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Cam/ly ooyenmu, ¢p-m. ¢.n. A. Kysamosea
xamoa V3®A YMKH kamma unmuii xooumu,
K.(h.n. X. Xyorcanusazoeea kummamau 6axmiapuHu
asaMacoan KyulaHmManu YKub YUKKaHIukiapu ea
ounoupean mMaciaxamiapu y4yH uyKyp
MUHHAMOOPYUUTUK OUNOUPAMAH.

I'noccapui

A, absorbance - rotwmm kypcarkuuu, seEu ontuk suwink: A = 1g(Io/I);  A-
ONTHK 3UWIHK, lp-HamMyHara Tymaérran Hyp MHTEHCHUBJIMIHU, [-HaMyHadaH yTran
HYp WHTEHCHUBIIUTH.

T, transmittance- yTka3umm kypcarkunan, kodpdurmentu: T(%) = (I/1p) - 100
KRSS - tayumii 6pomus Ba Hoauaiap apajammMacuHUHT kpuctaiiapu (44% TIBr
+56% T1J).

KBr-uau Tadaerkanap —maiiajiianrad, KyKyH Xoiauaaru HamyHanapauar KBr
kykynu omran 1:80 (1:100) aucbatna apanamtupud npecc-Gopmaga oOJTuHTaH
TalJIeTKAIapUIup.

Ba3zenuH -HeTHUHT IOKOpH TeMIepaTypaja KaiHOBUM ppakuusicu 0yiaubd, acocan
TYHUMHIaH yriaeBojopoiapaaH TapkuO® tomrad (Ypraua tapkubu C,s). Yer s
agabuérnapuna «nujol» - Hyion ne0 roputwiaad. YHAaH amopd Ba KaTTHUK
MoAJIaapHUHT cycrneH3uscu Tanépnann®d UK-cnextpu onuHaau. AMMO, YHHUHT
acocuii kamumnury CH 6Gorunmar Bazent (2800-3000 cm™') Ba nedopmarion
(1350-1500 cm™') Tebpanuuutapu Tydailng o03ara KelraH HHTCHCHB COXaiap
HamyHaHuUHT CH 60Fu XaKuja MabJIyMOT OJIHMII MMKOHHHH Yerapajiaiiu.
HNuTepdepenuust xoaucacu — EpyFiIvK TYJIKAHIAPUHUHT KYIITWIMIIN HATHKACHIA
XOCHJI OYnaguran xoauca, OyH1ai KyIIIHII HATHKACUIa KYIIUITaH HYpHUHT
WHTEHCUBIIUTH KYIIWITyBYN HYpJIap WHTCHCUBIUKIAPUHUHT WHFUHIUCUIAH KYTI
€K1 03 OYIIUIITN MyMKHH.

V. VI
"V "\

OO0epToOH — TEOpaHUII cCaTXIapU OpacHaard TAKUKJIAHTaH YTUILIAp Tyailnm
103ara KeJjrad IoTuiaui nojocanapu. Onaraa o0epToH MOJI0CATapUHUHT
JacTOTaJlapu acoCHil yacToraiapaas 2, 3 6apobap KaTTa MHTEHCUBIIMTH 3Ca MACT
oynamu. Macanan C=0 rypyx BaJIeHT T€OpaHUILIMHUHT aCOCUM YacTOTacu
Takpu6an 1700 cM™', 1ty moxoca GEpHHYHE 0GEPTOHH 9¢a YACTOTACH TAKPUOAH
3400 cm™! OyJraH MHTEHCUBJIUTH TACT T0JI0CA MIAKINAA Ky3aTHIIaIH.
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IMosoca —toTmumi coxacu (YM3UFH). ATOMJIAPHUHT CIIEKTPU YM3UKJIN OYIau,
MOJIEKYJIaJJApHUKH dca YM3UKIap WHFUHIUCUAaH (iynakinapaan) uoopar. Marmms
tunuaa band neviviianu.

CkaH — uWHIIIM3Ya Cy3, AUKKAT OWJIaH ypraHu® 4YWKWIN, Kapad YMKHUII JIeTaH
MabHOHM Owmigupaman. Ac600 yckyHamapaa «record spectrumy (CHIEKTpHU E3UIIN)
CY3MHMHI YPHUTA «SCany MILIATHIMOKIA.

CnekTp — 70THHYA «spectrumy» CYy3uaaH OJMHTaH OYynub, KYpUHYBUM JAeraH
MabHOHM OWIIMpanu. EpyFnmk HypHHHHT TNpH3MajgaH YTHIIN HATHXKACHIA
KYPUHYBUM paHriapra axpain0, Kamalak paHrjap KeTMa-KeTJIIUTMHU XOCHII
ke Mcaak Heroton (1672 i) criekTp 1e0 aTaras.

Tyakuu conn v, em' — 1 canTumerp Macodpana (C Ba D opacumary) sxoitiamran
TYNKUHIIAP COHU. AB-TYIKUH y3yHIUTH A.

A B

1cm

TyaKkuH y3yHauru 0yiu4a cnekTp coxajapu (TYJKHH Y3yHJIUIH -MeTpPaA)

Undpa- .. YibTpa- Pentren  TI'amma
Pamno MEEPOTYIKHH  guaun W PHEYBIH  Guuagma  mypn HYPH
103 102 103 5x10 108 10-10 10-12

I ZNZAVAVAVATITI]

TyJKHH Ba JHePreTHK MapaMeTpJiap opacuaaru OOFJIUKINK:

TYJIKHH COHMJIAH TYIKUH y3yHmurura yruurs: A (am) = 107/v (em™);

TYJIKUH y3yHJIUTHHUHT SHEPTUSCUHU TOHII (KKaji/Momb): E =28591.2/ A (am);
TYJIKUH Y3YHJIUTUHUHT SHeprusicunu tonuil (3B): E =1239.81/A (am);

TYIIKUH COHH dHeprusickuu Tormur (3B): E =0.123981 - 107 - v (em™);

FOkopu Ba Kyiid 4acTOTajJM CWIKHII — FOTWJIMIN ITOJIOCACHHHUHT CIEKTPHUHT
FOKOPH 4YacTOTaIM coxacura (Kucmura) (4000 cM™' TOMOHra) Kapa® CHIDKHIIM,
FOKOpH wacToTamd cupkum, 400 cM' TOMOHTAa Kapa® CHIDKHIIM 5ca KyHu
YaCTOTAJU CHIDKUII JICHHIIA N,
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Kupum

@du3uKaBU TAIKUKOT yCyJuiapu, my xymianal MK-cnekrpockonus ycynu
Oyiinua amabuérnap XKyna KyIm Ba ylap y3 coxacwjaa Xo3upraya TEHICHU3
xucoOmanagn. AmMMo Oy amaOuérimapHuHT OMpopTacu y30€K TWiIWra TapKuMa
kwinamarad. lynunraek, ymoOy anabuérnapaa TEXHHMK TOMOHAAH 3CKUPraH
ac600 yckyHanap taBcudad Oepunran. SIHTH, 3aMOHABUHN CIIEKTPOMETPIAPHUHT
TY3WIHILHW, UIIJIAI PUHIIUIN, UIMKOHUATIAPU XaKUJaru KUCKauya MabJIyMOTHH Ba
my Ownan Oupranukaa WK-cnekrpiaapHu Taxiawin Kwidil Oyiiya KucKaya
MabIyMOTJIAPHA WJIMIa YaHKOK OakandaBp Ba MarucTpjapuMM3ra eTKasHIll
Makcaaua yumoy KUUuK KyUIlaHMa TY3WIIU.

SAuru, 3amonaBuii acoobnapmaan 6upu Perkin-Elmer ¢dupmacununr System-
2000 ®ypbe-UK-criekTpoMeTpr MyCTaKWUIMTUMUSHUHT JAaCTIa0KH S-HAUHIH
apadacua V36ekucron PecnyOnukacu ®annap AxaJeMHUSICHUHUHT Veumiux
MOJJIajiapy KUMECH MHCTUTYTUTA KEATUPWITaH. YOy KyJlaHMaaa KeJITUPUITaH
NK-crexTpaap my CIeKTpOMETp/1a OJIMHTaH.

HK-cnekTpockonus ycy/id Ba rypyXJapHUHT XapaKTePUCTUK IO THJIMII
qacToTajaapu

DHIWTUHA WIMHANA W3JIaHUIUIApHA OomuiaraH OakajnaBp KM MarucTpiap
V3nmapu axxpatub oJiraH €KM CUHTE3 KWJTraH MOJJIaJapUHUHT TaXJIWiau OWiaH Kyjaa
KM3UKHIAIUM Ba aiipuMm Xosutapaa (axat WK-taxmawnm acocuma MoagalapHUHT
CTPYKTYpPacuHU TYJIHMK aHUKIa0 OepuiiHu cypaiinun! UK-Taxaunm acocuaa Kkamian
KaM XOJulapJariHa MojJia CTPYKTYpPacHUHHU aHUKJIall MyMKUH. ByHUHT y4yH cu3na
cranaapt Oymumm kepak €ku MK-crnekTpoMerp SHrM, 3aMOHAaBHM CHEKTpJIap
KyTyOXoHacu OuiaH TabMUHJIAHTaH Oynumu mapT. CrnekTpiap KyTyOxoHacuia
cakJiaHa€TraH, KeHI TapKajraH Ba KYI MIUIATWIAJWraH MabiyM MOJJATapHUHT
UK-cniexkTpnapunu  Taakuk KuiauHaértran wmoxananunr UWK-cmextpu Ounan
TaKKOCJIalll aCcOCHJIa MabAyM MoOJjara yXmanuiuk (HOu3WHH uYuKapubd Oepanu
xonoc. by wmanOara cu3 axpaTu® onraH €KM CHHTE3 KWITaH MOJJIaHTU3
KUpUTUIMArad Oynumm MmyMkuH. CTaHAapT SbHU OJJIMH OJIMHTAH Ba CTPYKTYypa
TY3WIUIIA TYIUK YpHATWIraH Mojda EpJlaMuja HaMyHaHUHT CTaHAapTra
KAaHYQJIUK Japaxaja YXIIANUIMIUHA cudaT Ba SPUM MUKIOPUM KUXATIAH
0axoJiall MyMKUH.

byHpnaH Tamkapu, peakUMsSHUHI KaHJail OOpHIIM Ba KAaHAKa peakLus
MaxCyJOTH  XOCWJI OVJIMIIM Ha3zapui >KUXATJaH MabiyMm Oyica, aacTiaOku
MojJiajap Ba peakius MmaxcyJoTMHUHr WK-crnekTpiapuHu Takkocjianl acocuja
KyTWITaH HaTWKara HSPUILIWITAHIWIUHU €KUM SpULIWIMAraHjiuruHy - Oaxosail
MYMKHH.

Arap, peakuus HaTHXKacuaa KaHaal Moaaa €Kku MOAJAaliap XOCHJ OYIuIIu
HOMAabJIyM Oyiica €kM YCHUMIIMKAAH aXpaThO OJIMHraH SHICM MOJJa JacTiaOKu
bu3UK-KUMEBUI KypcaTrudiiapu Oyinda MabliyM OupukManapaad ¢apk Kujica Ba
myHra yxmam Oomika xonatiapaa  HamyHaHuHT 4000 o naH 400 cm! raua

4



V3®A YMKH “Taoxuxomnapnune ¢usux ycryérapu nabopamopuscu”
Ewumbemos AI', UK-cnekmpockonus ycyauoan amanui Kyairauma. Towxenm-2014

(mynkun yzyuaueunune 10° — 107 wm) 6yaran coxama soittamras MK-criektpunn
TaxJIMJ KWJTUII OPKaJdM KaHfal (QYHKIMOHANT TypyXJap  MaBXKyUIMTUHUA Ba
HAMyHaHUHT Kalicu CUH(Ta OUJIJTUTH XaKH/1a XyJiocalap KAJIUII MyMKHH.

MabiyMKu, MUKpOOJIaMJaTy Ky3aTUIIUIAp MAaKpOoOJIaMaard Ky3aTHILIapaaH
KecknH (apk Kwiagu. Macanan, MakpoojamAa apuHUHT yscuaa Oynaérran
XOJIMCaJapHu Ky3 OwiaH Kapald Ky3aTHII MyMKHH. MHKpoonamaa 3ca Ky3aTHIL,
Vpranwiaétran Mojja OWjlaH yHra TabCUp KWIAETTaH TypJd YacTOTaIH
«Hyp»IapHUHT  (peHTreH,  yinbTpaOuHadma,  KYpUHYBYH,  HHPPAKU3WI,
panuoTynkuHiaap Ba 0.) ¥3apo TabCUPUHM YpraHyBuM Mypakkad ac6o0 -—
CIIEKTpPOMETp €pJaMuia 0aud 6opuiagu.

Anabuérnapna KenTupwidinya, TyHéaa OUpUHYM crekTpan Taxjauin 1859
iun bynsen Ba Kupxrod TomMoHMIaH amanra oumupwirad. Yiap y3napu scaraH
CHEKTPOCKOI OPKAJIM OUI TY3UHU TOpEJIKa OJIOBUra TyTHO, HATPUWHUHT YMKAPHIILI
CHEKTPUHU Ky3aTHUIUTaH. YJIap TOMOHHMJAH fcajraH CIEKTpocKomn l-pacMaa
KeNTUPWITaH: |-kommuMarop; 2-mpu3Ma Ba 3-CaKKu3 MapTa KaTTaJalmTupuO
Kypcataauran Ky3atumn Havdacu. Hyp wmanGam cudarupa byHzen scaran
ropenkangaH GoianaHuIITraH.

2
1-Pacm. bynsen Ba Kupxrod sicaran cneKTpOCKOITHUHT CXEMAacH.

Vrraun acpaunr 40-50 uu fmmapuaas Gonuab aHYa MyKaMMall, aBTOMATHK
paBumga crnekTpHu Kaig kwiaguran HK-cnmextpodortomerpmap sipatunnu. By
TypJlaru crekTpo(oToMeTpiap acocaH y4 KUCMIAH TAalIKWI TonraH (2-pacm.). I —
épuryBum Kuc™; Il-ontuk (cnekrpan) kucMm; III-kaOyn KuilyBUM Ba KailJ KHUIIyBYU
KHCM.

Onguarn UK cnekrpodoromerpnapaa HypHH MOHOXpoOMAatTiall y4yH
HaTpUi XJOpPUAJAH fAcajraH Nnpu3Ma uuuiatuiarad (2-pacM). Bbynpait npusmanap
TUTPOCKONUK OYiIraHiauru Tydaiian KeMMHYaIMK YJIapHUHT YpHUTra JTUQPaKIUOH
naH)xapajiap uiuiaTuia Oolaam.

3aMoHaBUH, Jlazep KypuiaMacu YpHaTWiran (ypbe-clieKTpoMeTpiap Oup
TUPKULUTA OYNKO, yinapja MOHOXpOMATOP MIIIATHIMANAN Ba YCKYHAHUHT acOCUN
3ieMeHTH  MaiikenbcoH — uHTEepdepoMeTpu  (MOIYJIATOPU)  XHUCOOJIAHAIH.
MaiikenbcoH mHTEp(hEpOMETpPH XapakaTdaH Ba XapakKaTcu3 Ky3ry Xamja HypHHU
OYmyBUM CcUPTH KyMyll €EKH QIIOMUHHA OwiaH KorjiaHrad sipumiaddod
IUTACTMHKAJAH TAIKWJI TONTaH ONTUK Kypuiamaaup (3-pacm).
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2-Pacm. UK-cniekrpomerprapausr tapkubuit kucmiapu: (I) 1-ayp man6an,
2-HypHU UMFYBYHU JIMH3a KU KY3ry, 3-Hyp kupagurad tupkuur; (I1) 4 Ba 5
Ky3rynap (Jiuazanap), 6-yubypuakiu npusma éku nudpakiuon namkapa; (IIT) 8
HaAMyHa KyHuiaaurad KucM, 9- KaOys KATyBYH Ba KAl KWIYyBYH YCKyHasap
KHCMU.

3-Pacm. Maiikencon uWHTEPPEPOMETPUHUHT TY3WIHIIHA: |-XapakaTdaH
KY3TYHHHT (3) CHJDKHUIL Yerapajiapu, 2-XapakaTJaHMaWJIuraH Kysry, 4-IeTekTop,
S-HypHH UKKH KHCMTa aKpaTyBYH SPUM KyMYIICUMOH KYy3Ty Ba 6-Hyp MaHOawu.

Man6anan uukkan Hyp Eraycu 6, spummaddod 5 miracTuHkara TyLIaau.
[Mnactunka ¥y3ura tymaérran wHGpaKu3uia EPYFIMKHH, WHTCHCUBIUTH Oyitnua
TakpuOaH spMHHM 3 Ky3ryra YyTKazaau, SPMHHM 3ca 2 Ky3ryra KadWTapaiu.
XapakamiaHMaiaurad Ba XapakaTyaH Ky3TyJlaplaH KaWuTraH WKKATa Hyp
KYIIWIraH HyKTaja uHTepdepeHIus XOAUcacu HATHKACUIa WHTEHCUBIMKHHUHT
y3rapuily Ky3aTWiaau. byHaal CIIEKTPHU OJUII KyWuarnya aMajira OIMUpPUIaIH.
XapakaTiaHyBYu 3 KY3ry KaHgaWadp BakT MoOaWHuma (macanan, 1 c.) 1
CaHTUMETpra sKuH Macodara paBOH CHDKUNIM, Oy BaKT opacuia ACTEKTOpJa
xocws Oynmaérran curHan (uHTepdeporpamma) Kaia KwinHaaud. HaMyHaHuHT
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TYJIUK CIIEKTPH, CKaH KWINLI BaKTUAA, SbHU OUp CEKYHJ MOOAlHU/IAa KOMIIBIOTEPTa
€310 osmHraH uHTEepdeporpaMMaHuUHT wyuaa Oymamu. AcOobra YpHaTHITAH
xucoOmam mamuHacu Dypbe-aaMalITHPUII aMalliHU Oa)kapraHjiaH CYHT OyHnan
uHTep(deporpaMmaaH HopMaj IOTWIHII CHEKTpU ojduHaau. Dypbe aaMaIlITHPHIL
BakT Oyiinua &hmnran crekTpHu (5-pacMm) yactora OVimda €imnran criektpra (6-
pacm) ainmantupanu. llynnait kunnb, 6aéH KuiIuHTaH kapa€H Oup Heda CeKyHA
BaKT OJIaJH XO0JIOC, OYHHUHI yCTHUIra JETEKTOpP CIEKTPHUHI xamma yactoranapu (400
4000 cM') TYFpuchza OMp BAaKTAA MAbIyMOT Oepajd, KOMIBIOTED 3Ca YHH
OATHArd CHEKTp KypUHUIIMIa almaHthupaad. AWHaH IIyHHMHT YdyyH @Dypbe
CIIEKTPOCKOMHSL CIEKTpaJl MabliymMoTiap onuin kapaéuuau 10-1000 Oapobap
tesnamtupaad. Dypbe  CHEKTPOCKONMUSHUHI  aCOCHM  YCTYHJUTM  YHUHT
TE3KOPJIUTUANP.

CNEKTROMET
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4-Pacm. Oypoe-UK-ciekrpomeTpu nuuiam TapTHOMHUHT yMYMHUMA
KYpHUHULIN.
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5-Pacm. Cranpapt (I) Ba nHamynanunr (II) unrepdeporpammanapu.
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Cranmapt (I) Ba Hamynanunr (II) uatepdeporpammanapu Oup-oupura
xyna yxmarni. Jlekun, @ypbe ycynuia MaTeMaTUK UILIOB OCpUITaHUIaH KEHUH
CHEKTPJIAPHUHT OMp-OUpHIaH KECKUH (DapK KWIMIIMHA Ky3aTHIII MyMKHH.

II

4000.0 3000 2000 1500 1000 400.0

cm-1

6-Pacm. Crannapr (I) Ba nHamynanunr (IT) UK-cniektpiapu.

3amonaBuii UK-®Dypre crnekTpoMerpiap IUCIEPCHOH (MOHOXPOMAaTOPJIN)
ycyJaa uiuioBuM ac6oOmapra Kaparanga oup xKatop ad3ammukiapra sra, MacajaH,
IOKOpY aHUKJIWUTU (TYJIKUH COHMHU aHukjamaaru xaro = 0.15 — 0.2 e aH
OIIMaiAN), )KyJa Te3KOPIUTH XaMmJa >KyJa KaM MUKIOpAard HaMyHajapJaaH XaM
(HaMyHaHU KYI MapTa CKaH KuiauO, Gypre ycynuaa) SpoKiIu CIEKTP XOCHJ Kuja
OJIMIIM Ba OJUHTaH CHEKTpJiap ycTuaa amajuiap (CHeKTpiapHu Oup-Oupwura
TaKKocjami Ba 0.) Oaxapuill MyMKHUHJIUTH OWJIaH FOKOPU YCTYHIJIMKKA dTa.

Kyitmma  Perkin-Elmer  dupmacununr  System-2000  dypse-MK-
CHEKTPOMETPUHHUHI ONTHUK cxemacu kenrupuwiran (7-pacm): 1-Hyp wanOau
(Bomb(pam ranoreHuANIA crivpanb); 2,5,7-12 ky3rymnap; 3 - B-STOP (baffle stop)
uHTEppepoMeTpra yTaguraH HYp OKUMUHUHT KEHIJIMTUHHU  (YITYaMUHU)
oenrmwioBun nuadparma; 4 — mupkynap J-STOP unTepdepomerpra yramuran
HYpPHUHT OypuYardHu OENTUIIOBYM KHCM; O- HypHHU OYIIyBUH SpUM KyMYIICHMOH
ky3ry; 13-gerextop (6-8 — MaiikenbcoH uHTEpPEpOMETpH).
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7-Pacm. Ilepxkun-Onmep (Perkin-Elmer) pupmacura terunum System 2000
NK-dyppe CIEeKTpPOMETPUHUHT ONTHK CXEMACH.

FOxopuna Tabkuiad yrranumuszaek, pypoe-MK-cnekrpomerpnapra nasep (He-
Ne) kypunmacu VpHatwirad. Jlazep KypwiMacHuIaH UYMKKAH TYJIKUH Y3YHJIUTH
A=632.99 HM Oynran mazep Hypu xaMm HHTepdepoMeTplaH YyTamu. YHIaH,
CIIEKTPOMETPHU TYJIKUH Y3yHIWUTH OyWn4a Japakanaiijia, XapakardyaH Ky3TyHU
XapakaTJIaHMalauran Ky3ryra HucOaTaH JOMMO TMapajuie]l XoJiaTJa TYpPHIIWHU
Ha30paT KWIuIAa Ba CIEKTPOMETP TOMOHHUJAH MabJIyMOTIap MUFUII XKapacHua
doimananunaan. Jlemak, nazep KypwiMacu WYKH CTaHIAPT BazudacwHU yTanu,
SABbHU CHEKTPOMETP aBTOMATHK DPaBUIIJA Y3UHHU-Y3U TYIKHH Y3YHJIUTH Oyinda
napaxanad Typaau. Onguaru cnekTpodoToMeTpiapaaruaeK, Kyn —OwiaH
JapaKTAIIHUHT X0KaTU UYK.

CriekTpoOTOMETPIAPHUHT MIIUTAII MPUHLIWIKA HaMyHaJlaH yTaéTraH Hyp
MHTCHCHUBIIUTH OWJIaH Iy HYPHUHT YacTOTACH OpacHAard OOFJaHMIIHHU YiIdarira
acocianrad. FOTHIMII CHEKTPOCKOMMSICHIA WHTCHCHUBIUK WKKH XWJI KaTTaJHK
SbHU, ONTHUK 3UWIMK Ba YTKa3HIll KO3(PPuuueHTn Omnad upoaanaHuIId MyMKHUH.
Ontuk 3uwivk A HamyHara Tymaérran Hyp uHTeHcuBnuruHu (I,) yHmaH yTtraxn
Hyp uHTeHcuBnurura (I) HucOaTMHUHT norapudmura TeHr OYAraH OUPIUKCHU3
KaTTAIuK. YTKasum kodbduumentu sca 1/l ra Tenr 6y1u6 Gousnapaa yadaHamm.

A =lgy/D); T(%)=(I/) - 100

A-ontuk 3uuwink, T- Yyrrazum koddduimentu, l-HamyHara Ttymaérran HYP
WHTECHCHUBJIUTH, [-HAMYyHa/laH YTraH Hyp UHTEHCHUBIIUTH.

Mabnymku aTOMJIQDHUHI  CHEKTPJIapy  HHIAYKa  YU3UKJIaplaH,
MOJIEKYJIaJJApHUKH 3ca KEHT MmoJjicanapaH (Mynakiapaan) noopat oymaam.
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Oparna nHamyHanunr WK-cnextpu rpaduk maknga TakauM STUTIAON.
['paduxuuHT opauHata ykura yrrasui kodddurmentu (T(%), abmucca ykura sca
HamyHara tywaérran WK Hypnap yacToTacMHMHT (TYJIKUH COHHU V, CM'l)
kuiimaTinapu  kyhmnanud. Iy wkkana xarraimk —opacujard  OOFJIaHUIIHU
upoaanoBun srpwivkka HamyHaHuHTr MK rotunum cnektpu aeimianu (8-pacm).
Macaman 8-pacmpa kenrupuwiaradn KWK cmektp roxopu yacTtoTanud KUCMHIA
KOIJIAINraH KEHr IOTIIMII IIOJNIOCACHMHMHT ypHH 3551.15 oM, yTkasum
kodpdummentu sca 27 % Ttamkun dtaau. [Jlemak HamMyHa y3ura TymaéTraH
gacrorac 3551.15 em™ 6yaran UK uyprunar 27% Hu yTKasu6, konrad 73 % HU
I0TaANTH Ba OYHUHT HATH)KACcHJla allHaH 1Ty FOTWIMII MOJI0CACH XOCUIT OYIIasinTH.

Opnatna, UK-cnexkrpnap 8-pacmaaruiek KyprUHHMILIA, SbHU OpJAMHATA YKUIA
yrrazum kypcatkuuu (T, %) ¢ousnapna udomananran xonaraa KeJITHPUIAIH.
3amonaBuii  MK-cnektpomerp  mporpamMmaiiapd  CHEKTPJIAPHU  YTKA3HWII
kypcarknuugan (T, %) rortunum kypcatkuumra (Absorbance), ssbHM opauHaTa
YKuaa ITWIMLT KYpcaTruyu 1-HUHT yiynulapuaa KeaTHpUITraH xojaTtra oemano
yrupaau (9-pacm).

60.0 _

55 4

192541
50 4

45 | 680.54

40
%T

145142 88144

35 4

288547

30
/
1090.19

25 3351.15

2974.62

1049.87

20.0

4000.0 3000 2000 1500 1000
cm-1

400.0

8-Pacm. Homabnywm opranuk mogmanunr MK-cnekrpu.
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9-Pacm. Homabsnym opranuk moananunr MK-cnekrpu.

UK-cnektp MoJieKyJaHUHT TeOpaHHUIll caTxjapu oOpacujaard YTuuuiap
Tydailniu ro3ara Kejaagud Ba TyPYXJApHUHT XapaKTEPUCTUK YacTOTAlapu XaKuja
MabIyMOT O0epaau. ['ypyXJIapHUHT XapaKTePUCTUK YacTOTaIapH TYJIKUH COHUHUHT
Kalicu KucMu/ia xoamuimm ['yk KOHyHU acocu/ia TYIIYHTUpWIaAu. YHra kypa A
Ba b aromnap opacunaru KuMEBM OOF JACTUK NPYKUHAJEK TaCaBBYp KWJIMHAIA
(A~ B) Ba TeOpaHMII YaCTOTAIAPHHHUHT KuiiMatd (v, cM '), GOFHHHT TaOHaTHra
xamaa A Ba b aromnapHuHr Maccanapura OOFIMK paBulla Kyhunarua gopmyia
OpKaJIu TaKpuOW XUCOOIaHa N :

v=L k/m
27

>

6y ep/a, V-TeOpaHHUIIl YaCTOTACH, CM |
T-y3rapmac KaTTajuk;
C-EPYFIVK TE3JIUIY;
k -xap O6up OOF yuyH Xapaktepiau Oyiran O0OF JOUMMIACH;
M-KEeNTUPUITAaH Macca.
Kentupunran macca Kyiugaru gopmyina 0yitnda xucoOmaHaau:

m,-m
m= A4 "5
mA+m5

bynnan kypunubd typubdauku, A Ba b aromiap MmaccaJapuHUHT OPTHUILN TEOPAHMIILI
YaCTOTACHUHUHI KMMMAaTHHU KaMaWTUpagu SbHU, CHEKTpAAard ury TeOpaHuIIra
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TEruIIIN IOTUIUII MOJO0CACUHUHT MAaKCUMYMHMHHM KYWHM 4acTOTalld TOMOHTa Kapab
cumkuTagn. Macaman, 6yara N-H (v = 3200 cm™) rypyxumgan P-H (v = 2400 cm™)
rypyxura xamma O-H (v = 3300 cm') Goruman S-H (v = 2600 cm™') Gorura
yTrangaru ro3ara KeJlaJuraH 4acToTa KaTTaJIUKIAPUHUHI Y3TapUIIUHU MUCOJ
kil MyMkuH. A-B, A=b, A=b OofiapHu XoCwi KWITaH AaTOMJIAPHHUHT
KEeNTUPWITAaH Maccacu Oup xui, Qakar k-momMuinukiapu Oup — Ompuman dapk
KWITaHaurd tydaiim Vv HUHT KHWMatiapu xaMm xap xui Oymanu. MacanaH,
dopmamumana (H,N-CHO) N-C OorHMHT k-mommuiicu 12.8:10° cm?, N-
metunmermnenamunga (H;C-N=CH,) N=C Goruunr k-gommuiicu 16.0-10° cm™ Ba
anerorntpuiaa sca (H;C-C=N) C=N Goruunr k-gommuiicu 27.7-10° cM™ ra TeHTr.
Ilysgan kenu6 unkkan xonna v(N-C) =~ 1100 em™', v(N=C) ~ 1600 cm™' Ba v(N=C)
~2250 cm”' ra Temr.

Sna myHu Takuaaad YTUI KepakKd, OOFHUHT JUIIOIhL MOMEHTH () HOJTa
TeHr Oynran A-A, A=A Ba A=A kabu rypyxjgap HK-cnekrpma roTwiuin
noJiocayiapu XOCWJI KuiMaiau (€ku 11y TeOpaHuIUIapra TETHILUIA FOTHIIHII
MOJIOCAIAPUHUHT  MHTEHCHUBJIMTU JKyJa macT Oynamu), Oy TUIIArd rypyxJjap
aToMmJiapJaH OuTracura OMPOHTA DJIEKTPOHOAKIENTOP aTroM EKU  TYypyX
KAPUTWITAH/IAaH KEWWH OOFHHMHT [UIIONh MOMEHTH HOJJaH (apK  KWIHIIN
Tyhalau FOTUIHII TTOJIOCACHHU XOCHIT KA MYMKHH.

TeOpanu Typjaapu Ba rypyXJapHUHT XapaKTePUCTHK
YaCTOTAJIAPUHUHT KUIiMaT/Iapu

YMyMuil Xoiaa MoJieKysaia Kydujarud Xapakatiaap OViaumu MyMKuH: 1.
MOJIEKYJIaJaru dJEKTPOHJIAPHUHT XApaKaTu; 2. MOJIEKYJIaHW TAIKWJI 3TraH aToM
SAIPOJIAPUHUHT TeOpaHMa XapakaTH; 3. MOJEKYJIaHUHI Macca mapkaszu aTpodumua
aimanuiy; 4. aToM SJIPOCH Ba 3JEKTPOHJIAPUHUHT Y3 VKU aTpodua aiaHUIIN;
5. MOJIEKYJIAaHMHT WITApWIAHMA XapaKaTH.

MoneKkynaHUHI TYJIWMK DJHEPrusiCM alHaH Iy XapakaTJapHHUHT, SbHU
AJIEKTPOH, TEOpaHUII, AWJIAHUIN XapaKaTiapu SHEPTUSUIAPUHUHT WUFUHIAMCHU]IAH
ubopar Oynaau:

ET}”/JIMK. = EaneK + ETer + Eaﬁn + EI/IJ‘IF

HK-cnekTpockonus ycynuaa gakar 2-uu Ba 3-4u xoJaTiaapJard xapakariap
KapaJiaJIu.

MonekynanapHUHT WITapUJIaHMa XapaKaTh MOJIEKYJISIP CIIEKTpiapra TabCUp
kunMaiaun.  MK-cnektpoMerpaa MIIaTUIAAWraH MHOpPaKU3uWil — HYpIapHUHT
HHEPTUACH MOJIEKYJIAHMHT TeOpaHuIl >Heprusick karopu Oynanu. UlyHUHT yuyH
XaM Yy MOJIEKYJAHUHI DJJIEKTPOH DJHEPreTHK CaTXJIApU Opacuiaru >JIEKTPOH
yTvIiapra TabCHp Kuia OJIManaM, 4yHKH - E.s, <<E,,. E,; — sinexkrpon
CHEKTPOCKOMNUS ycynuaa Kapanaau. JIekuH, TeOpaHuil XapaKaTHHUHT YHEPTHUsCH
ailllaHMa XapakaTiap SHeprusicuiad aHda karra Oynrannuru tydainu (Eu;, <<
Ee6p) K-cniexTpnapna tebpanmMa caTxjaap opacuja yTuuuiap Oyiranaa, ainaHma
caTxJiap opacuja xaMm yrtuuuiap Kysatuwiaad. LlyHuHr yuyH aiipum anabuérnapaa
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HK-cnexktpockonusi ycyiau TeOpaHMa-aiijaHMa CHEKTPOCKONMS yCynHu 1e0 Xam
IOPUTHIIAIM.

Atommap conu N OynraH MolieKyJlaHW Kapaimu3. Xap Oup aTOMHHUHT
YPHUHU YHUHT yuTa KOOPAMHATACHHU aHUKJIAIl OPKaJX TOMHII MyMKHUH (MacajaH,
TYfpu Oypdyakid KOOpAMHATAa CHCTEMacHaa X, Y Ba Z KOOpAWHATAIAPH).
KoopavHara kuiiMataapyuHUHT TYJIUK coHU 3N Oyinany Ba LMIYHUHI/IEK, YHUHT Xap
Oup KoopauHaTacu Oomikaizapura OOFJIMK OYyiMaraH Xosjga OepuiraHd y4dyH
Mosiekysia 3N SpKUHIWK Aapaxkacura sra jae0 auTum MyMKuH. MOJEKyJTaHWHT
xaMMa 3N KOOpJIMHATACMHU AaHUKJAIl YHW TYJIUK AHUKIAIl SbHH, KUMEBHUU
OOFJIApHUHT Y3YHJIMTUHU, YJap opacuaaru OypyakjiapHH, dSrajjlara >KOMIapUHUHT
YpHUHU TOMUII UMKOHUATHHU OepaiH.

MonexkynaHuHr wirapuwiaiMa xapakati 3N 3pKUHIUK J1apakKaCUHUHT y4Tacu
OunaH xapakrepiaHaau Ba Oy kosirad 3N - 3 napakacura TerMaiu. AWIaHUIIHU
0aéH KWIMLI XaM y4Ta SpKMHJMK JapakacUHU Tanad KWwiagud Ba LIYHJAH CYHT
monekynana 3N - 6 3pKUHIUK Aapaxacu Kosnaau. Moliekyia XapakaTHUHUHT sHa
OWp OXUPrd WIAKIM YHUHT WYKKA TeOpaHunuiapuaup. Yusukaum Oynmaran N
aTOMJIaH TallKuJ TonraH Mosiekyiaa 3N - 6 Ta xap Xwi1 MYKM TeOpaHMIIra 3ra
oynanu.

Uuzuknu, O=C=0 Ba S=C=S kabu monekynanap 3N-5 TeOpanwuiira sra.
Hemak, kap6onat anruapun 3 X 3 — 5 = 4 Tta teOpanumra sra: I-acummeTpuk
BasteHT (2350 cm™'), IT -cummerpuk Banent (1340 cm™), ITI- Ba IV- nepopmanmon
TeGpanumm (666 cm™). III- Ba IV-MKKH XIT TEKHCIMKAA 103 GepajuraH Oup Xu
teOpanuiiaup. Macanan, III teOpanum xy tekucnuruga kysartuica IV, xz
TEKUCIIUTUAA Ky3aTUIa/Iu.

+“—r —> —> —>

®—e @ @ *—@
> < L - >
| I1
iy - + -
;O—eo—@, ®o—e—©
111 v

Y4 Ba yHOAaH OPTUK AaTOMJapJaH TalIKWI TONTaH (yHKIHOHAI
rypyxjapaara TeOpaHUIIap BaJeHT OypuyaKHUHT Y3TrapHIld Ba Y3rapMaciIUrura
Kapab MOC paBHIIJA BAJICHT Ba nedopmainon tedpanuniapra 6yauHaau. BameHnt
OypyakHUHT  y3rapumiu OujiaH Oopaauran TteOpanunuiap jAehopMaluoH
TeOpanuuap  aevwnagu. KuméBuit  Oor  Oyina®d OynaauraH  BaJIeHT
teOpanunuiapuaa 3ca (akaT KUMEBUN OOFHMHI UY3WIMIIM Ba KUCKAPUIIH
Ky3aruiaau. Banent reOpanunuiapaa Oornap opacugaru Oypyak y3rapmaniau.
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AR A D

I 1T
10-Pacm. Meruien rypyxunuar acummerprk (I, 2926 cm™) Ba cummerpux (11,

2853 cM'') TeOpaHHILIAPH.
= s ) =

11-Pacm. Mertun rypyxununr acummerpuk (I, 2926 cm™) Ba cummerpuxk (11, 2853
cM™') TeGpaHHIILIapH.

Acummerpuk  BasmeHT — TeOpammmuiap (V)  CHMMETpHUK — BaJCHT
teOpanumuiapra (v') Hucbatan WK CHEKTPHHHI FOKOPH YaCTOTAld KHCMHEJA
IOTHJTUII TTIOJI0CAJIApUHU Oepay.

Hedbopmannon teOpaHuilra— KaiuucumMoH (J), ypUyKCUMOH aitnanma (o),
ailllaHMa Ba MasiTHUKCUMOH (p) TeOpaHUILLIap KUPAJIH.

TAROTARTTAL LA

+ + + - <
11 111 v

12-Pacm. MeTuiieH rypyXuHUHT JedopMannon Tedpanuniapu: I-kaituncumMon
(1467 cm™), II-ypuykcumoH aitmanma (~1300 cm™), Il-aitmanma (~1300 cm™) Ba
IV-mastaEKCcEMOH (790-720 cv™).

Y4 aromnu rypyxjapjaan ¢apkid Yiaapok, TYpPT aTOMJaH TallKWJI TONTaH
rypyxjapaa cumMMmerpuk (8°) Ba acuMmMeTpuk (3"°) medopmanuoH TeOpaHUILIAP
dapkiianaau.

13-Pacm. Mertun rypyxununr cummerpuk (I-1380 cv™) Ba acummerpux (11-
1460 cm™") nedopmanion TeGpaHHILIAPH.

byryn UK-cnexktpuu maptiu papuniga skka 6or (3500-2800 cm-1), yu 6oF
(2300-2100 cm-1), xymr 6or (1800-1540 cm-1) Ba “6Gapmox uznapu”  (1100-400
cM-1) coxamapura Oynum MyMKUH. “bapMok wusnmapu” newumura cabad
CHEeKTpJapHUHT Oy KUCMU Xap Oup Mozjaa yuyH y3ura xocaup. HWK-cnekrprapaa
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Ky3aTUJIaauraH

(byHKITHOHAT

yacToTaiapu 1-»aaBaiijia KeITUPHUIITaH.
1-Kaasau. OyHKIIMOHAT TYPYXJAPHUHT XapaKTEPUCTHK TEOPAHUIIT YacTOTATapU

TypyXJapHUHT

XapaKTCPUCTHUK

TeOpaHuIIl

FOmunuw coxacu cm’™ Typyx Teopanuw mypu Humencusnueu
3650-3500 O-H (H 6or xocun 8aieHm J#CY0a 10KOpU
KWJIMaraH)
3500-3100 N-H 8aleHm KOpU
3500-3000 O-H (H 6or xocun 8aleHm KeHe 84 UHMEHCUB
KHJITaH)
3300-3200 =C-H Ba/leHM nacm
3100-3000 (Ar) =C-H 8aIeHM nacm
3090-3010 =C-H 8aleHm ypmaua

2962 CH; acuMMm. 8aieHm 10KOpU

2926 CH, acuMm. 8aieHm 10KOpU

2890 >CH 8a/leHM nacm

2872 CH; CUMM. BAJIEHM roKopu

2853 CH, CUMM. BAJIEHM 1OKopu
2800-2000 NH', NH,', NH;" 8aleHm ypmaua
2775-2700 -C(=0)-H BA/IEHM nacm
2700-2560 -(PO)OH 8AJIeHM nacm
2650-2550 (Alkyl)-S-H BAICHM nacm
2650-2400 -O-D 8a/IeHM -
2440-2350 -P-H sanenm -

2270 N=C=0 8aleHm -
2300-2200 -C=N 8aleHm ypmaua
2260-2190 -C=C- 8aeHm -

2200 Si-H 8AJIeHM 10KOpU
2000-1800 Me,(CO),, 8aleHMm yu-mypmma

(Me-Fe, Crea6.) UHMEHCUB COXA

1980 -C=C=C- acumm. Banenm 10Kopu
1835-1820 =C-H degh.m. obepmonu nacm
1820-1650 >C=0 8AleHM 24CY0a UHMEHCUE
1680-1650 -N=0 8aenm
1680-1640 -C=C- 8AIeHM nacm
1650-1600 -C=N- 8a/leHM UHMEHCUB
1640-1620 Alk-O-NO, acumm. Banenm UHMEHCUB
1640-1560 -NH, KAU4UCUMOH . Vpmaua
1640-1535 -NH;" acumm. [lechopm. ypmaua
1625-1610 -O-N=0 8aeHm
1610-1590 Ar (C¢Hg 6a 6.) Xanka m. ypmaua

1577 -N=N- 8a/leHM nacm
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1-orcaosan oasomu

1570-1520 -N-NO,
1560-1470 -C-N=0 acumm. Banenm
1560 -C-NO, acumm. Banenm
1520-1490 -NH;" cumMm. degpopm.
1520 Ar-NO,
1500-1480 Ar (C¢Hg 6a 0.) xanxka m. ypmaua
1470-1420 -CH; acumm. oeghopm.
1465-1400 -CH, acumm. oegpopm.
1420-1410 =C-H oeghopm.
1410-1350 -N-N=0 CUMM. BAJICHM UHMEHCUB
1400-1350 -CH; cumm. deghopm.
1400 -SO, aAcuUMM. 8AeHm
1380-1350 (autpat nonun) NO; UHmMeHCcUs
1350-1000 -C-N- 8a1eHM
1350-1150 >CH, VPUYKCUMOH M.
1340-1310 -N-NO, CUMM. 8AJIeHM
1335-1310 -SO, aAcuUMM. 8AeHM
1320 (autput noun) NO,’
1300-1250 -P=0 eajienm
1300-1000 C-F eajienm
1285-1260 Alk-O-NO, CUMM. 8aleHm
1280-1270 -N-NO, CUMM. 8AJIeHM UHMEHCUB
1280-1100 -C-O-C- aAcuMM. 8AIeHM UHMEHCUB
1265-1258 -Si-CH; UHMEHCUB
1250-1175 -P=0 eajienm UHMEHCUB
1240-1190 -P-O-C- eajienm
1205-1085 -C-OH eaienm UHMEHCUB
1190-1150 -P-O- sajienm
1100-1000 Si-O- eaieHm
1100-1050 ClOy,
1075-1020 -C-O-C- cumm. Banenm UHMEHCUB
1050-1030 -P-O-C- eaieHm UHMEHCUB
1025-1010 YUKTIONPONAH XAKA MeOpanuuiu
1000-950 YUKI00YMaH XaiKa meopanuuy
980-930 ClO%;

890 =CH, deghopm. m.

880 -C-NO, eaenm UHMEHCUB
880-870 -0-0O- eaienm nacm
870-800 (Ar) -C-H deghopm. m.

840-815 (autpat nonun) NO; UHMEHCUB

830 -S-H depopm. m.

810-790 (6pomat nonun) BrO7
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1-orcaosan oasomu

785-730 (Momat nonu) JO';
780-710 >CCl,, -CCl;, CCl,

750 -P=S ‘ 8aleHm

750 (autput noun) NO,’
750-650 -P-C- eanieHm
750-650 -C-S-C- sajienm

720 >CH, MAsmMH. m.
705-685 H;C- S- 8aieHm
700-600 -C-SH eaienm
680-600 >CBr;, -CBr3;, CBry

670 (C¢He) —C-H deghopm. m.
650-600 C-Cl
650-600 -C=C-H oeghopm. m.
628-620 ClOy,

610 -C-NO, oegopm. m.
600-570 Alk;C- S- eaienm
660-610 C-Cl eanieHm
595-510 C-Br eaieHm
520-490 C-J eajienm
550-450 Alk- S- S-Alk ganenm nacm
490-430 Ar- S- S-Ar eaienm

TeOpaHuLLIaADHM KBAHT-KUMEBHUI yCysiap épaaMuia aHUMAUMOH YPraHUIl

Tebpanumn TypirapuHu MyKamMmall YpraHuill Ba aHUMAIMOH XO0JaT/aa KypHuIl
Y4yH KBaHT-KUMEBUM XucoOjanuiapaan ¢oiganaHun Makcaara MyBOOHKIUD.
Hyperchem (['mmepxam, www.hyper.com) - TeOpaHUIIIApHU BH3yall KypcaTuoO
Oepa oJlaiuraH, SHT KyJiail mporpaMmMmaiap Makmyacu xucobsianaau. JIeKuH, myHu
Takuagad YTUII  KEpakkH, >3KcnepumeHTan Ba Haszapuil MK-cnekrpraap
unTeHcusnukinapu ¢akar aiippum DFT (Density Functional Theory- ¢ynkunonan
3UWIMK Ha3apusICH) yCyJulapu OWiiaH XucoOJlaHraHAaruHa MOC TYIIYIIM MYMKHH.
AMMo, 3kcniepumenTan Ba Hazapuil MK-cnekrtpnapaaru TyakuH coHu (v, CM'I)
KUIMaTiIapu SpUM SMIIMPUK, HOOMNMPUK (ab initio) Ba (QPYHKIUMOHAN 3UUIMK
nazapusicu (DFT) ycymwrapu 6uwiman xucobmaramza xam 200 oM™ - raua ¢apk
ki MyMkuH. [ynunr yayn xam MK-xucoOmanuiappga KynmaWTHUpUITyBUYd
kod(ppunmentinapaan (weiting factors) doiinananunaniu.

Nuctpymentnap nanenugan yusuin (Draw) Tyrmacuau Oup maprta 6ocu0,
Oup HyKTaJaH y4 TOMOHTA YU3UK YU3AMHU3:

L Hvpe = = {unt B

File Edit Build Select Display Databases Setup Compute Annotations Script Cancel Help
||+ wlsla] alNolgl cinjo|| D= x|l & 2l
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Ymsum (Draw) TyrmacuHM WKKH MapTta OOCHO, dSJIEMEHTIap JKaaBaiu
OouMJagyM Ba YHJAH KHUCIOpOJ aromMu Oenrunad onuHaau. by amanHu
MHCTPYMEHTIAp NaHenuaard Kuciopoj aromuHu (O) Oenrunam opKajid Xam
amainra omudpca Oymanu. YHAAH KEeWWH, KYpCOpPHM YM3WITaH YU3UKJIapAaH
OMpPUHUHI yuura OOCWIaau. DJIEMEHTIAp JKaJBIUJAaH YIIepoia aToMu Oenruiad
OJIMHUO, KOJIFaH MKKUTA YM3UK y4ura Ba YU3UKJIap Oupialirad HyKrara 0ocuiaay.

i HyperChem - (untitled)

File Edit Build Select Display Databases Setup Corf®
SO0+ la] ANOID| c[N[o|w| Ofw]
W Inygen E
ILi[ee ) I 0 0 O O
EE ANSI|PYS JCl)ar
kJcals<] il v [erdrelcenilcdzAlz4s Se|Br|kr
Rb| Sr| v |2 |MbjMal Te|FujRh|Pd|agf Cdf In|Sn) Skl Te| | ==
EE HE|Taf | Fiel O] Ir | PtjaufHal THPBEBifPafAt IR
EE La|Ce| Pr|Hd|Pm|Sm Ec| G| TE Do Haf Er | Trf b Lu
Ac| ThIFa| U |Mp]Pultm|Cro| B k| Cf | E 2§ Fmftd d] Mol Lr
\ [ Allows Arbitrany Valence [ Ewplicit Hydrogens Properties. . |

Mynnan keiuH, Oenrmnam (Select) TyrmMacMHM HWKKM MapTta OocuiIaaw,
HATWKa/Ja KePaKJId KOWra BOJOPOJl aTOMU KYIIWITaH, MPOMAHOJI-2 CTPYKTypacu
xocui Oynaau:

"HyperChem - (untitled)
File Edit Build Select Display Databases Setup Compute Annotations Script Cancel Help

SlO[L|O|+|w|s1o] alNolO] cin[o[w| D|s(m| » wa@l &2

UuswiraH reoMeTpussHM SpUM OJMIUPHUK (semi-empirical) XucoOmam ycynu
éplaMuia ONTUMU3ALIMS KUK YU4yH MEHIOJIap caTpuaaru Setup—ra KUpUiaaau Ba
PM3 meroau Oenrmnad omuanO, xucoOnam (Compute) xkucmuman Geometry
Optimization €3yBu 60cHIaN.

i"HyperChem - (untitled)

File Edit Build Select Display Databases BeEisM Compute Annotations Script
&|e2| 04 w2 al~elOl ¢|N[o  Molecular Mechanics... "2

v Semi-empirical...

Ab Initio...
Density Functional...
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I HyperChem - (untitled)
File Edit Build Select Display Databases Sehup Compute  Annotations  Script Cancel  Help

|l alNolOl o D & (=@ & 2

Semi-empi... X
~ Methods

7 Emtended Huckel
" CNDD
INDD

" MINDD2
 MNDD
 MNDO/
 AM1

" RM1

* PM3
 ZINDDA
 ZINDO/S

" THDO Options... |
()8 I Cancel |

t'HyperChem - (untitled)
File Edit Build Select Display Databases Setup (1| Annotations Script Carcel  Help

alNo[O] cin[o[x] D] Mode »

Single Point
Single Point CI...
(

Vibration, Rotation Analysis

MyxkoOumnam (ontumusanusi) aiaroputMu cudaruna Polak-Ribiere anropurmu
oenmrunanaan. OK TyrmMacuHm OOCHIT OWJIAHOK TEOMETPHS ONTHUMAaT XOojaTra
KEJATHPHIIA/IH.

I HyperChem - (untitled)
Display Databases Setup Compute Annotations Script Cancel Help

"o A|\|O.|D'| cCIN[o|e| DiSE| 4 & S 7
Semi-empirical Optimiz... X

~ Option
" Steepest Descent Termination Condition
© Fletcher-Reeves FiM3 gradient of
[Conjugate gradient] W keal/[A mol]

' Polak-Ribiere a0 T s
(Eoviuns arecien) ar: | aximum cycl

" Eigenvector follawing| | % In vacuo

€ Block-disgonal € Perindic boundary condition
Mewtor-Haphzon

O Conjugate Directions “Warlable |

Screen refresh period: |1 cycles
[ ok I Cancel |

[Mynaan keitnd monekynanuar UK-cnexktpunu xucoOiam MyMKuH. ByHUHT y4yH,
xucobmam (Compute) xucmuman Vibration, Rotation analisys ¢&3yBu
oenrunanaau. PM3  sgpum smnupuk xucoOmamr ycynad €pAaamMuia OJIMHTaH
TeOpanunap crnekrpunu xucooOmam (Compute) kucmumaru Vibrational
Spectrum €3yBuHM Oeiruianl opkKaaiu Kapad YMKUIIUMUA3 MyMKHH.
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L"HyperChem - (untitled)
Flle Edrt Buﬂd Select Display Databases Setup J@uficH Annotations Script Carcel  Help

alNolo| c[n[o|=| B Mode >

Single Point

Single Point CI...

Geometry Optimization...
Vibration, Rotation Analysis
Entropy and Free Energy...

Molecular Dynamics...
Langevin Dynamics...
Monte Carlo...

Equilibrium Constant...
Transition State...

Rate Constant...
Invoke NMR...

Properties...
Plot Molecular Graphs...

| Spectrum...

Display vibrational transitions and normal modes Electronic Specknim, . PM3 y

Vibrational Spectrum papuacu foxopu kucmuma 4087 — 41 cm’' coxamaru
XucoOylaHraH TeOpaHMII TYJIKMH COHJapu KenTupwirad. Kyiu kucmupa sca,
yJIapHUHT WHTECHCUBIUKIAPH Keatupuirad. FOkopu Kkucmuman OuponTa TeOpaHui
Ooenrunad ommHamu Ba Kymutam (Apply) Tyrmacu Gocunamu. Hatmkanma, mMabiym
Oup rypyx TeOpaHMIIY aHWMaus KWIMHAIU. AWHU TypyX TEOpaHUIIWHU Ky3aTHII
xKapaéHuga, UIy TYPYXHUHT KYIpOK TEOpaHWIIMHM Ba LIYHUHT HATHXKacHAa
MOJIeKyIagard OoIlKa TYpPyXJIApHHUHT XaM KHCMaH TeOpaHWUIIMHHM Ky3aTHII
MyMKHH. AWpUM XoJlariapnaa, OyHIal MeXaHWK TeOpaHunuiap (KMHEMaTHK
(akTOp) XaM IOTHIJIHII COXaCUHUHT Ky3aTHUJIMIIUTA OJIN0 KEIHUIITU MYMKHH.

i HyperChem - (untitled)
F|Ie Edlt Bqu Select D|5pla\/ Databases Setup Compute  Annotations  Script Cancel Help

‘wave Number [1 .-"c:mj

Intensity
[kmn/mal)

0o
~ Pan |
Line 'width: 4 I I

Mormal Mode: |-| ¥ Arimate vibrations
[.)eg'ehe:r@éy: 1 Arimation Cycle
Frequency: 146.41 Frames: |‘I 1

Intensity: 0.407 :
Symmetry: 14 Amplitude: |D.5 A

Display vibrational transitions and normal modes
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FOTHaMm moJiocajTapuHUHT YaCTOTACH, MHTEHCUBJIUTH BA IHAKJINHA
YPraHuu acocuaa Moajaajgap cuHgu xakuaa XyJaocajaap KHJIUII

Alipum xosmapaa UK-cnekTp mnosocalapuHUHT HOTWIWII 4YacTOTalapUuHU
OunraH XoJjAa YJIapHUHT Kaiich (YHKIMOHAN TypyXJjapra TETHUIUIN SKaHIUTUHU
TonmuO, MOAJAHWUHT CHHOU XaKuaa XyJjocajnap KWIUII MyMKUH. TyWuHTaH Ba
Tyiinamaran yraeBoaopoiapHuar UK-cnextpuna ¢axatr C-H GorHuHT BajeHT
Ba nedopManmon TeOpaHumIiapu Tydainm ro3ara KeiaraH IOTHIWII THoJjocajapu
ky3arunagu (14-pacm). Jlekun, UK-criekTpian yriieBogopos 3aHKUpUAaru MeTHII,

METHJIEH TYPYXJIAPUHUHT COHM XaKUJa MabJIyMOT OJIMII UMKOHUATH UK.

105.0
100

ﬂ

80

115455

96551 722.04

70 | 1305.76

60 |

oT 50 T~

1377.04

40

30
1462.84

20 ]

2924.64 285430

10 |

0.0
4000.0 3000 2000 1500 1000
cm-1

14-Pacm. Bazenunnunr UK — cniektpu.

400.0

Crextpuunr 2850-2950 cvm™ opanukgaru coxacuaa metin (-CHs), Metnien
(-CH,) rypyXJapwHUHT aCHMMMETPUK Ba CHMMETPHK BaJCHT TeOpaHUIILIApU
Tydalan 13ara KeJlraH nojocaiap xoimamaaa. MeTun rypyXuHUHT aCHMMETPHUK
Ba CUMMETpUK jAedopMallMOH TeOpaHUILIApU Xamja METUJIEeH TypPYXUHHUHT
KaluMCUMOH TeOpaHUIIUIapy HATUXKACHJa t03ara KejraH rnojocaiap CHEKTPHUHT
1462 Ba 1377 cm™' — opamurumaru coxacura Tyrpu kenamu. Crextpauar 1305 Ba
722 cm-1 —coxacaaru MHTEHCUBJIMTY KaM OYIIraH rosocajgap METWIEH I'YPyXUHHUHT
ailllaHMa XaMJia MasiTHUKCUMOH TeOpaHUIUIapu Tyailiu ro3ara Kejaaau.

UK-CreKTpHUHT [OKOpH dacrotamd Kuemmaa (3600-3100 cm™') rormmmm
MOJIOCATIAPUHUHT OOp-UyKIurura Kapad, Monekymanuar Tapkuoumaa OH éku NH,
(>NH) rypyxJapyuHUHT MaBXyJ OYIuIy € OYIMaciInuru Xakuaa XyJioca KHINHAH.
AlipuM XxoiUlapjia, HaMyHa TapKuOujaru HAMJIMK XaM MaHa Iy OpaliuKia
WHTEHCUBIIUTH KaM OVJIraH FOTWIHII MTOJIOCACHHUHT Ky3aTWIHIIUTa cabad Oymumm
MyMKHH (15-pacm).
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100.0 .
90 4
80
70 |
60 |

50 4
%I

2136.00

40 |
30
3399.68
20 |

10 4

0.0 T T T T T 1

4000.0 3000 2000 1500 1000 400.0
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15-Pacm. CyBaunr UK-cnektpu.
Tapxkuouoa OH-mymezan moooanapnunz HK- cnekmpnapu

['uapokcua TypyXWHHHT BajieHT TeOpaHUIUIapu Ty(dailiy ro3ara KelraH
FOTHJIHII TOJocamapu crekTpHuar 3200-3600 ¢’ opanuFuaa KysaTHiagd. By
nojiocanap OWpMyHYa KEHTJUTH Ba HWHTCHCHUBIUTHHUHT KarTra OYyiuImm OwiaH
Oolka mojocanapaan axpanud typaau (l16-pacm). AlipuMm Xosutapnaa, TaOuui
OMpUKMaJapHUHT IMKJIOATKAH XalKkacujaa MaBxkyn Oynran srona OH-rypyxu
YypTaya MHTEHCUBIUK/IATH FOTUJIHUIII TOJIOCACUHU OEPUIIIA MyMKHH.

T

4000.0 3000 2000 1500 1000 400.0

cm-1

16-Pacm. Otun (1), mporun (I1) Ba 6ytun (I11I) cuprnapuaunr
HK-cnextpaapu.
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Opmuit  ciuptnapuunr UK-cnexktpuga C-H  OoFHMHr  BajieHT Ba
nedopmaliion TebpaHunuiapu Tydaiiy ro3ara Keinrad nosocaiap Owinan Oupra,
OH (a) Ba C-O rypyxiapuHuHT BaneHT Tebpanuumiapy (1090 cM') Hatmwkacuaa
103ara KeJirad nosiocajiap xam Kysatuiagu (17-pacm).

3351.15

a

1049.87

4000.0 3000 2000 1500 1000

400.0
cm1

17-Pacm. Dtanon Ba BazenuuHuHT MK-cniekrpnapu.

CHekTpHMHI @, b—Tonocajapy THIPOKCWII TypyXH TyTraH MOJJAlap Y4YyH
xapaktepmamup. MK-crexrpuunr 400-1000 cv™' coxacuaa xap 6up mMoma ydyH
y3ura Xoc, JEKHMH THUAPOKCWI TYTyBYM MOJJAJAPHUHI @ — TIOJOCAIAPUIEK
KYpHUHUIITra 3ra OyJIraH KeHI c-mojocajap xam Ky3aTwiaad. Macanan, 18-pacMaa
D-dpykroza Ba wnemtonozanunr WK-cnekrpmapu xentupmirad. D-¢pykroza
THAPOKCHIIMHUHT BaJleHT TeOpaHunuiapu Ty(aiiam ro3ara Keiral I0JIoca HKKU
KucMmra axpairad. COEeKTPHUHT IOKOPU YacTOTAIM KUCMHUJArM MHTHYKa M0JIoca
(3528 cm™') Bomopox Gor opkamu Gormanmarad, dpkuH OH TypyXHHHT BaleHT
TeOpaHMILITIApU HATUXKACK/IA 103ara KeJiraH.

%I

3415.09 II

T T
4000.0 3000 2000 1500 1000

T T 1
400.0
cnrl

18-Pacm. D-dpyxkro3a (I) Ba nmemumronosa (II) UK-cnexrpnapwu.
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Kyitn gacroranu kuemugary (3415 cm™'), KeHT momoca MOJIeKyIIaiapapo BOIOPO
Oofma KaTHamaéTraH THAPOKCUT TYPYXHHUHT TeOpaHuIuIapu Tydainm ro3ara
kenrad. Monekynanapapo kyuin H-60r xocun kuiyBum Oupuxmanapaa OH-
TYPYXHHHT TIOJIOCATapy aH4ya KEHras Iy Ba CIEKTPHUHT KyWH 4acTOTalW KHCMHTa
cwpkniini. Macanas, opranuk Kuciotanap y3apo H-00F opkanu GoFnaHTaH nuMep
xocusl Kunaau, Hatwxkaga OH BanenT teOpanunutapuaudr nojocacu 3600-3200
cM’ opammkia KysaTuiMacias, Oanku 2800-2500 cm” coxama kysatmnamm (19-
pacm).

O------H—0
R - ~ R
O—H------0

100.0 |

90 4

80 |

70 4

60 | 266935

1466.85
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50

%T

40 303081 129336

1247.12

30 287445

20 4

1711.87
10 4 2959.73

2934.15

0.0 T T T T
4000.0 3000 2000 1500 1000 400.0
cm-1

19-Pacm. Kanpon kucnoranunr MK-cnekrpu.

bupnramuu (-NH;) éa ukkunamuu (>NH) amun 2ypyxunu mymean moooanap
HUK-cnexmpnapununz maxauau

Tapxkubuga -NH, éxku >NH Tytran mogmanap xunma xwi. JlekuH, mryHra
KapaMaclaaH, yJiap oOpacuJard yMyMHUM VXIIAUUIMKIAPHU Ky3aTHUII MYMKWH.
AMUHO TYpYXHHUHT aCUMMETPUK Ba CUMMETPHUK BaJICHT TeOpaHUIIIApH Tydailiu
103ara keirad nosiocanap, OH-rypyxra terunuid nosnocanapiad (Gapkiu Yiapox
KYNIMHYA WKKUTAa €KW y4Ta KUcMra axpaiarad (myOser, TpuruieT) Oymamu (20-
pacm).
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20-Pacm. NH, — rypyx Tytran mogganap UK-cnekrpuauar 3600-3000 cm™
OpAJIMKAAru KYypUHUILIY.

Hkkunamuu amuno 2ypyxunu (>NH) mymean moooanap HK-cnexmpununz
3000-3500 cm™ coxadazu kypunumu

>NH (=N-H)

KCIITUPHUJITaH.

-r'YpyXu

BaJIeHT TeOpaHulLIapu Tydaiau ro3ara KeJraH
NOJIOCAIAPHUHT WHTEHCUBIUIM YypTaya €KW KaM HWHTEHCUBIMKKA 3ra OVynaiu.
Ymoby rypyxuu tytran mopaanap WMK-cnexkrpmapununr Oup xucmu 21-pacmua
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21-Pacm. Ukkunamuu amuno rypyxunu (>NH) tytran monnanap UK-
ciektpuamHT 3000-3500 cM' OpaNMKIark KYPUHULIH

AMuHIIapAard a3oT aTOMUHUHT OOFJIaHMaraH »>JEKTPOH Xy(pTh Kydau
ACOCJHMK XOCCAaCMHM HOMOEH KHJIaJy Ba CYB MOJEKYJACHJAard BOJOPOJ aTOMHU
owran kywm H-6or xocun kunaau. byHunr Hatmwkacupa — H-OGormm
nusTunaMuHHUHT  UK-cnektpunu  (untencuB C-O coxa WYKJIMTUHM XUcOOTra
osMaranaa) oupopra cnuptHUHT MK-criektpura yxmaruin MyMkuH (22-pacw, ).

. I

%I

1171.78

1455.77
1377.95

4000.0 3000 2000 1500 1000 400.0
cm-1

22-Pacm. H-60fnu qustunamuaaur UK-cnektpu (I) Ba yHUHT Oup MyHYa
Kuzaupuiaranaad kevnnru cnexkrpu (II).
I —un criexkrpaa >N-H rypyxumunr 3301 Ba 1598 cm™' —maru monocanapu
CYyB MOJIEKYJaCHHUHT BaJICHT Xamzaa nedopmainuod TteOpaHunuiapu Tydaiinu
103ara KeJiraH noJ0CaJapHUHT Taruaa Kojaub KeTraH.
JHusTriiaMuH — yuyyH — xapakrepnu rotwimm - coxanapu:  V(NH)=3301,
S(NH)=1598, v(N-C)=1171, v’(N-C)=1038 Ba o(NH)=700 cm™".
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/e A N8 VR A

b —

I I1
23-Pacm. C- N -C rypyxununr acummerpuk (I, 1171 em™) Ba cummerpux (11,
1038 cm™') TeGpanuiLIapy.

VYunamuu, UIyHMHTIEK, OupjiaMud Ba  MKKWAJIAMYd  aMHUHJIAPHUHT
ty3wninnan UK-cnexktpnapu €paamuga aHUKJIAMIHUHT SHT KyJail yCyJutapujiaH
OupH, yJlapHU THAPOXJOPUJ EKU TUAPOOPOMUJ XOJaTUra YTKa3ub, Xocuil OYyiraH
Ty3HuHT UK-criektpunu onumaad nboparaup. bynnai xomapaa, MK-cnekrpHuHr
2500-2800 cm’ opaUFyAa TYPTIAMuM a30T aTOMU MAaBXYJIMTHAAH JajiojaT
OepyBUM HWHTEHCHB OWTTAa-UKKUTa €KW VYpTaya WHTCHCUBIUKAATU KyJaa KyII
nosiocanap Kysatuwiaau (24-pacm).
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24-pacm. UK cnieKTpHUHT MOJIEKYyJIaHUHT TapKUOUa TYpTIaMuM a30T
ATOMUHUHI MaB)KyJJUTHJAH ajojaT OepyBUM IOTHINLI COXACH.

Apomamuk dupukmanapza xoc WMUIUWL COXAnNapU

ben3on Mmonexkynacuja MHTEHCHUB IOJOCAJIap CIEKTPHUHI ydTa COXacujia
xovnamrad: I - xankamaru Ttyprra C-H OormapHuHTr BajeHT TeOpaHUILIaApU
Tydaiinu ro3ara kenarad mojocanap (3036, 3091 CM'I); II — OeH30/1 Xankacugaru
C=C OofnapHHHI XaJlka TEKUCIUTH OYyilad TeOpaHMIIMIAH O3ara KeJiraH
nonocanap (1479 cm™); Il — GeH301 XAIKACHHUHT XalKa TeKHCINIUAaH OOIIKa
TEKUCIIUK OYia0 103 OepamuraH TeOpaHWIM HAaTHXKAacHaa fo3ara KelraH Iojoca
(673 cm™'). Apomaruk GupukManapauar 1650 — 2000 ™' gacToTanap OpanHFHAa
JKolnamran Ba o0O0epTOH wyactoTanap Tydalau ro3ara KeiraH, >yjga IacT
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WHTCHCHUBJIMKKA 72ra OyJraH TMoJIoCAJJapuHUHT IIAKJIM apoMaTHUK XajKaJaaru
YpuHOOCApIapHUHT KOMUHN Ba COHMHHM aHUKJIAI/IA XKYyAa CE3TUp XUCOOIaHa IH.
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25-Pacwm. benzonnunr UK-cnekrpu.
ApomaTuk xanka COHMUHMHI opTtuiun OunaH WK — cnekrpHuHr Kyiu

4acTOTaJIM KUCMUA IOTUIIMII NOJIOCATAPUHUHT COHU Kymnasau. bynu HadTanuH Ba
anTpauernapauar UK-ciektpaapuaa kypumumus mymMkus. Criekrpaarn 3048 cm™
atpodunarn mnosjoca HadranmuH wmonekynacugaru C-H OornmapHUHT BajieHT
TeGpanuiLIapy Tydaiinu ro3ara kearan. 781 ¢’ —arm HHTEHCHB coxa HadTamHH
XQJIKACUHUHT XallKa TEKUCIUTHIaH OOIIKa TEKHUCIHUKAA KWJIraH TeOpaHuluiapu
HaTWKacH/Ia r3ara keirad (26-pacm).

Antpaten MK-criekTpujarid SHr MHTEHCHB monocanap 725, 883 cm’
atpoduiapua Ky3atuiaaau. by mojocanmap aHTpaleH MOJIEKYJIaCHMHHUHI XajKa
TEKHCIUTUAAH OOIIKa TEKUCIAUK OYyinad KwiaértraH TeOpaHWIIHMIaH fo3ara
kenran. Crexktpuudr 3047 oM’ sKMHMAa sKkoimamraH monocacd xanka C-H
OOFJIApMHUHI BAJEHT TEOpaHUILIApU HATHXKacula Xocua Oynanau. AHTpaleH
MOJIEKYJIACHHUHT XaJIKa TEKUCIUruja Oyna€TraH TeOpaHMIIapUra Moc KelyBuYd
IOTUIMI nosiocanapu cnekTpHuar 1400-1620 cm’! opanufruga Kysarwiaau (27-
pacm).
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26-Pacm. Hadranuaaunr UK-cnextpu.

3047.89

1783.60

1619.67

144734
131495

114595

—

95557

88332

72508

400.0

600.86

463.38

47349

4000.0

IOkopuna aiiTraHMMU3/IEK apoMaTHUK XajdKacujaaru ypuHOocapiap COHUHU

3000 2000

1500 1000
cm-1

27-Pacm. Antpauenaunr MK-crnekrpu.

aHukjamga crektpuudr 1650 — 2000 e’ COXaCH Karra axamMusaT KacO Kuiaau.

[yxunr yayH, Oup HeuTa 6eH301 xocunanapunuar MK-cnekrpiaapuHu KeaTUpHIL

MakKcajara MyBOGUKIUD.

Tonyon cnextpura Hucbaran (eHon crekTpuga Oy coxaaa KowlamraH

noJyiocanap 6up MmyH4da uHTeHCHB (28-29 pacmiap).
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28-Pacm. Tomyonuunr UK-cnextpu.
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29-Pacm. @enonnunr UK-cnekrpu.

YpunbocapiapiaapHUHT XaJIKaJard >KOWMHA aHUKJIaaa Oy mojocalapHUHT

yacToTa KMMaTiIapuaaH Kypa YMyMUAW KYPUHUIIM, SbHU IIAKIM MabllyMOTJIapra
ool xucoOmanaau. MoHo anmairad O€H30J1 XOCHJIAIapy CHEKTPIAPUHUHT aifHU
nry coxacuja Typrra mosioca ky3atuiaau (30-pacm.). bynra Tomyonm Ba ¢eHnon
CHEKTPJIAPUHA MHCOJ KUJIUIIMMHU3 MyMKHH (28 Ba 29-pacmiap). Anabuérnapna
OCH30JIHUHI MKKH, y4, TYpT, Oelml Ba OATH ajJMallraH XOCWIAJaph XU
ypraHuiraH Ba M3JAHMILIAP HATIKACHAA cHeKTpHHHT 1700-2000 cm™' coxamaru
KYPUHHUIIN XaJIKaJard YpuHOOCApIapHHUHT KOMHra Ba COHUTA OOFJIMK paBHUIIIA

30-pacMaaruex OV aHUKJIAHTaH.
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30-Pacm. UK cnextpuunr 1700-2000 cm™ gacToTanap opaluruaaru
[OJIOCAIAPUHUHT apOMAaTHUK XaJIKaJaru YpuHOOCApIIApHUHT KOMUTa Ba COHUIra
OOFJIMK paBUILJIA KYPUHUILIH.
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000uit éa mypaxkkao r¢pupnaprnune UK-cnekmpaapu

Opmuit >pupnapaunr MK-criektpnapuna MeTHII, METUJIEH TYPyXJapUHUHT
Bastent (2800-3000 cv™), nedopmarmon (1300-1500 cm™) xamma C-O rypyXuHHHT
BasieHt (1123 CM'I) TeOpaHUIITIAPUTa MOC FOTHIIHIII TTOJIOCATIapH Ky3aTHIIA IH.
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31-Pacm. duatun s¢upuunr UK-cnekrpu.

Judenun a¢up Ba metun aueratHUHT UK-cnexrpnapuaa C-O rypyXuHUHT
nojiocacu AUATUI 3upra HUCOaTaH aH4Ya IOKOPUIA, SbHU Moc paBuiiga 1238 Ba

1245 cm'-na kysatunanu (31, 32 Ba 33-pacmiap).
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32-Pacm. Iudpenunspupu (Ph-O-Ph) UK-criekTpu
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33-Pacm. Metun aneratauar UK-cnekrpu.
C=0 2ypyxununz wmuauu coxanapu

Oxopuna kentupwiranuaek (1-kaaBan) C=0O TypyXHUHT  BaJIeHT
TeGpaHMIIIApHTa TerHIUH FTHIHI notocasapu UK-crexrpauar 1650-1820 cv™!
opanuFHaa Ky3aTwiaad. by TeOpaHuITra Teruiuiv MoJoCaHuHr HHTeHCUBIuTH MK
crieKkTpAaru OOIlKa TMoJIocajapHUKUAaH KaTTa Oymamu. bynmaii rypyxjapra sra
Oynaran OupukMaliap Kyna XuiaMa-Xuigup. TyiAuHraH Ba TYHUHMaraH
aNbJIeTUJIap, alMKINUK (IMKIMK) KETOHJIAp Ba JUKETOHIAp, amndaTuk (apoMaTHK)
MOHOKapOOH Xamaa ANKapOOH KHUCIOoTajap, aHTHAPUATIAp, aMuaIap Ba Oomkamap.
Xap 6up cunpuuar C=0 rypyXu y4yH MabiIyM OHUp HacTOTanap OpaTUFHHU
Oenrwiaml MyMKHH. By Oupukmanapra 3JIeKTpOHOAOHOP €KUM 3JIEKTPOHOAKLIENTOP
YpunobocapiaapHuar KupuTwinimu C=0 rypyx OTWIHII MOJOCACUHUHT YPHUHU
Ce3UJIapiIM Japa)kaaa y3rapTUpUIIM MYMKWH.

2-XKansan. KapOouun rypyxu TyryBun Moaaanapaaru C=0O BaJIeHT TeOpaHHIII

gacToTaizapu™
Ne Monnanap cuadu YMyMHi CTPYKTypa v, M
TY3WJIHIIT
Vi R
1 TyI/II/HI{:;I; ;JJII;Ip(b aTUK T R 1715
Cl HZC\H/ R 1724
O
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* Onouneu aoabuémnapoa Kenmupuiean 4acmomanap opantueu SpUmys4uiapod OIUHeaH
cnekmpaap acocuoa mysuneas. LLlynune yuyn xam KBr-oa onunean uacmomanap Kuumamu
03pPOK (hapk Kunuwu MyMKUH.

Metumtunkeronnuar MK cnektpuga  C=0  rypyXHUHT  BajeHT
TeOpaHMILIUra TETUIIM MHTEHCUB IOTUIIMII MOoJocacMHUHT yactotacu v(C=0) =
1717 cm' —ra Tenr. Y6y TeOpaHHIIHUHI HHTCHCHBIINTH TACT OYIraH 0OepTOH
nonocacu 3414 cm' ma kysarmragn. Crexrpaunr 2800-3000 Ba 1300-1500 oM™
TYJIKAH COHU OpajuKJIapuJard IoJiocajap METWI, METWIECH TypyXJIApUHHHT
BaJeHT xamjaa nedopManmoH TeOpaHunuiapu Ttydainm ro3ara kemagu. Keton
rypyxyaaru  yriepon — artomura Oornmanran C-C  TypyXHHHT  BajeHT
TeGpaHuIILIapyUra Teruuy nosoca 1172 cM™' wactoTa aTpodua KypHHaIN.
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34-Pacm. MetunstuiikeroHHUHT UK-criekTpu.

[lepoxkcumnap xamna anruapuuiapuuar WK-cnekrpnapuna ukkuta C=0
rypyxra TETHUIUIM WKKHTAa TMoioca Ky3atwiagu (35-pacm) Ba Oy ynapHuU

aHUKJIAIIHA OUp MyHYa ocOHamTupanu (36-pacm).
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35-Pacwm. benszoun nepokcuy (CsHsCO-OO-OCH;sCy)nunr UK-cnektpu.

400.0
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36-Pacm. Moananap apanammacuaa mosekyiacuaa ukkura C=0 rypyx TyTrad
oupukmanap mapxymruan MK-ycynuna anuknani.

Hnoueuoyan moooa UK - cnekmpunu mascugnaw ycynnapu

UK-cniekTpiapHu WiAMUNA  Makosajapjaa, OakalaBpiIapHUHI MajaKaBHi
OUTHpPYB HWIUIApUJa Ba MAruCTPJIUK JUCCEpTalMsUIapua KHCKAa KYPHHMILJA,
KaJBaJl KYpUHHIIKIA Ba KUCMaH €KUM O6aTtadcuit TaxJIuil KWIraH Xojaa €ku rpaduk
(pacM) KYpUHUILIKMIA KEITUPUIL MyMKHH.

Opatna, umMui MaKosanapaa sStHTM CUHTE3 KWIMHIaH €KY aXpaThO OJIMHIaH
moananapHuHr MK-cnektpunu TaBcudiaanm acocui  IOTWIMIL COXAJTapUHHUHT
4aCTOTAIAPUHK KENTHPHII OuiaH derapanaHagn. Macanan, UK-ciekTp: v, cM™' —
3200 (OH), 2880 - 2950 (CH;, CH;), 2220 (C=N), 1670 (C=0). bupukmanuHr
Ty3WwIMIIMHY aHukianyia MK-ycynu etakuu ypuH sramiarad 6ysica, CeKTpiIapHU
rpa¢puK KYpUHMILNJA KEJITUPHUII Makcaara MyBopukaup. byHra mucosiap
KEWMHIY BapakJjapaa KeITHUPUIaau.

bownanzuu ea oxupzu M000a Cnekmpiapunu maxkKocjiaul

PeakuustHuHr Kangaih OOpWINM Ba KaHakKa peakius MaxCyJOTH XOCHII
OYNUIIM Hazapuil >KUXATAaH MabJIyM OVyica, IacTiaOKu Mojjajap Ba peakius
MaxcyJOTUHUHT MK-crnekTpiiapyHu TakKKOCalll acoCHJla CHU3 KyTraH HaTmkara
SpUIITaH KU dPUIIIMATAaHIUTUHTU3HE 0aX0IalllMHI U3 MYMKHH.

Mucon Tapukacuia V36exucTon MUsLHit YHUBEPCHUTETH KUME (PaKyJIbTCTH
VKATYBUHCH, KUME (aHiapu HOM30IU AXMEIIOB Vpon TOMOHHJAH TaKINM
KWJIMHTAaH JacTiaa0Kku (aHWJIMH, TJIMKOJI KHCJIOTa) Ba oxuprud momnanapHuar K-
CIIEKTPJIapU TaXJIUIUHU KEITHUPAMUS3.
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bup kapampga€k peakuus MaxCyJOTH CHEKTPUHUHI AACTIA0KU MOAjaajiap
crekTpuaaH ¢apK KWINIIMHU yliapra TeTUIIUIA CIIEKTPJIapHU TaKKOCIAIl acoCua
(37-pacm) KypuIll MyMKHH.

i I

%I

4000.0 3000 2000 1500 1000 400.0
cm-1

37-Pacm. Jlactnabku Ba oxupru moanaidapauar UK-cnexrpnapu. I-Anwnus, 11-
rikon kuciota, II-peakuus maxcynnorn.

AnunnuaauHr UK-cniektpuaa aMuHO TYPYXHUHI aCHMMETPUK Ba CHMMETPUK
BaJICHT TeOPAHMIIIAPY HATHKACK/IA J03ara Kenras nojocanap 3200-3500 cm™', mry
TYPYXHHUHT JedopMalMoH TeOpaHUIUIapura Terunud nojocanap 1621, 1175 Ba
881 cm' wacroramapma Kysatmmagum. Crextpuuur 3000-3100 oM’ coxacuiaa
apoMatuk xanka C-H OorapuHUHT BajeHT TeOpaHuILIapy Typaiiu r3ara Kejlral
nojiocanap MaBXkyld. ApOMaTUK XaJKaHUHT XalKa TeKuciaurujga Oynaérran
TeOpaHumUHUHT HaTwkacuaa 1601 Ba 1498 oM napma KYpHHAQUraH FOTHIIMII
nojocajapu xocus Oynaau. MoOHO anmaliraH apomMaTHK OMpUKManap Y4yH
XapakTepiIu OYJIraH MHTEHCHB IOJNOCATAp CHEKTpHMHr 650-770 cM’' coxacumia
Ky3aTwiaau. by monocamap apomMaTHK XajdKaHUHI XajdKa TEKUCIUTHIaH OOlIKa
TEeKUCIUKAA OYynaéTran TeOpaHUIUIapU HaTWXKacuaa o3ara KeiaraH. AMHHO
TYPYXHUHT YPUYYKCHMOH aillanMa TeOpaHuiiv Ty(dailii ro3ara KejiraH ypTada
VMHTEHCUBIIMK/Iard Ba OMpMYyHYa KEHI MOJIOCAJIApU XaM alHW LIy coxaja ETau.
Cnekrpaaru (38-pacm) 1277 cm™ monoca C-N rypyXHHHT BaleHT TeOpaHUILIAPH
Ty]aiinu 103ara Kenxaau.
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38-Pacm. Anununnunr UK-cnektpu.
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I'mukon xkucnora UK-cnexkrpuaa 2500-2800 cm! opacujia >Koiamral KeHr
MOJIOCAHUHT OOpnurH Oy KHUCIOTAHWHT JAUMEpP XOJaTla SKAHJIWTHIAH J1ajoJiaT
oepamu. Uxkkwaun ruapokcun (HO-CH,-) rypyXHHMHr BajeHT TeOpaHUILUIApU
HaTWKacKuaa Xocmi Oynarad mojoca 3373 CM'l-z[a kounamrad. Cnekrpaaru 2939
Ba 2861 cM™' mosnocanap MOC PaBHIINA METHIICH I'YPyXHHHHI aCHMMETPHK XaM/a
CUMMETPUK TeOpaHUIIUIapUra TeTUIUIA. SIPUMKEHTUT Ba HHTEHCUBIUTH HUCOATaH
karta Gyiran 1200-1300 cM' opamurmgarn monoca kapooxcmn rypyxupara C-O
OOFHMHT BaJeHT TeOpaHMIUIapu Ty(]ailmu (o3ara KeinraH. YHHUHT EHUAArU
gactotacu 1088 cm' 6yaran monoca sca HyC-O GOFHHHT BajeHT TeOpaHUIIIAPH
HaTWXkacuaa xocwi OynraH. Kymuuinumk XoiapAaa TUAPOKCHI TYPYyXUHHHT
nedopmallion TeOpaHiIapyd HATHXKAacHUJla o3ara KejraH MacT WHTEHCHUBIIMKAArd
110JI0Ca, METHJIEH TYPYXUHHUHT Ae(OpMAIMOH MOJIOCATAPUHUHT OCTHIa KYpUHMal
Konajy. JIGKHH, ITHKOJ KHCIOTAHHHT CrieKTpuaa Oy momoca 1361 cm™ atpodmma
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39-Pacm. I'nukoun kucnotanunr UK-crekTpu.
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40-Pacm. Peaknsa maxcynorununar UK-cnekrpu.

Peakiuss maxcynorununr WK-cnektpupga rmmkon kuciaotanunr C=0
-1 oo o
rypyxura terunuid 1731 cMm -mard MojoCaHUHI WYKJIWTH Ba TYpTiIaM4d a3oT

44



V3®A YMKH “Taoxuxomnapnune ¢usux ycryérapu nabopamopuscu”
Ewumbemos AI', UK-cnekmpockonus ycyauoan amanui Kyairauma. Towxenm-2014

ATOMHHHIHT GOpJIHrHaaH nanoiar oepysun (2617 cM™') xamaa KapGOKCHI MOHHTA
(COO") rernuum momocamapuunr (1325, 1596 cM') Kysarwiumm Kyiugard
peaKIysi MaxCyJa0TH XOCHII OYITaHIUTUHU KYpcaTain:

0 H
oo — (O o
/O H

NH;" rypyxura Teruimim z[e(l)opMauHOH TeOpaHUIll HaTUXacula o3ara
KEJIraH nonocanap 1660 Ba 1542 cM™' acToTanapza Ky3aTHIaI.

HNkkuta opraHuk OMpukMa KaTHAIITaH KOMIUICKCIapHU OJIMII Ba yJIAPHUHT
TY3WIHIIUHA VPraHull MyxXuM axamusarra sra. YyHku, OyHjal KoOMILIEKciIapa
JaCTJIIA0KM OWMPHUKMANapHUHT  (QU3MK-KUMEBMH  XyCycHATIAPU  (teyions  Liaiins
KOBYIIIKOKJIUTH Ba 0.) OMpMyHuUa y3rapaju.

bynra mucon xkunmu6 Xunauctonnuk bammaauts Poit Ba Gomika onmmiiap
tomoHunan (Bappaditya Roy, Abhijit Saha, Aluri Esterrani and Arun K. Nandi
Soft Matter, 2010, 6, P.3337-3345) menamun (2,4,6-rpuamuno- 1,3,5-tpua3uH) Ba
6,7-numetokcu- [ 1H, 3H]-xuna3zonun-2,4-1u0oHIapHUHT KOMIUIEKCIAPUHU OJIUIITA
OarvIUIaHTaH UITHUHT TeTUIUIA KUICMUHU KEJITUPUIITHU JTO3UM TOTIIUK.

NH, Q
MeO N/H
B A
_
HN" N NH, Me© N0
H
M Q
VYnap menamun (M) Ba 6,7-mumerokcu- [1H, 3H]-xunazonun-2,4-

nuonnapuu (Q) 1:1, 2:1, 3:1, 1:2 Ba 1:3 Hucbatinapaa ypraHuiiras.

UK-, ynerpadbunadmra (YB), dayopecueHnus CreKTpOCKOnusl yCyJlapuHu
Xamjia KyTOJaHTaH HYpPJIAPHUHT ONTHUK MHKPOCKOI Ba (IIyOpeClEeHT MUKPOCKOI
YCYJUIApUHU, IIYHUHICK, KaJIOPUMETPUK yCyJUIapHU KyJuiaran xonga MQ 1:1
HUCOAT/Aa KyWIM KOMIUIEKC OMPUKMa XOCUJ KWIMIIMHA MyKaMMall YpraHUIITaH.
[Iynn tabkuiad yrum kepakkun, MQ 1:1 6ynran xonarna, XuHa30JUH-2,4-THOH
C=0 rypyxJJapuHHUHT BaJIeHT TEOpaHMIJIApUra TETHIILIN TMO0JIOCa, OONUIAHFUY
xomarra nucOaran (1707 cm™') rokopu dacrorara (1713 cm™') cmmkuran. Jlemax,
VIK-CIIeKpIIapHUHT KYIIGOF KMCMHAATH 5 CM y3rapuil XaM KOMILIEKC OHpHKMa
XOCWJI OYNTaHIUTHIAH AajojaT OepHUIlld MyMKHUH KaH.

Xyoou myHaau ysrapuil, TONIKEHT Uppuranys Ba MEJIMopalus NHCTUTYTH
«Pusuka Ba KuME» Kadenapacu coOMK Myaupu K.d.n. TOMOHMJIaH
TaKIUM KWINHTaH KapOOKCUMETHIILIEIITION03a (KML), MOYEBHUHA-
dbopmanpaermu  cMmona (M®C) Ba ymap acocuma osmHran KMI:M®C
KoMIuieke oupukmacunuar UK-crnekrpiapuaa xaM Ky3aTuiaau.

KMII UK-cnexkrpununar 3000-3600 cm! coxacujaa BOJIOPOJ OOFIaHUIIAA
KaTHAIIMa&TraH TUIPOKCWI TYPYyXJAPUHUHT BAJICHT TEOpaHMIIJIAPH HATHXKACHIA
[O3ara KeJraH y4Ta 0TI ronocamapu (3590, 3489 Ba 3415 cm™') Ky3aTHIam.
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41-Pacm. Kap6okcumerunmemtronozaauar (KMIT) UK-cnexTpu.
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42-Pacm. Moueuna-popmansaeruainu cmosnanuar (M®C) UK-criektpu.
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VYHpaaH Ttamkapu BOJOpoA  OOFJAHUIIAA  KaTHAIIA€TraH TUIPOKCHUI
TYPYXJApUHHUHT BAJICHT TeOpaHUIILIapUra TETUILIN, HucOaTan KeHr nonoca 3098
oM’ J1a Ky3aTuiaIu.

KMII UK-cniekTpuHUHT KyIIOOF coxacuaa ukkura: 1615 Ba 1600 cm’! —na
IOTUJIMII NTOJI0CATIapU KYPHUHA/IH.

M®C nunr MK-cnexkTtpuna aMMHO TYPYXHUHT BAJICHT TeOpaHUIIapHUra
Teruium mosnocanap 3439, 3346 u 3254 cm”' wacroranapaa Kysatwiagn. Kym6or
kucmuia sca 1680 Ba 1623 oM napia koialraH MKKMTA FOTHIIHMII T10JI0CACH
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120.0 _

115 |

110

105 |

100 J

%T
95 100546

90 | 141826

2894 40
85 J 1674.89 | 155968

1609.30
80 | 295652

339299

75.0 -

4000.0 3000 2000 1500 1000 400.0
cm-1

43-Pacm. KMI:M®C xommiiekc 6upukmanuar UK-cnexktpu.

KMI:M®C HK-cnexktpu OomnuianFud MojAajiap CIeKTpUIaH KeCKUH (papk
kunaau, sbHu KMIL Ba M®C —auar 3200-3600 oM coxacuja KypuHraH ydra
noJiocanap Kymuind KeTraH Ba YJApHUHT ypHHJA Oup MyHUYa KeHT mojoca 3393
cM'-na maiino 6ynran. Bynnan tamkapu, KMIL auar UK-cnexrpuaaru 3098 oM™ -
Jlary MOJI0ca WyKOJITaH.

KMI:M®C —aunr kymoor kucmuaa KM Ba M®C —auHr aifHu mry
KMCMMJIary FOTWIIMII COXajlapura Moc KeJIMaiurad nojocanap Ky3aTuiaaiau, SbHU

1674, 1609 Ba 1559 cM' —1aru JOTHIMII HONOCANAPU GOILIAHFUY MOJIANAPHUHT
xe4 Oupuia nyk:

KMIL{ 1615, 1600 cm™
M®C 1680, 1623 cm™
KMI[:M®C 1674, 1609, 1559 cm™
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KMI:M®C —Hunr Kymoor KucMujard oTuiui mnojgocaiapuy M®C —ra
HUCOATAH CIICKTPHUHT KyiH JaCTOTATH TOMOHHIA Kapab 5-6 cM™'-ra CHIDKHTaH.

Okopunarn taxnun Hatwkanapy M®C C=0 rypyxununr KMI[ OH
rypyxjapu Owran xamaa y3 HaBOatuaa KMI C=0O (éxku OH) rypyxiapuHUHT
M®C N-H rypyxnaapu 6mian Bogoposa OOFIaHUIUIA OMpUKMaap XOCHI KAIUIIN
MYMKHHJIMTHIAH Jaj10JaT Oepaau.

Jlemak, OOLUTaHFUY MOJJANApPAArd 3PKUH TUAPOKCUI TYPyXura TETUILIN
COXAJIAPHUHT OXHUPTU MaXCyJOoTJa Ky3aTHJIMACIUTUd XamJa KYIIOOF KUCMHUIAru
FOTHIIMII [OJIOCANAPMHKUHT 5-6 ¢M™ Ky#H 4acTOTAIM TOMOHIA CHIDKHILINIa Kapao,
KMI:M®C kommieke OupukMa Xocuii Oyiarad OYIuiiy MyMKHUH JieraH Xyjocara
kenum  MyMkuH. Jlekun, Oynum Tacaukiamr  yuyyH KMI{ Ba M®C
apanammMaiapuauHr xaM UK-cnektpuau onu6 KMI:M®C komiieke Oupukma
CHEKTpU OWJIaH COJIMIITHUPUI, YHJIAH TallKapu, OOIKa (PU3MK-KUMEBHUM ycCysuiap
OuJIaH TaCAMKJIAII MaKCaara MyBOQUKIMP.

Mertamnopranuk OWpUKMaTIapHHU, YJIAPHUHT KOMIUICKCIAPUHU OJIMII Ba
ypranuu xamuma ao0a3ap6 Basuda cananran. 1y ypunma, V3 ®A Broopranuk
KUME MHCTUTYTUHUHT WIMHUHN X0IUMHU, KUME danmapu HoMm3oa1u AnrypoB JKamim
TOMOHMJIaH TaKIUM KWJIMHIaH, peHTreH Tty3wmm Ttaxaw (PTT) épmamuna
CTPYKTypacH ypranuiarad Mmoananunr MK-cnekrpiaapunu yprasavk.

Hactmabku mMommanap cudaruma napa-aMAHOOCH30HM KHCIIOTa Ba KOOAIbhT
XJIOPUJAHUHT KPUCTALITMAPATH ONMHraH. TakkociaaHran cnektpaad (44-pacwm)
peakuMsT MaxCyJOTH CHEKTPUHUHI JacTiaOKu Mojjajnap chekTpuiaH ¢(apk
KWWMY KYpUHUO TypuOIu.

%T

Vi

4000.0 3000 2000 1500 1000 400.0
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44-Pacm. lactnabku MoananapHuHr (/, 2) Ba peakius
MaxcyJoTuHUHT (3) UK-cnexkTpnapu.
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45-Pacm. Ilapa-amuno6en3oit kucinora UK-cnektpu.
Ilapa-amuno6en3oi kucnora UK-cnektpuna kapOoH KHUCIIOTa IUMepiapura
xoc moocanap (2500-2700 cm™') masxyn. Crexrpruar 3200-3500 cvm™' coxacuna
aMUHO TYPYXHHMHI BaJE€HT TeOpaHMIIWra TETULUIM ToJyiocanap skounamran (45-
pacm). 1500-1700 cm™' coxamaru monocamap moc pasumina C=0 (1667 cm™), NH,
(1625 cm') rypyxmapura Ba  apomarnk xanka (1520, 1574, 1600 cm™)
TeOpaHUIIITIAPUTa TETUIILIH.
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46-Pacm. CoCl, - 2H,0 UK-cnektpw.
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CoCl, - 2H,0 MK-criextpuna: 3184, 1622, 1505 cm™ (H,0), 1142, 1018, 865, 669
cm” (Co-OH,),
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47-Pacm. Peaknusa maxcynotununr UK-cnekrpu.

400.0

Peakuusi Maxcynotd crekTpuHuar 3100-3500 cm™' coxamarm momocanap
aMHUHO TYPyXH Ba CYB MOJEKyjiacura Termuuid. 1603 cM' marm mosnoca aMHHO
TYPYXUHHUHT JeQopMaliioH TeOpaHUIIM HaTWXKacua ro3ara kenrad. 1512 Ba 1393
cM™' -1arn monocanap KapOOKCHIT HOHHHT MaBxKyUINTHIaH jganonar 6epaan. dakar
UK-ycymn acocnna PTT ycynuaa aHuKIIaHraH CTpYKTYpaHH TaCaBBYp KWJIMII aH4YA
MypaKkkao:
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