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Ccy3boWwun

dursnKaBnii KUME (aHM 3aMOHaBWIA KUMEHWHI Hasapuili acocuMHWU
Tawknn 3tagu. KatTta xafannuk 6wunaH puBOX/IaHaéTraH yw by coxa
KUME Ba (hu3nKa ypTacugarn derapasuini aHaup. Dusnkasuii KUmeé
(hm3mka Ba KMME (haHIapUHWMHI Hasapuii Ba amanuii ycynnapyu Xamja
y3ura xoc xycycuii ycynnapgaH toiiganaHu6, KUMEBMii peakansanap Ba
ynap 6unaH 6upranmkga 6opyByUM (hU3MKaBuWiA XapaéHnap yctuaa Kyn
KppanM TafavmpoTnap yTkasagu. Nnam-haHHUHT pyuBOXNaHWULWLK 6unaH
(hr3MKaBMil KUME KYPCUHUHT axammnaTu Tobopa opTnb 6opMoKaa. Y6y
KYPCHUHI acocuii Basudgack Tanabanapfa (ukpnaw KobuaMaTUHU
PVYBOXMIAHTUPULL, MaskKyp (aHHUHF 3aMOHaBWIA  XONaTUHWU  YYKYyp
TYLYHWL Ba OfIMHIaH Hasapuii 6unvmnapHy amanvétra TagoLy Kuamw
KYyHVUKMa/IapyuHu XO0CU/ AUNWLLITa KymakiawmiaaH nbopatamp.

Ywoy pgapcnmk Mupso Ynyréek Homumgarn Y3sbekuctaH Munnuia
YHUBEPCUTETUHUHT KIAME haKynbTeTnaa (U3MKaBuii KUME YMYyMW
KypcuiaH yannaétrad matepuannap acocmja taviépnadrad. Myannudnap
(hu3MkaBuii KNUME MaB3ynapuHM HucbaTaH KucKa Ba TyLlyHapau
KypUHULLAA EPUTULLIHM Xamia YAyBUWAapHU (r3nKaBuii KUME KypCUHU
MYCTafun paBullAa YYKYPPOK y3nawiTumpuiira WyHanTUpULLIHK Y3
ongvnapura magcag oununé gyiiraHnap. Japcnvkga husnkaBuii KUMEHN
thaH cmaTnga TYLWYHUW YyYYyH MyKamMan 6unuw Tanab gunvHagurad
3HT MyXUM Macananapra Kynpog 3abTubop pgapaTwnraH. Y KWUMEBWIA
TEPMOAMHaMMNKA, CTaTUCTUK TepMOAMHaMMKa, HOMYBO3aHaT >KapaéHnap
TepMogMHaMMKacu, roMoreH Ba reTeporeH MyBoO3aHaTnap, spuTManap
TepMOAMHAMMKACK, KUMEBUI KUHETUKA Ba KaTasiM3 Xamja 3NeKTPOKUME
6ynumnapuHm y3 nuura gampab onraH. Myannudnap KMTo6XoHNapHUHT
Lapcnuk faguparn pUKp-MynoxasaiapuHn Ba YHU TaKOMWUAMaHTLLPALL
Bylinya nctaknapmHu camumunsaT unad fabyn gunagunap.

Ywby papcivMkK  Y36eKUCTOHAa (DU3MKaBUI KUME  aHWUHWUHT
puBOXNaHULWINIA KaTTa XAcca fywraH ycTo3 - akajemuk Xamgam
YCMOHOBMY YCMOHOBHUHT €panH XoTupacura 6aruiuiaHagu.
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KUPUH!

du3nKaBUiA KUME KUMEBUIN MyaMMOIapHW euunLlaa TepMOANHAMUK
ycynnapHu Kynnaw 6unaH 6ornunk; pasuwga XX acpHuHT 6owmnga daH
cnpatmaa ByXygara KenraH. TepMogMHamMuK  EHAOWYB JXKyAa Xam
camapasiv 6ynmb 4mkaM Ba SMNUPUK KUMEHWHT 5¢raHn6 ponuHraH
TamonnnapuHu Tyb6aaH ysrapTupub tobopan. Kumésuin ysrapuwinap
MyamMMocura yMymaH SHIM Kapaw Xocun Kuagu. MogganapHuHr
KNMEBUIA peaKumsAnapra Kupuwmn (akaTt peareHTapHUHT TabuaTurarnHa
6ornuk GynmacgaH, Ganku XapaéHHW 0nMb BGOPULLIHMHE (U3MKaBUIA
LapouTnapura, SbHM 60cm Ba xapopatra Xxam 60rnKAUrnHU Kypcatmo
bepywra wmysahdak 6ynuHaM. MyBo3aHaTgarnm cuctemanap Y4yH
OyHAali  GOrNMMKANKHW  MUKAOPaH udofjanawira spuwungn Ba 6y
3aMOHaBUiA KWMEBUIA TEXHONOTUSHUHI PUBOXAHMLLUIA acoc Gynau.
TepMogUHAMWKAHMHI  KaTTa OTyKNapugaH sHa 6upu  KUMEBUI
Takpubanap yTkasmacfaH Typub KUMEBMIA MyBo3aHaTNapHW xgcobnatu
MYMKWH 6ynraHnurngnp. Anoxupa peareHTNapHWHI TepMOAMHaMUK
xoccanapu Kakugaru MabaymoTnapra acocnaHm6 peakuus
MaxcynoTNapuHUHI YHYMapUHU ONAuMHAaH aiTn6 6epull MMKOHUSTU
naigo 6ynaun. LyHAaH KelinH TepMogMHaMuMKa Hasapuii  Kuméga
MyCTaxKam YpWH srannagu Ba xap KaHgali hM3aMKaBuil KUME KYPCUHWUHT
GUpUMHYM  KucMK 6ynmb kongu. Mogga Tysunuwii HasapUACUHWHE
pYBOX/AHWLWIMN  Ba  KBaHT  MeXaHUWKacWHWHI  naigo  6ynuwin
TEPMOAUHAMUKAHVHT KMMEJArn YpHUHW KamaliTupa onmagu, 6anku,
aKCWMHYa, YHUHI Ky/INaHuW coxanapuHu KeHrantupgu. 3amoHaBuii
CTaTUCTMK TepMOAMHaMMKa MOMeKYNaapHUHE  TY3UMLLN  Xakugaru
Mab/lyMOTNapHU Xanb KuaraH Xonja, XyAAu LWy MyaMMOoSiapHU Xa
knunagn. By aca, MojfaHWHI KMMEBWI y3rapuwinapy MyaMMOCUHU
MyxoKama KWAULLAE, peareHT MoJieKynanapuHUHE Xoccanapy Xakugarv
MOAenb TYLWYHYanapHW peareHTNapHUHT TepMOAUHAMUK (yHKUMANapn
KuiiMatnapura TasiHyBUM (DEHOMEHOMOrMK TepMOAMHAMUK EHAOLIYB
6unaH 6upnawTuvpuwra onné kengu. Ly ca6abnii, 3amoHaBWiA
(hmsnkaBuiAi KMME KypCU KnaccMK Ba CTaTUCTMK TepMogvHamuka
HaTWKanapuHVHT  yMyMnalyBuaup, Aecak ajawimainmus. Haszapuii
(pM3MKaHMHT  yw by Kucmnapu Knaccuk 0ynub, ynap Xey KayoH
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ackupmalign. BakT yTuwmn 6unaH ynapHu Kuméga Kynnaw ycny6napw,
anpym macananapHu 6aéH KWIVLIHWHE y3apo HucbaTnapu Ba ynapHu
amasiméTra yHymau Kynnaw cokanapw ysrapagu, Xonoc.

DusnKaBuii KUME aHUHWHT Tabpudun 6upuHuM 6op 1752 iinnm
M.B.lomoHocoB  (1711-1765) TomoHWMAaH Kyhugarmya GepuiraH:
hr3MKaBuii KUME (haHM KMMEBWIA XoaucanapHu usmnka aHm épgammaa
ypraHyBuu Ba 6y xofucanapHUHT KOHYHUSATNapUHW Hasapuii XXuxaThaH
ounbd OGepyBum xampa TywyHTUpyBuUM aHaup. M.B.JlomoHocOB
husnkaBuil  KUMEHN “KUMEHUMHT (pancadacn” pge6 aiTraH. YHUHT
Hasapuii Ba aManuii TafKUKOTIapM KO3MPry KyHnapga xam Y3
axaMuATVHM MyKoTMaraH Kawduétnapra onub kKearaH. Y martepusi Ba
XapakKaTHUHT CakNaHWWw MNPUHUMNUHA TYrpy TaNKWH KUAULWIra >xyja
AKUHNALLraH. M .B.JTOMOHOCOBHWHT aToOMUCTUK TyLWyH4Yanapu
WCCUKIIMKHUHT KWHETUK TabmaTu xakugaru xynocara onmb Kengu sa y
“9Hr KaTTa Ba OXUPrY COBYKAMK fAapaxacu” MaBXyLUTUHU TaxMWUH
KUNAKN, AbHN 3appadvanapHUHT XapakaTu TyNK TyxTawumra moe KeyBum
Xyfla KUUMK xapopaT 60p/NrnHN TabKugnagu xamfja TepMofMHamMuka
WKKVHYN  KOHYHWHUWHI TabpudnapugaH o6uvpn  6ynmMuwl  “UCCUKNNK
COBYKPOK >KMCMAaH WUCCUAPOKra Yy3-y3ugaH yTa OAMaciurnHu
TabKuAnaraH.

XIX acpHuHr 6ownapuga AHranaga fAanbToHHUHT  (1801),
dpaHuuaga Men-SoccakHnHr (1802), Ntanuaga AsoragpoHuHr (1811)
WAMWIA  M3NaHULLAAPM HaTwKacmia rasCMMOH XONTaTHUHT KOHyHAapwu
o4ynngn Ba aTOMUCTMK TyWYHYasiap KeHr PUBOXNAHAW. [eCCHUHT
TEPMOKMME 6ylinya KuaraH uwnapu xam ywby gaspra Teruwangup.
FanbBaHWK 3nemMeHTNap, 3M1eKTPON3, 3NEeKTPONUTAapAa TOKHW Tawumb
yTuwira fJohp TagKukoTnap Tydaiknam 3neKTPOKMMEHUHT  acocnapwu
BYXyara kengu. 1799 linnga Ntanusga ManbBaHyn Ba BonbT rasibBaHUK
aneMeHT apaTtaunap. 1802 iunu B.B.MeTpoB 3nekTp &M XoamcacuHu
ougm. 1805 Wnunga [poTryc (Poccus) 31eKTPONM3  HasapUSCUHWHT
acocnapuHuM uwnaé umkan. 1800 livnm [3BM Mogganap Tabcupra-
LUNLIMHWHT 3NeKTPOKNUMEBUIA HasapuUsCMHW UArapu cypan Ba KUMEBWIA
TafKUKOTNapAa 3NeKTPOMIN3HU KeHT Kynnagu. [3BUHUHT YKYBYMCK
dapagelii 1834 linnga aneKTPONMSHUHT  MWUKLOPWUIA  KOHYHMApUHWU
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Tabpudnab 6epan. 1836 mnm Akobu (Poccmsa) aneKTPon3 xapaéHUHU
Taxpubara pgynnaw MacananapuHu xan Aunamé, ranbBaHoONIacTUKa
X0fMcacuHu o4aum.

XIX acpHUHT UKKUHUM apmupa MNynbabepr Ba Baare (Hopserus)
xgmpga 'neoec (AKALl) KuMéBMA MyBO3aHaT Xagugarn TabAUMOTHU
pusoxXnaHTupgunap. Jle LWartenbe (PpaHuma) Tawky LwapouTnap
y3rapuwiun 6unaH MyBO3aHATHUMHI CWDKMLWW YMYMWUIA NPUHLUNNAPUHN
ougn. BaHT-Mopd (FonnaHama) KMMEBWIA MyBO3aHAT HasapuACUHUW
PUBOXNAHTUPAN. Y CYONTUPUATaH 3pUTManapHUHT MUKAOPUIA Hasapus-
CMHK xaM unwnab ynkkaH. FutTopd Ba Konbpayw (FepmaHus) sputma-
napja anekTp TOKMHU Tawmnb yTUWHN ypraHgmunap. AppeHuyc (LU Beuns)
1883—1887 Wunnapga 3SNeKTPOAUTUK  AUCCOLMMAHMLL  Ha3apUsCUHMU
pUBOXNaHTUPAM. OpraHnK MofAanapHUHT TY3UIULW Ha3apUACUHU apat-
raH A.M.ByTtnepoB (1861) xamMm pM3MKaBUII KMMEHUHT PUBOXIAHULINAA
KatTa U3 KongupraH onumnapaaHamp. bywok pyc onnvmu [.11.MeHpenees
KPUTUK XapOpaTHUHT MaBXyAnurnHu odraH (1860), rasnap XonaTUHUHT
YMYMWIA TeHrnamacuHm Kentupub umkapradH (1874), spuTmManapHUHI
KUMEBUIA Hasapusicura acoc conraH (1887). MeHAeneeBHMHT LIOrnpan
[.M.KoHoBanos aputmanap HasapuUACUHUHT acocyunapugad upugmp.

XIX acpHUHr oxupugaru 6yoK Kawhuérnap atom Ty3UAUWUHUHT
MypaKKabnmrmHm ucboT Kungm Ba (PU3NKaBUA KUMEHUHT PUBOXK-
naHuwmnra xxypga Katrta xmcca Kywaun- Y napra MeppeH (1895) Ba TomcoH
(1897) TOMOHWMAAH 3NEKTPOHHUHI Kawd KuUanHuwK, PeHTreH X-
HypnapHu (1895) Ba bekkepenb pagvoakTUBAMKHM oynnHK (1896)
aiTUW MYMKUH. ByHgaH TaHwapu MNAaHKHUHT HYPHWHT KBaHT Tabua-
TUHU (1900), J1e68AeBHUHT HYp 60CMMUK MaBXyanurnHu xampa lMbep
Kiopun Ba Mapus Kiopu (CknagoBckas) NapHUHI pagnoakTUBANK XOAWN-
cacuHu ypraHuwnapuHun (1889) mucon knnmb Kypcatca bynagn.

XX acpHUHI 6owunra Kenumb, GusnKaBuii KUMé mogaa Ty3uauLu,
KUMEBMWII TepMOAUHAMUKA, 3puTManap, KUMEBMIA KMHeTMKa Ba 31eKTpo-
KUMEnapHM ypraHyBun caH cudaTtupa HamoéH 6ynau. AHrM Hasapuii
YCYNNapHUHT KynnaHunuwmn 6unaH atoM, MosieKysna Ba KpUcTaniapHUHT
TY3UNNWWHU TaAKUAOT KUAUW GUPUHUYM YPUHTA YMBAMN. Y w6y coxaja
Pesepops TOMOHMAAH TakIu® AWIWHTAH aTOMHUHI SA4PO0 Ty3uauwu
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(1911) Ba Bop ToMOHMAaH BOAOPOJ ATOMWHMWHI GUPVIHYM MUKLOPWUIA
Ha3apUACUHUHT apatuamwmn (1913) xyaa KaTTa TYK byngn. Kumésnii
GOrHMHI Tabnatn Ba MOMEKYNATAPHUHT TY3WIULLMHW YpraHuwW aToMm
TysunuwmnHu  3draHnw  6unaH  6upranuvkga onub6 6opungu. ,1920
nunnapga Koccenb Ba J/1btoMC KUMEBWUIA GOFHUHT 3N1EKTPOH HasapusACUHN
nwnab umegunap. 1927 innga Meintnep Ba JIOHAOH KUMEBUIA GOTHUHT
KBaHT-MeXaHWK Ha3apusiCUHU puBOXNaHTupgunap. KelivH4yanvk atom
Tysunuwungarn Karta Kawuétnapra acocnaHnb, KBaHT MexaHuKacu Ba
CTaTUCTUK  (PU3MKAHWHI  Ha3apuil ..ycynnapuvHu X,amfa pPeHTreH,
CNEeKTPOCKONUSA, Mace-CNeKTPOMETPUSA, MarHUT ycynnapu Kabu Taxpwu-
6aBuin ycynnapra acocnaHu6, Monekyna Ba KpUCTaNNapHUHE Ty3u-
JMWVHN ypraHuw Ba KWMEBMI 60r TabuMaTuHM Tyl YHMWJA KaTTa
IOTYKap Ky/ra KUpuTungu.

XX acpHUHT ypTanapuga KUMEBWUA peakUUAHUHT Te3NUrn Xaku-
fjaTa TaaguMMmoOT, AbHWU KUMEBWIA KUHETMKA >Kafjan pUMBOXIAHAM Ba Yy
MosneKynanap Tyswauwm Ba MoOnekynagarun atomnapapo 60rnapHuHr
MycTaxKamauru 6unaH 6ornvkK; paeuwpga onmb Gopungun. dusmkasuii
KUMEHUHT SIHrM 6ynumnapu naingo 6yngu sa myBadakuaTInN PUBOX-
naHan. YnapHuHr alipumnapu anoxgga aH cugatvia yHUBEPCUTET-
napfa ypraHunmokga. MacanaH, KBaHT KUME, MoAfa TY3WAULLIWN, KUHe-
TUKa Ba KaTanus, 3/IeKTPOKNME, KONNOUL KUME, HAHOKMME, pagnaumnoH
KUME, paguoKnmé, MarHeTOKMME, HOKOpU MONeKynsp GupuKmanapHUHT
UMK KUMECU, CUNMKATNAPHUHT (PU3MK KMMECK Ba Gowikgnap wynap
XympacngaHamp. LyHucn abTM60pAnKuU, GU3MKaBUIA KUME Ba YHWUHT
O6ynnumnapu caHOATHUHT PUBOXMNAHULIMN Ba BYHUHT YUYYH YyKYyp Hasapwuii
acocnap Tanab KunavHradga, aiHMkca MyBag(akuaTAM PUBOXIAHTaAH.
H.C.KypHaKOBHUHI (hU3NK-KUMEBUIA aHanu3 bGyinnya WMPUK TafKuaoT-
napuHn, A.H.PpYMKUHHUHT 3/1eKTPOKUME cox,acugarv WLWNapuHu,
H.H.CeMeHOBHUHI 3aHXupnn peakausnap Ba A.A.banaHAUHHUHT
reTeporeH KaTanu3 HasapusnapuHu apaTraHamknapy 6YHUHT SKKon
MUCONNANP.

dusnKaBmii KUMEHUHT NO3MPrM BaKTAa XaMm Xafjan puBOX/aHa-
ETraHUTMHWHE ganunu cudatmja Kyinmaatm onumnapHuHr Hobenb
MYKOOTU naypeatsiapu Oy/nraHIMIMHN KeNnTUpuWw MYMKWH: 3Heprus-
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HUHT KanTa UMNynbCcy TabCupmuia MyBo3aHaTHU CU/DKMTULL opjanu yTa
Te3 60pyBUYM KUMEBWUI peakumsinap yctmga onmb 6opraH Tagauaotnapu
yuyH (M.3lireH Ba P.Hoppuw, 1967); HOoMyBO3aHaT >apaéHnapgaru
y3apoIMK MyHocabaTNapuHUHT TabpudnaHnwm yuyH (J1.OHsarep, 1968);
MaKpoOMOSieKynanapHuHr - usng aumeEcM coxacuparn Hasapuii  Ba
Taxpubasuin Tagampotnapy yuvyH (M.®nopu, 1977); HomyBo3aHaT
»KapaéHnapHUHI TepMOAMHaMMUKacuUra Ba ailiHMaca guccunaTue cucTeMa-
NIaPHUHI  Hasapusacura fgywirad xpccacu yyyH (W.MpuroxuH, 1977);
6MONOrMK  3HEPIUSHW  TALUMLLUHWUHE  MONeAynap acocnapu  6Gylinya
Tagangotnapy  yuyH (M.Mwutuenn, 1978); KuméEBWIA peakumsinap
MeXaHW3MTaPUHUHT Ha3apuACHHU pUBOXNaHTUMPraHn yuyH (K.®ykynm,
P.XogdmaH, 1981); MeTannapHWHr KomMiekcnapuga 3neKTpoH yTuLl-
napn 6unaH 60pyBYM peaKUMSANAPHUHT MeXaHW3MIapUHU  ypraHraHu
yuyH (. Tay6e, 1983); nonvmep cucTeManapuHUHI TepMoguHamMuKacura
CKEWNMMHT KOHUENUUACMHW gynnaraHn yyyH (Oe >XeH, 1987); doTo-
CUHTETUK peakuMsi MapKasMHUHE y4 ynyamanm CTPYKTypacuHW aHug-
naraHn yuyH (M. [aiizenxoep, P.Xy6ep, X.Mwuwwef, 1988); MarHut
MaWfoHN 00PN KyuynaHraHavkka ara 6ynraH  AMP-cnekTpocgonums
METOLOMIOMMACUHU PUBOXIAHTUPULLTA AyLITraH xuccacu ydyH (P.OpHCT,
1991); dynnepeHHM Kawdg 3atraHn yyyH (X.Kpoto, 1996); KBaHT
KUMEHWHT gucobnall ycynmHn nwnab unggaHm yyayH (A.3esaiin, 1999);
6MONOrMK MaKpoMONEKyNafapHUHT apuTManapgary yd yndamnm cTpyk-
TypacvHn aHugnaw ydyyH SAMP-cneagTpocKonus  yCyniHU  vwwiab
ungaaHn yuyH (K.Bioxpuu, 2002); xyxaipa membpaHanapvga KaHas-
NapHW, CyB KaHannapuHyu ovraHm y4dyH (MM.3rp, 2002); MOH KaHannapHu
CTPYKTYypaBuin Ba MeXaHUCTUK ypraHraim ydyH (P.MakKuHHOH, 2003);
gaTTng  to3anapga 6opyBuM  KMMEBWIA  XKapaéHnap  coxacuparu
TafanaoTnapy yuyH (.9ptn, 2007).

dusmkaBuii KMME Myctagun aH 6ynnb, y Y3UHWHI TagauaoT
ycynnapura ara Ba KMME-TEXHONOrMK haHNapHWHT Hasapuii 6asacmuaup.
du3nKaBnii KAMEHWHI MLWNab ungapuljarn axamusTi KarTa, YyHKU
KVMEBUIA )apagHnapH/ amasira OLMPULLAA YHUHT MeXaHU3MUHWN MyKaMm-
mMan 6unuw Tanab gunuHagn. LUy cababnu, pusmkaBuin KUME dagaTrmHa
Hasapuii (haH endaTngarnHa pyMBoXXnaHMacaaH, 6anku KynruHa mwniab



yljapul  >KapaéHNapuHUHI  naigo bynuuwmra xam *cabab OGynraH.
DUNKaBUIA  KUMEHWHT Karop amaauii MyHanuwinapu TexXHUK  haH-
NapHWHIr BynrmMnapura alinaHraH (MeTailyprus >kapaéHnapyHUHT Hasa-
puscK, MeTannap KOppo3vsCU Xakuparn TabavmoT). KnméBuii TeXHo-
NOTUAAHVIHT  PUBOXMAHULWIMAA XaM (U3MKaBUA KUMEHUHT  axgMusTi
KaTTa: >XapaéH Ba anmapaTtiapHVHI 6apya Hazapuscu amanuii Gusnk
KUMEanp.

Xo3nprn KyHga, roKopuga TabKugnaraHummnsgek, “KBaHT KUME”,
“Mogaa Tysunuwun”, “Konnoup kumé”, “HaHokumé” Ba “HOkopu
MoseKynap GupnkKManap KMMEcK™ Kypcnapu myctakun adnap cugarmnga
yHMBepcUTEeTNapAa YKUTUNAETTaHAUIMHU MHOGaTra onmb, 3amoHaBuii
(husMKaBuii KUME GaHUHMHE Kylingarn acocuii 6ymmnapuHi KypcaTui
no3uManp:  KUMEBWIA  TepMogvMHammka ((heHOMEHOSIOTMK  TepMOoAau-
HaMUKa, KWMEBWIA MyBO3aHaT, CTAaTUCTUK TEPMOAMHAMWMKA, HOMY-
BO3aHaT >kapaéHNapHUHI TepMOAUHAMMKacuK), apuTManap TepMoauHa-
MUKacK, reteporeH hasaBuii MyBo3aHaTNap, KNUMEBUIA peakLUANapHUHT
KWHETUKACW Ba KaTans, 3NIEKTPOKUME.

Japcnuk usmkasuii Knmépa X,03Mprv KyHga Tallkua TOnrad
X0NaTHW akc aTTupagn Ba Y36ekuctaH Mwunnuini yHUBEPCUTETUHUHT
aBBa/l PU3MKaBuii KUME Ba X03MpfAa (hU3MKaBuil Ba KONIOUA KUME fAeb
HOM/IaHyBUM Kadefpa Npodeccop-yKUTYBUUNAPUHWHT Kyl AWAIUK
UNMWA-Negarornk  Taxpubacu acocuia, YHVWBEPCUTETNAPHUHT  KUME
thakynbTeTnapn yyyH (M3MKaBUI KMME Kypcu Oyiimya fjactypra Moc
pasuLLAa E3nnraH.



| BOB. KUMEBUW TEPMOAVNHAMUKA
1.1. TepmogMHaAMUKaHUHT pUBOXNaHUwWw 6ocanyunapu, sasndanapu
Ba Ky/INaHUINLL 4Yerapanapu

TepmoguHamumka GU3NK, TEXHUK Ba KUMEBUI TepMogMHamMmmKanapra
6ynuHagn. TepMoAMHaAMUKa UCCULNNK 6UNaH UWHW y3apo YTULW X,0-
aucanapuHu udoganangnraH MakpoCKONUK Hasapusagup. TepmoguHa-
MUKaja KypunaguraH MakpOCKOMWK CUCTEManapHWHI MyXLM TOMOHMU
WyHAaH M60opaTKN, YNapHUHT 3HEePTrusicuHn 6eBocuTa ynyab Gynmangu,
thagat cuctema anoxgua sappadvanapv (aTtom, MoJfieKyna, WOH) 3Hep-
TMACUHUHT y3rapuLnHK ynyall UMKOHUATU 60p. MaKpocKonukK cuctema
HEPTUACUHUHI Y3rapuy UCCUKANK EKN UL KYPUHULLIMAA aHMaNaHau.
ABBan wmccnAnnK Ba uw 6up-bupmaaH MycTaguna pasuwifa Kypub
yngnnap san. dagatr XIX acpHUHI ypTanapujarmHa MaKpOoCKOMUK
cUCTeMaja WYKN 3HePrusiHUHT AaHjangup usuk KatTaimk cudaTtmga
MaBXY[, 3KaHNTUHW YpHaTuLWra myBaddag 6ynmHan. BYHUHT yUyH 3ca,
aBBasl HOMab/ym OynraH Ttabuatr JOHYHW - TepMOANHAMUKAHWUHT
OMPUHYN KOHYHUHWU ounw Tanab gnnuHgu. KelimHyanuk 6owpa yn4dab
oynmanauraH gattanuknapgaH (3HTponus, KUMEBWUIA noTeHuman) donga-
NaHuwWw 3apypatii Tyrungu. ByHpaih ynua6 6ynmaiguraH KaTTasivk-
NapHWHI  TepMOAMHAMWKAHWHI MaTemMaTUK annapatuja KeHr Ayn-
NaHUNULWK TepMOANHAMUKA (aHAHUHT y3ura XoC TOMOHWU 6ynn6, yHu
YpraHuWHN Xyga XaM KuiAnHnawTupagn. AMmo, pgap 6up ynyab
fynmanguraH KaTtTaMK TepMmogMHaMWKaja ynyaHaguraH KaTrasimk-
NapHUHI yHKUuMAnapn cugatnga aHug 6enrunaHraH Ba TepMOAUHA-
MUKaHUHI 6apya XxynocanapuHu Taxpubaga TeKWUpuw MYMKUH.
CucTema xoccanapuHu ugoganall ydyyH Maxcyc TepMoguHaMuK y3rapys-
ynnapfaH éku TepMoAMHaAMUK NapameTpnapfaH onganaHunagun. Ynap
épAaMmunia UCCULNVK Ba UWHWHT y3apo yTuwnapu 6unaH 6ornug éynrax
goancanap M3MK KaTTanvkniap opganv ndoganaHagn. bBynapHuHr xam-
Macy MaKpoCKONMK KaTTanuknap 6ynn6, Monekynanap Kkatra rypy-
AUHUWHT XoccanapuHu ngoganaingn. Y w oy KatTaMKIapHUHT XaMMacuHu
6eBocuTa ynuyab bynmangu.
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KuméBuii TepmoagnHaMUKaHUHI Basudacy TepMOAMHaAMUKa KOHYH-
NapyvHN KUMEBMI Ba (hU3NK-KMMEBUIA XAuUMcanapra KynnawgjaH néopart.
KuméBnii TepmognHamuka, y3 HaBbaTmga, Knaccuk (peHOMeHONOorunk)
TepMoAuHamMMKa, HOMYBO3aHaT XapaéHNapHUHI TeEPMOANHAMMKACK, CTa-
TUCTUK TepmoagnHamuka 6ynumnapugaH un6opaT. TepMoKuMé Ba
KUMEBMII MyBO3aHaT/ap XxaM KMMEBWUI TepMOAMHAMMKAE TabAUMOTUHWUHT
acocuin kmemnapugmp. ®eHoMeHo0rMK TepMoguHaMukaja TepMofuHa-
MUKaHVHT Hasapuit acocnapun 6aéH KUnnHagn xamaa ynapHu husnkasmuii
MyaMMO/iapHU Xan Kunuwga Kynnaw UMKOHUATAapU Kypub umkunagm.
CTaTUCTUK TepMOAMHAMMKA XAM acnufja CTaTUCTUK (DUIMKAHUHT 6up
KncMu 6ynm6, cneKTpoKMMEBMIA MabiymoTnap épgamuga Typav mMofaa-
NapHVHI acocuii TepMogNHaAMNK GYHKUMANapUHN Xxmucobnaw ycynnapu
nwnaé ymngunraHanrn cababnu, KUMEBWIA TepMOAMHaMMKa Y4YyH axa-
MUATANAUP. Y CTaTUCTUK MeXaHWKa KOHyHnapura acocnaHraH 6ynwuo,
CTaTUCTUK Yycynnap éppamuja pusoxnaHagn. Homyso3aHaT >kapaéH-
NapHUHI TepMOAMHaMMKacK PenATUBUCTUK TepMofMHAMWKaLaH Xam
8LWIPOK (haH, SEKNH X03MpJaéK amannii axaMmnsaT Kacb atTmoBga. KanTmac
XKapaéHnapHUHT YMYMWIA TepMoAMHaMMKacK xosuprada spatuimara,
aMM0 alipuMm Taluw Xoamcanapin ydyH 6Gapuya caBoniiapra Xyjga xam
WLLIOHYNN XaBobnap ONMHIaHAUIN KainTMmac >KapaéHNapHUHT 3amouaBuii
UM3NKIN TEePMOAMHAMUKACUHU MWNab YUKW AMKOHUATUHIA 6epaw.
KaitMac 4m3nknu >xapaéHnap TepMOAMHAMWKACU KNaccMK TepMoau-
HaMMKa 6unaH YN3NKNN KOHYHTAPHUHT YMyMaanrysugmp.

TepMogmHammKa Y3MHUHT 6apya xuxatnapu byinda T3'na xaétui
thaHgnp, TepmMoAUHAMUKAHUHI PUBOXNAHMLWIUTA (ancaa Ba LIULLIA-
CO3/IMK CaHbaTUfaH TopTUG Masapuinl MexaHWKa, UCCUKINK TeXHUKacw,
husmka Ba KUMé kabu thaHnapéaya rabcup KypcarraH. TepMmogMHamuka
TabuaTHWHI MKKWTA, Hasapuii Tap3ga vwnab YMKMw MYMKUH 651Mald,
6anKn WHCOHWATHUHT KyH acpiiik TaXpubacuHW yMyMaawTUpuULL
HaTuacu 6ynraH, yMyMuiA KOHYHNapuHW *K/NnaHna acocnallaHaup.
Ywoéy KOHYHNApPHWUHI TArpinirn TabHaTAa ynapHU WHKOP NTYBYM
KapaéHNnapHUHT  NyKAurn 6unaH- TacfuknaHagw. ' TepMofuHaMmnKaga
6opaéTraH >kapaéHNapHUHT MexXaHU3MNapuHU; YNapHU KenTUpHG 4umka-
paétraH Kyu4napHuUHr TtabuatmHu 6unuw wapt amac. byHaa ypraHu-

n



naéTraH cucTeMaHWHI 6Mp xonaThaH 6ol gacmra yTuwl hynu amac, 6ankm
6olllaHray Ba OXMPru xonatnapurnHa axamusaTamaup. LyHUHT yuyH
K/1acCMK TepMOofMHaMMKaja >KapaéHNapHUHT Te3NnKaapu ypraHnaMmanam
Ba YHW KUMEBWIA KuHeTWKara gynnab 6ynmalign. TepmMoguHaMUKaHUHT
6yHfal yerapanaHraHaury, BaxT yTuwm 6unaH, anbartTta, nygotunagu.
[o3nprn KyHnapgaék KailTmac >xapaéHnap TepMOAMHaMUKacu TesnnK
6unaH puBOxnaHaéTraH coxa 6ynub6, KWMHETMK MacananapHu TepMmo-
ANHAMWK HYKTaun HasapfaH Kypub umamogua.

TepMOLMHAMUKAHVHT  PUBOXIAHULW  60CKMYNapuHN  GunmacnaH
TYPWO, YHUHT X03MPTY 3aMOHAArn X0NnaTUHN y3naw TUPULL Xy[a Mypak-
Kabaup. TepmogMHamMuKaHW YpraHull xapopaT 6unaH TaHuwuwgaH
fownaHnWN Kepak. TepmMomeTpnap Ba TEPMOMETPUK LUKaNanapHUHT
ApaTUANLL TApPUXUHN BUNNLL Xam TepMOAUHAMWKaHU TYLIYHULLAA XY[a
MYXUMAMP.

TepmoguHammnka aHu xapopat, UCCUAMNMK Ba WUCCUKIUK 6unaH
WLWHWHT 6up-6upura ainnaHuwn xagugaru daHgup: “tepmo” — uc-
CUKAMK, “gUHamMmnC” - Kyd, uw. KelnHyanmk “guHamunc” cysmpa agat
“Ky4” TywlyHYyacu cakfaHub6 [o/nraH Ba LWYHWHT YYYH TepMOAgMHamuKa
Cy3sn 6unaH YHWHI MasMyHW opacuja Japama-gaplinivkK BYXYAra
KenraH. “TepMogMHamMmumnKa” ataMacuHn 6upuHym 6op 1854 iinnn TomcoH
Taknud Aunrad. “AuHamumka” Cy3UHWHI WLIAATUAWLIN HOMYBO3aHaT
fgonatnapHn Kys ongumusra Kenrvpagu, ammo 6yHAa TepMoAvHamMuka
6unaH 6yTyHNnail TaHuw 65?7MaraH ogamrviHa Janrimm MyMKuH. ®aHra
“TepMoANHaMUAA”HUHT ypHUra “TepmocTaTvKa” aTamMacuHW KupuTuLl
Taknngnapn XaM bynraH, nekKuH yw by takaugnap gabyn KuamHmacgaH
nonn6 ketan. By eppa “gMHamMuka” cysu xapakaTgaru cuctemanapHu
ypraHuwHn 6ungupmangmn, 6anku xapaéH HaTwxacupa cuctema 6mp
MyBO3aHaT X0NaTfAaH MKKUH4YMCUra yTraHja yHu TepMogvHaMuK napa-
MeTPNaPUHWHT  y3rapuunHW, Typnau XapaéHnapfa 6axapunaraH wuul,
NCCUANK Ba UYKWN 3HEPTUAHUHT Y3rapuLLnHK, AbHU CUCTEMagaru aHep-
rma GanaHcuHu KypcaTtagu. bByHaaH Tawwjapu, TepMogMHaMmMKa xxapaéH-
HUHT yHanUWmnHNM, 60pnLLI-60pMacIUIMHN XaM KypcaTub bepaau.

X,apopaTHn TywyHuw wmaH6an LLL vcewgnvkHm - “cesniu ”gup.
VcemannkHm - “cesnwt™  opfanv aHugnall ofaMmHu  angab  gynuwm
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MYMKWH, feraH uKpnap HOTYrpyv 3KaHIUTMHU Kylhingarn TaxpubagaH
OUAMWNMU3 MYMKUH. BUp KYAIMMWU3HU WUCCUMK CYBAWN, WMKKUHUYUCUMHMU
COBYK CYBMWM MAuLIra TUKaWIuK, CyHrpa uKKana KyJIMMU3HW UCCUK Ba
COBYK CyBnap apanawitupub6 tobopunraH nauwira TMKainnmk. BrupunHum
KYMMW3 YYYH CYyB COBYK TYIO/CA, WKKUHUYUCK YUYH UCCUK 6ynub
Tylonagn. Ywoéy Ttaxpuba Kakuga Gukp toputraH 6ylok A.DNHLWITeRH
NCCUKAVK TYNTyNapyMU3HUHT ULWOHYCM3INTL Kaungarn hUKpHU aiTraH.
AMMO, TaXpUBAHWHT HOTYrpu KyMUATaHAWIMHW LWYHAAA KaTTa oMM
Kam Hasapra onmaraH 3KaH. YuTa uaguwgarv cyB 6unaH yTKasuirad
Taxpubaga kKana Kynummusga, anbarra, Typavya UCCUKANK Tyirynapm
bynagu. MeknH KapopaTHW ynyawl éku y X.akuga uKp opuTULL YYYH
TaXpubaHn 6yHAal yTKasu MYTNaKo HOTYrpugmp. Maskyp Tax-
pubaHMHr xatocum HuMMaga? XppopaTHU TepMOMETp épgamufpa ynda-
raHMMm3ga Kam TepMOMETpAarv CYKANK KapakaTgaH TyxTaryHya Kytné
Typywnmms wapT. LyHaa MKKana TEpMOMETP Kam yYUHUM UauLLAaru
CYBHVHI KapopaTuHu 6up xunga KypcaTagu. TepMOMeTpAa KapopaTHu
yn4yaétraH uMusga Kynnawmmus 3apyp 6ynraH TapTMbHUM Ky/IMMu3
opKanun Taxprba KnnaétraHnmmsga Kam TaToMK KUIMWmMK3 WapTamp.
BupuvHun TepmomeTpumn wutanuanuk onum [.lFanuneii spatrad
6ynnb, yHM Tepmockon pfeb6 araraH Ba yHja TepMOMETPUMK MoAja
cnaTmga KaBo OfMHraH. TepMOMETPUK LWKana Kanu yinnaé Tonun-
MaraHu cababnu, 6up KapopaTHM WKKUHYMCUTA COMULLITUPULL yCnyon-
paH  oiganaHunrad. KeinHpok [.Fanvnein worvpgnapn 6unax
6upranukga Kosupru TepMmoMeTpiapra yxwaw TepMOMEeTpUM ApaTan Ba
TEPMOMETPUK LIKana TY3uLW YYYH UKKUTA JOMMUA HYKTanapHu taknudg
TAN: KYMM HyKTa cudaTmia KOPHWHI Ba HOKOPW HyKTa cudaTtuga
KaliBoH/1ap TaHAaCMHMWHI KapopaTtiapuHu. ®apeHreiT TOMOHUAAH KUpK-
TunraH TepmomeTpga (1714) Kyiin HyKTa cucaTmaa mMys, Ty3 Ba HOBLUA-
ANNNapHUHT apanawimacy oONvHraH Ba yLw by xapopart CyHbuiA paBuLlja
PULLINLLI MYMKKH GynraH 3HT Kyin KapopaT, 4e6 KucobnaHraH Ba HoOfb
cudatmga Kabyn KunmHraH. HOKopu [OMMMIA HyKTa cudatuga ogam
TaHaCMHUHI KapopaTu OnvHraH 6ynu6, yHu dapeHredt 12 pgeb
Genrvnagn. WKKUTa JOMMWIA HyKTanap opanurm 12 Ta TeHT Kucmnapra
OyNMHraH Ba XyAau LWyHAah TeHr 6ynumnap LOMMUIA HyKTanapHWUHT

13



WKKKN Tapagura xam 6GenrmnaHraH. KeiinHuyanuk, xap 6up rpagyCcHuMHT
AMAMaTMHW  gynaipog AWavw  Majcagmpa, ywoby coHnap 8 ra
KynaitvpunraH. LLlyHAaaH CyHT, siHTM WKana 6yinya CyBHUHT My3nall
xapopatu 32 °F ra (O °C), kaitHaw xapopatu aca, 212 °F ra (100 °C)
TeHr 6ynau: IF —5/9C Ba ®apeHreiitgaH Lenbcuiira ytuw C = 5/9
(F - 32) myHoca6aT opKanu amasnra ovpunagm.

XXyaa Myxum xynocanapra KentupraH tagauaotnapHu 1817 nunpa
OwonoHr Ba MTu amanra owuvpraHnap. Ynap TepMOMeTpUK MOAJA
cupaTtuga xaso, cumob, TeMup, MUC Ba WuULWanapHn Kynnab, Tepmo-
MeTPUK MOALAHWHT XaXMK t034aH 6Up KUcMmra owunwnHn [yw by mogsa
cyloKnaHaéTtraH mMy3 6unaH (xamma mogganap ydyii 0°) Ba atmocdepa
60CMMU OCTMAArn KaiiHaéTraH cyB 6unaH (xamma moagganap yuyii 10(f)
TepMMK MyBO3aHaTra KefraH wwapovtnapgal, TepMOMETPUK LUKaNaHUHT
6up rpagycy 6unad conuwTMpraHnap. Typau TepMOMeTPUK moaganap
COMIMHIaH TepMOMeTpap KaHfanaup cuctema 6unaH TepMUK MyBO3aHaT
lwaponTuaa 6up Xnn XoNaTHUHT y3ufa Typau xapopaTiapHu KypcaTiu.
[emak, TepMOMETPUK LUKaNaHW TY3ULLHUHT NPUHUANK 6Up xun 6ynrax
TakguMpga XaM XapopaTHWHI COH KuiiMaTu TepMOMeTpPUK Mopgara
6ornux. dakar ras3 TepMOMeTPAaPMHUHT KypcaTULLIN rasHUHT Tabnatura
fnesapnau 6oramk; amac.

X,03Mpru  TepMOMETPJIAPHUHT  Kynuja TepMOMETPUK CYH KUK
cugatmga cumob umwnatunagu. Lkana Hopman 6ocumparv CyBHWHT
My3nall Ba KalHall xapopaTnapu 6}inya 6enritnaHagn. ®apeHreliTHUHT
3amMOHaBuWii TepMOMeTpnapvga ojam TaHacMHWHI xapopaTtu  (orusga
ynuaHnrad) 96° Hu amac, 6ankm 98,6° HM Tawkun kKunagu. Mnmuii
TafKUKOTNapga uwnatunaérraH 3amMOHaBW TEPMOMETP LWBEA OAUMMU
Lenbcuii (1742) TOMOHMAAH sSApaTuaraH. YHja AOUMUIA  HypgTanap
cupatuga 1 aTm 6ocum octmgaru cyBHUHT mysnaw ((f) Ba kaiiHaw
(100°) xapopatnapu onuHraH. LLIYHWHT yyyH 3CKM Xa/iiKapo LWKana -
Llenbcunii Wwkanacu 103 rpagycnu wkana pgehinnagu. XNosvpru KyHpaa
WKKUHYM XapopaT/iap LiKanacum Xxam amanuérga KynnaHunaam: 1954
Mnnga TaknuMg KUAUHTaH XapopaTnapHUHT abconioT TepMOAMHAMUK
WwKanacu 6ylinya acocuini penep (TasH4Y) HyKTa cudaTmga CyBHUHT
yynamum HykTacu onuHraH Ba y aHug 273,1600K ra TeHr pe6
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6enrmnaHraH. LW yHpai kanwb6, 3amMoHaBMii xapopaT LiKanacu 6uTTa
JOMMWIA  HyKTara acocfiaHraH (MKKMH4YM HyKTa abconT HOAgup).
BuprvHa penep HyKTara acoc/iiaHraH xapopat LUKanacCuHWHI NpuHumnuan
as3annurnuHy 6upuHum 6ynn6 TomcoH (KenbBuH) 1854 iinnpga alitraH sa
6y QUKPHUHT Tyrpunurn dakat 100 WnngaH KeliMHrMHa TaH OfIHraH.
Wy ca6abnu, xapopaT/napHWHr ab6coMT TepMOAMHAMUK LIKanacu
KenbBUH wWwKanacu peinnagn. Lenbcnii wkanacuHudr 0 °C rpagycun
KenbBuH 6yiinva aHnk 273,15K ra moc kenagn. KenbBUH LIKanacMHUHT
Kap 6up rpagycu abconmoT HOMAAH CYBHWMHI y4yiaMuu HyKTacuraya
6ynraH xapopaTnap WHTEPBA/IMHUHT 1/273,15 KUCMUHM TalLKUA KUNagu.
JHr SHIM TagKWKOTNApHUHT K}caTuwmya, XxapopaT/iapHUHT abconoT
TepMOAMHaMUK LiKanacu 6yiinya CyBHWHI HOpMan KaiiHaw xapopatu
373,148K ra, LienbCuili WKaNaCUHUHT HOMb HYKTacu 6unaH CyBHWHT
Hopmasn KaliHal xapopatu opaciifaru nHtepsan aca, aHuk 100K ra amac,
6ankn 99,998K ra TeHr. TepMogMHAMUKAHUHT UKKUHYM KOHYHU acocupa
KeNTUpmM6 uMKapuiraH TepMOAMHAMUK LIKana Ba WAean rasHUHT
xapoparnap wkanacu 6up-6mpu 6unaH Moc KenuwmnHN KypcaTtné 6epuL
MYMKWH. [lemak, nfgean rasnapHuWHr xoccanapura 6ornamaraH xonga,
ynap acocugaru xapopar wkanacugaH onganaHnil MyMKnH.

Xp3np KynnaHwnaétraH TepMOMETpP/siapHM co3naw cTtaHgapT ras
TepMomeTpnapu épjamuja amanra owupunagv, 4YyHKM BOAOPOS Ba
renili rasnapu KeHr xapopatnap opanuruvja ujean ras KoHyHnapura
6yncmHagn. By MKKuTa xapopatnap Lkanacu 6up-6upmaaH Myctakun
paBulIja aHWKNaHraH 6ynm6, 1 aTM 6ocum  ocTugarn MY3HUHT
CylOKNaHuLW Ba CYBHWHI KalHaw xapopatnapu opanurnga KenbBuH
wkanacugarn TK 6unaH Lenbcuii wkanacugarm rC  opacuparu
ornukguk T — 273,15 + t TeHrnama opKanu KatTa aHWKAIMKAA
nioganaHagn. Ywoby TeHrnama Llapnb Ba [Meii-Jltoccak KOHYHUHUHT
V —\o (1+at) TeHrnamacura skBuBaneHTamp (6y TeHrnamaga a—i1/273).
TepMmoMeTprK MoAfa cudaTvia maean rasnapHui Kynnab, TepMOMeTpUK
LW Ka/TaHU Ty3MLW UMKOHUSTW GYITaHIUTMHUHT axaMusaTy XXyaa KaTTagmp.
Acnupa ngean rasnapHUHr KOHyHnapuiaH abcontoT HOMb XapopaTHUHT
MaBXyanurn xakugaru TywyHdya nango 6ynraH, 6y aca ab6conoT
XapopaTr Xxakugaru TYyLYHUYaHWHI KUpUTUAULWIMIa onné KenraH. [eii-
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Jlloccak rasnapHUHT TePMUK KeHralvw [OHYHWHM o4vaéTraHga [apo-
paTHU ynuyawga Llenbcuii wkanamm cumob TepmomeTpuiaH oiiga-
naHraH. KOpgopu papopatnapfa cumo6 Ba ras TepMOMETPIapUHUHE
KypcaTkuunapu opacugarn cgapg opTtu6, eli-Jlroccak [OHYHWM To6opa
TaxMUHWi1 6ynn6 6opagn.

TepMOMETPHMHI  ApaTUAMWM  TEPMUK  MyBO3aHaT fAaguparu
OOHYHHUHT Kawd AMAnHUWIKFa onmMb Kengu. TepMUK MyBoO3aHaT faau-
Jarn [JOHYH TepMOAUHAMUAAHWUHT HOMMHYM AOHYHMAUP. XApopaTHU
TepmomeTpnap épgamuga ynyaw ywoéy AOHYHHWUHI AynnaHuwunra 6up
MUCONAMP.

TepMOMeTpUK NapameTp cudaTuga gapopatra 6ornug bynraH gap
fjaHpa dusnkasuii gaTtTannK OoNMHManan. BYHWHr yuyyH TaHnaHrad
(DYHALUMS Y3NYKCW3, ONIMHFaH HaTwkanap faiTa TakpopsaHyByaH Ba
ynyaw ydyH gynain 6ynuwin kepak. ByHpali dyHKumsanap cudatmga
JOUMWIA BOCUMAATN XXUCMHUHT JaXMU, JOUMUIA AaXMAATN XXUCMHUHT
60CMMU, 3NeKTP YTKasyBYaHAMK, TEPMO3INEKTP HOPUTYBUM Kyd Kabu
napameTpnap onuHagu. JOUMWIA AapoOpaTHUHE 3TasIOHW, SbHWU penep
HyaTanap cugarnga asaBuii yTuw gapopatnapugaH goiiganaHunagu.
[apopatnapHuHr pap pAaHfali SMNUPUMK LIKaNacMHU Ty3WLl  Y4YyH
aylivpary waptnapgaH dolijanaHunagn: rpagycHUHr ynyaMu WKKWTa
pernep xapopaT HyATanapu opacuparn (apgHUHr guimatii Gyinda
TaHnaHagu; SMNUPWMK  LWKananapja HOMb  JapOpaTHWHI  gonatu
naTUEpUinanp; ywoby papbparnap UHTepBaavga TepMomeTpuii yHKUMA
unmgnun fe6 kKabyn gunuHagn. AMMO TepMOMETPUK (YMKUUANAPHUHT
KAluMAMrM umsmagnm amac, Wy cababnu Hasapuii TepmogvHaMuKaja
AapopaTnapHUHT SMAVPUK LWKanacu KynnaHuamangu.

Haszapwuii Tap3ga aHvknaHraH (kv abconioT) gap faHjai Tepmo-
METPUK  (YHKUMSigaH hoiiganaHnb, 06BLEKTMB (PU3MKaBUA papopat
WKanacMHN Ty3uMl MYMKUWH. ByHpali mapgcag yyyH TepMoagvHamukaza
nfean ras gonatu TeHrnamacu Ky.xnaHwnagu:

pV—nRT (1.1)

Arap p, VBa N TaxpubagaH mabiym bynca, ywby LapomTtnap
yuyyH T Hu gucobnaw ocoH. JSleKnH ey 6up pean ras yw by TeHrnama

16



OpKanu aHvK; ndoganaHmanan. TeHrnama akar 60CMM HoAra MHTUAraH
yerapaBuii xonaT y4yHrvHa 6axapunagun:
HT  o(pV) - nRT 1.2)

ByHaa pV KaTTa/IMKHUHT Y31 XapopaTiaH YM3uKcu3 Ba 6Up TeKuc
6ynmaraH pasuwga 6ornaHraH 6ynuwn MymkuH. Kunumk 6ocumnapra
9KCTPanonAUMA KUauW 3ca, Xyaa orup Taxpubasuin macanagup. LLy-
HUHT YYYH ra3 TepMOMETPUHUHT LWKanacu byinya xapopaTHU aliHyTall
aH4ya Mypakkab uw 6ynub6, 6yHpal TaxpmnbanapHu 3TasnoH Y4yH Kabyn
KWNUHraH asaBuii yTul penep HyKTanapuvHWHE abconioT Xapopart-
NapuHM ypHaTWLWL YYYHIUHa yTKasunagu. Opanvk x.apopatnap, o4atsa,
3MMNUPUK TEPMOMETPUK yCynnapja aHnKnaHagu.

1954 WAunnga Kabyn KWAMHIaH TEPMOAWMHAMWK LWKaia XOo3Upru
6ocknuja xapopat/iapHUMHI abConoT LWKanacura 3HI aHUK AKWUH-
nawnwianp. (1.2) TeHrnamagaH 6oHLa MabayMOTNapHW ULWNATULWL 3apy-
pusti (pV) p4) HUHT yerapaBuil KMiMaTUHM TakpubaBuii aHMKaall
xaTonuru 6unaH 6ornuk. ByHaal TaxkpubanapHWHT aHUKINTN Y3TYKCK3
opTn6 6opmokpa, 6y aca ynuaHaéTraH XxapopaTnapHUHI KuiiMatura
JOVMO aHVKINK KMpUTUG 60puLLIHK Tanab Kunagn. Penep xapopatnapu
COH KuAMaTNapuHWHI GyHAal y3rapyBYaHAUIMHU OALMHW ONULL YYYH
penep HyKTanapgaH 6UPUHUHI KNAMaTUHU Jonmunid feb Kabyn Kuauwra
Kapop KUnuHau. ByHpai HyKTa cudatuga CyBHUHE yynamuii HyKTacu
XapopatugaH toinganaHungun. Fa3 TepMOMeTpyU 6uNaH ULnaw aHUKINMm
opTnb6 6Gopuwwura kKapab 6onwia 6Gapya penep HyKTasapu Xxapopat-
NAPUHWHT COH KuiAMaTiapu y3nykKcus ysrapTupuamokga. 1968 iinnga
XapopaTnapHWHI 3TafloH HyKTanapu cugatuja BOAOPOLHMHI y4ynamuid
HyKTacugaH 6ownab ONTUHHUHI CylOKMaHWLW XxapopaTturaya 6ynraH
Opa/IMKHM Y3 Munra onyBYM YyH WKKMTa 6oHLWLa penep HyKTanapugaH
thoganaHmLl TaBCUS KUINHTaH.

XapopaTHu (usnKaBuii KaTraimk cudaTvga adHuknaw Typau
KapaéHnap Y4yH WCCUKAWK Ba WLWA&apHW aHuKfaw 6wunaH 60rnuk.
MoggaHuHr Typnu ¢asaBuii xonatnapfary MHAWBMAyan XxoccanapuHu
xonat TeHrnamacu fe6 atanysum pP(V,T)  (YHKUMUSHUHT KYPUHULLK
Genrnnangn. Xosnpru KyHfa Xyfa Kyn, TYpAu KypuHuLLAarn xonat
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TeHrnamanapu KynnaHunagu. Masnap  yuyn (1.1) TeHrnama
6o naHrnygmp.

. 2. Acocuin TywyH4yanap

TepMoguHaMUK cucTeMa MOAAWNIA  GOPANKHUHT  XAKUKWIA KK
xaénuin derapa cupT 6uNaH axpaTuiaraH MaKpOCKOMUK KUCMUAMP.
TepMmogMHaMuKa >Kyfga kjhi 3appavanapjaH ub6opat 6ynraH cuc-
TemanapHu ypraHagu. Anoxgua Mofekynanap, atomnaap éku asnemeHTap
3appadanapra HucébataH TepMOAMHaMMUKaHW Kynnaé 6ynmaigun. Arap
CUCTEMAHMHI TalWlky MyXAT 6unaH x4 KaHgan y3apo TabCUpaaHuLK
bynmaca, 6yHpalm cuctema umsonsaumsnaHraH (TawKu MyxATAaH axpa-
TUArad) peivnagu. Arap yerapajaH Mogfa anmallMHULIM Ky3aTuica,
yHfAa cuctema o4mK 6ynagm, akc Xonna, SbHM Xe4 KaHpai mogfa yerapa
opkKanu yTmaca, YHAa énuk cuctema Aelivnagu. WsonsuymanaHraH
cuctemagaH hapkivM paBuwifa EnMK cucTemMa TawkuM MyxuT 6unad
3Heprvs anMalivm MyMKUH.

Arap cucTtema 6apya HykKTanapga 6mp >XuHcnum éynca, yH1U romoreH
fefvnaan, akc xpnga asanap Xx.akmga cys toputunagun. bBup Heua
thasanapgaH Ty3uaraH cucTema reteporeH feiunagun. CucteMaHUHT
fouwa KucMNapujaH cupT 4erapacu 6unaH axpaTuaraH romoreH
CUCTEMAHWUHT 6MpP XXMHCAWM FOMOFeH MaTepuan KUCMAApHUHT Tynaamura
thasa gennnagu. .

CuncteMaHn TaBcU(IOBUN (PU3MKABUIA Ba KMMEBMIA XoccanapHUHT
TynaaMmy CUCTEMaHWUHT X,0naTuamp. TepMogUHaMWUK CUCTEMA XPAaTHUHT
TepmoguHamuk napametpnapu (T, P, V, C, U, S Ba 6oHwanap) 6unaH
TaBcudnaHagn. TepMOAUHAMUKAHUHT acocuii KOHYHNapUHU TyLYHUL
Ba Ta/lKWUH KWIWLWIHW TabMUHAalkguraH ymymuii 6enrmnapura kapab
TepMOAMHAMUK napameTpnap cuHpnapra 6GupnawTtupuaradH. CoH
KniAmMaTnapy >Xux,atgaH AOUMWIA  KUMEBWI TapKuGAM CUCTEMaHWHT
mMaccacvra nponopumoHan 6ynraH TepMOAMHAMUK napameTpniap 3KCTeH-
CMB napameTpnap fgelinnagn. JKcTeHcuB napametpnapra xakm (V),
mMacca (M), 371eKTp 3apAAMHUHT Mukgopu (Z), uuku asHeprus (U),
aHTponus (S) Ba 6owiKanap Mmucon 6ynaan. CoH KuiiMaTnapm XuxatuaaH
cCUCTeMaHUHr Maccacura 6ornnk 6ynmaraH mnapaMeTpnap MWHTEHCUB
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napametpnap feivnnagn. WHTeHCMB napameTpnapra 6ocum, xapopar,
3M1eKTP 3apSIAUHUHT MOTeHUManu, CoNMWTUPMA 3KCTEHCUB KaTTasimknap
(MOALaHMHT GUPNNK MUBLOPW YUYH ONliHIram) xamga 6apya ymymaaliraH
Kyunap Kupagu. YMymnaliraH Ky4ynap Ba ymymaatraH KoopguHartanap
Xam TepMOAMHaMWK MapameTpnap 65,116, mMexaHUK Ky4d (Eku 60cum),
3M1eKTp MOTeHUManu, KUMEBUIA noTéiuman Ba 6ol Kanap ymymnaliraH
Kyynapra Ba reOMeTPUK KOOpPAMHATa, XaXM, 3apsf, Mab/llyM KOM-
MOHEHTHWMHI MaccacM yMyMmaallraH KoopauHaTanapra kKupagu. Tepmo-
OWHAMUK napamMeTpnapHUHr XaTrokKu 6uTracunuur ysrapuwn 6unad
6ornuk 6ynraH cucTemajaru 4ap KaHga ysrapuwl TepMOfMHaMUK
XapaéH geiinnagun. Arap napameTpnunr y3lapurim akart 6owiaHrny Ba
OXMPrK XxonaTnaprarnHa 60rnnk 6ynu6, >KapaéHHUHI ynura 60rank
6ynmaca, 6yHaai napametp xonat pyHKUUACK fedAnnagn.

Xapopar TepMoMeTpusija aHUKNaHaguMraH o6beKT, yHU 6eBocuTa
ynuab 6ynmaingn, akaT MCCUKPOK KN COBYKPOK XMCM XaKuga TywyH4ya
XOCU/ KUMMLW MYMKWH. XapopaT cucTeMa 3appadanapuHuHr ypTtada
KWHETUK 3Hepruscyu 6ynmoé, UCM KaHYaMK UCUTUALaHANTUHUHT Ya40-
BUAMP. YHW XxapopaTtra 60rnvMkK 6ynraH 6owka (u3nKaBuii napameTp-
NapHWUHT COH KuiiMaTnapun 6yinuya aHuknaHagu, 6y aca, kKopuga
TabKuANaraHUMmM3geK, SMMUPUK XapopaT LWKananapuHu TY3ULIHUHT
acocu Knamb onmHraHgmp.

ViccMKpWK - MOJaHVHI XapopaTu, maccacyu Ba Tabuatura 60rnmnk
6ynraH KaTTaimk 6ynm6, anoxuja sappadaHuHr KUHETUK 3HEPTUSCUHU
Genrunalign. Cwuctemara WCCUKNUK 6GepunraHaa, MoseKynanapHUHT
ypTaya KWHETUK 3Heprusic opTuLN XAcobura, CMCTEMaHUHI XapopaTtu
opTagu. JleMak VCCUKAUK 3HEPTUs y3aTULWIHUHE 6up Typuaup. CucTe-
mara 6epuaraH UCCUKINK Xap 4OMM XaM XapopaTHu owwunpmarign. Maca-
NaH, My3 cyloknaHaétraHga ékun cyB KaiHaéTraHga cuctemara UCCUKINK
Gepull xapopaTHM y3rapTupMainau Ba apaéH AoUMWIA xapopaTpa
6opagn, OyHpa cucTemajary MOJEKyNanapHWHI ypTaya KUHeTUK
3HeprusAcu ysrapmacfaH akaT mnoTeHUMan 3Heprusicn optagu. Yoy
WUCCUKNNK MY3HUHI KPUCTaN/a MaHXapacuHu 6ysuwira  Eku CyBHU
O6yrnaHTUpULL >XapaéHura cappnaHagn (3cku afgabuértnapga “swWwupuH
WUCCUKNNK” peb atanraH).
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Mw r6énp cMcTeMagaH UKKUHYM CUCTEMAra 3Heprus y3aTULWHUHT
fAHa 6up Typn 6ynn6, 6yHaa nw GaxapwnaéTraH CUCTEMAHWHI WYKK
3HEPruacu Kamasau, Tabecup KUINHAETTaH CUCTeMaHWHT 3HepruacK aca,
faxapuaraH wwra Moc pasuwfga opTtagu. Vw Ba uccnknmk ysapo
3KBUBANIEHTANP. VICCWANKHWUHT yN4yoB 6GUPAMIM Kalopus Ba WLLIHWHT
yN4yoB Gupaurn xoynb fe6 kabyn kunauHraH. lkan =4,1875 XX TeHT
6ynn6, NCCUKIMKHUHT MeXaHUK 3KBUBANEHTU Aelinnagu.

NuKn 3Heprnsa - >xucm b6apya sappadanapuHuHr 6up-6mpun 6unax
y3apo TabCcupaawuil MoTeHUMan 3Heprusicn Ba anoxuja 3sappadanap
XapakKaTUHUHT KUHETUK 3Heprusnapu WUrnHucupaH TawKua TOMraH,
ABHU MOMEKYNaNapHUHT UArapunaHma Ba aiifiaHMa XxapakaTty 3Hepruscu,
MO/IEKY/TaHWN TalWKWA KWUAraH atoM Ba aTtoM FYPYXAapUHWHI WYKU-
MofleKynsap TebpaHMa XxapakaTu 3Heprusicu, atomaapgarv 31eKTPOH-
NapHUHT aiinaHnL 3HeprusicM, aToMm sijponapuparu sHeprusi, Mosekyna-
napapo y3apo TabCupfalluil 3HEepPrusicy Ba MUKposappadanapra Termi-
nn bynraH 6owkKa Typgaru sHeprusnapgaH noopataup. Vuku aHeprus
cUCTEMA 3HEPTUACUHUHT YMYMUIA 3axupacu 6ynub, YHUHT Tapkubura
TYNUK, 6Up BYTYH CUCTEMAHUHT KUHETUK 3HEPTUSACK Ba YHWU XONMaTUHUHT
noTeHLMan aHepruacn Kupmangn. XXMcM UUKM 3HEPTUSACMHUHT abconoT
KUAMaTy MabayM aMac, yHU TyrpugaH-Tyrpy yayawl xam MyMKWH amac.
Cunctema 3HeprusicuHuM 6up 6yTyHAUrm4ya 6eBocuTa yn4yaiguraH Xxeu
KaHfalh ycynnap MaBXyf 3mac. AMMO KUMEBUIA TepMOAMHAMUKaHU
KUMEBWIA XofMcanapHU ypraHulira Kynnawgja cuctema 6up xonaThaH
UKKUHUYMCUTa yTaéTraHgarm W4YKyW 3HePrusiHAHI y3rapuwunHu 6uamMoK
Kndoaanp. Nw ékun xap KaHgalkh KypuHULWAarn aHeprna UHTEHCUBAUK Ba
3KCTEHCUBNUK (DaKTOPNapMHWHI KynaliTMacu cudatnga ugdoganaHagu.

VICCMKIMK CUTMMUW - CUCTEMaHWHI XapopaTuHu 6up rpagycra
KyTapuL YUYyH Tanab KUInHraH UCCUKANK MUKZopun 6ynnb, y cumctemara
6epuaraH UCCUKIMKHUHT XapopaT y3rapuwm HucbaTura TeHr. IcCUKmK
CUTUMU TYLWIYHYACMHWHT KUPUTUAWULIN TEPMOAUHAMWUKA Tapuxupga aHr
KaTTa loTyKaapgaH 6upu oynraH.

Bocum - 6UPAUK CUPT t03acura Tabecup KnayBun Kyd 6ynuné, Typnm
6upnuknapga ngoganaHagu: Mackanb, H/M2 6ap W MM CUM.YCT. ByHaa

20



foumMOo cucTema 60eMMUHUHI aTmocgepa 6ocumm 6unad apan amac,
6ankn abcontoT 6ocMm KypcaTunagu.

TepMognHamMuK cucTeMa KaHpanamp 6ownaHruy fjonatiaH yYnkumo,
faTop ysrapuwinapra ydparaHfaH CyHr siHa aBBa/ir gonaTtura jalita-
ouraH >apaéH ainaHmMa éku UMKAMK >xapaéH geivnagn. ByHpali
KapaéHfa fap KaHjali fonaT napameTpsiapuMHWHE y3rapuwiun  Hofara
TeHrgmp. XXapaéHHUHT 6opuwn WwWaponTnapura Kapab nsobapuk, nsotep-
MUK, W30X0PUK, agnabaTuk apaéHnap 6up-6upmgaH hapkgaHagu,
ynapga moc pasuiija 6ocum, fapopart, Aaxm EKu sHTponusanap ysrapmac
bynagn. AgnabaTuMk WwapouTha cucTemMa Tawku MyauT 6unaH MCCUKINK
anMmawmacnurn cababnu, TepMOAUHAMUKAHWHT WKKMHYM KOHYHUAaH
SHTPOMUAHWHT y3rapMmac 6ynumwm Kenub Ynkagu.

ATpod mMyaMTAa fed KaHgal ysrapulinapcus CMCcTeMaHWHr 6oL -
NaHrny gonatra KanTull WMKOHUATUHW 6GepyBuM KapaéH Kalitap
(MyBO3aHaT) >apaéH aemnaan. Xoccanapu (gapopat, 6ocuM, TapKuob,
3MeKTP MOoTeHUManu) BaxT yTuwuy 6unaH ys-ysufjaH ysrapmaiguraH sa
anoguga gasanapHuHr 6apya HypgTanapuga 6up xun auinmatra ara
6ynraH CUCTEMaHWHI Jonatnapu pantap >kapaéHnap TepMoguHamuKa-
cupa Kypub umgmnagn. CuctemaHuHr 6yHpali ponatnapu MyBoO3aHaT
ponatnap feivnagn. MyBosaHaT >xapaéHja cuctema MyBO3aHaT Jonat-
NapuuHI y3NyKCM3 faTopujaH yTagum Ba KBasuCTaTUK >KapaéH aeb6 fam
aronaaw.

X,apopat, 60cuM Ba (asanapHUHr WMYKU TapKubu TeHr Tak-
CMMNaHMaram Ba BaaT yTuwuK 6unaH ysrapyByaH OynraH pgonatnap
HOMYBO3aunaT gonatnap feninnagn. Ynap gantmac (HomyBo3aHaT) Xapa-
éHnap TepmofMHaMmmkKacuga Kypub yuamnagm Ba YHra TepMOAMHAMMU-
KaHWHI acocuini AoHyHNapugaH Tawgapu gatop fgywvmuya noctynatnap
Kuputunagn. XXapaéHHUHI TepMOANHAMUK XupaThaH fantap &ku gaiT-
Mac/IUrMHN KUMEBUI peakuianapHUHT faiTapanru éku patmacnuru
TylwyHYanapu 6unaH YankawtTmpMmacivmk Kepak. Kuméga yuw 6y atamanap
Tyrpu Ba Teckapu WyHanuwnapga 60puin MyMKuH 6ynraH gap faHpaan
peakuusnapra AgynnaHuwin  MyMKWH 6ynunb, O6yHha CUCTEMAHWHI
6ownaHrny gonatra fantvb Kenuwuaa atpod myguTaaru ysrapuviinap
abTU6Opra oNuHManan.
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1.3. TepMogMHaAMUKAHWUHI MaTeMaTuUK annapaTtu

CucteMaHUHI 6apya TepMOAMHAMUK napameTpiapuHu y3apo 60r-
na6b TypyBuu 6uprvHa ymymuii auddepeHuman TeHrnamagaH Kenub
ynkKaguraH HaTwkanap Taxaumnm TepMOAMHaAMUKAHUHE — MaTemaTuk
annapatn épgamuga amanra owwupunagn. by TeHrnama [TM66CHUHT
thyHaameHTan TeHrnamacu feb atanagn. AMMO, yLw by yMymuii TeHrna-
MaHu €31 ydyH, aBBasiambop, Taxpubaga ynyab bynmangnraH nKkuTa
XYAa XaM MyXUM KaTTa/IMK (0 aHeprus Ba SHTPONMS TYLIYHYANapuHU
KUPUTULLINMM3 LWapT. ByHW TepMOAMHAMUKAHWUHT GUMPUHYN Ba UKKUHYK
KOHYyHJapu épfamMmua amanra ownpuwLnmMm3 MyMKUH. HasapusaHm Ty3uil
YUYYH TEPMOAMHAMUKaAHWHI KOHYHMapuiaH Talikapu, Kylwmmya ucbot-
napcus, anpuopu pasuwga Kabyn KunnHaguraH katop apasnapfaH
thoiiganaHunagn. ABBanambop cMCTeMaHWHT TePMOAMHAMUK MyB0O3aHaTU
XAKMAarn noctynat Kuputunagn. Y woéy noctynat 6yimya cucTeMaHUHT
TalWKW napameTpnapy BakT yTulwK 6unaH ysrapmaca, mMyBoO3aHaT Y3-
y3ugaH OysunmariguraH x,0natra Kenagu. Ywoéy KonaTHM cTauuoHap
(BakTra 60rnvkK 6ynmaraH, feKMH HOMyBO3aHaT) geinmnagu. Knaccmk
TepMoAuHaMMKa (hakat MyBO3aHaT X,01aTtugarn cucteMmanapHn ypraHagu.
CtaunoHap CiictemanapHUHI HOMyBO3aHaT (KaiiTmac) »xapaéHnap TepMo-
AvHamukacu ycynnapuga udoganaHagn. VIKKMHYM noctynat Xapopat-
HUHI MaBXYAIMrn Eky TepMUK MyBO3aHaT xakKugarum noctynat 6ynm6,
oKopuga TabKUANAraHMMM3geK, YHU TepMOAVHAMWKAHWUHT HOMMHYM
KOHYHU Xam felinnagn. TepMuUK MyBo3aHaTAa 6ynraH cuctemanap ysapo
WUCCUKAVK anMaliMaignnap Ba CUCTEMAHWHE yMymaallraH Ky4napu
y3apo TeHr 6ynaan. Y wby noctynat 6yimya xapopaTHU UCCUKINK aMa-
[MVHAL xapaéHnapu yyyH ymymnawiraH Kyd cudatvja KApUTULLINMUK3
MYMKWH. HUX0AT, ypraHnnaétraH cucTeMaHnHr 6apya xoccanapu Talku
napameTpfap, XxapopaT Ba cucTema TapKUBUMHUHT GUP KUAMaTAN (PyHK-
umsacmManp.

CucTeMaHUHT acocuii napameTpiapu 6esocuTa Taxpubaga aHUK-
NaHaguraH napameTtpnapgaup. bynap 6ocum (bUpnmk tosara Tabecup Ku-
nyBYM Kyd), xapopart (cucTemagarv MoseKynanap WUCCUK/IMK Xapakatu
XaganMrMHVHE YyN40BM) Ba MONSAP XaXMap Xxamfa YuH spuTManapja
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acocuii napameTpaapra KOHLUEHTpauusi xam Kupagu,- KparaH napa-
MeTpap acocuii mapameTpnapHUHE yHKuManapu xacobnaHagm. Cucre-
MaHWHI napameTpfapu x,0M1aT TeHrnamanapu opkaau ysapo 6ornaHraH
6ynn6, GusnkKaBuiAi KUMEHWMHT acocuin BasudanapugaH 6upu cucTe-
MaHWHI X,0/1aT TeHrnamasapuHu Tonuwad néopatamp. Y woby Myammo
xan 6ynraHga agu, x,ap LuaHgali cucteMaHu TepMogMHaMUK wmdoganald
macanacu euunnraH 6ynapaun. CUCTeMaHWHI XonaT TeHrnamacuHu Ken-
TUPMG YUMKapULL YHYH YHU TalKWA KUAraH sappadanap opacugaru ysapo
TabCUp Ky4ysapuHu Gunuwl wapTamp. X,03Mpya XonaT TeHrnaMacuHUHT
aHUK KypuHUWW hafaT ngean rasnap yvyyH mavnym (1.1). Arap xonat
TeHrnamacum Mabaym 6ynca, WHAMBUAYaNn MOAAAHWHT  X,0CcCanapuiHm
ndoganawl JWyH MKKUTA MapaMeTpHUHT aniAMaTnapuHyu 6unuw Kndos
K;unagy, YYMHYUCUHW  X,0NaT TeHrnamacugaH xucobnaca Oynagu.
CucTeMaHMHI NapameTpaapu cuctema yuw by x,onatra gaHgani mnyn unax
KenraHura 60rnvkK 6GynmaraHnurn ca6abnu, ywby KaTTaIMKAapHUHT
YeKcu3 KnumK ysrapuwimn dz Tynuk; audpdepeHumnangmp (LonraH UKKuTa
napameTp/IapHUHT YeKCM3 KUYMK y3rapuiwiniapu 6yiunya). Ywbéy xycy-
CUAT TepMoAgMHamuKara TynvK, auddepeHumnannap xoccanapura acoc-
NaHraH matemaTuvK annapaTHu 6epafun. Tynuk guddepeHurannapHUHT
KEeMNHIM Myx,0Kamanapfa KeHr wuwiiatunagurad ampum xoccanapuHu
Kypub unkamus. Kyingarn

z —f (xy) Ba dz —Adx + Bdy 1.3)
hYHKUMA TYMMK; guddepeHuman 6yncuH. YHaa
dz = (dz/dx)y dx + (dz/dy)xdy (1.4)

6ynagn. (l. 4) pan A = (dz/dx)y Ba B = (dz/dy)x éku (o.A/my)X =
n&/oxay Ba  (8B/ox)y = n/dyBx.
XpcunaHuUHT  Kuiimatu  auddcepeHuymannawl  taptméura  60rnmnk
oynmaraHnurn cababnm
(6A/my)x ~ (mB/ox)y (1.5)
Yweéy xocca TepmognHamukaga KeHr Kkynnanuwnagn. (1. 4)
TeHrnamaHu Kypué unkamms. Arap z =const 6ynca, yHga dz - 0 Ba
(I. 4) TeHrnamagaH:
(dz/dx)y(dx)z+(dz/dy)x(dy)z= 0 (16)
ékn dy ra6ynm6 ro6opcak
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(dz/dx)y (dx/dy)z + (dz/dy)x= 0, 6yHaaH -(8z/dy)x = (dz/dx)y(dx/dy)z
FOkopugarvtu  (8y/dz)x ra kynaiiTupcak

(8z/dx)y(dy/dz)x(dx/dy)z= -1 @7
HW 0/1aMK3, AbHW aiinaHa Bylinya oNMHraH y4yrta Xycycuii XxocunanapHuHT
KynaiiTmacy fovmo -1 ra TeHr. Tynuk auddepeHumaniapHHT GoLlKa
xoccanapugaH Kyuaarmnapu

f dz =z2 -l = f(x2Yr)- f(xi, yi) 8)

xaM uwnatunagn, seHn (1. 8) garn nHTerpan xkapaéH 6opaéTtraH iynra
6ornvw, 6ynmacgaH, CUCTEMaHWHT (agat 6ownaHrmy  Ba  OXMPru
xonarnapu 6unad 6enrvnaHagn. BYHUHr akCUHW xam KypcaTuLl OCOH.
Arap WHTErpasHUHT guinmaTu ynra 60rnnk bynmaca, y xonga uHterpan
ocTugarn Kartamk Tynuk guddeperuymnan 6ynagu. (1.8) TeHrnamagaH

8dz =0 aKaHAMIM Kenmé unuaam, SbHU TYNMK auddepeHuManiaH nuk

aiinaHa 6yin4ya ONWHraH WHTerpan Honra TeHraup. bapya maHa Wy
xoccanap TepMOAMHAMUK CUCTEMaslapHMHI MapameTpnapura TaBcudsmn
6ynnob, Kenrycmga KynnaHunagu.

l. 4. 4Ky 3Heprvs Ba TepMOANHAMUKAHUHT GBUPUHYN KOHYHU
MuUkn 3sHeprusi, v Ba WCCUKIMK opacujarv ysapo 6ornaHuLl
TePMOANHAMUKAHVHT GMPUHYM KOHYHW acocufja ypHaTunagu. Tepmo-
OVNHAMWKAHWHT OUPVHYN KOHYHU WHCOHUATHUHI KYN acpivkK TaXpu-
b6acnfaH Kennb YMKKaH NocTynoTanp. TepMoauHaMuKa GMPUHYM KOHY-
HUHWHT 6Up Heuva Tabpudiapy 6ynmnb, ynap ysapo 3KBMBasIEHT Ba 6mp-
6vpugaH kennb unkagn. Arap ynapgaH 6upvHu 6owwnaHrny geb oncak,
60LLKaapy YHUHT Xynocacu cucatmga nango bynagu.
TepMoaNHAMUKAHWUHT OGMPUHYM KOHYHWU SHEPTUSAHWMHE CaKIaHUHI
KOHYHN 6unaH 6eBocuTa 6orfaHraH: xap KaHgain wu3onsauusiaHraH
cucTemMafia 3Heprust 3axupacu JoMuiAgup. Ywby TabpudgaH sHep-
TUAHUHT TYPAU KypuHULLIapu 6up-6upura KaTtbUii 3KBUBAIEHT MUK-
Jopnapga yuvwm kenné unkagn. TepmoguHamMmKaHWHT BUPUHUN KOHY-
HUHW Kylhvgaruya tabpudiall Xxam MYMKWH: 3Heprus capd KunmacnaH
Typu6, nw 6axxapa onaguraH MawivHa sicab ynmangn. TexHUKa puBOX-
NaHULWWHUHT  BoliNaHrMy  faBpuja 3Heprus capdiamacgaH Typub,
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(holigann nw 6epaguraH MallUMHaHW ApaTULL FOSiCU Mango 6ynraH 3gu.
X,03vp 6yHfain MawwuHa 6upuHYM Typ abaguini  aBuratenb, SbHU
‘perpetuum mobile” ge6 atanagn. TepMoAMHAMUKAHUHT  UKKUHYM
LOHYHUHN 6aéH aTunaétraHga 6owga 6up aHTacTa® MawmHa p
WKKWHUM Typ abaguii gBuratenHn fjam spatué OynMacnnru fagunga
TyxTab yramus.

KuméBniA TepMoagMHammKa Y4YyH >Xyda fam Mygum  6ynrad
TabpunapgaH 6Mpy NUYKK 3HePrust opaany ugoganaHain: NYKN 3Heprus
ponat yHKUMSicK 6ynné, YHUHT y3rapuilm XXapaéHHUHT nynura 6ornug
6ynmMacfaH, cucTeMaHWHr 6oliaHrMy Ba OXUPru fonatnapu-rarmHa
Gornnkamp. Cuctema MYKM 3HeprusicHuHr ysrapuwn AU atpod myamT
6unaH necewmgnmk Q Ba mw W anmawvHuw avco6ura cogmp Gynuwin
MYMKVH. Arap cucTema onraH UCCUAIMKHY Ba cMcTeMa bakapraH LLUHHU
MycbaT fecak, YyHAa TepMOAUHAMUKAHWHT  GUPUHYM  [OHYHUAAH
CUCTEMaHWHI  TaljapujaH oOnraH WCCUAMNIN  WYKU  3HEPTUSHUHT
y3rapvLiura Ba cuctema 6axapraH mwra capgnaHagi. TepmMogrHammnka
OGUPUHYM JOHYHUHU MaTeMaTVK HYATan HasapfaH MHTerpan KypuHuwga

Q=AU + W (19

anddepeHuman kypuimwga  SQ =dU + SW (1.10)
Ba (pajaT Tawau 6GocMMra fapliv  KeHraivw uvwm  GaxapunaérraH
XYCYCUI 10N yYyH

8Q =dU+pdV (1.11)
KypyH/LWLAapAa aHaMtuk udoganawl MymkuH. (1.10) Ba (1.11)
TeHrnamanapga dU cucTeMa MUKW 3HEPTUACMHUHE Tynug auddepeH-
unanuaup, Tynug auddepeHUnanHUHE Xoccanapy aca, fonaT QyHKuns-
CUHUMHT Xoccanapura Moc Kenaaw, 6yHaa QyHKUMUSHUHT y3rapyiin gagat
GoLINaHrMy  Ba OXMPru LlapTnapra GOrMVMAMMIUHA Ba >KapaéHHUHT
ynura 60ornug smaciurvHU Tabkugnab ytamus. MUKW 3HeprusigaH
thapg/n, UCCUAINK Ba WL Jonat yHKUManapy amac, ynap >kapaéHHUHT
nynura 6ornug, aMmo ynapHUHT aimpMaen >KapaéHHUHT ynura 60rnmk
aMac 3KaHAUTU L AOPUAAry TeHrnamanapiaH Kenubé ungagu.
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I. 5. X,0nat TeHrnamanapu Ba TepMuK KoaduumneHTnap

CuCTeMaHUHI XonaT TeHrnamanapuHy Tonuw Gu3nKasnin KUMEHUHT
acocuin BasupanapugaH 6Mpu skaunurn gopuga anoxumga tabkuanab
yTunan. X,°naTt TeHrnamacu CMCTeMaHuHI TepMOLUHAMUK TeHriamanapu
Ba YHMHI (hasanapum 6unaH 4vambapyac 6ornaHraH. AMMO YHW aHUK
KYPUHLLTT/IA TePMOAMHAMUKaHWHT acocuii TeHrnamanapuiaH u4unkapub
6ynmangn. Xpnat TeHrnamacu Taxpuba Wynu 6unaH ékn CTaTUCTUK
(husmka ycynnapuja anoxmpa MonekynanapHWHr TyswaulM Ba XoOcC-
canapvHu ngoaanoBymn KaTTanavMkiap opKaanm KenTupué unkapinnagn. SHr
cogpa xonat TeHrnamanapu!Hact 6ocumnapgarn rasnaply%oy&; ymka-
punraH: Knaneiipon-MeHpgeneeB, BaH-gep-Baanbc, BepT/lo Ba 6owkKa
TeHrnamanap. BakT yTuwimn 6unaH maccacu Ba Tapkubu foimunii Ba 6ip
XWUHCAW 3HI coffla CUCTEMAHWHI XoNaTWHM al-fcrnawl yyyin y4yta
MYCTaKun y3rapyBunfaH UKKMUTaCUHU 6unuw kudoagmp. Mypakkabpok
cucTtemanapfpa Myctakun  y3raPYBuunaPra KOHUeEHTpauus, 3nekTp
3apsAgun, 3NeKTpoCcTaTMK MOTEHUWaA, MarHUT MalfOHWHUHT Ky4/saHraH-
nnry Ba 6o Kanap KMpuwm MyMKnH.

3Hr cogpa cuctemaHuHr p,V, T ysrapyBumnapuHu 6ornab TypyBuu
Xonat TeHrnamacMHUHI MaBXyAnurura acociaHmb, xonaT napameTp-
NapuvHUHT XycycuiA xoccanapu opacuparn MyHocabaTnapHuM Tomamus.
X,onat TeHrNaMacuHUHT YMYMUIA KypUHULLW Kyiingarnya

fP>V, 1) =0 (1.12)
Y w6y TeHrnaMaHm xaxxmra HucbataH edycak:
V=~fi(p, T) (1.13)
VIKKnTa y3rapyBUMHUHT TYNUK guddepeHunannHy Tonamms:
dV- (dV/dp)Tdp+(dV/dT)pdT (1.14)
V=const waptuHu kuputammus (dV = 0):
(dVv/dp)Tdp+(dV/dT)pdT =0 (1-15)
(1.15) HM dT ra 6ynammas:
(¥ ap)r-(ap/aT)y+(a¥/AT)p = 0 (1.16)
(1.16) HM Kylingarn KypuHuLLITa KENTUPaMuns:
(8Y/op)r (ap/ET)y - -(B¥/aT)p (1.17)

(1.17)HuHT nkkana Tapadiitm (dT/dV)p ra kynaiiTupamms Ba KyiingarnHm
onamus:
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(aV/dp)r(dp/dT)v(dT/dV)pm -1 (1.18)

(1.18) TeHrnama ymyMun xycycusaTtra ara. Xyaam wyHaan ngoganap
y3apo (yHKuuoHan 6ornaHraH xoxJiaraH ydra ys3rapyBumra OJIMHWULLN
MYMKUWH. (1.18) TeHrnama wugean ras Xx,0naT TeHrnaMacUHUHT AUd-
thepeHuman KypuHuwun 6ynnb, yHra KupyBuM XyCyCUin f[oemnanap
(hazanapHUHI Mablym Myxum Xoccanapu 6wunaH 6ornaHraH. MacanaH,
XVUCMHWUHT TepMUH KeHravw KoaduumeHTa a Xycycuin xucunanap
6unaH Kynmgarmya 6ornaHraH:

a = (dv/dT)p-1/vVO (1.19)
6y epaa Vo- ctaHgapT Togapopataaru (oaatga 0°C) drasaHUHTXAXKMU.

BOCUMHUHT opTaw L (KW rasHUHI 3NacTUKINK KosduumneHTa) Ba
M30TEPMUK CUMLMANLW Y KO3 uLumMeHTNapn bunaH Xycycuin xpcunanap
ypTacuja Kyinumaarmnya 60rnnuinK MaBxyg:

p =(3p/dT)v-1/p0 ............. (1.20)
y~-(dV/dp)r1/V'o (1.21)
6y eppa: pO0—crtaHgapT 6ocum (ogatga 1aTm);
V'0 —6epunraH xapopaT BapO 6ynraHfarn XUCMHUHT XIKMU.

(1.19-1.21) TeHrnamanapgaH (1.18) TeHrnamara xycycuih xocuna-
NapHWHI uMAMaTnapuHn Kyicak, @, /3 Ba Y TepMUH KoadduumneHTNap
opacugaru ysapo myHocabaTHU KenTupumb ymkapamms:

IBpoylro/aro=1 (122)
Vo Ba V'O kaTTanmknap KaTTaK >XWCM Ba CYWOKAUMKNAp Y4YYH OfAWiA
xapopaTnapfia sikuH, Wy cababny KuckapTupuamwm MyMmkuH sapo—i ga
Pyla =1 0-23)
MyHocabaT Kenub6 uukagu. (1.23) TeHrnama TepMuUH KoahduumneHTNap
opacugarn myHocabaTHu Kypcataju Ba yNapHUHI MKKUTacu Taxpunbasa
Tonunca (ogatga a Ba /3), ydYmHUMcnHM yw by TeHrnamagaH xucobnaca
oynagu.

TepMuH KoaphULMeHTNAPHIA 6BuAMW mnpean ras KOHYHAapuHWM Ba
abcoNntoT XapopaTHUHI Kennb YMKULIMHU TylyHULira épgam 6epagu.
MacanaH, TepMUH KeHranuw KoappuuUMeHTUHN XonaT TeHrnamacujad
Ba LU apnb-Teii-JTI0CCaKHWHT KOHYHU Vo(l+a t) TeHrnamacugaH
aHuKnaw 6up xun HaTwkara onmb Kenagu.
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1.6. TepMOAUHAMUKAHUHT GBUPUHYN KOHYHU Ba Kanopuk
KoahhuumeHTaap

CUCTEMAHVHT X0aTUHW aHUKNaLl Ba TEPMOAMHAMUKAHUHT 6UPUHYM
KOHYHMHM (1.9—1.11) TeHrnamanapgarmgaH 60WIKa4YapoK KypuHUga
aHaMTUMK undoganaw ydyH Kanopuk KoapduumneHTnapgaH d¢oliga-
naHunagn. WM4uku sHeprus xonat QyHKumAcnm 6ynnb, CUCTEMaHUHT
MYCTaKu/a y3rapyBuYMNapuHUHE (XonaT napameTpiapuHUHT) (QyHKLUS-
CUAnp. JHT coAfa cucTemanapga:

u=f(v,T) (1.24)
dU = (g Ug WadV+(dU/8T)vdT (1.25)

(1.25) TenrnamagaHd dU Hunr guitmatuan dU =SQ-SW ra kyiicak:
SQ = (g U g VTdV+(dU/dI)vdT+SW (1.26)

Arap hak,aT KeHraiinw mwmn 6axapunca SW =pdV:

SQ = [(a Upg V)r+p]ldV+(dU/dT)vd T (1.27)

MycTakun y3rapyBuuniap gudgepeHymann ongnaarn KoahpuumneHT-
napHu / Ba Cynap 6unaH 6enrmnacak:

SQ =/dV+ CvdT (1.28)

(1.27) Ba (1.28) nappaH:

(4 Q/dV)r= /= (8U/dV)T+p; (8Q/8T)4= (g U/dT)y= Cv (1.29)

(8Q/dV)TBa (8Q/dT)v nap kaHaakaup MYHKUMSHUHT XocUnanapuHu
nioganamangu (Mccuknuk gonat gyHkuusicn amac). (8Q/dV)r KucMHUHT
M30TEPMUK KeHramuw uccukauriigup (aipum fonnappa xosmprava
AWNPUH UCCUKUK, MacanaH, SWNAPUH CYIOKNaHULW WUCCUKNUTW, Aeiii-
naaw). Ly ca6abnm 1 HY KeHraluLWHWUHT AWWPUH UCCUKNUTK Aelinnaau.
Ywo6y arama Tennopog 3aMOHUHIAHI KONAUTUAMP, YHAAH doidanaHunw
Kepak 3mac. /Kanopuk KoahpuumeHT 0Oynmb, y3rapmac xapopaTjga
CUCTEMAHUHT XaXMUHWU 6Up OUPAMK y3rapTupuwl ydyH capt 6ynraH
UCCUKNINK MUBLOPUHM KypcaTtagn. YwW6y kKattanuk (ynyos 6upnuru
GoCMMHUKMAEK) Tawku 6ocum Ba (8U/BV)XiiurnHanaaH Tawkun TonTaH.
(8U/8V)r monekynanapHWHI y3apo TOPTUIMLLIWHM KypcaTagu Ba WUKU
6ocum feb aTtanuM MYMKWH. Y pean rasnap yuyyH KMYMK Ba CYHOKI/MK,
KaTTUK XXUCMAap yuyH XyAa Katragup.

(1.29) Ba (1.25) TeHrnamanapgaH dU = (I -p)dv+CvdT (1.30)
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6y epaa: (8 U/8 V)T - -p uuku 6ocumanp (Oxoynb KOHyHM 6yiinua
ngean rasnap y4yH Ho/ra TeHr).

MycTakun y3rapysuunap cucatngapsa T éku YBAP napHu TaHnab,
WYKM 3HEPTUSIHU WY XY(HT y3rapyBUMMAPHUHT QyHKLUsICU Xuco6nab,
XYAOW 0KOpUaa KypcaTuiraHfek,

8Q - hdp+CpdT (1.31)

SQif xdV+Xdp (1.32)
napHu onamus, 6y epga h, Cp, % S nap U4Ku 3HePrusHUHI Xocunanapm
6unad (1.29) ra HucbaTaH Mypakka6pok 6GornaHraH: Cp—6Q/dT)p —
y3rapmMac GocuMMparv UCCUKWK curaMu; i-ysrapmac Xapopartia cucte-
MaHWHT 60CUMUHN 6UP BUPANK y3rapTUPULL YYYH Kepak 6ynraH Uccuk-
MK MUKZopu 6ynné, katra MaHhuii KuiimatnapHu Kabyn Kunagu.

l h, Cv, Cp, % A nap Kanopuk KoathuumeHTNap aelinnaau.

MyCTaKui paBuwiga pM3MK MabHoOra ara 6ynraH x,0nga TepMOANMHAMUK
Xynocanap Baxgcobnapga xxyga gonganngup.
L yHaaih Kunmé,
SQ = 1dV+CvdT =h dp+CpdT (1.33)
(1.33) paH Kanopuk KoaphuumeHTnap ypTacupaanoka ypHaTuLL
MYMKWH. XAKUKATAAH, P Ba [T MycTakun ysrapyBuunapga:

dV = (g Vigp)™p+(dVv/d)pdT (1.34)
(1.34) garn dV wuuHr kuiimatunm (1.33) ra Kyiicak,
I (dV/8p).tdp+1 (8V/dT)pdT+CvdT = hdp+CpdT (1.35)
Ba
/ (g Vldp).tdp-\-[Cy+I| (dV/dI)pJdT =hdp+CpdT (1.36)

ByHpaaH
I (dV/dp)T=h; Cp=Cv+l (dV/dT)p; (1.37)
ékmn 15¢Hura (1.29) Hu Kyiicak,
Cp w Cv+[(eU/dV)T+p](dV/dT)p (1.38)
(1.37) TeHrnamagaH
Cp-Cy=/ (a¥/aT)p (1.39)
Kocun 6ynagu. Yw6y TeHrnama Taxpubaga aHuknaHyBuum Cp HUHT
KuiiMatnapugaH CcylK Ba KaTTuK XucMmnapHuHr Cy KuiimatnapuHm
Kucobnaw yuyH doiganmgmp. (1.37) TeHrnamagarm MmyHocabaTnap
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TEPMOAVMHAMUK TafKUKOTNAapAa KeHr Ky/nnaHuayBYM Ko3phULUEHT-
NIapHY CONULITUPULL YCYNNAA KENTUPUG YMKapUaraH.

I. 7. TepMUK Ba Kanopuk KoapduumenTnap opacugarm 60rnmknnk
TepmogMHaAMWKAHUHT  1- Ba  2-KOHYHAapWHUHI  6GupnawiraH
TeHrnamanapuHu kynnaw dU Ba dS kaTTanukNapHUHT Tynuk audde-
peHUnan 3KaHAurura acocnaHraH. by mogganapHUHr XoccanapuHu
TaBCcMN0BYUN Typ/n KaTTa/IMKNap opacuja y3apo 60rMMKAUKHN TonuLra
UMKOHUAT 6epagn. TepMMK Ba Kanopuk KoagduumenTnap ypracugarv
60rNMMKNNKHN Kypnb Ynkamms.
MycTakiin ysrapysuunap fe6 F Ba I napHu Kabyn Kunamms. yHAa
SQ = 1dV+CvdT (1.40)
6y epaa: /Ba Cy-kanopuk koapduumentnap; / em (3Q/dV)T-nsotepmuk
KeHr'ainw néenknurn;-CY ="i(dQ/8T)\I —ysrapmac kaxmgarm uccuanuk
CUTUMU. Y LLIOY KNAMATHU TEPMOAUHAMUKAHUHT 1- Ba 2-KOHYHNAPUHUHT
TeHrnamanapura Kyicak,
dU =SQ-pdV =CANT + (I -p)dVv (1.41)
Ba dS =5Q/T = IdV/T+CWT/T (1.42)
dU Ba dS napHuHr Tynuk anddepeHumaninrnim xacoéra onue,
Kyinaarnya 3w MyMKUH (Xycycuii KocunanapHUHT MUTUHANCK TYNMK
A depeH unanHyn 6epagn, YNapHUHT YPHUHU anMallTUpULL MYMKUH).
(1.41) paH:
(8Q./18V), ®&(l -p)Y6T =(8i/8 Ny-(8p/8 T)y (1.43)

(1.42) paH:
@/aT)(LTyy=p(CM)T/aY ékn [T(g /8 Tv-11/T=(5 Cv8 V)T (1.44)
ByHAaH: (@CoaVT=( VT~ U/T (1-45)
(1.43) paH (1.45) ra. (8 Ché V)t HUHT KUIAMATUHUN KYSIMU3:
B8 1/8 T)y-(ap/aT)y=(nlaT)y-UT (1.46)
GyHAaH: I=T(dp/8T)v (1-47)

EKM P =(l/po)(dp/dT)V] I=PpT.
Wpean rasyuyH (8p/E T)y=RJIV 6ynranu 6oHe (1.47) gaH:

/=RT/y mp (1.48)
(1.48) Ba (1.40) TeHrnama Kyiingarn KypuHULIHW onagun:
SQ = pdV+CydT (1-49)
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(1.46) TeHrnamaHu guddepeHymannaimms:

@ 1/pT), = (ap/cll W 62/6 f)v (1.50)
(1.50) Ba (1.45) TeHrnama 6unaH conNWTUPAMNS:
(DCJB V), = T(dD/A?2)V " s (1.51)

(1.51) TeHrnama Cy HUHT X,@XMAaH 60rTMKAArnHN Gepagn.

YHU ngean ras yuyH ky.mna6,p - RT/V; (8p/dT)vm R/V Ba (g2/g
T Jvem 0, 6yHaan (g Cy/0 V)T = 0 skaHNMW, SAbHU Maean rasHUHr
UCCUKNK CUTUMU XIXKMAAH GOF/IMK 3Mac/iMrn Kenno Ynkagu.

MycTakun yarapysuunap/? Ba T 6ynraHga,

SQ = hdp+CpdT (1.52)
Ba dS =hdp/T+CpdT/T , (1.53)
GyHAaH d(h/T)p/dT - I/T waoOp/ap)T (1.54)
EKM (dh/dT)p-h/T = (8Cp/ap)T (1.55)

Kocun bynagu.
BupuHun KoHyHra 6uHoaH h-1 (dV/dp)T skaHAuruHm avTUGOpra
0nuo, (1-46) Ba (1.47) TeHrnamanapHu xmcobra oncak,

h a T(6p/8 T)y(dV/5p)s (1.56)
Ammo, (ap/gM)v(dV/dp)T(@T/gV)p= -1, yHaaH (&p/4 1)y(dV/dp)Tm
=-(dV/dT)p Ba A- T(dV/dT)p=-aVT (1.57)

Wpean ras yuyH (dV/dT)p - p/aT-(RT/p)p=R/p, WyHUHT yuyH
h=-RT/p—V Ba 8Q=CpdT-Vdp. (1.57) TeHrnamaum T 6yiinua
o depeHynannaimms:

(dh/dT)p=-T(d2V/d f) p-(d Vig T)p.
Y ponga (l. 55) TeHrnamagaH oiganaHumo,
(aCp/gp)T= -T(d2V/dT% (1.58)
TEeHr1aMaHu 0n1amMus.

WMpaean ras yuyH (d2V/d 7% =0 Ba (8 Cp/ap)™ = 0, sAbHM ugean
rasHuHr Cp cm 6ocmra 6ornmk amac.

Xypaun wyHpam myctakun ysrapysumniap cudatmia cUcTeMaHUHT
fowka 2 Ta napameTpuHu onu6 (MacanaH, V Ba p), 6apya Kaiopuk Ba
TepMUK KoahuumenTnap opacuga ysapo 60rnaHuWHM TONULW MYMKWH.
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1.8. Wpean rasHuUHr Typau >kapaéHnapgaru KeHraiuw uww,
XapaéH UCCUKNNTN Ba MUKW 3HEPTUAHUHT y3rapuiin

V306apuK >KapaéH yuyH:

Wp=pAV =nLUT2T,) (1.59)
Qp=nCp(Tr Ti)=AH (1.60)
AU =nCv(T2-Tj) (1.61)

Y3rapmac 6ocumpaa cuctemara 6epuaraH WCCUKAUK CUCTEMAHUHT
WYKN 3HEPTUACUHMN y3rapTupagmn Ba uil Gaxapaau:

8QP= dU+pdV (1.62)
dU = CvdT (1.63)
SQP= CvdT+pdV (1.64)
MN30TepMUK KapaéH yUyH:
WTm nRTIn(V2Vi) = nRTIn(pj/pz) (1.65)
QT=Wr, (166)
AU=0 (1.67)
AfmnabaTuK apaéH yuyH:
WS=-AU 168,
AU =nCv(T2-Tj) (1.69)
@ =o (L.70)
Ws=nCv(Tr T) (L71)
M30X0punK xapaéHfa KeHraivw nwm 6axapunmaiigm
L p 0 (1.72)
nfean rasHWHI WYKW 3HEPrUscK (hakaT X,apopaTHUHT (YHKLUACULNP.
YXXoynb KoHyHu 6yinua (dU/dV)T= (dU/dp)T=0; UT=const (1.73)
VIYKM 3HEPTUSHUHT y3rapuiim n3obapuk Ba U30XOPUK >xapaéHnapga up
XWUn 6ynagu: AU = nCy(T2-Tji) (1-74)
YKapaéH UCCMKANTY NYKU 3HEPTUSIHUHT y3rapuwiura TeHr 6ynaau:
Qv=AU = nCV(T2-T,) (1.75)
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1.9. TlyaccoH TeHrnamanapu
Vigean rasHuWHr agvabarta TeHrnamacuHu uukapiiw ydyyH 5Q —

pdV+CvdT gan 8Q = 0 6ynraHnuru ca6a6nu, -nCydT —pdV
TeHrnaMajaH:
pdV+CydT =0 (1.76)
(1.76) rap  RT/V kyiin6, T ra 6yncak, (RdAV/V)+CydT/T - 0 Ba
R ®Cp-Cc 6ynranm yuyii  (Cp-Cr)dV/V+CydT/T =0 (1-77)
(1.77) Hn Cy Ly, 6ynun6,.Cp/Cyuy pne6 Genrunaimma:
(y-1JdV/V+dT/T=0 (1.78)
(1.78) HM MHTerpaninacak,
InV71-1nT f2const ékm  Ty?'l= const (1-79)
xocun bynagu.
Xyaau wy i™n 6unaH Tp(~ const (1.80)
TeHrnamacuHm ymk;apamus.(1.79) Hu (1.80) ra byncak,
pVy= const (1-81)

HK onamus. (1.79), (1.80) Ba (1.81) TeHrnamanap lMyaccoH TeHrnamanapwu
aenvnagw.

1.10. WVICCUKNMK CUTMMU Ba YHUHT Xapopatra 60rnnkamru

TepMOKMMEBMIA Ba TepMOAMHAMUK XmMcobnapga rascMMoH, KaTTuK
Ba CYHK XXUCMAAPHUHT UCCUKANK CUTMMAapuiaH goliganaHunagn. bup
oupnuk mogganun 1K ra ety yuyH 3apyp 6ynraH UCCUKAUK MUKAOPU
NCCUKNK CUTUMKU feiinnagn. Convwitupma Ba Monsip UCCUKINK CUTUM-
napw 60p. PUNK-KMMEBUIA Ba TEPMOLMHAMUK XMcobnapia Monsip NCCUK-
VK curuMnapugaH goliganaHmnagn. FascMMoH Mogfanap y4YyH ysrap-
mac xaxmgarn Cy Ba ysrapmac 6ocumparun Cp MccUKAUK cUrUmMnapu
thapknaHagm.

[tonoHr Ba MTW KOHYHW KpUCTann ofuunii MoguanapHuHr (metan-
NapHWHI)  WUCCUKAMK currmm  Cv Gup  xun Ba TaxmuHaH ~6,4
Kann/(r.aTom.rpag) T& TeHrMruHM Kypcatagu. AMmMo, LonoHr Ba MTu
KOHYHW XyfAa Xam TaxmuHuiignp. ByHpgaH Tawkapu, [OonoHr Ba MNTu
Oyinya NCCUKNK CUTUMUK XapopaTra 60rink smac. Ywo6y KoHyH dakar
IOKOpW XapopaTtnapjarnHa Tyrpu HaTwkanapra onvmb kenagn. XapopaT
nacaiiraHga, aHukca abcontoT HOMb AKUHUAA, KPUCTa/I1 MOALUANapHUHE

33



ncenanuk curumm Cv KecKUH Kamasagn. XXKyga nact xgpopatniapia KuHe-
TUK Has3apuUsaHWHE Xynocanapu MyTnaafo vwnamai gonagu. Ywoy Hatu-
Xa/lapHW KBaHT HasapHAcU acocujarvHa TYWYHTUpuw MyMKuH. 1907
Munga ONHWTENH 6UPUHYM 6Op ABAHT HA3apUACUHWU [ATTUL XKUCM-
NapHUHT UCCUANNK CUTMMAapuHU Xxgcobnaw yyyH aynnaraH. Kelns-
Yanuk [ebait yHU pUBOX/IaHTMpPraH Ba TaXXpuba 6unaH Xyaa aauH HaTu-
XanapHu onraH. dMHWTenH Ba [eb6ain hopmynanapugaH Typan gaTTug
Mogganap yuyyH Cv HUM eTapam aHngnmMkKga xgco6naw MyMKuH. Cv HUHT
auiimaTnapuiaH sMnupuk TeHrnamanap épgamuga Cp H1 ToNUL MyMKUH
(macanaH, Cp=Cv+aT32 TeHrnamagaH).

Cyrloanuknap y4yH UCCUANNK CUTUMWN Ha3apuaCcu X03Mpru KyHrava
ApaTunmaraH 6ynu6, gagaTt alipum LOHYHUSATNAp MaBXyAd. Cylanuk-
NapHUHT UCCULNNK CUTUMW AaTTUA MOAfanapHUAniaH HLOPUPOLAND.
Cylgnuknap KWYMK Xapopatfiap opanuruga masxygd 6ynraHnvru
cababnun, ynapHu UCCULINK CUTUMMAPUHUHIE XapopaTra 60rnnannuruHn
xucobra onmaca xam 6ynagm (kyga xam aHug 6ynmaraH xgcobnapga).

UuH Ba ypTava UCCULINK CUTUMIAPU MaBXYA:

1 Monb Mogpaara 6epunuLln Kepak 6ynraH YeKcus KUYMK UCCUIINK
MWUALOPUHWN XapopaTHUHI YEeKCU3 KUYMK OpTULLMFa HUCBAaTWM YUH Monsp
ncenanuk curumm geinnagn: C = 5Q/dT, X/(monb-K) (1.82)

1 Monb mogpara 6epuaraH Mablym MUAAOPAArv UCCULAUKHU TA-7)
XapopatnapHuHr dapgura Hucbatn TU aaH T2 rava 6ynraH xapopatnap
opanurngaru yprada monsp uccuanunk curummn C geiinnagu:

C = Q/Tz-Tj (1.83)

Y3rapMac xaXmja XuUcmra ysaTuaraH UCCUIMK MULL0PU YHU NYKK
9HEPrusICMHUHT opTUlinra TeHr: Qv= AU (1.84)

Y3rapmac 6ocumpa Xucmra ysaTuaraH Uccuanug MUALopu YHWHT
sHTanbnuscy optuwmra teHr: Qp=AH (1.85)

ByHfaH y3rapmac xaxm Ba 60CMmMAa YMH MOSIAP UCCULATUK CUTUMU
YUYH:

Cv= (du/dl)v; Cp= (gH/aT)p (1.86)

Arap Xaxm Ba O60CMMHWHI Yy3rapmMacnuru KypcaTunaraH 6ynca,
xapopaT 6yinya Xycycuinl xocunaHu Tynupg auddgepeHuman 6unad
anmawTnpub 6ynagm sa nmMosb MOALA YUYH:
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V ~ const ga: dQv=dU =nCvdT" (1.87)

p =com/ga: ; 'dQp=dH = wCpdT (1.88)
4e6 é3mw MyMKuH. EKn nHTerpan kypuHuw aa: 1
L
Qy=4?2nwsdifey Qo=AH=RJNT LLI89)
Ww )Ne | + X

Arap KypunaéTraH xapopaTnap 0panurnfa MCCUKAWK CUTUMUHU
ysrapmac ae6 (TakpubaH) guco6nacak, Qv=AU —nCv(T2-Tj);
QP AH =nCp(T2T,) (1.90)
X,ucob-kntobnapga Cp Hu Taxpubapa aHugnaHradH Cy kuiimatnapu
Gyiinua Ba akcuHua, Tonunagn. ByHuHr yuyH (Cp-CYy wuccuanuk
CUTVMNAPHUHT (hapKUHU GUNLL Kepak.
ByHuHr yuyH H *®U+pVTeHrnamagax gapopart 6yiinua (p=const ga)
xycycuit gocuna onamus {1 MOb MoALa YUYH):
(@1VANp= (an/aT)pnp(dVv/8')p (1.97)
Kenmbé ungagn.
FOkopugarn Cv=(dU/dT)y; Cp=(gH/aT)pTeHrnamanapaaH

Cp-Cy =. (BH/AT)p-(an/aT)y (1.92)
gocun knnamus Ba (l. 91) knimatnaphm (1. 92) ra gyicak (1.93) ungagu:
Cp-Cy = (6w/aT)p-(an/8T)n+p(aY/8T)p. .. (1.93)

KaTTuk Ba cywog mogaanap ydyH Cp-Cy.dapk KuuMK, YyHKU
YIapHUHT gaxmnapu gapopat Tabcupuga fesspav ysrapmainm.

launap yuyH C,,-Cy hapa katTa Ba yHM fuco6ra onuuy, Kepak. Vagean
NTLWHAT UYKW 3NEPTUACU JaXM Ba 6ocumra 60rnux amac. LLLyHUHT yuyH
(1.93) TeHrnamaHuWHr ~Hr Tapagugarn 1- Ba 2-xagnap opacuparu gapg
HoMra TeHr.

1 MOnb MfAean rasHUHIr gonat TeHrnamacuHu T Gyiimua guddepeH-
umannacak, (1.94) Hu gocun gunnamms:

P(dv/dT)p—R (1.94)

Yuw6y (1.94) TeHrnamanu (1.93) ra kyiin6. ngean ras yuyH CP~CV~ R
= 8,314 X/(monb K) gocun aunamus.
, TepmoguHamunk paucobnapfa peakuusga faTHawaétraH mopganap-
HUHT UCCUANNK CUTUMUHW Ba YHUHT AapopaTtra 60rnngiuruHn 6unui
Kepak. Typnau xapopaTnap y4YyH WCCUAIMK CUTUMK Taxpubaga aHuA-
naHagmn ékii Hasapuii gncoblaHagw.
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VCCLWILWIK CUTUMUHMHT TYPSIM XapopaTtiapharn TakpueaBuin Kuii-
mMatnapy Kyiugarv smnupuKk gapaxkanu Katopnap 6unaH ugoganaHagm
(MHTEPNONALMOH TeHrnamanap):

Cp—a+BT+cC'/T2 (1.95)
EKn Cp=a+eT+cf+df (1.96)
6y epaa a, B, C, €', d - aMNMPUK KOHCTaHTanap.

1.11. a3 Ba LaTTUK XMUCMNAP UCCUKNNK CUTUMUHWUHT
MofeKynanap xapakaTu 6unaH 60rnnkKnnurun
I/I,qean FasHMHI y3rapmac Xaxmparm mondap WUCCUKINK CUTUMUHN
Kyhngarunya ngoganall MyMKuUH:

Cv N, ~Cat"CTeop.~Caymu (1. 97)
6y epga: CLU. -MoneKynanapHUHT WarapuiaHMa xapakatv 6unaH 60orimk
6ynraH Fa3HNMHI UCCUKNUK CUTUMWN; MoneKynanapHUHr anaHma

Kapakatu 6unaH 60raMK MCCUKIMK curumn; Cueh—monekynanapgarv
aToMIapHUHr TebpaHMa KapakaTu 6unaH 6GOrfIMK WCCUKINK CUTUMU;
Cag N TuL-MoneKynanapgarn  3MeKTPOHAAPHUHT  yTuwn  6unaH  60ramnk
NCCUKNK CUTUMWN.

ONeKTPOHNAPHMHI HOKOPUPOK 3HEPrUsiiM NMoroHara yTULn Hucba-
TaH toKopu KapopaTnapga coamp 6ynagm (2000K paH katTa). ByHpgaii
KapopaT/siap 6unaH amanga fyd KenmaraHavrumms cababnwm, (1.97) garum
OXUPrY  KyLIMAYNYUMHW 3bTuGoOpra onmMacak 6ynagu. Monekynsip-
KUHETUK Hazapusira 6UHoaH 1 MOJ/Ib ras yuyH 1 Ta 3pKUHAUK gapaxacura

TYrpn KenagnuraH UCCUKANK CUTUMKN ra TeHr. Monekynsap KMHeTUK

Hasapusga 3pKUHAMK fJapaxacu [e6, MONeKyNaHUHI MypakkKab Kapa-
KaTugarv anokuaa axpartué Kapawl MyMKUH 6ynraH MycTaku/ xapakaT
TYPNAPUHUHT COHW TYWIMHWAAAW. [a3napHUHT Monekynanapu 3 Ta
UnrapunaHMa 3pKUHAMK fapaxacura (3 Ta nepreHauKynap yHanuw-
napgarv KoopauHaTa yknapu) ara. LUYHUHT y4YyH rasHUHT Monsp

UCCUK/IMK CUTUMU —# ra TeHT (uarapunaHma xapakat yyyH). Yusmknu
GynmaraH Kyn atomav Moniekynanap 3 Ta uarapuiaHma apKUHAUK fapa-

XacujaH Tawkapy, 3 Ta alifaHMa 3pKUHAMK Japaxacura ara. LLyHuHr
YUYH Kyn aToM/IM YUKW ByimaraH MoseKynanapiaH néopat rasHuHr

36



MOIAP UCCUKNNK curummn, xR ra TeHr. 2 atomnu Ba $, aToM/IN YN3UKN

MoneKynanap 2 Ta aifnaHMa 3pKMHAUK fapaxacura ara, YyHKU aToMm-
NapHWHT MapKasuaaH yTyBUM YKHUHT aTpotugaru MoneKynaHuHr uHep-
LMsi MOMEHTA >XyAa KMYMK Ba YHM XxAcobra onmaca 6ynagu. LLYHWUHT
YUYH YM3MKIN MONeKynanapfaH néopart ainaHma xgpakart 6unaH 60rnmnk
rasHUHT UCCUKNUK curumun R ra Teur.

Lyngad  kuamb. umsmknu  GynmaraH MOSeKynanapHWHI  Mosisp
VCCUKIUK CHO MU Cv —3R+Cnesp. (1.98)

Ba UM3MKAM MOMeKynanap yuyH Cv - §-R+Cned? (1-99)

Monekynagarun atomMnapHuWHr TebpaHMa KapakaTu 6wunaH 60rnmnk
GyNraH rasHuHT UcCMKNK? curumm CTEP. KBaHT MexaHWKa KOHyHIapura
OylicMHagn Ba 3HEPrUSAHIHT 3PKUHANK Aapaxanapun Oylinva TeHr Tak-
CUMMaHULL KOHYHUTa ByicrHMangm (kyga KuU4MK xapopaTfa MOoJeKy-
NaHWHT aiiflaHMa KapakaTtu kak* MoneKynsip-KMHeTak Hasapusira 6yincuH-
maian).

FasHuHr CTEQD. 6unaH GOrfMK UCCUKAUK CUTMMKU DUHLITEHH Ken-
TUpM6 YnKapraH TeHrnama épgamuga xacobnaHagu (ywoéy maB3y KBaHT
mMexaHuKaga 6atadcnn éputunagm).

1.12. 3HTanbnua
durKaT KeHramw wam 6axapunaguraH >xkapaéHnap yyyH Tepmo-
AMHaMUKaunHr I-konyHugam: SQ —dU+pdV (1.100)
V"const ga (1.100) Hu nHTerpannacak, Qy~ Ut-Uj*AU (1.101)
p=const ga (1.100) HK MHTerpannab, yarapTMpuLl KiNpuTcak,
QP= (d2Ui)~p(VrV]) éku WL, = (U2+pVI-(Ul+pV,) (1.102)
Kase nunparu noganu H 6unan 6enrunacak, H= U+pV (1.103)
Ywoby (yHKUMS 3HTaNbNAS feivnagn, YHW KynuHYa WCCUKIIMK
caknamy fne6 xam artawagn. AMMO yLlby aTama HOTYrpu TyllyH4a
KENTUPUG YMKapuLLIM MYMKUH, YyHKU a6contoT Honga xam Ht> 0, ammo
WUCCUKUK IOTUAIMaiAN Ba uMKapuaMalifn. SHTaNbnus, WUKWU 3HEeprus
Kabu, xonat yHKumAcnanp (YyHku pV xam xonat cyHKuusicn). (1.102)
Ba (1.103) napgaH:  Qp~ H211y~ AH (1.104)
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LyHpan amunnb, nsobap >xapaéHHUHT UCCUKANTU CUCTeMa 3HTasb-
MUACUHWHT y3rapuiimnra TeHr. VICCUAMMKHUHT XYAa KUUYUK y3rapuiinapu
yuyH (130x0p Ba n3obap xapaéHgap y4yH)

SQV—dU Ba W p~ dH (1.105)

(1.101) Ba (1.104) ueHrnamanapfiaH n3oxop Ba nsobap xapaéHnapga
XapaéHHUHT UCCUKNUTK fonaT hyHKHUSACK xoccacura ara 6ynm6 gonagm,
SAbHU Y XXapaéHHUHT Rynura 6ornung 6ynmacgaH, CUCTEMaHUHE 60L1aH-
rmy Ba oXmpru gonatnapura 6ornnk 6ynagu.

H dyHKUMSCMHMHT TynuK gliddepeHumnanim Tonuw yyyH (1.103)
TeHrnamaHu guddepeHunannainmiis:  dH —dU+pdV+Vdp (1.106)

dU HuHr ypHura (1.100) TeHrnamagaH, cyHrpa SQ HUHI ypHura
SQ ' hdp+CpdT TeHrnamagaH guiiMaTiapuHu 4yineé ywoyHu onamms:

dH = SQ+Vdp~ hdp+CpdT+Vdp = (h+V)dp+CpdT (1.107)

Arap 6ocum y3srapmac 6ynca, QYHKUMSHUHT Tynug anddepeH-
uvanu kyiingarura teHr 6ynagn:  dH = CpdT (1.108)

SHTaNbNUSAHWHI y3rapulin Kyn fAonnapAa OCOHTMHA YyA4YaHuLwun
MYMKWH, WWYHUHT YYYH YW 6y dyHKUUS TepMOAMHAMUK Tafanotnapaa
KeHr gynnammnagn. TepMOAVHaMUKaHWHI TeHrnamanapugaH coigana-
HWG, 3HTANbNUAHUHI abCcoNoT AuiiMaTUHM gucobnab bynmaigmn, YyHKu
Y Y3 n4nfa N4KU 3HEPTUSTHUHT abCconoT ANAMaTUHMN TyTaau.

1.13. Tecc fOHYHM

Cecc fOHYHW TepMoAMHaMuKa [LOHYHUHWHT MaTeMa3nK Maxcynu
Oynn6, TEPMOKMMEHUHT Ha3apuil acocuHW Talwkui gunagu. Fecc fOHY-
HUHWHT gylingaru Taspudnapu 6op:

-KUMEBWIA peakuMaNapHUHr ncemannk addekTa (MUKKU 3HEPrus
y3rapuiwin) gactnabkm Ba oxupru mogganap gonata 6unaH Tapkubura
6ornug 6ynnb, peakuma onnb 6opuarad inynra 6ornug amac;

-fap paHgan énwug kapaél ydyyH (cuctema gactnabku xonatra gain-
TaguraH) W30XOpuMK 6EkM un3bbapuK XapaéHnapga uugapunraH ek
IOTUANTaH UCCUANIMKHUHT anre6pamK WUTMHAUCK Xap LOWUM HoMra TeHr-
AVP. .

Enug uuknvMk cuctemanapfga fonaTt (QyHKUMsnapu ysrapmaraH-
nurngaH
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§dU =0;. <4»dH =0 (1.109)

HOKOpMAaru NKK1 Tabpudg Kenub ungaau.

TepMOKMMEBMIA TaaamaoTnapia TePMOLMHAMUKAHUHT 1-A0HYHUHU
TypnAn n3nK-KUMEBUIA xapaéHNapHUHT (KUMEBUIA peakumsanap, hasaBuii
yTuwinap, ApucTannaHull >xapaéHniapu, 3puil, OyKuUl, XynnaHuw Ba
6ow ga xxapéHnap) NCCUKAMK ahheKTNnapuHy xucobnawra Tatéung Kunm-
HULWIW Kypun6 Yngnnagu.

M30xopunK Ba M306apuK xapaéHnapgarn peakuus UCCUKANTY peak-
LUMSAHUHT UCCUKNNK adhdekTn geinnagun (ywby kapaéHnapga gagat KeH-
raivw vwmn 6axapuanuiin MyMKUH). QHAOTEPMUK peakuns UCCULINK
oTuaMwi 6unan 6opagH Ba Mycbar 6ynagun. IK30TepMUK peakuums
NCCUANUK YiAgim 6unad 6opaan Ba maHgpuin fe6 gabyn gunmHraHx.

(1.103) TeHrnamagaHp —const ga AHwW AU+pAV Ba

W - AnRT (1.110)
TeHrnamagaH: AH-AULANRT (1.111)
AU mabnym 6ynca (1,110) TeHrnamagaH AH Hy Tonnw MyMKUH.

Arap peakuus KOHfeHcupnaHraH (cytog Ba gatrug) hasanapga
GopaétraH 6ynca, AH Ba AU nap opacuparu dgapgHu xaco6ra onmaca
6ynagn, YyHKMN XaXKM y3rapuviiuy gesapan Kysatunamanau.

TepMOKUMEBWIA TeHIamanapHu é3aéTraHja peareHTNapHUHT arpe-
rat 40n1aTtnapy Ba peakuAHUHT nccngnunk ahdekTn Kypcatunagu:

1). 2 °2(r) A — II—'IéIZO 3
2). 2Fe($ + 0A) 2—»2FeO($
3). 2FeOM T Fe203(i0% j

AH] = -821 kXK; AH2”" -527 kK; AH34 -294 kXK.
lecc [OHYHW OyiM4ya MKKUTA peakUMSHUHT UCCUANMK 3hdeKTmn
Mab/aym 6ynca, YYMHUUCUHU aHuaNaw MyMKUH:
1-iiyn 6yinnya 6opaéTraH peakUUSHUHT UcCUaInkK 3aphekTn 2-
MyngaH 6GopaéTraH 2Ta peaKuumsi UCCUANUK 3DPeKTNAPUHUHT WUTUH-
AUCUTA TeHT.
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lecc KOHYHWAAH Kylngarn xynocanap Kenné Ynkaau:

-NaByasbe-Jlannac KOHYHW. KNMEBMIA GUPUKMaHWHT napyanaHuu
nccuknuk apgpekta AH2i. yHUHT xocun 6ynuin nccukauk agdekta JIHI2
ra, abconoT COH XuUxaTugaH TeHr 6ynub, Mwopa yHra kKapama-kapliu
KuitmaTra aragup. Enuk kapaéH 6ynraHn yuyH (1-2-1), Fecc KOHyHM
oyiinya:

AH - Atlii+AH2i = 0, 6yngan AH12= -JTH21 / (1.112)
'-NIkkuTa peakuns 6opaétraH 6ynca Ba y fap Xua OXMpru xonatra

onn6 Kenca, 6y MKKWU peakuns MCCUKANK 3G PEKTNAPUHUHT alinpmacu 1-

OXMPry XonaTfaH 2-cura yTal uccukauk apgpektura AR Tenr.

Fecc KOHYHUHM Tabpudupaad: AH - AHI2+AHZ23 +AH31 = 0; AHi2-AH13

= -IHZ23 uyHku 1-xynocagaH AH33- -AHI13; -JIHZB= AHZ

WyHuHryuyH,  AHi2~AHi3~ AH3 (1.113)

-X,ap xun 6owWwnaHrny xonatra ara 6ynraH MKKu peakyuns NCCUKANK
ahheKTNapUHUHT alinpmacu 6up 6GOWNAHTNY XonaTAaH WMKKWH4YMCUTA
YTUL NCCUKAUK 3thpeKTura TeHr.

Enuk uynkn (1-3-2-1) yuyH Fecc koHyHu 6yiinua AH = 0 éku
AHi3+AH2+AH2Z ~ 0 6yHgaHn  AHi3~AHZ23- AH/2 (1.114)

-KuméBuii peakuuanapHWHr UCCUKAMK. 3dekTa Maxcynornap
XOCUN BYNULI UCCUKNNKNAPUHWUHT AUTUHAMCK 6unaH 6OWNaHrMy Moj-
ganap xocun 6ynuwWw MCCUKAWKAapuW MUTMHAUCKU opacuparv arvpmara
TEHT:

=Sv mrb-ZvrAHt*-:" ' (1.115)
6y eppa: AH°peakUT - peakUUSHUHT uccuknuk apdekta; ZvVECAH{TC-
MaxcyfnoTnapHuUHr  xocun  6ynuw WCCUKNMKNapW  NUTUHAWCH;
Zv& M.AHf'F  6ownaHrmy Moaganap Xocun Gynuwl  MCCUKAUKNAPK
AnrnHaucy; y,lic,Ba ve.M- cTexmomeTpuk KoadduumeHTnap.

-Xap KaHfalh peakUMSHWHT WUCCUKNMK athdekTa 6GownaHrny
mMoAafanap EHULW WCCUKAWKNAPW WWTUHAMCKU. 6unaH maxcynotnap &Huul
WUCCUKNUKNApPU WATUHAUCUHUHT aiiupmMacura TeHr:

AHpsaym = EVBMAHGM-1v My cAH' dic (1.116)
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L 14. Kupxrodg KOHYHM
KUMEBUIA peaKUMANapHUHT UCCUKNUK 3hdeKTn ¢akaT Tabeup-
nawaéTtraH mojjanapHuHr TabnaTurarnHa amac, 6asiku Tallku LWapounT-
napra xam 60rnuk, aseanambop xapopatra. Knpxropd KoHyHU XapaéH
NCCUKNNK 3DMEKTUHMHT xapopaTra Kapab ysrapulmnHu KypcaTagu Ba
yHTa Kypa 6upop >apaéH WCCUKINK 3PPEKTUHUHT TepMUK KOo3pdu-
LUMeHTa cucTema yMyMUii UCCUKANK CUTUMUHUHT y3rapuiiura TeHramp.
Kupxrog® TeHrnamacuHun KenTupmné ynkapuil yuyH
Qy—AUr -n,) (n 17)
4e6 kabyn kvmnamus, 6y eppa U2 Ba Uj —euctemaHUHr 6GowwnaHrny Ba
OXMPru Xonatnapu uW4YKM aHeprusacwu. (1.117) TeHrnamagaH xapopat
6yiinya xycycuin xocmnacuHu oncak,

D)y -(M)v] =-iZC?-zct]=-ACr (1.118)

6ynagn, 6y epga Ba 2 C/—peaKkuunsa TeHrnamacugarv cTexmomeTpum
KO3 pumumeHTNapHN xacobra onraH xonga, peakuuss maxcynoTtnapin Ba
6olWNaHrMy MOAAANapPHUHT y3rapmMac XaXmaru WCUKMNUK cUrumnapu-
HUHI  WnrnHgunapn;  J1IC( - WUCCUKLLK CUTUMNAPUHUHT
anrebpavk WnrnHaucyn 6°nn6, peakumsara KupulaérraH MoaganapHuUHP
WUCCUKNNK CUTUMAApKU MaHuii nwopa 6unaH, xocun 6ynaérraHnapHUKn
myc6aT mwopa 6unaH paMHagnTcCUKNNK aheKTUHMHT abCcoNoT KAN-
MaTW y3rapmac Xaxmpja WYKW 3HEPTUSUUHT Y3rapuura TeHT/IWUHK
(1.117)  xpcobra  onu6,, . (1.118) TeHrnamaHu  WHTerpasnacak,
' L (1119)
8
xocun b6ynagu, 6y epga JiE/48 W xapopat 298K bBynraHfga cuctema UyKu
3HEPIUACUHUHI y3rapuwunamp. Y3rapmac 6ocumpaa 6opyBum xapaéHnap
YUYYH XYAAuW loKopugarnrayxwaw: Qr™-nl/l, =-(112—1,) (1.120)

={(-9), -Vver-M1 =-ac, (1121)

NcenKnnK aheKTUHUHT abcontoT KuiimaTu ysrapmac 6ocumpaa

SHTANbMUAHWHI y3rapuwinra TeHrnamruHn (1.120) xgco6bra onmb, (1.121)
o

Telirnamanin nHTerpainacak:l  AAr=\HIn «1ppM v (1122
8
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KnpxrogdHuHr 1. 119 Ba I. 122 TeHrnamanapu KUMEBWUIA Tepmo-
AVHaMVKaja KeHr KyfnnaHunagu, YyHKu ynap cTaHfapT LwapouTtaarv
Mab/lyMoT/iap acocumfja Typau Xapopatjaru WCCUMKANK 3deKTnapHu
TONUL. UMKOHUATUHN 6epagn. Kupxrodd TeHrnamanapvHu edynil yuyH
Tabcupnaw,aérraH mogganap CY Ba Cp KuiimMaTnapvHUHI xapopatra
6ornukTrarnHmn (1.95,1.96) 6unuw kngosgup.

NcenknnK aeKTUHUHT GepunraH T xapopatgarm KuiiMaTuHU
aHVKNaW YYyH HKOpuaarn MHTerpasHUHI Xylin Ba HOKOPW Yerapanapwu
Kylingaru TeHrnamanapgaH oiganaHné xmcobnaHagm

Dor-AAN+ « M W \m-TdT+ Jadll U, 0 [&c-fAT+ jAd-THT (1.123)
n .28 . . ... 208 1. 4298 i

AHT=AH"+Aa-T-Aa-29" +A aII— AB-"-*Ac/T +—_+
T m 2 2 2

ATibrac-225% A'n'-w[/lﬁdraf:-?_‘f"

Ba YNapHWHI (apkn CcTaHfapT WrapouTAa aHuKIaHraH WCCUKIVK
ahhekTara TysaTma cudatmia Kywmnagn.

"

(I. 124)

1.15. >Kapa&HNapHWUHT y3-y3uaaH 60puwl UMKOHUATU Ba MyHanuwwm

Tabuarga ys-y3ngaH 60pyBUM >KapaHAAPHUHT WyHaNWLIN KOHY-
HUATNAPUHN TEPMOAUHAMUKAHUHT MKKMHYM KOHYHW KypcaTub 6epafw.
TepMOAMHAMUKAHUHT GUPUHYM KOHYHU CcucTemMaja TYpail 3sHeprus-
NapHWHT 3KBUBANEHTUTMILW Xamjaa cucTema Kabyn KunaénaH éku Gepa-
ETraH MCCUKNUK, baxapunaéTraH MW Ba WYUK 3HEPTAAHIAAT y3rapuim
opacuparn 60rnaHuwINapHM Kypcatub, Xap KaHgalh >xapaéHnapHWHT
3HepreTuMK 6anaHcMHW ypHaTcaga, 6y >KapaéHNnapHUHI y3-y3ujaH 6opu-
WM MYMKUHAUTA Ba MyHanMIIM XaKuja Xey KaHfah mabnymoT 6Gep-
mMangn. TepmognHaMuKalluHT GUMPWHYN KOHYHMUra 6WHOaH WCCUKUK-
HUHT UCCUK XMEeMAH COBYK XXMeMra Ba aKCMH4Ya YTULL MUMKOHUATU 6up
xungup. AMMo TabuaTpa XakuMkaTaaH Xxam 60pyBUM pean >xapaéHnap
MabyM RyHanuwra sra sKaHnuru 6usnapra aéH. MacanaH, UCCUKAWK
Vicclw, >kmempaH COBYKKa Yy3-y3ujaH yTagu, CYHKAUK 6GanaHanvkpaH
Kylinra okagu, ras HKOpupok 6ocMMpaH KampokKa yrapi,‘tucremaga
JOVMIMO KOHLEHTpaLMANapHUHT TeHrnawmnwm (auddysma) Kysatunagm Ba
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eTapan fjapaxagarn karta cucrtemanapgal 6opyBumn pean >xkapaéHnapga
Xey KauyoH Teckapu >kapaéH y3-y3ugaH 6opmangun. Bapua pean xapaéH-
nap HomyBoO3aHaT (KalTmac)aup. Ynap tokopu, aipyum xonnapfja karra
Teanuknapga 6opagm, 6yHga HOMyBO3aHaT xonaTaarn cuctema ysrapué
6opnb, MyBO3aHaTra sikMHAawaau. MyBo3aHaT X,0MnaTha >XapaéH Tyx-
Taiign. XgMma HOMyBO3aHaT >apaéHnap MyBoO3aHaTra 3puwum  iyHa-
nMwnga ys-ysmda, SbHU TalwKy Kydnap Tabcupucus 6opagu. Teckapu
MyHanuwgaru xxapaéHnap cuctemMaHM MyBo3aHaTAaH y3oanawTupagm Ba
YNapHUHT TallKY Ky4niap TabCUpucus 60puLLN MYMKUH 3MAC/IUTU aHUK.
CucTeMaHn MyBO3aHaT XofaTra SIKMHMawTupagnuraH Ba atpod MyXuT-
HUHI Tabcupucus GopaguraH >xapaéHnap ys-ysupaH 6GopyBuu, Tabuuii
&KKn mycbaT xapaéHnap geiliunagu. Tallku Tabcupnapcus y3-y3ngaH 6opa
onmarguraH >xapaéHnap, Ttabumii 6ynmaraH €km maHuii xapaéHnap
jeivnagun. MN3onauuanaHraH cucTemanapfa, TalKu Tabcupnap ymyMad
Ky3fa TyTunmaraHnuru cababnu, dakart ys-ys3mgaH 6opyBum (MycbaT)
XapaéHnap Kysatunagu.

>KapaéHnap KaiTap Ba KaiTmac 6ynMwin MyMKWUH. Arap >XapaéHHu
TYrpy TOMOHrarmHa amac, 6anKy TecKapu TOMOHra xam onu6 6opull
MYMKWH 6ynca Ba OyHaa cuctema xam atpod MyXuUT XaM Y3UHUHT unra-
purn xonatura xakTmb Kenca, byHaanm xxapaéH Katap xapaéH geiinnagm.
YKapaéH cogmp 6ynraHgaH KeliH cUCTeEMaHu Ba aTpod MYyXUTHU 6up
BaKTHUHT y3uja aBBa/Iry xonatura Katapvw MyMKWUH BynmaraH apa-
8Hnap KalTmac felinnagun. K"aiitmac >xapaéHga CUCTEMaHW aBBaIiln XO-
natra Kahtapuw MYMKWH, NeKMH atpod MyxuTAa KaHpangup ysra-
puwnap konagu (macanaH, atpod MyxXuTAa >XWUCMIAPHWHI 3HepPruacu
y3rapagmn).

>KapaéHHWHT KaiTap éku KaiTMacnury ywoy xapaéHHu yTKasuLl
wapouTnapu Ba ycynnapu 6unaH 6enrunaHagu. MacanaH, WUOWULWIHUHT
6up KMcMura Mabiym MUBZAOPAa ras tobopunraH, UKKMHYM KUCMUga 3ca,
IOKOPW BaKyyM XOCWJ/1 KWAUHTaH 6yscuH. TYyCMKHM 6up oHpa onub
Talwnacak, ras “oOywankka” KeHrasgun. Ywoy kapaéH KanTmac, YyHKMW
Teckapy >kapaéHHW yTKasuw Y4yH (rasHM CUKWUW Yy4yH) uw Tanab

1TEpMO,qI/IHaMI/IKaHVIHF WKKUHYN K;OHYHUHW KaM COHNK 3appadanappaH M60paT cuctemanapra K™ nnawu MYMKVH 3Mac,
YYHKW Yy CTaTUCTUK XyCyCuATra ara.
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KUAVHAAW, VULWHW 3ca aTpod) MYXUT 3HEPTUSICUHWUHT y3rapuwmn xmucobura
0/ MYMKWH.

Xypai Wy rasHUHT KeHravw XapaéHUHW KaiTtap onmb 6opuil
MYMKMH: arap rasHu nopLUeHb Tarmra »oinab, nopweHra 6epuaraH 6o-
CUMHW KaMalTMpuLL Mynun 6unaH rasHn KeHratupcak Ba 6yHaa Kap 6up
oHfjarn nopweHra 6epunaéTraH TawkKuW 60CMM TasHUHI 6ocuMugaH
YeKCM3 KMUMK MUKLOPra KMYMK 6yncuH. Arap nopLueHb MHepumsara ara
fynmaca Ba WLUKaNaHWLLCU3 XapakaTnaHca, >kapaéH Kkalitap 6ynagu.
MopLieHb XxapakaT/iaHaéTraHfa KeHraséTraH ra3 Mab/iyMm uL 6axapagm.
Arap yw6y uwHn hnrunca (MacanaH, Npy>XwuHa emkunca), yHaa nurun-
raH 3Heprusi Teckapu apaéHra (rasHv CUMKWLITa) aHWK eTULLIM Kepak.
KaliTap >xapaéHfa 6axxapunaéTraH UL 3HM KaTTa bynaan Bay makcuman
nw geinnagu.

LWyHaalt kunnb, kaliTap XapaéHHM Teckapu MyHanuwga 6opuwira
MaKbyp KUAMW MYMKWH, 6yHAa KaHAalngup MycTakun y3rapyBUMHU
(macanaH, 60CMMHKN) YeKCM3 KMYMK KuiiMaTra y3rapTupunagn. Kaitap
KapaéHnap peas xapaéHNapHUHT ngeannawTUpUAnNWLINAnP. AManga yHra
SAKUHMAWNLW MYMKWH, NIeKMH eTULLIMLI MYMKWH 3Mac, YyHKW, macasnaH,
BasHra ara 6y/iMaraH Ba ULIKalaHULLICU3 ULalignrad NopLIeHHW SpaTunb
6ynmaiign. Makcuman wuw, ¢akaT Kaltap >apaéHga kocun 6ynagw.
BYHUHI MabHOCK LUYKW, CMCTEMa KaHYa/IMK MyBO3aHaTTa sIKMH 6yrica,
WYHYaIMK KaTTa MW oMW MYMKWUH. ByHAa yli6y y3rapuwl KaH4yaimk
KaTapinmkka fIKMH 6ynca, MW LWyHYanuK CeKWH uwnaé unkunag,
UYYHKM KaliTap KeHrammwl 4Yekcu3 CeKUH 6opagwn, NeKMH MaKcuman
MUKAOPAa U baxxapunagu.

Arap MCCUK Ba COBYK XWCMaap TyTawTupwuiaca, YHAa WCCUKAMK
NCCUK XMUCMAAH coByKKa yTah Ywby >kapaéH TepMUK MyBo3aHaT
YPHaTUATYHYa, AbHU MKKala XXUCM KapopaTiapy TeHraawryHya 6opagm
Ba y KaliTmacaup. Bogopog 6unaH KMCNopog opacuaarn KUmMEBuiA peak-
UMs, YHU 0fAAawuiA ycynga, macanaH, apanaliMaHu YYKyH 6unaH nopr-
natuw nynn 6unaH yTkasunaca, kaitmac bynagm. AMMo yw by peakuus
KanTap vwnaiguraH 3neKTPOKMMEBMIA aneMeHTAa 01nb 6opunca, Kantap
6ynaagw.
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AlipuM apaéHnap XakKnkuii Kantmac bynagn. YnapHu xed KaHgan
Myn 6unaH KaliTap yTKasuw MyMKUH 3mac. By wwyHgali >xapaéHnapku,
ynapHuur 6opuwimga 6upLan-6/ip matmxka WLWHUHT UCCUK/MKKA aina-
HULLINANP: KarrMK CUPTNapHUHT MeXaHUK UWLLIKaNaHUWK, CYKIWK Ba
ra3napgarv 4K ULLKanaHULL, UCCUKAMK YTKa3yBUYaH/IMK Ba 6oLLKanap.

X.ap gaH[ait kaliTmac >kapaéHnapga cucrtemagaru 6ocum, xapopart,
KOHLIeHTpaumsa Ba 60HLLA UHTEHCUB NapamMeTPiapHUHT TeHrnawyBsmn co-
aup 6ynagn, SbHW 3HepPrMs Ba MOAAa TeHrpoK TakcumnaHullira uHTm-
nagn. ByHpali >xapaéHnap 3HeprusiHUHI AUCCUMNAUUACK, SHHU 3HEPrus-
HUHT COMMNMLLIN AeiAinnagu.

Y3-y3ufaH 60pyBUM KalTmac >kapaéHnap cucTeMaHu MyBo3aHaT
xonatura SKUHAaWTupuL yHanuramga 6opagan. ByHaan Tauwapu, ywoéy
KapaéHnap WCCUKAUK y3aTUAULLIKM EKWU MOJeKynanapHUHr TapTub6euns
Xapakatu 6unaH 6ornug. Mypakkab apaéHga 6uTTa 60CKLUY KaliTMac
6ynca, 6yTyH apaéH xam KaiTmac 6ynagn. Pean >kapaéHnappga 6yHaan
6ocanunap vwKanaHul, MUCCUKAUK y3aTull €Ky macca ysatuw (gud-
(hy3usi, KOHBEKLMA) XKapaéHnapuaup. Y napHUHI HaTuXacuaa pean xapa-
8HNap KanTmac 6”°\gagun.

1.16. TepMOAMHAMUKAHUHT NUKKUHYU KOHYHU

>KapaéHnapHUHr yHanuwun Ba 60piLll 4verapanapuHN aHUKaLl
YyUyM TepMOAVHAMUKAHWUHT BUPUHYN KOHYHW eTap/iv 3Macaurn xakmaaru
Xynoca TepMOAUHAMUKAHUHT WKKWHYA KOHYHWHW ypHaTuwra osnv6
Kenan. TepMOAMHAMUKAHVHT UMKKUHUM KOHYHU TaBUaTHUHT yMyMuUii Ko™
HYHUAMP Bay BMPUHYM KOHYHra yxwab noctynat xucobnaHagn. Tepmo-
ONHaAMUKAHUHT VKKWUHYN KOHYHWHW Hasapuii Kentupm6 4duiapu6 6yn-
mMalign, y TepMOAMHAMUKaHUHT GMPUHYMN KOHYHUAEK, WHCOHUAT 6apya
TaXKPUBACUHUHT yMyMalwyBugaH néopatamp. TepMogMHaAMUKa WKKUH-
YN KOHYHWHUHI nc6otm 6ynunb, yHaaH Kenmb umpgaguraH 6apya xysno-
canapHUWHI xo3uprava Taxxpubaga TacimKaaHno Kenuwm xudmaT Kunagu.
TepMOgNHAMUKAHUHT WKKWHYM KOHYHW cucTemaga aiiHu xapopaT, 6o-
CUM Ba KOHLeHTpauuanapga Kaincu >kapaéH ys-y3ujaH KeTa OfVLUUHW,
YHUHT KaH4Ya MW 6aXapLHUHW, aiiHW LapouTha CUCTEMaHWHI MyBO-
3aHaT Xo/MaTW KaHfall 3KaHIUIMHW KypcaTagu. TepMogUHaMWKaHWHT
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WUKKWHYMN KOHYHWMAaH hoiganaHnb, 6Mpop >kapaéHHW amanra owmpuil
YUYH KaHjail wWapouT spaTuly, N03MMUTMHM aHWKAAW MYMKWH. Arap
TePMOANHAMUKAHUHT 6MPUHYM KOHYHW Xap KaHfai cuctempnapra, tag-
OVK KWAMHULWIWN MYMKWH GynraH a6contoT KOHyH 6ynmb6, mMakpo- Ba
MUKpocMcTeManaparn xap KaHgal >kapaéHnapra Teruwnm 6ynca, uk-
KMHYN KOHYH — 3HEPTUSHMHT COYUANLL KOHYHMW - CTaTUCTMK Tabuartra
ara Ba Kyn COHNWM 3appayanapfaH ubopaT, SAbHM CTaTUCTUKA KOHYH-
napura 6yWCcMHYBYM, cucTemManaprarmHa TafouK KUIUHULIN MYMKWH.
>Kyga Kyn MonekynanapfaH wubopaT TepMOAMHAMUK CUCTeMa Y4yH
TEPMOANHAMUKAHUHT UKKUHYM KOHYHW ULLOHYIUANP. AMMO Y KaMm COH-
nn 3appavanapgaH m6opat cucTemanapra KyfsiaHraHga y3vHWUHI Mab-
HOCWUHM yKoTagn. ByHpai cuctemanapfa TepMOLMHAMUKAHUHT UKKWH-
UM KOHyHWUra 3ug 6ynraH >kapaéHnap Taxpubaga KysaTunagu. X.aku-
KaTfaH Xam, MoneKyfnaflapHUHI UCCUKIUK TabCcupugarn xaoTUK Xxapa-
KaTn HaTuxacuga, yNapHUHI XyAa KUYUK XaXmarn COHWM [OUMO Y3-
rapmb Typagu. byHpai “Tacoguduii” ysrapuwinap HaTtukacmpga cuc-
TEMaHVHI 3M4AUrK ysrapagun — aykKTyaumusanap Kysatunagu. Tepwmo-
AVHaMKK cuctemanapfga (Makpocuctemanapia) ayKTyaunsnapHuHr fe-
APAN TabCeMpu MyK Ba ynap Xe4y KaHfai ponb yiHamalign. TepmoguHa-
MUKAHVHT  MKKWUHYM .KOHYHW CTaTUCTUK TepMiogvHaMuKaga Tynapok
(hu3nkKaBuiA HYKTau HasapgaH TyWyHTMpunagn. Y CcTaTUCTUK TepMmo-
AMHaMVKa NocTyNnoTnapuiaH Kentupmué YnKapuawHn MyMKWH.
TepMoguHaMMKa UKKUHUYM KOHYHUHWHT YMyMuUii Tabpudnapn Kap-
HO Ba Knay3nyCHUHT ragkukoTnapuga 6epunrad. X1X acpHUHT ypTacuja
Knaysnyc, Makcsenn Ba KenbBuHNap ywoéy KOHYHHWHI OflaMLLyMYn
axamuATUHW Kypcatgunap. TepMogUHaMUKaHUL; WKKUHYM KOHYHWUra
AKWMH hMKpnapHu 6upnHyum 6op M.BJTomoHocoB aiiTu6 ytraH. X1X acp-
HUHT oxupuga Makcsenn, BonbumaH Ba Mmb6cnap TepMognHammnka vK-
KWUHYN KOHYHUHWHT CTaTUCTUK XYCYCUATUHWU ypHaTAuNap Ba CTaTUCTUK
MexaHukKara acoc congunap. TepMOAUHAMUKAHUHT WKKUHYU KOHYHWUHM
acocnasf [BWUraTte/NapHUHr enmdaTtvHu axwunawra kKapatuwaraH ypu-
HUWwnap 6unaH xam 60rnuk- Abaguin ABUraTenHn Kypuw MyMKWH amac-
TN aHWK bynraHgaH CyHr, OIMMAAPHUHE GUKPUHKM 6owiua 6up, SbHU
XXUCMHUHT, WYKW 3HEPTUSACUHWU ulira ainnaHtupué 6GepyBuu, AaBpuid
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paBuLfa vwnanguraH MawvHaHW Kypull MyMKWHMWKaH, feraH ros
arannab ongu (mMacanaH, OKeaHHWUHI CyBWAAH 3HEPrusiHii (MCCLUYLLKHW)
onnM6 wWwnainguraH geuraTennn  napoxoj Kypuw qukpu). Tepmo-
AVHaMUKa GMPUHYN KOHYHU, SbHU 3HEPreTUK 6anaHc HyKTau HasapuiaH
6yHfali gBuraTesHM Kypull MyMKWH. By rosa amanra OWMWLIWHWUHT
axamusATn abaguii gBuratenb fApatvuwl 6unaH 6apobap Gynap 3gw.
X,aKMKaTgaH xam, 04am30T OKeaH CyBnapuja, aTmMocepaga Ba ep Kobu-
rmga MmyxaccamnaliraH WCC/IMKANK 3HEPTUACUHUHT 4YeKeus 3axupa-
NapuHM Uwra annaHTMpULWL MMKOHUSATUra ara bynraHga agu, 6y abaguii
AaBuratenb Kypuwl 6unaH TeHr axamumsaTnu 6ynapaun. MacanaH, OkéaH-
napHuHr cysnapuiun 0,01 papaxara coByTuwl xuco6ura Ep wapugaru
caHoaT KopxoHanapuHu 1500 un gaBomupa TabMWUHAagUraH sHep-
ruara sra 6ynap sguk. LLYHUHT y4yH Xam 6yHAali MalvHaHUn MKKUHYN
Typ abaguin gBuratens Leb atawam Ba yHU Kypullira XgpakaTt KAauwwan.
AMMO 6y yprHULINap MyBaghaknuAaTCU3NNKKA yUpasn.

TabuaTHUHT KaHJangMp yMymMuini KOHyHU 60pairm Ba y WKKUHYK
Typ abagunii gBUraTenHy ApaTuLLra TYCKUHANK KWnaéTraHn Mabiaym 6y-
M6 Kongn. Ywby XynocaHu TepMogMHAMWKA WMKKUHYU KOHYHWUHWHT
yMymMuii Tabpudm geca ynagu:

-cucTeMaja xed KaHpgal ysrapuicus, akaTrmHa UCCUKIMK pesep-
BYapVIHUHT UCCUKIUTY XMcobura faBpuii paBuija vwnaigurad Matlu-
HamW, SBHU WKKUHYM Typ abafguii gBurateniHn Kypub bynmangm éxum
WUKKUHYN Typ abaauii gBuratenib, SbHW Xe4 KaHfal Kylimmua 3Heprus
caph Knnamanm Typub, akat atpodaar MyXMTHUHT UCCUKNUTN Xacobura
MW 6axapyBuM MaLUMHAHWMHT  6ynuMwin  MyMKWH 3mac (OcTBanbj
Tabpugn). | U Hj

YMymunin TabpudgaH Kyingaru xynoca Kenmé ymkagu:

-UCCMKNNK KaMpoK KW3AUPWATaH XUCMAaH KyMnpoK KusgupuaraH
XUcMra ys-ysuya yta onmMaiign 8kn KaHgangmp MyUBLOPAArvn WLIHU UC-
CUK/IMKKA ailiaHrmpmaii Typmb6, HecLl MKHN COBYKPOK XXUCMAaH UCCUK-
POK XXMCMra yTKasnLl YYYH UMKINK XapaéHaaH doliganaHnb ynmaiau.

Ywoéy Tabpudg 1850 Wnn Knaysnyc TOMOHWAaH TepMOAUHaMuKa
WKKWHYN KOHYHWHWHT acocuii Tabpudum cudatvga Takaug KUInMHraH.
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TomcoH (KenbBMH) TOMOHMfAAH 3ca  Kyhugarun Tabpud takang au-
JINHraH:

-UCCMANMUKHU ULWITa alinaHTUPULL YYYH XXUCMHUW COBYTULLHWHT Y31
Knosi amac, UNNTUHT UCCULINKKA ailaHULLIN 3ca >KapaéHHUHT BupaaH-
6up HaTwKacuaup.

TepMoguHaMMKa WUKKWHYN AOHYHUHWHI l0fopujarn y4ydana Tab-
putn aKBUBANEHTANP, yNapfaH faTtop xynocanap kenué ympagn. Maca-
NaH, N30TeEPMUK LUNKAHWUHT UKW HOAra TEHIAMP, akc fonaa ywby Xucm-
HUHT UCCUASTMTUHUN ULITA aiNnaHTUpWLL, AbHWU UKKUHYM Typ abaguin aBu-
ratenb Jypull MyMKWH 6ynun6 gonagv. TepMOAUHAMUKaHWHI GUPUHYM
JOHYHU WKKW XW/T MabHONWM Tabpudnapra ara 6ynca, sbHU “fed Hap-
cafjaH vwWw nango 6yna onmaiign” Ba “unw fey faHpali nscms nyponmoé
KeTMaiaun”, TepMoguHaMMKa WKKUHYWM JOHYHWHWHT Tabpudnapu 6ump-
rMHa mabHOra ara: “pesepByap MCCUAAUIMHWU uwira Tynug annaHTupmé
bynmaign”. Teckapu TabKuanawl HOTYTpu, YyHKW UWHW Tyuj paBuilaa
UCCUANNKKA alinaHTupn6 6ynaaun. by xynoca MCCUANNK 3HEPTUACUHUHT
y3ura XocnurufaH kenub uyugagn, SbHU y 3appadanapHUHT XaoTWK
fapakaTUHWHT Magcynmanp. SHeprusHuHr 6owga Typnapu sca (maca-
NaH, 3aneKTp, Epyrnuk) sappavyanapHuHr TaptTubnn gapakatu 6unaH 6or-
nng. Viccmannk aHeprusacu aHeprusiHAHC 3HI Kam camapara ara Kypu-
HULLIN 3KAHAUTW Tabuningmp. Xyaam WYHUHT YYyH 3HEPTUAHUHT bapya
Typnapu Tynquanaurnya WCCUMANWK 3SHeprusicura annaHuwm MyMKUH
(TapTnbnn gapakatgaH sATUMONM OLOPMPOS 6ynraH XaoTUK fapakatra).
Mcenannmk aca 3HeprusHUHT camapanupog Typnapura Tynwug yta on-
Maign, YyHKn 6yHAalk yTuw xaoTuKaaH TapTmbau gapakatra y3-ysmjaH
3T'vw kabu 3gTumonun 6ynmaraH [onra, SbHU CUCTEMaHWHT 34TMMONN
Kynpog AonatfiaH 3gTUMONM KaMpog fonatra y3-y3ugaH yTuwura Moc
Kenap 3an. YMymaH ofnraHfa, TePMOANHAMWKAHUHT WKKUHYN AOHYHU
aliHaH cuCTeMaHWHT y éku 6y JoNaTWHWHE 3A4TUMONAWrM 6unaH 6or-
nmaanp. TepMOAMHAMUKAHVUHT WKKUHYM JOHYHWHW, l0jopuja TabKua-
NaHraHugek, Typam KypUHULLAArN 3HEPTUANapHUHT UCCUANTNK 3HepTrms-
CUra CeKUH-acTa yTUWMN  Ky3aTWUayBYM SHEPTUSHUHT COYWUIMLL OHYHMU,
fe6 fam TabpudiawMMms MyMKUH. TepMOANHaAMNKA MKKUHUN JOHYHU-
HUHT ywoby TabpudugaH HOTYrpu Xxynocanapra Kenvw fjaMm MyMKWH,
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macanaH, TepMOAWHAMUKAHWHI WMKKWHYM KOHYHWHU YeKCU3 cuctema-
napra KynnaraHga. ByTyH onamHu éku 6upop caliépaHn 4erapanaHraH
TepMoAMHaMUK cucTeMa feb Kabyn KUAUW Ba yHra TepMOAUHAMUKAHUHT
WKKWUHYMN KOHYHUHMW Aynnawl HOTyrpu 6ynagu, UYyHKU 3SHEPTUSHWUHT
VCENKNNKKA TY/IMK alnaHuxan Ba UCCUAVNKHUHT y3-y3uaH uwra aina-
Ha onmaraHu cababnn, onamga gapakart TyxTangu, gapopat owmnb Ke-Tnb
NCCUANMNK fanokatura onmb Kenagu, geraH HOTyrpu gukpnap Tyrunagu.

TepMoAUHAMUKA UKKUHYN KOHYHUAAH TepMOAUHAMWUK cucTema-
napga siHrM xpnat GyHKUUACUHUHT MaBXyLnuru Kenné unkagm. Tepmo-
ANHAMVK XXapaéHNapHUHT Taxgunm ynapHu TyavMK udoganawl yuyyH Tep-
MOAVWHAMUKAHUHT BUPUHYN KOHYHU KUDoA aMacnmrummn kypcatau (6m-
PUHYM KOHYHra Kypa 3HEpPrusHWHI caKNaHuW KOHyHura 6yncuHraH
XapaéHnapruHa 6opuwivn MyMKUH). AMMO Taxpuba KypcaTuimya,
6UpuHYN KoHyHra 6ylicyHraH Ba AU = Q—W TeHrnamara puosi KuaraH
apiim xapaéHnap amanga 6opmaiigun. By aca, cuctemaga Kauwgangmp
HObManyMm (YHKLMA EKWM X,0naT NapamMeTPUHUHT MaBXyAnIUrn xakumgaru
xynocara 0n1m6 Kengu. Y w6y napameTpHUHT KMAMATU 6MPUHYN KOHYHTa
6VMHOaH amanra OWWPWUINLIM MYMKWUH BGynraH Typnu >KapaéHnap y4yH
6Up xun amac, 6y aca XapaéHAapHWUHI TeHT KuiAMaTra ara amMac/iurnHun
KypcaTagu. HAHrM QyHkums Knaysuyc TomoHMAaH 3HTponus S feb
aTangu.

Acnupa TepMOAMHAMUKAHUHT UKKUHYM KOHYHU UCCUK/IMK Malluu-
Hanapu y4yi TabpunaHraH Ba yNnapHUHI uwunja yw oy KOHYH aHMKca
AKKON KYpuHagn. Ly cababpaH [o3uvp faM TepMOAMHaMMKa UKKUHYM
KOHYHWHM Kapab YMKULW UCCUANNK MalUUHANapUHU TaxXaun KWIuwaaH
6ownaHagn (KapHo uuknu). By 3ca, MKKUHYN KOHYH (hafsat UCCULINK
MallnHanapu uwuHW undogananguraH Xycycuih AOHYHUAT feraH ukp
Tyragupagu. Acnupa aca, 06y TabuMaTHUHT YMYMWIA AOHYHW 6ynun6,
3HEPrUSHUHT Caf/laHNLW KOHYHUAAH KeMMHI yHAamMeHTan AOHYHAMP.

1.17. KapaTeofopu NpUHLMON Ba 3HTpONUA
TepMO,IJ,I/IHaMVIKaHI/IHF NKKUHYN KOHYHUHW UCCMANWUK MallnHana-
pvHU Taxnaun gunmaciaH gam ymgapuwl MyMKWH. TepMoAMHaMUK CcuUC-
TemMaga fHru gonat yHKuMsacu 6opnnrvHuM  Kapateogopu npuHUMnu
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(alipum xpnaTnapra agnabaTvK eTulla oaMac/nK) AXWKU TyWyHTUpagu.
Kyiingarn xapaéHHn Kypmb 4ynkamms.
Cuctema 6up _Xx,0natgaH WKKUHYUTa
UCCUKAUK OTUANWN 6UNaH YTCUH.
MKKMHYN X,0naTaaH 6upuvHyura agua-
6aTuk xapaéHga YTULL MYMKUH, Aeb

)KapaéH HyflM TacaBByp gunamuni. Tyrpu Ba Teckapu

1.1-paeM. KapaTeogoph Mynnap y4YyH TepMOAMHAMUKAHUHT
NPUHUUNUHN KENTUPUG GUPMHYM KOHYHW Oyinua,
umKapuL.
Q.=AU+W, (1.125) O prAU+ W2 (1.126)
BynappaH alinaHma xapaéH y4yH: (1.127)

KypunaéTtraH >kapaéHia UCCUKAMK toTunaéTraiu yuyH (Q>0),
UMKAVK XXapaéHjaw yMymMuin nw Hongad katta (Wj+Wo) >0 (1.128)
6ynaagn.

LWyHaalh Knunmnb, UMKAUK >XapaéHHUHI HaTuxacu: cuctema 6oLl-
NaHrmy 1l-xonaTra AalTAM Ba cucTema lTraH UCCMKIMKHUHE X,ammacu
TYNMK uwra ainaHgn. by aca TepmogMHaMuKa WMKKWUHYM KOHYHWUHWHT
ToMCOH Tabpuura Kapama-kapwunamp (MCCUKAUKHUHT jammacy uuira
ainaHun MyMKUH 3mac). [lemak, TepMOAUHAMUK CUCTEMaHWHI XOX,-
naraH xonarum SKvHMAa WyHAan 6owka xonatnap 6ynagukw,; ynapra
agmabaTuk nyn 6unaH, SbHU UCCUKAMK Y3aTMacaH yTno éynmaigu.

KapaTteofopu npuHuunupaH ¢akar SHrM xonat (QyHKLMACK
6opnurn amac, 6anku by. PYHKUUAHUHT UCCUKAUK BunaH 60rnnknnru
XaM Kennb umkagn. XakukaTgaH xam, arap cucTema l1-xonatgaH 2-
xonatra UCCUKAWK OTULW b6unaH yTraH 6ynca, HUMa yyyH 6olunaHruy
xonaTra WCCUKAWK anMawiMacgaH Kena onMangu? Mccuknuk xonat
hyHKUMACKH amac, 6anku y 3Heprus y3aTULWIHUHT xunugup. Cuctemara
UCCUKANK KYPUHULWIMAArY Mabiym MUBAOPAArv 3Heprus ysatuarad
6ynca, yHAa cuctemafiaH XyAau Wy MUKAOPAArA 3HEPrUSAHU UL Kypu-
HUWKba onvw Ba Wy 6unaH cucTemMaHu asBBa/ifM Xonay ura KenTupuLl
MYMKUHEK Tytonagn. AmMmo Kaparteofopu npuHumna 6yHUHT MYMKWUH
IMac/UTUHN, AbHU TOMCOH Tabpudura 3ng XapaéHHu coaup 6yna
0/IMaCNUIMHWN KypcaTagn. [leMak, UCCUKNNKHUHT Y31 XonaT PyHKLUSACK
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bynmaca xam, cuctemara 6epuaraH UCCUKANK XonaT PYHKLUUACUHN, AbHU
SHTPONUAHWN y3rapTupagu. 3HPOMMAMK 3ca cucTemara UCCUKAMK y3aT-
mMacgaH Typub6 aBBanrn Kuinmatura.kentnpmnb 6ynmaign, ByHpaH aHTpo-
MUSHUHT y3rapuwm cuctemara 6epunaétraH UCCUKANKHUHT QYHKLMACK
akaHnuru AS =f(Q) kenn6 unkagu.

1.18. KapHO uuMKnM Ba 3HTpONMA

KO Kopuga TabkunaHraHMaeK, TepMoANHAMUK apaéHnapHu TyInK
TYLWYHTUPULL YYYH 3HEPTUSAHUHT CaKfaHUL KOHYHW KU(OS KuaMangu.
Taxpunba Kypcatuwinya, TepMOAUHAMUKAHUHI 1-KOHyHUra 6yincyHraH
apumM kapaéHnapHu amanra owmpub 6ynmaign. ByHUHr cababu cuc-
TemMafa fiHa KaHfjangup xonaT napameTp/iapyHUHT MaBXygnmru bynuwm
MYMKUH. Knaysnyc 6y sSHrM GyHKUMAHW S aHTponus feb atagn. Tepmo-
ANNAMUKAHWUHT 2-KOHYHU Ba 3HTPONUSA TYyLIyHYacu UCCUKAUK MallnHa-
NapUHUHT UWWHW Taxgnn KUanwga aKKon KshuHagmn, WyHUHT yuyH 6y
KouyH aBBanambop MCCUKAMK MalluvHanapura taannyknm éynraH (KapHo
unkan). JleKnH TepMOAUHAMWKAHWHT 2-KOHYHW TabuvaTHUHT YyMyMWii
KOHYHV 3KaHUrnHM siHa 6up 60p Tabkmanab ytamms. YHU UCCUKAUK
MalUVHaNapuHUHE Tax,IMNn4aH Xo0nn pasullja X,am Kentupmb vmkapuil
MYMKUUAUTUHW KapaTeofopy npuHuMnuia Kypank. AMMo KapHOo UMK-
JILLHIM Tagnmnn 6msra TepMognHaMmnKa 2 -KOHYHUHUHT aHaIMTUK ngo-
ONCHHKM  6Cpafn Ba 3HTPOMUA TYLWIYHYACUHUHT Ty6 MabHOCUHU aHr-
nawira onmM6é KenagH.

TepmognHaMuKa 2-KOHYHUHUHT yPraHuanWn 3Hr Mypakkab 6yn-
raH Kouyunapra KMpuTUIMLILWI-LWIHE KaTtop cababnapn maBxXxyAd. YnapgaH
6UpMHYMCKU WwynaaH nbopaTkn, TePMOSUHAMUKAHUHT 2-KOHYHWUHUN aBBa
ouMlW Ba KaHfahaup Mynoxasa pUTULW, SbHU WCCUKIMK MalluHa-
NapUMUHE Xoccanapu xakugaru noctynar KypuHuwunpa Tar>pudawl sa
yMfaH Xynoca cugaTtuga aHru xonat QyHKUMACKH 3L TPOHUSHUHT MaB-
XYBAUTUHU KenTUpmnb Ymkapuw Kepak agu. bByHpai noctynat cuatmnga
loKopuaa KentupwunaraH rabpugnap xvsmar kinanu. AMMO yuwby Tab-
pudNapHUHr xe4 6upuga aHTponua xakuga 6upoH c¢3'3 iiyk. Tepmoan-
HaMMKa MKKUHYM KOHYHW TY6 MabHOCUHWHI, SBHU SHIL,. X0naT PYyHK-
UMACUHUHT paHra KUpUTUAUWIK 60LNaHrny. nocTynaThaH aHya y3yH
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Myoxasanap pUTULL opAany amanra ownpunagun. MocTynaTHUHI y3u-
[JaH 3ca AHrM xonaTt (YHKAWACUHUHT MaBXyAnurn xagupja xynoca uu-
papu6 6ynmaign. ByHgaH Tawgapu, 6upuH4YM Xxapawga 6up-6upura
yMyMaH yxiwiamaraH fjartop Tabkugnawnap 60pKu, yAapHUHT Xxammacu
y3apo 3KBMBaNIEHT 6ynun6, TepMOAMHAMUKA UKKUHUYN KOHYHWUHWHT Tab-
pugun 6yna onagn. ByHgai xonaT Kenub YNAUWMHUHUHT cababun, xagn-
jaTha xam 6bownaHrvy noctynarnapra HucbataH ynapgaH kenub vmga-
aurax 5Q = TdS (1. 129)
XYNOCAHWHI axaMUAaTW A0PUPOSL dKaHAUTugagup. HTponusaHu 6eso-
cuTa ynyab bynmacnvk gylimmya AMANHYUAMKAApHW spatagu. Tepmo-
AVHaMVKaja 3Hponua xaguparn axbopoTnapHUHT 6upaaH-6up maHb6am
(1. 129) TeHrnamagup. SHTPONUSAHM (UMK NapameTp cudaTtmnga Kabyn
ANNNW AMANHYNANTUHKUHT 6owfa cababyu xam 60p. MaKpoCKOMMK cuc-
TemMa MYKW 3HEPTUACUHUHT Y3rapuWmnHN, XYLAN 3HTpoONusa Kabu, ynyab
bynmanan, yHu dagat xuco6nab Tonuw MymkuH. LLIyHra gapamacpaH,
TepMoAMHaMUKafa 3HEPrUAHN TYLIYHTUPULL AUANHUYUAUKANAP Tyraup-
Maifmn, YyHKKN 3Hepras xap 6up anoxuaa 3appada y4yyH Taannyanvanp sa
OyTYH 6GUP CUCTEMAHWUHI 3HEPTUACUHWN AaHfakgup ANrnHan cudatmnga
4abyn Auaunw OCOH. JHepruAgaH dapann ynapog, 3HTPOnuUA anoxuja
3appavanapHUHr xoccanapuHu amac, 6ankum MofieKynanapHUHI cTaTuc-
TUK TynnamMmm xoccanapuHu HamoéH gunagu. Anoxupa 3appaya 3HTpPoO-
nuara aTa amac. MaHa wy caba6ra Kjpa, S sHTponus Hasapuii pusmka-
HUHT 3HT MypakKab napameTpnapugaH 6upu xacobnaHagu.

SHTPOMUAHUHT AHIN TEPMOAMHAMUK NapameTp cudaTtmgarn mare-
MaTUK Xoccasiapyu YHUHI WUCCUANUK aMallnHULW XoAucanapuja xonat
KoopAuHaTacu ponuvHu yiiHawungagmp. By aca MCCUANMKHM XoxAaraH
Typgarv ymymnaiwiraH vl KypuHwnuga €Ml UMKOHUATUHN 6epain Ba
OYHUHI HaTmXacuja UCCUANNK Ba WLWIHWUHT 3KBUBANEHTIUIN Xaguparun
pukpnap aHaga uvygypnawaan. Vcecmgnmk Ba vw Hadagat 6up-6upura
yTa onagu, 6anky CUCTEMAHWHI MHTEHCMB Ba 3KCTEHCMB NapameTprapu
6vnaH 6up xnn 6ornaHraHanp.

SHTPONUSAHN SHIKM  XonaT (YHKUMACKM  cudaTmga 6enrmnosyu
TepMOAUHAMUKAHIAHT acocuii TeHrnamacu (1. 129), togopuga TabKug-
naraHMMu3geK, aHya Mypakkab ycynfa ofimMHraH. HTponusaHn 6esocuta
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yn4yab 6ynmaraHnuru ca6abnm, (l. 129) TeHrnama 6mnaH ngoganaHys4m
aBBasl HOMab/yM 6ynraH Tabmat KOHYHWHWUHT MaBXyanuru, ywoy Ko-
HYHAaH Kennb YmKKaH XxynocanapgaH doliganaHné, NCCUKANK MallnHa-
napv Hasapuscuia oumnraH. MaTemMaTMK HYKTau HasapgaH S xonat
YHKUMACU MaBXYAIUTUHUHT 3apypuii Ba eTapau wapTu Kyhngarmya:

ByHpaii €3yB uWHTerpan octugarv udoga KaHfanamp GyHKUUSHUHT
AnhdepeHLMany sKaHUIruHM 6ungupagn. bynga 83Q uHTerpanu Hosmra

TeHr 6ynmaraH xoxnaraH KMAMaTnapHu Kabyn Kuanwm MyMKuH. NHTer-
pannapHu uukn 6ylinya Kypu6 ymkuw )draHaétraH cucTemanapHUHI
XoccanapuHu TafKWKOT KWNaéTraHga SHTPOMUSAHU OUYMK KypUHULLIAA
KUPUTMACINK UMKOHUSATUHW Gepagn. MexaHUK Ba UCCUKIUK 3PKUHINK

Japaxacura ara 6ynraH cuctemanap yuyyH £ WHTerpan udogacura LUK

fyiinua vwnaiguraH UCCMKIMK MallmHacu Moc Kenagu. Vw Ba nccnk-
JINKHN aHWK xumcobnaw MyMKWH BynraH KalTtap UMKAUK XapaéHnapHu
Kypnb umkamuni. WNpean ras, BaH-gep-Baanbc rasu Ba XxonaT TeHrna-
mManapy Mabiym OynraH 6owika rasnap yyyH TyrpuaaH-Tyrpu Xpgcob6-
NalnapuuHr  Kypcatuwinya, xoxsaaraH Uukn byinmuya yw6by wuHTerpan
Honra Temr. 1864 linn Knaysuyc UMKAWK >KapaéHfa KynnaHunaétraH
Moafamunr l'abnatvpaH KaTbWii Hazap yw by HaTMXKaHU YMYMURA Kypu-
HALB onvw MYyMKWH 3KaHAUTMHW KypcaTub 6Gepau. AMMO, onguHra
YTn6 kotmacgau, asBaniambop, KapHOHWHI 1824 iungarn WCCUMKINK
Mavwmmcwwnr doiigann WU koahduumeHTa Xxakmaarn TagKUKoTMra Ba
Xosnp Kapno umknu feb ataaraH Maxcyc UUKAra MmypoxaaT Kunamus.
Ywoby UUKN WUCCUKIUK Ba WWHW XUCOBNALIHWHI cogjanuru 6unaH
axonno 6ynmb, AoMMo TepMogMHAMMKaja MyxoKamMa KUAnHagu, Baxo-
naHkn, KapHo umknuM wugean 6ynnb, Xey KaHAaln pean WUCCUKIMK
MalinHacy 6yHpai umMkn 6yiinya mnwnamacauruHy TabKuanawmMms 3a-
pyp (TeXHUK TepmMogMHaMMKaja NopLueHNn 65T MallmHanapuja PaHKuH
LUUKNN Ba UYKM EHULL ABUraTennapuja Ausenb UMKAn Kypub unknnagn).

YMyMaH, UCCUANUK nwra alinaHa onagu. AMMO, UCUTTUY4aH OfINH-
raH UCCMKAMKHWU uwra 6atamom annaHtTupué 6ynmaingn, YyHKW UCCUK-
JMKHUHT 6UP KUCMW COBYTIMYHU UCUTUW Yy4YyH capd bynagu. Ldemak,
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WUCCUKAUK ulira ainaHaéTraH naktga McuTruy coBywun 6unaH 6upra,
6Mpop COBYTIMNY, UCCUKIMKHUHT MLITa aitnaHMangmrad LucMm x,mcobumra
meuwn  xam wapT. ByHun KapHo uumknan Taxagunuaa SAKAON KypuLl
MYMKUH.

Mpaean uccuknmk mawiunHacu 6op aeb ¢apas Kunannuk, yHaa
naean rasgaH goiiganaHannnk. MawmnHa Mabaym 6Mp UCUTIMYAAH 0NK-
HaéTraH WCCUKANK xucobura uw 6GakapaértraH 6yncuH. MW uUMKAInK
6axapuicuMH Ba yHaarn xap 6up xapaéH KeTMma-KeT cogup 6ynaguraH
Kyingarm 4 KncmgaH néopat gennmk:

1. Tas3HWHI M30TepMUK KeHramwmn: AB
arpw.

2. TasHuHr agmabatuk keHralivwu: BC
arpw.

3. TasHuWHT un3oTepMuK cukunuwm: CJ
arpu.

4. TasHWMHr agmabatuk cukuamwn: A
arpw.

XapaéHga 1 monb ngean ra3 KartHawsanTu. bBownaHrny konatga
(A) rasHuHr xgpopati T,, Gocumu pi Ba xmkmMu V]  GyncuH.
Xgpopat T]  6ynraH uMCUTrUYaaH ONUHAETIaH UCCUKIUK XUCO-
6ura ras Vj gaH V2raua n3oTepMUK KeHraiicuH. KeHraiimw n3oTepMuk
6ynraHn yyyH rasHuWHI WYKW 3HEPTrUsiCM y3rapmaigu, KeHraivw uwmu
(Wj) aca ncutruugan onuHaétrad nceuknuk (Qf) xmco6ura Gaxapmnagu:

Qi=Wi =RTj Inf (IVj>0) (1.131)

|. 2-pacm. KapHo unknu.

Pacmga 6y wnw AB V2 L t3ara TeHrgup. Ywo6y xapaéH AB
nsoTepma 6unaH KypcatuaraH. B Hykrara KenraH rasHu WCUMTrA4faH
axpatuné, agnabatnk KeHratTupamms. AgnabaTuk xapaéHja ras UCCUK-
NUK ononmalign Ba 6apya MW ra3 UYKWA 3HEPTUACUHMHI Kamanuiu
xucobura 6axapunagn. WUYKU 3HEPrUSHWHI Kamainumwmn okubatmaa
rasHuHr xgpopatu T2 ra Tywagu, xaxm aca V3 6ynu6 konagu. XaP°"
paTHUHI Kamaluwun yH4ya KaTTa 6ynmaraHu y4dyH 6y wWHTepBanga
nccMkmk curamm CV HM y3rapmac Ae6 oMWl MyMKWH. Y X0/14a UYKK
aHeprusHuHr yarapuwmn: AJJ—Cv(TZTi) (AU<0) (1.132)
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Ba 6axapunrad nw:  W2- -AU - Cy(TLT2 (W2>Q) (1.133)
6ynagn. Mw BCV3V2 io3ara TeHraup. >XapaéH BC aguaGata 6GunaH
noganaHraH.

lasra gapopatv T2 6ynraH COBYTIMYHU SKMHMALITMPAMU3 Ba YHU
wy papopatga CD 6yiimua m30TepMUK cUKAMMU3. CUAWULIHWU TAa3HUHT
paxkmu V4 ra kagap KamaiiryHua, sbHu D HykTaraua faBom aTTUpamms.
Fa3 M30TEPMUK CUKWATAHWM YUYH YHUHT WUKM 3HEPrUsicn ysrapmai
Konagu. FasHu cukuw yuyH capt gunmirad W3 uw Tynma nccMkgukka
aiinaHafyn Ba COBYTruura lvTUNagn. Y HUHT MUKO0PW:

- Q2=RT2U A :V\B:-RTZte%G (W3<0) (1.134)
Jihd

6ynagn. Pacmga W3 nw CDVA4V3 to3ara TeHraup. CD mnsotepma yw by
XapaéHHu udoganalign. D HyaTafa rasfaH COBYTIMUYHM aXpaTub, rasHu
agmabaTuK cukamui. Hatuxkaga, ras gaxmu V], papopatit T), 6ocumu
pi 6ynraH 6ownaHrMy xonatra Kenagu.

ApnabaTuk cugmw BaaTuga 6axapunradH uw WA rasHUHT UYKK
3HEPrUsICUHMN OLINPULLITA KeTaaun:

W4=nun =Cy(Tr ) (W,,<0: nn=>0 (1.135)
Wa nw pacmpga DAVIVA io3ara TteHravp, xapaéd DA aguabata 6unaH
ngoganaHraH.

Typ'rra >XKapaéHHW ymymnawiTupcak, ynap TyaukK ainaHma
»apallHUIW TUHIKMA 3TOAM HAa LWYMUHT YYYH TFa3HWHI WYKW 3Heprusicu
Y3rapmaingn. MewTnlugHn  onuMuraH  Ba  coByTrmMura 6epunrad
nccuKinnknap aMupmacH 6axapuaraH yMyMWii niira TeHrgup:

W"Q,-Q 23 Wi+W2+JV3+W4 (1.136)

V2 6unaH L KaTTa/IMK XUAaTaaH TeHr, aMMO ULIopa XuaaTuaaH
Japama-faplun 3KaHAurw-w ancobra oncak,

W =Qr Q2= W,+W3 (1.137)

QrQZ—RT,Ig{"-R TK2 (1.138)
kenn6 umpagn. BC Ba DA agmabaTuk kapaéHnapra [lyaccoH
thopmynanapuHmu TaTéuk auncak, BC éyiinua:

TVl = T2val (1.139)
DA 6yiinya: - T2Vér| (bl 40)
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6ynagwn, ynapHu 6up-6vpura 6ynm6 Ba y-1 gapaXKanm nngusmHm oncak,
(1.141)

3KaHAUIM UCO0T KunmHagn. ByHm (1.138) ra kyiicak,
W= QrQ2=R (T1-T2) In"- (1.142)

x.ocun 6ynagu. By nw ABCD to3ara TeHrgup.
By ndogaHuHr yan TomoHuHM LU ra, yHr TOMOHMHW 3ca yHra TeHr

6ynrad RT/Inb- ra 6ynn6, KyingarmHm xocun Kunamms:
(1.143)

Q1-Q2 wucuTrnugaH onMHraH UCCUKAUKHUHT UWIra aiinaHraH KUCMUHU
KypcaTagu. YHuHr Qi ra 6ynraH Huc6atu doiigann nw KosppuumueHTH
(PUK) 7 peiivnagn. BuHo6apuH, (1.143) UDOAAHUHT YHT KUCMU XaM
thongann nw KoahpuuymeHTNANp. LLUYHUHT yuyH
Q-Q2 Ti-r2_ W
0 0] 4™ o
6ynagn. ®UUK 0 gaH 1 raua ysrapagu: T/=I'r ga u=0 BaTy=0 ga 77=l
6ynagn. Ammo u X,e4 KaHoH 1 ra TeHr 6yna onmalign, YyHKW COBYTIUY-
HUHT XxapopaTu T2 a6GconoT Honmra spuwa 6nmalign (Tepmogu-
HaMUKaHWLW 3-KOHYHW 6yiinya). Jlemak, ngean ras yuyH KapHo unknuga
MalUMHAHWHT  oligany uw  KoadhgpuumeHTn dakatruHa 7) Ba T2
xapopa raapi armHa 6ornunk skaH (KapHo nemmacw).

KeinHuyanuk Knaysuyc (1.144) ndogaHndr (1.130) ra skBmBaneHT
IKaHNUIrMHKM Ba Qoligann ww KoaphuumeHTn 6unaH SAHrM xonat
QYHKUMACKM O6ynraH 3HTPOMUAHWUHI anoKajop/UrMHU KypcaTnb 6epau.
SHTPOMUSAHUHT XOcCcanapuHW ypraHaéTtraHja énukK KOHTyp 6ylinuda
nHTerpangaH (1.130) MCCUKAMK MaLUMHACMHUHT oingann nw Koapdu-
ymeHTura (1.144) yTUWWUMU3HUHT MabHOCK XaM SHMM xonaTt (QyHK-
LUACUHUHT MaBXYyANUTMHWM Taxpubaga TacaukjawigaH ubopat 3fu.
Knaysnyc 1864 Wnnm upean rasnap ydYyH ONMHraH MyHocabaTtnap
WUCCUKNMK MallnHanapuga KynnaHraH 60owka mogjanap y4yH xam afo-
NaTAn 3KaAHNUTUHWU Y3UHUHT Teopemacufa TabkKugnagu: Kaitap vwnain-
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OVTaH UCCUKANK MalMHACUHWHE (oigann W KosphuumeHTn Kynna-
HUNaéTraH MojAaHuHr Tabnatura 6ornmk 6ynmacaaH, gakar UCUTTUY Ba
COBYTIMYHWHTI KapopatiapurarnHa 6ornmk.

OnVHTaH HaTWXanapHWHI YHUBEPCan XyCyCcuaTra ara sKaH/JIurmHu
TacAuKpaall y4yH aca TepMOAUHAMUKAHUHT UKKUHUYN KOHYHUHW Tabpud-
naw 3apypuaTuy Tyrunrad. IKKuHuu Typ abaguii jBuraTeIHUHT MyMKWUH
amacanrnHm Knaysuyc (1850) y3-y3naaH mabayMm Hapca geb yiinaraH Ba
thakat 1864 linngarnHa TabaTHUHT HOMabayMm 6ynraH YMyMuii KOHYHU
fakupa ran KeTaéTraHAUMMHW TYWYHU6 eTraH. Knaysmyc TepmofuHa-
MUKAHUHT WKKWHYN KOHYHWHMW Kylivgaruda Tabpudnagu: Kyinm xapo-
patnyM XucMmaapgaH xapoparvm HKOPUPOK >XMUCMaapra KommneHcauus-
NlaHMaraH UCCUKAUKHUHT YTULIWM MYMKUH 3Mac. Xp3mMprn KyHpa 6owka
Tabpuiap xam Kyn, fIeKUH ynapfaH saHr cofgacy TomcoHra Termwnm. Y
Kyingarnya: xgpopatyv 3HI KUUMK 6ynraH XUCMHW COBYTULUTa acoc-
NnaHun6, AaBpuii paBuwIfa MwnalignraH UCCUKIMK MaLUMHACUHU KypuLl
MYMKUWH amac. OcBasibj YHU SHafa KUCKapTUPAW: UKKUHYM Typ abafuii
ABUTATE/THUHT BYyNULLIN MYMKUH 3Mac.

1.19. KaiTap Ba KaiiTmac xapaéHnap yuyH
TEPMOANHAMUKAHWHT MKKWHYN KOHYHW

Kalitep >KapaéHnap y4YyH SHTPOMUSHWUHT UCCUKNWKKA 6OrANKAM-
WHW KYpUb Ynkammus, TepMogNHaMUKaAHUHT TKKOHYHUAAH

diimgp S “armep ,(1.145)
Arap hakaTt TawKkn 6ocMmra KapLim mexaHuk uw 6axapusnca,
H B --pdV (1.146)

1 Monb ngean ras yuyH (1.89) TeHrnamagaH dU-nCydT GynraHu yuyH
(1.145) TeHrnama Kyhngarn KypmHuwIra Kenagu:

Lpirmap-Cyd T +pdV (1.147)
6y epga 5Q - Tynuk guddepeHyman amac. Vgean ras yuyH Cy xmpkmpaaH
6ornnkK 6ygmaraHu yudyH ld;yy X B niean ra3 xonaTt TeHrnamacu

pV=RT pgan p=RT/V Ba ﬁg By ugoga xam Honra TeHr
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6ynraHja Tynuk guddepeHumaniuk waptn 6axapunap 3au. [Jemak,
(1.148)

LWL yHuHTyuyH BQUWImpTYNunK auddepeHumnan amac2*.

Mpean raz muconupa (l. 147) TeHrnamaHuHr UKku Tapaguum T ra
6yncak, y x,onga SQaUmap/T Tynuk auddepeHumnan xoccacura ara 6ynmé
KONIMWMHN ncboTnanmms.

Wpean ras yuyit pV—RT gan = Y xonpa (1.147) TeHrnama 1

MOMb naean rasydyH 8Q * rTBp:CydT+RTdv (1.149)

Kypuunwra kenagu. (1.149) TeHrnamaHuHr wukkana TapagpuHu T ra
6yncak,

(1.150)
Kenn6 umkagu, 6y epga 8Q TT KeNTUupuaraH uccukauk. (1.150)
TeHrnamagaH

AC.,

sin v (1.151)

3KaHNUTN KYpuUHUG6 Typunbaun. LyHpan Kunub, KenTupuaraH MCCUKAUK
SQ UpiTap/T ngean ras yuyH Xonat (PYHKUMSICU, SiBHU 3HTPOMUAHWUHT
Tynuk auddepeHynannanp -, (1.152)

Arap maTeMaTVK HyK;Tau HasapgaH TepMOANHAMWUKAHWHT 6UPUHYN
KOHYHU WYKW 3Heprus xonas (GyHKUWSACK XaHIUTW XakKuparu xynocara
onnb Kenca, TePMOAUHAMUKAHWUHI WKKUHYN KOHYHWU SHTPOMUSAHWUHT
xonaT PYHKLMSACK 3KaHAUTUHN KypcaTagn. LLyHM Tabkuanaw nosumKku,
TepMofMHaMMKa 6UPUHUN KOHYHUHWHT MaTeMaTuK udogacu Kaltap Ba
KaTmac >apaéHnap y4dyyH 6upgek agonatnu 6ynca, (1.152) TeHrnama
thauaT KavTap xapaéHnap y4yH agonatnnamp. by xynoca kantap LMKIMK
XapaéHga 6GaxapunaraH WW MaKcuman 3KaHAuMruMaaH Kenumé uukagw.
(1.152) TeHrnama “abcontoT xapopaTr”’ TYLWYHYACMHWUHI Xam aHuK
MasMyHUHU KypcaTUll WMKOHUATUHM 6Gepaan. 5Q kaTTanuk Tynuk

2 MaTemaTuKafaH Mabnymku, arap 5Z=Mdx+Ndy ndopaga 8Z=dZ 6ynca, sbHU SZ X Bay “~3rapyBuunap 6yiinya
TynuK; auddepeHuman 6ynca, yHga M Ba N KoadduumeHTnap opacupa Kyihugarm MyHocabat Gaxapunagu:

(aM /ay) = (6N /ax) .Akcx.0nga 8Z Tynuk; antdepeHumnan amac.
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audhepeHLman amac, CiS aca, TEpMOANHAMUKAHUHT UKKUHUYM KOHYHUTa
O6MHOaH, CUCTEMAWWHI 6UP KWAMATAM XpnaTt QYHKUUACUHWUHT TYNnK
b depeHunannanp. Wy myHoca6at 6unaH, 1/T kaTTanMk nHTerpannos-
4n KynamTupyBum 6ynnb, xapopaTnapHUHI TePMOAUHAMUK LUKaIacuHu
aHukna6 6epagu. TepMOAMHAMUKAHUHI UKKUHYM KOHYHU XapOpaTHUHT
3HTI KyiKn yerapacu T ~ 0 Ba 6y xapopaTtga oigann mw KoappuymeHTa
77 = 1 3KaHNUTUHI Xam aHMKnaigu.

SHTPONUS 3KCTEHCUMB KaTTaluMK 6ynnb, cuctemagarv MOLAAHUHT
Mukgopura 6ornuk. Arap (1.152) teHrnamanu SQ”map TdS kypu-
HUTNNASA. 83caK, SHTPOMUSAHMHI 3KCTEHCMB/IMK X0CCacu siHaja SKKOMPOK
6ynaan. 5Q KfTap saHeprusa ynyosura ara 6ynraHnnru caéaénu, TdS xam
3Heprusa yn4yosura ara 6ynaan. AMMO xap KaHgai 3Heprua MHTEHCUBNK
Ba 9KCTEHCMBNMK (DaKTOPNapMHWMHI KynaiTmacura TeHr 6ynagu. by epga
T nHTeHcUBNMK hakTopu 6ysca, N'3KCTEHCUBAUK (haKTopu Gynaau.

(1.152) TeHrnama chakaT mpgean rasflap y4yyH amac, 6ankm 6apuya
mMogdanapra Termwnngmp. LUYHUHT yuyyH, yw6y TeHrnama xap KaHpaab
cucTemManapra Taannyknum 6ynu6, KainTap >kapaéHnap y4YyH TepMogu-
HaMWKa 2-KOHYHUHWHI MaTemMaTuk udogacuaup. Kaitap >xapaéHnap
yuyH SQumap= 0, LLyHVHI yuyH

dS=0 Ba AS-0 n (1.153)

By 3ca wmyBoO3aHaT xo0fnaTfa 3HTPONMS MaKCUMasna 3KaHAUTUHU
onaanpoan (thakaT KanTap xapaéHnap 60pmwn MyMKUH bynraHaa).

Arap KaiTap apaéH cucTeMa XONaTUHWHI Yerapanu ysrapuwuaa

GopaéTtram 6”nca, ymga AS=S2- =" dS=| K nep (1.154)
Arap xapaéH nsotepmuk bynca, (l. 154) TeHrnamagaH

ds=sQ » Ba mS-Q murgp . (1.155)

AnaHma >XapaéHnapga, xap KaHgan xonaT (yHKUMSacu Kabw,

HTPOMUSIHWHT y3rapuimn xam Honra TeHr: ST LL (1.156)

(1.156) Ba (1.152) TeHrnamanapgaH =0 (1.157)

KaiTap >»xapaéHnap y4yH TepMOANHAMUKAHUHT 2-KOHYHUHW 3HTPO-
NMUAHUHT MaBXYA/IMTUN Ba CakNaHW6 KOMULIWM XaKugaru KOHYH feliniu
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MYMKWH. K-aiiTap >xapaéHnapga msonsuymsnaHraH cuctemanapga (1.157)
TeHrnamara 6uMHOaH 3HTponusa AouMMmuii 6ynu6 konagu. Arap Kaitap
KapaéH usonaumsanaHMaraH cuctemaga 6opca, CMUCTEMaHVMHE 3HTPOMUACK
y3rapvwuy MyMKWH, y Aoffa atpod MYAUTHUHI 3HTPOMWACK AaM y3ra-
pagu, 6yHpa KaiTap kapaéHfa KaTHawaéTraH 6apuya Xucmaap 3HTPO-
nuanapuwiaar AMFMHAUCK y3rapmangu.

SHTPONUAHN TapTUOBCU3NMK YNUYOBU AaM feAuviagn: MoAgja Kau-
YanuK TapTm6em3 6ysica, YHUHT 3HTPOMUSICK LUYHYaNMK KaTTa bynagu.
MacanaH, 1 MO/Ib CyBHWHI cTaHAapT wapouTgarn [298 K Ba 0,1013
MMa) sHTponuscu Typnu arperaT fgonarnap Y4YyH Ayiugaruya
{K/(monb-K)\. H20(kp.)=39,3; H20(c)=IM0,0; H20(r)=LU,1.

Mabnym MUKAOpAarn MOAAAHWHT 3HTPOMWUSCM  MOJIEKYNaHUHT
MypakKkabnawmiwn 6unaH optagn. MacanaH, 298 K Ba 0,1013 MlMa ga 1
Monb CO (I)», HMHT 3HTponusicu 197,4 ra CO2 (r) Hukm 3aca, 213
K/(Monb-K) ra TeHT. CMCTEMAHUHT 3HTPONMSCK AapopaT opTULM 6unaH
Aam opTafu.

KarTmac >kapaéHnap yuyyH TepMOANHAMUKA WKKUHUYM KOHYHUHUHT
mMaTeMaTuK udogacuHn ywapammi. l-gonatgaH 2-ra cucTema falitmac
Ba KaWiTap >xapaéHnap opkKanu yTCUH. TepMOAUHAMUKAHUHT 1-KOHYHWUra
acocaH faliTmac Ba Kalitap »kxapaéHnap yuyH

SQKaum»ac~dU+ 5V ri@itTm (1.158) 8 Q "~ map=dU '+ SW TiTap (1.159)
KYpUHULLAAr TeHrnamanapHu é3cak Ba aiinaHma xapaéH ydyH (1. 158)
AaH (1.159) Hu ainpcak: L, Timvec -8Qmiimep= -8Whaiingp (1.160)
nthogaHn onamms. Yuwoby ndoga 0 ra TeHT, KaTTa KM KUUYMK Bynuwin
MYMKWH. Arap UKKana xxapaéH (Tyrpu Ba Teckapu) Kaiitap 6ynca, (1.160)
TeHrnamMa Honara TeHr 6ynagW, YyHKU KaiTap >XapaéHHW Tyrpu Ba
TecKapu MyHanuwnapga yTKasunraHga CUCTEMaHUHI y3ufa gam, aTpod
MyguTAa AaM fey KaHgai ystapuwnap 6ynmangu.

Arap (1.160) TeurnamaHuHr MKKana Tapagu HongaH kKatTta 6ysca,
ainaHMa KapaéHHUHI 6uMpgaH-6up HaTuxacu aTpod MyAUTAAH MCCUK-
JNIMKHUHT IOTUANLLKX Ba CUCTEMA TOMOHUAAH 3KBUBaNeHT MUKAOPAA WULL
Gaxxapunuwn  6ynagM, SbHU UCCUKMKHUHT  WWra TYAUK yTULLIK
Ky3aTunagu. 6y aca TepMOAUHAMUKAHUHT 2-KOHYHUTa 31aanp (TOMCOH).
Arap (1.160) 3eHrnamaga MKkKasa FOMOH HOMAaH KWYukK 6ynca, 6y gon

60



TepMOAMHAMUKAHUHT 2-KOHYHWUra 3uf 6ynmangn, 4vyukum oupaaH-6up
HaTVKa ULWHUHT UCCUKIIMKKA TYNUMK yTuwun 6ynagu. LWyHpain kunmb, 2-
KOHYHHWHI 6eBOCMTa HaTuXXacu Ba >KapaéHJapHWHI KanTMmacnuruHu
6enrmaoByUn 2 Ta TEHrCU3NUK Kylinaarnnapanp:

& Qifaiipmac< SQqaUmap  SKU QAcamM ac”Q ricaimiip (1.161)

SIViaiimviac"\aiimap  Ekbl  Myanic "Yarmap (1.162)
(I. 162) paH X,ap KaHAal KanTmac XapaéHNapHWUHF WL JOUMO KailTap
XKapaéHHWHT NWKNAaH KNYMKAUP (CUCTEMaHWHT 6Mp Xmna 6olnaHruy Ba
OXMPru xonatnapu yuyH). LLUYHUHT yuYyH KaiiTap >kapaéHnapgarii uwHm
MaKcuman geiinnagn:

KaiTap &Ahex Maimap Wik (1.163)

BaxkapunraH v MakcMMyMAaH KaH4yanuMK Knuuk 6ynca, apaéH LyH4va-
MK KaiTmac 6ynaan. Nw 6axapunmacgaH eogup bynaguraH >kapaéHnap
TYNuK KaihTmac ae6 atanagu.

KanTmac xxapaéHpa ysatunaétraH UCCUKAWK 6UnaH 3HTPOMUAHUHT
y3rapuwuy opacugarn MyHocabaTHu Tonamu3. EpiitTmac >kapaéHgaru
ncenkank (1.161) kantap xapaéHgarmgaH kKuumkgump. (1.152) TeHrga.-
mMagaH

dS> 8QunMoT ¢kv  TdS> 5QK (1.164)
AS-S. Lpmvee
g T (1.165)

KgpinTmac, y3.-Y3ww 60pyBUM >KapaéHaap Y4YyH W30MSUUsiIaHraH
cuctemaga 6&HbuscpO.  (1-164) Ba (1.165) TeHrcusnuknap”aH

ds>0 Ba AS>0 (1-166)
By TEHFCU3NUKNAPHMHI MabHOCU LWYHAAH M60paTKK, HOMyBO3aHaT
xonatgarn usonsauuanaHraH cucrtemanapga 6apya kalitmac apaéHnap
SHTPONUAHWUHT OpTUWKN BunaH 6opagu. MsonaumanaHraH cuctemanapga
AS<0Q 6ynraH xapaéH/MapHUHI 6OpULIM MYMKWH 3Mac. ByHpali Tabkua-
naw akat u3onAuuManaHraH cuctemanapra termwnuanp. Wsonsauyms-
naHmaraH cuctemanapga atpod MyXWMT 3HTPOMUACUUMHT OPTULLM XMCO-
6ura AS'<0 6ynraH xxapaéHnap xam 60puIN MYMKNH.
N3oTepMuK KainTmac xapaéHnapga (T—eonst ga T HuM wHTerpan
ocTMAaH unkapuw MymkuH): dS>dQ ainMo'T Ba TXXK>E£)TVimec (1-167)
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KaliTmac )apaéHnapHu TyTyBUYM aiinaHMa XapaéHiap yuyH
<() (1.168)

(1.164)—1.168) TeHrcmsnuknap ganTmac apaéHnap yyyH TepMmo-
OUHaMUKa WKKUHYM KOHYHUHUWHT udogacnaup. KaiTmac apaéHnap
YUYH TEPMOAMHAMUKAHWUHI WKKMHUYMA AOHYHWU 3ATPOMUSHUHT MaBXy[-
nrun Ba opTrnb 60pULLIN KOHYHUAMP.

KaliTap Ba gaitiTmac xapaéHnap yuyH J S sft TdS>SQ (1.169)

4e6 yMyMnawTupuwmmMm3 MyMKuH. MsonsumsanaHrad cuctemanap yyyH
5Q - 0 6ynraHnyuyH (1.169) gaH dS=>0; AS >0 (1.170)
(1.169) wndogara SQ HUW AMAMATMHU Aylicak, TepMOAMHAMUKAHWHT
GMPUHYYN Ba UKKUHYY JOHYHIAPUHUHT YMyM/allraH UgogacuHu onamms:
TdS >dU+8W (1.171)

Cuctemaga fanTmac (YeKcu3 Kn4mMK) xKapaéH 6opca, YHUHT 3HTpPO-
nusicn dS, GMpMHUMAAH, aTpot) MYAWUTAAH WCCUANMK 6uiaH MabiyMm
MuZgopAaru sHTponus ysatunuwu (dSe) gucobura, MKKUHYMAAH, AaiT-
Mac apaéHga cucTeMa mumMga Mabnym mMuggopga sHtponusi dSt cogup
oynuwun gucobura ysrapagu. Maiigo 6ynraH aHTpPoONUS MUALOPY XXapaéH
LaNTMac/IMIUHVHT YTHOBUANP:

dS =- dSe+ dSj (1.172)

Kaiitap xapaéHga dSf=0 6ynaagw.

OHTpoNusA XapaéHnapBiililii 6opul-6opmacanrn Ba NyHaMWWUHUHT
Aamja usonaumsnaHraH éku agmabaTuk-u3onaunsnaHrad cuctemanapa
TEPMOAMHAMUK MYyBO3aHaT AONATUHWHE yn4yoBUAMpP. Arap usonaums-
NaHraH cuctemaga ys-ysmjaH 60pyBuu fainTmac xxapaéH yTaétraH bynca,
dS>0 Ba AS>0 TeHrcusnuKnapgaH sHTPOMUSHUHT OPTULLW KeNnub umpa-
an. YwWwoy wapTtnap msonauuanaHraH cuctemaga xapaéHHuHr amanra
OWWPUANWINHUHT WapTuamp. 3HTponus KamasgiraH dS<O >xapaéH-
napHu usonAuMsnaHraH cucTemanapfja amasira owupiné bynmaingw.
M3onauusinaHraH cucTemanapgaru apaéHnapga sHTponusi optu6 60-
puwn 6unaH 6up BagrHWHI y3uaa cucTemMa MyBO3aHaT fonatura
AgMHnawaam. CucTema MyBO3aHaTra 3puliraHga 6apya >kapaéHnap
TyxXTanan Ba 3HTponusa mMakcuman 6ynagu. LyHpaih gunub, nsonsayms-
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NlaHTaH CUCTEMaHWHr MYyBO3aHaT X,0M1aTU MakCUMas 3HTPONus X,0Ma-
T™Mamp.
“UsonsiumanaHrad cuctemMa” TyLWYHYACUHUHT TabpudugaH 8Q=0
Ba 8W=0 skannurn Ba 8Q=dU+8W; 8W=pdV ndoganapgaH MKkuTa
TeLl nama Kenmé Ymkagu: du=0 Ba dV=0 (1.173)
Jemak, nsonauuanaHrad cuctemaga xapaéHnap U=const ga 6opagu.
M3onsumsnaHraH cuctemagaru myBosaHaTt wapouTuHu dS>0 Ba AS>O
ngoganapra 6MHoOaH, maTeMaTuK HyKTau HasapgaH, yrapmac aHeprusa sa
XakmMgaru sHTponmsa-
(dS)J;v= G, (<?S)VV<O. (1.174)
HUHT MaKCUMYMW LLAPTU KYPUHULLIKAE E3ULL MYMKWH.

1. 20. Typnu xxapaéHnapga aHTPONUAHUHT y3rapuimu

bMaiiTMac >kapaéHnapga 3HTPOMUSAHWHE Y3rapulun >KapaéHHUHT
WEeCUKANTN 6unaH TeHrcU3MKNap opKanu WGofanaHULWHHN  Kypub
unkguk. Ly cababnu, KainTMac >xkapaéHnap Y4YyH O/IMHTaH MabJly-
MOTNapgaH 3HTpoNUsAHW Xmcobnab 6ynmairgn. AMMO 3HTpoOnNus X,0naT
(hyHKUMSCK BYNraHNnIv ydyH YHUHT KaiTap Ba KainTmac xxapaéHnapgarv
y3rapuwmy 6up xunamp. [emak, pean Kaitmac xapaéHga aHTPOMUAHWHT
y3rapuwnHu xgcobnawl makcaguga ywoéy >xkapaéHHu xaénaH Kaitap
yTKasunaguram 6ockuunapra 6ynuwl Ba Kaitap >kapaéHnap TeHrnama-
napufiaH 3HTPOMUAHUHT y3rapulinHM xucobnaiwl kepak. bapuya 60c-
Knunap 3HTPONWUS Y3rapuULLMapUHUHE AUTUHAVCUAAH KaliTmMac >kapa-
EHflarn 3HTPONMUAHWUHT y3rapuLLIMHU 0N1aMu3.

Typnn XapaéHnapfarv 3HTPONUAHWHT y3rapuLLiapuHn xmcobnatu
YUYYH, YHU CUCTeMaHWHr 6oliKa napameTpnapu 6unaH 60rnaHULLNHA
Tonuw 3apyp. TepMogMHaMMKa MKKUHUYN KOHYHU (1.129) TeHrnamacura
MyBO(MK xapaéH uccmknuw  SQATAS. (1.129) Hm TepmoguMHamuka 1-
KOHYHM (1.11) TeHrnamacura Kyiicak,

Td$ = dU+pdV ékn dU = TdS-pdV (1.175)

Yyunu InyHpaik H-U-rpV TeHrnamanm puddepeHumannacak Ba
SQ—dU+pdV askaHauruHm xucobra oncak, dH = dU+pdV+Vdp=
=8Q+Vdp TeHrnama xpcun 6ynagu éku 8Q = TdS skaHnurugaH

dH = TdS+Vdp (n7e6)
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(1.175) Ba (1.176) TeHrnamanapgaH X,ed KaHjain apasnapcus partop
Jynocanap 0nvLW MyMKWH. QHTPOMUAHN CUCTEMAHMHT 6oLLfa napameTp-
napu 6unad (p, V, T) GornoBum udoganap 6unaH TaHWLLaMK3. Y3ra-
pyBuunap cugpatuga S, V, T napHu gabyn gunamms: w (S, V, T) =0 (aiina-
Ha 6ylimuya 3 Ta Xycycuil gocMnanapHUHI KynalTMacu AOUMMO MUHYC

6upra TeHr): 2.177)
(1.175) TeHrnamagaH S 6unaH V opacupaarv anogaHu Tonamus. (1.175) ra
6VHOaH,
)
Ba 1.178
B £ Mi (1.178)
OnuHraH xynocanapHu gapama-fapLuii TeHrnab:
(1.179)
ByHzaH: (1.180)
— 1 aninmaTtnHun(1.177)ragyinn6:
e
(1.181)
n s (8p) ........... K8
dv)r (srj,/’ (1+182)

(1.182) Tenrnama (T-const pga) cUCTEMaHWUHT  U30TEPMUK
KeHrainunwinaa SHTPONUAHUHT OPTULLIMHKL Xucobnalira MMKOH 6epaau:

fed fn& (L.183)

WMpean ras yuyi \%?jff U_LE\I',UJLLﬁ\/I LWYHUHTYYYH flélRM \ﬂ/ -
6yHAaH S=RInV+Sj (1.184)
6y epga S,, - WHTerpannaw pomMuiicu, YHW TepMOAUHAMUKAHUHT
WKKUTa AOHYHM acocnia aHngnad 6ynmangm. 3-4oHyH kepak !!

Vgean TrasHUMHI M30TepMuji  KeHraivwuga 3HTPOMUAHWHT
OPTULLVHU
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AS . (11185)

1
TeHrnamagaH Kentupué ywapuw mymkuH. Arap Cy-const 6ynca (1.185)
TeHrnama ypHura ,°S=r\C)/t<':1£r-4nRinE (1.186)
.0e6 é3mw MymkuH. Waean ras yuyH Cv~Cp~R Ba LL--~ 3kaHAMrnHu

xucobra onm6 (1.186) TeHrnamaHu Kyhngarm KypuHvLLAa é3uil MyMKUH:

AS- nCpln—+nRiri-"
s ur Pi (1.187)

VM3oTepMuk >xapaéHga T2—Tl—eonst Ba in3-0 3KaHAUTMHK

xmcobra oncak (1.186) Ba (1.187) TeHrnamanapfaH ugean rasHUHI
N30TEePMUK KEHTalnLWMAa SHTPONUSAHVHT OPTULLIN

IASZM/? Inmmml'@ C|_188)
3KaHANIn Kennb YnkKagn.

M3oxop xapaéHga V2=Vj=const Ba w3y g, (1.186) gaH

ASMm nCyIn-|_2|-=nCyInﬁ (1.189)
Ba M306ap apaéH yuyH p2=-pi=const Ba ® — xampa (1.187) paH
AS = nCpin= = nCplng- (1.190)

TeHrnamanapHu onamms.

VIKKWTa ngean rasnapHUHr y3apo agnd@ysnsacyu yuyH (SbHU ngean
rasnap 3pPUTMacUHUHI XOCWUA OBYyNUL >KapaéHW YUYH) 3HTPOMUAHWHT
y3rapuwmHn Kypub unkamms. Auddysna KanTMmac apaéHamp. YHgaru
SHTPOMUSAHMHT y3rapuMHN XHCO6MalW y4yH xap 6up rasHuHr 6oLu-
naHrny Vi 8km V2 xaxmpan oxupru (Vi + V2) xaxmrada Kkalitap
M30TEPMUK KeHralimwmgarn sHTpPonNus ysrapuinapuvHum xucobnaiwl Ke-
pak. ByHga (1.188) TeHrnamagaH xXyiungarunapHu 01aMms;

J52 wn~ L -; (1.191)
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Ba ASm = AS,+AS2=1 if{ln m +n21n (1.192)

m

.2 V2
o et %% wene T (1.193)

aKaHAMrMHM xacobra onm6, (1.193) napuu (1.192) ra gyiiné wkkuTa
naean rasHuHr y3apo avuddysmsanadné 1 MO/b rasnap apanalumacy X,0-
CUA OUAULLIAATN SHTPOMUSAHWHT Y3rapuwunHU xacobnail yduyH udogaHu
0namus:
AS=-R (xilnxj"x2Anx2) (1.194)

(1.191) TeHrnamagaH: AS:SZ-Si:RIr&u—_L (1.195)

(1.182) TeHrnamagaH faxm opTUIN 6uNaH 3HTPOMUAHWUHE [OMMO
OPTULLN KYPUHNG Typuban, YyHKN >0

XoxgaraH Mogua WWTUPOKUAArn n30TepMUK >kapaéH (T=const)

y ~ O-kaiiTap

YUYH, MacanaH, ga3aBuii yTUL yuyH TeHrnamMagaH

AHL
AS- (1.196)
oy epga: AHpymudasasw yTuw a6conoT mccugamrun; M—dasasuii
yTUW a6CconioT xapopatu. Ysrapmac xmkmga éku ysrapmac 6ocumpa
60pYBYM faliTap XapaéH yuyH yMyMuUii fonaa:

S =— «(p =mconst) . (2.197)

XynaH togopugarugek (P (S, p, T)~0 TewrnamagaH S 6wunaH p
opacuaarv 60rMKAMKHN Tonamms:

1k I 3 W
g 3 Wp (1.198)
neknH (1.176) dH=TdS+Vdp TeHrnamagaH
M -rr (1199 N R R )
bl »  TLb. 199 fdscp. Wow et 1
B sjg. 1201
6yHaaH s ! d(\J/J, ( )
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W) HUHT  KuiimatvHn  (1.198) TeHrnamara Kyin6, LUnapHu
S

KuckapTupmo tobopcak, =W (1-202)

8>

(1.202) TeHrnamagaH KypuHMWK4Ya, 60CMM opTraHga 3sHTponus

[OMMO Kamasy, YyHKu <Q.’
Xycycun xpnga ngean rﬂa?, y:qylﬁ t1‘%¢;£|)j -R LUYHWHT )./LIyH n(dvf)
S = SO-RInp (1.204)
AS = S28] = Rlnlryl (1.205)

S 6unaH T opacugarm MyHoca6aTHV TONWULL YUyH, STbHM

X,0cunanaputu, xpeobnaw yuyH, 8Qv=dUv=CwT Ba bQp-dHp-CpdT
MyHocabaTnapgaH hoiganaHamus:

. (67} 1® i
%55)\4 g pauyw B (1.206)

(1.206) TeurnamanapfaH cuctema KuU3AMPUATaHAa SHTPOMUAHUHT
fovimo opTniiiH K prunmnb Typnoau.

(1.206) TemrnHManapHu nHTerpasinad, nsoxop (Eku nsobap) xapa-
MHNapaa SHTPONUAHUHE OPTULLIMHW Y/fapamms:

. 1
tS=j-~-dT (V=const) Ba ,D,S:y-g%-/dT (p—€onst) (1.207)
Wpean ras yuyH Cy Ba (p xgpopatra 6ornvk; amac, yHaa

V=const ga: ,U,S:qm’-\'-— Ba  S~CunT+const (1.208)

T
p-const ga: a5u~Mpit™ Ba  S~CplnT const (1.209)

Vpean 6ynmaraH rasnap ydyyH Cvea Qp xapopatra 60rimK, WyHUHT
YyUyH 3HTponus (1.207) TeHrnamanapHu rpaguvk épgaMmmaa uHTerpannail
Hynn 6unanH Tonunagu (1.3-pacm).
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lOpgopnga KentupunraH wudoganapgaH
KYpUHNG6 TypubauKun, TepmognmHamumka-
HWHI 1- Ba 2- AOHYHnapugaH agart xa-
paéHnappa 3SHTPOMUAHUHT Yy3rapuluHu
ToMUW  MYMKWUH. AMMO YOy [OHYH-
napHu Tynaupub, 3HTPONUAHUHI abco-
I. 3-pacm. Cuctema NIOT guiAMaTnapuHm gam xucobnaw Mym-

Kusgupunranga (p—eonst) OVHNNTUHU KeRNHYaNnK Kypub yngamums.
SHTPOMUAHUHT OPTULLUHK

amcobnaw ycynu.

I. 21.)KapaéHHUWHT liyHanuwmn Ba MyBO3aHaT Me30HNapM.
TepmMoAUHaMUK NOTeHLMannap

ABBan TabKupnaraHMMuU3feK, W30NAUUANAHIaH cucTemanapga ys-
y3ngaH 60pyBUM >KapaéHNapHUHI MyHaNUWWHW Ba MyBO3aHaT LWapT-
NapuHy TePMOAMHAMUKAHUHT UKKUHYN AOHYHW acocufja SHTPONUAHUHT
Magcuman guiimaTu 6ylinya aBBangaH antuw MyMaMH. AMMO amanmétha
usonauusnaHMaraH cucteManapfaH Kynpog doiganaHwnagu. byHpai
encTemManapgarn MysosaHaTHU gucobnall yyyH TepMoAgnHammkara gatop
SHIW gonaT QyHKLMANapu KUPUTUTaH.

KnméBunii TegHonormsigarm KynruHa >xkapaéHiap ouuj annapar-
napfa onu6 6opunraHga ysrapmac 6ocum Ba fjapopaTja, arap énug
annapatnapga onmb 6opunaca (MacanaH, aBToKIaBAa), y3rapmac gaxm Ba
fJapopatga coaup 6ynagn. ByHAa >XapaéHHUHI yHanuMWWHW Ba CUC-
TemMaja MyBO3aHaT fonaTtuiin p —eonst sa T=const ga MmM66¢c 3Heprusicu
opgann, V=const Ba T—eonst ga MenbMronbLl, 3Heprusicn byiinya 6enru-
naHagn. ByHuHr cababu mnsonaumanaHMmaraH cuctemanapia aHTPONUAHU
MYBO3aHaTHUHI Ba apaéH WyHaNULIWHWHI Me30HM cudaTmaa uwina-
TUWHWHT HOAYNaknnrngmp, YyHKM usonauusnaHMaraH cuctemasnapHu
Aypuné uinguw patta AMAVHYWAMKNAPHU Tyragvpagun. AMMO, 3HTpoONus
épfamnga bowpa dyHKunanapHu, abHM FMb6c Ba Menbmronbl, 3Hep-
rusanapuHn gucobnaw MyMKWH, ynap 3ca MyBO3aHAaTHWHI Ba >apaéH
NyHanuwWHWHT Me3oHnapuamp. Kyn agabuétnapga Mm66c sHepruscn G
Ba lenbmronbl, sHepruscu F gapgnapu opganu 6enrunaHagm Ba Typavya
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HOMnap G6wnaH aTtanagW: 3pKWH 3HEepPrusi, 0304 3HEprus, ysrapmac
60CMMAArn 3Heprusi €KW 3PKUH 3HTaNbNNUSA, M306ap-U30TEPMUK MOTEH-
uman G=f(p, T) Ba y3rapMac XmKMZAarn 3Heprus, 3pKUH UKW 3Heprus,
nsoxop-nzotepmuk noteHuman F=f (V, T) éku TepmognHammk
noteHumannap felimnagn. YnapHuHr Ba GOHLLA TEPMOAUHAMUK MOTEH-
LMaNapHUHT MabHOCMHU Taxaun Lunamms.

X,ap KaHfaii TepMoAUHaMMK cucTemMaza 60puULIN MYMKUH 6ynraH
apaéHNapHUHT Makcuman ¢oiiganM WKW HoAra TeHr 6GynraHgarvHa
MyBO3aHaT Kapop Tonagu. MabnyMmKu, KapaéHHUHT ymymuid nwm SW
toiganu nwgad 8W' Ba MexaHuK KeHraiini nwuaad pdV néopataup:

SW = 8W'+ pdV (1.210)
KanTap xxapaéHga dolijanu nw sHr KkaTta ymiimatra ara:
SWirex = 8W'max + pdV (L211)

YMymuii xonga Makcuman gonganu u xapaéHHUHI KaHfal yTka-
uanwmnra 6ornukK, y Tynuk auddepeHyman amac. Alipum wapouTtnapga
KainTap XXapaéHHWHI Makcuman goiigann uwmn nynra 6ornnk 6ynmacgaH,
(hakaT cuCTeMaHUHI 6OLIIAHTMY Ba OXMPTrK fonatura 60rnnBamp, SbHN
Makcuman oiganm uw xapaéHga MabayM XxonaTt (PYHKUUSCUHWUHT
KnMaliwmnra TeHr. AiiMpMacy MakcvMman qoigany uwra TeHr 6ynraH
byngaii xonaT GyHKLMANAPUHU TepMOAMHAMMUK MOoTeHuwannap feiivna-
an, Y16y (|)yMKumanapHuHr KypuHuLLK >xapaéHiapHu amasnra owmnpuil
iiiitponrnnpnra 6ornvk;.

FopmMofWWIMUKanUnr 6UPUHYY Ba MKKUHYY KOHYHIapUaH:

SQ mTdS=dU+ 8W,rax=dU+8W'nex +pdV (1.212)
sw mex= TdS-dU-pdV (1.213)

V Ba S—eonst ga:
8W'nex- -dU; Wnmex—-AU (1.214)

AbHU MUKW 3HEPTUS W30XOP-M303HTPONUS TePMOAUHAMUK MOTeHLuunan-
Ap. YwWwey wapoutnapia

SWnex= >0; dU<0 (L215)
6ynraH >xapaéHnap y3-y3unaH 6opagun. X,aknkuii myBo3aHat
U—min, dU=0, <£Eun>0 (1.216)

Aa Kapop Tonagu.
p BaS=constga :(1.213) gaH:
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-dU-d& W) (U+pV)=-dH (1.217)

Wirh-AK Y (1 .218),
ABHW 3HTaNbNMA M306ap-N303HTPONUA TEPMOANHAMUK MOTEHLNANANP.
SW'mmX) Ba dti<0 (1.219)
6ynraH xxapaéHnap y3-ysugaH 6opagn. MyBosaHaT Lwap ru:
H =min ékn dH=0, c?H>0 (1.220)

K$pun6 ungnnran U Ba H dyHKuusinapy KMMEBWIA TepMogUHaMK-
Kafja Kam KynnaHunagu, YyHKW ynap noteHuuan 6ynuwun yyyH Tanab
OUNWHTAH LWapouTnapHu amanra owupub éynmangn. Kumésuini Tepmo-
anHamuka yuyH V—eonst Ba T=const éku p=const Ba T- const 6y/iraH
(yHKUMSNap KaTTa axgMUSATra ata, YyHKW KUMEBWUI apaéHnap Xygaau
WY napamMeTpaapHUHT AOMMUANNInga yTKasunaam.

V=const Ba T—const ga (1.213) TeHrnama Kyiumaarn KypuHuULHN
onagu:

5W'ntix= -dU+d(TS) =-d (U-TS) =-dF (1.221)

6y epaa F=U-TS (1222)
XonaT (QYHKLUMACKU, N30XOP-U30TEPMUK MOTEHLMAN, CUCTEMAHUHT 3PKUH
aHeprusicu fe6 fam aTanagii. Ywo6y Hom uuku aHeprusHu U -F\ TS
(1.222), kypuHUWINga xam udoganall MyMKUHAUTMAAH KupuTunaraH: F-
M30TEPMUK paBuULLIfa TYAHK WUWITa afaHTHPULWL MYMKUH GyfnraH WYKu
SHEPrUSIHMHT 6Up KWUCMH; [5-60rnaHraH 3Heprus, y wwra ainaHa
onmangn. (1.221) paH:

dF-dU-TdS-SdT n (1.223)
Ba TepMoAvMHamuka KoHyHnapugaH dU-MS-pdV 6ynraHn yuyH, ywéy
KninmatHu (1.223) ra Kyinmoé guckapTupuLLIIapHK amanra owmpcak,

dF =- SdT-pdV (1.224)
TePMOAMHAMUKAHWUHI (DyHAamMeHTan TeHrnamanapugaH OGMPUHU KenTu-
pn6 ungapamms. (1.221) TeHrnamagaH

AF = AU-TAS (1.225)
Ba SWmax *#-AF skaHnuru kenn6 ungagn. dF<O 6ynraHga xapaéH ys-
ysugaH 6opagn Ba F ~ min kuiiMaTtra spuwiraHga MyBo3aHaT [apop
Tonagu Ba dF ~ 0, i?F>0 6ynaau.

p = constea T + const ga (I. 213) TeHrnama Kyiimgarv KypuHULLHK
onagn: 8W'max=-dU+d(TS)-d (pV) = -d(U-TS+pV) = -dG (1.226)
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6y epaa

G = U-TS+pV (1.227)
xonat  yHKUMACHK, n3obap-n3oTepMmMK  noTeHuman. (1.227)H1
o depeHymnannacak,

dG = dU-TdS-SdT+pdV+Vdp (1.228)

Ba TepMmoguHamuka KoHyHnapugaH dU=TdS-pdV kwuiimaTHn (1.228)
Kyin6 KuckapTupuwinapam amanra owmpcak, dG =-SdT+Vdp  (1.229)
TEPMOAUHAMUKAHUHT fiHA 6UP (yHAAMeHTan TeHrnamacuHu Kentupumé
ymkapamus. (1.227) TeHrnamaga /1 = U+pV (1.230)
ne6 6enrmnacak, M3ob6ap-M30TEPMUK MOTEHULANHUHT SiHA 6Up KypUHUK-
LUNHW

G —H-TS (1.231)
Ba YHM y3rapuLiu y4yH AG = AH-TAS (1.232)
TeHrnamaHu onamus. (1.226) teHrnamagaH W'nax=-AG skaHIMIMHW Ba
dG<0 pa >xapaéH y3-y3ufaH 6GOPULIMHM Xyfoca KAAULW MYMKMH.
CucTeMaHUHr mMyBosaHaT waptu G-~min; dG=0 Ba c¢rG>0 ra moe
Kenagu.

. 22. XapakTepuctnk gpyHkymnsanap
bapua Kypu6 uYvMKuAraH TepMOAWHAMUWK MOTeHUMannap Tabuuii
LLIBpOUT/Tapaa XxapakTepucTuK dyHKumanap bynafv. YnapHuHr 6yHpan
VOMnaLLMa cabab, (PYHKUMAHWHT y3n €KW YHUHT Tabuuii napa-
mMeTpnap 67iimya x,ocunanapyn Opkanu MoAfaHUHT 6apya TepMOAMHAMUK
xoccanapumn OVIK uoganal MyMKUHANTUANP. JTeKAH XapaKTepucTuk
(DYVMKUMANAPHM ‘THAAWAA YHWUHT Kynail 6ynuwura 3bTilbop Gepuw
kopak. Macanaun, U~f(V, S) Ba H-p, S) 6ynranu yuyn U Ba H napgaH
XapakKTepuUCTMK (yHKUMA cudatmga doinganaHnl KUAMHYWMAMK Tyr-
AVPaAW, YYHKW 3HTPOMUAHU TYrpuaaH-TYrpu ynvawl MMKOHUATUra ara
3MacMm3. Xyaau LWyHAal aHTponuagaH faM XapaKTepUcTUK (YHKUUS
cuaTuga toliganaHuw Hokynaii, yuyHku SV, U) 6ynranu }nyH, nuku
3HEPrVAHN 6eBOCUTA aHMKNALl UMKOHUATU WyK- LLIYHUHT y4yyH xapak-
TEPUCTUK DYHKLUMA cudaTnga KynmHya Mm66c Ba MenbMronbl, aHeprus-
napugaH oifanaHnnagn, YyHKN ynap aHukKal ocoH 6ynraH Tabuuii V,
p, T kKaTTannkKnapHUHI QyHKUMANapnanp.
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G=f(p,T) Ba F=f(V,T) dyHkumuanapHn Kypn6 uukamus. Y6y
YHKUUANAPHUHT TYNUK AnddepeHynannym ésamms:

" K fl* (e,

er-wl M /" (1234)
TepmognHammKa 6UPUHYUYM Ba UKKUHYN KOHYHNAPUHWHI TeHrna-
ManapugaH pgantap >kapaéHnap y4dyH (cuctemaga (akat Tawku 60CiAM
Ky4ynapura Kapwm nw 6akapunaétraH aHr cogua K6HM Kypnb ymkamms)
tokopuga kentupunarad (1.224) sa (1.229) Ttew namagapHu (1.233) Ba
(1.234) TeHrnamanap 6unaH conuITUPCaK:

LLH  (f)- (

ngoganapHu onamus. (1.235) Ba (1.236) TeHrnamanapgarv yHKumsnap

XapaKTepucTUK yHKumusanap 6ynuné, ynap cMcteMaHWHI TepMOAUHAMUK

Xoccanapumm ounk ngoganangn. Macanan, (1.235) TeHrnamanapgaH:
-ysrapmac 6ocumpa cuctema xapopatu opTuwun 6unaH m66e

SHEPTUACH KaMaWWLLUMHUHT YIYOBM 3HTPOMUAZUP, SBHU -s

(MaH(uWii nwopa 3HTPONUA OPTULLN BUNaH 3PKUH SHEPTUSHUHT Kamanu-
LINHW KypcaTagm); .

—y3rapmac xapopartga cuctema 6ocumMn opTuwn 6unaH Tn66e
SHEPTUACU OPTULLNHUHT YYOBU XIKMANP.

Xypan wyHpaih (1.233) TeHrnamanapgaH [enbMronbl, 3Hep-
TMACUHWHT y3rapmac Xxaxmja xapopatra éku ysrapmac xapopaTja Xaxm-
ra 60rnMK paBuLlija Kamanuwimy aHTponua Ba 60CMMIap OpKainm Ou4nK
noganaHagmn. (1.235) Ba (1.236) TeHrnamanapfaH 3HTPOMUAHUHE XaXXM
Ba 6ocum 6Gylinya xocmaanapuHU OCOH TONULW MYMKWH. BYHUHT yuyH
XocunanapHu Kapama-KapLum TeHrnao, (1.235) TeHrnamagaH

[11] Ba (1.236) TeHrnamagaH m j  xocunanapHwu

TOonamms, SbHU HTPOMUAHUHI TYpAW >apaéHnapja ysrapuwmHu Kypub

YnkaéTraHga KentTupmé umMkapunraH TeMrnamanapHu 6owka yn 6unaH

ongnK. TepMognHamMuK (QyHKUMsIapHU 60rnoByYn 6yHaal TeHrnamanap

Xyga Kyn. YnapHuHr kynyuairun H.M.CyBopoB TOMOHMAaH >XXajBasnra
72



AnrnnraH, yHpaH xoxnaras KypuHulLarn xocunauu (Z=const)

TOMWM MYMKWH. BYHUHT yuyH Z=CONSt ra Tyrpu KefyBuu yCTYHAAH [X
ra Tyrpu KenaguraH wudgogaHu KaTopgaH Tonu6, 6onuia gaTopaaH

TOXXUAraH [y ra Tyrpu KenraH KuiimaTra 6ynuHagu. MacanaH,

xocuna yuyyH 8G Hum p-const 6unaH KecuwraH KaTarMHWM 0flaMu3 Ba

yHAary ngogaHu, sibHuU -S HW, KacpHuHr cypatura sa 8T Hu p —eonst

6unaH KecuwraH KatarMHu onnm6, yHpgarm wugogaHn, sbHU 1 Hu,
/ o]

KacpHWHI Maxpaxwura é3zamus: »—J . =— =s . Xypon WwyHaam

I— | =— ~V HaTwXaHu XaM KeNTUpn6 YMKapuwl MyMKUH.
KP)T -1

(1.235) Ba (1.236) TeHrnamanapgaH uaean ras yuyH G sa F dyHk-
uusnapHuHr T—eonst garu ndoganapuHy TONULW MYMKUH:

dG=Vdp=RT% G=GO+RTInp; AG-GrG]=RTIn"  (1.237)

dF=-pdV=-"dV; F=FORTInV; AF=F2F"RTIn"- (1.238)

(1.235) Ba (1.236) TeHrnamanap KWUMEBWIA TepMOAUHAMWKAHWHI KaTop
MYyXUM TeHrnamanapuHu Kentupub umkKapulira MMKOHWAT 6Gepagu.
Mm66ec €xkn [enbmronbl, aHeprusinapuHuHr ysrapuwn AG=AH-TAS
(1.226) Ba AF AU-TAS (1.232) TeHrnuknap 6unaH MgofanaHULWNHN
«YpcaTram 3guk. Y xonga (1.235) Ba (1.236) TeHrnamanappgaH

423« 0-240>
akaunmrn  kennb6 umkagu. (1.239) Ba (1.240) TeHrnamanapgaru

aniimaTtnapHy moc paBuwga (1.225) Ba (1.232) TeHrnamanapra Kyicak,
AG = AH+T (1.241) AF~AU+t\~ 7 (1.242)

MM66c-MenbMronbl, TeHrnamanapuHm Kentupué umkapamus. AG Ba AF
nap KWMEBUI peakUUAHUHT MaKCcuman MWWy MabHOCUMHM 6Gepaau Ba
peakuMa M30TepMWK Ba Kaiitap 01vM6 60puNMLIN KepakIUruHU Kyp-
catagn. (1.241) Ba (1.242) TeHrnamanapHWHI YHT Tapajujarn MKKuUH4YM
KyLUnyBUYMnap Kanitap xxapaéHHUHT
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Qigingp  TAS
NCCUKAUM MabHOCKHIN aHTnaTaau.

(1.243)

1-x afgsan.

TepMoAVHAMUK (YHKUUANAPHUHT X0cuaanapuHy xncobnatl

DyHKUMA-
HUHT
ycum

@
(5]

@
()
11|
@y
@)
@
1)
&

g

-

58 382

EJC)

-

ol

apV

C,-apl’

cP

-S
Opy~Cp
(pp-am)r
oV
K
criPv
Cyppr

CpvH{Qp-apV)V

(-Cvpp+alS-pSp)V

V(cpV-Cp+

+(UTV-ppV)S

z=const
T v S
1 -aVv
.
- pv -aV
pv CyP~
aVv - cv) T -
aTVv c,pv 0
pPv 0 : CyP-SL
(aT-pp)v -Ovpv
(aT -V -(Ch+0)Y T Cpip
-pPv psv (IXTS-CyMj
-V PS-avVv. j (dsc)n
¥os) StapV S
(Q-ocyv PpV \Y
©pP+avVv -psv (av-ps)v
O (Oypp-atso) @-aTs)~
GR-dr9V Qparsyv
(Cyp-aV)pv -PSpV (@v-pS)pv
@-ap\)'V-GRYV  (pSp-aTS+QyPpV  V(Cp- ap\)- (@Tv- PoV)S
(SraV-<ZTV)+ v
iy (Qrsars)
(S+apV)- - svl - 1)-
..éanT;/:-\y ) -apVvz
\_r—E - E’ Sv(l-Pp)+
+apv2
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I. 23. Kumésnii noteHuman

KOgopuga KenTMpuaraH TepMOAMHAMUK  MOTeHUUanapHUHr
ngoganapun agaT KUMEBMIA XUXATAAH MHAMBUAYaAN Moajanapra (macca
gonmunid 6ynraHga gonatu p, V Ba T acocuii TepMOAMHaAMUK NapameTp-
NIApHUHT gniAiMaTun 6unaH 6enrnnaHyByM) €kn Tapkuou foumuii 6ynrad
apanawmanaprariiHa | kynnaHmnmwn  MymKidH.  KnwveBuidi  xapaéHnap
faBoMuAa cucTemMafaru KOMMOHEHTAPHWHI MOMap COHMW y3rapagu.
MacanaH, roMoreH KUMEBUI peaKUUSAHUHI 6Gopuwimaa 6owwnaHrny
MOAAaNapHUHT MUKLOPWU Kamasgu, peakumsa MafcynoTnapyvHUHT MUAL0-
pv 3ca opTagn. ®aszaBuii yTuinapga KOMMOHEHT 6up dasagaH UKKUHYK-
cura yTagm Ba 6MpMHUM  (asaga Yyw 6y KOMMOHEHTHUMHI MUKAOPW
Kamasin, UKKnHUYM dasaga aca optagu. LLyHpai annumb, cuctemagarm
ékn hasagaru W, N2 LW, "Nt KOMMOHEHTNAPHWHT  MUKZAOPapK
y3rapyByaH 6ynuwiy MymKkiiH. LLUyHUHT yuyH 6yHAal gonnapga ogopuga
Kypn6 ymamnraH TepMoAvHaMWK MOTeHUuanniap gynugarunya KypuHuL-
HW onagum:

U£(V,S TLTR M .. nO (1.244)
H=f(p, S, p..i1y) (1.245)
F=f(v, T, M,n2 n3"..; LY (1.246)
G+ (p, T, w, n2 N3 ..y no (1.247)

6y epAa U, —2-KOMMOHEHTHUHI MO1apy MULAOPW.

KOfopuga TabKuanaraHMMmnsgeK, KUMEBUA peakuUsHUHE 6opuLLIn,
cucTeMa TapKMOWHWHE fap AaHjan ysrapuwin kabw, anoguja Kommno-
HeHTNap MaccanapuHWHI jaiita TagCUMIaHUBAM 6uUnaH 6orgma. Y Mymui
fonpa 6yHpai TaAcMMAaHWLL 3HEPTUSHUHT y3rapuiin 6unaH Kysatuna-
an. LLUYHWHr yyyH 6yHAal fonfa WYKW SHePrusiHUHT y3rapuilun, SSbHU
(1.244) TeHrnamagarn TepmognHaMng QYHKUUSHUHT Tynug guddepeH-
uuanu gycycuii gocunanap opganu gyingarmnya ndoganaHagu:

aclj
duM . M M+.+
Misvn B W 1.248)

(1.249)
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0y epda GMPMHUM Ba MKKWUHYM KylUayBuMniap 6apya KOMMOHeHTNap

rpamMmm-mosieKynanapuHuUHT ysrapmac MUBAOPUAA, xocuna aca V, S,

Ba ZKOMMOHEHTAAH TaHWapn 6apya KOMMOHEHTNAp MOMNAPUHUHT
JOoUMUIA MuBgopuga ONUHaAW. YWw6y KaTTa/IMK CUCTEMaHWHI YeKCu3
Katra musgopura V, S Ba r-koMnoHeHTAaH Tanwjapu 6apya KOMMNOHEHT-
NapHWHT MUBLOPW JOUMMWI 6ynraHpa cuctemara 1 MOSib  '-KOMMOHEHT-
AaH KyWWAraHga YHUHT UYKW 3HEPTUACUHUHT y3rapuwinra Mmoe Kenagu.
(1.249) TeHrnamagarv nyku sieprusifaH KoopguHatanap byiunua (6onwa
KOOpAWHaTaNapHUHT OUMUIANNTNEA) ONIMHraH 6apya Xycycuini xocuna-
nap ymymnawraH Kyd ¢u3nKaBuii MabHocura aragup. LLYHWHT y4yH
WYKW 3HEPTUSIHUHT T-KOMMOHEHTHUHI MO/nap coHW Gyiinya 6o ga Koop-
AVHATNAPHUHT JOMMUANUTULAIN XYCYCUIA XpcunacuHu MTnb6c Kumésnii
noteHyuan geb6 atagu:

KnméBuii noTeHuman MoAfa TalWMWAMLIW Xogucanapuga ymym-
nawrad Kyyamp. ByHpai Tawmb yTuw asaBuin ytuwinap Ba KUMEBWIA
peakuusnapga cogup 6ynagn. Ly myHocabaTt 6unaH (1.249) TeHrnama
Kyinaarn KypuHULWHN 0Nnagmn:

dus g‘if)'s dv+p_ 1 dS+N pai (1.251)

(1.245)-(1.247) TeHrnamanapgarn TepMognHaMnK PYHKLUSANAPHUHT
TYNIUK guddepeHunaniapmHn xXycycuii xocmnanap opkaam udoganab,
KUméBuMiA noteHumanHn (1.250) kypuHuwpga 6Genrnnacak, 3HTanbnus,
Fenbmronby, Ba MM66C 3HeprusanapuHUHL Tynuk fuddepeHumannapu
YUYH KyiAngarnnapHu onamms:

dH= AR oy AN gsis ko (1.252)
ds),, 1

dF= dv+\Jv_:Lt dr. Y Pdni (1.253)

dG=&‘§ o+, AT pidi (1.254)

76



dU=TdS-pdV skaHnuruHm xuco6ra oncak,cucremasga éKn (hasaga
KOMMOHEHTNapPHUHT MUKLOPU y3rapyByaH 6ynraHga

du = TdS-pdV+f1J LLidn, (1.255)
KOMMOHEHTNAPHUHT  MUKAOPW Yy3rapyByaH OGynraHcuctemanap

YyUYyH 6OlIKa TePMOAMHAMWUK MOTEHLMaNNap X.am Xyaaum WyHpan kypwu-
HULLHW onagu:

dH = TdS+Vdp+Y1\ ti,dni (1.256)
dF :-SdT-pdV+11r L |$ (1.257)
dG SdT+Vdp+Yi, I\41,11|ni (1.258)

(l. 255)- (I. 258) TeHrnamanapgaH

R TR 1 B

TeHrnamanap Kenu6 uukagu. KuméBumii TepMoguHamuKaga acocaH
oxmpru udogajaH Kynpok doiganaHunagil, YyHku amanga p Ba T

LONMANIA oynraH >KapaéHnap KYTMpoK yypartunagm, AblLW
Ae] (1260)
CL’liljp:T,m..mz

(1.260) Tenrnamaga xam xygaau (1.250) kabu f, r-KOMMOHEHTHWHT
KUMEBWIA noTenumanugmp.

KnuméBnini noTeHuman xyfa XAM MyXum TepMoAMHaMUK (PYHKUUA
Oynu6, Typnn TepmMoguMHaMUK cucTemManapgarv MyBO3aHaTHU ypraHuil
YUYH KuputuaraH. (1.260) ndogagaH r-kOMNOHEHTHUHT KUMEBUIA NMOTEH-
unanu p, T Ba 6ol Ka KOMMOHEHTNAPHUHI Maccacu fOouMUI GynraHga,
TM66C 3HEPTrUACUHUHI  ZKOMMOHEHTHUHI Maccacu 6yimya xycycuii
Xpcunacu aKaHaMrn Kenué umkagu. bBowkaya aiTraHga, r-Kommno-
HEHTHUHI KUMEBWIA NoTeHUManu geb, KatTa xgpKmaaru cucrtemara ysrap-
mMac 6ocuM Ba xApopaTaa ywb6y KOMMOHEHTHUHI 1 MOAW KywuaraHga
FnMb66Cc 3HepruacUHMHI y3rapuwwnura antunagn. “Kartta xaxmpgarn”
cucTema TyLlyHYacu KOMMOHEHTHUHI 6Mp MOAW KyLIWAraHaa cucTe-
MaHUHI TapKubn fespnau ysrapmacauruim ungmpagun. Tosa MofaaHUHT
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KUMEBWUIA NOTeHUMann ywby mogua 6up MOAUHUHE TM66C aHeprusacura
TEHTr:
(1.261)

YYHKW MOALAHWUHT MUKAOPW 6up MOfbra ysrapraHga Fm66c aHepruscu
4am 6up Monb MoggaHuHT Mnb66C aHeprusacura TeHr MUKLOPAA y3rapagu.

MabnymKu, KUMEBUIA cucTemanapga ysrapmacp Ba T fa y3-ysugaH
6opyBUM XapaéHnap oMo MM66C IHEPrUSACMHMHT KaMannwiy TOMOHUTa
MyHanraH. [emak, Tm66Cc 3Heprusicn Xyauu 3MeKTp MOTeHuMann Kabu
(3NeKTp 0AMMM KaTTa noTeHUMangaH KnMunkka Kapab MyHanraH) posibHU
yiHangn. LLIYHWHT yYyH L THW KUMEBUIA NOTeHUMan Aeb atanrax.

Bocum Ba xapopaT ysrapmac O6ynraHga, (1.254) TeHrnamagaru
GUPUHYM Ba UKKMHYU AyLIUyBYMnap Honra aiinaHagu, yyHku dp-0 Ba
d.T—0. by xonpa (1.254) Ba (1.260) TeHrnamanapgaH:

dGp-i=(£ n.JnXr (r262)

n66c aHepruacu apaéHHWHT y3-y3ugaH 60puin Ba MyBO3aHATHUHT
Meb30HU

dGRT<0 . (1.263)
6ynraHu yuyyH, KMUMEBMIA MOTeHUMan Xam MyBO3aHaTHWMHI Ba >apaéH
NYHaNNWWHWHT Me30HW Byna onagu:

(1.264)

MygosaHaTgarn cuctema yuyH dG=0 skaHNUrMHM xuncobra oncak,

(1.262) paH: (£ p4»)p, =0 (1.265)

(1.265) TeHrnama KOMMOHEHTNAPHUHI MUWBLOPW Yy3rapyBuaH OynraH
cucTemanap yyyH ysrapmac pbaT napga cucteMa KOMMOHEHTNapUHUHT
KUMEBWUIA NOTeHUMannapun opkanu inoganaHraH MyBo3aHaTHUHI YMYMUIA
wapTunamp.

LLyHn Tabkugnaw nosmmku, p 6unaH G opacupgarn mMyHoca6at
anoxupa axamumatra aragup. ®agatruHa (1.262) TeHrnamaHu, cuctema-
HUHT Tapknbu ysrapmac Hucbatga geb6, T=const Ba p—eonst ga uHTer-
pannawl MyMKWH:

Gpj-Z(Y, s n)pT (1.266)
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X,eH 6up 6owKa (YHKUMA YYYH KOMMOHEHTNAPHUHI MUBLOPU
6yiivya 6yHail MHTerpaniallHyM aMmanra olWupULLl MyMKWUH 3Mac, YyHKM
6yHa cucTeMaHUHT X,e4 6ynmaca 6uTTa KoopAMHaTacMHU JOUMUIA Ku-
nn6 ywnab TypuLl Kepak, YeKCM3 KNYMK CACTEMajaH yerapaBuii eiicTe-
mMara ytuuiua 6YHUHT WMKOHMATU WNyK: 6apvya KOMMOHEHTAAPHUHT
MUKAOPUHM owwrpa 60pn6, NUKM aHeprus yuyH S—eonst sa V—eonst Hu,
FenbMrofibl, 3HEPTUACU YUYH XaXKMHUHT YeKcn3 Kuumk V=const kuiima-
TUHW cakgab 6ynmalign. AMMO YMyMUn MyHocabaTnapgaH oiiganaHné
Xucobnaw MyMKUH.

Bocum Ba xapopat y3rapmac 6ynraHga, U, HUHT KuiimaTu cuctema-
HUHT Maccacu opTu6 6opuwn 6unaH goumuin 6ynub Konagu, SbHU
KUMEBWUIA noTeHUMan akaT CUCTEMaHWHI Tapkubura 6ornmk 6ynu6,
KOMMOHEHTAaPHUHT abcontoT Maccanapura 60rnmMk amac.

Lemak, KUMEBUMIA NOTeHLMaN KUMEBUA 3HEPTUAHUHT WHTEHCUB/IMK
(haKTOpPUANP, YHUHT KUIAMATU KUMEBUI XapaéHNapHUHT AyHanuLWWHN
KypcaTagu. MyBo3aHaT LlaponTuga cuctemara KupyBum xap 6up moaga-
HUHT KMMEBUI MOTeHUMannapu cUcTeMaHWHI 6apya KucMnapuaa, sbHU
6apya hasanapuga 6up xmn 6ynanwmn Kepak.

l. 24. Ta3NapHUHT KUMEBUI NOTEHLMaNN. Y YyyBUYaHINK

BMp KOMMOHEHTNN cucTeMa y4yH FTn66c aHepruscuHuHr G monsip

KuiiMatn Kumésuii noteHumangmp (1.261). LWy ca6abnu, Kuméswii

noTeHumnanHu xucobnaw 1 MOMb rasHWHr 3HTaNILNUACKA Ba 3SHTPONUS-

CUHM aHuKnawra kKenubé Tauyanagn. 1 Monb mgean ras yuyyH pV=RT
TeHrnamapaH:

ftffijj :_P A :
Ba - 1.267
[BT)p~Tjgijl ( )

Yw6y MyHocabatnapgaH goiganaHn6, 1 Mofb nagean ras yuyH U, S, F,
G TepMOAMHAMUK (YHKLUMSNAPHW E3aMU3.
Mpaean rasHUHI 3HEPrusicn XaxkmpiaH, aHTanbnuscu 3ca 6ocumpaaH

60rnvK samac: i =?11 N * (1.268)
" -, (1.269)
Cvuncenmkauk curumm xaxmgaHd, Cpaca 6ocumpaaH 6ornnk amac:
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(1.270)

(1.271)

(1.272)

Arap Cv ,U,OI/IMI/II7I KaTTa/InK 6ynca, naean rasHUHr 3HepruAacuy,
SHTa/IbMUACK Ba MOJTAP SHTPONMUACUHWU TONWLL OCOH

LCWT =U*CyT (1.273)
U—U0+CyT+RT=U,, +CpT (1.274)
S(T.p)=#, +é- Q— clT-.i dp- S, +Cp\nT-R\np (1.275)
Sfrvy=SalK inr+apr a.276)

WNaean ras yuyH S(T, p) Ba S(T, V) dyHKUUSNAPHUHT AM3NAAPIN FTOMOHM
WYHAAKW, YNApHUHT gap 6upu mycTagun QYHKUUSNAPHUHT AWUTUH-
AUCMAAH TalKWA TOMraH:
S(T,p) r 5(7)+ S(p); S(T, V) = S(T)+ S(V) (1.277)
Pean rasnap y4yyH ymymuii gonga 6yHgali amac.
M aean rasHUHT KUMEBWIT NoTeHUManm
P=G=4dAc TS ={n,, +CpT)- T(s0+CpInT- RInp)=
if\Ud+ Cpr - TSO- TC;InT + RTInp S pO(7') + RT Inp
oy eppa: POT) - papopaTHuHr dyHKumscu, G,U,S Ba Cp nap monsp
KaTTanuknap. Kenrycu mynogasanap yuyH >kyaa fam Mygum GynraH
anoAuda XycycuaT LWyHAAH MGOpaTKMW, ugean ra3 KUMEBWIA MoTeHLMa-
JINHUHT 60CMM EKN faXMAaH GOrfMANUIA P HUHT (agaTruHa sHTponus
aucMuaaH 60rMNANNTUNGAANP:
p(p) =TS (p) (1.279)
CTaTUCTUK TepMOAMHaAMMKA Uiean ra3 yuyH aGcostoT SHTPONUSHM
auco6nall UMKOHMSATUHM 6Gepagn. ByHpa S(0)?0, uyHknM HepHcT
Teopemacu Ba [naHK nocTynaTu akaT KpucTana >XUCMaprarvHa
Ternwnnanp:
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Mu.= fi-TS ~[n°(T, pH R T Inj- (1.280)

p°(T, p@ KaTXaNMKHIAHT KUAMAT GOCUMHUHT YN40B GUPAUTUHM TaHMaLl-
ra 60r UK, p HWW- KNAMaTn aca 60rNnK amac. BOCMMHUHT yn4oB 6up-
nurn atmocepa bynranga, (I. 278) TeHrnama KeHr KynnaHwunap 3gu,
yw o6y TeHrnama pa=1 arnm ga (I. 280) TeHrnama 6mMnaH Moc Kenagw.
BOCUMHUMHT yn4yoB 6upnuru cudatmga MackangaH doiganaHnnraHnnru
caba6nu, (1. 280) TeHrnama 6uMp BaKTHUHI y3ufa CTaHAapT XO0AaTHU
TaHNawgja aBBa/rM LApPTHU caknab Koavw Ba 60CUMM GUPAUTU Y4yH
XoxfaraH CTaHfapTHW Kynnaw WMMKOHMATUHW GepraHu yuyH ada3an-
poBaup. Magean ras myammonapvHu cudaT XukaTaaH MyxpkKama KuaraH-
4a, (1.278) TeHrnamagaH oganaHnil 0COHPOKAUP.

asnapHUHI xoxgaraH MyBO3aHaT XOCCaflapUHW KUMEBWUIA MOTEH-
Lunan opkanun noganawl MyMKUH. Arap KUMEBUIA NO TeHLNANHWUHT 60CUM
Ba KapopaTra 6ornuknuru mabaym bysca, To3a rasnap Ba ynap apanai-
ManapuHWHI MyBO3aHaT XoccanapuHW XpnaTt HapameTpnapu opkanm
ugoganawl MyMKuMH. Arap xapaéH ysrapmac x,apopatga onum6 6opunca,

(—)r=V TeHrnamagaH

dG = Vdp (1.281)
Ba 6up mMonb mopaa yydyyH G,=/j/ skaHNMrnHm xacobra oncak, (1.281)
TeHrnamagaH xoxgaraH arperat x,0/atgarn Mmogga yvyyH agonatnv 6yn-
raH MyHocabaTHu onamma:
dp. ~ Vdp; p--C+1 Yt (1.282)
6y epga: V—1 monb T03a MOAAAHUHT XaXmu; C —UHTerpannaw fou-
MUICK, Y MOAAAHMHT TabuaTura 60rnmMK amac, amMo xapopartra 60rnmK.
p=const ga JVdp=() 6ynraHn yuyyH p—C 6ynaau. MNeknH p xapoparra
6ornuk, gemak C x,am xapopatra 6ornuk 6ynagu. (1.282) TeHrnamaHm
UMl Y4YyH Yysrapmac XxapopaTrja xaxm 6unaH 6ocum yPTacuaru
60rNMNKNNKHY BUANLL Kepak.
Bup monb ngean ras yuyH bCnaneipoH-MeHaeneeB TeHrnamacujaH
V HUHI KuiimatuHm (1.282) TeHrnamara Kyncak, ugean ras y4yyH KuUmeé-
BWI1 noTeHuman ndogacutm onamus:  dp >XRTdInp (1.283)
p = p*+RTInp (1.284)
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6y eppa U* - uHTerpannaw goumuiicu. XXagannapga 6apya cTtaHaapT
TepMoAUHaMUK KaTTamknap 7°=298 K Ba p°=1 aTM pga. xucobnaHraH.
p°=1 aT™M Hu (1.283) ra Kyiicak pP°=p*, AbHM ywWw 6y yn4yos 6upnurmga
[n* cTaHpapT KUMEBWIA NoTeHUMananp.
CW cuctemacuga p°=0,1013 MlMa Ba
p°=p*+ RTInp°® (1.285)
(1.284) pan (1.285) Hu alipn6,  p-p° = RTIn-pEn (1.286)

HUW onamus. YHja o f6enrv|na|.|.|HV| kuputcak, p = if-RTInp (1.287)

ugogacn kennb umkaam, yepga: p° p°=0,1013MIlla 6ynraHgaru ctaH-
JapT KUMEBWIM noTeHuman, P- HUCbuit 6ocum (ynyos 6Gupnurn iyk).
Arap 6ocum aTmocepanapga udoganaHca, yHga p°=1 aTM Ba p=p
(aTM), AbHM HMCOUIN BOCUM rasHUHT aTMOChepa BUPIUTMLArn XaKUKNi
6ocMMura TeHr 6ynaaw. /-rasHWHr napuwan 6ociimm pL, gaH p”* rava
y3rapmac xapopatja ysrapca, (1.284) Ba (1.287) TeHrnamanapgaH

M. ~ Yy <o —Ar i 1. 288
MAw/<ln_—Arin (1. 288)

6y eppa: p-p/pC - /-rasHMHr HWuc6uii napuyman 6ocMMM.
p°=0,1013MTMa /-rasHuHr ctaHpapT 6ocumu; pt — /-rasHUHr napuman
6ocumun (CTaHgapT napuman 60cum yn4osiapuia).

Ngean rasnap apanawManapuHuUHI YMyMUiA 6ocumMun  anoxmpa
rasnap napuman 60CMMAaPUHNHT RUTUHANCUAAH TaHHCUN ToNanu, SbHU P
6ocumparv rasnap apanawiMacvHUHI YMYMUA X,akmu yw by 6ocumpaaru
anoxpha rasnap  XHKMNApPUUUMHE  AUruHaucura TeHr. KnanelipoH-
MeHfeneeB TeHrnamacu anoxmfja vjean ras yyyH xam, ugean rasnap
apanawiMacuM ydyyH xaMm Taannyknuaup. Apanawmagaru /-ugean ras
Y3UHN To3a ;/-mgean ras3 Kabwu Tyragu,»gccak 6ynagwm, wy cababnu
TeHrnamanapfa ymymui 6ocum ypHura napuyman 6ocumnapHM Kymnuwl
MYMKVH.

Kypu6 uukunraH TepmMoguHamMuK MyHocabaTnap wjean rasnap
YUYHIMHa coAfafvp, pean cucremanapfa ynap Y3MHUHT aHUKAUTUHU
nykotagn. LLUyWWHr yuyyH pean cucTeManapHUHT TepMOAWHAMUKacUHN
Ty3uw Myxum 6ynnb, BYHWHT y4YyH 3ca pean cucTemManapHWUHI xonat
TeHrnamanapmHu Kentupué ymkapul Kepak. AMMO 3HT cofja cucTema
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6ynraH pean ras yyyH fJam fjosupraya [onaT TeHrnaMacMHUHI aHVK;
KYPUHULWWHU onuwra myBagdas 6ynuMHmagn. X,onat TeHrnamacuHu
KeNnTMpub ymgapvil yyyH MOJieKynanapapo TabCup Ky4yaapuHu togopu
aHMANMKAa fucobnall Kepak, fosupya 6YHUHT UMKOHUATU yK;. LLIYHUHT
YUyH pean cucTemanap TepMOAUHAMWKACUHMW Ty3WLIHW 6Gobiwava Aan
annvwra Tyrpy Kenagu.

BaH-gep-Baanbc rasm yyyH m66C 3HEPrUMACUHM aHMKAAll >XyAa
JaM KatTa Aucob-kmTtobnapHu Tanab gumnagu. enbMronbl, 3Heprus-
CUHUHT Monsip aguiimaTuHu F/n guco6naw aca aHua cogpa. Kyn Bagr
JaBoMuga [enbmronbl, 3HEPTUACUHUHT MONAP AUIAMATUHU KUMEBWIA
noTeHuman 6unaH aliHwii, fe6 guco6navrad. 1 mMonb BaH-gep-Baansc

rasu yuyH Ay I_Ttl; \?2 (1.289)
d R )
ByHAaH dT J)y V-b EKM g""i&% p \?2 (1.290)
BaH-flep-BaanbC rasuHUHI 3HEPrUsCK gaxmra 60rnmga:
AU\ Jf—m 2
bl -7 1W
U(V)=const - — (1.291)
Pean rasHUHr Cv MCCULIVK CUTUMUN Aaxkmra 6ornug amac, ammo C,,
6ocumra 60rnng: 'Ed%/ ﬂ-']l-g =0 (1.292)
O] irv
o) an (1.293)
=K M *
G5 W Ny drap-I-Qa/RTVIV-b)2

Cv Hu guiimaTy goumuii fe6 tapas aunumb BaH-gep-Baanbc rasmHmHr
3HEPrusicn yuyH n =u0+cj--£- (1.295)
autponusich yuyH S (V,S)=S0+CInT+RIn (V-b) (1.296)

nioganapHn onamu3. BaH-gep-BaanbC rasm  yuyyH [enbMronbl,
IHEPTUACUHUHT MONAP AniMaT (KUMEBUIA NOTEHUNAUHUHT ANiAMaTK)

F = UOTSO+CVT+TCInT-§2-FRABMA = fom)-RTIn(v-BIZ2RT (1 297y
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Bapuya pean rasnap Kabu BaH-gep-Baanbc rasm yuyH KuMEBWMIA
NOTEHUMaNHMHI 6ocuMra 60rNMKAMIA UKKana TalwKua aTysunnap, SbHu
HTPONMSA Ba IHTANbNUANAPHUHT y3rapuiimra 60ramk.

Xpnat TeHrnamacMHUHT KypuHULLKM Mypakkabnawmb 6opraHu capu
rasnapHUHr KUMEBWUIA MoTeHUManu y4dyH aHanuTuk udoganap 6Goprad
capu Mypakkabnawagun Ba XMcob-kKuTo6NapHU AesspauM amanra owunpuob
6ynmaii konagu. WMurupma iungaH KMMpoK faBoM 3TraH GyHpaii
mMyBahakmaTcusamknapgaH cyHr, 1901 #Aun  amepukanuk (Qu3nk-
KuMérap I.H./lbtonc yw by xonatgaH YNKULW MynnHn Tongan. Y KUMEBuii
NOTEHUMATHUHT 60cMMra 60rMUKAUTMHN aHaNIUTUK amac, 6anku rpadmk
épaaMmnga aHMKNaWHU Takug aTau. By /M HUHT KuMmEga KynnaHu-
NMLWLHK XyJa onra cypau. ByHpaid xacobnap yuyyH ywéy T xapopatga
p(V) 60rnukKaMK u30TepMacuHU Taxpubaga aHuKgall Kugosamp.

MaKCBeNTHUHT MyHocabaTura 6uHoaH, (1.298)

ne6 é3mw MymkuH. T-const ga ¢ =kd. To3a KOMMOHEHT yuyH K =v/n~
Pr
MONSAP XaxM, (1.299)
p1
HUHI KuiiMatu P HUHF 6ocumMra 60rIVKAUIMHUA aHWKNOBYM pacMfa
kentupusirad Q to3a 6unaH ndoganaHagu.
P Jlbtonc bylinua xucobnaw ycynm
A g AHIM  YHKUMA - ydyyBYaHAIUK [/
(hyruTnBNMK) Ba ydyBYaHINK KO3ahhu-
LMeHTa Y HU Kuputuw 6unaH 60rnuk.
By TywyH4YanapHuHr kKuputuavwn [n
P HW rpaduk ycynga 6axonawHm p Kumé-
v BUA MNOTEHUWANHUHI aHannTuK udo-
1.4-pacM. YuyBYaHIMKHA m  6unaH 6oTnaw Y4® 3aPYP 6Ynu6
aHuknaw: 1-vaean rasHUHr KonraH. AHrM ®QyHKUMANapHU  Kupu-
n30TepMacy; 2-peanl ra3HMHr  TUlAa To3a uAean TasHWHI KUMEBUIA
n3oTepmacu. noTeHUManuHn xucobnawga Kynna-
HUAraH udoganapgaH goriganaHunagun.
(hakaT 6yHAa 60cMM ypHUra/ ydyyBYaHINK KUPUTUNASN.
G=G(T)+RTInf ékn  p"p°(T)+RTInf (1.300)
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6y epga: p° — pean rasHWHI CTaHfapT KuMEBuWii noTeHuwanwu; /| —
ydyBYaHNMK. LWyHgan kunmb, yvyBYaHAWK WAean TFasHUHT KUMEBWUIA
noteHymanun ngogacmura 60CUM ypHura KUpUTUAnNG, pean rasHUHr KuMe-
BUA MNOTEHUMaNM KuiiMaTUHW onaguraH KaTTaMK 3KaH. dyrutms-
JIMKHUHT 6UpAurn 60CUMHUKUN Kabngmp. ®yruTMBAMKHUHT pean ra3HuHr
6ocMMnUra HMCOHATW FTasHUHT PUTYTUBANK KOIMMULNEHTU EKN yYyBYaH-
MK KO3hrumneHTa gennagn:

fill .. )

DYyruTaBnMK KoIpPUUMEHTN ynuyoB 6upnuru bynmaraH KaTTa/IMKAup.
“KoahhumneHT” HOMU Y yUYYyH LIapTau, acamga Yy xapopat Ba 6ocumpaaH
6ornuk 6ynraH gyHkumsamp. p-> 0 ga y->1, uyHku 6y xonga 6apua
ra3nap yswHuW wufean ra3 kabm TyTagu. Pean cucTemagaH wpeanra
OCOHFMHA YTULW MYMKUHAUTU JIbOUC YCYNUHUHT MyXUM ad3anink-
napugaH oupnanp. Jemak JIbloUC yCynm MabHO XujaTugaH mateMaTuk
ycny6 6ynu6, yHga rasHMHr p Ba T xonat napametpnapu 6unaH msobap
noteHuman (KMMEBMI noTeHUUan) opacupa SHru opanug / GyHKUuA
KnpuTUnagu.
(1.300) aliHMNMKAAH N30TEPMUK XKapaéH y4yH

AG = Gz-Gi —R TIn” ékn JIn LPu2pi - RTIN&- (1.302)

LLyHaail knunub, pean rasnap UwTiipokuaaru xxapaéHnapga AG éxku
Ap HKM xucobnaw KUAMHYUAMKIAPU pean ras3 ydyBYaHJUTUHUHT 60CUM
Ba xapopatra 60rnMkauruHu nsnab tonuwra ytab ketagn. byHga ngean
rasnap yuyyH G (éku p) KatTanurura KenTupué ymKapuaraH Ba yHAaH
Kenmb uukaguraH 6Gapya TeHrnamanap TalWKU KYPUHWHLUHW caknab
ponagn, akaT ynapga 6ocumaap ypHuWra ydyBYaHAMKNAp Kupagw.
(1.302) TeHrnama Ba (1.301) wapT rasHWHI y4yBYaHANTUHM XMUcobnawra
acoc 6ynné ximsmat Kunagu.
(1.300) TeHrnamaHu T=const ga 6ocum 6ylinya guddepeHunannacak:

| (fla ¥ )= m 4133

ékn [— | =V akaHAnrnHungncobra oncax:
wir
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dinf—— dp (1.304)
(1.304) Hu 1- Ba 2- XxonaTnap yerapanapuja nHTerpasniacak,
WL = mL ] vd 1.305
M=% e {309

FOkopnga anTraHummsgek, (1.305) TeHrnama épgammpa ydyB-
YaHVKHU TypauW ycynnapga pucobnawl MymkuH. MacanaH, uHTerpan
ocTmaarn wudopara xonaT TeHrnamacu (macanaH, BaH-gep-Baanbc)
byiinya 60CUMHUHT yHKLMSACK cudhaTnia ndoganaHraH MoAsP XaXKMHU
Kyiuw MyMKWH. QHT aHug ycyn aca, (1.305) TeHrnama uHTerpanvHu
rpaduk épgamuaa aHManawaaH n6opaTtamp.

“Kumeésunii TepMogmHamMmmka” 606MHM y3nalwTUPUATraHanK
fapaxacvHu TEKLWIMPULL YUyii caBonnap

1. KuméBnini TepMofMHaAMUKaHWHI acocuii Basudanapu HuMagaH

néopat?

2. TepMOAMHAMMKAHUWHI KyN1aHUAN T yerapanapu KaHgam ?

3. TepmognHaMukaja KaHjai mateMaTuK annapat KynnaHunagu ?

4. WNcenpnuk 6unaH xapopat TylwyHYanapu opacuja KaHgan gapk

6op ?

5. WIUKK 3Heprus feraHfa imMMmaHu TywyHacms ?

6. TepMOAVHAMUKAHWUHT HOMMMHUYU KOHYHUHWU TYLWYHTUPUHT.

7. TepmMogMHaMUKAHWHT OUPUHYM KOHYHU HUMaAHW ypratagu?
YHUHT KaHgaii Tabpudnapu 6op?

8. Cuctema X0MaTUHUHT YEKCU3 KUYMK y3rapuluiapu Ba oxupru
y3rapuwin  yyyH TepmMoguMHaMWKa  ]-KOHYHUMHWHT  udoganapuHu
KEeNTUPWHT.

9. Mabnym xapopatnap opanuruja peakums jaBoMuia UCCLUYLLIK
CUTMMUHWUHT Y3rapuniw HoNAaH KN4MK. Y16y opanuBga xapopaT opTu-
WK 6unaH peakUMAHUHI UCCUKNMK aeKTa KaHdan ysrapagu? >Kaso-
OUHIrN3HM hopmynanap 6MnaH N3oxXgaHr.

10. Bup aToMAM Ba MKKWM aTOMAKU rasnap agnabaTukK KeHranmosja.
Ywo6y rasnapgaH Kaiicm 6UpM yuyyH KeHramuw Lwan KaTTapok 6ynagm?
(Monbnap coHW 6uMp XWAa; xapopaTr 6uMp Xun KaTra/IMKKa KamaliraH).
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YXKaBo6HM nsoxgaHr. Arap 6up xua Mossap coHmaaru mpauanapHn 296K
aaH 300K rauva ysrapmac 6ocumpaa Kusgumpcak, rascMmoH mopgganap -
MeTaH €KW aueTuneHnapfaH Kaicu GUPUHUHT 3HTANbNUACKU KYMNpoK
owagn?

M.N3onsunsinaHraH cuctemMaza BOAOPOAHUHT EHULW peakuuscy
HaTuXacuaa CylK cyB Xocun 6yncuH. CUCTEMAHUHT NMYKU 3HEPTUSCU Ba
3HTaNbNMACK KaHgal ysrapagm?

12. Arap 2 MONb renviiHun 1 M3 xaxmnum énuk unanwga 1° ra
Kunsgupcak, yu 6y xxapaéHHUHT WKW HUMara TeHr bynagm?
13. TepMOANHAMUKAHUHT 1-KOHYHUTra 6MHOAH WCCUK/INK >XapaéH-

HUHT (DyHKUMACK. [ecc KOHYHM 3ca KMMEBUI pPeakUUAHUHT MCCUKINK
ahekTa >KapaéHHWUHI ynura 60rnMK 3mac, feigun. Ywoéy kapama-
KapLUWANKHN TYLWYHTUPUHT.

14. BepunraH TepMoAMHaAMUK CUCTEMAHWHI 3HTaNbMUACUA Ba WUYKWU
3HEpruacn KaHgahh myHocabatfa 3KaHAUTUMHUM KypcaTyBuM (hOpMyaHu
&3nHr. Kumésnii peakuyms yuyH 6y myHocabaT KaHgali 6ynagn?

15. MHamBugyan MOALAHUHT WYKW 3HEPTUACKM €KW 3HTaNbNUACK
XapopatgaH KaHpgai 6ornaHraH? Yw6y 60riaHMLWIapHUHT MaTemMaTukK
NHoJaCUHMN E3UHT.

16. Wpean ras yuyH CpBa Cy opacugaru 60rnaHuil KaHaai?

17. Xonat TeHrnamanapu feraHfia HUMaHu TyulyHacus?

18. TepMuMK KOIPPULNEHTNAPHUHT MabHOCK HUMA?

19. Kanopuk KoahpuumeHTnap HUMaHn TyLLYHTUpaan?

20. TepMUK Ba Kanopuk KoapguumeHTnap opacumja KaHgan 6or-
NNKNMK 6op?

21.TepMOANHAMUK CUCTEMAHUHT 3HepreTUK 6anaHcu geraHpa Hu-

Mauu TywyHacms?

22. Mpean ras kaicu xapaéHnapga Makcuman ww  6axapagu?
>YKapaéHHWHI MCCUKANTUN Ba UYKW 3HEPTUACK KaHaal ysrapagn?

23.MyaccoH TeHrnamanapuHUHI MabHOCUHUW TYLUYHTUPUHT.

24 /ACCMKNNK CUTUMW TyllyHYacu HumMa? Y x,apopaTra KaHpgarn
6ornaHraH ?

25.9HTanbnua TywyH4yacn Huma? Wccuknmk 6unaH sHTanbnus
opacuja KaHganm 60rnnKnnK maexyn?
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26. Mecc Ba Knpxrod KoHyHnapu. ecc KOHyHUAaH Kangai Xy
canap Kenné ymkamm ?

27. Kapateofopu NpvHLMNN HAMagaH nbopat?

28. KapHO ULWICMHM TYLUYHTUPUHT. Doigan U KosppuumneHTn.

29. TepmOAVUHAMUKAHWHT NKKUHYM KOHYHUW Ba YHUHT Tabpudiapu.

30.3HTpoNMA TyLLYyHYacu.

31.KpiTmac »apaéH SHTPOMUSACUHUWHT y3rapuiim 6unaH UCCUKANK
opacufgaru MateMaTtuk MyHocabaTHU E3UHT.

32. ¥Y3-y3ngaH 6opyBuM XapaéHnapfa: MUKW 3HEPruns Ba Xaxm
ysrapmac 6ynraHga, sHTponus Kavgain ysrapagn? Bocvm Ba xapopat
y3rapmac 6ynraHga, Mm66c aHeprusacu KaHfai ysrapagmn?

33. buTTa MOAJaHWHI yyTa arperar xonarnapgarun mMonsip aHTpo-
nuanapu Kavmfgain myHocabatga 6ynagu: ras, cyTok, Kattuk. Kavicu 6upwm
KarTa?

34. BepunraH TepMOLMHAMUK CUCTEMaHWHI [M66C 3Heprusacu
6unaH MenbMrosbl, 3HEPrUsicun opacuja KaHgan myHocabaT 60p? YHUHI
MaTeMaTuK NofacuHKN E3NHT.

35. KgHpali xonnappa TepMmogyHaMuK (yHKUMANap TepmoauHa-
MUK MOTEHLMaNNapHWHI xoccanapura ara 6ynagn? Ysrapmac 6ocum Ba
Xapopatfa KAMEBWIA peakUUSHUHT Makcuman ¢oigann wuwmn Huma
xgcobura 6axapunagn?

36. Kumésnia peakumsi MTnmb6¢ SHEPrMACUHUHT y3rapuLln xapopat-
ra KaHgali 6ornmk? >XaBo6MHIN3HN acocnab 6epuHr.

37. Tnb6C 3HeprmACMHMHT y3rapmac xapopartja (hakaT KeHranmw
nwmn Gaxapwunca) 6ocmmra 60rNKAUTMHN UOLAI0BYM TEHINaMaHWNHI
onddepeHLman KypyuHULNHW E3UHT. [eNbMronbl, 3Heprusacy ysrapmac
xapopaTfa XxaxmMra KaHgal 60rnmk (hakat KeHranvw nwm 6axapwnca)?

38. ¥3-y3sugaH 60pyBUM XapaéHHUHI MyHaNMLIN XaKuia SHTpPo-
NS Y3rapuLLIMHUHE nwopacy byiinda UKp IOPUTULL YUYYH CUCTEMAHMWHT
Kalicii napameTpiapuHu y3rapMac Kunmnbé TypuLl Kepak?

39. Mogga KalitTap KpucTasinaHaéTraHaa nsonauusnaHraH cucrte-
MaHWHT 3HTPOMMACK KaHgaw ysrapagn? 1
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40. MyBo3aHaTgaru cuctema 3 KucMgaH néopat 6ynm6, x.ap 6upm
Mabaym 3HTponusra ata: Sh S2 S3 CucTeMaHWUHT ymMyMuid sHTponusi-
CMHM KaHpali ndoganawl MyMKUH?

41. XapopaT Ba 60cvMM y3rapmac 6ynraHfa CMCTeMaHWHI MyBO3a-
Hatra MHTUAMWK AG HUHT KuiAMaTK Ba vLlopacu GunaH GenrunaHagu.
Wy 6unaH 6upra >kapaéHnap 3K30TEPMUK Ba 3HAOTEPMUK OynuLin
MYMKWH, 3HTPOMUS 3ca OPTULLN EKM Kamaiuwm MyMKuH. LLly HykTam
Hasapgal, y3-y3ugaH 60pyBYM apaéHHUHT Tynuknurura (ysrapmac T Ba
p pa) Huma éppam Gepagun?

42. Tyrpy Ty3unraH KpUCTa/THUHI 3HTPOMUACK xapopaT abconoT
HOJra AKMHNaWraHaa KaHjan kuiimarra uHTunagn?
43. Peakumsa énuK aBTOKIaBAa y3rapmac xapopatga 6opaétraH

bynca, peakuus WyHanMWWHUHT Me3OHU cudaTtiiga KaHgalh Tepmo-
OMHAMUK NOTeHUMaHN TaHnaw Kepak? >XapaéHHWHI y3-y3uaaH 6opu-
T UHUHT  WapTy  KaHgan 6ynagn  (yw6y noTeHuMan opkaau
noganaHranga)?

44.7 monb cytoknuk T x,apopaTaa MyBo3aHaT Konatuga 6yrnaHca Ba
x,0cun 6ynraH 6yF ngean ras KoHyHnapwra 6yicyHca, Fm66c Ba Menbm-
ronbl, 3HEPrUANAPUHUHT y3rapyLln HUMara TeHr bynaan?

45.2 73JT' farn cytoK 6eH30/THVHT yLI6Y XapopaTia KaTTuK xonatra
yTULL XapaéHu yuyyH AG HUHT KuiiMaTn KaHgali uwopara ara Gynagu?
BeH30MHMHT cytoknaHuw xapopatn 278,5K ra Tenr. 273K ga 6eH3zon-
HWHI KaHgal xonatun 6apkapoppok 6ynaan?

46. CylOKIVK Mab/lym xapopaT Ba 6ocumpa byrra ainnaHagu. Yoy
KapaéH ydyyH AG Ba AF opacugarn myHocabat KaHaain?

47. TepMUK MyBO3aHaT XakKuaarn KOHyHHW U30XNaHr.

48. TepmognHamuKa OUPUHYN  KOHYHUHUHI auddepeHuran Ba
NHTErpan K3hUHULLNAPUHN E3NHT.

49. VICcCUKOVK TeOpemMacuHU TYLUYHTUPUYHT.

50. AanabaTtuk feb, kaHgai xkapaéHra antunagun?

51 .XapakTepucTuK thyHKUMANap feb6 KaHgain dyHKumsnapra antu-
nagn?

52.3PpKNH 3HEPTUAHUHT MabHOCUHU TYLLYHTUPUHT.

53.BornaHraH feb KaHgai aHeprusira antunagn?
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54. 306ap-130TepM NOTEHLUMANHUHT MabHOCK KaHpai?

55. T'n66c-MenbmronbL, 3HEPrUACUHUHT MabHOCUHMN TYLLYHTUPUHT.

56. TepmogUHAMMKaHVHI YYMHUYN KOHYHU HUMA XaKaa?

57. TnaHK NoCTyNaTUHU TYLUYHTUPUHT.

58.TepMmognHaMnK noTeHumannap 4e6, HuMara antnnagn?

59. TepmoguHaMMKa UKKUHYN KOHYHWUHUHI CTaTUCTUK TabuaTut
TYLUYHTUPWVHT.

60. IHTeHCKB Ba 3KCTEHCMB MapameTpnap KaHaali napametpnap?

61. KgiiTap Ba KAMTMac »kapaéHnap y4yH TepMOAMHAMUKAHUHT UK-
KWHYN KOHYHUHW B3UHT.

62. TepMogvHaMUKa OUPUHYM Ba UKKUHUN KOHYHMAPUHUWHE yM
MUIA NPOAACUHN E3UHT.

63. >Koy/ib KOHYHVHW TYLLYHTUPUHT.

64. Kwumésuii noTeHUman geraHga HUMaHn TyLlyHacus?

65. TepMmognHamMmnK cuctema Huma?

66. Byr Ba ras xonatnapu opacuja KaHfain apk 6op? KpuTi
xapopart Huma?

67. MopffaHWHT 3HTPOMMUACK KauOH HoMra TeHr bynaan?

68. TepMoANHAMUKAHUHT GMPUHYUYN KOHYHUHW KaopuK Koadd
[OVeHTNap opKasn nioganaHr.

69. Vcemkamk, xgpopaT, 60CcMM  TyllyHYanapu X,akuga Cy3/i
GepuHr.

70. TepmoguHamMuK X,apopart, fjapopaT WwKananapu. TepMmomeTpnap.

71. TepMoAMHaMUKa BUPUHYUM KOHYHUHUHT KaMUYWIMKIapu HUM

faH noopat?
72. Tn66C aHeprusicn. MeNbMrosnbL, 3HePruscy.
73. TepmoaMHaMUK cucTeManap Ba ynapHUHT XUaniapu.

74, WNukn 3Heprna 6mnaH UCCUKNMK CUramMmm opacuia KaHgain 6o
JVKIVK6op?

75. Peakuns NCCUKANK 3MMPEKTUHNHT NUKN 3HEPT A EKN SHTabIMY
6unaH 6orNnKINrK.

76. Wpean ras xonat TeHrnamacuHWHr guddepeHuman K>QUHNLL
KaHaain?

77. MogganapHUHIr cTaHAapT Xocua Oynuwl mccllyrarn TyLy

YacUHW EPUTUHT.
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1 BEOB. KUMEBUI MYBO3ABIAT
111. Kuméswnii MyBo3aHaT 6enrvnapu, lWapTnapyu Ba LOHYyHNapu
X,ap faHjaw >kapaéH cucTeMaHu LWywfain gonatra onmé Kenaguku,
6yHAa LuapouTnap ysrapTMpwuiamaca, cucTeMaja fed faHfain Kysra
KypVHapAu ysrapuwnap cogup 6ynmaingn. KgiTap peakuusinapga
Japama-fapLun UKKW >XapaéHHWHT Te3nnrn bapaBapfalliraHga peakuusi-
BUIA apanalliMaHVHT TapKnbu y30K BaAT y3rapmali gonaguraH 6apgapop
Jonax KMMEBWI MyBO3aHaT fonaTu gelivnagn. Khaiitvac peakumsiHUHP
LIAPOMTUHN y3rapTupub, yan faiitap peakumsra ainaHTMpyl MyMKWH.
Jemak galitap Ba gaiTmMac peakumsnap opacuga npuHumrian dapg nya.
Bapua peakuusnapHu KuMEBWUIA MyBO3aHaT fonaTtura KenaguraH gantap
apaéHnap, geb gabyn guncak, byHfjanm cucTeiianapra panitap >kapaéH-
nap TepMmogMHaMUKAacUHW Aynnaid onamms. KumEBWMIA peakuusinapra
TEePMOAMHAMUKAHW Tafbua ANNWLL PeakUMSHUHT MexaHU3MK1 faanaa fed
JaHpjain MabnymoT 6epmalign, 6anknm cMCTeMaHWUHT JacT/IabKu Ba OXMpru
fjonaTnapv fafvpa Ba peakuusira KApULYBUM MOALANAPHUHT KUMEBWIA
MyBO3aHaT gonatugarv MuLopnapu gaguja mMabaym6Tra ara 6ygamus.
Peakupss 6opaguraH MyAUTHUHT 6MP XXUHCAW KU KYM >XXUHCAW Bynn-
wura gapab KMMEBMWIA MyBO3aHaT/ap rOMOreH EKu reTeporeH MyBoO3a-
HaTnap, feb atanagu. Masnapaa Ba YvMH apuTManapga bynagMraH MyBosa-
natnap romoreH MyBo3aHaTnapavp. [eTeporeH MyBo3aHaT 6Up Heva
thasafaH nbopat cucTemMagaru peakumst HaTyKacuaa 4apop Tonasau.
LyHaai aunn6, MyBo3aHaT CTaTMK f0NaT 3mac, 6aiku Kysra Kypu-
vapnu ysrapuiinap KysaTunmaliuraH avHamuk jonatavp. MartemaTuk
vyaTaM HasapgaH, MyBosaHaT wapTvHu Vi=V2 KypuHuiwga ésvu
MYMKWH, Oy epga Vj Ba  -Aapama-fapluun iyHanraH >kKapaéHnapHUHT
reanvknapn. By aca 6usra ypraHwnaétraH cuctemanapga 6opaétraH
YKapaéHnapHUHI Te3nMKnapy gaguaarn Mab/lyMoT/apra, SbHU KMHETUKA
JOHYHNapura acocnaHmé myBo3aHaT AOHYHNApVHU 3thHATULL UMKOHUSA-
TVHA6Gepagn. AMMUaKHWHT cniiTesn Muconuga 6yHu Kypué Yugamms.
Arap a3oT 6unaH BOAOPOAHWM apanalwTupué, Mabiym Tallgu
LIapouTapHK sipaTcak, ayinaaru xapaéH ketagu: L +3s, -+2LL3 (MN.1)
Peakumsi magcynotu gocun 6ynidium 6unaH apanawmala Teckapu
KapaéH aam naiigo 6ynaau: 2W/3->n7+3H2 (N.2)

91



AMMUaKHUHT Mukgopu optuwun 6unaH (11.2) peakUMAHWUHT Te3nru
opTn6 6opagn. HMUX0AT, aMMUAKHUHT Mab/iym (MyBO3aHaT) KOHLEHTpa-
uMsacufa YHUHI Xocua 6ynuil Ba napyanaHuil peakuuanapu TeHrnawagm
Ba KMMEBWIA MyBO3aHaT xonaTura spuwiinagn. '

Arap TawKu WwapouTnap ysraptupuamMaca, clictemaga Kysra Kypu-
Hapnu ysrapuwnap Kysatunmalign. byHaa peakuus oxupuraya 6op-
malign Ba MyBo3aHaT xonatugaru apanawma NH3 N2 sa H2 naphu
TyTagn. bByHpgain oxupurada 6opmalijuraH Ba cucTeMamn KUMEBUIA
MyBO3aHaT Xxonatura KentupaguraH peakuusnap KkKalhtap pfeivnagu:

(n.3)

WyHn siHa 6up 60p TabKUANaniMU3KK, Ha3apwuili HyKrau HasapfjaH
6apya peakumsanap KanWtapaup, “KaiTmac” KMMEBUI peaKUMsnapHu aca,
MyBO3aHaT 4angaH ywia Kyyam cumxkurad >xkapaéH geb kapat /i03uM.
KnmEBUIA peakKUMAHUHT Kairapavrm 6unaH >XapaéHHUHI TepMOgUHaMUK
KaliTapNIrMHM YanKaun upul Kepak amac:

— KUMEBUIA peakUUSAHUHI KalnTap/iurn xakuga cy3 HpuTuaraHga,
peakuus hakaT Tyrpu Ba TecKapu liyHanuwnapga 6opuwivn MyMKUHANTN
TYyWHUNagn;.

TepMoAuHaMUMK MyBO3aHaT 3ca, xapaéH 6opaéTraH CUCTEMAHUHT
YeKCM3 MyBO3aHaT XxonatnapuiaH yTUWN Kepakaurnim ungmpasu.

LyHpalh Knnnb, KainTap KMMEBUIA peaKUnsa TeEPMOLUHAMUK XuxaT-
fJaH KakTmac 6ynmuwm MyMmKrH (amanga KynuH4a wyHgari 6ynagm xam).

MyBo03aHaT X0/1aTHUHT 6enrunapu Kyiugarunap:

—BaKT yTULIYM 6UNaH CUCTEMAHUHT y3rapmaciunru;

J1 myBo3aHaT xonaTra KaHfgai iiyn 6unaH 3apuliraHavMkka 60ramk
6ynMacnmk (TepmogmMHamunkagaH 6eBocuTa Kenb umKaguraH acocuii
6enrn);

—MYyBO3aHaTHUHI TalWKN WaponTra 60rnnkKnmrn (xap KaHgam 4vek-
CM3 KNMYUK y3rapuiira MyBo3aHaTHUHT XaM YEKCU3 KUK y3rapuly Moc
Kenagm).

KnméBuiA MyBO3aHaTHUHI acocuii MUKAOPWUIA KOHYyHW 1865 innu
H.H.BekeToB TOMOHMAAH ypHaTuWaraH Ba YHW 1867 inMnga romoreH
cuctemanap ydyH [ynbfnbepr Ba Baarenap puBOX/AaHTUPraH: XOCWUN
6ynraH Mogganap KOHUeHTpauuanapu KynanTMacuHUHT 6ownaHrny
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MoALanap KOHUEeHTpaunsnapuHUHI KynainTmacura ynninmacu ysrapmac
Xapoparfa myBo3aHaTfaru cuctemaga ysrapmac Karranvmk 6ynmn6, myso-
3aHaT KOHCTaHTacu fAelinnagu (Ywoy KOHYH “maccanap TabCUpU KOHY-
HW” HOMW 6UNaH Mawxypaup).

XOKWKWIA MyBO3aHAT XOMlaTHWMHI acoCUii KOHyHnapu Taxpubaga
ypHaTuaraH Ba YHAaH KeNMHrnHa TepMOAMHaAMMUK HYKTau HasapjaH
acocnaHraH. MyBo3aHaT X0NaTUHWHI TalWKuW wwapouTiapra 60TUK pa-
BULWIAA y3rapul KOHYHUATWHK 1884 innn e LUaTenbe 6upuHun 60p
cudat xuxatgaH Kypcatmb 6epraH BayHu bpayH ymymnawitvpran:

- arap MyBoO3aHaTAary CUCTEMaHWHI TallKu LwapouTnapu ysrap-
TUpWACa, MyBO3aHaT TallKW TabCUPHUHT ahheKTa KamasgmraH TOMOHra
cunxkuniign (Ne WaTtense-BpayH npuHuunu).

M. 2. MyBo3aHaT KOHCTaHTanapu

PeaKUMAHUHI Te3NUTU peakuuara KmpuwaétraH Mojanap KoHLUeH-

TpauusanapuHUHT KynainTmacura nponopumnoHangup. Kyinugarm
aA+BB<>TC+nD

peakuusfa TYrpu peakUUsHUHE Tesnurn 1, =XKIA o8 (Nn.4)
6y eppa: K—Tyrpu peakuuUsiHUHT Te3NnK KoHcTaHTacu; Cn—Cs—1 6yn-
raHga, v, = Ll Te3anuk KOHCTaHTaCUHUHT KuiiMaTu peakuusira KMpULLYyBYx
MOAJanapHUHI TabuaTura, xapopartra Ba KataamsaTtop UWTUPOK aTallunra
60rnnK, NeKNH MoafanapHMHI KoOHUeHTpauumsacura 6ornvk amac.

Teckapu peakUUSHUHT Te3NNTK V2 =k2C™M-C" (n.5)
6y epha: K2— Teckapu peakUUSHUHT Te3NNK KOHcTaHTacu. Kumésuii
MmyBo3aHaT xonatuga V]=V2ékn kxCamCs = k2X™VCD (N.6)
Ba —=KC pge6 Genrunacak, Kc nN-7)

an 3 r $Urrr

KypuHULIXAary TernamaHdn onamus. Y woy TeHrnama maccanap tabcmpu
KOHYHUHWHT Muagopuii ndogacu 6ynn6, Kc 6unaH myBosaHaT KOHCTaH-
Tacu 6enruvnaHrad, YHUHr KuiiMatu peakuusra KvpuwiyBym mopgaanap-
UNHr TabunaTa Ba xapopaTra 60rfivK, leKUH apanawiMagall mMofganap-
HUHI KOHLeHTpaumuscura 60ravMk, amac. MyB03aHAT KOHCTaHTacKHM
Xxucobnawga KoHUeHTpauuanapgaH doiganaHmali y3apo Tabcup aTyBUn
rasnapHuHI napyman 6ocumnapuaaH doliganaHunca:
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(n-8)

6ynagn. Kc 6unaH L opacugrrn mMyHoeabaTHW maean rasnap ydyH
pV=nRT TeHrnamacugaH goiganaHuns, Tonu MyMKUNH:

v p —CRT.

Xap 6up ras yuyH napuman 6ociimHu (11.8) TeHrnamara gyicak:

EKU Kp =Kc(RT)M oLl
6y epga:  An ~ (T+n) - (a-b). Arap peakuus BakTMaa
MoJieKyafiapHUHI COHM y3rapmaca, sibHn An=0 6ynca, Kc=Kp (M. 10)

MyBo03aHaT KOHCTaHTaCUHU KOMTMOHEHTMAPHUHT MO/Ib/Iapy COHM
€KW YIapHUHT MONISIP AMCMIIapy BUMaH XAM MAGOoAanall MyMKUH:

I1. 3. Maccanap TabCUpy KOHYHUHU MyBO3aHaTNapHu
Xxucobnawra Kynnaw

MyBo3aHaT apanalliMaHVHI TapKuMbu Eéku MyBO3aHaT xonaTuaaru
peakuusi MaACynoOTUHUHT YHYMWHW TOMULI aMasiéT YyYyH MyXumaup.
ByHpali xucobnap Maccanap TabCMpW [OHYHM acocupa baxapwunagu.
[omoreH ras cuctemanapugarn KMMEBMWIA MyBO3aHaT [OHYHUATAAPU
pgocup GynaéTraH Ba peakuusira KUpULLAETraH MOAAaNapHUHT Mosiapu
COHWHWHI MyHocabaTura 6ornug. TabcvprawaértraH MOAAANAPHUHT
MOfilapy COHW y3rapMacfaH 6opaéTraH peakuusisiap ydyH 3HI COAua
[OOHYHUATNAp TaBcuanamp.

Mwucon Tapukacuga faBojaru aoTAaH a3oT KUCoracu onmil yyyH
toiiganaHunaguraH  n2+02<>2NO  peakuusic  KapaéHuHuU  Kypuo
yngamm3. Maccanap TabcvMpy AOHyHWra 6UHOAH, HLOPUAArn XapaéH
YyUyH

94



K=k, — "° (1112)
NLUAPor

Y6y peakuusifja MyBo3aHaT LUApPOMTUra TallKW LLAPOUTNAPHUHT
TabCUpPUHU Kypub unkamus. Apanawma 1 r/mons N2sa 1 r/monb 02 gaH
noopat 6ynm6 (SKBMMOMEKYNSAp apanalima), .MyBo3aHaT xonatga X
r/monb NO x,ocun 6yncuH. By xonga, MyBosaHaT apanaiumaga (1-x/2)
r/momb O2 Ba A6 6ynagu. Mapuman 6ocvmaap MOfbaap MUKAopUra
nponopuMoLa Ba YNapHUHT  YMyMuin  coHu  (1-x/2)+(1r-n:/2)b.T=2

6ynravn yyyn PT=»; p0=pqt 6y epga P-apanawiMaHuHr

YMYMUn 6ocmu. Y w oy yniimatnapin (11.12) TeHrnamara Kyicak:

SSpljpS na»)
Maskyp TeHrnama NO HUMHF yHymu Tawku 6ocumra 6Goramk
3Mac/MIMHN KypcaTtagu. MascMMOH MOAAANapHUHE MOap COHW y3rap-
MarguraH 6apya peakumsnap yuyH, Xyaan 10fopugarniex, Tawku 6ocum
MyB03aHaT fonatura Tabcup kunmaign. By fle LLlatenbe NpUHLMNUHK
Kynnawura fonp 6up xycycuun mucongup. (11.12) TeHrnamagaH MysosaHaT
x,0natura 60HLLA LIAPOUTNAPHUHE (X,apopaTAaH Talikapu) TabCcupuiin
XaM ypHatuw MyMKuH. Arap N2 HUHr KOHLEHTpauMsicMHU olmnpcak
(1112) TeHrnamaHuHr Maxpaxu opragu. avmmo Kp=comt, pemak
TEHrNaMaHWHI cypaTu xam opTagu, sbHU NO HUHT yHymu opTuin
Kepak. By xam Jle LLlaTenbe NPUHUUNWHWUHE KynaaHUWura MuUcongmp.
BownaHrmy moppanapfaH GMPWHUHE KyLIUAWLIWA AOMMO MYBO3aHaTHU
YangaH yHrra CUmKnTagmn, maxcynotnapiaH GMpMHUHE KOHUEHTpaumsacu
opTca, MyBO3aHaT YHrjaH uYanra cumkuiign. X.ocun 6ynaétraH
MaxcynoTAapHUHT  KOHLEHTPaUMACUHM  JOMMO  KamaiTupmb Typcak
(MaxeynoTnapHu axpaTtnb onuw iynm 6unaaH), MyBo3aHaT YangaH yHrra
cumkniign. ByHpai Taxxpubaga KeHr goligananiinagn. Xocun bynaérraH
MaxcynoTHW axpaTa 60punb, KaliTap peakUUsaHW Aesspav oxmpurada onmé
60pUILL MYMKWH.
TabcupnawaétraH MoffanapHUHE Mosiap COHWM y3rapuwiun 6unaH
6opagMraH roMoreH rascMMOH peakuusnap yYyH LOHYHUATnap 6up 03
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Mypakka6pok. MacanaH, H2504 Hu KoHTaKT ycynuaa onviuiaa uwnaTu-
naguraH peakumaga

2502+0r 1280, (M.14)
rasnapHUHr Monnap CoOHW 6uTTara KamanraHu ydyyH Tawkv 60CUMHUHT
OpTULLKX MyBO3aHaTHWN YangaH YHIra cumkntTagn.

AManunéT yuyH Xyja KaTTa akamusaTra ata 6y/siraH romMoreH Kantap
rascMmMoH peakuusga J1?+34a02; Y3 (11.15)
aMMWAKHUHT YHYMWU YMyMWii 6ocumra Tyrpu nponopuyuoHan. Ly
ca6abnin, Ll HW CMHTE3 KU XapaéHUHU WNoXK 6Gopuya, HKopK
6ocMmpa yTKasunagn.

Il. 4. Maccanap TabCupu KOHYHWHW FeTeporeH KanTap
peakuusanapra Kynnaw

leTeporeH apanawma 6up Heuya hasanapgaH wubopataup. [fap
KaHfall KaTTuK hasa (CyloK KaM) MyaisiH 6yT 6ocmura ara, abHu Mofaa
Xap KaHfai yvyyBYaHNMKAA KaMm rascMoH Konatga 6ynagun. KATTUK (Eku
CylOK) (hasaHUHr 6yT 60ocMMK ysrapmac, Kapopartga ysrapmac KaTTa-
nukaup. By aca, reteporeH cuctemanapra maccanap TabCupu KOHYHWHW
Kynnaw WMMKOHWATUHWM 6Gepagu. MacanaH, MeTannyprus yuyyH Xyja
MYXVUM reTeporeH peakansaHu Kypub Ynkanamnk:
FeOM+CO(a)<->FeM+COm (11.16)
Fas casaga C02 CO, Fe®s FeOM nap 6ynagu. YnapHuUHT
MyBo3aHaTgaru 6yT 6ocumnapuin P®, Pco>Ppe’ R0 geb 6enrnnacak,
On Op
, aMMOPpe Ba Ppeo - const,

PcopFeO
WYHWUHr y4yH: K' = . '

CoT abiir.

[lemak, ysrapyBuyaH TapKm6nu asanap KOCua KuamaiguraH
reTeporeH peakuusiiapra Maccanap TabCupy KOHYHUHW Kynnall MyMKUH,
GyHAa KaTTuK hasanap 6yrnapvHWHT KOHLUEHTpauusiiapu TeHrnamara
KypMaian (MyBo3aHaT KOHCTAHTACMHUHT KuiiMaThra Tabeup Kusca Kam).

MeTannyprus yd4yH mykum 6ynraH  MnO+co-*Mn+co, (M.17)
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peakunsa y4dyH X.am MyBO3aHaT KOHCTaHTacu ra TeHr, ammo
Pco

YHUHT KuniimaTtu (M. 14) peakuMstHUKMAaH hapK Kunagu.

eTeporeH peakuusanap rascMMOH MOAA&TAPHUHT MOMNApU COHM
ysrapuiwimra xam 6ornvk. HOgopugaru reteporeH  peakuusinapga
rascMMoH Mogfanap MOMb/apUHUHE COHW Yy3rapmac. ByHpaih xonga
Talky 60cMM MyBO3aHaT XonaTura Tabemp Kuamangu.

a3 reHepaTopnapuaa 6opaguraH C+C02<>2CO (11.18)
XapaéHfja rascvMMoH MafcynoTnap MOMMapUHUHE COHU buTTara ysrapa-
OV, WYHUHT y4yH 6GocMM opTuram GunaH, MyBo3aHaT YHrfjaH 4anra

2

CUKUNAN: }4 TPC6

Kap6oHaTnapHUHT auccoumnaHnLL peakumnsicnia

CaC0O3 <=>Ca0+C02 (11.19)

GUTTarMHa ra3scMMoH MoAAa KaTHawaau, WyHuHr yuyH LLL Tp @ = const,
S'bHM Fa3CUMOH Maxpy/OTHUHI MYyBO3aHaT fonatugarn 6ocumu ysrap-
Macamp (guccoymnaHul 6ocuMu geiinnagu, y xapopatra 60ramk).

Alipum xonnapga KatTuk (BKu cyloK) Moaga AvccouunanraHga 2 ta
rascuMoH maxcynotT xocun 6ynagu: — NffACl ++NH3 + HCI (11.20)

L, =Pmn,. I3MMON A A»"N ByaraHn yuyH K ,. LU, 6y epga PLL,

YMYMUIA 6OCUM.

KpuetannorngpatnapHuHr 60cknuma-60ekmny AMCCoLUNaHULLN XaMm
reTepo-reH Kaitap kapaéHnapra teruwnngup. SO -5HD kpuctanno-
rMAPaTUHUHT CYyBCU3NaHMLL XKapaéHuaa Kylinaaru peakumsanap 6opagu:

QSO BHO<»QUSO, T +2H.0 (11.21)
W Ne -34,0 <=CuS04°H,0~TH,0 (11.22)
QS0 11,0 ©CISO% 1o (11.23)

Y w6y peakumanapHUHr xap 6upun ysrapmac xapopaTga cyB 6yru-
HUHT Mabym 6Up fOMMMKIA Napuman 6ocMmm 6unaH TaBcunaHagu. Ly
caba6gaH, acTa-CeKWH CyBcu3naHraHjaH cyHr, apanawmaga CuS04-5H20
HUHT XXyfa 03 MUKAOPMW KOMraHja xam cyB G6YrMHWMHI napuman 6ocumMu
ysrapmaiign Ba OGMPUHUM peaKUMSHUHT MYBO3aHaT LIapouTura Moc
kenagn. CuS04-5H20 tynnk CuS04-3H2 ra aiinaHraHga cyB 6YrvHUHT
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napuwnan 60CMMUN  UKKNHUN peakunAHUHI MyBO3aHaT LwWaponTura mMoc
KenyBUM Kuiimatraya cakpa6 ysrapagu. Ywo6y 6ocum gam CuS04-3H20
Huw c11s04 H20 raua Tygug aiinadryHua ysrapmac 6ynu6 konagu,
WYHAAH CYHT YUMHUM peakUMsIHUHT MyBO3aHaTura >aso6 6GepyBum
napuman 6ocvmrada siHa cakpat ysrapagu.

Il. 5 Knmésuii MyBo3aHaT TeEpMOANHAMUKACH.
MyBo03aHaT JOHYHNapUHKU TepMOANHAMUK acocnall

KnmEBMii MyBo3aHaT LIapTAapuHU TepMOAMHAMUK XUAaTAaH ypHa-
TUTTT YUYH peakUUSIHUHT Makcuman goliganm nHn ancobnatl Kepak Ba
y Ho/ra TeHr 6ynraH fonjaryv napameTpiapHUHE JuiiMaTiapuHU TonNULL
Kepak. 1883 nnu 6y macanaHu 6upuHum 6ynu6 Bant-Iodhd gan gungm
(ainaHma xapaéHnap ycynuga). TepMogMHamMUK NOTeHUMannapHu ayn-
na6, BaHT-IFopthHUHT yCynnHM aHYa cogfanali Tupul MyMKuH. HO gopum-
Ja KypcatunraHfek, Makcuman qoinganm uil:
p=const . Ba T~const pa K =07 Wwm»r-dG Ba
dG - -SdT +VdP'ra TeHr sgu.

Y3rapyB4yaH TapKn6au TabcupnallaéTrad apanalima yyyH:

dG=-SdT +Vp+£ p,dnt (L,.24)

m .f»H': 3KaHNUIMHKU fucobra oncak, p-const sa T~const ga (11.24)
ZaH

dG—Pin,qp.; (11.25)

1 MOMb Mogaa yuyH dG = dfit (M.26)

Ba XapaKTepUCTUK (yHKLUA (—c :& =V 3KaHaMrugaun

dGPVdp- RT’I\D- =RTdiap (11.27)
(11.27) Hy uHTerpannacak, G&GO+17Tnp (11.28)
AG=@R-G, ~ |7|I'In'-||5|1 . (11.29)
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(11.26) Ba (M.27) napfaH TabcMpnawaérrad Mogaanap naean ras

KOHyHfapura 6yiicuHca, =RTd\np (11.30)
(11.30) HY MHTerpannacak: U= p? +RTInpt (11.31)
Al =p2-p =~y'ain- X\, 04 5 4G; (n.32)

Kyingarn Kumésuii peakuusiHi Kypu6 unuamms (j)--const sa
T=const ga): YAy AN \AY T >y RB2+ LA

Peakumsi n3obap noTeHUManUHWHI ysrapwHu (M1.32) TeHrnamara
MYBO(MK Kyhngarmra TeHr bynagn:

ag ~m+y 2+ DA™ ) —EylE - 2ya 6y eppa, g% - 1A
KOMMOHEHTHUHT KUMEBUIA noTeHumanu. LLYHUHT yuyH

FA-NGALUA-5Y 4B (M.33)

Arap TabcupnawaértraH Mmogfanap ugean ras KoOHyHnapura

6”licnHagn ge6, (11.31) TeHrnamagaru f. HUHT KuiimatuHun (M.33) ra

KyWcak,
w=w[L 'mm
+ (M4 + 2Arnjpy +..)-(v'ATinpg +y"Arinpag+..) |
Axn
K =(Vjgf 4-%u” +eee) = cOga/ (M.35)
no6 oacak (T=constga), W=K-ATbl? P% (M.36)
W pA—e-

A povmMuii  KaTTa/IMKHKM XAco6nawga MysosaHaT wapomtuga W'=0
MUMOVHAKucobra onamus. YHga  (11.36) TeHrnamaHuHr YHI TOMOHU

XM vonra TeHr 6ynaav Ba K =Al’1nﬂj—P?—_- const (N.37)

6ynn6 konaau. (M.37) gaH T=const ga:

(11.38)
J1%rs%ees

b6ynagn, AbHU Maccanap TabCcupu KOHyHW Kennb uyukagu. (M.37) Ba
(11.38) TeHrnamanapHu xaco6ra onu6, (IM.36) TeHrnamara K HUHr
KwuiimatuHn Kylicak,p=const sa T=const ga:

WpT=RT(\nKp- Ainp) (11.39)
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byepaa: Atop~In™ Kk - - .40
yepA PRI Kon (1.40)

Xyauw wyHgaii ityn 6unan V=const sa T=const ga:
WAT=RTQa Kc-A\aC) (Mn.41)

HY KenTupmnb umkapamms. (11. 37) gaup-1 ga:  Wpr=RT\nKp  (M.42)
SE =-e° x,amaa WrX =-AFF 6ynraHu yuyH, ctaHaapT wapomTaa (p=1):
&GT=~RTInKp (11.43)

AP T-RT InKc (11.44)
(11.39, 1141) Ba (1143, 11.44) TeHrnamanap BaHT-Iodhd TOMOHMAaH
O6UpUHUYM 6ynub uymkapuaraH Ba peakuusi M30TepMacy TeHrnamanapwu
pennnagn.

M.6. Kumésnii peakynaHWHI n306apuK Ba N30XOPWK TeHrnaManapu

KuméBunii peakuyusHMHr un3oTepmacn y4dyH (11.39) TeHrnamaHu
KenTupné uukapauk. TabcupnawaéTraH MOAAANapHUHI  KOHLEHTpa-
unanapy éku napuman 6Gocumnapu 1 ra TeHT, sbHu Alnp=/11nC—H
OynraHga, peakuumsaHUHT Makcuman ongan UWWHU KUMEBWIA Monun-
JIMKHWHT yn4oBKn feb kabyn kunguk (M.43, M.44). Tn66e-Ienbmronbly,
TeHrnamacura MyBouK,

8G=a h (M.45)
(M.39) TeHrnamagaH xapopart 6yiinya Kocvuna onamms
jogijg =nglnp-Nin/~-IrT~ANE-| (.46)

Alnp-const Ba kapopaTTa 60rMK 3mMac, Ae6xucobnalimms, UyHKM
6ownaHrny (HomyBo3aHaT) Napyuwan 6ocumnap aHMK 6epuarad Ba WwapT
Oyiimya ymyMunin 6ocum gouMmningmp.

(M.39) Ba (M.46) HM (M .45) ra kyiicak p &const pa

U Wy 4

HW onamus. (M.47) TeHrnama KUMEBMI peakKUUSHUHT K306apacu
feinnagw.
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IenbMronbl, 3HEPIUACU YUYH:

AF =-fvyr = NIF(A1NC- 1nXc) (11.48)
OInC=0 pa: NP =-WyT- ~RT\nKc (11.49)
n66c-Ienbmronbl, TEHrNaMmacura MyBogumK,
AF = Af/+ rg’\’\l (M.50)
AT )y
(11.48) Ba (IM.50) TeHrnamanapgaH V=const ga:
rfinA'c AU
or M (11.51)
Kennb umkagn. (11.51) Teurnama KWUMEBUIA peakUMSHUHT mn3oxopacu

aennagn.

FO fopuga ras apanalimanapy y4yH Kypub YMKWUAraH Xaknkuii MyBo-
3aHATHWHT KOHYHWSATNapW ufean rasnap yyyH Kentupubé 4dmKapusrad,
WYHUHT YYYH YWOY KOHYHUATNAApHUMHT 6Gapyacu pean rasnap YudyH
TaxMuUHUAgMp. XapopaT Kamalivwun Ba 60cMMm opTuM6 Gopuwn 6unaH
pean cucTeManapHUHT nfean ras3 KoOHyHnapugaH YeTnaHuwmn optagn Ba
Kypr6 YnKnnraH 60rnnKIMKnapgary KeimwmoBUYUIMKAap Xam Ky4dasgu.
XycycaH, Kp HUHr kwuiimatn T-const ga goumwuii 6ynmaii konagu Ba
yMymuin 6ocumra 6or vk 6ynagu. 3amMoHaBuii TexHonorusinapga oKopu
6ocMMnaap Kyn uwnatunagu, wy cababnm maccanap TabCupu KOHYHUZaH
YeTnaHULWINapHN xucobra onuw Kepak. Kypué unknnrad TepmognHaMmnK
MyHocabaTnap ugean rasnap y4yHruHa cojjafmp Ba pean cucTemanapga
Y3VHUHT aHUKIUTMHW RyKOoTagu (XaTToKu pean rasnapga xam). Ly
cababnu pean cucTeMaslapHUHI TepMOAMHAMUKACMHU Ty3uw >Xyga
MYXUMAMP, GYHWHI YYyH 3ca pean CMCTeMaslapHWHI XonaT TeHrnama-
NapuHM Kentupu6 umkapuvil 3apyp. LLyHparmHa TepmMogvHaMUKaHWHT
annapatugaH oiganaHnb, pean cucTeManapHUHI 6apya XxoccanapuHu
uoganawl MyMKuH 6ynap 3gu. AMMO 3HT COAJA CUCTEMA YUyH Xam
(pean ras yuyH) Xo3upru BakTAa aHWK XofaT TeHr/JamacuMHuU 4YukKapuo
6ynmaigu. XonaT TeHr namMmacuHN YMKapuLLl Y4yH MOJIeKynanapapo y3apo
TabCcMp KyynapuvHW KaTTa aHuKauMKaa xucobnawl Kepak, yHU Xosmpya
aHWK xpacobnab 6ynmaanTtu. Ly cababnwn, pean cuctemanapHUHT
TEPMOAMHAMUKACUHUN Ty3ULL MacanacuHM GoliKava Xan KUauwra Tyrpu
Kenagn. Ywby macanaHu Jlblouc Taknug KunraH Wyn 6unaH xan
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KUAMHMOKAA. JIbHOMC BYHUHI Y4yH GOCUM ypHMra yuyBYaHIMK (doyru-
TVBAMK) / Ba KOHLUEHTPaUMs YpHUra akTuB/IMK a TyLyHYa/apuHu
KVPUTTaH.

Arap peakuus pean rasnapHuHr apaialmMacua 6opaétraH Gynca.
(11.47) nobapa Teww namacga Kp Hu LU (p ~ const) ra anmMalutmpuLL
Kepak:

WbIK; T
dT  RT%
Oy epa/ - ydyBYaHVIK.
Arap peakuusi Homaean sputMaga 6opaétraH 6 nca,(1151) mso-
Xopa Tewnamacuga Koy w. A const) y3rapTmpuLL Kepak:
<TKa V),
dr  RT1
Oy epa a - aKTVB/MK.

(1152)

(1153)

Il. 7. TepMOAUHAMUKAHUHT YYNHYU KOHYHN

Bytok Taxkprbaum onmmiap BepTio Ba TomcoH X1X acpaa KUMEBMIA
peakuyisiiap UCCUKMMK YiKapuLL MyHanMTuaa y3-ysiigaH 6opagu. aeraH
MPAHUMMHL GaéH 3Traunap. YMyMUIA Xonga MpUHLMN HOTYTpiA, ByHM
3HAOTEpMIMK peaKLMANapuUUMHT MaBXy4mrn AKKOM Kypcatagn. Yoy
MPYHLMM MaKcUMa UL NPUHLMNK Aeb X.amatanagy. Y nacT xapopatnap
YUYH afonaT/mgup, YyHKW Ky Xapopatnapa acocaH WCCUKIMK
UMKALLKM  GunaH GopaauraH >kapaéHnap Kysatvugaan, SbHU beptio
MPVYHLMNY XapopaT KaH4YanvK rieeM Gynca, LyHYarvK Tyrpy Gyrnaaw.

BepTno MpUHUMNM TEPMOAMHAMUK HyKTau HasapgaH peakUMsHUHT
AHIBa ACr flapy MaH(uii Ba y3apo TeHr OynraHaa OKnaHaou: abcontoT
Honga go//| oynagn. A tf Ba ACF napHWHI KuiAmatiapu xapopar
abcomoT Ho/ra eTvwray capy Gup-6vpura acMNTOTVK paBuLLga
SKMHNaWagn, SeHU T -0 ga yMymuniA yprHmara ata 6ynay (I1. 1-paem).
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lOkopugarn . dvkpnap Ta-
6UniA Xonja WCCUKAMK Teopema-
enra €k KoHyHura onmb Kenagw.
Ywo6y KOHYH HepHCT TomMoHMaaH
1906 nnm ypuHma xaKegaru noc-
TynaT KypuvHuwWnga aitunrad. Mc-
K 1-pacm. Peakuus aHTanbnuacu Ba CUKIMK KOHYHW 6yiinya, AG=/(7')
MBGC 3HEPTUACUHUHT XapopaTra  srpunapugaH  akaT — ypuUHMAacu
Gornuknmry. T—0 pa ropusoHTan GynraHu pean

arpuamp, feraH xXynoca Yvkagu.
HepHCTHWHI UCCUKANK KOHYHUHWN TEPMOANHAMUKAHUHT YUYUHUN KOHYHU
fne6 xam atanagu: KOHAeHCUp/aHraH cucTemManapga cogup 6ynagvrad
peakuusnap y4yyH a6contoT Honra skvH xapopaTga AG HUHT KuiimaTii
AH ra sakuHnawagn Ba AG=y(r) Ba pfa=/(7> arpunapn ymymwuii
ropv3oHTan ypuHmara ara bynagn. TepmogvHamyKa YYMHUYN KOHYHW-

HUHT MaTeMaTuK udogacu Kynvgarnya:

- deltr T (11.54)

Arap (Ip-)p =~s (11.55)
SAG

9KaH/MIMHWN Hasapga TyTcak, )p* —an 1(11.56)

aKaHMruaaH Ba HepHCT KoHyHnaaH WTAS=0 (11.57)

Xynoca Kenmé ynkagm.

MabyMKKN, TEPMOAMHAMUKAHUMHT OGUPUHYM Ba WKKWHYMA KOHYH-
NapyvHVHT guddepeHunan TeHrnamaiapugaH TepMoguHaMnK (yHKLmMA-
NapHUHT (akaTrHa KaHgali ysrapuliunHu xucobnawl MyMKWH, aMMo
YNapHUHT abCcoNiT KuUAMaTNapuHM Xxucobnab Gynmaingn. TepmoguHa-
MUK TeHrnamanapHu MHTerpanfall HaTumxkacuja nango 6ynaguraH vH-
Terpannawl JOUMUACUHN TEPMOANHAMMKAHUHT UKKUTa KOHYHW acocupja
aHMKnab 6ynmaiign. Ly cababnu TepmogMHamuKa KOHyHaapura Ky-
LWMMYa YerapaBuii LWapT Kyhuwl 3apypuaTu naiigo 6ynraH. Tepwmo-
OMHAMWK TeHrNaManapHu nHTerpannawl AoMMMIACUHN XAcobnawl ynnHn
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HepHeT Y3sUHWHI lOKopMaa aliTunraH uccraylwik Teopemacupga Takaug
KpAraH.

MyBo03aHaT KOHCTaHTa/lapvHU 6eBoCMTa aHMLIaLl yYyH MyBO3aHaT-
Jarv apanawiManapHu aHaiv3 Wanw Kepak, 6y aca Xypga KaTrta MexpaT
Tanaé Kpnagu. KanopumeTpuk TaAKpPKOTAAPHUHT HaTuXanapugaH ¢oli-
fanaHnb6, MyBO3aHaT LUapoOMTAapuUHX Hasapuii xpeobnawl aH4ya OCOH-

poKAup.

PeaKUMAHNHT N306apnK TeHrnamacura 6uHoaH —--5 EKM
dinkp_ Qo
dT ~ RT2 (.58)
. : =-f Yo" .59
(11.58) HY MHTerpannacak InK, 5 R/ffm +C ( )

6y epga: C- uHTerpannaw goumuiicn; AH = -Qp. Arap C mabnym 6yn-
rapaa, UCCLW MK 3PPEeKTUHUHT XapopaTra G60rAMKAMIUAaH MyBO3aHaT
KOHCTAHTAaCMHM aHMKZall MYMKWH 6ynap 3gu. Ywo6y wapT KUMEBWIA

peakuMSHUHT MyBo3aHaT wWwaptuamp: G=min, W =-ag=o éKn =— -0,
—- =0. Makcuman ¢ongann wuw if**# 6ynraH xapopat  w' =f(T)

fornMknukgaH Tonwunagu. Makcuman —oigann  ULWHU - UCCUMKANK
ahdekTnapn opkanu Mmb6e-IensMronbl, TeHrnamacu épgamuia TOnuL
MYMKWH:

W-~Q =T (I'i ékn po =g +(_,£|,T)'p (!“I.GO).
0y epga: W —ag — KaiiTap wapouTiapga yTkasuaraH KMMEBUIA peak-
UMSHUHT Makcuman oigany wnu, Q pean >XapaéHHWHT WUCCUMKMK
appexTa (Qp—AH).

w =f(T) Hu Tonuw yuyH (11.60) HX MHTerpannainMms. BYHUHT yuyH
(11.60) HM 6onwava K3PUHMLLIra KenTapmb onamms:

-QerJ’l-W' (Nn.61)
Ba (11.61) — mWra Kynaiitupamms: = -r- (11.62)
AMMO AN
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LUYHUHT YUYH  f - | §» * '* . (M «4)
éKK W A-T\j~dT +BT (M.65)

FO fopuga TabkugnaraHummsgek, (M.65) TeHrnamaHuHr BT xaguHu
TOMULL YYYH AyLLIMMYa Yerapasuii WapTaaH doliganaHnil Kepak. Taxpu-
6aBUn HaTwXKanapfaH peakumsa UCCUKANK 3hEKTUHUHT xapopaTra 6or-
ukauk rpadurvnan Q=f(7) Tysnw mMymkuH. Makcuman doligany uwHu
Taxkpubaga Tonn6, YeKCcn3 arpunapfaH TYrpuCUHU TaHnab onuw Mym-
KVH. MeKMH Kyn peakumsnap TepMOANHaAMUK faiiTap amMac, LUYHWUHT YUYyH
Makcuman ogann nwHN Taxxpmubaga aHngNan onmaiMmiis.

KoHaeHcaumnanaHraH, SibHW ungean KpuctannapfaH TyswaraH Ba
y3apo apuTManap X,0cun gunamaliguraH cuctemanap Y4YyH, BepTnoHuHr
Makcuman uw npuHuunu gagat T=0 ga amac, 6ankun yHAaH 0[0pupos
Japopatnapga fam Y3uHW ognawura HepHcT abTubop 6Gepan. ByHu
Mm66c-MenbMronbl, TeHrnamanapugaH TywyHTupca 6ynagu. Beptno
npuHuunu Q=W' 6ynraHaa agonatnuM 3KaHAUIU KYpUHWUG TypunTu.
né6e-renomronsby, (M.60) TeHrnamanapugaH 6y LwWapT wKsCck gonja

Gakapunagu: pa Ba T=0 ga. Kyn KuméBuii peakuusinap nact

fapopatnapga ypraHmnrainuru caéaénu (aéecontoT Honra sanH) Q sa W'
NUHI guiimaTnapu aespnu TeHravp. bBepTno npuHuunura acocnaHuo,
MepHeT a6contoT Honb samHuaa Q = f(T) sa W' - f(T) asrpunapu
6upnawnb ketagn, geraH TaxMWHHW AWAAM (logopufa KenTUpuarad
(M.54) TeHrnamagarn M66C 3Heprusicn ypHura makcuman donganu
VLWHWN YAAMK):

L e ()
(M.66) TeHrnama (hafatT KOHAeHcaLMsMaHraH cucTtemanapra agonatam
6ynn6, (M.65) TeHrnamagarn nHTerpanfaw [OMMWIRCMHW fucobnaiura
WMKOHMAT 6epagm.

(M.60) TeHrnamagaH ~ ~ A (1L67)
T = 0 pa (M.67) TeHrnama HoaHWAIMKKA 0116 Kenagu, yyHkn W' —Q.
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ByHga H”fj‘l/'\:oo 6511146 Konagn. Ywoéy HOaHWKAUKHWM JlonuTanb
Komgacura 6MHOaH oYM MYMKUH:

W dT ™ g tdTy
(11.66) TeHrnamaHu xgcobra oncak, lim (dw) = iiih(E% =0 (11.68)

Wynaain kunn6, Q-KT) sa W'=f(T) srpunapura yTkasunrau
ypuHManap abconoT HOMb AKUHMAA YMYMUWIA Ba XgpopaT YyKura napan-
nen 6opaaun. byHaaH (11.65) TeHrnamagarn B HM 0COH TOMULI MYMKWH:

Kupxrodpd TeHrnamacmgaH Q=Q0- T!)&OdT (11.69)

(11.65) TeHrnamara (11.69) garm Q HWUHT KWAMATUHU KysSIMWU3, BYHUHT
yuyH (11.65) HM Kynngarn KypmHuw ga é3nb onamus:

T if1 (1L70)

oo {@yOfrgr g 01.71)

Jonmnii kniimatra sta 6ynraH QO HU MHTerpan ocTUAaH YMKapcak,
(11.71) TeHrnama Kyhngarn KypuHuLIra Kenagu:

— =+ AT goyr +B 11.72
T -1 3" (11.72)

Ba T=TO ga nHTerpannap octmaaru ndoga Honra ainnaHnb KeTraHnura
YUYH:
A =n_4§ n.73
0 " (N.73)
n66¢c-MenbMronbl TeHrNaMmacnMHn abTUHOPra oncak:
B = = lim{— =0 n.74
T, "t gt

L yHaan knnumb, Fn6be-MenbMronbl, TEeHrA1aMacUHUHE MHTerpaniaw
KOHcTaHTacu B (upgean kpuctann mofuanap y4yyH) Honara TeHr. [lemak,
KOHJeHcauusnaHraH cutemManap y4yH

r =Q0+rJ”NjAcyr (N.75)
TO
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Y w6y TeHrnaMmafaH KoHAeHcauusiaHraH cucTemanaparm KUMEBUiA
peakuusnapHUHr Makenman oifany MWWHW TONWW MYMKWUH, AeMak,
MYBO3aHaT WapT/llapvHK Ba KOHCTaHTanapuHu Xxam aHuknaca 6ysiagu.

1. 8. HepHCT runoTesacuiaH ymkaguraH xynocanap. NnaHk
nocTtynata. QHTPONUSHUHT abCONOT KnMiAimaTnapuHu xnucobnawl

HepHCT runoTesacufjaH Karop Myxum Xynocanap 4YvMkagu, ynapHu
Taxpubaga TeKWwWuMpuw MYMKUH. MacanaH, HepHcT 6yiiunua, ugean
KpucTann Mogdanap yyyH:

[Ne (~)-°, aMmMmo § =-AC (11.76)

ABbHU KOHJeHCcauusaNaHraH cucTemanapfa KuméBmii xapaéHnap T-0 pga
NCCUKNNK CUTUMWUHUHT y3rapuwncus 6opaan: JIC=0. ByHUHr mabHOCU
WYKKW, abcontoT HOMAA UCCUKIINK CArMMnapi agauTme KaTTannkaup sa
ywoéy wapontnapga HeiimaH Ba KonnHWHr Komgacura (mM6aekynsap
WCCUKINK CUTaMW aTOM WCCUKIUK CUTUMAAPUHWUHT AUTUHANCKTA TEHT)
puos KunuHaau. HepHcT dagaTrnHa fgc =o amac, 6ankm Cy Ba Cp nap
fJaM KOHfeHcauusnaHraH cuctemanapga =9 ga Honra TeHr 6ynuwiu
Kepak, geraH QUKpHU Taknud kungn. Oxmpru Taknndg Taxpubaga Tac-
OVK[aHraH Ba UCCUK/INK CUTUMWHUHI KBAHT Hasapuscura xam 3uf amac.
By aca, HepHCT runoTtesacMHMW KBaHT Hasapusacu éppammupa acocnatu
MYMKWH 3KaHAurmHu Kkypcatagu. IlimCr ?=limGp=0 peraH xynocagaH

HepHcT abb6con0T HOMb XapopaTra eTUW MWW MYMKWH 3MaennrnHn anta-
an (YHraKyja skKuH Kenuw MyMKUH).
HepHCT runoTe3acMHUHI >Xyja XaMm MyXWM Xyjoeacu, toKopujga

d
TabKugnaraHuMusgek, =0 aKaHAUrMaup. =AS 6ynraHu

yuyyH limM'=0 6ynagu, gemak T—O pga KoHfAeHcauusinaHraH cucte-

mManapgarv 6apya >xkapaéHnap SHTPOMUAHWHI Yy3rapuwuncusi 6opaau.

HepHCTHUHT yw 6y xynoeacu 1912 iinnga MNnaHK TOMOHWAAH PUBOX-
nantupungun. MnaHk 6yiinua, takat AS smac, 6anku xap KaHpai
MOALAHWHT KOHAeHcaumMsinaHraH xonatgaru siTponuscn T—0 fa Honra
TeHr. MaaHK Y3UHUHT NOCTyNaTuHI Kyiiigarnya Tabpudnagn: NHAUBMA-
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Ayan KpUCTaIT MOAAAHUHT MAeasl KaTTUK XXMUCM KYPUHULLIWAATN 3HTPO-
nuscu aGcontoT HoMja Homra TeHramp. MnaHK NocTyNnaTUHWMHE Marte-
MaTUK KYpPUHULLIW KyiArgarmua:

T=0 ga Sg=0; HWM->0 11.77)

Yw6y nocTynatr MoafanapHUHT abconoT SHTPoMMANapuHU Xxoana-
raH fjapopatga gucobnaiura UMKoH 6epau.

HepHCTHUHI unCCMANLK TeopeMacuHU, SbHU TepMOAMHAMUKaHUHT
YUYMHYM  KOHYHUHW T[lnaHK nocTynaTUHUHE magcynun  (Bku  MnaHk
noctynatugaH kenué yvMkaguraH xynoca) geb kapawl MyMKUH. [Jemak,
MnaHk nocTtynata HepHCT Teopemacura KaparaHja KeHrpok Tepmo-
AVNHAMWUK YMyMAaWTUpuw anp. MAaHKHUHT yw 6y TaxMuHu (noctynata)
Taxpunbaga TacanknaHagM Ba CTaTUCTUK HyKTaM HasapfaH acocnaHagu.
XakukaTgaH, abconoT Honmga wiean KpucTanniga naHxapanapHUHT
TyryHnapuga sappadanapHvHr xonnawmwmn uttarmHa tTaptméga 6ynu-
WX MYMKVH, Aemak, 6yHaan fonaTHUHT TepMoAMHaMUK agTamonnurm 1
ra TeHr. LLyHUHr y4yH, BonbumaHra 6MHoaH, CUCTEMaHWHT 3HTPONUsACK
Honra TeHr. lMnaHK nocTynata Typau Mogjanap SHTPONUANAPUHWUHT
abcontoT KNNMaTNapuHu gucobnawira UMKoHMAT 6epaau.

(— )f =—f TeHrnamaHm wuHTerpannab, SHTPOMUSAHWHI JapopaTtra

6OrNNASINTY YUYH

(11.78)

HU onamu3, ammo, MnaHk 6yiiMya KpucTann moaganap ydyH So—O

LWYHWHT YYYH YNapHUHT abCcooT 3HTPOMMUACUHUHT KMiiMaTu
TC,
(11.79)

ra TeHr 6ynagu Ba 6yHjaH rokopuaa antanraH limcp-"-0 skaHnuru Kkenué

ynkagu. Arap ywo6y wapT 6axapunmaca T—0 ga (MM.79) TeHrnamaga
MHTerpan octugarn wudgoga uYekcusra uHTanagu. lnaHkK noctynara
6ylinua aca, T—=0pa aHTpoNus fam Honra MHTUAULWK WwapT. demak, T=0
pa Cp=0 6ynap 3agu, 6YHUHT BynnwIM MyMKUH 3Mac, fiemMak, ey KaHpai
KapaéHnap fapopaTHu abconoT HonArada mnacaiTupa onmangu. By
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abconoT HoMra spuvwa onNmMaciIuK NpuHuMnu 6ynmb, yw by npuHumn
gyiimparn 6unad 6ornug: 6apya moaganapHuWHr vceug/lng curuMnapu
abconoT Honra fIKMHMalraHAaa Yekcus Kuumk 6ynuné gonafu, WyHWHT
YUYyH Mab/lyM COHAAaru onepauusnap épjamupa fjapopatHu ab6contoT
Ho/lraya KamaiTupu6 Gynmaiign. X~osmprv naiitga 0,00001 K atpogu-
farv gapoparra apuLLInaraH.

KATTUL >XMUCMAAPHUHT UCCUANUK CUTUMIAPUHKU  Japopatra 6or-
Mgk mabnymotnapuiaH goiiganaHm6 (abcontoT HoNra SAUH gapopar-
rava), (1.79) TeHrnamagaH 3HTPONUAHUHT AUAMATUHN TOMUL MYMKWH.
KpucTtann XucMaapHuHr abconioT 3HTpoNusAcK guiMmatnapuHu éuna Ty-
pnb6, 6owpa arperaT gonatnapga dynraH mogaanapHUHT 3HTPOMUACUHN
aucobnaw guiivH amac. MacanaH, 6yrHuHr T gapopaTgarv sHTponuscu
gyingarn MUrMHAN KypuHUWnga ndoganaHnlyi MyMKUH:

BuprvHumM fylimnysum JaTTug XXUCMHUHE CylOANaHuLL gapopaTujari
Topal, SHTPONMUACUHUHT AWIAMATUHN 6epajyn, UKKUHYUCK - CYHOANaHULL -
Jarv 3HTPONUAHUHI opThwuun (Q - AWMPUH CylOANaHULL MBCUAIUTI
fe6 atanap a4u -403Up yw by atamMa ICKMPraH), yYMHUUCHA - CYHKINKHN
To, WL naii rava AusgupunraHga SHTPONUAHUHE OPTULLUHU -
CYRAMKHUHT UCCUANTUK CUTUMM), TYPTUHUUCU - CYHOAUKHUHT 6yrra
ainaHuwmngaryn sHTPONUSIHUHT opTuwn LT, ALWNPUH  ByrnaHuLL
WCCUANUTI aTaMacy fam A03up AynnaHunmangm), bewmuyucy - 6yrHm
Toer gaH 6epunrad T raya AU3AMPUATAHAATN SHTPOMUSICUHUHT OPTULLU
(CN -6yrHUHT ncengnuk curumun). ®aszaBuii yTuwgarm sHTPONUSAHUHT
opTunw (cytognaHuLl Ba faliHall) TepMOAMHaMMKa 2-40HYHUHUHT TeHr-
namacugaH gucobnaHafgu, YyHKM asaBuii yTULL fapopaTtiapuia xxapaéH
TEPMOANHAMUK faiTap yTagu.

Xosmprn BagTga (M. 80) TeHrnamagaH TypAu Moaganap 3HTPO-
NUSNAPUHUHT a6CcontoT aniimaTnapmn Kan/(r-mMmonmb.rpag) napaa (3HTponus
6upnnknapuga) gucobnaHraH.

HepHCTHUHT runoTesacugad T= 0 ga
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X ) = A U
YT.p. (a7} m{aT)p (LL81)

9KaHNTY KENNG YnKaau.

BolwKa Kan aMKNapHUHT  (MacafiaH, KeHTalWLWHWHIE) — Xxapopat
KO3(h(PMLMEHTNAPN XaM HOM KUIAMATNapHW Kabyn Kunagu. HepHCT reno-
TEe3aCMHUHT Gapua Xy/nocanapu Taxpuéaaa TaCAMKNaHTaHAMIn ca6abnu,
YHU HEPHCTHUHI UCCUKAMK KOHYHU Aeiiniiaan. YW 6y KOHYH KUMEBW
peakuMsNapHUHT MyBO3aHaT KOHCTaHTa/lapuHM xacobnalifja anoxgua
axamusiTra aragup.

Il. 9. MyBo3aHaT KOHCTaHTanapuHu xmucobnatl ycynnapm

BaHT-MOMHUHT KMMEBUI PeakUMSHUHT M306apuK TeHr1amacu

(AbIKpNT - A+ ysrapmMac ymymuii Gocumpa MyBo3aHaT —KOHCTaH-

TaCMHWHT  Xapopatra G6OrMKAUIMHKM  KypcaTagu. Ywo6y TeHrnama

Kp ~e AGIRT (éku } g ~ -RTInKp) TeHrnamagaH kenu6 umegaH 6ynu-
LWnra KapamacaaH, KuMEsmnii TepMOANHAMUKAHWHT acoCuin TeHrnamanapu
KaTopura KUpUTUIraH.

MyBo03aHaT KOHCTaHTaCMHUHI XapopaTtra 60rMKAMIM Kyn Xon-
napfa xyfa Kyunu ndoganaHagn. byHpali gpanunnap KUMEBUIA Tabcup-
nawlyBnap TabcvprialiaéTraH MogaaiapHyHT TabuaturarmHa 6ornuk, fe-
rav aBBa/IrM TywlyHYanapHu Ty6aaH y3rapTupu6 tobopan, 6y 3aca
KMMEBWI TepMogMHaMMKa OTYKAAPVHUHT SIKKon  udogacn  6yngu.
TepMOAUHAMUKAHVHT TeHrnamanapy MoAAanapHUHT MabiyM peakuus-
napra KMpULIULL KOBUAUSITU yNapHUHT TabuaTuiaH TallKapyu XapaéH-
napHu onn6 Gopuw wapouTnapura (xapopart Ba 60CMM) 60rNKAUTUHU
MUBAOPUIA XuxaThaH uwdoganaingn. Arap peakuusHu onmné 6opuLl
LapouTiapu KypcaTunmaraH 6ynca, MOAAAaHUHT KUMEBMIA xoccanapwu
6unaH 60rnuK 6ynraH KUMEBUIA peaKLmsra KMpULL KOBUAUATY XaKugaru
TyLlyHYanap Xed KaHfai mabHora ara 6ynmacgaH konagu. Kume yuyH
Xyda xam Myxgm bynraH 6yHpali xysioca TepMOAUHAMWKaHW Hasapuii
KUMEHWHT 3apypuii TapKnbmii Kucmmnra annaHtupau.
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TepmogvHaMUK Mab/lyMOT/iap acocufja MyBo3aHaT KOHCTaHTacUHW
6Up Heya ycynnapga xucobnawl MymkuH. Arap T xapopaT Ba AG°
KaTTamru Mabiym 6ynca, xucobnaw yuyH AGpf=-RTINKp TeHrnama-
HUHT Y31 Kudosgmp. AMMO GyHAall Mab/lymoTnap aipum xapopatiap
y4yH Oynmacnuru MymkuH. ByHpai xonnapga BaHT-TopdHMHF n30-
6apvK TeHrnamacuHu WHTerpannaw iynugaH 6opunagu. Kp karrtanu-
TMHUHT 6Mpop XapopaTgarn BuiAMat Mabiym 6yané, yHUHI Gowka 6mp
XapopaTtgarn KuiMaTuH1 aHunal Kepak 6ynraH xonnapga Bant-INogd
TEHrlaMacvHU MHTerpaiawl 3apypaup. ByHgait xucobnap yuyH 6upop
xapoparja peakLUUSHUHT UCCUKANK 3PPEeKTUHU, peareHTNapHUHT NCCUK-
JIMK CUTMNAapPUHK Ba YNapHUHT XapopaTtra 60rIMKAUIMHN BUANLL Kepak.
ByHpaali xncob-kntobnap Xyfa xam y3yH Ba Kyn BakTHU Tanab Kunagu.
Ynap TemknH M.WN. Ba LUBapuymaH J1.A. nap TOMOHMAAH TaKIUg Ku-
JIMHFaH Maxcyc épAamuu >XafBalapHu Kynnaw Tydaiinm aHya coaja-
NaLITUPUANLLMA MYMKWH. By xagsannap AE°2BBa ASTB kaTTanmkiap Ba
WCCUKNK CUTMMIAPUHUHT XapopaTra 60rnnkanrn mabnym bynca, peak-
LA 3PKUH 3HEPTUACUHUHT Y3rapuwHU Xnucobawl UMKOHUATUHN Gepa-
an. BaHT-To TeHrnamacuHu vHTerpannawl amaavii nyKtav-HasappaH
Kynangup. AsBan 6y ycynfaH xyaa KeHr yonjanaHuarad. AMMO OXUpri
BaKTAa MyB03aHAT KOHCTAHTaIaPVHUHT aHWK XMco6napuHu 6owKa iyn
6vnaH 016 6opuLLIHK ath3a/IPoK KypuLlaaun.

PeareHTNapHVHI UCCUKAUK CUTMMAapUHU rUdoganaingnraH Mypak-
Kab nonvHomnap 3thHUra TepmogvHaMUK (YHKUMSANAPHUHE CTaHaapT
XagBannapufaH KeHr doliganaHunagn. by xonnapfa MyBosaHaT
KOHCTaHTan1apuHu xucobnataa ownadruy AGFPr”™ -RTInKp TeHrnama-
HUHT Y31 Kugosaamp. AucobnapHu yTKasuw ydyH 3ap)g 6ynraH Fm66c-
HWHT cTaHgapT aHeprusicn G°rf W ’T-TAT ctaHgapT J1°7éku 5°T napra
HucbaTaH xapopaTra Ky4mpoK 60rnvk. By aca opanvk xapopaTtnap y4yH
xucobnapHn yTkasvw/a HOKynannuknap Kentupub umkapagu. LUy
cababnu xo3Mprn BaKTga Mab/yMOTHOManapgaw >kagsannapga Mmé6c
3HEPrusick ypHura Kentvpunrad Mmé6c sHepruscu:

o=-yr f (Nn.82)
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eKu T (Nn.83)

HUHT (xapopaTnapHuHr 0 gaH 298 K raua opanurugarn TaxpuGaBuii
MabaymoTnap bynmaraHga) gnimatnapu bepunagm.

1. 10. MyB03aHaT KOHCTaHTacuHu TemkunH Ba LLIsapumaH
ycynuga xucobnatu

KUMEBUIA peakuUsiNapHWHI MYBO3aHAT KOHCTAHTacCUHW Taapubuii
Xxucobnaw y4yyH TemkuH Ba LLIBapumaH ycynuaaH goiiganaHca bynagu.
By ycynga sHTponua J9L Ba 3sHTanbnua [OAAL napHuHr ctaHpapT
KuiiMaTnapugaH ¢oliganaHmb, ctaHgapT wapouTaarn nsobapmk noTeH-
LWaNHWHT HOKOPW XapopaTnapgarv ysrapvuwu Xyiugaru TeHrnamafaH
Tonunagu:

2)BT Zg_p_ - - 3—I2 3298 298
By TeHrNamaHWHT OXUPTU ab30CMHN UCCUKANK CUTUMUHUHT Xapo-
patra kapa6 ysrapuwunu JICp=(p(T) KypcaTyBuu TeHrnamagaH ¢oii-

fanaHun6 awunanmms:
ACPu Aa+ABT+ACT2+~|- (11.85)

By TeHrnamanu (11.84) TeHrnamara Kyiinb, nHTerpannaraHuMm3gaH
CYHT Kylinaaru TeHrnamaHu Kentupuoé Ynkapamma:
AG® =AA‘B- Ms°B- (M0Aa+MtAb +M2Ac+M rAc)T  (1.86)
Mo, Mi, M2, M.2 napHuHr kuiimatnapvHu TémkuH Ba LLBapumaHniap
awlunawraH Ba 6y kuiimatniap MabiaymoTHomaga 6epunrad. (1.86)
TeHrnamaga:
(Nn.87)

L2982 2% (N.88)

6y epgan-1, 2 Ba -2 ra TeHr.
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KuméBnii peakuMAHUHT MyBo3aHaT KoHcTaHTacuHu _acT =-KTbIKp

TeHrnamagaH tonamus: p 'V ﬁgi €KW toKopuiaru TeHrnamanapuu

abTubopra oncak, Kyinmgaru ndogaHm onamms:

IgKp=4 K — — =- JNI°r
T 2303*R 4,575

1. ~298

4575 T -AS'99g “(AogMq + bbylLLl +AcJSfz* to Nor&j, (11.89)

Il. 11. HEpHCTHUHT UCCUKNNK Teopemacu Ba lNnaHK nocTynara
acocmja MyBo3aHaT KOHCTaHTacuHu xucobnaw

MyBo03aHaT KOHCTaHTaCUHW XMcobnawl yYyH 3HTPONUAHUHT abco-
NT Knimatnapu 5° Hu MnaHk noctynatnaaH aHmkgab, ASOTtonunaam sa
peakumMAHUHT neenknuk adpekta AHO ecc KOHYHMAAH aHUKAaHaaK:

1 Kp - A;T ﬂso éxm IgkP 4,5§5T 4,2?50 (11.90)

Xp3mMpru BaKTAa KUMEBWIA MyBO3aHaTHM Xxiicobnawga Tepmo-
OVMHAMVK  (DYHKUMANAPHUHT CTaH4apT »>KaaBanniapuijaH KeHr' doiga-
navvnagn (T=298,18 K, p-~1 anm; moagaHuHr Gapkapop arperat
xonatun). MyB03aHaT KOHCTaHTacUHU [MB6C 3HEPTrUACUHUHT  (YHK-
umsicngad (G°- HI)/T doiiganann6 xucobnaHaam:

tom 457 \./VTI I]"l 1|‘l (11.91)

(11. 91) Tenrnama (I1. 90) gaH Kennb YmMkagm:

.
ASI° 1ASO  [OH° :Fte°-H°] 1 9%, O  AHO'
a (Mn.92)

RTR RT 1 R, Ly le
1 év's'o aact 1 gjﬁcﬂ‘; AH®
OKEB Qo e~ 108 G T y1T 4T T (n.93)

MabnymotHomanapga (G°-H®)/T HuHr kuiimatnapy cnekTpocKonuk
ycynnapfa aHukgaHw6, >kagsannapga 6epunraH. Yw6y >xagsannapga
MoafanapHuUHr ctaHgapT xonatgarn (298,16 K, p=1 aTm) Tepmo-
AVHAMWK TaBCU(Napy OKOPU aHnkankaa KenTupuarad. MogdaHuHr

n3



arperat x,0Matu Ba YHUHI nonumopd mMoaudukauuam KypcaTuniraH
TalWwKy WaponTnapga 6apkapop 6ynvwy Kepak (MacanaH, CyB —CYHK,
nop —KpucTann, onTUHIYpPypT —pOMOUK). JpuraH mogganap cTaHfapT
Kofiata y4yH KoHueHTpauusi C=1 Monb/n 6ynraH Konat Kabyn Kuau-
Hagu. CTaHfapT XpnaTtja rasnap BaapuTmanap unaean fe6 kucobnaHagu.

OpfaTaa CcTaHfapT »xafgBannapfa cTaHfapT KonaTgaru opaaui
mogganapgaH 1 r-monb yw 6y MofAaHUHT X,0Cun 6yNuLIngary aHTanb-
nuaHuHr optuwmn AHO Kkan/mMonb napga 6epunagu. MacanaH, xaasanga
CO2(r) yuyH kentupunraH AH°—94,05 kwuiimat 1 r-monb rascumon CO2
HUHT 3HTanbNuAcK 6ol naHrny mogaanap (/ r-mMmonb yrnepog sa 1 r-monb
KUCMOPOA) 3HTaNbNUANAPUHUHT lnruHancugad 94,05 Kkan ra kam
3KaH/NTUHN KypcaTagu. CTaHfapT Konatgaru oagvii mMoaganap yudyH
AH® Honra TeHr aKaHIUTK y3-y3naaH KypuHu6 TypunTtu (ammo ctaHzapT
6ynmaraH konatga AH°”0). Xapopat 25°C Ba p -const 6ynraHaa mog-
JAHVIHT 37IeMeHTNapfaH Kocun BynuwH UCCUKAUK 3 deKTa 3HTaNbnus
6unaH AH=—QP myHoca6at opkanu 6ornaHraH. AH° katTanuknap
TEPMOKUMEBMI MabiymoTnapiaH KucobnaHaau.

CTaHfapT >kajBaniapda cTaHaapT KonaTgaru anemeHTnapga 1 r-
MO/b YL 6y MOALAHUHT KocuA 6ynuiimaa nsobap TepMogMHaMUK NMOTEH-
unanHuHr optuwn AG® kam KKan/Monb napga Kentupunagu. SNeMeHT-
nap yusw crtaHgapt konatga AG°=0. AGP HUWHI KuiimaTtnapu Typnu
ycynnapga KucobnaHagu: CTaTUCTUMK YCy/fa; 3HTPONusAnap Ba 3HTa/b-
NUSANAPHUHT y3rapuliungaH; MyBo3aHaT KOHCTaHTanapu Gyinmuya —Tax-
pubaBuini MabnymoTnapAaH Ba peakUUsIHW TepMOAMHAMMWK  KaiTap
yTKasuw MyMKUWH 6ynca (MacanaH, ranbBaHuK aieMeHTNapaa) —taxpuba
acocufa. XXaasannapHuHr 6oLl Ka BapuaHTUia 6eBocmTa y4aHULWN MyMm-
KuH 6ynraH H? - HI Ba GT- G, napHuHr kuiimatnapu Kentupunagm (6y
epga H° Ba G nap T=0 gata mMoafaHWHT 3HTanbnuAcK Ba m3obap
noteHymanmn).

CTaHgapT afBannapfa cTaHfapT Konatgarm mogaanap 3HTpo-
NUACUHUHT abconT Kuiimatnapu 5° KaMm KenTupunagu. SHTPOMUSHU
Kan/(r-monb-rpafg) napga sHTponus 6upnuknapuaa (3.6.) udoganaHagu.

Bapuya mogganap yuyH 5° kartanuru mycéatgup, ASOsca myc6at Ba
MaHpuiA 6ynuwn MymkuH. SO HUHT KuiimaTnapu cnekTpan Mabiy-
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MOTNapfaH cTaTUcTMK éku lMnaHK nocTynarta acocupja KucobnaHaaw.
TepMoguHaMUK (YHKLUSNAPHUHT CTaHAapT >kajsanjapujaH douga-
NaHun6, faTtop KucobnapHu KaTTa aHUKAMKAa 6aXKapuil MyMKUH. TepmMo-
ONHAMUK KaTTaIMKNApHUHT CTaHAapT >XajBannapujaH donganaHub,
KOKnaraH peakumsiHuHT ncemanuk apdektn AHO=-Qp ékn nsobap noTeH-
unanHuHr ysrapmwy AGP HM aHuuiall MyMKUWH. Y W6y KaTTannknapaaH
AGP=-RTInKp TeHrnama 6yiinuya MyBO3aHaT KOHCTaHTaflapuHW KUCOG-
nawpga goganaHnnagn. AGP HUHT KuiiMaTnapy Typav >KapaéHNapHUHT
opuw Eku 6opa onmMacaUrnm Kakmpa cudaTt KMKaTAAH Kynocanap
Kunuira umkoHusa r 6epagu. Arap AGP maHguii kuiimaTnap kabyn Kunca
1nKp>1 Ba peakuus KaTTa yHyMm 6unaH 6opagn (MyBo3aHaT YanjaH yHrra
cumkmran). AkcuHua, AGP HUMHT Myc6aT KuiiMatnapyu MyBO3aHATHUHE
YHFAAH 4anra Kyuaum cumkuraHvHu kypcatagu (1nKp<l) Ba peakuyums
6opmangn.

Peakuns GOPULWWHUHT TePMOAMHAMUK UMKOHUATU (AGP  HUHT
MaHuUn Kninmatnapu) peakums amanga anbarta 60puwn WAPTAUTUHU
ucbotnamalign. XakmkatgaH kam, wy oHaa ACP HUHT maHduit kuiimata
KaTTapok 6ynraH KaHgangmp 60LLKa >KapaéH 60pulun MyMKUH. Peakuus
KVHETUK KUAMHYUAMKNAP rydaiam (kapaéHHUHT (aoniaHuLl sHeprusien
KatTa) Kam amanra owmacnurun mymkuH. AGP #0 6ynraHpa peakuyus
KaiiTap Ba TalWKW LIApPOUTAAapHUHT ysrapuwun Kp ra karra Tabcup
kunagn. AGO HWHT KuiimaTnapuHu KUMEBWIA BUpuKManap 6GapKapop-
NIMTUHKU cudaT XuKaTdaH 6akonawija Kam Kynnaw MyMKWH. Buprkma
Kocun 6ynuuwmnga nsobap noteHumnan AG® kaHYUaTUK KECKMHPOK Kamaiica,
ywoéy 6Gupukma wyHyanuk myctaxgamaump. AG" nuHr kartta mycéat
KuniimMaTta, akCcuH4a, ylw 6y MoafaHVHT OCOH MapyafaHulingaH ryBoKIMK
Kunagu.

CTaHaapT xagBannapgaH Qp Ba Kp HUHT  kuiimaTnapuHu dakar
CTaHAapT LWapouTiap yuyyH KAaco6nalwl MyMKWH. Bowka Kapopatniap Ba
G6ocumnapgarn Qp Ba Kp HWHI KuiiMaTnapuHu aHuKnal yyyH tokopuga
Kypnb umKuaraH TepMOAUHAMWK TeHrnamanapgaH doinganaHunagu.
OKWprv BakTAa CTaHAapT Xagsaiiap Ty3ull yUYyH TEPMOANHAMUK (YHK-
umanapHM Kucobnawja ctaTUCTMK ycynnapgaH To6opa KeHrpok coiga-
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NaHUAMOBAA, YYHKN ywWw oy ycynnap 6esocura Taxpubasuii ynyawnapra
HUc6aTaH aHUKPOK HaTuXanap oW MMKOHUATUHK 6GepmoBaa.

“Kumésnin MyBo3aHaT” 606MHUN y3nalW TUPUITaHINK
JapaXKaCMHU TEKWNPULL YYyH caBonnap

1. Knmésnii MyBOo3aHaTHUHT KaHfai 6enrunapn 6ynagn?

2. KuméBuit MyBo3aHaTHUHT KaHAalh KOHyHnapu 6op?

3. Te3nuK KOHCTaHTacK TywyHYacu xakmfja cysnab 6epuHr.

4. MyBo03aHaT KOHCTaHTACUHWUHT MabHOCK HUMA?

5. Typaun myBO3aHaT KOHCTaHTanapu opacufa K;aHfgah 60rnnkguk
6op?

6. Kumésuit myBosaHaT TepMOAMHAMUK XUXATAAH KaHAal acocna-
Hagwn?

7. Knmésuii peakUMAHWHT n306apuK TeHrnamanapu KaHjai?

8. KNMEBUI peaKUMAHUHT N30XOPUK TEHTTaManapuHu E3nHr.

9. OHTPOMUAHMWHT abCONOT KMNMaTNaPUHMN aHMKAaW MyMKUHMMN?

KO .MyBoO3aHaT KOHCTaHTanapu KaHfan xucobnaHagn?

11. TemKuH Ba LLUIBapuMaH yCYNNHN TYLWYHTUPUHT.

12. MnaHK nocTynatujaH MyBO3aHaT KOHCTaHTaCMHM Xucobnaw
MYMKUHMU?
13. HepHCTHUHI UCCUKLWK TeopemacupaH MyBO3aHaT KOHCTaHTacu

KaHgalt xycobnaHagn?
H.TepMogvHamMuK GYHKUWSNAPHUHT CTaHAapT KuiimMatnapupgad
thoganaHnb, MyBo3aHaT KOHCTAHTAaCMHM XLcobaaw MyMKUHMU?
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Il BOB. CTATUCTUK TEPMOANHAMUMKA
[1l. 1. QHTpoNMA Ba cUCTEMA XONATUHUHT TapTUBCM3NNTY
TepMOANHAMUKAHUHT MKKWHYM KOHYHW CUCTEMaHWHI KaHgangump
5 xoccacn 6GOpPAUIMHW Ba Yy WCCMKAMK anMalMHMWKN X.amfa YL by
NCCUKONK aiMall MHULWKnaarn X,apopart 6unaH 6OFJ'II/IK,E|,I/IFI/IHI/I TabKuUpa-

naigu: dsS>~ (Ww.1)

KN WCCUKAMK anmawmHuwmn BynmaraH xonja wusonsauusanaHraH cuc-
TemManap y4yH
ds 20 (11.2)

Mabnymkuy, S xoccaHu Knaysuyc sHTponusa ge6 artagu. HOkKopu-
fjarv TeHrnamanap xam Knaysnyc TOMOHUAaAH TakIug KuanHrad 6ynuo,
WKKUHYN KOHYHHWHT MaTeMaTuK KYPUHULWIWAWP. YW 6y TeHrnamanap
KaiTap MyBO3aHaT >apaéHnap Y4YyH SHTPOMUSAHUHT OPTULWWIW KenTu-
puaraH WUCCUKAMKKA TEHI/IMFMHW Ba HOMYBO3aHaT >XapaéHaap Y4yH
YHAaH KaTTanurnHu ndoganaign.

LW yHpalh Kunmb, sHTponus 6mup TapadaaH UCCUKANK aiMall MHULLIN
6unaH, MKKUHYY TapadaaH aca KakTmacnuk 6unaH 60rnuk bynraH xocca.
MaHa LWyHfa 3HTPOMUSHWUHI fyanucTuk Tabuatm KypuHagw, 6y aca
ywoy Xyga MyXum TepMOAMHAMUK (PYHKUUAHUHT (UMK MabHOCUHU
TYWWHAWHN KWANHNaWTupagn. Xyaam wy ayanuctuk tabuat aHTpo-
NUAHN TyWKUHUWTa xaM épgam 6epagun, aMmo Knay3nyCHWHI KiacCcuk
HyKram HasapugaH smac, 6askii KeuH pUBOXNAHTUPUATAH MOMEKYNAp-
CTATUCTUK HYKTaum HasappaH.

SHTPOMUAHUHT LyanUCTUK TabuaTU HU MaTEPUSAHUHT aromMm-MoeKy-
nAp TY3WAMWKM XaKuparum TacaBBypgapfaH oiganaHub, cucTeMaHWHT
X0MaTUHN YHW TalWKWA KWAraH 3appadvanapHuUHI XapakaTu éKu xona-
TUHUUT TapTUOBCU3NUTN HyKTanm HasapufjaH Kapaw OpKainm TyLIMHCa
6ynagu.

Wpean TapTubnaHran MoMekynsp CTpyKTypara To3a Mogfa Tyrpu
rysuaraH KpUCTa//IMHUHI (MacanaH, KaHaanaup MeTanHuHT) abcontoT
HOMb XapopaTgarn Hamywacu muco.i 6yna onagn. Mabnymku, 6yHpan
KpucTannga atomnap (EKn monekynanap) KpUCTan naH>XxXapaHuHr TYTryH-
napufa Xonmnawagn Ba ynap atpoduga “HONUHYM 3Heprus”ga 6up xun
Te6paHMa xapakartniap Kuna;w. lMnaHk 6yiivMya (TepMOSUHAMUKAHWHT
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YUMHUMN KOHYHW) BYHAAN KPUCTANHUHT 3HTPOMMUACU HOMATA TEHTINTUHU
MyxoKama KunraHmms. XXUCM MCCUKAUK TU6 KasuraHga ugean Tap-
TMONMNUK 6ysmnagn. MybTagun KusgmpunraHga TapTUeNNANKHUHT By-
3MNWKN TYPAN 3Heprusanapga TebpaHaéTraH 3appayvanapHuUHr Kynam-
wunga ngoganaHagm. AMMO 3appadvanapHuMHI naHxapa TyryHnapugaru
ypTaya xofaTu XxamoH caknaHub konagu. XX UCMHUHI Knusgupuanwmn 6um-
naH 6ornux 6ynraH TapTUOBAWAUKHUHE O6Y3UnMWKN €KW TapTUOCU3INK-
HUHT OPTULLM YHUHT S3HTPOMUSCHA OPTULLINTA 0NNG Kenagm:

(w.3)

6y epfa C - NCCUXUK CUTUMMU.

KATTUK XXWCM-CYHOX/IMK Ba CYHKIUK-BYr asaBuii yTuwinapu
KpUCTaNn CTPYKTYPAHUHT 6y3naniwmn (CyroxnaHunil) Ba 6yrnaHuw xxapaé-
HMAa Ky4ycu3 TabeuprallyByy XaoTMK XapakaT/iaHyBUM 3appadyanapHUHT
xocun 6ynuwiun 6unaH 6ornmx 6ynm6, 6yHAa W30TEPMUK paBuLlja
UCCUXIUK IOTUINWKM Ba MOALA 3HTPOMUACUHWUHI KECKWH OpTULUIK
Ky3aTunagu:

X,

lcynoql‘ 16ye|<. (Tﬂ4)

AS HUHT KniimaTu 3HT TapTMGCU3 XaoTMKAWraH arperat xonaT GynraH
6yr éku ras xonaTufja ahHmKca Karta bynagau.

L yHaan xunné, cuctema HOTraH UCCUXINK, YHU MOMIEKYIAP XoNnaTu
TapTMOCM3NINTMHUHT Kynainwy Ba 3HTPONUAHUHT OPTULLIM ypTacmaa ys-
BUIN 6OrNMXAUK 6OpAMrn xaxupa TacaBByp naigo 6ynagu. HOkopupga
KentTupunraH 6apuya xapaéHnap MyBo3aHaT wapOusmga xam yTKasu-
MWK MYMKWH, Wy cababnu ynap ydyH (I11.1) myHocabaT TeHrnuKk 6c¢n-
rmcu 6unaH KynnaHuanWm MyMKUH.

Ammo (I111.2) ndogara 6MHoaH crcTema 3HTPOMUACUHUHT OPTULLK
HOMYyBO3aHaT »>kapaéH 6opuwunga WUCCUXINK anMallWHULICKA3  XaM
Ky3aTUAMWM MYMKWH. Xap KaHfjalhi HOMyBoO3aHaT KaliTMac >apacHga
KaHgangup TapTubnu 3Heprus Typu -TapTM6CU3 XaoTWMK 3HEpPrusra,
M6eKynaNapHUHT UCCUXIMK XapakaTura annaHagn (NekKuMH ywoéy Tap-
TR6NN 3Heprua Kantap uw 6axapub, 3MeprusiHUHI 6owka TapTmbamn
KypUH/LLIUIA XaM YyTUWKM MYMKUH). [lemak, KainTmac xapaéHga Mmose-
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Kynsip Xaoc, S’bHW CUCTEMAa MOJIEKYNAP. XONATUHUHI TapTubeusnuru
opTagu.

W yHpahi Knanb, cuctema MOMEKYNSAP X0NaTu TapTUOCU3NUTUHIAHT
opTULWKM BunaH (yw by TapTUBCU3NNK UCCUKITUK KTUANLWIN KN TapTUGan
3HEPrUAHUHT UCCUKNKKA ainaHuwn 6unad 60rnmMkK bynuwmniaH Katbui
Hasap) napannen paBullja CUCTEMAHWHI 3HTPOMMUACK Xam opTagun. [e-
MaK, 3HTPONUAra cucTema MOJIEKYNIAP X0s1aTU TapTUBCUINTUTUHWUHT CU-
thaT XXuxaTtgaH ynyosu 4eb Kapawnmms MymKuH. LLyHaalh kunné, mone-
Kynsip CUCTEMaHWHI acocuii TepMoguHaMWUK XxoccanapupiaH 6upw 6yn-
MULL 3HTPOMUSA CUCTEMAHW TaHTKWUA KWAraH 3appadanapHUHT MUKPOCKO-
NuUK TaBcugapu 6unaH 60rnmMK akaH.

I11. 2. Makpo- Ba MWKpoxonatfap xamga TEpMOANHAMUK
axTumonnuk. dasaBuii ase TywyH4acu

CTaTUCTUK TepMOAMHAMMUKa épaaMuga Typau MofAanapHUHI aco-
CU TepmoguHaM UK yHKumsnapmHn (nceuknuk curumm, U, S, G, F Ba
6owkanap) Xwucobnaw ycynnapu uwnabé uyukapunraHnuru cababnu,
KUMEBUIA TepMOAMHAMUKA YYyH CTaTUCTUK TepMOAMHaMWKaHWHI axa-
MUSITU XXyJa KaTTagup. Acnuga aca, CTaTUCTUK TepMOANHaMMKa yMYMUi
KUMEBUI TepMOAMHAMUKaHUHT Gynumnapira kupmaign. Y cratuctuk
husnka (MexaHWKa) KOHyHNapura acocnaHraH 6ynmn6, cTaTUCTUK ycyn-
nap épfaMmuga pMBoXaaHaau.

TepMOAMHAMUKAHWHT GMPUHYM KOHYHM KyM 3appadanapfaH m6o-
paT cucTemManapra xaMm, Kam 3appadanapfaH mbopart cuctemanapra xam
Tafbuk aTunagn. MKKMHUYM KOHYH 3ca, CAaTUCTUK 3abuatra ara 6ynuo,
hakaT Kyl 3appayanapjaH néopart cuctemanaprawiHa Taf6vK KUanMHULWK
MYMKWH. TepMOAUHAMWKAHWHT MKKMHYM KOHYyHMAA CTaTUCTUK Tabwar
GopnurmHn XI1X acpHuMHr oxupuga BonbumaH Ba nb66cnap aiTraH.
TepmogMHaMUKaHWHT acocuii napameTpnapu bynraH xapopat 6unaH 60-
CUM CTaTUCTUK Tabuartra ara. MacanaH, aBBa/n TabKugnaraHMMu3gek,
XapopaT ras MofieKynanapu unrapuaaHMa xapakaTVHWWT ypTada KuHe-
MK 3Heprusicura 6ornmk. Tawku waponTaap ysrapmac 6ynraHga xapo-
paT goumuii 6ynn6 konagu, 6y aca MosieKynanapumnHr Teanuknap byiinuya



CTaunoHap TaKCMMNaHraHamMru unad 6ornMk, ammo 6yHaa anpum mose-
Kynanap Typnu Teanuknapra ara 6ynagu. Xygau wWyHAan, monekyna-
NapHUHT nauwW fAeBoprapura ypunuw  3pdeKTNapuHUHL  AurnHancu
rasHMHr 60cMnNHN Gepagu.

[a3HUHI XaXMW Ba 3MY/IMIN CTATUCTUK XyCycuaTra ara 6ynrad
KaTTa/IMKNap, SbHU XgpopaT Ba 6ocMmra 60rvK;. SHF acocuii Tepmo-
OVHAMUK (YHKUMsinap -aHTanbnus, aHTponus, Fm66ec Ba enbmronbiy,
3Heprusanapu, UYKN sHeprua sa boluKanap x,aM CTaTUCTUK KaTTamkiap,
SABHU gapopart, 60cMM Ba xakmnap 6unaH y3BuiA 6ornaHraH.

TepMOAUHAMUKAHUHT WMKKUHYM KOHyHWUra 6uHoaH, 6apuya y3-
y3maaH 6opyBuUM KaWTMac >kapaéHnap usonduuanaHraH cuctemanapga
SHTPOMUSHUHI OpTUWKN 6unaH cogmp 6ynagn. ByHn BonbumaH AXLK
TYWYHTAPUG GepraH; TepMOAMHAMUKAHUHT MKKUHYM KOHYHU Kap KaH-
fali nsonsuumsinaHraH CMCTeMaHuLl 3XTUMOMW Kam xonatnapgaH 3xTu-
MOSM KaTTapoK XonaTtnapra Tabuumii Xonga YTWLWLIWHE HaTUXKaCUHU
KypcaTagu Ba MakpocucTemanap y4yH KaTTapoK aHUKAMKKa ara 6ynraH
CTaTUCTUK KOHYHAMP. KaTTa coHNM 3appadanapfaH néopart cuctemanap
AXTUMONINK Hasapusick épgammaa axwm ndoganaHagm.

Kam coHnu 3appadanapgaH wbopar cucTemanapra TepMOAMHa-
MUKaHUHT UKKMHYY KOHYHVUHW Kynna6 6ynmacinkKHUHT cababu, 6yHaai
cucTemManapfa UCCMK/NK Ba UL TyLlyHYanapu opacugaru gapk nykonmo
KeTagn. LWy 6unaH 6upra, TepMOAMHAMUKAHWHI WKKWHYU KOHYHMra
acocnaHmo, >xapaéHHUHI Mab/lyM TOMOHTa MyHaNUWWHN Tabkugnab 6yn-
mMali Konagy Ba yHanvwnapfaH 6MPMHUHE MyTAako MyMKWH 3Macinru
XaKugary xynoca Kapama-kapliv NyHanuWNapHUHT HUCOWIA 3XTUMON-
NUrvHn 6axonawira ysraptvpunagn. HuWxoaT, MonekynanapHWHE COHU
Xyga Kam 6ynraH xonga >kapaéHHUHT MKKana nyHanuwum xam 6apobap
UMKOHMATra ara 6ynn6 konagu. Anoxmga monekynanapHUHI MexaHuK
XapakaTu KaiTap 6ynu6, mabayM WyHanuwira ara amac. Ywoéy (ukp-
NapHu Kylingarn Taxxpunbasa Kypcatiwl MyMKWH.

YuTa KyTUHIAHT GupuHuiicuga 1 gaH 40 raya pakamnap éswnraH
TaxTayanap, MKKuMHYMCUAa XYyL4AW LWyHAalh pakamiaHrad Lwapyanap
COMMMHIAH Ba YUYMHYMN KYTW Gyl 6YACUH. BUpMHUM KyTuaaH Tacognduii
paBuWIfa Kaufjangup Ttaxtada OfIMHAaAW, YHUHT pakamu éunagn Ba
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TaxTaya KavWTagaH Kytura conmb Kynnagn. CyHrpa WKKUHYM KYTWAaH
XYALW WYyHAAN pakaMan wap oMHaan Ba YHW YHYMHUUN KYTUra CONTMHAAN.
BupuHun KyTugaH Taxtadanap OWPUH-KETUH ONNHWMG pakamn €316
6opunaan Ba 6UP BaKTHUHT y3MAa UKKUHYN KyTUAAH YYMHYMCKra yL by
pakamnu wapyanap Yyrkasunagu. Arap Lapyanap asBBasl UKKWHYUM
KyTngaH yumHuura ytub konraH 6ynca, opkara kaiTtapunagn. ByHpaii
Tapuba y30K BaKT AaBOMMUAA YTKasuca, UKKMHYM Ba YUMHUU KyTU-
napfarv wapyanapHVHT COHM Yy3apo SAKUHAaWwub 6opagu Ba Mabiym
BaKTAaH CyHT TeHriawagau.

Taxpuba siHa JaBoM 3T puca, KyTunapgarv wapyanap COHUHUHT
aiMpmacy siHa HongaH apkan 6ynm6 Konagu Ba HoMra SIKMH Bynrad
KNYMK KuiMaTnap uJerapacuga ysrapub Typagu. Ywoéy dapk opTu-
WWHWMHT MMKOHUATM X,aMm caknaHub Koniagn, aMMo KaTta apK Y4yH
OyHAa 3XTUMOI/IMK KECKMH KamMainnb Ketagu.

FO Kopugaw Taxpuba bepuaraH xampa cucteMa Mosnekynanapu-
HUHI TeHT TaKCMM/IaHWULL XOnaTuAaH YeTnaHuwu anbatra cogup 6ynu-
WWHW gaM KypcaTagu. drannab TypraH X,2KMHUHI a/loXHAa KucMiapuaa
MOJSIeKyNanapHUHI TeHr TaKCUMAaHULWKW BakT bGyiiMua ypTada Tap3sga
aManra owagn. BakTHUHT xap 6vMp OHMAA, MONeKynaapHWHE XaoTUK
XapakaTtun HaTuxacufa XaXMHWHI 6up KucMmaapuga KOHLUeHTpauums-
NIapHVHT BaKTMHYa opTuLK, 60lLKa KMCMAapmaa 3ca, KaMmaiuwm cogup
bynagm.

Mabnym TepMogMHaMWK napameTpnap 6unaH TaBcudnaHyBUW Ky-
3aTuNaéTraH MakpoCKOMMK X01aT MoJIeKynasiapHUHTE TYP/iu TaKCUMIaHW-
wuga Maexys 6ynmiwmn MyMKUH, SbHU YL 6y MakpOoCKOMUK Xonart Typau
MUKpOXonaTtnap oOpKain amanra owagu. [emak, Xap KaHgalh cuc-
TEMaHWUHT X01aTUHU NKKN XN noganatl MyMKUH:

-Tp, V Ba 6owka TyrpugaH-Tyrpy ynyaHaguraH KatTa-
NIVKNapHUHT KUAMaTNapuvHn KypcaTraH xonga MoAfaHuvHI Makpoxona-
TUHW TascudnaLl;

-MOAAaHUHT Xap 6up 3appavacy xoccanapuHu, SbHU YHUHT (aso-
fjarn ypHu, maccacu, Tesnury Ba Xxapakar WyHaauwunHW ngoaanosym
MUKPOX0NaTUHW TaBcuaaLl.
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T, p Ba V TepmoguMHaMuK npameTpnapu 6GepuaraH Mabaym
MWBAOPAArn rasfa TallKu wapouTnap ysrapmac 6ynraHga makpoxonar
y3rapmalivM, amM0 rasHWHI MOJieKynanapu foMMuUin xapakatga 6ynagu
Ba YNapHWHI XonaTuW Ba Te3NUrn y3nykKcus ysrapub typagu. LUyHUHT
YUYyH yw by mMakpoxonaTra Kyn COHAM MUKpoxonatnap aBob 6epaaw,
6yHU TepmofuHaMuK axTumonnuk W geinnagu. Y w6y MakpoxonaTHUHT
axTumonnuk ynyoeu W 6ynm6é, yHMHT KuiiMaTh KaH4YanMK KaTtTa 6ynca,
CUCTEMAHMWHT yLWw 6y xonatga 6yAUWNHUHT TEPMOANUHAMUK 3XTUMOJINTK
WyHYanuMK Kopu 6ynagu. [lemak, TEPMOANHAMMUK 3XTUMOIUK YL By
MaKpoxosaTra mMoe KelyBYM MWKPOXANAT/IapHUHI coHuaup. Tepmogu-
HaMUK 3XTUMONNMK 6YTYyH Myc6aT coH 6unaH ndoganaHagn. Tepmoamn-
HaMWK 3X,TUMOSZIMKHN MaTeMaTUK 3X,TUMOMINK 6unaH uvankawTupub
to6opull Kepak amac. MaTemMaTuUK 3XAUMONNUK feraHfa ywoéy X,04u-
CaHVHT BYNMWN MYMKWH BynraH Kynai gonnap COHMHW 6apya MyMKUH
6ynraH XONNMapHWHI COHUra HucbaTu TywyHunagn. MartemaTuK 3XTu-
MONANK HOMb 6unaH 6up opanuriifa ysrapagu Bay goumo 1 fjaH KM4umK
6ynagn. AMMO 3X,TUMONMNKNAPHM KywW Ul Ba KynakTUpuLl XakKuparu
Teopemanap TePMOAUHAMUK IXTUMOMINK YUYH XaM TYrpuamp. Y Mymuin
X0nAa TepMOAMHAMUK 3XTUMOMAAUK, SbHU YL By MakpoxonaTra >XaBob
6epyBUM MWUKPOXONATHUHI COHW Kylmaarn TeHrnama 6unaH udo-
fanaHagu:

e A W= ® o
W R N eKm (M1.5)

6y epaa: N - monekynanapHuHr ymymuii conn; NIN2, ... N,,- 1, 2,
n-Avelikanapfarm MosieKyfnanapHUHr CoHW. MacanaH, WAULWHWUHT VKKK
KUCMU ypTacufa TypTTa Mosiekyna Kyhiungarnya tajcuMaaHmuiLn MyMKAUH:
4-0; 3-1 Ba2-2. (I11.5) TeHrnama b6yimnya sXTUMONANKAAP MOC paBuLLja
1;4 Ba6 raTeHr bynaau.

LWapuanap 6unaH yTKasuaraH togopugarn taxpubaga, wapyanap
MKKWUTa KYTUa TeHT TafcUMaHraHujad cyHr, 6apya wapyanapHuHT gHa
6uTTa AyTuia TYNAaHUWWHUHT MaTeMaTuK axTumonnuru 2'40=10'12 ra
TEHT, AbHN YW Oy X0AMCAHN TPUNNUOHAAH BUP MapTa KyTUll MYMKWH.
Xyoau Wy Xo0AUCaHWHT TEPMOAMHAMUK aXTumonnuru 1 ra TeHr. Kytu-
NnapHUHT 6upmnga 19 Ta, MKKMHYMCKHga 21 Ta wapya éku xap 6up gytuga
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20 TafjaH Wwapya 6yNULWMHUHT TepMoANnHaMUK axTumonnurn 13,3-FO 10Ba
14,0-F010 ra TeHr. WyHgah kununb, “19-21” KypuHuwWwAarn TaKCUM-
naHuw  “20-20” TakcumnaHuwra HucbataH 137095 MapTa Kampok

3XTUMONININKKA 3Ta 3KaH, AbHU TEHT TaKCMMIaHraHAUK Xonatu Kabu Kyn
Ky3aTihnagu.

Xypa Kyn cOHAM MoneKynanapjaH m6opaT MOALMWIA cucTemanap
YUYYH yTKasunraH Xyaau LWyHfah XuMcobnapHUMHT  KypcaTuwinua,
XaXXMHUWHT KaTtTa KMCMAapuia TeHT TaKCUMMJ/IaHUWLL jaH XaTTOKM HucbaTaH
KMYMK YeTnaHuwnap Xam Xypa KWYMK IXTUMOMNIMKKA 3ra akaH. Ma-
canaH, 1 MM3 xaxmparu rasHUHr 3uuamrm 1 CM  xaxmparu yuw 6y
rasHuHr yprtauva smunurugad 0,01% ra apk XMAMWUHUHT MaTeMaTuK
axTumonnury HO'60 ra TeHr, SSbHU XyAa xaMm Knunkamp. Jiekmu 0,2-10'13
CM3 xaXXMAa ypTaya amuninkgaH 1% ra yetnaHuw ypta xuco6ga xap |ff9
CeK fla KysaTunaau, AbHW Xyfa Te3 TakpopaHaau.

Mopgga xoccanapyMHWHI ypTada KaTTanvknapfgaH OyHfan Kuumk
CTaTUCTMK 4YeTnaHuLWNapn JOMMO Ba Xap Xoiga KysaTunagu. MacanaH,
ep atmoctepacnga Kyéw HypnapuHWHF COYMAULIKN Ba OCMOHHWHI XaBo
PaHrHM 0NN XaBO 3MUYIUTUHUHE XYAAWN WYHAAlK TebpaHuw napun 6uiiaH
TyWwWyHTUpuMnagn. Apum xonnapga 4yetnaHuwinap LWyHYaInK KaTTaku,
MOALAHWHT KYyNn MUKAopufa xam cesunapnu 6ynagn. Mogga 3iunii-
TMHUHT KPUTUK coxajarn dnykTyaumanapy 6yHTa mucon 6ynagu
(onanecueHumna xogmcacu). MacanaH, KpUTUK HYKTa AKUHWUAA YINepog
WUKKW OKCUAW 3UYSTIUTVHUHT ypTada KuiiMaTgaH 5¢pTaya vetnaHnwm 1,6%
ra TeHr.

Jemak aBBanura TeHr TaKCMMaHraH xofnatga 6ynraH ras 3uu-
NUTUHWHT ypTaya KuiimaTfgaH xap KaHfal Xyja KAYMK YeTnaHuwinapu
Xam y3-y3uaaH 60pyBUM MaH(n xapaéHnap 6ynnb6, ynapHu KysaTuau-
W MHWHT UMKOHUATKM BynnbruHa Konmacgad, 6anku 6yHpaali >xapaéHnap
XaMMa Xolga amanra owagu. Karta cucTemanapfa yprada Kuimart-
napfaH cesvnapnu YETNaHULWNAPHUHT 3XTUMOJIIUTY XYAa XaM KUYUK,
amMMO NPUHLUMANAN HyYKTau HasapjaH ynap xaM MMKOHUATra ara.

WyHpan knnub6, y3-y3unaaH 6opmaiguraH (MaHdiiin) xapaéHnap
yMyMuii xapaéHHUHIr 6upgaH-6up HaTwxkacu 6yna onmalign, paeb6
Tabkuanaw yH4yanuMkK aHuUK 6ynmail Konmokaa. MakpocKonuK cucrema-
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napga mMaHguin xapaéHaapHUHr 6opuwn MyTnago MyMKUH amac, jeraH
MKp ypHUra, 6yHaal xxapaéHnapHy Ky3aTuanw 34TUMOJIIMTY XY Aa XAM
KN4YMK bynraH goauca, feb gapawl Kepak. [lemak, TepMoguHaMUKaHUHT
WUKKNHYN KOHYHW BMPUHUYN KOHYHTa yxwwab TabuaTHUHT abcontoT fOoHY-
HU 3Mac, 6ankn CTaTUCTUK JOHYHAUP. VIKKUHUYM JOHYH Kyn MUKAopAarv
MofieKynanap ydyi ogopy gapaxagarn aHuAJIMKKa ara Ba CUCTEMaHUHT
ynyamnapy faHyaaukK KUYvK 6ysca, YHUHT Qy/iaHUuLWLN LWYHYaIUK KaTtra
XaTo/IMKKa 0116 Kenagu.

Makpogonatra »aBob6 6epyBUM MWUKPOLONATAAPHUHE  COHUHMU
TONULW Y4YyH CTaTUCTUK TepMoAMHamuKaga asasuii aso (M-thaszo Exku
D-thaso, ékm /t-tha3o) TywyH4acu KuputunraH. MUKpPOCKONUK ponat
CUCTEMaHW TawKwWn AWayBuM 6Gapya 3appadanap ydyH BagTra 6ornug
6ynraH 6apya ymymnaawiraH Kyu4aapHWHr ywoy oHparu guimarnapu
6unaH TaBcunaHagn. MacanaH, 3pKUHAUK Aapaxkack N=3 6ynraH 6up
aToM/IM MOJIEKyNaHWHT fonaTu Baatra 6ornug 6ynraH 6 Ta KoopAu-
HaTnap, AbHU 3 Ta asoBMil KoopauHaTnap (X, Y, Z) Ba 3 Ta UMMNY/bC
KoopauHatnapu (px Py, pr) 6unaH GenrmnaHagn. MonekynaHuHT yuw 6y
oHAaru gonaru 6 yn4oBnu asaBuii PasoOHMHI HyaTacura Moc Kenapu.
dazaBunii hasoHn ékn IM-pasoHmn asaBuin Adveinkanapra 6ynub6, gap 6mp
Avelikagarn MosneKynanapHWHr CoHW aucobnaHagmn; Typau sdvekanap-
garn monekynanapHuHr conu N/, N2, ywby makpogonarra Moc
Kenagm.

Arap cuctemaga gap 6upu L, Ta atomnapgaH méopat N Ta mone-
Kyna 6ynca, y gonga MofeKynanapHUHI asojarn >konnawuwmn sapo-
napHvHTr 3NmM KoopavHaTnapu 6unaH aHuanaHagn. Knaccuk mMexaHvmkaga
MosieKylanapHUHT xapakarn 3NmM Te3nvMK Ba MMNYNbCAAPHUHT KOOPAU-
HaTnapy 6unaH wdgoganaHagn. [AuHamuK y3rapyBuUunapHUHr 6Nm
MyXaccamnalwiraH guiiMatnapv BagTHWHI gap 6up oHuga cuctemMa MUK-
pogonaTuHu aHwug 6enrvnangm Ba hasa feb6 atanagu. Ywoby guiimat-
napra moc kenyBunm 3Nm umnynsc Ba 3NM kKoopguHata yK 6ynun6
XusmaTt aunyeBum 6NM ynmamnun ¢asoHu dasaBuii hazo éku -haso
aennagu.

KBaHT mexaHukaga XYAAW WY cucTeMaHuHr gonatum 3NM KeaHT
coHnapu épgamuga udopanaHagum, ynap 6apya MonekynanapHuHr 3Nm
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3PKUHAMK fapaxkacuHu aHug TaBcudnaiign. KBaHT COHNapUHWUHT daso-
cuHKn opgatga D-haso opgann ndoganaHagn, y IM-hasora HicbaTaH MKKN
MapTa KaM ynyamaapra 3pa, YyHKUW 3appadyaHvHr UMNynbcu 6unaH Koop-
AMHATacMHU 6UP BaATHWMHI y3uga aHug Tonnb 6ynmalign (IeitseH-
6eprHUHT HOAHMAIMK MyHOcabaTnapura acocaH).

KBasunkniaccuk SAMHAAlNL, KBaHT MexaHuKajarn MyBOMMAIMK
npuHumMnura >xasob 6epagn. Y knaccuk IM-gpaso Ba KBaHT D -haszonapHu
y3apo mocnanrrapagu. by aca unrapunaHma Ba alinaHma japakatiapHu
ngoganalija Knaccuk MexaHUKaHW fynnall Ba CTaTUCTUK KaTTa/iuK-
NapHN KNaccuK Ba KBaHT-MeXaHWK fucobnail HaTuKanapuHu OCOH Ke-
NMWITUPULL UMKOHUATUHM Bepaau.

MorneKynsip TacBUPHM aHuanawl 3apypuaTu TyrunraHga /b-thaso
Jam pynnaHunagun. u-gaso geraHga 6mtTta 3appadyaHuHr 6apya gUHaMuK
y3rapyBUMnapuvHuUHT asocy TywyHunaau. femak, /r-haso anogupa mo-
neKkynaHvwHr asocmanp. Wpgean ras MoneKynanapuHu KypaétraHga
BonbuMaH cTaTUCTMKAcMAaH, AbHM KIACCUK CTaTUCTUK MeXaHUKafaH
thonganaHnnagn:

-hazaBuin asofa MoneKynanapHuWHr 6apya >xovnawmwnapn 6up
XU 3ATUMONNNKKA 3ra (3provaavnk runotesacu);

-MofieKynanapHuUHI asaBuii sueiikanapra TagcMmMaaHnWLM MUKPO-
[onaTHU Jocun aunaaw;

-MOfleKynanapHuUHI a4Yeiika numnga 6up xoligaH MKKMHYUCUra ytu-
LW SHIY MUKPOAONATHU JOCUA AUNMaNan;

—AKKUTa MOJIEKYNIaHUHT MKKWUTa sfivelikaga >»ON anmawimim sHrm
MUKpoZJonaTra Moc Kenagu.

MwukpogonaTnap COHWHW aHuanawHu 3 Ta 6up Xun monekyna-
napgaH néopat ofauit cucTtema Muconuaa TyWyHTUpaMnus. Ynap xaénat
3 Ta gaxkm 6yiimua TeHT Adeiikanapra 6ynumHraH niuwpaa 6yncuH. 3 Ta
MONeKynanapHuUHI gap 6upu xoxgaraH oHga 3 Ta AuelikanapHuHr 6upuga
6yMLIN MYMKWH, YYHKN MONeKynanapHUHI gapakaTu XaoTuK Ba bapya
Xonawmwnap TeHr SATUMONINANP.

MonekynanapHvHT suelikanapra Typavya TaacuMIaHULMHUHT Tep-
MOAMHAMWK 34TUMOIIMTUHU, SbHY YL 6y MaKpogonaTra )xaBob 6epyBum
MUKPOAONaTNapPHUHT COHWMHU aHuanalrimus. Arap 6apya monekynanap 1
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Ta siveiikaga olnawraH 6ysca, y xonga TepMOMHAMUK 3XTUMONINK 1
ra TeHr (W=I), uyHku siuelika numgaru xoii anMalnHULLIEP XMcobra
onuHmanign. bByHpali makpoxonatnap 3 Ta: AbHM 3 Ta Monekyna 6up
BAKTHUHI y3mfa &KW GUPUMHYM, EKM MKKUHYM, EKU Yy4YUHUMN SA4elikaga
6y NN MYMKWH.

BuTTa fiveiikaga 2 Ta Monekyna, UKKMHuYMcuga 1 1a Ba yumHuucuga
mMonekynanap iiyk 6ynca, W=3 6ynagu, yyHkn 1, 2, 3-a4yeiikanap opa-
cuAa MoneKynanap y4dyi 3 Ta KO anmawTupuliiap amanra O u-
PUANLLIN MYMKWH.

ByHga 6 Ta MakpoxonaT 6ynaau: xap 6up makpoxonatra 3 Ta
MWKpoOXosaT Mmoe Kefaan (kamu 6ynn6 18 Ta mMmkpoxonar).

Monekynanap TeHT TaKcuM/IaHraHga (xap 6up sivelikaga 6uTTagaH)
axtumonnnk W=6, uyHkn monekynanap y4uyH 1, 2, 3-Aueiikanap opacuja
6 Ta Typ/avya >Kohnawwuwinap, AbHUM 6 Ta MUKpoxonatnap 6ynuwm
MYMKWH.

By xonga 1 Ta mMakpoxosatra MOe KenysByuM 6 Ta MUKpoxonar
MaBXygd. MonekynanapHUHr TeHr TaKCUMANAHWLL 3XTUMOMIUTU  3HT
KaTTagmp.

W yHaain Kunub, TepMOAUHAMUK 3XTUMOJIIMKHU aHWKIaW Y4yH
O anmMallMHULWNAPHUHT YMYMWUIA COHUHK 1-2-3=3! xap 6up Aueiika-
[arv Ko anmalunHULLIap COHUTa ByNnLL Kepak:

A 1 ]

6y epja HONHWHI (hakTopuvann 1 ra TeHrNUruHuW abTUbOpfaH 4ngap-
Mac/NK Kepak.

YMymMuiA xonga TepMOAUHAMUK 3XTUMOMIMK lOKopuaa Kentu-
punraH (111.5) TeHrnama 6unaH ndoganaHagu.

N 3appayanapHuUHr N Ta sA4yeiikanapra TeHr TakKCUMAaHraHuja
MaKcumMan TeEpMOANHAMUK 3XTUMOITNK Iy (111. 6)

raTeHr 6ynagu. Arap N=15, n=3 6ynca, Wmex=7,6-1058a N=20, n=4
6ynranga Wmex=I, 173-1010 ra TeHr G6ynaau.

MofeKynanapHUHT COHU OpTUWIW 6WUAaH TEeHT TaKCUMAAHULIHWHT
TepmMogMHaAMUK 3XTUMOJIIUTM Xyda Xam Te3 OpTWU6 KeTaau, LUYHWHT
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yuyH ogguii raz (1 Monb ga 6,022-1023 Ta 3appava) GepuaraH XaxMmHu
6up Tekucpa Tynaupagu. Mas MyBosaHaT xonaTuga bynagu.

CTaTUCTUK TepMOAMHAMUKAHUHI nocTynaTta Oyiinya xap 6up y3
X0Nira KyiunraH u3onsuusinaHraH cucteMa 3XTUMOMIM 3HT KacTa Xo-
natra yTuura nHTunagu, 6yHga usonsiymsanadraH cCMCTEMaHUHT TepMo-
OVHaAMWUK 3XTUMONNIA MakKcMMyMmra sikuHnawagw. [emak, Tepmoau-
HaMUK 3XTUMOSITMKHUHT MaKCUMYyMUTa CUCTEMAHUHT MyBO3aHaT XonaTu
MOC Kenagu.

CTaTUCTUK TepMOAMHAMUKAHWHI nocTynatnapugaH TepMoAuHa-
MWKaHWHT MKKUHYY KOHYHU Xynoca 6ynn6 ywaan. CTaTuCTUK TepMOan-
HaMMWKaHWHT acocui

S WkInW (1.7
TeHrnamacu TepMoAUHAMMKa MKKUHUYM KOHYHWHUHI acocuii thyHKLMsICK
-3HTpONUsAHK (5) CTaTUCTUK TEPMOAUHAMMKAHWHI acoCuii Kactaiuru -
TepmoguHamuk  axtumonnmk (W) 6unan BonbumaH goumwuiicy  (K)
opkanu 6ornab Typaau.

Wpean kpuctann mogga yuyH T —Ofa TepMognHaMUK 3XTUMONINK
Wag~ 1, yyHKM a6contoT HOMAA MAean KpPUCTaIl MOSIEKYaNlapHUHT (akaT
GUprvHa TaxCMMIaHULLIN opXaiy amasra OLWUpUIMLIN MYMKWH. [lemak,
CTAaTUCTMK TEPMOAMHAMUKAHWHI acocuidi TeHrnamacy a6conT Honga So
= 03kaHAUrMHM Kypcasagu. |

111.3. Knaccuk Ba KBaHT CTaTUCTUKACK TyLLyHYanapm

Arap cucTema MyBo3aHaTAa 6yfica, YHUHT MaKpOCKOMUK X0naTtu
BaxT yTuwu 6unaH ysrapmaingM. AMMO anoxjua 3appadanapHu Tas-
CU(I0BYM MUKPOCKOMMK Yy3rapyBumnap y3nyKcu3 ysrapuiy MyMKWH,
NeKnH 6yHpa Makpoxonat ysrapuiicus xonuwmu wapT. LWYHUHT yuyH,
KNacCUK HyxTau HasapfaH, TepMOoAULAMUK CUCTEMAHUHI MaKpOCKOMMUK
TaBcuun 6mnaH ynryH 6ynraH xmcobcus Kyn MUKpoxonatnap MaBXyf
6ynuwn Kepak.

BonbuMaH TOMOHMAAH fpatanraH cTaTUCTUKA MOSEKYynanapHUHT
cTatucTmkacu 6ynunb, yHW 3appadvanapu ysapo TabcuprawiManpgirad
upean rasrariiHa Kynnaw MyMKuH. Pean cucTemanapga sappadyanapHuHr
3HEpPreTMK xonartnapu 6up-6upungaH 6ornux. bByHpain 6ornuxnmk Fne6e
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TOMOHMAH ApaTWIraH cucTeManapHUHI cTaTUcTUKacuga Kartra aHuaanK
6unaH gucobra onmMHraH.

Fn66Cc byiinya, aHeprusicu Ba; 3appayanap CoOHW y3rapmac 6onTtaH
6epK cucTemMaHu anogupa cueTeMadvanapHuUHr Maxmyacu cudarnga
fapanub, ynapHUHT gap 6upn mypakkab mMefaHUK XXUeMHU ndgoganangn.
CucTeMaHVHI 6GyHAali TaWKWA KWUAYBYM KUC.MAapu Typau gonatnapja
OynMwmn Ba yNapHUHI ypTacuga 'OHeprusi anMallvHyBW Ky3aTWauLn
MYMKUH (BYTYH cucTema 3Hepruscu foumuii 6ynraH gonga). bowka
cTarucTukanap Kabw, cucTeMaHWHI 34TUMOAN 3HT KaTTa 6ynraH fjona-
Thra Typaym MUKPOAONATNAPHUHI MaKCUMan COHW OpAanun 3puLLnnagu.
ByHpali gucobnap cucTtemMa TePMOAMHAMMUK 34TUMONANIUA YUYYH SHIU
niogara Ba 6up 6yTyH cucTemMa [ONATAAPUHUHT WNTUHAUCKA TYLLYH-
yacuHuM KupuTuwra onué kenagn (6up 6yTyH cucTema fonatnapu
ANTUHANCMHUHT MOsieKysianap gonatnapu byiinda Monekynsap AnrnHam
6unaH 6ornNAININHN KERNHPOA Kypuo ungamns).

Fn66c ctatuctukacu gam bBonbumaH cTaTucTukacu Kabu gaTtop
ponnapfa Taxpubasuii wacangnaHmaran. Kyinn gapopatnapga Hasapus
6unaH Taxpuba opacupa cesvnapnu hapg Kysatunagum, YyHkKu 6yHpa
Mofja aiHuii aHepreTuK gonatga 6ynagn ((PoTOH Ba 3NEKTPOH rasnapu
yuYyH 6yHpaai thapg togopu gapopaTtnapja gam cagnaHub gonagu). MaHa
wy cababnapra Kypa, Knaccuk CTaTMCTUKaHW KBaHT Hasapuscu acocmpa
fjanTta Kypub umgul sapypaty TyrunraH. CTatucTvkaja KBaHT Tacas-
Bypnapu unk 6op 6up-6upugaH myctagun pasuwja bose Ba JlHLW-
TellHNap TOMOHMAAH PUBOXNaHTUpUAraH. Bo3e-OMHWTeNH cTaTucTm-
Kacu TpAopu fapopaTnapfa KnacCUK cTaTucTuKara yTaju, fIeKUH nact
pjapopatnapga Makceenn-bonbumaH cTaTUCTUKAcK [OHYHUATAapuiaH
thapa AunyBuM HaTwKanapra onn6é kenaam (6yHpaa ras aHuiA sHepreTukK
ponatnapga 6ynub, KN4mMK aHepn-wnapra ara 6ynraH sappadanap Kynpog,
6ynagu). Bo3e-BiHWTeH cTaTMCTMKAcK Ayin aapopaTtnapjarv rasnap
yUYyH gynnaHunagn. By ctaTucTmka abconoT Aopa XUCM HypAaHMLWK-
HUHT JOHYHNApUHW KeNnTupué ungapuiija Ba MATMHAM CNWUH HOMra TeHT
8KM Xy(T b6ynraH bapya 3appayanap y4yH AynnaHunaraH. bose-OiHLw -
TeliH CTaTUCTUKACUHMW 3M1eKTPOH FasHWHI goccanapuHu udoganaly yyyH
Kynnaw myBaddagmatcnus 6ontaH. by pgonga 6owfja KBaHT cTaTuc-
TUKacuHu, abHu depmm (1926) Ba [Awupak (1927) nap TOMOHMAaH
ApaTuaraH ctaTUCTMKaHu fynnaw nosum. depmu-Aupak cratuctuka-
cuja Aam  aneKkrpoHnap dapanaHmaign, ammo [lMaynu npuvHUMiM
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TOMOHMAAH 3NeKTPOHNAPHUHT TaACMMAaHUWMKUIa JyMuaraH 4eknosnap,
AbHW (asaBuii (Ha3oHUHT Aveiikacufga 6GUTTagaH Kyn *3N1eKTPOHHUHT
6ynuwn MyMKUH amacnuru gucobra onnHagn. ®epmu-Aupak cratmctun-
Kacu 3/1eKTPOH FasMHWHI NacT WCCUAMMK CUTUMWUra ara 3KaHAUrMHU
Hasapuii TywyHTupu6 6epau. MabnymKu, MeTann MOHNapfaH mbopat
6ynraH nawxapagaH TysunraH 6ynun6, ynapHUHr opacufa 0304
anekTpoHnap o6ynagn. Knaccmk Hasapusara 6uHOaH, WMOH  acocau
KPUCTA/THUHT Mccmanuk curamm 3R = 6 Kan/Moib ra TeHT Gyauwiu
KepaK. 3NeKTPOH FasMHWHT UCCUANMNK CcUramm aca, 6Uup aTtom/n rasHUHT
UCCUANNK curamu Kabu, 3 Kan/MoNmb ra TeHr 6ynuwu Ba ogmbaTtaa
METa/ITHUHT YMYMUIA nccnanuk curamm 9 Kan/Moib HU TawKun AMNuwn
Kepak 3gu. [agvpaTha aca, y TaxmMuHaH 6 Kan/Monb ra TeHr. [emak,
3M1eKTPOH Ta3sMHUHI UCCUA/IMK curamu Honra sguvH. ByHpgaih HaTwmxa
depmn-Aunpak ctatucTtukacu 6unaH kenuwagn. ®epmu-Aupak cratuc-
TUKacura 6MHOaH 3M1eKTPOHAAPHUHT TaACMMIaHULLnAA 0 JOPUPOL 3HEep-
ruara ara 6ynraH sappadanap Kynpog 6ynagu Ba Wy 6unaH Knaccuk
TaAcMMNaHuw aaH dapg aunagu.

Knaccuk HyfTanm HasapfaH TepMofMHamMK CUCTeManapHUHI CTa-
TUCTUK JOMATUHW ypraHuw y4yyH Fn66c aHcambnnap ycynnHu Taknug
annraH. FTn66e byinya yw 6y MakpoxpiarTa MoC KelyBuM, SbHU Yy 6unaH
yiryH 6ynraH MMKpoAO/aTNapHUHT eTapau gapaxajaru karta gatopura
aHcamb6nb geiimnagun. Bowgaua alitraHga, TepMoAMHAMUK &KW MakKpo-
CKOMWK HyfTaun HasapgaH 6up xun tascudiapra ara 6ynraH, ammo Typam
MUKpogonaTnapgarun mabaym t] coHAM cucTeManapHUHI Xaénuii mMax-
Myacura aHcambnb geinnagn (byHga TepMOAUMHAMMUK KaTTa/IMKAAPHUHT
Tyrpu ypTada guiAmaTtun 77— ga gocun 6ynagun). [emak aHcaMb6iHuU
TypAn puBOXNaHuLW 6ocanynapufa, SbHU Typam MuKpogonatnapaa
bynraH Xyga Karta COHNU (YeKCU3MKKa UHTUAyBYM) 6up xmn Tepmo-
ANHaMUK cucTemanap Kabu TacasByp AN MYMKUH.

OnguHra gynnraH magcagra fapa6, TepMogMHaMUK CUCTEMaHUHT

YeKNaHraHaMrnura Moc KenyBuuW, Typnau adcambnnap AynnaHvunagu.
AHCaMbNNapHWUHT 3HT afjaMuUsaTAN Typnapu gylingarunapgaH néopar.

MWKPOKaHOHMK aHcaMb/b aTpo MyAUT 6unaH Mofua Ba aHeprus
anvatla onmMaiuraH nsonauusanadraH cuctemMara Moc Kenagu. Y faxm
V, nukn aHeprusa U Ba 3appayanap COHWHMHT N govmwuitnuru GunaH
TaBcuaHagm.

KaHoHuk aHcambnb V, N Ba T guiimatnapu 6unaH TaBcugiaHyBym
énunga n3oTepMUK cucTemara Moc Kenafu. byHaai cuctema atpot MmyauT
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6unaH TepMMK MyBoO3aHaTha 6ynaam Ba y 6mnaH aHeprua aaMallajgw.
CTaTUCTUK TepMOAMHAMWKAHUHT MaKcajnapu y4yH KaHOHMK aHcambib
3HT Kynanm 6ynm6 umegun. KO Kopuga aiTunraH nKkkana aHcambnnap Knumk
KaHOHWK aHcambnnap, geb atanagu.

Katra kaHoHUK aHcam6nb V, T Ba kKuméBuii noTeHuwan /N 6unax
TaBendiaHyBUYM OYMK WU30TEPMUK CcUcCTemMara MOe Kenagu. Y aTpod
MyXUT 6UNaH XaM WCCUKIUK, XaM MOAAMIA MyBo3aHatga 6ynaan Ba
3Heprusa Ba MOA4a anMawuwimym MYMKWUH. AHcambngarv cucTeMaHWHr
ypTaya aHeprusicn Ba 60CAMMWHM Xampga MabiyMm KUAMATAN 3Heprus sa
6ocMmra ara 6ynraH cucTteManapHWUHI COHUHW Xucobnawl Y4yyH cTa-
TUCTUK MexaHuKara Kylingarn noctynarnap KMpuTUAraH.

BupmnHumM nocTynat ypraya Kuiimarnap Xabguga 6ynun6, cuctema-
NapHWHT COHM YeKCcuU3ra WHTUATaHAA, 3HEPTrUs €KW BGOCMMHUMHI BaxT
byiinya ypTaya KuimaTu ylwoby KaTTalIMKAapHUHI aHcambnb 6ylinuya
ypTayacura TeHr.

WMKKMHYM nocTynaT TeHr aXTUMonnuknap xakupa 6ynu6, msons-
umanaHraHd cuctemaga sappadanapHuHr Mab/lym COHUTa, XaXXMW Ba aHep-
rmscura Moc KenraH 6apvya MyMKWH GynraH KBaHT xonatnapu 6up xun
AXTUMONINKKA 3ra.

I11.4. MonekynanapHWHT aHepruanap 6yinya TakCMMIaHULLIN,
BonbumaH KOHYHU

DU3MKaBUIA KUMEHWHI KYMNrMHa Kucmaapuga MysosaHa! xonaTtu-
fjarn MOMekynsp cucteMaga MOJeKyjanapHw n 3sHeprusnap 6yinda
TakCcMMAaHuWnHK ndoganaianrad, KOHyH nwnatmgagn. KynnHya myso-
3aHaT XxonatugaH YHYa/IMK Kana apkK Kuamaigw aH HoOMyBO3aHaT Cuc-
Temanapfa xaMm yuw o6y KOHYHHULW .Mwnatmanwmn goiganm bynagn. Ma-
canaH, KWMEBWI KWHETMKA Hasapusacufja Karop xonnapja oxupru
mMaxcyfoTra HucbaTaH CeKMHPOK y3rapyBuu KaHAalgup opasvk Mmax-
cynoT '(Bkm xonaTt) xocun 6Gynuwn Xakumparum TacaBBypaaH oliga-
nannnagn. Wy ca6abnu, 6yHpali opannkK MaxCynOTHUHI KOHLEeHTpa-
LuMsacKM MyBoO3aHaT XxonatgarvjaH yHYanuk apk Kuamaign Ba Tepmo-
AVHaMUK ycynnapaa TaxMUHUI XMCO6MaHnW M MYMKWH. Y MyMaH, Xyaai
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Wy iyn 6unaH KMHETUKa Ba TepMOAMHaMMKa ypTacuga 60rnMKavK nango
6ynagn. LUyHWMHT yuyyH anoxBfa MOMeKynanapHuWHI TaBcuduy acocmpga
Kyn COHAW MoneKynanapgaH 1A66pat 6ynraH CMCTEMAHWHI TEPMOAU-
HamMWK (yHKUMAnapiiHu xucobnawira nyn 6epyBum cTaTUCTUK TeEPMO-
AUHaMKKa ycynnapu (CneKTPOCKOMUU, 3/1eKTPOHOT paduK) akaT TepMo-
AUHaMVKa coxacupjarmHa axamusiTiv sMac. Ynap KUMEBWI KUHeTUKaja
Xam, aBBanambop, peakums TesIMrMHM CTaTUCTMK xnucobnawga (abcontoT
Te3NIMKNap HasapuacKu) KaTTa axaMuaTra ara.

Ywoéy ycynnap acocufa MoneKynanapHUHI 3sHeprusinap 6ylinya
TaKCUMMaHULW KOMyHW BonbuMaH KOHYHM éTagu. BonbumaH KOHYHUHU
KenTnpné umkapuwl ydyyH 1 MOMb mpean ras TyTraH usonsiymsanadHrad
cucTeMaHmn Kypu6 umkamiis. FasHuHr Nj, N2, Ns.... Nt monekynanapw L
2 8> sit sHcpriianapra sra 6yncuH. Anoxgaa MoneKynanapHuHD
aHeprusanapn akat auckpeT e “ hv kuiimatnapHu kabyn Kunagu, ne6
xucobnanmns. MsonauuanaHraH cmctemaga MOMEKYNanapHUHT yMyMuni
COHM Ba CUCTEMAHMHI WYKM 3HEPrusicn ysrapmac KaTraavMkiapaup:

N a = SAT/ = const bl T T

TepMoAuUHaAMWK MyBO3aHaTfa CUCTEMaHWUHI 3XTUMOMSUIU  3HT
IoKopy xonaTga 6ynagn. N3onauyuanaHrad cuctema yydyH TepMogMHaMUK
axTumonnuk W ea sHTponusi S makcuman kuiimatra ara 6ynagu.

CucTema MyBO3aHaT xonatuga ugean ras sappadyanapuHUHE aHep-
ruanap 6ylinya TakCUMNaHUL KOHYHUHU KeNTUpUG Ynkapamms.

TepMoAVHAMUK 3XTUMONNK TeHrnamacugaH W HUHT KuiimMaTuHm S

Ne )
= kInWTeHrnamara kyamus |(.L|,LL|,\ jvJ &wn S =KInNA! - KInSNt! Ba
Ctupnunr ternamacum INN! —NInNN-N xuco6ra onn6, N = NA= ENt ga:
S=(NANANA~M LU, inip » ®  nogaHn E3MINUMU3 MYMKUH. By TeHr-

namaga NA — ENt skaHnuruHm xpgco6ra o0nu6, KUCKapTUMPULLIIAPHK
amanra owimpcak, Kynmaaru

S =kNA[NNA*-km i biNi (N1.9)
TeHrnamanu onamus. (111.9) HU guddepeH ymannainmus, 6yHga NA= const
6ynraHnurn cababnu TeHrnaMaHuWHr OUPUHYM Xagum Hojara annaHué
KeTagn Ba Kynugarn ndoga Kenmbé unkagu:
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dS=-J159 LL|-p-LLI+ 1A j=-Fel (tavoH)al vy,

MakcuMyMra mMoc KenafuraH aHTPONMSiHW aHukpaw y4dyH Nj Hu
y3rapyB4yaH KaTTanmk ge6 xgpco6nab, (LU.9) TeHrnamaHuHr guddepeH-
umanvHu Honra TeHrnawtupamms: L, - —AS(InNt +I)dNj = 0 (L. 1)
InNj H» KaTTa coH aeb oncak, (LLJ1O) HM ypHura

(11.11)

4eb éanwmmma MyMKuH.
W3onsuusnaHrad cuctema yuyH (M1.8) TeHrnamanapra 6uHoaH (e(
napHu ysrapmac Kattanvk ge6 onamus): dNA="2dNi =Q (mn2)
dU - "LGjdNi =0 (L n3)
S Hu makcumymra ainanTupysuu LLL HuHr guiimaTu (LU JT1-1U13)
TeHrnamanapHu bupranvkia edm6 aHnkaaHagn. JlarpaH>XHUHT UXTUEPUIA
KynaliTyBumnnap ycynugaH goigananm6, (LL12) Hn Ara Ba (LLN3) v ra
KynaiTupamus, cyHrpa yyyana TeHr1aMaHu KyHamus:

'ZQuNi + X +vei)dNi =0 (1n4)
6y epaa A Ba v —UXTUEPUIA KynaiiTyBumnap. (111.14) TeHrnama axat dNt
ongugarn KoauumeHTaap MUTMHAVUHUHT Xap 61p Kyl nayBUYUCU YUyH
HoMra TeHr 6ynraHaarvHa agonatnuaup, yyHku NtsappadanapHuHr coHM
NXTUEPUI y3rapu LUM MyMKUH:  IniV)+ A+st=0 (LU .15)

ByHpaH (111.16)

ABa v KynalityBumnapHu aHuknaw yuyH (111J16) Hu (111.8) ra Kyinb

re (w7

HM onamu3. (LU.17) HuHr maxpaxugarn wdoga Q xapchwm 6unaH
6enrunaHagu Baxonatnap byivya ANrMHan genvnagn:

Q= 2e've' (111.18)
(11.17) Ba (M1.18) gaH Ay4yH fyAnaarvHn olaMmus;
(111.19)

(L .19)Hum (LU .16)rakyiicak
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eKn InNi = InNj-InQ-VEi (11.20)
ndoganap kenn6 ungagn. (111.20) xeHrnama bonbuMaH TagCUMOTUHWN KK
BonbLMaHHMHT MOJieKynanapHu aHeprusinap 6ylivya TagcuMIaHULLMHK
1 oaanoBYn TeHrnamagmp.

MyBo3aHaTgarn 1 MOMb ugean rasz CUCTEMaCUHUHT UYKU 3HepPrus-
CMHW Ba YHWHT 3HTPONUSCMHM ponatnap 6yinua WMrMHAM opganv
ngoganalimmns. (LU .20) TeHrnamaHu xgco6ra oncak, (111.8) Tew nama U
YUYH KyAngarn KypuHULLIHW onagii:

(1.21)

JHTponua y4yyH 3ca, (111.9) TeHrnamagaH Kyihngarn ndogaHu onamms:

Ba (I11.18) TeHrnamaHwm xgcob6ra oncak Ba faTop AvchapTupwuLunap
awncag,
S=kNA InQ+kvU (111.22)
TeHrnamMmaHu onamums.
V. HUHT TepMOAMHaMWK MabHOCUHM aHugnaw  y4dyH (111.22)
ndogagaH v byinya gocuna onaMmms:

(LLI 23)

(111.23) H¥ copuanawTupuw magcagmaa (M1.18) TeHrnamagaH V 6ylinua

(111.24)

(111.21) Hn xacobra oncak, (M1.24) gyingarn KypuHuLIra Kenagu:

EVQ.— ,_ﬁt’ (111.25)
(LU .25) Hu (LU .23) ra gyitcak, cTaTUCTUK TepMoanHammukagaH dS/dv yuyH
ayinparn

aSs Jvdu
v dv (111.26)

ngogaHn onamms.
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Knaccuk TepmoaMHamMuKagaH XM ysrapmac 6ynraHga dS—dtl/T
(kanTap xapaéin y4dyH) mndgopagaH xamTtap XapaéH yuyH dv 6ylinua
Xocuna oncak:

ds 1dll

yaap n, w W
Kenné ymkagu.

(113.26) Ba (111.27) TeHrnamanapLULIr YHr TOMOHNAPUKW TeHrnat-

TUpPCaK, V HUHTKMAMaTUHW Tonamms: v (111.28)

(111.28) TeHrnamagaH —=KT 6Gynagun, AbHU V KyHalTyBUMHUHI TecKapu

KuimaTtun abconioT xapopartra nponopuuoHan, 6yHaa nNponopLyoHanoc
R

KO3 (OULMNEHTMHM BonbLuMaH JouMuiicy yiiHaingn [/CE~El,

(111.28) gaH v HUHT guinmatunu (111.18, 111.19, M1.20, MN1.21, LW .22)

TeHrnamanapra Kyiicak, xonatnap 6yinmya AMrMHAUHUHT HOJACU YUYH:
-u/Kr

Q =2e (L 29)
MOSIeKYNTaNIapHUHT 3Hepruanap 6yiinuya TakCUMIaHUWMWHU U(OAATOBYM
BONbLUMaHHUHT 3KCMOHEHUMAN TEHTIaMacK YUyH:

=N
N. ="A-te w (LW.30)
N &
WYUK 3HEPTUS YUYH: y(]:_ng:e a (N1.31)
nb
SHTPOMUA YUYH: S = AinQ+— (111.32)

£ ..
e KI KaTTa/IMKHUHT aiipumM MyXUM XoccasiapuHu Kypub 4mKamua.

ByHUHr yuyyH BonbumaH TernamacugaH (LL.30) doiganaHamuns. YHu
S,

Kylingarn KypuHumn a kentupamms: L - Ae KT (LW.33)
£

6y epga A —Na/Q —const. (LU .33) gaH: T—0paa e Kr->00 BaNt= 0. by

abcontoT Honbra sKMHAa KysraaradH (1, 2, 3, ..) noroHanapjga

MosfieKynanap MyKAIMrMHU KypcaTagu, YNapHUHT XaMMacu KysrajimaraH
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HONMMHYKM noroHaga 6ynagn. T—=opaa e KT—1 Ba Nt =A = const, abHu
or<opy xapopartnapfa MOJIeKynanapHUHI Ky3ranraH 3HepreTukK noro-
Hanapra Takcumnanuwm 6up Tekuc Gynagu: Ni=N2~..=Nj = const.
Kypnb ywmnnraH BonbuMaHHUHT TaKpPMMIAHULIMHU KeNTUPNG6 Ynkapuil -
HUHT AYeiikanap ycynu (bonbuMaH ycyn) XKyaa Xxam aHuK aMac Ba Katop
IbTMPO3NapHN KenTUpmb uYukapagu: sdvelikanapapo aliHuii 3appadya-
NAPHVHT aMalVHULIN SHIM MUKPOXONaTHU KenTupub uumkapmaiigu;
3appavanapHu pakamnab 6ynmaiign; CTUPAWHT TeHramacuHW Kynniaw
Xam YyHYanuK Tyrpu amac, YyHKu 6ab3u suelikanapga 3appadvanapHuHT
COHM YHYaNuK KaTtTa 6ynmacnuru mymMKuH. LLIyHTa KapamacgaH, bonbl-
MaH TaKCUMAaHULLIN UAean rasHMHT XoccanapuHu Tyrpu ndoganangm.

BU3HUHI Basudanapummsra Moc KenyBUYM TaKCUMMAHWULL KOHYHU-
HUHT KYPUHULIVMHW ONULW YYYH Taxpuba HaTwxanapujaH xampga KBaHT
HasapusacMgaH Kennmb YMKaguraH MosieKynanap 3Heprus caTxAapUHUHT
aripum Kywimmua TaecunapuHn xacobra onamus. Man WyHAakn, mab-
NYM 3HEpPTrusifiyM MOMEKYNaHWHT X,0NaTh 60w Kava 6enrunap éku xoccanap
6vnaH TaBcunaHUWKM MYMKWH 3KaH, MacasiaH, MarHuT (3eemaH 3g-
(hekTa) Ekn anekTp (LUTapk atdekTa) mainfjoHnapn Tascupuga byHpain
xoccanap HamoéH 6ynagu. [lemak, MoOneKyna 3HeprusicCMHUHI 6up xun
Kniimatura Typnu iynnapga spun MyMKUH, SbHU KBaHT MexaHuKa
TMAN 6unaH anTcak, MONMEeKyNaHWHr 6uTTarmHa aHepruscura 6up Heda
xycycuii Si konatnap xaBo6 6epuLly MyMKUH 3KaH.

O kopupaarn tuKpnapgaH, mMonekynaja 6uTTarMHa aHeprusara ara
6ynraH 6up Heya 3Heprvs MOroHasapUHUHI MaBXYyLUTU XaKupa ranu-
pyuWnMU3 MYMKWH. ByHpai KailTapunyBuu 3HepreTMK MNOroHanapHu
aiHWI noroHanap Aevnagv, aiHMANUK AapakacCUHW 3ca, 3HEePreTuk
MOFOHaHWHI CTATUCTUK Maccacu EKW YHUHT anpuop 3XTUMOMIUTU XaMm
ne6 atanagu:

N=ILNt= a (111.34)

6y epga: N - cuctemagary MonekynanapHuHr couu; L - mabnym
aHeprusara ara GynraH MosneKynanapHUHr coHu; NO - Kyl 3HepreTuk
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noroHagarm MofeKynanapHUHE COHW; Si — 3HEepreTMK MOroHaHWHT
CTAaTUCTMK Maccacu éKu YHUHT a priori 3XTUMonauru.

(LI .34) Ternama 6ap4ya 3HepreTMK noroHanapgarn H monekyna-

mi's, N

NapHUHT ANTUHANCUANP, YHAAH e, =T1r=Q (111.35)
ra TeHr 6ynu6, 6y epga Q - xonatnap 6Gyinua MoneKynsp MMrnHan éxii
CTaTUCTUK WNUrMHAN pelinnagn, y ¢akat ywby Mogja Monekyna-
NapviHWHT Qi Ba e, Xoccanapura Ba X,apopartra 6oravk 6ynv6, moaaa-
HUHT Maccacura 60rivMK amac.

Xonatnap 6ylinda mMonekynsp WWrMHAM pgap 6up Moaga yyyH Xoc
KaTranMk 6ynm6, cuctema MoneKynanapuHUHT 3HepPreTUK XonaTnapuHu
TYPAN-TYMaHAUTMHU Ba YL By XonaTnapHUHT HUCOWUIA 3XTUMONIUTUHU
(BO - 3HT Kyiin 3HepreTUK noroHara HucbaTaH) uoganainan Ba xapopar
opTvwKn 6unaH optagn. Q HUHT ~NYOB GUPANTU YK, YHUHT KWAMaTh
MOALAHVHT MOMEKYNSAp Maccacura, Xxaxm, xapopar Ba MosieKynanapHuUHr
Xapakat TaBcudumra 6ornnk. Homgean cuctemanapga Q monekynanapapo
mMacoga Ba Monekynanapapo Kydnapra xam 6ornvk. Q anoxasa moneky-
NanapHMHI MUKPOCKOMUK X0CCanapuHmn (SbHN 3HePrUAHWUHT AUCKPET Mo-
roHanapvHu, UHepUMsi MOMEHTNApWHW, AWMO/b MOMEHTNApWHU) MOj-
OAHVHT MaKpocKOMMK Xxoccanapu (MUKW 3Heprus, sHTPONuUs, UCCUKIIMK
cMruMmn) 6unaH 6ornangm. OXMpru atamanap anHWin xonatnapga yw by
3Heprusra ara 6ynraH caTx/apHUHT YMYMWUIA COHN Kynainuwiu 6unaH Ba
yw 6y aHeprusinnm Mmosnekynanap nanfo 6ynuLMHUHE 3XTUMOMINUTN Op-
TMWK 6unaH 6ornuMeamp. Ywoey mynoxasanapfaH Kennb yvMBgaH xonga
BonbuMaHHUHT TakcMMoT KOHyHUHK (111.30) ékn (H1.33) TeHrnamanap
ypHUra Kyiugarn KypuHuwaa é3MwmmMm3 MyMKIH:

N ,= "-gie " (111.36)

.
EKN Y, = Agie X (W .37)
BonbUMaH  KOHYyHW  Kyiivparnya TabpugiaHagu:  MyBosaHaTAaru

MOJIEKY/IIP CUCTEMA YUYH €; 3Heprusara ara 6y/araH MOJeKynaiapHUHT
e{
COHU BonblUMaH KynainTvpyBuMcu € KT ra nponopuuoHangup. Bonbl-
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MaHHUWHT 3KCMOHeHLMaN KOHYHUN Xyfa KaTTa axamusiT K030HW6, Typau
amanuii MacananapHy xan Kuauwja xaM Ky/aiaHunMoBga. Y cTaTUCTUK
TepMOAMHAMMKaAa Ba KMMEBWIA KMHETMKA Hasapusicuga XXyga Xxam
axamuaTaMamp. BonbuMaH TeHraMacUHWHE 3KCMOHEHTacu onguaarv

KynaiiTupyBum A=" xapopaTtra xamja CUCTEMaHW TallKW1 KUIyBYM

MoJieKylanapHUHI COHU Ba Tabuatura 6ornux. Aemak, A MOAAAHUHT
xoccanapura 6ornvk 6ynca, A- yHuBepcan JoOMMUIALP.

r) cr (>~KT

Arap (I111.36) TernamaHun Kyiingarm (W .38)

K3uHMWMaa é3cak, xonarnap Oyinya NUTMHAWHW MOMEKynanapHUHT
Tynw, Na coHura Huc6aTu ® mapTa Kynpok onvHraH bonbumMaH Kynai-
TUPYBUUCUHUHT Si aHeprusra ara 6ynraH MosekynanapHuHr JJ coHura
HucbaTn Kabin 6ynagn. LyHpalhi kmnmb, xonatnap 6yinmya hnrnHgmra
cuctemagary ywby Typaarv MONekynanapHWHr TyNWK COHUHW TaB-
cndnoByun BoAbLUMAHHUHT YMyMAalWTUPWUAraH Kynantupysumcu Kabu
Kapaw MYMKWH 3KaH. KOKopuja TabKupnaraHumusgek, Q ynyos 6up-
nurura ara amac, y cuctemagarn mMonekynanap ypracuja SHeprusHuHr
TaKCYMMAHULLMHN Kynai matemaTtvk K3gwuHuwga udoganawra épgam
6epagu.

AHa 6up 6op (111.36) TeHrnamara Kalitamus. YMymaH, xonatnap
fyiinya WWTMHOWUHW CUCTEMAHWHI TepMoAMHaMUK Xoccanapwu 6unaH
6ornawl MyMKuH. AMMO, nfean rasHuHr TepMoguHaMmnK MyHKLMANapuHU
xonarnap 6yinya mMonekynap MUIMHAM OPKaIM aHUKAACAK KOHMKapCcu3
HaTwxanapra Kenamus. X/akvKargaH Xam, WUYKW 3Heprus, WCCUKIIMK
CUTMMMK Ba 60CUM YUYH TYrpu Kuimartnap Kenmb 4mkca, 3HTponus yuyH
XaKUKUA KuiimatnapfaH KUYMKPOK KuimatnapHu onamus. MacanaHu
OMKKaT 6unaH Kapab 4YmKcak, 3HTPOMUAHW Ba YHUW y3uda TyTraH Kartop
6oKka TepMOAMHAMUK (YHKUMANApHW Xonatnap 6yiuya monekynsp
AMrnMHaM acocuga xucobnawira Xakam smMaciMuruMusHu Kypamus, YyHKu
ynap y3uHUHT MabHOCU Byiinya 6yTYH CUCTEMaHWHI XoccanapuHu ngo-
fjanaign. KOkopuparvmnapra acocaH, CUCTeEMaHWHI xonatniapu 6ylinda
ANTMHANCK, feraH KeHITPoK TYLYHYaHU KMPUTULLIMMWS WapT Bynagn.
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CucTeMaHuHr 6up 6YTYH XONarmHW YHW TaWKWA gunaéTraH 3ap-
padanapHuHr (MonekynanapHuUHr) yHkKuusacn cudatmga Kypub ymnpga-
éTraHfa MKKuUTa XonHu 6up-bnpugaH apgnaw 3apyp. bBupuHum xonpga
CUCTEMAHMHT X0occanapu xycycaH faiicu 6up anogupa sappavanap y éku
6y TaBcudnapra ara skaHaurura 6ornnk bynagm, abHu 6y xonpga 3ap-
payanap 6up-6upugaH apknaHagu. VIKKMHYM Xonpja aca, CUCTEMAHUHT
Xoccanapu wpopuga antunraH TaBcugnapra sra 6enruwnapra gapab
rypyxgapra TagcuMnaHraH sappadanapHuHr agat coHurarnmHa 60rnvk;
b6ynagn. 3appayanapHuHr y3m 3aca 0y xonga 6wup-6upugaH dapg
annmangn.

BUpYHYM X0N YUYYH CUCTEMAHUWHT XonaTnap 6yinmya WinrnHgnucm

gl

Q.=(2 e K)N=QN (111.39)

ra TeHr 6ynagu, 6y epga Q, r- cucTeMaHWHr i-xonatgaru xonatnap
oyiinya hmrnHanucn; e, —bUTTa MONEKYNAHWUHT r-xonaTharn aHepruscu;
Q —xonatnap 6Gyiinya monekynsp murnHgun. (1M.39) TeHrnamaHu é3aéT-
raHfa anoxufja r-noroHanap 6yiuya MurnHan Hasapga TyTunaaum. bup
Heya MOroHanapHWHr GUpP XWA 3HeprusAra ara 6ynraHnnrum ogmbatuga
Xocun OynraH amHUANMKHKM xucobra onraHga, (M1.39) TeHrnamaHu

Kyiingarm
Bf

Q; = (2 gie KT )V (111.40)

KypUHuwunga é3ul MymkuH, 6y epfa & HWHT MabHOCU XYyALW aBBasl-
rMACK, 6P XU 3HepPruann GapknaHyBYm NoroHanapHUHI coHu. LW yHpai
annune, tokopuaarn ndoga N Ta hapkgaHyBUM TabcupnaliMaéTraH sappa-
yanapgaH néopat Makcsenn-bonbumaH cucTteMacMHUHI Xonatnap 6ynu-
Ya AMrnHgucnanp.

VM KKMHYM xonpa bose-3iMHW TeilH Ba depmu-upak Typugaru ras-
nap kKypub umgunagu. Ywby rasnapHuHr xonatu, Typau xonatnappa
6ynuiwn MyMKuUH 6ynraH sappadanapHUHT COHMHW KypcaTull bunaHrmHa
6enrnnaHagn. byHga Makceenn-bonbuMaH ctatucTtukacugaH gapgnm y
8kn 6y xonaTgha XycycaH faHpan sappadanap 6opnuru dapgcusgup.
Bowgava anTraHaa, 3appadanap gapacus ge6 xgcobnaHagn, 6yHga cuc-
TEMaHWUHI aiHWii XxonaTnapu MaBXyfh Oynuwun MyMKUHAUTW Xaguga
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ranupunagn. A mmo YWO6Y alHUANUKHUHT MabHOCU aBBas aliTuG yTun-
raH aliHMMNMKgaH gapk Kunagm Ba 6yTyH cucTemara Taanykam éynaau.
Ywoby Typgarn amHuUinMK nacT XxgpopaTiap Ba tKopu 6ocumnapga
HamoéH 6ynaAu Ba 3appayanapHUHI Maccacu UaHYannkK Kuumk bynca,
WYHYanuK ocoH KysaTunagin. N Ta 6uMp xun MonekynanapgaH méopat
naean rasHUHr xonatnap bynmya AMrMHANCK YUYYH XyiAumgaru

. M8

ngpogaHn émwmnmmn3 MmymkuH. (LW .41) teHrnamanun (LU .40) 6unaH co-
NUWITMpCcaK, 3appadvanapHuUHr GapkKgaHMaciMK WapTu CUCTeMaHUHT

xonatnap 6ylinya WUrMHAMCKM wudogjacmja KylwmmMya -~  Kynantwu-

PYBUMCUHWHT Naingo 6ynmwnra onné KenraHMHM Kypamms.

(W .41) TeHrnamagarn Q Hu norapudmnab, CTUPAUHT TeHr-
namacuHu kynnacak Ba N HM Xypa kaTTa coH fe6 oncak, Kylingaru
niogara Kenamms:

InQi =iVin (LLI.42)

CucTteMaHWHr xonatnap 6yinmya MUrMHAMCMHW XonaTnap byiunua
KaTTa iNrnMHAM geb xam atawiagu.

I11. 5. TepmognHaMuk yHKLUANAPHUHT Xonatnap
6yinya nurmHagura 60rANKANIK

1MO0/b npean ras yuyH TepMogMHaAMUK YHKLUSTAPHUHT XonaTniap
6yiimuya monekynap MWUTMHAM opKanu udojanapuHu onaMmuns Ba yaapHu
CUCTEMAHWHI xonatnap 6yiuya nurnHgmucy udoganapu 6mnaH CoONLIH-

Tpamms.
Menbmronbl sHeprusicuHMHr F=U-TS TeHrnamacura
S—KNInQ+U/T kuiimatHu kyiticak: F —-RTInQ (LW .43)

6y epga R K LUA
XapakTepuctuk QyHKUMsinapHUHT TeHrnamanapura (111.43) pan F
HUHT KWAMaTUHW KYHn6, XyinaarmHm onamms:

< 44>
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(111.43) Ba (111.44) TeHrnamanapfaH UYKii 3HEPTUS YUyH
U=F+TS I* (111.45)

nugogacuHn Kentupmb6 umkapamms. (111.45) pail Cv HuMHr Q opkanu
nogaenHn onamms:

(111.46) paH 60CUM Y4yH: p=-(N3 a (111.47)

(111, 43) Ba (111.47) TeHrnamanapfaH sHTaNbMUSA YUYH:

HELIJ+Py-IiLIB a4 fS i

Isin V)'I:' (M1.48)

(111. 48) paH Cp yuyH ndogaHn onuLL MyMKUH, YYHKN Cp=(—cij\1l-l\]p.

(W .43) Ba (WU.47) TeHnrnamanapgaH [n66C 3Heprusicm Yy4yH

Kyingarn ngoganHun onamus: G=F +pV - -RT iNQ + Rt\ E(i)ll:la (LU .49)
T

1monb ngean rasyuyHpV ~ RT Ba Inefr. 1 skaHnnruum xgco6ra oncak,
(111.49) paH: g=f+rt=-rt\dQ’ (111.50)

6y epga Q*=". (111.49) Ba (111.50) TeHrnamanapHWHr CoNMLITUPCAK,

ngean ras yyyH (111.51)

V01nV‘)lT:I
nofaHn YnKapamus.

Arap TepMOAUHAMUK (YHKUMANAPHU CUCTEMAHUHI  Xofatnap
Oyiinya nurmHgmucn (xonatnap 6yimMuya KatTa WMTMHAW) opKanu ugo-
janacak Kylimgaru TeHrnamManapHu onamus.

1MOMb naean rasHUHT NYKK IHEPTUSICU YUYH

u-ur kT{ ~ \ - RT{"*fly or-52)
TeHrnama Kenué uukagu. by xonga VMUKW 3HEPTUAHUHT abconoT Kuid-
mMaTu amac, 6ankum abcoMlT HoAAa HOAMHYM MOFOHa 3HeprusicufaH
KaHYa/IMK opTraHyn xucobnaHagn. VIYKN 3HEPrUAHUHT y3rapulliiapyHmn
xucobnaw y4yyH xonatnap 6yiimuya Katta WNTMHAWAAH KU MOMEKynsp
AMrnHgnaad goriganaHuil 6mup xmn HaTuxkanapra onn6 kenuwwm (1. 52)
TeHrnamagaH KspuHub Typunoan.
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1mMonb naean rasHUHIN aHTaAbIWACKU YYYH

H-HO~U-UO+pV=n-u +RT*w W L (LL.53)

4yHKK abcontoT Honb xgpopataa HO~=Uo 6ynagu.

JHTPONMUAHUHT Xunatnap 6yiimuya KaTTa WUUTUHAKM 6uUnaH 60r-
JVKVU

S=KhiQi+k T A A A (111.54)

TeHrnama opkanu wugoganaHagn. Arap (I111.54) Ba (M1.44) TeHr-
namanapHu ConuwWTUpCak, ynap norapugm ongugaru Kynaitupysumnap
6unaHrnHa amac, 6anku norapudm ocTugarm PyHkumMa 6unad xgm papk-
NaHWWWHN Kypamu3. QHTponua yuyH (LU.44) sa (LU.54) TeHrnamanap,
WYKN 3HEeprms Ba 3HTanbnua yudyyH kentupunradn (LU.52) Ba (I11.53)
TeHrnamanapgaH ¢apkaum ynapok, TepMOAUHAMWUK (YHKLUAHWHT ab6-
CONMIOT KUMMaTUHUN GepuLLHN anoxaLa Tabknanamok 3apyp.

FenbMmronby aHeprusicu yuyH F = U-TS udpogara (LU.52) gaH nuku
aHeprusaHuHr Ba (I11.54) pgaH 3HTPOMUAHWHI KWAMATNapUHKM Kylicak,
Kyingaru

F-Up~-kTInQj| -RTI n (111%5)

TeHrnamaHu onamus. 6y epfa 1ne=1 skaHAUTrMHU XLCco6ra onuLL Kepak.
rm66c aHeprusacu yuyH G = F+pV-U-TS+pV éku 1 monb ngean
ras yuyyH tokopugaru (M1.55) TeHrnamagaH goiganaHmo,

G-Hg=F-Uqg+RT=-JcTiaZ+RT =-RThi"- (M1.56)

npofaHn KenTupunb ynkapamus.

R ras gowmwniticnuu tytrad (111.54, L.55, 111.56) TeHrnamanapga
xpco6nap 1 MOMb ra3 yuyyH onu6 6GopunraHamrura Ba abconT” HOMb
Xxgpopatga TepMOAMHAMUK MOTEHUMaNNapHUHT KuiiMaTnapu ysapo
TeHrnurura, abHun GO -HO=F0=Q0 skaHnurura siHa 6up 6op 3abTMbOp

6epu Kepak.
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I11. 6. Wgean rasHnMHr xonatnap 6yinya AMrmHgucu

MonekynaHWHI TY/IMK 3Heprusicn B, uwarapunaHMa €ll, anaHma
Bai, TebpaHma £Te0 Ba aneKTPoH ‘LU, ; XapakarfapHUHI 3Heprusinapura
TEHT:

&n & &% & (111.57)*
A0pPO 3HEPTUACU XaM KUPUTWIULLW Kepak 341, aMMO KUMEBWUIA peak-
uusinapfia aAponapHUHE 3HEPrUsacK ysrapmacnurun cababnum, yHu xmcobra
onmanmms.

XaP 6up aHepreTMK mnoroHara (Xonatra) MOMeKYNaHWHT yLlby
XapakaT Typu yuyyH Mab/yM anHuiAnuk moe Kenagu. MosneKynaHuHr /-
MOrOHACUHWUHT 3HEPTUACUHUHT allHUANUK fapaxacu

"= gaukmecg™ v (W58)
ra TeHr, 6y epga £ gme$ g*, ~ monekynaHuHr aiinaHma, TebpaHMa Ba
3M1EKTPOH XapaKaTt/iapii 3HepPreTUK MoroHanapuHUHT alHUANUK gapaxa-
napu. MonekynanapHUHI WArapuiaHMa xapakaTu 3HeprusicM MnoroHa-
NAPUHUHT alHUANUK fapaxkacy 1 ra TeHr.

Xonatnap 6yiinya nnrmnfingarn xap 6mp XonaTHUHT 3XTUMONNTY
IXTUMOJIIMKNAPHVHT KynaiTMacu cuatnga aHMkKnaHagu:

S en edl €W en
gfi KT =e kryale krgnee krglke LU, (111.59)
Xonatnap 6yiunua iurnHanHn onuw yuyH (111.59) ndogaxu ewy, eai Smeg
83JlnapHuHr 6apua guiimatnapu 6yiinya KyLIULL Kepak:
Au edl e £
Q=|le&_u12éo.3nl KT8alle KTgme6e ** 8ae ** &III?O)

Ammo, KynanTManapHUHIANTNHANCK ANTMHAUNAPHUHT
KynaliTmacura TeHraup, wy ca6abnu, Q= Qme6Q3 (Wi .61)
6yeppa: oM=z<? T ; LLIfzga$e IP (111.62)

£Teb 6an
Qeo="Teb.e KI J L, (111.63)

Qm Qaw Qre6 Ba Qm —monekynanapHUHr wArapuiaHMa, ainaHwva,
TebpaHMa Ba 3/1EKTPOH Xapakatiapit 6unaH 60rnukK 6ynaraH xonatiap
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Oylivya nruHgunap. 3 Ta OXMPryu xapakaTtnap “MoneKynaHuHT UYKK
XapakaTnapii” geraH yMymuin Hom 6unaH atanagu.

CTaTUCTUK TepMOAUHAMMKA ycynumia TePMOSUHAMUK (PYHKUNSHA
xucobnawl yyyH YHWHI TypAu XxapakaT Typnapura MaHcy6 O6ynraH
KncmnapuHm Tonuw kepak. (111.61) TeHrnamagaH

InQ = InQu, + InQau + INQmee + 1tIQu (H1.64)
ainQ [ é:i ainQai
rm dT +~1F A MIL65)

INQ HMH™ kuiimaTtuHm (111.64) TeHrnamagaH 6vMpop 6Up TepMOAUHAMUK
(YHKUWUAHUHT, MacanaH, IenbMronsl, aHeprusacuHuHr F=U-TS =~RTInQ
TeHrnamacura Kylicak, KynngarmHu ofaMmums:

F = F" + Foa + Fer, + LU, (111.66)
6y epaa: FW= -RTInQw; FaS~ -RTInQaii;
Fne6- -RTInQmes; FM= -RTInQm (11.67)

BoTHUa TepMoAMHAMUK (YHKUMSNAP Y4YyH XaMm LyHra yxwaw HaTu-
Xanap ofiHaau.

Bup atomnun naean ras yuyH akatruHa uarapuiaHma Ba 31eKTpoH
Xapakat/iapii Xxocanp. SMeKTPOH xapakaT 6unaH 60rnuk GynraH xonat-
nap 6yhinya MUTMHAMHW WUNrapunaHMa xapakat 6unaH 6ornmk 6ynraH
xonarnap bylinya MMrMHAMra KUpUTLLN Kabyn KUANHIFaH:

O.w,bl ~ OT Oan (|||68)

VIKKM Ba Kyn aToM/v rasnapfia uarapunaHMa xapakatjaH Tallikapl,
alinaHma Ba TebpaHMa XxapakaTtnap, HAC;0py Ay3ranviija 3ca, 3/eKTPoH
yTuLLINap XaMm Ky3aTunagu.

FOKopupa anTub yTunraH xapakatiapjaH Tallkapu, aipum Xos-
napga kYwwumya adeKTnapHn xam xucobra onuwira Tyrpu Kenagwu,
MacanaH, MOMIEKY/TaHUHT UYKW alinaHuwn, nsotonusa agdekTa Ba 60LU-
Kanap. AipuM Mypakkab Monekynanapfa 6up rypyx aTOMIapHWHT
6oL Ka rypyxgapra HucbataH ainnaHUWNHM XaM 3bTUbopra onuLl Kepak.
Muku aiinaHvLl, sHepreTUK TYCMKNapHW eHruw 6munaH 6ornuk éynmaraH
Xonga, 0304 6ynuwInM MYMKWH Ba 3HEpPreTUK Tyemknap 6wunaH 60ramk
6ynca, TopmosnaHraH 6ynaan. O304 MUKW ailaHULL KyLuW'MYa aiinaHuLL
PKMHNNK Japaxanapn éppamuaa xucobnaHagn. TopMo3naHraH WYKu
alinaHmwHM xucobnaw Mypakkabpok. MogfaHWHT K130TOn TapKunbu
3HTpONUAHK, FM66C Ba MenbMronbL, 3HeprusnapuHy xgcobnawira rabemp
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Khnagn, YyHKW M30TONMapHW apanallTupraHja apanallvil aHTponua-
CUHN x,qco6ra O Kepak.

I11. 7. Kumésnii peakymnsnap MyBosaHaT KOHCTaHTaCUHW xpnatnap
byinya AnrmHanm opkanu ndoganatl

CraHgapT 6ocumga (p —0,1013 MIMa) Ba T = 0 ga ukkuTa ras
opacuga 60paéTraH rUNOTETUK peakuusiHn Kypu6 uukamms. Kuku

3HEPTUSHWHT Y3rapuLLInHu Ba 3HTANbMUAHWUHT y3rapuwuHu Ao
ne6 6enrmnaimms. 1 MOMb mpean rasHuUHr aHtansnusacu H — U+pV =
U+RT TeHrnama opkanu wudoganaHagu. AGCONOT HOMb XapopaTaa

croe=70 g ACO=[A0 (LLI .69)
Kyiinpary aiiiustinar - 0=G -AHO +AH, (111.70)

P -h°
NKKKW TapagumHm T ra 6yncak, T ¢ Aﬁﬁ (1n.71)

nogaHn onamms.

KnméBuii peakuUUSHUHI cTaHgapT [uM66c aHepruscn pI7° 6una

CTaHJapT MyBoO3aHaT KOHCTaHTacu opacugarv 60rnnKankK =-1TbKO
L, aG°
TeHrnama opkanu ndoganaHagu, yHgaH ~Kk ~~~b'" T (11.72)

(1M.71) TenrnamagaH (111.72) TeHrnamara AG°IT HUHT KuiimaTuHu
KylicaK, MyB03aHaT KOHCTaHTacu y4yH

inis:0 — Cr-w plll (1.73)
ngogaHn onamums.

MabnymKu, TepMoguHaMMK MyBo3aHaT KoHcTaHTacu Kp ctaHgapT
MyBo3aHaT KoHcTaHTacm KO 6GunaH Kp=Kap*)AV mMyHoca6aT opKaiu
6ornaHraH. Kp Hu kuco6naw yuyH (M1. 73) TeHrnamagaru /1 HWHT
Kuiimatnapyvin 6ounuw kepak, KO HUHT kuiimatnapu 3ca, peakuusaga
KaTHawaétraH 6apya mogganap y4yH [MOG6CHUHT KenTUpuaraH sHep-
rmscn (OO0-LLL)/T HuHr Typnu xgpopatnapgaryn xamga a6conoT HOfMb

144



XgpopaTaarv peakansHUHT UCCUUNK ahdeKkTa asf HUHT KuiimaTnapu
opKanu xgcobnaHagu.

BepunraH ras yuyH MmM66CHUHT KeNTUPWAraH CTaH4apT 3Heprusacu
MOJIeEKYyNnanapHUHI narapuiaHma (3N1eKTpoH xapakaT 6unaH 6buprannkaa),
alinaHma Ba TebpaHMa xgpaKaTnapuHUHT ANTUHANCUTA TEHT:

G>-Hg 0, L & (e ciopesniu)Tes — JnOwg+Oan' Oaif Ore (L1 74)

KypunaétraH peakumns sHTanbNUACMHUHT y3rapuwn AA® 6up Heuva
ycynnapga xucobnaHuwmn MyMKUH: peakumsi yuyH Kp HUHT Taxpubaga
Tonunrad kuiimatn Ba (CT-HL)/T HuHr 6epunraH xapopaTga 6apua
KOMMOHEHTNap y4YyH Mabfym GynraH kuiimatnapw 6yiinda T xapopaTga
peakumsiHuHr ALl ysrapuwmn Ba 6apya KOMMOHEHTNAPHUHT A® -A®
Kwuiimat/lapn Gyinnua; gHE =aa?-a(a£-a£), 6y epga Alirdm 298 °K pata
CTaHAapT KocuA Bynuil nccmkanknapm 6yiinya aHnkgaHagn. s® - 9?2 HAHT
Kuiimatn wnrapunadma, ainaHma Ba TebpaHMa SHTabNUANAPHUHT
ANrmHancun Tap3nga xgcobnaHagn.

MyBo03aHaT KOHCTaHTanapuvHW CTaTUCTUK TepMoguHaMuKa épaa-
Muga xumcobnawl KnaccMk TepMoguHamMuka épgamupa xgcobnaHraHgaH
aHWKPOK 6ynagun. ByHpalh HaTuxXaHWHI cababu Typnu xgpopatnapgaru

KentupunraH Fmb66Cc 3HeprusicMHWM CnekTpan ycynnapfa HKOpW aHuK-
NVKAa TONUANLW N MYMKUHANTUANP.

“ CTaTUCTUK TepMOANHAMMKA “ 60OUHM y3naW TUPUATAHINK
JapaxacuHW TeKLWUPULL YUYYH caBosifiap

1. Makpokonart Ba MUKpOXL1aT Tyl yHYacu.
2. CTaTUCTUK TEPMOAMHAMMKAHUHI NocTynaTaHu KenTapmnb vmka-
PVHT.

3. TepMoAMHAMWNK 3KTUMOIINK TYyLLYHYAcK.

4. bonbyMaH TaKCMMOTA.

5. XpnaTtnap 6yiinya AiurMHan TyLwyH4acu.

6. BonbumaH TeHrnamacugarn 3KCNOHeHTaHWHI MyXUMM Xoccanapu
KaHaka?
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7. TepMOAMHAMUK KaTTa/IMKNapHW fonatnap 6yinya HUrMHAn
opkanu ugoganaca 6ynagmmmn?

8. OHTpoNuA Ba cucTeMa [OMATUHUHI TapTU6CU3NMIM opacugaru
60rNnannK gaHaaim?

9. Mpean rasHuHr gonatnap 6yiindya AiNrMHANCMHN N(oganaHr.

10. TabcupnawaétraH cuctemanm ngean ae6 Kaparanga, Kpsa Kc
MyBO3aHaT KOHCTaHTanapura gaHgali omunnap tabeup gunagm?

11. Kp myB03aHaT KOHCTaHTacura fapopart AaHjan Tabeup aunagn?
ByHaa TabCUPHWUHT yn4yoBM 6ynmb Huma xusmat gunagm?  Moe
TeHrnamaHu é3uHr.

12. Arap 6apya mogganap wmfean ras gonaruga bynraHga cucre-
MaHUHI YMyMUWii 6ocMMuHM owwupcak, CHA+2HZ =C2+4492 peakuusi
TeHrnamacu 6ylinya BOLOPOLHMHI MYBO3aHAaT yHYMU AaHfal y3rapagn?

13. Bapuya MmopgganapHu  ugean rascMMoH fonatga  feob,
# 2+BIT =2HBI peakuUACU YUYH U30TepMa TeHT/TaMacuHMW E3UHT.

14.p Ba T=const ga KUMEBMWIA peaKUUSHUHI cTaHZapT Moiun-
NIUTVHWHT yN4oBy 6ynn6 HUma xm3mart gunagn?

15. Npean rascMMoH gonaTga 6opaéTraH KUMEBUIA peakumusiHmHr Kc
Ba Kp myBo3aHaT KoHCTaHTanapy TabcuprawlaéTraH MmogfanapHUHr
KOHUeHTpauusacura jaHaan 6ornaHraH?

16. KgHpali peakumsanap yuyyH Kp mMyBosaHaT KoHcTaHTacu yulby
fjapopartja cuctemagary MmyBosaHaT 6ociimra TeHr?

17. KuméBuin peakums yuyH Kp Ba KC pguiimatnap opacuparu
MaTemMaTUK MyHocabaTHWN E3UHT.

18. Ysrapmac p Ba T napfa K1UMEBWUIA peakuusi faBoMuAa 3HTasb-
N y3rapuwnHWHT Uwopacy bylITa, peakUMSHUHT 60pyLl MMKOHUSTA
fagmaa MUKp PUTULL MYMKUHMIA?
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IV. BOB. HOMYBO3AHAT XXAPAEH/AP
TEPMOANHAMUMKACHU
IV.1. HomyBo3aHaT )XapaéHNapHUHT TaCHU(AaHULWI N

Bapua pean >apaéHnap TepmoAgvHaMuKaga fJailTap Ba ganTmac
XapaéHnapra axpartunagu. OnguHrn 6o6napga Kypub uuaunnaraH Knae-
CMK TepMOAMHaMMKa (hafaT YeKcu3 MyBO3aHaT fonaTnapuiaH yTyBuu
KaliTap kapaéHnaprarvHa gynnaHunuwmym MyMKuH. KaiTap >kapaéHnap-
WAHT Te3IUIM YeKCM3 KUYMK Ba CUCTEMAaHWHI 6apya napameTprapi
BaaTra 6ornug amacamp. Knaccuk TepmMoguHam Mkana nsonsiumsinaHraH
CUCTEMAHWHT MyBO3aHaT gonaTuHu usnab Tonuw dS=0 6ynraH gonatHii
TonuLw AaH nbopaT IKaHIUTMHW KypcaTraH 3auK.

Knaccmk TepMogMHamMuKa HOMYBO3aHaT >kapaéHnap ydyH agar
MyHanVWIHM KypcaTagu Ba MyBO3aHaT fofaTv fa4vyoH [Japop Tomagwu,
cucTema faHpal Te3nMK 6unaH MyBo3aHaT fonatra ganTagu, AeraH
caBo/nfapra gey AaHpaii »kaBob 6epa onmaigu. ABBasl Kypub umannraH
repMoavHaMUKaHUHT [OHYHMapuaaH Kenué uupgaH myHocabaTnapHu
thagat MyBo3aHaT gonatugaru, sbHU faiTap xapaéHnapra gyninaw Mym-
KVH, YYHKW YNapHWHT amMmacy TeHrmknap 6unad ndoganaHraH. Knac-
CUK TePMOAUHAMMKaHN HOMYBO3aHaT >kapaéHnapra Kynnacak, TeHrcus-
nvknap 6unaH ngoganaHraH MyHocabaTnapHu onamms, Wy ca6abnu, yHu
OyHfai >kapaéHnapHu gucobnawra gynnab 6ynmaingun. ByHaain umko-
HUATHW HOMYBO3aHaT, AbHW faliTMac XKapaéHNapHUHT TepMOSUHaMMKaCcK
6epaan.

KaliTap >xapaéHnap waMuin abcTpakums 6ynmb, amanga Kysa-
TUnaguraH 6apya pean >kapaéHnap HomyBo3aHaT, AbHU gaiiTmMacaup. LUy
cababny HOMYyBO3aHaT >XapaéHMapHUHT TepMOAMHAMWKACUHUW SpaTuL
3apypuaTu naligo 6ynraH. KaiTMac xapaéHnapHUHT TepMoavHaMmuKacu
TOMOHUAAH KUPUTWUATAH SHIVANK TEPMOAMHAMMUK CUCTEMaHWUHI japakat
TeHrnamanapugasup. HomyBo3saHaT >xapaéHnap Mabnym Te3nukia 6opa-
on. ByHpan pean apaéHNapHUHI TesnuKaapuHyu ugoganall magcagmja
TEPMOAMHAMMNKA YCYyNNapuHN KeHraliTupmw MyMKWUH 3MacMUKaH, AeraH
tukp Tyrungu. By aca, wupgat 6unaH prvBOXIaHaéTraH TepMOAMHa-
MUKaHWHT SHTW  AYHaIULLIW ,—, HOMYBO3aHaT apaéHnap TepMoAuHa-
MUKacCUHWHI Basudacu 6ynub fonagn. Homyso3aHaT >kapaéHnapHWHI
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TepMoAMHaMUKacy pensaTUBMUCTUK TepMOAMHAMUKaAaH Xam ELpoK (aH,
NEKUH X03MpAaéK amMauii axamusaT Kach aTMokpa. Knaccuk Tepmogu-
HamuKara Kyluum4a nocTynatnap KApUTULL Ba BaKTNW SIHTUM MYyCTakui
y3rapyBuu cuatmga UlnaTvl opKaguM HOMYBO3aHAaT >KapaéHNapHUHT
YMYMU TepMOAUHAMUKACUHWN Mwnab unkuwra spuwunnamosga. Kyiu-
Aarv Mmuconga KanTmac apaéHnap TepMogMHaMmKacu xakujga TacaBByp
Gepvwra nHTUNaMu3. Brpop spuTMma UMK CUCTEMAHN TalKUI KUICUH.
CucTtemara 61p XogaH NCCUKTUKUUHT CTauuoHap OKUMW Kenaaw, 6oL -
Ka XoljaH KeTagW, felinvK. BYHWHr okubaTupa cuctemaga Xxapopat-
NapHWHI cTauuoHap rpagveHTa nahjo 6ynagM Ba Taxpuba Kypca-
TMLWMYa, XapopaTHWMHI CTauuoHap rpagueHTa Tabcupuga spuTma
TapKMOVHUWHT cTauMoHap rpagneHTa uapop Tonagu. CTtaumnoHap xonarga
XapopaT rpafveHTa 6unaH KOHLEeHTparps rpagveHTa opacupa 6orna-
HUWHW ypHaTUW Tanab kunuHagu. KyinnnraH macana Knaccuk TepMmo-
AMHamuKa ycynnapu 6unaH Xxan KuavHMaingu: KypunaétraH xonat
(hakaTrMHa cTauuoHapaup, JIeKUH Xe4y XaM MyBo3aHaT 3mac. HomyBso-
3aHaT >KapaéHnap TepMOAUHAMMWKACUHWHI MpYHLMNNapu 6unaH TaHu-
WML ONAMAAH YNAPHUHT CUH(NIAHNULLMHN KYpPU6 YNKamua.

Bapua >apaéHnap TypT rypyxra 6ynuHagu, ynapHu >kapaéH-
NapHUHT MypaKKabnaurn opTtué 6Gopuwin TapTubuga Kynugarmya >Koin-
nawTapuil MyMKWH: KBa3WCTaLuoHap, cTauroHap, oALuid Ba 3aHXUPN.

KBasucTaumoHap apaéH KaliTap >kapaéHAup, Y KnaccuK TepMo-
AMHamMUKa HyKTanm HasapugaH Kypub6 uukunagn. KsasuctauuoHap
XapaéH vekcus cekuH 6opaan, cuctema MyBso3aHaT xonatuga geé xmcob-
nNaHagu. 1CBa3ncTaumoHap XapaéH uapama-kapLum nyHannHwapaa 6opys-
UM MKKWTA XXapaéHHUHT cynepno3uumnsicugad nbopat bynagu.

KaiTap xapaéHnapra aHr sILMH 6ynraH XapaéH cTalnoHap >kapaéH-
aup. Mabnym goumuii Tesnukpaa 60paéTraH CTauuoHap >XapaéHHUHT,
mMacaniaH, WCCUKAWUK, 3NeKTP TOKU EKW MOAAAHUHT Tawub yTuauim
XKapaéHNapuHWHT MaBXYAIUIngaH KaTbWuii Hasap CUCTEMaHWHE Typau
uncmnapuga Typauya 6ynraH TepMOAMHAMUMK NapaMeTpiap BaKT YTULLIK
6unaH ysrapmac 6ynu6 uonagu. CrauMoHap HOMYBO3aHaT >KapaéH-
NapHUHT 6yHAall xycycmaTta ynapHu TepMOAMHaMMUK KaliTap XapaéHnap
6unaH ymymnawTupagn. bByHpali KalTmac cTauuoHap XapaéHnap Ta-
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6vaTja KeHr TapKasraH Ba Karra axamustra ara. CtauuoHap >kapaéHnap
WKKW Typyxra 6ynuHagu: 6UTTa XOCCAHWHT TpagneHTn xAcobura okum
Ky3aTunaguraH ofauii ctauuoHap KaiTmac >apaéHnap xgmga 6up xoc-
CaHWHI rpagueHTU UKKUHYUN XOCCaHWHT rpagneHTUuHn Ke.l'ITI/IpI/I6 YnkKa-
pyBYM Ba BYHUHI HaTuxacmga oup-6mpmn 6unaH TabcupnawyBym UKKuTa
OKUM Mailgo 6ynagnraH Mypakkab cTaluuoHap HOMYBO3aHaT XapaéHnap.
Opauii - cTaumoHap HOMyBO3aHaT >KapaéHra MWUCON Tapukacuia
MCCLUYLIK YTKa3yBYaH/NK XACO6UTa MCCLUYLLIKHUHT TalWunb yTUANTUHM
KenTMpuw MyMKuH. Arap xapopatnapu 7 Ba T2 (T(hTX) 6ynraH nkkuta
KaTTa XaXMAarn WCCAKIMK pe3epByaprapu ypracuga KUUMK MUCengamk
yTKasyBYaH/IMKKa 3ra 6ynraH TYCUK XXoinawTupunraH 6ynca, y xonga
TYCUK; OpKann WMECUKPOK pesepByapfaH KampoK KU3gUpuaraH pesep-
Byapra crauvoHap KaiTMac paBuLLfa WUCCUKAMK YTULL >KapaéHWU Kysa-
Tunagn, 6yHaa pesepByapiapHUHT fapopaT/iapuHn JOMMUIA fe6 Xuncob-
nalimus. Tycukpa XApopaTHWMHI BaKT YTULWIKW 6GunaH ysrapmaiguraH
Mab/ym rpagueHT xocun 6ynaam Ba TYCUKHUHT Xap 6up HyKTacuia
6apya xoccanap BaKT yTulIM 6unaH ysrapmaign (NeKuH Typau HyKra-
napga ynap 6up-6upugaH apk kunagn). MaHa wWyHAan >kapaéHnapra
HOMYBO3aHaT >XapaéH/MapHUHT TepMOAUHAMMKAacWU KynnaHunagu. Ynap
cucTeMaga Moaga, UCCUKINK, 3NeKTP OKMMM Ba 6oL Ka apaéHnap 6unaH
TaBcunaHagn. KOkopuaa TabKugnaraHMMW3geK, 3Hr eogfja xonnapga
6MprvHa oKum Bynin MyMKWH, MacanaH, xapopartsiap rpagveHTn Ken-
TUpU6G uMKapaguraH WCCUKAUK OKUMW. ByHAa yTaéTraH OKWMHWHT
cTauMoHap KuiiMaTMHM aHWKNawW mMacanacu nango éynaau.
MypakKabpok cTauuvoHap HOMYBO3aHaT >XapaéHnapga MofAaHVHT
OKUMMW 60LIKa KaTTA/IMKHUHT, MacanaH, XapopaTHUHT TPagueHTUHN Ken-
TUPMG UMKapuLWN MYMKUH. YHAa cucTeMafa UKKN EKU YHAAH KymnpokK
OoKUMnap KysaTunagu. bByHpaili xonnapga HOMyBO3aHaT >kapaéHnap
TEPMOAUHAMUKACUHUHT BasudacM cucTeMagary acocuii OKMM XOoCun
KunaéTraH rpagveHTNapHuUHI TabmaTvHM aHMKnawdaH Ba cuctemagarv
6apya OKMMMApHUHI CTauuoHap KaTraluMrMHu xucobnawpai wmbopat
6ynagn. ByHpali >xapaéHnapra aundgysvoH TepMoaddekT (Arodyp
apdekTn), Tepmoantdysms xogmcacn (Cope apheKT), TEPMOINEKTPUK
xogucanap (3eebek Ba MenbTe ahdekTnapu), udysnMoH NoTeHLMan Ba
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KOHUEeHTpauunen ayTonaHMWAapHUHE AOCUMA GYNUWNHU MWUCON [UNNG
KeNTUPULWIMMU3 MYMKUH. YW 6y AogncanapHUHT MOAUATUHM Ba HOMY-
BO3aHaT TepMoAMHamMuKa épaamunga 6yHgain gogucanapHu ndoganawiHm
Kylinga Kypuoé umgamms.

KaiTmac >XapaéHNapHUHT KEWWHTN Typu OAAWIA panTmac xapa-
éHnap 6ynu6, ynapra akcapuaT KUMEBMIA Ba (DU3MKaBWUIN >KapaéHnapHu
KUPUTULL MYMKWH, MacanaH, KUMEBWUIA peakuuanapHu. Oaaunii gaitmac
YKapaéHnap TepmoguHaMmMKacuia BaKTHU XAcCo6ra onunw Kepak. ByHpait
KapaéHnapia cucTeMaHWHr napameTpfiapy Bagr yTuwu 6unaH ysrapu6
6opaaun. Ynapga cucteMaHu TepMoguHaMMK xoccanapuHUHT neogacula
BaXT KoopawuHatach 6esocura kuputunagu. KO gopuga Kypub umamnrad
cTauuMoHap >kapaéHnapfa sea, BaaT cucTemMaga 60paéTraH OKLUM Tes-
NUTUHUHT ngogacmjarnHa abTmbopra onMHagM, ammo yw by udogara
6eBoenmTa KMpMmalhgm, CUCTEMaHUHI TepMOAMHAMMUK Xoccanapu 3ca,
YHUHT fap 6Mp HyKTacupaa BaxT yTULI M GunaH yrapmacaaH fonagu.

KaiTap >xapaéHnapgaH aHT y30K 6ynraHun 3aHXunpnam (Ky4KUCMMOH)
XapaéHnap 6ynun6, ynap aBTOKaTa/IMTUK paBuULIfa, AbHU Yy3-y3ngad
Te3naHuw 6unaH 6o0pyBYM Ba aiipum x,0nnapga noptaawira oiné KenyB4u
apaéHnapamp. byHpaali xapaénnapra samoHaBuii HOMYBO3aHaT Xapa-
BHNAaPHWHT TepMOAMHAMUKACUHWN KyNna6 6ynmainm.

1V.2. KomneHcayunanaHMmaraH MCCUANINK TyLllyHYacu

HomyBo3aHaT XapaéHnapHuUHI TepMognHaMmunkacuHn KnaysuycaH
6ow nab (1850) xycobnaca bynagm, YyHKM y ywiby cogagaru aHr acocui
TyWwWyH4Ya — KOMMeHcauuanaHMaraH WCCUANMK TyLWYyHYacuHW aHra
KUpUTraH:

<a av.l

6y epaa SQ'Hu Knaysnyc KomneHcauusnaHMaraH UcCUANUK ae6 ataraH.
TomcoH (KenbBuH) 1854 iiunga 6upuHum 6ynnb TepMoaMHamMuK
MyHocabaT/napHM HOMYBO3aHaT apaéHnapra gynnaraH. 1922 innga e
LOoHAN TepMOAMHAMUKAHWHT UKKUHYN JOHYHWUAArn TeHTCU3NMUKHWU ali-
MW 6unaH KudoAnaHMacaaH, 3SHTpPoONMA LOCUA  OYNUWIWHW  aHWUA
MUAaopaH Tabpudnawl MYMKUWH, fieraH rosHu ainTraH Ba KnaysmyCHUHT
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KOMMeHcaumsanaHMaraH WCCWANTUHN  KUMEBUIA  MOWUANNK  6BunaH
6ornaraH.
(IV.1) TeHrnama acocufja WKKWHYM KOHYHHW siHafja YMYMUIAPOK

KypUHULW fa 31 MMIN3 MYMKWUH: dSa y If (v .2)

MyBosaHaT apaéHnap ydyH dS=SQ/T 6ynraHum yuyn SQ'—O
HOMYBO3aHaT XapaéHnap y4yH 3aca, SQ'>0 (1v.3)
AabHN SQ' gouMo Myc6aT Ba CUCTEMAHWHI U4MAa HOMYBO3aHaT Xapa-
éHnap HaTmxacuga naiifo 6ynagu Ba cMcTeMaHu KaTmac ysrapuviinapra
onnb Kenagu.

SHTPONUAHUHT TyNuK ysrapuwuuu  dS=deS+d,S (1V .4)
KYpUHULL Aa é3cak, KOMMeHcauusanaHmaraH NCCUKIMKHUHT PU3NK MabHO-
cn TywyHapnu 6ynagu. (1V.4) pa MXT TawkapugaH WCCUKNUKHUHT
TUAUWK 6unad 60rNMK 6GynraH SsHTPONUAHWHI Tawku (external)
ysrapuiiu; —cCcucTeMa u4ymnjga HoMyBoO3aHaT XapaéHnap HaTuxkacupga
Kenné umkaguraH sHTponuaHuHr nuku (internal) ysrapuwu. (1V.2) Ba
(1V .4) napHu connwTmnpcak,

(rv.5) diS=sf- (iv .6)

KypuHuwga éuMwumMus MymkKuH. (1V.6) MyHocabaTt KOMTeHca-
uuanaHMaraH MCCUKIMKHU cucTemMaja HOMYyBO3aHaT )kapaéHnap 6opuin
HaTmXacuga SHTPOMMAHUHI Xocun 6ynuwn 6unaH 6ornangun.

(Iv.3) - (IV.6) myHocabaTnap Kap KaHfjali HOMyBO3aHaT >apa-
&HNap CUCTEMaHWHT MOJMIEKYNSAP X0NaTun TapTUBCUINUTUHUHT OPTULLIVHN,
YHU fiHaja XaoTMK Xonaftra onn6 KenuwuHu Kypcatagu. MukgopaH 6y
CUCTEMA XONaTMHUHI TepMOAMHAMWK 3XTUMOANNTM OPTULIMAA, AeMak,
CUCTEMAHWHT 3HTPOMNUACK opTULLMAA udoganaHagu.

L yHaah Kunnb, KoMneHcaumaaaHMaraH CCUKINK

SQATdIS av.7)
ra TeHr. HomyBo3aHaT >apaéHnap Mabnym 6up Te3niikga 6opaaw,
LWYHUWHT YYYH YNapHU Kypnb YymKuwfa BaxT KupihTiinagn. by aca, acnuga
KUMEBUI KUHETUKaHWHT Basngacuaup. Arap dt sakt mob6aiiHuga d$
3HTPONMSA KocuAn Bynca, y Xon4a SHTPOMUAHUHT KOCUAN Bynuil TE3NWTI

a at (1v.8)
w



HoMyBO3aHaT TePMOAUHAMMWUKAHUHT Basudacy Xya4Au WYy a HUHT
KUAMaTUHW Xx1cobnab Tonuii gaH nbopaTamp.

M3onsiuusinanrad cuctemanap yuyH (U Ba V—onst) sHTponusHWHT
TYNUK y3rapuiim dSuy wd\S£,0 (1v.9)
WYKW y3rapuilra TEHFIUTMHW TabKUanaMoK f103UMANnP.

1V.3. OKuM Ba yMym/awiraH Kyynap. QHTPONUAHUHT
Xocua Bynuwl Te3nunru

KaTmac XapaéHnapHUHT TepMOAMHaMuUKacy, o aopuaa Tabkuana-
raHUMm3geK, PeNaTUBUCTUK TEPMOAMHAMUKALAH XaM ELLPOK (haH, NeKUH
X03MpAaéK amannii axaMusitra aTa 6ynmoBaa. KaiitmMac 4mMsmMkan >apa-
EHNap TepMoAMHAMUKACK KacCMK TepMOAUHaMMKa GUiaH Yn3nKau Ko-
HYHNApHWHT yMyMiawysuanp. KnaccMk TepmMoavHamMuKaza M3onsuuns-
NaHraH CUCTEMaHWHI MyBO3aHaT xonataHu usnaé Tonuw dS=0 6ynraH
X0/M1laTHU ToNUwWAaH néopatamp. AMMO KNaccuk TepMOoAMHaMUKa AaqvoH
MyBO3aHaT X0/aT Kapop Tomajgu, cucTemMa KaHjail Tesnuk 6Gunad
MyBO3aHaT xofiaTra KaliTasnTu, feraH caBosijlapra Xed KaHfjai >kaBo6
Gepa ogmaiign. LlaiTmac >xapaéHnapHWHI TepMOgUMHaMMKacu TOMOHM-
LaH KUPUTUAFaH ALWHANK TEPMOANHAMUK CUCTEMAHWUHT XapakaT TeHrna-
mManapugagnp. Kgvitap >xapaéH r, namuii abcTpakuums, amanga 6apua
Xapaéunap KainTmac 6ynagu.

TepMoANHAMUK CUCTEMAHUHT XapakaTUHU udoganall y4yyH oTham
(N BaymymnawraH Kyunap (X) TywyHuanapy KUpUTuaraH:

-MabayM t03afaH BaxT GUPAUTUAa YTaéTraH a/eKTp TOKMW, UCCUK-
MUK, MOAAAHUHT MUKZOPW OTZaMm Aelinnagu;

-KapaéHHW XxapakaT/laHTUPYBUM Ky4Yu WHTEHCUB/IMK (hakTopnapu-
HUHT rpagveHTnapu 6ynm6, ynap ymyMmuii xonga yMmymaawiraH Kydnap
aerinnagn.

®akaT 6UTTa. XOCCAHWHT rpajneHTa Tabcupuaa 6opyBUM oafunic
cTauMoHap >xapaéHnapga OTAaMHUHT MUKLOPW YHFa MOC yMym/aliraH

Ky4ra T/ rpuy nponopuuouananp: (1v.10)
OKMMHM XapaKaTnaHTUPYBUYM Kyunap WHTEHCUMBAUK hakKTopnapu
(T,P.,ij) 6ynu6 lj=Lu(-grad T) ékm 1{=ba(-gradu) (v 11)
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ABHU UCCUANUK oauMK yuyH Xi=-grad T, KOMNOHEHTHUHT OTHAMW YYYyH
Xt=-grad/m

Arap cucTemajga Typau TesnuMKparn okuMm MaBxyf 6ynca, 6yHaan
cuctemara MyBoO3aHaT TyllyH4YacuHu pynnab 6ynmangn. Arap ofum
JOMMUIA Te3nuKKa ara 6ynca, 6yHAah cucTeMaHWHI XonaTu crauuoHap
6ynagn Ba HOMyBO3aHaT XapaéHNapHWHI TepMOAWHAMUKacu ynapHu
ngoganali onagn. HomyBo3aHaT UM3MANK XapaéHnap TepMoanHaMuUKacu
KNnaccMkK TepMoAuMHaMuKa 6unaH 4nsngnum AoHYHJ1apHWHT ymymnawly-
Buaup. CtaymoHap ogumnap y4yyH 6mp gaHya peHoOMeHoNornkK (Ynsmngnm)
[OOHYHNap ypHaTuarad, ynap HomyBoO3aHaT YM3NAAW TepMOfMHAMWUKa
JOHYHNapuHU undoganangn. MacanaH, MOALAHUHT OMMU YUYYH D uK-
HUHT Anddysma JOHYHNapW, 3NeKTp ogumu ydyyH OM Ba WUCCULIUK
0AMMKN YyUYyH ®Dypbe AOHYHNapu MaBXyd. TepmoguMHaMukara LyHpamn
thapasnap KuUpuTUAULWIK  NO3UMKW, YynapfaH tofjopuja Kypcatuarad
(heHOMEHO/IOTUK [JOHYHNap Kenné 4ymacuH. HomyBo3aHaT >kapaéHnap
TEPMOAMHAMMKACUHW TY3ULLHWHT 6Mp Heya 3KBWBaNeHT ycynnapu 6op,
ynapfaH aHT ymymuiicn OH3sarep TOMOHUAaH Uwnaé Yngunrax.

Bup XoCCaHWHI rpaguMeHTa WKKWHYM XOCCAHWUHT TFPafueHTUHMN
Kentnpunoé umngapagnraH Mypakkab ctaunoHap >apaénnap yuyH (I1V. 10)
TeHrnama ypHura gyiiungarv TeHrnamanapHu suwnMmn3 MyMKUH:

/,= UX&LKKk (1IvV.12)
h = LKXi+LkkXk (1v.13)

(IvV.12) Ba (IV.13) TeHrnamanapra Ttepmoguddysnsa, LOodyp
ahpekTa, AUDPY3NOH NOTEHUMANHUHT EKN KOHLLEHTPaLWOoH gyrénaHuni -
HUHT Xocun b6ynuwun mucon 6ynagn. (1V.12) Ba (1V.13) TeHrnama-
NapHWHI KypcaTullnya, MKKana oMM y3apo 6up-6upura Tabeup Kunagm,
YHUHT ogmbaTunfa xapopar rpagveHta Tapkub rpagueHTUHU Kentupub
yngapagu.

OgnmMmnap >xapaéHumja cCUCTEMaHUHT 3HTponuacK opTagu. Ogmmnap
Ba YMyMnawiraH Kyynap LwyHaain TaHnaHvwmn MymOuvHKW, yHAa

SHTPOMUAHUHT BaAT bupanruga opTumn =X (1v-14)

TeHrnama 6unaH ngoganaHagn. Arap (1V.14) TeHrnamara puosi funmnHca,
(1V.12) Ba (1V.13) TeHrnamanapHuHr L deHOMeHOMOrMK Ko puumeHT-
napuv Xyfa xaMm MyxumMm MyHocabaTHW faHoaTnaHTupagu. By myHocabar
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OH3zarepHUHr y3aPonnk  myHocabatmgmp  (1931) &éKkM  KWHeTUK
KO3 (ULMEHTNAPHUHT CUMMETPUKANK NPUHLMNK, Aeb aTtanagu:
b* =bbl (1v.15)

(IV,15) ra kypa, /, oguMra  OfMMHMHTI XK yMymMnawiraH Ky4u Tabcup
annca, Ik ognmra /, OKUMHUHT XtymMyMnawraH Kyym Tabcup Kuniagy Ba
WKfana xonga xam NponopuuoHanInK KoaphuuneHTnapn 6up xungmp.
OH3arepHUHr y3apoinK MyHocabaTu 4YM3MKAW coxaja HOMYBO3aHaT
XapaéHnapgarn 6ornaHvwNapHN ypraHUWHUHT acocu 6yngn. Homyso-
3aHaT TePMOAMHAMUKAHUHT KeWHIM PUBOX/IAHWULLIN Ba YHWHI acoc-
naHnwu MpuroxuH, nadcgopd, Kasumwup, MaTtTtepcoH, dnopu Ba
6ol ja ONMMMNAPHUHT HOMAapu 6wunaH 6ornusaup. MacanaH, Mpwuro-
XUHHUHT vwfapuia HoMyBo3aHaT >KapaéHnap TepMOAVHAMUKACUHUHT
ycynnapu ogumap Ba ynapHu Kentupub ymkapyBum Kyynap opacuparu
6ornaHuww Ynsmkan bynmaraH coxara Tafbuk KUAnHraH. Y woéy uwnapu
yUyH Vnbs MpuroxuH 1977 iinnm Hobenb MyKOMOTUHN ONraH.

IV.4. HomyBo03aHaT XapaéHnap TepMogMHaMUKACUHUHT
nocrtynartnapu

Arap cucTemMaHu MyBO3aHaTAaH uupapu6, y3 xonura ayiunca, y
MyBO3aHaT XxonaTura Kenagu. Y w6y xxapaéH penakcayus Ba yHra KeTraH
BaKT penakcauus BaxTa fAelinnagn. CucTema faHYyanuk KatTa 6Gynca,
penakcaums BaATW LYHYaNIMK y30K 6ynaan. AMMO CUCTEMAaHUWHT LWYyHAal
MaKpOCKONUK anoxmpa aucmnapu 6ynaguku, ynap 6yTyH cucTemara
KaparaHga onguHpog myBo3aHaTtra spuwagn. byHaa nokan myBo3aHaT-
nap x,aguMpa rarwpvil MyMauvH Ba ynap TepMOAWHAMWK KaTTasmknap
6unaH TaBcudnaHagu. MekWH, NoKan MyBo3aHaTIap Xaguia ranupradja,
aynngarnnapHu Hasapga TyTvL Kepak:

—€UCTEMAHUHT KUYMK 6UP AUCMUHK OfraH 6y/icak xam, ynapgaru
3appavaniapHUHT COHU Kynaup;

—MYyBO3aHaT Xo/laTUaH YeTnaHnL Xyaa KNYMK 6ynmiimn waprt.

Jlokan mMyBo3aHaT xaguparv TaxMUH gaiiTMac apaéHnap TepMofu-
HaMMWUKACUHWUHT 1-MocTynata poanuHu yiHangu.

HomyBo3aHaT >apaéHnap TepMoAMHaMMUKAcMHW uwnab umanwiga
MUKPOCKOMNWK fJaiTapAnK NPUHLMNWM  vWAaTuarad. Ywoéy npuHuun
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Gyiiiya MmyBOo3aHaT xonaTuga TyTpu Ba TecKapy >XapaéHNapHUHT Te3InkK-
napy xoxpgaraH iynja ysapo TEHrAMp Ba MyBO3aHAT MakpoXapaéHga
amac, 6ankum xap 6up MuUKpoxXapaéHia Kysatunagn. MUKPOCKONMK
KaiTapnnk npuHUMnM HOMYBO3aHaT KapaéHnap TepMOANHAMUKACUHUHT
WKKWUHYM NOoCcTynaTugmp.

HUX0AT, KUHETUK KO3 (PULNEHTNAPHUHT CUMMETPUKINK NMPUHLMNN
€Ky OH3arepHVHT y3apo/IMK MPUHLUNU HOMYBO3aHaT XapaéHiap Tepmo-
AVHAMUKACUHWUHT YYMHUM NMOCTynaTuaup. Y wey noctynar oKum Gunau
XapopaTnaHTUpPyBUM Ky4 ypTacuia YM3nKIuM MyHocabat 60pauruHu Kyp-
caTafn. OH3arepHWHI y3aposiMK MyHocabaTu YM3MKAM coXafa HOMYBO-
3aHaT apaéHnapgaru 60ornaHuLLINapHN YpraHUWHUHT aCOCUHMW TallKWA
Knnagu.

1Y .5.0H3arepHUHT y3aponnK MyHocabaTu

SHTPOMUAHUHT XOCUA Bynnw Tesnurn  ali— (1v.16)

dt
y goumo mycbat a, >0 (V. 17)

SHEPTUAHMHT MUHUMaN AUCCUNALUSACUHMHT MabHOCUHM aHUKAaL
yuyH OH3arep MKKUTa QyHKLNUA KUPUTLK:

-auccunatme noteHunan  (p(X,X)=-"-JIXikX iX k >Q (1V.18)
-OKUM (PyHKUMACH <O(7Y)=- >0 (1v.19)

(p,® Ba a nap oKMM Ba yMyMAallraH Ky4ynapHUHT QyHKLUSCH
cr(J,X):EIi_lJ,xI>o (1V.20)

Ba KalTMacnUKHWHT NI0Kan yn4yoBu XucobnaHagu.
OH3arep BapuaLuoH ycynja sKCTPeMYM/TAPHUHT WapTUHW aHUKNaan
Ba OKMM | Kyura Xk Tyrpu npOnopLyoHaniMruHu antam:

(1V.21)

=

JKCTPEMYMNK LapTH: 5{a—p)i=0 (1v.22)
OH3arep Has3apusacum HOMYyBO3aHaT >apaéHnap TepMOAMHAMUKA-

CUHWHT Ha3apuii acocnanp (MpUroXnH Hasapusicu Xycycuin xon):
-XapakaT TepMOANHaMUK TeHrnamanapuHUHT YN3NKAN OynLIn;
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- -xocca OXLMUHUHT cveTeMara TabCeup XmunaéTraH 6apya Kyunapra
6ornukanrn;
—y3aposINK MyHocabaTu.

Ywoéy myHocabatnapHu onuiifa MOMEKynsp xoccanap — MUKPO-
CKOMUK XaWTapamkK xoccacu acocuii maHba 6ynraH: MyBo3aHaT xonatga
TYyrpu Ba Tecxapu xapaéHnapHUHT Te3Nnxaapu XxoxaaraH inynga TeHrgmp.

Mypakxab6 xapaéHnap yuyH Oxsarep LikuLM (1v.23)
3KaHMUTUHU XypcaTaun. Y w6y TeHrnama OH3arepHUHI MaLlxyp y3aposnK
MYyHocabaTugmp.

Tawuw xoancanapuMHUHT Hasapusicmga Mypakxab xogucanapHu -
TaWUWLWHWHI YoppaxaBuii XoamcanapuHun (TepMO3IeKTPUK Xogucanap;
TepMmoandysna, auddysmoH TepmoahekT) ndoganaija AHrM HaTu-
Kanapra spulunaraH. YMyMuii xonga 4voppaxaBuii Tawuw xoguca-
NapUHUHT Te3nurn xyhngarn K3puHUWAArM YU3MKAN KUHETUK TEHr-
namanap 6unaH ndoganaHagu:

4 “L"gradP, (v .24)
6y eppa: —gradPk=Xt, ymymuii xonga xamma Kyuaap Ba oxvmap y3apo
60rnmMx amac, 6anxu 6Mp XWMn TeH30p yn4yoBura ara OynraHaapurmHa
6ornmMKamp:

-Tepmoguddysmnaga macca Ba MeCUKAMX OXMMIAPWU Ba YHra »XaBob
GepyBUM XK Xyunap BexToprapavp;

-aHM30Tpon cucTemanapga Anddysva Ba MWCEUXINX YTKasnL
X03(hhmumMeHTNapmn 2-paHrarn TeH3opaapamp;

-roMOreH cucTemanapgarn KumEésuii peaxuuanap Tesnuxnapu
cXansap xarranuxnapaup.

Ly cababnu, (IF'Y.24) TeHrnamaga Typnu TeH30p yn4yamnapujara
oxumnap yyyH 6Gapuya blnap Honra TeHr. MacanaH, KOMMOHEHTHUHT
AN dY3NOH TaWnAn TEe3UTUHUHT  KUMEBWUI peakuns Tesnurura Tab-
cUpu KyTUIMangm.

[emak, xaiiTMac >KapaéHnap Uu3MXIU TepMOAUHAMUXACUHUHT
ycynnapu Xxyiuparn waptnap 6GaxapunraHga Talwuw XogucanapuHu
ndoganawra XynnaHiwmy MyMKnH:

-CcUcTeMaja /oKan MyBo3aHaT/IapypHATUINLLIN;

- “AYKOTUATAH UWHUHT” UCCUKNKKA TYTNX YTULLN;
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-CL, LW Ba Ky4/1apHU BOr0BYM YM3UKAN KUHETUK KOLYHNAPHUHT
bakapnanwu;

-OH3arepHUHr y3apoaIMK MyHOcabaTUHU ULLINATULL MYMKUHUTA,

KpaiTmac >kapaéHnapHWHT TepMOAMHaAMUK aHanusuga MpuroxuH
TeopemMacu MyxXMmpaup, y HOMyBO3aHaT CMCTEMAHMWHI cTalunoHap xonatu
6unaH HocTauuMoHap XxonaTu opacujarm apxHu KypcaTagu: arap
cucTeMa toxopuaaru TypTTa Tanabra xaBob 6epca, 6apya ba koathgu-
umeHTnap ysrapmac 6ynca, PKHUHT goMmMuii xuiimatnapuHu ctaunoHap
Xonataa ywnab TypraHga SHTPOMUAHWHE XOCUA BynuBAM a MWUHUMAanN
bynagn.

IV. 6. KomneHcauuanaHMmaraH UCCULINKHUHT TEPMOANHAMWNK
DYHKUMUSNAPHWHT y3rapuimn 6unad 60rnmKnnrm

TepMoaMHAMUXaHUHT  6UPMHUM  Ba UKKUHYM  XOHYHNapu Ba

(B:"_.r+"Q=__ TeHrnamanapugad SQ = clU+pdvATdS-SQ1 (1V .25)
(1V.25) TeHrnamagaH nuxu aHeprua  dU = TdS-pdV-SQ (1v.26)
Ba V Ba S—eonst ga dU”y- -5Qi <O (1v.27)

ABbHW KOMMeHcaunsanaHmaraH ACCUXINK MUKW 3HePrUSHUHT Kamalimwmnra
TeHr. (IV.27) TeHrnama KnacCcukK TepMOAMHaMWUKaAa >KapaéHHUHT Yy3-
y3ngaH OOPULIMHUHI Xamfja YHWHI HOMYBO3aHAT/IMTUHUHT YN4Y0BU
Xxamaup.
AHTanbnusaHUHr H=U+pV kypuHuwuHn guddpepeHunannas, du
ypHUra yHUHr (TV.26) garn xuiimaTtuHu xyicak
dH = TdS+Vdp-Sg (1v.28)
dHY =-6Qr<0 (v .29),
ABbHW KOMMeHLuaumanaHmaraH Nccnkank S sap -Const ga sHTanbnusAHUHIT
Kamaiuwiura TeHr.
Fn66¢c Ba MenbMrosbL, a3Heprusanapn yyyH
dGTp=-5Q1<0 (1v.30)
dFzr=-8&<0 (Iv.31)
(Iv.30) Ba (IV.31) TeHrnamanap KuMEBWIA  peakuusga
KOMMOHEHTNAPHUHT MOMUNAUTUHM 6axonallra UMKOH 6epagu:
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-Wnmax <AG; -Wnex <AF; (1v.32)
MakcvmMan v 3ca, KUMEBUIA MOMUANUKHUHT YTHOBUAMP.

IV. 7. Kumésuii y3rapysuun, KUMEBNIA MOMUNNNK Ba
TepMOAVHAMUKAHUHT GUPUHYN KOHYHU

1922 innga Oe OoHge kuméBuii moiinnnuk (A) HU KnaysuycHUHT
KOMMeHcaumnsinaHMaraH UCCUKINTU OpKaun Kyimaarnyda ngpoganagm:
8(YBAdE>0 (1v.33)
6y eppa: d%=dn/Vi ra TeHr; £ - KUMEBWI y3rapyBun GynuG, YHUHT
ysrapuwu LU peakyMsHUHT «Tynuk» 60puLWMHK KypcaTagu; [fr,- peak-
uMa gaBoMuga Moffa Mosanap COHWHUHT y3rapulln; V-- CTEXMOMETPUK
KoappumumeHT. Arap Afy=l 6ynca, “peakumsa 6uTTa torypuw Kungu”
pennnagun. (1V.33) myHocabat e loHAe TEHICU3NUTW gernnagn. Y woy
MyHOcabaT KWUMEBUI MOWMANNKHUHE KNacCMK TabpuduiaH yHYaInK

thapk knnmaiigu. MacanaH, dGj,p—-8Q, <0 Ba =/, napjaH:

A-w-[w I~ Zv'n (1Yy'34)
Knaccuk TepmognHamunkaga (BaHT-Fodd, MenbMronbl) Kumésmii
MOMWUANMKHUHT yN4oBU cudaTnga Makcuman goiganu uwum (T, P -
const ) kabyn kunuHrad, 6y aca A™ = 1 ra, AbHM peakKUUSHUHT 1 Ta
“torypuwinra” moc kenagun. Y w6y uw -AGr,pra teHr. e JoHpge 6ylinva
MOMUNMNK KNAcCUK MOMMAANKAAH XYAAW XaKUKWA Te3nuK 3Tadva
TesnnkgaH ¢apK KuaraHu Kabu apknaHagu: fe [oHpe 6yinua
MOWMNNMNK Knaccukra KaparaHga aHMKpoKamp.

IV. 8. Oumk cuctemanap yuyyH TepMOoANHAMUKAHUHT
6UPUHYN KOHYHU

Tawkn MyxuT 6unaH 3Heprvus Ba MOAAA aJMALIMHWLLN  MYMKUH
6ynraH o4MK cucteManapHu Kypnoé ymkamms.

TepMoAVHAMUKAHWHT  BUPUHYM  KOHYHM ENUK CcUCTeMa  Y4yH
dU = 8Q-pdV 6ynca, ounk cuctemanap yuyH dU= d<t>pdv  (1V.35)
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6ynagun. biP - aHeprus okumu (3HTaNbNMA oKMMK). OUUK CUCTEMA YUYH
pdV pean uwira Moc Kenmacamri MyMKUH, YyHKW CUCTEMAHUHT X,2KMU
KOHBEKLMA Xxmucobura xagm ysrapuln MyMKUH.
SHTaNbNUAHUHT TYNAUK y3rapuwun yuyH (1V.35) Hn ypHUura

dH = cld+Vdp (1Vv.36)
ae6 émwummus mymkud. H-KT, p, tij) ge6, dH HuHr Tynuk gugpdepeH-
umanvHn E3aMu3 Ba TepMOAUHAMUKAHWUHT OMPUHUM KOHYHW Kyhngaru
KYPUHULLIHW ONajun:

“(f) dat- (IV.37)

(IV.37) TeHrnamMaHWHr YHr Tapadugarn oXuMpru xafj cucTtema 3HTalb-

MUACMHUHT MOAZANap MUKAOPUHUHT Y3rapulln 6unaH GOriMKAUTMHM
KypcaTagu. /-Mofda y4yH napuuan Monsp sHTabnus

' (IV.38,

GenrmcmHm Knuputammus Ba dnt Hu 2 aucmra Gynamwus: dirtri Ba
SHeprusHMHr Tymk; okumm d0 im TepMO OKMM Ba KOHBEKLMOH-
andoysmoH (K.4.) okumra 6ynamms:

do,, U]' ar+HP® o (1V.39)
' Y Ap)Th
&P, (1V .40)

(IV.40) myHocabaT mogga 6unaH TawkKapufaH KenTupuaraH sHTab-
nUsaHW ngoganangn.

HomyBo3aHaT >xapaéHnap TepMmogmHammkacy 6061Hu
y3Maw TUPUATAHIUK AapaXacuHU TEKLWMPULL YYYH caBonnap

1. HomyBo3aHaT xapaéHnap KaHgan cuHdnapra 6ynuHagm?
2.  KowmneHcaumsnaHMaraH UCCUKAVK feraHfa HAMaHu rylyHacus?
3. HomyBo3aHaT >xapaéHnap TepMOAMHaMMKacy KaHgal MocTy-
nartnapra acocnaHraH?
4. JHTPOMUAHWHT  KOCWA  OYyNuW  Te3NUIM  TYLWYHYACUHWUHT
MabHOCWU KaHfali?
5. OKuM feraHga HAMaHu TyLlyHacus?
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6. YMymnawraH Ky4JlapHUHT MabHOCK KaHAan?

7. OH3arepHWHr y3apoanK MyHocabaTUHU TYLIYHTUPUHT.

8. KomneHcaumanaHmaraH WMCCW/INK TEPMOAMHAMUK (YHKLUNA-
nap 6unaH KaHgan 6ornaHran?

9.  Kwumésuii ysrapyBuu geraHja HAMaHu TyLlyHacus?

10. HomyBo3aHaT TepMOAMHaAMMKaAa KUMEBUIA MONAANK HUMA?

11. Ou4w, cucTtemanap y4yH TeEPMOANHAMUKAHUHT BUPUHYM KOHY-
HUHW E3UHT.

12. KUWHeTUK KO3 MLUNEHTNAPHUHT CUMMETPUKANK NPUHUMIUHN
TYLWYHTUPUHT.

13.  OKMMHUHT XapaKaT/llaHTUPYBUYN Ky4n HUMa?

14. Okum 6unaH ymymalraH Ky4 opacuja KaHgan 60rnnkank 6op?

15. OH3arep HasapUACUHUHI acoCKMii TyllyHYanapu KaHaii?

16. Jlokan myBo3aHaT/ap feraHfja HUMaHu TylyHacus?

17. DHeprus oKMMU, TEPMO Ba KOHBEKLMOH-ANMDHY3NOH OKMMNap
TyLWyHYanapuHu n3oxaab 6epuHr.

18. OHeprus puccunauuscu, guMccunaTtve MOTeHUMaa Ba OKUM
PyHKUMACK TyLIyHYanapu.

19. MMWUKPOCKONUK KanTap/AMK NPUHUUMIUHN N30X4a6 6epuHr.

20. KMaliTMac/IMKHUHE NOKan yn14yoBnapu KaHgan?

21. UYoppaxaBuii xofgucanap Ba MypakKKab >XapaéHiap Y4uyH
OH3arepHMHr y3aposnkK MyHocabatu.

22. Kuménii MOAMANMK 6UNaH KOMMeHcaumusanaHMmaraH NcCUKAnK
opacufja KaHgam 6ornmkank 6op?
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V 5OB. ®PA3ABUIN MYBO3AHAT
V.l. Acocuii TywyH4anap Ba Taspudnap

Tapknbu, KUMEBUIA Ba m3nKaBuii xoccanapu 6up xmn bynraH Ba
6oWwKa gHemnapgaH cupT 6unaH yerapanaHraH encTeMaHWHI roMOoreH
Knucmu hasa gelivnagn. bup Heuva thasanapgaH néopart cuctema retepo-
reH gevinnagun. Cyiof Ba fattug hasanap foHAeHcupnaHrad asanap ge6
atanagu. bup Heua tasanapgaH néopat cucTeMmagaru MyBosaHaT retepo-
reH éam pasaBuii MyBo3aHaT fgelinnagun.

CucTemajaH axpaTub ONMHUWIM MyMAWH 6GynraH Ba yHAaH Tall-
japuja maBxXyjd 6yna onaguraH Moafa encTeMaHWHI KOMMOHEeHTa EKu
TaWKW gunyBYn Mopgacu paelinnaan. MacanaH, HaTpWid XAOPUAHWUHT
cysgarn sputmacuga H2 Ba NaCl cuctemaHn Tawkmn gunysuun
mogganapu 6ynu6, Na+ sa CI noHnapuHuHr gap 6upu 6up-6upunaaH
aKpanraH fonga y3on BaAT maxy[ 6yna onmaraHn cababnm, KOMMOHEHT
6yna onmangu.

CucTemagaru gap ganein gasaHWHI KUMEBMIA TapKNbUHM ndoganatu
YUYyH eTapnu 6ynraH Moafa XUanapuHUHT 3HT KUYUK COHW eNCTeMaHUHT
KOMMOHEHT/Iapu COHW peiimnagn. Arap asanap MyBo3aHaTAa TypraH
BafTAa KMMEBMIA peaKums cogup Bynmaca, encTeMaHUHT KOMMOHeHTNapu
COHW WY encTeMaHUHT TapKUbUn aucMmnapun coHnra TeHr bynagm. Maca-
NaH, y3apo KuMéBMIi Tabcupnawys 6ynmaéTraH BOAOPOA, Fenunin Ba
aproHnapfaH TalwKua TONraH rasnap apanawimMacuia cucTeMaHu TawKu
ANNYBYM MOAAANapHUHE COHWM MYCTagun KOMMOHEHT/ap COHMWra, AbHU
ydra TeHr. KuméBuii peakuma 6opaéTraH cuctemanapga KOMMOHeHTNap
COHW eNCTEMaHWHT TapKMOWUn gucmnapu coHura TeHr 6ynmangn. MyBo-
3aHaT fgonatugarn KUMEBUIA eMcTeMaHUHT KOMMOHEHTNapu COHWMHU TO-
NUL YYyH cucTeMagarn Tapkubuini gucmnap CoHuMfaH aiiHu wwapouTia
Wy cuctemaga 6opaétraH KUMEBUIA peakLmanap COHUHM arinpumb Tawnatl
Kepak. MacanaH, HJ, H2 Ba J2 napgaH n6opat rasnapHuHr roMoreH 6up
(hasanu cuctemacmaa gynmaaru

Hab) +J2() ~ 2HJ ()
peakuua KeTUWM MYMKIH. YuTa MOALaHUHI KOHLUeHTpauusinapii opa-
cupa Kp myBosaHaT KOHCTaHTacu 6unaH 6enrvnaHyBumn myHocabaT gapop
Tonagm:
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Kk [l

LLIYHUHT y4YyH CUCTEMaHW TalWKWI KUMYBYM MOAAanapAaH WMKKUTacu-
HUHT KOHUEHTPaUWACUHWM 6uAraH xonga, YYMHYM MOALAHWHI KOH-
LEHTPALMSACMHM aHuKdaWw MYMKWH. [emMak, MycTaKu/l KOMMOHEHT-
NAPHVHT COHW WKKWra TeHT; 6GyHAa TalWKun KuayBuYM MOAJaNapHUHT
COHM yuTa,l KOHUeHTpauusinapHu ysapo 6ornab TypyBYM TeHrnamanap
COHU Gupra TeHT 6ynagun. Arap MyBosaHaT xonatugaru H2 BaJ2 napHuHr
KOHUeHTpauusanapm 6up xun 6ynca, raz gasacumjarn MKKUTa TawKui
KWUAYBYM MOAJANAPHUHT KOHLEHTpaumanapmHu ysapo 60rnos4un sHa mp
WapT Kywunagm Ba MYCTaKua KGMMOHEHTMApPHWHI COHUW 6uTTaraya
Kamasigu. XakukatgaH, cuctema cakat HJ gaH kocun 6ynraH Gynca Ba
YHUHT 6GOLWINAHTMY KOHAEHTpauusacy Mabiaym 6Gynca, yHAa MyBo3aHaT
Kapop TouraHga H2 Ba J2 napHUHr KOHUEHTpauusinapyu [JOUMO TeHT
bynagn. Yduana TanTKua KUIyBYM MOLAANapHUHT MyBO3aHaT KOHLEH-
Tpaumsinapu aca loKopuaa KypcaTuiraH TeHrnamanap épfammpa xuco6-
NaHWWKN MYMKWH. XYAAW LWyHAalk mynoxasanap wputub Kylinparu
reTeporeH peakuusnap y4yH

NH3(3) +-HC1(NLW W 4C1Q) Ba CaCOm ,fr CaOQ) + CO2() ,
reTeporeH MyBO3aHaT KOHCTAHTACMHWM 6GUAraH xonja yydana TalKun
KUYBUYN MOAAANAPHUHT KOHLEHTpauManapuHu y3apo 6oriaw MyMKWH,
6YHAa MYCTaKU/ KOMIMOHEHTAP COHW UKKura TeHrnawaau. Arap NH3H
Ba HCILL napHUHT KOHUeEHTpauusinapu ysapo TeHr Gynca, MycTakun
KOMMOHEHT/IAPHUHT COHM 6uTTaraya Kamasgn. WKKUHUYM reTeporeH
cucTeMaZia 3ca MycTakui KOGMMOHEHTNAPHUHT COHWM WKKUTajaH Kam
6ynmwmn MyMKuMH amac, yyHku CaO” ea C02 @ nap Typnu asa-
napgagvp.

CUCTEMaAHWHT LWaponTNapuHM y3rapTupuwl 6unaH MyBo3aHaT 6y3u-
nagn, 6yHaa siHrM MyBO3aHaT X0/1aTV Kapop TomraHga KOMMOHEHTAap
COHU XaM y3rapuwin MyMKKH. MacanaH, nacT xapopartja Ba KaTanusartop
nwtrpok atmaraHga H20, 02 sa H2 napgaH mbopaT cucTemaga ysapo
KUMEBUI Tabcupnap KysaTuiMaigum Ba CUCTEMA Y4 KOMMOHEHTAUAUP.
FO kopu xapopatnapga aca (500-700°C) yw 6y cuctemaga 2H2f 02 <>
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2H2D  kuméBwnii peakumsi KysaTuiagum Ba LWy cababnm cuctemMa siHIu
MyBO3aHaT XxpiaTmaa KK KOMAOHeHTNn 6ynmn6 Konagu.

BocuMm, xapopaT Ba cucTemagarn KOMMOHEHTAapPHUHI KOHLeHTpa-
LUMscK cucTeMaHWHr napameTpnapu gelinnagn. Cuctemagarn asanap-
WWHT COHMTra Ba Xunura xanan éepmaii Typu6, Mabaym yerapaga UXTué-
puii paBuLWIAa y3rapTUpUW MYMKUH 6ynraH MycTakun napametprap
COHM CUCTEMaHWHI 3PKWHAMK fJapaxanapu coHu fJeiinnagn. CwucTe-
MaHWHT 3pKWHAVK JapaXkanapy COHW YHWHI BapuaHTAuru feiimnagu Ba
cuctemanap' 3pKMHAMK fapaxanapu coHura kKapab HOHBapuaHT &ku
nuBapmaHt (F=0), moHoBapmaHT (F-1), 6uBapuaHT (F=2), yuBapuaHT
(F=3) kabu cuHpnapra axpatiinagn. Cuctemanap asanap coHura éku
KOMMOHEHT/Iap COHMra Kapab cuHdnaHraHga xam 6Mp, MKKUM Ba yu
thasann EKM KOMMOHEHTIM euHNap Haszapja TyTunagu. Bup komno-
HeHTN cucTemanapga asanap 6uTTa MOAAAHUHT TYpau arperaT xonat-
napugaH néopat 6ynaan. byHgali cuctemara cyB, My3 Ba 6yT hasanapu
Y3apo MyB0o3aHaTga 6ynraH 6Mp KOMMOHEHTAN CUCTEMAHW MUCO KWUU-
WKUMKN3 MYMKUH. Typam mogndunkaumagarn KpucTannapHUHr xap 6upu
xam anoxmpa asa xmcobnaHagu. MacanaH, oKopu 6ocMmnapga cyB
MY3HUHI ONTW XWUA TYPAn MogMUKaumsnapuHu XoCUa Kunagu, ONTUH-
ryrypT poM61MK Ba MOHOK/IMHUK KypUHULLNapAa KpucTannaHagmn, Kypro-
LWIMHHWHI 0K Ba KYHIMp paHrjarn mogudukaumanapyu masxyg, docgop
OK Ba 6rHaLwa Mmogudukalmanapra ara.

Cuctema XonaTMHUHI Ba YyHaarm asaBuii MyBO3aHaTNAaPHUHT
TallKW WapouTaapra éKn yYHUHT Tapkubura 60rnnkaurnHi ndopanoByu
6ornaHuw xonaT guarpaMmmacu éku dasaBuii guarpamma geiinnagn. bup
KOMMOHEHT/IM CUCTEMANapHWHI XonaT guarpammanapy TalKy LWapouT-
napgaH (xapopat, 6ocMm) 60rnMK paBuwija udoganaHca, MKKU Ba yud
KOMMOHEHTIN cucTemanapgaru asasuii MyBo3aHaTnap xapopaT-Tapkub
anarpammanapv opkanu ngoganaHagu.

V.2. ®azaBnit MyBO3aHATHUHT acoCWit KOHYHU

MogganapHuHr 6ip asagaH VIKKnHUMcura ysapo yTuwimn xampa
KUMEBUI peakumsa.lap xam Kysarmnuran MyMKWH 6ynraH retep6reH
cucTemanap (pasaBuii MyBO3aHATHWHI acoCUii KOHYHW oOpKaau udo-
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JanaHagu, 6y aca TepMOAMHaMUKA MKKUHUYM KOHYHUHUHT MYXUM Ky/nna-
HULWNapugaH oupuanp. Ywoéy KOHYH KynuH4ya [M66CHUHr asanap
Komgacu aeb atanagu.

dazanap AoujacuHM KenTupmb YmMKapuvll ydyyii MyBo3aHaT Xosa-
TUaarn cucTemMa KOMMOHEHTNapy COHMHM K 6unaH, asanap COHUHU 3ca
@ 6unaH 6enrvnanmms.

MyBo3aHaTgarn reTeporeH cucTemaHuHr 6apya tasanapuga xapo-
paT Ba 60cMM 6Mp Xun Ba Xap 6UP KOMMOHEHTAAPHUHT KUMEBMNIA MOTEH-
Anannapu ysapo TeHr Gynagu. JHT coAfa X0/, SbHU TeTeporeH cuc-
TEMaHMHI xap 6up (hasaenra 6apya KOMMOHEHTAP Xe4Y KaHjan ncrtuc-
HOCM3 KMpaguraH X0 y4YyH yw 6y MyBo3aHaT LapTiapuHyu ndoaanoByun
TeHrnamanapHu Ty3amums.

Cuctema KOMMOHEHTNAPUHW MacTaarn uHaekcnap 6unaH Ba hasa-
NapHU togopuaary nHaekcnap 6unaH 6enrunab, K Ta KOMnoHeHT Ba P Ta
(hasa TyTraH cucTemMagarm MyBO3aHaT YUYYH Kylvgarun TeHrnamanapHu
83ULIMMN3 MYMKWH:

n-yho o 1o
RNV o1 (vV.1)
p EOPP p -p*J
Ba
ol i
Pl gl " 1 -
Prmp2 =pr f- =Pd|) .2)

Pk ~PK bIPK -Px J

(V.1) kaTopnap aWHWin KaToprapaup, YyHKuM 6ocMm Ba xapopaT
CUCTEMAHUHI X0MaTUHW 6GeNnruaoBYM MYyCTakKua ysrapyBumnap Xucob-
naHagw.

(V.2) kaTopnap aca ailiHWiAi KaTopnapHu wdgoganamangn, YyHKu
GUTTarMHa KOMMOHEHTHUHI Typnau asanapgary KAMEBWIA MoTeHUManu
KOHLeHTpauusnap, xapopat Ba 60CMMHUHI Typan dyHKunsnapu 6unaH
npoganaHagn (macanaH, CywK dasagarm KOMMOHEHTHUHI KUMEBUIA
noTeHLMann aKTUBAUK KM KOHLeHTpauus 6unaH ndoganaHca, ras pasa-
[arn KOMMOHEHTHUHI KUMEBWI noTeHUmanu 6ocumM éxku yruTMBAMK
6unaH ndoganaHagn). Y w by Katopaap acocuga mMyctakun TeHrnamanap
TY3ULL MYMKMH.
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MabiyMKM, KUMEBUI MoTeHUMan ¢akaT xapopaT Ba G0CUMHWHT
hyHKUMACK amac, 6ankm ypraHmiaétrad hasaHu Tawkun aunysym 6apya
MoAAanap KOHLEHTPauUANapUHUHT XaMm (QYHKUMACMAMP. Y6y (yHK-
LUMSIHUHT X0occacu YMyMUIA Xonja MabflyM 3mac, ammo 6up asagaH
VKKMHYMCUTa YTaéTraHaa 6Mpop KOMMOHEHT KMMEBMWIA MOTEHLUNANIMHUHT
rapkm6, xapopaT Ba 60cumMra 60rAWyLW rHA NPoaanoBUN PYHKUUAHUHT
KypuHULWIN y3rapagun fAe6 Tabkugnawimmms mMymkuH Ba (V.2) parum
A=A, p? =4® Ba OOWKa TEHINMKAAPHUHT Xap 6upu MycTakun
TeHrnamanapgup. Kynwga kentupunrad xuco6nap (V.2) TeHrnvknap
acocmpa GyHfali TeHrnamanapHu Tysull YYyH MPUHUUNWAT UMKOHUST
MaBXyanurura acocnaHraH. bByHpain TeHrnamanap CUCTEMACUHWHT
yMyMuii xoccanapuHu ypraHa 6opu6, xoxiaraHdya KOMMOHeHTMapgaH
néopat 6ynraH MyBO3aHaT XxonaTujaru cucTemanap O6ylicuHaguraH
alipyM yMyMuii KOHYHUATNAPHU TOMULL MYMKVH.

(V.2) TeHrNMKNap KaTopura acocnaHné TyuaraH Myctakua TeHrna-
Masiap CMCTEMACUHMW XOCUM KWYyBYM TeHr/amanap COHWMHW Ba yL by
TeHrnamanap kKampab o0fyBYM MYCTaKUN Y3rapyBUUNApPHWHI COHWUHU
Xucobnanimms.

(V.2) TeHrnMKNap cucTeMacMHUHr xap 6up kKatopum (P-1) Ta
MYyCTaKun TeHrnamanap Ty3uwira UMKoH 6epafun. Ywo6y KaTopra KupyB-
UM UKKUTA KUMEBWUIA MOTEHUMANHUHT TEHINUTMHK udofanaingurad xap
KaHgali 6owwka TeHrnama (P-1) Ta TeHrnamanapHWHI KOMGUHaLMsicMaaH
O/IMHULLN MYMKWH, LUYHVHT YUYYH Y MYCTakun TeHrnama 6yna onmangu.
TeHrNMKNap cuctemacupary Karopsiap COHWM K Ta, LWYHWHT Y4yH
MYyCTaKuW TeHrnamanapHUHI YMyMunii COHU

K (P-1) (V.3)
ra TeHr 6ynagu.

Ywby TeHrnamanap cuctemMacura KMpyBUM MYCTaKwuia ysrapys-
yunap xapopaT, 60CMM Ba KOMMOHEHTMAPHUHI KOHLUeHTpauusanapuamp.
Xap 6up thasaga K Ta KOMMOHEHT MaBXyf, aMMO XapopaT Ba 60CMHUHT
xoxgaraH KuimMaTnapuHu 6epn6 6M3 UCTUCHOCM3 6Gapya KOMMOHEHT-
NapHUHT  KOHLEHTpaumnsanapyvHn XxoxfiaraHya TaHnaih onamus, KOMmo-
HeHTNapgaH OMPUMHWHT KOHLEHTpauuscn aHWK 6up KuiiMaTHM Kabyn
KUMKW Kepak. ¥Y3apo Tabeupnawmangurad 6up Heua rasnapHUHE apa-
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nawmMacuHun Kypub umkamus. bBepunraH gapopat Ba 6GepunraH ymymuii
6ocumpa, 6MTTAa rasgaH Tawgapu, 6Gapya rasfapHUHT  KOHLEHTpa-
uiisnapvHM goanaraHya TaHnab onvMw MyMKWMH. OXMPru rasHUHT KOH-
LUeHTpayusicn ymymuii 6ocum 6unaH gonras 6apya nmapuwan 6ocumnap
AMrMHAMCK opacupary anupmara TeHr 6ynraH napuman 6ocumra aHug
MOC KenLwn wapT.

Cyloj4 cucTeManapja fam Xyauu wWwyHAalk 6uTTa KOMMOHeHTAAH
Tawgapu 6apya KOMMOHEHTNAPHUHT KOHLEHTpauuanapnHu xognaraHya
TaHnaw MYMKWH, OXUPrY KOMMOHEHTHWHI KOHLEHTpauusicm aca aHug
awiimatra ara bynagu.

WyHgan gunub, gap 6up ¢asagarm MycTagun KOHLEeHTpauus-
napHuHr conn (k-1) ra TeHr 6ynaau, 6apua d gasanapgaru mycragun
KOHLEHTPaUMSANAaPHUHT YMYMUA coHn aca P(k-1) HM TawKun aTagu.
TonunraH KOHUEHTpaLWUsNapHUHT COHMAAH Tawaapw, 6ocum Ba gapopat
fam myctagun ysrapysuunapgup. WyHuHr yuyH (V.2) TeHrnuknapgaH
OfIMHraH TeHrnamanap cuctemacu pgampab onraH MycTaguna ysrapys-
YNNAPHUHT YMYMWi COHU

D(k-1)+2 (V.4)
ra TeHr bynaau.

Arap mMycTagun y'srapyBumnap COHW ynapHu 6ornab TypyBUM TEHT-
namanap CoOHUra-TeHr 6ynca KynngarmHu ésmwmMmmns MyMKuH

r K(®-1) d(k-1)+2
Y ponpa gap 6vp MycTagun ysrapyBuu AaHjangup patbuin 6up anii-
mMaTHu 1lkabyn Kkunagu Ba O6yTyH cucTema fJapopar, WeocMum Ba
KOMMOHEHTNAp KOHLEHTpaumanapuHuHr 6apya asanapgarn upgaH-omp
MYMKWH BynraH guinmatnapuga maexyg 6yna onagu.

Arap TeHrnamanap COHW MycTafwua ysrapysuunap COHMAaH KNUYUK
6ynca, ynapHuHr capau F yw6y TeHrnamanap éku asanap coHujga
goxfgaraH AuiiMatnapHu 6Gepul MyMKWH GynraH y3rapyBUMapHWUHT
COHWHM KypcaTagu, YYHKW TeHrnamanap COHUHWM asanap COHKU
Genrmnangn:

P=®(k-1)+2-k(P-1) (V.5)
\' (V.5) Teitirnama ysrapTvpuiunapaaH CyHr ayiingaru
P+®d"k+2 (V.6)
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K5(MHULWHK onagun. 1876 iinnga Fn66C TOMOHUAAH TakKAUg KUIUHTaH
yLw 6y TeHrnama asanap KomgacmHu ngoganangn.

Arap CcUCTEMaHWHI MaBXYA/IMK LwapouTnapn 6ocMm Ba Xapo-
patnapfaH TawkKapu fHa faHpanigup ysrapyBuyaH WHTEHCUBAUK (hak-
Topnapu 6unaH 6enrunaHca, macanaH 37eKTp MoTeHUwanu 6unad, y
Xonga MyCTakun ysrapyBumaap COHM Kynasgu. Arap, akcuH4ya, cuc-
TeMaHWHI XonaT napameTpnapuiaH aipumnapu goumuin annmbé ywnab
Typwu/lca, yHAa MyCTakua ysrapyBuuiap COHW Kamasagn. LU YyHUHT yuyH
YMYMUA Xonga Tawku (akKTOp/apHUHI COHMHWM N 6unaH 6ennblab,
TMG6CHUHT hasanap KomgacuHu Kyhungaru

F+®-k+n (V.7)
TeHrnama 6unaH udoganaHagu.

V.3. KnaneipoH-Knaysuyc TeHrnamacm

To3a MofAaHWHT UKKWTa (hasacu MyBo3aHaTha bysnca, ywoy TBap
fa ynapHUHI KMMEBUIA noTeHuuwannapu 6up xun 6ynaam. Arap ysrapmac
p pa T Hm ysrapTupunca éku ~3rgpmac T ga p Hu ysrapTupunca
thaszanapaaH 6upwu liykonaan. JIeKMH, 6Up BaKTHUHT y3naa T HU Xxam p HU
Xam WYyHAal y3rapTMpcakku, byiifa nkkana asaHuHr KMMEBUIA NOTeH-
umannapu 6mp xun 6ynmb Kosnca, cMctemaga aBBasrMieK UKKUTa asa
caknaHn6 konagu. bByHpaih dp/dT 6ornaHuw  yuyili  TeHr/iamaHm
KnanelipoH KenTupun6 ynkapraH. Knaysmyc aca, KnanepoHHUHI TeHrna-
MacuHW 6yraaHuw Ba cybnMMaTnaHuLW yYyH cogfanaliTupuil RyanHu
KypcaTau, 6yHaa y 6yT mgean ras KoHyHura 6yicyHapu, fe6 TaxmuH
KUNAN Ba CYWOKAUKHUHT MOASip XaKmMu VCSM 6yrumkumaaH Xypa
KNYMK bynraHnnrm cababnm yHu xucobra onmaca Oynagwm, ferad
huKpaaH Kenmé unkau.

Kaiitap xapaéHnap yuyH dG # -SdT+Vdp Ba dGg = (ZpjdnJpT
TeHrnamanapgad | Monb Tosa mogaaHuHr (H, = lna. dGj ~ dp,) 1~ Ba 2-
thasanapm yuyyH [un66Cc ©Heprusicm ypaura KUMEBMIA' MOTeHUMaHW
E3ULLINMUN3 MYMKUH:

o @ = ~SrrdT+Vrrdp 1
=~SQUT+ Vdp]
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MyBo3aHaT Xxpratga (asanap opacuga = dp@ wapt
Gaxkapunagm Ba (V.8) TeHrnamanapHWHI YHT TOMOH/apU XAM y3apo TeHT
6ynagu. Mabnym ysrapTupulinapfaH CyHr MyBo3aHaTharu asanap
YUYH Kylhingaru

AS dp
(V.9)
TeHrnamaBu onamus* 6y epga gl  -£O6gM =<3 1

KaiTap n3oTepmMuK KapaéHnap y4yH TepMOgMHAMUKAHUHT 2-KOHY-
HugaH AS = A/th bufT, 6y epaa AHhy MU~ (hasaBuii yTULL UCCUKUTK,
T —asaBuii yTiT xgpopatu. AS HUHT KuiimaTuHu (V.9) ra Kyiicak,

O‘E)p Adicpimy (V.10)

T-AV
ugoaaHn onamus. by TeHrnama KnaneipoH TeHrnamacu feiunagn Ba
(hasanap opacuparm MyBO3aHATHU WQOAANIOBUM TeHINIAMAaHUHT aHUK
KYPUHULWWHU udoganaiign. CYKANKHUHT MOMSAP XKMU GYrHUKMAaH

XyAa KUUMK 3KaHAUTMHK (royjeke I 6yr) xgco6ra onm6, (V.10) TeHrna-

magarn AV=Vgyr-Veym ypHura AVAVeyr pe6 oncak Ba Y6f yPHura
ngean ras konat TeHrnamacugarn RT/p Hu Kyiicak, KyiugarunapHu
KenTupmné unkapamms:

dp _ AHdymu _ AH 6pep

dT= Tyee - RT2

(V.11)

din AH
P AT vy e dTp RTQz,T
(V.13) TeHrnama KnaneipoH TeHrNamacMHWHI TaKpuouii KypuHULLIN
6ynn6, KnaneipoH-Knaysnyc TeHrnamacu genmnagu.
(V.13) TeHrnamanun (V.12) paH Kentupu6 uukapuwga O6yrHu
KPUTUK HYKTafaH, SbHW ras KkonatujaH ysosgaa Aeb onnHraH.
(V.13) TeHrnamagaH OyrnaHuMW MWCCUKAUTUA YYYH Kyhungaru

ngogaHn KenTupmnb Ynkapammns:

(V.13)

AH<fyM=RT2A ~ A (V.14)

168



(V.14) TeHrnama xgm KnanelipoH-Knaysnyc TeHrnamMacMHUHT Takpubuii
KYPUHALWNAUD.

ByrnaHuw UCCUKAMTUHUHT T ra 6ornukanrn mabvnym Gynca, (V.12)
HW UHTerpannaw MymkuH (6yHga AL36m Hu const ge6 onamus):

JIIn o (y.15)

(V.15) TeHrnamaHwHr yHr TOMOHMAArM wuHTerpan ocrtmgarn wudosa
Jr-xfr=-ir+c ra TeHr 6yaraHun yuyH:

(V.16)

(V.16) TeHrnamagaru HaTypas norapudmMHU YHAU norapudm Kypu-
HULIWTa yTKascak:

gP ~ 2,303RT . (V17)
6y epaa C Ba C' nHTerpannaw goumuincu.
(V.17) Hn Kymgarm KypuHuw aa éscak oynagu:

igp”-i+B (V.18)

6YePga A~ " w Ba 5 =¢ -

(V.18) TeHrnama Tyrpu umsuk TeHrnamacuamp, femak Igp Huur 1/T
faH BOrMNKANTU YN3MKNKN Bynagn.

X[OpOpaTHUHT KEHT opanuruja 4Ymsnknm 6GornaHuigaH 4etna-
HUWNap KysaTunagu, YyHKyW aipum TaxMuHaap (TeHrnamaHu 4mkapa-
éTraHfa KuauHraH) ys KydumHu iykotagu. lgp "— f(I/T) uusukgn
GornaHnwgarn 6ypuyakHWHr TaHreHcu tga — Mibyny2,303R ra Ba
opavHaTa yku 6GunaH kecuwraH Hykta C' ra TeHr 6ynagu. ByHpaH
GyrnaHuw ucemknurn yuyd AHIA= tga -2.303R TeHrnamaHm onamus.

KnuHuapi gaH p2ravaBa Tj gaH T2rauya uHTerpannaraHia x,0cun
b6ynraH TeHrnamagaH onganaHnw kynangmp. (V.12) HW uHTerpan-
nanmus:

Ad\np-N~—jT AT(V.19) \apr-\np,z‘] /1 —=-(--1) (V.20)
, ) - U,
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jgPi _AHGTM T n w 2,303R- Igp2/PI -Tr T2
P 2303RTr TT (V2D ALP oo (v 22)
Ywo6y TeHrnama 6yiinya 6yrnaHuw éku cybnmmatiaHul UCCUKIUTUHN
xucobnaca 6ynagn. Monsip 6yrnaHu UCCUKAUTMHA Tonuw y4uyH (V.22)

nogaHn MoafaHUHT MOMeKynsap maccacura 6ynm6 robopmnnagn:
2,303RIgpl/pl-TI-T1 v.23)
KnanepoH-Knaysuyc TeHrnamacuHW KOHAEHCUMpaHraH cuctema-
napgarn asaBuii 3b'Mwnapra xam Kynnaw MyMKuH. CylKpaHuL
KapaéHu yuyH (V.10) TeHrnamaHu Kyiingarn KypuHuwga é3mé onamms:
dT mv
@ Hopaa (v 24)
6y epga: dT/dp - 60CMMHUHI 6Mp GUPAMKKA y3rapulinaa CyroKaaHUWw
XapopaTWHUHT y3rapuwn; T - cylokgaHuw xapopaTtu, K; AHoyod —
cytokgaHmw ucemkanrn; AV = Yo-¥1E—KaTTux XonaTAaH CyrXx xonatra
YTULL XapaéHraarn Xaxm ysrapuiim.
dT/dp xocunacvHMHI WWOpack CYIOKAAHWLL >KapaéHuaa Xaxm
y3rapuLWHWHT nwiopacura 6ornmk 6ynagn. Arap VCG-VKea AV>0 6ynca,
dT/dp>0 6ynaam, SbHM CylOKAAHWLL XapaéHMaa cyloK (hasaHUHT XaKMu
KaTTMK hasaHUKugaH Katta bGysca 60cMm opTUWIKM 6UNaH CyHOKAaHWULL
xapopatu optagu. Arap AV<O0 6ynca 60cum opTuLM 6UNaH cytoKnaHuLL
xapopatu nacasgn. CyB, BMCMYT Ba 6olwka aipum MogjanapruHa
6yHfai xoccagapHu HaMOEH KUIaau.
KoHaeHcvpnaHraH asanapgarv ysapo yTull XapopaTMHUHE 60-
cuMra HucbaTaH Ky4vcus 60rMnMKAMIrMHM xmcobra onmb Kylivgaru
dT AT TAV
dp~ Ap AHoraq (V>25)
TeHrnamaHu Eé3UWnMn3 MyMKWH. Y10y TeHrnamagaH CyHKMaHWUL uc-
CUK/IUTY aHUK/IaHAAN.

V.4, BUp KOMMNOHEHT/IN cUCTemManap y4yH gasanap KoHgacu
MM66CHMHT (hasanap Koupacu TeHr/iamacuHU 6Up KOMMOHEHTN
cucTemManapra Kynnacak,
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F=3-<& (V.26)
TeHrnamaHu onamms, yyHkn (V.6) TeHrnamaga K=1 6ynravu yuyH (V.26)
TeHrnama Kenué umngagun. Arap cuctemaga 1 ta tasa 6ynca, F=2 6ynaan
Ba cUCTeMaHu udoganall yuyyH 2 Ta Myctagun napameTprapHv/ aHugnatl
Kepak. Arap cucTemaga 2 Ta (asa 6ynca (macanaH, cyB 6wunaH 6yT
MyBO3aHaT onartaa), y x,0nga [ ékn p HU aHugnal Kepak, YyHKU yLi 6y
fapopat yuyH agat 6upruHa MyBo3aHaT 60CMMU Tyrpu Kenagu. Arap
MyBo3aHaTha 3 Ta ¢hasa 6ynca, F-0 6Gynagn, sbHM 1 KOMMOHEHTN
cuctemaga 3 Ta (asa jgapopaT Ba O6GOCMMHUHI (hakaT OupruHa
MyHocabaTuga bupranvkaa MaBxyg 6ynmwmn mMyMKuH.

CyBHUHI pgonaT guarpammacu. (V.26) TeHrnamara 6uHoaH 1
KOMMOHEHT/IN cUCTeMaja MyBoO3aHaT xpnatugaru gasanapHuWHr COHU 3
TajaH Kyn OGynuMwIn MYMKWH 3Mac: 6Mp KOMMOHEHTAW. cucTeManapja
thasanap 6WMTTa MOAAAHWMHI TypnAu arperat fjonatnapvjaH wuéopat
6ynagu. Arap moaga Typau Mogudumkauusgarn KpuctaanapHu 6epa
0/ica, lOKopuaa alTraHMMW3AeK, YIapHUHr |ap 6upu anoxupa @asa
xucobnaHagmn. X,ap 6up mognpmkauma T Bap NapHUHT Mab/lyM MHTepBa-
nnpgarnHa 6apgapopaup. (V.26) TeHrnamara 6uHoaH cdagat 1, 2 Ba 3
thasanu cucteManapruHa MaBxys 6ymwm MyMKUH.

Cuctema JoNaTUHUHT Ba YyHfarn asasuii MyBO3aHATNAPHUHT
Talw Ay wapouTnapra &Ky YHUHT TapKnbura 60rnuannuruHi ngofanosym
6ornaHvw gonaT guarpaMmmacy 6ku asaBuii guarpamma gevinnagu. V.1-
pacmMga ypTaya 6ocumnapgaru CyBHUHI fonaT Auarpammacy [en-
Tupunrad (1 mMa rava). 3 Ta arpy fonaT AMarpamMMacuHu 6yT, CyAIMK
Ba Mysra Tyrpu KenyBuu maligoHnapra 6ynm6 Typuntu. 3rpunap 2 Ta
(hasa opacugaru MyBo3aHaTra >xaBo6 Gepagu. OC arpucu CyBHUHT
TylAWHraH 6yT 60CMMUHUHI JapopaTtra 60rnnanurnHn Tascugnangm ea
GyrnaHuw arpucu peiinnagn; OB arpucu CyBHWHT My3nawl gapopa-
TUHWHI Tawau 6ocumra 60rAnganrMHM  Kypcatagu Ba CylKAaHML
arpucu pgeiimnagun; O/1 asrpucn cy6numatnaHuw arpucu aeinnagn. O
Hyara 6yT, My3 Ba CyBnapHWHI 6uMp BaaTAa y3apo MyBo3aHaTtha 6ynuil
LapouTnapvHu ngogaganan.
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1-HykTaga (asanap COHM 6UTTa
6ynnb, IPKMHAUK  Japaxanapu
coHn F-3-1=2 6ynagn. ByHUHr
MabHOCU LUYKKW, Mab/lyM uerapa-
napga (asanap COHM Ba TYypWHU
T y3rapTupMacgaH Typu6, myctakus
pasuwpa p Ba I HKU y3raPTuPuL
MYMKWH. 2-HykTagaF = 1

A

V.l-pam< ¥praua 6ocumnapgaru
CYBHUHT X0onaT guarpammacu.
By xapopaT &Ky 60CMMHU WXTAEPUIA y3rapTUpULL WMKOHUATUHW Kyp-
caTagu. ByHAa VKKvHUM y3rapyBuM 6upuHuuMra mMoc pasuwga Kna-
nelipoH-Knaysmyc TeHrnamacura 6uHoaH ysrapuwwin kepak. OC arpucu
6yrnaHuw >xapaéHn yuyH KnaneiipoH-KnaysuycHuur (V.13)  Tewur-
Namacu 6unaH ngoganaHagu.

OB arpucm aca cytouiaHULL xapaéHu yuyH (V.25) TeHrnama 6unaH
noganaHagn.

OA arpvicu MysHWHT cybnumaTtnaHuLl xapaéHuHu ndoganaiian sa
(V.13) TeHrnama 6unaH ndoganaHNLLY MyMKUH.

OJ, arpvic yra coBUTWATaH CYBHWUHI ycTuparu TyWUHraH 6yT
6ocumungmnp. ByHpali xonat 6apkapop amac, YyHKW yTa COBUTU/raH cyB
[OMMO KaTTapok 6yT 6ocumura ara, AbHW KaTrapok; KMMEBWIA NOTeH-
uunanra ara (Xyfau Wy xapopartgary Mysra HucbataH). YTa COBUTWUATaH
cyB 6yr 6unaH meTacTabun MyBo3aHaTAa 6ynagu. ByHpain cyBra 6up
Heya My3 KpUCTa/INapyvHN KUPWUTCAK, YHUHI Te3NuK 6unaH Mysnawiu
cogup bynaawu.

O HykTaga 3 Ta hasa myBosaHaTga 6ynagn Ba F=3-3=0, sbHu
cucTema uHBapuaHTaup: p~6,1 rfMa sa T-273,1576 K (0,0076 °C).
ATmoctepa 6ocummga (1013 rfla) my3 yunamum HykTara HucéataH
nacTpok xapopatga apuiign. by OB 4M3MIMHMHI Yanra orraHIuMru Ba
MY3HUHT COMULLITUPMA Maccacu CyBHUKMAAH KUUUKAUTU GUNaH TyLIYH-
Tvpunagn. LWyHuHT yuyH (V.25) TeHrnamara mysodmk 1013 rfla pga
MY3HVHT CylOKaaHWH xapopatu 6,1 rlla garv yuynamum HyktagarngaH
nactaup. ByHga cuctema 2 dasanm (cyB Ba My3), yyHku 6,1 rfa paH
HOKOPUPOK 6ocumMaa 6yrcumoH hasa masxyq 6yna onmangu.
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Arap cuctemara yuynamum HyKTaja MCCMKAMK 6epcak, y MYy3HU
spuTuwira capdiaHagm, aMmo xapopat xaMm, 6yT 6ocumun Xam cuctemaga
3 Ta dasa MaBXygiuruga ysrapmaiign, uyHkn F=0. Bapua wmy3
CyloKfaHraHga cylok Ba 6yT (hasanapu myBo3aHaTha Konagu, cuctema
MoHoBapuaHTn F=1 6ynn6 konagy Ba UCUTULLHM AaBOM 3Tcak, XXapaéH
OC 6yrnaHuw arpucu byiimua KeTagu. Yunamuu HyKTaja CUCTEMaHu
COBUTULI My3 Xocwun oynuwwura onub Kenagnm Ba 6apya CyB Mysra
anaHMaryHuda xapopaT Ba 6yT 6ocumm y3rapmac 6ynmb Typaan; coBu-
TUWHN JaBOM 3TTMpPCaK, cucTemaga 2 Ta asa (My3 Ba 6yT) KparaHga,
cuctemMa MOHOBapuaHTIM bynagun Ba OYrHMHI  KOHfeHcauuanaHumL
xapaéHn OA arpucura myBouk 6opagm.

KOKopu 60cMMnapia CyBHUHT XonaT gnarpammMacu 6yTyHnali 6oL -
pava 6ynagn (V-2-pacm). BupuHuungaH, 6yt tasacu ymymaH 6ynmangm,
WKKUHYMAAH, MY3HUHT 6 Ta mogudumkaguscu I-VII naingo 6ynagw.
ABBa1 My3HUHT fAHa 6up IV mogndmkagusacum 6o0panrn TaxMmH KUINHIaH
3an, amMo 6y TacauknaHmagn. Mys | sHI KUUMK 3UYAMKKA 3ra, YHWHT
3MUNUTM CYBHUKUAAH Knumk, 6y KnaneinpoH-KnaysmycHuHr (V.25)
TeHrnamacufjaH Xam Kenub uukagu, YyHKu My3 |- cyB MyBo3aHaT

arpucy Yapara orraH, SbHU 60cum
OpPTULLY BUNAH YHUHT CYIOKIaHULL
xapopaTn pacasgn. Opanin  mys
Xyfda ropak Kpuctasina CTpyKTypa-
ra ara, aMMo toKopu 6ocumnappa
Yy 34YPOK KpUCTaI MOAUPUKa-
uuanapra ytagn. Mys Il dakaT-
rMHa KaTTuK asanap 6unan (1, LU,

\E2-pacM. CyBHUHT t0KopH V) myBo3aHaTga 6ynagu, Konrad

Gocumnapaarm (4000 MMa) Mogudmkaumsanap Kartuk  asa-

XonaTt gnarpammaci. nap 6wnaH xam, cyB 6unaH Xam
MyBO3aHaTAa 6ynmLm MyMKHH.

MysHuHr VT MogdUMKaUMANAPUHUHT  3UYAIUTU CYBHUKWAAH

KaTTapoKAMp, LWYHUHT YYyH YNapHUHE cyloknaHuw sgutapm (V.13)
TeHrnamara 6uHoaH yHrra orraHaup. Mys VI HuHr suunurn 273 K ga
My3 | HUKngaH 1,5 mapTa KatTa.
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V.5. UKKNHYK Typ as3aBuii yTunap. ApeHdecT TeHrnamanapu
dasanapapo uyerapaHuHr Oynwnu 6up dasafaH WKKMH4YMCUra
yTrwga 6apya 3KeTeHCUB MapameTpiap KuiiMaT/apuHUHE cakpalumra
cabab Oynagn. ONTUMK XOCCaNapHWHI y3rapuwin, 6upuHuM HasbaTaa,
(hasanap 3VMYAUTUHUHT y3rapuwin 6unaH 6ornukaump. by. haszanap
yerapacuHu KypuHu6 TypaguraH kKunagu. byHaan 6upunHumn Typ hasaBuii
ymuwnapga AO.y.~0; ASpy "0; AYYad; Ax ipj.ztQ.

"Y3 HaBGarvga, (azaBuii yTULL WUCCUXJIUTMHUHT HOMAaH hapk
kunmwy  (Qp.y~TASp,yJ xap 6Mp KOHAEHCWMpRaHraH asanap Y4yH
(dp/dT)pp_ xocunaemHuw cakpab ysrapuwmra onué kenagu. By aca
CYKKMKHN yTa COBYTUMI MMKOHMATIWIM Ba MeTacTabun xonatgarv
MOAfanapHU ONVLW UMKOHWATUHW 6Gepagn. ByHpal yTuwinap 6vpuHYM
Typ hasaBuii yTuLLnapamp.

Kyn BaxT OMpUH4YM Typ (hasaBuii yTULINAPIrMHA MYMKWH, Ae6
xucobnaHap 3am. AMMO, KeMHUYaNMK 3KETEHCUB KaTTa/IMKNAPHUHT XMii-
MaTnapu y3nyKCu3 paBuLLja y3rapyBun MKKUHYM Typ (asaBuii yTuuinap
Xam aHUxXIaHan:

AOdy-O; A8 y-0; AYAP=0; AX Tpp=0 (y21)
CucTeMa LWyHra xapamacfaH Mab/lym 6Up aHLl (hU3MKaBuiA xonaTgaH
6owxacura ytagu. CUCTeMaHVHI Tysunuwugarn Ba pusnkasuii x6na-
Thaarn ysrapuiinap LyHYaMK KaTTaku, Typau dasanap xaxuga cys
oputca 6ynagn. VIKKMHUM Typ (hasaBuii yTuwinapra XyhugarnnapHu
MMWCO/T XWANLL MYMKMH: MOALAHMHI yTa yTKasyBYaH/IMK Xoccacura ara
6ynné xonuwin; deppamarHUT XOCCaflapHUHT y3rapuLin; Cytx renuii-
HUHr jbra oxyBuaH XxonaTra yTulIW; XOTULIManapgarn TtapTubiaHuw
XapaéHnapn  (yTa  CTPYKTypanapHWHr  xocun  6Gynuwium);  cer-
HETO3NeKTpUKNapaaru ytuwnap (Kpuctannapga). KynruHa xonnappa
VUKKUHYM Typ (hasaBuii yTulINapfa WUCCUXIMK CUTMMUHUHT XapopaTra
6ornuxnnrn (V.3 -paem) rpek xappu A KypuHULWIMHK onagn. MKKnHun
Typ (hazaBuit yTuwira TVHUHT aHuX xuitmaTy Tyrpu kenagu  (Y.3-pacw).
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LyHpain  Kuamb,  UKKUHYM  Typ
(hasaBuii  yTuwda .3HTponMA  Ba

OaOXMHUHT  y3nyKen3  ysraPuwmn/a

Muw w 1 1(stV
TEPMUK KEHTanmiLu =y OF) * n30-

TepMUK cukunmw PR ) Ko3ad'

VJ-pacm. 2-Typ (*)agagmﬁ yTuL CbI/IHVIeHT}'IapM, NCCUKNNK  CUTUMU
coxacuia UCCUKNNK CUTUMUHUHT

Xapopatra 60orMKauru. qu]ﬁra”ﬁa Kabn KaTTanMknap cawpas
y3rapagu: AXhSPO0; Aph.y. Y 0; ACP
L
LLyHUCK XXyfa KM3NAKK, YL 6y KaTTaIMKAaPHUHT aMMacy 6upuHun Typ
thasaBuii yTuwinapga cakpab ysrapyBuu KaTTa/MKNApHUHE 6UPUHYM
TapTnbnn gocunanapunanp.
n66c sHepruscuaaH dgoiiganaHcak, 6apya yrtuunap yuyii AG—Q
AMMO, GUPVHYN Typ yTUwNap y4yH Tnb6C 3HEPTUACUHUHT  GUPUHYN

TapTM6M focunanapw cakpaé ysrapagnst W & - %0. LLI.L‘IrLLINg . *o

VIKKMHUM Typ YTULLMAP YUyH

ya M\ gpr (V.29)
YYHKU {stp -LI'pLI&I')\ f—1Sri' 11 -VAp
ACp =-71 T2 *0 (V.30)
YYHKMN 6ynagn. byHga A~ =°;
£0=0, AbHN  Cy3 [M66C SHEPITUACMHUHT  MKKUHYM  TapTuénu

[ocunanapyHUHIE cakpallm gakuia KetanTtu, byHaa MFm66c sHeprmsicu Ba
YHUHT FBap 6yiinya 6uprHYM TapTMbIM gocunanapu ysrapmac bynagu.
VIKKMHUM Typ asaBuiA  yTULINAPHUHT  Tabpudura 6uHOaH
AHDp = O, ABgp. =0. LUyHra kapamaciaH oaupry iunnapia MKKUHYM Typ
yTULLINGP YUYH UCCUKNMK TyLyHYacK anabuétnapga naigo 6ynau (V.3 -
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by

pacmaary LTpUxnaHraH COXA): LW H- \hcpmouafi, 0OY epAa aaoman
L,

TaXPUBaBWIA arpy 6raH NYHKTUP YM3ML Opacuari UCCUKANMK CUTUM-

NapUHUHT hapKa.
Xyoan WyHAal WapTaM pasvja UKKUHYUY Typ (asaBuii yTu-

o c
HUHT 3HTPOMMUACK X,aM aHuKaHagn: A/He g +

dazasnii yTvLIap TepMmognHamMuKacuga dasanapHUHI MyBO3aHaT
wapTtnapvin udgoganoun p(T) 6GOFNAHWLLIN SFPUCUHM  aHUKAAHULLM
Tanab KunuHagn. IKKuHum Typ dasasuii yTuwiniap ydyH Taxpubaga ach,
[a, pp KkgimatnapHu  aHuKpalw  MyMKWH. Y16y Mab/lymoTniap
(hasanapHVHI MaBXYAMK COXANapUHN KaHhan Knnmb ngoganaingn? bup
KOMMOHEHTNIM cUcTeManapfa OupuHuUM Typ yTuwnap yyyH 6yHpai
MabnyMoTHM KnaneipoH-Knaysuyc TeHrnamacy 6epagm

(V.31)

Yw6y TteHrnama (V.10) TeHrnamagaru AHPp, ypHura TepmoguHa-
MUKaHWUHI 2-KOHYHUra MyBO(UK;, nogacnHn Ky 6unaH
KeNnTupmo YmgapuaraH.

VIKKMHYM Typ yTuwinapga ywoby TeHrnama HoaHWKAMKKa ainaHagw.
Y w6y HoaHVKAVKHY JTonuTasnb Kougacu byinya equil MyMKU1H.

BuprHum 6ynun6 byHganm xucobHu 1933 nunpa SpeHdecT yTKasraH.
KnanenpoH-Knaysuyc (V.31) TeHrnamacmgarm cypat Ba MaxpaXHW
xgpopat  6yihinda guddepeHumnannacak, IOpPeH(ECTHUHT  BUPUHYUN
TEHr1laMacuHN 0/1aMu3:

(V.32)

Oy epga:
P

(V.31) TeHrnamaHu 6ocmm byiinya gnddepeHLmannacak:
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iii
f

oy (V.33)

UYHKM
(V.32) Ba (V.33) TeHrnamanapHu KynanTupub, SpeHEeCTHUHT
NKKUHYM TeHrnamacuhm onamnz: AG, b oy (V.34)

Ywéy TeHrnamanap KyWuaraH MacaaHUHT eqyuMMUAMP, YYHKU
WKKWUTA (PasaHUHT MyBO3aHaT LapTiapuHu udgoganaiian sa p(T) arpu-
HUHT anddepeHunan TeHrnamacu Tonunagn. Ywoy xonga (V.32) Ba
(V.34) TeHrnamanap 6up asagaH MKKNMH4YMCUra ytaétraHga ysrapaétraH

foY |,
TEPMOAVMHAMUK Xpccaiap epjamuia WKKUHYM Typ YTULLHUHT
KuiimaTu 6enrmnaHagn:
(AC,),0; (§)=* 0; {8).,».

LyHpait Kunné, SpeHMECTHUHT TeHrnamanapy WKKUHUMA Typ
(hazaBuii yTLLNAp YUYH XyAanM 6upuHumM Typ yTuwnapgary KnaneipoH-
Knaysnyc TeHrnamanapvHWHr BasudacuHu Gaxapagn. WKKuUHYM Typ
(hasaBUil YTULLNAPHWHT y3Ura XOCAWUIM S HUHP cakpab ysrapMaciu-
rmgagmp, 6y aca dp/dT ga xam cakpaw 6ynmaciurura onvé Kenagu.
LLyHUHT okmba ruga p(T) arpunapn xap 6up tasa yuyyH 6UTTa y3nyKcus
A KypUHULINGATM YU3UKHW XOCUN KuNagn. LLIYHUHT yUyH UKKUHYM Typ
(hazaBuin  yTuwnapga MeTacTabmn xonatnap 6ynmangn  (6UpUHUK
Typfarv yTviwnapga aca, CyloKIMKHU yTa COBUTULL HaTwKacupja MeTta-
CTabun xonaT Nango 6y IMINHN KypraH 3auK).

V.6. Monnmopd yTUL NapHUHT TacHUbnaHnwmn. MoHo- Ba
3HaHTMoOTpoN hasasuii yTuiap
KynruHa mogfanapHuHI Kpuctannapu 6mp Heva Xun anioTponmnk
MoanmKauusaga bynagan. MacanaH, ONTUHTYTYPT POMOMK Ba MOHOK/IU-
HUK Llakiapfa, Kana aca off TyC/iM KpucTasin XonaTufa Ba KynpaHr
Tycnu amopd xonatga bynagu.
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MogaanapHuHr 6up Kpuctann moagnpukaumsagaH 6o ka mogndu-
Kauuam ytuwn (I Bap ysrapuiwiun HaTuxkacmia) nonmmMmopd ysrapuwl ékum
nonumopdusMm feb atanagu. Arap KpucTana naHXapaHWHT Typu Ba
atomiap COHM cakKfaHraH Xxonga 6up KOMMOHEHTHWHI 3appayanapu
(aTom éku oHnMapu) 6o KA KOMMOHEHTHUHI KpUCTana naHxapa
TyryHnapugarv 3sappavanapHuHr 5GHWHU 01M6 KaTTUK 3pHIMa XOoCwui
Kunca, KpucTana nawxkapagarn 6yHpaal ysrapuw (Kpuctana naHxa-
PaHMHT XaXMU Ba 3UYNUTK y3rapagu) M3omMopd ysrapuil éku rM3omop-
thusm fennnagn (KaTTuk; sputManap gyuaa 6atapenn myxokama Kuam-
Haaw).

Bupop KpucTann Mofja TallKu LIapouMT y3rapuiin 6unaH 6up
KPUCT/IN  KyPUHULWIAAH WKKWHYMCUra yTca Ba LWAapoOMT TUKNAHWULWIW
6unaH aBBairM KNpUHWLWITA KaliTca, 6yHAaW NoaMmopd ysrapuil 3HaH-
TnoTpon asaBuid yTuL gennnagu.

V.4-pacM. 3naHTroTpon (a) Ba MoHoTpon (6) hasasuii yTuwnapu 6ynrau
6P KOMMNOHEHT/IM CUCTEMAHUHT KOMaT fuarpamMmmMachu.

AHaHTMoTpon yTwnga (V-4-pacMm, a) ukkana nofimmopd mMogudu-
KauuanapHuHr ysapo ytwn xapopatu {O H\WTAa) ynapHUHT CyloKAaHWLL
xapopatnapugad (03 Ba 04 HykTanap) nacTpoBfa oiinawrad 6ynagu.
Cywoknmnk - 6yr myBsosaHatu arpucn (CC) a- Ba p- moguuka-
umsinapimnHr 6yr 6unaH MyBosaHaTMHWU wugoganosun AA' Ba BB'
arpunapuHuHr kecuwran O HykTacugaH tokopuga xoinawraH. A Ba O
HyKTanapra MoC KenyBUM XxapopaTnap WHTepBanuja «-Mognukauuns
6apkapoppok, YyHkn AO opanurugarn 6yr 6ocumu BO opanurngarvgat
nactpok. O Ba 04 HykTanapu opanurugaru xapopatnap uHtepsanuza /3-
MoaucmKaunsa 6apkapoppoBaup, yHra BB' arpucu moc kenagu. 04sa C'
HyKTaflapu opanuruga cylok dasa 6apkapop 6ynagun (CC' arpucwu).
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A004C' arpucupaH toKopuraa XoinawraH eokanap 6ekapop mertactabun
MyBo3aHaT gonatnapura Tyrpu kenagm (BO, OA C 0 4 04B' opanuk-
nap). XpgpopatHu TO gaH HOKOPMPOKAA owupraHja /-mopndukauyms
6apKapoppok 6ynagn Ba «-mMogudukauus (3 ra ytagin. Xgpopar TO gaH
KamaiiTupunraHa Teckapu xapaéH KeTaau.

JHaHTUoTpon yTuwira mucON Kuamé pomMGUK ONTUHTYTYPTHUHT
MOHOK/IMHUKIa YTULIWHW Ba TECKapu >XapaéHHW OULWIUMU3 MYMKMH.
Arap poM6uk onTuHrytyptHm Sp  368,5 K paH tokopu Kapopatraua
KU3AMPCaK, Y MOHOKNMHUK SMonTtuHryrypTra aiinaHagn. 368,5 K pa
MKKana KypuHUW MyBoO3aHaTha 6ynaan. ONTUHryrypT 4 Ta asaga
OynuWwmn MyMKuWH: 6yr, cytog Ba 2 Ta Kpuctann  (V.5-paem). Auna-
rpammaga 4 Ta cox,a Maexya: Sp, SM Sg ynap ONTUHTYTYPTHUHT

4Ta (hasaCMHUHI BapKapop MaBXyp
6ynuwunra >aBob 6epagu. [Auna-
rpammaga 4 Ta ydynamym Hyk'ranap
6op. A HykTaga 368,5 K ga SP<=8V
ra ytagn. A HykTa 3 Ta (hasaHuHr
H-BapuaHT MyBoO3aHaTUra Tyrpu
kenagn: Spea SM(2 Ta KaTTuK hasa)
Ba 1 Ta raseMmoH pasa Ba “Tu

V5-paem. ONTUHIYTYPTHUHT XonaTt HykTacu  peiinnagn. C HykTaga

> narpammacy. 393K pga cyloknaHaau, 6y eppa
cytlok, SMBa 6yr (hasaflapMHUHT MHBapMaHT MyBO3aHaTW Kapop Tonaau.
B HykTaga Sc;m. asa 6unaH siHa 2Ta KpucTann moaudukauusnap
myBo3saHaTaa 6ynaan. O HykTaga YTa kusgmpunrad Sp (OB arpucnu), yTta
COBW3 U/raH (OC arpucu) Ba 6yr (OA arpucu) 6upranmkaa MaBxyf
6ynagn (OA Hpucugarm GYrHUHT 6OCUMU MOVOKAMHUK ONTUHIYTypT
6unaH myBosaHaTgaru (AC arpucu) 6yrHukugaH okopu 6ynaau). bByHaa
6yr SM6unaH myBo3aHaTgaru Gyrra HucbaTaH yta TyiiumHran 6ynagu. O
HyKTaga 3 Ta 6ekapop (hasanap meTactabma cucTemaHu X,0cUa Knnagu.
AB arpucn SP<>8M yTuwnapHuWHT KapopaTu 60CUM  y3rapuiiu
6unaH KaHgain 6ornaHraHnurnHn kypcaragu. CB arpucu SMHUHT 6ocrnm
y3rapuwin 6unaH CylKMaHUW KapopaTUHUHE y3rapulunHW TaBcug-
naigu: 6ocum opTUWK 6mMnaH SMHUHT cylOKaHWLW KapopaTtu opTajw,

179



WyHWHT yuyH CB arpucy yHrra kapa6 orraHaup. KnaneipoH-Knaysuyc
TEHrnamacufaH Kenmé umuliMua, Cyl4IaHuL >KapaéHu yuyH AV
Myc6aTamp, SbHY CYHOL ONTUHTYTYPTHUHT CONMULLITUPMA JaXMU SM HUHF
conmwtypma pakmugad kattagup. JA, AC, CF arpunapm

SM<>835 Ba Soym-<¢S99 myBo3aHaTNapHW TaBcuaiaw.

AO, OC, OB arpunapu meTactabus MyBo3aHaT/apra Teruwiiu.
Bocum 130 MIA paH togopw 6ynca, Sp ansaupunraHga SCym ra ytagu
(SVHun yeTnab). SMdagat ABC cogacmaarvHa 6apgapop.

Bup MeTacTtabun MOAUMUKAAUSHUHT  UKKWHYMCUIA  y3-y3uaaH
YTULLN MYMKWH GyNraH, NeKuH TecKapu y3-y3ufaH 6opyBuUM >KapagHHM
amasira ownpu6 BynMainaurad noaMmopd ysrapuil MOHOTPON Y3rapuLL
neivnagn. ByHaa nonMMopd y3rapyLIapHUHT y3apo yTull Hyatacu O
ywiby mogudmKaumsnapHuHr cytognannw Hyatanapy 0{ sa 02 paH
1ofilopuaa xxolinawiraH 6ynaau (¥.4-pacm, 6).

Cyrognuk-6yr L] MmyBo3aHaT arpucy 2 Ta NoiMMopg MoauuKa-
UMaapHUHE 6yT 6unaH MyBosaHaT arpunapy AA'BABB' HUHT KecuwiraH
O HygTacugaH nactga xoiinawrad. AO] arpum cogacuga a-MoaudrKaums
6apgaapop, uyHkn TATO] gapopaTnap UHTEPBAINAA /3-MOANMUKALMSHUHT
(BB' arpucn) Ba cytognukHuHr (AL arpucu) 6yt 6ocumMu  a-mopu-
pvkaupsHukmaad (AA") ogopuamp. O ' arpycmn eogacuaa cytod aonat
Gappapopavp. B Ba 02 HygTranap opacupa -Mogudukauus Gapya
Zapopatnapga 6egapopavp, YyHkn yHuHr BO2 cogagarn 6yt 6ocumu a-
mogudukaumsHukura (AA™ cogacv) HucbataH togopuaup (6up xun
fapopatnapga). LLyHuHr yuyyH meTactabun /~-mogudunkauus Gapgapop
a-MoguuKaumsira ainaHagn. Teckapy XapaéH MyMKUH 3Mac, YyHKu
VKKana MoavguaumnsaHuHr MyBosaHaT gapopati TOgaH nacT fjapopataa,
AbHWM O/ HyaTaga Gapaapop a-MoANMUKALMSHUHE CYHATaHULLIN Coaup
bynagn.
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MoHOTpon  aifiaHuLLra  M1UCon Kb
6eH30theHOH  (COHMNICO  -HvHP X, 0nar
JVarpaMMacVHVHE  KeSTTpMLL MyMKUH.
E ts"a/_ BeH30(heHOHHMH 298 K [a CyloKaa-

1r | HYBUM a-MOAVI(hMKaLMACA [OMMO MeTa-

} Bz TK  crabug Ba y3-yaugaH /3-MogidmkaLmsira

Y6-pacM. BEH30(eHOHHUHT  yTUM MyMKVH (321 K ga CcytoKna-

_ MoHoTpon HyBuM). TecKapm XapaéH MyMKVH 3Mac.

a“gig:’&&ﬁ’a"'ﬂ'”r AC arpucy a-MoppukaLys 6una Gy

opacugarn MyBO3aHaTHU TascudiaiAay;

B arpucy  A-mMogudmkauma  6wiaH  GyT opacuparyi MyBO3aHaTHU
TaBcvaian.  Vikkana mogmdmKkauus atmoce-pa 6ocummga  Moc
pasvta C Ba [, HyKTasiapuaa CyroknaHaau. a-MogMKaumMsHUHE ByT
60CMN YHN KPUCT/VTapu MaBxyZ, Gy MLLIMHWHE 6apua coxacnpa [3
MOAVINKALMSIHUHIEYT 60CUMMAAH HOKOpW. LLIYHWHT yuyH, y3-y3uaaH
ymmw dakar a gaH @ ra iyHanvwmga 6ynagn. dazasuii ytuLLiapaa
aBBa/1 6aPKAPOP/IMMA - KaMPOK  MOM(MKaLMs  Kocwn  Bynagun, SbHU
»kapaéH 6ockmnuma-60ckmy Gopaay (OCTBa/IBHUHI GOCKUWIap Komaach).
Cytok 6eHsotheHoHHM 7 rava yTa coButwiraHga (E HyKTa, 6yr 6ocvmm
pE), aBBaMra MeTacTabwi a-(hasaHWHI KpuCTarviapu axpa-nam (A
HyKTa, 6yr 6Gocumu pA), CcyHrpa sHa coBuTWiIraHga J[O-thasaHHr
KpuUCTasviapurayTagm (B HykTa, 6yr 60cummpe).

MOoHOTPON alAaHMLLIra MMcon Kb iocthOpHUHI Xo/1aT Aviarpam-
MaCMHU X8V Ke/TIVpULL MyMKVH (V 7-pacm). Pacmgarn AB arpiu 6ekapop
thocchop | MogMMKaLmsM CYFOKAAHWLL X,ap0paTUHUHI 6ocMIra 6o/ K-
mrvHn, CJ, arpy Karmvik 6rHadlLia (hocopHUHI CyroK Ba byr thasasiap
6viaH MyBO3aHaTUHKW, EF arpy 6uHatLLa hochopHUHI yTa CoBUTMTaH
XOMaTuHN Ba HUXOSIT, MN arpm ok docop | HUHE ok chocchop I
MeTacTablwl Xonatura YTl XapopaTuHUHE 60CUM ra GOrMKIMIHN
ndoganaig. Bapya xapopatnapga oK - octhopHUHT  Byr  6ocmm
OHaha  OCHOPHUKUZAH  HOKOPW  3KaH/MMM - pacMaH — KypyHUO
Typuoan, SbHM  OK  (DOCNOPHUHT  KUMEBWIA  MOTEHUMaM  61-
HapLIaHMKMaaH  foMMo  tokopy. Ok pocchop  MeTacTabwn  Xonarga
MaBXy, 6yna onagmraH gasagvp (AB arpraaH FOKOpK coxa).
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Ok, (hochopHM yTa COBUTWUraH
(EF arpu) cylok 6uHapa
thocthopfaH onnwl MyMKUH (2-
HYKTa), aMM0O OK (OCHOPHUHT
6uHaara yTuWM MOHOTPON
XapaéHamp. Xpgpopart goumuii
6ynraH xonga 6uHadwa doc-
topgaH  TyrpuaaH-Tyrpu oK
tocthopra yTn6 bynmaiign, 6y-

V 7-paau. POCHOPHUHT Xonar HUHT y4yH GuHagwa dochopHu

[Jviarpammvacht: yTa coBuTuiraH xonatra (EF

I Ball coxpyiapa KarTK oK arpu) yTKkasmb onuwl Kepak. ¥YTa

(hocthoprBPHIHT MKKATA METBCTAOT  coppTunran cylok MeTacTabun

xoreriapu, 111 coxaga aca Karmvk xonaTtgaH (OCOPHUHT WKKana
GvHadhLLa chocchop MaBxky,

MOAMMKALMACUHA  XaM  OnnLL
mMymkuH (EF arpuvpaH metacTa-
6un KaTTmK ok ochopHUHr MN arpucu 6GunaH axpanraH | Ba Il
mMoaudukaumsnapHii xamga C[, arpu 6unaH axpatunrad Il coxagaru
KaTTuMK 6uHadia ochopHM), YYHKN yTa COBUTUITAH CYyrOKINKAa oc-
(POPHUHT KuMEBMIA NOTeHUManM KaTTuK (hasanapgarn (ochopnapHuHL
KUMEBMIA MoTeHUMannapugaH katta. by xonga TepMogMHaMUK HyKTau
HasapjaH MKKana yTULL XaM pyxcaT aTuaraH, 6y aca xapaéHHu xoxnaraH
iyngaH onn6 60pul MMKOHMATUHN bepagu.

Y. 7. ®U3NK-KNUMEBUIA aHaNn3

KnuméBuin aHanus ycyngapm xamma BaKT Xam Mypakkab mogjaa-
NapHUHI TapKMBUHN aHMKNawra sspokan Gynasepmalign, YyHKW anpum
Xonnapja MofjaHu To03a Xxonja axpatubé o6ynmangu. By xonnapga
(hM3MK-KMMEBUNI aHanM3 ycynnapugaH goliganadmnagn. ®usnMK-KUMEBnii
aHanu3 ycynum cucTeMaHuHr TapKubn y3nyKeus ysrapTupunraHga YHUHr
husnkKaBuii xoccanapu (CytoKnaHuW xapopatu, 6yT 6ocumu, 31eKTp
YTKa3yBYaHNUTN, OUINIEKTPUK KOHCTAHTacu) Kail Tapsfa ysrapuwuHu
TeKwWwupungaH néopat. Hatmkanap xonat gnarpamMmanapy KypuHiwmnaa
noganaHagun.
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“Tapkunb-xocca” guarpammacuga yupaiguraH Makcumym €Ku Mu-
HUMYM YM3UKHUHT CUHULIW €KW YHUHT BYKUANLWW CUCTEMAHUHI KOMMO-
HeHT/Mapu opacufjarn ysapo TabCUpPHU akc 3TTupagu. MacanaH, Kyp-
HaKoB Tab/IMMOTUTa Kypa, TeKwupunadtraH CUCTEMAHUHI KOMMOHEHT-
lapyn y3apo KWUMEBWIA GUPUKMa XOCWUN KuAca, YHUHT “Tapkub-xocca”
auarpammacuga CcuHrynsap (YyKgMCcMMOH) EKM AUCTEKTUK (BACUMOH)
HyKTasiap xocun éynagm.

DUNK-KUMEBUIA aHaIM3 y3NyKCU3NMK Ba MYBODUMKINK KouAaa-
napvra acocnaHagn. KypHakOBHWHI KypeaTulinya, Y3nyKCU3IMK Ba
MYBOPUMKANK NPUHLMNNApV acocmpa xonaT fuarpaMManiapuHUHE reo-
MeTPUK aHa/Im3mn yTKasunagu.

Y3NyKCU3NMK MNPUHLMNW  Kyhiugarnda TtabpudnaHagu: cuctema
XonaTuHU 6enrnnab 6epyByYM napameTpnapHUHI Y3NYKCU3NUK y3rapu-
wuga yHu anoxgaa hasaiapuHUHI xoccanapu xam, 6yTyH cuCTeMaHUHT
xoccanapu xam Y3NykKcu3 ysrapagu, amMmo SHru  gasanap Xocus
bynmangn Ba MaBXyanapy nykonmamgu. MacanaH, CylOK Ba KaTTuK
apuTManap TapKUBMHUHT Y31yKCU3 y3rapulimnra aputma xoccanapuHuHL
Y3NYKCU3 y3rapuwinapu Moc Kenagu (3UUInru, snekTp yTKasyBYaH/INTK,
6yT 60ocuMK Ba GoHwianap). “Tapkmb-xocca” auarpaMmacujarv ysra-
puwnap cakpawaap 6wunaH cogmp 6ynca, SbHW CUHIYAAp HyKTanap
xocun bynca, 6yHAaa WHAMBMAYANn KUMEBWIA GMpUKMa xocun 6Gynuwin
MYMKWH. ByHAal KUMEBUI MOAfaHWHT XOCUN GYNraHNNIMHKU 6Up Heya
ycynnapga ncéornawu n03um.

MyBOMMKNNK NPUHLMIAK Byinya cucTemMaga MyBo3aHaT xonatuja
6ynraH asanapHWHr Tynaamura xonaT guarpammacufja mab/ym reo-
METPUK TacBMpP MOC Kenagu.

V.8. TepMuK aHanun3

D UNK-KUMEBUIA aHANIM3HMHT 3HT KyN TapKaaraH KypuHULLapuaH
61pKn TepMUK aHanM3amMp. Y KaTTuK Ba CylOK hasanap opacugarn Myso-
3aHaT XapopaTUHM aHWKaLlra acocnaHraH.

LWaddoh 6OynmaraH Ba HOKOpWM XapopaTnapga CylKnaHaguraH
MoAdanapgaH ub6opaT cucTeManapHu TekKwupuwiga “gapopaT-sayT”’
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anarpammanapugaH goiiganaHunagn. Yweéy avarpammanapHu CoBumL
arpunapuv éku coBuLl guarpaMmmManapu fe6 xaM HomnaHraH. bupop cuc-
TemMa aBBasl Ku3aupunub, cyHrpa
COBUTW/ITAHAA CUCTEMafa UCCUKITUK
YnKMwK 6unaH 60pyBUM X,ed KaHaawn
XapaéH cogmp 6ynmaca, cuctema-
HUHI XxapopaTu 6up Tekiic nacanmno
6opaan (Y.8-pacm, A).

Arap MOAJaHWHT COBULL Bak-
Tga TEePMWUK y3rapuwinap cogup
6ynca, cuctemMa MabsyM BaKT A4aBo-
MUa coBuUwaaH TyxTaiaun (Y.8-pacm, b): cuctemaga dasasuii ysrapumil
XapaéHu cogup 6ynraHnuru cababnu, yHgaH ucclwnmk ymgagn, 6y aca
y3 HaB6aTuja coBMLL TE3IUTMHW CeKMHNawTupagm. By xpnga  “%apo-
paT-BauT anarpammacuga CUHUX umsuk; gocun 6ynaamn (¥.8-pacwm, b).

VIKKW  KOMMOHEHTIN  CYlO[
cucTeMafiaH Kpuctannap axpa-
N6 4UYMKKaH BaKTAa Mypakkab
Xoaucanap pyn 6Gepagnm Ba
‘tupopaT-sayT”  gmnarpam-
Macy aHya Mypakkab Kypu-
Huwra ara 6ynagu (Y,9-pacm).

V8-pacM. CoBuLL AprarpaMmmMam.

V.9 -paem. TepMUK aHa/m3 épfiammga TePMUK aHannspa  Tepmo-
Xonart  aparpaMMacuHn TY3NUT. napanap éku TepmomMeTpaapaaH
toiganaHmnagu.
CoBuw anarpammacugad (¥.9-pacm, a) doiiganaHu6, x,0nat guarpam-
macu (¥Y.9-pacm,b) Tyaunagu. VIKKM KOMMOHEHTAW cMCTeMa Xonat Aua-
rpammanapuvHWHE  acocuini  Typnapu: 3BTeKTMKara ara 6ynraH Agua-
rpammanap, KOHrpysHT (6apkapop KUMEBWII GUPUKMa KOCU KWUYBUN)
Ba WHKOHTPY3HT (6eKapop KUMEBWI GMPUKMa KOCK/ KWUyBYM) paBumLlja
CYIOKNaHyBUYM KMMEBWI BMPUKManu fguarpammanap, KatTuK Ba CYlOK
thasanapga 4YeKnM Ba UCKNaHMaranm 3pyBYaHIMKKa 3ta OynraH gua-
rpammanap.
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MM66CHMHT hasanap MyBO3aHaTW KPHYHWAan 2 KOMMOHEHTAN KOH-
JeHcaumsnaHraH asanu cucTemanap Yy4yH ysrapmac 6ocumpa
F = k~®+1 TteHrnamagaH K = 2 6ynraHga spKMHAuK papaxacu F = 3-®
6ynagu. MyBosaHaT pgonatugaru casanap coHn ® = 3 pgaH KaTra
eynuwu (F - 0), spKMHAMK fapaxanapy coHu F = 2 gaH kyn Gynuiwiu
MYMKUWH amac (® ~ 2),

V.9. KomnoHeHTNnapu Kartuk gonatga 6up-éupuga
IpumaiifuraH, NeKUH CyloK xonatga 6up-6upuaa 4ekcus apuitguran
Ba 3BTeKTWKara ara 6ynraH cucrtemanap

VIKKN KOMMOHEHTNN KOHAeHcauuanaHraH cuctemanap A Ba B
KOMMOHeHTNap y3aP° KuMEBMIA OMpUKMa [ocun  aunmaraH gonga
IBTeKTUKara ara 6ynraH fonaTt guarpammanapvHu 6epagu. ByHpai
gnarpammanap cylognaHMa Ba apuTMa ydyH 6up xungup.

V.IO0-pacmaa A Ba B KOMMOHEHTNAPHUHT CylOKAaHWULW AapopaTtiapu
TA Ba TB HyKTanap 6unaH 6enrunaHraH. TAE arpucu cytoKaaHMaHWHT
TapKUBUHIA 6uNgMpagn Ba yHAaru fap 6up HyKTa cylokgaHMaHu A
MOALAHVMHI Kpucl:annapu 6unaH MyBo3aHaTMHW TaBcudnangu, svHu A
MOAJAHWUHI CylOKNaHMaja yw o6y fapopaTfaru 3pyBYaHIUTMHW Kypca-
Tagn. TUE arpucu B mopgaHuHr kpuctannapu 6unaH mabaym gapopatga
MyBO3aHaTfa TypraH CcylK/AaHMaHuW TapknbuHu KypcaTagu: TBE
ArPUHWHT Jap 6up HykTacm B MopgaHuHr cywopnamagarv 3pys-
YaHnurnHu kypcatagu. T4E Ba TUE arpunap nukBugyc 4msmknapu
gennpgagn.

TaE  Ba TBE  arpunapHuHr
KecuwraH E luyktacy cyroknaH-
maHu A Ba B mogganapHuHr kpuc-
Tannapun 6unaH 6up BaKTHUHT
y3nfja MyBO3aHaTAa TypraH Tap-
KnbmHu Kypcatagu. E  HykTa

9BTEKTUK MyKTa Aélinnagn, cyk-
VIO-pacm, IBTEKTUKIN CUCTEMAHVHT  j1auma E WyKTaga  3BTEKTUK

Xonar parpamMmac. cyloknauma: L papopaTt aca,
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3BTEKTUK XApopaT Aeinnagn. KATTUK 3BTeKTMKa 2 Ta KaTTUK (hasa (A Ba
B MopganapHUHT KpucTannapugaH) néopat Gynagu.

FG T1yrpn umsurmparn kap 6up HykTa cyloknaHmagaH Ba A Ba B
Kpuctannapu 6ynraH 2 Ta KaTTuK (hasagaH nbopat 6ynraH cucteMaHUHI
TapknbrHu Kapcatagn. FG umsurn aBTeKTUK Tyrpu YnManK EKn conmpayc
yunsury geiimnagn. Y wby umsmBaH nactia cykK tasa bynmainu.

NvkBngyc Ba connayc unsnknapu unaH gnarpamma 4 kmemra 6ynm-
Hagn. JInkBugychaH tokopuaarn fgucmpa 6utta asa (CyloknaHma)
6ynagn. KanraH 3 Ta to3anapfa: cyloknaHma + A Kpuctannap; CyK-
naHma + B kpuctannap; AFGB 13aga A Ba B kpuctannapHuHr
apanawimMacy bynagu.

M urypaTnB HykTa 6unaH GenrunaHraH CylKJaHMaHVHT COBULL
XapaéHnHun Kypamus. [unarpamMmmaga CUCTEMaHWHr xapopaTu Ba Tap-
KMOUHM TaBCM(NIOBYUMN Kap KaHAal HyKTa urypatnuse HyKTa geinnnagu.

M HykTaga cuctema 6uapuaHT: @ —I; F = 3-1 LI 2, sbHu thasanap
COHMHW y3rapTMpMmacfaH (Mablym uYerapanapfa) KapopaTr Ba CyHK-
NTAHMaHVHT TapKNOMHN NXTUEPWIA paBuLLAa y3rapTUprLl MyMKKH.

XppopaTHu &R HykTaraya nacaiitupcak, A MOLAAHWUHT GUPUHYM
Kpuctannapu axpana 6ownaiign. byHga @ = 2 Ba F =2 3-2 = 1, abHu
MOHOBapMaHT/IN cucTemara ara 6ynamus: dakaT KapopaTHU WUXTUEPUIA
y3rapTMpuULWIMMIn3 MyMKUH, Tapkn6 aca TaE arpu 6unaH 6enrunaHagu.

CUCTEMAHM COBUTULUHM [aBOM 3TTMPCaK CylKnaHmagaH A Kpiic-
Tannapy axpanmé uMKUWK JaBoM 3Tagn. HaTuxaga cywoknaHma B
KOMMOHEHT 6unaH 6oiniign. Bo urypatme HykTaga cuctema 2 asanu,
MOHOBapuaHTAnruya konaan. CylKNaHMaHWHT TapKubMHW aHuKnaLl
YUYyH BO HYKTada Brel ropu3oHTan UM3MK yTKasamm3a. B2B{ um3nrm KoH-
HOofa uM3Mrn aeMnnagn. Br Ba B\ HyKTasapjaH MyBosaHaTharu asa-
NIAPHUHT XapopaTu Ba TapKMGM aHUKnaHagn: BYoHYKTa A KpucTallapuHu,
B\ HyKTa CylOK/IaHMa TapKMBKUHK KypcaTaau.

Cosuw arpucu ad opanuruga Ma ra HucbaTaH ETUKPOKAUP. BYHWUHT
cababu A MoAaaHVHI KpucTanNaHULWnaa NCCUKNNKHUHT aXpanub YnKu-
WNANP, HaTMXKafja COBULI >KapaéHW cekuMHnawagu. CoBUTWLL AaBOM
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aTTMpwunca, xgpopat TE 3BTeKTUK XapopaTrada nacasgv Ba cuctema do
turypatuB HykTara etagu. E HykTaga cyloKnaHMaHuWHT TapKuéu
3BTEKTUK Gynagu Ba KaTTMK 3BTeKTUKa (A Ba B KpucTannapuHuHr
apanawumacu) axxpanunb ymkagu.

d0 HykTaga (B kpucTannapy xam axpanné UMKKaHAaH CYHT) MyBO-
3aHaTga 3 Ta (hasa Gynagm: 1 Ta cytok, 2 Ta KatTuk, @ LW 3 Ba IpKUHANK
papaxacn F = 3-3 = 0, svHu dO HykTaga HOHBapuaHT, y4 asanu 2
KOMMOHEHTN cuctema 6ynagn. F — 0 skanauru ywoéy 3 Ta gasanap
Mab/lyMm LiapTnap GaxapunraHgarmHa MyBo3aHaTga GynuMin MyMKWH-
JITVMHW KypcaTagu: xapopaT 3BTeKTUK TE 6ynunwuy Kepak, CyloKnaHMa
aca 3BTeKTUK rapkuéra (E HykTa) ara 6ynuwin wapTt. XApopaTHU Xam,
CYIOKTaHMaHUHT TapKUBbUHU XaM UXTUEPWIA y3rapTmpub Gynmaingu (tha-
3a11ap COHWHM y3rapTupmb robopmacgaHn).

do gurypatve HykTacuga TE xapopatga KpucTaniaHWUW >KapaéHu
CYHOKaHMaHVHT TY/MK coBUWIKM 6unaH Tyraigu. Cylok asa hykon-
raHfaH CyHr cuctemaga 2 Ta KatTvk asa (A Ba B kpuctannapw) konagu
(F = 1). BOHYKTaga 2 Ta KaTTVK (pasaHUHT COBULIM AaBOM 3Taju.

CylOKNaHMaHW COBUTULL >KapaéHWHWUHT 6ownaaH yHU IHyKonn6
KeTUnraya cyokK gasa TapKUBUHUHT y3rapuwvHu KypcaTyBum Maos]E
UMK KpUCTannaHuw ynu gennnagn.

V.10. KOHTIPY3HT Ba UHKOHTPY3HT CYO KNaHyBUYM KUMEBUA
6upukmanap TyTraH cuctemanap

Arap A Ba B komnoHeHTNnap napyanaHmaciaH (KOHrpyaHT paBuLLAa)
CyKnaHaguraH 6apkapop Kuméswuii 6upvkma AMB,, xocmn kunca (VII-
pacm), cucTema xonat [uarpaMMacvHUHI JMKBUZYC YM3MKNapuaa
KECKWH MaKcumym naigo 6ynagu. ByHaa kpuctann tasaHuHT TapKubu
CyloK (hasaHWHI Tapkubu 6unaH moc Kenagn. C HYKTaHUHT WKKW
Tapupmga E Ba Ej 9BTekTMK HykTanap >xoinawrad. V.ll-pacmga
6enrnnaHraH C HyKTa éMCUMOH LWaknga 6ynraHanru cababnm gucTeKTukK
(rpekyafaH “KuWiiMH CylOKNaHaguraH”) HyKTara MOC Kenaguw, arap
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MaKCUMyM KeCKWH Laknra ara 6ynraHga, C HykTa KypHakoB TabiMmMoTy
Oylinya CUHIyNnap HyKTa Aeinnagu. Arap cMCTEMaHUHI Tapkuby Tosa A
KOMMOHEHT 6unaH AB KMMEBMIA GUprMKMa opacuaa xoinawiran éynca, Te
3BTEKTUK Xx,apopataa YE Tapku6nu cytokgaHma A Ba AB kpuctannapu
6unaH 6Gupranvkga maeBxyg 6ynagu. Arap cucTeMaHuHr Tapkuéu AB
K1MEBMWIA Guprkma 6unaH B komnoHeHT opacupaa 6ynca, LU, sBTekTukara
Tyrpn kenaguraH thB xapopat Mu Tapkumbnu cyrokgaHma AB Ba B
KpucTannapu 6unaH 6upranukga maBxyn 6ynagu. LUyHaain kunwmb6,
Kypué umkuaran puarpaMma 3BTeKTUKara ara 6ynraH 2 Ta x.0nar
anarpammanapugar (A-AB Ba AB-B) n6opartaup.
KOHIpysHT cytoknaHyeBun AB
KUMEBWUIA BMpMKMmara >xaBob 6Ge-
pyBun M curypatms HykTagaru
CYIOKA@HMaHWHT COBULL XapaéHu-
HU Kypu6 umkamms (V.11l-pacwm).
Ywoéy Tapkmbga MycTtakun napa-
MeTPNAPHUHT COHWN 1 ra TeHT, YyH-
Tapku6 Kn cuctema 6utta AB kuméswnii
V| 1-pacM. KoHTpysHT cytoKnaHyBuu GMpUKMagaH  Tawkun - ToNULIN
KUMEBUI BUPUKMANM CUCTEMaHUHT  MYMKWUH. TC xgpopatga A/?HUHT
Xonat gnarpammacu. KpUc Tannapu axpaaumb uu,agn
(® =2) Ba 3pKMHANK Aapaxartapu-
HUHT coHn F = 1-2+1 = 0, AbHM cucTema 1 KOMMOHEHTNM, 2 haszanu,
MHBapuaHT (HOHBapMaHT) Ba y3rapmMac x,apoparia KpuctaniaHagu.

Y3rapmac Tapkubnu KatTuk KuMéemnin 6upukmall, 6y 1 Ta tasa, 1 Ta
KpUCTa/IN NaHXapa, YHAa KOMMOHEHTAAapHUHE 3appadanapu Tyrpu
KeTMa-KeT/IMKAa XolnallraH Ba KpUCTana naHXapaHWHI XxgMMa Xoiunaa
KOMMOHEHTNap opacugarn myHocabat 6up xungup.

A Ba B KonoHeHTnapn AB KnMEBUi BMpuKMa X,0C1n Kuna onaguraH,
aMMO CYH KAWL WHKOHTPY3HT (AbHW napyanaHuwl 6unaH) pasuilja
GOpYyBYM MKKW KOMTMOHEHT/IN CUCTEMAHUHT Xpnat guarpammacu V. 12-
pacmja kentupuaraH.
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TG WNHKOHTpYsHT cyloknaHyBun AB

% KUMEBUIA bupnkma TC xapopaTaaH

Cy- . M- b\ B nactgarvuHa Gapkapopaup. LLly-

* ( " \ g HVHT YYyH XapopaT 03ruvHa oLu-
\I—/LU-FFB g \p8 punraHga xam yuwby KaTTuk 6u-
A E%IJ; pUKMa napyanaHagm Ba 2 Ta (pasa
XOCWN KNagm: B KOMMOHEHTHUHT

V.12-pac\i. VIHKOHIpyaHT KpucTannapy Bay TapKu6am CyK-

CYHOKITaHYBYM KMMEBUIA BUPKMAA

nauma (C HykTa).
CMCTEMAHVHI XO/aT AuarpaMmacil.

MHyKTara Moc KeflyBuu CyrK-
naHmaHm cosutcak, CB nukeugyc
yMsMrmga >konawiraH ao Hyktaga B KOMMOHEHTHWHr KpucTannapu
axpana 6ownaign. ao 6unaH €0 HyKTanapu opacujaru xapoparnap
MHTepBanuga cuctema 2 gasanu Ba MoHoBapuaHTnamp: F = 2-2+1 - 1
BOHykTaga TC xapopatga AB 6vprKMaHUHT KpucTannaHuwu 6o naHasm
Ba [JaBOM 3Taau, YHWHT Tapku6u y2 ([ HykTa) ra moc kenagu. ByHga
MyBO3aHaTaa 3 Ta hasa Gynagu: cyroknaHma, AB kpuctannapu sa B
Kpuctannapu. SpKUHAMK gapaxanapu coHn F = 2-3+1 = 0 6ynagu, 6y
aca Tc xapopaTHuHr, Y (C HykTa) 3puTMa TapKuMGUHUHT Ba Y LLL HykTa)
KUMEBUIA BUPUKMA TAPKNBUHWHT APUMUANTIUTMHN Kypca Fagu.

CyloKAaHMaHUHT Tapkubm ysrapmacnuru yuyyH AB HUHT Kpuctan-
naHvWwKn 6unaH 6up BaKTAa aBBasi KpucTainaHraH B HUMHT kpuctannapu
puwn  Kepak, 6GyHaa cylokgaHmagarn B KOMMOHEHTHWUHI MwKgopw
y3rapmac Kunamé ywnaé typunagu.

C HyKTa NepuTeKTUK (yTap) HyKTa, TC; NepuTeKTUK xapopaTt Ba
CYlOK/MaHMa - MepuTeKTUK CyloKnaHMma feinnagu. NMepuTeKTUK HyKTaga
XaM, 3BTEKTMK HYKTa Kabu, cylokiaHMa Ba 2 Ta KaTrvk asa MyBo-
3aHaTga 6ynagM. AMMO, COBUTMAraHAa yy (asanm cuctemagaru xapa-
éHnap Ty6haH thapkpaHagn. IBTeKTUK HyKTaja 6uppaHura 2 Ta KaTruk
(hasa axpanagu, NepuTeKTUK HyKTaja aca 1 Ta KaTruk asa axpanagy,
MKKWHYMCK 3ca, CyloknaHaan. CoBWLL arpucuia neputekTUK xapopaTia
BB rOpPU30HTa YM3UK Ky3aTunagu.

B0 HyKTafa COBMTCAK, )apaéH aBBan axpanraH 6apya B kpuctan-
NapViHUHT 3puwin 6unaH Tyraan. CyloknaHMa Ba AB kpuctannapugaH
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néopat 2 dasanm cucTeMa gonaan. SpKUHAUK gapaxacu F = 2-2+1 —1.
CoBuTunraHga 2 asanyM CUCTEMAHWHI xAgpopaTu nacasigiy Ba Cya-
naHmagaH AB HUHT kpuctannapu axpanagu. ByHga gap 6up gapopatra
CylOKAaHMaHVHT Mabnym Tapkuéu moc kenagu (CE arpucwm). Cyrog-
naHmaHuHr avaga cosutunuwm (fQ do, e0 urypatne HyaTanap) oaauii
A-AB  3BTeKTMKanM CcUCTEMAHWHI  [onaT jguarpammacu  6unaH
ngoganaHagm.

V.11. Enka kompgacu

CyloknaHuw (gonat) guarpammacufjaH oiganaHmb HadagaT my-
BO3aHaTfaru asanapHUHI COHW Ba YapPHUHT TapKUOUHK, Ganku Typam
(hasanap Maccanapu opacupary MyHocabaTHWU fam aHugnawl MyMKUH.
ByHpaa enka pougacupaH donganaHunagn. YHu pynmaarn mwuconga
ryLWwyHTUpamis.

V.12-pacmgarv fo gurypatne Hyktara B komnoHeHTHuHT Y0, Macca
% HuW TyTraH cuctema Moc genagun. By cuctema 2 Ta pasagaH néopat: AB
Kpuctannapu (/j Hyata) Ba cytiognaHma Ll HyaTa). Ynapga B powm-
MOHEHTUMHI Muggopu y2 Ba  Macca % Hu Tawkun gunagu. Y Mymuii
martepuan 6anaHcHW gyinmaarnya KypcaTuil MyMKUWH:

TO=mi+m2 (v.38)
6y eppa: TO - 6YTyH cucTeMaHWHr maccacu; T2 Ba mi - AB kpuctan-
JTAPHWHT Ba Cyl/1laHMaHMHTI Maccanapu.

B KomMnoHeHTHUHrMaTepuan 6anaHCUMHUAyMAArn TeHrnama

opAanu ngoganawl MyMKuH “° 1w =T'Ki0HIP KO (V.39)
(V.38) Ba (V.39) TeHrnamanapgaH TO Hu WAygoTn6, Ayinmgaru

M\}{HocaGaTHVI 0n1amus: (V.40)

Wwyr~¥Yo
Ywo6y MyHocabaT enga gomgacu geinnagu.
yO0-yi=fofi Ba ¥Y2-YO-M 2 6ynraHun yuyH, enka gougacuHu gylingarnya

€3V NMMN3 MYMKUH: T2'=nn" (V.41)

6yHAaH
T2(W =m,(ffi) (V.42)
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Enka kongacn Homu (V.41) TeHrnamaHWHI MexaHUKaja enka y4dyH
umKapuraH TeHrnama GunaH yxwaluiuru cababnu 6epunrar: 6yHgafjj?2
KecMaHu fo cysHUWYWK enka, asanapHUHr Mi Ba T2 MaccanapuHu
eNIKaHWHT yyniapujaru oK, gecak bynaam.

(V.38) Ba (V.41) TeHrnamanapHu 6upranukga euu6, mi,sa T2
HOMabyMIapHu Tonuw MyMKuH (arap TQy\ bay2nap 6epunraH 6ynca).

V.12. KOMMOHEHTNApK y3ap0o YeKCU3 Ba YeKau apuinguran
KaTTUK 3pUTManu cuctemanap

MKKM KU yHAAH KyNpoK KOMMOHEHTNapjaH u6opat Tapkuboum
y3rapyB4yaH 6Mp XWHCAW cucTeManapHW KaTTWK spuTManap geiunagu.
KaTTuk sputmanap 2 xun 6ynagun: KMputuné XohnawTupuaraH Ba ypuH
O/IMLL HaTMXacuaa Xocun 6ynraH KaTTUK apuTmanap.

KvuputunraH kaTTuk 3puTManapga 6up KOMMOHEHTHUHI 3appa-
Yyanapu (atom, MOMeKyna, MOH) MKKMHYM KOMMOHEeHT KpucTana naH-
XapacMHWHI TyryHnapu opacupa Xobnawaan. ByHpali spuTmanap,
MacasnaH, metansamacnapHu (6op, yrnepog, Bogopoj, a3oT) meTannapja
3puUTUG ONMHAAN.

YpUH onuw Karruk 3putManapuga 6up KOMMOHEHTHUHT 3appa-
Yyanapu 60w Aa KOMMOHEHTHUHT KpUCTan/ naHwxapa TyryHnapujaru 3ap-
pavyanapvHWHI ypHUHW oOfnafn. YPWH OAWW KaTTUK 3puTManapuga
naHxapa Typu Ba aToOM/iap COHWM CaKAaHaaW, NeKWH YHUHT XaXMW Ba
3uunuru ysrapagu. Kpuctann navxapagarn 6yHpai ysrapuvil nsomopd
ysrapuiu éku nsomopusm xogmcacu geinnagu.

KaTTuk spuTma xocmn 6ynuwin yuyyH KaTtop wapTnap 6axapuavimn
Kepak. MacanaH, MOH KpucTasil MmaHxapanu 6upukmManap ydyyH KOM-
MOHEHTNAPHUHT KUMEBUW Ty3uauMWnM 6up Xun 6ynuiimn, MoHnap 3apsag-
NapVHWHT  UWopanapu TeHTr 6ynuWKn, WOH paguycnapuHWHE WUA0XNU
6opuya AKMHANTU, CAMMETPUSHUHT Ba KPUCTaN/ A4veiika ynyamnapuHuHT
yXwawnuru tanab KunnHagm. MIKKknuta n3omop® KOMMOHEHTHUHI 3appa-
Yanapu KpucTann naHxapa TyryHnapuja 6up-6upuHu 6yTyHnam xaoTuk
paBuLlAa anMall TMpaau.
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KaTTuk sputmanap Kumésmii 6upukmanapgad (K2SO4 sa Rb2504;
KMn04sa KCHO4) Ba oaaunin mogganapaaH (Cu Ba Au; Ag Ba Pt) xocun
Gynuwiv MyMKUWH. BepTonnugnap KaTTux»; spuTmanapra Kupagu, ynap-
HUHT  KPUCTa/UT TY3WILWILWM GOLIIAHTMY  KOMMOHEHTNapHUKMAaH (apk
Kunagu.

KaTTuk apuTmanap Kocun KunaguraH cuctemanap. CyTok Ba
KaTTUK xpnatnapga A Ba B KoMnoHeHTNap 4eKkcus 3pyBYaH/IMKKa 3Ta
GynraH xonat guarpammacu V.13-pac.mga kentupwnran. Tre,,Tu conuayc
UM3NTUgaH NacTAa KaTTUK 3pUTManapHUHT MaBXyZd Oynuw  coxacu

XonnaturaH;
TAaOTB nukBuayc 4mMsnrugat
IOKOpMAa CylOK 3puTManap coxacu
XoinawraH. Conuayc Ba NIMKBUAYC
UM3MKaapM opacuja CyToK Ba KaTTuK
3PUTMaNapHMHT GUPrannKaa MaBxyq
Gynuw coxacu xonnawraH. M du-
rypatve HykTa 6unaH GenrunaHraH
V 13-paem. KaTTuk xonataa KOTULIMAHUHT  COBULIWNHU  Kypu6
KOMMOHenTnapn 4YekKcuns yyuKamMmums.
3pvu7|p,14raH CUCTEMaHUHT Xonat Ta XapopaT,qa «O. HyKTa,U,a KaTTUK
anarpammacu.

3pUTMaHVHT KpuUcTasinaHmwn 6oga-
naHagm Ba 2 asanu cuctema xocun 6ynagu; yO0takpm6nu cytoBgaHma Y3
TapknMGAM KaTTUK 3puTMa 6unaH myBosaHaTga 6ynagu. Ta Ba Tc xapo-
paTtnap MHTepBanuaa spKUHANK aapaxanap coHn 1raTeHr (F = 2-2+1 = 1)
Ba Xap 6up xapopaTra CyTOK Ba KaTTUK 3pUTManapHUHI MabiayMm Tap-
Kn6napn moc Kenagn. MacanaH, BO ¢omurypatus HykTagarm Yo Tapku6au
cucTemMa 2 Ta (hasafaH TapKub TonTaH: Y6 TapKnbau cyTok apmutma (B\
HYKTa) Bay3 TapKnban KaTTUK apuTMa («2 HyKTa).

Enka komgacura 6uHoaH BO qurypaTme HyKTa YydyH
/n/+T2=T0, 6y epaa: TO—CytoKgaHMa Maccack; mt Ba T2—cyloKaaHMa
Ba KaTTUK 3pUTMaNIapHUHT Maccasiapyu. CylKnaHMaHuHT Tyaa Kotuwu Tc
xapopartaa cogup 6ynagu; 6yHAa KaTTUMK spuTMaHuHr Yo Tapkmén (Co
HykTa) a0 6oLNaHIMY CylOKNaHMaHUHT YO TapKnbmra Moc Kenaau.
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Odwnarpammaga myBo3aHaTga 6ynraH 3 Ta ¢asa iiygnurun cababnum sa
3PKUHAMK fJapaxacu Honra TeHr 6y/maraHu yudyH COBMLW 3rpucuga
ropusoHTan umsngnap iya. Kpuctannanmw iiynun Ma8s\C\ unsng 6unax
ugoganaHagn. KATTua fonataa YeKcmns apyBUaH/IMKKa 3Ta 6ynraH 6ol ga
Typ pgonat guwarpammanapu  V.14(a,6)-pacmnapga  Kentumpuarad.
3KcTpeMan HyATafa Cylof, Ba AaTrug sapuTManapHuUHT Tapkmbnapm 6up-

6upura moc kenagn. C HyAaTa-
jaru fatruj sputMa Xyaaum tosa
mofda Kabu ysrapmac xapoparja
cyloAnaHagn, YHWHT AMMEBUWIA
Tapkmbu gonmo 6up xun bynaam,
NeKVH y Knumésuii buprkma amac,
Ganky gaTTug spuTMagnp.
V14-pacM. KaTTuk xonaTtaa yekcns Heknu 3pyBYaH/NMKKa 3ra

apyBuYaHAMKKa ara 6ynraH, skcTpeman OY/nraH KasTuj sputmanu cuc-
HYKTanu cucTemanapHUHT xanat Temanap. Yeknu spyByaH gonat

Anarpammacu: avarpammanapy UKku Typnm 6y-

SHVIAKOVIMYMIra 3ra; 6-MUHM3MIFa ara. fnagn. 1-Typaarv gonaT anarpa-

Manapura 2 Ta gatTug sputma
TyTraH cuctemanap kupagu. 1-Typra MaHcy6 cucTemanapfa LaTTuA
spuTmanap b6apya gapopatnapga 6apgapop 6ynagn (V.15-pacm). ByHpa
A Ba B komnoHeHTNnap cuctemaga To3a fonja amac, 6angm fatrug apuT-
Manap gonuga axpanué ungagu. byHaai cuctemanapga gagatr Mabaym
Tapkubnu faTTug apuTmanap gocun 6ynagu. a Ba B HyaTanap opacuga A
HUHT B parn gattvg sputmacu 6unaH B HUHr A parn gatrug aputmacu

apanawl gonga bynagu.

Arap K Tapkubnu cywj [JoTUlIMaHu coBuTa 6opcak, € HygTtara
Ke/ryH4ya cucTema 6uprvHa gasafaH, sbHU Cy [ JoTuliMagaH néopat
6ynaan. m HyaTaja Ba AaTToku N HyAaTafa gam (Tyna gotmb GynmaraH)
cuctema 2 hasanu 6ynagu: O Tapkuban cyr [ 3BTEKTUK JOTMLIMA Ba B
Tapknbnu gattug sputma. CoBUTWLI SiHA [aBOM 3TTMpUICA, 3BTEKTUK
JoTulIMa [oTafM Ba a Tapkubnu Ba B Tapkubnu patTuj spuTmanap
apanawimacy gocmn 6ynagu. By >kapaéH BaaTmia asanap coHm 3 Ta
Gynagu: 3 Tapkubnu cylj foTULWIMA; @ Tapkubnu patrug aputma (a-
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Kpuctannapu); B Tapkubnm KatTuk sputma (/3-kpuctannapu). Kpuctan-
NaHuW 6aTtamom TyraraHfaH KeiunH cuctema 2 asanu 6ynmb konagu: a-
KpucTannapu Ba /3 -Kpuctannapu.

V.15-paeM. KaTTuk xonatga Mab/iym
yerapaga spuiignras cuctema:

V 16-pacM. KaTTuk xonartja uyeknu
C —oyToK KOTULLIVIE; @ —B HVHI A jaTa

IpyBYAHIMKKa ara bynraH

IG'I'I'I/IKSDI/I'I'NBCVI, p -A H/HIB 'u'arl/l CUCTEMAHUHT XoNnaT gnarpammacu
IpUTVIECHS; a+P —HIKIKara KaTTVIK (1-Typ).
3pVITVa apariaLLIVECH.

MacanaH, q HyKTagarvu cuctema r Takpubam KaTTuk sputma 6unaH
S Tapkubnm KaTTMK 3puTMa apanaliMacuiaH ueéopaT. dasanapHUHP
MUBZOpNapu opacvparu Huc6at (S Ba (r macoganap opacujaru Huc-
GaTra TeHrgup (enka kougacu), ¥.16-pacmMia KymyLl-MUC cucTema-
CUHVHT X,0NaT gnarpammacu 1-Typ guarpammacuHUHT MUCOMW cudaTnia
KenTupuaraH. Ywoy guarpammaga A3 Ba BO —nukeugyc umnsmkgapwy,
AC Ba B[] - conuayc unsuknapm Ba Q - 3BTEKTUK HyKTa. JIkBayciaH
loKopUaa MMUC Ba KyMyLl KOTWLIMACK CylOK X,0naTaa 6ynagun. a Ba ft nap
6unaH 6enrunaHraH cox,anapia Kattvk aputmanap 6ynagu. ACO sa BA3
coxanapufa cylk (hasa 6unaH KaTTuK hasanap MysosaHatga 6ynaau.

Huxost, CO/[ uMsMrvHMHT nmacTuga KyMYLUHUHT MUCAArn KatTuk
apuTMacyM 6UnaH MUCHMHT KyMyLllJary KaTTWK apuTMacugaH mGopat
apanawma éynagw.

Arap Tapkuby 3BTEKTWK KOTALIMara Tyrpu KenaguraH cytok Ko-
TMwma (r) coButunca, xapopaT 779 °C pa cuctema KoTa 6ownaiigw,
HaTuXafa MUCHUHT KymyHBgal'm C Tapku6nuM KaTTUK 3puTmacy Ba Ky-
MYLUHUHT Mucaary [l Tapkn6am KaTTuk apuTMacu xocun Gynagu.

ByHaali guarpammanap, yMyMuWii Xonga, KOMMOHEHTMAApHUHT 6up-
6Mpuaa apyBYAHINTY y3rapully 6unaH Kyiugaruya ysrapagu:
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-KaTTUK KOMMOHEHTNAPHUHT 6Up-6rpraa sapyBYaHAUIN opTMG 6op-
ca, V-15-pacmparn sBTeKTMK un3unK (aB) KUcKapaau. SpyBUaHIMK opTa-
Bepca, 60pu6-60pn6 a HykTa 6unaH B HykTa 6Gupnawaan. YHpa V.15-
pacmparu gnarpamma V.146-pacmparv guarpammara annaHagy. V.14a,6-
pacMmnapga TacBupsiaHraH cucTeManapHWHI  KOMMOHEHTNapu  Cylok;
XonaTfga xaM, KaTTUK Xxonatfa xam 6up-6upuga yekcus apuiign. Aua-
rpammanHuHr C HykTacu 6unaH ndoganaHraH KaTTMK 3puTma oKopuia
TabKugnaraHuMunsgek, "Xygm To3a Mofja Kabu; ysrapmac xapopartja
CylOKNaHafn, YHVUHI KMMEBUI Tapkmbyu xam gommo 6up xun 6ynagw,
NEeKVH y KUMEBUIA BMpUKMa amac, 6aikn KaTTUK apuTMagnp;

-KaTTMK 3pMTMa KOMMOHEHTNapUHUHI 6Up-6mpuraa spyBYaHINTU
Kamaiiné 6opca, V.15-pacmpary sBTeKTMK uumsuk (@B) ysasau; apyB-
UaHNMK KamasiBepca, TAAc Ba TLUBC] uMsMKiapu OpAuHaTa uM3nKIapw
6unaH 6upnawnbd ketagun. BaxonaHku, WyHpah 3kaH, y BakTga 1 Ta
3BTEKTUKa/IM OAAWNIA guarpamma xocun 6ynagu. AMMo yw 6y avarpam-
Maja conmpycfaH macTa KaTTUK 3pUTManapHuWHr apanawmacu (cr+)
6ynagu, oaanii guarpammMaga aca, KOMMOHeHTNap KaTTWK xonataa 6up-
6upuaa apumaciaH, anoxmga-anoxusa KpuctannaHagm.

2-Typra MaHcyb cuctemanapga

aca, KaTTuK spuTmanapgaH 6upu

Mabym 6Mp xapopaTtrada 6Gapka-

popaup (V-17-pacwm). By guarpam-

maga CF - nepuTeKTUMK 4m3mk Ba

Tc —nepuTeKTMK xapopar. L HyK-

Tafja P KaTTMK 3puTMa axpana

V.17-pacM. KaTTuk xonaraa TeKnu ownanan («2 HykTa). CoBUTMLL
CYIOK/NaHyBUYM CMeTEMaHUHT xonat  faBOM aTTupunradHia  Kartuk
auarpammacu (2-Typ). 3pUTMaHUHT Tapknéu aZF 6Gyiinua,

CYHOK KOTULLIMAHWHT TapKnbu aca,
alC arpu 6yiinua ysrapagu. TC xapopaTfa Ba yHAaH Kylivga a KaTTuk
puTma bapkapop 6ynagu (1 HykTa). LLUyHWHT y4dyH, TC xapopaTrava
COBUTW/ITaHAa & KaTTUMK 3pUTMaHUHI KpuUcCTasiiapy axpana 6owinangu.
Cuctema 3 ¢asanu 6ynaam Ba F ~ 0: Tc xapopaT Ba 3 Ta (hasanapHUHT

Tapkubu (C, H, F HykTanap) ysrapmac 6ynné Typumn Kepak.
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C HykTagarn TapkubHu (Yo goumuii Kuamnb ywinaé Typuwl yuyyH, a
KaTTUK 3pUTMaHMHT KpUcTasfaHuLWmn JaBOMKAA aBBasl aXpannb YMKKaH
P KaTTUK 3pUTMaHWHI KpUcTannapun CyrokaaHnb KeTuwmn kepak. XKapaéH
P kpucTannapHuHr iygonuwiv 6unat Tyraiign (@ =2; F —1).

V.13. Cyiok (hazafia YeK/Im apyBYaH crucTemanap.
Mypakka6 xonaT guarpamMmmanapm

Xamma cyloKnuknap Typau japaxaja y3apo apuiigu. Bupok apys-
YaHAMK WY Aapaxaja hapknaHaguku, yHra kapab cuctemanapHu 6up
HeuTa rypyxpa 6ynmw MyMKUH:

1. Bup-6upuga peapan spumaliguraH CcylKAvknap: 6eH301-CyB,
CMMO0b6-CyB.

2. UeknaHraH MWUKAOPAA y3apo 3pyBYM CYHKIMKAAP: aHWUNH-CYB,
MeTW/1  CNUPTU-TEKCAH, CYB-3hMp-Kaxpabo KuUCA0Tacu HUTPUNN,
6eH301-6pOMOGOPM-4YMON KUCIOTA, CYyB-aL,eTOH—KCUI0.

3. Bbup-6upunga 4ekcus 3pyBUU CYIOKAUKNAP: METWA CAMPTU-CYB,
6eH3on-xnopoopm, 6eH3on-xnopodopm-yrnepog TypT xnopug, 420 °C
AaH oKopuga Bi—Cd—Zn.

TepMUK aHanusga KypuiraH KaTruk KOTULIManapHUHT XaMmacu
cytoK (haszaga yzapo yekcus spuingn. CyloKImknap aca, cytk asaga xam
YeKNN 3pyBYAHMKKA 3ra Gynuwimn MyMKuH. Xylinaaru guarpammanap
6yHra mucon 6yna onagw.

CyB-aHUNNH cucTeMacMHyu Kypub uyumkamus. V.18-pacmpa cys-
aHUNH CUCTEMACUHUHT X0NaT fuarpammacu KentupuaraH. ¥ oy pacm-
garn AB arpucy cyB KaBaTUHWHT Tapku6uHM T ra GOFAUKAUTUHM,
BC arpucm 3ca aHWIMH KaBaTUHWHT T ra GOFIMKAUTVMHW KypcaTagu.
a\ ar Ba B]B2 - KOHHOZA uu3MKnapu Gynub, MyBo3aHaTAaru
KaBaT/MapHUHT yrypaTus HyKTanapuHu 6upnawtmpasm.

B HykTaga vkkKana KaBaTHWHT Tapku6u 6up xun 6ynaau (440,6K),
YHAH OKOpU XapopaTfa CYrKAUKNap Yekcus apningn: TK- 3pULLHUHT
tokopy Kputuk xapopatu (AKOKX) geiimnagu. Oemak, xapopaT opTULLK
6unaH apyBYaHIMK opTu6 6opaau. ABC arpucmpaH tokopuga akaT
CyloK coxa MaBxya 6ynagu. ABC arpuHuHr iumga dasinapHuHr
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JaBaTnaHULWIM  Ky3aTuiagu, SibHU CyB aHWAUH 6unaH ysapo apa-
nawmMangm.

Y18-pacM. CyB-aHWUAMH Y19-pacM. CyB-HUKOTUH
CUCTEMACUHWHT XonaTt gunarpammam, CUCTEMaCUHWUHI Xonat gnarpamMmmacu.
a0 HyaTaja cucTeMa 2 Ta faBaTra axpanagu: a\ Ba a2 Tapkuénu
apanawiManap gocun 6ynagu Ba asanap coHu @ 'm= 2, IpKUHAKK
papaxacn F = K-©@+1M2-2+11U1 ra TeHr 6ynagu.

Arap CYWKIUKNApPHUHT Yy3apo 3puliM nacT x,apoparnapja Aam
YyeknaHraH 6ynca Ba 3pULIHUHI yw 6y AapopaT MUHMMYMAaH yTca,
Kyiin kputuk gapopat (AK,KX) geiinnagm:

CyB-HUKOTUH cuctemacn (V-19-pacm) uyeknu 3spyBYaHNIMKKa 3ra
6ynn6, papopatnapHuHr 330-450 K opanurugaH TawgapugaruHa
YNapHWHT Y3apo 3puLIu Ky3aTUIagu.

JPULLHMHT 00PU KPUTUK Aapopatunia (asasapHUHT y3apo 3puLl
KapaéHn UCCUANUK TUAMWKN GunaH 6opagau. IPULLHUHT Kylin KPUTUK
JapopaTtunfa aca, y3apo 3puLLl XapaéHu 3K30TepMUK XapaéHaup.

V.14. ¥4 KOMMNOHEHTNN cucTEManap

Y4 KOMMNOHEHT/IN CUCTEMAHWHT TapKMOUHU ndoganall YyUyH TeHr
TOMOHMN yybypuakaaH oiiganaHunagn. Y 4bypuakHUHT yuynapura tosa
KOMMOHEHTNAPHUHT TapKunbu, TOMOHNapura 2 KOMMOHEHT/N cucTeMa-
NapHUHT TapKNom Kynmnagun. YubypyakHUHT numgarn gap 6mp HykTa yy
KOMMOHEHTAN CUCTEMAHUHT TapKNBUHN KypcaTaau.

Y4 KOMMOHEHTAN cucTemaga ysrapyByaH KatTaiuknap cudatugap,
T Ba 2 Ta KOHUeHTpauus Gynagu. OpaTpa 3 KOMMOHEHT/IN KOHAeH-
cupnaHraH cucteManapHUHr TagangoTu ysrapmac 6ocumpga onnb 6opu-
nagw. 3 TaysrapysuugaH 6ornug 6ynraH cucTeMaHuHr xoccanapuHu ta-
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30BUI gvarpamma opganu udoganawl MymKuH, 6yHpali gvarpamma 3
TOMOH/IM TYrpu Gypyaknu npusma KypuHuwimga 6ynagu. pusmaHuHr
acoCVMHW TeHT TOMOHMUN y4ybypyak TallKWUi KUMagu Ba y yydnamuu cuc-
TEMaHWHI TapKubWMHW KypcaTagu, b6anaHaiMri aca xgapopatHu 6enru-
naingn. Y4 KOMMOHEHT/IM CUCTEMaHW TeKUCMKAa udopanawl ydyid 6o-
CUM faM, flapopar fam y3rapMaciuru Lwapr.

TeHr ToMOH/IM yubypuakHUHT yunapu A, B Ba C To3a mogganapra
Moe Kenagun. YubypyakHVHT nyuaa >onawrad gap 6up HyKta y4 Kom-
MOHEHT/IN CUCTEMaNapHUHT TapKMbuHW udoganainan. Hyata faHyanmk
yuOypUYaKHUHT yumnra siguH 6ynca, Wy KOMMOHEHTHUHT hOM3N LLyHYaTMK
Kyn 6ynagu.

TeHr TOMOHAN YUYbypyaK BOCUTACUAA YH KOMMOHEHT/IM CUCTEMAHUHT
TapKMOUHN wndoganawl yyyH 2 ycyngaH GoiganaHnnagn: FTnebc Ba
Po3ebym ycynnapw.

Mn66e ycynura kypa (Y.20-pacMm), yd4 KOMMOHEHTIN CUCTEMAHUHT
yubypyak numgarn 6mpop HyaTara Tyrpu KenaguraH TapKubuHW aHug-
nawl yyyH, ywa HyatafaH yy46ypyakHWHI yydana TOMOHMra rnepreH-
QUKYNAp Tywmpunagu. By KecManapHWUHT WUTMHAWCU TeHT TOMOH/IM
yuBypyakHUHT 6anaHgurura TeHr, yiu 100 % pe6 gabyn gunamms. Yu-
Gypyak mumgarn m Hyata yyd6ypyakHUHr A yuupaH ysogga GynraHu
yuyyH 6y HyaTajaru apanawimaga A KOMNOHEHTHUHT MUAZOPY Kam byna-
AW, STBHU A HVHT MVUAAOPY YHWUHT fapluucugary ToMoHAaH 6oLu-naHraH
neprneHAVKYNSPHUHT Y3yHAuru 6unaH 6enrmnadagm. MacanaH, T HyATa-
Jary apanawimaHuHr Tapkuéuga 40% A Gop. Xyauw wyHpaii yeynga B
Ba C KOMNOHeHTNapHWHT Tapknom gam Tonunaagn: 10% B Ba50% C.

Po3ebym ycynumga cucteMaHuHr
TapKUGUHM aHMANal yd4yH m HyA-
TafaH y4bypyakKHVMHI 2 TOMOHWra
napannen uvsugnap yTkasunagm
(y.21-pacm). YuGypuakHuHr AB
TOMOHMAArN  KeCMaslapHUHT  in-
FTMHANCU TEHr TOMOHAU y4byp-
YaKHWHI TOMOHWTa TEHT.

V.'"20-pacM. Y4 KoMMoHeHTAn
cucTeMa TapKuomnHm Mmeoe
ycynuja TacBMpaLy.
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P HykTagaH yu6ypuYakHWUHI 2 TOMOHWIA YTKasWaraH napasisien Ynsnkiap
AB TomoHHM 3 ra 6ynagn Ba 6y AM, MN, Ba NB kecmanap A, B Ba C
KOMMOHEHTNIAPHUHT MUKZOPVHU Gepasu.
YubypuakHUHT B yurHuHT gap-
Wwucuaaryn TOMOHFa YM3UIraH na-
pannen B KecMaHu 6epagu Ba yw by
KecMa B HWMHr MukgopuHu Gen-
rmnaingn, YubypuyakHuHr A yun-
HWUHT fapLlimcuaary TOMoHra Ynmsmi-
V.21-patM. Y4 KoMnoHeHT N raH napansien a KecMaHu 6epaau Ba
cucTema TapKmMbuHm Posebym y A KOMMOHEHTHUHT MUKAOPH-
ycynuaa Taceupnaty. o
HW Genrunangu.

TeHr TOMOHM y4bypUYakHUHT ToMoHUHKU 100% pe6 pabyn guncak,
y ponga P HyaTta yuyH A = 50%, B L 20% skaHnuruHm pgampa C
KOMMOHEHTHUHT Mugaopy 30% ra TEHFUITMHW aHuAal MyMKUH.

Y4 KOMMOHEHT/IM CUCTEMANAPHVHI [ONaT AvarpaMmmaiapuHu Ty-
uwga 6ocuMHKM y3rapmac fe6 fabyn agmncak, CUCTEMaHUHT 3PKUHINK
papaxacn K** 3-0+1 —4-® teHrnama 6unaH ndopanaHagun. dapopat
Jam ysrapmac 6GynraHga 3pkuHiuk gapaxkacn F = 3-® udopga opganv
aHugnaHay.

CyB 6unaH MKKuUTa Ty3 (BUpP XMW MOHAKM) cucTemacugarn gasasuii
MyBO3aHaTHU Kypunb umpamus. Arap UKKana Ty3fa KaTWOH Ba aHUOHMap
Typnuya 6ynca, y fo/Aa cucTema 4 KOMMOHEHTIN 6ynnG fonaau.

Y.22-pacMfia cyB-6Up XW WMOHMM 2 Ty3 CUCTEMACU M30TEPMUK
NPOEKANSICMHUHT foNaT Anarpammacyt udoganaHrad. Tysnap cyB 6unaH
rmgpatnap éku gyl Ty3, KOMMAeKC GUpUKMa éKn JaTTug spuTManap
focun gunmaiign. Posebym yubypyarvHuHr yunapu H20, PX Ba QX Tosa
KOMTMOHEeHT/apura Moc Kenaau. A HyATa CYBHUHT TYWMHIaH apuTmacmia
PX HuHr koHueHTpauusicuuu, B Hyata aca, QX Ty3sUHWHI CYBHUWHT
TyAVHIaH apuTMacuaarn KoHueHTpauusicnin kypcatagn. AC arpucn PX
TYSMHUHT QX HWHT Typ/an Tapkubnu apuTManapugary apyBYanIurHu
TaBcupnaign, BC arpucn aca, QX TysuHuHr PX HUHF cyBAu 3puT-
maciigarn apyBYannuruum kypcatagu. C HyaTaga 3puTMa MKKana Tys3
6unaH TylinHraH (3BToHmka) 6ynagn. H0 uyaan 6unad ACB opacugaru
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MaifoHAa >KohnawiraH fap 6up HyaTa Ty3napHWHE TyWWHraH 3puT-
manapura xaso6 6Gepagu. ACPX maiigoHugarn xoxgaraH Hyata 2 Ta
TY3HUHT apuTMacu Ba PX gatTug TysgaH u6opat 2 asanm cuetemaHu
ndoganangm.

CBQXmaitgoHngaru xoxgaraH HyaTa 2 Ta TY3HUHT apuTmacu Ba QX
JatTug TysgaH ubopat cueTemaHu 6Gungupagn. PXCQX wmaiigoHn 3
thasann cucTeManapra Moc Kenagu: WKKana Ty3 6unaH TyinHraH C
Tapkm6nu aputma xamaa P X Ba QX kpuctannapw.

Arap M durypatne HygTara
MOC KeflyBYM TyliMHMaraH aputma
0116, CeKuH-acTa CyBHW 6yrnat-
caK, CYBHVHI Kamainné 6opuimn
6unaH cuctemagaru Ty3napHUHT
MUALOPUIA HUcbaTn ysrapmangm.

X E X LLUYHUHT yuyH 6yriaTvi apa-
V.22-pacM. Bup xwn nornm 2 Ta €HMA CUCTEMAHUHI TapKubura
TY3HWUHT CyBJa 3pyBYaAHNUIY XaBob GepyBun (urypatms Hyg-
Anarpammacu: Posebym yubypuarnra  Tanap (H20) E uusuruga éragu.
VBOTEPMI/IK MPoKLS. a HyaTaga PX TysuHiiHr Kpuctall-

napu axpana 6ownaiign. B urypaTvB HygTara MOC KenyBuM 3puTMa-
HUHT TapknbmHu Tonuw yyyH PX uyaampaH Ba B HygatagaH AC arpu-
cuaaruv B; HygTaraya KecullryH4Ya KOHHOAa yTKasamus.

d HyaTaga spuTMa UKKana Tysra Huc6ataH TyiimHrad 6ynné gonagu:
yw 6y apuTMaHuHr Tapkuén C HygTa 6unaH udoganaHagn. CyBHM Gyr-
naTUWHU AaBpMm 3TTUpcag, MAKUHYM QX TY3MHWHI KpucTaniaHuwu
6o naHagn. IpuTMaHuHE Tapkubu ysrapmac 6ynun6 gonagn (C HyaTa),
YyHKM 3 Ta (hasa 6ynraHza M30TepPMUK MNpoeKLMsaa 3pPKUHIUK fapa-
anapu coHu Honra TeHr 6ynagm (® = 3; F H.k-® - 3-3 =0), e HyaTaga
cuctema C Tapkm6nu sputmMa Ba PX Ba QX KpuctannapuHuHr
apanawmacugad néopat 6ynagu. Cys Tynug ungapunradga E Hyatapa
PX Ba QX Kypyk Ty3napHUHI apanawimacu xocun Gynagu. Y woéy Tys-
NAapHUHT Macca MuagopnapuHuHr myHocabatn QXE Ba PXE kecma-
NapHUHT MyHocabaTura TeHr 6ynagu.
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BVp XM MOHAW Ba 3BTOHMKara ara 6y/iraH MKKU Ty3 3pUTMaCUHUHT
X0naT AguvarpaMMacuHu Tyrpu Gypyakny KoopauHaTanap cuctemacuja
xam ugoganawl mymkuH (Y.23-pacm). KoopavHata yanapu Gyiivua Kom-
NOHEHTNAPHUHI HUCOUIN MuKpopnapw gylhinnagn. byHpali ngoganawga
PX Ba QX T03a KOMMNOHEHTNApra XaBo6 G6epyBYM Hygranap Yekcusnnkaa
6ynagn. C HyKTaja 3puTMa MkKKana Ty3 6unaH TylrHraH.

M HyaTa 6unaH udgoganaHraH

2 TY3HUHT TyliMHMaraH 3puT-

macufaH ysrapMac xapopaTja cyB-

HUHT OyrnaHWWnHW Kypub uunpa-

mu3. ®durypatus HyaTa OMe Tyrpu

yunsury byimya cumkub 6Gopagw,

UYHKW WKKana TY3HUHI CuCTe-
Y.23-pach. BUp Xun MO UKKUTA  \anary  vaccanapuHUHE  HUCGATH

TYSHUHT CYBAATA 3pyBHAHNNK yarapmasintu. a Hygtaga PX Tysu-

AnarpaMmacm:

TyrpV GyPHaKI KOOIVHATANED HUHT KpUcTannaHuiuy 6o naHaam;
CHCTEMACHIAr VBOTEPMVK MpoeKLs, B HYATaaa P X kpuctannapu 6unan
Ll Tapkubnn 3puTma MysosaHaTAa

6ynagmn; d HyaTaga ukkuHum QX

TY3HMHI KpucTannaHuwu 6ownaHagn (© = 3) Ba s3puUTMaHUHI TapKnbn
C HyaTa 6unaH TaBcutnaHagu. Byrnatvil jaBom 3TTMpUIICa UKKaa Ty3
KPUCTA/INaPUHMHT aXpanub unguiliy faBoM 3Tagu. SPUTMaHUHE TapKu-
6y ysrapmaigun, YyHKW 3pKUHAUK AapaxanapuWHWHE COHWU HOMra TeHr
(F = k-® w 3-3-0). Arap Ty3nap cyB 6unaH ruapaTnap éku gy Tysnap,
KOMMJ/IEKC 6GUpUKManap éku [aTTug spuTmanap Xocun AWAca, WUKKW
TYSHUHI CyBAary 3puUTMaNlapUHUHT XofaT AuarpaMmanapu aHya My-
pakkab KypuHuliga éynagu.

“®a3aBuin MyBo3aHaTnap” 606MHN y3nawTUPUATaHANK
AapaxacuHM TEKLWIMPULL YYYH caBoinap

1. ®aza, KOMMOHEHT, KOMMOHEHT/AP COHW, 3PKUH/MK [apaxacy,
MycTaaun napaMeTpnap TywyH4Yanapu.
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2. ®asanap KomaacuHM E3MHT Ba YHW Typaum cucTemanapra Tagovk

KNIAHT.

3. KnanelipoH-Knay3nyc TeHrnaMacuHu TyLYHTUPUHT.

4. CYIOKAWKHUHT TYWWHraH 6yTn geb Humara aitunagn?

5. MyBo3aHaT XxonaTufa CylK Ba KaTTMK (hasanapHu TyTraH 6up
KOMMOHEHT/IN CUCTEMAHUHT TEPMOAVHAMUK 3PKUHANK Japaxanapu coHu
Heyara TeHT?

6. BUp KOMMOHEHTNN CUCTEMaHWHI XpnaT Auarpammacujarv yud-
NaM4yn HYKTa HUma?

7. 26,6-1(Y Ma 6ocmum ocTufa LUMKNOreKcaH Ba aTunaLeTar 6up xXun
XapopaTga KalHaigu. Huma yyyH Hopman 6ocMMpa LMKI0reKCaHHUHT
KaiiHaw xapopaTu aTunauetatHukugan 3,6°C tokopu?

8. ®azaBMii MyBO3aHaTHUHI YMYMWIA TEPMOAMHAMMWK LUAPTM KaH-
pai?

9. KATTMK XUCM ycTugarn TyluHraH 6yT 60cMmMum xapopaTra KaHjan
6ornaHraH?

10. BepunraH xapopaTtfa CylOKNMKHUHT 6yrnaHnLl UCCUKAUTUHN
rpapuk épgamuga xmcobnaw kepak. Fpa@ukHM Ty3suMHr Ba Xxucobnatu
hopMynacuHN E3nHT.

11. Bup KOMMOHEHTAW CUCTEMAHWHI y4yfiamyu HyKTacuja
TepMOAMHaAMUK 3PKUHANK JapaXkanapuHUHT COHW Heyvara TeHr?
12. Tawkn 6ocM y3rapTUpUAraHga CYHKAWKHUHT KalHal

xapopaTu ysrapagu. ByrnaHuw WCCUKIMTUHUHE KalHaw xapopaTtura
60rNMKAUTUHM Kalicu TeHrnama 6wnaH wdoganaw MyMKUH Ba HuMa

YUyH?
13. CyBHUHI  0gaMii  Ba OKopu bBocumnapgarn  xonat
anarpammanapu.

14. BUpMHYM Ba NKKMHYM Typ (Pa3aBuii yTULLNAPHN TYLIYHTUPUHT.
15. DpeHdecT TeHr1amanapuHy TYLUYHTUPUHT.

16. ONTUHIYrypT Ba (DOCPOPHUHT X0NaT guarpammanapu.

17. ®U3NK-KUMEBUIA aHaNN3 Ba TEPMUK aHaNN3 TyLWyHYanapu.

18. CoBuw gnarpaMmmMacuHn TYLUYHTUPWHT.

19. MoHOTpON Ba 3HAHTMOTPON (hasaBuii yTunap KaHgan 6ynagun?
20. KoOHHOAa uM3nrun, KpuctTannaHuw ynu TywyH4anapu.
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21. VIKKW KOMMOHEHTNN CUCTEMANAPHUHT X0NaT gnarpammacu.

22. CyloK xonaTtfa 4Yekcu3 apuiguraH Ba KaTtTUK 3puTmMa Kocun
KUnmangmraH MKK1M KOMNOHEHTIM CUCTEMAHUHT XonaT guarpammaci.

23. WHKOHTPY3HT CYOKAAHYBYM KUMEBUI BUPUKMA TYTraH UKKK
KOMMOHEHT/IN CUCTEMaNapHUHT X0NaT guarpammacu.

24. JBTEKTUK, NEPUTEKTUK, EMHTYNAP Ba AMCTEKTUK HYKTanap.

25. JInkBMAyc Ba CONMAYC YN3NKNAPUHWUHT MabHOCK KaHai?

26. KATTMK Ba CYHOK Xxonatnapja 4YekCu3 3puiAguraH WKKu
KOMMOHEHTIN cucTemanap.

27. TlepnTeKTUK HyKTa 6unaH 3BTEKTUK HYKTa opacupa KaHpain
(hapknap 6op?

28. Y4 KOMNOHeHTNM cuctemanap. Po3ebym Ba F'm66¢ ycynnapm.

29. JPKMHANK fapaxacy Ba CUCTEMAHWHT BaApUAHTAUIU TYLUYH-
yanapm.
30. KaTtTuk aputmanap. Yeknum Ba YekKCU3 3pyBUYAH/IMKKA 3ra

6ynraH KaTTUK apuTManu cuctemanap.

31. Bbup KOMMOHEHTNIN cucTemManapja TreTeporeH MyBO3aHaT-
NapHN UHOoLaNnoBYN TEHTNAMaHN KeNTUpuG Yl apuHr.

32. KnaneiipoH-Knaysnyc TeHrnamMacuMHWHI aHWK, Takpubuili Ba
WNHTEerpan KypuHuULIapuHN E3NHT.

33. KOHrpysHT paBulifa CylOKNaHYBYM KUMEBUI GUpUKMa TyTraH
WKKW KOMMOHEHT/NN CUCTEMANapHUHI XO0nat gumarpammacuHu TyLYH-
TUPWHT.

34. MKKM KOMMOHEHTNIN cucTemanapfa yypahguraH xonat fua-
rpaMmmanapuHUHT Typ/iapuHn KypcaTuHr.

35. Monumop®d yTuwnapHu TYWYHTUPUHT.

36. Enka KOMAACUHU TYLWYHTUPUHT.

37. OBTEKTUK HYKTann Ba 3BTEKTUK HyKTara ata 6ynmarav UKKu
KOMTMOHEHTNY CUCTEMANTAPHWUHT XONaT fguarpammanapu.
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VI BOBb. SPUTMAJTAP TEPMOANHAMWKACKU
VI.1. YMyMuUia TylwyH4anap

Sputmanap gusnkasuii KUME haHy TOMOHUAAH ypraHunagnraH aHr
acocuii cuctemanapfaH 6upu xucobnaHagu. by cuctemanap xaétna Ba
TeXHUKafa XXyfa Karta axgMmusaTra ara, wy cababnu xam, pusmkasuii
KUM@ haH cudaTnga spuTManap HasapuanapuHu fpaTull blatuwkacuia
BYXyfra kpnraH. LLUyHTa fapamacfaH, 3puTManapHWHT Hasapusick [o-
3MPru KyHraya fjam mMykamman amac. ByHUHr ca6a6u, 6uprHYM Kapaija
OOV KypuHraH ywoby CUCTEMaapHUHE XYyAa XaMm Mypakkabnuru
6unaH 6ornug. |

Oeapnun pap 6up TexXHONOrMK >kapaéHnapga sputmanap gyn-
naHwnagn. WHcoHnap wWCTebMOA KWnaguraH o03uA-0BAAT MaxcynoT-
NapiHUHT Kyny XaM cyBNW apuTManapavp. XaBoH Ba ycuMmnuknapgarv
acocuii GMOKMMEBUIA KapaéHnap Xamfa KUMEBWUIA peakuUsNapHUHT
acocuii KncMu xam apuTmanapga 6opagu. CyBHUHI xaéTgaru Geaméc
axaMmuaTu MaHa Lwynap 6unaH 6enrvnaHagu.

DUNK-KUMEBUIA HyATan HasapjaH 3puTMa; AeraHfja Huma Tyxny-
HUNagM? dpuTMa Kamuga UKKuTa moafagaH (KOMMOHeHTAaH) mbopat
6ynagn, fAemak 3puTma 6Mp Heya MOAJANapHWHI apanalimMacugup.
NeknH pap paHpali apanawima xam sputma 6yna onmaingu. TabuaTga
yuypalignraH 6apya apanawiManapHu MKKUTa 6ynnw MymKuH: retepOreH
Ba romoreH. [eTeporeH apanalimanapra CycrneH3usi Ba 3My/bCUSSIApHN
MUCON AUAUW MYMKWH. ByHgali kyn asanum cucTemanap Typau
ancmnapga Typavya QUsUK-KMMEBMIA xoccanapra ara 6ynagnm. [eTe-
poreH, MexaHVK apanawiMasapHUHT KOMMOHEHTNapu ofanii ycynnapga
(MacanaH, ¢unbTpnaw opganun) 6up-6upugaH axpaTuavin MYMKWH.
[ComoreH apanawimanap 6up XXWHcAM 6ynnb6, ynapHUHT Xxamma gucmnapu
6up xun ¢U3MK-KUMEBUIA Xoccanapra ara 6Gynagv. YNapHUHT KOM-
NOHEHTNapy opacuja 4erapa cupT 6ynmangm Ba wy ca6abnum, romoreH
apanawimanapHu 0ofAui MexaHWK Yycynnapga 6up-6upugaH axpatunb
bynMangn. 3puTManapHWHr  6UP  XXUHCAWAUTKA  YHAArn  KOMMo-
HEHTNAPHUHT anofua Mosiekynanaprada éKu MosiekynanapHuHE (aiipum
xonnapga WoHNap €kuM  atoMNapHUHI)  KU4YMK  accoumartnapurada
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OynuHraHnMru 6unad  6ornug. MaHa LWYHWUHT  y4dyil JaMm  YuH
apuTManapHn Monepynap-gucnepc cuctemanap fgam  Ae6 arawagu.
SpuTmManap y3MHWUHI Tapkubu Mab/iym 4Yerapafa Y3nyKcu3 ysrapuiu
MYMKUHAUTM GUnaH KUMEBUIA 6GupuMKManapgaH (apg avunagu. puu
KapaéHu MofuanapHWHI 0AAWIA apanalivil xapaéHuaaH MypakKabpog
XapaéHgup, 6yHaa apuTyBuM 6unaH apuétraH mogpa ypracuia ysapo
Tabcupnap 6ynaaii. ByHpali Tabcupnap KuMEBWI TabcupnapgaH y3
XycycuaTtnapu 6unan dapg gnnaan sa 6up 03 Kyucuspog obynagn. JIekuH
6ab3n gonnapfa spuvll >kapaéHuparn ysapo Tabcuprap HaTuxkacuga
XYAAN KUMEBWI peaKkuuanapfarn Kabu unccManvk addekTnapu Kysa-
Tunagn. [leMak, 3puTMa MexaHWK apanawima 6unaH KUMEBUn Gupmnkma
ypTracujarn XxonaTHW arannaign Ba YHW fJylhivaurada Tabpudnaid
MYMKMVH: YMH 3puUTMa - Tapkubu mab/iym uyerapaja y3nyKcus ysrap-
TUPUANLIN MYMKWH 6ynraH 6Up XMHCAN MONEKYNSAp-AMCnepc cucTema.
Monekynsap-KMHeTUK HyAaTaum Hasapra 6MHoaH YuH apuTmanapiaH
reTeporeH apanawuimanapra yTuw y3nykcus bynagu. ApanawiManapHuUHT
6y WKKM Typu yptacugarn coxaHu (1-1000 HM) Konnoug spuTmanap
srannaingn. Konnoup aputmanap ysura xoc 6ynmb, MexaHUK apa-
nalwimanap Ba YMH apuTManapgaH Ty6gaH dapg AvnyBumM xycycustnapra
ara 6ynagn. Oxupru hnnnapga aHHWHI Wuagatam pasmija puBOX-
NaHWWM  HaTuXkacmja Konnoug sputMmanap 6wnaH 4uH  apuTManap
opacugaru coxaHu, sibHu 3appadanapv 1-100 HM paguycra ara 6ynraH
cucTemManapHu, anoguja cuH@ra axpatungu. Ywey coxara Ternwnam
cucTeManapHu ypraHyBuu SiHrM aH “HaHOKMME” ByXypgra Kengm sa
“HaHOoTexHonornsa”, “HaHomatepuaniap” Kaby atamanap naigo 6yngu.
OpuTmanapra bepunraH TabpudgaH YNapHUHE Typau-TymaH 6y-
MW MYMKUHAUT KYPUHNG TYprban. XaknjaThaH xam, saputMmanap ras,
CYIO/ Ba [JaTruj arperaT xonarnapuja maexyg 6ynuwmn MymMkuH. Cytog
arperart xonatujaru, aiHufca cyBgarv sputManap Xyjga Karra amaiuii
axamusaTra ara. LWyHuMHr yuyyH xam, 6ab3vM onvmnap cytof arperat
XonaTiiga 6ynraH romoreH apanalimManapHvi YvH aputMmanap fe6 Hasapga
TYTUWHW Taknud gunmoguanap. Kartmg xonatga xam 6up XXMHCAK
6ynraH apanawmanap (apanaw Kpuctannap, avipum gotulimanap,
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MUHepanniap) Maexyn 0ynnb, MuHepasiormss Ba MeTayprusja
YNaPHUHT axaMusATK Kana.

DumMKaBUA  KNUME KYPCUHUHI  ywby 6ynumumga 6mM3  CyloK-
NMKNapgarv, acocaH cyBfaru aputmanapHu ypraHamus. Cyloknavknapga
KaTTUK XncMmnapgarn Kabu akvH TapTub Kysatunagn. ByHgaH Tawikapu,
KOHJEHCUPNaHraH cucTemManap rascMMOH XonaT Y4yi Kentupué uu-
KapugraH KoHyHnapra 6yWicuHmali xonagun. KpuCTannCMMOH XaTTux
Xucmnapga ysox TapTnb xam Kysatunagu. Cylokavknapga aca, 3ap-
pavanapHVHI XapakaTyaH/iurn HucbataH toxopu 6ynraHavwrn cababnm
TapTnénu xonat “arperar” €KW “Knactep” nap Xxocuna 6ynuul 4yera-
panapuga Kysatunagu. Ywoy TapTubnm xonatnap 6apkapop 6ynmaiign,
ynapgarn 6ornap foumo 6ysunagv Ba sHrugaH naingo 6ynagun. ByHpa
XylwHM KnacTepsiap ypracvja 3appadaniap aimalluvin - KysaTunagu.
LyHaal xnnmé, cyloknuknap nabusn, SsbHU xapakaTgarn MyBo3aHaTHUHT
MaBxXys Oynuwin 6unaH TascudnaHagn. Xapopar nacadviun 6unaH
OyHfali arperaTnapHuHr 6apxapopnvrn opTagM Ba KpUCTallaHWLL
XapopaTtu SIXvHUAa CYIOKINKIap KBasVKpUCTa/IN Tysunuwira ara 6ynué
Konagunap. C)noknnknap 6unaH xaTTux Xucmnaap ypracuparu yxiatu-
JINK 3HEPreTUK HyxTau HasapfaH xaM racauxnaHagu. MacanaH, Muc
KPUCT/UTMHUHT cy6nmmaTnanmit ucenxnuru 334 kKXK/mMons 6ynca, yHUHT
cytoxnanmw uceuxnuru 12,9 kKXK/Momb ra-TeHT, SbHU aToMNapHA TynMx
KPpaTULL YYYH KeTraH UCCUXIUK KPUCTaIT NaHXapaHu 6ysuwl y4uyH
KeTraH uccuxnukgad 25 mapTta Kynpokaup. [emMak, MUCHWHI CYHOK-
NaHvwmnga 6ornap Tynux ysunmaman Ba OYHWHE YUYYH SHEPrUSHUHE 4
o3 etapnn OGynap 9KaH. bBy;laca cylok Ba XaTTux Xxonatnap
XOCCaNapPUHUHT y3apo SAXMHAUITMHU Ba YNapHUHI ras xoccanapuiaH Kec-
KVH (Dapx KWNUWWHW KypcaTagu. JIeKMH Cytlox Ba XaTTux Xonartiap
ypTacugarn apknap xam Katta. CYXIUKNapHUHT  (DU3MK-KUMEBUIA
xoccanapu um3oTpon 6ynca, KpPUCTa//l XOMAaT Y4YyH aHM30Tponus
xogucacu TaBcupnn. CylOKIMK Ba XaTTUX XXUCMAAP Y3UHUHE gedop-
MauuanaHULWLIM Ba OKyBYaHAUIM GunaH xam apknaHagu. LLuvwacrumoH
X0NaTra KXOpU XOBYLLIXOX/IMKKa 3ra 6y/iraH yTa COBYTW/IraH Cyrox xonat
4eb xapawl MYyMKVH, YyHKW, yl6y xonarra U3oTPONIMK Xamfa SXuH
TapTn6 TascuaMamp. TepMOAMHAMUK HyXTau HasapfaH, LUIMLLacvMOH
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X,0nat metactabun (6egapop) 6ynagn. CTpyKTypaBuii HyKTam HasapaaH,
CYIANUKAAP [aTUMK XMUCM 6unaH rasnap ypracugarv opanug XonaTHu
arannangunap, Wy cababnu CcywnINKNapHUHT, alHUAcCa Cyr[ 3puT-
MaflapHUHI CTPYKTYpacMHW Ba XOocCCallapuHW Hasapuii Kypub uuaunwl
Xyfja fjam Mmypakkab macanagump.

3putma gocun Gynuiunra onmé KenaguraH >kapaéHHu apuLl Xa-
paéHu felinnagn. Yoy >kapaéHHUHT TabuaTtu, apuTManapHUHI Tabruatu
Kabu, [03VMPru KyHraya erapav fapaxafa aHugnaHmaraH. 3puil xa-
paéHVHUHI Ba 3puUTManapHUHI TabuaTn xagupa MKKWTa fapama-gapLimv
thunap mMaexys. Pusna HyxTan HasapdaH 3puvLl To3a (hU3MKaBuiA XKapaéH
6ynn6, 6yHAa AaTTUL XXUCMAAPHVHE KPUCTaIN MaHxapacu bysunagu.
dpuTmanapra KUmEBMin TabcupnawmaétraH 6up Heya MoAAanapHUHT
MOMIEKyNAp apanalimacu Kabu gapanagn. A./1.MeHgeneeBHUHI Knaccmk
uwnapuga 6yHra gapama-gapwun ukpnap 6ungupunraH. Ynapra Kypa
3pnLL KUMEBWIA XKapaéH 6ynnb, conbBaTNaHMW (EKU rugpatnaHui) aeb
atanraH. [./1.MegeneeBHUHT QUKpUYa, 3puTMasiap KOMMOHEHTIAPHUHT
Kyucus 6GupukmManapu 6ynub, ynap AucmaH AuccouunaHraH XxonaTtfa
6ynagn Ba KMMEBUA OMpUKManapfaH TapKUOUHWHT y3rapyBYaH/AMIM
6unaH capg gunagn. X~ovpru BagTaa (uU3vKaBuii Ba KUMEBWUIA Hasa-
pvsinap acta-CeKVH y3apo SAMHAALIMOKAA. X°3Mpya, KUMEBUIA Hazapus
MUWAAOPUIA Xynocanapra spvlnIra UMKOHUAT 6epMasnTn. 3aMOHaBWiA
Hasapusga apuTManapgary Mosekynanap opacuja Qusnkaeuii Ba Kumé-
BUIA Ky4apHUHT TabCupu Xncobra omMHaam.

Cylog apanalimanapfa 3puTyBuM Ba JpuraH Mogga dapgiaHagu.
SputyBun feb MuALop >kupaTthaH Kyn 6ynraH cytof KOMMOHeHTra
aliTunagn. dpuTMaga Kampog MuALopha MaBxysh bynraH 6owiga Kom-
NOHeHTNap spuraH Mopjanap feAnnagn. putunaérraH mogganap
[aTTug, cylf Ba rascMMoH Oynuwnv MYMKWH. 3pUTYBYM Ba 3puraH
MOAJa MOSIeKynanapn opacugarv ysapo TabCup COMbBaT/MaHULW (3pu-
TyBUM CyB OyniraH Xycycuii Xxon ruapatnaHuw) geiinnagn. VIoHHn 3thab
TypraH 3puTyBYM MOMEKyNanapuvHUHI Tynaamy conbBaT AasaTt felin-
nagu, Hatuxaga, apuTyBUM MOJeKynanapu MycTafui xapakatiaHa on-
Maii gpnagn Ba WMOH 6unaH 6upranvkga xapakatnaHagn. VIOHHUHT
y304poAdarv spuTyBUM MOJIEKYNanapura TabCcupy HaTmkacuia WKKu-
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flaMyy conbBaT KaBaT XOocun 6ynagu, y 3pUTYBUUHUHT GYTYH CTPyK-
Typacura Ba 3pUTMaHWHI MaKpOCKOMMK Xoccasnapura Tabeup Kunagu.

VI.2. Mapuunan monap Kattanuknap. Kuméeuin noteHuyman.
Fm66c-Aorem TeHrnamacu

JpuManapHWHr MyBoO3aHaTfaru xoccanapuHu YynapHWHT TapKuou
Ba KOMMOHEHTNApPHUHI Xoccanapura 60rMMKAUTUHU ypHaTULW  yuyid
napuuvan Mmonsip KaTtanuknapgaH onganaHunagu.

3pUTMaAHUHT KaHAahgup 3KCTEHCMB TEPMOAMHAMMUK XOCCACUMHMU
(3pUTMaHMHI  MUKgopura  6oramMkKk  6ynraH)  Kypub  unuyamms:

9 Hym3 SyM3'YyM3 Cp‘yMS"S

3puTyBUM Ba 3puraH mogaagaH néopaT 2 KOMMOHEHTAM 3puTMa
YUYH YHUHT XYM 3KCTEHCMB X0CCacu 3pUTYBUMHUHT «/ MOMINap COHWUfAH,
apuraH MOAAAHWHT M? mMonnap coHupaH, 6ocum P Ba xapopatgaH T
eornuk:  XyWEf(p, T, nb nd).

JPUTMAHUHT  3KCTeHcMB  xoccack XYM  xonat  (hyHKLMSACK
3KaH/IMITUHN Hasapja TyTu6, ywby udogagaH P=const sa T=const
6ynraHnga Tynuk guddepeHuman onamms:

ax,, ax
m dnx+ 8|/| dn, (V1. 1)

(VI.1) TeHrnamagarm KaBC uuugarm wugogaHn Kyhngarnya

6enwnab onamms:

B A (V1.2)

YHpa (VI.1) TeHrnama cogfapok KypUHULIHW oNnaju:
axt,,~AXidn,+Xidn2 (V1.3)

6y epga Xu - napuyvan MOASp KaTTaMK Eku 3puTtMmagarn i-
KOMMOHEHTHUHT Xoccacuamnp.

JpUTMa ZKOMOMHEHTUHUHT Napuuan Monsp Kattanuru ae6, P, T Ba
60l Ka KOMMOHEHTNAPHUHT MO/Iap COHM WA; ysrapmac 6ynraHga,
puTMara i-KOMMOHEHTHWUHT YeKCU3 KUUMK MUKAOPU KyLIWATaHAaa
3PUTMa XOCCACUHUHT YeKCU3 KNUMK y3rapuiuunra antmnagu.
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Eku 6owxava Tabpudnacak xam 6ynagu: spuTMa r-KOMMOHEH-
TUHWHT napunan mMmondap Karttanmrn ,qe6, IPUTMaHUHI KaTTa MuBaopwura,
PBa [Nysrapmac 6ynraH xonga, r-kOMnoHeHTHUHT 1 MOAW KyHLWwAraHaaru
YL 6y 3KCTEHCUB XOCCAHWHT y3rapuiiunra antunagu.

JPUTMaHUHT KaTTa MUBAOPY ONMHMLIWTA cabab, zKoMnoHeHTAaH 1
MOJIb KylIraHfa 3apuTMaHuHI Tapkubu ysrapmacnurugmp. Tosa mojgaa
YUYH napuuan mMonsip KaTTaMK yHU 1 MOJIMHUHT 3KCTeHCUB xoccacura
TEHT:

(V1.4)
JpuUTMaHUHT TepMoaMHamuk xoccanapura (GYM HT S , -

KOMMOHEHTHUHT Mapuvan Monsp Kattaaurn Moc kenagu: G, “
TM66CHUHT Napuman MonsAp sHepPruacK; A, N napyuan Monsp sHTaIbNus;
Si - napuuan Mmonasip SHTPONUA; vt-napuynan Moasap Xaxm.

Mapunan Monap KaTTaMKAap nuunga sHr axammaTamcn FM66CHUHT

napuman monsip 3Hepruscu G 6ynub, y KuMMEBMIA noTeHuuanra
anHnngmp:
«.-0* ékm W =Ne (V1.5)
\ 1 JpT.n,

[Jemak, napuuan Monap KaTTanvknapga goumo p sa T goumuii ge6
onvHUWK Kepak. Knmésuii noteHumanga aca, Typam QYHKUUANAPHUHT
XyCycui xocunanapu Typamya ysrapmac KaTTanmknapga oOnvHagu:
macanaH, F yuyn V Ba T” const; H yuyH p Ba 5 —const.

MyB03aHaTHUHT 6o Ka Me3oHnapura xam (F, U, H, S), aputmagaru
MOALAHVHT MWBAOPW Yy3rapuwin 6unaH, HKopugarn mynoxasanapHu
OPUTULNMU3 MYMKUH. ByHAa ¢yHKUMSAAH KOMMOHEHTHWHI Mosnap
COHM 6ylinya ONIMHIaH XyCyCUIi Xocunacum xam yuw 6y KOMMOHEHTHUHT
KWMEBWI NoTeHUMann geinnagn:

ffC 1 BU
i | é;i\}ckrﬁ,;tl (m szﬁ'

Mapuvan  MonaAp  KaTTaMkfiap  opacufja  Xyaau  OAAwiA
TepMOAMHAMUK KaTTa/MKNap opacuaaru Kabu MyHocabaTNapHUHT
CaBAaHMG KOMULIW KaTTa aMa/nii axamuaTra aragup.
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MacanaH, G=H-TS TeHrnamagaru Fm66¢c aHeprusicngaH, p, T, Ba L}
nap ysrapmac 6ynraHga, It 6yiniiua xocnna oncak.

(V1.6)

TeHrnama Kénné ymkagn.
(VI1.1) Ba (VI1.5) TeHrnamanapHu xwucobra oncak, (VI1.6) 3hHura
uymngarmya ésmwmnmMmns MyMKuH:

Ur=//r TS, (V1.7),

0y eppa: --g I"\KOMMOHEHTHUHT KUMEpU noTeHumann; H> —i-kom-

MOHEHTHWHI napuuan monap sHTanbnuacu; XX y- i-KOMMNOHEHTHUHT
napuuan mosisap 3HTPOMMUACK.

Wynpai kunu6, napuvan MonAp KaTTanuknap épfamuia apuT-
mManapra KnMmEsmii TepMOAMHAMUKaHUHT 6apya maTteMaTuK annapaTuHu
Kynnaw MyMKWH. By aca, spuTManapHWHr xoxgaraH MyBo3aHaT XoOcC-
canapuHu TepMOAMHaMMWK TeHrnamanap épgamuga wndoganawira MMKOH
6epafn: KOMMNOHEHTHUHT 3apuTMa yctmugaru 6yT 6ocumm, sapyutTMa Mysnaw
XapopaTMHUHT nacanlin Ba KalHalwl XapopaTWUHWHI OPTULIW,; MOA-
JanapHWHT 3pyBYaHAUTW, OCMOTUK 60CMM, MOAAAHWHI y3apo apanatl-
mMaiguraH spuTyBUYMnapia TagcvMaaHMLLI N Ba X0Kaso.

3puTtMa KOMMOHEHTapu mapunan Monap KaTTaluKNapuHWHE opa-
cuparm MmyHocabaTnapHu umkapuw ydyH (V1.3) TeHrnamaHu spuTma
Tapknbu ysrapmac 6ynraH Xon y4yH wWHTerpannaimus. 3putma TapKu-
OMHWHT y3rapmMaciury yyyH spuTMara UKKana KOMMOHEHTAaH KWUYUK
ynywnapga Ba MabiayMm Hucbatnapga Kywu6 6opunagn. bByHga napumnan
MOJIAP KaTTa/IMKNap ysrapMmacjaH fonagu:

. - (V1.8)

(V1.8) TeHrnamaga uHTerpannawl 4oMMuiic Holra TeHT, yyHku m - 0 Ba
«2 = 0 6ynranga, Xym—O0 6Gynagu.

SHan (VI1.8) TeHrnamanm nh TR, Xi, x21ap ysrapyBuaH
KaTTanuknap ge6, anddepeHynannanmMmmns:

(VL9)
(VI1.1) Ba (V1.9) TeHrnamanapHu conniTupcak,
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nidtXiHidx2 - O (V1.10)
IKAHIUTU KeNnG YnKau.
(V1.8) Ba (VI.10) TeHrnamanapHuHr vkkana tapagpuHu (rti+n") ra

6ynamus Ba i f '"'Ba kKBA W *® Ba -3pUTYBYM Ba 3IpuraH
n +nz ni+nz2

MOZAAANaPHUHT MOMSIP KUCM/Iapy) 3KaHIMTUHU XUCO6Ta 0Nun6:

- (VI1.11)

xxd Xi~x20 X2—Q (VI1.12)
TeHrnamanapHu Kentupué uwapamus, 6y epga X - XjJ*j+n” 1monb
3PMUTMAHMHT X0CCacHm.
| £ Ta KOMMNOHeHTNapgaH u6opaT spuTMa yuyyH WUrMHAM 6apya
KOMMOHEHT/Iap YYYH OfIMHAAN:

X=Y x.xi\ Y x,dX, -0 (V1.13)

(VI.11), (VI1.12) Ba (VI.13) wmyHocabatnap [unb66c-Alorem
TeHrnamanapu pgeivnagM Ba TepMOAUHAMWKAHUHT  dyHAAMeHTan
TeHrnamanapu Katopura Kmpagu. Y napHuHr épfamuja ngean sputmanap
KOHYHNapuHu acocnab 6epuw MymkuH (Paynb Ba MeHpn).

(V1.12) TeHrnamagaH 6Mp KOMMOHEHTHUHI napuvan Monsp KartTa-
JINTUHKN BUATaH X0/1fa, 2-KOMMNOHEHTHUKUHUN Xncobnaw MyMKUH:

dXt)KLI)%24MII|xI sz

Mapuvan Monsip KaTTaMk cudatuga KumeEBmiA noTeHuunan W, (y, ys3

(VI.14)

HaBb6aTmga, MMBG6CHUHT nMapuman MoOAAp 3HeprusAcura anHwuim agn: V1.5
TeHrnamara KapaHr) oniuHraH Fné6c¢c-AoreMm TeHrnamacu aHMKca Katta
axaMunsT KO3oHagm:
x.din +x21[i2=0 (V1.15)

(VI1.15) TeHrnama (V L.If) HUHT y3uaunp, 4YyHKn 6y epga

X° Ba XoccanapHWHr WUTMHAUCUAAH, YapHUHT 3puTMagaru
MUKLOpPUTra nponopunoHan pasuwpga, 1 MOMb 3pUTMaHUHI XO0ccacu
TalKWA Tonca, y agantmne Xa)geinnagn: XK* =xtx°® +x2x 2 (VI1.16)
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6y eppa: X° 1 MO/b 3pUTYBUYMHUHT Xoccacu; X “ - 1MOMb apuraH
MOASAHUMHT xoccacu. Xr-1-X2Hu (V1. 16) ra Kyiicak,
A= XA (M-X X2 ¢ (V1.17)
(V1.17) TeHrnamagaH KypuHu6 Typuoanku, X HUHT X2 aaH 60rnmKnmri
Tyrpu umsmknu, uydkn Xf Ba (X'f-if) ysrapmac kaTTanuknapgup.
(V1.11) TeHrnamaga X HUWHI X2 ra 60rAMKAUTA TYTpyv YU3UKAU 3mac.,
uyHkun LK Ba X6 koadhpmumeHTnap Tapkmbra Kapab ysrapagu. LLyHUHT
YUYH, YMYMWI X,0N143 3pUTMaHWHT Xo0ccacu agauTuUB KaTTaauK amac.
(VI1.11) Ba (V1.16) TeHrnamanapgaH
AX = x,AXi+x2A X2 (VL18)
6y epga: AX-3puTma XO0CCAaCUHUHT
y3rapuwun (agauTUBAMKLAH YeT-
naHvwn) peiAinnagu; A X Wapu-
TyBUM napuuan MonAp xocca-
CUHWHI y3rapuwmn; A4 X 2-3pura
MoAda napuman MONsip xoccacu-

VI.1-paem. Mapyuan Mmonsp HWHT ysrapuww. lMapuyuan mosnsp
KaTTaNMKNapHU KecManap ycynuaa  KaTTaMKNapHW rpaguk épgamu-
aHuknauw: fa aHuKniaw MyMKUH. [Mapuynan

A TapKn6m (xr) spuTma yuyH MOMAp KaTTaNMKAapHW  KecManap
KOMMOHEHTNAPHVHT ax, Ba [ X 2 yeynuaa anuknaw yuyr X = f(x?)

napuvan mossp Kartamknapu: B Ba C
HyKTanapga X* Ba X ’-To3a xongaru
KOMMOHEHT/IAPHWHT 3KCTEHCUB
xoecasiapv.

6ornukank Tysmnagn. CyHrpa 6u-
pop GepunraH A Tapku6ga arpura
ypUHMa yrkasunagu. Y woy ypuH-
MaHUHI opAuHaTa yknapu 6unad

kecuwrad B Ba C HykTanapm (x/ = 1 Bax2—1 ga) XX Ba X2 napuyuan
MOMIAP KaTTaMKNAPHUHT KUiiMaTnapnHu 6epaau.

VI1.3. 9puTManapHUHT TEPMOAUHAMUK MYKTau
HasapAaH TaCHUG NaHULW W

JpuTmanap TepMmogmHamukacu bynnumuga 6up XXUHCAN (FrOMOreH)
cuctemanapgarn 4mH (U3NK-KUMEBUIA MyBO3aHAT KOHYHAapu Kypub
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ynkmnagu. ByHgali cucTeManapHWHIT X0XAaraH HyKTacum 6up xun gpusmnk-
KMMEBWIA xoccanapra ara 6ynagu. dputmanap TEPMOAMHAMUK Hasapuis-
CMHWHI acocuii macanacy — MyBO3aHaT  XOoCCaslapvHW 3PUTMaHWHT
Tapkubura Ba yHUHT KOMMOHEHTapU xoccanapura 60rMMKIurnuHn ;ypra-
HUWAaH nbopaTamp. YW6y Hasapus yMyMWUIA X,0n14a 3puTManapHUHT
MO/IEKYNSip CTPYKTypacura Ba KOMMOHEHTNap opacujarv Mosekynsp
TabCUpPAapHUHT TabuaTura 60rAnK amac.

TepMOAMHAMWUK HYKTauW HaszapjaH aspuTManap wuiean, 4Yekcus
CYlONTUpWATaH Ba Houzean (EKU pean) apuTmanapra TacHudiaHagu.

Wpaean sputmanap. bup xun arperat xpnaTga OfIMHraH KommMo-
HEHT/MIapHW Xap KaHjai HucbaTAa apanawiTMpuLl HaTuXKacuga UCCUKNK
aheKTa Ky3aTunmaca Ba XaxM y3arapMmaca, 3HTPOMUAHWUHT y3rapuim
aca wufean rasfapHu apanawTupraHjaru 3SHTPOMUSHWHI y3rapuwiura
TeHr 6ynca, 6yHpali spuTManap miean gelinnagu:

AH=0; AV~ 0; AS=ASu (VI1.19)

Vpgean apuTManapHUHI TepMOAMHAMMUK Xxoccanapy napuuan monsip

KaTTa/IMKnap opkanu ndoganaHagn. 1Mosb apuTMa yuyH:

AH =xIAHi+xiAHi (V1.20)
NK=nJIK*x2a(,r (V1.21)
ASlld=xIAS«d.i+x2ASud2 (V1.22)
1Monb naean apuTMa Kocun 6yNLWNAATY SHTPONMUAHUHT y3rapuilu
ASuW ~ -x,R InX, -x 29\nxr (V1.23)
(VI1.19-V1.23) TeHrnamanapgaH:
AH. =0; Ar; =0; (V1.24)
AHr —0; AYr =0; AS,p2 ~-RInx? (VT25)

Mgean spuTMaga x,ap Xun MoseKynanapHWHE y3apo TabCup 3Hep-
rMsacu 6Mp XvMa MosneKynanapHWHI y3apo TabCup 3Heprusicura Ba x,amma
MOJSIEKYNaNapHUHE X,@KMWU 6up-6upura TeHr 6ynagu. LUyHgan Kunamb,
naean apuTmanapfa ysapo Tabcup MaBXyaaup (Mpean rasnapga ysapo
Tabcup NykK, eb onnHraH agn).

3pPUTMaHUHI (M3MKaBuii xoccanapy yHUHT TepMOAMHAMUK xocca-
napura 6ornvk. dpuTmagarn 6apuya MoneKynanapHWHI Tabcupiallumil
3Heprusinapy 6uMp Xun 6ynraHW Y4YyH YnapHWHI asojarn TaKeuMm-
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NaHuwn 6up Tekuc 6ynagu, LYHWHT Y4YyH ugean 3puTMa KOM-
MOHEHTNAPWHW apanaliTupraHjarm SHTPONUSA ysrapulin uaean ras-
NapHUHI apanawuwl sHTponusacuMaaH Gapk Kuamaign. ByHWHT Hatu-
Kacuja CyloK KOMMOHEeHTNapjaH uaean spuTMa Xocun 6ynuWUHUHT
MNCCUKNUK 3dhheKTa HoMra TeHT: 6ynagn. Mpaean apytma X,0cun bynmwmaa
YHUHT Xa&XMW 3rapmalign, 4Yymkum 6apya KOMMOHEHTNap MoseKyna-
JIAPVHUHT XMW 6Up XUAAnP.

Vgean apuTManapHUHI xoccanapura sskuH 6ynraH sputmanap xaku-
KaTaH XxaM MaBXyfd. Ynap Tabuata AkuH 6yn aH mopaanapgaH Xocun
6ynagu: M30TONNAPHWHI apanawimMacu, W30MepsapHUHT apanalimacy,
opraHvk 6upukmallap romMonorMkK Katopuaaru KyLlHW rOMOSIOrAapHUHT
apanawimanapu Ba 6oHLanap.

Vpean spuTmanap KOMMOHEHTUHWHI KUMEBWI noTeHumann 6unaH
YHUHT Tapkubu opacuparn oaguii MyHocabaTHM 4mKapamus. 3putma
Xocun 6ynuTnuga KOMMOHEHT KMMEBWI MOTEHLMaNVHUHI y3rapuiimu
y4yH

Alr, =AHI—TASI (V1.26)
fe6 E3MWMMN3 MyMKUH.

Npean spntma yuyH (V1.22) Ba (V1.23) TeHrnamanapra MyBouK

(V1.24) TeHrnamagaH ¢, - RTdinx, - RT%I 4, =4"+nrinx.;  (V1.27)

L X (V1.28)
-

& =RTd\axi :RT% y2wnl +RTKix2; (V129)

ifcty Jp (vi.30)

6y epga Ba U2 I- To3a 3apuTyBYM Ba T03a 3PUTUAraH MoAfanapHUHT
KUMEBMIA NOTeHUMannapw.

Arap KOMMOHEHT CYOK Mogaa 6ynca, YHUHT anddepeHunan spuLl
WCCUK/IUTY Ufean spuTmaga Honra TeHT. Arap KOMMOHEHT KaTTak Mojaga
6ynca, YHUHT 3puLL UCCUKAUTU MOAAAHWHI CYHOKNAHWLL UCCUKAMTUra
TeHr 6ynaan, YyHkn Mecc KOHyHW Gyinya KaTTUK MOALAHWHT apuTMaja
3pULLIMHK 2 Ta KapaéH opKann udofanall MyMKWH: KaTTUK XXUCMHUHT
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CYIOKNaHMLIN Ba YHUHT ufean sputMaga apuiin. FascMMoH MOoALaHUHT
naean spuTMaga spuLl UCCUKANTN KOHAEHCAUNANaHUL NCCUKANTUTA EKN
6yrnaHvLl UCCUKAUTUHUHT MaH(WIA KuiiMaTura TeHr 6ynaaun.

UeKcn3 CyloNTUpWAraH sputMmasiap. 9puraH MOALaHUHT KOH-
LeHTpauuscu Yyekcns Kam bynca, byHaal spuTma Yekcus cyronTupuaraH
felinnagn. XaP kaHpali YeKcu3 CYHONTUMpPUAraH 3spuTMaga 3puTyBYUn
ngean sputmanap KOHyHnapura 6yicyHagu, spuraH mogga aca 6yi-
cyHMaiign. TTTy cababnu ngean apuTManapra Taaanykam 6ynraH 6apya
TeHrnamanapHu YeKCU3 CYNTUPUAraH 3puTManapja 3puUTyBYUM Y4yH
Ky/nawmnmMmns MyMKIH.

Pean apuTmanap. Wpgean Ba YeKcwu3 CylNTUPWATaH 3puUT-
MaslapHUHI TeEPMOAUHAMUK KOHYHUSATNapura GyicyHmaraH 6apuya apuT-
ManapHu pean (Hougean) spuTmanap feinnagv. Pean spuTManapHVHT
MyBO3aHaT XoccalapuvHu J1blouc Takug KuaraH akTUBAWK ycynupa
aHnKgaHagn (ywoby ycyn fakumaa KemuHpokK TyxTab yTamus). Pean
spuTManap nuunga atepman Ba perynsap sputManap anoxaja axparunagu.
Xocun 6ynvw UCCUKAUTW HOATa TeHTr BynraH pean aputManap atepmant
apuTManap Aennnagn, SbHu:

AHapanawwuuw 0, AY'apanaLumu W: A gapanavww ® &Sud.

By npean spuTManapra XOCAWP, LWYHWHr Yy4yH: 6yHpali apuTmanapra
3HEepreTMK Xoccanapu HyKTaum HasapujaH ngean spuTManapiek Kapail
MYMKWH. AMMO yfnap MOJIEKYNaNapuyHUHE ynyamniapu Katta apk Ku-
NTyBYM KOMMOHeHTMapAaH nbopat Ba juy cababnu, MoneKynsip xmpkmnapu
6unaH Kyunu apknaHagn. Ywo6y cuHdra 6ab3v NoAMMepiapHUHT
MOHOMepnapaaru (rugpatnaHraH) spurmanapy MaHcybaup. byHgai no-
nnmepgarn 6uTTa 3BeHOHWUHT MOHOMep 6uaaH TabCcupallmLl 3HEPTUSACH
WUKKUTA MOHOMEP MOJIeKyNaapuHNHT *Tabcpaawmil onepi nsnapura
AKMHAMP. WyHUHT yuyH AHgeaeeunp 0. AMMO 3HTponust uaeaivKaaH
ceaunapnu gapaxaga apk kunmwm mymkuH: A8gUalid i na- Atepman
3pUTManapHUHr Muconmga akaT 3HepreTUK Y3rapullinapHUHT Kysa-
TUAMaCcAUry apuTMa ngean GynuLn yuyyH eTapanm wapT amMacauru Kypu-
HW6 Typmban. ByHpaihn cucTemanapra MuWCoN TapuKacuaa Tabuuii
KayyyK 6eH30/, MOAUCTUPON-H-HpOMMAaueTar, MoAMn3o6yTuIeH-6eH-
30/1 cucTeManapvHU KenTUPULLUMWNZ MYMKUH.
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Arap Houjea//IMK acocaH apanauil WCCUKAMTU 6unaH Gorank
6ynca, 6yHaaii sputma perynap aeiunaan: AHgarunig 0; A Yaesauwirs 0;
ASgpamumm—AS, - Perynsp spuTManap CMHpU yHUYaIMK KeHT amac, feraH
tukp 6op LLLL6Y xynoca ymymnii TywynyanapfaH xam Kenmbé YMKapu:
MOJeKYNaflapHUHT  y3apo  TabCUPMAlIULL  3HEPTUACUHWUHT  y3rapuuin
YNapHWHT (a3ofary TaKCUMIaHULIUHN Yy3rapTUpMac/inri MyMKUH 3Mae,
6y 3ca 3HTPONMUSIHWHT WAeanMKAaH YeTnaHuwura onm6 kenagu. LUy-
HUHT Y4YyH Perynsp SpuTManapHUHr 6ynuun MyMKUH 3amac, [e6
yiinaHraH. AMmo Taxpubanap cesvnapam AH @ 0 kwiimatnapga Ba
tokopu xapopatnapgaa ASW  ASpegl skaHnurnHm kypcatmosga. unbpe-
6paHp s3puTMaHuHr xocun bynuwmga AH @0 sa AS = ASU) 6ynran xon,
SBHU SHTPONUS XyAAN ufean 3puTManapHUKWAEK 6ynraH XoHWU perynsip
apuTMa fe6 artaraH. Yw6y Hasapusaga, spuTMasapHUHT 6GollKa Hasa-
pusnapu Kabu, apanawvil XaXXMWHWHT y3rapuwin 3bTuGopra OfivH-

Manaun. A Vgereuum A

V1. 4. AKTUB/VK Ba aKTUBJ/IMK KO3(huLmeHTa

Howugean sputManapja naean aputmanap KoHyHnapujaH yeTnaHuLl
aKTUBWK épfamMuza aHuKnaHaam (Jltouc ycynu).

Wpean aputMagarn /-KOMMOHEHT KUMEBUIA NMOTEHLMANNHUHT YU 6y
KOMMOHEHTHUHT 3pUTMafaru X, Moasip KUCMura 60rinKanrm

dfi, = RTd Inx-«. (V1.31)

In, =y* +RT]nxt (V1.32)

fii2 =w,+RTIn-"- (V1.33)
xn

6y epaa U]- /-KOMMOHEHTHUWHT (*, = 1) KUMEBUIA NOTeHUManNM, y Xapo-
pat, 6ocum Ba mogpa TabuatmgaH 60rnIuK; L g HuHT 1 Ba 2-
xonatnapgarv Kuimarnapu.

Hounpean sputMaga /-KOMMNOHEHTHUHT KUMEBWIA MNOTEHUUANMHN
xucobnaw y4uyH (V1.31)-(V1.33) TeHrnamanapga KoHueHTpauusa (monsp
KWeM) YpHUTa /-KOMNOHEHTHUHT aKTUBAUTW Kylinnagun:

dpi, = RTd Inatt (V1.34)

JE=nf 4 RT Ina, (V1.35)
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aa :,q,,+,qur|’_‘é (V1.36)
al

"

6y epfa M° - cTaHAapT KUMEBWUI noTeHuman. CTaHAapT xonatha akTuB-

nuK 1raTeHr ge6 Kabyn kunuHagm: a? =1.

JpuUTMa /-KOMMNOHEHTUHUHI aKTUBAUTW [e6, ugean spuTMagaru
KOMMOHEHT KUMEBUIA MOTEHLMaNVHWMHT wdogacura Kyinmb6, Houpgean
3puTMagarn /-KOMMNOHEHT KWUMEBWUIA MNOTEHUMANIMHUHT XAKUKWUIA KWIA-
MaTVHM ONINLLITA UMKOH 6epyBUMN KaTTa/IMKKa aiTunaau.

AKTUBAVMK Ko3h(ruMeHTa 3puTMagarn KOMMOHEHT aKTaBUIUHU
YHUHT KOHLEeHTpauusicura Huc6atuamp:

a*=Y*x; am=Ymr, ac=ycC,
6y epga: X, T, C - 3puraH moagaHvHr MOAsip KUCM/Iapaaru, Monsin éku

MOMISIP  KOHUeHTpauusinapu; ax, aT, acC — aKkTuBavMkniap; YX,

YT, 7 C—aKTUBNUK KO3phULMeHTNAPMN.

AKTVB/IMK Ba aKTMBAUK KO3Ip(UUEHTNApUHN Xucobnaw y4yH
cTaHAapT xonat TaHnaHagn, yHga A Ba Y nap 1 ra TeHr ge6 Kabyn
KunmHagn. VIKK1MTa YeKcu3 3pyBUMN CYHKANKAAPHUHT 3puTManapu yyyH
CTaHAapT Konat cuaTaga T03a 3pUTYBUM TaHNaHAAN:

mM->1 pga: LUWiy->1, Y+ ->1; X2 1 pa: aX “>1,
YR -*1.

V1.5, YuyBUaHNMK Ba yHYyBYAH/INK KO3 ULMeEHTa.
[rorem-Maprynuc TeHrnamacu

KnméBunii noTeHumanHu (pean rasHUHI) WMKKW ycynpa xucobnawl
MYMKWH: X0NaT TeHrnaMmanapu opkanuv sa J1elouc ycynua.

Nblonc ycynuaa T03a uaean TrasHWHI KUMEBWI MNOTEHUWATMHN
Xucobnaw yuyyH xXyAaau aBBanru udoganap KynnaHunagu, neKuH 6ocnm
ypHUra 6ol ka ysrapysuu - QpyruTmBank (y4yBYaHINK) Kylinnagun:

m.: RTd\./ . fi- X +rtin/ (V1.37)
6y epga U‘ —wHTerpannaw gommwuiicn. LUyHAaain Kunmb, ydyBYaHINK
neb, nagean ras y4yH KUMEBWUIA NOTEHUMANHUHT ndojacura Kymmo, pean
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ras yuyyH KUMEBWUI MNOTEHUMASHUHT KUAMATUHW aHuUNalijurad Kart-
Ta/IMKKa aliTunagu:

a=p°+N0rin/ (V1.38)
Oy epga: 4° —pean rasHUHrKUMEBUI NOTEHLMAN;

[ =111° - pean rasHUHT HUCOWNIA PYrUTUBNNTI;
/° =p" - cTaHgapT Gocumra TeHr Ae6 Xuco6naHyBYM pean TasHUHT
CTaHAapT QyrMTMBANTI.

CW cuctemacmpa /° =p° =oO13 MMa; / - yw6y yn4os 6upnuruga
ngoganaHraH pean rasHUHr yrntmusnurn. Arap 6ocmm Ba QyruTuBANK
aTMmocepanapga udgoganaHca, /° -p°=1 atm Ba / =/ (atm), AbHU
HUCOMI (YTUTUBAUKHUHT KUAMATX YHWHI abconioT KuliMatura TeHr
bynagn.

Pean ras yruTMBAUIMHUWHT jj faH /2 rada ysrapuvwiunga Kumésuii
NOTEHLMANHWHT y3rapuiim

a2- a A =re(/2/1 ) =rn(727 9 (V1.39)
@®YrUTUBIMKHUHT pean FasHUHT GocvMura HucbaTu QyruTUBANK

KoathpuumneHTa agelinnagn: y=— (V1.40)

DYruTMBANK 60CUMHUHT ynuoBura ara. ®yrutmBanK KoaduumeH-
TUHWHT yN40B 6UpAunrn nya.

Pean ras apanawmanapu yyyH napuman 6ocum ypHura napuuan
YrMTUBANK TyLIYHYAcU KUpUTUNagn 7 .

KOMMNOHEHTHWHT MNapuvan yYyBUAH/IUIN YHUHT KUMEBWIA MNOTEH-
unanu 6munaH 60rNnK: MyBo3aHaTAarn asanapga KMMEBUIA MoTeHUMan-
NTAPHUHT TEHTIUTUAAH KOMMOHEHTAAPHUHT YYYBYAHUTA TEHT/IUTU X,aM
Kenub ynkagu. K yiingarn

U, =u*+RT\nf (V1.41)

TeHrnamaHu guddepeHumannab, ofMHraH Hatkamn Mme6ce-LoreMHUHT

En,h(=0 TeHrnamacura uyiicak, p Ba I = CONnst ga KOMMNOHEHTNAPHUHT

napuvan y4yyBYaH/IUKNAPUHWUHT 3pUTMa Tapkubura 60rAnKANIMHN
TOoMamus:

(V1.42)
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6yHaaH 6uHap apuTma yuyH
nsd\& fx+n2d In/2=0 (V1.43)

EKU anfi"-AF-Ehxf2=-~Xt/In/2 (V1.44)

Y3-y3angaH KypuHuo6 Typubauku, arap rasnapHuHr 6uHap apMtmacu
éKn 6uHap spuTMa yctuaaru TylimHraHd 65T ngean 6ynca, yHga /, =1 Ba

/ 3=>K bynaan Ba (V1.45)

(V1.44) Ba (V1.45) TeHrnamanap [n66c¢c-Aorem TeHrnamanapuHUHT
BapuaHTnapugaH 6ynu6, apuTManapHWHr TepMOAUHAMMWK Hasapusacuia
KaTTa axamuaTra ara.

(V1.45) TeHrnamaHu KynuHya frorem-Maprysimc TeHrnamacu geinm-
nagw.

LUyHW TabKuanamok; M03MMKW, napuman 6ocum ypHura qyrutms-
JINKHW oKopy 6ocMmMnapga Kynnawra Tyrpu Kenagu, WwWyHaarnHa ngean
rasnapfiaH yYetnaHvwnap cesunapnav 6ynagu. Typnaum rasnap yyyH yuiéy
YyeTnaHvwnap Typam 6ocumnapaa Kysatunagu, nekum ogataa 5-10 MMa
(50-100 aTm) aTpotmaa 6ynagu. Kuumk 6ocumnapga (0,5-1,0 MIMa)
napuman yruTMBANK napunan 6ocumra fesapnv TeHr 6ynaau.

(Y1.34) Ba (VI1.35) TeHrnamanapra MyBO(MK 3pUTMa KOMMOHEHT-
NapVHUHT KMMEBWUIA NOTEHLMANN yNapHUHT aKTUBAUKIAPWU BunaH Kynn-
Jarvnya 6ornaHraH:

A Tof+777hin, ; d/j}~ RTdIna. !, H2 ~ Ne A A7'1na2;

¢ 2=RTdIna2, 6y epaa: Ba 2 —CTaHAapT KMMEBWUIA noTeHUmannap.

JpuTMa KOMMOHEHTNAPUHUHT KUMEBUI MNOTEHLManMHM Xucobna-
raHga, KOMMOHEHTNApHWHI Yy3apo 3pyBYaHAUrura kapab, cTaHgapT
Xonatnap TaHnaHagu:

-4eKCU3 3pyBYaH KOMMOHEHTAap YyYyH T03a KOMMOHEHTNap 0/u-
Hagu: & - 1; |>a Ba loKopugarn TeHrnamanapjaH =0/; ob = n24,
nHgekc (1) 6BuprMHUKM cTaHAapT X,0naT AeraHnaup;

. T-y3apo YeKIn apuiignraH apuTmanapia spuTyBUN YUyH 1-cTaHapT
xonat onuHagn (To3a 3SpuUTYyBYM); 3puUraH Mofaa Y4yH, Yoy
MOLAAHWHT KOHLEHTpauusacu 1 ra TeHr 6ynraH ruvnoTeTMK 3puTMa
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ONMHaAM (YeKCU3 CYWNTUPUAraH 3puTMma), 6y 2-cTaHAapT X.0nat
aelivnagn: a2=c=1 p2m=
Kyiinga yw 6y ycynnap xganaa 6atagcmn mabnymoTt 6epurax.

VI1.6. OpnTMa KOMMNOUEHTNAPUHWUHT aKTUBAUTY Ba aKTUBUK
KO3 (hMUMeHTNapUHN aHUKNaLL

YuyBYaH 3puraH MOLAAHUUT aKTUBAWUTUHW YHUHT napuyuan 6ytu
60CMM  OpKann aHWKNaw. WKKWHYM KOMMOHEHTHWUHI aKTUBANUIK
YHUHT napuman 6yT 60cumMmn opkanu xacobnaHagn:

a yl=—, 6y epga: p2 Ba p\ - 3puraH MoAAaHWHT 3puUTMa

ycTuAaru Ba T03a CyTOK MOAUA ycTuaaru 6yT 6ocumu; Y\ - aKTMBAUK
Ko3huumeHTa. | MHAEKCU TaHNaHraH ctaHgapT XUJaTHUHT HOMEpPWHM
oungupagu.

JpuraH MOAAAHWHT aKTUBAWUTUHU 3PUTYBUYMHUHT Byr 6ocMMM
opkanu aHuMknaw. Ywbéy ycypaa [m66e-Atorem TeHrnamacugaH
thonganaHmnnagun: néo6e-Atorem +x&p2=0 TeHrnamacura
dfatfrTdina, Ba ¢ 2=RTdIna2 TeHrNamanapuHu Kyiicak,

(V1.46)

kocun 6ynagun. (V1.46) HM nHTerpannacak,

(V1.47)
(V1.47) nHTerpan rpaduk ycynumia aHnKaaHagu.

VI.7. KOMNOHEHTHUHT 3puTMa ycTuaarn TyinHraH 6yr 6ocumm.
VI1.7.1. Paynb Ba NeHpn KOHYHNapu

3puUTManapHuWHT TyliMHraH 6yr 6ocumunra oug MUKLOPUIA KOHYHUAT
Tonuw lynuaa Paynbra Kagap KWIWHraH japakaTtnap MyBaddakusiTcus
6ynnb YMBAM, YYHKM By MaKcaj y4yH 3M1eKTponuTaap spuTmacu onmHap
Ba fuccoumauuns Tydannm MmaH3apa KOpoHrunawmnb Ketap agn. Paynb aca
6y Makcaj yyyH OpraHvK MOAAaNapHUHT 3pUTManapuHu ongu. Paynb
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3pUTMaNapHUHI TylinHraH 6yr 60CMMWHM ynuyaw yyyH Toppuyennu
HannapugaH onganaHan. By Halira aBBan To3a 3pUTYBUM KUPUTKG,
YHUHT TyAWHraH 6yr 6ocumun (#[}HK, cyHrpa mabaym KOHLEHTpaLnsimn
3pUTMa KUPUTNG, YHUHT TYAMHIaH 6yr 60cMMun O,) HW ynyagu.
PaynbHUHI cyloNTUpWAraH sputmanap 6wnaH KuaraH Taxpuba-
napuga pixgMmma BakT P° faH Kuuumk 6ynau.
1887 innga Paynb Kyinngarn KOHyHHU Tabpudnagu:
-HO3NEKTPONT MOALANaPHUHT CYNTUPUAraH apuTManapuia apu-
TyBUM 6Yyr 6OCMMWHMHI abconT nacanuwm (ysrapmac XxgpopaTsga)
Mab/yM MUBAOPAArn 3puUTyBUMAA 3pUraH MOAAAHUHT MOSb/lapu COHMra
nponopuuoHan 6ynné, yHUHr Tabuatura 6ornvMK amac. (4“- W aivpma
spuTMaga apuTyBuYM 6yr 60CMMM MacaivLMHUHT abcontoT MUKLOPUHN
KypcaTtagu.
Paynb KOHYHW Kyiingarnyda kam TabpudiaHagu:
-3pUTYyBYM BYr BOCUMMWHUHI HWUCOMIA Macaiuvwiun spuraH mogga-
HUHT MONSIp AUCMUTa TEHT
n (vi.48)
XKy, n+lv
Paynb KOHYHV lOKOpufia é3maraH waknga ydyBdaH 6ynmaraH (Eku
aliHm xapopatga 6yr 60cMMW T03a SPUTYBUMHUHI 6yr 6ocumura
KaparaHfa Xyfa Kuuuk 6ynraH) MpAfanapHWHI CyrONTUPUATaH 3puT-
ManapurarmHa Tatbuk aTUAUWN MYMKWH, YyHKW, 3pUTMa KOHLEeHTpa-
LMsicK KNYMK bynraHgarnHa Paynb KOHYHU Taxpubara MyBopUK Kenagu.
(V1.48) topmynagaH Paynb KOHYHWUHWHT 60WKa KYPUHWULLWHW
YMKapiLl MYMKWH:
p?~P, =plx2; n=Pr(1-4). Ba i-x2=X GynraHun
YUYH:
Pp? = (V1.49)
6y epza LU 3pUTYBUYMHUHT MOJISIP KUCMU.
(V1.49) TeHrnama Kyiivgarnya tabpucnaHagm:
-3PUTYBUYMHUMHI 3puTMa ycTugaru napuyuan 6yr 60cMMun 3puTyBUm
MONAP KUCMU BunaH To3a apuTyBUM 6Yr GoCcMMK opacuparv KyHaitmara
TEHT.
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Mpean sputmanap. (V1.49) TeHrnamaHu pynugarvva Kentupub
UngapULL MyMKMH:
dp, =RTdInwy (V1.50)
TeHrnamara KOMMoHeHTAapHUHT KUMEBWI NoTeHAnannapy ndoganapuHm
ayhicak, (ngean apuTMa yuyH):

dpt=RTd\nxl',  dp2=RTd\nx2 (V1.51)
ayhingarmHm onamms:
d\np, =d Inxj (V1.52)
(V1.52) TeHrnamanm p° gaH p, rava LWL naH x, raya nHTerpannacak:
n_ Inx' (V1.53)
Pi :
ByHaaH: Pt =/>7%; p2LpIx7 (V1.54)

Oy epAa: p, - Cyln apuTyBuM ycTuaaru 6yT 6ocumu; p\ ~ cytog, To3a
apuraH mogua yctugarm 6yt 6ocumun. Kypunmnb typmbankn, (V1.54) Ba
(V1.49) TeHrnamanap aliHuiAgup. Ynap Paynb [JOHYHW EkiA Paynb
TeHrnamanapu feiunnaau.

UekcM3 CylONTUpPWUATaH 3puTManap. Yekcus cylonTupuarad
spuTMaga Paynb TeHrnamacuHu 3puTyBuYura pynnaca 6ynagu. Ywoéy
TeHrnaMajaH yumanguraH spuraH moggaaHuHr M2 monekynsip MmaccacuHm
aHUKNaW MYMKWH, GYHUHT YYYH 3pUTYBUUHWUHT CYHONTUPW/ITaH 3putma
ycTugaru 6yt 6ocumun mabaym bynullin kepak.

(V1.54) parn By=p§ TeHrnamanu gyiivgarnya yst aptmpamms:

(V1.55)

ByHAaH: P.~P| =*\-xt  éknu " (V1.56)
P1 P\

Kenué umkagm, 6y epga o PUTYBUMHUHT 3puUTMa ycTugaru 6yt

GOCYMUHUHT HUCOUMIA macaiuwin; y apuraH MoAAaHVHT MOAAp AucMura

TeHr pau. WYX  Ba « =-"- 3KaHAUTVMHW Ba (apnTma

YeKCcU3 cylonTupunraHd GynraHu yuyH r2->o) xgoobra osm6, (V1.56) gaH
puraH MOALAHUMHT MOMEKYNAap MacCacuHW aHugnangauraH wmdogaHu
KenTnpmé vngapamms:
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2- M, mMnEnaB VL57
by wﬂﬂf) (VLED)

6y epaa Mi - pUTYBUMHMHT MONEKYNSip Maccacw; gj - SpUTYBUUHUHT
maccacu; g2 —a3puraH MOALAHUHI Maccacu. YeKcu3 CylnTUpuaraH
3apuTMaga spuraH Mogaaa yuyH Paynb JOHYHUHU Kynnaw MyMKWH 3Mmac.
Yekcns cynTmpunraH aputMa fe6, spuraH MOAAaHUHT KOHLUEHTpa-
LUMSCK YeKCU3 KWMUMK BynraH apuTmara anTunagu: xopnaraH Howvgean
YeKCM3 CYIONTUPUATraH 3puTMaja 3puTyBUYM Wfiean spuTManap LOHYH-
napura 6yiicyHagun, spuraH mogga aca 6ylicyHmaign. LLUYHWHr yuyH
YeKCU3 CyNIOTUPWUATaH apuTManapga, ugean aputmanap y4yH agonatnv
6ynraH 6apya TeHrnamManapHu, 3puTyBYM YUYH Kynnawl MyMKUH. AMMO
KUMEBMIA NoTeHUMan yuyH Mn66e-Arorem TeHrnamacugan Xx-dpt+xap2=0
puraH MOLAAHUHT YeKCU3 CYNTUPWAraH apuTMa ycTuiaru napuman
O6yT O6OCMMUHWHI 3pUTMaHW Tapkubura 60raNLANTUHN  KenTupuo
unkapca 6ynagu. [ub6e-Arorem TeHrnamacura ¢, ~RTd\nx. Ba

rfin/>, ,qR’Tlh <}'I|'|prﬂ*gJT2 TeHrnamanapugaH ¢, Ba (2 fapHUHT

KuiimaTnapuHm gymcak: KjawTau. +xRTd]np2=0 Ba
clinp2= —rfInXj\ (V1.58)

TeHrnaMaHu onamums.
x, =1 j@ Ba dxl=~dxl 3KaHAUrMHM xuycobra onm6, (VI1.58)

TEHINaMaHWHI YHT TOMOHUHW y3rapTupamuns:

"npfinr, X g 30X By 0 Ba kynmpary
Xr X2 1, LLI,

% 1%
d\np2=dinxr (VI1.59)
TeHrnamauvu onamms. (V1.59) HM nHTerpannacak,
I'n =Inxr+H K (V1.60)
Kenué ungaaw, 6y epga /nKj - nHterpannaw goumuiicu. (V1.60) gaH:
(V1.61)

(V1.61) ndogaHn MeHpn AOHYHU felrinnagun.

CeHpU KOHyHUra 6MHOAH 3puraH MOALAHWUHI YEKCU3 CYHNTU-
punraH spuTma yctmgaru napuuwan 6yt 6ocMMu Wy spuTMaga apuraH
MOAJAHVHT MONAP AMCMMUIa NponopumoHanaup. FeHPUHUHT JouMuiicK
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K2 Taxpuba HaTwxanapvHu 3KCTpanonsums KWMLW acocuia aluily-
naHagu:

K2= BT L, (V1.62)

FOKopuga KypraHuMusgek, FeHpy KOHyHU P2=KX2 yeKcus cyton-
TUpUAraH spuTManapga spuraH mogga yuyyih (KaMpoK KOHLUEHTpauusnu
KOMMOHEHT Yyuyil) Kynnauunagn. Wpean sputmanapga 3aca, K2=p2
(FCeHpyn KO3thhMLMeHTa TO3a IpUraH MOALAHUHT TyiiMHIaH 6yT 6ocummra
TeHr) GynraHu yuyii, FeHpu KoHyHW Pay/ib KOHyHUra p2=p\x2 ytagu.

Jemak ungean spuTmanapfa Kuuuk TyhivHraH 6yT 6ocumnapuga
(1 mP>81bHKY, ydyBYaHIMK 6UnaH 6yT 60CMMW TeHT 6ynraHaa):

vo p% pu-p i (V1.63)
(V1.54) Ba (V1.63) TeHrnamanap mngean spyutmanapHuUHIr napumnan 6ocnum-
NAapUHUHT  KNYMK 6ocumnapgaru xoccanapuHu wudoganaingn (karrta
TylinHraH 6yT 6ocMmMmnapuja Paynb TeHrnaMacMHUHT aHUKAUIM yKo-
nagn, YyHKuM OYrHWHI uWAean ra3 KOHyHMNapujaH 4eTnaHuwmy opTtub
KeTagn). ByHpall Konnapga rasnapHUHr TepMOAUHAMUK XoccanapuHu
60cM 6unaH amac, 6anKu ydyBYaHINK 6unaH udoganall Kepak Ba
Paynb KOHYyHU (V1.54) Kyiingarn kypunuwra ytagu: /, =f2x.: =f?(1-x2).

(V1.54) Ba (VI1.63) Tenrnamanap f2-Kx2 f2=f2x2 (*2=1 pa
K-fs-fi) 6unaH 6upranukaa Paynb-T'eMpUHUHI GUpallraH KOHYHM
fevinnaau (Hougean sputmanapga K*ff). ¢

VI1.7.2. Ta3napHUHT 3pyBYaHINTUN

FeHpHUHT (V1.61) TeHrnamacu rasnapHUHI CyHOKAMKAapga apys-
YaH/UTUHM ypraHuwga Karra axgMmuatTa ara. Arap spuradH mojna ras
6ynca, (VI1.61) TeHrnamagaru X2 KaTTaavk P2 6Gocumparv rasHuHr
CYIOKINKAA 3pULLIMHN KypcaTaan. FeHpy TeHrnamacujaH Yekcus cyros-
TUPWUAraH 3spuTManappa rasnapHUHr 3pyBYAHUTW YNAPHUHT 3puUTMa
ycTugarun napuvan 6ocumumra nponopuuoHaiurM Kenué ynkagn:

(V1.64)
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6y epga: X2- apuraH rasHUHr Monsip Kucmu; %K 2 - xapopatra 60rivMK
JOVIMUWIA; P2- TasHUHT 3puTMa ycTmugaru 6ocumu.

Amanga spuraH rasHWHI MUKLOPUHW MOASIP KUCMAapia 3Mmac,
6anikn xaxm bupnurnga udoganawl Kabyn KuaMHraH. Arap rasHuHr
XaXKMUN Taxpumba xapopartuja yndaHca, FeHpy KOHyHU

B|***x "N (V1.65)
KYPUHULLHW onagn, 6y epaa KypyB- apyBYaHNUK KoaduumeHTa. Jemak,
3pyBYaHIMK Ko3hpuLumeHTa - by 6epunraH xapopaTia Ba spuUTYBUNHUHT
GMpPNMK xaxxmuaa, rasHuHr 1 Mla ra TeHr 6ynraH napuyuan 6ocmmuga
3pUWraH rasHUHI XaXMuamp.

Arap rasHuHr xaxmu 273K pa ynuaHca, eHpu TeHrnamacu
Kyngarunya ysrapagm:

(41.66)
6y epga Kior, FrasHUHr  TUWIMW  KoaguuuneHTa. HOTUANLW
Ko3(hhULmeHTa - 6y 3PUTYBUMHUHT BUPANK XaxkMuaa, rasHuHr 1 Mla
ra TeHr 6ynraH 6ocumunga Ba273 K ga spuraH rasHuHr XaxxMmuamp.

(V1.65) Ba (V1.66) TeHrnamanapfarn KoagduumeHTnap opacupja
04auin myHoca6aTnap mMaexys. Arap (V1.65) Hu (V1.66) ra 6yncak Bap?2
napHu 6up xun gecak (p2-const), 6y MyHocabaTHM Tonamma:

(V1.67)

Ma3 mpgean rasnapHUHIr KOHyHnapura 6yicyHagn, pe6 xaco6nab
(xycycaH, Neit-Jlioccak KoHyHura: vr/FO=77273), KuampraH MyHocab6at-

HW 0Nnamus:
) (V1-68).
Houpgean asputmanap. Howugean sputmanap yuyH rfiny RT
d\np2= thopmynanapgarn KUMEBMIA MNOTEHUMANTHUHT  U(OAACUHMN
®, r--RTd\na, Ba p 2=RTd\aa2 TeHrnamanapgaH Kysmms:
d\s\pi =d\nai (V1.69)
(V1.69) HM nHTerpannacak,
Inp, = Ind, + Inw, (V1.70)

6y epga InA,. - nHTerpannaw gonmuiicu.
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JpuUTyBYM Ba 3pUraH Moaaa yyyH
Pi=Klal; pr=krar (VI.71)
Arap uWKKana KOMMOHEHT Yy3apo 3pyBYM cylKauknap 6ynca,
CTaHpapT X,01aT Y4yH To3a KOMMNOHEHT O/INHagu:

Pi=00; Pr=P2a2 (V1.72)

Pym Vpgean aputmanapga Taxpu-

6a acocupa TonuaraH napuuan Ba

chae YMYMUIA 6YT 60cuMaapu Hasapuii

nyn 6unaH, AbHU Paynb KOHYHUra

SsH, « MYBO(MK XAcobnab ymkapuarad
napunan Ba ymymuii 6ocmmnapra

i 04 0908 °7°8 °9M TeHr 6ynaau (Y..2-pacwm).

VU-pacM. BeH3on-3TuneHxnopug Houngean apuTmanapga
CUCTEMACUHUHIBYT 60CUMNapu (VU-pacm) Taxpwubaga Tonwmn-
anarpammaci. raH napuwan saymymuii 6yt 60-

cMmnapu Hasapuin iiyn 6unadH (Paynb Ba [eHpu TeHrnamanapugad)
xaco6nab vwapunraH 6ocumnapra KaparaHga Knumk. ALeToH Ba XJ10po-
thopM Monekynanapu opacufja KuUMEBWUI Tabcup bOynrawiwrn cababnu,
yw o6y cuctema Paynb KOHyHWUra 6yncyHMangm Ba MaHuin yeTnaHuwwnap
Ky3aTunagn. ALeTOH-yrnepog cynbup cuctemacu Paynb KOHyHMAaH
MycbaTt yeTnaHagu.

Paynb KOHyHMAaH 4deTnaHuinapra Kumésuii dakTtopnap (accouu-
NlaHuWLL, MCCOLMMaHNLL, CoNbBaT/IaHULL, BOAOPOA 6ornapu, KuMéeuii 6or
x,ocun - 6ynuuwin) xam, Gusnkasuii  akTopnap (MonekynanapHUHT
XaXmnaapu opacugarn gapk, Monekynanapapo Tabcupsap) xam cabab
6ynagn. Arap Typnau mofekynanap 6up Xun mosiekynanapra HucéartaH
KyUCM3pOK y3apo TOPTW/CA, Y X0/1a MOJSIeKy/anapHUHI CyloK dasagaH
ras (asara yTuwm ocoHnawagn (To3a CylKAMKnapra HucbaTaH) Ba
MycbaT uYeTnaHWW KysaTunagu. Typav  MOMeKynanapHUHT  y3apo
TOPTUAMLIM Kyuvalica (ConbBaT/laHWLL, BOAOPOJ Ba KWUMEBWMI 6ornap),
MOJIeKy/laNapHUHT ra3 asara yTuwun KuiivHnawaan Ba Paynb KOHy-
HUAaH MaH(PUii YeTnaHULWNap KysaTunagu.
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Aueton 026 0,60 0,76 10
L Xnese Yrnepog

cynsthug
XNopoOPMHUHI MONAP KNCMU->
Yrnepog cynbhUAHUHT MONAP KACMU—»
Y1.3-pacM. ALeTOH-X10pOPOPM VI.4-pacM. AueToH-yrnepog cynbpug
CUCTEMACUHUHT 6YT 6ocumMum CUCTEMACUMHUHT 6YyT 60CcuMu

Anarpammaciy. Anarpammacuy.

MaHpuii yeTnaHyBUM 3puTManap focun OynraHja WCCUKIIMK
axpannb ungagn. byHgam sputmanapga oyTnaHuw guiivHnawagn sa byT
6ocMmuK gnarpammMacuma MUHUMYM gocun bynagu.

VCCMANMKHWHT  I0TUAMWK 6unaH x,0cun 6ynaaliHH apuTManap
Paynb KoHyHMaaH MycbaT 4yeTnaHyBuM cucTtemanapgup. by gonga 6yr-
NaHuLW XapaéHu ocoHnalwlagi, abHU 6yT 60CMMK niean apuTMaHUKMAaH
opTug 6ynagu.

V1.8. CylonTupmaraH aputManap faHaw fapopaTuHUHT
OpPTULIN Ba My3fall AapopaTUHUHT nacaimniiun.
36ynnockonunsa Ba KpUockonus

36ynnockonus. YumainguraH MofAa IpUTUAraHda y 3pUTYBUM-HUHT
6yT 60CMMUHM pamaiTMpmb, Wy 6unaH 6upra YHUHr fgaiHalw
fapopaTuHu owwnpagn. CyAIMKHUHT TAAUHraH 6yT 6ocMMuy Tawwam
Praawy 6ocvmMra TeHrnawraxga, y gaiHaiian. CylaIMKHUHT jaiiHaly fa-
popaTuHM TOMWLW YYYH YHWHI TyiAuHraH OGYyrmHuWHr papopatra 6or-
ANANUK rpadnruHM TY3UT Ba yHAaH P = PTall& 6ynraH 74 fapopaTtHu
Tonuw etapniigiip. Wy TO HyaTap—  60CcMMAA CYIOANMKHUHT faiiHal
Japopatura moc kenagm (¥Y1.5-pacw).

JpuTMa ycTuaarn TyiimHraH 6yT OOCUMWMHIAHI Aapopatra 6or-
NUAAMK 3rpUCK TO3a 3pPUTYBUMHUKMAAH MAcTpoada yTraH/uru cababnm,
3PUTMAHWHT JaliiHall gapopaTu 3puUTYBUMHUKMAAH JOMMO KacTa bynaau
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Ti>To). KaiiHaw xapopaTnapUHWHT (GapKu, 3pUTMAHUHT KOHLEHTpa-
LMACKM KaHYaNMK KaTTa 6yrica, WyHYanuK KaTtanawagm, YyHKU TyYMnHrau
6yr 6ocuMu WwyHYanuk nactgaH ytagu (VI-5-pacm). dpuTmaHuHT Ba
3PUTYBUMHUHT KalHall xapopatnapu opacugarn gapk spuTMaHWHI TaB-
cnuuii xoccacmamp Ba KalHaw XAPOPaTUHWMHE OPTULLM HOMMWUHW ONraH:
AlMai = Tj-TO. Y w6y KaTTaNuKHU naean aputmanap yuyii Hasapuii Paynb
KOHYHMAaH doliganaHné xucobnaw mymkuH (VI 6-pacm).

(V1.73)
AMMO T03a 3pUTYBYUMN yCTUAATM GYT 60CUMM ITPUCK YUYH

(V1.74)

Xucobnapga aB arpUCMHUHT KecMacuHW Tyrpu 4mM3uk feb6 onasan-
MW3, YYHKWU A7~ HUHT KUAMaTU HuUcbaTaH KUYMK. SpUTYBUUHMHT TO
KaliHaw xapopatugaru dp,,/dT HUMHT kuiimaTuHu KnanelipoH-Knaysnyc
TeHrnamacujaH Tonuwl MyMKWH. ByHpa TyiuHraH 6yr wupean ras
KOHyHNapwura 6yicyHaamn fe6 xucobnalimma:

D 2 a p
Po
p
To 714 71
T6o T
V15-paem. SpUTYBUNHUHT Ba V'1.6-pacm. SpUTMasTaPHUHT
yumaiamraH moganap KaiHaLLl XxapopaTyh OpTULLIMHU
3PUTMATAPUHUHT KaliHaLl Xmcobnatwl.
XapopaTuHK rpafmkaaH XmcobaLwl.
m do _ L (VL.75)

Pa dT RTo
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6y epza JB~ apUTYBUMHUHT CONULLITMPMA BYFIaHWLL UCCUKUTU.

N-HUHT KniAimatnHm (V1.73) ra Kyiicak,

Pb-P gNl LU Pc-p
J.. RTf P (V1.76)
HuxosT, Paynb KpHyHUzaH Pp - tholiganaHcak,
aTh (V1.77)

ABHW, nAean 3puTMa KanHal x,apopaTVHUHE OPTULLIA 3pUTraH MOAAaHUHT
MONAP KUCMUra Tyrpu nponopumoHan (6y Taxpubaga TacamknaHagn).
(V1.77) TeHrnamaHu CylONTUPUAraH spuTManap Y4yH Kynanpok Kypu-
HULWAA E3ULMMNU3 MYMKUH. CYIONTUPUATaH apuTManap yuyH

x*=WIT (™ >
(V1.78) paH (VI1.77) ra X2 HUHT KMAMATUHK Kyiicak,
AN — -
AT511 1000 T-Mx \(/V|.79)
é j VI.
EKn mjsr X 10001 ( \(/ 80)
6y eppa: /NEA/A/, — PUTYBUMHUHT MONSAp 6GyrnaHULW  UCCUKIUTHK;

}gg(‘)r/z. ~ ¥ a@Ynuockolwk Jdovm nid geinnagn.

36yNMoCcKoNUK JOUMUIA thakaT 3pUTYBUMHUHT Xoccanapura 60rnmk
Ba 3puraH MofAaHWHI Xxoccanapura 6ornuk amac. K3 kaTTanvkHu
KaliHall XapopaTWHWHI MOMeKynsp OpTWULIM Xam feAnnagn, YyHKu y
T pga AT6iA ra Tedramp: ATTA ~ Ka. Typau sputysuunap yuyH Ka
36yN10CKONMK JOMMUAHWUHT KuiimaTnapu Kyimgarnda: 0,52° (H20); 1,20°
(C2H50H); 2,6(f (CsH6); 5,00° (CC1).

Kpuockonusa. dpuTma yctuparu 6yr 6ocvmuy nacairaHauruHu
xucobra ofcak, yuymailguraH MOAJANAPHUHT  3puMTManapu To3a
apuTyBUMra HucbaTaH nNacTpoK xapopaTfa My3fawn KepakauruHu
KypcaTuw MyMKWH. MacanaH, AeHrn3 cyBnapu HongaH macT xapopartga
My3naign. CYKAUKHUHT My3naw xapopatu (KM KaTTUK XXUCMHUHT
cyloKknaHuwm) aeb wWyHjan xapopatra antunaguky, ywby xapopartga
CYIOK/IMK Ba YHAAH KpuUcTa/lNaHWLL HaTuxacupa Xocun 60nTaH KaTTUuK
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Mogua MyBo3aHaTAa 6ynagun, abHW, ynap 6up Xun yyvyBuaHankKka (Ekun
6up xun TyiuHraH 6yT 6ocumura) ara bynagunap.

Mysnaw xgpopaTuHu rpagmkgaH Tonuw yuyid (V1. 7-paem) cytok
sputyBumn (1) Ba KartwK; ¢asa (3) yuyyihl TylhuHraH 6yT GOCUMUHWUHT
xapopatra 6OrAMKANK 3rpunapuvHyM 4Ymsuwl  Kepak. 3-arpu  1-arpura

HucbaTaH KaTTapok oruw 6ypuyarura sra. by KnanelipoH-Knaysuyc

— dlins X
TeHrnamacujaH kenuné ywagn: - - —-y.

Cy6numatnanmw (3) (KaTTuk—>6yr) yuyyH ~  6yrnaHuw (1) ra

HuUcbaTaH KaTTa, YyHKW Cy6iuMaTtiaHuw uccuknmrmn cyb. 6yrnaHuw

VCCUKAUTM K [aH KPUCTa//T MaHXapaHuur 6ysunvwn yuyH Tanab
KWVHTaH MCCLUYLWK MuKaopura (3cKu afabuétnappa “Alivpun Cylk-
NaHnLW ucCcuKMrn” pelimnagn) kana. 1 Ba 3- arpunaapLilir KecuumLl
HYKTacu CyloK Ba Kanl, asanap myBsosaHatga 6ynrad TO xapopaTHu
6enrnnangn. By xgpopaT 3puTYBUMHUHI My3nawl X,apopaTtuamp.
3PUTMAHUHT  My3nall  X,apopaTvHU aHUKAall YUYYH, XYAAW HOKOpK-
garura yxwa6, sputMa ycTmaarv apuTyBUNMHUHE 6YT 60cumu arpucn (2)
6unaH Kanuk gasaHuHr arpucu

(3) KecuwraH HykTtacu TOMKU-

nagn. By MyMKWH, YYHKW 3puUT-

Ma My3naraHfa KaTTuK chasa Ky-

pYHWLLMAA TO3a 3PUTYBUM axKpa-

nagv (Wwyp Kynnapgarum Mys Tosa

xoguarn cysfup). 2-arpu  1-

arpygaH nacTpokaaH yTraHauru

cababnu, 3pUTMaHWHI My3nawl

xgpopatu LLTo3a 3puTyBUYMHMHT

M. 7-paem. SpUTviariap Mys/aLll My3nall Kapopatu TojaH 4oMMO
XapOPaTUHVHI MacaVLLHA 8HUKMALLE et 6ynagn. YwWw6y xapopart-
; 1-CYIOK; 9pUTYBU; 2-3pUTME; 3HETTUK

pUTYBYN.

napHuUHT TArT] hapku apuTMaHu
TaBcuioBuM xocca 6ynunb, yHu
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3puTMa Mysnall xapopaTuHuHr nacaiuvwm ATUY peiivnagm. Mysnaw
XapopaTVMHMHI nacaivwun, Xyagan KaHall XapopaTUHUHE OpTULLIN Kabu,
3PUTMAHWMHI KOHLUEeHTpaumsacu optuwun bunaH optagu. AlL)3 6unaH
3pnUTMa KOHUEHTpauusicu opacugarn 6ornnkankHn KnaneiipoH-Knay-
3KycC TeHrnamacmaaH onganaHné Tonamms.

KnaneiipoH-Knaysnyc TeHrnamacMHM  KaTrTMK  XWUCM-6yr Ba

3puTMa-6yr MyBo3aHaT/Iapu Y4YyH &3amus: Ba
4T RT 6y epaa X Ba a6 —ey6numaTnaHvl Ba GyrnaHuLl
UCCUKKNapW.

Xp Ba $b=const geb6, toKopugaru TeHrnamanapHusi) gaH TO rava
WHTerpannanmms: ANB=~r(Tn~m) Ba 1n”"-8M (2;-?])
p LIJ.LIS p HAB4
BupnHumM TeHrnamagaH MKKMHUYUCKUHNY alivpcak,

(vI8i>
(A™,-\) =g Tb 3pUTYBUMHUHT MOMEKYNSP CYHOBAAHWULI WUCCUKIIUTH,

wyHuHrgek, T]~TO (uyHkn KTMB, KMUMK) sKaHAUTMHW abTU6opra onme,
Kylingaru Takpuouii TeHrnamaHm E3MWmMMmn3 MyMKIH:

(V1.82)
Paynb KOHyHura 6uHoaH |in$ =inx, =in(i-x2). CywontupunraH

apuTManapga ,%pgayga Knumk 6ynaradu yuyH, Inl-x2)Hu katopra axpaTtub

Ba KaTOPHWHr 1-xagn 6wunaH yerapanaHu6, b— -X2 HU onamus. n4*
Pa Pa
HUHT KniimatuHm (VI1.82) TeHrnamara Kysmms:
nr2
(V1.83)

SBHM My3fall XapopaTVHWHI Macaiuliv 3puraH MOAAaHUHT  MOASP
KMCMUTa MPOonopLuoHanamp.
XyAAn I0KopugaruaeK, cylonTUpuaraH aputmanap yuyH HUHT
Jorura WiMML-HPT W
4 1000

.. RT?2 M, .
a— ——- WT HW KUpUTCaK,
Q 10»
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(V1.84)

10007 8 (V1.85)
My3nall XapopaTWHWHI MOMEeKynap nacanvwu geiiunagn. Y T=\ ga
ra Ywby KoHcTaHTa (hakaT 3pUTYBUUHWUHT

xoccanapura 6ornvk 6ynunb, Typau 3puTuUAraH mogganap yyyH 6up
xungup. 186 H20 yuyH: 1,86° kamdopa yuyH: 48,2(f.

ApuUTManapHWHI My3nall XapopaTuHW ynyawnap 6upuHum 6op
M./lomoHOCOB TOMOHMgaH 1748 Wnwunga yTKaswnraH Ba aspuTmanap
nacTpokK xfgpopaTaa MysnawnHu aHmkgarad. AT HAHT KOHLUeHTpauuara
6ornwAnNruHn mMukgopaH bBnargeH KypcatraH. ammo (V1.84) TeHr-
namaHu BaHT-Fodhd KenTnpmb ynkapraH.

3puTManapHMHI My3nall XapopaTuHMW ynuaiura acocnaHub, ynap-
HUHI XOCCaslapyHW ypraHuw ycynuHU BekmaH unwad YmMkkaH. Yoy
ycyn Kpuockonusa fe6 HomnaHraH. Kpuockonusa apuTma XxoccanapHu
3(hraHUWHUHE XXyfa XaM aHuK; ycynnapugaH 6upn 6ynub, aHUKINK
0,000001° rava eTkasunraH.

lOkopuaa Kentupué YMKapuaraH TeHrnamanappaH spuraH Mog-
QaHWHT  MOMeKynAp MaccacvHW aHuKpawga doliganaHvul MyMKUH,
YYHKM 6YT BGOCUMMWHMHI HUCOMII nacaluimn, KaliHall XapopaTUHWHT
OpPTULLM Ba My3/alll XapopaTUHUHI nacaiunLum apuraH MoaaaHuHT Tabua-
Tura 6ornmk amac Ba akat 1000 r apuTyBUMAArY YHUHT MOSinap COHU
6unaH 6enrnnaHagn. KOKopuaarn TeHrnaMmanapHu Kyimgaru KypuHuLaa
&316 onamms:

Arap a p 9spuraH MoAda Ba B T 9pUTyBUM TyTraH sputma

Taiépnacak, T——lgﬁza HU onamu3. T HUHT KUMMATUHW tOKopUaaru

o 1 . 000a

TeHrnamanapra Kyiicak, ﬁB--» 800a> 1M ,
B
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6yHaan M=k 19008 = 1000a 10002 o ggaHKHE Monekynsip Maccacu-
g« BAT. el
Po

HW Anucobnall MyMKWH.

LLpesep TeHrnamacu. KnaHelipoH-Knay3nycHUHT GyrnaHuw Ba
cybnvMmaTnaHLWwn >apaéHNnapuHuHr TeHrnamanapuiaH famgja cyof-
naHunw xapaéHu yuyH (VI1.81) reHrnamagaH goligananun6, jatumk mog-
JanapHUHT CylOKAMKAapa apuwmHu udoganosumn Llpegep TeHrna-
MacvHU KenTupué uynapvwnmms MyMKWH. ByHpa gyiungarn mynopa-
3anapgaH kenub uungunagn. TyWnHraH apuTmaga MOALAHWMHT 3puUraH
aucmmn bunaH spumMain gonraH UCMW MyBO3aHaT fonatuga Typagu Ba
apuraH MoAAaHUHT KMMEBMI NOTeHUManM MKKana asaga fgam 6up xun
6ynagn. [Jemak, spuraH MOAJAHVMHT 3puTMa ycTugarnm napuyuan 6yt
60CMMMN  YHUHT KpUCTana yctugarn TyluHraH 6yT 6ocuMu, SbHU
eybnumatnaHuw 6ocumura  TeHr 6ynagu: — PS2- MopgaHuHr
CylO4NaHUL WUCCUKAWUTM 0J0puaa anTuaraHgek, eybnumarnaHuiw Ba
6yrnaHuWw UCCUKAMKNAPUHUHT hapaura TeHr 6ynraHnuru cababnu,

Paynb goHyHura kypa, P2-P 2X2 Ba KM jR@=%  9KaH-
P2 P2

nmrnHn xgeobra onu6, (V1.81) TeHrnamagaH LUpegep TeHrnaMacuMHUHL
anddepeHLMan KYpUHULWNHK gylinarnya ngoganaiuMms MyMKnUH:
dinx2d T = Qo)AJ Rf.

Yriiby TeHrnama [JaTTuh MOALAHVHT WAean 3puTMmaga 3pyBYAHIUTMHU
fJapopaTra 6ornugnuruHn Kypcatagu. Karttug MoafaHWHE cylognaHuil
UCCUKAMTM  BunaH KpucTaniaHuw  WUCCMAAUTN  yluby  MOAJaHWHT
cylo4naHuL gapopaTuja y3apo TeHr aeb xpeobnab, Lpegep
TeHrnamacuHm X2 faH 1 rada Ba Tj gaH Torauya uHTerpannacak, gatTug
MOAAHVMHI  ufean 3puTMa fJocuna  Gynuwimaaru  3pyBYaHAUTUHU
KypcaTyBuM  TeHIlaMaHWHI  UHTerpan  KypuHWUWWHW  KenTupuoé

ungapaMms: .
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VI1.9. Anddysna Ba ocmoc. OCMOTUK 60CUM KOHYHNapu

Onddysna. Apanawima KOHUEHTPAUUACUHUHE TalKu Tabeup-
napcus y3-ysuaaH TeHrnawvw xapaéHu anddysva geiivnagn. Tepmo-
AVHaMVK HYKraum HasapfaH, g gysuns Kantmac xxapaéH 6ynmnb, cuctema
SHTPONUACAHUHT OpTiWN 6unaH 6opagn. MONCKYNAP-KUHETUK HyKTau
HasapfaH Auddysna MoseKynanapHUHE XaoTUK WCCUKINK XApakaTu
HaTuXkacu 6ynm6, 3appavanapHu reoMeTpuK ¢asofa TeHr TajcuMm-
naHuLwwra onné Kenagu.

>KapaéHH1 MuUKaopuid rascudaall yuyH gnddysnsa Tesnuru (aud-
(y3MOH OKMM) TyllyH4Yacu KupuTunraH. AuddysnoH okum feb, gud-
hysns MyHanuwvra nepneHAMKynap b6ynraH maifoH 6upnurngaH BakT
onpnanru nunga guhdysuanalHysyun MoaLaHVHT MUKAOPUTa anTunagn:

(V1.86)

6y epfa T —t BakT uumga S cupTgaH yTraH MOALaHWHI Maccacw.
Onddysna Tesnurn gnuddysnanaHysBym MojaaHuUHT Tabmnatun, guddysms
yraétraH MyauT Ba gapopatra 60rnumk. ®uk guddysMaHUHT Kynngaru
acocuii KOHYHWHW ypHatraH: T-const ga aunddysua tesnurun guddy-
3nsiNaHyBYM MOALA KUMEBUI NOTEHUWANIUHUHT rpajueHTura Tyrpu
nponopumnoHan. WMpaean cuctemanap Y4YyH KUMEBMI noTeHUman rpa-
LVeHTa KOHUEeHTpauusa rpagueHTura nponopumoHan 6ynraHu yuyyH, ®umk
KOHYHW Ky/ngarnya é3nnnim MyMKUH:

6y epga: g r a d e - 6UPAUK Y3YHAUK YUYH KOHUEHTPaLUSHUHT

y3rapuwn (3Hr cogga pongarn guddgysms); D - guddysua koad-
buumeHTa febd aTanyBum JOMMUI KaTTa/IMK.

DUKHUHT 1-KOHYHM (hakaT cTauuoHap XapaéHnap y4yyH Kynna-
HUWKW MYMKWH GynraHu ca6a6nu, yHagaH D Hu aHukna6 Gynmangu:
KOHLEeHTPaLMAHUHT rpagueHTa asofa Ba BakTfa ysrapagu. LUy caba6-
nn, 6y makcagnapra ®UKHUHT 2-KOHyHWUAaH (oiganaHnnagm:

<\.88)
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DUKHUHT 2-KOHYHW KypcaTuLINYa, KOHLUEHTPauUsHUHT y3rapui
Te3INMN KOHLEHTpauMa rpagueHTUHUHT Macoda 6bylinya ysrapuiiura
Tyrpyn nponopuunoHan. Ywo6y (V1.88) TernamagaH D Hu xucobnaw
MYMKUWH. (V1.88) TeHrnamaHu ymymuii xonga uHTerpannaé Gynmangu.
dakart Xycycuit xonnapga uHTerpannawl MyMKuH:

I3

Cx
6y eppa C2 Ba Cj —t BaxTaa andysmsa 6ownaHyBumn HyxTagaH  Ba X\
Macodanapgarv apasaiMaHnuHr KOHUeHTpauusanapu.

Ovddysna koapduumeHTUHM Xxucobnaw yyyH, ogatga, (V1.89)
TeHrnama uvwnarnnagn. Qudpdysma KoahduumeHTa anddysnsanaHysym
MOMIEKYalapHUHT ynyamnapura 60rnmMx: MOMeKynsap macca XaHuanuk
KatTa 6ynca, anddysns Te3NUrm LWyHYaIMK KM4Yuk Ba fgemak, D xam
KNWunK 6ygagun. XgpopaT opTvWKN 6unaH MOSeKynanapHWHI Xxapakart-
NnaHuLW Te3nuru optagu, gemak, D xam opTagu, neknH xapopaT opTHLIK
6unaH guhdysns KUMEBMIA apaéHnapra HucbaTaH aH4a CEKMH opTagu.

leTeporeH cuctemanapfga 6opaguraH KWMEBWUIA peakuUANapHUHT
KMHeTuKacmga anddysna Xypa kKatra axamumatra ara. Auddysusa
TabMaTHUHT 3HT yMYMWUIA XxofucanapupaH 6upuanp. KoHueHTpauyus-
NapHWHI TeHrnawuwmra onmb KenyBuM xap xaHpan >kapaéH ys-ysufjaH
6opyBun 6ynagn. ByHm Taxpubaga KypcaTull MYMKWH: Wuwa Kan-
NOKHWHI Tarnra KOHUeHTpauusanapy Typamya 6ynraH 2 1a 6up xun aput-
ManapHu Kysamm3. Kyn BaxT yrrawpaw CYHI YApPHUHI KOHLEHTpa-
uusnapu TeHrnawa 6ownanan, 6yl xogmca CYBHUHI CYHONTUPUATIH
3puTMagaH 6yrnaHm6, KOHLEHTPALMACK IOXOPUPOX BynraH apuTMaHuHr
cMpTuia KOHAeHcauusnaHuwu xucobura 6opagum (YYHKU KOHLEHTpa-
umacK Kam 6ynraH spuTma yctugarn 6yt 6ocumu Kynpox 6ynagun). KoH-
LeHTpaunsanapHUHI acTa-CeKMH TeHrnawumwmra onmé Kenysum GyHfamn
apaéH 130TepMuUK xangaw feinnagu.

Ocmoc. Bupop mogaaHuHr Cj KOHLEHTpAUMsSIM 3puTMacu ManLLmn
6vnaH Xyaaum Wy MOALAHWHT KOHLEHTPALUACU KUUYMKPOX 6ynraH
VAV nyura TyWwupuaraH gelinvk. Arap MYKW UAWLWIHWHT AeBOopnapuv
rosak 6ynn6, spuTMa KOMMOHEHTNAPUHUHT MOMeKynanapu rosaknapgaH
yTa o/ca 34K, YHAa cucTemaga ogaunii guddysnsa xxapaéHu 6opap 3gu.

(vi.89)
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NUKn wnauwHuHr geBoprapy ApUM yTKasrvy matepuangaH scanrad
6ynun6, yHAaH 3pUTYBUMHUHI MosieKynanapu 6emanon yta ofievH, apuraH
MOALAHVHI MOoneKynanapw aca 6yTyHnai yta onmacvH. By gonga oaanii
ANddysna MyMKUH 3Mac: 3puraH MOAAAHWHI MoJfieKynanapu uanil
A4eBOpUAAH yTa onmalign. AMMO 3pUTMa KOHLEHTPaUUsiNapuHUHT TeHT-
nawnw xapaéHm 6y eppa 60puIM MyMKWH: TallKW WAMLIAATU 3pU-
TYBUMHUHT MOJIEKYNlanapu UYKM muauvlira yTagu Ba KOHLeHTpauusnap
TeHrnawagn. 3puUTyBYM CYIONTUPWUATaH 3pUTMagaH KOHLUEHTp/aHraH
spuTmara ytagnm, kapaéH KOHUEHTpauusinapHUHI TeHrnawuwm nyHa-
amwnga 6opagn. Apum  yTKasrmy Tycuk (napga) opkanim 6yHpain 6up
Tapatnama guddysnsa >xapaéHu ocmoc gelimnagn. Spum yTKasrmy mate-
puannap TabuaTaa Kyn TapKaaraH, 6apya yCMMAWK Ba JalABOHIAPHUHT
Memb6paHanapu 6yHra mucon 6ynagu. Xap 6up xyxaiipa (yCUMIMK Ba
XaliBOHNAPHWHI) SpUM  yTKasrmy Kobyr 6unaH KonnaHraH. HApum
yTKa3rmy membpaHanapHu Tanépnaiwl xam MyMKWUH, MacanaH, uennogaH,
TYpAu 040pY MONeKynsp 6upnkManap, MMHepan Konioug vYykmanap.

ApUM YyTKasyBUYaHIVKHUHI MeXaHW3MKn Xo3upraya TY/MK aHuK-
naHmaraH. Apum yTKasrmy Martepuanniap y3uHW MOMEKynsp 3naknap
Kaby TyTagW, feraH TaxMWHMApP Xam HOTYrpu 6ynné 4YMKAW, YYHKK
alipum xonnapga SipuMm yTKasruy memb6paHanapfaH KaTTapof MOJeKy-
nanap yTn6, KN4MKpoKnapu ywnaHnb konaan. byHgaH Tanwapu, yHaan
TYCUKAAPHUHT Kanunnspaapu MOMeKynanapHUHr guaMeTpuiaH aH4va
KaTTa 6ynagu. SApuM YTKasrMuamk xoccacu cupTaarm xogucanapra
(agcopbuusra) 6ornw, 6ynuwn MyMKMH. AMMO yuwby Macana xam
oxupuraya ypraHuwnamaraH. Vgean fpum yTKasruuy Tycuknap Tabuartga
NYKAUTUHKW 3cnaTab KyliMw Kepak (Xyaau wgean rasnap Kaéu). Pean
ApUM YTKasrny TYCUKIap 3pUTYBYM MOMEKyNnanapuHu Lespav 3pKuH
yTKasagu, spuraH MOAAAHWHT MOMeKynanapuHu 3ca Jespau yuinabé
Konagu.

Ocmoc Tabuatga >Xyfa KarTa axamuaATra ara. Xyxxavpanapgaru
6apya moafa anMallvMHULWINap — 03yKa MOALaNapHUHI Xyxanpanapra
60puLLM, anMALLIVHULL MaxCyNoTNapUHWUHT ynapjaH YMKWG KeTuwwn -
OCMOTUK TabuaTra aragup. Ly ca6abnm ocmoc xogmucacuHn 6UPUHYMN
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6op (hM3MKaBUii KMME coxapu oiMmnapu amac, 6ankm 60TaHuK Mdedep
ypraHrat.

OCMPCHUHT TabmaTgarm POMUHU KypcaTull YYYH [apaxTHUHT
TaHacura cyB Ba MuHepana Ty3napHUNr Kupmb 6opul MeXaHU3MUHU
Kypub. uYMKamu3. YCUMAUKNAPUWHE WNAU3 CUCTCMAacK Xyxaipanapu
Tynpokga 6ynagu Ba TYynpoK eylKIurn 6unaH Tabcupnawmé Typagu.
Tynpok cylwKkaurnga Ty3napHUHT  MUKAOPWM  WAAM3  cucTemacu
XyXKaiipanapv wap6atmgarHfan Kampok 6ynagu, SbHU TYNPOK HAMUHWHT
OCMOTMK 60CUMK Kampok 6ynagun. ByHpai aspuTManap rUMNoTOHUK
gevinnagn. OcMoc xucobura CyB TMMOTOHUK 3puTMagaH YCUMAWK-
NapHUHT BUPUHYM XyXalipanapura cypunagu Ba Xyxalipa Liap6aTtviHu
CYIONTMpaan, HaTwkafja XyXarpaHuur wapbaTtn xam runoToHUK 6ynné
Konagn (boliKa xyxanpanapra HucbataH), Wy cababnum cyB rokopugaru
XyXalpanapra yTta 6ownaigu. LUyHpali kunnb, cyB XyxaipafaH-
Xy>xalipara yTagu Ba gapaxT TaHacu Gyiinya yHnab meTpnapra KyTtapu-
M MymMKuH. LLSdnaHrad Tynpoknapaa yeuManKnapuvHr éMoH nngns
OTULUNHW OCMOC épfamMuia OCOH TYLIYHTUPULL MYMKUH. [eHrus éku
Wyp Kynnap SKMHUAary WwypnaHrad Tynpoknap Kopy HaM/IMKKa ara Ba
YCUMANKNAPUUHT XaéTU yUyH 3apyp 6ynraH MUHepan Ty3fap xaM etapau
gapaxaga. AMMO arap TYNpOK CYHOKAWMMHWUHI OCMOTUK 60CUMMK Xy-
Kalipa wapbaTMHMHT 0CMOTMK 60ocMmMaaH toKopu bynca, 6y CyloKankka
ycUMAMKAap 3puwia onmaiigunap. by xonga ocmoc Teckapu yHanuwga
6opagu: cyB Xyxaipa wapbatvugaH TynpoK cyloknurura ytaam. Tynpok
CYIOKMUIMHUHE  XyXalpara yTuUlIW 3H[00CMOC JAelivnagn, Xyxanpa
wapbatngaH CYHKAVMKHWHI TYMPOKKA YWHHU 3K300CMOC AeiAunnagu.
3k300cmoC Tydanm wyp Tynpoknapia YCUMAUKAAP Kypuingun, YyHKu
TYNPOK ynapfaH HamaukHu “cypu6” onagn. SHA00CMOC -FMMAOTOHUK
spuTManapga cogup bynagu (rMNOTOHMK 3puUTManapfa oCMOTUK 6oCKMM
Xyxaiipa wapbarugarmaaH Kam 6ynagu); sK300CMOC -rMnepTOHNK 3puUT-
Manapga cogup 6ynagw, ynapgarn ocMOTMK 60CMM XyxKalpa wwapbatu-
HUKMZaH tokopu 6ynagn. TUpUK yCUMAWK Ba XaiBOHNap TyKuma-
NapUHUHT 31acTUKNUTMHKM - (Typrop Aeb artanagn) xam ocmoc 6unaH
TywyHTUpca 6ynagn. Arap yCUMAIMK TYKMMacu FUMOTOHMK 3puTMaga
6ynca, xyxaipanapra 6opaéTraH cyB ynapgarun 60CMMHU owupaan Ba
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Xy>KaipaHWHT ApUM YTKa3rmy KoOyrMHuU YHWUHT Lenno3ajaH TawKun
ToMraH Tawgu 3n4y Kobyrmuraya cmaagu.

Ocmoc faiiBoHnap gaétuja fam Kartra axamuaTra ata. buonorumk
MexaHM3mMnap 6apya TyKumanapgaru CyTOK/MKNApHWHT OCMOTMK 60cu-
MUHW AoMMUIA ywnab Typagn. TykuMmanapgarm oCMOTUK 66CMMHUHT Yap
KaHfan 6ysnnuwinapu Typav KacanIMKNapHUHE Kenub unkuwmra cabab
6ynagn (MacanaH, oCMOperynauuma 6ysunraHnurn cababnum, oéKnapHUHT
Wnwmnb Ketmwm). OCMOTMK XOCCaTapHUHT BaKTUHYa/UK Ty3inuwnapu
TyKManapga Typavm (U3NOOTMK TYWrynapHu Kentupmub 4mkapagu:
MacanaH, YaHKOKAMK - Luyp OBKaT eraHfjaH KelnH naiigo bynaan. byHaa
XyXaipa wapbatuga Ty3napHUHI MUKAOPW opTU6 KeTagu. OpraHusm
TYK/Ma 3pUTMaNapMHUHT OCMOTUK GOCUMWHU KamMaliTUpuLl Y4YyH cyB
Tanab kunagu, 6y aca YaHKOKAMK KypuvHULIMAa HamoéH 6ynagn. Mab-
NYMKW, KaTTUK WCCUK BynraH LuapouTnapfa caéxaruuiapra LypTTak
nummnnknap 6epunagn. Ywoby napagokc Xyga OCOH TYLIYHTUPUNAgM.
Kyunn wuccuknapga Tep 6wunaH 6apya opraHvM3mfgaH Kyn Mukgopga
Tysnap 4vMkumb ketagn. Tepaa TY3HWHI MWKZOPU XyXaipa Lap6atu-
jarngaH Kynpok 6ynraHu cababnu, ocmoperynsauma 6ysmnagm Ba TyKu-
Manapgarm OcMOTMK 60cMM HOpMagaH nactnawmé ketagn. AMMO
OpraHuM3M OCMOTUK GOCUMHUWHI Xap KaHfaii deTnawmwimra 6mup xun
peakuma 6unaH aBo6 6epafn - YaHKOKAMK 6unaH. Opgam CyB n4yagw,
aMMO YaHKOKAMK siHafa Ky4vasan. YaHKoKAMKAAH KYTUAUL YUYYH TYKU-
Manapgarm ocMOTUK GOCMMHM OLIMPULL KepaK, sibHM yfapra cyB amac,
6anKu Kylimmya Ty3napHu KUPUTULL Kepak.

TyKUManapHUHI 0CMOTUK XoccanapuHu TM66méTaa JopunapHu KoH
TOMUP unuMra tobopunaésraHga xam abinbopra onuw nosmm. Kunpu-
TUNAETraH 3PUTMAaHWHI OCMOTMK 60CUMMK KOH MasMacuHUHIE 6ocrMu
6unaH 6uMp Xun OYyNULIKN, SABHU Yy 6uNaH M30TOHMK GyNMLIM Kepak.
MacanaH, ofaMNapHWHI KOH TOMWPK MuUra Kyn MWUKAOPAa  Kupu-
TUANLIN MYMKUH GynraH dusunonorunk aputma - 6y NaCl HUHT n30ToHMK
aputmacuamp. Ocmotmk 6ocumm 0,9% NaCl HukumgaH katTa 6ynraH
apuTManap - FUNEePTOHUK 3PUTMa, KUYMK bynca - TUNOTOHMK 3puTma
fennnagn.
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OcMOTUK 60CMM  KOHYyHNapu. OCMOTMK 60CMM - OCMOCHMU
TYXTaTULL YUYYH 3puTMara bepunamium Kepak éynraH gywmnmya 6ocmmanp.

3Hr cogpna ocmomeTp conon crtakaH (CUSO4 HuHr cyBparu
sputmacy 6unaH) Ba Tanma manwgaH (K4 Fe(CN)e] nbopat sputma)
TalKWA TONraH Ba yHAa Kyngaru peakuuns 6opagm:

2CuS0 4 +KAFe(CN)6\ = Cu2[Fe(CN)6] +2K2SOA

CrakaH gesopnapugaru rosaknappa Cu[Fe(CN)4 Tysu uykub,
HaTWKaga, Xyfa axwun apum yTKasrmy napga xocun 6ynagn. Mem6paHa
opKann cyB MoneKynanapu 6emanon xapakaT funafu Ba CTakaHgaru
apuTMaHy (MacanaH, LWakap 3puTMacuHu) cylontupagn (3HZoocmoc).
CTakaHfa CYIOK/IMKHUHT XaXMU OpTM6 KeTagu Ba OCMOMETP Halhiumga
rugpocratuk 6ocum xocun 6Gynagu. BaxT yTuwm 6unaH AMHaAMUK
MyBO3aHaT fgapop Tonagu. mgpoctatug 60CMM opjann OCMOTUK 60-
CUMHW aHVANaL MyMAUH.

LWyHpah gnunnb, rugpoctatug 60CMM OCMOTUK 60CMMIa TeHr-
nawraHga ocmMoc xogucacu Tyxtanau, gemak oCMOTUK 60CMM —OCMOCHM
TYXTaTULW YYYH 3puTMara 6epunuiiy Kepak bOynraH Kywimmuya 6ocvum
3kaH. Arap apuTmara 60CMMHW CyHbMWIA paBuLLja OLIMPCaK, 3K300CMOC
KeTaau Ba CyB siueiikagaH unga 6ownangu.

OCMOTUK 60CUMHU TaXMUHWIA aHMgNa yuyH 61M0onoruk ycynnapHu
Xxam gynnaw MymkuH (Croro ge ®pus). Arap faTTug Lensonosa jobyru,
ApUM YTKasrmy npotonnasma, Xyxanpa wapbatugaH nbopat ycuMamk
Xy>KapacuHW TUMOTOHUK 3puTMara cosicak 3HA00CMOC HaTwxacuga
npoTonaasma Tawku fobyrra cuagunrad 6ynagu. Tawan CyrLANKHUHT
OCMOTUK 60CMMMHK owwmpa 6opcak, y runepToHNK 6ynnb gonaan Ba
9K300CMOC Ky3aTunagu, HaTuxafa Xyxaipa npotonnasmacu 6yxmaaam
Ba Tawau pobyrpaH detnawagun. Mukpockon Ttaruga bopaguraH 0y
XoAaucaHn nnasmonus pgelimnagn. OCMOTMK 60CMMHW MWUKPOCKOMCU3,
BU3yasl XaM Ky3aTUW MYMKWH. BYHWHT yuyH XallBOHNAPHUHT
Xy>karipanapvHu —13ns 4oH 3appavasiapyvHu Kypamus. Ynap myctaxgam
Taway fobyrra ara amMac, WYHUHT YYyH TMNOTOHMK 3pUTMaga yYIapHUHT
[006Yrn, cyB YHUHI Muura KupraHu Tydamnu, xocun 6ynraH 6ocumra
ynpan onmacgaH WMpTUNaaM Ba CYWAIUK AW3UA paHrra bysnagm
(remonus geinnagn).
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[Je-dpun3 y3nHUHT TagKMKOTNapura acocnaHué, Kyiimaaru xynocara
KenraH: 6up xun xapopatfga Typau MOAAaNnapHUHr 6Up Xun monsp
KOHLIEHTpaunsaga oNMHraH apuTMaiapuHUHT 0CMOTUK 6ocuMmK 6up Xun
Oynagmn ékun sKBMMONEeKYNAp apuTMasiap y3apo U30ToOHUK bynagm.

Mdedpep Ba [Ae-OpPUHUHT TeKWwMpULNapura acocnaHnb, 1886
nnnga BaHT-MCodd 3puTManapHUHr ¢uanmkaeuii Ha3apUACUHWU sipaTaw,
PCMOTUK  6OCMMHWMHI  KOHUeHTpaums Ba X3popartra 60rnukank
KOHYHUAT/IAPUHMN TOMAN.

OCMOTMK 60CMMHM Xucobnawl yyyH ufean rasHWHI XonaT TeHr-

namaciinm nwnatamus pV = nRT, 6y epga C=~ 3KaHAUrMUM xucobra

oncak:

p =CRT Ekn K = CRT (V1.90)
6y epga: A - ocmoTukK 6ocum; C - MonAp KOHUeHTpauus. Yoy
TeHrnama akaT HO3MEKTPONUTIAPHUHT YEKCU3 CYIONTUpUIraH spuTma-
napv yyyH Tyrpu Hatwka 6epagu. Pean spMTmanapHUHI OCMOTUK 60-
cuMM ywby TeHrnama épgamuaa xmcobnaHraHgaH OKOpUanp.

3pUTManapHMHr OCMOTUK 60CMMW YNapHUHr 6Gapya xoccanapu
6unaH 6eBocuTa 6ornaHraH: TyMUHraH 6yT 60cMMMK, KaiHall Ba My3/nalu
xapopatnapu. LLIYHWHT y4YyH, 0OCMOTUK 60CUMHU 3pUTYBUYMHUHI 3pUTMa
yctngarn 6yt 6ocumun Kuiimatnapu 6ylivya xgcobnawl MyMKUH (3puT-
MaHVHI KaliHaw Ba Mysfnawl xapopaTnapu 6yiunuya). Ywby KatTa-
NIMKNapHU aHMKJal OCOHPOK Ba aHWKPOK GynraHu cab6abnum, ocMOTUK
6ocMMHM GeBocuTa aHukgamacgaH, ATMB , A7” éku  Ap napHUHT
KuiiMaTiapu opKanun xmcobnaHagu.
BaHT-Moh KOHYHW TepmoguMHaMUK Wyn 6uaaH YMKapuIuLu
MYMKVH: 3pUTYBUUNHUHT ufean sputMagaru KUMEBUA NoTeHLmanm
L =4, +RTInjt, —6, +RTIn[G (V1.91)
inX, <o By/IraHn y4yH, W <G Ba LUYHVHT Y4yH, 3pUTYyBYUM SPUM YrKasrny
napgagaH aputmara ytagy (KapaéH KUMEBWIA NOTEHUMASTHUHT KamaAnLLn
6unaH 6opaan).
OCMOTUK MyBO3aHaT YypHaTWULL YYYH 3pUTMafaru 3pUTYBUUHWUHT
KUMEBUIA MOTEHUMAIMHU Oyn ra owunpmo6, Gi ra TeHrnawTUpmL Kepak:
G+RTInx, + =G (V1.92)
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6yHAoaH
On = -RT\nxt (VI1.93)

OOHVHT AMAMATUHA TOMULL MYMKWH, =Y, 3KaHAUIMHU [ucobra

onné (vj -3pUTYBUMHMHI 3pUTMagarn napuuan Monasp AaXmu), YHU
goviMuii ae6 auco6nab (p ra 60rnnK amac):

On=jFtdh~Y\p , (V1.94)
(0]
(V1.94) parn AaHuHr guiimatuim (V1.93) ra kysmus:
P=-ATinx=_41in(i_X2) (V1.95)
m;,' ".ft

6y epfa X" aspuraH MoAAaHWUHI Monsp Kucmu. Arap Xr« 1 6ynca
(eyronTupunrad spuTMa), yHaa in(i-x2) «-x2 Ba

P=-— X (V1.96)
L}
UeKcu3 eylonTUpUIraH sputManapfa #-=c 6yaraHu yuyH okopuga
Ft
KenTunpunrad
P - CRT (V1.97)

BaHT-Iohdh TeHrnamacum kenuéb umkan. LLyHgan kann6, BaHT-Todd
TeHrnamacu 4ekcus eylntTupunraH sputmanapra agonatium. (V1.95)
TeHrnama aHuKpoauump, y OCMOTUK OOCMMHU unaean spuUTManiapHUHT
6owka xoCcanapn 6unaH 6ornab Typagn. MacanaH, Paynb KOHyHuAaH

LLQ?;F)0 3KaHNMIMHN Ancobra oncak,

V1.98
e L Feop ( )

OCMOTUMK 6GOCUMHM Taxpubaga OCOH aHUKMAHULWIW MYMKUH 6ynraH

KaTTa/imknap 6unaH 6ornaw MyMKuH (atv, RlTv Ba Ar :-mQ
napgaH gonganaHmo):
TR, AT T, (V1.99)
FtF@ RiTi
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(V1.98) Ba (VI1.99) TeHrnamanapgaH ¢oiganaHn6, 36yaMOCKONMK Ba
KPUOCKONMK ynyawnaP epgamuga 3pUTMaHUHI OCMOTUK 60OCMMUHMK
TOMMWLL MYMKUH.

3NeKTPONUT 3puTManapia oCMOTUK KoaphuumneHT 1 pean sputma-

u _ K{SKCVB cylonT.
NapHUHT MAeanIMKAaH YeTAaHUWUHN KypeaTagn: 1=---——-20

" HaTpuil
VI1.10. TakcumnaHuw Koagp@uumeHTn. AKCTpakyns

VIKKuTa TO3a CYOKAMKNApHUHI apanawimacuga, arap ynap 6up-
6vprga apumaca €KMW YeKnM 3pyBUAH/IMKKa ara Oynea, MKKuTa KasaT
x,ocun bynagmn, 6yTyHnaii ysapo apumaiigurad apanawimajga KaBaTnapga
To3a KOMMOHeHTNap 6ynagu: Yeknu 3pyBuallllKKa 3ra bynraH apa-
Nnawmanapga aca, Typnau Tapkubnu sputmanap 6ynagn. Arap 6yHpai
apanawimara y4mH4YM MOAAa Kywmaca (MKKana KOMTIOWEHTAa 3puid-
AnraH), MyBO3aHaT Kapop TOMraHfaH CYHF, YYMHYM MOAAa WKKania
KaBaTAa TaKCMMIaHagu Ba Typ/AW KOHLUEHTPauusann aputManap X,0cu
Kunagu.

MKku thasa opacuja TakevmsiallaH MOAJAHWHT MyBO3aHAT wraptu
YHUHT (Dasanapgarn KUMEBWIA NOTeHUMANTapPUHUHT TeHrMrn bynagu:

=,u". 3-MofAaHVMHI 6UPUHYM Ba MKKMHYM (hasanapgarn vgean aput-
mManapu y4yH KynngarvHu é3mw MyMKWH:

TAMNA; =4 HITIn\j (V1. 100)

Oy epga X3 Ba 3¢ T yUMHUM MOLAAQHUHT (hasanapgarn Monsip AucMaapu.
Y3rapTupuwnap kuputn6, T = const ga

in*: w0

g =f(D=const (vi.loi)

AeMak,

m (VI.102)
ra TeHr 6ynaan sa Kna¢ xapopatra 6ornuk éylaaw.
YUMHUN KOMMOHEHTHWHI 3purManapu Hougean 6ynca, Monsp
K1cMnap akTMBAnkKnap 6unaH yaraptupunagn:
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(V1.103)

ai=/ici 6ynraHu yuyyH KTa= K* , byeppa: Y\ Ba
puraH MoAJaHWHT  1- Ba 2-3puTyBUMIapAarn akTUBANK
koagmumeHTnapu; LW, Ba c¢“ - apuraH wmopsaHuHr 1- Ba 2-

apuTyBUMNapAarn KoHUeHTpaunsanapu.

JpuTmMaHn cylnTupraHja axkTuBAUK KoadhduumeHntnapn 1 ra
AfAMHNaWagn, ynapHUHr HucbaTnapu sca TaxmiiHaH ysrapmac 6ynuné
ponagn. WYHWHT yYyH CYONTUPWATaH 3puTMaga TaKCUMAaHULIHWUHT
dopman koapduumenta K'KoHueHTpauusira gesapnu 6orank amac.
ByHgali aputmanap yuyH K Ba K' HUHT KuiimaTnapu gesipav TeHr.

Mpaean spuTmanap KOHyHnapugaH 6apya yeTnaHULWAapHM aKTUBANK
KoapmuymeHTnapn 6unaH xpcobra onuvHagn. Ly ca6abnu, 2 Ta
IpuTyBUMAA TaKCUMIAHAETraH KOMMOHEHTHWUHI aKTUBAMKNEapU aHUK
oynca, (VI1.103) TeHrnamaHu guccoumnaHuw EkM  accouymnaHul
Xapaéunapu y4yH Kysnnaca 6ynagu.

JKCTpaKkuusa xapaéHu MKKuTa apanawmainguritH apuTyBumnnapga
MOAJAHUHT TaKCUMMaHULLIMIa acoc/iaHrad. 3puraH ogaammn sputysun
6unaH peApnu apanawmMaguraH 6owka spuTyBuM épaammpa (3KCT-
pareHT) spuTMaZaH axpaTub onuwl 3KCTpakuusa felinnagu. JKcTpakuus
MypakKab Tabumini Ba TeEXHUKaBWUIi apuTManapgaH TawKWInii KUCMAapHW
aKpaTnb onuwga KeHr KynnaHunagu. 3puraH MoafaHli Ty.lWK 3KCTpakK-
UM Knambé  onu  yyyH OKCTpakuumsa >kapaéHn 6up Heya Mapra
yTkasunagl. Mof[aHn aKCTpareHTHUHI KNUYuK mMidkgopnapu 6unaH 6up
Heya MapTa 9KCTpPaKuusa KWAUW YMYMWIA MUKZOPU XyAaaun TyHAal
OynraH aKcTpareHT 6unaH 1 mapTa aKCTpakuuMsa KuguwjaH aHya camapa-
Nnpok bynaga.

KnuméBunii TexHonmorusaga Kyn MapTaMK 3KCTPaKUUsiHW Kapama-
Kapwi 6Kum >xapaéHu 6unaH anmawtupunagu. MacanaH, aKcTpakuums
KUnnHaétraH 3puTMa BepTUKan KOMOHHaja nacTgaH tokKopura Kjna-
PUWNCIAH, 3KCTpareHT 3ca, KaTTa 3uynuKgarm Mmainga Tomuunap Kypu-
HULWKa 3pnuTMa KaBaTuiaH OKopuaaH nactra Kapab yTcuH. SKCTpareHT
Ba 3KCTpaKUuMss KUIMHaéTraH 3puTMaHuHIr xap 6up KasaTuga MyBO-
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3aHaTra sifuMH 6ynraH fonat fapop ToHagu. ByHAa KOMIOHHAHUHT 1ogopu
AUCMUAA 3ACTPAreHTHUHI SHIM TOMYMMApW 3ACTPAKUUA AWIMHAETTaH
3puUTMafaH MoAUaHVHT OXUPTU AONANANAPUHN axpaTnb onaan. KonoH-
HaHUHT Syin AUCMUAA 3ACTPAreHTHUHI TOMUMMIApU 3PUTMAHUHT SHTU
Muagopnapu 6unaH TyaHalainW Ba SKCTPaKUMsSNaHAETraH MOALAHWUHT
SACTpareHTAary MUAL0PY Makcuman guiimatra eTaau.

VI1.11. YuyBYaH cylj apanawimMmasnap TepMogMHaAMUKACHK.
m66¢c-KoHoBanoB KoOHyHapu. A3eoTpon apanawmanap

lOgopnga TabaugnaranuMusgek, Paynb TeHrnamanapu wugean
apuTManap y4yH Kentmpub ungapuarad Ba Tyrpu HatmxanapHu bepagn.
Uekcuns cylonTupunraH sputmanapga Paynb TeHrnamanapuHu dagat
apuTyBuUra gynnaca 6ynagu, apuraH mopggara aca, gynnaé 6ynmaigu.
UyHKM YeKcuU3 CYINTUpWUAraH asputmanapga agatr 3puTYBUUHUHT
napuman 6yt 6ocMMy ugean spuTManap foHyHnapura 6yicuHagu.
3puraH MOALAHWHI YEKCU3 CYKNTUPWATaH 3puTMa yctugaru napuuman
6yT 60cumMKn eHpM AOHYHWM 6GunaH ndoganaHagn. Magean sputmanapga
CeHpU KOIPPULMEHTN 3pUraH MOAAAHUHT TyWMHIaH 6yT 6ocumura TeHr
6ynn6 ponagn Ba MeHpn AOHYHW Paynb [OHYHUTa yTagu: pr = p°2X.
Paynb JOHYHMW 3puraH MoOAfaHWHT 6yT 60CMMM TO3a 3PUTYBUUHUKMAAH
Xyfia KMumk 6ynraH, SbHW yuyyB4YaH GynmaraH MOALANapHUHT CYHOf-
TUPWITraH apuTManapurarnHa Tagbéug sTUAUWKM MYMKWH, LyHAA-rMHa
Paynb [OHYHM Taxpubara myBogug Kenagn. Kartta TyWuHraH 6yt
6ocumnapuga Ba rasfapHuVHr apanaimanapuga Paynb TeHrnamacuHuHr
aHVAMTN ygonagn, YyHKW OYrHUHT miean ras [OHyHnapugaH YéT-
NaHuwn ownb kKetagn. byHpali gonnapga 60CMM ypHUra yyyBYaHIMK
aynnaHunagn. Ammo In6be-Atorem Ba [iorem-Maprynuc TeHrnama-
napufaH spuraH MOAUAHWHI YeKCM3 CYINTUPUAraH aputMa yctugaru
napuman 6yT 60CMMUHN 3pPUTMaHUHT Tapkubura 60rnnaIuruHN Kentu-
pn6 YngapuL MyMKUH.

YuyBUyaH Mofganap apanawmanapu (saputmanapu) 6yT 60CUMUHUHT
LOHYHUATNapuHKU n66c-KoHoBanoB  AoHyHnapwu wudoganangm. Yoy
fJapopaTja togopy 6yT 6ocumunra ara 6ynraH CyoAnnKKa ydyBYaH cyloj
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Mogaa fermnagun. Vikkana KOMAOHEHTM yuyBUaH cyloainknapiaH n6opat
6ynraH spyTManapHu y4yBYaH CylOK apanalumanap gelinnagm (HeTb Ba
TOWKYMMPHU JaiiTa wwnaw maacynotnapu 6yHTa mucon 6ynagwm).
YyyBuaH apanawimManap WKKW Xxun bynagu: ymymuin 6yT 60CMMUHWUHT
3puTMa TapkubugaH 6ornaHuWInia aKcTpeman Hyatanap GynMaraH Ba
3KCTpeman HygTanapra ara 6ynraH 6ornaHvwnm apanawmanap. v66c-
KoHOBanoB [OHYHNapu cyranmk 6unaH 6YrHUHr Tapkubu opacuparu
MyHOcabaTnapHu ypHaTraHnMru cababnu, ynapHUHT afammaTh Xypaa
KaTTa. MacanaH, peKTurKauus xapaéHnapu cylKIMK-6yr MyBo3aHaTu
ypHaTuUAraHga CylaIMKHUHT Ba 6YrHUHT TapKubnapu TeHr amacnurura
acocnaHraH. Ywoéy pogucanapHu wudoganawga [unb6e-Atorem Ba
[Otorem-Maprynuc TeHrnamanapu agamumaTan, YYHKU y4YyBYaH apanatu-
Manap, acoeaH, Hougean (pean) spuTmanapavp. AmMo, aBBanambop,
MKKana hasanapHUHI MyBo3aHaT TapKUOUMHN Kypunb unguil onganngmp.
Y3UHUHT 6yTU 6unaH KOHTaKTAa OynraH muiean cywf sputmanap y4yyH
faM Tapkubnap Typ/avya 6ynuwm MyMKMH 3KaH.

Paynb foHyHura 6uHoaH pt = xtpt, 6y epga X; 3pUTMaHUHT
TapKN6UHN ngoganaingn. BYrHUHT TapKUOBUHK Y- 6BunaH Genrvnainuk.
XpnaTt TeHrnamacuHu Vr - nyT V—eonst ga [anbTOH JOHYHW KypWHU-

wnga éanwmmMmmn3 MyMKuH:

-?2L =-Z1 =V (VI1.104)
Koo LW '
[anbToH JOHYHU OYrHWHT Tapkmbu Yyt HM napuyman ptea ymymui
6oenm px nap opganv noganaign:
T,=£ p- (VI1.105)

Paynb JOHYHU Pt HW - KOMNOHEHTHUHT 3pUTMagarv Monsip AUcMu
X; 6unaH 6ornab Typagu. by 6us guanpaétraH xj Ba Yyt opacularu
MyHocabaTHu 6epagu:

KWK Ak ek XEWN (VI.106)
Xp, s pr

X,
(V1.106) TeHrnamagaH wugean spuTManapja ras ¢asacm [JOUMO
YyUyBYAH/INTM IOAOPUPOA KOMMOHEHT 6MnaH 6oAnraHanrn Kenub yngagn.
By Vf.S-pacmaa kypcatunraH: o), pf >p£;y, >x, p“<Pe;y2<x2
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6). p?<pryy, <X, p">pe;y4>x2

V1.8-pacM. CYIOKANKHUHT (Y31yKCK3 Yn3nKnap) Ba OYrHUHT (MYHKTUP)
Tapkubnapu
(2 KOMMOHEHTO UAgaN CYHOK IpUTManap yuyH).

BYrHWHT IOKOPMPOK 60CMMU KaliHall XapopaTUHUHI NacTPOK 3KaH-
NMNTUHKM  bungupagn. LUYHUHT Y4yH 3puTManap Hasapuacuja X.am,
peKkTUMKauma >xapaéHnapnHn ndopanatuja x,aM TapKUOoHN 3pUTMaHNHT
KaiHaw xapopatugaH 6OrMKANK rpadurn KeHr uvwnatunagm, 6yHaa
yMyMnii 60cMm Pz Tawky 60cMMra TeHrnawajmn: Hopman KaliHall Xapo-
paw yuyyH 1cunu.

BuHap ngean apuTManapHUHI xoccanapuHu ndoganawl yyyH Ky-
naHunaguraH auarpammanapHuHr tynnamu VI.9-pacmga mucos Tapu-
Kacmga KentupuaraH.

Y1.9-pacm. Ngean 6uHap apuTManap yu4yH ymymMmuii 6ocum (T=const), KaiiHaLu
XapopaTu (p=const) Ba CYtOK/IK sa OYTHUHT Tapkubnapu (cxema): oxupru 2 Ta
rpatwmkgarii gunaroHanb (NYHKTUP) ras Ba cytoK asanapuHUHT TapKuGnapu TCHIAMrura
MOC Kenaaw.
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Vpean cyloK; spuTManap mumpa ras Ba CyiloK;.asanapu Tap-
KMBNAPUHUHI TEHINUTU (afaT MKKana KOMMOHeHT 6yT 6ocumnapu 6up
Xun p°i - p°2 6ynraH apanawmManapaa Kysatunaau. Fas asacu 4oumo
Y4YYyBYAHPOA KOMMOHEHT 6unaH 6oinraH 6ynuwmn xyga xam Tabunii
XO0/NAeK KypuHagun, aMmo 6y TabuaT KOHYHU amacgup. Pean cuctemanap
Xyfia xam Typnu-TymMaH xoccanapra ara Ba Taxxpuba HaTvanapura Kypa,
ras (pasacy yudyyBYaHIUIM KaMpoK KOMMOHEHT 6unaH xam 6olinraH
6yNULIN MYMKWH 3KaH.

Hownpgean spurmanapga napuman 6ocMm ugean spuTManapHuUKura
HucbaTaH Kacta KM KMYMK O6ynvMwn MyMKMH, aMMO Yy T03a KOMMoO-
HEHTHUKMAAH JOoMMO Kuumkgup. LUy ca6abnu, napuyuwan 6ocumnap
Tapknb PyHKUMsACK cudaTuga akcTpemymnapra ara amac, yMmymuia 6ocum
3ca MMHUMYM Ba MakKCUMyMAapfaH YyTULWIW MyMKWH. Paynb JOHYyHWAaH
MKKana KOMMOHEHT b6yiinya mycbaTt vyetnaHmwnapga (r, >1 sa/?>0 ymy-
Muii 60CMM MakKCMMyMAaH yTuwun pr=p, +p2 sa p° éku p\ napaaH owmné
KeTULIN MyMKWH. ByHgali xonaT ase0TpONMSAHUHT X0cKMAa 6ynuwmnra onné
Kenagn: 3puTMaMMHI Mabflym Tapkubuga cygank Ba 6yT 6up xun
Tapknbra ara 6ynu6 ponagu, SbHU CYOKAMK KOMMOHeHTNapra axpan-
Macgan xahganagn. Ywo6y xoguca 1810 imnnga [anbToH TOMOHMAaH
H20~1LL0 3 cuctemacn muconmnga ounnraH. JanbToH pukpuya, 60CUM-
HUHT makcumymn H20HNO3 6upukmaHul xocun Gynuwiunra »xaso6
6epagun, YyHKN yMyMWUii BOCUMHUHT MakKCMMyMuUra Moc HyATaja Ccylf-
NIMK Ba GYTHUHT Tapku6napu 6up xun 6ynagu (VI.10-pacm).

Payrib KaHyHWIaH MycOaT YeT/laHMLLYIaP Ba Mab/TlyM TapKu6aa
a3e0TPON apayiaLLIaHUHI Xocu ByrmLLm: a-6yr 6ocvMI; 6-KaliHaLLI Xapopam;

B-CyHOKIMK Ba Gy T Tapkaigpn.
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1859 nAnnga xf HUHT KuiAmatu ymymuii 6ocumra 60rnMKamMru To-
nunrad, 1911 linnga aca, ywby cuHgpra Ternwnm gogucanapHu mdo-
Janawl y4yH “a3eoTponunsa” atamacu KuputuaraH. AseoTpon éKu Aou-
MU xapopaTga KaiHaliguraH X=XA Tapkubnu apanawmanap, XY4O/
WHAMBMAYaN mogganap Kabw, Tapkubu ysrapmacgaH xanganagn. AMMO
KalHall XapopaTUHUHT MUWHUMyMUra Moe Kenysum (ywoéy 6ocumpga)
a3eoTpon apanalwMaHuHr Tapkubu, Typau 6ocumnapga Typavdagump.
A3eoTpon apanaliManapHu xaiall opKaiy aXXpaTULLIHWHT ycynnapuaaH
6vpn XyLan LWyHTa acocnaHraH. AXpaTULWIHWHT 6owja ycynnapugaH
6Mpn Maxcyc TaHnab o/IMHraH yYMHUYN KOMMNOHEHTHU KylumLaaH néopat
6ynné, YHUHI MWTUPOKMAA a3e0TpPon YMyMaH Xocin Gynmaingm éxkm 2-
KOMMOHEHT 61naH 3-KOMMOHeHT opacuja xocun bynaam Ba 1-KOMNOHEHT
co xonga axpaTtmb onvHagun.

AszeoTpon apanawmManap y4yyH “ydyBYaHAUIM KaTTapod KOMMO-
HEHT” feraH TyLWYHYaHUHT MabHocu 6ynmaiigu. 1l coxaga (VI.10-pacwm),
ABHM X/<X™ pa 6yT 1- KOMNOHEHT 6unaH 6oiunraH, xi>xa Aa aca byrga 2-
KOMMOHeHT Kkynpokaup. VI.10 (B)-pacMia 1-KOMMOHEHTHWHI McKana
thasagarm MoONSp KuUCMapu opacujarn MmyHocabaT —KypcaTu/raH.
VI.10,(a) Ba ¥Y1.10,(B)-pacmnapparn guarpaMmanapHu CONUWTUPULLIAA
TO3a KOMMOHEHTra MoC KenyBuM 1- Ba 2-HyKTanap fAuarpaMMasiapHuL
Kapama-KapLiy TOMOHMapuaa >XonaluraHanruHn abTubopra ol Ke-
pakaup. ¥1.10,(e)-pacmpary amaroHanb (MyHKTUP) CYOKIUK Ba 6yT
TapKUGMapUHWHI TeHrnurura Moc KkKenagu, 6yHra aca ¢akar X = X4
6ynraHa 60CMMHUHT 3KCTPEMYM HyfTacuja spuinnasm.

Paynb KOHYHUgaH MaH(unii YeTnaHUwWwNapaa ywoby xapopatia ymy-
MW 60CUMHUHT MUHUMYMMUra €KW y3rapmac Tawky 6ocum[a KanHall
XapopaTMHUMHI Makcumymura ara apanawimanap nango 6ynagu. bocum
Ba XapopaTHUHI 3KCTpeMyMmnapuja ukkana asaHWHr Tapkubnapu 6up
xungup (VI1.II-pacM).

X,ap 6P KOMMOHEHT YUYYH Paynb KOHYHWAaH 4YeTnaHuwniap 6up
Tunga ynmaca, Mypakkabpok xonaT juarpaMmmanapuv KysaTuiagu.

Y3apo 4erapaiv 3pyBuy3! CyHOK/IMKMApP YUYYH Xam xonar guarpam-
Manapv Mypakkabpok 6ynagu.
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LyHpan Knamb, Homgean CyloK apuTManapHUHr pean xonaT gua-
rpammanapu Xyfa xuaMa-xmngup. byHgain xunma-xun Taxpubasuii Ha-
TwKanapiaH spuTManap TepMOAN HAMUKACUHWUHT ycynnapu anpyum ymy-
MU KOHYHUSITNApHW KenTupub 4wapuwra spuwrad: KoHoBasioB Ko-
HyHNapu Ba BpeBckuii Kouganapu. ABBano, yw 6y KOHYHIap 3MMMPUK
KOHYHUSITNap cudgatuga TonuaraH, aMMo KelMnH4anuk ynapHu m66e-
[iorem TeHrnamanapu épgaMmna TepMOAMHAMMUMK HyKTau HasapiaH
acocnab 6opuwra myeagak 6ynnHan. X,03Mpru Baktaa ynapHu Mmooéc-
KOoHOBafI0B KOHYHNapu fennwian.

T«

VI.1l-paw. Paynb KOHyHWaaH KaTTa MaHgmii yeTnaHuiaprasa T,/
MaKcMyMyra ara bynraH cuctemasiap: a-6yT 6ocyvin; - 6-galiHaLLl xapopaTy;

B- CYHOKIVIK Ba 65T TapK/Qiapi.

"M66¢c-KOHOBaNOBHUHI  1-KOHYHW: TyiuHraH 6yT, cuctemara Ky-
WwnnraHga, YHUHr yMyMuin 60CMMWHUW OLIMPYBYM, KOMMOHEHT 6unaH
GonuraH 6Gynagn ExkM apanawiMajary KOMMOHeHTNapgaH Kawicu 6upu
apanawimara Kyluuaradfga apajaiMaHuHr 6yT 6ocMmmn KyTapuica éxku
KaliHalll xapopaTu nacaiica, 6yTAa ywa KOMMOHEHT Kyn 6ynagu.

"'M66¢-KOHOBANOBHUHI 2-KOHYHW: YMYMUWIi 6OCUMHUHT 3KCTPEMYM
HyKTanapuga cyroknnkK Ba 6y THUHT Tapkmubnapm 6mup xmngup.

Mm66¢c-KoHoBanoBHUHT 3-KoHYHM: T = constBa p - const ga cytok
Ba ras hasanapMHUHT Tapknbaapu moe pasuLLja y3rapagu.

Ywby KomganapHUHr 6axapuinwnHn loKopuia KenTupunrad gua-
rpaMmanapgaH KysaTuwl MyMKuH. MacanaH, 1-koHyHfaH akat ngean
CYIOK 3puTMasiap yuyH ra3 hasaHuWHI y4YyBUYaHPOK KOMMOHEHT 6unaH
foivwMruHa aMac, 6anku aseoTpon XOCWM/ KUAULWIN MYMKWH BynraH
spuTManap Tapkubu y3rapulLMHUHE 6apya KOHYHUSATAapu XaMm Kenub
unkagu. MacanaH, ymymuini 60cMMunga MakcMMym 6ynraH apanaiu-
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yukgun. MacanaH, ymymuii 6ocumuga MakcuMmym 6ynraH apanai-
manapga (V1.]0-pacm) X) < xA ga 6yT yuyyBUAHIMIM KaMmMpoK GynraH 1-
KOMMOHEHT 6unaH 6oiinMraH, y KywunraHga ymymuii 6ocum opTtagu.
Xyauu wyHgaii, VI.ll-pacmga w, <X ga 6yT yuyyBUaHIUTM KaMpoK 2-
KOMMOHEHT 6unaH 6onraH. bByHaalh JOHYHUATHW 3MNUPUK iyn 6unaH
ypHaTULW Xyfa faM MyLWKyn 6ynap 3gu. By KOHYHUAT apuTManapHuHT
yMyMUiA xoccacn 6ynmb ynkan. M66¢c-KoHOBaNnoOBHUHT 1-KOHYHU KOM-
NOHEHTNAPHWHT KPUTUK XapopaTuaaH Y30KpoK cojaja 6apya aputmanap
yuyH 6Gaxkapunagu. 2- Ba 3- KOHYHnap fap faHpail sputmanap ydyH
TEPMOAVHAMWKAHUHT YMYMUWUWA KOHYHMapW 3KaHIurn mabaym 6yngu.
ByrHvn ugean rasnapHuHr apanawimacy feb6 fapawl MyMKWH Gynrad
0ONTHW Kypub ungamus.

runebe-Aorem X<, +x2Adfi=0, Aorem-Maprynuc x{din/> +xdinpr=o0,
OanbToH TeHrnamanapugaH X,— +X2°K=0 TeHrjamaHu Ba

Pr yr P\ Pr

YHAaH

W=_72.A.p. (VI1.107)
wrap BM A »

TeHrnamaHu KenTupmé YngapraH sguk.

(V1.107) TeHrnamaHuHr ukkana tapapuHn dx2 6ynamus Bapd p2
YPHUTA YHUHT Y\, KUAMarnHu gysamums:

*N Yoo
2 xxy2dx2
By epfa yxy2 sputma 6unaH MyBasaHaTAarn 1-Ba 2-KOMMOHEHTAAPHUHT

- (V1108)

Gyrgaru Monsip KMUcMnapu.
YuyBUaH CylK apanaima ycTtugaru ymymuid 6yr 6ocumMu
KOMMOHEHTap napyman 60CUMAAPUHUHT WATUHAUCATA TEHT:

Px = P/+P2 (VI.109)
(VI1.109) TeHrnamaHUHI UKKW TapadugaH Xy byinmya gocuna onamms:
do do de . (V1.110)

(V1.108) ndoganu (VI.110) ra gyiicak,

2 dx2 xy y2 (VI11D)
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6yeppa: a= ra TeHT.
yepa X o

a HUHT AniAMaTy 3pUTMaHUHT Tapkmonra 60rnMK. SpUTMaHUHT TapKnbu
y 6unaH myBo3aHatTgarn OYrHUWHI TapKuMbujaH KaH4YaMK Kyn hapk
aunca, a WyHYanuK 1 gaH apk Kunagy Ba ydyByaH apanalumaHu Xaun-
jaw épfamupa KOMMOHEHTMapra axpaTvu6 onull LUyHYanMK OCOH 6y-
nagu.

Arap a =1 6yfnca, KOMNOHEHTIapHN XAgaLl Mynmn 6unaH aseoTpon
apanawimaHu axpaTtu6 6Gynmaignm, UyHKn X2=y2 Ba X =Y, EKwu
A ~X02 .

(VI1.111) TeHrnama u4ekcu3 apanawlyBum OMHApP y4yBYaH CYHOK
apanawimanapHUHr acocuii TeHrnamacugmp.

YuyBUaH apanawima yctmaarm ymymuii 6yT 60CMMK yUyH Ba KOM-
NOHEHTHUHI 6yrgarn Ba 3puTMagarnm HUCOMIA MUKLOPWU YUYYH KOHY-
HUATNAPHM KenTupub6 umkapamm3. KOMMOHEHTHUHI 3puTMagarv MUK-
4opu opTuwKM 6unaH 6yrHUHT napyuuan 60CMMU JOMMO OpPTaau:

Pi =Pi xi, Pr =Pr xr
P =p°at; Pi =P°ar
Y w6y TeHrnamanapgaH:
N>0 Ba C#1>0 (VI1.112)
dx2 dx,

Ammo 3puUTMa ycTugaru 6yt 6ocMmMun  3puTMa TapKubu ysrapuiiu
6unaH opTULWLIN XAM, KaManunwmn x,aMm MyMKUH. Arap ymymunin 6yT 60cmumm
PE 2-KOMMNOHEHTHWHI 3puUTMagaru MoAsp KUCMKU X2 opTUWK GunaH

opTca (3x> 0), (VL. 111) TeHrnamara MyBouK:
1-M 20 Ba IS X0 (V1.113)
A2 M X
ByHpaaH:
y2>X2 Ba  yt<X, (V1.114)

AKCVHYA, 2-KOMMOHEHTHUHT 3puTMagaru Monsip KUCMU X20pTULLIK
6unaH ymymuii 6yt 6ocumm p? kamaiica, (VI.111) TeHrnamara my-
BOMK: Yr<x2 Ba Y,<X,- Ywo6y TeHrcusnuknap m66c-KoHosanos-
HWHT 1-KOHYHUHUMGofananan.
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BupvHUM xun ydyBuaH apanawmanap ydyi VI.12, a-pacwm, 1,
[ "arpunap spuTMaga 2-KOMMOHEHTHUHI MUKLOPWU OPTULLIN OYTHUHT
YMYMWUIA 60CUMUHN oWIMpPaan, YyHKn dp2/dx2 gocvuna (2 Ba 2" arpunap)
mycbaT 6ynagu. ByHAa 2-KOMMNOHEHTHWHI 6yraarn MWKLOpU 3puUT-
MagarvaaH Kyn éynasu.

WKKUHUM xun ydyBuaH apanawmanap ydyH (VI.12,a-pacm, 2,2'
arpunap) p*A Ba p2*B arpunapga do2/dx2 x,ocuna myc6at Ba 2-
KOMMOHEHTHUHT 6yraarv MUKAOpW sapuTMagarvuaad Kyn 6ynagu. p2A sa
pi B arpunapga dpzidx., MaHpuii Ba 2-KOMMOHEHTHUHT Gyraarv MUKLopu
apuTMagarvgaH kam bynaau.

A Ba B akcTpeman HygTanapga a0 © (VI1.115)

(V1.115) TeHrnamanm (VI1.111) TeHrnamara Kyiino,

i) 0 Ba (V1.116)

X, yr Y, X,

HWN onamus.

VI-12-pacm. YMymuia 6yr 6ocvmn (a) Ba KaliHaLLl XapopaTvHWHE (6) spuTvia
TapKubura 6orIMKr.

ByHpaH aKcTpemymnap yyyH Ba LM| (VI1.117)
CyTOK Ba O6yr (hasanap TapKWOGNApUHWUHT TEHI/INTU Kenub 4ngagu.
(VI.117) wmyHocabatnap [m66¢c-KoHOBanOBHUHI 2-A0HYHUHU undoga-
nangm.

JKCTPeMyM HyKTafapura Tyrpyu KenaguraH apanawiManap, tgo-
puja TabKugnaraHMMuU3aeK, aseoTpon &k axpanvacgaH galiHaligurad,
éKn y3rapmac fapoparja gaHangmrad apanaumanap geiunnagu.
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MM66c-KOHOBANOBHUHT 3-KOHYHUHM MyXoKama KuiraHaa, Maexyq
(hasanapHUHr Jap GUPVMHU TepMOAUHAMUK GapKapopMIv LLAPTIAPUHN

abTnbopra onuLL 3apyp: @) >Q; H >0
K L,
FOkopuparii wapTtnapgaH MyBo3aHaTAa TypraH cucTemanap yuyH
M66c-KoHOBanoB 3-KOHYHUHUHT Bakapuanwim Kenmb Ynkagu:

g Kuo

YuyBuyaH apanawima 6unaH MyBo3aHaTga OynraH OYrHWHr Tap-
Knbura xapopar TabCUPUMHUHE acocuii KOHYHUSTNapu BpeBCKWi KOHYH-
napwv 6unaH ndgoganaHagu.

BpeBCKMIAHUNT 1-KOHYHW: y3rapMac TapKuban 3puTMaHWHI Xapo-
paTu owmpunaraHga YHUHr 6ytu napuyuan monap 6yrnaHuLl UCCUKANUTM
KaTTa 6y/qiraH KOMMOHEeHT 6unaH 6oiningm.

BpeBCKUNHUAT 2-KOHYHW: arap 6uHap cuctemMa yMymMuii 60CUM-
HUHI MakcMMyMun 6unaH TaecudnaHca, y Xonja xapopaT TcyTapuaraHga
ase0Tpon apanalimaga napuuan Monsap 6yrnaHuL UCCUKAnrn KatTa byn-
raH KOMMOHEHTHMHI KOHLEeHTpaumscn opTagu. Arap cuctema ymMymuia
60CUMHUHI MUHMMYMK 6unaH TaBcuiaHca (KaiHawl XapopaTUHWUHT
MaKCMMyMHK), y X0M1ja, XapopaT KyTapuaraHfa, aseoTpon apanawimaga
napuuan monsap 6yrnaHull MCCUKAWUTN KUYMK GynraH KOMMOHEHTHUHT
KOHLeHTpauuscu optagu.

BpeBCKUIMHMNT 3-KOHYHW 1- Ba 2-KOHyHMapfaH Kenué uvgagw:
arap 6uHap cucTemMa yMyMuii GOCMMHWHT MakKCMMymMu OunaH TaB-
cunaHca, xapopar y3rapTupuavwm 6unaH 6yrHMHN Ba CylOK a3eoTpon
apanalimMaHuHr Tapkubnapu 6uTTa WyHanuwpaa ysrapagu. Arap 6uHap
cucTeMa YMyMuin 60CUMHUHI MUHUMYMU 6unaH TaBcudiaHca, xapopart
y3rapTupuanwiyM 6unaH, 6yrHMHr Ba as3eoTpon apaialiMaHUHI TapKub-
napu Kapama-kapww iffHagnwnapga ysrapagu.

3puTmanap TepMoguHaMuKacuja xapopat, yMymui 60cuMm, mMyBO-
3aHaTAaru asanapHuHI. Tapknby opacujaaly, y3apo 6ornaHuwHn Mmé6e-
[0reMHUHT Typan KypuHulijarn Tewgamartapu éppamuga éku Bad-
fep-Baanbc TeHrnamacu éppamuga aHanvMs KunuHagu. Bad-gep-Baasnbe
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TeHr/flaMacMHU KeNnTUpiiG uMKapul Mypakkabpok Gysnca Xxam, yHAaH
KynsaH-Kyn xyfocanap YMKapuwl MyMKHH.

V1.12. CyloK apanalimanapHu xangawl

Xangaw épgamuga apuTMaHn TapKUOUn KUcMiapra akpaTul xa-
paéHn gucTunasumua feiAnnagn. Ywe6y YCY/IHUHr acocuja MyBo3a-
HaTAaru CyrKAMK Ba GyrnapHUHI TapKubapu Typvya sKaHanrn étagu.
MyBo3aHaTarv CyrKInK Ba 6yrnapHUHT TapKnGW KaHYaIMK KaTra gapk
KW/ICa, aXPaTuLL LUIYHYa/IMK OCOH 6ynagm: axpaTul KosddpuUMeHT a
HUHT KUAMaTU 3pUTMaHU MUKAOpPaH Tchmq)naM,qMOBa 3W copja cuc-

Temanapga a Tapkubra 6ornmk 6ynmangm: «=’E) 3. Mypakkab cucte-
n

Manapga a Ttapkubra 6ornuk 6ynagu.

M. 13-pacm. BrHap cUCTEMaHUHI TapKUG-KaliHaLL X,apopaTti Avarpamvach

Cytoknukga: N3 Tapkubnu 6yT B KoMnoHeHT 6unaH 60i GynraHu
YUYH, 3puTMaga A KOMNOHEHT KYMpoK 6ynn6 Konagu.

Byrga: cytoknukgaH 6yrnaHu6 uukkaH N3 tapkubnu ([ HykTa)
6YrHM KoHAeHcaTnacak, axxpaTnb onvHraH KoHgeHcaTt t3 ga KaiiHalign Ba
yHUHr 6yru N3 Tapku6ra sra 6ynagu, y aca, B KoMnoHeHT GunaH
6olivraH bynagu.
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KoHpaeHeaTnaHnLW-6yrnaHnLL XapaéHNHW AaBoM, STTUPCAK, HAXOAT-
4a To3a B KOMMNOHEHT axkpann6 YnKuLMra spuLLamiis.

ApanalwimaHyn xaingaw eHynu 6wunaH Typnau xapopatnapja Kai-
HaliguraH CylKANKNapHW alipum-aipum ngviniapra iurué oauw yeynm
(hpakuusiBuii ékn maliganab xaigaw pelinnagn. By ycyn aseoTpon
TyTMaraH cuctemanapfa KOMMOHEHTNapHU aXpaTull UMKOHUATUHMW Ge-
pagu. AMMO 6y ycyn XyAa Mypakka6 Ba Kynm MexHaT Tanab Kunaga.
Amanga nabopartopus wapoutuga gehnermartopgaH doriganaHunnagu.

CaHoaTga CylfiukKnap apanawmacuHu xaigaw yyyH pekTudu-
KauuaBuii KONOHHanap vwnatunagn. YnapfaH sHr Kyn TapkanaraHu nu-
KoMyanu KonoHHanapavp. KonoHHanapgary nukoyanap COHM KaHYamk
Kyn 6ynca, peKTugmkaumsa xxapaéHu LWyHYaInK camapanu bynagu. Ycyn-
HUHI aXpaTuwl KobunuaTtu ydta ommara 6ornuk 6ynagu: 1. Axpatuwl
KoathhuumeHTa (a); 2. KonoHHaHWHI nukonyanapw coHu; 3. XaP 6up
NIMKBNYaHWHI caMmapafopanru.

“Iputmanap TepMmogmHaMuKacu” 606UHM y3naw TUPUATaHINK
fLapakacMHW TEKWMPULL YYyH caBoniap

1. SpinTmangp KaHgan cuHgnapra 6ynnHagn?

2. OpUTMa KOHLEHTpaLMAacnuHn ndoganatl ycynnapu.

3. Sputmanap xocun Gynnn GUINK-KUMEBUI HyKTanm HasapaaH
KaHfain TywyHTupunagn?

4. TepMoAMHaMUK XunxataaH s3puUTManapHUHT CUHQIaHULLIN.

5. OPUTMaHWHI 3KCTEHCMB TePMOAMHAMWUK XOCCACUHWU TYLUYHTU-
071318

6. Mapunan monap KaTTa/IMK HAMA?

7. Mapunan monsap Kanaguknap KaHgain ycynnapga xgcobnaHaan?

8. F'm66c-llorem TeHrnamanapuHu TyLYHTUPUHT.

9. Aorem-Maprynuc TeHrnamaen KaHgali cuctemanapra KynnaHu-
nagn?

10. J1blOUC YCY/IMHU TYLUYHTUPUHT.

11. Y4yBYaHNUK Ba ydyBYaHMK KO3 hULIMEHTa TyLLYHYanapu.
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12. AKTMBAMK Ba aKTMBAMK KO3(hduuMeHTNapu pJaHpain ycyn-
nappga aHugnaHagn?

13. Paynb [OHYHM Ba yHAaH 4eTnaHuwnapHWHr cababnapuHu
TYLWYHTUPUHT.

14. TcHpw JOHYHM Bay fjaHpjali cuctemanapra gynnaHunagn?

15. 306yNMOCKOMMK KOHCTaHTaHUHT MabHOCU HUMA?

16. KpPMOCKOMUK KOHCTaHTaHWHI MabHOCUHUN TYLUYHTUPUHT.

17. Onddy3na Ba 0CMOC XKapaéHNapuHN TYLLYHTUPUHT.

18. OCMOTMK 60CMM [OHYHMAPUHKU acocnab 6epuHr.

19. Kartug mogaanapHUHT y4yBYaHANUTUHU TYLLYHTUPYBUK LL pe-
[lep TeHrnamacuHu E3nHr.

20. OKCcTpakuusa Ba TagcumMnaHuw KoagguumneHTa.

21. TI'n66c-KoHOBaN0OB JOHYHNAPUHMN TYLLYHTUPUHT.

22. BPpeBCKWI JOHYHNAPWHU U30XAAHT.

23. Yu4yBYaH MOAJAHVHI CYylO[ YydyBYaH 3puUTyBUM[arn Cytos-
TUPWUAraH 3puTMacu MaBXxyf. puraH MogfaHUHT TyinHraH 6yT 6ocumm
YHWHT 3puTMagarm KoHLUeHTpaumsacu pyHKumacu cudatmja gancu JOHYH
6ynunya ysrapagm?

24. WKKW QOMMOHEHTNM njaean spuTma yctmaarm ymyMmuid TynmH-
raH 6yT 60CMMW YyUyH MaTeMaTUK UdoaaHun ésuHr, arap X\ Ba X2- KoMm-
NOHEHTNAPHUHT Monsip fucmnapu Ba P° Ba pP\'- T63a KOMMOHEHTNap
ycTuaaru TyimHran 6yt 6ocumnapu bynca.

25. WHausBmnpyan mopfanapHUHT MOJAP 3HTPOMUACKU, 3HTaSb-
nuscn Ba MM66C aHeprusAcn Ba ugean buHap sputmagarun yw 6y Komno-
HEHTNapPHUHI MOC Mapuman MonAp KaTTaMKaapu ys3apo fJaHgain my-
HocabaTaa?

26. LakapHu cyBfja ysrapmac gapopart Ba 60enmMjaa sputunraHga
cucTeMaHuHr FM66¢ aHepruacu gaHgali yarapagm?

27. Y4yBYaH 3pUTYBYU, yuMalgnraH MOAAAHWUHI CYNTUPUI-
raH apuTMacu Ba yyyBYaH MOAAAHWHI YOy KOHLUEHTpauusgarn cyr-
TapunraH spuTMacy MaBXyd. Ywoy cucTemanapHUHI gaicu 6upu
1o fopmpog faiHal fapopartara ara 6ynagu sa HUMa yuyyH?

28. T[asnapHUWHI cyloanuknapga spyByaHAuru japopatra jaHjan
6ornna? XXaBoObUHIM3HN N304NAHT.
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29. Mapuvan mMonAp KaTTaMKHN YMYMWUA KYPUHULLUHUHT MaTe-
MaTUK UdoJacUHN KenTupuHr, 6yHaa payinugaw 6GenrmnawnapgaH
toiganaHuHr: L - 3puUTMaHWHI 3KCTEHCUB Xoceacw; i WHTEHCUB
xoccacu; W- yw 6y KOMNOHEHTHUHT apuTMagarvy Mobnapu.

30. BuHap spnTmMa KOMMNOHEHT/1apu aKTUB/MK Ko3ahhuumeHTnapu
opacupga Mne6e-Aorem AoHYyHU 6ylinya gaHaain 6ornaHuw 6op?

31. 3pnTMa KOMMOHEHTUHUHT Napumnan Monsip aHeprusicu fed Hu-
Mara anTunagn?

32. KatTta 6ynmaraH 6ocumnapfa rasHWHI ydyyBYaHIUIM JaHfain
TaxMWHWUI TeHrnama 6unaH ngoganaHnLy MyYMKUH?

33. 3puTmMa KOMMOHEHTUHWHI napuvan MOASAp XaXmu faHpain
animaTnapHu pabyn guavwmn MymkKuH (MycbaT, MaHpuii éku Honra

TEHr)?



VII EOB. KUMEBUIA KNHETUKA
YT.1.KUMEBNIA KNHETUKAHWUHT acOCUA TyLYyHYanapu

KnMEBMIA KMHETUKA KUMEBUIA peaKUMSNapHUHT Te3IMKIapu Xagm-
parn caH 6ynun6, Typnm xapaéHnapHu BagT 6upnuru mumpga 6opul
MexaHu3Mnapy Ba JOHYHUSITNAapUHW ypraHagn. Peakuusa Tesnuru
KUMEBUIA KUHETUKAHWHI acocuii TylwlyH4YanapugaH 6upugmp. ABBasiru
606n1apaa Typau xapaéHNapHUHT 6opuLL-60pMacinri, yHanuwmn, cuc-
TeMaja MyBO3aHaT Aapop TONULIN XAAUAA TepMOAMHAMUKA AOHYHNapu-
faH oliganaHank. AMMO 6y KOHYHMap OpKa/in peakUUSIHUHT Te3nuru,
OpanvK XAnaTnapHWHr cogup Oynvwun xagupa mabaymoT onub 6yn-
Maiigun, aHUKpoK annmbé akTraHnmm3ga, cogmp bynaétTaH xxapaéH KaHgan
BaAT opanuruja Ba fJail gonatha cogup 6ynuiinra TepmMofvMHaMuKa
XaBob 6Gepa onmaiign. KuméBuii KMHeTMKa KOHyHnapu épgamuja
BaATHUHI HUXO0ATAA KMUMK ynywinapuga éku innnnab cogup bynagurad
peakuusinap, HWUX0ATAa Mypakkab paBullja KeTaguraH SApo peak-
unsnapu, Typau TUPWUK OpraHusmnapga cogup 6ynaguraH peakums-
NapHW ypraHuil MyMKWH.

KnMé caHoaTnga >xapaéHnapHu TesnawTupuil yeynnapmHu nwnab
ynguw, xanan 6epyBUM KyLUMMYa peakUMSapHUHT  Te3NUKIapuHN
KamalTMpULL, YCKYHanapH1 aBToMaTnalTupuLL 6opacuja KUMEBUIA Xa-
paéHnapHu BagT Gupanrn numpga cogup 6ynul AOHYHWSTNApPUHW yp-
raHvw Tanab guamHagun.

Ogpatha, KMMEBMI peakuusinap Mypakkab >xkapaéH 6ynub, Typnu
anemeHTap 6ocgmunapgaH Tawkun tonagu. Xgp 6up anemeHTap 6ocgmu
y3ura Xoc 3appadanapHuHI y3apo TabcupnaHuwmra 6ornugamp. nvnii
XUxatgaH LWy Kabu TabCUpPNaHWULLMAPHUHT KWHETMKACUHW ypraHuul
peakuusnapHu faHgal iyn 6unaH onvM6 6opul MYMAVMHAUTVHU, SBHU
YNapHVHT MeXaHW3MWHW Ha3apuii Ba amanuii XuxaTgaH ypraHv UMKO-
HUATUHWM 6epagn. KMMEBMI KMHETMKa JacTnabky puUBOXIaHWULL AaBp-
napuvja acocaH peakUVsIHVHT Te3NUTMHW ypraHviira gapatuarad 6ynue,
6yHfa acocaH peakUusinapHW CUHnapra axpartuwira Ba MOMeKynsip-
KUHETMK Hasapusira acocnaHraH xosnja peakuusinapHu 60puLvHKA ngo-
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[anoBymn KMHETUK TeHrNaManapHu apaTulra gapartunrad. PeakuusnapHm
6y Tapupa ypraHuwHu dopman KuHeTuka feb atanagn. KelnHuyanuk
peakuma KWHETUKACUHW ypraHuwga abTubop Kynpog peakumsinapHuUHr
MOXAATUHW, MeXaHM3MWHM Ba bowfga XoccanapuvHW ypravuwra gja-
patungu.

JeMak KMMEBMIA KMHeTMKA (hopMan KMHETUKa Ba KUHETUKa Hasa-
pusnapuHn ypraHys4um gucmnapgaH néopat 6ynné, KUHeTUK Hasapusanap
acocmga KUMEBWUIA TabCUPMapHUHT MeXaHU3MNapu Ba peakuvanapHUHT
6opuL AOHYHMATNApW ounb bepunagn. KUMEBMA peakUUsSHUHT fap Ta-
pahnamMa acocsiaHraH MexaHU3MMHW BUNNLW aHya Mypakkab 6ynraHavrm
cababnu, 6up paH4a Hasapusinap TakNUg AUAUHTaH. YNapHUHE aco-
cuiinapu rasnapHUHT MOMEKYNAap-KMHETUK Hasapuscura TasHu6 Takniid
OUNUHTaH aon TyfHawuwnap Ba (aonnawraH Kommnnekcnap (ytap
Xpnart) Hasapusanapuaup. daonnawiraH Komnaekcnap cudar Hasapusicu
acocuga I.9vipuHr Ba M.MonsHu (1935) cTaTUCTUK TepMoguHamMuKa-
HUHI MaTeMaTWK annmapatufaH goijanaHraH AoAua, peakuusnapHUHT
abconoT Teanuknapu fe6 HomJlaHraH MWALOPUIA Ha3apuUsHWU Takng
aunradnap. dputmasiapga 6opyBUn peakuuANapHUHT KUHETUKAcK And-
(hy3roH MexaHM3M GyiiMya 6opagm Ba TygHaLLMLLAp Hasapusacu acocuga
TYWYHTUPUNAAM. Iputmanapgary peakumsanapHUHr MexaHu3ma rasnap-
jarura HucbataH aHya Mypakkab, YyHKW 6owlnaHruy mofganapHuHr
Monekynanapu 6up-6upu 6mnaHrmHa smac, 6anku 3puTyBYM MOMEKY-
nanapn 6wunaH fgam TyKHawagu. OpuTmanapga Monekynanap raxvap-
parnra HucbataH 6up-6upura aHuya AgMH XonawraH Ba YMyMUiA TyK-
Haluwiap COHWM aH4ya Kyn Oynuwinra japamaejaH WKKATa Tabcup-
nawaétraH MoAjanapHWHr y3apo TYAHAWWIWIW ANAVHNAUTAAN, YYHKK
OYHWHT YUYYH ynap 3puTyBUM fiaBaTufaH anddysmanaHné yTuwmn Kepak
6ynn6 Konagn. dpuTManapga KynvH4Ya WMOH peakumsnap 66praHniiw
cababnu, ynapra 3puTYBUYMHUHT [N3NEKTPUK CUHTANPYBYAHAUTN Ba
IPUATMaHMHT MOH Kyun Tabeup Kunagu. dputMaHVIHE noH Kyuii 6up-
naMyu Ba MKKMNamum Ty3 apdeKTaapuHU Kenampué ymkapagu.

KnmEBUI peakuusinap KUHETUK XUXaThaH MONeKynsspavru Ba tap-
Tnébura Kypa TacHdnaHagn. PeakUuAHUHT MOonekynapauru 6Vp sakrga
TYKMalmnb KuMEBUin peakumsra KUpiirliH moneky/lanap TYpRHAHT COHIA
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6unaH 6enrmnaHagM Ba MOHO-, 6M- Ba Y4 MOMEKynsp peakuusnapra
6ynuHagu. MOHOMOMNEKYNap peakuusnapra 6ab3y axpanvw peakuus-
napwu, mMofnekynanap uymja aToMAapHUHT KaiTa rypyxgaHuiiun, nsomep-
NaHnLW peakumanapw, pagnoakTMe napyanaHuw mucon bynagn. Mypak-
Kab aup cylnTUpunraH  3pUTMACUMHUHI TUAPOAN3M peakuumsacnga
CYBHMHI MUKAOPU Kyn 6ynraHnuru ca6abnu, YHUHT KOHLeHTpauusicu
ysrapmangn. LUyHuMHr yuyil, 6y Kabu peakuusnap “rnceBAOMOHO-
Monekynsap” aeinnagn. O ganin peakuymsnap Kam yupangm. KynuHua 6up
BaKTHUVHI y3nga 61Mp Heya Xua oganin peakumanap éHma-éH (napannens),
KeTMa-KeT (KOHCeKyTuB) &ku 6upranukga 6opagu. ByHgali peakumsnap
MypaKKab peakuusnap genvnagu.

MypakKkab peakuUANapHUHT KUHETUK Tab/MMOTUIa Kypa éHMa-&éH
8KM KeTMa-KeT 6opaguraH oaauii peakuusnap 6up-6upura 60rnmMK
6ynmangn. Xap Kalicm oaavii peakums 6Up BaKTHUHT y3mfa MycTakui
6opagn Ba YynapHuMHr xap 6uMpu gam Maccanap Tacupu KOHyHura
bylicyHaan. KoHUeHTpauusnapHUHT yMyMUIA y3rapuiln anpum peakums-
nappa coaup 6ynraH KOHLEHTpauusi y3rapullinapuHUHT AnrnHgmcura
TeHr 6ynagn. Mypakkab peakuusinapgarn oaauii peakuusnap éHma-éH
6opaéTtraH 6ynca, ymMmymuin Te3nuK oAWK peakumanap Te3NUKIapUHUHT
AnrnHgucura, arap Ketma-ketT 6opaétraH 6ysnca, aHr ceKuUH 6opaéTraH
peaKUMSIHUHT Te3nurura TeHr 6ynagu.

Peakuusi TapTnbn peakumsa Te3NUTMHUHT Kaiicu gapaxaja KOHLEH-
Tpaumsira 60rMMKAUTUHN KypcaTaaun. Peakuma TapTnbn xapaéHja KaTHa-
WwaéTraH 6up MoALa y4YH anoxmga ronuaca Xycycuih Taptué gelimnagm.
Bapua moguanap xycycuii TapTUO6MapMHUHT MUTUHAUCU peakUUSHUHT
ymymuii TapTnbnHn 6epaan. Arap peakuus 6up bocknupga 6opca, peak-
uus TapTM6y 6unaH MoNeKyNsSPANIA y3apo MOC KEeNULN MYMKWH, TEKUH
KynuH4a peakuusnap 6up KaH4ya 60ckuunapga 6opraHnuru Tydanam
peakuusi TapTubu 6unaH MOAEKYNAPAUTU Typau KuimatnapHu Kabyn
Knnagn. MacanaH, loKopuga KCATUPWUAraH Mypakkab 3MPHUHT Cyto -
TUPWATAH 3pUTMaZa TFUAPOSM3NaHUL peakumsacu 6umonekysasp (Eku
“nceBAoOMoONOMOEKYNAP™) 6ynmb, 6UpMHUYM TapTuoeNmanp. Y woby peak-
umaga shMPHUHT MUKLOPU Xam OpPTUKYa OfIHCA, peakuus HaTuxacuga
capthnaHaétraH agup SpHM ahmp KaTnamugaH Tynaupuné 6opunraHnnrm
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cababsan, yHUHI KOHUEeHTpaumuscu goumunin bynagm Ba HaTuxXaga peakums
Te3nuru ysrapmaigun. lemak, yw 6y peakums HoNMHYM TapTubnm bynagu.
Peakuuss gaBoMmupa 6utTa €K 6Mp Heya MOAAANApPHUHI KOHLEHTpa-
uMsinapu ysrapmaim uonca, “nceBfo” éku “KysatuaraH” tTaptub atamacu
KynnaHunagn. PeakuMsIHUHT Te3NUrM peakumss gaBoMuaa ysrapmaca,
OGyHpain peakuma HOMMHYM TapTMbNM G6ynagn. HonnHUM TapTUbIM peak-
unsinap KynuHya reteporeH Ba (hoTO-KUMEBWUIA XapaéHnapga, yupangu.
KynuHua pagnoakTuB napyanaHuvil peakuusanapyu XM HOAMHYN TapTué-
NN peakuusnapra Kupagu. Peakums TapTUOMHM aHUKAALWHUHT 6P Heva

VII. 1->xapgBan

Typnu TapTnban KMMEBKNIA peakunanapHUHT guddepeHuman
Ba MHTerpan KUHeTUK TeHrnamanapu

Peakuyus OnddepeHynan MNHTerpan KNHeTuK
TapTnémn KWHETUK TeHrnama TeHrnama
n=1 ~=Kpn INCA&In
S'O *
In— =kot\
c
n=2 o
a 2A Lalng 2
_~ = 1 1 *
G ~FER QAo
i i Ji

B
n=3
dt 7 N

*YLW6y TeHrlamariapaH rpadwik Epfammaa peakLms TapTuon armakiaHain.
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avddepeHunan Ba WHTerpan ycynnapu wmaexygd. Peakuus TtapTubu
hopman KaTTaNIMK 6ynmob, mogaanapHUHr Mukgopura, 6ocnm, gapopat Ba
KaTanuMsaTop wuwTupokura 6Gornukgup, y 05 pgaH 4 rava 6ynraH
KU/AMaTnapHu Kabyn KAanWmn MyMKUH.

KvHeTnK TeHrnamanap KVMEBWIA KMHETUKAHWHI siHa 6up acocuii
TywyHyanapugaH. KnHeTUK TeHrnama - Te3IMKHU ékn 6upopTa KMHETUK
LOMMUIAHW yHra TabCup KUNyBYM (EKM YHU TaWKUA KUNYBYM) OMWUANAAp
6unaH O6OrNMMKANKNAPUHUHT MaTeMaTuk udgogacn. KUHETUK AOMMUIA-
napra TesNMK KOHCTaHTacu, MyBO3aHAT KOHCTaHTacu, peakuUSAHUHT
Xycycuin Ba ymMymMuin TapTubu, (aonnaHull 3HepPrusicM Ba CTEPUK
omunnap kupagu. Yll.l->kageanga Typnu TapTubnu peakuusinapHUHT
AndhepeHUnan Ba UHTerpan KMHETUK TeHr1amanapy KenTupuiarax.

KnHeTuK TeHrnamanap acocmpa Ty3uaraH rpaduk 6ornaHuwira
KWUHETUK arpunap Aevinnagn. KuHeTuk arpunap Typam xun 6Gynagu.
MacanaH, mofua YHYMUHWUHT BakaTa 60rnnMKaurn 4 Xxuna KypmHULITa ara
(VII. 1-pacm).

VIl. 1-pacM. Mogda YHYMUHUHT BaKTra 60rMMKAUTUHN HHOJANOBYN KUHETUK
arpunap:

a) TYIPM YBMKMIM GOMTaHMLL PEaKUMAHVHI MEXaHU3MM PeakLs  [aBoMUIA
Y3rapMac/MiiHA - Kypcateayl; 6) KUHETUK SrPUHUHI Tallikapura GypTraHmmim
PeaKLVS >xapaBHIAaA Xocun By/1aéTraH acocuii 8k KyLLMMYa MOASaap TOMOHLAH
PEAKLVISIHAHT  CeKHALLITVPWIRETTaH HA 6Unavipay; B) 5-CUMOH KyprHLLAN
rpadmK refb SPeKTVHAHE MaiAgo Oynmum 8kn paivikan  nofvivepiaHmLLia
VKKWIBMYA  SKaP8BHHVHT  KETULLKM OGWiaH 60K, 1) KUHETVIK  STPWIPHUHT
miKapura GypTraHIii. peakus MyxXUTUAA PeaKU/SHN CeKVHMALLITUPpaaMIaH 03
MUKIOPATN 6eroHa MOLARTaPHHI G0PMMMHA 8K YXapaéH aBToTe3lalLnLL BinaH
KETVILLWH KyPCaTaim.
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Peakunsnap 6ownaHrny MoajanapHWHI arperaT xonatura kapabé
KN ynapHUHI y3ap0o 3pyBYaHAUrMra acocaH rOMOreH Ba reTeporeH
cuctemanapfa kKetaguraHnapra 6ynuHagn. KumEBUIA KUHETUKAHWHT
IoKOpUAa KenTupuiaraH TyllyHYanapy Ba Hasapusiiapyu FOMOreH cuc-
TeManapfja KeTaguraH peakuusnapra Taanayknaugup. Wkknta dasa
yerapacuja KetaguraH TypavM-TyMaH KUMEBUI Ba hM3MKaBuUii xxapaéHnap
KaTTa amanunin axamusaTra sra. PyganapgaH MeTanfapHUHI KaiTapuanwm,
KaTTUK; EKUATUHWUHT EHULWK, ByrnaHMl Ba KOHAEHCAT/MaHWLW, 3puLll Ba
KpucTannaHuw, apcopbunaHuw Ba abcopbunaHuwl, KaTaMTUK peak-
uusinap, 3NeKTPOA-3/IEKTPONUT 3pUTMAcU Yerapacugarv 31eKTPOKUME-
BUIA peakuusnap Ba 6ouLa, TEXHUK HyKTan HasapfaH Myxum, xxapaéHnap
reTeporeH peakuusinapra kupagu. FeTeporeH cuctemanapgarn peakumsl
NapHUHI KWHETMKAacu KaTop y3ura Xoc XxycycuaTnapra ara. Peakuus
jaBomuja fHrM asa xocmn 6ynca, retepoasaBuii peakuusi ferad
TYWYyHYa XaM Ky/naHunagu.

[eTeporeH cuctemanapfaru >xapaéHnapHUHT KMHeTUKacu 6UMpuMHYN
60p KaTTUK MogAanapHUHT cyloLraknapia apuwnHn 6atapcnn ypraHuil
opKanu TYWYHTUPUAraH Ba HepHCT TOMOHWMAaH reTeporeH >xapaéHnap
KUHETUKACUHUHT AU dY3N0H Hasapusic Taknng KunuvHraH. FeTeporeH
XapaéHnapHUHT auddy3MoH MexaHM3MUK XaKupgaru TacaBBypnap dakar
3pULL YUYH 3Mac, 6aKy KaTop 60LL Ka peakLumsanap y4yH Xxam KyanaHuwwm
MYMKWH. AMMO 6apuya reTeporeH >apaéHNapHWHT Te3nurn guddysns
6unaH 6enrmnaHagn, ge6 xgcobnawl HOTYrpu, YyHKU reTeporeH >kxapaéH-
nap Katop KeTMma-KeT 6ockuynapgaH néopat 6ynmb, ynapHuUHr xap 6upu
AMMUTAOBYM BOCKMY GynnInM MyMKKH. X,03Mpru TacaBBypnapra Kypa,
reTeporeH >kapaéHnap yd rypyxra 6ynuHagu: KUHeTUK, auddysnoH Ba
opanuk coxanappga 6opyBun peakuusanap. FeTeporeH >apaéH Kyiumparu
acocuin 6ocknynapgaH néopat bynaau:

-peareHTHM 3pMTMaZaH KaTTUK )XUCM CUPTUTa eTKa3ULL;
-KaTTUK XUWCM CMPTULA KUMEBUI peakLMAHUHT cognup bynunwiu;
-peakuus MaxcynoTnapuHu cMpTAaH apuTMa numra onmb ytuul.

Peakuusi Te3nuru 6o naHrny mogfanapHUHT MyXuTra KUpuL Tes-
nurngan kartta 6ynca, peakumsa andgysnoH coxaga 6opaétraH 6ynagu.
ByHpali apaéHnapga (hasanapapo yerapara MOAAAHUHT eTKa3nb bepu-
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MW KOHBEKUMA Ba Anddy3us xucobura amanra owagn. MyXuTHUHT
TYANK CWDKULLM KOHBEKUMA fennagn. KOHBEKLUMS 3pUTMaHUHE XaXKMu
Gyiinya Typau 3MUnmK GyaraHnurn Tydainnm nango 6ynagn. dpuTmanu
apanawTvpull K1 KaTTUK XKUCMHW ainaHTMpmnb Typull HaTuxkacmga
KOHBEKLMSHU XOCU/T KAWL XaM MYMKWH. Ounddysust aca, spuTMaHuHT
XaKMuUAa KOHLUEeHTpauusanap rpagveHTa MaBXygavrn Tydainnm naingo
6ynagn. Jemak, TabcuMprallyB4M MOALANAPHUHT hasanapapo 4yerapara
TPaHCNOPT KWIMHWLIN MOJSIEKYNAP EKW KOHBEKTaB Andgysns Hatu-
Xacuga amanra owumpunagn. bByHpaii peakuusinapra  apuil, MeTans
OKCWUAMTAPUHVHT Fa3nap 6unaH KanTapunvil >xapaéHnapy Kupagu Ba 0y
Xonnapfa Tawky anddysna ékn Tallku Macca TarmunT xakuga (puKp
ropuTUnaan.

[eTeporeH peakuusinapfa KynuH4ya HOKOPU FOBakKIMK Tydaiam
KaTTa cConuwTupMa cupTra ara 6ynraH KaTTVK XXUcMiap KaTHallagwnap.
ByHaail xonnapaa >apaéHHWHI KMHeTMKacK TabevpnallaéTraH Mopja-
NapHVHT KaTTUK XWUCM KanuispaapyHUHE MYnra KApULW Te3NIN, SbHU
nukn audbysma 6unad 6enrunaHagn. Kynuunmk reTeporeH peak-
umanapga xygam wy muki auddysua IMMUATAOBUM 60CKUY  Bynaguw.
Nukn gugdysus KysaTunaguraH >XapaéHNapHUHT Te3nurn OUKHUHP
MKKWHYM KOHYHW acocmpa xucobnaHagn. BupyvHum Ba yUmHUM 6OCKUY-
nap yMyMuii KOHyHUsiTnapra 6yiicyHaau.

[eTeporeH >kapaéHNapHWHI 3HT CeKWMH 60pyBYM (IMMUTIOBYM)
6ocknumn hasanapapo Yerapagarv KMMEBUA pPeakUUSHUMHE Y3U XaM 6y-
MMM MYMKUH. By xonga >kapaéH KWHeTUK coxafa Gopagu pelivnagw.
PeaKLus KMHETUK coxafa KeTraHaa 6ownaHrny MogaanapHuHr MyxmtTa
KVpWLL TEe3MIMTK peakuus Te3NUrngaH aHdya KatTa 6ynagun. byHpa peak-
LSt Te3nuryn romodhasaBuin peakumsinapgarm kabu, acocaH, 6oLliaHrny
MOAAANAPHUHT KOHLEeHTpaumscura 6ornmk bynaau.

OnddysmoH coxaga aonnaHuw sHeprusic (7,5 Kkan/Monmb aad
olIMaiian) KUHETMK coxaHuKupaH (70 KKan/MOMb gaH KaTTapok) aHua
KN4YMK Bynagn. PeakuMoH MyXUTHU apanaliTupuwl Te3nmrm andgysmoH
coxafiaru peakuus Te3urura Tabcup Kunagu, KUHETUK coxagarura aca,
TabeuMp Kunmangn. Ouddys3MoH coxafaru peakuMsiHWHT Te3nnru 6oLwu-
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NaHry MOAAaNapHUHT KOHUeHTpauuscura 6ornng amac, SbHU >xapaéH
HONWHYKM TapTn6aa 6opagn.

Peakumsi onn6 6Gopuwl ycynura gapab, cTaumoHap LuapouTiapaa
6opyBuM Ba ogMmaa 6opaguraH peakumsnapra axpatunagn. CtaumoHap
LaponTnapa KOHUEHTPaLMSIapHUHT LWYHAAW rpagueHTnapy X,0Cun au-
NNHagnKn, BGyHAa peakUMsIHMHT 6Gapya KeTMa-KeT 6opyBuM 6ocamnu-
NapUHWHT Te3nnknapu 6up xun bynagu.

VI1.2. Knmésuii peakLMsHUHT Te31nrm

K1UMEBUIT peakUMAHUHT Te3nurn f[eb6, ysapo TabcuprallaéTraH
MOAJanap KOHLEHTPaUUSCUHMHE BaAr 6UMpavMrn nyaunga ysrapuwinra ai-
Tunagn. Peakuus paBoMufja gactnabkuv OfvHraH MogfanapHuHr Mug-,
[OpM  Kamaiinb 6opafun, akcuHya, X;ocun 6ynaéTraH MoaJaniapHUHT
MUAAOPM 3ca Kynainb 6opagn. Arapga peakuus faBoMmia ULLTUPOK
3TaéTraH MOAAaNapHUHI KOHLUeHTpauusnapn BaaT 6upavru opanurmga
K/YMK MUKAOPra y3rapagu fecak, peakums Te3nurn gynugarnya mngo-
fanaHagu:

W, ek V=IE (yn.

ByHga CBa C nap Moc paBuLja 6oLIaHIMY Mogasiap Ba peakumst
MafCy0TW KOHLEHTpaunanapu.

KO fopuga TabKugnaraHMMm3geK, 6Mp TOMOHra liyHanaétraH peak-
UMAHM MKKKW Typfa TacHuIall MyMKWH: 6UpUHUYngaH, 6opaéTraH peak-
UMAHWHT TeHrnamacu Oyinya peakums Te3IMrM TeHrnamacu opaanv
O/IMHIaH peakuus TapTnbura Kypa; MKKMHUNAAH, PeakLUUSIHAHT MOJIEKY-
NAPANTY, SbHU aiHWM peakuusiia MLLITUPOK 3TaéTraH 3appadvanapHuHr
CoOHUra Kypa. PeaKuusiHUHT TapTubu fAe6, togopuaa TabKuanaraHu-
MU3JEK, PeaKkUUAHUHT KUHETWMK TeHrnamacugarv fapaxa Kypcatuynapu
nnrnHgncura antunagn. MacanaH, gynngarnda peakuus cogup 6yna-
ANTW Aecak:

v.4 TMUL+ . = vijrs +vaaa+ .
6yHaa Tyrpu peakums 1e3nurnHUHT V-KC\-C” -.. KMHETMK TeHrnamacu
Oyiinya peakumsa TapTuném (v, +v2+...) AMrMHAN opganv ugoganaHagu.
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PeakUMAHUHT TapTMby Ba MOMEKYIAPAUTU KyNUUANK Aonnappa
6up-6upura moe Kenmaign. by KaTTaiuknap ofAuii peakuusniap y4dyH
MOC Kenuwmn MyMKWH. YyHKUK XapaéHHUHT 60puLInMHK ndoga staéTraH
peakuuss Teurnamacu amasniga cogup 6ynaérraH opanug >kapaéHnapHu
Tynug pampab ononMangn, HaTwkaga peakUWUSHWHT MexaHu3Mu épu-
TUNMai gonagu.

Coanp 6GynaétraH peakuus 6up 6ocgmugaH méopaT 6ynca, peak-
UMAHWHT Te3NUrM y3apo TabcupnawaérraH mojgganap CTeXVMOMETPUK
KoathhMUMeHTNapUra MoOC paBuLLa YMapHUHI KOHLeHTpauusnapura
nponopuuoHan 6ynap 3fu, AbHU 04opMaa KeNTUPUAraH peakums TeHr-
laMacu yuyH fyinaarvHu é3u MyMKUH 6ynapam:

:./a\t:kc£.Q-, (y|_|2)

6yHaa K Mk peakuus Te3nurun pouMMWAcK (peakumsra KupuiaétraH
Mofdanap KOHUeHTpauusnapu oupra TeHr OynraHjarv peaxkuus Tes-
nurun). YHuHr ynuos 6upnurun [K]=[c] n[tjl

[agvpaTtpad fgam, amanga Aynyuiank peakuuanap Tesnuvkiapu
Typnuya 6ynraH 6up pgartop 6ocauynapgaH wmubopat 6ynmn6, ymymuia
peakKUMSHUHT Te3/IMIN aHa LWy bocamunap Mumfa 3Hr cekKuH 6opysumn
60CANYHUHT Te3nurn 6unaH yndaHagn. LWyHuHr yyyH pgam, (VI11.2)
TeHrnamagaru fgacrnabku mogganap CTEXMOMETPUK  KO3MhULIMEHT-
napugaH wnéopat pgapaxa K)dcatkuunapu (v.".r];:.) 6yTyH coHnapgaH
Talljapyn Kacp coHnapiaH gam néopat 6y MyMKUH.

OpaTfa OfAnIA peakumanap yyyH peakuusi rapTuom ysapo peak-
umsAra KMpuwaétraH mopgganap CTEXMOMETPUK KO3PhULMEHTNAPUHUHT
AnruHamengaH neopat 6ynagu, sbHU N=Svp p

Peakuns faBomupa 6UTTa KM 6Up HdHa MopfanapHUHT MiAgLop-
napu ysrapmai pgonca, tofopuja TabKunaraHUMusgeK, peakuUsHUHT
“nceBAo” €Ky “KysaTuaraH TapTuébu” geraH néopa mnwgatunagn. Mwucon
YUYH, WaKapHu nHBepcusnaHlIWw peakunsciiiiv onainmk:

CIH20n +H20 -NEA>2CEH]206

AWHW peakuMafa WaKapAaH Tallaapy spuTyBUn cudaTmnga CyBHUHT
VWTUPOAUHMN Ba peakLmsa aucnotanm Myam raga 6opuilvHmn gucobra onrax
fongja, peakums TesUrnMHN ayinmaarnyda ugoganawl MyMKUH:*
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V=k[ CIH20u] [H20][H3 ]

TeHrnamagaH KypuHu6 TypubanKu, aitHn peakusHN YUUHUN Tap-
TN6NM peakuus felunll MyMKWH 3au. Acnmpa aca peakUMoH apanatl-
MaZaru CyBHWHI MWKAOPW 3pUTYBYM cudatmia opTugya 3KaHaurm sa
rMLPOKCOHUI MOHWM KaTanusaTop cudaTmja yrapmMae Mukgopra aTta
bynraHnurn cababnu, peakums Te3NUTUHU

Vjk[C i2H20n]
K5(hmHMLWAa é3nw Kugos Kunagu. HaTwkaga rokopugary peakums 6u-
PUHYM TapTUGAM peakUnsa 3KaHIUTMHN Kypamus.

PeaKLMAHVHT MONMEKYNAPAUTA UWITUPOK 3TaéTraH 3fieMeHTap aTom
&K1 MONeKynanapHUHI aHUK coHura 6ornnk 6ynmné, ogatga 1 gaH 3 rada
b6ynraH 6yTyH coHnap opkann wudgoganaHagmr YyHkn TypTTa aTom Eku
MOJIeEKYyNaHN 6Up BaKTAa y3apo TyKHALUULLIW amanuii XXUXATAAH MYyMKUH'
amac.

Peakuna TapTnbm Ba MONEKYNAPAUIMHM peakuus MexaHusmura
60rMMKANTUHN YYKYPPOK TYLUYHULI YYYH MWUCON TapuKacuia MKKW Ba-
NEHTNI TEMUPHWU KUCNOTaNM MyXuUrga Kucriopog 6GunaH OKCUAMaHULL
peakuusicnHn Kypub umkainuk. Peakuusi TeHrnamacuHu Kylimparunda
ndogananmus:

4Fe2++4H' + 02 —4Fe3++ 2H2O

TeHrnamagaH KypuHu6 Typnbankn, peakumnsa cognp 6ynmwin yyyH
4 Ta TeMUp MOHK, 4 Ta BOJOPOS MOHM Ba 6UTTa KMUCNOPOA MOJeKynaci,
AbHM 9 Ta 3appaya 6Mp BaKTAa y3apo TyKHalWMIWN Kepak. [eknH amanuii
Xux,atgaH 6y MyMKUH amac. VIKKMHUYM TOMOHaH, aiiHi 3appadanapHuHr
cakKu3Tacu mycbaT sapsfgnaHraH sappadanap 6ynv6, ynap ysapo uta-
punuw  Kyyura sragupnap. LUyHWHr yuyyH pam, yw6by peakuusira
Kyiingarn 6GockuunapfaH ubopat peakuumsanap Maxmyacu cudaTuga
Kapall MyMKWH:

IV + 02+ Fe3++0:
Orn~4r-*Ho\
Fe 2t + HO: Fe3++ HO: 1
HOr + A*--¢ H202

Fe2++ H202 Fe3++ OH + oH
267



Fe2* + on — Fe3i + OFT
Ft+ OFF 0 H2

KentvpunraH peakuusi TeHrnamanapvjaH KypuHu6 Typubanku,
6upopTa TabCcMpnaHUWAa WKKWTagaH OpPTUK 3appadvanap UWTUPOK 3T-
Maligm Ba Wy 6unaH upra, 6up xmn 3apagan sappadanap xXam y3apo TyK-
Hawmalrgn. Xynoca Kunm6 anTraHfa, peakuma MexaHWsMu peakuusiHu
TalKun aTyB4YM 6ocKLYNap MaxMyacuanp.

PeaKUVAHVHI MONeKynapanrn ysapo TyKHawaéTraH sappadanap-
HUHT COHMra 60rnvK; paBuLLIfa MOHOMOEKY AP, 6BUMONEKYNAp Ba y4MO-
NeKynap 6ynuwun MyMKuH. JleknH 613 ouopuaa Kaiig aTraHuMu3sgex,
yuTa Ba YHfaH OpPTWK; 3appadyasapHUHr 6Up BaKTAA Y3apo TYKHALUWULL
IXTUMONIUTU  XYyAa KUumkanp. CxemaTMK paBullfja peakUUsHUHT
MONEKYNAPAUTMHIN Kylinaarnya ugoganawl MyMKUH:

1) A —*L - MoHOMONeKynsip peakuusinap;

2)A+B-*L; 2A-+L - 6umonekynsp peakuusinap;

3)A+B+C—=*L; 2A+B —L; 3A—L - yumonekynsap

peakuusnap.

Arapga peakuusi gaBommuga 6up foHa y3apo TabCuMpnawiull cogmp
6ynaéTtraH 6ysnca, peakums TapTuom 6unaH Monekynapnuru up-bupura
TeHr 6yfagn. Mypakkab peakuusinapga aca peakuus Taptubu anoxupa
peakuus 60CcLMUYNAPUHUHT MONEKYNSapAMKnapura 6ornmk bynaau.

Coanp 6ynaétraH peakuusinap MoffanapHWHT y3apo Tabcupnailiu-
lwura Kypa, oanvMii Ba Mypakkab peakuusnapra 6ynuHagu. Opatga,
0fAVNIA peakuusinap 6up TOMOHra iyHanraH 6ynii6, 6utTa Kumésuii 6oc-
KnugaH néopat bynagn. Mypakkab peakunsnapHuHr 6up Heya Typnapu
MaBXyf 6ynun6, ynapHu cxemaTuMK paBullja Kyhugarnm Typnapra 6ynumi
MYMKWH:

1. K~ aiitap peakymsnap

A+ B<=zH+M
2. EHma-éH (napannenb) 60pyBUM peakumsanap
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3. bupranvkga 6opyBun peakumsnap
A+B-+L @
A+C-"M (6)

By Typaaru peakuusnap cogup 6ynaéTraHja peakuusinapgaH 6vipu
y3-y3nya 60opagM Ba YHWHI MaxcynoTnapuiaH 6UpM WKKMHUM peak-
LUMSIHUHT cogup 6ynuwinra cababum 6ynagn. MacanaH, BU3HUHT MUCONN-
musgarn (a) peakuusiga xocun 6ynraH L mogpacm (6) peakuMsiHAHT
cogup bynuwwura épgam 6epagu. OpaTAa, McKana peakuusga xam MLl-
TUPOK 3TyBYM A MoAaja akTop fe6 aTanagu. A Mopaacy 6unaH 0COH
peakumara KNpuWmnb MKKNHYM peakunsHn cofgmp bynuwinra cababum 6y-
nysun B mopga vHAykTop fe6 atanagu. C moppacu akuentop Ae6
atanagu. Ys-ysmuya cogup OynyBuMm OGMPUHUM peakuusiHu 6Gupnamum,
YHUHT KeTufaH 60pyBYM peakUUsiHU MKKUNamuu peakuusi ae6 atanagu.
Mucon Tapukacuga FeZ2+unonn kyunu kucnotanun myxutga H2 26unaH
OKCUANAHMLL PeaKUUSICUHN KYPULLMMU3 MYMKUH:

H2Q2+2FeCI2 #/c'.>2FeCI3+H20 @
H20 2+2HC1—=Cl12+2H20 6)
byHaa H20 2- aktop, Fe2+- wmHayktop, HC1l—akuentop BasudacuHu
6akapaaw Ba (a) peakuus 6upnamun, (6) sca, MKKUNaMUM peakLUsanp.
4. KeTma-KeT 60pyBUM peakuusnap
A->B->C...; A+B+... -+C+D+...->L+M+...

YMyMaH, opmMan KUHETUKaHWHI Basudacy peakuusija MLLITUPOK
3TaéTraH Mofganap KOHLUEHTPAUUSICUHWUHI BaxT 6GUpAuru myumpa yasra-
PULLIVHKN ypraHvLl OpKa/iv Xap KaHfai LwapouTha peakums OMMUACUHN
xAco6nawl UMKOHWHM GepyBYM TeHrnaManapHy mMwnab Yymkulira Kapa-
TWNraH. BYHWHr y4yyH ypraHunaétraH peakuusi TapTUOBMHWM aHUKAaLl
acocuii omunnapgaH 6upun xmcobnaHagun.

VII.3. Peakuyns Taptném

- Y3rapmac xapopaTda PeakUMSHUHT  KUHETUK TeHrnamacuHu
YMKapvl y4yH peakuusga ULITUMPOK 3TaéTraH mopjanappaH 6upopTa-
CVHUWHT KPHLUEHTpaumsacy BakTra 60rMMKANIVHN ypraHuil Kepak. ByHUHr
yuyH (VI1.2) TenrnamacugaH coliganaHamuns. Arapga (VI1.2) TeHr-
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NamaHu uHTerpannacak KOHLUeHTpauus 6unaH BakT ypracujaru ysapo
60rnMBANK Kenué yunuagn. ONMHraH HaTuXanapHu amanuii liyn 6unaH
aHuAnNaHraH KoHueHTpaunaHuHr (C,) BakTra 60rnnkKankK arpyunapu éunax
TakKgocnall opKaau peakuua TapTnéy aHMKgaHaLu.

BupuHun TapTnbnmn peakuusnap. byHaai peakuusnapra paguo-
aKTUB napyanaHuil, nomepnanuw, mOaganapHuUHT ra3 asacmga napui-
NaHuLW K Ba 60 KanapHW MUCOA KUANMG KeNTUpULL MYMKUH.

CxemaTuK paBuLLa Kyiingarn peakuns TeHrnamacuHu onainuk:

A—b+ ..
(VI1.2)) TeHrnamagarv mogganap KOHLeUTpauusicu ypHura ynapHuHr
Monbnap coHupaH doliganaHalinmk. Peakuus 6GowwinaHMacgaH assan V
xaxmga (t—O) A mMopfaHUHT MONbAAP COHW a ra TeHr gecak, t BakT
yTraHAaH CYyHITW MOfibflap COHW X ra TeHr. A mopgaHuHr t BakTaaru
MuBaopwu (a-X) Monbra TeHr 6ynaau, HaTuxaaa,

9=y =X Ba dt vt

6ynagun, 6yHga Q0 Ba C nap gactnabkm mMofggaHuWHr 6ownaHrmy Ba t
BaKTAaru KoHueHTpaunsanapu.
OnuHran HatwkanapHu (V11.2) 6unaH Takkocnacak,

_4/\ =aEN =fb= (V||3)
dtdt dt’ K ’

Kenné6 ynkaan. MoHOMONeKYNAp peakumanapia peakunsagaH CyHr ofIvMH-
raH MOAJaHWHT MUBAOPWM facTnabku mogga faxmura 6ornvk 6ynma-
raHnurun cababnu, Kopugarun TeHrnamara [aXM KUpPUTWUAraH 3mac.
Arapga (V11.3) HK Kylingarmya éscak

— =M" (V11.4)
a—Xx
BayHu 0 faH f; Ba 0 gaH t opanmsgapuga nHTerpannacak
lna—n(a-x) = In_ a = kjt (VI1.5)
a—x

kocun 6ynagun. (VIL5) gaH 6upmHYmn TapTmnbam peakums Te3nuUrn Aou-
Muiicn Kj HU Tonu MyMKUWH:

K=jin-2 (V11.6)
i a=x
Peakuusa Te3nuru goumuiicuuuur ynuos eupnurun [Kj] = [c]ln [tj1

gan n=1 6ynranga [K]] = [tfJ 6ynagn. LUYHUHT yuyH BUPUHYM TapTMGM
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peakuus Te3NMK LOUMUINCKM KOHUEHTpauumam wudoganaw ynyos 6up-
nurura 6ornuk bynmaingn. Arapfa peakuusra kKumpuwaétraH mogganap
KOHLEHTPaUUACUHMHT y3rapuwiunuu X\ 6unaH, Kocun 6ynaétraH mogja-
nap KOHLUEHTPAUUACUHWHT y3rapullnHy X26unaH Genrunacak, peakuus
YUYYH ONIMHTaH pgacTnabku moppaa-
nap MUBAOPU @ HUWHI BakT t ra
G6ornusaurn VIl-2-pacmga kypca-

TUNTaH.
Cogup 6ynaétraH peakuusi-
NapHU 3draHuwpa  peakuUAHUHT

APUM  eMUPUAWLL  BakKTU L AaH
VIl.2-pacm. AacTnabku mogaa X\Ba  (hoiiganaHunagu.
peaKLusi Maxcynotu X2
KOHUEHTpayusnapm yarapuil MHuHT
BAKTraboriMKanrm.

By BaKT peakuusi yuyH O/IMHFaH MoAAa MUBLOPUHUHT sApMUM capdiaHraH

BaKT 6munaH ynyaHagn. LLIyHra mysouk, (VI11.6) TeHrnamagaH x~= t=

% 3KaH/INTUHU XMeobra oncak

t _1n2 0693 VILT)

6ynaan Ba K3hMHNG TypubANKU, peakKLUUSHUHT ApUM EMUPUAINLL  BaKTU
(hakaT MyBO3aHaT gommuiicura 60rnnK 6ynmnb, peakums y4yH OJSIMHTaH
MOAAAHWHT 6OLINAaHTNY KOHLeHTpaLmsacura 60rimk aMac akaH.
BupnHun TapTMbnn peakuusnapra KyhugarunapHum Kypcatumil
MYMKWH:
1. AueToxI0OpaHUNMHHKX  NapaxfiopaueToaHiininara M3omepraHuLL
peakuusicu

2. IKKUMETUN 3PUPUHUHT NapyanaHuLLmn
CHr O-CH3->CH4HTI2+CO
3. Mypakkab aMPHUHT CYIONTUPUAraH spuTmMagarv ruponmnsu
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CHX00CHS5+H2D->cHXo0oH+ CHSOH

By peakuusifa CyBHUHI MUBLOPW Kyn OyAraHavMru cababnu, yHUHr
KOHLIeHTpauuacy ysrapmain konagn feb kuco6naHagu. LUYHUHr y4yH
Kam, by Kabu peakumsnapHu “nceBfOMOHOMONEKYNAP” peakunsanap, 4eb
aTanagu.

VKKMHYM TapTubam peakumsanap. VKKUHUM TapTBIM peakuusi-
napra Typnu asanapga cogup 6ynagMraH romoreH peakuuvsiiapHu
MUCON KNANG ONUWINMUM3 MYMKUH. MacanaH, Mypakkab agMpHuN COBYH-
NaHnLLW Ba 3TeputhmKaLmsa peakumsnapm:

RCOOR1+MaOH ->RCOONa+RiOH
CH3COOH+ C,bIxOH->cHX00CH5+HD
a3 hasaga cogup bynaguraH 6MpUKMLL peakuusnapu:
H2+J2->2HJ
CH4+H2>CH6

Arapgalokopujarn  peakuusTeHr1amanapuHm  yMymui
A+B-"L+M cxemaTuK peakuus TeHrnamacu opkanu udoganacak Ba
gactnabkn BagTgarn (t~0) A Ba B MoaganapuHWHT KOHLEHTpawus-
napuHu Moe paBuwija a Ba B fe6 oncak, t BagT yrraHaarm KoHUeHTpa-
umsinapuin (a-X) Ba (B-X) Ae6 oncak, (V11.3) TeHIAMIMHU Kyiingarnya
83U MYMKWH:

ﬁé& K(a—)(b- X) (V11.8)
(VI11.8) parv y3rapyB4yaH KaTTa/IMKNapHW axpartcak,

0 (VIL9)

Kocun G6ynaan. By TeHrnamanapgarv K2- WKKAHUM TapTubau peakuusi
TEe3Nrn oMMnicny.
Arapga peakuusra KupuwaétraH MoAganap KOHLEeHTpauusinapu
y3apo TeHr 6ynca (a=s),(V11.9) kyiingarnya ésmnagu:
-rhrndt (VI11.10)
,stefE
PeakuusHuHr gactnabku waptnapu t=0 Bax=0 gaH kenun6 unkaaH

konga (VI1.10) HM nHTerpannacak, aiHu Konat y4yH WKKUH4YM TapTuéaun
peakUNSHUHT KMHETUK TeHrnamacu X,0cun bynagu:
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Si— i =M , (V11.11)

a—x a
(VI1.11) gaH X Ba K2 napHUHr KaAMaTNapUHW TOMULL MYMKUH :

arkrt (VI1.12)
Itaxa

K=l X (VI1.13)

ta(a-x)

(V11.13) gaH KypnHM6 TypubaMKN, NKKMHYM TapTnbnn peakumnsa Te3nnrun
LOUMUIACUHUHT YNYOB BUPAUTM KynnaHWnaéTraH KOoHLUeHTpauusa 6ipnun-
rura 6ornuk 6ynuné [Kd=gatw» Mmonb¥n -cl6unax noganaHag.

VIKKWHYM TapTu6Au peakumsnap Y4YyH SpuUM Y3rapull Bakgu
TYWWYHYaCUHU 6UTTa MOAAA VKKMHYM TapTubnu peakumss MexaHW3Mu
Gylinya ysrapca €KuU MKKW MOAAAHWHT KOHLEHTpauusinapyu y3apo TeHT
6yfraH x,0nnapgarvHa KynnaHuwmn MyMKuH. Arapfa peakuusHUHT SpUMm
y3rapuil BaaTuMHU ty2 pecak, Wy BaKT opanuruga capg 6ynraH mMogaa
MUKLOpW al2 ra TeHr bynca, (Y11.13)gaH

(VII. 14)

aKaHAUTMHM Kypamuns. (VII.14) paH KypuHW6 Typubanku, togopugarun
LWapTra Kypa sipyM y3rapuil BaKTV UKKUHYM TapTu6au peakumsnap yyyH
MOAZanap KoHUeHTpauumsaciira Teckapy NponopLyoHan KaTtaimkamp.

Arapfa peakuusira KvpuwaéTraH mogganap KoHUeHTpauusnapu
y3apo TeHr 6ynmaca (a”B), (V11.8) ra acocaH

KASNN (VD.15)

TeHrnurn kenn6 unkagu. (VI1.15) Hu x=0 paH X rava Ba t=0 gaH t raua

aKr

WHTerpannaw gynungarnHu bepagu:
kn 2—{In@-X)- nO—-Al— - n = (V11.16)
byHaa :hlné WHTerpannatl goummiicu.
(VI11.16) gaH Jh HuM KniimaTtn Kyihgarura TeHr 6ynagu:
kwr=—L-in "0 (VI1.17)
t(a—b) a(b—x)
Peakuusi y4yH ONUHraH MoadanapaaH 6MPUHUHT KOHLEHTpaLmscu
MKKUHYMCMIaH aH4Ya KaTTa Gynca (MacanaH, b»a Ba X.e4 BakT a>b Gyna
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o/IMacnNIMHKM xucobra oncak ), (VII.16) H¥ Kyiingarnya ésyw MyMKUH:
(VI1.18)

(V1.6 ) Ba (VII.18) napgaH kjt=bk2 ékn ki=bk2 skaHnurvHu kypuiu
MYMKWH. [lemak, 6y Typgarn peakuuanapHu O6uMpuHYM TapTU6In
peakuusinapra Takaocnall MyMKUH 3KaH.

YUnHUM TapTM6M peakumsiap. YunHum TapTméin peakumsiap
YUYH factiabku Mofuanap KOHLeHTpaumsanapu 6up-éupura TeHT 6ynraH
X0N Y4YYyH KWHETUK TeHrnamanapHu HucbataH Ccoafa KypuHULLIZA
ndoganatl MyMKuH:

(VII1.19)
Arapga (VI11.19) Hu 0 gaH X Ba 0 gaH t opannkaa nHTerpannacak,
ht- 1ot (V11.20)

(@—x) 2a2
xocun 6ynagn. byHga —t  wHTerpannaw goummwuiicn. (V11.20) gaH

Kynngaru Kenmé ungagu:
. _ x2(2a-x)
3 2aa-x)
Peakumsi yuyH ONMHraH gactiabku Moguanap M1KAopaapuy TypaMya
6ynca, sbHn ad B C,
—=ks(a-x") (b-x){c-x") (V11.21)

6ynagn. Arapga 6y TeHrnamaHu uMHTerpannacak, K3 HUWHE guiimaTtuHu
Tonamms:

— — I3 +--mmc Lo ity 1 H.22
B-X (B-c){c-a) v )

YuuHuM  TapTuGAM peakuus Te3nuru  LOUMUACUHUHT - YN40B
oupmurn  [K]] = [CfltJ1 opkamm, sAbHU MONb2-n2-Cl  éKkm
MO/b2-cM2-c1 nappaa ucoganaHaau.

YuuHUM TapTUGAM peakumanapra Kyiingarmnap Mucon Gyna onaau:

2N0+02->2N02 2NO+CI2—=2NOoCl

274



YMyMaH onraHja, y3apo TabcvupiallaéTraH Moguanap MUKLopaapu
O6Mp XN 6ynraH fON YYYH W-TapTUOAN peaKAUSHUHT Te3MK AOUMMIA-
CUHM HOKOpMAa LUWAMHIaH avcobnalinap acocufa Kyvparnya wudo-
fanawl MyMKUWH:

e o2

* t(n--1)a" ‘(a- x)"'1
N-TapTMOAN peakumsHUIAr AnyoB upnaurn \knj=[c] T4 kyprHuwga ndo-
JanaHagn. by Kaby peakuMANapHUHE APUM aXpanuwl BaaTu gyiumparura
TeHr:

J_ 1 2%
mkm mn-na"-*

(YN.24)

Arapfa BaAT yTuLWIW GUnaH peakuust Te3nuryu ysrapmaca, GyHaali
peakuuaiap HOAWHYM TapTmbnu bynagu. MacanaH, tofopufa Kentu-
punraH arpHU cyBAa rMapoan3NaHnLLIN:

CH3CHOCH5 + H2-> CH3COOH + CH50H

peakuuscuga 3UPHUHT MULLOPW OPTMAYA OSIMHCA, peakuusi Hatu-
Xacupa capdnaHaétraH aup ypHU atmp gatnaMmugaH Y3nykcus Tyn-
anpuan6 GopunraHnurn cababnm, YHUHI KOHLEHTpauusic LOMMUNA-
nvrvya gonagu. HaTwkaga peakums Teanuru ysrapmalign Ba 6y kabu
peakums HOMMHYKM TapTubra sra 6ynagu. HonuHum TapTmMban peak-
uMsinap KymuuauK reTeporeH Ba (YOTOKMMEBWIA XapaéHnapaa y4pangu.
(VI1.23) Tenrnamara n=0 Hu pgyiicak Ba Teruwan ysraptupuinap
KUPUTCaK,

a-x=a-kot (V11.25)
3KaH/IMTVHN KYpULL MYMKUWH. HOAWHYM TapTn6au peakuUsiHUHT y14oB
oupnuru [Ko] - [cjftjl ékm monb-nl-cl 6unaH udoganavagn. (Y1.24)
ra N ~ 0 gyiicak, HOMMHUM TapTUGAM PeaKUMSHUHT SpUM y3rapuil
BaATUHM TOMamus:

Go2k0 (Y11.26)
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Oemak, (VI11.26) ra Kypa, HoKopu-
jarn kabu peakuuanap yuyyH %
Moada Mukgopura ryrpu rrpouvop-
LUMoHan Ba Te3NMK [JouMmuincura
TecKapu MNponopuuoHan KaTTauk
3KaH.

VI1.3-pacM. [IacT/iabKv Myagopiapy YT1.3-pacMpan Kypuhne Typuoe-

TeHr GynraH Typ/m TapTubgarn  AvKM, N=0  GynraHaa a—x HuHr

PeaKLVISTAPHUHT KUHETUK BaKT 6uWnaH ysrapuwu fespau
arpwiapw. TYrpu umsuBgaH méopat. N T 1Ba
n = 2 6ynraHga 6y 6GOrnuKAMK 3rpy KypuHuwwura sra. HOuopuga

KeNTMpraH MUCOTMMU3AaH Talllapyu KynuuanK paguoakTvB napyasaHuil
peakumsanapu 4am HOIMHUM TapTUGAN peakumsiapra Kupagu.

VIl.4. Peakyns TapTM6MHM aHML AW yCcynnapm

Peakumnsi TapTUOMHM aHMUNAWHKMHE 6MP Heya TaxpubaBuin ycyn-
napu masxXxyf 6ynub, ynapHu WKKW rypyfra - wuHTerpan sa aundde-
peHuunan rypygnapra 6ynui MyMKuH. By ycynnap ofvHraH Taxpubasuii
MabnyMOT/Iapun KUHETUK TeHrnamanapra Kynuw Ba rpafuk ycyngaH
thopanaHmLLra acocnaHraH.

KVHeTMK TeHrnamanapra OfIMHFAaH HaTuKanapHu K/NAn6, 6yTyH
COHNap opkanu ugoganaHrad 0 gaH 3 rada 6ynraH peakumsa TapTubuHm
aHMKNaWw MyMKWH. BYHWHT yuyH gactnab 0 gaH 3 rada 6ynraH peakuus
TapTMobM yuyH TesnuK A[AOAMUIACMHW Typau BakT Y4YyH Aunco6nab
Kypunagu. Arapja OoNuMHraH HaTuanap, macanaH, 6upuH4mn TapTmM6am
peakumnsa TeHrnamacu byinmya myBoO3aHaT JOMMUICK BaKT yTUw M 6unaH
foMMO ownb ékn Kamalinbé 66pca, alHW KWUHETUK TeHrnama ypraHu-
naéTraH peakumsira Moe KenmaesilWHW KypcaTagih. Hatwxkaga, gmco6-
nawnap 6oWwKa KWMerMk TeHrnamayap opkanu 6axapunagun. Arappa
Te3NNK [OUMUACUHUHT KuiAMaTh Typau BaKT Y4YyH 6up-6upura moe
Kenca ékn amanuétga yn KyhunnaguraH 6ab3n XaTONMKNApHWM amcobra
ofnraH gonga 6up-6upupgaH 03 MukKaopra hapk Kuca, peakuus Taptmom
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WY KMHETUK TeHrnama opkanu udoganaHraH tapTuéra Tyrpu Kenagu.
Arapja KuauHraH xucobnawiniap x4 Kaicu TeHrnamaga KOHUKapau
HaTmxa 6epmaca, ypraHunaéTraH peakuus mMexaHM3MW Mypakkab aKaH-
nurn Ba peakums TapTMby Kacp CoHnap opkKanu udopanaHulin Exu
MaHWiA nwopara ara 6yMwmn MyMKUH 3KaHIUTUHW KypcaTagu.

YpHUTA KYAWULW YCYNUHUHT UKKUHYA Typu rpaduk ycynm 6ynno,
6yHpa 0 faH 3-TapTubraya 6ynraH peakumanap y4yH Moe pasuwja (a-x),
In(a-x), (a-x)'1 Ba

VIl.4-pacM. Peakupsi TapTUOUHN rpatink yeynnaa aHuKaLL
(a- n"0;6.- /?=/;«- n—2 Ba I - N—3 yuys).
(a-x)'2 KaTTaNMKNapHU BakTra 60rnMKAnK 4dmsmanapu tysunagu. Vil.4-
pacmaa kypcatunraHufek, 60rIMKAUK Tyrpu 4YmsukgaH ubopart 6yrca,
ailHn peakums Wy TapTm6ra Moe KenuwnHu Kspcatagn. a, 6,8 Ba T
pacmnapHUHr OpauHata ykugaru a, 1na, al Ba *r keemanap Moe pa-
BMLWAA facTnabku mofaa MuKZopnapura Tyrpu kenagu, Tyrpu 4msmk-
NapHWHTr oruw 6ypyaknapugaH MyBo3aHaT [OUMWACMHM TOMULL MYM-
KuH, sbHM NTM 0 Ba n = 1 6ynraHga -tga —«oBa -tgap kj ra,n =2 Ba
n = 3 6ynraHga tga - K2 Ba tga - 2Kk3ra TeHr Gysiagu.
Peakuns TapTMOUHU aHWKNAWHWHT WHTErpan ycynnapugaH o6upu
ApUM axpanuw BakTn yecynugmp. by ycynra kypa, (V11.24) TeHrnamagaH
toliganaHamus. Arapga (V11.24) H1 Kyingarn KypuHuw aa é3m6 oncak,
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(V11.27)

*s$0 kynaiiTma ysrapmac KaTTaMK 3KaHAUTMHM Kypamus. Arapga
peakuus 6ownadruy ah a2...ai Mmukgopnapga onué 6opurca,

tMm [fif.; = ((\D2a"Vv (fm'iik4 (V11.28)
TEHIIMKNAPUHU é3UW MYMKWH. By TeHrnmMknapgaH N HUHT AUAMaTUHU
TONULW MYMKWH

»=i_In(")?-In(4 (V11.29)

Ina2- Ina,
Peakuusa TapTUOMHU aHUANAWHUHE TpaduK ycynnapujaH 6upu

(V11.24) TeHrnamaHWHT norapumaaHraH KypyuHuLLIMAaH, abHU

'mm:.mﬁ (V11.30)

TeHrnamacugaH oiganaHvira acoc-

nadrad. Intm Hu /na ra 6oravknuru

Tyrpu umsnaHu Gepca (VII.5-paem),

YHU oruw, OypyaraHMHT TaHreHcu

tga=l-n ra TeHr 6ynu6, 6yHaaH N HU

TONUW MYMKWH. Peakuumss TapTubuHW

VII.5-pacM. FApyM axXpanmLL aHUNALHWHT UHTerpan ycynuaaH siHa
BaKTVMHW MOALAHVHT 60LLWTaHMMY  6upmn OcTBanba-Hoitec ycynu 6ynué,
MuUKLopura Yy peakuus y4yH O/IMHFaH MOAAAHWUHT
Gormkamry MUKLOPUHUN faHgaingnp t1X BagT opa-
nurnga ynyawra acocnaHraH. by ycynra kypa, N TapTvbnu peakuusi

yuyH (V11.24) TeHrnama gynmgarvnya ésmnagu:

(7 VYka"' \(/\/11'3]])

Ywo6y ycyn 6yiinmua, Ll BagT opanurnga aHnMKgaHraH peakuusi Taptuéu
VH: 1->KafBanja Kentupunira.

Peakuma TapTMOUHN aHUANaWHUHT guddepeHynan ycynu. by
YCYNHUHT gam 6up Heya Typm MaBxyg 06ynunb, ynapgaH 6upwn 6ownaHrmny
Te3NMK yCynuanp.

Arapga peakuusa NA+TB—C kypuHuwga cogup 6ynaétraH 6ynca,
peakuMsHUHT 6ownaHrmy Ttesnurn Va (VII1.1) Ba (VI11.2) napra acocaH
ayingarvya ésunagn:
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V,,=k[ACT [BOIm (V11.32)
6yHaa (0) MHAEKCU MOAAAHMHT GO NaHTUY MUKAOPUHW GUnaupaaun.

VII.2->k af Ban
Typnun BakT numfga (t1%) aHnknaHraH peakumsa TaptTméu

TapTn6 AXpanuw BagTtu tyx
tm tm tjl4
0 al2k al3k al4k
1 1n2/k 1n(3/2)/k 1n(4/3)/k
2 1/ka 1/2ka 1/3ka
3 3/2ka 5/8ka 7/18ka2
n A @3 (413)"-b-1
(m~X)ka™

Peakuusara kupuwaétraH wmogaanapgaH OGUPUHUHT MUKAOPUHU
6oLiNaHrny BaAT opanvrugaH yrapuiiu, abHu asean A moaaa, KeiiuH B
MOALA MWUKAOPUHWHI y3rapuwun ypraHunagn. Arap yTKasuiaraH Typauv
Taxpubanapga B mogana musgopu ysrapmac 6ynca, (VI11.32) Hu gyiun-
faruya eaunagu:

VO=k[AoT (VH.33)

BownaHrny peakuua gaBoMmuga A MOLAAHWHT MWUKAOPW LOUMWIA
cakgaHu6 B moppaHuHr muBgopw ysrapuwm kysatunaca, (V11.32) Hu
aynunparmya ésmw MyMKUH:

VO =k[BQT (Y1.34)
(VH.32) TeHrnamaHu norapugmnacax,
InVa=rInk+nIn[AQ]+mIn[BQ] (VI11.35)

gocun 6ynagu. By TeHrnamagaru Ink samIn[BO] nap (B mopaaHuHr
MWBAOPY JOUMUIA 6YNTaHANIN YUYH) y3rapmac KaTTaimknap 6ynraHnnru
cababnu, (VI11.35) gyinaarn gypuHuwlIra Kenagm:

InVO=n In[AQ (V11.36)

PeakumsaHu A moggara Huc6aTaH MKKKU Xun GownaHruy MyuBgopnap
6ylinya yTkasunca Ba (¥M.35) paH doiganaHn6, wy peakumsnap
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TE3MMKNAPUHMHT Y3ap0 HUCBATMHU ONCaK,

ST fflp (V11.37)
r~n
Ba YHU norapugmiacak, A~ InVA=niIn~(i)j (V11.38)
xocmn bynagm.
(V11.38) gaH N HW TONamms:
INFE)-In F f

(VI11.39)
bplpTY
Xypan wy TapTmbaa peakums TapTubuHn B mogsaHuHr musgopu
OpKan gam Tonnl MyMKWUH:

LIt fhe
"Nn[e<r>]-n[B«] (V1140)

A Ba B wmogpanapn Gyiinua
TOMUWAraH Xycycuii peakuus Tap-
TUBNAPUHUHT AUTAHAKCU yMYMUTA
peakuma-  TapTUOMHWK 6epaan
(ng—n rni). Arapga MopsanapgaH
6upwn byinya oNMHraH Gownairny
peakuusi TEe3TUTMHU YHUHT MUK-
gopura  6ornugnuk  InV,,=f(In[AJ
anarpammacu  Tysunca (VI 6-
VII.6-paem. BaHT-T'odp yeyrm 6WiaH  pacm), STyrpy UM3MKHUHT  OTULL

peaKLiA TapTUGVHY aHILYTaLL. fypuarugaH peakuus TapTUBUHU
TonUw  MyMKWH. ByHga tga=n
6ynagu.

VI1I. 5. Peakynsa Te3NUTMHUHT XapopaTra 60rnnknnru

BaHT-Iohh 6yiivua yHua HOKopu bGynmaraH xapopaTnapga Xapo-
patHu |(f ra owwvpraHga peakuusiHUHT Teanuru 2—4 mMapTa opTagu.
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Peakums Te3nurura xapopaTHUHI TabCUPW Te3NNK KOHCTaHTACUHWHT
xapopat KoathduumeHTa 6unaH yndaHagu ktH)k HOkopu xapopatga
BaHT-Iohth Kompacu HOTYrpu HaTuxanapHu 6epagu. LLYHWHr yuyH
6yHfa xonnapfa peakUMSHUHT Te3IMK KOHCTaHTacura XapopaTHUHE
TabCcupy MuUBAOPUIA KuxaThaH BaHT-Todd-AppeHnyc TeHrnamacu
6vnaH ngoganaHagn.

Typnu peakumanap Te3NMKNAPUHUHT xapopaTt opTuwu  6unaH
TaxMuWHaH 6uUp XWn ysrapuwin @usmMonorusaga Karra axamuatra ara
6ynn6, MabnyM xapopaTnap opagHuAa XalnBOHAAPHUMHE MaBXyph 6ynu-
lnra WMKOHUAT fApaTanagu. Arap peakuuss Te3IMIMHWUHI Xapopat
KoathpuumeHTa Typau peakumsnap Yy4YyH >Kyaa Katta apk 6unaH
y3rapraHga 3AM, XapopaTHUHI KWYMK Yy3rapuliniapu xam xaliBoHnap
OpraHusMmugaru CTaumoHap XOoNaTHUHI xaéT 6unaH yWryH GynmaraH
fysunuwinapra onvM6 kenap 3gv. ®umMKaBuii >xapaéHnap Te3NMUTMHWUHT
(macanaH, augdysns) xapopaTra 60rMMKINTA KUMEBMWIA >KapaéHnapra
KaparaHfa aH4a Kam, 6y 3ca usnkaBmnii kapaéHNapHUHI TabnaTnHn Ba
ynapfa KMMésuii TabCUPAapHUHT POSIMHM YPHATULLITAa UMKOH Gepagu.

Te3NMK KOHCTaHTaCMHWHI xapopatra 60rVKAUIMHW  ypHaTULL
yuyyH BaHT-Iod KuMEBUIA peakUMAHUHT W30XOPUK TeHrnamacugaH
thonganaHan:

dT  RT2 g4
6y epga Kc= K]/k2 6ynraHn yuyH
fifing dlak2 (V11.42)

dT dT RT2

PeaKUUAHMHI NCCUKNUK 3pheKTa WKKUTA KaTTTMKHUHE (hapKu

Qv = E2~ E] akaHAurnHm xucobra oncak, Kyinaaru TeHrnamanap Kenmoé
ynKagu:

d\akb_ Et
dT RT2 (V1143)
dink2_ E2
o7 (V11.44)

6y epga B - goumnii coH. AppeHunyc B=0 skaHanruHu KypcaTtgm Ba 6y
X0M/1a IoKopWAaryu TeHrnama
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d\nk _ En

dT ~RT*
KYPUHWLIHWU onagn. AppeHuyc EN kattanmkam 1 MOAb daonnaHraH
MOMeKYNaHVHT xocun Gynuwura capd 6ynaguraH MCCLUAWK MUBLOPU
3KaHNMeThaH Kennbé 4ymkunb, haonnaHuw sHeprusicn aeb atagn. (V11.45)
TeHrnamaHun UHTerpannacak,

Ink-~JT~C (V11.46)

6y epga: C Trxapopatra 6ornuk 6ynmaraH WMHTerpannawl goumuiicu.
Y w6y TeHrnamaHu Kyingarn KypuHuLlja xam ésca bynagm:
K =& BIRT+c = ec Je~EjRTHe = 10°'4343C «e~EjRT (YN.47)
LU3rHgaii: kKnnnb, K xapopaTta 60rnvK; 6ynmaraH xag 6unaH
Xapopatra 60rAnk 6ynraH XagHWHI K3lWanTmacugaH ubopart aKaH.
[LapopaTtra 6ornmk 6ynmaraH xag A 6unaH 6enrnnaHagn:

(¥Y1.45)

A=n fas< (V11.48)
Y xonpga, (VI1.47) TeHrnama Kyingarn KypuHuLwHN onagu:
K~JeKK, (V11.49)
Ink=InA -E&RT (VH.50)
Ink=~B/T+C (YM.51)

6y epga: Buy, -EAR ; C=InA

®daonnaHULL 3HEPTUACUHN TOMULL YUYYH Taxkpuba HaTuxanapupaH
Ink =f (U/T) rpacuT unsunagun. Y weéy 6ornaHuw Tyrpu umsmkam 6ynca,
KapaéH AppeHnyc TeHrnamacura 6ylicyHaau Ba YHUHT 6ypuaT TaHreH-
cuiaH haonnaHuLL 3Heprusick aHMKAaHaau:

tga=EA2,303R Ba EA=tga- 4,575 (¥YNn.52)

(V11.45) TeHrnamanu I; gaH T2 rava aHUK MHTErpassiaHca, sbHu Tj
Ba T2 nappara LliBa K2 nap Tonunca, Kyingarn TteHrnamagaH EA Hu
X4co6naw MyMKUH:

InkZkj =Ea/2,303R (jr-jr) (V1153)

AppeHunyc TeHrnamacugad Ink —f (1/T) 6ornukgura ymsnkny sKaHamra
Kenné umkagm, 6y aca TypAu-TymMaH peakuusnap ydyH Taxpubaga
OfIMHTaH HaTWXasapra Moc Kefaau. ApPPeHWyC TeHr/iaMacu peakuus
TE3IMTAHVHT XapopaTtra GOrIMKAMIMHM Xya XaMm HKOpWU aapaxaga
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TYyrpy ngoganad GepraHnurn cababnu, yHu acocnab 6epuil KUMEBWIA
KMHETMKA HasapuACUHUHT BasudanapugaH 6Gupura ainaHan. Kylimga
yw 6y HazapusinapHu Kypmué Ymkamms.

daon TykHawwuwnap Hasapusicn. KuMésniA KUHeTMKa Hazapus-
napyu KUMEBWIA peaKLMAHWUHT 3/1eMeHTap akTa coaup GYMLLMHUHT 3apyp
LWapTh peakumsga KaTHallaéTraH 3appadaslapHUHr y3apo TyKHalluL-
Napu Xxakufjaru TacaBBypniapra acocnaHraH. Arap yw oy wapT 6axapusica
Ba eTapnu 6ynca, AbHW xap 6Mp TyKHaWMWL 37eMeHTap aKT Kentupumo
yMKapca, y X0/1ja peakums Te3NUTMHW TasNapHUHT KWHETUMK Hasapus-
cugaH xmeobnab ymkapca 6ynafm. AMMO rasnapHUHI KMHETUK Hasapus-
cura acocnaHmb xmcobnaHraH peakUWsSiNapHUHE Te3nnrm Taxpubaga
TOMWATaHnapuiaH XXyga Kyn TapTubnapra opTukaup. ByHpai HaTwka
MOMeKyNanapHUHI alipum TyKHalUULWINapuriHa camapanu 6ynué, dakat
ynap peakuMsIHUHT 3/1eMeHTap akTa amasira owuimra onmé KenmwungaH
panonat 6epagu. Monekynanap 6apya TyKHaLIWLUNAPUHWHE camapanu
9KaHMUIW XaKNgarn TaXMUHHUHT HOTYTPUANTUHUN peakuns Te3MUTUHUHT
XapopaTt opTuLM 6unaH 3KCMOHEHLMan paBulLja OpTMLIM, TyKHaLIMWLL-
NapHUHT YMYMWIA COHU 3ca, Ce3UIapcuns yarapyily xam Tacawnanm.

HOKkopuga KypcaTuiraH Kapama-KapLuinKaapHu RyKOTULL YYYH
AppeHuyc TyKHallraH MosieKynanapHUHI xammacu amac, banku dakar
ypTaya aHeprusifaH Kyrnpok aHeprusra ara 6ynraHnapurmHa peakumsra
Knpuwagu, feb TaxMuH kungu. ByHpaii monekynanap ¢aon Mofekyna-
nap fe6 atafau, yuw 6y Kapawinapra acociaHu6 puBoXIaHTUpUAraH Hasa-
pusa aca, haon TyKHawuwiap Hasapuscu feb atagan. Ywoby Hasapuara
acocaH, TYKHallaéTraH Mo/eKynanapHUHE OrMpPAHX MapKasnapuHu 6up-
NawTUPYBUM TYIpu UM3NK Gyiinya KMHETUK 3HEPTUSHWUHT TallKWa Ku-
NYBUMCY KPUTWUK KaTTa/lMKAaH opTaK OynraH TyKHalluvwnapgarumHa
camapanu 6ynagu. Camapann TyKHalIWLINAPHUHE ypTaya aHeprusra
HucbaTtaH opTuK4Ya OynraH 3Heprusacu XapaéHHWHT (aosnaHuL 3Hep-
rvsacu feiinnagn. PeakUMAHUHT 3MeMeHTap aKTUHW amaira OwupuLl
YUyH 6owwnaHrny moguanap Mosekynanapugarm 6ornapHu ysul 3apyp-
amrn Ba b6yHTa Mabiym 3Heprusi capgnawl Tanad KAAMHUWK 6unaH
AppeHuyc TacaBBYpnapvHu OCOH acocnawl MyMKuWH. LUyHAain kunnamé,
KNUMEBUIA KapaéHaa MabiyMm 3HepPreTUK TYCUKHW eHruw Tanab Kuau-
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Hagn. Ywoéy dukpnap VII. 7-pacmpa TacBupnaHraH: 3K30TEPMUK peak-

LMSAHMHT bowwnaHruy moaganapu (1) Ba max,cynornapu (3) sHeprus catx,-

napy xagmpa 6ownaHrMy Mofjanap opacupa peakuWsHWUHT 37eMeHTap

aKkTa 6opaguraH MWHMMan 3HepPrua carxu (2) cxemaTuk pasullja

kentapunran. LU, Ba LL| kaTTannknap Tyrpu Ba Teckapu peakuusnapHUHT
thaonnaHuL aHeprusinapuHu Tascudnainan: Q =EME2.

r PeakunoH apanawmaga gaon mone-

Kynanap WCCUKAMK X, apakaTu Harta-

xacmpa nango 6ynaanm Ba KUMEBMIA

Tabcupnap cogup bynaétraHga capg-

naHagu.  3appaydanapHuHr  TyKHa-

LnLWNap HaTmwkacuga gaonnaHuL Tes-

NIUTW ynapHW peakuusiga caphnaHuLl

Te3nnrngaH aHya Katta feb TaxmuH

KUNnHagn. [femak, KuMEBMI >apaéH

VII.7-pacM. ®aoniaHnLL MoOfleKynanapHUHI Teanuknap 6yinnua
SHEPrnACK TyLLYHYaCUHWHT MakKcBena4ya MyBO3aHaT TaKCMMaHu-
CXemMaTVIK Uthogiach. LIVHW fespau Gysmaiigu.

BonbuMaH cTaTuCT/IKacu Gyiivua aon TykHawuwnap 23y avHu daon
MOJIeKyNanapHUHT TYKHALINLLINApU COHK

LN r Ze-E«T (V11.54)
Ba 6MMOIEKYNAP PeaKLUUAHUHT Te3IMK KOHCTaHTacy, 6apya MoneKynanap
TyKHalLMLLAapu camapanu 6yaraH Xon yUyH

Ink = I~InT 1A (V11.55)

6y epga A —poumunin Kattanvk. 1NT HUHT guiimaTy xapopatra [esip/iun

60ornnk bynmaraHu cababnu, yw by TeHrnama 6mnaH o1 ‘“‘K‘:‘I_T TeHr-

namacu 6up-bupura mocgup. Lemak ®haon TyKHawuwiap Hasapuscu
Taxpubaga ypHaTUAraH peakumsa TesAUTMHUHE XgpopaTtra 60rMMKANTUHN
cudaT XUXATAAH Tyrpu ndoganangu.

TaxpubaBuii HaTKanap acocuja HazapusaHU MUKLOPUI TeKLu-
pvw yuyH Ink=f(l/T) 6ornukgurugaH GaonnaHuw 3HEPrUsicM aHuK-
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NaHagu Ba YHUHI KuiMaTnapuHu tloKopuaaru TeHrnamara Kyiiné peak-
LUMAHUHT Te3NMMK KOHCTaHTacu xucobnaHagw, cyHrpa yHu Taxpubaga
O/IHTaH KuiiMatnap 6unaH conuwTupuiagn.

ANpum xonnapga Te3NUK AOMMWACMHUHI XAcob6naHraH Kuimar-
napu KaTTaIMKHUHT rapTuéun byiinya Taxpuba HaTwkanapu 6unaH moe
Kenagn. AMMO Kynuuamk O6MMONEKYNsAp >kapaéHnap Y4YyH Tesnuk
OOUMMIACMHMHT XxAco6nab TonunraH Kuiimatnapu Taxpubaga aHuK-
NaHraH KuiimaTnapfaH Xxyga katra 6ynan. ByHpail HaTuxa aon mMone-
KynanapHuHr 6apys3 TyKHaluLIapy xam camapany amacivrujad aano-
nart 6epagu.

daon TyKHawwuwap HasapusacugaH xmcobnab TomuaraH Te3nnk
OOVUMUIACMHUHT KWAMaTNapy TaxpubaBuini HaTuxxanapra Moe Kenuwum
YUYYH, TYKAALWWLLNAPHUHT €Tapan sHepruscngad TawkKapu, Mmonekynanap
TyKHalaéTraHja ynapHWHI MabiyM OpMeHTauusacu xam Tanab kuau-
Hagu. Wy ca6abnu, AppeHuyc TeHrnamacura crepuk dakTtop p aeb
atasnyBuM Ty3aTMa KynanTyBUU KUPUTUNALN:

K = pKOe LKT (V11.56)

Typnn peakumsanap yyyH ctepuk ¢aktop 106 gaH 1 raya 6ynraH
KeHr opanukpa ysrapub Typagu. Hasapuii XukaTgaH cTapuk gaktop
Ko3upraya xucobnaHmaraHanrn ¢Gaon TyKHaWMWNap HasapUACUHUHT
ax,aMUATMHU KaMalTupagu, YyHKU yliby Hasapus KUMEBMUI pekLus-
NapHVHT abcontoT Te3NUKNapuHU aBBanjaH anTnb Gepull LMKOHMATUTA
ara amac. LLyHra kapamacgaH, AppeHnyc Ha3apUACUHUHT (akaTruHa
IOKOpY 3Heprvsa 3axupacura ara 6ynraH Mofiekynanap TabCuMpnawuiimn
MYMKWH, AieraH acocuii x,onatv Tyrpmanp.

Monekynanap akaTt TyKHalluwnap HaTmxacmugarmHa amac, 6ankum
HYp 3HEPTAACUHMN IO TULW, KaTTUK MOAAANapPHUHT cupTUra agcopbunaHumLL
Ba KMMEBUIA peaKUUSTHUHT 31eMenTap aKTUHWUHI y3u coamp 6ynaétraHja
X,am (haonnaHnLWLn MYMKWH.

daonnawiraH KoOMnnekc éku ytap xonaT Hasapuacu. daon Tyk-
HalMLWap Ha3apUSACMHUHIE acoCUiAi KaMUnAUry WyHAaH nbopaTtku, yHaa
KUMEBUI peaKUUAHMHI 3eMeHTap akTa 6up 3ympa cogup 6ynagu, geb
xucobnaHagn. Acnupa aca, y Mab/lym BakT opanuruja amanra owiagu.
Monekynanap TyKHawuLra yarypMaciaH ofvH BafeHT Kyuynap Y3uHu
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HaMO&H auna 6oliNaign Ba TyAHaWLWLWIAAH CYHT faM Mab/lyM BafTrava
Tabeup gunub Typagn. ByHn A atom Ba BD monekyna opacupgarn A+
BD">AB+ D peakuusa muconuga TywyHTnpamums. A atomm BD moneky-
nara B Ba D atomnapHuHr sigponapuHn 6Mpnawtupué TypyBuYu Tyrpu
unsmg byinya agmHNawagn, YyHKM byHaam aguHNaw i SHepreTuK Xu-
fJaTAaH 3HT TyagAu 6ynnb, MUHMMan 3Heprusi Tanab AUAUHAAM.
3appavanap aguHnawuwmn 6unaH B Ba D atomnapu opacugarn 6or
KydcusnaHub, A Ba ii atomnap opacuga aca siHrn 60r waknnaHmé 6opaau
Ba LUyHra moc paBuwifa 6apya cMCTeMaHMHI NOTEHLWan 3HeprusacK gam
y3rapagn. Hatmwkaga cuctemaHuHr anoguja 6vp gonatuy yrap gonat
BYXyara kenagun. YTap gonatga BD monekynacuparu 6ornap etapnau
Japaxaga KyycusnaHran Ba A Ba B atomnap opacmpa siHru 60r y3umHu
HaMO&H annaétraH 6ynagun. [lemak yTap fonatja yvydyana aTom jaM y3apo
6ornaHraH 6ynm6, gaonnawiraH KoOMmniaekc gocun gunagn. Y uwoéy Kommn-
NeKc Xypa gam 6Gegapop 6ynub, Mabnym 3Heprusi saxupacura gampga
aHug KoHdurypaumsara sra 6ynagn. daonnawiraH KOMMAeKCHUHI MaB-
Xyg 6ynuw Bagtv xyga gam knumng {~10~12Llncek) 6ynu6, cyHrpa y
peakuusi mMafcynotura alinaHagu. Y6y KOMMAEKefa 3Heprus Typna-
PUHMHI H6pMan KoopAuHatnapra 6ornauaanrn 6apgapop Mosekyna-
napparn kabu bynraHnury cababnurnHa y monekynara yxwaw 6ynagu.
AMMO, MonekynanapfaH hapknu ynapog, MaeXxyg 6ynuil BagTu Xyjaa
Kam 6ynraHnurn cab6abnu caonnawiraH Komnjekeja paBpuii Tebpa-
HULLIIAp aManra oWwunwra ynrypmaian Ba WYHWHT YYyH YHU CMEeKTPOCKO-
nuK ycynnapga ypraHu6 6ynmalign. PaonnawiraH KOMMIEKCHUHT
Te6paHMa 3pKUHANK fapaxkanapy coHW 6apiapop MoseKynanapHUKuaaH
KUYMK, YYHKW YHfa peakuus Wynu 6yiunya TebpaHma fapakaT Kysa-
TUnMangn., JIekuH aonnawiraH KOMMIEKCHUHT uarapunaHma fapakat
3PKUHAVK fapaxanapu coHu bapaapop monekynanapra KaparaHga Kyn-
POK 6ynafu, YyHKWN y peakumsa inynu byinya xapakatnaHagu.

Ywoy Mynogasanap KBaHT-KUMEBMIA aucobnap 6unaH Tacama-
NaHraH Ba peakUUSHWHI 3/1eMeHTap akTWHW amaira OWwupuLl YYyH
noTeHUMan TYCUAHWU eHrnb yTULL KepakNnruHyu KypcaTagm. XXapaéHHUHT
(haonnaHnL 3HEPrusiCMHU TaBCU(IOBYUM YOy AYCUAHUHT GanaHAnnUrn
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thaonnawiraH Komnnaekc 6unaH 6ownaHrny mogganap opacugaru sHep-
rMANapHUHT hapanra TEHraup.

VII1.6. 3aHxup peakuuanap

Bus togopugarn 6ynumnapga Kypub uupgaH peakumsnapgaH
thapanm paBuLIfa 3aHXUPCUMOH KEDMHMLLAA cogup bynaguraH Mmypak-
Kab peakumsinap mMaBXyg 6ynu6, 6yHAanl peakuusanap Kynuuavk [os-
napfa ¢aon mapkasnap Ba 3pKWH paguKannapHUHT UWTUPOKMLA COaup
6ynagn. By Kabu peakunsinapHUHT MaBxXygnmru 1913 iunga M.Boge-
WTEAH TOMOHMAAH 6ungupunrad. Y 1916 nAunga 3aHXupnm peakuyms-
napfia 9HepreTMK AysrajaraH Mosiekynanap, KelimHpog (1918) aca,
B.HepHecT BOAopog x10puAHWM BOAOPOA Ba xaopfaH focun 6ynuiu
peakuusicu Muconupa aToM Ba 3pPKUH pagukaniap MWWTUPOK 3TuL
CXeMacuHu KypcaTtnb GepraH.

3aHXup peakuusnapra Kynnaé Mmuconnap Kentupuw MYMKWH,
mMacajaH, asOHHWHI TepMWK napyanaHuliv, BOAOPOA Ba YrieBoOfOPOA-
NapHUHT xnop Ba 6poM 6unaH TabCUp/iaHWLK, OpraHuK 6MpuKMa-
NapHUHT MONMMePNaHuLLN, PagnoakTUB napyanaHull peakuusnapu, wy
Kabu peakumanap gjatopura Kmpagu.

N.H. CeMEHOBHUHT TabanmoTuUra gypa, 3aHXunp peakumsanap coanp
6ynuil kapaéHu, acocaH, y4 60canmupaH, SbHU 3aHXUPHWUHT [J0OCKN
OYNNLLN, 3aHXMPHUHT YCULLW Ba 3aHXWUPHUHT y3UauwWnaaH nbopaTtamp.
3aHXUPHUHT focun 6ynuil 60CANYMN IHT KyN 3Heprus tanab atunagurax
apaéHaup. byHaa HeliTpan aToM éKun MoneKynanapgaH aon Mapkasnap
pocun 6ynagu. MacanaH, H2sa Br2 napgad HBr Hu gocun 6ynuwmnaa H2
Ba Br2 apanawmacura Hyp Tabeup aTTupunradga, H2 ra gaparavga, Br2
0COHpPOA AuccouunnaHnin cababnu, gyhingarm xapaéH cogup bynagu:

Br2 +hv—=Br* +Br
Locun 6ynran Br' pagukanv H2 6unaH 6ornaHaam
Br+H2->HBr+H*
pocun 6ynrad H* pagukanu Br2 ra Tabeup atagu.
BIr+Br2-+HBr+Br
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LUy Tapvka, KeTMa-KeT peakuuanap fasom aTagu. Opatna 6y Kabu
3aHXUPHUHT YCULL peakLManapy y4yH aHeprusi Kyn capg 6ynmangn.

JpKNH pagnKkannap &KW aToMapHUHT CYHULIWN, peakuUSAHUHT
TyXTawWu, YUYUHUM 6OCKUY — 3aHXUPHUHT y3unuwiura onué kenagu.
Y3unuw Gaon mMapkasnapHu wnauwl gesopura agcopbunaHuwun (ypu-
nvuwn) Ba matuxaga, HelTpan MoneKynanapHWHI X,0cnn 6ynuwmnra 6or-
vK; bynagn:

H'+M~"Hax
Br + M—Brax
6yHaa M~- nguw gesopu tosacu.

By Kabu 3aHXUPHWHT Yy3UNULWIKN GUPUHYM TapTubAM peakuusnap
KaTopura Ba 6yHpan y3unuw YnsMuCcUMOH Y3UNuLW Typura Kupagu. Aii-
HU peakuusa Tesnuru Kyugarmya ncoganaHagm:

W=kyMI[Br] (VI11.57)

Bab3u waponTnapaa spKuH pagukannapHUHr 6upop HeilTpan mone-
Kyna 6unaH TYKHaWWLWIWN Kam 3aHXWPHWHT y3unuwura onnbd kenagwu,
macanaH,

Br'+ Br* + HBr—Br2 + HBr
Y w6y 3aHXUPHUHT y3UAUL Te3NTU Kyingarnya éaunagu:
18p ky[HBr][B rf (V11.58)
3aHXunp peakuusiiap TapMmllyraHMaraH Ba TapMOKfAaHraH peakuusi-
napra éynuHaaun. tOkopupa Kaiig aTunraHn Kabu, TapMokgaHMaraH 3aH-
XNUP peakuuanap 3aHXWPHUHT KOCWMA BYNWLIN, YCULI W Ba 3aHXUPHUHT
y3unuwm 6oeknunapugaH néopat 6”™nafu. By Typparu peakuusnapHu
TaBénhnawaa 3aHXup OYyrMHW Ba 3aHXWPHUHT Y3YHAUTW TyllyHYa-
napujaH doiganaHammns. 3aHxup 6yruHu, acocaH, peakUUSHUHT 60L-
naHuwura cababum 6ynraH Ba peakuusa faBoMuaa UWLITUPOK 3TYBYU (haon
mapkasnapfaH kocun 6ynunb, peakuusa gasomuaa WWTHAPOK aTraH haon
MapKasum KailiTa TUKnaHuwira onnb KenyBunm KETMa-KeT cogup 6yna-
AUTaH aneMeHTap peakuumsnap WUrMHAUCUHW wdofa dTaawW, macanaH,
rScSBjCI+//C1l peakuyuacuga saHxup 6yruHu Kyingaru (a)
Ba (6) anemeHTap peakuusnapgaH néopat 6ynagu:
CH6+ C1* -> HC1 (a)
C2H5*+ CI2 -> C2USCI + CI (6)
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X,ocun 6ynaéTraH 3aHXWUPHWUHT ypTada Y3YHAWUTU 3aHXWUPHUHT
pocun bynnwinpa nango 6ynrad gap 6up aon mapkasra Tyrpu Kenagu-
raH Tynup 3aHxup 6yruHu 6unad ynyaHaau.

Arapfa a 6unaH 3aHXUPHUHT ypTada ysyHnuruuu, fi 6unan gap
6Up 3aHXWUp Bynaruga 3aHXUPHUHT y3unuw sagTumonnuruim sa a=1-(3
6rNaH 3aHXUPHU JaBOM 3TULI 3ATUMONNUTUHIK Benrunacak,

yta-1-P-ya (VI11.59)
P P
G6ynagu, 6yHza Fa Ba W nap — 3aHXWpHM [aBOM 3TWUW Ba Y3WIWLL
TesnMknapu. TapmoKjaHMmaraH 3aHXUpnu peakuUsiNapHUHT Y31YKCU3
paBuLLfa 4aBOM 3TULLMW YUYH, 3aHXWUPHWUHT ocun Gynui Te3nuru 6unax
3aHXVUPHUHT y3UNuLW Te3nuknapu TeHT 6ynuwmn kKepak. AliHKW Typaaru
peakuUAHUHT Te3Nnru

K=»0/="- (¥1M.60)

TeHrnurn opganu udopanaHagn. byHpa: L — 6up cekyHgfa Aocun
6ynaguraH 3saHxupnap COHW, V — 3aHXWUPHWHT Y3yHAurn (6yruHnap
coHn). (VI1.60) TeHrnuru papop TOMMWWN YYYH peaKuussHW 6GolinaH-
raHaurura mabnaym BagT YIraH 6ynuwiu gepag, YyHAW 3aHXUPHUHT
YCULIN YYYH Mabnym MUAAopAa BaaT Tanab agunmHagn.

TapmognaHMaraH 3aHXuWpnan peakuUaHUHI (haon Mapkasnap JOCUN
oynuw MUKgopuHu (1) BagTra 6ornuanuk guddepeHumnan TeHrnamacu
aynngarn KypuHuLITa ara:

f = (VH-61)

6yHAa g —y3uNunLW peagunACUHUHT CONULITUPMA Te3TUIN.

PeakyunaHuHr 6ownaHrmuy gonatm yuyH n=0, t=0 ge6 gampalbBag
napHun aliHM wapouTha ysrapmac KatTanuknap pge6 (VIL.61) Hun
MHTerpasniacak,

w=«O(1- 1) (V11.62)
g

Arapga peakuusi Teanurn V Ba taon mapkasnap Aocun Gynuw COHM N
ypTtacuga V = 10 TeHrnuru MaBXyAaurvHu gucobra oncak, peakuus
TE3NUTMHUHT BaATra 60rnMannMK TeHrnamacu gynmgarn kspuHuwra ara
bynagu:
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v/ buno.(\-e-n (VU.63)
gv '
6yHaa | ¢ peakuma magcynoTUHU AOCKMN BYNMLLINAA 3aHXUPHU ycuLIra
0116 KenyBUM peakKUUAHUHT CONMLLITUPMA TE3NTHN.
3aHXnUpan peakuMAanapHUHT AHa fjam mypakkabpog Typu, 6y Tap-
MOANaHraH 3aHXupnu peakuusanapgup. byHpain peakuuanapra 6up
BaATAa VKKW €AW YHAAH opTui (aos MapkKasnapnuHr focun Gynum
6unaH 6opaguraH peagumsanap kupagu. by pabwu peakuusanapga daon
MapKasfapHWHIr gocun 6ynuwun Ba Wy 6unaH 6upra, peakuums Tes-
JMTUHWHT oWuWWW WwuajaTnm paswyua cognp 6ynu6, gactnabkm mop-
fjanap MUKAOPUHWU eTap/vMya Kamaluw BagTurada Te3nnkK owmn6 6opub,
CyHrpa kKamasgu. by Typparn peakumsnapra okcugnaHuiw (EHuw éxku
noptnaw) 6wunaH 6opaguraH peakuumsanap kupagu. MacanaH, w[opu
fjapopaTjia MeTaHHUHI OKCMANaHWLWIKM HaTuxacmpa Aocun bynagurad
HO2 pagukanu peakUUsSIHUHT opanuj MafcynoTu — opManbaerug
6unaH Tabenpnawmneé, yuta ‘OH pagnkanuHu gocun gunagu:

HO: +H2C 0°02->CO0r\3'0M

Oap 6up pocun 6ynraH aon mapkas opjanv peakumss JaBoMm
3TULIN HaTWXacKuia TapMoAaHraH peakuus cogup 6ynagu.

TapmognaHuLl peakuusinapu aToM €KW pajuKannapHUHr focun
6ynuwin 6unaH 6opaguraH KysraaraH Mofekynanap peakuusnapuja gam
cogmp 6ynaan, macanad, Topnall peakLnACUHN 0nainK:

R+F2-+R’F+F
By BaagTAa WyHAal KaTTa MUAAOPAA 3HePrus axpanaguku, 6y aHeprus
R-F 6oru sHeprusicupgaH katta 6ynagu, HaTuxaga, R’F monekynacm
MOHOMONEKYNSAP MexaHn3M byinua R" pagnkanu Ba F aTomura axxpanuo,
peakuua TapMog/aapuHu gocun ynuwinra onmb Kenagu.

Bab3n peakuusnap, macanaH, BOAOPOAHW OKCUAMAHWULI peakums-
cupga (rogopu 6ocumpa Ba HAOPWU fapopaTfga) cuiipak TapmognaHraH
3aHXNp peakumscn cogup 6ynagu. ByHpain peakumsi 6ocamuvnapuvHu
aynmparnya TaBcmdnall MyMKUH:

H2+02+M HO'p-M
HO\+H2 ->H20 2+H Bajf.tc
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H+02 w
*OH+H2>HD+HH
O+HZTOH 47/
Peakuusija MWTUPOK 3TaéTraH M opTuaua 3HEPrusiHu 0TYBYUU
Aylwmmya 3appadagup, 6ab3aH YHUHT YPHUHU WAWLW AeBOPW 3rajnaliun
4aM MYMKWH. AlHu peakuusnap gatopugarn H+02 —0H+0 peak-

unsicn H2+02+M —HO\ +M peakuusicura gaparaHga ceKuHpog 6op-
TaHu cababnu, 3aHxwupga TapmognaHuw cogup 6ynagn. (VI1.61) TeHr-
namagarv Kabu TapMOAMaHraH 3aHXWUpAu peakuusinap Te3MIUHU Jyiin-
Jarvya ngoganawl MyMKUH:

gt =r0-gn+/h=n,,-(g-f)n (VI11.64)

6yHaa: gn —daon MapKasfapHUHI cyHuw Tesnuru, fn - Tapmognanuu
HaTuxacuga @aon mapkKasnapHUHr 4oCKUA ByNnLL Te3NUTN.

XuycobnawHu cofjanawiTupul maacagnpa peakunAHUHr 6Gow-
nanruy wapoutuga t=0 ga =0 6ynuwunHmn gucobra onraH gonga, g sa/
aapiu f sl pmac katTanuknap fe6 gucobnab gamga sactnabku mogganap
MUALUOPUHUHT  y3rapuwunHn wunHobatra onmaradH pgonga (VI1.64) Hu
WHTerpannacak, Kyinuaarn Kenub yngagm:

| | (vii.65)
I W W =

(VI1.65) parn t BagT opanurmga aon Mapkasnap COHWHUHT OLWULIN
opjanu ndoganaHraH peakuns Tesnuru gynuaarvda ndgoganaHagn:

v -) (V11.66)

GyHAa | -3aHXMP Y3aRULLNHUHT CONULLITUPMA TE3NTUTU.
VIL.7. ®oTOKMMEBNIA peaKumanap

doTOKUMEBMIA peakuusinap ge6, Hyp Tabcupuaa 6opaguraH peak-
unsinapra avtunagu. ByHpai peakuwsinap ras, cywf Ba jartug dasa-
napga cogup 6ynanwmn myMKuH. ®oToKMMEBNI peakumanapra ayé Hypu
Tabcupuga cogump OynaguraH ycumnamknapgaru (OoTOCMHTE3 peak-
UnanapuHn, NIOMUHECLEHLLMA LOANCACUHM Ba Typnun 6y8anapHUHI paH-

291



TMHU HYp TabCupufia y3rapulinHu MUCOA KuUamb KypcaTallnumums Mym-

KUH. ByHpaan peakymnsainap Tynkum yayHnuru 170 gaH 750 HM rava 6ynraH

Ky3ra KypuHyBYM Ba ynbTpabuHadluia Hypnapu Tabcupuja cogup 6y-

nagn. Mucon cngatmnga, GoToCUMHTE3 peakunacuHun (a), hotorpadusagarm

KYMYLLIHW TranoreHaAn OMpUKManapuHMHI Hyp Tabcupuga napyana-

HUWKHK (6), nepokcugnapHuHr (B) napyanaHUWNHN KENTUPULL MYMKUH:
a) 6C02+6H20 -£-> C6HMO6+602 ;

6) 2AgBr  -2Ag+Br2; B) 2H202—A->2H20+0T1

PeareHTnap TOMOHUWAAH HYPHUHT HaTuxacmpjarmHa
(HOTOKMMEBMI peakumna cogup 6ynmb, 6yHaa OTUATAH 3HEPTUsA TCBaHTU
MoA4a MOMEKYNACUHUHT 3HEPTUSICMHMN OLLIMPaan Ba MOMEKYna Ky3raaraH
x,onra ytagu. VII.8- pacmga acocuii (a) Ba KysranraH (6) xpngaru morsne-
Kynanap atoMm sifpofniapu yptacugaru macoaHuHr (r) noTeHuuan aHep-
rmsra 60rnMKANK arpunapu 6epunrad. Opatfha, 3neKTPOH noroHanap-
HUHT Ky3ranuwiu xypaa Te3 coaump 6ynaguku, sapo y3 KonaTuHu ysrap-
Tupuwra ynrypmaign. Hatvmxkaga, acocuii x,onatgarn noteHumnan 3V|ep-/
rms A HyKTajaH KysranraH Kongaru noTeHuman sHeprus arpucuHuUHr A

nTUNINWn

HyKTacira kydagun, Xxyaan wy kabu B Hyktacn B HykTara kyvagu. dHep-
rMs XoNaTUHUHE 6yHAal y3rapvwm MoneKynaHu KysranaraH x,0natrayTu-
wura onnb Kenagn. Hatmxaga MoseKynaHUHI MycTaxgaMauru cycanagm
Ba fMccoLMNaHNLL 3HEPTUACUHUHT Kamalimwmnra onné Kenagu.

MonekynaHuHr aHeprusicn B Hyk-
Tagarnra KaparaHja OKOPUPOK
6ynraH B' HyKTacira KyydraHamru
cababnm MonekynaHWHI 3Heprusa-
CWM YHWHT AUCCOLMAAHULIN YYYH
eTapnu 6ynagun. bab3u x,0nnapga
TapkanaétraH aHeprus KsaHTa Mo-
TeHUuMan sHepruagaH kam 6ynca,
MofieKyna TOMOHWAAH OTUATaH
3Heprua  QyopecueHUnsa  éxku

VI1.8-pacM. Acocwii (a) Ba KysranraH
(hoTOoNOMMHECLEHLUA  X,04Mcana-

(6) xongarn monekynanap atom

Agponapu ypracmgaru macopaHuHr
noTeHUMan aHeprusira 60rAMKANTN.

pura capg 6ynnb, monekyna ysu-
HWHT acocuii aHepreTuk gonartura
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JAATULWLIN MYMKWH, HaTWkaga, KUMEBUIA y3rapuwiniap coamp bynmangu.

Hyp Tabcupmuga cogup OGynaguraH (GOTOKUMEBMIA peaKkumsnap
JOHYHuATNapugaH 6upu byre (1729) Ba Jlambept (1760) TomMOoHWMAaH
apatunraH 6ynmb, yHn byre-SlambepT AOHYHWU eb aTtanagu. by AOHYH
MYXATHUHE HYpP HOTULW KOBUAUATUHW 3HEPrnua ogummngaH 6ornmpg amac-
NINTUHWN KypcaTagun:

, -Worl (VIL67>
6yHAa: /| —MyxuT Katnamura TywaétraH Hyp OAMMWHWHI Xajananru
(E-cml-cekl, 6yHpa E - TvsumpaH Tawkapu SiHWTelH 6upanru); dx -
6Up XKMHCAM Hyp KOTYBYM MYXUTHWUHT YeKCcWU3 tonka katnamu; L -
MYXUTHUHT FOTYBYaHANTN.

1852 iinnpa bep TOMOHMAAH MYXATHUHT tOTyBYaHAuru L 6unan wy
patnamparn TywaétraH HypHuW tTaéTtraH Mmosiekynanap musgopu (Nn)
ypTacmgaru y3apo 60rnmKauK aHuanaHm:

L=kn (V11.68)
6yHAaa 1C- OTUAUWHUHT MONeKynsap KoapduumneHnTa. Arapga (VI1.67) Ba
rdl
(V11.68) napaaH -y — S0 (VI11.69)

3KaHAUTMHK .4ncobra onraH xonna, (V11.69) garn / Hn 1 gaH IXrava sar*
HM O fJaH Hyp HOTYyBYM KATAAMHU ymymuid pganuHnurn 1 rava
WHTerpannab, 6up gaTtop ysrapTupuiunap KupuTcak,

1, = 10=bl (VH.70)
xocua 6ynagun, 6yHaa: la- TywaétraH HYpHUHT GOLIaHT Y Xajananru,
LW- / panvHnukpgarn gatnampgaH yTraH Hyp OKWMWHWHT >Xafjaniuru.
(VI1.70) TeHrnama byre-JlambepT-BepHUHr 6upnawiraH TeHraamacu
geivnagun. Arapga wy TeHrnamara K HUHE ypTada Monsp TUAmMW Koag-
hUUMeHTUHN Kylicak, sbHU  KN=eC TeHrnurugaH dgoiganaHcak, byre-
NambepT-Bep TeHrnamacu gynugarv KypuHuiia ésmnagn:

r--: (VIL.71)
6yHga: C - HypnaHaéTraH Mojaa KoHUeHTpauusicn. Ogatga, 1740
HucbaTa MyxuTamHr 5TkasysuyaHnurn A6, -lgd/1J aca, MyauTHUHT
IOTYBYaHAMTM éKK onTuK 3nunuk (D) ge6 atanagu. (VI1.70) Ba (VI1.71)
TeHrnamanapHu, acocaH, ugean apyTmanap y4yH gynnawl MyMKWUH.
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DOTOKUMEBUIA peakuusanapHUHT 6UPUHYM AOHYHM [poTryc Ba
[penepnap TomoHMgaH oumnnraH 6ynub, y Kyimgarnya tabpudnaHagu:
thagat MyguMT TOMOHMAAW OTUATaH HyYp YHAarn coaup 6ynagurad
KUMEBWMIA y3rapuiunapra cabab 6ynagu.

OWHWTeRH Ba LLITepH TomoHugaH acocnab 6GepunraH (GOTOKUME-
HUHT MKKWUHYY JOHYHW 3KBUBANEHT/IMK KOHYHW, fe6 aTanagn Bay Kyiu-
jarvya TabpudnaHagu: 6upnamun TabCUpNaHuWLarM TUAraH Hyp
KBaHTW 6Mp AOHA MOJIEKY/TAaHUHT y3rapuwiunra onmbé Kenagu.

®OTOKMMEBUIA XapaéHnapHu TaBcudnawga Gupnamun {(pi), Kku-
namun {(pi) Ba ynapgaH 6ornug 6ynraH yMmymMuii KBaHt yHymu (®) Ty-
WwyH4YacugaH oiganaHunagn. Bynap ypTacuparn 60rnMKANK Kyiu-
parnya noganaHagu:

o=@ (VH.72)

Bupnamun KBaHT yHyMu (Di 6Mpnamuy TabCUpaHULW HaTMKacuia
KysranraH monekynanap COHUHWHI OTWAraH KBaHT COHUra Hucbatun
opfanu ynuaHagu. Ogataa, (pi HUHT aniimaTu 6upra TeHT €au  yHAaH
Knumng 6ynmwm MyMKuH. IKKkunamumn kBaHT yHymu < xapaéH gasomuga
Kocun 6ynraH mosieKynanap CoOHU 6upnamum TabCUpNaHULL HaTmxkacmaa
captp 6ynraH monekynanap coHura 6ynraH Hucbatu 6unaH yn4daHuo,
cogmp 6ynaéTtraH UKKWIaMuu peagumanap MebepuHU KypcaTaau.

AliHWTeliH-LUTapKHUHT 3KBMBANEHT/IMK KOHYHUra Kypa, 6up MO/Nb
MpALa TOMOHWAAH TUAraH aHeprus Kyiugarnya udoganaHagn:

£m~NAv =NAf (V11.73)

6yHpa: Nj ' A.aragpo coHn {6,02-1083monbl), h - MnaHk goumuiicii
(6,626-1&3)K-c), ¢ - épyrnuk Tesnuru (3-10 8m-81), v- uactota(c),
- TANAMH coHmn (M'D), X- HypnaHuw TYAKWH y3yHAuru (M). SiHWTeiH
6yiinua, ET— 1 pge6 pabyn gunuHrad. MeknH Typau (GU3MK-KUMEBWIA
KapaéHnap Tydannu TywaéTraH HYPHUHT 6MP KUCMH KUMEBWIA peak-
uusinapra capd 6ynmai, 6ankum MCCMANNK 3HEPruacK cudaTuja Tapga-
AN MYMKUHAUTIA cababnn, ET6upgaH Knuuk 6ynmiwn gam mymMmKuyH.
DOTOKMMEBUI peakuusiiap cogup O6ynuw Typnapu 6yinda 6up
Heya cuH(pnapra 6ynuHagu. LWynapgaH 6upun ¢oTonap4yanaHuw &éku
thoToanccogMnaHnl peakuusnapuanp. byHpaid peakuyusnapra 606u-
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MU3HUHT 6ownga kentupunrad AgBr sa H20 2 napuuHr Hyp Tabcmpuga
napyanaHuLmn peakumanapMHn MUCOA KUANG OAUWINMIA3Z MYMKUH. By-
NapfaH Tawkapy, MonekyfanapHUHr napyanaHulin HaTuxacuia 3pKuH
pagukannap xam Xocun 6ynmwmn MyMKuUH, MacanaH:
NHs: .*% yNHj+H
(CH32CcO >CH3+CH2CO
By kabu pguccoumnaHnl peakuusacn peakuMAHUHT 6upuH4Ym  60cC-
KNuynaup. PeakuUSHUHT UKKUHYM 60CKUYM HYp TabCcup 3TMaill “KOpoH-
rmga” cogup bynaguraH KUCMUHW TalKUA aTafun:
NH2+NH2" N2+ 2H2
M-+H=H2
doToguccouMNaHNLL  peakuusnapu HaTtwkacmga ¢GoTonbHNaHUW
Xxam cogup bynagu:
AraC -R. AFC1+K
Bab3n peakuuanapfa pagrkaniaHul Ba MOHNAHULL >KapaéHu 6up
BaKTfa cogup O6ynuwn MyMKWH. ByHpali peakuusanapHu cxemaTuk
paBuwwa Kyingarnya noganaca 6ynagu:
AB * XAB)*-"A'+B
DOTOKUMEBUIA péaKLMANapHUHT SHa 6up Typu POTO KaiTa rypyx,-
NaHuw peakumsinapum 6ynm6, 6y peakuusnapra Kyhugarm 0-HUTPO-
GeHsanbAernaHN 0-HUTPOGEH30l KucnoTacura TayTomepnaHuw (@) Ba
a300eH30/1HM /N/>a«Cc-KypuHULWIGaH r/c-KypyuHuwra nsomcpaaHuwmn (6)
peakumanapm MUconnaa KypuwmMmns MyMKnH:

S T vy \y— S

Hyp Tabcupuga 6ab3v  MOAAANApHU KUC/IOPOA- ULLITUMPOKMAA
OKCUANAHULIKW, GUP XWN MOJSIEKyNanapHu ysapo 6UpUKWMG Aumepnap
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X,0cu kunully, 6yéknapHu oTorngponusnaHnLl peakumsnapn oro-
6MpMKNLL peakumaiapn éku oTocMHTes aeb ainTunagn. CxemaTuk pa-
BMLIAA 6y peakumsinapHu Kyiugarnya ndoganall MyMKUH:

A+02 1 =02 A+A- hv A2

Bynapra mucon umnuné Knucnopog UWTnpoKuaa TonyoniaH Hyp Tab-
cupuga NepuKcAapHWHE, GeH30M KMCMOTaCMHUHE X,0cua 6ynnul Kabum
peakumanapHn Kypcatuil MyMKUH.

DOTOKUMEBUI peakumsiap AaBoMBAA 3EKTPOHMAPHUHT KyuuLLn
HaTwkacuga (oTooKCMANaHULL Ba (IOTOKalTapunuw peakuis/lapi co-
anp 6ynagn. doTOOKCHMANAHWLL peaKUysnapyia OpraHMK K1 HOOPraHnK
Mofdanap Mofekyfnanapy Ba WOHAapW WLLITUPOK 3Tagunap. MacanaH,
(hOTOCMHTE3 peakuusacuga cyB Gupnamun (HOTOOKCUANAHULLITa yupanam
Ba KOpPOHruga cogup 6ynaauraH nkkunamuy peakums CO rasuHu yrne-
BOAOpOANapraya Kantapuanw peakumscura cababum éynagu.

doToOKCUAIAHMLL peakuuanapura Kynvgarn cxema byinmnyva rug-
paTnaHraH KOMM/EeKCMapHUHI napyanaHuin Ba CYBHW 3puTmanapga
OKCUAMNAHWULLIMHN KENTUPULL MYMKWUH:

Mr+HD

a+H2j..4*"H+A"OH
6yHpa A.~ anekTpoHnap akuenTopu. CyBAaH Tallkapy pOoTOOKCUAaHULL
peakumsinapuga CI, OH, LY %  Ba 6olKa MOHMAp XaM WULITUPOK
3TULLIM MYMKWH, MacasnaH,

Cr+Wp+H+— ,  +5CL+HD

FOKopuaa KenTvpunraH peakumsinapgaH apu/v paBuLLja 371eKTPOHO-
[OHOpMap UWTUPOKUZA CYB MOEKYNaCUHW KAUTAPUIULLIMHUA Ky3aTuLL
MYMKUH:

DWAS—"-% # OH-+D*

BuprnHa oTOKMMEBMIA peaKLMsiga OKCUAMAHULL, XAMAa Kaira-
puanw cogup 6ynuwyv MyMKWH, mMacanaH, gudeHunaMmuHra Hyp Tabcu-
PUHWN 0NTAANINK:

T LW W A (CFHYN ¥t+e,
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ABHU peakLUWs HaTUXKacuia 3NeKTPoH axpainb ungné, opTukya 3apsagm
6ekapop Monekyna Ba YHAaH NPOTOH axpanvbé 4ukunb, HeinTpan mose-
Kyna xocusn 6ynagu:

(CEHhNFT  (CHYN+H¥

KOKopugarn peakumsinapHy ymymnaaluraH xonga ésunca, HelTpan
BOJOPOA aToMU X0eun Gynranmmm Kypamma:

(CHYN H ~->(CeHshN+H

By peakuusi hoToKaliTapunmLL peakuUsicura KUpagu.

Bab3n mMogganapHUHr (hoTOKMMEBWI peakuysra KUPULLIMLLN YYyH
GepnnaéTraH Hyp MUKAOPW eTapnu fapaxaga 6yncaga, peakums coamp
oynmalign. Ly kabu peakumsiHn amasira OWMpull yyyH GepunaétraH
Hyp Tabcupuga aon Mapkasnap XOoCWa Xuna..onaguraH Xywmmua
MogdanapfaH (oiganaHunagn. by Kkabu peakumsinap  poTOCeHCU-
6unnaHnw peakumsnapyn feé atanagn. PoToceHCUBUNNAHULL peaKuns-
napura mucon cudatnga MetTun nogngHu 6eH3oNIn spuTMaga Had-
Ta/IMH ULLITUPOKMAArN ANCCOLMIAHULL PEAKLMACUHN KENTUPULL MyMKUH:

Napht  >Napki*
2Napht+2CH3-+2CH3+2J+2 Napht->C2H6+J2+2 Napht
daon mMapkaz Xocu/a HWIyBYM cudaTuia MeTannap éku 6upop
WHEPT XXUCM WULLTUPOK 3TULIM MYMKWH. MacanaH, cMMo6 MLWTMPOKMAA
YINeBOLOPOAIAPHUHT OKCUAMAHULLMHN KENTUPULL MYMKUH:
Hg-OL+Hg*
Hg* +RH->Hg+R +H
Eg* + 2CH6+ 02 —Hg + H2+(CH5202
tOxopuga Kypub ytunraH GoTOKMMEBMWI peaKUUSNapHUHT fespav
H6apyacy hoToceHCUbUANaHULI peakumsnapuaa cCognp oyamwm MyMKyH.

DOTOKMMEBUIA peakumsnapra XxapopaTHUHI TabCupu TYpau peak-
umanapga ysura xoc 6ynu6, 6up xun xoHyHusitTra 6ylicyHmaiign. bBy-
HWHT acocuii cababu (hOTOKUMEBUIA peaKLMs TE3TMTU IOTUNAETIaH KBaHT
MUKAOPWAAH 60rnMK 6ynnb. xapopaTHUHI TabCMpU axamuaTra ata 6yn-
Maligi. Bab3n peakumsnapaa XapopaTHUHT OLUMLLN KaiTap peakuus Tes-
IMraHn ownpué, HOTOKUMEBMI peakLms YHYMUHUHT nacainvuwmra ogno
Kenagw.
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“Kumésnii KnHetmka” 606MHN y3nawTMpUNraHank
JapaXkacvHW TeKWWpuLL yyyii casonnap

1. PeakuusiHWUHT TapTW6m Aeb KaHAal KaTTanvkiapra aitunaam Ba
y KaHfai Kuiimatnapra ata 6ynagn?

2. PeaKUMSHUHT MONEKYNAPAUIU Ba ynap KaHgali Typfaru peak-
uusanap yu4yH KynnaHunagn? !

3. Peakuusi MONeKynapaurn KaHfai Kuiimarnapra ara 6ygaan?

4. Peakuyst TapTUBMHN aHVKAALWHWHT KaHAalk HTerpan ycynnapu
60p?

5. Peakums TapTMOUHW aHUKAALWHWHT AuddepeHuman ycyanapu
KaHfjan ycynnap?

6. IlgK HuHr T 1 ra 60rnnknvk Ynsmacu KaHfa KypuHuLIra ara?

7. Te3nMK JOMMUIACMHUHT ynyaMu KaHfal Ba Y KaHpjali KaTTa-
nvkKnapra 6oramMk?

8. BVpVHUM TapTUGNN peakUUsSHUHT Te3NMK AOMMWICK TeHrna-
MacuHU E3UHT.

9. BMPMHUM Ba WUKKMHYM TapTuGAM peakumsniap ynyamaapuHu
KYPCaTUHT.

10. KMMEBMIN peakUMAHWUHI TE3IMK JonMidlicura Kyimgarn omun-
NapHVHT Kalicunapy Tabeup 3Tagu: PeakuMsHUHI Tabuatu, moaganap
KOHLEHTPALMSACU, KaTaM3aTop ULLITUPOKK, IPUTMAHUHT Tabuatu, 60cum
Ba xgpopar.

11. Xapopat 235 gaH 305K raua KyTapwnca, peakuusi Te3uru
VKK MapTa OpTafuraH peakumsHUHI (DaonnaHu 3HeprusicMHU XMcoo6-
NaHr.

12. Peakumsi Te3nuru norapuMUHUHE 3ecKapy xapopaT 6unaH
60rNMMKANK rpaturn KaHaam K3puHuwra sra ynagn?

13. PeaKUUSIHVUHT TaXXprbaBuid haonnaHuLL 3Heprusict HUMa?

14. Arap 293K pga peakuusi 2 coaT AaBom aTca, Wy peakuus 15
MUHYTAa Tyrawm ydyH, BaHT-Modhd Komgacura Kypa, xapopaT Hedara
TeHT 6y Kepak? PeakUUAHWHI XapopaT KoahduumeLl 1 3 ra TeHr.

15. BUPUHYMN peaKUMAHVHT (haonNaHULL S3HEPTUACU NKKUHUYN peak-
UMsiHMKMaaH KatTa. Ti xapopatga 6y peakUMsiNApHWUHE Te3NMK [0u-
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Muiinapyu TeHr. Arap T2>Tl 6ynca, T2 xapopaTga peakuMsiapHUHT
Te3NMK AoUMmniAinapy HACbaTn Kangaii 6ynagn?

16. daonnaHuULL 3HEPrUACMHN XLcobnaw yYyH KaHfah Taxpuba-
BWIA fuiiMaTnap Kepak?

17. 3aHXup peakumsanap Ba ynapHUHE Typaapu.

18. 3aH>XUp peakUNANaPHUHT TE3/INIU Ba Te3/IMK TEHT/IaMacy.

19. TapMOKNaHraH 3aH>Xxup peakumanapaa haos MapKasHUHE X0CUs
6y nu MUKAOPY HUMara 60rauw?

20. TapMOK;NaHraH 3aHXxup peakumsnapu.

21. POTOKUMEBWNI peaKUMSANAPHUHT TypAapuHU KypcaTuHr.

22. DOTOKUMEBUIA peaKumanapaa Myx,uT KaTnamura TylaétraH Hyp
XajannMrMHUHE peakuma yHymura 6ornmkanriu.

23. DOTOKMMEBUIN peaKLUANapHUHT CUHbNapu.

24, ®0OTO KaiiTa rypyxgaHuil peakupusinapu.

25. doToCceicMbrnaHnLL peakumanapu.

26. Mapannens Ba KOHCEKYTUB peakumsniap.

27. ®aonnalwuraH KoMreKcnap Hasapuscu.

28. ®aon TyKHallyB/ap Ha3apuscu.

29. Ynap xonaT Hazapusicu.

30. PeakumsinapHUHT abcosioT Te3nnKNapn Hasapuscy.

31. PeaKuusinapHWHI MCeBAOMONEKYNSAPANIA Ba MCeBLOTapPTUOU
TyLyHYanapw.

32. KuméBwnii peakumMsinapHUHT KMHETUK TEHTTamaniapy.

33. Peakuma MexaHU3MUHN N(OSAN0BYM KNHETUK rpunap.

34. eTeporeH cucTemManaparu peakunsinap KUHETUKACUHUHT y3u-
ra xoc TOMOH/1apy KaHaaii?

35. Kumésuii peakUMSHUHT IMMUTAOBUN 60CKNYM TYLLYHYACK.

36. eTeporeH XapaéHNapHUHT AUDEHY3N0H MeEXaHU3MN.

37. KuHeTunK coxafja 6opyBun peakumsanap.
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VIll. BOBb. KATANNS
VIII. 1. Katanus Tyrpucuga yMymuin TywyH4vanap

“KaTtanus” atamacu c¢haHra 1836 hunga Bepuenuyc TomoHMaaH
Knputunrad. Typnu mogganap Tabcupupa peakuuss Te3NIMIUHU OWu-
puWwHN Katanus feb atawun. Katanutnk peakuuanap Tabuatga xyfga
KeHI TapKanraH 6ynmnb6, KMMEBWUI TexHonormsaga Ba XaéTja KatTa ax.a-
MuATra ara. BYHUHr ncboTun cudatnga TUpUK opraHusmnapga 6opysun
6apya OGMOKMMEBUI XapaéHNapHUHI Te3nurun anosjua 6MONOrMK Kata-
nunsatopnap —depmeHTNap 6unaH 60WKapUANLLINHA MUCON KUULWLUMKU3
MYMKUVH. Kyn KuMéBuii nwnab ymgapuwnapga xaM KatannTtuk >kapaét-
napgaH goriganaHnnagn. Assan ogauin fe6 xgcobnaHraH KynruHa peak-
umanap acnuga TabcupnawaérraH MoajanapHuHr Tapkubupa 6ynrad
KaTanm3aTop/iapHUHT KaM MUKZopu 6unaH TesnawTtupunagn. Kyn x,o0n-
napfa KuMEBWi peakumsnap peakuMoH apanawMaHUHI Tapkmbuga xyga
Kam wmukgopfa 6ynraH cyB 6unaH Te3nawTUPWAULLK  aHUKNaHraH.
Alpum xonnappga peakuus onunb 6opunaétraH WMAUNTHUHE y3WM KaTanu-
3aTop BasudacuHKM 6Gaxapulit MyMKWH. KaTtanuTuk >xapaéHnap KaTop
y3ura xoc xycycuaTnapra ara. YnappjaH 6upu katanusatop MUBAOPU
6vnaH cy6cTpaT opacupaa CTEXMOMETPUK HUCOATNAPHUHT MaBXy[ amac-
anrn. XKapaéH paBomumpga KaTanmsatop capiaHMalian Ba KUMEBMIA
XuxatgaH ysrapmaign. JlekmH amanga Typau EéHaku >KapaéHnapHUHT
6opuwun Tyainm KatanusaTop, andarTa, cappnaHagm.

Katanusatop KaTop peakuusnapHWHr MyBO3aHaT KOHCTaHTacira
TabCMP KUAMACAUIMHW TEPMOAMHAMWK HyKTaum HasapfaH KypcaTtuwl
MYMKWH. KaTanuMs3aTop SIHIM peakuusiniapHu KenTupué udmkapmangu, y
thakaT TeEPMOANHAMUK >XMXaTAaH pyxcaT 3aTUAraH peakuusanapHUHN Tes-
JNTUHW owupajn Ba CUCTEMAHWHI MyBO3aHaT Xonartura eTull Y4yH
Tanab XMNuHraH BakTHU KamarTnpagn. Katanmsatop nWTUPOKUAA peak-
UMAHUHI Te3IMK KOHCTaHTacu opTafu, MyBO3aHaT KOHCTaHTacu 3ca,
y3rapmaingu. [lemak katanusaTop Tyrpu Ba Teckapu peakuusnapHu 6up
XWN Te3nawTupaau.

KatanusaTtopnapHuHr fHa 6up ysura XOCAUTU YNapHUHI TaH-
noByaHnurn 6unaH 60rnnK. YHuBepcan Karaamsatopsiap MaBXyg amac,
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Xap 6up peakuus yYyH Y3MHUHT Maxcye Katanusatopu Tanab KuanHagu.
Katanus Tyrpucmugarv TablIMMOTHUHI acocumnapupaH o6upu OcTBasbf
aliTraHniek, KatanusaTop TabcupiawaéTranm mogganapra Xyaau Kanut
Kyndra TywraHieKk MOC Kenuwun Kepak- X,03Mpru BaKTraya y éku 6y
apaéHfja KaHgan MogfaHu camapanu KatanusaTop cudaruga nwnatui
MYMKWHAUTUHW aBBasjaH anTull MrymMKuH amac. By macana xo3mp xam
SMAUPUK paBullfja edynnagn Ba Mabnym 6Mp peakuus ydyyH onTuman
6ynraH KaTanu3aTopHW TaHnaw Kyn BaKTHW Tanab kunagu. MacanaH,
AMMUAKHU CUHTE3N Y4YyH KatanmsaTop KauupwunraHga 20 MUHTAaH
KyMnpoK mogjanap cuHab KypunaraH Ba Kataims3aTop cudatuja TaHnaHraH
TEMWUP 3HT camMapann 3KaHAWTMHM XO03Mp Xam Tabkuanab bGynmaligu.
AKCUHYa, TexHMKaja KynnaHwnaérraH katanusaTopnap MykKaMMasiivk-
AaH Xyga y3okamp. CMHTETMK KaTanusatopnap 6unaH epMeHTAapHUHT
KaTa/IMTUK XoccanapuHy CONUWITUPULLHMHIE Y3UTMHA LWYyHAan xynocara
0116 Kenagu, YyHKu epMeHTAapPHUHT Xoccanapu TabuaTHUHT y30K BaxT
3BOMIIOLMACY XapaéHnja MyKaMmManallraHu yuYyH, YAapHUHI KaTaliuTuk
haonnmurn MuHepan KartanusatopnapHUHr QaonaurnjaH jni MMHI mMapTa-
raya opTUKAup.

CyHbWiA TaépnaHraH KaTaav3aTopiapHUHT Gaonauru etapnu ga-
paxaga bynmaraHnuru cababnm, Kyn peakuusiapHuM HOKoOpu Xapopat-
napga onub6 6opuiira Tyrpu Kenaam, 6y aca TeXHOMOrMK XapaéHnapHu
KUANHNAWTUpaaM Ba uwnaé Ynkapul xapaxaTnapuHu owwupagu. Tep-
MOAUHAMUK XWCOBMapHUHI KAdcaTuwnya, 3nemeurnapfaH ammuakHu
CMHTE3 KWIMLW XOHa XapopaTuja 60puwin MyMKUH. AMMO YLl 6y peak-
UMSHW KyiAn xapopaTnapja etapnv pgapaxaga TesnawTupyBuM Kata-
nM3aTop xo3mpraya TonuamaraH. Ly ca6a6nu ammuak 500°C xapopataa
CMHTE3 KUNWHAAW, NeKVMH YLWO6y XxapopaTfa aMMWaKHUHI Kyn KUCMWK
napyanaHagn xam. AMMUWAKHWHI YHYMWHW OLWIMPULL YUYYH >KapaéHHU
t03n1ab atmocepa 6ocumnapga onnb bopuiira Tyrpu kKenagu. LLyHWHT
YUYH KaTanuM3 HasapuUsiCMHWHT acocuii BasudanapugaH 6upu mopgua-
NapHWHT KaTaIMTUK X0ccanapuHN ONguHAaH aiTub 6epyBYM Ba Mab/ym
6Vp peakuus y4yH onTuMan 6ynraH KaTanmsaTopHU TaHnalw ycynnapuHu
nwnaé ywuwpgaH wnbéopatanp. Katanntuk peakuusnapHuWHT Typau-
TYMaHIUTU  KaTaIM3HUHT  YMYMUI  Ha3apuUaCUHU  MWNab YMKULIHK
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uniinHnawTupaan. Katanutuk peakumsinapHuUHI KynrvHa ysura xXocnmk
TOMOHMapV KaTa/M3aToOp/IapHUHT TabcuprawaéTraH moajanap 6unaH
KaHfjal apanawimMa xocun Kaaviwura 6ornmu,

FomoreH KaTa/IMTUK peakuusnap ras asacumpa Ba spuTmanapga
6opuwM MYMKMH. ByHAai peakuusinapHuLl y3ura XO0enuru >xapaéH
Te3NUIMHMHI  KaTannM3aTop  KOHUeHTpauusicura MponopuuoHaniirii-
fagvp. Jemak KataiusaTop peakuusga 6eBoemTa MLLTUMPOK 3Taaun, feb
TaXMUN KUAULW MYMKWH. JIeKUH 60LLIKa TOMOHAAH, peakuusi TyraraHgaH
CYHr KkaTanusatop’ iiimMéN ysrapmaiign. Ywby ganunnapHuur MKka-
nacu xam yrtap 6iipiikKKiiap Hasapusicu opKain 0COM TYLUYHTUPUAULIN
MYMKWH. ¥YW6Y Hasapusira Kypa, kataimsaTop TabcupnawlaétraH Mogja-
NapHUHT 6upn 6unaH 6Gekapop opannK BUpMKMa XOCWUN Kuaagu, y aca
6owka peareii lgap 6unatr TabcvMpnawagu, 6yHha Katanmsatop ysrap-
MaraH xosnna axpanné uvkagn. Opannk 6MpuKManap Hasapusicu acocuil
TaXXpubaBuidi JanunnapHy TyXHYHTMPaau, SbHU KaTan3aTOPHUHT TaH1ab
TabCUMp KWIULLMHA XMMAA peakuusi Te3IMITMHUHT KaTasim3aTop KOHLEeH-
Tpayusicura nponopumoHan/IMIMHN Tacaukianan. Ywey Hasapus KaTa-
NIN3aTOPHUHI TabcupallaéTraH Mofua 6unaH Xocun KunaétraH opaink
6MpnKMaHn Taxpubaga 6eBoenTa aHMKAall MYMKUHAUTU BWAaH Xam
TacaukpaHagm.

AMMO FOMOreH KaTaJiM3 MexaHusMu [OUMO opasly 6Gupukmanap
Xocma 6ynuwn 6unaH 6ornaHMaraH. MacanaH, 3aHXup peakuusinapga
KaTannM3aTOPHUHT POMM 3aHXMUPHUHT YCULL XapaéHura Tabeup KUauL
6unaH 6ornw,. KatanusaTop 3aHXup PUBOXKIAHULWIWHWHE SHIKU HAyHa-
NMWNapuMHM Ba TapMOBAAHULLMAPMHM XOCUA KAauwun MyMKWH, 6yHaa
3aHXWUPHUHT y3yHAUTK opTaan, 6y aca )apaéHHUHT Te3nawmwmra onmé
Kenagw.

OpuTmanapgarn 6apya romMoreH KaTa/IMTUK peakuusnapHu Kuc-
Nn0Ta-acocnn Ba OKCUAaHWLU-KanTapuauLl xapaéHnapura axpaTuil
MYMKWUH. Kwncnota-acocnn KaTanusra 371eKTPOH >KY(PTAapHUHT Y3u-
nmwuncns  (reTeponnTnk) 60pyBYUM XapaéHnap Kuputunagn. ddup-
NAPHUHT COBYHMAHWLLIN, 3TepudmKaLns, noamcaxapugnapHuHr rmgponu-
31, MW30MepsiaHvLW, Tanaovanall, KOHAeHcauMsanaHuw peakuusnapi
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6yHra mucon Gynagu. ByHgali peakuyusnapga H30 +Ba OH woHnapu
KaTanusaTop BasudacmHu baxxapagn.

OKcugnalsil-KaiTapuauwl  KaTaimsura 3MeKTPOH KY(TNapHUHT
Y3UNULLM Ba 3MEKTPOHMAPHUHT 6UMp MosneKynafjaH 6Gollkacura yTuilm
(roMoNUTUK) KysaTunaguraH xapaéHnap kKuputunagu. byHpain peak-
umanap apuTmanapga KymmHua Typav uoHnap 6unaH TesnawTupuiagu.
VIOHSlapHUHT KaTa/IMTUK TabCUPW YNapHWHI CTpyKTypacura 60rnuk.
VIOHHUHT Tapknbu KaH4yasMkK Mypakkab 6ynca, 6up xun wapouTnapga
YHUHT KaTa/IMTUK TabCMpU LWYHYaNMK toKopyu 6ynagn. Mypakkab
3appayvanapfa 3pKVHANK Japaxanapu COHW KaTra GynraHnuru ca6a6nu,
ynap peakUMSAHWHT 3/IeMeHTap akTu faBoMuia axpanaéTraH sHeprusiMu
ysura nurné onuwinM MyMKUH. Y6y 3Heprus KenHyanvk Tabecup-
nawaéTtraH MoaganapHu aonnawTupvw yyyii vwnatunagn. ByHpgai
KapaéHHW KaTanmsaTop épfamMuia sHeprusHn “pekynepauuns™nal gein-
nagn Ba y (hemMeHTaTMB Katasmsra Teruwavaup. Y3UHUHT KUMEBWIA
Ty3unuwmn 6ylinya depmeHTnap (3H3MMIap), oKcunnap EKu OKcun-
NapHUHT KNUYMK MOMEeKynann 6uvpukmanap 6unaH Komnaekcnapugmp.
Kyn tepmeHTnapfa okcunnap TawyBuu BasudacuHu baxapagu, ynap
6unaH 6ornaHraH MNPOCTETUMK TFypyX 3ca KaTaMTUK (ao/iiMKKa ara
bynagn.

depMeHTAAPHUHT TabCUP MexaHU3MW PepMeHT-Cy6cTpaT opaink
OMPUKMaHUHT XOoCUN 6ynuwn 6unaH 60rnnkK 6ynné, KeMnHYyanmk y
Maxcynona ainaHagn, gepMeHT 3ca y”‘rapmac KypuHULIAA KOMaju.
depmeHTNapAa oKcuagaH néopaT TalyBUMHUHT MaBXyAIurn (epmeH-
TaTMB KaTa/IM3HUHT KaTop y3ura XOC/AVMKIapUHW KenTupub uymkapagu.
YnapaaH 3HT axamuaTancu hepMeHTNapHUHT KaTa/IMTUK TabCcupu Xapo-
PaTHUHI Ba'MYyXWUT KUCMAOTAIMAUIUHUHT KUYMK OpanurugarnHa HamoéH
oynuwiigagmp. ®epmMeHTNapHUHT 3HT tokopu daonnuw 40-5(fC xapo-
patnap opanuruga étagu. 40°C paH nacT xapopaTnapga (hepmeHT-
NapHUHT haonnnrn KecknH kamasign, 0°C ra sikmH xapopatnapga dep-
MEHTaTUB >kKapaéHnap fpeapnun Tyxtangn. depmeHTnap GHaonMrMHUHT
XyAAW WyHaain kecknH Kamaiimiwm 50°C gaH loKopu xapopaTnapja Xam
Ky3aTtunagn, 6yHWHr cababu xapopaT onTumMan LuapouTnapjaH u4eT-
falraHfa okcungaH méopat TawyBYM CTPYKTYPACUHUHE y3rapuwmnamp.
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Xop 6up depmeHT 3puTMa pHHUHI Mabnym opanuruga tokopu gaon-
JINKHN HamoéH Kunagn. PepmeHTNapHUHT (haonnnrn peakyuoH apanai-
Maja 6eroHa KyluvMyanapHUHI MaBXyAnurugaH gam 6ornmk bynagu.
Katanus >kapaéHyn TabwaTtga, SAbHM OGMOKMMEBMUI peakuusanappa,
TEXHOMOTMK >XapaéHnapfa Ba KUMEBMWI n3naHWwnapia HNAoATAa KaTTa
axammaTra ara. MacanaH, OKCUInap CMHTe3n, 6MoorMK TUsumnapaarm
mMoAfa anmallyBu, HeTHM Ba HedTb MaACy/ioT/lapMHM KaWTa ULLnaLl,
aMMuMak ofINLL Ba YHW oKcupnall, cynb@aTt KUCN0TaCUHN ONnLL, METaHo
onvw Ba 6owkanap. By kabu peakuuanap Te3NUKNapWHW OLLUPYBYM
mogfanap Katanusatopnap ge6 artanagu. Katanusatop Tabcupuga 6opa-
éTraH peakuusaja MWITUPOK 3TaéTraH mogganap KaranmsaTop 6unaH opa-
MK MafcynoTnap Aocun Kunagu, CyHrpa peakuus MafcynoTu [ocun
6ynun6, KaTanmsaTop Kalita axpannb unkagn. Katanmsartop MwTUpoKmia
gocun BynraH opanuK mogjanap etapnau gapaxaga TypryH mogganap
6ynn6, ynapHu anogmaa axpatubd onuvwl MyMKUH. AMMO 6y Kyn Aon-
napja peakumsHn KaHgali hasaga cogmp 6ynuwin 6unaH 60rnumk.
CxemaTvK paBuLfa Kyiungaru peakumsa cogmp ynaétraH 6yncuH:

A+B—=C+D (@)

LUy peakumsi kKaTannsaTop NWTUPOKMNA Kyiingarmya amanra owagun:
N+K-+1K (6)
AK +B-+C +D +K (8)

6yHpa K —katanusatop, (6) Ba (B) peakuusinapHuHr Tesanurun (a)
peakUUACUHUHT Te3nurugaH karta 6ynagu. By dapk, acocaH, UWTUPOK
3TaéTraH Katanm3aToOpHUHT haonaurura 6ornuk.

KaTanusatopnapga TaHN0BYaHAMK (CeNeKTUBANK) MaBXyn 6ynu6,
6Mpop peakuUUsiHW Te3naTraH KaTanusaTop 6Golika peakuusira Tabcup
3TMacNMrn MyMKWUH €KW Te3nuru nact bynagu. Arapga 6upop peak-
LUUSHWHT Te3nurura 6up Heva KaTasmsaTop Tabcup 3Ta onca, 6y Tabeup-
NaHuW Typau ycynga 6ynuim MyMKuH. MacanaH, TMocynb(aTHUHT iog
WMOHU MWITUPOKNAA BOAOPOA MepoKcua 6unaH oKcuanaHwull peakuumscu
TeTpaTuoHat gocun 6ynuwin 6unaH opagu:

H22+252 ; +2H* r->2H2D +SA%

Arapfa Wy peakuusiHu 1Aoj WOHWM ypHMra Monm6aaT KucnoTa

MWTMPOKNAa onnb 6opunca, cynbgat gocmn bynagun:
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AH202+sD; " >250|~+TH*+BHD

Peakuusa LWapouMTW Ba KaTa/M3aTop TYPUHU Y3rapTUpULL opLam
3TUN CNMPTUAAH TYPAU MafcynoTnap oM MyMKWH:

3) CHSOH_ % CH3CHO-+H2

200-250°C

4) 2CH50H* CAHOH+H20
5) 2C2|-|50Hm\4/5§C CH2=CH-CH=CH2+H2+2H20

KaTtanusatopnap éppfamupa 6opaguraH peakuusnap TesiMKnapu-
HUHT OWMWLLIW, acocaH, peakuus ydyii onvHraH mogganap daonnaHuLl
3HEePruaNapuHUHI Kamaiumwn éunad 6ornnk. MacanaH, KatanuMsaTopcus
cogup bynaguraH peakuuanapga, yprada Kunmb onuHraHga, haonnaHui
aHeprusicn 125190 KXK/MONb HM TallKua 3Tca, KaTanuTuK peakumsanapaa
6y KaTTanmk 65-125 KXK/Monb ra TeHr, gepMeHTaTUB peakuusnapaa aca
yHAaH gam kam, 34—50 KXK/MOoMb HK TawKkun aTagu.

Katanntuk peakuusanapfa peakuus coamp Oynuiun y4dyH 3apyp
bynraH QaonnaHuw 3SHEPrusicUHU WUGOAAN0BYN  3HEPTUS TOBUHUHT
y3rapuwu VIII. 1-pacmga kypcatunraH.

a)

Peakuus KoopauHaTacu

VIII. 1-paeM. KumMéBuii peakyssHUHT 3HepreTUK gnarpammamu
a) KaTasm3aTop ULITMPOKMCU3; 6) KaTanmnaaTop MWTUPOKMAA.
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PacmpaaH KypuHU6 Typnbankun, katanusaropcus cogup bynaérraH

A —*B peakuusHuHr haonnawmw sHeprusicu E () katanmsatop nwtu-
pokunpaa 6opaétraii A + K—=*AK (/1--katanusatop) Ba AK—*B+K
peakuMsNapuHUHT aonnaHu sHeprusinapu E] sa E2 (6) napHuHr
WnTuHanengan katta {E>Ej+E2) 6ynrannuru cababnu, (a) peakuusara
KaparaHga (6) peakuMsiHUHT Te3MIu loKopy 6ynaan. Arapga Katanu-

3aTop MwTupokmgaru peakuusa yuyH E]—E2 ne6 kapanca, -E =E] =E2

3KaHAUTUHM KYPULL MYMKWH. () peakumsl y4YH peakuuUsaHUHT Te3nK

aovmMuiicn k = Ae~EIRT (VIL.1)
TeHrnamacy opkanu ugogaTaHULLIMHM XHCOGra oncak
LW =k2=A%k BRT (V111.2)

TEHTIUIY Kocun Gynagu.

(a) Ba (6) peakuusinapu coaup 6GynraHga. SHTPOMUSA y3rapuwiu
KaTTa 6ynmaraHauru cababnu, A ~ A/ ge6 kapa6, (VIII.1) Ba (VIII.2)
napfaaH

(VI11.3)

HMc6aTHM onnw mMymkuH. (VI11.3) TeHrnama katanusaTop UWTUPOKUAA
peakuMsi Te3NUrn KaHuyara owaérraHuHyn Kypcatagu. (VII1L.3) gaH Ky-
pyHNG TypubaUKK, KaTanm3aTop WMWTUPOKMAaru peakums 6ockuynapu
thaonnaHUL 3Hepruanapn WNrMHANCKU KaTanmsaTop ULWITUPOKKUCU3 aon-
NaHuW 3HeprudcupaH kKarra o6ynraH x.0nga fam, (6) peakuUsHUHT
Te3nuru (a) peakUMAHWHT Te3NUTaaH KatTa bynaau.

KaTanusatopnap WWTMPOKUAArn peakuusnap acocaH y4 Typra
O6ynuHagn: romMoreH, reTeporeH Ba (epmeHTaTUB KaTanusnap. bwus
KeNnHrn 6ynnmaapha roMoreH Ba reTeporeH Kartanausnap yctuga Tyxtab
yTamus.

VIIIl.2. TomoreH Katanus

Peakuuaga MIWITUMPOK 3TaéTraH Moajanap Ba Katanusatop Gup
(hasaga 6ynca, romoreH Katanu3 fe6 aTagagn. FoMoreH KaTaius X,am
VIIl. 1-pacmpa TcypcatunraHuiek, 6up Heda G6Gockuunapga 60pu6,
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peakUMAHVHT Te3NUTy aonnaHUL 3HEPrUACUHUHT y3rapuwiura 60rnmk.
MacanaH, KaTanusaTop MLWITUPOKMCU3 aueTanbierng napyanaHuwnHUHT
(CH3CHO—=CH4+CO) thaonnaHunww aHepruscu 191 KXK/Monb ra TeHr, wy
peakuusiHu iop 6yTM MwWTUpPoKMZa onub Gopwunca, 6y KuiimaTt 136,0
KX/MOmb ra TeHr 6ynu6, peakuus Kylhimgaru 6ocKuuynapga cogup
bynagn:

1. CH3CHO+J2(6yz) ~>CH3J+HJ+CO

2. CH3J+HJ-"CH4+J2 (6yr)

FomMOreH KaTa/M3HUHT acocuii TOMOHNMapugaH 6upu LWyHAaH
nbopoTKK, peakums paBoMmia KapboaHMOH, KapboKaTUOH Ba Typau
pagumkannap KypuHuLMnAarn peakumsira KApULWWLW KOOGUAMATU Kyynu
6ekapop opanuk mogganap Kocun bynagun. by kabu thaon 3appadanapgaH
61pY 3pKUH pagukallnap Ba aToMnapaup. SpPKUH paguKannap Ba atomnap
XydTnawmaraH 3MeKTPOH TyTraH KyH aToMau HeliTpan 3appadanapfgad
nbopat 6ynmb, KaTanuTWK peakuusnap AOBOMMAA OpaMK 3appadanap
cuhaTmga Kocmn bynagwn, macanaH:

H,CH3, C2HS ,CHICH=CH2, C6H5CH2

By kabu 3appavanapHUHIr MyKUM XycycusiTnapugaH 6upu ynap-
HUHT KUMEBWUI haonnmknapu 6ynub, 6y HUCOMIA KaTTa/MK 3appadanap
ypTacMja Ba pagvkannap MWTUPOKUAa coaup 6ynaéTraH peakuusnap
Te3NMNK AOMMUANAPUHUHT y3apo HucbaTnapy opkanu KUMEBUIA haonimk
ynyaHagn. 3pKWH paguKaniapHUHT KUMEBMI aonnnrm 6up KaHya
omunnapra 6ornuk 6ynuoé, ynapgaH 6upun peakumnaga NWTUPOK aTaéTraH
pafvkan Typura 60rnuKAUru, MacanaH:

R+CH®R->RH+CHR
peakuusicn ydilll C2H5 (stun), CCL3 (tpuxnopmetun) Ba CH3 (metun)
pagukannapuuur daonnuru ras gasaga 400° K ga 1: 320: 720 Hwucba-
Tuga 6ynagu. LWy pagvkannapHu 3TWEH WLWITUPOKMAArn Kywungaru
peakuusicu y4yH

R+CH2=CH2->RCH2-CHR
oKopuaaru Hucbat 1:2:2 3kaHAUrM Mabaym GynraH. [emak, ¢aonimk-
HUHT y3rapuvily peakuusi y4yH ofiMHraH moggara xam 6ornuk éynagu.

3pKUH paguKannapHUHT haonInrMHK y3rapuwura ca6abyum omumn-
napgaH siHa 6Mpu peakUMOH MapKas fIKMHMAA KaXMu KaTTa ypuHG6o-
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cap/lapuuHE MaBXyLAUrUAup, MacanaH, 2,6-LUMeTUNPEHOKCUMHHUHT
TeTpaaNNUArMaPoKCaNLaH BOAOPOL aTOMUHM TOPTUG ONMLL pPeakLusicy
TE3NNK foumuiicu cytok dasaga 1L7m 1(r n/monb cek ra TeHr, 2,4,6 %
yuyunamu neytundeHokeun aca, wy peakumsaga | /OLn/mMonb-cek ra TeHr
TE3NIUK JOUMUIACK BUNaH peakuusara KUpUWaau, SbHil MKKUTa yunamun
GYTUN TYPYXN paguKasHUHT (haoNIMTMHU KK MapTa KamainTupaau:

PagvkannapHuHr aonnurura spkKuH BaneHTANK (KydTnawmaraH
3/IeKTPOHNap) HamMoéH AunyBYM aToM 6unaH 6ornaHraH ypuHb6ocapnap
MaBXy[/IMIU Xam KaTtTa Tabcup aTagu. MacanaH, C—H 6orugaH Bogopog
aTOMWHW TOPTMG onvw 6ylivya ankun paguKaanapuHn Kyiugaru gatop
KyPVHULIMAA XKONNALTUPULL MYMKIH:

CH3< CH3 CH2<(CH33C

TabKignaHraHaeK, XydTnawmMaraH 3eKTPOHHUHT BUHWUA Typyaun
&kn 6eH30n xankacu 6unaH fAeIoOKaINaHULWN PaguKanHUHT KUMEBWIA
thaonnurm nacavivwimra onné Kenagun.

Kap6okaTuoHnap Ba KaTWOH-pagukannap (aon 3appadajapHuHT
UKKWHYM Typura kupagu. By kabu 3appavanapHu yrnepoj atomuia
mycbaT 3apaf TyTraH Kap60oKaTWOH-WMOHNAap rawkua rrub, ynapHUHT
Xocun ByNMLWIN KaHYalMK OCOH 6ynca, TYPryHAWrn WyHYanuK KaTta
6ynaan, ammo GaosnnMru WyHYanmk Kam bynagn. Kap6okaTmoHnapHUHT
6apAopopanru Kynngarn JOHyHUSITra Moc Kenagu:

a) Tapkubugarn BogopogHu rj CH3 éku 6owpa rypyxra anmaium-
HANULLIK:

CH3< CH3CH2< (CH32CH<(CH3C
6) Tapkubuga TagcMmaaHMaraH 3/1eKTPOH XY(MTAN reTepoaTom
TyTraH Ba ll- 3neKTPOHNN Typyxnap KUpUTUANLLIN:

CH3< C6H3 CH2<(CoHj 2CH
BynapgaH Tawgapu, Kap6oKaTUMOHHUHT 6apAapop/iMru TagcuMaaHMaraH
[?-anekTponnap XypTn éam gyw6or xampa 6eH30n XanfacMHWHE -
3NeATPOHNAPWN 6MNaH TabCUPNaHWULLIM HaTXKacuga 3apsgHUHT fenoKan-
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Nawwuwunra xam 6ornuk- bByHpain 3appavanap Typau retepoiMTuK
peakuuanapga aon opanunk sappada cudartmga xocun bynagm, macanaH,
Kapb6oKaTMOH NPOTOHHK (A1) Kyw 6orra 6upuknwngad xocua éynuwn
MYMKWH:

NC=<-Hk—-

/OO * H+—»"0-0H

Kap6okaTuoHnapHu pagukannapgaH KUMEBWIA Xxoccanapu Xuxa-
TUAaH acocuii hapku ynapHu Te3nnMK 6unaH M3oMepnaHul xXycycmatmura
aTa aKaHnurngagup. MsomepnaHuiwl >kapaéHu xam ruapug WOHUHUHT
XxamMmpga Kap6OKaTI/IOHHI/IHF Ky4yuniin xucobura cogup 6y}'II/ILIJl/I MYMKWH.

TMAPUA-VNOHVHUHT KYYULLIWHWU Kylinjarmyda Tacempiall MyMKWH:

H .
| L] m_ - v a
HaC —€H—€HT—CH2— HX —€H—CH2—CH2—

CH3 CHs
HC—CH—CH2-—— »H3C—C—CH3

MeTWUN aHWOHUHUHT Kyun6 yTULLIN KapBOKATMOH Yriepos 3aHXu-
PUHWHT U30MepaHMLInra omb Kenagu:

3
nx—cHAM—en2cH3-— H—E—%hi—'j:—bhﬂ( bl

KaTnoH-pagukannap »>kydTnawimaraH 3/leKTpoHra Ba Mmycb6aTt
3apsigra ara 6ynagu. ByHpali 3appavanap MosnekynanapfaH 37eKTpoH
TOpTMG 0NN Ba pagukanra NpoToH 6UPUKTUPULL OpKaan Xocun bynaau.

daon 3appadanapHuHr siHa 6up Typu Kapb6oaHwoHNap Ba aHWOH-
pagnkannapavp. Kap6oaHnoHnap ysuga 6ynmHmaraH afeKTpPoH XydTura
ara yrnepog atomu TyTraH MaH(WUin 3apsgnaHraH voHnapgaH mbopar,
macasiaH,

CA2- CH-CH,, C6H5- C L,

Kap6oaHvoHNap oOpraHuMK  MoOsieKynanapra Ky4dam acoc Tabeup
SATTUPULL OpKan onnHagwn:

w +B-"K + BEl

By kabu wvoHnap wMeTannopraHukK 6GupMKManap oOpKaau Xxam
onuHagun:
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RM -> R' * Xf

AH voH-pagnkan MaHhuid 3apsagnm xydTnawl.maraH 3feKTpoHra ara
3appada 6ynu6, aHWOHTra 3MeKTPOH OGUPMKULLIM HaTuXKacuga Xocun
bynagu.

Peakuusa yuyyH oNnvMHraH MofjanapHu KaTanusatop 6unaH ysapo
TabcUpnaHUwWn 6Gupranmkpa ékm agoxuja 6ynuMwn MyMKuUH. Bupra-
nukgarn mexaHumsm 6ynmya aon Komnsekcra katanmsaTtop 6uniaH bupra
y3apo TabcupnawaétraH 6apya mogganap kupagu. Macanam, Kyiuparu
3fleMeHTap peakUWsHW ONannnk:

A+B —D+E

Arap peakuusi KaTanusaTopcus onu6 6Gopunca, AB  komnnekc

X,0cun 6ynmné peakuyms

A +B AB > D +E
cxemacm 6yiimua cogup bynagu. LUy peakumsa KatanMsaTop UWTUPOKMUAA
ABK thaon komnaekcHM X,ocun 6y 6unaH 6opagu:

A+B +K-* ABK—=*D +E +K

ABK daon KOMNAEKCMHUHT X,0cun 6ynuwimn 6unaH 6Gopagurad
peakuusa Te3nuruHuHr owuwmn (VIIL.2-paem) daonnaHuw sHeprus-
CUHWHT Kamaiuwii 6unaH 60rnmk.

VII1.2-pacM. Opanuk haon Komnaekc xocun 6ynwimv émunaH cogup ynaguraH
peakUUAHVHT (hao/iNaHULL 3Heprusicura KataimsaTop Tabcupu:
a) bupranukgaru Ba 6) anoxgaa 6opagnraH mexaHu3m;
1) kaTanusaTopcus; 2) KaTanusaTop UWTUPOKKNAA.

Peakuuaga kaTHawaéTraH mogfanap COHU WMKKW Ba yHAaH OpTUK
bynca, Gupranukgarn ¢aon KOMNAEKCHUHE X,0cna 6ynnw axXagnMonanrm
KaM OynraHnurn cababnu, Kynuunank KataiMTUK peakuusanap anox,mga
MexaHu3m 6unaH haon KoMNaeKe X,0cun 6ynmi opKanum cogmp 6bynaau;

A +K —AK
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AK +B “m AKB-+D +E +K

VIII. 2,6-pacmfa KypcaTunraHugek, sHepreTMK guarpamma x,ap 6up

taon komnnekcra (AK BaAKE) Ba xocun 6ynaétraH opajsimk MaxcynoT-
napra (AK) Termwnm makcumym Ba MUMHUMYMapfaH néopat 6ynaau.

FomoreH KaTanv3 peakuusnapu, lokopugarvwnapgaH Kenmbé YmkkaH
xonja 6up Heya Typra 6YMHULLM MYMKUH: 6Up MOALa MWITUPOKMAAru
peakuus:

A —=P
6yHpa: A - peareHT; P - peakuus maxcynotu. by Typ 6yiinva A +K-+AK
TeHramacura acocaH opaivK (aon Kommnaekc xocun 6ynub, cyHrpa
AK—>P+K TeHrnamacu 6yiinya katanmsatop axpanuné yuiagm.

Arapfa peakuusiga ukku mogua katHawca (A+B—*P), aBBan pea-
reHTnapgaH 6upu katanmsatop 6unaH TabCcupraHub, opasiIuK MaxcynoT
XOCUN Kunagu:

A+K<->AK (a)
CyHrpa, xocun 6ynraH maxcynoT (AK) UKKUHYM peareHT GunaH Tabecup-
nawmé, SHrv aon KOMNAEKC X0CUA KUMaau:

AK +B —=ABK (6)
KelinHrn 6ocknypa peakums Maxcynotum 6unaH kKatanusaTop axpanub
unKagm:

ABK-* AB+K

(a) Ba (6) napaa KypcaTunraHugek, gaos KOMMAeKCNapHUHT XOCU
OyNMWKN KanTap >KapaéH 6ynmnb, Wy KapaéHHUHT Te3NMK JouMuiicngaH
6ornuk 6ynagu. BepunraH peakuusi Typnapura Mucon cudatmga
oneHNapHN KaTanusatop cudatuga MuHepan kucnotanap (H30+)
NWITUPOKMAArv rmapaTnaHuLl peakuMacuHU KenTUpuw MyMKWUH:

H
RCH=CHR'« l_é) . »[RCH-CHR'}— —C—CR-——="m

' T
1y +

HH
—»R—C—CR-—--»HD + RCHCHR
H i
1Y w6y xxapaéHHUHT 1 Ba 2-60cKnMynapuia oneuH Mosekynacmgaru
C = C 60ru opanmk r-koMmniekc XoCua KUam6 npoToHMaHaAM Ba opaivk
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GMpuKMa Xocun Kunagu. MxyamnaHTUpLIrraH xonga 6y CXemaHu
Kylngarvya TacBupnall MyMKUH:

H*i R-CH=CH—R -— »RCH2-CHR (AK)

3-60ckmuyga xocun 6GynraH KOMMMEKC Kalita CyB Mofekynacu 6unaH
6npunkmn6 JIKO B—ABK komnnekcuun 6epagmn. 4-6ocknuga npotoH H30 +
K3(hMHNAW A axpannbd Ynknb peakumna Maxcynotn xocun bynagun.

Arapja WKkn Mopfa yPTacBgarm peakuus faBoMmpa WKKuTa
MaxcynoT

N HB —Pj + P,
xocmn  6ynca, KaTaM3aTOPHAHI TabCUPUHW  CXeMaTUK pasBuLlaa
Kyingarnya kypcatuw MymkuH: J1 + K —= AK (6ekapop opanuk

MaxcynoT)
AK LW P] + AuK
AjK + B-* BKA'Ii =P, + K
By Kabu peakuusinapra mypakka6é agpupnapim H30 +uwitupokugaru
peakuMsiCUHN MUcoN cudaTria KenTipul MyMKUH:

R-ct’ _ 4lUP . HD
OR' 0-R
H
o P
E *e R-C + ROH
Rrqu 0L

R--(‘: * HOH == » HJ&(%I-JEJB il 8-—Q|z
OH2 OH
FOkopugarnnapgaH LWYHU Xynoca KWW  MYMKWH: FOMOTeH

KaTtanus Gyinya cogup GynagmraH peakuusnapia Katanusatop peareHT

6unaH daon komnnekc AK ékun AKB" Ba opanuk maxcynot AK xocun

KAnUW opkanu cogup 6Gynap 3kaH. LUy kabu peakuusnap 60cKuu-

NAapUHUHT Te3NMKNapu Kyngaru oMuanapiaH Kenmé ynkagu:

1) opanuk 6upukma (Eku AK+ Typupgarm komnnekc) xocun 6ynuwimnga
peareHT MO/eKynacugaru 3feKTPoOH 6yAyrnapHu KaiTa TaKCcuMm-
naHuwm, macanaH, npotoHHu (H' éku HjO ) peareHT monekynacura
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GUPUKNLLA MONEeKyNa 31eKTPOQUAANTUHM ownpagn, 6y 3aca pea-
FeHTHU Kyu4CM3 HYKeo(ua peareHT 6unaH OGUMPUKULL KOBUNNATUHMK
owIMpasu;

2) arapga AKB komnnekc xocun Gynnwimnga MKKasa peareHT xam KaT-
Hawca (anoxmpa MexaHusm 6Gyimnuya), KatanusaTop ynapHu asoBuii
AKMHNALIULWINHA TabMUHAARAN;

3) KaTanusaTop peareHT KOMMMAEKCUHWHI XOCUM GByNulInAa CUHXPOH
napya-naHvwira Ba AHrM 6ornapHUHr xocun OGynuwura cababum
6ynnb, peareHTNapgaH peakuus MaxCyNOTUHUHE XOCun 6Gynuiiura
0n1mn6 Kenagw.

VIII.3. FToMoreH Katasn3 KUHeTuKacu

[oMOreH KaTa/IM3HUHT KUHETUK TeHrnamacu “KnuméBnin KnuHetuka”
606upga Kypub umkgaH ycynnap kKabu kentupub umkapunagn. J1eKuH
HOKaTa/IMTUK peakuusnapgaH ¢apkny paBulfga, KaTaiuUTUK peak-
umanapga 6ab3v peareHTNapHUHT MUKAOPAApU KUHETUMK TeHrnamaga
WWITUPOK 3TMAcnUrM MyMKuUH. KWHETUK TeHrnamara peakumsiga wWil-
TUPOK 3TaéTraH Katanm3aTop MUKAOPU XaM KAPULIN MYMKMH.

Arappga Katanutuk peakumss A+B-+P cxemacu 6yiinua 6opaétraH
6ynca, xap 6up peakuunsa 60cKM4NapuHU

A+K*> AK (a); AK+B-"AKB (6); AKB-b->P +K(B)

KYPUHWNTAA €31 MYMKUH, 6yHaa: K; Ba K2 opanuk 6upukma (AK) HUHT
X0CUMN 6ynMWKM Ba 6OLWIAHTMY peareHTNapra napyanaHu  Te3uk
povmuiinapn; K3 - AKB KOMMNMeKCUMHWHT Xocwun  6Gynuul  Tesnuk
poviMuiicun; k4- peakumnsi maxcynotu (P) HUHT Te3nuk goumuiicn. ByHaa
YMyMUii peakumaHuHr Te3nuru cugpatmaa AKb KoMnneKCMHUHT peakuus
Maxcy/ioT¥ Ba KaTanm3aTopra aXpaJWWHWUHT 3HI CeKUH 6opaguraH
GOCKMYM ONINHAAM, ABHU:

V =k4 C/KB (YNi.1)
Y3rapmac Mukgop Tamoiunura kypa, (6) Ba (B) peakuuanapwu
TesnuknapugaH kenu6 umkkaH xonga CA<B HuHr BaxT 6upnurn numga
y3rapuiLvHK Kyiingaruya ngoganatl MyMKUH:
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K '
o >0 (V111.2)

(VI11.2) paH k3 CakCb = kK4 CNKB skaHnurugaH
we' (VH1,3)

cenu6 umMkagu. KaiiragaH ysrapmap Mukgop tamoiinnmum AK opanuk
COMMEKC YUYH Kysnacak,

L = =1y 0 (VII1.4)

XaHANTUHN Kypamu3.
(VII1.4) parn Te3annuknap ypHUra ynapHUHI KuiiMaTnapuHu Kylicak,

Y4 PEBB -ALACILCK -0 (V1115)
a

»XaHnmrun sa 6yHaaH
Cak (K; a:k; Cpn) —k/ CACK (VI11.6)
FEHIINTUHN €3N MYMKUHAUTU YUYYH AK KOMMAEKCUHUHT MUKAOPUHMN

FONULL MYMKUH: Cc - (¥YNnu.n

(VIL7) vy (VIIL.3) ra Ba umBgaH HaTwxkaHu (VI 1) ra Kyiicak,

-OMOreH KaTa/MTUK peakuus Te3NMr TeHrnamacu Kocun Gynagu:
dGm  kkr CACBCK
dt K2+krCs
OKopufia KenTupwuaraHnapra Mucosn cugartuga aueToHHW 1iod 6GunaH
30/,0POA MOHMW ULLITUPOKMAArM PeakUUACUHN KENTUPULL MYMKUH:
CH3COCH3+J2- ~ CH:COCH.J+HJ

3eaKLMSAHWUHT TE3/IMTU aLeTOH Ba BOAOPOA MOHWHUHT MUKLOPUTa 6OrnK
3ynunb, KOgHUHT MUKLopUra 60rankK bynmangn:

dst~S A lc,tcocH,IHA

ByHUHr cab6abu peakKUUAHUHT YMYMUIA Te3IMTMHU UNG0oJaNnoBymn

(VH1.8)

WeTOH Ba BOAOPOA WOHM UWITUPOKMAA KaliTap paBuwiga coamp Gyna-
1MraH KETOHHWHT eHOMIaHNL peakuuscuaagnp:

T /OH
CH3COCH3 » CH3—C5=Ch2



HasbaTtgarn 60CKA4YAa €HONMHMHI iof 6unaH GMpUKMWIK Ba Kata
nusatop - BOAOPOL WOHWUHWHI axpanub 4mplium Xxyja Te3 cogu
oynagu:

CH3-cAL H — * chXoch?j *hV

Bab3n KaTa/IMTUK peakuusanapga KatanmsaTtop sasmdacuHmn peakum
MaKcynoTun 6a>Kap|/|Lu|/| MYMKWH, MacanaH, yd4namym amunauetTatHu rma
ponn3n peakumsicmga Kocun 6ynaétraH cupka kKucnOTacu KaTanmsato
BasmgacuHun baxapagu:

cs,coocAy  (HQOmCHBOOH+CMIDH

By kabw peakuusnap aBTOKaTa/IMTUK peakuusnap fe6b aranagr
AVHN aBTOKaTa/IMTUK peakums WMKKWHUYM TapTubnum peakuusiapra Ku
pagun, YHUHT KMHETUK TeHrnamacu Kyingarnya ngpoganaHagn:

ap =ECFELXI) (V1.9

6yHAa: X —napyanaHraH amunaueTaTHUHT HUCOUIA MUKLOPU; XO** CMpK
KUCNOTACUHUHI 60 IaHTny HUCOMIA MUKAOPU.

(V111.9) Hu nHTerpannacak Ba t =0 ga X = 0 3KaHAUTVMHW X,UCOGT
0Nnb, WHTerpannaw AOMMMWICK y3rapMac KaTTa/MK 3KaHIUTUHW 6Kra)
Konfga, KyinmngarmHu x,0cun Knnamums:

kt—J—In XX (YLW.10

1+ Xo |_|_|| 1]
BupuHun TapTnM6nmM aBTOKATaIMTUK peakumsnapra 6pomart Kucno

Tacu Ba apCeHTMYM OKCUAW ypTacujaru peakums mucon bynagu:
2HBHKO3 + 3As20 3 LI} 3As20s + HBr
By peaKUUAHUHT YMYMUIA Te3NWUTM 3HT CeKMH 6opaguraH 6pomat B
6pomMna KNCNoTanapuHUHE y3apo TabcupaaHuwmra 6ornvk; 6yninb, peak

dx
U1 Te3NUrn Kynmngarnya ndoganaHagn: — =*u|-x) (VII. 11

(VII1.11) uHTerpannaHca Kk t- Inl—— const (VI 12
-X

kocun Gynagun. (VII1.12) TeHrnamagarun uwHTerpaniaw JOUMUACUH;
peakuMSaHUHT ApUM  eMUpUNMW  JaBpuiaH doliganaHnaraH Kongr
aHMKnaw MyMKWUH:
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in"-=Kk(t-x) (vm .i3)

O6yHAa T—PeaKUUAHUHT ApMM eEMUPUNNLL LaBPU.
VIIL4. ToMOreH-KaTaIMTUK peakunanapHuHr Typnapu

[oMoreH-KaTaNMTUK peakuusinapa Ky/naHwnaguraH Katanimsa-
Topnap, peareHTNap 6unaH rabcUpnalluLL MexaHu3mIapura Ba Katanu-
3aTopra 60rnvK pasuwga, 6up Heva Typra 6ynnHagu.

OKCcUANaHULL-KaTapuaMw KaTaIMTUK peakuusinapuga Karaimsa-
Top cudaTuaa Ty3 Xonuaarun yarapyeuaH BaneHr M MeTanapHUHT oaaunii
Ba MypakKab wuoHnapugaH donganaHunagn. by kabu peakuusinapra
BOAOPOS NepoKcMAHM Fe3+noHun nwtnpokmaa napyanawl Myucon Gynagu.
By peakuusi KaTanv3aTop WIITUPOKMCU3 XKyaa CeKuH 6opagu:
2H202 —=2 H20 + 02. Fe3+ voHnapun MITUPOKMAA 3ca, peakLms KECKMH
Tesnawagn. ByHuHr cababu KynungarmnapgaH néopar:

a) KaTa/M3aTOPHUHI OKCuAnMaHraH KypuHuwmn Fe3t+ kaiitapysum
H202 monekynanapyu 6unaH Tabcupnawmb, pgantapunraH Fe2+ uoH-
napuHn xocun avnagu, H20 2 monekynanapu aca okcugnaHraH Kypu-
Huwra yTaan sa H02 pagnkannHu xX,0CUn Kunagn:

Fe3++H2024$ Fe2' +H~THO02,

6) x,0cun 6ontaH H 02 pagukannapu kyiimgaruda H20 2 moneky-
nanapvHu napyasaHummra onné Kenagu:

HO2+HD2-»HO +02+HD

HO+HH-+HO2 +HD

HO2 + H202-* HO +02+ HD
By UMK 3aHXUPHUHT y3uauMwnraya [aBom aTaju;

B) KaTasmzaTop Fe3+ HuHr pereHepauusicn KantapunraH Fe2+ Hu
XaM JaliTapyBUMIMK, XaM OKCIAZM0BUYMANK xoccacura ata 6ynraH H20 2
MosieKynacu 6unaH TabCUpIaHMLLIN HaTUXacKuaa coaup bynaau:

Fe2" + H202 Fe3t + HXO2
HD 2 WHo + oH

COMOreH-KaTa/IMTUK peakUUsNapHUHT WMKKUHUM  Typyu KWUcCMoTa-

acocnn KataMTUK peakuusnap 6ynub, BpeHcTeg-Slaypu Ba Jlbtouc-

316



NAPHUHT KWCN0Ta-acoc Hasapusiapura acocnaHraH Kyinugaru acocui
TypnapgaH néopar:

a) anoxmga kucnotanu ( katanmsatop FT ékm H0 +);

6) ymymuii kucnotanm ( katanusatop HA Typugarn Kyunu muHe-
pan KucnoTanap);

B) anoxmga acocnu (katanusatop OH noHnapwu);

r) ymymuii acocnm (xoxgaraH B acoc), 6yHra acocnap, amMmuak,
aMuHIap, aHUAVH Ba 6onuianap Kupagu.

Acocnun Katanus (anoxgua Ba YMyMWUI) KUCA0Ta-acocinm roMoreH
KaTanusga acocuin ycyn 6ynué xucobnaHagn. byHaa peareHT mMonekyna-
NapuHUHIK cpaonnaHmmm NPOTOHHUHI aXpainwun Ba cbaon AHUOHHWUHI
KOCUN BGyNnwn, yHn BOLOPOS 60rn xmcobmra KOMMaeKe KOCUA KUANLWIn
6vnaH 6opagu:

a) anoxgua acocnn AH + OH —A"+ H20;

6) ymymunii acocnn AH +B —A' +B Irt ékn AH + B'—A'+BH

X,ocun 6ynraH aon 3appaya - Kapb0aHWOHHUHI y3rapullin UKKu
XU MexaHn3M 6uniaH 60puLLnN MyMKUH.

1. OneKTPOH GYNYTHUHI KaliTa TaKCMMIaHWLIM HaTwkacuga Kap-
60aHMOHHUHT MOHOMONEKYNAP NapyanaHnLIN Ba KaTanM3aTOPHUHT pere-
HepauusinaHmwn cognp 6ynagn. bByHga 6up BakTAa peakUMAHUHT bapya
MaxcynoTnapu (opaniy, maxcynoT Ba peakuus Maxcynotiapu) Kocun
6ynagn. KelnHrn 6ockmyfa peakuus maxcynotm 6unaH 6up Katopga
KaTanmn3aTopHUHI pereHepaumscu cogump 6ynagu. ByHra mucon cuda-
Tnga TyWUHraH OpraHWK KWCMOTaNapHWHI [eKap6oKCcUNnaHuW peak-
LUNACUHN KENTUPULL MYMKUH:

RCH2-COOH+ OH -> ACH2C00 +H2 (dhaonnaHuw);

RCH2COG — CO2+ RCH?2 (1-maxcynoTHUHT Kocun 6ynuun);

RCH2+ H20 —RCH3 + OH (2-maxcynoTHUHT Kocua 6ynuwim

Ba KaTann3aTop pereHepauusnaHuLLIn).

2. KaTtanusatop 6unaH aonnaHraH peareHT Hykneopun cugatmga
WUKKWHYM peareHT monekynanapu 6unaH (KW 6MpPUHYM peareHT more-
Kynanapn 6unaH) Tabcupnawimb, kap6oaHuWoH Kocwun Kunagu. Mwucon
cudatvga aueTanbierviHu WKKW MOJieKyfnacu ysapo Tabcupnalmo,
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anbAerna6einpT XoCMN KUAULW, ABHW anbAOKOHACHCATMAHMLW peakuus-
CUHU 0Namus:

L]
HC-CCS - I—R::? MUn» HX fngHZ.O)(;K

By peakuusa acocnuM Katanusatop (aMMuak, aHWIWH, TPUMeTU-
namuH, BpeHcTeg-Slaypu acocnapu) UWTUPOKMAA opanuy, 6MpMKMa Kap-
60aHMOH X0CUN Kunagm:

H3C cfH *B BH - cH2—C"H

Xocun 6ynraH kap6oaHMoOH HyKneogun cuartmnaa avetanbiéinaHum
WKKWHYN MOsieKynacu 6unaH Tabempnawimnb, aSHrm Kap6oaHMOHHM XOCUN

Kunagu:
0 9 H

CH2 -Lj-H +CH3 -ctH- -» H-C-CH2-C -0"'

CH3

KelimHrn 6ocknyfa peakumss MaxcynoTu anbAernjocnupT Ba KaTa-
nnsaTop axpanub ynkagun:

r mor H 0 H
‘L ANCH2~C—o" +BH*— LLhi—c—eH2—c—on+B
CHs CHs3

YMyMUii KncnoTa-acocnv KataiuTuk peakuusnapia BpeHcTes Kuc-
notaen Ba acocu, avHu HA-B uynnaHunagn. SnekTpotunb KaTaintmk
peakuusinapga Jibtouc katanusatopnapu AICI3' LLDK COCI3 Ba Gab3u
meTann woHnapu bl+ Agl HQ2+ uynnavwnagn, ByHpali katanusra
apomMaTuK YrneBOLOPOAJAPHUHT 3/IEKTPOGUA YPUH ONWLI peakuusicu
(anknnnaw, HUTpoNalw) Ba oneuHNapra rasoreHnapHn GUpPUKNLL peak-
uusinapu Kmpaau.

FOMOreH-KaTa/IMTUK peakuusiNapHUHT siHa 61Mp Typu —ra3 (asa-
Jarn roMoreH-katanuTuk peakuusinapaup. ByHpaii peakuusinapga kata-
nuzatop cupatmaa NO, NO?, Br3 Ba 6owka moaganap uynnaHunau.
MacanaH, SO2 gpaH SO03 rasuun onuwpaa NO2 rasu kaTanusatop cuda-
TMga VWTUPOK 3Tagu. KuchopogfaH O030H XOCWM LWAULW peakuusicu
KaTa/iM3aTopcu3 HUXosTAa CeKUH coamnp bynagn: 203 t O? —m203
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LWy peakuunsi NO2 nwTtupoknga kyiingarn cxema 6yiinya cogup 6ynué,
XypAa Te3 KeTafu: 202+2N02—=203+NO
2NO +02-+2NO02,

abHU N 02 kalitTa xocun 6ynagu.

tOuopuga TyxTab yTWAraH FOMOreH-KaTa/IMTUK peakuusiapaH
TalKapu peakUMoOH MyXUTAa 3pyBYaH KOMMJEKC GUPMKMA XOCUN Ku-
JIYBUM KOOPAUHALMOH TOMOreH-KaTaIMTUK peakuusinap Ba Typau dep-
MeHTNap éKu brokaTanusaTopsiap UWTUPOKKUaa GopaguraH hepmMeHTaTvB
KaTanus peakumsaiapm xam MaBxys.

VIII1.5. leTeporeH Katanu3 Ba YHUHT Typnapu

CeTeporeH-kaTaNUTUK peakuusanap feb6, dasanapHu uyerapanoByu
t03aja eognp bynagmraH peakumanapra antunagun. eteporeH-kaTaamTuk
peakuusinapga Katanusatop cucdatuga Metannap, okcuanap, Tysnap Ba
6owka Mogpanap wuwnatunagvi. bab3n xonnapga cywkK KatanusaTop-
napfaH xam goiganaHunagn, macanaH, cynbdaTr Kucnoracu mwnabd um-
xapuwga SO2 Hu 02 6unaH okecnpnab SO3 rasvHn onuwga KataamsaTop
cugaTmaa cyloK Xongaru cynb@oBaHagaT ullnaTuiagn.

dasa yerapacugaru tosaga cogup bynaguraH xxapaéHnap HUXoATAa
Typnn Ba Mypakkab 6ynraHnuru cababnu reteporeH Karaaus Hasapusicu
Xam Typnuuya 6ynnb, 6ab3aH 6up-6upura xapama-uapwmaup. MacanaH,
CUANKOTeN CypTWUATaH PyX OKCUAM MW TUPOKUAA METaHO/HW napyanai
YMYMaH pyX OKCUAW KPUCTaNNapPUHUHT to3acura 60ornuuanrn  xang
aTunraH. TeANOPHUHT PUKPUYa, KaTanmsaTopHUHT Gapya to3acu aon
6ynmai, 6anku mabnym ¢aosn MapkasnapurmHa (aonuaT KypcaTagu.
YHUHI mKpuya, daon mMapkasnap KpucTann naHxapaga 6yLlpox XOoi-
nawraH aTomnap xmcobura xocua 6ynmwm MyMKUH.

YMymaH onraHga, X03Mpru KyHraya reTeporeH KaTaiu3 xaxupga
AroHa Hasapusa MaBXy[ 3Mac.

FO xopuga xaif stunraHnapgaH Kenmb ymxxaH xonfa, reteporeH
KaTa/nsHu LWapT/au paBuLlja Kyingarv Typnapra 6ynmw MyMKWH:

1 MeTannap, mMeTann OKcMANapu Ba XOMJaHraH KaTtanausaTopnap
cupTnapugaru Katanms.
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2. KaTTuMK KucnoTanap Ba okcuanap (Kucnotanu KatanusaTop-
NapHWHT aos MapKasfnapuHu TascudpoBYM npoToHnap —bpeHcTeq map-
Kasnapu EKM TaKcUMMaHMaraH 3/eKTPOH XY(PTUHU BUPUKTUPYBUU
atomnap —/Iblonc Mapkasnapu opkanum cogup bynaguraH Katanms.

3, Kyn dyHKuMoHan kaTanusatopnap cupTujarum katanus ysmga
TYypnAu XxoccanapHu MyxaccamnawTupraH 6ynn6, KOMMNOHeHTNap apa-
nawmacupaH néopat 6ynagwn, macanaH, mMetann (nnatuHa €kKu HUKen)

kucnotanu okcug (Al203) 6u-
NV apanawTMpuaraH x,0nga
KynnaHunagn (Jietouc Kwucno-
Tacm).

4. [eTeporeHnawTupun-

raH metann KOMMEKCU CUPTU-
jarm  katanms  (NonucTupon,
wuwa Ba 6onwa Katuna;, Moj-
fjanap ycTtura KonjaHraH me-

V111.3—paem. Hokatanmtuk (1) Ba Tann Komniekcnapm).
KaTa/ITHK (2) peakunsinapHuUHT Bowka Typ KartanusaTtop-
SHEPrETUK Xorat/iapn: Jaru Kabu reteporeH KaTanus-

EaBaEa siap HOKATA/MTUK BA KATAMMTVK 13 xam KaTanusatop peakuus-

PEAKLMTAPHIHI (DR0VIBHNLL SHEPVISUIapN. HUHT (haonaHuLW 3HePruAcCUHU

Kamantupmb peakums Tesnu-

rmra TabCup 3Tafu, NEeKWH PeakUUSAHUHT UCCUKINK addekTa yrapmai

Konuwmn cababnu, peareHTNnap Ba peakuuMss MaxCynoTNapMHUHI 3Hep-
ruscu ysrapmaiign (YL.3-pacm Ba VIII.1->kagsan).

VIII.1 ->kagBan.

FeTeporeH-KaTaIMTUK peakynanapHUHT paonnaHul sHeprusanapm

Peakuyus ETKX-monbl, KaTanusatop E*, KK-monb[,.
TeHrnamacu KaTanu3aTopcus KaTanmsatop
6unaH
CH4HPR->CH6 182 Muc, HuKen, 29-50
nnaTuHa
S02+V02->503 240 MnaTtaHa 60
N20 —=N2+y20 2 244 MnaTtuHa, 136
OnTuH 121
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VII1.6. FeTeporeH Katanus 6ocuynynapu. ®nsnkasui
agcopbunanu Ba KUMEBUIA copbunaHuL

Bapua reteporeH KaTaJMTUK peakuWAnapHUHT cogup 6ynuwun 6up
KaTop 60cKuyYnapaaH néopat bynagun:

-oandysna N peareHT MoseKynanapuHUHI asofaH KatanusaTop cup-
TUra TapKanuvwu Ba YNapHUHI KaTaiu3aTop roBakjapura Kupuim
(agcopbunaHuw);

-KaTanusaTop cupTmuga aon Mapkasnap Xocun 6ynuiu;

-peakLMa MaxcynoTNapuMHUHI KaTanu3aTop CUpTUAaH gecopbunaHuium
Ba (haon MapKasz/apUHUHT pereHepayuscu;

-Xochn 6ynraH peakuusi MaxeynoTnapMlIMHI KatanusaTtop cupTugaH
axXpannot YMKLLWN.

[eTeporeH KataUTUK PeakUUSHUHT YyMYMUA Te3NUTUHU N OLaN0BYN
NMMUTNOBYM 6OCKMY Ba XynnaHuWnaéTraH KaTanusaTop TabuaTura Kypa
KaTanTUK XapaéH Kylingarun coxanapga 60pmin MyMKuH:

1. NTuMuTnoBYM BOoCKMY afcopbunaHml, KaTanus, fecopbunaHuil
b6ocagnunapungaH dbupuga cogmp 6ynca, peakumsa KMHETUK coxafja KeTaau,
ABHM peakuusi Te3UrM xapopaT Ba y3apo TabcupnalwlaéTraH mogganap
muBgopura 6ornnk éynagu.

PeareHTnapgaH 6upu (MacanaH, A) KatanusaTop cupTura agcopéu-
NaHraHga KUHeTuK coxaga 6opaguraH A + B —P peakuus kyiingaru
cxema byiimya cognp 6ynmMwn MyMKuH:

A +K —*AK A peareHT MosieKy/laCMHUHT KaTanusatop aon map-
kasnra (K) agcop6unannt, AK daon komnnekc xocmn
KUInLwu;

AK + B —=BAK apacop6unanran daon AK KomnneKcuHWHT ras asa-
parn uMKkmHum (B) peareHT monekynanapu 6unad
Tabcupnawmnb6, BAK ¢aon KomnnekcuHu Xxocun
KUnLWK;

BAK—PK BAK komnnekcnHuHr P maxcynoTra nap4yanaHu6
KaTanmsatop cuptuga agcopbunanraH PK xocun
KUInLWK;

PK-+P+K 6up BakTaa KaTanuM3aTOPHUHI pereHepayusicn Ba
peakumMsi Maxcy/nioTnapuHun KaTanusaTop cupTugaru
pecopbunaHunn.
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KenTupunraH cxemagaH KypuHUG TypubavKu, KaraJMTUK Tabcup-
naHu6 aon Mapkas XoCcua LMAULWLIN YYyH peareHTnapgaH 6utracy kKara-
nn3atop cupTura agcopbunaHnwin kepak. dabn mapkas agcopbunaHumil
HaTwxacigarn TabCcmpnaHulnaaH Tawaapy KUMEBi copbunaHnil  xa-
cobura xam xocun Gynagu. Peakumsa aHa Wy Xocun 6ynraH apgcop-
6vnaHraH ékn KMMEBMA copbunaHraH gatnamaapja AaBom aTagu.

a3 thasacnja KaTTvK; KatanusaTop cupTura agcopbunaHuil HaTu-
Xacmga 6opaguraH Ba gecopbunaHuLl OpKaanm mMaxcysioT XOCU LUayBYn
A + B —P cxema 6yiinuya 60pyBUM peaKUMSHUHT 3HEPTeTUK X0naTu
VII1.4-pacMaa kentupunraH. PacmaaH KypuHu6 TypubanKMW, KaTanutuk
peakLVSHUHT 3HepreTUK ysrapuily Mypakkab Kypuuuwra ara (11 arpum).
ABBaJ peakuusara KupuiwaétraH moguanapgaH 6upu (macanaH, A) Kumé-
BUiA copbunaHaan, 6y Ealc - caonnaHuw sHeprusicn 6unaH 6enrmna-
Hagu. HaTtmxkaga cuctema AK aon kKomniekcHu xocun 6ynuwimn xg-
cobura Kampok; 3HepreTmk xonatra yTagu. CyHrpa EulW - 4uH daon-
NaHuW 3Hepruacura ara 6ynraH katanusaTop cupTugarum aon map-
KasnapgaH pgecop6bunaHraH ABK daon komnnekcu xocun 6ynagu.
KelimHrn 6ockny ERC - pgecopbunaHuil sHeprusicu xocun GynraH max-
CYNOTHW KaTanusaTop CMpPTWUAAaH fecopbunaHuiinra Tyrpyu Kenagu.

VIIl.4-paav. HokaTanuTuK (/) Ba reTeporeH-katamtumk (11)
peaKUMSNIapPHUHT 3HEPreTUK arpuiapu.
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CeTeporeH KaTa/IMTUK peakuUUsNapHUHT (GaonnaHuLl 3Heprusicu
roMoreH-KaTaIMTUK peakuusinapgaH AppeHuyc TeHrnamacu épgammja
Taxpuba acocmpa aHWKNAHYBUM CUMDKYBYAH (haoniaHuL 3Hepruscu
opkanu Tonunagn (YLU.4-pacv): EomEuwnAHar 6yHpa AHar
peareHTHU afcopbunaHul 3Hepruscu, ogataa AHac— KuiimaTuHu
amanuii aHupnaw guiAnH 6ynraHnuru ca6a6nu, ECW HUHT y3upaH
toliganaHunagu.

2. Arap reteporeH KaTaIMTUK peakKUMAHUHT TUMUTI0OBUUN 6OCANYUM
peareHT €KW peakuusi MafcynoTNapuMHWHI KaTanu3aTop cupTuiaH peak-
LUMOH gaxmra guddysmacu gucobnaHca, y [oNfa KaTaIUTUK peakuus
Tawkun guddysnoH cogaga 6opagn Ba PuK TeHrnamacura 6ylicyHagm:

—NA_—_ A _
V=rr=-d shs (Yl .14)

6y epga: G —t BakT numnga KatasmsaTop 4OHACKU CUPTUTa NeprneHAnKynsap
Z yHanuw 6yiinya anddysmnsanaHyBun C KoHUeHTpauuManu mMoasa mac-
cacu; S -KaTanus3aTop AOHACUHWHT cupTu (rpanyna, cum); [ —anddysns
KO3(D (DML MEHTN.

Tawkn gndpdy3noH cogaga peakums 0 Kopu aonnmkra ara éynraH
KaTanusatop cupTtuga Ketagu. byHaa peakums Tesnurum Kyn gonnapga
YN3NKAN, AbHU TYPOYEHT 04MM Tesnurura 6ornuk éynagu.

O fopunga Kang KunvHraHnapgaH KypuHub Typmbauku, reteporeH
KaTanu3 peareHT/liapHU KaTanusaTop to3acura usnkasuii agcopou-
NaHuwy Kumésnii copbunanuwmnra 6ornuk. Acnupga, 6y MKKW XapaéH
ypTacuja KecKuH yerapa MaBxyf amac. ®unsmkasunii agcopbunaHunil. nact
fjapopatnapfiaék Kam (aonnaHull 3Hepruacu 6unaH cogup Gynuwin
MYMKWH.

dunsnkKaBmii afcopouaHnLLl KMiAmaTn KUMEBWUIA copbunaHmnl Kuii-
MaTuiaH 03 hapK Kuscaja, peareHTHUHT KOHJeHcaT/MaHULW fjapopatura
AKMHNaWwraH capu owmnb 6opagn. ®usnkasuin agcopbunaHunll Kantap
KapaéH 6ynn6, YHUHT aacopbunaHuwl 3HTanbnusAcK KatTa Gynmainan
[(-10) —(-50)k>K/monb]. OfaTaa, PUsrMKaBuii aacopbunaHmnLL IK30TEPMUK
6ynn6 (AH<O0), peareHT MofieKynanapMHN KatanmsaTop yCTura KOHZAeH-
caTnawuwmy HaTmxkacmja CMcTeMa 3SHTPOMUACUHUHT Kamaiviwuy 6unaH
Gornuk. fagnkatgaH gam Fm66c TeHrnamacura Kypa, AS maHhuii Kuii-
maTra ara 6y/araHga kapaéH ak3oTepMuK 6ynuwu kepak (AH<O0). ByHra
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MMWCON KNANG Kymnaarn xagsanga Kypymra aproH rasm Ba 6eH3on 6yru-
niiwp U3NKaBUIA afcopbmnaHnLLIN KeNTUPWIITaH.
VII.2 ->k ap Ban.
KypyMra aproH rasu Ba 6eH30/1 6YruHuHr hnusnkasuii

agcopounaHuwn
ApcopbeHT MK AS°, AH®,
X-monbl-rpag'l KXK. -M0nbl
Ar 140 -79,4 -8,9
C6H6 291 -97,0 -36,2

dunsmkasmnii afcopbunaHnLL yHUYaNMK TaHI0BYaHAMKKaA ara 6ynmalid,
KaTann3aTopHUHI Tabuatura aeapavk 60rank amac. AKCMHYa, KUMEBMIA
cop6unaHULl KaTanM3aTop Ba peareHT/IapHUHT t03aja y3apo TabCup-
NaHUWKn HaTuxacuaa KuMesuii mogaa x,ocnn bynraHnuru caba6nu, ynap-
HUHT TabuaTura 60ornuk 6ynagun. LLIYHUHT y4yH XxamMm KUMEBMIA cop6u-
NaHULW 3HTaNbNUSACUHUHT Kuiimatn 100 KXK-Monbl gaH okopu 6ynagu.
XaTTo MonnbaeHra KUCAOPOAHUHT KUMEBUIA COpOUNAHMLL SHTaIbNMACK
-720 XK-monbl ra TeHr. ByHaaH Tawkapu, (usMkasuii agcop6una-
HUWAAH GapknM paBuLLfa, KUMEBMI copbunaHuLl BaKTuga 3HTponus-
HVHT y3rapuiy HONAaH KaTTa Ba HpfaH KUYMK Xam ByMwn MyMKWH.

KrnméBuii copbmnaHul peareHTHWHI KaTanu3aTtop to3acu 6unaH
aliHaH TyKHaW WWuWAaH Tawkapu agcopbunaHyByM KatiaMm OpKaanm xam
coamnp 6ynmMwmn MyMKKH.

VIII. 7. TeTeporeH katanns Hasapuanapu

ApcopbunaHuw Hasapusanapu. Opanuk 6upukmanap Hasa-
puacun. [eTeporeH KaTa/JIMTUK >XKapaéHHWHT 3apyp LWapTh Tabcup-
nawaétraH MoguanapjaH xey Oynmaca 6uTTacMHWUHT agcopbuna-
HUWKNAMP. LUYHUHT y4YyH peakuusaHW KaTainTUK Te3nalunWnHUHT
cababu agcopbunaHnl feb TaxMUH KUAMHAW. AfcopbunaHunil HaTuxa-
cufpa aca, KaTanusatop cupTuga TabcuprawaérraH MoAAaniapHUHT
KOHLIeHTpaLumusacn opTagu Ba mMaccanap TabCupu KOHYHWra 6uHoOaH peak-
uma Tesnawuvwmy Kepak. AMMO 6yHAal TywyHTMpuUW Taxpubara moc
KenMagn. YyHKU TabcupnawlaéTraH mogganap KOHLEeHTPauUACUHUHT
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opTuwura KaparaHja peakuus Te3nuru Katanus3aTop Tabcupujga Xxyga
4aM Kyn mapoTaba opTu6 KeTagu. ByHpaH Tawkapu Kyn agcop6eHTnap
KaTafIMTUK (DaonMKKa ara amac. bBynapHuHr jammacuy TabeupralaéTraH
MoAfanapHUHT aacopbunaHnllim KaTannTuK XapaéH G0pULLMHUHT eTap-
NV WapTu amacnnrngad ganonart 6epagu.

KelinHuyannk TabcupnawaétraH MogganapHuHr akat aon agcop-
6UNaHNWKM Ky3aTUNraHjarmHa KaTaMTUK >XKapaéHHUHI 6opulIN aHUK-
naHan. [lemak, peareHTNapHUHI CMpPT 6MNaH KMMEBUI TabCcMpnallunLmn
KaTa/IM3HWHT 3apypuid WwapTy 3KkaH. byHaali Tabkugnaw opanvk 6Mpuk-
Manap HasapusiCMHWHI acocupa étagu. ABBasira KataimsaTop TabCcup-
nawéTraH MogganapHuHr 6upun 6unaH ¢asasunii opaink Gupmkma gocun
Kunagu, y aca keiimH4yanuk 6onw,a mogganap 6unaH Tabcuprawiagn sa
6yHAa KaTanuMs3aTop KUMEBWIA y3rapmaraH fonga axpanmb ungagn, ne6
TaXMUH KunvHraH. KeliHPOK reTeporeH KaTtanusga (asaBuil 6MPUK-
Manap sMac, 6anku ysrapyBuaH TapkKubnu cupT 6GupMKmanapu Aocun
6ynuwin fgaguparn TaxMuHnap puBoXKIaHTUPUIAN.

Opanuk 6MpukKManap HasapusicujaH Kenunb uYmKaguraH anpumm xy-
nocanap Kyn MapTa Taxpubaga TacaukpaHraH. YWwo6y Hasapus KaTa-
NUTUK >KapaéHNapHUHT Taxpuba HaTwkanapu 6unaH MOC Kenagurad
KWHETUK TeHrnamanapuHu acocnab 6epagn. MogganapHWHT Typan peak-
umanapgarn KataJMTUK XoccallapuHu OfguHAaH anTwb 6Gepull MMKO-
HUATN 6OPAUTY OpaInK GMPMKManap HasapUsACUHWHE aMannii XXuxaTaaH
Xyfja MyauMm TOMOHMAUpP. Y6y Hasapus acocuja Kavgaih mogganap
opacupa mab/lym >xapaéH ydyH aon 6ynraH KaTanusaTtopfapHu Ku-
OUPULL KepaK 3KaHAUTMHU aiiTu6 6epnil MyMKWH. MacanaH, KUCMopoa
6unaH 6ekapop GMpuMKManap AOCU/ KWia 0NaguraH, SbHU OKCUMAMTaHWULL -
KaTapunuwl peakumanapvja KatHalla onagurad Mogganap oKcugnaHui
peakuusanapuga §aon KataamsaTop OyNULIK KepakIurn KypuHuoé Ty-
pn6an. ByHfali Tanabnapra ysrapysdaH BasIeHTAM MeTann oKcuanapu
)KaBob 6epajun Ba ynap oKcugnaHuwl xapaéHnapuja KatanmsaTop cuda-
Tnga KeHr KynnaHunagu. Fvapatnawl peakUusinapuHUHT KatanusaTop-
napuHun 6ekapop rMapuTaap AOCU Kuauwra kogup 6ynraH mopganap
opacufaH Kugmpuwl 3apyp (HWKenb, Mannaguin kabu metannapra yx_
wat). AMMUaK CUHTE3N peakuusicmfa asoTHUHT peakLMoH KOBManMsaTn
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3HT Kam b6ynraHnuru cababnu, mabnym 6apkapopsivkka ara 6ynraH HUT-
PUANapHN XOCWMA  KU/JYBYM MOAAanap KaTanusaTopanK BasudacuHm
6axapagn. LWysagan kunub, opanuk 6Gupukmanap Hasapuscun ammuak
CUHTE3NHUHT KaTanusaTopaapuvHU MeTaniap opacujaH KUAMpULl Kepak-
NUTVHK KypcaTnb 6epagn. JIeKUH MarHuii Ba KanbLuii Kabu MeTasinapHu
KaTanmsatop cudatuga Kynnaé 6ynmangun, 4YyHKU ynap Xyjga xam
6apKapop HUTpPUANaPHN XOCUN LUNaaW.

Kpanali Ba BUCMYT Kabu meTannap xaM KaTanusaTop cudaruja spa-
Malifn, YyHKN ynap HUTpuAnap Xocun Kunmangu (nact xapopatnapja).
Xyaan wyHpain, opanvk; 6upukmanap HasapusicugaH goiganaHné, xnop-
naw kapaéHnapuHUHI KaTanustopnapu 6ynu6 alipum MeTaniapHUHT
xnopuagapu (AICI3 FeCl3Ba 6owkanap) xvsmat UANLIN MYMKWH.

NeknH opanvk; 6MpyMKManap HasapusicM KynruHa Taxpubasuii
JanunnapHu TylWyHTUpa onmagun. Katop vwnapga ymMymMuin KaTanmnTuk
XapaéH TaXMWH AWIMHAETraH Opa/IMK; Maxcy/lioT Xocua 6ynuil Te3nu-
rmpaH aHya Te3pok; 6opuwimn KypcatunraH. Opanvk; 6upukmanap Hasa-
pusicn Katanusatop $aoas MM YHWHT OIMHWLI ycynura 60rnmMx akaH-
NUTMHK, 6CrOoHa apanawmManap MaBXYLJIUTMHUHT TabCUPUHU Ba 6ol ka
KyNruHa fjanuinapHu TylyHTupa onmangm.

KaTtanusHUHT MybTUNNET Ha3apuacu. BupuHum 6op 3ennHCKNi
ToMolinpaH aiTunraH Ba BanaHAVH TOMOHWAAH PUBOXIAHTUPWITAH
Kapawnapra 6uHoaH, haon Mapkas '6ynmb Kpuctann naHxapa Tyryn-
Nnapura onnawraH KaTaauM3aTop CUMpPT KaBaTugarum 6up HeuTa KyLl HX
atomMsiap Xv3marT Kunagu. Y w6y aToMAapHWHI Tynaamu MynbTunnet
jenvnagn. TabcupnawaétraH MoOAAanapHUHI Monekynanapu 6urra
aTomfa amac, 6anku 6upgaHura MynbTunaeT Tapkubura Kupyesuu 6up
HeuTa atomfja agcop6unaHagu. byHpa TabcupnawaétraH mogganap Mo-
nekynallapugarn BaneHT 6ornap AédopmauusnaHagn Ba Tabcupia-
WwaétraH cupT 6mnaH KuMEBMI copbunaHraH MyAbTUMNMAET KOMMJeKC
Xocun 6ynagn. YHUHI napyanaHulun peakuus maxcynotnapu Xocus
bynuwmnra onnb Kenagu.

MynbTunnet agcopbunaHunil akaT KaTtanmaTop KpUCTana naHxa-
pacuHUMI KyLLHW aToMiapy opacujaru macoga TabcupnaillaénaH Moj-
fanap MOSeKyNaCUHUWHI y3yblWUra Moe KenraHgarnHa xocun 6ynuwm
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MYMKWH (FeOMeTPUK MOe Kenuw npuHumnu). dakaT wy XxongarnHa
MOJieKyla MynbTUNNETAArN MKKNUTa KyLWHW aToMmiapra Kumésuii copom-
NaHWLLN Ba HaTUXada YHAArn KMMEBU 60FHUHT gethopmalmsanaHmimra
0nnb Kenuw v MyMKWH. Arap KatanuTak XapaéHja Mypakkab Monekyna
KaTHawca, MyfnbTanneTfa YHUHT KuméEBuii 6ornapHu TyTraH (peakuus
HaTuxacuga y3nnmé Ba ssHrugaH xocmn 6ynmb TypraH) 6Up KUCMUTUHA
afcopbunaHuun Kepak. MoneKynaHUHI WHAEKC Typyxfh fAeiivnagurad
ywoéy KucMM MynbTWUMAETAarM aTtoMapHUHI LWaknura Ba ynap opa-
cmaarn macoara reoMmeTpuK XuxaTaaH Moe KenuLimn Kepak.

MynbTUNNETHUHT CTPYKTYypacura 60rank pasmwjga 6utra Moneky-
NaHWHT Y31 Typanya afgcop6rnaHu W MyMKUH Ba LUYHWUHT YUYYH peakumm
Typ/M Maxcynotnap xocun 6ynuwiun 6unaH 6opagu. MacanaH, katanu-
3aTopra 60rnvkK paBuwga CAHPTAAp AervapaTnaHviwm MyMKuH. Mynb-
TUNAeT Hasapuara 6MHOaH KaTanu3aTOPHUHI CeleKTUB TabCMpPAaHULLIN
Wy 6unaH TYLWYHTUPUNAAN.

KaTtanuTak peakuusi amanra OLunLWmn Y4yH FeOMeTPUK MOC KeuLl-
JaH Tanwiapu, xocmn 6ynaétraH MynbTUMNAET KOMMIEKCHUHT Mabiym
MyCTaxKamamru xam 3apyp. MynbTunaeT Hasapusa opraHuk upmkmanap
opacufarn KynruHa peakuusinapga ysuum oknaigu. AMMo yw by Hasa-
pusi 6apya xonnap Y4YyH YMyMWUIi amac, XycycaH, YHW OKcuinaHuw
KaTanusn xxapaénnapura Kynnab éynmangn.

daon aHcambnnap Hasapuscu. 1939 linnga KoboseB Kata-
JNIN3HUHT SSHIM Ha3apUsICUHW PUBOXIAHTUPAMW. Y LW 6Y Hazapusa KaTaluTukK
thaon MaTepuan WMHepT TawyBYM CUpPTUAA TaKCMM/IaHraH Ba afcop-
6unaHyBYM KaTanusatopnap 4eb HOM onraH KatanuMsaTopaapHWHI Xoc-
canapuHu ypraHull HaTuxXacuga BY>Kyara KenraH. VIHepT TawlyBUMHUHT
CUPTU KaM MUKAOPAA KOMaHraHaa, yw 6y KOMMNOHEHT anoxuaa atomnaap
KypUHULWNGA Xohnawmnwm MymMkuH (amopd dasa cudaTtmga). ByHpaii
afcopbunaHyBumM KaTanmsatopnap Katop ~3ura xocnmknapra ata-. Maca-
NaH, KaTanuMsatop MaxcyngopaurMHu TawyBuli CUPTUHUMHT haon mate-
puan 6unaH Koniamulwl Aapaxacura 60rMMKAUIM Mablaym Kuiimatga
MakcumympaH yTagu. KatanusaTOpHUHE conmwTupma aonnmrn Kom-
NaHWW flapaxaen opTulun 6unaH 3KCMOHeHUMan KypuHuLLAa Kamasgu
EKM MaKcuman KonaaHuw fapaxacuja makcumymra ara 6ynagun. Agcop-
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6vnaHyBUYM KaTanm3aTopfapHAHT y3Ura XOCAUKNApUHWU TYLWYHTUPULL
MakK;caguga aon aHcambnnap uvasapuacu Taknudg LUAMHIaH. Yoy
Hasapusa Kyungarn TaxmumHaapra acocnaHraH:

-KaTanu3aTopHUHT (haon Mapkasu aTOM/IapHUHI accouumatnapuiaH
néopat 6ynm6, haon aHcamb6nb gernnagn; :!

-MHepT TawyByM 6M10KAN CTPYKTypara ara, SbHU 03074 Murpauyms
coxanapuHuur TynnamugaH mnéopat 6ynu6, ynap 6up-6upmugaH reomet-
pUK €KW 3HepreTMK Tycuknap 6unaH axpatuaraH 6ynagu. Katanutuk
thaon maTepuanHUHI aTomnapu yuw 6y coxanapHUHI Xxap 6upuga 0304
MurpaumsanaHagy Ba 6yHaa Typav Tapkubnu aHcambnnap Xoews Kunagu,
NIEKVH XYLUHW coxanapra yTta onmangu.

BepuaraH KonnaHuw fapaxacuga mabaym Tapkubau aHcambnnap
Xocun 6ynagu. VIHepT TallyBUMHUHT CUPTUAA Mab/lyM COHMM aTOM/apHU
TyTraH aHcam6iN1apHUHT XOCKMA BYNULL 3XTUMONIUTA MaKcuman 6ynraH
X0ongarn KOomnaHuw fapaxacumja KaT/M3aTOPHUHT (haonurn 3Hr Katra
bynagn. ®aon aHcambnnap Hasapusicm TaxpubaBuii MabiymoTiap aco-
cuga aon aHcambngarvm artomaap COHWHW, MUTrpauusanaHyBuu syen-
KaHWHT ynyamaapuHu, cupT 6upnurugarn aon aHcam6ninap COHMHM Ba
6utTa (haon aHcamb6AHWHI MaxCyngopanurnHM xucobnawra MMKOHUAT
bepagn. Ywoby Hasapuma acocufja Kynyuamk afcopbunanyBym Katanum-
3atopnap yprauunraH. OKCuAnaHuw peakuusnapuga 6uTta atomaaH
néopat aHcamb/b, rMAporeHNallja - UKKUTa Ba aMMUaK CMHTe3nga yyura
aTompaaH nbopat aHcambnnap ¢aon 6ynaan. Alipum xonnapga MKKu éku
y4 Xungarun aHcambnnap katanautuk gaon 6ynagu. ByHpali xonnapga
TYpAn MuBgopgarn atomnapgaH wmbopat aHcambnnap xocun 6ynuw
AXTUMONIUTUHUHT MHEPT TallyBUYMHM KOMJaHULW fjapaxacura 6ornaw, -
nuruga 6up HeuTa sKCTpemasn HyKTanap KysaTunagu.

KaTtannusHWHI 3NeKTPOH Hasapusanapu. MopjaHUHT KaTaliuTukK
Xoccanapy 3MWHF 3M1eKTPOH Ty3unuwimnra 60rmMKANIMHA 6upuHYn 6op
Muncap>xeBCKMiA acocnab bepraH. Y MeTannap Ba AspuM yTKasrn4ynap kKara-
nunsatopnap sKaHnurura Ba 6yHpali moguanap 0304 €KW Kydcus 6or-
NaHraH 3neKTpoHMap TYTUWWHU Ba ynap ajcopbunaHuw KaeaTuga
60pyBYUN OKCUMANMAHWLL-KAATapUIMLL >KapaéHnapuja KaTHawuwm MyMm-
KUHAurnra abTubop 6GepraH. Mwucon yuyii, BOAOPOAHUHI nNnaTvHaja
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KaTa&/IMTUK  OKCUANaHWWMHKM  Kypub  uukamms. a3 dasacuga
2H2+02=2H20 peakuusicu CeKuH 6opagu, YyHKW YLIGY peakuUsHUHT
KeTuwy 6owiaHruy Mogdanap Monekyganapugawl 60TNapHUHT y3u-
JINWVHN, SABHW Mab/lyM 3HEPreTUK TYCUKHW EHTLHHW Tanab Kunagw.
MeTannHuHT cupTrga agcopbunaHraHfa MoneKynanap NoHAaHNLW N MyM-
KWH. K1cnopoa MeTanfHUHI CUPT KasaTujarun 030[ 37eKTPOHUHMU TOp-
Tn6, O' MoHWra aiinaHagu, MeTaNSTHUHT y3U Myc6aT 3apsanaHnuG Konagu
Ba agcopbunaHaétraH BOAOPOJ MOSeKynanapufaH 3N1eKTPOHHWU TopTun6
onagn. KypcatunraH >kapaéHnapga KaTanvs3atop 3/1eKTPOHMapHUHT [o-
Hopy éKn akuentopu Oynnb6 xuamaT Kunagu. YHUHI cupTuga
agcopbunaHraH sappavanap woHnaHagu. CupT 6yiimua MurpaumanaHue,
Kapama-Kapluu 3apsgnaHraH uoHnap 6up-6upu 6unaH 0COH Tabcup-
nawagn. Mabnymku, 6yHAan xapaéHnapuuHr (aonnaHuil 3Hepruscu
KaTraamac.

KelinHyannk POrnHCKWiA, BonbKeHLW TelH Ba 6onw,anap TOMOHMAaH
PYBOXMAHTUPWATaH 3MEeKTPOH Hasapusanapja KaTanuTukK TabCUpHU
3M1eKTPOHNAPHUHT TabcmpnawaéTraH CMpTAaH YMKULL WK XaMfa aToMm-
napHUHT 6yw J-kobyrnapu 6unan 6ornawrad. Kyn xonnapga xakmkaTtaH
XaM KOTWLIMaNapHUHI KaTanntuk gaonnuru 6unad ynapgaru d-kobyr-
NapHWHI TyIUW Aapaxkacu opacupa 60riMKAuK ypranunarad. LUyHpai
Knnunoé, cuptgarn ¢aon mapkasga 60pyBUM KYNUUAMK reTeporeH Kata-
NUTUK >KapaéHnapgary 3ancMewlap akKTHUHE  MexaHusMy  Tabecup-
nawaétraH mogjanap Ba KatanusaTtop opacufia cogup 6ynyBuu 31eKTPOH
afMallnHyB 6unaH 60rNK aKaH.

KaTann3HUHI 3aHXWp Hasapusanapu. [eTeporeH KataMTuk
peaKUMAanapHUHE 3aHXWUpP MexaHusmm xakugaru HasapusaHu CemeHOB Ba
BoeBofckuiinap Taknug KuaraH. Y napHUHT GUKprya, KaTTUK XXUCMHUHT
CUPTUN JOVMO moiUnniiknnnr 3PKUH BUPAMKNApWra ara Ba WYHWUHT yYyH
yHra nonupagukan Kabu kapaw MyMKuH. Pagukannap, ogatga, Xyga
KaTra peakumoH KobunusaTra ara Ba KMMEBWI ysrapuiiapga pereHe-
pauusnaHiwy MyMKUH. [eTeporeH Kata/iMTUK XapaéH cupT KasaTja
ACCK 3aHXXUPNAPHUHT Naigo 6ynnwmn opKaam KeTUIN MYMKUWH. BaneHT
TyWVHraH MOfIeKyna KaTanusaTop cupTuaarvn 3pKWH BaleHTAWK 6unaH
TabCcupnawmno, pagukanra ainaHagn Ba y 6ol Ka agcopbunaHraH mosne-
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Kyfga 6unaH Tabcuprawiné, peakumsa Maxcy10TUHM XOCUN Kunaau, byHaa
CUPT KaBaTuaaru MOMUAJLLLLWHT 3pKUH 6BUPNNTy pereHepauusanayasm.

leTeporeH KaTanMTUK XapaéHnapga (akat pagukan 3aHxuprap
3ImMao. 6anku 3HepreTMK 3aHXuUpnap XaMm pMBOXIaHULWIM MYMKUH. ToMo-
reH cuCremanappa MoneKynanapHUHI XapakaTyaH/HIM KaTtta 6ynraH-
nnru eababnu, saHepreTMK 3aHXuUpaap PUBOKIAHULINHUHT 3XTUMOINTI
Xyga Kam. KaTTuK >XucM cupTuia 3appavanapHUHT xapaKaTyaH/IHIu
aH4ya KMYMK, WYHUHT YYyH (Daos MapKas peakuWsHUHT 3/IeMeHTap aKkTu-
fJarv 3HeprusiHn  ANTMWKM MYMKWH, Yy 3ca agcopbunaHraH Moneky-
fanapHu Kywumya gaonnaHtupuwra ketagn. LyHpain kunmb, 6owu-
NaHTMY KaTaMTUK aKT KeMWHIM aKTHUHI amasra OWWLWWUHN OCOH-
NaHrrMpagn. JHepPrusiHUHT GyHAail pekynepauusicn cupTa opTuuyya
3Heprusra ara 6ynraH HOMyBO3aHAT CTPYKTYpanapHUHI X0cua 6ynuiin
6unaH 6ornug. KO Kopuga TabKUgnaraHMMmn3gekK, byHaam >kapaéH Kynpok
thepmMeHTaTMB Katanusra Ternwnnanp. KatanusaTtopHUHT 3HEPrusHu
BaKTMHYANINK aKKyMynauMs KUAMLWIKW HaTuxacmja KWMEBWIA peakuums
faBoMiifia YHUHT cupTuga haon mapkasnap coHu opTagu. Opanumk Max-
CY/IOTHMHT X0CuA 6ynuiiy Ba MapyanaHuLlM peakuusnapura HucbataH
CyMMap KaTaNnTUK peakUuMSHWHI Te3poK GOpULLIMHW XYAAM WY XKa-
paéHnap 6uaaH TYLWYHTUPULL MYMKWH.

HunxoAT, reTeporeH KaTalMTUK-3aHXUP peakuumsnap 60puLINHUHT
AHa 6up MexaHu3mu T[1oONAKOB TOMOHMAAH KypcaTunraH 6ynu6, y
KaTanusaTop cMpTuga 0304 paguKannapHuw naingo 6ynuwmn 6unaH 6or-
nu,. O304 pagukannap peakumoH xaxm byinya Tapkanunb, yHAa CeKuH-
acTa CyHM6 60pyBYM FOMOreH 3aHXUp peakuUsHM KenTupub ymkapagu.
leTeporeH-romoreH ge6 atanyBum 6yHAali pcakuusnapfa kKaranusatop
thakaT 0304 pagukannapHu eTkasmb 6epaaun, XXapaéHHUHT y3M 3ca romo-
reH pasuwfga 6opagu. Katanutuk >kapaéHnapnuil- reTeporeH-romoreH
MexaHM3MU1 Kymn Xonnapja TaxpubaBuii TacAMKNaHTaH.

V111.8. Katannsatop xoccanapu

KaranusatopnapHuHr peakums Tesnurura tabCupu ynapHuWHr 6up
KaTop Xycycuatnapura 6ornnk 6ynu6, ynap Kyhugarmnapxkw wmbopat:

330



thaonnurn, ceneKTMBAUrM (TaHnab TabCcup JTULWIK), YHYMAOPAUTH,
CONULLTMPMA CUPTU, PereHepalmManaHuLLn.

KaTTug Katanusaropnap xapopatra, Typ/au 3axap/sapra Ba cys 6yTu
TabcuMpnapura 4mjamam xamfa MexaHuk myctaxgam 6ynumn Kepak.
ByHpali Tawgapuv, ynapHUHT eTapav roBak/Mkka Ba conmwTupma cupTra
ara 6ynmwun Tanab gvnuHagn. Katanusatop AoHayanapuHUHT Mabaym
ynyamra ara Oynvwuy gam MyXAMAMP, YYHKW peakuusara Kupuwysuun
MOAfaNnapHUHI Katanusatopra AgvddysusanaHiln Ba KaTaivm3aTop fat-
namujaH yTull >kapaéHnapu yHUHT ynyamnapura 6ornukamp. Kata-
NN3aTOPNAPHUHE aiHW KenTUpUAraH XycycusiTnapuHu gucgada Jypub
yngamus.

KaTtanuzatop ¢aonnuru, “Katanus” 606MHUHT KuMpUW Aucmuga
KeNnTup! aHMMmn3feK, KaTanmsaTop MWWTUPOKUAA peakums TESNUTUHUHT
HUcbUn optTuwn 6ynné, gyinmaarnya npoganaHagn:

L L Ba Bk = bKl (YL .15)

6yHpa: BK- katanusatop gaonnuru; Mc LLLKK Ba K - moc paBuwga
KaTanusaTop MLITUPOKMAA Ba KaTanuM3aTopcu3 peakuusnap Tesnuru Ba
Te3IMK gommMmuiinapm.

KaTtanusatopnapHu ys3apo Tafgocnawija ynapHUHI conuMwuTupma
thaonaurngaH oliganaHunagm. FomoreH KaTtanusga cupTt Gaonauru
YPHUTa KaTannsaTopHWHT KOHLUeHTpauusa 6upanru opganu udoganaHrat
peakumMs Te3NUryM fynnaHunca, reTeporeH Katanusga 6epunraH xapo-
patga KaTanusaTop CUPT 6Gupaurura mMoc KenyBuM peakuus Tesnuru
AynnaHunagu.

Kartanusatopcm3 Ba KaTam3aTop MLWTUPOKUAAru peakumsanap yuyH
AppeHunyc TeHrnamanapu K piAEHEKT Ba kk- AeBUt  pypuHuwnapra sra
6ynuwuraaH Ba (VITL.15) gaH BK= eALLT (V111.16)
3KaHIMIMHKN Kypamus, 6yHaa AE — kaTtanusaTopcms Ba Kartanusatop
UWITUPOKMAArU peakumsanap haonnaHuLl 3HeprusinapuHUHT y3rapuilu.

Katanusatop cenekTusamrn (%) YHUHT TabCcup 3TUL HyHanuwm
6unaH TaBcutnaHaan, AbHN CeNeKTUB KaTanusaTop MyMKUH 6ynraH 6up
Heya Xun WyHanuwijarn peakuuanapfaH 6GUTracuHu TesnawTupagu.
MacanaH, aMMWaKHWHI OKCUANAHWLWIW Y4 Xun HyHanuwpga 6opuwm
MYMKWH:
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AN2-H20 (a)
NH3 * OjA-"-»- N20-H20  ( 6)
3 no*h2 ( B)

Arapfa wy xapaéH nnaTuHa uwtupoknga onmb 6opunca, gpakat (B)
peakums cbaup 6ynagu. [onras peakuusnap anHu LwwapouTha cogmp
6ynmangn.

KiATann3aToOpHUHT CeNeKTUBUIUHN WUKKW yCynaa aHuKnaw MyMm-
KiiH. BUpWMHUM ycyn Oyiin4va CeneKTUBINK peakuMSHWHI aeocuin mag-
CYy/I0TM MaecacMHUHI jocun 6ynuwmn Mymkuul 6ynraH magcynotnap
(acocmit Ba KylwiMmya) Maccacmra HMcbaTn 6unaH yndaHagu:

LLl_H('I' (VIU.17)

6yHaa: mi — acocuii maacynoT maccacu; ET - acocuit Ba Kywumua
MaZcynoTnap mMaccacu.

CeNeKTUBMINKHN aHUKMIALWHIAHT UKKWAYM yeynu acocuii magcynot
poenn 6ynaéTraH peakuus TC3NUTMHM acocuii Ba KylwM4a mMagcynotnap
gocun 6ynuil peakuus Te3nuKAapu WrnHaucura Hucbatum 6mnaH ynya-
Hagu. MacanaH, Kylingaru cxemaTuk peakumsnapHu onannmk:

M rcnH2mO+ H20 A
CrHnY +02™

nC02+nH20 B
6yHaa: A -~acocuii magcynoT, B r- kywnmua magcynoT. HaTuxagaa cenek-

TUBNUK Kyiinparnya ngpoganaHagn: SK= \A_+¥/§ (VI111.18)

Arapga acocuii MaacynoT Kyiugarn cxema 6yiinua Kylumya
MajcynoTra aiinaHca, SbHu:

VIi*MCnH2n0 + Hro
CuH2r#2 +02*

\VA

V3

OO +iHO
6ynca, ceneKTUBNMK Kyiinaarnua ndoganaHaan: Lk = b-r*  (yM1.19)
M

Katanusatop yHyMAOpP/AUIu peakTopra »oinanraH 1Kr karanwsa-
TOPHUHT 1 COAT vwnaww gasoMmuaa 4ocun 6ynagmrad MagcyaoT yHyMM
(kr) 6munaH udgoganaHagn. Arap peakTopra toknaHraH (Kr) éku Vk(m3
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katanusatop 1 coaT pgaBomuga MT (Kr) éku Vm(m3 maxcynot xocun
KWJiCa, KaTaJIn3aTOPHUHT YHYMAOP/TUTU Ky|7||/|,qar|/|ra Md)o,qanaHa,qM:

Ve= MT/1 éknu Ve=VJt K (YL .20)
6yHaa VC —KaTanm3aToOPHUHT COMULLITUPMA XaXMW.

VI1I1.9. Katannm3aTopHUHT MHITMBUpNaHULWIK Ba pereHepauunscu

leTeporeH KaTanusga KynnaHunaguraH KaTTUK Xongaruv kartanu-
3aTOPNAPHUHT UHIMOUPNAHULLIN UKKN XU — (PU3MKaBUIA Ba KUMEBWUIA
6YNNWN MYMKUH.

dun3nKaBnini MHIMOUpPIaHMLWLITa KaTanms3aTop rbeaknapuHu 6epku-
b KoAuwmn, conuwiTupma cupT ékn (hasa conuwiTmpma QaoniurmHuHN
Kamaiuwn (MacanaH, Kataams3aTop CuMpTMra KOnnaHraH Mojga MUK-
[JOPVHWHT Kamaiuwin Ba Kyiuimn) Kupaau.

Kumésuii  mHrmbupnanvwnapgaH 6mpu xomawé Tapkubugaru
KaTaMTUK 3axapiapHy KaTanusatop cupTura agcopbunaHuwiunamp. by
WHIMOGMpNaHuLL KaliTap »xapaéH 6ynn6, xomall é TapKknbumaarm KataimTmk
3axapnapjaH Tosanawl opKaav YHUHT ONAVMHW ONULW MYMKUH. MacanaH,
HEDTHUHT XMAUHU NYKOTUL >XapaéHuia HUKenb, NnaTuHa, nannaguin Ba
6owka metannapra 04—1,0 % aTpocmaa antoMUHWIA OKCUAW, LeoNUTNap
Ba 6ol Ka Mofdanap wuMaMpuarad xonga vwnarunagn. by mogganap
ONTUHIYTYPT/I OpPraHuK mogjanap Tabcupura cesrup 6ynu6, ynapHUHT
TabCcupuga KatanmsaTopHUHT GaonImrn Kamasau.

KaTann3aTopHUHI y3-y3uAaH 3axapfaHuliura KaTaamsatop cup-
Tufa Ba roeaknapuga yrinepogHuHr loTnanb Ko;rawn cabab 6ynagn. Ma-
canaH, yrneBofOPOANapPHUHT OKCUAMAHULLN Ba KPEKUHIN, MeTaHHU CYyB
6yTn 6unaH KoHBepcusicM peakuusinapupa KaTanmsaTop cupTuia KOKC
xocun bynagu:

2C0O —*C (Kokc) + CO2
CHs —Cocoke)2th
2H2 +:C02 — C (Kokc) + 2H20

LUy Tapmka thaonnury KamanraH KatanmsaTOPHUHT CMPTUAA XOCUA

6ynraH KOKCHU 0BULL EKM EKULL OpKasu KaliTa TUKNaHagu:
C + H206r —»CO + H2
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C +02 -» CO2
Bab3n Xxonnapaa KatanusaTopfapHUHT pereHepauusicna KucnoTa,
WLWKOP Ba TypAu 3puTyBUMWMapfaH xam (oiiganaHunagu. 3axapnaHraH
KMMMaT6axo MeTaniapHu aca, CyloKNaHTUpuMG TosanaHaau.

V1I1.10. KaTannsaTopnapHu Taépnaltu

FomoreH KkaTanusga wwnaTunaguraH KaTtanusatopnap Maxcyc
ycynnap 6unaH TaliépnaHmangn. MeTeporeH KaTanusga KyanaHWnagurat
KaTanusaTopnap Maxcyc TanépnaHagu. byHga ynapHuHr gusnkasuii Ba
KUMEBWIA xoccanapu, TaHHapXyM Ba Maxaaivii XxoMawénuru Kabu omun-
nap abTubopra onuHagn. KartanusatopnapHWHr ¢aonsuru, cenekTuB-
nnUrn, dngamnannnurun, conuwtTmpma cupT, MexaHUK MyCTaxkKamM/iMrun Ba
6oHLWa xoccanapu ynapHu Taiépnaw ycynnapura 6ornuk. Kartanmsa-
TOpNapHU TalépnallHWHI Kyiuaarn ycynnapu KeHr TapKairaH: 4yk-
TUPWLL, apanawTMpULL Ba LWUMANPULL.

leTeporeH Katanusga MeTan/ KatanuMs3aTopsiapyM xam KeHr Kynna-
Hunaan. MeTann Katanusaropnapu Kylingaru ycynnapfa onvHagu:

1. MeTann okcupnapu ysakka WUMAMpWaan Ba asoT 6unaH
CYIONTVPWUTaH BOZOPO4 TabcMpuia MeTannraya Kaitapunagu:
Ag20+H2—Ag+H20

2. AMMMaK CMHTe3nAa uwnatunaguraH TeMup KatanamsaTopuHu

ONULWL YYYH toKopu xapopaT Ba 6ocumpaa Fe30 4paH TabneTka

TaliépnaHagu Bay KaTapunagu: Fe30 4+4H2—3Fe+4H20

3. Hogup wMeTannap cuMm, Typ €KMW tonka rasnama Xxonupga

KynnaHunagu.

4. Ap30H MeTaVTHAHI CUPTU ranbBaHWK YCy/nja KatanmsaTtop
BasnacuHM 6GaxapyBUnm HOAUP MeTa//IHUHI 0MKa KaTiamu 6unaH
KonnaHagu.

5. PeHeit ycynu (MwKop 6uMnaH uwnaw): macanaH, HUKenb 6unad
aIOMUHUAHUHT  MabiayM Tapkub6arym KOTULLIMAcU Kepaknu Liaknga
TaiiépnaHagu, cyHrpa y NaOH Hunr 20% nu cyBnu sputmacu 6unad
KaliTa nwnaHagm:

2Al+2Na0H+6H20 —2Na[Al(OH)4+3H2
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[ocun 6ynraH Ty3 cyBja AXWW apuraHnuru cababnum, ocoH oBunagn
Ba HaTmxkapga, konraH >X roBakcMMOH xonga 6ynaau (PeHeli KaTa-
nnsatopm).

NMpomoTopnap. KaranusaTop xoccacura ata 6GynmaraH GMpuKMa-
napHu 6ownaHrMy moaganapra Kywuw TaiépnaHaguraH kartanmsaTtop-
HUHT DaoNIMTUHW, CENIEKTUBAINTMHNA Ba ULLTALL BAKTUHU aH4a Ol MPaau.
ByHgain mogpanap aonnawTupruynap €ku npoMmoTopnap feivnagu.
Ynap UKku rypyxra 6ynnHagun:

1. KaTtanusaTopHUHT TY3UIULWMHK XL nNaliguraHnap.

2. KaTanusaTopHUHT X0CCaCUHU y3rapTupagnraHnap.

1- Typ npomMoTopnap KynpoK; MWKAOpAa Kywwunagn. MacanaH,
(heHONHN TnaporeHnad LMKNOreKcaHoN oL Aa nwnaTunagurad HUKenb
kaTanusatopu 20% nun coga sapuT™Macy 6unaH aonnawTmpuagn.

2- Typ npomoTopsiap 3ca, KaMm MUKAOpAa Xam AXLW W HaTuxa bepaau.
MacanaH, BOAOPO/ MEPOKCUAHM MapyafaHULWMHUHT KaTanusaTopu 98%
F&304+ 2% ALLO3 naH n6opat 6™mMurn MyMKuH.

[ap vKkana Typ MpPOMOTOPSIApPHWHI KPUTUK KOHUeHTpauusnapu
MaBXY.

YMymaH onraHfa, npomoTopaap Tabcupuia Katanusatopnap (aosn-
JINTVHWHT OW MWK haonfaHULL 3HEPTUACUHUHI KaMainiy, conuuTupma
CUPTHUHT y3rapvliu Ba (aos MapKasnap COHMHWHI Kynahvwun 6unaH
6ornusanp.

Katanusatop 3axapnapu. Katanusatopnap 6ab3v mogganap
Tabcupuga ys ©aonnnrnHn 6yTyHnan nykoTagm éKun Kamantmpagu, abHu
3axapnaHafu. 3axapnaHuil KaiTap éku Kaitmac 6ynnium MyMKUH.

[JaiiTap saxapnaHuwfja saxap MOseKynacu KaTainsaTOPHUHI Cup-
Tura gaiitap agcopbansinaHagum. MacanaH, BOLOPOAHMW OKCMANMAWIAa Ky-
naHwnaguraH nnatuHa katanusatopu CO  éku 3TuneH Tabcupuga
3axapnaHagu. Ynap nnatuHa cupTugaH gecopbumanaHraHpga aca, Kara-
nusaTop siHa haon 6ynnb6 Konagu. AMMUAK CUHTe3naa KynnaHunasraH
katanuzatopnap CO, CO2 cnupT Ba cyB 6yrnapujaH Kaitap 3axap-
naHagu.

[JaliTmMac 3axapnaHuiifja 3axap MoJfieKynanapu 6apkapop cupT 6u-
prKManap Xocua Kunagu Ba HaTuxafga fecopbunaHmalign. bByHga kata-
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nusatop HaonnuMruHm TUKNAW yuyH CUPTAA 3PCUN 6ynraH 6upukmanap
napyanaHvLwmn Kepak.

“Katanns” 606vHM y3nawTUpuaraHamk gapaxacuHm
TEKLWNPULL YUYH caBonnap

1. TomoreH KaTanu3aTop/lapHUHI peakuus Te3NUrMHU oW npuLL -
farv TabCUPUHUHT MOXASATU HUMaaa?
2. TomoreH KaTa/IATUK peakuus Te3MrM TOMOreH KaTanu-
3aTOPHUHT peakumsagarv 6o naHrny KoHueHTpaumnsacura 60rnmkmm?
3. FOMOreH KaTa/IMTUK peakuManapHUHI KaHaan Typnapu masxya?
4. KucnoTta-acocnm roMoreH KaTa/iMTUK peakuUsanapHUHT CUH(-
NaHWLLNHWN KENTUPUHT.
*5. Maxcyc KucnoTanu KaTanusga KaTanusatop cudatuga KaHgan
MoAfanap KynaHwunagu?
6. YMyMUA acocnn Katanusfa Katanamsatop cudatuga KaHpaw
MoAganap KynnaHunagn?
7. OKcugnaHuvli-KaTapunuil FoOMOreH KaTaiuTuUK peakumsnap
MEXaHWU3MUHWHT MOXUA T’ HUMaga?
8. oMoOreH KaTa/M3HWHI reTeporeH KartanusgaH acocuii apkwu
HUmMaga?
9. lomMoreH peakuusga opaiMK MOALa AeraHfja HUMaHu Tyly-
HUNagn?
10. leTeporeH KaTanus gebkaHpjan Katagusra antnnagn?
11. MeTeporeH KaTa/IM3HWHI KaHgal Typnapyu MaBXya?
12. CeTeporeH KaTtanunsga KVIMEBWIA copbunaHiiLL ponu KaHgaii bynagm?
13. leTeporeH KaTanu3aTopiapHu TanépnawHUWMr KaHgam ycyn-
napwn maexyg ?
14. KartanusaTopnapHuHr Myxum XyeychiaTnapy HumanapjaH
néopat?
15. KaranusaTop/apHUHI CONUWITMPMA CUPT 103acu fderaHja
HUMaHW Tyl yHacns?
16. depmeHTATUB KaTanmsga aHeprus pexkyrnepaumsacu.
17. ®epmeHTaTUB KaTa/IM3HUHT MEXaHU3MU.
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18. Katanusatop peakavsiHUHI MyBO3aHaX KOHCTaHTacura KaHpgaw
Tabeup K)dpcaragn?

19. KaTtanusatop peakuVsHUHT Te3NMK KOHCTaHTacura KaHpaw
TabCup Kypcartagn?

20. TomMoOreH KaTa/IMTUK peakuusanapHu opanuk 6upukmanap
Ha3apuacy opKaau TYLLYHTUPUHT.

21. 3aHXup peakumanapua KataamsaTopHUHT Ponn KaHaan?

22.9puTmanapfaryn roMoreH-KaTa/IMTUK peakuUsanapHUHT  Mexa-

HU3MNAPUHN TYLLYHTUPUHT.

23. leTeporeH Katanms KaHgan 6ockmunapgaH néopart?

24. [eTeporeH KaTaJIM3HUHT KaHgan Hasapusnapu 6op?

25. KaTtanmsHuHr MynbTUNNET Hasapuscu.

26. ®aon aHcambnnap Hasapuscu.

27. KaTanM3HUHT 3M1EKTPOH Hasapusacu.

28. KaTa/IM3HUHT 3aHXUP Hasapuscu.

29. Katanusatopnapra KyinunaguraH Tanaénap.

30. KaTanunsaTopHUHI MHIMBMpaaHuL Ky Ba pereHepayusacu.

31. KaTanusatopnapHu Tanépnatu ycynnapu.

32. NMpomoTopnap. Katanusartop 3axgpnapu.
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IX BOB. 3/IEKTPOKNME
IX. 1. OneKTponuT apuTmManapuHMHI xoccanapu

CylonTupuaraH sapuTManapHuUHr 6apya ymymuii xoccanapu, sbHU
KONnAuratme xoccanapu (TyMMHraH 6yT 60CMMUHUHT HUCOMA NnacanunLun,
KaliHall [apopaTMHWHI OpTULIK, MYy3fall AapopaTUHUHE nacauwin,
OCMOTUK 60CUM) 3puUraH MoALaHUHT MOASP KUCMUTA YM3NKAW BornaHraH
(spuraH mopgua 3appadanapuHUHT COHMra NPonopLMoHan paBuLlja y3ra-
pagu) Ba YHUHT Tabuatura 6ornug amac. Y woby Tabpud cyrontupuaraH
sputmanap ydyin Paynb Ba BaHT-TOPOHMHI ymymaaliraH KOHYHWHMU
nopanaian. byHgain yMymMuiA JOHYHUAT OpraHUK MoAAanapHWHI CyB-
Jaru Ba opraHvK 3puTyBuYMapjaru aputmanapv yyyi agonatnu 6ynué
yuBanm. AMMO Tys3nap, Kucrnotanap Ba WLWKOP/apHW CyBAarn aputma-
NapVHWHI KONNWFaTMB Xoccanapu IKOpUAarn KoHyHusaTra 6yicyHmac-
nrn aHmknadan. Macanad, NaCl monsan spuTmacy mysnaiwl gapopatu-
HUHT nacaiuiiy CYBHUHT KPUOCKOHWK povmMuiicuaan (1,86°) pespnu
UKKW 6apaBap tokopu (3,36°). Jemak KuCMoTa, ULIKOP Ba TY3NapHWUHT
cyBnu apuTmanapugarv sappadyaiapHUHT COLT 3pUTMAHUHT MOMISP KOH-
memrpauumscura Moc Kenmangu. bByHpaH Tawkapu, CylONTUpUAraH
apuTManap KOHyHMapuiaH 4eTnaHyBuM apuTmanap opraHuK Mogganap-
HWHT cyBAarn sputmanapura HucbataH aH4ya HOKOPWU 3M1eKTP YTKasyB-
YaH/NMKKa 3ra, 6y aca spuTMmaga 3apsagnaHraH sappavanap MaBXygnu-
rmjaH fapak 6epagu. dpuTmanapu 3neKTp TOKMHU YyTKasyBuu 6yHAal
mMofAanap anekTponuTaap feb atanagn. SNeKTPOAUTAAPHUHI Xoccanapu
3NEeKTPOINTUK  JUCCOLMNAHNLL  HA3apUACMHUHE acocumen AppeHunyc
(1887) romoHMAaH Kypmnb YnKLin aH Ba yMyMsiall TUPANTraH.

JPUTYBUUHUHT  KYT6AM Monekynanapu 6unaH 3spuraH mogaa
3appavanapu opacuparu Tabcup HaTikacuia 3NeKTPOUTUK LUCCOLM-
naHuw cogmp 6ynaan. ByHpali Tabcup X,aTTOKU KOBasleHT 6ornapHu gam,
macanaH, BOJOPOA XMOPUAHW KyTbnaHTupagu. Y w6y rasHu cyBfa
apuTaéTraHga AuWINeKTPUK poumuiicn katra 6ynraH mygutaa H-C1l
G0FMHUHI Ky4Cu3naHuWwuy gucobura BOJOPOL Ba X/10p WMOHNapu Jocun
6ynagn. uapaTnaHul HaTwxkacuga uoHnap spuimara yrtagu. WoH
KpuctannapuHu (macanaH, NaCl) cyBga spuTaéTraHga fgam Xyauu
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wyHgai xapaén Kysatunagm. NaCl Hunr kpuctann nanXXapacuga Na Ba
CI" noHnapw 6ynmaca xaMm, 3pUTYBUMHUHT KYT6N MoneKynanapu 6unan
TabCcupnawunwmym Kpuctanngarn 60rnapHUHE KyT6AaHUWWra, ynapHUHT
KyCu3naHuLura Ba sappadasapHUHr rnapatnaHrad noHnap Xocun Kunmb
spuTMara yTuwimra UMKOHUAT apatagu. ugpatnaHul xapaéHii Kyunu
9K30TEepMUK 6YyNnb, auranbllUAHHHT Kamanmwuy 6HnaH ys-ysuaabl 6opa-
an, Opatga, rmagpatnaHu gapaxacu (kap 6up noHum ypab onraH apu-
ryBUM MosieKynanapliLlHr MUKAOPW) Xyfa KaTTa 6ynagm. dakaT Kucno-
TaHWHT MOHNAHMLWKUAA TuapaTaaHuLW japaxacu 1 ra TeHr, 6y aca Bofo-
PO WOHWHUMAT KUYHK ynyamu 6unaH 6ornukavp. .rvapatnaHuil xapaé-
Huga nporoH HKO monekynacu cepacura KupH6, rupokcoHunii H30
MOHVMHW KOCUN KWAagu. SHIMM KOBaneHT 60r. KUCMOPOAHUHT 3PKUH
3NEeKTPOH XYy(hTn Xncobura JOHOP-aKLenTop MexaHu3Mu Gyinya xocmn
6ynun6, TyiimHraH 6ynagun.

DNeKTPONUTNAPHUHT YW 6y KOHYHNapAaH 4YeTnaHuwuHW b6axonall
yuyH BaHT-l oph ocMOTUMK KO3Ih(UUMEHT t TyLWYHYACUHN KUPUTULLHNU
Taknmp Kungu:

o MTak MBTDK _  ‘Tote
~ P ~ ATy ~ ATN;B..I'H&" \/pFFm (K1)

(IX.1) TeHrnama 3neKTPOAUT 3IPUTMaNapUHUHI TepMOANHAMUK
xoccanapu xakugarn TaxpubaBuii MabaymoTnap acocmpa O0CMOTUK
KOIPPUUMEHTHN XMcobaall YYyH MWWNATUAUWN MYMKWUH. QHTI cogja
3M1eKTPONNTAAP YYYH OCMOTUK KOIPMUUMEHT 2>/>1, MypakKKabpok
3NeKTPONUTAAP YUYH 3>r>2 skaHnurn tTaxpubaga aHwyTtaHraH. byHaaii
YeTnaHuwnap Kynpok EKW Kampok; fapaxaga, WuctucHocus, 6Gapya
3NEKTPONUTAAP YUYH Ternwnuanp. emMak 3neKTponuT spuTManapuHuUHT
HO3/IEKTPONMTAP YYYH YpHaTWAraH KOHYHNapfaH uYeTnaHulW LUaH-
fangmup ymymuii cababnapgaH kenmb ynyagn. KO kopuaa anTraHMmmsgek,
HO3/IEKTPONNTAAP 3M1eKTP TOKWHWU YyTKasMalan, 3neKTponuT 3puTMma-
napwvra aca, 3neKTp yTKasyBYaHIMK X0efup. JneKTponutnapra Tysnap,
MVHepan Ba OpraHMK KucnoTanap Ba acocnap kKupagu. Ywoéy mopaga-
NIApPHMHI XaMMacK KatTa amannii axammaTra ara Ba WYHWHT YYyH, ynap-
HUHT Xoccanapu 6atadcmn ypramuaraH, XycycaH, yw o6y spyutmanapHuHr
3M1eKTP Xoccanapu xap TOMOHNAaMa Kypub YnumaraH.
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Mab/yMKK, 3MeKTP TOKWHWU YTKasyBuMnap 6MpUHUYM Ba UKKUHYM
Typ yrkasruunapra 6ynuHagu. BupuHun Typ yTaasrnunapga, SAbHu
MeTannapaa, aMekTp TOKUHW 3MeKTPOHNap Tawuné yragn. byHpaii yTkas-
rmynapfaH TOK YTULUIMHWHE y3ura X0C TOMOHM KWMEBMWI y3rapuiu-
NapPHUHT Ky3aTUAMacnmrngagmp (hakat nccluyrak axpanubé unkagu).

VKKUHUM Typ yTKasrmunapfa, SbHU 3M1eKTPONUT 3puTmanapga,
3NeKTP TOKWMHW MOHNap Tawmnb ytagn. VIKKnHum Typ yTKasrmunapgaH
y3rapMac TOKHUHI yTULIN aKaT UCCUKANK aXPa/ULLINHU 3Mac, 6anku
KUMEBUI y3rapulLiiapHn Xam KenTupub ymkapagn (3n1eKTpPonus xguu-
cacun). YTKasrmynapHuHr akat 6upuHYM Ba UKKWH4YM Typnapra 6ynu-
HUWWN TYAUK CUH(IAHML 3Mac/iMrmmm 3cnatmé yTuil N03UM, YYHKK
ynapfiaH Tawkapu tabmnaTga apum yTkasruunap (3NeKTPoH éKn Telmnkam
YTKa3lyBYaH/INK) Ba apasiall (3/IEKTPOH Ba WOH) yTKa3yBYaH/IMKNapra ata
apuTManap Ba TYpan MOALaSTAPHUHT CYlOKIaHMa1apy MaBXyaamp.

DNeKTPONUT apuTManapujaH ysrapmac 31eKTP TOKUHUHE YTULIK
WNOHNAPHUHT 3M1eKTP MalJoOHHUHT KyTbnapura yHanraH xapakatu 6u-
NaH, AbHKM MycbaT 3apsgnaHraH 3appayanap - KaTUOHMApPHWUHT MaH(uii
KyT6ra - Katoara Ba MaH(uii 3apsigfiaHraH 3appavanap - aHWOHMAPHWHT
MycbaT KyTbra—aHoAra xapakatu 6inaH enrunaHagu.

XIX acpHUHIr oxupuraya 3neKTponuT spuTManapia TallKu 3n1eKTp
MaiJOHHUHT rabCcupuaarmHa 3/1eKrponuT MofeKynanapuHUHE napyana-
HULLIWM HaTwXKacufja WoHnap Haihpo 6ynagn, fe6 xucobnaHraH. AMMO
3NEKTPONIUT 3PLLUMANAPUHUHT TEPMOAUHAMMUK XOCCaNapuHW ypraHuLl
HaTwKanapu yLw 6y KapalliapHu y3rap inpuwira onmé Kengu.

I1X.2. 9NeKTPONNTUK ANCCOLUNAHNLL HA3APUACUHUHT
acocuii xonatnapu

ANeKTPONUT 3PUTMANAPUHUHT TEPMOAMHAMUK XOCCaNapuHU Ty-
WYHTUPWLL YUYyH APPEHWYC 3MEeKTPOSIMTAAPHUHT MOfieKynanapy MoH-
napra anekTp MalfoHM Tabcupuia amac, 6anku apuTUAraHgaéK axpa-
nagun, fe6 TaxMUH Kungu. JNeKTPONug MOoSeKynafapyHUHT MoHMapra
GyHAal aXpanuWuHX ApPPEHUYC, NEKTPOSTIMTUK AUCCOLUNaHn  ae6
aTagu. Ywoy runoresa KeliMHUaIMK KUMEAa KeHT Ky/anaHunagMraH Hasa-
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pusira alinaHgn. XycycaH, aHa/IMTUK KMMEHWHT KyN KUCMapu 3MeKTpo-
JMTUK AWCCOUMMaHULL  Hasapusicura acocnaHrad. BbyHaaH Tawkapw,
yw 6y Hasapusi KoopAvHauueli 6upukManap Kumécmaa x,amga Kucnora Ba
acocnap HasapusnapuHu TyLWYHTUPULL AR KaTTa axamusTra ata. dn1eKTpo-
NINT MOMEKyNanapuvHUHE 3puTMaja MoHAapra axpaiuwmy HUma Y4yyH
YW 6y 3pUTMa/TapPHUHT TEPMOANHAMUK Xoccasiapy KyTunaéTraHjaH Kar-
TapoK HaTuxa 6epuLLINHN TYWYHTMPaan. XAKUKATaH XaM, arap sputma
/ n ga Cr-.monb CH3COOH TyTea, yHMHT 0CMOTUK 6ocummn, BoHT-Fodhh
KOHYHM 6yiinua, PHB = CRT ra TteHr 6ynagn. ®dapas kunaiinuk, CH3
COOH HuHr xap 6up Monekynacu 2 Ta WMOHra axpanagu. YHpaa
9PUTMAHVHT YMYMUIA KoHueHTpaumsacii 2C 6ynagn. OCMOTUK  60CUM
puraH Mogja sappadanapvHUHI MUKgopurarvHa 6ornug GynraHnuru
cababnu, amangarn ocmoTuk 6ocum PTadK = 2CRT ra TeHr 6Gynuwim
Kepak, OCMOTUK KO3(P(ULMEHT 3ca r'=2. X akukarga aca, 0CMOTUK KO3a(-
(UUMEHT 2> | > 1 opanuruja ysrapagy Ba AMccoLUnaHnLL KysaTuamaraH
xonatparnfiaH KatTapok; XAmMfAa TyauK AUCcOuMAaHuW  KysaTwuiaraH
X0/14aH KUYMKPOK XMIiMaTNapHW onagun. Y Wwey HaTvkanapgaH AppeHuyc
3NEKTPONNTMK AMCcoLManaHuLL oxupuraya Gopmacnury Ba sputMaga
MoHNap 6unaH 6up BaKTAa guccouMnaHMaraH MoneKynanap xaMm MasBXxyf
3KaHNUIM xaknga xynoca gungu. LWyHaai Kunm6, aneKTpoiMTUK ANCCO-
LUNaHNULL Ha3apusick acocuga Xyingaru TaxmmHnap étagu:

-3N1eKTPONINT 3pUTManapfa YHWHI MOJieKynanapy MuoHnapra ax-

panaau;

-31eKTPONINTNAP CYBAN 3PUTMaNTAPUHUHT 3NEKTP YTKasyBYaHINMM

apuTMagary MOHMaPHUHI YMyMUIA KOHLUeHTpauuscura Tyrpym npo-

nopuuoHarn;

-3M1eKTPONNTUK AUCCOLUNAHULL XKapaéHn KakTapamp.

AppeHuyc Taknug KuaraH runoTesa aBBaura Kyn 3bTUPO3IapHU
Kentupué 4ymxapam, 6yHUHr cababu 3aMOHAOL ONUMAAPHUHT WMOHNAp
6unaH aToMMapHUHT Xoccanapu opacuaarv npuHLMnuan hapkaapHu Ty-
WwyHmaraHnapvamp. Ly cababnu, AppeHuyc Kyn liunnap fasomuja
3NeKTPONNTUK ANCCOLMMAHNULL HA3apUSACUHW TU3MMAM pasBuLLfa acoc-
nawira maxoéyp 6ynau.
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IX. 3. AuccoumnaHnil fapaxacu Ba YHU aHUKJIaLW

AppeHuyc 6yiinya, CH3COOH sputmacuga Kyiimgaru MyBo3aHaT
ypHarunagu: CH3COOH<->CH3COOQ" + //

Ywoéy apaéH oxmpurada 6opmaraHanru cababnu, bapya moneky-
nanapHVHI KaHAai KUCMU MOHNapra axpanuwunHu benrnnaigmraH Kar-
TaNMK KUpUTULL 3apyp. AppeHnyc Yoy KaTTaNMKHW 31eKTPOIUTUK
auccouunaHnw gapaxacy a geb atagu. [emak, a moHnapra axpagraH
MosieKynanap MUKAOPUHUHT apuray MOAAA MoneKynanapuHUHT yMymuii
MMBAOpUra HucbaTura TeHr. a noggaH obupraya “3rapuin MyMKUH.
OwuccoumnaHuil fapaxacu avipuMm xonnapfa dousgapga xam umdo-
danaHagu.

AppeHMyc @ HM aHuKnaw ycynnapuHu uwnaé 4Ynkan. BrupuHum
yCy/Nl & HUHI OCMOTWUK KO3(h(ULUMeHT 6unaH 60rIMKAnrura acocniaHraH
6ynn6. 3Hr cogga 11—t . Typgarm OGuHap 3NeKTpoAuTNap yudyw

Xap KaHjal 3neKTpPOAMTHUHI (MacanaH, 3 Ta WoHMapra

aXpasyBum TepHap 3/1eKTPOINT) guccoumnaHnil gapaxacm 6unaH ocmMo-
TUK KO3 (UL MeHT opacugarv 60rMKaMK y4yH AppeHnyc Kyingaru

I =1+ (v- 1)a
nhogaHn Takaud kKungu, 6y eppa v=>, bv, — guccoumnaHyBuM MWOH-
NapHUHICOHMN.

OduvccoumnaHuil  fapaxacuMHW XWUcobnallHUHI 6ol Ka, 6UPUHYM
ycyn 6unaH 60ramk GynmaraH, MycTakua yCynMHU UwWnab Ymkuw xypa
xalh Myxum 65'nraH, YyHKu, 6y Typnu ilynnap 6unaH aHMKIaHraH a HUHT
KiiiimaTtnapn 6iip xun 6ynuwmnHU Kypcatmub, ApPpPeHnyC HasapusiCuHu
acocuin  XonaTtnapuHWHT  TyrpyM 3KaHaurngaH panonat 6&pap agw.
AppeHnyc a HW XUCOGNAWHWHT WKKUHYM MYCTaKU YCynuwil Xam
Taknud Knngu. byHga a HY 3apuTManapumnHr 3NeKTp yTKasyBYaHANKNapu
opKann aHMKNaw MyMKUHAUTA KypcaTingun.

Ywoéy 6up-6upu 6unaH 6oranmk OynmaraH WKKW ycynga Xumcoob-
NaHraH fuccoumnaHull japaxanapuHUHT Kuimatnapin geapnu 6up xun
ynkau, 6y aca AppeHnyc HasapUsACMHUHT TYrpy aKaHINTMHUHT BUPUHYN
ncbotun dyngu.
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OuccoumnaHnil gapaxacUHUHI KuimaTtu byimnya 6apya 3neKTpo-
NINTAIAPHN UKKWU TypyXxra 6ynmw MyMKWH. BUPMHYM Fypyxra KOHLEHTp-
naHraH sputmanapga (0,1-1,0 H) xam a>0,5 6ynraH Kyunu aneKTpoauT
apuTManapwu (bapya Ty3nap,MuHepan Kucnotanap Ba UL Kopaap) Kupagu.
VIKKNHYM rypyxra aca, Kyucus afekTponmTaap (OpraHuk KucnoTanap Ba
acocnap) kupagu, ynapga a<0,5. LLyHy aiiTM6 yTUW KepakKu, Kyusu Ba
Kyucu3 3M1eKTpoNuTNap 4YerapaBuii xonnap 6ynwnb, opanMkK Kydyra ara
6ynraH anekTponuTnap xaM MaBXyd. MoggaHuHr guccoumnaHuil
fJapaxacu hakaT YHUHT xoccanapurarmHa 6ornMk amac, 6anku aputyB-
UMHUWHT X0ccanapura xam 60rnvMK. Bup MogfaHuHT y3u 6Upop MyxuTtaa
Ky4unu, 6oKa Myxutna Kyycms 6ynmwmn MyMKuH. L yHaam kunun6, spu-
raH MogfaHuHr Y3UTMHA 3M1eKTPONUT 3aMac, 6anky spuraH mogga 6unau
apuTyBUMfaH mbopaT 6ynraH apuTma 3NEeKTPONMT xucobnaHagu. dpu-
TYBUMHUHT HOKOPW AWN3NEKTPUK CUHTAVPYBYAHANTW 3N1EKTPOIUTUK AuncC-
couMnaHnLl >KapaéHWHW KyydaTupaau, nekuH 6y Ky4dnum puccoumna-
HULWIHWHI 6upgaH-6up cababumcym amac. SPUTYBUMHUHT 3puraH Mogja
6unaH KoMMaeKc GMpUKManap XoCWU KWMLK MYMKUHUIU XaMm [uc-
COLMMaHULLIHN KyyaliTupuwn ksdcatunraH. AMMo 6yHail Kommiekc-
NapHUHT TabmaTi xo3mprada TyAWK yprammamaraH, WYHUHT YYyH 6u3
ON1AVHAAH MOAAAHWHT Y 8KN 6y apuTYyBUMAA AUCCOLMMAHULLMHW Ha3apuii
anTn6 bepa onmalrimMmus.

JuccoumnaHnil gapaxacu Tawku wapouTtaap %'xapopan: Ba apuTma
KOHLeHTpauusicura xam 60rnuk. XapopaT opTuliun 6unaH cuctemajga
3HAOTEPMUK >KapaéHnap Ketagu. AuccoumnaHuw mycbaT Ba MaHhwuii
NCCMKNK 3hpeKT»ra ara O6ynuwm MyMKUHAUTW Tydannu, xapopat
opTMwK 6unaH fguccoumnaHul  fapaxacu opTuwun /éKn  Kamanuwim
MYMKWH. 3PUTMaHUHT KOHLEHTpauuscy Kamaiuwmn 6unaH puccoumn-
nannw gapaxacu optuwmn Ba C—0paa a->1 ra uHTUANWK Kepak. Kyunu
3NEeKTPONNTAAPHUHT 3plTManapuHN CylNTUPUATaH4a AUcCouMnaHunLL
fapaxacu aiiHUKca Te3 opTagu. HOkopupary cukpnap Taxpubasa
racaukKnaHrak.

ApPPeUNYCHUHT 3M1eKTPONUTUK [AUCCOLUMNAHULL Ha3apusicn >ypa
KaTTa lTyKnapra spuwraHm cababnm, onvmaap TOMOHMUAAH TaH ONIUHAN.
AMMO ylwby Hasapusa yerapacuja TYWYHTMPUG bGepul MYMKuH 6yn-
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MaraH fanu.luap Wam 6op 34M, aliHWLca Ky4Sn 3MeKTPOAUTAAp YUyH.
YWwe6y HazapusaHW Kyuan 31eKTPONIMTNAPHUHT 3puTManapura Kyninaw
MYMKWH 3Mac/IMry Kyn BakT yTraHAaH CYyHT aHULTaHaW.

IX.4. 9NeKTPONNTUK ANCCOLMNAHULLIHN KEeNTUpuno6
yunuapysum cababnap

< INEKTPONIMTUK JUCCOLMMNAHMLL MEXaHU3MMHM MOH MaHXapara aTta
oynrad Mogganap (NaCl sa Gonwanap) yuyH TYLUYHTUPULL OCOWA, YyHKHM
ynapga uvoHnap LWarTuK Lwonatda Wav maexyn 6ynagu. ByHpai
3MIeKTpONMTNap 3pméTraHga awar noHnap opacugarv TOPTUAMLL Kyuu
Kamasagn, xonoc. ByHu copganawiTMpraH wonga MywuT AU3NeKTPUK
CUHTAVMPYBYAHIUTUHUHE  y3rapuwiy  6unaH  TYLWYHTUPULL  MYMKMH.
XakugaTgaH LWam, Kpuctann nawxapaga KynoH wWoHyHura MyBOULL,

WKKWUTa GUp 3apag/in MoHNap opacuaarv TOpTUAUW Kyun /=-~r , 6y

epfia: e<—aNeKTPOHHWUHT 3apsAaun; T -4 MOHNAPHUHI KPUCTaIOKNMEBUIA
pagnycnapuHuHI AUIrMHANCUTa TeHT OynraH naHXapaHWuHT WOHIapu
opacugary macoa; €—MYLWUTHUHT [AU3NEKTPUK CUHTAUPYBYAHININ.
KpuctannHuHr wasogaH (e»1l) apuTyBumra, macanaH, cysra (e«51)
yTULWIMAA NOHNap opacugarn TopTULnW Kyunapy 81 mapTta Kamasin Ba
ynapHv/ naHxapagaru TebpaHWULLINapUHUHT (MCCUKAUK TebpaHuLiapu)
3HEprusAcu nacainunb, naHxXapaHUHT OGy3nauMra Ba VOHMIAPHUHT 0304
oynuiiunra onné Kenagu. oHnap opacugaru ysapo Tabcup KyunapuHUHT
KamaivLwmnaaH Taliwapn, yaapHUHT 3puTyBUM 6MnaH KUMEBNIA Tabeupna-
WK (conbBaTNaHULL) WaM Xyaa awamuatanavp. LyHaan wmnmé, nox
KpucTannapia aneKTpoMTUK ANCCOLMNaHNLL XKYa LaMm Tabuningup.

XarTvuy, wonatha MofieKynap naHxapara ara OGynraH 3neKTponnT-
NAPHUHT AUCCOUMNaHNLL MEXaHU3MW Mypakkabposaup. Y w6y xapaéH
3NEKTPONMUTHUHT KYTOAM MoneKynanapu 6unaH 3spuTyBUYM MOJEKyna-
NapUHUHT gunonbnapn ypracuaaru ysapo TabCup OpLaM TYLWYHTU-
punagn. OUNonbNapHUHT 3NeKTPOANT MOMeKyacura TabCupy HaTuxKa-
enfja voHnap wocun 6ynaan Ba ynap spuTyBUYM MOJieKynanapu 6unad
Tabcupawme, MmycralKam cosibBaT/1apH LLLOCU KUNaau.
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JNeKTPONUTUK JUCCOLMNAHULL MexaHM3Muia MoHNap cofbBaTna-
HULLWHVHE aWamMnsTy Wwalpgarn TacaBBypnapHm 6upuHum 6ynmné 1891
nnpga N.A. KabnykoB Taknudg Kungu Ba AppeHnyc HazapusicuHu siHaga
PUBOXNAHTMPAN. X,03MPru 3aMoH TyllyH4Yanapura Kypa, MoHnap apuT-
Mafa Ky4ynu cofbBaT/niaHraH Ba 3pUTYBUMHUHT Mab/lyM COH/IN OpUEHTa-
umsanaHraH gunonbnapu 6unaH ypanraH 6ynagu, ynap MOHHUHT SKUHMAA
MaxKam ylinaHagn Ba MOH 6unaH 6up 6yTyHAeK UCCUKNUK XapakaTtuja
KaTHawagunap. Ywo6y conbBaT KaBaT 3pUTYBYUM MOMEKynanapuiUNHM
WUKKWHYM f[aBatu 6unaH ypanraH 6ynmb6, yHparn MonekynanapHuUHT
OpUeHTaUMAaCH YHYanuK Tyrpu 6GynMainfm Ba WCCUKIUK  LLapakaTUHK
MycTakun pasuwifa baxapagunap. LyHgan kuawb, wgp 6up MOHHWHT
atpohmia spuTmMaga Mycralikam ConbBaT KaBaT >KoWnawagum Ba yLlby
KaBaT MOHNAPHWHI AuccoumnaHmaraH MoJiekynanaprada éumpnawmwinra
TYCAVHAVK Kunagu. Ty3napHUHT COMbBaT/AaHULL  UCCUKAWUTU  OLAWNNA
KUMEBUIA  peakUUsiNapHUHE  UCCUKANK  3peKTnapugaH LWaM HKopu
6ynu6, t03nab KKan/MoOMb napHM TalKua Kunagu. ByHpal tokopu
COMbBAT/IAHULL  UCCUKIIUTU WOHNAPHUHT KWUYMK WYKW 3Heprua 6unaH
TaBCcU(aHyBUM Xy[a MycTaxkam COMbBaTNap LLOCUI KUINULLWHK Kypca-
Tafu. VIOHHWHT 3apsagy KaHYasIMK HOLOopU Ba PajnyCcu KaH4Ya/IMK KUYMK
6ynca, cofibBaT/MlaHUL WUCCUK/IUIU LUYHYAIMK HOKOPU OY/IULWLN  aHUK-
NaHraH. VIoHNapHWHI conbBaTNaHnLWLM 3PUTYBUYNHUHT MOJSIEKYNAP CTPYK-
TypacuHu 6y3mn6 160pnLLIMHNA anowmia TabKuanaw n03nMm, CyB/u 3pUT-
Manap y4yH 6YHUHT alamumsaTi aliHuKca KaTtTagump.

IX.5. 3n1eKTpoNMnUTNK guccoymnaHuil HasapuacuHum
TaxpubaBuit acocnawl

OvccounnaHunwiga 6Up XWN  WMOHMAP LIOCMA  KWayBuuM  Gapua
3NEeKTPONUT 3pUTManapmn (KUCMoTa Ba WUMLLLOPMAPHUHT 3puTManapm) yx-
lwaw xoccafiapHyu HamoéH kunagu. Tapkuéuga 6Up XUN PaHrIn UOH-
NapHU TYTYBUM 9MEKTPOIUT spuTManapy 6uMp Xun TUAULW CReKTp-
napura ara. dpUTMaNapHUHT KYNrHa Xoccanapyu 3N1eKTPOSIUTHUHT yMY-
MU KOHUEHTpauusicura amac, GaflKu 0304 WOHMNAPHUHI KOHLEHTpa-

345



umacura nponopuuoHangup, MacanaH, KuesoTanapHWHI KaTainTuk
TabCcupu.

AppPEeHNYCHUHT TacaBBYyp/apu afonaTnn 3KaHAUTUHU 31eKTPoauT
apUTManapuHUHI TepMOKMMEen Xxam wucboTnanam. MacanaH, 6apuya
KYYnn KWUCNOTa/lapHUHE XoX/jaraH Kyuaum acoc 6unaH HenTpannaHuLl
nccnknurn 6up xun Ba 13,7 KKan/r-ske TaneT. Arap guccoumnnaHmaran
TypAv MoneKynanap ysapo Tabcupnawagw, Acb xwmcobnacak, yuwby
HaTWXKaHW Xey KaHfjah TywyHTupub O6ynmaingn. AppeHuyc 6yiunua,
6apua! xonnapga 6upaaH-6up peakums H +OH ~H30+ 13,7 kkan/r-aks
6opasnTu gecak, xammacu onguH bynagu.

SNeKTPONUT apuTManapuja MoHnap Ba guccoumnaHmaraH MoneKy-
nanap ypracuga MyBoO3aHar X0NaTUHWMHI MaBXYLIUTU XakKuparn Tax-
MWHHU TeKWMpULL HaTuxkacmja ApPpPeHUyCc Ha3apUACMHWHI sHa 6up
ncboTn onuHan. Fomoren cucTemanapia XakvMkuii MyBo3aHaT yUyH Ken-
TMpn6 umkapunraH 6apya KOHyHNapHwW, 6upmHynM HasbaTha, maccanap
TabCMpX KOHYHWHM, yw by xonaTra Kynnawumus MymMKuH. Maccanap
TabCUpW AOHYHUHU 3MEKTPONUT 3puTManapujars myBsosaHaTra Kynnao,
AppeHnyc HasapuaCMHM TeKWMPUL YYyH HaTwxanap onMHav. Mucon
YUYH CMpPKa KWUCNOTAaCUHUHT 3MeKTPOIUTUK AUCCOLMNAHULL >KapaéHUHN
Kypu6 Yynkamms:

CH3COOII<h>CH3CO<y+tf

Maccanap TabCMpU KOHYHU 6yinya, yww 6y >XapaéH y4yH

.Ccu.lcocrA'ICI-fi A\{1 0X .2)
C elLLpooH A

fneb é3MwunmMn3 MyMKuH, 6y epga: K g—auccoumnnaHuiw goumuniicn 6ynné,
3PUTMaHUHT KOHLEeHTpauusicura 60rnuMk smac. Arap AppeHMyc Hasa-
pusicu agonatnu 6ynca, 3puTMa CylNTUPUAraHga Kpg HWHT KuiimaTu
ysrapmacnuru kepak (T=const). By aca 31eKTPONUTUK AUCCOLMMAHULL

Ha3apuACUHU AHa 6Up 60p TEKLLINPULL MMKOHUATUHK Bepagn.

(1X.2) TeHrNnamaHu yLw 6y KypvHULIAa TeKLWNprU6 6ynmangn, YyHKn
yHra WOHNap Ba AuccoumnaHmaraH MOJSieKynanapHUHI KOHLeHTpa-
uMsanapu Kupagu, ynapHm Taxpubaga aHukgab éynmaign. AmMmo yuw by
TEeHrnamaHy TaXpubaBuili TeKWUPUW MYMKUH 6ynraH KypuHulira
Kentupuw ocoH. 1 1 sputmaga C r-monb CH3COOH 6yncuH Ba YHUHT
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guccoumMnaHnl  gapaxkacu a ra TeHr fgeiinmk. YHga aC r-monb
AUccouMNaHraH Ba WYHWUHT YUYH

Cat,cBon "A'(1 a)’ = Moo ~aC (1X.3)
OnuHraH guiimatnapHu (1X.2) TeHrnamara gyicak

(1X.4)

nhb6aaHn onamus. Yuwby KypuHuwga maccanap TabCupu [OHYHUHUHT
3MEKTPONNT 3pUTManapura KyanaHum Taxpunbaga TeKWMPUAULLA MyM-
KWH, BYHUHT Y4YyH Typau KOHUeHTpauusnapfa a aHukgaHagn Ba Kg
ancobnab Tekwmpunagn. (1X.4) teHrnamaHn OCTBaNIbAHUHT CYHONTUPULL
OOHYHW gevnagun. Ywoby KypuHuwaa 'y agat 6uHap anekTponutaapra
KynnaHuwmy MYMKUH, aMMMO YHW XOXfaraH 31eKTPOAnTra 0COH YyMyM-
nawTupca 6ynagn. Kyucus anekTponutnap yuyH OCTBaNbAHUHT
CYIONTUPULL AOHYHU Taxpuba 6unaH kenuwagu. KO 4opupos KOHLEHTpa-
umanapgarvnHa 4yeTnaHulnap Kysatunagam, amMo YL Gy 4YeTnanuiliHu,
KOHLIEHTpaumMsa ypHUra akTuBAnK fynné, AyaoTrl MyMKWUH.

Kyunu 3nekTponuTt apuTmanapu yyyH OcCTBanbj AOHYHW Y3UMHWU
ognamangn Ba KMYMK KOHUeHTpauusnapga fjam Kg ysrapagu. [Jemak,
APPEHUYCHUHT Ky4nn 31eKTPONUT MOMEKYNaNapuHUHT JUCMaH [ucCco-
UUNaHUW KW fjaanaarn HyaTam Hasapu HOTYrpu 3KaH.

SNeKTPONNTUK [UCCOLMMAHULL Ha3apusicn amangja KeHr aynna-
HUNagW, XycycaH, aHaNMTUK KUMEHWHT KynruHa gucMmnapu 6ataMom
AppeHunyc Hasapusicura acocnaHraHgmp. AMmo yw 6y Hasapus byinmya
MUAAoPUIA  aucobnapHn dagaT Kyucu3 SMEKrponmynap y4dyH Aunuil
MYMKUHAUTUHA siHA 6Up 60p TabKMANaMOA N03MMANP.

1X.6. ONeKTPOANT 3pUTManapHUHT TEPMOAMHAMUK Hasapusacu

OvccoumnaHuil gapaxacu Katta 6y/raH Kyyam afneKTpoamTinap yuyH
AnCCOLMNaHNLL KOHCTAHTACK KOHLUEeHTpaumsara 6ornug, YyHKn sputmaga
Kyn COHJIN MOHNAPHUHT TYMNMaHWULWKM HaTuXacua yNnapHUHI y3apo Tab-
cupwu cesnnapnu bynagn. BOTHUHT MOHAWAUTU HOLOPU BGynraH Koopau-
Hauuel Typgarm KupucTann CTpyKTypaga mogganap Ky4dau 3/1eKTpo-
NUTNapPHUHI foccanapura ata 6ynagu. byHpaii mopganapra KynruHa
Ty3lapHW MWUCO AU MYMKWH. YapHUHT KpUCTaln naHXxapacupja
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anoxafa MonekynaHum axpartuwl MyMKWH amac. LUYyHUHr yuyH 6yHpaaii
MoAAanapHUHI KyT6iM 3puTyBuYMnapga (CyB) aspuwimaa spuTmara
anoxmupa conbBaTNaHraH MoHMap yTaau Ba 6YHMHT HaTuXacuga anekTpo-
NINTUK guccoumnnaHnwl TynmMK 6opagmn, SbHU apuTMaga gnccoumnaHmarar
3appayanap 6ynmaian. ByHAaH nxyHAal Xxynoca UYMKagukun, Ky4naum
3NEKTPONMTAApP YYYH AWCCOUMNAHULL KOHCTaHTacu Xakauaru TyLIYH-
YaHu Kynna6 6ynmalign, YyHKM ywoby TylwlyH4Ya 3puTMaga AMccouu-
NaHmaraH 3apadyanapHuHT 6Up KUCMU MaBXYATUTUHN X1cobra onaau.

Mabnym wapoutnapga, macasnaH, 3puTYBUNHUHT AN3NEKTPUK CUHT-
OVPYBYAHINIW KMUYUK GynraH BakTAa, Kapama-kKapLluu 3apsifiivn conbBaT-
NaHraH MOHTapHWHT y3apo 3/1eKTPOCTaTUK TabCUPAALLIULLIN YUYYH LIAPOUT
ApaTtunagn. bBbyHaa conbBaTnaHraH uoHnap 6up 6upura Xypa SKvH
Macodaradya sKuMHMaWagM Ba MOH XYMTUHU XOCu Kuniagu. VIoH xydTu
Mypakkab arperat 6ynun6, apuTyBUYM MoneKynanapu 6munaH ypabé onuHraH
WKKUTa Kapama-Kapliy 3apsifflaHraH noHnapgaH muéopat 6ynaau, yHAa
3MeKTp 3apafnapu ysapo KomneHcauusnaHraHanp. byHpai xapaéH acco-
UunaHuw fenmnagn. YsmHUHr Tabmatu Ba XOCUMA Bynull MexaHU3mu
Gyiinya MOH Xy(pTnapu Kyucus 3neKTPOAUTAAPHUHT guccounnaHmaraH
MofieKyanapura aiiHuii amac.

Kyunu anekTponutnap apuTManapuga WOH >XYHTIapUHUHT XOCWJI
6ynuwmn xakmgarn TywyH4ya Boéppym Ba CemMeH4YeHKO/lap TOMOHWAAH
KUPUTUATaH. Y W6y TywlyH4Yara 6MHoaH xap 6up 3puTyBYM YUYH Mab/lyMm
g napameTpu (Bbéppym napameTpu) masxyg 6ynu6, 6y napametrp MOH
XYPTu xocun 6ynmwn xapaéHmga MOHNAPHUHT 6up BMpura KaH4yamk
AKWUH KETMLWMHN KypcaTyBUuM macoaHu bungupagmn. Y w by napameTp

\z4z\e 2
9~ (2eKT) (1X.5)
MyHocabaTfaH aHuKgaHaau, 6y epga: z+ Z. —KaTWOH Ba aHWOHNAPHUHT
3apsgnapu; € — 3MeKTpoHHMHT 3apsign 4,8 x 1ffl0 an.cT.6upnank
(Cwm32 *r A*c)\ K —Bonbuman goumuiicu, XX/K; T —a6contoT xapopar,
K; £ —8pUTYBUMHUHT AN3NEKTPUK CUHTLMPYBYAHIIUTH.

(1X.5) myHocabaThaH KypuHULLIKWYE, WOHNAP 3apsAgMHUHE OpPTULLN
YNapHWHT y3apo TabCcupnawuw macoacuHm opTTupagm. AKCMHYa, apu-
TYBUUN LUINEKTPUK CUHTAUPYBYUAHAUTUHUHT OPTULLM MOHMAp ypTacuia
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3M1eKTPOCTATMK y3apo TabCcuMpnawuni Ky4nHn e mapoTtaba KamanTmpagu.
Ly cab6abnu, [UaNEKTPUK CUHTFAMPYBYAHAWUIW KaTTa bynraH ayténu
apuTyBUMNApfa WOH XYM TNapUHUHT naifo 6ynuwn KuinHnawagu.
XATTOKM HUcbaTaH KUYMK Macodanapfa WOHMapHWUHI y3apo TabCup-
nawmwnHem gucobra onmaca 6ynagv (q NUHT 4UIAMATA KUYUK), LYHUHT
YUYYH WOHNapHu usonsagusanavrad fe6 pgucobnaca 6ynagu. (1X.5)
TeHrnamara mysogug papopat opTuwmn 6unaH Bbéppym napameTpu
KaMasfu Ba VOHMapHWHI y3apo TabCupnapy KWYMKPOK Macodanappa
Ky4dcusnaHagu, 6y aca MOHNAPHWHT UCCUKAUK fapakaTh 3HepPruscuHUHT
opTvwuK 6unaH TywwuHTUpUnagn. BepunraH fapopaTt Ba WOHJAPHUHT
3apagvaa beéppym napameTpu fap 6up spuTyBYM YUyH aHWj gniimatra
ara 6ynagu. MacanaH, 6up 3apsanu noHnap yuyH cysga (z2°—z.—) 25°C
aa (48-KIMD2 357 worgom=0357um .
2-1.38-10 *-298-8

Arap voHnap opacuaarvn macoda yw 6y KaTTalMKaaH Kuduk bynca, y
gonga MoJieKynaHu auccoumnaHmaraH feb gucobnaca 6ynagu. Arap
0>0,357 HM 6ysica, MoHNapHW n3onsuManaHraH ae6 gucobnaca 6ynagu.

Kyunu aneKTpoNMTAApHUHT CYIONTUPUATaH apuTmanapuja voHnap
Bbéppym napamerpupav aHuya KaTTapoj Macodanapfa >koivnawagmnap,
y3apo Tabcupnalllmaiigiinap Ba 6yHAa 3M1eKTPOAUT Ty/AWA WOHMAHTaH
6ynafn. 3pUTMaHWMHT KOHLUEHTpauusacu owupuaraHga, WoHmap opa-
cugarn macoa aucgapagu, 6y aca noHnapapo y3apo TabCMPHU Kyu4ali-
Tvpagn. ByHUHr HaTvxaCufga Ky4ynu 3neKTponvTnap 3apuTMasiapuHUHP
(3puTMa 3apadanapuHUHT YMyMUIA MUALOPWUAAH 6ornug 6ynraH) Tax-
pubaga aHugnaHaguraH xoccanapu (Ap, AT”_, ATw3 Ba 6owganap) Ty-
MK MOHNaHTaH [0N y4YyH gucobnaHraHfjaH Kuyuuk 6ynagu. MacanaH,
K2SO4 HWHI WOHNaHWBAMAA MW30TOHUK KO3W(MUUMEHTHUHT Hazapwuii
AniiMaTy 3 ra TeHT 6ynuimn Kepak, YyHKM yLl 6y Ty3 apuTmaga 3Ta oHra
axpanagu. dpuTMaHu Mysnall AapopaTUHWHI Kamanuwuy byiinva aHug-
NaHraH M30TOHMK KO3IPMULEHTHUHI Taxpubasuin auiimatn 2,42. Ly
cababnu, puccouMnaHULIHUHT 3aTuMonuii pgapaxacu a=71%. WoH-
naHvw  Tynug 6ynmaraH Ba 3puTMaga AuccouunaHmaraH 3appava-
NapHUHT MabnyM muanopu 6opgek dukp Tyrmnagu. Acnuga aca yuw by
apheKT conbBaTNa@HIaH WOHMAPHUHE accouuIaHuLM HaTuxXacuja WoH
XYDTNapMHUHE gocnn bynuwn 6unaH 6ornnkgmp. LWy cababpaH, Tax-
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punbaja aHWKAaHaguUraH Ky4diu 3/1eKTPONUTNap 3puTManapuparm MoH-
NaHUW Japaxkacu TywnraH geiinnagv. LWyHpaid Kuamb, Kyunm anekTpo-
nVTNap aputManapu y4YyH ujean aputmanap JOHYHAapWHW Kynnab
oynmaingn. ByHaain apuTManapHWHI xoccasiapMHy MUBLOPUIA ndoganatu
spuTMagarv 3sappadyanapHUHr yMyMWiA COHWHW GenrunaiiguraH omun-
NapHWHT KYNaMrn unaH mypakkabnaiuagu.

Xo3upru nanTaarn Taccasypnapra Kypa Kyuam Ba Ky4cu3 3neKTpo-
nMTnap spuTyBUM TabmaTura 6OrMK; paBulLa KUMEBUIA  BUPUK-
MaslapHUHI UKKWTa Typauda gonatugup. butta sputyBumpa (macanaH,
CYBAa) 3NeKTPOAUT Kyunum Gynuiimn, 60HWa 3puTyBUMga (MacanaH, op-
raHuK 3puTyBYM) 3cCa, YWOY 3NEKTPONUT Kyycus [AMCCOLMNAHULLIN
MYMKWH.

JNeKTpoNuT 3puTManapuga wieannkaaH YeTnaHuw  Kyudyanpok
6ynagn. by noHnap opacupa 371eKTPOCTaTUK Tabcupnap 6unaH TyLyH-
Tupunagn. Ky4cus anektponutnapga 6yHpai Tabcupnap Kyucu3pok,
YYHKW Ky4CW3 3N1eKTPONnTAap KMCMaH aguccoumnnanagn. Kyunm anekrtpo-
NMTnapga WoHNapapo 31eKTpoCcTaTUK Tabeuprap Kyydnau 6GynraHamru
cababnu, ynapHu Hougean sputmanap Aeb kKapab, aKTUBAUK ycynuaaH
thonganaHmil Kepak. Pean spuTManapHWHr xoccanapuHu udoganawija
naean apuTManapHUHr coafa MyHocabatnapmaaH qoiganaHnw MyMKUH
6ynuwmn yuyH 1907 iinnm Jibtonc shPeKTMB KOHLEHTpaLMS, AbHU aKTUB-
NVK peraH ¢opmar TywyHYaHn ¢aHra KupuTau. AKTUBAUK 3puraH
MOALAHVHT XOKUKUIA KOHLeHTpaumsacn bunaH

a=yC (1X.6)
ngona opkanu 6ornadrad, 6y epga: a - aktuenuk; C ~ KOHUEHTpauus;
y -aKTUBANK KO3(hPuUUMeHTA. AKTUBINK KOHLEHTPAUUAHUHT Y/1HOB
bupnuknapuga udoganaHagn, YYHKM aKTUBIMK KO3PMuULUEHTa YI4yoB
6upnurn BynmaraH KatTaankaup. Y ywby spuTMa xoccanapuHu ugean
IpuTMa xoccanapupaH 4eTnaHuLl fapaxacuHu Tacsupnangu. Vownap
opacufa y3apo Tabeup feapnu bynmaraH Yekcu3 CyrONTUPUATaH 3NeKT-
pPoONUT apUTManapu y4yH akTUB/MK KOHLEHTpauusara TeHr 6ynné konagm
Ba aKTUBANK KO3((uumeHTa Gupra TeHr bynagn. Arap KOHUeHTpauums
ypHura Paynb, FeHpu, BaHT-Iodh Ba 6owiya KOHyHAapHU nghoganoBymn
TeHrnamanapra akTaBAUKHUHE TaxpubaBuii UMAMaTAApPUHN  Kylicak,
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yw by TeHrnamanap pean sputmanap, XyeycaH, Kyynaum anekTponntnap-
HUHT 3puTManapv y4yH xam agonatau éynuégonagn. AKTUBANK TYLLYH-
YaCMHWHT KUPUTWIULLIW peas 3puTMajarv 3appavyasiapHuHI y3apo Tab-
cYpnawnLMHN Mypakkab TOMOHMapura 3bTu6op GepmacgaH, cucTema
X0CCaNapUHUHI MAeanIMKAaH YeTnamiira onmb Kenysum yuw by Tabemp-
NaHLWLWHWHT yMYMUA ahdheKTUHM 6axonall Ba ngean aputManap AOHYH-
NapuHM pean cucTemManapra gynnaw UMKOHUATUHW 6epagu.
KYYn 3/1eKTPOSIUTHU KSPM6 ymgamms:
A A W vHWIH Az- v=T* +H (IX.7)
SpUTMaHVHT 3NeKTPOHeTpan bynuwmn Tangbura MyBodus 3neKTpo-
JINTHUHT KUMEBUIA MOTEHUMaNM U2 MOHNAPHUHT KUMEBMWIA MoTeHUUan-
napu 6unaH gyngarnya 6ornaHraH:
n =>'"70+ 1 (1X.8)
3NeKTPONNTHN TalWKWUA ANNYBUNNAPHUHT KUMEBWIA MOTeHUMannapm
aKTMBUKANAp 6unaH fylinaarnya 6ornaHraq:
u2=u2 +RTlaa2\
. W= nRTInat; (1X.9)
N.=/r'$RTIna ;
(EX.9) TeHrnamanapHu (EX.8) ra gyiicak:

0 fi2-  +RT IN&2—v+* +v_fi°) +RT (vt Ina++Vv_Ina_) (LX.10)
Ne HUHT WYyHAalk cTaHAapPT X0NaTUHW TaHNaNNMKKK, 3NIeKTPONNUT Ba UOH-
NAapHUHT CTaHAapT KUMEBWIA moTeHumannapu opacuga (1X.8) KypuHULL-
faw MyHocabat agonatnm 6yncuH:

(1X.11)

(IX.11) TeHrnamaHu xucobra onnb, aucgaptupuwnapgad cynr, (1X.10)

JaH:

Ina2 »w+na++v_Ina_  ékm  a2wa* ( I X . 12)

Anoxuaa NOHNapPHUHT afTUBAUKNAPUHK TaxpubagaH Tonu6 6ynma-

raHnuru cababnu, aneKTPoONUT NOHAAPUMNNHT ypTada aKTUBANIU TYLLYH-

YacMHU KMpuTamus (KaTUOH Ba aHWOHMap akTUBAWKMIAPUHWHE ypTaya
reomMeTpuK guiiMatm):

at=@+as)y; v=v++v_ (1X.13)
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3NeKTPONUT MOHMAPUHUHT ypTaya aKTUBAUTMHM Taxpubaga aHuk-

naca 6ynagu. (1X.12) sa (I1X.13) TeHrnamanapjaH:
a2=< (1X.14)

KaTnoH Ba aHWOHMApPHUHI aKTUBAWKAAPWHW KyhWuaarm myHoca-

6aTnap opkanu udoganaca bynagm:
=u> a- (IX.15)

6y epfa: y+ Ba Y — KaTMOH Ba aHWOHNAPHUHI aKTUBAUK KO3hdu-
umeHTnapun; T+ Ba T. —3M1eKTPOAUT IpuTMacujarn KatuoH Ba aHUOH-
NapHUHT MONIANINTIA:

M=laytBa T =M/ (1X.16)
a+Ba a. napHiHr kninmatnapunum (1X.15) gan (1X.13) ra Kyiicak,
at=y+T+ (1X.17)

6y epaa: y:—oaneKTPOANTHUHT ypTaya aKTUBIUK KoL MeHTa

*=b:'Y-$ (1X.18)
T+—3/1eKTPONUT MOHNAPUHWNHT ypTavya MOAANINTU
TE=@r*ml-)* (1X.19)

ANEeKTPONUTHUHT ypTaya akTUBAWK KoaduumeHTa Y+ KaTWoH Ba
aHWOHNAP aKTUBANK KOIPMULEHTNAPUHUHI ypTada reoMeTpUK Kui-
MaTUHWU TalW KW KUNaau; 3NeKTPONIUT MOHNAPUHUHT ypTaya KOHLEHTpa-
umusicn T 3ca, KaTWOH Ba aHWOHMApP KOHLEHTpaUMANapuMHUHE ypTada
reoMeTPUK KUAMaTUHN Tall KU KUnagu.

(IX.16) gaH (1X.19) ra T+Ba T. NapHWHT KNAMATAAPUHN Kylicak,

TE=mvt (1X.20)
(1X.21)

BuHap 6up-6up BaneHTnn MJ/1 anekTponuT yuyH (macanad, NaCl):
vb=v, =1 w=(1"-I)I2=i; mt=m - 3NEKTPOUT WOHNAPUHWUHT YpTada

MOMANAUTN YHUHT MONSSIIATUTA TEHT.
BuHap WKKU-UKKKM BaneHTan MJ1 anekTponut yuyH (MgS04):
ve= (1 1Y% =(#?)"2 =11 mx=m.
M2A3 aneKTponnT yuyH [a/2(504)3]: vt=(22-33)15=H08"5=255;

T+=255T.
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WyHpga# gunnb, ymymuidi  Xonpga, 30eKTPOSUT. WOHIapPUHUHT
MOMANNNTN TEINEKTPONUTHUHT MONANNUIN T ra TeHr aMac.
KOMMNOHEHTNAPHUHT aKTUBAUTMHW aHUANall yYyH 3pUTMaHUHT CTaH-
4apT XonatuHuW 6unul Képak. dpuTmagarv 3puTyBUM YUYH CTaHAapT
xonat cudaTtuna To3a 3puTyBYUM TaHNaHaau (1-ctaHgapT Xonar):
x,=1a=Ly 1 (1X.22)
Kyunu 3neKTPOAMTHWHI 3puTMagarn cTaHjapT xonatm cudartmga
3N1eKTPOSINT NOHMAPUHUHT KOHLEHTPALMACK 1 ra TeHT 6ynraH runoTeTuk
IpuTMa TaHnaHaguM (YeKcu3 CyIONTUPUATaH 3puTMa xoccanapura ara
bynran):
wis lmyN o yl=U
cx=1; limyHO—1; adC=ct=1; (1X.23)
xj=1; WToy"p-»1 aB=x!=1
ONeKTPONUT WMOHAAPUHUHT ypTada aKTUBAUTN «* Ba 3NeKTPONUT-
HUHI ypTaya akTUBAWK KOo3(hpuumeHTa Y+ 31eKTPONUT KOHLeHTpauus-

CUHM ndoganawra 6ornng:

at\=/+a ;
LLps* Yy (1X.24)
«*C=7+,A
6y epga:
iy = A (1X.25)
Kyunu aneKTponuT apuTMacu yuyH
—nt,0001m, = 000w T
Pi

"Ak* = Y+« 0 + 0,00lwvM,) = y+c[p -0,001c||(M 2I»yl'l IN]— .,
AR T L) :
6y epga: M] —apuTyBUMHUHT Monap maccacu; M2 ~ 3neKTPOAUTHUHT
MONAp Maecacu; P - 3PUTMAHUHT 3UYSIUTK; P, - 3PUTYBUMHUHT 3UUNTK;
y£* ~ payroHan akTUBANK KO3 (ULUNEHT]; Ba Yy - amanwuii yptaya
aKTMBANK KO3 huumeHTa Ba YIX« L, , Kabu 6enrunaxHagu.
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IX.7. Kyunu sneKTponuT aputTMmanapuHuHr
3/1eKTPOCTaTUK Hasapusacu

[ebaii Ba [KKKenbnap TOMOHMAaH puBOXNaHTupuaraH (1923)
Ky4Y/IM 3N1eKTPONUTAAp CYNTUPUITAH 3pUTManapuHUHT 31eKTPOCTaTUK
Ha3apusicu 3NEKTPONUTHUHT ypTaya aKTUBANK KO3 (ULNEHTUHN, Kyun
3NeKTPONNTNAPHUHT 3MeKTP YTKa3lyBYaHIWIMHW Hasapuii xpacobnawira
UMKOH 6epau xAmAa MOH Ky4uM KOMAacMHW Hasapwuii acocnagu. by
Hasapusga akaT 4YeKCu3 CYNTUPWUAraH 3puTManap Y4YyH agonativ
6ynraH KaTtop TaxMWHAapP KWUIUHIaH:

-MOHNapra mMarteMaTMkK HykKTanap Kabu kapanagu, 6y aca MOHHUHT
XYCYCUI XaXXMUHWM xAcobra onmaraH xanga cylonTupuaraH aputmanap
YUYH MYMKWH;

-MOHMap opacupa akaT Ky/IOH y3apo Tabcmpnap xucobra onuHagn
Ba OowWwkKa Xxap KaHjalh Tabcupnap (MOH-AUMONbL; accouunaHrad
KOMMNeKCNapHAHT X0Cun BYNNLLIN ) UHKOP 3TUNaau;

-3pUTMaHWNHT AN3NEKTPUK LOUMUNCU 3PUTYBUMHUHT [U3NEKTPUK
CUHTAMPYBYAHMTUTA HUCBATaH y3rapuwm xacobra onnHmangu;

-bonbuMaH TakCcUMOTU hakaT CYNTUPUAraH 3puTMmanap Y4yH
agonaTtnu 6ynraH xonpga onvMHagu;

-3N1eKTPOCTaTUK TabCUpP MapKasuii MOH BUNaH YHWHT MOH aTmoc-
thepacu opaenpgarm Tabcup cudaTuja Kapanagm Ba WOH aTtmocgepacu
cTaTuK geb xmcobnaHaau;

-MOH aTMocepacHUHT YMyMUIA 3apsijn Mapkasuii aTom 3apsgura
TEHT Ba yHra Kapama-KapLuu.

[eb6aii-MoKKenb 4nkapraH TeHrnamagaH 6uHap z+, z. BaseHTIM
3NeKTPONIMTHUHT ypTaya akTUBANK Ko3thunLeHraHn xacobnall MyMKUH:

n (1X.26)
6y epaa: A-1,825*106 (£ T)'32 e - apUTYBUMHUHT ANINEKTPUK CUHTAN-
pyBYaHAUTW; cylONTUpuiaraH cyenu sputmaga 298 K pga £ =78,3; Ba
A=0,509; | —10oH Kyun. dpuTmagary NoHNap KOHUeHTpauusicn 6unaH wy
MoHMap 3apsan Keagpata k$ulaiTmacu AUTMHAUCUHUHT SipMuyra apuTMa-
HUHT MOH Kyun gelinnagu:
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/ :-ZBCEI{I o
MacanaH, 1000 r cysga 0,01 monb CGaCI2 Ba 0,1Monb Xa,SO. apurax
Gynca, 3pUTMaHUHT NOH Kyuu:

© /=-(0,0B22+0,024lki0.2-12+0,1-2") =0,33 mr
w & ! i j L'

MabyM 3neKTPONUTHUHT 3puTMagarn akTMBAnK KoahuumeHTa y
thakaT 3pUTMaHUHT WOH Kyuura 60rnmK 6ynu6, MOHNAPHUHT Xuaura
60rnMK amMac. ApUTMaHMHT MOH Kyun 0,2 gaH KaMm b6ynraHaaTaHa, yuw 6y
Kownpara puosi KunuHaawm,

Leb6ali-MoOKKeNb TeHrnamacuHu hakar Xyfa CyrATUPUIraH 3puT-
Manap y4yH Kynnaw MyMKWUH Ba yw 6y TeHrnama [e6ali-I'to KKeNbHUHT
yerapaBuii, AbHN YeKCU3 CyrOTapuUIraH apuTMa KOHYHUHW ndoganaingn.
[ebaii-rtoKKeNbHUHT YerapaBuii KOHYHM MOH Kyuu KOMAACUHW Hasapuii
acocnab 6Gepafu: 3MeKTPONIUTHWUHI ypTaya akKTUB/AMK KoahhuumeHTa
(3pUTMaHUHI 6epuaraH MOH Kyyupa) YeKCu3 CyloNnTupuaraH sputmaga
LOUMUIA  KaTTanuK 6ynmb, spuTmagarn 60wKa 3MeKTPOANTAAPHUHT
TabvaTtura 60rnmK amac.

KoHueHTpaumns opTuin 6unaH y+HWHr Taxpubasuii Ba (1X.26)
TeHrnama épgamuga xucobnaHraH KniimaTnapu opacmparu apk karra-
nawagu.

(1X.26) TeHrnamagaH k5guHuMwmnya, 298K ga cyBnu aputmanapga
(Ligy.) =/(V7) 6ornuknuk rpaduta 6ypuyak KoadpduumeHTa zvz. 0,509
ra TeHr 6ynraH Tyrpu u4umsmk 6unaH ndoganaHagn. Acnvga MOH Kyuu
0,01 pgaH 0,20 raya 6ynraH opanvkaa, ywoby 60rIuKANK 3rpu 4umsnk
6vnaH ngoganaHagun, NekKnH yuw by arpura KoopgmHata 6owmngaH yTka-
3UNTaH YPUHMaHUHT 6ypuak KoadhdumeHTn Hasapuin ft, z.*0,509 kuiimat
6unaH Axwu kKenuwaan. [cb6ai-FoKkenb KOHYHU 31eKTPOAUTHUHT
ypTaya aKTUBAMK KoaduumeHTalraHr xapopanH, 3pUTYBUUHUHT AU-
3NEKTPUK CUHAWPYBYAHAUTUTA Ba WOHHUHT 3apsagura 60rnMKANTUHU
(4eKcu3 cytonTapinraH 3puTMa Y4yH) KOHWKapnu mgapaxaga udo-
panangn. (1X.26) TeHrnamaHyn KenTupmb YmKapuwga KNpUTUAraH cogaa-
nawTupuwnapgaH 6upu pean mMapkasuii MOH HyKTaBuid 3apsg cudatmga
KapanraHuamp. Arap MapKasuii MOHHWHT ynyamiapu xucobra osimHca,
3(hTaya aKTUBAMK KO3 ULMEHTA YUYH aHUKPOK TEHI1aMaHy 01amun3:
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Ne27)
6y epga: B —cyBnn sputmanap yuyH 298K pa 0,33-HO8 ra.TEHT 6ynraH
Hazapuii KOapULMEHT; a - Taxpubaga aHMKIaHaAUIaH MOHHUHT ypTa-
Ya appekTHa gnametpu. (1X.27) TeHrnama aneKTPOSIMTHUHT KOHLEHTpa-
LMACK OPTULLM BMNaH aKTUBAMK KO3h(ULMeHTa KamasgnraH X,01 y4YyH
ypTaya akTuBAUK KoapduumeHTNapm 6unaH KOHUKapau paBulLja moe
Kenagn. A mmo (1X.27) TeHrnama 3aneKTPOSIMTHUHI KOHLEHTpaumsacu op-
TUWK 6unaH yptaya akTUBINK KOINHULUEHTUHUHT OPTULLNHMN TYLIYH-
Tnpa onmangm.

DNEeKTPONUT KOHLUEHTPAUMSCMHUIAT KEHT coxacupa Kynumaarnm spum
SMNNPUK TeHrNama Taxpuba 6unaH KOHMKapanM HaTuaHu 6epagu:

lgr=- cv 0X.28)

M N+
1+aSVv/
6y epga C! pgunonb MonekynanapuHUHI 3puraH MOALA WOHMapw
aTpouaa KyT6aHUWMHM KMCo6ra oMW YYyH KUPUTWATaH, C' foumuii
KoapthunumeHT 6ynnb, Taxxpnbaga aHMKaaHAAN.

LyHaant Knnumb, KOHUEHTPAaHraH aspuTManap YYyH 3/1eKTpo-
NIUTHUHT ypTaya aKTUBAWK KO3IP(ULMEHTaHN KOHLUeHTpauuagaH 6or-
MMKAMIMHn TaxkpubaBuii HaTuXkanapiaH xuco6nab Tona onaguraH aHuK
Hasapusa xo3mpru KyHrava apatuaMaraHamp.

IX. 8. 9neKTpONUTUK fuUccounnaHmnil HasapuACUHNHT
KyfnaHunnwm
I1X.8.1. Nounun peakumnanap

AppeHNyC Hasapusicura 6MHOAH 3M1eKTPONUT spuTManapaa peak-
umsinap uoHnapapo 6opaan Ba WMOHAW peakuusinap Aeiunagn. Ynapra
(haoNNaHULW 3HEPTUACUHUHT WYKAUTU XOCAUP, WYHWUHT YUYYH YNapHUHT
Te3NUrn xyga katta. VoHnn peakuusinapHu udgoganalifa MoagaHuHr
3pUTMaZary xonatu xmcobra oMHaAN Ba Ky4au aeKTPoIMTAap UoHap
KYPUHWLLMAE, KYUYCU3 3MEKTPOAUTIAP, HO3MEKTPONMUTAAP, FascMMOH Ba
KaTTak Mopajanap MoMeKynap KypuHuwaa évnagu. MacanaH, Kyunu
KMUCNoTanapHu Ky /M acocnap 6unaH HeldTpannaHuw peakuusnapu
MOJIEKYNISIP KYPUHULL Aa Kylinaarnya éaunagu.
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HO+NaOH=NaCIl+H20; yHNO3+KOH=KNO3+H20

Arap ywoby peakuusinapHu MOHAW KypuHULIAa é3cak, MKKana peakuus
xam 6up xun uoHnapHuur if + OH Tabcvpnawuwmn KypuHuwura
Kenagu. X,ap Kangal Ky4sim KUCNOTaHUHT Ky4/v acocha HernTpannaHuwm
6UP XNN UCCUKAMK 3pheKTn BunaH KysaTUAnWKM MaHa WyHbam TywyH-
Tupunagu. VloHnu peakuusnap AoMMO ANCCOLUNAHULLN KaMm 6ynraH &ku
KWAWH 3pyBYaH 6GMpuKmanap xocun 6ynuwm TOMOH 6opagu. WMoHnu
peakumsanap aHaIMTUK KUMEAa KeHT Kypub unannagm.

AmManuétaa MoHIM peakuuanap KynuH4ya CyBAM apuTmanapga yp-
raHUAraHNMrn cababnu, cyB 3NeKTPONUT cudaTMga Y3MHUHT KaHgawn
TYTUWMHN Kypamu3. MabnymMKu, CyB Xyfa KUYMK 6ynca xam, yndab
fynaguraH 3MeKTp yTKasyBUYaH/IMKKa 3ra, 6y aca yHUHI AnccoumnaHumLmn
6unaH 6oraneanp:

H20<*H*+0H-
If+H20 * HO+
2H20 <"H30 + OH

BapuH KeiMHrM xynocanapHy KenTupub umKapuwija cofjanalu-
Tpunrad H2 i f +OH TeHrnamagaH oitganaHuniL MyMKUH.

CyBHUWHI guccouunavmil fapaxacu KaTTa 3Mac, TaxMuHaH
0,0000001 Hu Tawkun Kunagu. AMMO CYBHUHI 3/IeKTPOIMTUK [UCCO-
LUNaHMWu Xyga KaTTa axaMusTra ara. Y w oy xxapaéHra maccanap Tab-
CUPUN KOHYHUHW Kynnab, kyinumaaru

CKr"=KJ] (1X.29)
“'H ro
TeHrnamaga ésuvw MymkuH, 6y epga Kp — cyBHUHT auccouunaumii
KOHCTaHTaen. [luccoumnaHmaraH CyBHWHI  KOHUeHTpauusicu cH,
goumunii Ba amanga 6apya CYBHWUHI KOHUeHTpauusicura TeHr: 55,6 r-
MOAB/N, WYHUHT YUyH
f 556K =KHO0 (IX-30)

K,fO goumMnii Kattanmk 6ynn6, CyBHUHI MOH KynaiTmacu pelin-
nagn. bBapya cyBnun spuTManapfa BoLOPOA MOHAAPU KOHLUEHTPaUUACUHN
TMAPOKCU MOHNapW KOHLEeHTpaumacura Kynamtmacu ysrapmac Xapo-
patga fovmuii 6ynmb, xoHa xapopatmia TaxMuHaH 10'l ra TeHT.
HeiTpan sputmanapga
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1X.8.2 KucnoTa-acoc Hasapuanapm

1887 iinnn AppeHuyc Ba OcTBanbanap 3neKTpoS/ITuK agmccoun-
NaHuW HasapusAcy acocufa KucaoTanap y4yH “spuTmaja BOAOPOS
MOHMapUHM XO0CUN KUNYBYM mogaanap” peb, acocnap yvyH “spuTmaga
rMAPOKCUA MOHAAPUHWN XOCUN KUNYBYM Moafanap” feb Tabpud 6epuil-
raH. by Hasapusa cyBcusz HC1 kucnotamu éku MykMu, aMMuak Ba aMuH-
fap cyBens xonfja acocMu éku yKMW, feraH caBosra Xasob bepmangu.
ByHgaH Tawkapu, ankoronatnap (RO~) Ba amwug aHuonu (NH2) kyunu
acocnap 6ynu6, ynap rugpokcuna WMOHWHU y3upa TYTMacIUruHu Xam
Xxucobra onmaigu.

1923 wunnpa bpeHcTes Ba Jlaypunap ys3napuHUHIE NPOTONUTUK
KMCMoTa-acoC HasapusacuHM Taknud kunagunap. Kwucnota -  ysufaH
NPOTOH aXpaTnb YMKapuwl xycycnuaTtu 6op mogaa (MPOTOHHWUHT OHOPK),
acoc — MNPOTOHHWU 6UPUKTMPKMG onuw xycycuatu 6op mopga (npo-
TOHHUMHT akuentopu). OKCMANAHULL-KaWTapuanl peakuusnapugaH OokK-
CMANOBYMAAH KaliTapyBumnra afleKTPOH yTca, KucnoTa-acoc peakumacuia
KucnoTagaH acocra npoToH yTagn. bCucnorta-acoc peakumnsanapuga npo-
TOHHUHT 6MABOCUTA PONM TabknanaHmb, KucnoTa Ba acoc NpoTonuT fAeb,
KNCN0Ta-acoc peakuMacu aca, NPOTONNTUK peakumnsa feb atanagu. Peak-
umMaga Kucnota Ba acoc 6unaH 6up Katopga spuTyBUYM MOJIEKynacu xam
MW TUPOK 3Tca, OyHAal peakuus KUCA0Ta Ba ACOCHUHI MOHMAAHMLLKW
gefivnagn. VoHnaHraH Kucnota Ba acocNapHWUHI MNpPOTOAUT 3puTMa-
napujarn peakumanapu HelTpannaHuw peakuusacu felinnagn. Arap
noHnap apuTyBUYM 6unaH peakumsara Kupuuica, byHgalin peakums conb-
BONN3 (rMaponuns) gennnagun.

JpuTyBYMNIap KucnoTa Ba acocnapra HucbaTaH onraHga 6up Heya
rypyxra 6ynvmHagn. ¥3 npoTOHNUHN 0COH 6epyBuun apuTyBUmMnap (cyscus
CH3COOH, HCOOH, H2504) npoToreH apuTyBUUNap aeiinnagun. ysmra
NMPOTOHHW OCOH O6GUMPUKTUPUG onaguraH apuTyBuMnap (CylOK ammuak,
amuHnap) npotoun apuTyBuUMnap Ageiimnagu. MpoToH Gepuw ékn
6UPUKTMPULL XyCycUAaTn b6ynmaraH aputyBuunap (6eH3on, xnopb6eHson,
TONyoNn) anpoTOH 3puTyBUYMNap fAelinnagu. ANpoToH 3puTyBYMNapjia
KWUCM0Ta XaM, acoc Xam WOHMAaHMalfu, 3pUryBUUNAPHUHT Y3U XaMm
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noHnaHmaraH 6ynagn. Am@oTep ékn am@unpoToH Aeb aTanraH spuTyB-
ynnapfa MabayM LWapouTAa MPOTOH 6GUPUKTMPMG oflMw Ba MPOTOH
Gepul xycycusaTn bynagn, abHU 6yHAan apuTyBUMnap, wapouTtra gapab
€ KucnoTa ékyM acoc 6ynMwmM MyMKWH (MacanaH, cyB, 3TWU/ cnupTa).
JpuUTyBUYM MOSeKynacu 6unaH cofibBaTiaHraH NPoTOH SIMOHUA NOHU Aeb,
3pUTYBYM WOHNAHTaHJa Xocun GynraH aHWOH nnata ge6 aTtanagu. Jivo-
HIAS Ba InaTa MOHNapU KOHLUEHTPaLManapMHUHI Kynantmacy aBtonpoTto-
NM3HUWHT WapTAn KOHCTaHTacu geiinnagu.

MpoTonnTMK Hasapusra 6MHOAH xap 6Mp KUcnoTa Yy4YyH Kamuga
6MTTa nNpoToHra Kam 6ynraH Y3MHWHI acocu MOC Kenagu Ba ynap
KMCN0Ta-acoc Me3oMep XydhTauru gelinnagn:

L1~ ékm BH/B. MacanaH, '‘ACY<T; Hso?/sof ;
nu*/nh3 HD/OH~; cadar/ea.n’l ; caxro2/ca2p;.
a3 xonatugarn HC1 knucnota amac, y cyB (acoc) MW TMPOKMAa KucnoTara
annaHagw.

AppeHnyc HasapusicugaH (apknum pasullja, MoJfieKynanap Xam,
MOHNap Xxam KucnoTta ékun acoc bynnwim MymkKuH. BpeHctea-/laypum Hasa-
pusicu NpoToH GepMaiguraH xampja KynruHa OpraHuK MOAAanapHWHT
KMUCNoTa KN acoC/IMTUHUN TYLLYHTUPA 0NMangn.

YMymnaiwiraH KucraoTa-acoc Hasapusich éku Jlblouc Hasapusicura
Kypa MojAanapHWHI KMcnoTa-acoc xoccanapu ynapHUHI Tapknbuga Bo-
[0POA4 EKU KUCMOPOA GYNULWIN Ba 3pUTYBUMHUHT Tabcupura amac, 6anku
MOALaNnapHUHT Ty3uanwmra 6ornmg:

-acoC 3pPKWH 3/1eKTPOH XYy Ta 60p moaaa 6ynnb, XXypT 3N1eKTPOH-
nap 6owja aTOMHUHI Gapkapop 3/1eKTpoHAap FypyXmHU TawKua Ku-
MW aa MWTUPOK 3TUWLIM MYMKUH (3NeKTpoHra 6oii 6upukmanap), maca-
naH, OH-; F-; CO\\ HrO, N H N Ht; CH2=CH2, CeH6.

-KucnoTa atomufa 6apkapop 37eKTpoHAap rypyxu xocun gnauvul
YUYH, 60 ja aTOMHUHT 3pKUH XY(T 3NeKTPOHNapuiaH onganaHa ona-
AUTaH mogpanapaup (3NeKTpoHra Taguun Gupukmanap), macanaH, ft;
Li'; Mg2; BF3; AICI3; AI(CH33

Bowpgaya gmnunb akTraHga, KUCAoTa Xy T 3/IeKTPOHAap akuenTopu,
acoc aca XydT oanekTpoHnap pgoHopuaup. BF3 AICI13 , FeCl3 nap
3NeKTPOHeNTpan 6upnkmanap, nekKuH mapkasuii atomnap B, Al, Fe garu
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3N1eKTPOH TaKYW/IMK LWYyHAaH nbopatkuy, ynap atpoduga apkapop 8 ta
(OKTeT) 3N1eKTPOH KOBYr ypHUra 6 Ta (CEKCTET) 3/IEKTPOH KOOYr MaBXya-
anp. WyHWHT yuyH, ynap peakumsinapfa ysira siHa MKKUTa 3/1eKTPOH
BMPUKTUPMG onnLLITa XapakaT Kunagm Ba LWYHWHT Yy4yH KUCIoTanu xocca
HaMO&H Kunagu.

OpraHvK MOAJANapHUHI KucnoTanm EKM acocnu Xxycycusatnapu
Tyrpucujga ran KetraHga ynapra J1blomc Hasapmsicn Kynpok Moc Kenagu.
Kuncnotanmnuk Ba acocMavK TyLlyHYanapn HUCbuid TywyHyanap 6ynné
KUCNOTaIMANK acoc MLWITMPOKMAa HaMoEH 6ynagu. [Jemak MpafaHWHT
KucnoTa éku acoc bynuin yHu ypab TypyBuUM mogganap Xycycuatura
6ornukgup. AmdgoTep xoccara ara 0OynraH CyB aMMmakka HucbataH
KMCNoTa, cynbaT Knucnotara HucbaTaH acocamp,

LWyHpad knnm6, Jlblouc Hasapusaciira Kypa, (akaT npoToHAu
ModganapruHa amac, 6anku npoToHeM3 - aMpoTon moadanap Xam Kuc-
nota 6yna oMM MYMKUWH, 6y 3ca KMCIoTa TYyLYHYaCUHW KeHranTupam
Ba yMyM/Iaw TUpAN.

TOWKEHT fgaBnat yHBEPCHTETU (DM3NKaBUIA KNUME KadeapacUHMWHI
myanpu 6ynné uwnarad (1935-1944) M.A.YcaHOBUY Xam Y3UHWUHT
KMNC/0Ta-acoc HasapuACMHW ApaTraH. YcaHOBMY Hasapuscu MpPOTOH Ba
anpoTOH KUC/0Ta-acoC HasapusiapyuH1 y3 nyura on4mM Ba K1cnota xamjaa
acoc TylWyHYa/lapuMHU fHaja yMymaawTupan. YcaHOBMY Hasapusacu
Kucnota 6unaH acocnapHUHr 6MpUKKMG, Ty3 XOCUA [JUAULIMTA acoc-
NaHraH:

-KMcnota - KaTWoH 6Gepull Ba aHWoOH OGUPUKTUPWUG onunL
XycycuaTn 6op mMoaaa;

-acocC - aHWoH bGepull Ba KaTWOH 6UPUKTUPUE ONULL XYCYCUATHU
60p moaga.

lOkopugary ukpnapra Kypa, OKCUANaHWULL-KaATapuau  peak-
Lusnapu xam K1McnoTa-acoc peakuusnapuHuHT 6up Typuaup.

LUyHN TabKugiaw f103MMKKU, CYyBNU 3pUTManapHn ypraHaérraHga
Knaccuk TywyH4danap 6wnaH 4erapanaHca 6ynagu. ByHpga cuo. >Con

6ynraH apuTmanap KucnoTanu, CL >CH'. 6ynraHga 3aca, WLAOpWiA
XxucobnaHagn. IpuUTMaNapHUHI KWUCNOTann xoccasnapuHu CepeHceH
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BOJOPOA KypcaTkuy pH opganu ndoganaliHy Taknndg ginrax:
pH =—\%CH,, (1X.31)
Bogopog kypcatkuy pH<7 6ynraHga aputmanap kucnotanu, pH>7
6ynraHga uwaopuii Ba pH=7 ga Heiitpan 6ynagu. (1X.31) Teurnamaxm
CYIONTUPW/TaH apuTManapra gynnaca 6ynaaun. KoHueHTpaumscu 1oaopu-
poa GynraH KucnoTa Ba acocNapHWHI spuTmanapu ydyH pH=-~\gau.

TeHrnaMa KynaHunagm, 6y epaa /e -BOA0OPOS MOHAAPUHUHT aKTUBUTNA.

LapovTnapra 60rnmg paBvga KMCnoTa Ba ULLLOPINA XxoccanapHu
HaMOE&H AuayBUM amonuTnap KaTTa axammaATra ara. byHpai anekTpo-
NNTNAPHUHT amgOoTepAnK xoccanapli ynapHHT Monekynanapun Myxart-
HUTM PH wra 6ornuk pasuLga TYpPAu MoHMapra AMcCoumMnaHuILm 6runan
Gornnk (macanaH, Zn(OH)2 ékn amonnMT MOMEKYNaCUHUHT Yy3una
WKKUTa (hyHKUMOHan Typyx, 6ynnb, ynapgaH 6vpu KuUcnoTasiu, UKKUH-
ymncK aca, acocnm xoccanapra ara bynagm (MacanaH, ammHoKucnoTanap).

1X.8.3. Ty3napHUHI Tponnsmn

CYBHUVHI 3M1EKTPOIMTUK AUCCOLUMAHULLM [AaTOP MYyXUM HaTuxa-
napra onu6 kenagu. ByHpa naiigo 6ynaguradH Ft Ba OH woHnapu Ty3-
NAPHUHT UOHMApPU GUNaH TabCUpRaWUWN MYMKUH, 6YHUHT HaTuKacuza
KWCNoTa Ba acocnap focun Gynaau. Ty3napHUHT cyB 6unaH 6yHaai Kuc-
NI0Ta Ba acocnap Aocun AMNMG TabCupnawyBu rMAponus felivnagn. by
KapaéH HelTpannaHuWw peakuuscura Teckapuaup. Kyunu kucnoTa Ba
Kyucun3 acoc, Kyucu3 KMUCI0Ta Ba Ky4/m acoc gamfa Kyucus KucioTa Ba
Kyucn3 acoc/apfaH TalKua TonraH Tysnap rugponusnaHagn. dagar
KyunM KucnoTa Ba Kyunu acocnapfaH Tawkun tonraH (MacanaH, NaCl)
Ty3nap rugponusnaHMaingn. Mucon yuyH, Kyucu3 KucroTa Ba Kyunu
acocfaH TalwKua TorraH TY3HWHT TUAPOSIM3NHK Kypub ungamus. Mone-
KyNsip KypUHMLAA YL 6y XapaéH gyiigarnda éunagu:

CH3COONa +H20<->CH3CO00H+NaOH,
WOHMW KYPUHULLZA

CH3C0a+H20=CH3COOH+OH.
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KypuHn6 Typn6ankun, rupoans Hatmxacmaa saputmaga rmgpokcun
MOoHNapu TynnaHagu, Wy cababnm s3puTMaHUHT peakumMsacn UHLW,0pKiA 6y-
nagwn, Y w6y peakuusira maccanap Tabcupu KpHYHUHU Kynnacak,

CoHoo«Cot =K" (1X.32)

0y epfa Kr rmaponus KoHcTaHTacu geinmnagu. (1X.32) TeHrnama vau
TapadmHuHr maxpaxura clAO x,am kupuwn kepak agu, nekuH cHO goun-
MU 6ynraHn yuyii yHun KT HUHT ndogacura kupntunagn. Kr 6unax Kg
Xyhmparnya 60ornaHraH:
kr="1 Kuj;o K- K,
6y epga: Kpg LLkyucus knucnotaHuHT guccoumnaHull KoHcTaHTacu; K'g -
KYUCU3 aCOCHUHT ANCCOLMAAHNLL KOHCTaHTacu.

AmanuéTtpa ogaTaa rufponus fjapaxacu x,ucobnaHagu, y rugponms-
NaHraH Mosnekynanap MUKAOPWHWUHT 3puraH mMofda MOJIeKynanapuHuHE
yMyMUIi MUKLOpUTa HUCH6aTUra TeHT.

IX.8.4. Bythep apanaiumanap

KynruHa peakumsinap yuyyH spuTManapHWHI BOAOPO4 KypcaTKuuu
K;WAMaTUHWU JOMMUIA KANW6 ywnab Typuw MyXAMANUP, YYHKN Y KapaéH-
HUHT MAyHaNMWMWHW Ba alnaHuwW papaxacuHu 6enrmnaiign, macanaH,
OKCMANaHWLLI-K;aiTapunuwl peakumnsinapuga. Bogopog Kypcatkuum ai-
HllCa WHCOH, XAMNBOH Ba YCUMWK oOpraHusmaapugarn Gusmonornk
XapaéHnap y4yH KaTTa ax,amuaTra ara. KynruHa gepMeHTaTuB KapaéH-
nap mavnym pH napgaruHa Hopman pasuwga 6opagu. LWy ca6a6nu, pH
HUHT KuimaTu fespnu ysrapmac 6ynum6 TypyBuuM spuTmanapHu Taihép-
naw xypga myxum. byHpan spuTmanapHu 6ydep apanawmanap geniun-
nagn. bygep apanawmanap kKuciotanu Ba acocnu bynagn. Kucnotanm
6ythep apanalimanap Ky4cus KUcCaoTa Ba YHUHT Kyynu acoc 6unaH x,0cun
KUnraH TysugaH mbopaT Gynca, acocnu apanawimanap Ky4cus acoc Ba
YHUHT Ky4u KucnoTa 6uaaH Xpeuna AunuHraH TysupaH (MmacanaH,
NH4OH Ba NHACI) n6opart 6ynaau.
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CH3COOH Ba CH3COObla pgaH n6opaT apanalimaHn Kypué 4mka-
MU3. HaTpuii auetata Kyynu 31eKTponuT 6ynu6, Aespav TYynWK WOH-
napra auccoulinaHagm. Cupka KUcnoTacu Kyucus 3feKTponuT. bup xun
CH3COO' noHsiapHu 6epyBYM Ty3 ULLITAPOKMAA CUPKaA KUCNOTAacK Kyucus
AuccoumnnaHagmn, YyHKU 6Up XUA MOHMAAP TYTYBUM Kyu/iu 3MEKTPOAUT
Ky4cu3 3MeKTPONUTHUHT anccoumnnaHuiumim 6ocagn. CH3COOH HuHr
AuccouMnaHunLl peakumscy Kyigarnda 6opaau:

CH3COOH<"cHZ04a + /r.

C .C
Maccanap TabCMpu K;0HyHWUra 6uHoaH ~~¥ . T =KJ (1X.33)
CcHTCOOH

ByHgaH:  c,,, =K1 CH\U- (1X.34)
~CH-CcoCr

Ammo Cchcom HUHI KOHLEHTpauMsicu, yw 6y KWUCMOTaHWHT aHaIuTuK

KOHLEHTpauusicura TeHF, YyHKU Yy >Xyja Kam AuccoumnaHagm.

COACTE HUHT KUIAMaTW 3ca, TY3HWHT aHa/IMTUK KOHLEHTpauusicura TeHr,

YYHKMW TY3 apuTMaga Ty MK guccoumnaHagm, wy cababnu:

_ 3
H % [ry3]
6y eppga: [kucnoTa] Ba [Ty3] — MogAanapHUHI aHa/IMTUK KOHLEHTpa-
unsinapu. ByHpan:  pn —pKa u Igjty3] - ~[xucnota] (1X.36)

OXxupru TeHrnamagaH kucnotanu 6ydep Ty3napHuUHr pH nHu ocoH
xucobnaw MyMKuH. Acocnu bydep apuTManap yydyH xam Xyaau WwyHpaim
npoaaHN KenTapué YMkapuil MyMKWUH. YHra acocHUHr pK cv Ba YHUHT
KOHLEeHTpaumacu Kumpagu. (EX.34) TeHrnamajaH Mab/lym Tapkubnm
6ythep apanawmanapga PH gesapnw ysrapmac sKaHavMru Kenmb Ymkagu.
X,akmkataH xan! arap apanawmaHu 6up ueda 6apobap cylnTupcak,
KUCMOTa Ba YHUHT TY3W KOHLUEHTpauusnapu kKamasgu, aMMo ynapHUHT
Huc6aTa ysrapmac konagu, cytontupunwga Ko HUHT kuiimaTt xam xyga
Kam ysrapagu, wy ca6a6nu apanawmaHuHr pH\\ gespnu ysrapmaiigu.
Bythep apanawmanapHuHr pHMN ynapra Ky4nm KucnoTa Ba WLIKOP/apHW
KyLlraHia XxaM Kam Y:?tapunHn TabKuanab yTuil n1o3um.

ByHpgaii apanalimanapHuUHT 6ydiep TabCupy YNapHUHE 6ydep xax-
MW 6unaH TaBcudnaHagn. 1 ANTP 6ycep apanawmaHuHr pHWLW 6up
OMPANKKa Y3rapTUPWLL yuyH YHTa Kywuw 3apyp 6ysiraH acoCHUHT T-3KB

363



napu gunmatura 6ydep gaxm gerinnagn. Arap [kucnotal=[Ty3] 6ynca
6ycthep gakm Makcuman 6ynagu. Bydep apanawmanap ¢umsnonornsga
KaTTa afamuaTtra ara. OpraHusmgary KynruHa spyutmanap (4oH nnasma-
cu, TYNyK, OULL030H Liupacy) y3uga bycdep apanawimanap TyTraHavru
cababnu ynapgary mygurauHr pHu poumuii 6ynn6 Typagu. MacanaH,
JOH nnasmacu yyTta Oydep apanawimanapHu TyTagu: OACWAAM, Kap-
60HaT/IM Ba (hochaTnun.

1X.8.5. NHAnKaTopnap Hasapusacu

SNEeKTPOIMTUK  AUCCOLMMAHMLL  HA3apusicuaaH KynruHa Myaum
Xynocanap Kenué umgaan. YnapgaaH 6upu OcTBasibfg spaTraH MHAMKA-
Topfiap Hasapusicuamp. ViHgMkaTtopnap 3KBUBANEHT HYATa AAVHUAA Y3u-
HVHT PaHTMHWU y3rapTupyBuM Moguanapamp. LLYHUHT yuyH HeliTpan-
NaHULW ycynuaa MyAUTHUHT pHUra. 6ornug paBuLLa Y3MHUHT PaHTUHA
y3rapTUpyBuM MOAfaNIap UHAMKaTopnap 6ynagn. JuccoumnaHmaraH
MOJIEKYSIaNapPHUHT  PaHrn  AUCCOLMMAHMLL  HaTuxkacuaa focun 6ynraH
VOHNAPHUHT paHrugaH (apa AWIyBUM Kyucu3 3MeKTPONUTAap Xyaum
WyHAalh uHgvkaTop Gyna onuwuHM  OcTBasbg Kypcatn6 6epraH.
bCricnotanm HA nHavkaTopnapHu Kypué Yngaiinuk:

HA +A-

Maccaniap TabCupu AOHYyHMTa 61HOaH

Arap guccouyunaHmaraH HA monekynanap aputMaHu Au3ns paHrra,
A aHuoHnap 3ca, capuj paHrra 6ysica, y gonga Kucnotanm mMyamutaa
puTMa Amsun  bynagn (MonekynanapHuHr kynu HA  KypuHuwga),
ULLAOPUIA MYAMTAA 3ca 3puTMa capug paHrHu onagn (MonekynanapHuHT
Kynu noHnapra axpanagn). OCTBa/IbAHUHI WHAMKATOpPNap Hasapusicn
TUTPAAW Y4YyH MOC KelyBYM WHAMKATOPAapHU TaHnaw (3KBUBAIEHT
HyaTagary pH Hu 6unrad gonga) gamga Typ/iu WHAMKATopnap Y4yH
TUTPAaLL XaTOCUHW Ancobnall MMKOHUSATNaPUHN Gepasu.
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1X.8.6. OpyBUaHNNK KynaiTMacu

Kam apyBYaH aneKTPONUTHUHT, MacanaH BaS04HuHr, TylinHraH
3PUTMACKHN Kypu6 yngaMms. Yoy aputMaga Kyimaarv reteporeH

BaSOt Ba2++pa2
MyBO3aHaT ypHaTuniagn: 0 ==———e- P Sl ol

Maccanap Tabcupu OHYHK Gylinya

MMarasof  "pBEHIK (1X.37)

T-const 6ynraHaa BaS04 HuHr yykmagaru akTMBAUrA JOUMKWiA Gynaau.
L 3pyBYaHNMK JOMMUIA KaTTavK Gynnb, WOHMAP aKTUBAMKIAPUHUHE
Kynaiitmacu geinnnagun. (EX.37) TeHrnama ysrapmac xapopataa TyivHraH
3puUTMagaru NoHnap akTUBAVKIAPUHWHIE KynaiTMacy JOUMUWIA KaTTaimk
3KaHIMIMHM KypcaTagn. Kam aspyBuyaH OMpuKmanap Y4YyH TyWWHraH
spuTManapia MoHNap KOHLEHTpauusnapyM KWYMK 3KaHAUTUHW Hasapja
TyTNG, (IX.37) TeHrnamagary akTUBAVKIAPHU KOHLEHTpauuanapra ai-
MaLUTVPULL MYMKUH:

B Csor 0x -38)

EpBETK  KaTraiurn  MOAJaHWHT  3pyBYaHAWIKM  GunaH GesBocuTa
6ornaHraHnuri Tyainm, yHu KynvH4a 3pyBYaHIMK KynaiTmacu gam
aeinnagn. XpanpataaH dam arap 31eKTPOSIMTHUHE 3pYBYAHIUTMHU S
opkanu 6enrvnacak Ba TyWWMHraH apuTManapfa Kam 3pyBYaH 3/1eKTpo-
NINTNAPHUHT TYUK AUCCOUMMAHTaHANIMHN X1cobra oncak, Kyhngarmya
E31ILL MYMKWH:

Bal*CSOj - - 73pysuaHnMK
GyHAaH S=rjLAN~ (1X.39)
3KaHNIN Kenno YmkKaam.

KentvpunraH TeHrnamanap agar 6uHap 31eKTpoauTnap YYyH
afonatnuanp. Ammo v Ta MOHMapra axpanaguraH aNeKTpoauTaap yuyH
fam 6yHAal mngoganapHn KenTtupub YuKapuw AWAMHYUAUK TYraup-
Mangu. OpyBYaHAMK KynanTMacuMHW famMaa YHUHT 3pyBYaHAMK 6unaH
anofacvHM GuaraH gonga maccaBuii aHaIM3HUHE Karop MacanaiapuHm
eyl MyMKWH.
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IX.9. 2MeKTPONUT 3PUTMANAPHUHT 3/1EKTP YTKa3yBYaHINT U

3NeKTPoNuT apuTMacuiarun voHnap TapTubemns x,apakatga bynagu.
JpuTMa OpKanu 3MeKTP TOKU YyTKasWaraHga WOHMApHUHT Xapakatu
TapTubnawmné, ynap KaToji Ba aHO4 TOMOH liyHanaau Ba 3/1eKTp 3apagunm
Tawmb, IpUTMaHUHI 3M1eKTP yTKasuwura cabab Oynagu. SnekTponuT
apuTMacufaH yrapmac ToK yTKasuarad Tapampaa afeKTponuns xpamncacu
coanp bynagu.

BupnHun Typ yTKasrmunapga, fbHM MeTannapga, 31eKTp TOKuM
3N1EeKTPOHNAPHUHT MaH(puii KyT6aaH mycbaT KyTbra yTkasrmy 6yiinab
MyHanraH xapakaTu HaTukacuga Tawmb ytunagm. VIKKMHUM Typ yrkas-
rmunap - 3NeKTPONUT apuTManapuja aca, 3NeKTp TOKU NOHNAPHUHT Xa-
pakatu Tygainn Ttawunbd ytunagn. AHWOHNAP 3M1eKTP MalfoHW TabCu-
puaa mycbaT 3apsiffiaHraH 3fieKTpoara —aHoAra, KatMoHiap aca MaH-
thuid 3apsignaHraH aNeKTpPoAra—kKaTtofra xapakaT Kanagunap.

1X.9.1. 3neKTp TOKM XaKnaa yMyMuil TyLiyH4yanap

Vpean KOMMOHEHTNN 3MeKTP 3aHXupuga ysrapmMac TOK yTaéT-
raHgarv xogucanapHu ugoganaw ydyH sapsag Q, Tok Kyuu /, KyunaHuw
U Ba kapwuink R kabu kaTTanvknap KMpUTWAraH. Ysrapmac 3nekTp
TOKM yuyH mgean curam C yekcu3 Kapwnamk 6ynm6 xusmaT Kunagu,
naean MHAYKTUMBAMK L 3ca, Yekcu3 KMYMK Kapwunmk bynagu. dnekTp
TOKVHVHT (yHAaMeHTan KOHyHU OM KoHyHugup: E=IR. Curam Eku
KOHfleHcaTop/iap ysrapmac TOK Y4YYH YeKCU3 KaTTa Kapliwunuk 6ynué
XnsmaT Kunagu, aMmo yuw by curamaap BakT yTuwuy 6unaH ysrapyByaH
TOKHM yTKasub6 tbopagn, 6y xonga ywby curamnap curam Kapiu-
JNINTUHN HAMOEH Kunagu.

3aHXUPHUHT UHAYKTUB 3/1EMeHTa Yy3rapyBuaH TOKKa KapLUWINK
Kypcatagu. 3aHXWPHUHT WHAYKTWB 3/1EMEHTa €KW WHLYKTUBWK ran-
Tarv, MarHuT MainfoH Kabu, 3NeKTP TOKMHUHT OKUMWU HaTuXacuia Xocun
6ynaéTraH 3HeprusiHM Mnragn. MMrnaraH sHeprusa TOKHUHE Xap KaHAali
y3rapuiimnra Kaplwuank KypcaTagm, YyHKU TOKHWHT Yy3rapuiin mMarHuT
MaliloHHUHT y3rapuimnra onu6 Kenagn. IHQYKTUB 3fieMeHTAara MarHuT
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ManfoHn KaTTaurnHn 6up OHAa y3rapTupull MyMKWH 6ynmMaraH maca-
nagup, YyHKu ywiby 3sneMeHTra 4Yekcu3 KatTa noTeHuuannap gapku
TabCcup 3TULL Kepak bynagu.

[ap KaHfall aneKTp 3aHXWPWHU MMMeaaHc 6unaH TaBcudnaHagmn:
UMMNeaHC OMUK Kaplwunmnk (KM akTvB Kaplwuink). CUTUM Ba UHAYKTUB
KapWWINKNAPHUHT ANTUHAMCUTA TeHr. OMUK Kapwuink ysrapyBuaH
TOKNap éku ysrapmac Tok/jap yTaétraHga jam Kysatugagu. 3aHxuppgaH
yTaéTraH TOK CUTHanNapuHWHI 4yactoTacu optraH Capu curmm KapLiu-
NNV Kamasan, MHOYKTUB KapLWInK, akCuHYa, opTagn.

1X.9.2. Connwitnpma 3neKkTp yTKasyByaHINK

ANeKTP; TOKUHU YTKa3ULL KOBUUATU KaplnanK KW 3NeKTp yTKa-
3yBUaHAMKNAp 6unaH xapakTepnaHaau. [ap KaHgai yTKasrMuHWHT Kap-
WUANW  YHUHT y3yHAurura / Tyrpyu nNpornopauoHan Ba tosacura S
Teckapyu nponopLuoHanaup:

N=P-y. (1X.40)

6y epfa p conuwiTMpMa Kapwuamk 6ynn6, yTKasrMyHUHT Y3YHIUTU Ba
t03acy 6up GMpIMKKa TeHr 6ynraHga R ra TeHr.
3neKkTp YyTKasyBYaHANK KapLUWAMKKa Teckapu 6ynraH Kanaamk-

R P I r p' (JX4lb

JNeKTP YTKasyBUYaH/IMK co cumMeHcnapga ynyadagm (1 Cm =1 Om 'm).

ConuuiTMpMa Kapwuimkka p Teckapu 6GynraH KaTTaJiMK COMMLL-
TUpMa 9NeKTP YyTKasyBuaHAMK C8 Aeiinnaam Ba y tosacu 1 cM Ba Jlem
mMaco(haga XoWAalTUPUATaH 2 Ta napanfefb 3/1eKTPOANap opacuaarv
1CM3 XXM/ 3pLLMaHMNT 3/1EKTP YTKasyBUYaHAUIUIa TeHT 6ynaau:

9MC1§LL|'3|3|MCM-CM':D (14.42)

anp:

Yy
OM KOHyHMra 6MHOaH, yTKasrnugaH ytaétraH TOKHU Kyiugaruua

npoganal MyMK1H:
(TX.43)

Ba by gonga
367



(LX.44)

6y epga: j- 1/S- Tok suunuru (A/cmd, UA - maiifoH KyynaHraHauru
(B/cwm).

SNeKTp MalfOHHUHT Ky4u TabCup AWATyHYa apuTMagaru voHnap
XaoTMK UCCUKAUK XapakaTu xonatuga bynagunap. MaigoH Tabcupuga
MOHMap XapakaTu iyHanraH xonarra Kenagu. By XApakaTHUHI Te3nuru
MalioH KyunaHraHAurMra nporopumoHan Gynagu:

Usyuamas =U-U/1
Oy epAa W - VOHHUWHT 3/1EeKTP XapakaTyaHnuru feiiunagm say maiigoH
KYUNaHraHaMru 6up GUPIUKKA TeHr GyNraHfarm MOHHUHT XapakaTt
Te3NUrura TeHraump.

KaTuoH Ba aHWOHMap Talmnb yTaéTraH TOKHUHT 3UYIUTY YNapHUHT
3apsagura z, KoHueHtpauyuscura C (Monb/cM3 ) Ba iiyHanraH xapakat
Tesnurura u-U/l nponopunoHangup.

4 =*cHwm-rFs  j_=zcv_ Ll (rX.45)

6y epga: F —dapageii coHu; W Ba V. — KaTWOH Ba aHWOHIAPHUHT
XapakaTuyaHnrm.
WKKM  Xun  uvwopajary  WOHMAPHUHT  YMYMUIA  3U4iuru
(z+c+"zjo"zpj GynraHu yuyH)
(1X.46)
ra TeHr 6ynagu.

(1X.44) Ba (1X.46) TeHrnamanapHu COANWITUPMKG, 3PUTMAHUHT
CONULLITMPMA 3M1EKTP YTKasyBYaHAUTUHN KENTUPUG Yngapamms:

re ~ztc,F(ji+v ) (1X.47)

Kyunn anekTponutnap aputmanapga TynuK auccogunaHagn (KoH-
LeHTpauusa Xyaa KatTa 6ynmarail Takgupaa), WYHUHT YUYH Xap Kaicu
ULIOpasIM UOHMAPHUHT KoHUeHTpauuscuum C (Monsip) opkann udoga-
nawmmnz mymkuH: C, = VjC/1000, 6y epaa V- - 31eKTPONUT MOMEKY-
nacvaarv aiiHu MWopany UOHAAPHUHT COHU. [lemMak,

X =z,v,CF(u+ +v_)/ 1000 = zCF(u++v_)/ 1000 (EX.48)
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6y eppa: K» ™K - 1MO0Nb garun r->xe nap coHu. (1X.48) TeHrnamagaH
WYHAaR Xyfnoca YMuapull MYMKWH: Ky4/u 3NeKTPOUTHUHE COMULLI-
TVPMa 3NeKTp YTKasyBUaHAUIN 3M1eKTPOSIMTHUHT KOHLEHTpauusicura Ba
VNOHTaPHUHT XapakaTyaHaurmira 6ornwy,.

KOHUEeHTpauus opTun 6unaH noHnap ypracmaaru anekTpocTaTuk
TabeuMpniap HaTvXkacuia yNnapHWHI XapakaTyaHauru Kamasgu. by Tab-
cvMpnap conuTUpMa 3M1eKTpP YTKasyBYaHMKHUHT KOHLEHTpauusira 6or-
NUKAMK Tpaduruga Makcumym-
nap nango 6ynuwura onmb6 Ke-
nagn {IX.1-paem). KoHLUeHTpa-
umMa kam 6ynraHga voHnap opa-
cupgarm macopa kKatta 6ynagw,
3/1EKTPO-CTaTUK Tabeupnap Kyu-
CM3 Ba KOHLEHTpauus opTuwun
6unaH  conMwTMpPMa  3NeKTp
YTKa3yBUaH/IMKHUHT  KU/AMaTK
Kynasgn. KoHueHTpauusa sHaja
KynakTvpuaraHga  voHnapapo
Tabeup Kydasgy Ba WOHMAPHUHT
XapakaTyaH/MIM  KOHLEHTpauus

X,0a*cm'L

IX. 1-paem. Kyunmn Ba Ky4cu3
MEKTPONTIAP COMMLLITUPMA 3MEKTP
YTKa3yBUYaHNIVHVHT 3/1eKTPONT N
KOHLIEHTpAUMSICUTa 6OT/MKMr,  Kamaiinb ketagu.

Kyucuns aneKTponuTaapHuM KyT6nM 3puTyBuYMNapfa 3puTUAraHga
(ZM3NeKTPUK yTKasyBYaHNWUIN KaTTa 6ynraH) xam moneKynanapHuHr 6mp
KUCMU fuccoumnaHmaign. Kyucus aneKTponnTaapHUHE LUCCOLMIaHNLL
Japaxacu (MoHNapra axpanraH MOMeKynanapHUHT COHUHWU 3pUTUATaH
MOMIEKY/la/TapHUHT  YMYMUIA COHMra HucbaTu) KOHuUeHTpaumsra 6or-

opTvwmMra HucbaTaH  Kynpog

nukanp. KoHLeHTpAaHraH sputmanapga a« 1 6ynagm Ba KOHLEHTpauus
C—0uHTnnraHga a->1.

(1X.47) Temrnamagarn C, ypHUra YHWHT C, =«y,c/t000 KUIAMaTUHU
KylcaK, Ky4ycu3 3NeKrpoamTaap yyyH COonuLLITUPMa 3NeKTp yTKasyBYaH-
JINK TEHI1aMacuHW KenTupm6 yliapaMmms:
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m*_ aCF(ut -tv. aCi7(«t+v_t-

- |(uo : P iooo - (1X.49)

Kyucus aneKTponuT sputManapnaa MOHMapPHUHE KOULEHTPaLMscu

KaMm, opaeugary macotha 3ca Karra GynraHnurun cababnm 1oHNnapapo
9MEKTPO-CTaTK Tabcupnap Oynmaign. LUYHWHE yuyH MOHAAPHWUHT
XapakaTyaH/ I 3pLUTMaHVHI KOHLeHTpauusacura 6orimk amac. (1X.49)
TeHrnamafaH KypvHWO TypuOAMKM,  Kyucu3  3NeKTPONUTIapHUHT
CONULLTUPMA INeKTP YTKasyBYaHUrM aC KynaiTtmacura 60ramk. Sput-
MaHWHI KOMLEHTPaUMACU YHYaIMK KaTTa Oy/MaraHga KOHLEHTpauus
opTM6 6opuwm 6unaH aC KynaATMaHUHT KuiiMaTnapy k$waesay Ba
COMMLLITUPMA 3/1EKTP YTKa3yBYaHNK opTaan. JIEKMH FOKOPU KOHLIEHTpPa-
umsinapga 6y KynaiiTMa KamasigM Ba LIy cababnu, Kyucus 3MeKTpo-
NATNAPHUHT  COMMLUTMPMA  3M1EKTP  YTKA3yBYaHANUIW, XYAUM  Kyuyin
ANEKTPONUTNAPLATM Kabu, MakCUMan KuiMaTra eTraHfaH CyHr Kamasiau.

1X.9.3. 3KBUBaANIEHT Ba MONAP 3/1EKTP YTKa3yBUYaHNK.
OH3sarep Hasapusacu. OcTBanbfj KOHYyNun

AnekTponmTax guccoupaums fapakacu 6unaH 6ormk  GynraH
3NEKTPONUT 3PUTMAIAPHUHT 3/1EKTP ATKA3WLL KOBUAMATUHM TaBCudaLLl
YUYHTMHA 3KBMBA/IEHT X EKM MOMSpP P 3MeKTP YTKasyBYaH/MKIap
KyngaHunaou:

MMO000ce/C;  A=7000cezlC

[Jevak, 3KBMBA/IEHT Ba MOMSP 3MEKTP YTKasyBYaHMKIAP Y3apo
Kyingarnya 6ornaHran u—=zA 6y epga z - 3MeKTPONT MoseKynacmaarv
r->Ke flap COHMW.

DNeKTPONNT 3puTMacmga kap 6up MOH atpodmpa MOH atmoche-
PaCVHVHT GYINLLIM MOHNAPHUHT TOPMO3/1aHULLINIa 056 Kenaaw:

-MOH ATMPCHEPACUHMHT MOHIa Kapama-KapLuy TOMOHIa Xapaka
3NeKTpothopeTnK (EKM KaTOhOPETUK) TOPMO3MAHULLHWU KENTUPUG um-
Kapaaw;

-MOHHVHI OpKacugary MOH aTmocgepacuga oprvkva MUBLOPAA
Kapama-KapLuy 3apsgHuiW Gynvium penakcauoH TopMo3aHuLwIra onmé
Kenagw. PenakcauyoH TOPMO3/laHUL acMMETPUK ekt Xam geiu-
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nagu: XAp Kavgali MOH xapakaTnaHaéTraHfa YHUHT MOH aTmocdepacu
chepnK cummeTpusacy bysmnagun.

XpApakaTnaHaéTraH WOH aTpoduaary MaBXyn WOH aTmocde-
PACUHUHT TapKanuLLy Ba SHIM aTMocepaHnHT Xpcua 6ynimn 6up oHga
cogup Oynmaigu, YHUHT TUKAaHULIM YYyil penakcauusi BauTu Tanab
KUMHagW. HaTuaga xapakartaary MOHHWHT 0N14uAa WOH aTmocgepacu
TallKUA TOMWULLITA, opKacuga aca, Tyja 6Gysunuwira ynrypmaign. Ly
ca6abnu, xapakatnaHaéTraH MOHHMHI OfAMAaru Kapama-Kapliu 3apsag-
HWHT 3M4IMrn 6Mp 03 KaMpoK, opKacuia aca LKoOpupoK 6ynaau. By
penakcauvoH TopMo3iaHULWra 0nn6 Kenagu.

SPUTMaHUHT KOMLEHTpaUUACKM opTUWIKN 6UNaH Kyuau 3M1eKTpo-
NMTNapfa UoHNap KapakaTyaHAVIMHUHT Ba SKBUBASIEHT 3/1eKTP YTKa3yB-
YaH/IMKHUHT KaMaiuwimra penakcaumMoH TopMosnaHuw ca6aéamp (1X2-
pacm).

AcrpvHr-3KB)

1X.2-pacM. SKBUBANEHT 3NEKTP YTKa3yBUYaHIMKHUHT KOULeHTpauusra (a) sa
mk (6) 6oramknnru.

[Jeb6ali Ba MOKKENbHUHT 3MEKTPONNUT 3pUTManapu Ty3WIULWMHUHT
3/1EKTPOCTAaTUK MOJENN acocuja KwuiraH Hasapuii xucobnapu cyton-
Tupunrad aputmanapga (C<102 r-ake/fl), MOHNAPHWHT y3ap0.TOPMO3-
naHuwuy cababnun, aneKTp YTKa3yBYAHAMKHMHI Kamalinliy KOHLEeHTpa-
UUSIHUHT KBafpaT WAAM3Wra MNponopLMOHa/I/IMIMHU KypCaTAW: Kyunu
aneKTponuTaapga n-/(nfc> <6ornaHnw ryrpy 4msnk 6unain mudoga-
nNaHagun. By 6ornaHuWHU M oJaNoBYM FeHrnama

a=kmaFC
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KypuHulira ara, 6y epfa a - 3puTyBYM Tabmatura, AUANEKTPUK CUHT-
OVpYBYAHNUIWra, KOBYLIAOKAMLITA, 3M1eKTPONMT Tabmatura Ba X,apo-
paTtra 6ornMk 6ynraH ysrapmac CoH. 9n1eKTpothopeTUK Ba penakcaLlnoH
TOPMO3MaHULLNAPHUHT 3/1eKTP YTKa3yBYaH/MKKA TabCUPWUHU KypcaTta-
auraH [e6ait Ba MNoKKenbHUHT udogacura OH3arep Hasapusicuja aHuj-
NMKNap KUpuUTWAraH Ba 3neKTpodopeTuK 3ddeKT yuyih «Vc Ba
penakcaunoH 3ddekT yuyin BX,nlc udoganapHu XAMAa IKBUBANEHT

3NEKTP  YTKa3yBYAH/MKHUHI  KOHLeEHTpauusra 6ornugauru  yudyH
A=1, - («, +BX,AC ndoga Kenrrupmb YnkapuiraH.

CylonTvpuaraH 3puTManapHUHT 3KBUBANIEHT 3MeKTp /TKasyB-
YaHNUTUHU aHUANAETraHAa KWU3UKapaM JOHYHUATHU Ky3aTULl MYMKMH.
MacanaH, K2504 Ba NazS04 sputmanapu J1 napuHuHr 4erapa
AviimaTnapu opacugaru gapk 23,5 ra (9,,°0-=1534 Ba X,,nMSJ <1299)TeHT.
Xygum wyHaan hapk Ba K.n"c” nap y4yyH xam KysaTunagu.
ByHAaH CyNTUPUAraH apuTManapaa x,ap Aaicu noH ysuHuHr Jlcura ara

JeraH xysnoca uumkagu. Yekcus
CYlONTUPWTaH 3NEKTPONUT
sputmaniipuga (C—0) wuoHnap-
apo Tabcup ygonagm Ba X uera-
paBuii  KniAmatra  MHTWNAgW:
X->A, {IX.3-paem). Konbpayw
OOHYHMTa 6MHOaH

Jh— +X%X+
1X.3-pacM. SKBMBANEHT aNEKTP Oy eppa: A+ Ba s. — KaTWOH Ba
YrKasyBYaHANKHUHT 1/C ra AHWOHJTAPHUHT XapakKaTyaHnuru.
6ornngnurun.
Kyunu anektponutnapfa 4 = ~ 3/1eKTP YTKa3yBYaH/INK KO3pPuumeHTa

geivnagn. Kyunu aneKTponuTnap KOHLUEHTpMaHraH 3puTManapga xam
togopu f1ra sra. KoHueHTpauus opTuwuy 6unad J1 HUHT guiimatnapu
NOHMap XapakaTyaH/JAUTUHUHT Kamanuwnra 60rnng pasuilja kamasam.
Kyueus anektponutnap sputmanapvja noHnapapo Tabeupniap Kyu-
cu3 bynaau Ba gap faHfan KOHUeHTpauusaga noHaap 6up-upungaH spKuH
xapakatnaHagn. Kyuens anektponutnap ydyH A=/(C) 6ornuanuru
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amanga guccounnaHull gapaXacMHUHI y3rapwHu 6unaH ndoganaHagu:
a . *

a=— éku A=aA,,
A

Ky4ens aneKTpoNUTNaApHUHT 3KBUBANIEHT 3/1EKTP YTKa3yBYaHANUTN,
XYAAW KYUNU 3N1eKTPoNnTNap Kabu, KOHLEeHTpauus opTulimM 6unaH Ka-
Masau, NeKuH GYHWHT cababu guccoumnaHull fapaxacMHWHI Kamanu-
wunamp. Ky4yens aneKTponuTaapHUHr X cU CYlONTUPUATaH apuTManapaa
XaMm Xyfa KUYMK Ba YeKCM3 CYINTUPULLITA SAUHNALIraH capy KecKuH
optagn {IX.3-paem): C—0 ga A-»<»ra uHTUNagn. 1=/(Vc) 6OrnuKanK
Ky4yeus 3neKTPoNMTAapfa UU3UKAM 3Mac, JIEKUH KUUMK KOHLEHTpa-
unsanapga . T/(4aC) 6ornaHunw uynsnkam 6ynagm.

Maccanap Tabcupu KOHyHWra 6MHOAH KOHUeHTpauua 6unaH
auccoumnaHuw pgapaxacu opacuparm (1X.4) myHocabaTHuU Kentupub

umpapraH saMK. Arap a~"~ 3KaHAMIMHU Xucobra oncak Ba
_ A2
ADNAD-A3)
OCTBaNbAHVHT CYONTUPULL JOHYHU TEHTNaMacUHU IKBMBANEHT 3M1eKTP
yTKasyBUYaHINK opAany nhoaacuHn KenTupué ymaapamus.

KOHLEHTpaLusHM V= - cylnTupuuy 6unaH udoganacak,

1X.9.4. KOHAYKTOMETPUYM TUTpPNALL

By ycyn 6unaH paHrnu éku noiifia apuTmanapgarv 3neKTponuT
KOHLUEHTPAUUSICUHN aHufMaW Ba MHAWKATOP TaHjaaw AuiivH 6ynraH
Xonnapga Kuciotanap apanawimMacMHu TUTpiaw MYyMKWH. TuTpnal
natmkacuga 6up Typau MOHAAPHUHT MKKUHUU TYPAU MOHMapra afiMatlu-
HULLM 3M1eKTP YTKa3yBUYaH/JMKHUHT y3rapuwiuvra onnb Kenagu sa 6y ys-
rapuil 3KBMBaNIeHT HYKTaHU aHMAnalira UMKOHUAT sipaTtagn. MacanaH,
HCI kucnotacuin NaOH wuwgopn 6unad TuTpnaraHummaaa BoAopPO/
VNOHMAPVHUHT YPHUHU XapakaTyaHAur Kampog 6ynraH HaTpuii noHnapm
arannaian, YyHKN BOAOPOS NOHMAPU TMAPOKCUS UOHIApU GunaH Aespu
auccoumnaHMaignrad cyBHU XoCUN gunagn. dputmagaru 6apya H* noH-
napuHuHr OH unoHnapu 6unaH Tyda HeTpannaHWWmM KysaTuamaryHua
IPUTMAHUHT 3/1eKTP yTKasyBUaHAUTM Kamaiiné 6opaan {IX.4, a-pacm).
JpuTMara MWAOP KyhnWHK AHa gaBom aTTupraHmmusga HIC vow-
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NApUHUHT ypHUHKU srannarad Na+ voHnapu Ba awuica OH woHnapm
Amcobura aneKTp yTKasyBYaH/IMK siHa opTu6 6opaan. MekuH, OH wnoH-
NapUUUHE 3N1eKTP yTKasyBYaHAMIM H* MOHNAapUHUHT 3neKTp yTKasys-
yaHnurugadH kuumk (XoH < hi) 6ynraHnuru caba6num, 3KBUBaNeHT
HyATafaH KelimHrn (BC) aMeKTp YTKa3yBUYAH/IMKHUHT 0pTU6G 6opuuin,
YHUHT (@B) Kucmugarn anekTp YTKasyBUAHIMKHUHI Kamainé 6opu-
WKnaaH CEKUHPOK 6ynaan (BC UM3MK @B UM3NKAAH ETMKPOK KypuauLira
aragup).

cocm CoCm COCm

1X.4-pacm. KnucnoTanapuu Kynnu acoc 6unaH KOHAYKTOMeTpuUn TuTpnawja
INEKTP YTKa3yBYaHNNKHUHT y3rapuwin:
a) KY4Ynu KUCNOTAHWUHT 3pUTMacu; 6) Kyucnus KUCAOTAHUHT 3pUTMacK; B) Kynau Ba

Ky4ycus3 KBcnortanap apanammacm;v— TUTpnaw yd4yH KeTraH MW KOPHUHT XAXMMU.

Ky4ycu3 KucnotaHu kyunu acoc 6unaH tutpnaradga (1X.4, 6-pacm), kam
AvccounaHraH Kyucu3 KWCNOTaHUHT YypHUTa YHWHT Ky4au [ucco-
LMIaHyBYM TY3M X,0CMN 6ynunwim gucobura snekTp yTKasyByaH/AUK opTub
6opagn (aB KUEM). SKBUBANEHT HYKTajaH CyHT 3/IEKTP YTKasyBUaH/INK
rMAPOKCUN NOHNAPUHWUHT naigo 6ynuiim ancobura Te3pok opTnb Ketagm
Ba BC YIA3UK TUKKAPOK KypUHULLIa sra 6ynaau.

Kyunu Ba KyuCW3 KucnoTanapHWHT apanaliMacvHu TuTpiaraHga
(IX.4, B-pacm), OUPVMHYM HaB6aTga, KyusnM KUCMOTa WLWIKOP 6unaH
peakumara KUpLHaan sa Kyunu Kucnota Tyja HeldTpannaHm6 6ynraHjaH
CYHpP, Ky4yCW3 KWUCNOTa uwkop 6unaH Tabcupnalia 6ownaign. Kyunm
KWCNOTAHWHT HEMTPa/ITAHULLN HaTUXKacua sNeKTP YTKasyBYaH/IMK aBBa-
nra Kamaiimb 6opagy (aB), Ky4cus KUCMOTAHWUHF TUTPAAHULWIN HATK-
)acuaa Kocun BynraH Kyucus KUCNOTAHUHT SIXLIW AUCCOLMIAHYBYM Ty3U
KMcobura anekTp yTkasyBuaH/MK opTagu (BC). VIKKMHUM 3KBUBANEHT
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HYKTagaH (C) KeMUHIN 3NeKTp yTKasyBUYaHAMKHUHT opTuwin (cd) sput-
mMagarn opTugya rMApoKCWI WOHMAAPUMHWHT naigo 6ynuuwmn xucobura
6opagn. LUyHaan knunnb, B Ba ¢ HyfATanap Ky4yau Ba Ky4cu3 Kucnotanap
apanalwmacuHn TMTpaaraHga Xxocuna 6ynraH sKBUBaNEHT HYKTanapamp.

KoHpykTOoMeTpuK TuTpnaw Konbpayll cxemacu épfamupaa, aneKT-
pognap Tywwunpub gyinnran nguwpga onub 6opunagn. Mguwaarn anekt-
poAnapHM KyMpuKKa ynaraHfjaH KelivH xapakatyaH KOHTaKTHU peoxopa-
HUHT ypTacura Kyinnagn Ba marasvHnap gapwunnnrn RMHUHE ToK Kyum
KWYUK BynraHfgaru guiimatu taHnaé onuHagn. Kelind 6up xun ynywnap
6unaH (3pMTMaHW apanawiTMpué TypraH xonga) 6iopetka opkanu 0,5 Mn
JaH TUTpPU aHug 6ynraH MLWKOp 3puTMacu ToMusnb 6opwunagum. Xgp
jancu ynyw TOMM3WATaHAaH CYHT JaplinavK aHuinaHagn Ba 3MeKTp
YTKa3yBUYaHAUKHUHT AUAMATUHW OpAMHaTara, WUWAOPHUHT TOMU3WATaH
XaXMUHN abcumncca yanapura fyinmb, KOHLYKTOMeTPUK TUTpaaw rpa-
O uT ummnagn. byHga 1X.4-pacMpa KypcatunraH cuHWA 4usngnap
xocun 6ynagu Ba YM3MANAPHWHT CMHraH HygTanapu 3KBUBANEHT HYA-
Tanapra Moc Kenagu.

1X.9.5. SnekTponuns xxapaéHu. NloHNapHUHT XxapakaTyaHauru
Ba TallMLL COHU

ONeKTPonuUT 3puTMacufaH ysrapmac 3/eKTp TOKMHU yTKasraHga
KaToafa mycbat 3apsfnaHraH MoHMap y3 3apsaavHu hygotagn - KaTUoH-
NapHVHT JainTapunuiiun Kysatunagum (KaTuoHiapra 3neKTPOHMapHUHT
OUPUMKNLLIN); aHOAAA 3Ca MaHMUI 3apsanaHraH NOHNAPHUHT Y3 3apsAguHN
NyaoOTULW N, ABHW aHWOHAAPHUHI OKCMANaHULW W (3NeKTPOHNAPHUHT y3a-
TUAMWKN) EKN aHOLHWHT 3puInN KysaTunagu. by xapaéH 3nekTponus
XapaéHu peiiunagu. INeKTponu3 >xapaéHu Papapgeli [OHYHUM 6GunaH
TywyHTUpnnagm. by goHyHra 6mHoaH, xap 6up anekTpogga axpanub
ynpgaH EKu apuraH MOAJAHWHI MWUAAOPW 3pUTMagaH yTraH 3/eKTp
TOKUHWHT MUKAOPUra Ba YHUHT KUMEBUI SKBMBaNeHTUra Tyrpyu nponop-
LUoHaBAMp:

Ly Sém lé* (ix.50)
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6y epga: / —TOoK Kyum (amnep); g - axpanné YMKKaH MOALAHWHT
Mukgopn (rpamm); a - MOAAAHWHT 3KBUBaNeHT maccacu (r-akB); r
anekTponus Baktu (Cek)l m - r-ake nap conu; F = 96493 KynoH -
dapagent COHU.

JNeKTPonM3ga apuTMaZarn 3MeKTp 3apsgiapvHMW MoHNap Tawwué
yTagu. Xap Kaiicu anekTpoffaH 6uMp XuA MUKLOPAAru 37eKTP TOKM
yTafu, NEKVH WOHMApHUHI Te3IMKNapu Ba 3apsgiapu Typnuya 6yn-
raHnmMru cababnu, xap Kalicu Typ WMOHMAP 3M1eKTP TOKWHUHT 6Up Xun
GynMaraH KUCMUHM Tawunb ytagu. VioHnap xapakaTUHUHE Te3nUrn Kyn
omMunnapra GOrIMK: WOHNApHUHI Tabuatura Ba MyxuTra, MalifoH
KyunanraHnurura E/1 (E - BoAblTapfa 6epiinraH anekTpognap
opacugarn noteHumannap dapku, /f cm napga 6epitnraH anekTpoanap
opacugarn macoa), KOHUEHTpauusira, xapopartra Ba 6oLIKa oMmusnapra.
MoHnap xgpakatu Te3nukKnapuHu 6up-6mpura conuwTupuil MyMKUH
GYNULLIN YUYyH ynapHW MaigoH KyunadHrawnuru / B/cm 6ynrad xonga
ypraHunagn. ByHpaih wapouTaa ONMHIaH KaTTa/IMKiap WOHMapHUHT
abcontoT Teanurn  Aelinnagnm  Ba  KaTUOHMAPHUHE  Te3nurm W
aHWUOHNAPHUHT TE3IMIU V_ GunaH GenrunaHagn. VIoHNapHUHT abconoT
Teanurn cM2B-CeK Gupnuknapuaa ynuaHaau.

1 ceKk paBoMupa 3puUTMafaH yTraH 3/1eKTP TOKWHUHT MUKAOPM,
ABHU TOK Kyun | Kyhngaru TeHrnama 6unaH udoganaHagm:

/= tyJC5FE (IX.51)

6y epga: C, — VOHMapHUHT 3KBUBA/IEHT KOHLeHTpauusicn (r~aks/cm3),
S - 3MeKTPOANAPHUHT KyHAaNaHr 3acH.
TOK KyunHUW Kyiingaru TeHrnamagaH xaMm aHuknaca 6ynagu:

LX.52
/1000 ( )

6y eppa: X —3KBMBasIeHT 3/1eKTP yTKasyBYaHanK; C U 3n1eKTPONUTHUHT
3KBUBANIEHT KOHLEHTPaLUsCK.

(1X.51) Ba (IX.52) TeHrnamanapgaH X HW TONWG, Kyihmaarun
TeHrnaMaHu YmkKapamms:

X~(n++v_jE T 1000 X 5%)
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Kynnn anekTtponuTnap y4yyH CcAooo/c 6upra TeHr, YYHKW Kynau
aneKTponMTnap TynuK fpuccoumnaHagn. Kyucus anektponutnapga 6y
Kuimart bupgaH hapk Kunagum:

c. 1000

o e
[emMak, Kyniu afeKTponnTaap yuyyH si=(M+iv )f Ba Kyuycu3 31eKTpo-
nnTnap ydyH aca A=a(«++VjF HU yMKapul MYMKUH. VIOHA@pHUHT
abcontoT TE3NUrM BunaH Papagen COHMHUHI KynamTmMacu WMOHMApPHUHT
xgpakaT4yaHaurn (MOHMapHUHT 3NeKTP yTKasyBYaHNUrn) pgelinnagn Ba
KaTuoHnap yyyH X=u,F Ba aHWOHNap y4YyH A=V F ra TeHr 6ynagu.

VioHnap KapakaTyaHAWUTMHUHT  yn4yoB 6Gupnurm  OM1-cM2T-3KB

6unaH 6enrnnaHagn. HOKppugarnnapgaH Xysoca KWMWw MYMKUHKW,
KYMN/IM 3/IEKTPONUT/IAP YUYYH 3KBUBANEHT 3/1IEKTP YTKa3yBYaHINK

A~ +4. (1X.54),
KYUCU3 3/IEKTPONNTNAP YUYH 3Ca, 3KBUBAJIEHT 3/1eKTP YTKasyBYaHINK
A=a(@+:+4) (EX.55)

bynagn.

Yekcuns cytontupunrad (a—) Takampaa Kynav Ba Ky4cu3 3/1IeKTpo-

NUTAap yyyH

~A'+ e (IX.56)
HU Xx,0cun Knnamms. s Ba A KaTTaMkKaap MOHAAPHUHIE 3HT KaTTa KWii-
MaTra ara 6ynraH xapakatyaHauru [Jelinnagn. (1X.56) TeHrnama
Konbpaylwl KOHYHWUHWHI UoJacUANP: YEKCU3 CYIONTUPUIraH 3puTMa-
fary 3KBMBANEHT 3/1EKTP YTKasyBYaH/AINK KAaTUMOHHUHI XapaKaTyaHauru
6vnaH aHWOHHWHT XapakKaTyaHANIn MUTUHANCUTA TEHT.

MoHNapHUHT xapakaTyaHIMrn KaTTa axamusaTra ara 6ynraH kat-
Tanuk 6ynné, y WOHNAPHWUHT 3MEeKTPONUT 3NeKTP yTKasyBYaHAUrngaru
WWITUPOKUHN K/pcaTagn. VIOHNapHUHT XapakKaTyaH/Uru 31eKTPounT-
HUHT XapopaTu Ba KOHLUeHTpauusicura 6ornnk 6ynaau. KOKopu KOHLEH-
Tpauusinapga X- Ba X JIApHUHT KUAMAaTnapyu Xap Xun 3apsgiv UOH-
NapHUHT y3apo TabCcuMpu Kyyaiuwm HaTwxacuga L, Ba Ar napHuHr
KuimatnapugaH Kuink 6ynagu.

KaTnoH Ba aHMOHNAPHUHT XapakKaTyaHauknapu 6up-6upungaH cesm-
napnu pgapaxaga apKnaHuwWmy MyMK/UH. QNeKTPoInTAapaa 3NeKTp TOKK-
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HW 6Up BaKTHMHI Yy3uWfja Xam KaTUoHNap, xaM aHuoHnap Tawub
yTTaHAuru cababnu, spuTMagaH yTraH 31eKTp TOKUHWUHT MUKAOPU 6U1-
JlaH X,ap Kalcu MOH Tawwub yTraH 3/1eKTp TOKMHUHT MWUKAOPWU opacupaa
thapk 6ynagn. by MuWBAOP WOHNAPHUHI Tawuw COHW 6unaH 6enru-
naHagu.

VIOHNapHWHI Tawuw coHn — 6y aliHm 6up Tungarn uoH Tawumé
yTraH 3/1eKTP MUBAOPUHWUHT 3NEeKTPONUTAAH YTraH yMYMWA aneKTp MUK-
gopura Hucbatugmp. Arap aneKTpoauT MKKUTa MOHra guccouunnanca, y
X0nAa KaTMOHHWHT TallWULL COHW YYyH

0T (IX.57)
Ba aHVOHHWHT TallWL COHU YUYH

/ (EX.58)
NnapHU Kocun kunamms. By TeHrnamanapga /, Ba /_ - 1 ceK pgaBomwuga

KaTWoHNap Ba aHUOHNap Tawmb yTraH anekTp Mukgopu; 1 —1 cek gaBo-
Mufa 3spuTMagaH yTraH 3n1eKTp MUKAOpU. Tawuw  COHAapUHUHT
nAnrnHgncm oynagwn.

(1X.57) Ba (I1X.58) TeHrnamanapgarn , I Ba 1 NapHUHI ypHUra
(IX.51) TeHrnamagaH ¢oiganaHnbé ymkapuaraH KuimatnapHu Kyicak,
TaWnw COHUHU WMOHNAPHUHT abCoMT Te3NUrn EKW MOHNAPHUHT XApa-
KaTyaHnurn (MOHNApPHUHT 3M1eKTP YTKaslyBUYaHAMIU) opKanu udoganatl
MYMKWH 6ynagn. KaTMoHNapHUHT TallunLl COHU

f=_VF———fe (FX.59)

+ MtV AH+A
Ba @HWOHNAPHUHT TalLULL COHU
A
= (1X .60)

u++’y_ A++A_

ra TeHr Gynagu. [lemMak, MOHAAPHUHT TalWuWLW COHU aliHW WY WOHHWUHT
KapakaTuyaHaurM GunaH KaTWOH Ba aHMOHMAp XApakaTyaHIuKnapu iu-
TMHOUCUHUHT HUC6ATUra TeHr 3KaH. Kentupué uukapunrad TeHria-
Manap épAaMuia WOHNAPHWHT XApakaTyaHIuKIapu Mabaym 6ynca,
TalWW COHUHU X,Mco6nall MyMKMH. Taluw COHU Taxpuba Hynn 6unaH
aHUKNaHraH TaBAMPAA 3Ca, MOHMAPHUHT XApaKardaH/JurmHu x,ucobnatu
VUMKOHUSA TUra ara Gy/IMHagW.
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(1X.54) Ba (I1X.59) TeHrnamanapfaH s+=#*d-Ba A _=T,A 3KaHIUTU
KYpUHUG Typnb6an, feMaK aHaH 6P MWOHHMHT TallUW COHU YHTa Xy T
6ynraH MOHHWHI xapakatdyaHnurura 6ornuk éynafn. LLYHUHT yYyH Xxap
XWN 3/1EKTPONMTAApAa aitHaH 6MpP MOHHUHT TallWL COHW TypanYagnp.

Tawunw coHM MoHMap XapaKaTyaHAMKNapUHUHT HUcbaTuHu ngo-
fjanaraHu cab6abnu, acocaH MOHMap xapakaTtyaHauknapura 6ornuk 6y-
nn6, xapopaT Ba KOHUeHTpauumanap Tabcupuga Kam ysrapagn. MacanaH,
WKKWTa 6Up BaNeHTNN WOHMapfaH TawKua TONraH sMeKTponmTaap yuyH
Tawmw coHn 0,2 H KoOHUeHTpauusiraya pJespau ysrapmalign. By
XycycuaTaaH goliganaHunb, akctpanonaumnsa iynm 6unaH Tawnw COHUHU
Ba YeKCWU3 CYINTUPUATraHgarn WOHAapPHUHI XapakKaTyaHAUrMHW TonuLl
MYMKWH. XapopaTt KyTapunuwmn 6unad 0,5 gaH kaTTa Kuiimatnapra ara
6ynraH Tawuw coHnapu kKamaagum Ba 0,5 pgaH Kuugk 6ynraH Kui-
martnapfa Tawuw coHn Kynaagu. Vikkana xonga xam Tawwuil COHUHUHT
Kuiimatnapwn 0,5 ra askuHnawuagm.

VOHNapHUHT TalWunw COHUHWU BUANLL 3N1eKTPONUT 3puTManap Hasa-
pusicn y4yH KaTTa axamusaTra sragmp. ft WOHAAPUHWHT TalW COHU
MMTTOpd yCynupaa aHMKNaHagu.

1X.10. 3/1eKTp OPUTYBUUN KYyY

ONeKTpoKMME acnupa anbBaHWHWHI Kypbaka ycTupa yTKasraH
TaxpubanapujaH 6ownaHraH: MUC Ba TEMUP MeTannapu 3nekTpognap
BasngacMHn 6axkapunb, ralbBaHMK 3/1IEMEHTHM X0CU KunraH. LWy ca6a6-
NN, 3NeKTPOU3N0N0rNsA Ba INeKTPOKUMEHWNHT acocuucu 6ynraH anobBea-
HUHWHT HOMW 6unaH Kyl WAMWA aTamanap HOMJaHraH: ranbBaHWK
3/1eMeHT, ranbBaHOMETpP, rafbBaHOMNACcTUKa, ranbBaHOCTErns, ranb-
BaHWK TOK Ba 6oL Kanap.

BonbTa 1799 iinnga 3neKTp 3SHEPTUAHUHT OGUPUHYN KUMEBWUIA
MaHbauHW ApaTan: TYpau MeTasnsap TyTawraH yerapaja noteHuuannap
thapkn nango 6ynagu, 6yHun BonbTa-noTeHuuan gelinnagn (BonbTaHUHT
KOHTaKT Hasapusacu (aHfa y30K BaKT XyKM cypraH). 1889 innga HepHct
rafbBaHWK 3/IeMeHT 31eKTp topuTyBun Kyuu (JHKOK) HMHT “ocMOTUK”
HasapusicMHW apatraH. HepHCT Hasapuacy BonbTaHUMHI KOHTaKT Hasa-
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pUACUHN BYyTYHNa WMHKOP 3TW6, 3M1eKTPOA-3pMTMa 4erapacmfja MOTeH-
umannap cakpawu (ranbBaHWK MOTeHLMan) nango 6ynuLWMHUHT AroHa
cababu Kyl 31eKTp KaBaTWUHWHI KOCWMA Bynnwnamp, geé TyLWyHTUPraH.
Arap 3neKTpoj MOTeHUWANMHUHT Naigo 6ynuwnra akaTrmHa 3neKT-
POA-3NeKTPOINT Yerapacmjarn Kyw 3/feKTp KasaT cababuu 6ynraHpga,
alipum MeTanfapHWHI CcTaHAapT CONMLLITUPWLL 3/1eKTPoAMra HucbaTaH
ynyaHraH “Hofb 3apAgnun noTeHUMann” Honra TeHr Gynuwn Kepak 3gn
(“mMeTannapHUHr HOMb HyKTacu” feb6 xam atanagu). PpPyMKUMHUHT XX
acpHuHT 30-Mnnnapgarv n3naHuwnapura Kypa, Hofb 3apsara ara 6ynraH
MeTaNlapHUHI MNOoTeHUMannapy KAM HoAra TeHr aMac 3kaH. [emak,
3aNeKTpos 6unaH 3NeKTPOAWUT 4yerapacupa ymMyMaH Kyll 371eKTp KaBaTt
naingo 6ynmaraH TaBAupAa X.aMm 3MeKTPOAHWHI MNOTeHUuWanu HongaH
thapK KWy HepHCT Ha3apUACUHUHIE HOTYTPY SKaHUTUHU KypcaTau.
MeTannap (U3MKaCUHUHI PUBOX/IAHULIW HaTuXacuga Typau Mme-
Tannap TyTawTupuaraHga noteHuuannap apku naingo 6ynuiimn Kypca-
Tungun. KBaHT Hazapusicura 6MHoaH, noTeHumannap Gapkura metanngaru
030[ 3M1eKTPOHap 3HeprusanapuHuHr depmu catxgapu Typavya 6yn-
raHnurun cabab 6ynagu Ba MeTannap TytawTupunraHia ®epmu catknapu
TeHrnalwryH4a afeKTpoHnap 6up metanngaH UKKMH4YUCUra okné ytaaun.
X703vprn 3amMoH TyLyHYacura 6uHoaH, 3NeKTPOAHUHT NOTeHUnanu
WKKW MeTann u4erapacujarv BOMbTa-MoTeHUMan Ba 3/eKTPOA-3puTMa
yerapacuja Kyl 37eKTp KasaT X,0cun 6ynuwun 6unaH 6enrnnaHyBym
rafbBaHu-noTenunaniapuHUHT MNTUHANCUTA TeHTAMP.

1X.10.1. OneKTpog TylyHYacK. INeKTPOA NOTEHLMANNHUHT Naingo
oynuwn

3apsgnaHraH 3appayanap TyTraH 3puTmara TywupuaraH we-
Ta//IHU 3neKTpoa Ae6 ataiimus. ByHpail cucTemaga MeTannijaH 3puT-
mMara KaTUoHMap yTulWun MyMKWUH. ONun6 yTunaéTraH 3appavanapHuHT
conbBaTNaHUWM (rMAPaTAAHULLMN) WMOHMAPHUHT yTUWIUTa Kymakna-
waan. KaTMOHNApHUHT 3puTMara yTulmn HaTuxacuga Metann MmaHhuii
3apagnaHagmn, NeKWH 3NeKTPo4 —a3puTma cucTemacy 3neKTpPoHenTpan
6ynn6 Konagn. NeKTpos cupTu aTpoduaa metann cuptugan 105 -10'7
M raya 4ysusraH Kyl 3/eKTp kaeaT kocun 6ynaau (IX.5-paem). Xyaan
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WYyHAan Knnué, sputmagary KatmoHnap xam Metanara yTum MyMKWH,
yH[a meTann mycbat 3apsgnaHagn, aHMoHNap aca Kyl JaBaTHWU XOCWUN
Knnagn. MeTanHUHT CUPTKU 3apsagura mMoe paBuWja opueHTauums-
nawiraH cyB Mosekynanapu 6esocMTa MeTansa cupTura Terné Typagu
(yw 6y xonatga meTann cupTu MaHdpuii 3apsagnadrad). Metann cuptu-
HWUHI 6UpP KUCMUWHMK aacopbunaHraH Ba Kam €ku O6yTyHnanm ruppart-
NaHMaraH aHuoHnap arannaiau. YnapHuHr agcopbunaHuin Maxcyc
(cneundunk) fe6 atanagi, YyHKM y CUPTHUHT 3apsagura amac, 6anku
KOBaneHT 60rnapHUHr xocun 6ynuwnra 6ornnk 6ynagn; KOHTaKT
agcopbunaHuw fe6 xam atanagi, YyHKW ferunapatnaHraH aHuoHnap
MeTann cuptura 3mdy Tern6 Typagu. 298 K xapopatga cumo6 cuptumga
Cr, Br, J Ba Cs+ noHnapuHuHr agcop6unannwmn, K', Na+ Ba K
WOHNAPUHWHT afcopbunaHMacinIn aHnKNaHraH.

Maxcyc apcopbunaHu -

HUHT Nango 6ynumn MOHHUHT

rugpatnaHuwl gapaxacura Ba

KaTTanurura 6ornuk. Maca-

naH, (Top MOHW BOLOpPOA 6Or-

napn 6unaH 6ornaHagn Ba 6y

X0 (TOP WMOHWUHUHT 3pUTMa

XaXXMungaH 3NEeKTPOJHUHT

CUpTUTra YMKULLIUTA XaNaKuT

6epagn. AgcopbunaHraH MOH-

NapHUHIr  MapkasnapugaH /)

Macoaga yTKasuiaraH TeKuc-

MK TenbMrofbLUHUHT  UYKK

1X5~pacm. Ky anekTp KaBaTUHUHT  Tekucnuru fe6 atanagii. by
Ty3unuwm. TEKUCNIMKAAH KeiuH rugpat-

MaHuiA  6enrmnn  aitnaHanap 6unaH naHTaH KaTUOHMAPHUHE  Map-
crneumduk  agcopbunaHraH — aHWoHMap KasnapugaH 2 macodaga yTka-
KypcatunraH;  myc6ar 6enrm  6unaH—
rmapaTnaHraH KartuoHnap; LUTpUX/IaHraH
alinaHanap 6unaH—Andy3MoH  KasaTaaH
TallKapuaa XonallraH rgpar Kaear; Ykm
aiinaHanap GunaH—eyBHUHI aunonnapu; (o

Ba \f nap 6unaH aca, UYKW Ba TalLIKL NOTeH- .
nvasian KYrcatwiraH. 314 Kasar fevmmnagm.
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3U4 KaBaTga MoHNap 6GunaH Ba y3apo Kydcu3 6ornaHraH cyB Mose-
Kynanapu xam 6ynagm (1X.5-pacmfa aiinaHara onuHraH yknap 6GunaH
KypcaTuiaraH). by CyBHUHI Ty3suanwmn WHAMBUAYaN CYBHUKUAAH (apk
Kunagu, WYHWHT YYyH XaM 3M4 KaBaTharu CyBHW faiiTa TUKNaHraH
Aennnagn. SpUTMaHVHT 3UY KaBaTaarv AM3NeKTPUK CUHTAUPYBUYAHINTA €
VHAUBUAYAN CYBHUKUAAH KUYMK Bynagu.

3M4 KaBaTdaH TaHLiapuaa, fbHU AnddY3MoH KaBaTAa, 3appava-
NAPHUHT UCCUKAMK 3HEPTUACK YNapHWU 3N1eKTPOA MaifoHn 6unaH TapTué-
NAWTUPULL  3HEPTUscUra COMMLLITMPaZMraH Xxonatra Kenagu. ByHWHT
HaTuXacufja 3appadanap TapTUGCU3 TakKCUMAaHagn, YNapHUHT KOH-
LEHTpauuMsacy 3ca spuTMa AKMUAArM KOHUEHTpauusira sSIKUHAalafu.

L yHra moc paBuwiga £ fam £H2D ra akMHnawagw.

OnddysnoH KaBaT 3pUTMaHWHT MYMra TOMOH aH4a 4ysuraH, neKuH
yHUHr X macocagarn 2 TekmcnurugaH camapaam KUCMHK axpaTall
MYMKWH. $1 HWHT Y3YHAUTU KYy4YIuM 371eKTPOAUT 3puTmacmparu MoH
armoctepacy paguyCcCUHUHT aHanorugmp. Xyaam Wy paguyc Kabu, s xam
KOHUEeHTpauusi Gylimya ONMHraH KeagpaT wunausra TecKoi nponop-
umnoHangup. Arap camapanu audgysnoH KasaTgarv gamma sapsignap s
mMacogasaru onka KaeaTra lvrunca, yHfa ynap 3feKTpog cupTugaru
3apsAgnapHn HermTpannangn.

Maxcyc azcopbunaHuwl MaBxyps 6GynmaraHfa Kyl KaBaTHW toMka
KOHfeHcaTopra jobcmanon MymkuH. ByHpa M MeTannHWHr 3apsgnaHrad
CUPTW KOHAEHCATOPHWUHI GMTTa KaBatu 6ynun6 xm3maT Kusca, A maco-
(hagarv camapanu 4Yerapa CUpPT MKKWHYM KaeaTt 6ynagu. Metann GunaH
3pMTMa opacuia MoTeHUManap cakpawu naigo 6ynagu. Jap kaHpal
noTeHLMannap cakpaluy ypHaTunraH tTakampia xam 3fnekTpos Ba aputma
opacufa KaTuoHMap anmallivHUWK KysaTunagu. MeTanngaH sputmara
Kapa6 WOHMAapHWHI OKWMMW YNapHWHT 3puTMafaH MeTanara kapab oku-
MUTa TEHT Ba 3/IEKTPOH/IAPHUHT 3pUTMajaH MeTasra Ba MeTasijaH
apuTMara 6ysiraH OKMMIapura TeHT Kyunmamp. dNeKTPOLHUHT GUp 6UpanK
CUPTW YUYH ONIMHTaH 6y OKUMHWUHI KYYMHW IMallVHUL TOKWU Aeiun-
nagn. SpUTMaHVHI ypTaya WOH aKTUBAMIM Gupra TeHr GynraHgaru
a/IMalMHULL TOKW CTaHAapT jOo xucobnaHagu. Typau cucTemanapga
jo=1C8-! MYA/M2 ra TeHr.



3neKTpoj MOTeHUManM A0CUN BYNULLIWHUHE KeNnTUpUAraH Mexa-
HU3Ma ymymuii amac. Anpum metannap (0ONTUH, NAaTuMHA) LWYHYaINK
Maxgam KpucTasin maHapara araku, ynapaaH KatuoHnap axpanné unga
onmangu. by metannapga noteHumannap apan nango éynmainan. AMmo
OyHAan meTannapHUHT CMpTUra OKCUAMaHWUW EKN fanTapunuw fobu-
nvaTura ata 6ynraH Kynuuamk mogganap agcopbunaHmin myMKuH. LU y-
HUHT YUYyH 6y MeTannap épfamuja sputmanap 6unaH mysosaHaTaa 6yn-
raH cuctemanapHu 4ocma Auaul MyMKuH. By fonga anektpognap nHepT
felinnagn, NoTeHUMan 3ca MHepPT 3MeKTpojua agcopbunaHagm Ba 3purad
Mofda opacupary MyBo3aHaT 6unaH 6enrunaHagu. ByHpai anekTpogra
MWUCON ANNN6 apuTMagarn BoAopos MoHnapu 6unaH myeo3saHatga bynraH
Ba BOAOPOJ afcopbunaHraH naaTuMHanaHraH naaTUHaHW 0L MYMKWH.
ByHAa MOAAAHWHT OKCUANMAHTaH LIakAM 3puTMaja, faliTapuiaraHu aca,
anekTpoaua bynaau.

MogAaHVHI MKKana Wakivm gam 3puTMaga bynMiwimn MyMKWH, yHAA
anMallnHUL  WHePT 3/1eKTPo4 Ba WOHNap opacuga coaup 6ynagu.
MacanaH, Fe3+katnoHn nnatnHagaH 6MTTa 3N1eKTPOH TOpTMG ONMLLIK Ba
Fe2+rava pgavitapunuiiy MyMkuH. ByHaa nnaTuHa MycbaT 3apsgnaHaju,
spuTMaga aca opTmiya aHWOH aucobura maHguii 3apag naigo 6ynagu
(macanaH, FeCls gan C1), WYHNHIAEK KEANHIY 31eKTPOHNapPHN TOPTUG
onvwun 6opraH capu guiAnHNawnG 6opagn Ba HUAOAT, Myc6aTt
3apafnaHraH 3MeKTpPo4 Ba aHMOHIap AaBaTy opacuja MyBO3aHaT ypHa-
Tvnagn. WyHpaii gunn6e, FE*+e->Fe2t knméBniA peakuusicn 6Gopagu.
LU yHVHr ek, yHra japama-apLlimn peakums jaMm 60puiv MyMKUH:

Fez+-e -+ Fe3+
OneMeHTHM ynaraHja peakuuMsaHUHT y ékun 6y lyHanuwun 6utTta
3NeKTPOAHUHT TabmaTura amac, 6a/Ku ranbBaHWK 3M1eMEHTHUHT UKKana
anekTpoaura 6ornua. 3MeKTPoAHN apuTMagaH Yngapub onvw apuTMaHu
6ownaHrny gonatta ganTapagun. Kyw faeatgarv MOHNapHW, KAWHYa,
noTeHuMan 4ocun AUIyBYM MOHNAAP Aelinnagn.
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1X.10.2. CtaHaapT noteHuwnaniap. HepHCT TeHramacu

VKKknTa anekTpopdaH mbopaT 6ynraH Ba 3neKTpoanapgaH 6upu-
HUHT NOTeHUManyu aHWAMaHUWKN Kepak 6ynraH, MKKUHYM 3NeKTPOAHUHT
NoTeHLMann aca BoJira TeHT 4e6 oNIMHIaH rasibBaHuK 3nieMeHTHUHT QKO K
CW 3NMEeKTPOAHMHI CTaHjapT noTeHumanu xucobnaHaau. MoTeHUManu
HOMra TeHr Aeb ONMHraH 3/1eKTPoA cudaTmaa cTaHAapT WaponTaapaaru
HOpMan BOAOPOJ 3MeKTPOAM XW3MaT Aunagv. ONeKTpoj MNOTeH-
LUuannapuHuUHr abconT guiimaTnapu Homabfaym. Bogopop 3nekTpo-
OVHUWHT CcTaHfapT noTeHUuuWanu fjap faHfjaii japopaTtnapja Honira TeHr
fe6 Kabyn KuIvMHraH. dneKTPoAapHUHT CcTaH4apT NOTeHLManun Bo40pos
3M1eKTPOAN Ba aHuWANaHaéTraH 3/1eKTPOoAfaH TYy3WAraH ranbBaHUK afe-
MeHTHUHT QHOK ra TeHr. ByHpali ranbBaHWK 3/1EMEHT yfaHraHga ypra-
HUNAéTraH 3MeKTpofua OKCMANaHULW KM JadTapuavl  Ky3aTuauwm
MYMKUH. LLIyHra 6ornua pasuiiga 3M1eKTPOAHUHT MOoTeHUMann mycé6at
€kn MaHtwniA 6ynagu. CraHfapT MoTeHUMannap 6€xku KyudaaHunap
jatopu wy Wyn 6wnaH Kentmupub6 umpapunraH. by patopga Bogopog
3M1eKTPOAN MycbaT Ba MaH(UIi 3N1eKTPOANAPHUHT opacuia XonnawraH.

BaHT-IMohhHMHT n3oTepma TeHNamacugaH onganaHnb, aneKTpoa-
NAPHUHT  MOTEHUMaNMHN Ba rasibBaHUK 3nieMeHTAapHUHT JHOK Hu
anco6nab Tonuw MyMKWH:

n» -AG =d7°(1nX, ~41na°) (1X.61)
6y eppa: Ka- aktmeBnuk 6unaH mdoganaHraH MyBO3aHAT KOHCTaHTacw;
JB® - peakums magcynotnapu akTUBANKNAPW KynakTMacMHWUHT 6oLl iaH-
rMy Mogganap akTMBAMKAApU KynanTmacura Hucbatu.

A—2FE skaHnurmnHm gucobra oncak:

E=~\nK,,-~&\aa'* A 1X.62
an zF v ( )

Arap pactnabkum MojfanapHUHr aKTMBAWKAapu (KOHLeHTpa-
uusinapu) 1 ra TeHT 6ynca, Ja0=1 Ba /\na‘=0 6ynaau Ba :
. ’ giux.63
W ppl8]| L in
ra TeHr 6ynu6 gonaau, 6y epga L, -ctaHgapT 3neKTp OPUTYBYUN KyY.

(1X.61) Ba (1X.63) TeHrnamanapgaH
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*EE£ . +£i_Atoa» . , (1X.64)
F

(IX.64) TeHrnamaga akTUB/MKAAPHN YHAN norapudmnapga npoganacak,

wiiP3 2’3°|_|3§T| (LX.65)
ay pa’ 2,303/rr  2,303-8,314-298 Q,,,, Ba LS P S 0,059l

T7XK2Me" . («96600 */u
P6=t; arrf»| 6ynraHga Igl=0 Ba 2— ¥ -igl=0 6yaraHn yyyH

X=XK® KM st- a0, Oy epfa: *N —cTaHfapT OKCMANAHWLLI-KanTa-
puavw noTeHUWanu gelinnagu.

By TeHrnama HepHcT TeHrnamacu 6ynun6, QHOK (Eku noTeHuman)
6unaH 3pPUTMaHUHI KOHUeHTpaumsacu (akTmenuru) opacugarn 6or-
NaHWWHM KypcaTagu. femak Eo spuTMaga MoHNapHUHT akTusaurn 1 ra
TeHr 6ynraHgaru ctaHaapT AKOK Ba K, apuTMaga MOHHUHT akTMBAUTM 1
ra TeHr 6ynraHgaru ctaHgapT noTeHUnangmp.

1X.10.3. Audy3noH noTeHumnan

VIKKM 3N1eKTPONUT 3pUTManapuHUHI 4yerapa cMpTuUAa WUOHIAPHUHT
TYpAn gapakaTyaHauru Tygannm anddysmoH noTeHumMan Kocun 6ynagu.
MacanaH, AQNC>3 HUHT Gnp-6upun 6unaH TytTawTupunrad 0,1 H Ba 1 H
3pUTMACUHUN Ky3haH Keunpamus. Auddysus KoHyHura 6uHoaH, Ag+ Ba
H roHNapu 10KOpY KOHUEHTpaUManm spuTmMmagaH Kam KOHLUeHTpauusnm
3puTMa TOMOH XApaKaTiaHajWu. no; aHWOHMAPHUHT gapakatyaHnuru Ag+
KaTMoHUra HucbataH HOKopu 6ynraHaurn cababnum no; WMOHAAPUHUHT
KOHLIEHTPaUMACK KaM KOHLEeHTpaumsnu sputmaga opTub ketagu. Ha-
TXKaga TypPan KOHUEHTpauManu apuTManapHuHI Yyerapacuga maHuii Ba
Mycb6aT 3apsifaHraH coxgnap nango bynagun. Y w6y anekTp KaBaTUHWHE
Kocun Oynuwiun 3puTManapHUHI 4erapacuja npTeHuunangap ¢apKuHu
BYy)Xyfra kKentupagu. MaHa wy noTeHumannap ¢apku guddysnoH no-
TeHumnan pe6 atanagn. AnddysMoH noTeHUwan ¢akar Typaum KOH-
LeHTpaunsn spuTManap verapacugarmHa amac, 6anky Kap KaHgali MKku
3NeKTPONNT 3puTMacuM 4Yerapacuga Kam kocwun 6ynagum. AuddysnoH
NOTEHLWNANHUHT MUKLOPY aKTUBIMKNIAPHVHT KW 3pUTManap KOHLeHTpa-
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LMACUHMHT y3ap0o HucbaTura Ba WOHMAPHWMHI TalluWll COHMapwu akiup-
Macura nponopumoHangup. Auddy3moH NOTeHAMANHUHT Uwopacu Ta-
LWNLW COHNAPUHUHT Mmugaopura 6ornug 6ynagn. Amannétga auddysmoH
noTeHUMan aHWK; Harwxkanap onuuwra xanagut 6epagu. LUYHWHr yuyH
A Yy3MoH NOTeHLMANMHN NYJOTULLTa X,apaKaT AnnnHagm Ba gudgysmoH
noTeHuuannap anvMpmacuHuW XOCWUA [UAYBYUM 3puTManap Ty3 Kynpuru
opfanu TyTawtTvpunagn. Ty3 Kynpuru cudatmia MOHNapPHUHT xapakaT-
YaHIMIM 6Up Xun 6ynraH Tysnapgad goiganaHunagu. Opataa, KC1,
KNO3 NHANO3 sputmanapu nwnatunagn. VIKKn sputma Ty3 Kynpuru
opfanu TyTawTUpUAraHga anegTp TOAMHMW acocaH Wy Ty3 KyNPUTUHUHT
NOHMapun yTKaszagu.

1X.10.4. OKcugnaHmw-ganTapuamw NoTeHUManm

BUp MeTan/IHMHT Xap XU/ BaneHTAUKAATW Ty3napu 3pUTMacuHUHT
apanawmacura (macanad, FeCh sa FeCl2) nnatuna ka6u 6Getapad
mMeTannap Tywupuaca, OKCMANaHWLW-fjakTapunuw noTeHumanu (pe-
JOKcK) xocun 6ynaaun, 6yHAalk anekTpognap okKcumanaHuw-gakTapuani
anekTpoAnapu felivnagn. bup anekTpof 6owpaa anekTpoh 6unad
TyTawTupunaca, 3putTMaga OKcufnaHuw Exku JakTapuanil  >xkapaéHu
6opagu:

FeCI3+€ <>FeCl2 ékmn Fe 3* +e <> Fe 2*

Arap peakuusi YanfaH yHrra TOMOH KeTca, peakUUSHWUHT 6opuin
YUYH 3M1eKTPOH Kepak 6ynaju, akcMHYa, peakuusi YHrjaH yanra KeTca,
3NeKTPOH axpanub ungagu. Arap peakuus 60pulIN yUYYH 3/1EKTPOH
Tanab gunuHca, yHn sputmara TywumpunaraH nnatnHa etkasmb bepagu.
HaTumxaga xwaTuHaHuHT y3n mycbat 3apsgnaHagn. Mycbat sapsignaHraH
nnatuHa sputmagarn MaHguini MoHNapHW TopTagu. HaTwmxaga, Ayl
3NeKTp faBaTu xocun 6ynun6, noTeHumannap apau BYXyAra Kenagw.
AfCuHYa, 3NeKTPOKMMEBMIA XapaéHaa 3NeKTPOH axpanub umpca, nna-
TUHa MaH(WUin 3apsgnaHagn Ba 3puTMagaH MycbaT MOHAapHWM TOpTUG,
Ay 9NeKTPp faBaTUHU XOCUN gunagu.

[emak okKcugnaHuw-ganTapunmil MoTeHUWanu 31eKTpos 6unaH
apuTMa yerapacuaa afneKTpoanaH okcugnosumura (Fe3d) éku sputmagaru
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KainTapyBungaH (Fe2H anekTpoAra a/feKTPOH yTULW M HaTUxXacuga Aocun
bynagn. ByHaa MogAaHUHT OKCUANAHTaH Ba KaiTapuiaraH KypuHuLIiapm
sputmaga 6ynagu, 3NeKTpoa 3ea (akaT 3ISeKTpoHNap MaHb6au Basu-
thacnHm bakapagn. OKCuagnaHLW -fanTapuam 3NeKTPOANapPUHUHT 60LWU -
Ka anekTpognapgaH apku WyHAaKW, 6yHAa 3neKTpog MoTeHUuan BYy-
Xyfra Kenuwy ydyH TYLIMPWUATaH MeTana MOHW >xapaéHga 6eBocuTa
MWTUPOK 3TManan. OKCMaNaHuL-ganTapuanw MNOTEHUWANUHUHE SUNA-
MaTu 3/1EKTPOAJAH ONIMHTaH €KW YHra 6GepuniraH 3/eKTPOHIAPHUHT CO-
Hura 6ornua. By 3ca, y3 HaB6aTuaa, OKCMAN0BYMN Ba JaliTapyByuuM MOf-
fJanap akTUBAWKIAPUHUHT HUc6aTura nponopumnoHanamp. by noteHuunan,
logopruga Kypcatub yTuaraHfgek, OKCUAMOBYMHUHT OKCUMAMAHWULW [06u-
NMATUHK K3hcaTaau.

1X.10.5. neKTpognapHUHT TaCHU(NaHWLW K
ONeKTpognapHuU TacHupawja TepMOLMHAMWUK HyATau HasapjaH

fapawy, aynanup, 6yHfa hasanap coHU Ba fanTapMKHUHT Typu gucobra
onuHagu. TepMoAMHAMUK XUAATAAH 3NeKTPOANnap gyiugarnya TacHudg-

naHagwu:

a. ) BupuHUM Typ: MKKM hasanu, KaTMoH EKW aHWOoHra HucbaTaH
nanTap;

6. ) BupuHumM Typ: y4 hasanu, ras aneKTpoanap;

B. ) IKKMHYM Typ: y4y (asanuv, KaTWoHra Aamfa aHWoOHra' HucbaTaH
panTap;

r. ) Pepofc: oAcupnaHraH Ba JaliTapunraH KypuvHuwnap 6utta

cywj hasasa 6ynraH anekTpoanap;

4. ) VoH anmalimHyBumM (MOHCENEKTUB) 3/1eKTpoanap.

YunHum TYP - TypT thasanu, 6Monoruk sa hrsnKasuin anekTpognap
[aM MaBXyg.

CTaHfapT éku CoONULITUPULL 3N1eKTpoAnapura Mucon Tapupacupga
BOJOPOA 3M1EeKTPOAM, KanoMefb 3/1eKTPOAWU, XUHTUAPOH 3MeKTPoan Ba
yMyMaH, 3/1eKTPOo4 NoTeHuuann gouMuin gniimartra ara 6ynysuu, fapo-
paT Ba 6owfga TabcuMprapra Yngamam 6ynraH, KOHCTPYKTUB >XWgathaH
foynaii Ba ap30H 3/1EKTPOANAPHN KENTUPULL MYMKWH.
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1X.10.6. Bofopos anekTpoam

3NeKTPoL noTeHAManu X,0cun 6ynuWNHWHE cababnapugaH 6upwm
aKTUBANIMN KaM MeTann CUpTUra WOHNaHuW KobunamaTura ara GynraH
MoAfanapHUHT afgcopbunaHuwmngup. MacanaH, BOAOPOA MiaTvHa cup-
Tura agcopbunaHagmn Ba MOHNAHUL HATUXKACUAA 3NeKTPOALA Kyl 3N1eKTp
KaBaTVHW X,0CMN  Kuiaagn. Ywoéy ycyn 6unaH cTaHgapT BOAOPOA
aNneKTpoau onuHaau. Tapkubuga ft 6Gynran spuTmara cupTu OKopu
aucnepcnn nnatuHa 6unad KomjaHraH nnaTuHa naacTMHKacu Tywu-
punagu. puTMa OpKanu To3anaHraH Bofopof rasu to6opunagu. Bopgo-
POA TFasMHWHT Xyaa gam Tos3a 6ynmwn myxHmamp, yyHkn AsH3 HZS Ba
60l KaNapHUHI ra3 Tapkubuga 6ynuin naaTUHanaHraH naaTUHaHWHL
CUPTUHM “3aKapnaiign” Ba 3M1eKTPOAHUHI MOTEHUMANUHW ce3nnapnau
japaxapa ysraptupub wbopagu. Ly cababnu, codp BOJOPOA rasu
UMNLLLOPAN 3pUTManapHu 3M1eKTPOIM3 KUIMW Wynu 6unaH onMHagn Ba
To3anaHagn. 3puTMa nuMiaH yTkasuaraH Bofopoj nnaTvHa afNeKTpogmra
agcop6unaHnG, YHUHr cupTura ytupu6 konagu. Pt HuHr cupTtuga
Kylingarun myBo3aHaT ypHaTuUnaau:

[2H8@*|L jlp~ +a
LLIYHUHT  y4YyH, 3MeKTPOAHUHI MOTeHUMann 3puTMagarv BOAOPOS
WOHMIaPUHUHT aKTUBAWUIKU 6unaH 6enrvnaHagu.

Bopopoa 3neKTpogu MOTeHUManMHW Hasapuii xucobnaw Xyauu
HepHCT TeHrnamacMHy KenTupumb Yngapuilja KynnaHraH Mmyioxgsanapra
acocnaHraH. Hopman BOAOPOA 3MEKTPOAUHWHI 3aHXWUPWU Kyhunpgarmgek
é3nnagun:

=)

Bopopos 3NeKTPOAMHUHT MOTeHUMann 3TanoH cudatmja Kabyn Ku-
NMHraH. Bowka xamMma 3neKTpPOANapHUHT cTaHAapT noTeHumannapu-
HUHT KuimaTnapy Hopmasa BOAOPOA 3MeKTPOAra HucbaTaH ynyaHrad.
Hopman Bogopos 3NeKTPOAVUHWMHE NOTeHUManu WapTan pasuilja Holra
TeHT aeb Kabyn KUIMHraH.

Bogopoa 3NeKTPOAVHUHT KaM4YWavMKnapuaH GMpU yHWU MNOTeH-
LWaNVHWHT CeKUH ypHaTuamwu 6ynca, UKKUHYNUCK, lOKOpMaa alTraHu-
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MW3LeK, BOAOPOAHW >Xyja xam To3a 6ynuwn Tanab KWIMHULWWAWP.
L yHWHT y4yH, amagja BOLOPOA 3NeKTPOAN Mallira Kynanpok éynraH
fowka anekTpognap 6unaH anmawTvpunagn. Bogopog snektpogmn ras
aneKTpoAnapu Typura termwinun 6ynn6, 6yHaali aneKTpoanapaaH TawKun
TOMraH 3aHXwuprap rasnu sawxkupnap geivnagu. byn[ai saHxupnapga
KynnaHunaétraH mMeTann yTKasrm4y BasudaciiHM bakapagu Ba yw by me-
TaIHUHT cupTuga agcopbrunaHraH rasnapHUHI MOHAAHULWKM HaTuwxKacuia
Kocun 6ynraH 3feKTPoHAapHU onub ytagu. Arap offAui meTannapgaH
néopart 3neKTpognapha 3NeKTPOKMMEBUIA >KapaéH 31eKTpoj martepua-
NMHUHT OKCUAMaHMLLKN KM KalTapunumwuy 6unaH 6ornmk 6ysnca, rasnu;
aneKTpoAnapfa OKCUANaHULL-KanTapuauw >xapaéHupa agcopbunaHrad
rasnap KaTHawafgu, MeTann 3feKTPOAVMHUHI y3u 3ca, ywby XapaéHga
6eBoCMTa ULITUPOK 3TMagM.

1X.10.7. CtaHgapT (conuwiTupuil) anekTpoanap

Typnu 3anxupnapHuHr AKOK Hu ynuyaraHga noTeHUuManu OCOH
KaiiTa TakpopfaHaguraH Ba MyBO3aHaT KuiimaTura Tesga eTaguraH
aneKkTpoAnapfaH KeHr doliganaHunagn. byHaai asnekTpognap conuil-
TpUW &KW CcTaHjapT 3neKTpoanap fAeiunagu. Ynapra Kyiugaru Ta-
na6nap Kyhnnagu:

-ynapHWHI noTeHUWannapu ysrapmaiguraH Ba BOAOPOA 31eKTPO-
gura HucbaTaH aHUK ynyaHraH 6ynuwn Kepak;

—€eTaHAapT 3M1eKTpoAnap NOTEHLMANVNHUHT KapopaT Ko3gduuneHTa
Kam 6y/iMwn Kepak;

-yw 6y 3NeKTPOANapHWUHI TalépnaHuWy OCOH Ba ap3oH bynuwn
Kepak;

-6yHaan aneKTpoAnapuun nwnaTul Kynam éynmwn sapyp,

Ogpartga, CTaHAapT BOLOPOJ 3MeKTPOAVMHWU KanoMmeNb 3/IEKTPOAM
6unaH anmawTupunaan. Kanomenb 3M1eKTPOAN UKKUHUYU Typ 3M1eKTPOA-
napra maHcy6 6ynm6,y cumobgaH ugopat 6ynaam Ba yHUHr ycta L 2C12
Ba HQ napHuHr apanawmacu 6unaH KonnaHraH 6ynagu. dneKTponut
cupatnga KC1 HuHr mabnym koHueHTpaumsiam (0,1-4,0 H nm ékun
TYWWHTraH 3puTMa) spuTMacugaH donganaHunagn. CUMOBHUHI nuura
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nnaTuHa cMMun Tywmpub Kyinnagu, y ¢akaT yTKasrmy BasugacuHm 6a-

xapagn. Kanomenb anekTpoam 3aHXxupu Kylingarvya ndoganaHagu:
Hg/Hg2CI2KCI(C)

Kanomenb 3nekTpoan cCUMO6 3M1eKTPoAUM XucobnaHagm, YHUHT MOTeH-

unanu cumob VMOHMAPUHWHT aKTuBAurura 6ornmk. AMmo apnT-

Macu TyiuHraH 6ynraHnuru cababnu, aHf* =const 6ynagu Ba 3neKT-

poaHuUHT noTeHaManu takat CT MOHNAPUHWHT aKTUBAUTKU GunaH 6en-
runaHagn. CIT MOHNAPUHMHT KOHLEHTPALMACU KaH4Yannk loKopu 6ynca,
LLL> MOHNapUHMHT aKTMBAMIA WYHYAIMK KaM Ba 3/1EKTPOAHUHT NOTeH-
uvanm LWyHYaIMK MaHguiipok 6ynagu. Hopman KanoMmenb 3/1eKTPOoAu
(Craml) yuyH anekTpogHuHr noTeHananu 0,283 B ra TeHr, sibHu
KasioMe/ib 3/1eKTPOAM CTaHAApPT BoAopos anekTpoamra Huc6ataH 0,283 B
ra MycéatpoBaup. Arap Kyiiungaru
(-KpoH, nKka, HSICYH#&

3aHXUpHU Ty3n6 yH1 SKOK HU ynyacak, ypraHnnaétraH sputmaHuHrpH
HU OCOH AMco6iall MyMKWH.

LWyHaait knnm6, pH HM ynuaéTraHga ctaHaapT BOAOpPOA 3/71€KTPO-
OVHWU KasioMeNlb 3N1eKTPOoAN 6unaH anmallTMpul MyMKUH. dputmagaru
VKKVHYY BOAOPOA 3/1EKTPOAVMHW AaM y3rapTupull MYyMKWH, MacasaH,
XWHTUAPOH 3NeKTPoAu 6unaH. MabnyMKW, XUHTUAPOH 3N1eKTPOAM OK-
CUANOBUN-KATapyBUM 3NeKTPOANAPAAHANP. Y OAAWI SpUM 3N1eMeHT
6ynun6, yHrapH Homabnym 6ynraH apuTma Kyiinmnaam Ba KaM MUKAopAa
XUHTUAPOH COMWHAZW. JpuTMara yTKasruy BasudacuHu GaxapyBuu
nnatMHa cuMW Tywupunagu. ByHpali aneKTpPoAHM HopMmasi KasloMesb
aneKTpoau 6unaH TyTawTvpunagn Ba 3aHxupHuHr HOK ynuaHagm.
OKOK Hu 6unrad x,0nga spuTmaHuHr pH HU xacobnawl MyMKUH.
XWHIUAPOH XWHOH 6WUNaH rUAPOXUHOHHUHI 3KBUMOMEKYNApP 6UpUK-
mMacugmp: cd/20, tEH2OH)2 y cyBga émoH 3puiign. dpuTMaga XWHOH
GunaH TUAPOXMHOH ypTacuda Kyingarn OKCuANaHWLLI-KanTapuamil
MyBO3aHaTV ypHaTUNafun:

CEHA4(ptOT **COBH4024-H2; H2<*2H* +2e 6K CBHt(OH)2 CrH,02+24A++2¢
By MyBo3aHaTAa BOAOPO/ MOHMAPW KaTHaLLIraHn ca6abnm, OKCUANaHMLL -
KaiiTapunuw noTeHAMANM 3SpUTMaHWMHI BOAOPOA KypcaTkuum pH ra
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6ornuk 6ynagn. XUHrnApoH 3M1eKTPOAUHU ULLIKOPUI apATManapaa Kyn-
nalw MyMKMH 3Mac, YyHKW TMAPOXUHOHHWHI ULWKOPWUIA Ty3napu X,0Cun
OGyNULWIN HaTuXacufa XUHOH 6unaH TMAPOXUHOHHUMHI HUC6ATU 3KBU-
Monekynap 6ynmari Konagn. XWHOH 6unaH FMAPOXUHOHHUHE HuUcbaTu
KyYnu 31eKTPOANT Ty3napmn MLITUPOKMAA X,aM Y3rapmb KON MyMKWH.
XWHIMAPOH 3MeKTPOAM BOAOPOL 3MeKTpoAra HucbaTaH OKCUMAOB-
ynnapra ungamnu bynagn. Kanomenb Ba XMHIUAPOH 3neKTpoanapuaaH
noopat OynraH rabBaHWK 3/1eMeHTAa XWHTUAPOH 3/eKTpoau mycbaT
bynagn.

LU yHAaln Kunmn6, XMHIMAPOH 3/1EKTPOAM Y3UHU BOLOPOJ 3MEKTPOAN
Kabu TyTagu, aMMo yHAa CTaHAapT BOAOPOA 3neKTpoaura yxwab atmoc-
thepa 6ocumumga amac, 6anku Xyga Kuumk napuman 6ocumga Pt Bogopog
6unaH TyinHagm. Ly cababnun, XMHrMAPOH 3M1EeKTPOAUHMHI NOTeHLManm
apuTMagarn BoOPOS WOHAAPUHUHI 6UP XUN aKTUBAMIMAA BOLOPOA
3NEKTPOANHUHT noTeHunanugaH 0,7 B Tamyc6aTpokamp.

Xp3vpru BakTAa 3puUTManapHuUHr pH HM ynyaw yyyH wuwa
aneKkTpognapgaH (MOHCeNeKTUB 3M1eKTPOANap) KeHr oiiganaHnamokaa.
Ywby aneKTpognap anoxjua Tapkvbnu uuwanapgaH TaképnaHagn Ba
YNapHUHT TapKnéura Kyn MUKLOPAA WLLIKOPUIA MeTanniap Kupagu, Ly-
HUHT YUyH ynap OAAMIA Wwuwara HucbaTaH KMUMK 3MeKTP KapLunaurura
ara. Ywoby anekTpogaa KUCIOTaHVHT KOHLEHTpMaHraH aputmacu bunaH
MLIOB GepunraH Xypga tonka wuwa Tyciik (Memb6paHa) masxyg 6ynuno,
6y MmembpaHajaH spuTmara BOAOPOJ, MOHNapW yTaan Ba MembpaHa
MaHuiA 3apsgnaHagn (x/o- noHnapu xmcobura). Xlocun bynaguraH no-
TeHUMannap ¢apku 3puTMagary BOAOPOS MWOHMAPUHWUHE aKTUBAUTMTa
6ornuk. Luwa 3neKTPOAUHUHT noTeHuManu Te3 yPHatunau Ba
puTMagarn oKcigsoBuMnap Ba MaaTMHa 3/EKTPOAMHM 3ax.apnanguraH
Katop mogganapra 6ornmk amac. LLnwa 3neKTpoAVHUHT KaMunanknapu
Kam 60p, MacanaH, Wwua Mem6paHaHWUHT KOKOPU OMUK KapLUuWauru
OKOK Hu ynuaétraHga cesrmp ac6cobnapgaH oiganaHnHN Tanab
Kunagn (pH-meTpnap). ByHaaH Tawkapu, WwWuwa 3nekTpoguHn pH HUHr
0-12 opanurmpa Kynnaw MyMKUWH.

VIOHCeNeKTUB 3neKTpoanap tokopuaa alTunraHnapgaH apk Ku-
nagv, ynapja UKkana yerapanaHraH gasanap - mMembpaHa Ba apuTMma -
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MOH YTKa3yBYaH/IMKKA ara 6ynagu. >XapaéH membpaHa 6unaH spuTma
opacuja WOHNapHUHI anmawunHuwmn 6unaH 6opagun. dasanapapo yera-
paHu Kecub6 yTyBYM MOHNAPHUWHT 3apsian y3rapmaingu, ammo 3spsag 6oL -
Kaya TaKCMMIaHWWKM MYMKWUH. MeMbpaHaHVWHI TapKuébu Ba Ty3uauLiun
Tonwusca (pasanapapo uyerapajarn noTteHuwan dagar OupruHa Kypu-
HULIAArN WOHHWHT aKkTUBAMIUra 60rnuk 6Gynagn. ByHgall anekTpognap
CeNeKTUBNMK XycycumaTUra ara 6ynaau Ba anoxuja UOHIapPHUHT aKTuB-
NINTVUHIA ynyaw UMKOHUSATUHY 6epagn.

VIOHCENeKTNB 31eKTPOANapHUHT MembpaHanapy KaTrukK Ba CYHOK
bynmwin MymKuH. KaTTMK Memb6paHanapra wuiwa, KpucTanna Ba reTe-
poreH Mem6paHanap kupagu. CyloK afekTpognapra cyB 6unaaH apanatl-
MalguraH gusnektTpuk AGOMMWUIACK KUYMK BynraH opraHuK apuTyBuunap
Knpagn (xnop6eH3on, Tonyon), ynapha Kepakam UOHOTEeH, lop apuTuaraH
b6ynagn (cocthat KucnoTaHUHr amapupnapu, anudatuk KucaoTanap,
amuHnap, KpayH-agupnap).

1X.10.8. 9n1eKTpOKNMEBUIA suelikanap

X,ap KaHjaW 3neKTPOKMMEBUI Auveiika KamMuia UKKUTa 31eKTpos Ba
3NeKTpoONUTAaH nbopat 6ynaan. 3MeKTPoS AeraHa 3NeKTPOH MexaHU3M
6yiinya 3apsAg Tawmnb yTUINWKW NOHAN MexaHW3Mra anaHyB4YM yerapa
CUPT TyWyHUNagn. INeKTPONUT AeraHfa WOHNAPHUHT HyHanraH xapa-
KaTu Tydainu 3apag Tawub yTUAMWIKM Ky3aTuUnaguraH MyxuT Tylly-
HUNagn. JNeKTPOKUMEBWIA ynuawinap yTKasvuw YYYH MyJ/DKasisiaHraH
Avelikaga AoMo 3 Ta (YHKUMSAHW GaxapyBuu anekTpognap 6ynaau
(alipym xonnappa 1 Ta aneKTpog 2 Ta GyHKUNAHM baxkapagn):

-nW YN (BKUM MHAWKATOP) 3M1eKTPOA. Y W6y aneKTpos UHepT MaTe-
puangaH scanagu;

-CONMWTUPULL 3NEKTPOAM. Y [OUMUIA MNoTeHumanra sra 6ynagwu.
YHra HucbaTaH siueiikagaru 60l Ka 3/1eKTPOANapHUHT NOTEHLMaNn ynya-
Hagun. Y W6y aneKTPoAHM MHePT MaTepuaniaH KUNnHManau;

—8pJamun aNeKTPos 3NeKTPOHNAPHUHT MaH6an 6ynnb xmsmart Ka-
nagu. OfaTAa YHWHT TOKWM Ba MOTeHUManu yndaHmaian. Epgamun
3N1eKTPOS, 0faTAa, UHePT MaTepuasnjaH sicanagu.
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Mwun 3anekTpogHn 6owga anekTpognap 6unaH 6upnawitupub
bynmaiigu.

X,ap KaHfall anekTp 3aHXWpu uMMegaHc 6unaH TaBcudnaHagu.
MmnegaHc, togopuaa aiTraHMmMusgek, OMUK aapwunnuk (paon pgapuim-
NK), CUTUM Ba UHOYKTUB AapiWIMKAAPHUHT AUTUHANCKMra TeHT. OMUK
JapWwuWAnK y3rapyByaH Ba ysrapmac Toknap yTaéTraHga fjam 6up xun
KysaTunagn. CurHannapHUHr 4actotacu opTraH capu CUrum gapLinanru
Kamasau, UHAYKTUB JapLUnanrn, akcuH4Ya, opTaaun.

IX.11. FanbBaHUK afieMeHTap
IX.11.1. KaiiTap Ba fainTmac aNeKTPpOKUMEBUIA 3aHXnpnap

MeTann 6unaH 3neKTPOAUT 3puTMacK yerapacumja [OMMO MOTEH-
unannap tapau naigo 6ynagu. KO gopuaa aiTraHMMU3LEK, 3/1EKTPOANT
sputMacura TywupuaraH MetannjaH Tapkub TonraH cuctemanapHu
MeTann 3nekTpognapu feiunagu. Metann 6unaH 6uMp XWA WNOHAW
3NEeKTPONUT 3puTMacura ara OynraH 3neKTPOANapHUHI amanuii aja-
MUATU KaTTagup. ByHpai anekTpognap Aalita Takpop/iaHyBYM MNOTEH-
unannap apguHu 6epafu. YnapHu paiitap MeTann 3nekTpoanapu geb
atanagn. Kgiitap anekTpognapga noTeHuuannap (apavHu Kentupub
yngapaguraH >xapaéHnap LapouTnapra gapab Tyrpu Ba Teckapu WyHa-
niwnapga 6opuwn MyMyKuH. [lemak, faiitap anektpognap Ba ynapjaH
TalKna ToNraH ranbBaHWK 3/1eMeHTNap TepMOAMHAMUK XugaThaaH Aai-
Tap 6ynuwn MymKuH. ®ajat gaiiTap aneKTpof Ba 3neMeHTnaprarvHa
BaHT-MoOO(HUHT M30TepMUK TeHrnamacuHu, Fmb6e-IenbMronbl, TeHr-
NlamacvHu Ba TepMOAMHAMUKA UKKUHYN LOHYHUHUHT 60Llja TeHrnama-
NapuHn Tagbug gunuw MymMKuH. TepMOoAMHaMMK TeHrnamanapra acoc-
naHné Kentnpub umpapunraH HepHCT TeHrnamacu fjam agat gantap
3/1eKTPOJ Ba aNleMeHTIaprarmHa onganp.

KnuméBuii peabLLA SHEPTUACUHW 31eKTP 3Heprusira amnaHTupuo
6epyBUM cUCTEMA 3/1EKTPOKUMEBUIA 3aHXMUP €KW rasibBaHUK 3N1eMEHT
pennnagn. Amanuétga vwnatnb KenmHaétraH 3M1eKTPOKMMEBUIA 3aH-
Xupra mucon gunmné muc Ba pyx gaiitap anektpognapgaH néopat Akobu-
[JaHnanb 3N1eMeHTUHN KeNTUpuw MYMKWUH. MUC 3NeKTpoan Muc Ty3u-
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HUHT 3pUTMacura, pyx 3neKTpoAa pyX TY3UHWUHI apuTMacura Tywiu-
punagu. By spuTmanap roeak rycuk (Mem6paHa) épgammaa éKu anekTpo-
NMTUK KYNpUK épaamMmuga ynaHagu. SneKTp6AnTUMK Kynpuk cudatmga
WOHNAaPHUHT xapakaTuaHnurn sakud 6Gynran  KC/, KbIO3, NH4NO3
NapHUHT TYAUHIaH spuTManapy viinatunagn. ByHgain saHxup afnekTpo-
Kuména Kyiimgarnua udpogananagn:  W',CufGfiJ]Zzk?*JZt$

By Genrunawga UKKUTa BepTMKan umsuknap Ctf* Ba Znu MoH-
NapuHW TyTraH spuTManap ypracuia KOHTaKT 60pIMTMHU KypcaTafu.

Muc Ba pyx nNnacTUHKanapy opacura cynb@ar KucaoTa LWUM-
AvpunraH matepuan XXoinawTupub TyaunraH BoNbTaHUHT raibBaHUK
afieMeHTa KaiTMmacamup, yHaa Kyiugarn anekTpog >kapaéHnapu 6opagu:
Zrf-xzn2x+ 28, 2H- t2¢->AT Ba WATMHAN PaBULLAA z>f\2H ' ~>Zt2~ + 2
peakuMsHM Tal KU KUnagu.

AKOOU-AaHNINBbHUHT DNEKTPOKUMEBUIA 3aHXMPU UKKWTA KailTap
3M1eKTPOoANapAaH TalKUA TonraH 6ynu6, KaiTap rafbBaHWK 3/eMeHTra
Mucon 6yna onagu. TalWKyW 3aHXUP OpKaiu ynaHMaraH rajabBaHUK
afleMeHTAa MYyBO3aHaT Xofar 6ynmaiian, NeKuH LWyHAain xonaT y3oK
MyaAaTrada caknaHii6 Typuiun MyMKUH. DneKTpoaiap MeTann yTKasruy
épgammuga ynaHraH OHfaék 6yHfali Topmo3naHraH xonat 6ysuniagu.
TalWKuW 3aHXUPAA, AbHU MeTan/ YTKa3rnyga 3NeKTPOHNapHUHT XapakaTa
Ky3aTunagn Ba OyHpali xapakatnap 6wunaH OMp BaKTHUHT y3uja

NeKTPOLNapHMHI 6upuga okcugnaHuw (MaHpuii KyT6 - Katog)
Zn°->Zt?*+Ze UWKKUHYMCMZaA KalTapunuw (mMycb6at KyTb6 - aHop)
Cn2 3-2e-*Cn° peakuyusinapu 6opagun. Vikkana afekTpos apaéHnapuHUHT
HaTwxaBuii peakuMACUHU Kyhingarnya é3nw MYMKWH:

Zn"+ Crl" -*Zr?~+Cy°. By peakuusnap TepMOAMHAMUK HyKTau HasappaH
kaiiTmac 6ynagu Ba MyBo3aHaT XxonaT BYXyfra Kenuwu éunax Tyxtangu.

Y wby okcuanaHuLw-KaiTapuanil XapaéHu rasibBaHVK 3feMeHTAaH
TawkKapuga xam 60pmMIn MyMKWH, yHAA peakuusaga UCCUKANK 3Heprus-
CUHUHT YUKULWIW Ky3aTunaan. ManbBaHWK 3/1eMeHTAa 3ca PYXHUHI MUC
MOHNapy 6unaH OKCUAMaHWL peakunAacyu DNeKTp aHEPTUSACUHUHT XOCUN
oynuwura onné kénagn. LUyHaan kunmb6, 6yHaa ranbBaHUK 3/1EMEHT-
napga (KUMEBWUI 3aHXupnap feb xam aTanagn) KUMEBIA peakUUSHUHT
3HEepPruacu 3neKTp aHepruacura alinaHagin. ManbBaHiiK 3nemeHTHAHT
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3NIeKTP 3HEpPrusacM Kocun OBynuiimaa acocuii ponHW MeTann-aputma
yerapacu yiiHawm KypuHué typnéaun. by dmkp 6upuHum 6op 1837 iinnn
Oe Na PuB TOMOHWAAH allTWUraH, y rasbBaHWK 3/1EMEHTHUHI KUMEBMIA
Ha3apuACUHU Taknud KunaraH. Ywoy Hasapus HepHcT Ba OcTBanbgnap
ToMoHuaaH XIX acpHUHr oxumpujga acocnaHraH. AmMmo 6y Hasapusja
WKKW MeTann 4erapacuja KOHTAKT HaTukacuga kocun 6ynagurad
noTeH umannap hapkm xmcobra oiMHMaraH.

AKkob6u-LaHnanb anemeHTMaa Zn sputmara HucbataH mMaHguin, Cn
aca mycbaT 3apsgnaHagn. Arap anekTpognapHu MeTann yTkasruy 6unax
ynacak, anekTpoHnap Zn gaH Cu ra oka 6ow naiigu, 6yHaa MeTanapHuHT
spuTMara HucbataH 3apsaav MyKonagu Ba MOHNAPHW 3/1eKTpoanap éHnga
ywnab TypraH Ky4ysiap Kam nyKonumé, noHnap UCCUKAMK XapakaTu HaTu-
xacmja spuTMaga TeKUC TakKCcumaaHagu, SbHM Kyl 37eKTp KasaT
6y3unagn. BYHUHT HaTkacuga ZN HUHF OKcuanaHuwuy (MoHNap Kypwu-
HUNTAa spuTmara ytuwun) Ba CU HUHT KaiTapuauwm (MUC MOHNApK-
HUHT 3pUTMagaH MeTann cupTura axpanamb ymkuwmn) ownaHagn. Jemak
3NeMeHTAa TalWKy 3aHXUpLaH AOMMUIA 3/1EKTP TOKW OKMMUWUHU TabMUH-
nab TypyBUM xXapaéHnap 6opagu.

DneKTpoanapHu ynab TypraH yTKasrMYHWHI KapLwuaurm KaHyanmnk
KaTTa Oy/nca, peakUumsl LUYHYa/IMK CeKUH Gopagun, SbHU Kalitap Gynagu.
LU YHWHT yYyH, 3N1eKTPOANapHN YeKCU3 KapLUWInKKa 3ra bynraH yTkas-
rmy 6unaH ynagnk geb apas Kunacak, peakums Yekcus ceKuUH 6opaau Ba
Kap 6up gakuMkaga anekTpognap 6unaH sputmanap ypracuja MyBo3aHaT
MaBXyh fecak 6ynagu. ByHpall peakuusinap KaasuKaiiTap peakuums-
napgup. TepMOAMHAMUK >XuUxaTfaH KailTtap 6ynraH >kapaéHnapfa Mak-
cvMan anekTp uwn 6axapunagn. byHgali wapouTnapga ynyaHraH MKKu
3NeKTPO4 opacuparn noteHuuannap ®Mapku ranbBaHUK 3N1eMEHTHUHT
3M1eKTP LPUTYBYM Kyun feiinnagn ETax=wounmm

1X.11.2. KoHUeHTpaLWoH 3aHxunpnap

MabiyMKW, MeTasil 3eKTPOAVHWUHT NOTEHLMANN YHU apuTMagarv
WOHNAPUHUHT KOHLEeHTpauusacn (akTuBnauru) optub6 6Gopuwn 6unaH
optagu. Ly cababnu, nKKMTa 6Up Xua metann 3neKTpoanapu yuuby
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mMeTannap Ty3NapUHUHT Typ/iM KOHLEHTpauusim sputManapvra TyLi-
punrad 6ynca, ynap Typnu noTéHumannapra 3ra 6ynagunap. Arap
ynapHu TalWKy KapluWaMK OpKanu ynaHca, 3aHXupga 31eKTp TOKW oKa
6ow nagn. byHgali saHXupnapum MoHMapum TaHWw6 yTyBUM KOHLENTpa-
LWOH anemeHTnap feiunnagin. Y pgapwwr VLl mexaHnsmMuHn KymyLu

KOHUEHTPAaLVOH 3/IEMEHTa
(-)AgIAgNO.Ji AgNOJ Ag(-r)

Muconnga Kypné unkammns. Assanamb6op, KOHLUEHTPALWOH 3feMeHTNapaa
nwnad YMKapHNaéTraH 3/1eKTP 3HEPruACUHUHI MaHbanm 6ynn6 Huma
XM3MaT KBAULLMHN aHUKNal Kepak. Arap KUMEBUI 3aHXuMpsiapa anekTp
3HEPrUACMHUHI MaHb6aun anemeHTAa 6opaéTraH KUMEBMIA peakuma bynca,
KOHLEHTPaLMOH 3N1eMeHTNapaa KUMEBUIA XapaéHNapHUHT 60puLLIn MyMm-
KUH 3Mac, YyHKW 3fieKTpognap 6up xun metanngaH ibopaT. dnektp
HEPIrUSACMHN KenTupnb 4YMKapyBUM >XapaéHHUHT TabumaTWHU aHWKnaw
YUYH Mwnab TypraH KOHUEHTPAaLMOH 3/IeMeHTAArn yrapuiliapHu Kysa-
Tamus: KOHLEHTpauuacy KampoK spuTmara TyWUpuaraH 3neKTPOAHUHT
mMaccacu Kamasgu, 3pUTMaHUHT KOHLEHTpaumusacy aca cCeKuH-acta opTub
6opagun. KoHUeHTpauusacy 1KOpUpoK spuTMagarn 3afneKTpoana Teckapu
XapaéH 6opafu, HaTwXKafa, 3PUTMAHUHT KOHLEHTpauMacu Kamasigu.
L yHpanm kunnb, 6yHaam anemeHTnapaa 3/M1eKTP 3HEPTUACUHUHT MaHb6aun
6ynn6 spuTManap KOHLEHTpauMANapuHUHT TeHTrNawWyB XapaéHu xmsmart
Knnagin. LUYHUHT y4yH Xam ynap KOHLEHTpauuoH 3neMeHTNap Aeb

aTanagu. HepHcT Gylinua aneKTPOANapHUHT NOTeHLMannapu
RT

]
T, wll a H--—----T a .;

. (1X.66)

nF

Arap a,<az 6ynca, yHpa L<«. 6ynagn. [lemMak KOHLEHTpaLWOH
3aHXuppa OuMpuH4YM  3INeKTpPoL Katoj BasudacuHm bakapagn Ba
Ag-+Ag*+e 3NEeKTPOKNMEBUIA peakuus HaTUXKacuga 3M1eKTPoA MaHui
3apsifnaHagn. VIKKMHYM 3N1eKTpoAda Kapama-kKapliu >xapaéH 6Gopagu
Ag*+e->Ag Ba KyMyll WOHW KaWTapunagn. Hatmxafa WKKUHYM
3NeKTpos aTpouaa OpTMKYA aHWoHNap Konagu, ynap O6upuH4YM
anekTpoAra yta 6ownangn. MaHa WyHAan 3neKTPoOL XapaéHnap HaTu-
Xacmja spuTManap KOHLEHTpauMANapuHUHT TeHrnawyBu Ky3aTunagu.
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KOHUEHTPALMOH 3M1eMeHTIaPHUHT  UWMAW  MeXaHWU3MMK  LWYHAaRamnp.
CylonTupunraH sputmagarv 3/1eKTPoj AOMMO MaHguii 3apsignaHagu,
KOHLEHTPaUMSCY IOKOPUPOK 3puTMajaru 31eKTpoj [oMMo Mmyc6aT
sapsignaHagn. AHWOHNapra HucbaTaH uaiTap 6ynraH WKKUHUKA Typ
aMeKTpoafapAaH MbopaT KOHLEHTPAUWOH 3aHXuprapja 3/1eKTpoj
NoTeHLMaNapUHUHT ULLIOPAcKU Teckapwy Gynaau.

KoHueHTpaumoH anemeHTnapHuHr QHOK 6owka 3aHxupnapgaru
Kabun 9N1eKTPoy NoTeHUUaNNAPUHUHT anre6pank RUrMHANCUTa TEHT:

E=na-nt :FFh'g\x (EX.67)

€KW eTap/in gapaxaja cyronTupuarad sputmanap yuyyH (@» Q

E=— \n~- X.68
nF C, \(I ).

TeHrnamaHu 3w Mn3 MyMKUH.

LUyHM TabKmanab yrwnw wws KEPAKKW, HOKOpUAA KeNTUPW/TraH
(IX.67) TeHrnama Taxpuba HaTwkanapun 6unaH Tyda Kenuwwimainagu,
YYHKW YHU KeNTUpné ymuapaérraHja Typam KOHUeHTpaunsanm sputManap
yerapacupary noTeHuManiap cakpawy Xxucobra onMHMaraH, y 3ca
anemeHTHUHr QHOK ra Tabeup kypcatagn. AnddysnoH noTeHuman geb
atanysum 6y noTeHLMan spuTmanap verapacu opkKaanm WOHNAPHUHT AUd-
ysmanaHnwn oumbaTmpga naikgo bynagu, y HOMyBO3aHaT >KapaéHaup.
OnddysnoH noTeHuman 6up Heya YH MUNAMBOMbTNApAaH oOLIMangw.
LLlyHra KapmacgaH Typam xucobnawinapga yHuU abTubopra onmw Kepak.
lOkopuga anTraHuMusgek, AUMOAOY3MOH MNOTeHLMaN KUMEBUIA 3aH-
Xupnapga xam naiigo 6ynagu. LLIYHUHT yYyH KOHLEHTPaLUOH KN KUME-
Buii 3arxupnapHuir QKO K Hu awwnaétraHga Aand QysnoH noTeHUNanHm
NNoXWN 6opuya KamaiTupuwl 4yopanapu Kypunagu. Anddy3moH noTeH-
unan nango 6ynyBuun ranbBaHWK 3M1eMeHTNap MOHAapHW Tawunb yTyBUmn
3aHXxupnap feb atanagw.

VKKknTa y3apo apanawimaiiguraH 3puTyBUMIapfaru 3neKTponuT
spuTManapu 4Yerapacumfja CylOKIMK MOoTeHUManu xaMm nango 6ynagu.
OvddysmoH noTeHumangaH ¢apkKaM CYHKAWK MNOTeHUManM MyBO3a-
HaTAMP: arap 3puTManapHUHI KOHLeHTpauusanapu TeHrnawraHga, gud-
(Yy3MOH MNOTEHUMaNHWUHT NYKONUWWN Ky3aTuaca, 31eKTPONUT Yy3apo
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apanawmMagnraH apuTyBUMNapfa TeHr TakCMMaaHraH konatga X.am
CYH0 K/IMK NOTeHUManu nykonmb ketmangu.

Typnu KOHUEHTpauusanu 3putManap ypracuja yerapa cupT 6Gyn-
MaraH KOHLEHTpauMOH 3aHXupnap voHnap Tawmb ytuamanignraH KoH-
LieHTpaLWOH: aneMeHTnap geinnagn. ByHgai 3aHxupnap aHuK yguosnap
yTKasu Yy4yyH Kynaihi 6ynu6, ynapga gaddysvmoH noTeHuMan TyauK
nykonafa. VioHnap tawmné yTunmainfmraH KOHLEHTpauuMoH aneMeHTAa
anekTpoAnapgaH 6upu yw oy 3neKTPONIMTHUHT KaTUOHMapura HucbaTaH
KaiTap, UKKMHYMCK 3Ca aHMOHNapra HucbaTaH KaiTap Oynuwin Kepak.
Bofopoa Ba KyMyLL X/1I0pWf 3NeKTpoanapriaH néopaT aneMeHTHU Kypub
yYnKamms:

irUg/AgCL  HCuH, (/') (+)

By anemMeHTAa BOAOPOA 3/1eKTpoja H.0° KaTWoHMra HucGaTtaH
KainTap, KymyLl X/10pUj 37eKTPOAN 3Ca, UKKUHYM Typ 3neKTpoau 6yn-
raHy y4yH, Cr aHuoHura HucbataH Kavitap. Vownap Tawwmb6 yTun-
MaliiuraH KOHLEHTPaLMOH 3/1EMEHT O/IMLL YUYYH TYpPAn KOHLEHTpaumanm
HC1 TyTraH vKKuTa LWyHAan anemeHTnap 6up-6upura Kapama-kKapLum
vwinaanraH x,onataa ynaHagu:

(-)Ag/Aga,Ha/Hr(pt)- (PYH2/HA, Aga i Ag(+)

Yw6y 3arxupga O6UpMHUM Ba WUKKWUHYM 3nieMeHTnapHuHr Pt
3NEKTPoANapy MeTann yTKasrvy épgamuja ynaHagu. BupuHum ane-
MeHTAa AQ HUHI OKCUANAHWULL, MKKUHYM 3NeMeHTAa KaliTapunuil xa-
paéHnapu 6opagu. By >xapaéHnap HaTwxacupa H @ HWHI KOHLeHTpa-
LusicK y3rapagu Ba HOKOPW KOHLEHTPaUUsiNN 3puUTMafaH CylonTupuaraH
spuTMara Tawmnb ytunagm (6owKa Key KaHhfalh ysrapuwiniap KysaTui-
mMangm). demak, Kypmb UnMKnnaéTraH 3aHXUpP KOHLUEHTPaUMOH 3/71eMeHT
6ynn6, yHaa H a KoHLEeHTpauMsanapyHUHT TeHrnawmwmy 6unsocuTa iiyn
6unaH cogmp bynaga.

VioHNapHU Tawmné yTMainamraH KOHLEHTPaLMOH 3aHXupnapga ang-
(y3noH noTeHuman 6ynmangn, YyHKW ynapfa TYpaum KOHLEHTpaunsam
puTManap opacmja Key KaHaail KOHTaKT liyK (loKopuga aiTraHumMusgek,
ynapga Ptanektpognapu metann ytkasruy épgamunga ynaHagm); r

m loHnapHn Tawmnb yTMainguraH KOHLEHTpaunoH 3aHXupnapra
aManbramany 3neMeHTNapHW Kam MWUCON KWIULLIMMWU3 MYMKWH. Ynap-
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HUHT 3aHXuUpnapu cumobpa spuiijuraH Katop akTuB MeTasinapjaH
TY3UAMWKN MyMKUH. CMMO06 3puTMaga Aesip/iv MoHAaHMaraHu cababnu,
KynruHa MeTa/INapHUHT aMasibramanapy y3vuHuW Moe MeTasinl 31eKTPOoA
Kabn TyTagu, 6yHfa hakaTrMHa cTaHAapT MOTeHUWa/HMHT KuimaTu
MEeTa/ITHVHT aMmanbramajarv KoHLeHTpaxiwsacura Kkapab ysrapagu.

1X.11.3. Hopman anemeHT

FanbBaHuK 3nemeHTHUHr QKOK HuM opganii BonbTMeTp épaamuga
ynyai MyMKWH 3Mac, YyHKU BofbTMeTp aneMeHTHUHT SHOK Hu amac,
6anky BONMbTMETPHUHI Kapwimnaurura 60ornuk 6GynraH noTeHuuwannap
thapkuHm ynuaiian. KOK ranbBaHuK anemeHTga ToK GynmaraHga (EKu
YeKCU3 KUYMK GynraHga) ynyaHuwun kKepak. By wiapouTga rasibBaHuK
aNeMeHT 6UnaH akKKyMyNAaTOPHUHT éku éppamun GatapesiHuHr (QHOK
ra/ibBaHMK 3M1eMeHTHUKKAAH KatTa 6ynuwun Kepak) 6up xmn Kytbnapu
ynaHagu Ba LWy Tydalinm raibBaHWK 31eMeHTAa X0CU 6ynaéTraH anekTp
TOKM aKKYMYNATOPHUHI Kapama-Kapluu iyHanraH TOKU 6unaH KOMMeH-
caumsinaHagu. ManbBaHUK 3nemeHTHUHT QKOK HM KomneHcauusa ycynu
6unaH aHuKnawaa BeCTOHHUHT HOpMan afieMeHTa KynnaHunagun. by ane-
meHTHUHT QKOK y3rapmac kuiimatra ara 6ynraHnuru caéa6nu, xankapo
aTanoH cudatnga kabyn KunmHraH. BeCcTOH anemeHTMAa KaTof Basu-
thacuHn (MaHpUn KyT6) KagMUAHWHT TyWWHraH amaibramacu (Tapku-
6uga 12,5 % Cd tytran), aHog BasudacuHu (Myc6aT KyT6) cupTura
Hg2SOABa Hg napHUHr apanawiMacugaH néopat nacta 6uiaH KonjaHraH

To3a CcuM06 6Gaxapagn. ONeKTPONUT BasngacuHu cdsot - a 20 HUHT

opTUKAa MuKgopaary kpuctannapu 6ynrad CdSOAMHE TyliMHTaH 3puT-
macu Gaxapagn (sputma HgZSOAra Huc6aTaH xam TyiWivHraH 6Gyiiagu).
Kagmuinnm aneMeHTHUHT 3aHXUpKn Kynungarmnya ésmnagmn:

(-) (Hg)cdiaK ,sol-Hgf /Hg(+)

TyiimHran

8K TYNMK, K3hMHWLL AA
(Kg)Cd/CdSO4:-IUOICASO., /1 g.50 . [1g

399



BecToH anemeHTMAa Kyhiugarn peakums 6opagn Ba 0y peakuus
MyBO3aHaT XL/1aTura xaBob 6epagu:

Cd+Hg? +*2Hg rcdz .1
EKM TYNMK XANJa peakumsaHN Kyinaarnya éauw MyMKUH:

Cd+Hg2s04 -0- CASOA WL HrO +2Hg f

BecToH aneMeHTUHUHT 20 °C garn QKOK E=1,0180B ra TeHr.

Ywo6y anemeHt OKOK HuHr  xgpopatra  60rMKAWUIMHK
e ,0180-4,06-1<r5u,- 20) TeHrnama opkanu udoganawl MymKuH, 6y epaa
t—°C napparv xgpopat. BecToH afieMeHTa Taluw coaup GynmaiigmraH
anemMeHTra mucon bynagu.

IX.11.4. M'anbBaHWK 3N1EMEHT TEpMOANHAMUKACHK

FO kopuga TabkuanaraHuMm3aeK, TepMOgUHAMUK XUXaTaaH KanTap
6ynraH >apaéHnapga (KBasuualiTap peakuusnapga) MakcumMasn 3MeKTp
uwn Gaxapwunagn. ByHpaih LwapouTnapga ynyaHraH WKKU 371eKTPOS
opacupary noTeHumannap apku mMakcuman Kuiimatra ara 6ynagu sa 'y
rafbBaHWK 3/1eMEHTHUHT 31eKTp topuTyBun Kyun (SHKOK) gelimnagw.
FabBaHWK 3/1eMEHTHUHT 6GaxkapraH anektp uwun OKOK Hu Tawwué
YyTWTaH 3apsifi MMBLOPUTa KynaliTMacura TeHr:

A=zFE (EX.69)

Arap peakumsi BauTuga Z MONb 6Vp* 3apsiAIM MOHNAPHUHT
LaliTapunuiim ékn okcuanaHuwm cogup 6ynca, yHaa ®apageli KOHyHM
oyiunua zF KynoH sapsaun Tawmn6 ytanagn (F=96493 Kn). ®apageii coHm
1 r-aKB muBgopAary MoffaHn 3MeKTPOAAA aXPaTUG YMKULL YyUYyH Tanab
KW/IMHTaH 3NeKTp 3apsgu.

M306apnK-M30TEPMUK KailTap >kapaéHpa anekTp  wwun Fmbbe
3HEPTUACUHMHI Kamaiunwn xagcobunra baxapunagm

A=-&G Ba AG=-zFE (IX.70)

Fn66e-renbmMronbl, TeHrnamacugarn ag=ah+ j I'mnébe

3HEPrusicn-HUHT ypHura (1X.70) TeHrnamagarn LMnmaTHN Kylicak Ba

Mdl.lJJ N-as BKM W\OBTJ“S (1X.71)
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SKAH/IUTUHN x,qco6ra O/1CaK:
ZFE =AH-Tzf{ "\ Ba AH=-zF"E-T~j (I1X.72)

kenn6 umkagn. dEIDT kocuna SKOK HuHT xapopaT KoapduumeHTa
aenmnagn. FanbBaHMK 31EMEHTHUHT TabnaTura kapaé dE/dT myc6aT éku
MaH(puUii  KuiiMaTnapHu Kabyn Kuamwum MymkuH. (I1X.72) TeHrnama
ra/ibBaHUK 3/1eMeHTAa 6opaéTraH peakuMSHUHT UCCUKAUK 3heKTaHu
xucobnaw MMKOHUSATUHY Bepaau.

1X.11.5. ManbBaHNK 3/1IEMEHTHUHT MYBO0O3aHaT KOHCTaHTacu

JNeKTPo4 MyBO3aHaT JpuTMagarM WOHMAAPHUHT Xap KaHaai
KOHUeHTpaumnsacnga (aKTMBAUIMLA) BYXY[Ara KeNMHW MYMKUH Ba 6y
MyBO3aHaT Y3MHWHI MoTeHuunanura ara 6ynagn. WKkuTa y3-y3mya
MyBO3aHaT X,0MaTufarn 3nekTpofnapAaH raibBaHWK 3/1eMEHT X,0CUN
KUNUHagn, SbHU MyBoO3aHaTAa bGynmaraH cucTema BYXyfAra Kenagw.
ByHuHIr cababu meTannapfaru 3NeKTPOHNAPHWUHT 3MYNIUrK Typanya 6y-
NNWUANP, WYHUHT YYYH 3/IEKTPOHNAP TaHLW 3aHXUP OpKAIu 6up
MeTanjaH MKKMHYMCUTa yTallra MHTUAaAM, NYKU 3aHXUpha 3ca WMOH-
NapHUHT TaWwunmwmy Kysatunagum. XXapaéH cuctemaga MyBo3aHaT Kapop
TONryH4Yya AaBoM 3aTafu. anbBaHWK 3aneMeHTAarn TepMoAVHaAMUK MYBO-
3aHaT KOHCTaHTaCUHU ag® =-KTblKaBa 4(70=—r)K OreHrnamanapgaH oi-
panaHn6 ronunagu, 6y epga Ef-ctangapt QHOK (xamma voHnapHUHFP
ypTaya akTMBAMKNapKu 1 ra TeHr 6ynraHga):

YOKTINN-M  Ba g/, MzZFE2.3RT (EX.73)

Akobu-fanHnanb anemeHTUHUHT AHOK 1,1 B ra teHr. (1X.73) TeHr-
namara 6MHoaH xucobnaHraH MyBo3aHaT KOHCTaHTacu Ka=2 10J ra TeHr.
MyBo3aHaT KOHCTaHTaCMHWHI BGyHfal KaTTa KuiMaTHM Kabyn Kuauwmu
XapaéH KUMEBMI KaliTMac 3KaHAUTMHU KypcaTagu: >XapaéH MUCHUHT
Tyna KaiTapunuwuraya faBoM 3Tagu; MUC Ty3uW apuTMacura pyx merta-
NNHW Tywupcak, aputmagarn 6apya MUC MOHNAPWU y3-y3upaH MeTann
Xonunga axpanunb unkagu.
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1X.11.6. AKKymynatopnap

Arap 3NeKTPOKUMEBWIA 3neMeHTra 3MeKTp TOKM tobopunca, YHUHT
nunga KMMEBUI ysrapuil 103 6epu6, aNeKTp 3Hepruacn KUMEBMWIA aHep-
rusra alinaHagn. CyHrpa 6y anemeHT 31eKTpof/lapy cum 6unaH TyTalu-
TMpUAca, WArMaraH KUMEBWUIA 3Heprms Xucobura 3MeKTp 3Hepruscu
X,0c1n 6ynagu, SbHU KUMEBWIA 3HEPrUs 31eKTP SHepruscura ainaHagm sa
3/1EMEHT 3/1eKTP TOKM bepafun. ByHAal 3NeKTPOKUMEBWIA 31EMEHT aKKy-
mMynatop geiunnagn. LLyHAain gmnub, akkymynsatopnap 3apsfiaHraHja
fopaguraH peakuusi 6up-6Mpura kKapama-gapLin KAMEBWIA peakLusi-
napgup.

YMyMaH, NpUHLUMN XWUJaTaaH onraHga, xgMma Kaiitap raibBaHuK
aNleMeHT/Iap akKymynaTtop 6yna onuwyM MyMKUH. JleknH 6ab3n cabab-
napra 6uHoaH, MacanaH, 3/1eKTp CUTMMWN KNYMK Bynuwin, mogganap tu-
3MK [JONaTUHUHI Tyna faiTap Gynmacnuru, cakgab gyinraHga 6absuv
KUMEBMIA Ba bowifa ysrapuwniap 6ynuwun Tydaiinum, KaiTap ranbBaHuK
3/IEMEHTNAPHUHT XAMMacK faM akKyMynaTop 6yna onmangu.

X,031p amanga MKK1 XWi - KUcnoTanu (ayprownHam) Ba ULKOpau
aKKymynsTopnap Kyn TapfganraH. Kucnotanm akkKyMynsTop  MKKM
JYPTrOWWH 3MeKTpoafaH nbopaT. By aneKTopAnapHUHI 6Upn AyprowmH
(1Y)-okeng 6unaH fonnaHraH 6ynagun. AnekTponuTt cudatuga cynbtar
KUCNOTaHUHT 32 ousnm aputMacu (3Munurm TaxmmHad 1,15) uvwwina-
Tunagn. CynbaT KucioTara TyluMpuaraH [yprowunH naacTuHKanap
PbSC4 6unad pgonnaHagu. Hatwkaga, Ayiupary 3neKTPOKUMEBMI
3aHXUP BYXXYAra Kenagu:

(+) Pb, Pb02 32% nu irk04/rbso. .pvo (-)
AKKYMYNSITOP ULLNaraHaa, s’bHU 31eKTp TOKU GepraHaa, fyiugaru
XapaéHnap bopagu: mycéat gytbaa
PbOr +AH** 2 e -+Pb*+*2LLLO ; Pb" -KTO4* -> LU, LL|,
EKM YMYMUIA KypUHULLAA P02 A4H**304~+2e"Pb804+LLAD.
[Jemak mycbaT aneKTpoaaa Xocun 6ynraH noTeHuman:

T= ’+!|—:in§|.b’ oynaagm.



MaHuii KyT6aa: pb->pb,a+2€e | Pb+*sot~ ->Pbso®
XapaéHnapy 6opagn €KUM YMYyMUIA KypuHULIAA pb+S0,," ->Pbsoatze.
[Jemak mMaH(puin aneKTpoasa gocun bynraH noTeHuman: )R:L,U.EIIZILLI,LLI,'

6ynagn. JnekTpognapjarn peakuusinap 6up-6upura gywiunca, akky-
mMynaTopga 6opraH yMyMuii peakuusi YnKagu.

AKKYMynsiTop 3apsignaHraHga (YHAaH 3MeKTp TOKU yTKasuiraHaa),
Oy peaKUMSHUHT akey 6opagm. LLyHaan knnné:

3apagcusnaHraHga->
Pb+PbQ -r2HZ04 <=>2PbSQ +2H2
<F3apagnaHradga
Kucnotanu akkyMynsiTOPHUHE 3NeKTp puTyBUN Kyun E=Ky+n2=2,02B
Gynagn. By kuiimaTHM toKopugary L Ba N2 HWHI TeHrnamanapujaH
amco6nab Tonuw MyMKKH.

VWwKopnn akKyMynsiTop HUKeNb oKcug (Mycbat) Ba Temup (MaHhuia)
3M1eKTPOAnapaaH mbopaT. 3NeKTponuT cudatmga YoBUN KaTMAHUHT
TyVHIaH apuTMacy uwnatunagn. By aneMeHTHUHT 3aHXupu ayiunga-
rmya ndoganaHagm:

(+) T2 3-nH20/K0H/ Fe (-)
AKKYMYnSTOp 3apsfcusnaHradja ayinaarv xapaéHnap 6opagu:
M20y H20+ 2e -» 2MO+ 20FT
MaHdniianekTpogga: Fe+2011 —FeO+HA +2e
[Lemak, ymymuii peakuums:
3apsgcusnaHraHga->
Fe+Ni203 <>FeO+ INiO
«-3apsanaHraHaa
6ynagn. VILLKopnn akKyMynsaTOPHUHT 31eKTp opuTyBun Kyun 1,35-1,33
B ra TeHramp.

1X.12. 9n1eKTPOKMMEBUIA XKapaéunap KMHeTUKacu
1X.12.1. SneKTpoANapHUHT KyT6naHuLwmn

ANeKTPOA/TapHUHT MyBO3aHaT [ofiaTV 3NeKTPOn3 XKapaéHnapuaa
Oysunagn. JNeKTPOKUMEBUI cveTemanapdaH (onaanaHWULLIHUHE ONTK-
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Ma/1 LWapoMTNapuHn nwnab 4vauml ydyH ynapjaH TOK yTaértraHga
Ky3aTUNaguraH ysrapulinapHUHI TabuaTuHU Ba MeXaHW3MUHU GUNnLL
3apyp. DNeKTP TOKM 3/IEKTPOAHUHT CMPTUAA KynruHa omunnapra 60rnvk;
fynraH ysrapuwnapHu Kentupmb umgapagn. YTaéTraH 3nekTp TOKU
TabCcuMpuia 3NeKTPOAHN 3NeKTP XONATUHUHI, SbHU YHWHE MOTeHuManu
KyLU 3/1EKTP KaBaTW 3apAaN 3UUIUTUHUHT y3rapuLln 3N1eKTPOSHUHT KYT6-
naHuwWy gennagn. SNeKTPOKMMEBUA Ba KOHLEHTPAAUOH AyT6NaHWLL-
nap MaBxyf,.

JNeKTPONIM3 HaTwKacMia MaxCyNoTNapHUHT  aXpainb YMKLLWLN
ra/ibBaHVK 3aHXUPHUHT XocnuAa Gynuwimra onmMb Kenaau, 6y aca anekTpo-
KUMEBMA KyTONaHULWIHIAHT naligo 6ynuwura cabab 6ynagn. MacanaH,
CuSO4 HUHT CyBNW 3pUTMACUHU NNATUHA 3/1IEKTPOAN épaamMnja 3NeKTpo-
Nin3ra yupatraHfa, Katoffa MyUC Ba aHOAfa KUCMOPOA axXpannd Ymkaan.
By aca 6upnamun BaHHaHWHI rafbBaHUK 3aHXupra Cu/CuS(l/(p2Pt
aiinanvwwmra onn6 kenagn, yHuHr SHOK anekTponusra Kapwwimk Ku-
nafiyv Ba aNeKTPOAHUHT KyTOnaHuwmnra onné Kenagu.

AnekTponus 6opuwn XapaéHufa aHof Ba KaToj coxanapuja
3NEKTPONNT KOHLUEHTPAUUANAPUHUHT Typanya 6ynub Konuwm Kysa-
TUNagn. SNeKTPOSIMT  KOHUEHTPaUUANapuHUHE 6yHAal y3rapuilim KoH-
LEeHTpaLMOH 3MIeMeHTHUHI xocun oynuwura catab 6ynagn. KoHueH-
Tpaymein anemeHTHUHT QKOK y3 HaB6aTvaa TawkapugaH XOCW Kuiu-
HaéTraH noTeHumannap apkura Kapwm iyHanraH 6ynaam Ba KOHLEH-
TPaumoH KyT6naHULWHN BYXYAra Kentupaau.

ONeKTp TOKM TabCcupuja MOLAANAPHUHE NapyanaHuln Mab/iym
LapouTiapgarmHa amanra owuvpunagn. bupvHum Typ yTTCasrmynapaaH
(meTannap) apkv ynapok, MKKUH4YM Typ yTKasrmunapgaH (3/1eKTponuT
apuTManapu) aNeKTP TOKMHUHI Y M Ba 6yHUMHI HaTuXacuja mogaa-
NapHUHI NapyanaHuWnM KydnaHuw etapnu 6ynraHjarvHa Kysatunagu.
By aca OM KoHyHura GylicuHmangm. KyunaHnw 6epunraHfa Bay CeKuH-
acta Kynantupub 6opunraHfa KyynaHull mMabaym 6up Kuimartra eTma-
ryH4a 3aHXupgarm ToK Kyum xyga Knuvk 6ynné Typagu Ba mab/iyM Kyu-
JlaHVLW A TOK KYYUHUHT OPTULLIN Ky3aTWnagn Ba 3/1eKTPonn3 boLunaHaam
(1X.6-pacm). DMeKTponM3 HaTmxacuia KaTTuK mopjanap éku rasnap
@KPasInG UMKKaH X0/a TOK Kyuu aiiHMKca KeCKuH opTu6 keTagu. IX.6-



pacMmia ToK Kyuu 6unaH KyunaHuw opacujarv 60rnmknnk 1-Typ Ba 1- Ba
2-Typ yTKasrmunap yuyii kentmpunrad. Cumo6 KC/1sputmacnga (Hg y3
WNOHNMapuHM 3puTmara fesapnu 6epmaiign) Kyl 31eKTp KasaT KOCW/
Kunmaiign. Yoy aneKkTpogra Tawku MaHb6ajaH KaHaanavp 3apsg ysa-
TWNraHga 3NeKTpof KaHAanaup noTeHUManHW Kabyn Kunagum Ba YHUHT
KuiiMaTh y3aTunaéTraH 3apsamvHr MUBAOPUW y3rapuiiy 6unaH y3nykcus
y3rapub Typagan. ByHAa 3MeKTPOLHMHI cupTuga 3apsj 3vUurn Kam
Y3NYyKCU3 y3rapagm, amMo Key KaHAall 3M1eKTPOKMMEBWUA XapaéH Ky-
saTunmvaiign. ByHpaii anekTpognap miean KyT61aHyBUM 3MeKTPOLnap

LLyHaai KNnno, arap

3M1eKTPOKNMEBUIA  XKapaéH  Ky3a-

TUAMaca, 3MeKTPoNUTAaH yTKa-

3UraH anekTp TOKW 3M1eKTpoa™*

NapHWHT  3apsiflaHnLInra, STbHU

thakaT u3nKaBuii  3apsig/iaHULL

KapaéHura Ba YNapHUHI MOTeH-

uvannapuHn - ysrapuwimira  onvb

Kenagu. Hartwkaga, Tallku Kyd-

1X6-pacm. BUPMHIM TYp naHuwra kapwu 6ynraH JHOK
yTasrvaH (1) xampa vpnn ea nango 6ynaguM Ba TOK TyxTangw.
VIKKVHYA TYP YTKasrmwiapagH

mbopar aneKTpoasa (2) Tok i i
KYUVHIHI KyWiaHMLLIE 6Or/MKmiry, - 3N18KTPOA. apaéHnapy 6opagTraH
TaBAMpha KaMm KysaTtunagu, nekKuH

MeTa/l 3/1eKTPoAa Y3 MWOHMapUHM 3puTMara KaH4ya/MK OCOoH 6epca
(MeTann MoHnapu spuTmMa bunaH KaH4Ya/IMK OCOH a/iMallica), AbHU anima-
LUMHUNLL TOKW KaHYaU/IMK KaTTa 6ynca, KyT61'IaHI/ILIJ LUYHYa/TIMK  KUYUK
6ynaawn.

3NeKTponn3 6oLLNaHNLLM YUYH 3M1eKTPOANap opacuia Kocua Kuiu-
HAWWN KepaK 6ynraH mnoTeHuuannap (apKUHUHI MUHMMaN KuiiMaTw,
3METPOSIMTHUHT NapyaiiaHULL KyYnaHuwy geiinnagn.

MapyanaHv KyynaHuwm 6unaH aneKTpognapgarn MyBsosaHat (ToK
6ynmaraH Kongaru) noTeHUMannapHUHI MMrnHagacy opacugaru apk yra
Ky4naHuw felinnagn: Y= N e YTa KyunaHulW  3/EKTpo-

JNEKTPOAIAPHUHT  KYT6MaHULWN
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KUMEBWIA XapaéMHWUHI Te3NUrn HucbataH KUYMK bGynuwin opmbatuga
naigo éynagu.

TypAn 3neKTPONUT IPUTMaANaPUHN  3M1EKTPONIM3ra yupaTTaHia,
XapaéuHUHT HatXXacu 6up xun Gynagn Ba YNapHWHT MapyanaHuil
noTeHUnanu xam 6up guitmatHu Kabyn aunagn. MacanaH, H2SO4, HNO3,
H3PO4, NaOH, KOH napHuHr cyBnu spuTManapvHu 31eKTposmsra
yupaTTaHfa, OXVMPrY HaTuXa CyBHUHI napyanaHuwmn 6ynm6, Katopna
BOZOPOJ, aHOALA KUC/OPO4 axpanub yngasu. By aneKTponuTnapHuHT
napyanaHuw noteHymannapu 1,70 B ra skuHamp. MekuMH napyanaHul
noteHymanu Pt(H2 | Kuaiomd(0 2Pt 3aHupuHuur AHOK ra TeHr Gynuwmn
Kepak agu. Yw6y 3arxupra 1,07 B ra tenr 3HOK Tyrpm kenagu,
napyanaHvw NoTeHUMaNIMHUHT TonuaraH Kuiimatn yHaaH 0,63 B ra kyn.
Bowga xonnapga xam, 3fneKTponus onu6 GopunaéTraHga TecKapu 3aH-
xxupHuHur OKOK pgaH kynpog noTeHuwmannap dapku Tanab aunvHagu.
Y w6y xoamnca 3neKTpons 6opaéTraHaaru yta KyunaHuw geinnaau.

Xap 6vp 3NeKTPOAHMHT anoxuja napyanaHuil NoTeHLMaIMHU XaMm
ynuaingurad ycynnap MaBXyd (3/1EMEHTHWUHT napyanaHul MOTEH-
UMaTMHN TalWKWA AUAyBUYM NoTeHuuMannap). by Tawkun guayBYMIapHu
aKpasvll KM 3pvll  MnoTeHuwannapw feinnagn (3nektTponus 6Gopa-
éTraHaa aneKkTpoALUa MoAAa aXpanne YNgnLLN EKU SNEKTPOAHUHT 3pULLIN
XapaéHnapura 6ornug pasuliga). AXpanuil &KW 3puLl MoTeHLManm
yWw 6y 3NeKTPOAHMHT TrafibBaHUK 3/1IEMEHTAArM MyBO3aHaT >XapaéHuzgaru
NoTeHUMaNMAaH KUUYUK 6ynnwm MyMKuH amac. Ennama xxapaénnap 6op-
mMaca yw6y noTeHuuannap (3NeKTPOAHWUHI MyBO3aHaT MOTeHLManN Ba
Kpa/IMLL MOTEHUMaNn) y3apo TeHr GY/MWM MYMKUH, aMMO Ky XOJi-
napja axpaauw noTeHumanu 6up 03 KaTTapog 6ynaau. By xoanca anekT-
poanapgarv yTa KyuynaHuw peiinnagu. [emak yTa KyynaHuw aramacu
3/1IEKTPO/IN3 XKAPAEHUHUHT y3ura (3/IEKTPOIN3 XKAPaEHUHUHT yTa Kyd-
NaHnLLIK) Ba anoxufia 3MeKTPoA >kapaéHnapura xam (3nekTpognapgaru
yTa KyufiaHuLl) AyniaHap aKaH.



1X.12.2. 9NeKTPOKNUMEBUI KapaéHNApPHUHT YMYMUIA TaBCcU(U.
3NeKTPOKNMEBUI KMHETMKa acocnapu

Opfanini romoreH apaéHnapgaH ¢apaiv 31eKTPOKMMEBMIA peak-
umMsnap anekTpog 6unaH apuTMaHun axpatnb TypyBuu yerapaga bynaau,
OyHfalh peakums reTeporeHAMp. ONEKTPOKUMEBUI XapaéHnap KuHe-
TUKacu feraHaa KyTénaHuw TaBcuU, ssbHU NoTeHUuannap apavHUHT
TOK 3MYAUTUAAH BOrUKANTU TyLYHUAaaN. SNEeKTPOKUMEBUIA KUHETU-
KaHUHI MaKcafgu WyHAaH nbopatku, KyTénaHuw TaBcudnapun bylicnHa-
AUraH ymMymuii fovjanapHu yTraHuW Ba LIy acoCcuaa 3MeKTPOof apaéH-
napuHu 6owpapn6 Typuw. [ap AaHpai aneATpo4  dKapaéH ydTa
6ocamupaH noopat bynagu:

1. TabcupnawaérraH MOAAAHUHT 31eKTPOA AANHUTa KeNuLwu;

2. ONeKTPOHNAPHWHT y3aTUALLW KU MOHNAPHWHT (asanapHu 6ynunb
TYpyBUM 4erapagaH yTuwun 6unad 6ornug 6ynraH anegTPoOKMMEBWIA
6ocany;

3. Peakumsi HaTwxacmga pocun 6ynraH MafCyNOTHU  3MeKTPOA
CUPTUAAH y3041all TUPULL.

BrpuHYM Ba yunH4uM 6ocguunap 6up xun goHyHusTnapra bylicyHagm
Ba Macca Tawuw 6ocgmunapu paeiunnagn. WkanHum 6ocamy  acocuii
6ynn6, 3apsacnmanaHmLL-MoHNaHnXL, 6ocanyumn geiinnagu.

YKapaéHnapHUHr ymyMuidi Tesnuru ogopugarn 60cauunapHUHT aHr
CeKVH 6opaguraHy 6unaH 6enrnnaHagn. SHr KMUYUK Te3/IMKKa ara bynraH
6ocany numMuUTNOBYM 6ocauMy Aelinnagu. YMymuin  gytbnaHuiw  gam
AVMMUTNOBYN 6OCANYHUHI AyTOnaHuwun 6unaH 6enrvnaHagn. SneKTpo-
KUMEBUIA HKapaéHNapHWHT Te3NUTMHW 60w Aapull y4yH JIMMUTI0BYM
60CAMYHUHT TEe3NUTMHW aHuAnaw 3apyp Ba Wy 6ocany gaHpal LOHY-
HUsiTnapra 6yncyHULWHY B6UNraH gonga yHra Tabcup yTkasvi MyMKUH.

Arap gamma peareHTnap yyyH dasanapHu axpatub TypyBuu cupT
6unaH hazanapHUHT MuMgarn KUMEBMIA NOTeHUMANTAPHUHT hapan Holra
WHTUNCA, SbHU (asanapHyM axpatub TypyBuYM cupTra peareHTnapHu
JenTUpuLW KaTTa Te3nukga cogmp 6ynca, y gonga asanapapo peakuus
3HT CceKMH bocany b6ynagn. ByHaa peakuums KMHETUK cofafa 6Gopasrnu
pennnagn. Arap 6y hapa 6upruHa KOMMNOHEHT YYyH MakKcMMan Kniimarra
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apuvLlca, CTauMoHap XapaéH AnddysmnoH coxaga 60pafn Ba 3HT CEKUH
60CKMY Macca y3aTul 60ckuuun 6ynagn. LLIYHUHT yYyH KUMEBUIA XK-
XaTfaH yxwiaMaraH KonTuHa XapaéHnap 6up xvun audoysnoH KoHyHNap
bynnya 6opagu. KunraH xonnapga apanawl coxaga 60pyBYM reteporeH
XapaéH xakuga ranupunagun, 6yHaa KK/ 6K1 yHAaH Kynpok Gocuuunap
YapaéHHUHT YMYMUI Te3IUTMHW Yerapanaiign.

iumuTnoBun 6ocamura 6OrNUK paBuLIfa KOHLUeHTpauuveid Kyt6na-
HULL Ba yTa Kyu/laHULW XoAucanapu cogup bynaau.

KOHLEHTpaUUsiNapHUHT apKu 3puTmMa numaarv 3eKTPOAHUHT cup-
TUra 3NeKTPONUTHUHT Anddysns ouuMuHK jdil KenTUpu6 Yuiapaan sa
3apSAAAAPHUHT TaWWAUWK Ky3aTunagn. FeTeporeH KUHETUKA TeHr1ama-
cura yxwatl Kyingarvu TeHrnama Uakaum:

-C)=nF"Co(l-C;/CO=LUI LLI LI /Ll (IX.74)

CTauunoHap xonaTAa 3apsAfcv3naHvll TOKUHWHE 3U4YInUrn 3apsj-
CU3NaHaéTraH MOHNAPHUHT AN dY3MOH OKMMUTa TEHT. 3apsacu3naHuLL-
WNOHMaHWLL Te3nru

j~ j6{exp(-zFakT]/RT)]-lexp(zFaari/RT)]} (1X.75)
TeHrnama 6unaH ndofanaHagn. by TeHrnama ®pymkuH-Ponbmep TeHr-
namacu gelinnagn Ba 3apsifcvM3naHuLLI-MOHMaHUL KUHETUKACUHUHT aco-
CUI TeHrnamacu xucobnaHagu. Arap yTa KyunaHuw +60 MB pgaH kyn
6ynca (1X.75) TeHrnama Kyingarum

j = N[exP(rrPaK1/KM)] (1X.76)
KYPVHULLHW 0Nagn, r=/ yuyH:
a- RTe . R0 (IX.77)
wT atF
Ba t]=a+elgj (1X.78)

é31Ww MyMKUH. (1X.78) TeHrnama Tadenb TeHrnamacy geimnagm.

1X.12.3. Typnu aneKTpognapaarv aNeKTPOKUMEBUIT KNHETUKA
ONeKTPOKUMEBUNI peaKUNSANapHUHT KMHETUK KOHYHUSATNapWHW Tag-
KL, Knnuw Ba yIapHUHT MEXaHU3MWHN SHHATULL YYYH KyrnuH4a cumMob,
rannuii, ynapHuUHT MHAWA 6unaH KoTULIManapu, Taisnii, MeTalnapHuUHT
amManbramanapy Ba rannamaapujaH ubopat TOMYBUM 3neKTpognap
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KynnaHunagu. 1922 nnga 6MpvHUn 60p 3NeKTPOKMMEBMI TagangotTnap
yuyH A.epoBCKWI A TOMOHMAAH Ky/iaHraH cmMobam TOMYBYM 3N1eKTPOS,
9HI KeHr Tapkanau. fA. [elipoBCKuili Taknndun Gyiinya TOMyBYM .CMMOG
3NEKTPOAN TOKMHWUHT 3/1eKTPOAHUHT NOTeHUnanura 6ornnaanru nonspo-
rpamma, TOMYBYM 3fneKTpognapgarn KyT6aaHuw 3srpunapuvHyi ynyaiu
ycynu nonsporpadvk ycyn aeb atangu.

ToMyBUYM CUMOO 3NEKTPOAMHUHT 3/1IEKTPOKMMEAA Ba aHaIUTUK
KUMEAa KeHT KYNNaHULIWHWHE gaTop cababnapu 60p. 3neKTpog cnpTu-
HUHT nAean fonatga sAHrMnaHuwmy TpMuunnapgarm TOKHUHE 3M1eKTPonm3
BagTUAaH 6ornug 6ynMacnMrmHu TabMUHNanan. 3neAaTpos MoTeHuMa-
JIVHVHT y3rapull WyHanuwuvgaHd aatbuii Hasap nonsporpaduk arpu 6up
XV Yngagu.

3NeKTPOKMMEBMIA XapaéHnap KUHETUKACUHN ypraHuLLa ainnaHyBuu
OUCKAW 3NeKTPOA faM KeHr KynnaHwnagu. AnnaHyBYM AWCKAN 3M1EKT-
pOAJaH 3NeKTPOKMMEBUNIA PeaKUUSTAPHUHT 3HT CeKUH 6opyBYM 6ocamun
Macca Tawuil EéKW 3apsAfcvM3naHuLLI-MOHMaHuW 6ocauunapu 6ynraHga
thoinganaHunagn. byHgall wakngary ainaHyBuM 3nekTpof 6unaH apa-
nawTVpulW TabcupnawiaéTraH MoajanapHu 3/1eKTpoj cupTura eTkasub
6epuL Te3anurmHu owmnpagn. LUy ca6abnu, TomyBUYM CUMOOG 3neKTpogura
HucbaTaH alnaHyBUYM AUCKAN 3NeKTPOLHWMHI MYyAMM aB3anauru 6op,
YHUHT éppamuga Te3pod 6opaguraH 3neKTPOKMMEBUIA peaKLMANapHUHT
Te3NNKIApUHU ynyawl MyMKWH. ByHaH Taljapu ainaHyBuYM [AUCKM
3NeKTPo4 JaTTug MeTannapga G0pyBUM .3N1EKTPOKUMEBMI  peakuusi-
NapHUHT KMHETUKACWHW 3praHuLira UMKoHUAT 6epaau, 6y aca 3nekTpo-
KUMEHVMHT Hasapuii Ba amanuii MacananapuHu fan aunuwiga xyga
MYAUMAMP.

Arap 3apafcusnaHuLL-NoHNaHNLW 6OCANYUHUHT Te3Nurn macca Ta-
WML Te3NUrMaaH ceannapnn fapaxaga Kuuuk, 3apsigcusnaHaérraH 3ap-
pavanapHVHI KOHLEHTpaunsacK aca eTapav gapaxaga karrta bynca, 6yH-
fali Typaarv aneKTpoKMMEBMIA peakLumanapHy ctauuoHap anekTpoanapaa
(apanawTMpuLLICK3) ypraHil MyMKUH. Bywa cumo6, BUCMYT, fYProLIvH
kN Kagmuii  anekTpognapuga 6opaérraH  rMAPOKCOHWIA  WNOHWUHUHT
farTapuanil peakumsacu MUCon 6yMWU MYMKUH: >//,0% -2e" -+ H2+2H2 .
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WN.Tatens 1905 imnga yTa KyynaHuw 6unaH TOK KYYMHWHT fora-
prmMy opacuga Tyrpu YmswiyLl 6ornaHuw 60panMrnHn yw by peakumsga
6rpunHUM 6op K)hcaTnbd bepan.

FO nopiiga TaBcihnaHraH ycynnap Ba 31eKTpognap HucbaTaH KMUMK
Tesnmkaa 60pyBYM 3NeKTPOA XapaéHnapy Y4YyH 3apsfcu3naHuLL-MOoH-
NaHnLW 60CKMYMHN ypranuil UMKOHUATUHKU 6epaan. Te3pok, 6opaguraH
3MIEKTPOKNMEBUNIA peaKLManapHn ypraHuw yyyH penaKcauuoH ycynnap
KynnaHunagn. PenakcauyoH ycynnap y4 rypyxga 6ynvHagn: uMnynbcnm
NOTEHUMOCTATUK; WUMMYALCAW FafbBaHOCTATUK; Yy3rapyByaH TOKAaH
thonganaHuLLIra acocnaHraH ycynnap.

BuvpuHUM rypyx ycynnapuga noTeHuManiapHUHE MabiyMm y3rapumil-
napu Tabcmpuga cucTeMaHu MyBO3aHaT X,0/MaTAaH YMKapwnagm Ba TOK-
HWHT BakTra 6ornnganru Kysatuné 6opmnagu.

VIKKUHUM rypyx, ycynnapuja, akcuHya, ongvHaaH mabnym 6ynraH
TOK TabCMpuaa CUCTEMaHUHI MyBoO3aHaTW Oy3unafv Ba NOTEHUWaTHUHT
BaLl Ta 60rIMKANIY Ky3aTunaau.

Hux,0AT, yunHumn rypyx, ycysnapu cCUCTeMaHUHI MyBO3aHaT XonaTu
atpocuga faBpuii TebpaHuwapura acocnaHraH. By rypyxra vmne-
JaHCHW y/luawl ycynnapu Kupagu. MMnegaHc ycynnapw cucTemagaH
CUHycoMgan y3rapyByaH TOK yTaéTraHga 3/1eKTPOKUMEBUI CUCTEMaHUHT
YMYMWUIA XapLnAUrMHn yndab 6opuvira acocsiaHraH.

1X.13. MeTannapHUHr Kopposusacn. Kopposusa Hasapuanapu

Kopposusa - mMeTanlapHUHT TalKW MyXUT 6UnaH KUMEBWIA, 3N1eKTPO-
KUMEBMIA Ba GMOKMMEBMIA y3ap0o Tabempu HaTmxkacuga eMupuanwngmp.
By >kapaéH KMHeTMKa KOHyHnapura MyBOMMK, y3-y3ujaH Oopaau Ba
MeTa/I/THN 3PKMH SHEPTUACMHUHI Kamalivwura cabab 6ynagu, HaTuxaaa,
TepMOANHaMUK XnxaTaaH 6apkapop 6uprkmanap xocun 6ynagun. Koppo-
SNSHUHT KyAngarn Typnapu Kysatunagu: KUMEBWUiA Kopposusi, GUOKMME-
BUIA KN GMOKOPPO3NS, 3MEKTPOKUMEBUIA Koppo3nsi. Kopposus >kapaé-
HUHWHT 6OpYLL  LWapouTUra Kypa KOPPO3USHWHI Kyhugarn Typnapu
thapknaHagn: aTMocepaBuii, CylOKAMKAA &KW 3neKTponuTnapga, Tyn-
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poBfaa kv ep 0CTMAA, 3/1eKTPOKOPPO3US, TUPKULL KOPPO3MS, Ky4naHWULL
ocTuAarv Kopposmsi.

Kopposusa eMypunuw xycycusiTura Kypa, MKKu xun eynagu: Tynuk
(Ekn ymymuii) Ba KucmaH (K nokan). AManga 3Hr Kyn ydpaiguraH
NIoKan  Kopposvs  Typnapu  Kyhugarunap: ApacuMOH, HYKTacuMOH
(MUTTWHF), KPUCTANNNTNAPapo KOppo3usiap Ba KOPPO3UABUIA CUHWLL.
Ywby Kopposusanap MeTana KoTuwimacugarn 6utra KOMMOHEHTHU TaH-
nalignuraH Kopposusi, 6apya KpuctainapjaH yTaguraH (TpaHcKpuc-
TaIINT) KOPPO3WS, KPUCT/INAPHUHI YerapacugaH yTyBun (MHTepKpUc-
TaNnT) Kopposusnapra bynnHagu.

MeTannap Kopposuscii myxuTra Kapab Typau Xua mexaHusmnapga
6opagn. MacanaH, KUCNoTann MyxXnTaa TEMUPHUHT KOPPO3UACK:

Fe+ nHCI — Ee(Cl)a ~H ++e

>KFeci*+Ha > re_
1 [kca)m,,+2a+>Fe2 42Ha
Fe2 -e~ ->Fey~
6ocxnunapfaH mn6opat. TEMUPHUHT METaIMK XYCYCUATUHW yXOTraH
xonat Fe- kypuHuwunga 6ynagu.

Vpean To3a MeTasinap Y4YyH KOPPO3USHUHI KUHETUK Has3apUsACUHU
1932 nnga PPYMKUH Takaug XuaraH. Ywb6y HasapusiHu Bareep,
'paya, KonotupkuH, CKop4ennettu Ba I"'puHnap pusBoxxiantmprax.

TexHVUK MeTaniiap Y4yH XaM KOppo3us Hasapusacy Takng KWUnLL aH.
By Hasapusigja KopposusiiaHyBUM TEXHWK MeTaira rafbBaHWK MUKpO-
3MIEMEHTNAPHMHI MaXKMyacu Kabu xapanagu. byHpal TeXHUK MeTasl/iHu
JIOKa! TalbBaHUK 3/IEMEHT/IAPHMHI ULLIALIN HaTuKacuaa Kopposusra
yupaingu, geca 6ynagu. by dukpHu 100 inn onguH Oe S5 PuB alitraH.
KelnHyannk 6y (MKp Maxaanuin EKn nokan snemeHTnap HasapusicHu
nwna6 unknwra acoc bygraH. Jlokan anemeHTNap Hasapusacura 6uHoaH
KOppo3usA axaT 3NeKTPOANapHUHT XydTura amac, 6ankym MyXUrHUHT
OMUK (aKTWB) XapLumamrmura xam 6oramx.

Koppo3usa Te3nUrnHin - 6enrnaoByM MmyHocabatiapnm KOppo3MOH
Anarpammanap opkanu rpaguk pasuwfga E =/(/) KypuHuwmga udoga-
naw Kynai. ToK Kyuu Honra TEHT 6ynraHAa KaToj Ba aHOAfaru noTeH-
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unannap e;v, e'w napra TeHT 6ynagv. KgHgangvp TOK Kyuu naiigo
6ynca, aHOAHWMHI nNoTeHUManu uyT6naHUwWw xwucobura myc6aTpok To-
MOHra, KaTOLHUKU MaH(pUIAPOK TOMOHra cubkuiAgn. ByHaa noTeH-
unannap tapky Kalitap noTeHuuannap apkugaH kampok 6ynagu. Tok
Kyun opTub Gopuwin 6mnaH KaToj Ba aHO4 MNoTeHUMannapu opacujaru
thapk Kamalinb 6opagn. Oxupuaa Hoara TeHrnawaaym Ba ToK Ky4uum ra
TeHT 6ynagwn. MoTeHuman aca ETpra TEHrAWP. M CUCTEMAaHUHI Xap-

LWWANIN HOMFa TEHT 8K XXYyAa KMYMK BynraHaa spuwinnagn. AKc xpngaa,
KOppo3us Te3NUrn KaHganamp / ra TeHr 6ynagu. Kopposus >xapaéHuga
QHOLHUWHI NOTeHUMaNM KaToAHWHT NOoTeHUManmaaH MaH(hninpok bynagu.

Kopposua Te3nurn aHoj Ba KaToj peakuusanapu noTeHuman-
NapuHUHI (hapkura (KailTap noTeHUWan), ynapHUHI KyT6naHuwwura sa
MYXUTHUHT OMWK Kaplimnaurura 6ornvk éynagu.

Koppo3usa TesnurMHyM yuTta KypcaTKuM4 OpKanv udoganawl Kabyn
KunmHrad (1X.1-xagsan):

IX1->ap Ban.
Koppo3us Te3UIMHUHT TYpPAn ngoganapm

MeTtann ékn 3nunuk, r/icml 2,74-3n4nuK, 0,365"
KOTULLIMA MT -cylka 3MUNUK, MM/
Temup 7,87 21,6 0,0464
Temup-KpemMHuin 7,00 19,2 0,0521
(AypvpoH)

1. Mabnym BaKT uumga 6up GUPANK CUPTAAH 3pUTraH MeTaN/THUHT

MUKAOPU Macca KypcaTKuumnra moc kKenagu: r/M280aT éku Mr/gm2-CyLLKa.

2. YUyKypnuK KypcaTKnuun Koppo3vsiBuid 6y3uanil MeTa/ITHUHT NYKK
KUCMUTa KaHYa/IMK TapKasraHuHW Tascmudnangm: mm/iinn.

3. Tok 3uunurv 6unax ngoganaHysum kypcatkmuy A/cm2 A/m .

Kopposusi TeanuruHu MM/AMA gad /M CyTKW ra Ba Teckapucura
alinaHTMpuUW Kylingarnya amanra owmpuiagu:

\(r/m2-cywika)-0,00144]!(r/cm\)=pgtoim/iinn; grom/imn-=mm/inn.

412



1X.13.1. MeTannapHu Koppo3nsaLaH XMMos/aLLl.
Koppo3sus nHrnéutopnapu

MeTannap Ba MeTal/ KOHCTPYKLMANApHW KOpPO3usifaH XUMosina-
HUTTHWHT KyRugaruv ycynnapy amania KeHr KynnaHunagu:

1. XrMosi KonsiaMa KOCUa KUunLL;

2. Koppo3usiBuiAi MYXUTHUHI  (QaoNUTMHN  Kamantupuw  (MHIK-

6rpnaw);

3. MeTannHUHI XxoceanapuvHu ysrapTupuil (Kyllum4yanapHu Myko-

TVLW €KW KylimMmyanap Kywunit);

4. DNeKTPOKHMEBMIA XMosinaLl;

5. Kumésnin bapkapop MatepuannapgaH goiiganaHui.

KOKopugarn xumosnall ycynnapufjaH 3HI camapanu, YyHuBepcan,
Kynai, ap3oH Ba 6ab3aH MYMKWH GynraH firoHa ycyn - KOpPpO3UsiBUiA
haos1 MYXUTHU MHrMbupaw ycynumamp.

MHrnéutopnap - maxcyc mopganap 6ynun6, KopposvsBuii MyxuTra
03 muagopga (1()610 3 Monb/N) KywmaraHga, KOpposusiaHuL Xapaé-
HUHWMHT Te3IMTMHN KeeKUH nacanTupagn ékm O6yTyHnalhi TyxtaTagw.
MHrnbutopnap cudatmga Typav WHAUBMAyan OpraHWK Ba aHOpraHuk
MoAdanap xamfa YMnapHUHI apanawmanapy KynnaHunagn. WHrnéu-
Topnap aTmocgepaBuii, KUCNOTaNM MyXUTAaru, [eHrus cyBugarwu,
COBYTIUY CYOKIMKIapAaru, OKCMANoBUYNIapaaru, Moiiapgary Ba 6ol ka
XU KOppOo3vAfaH MeTa/lnapHM XMMOS Kuavwja vwnatunagn. WHru-
GUTOPNAPHUHT XUMOSALL XYCYCUATU YNapHUHT MeTann cupTura agacop-
6nnaHn6, KaToh Ba aHOA >KapaéHnapHu CeKMHNaWTMpuwWwmn 6unaH 6or-
K- MeTann CUPTUHUHT 3puTMara HucbataH mycbaTt 3apsgra ara 6ynum-
WK, aHWOH TUMWUAArY UHTMOBUTOPNAPHW, CUPTHUHT MaHWiA 3apagra ara
Gynuiimn aca, KaTWMOH TUNUAarn WHrnbutTopnapHu agcopbunaHuinra
cabab 6ynaam.

MeTannap KopposvsicM MHIMGUTOpAapyu TabCuMp KWAUL NPUHLANN,
Ky/naHuw ycynu, Tapkubu Ba 6olKa Xxoccanapura Kypa Typ/vya
TacHUhnaHagw:

1.Tabcup KUAULL MeXaHU3MUra Kypa - aHof, KaTtof, 3KPaH/10BUK;

2.Tapknbura Kypa - opraHuK Ba aHopraHuk (maccvsatopnap);
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3. KynnaHuw waponTtura K)ih a- CyroK Ba 6yT thazanw.

Y3 HaBbaTaga, TabcMp KWW MpUHUMNIUra Kypa uHruéutopnap 4
rypyara 6ynvHagu:

1. Bapbep Typugarn nHrnémuTopnap:

a) agcopbunaHv Typupary - Katof, aHoj Ba apasawl Typaarut
MHrnmébuTopnap (aueTuneH cnNpTIapnu, aMuHNap);

6) OKCMANOBYM MHIMBUTOPNAP —NaccuBaTopiap —meTann cupTuga
OKCUJ, LOBUIMHW X,001T K46, KOpPo3us MOTEHUMaIMHU MacT cojara
CUIHKUTaM (XpomaTnap, HUTpUTNap);

B) CMPT KaBaTHW Y3rapTUpyBYM WHIMGUTOpAap - MeTall cupTuia
spumaiguraH gonnamanap focun Kwunagyn (hocthatnap, cunmkatnap,
theppoumaHugnap).

2. HeliTpannoBun nMHrn6utTopnap —MyxXUTHUHT pH WHW opTTupagu
(amyHnap, coaa, bypa);

3. TawyBuunap - MyAWTAAH arpeccMB KOMMOHEHTMApHM YMKapub
1060pULL YUYH Ky/naHunagn:

a) KUCNOPOAHM YMKapyBumniap (Yarr6'Os);

6) napyanaHuLL UHIMGUTOPIAPU - MYIMT AECTPYKLMSICU TE3NUIMHM
Kamalitnpagn (amokcaH HCLl pgocmun umnyBum xnopyTneBogopogiap
napyanaHyLLIMHW CeKUHMALLTUPaaN).

4. Bowga nHrnéutopnap (buoungnap, aHTUKMNUHAAP).

MeTann 6yloMnapHM 3KCM/yaTauus KWMLL  LLapouTuira  Kypa
WHrMéuTopnap Kyingarvn acocuii rypygniapra 6ynmHagun:

1. ATmocthepaBuii KOpPpPo3us MHIMGUTOPIAPY;

2. Ikkn hasann (YrneBofopog-CyB) cucTemManap Y4yH WHIn6u-

Topnap;

3. HethTb magcynotnapu (Moiinap, EHunrunap, coByTruy CylOKINK-
nap) y4yH nHruéuTopnap;

4. HeliTpan Ba Ty3-CyB cucTeEMaiapy YUyH UHIMGUTOpPap;;

5. Nwgopwvii MyguT MHrnémTopnapu;

6. Kucnotanu Kopposust MHrMbuTopnapw.

VIHTMO6MTOpNapHUHI apanalimacy MLnaTuaraHia, ysapo KyyanlTtu-
pyw athheKTa CMHEPr3M Ba y3apo cycaliTapull Jofucacu aHTaroHU3M
neinnaguw.
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1X.13.2. lHrnbmnTopnap xmmosinawl XxycycusaTnapuHuHr
KUMEBUI Ty3unuwira 60ranuanru

“VIHTUOUTOPHUHI  TY3WULLM  — XAMOSIaLL  XyCyCUSIT/Iapn”  ra
GarviaHraH Kyniabd wivmii nnapaa MHrMOUTOPIapHUHE X MOsiIaLL
XYCYCUATUHN MOALBMIAPHUHI TYp/M Xoccasiapura 6ornab ypraHuira
Xapakar KWIMHIaH. VIHrMOUTOPNapHUHE caMapagop/Mri Yriepog, 3aH-
YXUPVHVHE  Y3YHAUITNFa, TapPMOKAAHTaHMrUra, YpUH OnfraH  rypyx-
JapHUHT TabmaTvra Ba coHvra 6ornvk. MacanaH, 3T, nponun, 6yTun,
MeHTWT aMMHiap WHMMOMpriall Xoccacura Kypa KyWnparn Karopra
XOMMawaan: nh3<rnh2<r2nh <rd .

JrMEKTPOKUMEBMIA  PEaKLMS  TE3MMIVMHA - MHIMGMp/ialLa  aMyHiap
Kylnary Katopra »KonaLLaap:

NH2(CHaNH), H >NH2(CrH, NH),H >NH2(CHtNH)2H >NH2(CH ,NH)H >NHX2H5
ZVC-aMHMaPHVHT UHITMBUTOP/IMK XYCYCUATM TpaHC-aMUHapra Huc-
6araH Ky4IMpoK 3KaH/MIM aHUK/IaHraH. VIHMOUTopiapHUHE XMMOs/aLL
xoccanapy YNapHUHI MeTasul cUpTura afcopouiaHmLn 6uwiaH 6ormK.
KynrvHa TagKwotuniap OpraHvK MOAAaTapHUHT  Typimda  afcop-
GrnaHULLMHM apcopbrnaHnLL Mapkasv BynraH aTOMHUHI 31EKTPOH 3U4-
JUrVMHA y3rapTvpyun GunaH TywyHTvpagwiap. Temup YYyH WHMn-
6UTOP TapKMbUra 3/1eKTPOHOLOHOP YPUHO0CAP/aP - nh2, - oH, - ockH3,
-CHB HU K/pUTULL @30T aTOMUAAIA 3MIEKTPOH 3UWIUMMHA KaMaiATupuG,
aACOPOUTAHMLLIHMHI KaManLLvra Xam cabab Gynaau, HaTvKaga, XMost-
JiaLl XyCycusITU XaM Mnacasiivi; 3MeKTpoHOaKLEenTop rypyxnap *MO,,-Br,
-Cl 3ca, aAcopOUTaHMLLIHM Ba XUMOSUIaLLl XYCYCUSITUHW KyYalTupaau.
KYProLUMHHHE MHLLOPWIA MyXATAArM KOPPO3WSICUHA CeKUHMALLITUPKLL
XYyCycusiTU  Byiida aH1OH-UHIOUTOpap Kymugarn Karopra oina-
wam:  iipol <COF <sot<cil.

VIHIMBUTOPNapHUHE  XMMOSUTalll  XOCCa/lapuHU  yriap  Tyswimiimra
60rNMMK paBMLLfa YpraHW SHMM camapasivi MHIOUToprap CUHTES
KWMLLIra IMKOH 6epaap.
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1X.13.3. ®ochaTnarl

dochatriall - Kopa Ba paHrM  MeTaviap cuptuga  docdar
Koriamanap onmwl yeynuamp. By ycyn metannapHuHr diochat KuenoTa
Ba YHVHI Ty3/1apn apUTMariapn GunaH Tabevpriainb, MeTarviap crpTuaa
cyBfa spvmaiigmraH chochaT Ty3napuaaH nbopaT Korviamarnap X,0cun
KWMLLIMra acocraHraH. docar KoraManap Oonvll yyyii  vunatu-
najuraH MoAfasiap aHof MHMMOUTOPapU KaTtopyra KUpaau.

docar  KorviamMayiapHUHE - 3/IEKTPOM30NAANOH  XOCCasiap  AXLLIN
OynraHmrn cababnn, ynapaaH aneKTpoMalLIvHaiiap K/CMIAapUHIA Taiiép-
fala 3MeKTPOTEXHMK Ba GOLLIKA My/1aT/iap cMpTUaa 3NeKTPOM30ISAMOH
KaBaT XOCW/T KWILLIZA (hoiaaniaHIaan.

Xap KaHfaii ynuam Ba LUaKgary bytomiapH/ chocthar/iall MyMKVH,
OyHfa XapopaT opamri Typamda GynraH ocatsioBun spuTManap
nwnamnagy, gocgariiall ydyH KeTraH BakT 3ca Kucka bynagn. Metamn
GytomnapHM BysAwaaH onguH  qocdatial OyeknapHn nynat 6uwiaH
MyCTaxkaMm OMPUKULLIMHW  XaMmfa CUPTHUHE Typav  feeKkTnapuia
KOPPO3VIOH EMUPWINLLUTAPHMHI Kam By IALLIMHM TabMUHIaAW.

dochar Koriama Xocmn GyIMLLIM BOAOPOL, YUMKULLIM BunaH 6opagw.
Temmp atowtapy 60CKMYMa-60CKMY  KMC/oTa TapKmMbuaary BOAOPOL,
aromiapy YpHUHM onamn: 2Hpo4 Fe=Fe(HPOA2+4.

Fe{H7POA2+Fe =2FeHPOA+H?2
2FeHPOLt + Fe =Fe, (POt )2+H2

dochatraLl XapaéHu Kyingari 66CKUYIapHA Y3 numra onag:

a) MeTa/v1 CUPTUHW To3araLll;

6) HOBWLL;

B) ¢hocchatiaLu 3oHacuaa hocthatioByn Moaaa briaH doctharal;

r) cyB OunaH HoBWLL;

1) hocthoHaT EKM XpoMaT 3pUTMack GrnaH HBILL;

€) KypUTULLL

DocaTNaLHVHT CaMapafiop/IMMHM OLLIMPULL YUYYH >KapaéH 60CKuY-
NapyiHV GUPMaLLITUPMLL MaKcagra MyBOIMK, MacasiaH, To3analll, FoB/LL Ba
thocchatna Gockuuiapy 6vp BakTaa onmb 6opunaan. CytoK KOHLIEH-
Tpat:pHa 6vp xun 6ynmwim yuyH gocdat kucnotaHnpHsa 3-10 6ynraH
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OpraHvMK amvHnap 6wunaH HeliTpasinawl MyMKWH, HaTwkaga aMMOHWiA
thochoHaT opraHuk TysuHuHr pHN 3,0-5,5 6ynraH spuTMacy xocun
6ynagun.

KpnnamanapHUHI XUMosiiall XO0CCaCUHW Ky4anTupull Ba MeTaira
arpeccuB TabCVPHM KamanTuMpuL Y4yH doctaT KucioTa apuTMacura
I0BYBYN, CMPT-(haos, OKCUZIOBYM, KOMJama XOCWU/ KUnyBuU, UHIM6Up-
JI0OBUM XyCYCUATMIa ara Typav mogganap Kywmnagu. MNynatHu ocdar-
faw yyyH Tapkubuga opTodocthaT KucnoTa, HaTpuid  nupodocdar,
HVKeNlb HUTPaT Ba aueTWnaueToH O6ynraH docdaTnoBum apanaliva
Taknng atunrad. MeTann cupTiapHu octaTtialll yuyH KyanaHunaguran
apuTma chochaT, HUTpaT, X/10paT, Ka/lbLWii, MONGAEH, NLLKOPUIA MeTann
MOHMapyW, OBYBUYM MOAAA Ba cyBfaH ub6opar. dochar KoriamaHuHr
XuUmosinall XOCCacMHW  OWMPULL  Ba 3PUTMAHUHT  6apKapop/nruHm
TabMWHNAW Y4YyH opTodocaT KWCI0Ta, HUTPAT KKC/oTa Ba PyX
oKcuAfaH mbopaTt apanalimara aMmmMuak Kylmnagu. Khongykgap xocwn
OyNMLWMHN KamailTMpULL YYyH MapraHel, HATpaT, HUKenb ¢ocdaT Ba
cyBAaH MbopaT apanalumara NponuIeHrIMKON Kywmnagn. Oxuprun inn-
napga cupT-thaon Mogfa KywwnraH HaTpuid gurmgpodocdaT, rMapok-
cunaMuH cynbgaT, HaTpuii HUTPOGEH30/CYNbGOHAT, TMAPOKCUNAMUH
cynbat, HaTPUA HUTPOGEH30CYIb(POHAT Ba GOHLLA MoAdanap TyTraH
thochaTioBUM apanaluManap mMwnad vmkuarad. doctarnall xapaéH1HU
Te3naTuL YUYyH pyx HUTpAT Ba MarHuii hochaTaaH hoinganaHuil Taknmdg
aTunraH. Kopposus >xkapaéHu gaon 60pyBUM MyXuTaa MeTasinap Kop-
PO3VACUHW MHIMGMPNAL yYyH cyBAa 3puiiguraH opraHuk gocgoHaTt Ba
NOMNTUAPOKCUANIKWUA CyNb(OoHAT TyTraH iV-aiMawuraH amug nosume-
pvgaH qoiganaHul MyMKUH. MeTannapHu KopposuagaH acpall yuyyH
MonnéaaT, PUTUH KMCIoTacy Ba CyBfa 3puinguraH ocdoH KMUCIoTagaH
néopat apanawwmagaH toliganaHmil Taknmd aTuaraH. Xp3vpru Bagrga
caHoaTV PUBOX/1aHraH Mamsakariapfa sAHr1M camapanv gocdarioBym
apanaliManap Ba MHrM6UTOPNapHN M3Nall Ba MULWIat YmgapuLLra XXopui
K byinya TafgKMKoTaap AaBOM 3TMOKJA.
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1X.13.4. MHrM6nTOpNapHUHI camapagop/INrnHH
3NeKTPOKMMEBUI ypraHuil

JpuTMara MHrMOUTOPHUHI KUPUTUAWULLM BOAOPOS WOHAAPUHUHT
KaTofAa 3apsAcu3naHuLL Te3IMIMHU CeKUHNAWTUpULLIra 01n6 Kenuiwim
MYMKWH. BoHWa 6up WHrMbuTop KMPUTUACA, META/INIHUHI aHoaja
MNOHNaHUL 60CKMYM TOPMO3NaHULLIN MYMKUH. KynyvHYa MHIMBUTOPHUHT
TabCMpU KOPPO3NS XapaéHWHWHI MKKana 6ocaMumpa xaMm KysaTunagu.
By ysrapuwnap KyT6naHuw arpuiapuja HaMoéH 6ynagu: WHruéu-
TOPHUHT caMapajop/iMrin KaH4ya/MK Kopu 6ynca, KyTénaHuw arpuna-
PUHUHT TUKKaIUru WyH4Yanuk optunb ketagu. £=/(lgi) 6ornaHuwmgaH
thorifanaHnb, MHrMBMTOPCM3 Ba MHIMOUTOP KyLUWAraH apuTManapgaru
KOPPO3nNsi Te3NUTMHU CONMMLITMPULL acoCMaa 3MeKTPOKMMEBMIA (KOppo-
3naBMIA TaxpubanapHM yTKasmacfgaH) ycynga WHIM6UTOPHUHE camapa-
AOpANTY ToNUNaan:

6y epga: y - Topmosnawl KoahPUUNEHTN EKN MHTNOUTOPANK addekTn; |
- KOppo3ua TOKW; Z - WHIMOBUTOPHWHI camapagopiuk (xgmosnaid)
fapaxacwm.

AMMO KaTog Ba aHoj 6ockuunapuparn Kopposus XapaéHura MHru-
OUTOPHWHI TabCUPWHM anofuaa ypraHull KatTa ax,amusitra aragmp. by-
HUHT YUYYH TaXXpubaBuil KyT6naHUL arpunapvHyi Maxcyc KaliTa uwnat
3apyp. ABBan Taxpubanap xygau loKopuaarumaek yTkasunagu Ba KyTo6-
NaHuW arpunapy onuHagu. KelnHru aHanvs yuyH cTauuoHap MoTeH-
unanra aguH 6ynraH KuiiMatnapruHa ax,amuaTra ara 6ynagu. MoTeH-
umManHu myc6aTt ToMOHra [£=0,005 B kwuiimaTtra cypmu6, aHop apaé-
HUHWHT Te3NUruHM rpadukpaH Tonammus. M =-0,005 B Hu kabyn kunub,
KaToj >KapaéHUHUHT KCT=-0,005 B moTeHumanra moc KenyBUM Te3UTUHU
aHukgalrimms. LLyHaalh Kunmb, aHoA4 Ba KaTog XapaéHNapuHUHE napuuan
Te3NMKNapu aHnknaHagn. by Taxpubanap To3a Ba UHTMGUTOP KyLumaraH
apuTManap yyyH yTkasunagu Ba napuman 3MeKTPOKUMEBUIA peakumsnap
YUYH UKKMWXKY<bTKuiimaTnaprasrabynamums: L, £ Ba k, LU
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AHOL Ba KaTo4 >KapaéHnapy YYyH OJIMHraH HaTwXanapHu
GupnawTupraHuMmsga rpagmk 1X 7-pacMparn kypuHuwra ara 6ynagu.

IX.74pacm. MoTeHUNANHUHT
KOPPO3nsi TOKMTa 60rINKINTU.

By rpadukpa (ahn) katop Ba
(bom) aHog KyT6naHUwWw  3rpu-
napugup.  YnapgaH ypvHmanap
yTKasunagu, Wy ypuHMmanap Ty-
TallraH HykTtagaH E Ba Igi yk-
napura neprneHanKynsp Tyrpu ym-
3MKgap yTkaswnagu. By uusmknap
6usra EcT. ra Tyrpu kenysum lgic
HyKTaja Kecuwagn. akc Ba bbl
TYrpu 4MsMKiapu BOAOPOJ aXpa-
NN Te3NIUTU Ba METa/l  aTOMU-

HUHT MOHNAHWULL Te3NUIUra Tyrpu KenyBuYM NOTEHUMANHM aHUKNaian. K
HyKTacu aca cTayuoHap MOTeHLManra MO C KeslyBuM KOPPO3USi TOKUHU
Gepaau. Kopposus noTeHumanu EKp ra Tyrpu KenyBuM >kapaéHga ToK

Kyuun (r=/a+4) ra TeHr bynagu.

“QNeKTPOKNUME” 606UHMN y3nalWTUPUNTAHINK gapaXacuHu
TEKWMPUL YyYYH caBonnap

1. SneKTPONUTHOE AUCCOLMMAHULLIHUHT acocuin cababnapun HuUmaga?
2. AnccoumnnaHUWHNHT KaHgal MexaHu3MaapuHm 6unacuns?

3. AppeHunyc Ba [lebaii-INoKKeNb HazapusanapuHi TYLUYHTUPUHT.

4. INeKTPONUT 3IpUTMaNapHUHIr TEPMOAMHAMUK Xoccanapu KaHgah

ngoganaHagm?

5. 3NeKTPONUTHUHT ypTaya aKTUBMK Ko3hduumneHTa HUma? |

6. AuccoumnnaHuil fjapaxacuHu KaHgai ycynnapja aHvknaHagn?

7. KnucnoTta-acoc Hasapusanapu x,akuja HumanapHu unacus?

8. ConuwiTvpmMa Ba 3KBUBAJIEHT 3/1EKTP YTKasyBYaH/INIOXap 3puTMa-
HUHT KOHLeHTpauusicura KaHgai 6ornaHraH?

9. BMPUHYM Ba NKKUHYM Typ yTKasrnunap KaHgan yrkasrnunap?

10. MOHNapHUHT KapakKaTyaHIur TyLyHYacuHM N3oxaaHr.

11. UeKCcK3 3/1eKTp YTKasyBYarwnK KaHgal TywyH4ya?
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12.
13.
14.

LyHacu3?

15.
16.

OCTBa/IbJHUHT CYIONTUPWLL LOHYHWUHW KENTUPWG YNGAPUHT.
KonbpayLl JOHYHW HAMaHW KypcaTagn?
neKTp yTKasyBYaH/IMK KO3(ULMEHTa AeraHia HUMaHW Ty-

KonbpayLu KynpUriHWUHE ULWaLl NPpUHLMNM AaHaain?
Kyucr3 3neKTPOIMTHUHT AMUCCOLMAAHNLL KOHCTaHTacu aaH-

[fai aHngnaHagn?

17.

KuiinH 3pyBYaH TY3HUHT 3pYBYaHAUIM Ba 3PYBYAHIMK

rofranTmacuy TyLyH4Yanapu gaHaan?

18.
19.
20.
21.
22.

KOHOYKTOMETPUK TUTP/IALL HUMara acoc/iaHraH?

DNeKTp PUTYBYM KyY TyLLYyHYaCK HAMA?

"anbBaHWK 3/1EMEHT Ba aKKyMy/IATOP TyLLyHYanapu.
"anbBaHVIK 3/1EMEHT TePMOAMHAMUKACK.

ONeKTPog TylyHYacu. 3NeKTPO4 MOTEeHUMANHUHT  XPCun

OyINLL MEXaHW3MU?

23.
24.
25.
26.
27.
28.
29.
30.
3L
32.
33.
34.
naHagun?
35.
36.

LOndysnoH noTeHUman TyLyH4YacK.

CraHfapT noteHumannap. HepHCT TeHrnamacw.
AneKTpoaiap AaHjan cuHgnapra axpaTuiraH?
anbBaHWK 3N1eMeHTIap AaHAal cuHgnapra 6ynmHagn?
Bogopos KypcaTKuny TyLUyHYaCUHW EPUTUHT.

Bythep spuTmanap TyLLyHYacu.

MoTeHUMOMETPUK TUTPNALL YCYNN HAMara acoc/iaHraH?
Kasniomenb 3NeKTPOAVHUHT Ty3uAmLmM faHaaii?

BeCTOH 3/1eMEHTUHMHT TY3UILLILLLLIN E3UHT.

XWUHINAPOH 3AEKTPOANHUHT TY3Y/IMLLIMHWN TYLLYHTUPUHT.
[aHnanb-AKobn 3N1eMEHTUHWUHT 3aHXUPUHMN E3VHT.
Anoxaua 3neKTPOANapHWHI MOTeHUMannapy AaHpan aHug-

LLlapT/u aneKTpPoA NoTeHUmann 4eb Humara aitunagun?
anbBaHVK anemeHTNapHUHI IKOK HK ynuaétraHaa BecToH

afleMeHTa JaHaai ponb yiHaiign?

3r.

Y3 TY3WUHWHT 3puTMacura TyLUMpunraH MeTasiIHUHE CUpTUaa

Myc6aT 3apsig Xocu GYMIMHUHT TEPMOAVHAMUK LIAPTY daHaain?
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38. JHOK HWW KWAMaTV CTaHAAPT 3MeKTPof, MoTeHUManiapu-
HUHI AuiAMaTnapura 6ornmg OynMaraH ranbBaHWK,3/1EMEHTNap Mas-
Xyamun?

39. TanbBaHMK 3neMeHTHUHr QHOK HWU BOMBTMETP épfammia
ynyaca 65nagmmn? YKaBobHM U30X4aHr,

40.  CraHpapT SHOK ge6 Humara aitunagu? ft

41. TabifaHuK anemeHTHUHT JHOK cu xapopatra 60rmk 6yr-
Marasfa YHUHT AYKW SHepruscuy y3rapagamin? YKaso6HN M30X4aHTr.

42.  TabBaHWK 3/MEMEHT OGaxapraH 3/1eKTp LUNuMHW Aucobratu
YUyH JaHfai KolieTaHTasiapHU Ba TaxkprbaBumid Mab/lyMOT/IapHN GUANLL
Kepak?

43.  BecTOH 371eMEHTW SAeMEHT/IAPHUHT JaHAai Typura Termwum
(KOHLIEHTpALWIOH, KUMEBMIA, ralumLl Gy/iMaraH, TallnmiLv)?
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MpeameT KypcaTKuy

A

Abaguii geuratens 25, 47, 57
AbconoT

- Xpapopat 15,58

- Xxppopart wkanacu 15, 17

- 3HTponuga 109, 110
ApnabaTta TeHrnamanapm 33, 55
Apcopbuunsa 322, 323, 325, 327, 336

- Kucnotanu 324, 325

- unwkop 325
A3eoTpon apanawimanap 248, 249,
253
AxpaTuw KoadpduuymeHTa 252
AHcambnnap 130

- MWKPOCKaHOHMK 131

- KaHoHMK 131

- KaTtTa KaHOHWMK 131
AKTUBANK 217

- KoathhumumeHTa 218

- ypTtaya aktmBnuk 352, 353

- ypTaya aKTUB/IMK

KoaphunymeHTa 353, 354

b
Bocum 20
BopTtno npuHymunn 103
BonbuymaH

- TeHrnamacu 128

- pounmwniicn 128

- KOHYyHM 131, 138
Bygep apanawmanap 363
Byr 6ocnmmn 221, 227, 228,230
ByrnaHnw necwgwrn 169, 170, 171

B
BaHT-Iogh¢h TeHrnamanapm 99, 101
BpeBcKunii KOHyHNnapu 254
Bopopog anekrpoaun 388, 389, 390
BecToH snemeHTa 399, 400
Bogopogd noHANapuHUHT
KOHUeHTpauunsacu 361, 364
BonbTa anemeHTa 380
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r
CenbmMmronsy, aHepruscu 68, 70, 72
Fnéce aHepruscn 68, 71, 72
'nécc-enbMronby, TeHrnamacu 74,
105, 401
Fnécc-AtoreH TeHrnamacu 209, 212,
220, 224
CeHpn KOHYHW 221, 224

- ugean apuTtmanap 225

- YeKCu3 cyronTupuaraH

aputmanap 224

["a3nap apysyaHnurun 225

- ugean aputmanap 225, 226

- pean sputmanap 226
Mn66c-KoHoBanoB KoHyHapu 250,
253, 254
FomoreH katanuns 307

- KuHeTukacu 314

- Typhapu3l7?
eTeporeH katanus 320, 325

- Typnapu 320

- 6ocknunapu 322
Mvgponus 362

- papaxacu 363

- KOHcTaHTacu 363
[anbBaHWK anemeHTnap 393

- KaliTap Ba KainTmac 393, 394

- TepmoguHamukacu 400,401
["ecc KOHYHN 38
F'ynbgbepr Ba Baare 93
["eTeporeH myBo3aHat 97, 162, 164,
168
[TomoreH myBo3aHaT 205, 209

Lopyp apdekTa 1@0, 154
AnddysmnoH noteHumnan 386
OwunccnnaTtme noTeHunan 156
OncTekTukK HykTa 188
Oworem-Maprynuc TeHrnamacu 218,
220, 245, 251

Ondgysuna 235
- ®uK KoHyHnapwu 235, 236



- KoaphumumeHTa 235
[JanbToH KOHYHW 246, 248
Ondnermatop 256
Ouneremaumna 256
OnddepeHunananmw gapaxacu 321
Oe-®pus Haspuacn 240, 241
OwnccounanaHni KoHcTaHTacu 347,
348,358,363

e
Enuw vceukaurm 40

XK

XKapaéH 11

- uuknmk 21, 38, 39, 51, 54

- un3onapameTpuk 21, 32, 54

- Kalitap 21, 43, 57

- Kamtmac 21,43,60

- y3 Y3n[aH 60puLL UMKOHUATK

Ba yHanuwun 42, 62, 68, 69, 70

XKoy/ib KOHYHN 32

3
3aHXup peakuusnapu 287
- 6ocknunapn 288
- TapmoknaHmaraH 289
3aHxupnap 393, 398
- KOHUeHTpaumoH 396

7
Wpean ras 15, 16, 27 ,33
- KoHyHnapu 15, 16, 22, 33
- KeHraiuw nwumn 32
- UCCUKIUTU, NYKU 3HEprusacKu 32
- agmnabarta TeHrnamacu 33
Nceumknuk curnmnm 20, 33, 36
- xpgpopatra 6ornuknuru 33, 36
- [OwonoHr Ba lNTtn KoHyHNapu 14,
33
- DHLWTeH Ba [ebai
TeHrnamapwu 34
- YwuH, ypTaua, monsap 34, 35
- MonekynanapHuHI xapakaTu
6unaH 6ornuknurn 36
Nuku saHeprusa 20, 25
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Ncemknuk 19

- Teopemacu 103, 104

- KOMneHcauusnaHmaraH 151
Ncenknuk appexTa 39, 41
NHTeHcnB KaTanmnknapn 18, 59
VIHKOHTYPEHT CyloKNaHyBumn
cuctemanap 188, 190
NoH Kyumn 356
NHankaTtopnap 365
MoHnapHWHT xapakatyaHanrun 376,
377, 378

K

KenbBuH wWwkanacu 15
Kanopuk koapcunumeHtnap 28, 30
Kapateagopu npuHuunm 49, 50
Kumésuii noteHunan 75, 80
Kumésnin mysosaHaT 92

- bBekeToB KOHYHU 93

- Tynbpb6epr Ba Baare KoHyHu 93

- KOHCTaHTanapu 94

- TepmoguHammkacu 99
Kumésunii

- ysraPyBuu 159

- MolinHAnK 159
KnalinepoH Knaysyc TeHrnamacu 168,
231
KOHrypeHT cyknaHyBUM cuctemanap
188, 189
KoHopa 197
Kpeockonusa 230
KoHoBanoB KoHyHnapu 245, 250
KunHetunka 259

- 31eKTpPOKMMEBMIA 404,407, 409

- KuméBwmii 259, 260
KnméBnii peakuns 266

- Te3nnru 266

- Te3/INK KoHCTaHTacu 267

- TapTubwn 260, 261, 262, 270,

273, 275
- Monekynapnurn 260, 269
akTopu 270

- MHAyKTOpM 270
Katanus 301

- romoreH 307



- reteporeH 320

- (hepmeHTaTme 301, 304
KaTtanusatop 301

- cenekTuenuk 305

- xoccanapn33l

- MHrMbupnaHuwm 334

- pereHepauus 335
Kwucnota —acoc Hasapusanapu 359
KoHaykTOMETPUA TUTpAaL 374
Koppo3na 410

- Typnapu4ll

- Hasapusanapu 411

- WHrmubuTopnapu 413

M
MyBo3aHaT 92
- TepmoguHamuK 62,69

- KuméBuii 93

- Jle-LLaTtenbe - BpoyH KOHYyHU
94, 96

- KOHcTaHTanapu 99, 101, 111,
113

- romoreH 92, 95
» reTeporeH 92, 97
Maccanap TabCcupn KOHYHU 94
- MyBoO3aHaT/apHu xucobnaww 95,
97
- TeTeporeH Kaiitap
peakuuanapura Kynnaw 97
MyBo03aHaT KOHCTaHTaCUHU Xu,cobnatu
ycynnapu 95, 97, 111
-  TemkuH-LBapunaH 113
- 'Mb6C 3HEePruUACUHNHT
hyHKunsAcKn 114
Makpo Ba MUKpo xonatnap 120
- CuHnaHnwwn 128, 130
MeTannap koppo3susicu 410

H
HepHcT noctynata 104
HepHcT TeHrnamacu 385, 394
HepHcTt runoTesacu 104, 108
HomyBo3aHaT XapaéHnap 148
- CUHMNaHuwW 149
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- TepmoguHamukacu 151, 153,
155, 158
- TEePMOANHAMUKACUHWUHT
noctynatnapu 155
Hopmaun anemeHT 399, 400
Hopman Boagopog noteHumanu 388,
389, 390,
- 3NeKTp ropuTyBuM Kyd 380, 396,
400

o]

Okum 153

- CTauwoHap 154
OM KOHyHK 154
OH3sarep noctynata 156
Ocmoc 236
OcmoTuK 6ocmm 239

- KOHYHnapu241l

- BaHT-Totdh KoHyHM 241

- KoaphumumeHTa 243
OH3sarep Hasapusacu 156, 157, 372
OcTBanbf KOHyHU 348

n

MyaccoH TeHrnamanapu 33
MnaHk noctynara 108, 109
MpuroxnH Hasapusacu 155
Monumopd ytuwnap 178, 179

- MoHoTpon 179

- 3HaHTMoTpon 180
MeputakTnK HyKTa 190
Mapuynan monap kKattanuknap 209
MoTeHyunan 381

- cTaHgapT 384, 390

- anddysnoH 386

- OKCUANaHuLW-KanTapuamw 387
Mapuywnan 6ocum 222

- b6yt 6ocum 221,245
Mna3monus 240
Monumep saputmanap 216
MpoToreH sputyBun 359
lMyaccoH TeHrnamacu 33

P
Ponep HykTa 14,17



Peakuus nsotepmacu 100

- mnsobapanm 101

- um3oxopanu 102
Paynb KoHyHM 221

- wnfpean sputmanap 222

- YeKcu3 CyNTUpuIraH

sputmanap 223

PekTutnkaunoH Kypuama 262
Peakuna Tesnurn 266, 267

- UCCUKAMK 3pdhekTn 39
Pean ras 85
Penakcauusa saktn 155
Posebym ycynu 200

C

Cucrtema 18

- TepmogMHaMuK 18

- XonaTuHu TapTmbcusnuru 118
CTtaTucTuk TepmoagnHammka 118
Cratuctmka 128

- Knaccuk 129, 130

- KBaHT 129
CTaTUCTUK nrnHan 134, 135
CTnpaunHr TeHrnamacu 136
CuHrynsap Hykrta 188
CraHgapT noTteHumannap 384

- HepHcT TeHrnamacu 385

T
TepmoanHamnka 10
- KuméBwWiA 10
- (heHOMeHOonoruK 11
- cTatucTuka 118, 120, 131, 140
- HomyBoO3aHaT 148, 151, 153,
155,158
- MaTeMaTuK annapaTu 22
- [MonnHrn KoHyHn 13, 16
- GMPUHYM KOHYHK 24, 28, 159,
160
- VKKWHYU KOHYHW 45, 51, 57
- yuuH4um KoHyHn 103, 104
Tepmokumé 38
- Tecc KoHyHM 38, 39, 40
- Kupxrohg KoHyHM 41
TepmomeTp 13, 14

- rasnm 15
TepmomeTpuk wkana 13, 14, 17
- Mojpa 13,14, 15
TepMmuk myBo3aHaTt 16
TepMunk KoathuumneHtTnap 26," 30
TepmognHamuk cuctema 18
TepMoAMHaMUK noTeHumannap 68
TepmognHamuk thyHkumsanap 70, 140
- xonatnap 6ylinya cymmara
6ornuknunk 140
- KOMMYyHMKauusinaHaH UCCUKINK
6unaH 6ornmkamrn 151, 158
“Tapkub-xocca guarpammacu 184, 185
Tepmuk aHanuns 184, 185
TakcumnaHmw KoapguuymeHTta 243
TysnapHUHT rugponusu 362
Tawww coHn 376, 378

Yy

YuyByaHnuk 80, 85

- KoathuumeHTa 85
Ymymnawirad kydnap 153
Y4 KOMMOHEHT/IN cucTemanap 198

- 'n66e ycynm 199

- Posebym ycynn 200
Y3n1yKcu3nuk Kovgacu 184
YcaHoBMY Hasapudacu 361
Yunamun HykTa 173

(0
dapeHreiT WkKanacy 14
donganaHuw KoahguumneHTta 56, 59
dyrutasnuk 80, 85
dasosunii haso 120
Pypbe KOHYHN 154
dasoBuii MyBo3zaHaT 162
daza 162
®dazanap kougacu 168
- 6Up KOMMNOHEHTNN cucTemanap
172
- Y4 KOMMOHEHTAN cucTemanap
200
dazasuii ytuwnap 172
- 6upnHuUM TYyp 172, 178
- WUKKWHYKM Typ 175



PusnK-KMMEBNIN aHanns 183
DOTOKNME 292
- byre-JlambepT KOHyHM 293
- byre-JlambepT-Bep TeHrnamacu
294
- [poTyc Ba Apenep KOHYyHU 294
- OJliHWTeNH Ba LLITepH KOHYHU
295
docaTnaws 416
durypaTtmse HykTa 187
dnerma 256
dnykTyaums doliganm nw
KoaphuumeHTn 124
dochopHUHT XonaT gnarpammacu 183
daonnaHnLL aHeprusacy 282
AppeHnyc TeHrnamacu 281,
282,283,286
daon TyKHawmwap Hasapuacu 283
daonnaliraH KOMNOeKc Hasapuscu
286

X
XapaKTepucTuk pyHkumanap 71, 73
XuHrngpoH anektpogm 388, 391

4

Liebncuin wnkanacm 15
Lnkn
- KapHo 51
- UwuknukxkapaéH 53, 54, 59, 62

y
UeKcu3 aN1eKTp yTKasyBYaHNMK 373
- Konbpoyw KoHyHU 378
- KaTunoH Ba aHWOHNAaPHUHT
3/1eKTP yTKasyByaHauru 377,
378

L
Lwvwa snekTpog 388, 392
Wapnb” [Celi-JTtoccak KOHYHU 5,16

€}
QHTanbnua 37, 40, 41
OHTponua 49. 51, 63
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- Koparteogopu nupuHumnnun 49

- KapHo ynkan 51

- Typnu xapaéHnapga ysrapuwn

68

- Taptunbeusnuk ynyosm 118, 128
JKcTeHcuB KaTTanvknap 18, 52, 59
OHeprusa

- ['nb6bec 68

- Tenbmronsy 69

- nykm 20, 24, 35

- bornaHraH 70

- 3pKWH 68, 69, 70

- T'mbbc —enbmronby 74
SHTPONMAHMHT abconT KninmaTnapu
108, 109, 110

- xocun 6ynuuw Tesnurn 153
OpeHdecT TeHrnamacu 175, 177, 178
OBTeKTUKanu cuctemanap 186, 189
Oputmanap 205

- 4uH 206

- Konnong 206

- CWH®naHnwwn 206, 213

- Hasapusanapu 216

- ungean 214

- pean 216

- Yekcus cyrontupunraH 216
Q6ynunockonusa 228
OKcTpakuyua 243
ONeKTPOKMME 339
SneKTponuT sputmanapu 340

- Xoccanapu 341

- Hasapusanapu 341, 348

- 3N1eKTp yTKasyB4aH/INK 366,

368, 371

JpyBYaHNMK KynanTmacu 365
ONeKTp TOKN Xakuga TywyH4yanap 367
OnekTtponus 376
ONeKTp pyTyBUYN Kyd 380
OnekTtpog 381

- noTeHuuanu 382, 384

- CUHGpnaHnw 388

- cTaHpgapT 390

- KyT6naHuwwn 404, 406



A

Aueiika 3N1eKTPOKMMEBMIA 393
- Wyku anekTpog 393
- conuwTUpuUL anexkTpoaun 393
- éppamuu anekTpog 393

Yy

YT1a kyunaHuw 406,408

- Tadenb TeHrnamacu 409

- @®pyMKUH - Ponbmep

TeHrnamacu 408

YTap xgaaT 286
YTKa3rny kapwunmru 368
YpTaya Ba UNH UCCUKAUK CUTUMU 34,
35
Y3rapmac XAKmaarn UCCUKINK
curnmm 34, 35,36,38
Y3rapmac 6ocumpaarv uccuuInk
curummn 34,35,37, 38

K

KaTtTuk saputmanap 192, 193,194
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KaHalw X4popaTCUHUHT KyTapuanwm
228
Kalitap ransaHuk anemeHT 400,401
- >KapaéH 57
- peakuusa 93, 94
KaiTtmac
- KapaéH 57
- peakuwusa 21, 93, 94
Kgpam napametpnap 23
KyTt6naHuw 404,407,409
- KOHUeHTpauwueli 404,408
- Kumésni 404
- anekTpog 407
Kotnwmanap 184

X

5™apopar 13,18,19
X,onat TeHrnamanapu 26
X,onaT pyHKumsinapn 68,71
Xpnatnap 6yiinya Monekynsap cymma
137

- unpeanras 140,143

- MyBO3aHaT KOHCTaHTacu 145



MyHpaapuxa

Cys 6owwn
Kupnw

| BOB. KuméBunin TepmogmHaMmuka

1.1.
1.2.
1.3.
l. 4.
I.5.
1.6.
1.7.

l. 8.

1.9.

1.10.
I 11.

1.12,

1.13.

l. 14.

l. 15,

1.16.
1.17.
1.18.

1.19.

TepmognHaMUKaHUHT pYBOXUIAHMLL 6ocknunapu,
Basuanapm Ba Ky/inaHUIMLL Yerapaiapu

Acocuii TylyHuanap

TepMoAVHaMUKaHWHT MaTeMaTuK annapara

VUK 3Heprusa Ba TEpMOANHAMUKAHUHT BUPUHYN KOHYHW.
Xonat TeHrnamasapuv Ba TepMUK KoahhuLeHTnap
TepMOAMHAMUKAHUHT  OMPUMHYM  KOHYHW Ba  KaslopuK
KoappuumeHTNap

TepMMK Ba KalopuK  KoahduumeHTNap  opacuparu
60rIMKIINK

Mpean rasHuHr Typnau >kapaéHnapgarv KeHranw wu,
»KapaéH UCCUBAMTU Ba UHKW 3HEPTUSHUHT y3rapuium
MyaccoH TeHrnamanapu

CCMKAMK CUrMmn Ba YHUHT Xapopatra 60rnKamru.

a3 Ba KaTTWK >XMUCMAap WCCUKAWK CUTUMWHWHE MOne-
Kynanap xapakaTtu 6unaH 60rnMnmkanrn

SHTa/ILNUA

["ecc KOHYHMN

Kupxrod KoHyHM

JKapaéHnapHuHr  y3-y3ugaH 6opvl  MMKOHUSTU  Ba
NyHanmLm

TepMOANHAMUKAHUHT MKKUHUYM KOHYHU

KapaTteofopv npyHLMAY Ba 3HTPONMUSA

KapHo umKnmn Ba 3HTponus

KaliTap Ba KallTMac >xapaéHnap Y4YyH TepmoAuHa-
MUKAHWHT MKKUHYY KOHYHU
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10

10
18
22
24
26

28

30

32
33
33

36
37
38
41

42
45
49
51

57j



1.20.
1.21.

1.22.
1.23.
K 24.

M BOB.

1. 1

1. 7.
1.8

1. 10.

1. 11.

LI BOb

1. 1.
1R

2.

TypnwxkapaéHnapga 3HTPONUAHWUHT y3rapuLum
YKapaéHHWHI AyHanMwM Ba MyBO3aHaT MEB3OHIapW.
TepmognHamMnK noTeHLmannap

XapaKTepucTuK hyHKUMsAIap

Kumésnii noteHuman

Fa3napHUHT KMMEBWIA NOTEHLMaN. YUyBYaHINK
Knmésnit myBo3saHaT

Kumésuii myBosaHaT 6enrunapu, LapTiapu Ba KOWYH-
napu

MyBo3aHaT KoLcTaHTas1apu

Maccanap TabCUpu KOHYHWUHW MyBO3aHATNapHW XMCO6-
nawura Kynnat

Maccanap TabCMpU KOHYHUHW TFeTeporeH Kalitap peak-
umanapra Kynnaw

Knmésnii MyBo3aHaT TepmMognMHaMukacu. MyBo3aHaT Ko-
HYH/TapPUHW TepMOAMHAMMK acocnall

KuméBnii peakuusiHUHT 1306apuK Ba W30XOPUK TEHT-
namanapv

TepMogVHAMUKaHUHT YYUHYN KOHYHU

HepHcT runoTesacmpaH uvkaguraH xynocanap. [naHk
nocTynatn. SHTPOMUAHUHT abCcoMoT KUAMAaTNapuHA X
cobnatw

MyBo03aHaT KOHCTaHTa/1apuHu Xmcobatl ycynnapu
MyBo3aHaT KOHCTaHTacMHU TeMKuH Ba LLIBapumaH ycy-
nnaa xucobnatw

HepHCTHMHI UCCUKNMK Teopemacu Ba lMnaHK noctynatu
acocuja MyBo3aHaT KOHCTaHTacuHM xucobnatu
CTaTUCTUK TepMOogNHaAMMKa
SHTpONMA Ba CMCTEMA XONATUHUHT TapTUBCU3NNUTN

Makpo- Ba MMKpoOXosaTnap Ba TepMOAUHAMUK 3XTUMOSI-

VK. dasaBuii haso TyLlyHYacu

. Knaccuk Ba KBaHT CTaTUCTUKaCUTYLLyHYanapu
. 4.

MonckynanapHUHr - sHeprusi  Gyinda  TakCUMJIAHULLIN.
BonbLmaH KOHYHU
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63
68
71
75
80
92

92
94

95

97

99
101

103

108

111

113

114

118

120

120
128

131



5.

6.
L. 7. .

IV BOR

V.1
1v.2.
1V.3.
1V.4.

1V.5.
V.

V BO

< <<<KL

<

< <K<

o s wN

6.

K

TepMoaMHAMUK (PYHKUMSNAPHUHT XpraTnap 6yivya -

rMHAMra 60r Wy
Ngean rasHuHr xgnarnap oynunya inrmHancm
KuméBnii peakumanap MyBo3aHaT KOHCTaHTacMHW xaniat-
nap byiinya WMrMHAM opKaau ugoganal
HomyBo3aHaT XXapaéHnap TepMognHamMmKacu
HomyBo3aHaT apaéHIapHUHT TacHU(IaHULLN
KomneHcauusinaHmaraH UCCUKANK TyLLYHYacK
OKvM Ba ymymaluraH Ky4nap. SHTPOMMUSAHMHI X,0CW
Gynuwitesnnru
HomyBo3aHaT >apaéHnap TepMoANHAMUKACUHWUHE MOCTY-
natnapu
OH3arepHVHT y3apoMK MyHocabaTu

KomneHcauusanaHmaraH WCCUKAUKHUHT TepMOAUHAMUK

(PYHKUMANAPHWHT y3rapuiiun 6unaH 60rnnknurm

KuméBnii ysrapyBun, KUMEBWIA MOWWNAWK Ba TepMo-

AVNHAMUKaHWHT 6UPUHYN KOHYHU
Ouunk cucTemanap y4YyH TepMOLMHAMMKAHWUHT GUPUHYM
LIOHYHM
®dasaHunii MyBo3aHaT
Acocuii TywyHu4anap Ba Tabpudiap
®daszaBunii MyBO3aHATHUHT acOCUI KOHYHU
KnaneiipoH-Knaysunyc TeHrnamacu
Bup KOMMNOHEHTNM cucTemanap yyyH aszanap Kougacu

WNKKMHUM Typ asaBuii: yTuwnap. dpeHdecT TeHrnama-

napwv

Monvmopd YTULINMAPHUHT TacHUgaHMWK. MoHo- Ba

3HaHTMOTpON hasaBuii yTuLLNap
DU3NK-KUMEBUI aHaN3
Tepmuk aHanus
KomMnoHeHTNapn KaTTuK xpnatga 6up-6upupa apumaii-
*CYIOK' KonaTga 6up-6mpuga 4ekcus puii-
AuraH Ba 3BTeKTMKara ara bynraH cucuemanap
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140
143
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148
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160
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172

175

178

183
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186



V.10.

V.11.
V.12.

V.13.

V. 14

KOHIpYaHT Ba WHKOHIPY3HT CYIOKNaHYBYU KUMEBWUIA
6uprvKManap TyrraH cuctemanap
Enka komnpgacu
KoMMoHeHTNapn y3apo YeKCM3 Ba UCKIM 3puiiguraH
KaTTakK 3puTMasiM cucTemanap
CyloK (hasafia 4veknum 3pyByaH cucTemanap. Mypakkab
Konat gvarpammanapu

Y4 KOMNOHEHT™ cucTemanap

VI BOB. 3pwutmanap TepMognHamMmunKacu

VI 1.
V1.2,

V1.3,

VI. 4.
VI5.

VL1.6.

VI7.
VI1.7.1.
VI1.7.2.

VI.8.

V1.9,
VI.10.
VI.11.

VI.12.
YT BOB.
VIIL. 1.
VII.2.
VIIL.3.

YMymMuin TyLyH4yanap
Mapuvan monsp katTamknap. Kumésuii noteHuman.
m66c-Atorem TeHrnamanapu
SpUTMaNlapHUHT TePMOAMHAMUK HYKTau HasapgaH Tac-
HUAaHULWN

AKTUBNNK Ba aKTUBANK KO3(hpuLmeHTa
YuyBYaHAIVK Ba Y4yBYaHAMK KoahduumeHta. [rorem-
Maprynve TeHrnamacu
3puUTMa KOMMOoHe!rrnapurHuir akTueBanrn
Ba aKTUB/MMK KO3 MEHTNAPIHIA aHMKNaL
KOMMNOHEHTHWHT 3puUTMa ycTugaru TyiiHHrad 6yf 6ocumu
Paynb Ba "'eHpn KOHyHNapu
["a3napHWHT apyBYAHNATIA
CylonTuUpuaraH sputManap KanHaw KapopaTtuHUL op-
TAWKM Ba My3fawl afpopaTUHHWT nacanvwm. 6y-
JINOCKOMMA Ba KPMOCKOMNUA
Andpysiia Ba ocmoc. OCMOTMK 60C M KOHYHapn
TakcMMNaHnWw Ko3ghurLmeHTa. IKCTpaKLms
YuyBYaH CylOK apanaljmasapHuiAr TepmogmHaMuKacu.
"m66c-KoHoBanoB KoHyHapu. A3eoTpon apanalumanap.
CyloK apafalliManapHu xaigai
KnméBnii KnHeTnkKa
KNMEBMNI KNHETUKAHWHI acoCUiA 'TyLLyHYanapu
KumEBnii peakLUUSHUHT Te3nuru
Peakuus TapTném
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188
191
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197
198
205
205

209

213
217

218

221
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235
243

245
255
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VIlL4.
VILS.
VII.6.
VIL7.
VIH BOK
VIIIL 1.
VIIIL2.
VIIIL3.
VII1.4.
VIILS.
VHLS6.

VIIILT.

VIIILS.

VI 9.

VIII.10.

IX BOK
IX. 1
1X.2.

I1X.3.
1X.4.

IX.5.

1X.6.
IX.7.

1X.8.

Peakuma TapTUBUHU aHMKaL ycyinapu
Peakums Te3AUTMHWHT xgpopatra 60rnTyrn
3aHXunp peakuusnap

DOoTOKMMEBUIA peaKLmanap

Kartanus

KaTa/MsH1HT yMyMuii TyLiyH4Yanapu

[TomoreH KaTtanus

["omMoreH KaTa/n3 KMHeTUKacu
FOMOreH-KaTaIMTUK peakunsanapHUHE Typnapm
[eTeporeH Katains Ba YHUHT Tynapu
leTeporeH kataiu3 6Gockuynapu. dusMkasuii agcopom-
NaHuLL Ba KUMEBWIA copbunaHmLL

[eTeporeH KatasiM3 Hasapusanapu

KatanusaTtop xoccanapu
KaTanm3aToOpHUHT MHIMGMPIaHULLIN Ba pereHepaLmsicu
KaTtanusaTtopnapHu Taliépnatu

ONeKTPOKUME

SNeKTPONUT 3pUTMaNapUHUHE Xxoccasiapu
DNEKTPONTUK ANCCOLUNAHULL  Ha3apUSICUHWHT  acocuii
xonatnapu
[unccoumnaHniu gapaxacy Ba yHW aHMKnaLl
3NEKTPOINTUK AUCCOLUNAHULLIHN KeNTUPUG UunKapysuu
cababnap
ONEeKTPONUTUK  AUCCOLMMTAHULL  HA3apUACUHN  Taxpu-
6aBunii acocnau
ONeKTPONUT IPUTMANAPUHVHT TEPMOAUHAMUK Ha3apusacu
Kyunu aneKTponuT spuTManapuHUHE 31eKTPOCTAaTUK Ha-
3apuscu
ONEKTPOSINTUK  ANCCOLMMNAHULL  HA3apPUACUHUHT  Ky/Jia-
HUAnLn

IX. 8.1. VoHnu peakuuanap

1X.8.2.

KwncnoTta-acoc Hasapuanapu
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Ty3napHUHT TMapoNn3mn

Bythep apa.TaLLmManap |
WHaviKaTopgap HasapHAcK

3pyBUaHAMK KynaiAiTmacu

DNEKTPOUT IPUTMASIAPHUHT 3MEKTP YTKa3yBUYaHN
DNeKTP TOKV XaKnaa yMyMUiA TyLLyHYasnap

ConuLITupma 3NeKTp YTKasyBYaHINK

OKBVBAIEHT Ba MOJIAP 3/1EKTP YTKasyBYaH/MK. Ougarep
HazapHscK. OCTBa/bL, KOHYHM

KOHAYKTOMETPUK TUTp/aLL

DNeKTpon3 xxapaéHn. VioHnapHULL® XapakaryaHimri Ba
TaLLWLL COHM

ONEKTP HOPUTYBYMN Kyd

DneKTPoA, TylyHYach. IneKTpog NOTEHLMaMNHE navi-
[0 6ynmwm

CraHgapT noTeHupaniap. HepHCT TeHrnamacu
Juihdhy3Hoin noTeHuyan

OkcngnaHNLL-KakTapunL NoTeHLMa n

3neto pof/IapHLLH TaCHUIaHULLIK

Bogopoz anekTpoga *

CraHpgapT (CONULLITUPHLL) 3M1eKTpo/1ap

Aneto POKUMEBHIA sueikanap

["a/IbBaHWK 3/1eMeHT/Iap

KaifTap Ba KaiiTMac 3/1eKTPOKUMEBUIA 3aHXNpAap
KOHLEHTPaHWOH 3aHXuMpsiap

Hopman anemeHT

"a/IbBaHMK 3NEMEHT TCPMOLAVHAMMKACH

"aNbBaHUK 3/IEMEHTHWHI MyBO3aHaT KOueraHTacu
AKKyMynsTopnap

net0 POKVMEBHIA YxapaéHnap KMHETVKAcK
ANeropoaIapHHHT KyroiaHnLLIn

DNEKrPOKVMEBUIA  YKapaéHMapPHUHT  YMyMUIA  TaBCUdN.
DNeKTPOKMMEBWIA KMHETWKA acoC1apy

Typv 3neKTPOANapaAary 3NeKTPOKUMEBUIA KMIETVKA
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1X.13.1.

1X.13.2.

1X.13.3.
1X.13.4.

MeTannapHn KopposusgaH xumosinawl. Kopposvsi UHru-
ouTopnapu

VIHrnébutopnap xvmosinawl XycycUSITIapUHUHE KUMEBWIA
Ty3unumwira 60rnmKaurun

dochaTnatu

VIHrMbUTOpNapHWHIE caMapagop/IurHN 3/1eKTPOKUMEBUIA
ypraHmL

Apabnétnap

MpeameT KypcaTKuy

Oampam Wkpomosuy Akbapos
Paxum CoamkoBuy Tunnaes

Bax Inép Y6aiigynnaesuy Cabaynnaes

PUINKABUN KUME

Myxappup . AKkmanoea
Mycaxxux M. Tyituves

Bocuwra pyxcat atungm 08.10.2014. Buunmm 60x84 1/16.
Hawpunét 6pcma Taborn 21,12. LWaptnm 6ocma Taéorn 45,7.
Baxocu wapTHoma acocupa. Apfagu 100 Hycxa. bBytopTtma Ne 42.

“YHusepcuTeT” Hawpuétn. Tow KeHT- 100174,
Tanabanap waxapyacu, Mup3so ¥Ynyrbek Homugaru
Y3MY HUHT mabmypuii 6MHOCH.

«1ST1QLOL NASHRIYOT1» MUYXK MBNr6aa 64numumaa 4o atungm.

TowKkeHT w., 100129, HaBownit kyyacu, 30-yii.
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