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C¥Y3 bOo1In
VY30ekucton Pecnybnmukacununr Tabium  tyFpucuaaru  KonyHupma
Oenruiianrad tanabisap Ba BazudanapuHu amanra omupuinaa ['y1ucTod gaBnar
(13 2
yHUBEpCUTETH (Qu3nka-mMareMatuka (akynbreTn “Maremartuka” xadenpacu
AKaM0acu MacChyJMITHU XUC ITraH XOJJa WIMHA-TAAKUKOT UIUIApU Ba UIMUN
NeJaroruk Kajapiap Tauépiail camMapaJopiiMTUHA OIIMPHUII MaKCaJJIapUHU

Ky31a0 3 onaura Katop BazudanapHu Oenruiiam.

Nnm-dan xagan tTapakkui 3TaéTraH, 3aMOHaBUM ax00OPOT-KOMMYHHKAIIHS
TU3UMJIAPU BOCUTAJapu KEHI XKOPUM JTUIAETraH XKaMuATaa Typiau ¢aH
coxajapuaa OWJIMMIIAPHUHT Te3 SHIUJIAHUO OOpHILIM, TabJIUM OJIyBUMIAp
OJIIUTa YJApHU Kajall drajuiaml OwiaH Oup KaTopja, MyHTa3aM Ba MYCTaKHII
paBuIla OMIIMM U3Jall Ba3udacuHu KyHMOKa.

XO03Upru BakTAa YM3HUKJIM anredpa Ba AHAIUTUK T'€OMETPUSHUHT
yciyOnapu gaH, TEXHUKA Ba UKTUCOJUETHUHT TypJU-TyMaH MacajlajJapyuHu Xall
KWINIIJIA KEHr KYJJIAaHWUJIMOKJA. XaJjK XY )KaJIUTMHUHT Oapya coxajlapuja
KOMITBIOTEPJIADHUHT Ba MAaTeMAaTHK YCYJJIApPHUHT SUIMH  KYJUIAHUJIUIITN
MyHocabatu OumaH Oy yCyJJIapHUHT aXxaMUSTH sTHaJa OPTAH.

FOxopuna xain 3tub Oenrwianrad Bazudanap Oa)kKapuWIMIIMHUHT UCOOTH
cudaruga ro3ara kKeiarad ymlOy KYyJUlaHMa YU3UKIA ajiredpa Ba aHaJIUTHUK
reoMeTpusi (paHuaH Mabpy3a MAIFYJIOTHTa MYJDKaJJIaHraH Oyiau0, YKyB
amabuétn JlaBmar TabIMM CTAaHJAPTUHUHT OakalaBp MyTaxacCCUCIUTH
“Marematuka”, “AManuii MaTremMaTika Ba nHpopMatuka” Ba “DOu3nka’ TabIUM
UYHAIUILIAPUTA MOC KETAIU.

Kymnanma ertuta 6001an mbopar 6ynu0, ynapaa “Bexrtopnap”, “Tyrpu
YU3UK Ba  TEKUCIUMK TeHriamacu’, “KoopauHataniapHu amiMaiiTHPHILL.

Opuenranus. Bexkrop Ba apanam kymantva’’, “VKkuH4YM TapTHOIM YH3UKIAP”,



“Addun  anmamtupunuiap”’, “HUxkkuHun Taptubnu cuptiaap”’ Ba “lIpoexTun

TEKUCIMK” MaB3yJjapu 6atadcuin 6aéH KHWIMHTaH.

Kynnanmanu €3umniga myamuidiaap TOMOHUJAH MaB3YJApHUHT OJIMNA Ba
co/Jia TWIJa, TyIIyHapJid Ba paBOH Oa€H »Tuiuura xapaxkat KwinHau. [y
MyHOcabaT Owian Myamwdiap KyulaHMma Tajnabanapja OWIMM —OJIMINTra
WHTWIUII XUCCH, SPKUH (PUKpialml MajaKkaJapUHUHT I[IAKJUJIAHUIIUTa XU3MaT
KWwiaan 1e0 ymuj Owiaupaauiap Xamja y Tajabajgapra 4M3uKiIu anredpa Ba
aHAIUTUK TreoMeTpuss (aHUHMHT alWTHO YTuiaran MaB3yJapu Oyiinua

ownumIapuHu omupuIaa €paam 0epaau 1e0 UIlOHAUIIAP.



I BOb. BEKTOPJIAP
1§. JACTJIABKH HA3ZAPUHM TYIIIYHYA BA ®UKPJIAP
(JAJTNJIJTAP)

busra maremaTuk aHanM3 KypcuJaH TYIUIaM TYIIyHYacH, OUp TYIUIAMHU
WKKAHYHA TYIUIAMIa aKCIAHTUPUIUIAP XaMmJa €JIEMEHTAap Ha3apuid TYIUIAMIIA
amaypiap: U — Owpnamiva, () — Kecuinma, \ — aiiupma, OUp TYIUIAMHH HKKHHYH
TyIJIaMra JAeKapT KyIIauTMacH MabJIyM.

Arap Vx,x, € X Xap Xuj >IeMeHTIap y4yH ynapHUHT f (xl), f (xz) aKkciapu
xam xap xun 6ynca f: X — Y akcnmaHTUpHIT UHBEKTUB KM y3apo OWp KUHMaTIH
11e0 aTamaau.

Arap xap Kailicu Y €Y 3lIeMEHT y4YyH IIyHAal xe€ X 3JIEeMEHT MaBKy[
oyncakm Oynma f(X)=y Oymca f: X —>Y akcmanTupui CrOpbeKTHB Eku X
TYIIaMHM Y TYIUIaM yCTUra akClIaHTHpuil Ne0 aranagu. Arap Oy MmapTIapHUHT
UKKHCH XaM Oaxkapwica, y xomua f axcmantupummam X Ttymoiamam Y TYIDIam
yCTUra y3apo Oup KMHMATIM aKCIAHTHPUIIM €KW Y3apo OUp KUHMATIM MOCIHUK EKU
ouekiua ne6 aramagu. X Tymiamaa R Ounap myHocabatr — Oy X Tymiamuaan

OJIMHTaH Oapya TapTUOJIAHTaH (xl,xz) Kypraukiaap tymiamu. R — X'x X nmekapt
KYMMAaUTMaHUHT KUCM TYIUIaMUAHUp. Arap (xl,xz)eR Oyica, y xonga x; Ba X,
enreMeHTIap R MyHocabatma Oynmaam nevimiaau Ba x,Rx, kaOm é&3mmamu. X
TVyiamMmaa SKBUBAJICHTIIMK MyHOCa0aTu—0y KyHuaaru aKcHOMaJlapHH
KaHOATJIaHTUPYyBYH R OuHap MyHOCabaTaup :

1. PednexcuBnuk: uxtu€puit x € X 31eMeHT yuyH XRx;

2. Cummertpukiuk: Arap x,Rx, 6yica, y xonna x,Rx, ;

3. Tpansutusnuk: Arap x,Rx, Ba Xx,Rx, Oynca,yxonga xRx,.

burranan opTUK s1emeHTra sra OynraH uxtuépuii X Tymiuamaa OUTTa 3Mac

(OutTaman OpPTHK) SKBUBAJECHTIMK MYHOCA0aTH MaBXKyJ OYIuIura KapamaciaH,



O/laT/la SKBUBAJCHTINK MYHOCA0aTH ~ CHMBOJM OwiaH OenrmwinaHamu. ~ — X

TYNjaam/1a SKBUBAJICHTIMK MyHocabaTtu OYicuH. x € X 31eMeHTH yuyH C_ OpKaiu
oym Oymmaran {x'e X :x'~ x} TymiamMHu OenrWiaiiMu3 Ba YHHU X 3JIEMECHTHUHT
SKBUBAJICHTJIUK CHHGU 1e0 aTaiMmu3.
1.1. Kymua. Arap x;,x,€C_ 0yuca, y xonua x, ~ x,.
XakuKaTaaH XaMm x,x,€C =>x,~x BaX,~X. > X, ~XBaX~X,. =X, ~X,.
1.2. ¥ymna. Arap C,(C, #I 6¥nca, y xomna C, =C, .

Xaxukarnan xam, C (1C #(J okannurugan myHaaid X dIEMEHT MaBKyJIKH:
xeC NC,. xeC, BaxeC,. =>Xx'~xBaXx'~Yy.

Arap zeC, =z~Xx=>z~x'=2~y=z7eC,=C cC,.

Xymmu mynnait C, < C, myHocabatau ucoormam mymkuH. Jlemak, C, =C, .

Mynrnai kuaub, X tymiaM € xyPpT-KyPpT 0ynubd kecummaiinurad €k ycrMa—
yCT TylIyBYM OV OyimaraH SKBUBAJICHT CUH(Iapura OYIWHAaIU. DKBUBAJIEHT
cuH(bIap TYIIaMu — ~ SKBUBAJICHTIIMK MyHOcabaTura kypa X TYIUIaMHUHT (aKkTop
TymiamMu e atamaau Ba X/~ kabu Oenrmwinanamu. 1.2.okymiara MyBopuk X

TYIUIAMHUHT Xap KalcHu AJIeMEHTH OuTTa SKBUBAJIEHT cuH¢ra terunum. lyHuHT

y4yH X DJIEMEHTra YHUHI JKBUBAJEHTIMK cMHpU C, HU Moc KyHuO X TymiuamMHH

X/~ dakTop TYIuiaM ycTura akCIaHTUPHITUHA XOCHIT KAJIaMH3.
X Ttymmamaa R OuwHap mMyHocabaT OepwiraH OViICWH. YHAA y UXTHEpUN

YcX xuem Ttymiamaga R, OuHap MyHocaOaTHU BYXXyAra KeJITUPUIIAIU:
xR,y < xRy Ba x,ye¥.

1.3.Kymaa. Y c X Ba X Tymiamaa R sKBUBaJICHTIMK MyHOcabaTu Oepuiiran
OyncuH. YHaa R, XaM HIyHUHTJeK S5KBHUBaJCHTIMK MyHocabaTtu Oymaau, R Ba R,
myHocabatnapaunr CF Ba C*  oskBuBaneHT/IMK cuH(bIapu dca OuUp—OMpH OMIaH

KyWduary tapszia OofJiaHraH:

Ch =Y NCF.



Xakukatoan xaMm, Y c X Oymranugan VxeY = xRx, < XR X, spHH R,

MyHOca0at pedIeKCUBIUp.

Arap xR,y < xRy, x,yeY < yRx, y,xeY = yR,x, spHu R, MyHocabar

CUMMETPHK.

Arap xR,y Ba YR,z Oynca, y xomma XRy, Xx,yeY Ba YRz,
Y,2ze R= xRz, X,z€Y = xR, z, spHu R, MyHOCcabaT TpaH3UTHUBIUD .

Bynnan tamkapy xeY na yeCY < YR X< YRX Ba y,xeY<yeY Ba
yeC} < yeYNCY, apun C =Y NC} 6ynamu.

2§. KECMA BA SIPUM TYFPHU YN3UK

Kecma. Kelinnuanuk Ou3 DBKIUJ T€OMETPUACUHUHT 0ab3M aKCHOMAallapuaaH
doiinananammu3. OBKIUA aKCHOMANAPUHUHT TYpIW XWJI KYPHUHHUIUIAPH MAaBXKY]
Ooymm6, Kyhmma taptuO® akcmoManmapuHu wmacoda wubopacuma wudomamaiimus. E
OBk dazocunuar uxtuépuit M Ba N HykTamapu y4yH, Oy HyKTajgap opacujaru
Macoda —p(M : N) HOMaH(UI COH aHMKJIAHraH. p Macoda (QYHKIMICH KyWujaaru
aKCHOMAaJIapHHU KaHOATIAHTHUPA/IH.

;. Aitrnsit akenomacu: p(M,N)=0< M =N.

I1,. Cummerpust akcuomacu: p(M,N)=p(N,M).

113, Yubypyak TEHTCU3IUTH: p(M ,N ) < p(M ,O) + p(O, N )

1-tabpud. Arap M #O=#N Ba p(M ,O) + p(O, N ) = p(M : N) o6ynca, O
Hykta M Ba N Hykramap opacuga €rangu nedunanau Ba KyWdujaaruda €3WiIajiu:

(MON).

2-tabpud. M Ba N HyKTamap opacuna €ryBun 6apuya O HyKTamap TYIiaMu
(M,N)={0:(MON)}

ra M Ba N HyKTamapHH TyTalUTHPYBYH (MN) UHTEpBaJ 1e0 aTanaiu.



(MN) untepBaira M Ba N Hykramapuu kymm6, M Ba N Hykramapau

TyTamTUpyBUM MN KecMaHM XOCHWJ Kuiamu3. byHu Oolkada Kuinb Kyhuaaruda

€311 MyMKUH:
MN ={0:p(M,0)+p(O,N)=p(M,N)}.
(MN) uHTEpBald HyKrajgapu MN KecMaHMHT WYKM HyKTaiapu, M Ba N

HyKTaJap 3Ca YHUHI 4erapaBuil HykTamapu ne6 aramagu. M Ba N HyKramap

opacugaru Macopa MN KeCMaHUHT y3yHJIuUrd nae0 aTtajnaau Ba ‘MN‘ OpKaJn

oenrmwnananu. Illynunr yuyyn MN KecMaHUHT TabpUpUHU Kyluparuya €E3uill
MYMKHWH:
MN ={0:|M,0|+|O,N|=|M,N|}.

Arap M Ba N Hykramap ycTMma-ycT Tymica, y xoijga MN KkecMa HOJ
Yy3YHJIMKKa 3ra Ba OWTTa HyKTajaH uoopar Oynaau.

TapTud Ba KyiiMin akcuoMaaapu:

I11;. Ty¥pu um3ukaaru UXTUEPUN Xap XWJI y4uTa HyKTaJaH OWTTacH Ba (akar
OuTTacH KOJITaH UKKUTACHHU opacujia €Tajiu.

I1l1,. Arap O mykra M Ba N Hykramap opacuma €rca, y xomma M,N,O
HyKTaJap Oup TYFpH YM3HUKAA ETA/H.

5. | Tyrpu unsukna €ryBun uxtuépuii O Hykra Ba uxtuépuii d >0 coH yuyH
IyHJau MKKUTA M ,M,el HyKTaJ1ap MaBXKYJIKH, yJap YYyH
p(M,,0)=p(M,,0)=d 6ymanm.

Kyitnna ucbotnanamuran 2.1 Ba 2.5 xymnamapra myBopuk |13 akcnmomanu
Kyinaarnda ndomanan MyMKUH:

| tyrpu umsuknarn uxtuépuit O €l HykTaman 6omnrad Oepriran d y3yHIHKKa
ara OyJraH MKKUTa KECMaHU KyWHIIl MyMKUH.

11, (ITam akcmomacw). Tekucaukna yara M,N,O Hykra Ba Oy HyKTajapaaH
OupopTacuHM XaM y3 wuura onMarad | TyFpu umsuk Oepwiran OyicuH. Arap |
Tyrpu umsnk (MN) wunTepBanHu kecuG yrca, y xomma y (MO) Ba (NO)

WHTEpBaUIapAad GakaT OMTTaCUHU KecuO yTau.



2.1 skymaa. Arap I3 akcuoma maptinapu ypuniau 6yica, y Xonaa (Ml,O,M 2)
oynasu.

Hcoor. 111, akcuomara myBopuxk M,, O, M, HykranapiaH (akat Ourracu
KOJITaH UKKUTacu opacuaa €rtaau. @apa3 Kuiauimk, (O,Ml,M 2) oyncuH. Y xoia,

p(O.M,)+p(M,,M,)=p(0O,M,)
oynaau. AMMmo, p(O,Ml) = p(O,MZ).

Jlemak, p(Ml,Mz) =0, spHu M, =M, . 3unguat. Xyaau nryHaai, (O,MZ,Ml)
XOJIM YPUHIIU 3MACITUTH UCOOTIaHA N,

2.2 wymaa. Arap O € MN 6¥ynca, y xonga MO c MN 6ynaau.

Hcoor. XKymnanu ucbornam yuyH uxtuépuit Pe MN nykta MN xecmara
TETUIUIA DKAHJIUTHHN KYpCaTUI eTapiu. ByHMHT ydyH y40ypdak TEHTCHU3JIMTHUTA
MyBO(DUK, p(M ,P)+p(P,N ) < p(M ,N) (1) TEHICH3IMKHI TEKLIMPHII STapINIup,
ayakn  p(M,P)+p(P,N)=p(M,N) (*) ypunmu Gymamu. (1) Ba (¥)
tenrcusmuknapaan p(M,P)+p(P,N)=p(M,N), sean P e MN 6ymanm.

P=M= PeMN. P=0 Ba Oec MN =P € MN . by xoiia Taciuk Tyrpuaup.

P=M, PO, Pe MO=(MPO) sra 6ynamuz. O MN O¥yiranu yuyH

O=M=MO=NMcMN.

O=N=MO=MNc MN.

O=M Ba O=N 06¥ica, y xonaa Oe MN skannmurugan (MON) sra 6ynamus.

(MON) Ba (MPO) napra myBoduk ymbdynapra sra OyiaMus:
p(M,N)=p(M,0)+p(0,N) =p(M,P) +p(P,0) +p(0,N) = p(M,P) +p(P,N),
spHu P(M,N) > p(M,P)+p(P,N) (1) TeHrcusnmuk ncOOT KAITUH/IH.

2.3 Kymaa. Arap M,N,O "ykranap OuTTa TYFpu uyu3UKIa €Tca, y XoJila
MOCMNUNO 6¥ynaau.

HUcoor. bynnga M,N,O nykramapHu xypr-xKyptd OwnaH xap Xuil 1eo

xucoOmaiMus. AKC Xonjna TacAUKHUHT Tyrpuwiurd aéH. Yynku, M=N 0¥ica,



MO=NOcCMNUNO. M=N 6¥yaca, y xonga MO=MN={M}cMNcMNUNO, N=0
o6ynca, MO=MNcMNUNO.

N nykragan ¢apkaun Pe(MO) nykranu onamus. M,N,O HykTanap €rran Tyrpu
gu3ukHn (akar Outra P HykTama kecyBuw | TYFpm umsmk Mapxyna. Yama [lam
akcuomacura myBoduk, P nykra (MN) éxu (NO) unTepBauiapaad Oupura TEruiin
oynaau. lemak, Pe(MN)U(NO) éxku Pe MNUNO 6¥ynanu .

P=M=PeMNUNO o6oynagu. P=0O=PeMNUNO 0ynagu. bynapnan
MOCMNUNO 06ynuim Keaud YuKaau.

2.2 Ba 2.3 )xymitaniapjiaH yiOy HaTHKa Keauo YMKaIu.

24 warmka. Arap N eMO 6yaca, y xomma MNUNO =MOGynann.
Xakukatan xam, N eMO 6yaca, 2.2 xymiara myBohuxk MN e MO. Xynau
myHgaid, Ne MO =0MG6ynca, 2.2 xyminara myBopuk ONeOM=MO 6ynuo,
MNcMO sga ONc MO =MNUON c MO

2.3 oxymmara wmyBopuk NeMO=>MOc MNUNO. bynapman oca
N e MO = MO = MNJNO kenu6 uukamu.

2.5 xymaa. Arap N € MO 6G¥inca, y xonna N aykra MN Ba NO kecmanapHUHT
AroHa YMyMUH HyKTacu OyJaju.

Hcoor. Bynna N mykragan ¢apxkiau Pe MN(INO nykra masxyn ned ¢apas
kunamus. Yaaa P e MN Ba P#N 6ymranunan p(M,P)+ p(P, N)= p(M, N) 6yuo,
p(P,N)>0 Gynrann cabaGmn

p(M,N)—p(M,P)=p(P,N)>0, p(M,P)<p(M,N)
6ymagn. PeNO Ba P#N Oymrammgan aca  p(N,P)+p(P,0)=p(N,O)sa
p(N,P)>0 6ymu6, p(N,0)—p(P,0)=p(N,P)>0 Ba p(P,0)<p(N,O) 6ynann.

NeMO=MNcMO. NeOM =ONcOM = NOc MO . bynapnan 5ca
Pe MN(TNOcNOc MO o6ynamu.

PeMO = p(M,0)=p(M,P)+p(P,0)<p(M,N)+p(N,0)=p(M,0).

3unmuaT xocua Kuiauk. @apas HOTYFpU. 2.5 Kymiia UCOOTIaHaIN.
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2.6 :xxymaa. Arap (MNO) Ba (NPO) 6y1ca, y xonma (MNP) 6ynanm.
Hcoot. Hlaptra xypa Kyitnaarunapra sra 6ynamus:

p(M,N)+p(N,0)=p(M,0), (2), p(N,P)+p(P,0)=p(N,0) (3) 6ynanmu.

byngan Tamkapu 2.2 oxymiara MmyBoduk, xampga NeMO ra xypa
NeOM = ON c OM = NO c MO.

Hemak, Pe NOc MO, spHu p(M, P)+p(P,O) = p(M,O) (4). (2) Ba (3)
TEHTJIMKIIAp/IaH YIIOYHU TOMaMU3:

p(M,N)+p(N,P)+p(P,0)=p(M,N)+p(N,0)=p(M,0) (5).
(4) Ba (5) TEeHIUIMKIAPHU TaKKOCIa0 Kypamus3:

p(M,P)+p(P,0):p(M, N)+p(N,P)+p(P,O), ¢ku p(M,N)+p(N,P):p(M,P).

(MNO)=M#£NZO sa (NPO)=N#p0, P(MP)=p(MN)+p(N.P) o \agp
myHocaOatnapaad (MNP) 6ynumm kenud ynukaiu.

2.6 xymiia ucOOTIaHIN.

2.7 xkymaa. Arap (MNO) Ba (NOP) 6yica, y xonga (MNP) 6ynanu.

2.8-kymna. Vxrtuépnit Homanguit d <p(O,M) con ydyH, myHmaii Gurra
saroHa N € OM HyKTa MaBXyAKU 6sz[ap(O, N ) =d Oynanu.

HcooT. ABBaN HYKTAHWHT ATOHAIMTUHU Tekmupamu3. N HykTagad dapkiu O
Hyktagad d wmacodaman TypyBun P e OM nykra Mapxyn OyiacuH 1e0 ¢apas
KWJIaMu3. YHIa

p(O,N)+p(N,M)=p(O,M), p(O,P)+p(P,M)=p(O,M)

p(P.M)=p(O,M)-p(O0,P)=p(O,M)—d =p(O,M)—p(O,N)=p(N,M).

Ammo, 2.4-xymiara MmyBodhuk N € OM 6ynranu tydaiinu PeOM =ON UNM

Ba P mykra ON  &u  NM  KeCMaiapHMHr OMpHIa &Taju, sbHH
p(O,P)+p(P,N)=p(O,N) &u  p(N,P)+p(P,M)=p(N,M)  6ynamu.
PN = p(P,N)>0 a p(O,P)—p(0,P)=p(P,N)>0 sa p(O,P)<p(O,N) &xn
p(N,M)=p(P,M)=p(N,P)>0 8a p(P,M)>p(N,M) s p(P,M)<p(N,M)
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Exku p(O, P) < p(O, N) TEHICU3JIMKJIapra ara oyjJaMu3, aMMo p( P,M ): p(N,M) Ba
p(O, P) =p(O,N) =d . 3ugausar xocwn 6ymau. Ly Onnan sroHATUTH HCOOTIAH/IH.

Mapxynmuru. bynna M #0O ne6 ¢apa3 xkunamus. YHzaa |ll; axcuomara
myBopuk O Ba M Hykramapman yTyBuu | TYrpm umsukga M HyKTamaH Gapkiu
myHnaii M, HyKTa MaBxXyJIKku OyH/a, p( M ,0) =p(O,M).

Aspan Oynpa, arap N el Ba p(N,O)Sp(O,M) oynca, y xomma N € MM
Oymumman  ucOoTnaimu3. Papa3z KWIaliauk, yHHald OynmacuH. YHza I,
akcroMara MyBouk, €ku (NM,M ) éxu (M, MN ).

bupunun xomHu kKapaiimus. 2.1-xymmara myBoduxk (M,OM ) sra Oymamwus.
[yxunr yuyH 2.6-xymnara acocan (NM,M ) Ba (M,0M ) napnan (NM,0) 6ynumm
xenu6 unkann. By epnan p(N,0)—p(M,0)=p(N,M,)>0. Yynxu papasra kjpa,
NgMM, Ba N #=M,. p(N,0)>p(M,,0)=p(0O,M). 3unaust Xocui KUIIUK.

(M,MN) xo0J1 XaM XyJI1 IIyHAal Xaia otiiaad. Jlemak 2.8- sxymia ncOOTIIaH M.

SApum TYFpH YM3HK

| 1yrpu umsukna wxteépuii O Hykramum omamms. |\{O} Tymamna
OKBHUBAJIECHTIIMK MyHOcabaTuHM KupuTamu3. Arap OgMN 6ynca M,N el\ {0}
Hyktanapuu O HyKrajgan Oup ToMoHIa éraau  ne6 adtamus. 1\{O} Tyruiamaa
myHgail TappudiaHran OuHap MyHOca0aT SKBUBAJIECHTIMK MyHocadaTuaup.
Xakukaran xam VM €l\{O} nykra yayn O¢ MM ={M}, seau M Ba M nykranap O
HyKTajaH Oup TomoHma Eramu. Arap M,N el \{O} Hyktagap O HykramaH Oup
ToMOHAa €Tca, y Xoinaa O¢ MN OVmaau. Bynman sca O¢NM, s,uu N Ba M
HykTanap xam O HykTazgaH Oup ToMoHAa €ramu. by myHocaGaTHUHT pediekcus,
CUMMETPHK OYJIUIINHYU aHTJIATaJIH.

Arap M,N,Pel\{O} mHykranap yuyn O¢MN Ba OgNP Gyica, yHua
Og¢ MNUNP 6¥ynamu. Bynna 2.3-xymiara acocan O ¢ MP kenu0 unkaan. Jlemax,

M, N nykranap Ba N, P Hykraiap O HyKkraman Oup ToMmoHna €rca, y xohaga M, P
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HykTanap xam O HykTagaH Oup Tomonma €ramu. Jlemak, Oy mMyHOcabaT TpaH3WUTHB
MyHOca0aTIup.

2.9-skymua. “Hykranap O Hykragan Oup TomoHna éraau” myHocabaru |\{O}
TYTUIAMHM UKKUTA SKBUBAJICHTINK CUH(UTa aXKpaTajiu.

Hcoot. bupopra d— mycbar con Oyicun. lll,-akcuomMara MyBOQHK, MaBXy/]I
myHnait M;,M, el nykranapuu onamusku, Oynga p(M,,0)=d =p(O,M,) 6ynamu.
Yuna 2.1-xymmara acocan (M,OM,) Oyaramnurugan OeM,M, Oymamu. [lemak
M,,M, HykTanap O HyKTazaH Oup TomoHAa €TMaiau. bomkaua kunnb aitranga Oy
HyKTajap OSKBUBAJIEHT HyKTajmap sMac, spHHU M, Ba M, HyKramap xap Xuil
SKBUBAJIECHTIUK cuHIapuaa éramd. JHau OyHia xap Kaunaid N e\ {0} nykra éku M,
HyKTara €xku M, HyKTara »SKBUBAJICHT JKaHJIWIMHU Kypcatamu3. N Hykra M,
HyKTara xaM M, HyKTara xaM 3KBHUBAaJIMHT oMmac, SbHU OeM,N, Oe NM26}”/JICHH.
AmmMmo, [lam akcuomacupan, arap M;, M,, N xap xwi HyKramap OuTTa TY¥pH
yu3uKaa €rca, y xonaa xed kKanpail O mykra yura (M;M,), (M;N) Ba (NM,)
WHTepBaJIapra OUp BaKTJa TETUIIUIH SMACIUTH KeTUO YMKaau. 3UAAUIT.

Jemak, xap kanmaii N el\{O} HyKTa € M, HyKrara €ku M, HyKrara
HKBUBAJICHT. 2.9-5Kymiia nCOOTIIaH N,

by skBuBasieHT cunudapuau | TyFpu uymsukau O HyKTa OYJraHmard spum
TVFpu umsukiap Ae6 €éku Oomm O HyKTaga OYiaran sApuM TYFpU 4YU3UKIAp €0
ataitmuz. bomm O wykTaga 6ynraH M HyKTa OpKajiu YTYyBUM SIPUM TYFPU UHU3UKHU

(OM —) Ounan Oenrwnaiimu3. SApuM TyFpu um3ukra O OolTaHFUY HYKTACUHU
Kymm6 OM — HypHH XOCWI Kuiaamus. Alipum amabuérnapna OM — HypHU [OM)

OpKau OeNruiiaHaIu.

2.10-sxymaa. Bouutanruu Hykranap O, Ba O, Oynran | TYfpu YM3UKHUHT

UXTUEPUN UKKH HYpH
1) € xecummaiiu;
2) € 0,0, xecma Oyiinua Keculaay;

3) éku ymapaan OMpu UKKUHYUCUIA ETAJIN.
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Hcoor. Papa3 Kwiaiuk, Hypiaap KECHUICMH Ba M — yIIapHUHT yMyMHiA
HyKTacu OyncudH. YMmymui xon, O, O,, M HyKramap xypT-Kydt O0yn1ud xap xuiu
Oynran xosiHM Kapaimuni. Papa3 Kwiainuk, asBai Oynna M mykra O,0, xecmana
érmacuH Ba Macasiad (MO,0,) 6yncuH. YHaa OM — HypHUHT uxtuépuit N HyKTacu
yuyH 2.2-)xymiara MyBoQuK, arap N € MO, 6¥ica, y xonga N e MO, 6ynaau. UyHku
(MO,0,) = O, e MO, = MO, c MO, . Arapna N ¢ MO, 6yca, y xonna N eOM —
oynrannurugad O, ¢ NM, ssbHM O, HyKTa N Ba M HyKTasiap opacuja €TMaraHuaaH,
(NMO,) 6ymub, 6ynna (MO,0,) Ba 2.7-xymnara acocan, (NMO,) O6ynamu Ba
nemak, O, ¢ NM, spHu N eO,M —. Xyanu mynpaii, (O,0,M) 6¥ica, y Xoniga
NeO,M —> nman NeOM — 6}”/J1HH1H KenuO 4YMKaau. XaKHKaTaH Xam, o.M —
HypHUHT uXTUépuit N HyKTacu y4yH 2.2-xymiara MyBopuk, arap N € MO, 6yica, y
xomga NeMO, O6ymamu. Yysuku, (O0,M)= 0,<cOM =MO,= MO, c MO,.
Arapna N ¢MO, Oynca, y xonga N eO,M — Oynaranugan O, Hykra N Ba M
HyKTajap opacuga €Ermaranunad, (NMO,) O6ymub, Oynma (O,0,M) Ounan
oupranmukna 2.7-xymiara acocan (NMO,) Ba (MO,0,) napnan (NMOl) HU Oepaau
Ba ieMak, O, ¢ NM , sbHu N e O M —. Jlemak, M ¢ 0,0, O¥yica, y xonga O,M — Hyp
OyTyHiaii O,M — Hyppaa €raau €ku akcuH4a, O,M — Hyp OyTyHmail O,M — Hypaa
éTau.

Oumu (O, MO,) Ba N HykTa 0,0, KECMaHUHT UXTUEPUN HyKTacu OYICHH. YHIA
2.4 Ba 2.3-xymmanapra myBopuk (MN) mntepBan (O,0,) MHTEpBATHHHI KHCMH
Oynaau Ba IIyHMHT yuyH O, HyKTaHU Xam, O, HYKTaHU XaMm ¥3 WYHUTa OJIMaiau.
XaKukaTaH Xam, 2.4-HaTuxara acocan
M e0O0,=0M c00,, NeO0,=0,N c0O0,. bynnan aca OM UO,N cO_0,
¢km MO,UON cO,0, Oymamu. 2.3-xymiuara acocan MN cO0,3ra O¥ymamus.
bynnan aca (MN) = (0,0,), spau O, ¢ (NM) Ba O, ¢ (N,M).

JHemak N Hykra O, Ba O, HyKTaJapHUHT IIYHAAail TOMOHUAA ETaIUKK, OyHAA 1Ty

TOMOHJIa M HyKTa Xam €raau.
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00,cOM — Ba 00,cOM —. Jlemak, 00, =(OM —)N(O,M —).
Wxkunun tomonnas, arap N ¢ O,0, Ba macanan (NO,O,) 6ynca, y xonga (O,MO,)
naH Ba 2.6-xymnaaan (NOM) Oynumum kenud uukamu, sbhu N ¢ OM —. 2.10-

AKyMmJiia UICOOTJIaHU.

YHIaH TYyFpy YM3UKAA APUM TYFPU YU3HKIAP XaM XYW LIYHJIAW KOWJIAIINIIN
kenub ynukaau, ¢pakaT 2) XoJjaa yjiap HHTepBasl Oyinda KeCHIIIaIn.

2.11-xymuma. | tyrpu umsuk Ba O €l nHykra Ba d >0 coH Oepwiran OYIcCHH.
Vuana | tyrpu umsuk O Hykra OwiaH OYMUHraHAAardm Xap KaHAal sIpuM TYFpu
yn3ukaa O Hykragad d macodana TypyBuM OUTTa HYKTa MaBxKy/Il.

HcooT. 1ll, akcromara myBoduk | Tyrpu umsukma O Hykraman d macodana
TypyBuM UKkuta M, Ba M, HyKTanap maBxyz. 2.1-xymiara myBodux O Hykra M,
Ba M, Hykranap opacuna €ragu, spHu M, Ba M, HykTamap Oonutanrud Hykracu O

OyJraH Xap Xuj sipuM TYFpU YU3UKIapaa ETaau.
3§. APUM TEKUCJ/IUK BA SIPUM PA30

7 TEeKHCIMK Ba yHma &ryBun | TYFpu um3uk OepuiraH OYIicHH.
[InannmeTpus akcuomManapugal Owpu, w\l TYIIIaMHUHT OYIIMaCIUTUHU
tacaukiaiian. Arap MN (| =& 6ynca, M, Nen\l nykragapau | TYrpu uusukman
oup Tomonaa éraau ned aitamus (MS, N kabu €3amus).

3.1 :xxymma. ©\l Tyruiamaa S, SKBUBAJICHTIMK MYHOCA0ATUIUD.

Ucoor. VM € 7\l nykra yayu MM ={|\/|}, MM NIl =3, spuu MS,M . Arap
IVIS| N 6ynca, y xomma MN Nl =2 Oynmumm kenuO uyukanu. byHnan

NM NI = o0ynuo, I\|S'||\/| Ooynanu. Jlemak, S, MyHocabaT pediekcuB Ba

CUMMETPHUK MyHOCa0aTIup.

OHIM TPAaH3UTUBIIMK aKCMOMAaCHHU TEKIIUPAMU3. I\/|S| N ga I\|S|O OyncuH.

Arap M, N, O nykranap 6utTa Tyfpu Yn3ukia érca, y xonaa 2.3 sxymiara MyBopuK
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MOcMNUNO 6ymamu Ba gemak, MN(I=C Ba NONI=C 6ymmmaan
(MNONDN(NOND =g, (MNOANO)NI= éu MONI=C 6ymmm xkeaubd

YUKW, STHbHU MS|O oynaau.

Oumn M, N, O HykTamap OuTTa TYFpu YM3UKIa éTMarad OVJICHH, mapTra Kypa
MN NI =@ sa NONI=Q. dapas kunaitmk, 6yaga MOl = 6yncus. Ammo
yaaa | 1yrpu um3uk MNO yuOypyak ywiapujgaH YTMaraH TYFpU YHM3UK
yuOypuakHUHT ToMoHJiopunan 6upu MO Hu kecu6, [lam akcmomacura MyBOQUK,

YHUHT SbHU OUTTAa TOMOHMHM Kecuind kepak, seaun MOl = éku NONI = .

Bupausar. [emak, ¢papas Hotyrpu, sean MOl = 6Yuo, I\/|S|O oynaau.
3.1-xymma ucOOTIaHN.
3.2-ymJja. S, MyHOCAa0aTHUHT MUKKHUTA SKBUBAJIEHTIINK CHH(PHU MaBKY/I.

Hcoot. Uxtuépuit M e\l Ba O <l Hykranmapuu omamus. M Ba O HyKTamap
OpKaJlu M TYFpU YU3UKHM YTKa3amMu3. M TYFpu umsukga 2.9-xymiara MyBOQUK
OM — nypra ternnumm O0ynmarad N Hykra MaBxyn. [y Ounan 6upra O nHykra MN
KECMaHUHT WYKU HyKTacu 0ynu6, M Ba N HyKTajap 5ca 3KBUBaJIEHT SMacCaup.

Oumu uxtuépuit Pemn\l  wykranuar €ku M Hykrara, €ku N Hykrara
SDKBUBAJICHT JKAaHJIMIMHM Kypcaramu3. @Papa3 kwimannuk, P Ba M Hykramap

skBuBaieHT Oyamacun, spHu | [V1MP # . AmMo, M e 7\l Ba P e\l Oynranuman
I ﬂ(MP) # Oymamu. VYuma | tyrpu  umsuk O eMN()|  Oynranuman
M en\l, Nen\l bskanmmurugman (MN) Ba (MP) wunrepBautapaun kecub Ilamr
akcuomacura wmyBopuk (NP) wHTepBanum kecmaiimu, seHu | N(NP)=O.
Nen\l, Pen\l Oymranuman NP NI=C, sapam PSN Oymamu. 3.2-)xymia
UCOOTIAHIN.

S, -MyHOCA0ATHHUHT SKBUBAJICHT CUH(QIAPUHHU 7 TEKUCIUKHU | TYFpPH YU3UK
6unaH GYNMMHTaHIATU APUM TEKUCTUKIApHH T , T ku T, , TC|+ CUMBOJIIAp OWIIaH

oenrunaiiMus. Spum TYFpU YK3HK Ba SIpUM TEKUJIUKHUHT Tabpudiaapuaan OeBocuTa

KyHugaruiap Keiamod YuKaiu.
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3.3-;kymaa. | C m TYFpu YM3KMK 7 TEKHCIUKHUA 7° Ba 7~ SPUM TEKHCIUKJIapra
axpaTcuH. byHnan Tamkapu z Tekuciaukna | TYrpu du3ukHE O HyKTaja KeCyBUH
Oolka m TYFpW 4M3UK OepuiiraH OYJICHH. MmNz~ Ba mAz' TYIamiap m TYFpH
YM3UKHU O HyKTaja OyiraHjaard spuMm TYFpU Yu3HKiIap Oynaau (KUcKauda: TYFpu
YU3UK SIPUM TEKUCIHUKIAp OWJIaH TYFpHW YU3UK OYiirua KEeCHUILau).

Hcoor. Xakukatan xaM, | Cc 7 Ba 7~ # Ba #* #J DKaHIMTHIAH M ez Ba
Ner® OyauO, M BaN HyKTalapJaH YTyBUYM M TYFpU 4u3UK | TYFpu 4u3ukHu O
HyKTaja  KECCHH. Pemn < Pem Ba Perx"=Pem Ba
MPNI==MP¢O=

:>Pe(OM—>), ABpHA M( 7T c(OM—)).

DHju akcuHya, P e (OM —), sbHu, MP ¢ O 6yicun, yanga MPNI=J=Pen .
Pem 6ynranunan Pemnz, sbHE, mez” > (OM —). lemak, men” =(OM —).

Xymmu myHgai, Qem(ln' < Qem Ba Qez'=Qem Ba OgNQ=
=Qe(ON —), sprm m 1" = (ON —).

Oupn  akcunua, Qe(ON —), sapan, OgQN  Oyicun, yHZIA
NQMI=d=Qen". Ammo Qem  OYmrammman Qem(\n’,  sbHH,
mAn" >(ON —). lemak mnz"c(ON—) Ba mnz" >(ON —) SKaHIHTHIaH

mnz* =(ON —). 3.3-)kymia UCOOTIaHIH.

E ¢da3zona 7 texkucnuk Oepunran OYicuH. CTepeoMmeTpus akcHoMallapuiaH

oupu E\z TymnamMHUHr OYyir smaciuruad Tacaukiaaimn. Arap M, NeE\xn
HyKTamap ydyH MNnz=C 06ymca, M, N eE\n Hykranapau r TEKUCIHKIAaH
Ooup TomoHna €éraau ne6 araiimu3 (MS N kabu é3zamus).

3.4-xymaa. S_ MyHocabar E\z  TYIUIaMHUHT  SKBUBAJICHTJIMK

MyHOCa0aTUIup.

HUcbdotr. VM € E\7z HykTa yuyH MM = {I\/I } oyaranuman MM (=, sseHn

MS_M ©Oynamu. Arap MS_N O¥yica, y xonga MNNnz=3=NMnz=3= NS M.
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Ouan (akaT TPaH3UTHUBIMK aKCHOMAJapUHMU TeKmmpamus: MS_N Ba NS O
oynacun. M, N, O Hykrajmapgan YTyBUM sz, TCEKUCIMK MAaBXyld. 7 Ba 7,
TEeKUCIUKIAp TMapajuies, SpbHU nNT, =& Oynaca, y xonna MO cz, Oyaranu
Tydaitnu 7 "MO = . [lemak, MS_O Oynamu.

OHAM 7 Ba x, TEKUCIUKIAP 7z, TEKUCIUKHU 7z; Ba =z, SPUMTEKHUCIUKIapra
axxparyBud | TYFpu um3uk Oyiinya kecumran OyiacuH. M Ba N HykTamap Oy spum
TEKUCJIMKIAPHUHT Oupuaa &éraau, YyHKH akc Xomma MN kecma | TYFpu um3mk
Ounan kecummb 003 yctura m>O| Tekucnuk OWiaH xXaM KeCHIIraH Oyiap Su.
Xynau myHnah N Ba O HyKTaylap XaM OWTTa SpUM TEKUCIHKAA ETaau. YHAa
M,N,O ydTra HyKTaJapHUHI XaMMacu N HyKTa €TraH sipuM TEKUCIMKAA €Taau Ba
nemak, MOl =< 6y1u0,

MO N7z =(MO c 7z, 3kannnan)=(MO N, )Nt =MO N (1, "7t) =MO NI =
oynamn, s MON7z = 0ymmb, MS O Oymamm. 3.4-)Kymia UCOOTIAHIHM.

3.5-:kymya. S, MyHOCAaOaTHUHT WKKHTA DKBUBAJECHTIMK CHH(OU MaBXYy..

HUcoor. Uxtnépuii M eE\z Ba Oesx HyKTamapau omnamus. M Ba O
HyKTajdap OpKaIM M TYFPU YM3UKHM VYTKa3aMu3. M TYFpu uu3uKiga, 2.9-
xymnara MyBopuk, OM — Hypra terunum Oymmaran N Hykra maBxyn. Hly
Ownan Oupra O Hykra MN KeCMaHWUHT HMYKM HyKTacu Oynu6, M Ba N
HyKTajJlap 3ca DOKBUBAJICHT J3Macaup. OHAM UXTUEpUN yuuHud PeE\rx
HYKTaHMHT €KM M  HykTara, ¢Eku N  HyKTara OJKBUBAJICHT OSKAHJIUTHHU
kypcaramu3. ®apa3 Kwraiimk, P Ba M HyKTaJap SKBHUBAJICHT OYJIMacHH.
Sban, MPrz#@. AmMMo MeE\z Ba PeE\zr Gymranuman (MP)nrz =
6ynamu. Yuna 7 tekuciauk (MN) Ba (NP) unTepBasuiapHu kecuO, (NP) MHTEpBaIHK
kecMaiinn, seHu 7N (NP)=@. UyHku, yuOypYaKHUHT ywilapuaaH yTMara
TEKUCJIUK ydOypuak TOMOHJApHIaH OWpWHU KecuO YyTca, y XO0jjua KOJITaH HKKA
ToMOHJaH (akaT OuttacuHu kecaau. AmMMo, NeE\xr Ba PeE\xr Oyaranumgax

MPNr=C O6ymamu, spHM PS_N . 3.5-Kymiia ucOOTIaHIH.
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S, MyHOCAa0aTHMHT SKBUBAJIEHT CHHGIapuHu E Ga3oHU 7 TEKUCITUK

Owran OynuHranmaru spuM ¢aszonap €K 7 TEKUCIWK OWIaH dYerapajlaHraH
apuM  (azomap ne6 artaiimuz. Spum  azo, SApUM TEKUCIHK, SPUM TYFpU
SV3UKHUHT TabpuuIaH KyHUJard WKKUTa TAacIUK OCBOCHTA KEIHO YWKaIH.

3.6-5kymaa. 7, Ba 7, — | Tyrpum umsmk OyliM4a KECHIITYBYM TEKHUCIHKIAP,

E-, EY — x, TeKucIMK OwWiaH uyerapamanraH spum ¢aszonap OYyicuH. YHOa

E"Nn, Ba E'(In, tymmammap | Tyrpu um3uk OWJIaH uyerapajaHraH spUM

TEKUCIHUKIAPIUP.

3.7-ymJa. 7 TeKUcIuk E Qazonu E-, E* sgpum ¢da3onapra axparcuH Ba
| 1yrpu umsuk r Tekucauk Owman O HyKTaga kecumicuH. YHma E (1] Ba
E*"NI tymnamnap | Tyrpu umsuk O HykTa OwiaH OYJUHraHIard spuM TYFpH

YU3UKJIApIUP.

4§. BEKTOP TABPUD®U

M HykTa Oomm, N HyKTa OXHpH €0 3bJOH KuauHrad MN iyHanraH KeCMaHH
-
6o M HykTaza Ba oxupd N Hykraga 6yiran MN Bekrop ne6 aramamu. (M,N)
_)
TapTUOIaHraH HyKranap >kybriauruaun xam MN BekTtop ne0 aram MyMKHH.

N
MN kecMaHuHr |MN| y3yHiaurueyW, myHuETAeK MN  BekTOpHHHT

-

MN

Y3YHJIUTH 7Ae0 arajaagu. Y3yHJIMIH HOJTra TEHT OYiraH BEKTOp HOJ BEKTOp Jeb
aTayaju.

Arap M,N,—> Ba M,N, » Hypnap Oup xun WyHamran Oyica, y Xoiaa

- -

M,;N, > Ba M,N, > HosmMac BekTopnap Oup XuJ HyHanraH BeKTopyap A€o
atanagd. M;N, -» Ba M,N, — HypJapHUHr Oup Xun WyHanran OymumuM 3ca V3
HaBOaTHAa KyWuJarwiapHu adriataau. bynpa €:

1) M,;N, Ba M,N, Kecmamap OuTTa TYFpH uu3mkna €raam Ba M,N, — Ba

M,N, — Hypaap Hyp Oyitmua kecumamu (1l-pacm).

19



I

M, N, M, N.
1-pacm.
2) M,N, Ba M,N, kecmamap |, Ba |, mapammen Tyrpu umsuKiIapaa €raaud Ba

M,N, > Ba M,N, » Hypmap sca | Ba |, mapamnen Tyfpu uM3MKIAp OpKaIU

YTyBUM TEKUCITUKAZ M,M, TYFpU YH3HKHHUHT Oup ToMoHHIa Eramu (2-pacm).

2-pacmMm.

4.1-3cnarma. 3.3-xymnagan M,N, - Ba M,N, »> Hypaap MM, Ty¥pu
YU3UKHUHT Oup ToMoHujaa €Etaam, ¢akaT Ba (¢akaT Ba Xo0J4a, KauyOHKH
N;eM,N, - Ba N;eM,N, > xaumaiiqup nyktamap xyprauru yayn N;N;

kecMa M M, TYFpu 4M3WK OWJIaH KecuIlIMaca, JeraH TacOuK KelnO YuKaau.

Arap MKKM 1IapT:

a) ‘MlNl :‘MzNz ;
Ba (‘MlN1 #0 Oynran xomnna)

- -
6) M,N, Ba M,N, Oup xun ifynanrasn;

- -
Oaxapunca, y xoiama M N, Ba M,N, Bekropmap TteHr ne6 aTamaau Ba

- -
M;N, =M,N, kabu é3nnanu.
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4.2-xymaa. Uxtuépuit MN BekTop yuyH Ba HMXTHEpUH M, HyKTa Y4yH

myHjgai siroHa N, HyKTa MaBxXyAku, OyH7Ia M%N = M?N1 oynau.

Hcoor. M, mHykta MN TYFpu uu3uKaa ETMaraH XOJHH KYpuO UMKAMITHUK.
YHma N, HykTta M, HyKra OpKaaud yTyB4M Ba MN TyfpH YM3MKKA Hapajuies
oymran | Tyrpu umsmkna €rumm kepak. Lllymmait | TyFpum 4m3mk MaBXKya Ba
EBxknuanuHr V mocrtynatura Kypa sroHajgup.

M, N, M, Hykranap opkamu YTyBYM 7 TEKUCIMKHU KapaumMui. MM, Tyrpu

YN3UK 7 TEKHCJIUMKHHU HWKKHTAa 7~ Ba 7« ApUM  TCKHUCJIMKJIapra axparajiu.

®dapa3 kwraiimk, N HyKTa z° SpuUM TEeKUCIHMKAAa ETCHH. YHAa N, HyKTa Xam

+

7'  SApUM TEKHCAWKAa erumu kepak. Jlemak, N, Hykra |(\n" tymiamra
TETUIUIA OYIUIIN Kepak, sbHU 3.3-Kymiiara MyBOQUK, OOILIaHFUY HyKTacu M,

Oynran spuM TYFpU YH3UKKa Terunuuaup. Ammo, 2.11-xymnara myBoduk, Oy

—

apuM  TYFpu umsukaa M, Hykraman d =|MN| macodana xoiumamran Qakar

outra AaroHa N, HYKTa MaBXy/I.
OHau M, Hykta MN TYfpu um3ukiaa €rran OyicuH. bomm M, HyKTaga
oynaran MN — Hyp OwiaH Hyp Oyilmya KeCUIIyBYM HYPHHM OJIaMH3. AMMO sHa

2.11-xymmara myBodHK, Oy HYPHUHT SpUM TYFpU 4YU3UFUIA M, HyKTaJlaH

-

d =|MN| macodana xoinamran (akar Outra siroHa N, HyKTa MaBXKYyI.

-

Ounu MN Hon Bektop Oynca, y xonga yHUHT y3yHiauru |[MN|=0, spHH

M Hykrta N HykTa OunaH yctMa-ycT Tymaau. Jlemak, Oy xonma N, HyKra
cuparuga M, HYKTAaHUHT Y3UHUA oJiaMu3. 4.2-)Kymyia MCOOTIIaH[IH.

4.3-wymua. bapua Hyprnap Tymnamuga Oup Xuil WYHAITaHIUK MyHocabaTu

HKBUBAJICHTJIUK MyHOCATH OYJIau.

21



Hcoor. Hypmapuunr Oup xuin MyHaNraHIMK MyHOCA0ATHMHU ~ CUMBOJ OWJIaH
oenrmwiaimMus. YHaa (MN —))ﬂ(MN —>): MN — oynaranugan MN — ~ MN —,
STbHU OMp XWJI HyHANTaHIWK MyHOCa0aT pedIeKCuBIup.

M.N, ->~M,N, — O¥yica, €xu:

1) M,N, Ba M,N, kecmanmap Ourtra TyFpu uusukia €raaum Ba M,N, — Ba
M,N, — Hypaap Hyp Oyin4ya KecHIIagu, E€KU

2) M,N, Ba M,N, kecmamnap |, Ba |, mapamren Tyrpu umsukmapga €raau Ba
M,N, > Ba M,N, »> Hypiap 3ca |, Ba |, mapamien Tyfpu dYM3HKIap OpKaIu
YTYBUM TEKHCIUKAA M;M, TYfpu YM3UKHUHI OMp TOMOHHJA ETalu;

EKU:

1) M,N, Ba M,N, kecmamap Outra Tyrpu 4m3mkma &ragum Ba M,N, — Ba
M,N, - Hypiap Hyp Oyiuda Kecullaau, €Ku

2) M,N, Ba M,N, kecmanap |, Ba |, mapamten Tyrpu umsmKmapga €ramu Ba
M,N, —> Ba M;N, - Hypnap sca |, Ba |, mapamien Tyfpu uYM3HKIap OpKaIu
YTyBUM  TEKUCIUKIA M,M, TYfpu YU3MKHUHT OHp TOMOHHMAA €ETaaH, SIbHU
M,N, —>~M,N, — Ba Oup Xui HyHAJIraHINK MyHOCA0aTh CUMMETPUKIUD.

OHnu  Qakar  TPaH3UTUBIIUK AKCMOMAaCWUHH  TEKIIMPUII  KOJIJH.

M,N, >~M,N, -» Ba M,N, »>~M,N; — Oyucun. |

opkai M,N, > Hyp €rran
TYFpU YM3MKHM Oenrmmaitmms, Oy epma i=123. Assan |,l,,l, Tyrpu umsukmap
outra Tekucnukaa €rmaran Oyincun ne6 dapas kwiamu3. M,, M,, M, HyKTanap
OpKallu 7 TEKUCIUKHU YTkazamu3. Y E (¢a3oHu ukkuta E- Ba E* gapum ¢azonapra
axxparagu. HyprnapHuHr Oup Xun HyHanraniuk tabpudura myBoduk, I ,1,,1, tyrpu
Yu3UKIap KyPpT-xkypt OYynuod (MXTUEPHUIM WMKKUATACH) TapaylIesIup.

M;N, >~M,N, - =1 ||l,, M,N, >~M,;N; > =1L,||I, Ba
LI, AL =L,

|, Ba |, Tyrpm um3mKIap OpKadM  YTYBYHM  TCKUCIUKHU 7, OPKAIH

Oenrunnaimus. N,N, xecma M;N,—> Ba M,N, > HypJapHUHI Oup  Xuil
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HyHanrannuru tydaiaun M, Ba M, HyKTanapiad yTyBuu |, = t N1, TYFpU YU3UKHU
kecMaiu. [lemak, N,N, kecMa 7 TEKUCIMK OWJIaH KeCHIIMaiau. XaKUKaTaH Xam,
N,N, Nz =(N;N, "7z, )nz=N,N, n(z, n7)=N,N, "0}, =D

Mynnaii kummO, N;N, kecma spuMm (azomapHUHT Oupujga, Macaian E* na
€éraqu. Xygau myHpaili N,N, kecma, M,N, - Ba M,;N, » HypJapHUHT OUp
Xui1 WyHanranaura Tydainum M, Ba M, HyKTamapaaH YTyBuM l,=mNm,
TYFpU UYWM3UKHU KecMadmu. Jlemak, N,N, KecMa 7  TEKHCIUK Ouilad
KEeCUIIIMalIn. XaKuKaTaH XaM,
N,N; N7t =(N,N, N7, )= N,N, N (7t ") = N,N; N, =

[yngait kummd N,N, xkecMa E~ Ba E* spum (azonapHuHr Oupuaa €raau.
Ammo, NN, cE" oynmranmmauN;, N, € E" G6ymamu. Arap N,N,cE™ 6ynca, y
xomma N,, N,eE™ O6ymamu. [Jlemak, N,cE* Ba N,eE™ o0ymb6, E'NE =¢
oynamu. 3upauar xocun Oymmu. Ulymnait kmm6, N,N,cE" ékm N,, N;eE"
oymamu. N, N,eE"™ Ba N,,N;,eE"™ = N;,N,eE"'= NN, eE" Jlemax,
N,N, cE*.

by epman || Ba |, Tyfpu um3uKmapHu ¥3 wWuMra OJyBYM TEKUCIUKHHU 7,
opkanu Oenrunad, N;N, c E' nz, XOCHI KUJIAMU3.

AvMMOo E'nrz, Ttymmam 3.6-kxymiara MyBoduK M, Ba M, HyKrTajap
opkanu yTyBunm |, TYFpu um3mk OwnaH uyerapajaHral =, SpUM TEKHUCIHK
oynagu. ynnaii xkumu6, N;N, kecma |, TyFpu um3mk OwnaH KecuiMaiinm,
Oyuman 4.1-matmxara kypa M,N, —» Ba M N, —» HypJapHUHT Oup Xui

WYHAITAHIINTUHU XOCUJ KHJIAMU3.

Oumu typmu |, 1,1, TYFpm  umsuknmap Outra 7 TEKUCIMKIA ETCHUH. 7

TEKUCIUKKA TETUILIM OynamaraH M HyKTaHu onamu3. 4.2-kymiara MyBO(DUK,
myHaaii N HyKTa MaBXyaku, OyHaa MN —>~M,N, »>. YHma M,;N, —>, M,N, —,

MN - Ba MN —, M,N, -, M;N, - YWIMK HypJlap IOKOpHJa KapajJraH XOJIHH
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Ka”Hoammantupaau. Jemak, M;N, >~MN —, MN ->~M;N, >, M,N;, »>, MN —,
M,N, — Hypaap xam Oup Tekuciaukna érmaiau. lemak, M,N, ->~M,N, —.

Oumu |, =1, 6yncun. M,N, -, M,N, - HypiapaaH OUpU UKKUHUYMCUHU V3
nuura onanu. Papaz Kuiaiimk, M,N, - > M,N, — OViCHH.

M, Ba M, HyKTaJap 7z TEKHCIHKHU 7;,, Ba 7z, SPUM TEKHUCIHMKIApra
axparyBuu |, TyFpu um3ukka teruuum OysicuH. Xynau WyHaa, M; Ba M,
HyKTajgap = TEKUCIMKHM 7z, Ba s, SPUM TEKHUCIMKJIApra axparyBud |,
yn3ukka Terunuim OyncuH. bynma N, ez, ne6 dapa3 kumamuz. M, M, Kecmaaa
M WYKM HyKTaHu opkamu |, TYFpum um3mkka mnapamuten KwiauO, | Tyrpu
uynsukHn yTkasamus. (M;N, —») Ba (M,N, —) sApHM TYFpH YU3HKIAp 7, SPUM
Tekucnukaa érranugad | Tyrpu umsuk (M,N, —) SpuUM TYFpH YM3UKHH OHMpOpTa
N Hykraga kecaau. | Tyrpu umsuk M,M,M, y4dOypyakHMHT M,M, TOMOHHHHU

KCCI/I6, Ilam axcuomacwura MyBO(l)I/IK, YHUHI' HMKKHHYY TOMOHHHH XdM KCCHIIH

kepak. | Ba |, mapuuHr mnapamremnmurd Tydaimu, Oy ToMoH dakar MM,
Oymumm MyMmkuH. Jlemak, | Tyfpu um3uk M,M, KecMaHu Kecaau. M,M, kecma
|, Ba |, TyFpu umsukmap opacunma €rraHumaH,y xoina | TYFpu 4M3MKHUHT (akat
myHga kucMu Ownan |, Ba |, Tyfpu uymsuknmap opacupard KUCMH, SsbHH  MN
KecMa OwnaH kecumumu MyMKHH. Jlemak, MN kecma |, Tyfpu umsuk Owian
kecumaau. lllynuar yayn M Ba N HyKTanap Oy TYFpu YM3MK OWJIaH YerapajaHTaH
Xap Xull SpUM TeKucnukiapaa éraad. Ammo, N Hykra (M,N, —) spuM TYEpu
yu3MKKa Teruuuim. buz N, e z); ne0, dapa3 kwiran sauk. Jlemak, N ez, Ba
Mez, Yama (M,MM,) man M, ez, Oymumm kenub6 umkamu. LIyHuHr y4yH
(M,M,N,) nan N, ez, Hu Xocun Kuinamus. Jlemak, N Ba N, HyKragap OuTra x,
spuM Tekucaukka teruuuumup Ba L, MNN, = . Jlemak, M,N, >~M;,;N, —.

[yngait kumub, Oup Xuna WyHaITaH HypJapHH KamMauTupuO, sHa Oup X
HyHanraH HypJapHU XOCWI Kwiamu3. By epaan TynaupyBum Hypiapra VyTuoO,

SbHA OUp XU WyHAITraH HypJIapHU OpPTTUpHUO siHa Oup Xui WyHalIraH HypJjapra

24



kenamu3. Jlemaxk, |, =1, xon Ba ynra yxmam |, =1, Xon TyIuK xan KUIMHIU, OyHUHT
TYIUK TadCUIOTH KyHHIarudaaup.

OHau M,;N; >o>M,N, » Oyacun. M;N; >~M,N, -> Ba M,N, >~M,N, —.
Yuga M,N; - M,N; -, M,N; ->~M,N; - Ba M,N; ->~M,N; — .

VYuma rokopumarm  mcborra  kypa, M,N, >~M,N;—>. DByHman sca
M,N, >~M,N,; — Oynumu Kenud YUKaIH.

Arap I, =1, 6ynca, M,N,>>M,N,—» = M,N, >oMN, -
= M;N, >~M,N, > = M,N, >~M,;N; —.

Yama  M,;N, >~M,N, >, M,N, >~M;N, —». IOxopumaru wucborra xypa,

M,;N, >~M,N, -, OyHman sca, M;N, >~M;N, —.

/ " / N a Fo (W)

N £, ()

3-pacm. 4-pacm.

Oumu |, =1, 6yncun. dapa3 kunaitnuk, M;N, - Ba M,;N, —> Hypnap xap Xui
TOMOHJIapra MyHanaran OYJICHH.

N; €l, Hykranu mynmail Tamnaiimmsku, 6ynna M, Hykta N, Owian  N;
HyKTa opacuia ércuH. YHma M,N;— Ba M;N, > Hypirap Oup Xxui
nyHanrangup. by aca M,N, > Ba M,N, »> HypJapHUHI Oup XWI HYHaITaHIUTH
Ownan Owupragvkaa Xajl KWJIMHTaH XoJra MyBO(UK, M3N§—) Ba M,N, >

HYpJapHUHT Oup Xuja HyHanran Oynmummuu Oepanu, Oy aca M,N, - Ba M,;N, >
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HYpJapHUHT Oup xun #yHanran Oynumwra 3unmup. Jlemak, ¢apas HOTYFpH,
apHd M,N, - Ba M,N, — Hypiap Oup Xuia HyHaITaHIUp.

HuxosT, yd4ra HypHHHT XaMMacud OWTTa TYFpuU 4YM3UKIAAa ETraH XOJIHH, Xal
TWITaH HMKKUTAa TYFPU UM3HMKAArd XOJ, IIYHUHTJEK, OUTTa TEKUCIMKAA ETTraH
yuTta OMp XWJ TYFpU YH3UKIN Xoira (a3ora YMKKaH XOJra KEeATHPUIl MYMKHH.
AMMO, sHa XaM coadacu TEKUCIIUKKA YyuKMacaaH 2.10—xymnanan
doitpananumanp.  M,N, >~M,N, —» 0O¥nca, y xonma 2.10-)xymnara MyBopUK
ylapjaaH OMpyu UKKUHYUCHUHH Y3 HUYUTa OJIAIH.

Arap M;N, >cM,N, » ©Oynca, y xomma M,N, >cM;N,—> €ku
M,N, 55M,N, » Oymagu. M,;N, >cM,N, »> Ba M,N, >cM;N; —> naH
M,;N;, -»>c M;N, — Oynumu kenud yukaau, sbHu M N, >~M;N, —.

Arap M,N, >=M,N, - Ba M,N, »>M,N, - 6ynca, M,N; ->M,N; — Ba
M,N; - M,N; - = M,N; - NM,N; >>M,N; - = M,N} >~M_N: > =

M,;N; >~M;N; —.

Arap M;N, >oM,N, » Ba M,N, 5> M,;N; >= M,;N, 55 M,;N,;, -, apHu
M;N; =>~M;N; —.

Arap M;N,>oM,N,—>  Ba M,N, > M;N, 5= M;N, 5> M,N, - Ba
M,;N, > M,N, >= M,N, >(M,;N; 55 M,N, 5= M;N, >~M;N, —.

4.3 xymina TYIMK UCOOTIAaHIU. YHJaH KyWuaaru xxymia OeBoCUTa Kelud
YUKAH.
4.4 xymuaa. bapua BekTOpiap TyIUIaMuaa  BEKTOPJAPHMHI  TEHIJIMK

MyHOca0aT IKBHBAJICHTIMK MyHOcabatu Oynamau.

Tenr BekTopiap CUH(GUHU HPKUH BEKTOpJap EKH OJJUWATHHA BEKTOp 1e0
-
atanaau. bynnan Oy€H “OpkuH” cy3uHU ojarna Tymupud koiagupamu3 Ba MN
-
BeKTOp Jaerannga, MN #yHanran kecmanu €ku MN BekTop OuyaH aHUKJIAHTaH
- -

a spkuH BekTopHH, sSbHU MN BekTopra TeHr Oynaran Oapya BeKTOpJapAaH

- -
TAlIKWJl TONTraH OSKBUBAJEHTIMK cUHPHU TymyHamu3. [llynunr yuyn MN €a
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- -

aHUK TacaAuK OwnaH Oupra HOodopmame MN =a TeHrMMK XaM KYJUTaHUIAIH.

VY3yunuru Hoira TEHT OYiaraH BeKTopJjap, HOJ BeKkTopiap Ae0 araayBud
-

OKBUBAJICHT cUHGHM Xocua Kwiaad Ba 0 kabu Oenrmmanaau. Mxtuépuit M
- - -

HykTa yuyH MM =0 ra sra Oymamu3. “a BEKTOpHM M HyKTajaH KyWunr €KH

_)
“@ BeKTOpHM M HyKrara Kyuumr wubopamapu “4.2 xymiara acocaH MaBxy.l

- -

MN =a BEKTOpHM OJIMII HU aHTJaTajaM.

4.5 scnarma. bus »HpkuH BeKTOpHHMHT (a3ofgard TabpuPuHH OEpAUK.
Mynnaii Tabpu@HU TEKUCAUK €KUM XATTOKM TYFPU YHM3UK Uerapacuia Koiauo
xam Oepum MymkuH. Illy Ownan Owupra, 4.4 xymianan “dasomarm  Oapua
BEKTOpJiap TYIUIaMH HU €KUM ‘‘TEKUCIHMKAArd Oapya BEKTOpJap TyIJamMu ra €Ku
“TYrpu  uM3MKOaru Oapya  BEKTOpiap  TYIUlaMM Ta  aJlMallTUPWUITaHJarud
Moaupukanusicu kenud yukaau. by epjaa xaM TeKUCIMKIArd Oup Xujl HyHalITraH
BEKTOPJAPHUHI TPAH3UTHBJIMIMHU TEKIIMpUIIA (a3zora YMKHUILJIAH capocumara

Tymmaciuk kepak. ®akar 1.3 )xymimanu scnam Kepak.

BekTop mapasien kyuupuimn cugaruga

- -
Nxtu€puii a BEKTOPHH OJlaMu3. M HyKTara M HYKTaJaH KyWwirad a

BEKTOPHUHT OXHPUHU MOC KytoBuM f,:E—>E akc srrtupum, Oy epma N 4.2-
’Kymiiara MyBoQHK siroHa, f,(M)=N HH aHUKIaAMU3.

by akc orrupum KyWupmaru acocuid xoccara odra: uxtuépud M Ba N
Hykranap yuyd MN = f (M) f (N).

N & » 1. (N)

M a f.(M)
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XakukaraH xaM, ¢apa3 kwiaimuk, M ,N Ba f, (M) Hykramap Oup T1y¥pu
yusukaa €rmacudH. Yuaa MNf (N)f,(M) typrOypuakna Mf (M) Ba Nf (N)

KapamMa-  Kapiid TOMOHJap TeHr Ba mapamwienmup. [emak, Oy  TYpTOypuak

napautenorpamMaup. Yuna N Ba f (N) nykramap Mf,(M) Ty¥pu un3ukHuHr 6up

N
ToMoHza érumuHM HbTHOOpra omubd, MN = f (M)f,(N) 3apypumii TeHrIMKHM
XOCHJT KHJIAMU3.

Ouau M, N Ba f (M) HyKramap Oup TYFpu uM3HKAA ETTaH XOJHU Kapaiuk.

By Tyfpu unmsukna érmaran Oupopra P HyKTaHW onamu3. OJIUHTH X0JITra MyBO(PUK
MP = T,(M) T,(P) =|MP|=|M'P'| sa PN = T,(P)T,(N) =[PN|=[P'N.

ZNMP = ZN'M'P' Ba ZMNP=ZM'N'P'. Uynku, UKKH Tapaien TYFpu
YM3UKHU YYMHUM TYFpU YM3HMK OWJIaH KeCHIIraHaa Moc Oypuakiap TeHr. Jlemak,
Z/MPN = Z/M*P!N?, oynman AMPN =AMP'N' kenu6 umkam. bynpan »sca
MN =M'N' 6yagan Tamkapy MN —>~M'N'—. Jlemax, M_)N = MTN1 EKH
MN = T, (M) F,(N).

Ouau, akcuH4va, uxTrépuit M Ba N Hyktamap yuyH MN = f (M) f(N) xoccara

N

sra Oynran f:E—E akciaHtupuml OepwiraH OYJcMH. YHIa WIyHAAall sroHa a

BekTOp Mamkynku, Oynma f = f_. Xakukatan xam, M Ba f(M) HyKTamapHuHT

g [
taptuOgaHrad kydmiuru sroHa a=Mf(M) BexkTopHU aHUKJIANIUAAH IIyHIAH

BCKTOPHHHI' ATOHAJIMTU KeJno quKaau.

g _—
Mapxymmra. O HyKTaHM TaHJIAHMU3 Ba a=0f(0) ned, dapas

kunamus. f = f, TenrmukHMHr < Oaxapwimmm yuyH uxtuépuiit M HyKkTa yuyH

Mf (M )=0f (O) TEHTJIMKHUHT OakapIHIIIHU TEKIIHPHIII Kepax. by

OM = f (O) f (l\/l ) TEHTJIMKKa, IIyHUHTIEK IOKOpHIAa  UCOOTIAHTaH
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Mf,(M)=Nf (N) rteHrmukman KenTHpHO YHMKAPHUITaH MN=f (M f) N

TEHTJIMKKA TAsSHUO XOCWJI KWIMHAJIH. OT\/I =f(0)f(M)=0Of (O)=Mf (M) Ba

a=0f (0O) 6ynmranunan uxtuépuiit M nykra yayp Mf(M)=a, span f:E—>E

IyHAal akc STTUpUnIKY, OyHna uxtuépuit M € E nykra yuyn f(M)=N 63ica
MN =Mf (M) =a. Jlemak, BekTOopHH Oy BEKTOpra mapamien KY4upuil OwiaH

alilHaH Oup Hapca €0 Kapail MyMKHH.

5§. BEKTOPJIAPHA KYIIUIII BA BEKTOPJIAPHH COHTA
KYIIAUTUPHUILI

- -

RN

aBab BCKTOPJIAPHUHI ﬁI/IFPIHI[PICHHH KYﬁHﬂaFan aHHKHaﬁMHB. d BCKTOPHH

- -
KaHaauaup M Hykrara KysMu3. N Oy BEKTOpPHUHI OXUpH OVyicuH, sbHH a=MN .

N

Ketiun b BexktopHrm N HykTara Kysimu3. P Oy BEKTOPHUHI OXHPH OYIJICHH, SHHU

N 5> o

b

- -
=NP.uan a+h uu MP BEKTOPHU Y3UHUHT Bakwid cudartuga y3 uuura

OJITaH APpKUH BekTopra TeHr ned dapa3 kwiamus, sbHE MN-+ NP=MP (5-pacm).

ol

Rl

= -
a+ b

R

\J

ol

o-pacm

By TabpudHUHT TYFpUIUTUHU, SBPHU M HYKTAHUHT TAHJAHUIIUTA HATUKAHUHT

- - —_— - d -
Oornmuk smaciuruHu Tekmupamus. M N,ea Ba NP eb yuyu MP=MPR

-

_

OymummHn  kypcaramus. C = MM, Bekropra moc f:E — E napamiesn Ky4upUIIHUA
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kapaiimms. Y xonma, MN=f(M)f(N). Ammo, f(M)=M, Ba c=MM, =NN;,.

Hemak, f(N)=N,. Xymmu mynnmaii, NP=f(N)f(P) Ba C:NT\II:ﬁ’;. Jlemaxk,

f(P)=P,. llynnait kumuo, I\/TPz f(M)f(P)=M,P,. Mana mryan ucOOT KUJIUII

Tajgad KWIMHTAH DJIU.

_)
& BEKTOPHMHI ¢ XAKWKUM COHra KyIIAaWTMacHHM KyWHMJAarnda aHUKJIanuMu3.

- -

- -
MN =a BekTopHM ojlaMu3 Ba o.@ BeKTOop MP BekTOpHU ¥3 MuMra oixyBUd Xamja

Kyluaara mapTiapHi KaHOATJIAHTUPYBYM 3PKHUH BEKTOpra TeHr Oyiaau:
_)
a) MP Bexktop MN T1yfpu umsukga €ranu;

- -
6) arap o >0 6ynca, MP Bektop MN Bektop Omnan Oup Xun WyHanraH, arap

o <0 6ynca, Oomika ToMOHra HyHairan 6yiaau;
=lof

B) ‘I\/TP MﬁN‘.

N
MP Bektop Oy maptiap opkaiu OWp KUWMATIM aHUKJIAHUIIMHU KYPHIL OCOH.

BeKTOpHUHI COHra KynauTUpHIl aMaJlMHUHT TYFPUWIMTUHU TEKIIUPUIL BEKTOPIAPHU
KYIIUII aMalid Y4YyH KaHJal TeKmupuiaraHn Oynca, XyAau IIyHJIad amanira
OIIUPUIIAIN.

5.1 Teopema. BekTopiiapHu KYIIUII Ba COHra KynauTUpuUIl aMaliiapy KyrWnaaru

XOocCcanapra ora:

N
1) a+b=Db+a (KyumMImHUHT KOMMYTAaTHBIIUTH);

- - B — - -
2) (a+ bj +C= a+(b+ Cj (KYIIMITHUHT aCCOIMATHBIINTH ),

- -> -5 -
3) myHaait O maBxKyaku (HOJ BEKTOp A€ aTanyBuu), OyHaa a+0=a;

-

- -
4) xap KaHJall a BEKTOp YUyH IIyHJall —a BEKTOp MaBXyJAKH, (@ BeKTopra

KapaMa-KapIlu BeKTop 1e0 atanysuu), Oynna a+(—a)=0 6ynamu;

N - - -

5) uxtuépuil «, S COHIap Ba UXTUEPUM @ BEKTOp YUYH (OL + B) a=oa+pa;
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N

- -
6) uxTUépuil «,B COHJAP Ba UXTUEPUN @ BEKTOP YUYH Ot(Ba)=(OLB)a;

_)
N
7) uxTHépUii o COH y4yH Ba WUXTHEpUIi a Ba D BekTopmap ydyH

-> - - -
oc(a+bj=oca+[3b;
N > o
8) uxtuépuii a BexTop yuyH 1-a =a

Hcoor. KymMmHUHT KOMMYTAaTHUBIWTM Ba accouuaruBiura 6- Ba /-

pacMiiapaa HILUIHOCTpalnA KHUJIWHIAH.

b b

— 2 s
a at+b / a
T" (E+3) +E:E+(3+3)
6-pacm. 7-pacwMm.

ACcath| - > > o
1) = = a+b=b+a.

-

AC eb+a
A_)De(g+gj+g

AD < a+ (E+ Zj

2) :[LB)Q:E{BQ)-

1) Ba 2) xoccamap ucOOTIaHIH.

-

- - -
A HykTara a BeKTOpHU Kysmu3, seHu ABea. B Hykrara 60 BexTopHU

KYSIMU3, STbHUA BB <0, yHIa AB+BB=ABeca+0

> o5 o > o> >

oym6,ABea+0, ABea=a+0=a.

Jlemak, 3) xocca Xxam UCOOTIIaH/IH.
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Arap MN ca 6ynca, NM € —a 6ynamu. Yana a+(—a)eMN+ NM = MM € 6.

- - -
JNemak, a+(—a)=0.4) xocca xaMm HCOOTIAHIH.

OHau 5) xoccaHu HUCOOTIANMMU3:

a) o3>0 Ba 0) off <0 ukkura xomrapuu Kapaiimus. @apas Kuramuk, of3 >0

- -

%
OyncuH. bupopra A HyKTallaH o8 BEKTOpPHU KysMu3, ibHU AB eoa. B Hykraman

- - - - -
3ca fa BeKTOpHM Kysimu3, sbHU BC € Ba. bynnan al, al.

o3>0

KB‘ o

‘BC‘:|B|

- -
6ynrann yuyn AB ™ AC. [ynunr yuyn B nykta A Ba C HyKTayJap opacujia

- -
a a

éranu. Jlemak, AC|:|AB|+|BC| EKH1

+[p]

. AMMO « Ba S coniap oup

AﬁC‘ "

XUl umopara sra OymraHupaH |a|+|f|=|a+ B Oymamm. Ilynnait xumuo,

a|+|Bl[a] = (jo| +|B])|a] = |o. + B|a

‘A%C‘ ~ o]

Arap a>0, B>0, seam a+B>0 6ynca, AC ™ a Baarap 0>0, >0,

— - — —
apan o+B<0 6Yaca, AC T a. Bymman sca, AC = (a+B)a. HkxkuHum

— — I

— — — - -
tomonnan AC = AB+ BC =aa+a. lllynnaii kuiuo, (Ot + l3) a=aa+fa.

0) oaf<0 OyncuH. Arap a+pB=0 (apHU «a=-f) Oynaca, y Xxoiiga

-

- -
(OL +B)a =0 a+a TEeHINMKHMHT Yalm TOMOHM HOJ BEKTOpAMp. By Xomma YHr

TOMOHM XaM HOJ BEKTOp OJKAHJIWUTMHU HUCcOOTIaiiMu3. XakuKaTaH Xawm,
— — — — — _
(oc+[3)a=oca+(—oc)a=oca+ —[aaj =0 -
a+ f#0 XOJIHU KapaMH3. o Ba S Xap XWI UIIOpad OYIraHuJaH —«a, o+ f3

kU -, a+ B OUp XUJ UIIOpara rajup.

Arap (—a)(o+p)>0 6¥ica, (—oc)é+(oc+[3)g=((—a)+(a+B))g:Bg.
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Arap (—B)(a+B)>0 Gyuca, (—B)g+(a+B)g=((—[3)+(0L+[3))g=ch.

—

- -
Hxxkm xoiga xam (a+B)a:aa+Ba. af=0 < a=0 €ku B=0 Oynran xonga

TCHIJIMK OCOHTI'MHA TCKIIHUPpUJIaIH.

6) xoccaHu UCOOTIIAI YUYH a[ B 5) Ba (aB)g BEKTOPJIAPHUHT y3YHJIMKIAPH

TEHT Ba OUp XWJI MYHaJIraH OYJIMIIIMHYN YPHATHUII KEPaK.

of pa

- - -
KHJIaMu3, akKC XOJiJa OL(B a) = (OLB) a TCHIJIMKHUHIT HUKKaJla TOMOHHU XaM 0

> o

Bg a al= az0, B~0, a#0 ne6 dapas

(ocB)g :

=[]

=|op

=o]

BEKTOPUD.

1) >0 Ba B>0 Gymcmn. V xomma af>0 6ym6, atl(ap)a Gynam.
a™pasapatt a(Bg):gTT a(ng. Temax, a(BQJ M (op)a.

2) <0 Ba B>0 6ymcun. Y xonna op<0 6ym6, a ™ (ap)a. attpa sa
Ba Na(sgjjgwa(ﬁgj. Tlewax, o{ﬁzj M (aB)a.

3) a>0 Ba B<0 6¥ncun. Y xonma, ap<0 6ym6, a ™ (ap)a. atlpa sa
patt a(BgJ:QNa(BSJ. Jlemax, a(Bg) M (ap)a.

4) a<0 sa B<0 6yncun. V xonza ap>0 6ym6, alt(ap)a. aTlpa sa

Bg T OL(B g] [yauHT yuyH, gTT a(ng Hemax, G(Bg) ™ (OtB)g :

6) xocca TYJIUK HCOOTIIAH]IU.
_)
8) xoccana a BEKTOpHU | COHMIa KynmauTHpUITraHaa, WyHAIUIINA XaM, Y3YHJIUIH

N

N
xaMm y3rapmaiiau. Jlemak, l-a=a.
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—

7) XoccaHu UCOOTIANMU3. a=MN oyncun. N HykTamaH b = NP BEKTOPHU

KysIMHU3. YHIa g+6: I\/TP oynmamu. MN TYFpu  4YHM3HUKKA MT\I1 :ocg BEKTOPHU
KysMu3 Ba N, HyKTa opkaiu NP TYFpW YM3HMKKA Dapajuien KWinb, MP TYFpU YM3UK
OunaH P, HyKTaJa KeCHUIIAJUraH TYFpH YM3UKHHU yTKazamu3 (8-pacm). YMymuii M
yura Ba N Ba N, yunapra TeHT kypT Oypuakiapra sra Oyiaran MNP Ba MN,P,

yaOypuakiap yxmamaup. Jemak,

_IMN,[_ [MR] _|N,R]
IMN| |MP| |NP|

- —

- d R
bynnan sca N,F =ab Ba MP =aa+ab Hum xocun xumamus. Harmwxkana

ymoy oc(a+ bj =MP, =MN, + N,P, =aa+ab tenrmukka sra 6ymamus.

. /

i
I //7 \
M T il
8-pacm

5.1 Teopema TYJIUK HCOOTIIAH/IU.

5.2 scaaTva. Yxmam yduOypuakiap XakKHAard T€OPeMaHHMHI KaTbHil MCOOTH
Oypuak TOMOHJIAPUHU Tapajijiesl TYFPHU YM3HUKJIap OWilaH KeCHWJIraHAa KeCMalapHUHT
OPONMOPILUOHAIUIMIA  XaKUJaru Tteopemara TasHaau (OM3HUHT Oenruianuiapaa

IMN,| |MP

1
IMN|  |MP

|). Oxupru Hunapaa Maktad reoMeTpus Kypcuga Oy Teopema

ucOotnanMaigu. YHuHr ucOotu Panec TeopeMacHIaH OCOHTMHA KEJITUPUIUO
YUKapUIAIH:

“Arap Oypyak TOMOHJIAPMHHM KECYBUM TMapajjien TYFpU YH3UKIap Oypuak
TOMOHJIAPUHUHT OMpHUAa TEHI KecMayiap axparca, y Xojja OypuyaKHUHT WKKUHYA

TOMOHHA XaM TeHT KecMmajap axparaau.”
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5.3 3caarma. Moaudukanuss KuIMHTaH (IIAKIH Y3rapTUPUITaH) OBKIUA
akcmoMmaTtukacura TasHUO Ou3 BeKTOpHM Tabpuduaguk Ba 1)-8) xoccamapHu
TeKIUpauK. by XoccamapHu BekTopiap (a30CMHUHI aKcHuOMalapu cudaTtuaa
ONUII MYMKHH Ba Oy akcuoMmManapiaH Keiau0d 4uKuO (akcmoManmapra acociaHuoO)
TE€OMETPUSIHU KypUII MYMKHH.

5.4 Ttabpu¢. V -aneMmeHTIapu BeKTOpsap Ae0 aTairaH, yJIApHUHI TaOUaTH
uxtuépuit 6ynran Oupop Tymmam Ba K Oupop Maigon OynacuH (KUTOOXOH

xo3upya OyHja K Hu R OGapua Xakukuil coHnap TyIuiamu J1e0 XucoOsa MyMKHUH).

- > - - - >

dapa3z kwnaitmuk, a,b eV O6yaran uxtuépuii ukkura a,b BekTOpyap yuyH a+b

- -

CHMBOJI OMIIaH 6GHFI/IHaHYB‘-II/I XamMJga a Ba b BCKTOPJAPpHUHI ﬁHFHHIIHCH 1166

aTalyBYd YYMHYM BEKTOp aHWKJIaHTraH OyncuH. byHman Ttamkapu, ¢apa3

- -

KWIAWIUK, UXTUEPU o € R coH yuyH Ba uxtuépuii a €V BEKTOp yuyH o8 CHUMBOJI

-

OwiaH OENTWIaHyBYM XaMJla 8 BEKTOPHUHI « COHTa KymaiWTMacu n1e0 ataayBuu

BEKTOp aHWKJIaHTaH OyyicuH. Arapma my Owran Oupra (5.1 reopemanaru) 1) — 8)
xoccanmap Oaxkapwica, y xonmga V tymmamau K MaiinoH yctuaaru BeKTop (EKu
yu3ukin) ¢azo ne6 aramaau. 1) — 8) XoccasapHu BEKTOp (YU3UKIM) (Pa3OHUHT
akcuomasapu ne0 aTtainaiu.

5.1 Teopemanu mryHjai Kaita udoganamn MyMKHUH:

Okiua  (Bazoma Oapya OSpKUH  BEKTOpJjap TYIUIAMU XaKUKWAA — COHJIap
MalJIOHU YCTHAArd BEKTOp (hpa30HU TAIIKUI ITAJIH.

butTta 311€eMEHT HOJI BEKTOpAAaH Talmkuia Tonran V tymiam uxtuépuii K
MaifloH yctuaaru 6omka (coama) BekTop (azora Mucos Oyinaau.

Kyiiuna stHa Bektop (pazoHMHT 0ab3u MUcCOJIApH OWJIaH TaHUIIAMUS.

5.5 3caarma. ®a3zona HyHaNTaH KecMallapHU Kapad BEKTOpJapHHU COHTra
KYTIAUTUPUI aMaJUIapUHUA Tabpuduaguk. AMMO OW3 TEKUCITUKIAru EKd TYFpH
YU3HUKJArd BEKTOpJap OWjIaH YerapallaHdulll MyMKUHIUTHHHU OKopuaa (4.5-3cmatma)
KaiJ Kwirad SAuK. BexropiapHM KyLIMII Ba BEKTOPJIAPHU COHIa KYIAWTHUPHILI

amajuiapu Oepuiirad TeKUCIUK (€ku Oepuiral TYFpY YU3HK) YerapacuIaH TallKapura
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yukapMaiau. llyHuHraek, KapamaérraH — “KMYMKJIAIITAPWITaH  BEKTOPJIAp
Tyiamuaa 0y amamiap yayH 1)-8) xoccamap ypunnu 6ynaBepanu. lllynnait kumuo0,
TYFpHU YU3UKIAru, TEKUCIUKAArd, ¢azofard OSpKUH BEKTOpJiap TYIUIaMU
BEKTOPJIAPHU KYLIUII XamJia BEKTOPJapHU COHTa KYyMaMTUpHUIN amaijiapu OuiiaH
XAKUKAN COHJap MalJOHM ycTuaa BeKTop (pa3o Tamkwi 3taau. Moc paBumiia

ynapun Vect(1), Vect(2), Vect(3) opkamn Genrnnaiimus.

6§. TYFPU UN3UKJIA BEKTOPJIAP

Hypnapaunr Oup xun iyHanraniuk tabpudugad, 2.9 Ba 2.10 xymianapaan
TYFpU YM3UKIA HYpPJApHUHT (pakaT MKKUTa HYHAJIWIIM OOpIMUTU Kenub YUKaIu.
IIyHUHT y4yyH, BEKTOpPJApPHUHI MKKH HYyHaIUIIM OOpiurd kenud uyukaau. Jlemak,
TYFpU YM3UKIAArd Oapuya HOJIMAC BEKTOpiap OuMp XWJ WYHaJIraH BEKTOpJIapAaH
TalIKWJI TONIaH MKKUTAa OHKBUBAJIEHT CHUHGuapra axpaiaaud. by cunduapaan

Ovpugard BEKTOPJIApHU MycOaT yHairad Ae0 3bJI0H KWINO, TYFpU YU3HUKAAa MycOaT

nynamumaun  kuputamus (arap MN  BekTop mycOat WyHanran Oyica, y xonga M
Hyktagad N Hykrara Kapa0d KWIMHraH Xapakar iyHanumu mycOataup). [lynnai

KWIKO TYFPU YW3WKIA OpueHTanus Oepran Oyimamm3. | TYFpu dYM3HMKHE yHAA

-

- v
TaHJIaHTaH HOJMAac € BEKTOp OwiaH Oupraaukaa (I,ej VK ne0 araiimu3s. Ykaa

- - -
MycOar WyHaIUII € BEKTOp OWJIaH aHWKJIaHA]IH. (I,ej VKIa Xap Kaiicu a BEKTOp

- - -

a=oe Kypunumga Oup  KuWMATIM E3WIUIIM MYMKUH. XakKuKaTaH Xam, €
d N
BekTopHH Oupop Oe€l nykramam Oommad kysmu3. € =00, Oyacun. Iy O
- —> .
HyKTajJaH Oommad a BekTopHU xaM Kysmu3, a =0M 6yncun. Arap M =0 6¥ica,

- - - - - - -
y xomga a=0-e. Arap a HonMac Bektop 6yica, y xonza a 171 e éxu a T4 e. Yuna

BEKTOPHM  COHra Kynatupuiml  Tabpudura MyBoPHUK, OUpPUHYM  XOJaa
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_. |OM|~— OM 00, ., OM 00

OM = | 1|001, YYHKHU ‘O—M‘ = ‘O—Ol‘ EeKU |O|\/I| ‘OO‘ HUxxuaum xonma 3ca
OM = |O OOl, YyHKU Oj, =— @ EKu oM =— @ . g:(xg TEHTJIUK
00| om|  |oo| OM[ |oo|

- -

VpuHIIM OYJauraH o COHMHU @ BEKTOPHHHI € BEKTOpJAard aireOpank KuiMmaTu

ned araiiMus Ba o = (aqﬁ g) kabu &3amm3. [leMak,
gz(aqﬁg)-g : @)
6.1 :xymuia. AnreOpavik KuiMar KyWuJard xoccajiapra ora:
1) (aqﬁx gj = x(aqﬁ 5) ;
2) (aqﬁ §+ Bj = (aq% gj + (aq% Bj ;
HcGor. (aqéxgj 6 =((7) ra x¥pa)=ra=((7) ra K¥pa)= x((aqﬁ 5) - EJ -

-

=(BekTop ¢a3zoHUHT 6) akcuomacura ra K}“fpa):(k-aq% gj-e, oynman (1)

TEHIJIMKHA XOCWJI KWIaMu3. XyIId [yHIau,

(aq% (g+ BD : g = g+ B = (aq% g) : g+ (aq% B) : g = (BEKTOp dba3oHuHT 7)

- -\ -
akcuomacura kypa)= (aq% a+aq, bj- e, OyHaaH (2) TEHTJTMKHU XOCHJI KUJIaMu3.
e e

6.1 *KyMJIaHUHT UKKMHYY KUCMUHU Kyiugaruda udoaanail MyMKUH:
6.2. lllanb gemmacu. Tyrpu uyumsukaaru M, N, P HyKTaJapHUHT HUXTUEPUN

YKOMJIAaHUIIMJA KyUUJard TeHIJIMK YPUHIIN:

(aqﬁW) - (aqﬁm) + (aqﬁW) .
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6.3 Tabpud. bupop K maiigon yctuna V,W wuxkura Bextop (paso Oepuiran
oyncun. f:V —>W akcmanTupum KyHuaard MKKATAa XOCCAaHHW KAHOATIAHTHPCA, Y

YU3UKJIW aKCIAaHTUPUII J1e0 aTanaju:
1) f (;ng: f (5)+ f (Bj, \ g,BeV yUYH,
2) YVaeK Ba Vg eV yuyn f (ag)zocf (5)

V Ba W Bektop (azomnap opacuna f :V —W YH3UKIM aKCIaHTHPUIIT OMCKTHB

6ynca, y V Ba W asomap msomopdpusmu ne6 aramamu. by xomma fH:W -V

TECKapu AaKCIAHTUPHUII XaM YHU3HUKJIW aKCIaHTUpUIl Oynamu. XaKUKaTaH Xawm,

- -

uxtuépuii  a',\b'eW Bekropmap omamu3. bynga f— Oumeknus Oynranumas, y

- -
CIOpPBbCKIIMSA OYynmaaW Ba IIYHUHT YYyH InyHAaii a,b eV Bekropiaap MaBxynakw,

;': f(gj, E‘z f(gj oynanu. bynnan g: fl(g'j, Bz fl(g') Ba
fl(mj: f{f (z} f @jz f{f [mj}aaz fl(;-)+ fl@.
f_l(g'j + f_{t_))'j oynaau.

Nxtuépun aekK Ba a'eW Y4yH

f‘l(oc;'j - f‘l(af (SD - f‘l( f (och —ca=of -{5-) 6y,

6.5. MucoJs. bapua xakukui coHnap Tymiamu R, Kymmim Ba KyNnalTHpPHIL

Hemak, uxtuépuit a'b'eW yuyn f_lta'+b'j

amajulapura HucbOataH R MaifloH ycTHAa 4YH3MKJIM BEKTOp (a3o OYIMIIMHU

KYypCaTHIl MyMKHH.

- -

_)
6.6-Teopema. (I,ej VKJIaru xap Kaicu a BEKTOpra € BEKTOpJaru YHHUHT

anreOpavik KUHUMaTUHU MOC KYIOBYHU f:VeCt(l)—> R akcinaHTHpuil BEKTOp

dazonapHUHr U30MOpPU3MHU OYaau.
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By AKCIIAaHTUPUIIHUHT YWU3UKIIUIUTHA 6.1-)KYMJ'I21I[3H, OMEKTUBIIMTH BCKTOPHH

coHra Kymautupui tabpudugan xamaa [1l; akcmomanan kemud duKaam.

%
(I,ej VKaa aBBijaH taduminanrad O HykTanw ojamu3. YHua f :Vect(l)—> R

o IR

axkciaHTupu f, (M ) =f (OW ) —aq,OM TEHTIIUK Onan f

aKCIIAHTUPUIIHU aHUKIaian. 4.2-xymiara kypa, | Tyfpu uusukHuHT Xap oup M
HYKTacura oM BEKTOPHM MOC KyinO, HyKTajlap Ba BEKTOpJiap opacuja Oup
KUAMaTIn MOCIHHKHM — Xocwn Kwiamus. Illynnmait kwm6, f, akcmastupum |
TEOMETPUK TYFpPU UM3HK OWIAH XaKUKUH COHJAp, STbHU COHJIM TYFPU YM3HUK
HyKTayapu opacujgaru Ouekuumsaup. f, axcmantupum | TYFpu 4YnM3MKKAa COHIIH
Tymiampard Gop TaptubHu kyumpamn: M <N < fo(M)< fo(N). By tapru6
KyHuJaru xoccara ara:

Arap M <N Ba (MPN)6}”Inca, y xonga M <P <N . Jlemak, Tyfpu 4u3HUKIa

N

HOJIMAC € BEKTOpJa OPUEHTALMACUHU KUPUTHO, YHUHT HyKTajlap TYIUIAMUHU

%
TapTHONIaitmMu3. Arap € — OUpIuK BekTop Oyica, y xonna f, akcmanTupuin HyKraizap

opacuaaru MacogaHu cakjiaiau.
78. YN3UKJIN BOTJIAHUII

BekTopiiapHy KyIINII aMajlMHUHT aCCOLMATHUBIIMIM y4Ta BEKTOP WUFUHIWCU

XaKuaa ranvpuilra MIMKOH 0epaau
> 5> o - > > o - >
a+b+c=|a+b|+c=a+| b+c|.
NxTtné€puil coHaru BEKTOPJIAPHUHT WUFUHAMCUHU WHAYKUHWS OPKaJly aHUKJIAII

MYMKHUH

- - -

a+a,+..+a,.

[y O6wnan Oupra WUFUHAMHUHT KOMMYTATHUBIWTH Ty(ailiu KYIIMITyBUYHIIAP

TapTUOMHU UXTUEPHUI paBUILJIA Y3rapTUPUI MYMKHH.
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BekTop ¢azo akcmomanapuaan kenub YUKaIuTaH ssHa OUp HeuTa HATWKUIUPHU

KAl KHJIaMH3:

- - -

uxtuépuil a Bektop yuyH 0a=0;

- o

uxTuépul o coH yuyH a.-0=0;

UXTUEPUIA a BEKTOP YUYH _a- (—1)-5.

JleMak, BEKTOp TEHITIMKJIAp OUIIAH COHJIM TEHTJIUKIAp KaOU MII KYPUII MyMKHH:
KAaBCJAApHU HUXTHEpMI paBuIa TaKCHMMIAIl MYyMKHH; KYIIMIYyBUMIAp YPHUHU
aJIMAIITUPUII MyMKHMH, TEHIVIMKHMHI HKKaja TOMOHMIa OMp XHUJ BEKTOpPJIApHU
KYIIMII MYMKHH; KYIIMJIYBUM BEKTOPHMHI MINOPACHHM Y3rapTHPUO TEHTJIMKHMHLT

6Hp TOMOHHMAAH UKKMHYHY TOMOHMI'a yTKa3Hm MYMKHH Ba X.K.

—

- -
o, a+a,a+..+a,a, upoga 0,,0,,..,0, KOIPPUIUEHTIN BEKTOpIAp

n

\

a,a,,..,a  HHUHT YU3UKIM KoMmOumHaruscu Jne0 aramamd. Arap Oapua

ko3 uiMeHTIap HoJra TEHr Oyica, y XoJiJa YM3UKJIM KOMOWHALMS mMpUusudd

Yusukiu KombOumayus ned artamaau. AKC Xo0JJa TpUBHAIL OYJIMaraH YM3UKIH

- > -
KoMOuHarus ned artamaau. Arap a BEKTOp a,, &, ..., @, BEKTOPJIAPDHUHI YU3UKIIU

- - - -

KoMOnHanmsAcu Oyica, y Xonga a HH @, d,,.., @, BEKTOpJIAp OPKAIN YHU3UKIH

n

ndonanananu ne6 atanaau. by TabpudHI HKKUTA MECOJIJIa U30XJIaMM3:

—

- - -
1) 0 Bekrop uxTtHépuit Oymmac a,, a,,..., d, BEKTOpJap THU3UMH OpPKaIU

n

- - - -
yu3uKu uponananaau: 0=0-a,+0-a,+...+0- a, .
2) 6§ Oommma TYFpU YM3UKAA Xap KaHJald BEKTOP UXTUEPHUIM HOJIMAC BEKTOP

OpKaJu YM3UKIU U(DOJaTaHUIIN KYPCATUITaH du.

- - - -

7.1 tabpud. Arap a, a,,..., a, Bekropaap cucreMacuHUHr O BEKTOpra TEHT

- - -

Oynran TpuBMan OyiaMaraH 4YM3MKIM KOMOMHaAnMs MaBxyn Oyiaca, a, a,, ..., a,

BCKTOpJap CHUCTCMACHU YUSUKIIU boznanean cucmema I[e6 aTajadaau. Axc X0Jga

- o -
a,a,,..,a, BEKTOpjap CUCTEMAaCHU YHU3UKIM OofiaHMarad (3pKiM) aedunany.
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Tabpudra myBopuK Oy BEKTOpIAp CHCTEMACH YM3HKIN OofimaHMarad. YyHku Oy

H
BeKTOpyap cucreMacuHUHT 0 BekTopra TeHr OYyiraH, TPUBUAIb OyJIMaraH YM3HUKINA

KOMOUMHaIIMs MaBxXy/] 3Mac. [leMak, OV BeKTopiap TU3UMU YU3UKIIUA SPKIUIMP.

RN

7.2 xymJja. SlroHa @ BEKTOpJaH TAIKHJI TONTaH BEKTOPJIAp TH3UMHU UH3UKIIH

> o
Oormanran Oynmaau, pakar Ba ¢akar a=0 Oyica.

- -

%
Hcoor. 1-0=0 tenrmukaan dakat ourra 0 BEKTOpAaH TAIIKWI TONTaH TU3UMHUHT
YU3UKJIU OOFIMK OYIUIIN KeTuO YuKaIu.
7.3 xymga. Yus3uKId SpKIA BEKTOpJIap CUCTEMACHHUHI UXTUEPUM KUCM

CUCTCMACHU YHU3UKIIU OPKIIH.

—

-> >
Hcoor. CDapa3 KHHaﬁHHK, UHU3UKJIIA SPKIIM BCKTOPJIAPp CHUCTCMACH al, az, ey an HUHI

—

- >
a, a,, ..., &, KUCM CUCTEMACU YNU3UKJIU OOFIUK OYJIICHH.

- -

- -
o, -a+0, a+..+o,-a =0
TpuBUAJ OYyJIMaraH YM3UKIM KOMOMHAIMSHU OJlaMu3. DBy TEHTTIMKHMHI MKKaia

TOMOHMHT A

- - -

TCHIJIMKHHM XaAMa-Xal KyHIaMI/IS, HaTH>XKaaa ai, az, ey an BCKTOpJap CUCTCMACHUHUHI

HOJI BEKTOpra TeHTr OYJraH HOTpUBUAJ YU3UKIA KOMOWHAIUS

- -

- - -
o, -8 +..+o, - a+o,,-a, +.o0,-a =0

-> > -
HH XOCHJI KHWJIaMU3. By al, az, ey an— BCKTOpPJAap CHUHCTCMACHHHUHIT YH3UKJIIN 3PKIH

SKAHIMUTUTa 3uA. 7.3 )Kymiia ucOOTIaHIu.
7.2 Ba 7.3 )xymianapaaH KyHuaru xKymiia Keauo 4uKaIu.
7.4 xxymuaa. Honm BeKTOpHM ¥y3 MuUMra OdraH Xap KaHJaid CHCTEMa YHU3UKJIU

OOFJIUKIUD.
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7.5 xkymaa. Mkkutagan xkam OyiMaraH BEKTOpJap TAIIKUI TONTAaH CUCTEMa
YU3UKIU OOFNMUK Oynaau, pakat Ba pakaT myHJaku, Oy CUCTEMAaHUHT OUPOP BEKTOPHU

KOJITaH BEKTOpJIap OpKajiu YU3UKIU udoaananran oyica.

- - -

N
Hcoor. Papa3 Kunailuk, a, BEKTOp &, d,,.., &, , BEKTOpJIAp  OpKalU

YU3HUKIU udoaganrad OyJICHH:

—

- - -
a =o,-a+o, a+..ta, -a .

VY xomnma

- -

- - -
o -a+a,-a+..+o,,-a ,+(-1)-a,=0.

—

- >
I[CMEIK, ai, 8.2, . an BCKTOPJAPpHUHIT HOTPHUBHAI YN3HKIIHA KOM6I/IHaIII/UICI/I
(Otn = —1) HOJI BCKTOPHUI'a TCHI', IbHU BCKTOPJIAP YU3HUKIIN 6OFJII/IKI[I/Ip.

AxcuHua,

- - -

- -
o -a+a,-a,+.+o,,;-a ,+o,-a =0

n n
Oy epaa, Macanan, (o, #0) OyacuH. Y xonna
— n
o= ——2 [-a,+..+| ——2 |-a
oy oy

oymamau. 7.5 xKymia HCOOTIIAH/IH .

- - -

N
7.6 :Kymia. Arap a BEKTOp YM3UKIU J3pKIU @, &,, ..., d, BEKTOPJIAP OPKaIH
Yu3UKIU uorananran Oyica, y Xoiaa myHaai udoaa sroHagup.

Hcoor. VkkuTa mrynmait ugpoganu oiamMus:

- - - -
a=o,-a+0a,a+.+to,a,
- - - -
a=p-a+p,-a+..+p,-a,.
Ymly TeHrMKIapHA OWpHIaH WMKKUHYMCHUHU XaaMa-XaJ anupud, yXimarn

XaJTapHU BX4amiiad TOraMm3:

0=(a,—B,)-a+(ct,—B,) - +...+ (ct, B, ) &,

—

- -
[MMaptra xypa, a,, a,, ..., @, BEKTOPJIAp YU3UKJIU IPKIU. YHIA
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o,—B,=00a,-B,=0,..,0,-B,=0, spHU O, =P, O, =P,, ...,a, =B, OYynumM

Kenn0O YUKaIu.

-> - -

7.7 wxymua. UYusukiu opkad 4, ,,..,d, BEKTOpJap CHCTEMACH YYyH

n
-> > > — - - - —
a, a, a,, ..., &, UYU3UKIU OOFIMK cuUcTeMa Oyica, y Xonjga a BEKTOp &, a,, ..., &,
BEKTOPJIap OpKaIU YM3UKIN UdogataHaIu.

Ucodor. Kamuna Ourracu HojjaH Oyara" o, ...,o,,0,,, COHJIAPH MaBXKYIKH,

n+1

yJ1ap y4yH

- >
o -a+..+o,-a+a,,-a=0 (8

TEHIJMK  YpuHIU. Y XoJjja, aindarra, o, =0 OYmagu. XakukaraH Xam, arap

n+1

—

- - - -
a,,, =0 Oyuca, y xonga o,,a=0 Ba gemax, (8) Tenrmuk o, -a +...+o, -a,=0

n+1

-

-> -
TEHITIMKa aina”agu. AMmo, @, a,,..., &, BEKTOpJIAP CUCTEMAHMHI YU3HUKIH JPKIH
skaniurugad o, =0, a, =0, ...,o, =0 Oynmummuu xocun kKwiamus. laptra kypa,
o, ... 0L, COHJIAPUHUHT KamMHa OUTTacu HojijaH (papkiau. XOoCHi KUIMHTaH 3UIUSAT

o, #0 SKaHIUruHU Kypcaraau. Y xonaa

—> al e d an e d
a=|— At | — -a, .
OLn+l o('n+1
7.7 xymia UCOOTIIaH/IH.

8§. YN3UKJIN BOTJIAHUIITHUHI TEOMETPUK MABHOCH

- -

- -
Arap a Ba b BekTopmap Oup TYFpu uM3MKKa mapaien Oyjiaca, a Ba D
BEKTOpJIAp KoLIUHeap gekmopap ned atanaiu.
8.1 :xymja. VMkkuta BekTOp KOJUTMHEap OVymamu, ¢akat Ba ¢akar IIyHIaKH,

yJap 4M3uKId OOFIIUK OyJica.

- -

HcooT. a Ba b Bekropiap koyumHeap OYICHH. YIIapHH OUTTa HyKTara KysiMus.

%
Yuna ynap oupop | 1¥rpu unsukna éragu. dapas Kwraiauk, a OYJICcUH (arap UKKH
BEKTOP XaM HOJI BEKTOp OViica, y xoyja 7.4 xxymiara MyBO(MUK yJiap YU3UKINA OOFIIUK

Oynmaam). AMMO, TYFpu YM3HKAA Xap KaHIall BEKTOpP UXTUEPHM HOJIMAC BEKTOP
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- - o -

opkanu um3ukiu uponanananu. Jemak, b=oa, a Ba b Bexropmap 7.5 xymuara

MYBO(DHK YU3UKIH OOFTUKANDP.

- -

a Ba b BexkTopmap umsukM 60FNMK OYicuH. 7.5 )ymiara MyBo(HK yrapaaH

- -

OWpY WKKWHYHCH OpKAJIM YH3UKIM HQojanaHaad, MacaiaH b=oa. Y xomaa

- -

BEKTOPHU COHTa KYIMaWTUPUII Tabpudura Kypa, a Ba b Bekropnap koymmmHeapaup.
8.1-xymita HCcOOTIaHIH.
8.2 sxymura. TexkncnMKaa NKKATA YU3UKIU YPKIM BEKTOP MaBKy.

XaKuKaTaH xaM, TeKUCIUKAa Oup TYFpu uusukiaa érmaradn O,M,N HyKTajgapHU

omamu3. Yumza OM Ba ON BEKTOpJap HOKoJUTMHeap Ba 8.1kymiara MyBOQUK
YU3UKJIIW SPKIUIUP.

8.3 :xymuia. Texucnukia >XTUEPUN yuTa BEKTOP YU3UKIA OOFIUKIUD.

- o> o
Hcodor. a, b, C BexTopiap Oup TekucIUKAa ETCHH. Arap yIApHUHT WKKHTACH

KoJutHeap Oyica, y xonna 8.1 Ba 7.3 ymuanapra Kypa, yjiap 4M3uKId OOFIHKIUD.

> o> >

dapa3 kunaiinuk, a, b, ¢ BekTopiap xkyhr-xkydT 0yaubd HOKoTHHEap OYIcHH. YHIaA

ynapau 6utTa O HyKTara Kymuuo (a = W, b =0N , C= OP ), yuta xap-xm1 OM, ON,
OP Ty¥pu umsmkiaapHu Xocwia Kwiamu3. P Hykta opkamm OM TYFpH 4YHM3WKKA

napaien Kuiauo, |, Tyrpu unsukan yTkazamu3. ON Tyrpu un3uk OM TYFpu YM3UKHH
kecub yHra mapasuien Oynran |, Tyrpu umsukau xam kecagu. N,— ON Ba |, Ty¥pu

YU3UKJIAPHUHT KeculraH HyKracu OVicuH.Xymau myHzaa P mykraman ON 1yrpu

YH3UKra mnapamien Kb yrkaswiran |, Tyrpu unzuk OM TYFpu YM3UKHE OHpOpTa
M, nykrana kecaau (9-pacm). OM,PN, t1ypTOypuak — mapamienorpamm. Jlemaxk,

CT\Il =M, P . lllyaunr yuyH

OP =OM, + M,P =0OM, +ON, .

OM Ba ON BeKTOp/Iap HOJIMAC BEKTOPIAP OynranumaH, MyHaal o Ba 3 coHap

MaBxyakd, yaap yayH OM; =aOM Ba ON, =aON .
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Jlemak, OP = aOM +0ON ékn ¢ =oa+pb.

- > >
Hllemak, a, b, ¢ BexTopaap 7.5-)xymiiara MyBoGUK YU3UKIN OOFIUK. 8.3 Kymiia
UCcOOTIIaHIH.
8.3 Ba 7.3 xymianapiaH TEKUCIMKIA YYTaJlaH OPTHK BEKTOpPJApAaH TaIIKUIT

TOINTaH CUCTEMa XaM YHU3UKJIM OOFJIMK OYJIMIIN KEIUO YUKaAIH.

- o> > - o5 >
Arap a,b,C Bekropiaap OwWTTa TeKHCIMKKa Mmapamien Oyiaca, a, b, C

BEKTOpJIapHUA KOMILIaHAp BEKTOpJIap AeO aTanaam.
8.4 :xymua. Yura BekTOp KOMIUIaHap Oymamu, gakaT Ba QaxaT IIyHAAKH, yiap

YU3HUKJIN OOFIMK OViica.

-> o> o
Hcoor. 3apypnuru. a, b, ¢ Bekropnap xomrianap Oyica, y Xoiga Tabpudra
Kypa, OUTTa TEKUCIMKKA MNapawienaup. Arap Oy BEKTOpJapHUHI OOMIMHU OHp
HyKTara KyWcak, y Xojja yinap OuTTa TEKUCIMKKAa Terunum Oynamu. YHaa 8.3

Kymiiara MyBO(UK, yJiap YM3UKJIU OOFIUK OYIaau.

- > >

Erapanimru. a, b, ¢ Bekropnap uusukim O0riuK OYyicuH. YHaa 7.5-)Kymiara

N

MyBOGUK ylapAaH OupH, MacajaH, C BEKTOp KOJTaHJapH OpPKaIM YU3UKIU

—

- - - > >
ubponanananu: C =aa+pfb. a,b,c Bekropmapuu  Outrra O HyKTara Kyiuo:

—> -, = -, = ., .
a=0M, b =0N, ¢ =OP napuu xocun kunamu3. byngan OP Bektop OM Ba ON
TYFpU 4YM3WKIapAa ETYBUM BEKTOPJAPHWHT WHFUHAWCUTA TEHT OYIUIIHN Keauo

ankamy. Jemak, OP BEKTOp Oy TYFpH YM3HUKIIAp OPKAJIU YTYBUM TEKUCIUKAA ETAAH,

- o5 o
SpHU @, b, C BeKTOpap KOMILIaHAPIHP.
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y é N3/ 3 =
/,v, P 3 N, 0 M, .,

9-pacm. 10-pacm.

8.5 :kymuia. ®@a3zona yuTa YM3UKIU 3PKIIM BEKTOP MaBXY/I.

8.4 oxymimara MyBOQMK IIyHIad  BekTopiap cudartura  UXTHEPUUN

- -, ™ - . ™ -
a=0M, b=0N, ¢c=0P yunmuk BEKTOpHM oJMII MyMKuH, Oy epma O,M,N,P
HyKTajap OUTTa TEKUCIHUKIA ETMaNIH.

8.6-:kymua. @a3ona UXTUEPHIA TYPTTA BEKTOP YUIUKIN OOFTUKIHUP.

> o5 5 o

da3zona uxTuépuii TypTTa @,,4a,, 8,3, 8, BEKTOpJIAp Ocpmirad OyICHH. Arap ynap
opacua KOMIUIaHap y4iuk O¥yica, y xonga 8.4-xymia Ba 7.3-)Kymiiara acocaH yjap

YU3HUKJIN OOFJIUK OViamau.

e T

®apa3 Kwialiuuk, a;,a,, d,, d, BEKTOpJIapJaH UXTUEPUN ydTacH KOMILIaHAp

e e
OynmacuH. bomkaya kunub aitranpa, a;,a,, d;, 4, BEKTOpJIApHM OWTTa HyKTara

KYyWUTaHUMU31A:

a, =0OM, typrra OM,, OM,,OM,,OM, Ty¥pu 4M3MUKIapAaH Xe4 OUp ydTacH
Oup TEKUCIUKIa ETMACHH.

M, HykTa opkanu M,OM, Tekuciukka napauien KWind TeKUCIUK YTKa3aMus3.
OM; tyrpu umsuk M,OM, texucnukaun O HyKTaja KeCraHWJaH yHra napajuiel
KUIUO YTKA3UITaH TEKUCITUKHU XaM oupop N, HykTaaa kecanu. Xyaau myHjaai, M,
HyKTa opkamu M ,OM, Tekuciaumka mapamien KwinO TeKHCIMK YTkaszamu3. OM,

Tyrpu un3uk M,OM, tekuciaukHun O HyKTaja KeraHuJaH, yHra napajies Kuiuo
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YyTKas3wiraH TEeKCIUMKHM XaM Oupopra N, HyKraga kecaau. M, HyKra opkaiu
M,OM, Tekuciukka napamuiel KHIUO TEKUCIHMK yTkazamu3. OM, Tyfpu 4u3UK
M,OM, Ttekuciukan O HyKTaja KecuO YTraHuIaH, yHra Iapajuiesl Kuino
YTKa3uiaraH TEKUCIUKHHU XaM oupopra N, HyKkraga kecud yramu. Jlemak, nryHaau
napajuielenune] MaBKyIKH, y YUyH:

1) O HyKTa yHUHT y4jJapujaaH oupu;

2) yaunr ON,, ON,,ON, xuppamapu Moc pasumga OM , OM,,OM, Ttyrpu
YU3MKJIapaa €Taau;

3) OM, xecma yHuHr nuaronanu 6ynaau (10-pacm). ¥V xonna

OM, =ON; +ON, +ON, = 0,0M, +0.,0M, + c,OM, .

- - > -
Jemak, a, BEKTOp a,,d,, &, BEKTOPJIAPH OPKAIM YM3UKIM HU(DOJaTaHAIN, STBHU

e
a,,8,, &,, 8, BEKTOPJIAD CUCTEMACH YU3UKIH OOFIUKIUD. 8.6-KyMmila HCOOTIaHAN.

8.6-xymimamad ¢azona TYpTTajlaH OPTUK BEKTOPHHU Y3 MYHMra OJITaH UXTUEPUI
CHCTEeMa YU3UKIN OOFIUKINTH KeIIHO YUK,

by nmaparpad HaTtwxamapuHu Kydugarnda >xamiaml MyMKHH:

8.7 Teopema. Vect(n) (n=21,2,3) Bekrtop ¢aszoma N Ta YKUBHKIH IPKIU
BEKTOpJIap MOOpaT CHUCTEMa MaBXKyJ Ba N TajJaH OPTUK BEKTOpiapaaH ubopar

UXTUEPUN CHCTEMA YM3UKJIH OOFITUKIUP.

9§. BABUCJIAP BA KOOPANHATAJIAP

9.1. tabpud. V — BekTOp (aso Ba €,€,,...,6, -yHHHI OHMpOpTa BEKTOpJIAp

cuctemacu Oynaau. Arap Oy cuctema Yd3UKIu SPKIH Ba Tyia Oyica, Oy cucrema V-

dbazoHuHT Oa3zucu nAe6 atamaau. by neran cy3, V—da3zoHUHT Xap KaHAall BEKTOpU

- - -

€,,€,,...,6, BEKTOpJap OPKaIH YU3UKIN U(POJAIaHUIINHYU AHTJIATa/IH.

7.7 Ba 8.7 )xymnanapjaH Kyduaara Keinub YuKau:
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9.2. sxymia. N Ta UXTHEPHIA YM3HKIM 3pKim Bekropiap Vect(n) (n=12,3)

BEKTOp (pa3oHMHT 0a3MCUHU TAIIKHUII KUJIAIH.
8.1 Ba 8.4 )xymyanapaaH KyiHuaaru Keim0 qrKau:

9.3. :kymua. Vect(n) (n=12,3) dazonunr uxtuépuit 6a3ucu N Ta BEKTOpIaH

ubopar Oymaau.

- - - -
€,8,...6, — V  dasonunr Oasucu Ba aecV OyiacuH. YHIa Oa3MCHUHT
TYJaJUTU]IaH
- 1 - ) - -
a=a-e+a-e+..+a"-e, (9

-

éiimnmara sra 6ynmamus. 7.6-xymmara MyBoduk a', a%, ..., a" COHIapu a BEKTOp

- -

- -

OunaH Oup KuMMaTIM aHUKJIaHaau. by coHnap a BEKTOpHUHT €,6,,...,€, Oa3ucnaru
- - > -

koopounamanapu ne6 artananu. (9) TEHITMKHM a BEKTOPHUHI €,6,,...,6, 0a3uc

- - -
BeKTOpiap Oyiinua €linnmacu ned aramnagu. Arap BekTop ¢aszona €,e,,...,6, 0asuc

- - - -

TaWMHJIaHTaH OVyica, y XoJijaa a:al-e1+a2-e2+...+a”-en ¢3yB VpHuIa Oab3aH,

-

a :{al, a‘, .. a”} e xam é3amus.

BexkTop (azo akcuomanapu tabpudumaan Kyluaara Keaud dukaau:
9.4-xymaa. VwurFuHIWCH BEKTOPHUHT  KOOpJWHATAJapW KOOpJAWHATAjap
WUFUHANCHUTA, BEKTOPHUHT COHra KYTIaUTMACUHUHT KOOpAUHATAJIapU

KOOp/JIMHATAJIAPHHUHT Oy COHTA KyMmalTManapura TeHr, SbHU
{al, a’, ..., a“} +{b1, b?, ..., b”} = {al +b', @’ +b% ..., a" +b“} ,
Mat,a%, .., a"f ={ra"na’, .., na"
9.5. Tabpud. N Ta XaAKUKUI COHAAH TAIIKWJ TONTraH Oapya TapTHOJIAHTaH
TH3MaIapHUAT TYamu —R" Kyimin amanm

(0131 Oy Oy )+ (B BBy ) = (0 + By + By +By )

BA COHI'a KYITAUTHUPUIL aMan

Aoy, 0y, 0y ) = (Roy, Aty ..., Ao, )
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Owran N — ymaamim apudMeTuK (Xakukuii) daszo aed aramaam.
bynna Oy amainap BekTOop (Qazonunr 1) — &) axcuomanapuHu

KAHOATJIAHTUPHUIINHYU TEKIIUPHUII OCOH.
Jemak, R" :{(al,az,...,an)(ai eR,i :1,_n} TymiaMm BekTop (dazo Oynamu. by
dasona non Bexkrop (0,0,...,0) Tusma  6ymanu. (o,d,,..., 0, ) 2NEMEHTIA Kapama-

Kaplu dJIEMEHT dca  (—0l,—0ly,...,— 0., ) Th3Ma Oymamu. R' daso pamankn, R

OwiaH ycTMa-ycT TylIaju.

6.6 TeOpeMaHUHT yMyMJIallIMacH Kyluaaruya:

- - -

N
9.6. Teopema. Xap Kalicu a BEKTOpra, yHUHI OMpOp TallMHJAHTaH €,€,,...,e

Oasucmaru (al, a2, .., a”) KOOpJMHAaTanap TU3MAaCHHU MOC KYIOBUH

f:Vect(n) > R", (n=12,3) akcmauTupuml BeKTOp (a30JapHHHT H30MOPPH3UM
oynau.
f :Vect(n) > R" akcCIaHTUPUINHWHT YM3UKIWIMTH 9.4 KymiaagaH Keauo

YUKaaAW, OMEKTHBIIUIH 3Ca PABILAHIUP.
10§. ITPOEKOUAJIAP BA KOOPANHATAJIAP

OHmu 9§ nma OepwiraH BEKTOpP KOOPAMHATACMHUHT ajreOpauk Tabpu(puaaH

yJIApHUHT TeoMeTpuk Oaénura yramus. Tekuciaukaa WKKUTA mapajuien Oynmaran |
Ba |, TYrpu un3uKnap Gepuirad OYICHH.

TexucnukauHr uxTHEpuil M HykTacu opkamu |, TYFpu uu3mKra mnapasuien
kO |,, TYFpu 9m3ukHU yTKazamus. Y | TyFpu umsukHm M, HyKTamaH kecud
yragu (11-pacm). By Hykta M Hykranunr |, Tyrpu umsuknaru |, TYFpu uu3ukka

napayien npoexyusacy ned aTanau.
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11-pacm. 12-pacwm.

Tekucnukaa a Bekrop Ocepwiran OyicuH (12-pacm). YHu 6upopra O HyKTaaH

N
kysmu3: a=0M . O, Ba M, — O Ba M wnykranapHusr |, Tyrpu unsuknaru |, tyrpu

- d

%
Yu3MKra napajien npoekuusuiapu OyiacuH. 8 =OM,; Bektop @ BeKTOpHUHT |,

- -
TYFpH uu3uKaaru |, TYrpu umsukra napamien npoexyusacu 1e6 atanagu. (8, = prllI2 a

&3amm3).

H
by Tabpu(HUHT TYFPUIUTMHU, SbHU @, BEKTOPHUMHI (O HYKTaHU TaHJAILNTa

OOFJIMK SMaCIUTMHU TEKIIUPHUII Kepak. byHu cod reoMerpuk HyKTacu HazapjiaH

KWINIII MYMKHH, aMMO OW3 ajire0Opauk mMyJioxa3ajlapHu Ay4 KeJlamus.

OM Bektopuu |, TYfpu umM3uKKa mnapamuien Kwiub, |, TYFfpu  YU3MKKa

N
MPOEKUMIIANMU3. a,=0,M, BEeKTOpHM  Xocwan  Kwiamu3  (13-pacm).

OM =0OM, +O,M, , spHN

L Uy I

N
a=a-+a, (10) A / 3.,/"’;7/
o L2
OYIUIIM TYLIYyHAPIIH. / % 0
- | - -
Hdemak, & =pr*a  BeKTop tabpudu  a o/ a, |
' T
BEKTOPHUHT O HYKTaJaH Ky UWJIHILINIa /
13-pacm
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-

OOFMMKMACIUTUHU KypcaTuil yuyH a BektopHu |, Ba |, Tyrpu umsumkiapra

napajuien BeKTOpJapHUHT WUFUHAUCH KypuHHUIgard (10) TaCBUPHUHT SITOHATUTUHUA

> o >

Kypcarum etapauaup. Lllynnait 6omka racBupHu onaitnmuk: a=»pb+b, .

VY xomma

-

a+a,=b+b, &u a-b+a-b=0 (1)

- -

- -
0ymu6, &, Ba b, Bexropmap |, Ty¥pum umsuknma, a, Ba b, BexkTopmap a3ca |, TYrpu

- - - -

yn3ukaa €raau. Jlemak, a,—b, Bexrop |, Tyrpu umsukma, a,—b, Bekrop |, TYFpu

- > > -

yn3ukaa €raau, xamaa a,—b, Ba a,—b, BexTopmap umsukium GornanraH Ba 8.1-

Kymiiara MyBoQUK Oy BEKTOpJIap KOJITUHEAPIUP.

lemak, ynapman Oupu HON BekTtop. Y xoima (11) TeHrmmkra MyBOGUK

> > - - - L2
MKKMHYHCH XaM HOJI BEKTOPAMD, ibHA &, =b, Ba @, =D, . llynpaii kumb a, = pr’a

BEKTOp TabpUPUHUHT TYFpuiuru ucobotianau. [y Ounan 6up BakTaa, Ou3 Kyiugaru

TEHIJINKHU UCOOTIAaUK:

a=pr’a+pr'a. (12)

- -
el Ba ez BCKTOpPJap TCKUCIHUKIA 0as3uc TAIIKWII DTCUH.

prza=pr:a (13)
&

BekTop (Oy epxaa, |, Ba |, Tyrpu umsuxiap, Moc paBullJa € Ba €, BeKTOpiapra

-

N
napajel) a BEKTOPDHUHI €, BEKTOpJaru npoexyuscu ned arananu. Y xonnpa (12)

TCHI'NTIMKHU

— - — -> -
a=pr2a+prta (14)
& €

> - d
KYpUHHUIIIA €3I MyMKHH. AMMO, Pr?a BEKTOPHH OL€  KYpHUHHIIAA E3WMI
&

- = - —>
MyMKHH. By epaa, o MablIyMKH, aqﬁ(prf2 aj ra Teur. by o coHHHU (aq pre a)
AN &

51



- - -

OpKanu OenrunaiiMus3 Ba y @ BEKTOPHUHI €, BEKTOpra mapajjenl €, BEKTOpJIaru

npoexkyusHuHe aneebpaux Kuimamu 1ed aTaaaau.

- —

-\ -
Iemak, pra= (aq pre aj -€, . (14) Tenraukaan
& &

€2

N - =\ - - =\ -
a=|aqpry?a|-e+|agprtal-e, (15)
&
- n - 9 - 1 9 - -> >
HHU TOIlaMU3. AMMO, a=a - e1+ a - 92 ) 6y cpaa a,a — a BCKTOPHHHI el ,e2

-

- -
Oasucmaru koopauHaranapu. Llynnaii kunub, a BEKTOpHHMHI €, €, Oasucparu

- -

KoOpAuHaTajgapu 0y — g BEKTOPHUHI € Ba €, BEKTOPJIApJard MPOEKUUSCUHUHT
anreOpank KUMMaTIapuanp.

dazona T TEKMCIMK Ba yHTa nanajien oynrad | Tyrpu uyn3uk Oepuiran OYICHH.
®azonunr uxtu€puit M Hykracu opkamu | TYFpm umsukra mapamien |, TyFpu
YM3MKHU XaMJla T TEKUCIIMKKA Mapajuie] T TEKMCIMKHH YTKazamu3. M, opkamu m'
TEKUCIHUK OmiaH | TYFpM YM3MKHUHT KECHIIMII HyKTacuHU Ba M_ opkamu || Ty¥pu
YM3KK OWJIaH T TEKUCIMKHHUHT KECHUIIMII HyKTacuHU Oenrmnaiivus (14-pacm). M,
HYKTaHW M HYKTaHHHT T TEKHUCIWKra mapawien | TYFpu dM3uKaard MpOSKIHsSICH

ne6 M, HykTanu 5ca M HyKTaHWHT | TYFpH YM3MKra mnapaies T TeKHCIUKIArd

-

npoekuusicu n1ed aranagu. OHau ¢dazola a BEKTOPHHU

_)
ojlaMu3 Ba yHU Oupoptra O HyKTajgaH kysmu3: a=0M. /
My My
O Ba M wykranapuu | TYFpu 4yM3UKKa Ba T TEKUCIIMKKA o Y /
7
- po— 7 /

npoexiusiaivms (15-pacm). O,M, BekTopHH 8, OpKaIH /
o . ! Mo

-

oenrmnaiimuz. O M _ BEKTODHM 3Ca 4a_  OpKalu

T 05 ¥
] . !
- - T ; PO Myr /

OenarmnaiiMu3. @, BEKTOp @ BEKTOPHUHI T TEKUCIIMKKA

RN

napamien | TYFpu 4m3uKIaru npoeKuscH, a_  BEKTOp 3ca

ﬁ
a BEKTOPHUHT | TYFpu YM3MKKa Mapayjiesl T TEKUCITHKKA 15-pacm
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- -
npoekuusic e6 artanamgu. By Bektopnap Moc paBuiia, prfa Ba prla kabu
Oenrunamms.

15-pacMa KeNTHpPWIraH y4dTa [apajuiesiorpaMMJaH KyWHJIaruHU — XOCHJI

KHJIaMU3:

a=OM =OM, +OM_ =OM, +O.M_=a+a..

FOxopunaru kabu 8.1 xymnagan

> o> >

a=a+a, (16)

N
TACBUPHUHI' ATI'OHAJIUTU Keano YUKaaIu, SbHU A BCKTOPHH I TSJ’FpI/I YU3HUKKa

napajJien Ba T TEKHCIMKKa mapajuiesl OYiraH BEeKTOpJiap WHFUHANCH KYPUHUIIHMAA

- -
ArOHa ycysl OWIaH TacBUpIaHMIIM KeauO unkanu. [llysnail kuiu6, pr*a sa pr. a

_)
MPOCKIUSIIApHUHT Tabpudu a BekTopHU O HyKTaJaH Kyhuinra O0FiukK smac. (16)

TCHIJIMKHHA

a= pr” a+ pr,lg (17)

_)
KypuHUIIIA €3ul MyMKUH. Arap € — | TYFpu YM3HMKKa Mapajuiesl HOJIMAac BEKTOP

- - -
Oynca, pr*a BEKTOp — a BEKTOPHUHI T TEKHCIMKKA Hapajiel € BEKTOpAaru

- -
npoexyuscu ne0 arajaau Ba Pr,a opKaid OenTHiIaHay. aqé(prlT aj COHHU
e e e

- -

- -
aq pr; a opkamu OenruiaaHagd. Pria BEKTOp & BEKTOPHUHT € BEKTOpra mapajuies
e e

- -

T TEKHCIHUKIArK MPOCKIMACH XaM jae0 IOpUTHIaau Ba Pr’a kabu OenruiaHaiu.
- - -

Bynnait 6enrnanunuiapaa (17) Tearmukau a = pri a+ pr. a (18) kypunumiga €3um

e

MYMKHH.

- o> -
da3zona €,e,,e, 6azucHu omamu3 Ba Oy BekTopiapHu Oupop O HyKTanaH

Kysmu3. O HyKTa OpKQJIH T, T,, M, TEKUCIMKIAPHU LIYHAAH YTKa3aMU3KH, T,
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- > - >

TCKHUCJIINK 92,83 BCKTOPJIApra mapajuieii; T, TCKUCIINK el,e3 BCKTOpJIapra mnapajjici;

-> o

T, TeKHUCIHK €, €, BeKTopiapra mapamien 6yicus (16-pacm). by TekucnuknapHu

0a3uc TeKUCIUKIap e0 aTaiMus.

RN

-> o> -
a BEKTOpHU €, &,,e, 0a3uc BeKTopiaapu Oyiinua éamus:

- 1 - 2 - 3 -
a=a-e+a“-e,+a’-e,. (19)

- - - -

al . el BCKTOP el BCKTOpIa ImapaJuici, a2 -e2+ a3 '93 BCKTOp 3Ca m; TCKUCIIMKKA

- - >
napajien OyiaraHiurumaH, xamua a= prr*a+ prn‘jl a CEUUIMaHUHT SITOHAJTUTHIAH
&
- -

- - - -
a'-e = pr*a xemu6 unkaau. Xyay myHnaiia’-e,= prza sa a’-e,=prra.
&

€ €3

16-pacm.

Hemak, (19) TeHrmMKHN Kyuaara KypuHUIa E3UI MyMKHH:

- - - -
a=prita+priza+pria.
&

€ €3

Ilyaunrnek, a' =aqprr a (i :1,2,3) oynagu. llynunr yuyn (19) TeHrnmkHHA
N

sgHa Kyriuaaruya €3uil MyMKHH:

5=(aq prr 5)-%(% pr 5)-§2+(aq prr gj-e:- (21)
& e e

2 s

[yngait kwmb, ¢a3zoga BEKTOPHUHT KOOpAWHATAIApH Oy—YHUHT 0asuc
TEKUCIIMKJIapra Tmapauiel ©0a3uc BEKTOpAard NPOSKIHMSUIAPUHUHT — anreOpauk
KUAMAaTIIAPUIUD.

6.1 )KyMJIaHUHT yMyMJalMacu Kyiuaaruya:
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- -

10.1. Teopema. Uxtué€puii a Ba b BekTOpiap Ba UXTUEPHUN O COH YUYH,

[aq pr{a+ BD ~(aapra | +( aqprb ] [aq pr(azD ~o[ aapra

TEHIJIMKJIAp YPUHIIH.

- - =
By epna tekuciukaa Pre a tummard Ba (aszoga pria  THIIArH MPOEKIHsIap
€ e

Xxakuaa ram Oopaau. Teopema TacauKu MPOEKIUSHUHT alre0pauk KuiMaTtu—Oy
KOOpAMHATaIap »HSKaHWJAH XamJa BEKTOp WWUFUHJIWCH Ba BEKTOPHU COH

KYTTaTMaCHHUHT KOOpJMHATANIapu XaKuaard 9.4, ;kymiaaaH Keau0 YuKaIu.

- -

10.2. Teopema. Vxtuépuii a Ba b BekTOpiap yuyyH Xamja UXTHEPUH O COH

YUyH
pr(a+ b) = pra+ prb Ba pr(aaj =opra
TEHTJIMKJIAp YPUHIIN.

By epna ran MyMkuH Oyiran npoekuusiap xakuzaa Oopamu. 10.1. sxymmara

K¥pa, Xoira pr= pr. uc6ot kepak 6ynaau. (17) TeHIIUKra acocan
a+b= pr,“(a+ bj+ pr! (a+ bj .
bynnan ramkapu, pr” (a+ bj = pr"a+ pr*b. lemaxk,
pr,“(a+ bj =a+b-pr! (a+ bj =a+b—prra-pr'b=
=a— pr*a+b- pr*b=((17) ra acocan) = pr. a+ pr'b.
XyIau myHa1am oa = prT: (oc aj TEHIIUK UCOOTIaHa u.

Jlemak, OW3 BEKTOPJIAPHUHT Xap XWUJI MPOEKIUsJIApHU aHMKJaHaIuK. Bekropra
YHUHT TPOCKIHMSICUHU MOC KYIOBUM AaKCIIAHTUPHUII TPOCKIUsIaI 1e0 aramyBud
akcnantupunuiap Oymanu. 10.2 TeopemaHu KyWumarnda KaWta mdopaiam MyMKAH

(6.3 Tabpudra KapaHr).
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10.3-Tteopema. Kylingaru npoekuusianuiap Yu3UKJIM akCIaHTUPUILIAp OYaau:
prz :Vect(2) —Vect(1),
pr™ Vect(3) — Vect(l),

pr! :Vect(3) —Vect(2).

11§. BEKTOPJIAP CKAJISIP KYITAUTMACH BA YHUHT
XOCCAJIAPH

HNxxu BeKTOp Opacuaaru 0ypuak.

-

_)
dazona (TEKUCIMKIA) WKKUTA HOJ OyiamaraH a Ba b Bekropmap Oepwiran

oyncuH. VYnapau Outrra (O HyKTalaH KysIMU3:

g:OM,B:ON. Texucmukma O, M, N HyKTamap s
opkanu ytyBuu OM — Ba ON — HnHypnap opacuna N/
UKKUTa  Oypyak  aHuKiIaHrad. by  Oypuakiap ) AN -
KOCHHYCJapu Oup xwi Oynrad ¢ Ba 27— @ HOMaHpUH

KuiiMatinapHu KaOyn kKwiaagd. by OypuaknapaaH 2=y
knunrn OM 6a ON  gexmopaap opacudazu Gypuax
71e6 aranam Ba OM ON opKaJid OenruianMus.

17-pacm.

YHUHT KOCHHYCHHM  TONANJIUK. N HYKTaHU OM  T1yfpu

H
YU3UKKA OPTOrOHAN MpoeKuusuiad, N, HyKTaHM XOCHJ KWJIaMu3. 8 BEKTOp KaHJail

WyHanran Oyinca, XyqAy WIyHAAaW WyHanumra sra Oynaran  OWUpJIMK Y3YHJIUMKHH

e d - 4 -
BEKTOpHU €, opkamu Oenrmnaiimus. ON, =Ae, OyincuH. YHOa ‘ONl‘:m, A HUHT
a a

UIIopacu 9ca COS(OMAON) uImopacu OWiaH ycTMa-ycT Tymagd. VKkuHYM
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toMoHzaH, ONN, T1yrpu Oypuakiau yuOypuakiaH ‘ON‘ ‘ON‘ ‘COS OM "ON )‘

TEHTJIMKKa ora 0ymamus. Jlemak,
= oN- ‘cos OM "ON )‘ (22)

- - -

Nxtnépuii C BEKTOp Y4YyH C BEKTOPHUHI €, BEKTOpJard OPTOTOHAI
a

- - -
NPOCKIUACUHH, IbHHA, C BCKTOPHHHI €, BCKTOpIAaru €, BCKTOpra IneprncHIUKYISAp
a a

-

TEKUCJIMKKAa Tapajjen MpOoeKUUsICUHU Pr, C opkaau Oenrunaiimus. Y xonzaa

e,

a

- - -
ON,=pr, b Ba ON,=\e, tenrmuk A =| aq pr, b | au anrnaraam.
a €,

e—)
a a

Hemak, (22) ra kypa

aqpr.b |=|b -cos(O—MAO—N).
bynnaun
A — St
cos(OM ON)= aqpr, b |-b (23)
KM
>N > S |t
cos[a bJ: agpr, b ||b (24).

-

%
(24) TteHrimkHM HOJ OyiamaraH a Ba D BekTopiap opacuaard OypYaKHHHT

KocuHycH Tabpudu cudaruaa onuin MyMKuH. OIIUHTH MyJioXa3aiap 3ca 0y Tabpud

- -
TeOMETPUK EKKOJUIMK OWJIaH YCTMa-yCT TYIIMINUHH Kypcatamu. Mkkura a Ba b

BEeKTOpJap opacujarua Oypuak ne0, Oy BEKTopJjiap KaHAail TapTuOma Kapalullura

Oofnuk Oynmaran Ba 0 gaH 7 radya KuiiMaT KaOyJl KMJIyBYM OYpUYaKHU TYIIYHTAHUMU3
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oouc cos(a bjzcos[b aj Ba (24) dopmynara TeHr Kywid Oyirad ymoy

( b] [q - ]

Cxansip KynaiTMaHu Tabpugu.

dbopmyara sra 6ymamus:

N

a (25).

- -

HNxku a Ba b BekropnmapHuHr ckamsp KymaiTmacu ae0, Oy BEKTOpIapHUHT

y3yHJIMKJIapu OWIaH yjap opacuaard Oypuak KOCUHYCH KymalTMacura TeHr Oyiran
- -
a, b | conra aittunam:

-

a

-

b

(z, aj: . (b] 26).

Hon BeKTOpHMHI WMXTHUEPHI BEKTOpra CKaJigp KYNMaWTMAaCHMHM HOJTa TEHT J1e0

OJIaMHM3.

(24) Ba (25) TenrumkIapaH ymoyra sra 0yiamMus:

(g, Bj = -{aq pr., B] = -[aq pr., gj (27)

Pt
Ckajsip KynanTMaHUHI X0CCAJIapH.

-

a

-

b

- > >
11.1. Teopema. UxTtuépuii a,b,C BekTOpiap yuyyH Ba UXTUEPUH O COH YUyH

KyWugaruiaap ypuHiIu:

1) (a, a] >0, (a, aj =0 daxar Ba dakar myngaku, a =0 Oyica;
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Hcoor. 1) Ba 2) xocca ucbotu 6eBocuta Tabpudman kenubd yukamu. 3) XOCCaHH

TEKIIHPaAMU3.

N

(Q+B,Z) =((27) Ba acocan)=|C [aq pr., (g+ BJJ =((27) Ba acocan) =

[aq o J {aq - 5} (a.8)+(5.¢)

4) xocca xaM XyJJI4 IIyHAAH TEKIIUpaIau.

-

C

-

C

- -
11.2. Teopema. (Kowu-bynaxoeckuu menecuziueu. Wxtu€pmii a Ba b

BEKTOPJIAp YUyH

N

a

-

b

g(z,ajgg

N

a

-

b].

-

b

- -

, hakar Ba akaT myHgaku b =aa

Arap a=#0 Oynca, y xonaa (a, b) =

oyica, 0y epaa a>0.
Teopema ucbotu ckansp kynaidTMa TabpuduIaH Ba KOCHHYCHUHI XOCCACHIaH

OeBocuTa KeJIN0O YUKAIH.
12§. KOOPIUHATAJAPIA CKAJISIP KYITIAUTMA

BekTopnapHUHT YU3UKIM KOMOWHAIMSICUHU KymXaajap KaOu KymauTupHIL

MYMKHHJIUTH CKaJIsip KyTMaWTMa XoccajapuiaH KelnuO YMKaIu:

(alafraz a,+ 0,3, B, b+, sz:

:(ocla1+a2a2+oc3a3,Blblj+(ocla1+oc2a2+oc3a,3, szzjz
=04 Bl(asiblj"'az Bl(aZ’ j+0‘3 Bl(a?ﬂblj_i_
T, Bz(avsz"'az B, (aZ’bz)"'aa B, (asibz)

- >

Texucnukna Bekropnap (pa3oCHHMHT €, €, Oa3UCHHM OJaMu3. Y Xoiza
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—b'.e+bie, (28)

[N
D

N
ol

BEKTOpJIap YYyH
an B1(a A UY2(n A 2WlfA A 2n2(a A
a,b |=ab (el,e1)+ab (el,e2)+a b (ez,e1)+a b (ez,ez) (29)
TEHTJIMKKA 3Tra 0YyIaMus.
Yoy (eT, eT-)z 0;; COHHU OA3UCHUHT Mempur Kodpguyuenmu ned ataiimus.

YHpa @;;=0; OymmumHun sbTHOOpra onud, (29) TEHIIMKHH KyHuaardda €3uul

MYMKUH:

(5,5) =a'h'g,, +(a'b’ +a’')g, +a’b’g,,. (30)

Xyanu myHaai ($aszojia BeKTopiaap yayH e?, eé, ez 6asucHu 010
a —a'e +a’e, +a’e, Bab =b'e +b’%, +b%, (31)
BEKTOpJIAp YIyH
(5, 5) =a'h'g,, +a’h’g,, +a’h’g,, +(ab’ +a’h')g, +
+(ab®+a%')gy, +(a®b’ +a%’)g,,  (32)

TCHIJIMKHA €KM aH4a KOMIIAKT raxkJjiaa

(a, B)ziiaibigi ;. (33)

i=1 j=1

TCHIJIMKHH XO0CHUJI KUJIaMH3.

Y6y (5,5)=‘5‘2:>‘5‘=4/(5,5), cos(EAE)z‘(f"TE)‘

TEHTJIUKIIap
a

BEKTOPJApPHUHI KOOpJAMHATajJapyu Ba Oa3UCHUHI METpPUK Ko3pduuueraapu
OpKaJli BEKTOp Y3YHJWUIHM Ba Yylap opacujarn OypyakHM TOMNMILIra HWMKOH

Oepanu. (28) BekTopyiap ydyH ymOyra sra Oyinamus:

‘5‘ = \/(al)z g, +2a'a’g,, +(a2)2 g, . (34)
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COS(EAB) ~ a'b'g,, + (alb2 + azbl) g,, +a’b’g,, (35)
\/(al)z g,, +2a'a’g,, +(a2)2 Oy -\/(bl)2 g,, + 2b'bg,, +(b2)2 9,, |

Xynau myHnai gopmynanap (azonaru (31) BekTopiap Y4yH XaM YPHHIIH.

VYnapuu (33) TeHrnMKHHA Kyutad KOMIIAKT IMakiga Oepamus:

‘5‘ :\/iiaiajgij . (36)

i=1 j=1

3 3

2.2 ablg;,

i=1 j=1 . (37)

cos(3°5)- [S3at, (35w,

i=1 j=1 i=1 j=1

— A —

A 1, i= j uchun;
ra o=
P 95710, i % j uchun.

6a3zuc opmonopman 6asuc nevinnanu. OpTtoHOpMan 0asuc

Oynca, (TYFpU 4YHM3HMKIArd, TEKUCIUKIArd EKu
dasomaru) € ,...,€,
BEKTOPJAPHUHT Y3YHJIUTH OWpra TEHT:

‘ei ‘: (ei € ) =% =1,

— A —

i#) yuyn @;;=0 Ttenrmk sca cos(ei C )20 OVNUIIMHN aHTJaTaau, SHHH,

OpTOHOpPMad OAa3UCHUHI BEKTOpJIApU Kyhpr — KyPpT oynuo6 ¥3apo
nepneHaukynapaup. HOxopunma G6apua dopmynanap opTtoHopMan Oa3uciaa aHua

coasa kypunuiira sraaup. @azomaru BeKTopiap yuyH yuoy €3yBra sra Oyiamus:
(5,6’) —ab'+ab?+a%®, (38)
A=y (@) + (=) e
11 22 3K3
): ab +ab*+a’b (40)

V@) +(a2) + (2°) () +(67)" + (b°)

KYIIMIyBYMHA  Tanuab — ro0opub

— A —

cos(a b

(38)-(40)  dopmynamapma  yIUHYH
TEKUCIUKIArd BEKTOpJap Yy4YyyH Moc (opmyiyiaapHu xocui Kuiamus. (38)

dbopmynanan ymoy kymia KeJaubd yuKaiau.

61



12.1. xxymaa. Nxtuépuit a BEKTOPHUHT eT, e, , gopTOHOpMaH Oasucnaru

KOOpAUHATAJIapU (5,67), (E,g’), (E,g) CKaJIsIp KymaiTMmanap Oyiasau.

13§. KOOPIMHATAJIAP CUCTEMACH

Adpun koopaunarasapu. Tyrpu um3mKga, Tekuciukna &ku ¢azoma O

HYKTa Ba e ,., e 0Oasuc Oepwiran OYyicuH. YH7a OE...ET

. penep Oepwiras

n

ne6 aiiramms. Wxrmépmii M  Hykra yaye OM Bextoprm (O  Hykrara

—_—

HucOaTtan) M HYKTaHUHT paouyc—eekmopu 1e0 arajmand Ba I,  OpKalu

OeJruiIaHaan.

AWTainmk,

OM =x'e, +..+x"e,  (41)

6yncuH. (41) TeHromkgaru X ,..., X" commap M HyKTaHHHT OeT...e pernepaaru

n

(agpdpun) roopounamanapu ne6 aranaau. babzaH BEKTOPHUHT OeT...Q pernepaaru

KOOpAWHATaIapyu  XakKuja ramnupaMu3 Ba OyHIa YHUHT E e Oaszucmaru

n

koopauHaTanapunu tymyHamus.  Illynagait  xkunmub6, M HyKTaHUHT Oa...en
penepaard  KoopAuHaTaiapu Oy— YHHHT paJuyC BEKTOPUHUHT Oy penepiaru
KOOpJIUHATAJIApUINP. Xt ..., X" koopauHatanu M HykTaHu 6ab3zan M (Xl,..., X”)
ned €3amus.

13.1. skymaa. Bepuiran penepma M (xll,..., Xln) Ba N(Xé,..., XQ) HyKTasap

n

yayn MN = {Xé —Xyy e, X5 = X } TEHIJIMKKA dra Oyiamus.

Tacnuk 18-pacMm TacBupJianran 0ynuo, y

MN=MO+ON=0ON-OM éxu MN=r, —r, (42)

TCHIJIUKAAaH KeHI/I6 qUuKaau.
NN 14 nn 15 nn 1 N\, n N\,
MN :(x2e1 +..+Xe )—(xle1 +..+Xe ):(xz—xl)e1 +o (X = e,
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E€KH

M =~ .5 ).

[yngat  Kuiumo, Oa...e penepHu OepuIl, paBIIaHKW, HyKTara YHHHT

n

KOOpJIMHATAJIap CATPUHU MOC KYIOBUU:
“HykTa” — “yHUHT KoopauHaTamap catpu’  (43)
aKCIIAHTUPHII OMEKTUB aKCIAHTUPHUITHU HQOIamaiiam.

M MN N

18-pacm.

13.2. Tabpud. (43) OueKkTHB  aKCIAHTUPHUIIHU Oa e

. penep OwunaH

aHUKJIaHyBYM apuH KOoOpJauHaATanap cucteMacu ae0 aTanalu.

Onatna yau OX,..., X" éku OX,...X cuMBON Ounan Oenrmnadagu. O HyKTaHH

KOOpAMHATajJap CUCTEeMACUHUHT OOIM Je0 arajiaju. Oa periep Ounan OepuiraH
TYFpu un3uk Oomm O HykTaga Oynaran OX koopauHarta YKu 1e0 atanaigu.

[ynnait kummoO, dazona Oxyz KOOpAMHATAIAD CUCTEMACHHU OEpHUI yMYMHIA
KoopauHaTta Oommra sra Oynaran yura Ox,0y,0z koopauHarta VKjiapHu Oepuiira
SKBUBAJICHTIHP. by yKimap Moc paBumiga

Ox - abcucca YKw,

Oy - opaunata VKu,

Oz - anmukara Yku Ae0 aTtamaam.

Koopnunara 0o O Hykta OX YKUHU WMKKWTa SIpUM YKKa: MaHQuil Ba

MmycOar yrmapra Oymaau (19-pacm).
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19-pacm.
Koopnuuaramap VKM TEKUCIUKHH KOOPAWHATANAD SPUM TEKHUCIUKIIApUTa
aXpaTaau, KoopauHaTa YKiIap KyQTJIUTH dca KoopauHaTa kBaapantiaapura éku |, I,

[, IV wopaknapra axparamgu (20-pacm).

II I

A 4

20-pacwm.

Koopaunara yxmapu xydtiukinapu opkaau YTyBuu Tekuciaukiap —OXy,Oxz,
Oyz xoopounama mexucaukiapu ned atanaau (21-pacm).

da3oHM KOOpJWMHATAa TEKUCIUTHM HMKKUTAa SpuUM KoopauHaTa asora
axparagu. Koopaunara  Tekucnuru  yunukiapu  dca  (Ga3oHM  CaKKU3Ta
KOOpJIMHATajap OKTaHTJapura axparaju.

®dazona uxtuépuit M wykranu omamus. by Hykranum OXx,0y,0z xoopauHata
Vkmapura moc pasumima Oxy,0xz, Oyz koopawHaTa TEKHUCIWKIApUTa Tapaiet
Kb  mpoekuusuiaiimuz. Xocunn OyaraH mnpoekuusuiappn M, M,, M, opkamu
oenrunaitmu3. X — M, HykranuHr OX yKumaru koopauHartacu OyiacuH xamaa M,

Ba M, nykramap Oy Ba Oz yxiapu MOC paBHIAAa Yy Ba Z KOOpAMHATajgapra sra
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oyncun. Yuaga 10§ na  kedaTwpuiaral OpoeKnMs — Ba KOOpJAMHATA OpacHIaru
OOFNaHMIIMIAH X, Y, Z COHJAp M nykranuar OXyz KoopAHHATajIap
CUCTeMacHuaru KoopauHaTaiapu oynumm kennd uukamw. lllyamain kom0, daszona
HYKTaHUHI KOOpJMHATaCH Oy — YHUHI KOOpAMHATa YKHJAru MPOEKUUSCUHUHT MOC

KOoopauHaTa TCKUCIIMIMIa IHapaljicl MPOCKIHUACHMHHUHIT KOOpAMHATACHIMNDP.

Y

<y

~ 4

AR
/ &1/ Pxy /
// B // '
21-pacm.
Kecmanu Oepuiaran HucOaraa Oysmu.
Arap
MM =AMM, (44)

TEeHrMK Oaxapuinca, M =M, nHykra MM kecmanu A HucOatna 6ynagu 1ed

anThiIagu.

L, L, r — M, M,, M HyKranapHuHr paauyc-BeKTOpiapu OYJICHH. YHIa
(44) TeHrNMHUKHU F—E:k(E—F) ExH

— 1 +AL

[ =0 1

1+A (49)
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KypuHUIIZA €3MI1 MyMKHH, Oy TeHriama uxtuépuit A=-1 ga M nHykranuar M M,

TYFpU YM3UKIArd pajdyCc BEKTOPU I HU aHUKIaWau. A=-1 na MM, —Tyrpu
YU3UKHUHT “dE€KCU3 Y30KJIAITraH HYKTACHMHU XOCHJI KWJIAMH3.
(45) TeHrMTUKHU KOOpAMHATA Oyiinya €3u0

X:XO+7LX1’ y:yo+ky1’ Z:zo+k21 (46)
1+ A 1+A 1+

dopmynanapaun xocuwn Kwiamu3. A=1 na M Hykta M M, kKecMaHuMHr Yypracu
oynaau Ba (46) dhopmyrnamap

XotX YotV
2 2

Z,+ 1,

Z= 47)

KYPUHHIIHHA OJaIu.

Tyrpu Oypuyakiu KOOpPAUHATAJAP CHCTEMACH.

Arap OX.,..,X" koopmuHaramap cuctemacun Oe,,...,6 OPTOHOPMAN perep

OwiaH sSbHHM, YHIOAru € ,..,€, 0Oa3uc oproHopMan Oa3zuc OynraH penep OwiIaH

n
aHUMKTAaHTaH Oynca, y xomma OX',..,X" KoopaWHATanmap CHUCTEMAacH TYFpH
Oypuakiu cucrtema jed araiajiu.

®dazona OXyz Tyrpu Oypuakiivi KOOpJAHUHATANAp CHUCTeMacu OepuiraH OYIICHH.

Hkkura M, (X,Y;,2) Ba M,(X,,Y,,Z,) HyKranu omamus. YHJa ylIap Opacuiart

p(M;,M,) macoda ynapun ryramrupysun Bekrop MM, ={X, =Xy, —¥,,Z,— 7}
HUHT Y3yHJIUTHUTA TEHTIUP.

[ysaunr yuyn (39) ¢opmymnara acocan

p(Ml’MZ):‘W‘:\/(XZ_X1)2+(y2 _y1)2 +(22_21)2 . (48)

Xycycas,

(x—x0)2+(y—y0)2+(z—zo)2=R2, R>0 (49)
Tenraama Oepunran Mg (X, Y,,2,) Hykrazan R wmacodana typyBum — Gapua
M(X,y,Z) HyKTalapHUHI TCOMCTPHK YPHHHM SIbHH, Paguycd R Ta TeHr Ba

mapka3zu M, HykTaga Oynras chepanu TaBcudaiau.
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Tyrpu Oypuaknu OXy KoopJMHaTajgap CUCTEeMalld TEKUCIMKIA Ml(xl,yl,) Ba

M, (X,,Y,,) HyKranap opacuaara Macoda

p(Mv Mz) :\/(Xz _Xl)2 +(Y2 - y1)2 (50)
TEHITIMK OWJIaH aHUKJIAHAIH.

Yoy
(x=%) +(y=Yo) =R (51)
TeHTJaMa paanycu R ra TeHr Oynran Ba Mapkasu MO(XO, yO) HyKTa OYnran
alimaHaHd TaBcUIIANIN.

KyT06 xoopamHaTanap cucreMacu.

Texucnukna O HyKTaHW TaWWHJIANMU3 Ba yHU Oomu kv KyTOu ae0 aTaiMus.
| —-O Hykra opkamu yTyBUHM TYFpU YM3UK OYJICHH. By TYFpu 4YM3MKKa mapauiert
6UPOp HOIMAC € BEKTOPHH TaHmab, | TYFpU YM3MKEA OPHCHTALWS KHPHTAMH3. €
BEKTOp OwjiaH Oup xuj iyHanran Ba Oomm O HyKTaaa OYViraH HypHU KymoO yku 1e0

aTaliMus.

M

v

22-pacm.
| TYFpu YM3MK TEKHCIWMKHH HMKKUTA SPUM TCKUCIMKKA aXpaTaad, yJapjaH
OvpuHU (MACTKUCUHU) MaH(HUI, WKKUHYUCUHU (FOKOPUCHUHU) 3ca MycOar ned
aTaiimMu3.  ODHJIM TEKUCIUMKHUHT uXTU€puii M HyKTacu y4YyH YHHHT KyTO
KOOpJIMHATAJIAPUHHA aHUKJIAIl MyMKUH, SHHU:

1) M nykragan O HykTarada Oynrad I macoda;
2) M HyKTaHHHT oM pamuyc BEKTOPUHHMHT KyTO VKumaH oruin Oypuaru ¢ (22-
pacm).

I coam M HykraHuHTr KymoO paouycu ned aramamgu. O HyKTamaH Qapkiu

UXTUEPHUI HYKTaHUHT KyTO paauycu mycOar. O HyKTa y4yH y HOJITa TEHT.
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@ Oypuak M HykraHuHr KYmo6 Oypuaeu ne6 aramaau. KytOd Oypuak
TekucMKHUHT O  HykTacugaHn Oomika Oapua HYKTaJapd YYyH AaHUKJIAHTaH.
MycOaT sSpuM TEKHCIUK HYKTaJIapu Y4yH, XymiaaaH, | TyFpu 4mM3uK HyKTalapw

ydyH XaMm KyTO Oypdak [O, TE] KecMajard KuiMatiapau KaOyn kuiamu. Maudwuit
SApUM TEKUCIUK HYKTalapu Y4yH KyTO Oypdax (—n, 0) VWHTEPBAIIAH KAWMaTIap

KaOyn kuinaau (23-pacm).

{ (2] +

W -

i~

®

M

23-pacm

Jlemak, HYKTaHMHI KyTO KoopauHaTaiapu Oy — KyTO paauycu Ba KyTO
oypuarnmup. IOxopuma TtaBcupaanran M, M #O Hykrara yHHHT KyTO
KoopiuHaTanapu (r,@) KyGTIUKHE MOC KYIOBYH aKCIAHTHPHIIHH KyTO YKU Ba
MycOar SpuM TEKHCIUK OwiaH aHukiaHyBun Or@ KoopAHWHATalap CHCTEMAacH
ne6 aramanu. Tekucnukiapna MycOaT SpUM  TEKUCIMKHM TaHJAll YpHUTA

AlIAaHUIIIHUHT MycOaT WYHAJIUIIMHKA TaHJall MyMKUH. Tabuuiiku, @ KyTtO Oypyaru

[0, 27t) SPUM HMHTEPBAIJArd KUAMAaTIapHU KaOya Kuiaau (24-pacm).

7

[9]

]
\

i~

M

24-pacwm.
Arap Tekucnukna Kytd koopauHartamap cucrtemacu Org Oepunran 6ynca, y

Xola y Oyinua TyFpu OypUakiM KOOpJAWHATajJap CHUCTEMAacH XaM aHUKJIaHWIIN
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Tabumiinup. By KoopauHaTamap CHUCTEMacHMHMHT Oolu KyTO KOOpAMHATaiap
CHUCTEeMAaCHHUHT OOIIM OWJIaH yCTMa-yCT TYyWIaaH, abclucCaJapHUHT MycOaT sipum
Vku aca mycoat spum Tekuciaukaa €raau. [llynamait kumu6, xocun kKuiauHran OXy
TYFpu Oypuakiu KoopauHatamap cuctemacuan OrQ xymb6 Koopounamanap

cucmemacu ounan anukianean cucmema ned araimus (25-pacm).

[
Y

25-pacMm.

Axkcunua, arap OXy Tyfpu Oypuakiiu KOOpJWHATalIap CUCTEMacu OepuiraH

Oynca, y xonma Oepwiran TYFpu Oypyakiud KOOpAMHATANAP CHUCTEMACHUHHUHT
KoopAuHaTa OOIIMHU cakjad xamja KyTO YKy aOciuccanap MycOaT spum VKU
OwiaH  ycTMa-yCcT  TYNIMIIMHUA Tanad Kuiaub, MycOaT s[puM TEKHUCIUK dca
opauHaTaNapyu MycOar HyKTajapjaH Tamkwi tonuau. Uxtuépuit M HyKTaHUHT

(X, y) TYFpu Oypyakiii KOOpAWHATATAPWUHU, YHUHT (r,(p) KyTO KOOpAMHATaJIapu

Owrtan OoryioBun (popMynanap YpUHIUAUD:

X=TrCoS
_‘P} 52), sinp=t-—Y__1 (53
y=rsine r X* +y?
X
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Il BOb
TYFPU YN3UK BA TEKHCJIUK TEHTJIAMACH

14§. TEKUCJUKIA TYFPH UN3UK TEHIJIAMACHU

Texkucnukna addua koopauHaramap cucremacu OXYy HU  TaiimHmaimus. |

TYFpPU  UYM3WKKA TMapajuie] Xap KaHaad HonmaH ¢apKiu a BeKTOp Oy TYFpu
YU3UKHUHT UYHAIMUpYeyu eexmopu 1ed aTajiaji.
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0 J5) [(x,0) x

26-pacMm. 27-pacm.

MO(XO,yO) Hykra | Tyrpu um3ukaa €rcuH. YHIa Oy TYFPH  YM3UKHUHT

uxtuépuii. M (X,y) HyKTracu yuyH M M Ba a BeKTOpNap KoJUIMHeapaup. JeMax,
myHaa t coH MaBxy 0yiuo,
M,M =ta (1)
TEHIJIMK YpuHiu 0ynanu. Akcunua, (1) mapt Oaxapunaauras xap Kangai M
HYKTa, BEKTOPHHU COHTa Kynmaitupui Tabpudura MyBoduk | Tyrpu umsmkna €ramu.
Mynnait ~ kwu6, (1)  maptan  ¢akatr | TYFpU YMBUKHUHT HyKTaJIapu

KaHoaTnaHTupaau. (1) TteHrmuk Oy — TYFPU YMBHKHUHT BEKTOp IHAKIWIATH

TeHriaaMacuaup. M, Ba M HyKranapHUHT paguyc BEKTOpJIapHU MOC paBuijia I, Ba

r opkamu 6enrmnaiivuz: OM, =1, , OM =r . Yuza

M,M =M,0+OM =OM —~OM, =r —r1,
Ba (1) Tenrimama
Fo—ta &m T=r +ta (2
KYpUHUIITA KeJlaJn. by XaM TYfpyu YU3MKHUHT BEKTOp TeHriamacu (26-pacwm).

Arap a Bextop {o, B} koopammaranapra ora Gymca, y Xomia (2) BeKTOp

TEHIJIMKIaH KOOPJWHAT TEHIJUKIapra YTub

x:xo+toc}

3
y:yo+tB ()

TEHIVIMKHU XOCWJI KuiaMus. by (XO, yo) HYKTa OPKAJIA YTYBUU WYHAITUPYBYU

BEKTOPH {oc, [3} OynraH TYfpy YM3UKHUHT MapaMeTPUK TEHIJIAMACH.
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(3) Tenrmamanap cucremMacugaH t mapaMeTpHH WYKOTHO TYFpU YM3UKHUHT

KaHOHHK TCHIJIaMAaCHMHHN XOCHJI KHJIaMH3.

X=X _ Y=Y
P (4)

by epnma, arap o=0 0ynca, y xonma (4) teHrmama X-—X, =0 TeHITIMKKa

aliaHau.
by tenrnuk Oy yxura nmapamien Ba OX ykumga M (XO,O) HYKTa OpKaJIM YTYBUYU

| TV¥pu un3uK TeHrIaMacuHu TaBcuQuaian (27-pacm).
(4) TeHrIaMaHM YMYMHUI Maxpakra KeJTHPUO, YHra SKBHBAJCHT TEHITIAMAHH

XOCHJI KUJIaMU3:
Bx—ay —Px, +ay, =0.
by renrnamana A=, B=—a, C=—-Bx, + ay, 1eb, ynu
Ax+By+C=0 (5
KypyUHHIIIA €3amMu3. by TYFpU YM3MKHUHT TEKUCIMKIATH YMYMHUH TEHIJIaMaCUIUpP.
a ={o,B} Bexrop Honnam dapkmm Gynranuman A Ba B kosddumenTapran
kamuga outracu Hoyjan (apkiau. [IIyHuHT yuyH (5) TEHIUIaMaHUHT Yall TOMOHH X
Ba Y HOMabJIyMJIAPHUHT OMPUHYM TapTUONM Kymxaaunan moopataup. [emak, (5)

TEHIJaMa — OMpPUHYM Japakajld TEHIJIaMa, S’bHU TEKUCIUKIAru UXTUEPUNA TYFpH
YU3UK OWPUHYM TAPTUOIM YU3UKIAH HUOOpATIUD.
Teckapucu xam TYFPUAMP: TEKUCIHMKAA UXTUEPUN OUPHUHYM TAapTHOIU YM3UK,

spHU Tekucukaa OXy Addun koopauHatanap cucremacuna (5) TeHriama TYFpH
YU3UKHHU TaBcU]IIaiam.

XakukaraH, (5) TEHINIAMaHUHT XYCYyCHH €4UMU (XO, yo) HU onamMu3. byHnai

€4uM XaMMa BaKT MaBxKy[: arap, Macanad, A=0 Oyica, y xonga y, =0 Ba X, = _K

C
ne6 omamu3. Arap B=#0 Oyinca, y xonma X,=0 Ba yO:—E ne0 onamus.

M, (XO, yo) HYKTaJaH YTyBUM WYHAITUPYBYU BEKTOPH a= {—B, A} oyiran | Tyrpu
YM3UKHU Kapaimus. DHau | Tyrpu unsukna uxtuépuit M (X, y) HYKTaHU OJIaMU3
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Ba YHUHT KOOpJuHartajnapu (5) TeHrjJaMaHu KOHOATJIaHTUpUIIMHU KypcaTtamus. (1)

MyBOQUK TIyHNIal t COHM MaBXYIKH,
{X=%, Y=Y} =t{-B,A} (6)
TEHIJIMK YPUHINAUD. byHaH KyWUJaruay TOIaMu3:
A(X—X0)+ B(y— yo) =((6) ra MmyBoUK)= A(—Bt)+ B-At=0
€K1
Ax + By — Ax, — By, =0. (7)

AmMMmo, (XO, yo) KybTauk (5) TEHIVIaMaHUHT e€YUMHAaH uOopar, SbHU
C=-Ax,—-By,. llemak, (7) TteHrmuk (5) TeHMK OwWiaaH yCTMa-ycT TyLIaJH.
Hemak, | Tyrpu uu3umkka Terunuid OyiaraH uxTHépuit M HyKTaHUHT (X, y)
KoOopAuHaTacH (5) TeHrJlaMaHu KaHOATJIaHTUPaIH.

Alitaiinuk, M (X, y) HykTa (5) maptHu KaHoaTMaHTUpcuH. LlyHuHTrIEK
M (XO, yo) HYKTa XaM Oy IIapTHU KaHOATJIAHTUPraHW YYyH YOy TEHIJIMKKA Ara
oynamus:

A(Xx—%,)+B(y—Y,)=0

EKU1

HeMmak, W:{X—%,y—yo} Ba 5:{—B,A} BEKTOpJIap MPONOPLUUOHAIIIUD.
Hemak, (1) ra myBopuk M wykra | TYrpu umsukma éramam.

[llynnait kunmb, Ou3 Kylujaru TeopeMaHu UCOOTIIAIUK.

14.1. Teopema. Texucnukna TYFpu YM3UK — Oy ailHaH OWUPUHYM TapTUOIU
YUBHKIHP.

by Tteopemanunr wucbotumaH a:{—B,A} BekTop (5) TeHrnmama OwiiaH

Oepuirad TYFpH YM3UKHUHT WYHANTUPYBYM BEKTOPHU OYIUIIM KenuO yuKaau. Arap

B =0 6yica, (5) Tenrnamanu



KYpUHHIIIA EKU

y=kx+b (8)
Kypunuiga &€3um MymMkuH. By — K Oypuak kod(huIUMeHTIH TYFpU YU3UK
TeHrinamacu. AdduH kxoopauHaramap cuctemacuaa K COHM TYFpH Oypuakiu
KOOpAMHATANap CUCTEMacuaard Kabu Typu 4m3uKHUHT OX YKura oruin Oypuak
TAHT'€HCU KaOW Te€OMETPUK MabHOTa 3ra SMACIUTMHU KAl KWIMII Kousaup. 28-

pacmma OX ykura mepneHIukyasap | TYFpu 4M3uK Y = X TeHIJamara 3rajup.

L 4

X

28-pacMm.

Ounu (4)-TeHriamara Kaitamus. | Tyrpu umsmkma Mg(X,,Y,) HyKragaH
bapxmn  M,(x,y,) Hykra Oepumrasn 6ymcuH. YV xomma | TYrpum 4m3MKHMHT &
iyHanTupyBuM  BekTOpH cudathma {X —X,Y;—Y,} BEKTODHH OJHMII MyMKHH.
Hartwxkana (4) tenrnama

X=X — Y—Y (9)
X=X Y1—Y

KypuHumra kemaad. by umkkmra M, Ba M, HyKTamap opkaju yTyBUU TYFpH

YU3UK TEHIJIaMacuaup.
| TVrpu umsukHUHT (5) yMyMuil TCHITIAMACHHHUHT alipUM XYCYCHI XOJUTapUHU
aXpaTamMus3:
1) | TV¥pu un3uk koopauHatanap 6ommaan yraau < C =0 Oyica;
2) I: Ax+By+C =0 tyrpu Ox ykura napawien Oymaau < A=0 Oyica;
3) | tyrpu unsuk Oy Yykura mapasmien Oynaau < B =0 6yica;
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4) | Tyrpu un3uk OX yku Omian yctma-ycr Tymamn<> A=C =0 6¥ca;

5) | Tyrpu unsuk Oy yKu Owian yctMma-yct Tymaan < B=C =0 6¥ca.

15§. TEKUCJIMKJIA TYFPU YN3UKJAPHUHI V3APO
’KOUJALUIYBU. SIPUM TEKUCJIUKJIAP

by maparpad wmoOGaiinuma addun koopaunaramap cuctemacu OXy HH
TaWHIIAHT aH.
15.1. sxkymaa. Moc pasumga
Ax+By+C, =0 (10)
Ax+B,y+C,=0 (11)

TeHriaamanap Ownan Oepuirad |, |, TyFpu-un3ukiap ycrMa-ycT TyIIUIIN yIyH

A_B_C
A2 BZ C2

IIAPTHUHT OKapHWIUIIKM 3apyp Ba eTapiiu.
Ucoor. 3apypaucu. |, Ba |, TYFpum uM3HKIAp YCTMa-yCT TYIICHH. {—Bl, Ai},
{—BZ,AZ} BekTOopiap Moc pasumna |, |, TVFpu umsukmap ydyH WYHaNTHpyBUU
BekTopJiap Oynanu. [lemak, ynap komunHeap. [llynpait o € R con maBxyn 6Yiuo,
{_81’ Ai} = a{_Bw Az} (13)
ypunim. (X,,Y,)€l, =1, Hykranu onamus. Yeua
AX,+By,+C, =0,
AX,+B,y,+C,=0.
By TeHriamanapjaaH MKKUHYMCHHU O Ta KYMauTupuO, OMPHHYN TEHIJIaMajaH

aluvpamMus:
(Aﬁ_aAZ)Xo+(Bl_0°Bz)yo+Cl_0CC2 =0

(13) Tenrnukka acocnanu6, C, —oC, =0 HuM Xocmnn Kuinamuis. byHnan aca A =oA,,

A_B

B,=aB,, C,=aC, teHrmukmap Ounan Ousra — = B & apTHU Oepaiu.
2 2
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Emapnaunuzu. (12) maptaan
Ax+By+C, =aAx+aB,y+aC, =a(Ax+B,y+C,)
TEHIVIMK KenuO uukaau, seHu |, |, TYFpu umsukiapHu GepyBuYM TEHIJIaMaliap TEHT
Kywid, spHM |, |, TYfpu umsuknap ycTma-ycT TyIIaau.
15.2. wymaa. Moc paBumga (10), (11) Ttenrnmamamap Ownan Oepuiiran

l,, |, TYFpu ymsukap nmapamien Oynanu, pakar Ba ¢akaT HIyHIAKH

ﬁ:i;t& (14)
A B G

mapT OaxkapuJca.

HUcoor. 3apypauzu. {—Bl, Al}, {—BZ, Az} WVHAITUPYBUM  BEKTOPJIAPHUHT
OpONOpUUOHAIUIMTHIAH Xamaa 15.1-xymnanan |, |, TyFpu 4u3uKIApHUHT ycTMma-
yCT TYIIMAaCIUTHHMU, IbHU |, |, TYFpu YM3UKIapHUHT MapayUIeJUIMTMHN aHTJIaTaaH.
Emapaunuzu. (14) miapTHUHT OMPUHYM KUCMU OM3ra WyHaNTHPYyBYM BEKTOPJIAPHHUHT
napauies OYIUIINHN, UKKUHYM KucMu Ba 15.1. sxxymnara kypa |, |, T¥rpu unsuxiap
yCTMa-ycT TYIIMAaciuru kenud uukaau, sbHU |, Ba |, TYFpu 4M3HKIApHUHT

napaJuIeJVIMTUHU aHTJIaTau.
15.1 Ba 15.2 xymnanapaan
ALB
A B

mapt (10) Ba (11) Tenrnamanap Ounan Oepuran |, |, TYrpu um3ukIapHUHr OUTTA

(15)

HyKTaaa KCCUIIUIINTAa SKBUBAJICHT SKAaHJIUTH Keano YUKaau.

15.1. xymaa. (10) Ba (11) Tenrnamanap 6unan 6epuran |, |, Tyrpu unsukmap
M, (XO, yO) HyKTaja KecuuicuH. Y xonza |, Tyrpu umsuk M, Hykra opkanu yTajau,

dakat Ba akar mynnaku, y (10) Ba (11) TeHrmamamapHUHT YU3UKJIM KOMOMHAITUSICH

oynran
a(Ax+By+C)+B(Ax+B,y+C,)=0, (oc2 +B% = O) (16)

TeHTJIamMa OumaH Oepuiran Oyica.
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Emapaunuzu. 1, tyrpu umszuk (10) Ba (11) TeHrIamaJapHUHI YU3HKIH
koMOuHarusscu Oynrad (16) tenrmama Owman Oepwicud. (10) Ba (11) Tenrmamanap
Ouwnan Oepuiaran |, |, Tyrpu umsukiap M, (XO, yo) HyKTa OViinuya KEeCHIITaHU
y4yH

AX,+ByYy,+C, =0Ba AXx,+B,y,+C,=0
TEHIJIMKJIAp YPUHIUMINAD. YHIA
(A%, +B Y, +C,)+B(AX, +B,y, +C,)=0
TEHINIMK XaM Ypuniuaup. Jemax, |, 1¥Fpu umsux M, (XO, yO) HYKTa OpKalu
yTaau.

3apypauzu. ANTalIINK,

Ax+By+C,=0 (17)
TeHryiama Ownan Oepwiran |, TyFpu uM3uk M, HyKra opkamu yrcuH. |, TYrpu
amsukaa  Mo(x,,y,) Hykrajzan ¢apkan Oupopra M, (X,Y,) HyKTaHH oxamus.
o, = —(Ale +B,y, + Cz) , B,=AXx+By,+C, oO6yncun. M, nykra |, |, Tyrpu
yu3uKIapra Oup BakT/Aa TErMLIUIM OYJIMaraHiauruyia o, Ba [3; COHJapJaH Kamuaa
ourtack Homuad dapkmu 6ymamu. Yama o, (AXx+By+C,)+B,(Ax+B,y+C,)=0

(18) Ttenrmama (15) maprtra kypa OupuHYM TapTUOIM TEeHTIaMa OYyianu
(Homabaymsap  ojauaard KodpduuueHTIap Oup BakTAa HOJra aWjJaHMalan).
Iynunr yuyn 14.1. )xymiara MmyBoduK, y Oupopra | TYyFpu YU3WKHU aHUKJIAWIN.

M, HyKTaHUHI KoopAuHaTajapuHu (18) TEeHrmamMaHMHI yam TOMOHMra KYyiuo,
ap, +PB,(—0,)=0 tenrmamann xocwn kumamus. Jemax, | TyFpu umsuk M,
HyKTa OpKaJM XaM ¥yTaau Ba y |, Tyrpu um3uk OmwiiaH ycTMa-yCT TYHIMIIM KelIHuo
yukaau. AMMo, yHna 15.1-xymuara kypa, (17) tenrnama (18) Tenrimamanu oupopra
Y COHra KyHaTHpHUILJAH XOCHUJ KWIMHAaIU. YHOA o =vyo,, B=vp, aa (16) Ba (17)
TEHTJIaMaap yCTMa-ycT Tymaad. 15.3. )xymuna ucOoTiaanIu.

(16) Tenrnama (10) Ba (11) Tenrmamanap OwiaH OepwiraH TYFpU YU3HKIIAP
KECHINUII HYKTACH OPKAIM YTYBUU mMYyepu YU3UKIAp OACMACUHWHT TEHTJIaMacH

ned araiaiu.
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15.4. Teopema. | Ttyrpu umuxk AX+By+C=0 (15) Tenrmama Ownan
Gepunran OYJICHH. Y6y X~ = {M (x,y):Ax+By+C< O} Ba
X" = {M (X, y): Ax+By+C > 0} Tymamiaap | TYFpu 4Yu3uMk OWiIaH derapajiaHraH

SIpUM TEKUCIUKIap OYynaau.

HUcbor. M(X,,Y,) Ba M,(x,y;) Hykramap X tymiamaa ércun. MM,
KeCMaHUHT uXxTuépuii naku M (X,Y) Hykracunu onamus. By Hykra MM, kecmanu

oupop mycbar A Hucbarma Oymagu. Yunma 12§ nma xypcatwiranm kabu M

Xy +AX, Yo +AY,
HYKTaHHUHT X, Y KOOpAHHATaJapH MOC paBHIIIa X =——— Ba Yy =-———— Tra TCHI.
1+A 1+A
[Iyaunr yuyH C :LCjLLC allHUSATHU YBTHOOPTa 0O TOTAMU3:
1+A 1+A
Ax+By+C:AX°+7LX1+By°+}Ly1+ L C+ A C=
1+A 1+A 1+A 1+A
1
=——(AX,+By,+C)+— +By,+C)<0.
1+x( 0+ 8% +C) 1+x(AX1 %+C)

Yynkn, M, Ba M, Hykramap X  sApuUM TEKHCIHKKa Teruuuuaup. /lemak,

M e X™. Spum tekucinuk tabpudura kypa (3§), X~ tymiam | TYrpu unsuk Ousax
yerapajaHrad SpUM TCKUCIUKIApHUHT Ompuma éramm. X' TYIUIaM Xakdaa Xam
XyIAM —IOyHAald aitum  MyMKaH spHH, X Tymiam | TYrpu umswk Owunan
yerapajaHrad spUM TEKHCIUKIapaaH Oomkacu ¢Eraau. Ammo, Tekuciuk X, |,

X" tymnamnap 6unan Tyramtadagd. Jemak, X~ Ba X' Tymaamiap Xap XWi puM

TEeKUCTUKIIapa €Taau Ba yJapHH Tyrataiau. 15.4. Teopema ucOOTIAHIH.

X~ tymnam (5) TYFpu 4YM3WMKKAa HUCOATaH Manguil spum  meKkuciuk, X

TYIIIaM 3ca Mycoam apum mexucaux Aed ataiaau.

16§. TYFPU BYPYAKJIA KOOPJUHATA CUCTEMAJIHA
TEKUCJIMKIA TYFPU YN3UK

Nkku TYFpu 4YM3MK opacuaaru Oypuak.
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Texucnukna Oej(?2 OopTOHOpMaJ pernep Omnan anukiaanran OXy TYpru Oypyakiu

KOOpJIMHATAJap cUcTeMacu Oepuirad OYyicuH. MabllyMKH, 5:{—B,A} BekTOp (5)
yMyMH# TeHTTIaMa Oninan Oepwirad | TYFpu YU3WKHUHT WYHATTHPYBYU BEKTOPUIUD.
(10) Ba (11) ymymuii tenrnamanap Owman Oepunran | Ba |, TYfpu umsukiap
opacumarn @Gypuax ynmapmunr & ={-B,A} Ba a, ={-B,, A} itynantupysun
BEKTOpJIapH opacuaaru oypuakka TeHr (29-pacm). Jlemax,

(2.2)  An+BB, (19)
ST OR e

busra Oy popmyna |, Ba |, TyFpu unsukiap opacuaaru OypyakiapaaH OUPUHUHT

COS(p =

KuiiMaTHHI Gepajiu. Arap TYFpH 4M3UKIapiaH OMpHHMHT TeHrmamacuuu (—1) ra
KyIalTupcak 7T—@ TYJIAUPYBUM OypyakHUHI KocuHycu Xam (19) ¢opmynanan
XOCHJI KWIMHAH.

(19) dopmynanan |, Ba |, TYFpu YM3UKIAPHUHT MEPIICHIUKYISPIUK MAPTH

AA, +BB, =0
KEJINO YHKaIU. 2
Hykragan Tyrpu yu3suKKava 0yjaran macoda. [,
M, HykTagan | TYFpu um3ukkaua Oynaran macoda \
ne0, Oy HyKTaJaH TYFpu 4YM3UKKa Tymupuiran M M, E}“ T E;

NEPIECHIUKYJSIPHUHT  y3yHiurura awtwiagu. M M,

kecma | Tyrpu umsukHMHT uxtHépuidi M HykTacu

Omnan M, HyKTaHM TyTalITUPYBYM Xap KaHIah Oomika 29-pacym
M,M kecMmanaH KUCKa.
16.1. xymua. (Xo,yo) koopauHaranu M, HyKkragan (5) ymMymuil TeHriama

Ounan 6epwiran | TYFpu un3ukkadya 0yaran macoda

:|Ax0+ByO+C|
A’ + B’

p(M,,1) (20)

dbopmyna Ounan ndoaanaHaiy.
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HUcooT. Mabnymku, a= {—B, A} BekTOp (5) ymymuil TeHrniama Ouinan Oepuiran

| TVFpu YMBMKHUHT WYHANTHPYBYU BeKTopHﬂnp.ﬁ:{A, B} BEKTOPHM KAapaWJuK. Y
XoJiga

(a.n)=-B-A+A-B=0

sra Oynamus. [lemax, n BEKTOP a BEKTOpra MeprneHauKkysip. M, Hykra opkamd |
TYFPU YM3MKKA MEPHEHIUKYIAp Kuiuo, |, TyFpu umsukHu yTkazamus. by 1yFpu
YM3UKJIAQPHUHT KecWmmm Hykrack M sca M, Hykraman | TyFpu uu3mkka
TYLIYyPWITaH MNEePHEHANKYJISAPHUHT acocu Oyiaau. |, TVrpu uwmsukHuHT (3)
IapaMeTpPUK TEHIJIaMacu

{x:x0+A-t 21)

y=Yy,+B-t
KypuHumra sra. M, HykTa (Xl,yl) KoopAuHaTajgapra osra OyincuH. by
KoopAuHatanap t napamerpHuHr Oupopra t kKuiimatuna (21) ¢opmynara kypa
Xocw1 KwinHaau. M, €| Gynranunan
A-(X+At)+B-(y,+B-t)+C=0

oynanu, OyHIaH

+By,+C
h=- AXOA2 +y|§2 | 2)

M, (XO, yo) HYKTaHU Ml(X0 +A-t,y,+B tl) HyKTa OuWiaH TyTallTUPYBYU

M,M, Bekrop {A-t,,B-t,} koopauHaranapra sra. Jlemax,

p(Mg,1)=|MM, | = JALY +(BL, ) =t VA? + B? =((22) ra mysodmx) =

+BY,+C| =7 |AX,+By,+C
:‘AXOZ yO2 ‘ A2+BZZ‘ 0 yO ‘
A"+B JA? +B?
Mana 1uryHu ucOOoT KWIUII Tanad KUIUMHTaH 3]T4.

Arap A’+B?=1 6¥nca, TyFpu UM3MKHMHET (5) yMyMuii TEHrIaMacH HOPMAn

TeHrjaama Je6 atanaau. (5) yMyMuil TeHTJIaMaaH XaMMa BaKT SKBUBAJICHT HOpMaJl

80



A B C
X+ y+
JAZ+B2  JA 1B A?+B?

TCHIJIaMara S'ITI/IHI MYMKHH.

-0 (23)

Mynnait kunuo, 16.1. xxymaanu Kylugaruya Kainta udojganamn MyMKHUH:
Hykraman Tyfpu umsukkada Oynaran macoda (abcomoT KuiiMatu Oyiimya) Oy
HYKTaHUHT KOOpAMHATATApUHU Oy TYFpPH YU3WK HOpMaj TEHTJIAMAaCHHUHT Yarl

TOMOHUTIa KyIIWII HATHKACUTa TEHTAUP.
17§. TEKUCJIMK TEHT JIAMACH

dazona TEKUCIUK XAKUAArd TAcAWKIAp TEKUCIWKIA TYFPH YM3HMK XaKHIard
Tacnukiapra yxmam Oymaau. Acocuit dapk gopmyna yinuamuga: OMTTa BEKTOPra,
OuTTa TeHrIamara, OuTTa KoopAuHarara, Outra KymuinyBuura kyn oymanu. [llynunr
yuyH (a3zoga TEKUCIMKKAa Terunum QopmynasapHd KEITUpUO YUKapHUIlra
TEKUCIUKAA TYFPU YHU3HMKJIAp YYyH KEITUpUO uuKapuiaradn QopMynaiapaan
npUHIMIHAN QapK KAIMACIUTUIAH alpuM JIeTaJUTapHU TYIIypHO KOJIAUPaMU3.

dazona Tekucank HUMa? buz OMIaMu3Ku, TEKUCIMKAA UKKUTA YA3HKIH SPKIH
BEKTOp MaBxkyJ Oynu0, Oy TeKHCIUKAAa ETYBUM MXTUEPUN BEKTOpP yJap OpKaId
ym3uku upoaananagu (8§). Uy Owian Oupra MXTUEPUN MKKUATA YU3BHKIU SPKIA
(HOKOJUTMHEap) BEKTOP TEKHUCIMKIArd BekTopJyiap (azocuaa Oazuc XOCUJ KUIaau
9%).

17.1. skymaa. m Tekucaukaa M, HyKTa Ba MKKUTa a Ba b HOKkommHEap
BekTopiyap Oepuirad OyicuH. YHAa M HyKTa T TeKMCIMKKA TETUILIN OYianu, ¢pakat
Ba (pakat myHaaku, U Ba V COHJIap MaBXya OViIuO, yjaap yuyH

M,M =ua +vb  (24)
éitmnMa Ypunnu 6ynca.

HUcoor. M nHykTa 7 Texkucnukna éramu, pakat Ba ¢akar mIyHIaKd, KaUOHKH

M,M BekTop T TekuciauKka mapamien Oynca. by Tabpudra kypa, a, b, M, M

BEKTOPJIADHUHT KOMIUTAHAp OVIMINUHU KeauO YWKagu. 8 Ba D BEKTOpJIapHUHT
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HOKOJUIMHEAapIUru cababiu, oxupru xymiaa sca M M  BekropHMHr a Ba

BBeKTopnap OpKalnu 4YU3MKJIM HQONaTaHUIINTa JKBUBaNeHTAup. 17.1. xymma
UCOOTIIaHIH.

(24) TeHrnMK TEKUCIWKHUHT BEKTOP IIaKJIJard TEHrjamacujaaH ubopar. Y
TaBcu(uil xycycusTra sra OYnmuO, TEKMCIMK acocaH YHAAard HyKTa Ba HUKKHUTA

HOKOJUTMHEAp BEKTOp OnjIaH OMp KUWMATIIM aHUKJIAHUIIWHYA TacaUKIIanIu.

b M
p— ﬁ—u
ua
=
0

2

Ty

30-pacm
O xoopiauHata OONIMHYM TalWHIANMU3. M,Ba M HyKTamapHUHI paauyc
BEKTOpJapuHU Moc pasuiga OM, =a Ba OM =r opkanu Oenrwiaiimus. YHaa

(24) Tenrmama
r-r,=ua+vb ému r =r, +ua+vb (25)
KYPUHUIIHYU oJlau. By TeHrIama TeKUCIMKHUHT BEKTOP IIAKIMAArd TEHIJIAMaCH P
(30-pacm).
®dazona Oxyz addun xoopauHaTanap cucreMacuHu ojamu3. by cucremana

HyKTaJIap Ba BEKTOpJIap MOC PaBUILIA

Mo (% ¥0:2), M(%Y.2), @ ={a,8,8}, b ={b.b,.b;}

KOOpAMHaTagapra sra OYJICHH.
(25) BeKTOp TEHIIHMKIAAH KOOpAUHATANIAP TEHTJIUKIApra YTUO ymoy
X=X, +ua, +Vb
y=Y,+ua,+vb, (26)
Z=1,+Ua,+Vb,
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TCHINIaMaJIap CHUCTCMACHUHH XOCWUJI KHJIaMH3. By TCKUCIIMKHUHIT 11apaMCTPUK

teHriaamacuanp (30-pacm).

(26) Tenrmamanap cucTeMacu €Ky yHTa SKBUBAJICHT yIIOy cucTeMa
X—X, =Uua, +Vb
y—Y, =ua, +Vb,
Z—-12,=Ua,+Vb,

KyWujaru
X=X & b1
Y=Yy & b
z2-2, a, b,
MaTpHla YCTYHJIAPUHUHT YH3UKJIW OOFIaHraHauruHu udonanaitau. by ¥3 HaBOatuga
X=% & b1
y-Y, @& b|=0 (27)
z2-12, a, b,

TEHIJIMKKA €KU (OMpUHYM caTp OYiinYa JeTepMUHAHTHU EWTaHUMU3/IaH CYHT)
A(X—X%,)+B(y—Y,)+C(z-2,)=0 (28)

TeHrjamMara sKBuBaJieHTAUp. by epaa

a 4
b, b,

a; a
b, b,

(27) renrnk M (X, Yo, 2, )HyKTa Ba @ ={a,,8,,8,}, b ={b,b,,b,} Hoxommameap

BEKTOpAap KyPTIUTKM OPKAIHU YTYBUH TEKUCIHK TEHIJIAMACH.

b, b,

. B=

(29).

Tekuciukaa yura Oup T¥pu unsukaa érmarad M, (X, Y;,z) i=0,1,2 nyxranap

Gepuiras GYICHH. @ = M,M,; Ba b=M oM, O¥yucuH. YHna (27) Tenrnama
X— X0 y— yo Z— Z0

X\—=% Yi—VY, Z-2,|=0 (30)

=X Y=Y Z,—Z

KypuHuIIHE onanu. by tenrmama (Xo,Y,.2), (X, Y1,2), (%, Y,,2,) KoopauHaTanu

y4Ta HyKTa OPKaJM YTYBYM TEKUCIHUK TEHIVIAMACUIHUD.

(28) Tenrnamara Kairaiimuk. D =—Ax, — By, —Cz, ne0, yuu

83



Ax+By+Cz+D=0 (31)

KypuHHUIIIa &3amMu3. by TCKHCIMKHWMHT yMyMHH TeHIJamMacu. a Ba D
BEKTOPJIAPHUHT MPOMOPIIMOHAI SMacIuruaan (29) teHrinamaiap OWiIaH aHUKJIaHYBYU
A B,C connapnan kamuaa OuTTacu HoJijaH GhapKIuanp.

Jlemak, TeKUCIMKHUHT YMYMHM TEHTJIaMacu OMPUHYM TapTHOIU TEHTJIaMaJup.
[lynnait Kuaub, TEKUCIUK 3ca OMPUHYM TapTUOIU CUPT OYIaIu.

Teckapu TacIMK XaMm TYFpH: Xap KaHjaad OupuHuM TapTtuOiau (31) TeHriama

TEKUCJIMK TEHTJIaMach Oymaau. XakwkataH xam, (apa3 kwrainuk, Oyama Az=0
o D — B — C
oyncun. M, _X’O’O HYKTaHH a = —Z,l,O , b= _K’O’l BEKTOPJIAPHU

osaMu3 Ba M, HyKTa xampua a Ba BBeKTopnap OpKaJii YTyBUM T TeKUCIHK (31)

TEHIJIAMAHUHT €YuMJIapu TYIIaMU OWJIaH YCTMa-yCT TYHIYIIMHU KypcaTamu3. T

TEKUCITUKHUHT (27) TeHIJ1Iamacu

x+E y 2z
A

B 1 g-0
A

_9 0 1
A

E€KU

D C_. B
X+—+—2+—y=0. (32
N (32)

[ynnait ko, (31) TeHraama Ba m TEKUCIUKHU OepyBuM (32) TeHriamanap
nponopuuoHanaup. Jemak, ymoOyHu HCOOT KHIIIUK:

17.2. Teopema. ®azona TekucIuK Oy — alHaH OUPUHYU TAPTUOIU CUPTAUP.

18§. TEKUCJIMKJIAPHUHTI V3APO KOMJIAIIIYBMU.
SAPUM ®A3O0OJIAP
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18.1. kymua. a= {oc, B, y} BekTOop (31) ymymuii TeHrinamacu Ousian Oepuiira
T TEKUCJIMKKA napaien 0ynanu, Gakat Ba ¢akat yHIaKu
Aa+BpB+Cy=0 (33)
TEHIJIMK YPUHIIU OYIica.

HcodoT. Arap BEKTOpHUHT OOIIM Ba OXUPH TEKUCIHUKIA €TCA, Y X0J/1a BEKTOP LIy

TEKHUCJIMKKa Mapaien 0yiaau, Ba akCHHYA.

a BEKTOPHH T TCKUCIMKHHHT M 0 (XO, Yo ZO) HYKTacUJaH KyaMmu3. Y XoJja,
yauHr M, oxupu (XO +o, Y, +B,Z,+ y) KoopauHartanapra sra Oymamu. lynmaii
KWINO, BEKTOPHUHT TEKUCIIMKKA Mapauien OYiauiu ymoy

A(X,+a)+B(Y, +B)+C(z,+7)=0
TEHIJIMKKA TEeHI Kywiu O0ymuo, M, (XO, Yo Zo )HyKTaHHHr T TEKUCIHUKKA TETHIILTU
OYIUIIM [apTH
AXx, +By,+Cz,+ D=0
HU YbTHOOPTa 0JicakK, Oy TEHIJIUK
Aa+BB+Cy=0 (33)
TEHIJIMKKA SKBUBaJeHTAUp. 18.1. )xymia ucOoTnanam.
18.2. :xkymaa. @a3ona m, Ba T, TEKHCIUKIAP MOC paBULIA
Ax+By+Cz+D =0 (34)
Ba
Ax+B,y+C,z+D,=0 (35)
yMYyMH# TeHTJaMaaapu Ousad Oepuiran OyJICHH.

A_B_G

Arap — —= mapT Oaxapuica, T, Ba T, TEKHCIUKIAp KEHI MabHOJAA

AZ BZ - CZ
napaien Oynanu(TymiaM MabHOCHIA KECHIIMalau €KM YCTMa-ycT TYyIIaJH) Ba
aKCHHYA.
Ucoot. Emaprunueu 18.1.xymnanan keaud Yukaau.

3apypaueunn texmmpamus. Papasz kunanauk, A =0 OyicuH.
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VHia a = {—%, 1, O} Ba b = {—Kl, 0, 1} BEKTOpJIAp T,— TEKUCIIMKKA IapajuIeIInup,

JYHKH,
Bl Cl
A-|-—|+B,1+C,.0=0, A:|-——|+B,-0+C,:1=0.
Al 1 1 Al 1 1
JHlemak, ynap m,— TEKUCIHMKKA XaM napauieagup. (33) maprra Kypa

A, -(—%j+ B,-1=0 Ba Az.(—%J+C2~1=O.

By Tennuknapnan ymoy

A_B A
A B A G
TEHTJIMKJIAPHUA XOCUJ KHJIaMU3.
Mana nryHu ucOoTiiam Tanad STUIraH M.
18.3. skymJia. Arap
A_B G D g
A& Bl Cl Dl

mapT O6axkapuiica, y xouaa (34) sa (35) ymyMmuii TeHriiamManap Ouian Oepuirad m, Ba
T, TEKHCIIMKIIAp YCTMAa-yCT TyIIa/IH, Ba aKCUHYA.
Hcoot. Dakat 3apypauru ucOOTIaII eTapiu.
T, Ba T, TEKUCIMKIIAp yCTMA-yCT TyHICUH. YHAa (36) mapTra Kypa myHaam o
COH TOIHUJIHO,
A =0A,, B =0aB,, C,=aC, (38)
wapt Gaxapuinani. (Xg, Yo, Zy) €T, =T, HYKTaHH oJamu3. YHIA
AX,+By,+Cz,+D, =0,
AXx,+B,y,+C,z,+D,=0.
By TeHrnmuKIapHUHT WKKUHYMCUHU OTa KynautupuO, OWMpUHUYMCHIAH alHpcaxk,
D,—aD, =0 éxu D, = oD, TeHrnnkan XOCHII KWJIaMU3, ABbHU

AZ_BZ_CZ_D

—4=—= —2 = . Mana mynu ucOoTiai Tajnad KUIMHTaH dIH.
Al Bl Cl Dl
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18.2. Ba 18.3. kymnamapaaH KyWugaru HaTikKa KenuO — YUKaIM.
18.4. Haru:ka. Arap

B D
i —_—2 _ & + _2 (39)
Ai Bl Cl Dl
mapt Oaxkapuica, y xonna (34) sa (35) ymymuii TeHriiamManap Ouiiad Oepuirad m, Ba
T, TEKUCIMKJIAp TOp MabHOJA Napajuien 0ynaau (TymiaM MabHOCHA KECUIIMaian),

Ba aKCHMHYaA.

18.2 )xymnanaH KyWnjar >kymia Kejauo YnKaam.
18.5. xymia. Arap E ={A,B,C,} Ba E ={A,,B,,C,} BexTopnap kommHeap
oynca, y xonga (34) Ba (35) Tenrnamanap OuiaH OepwiiraH TEKUCIUKIAD TYFpU

YU3UK Oyinya KeCHIllaiv, Ba akCUHYA.

18.6. :xymua. (34) Ba (35) Tenramanap OuiaH OepuiraH 7, Ba T, TCKHCIHKIIAP

| TVFpu un3uK 6YHNYa KECHIIICUH.

T, TEKUCIHK | TYFpU YM3UK OPKAJIH YTUIIN YIyH, YHUHT TEHTJIaMacH
a(Ax+By+Cz+D,)+p(Ax+B,y+C,z+D,)=0 (40)

KYpHUHUIITA dTa OVIUIIN 3apyp Ba €TapJId.
by tenrnama (34) Ba (35) TEKUCIMKIAPHUHT KECUILIUII TYFPU YU3UFH OPKAIH
VTYBUM meKuciukiap oacmacurumne meneaiamacu ned aramamu. 18.6. xymiaa TYFpu

YU3HKJIap yuyH Oepunran 15.3. )xymia kabu ucOoTaaHaau.

18.7. Teopema. mwrekucnuk (31) Tenrnama 6wnan 6epuiiran 6yycuH. Y xomiaa

X~ ={M(x,y,2)| Ax+By+Cz+D <0} Ba

X' = {M (X, Y, Z)| Ax+By+Cz+D> O} TyIUIamjIiapy T TEKUCIWK  OWiIaH

yerapajaHTaH sipuM (azonapaup.
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X~ tymiam (41) texkucnukka Hucbaran MaHduii spuM (azo, X' Tymiam sca
mycoar sipum ¢azo aed aramagu. 18.7. Teopema sipuM TEKUCITUKIAP YIyH OepuiraH

15.4. Teopema kabu nucOOTIIaHAH.
19§. ®A30JIA TVYFPU YN3UK

TYFpu YN3UKHUHT TEKUCTUKIArU Ba (pa3o/1ard BEKTOp TEHIJIaMaiapy yCTMa-yCT
tymanu. Ymoy M M =ta tenrnama, tnapamerp Oapua XakMKUM KuiMaTIapHU
KaOyn Kwiranga, M, HyKTajaH YTyBuM Ba HOJIMaca BeKTopra mnapasuien oynras |

TYFpU YM3UKHUHAT M V3rapyBuM HYKTACMHU TaBCU() KWIMAIIAHUA SCIATAO YTaMMs3.
Yy y Yy Yy Yy

Arap ¢azona O koopauHarta 601K TalMHIaHTaH Oyiica, y XoJiaa

_  —

r=r, +ta (2)
TEHIJIaMa PaJnyC BEKTOPHU E BEKTOpra TeHr OyiaraH M, HyKTa OopKaJld yTyBUd
a HyHanTupyBun BekTopiu | TYFpu um3wkHWHT M y3rapyBuM HYKTaCHHUHT r
panuyc BeKTOpHM TaBcud 3tamu. OXyz ad¢uH xoopaumHaTanmap cucremacuaa M,
HykTa (Xo, Yo, Z,) KOOpAMHATANapra, a BeKTOp dca {o., B, y} koopmumaranapra sra

oyiscuH. Y xonna (2) BEKTOp TEHIJIUK

X=X, +ta
y=Y,+1tp (41)
Z=1,+ty

KOOpJMHATajap TEHIJIMIM CUCTEMACUra ajlaHaau. by TYFpu YM3UKHUHT

napaMeTpuK TeHriamacuaup. (41) TeHrnaManapaan {X X0y Y= Yo Z— ZO} Ba

{oc, B, y} BEKTOPJIAPHUHT MPOTOPIIMOHAIUIMTH KeJIUO YuKaau. by TEHIIIMKHU

X—ony—yOZZ—ZO (42)
o p

TEHIJIMK ~KypUHUMIIMAA €3UIl  MYMKMH. by TYfpu YM3UMKHMHI  KAHOHMK
TEeHramMacuaup. TeKucnukiaa TYFpU UMBUKHUHT (4) KaHOHUK TEHIJIaMacura

HUCOaTaH KaHAal OTOXJIAHTUPHUIN KWIMHTaH Oyica, Oy epiaa xaM XyIaW IIyHJan
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OrOXJIAHTUPHILHYU KWJIUII MyMKUH. Arap, macanal, oo =0 0¥yica, y xonga X—Xx, =0
Oynanu. byHnan Oy TYFpu 4M3UK X = X, TEKACIUKAA €Taqu Ba

Y=Yy _2-1

B Y

KaHOHHK TEHIJIaMara 3ra OYIWIINHM aHrjataau. Arap, macaiad, a=[B=0 06ynca, y

XOJ1a TYFpHU 4nM3uK X—X, =0 Ba y—Y, =0 Tekucnuknapna €éraau, SbHU YIAPHUHT
KECUYUII YU3UFU OYIau.

Arap | T¥rpu unsukna M, Hykragas Gomka siHa M, (X, Y,z ) HyKra Gepriran

Oyica, y xonaa a HYHAITUPYBYH BENTOP cudaTuaa

MM, :{)(1_X01Y1_ yO’Zl_ZO}

BEKTOPHU OJIUII MyMKUH. YHa (42) TeHrinama

X=% — Y—Yo :Z_Zo (43)

=% Y=Y 4%
KypuHuiHM oslagu. by ukkurta M, Ba M, HyKramap opKaJM yTyBUM TYFPHU YM3UK
TEHTJIaMaCHJIUDP.

Xap KaHIal TYFpU YM3UKHU HKKUTA TEKUCIUKHUHI KECHUILIUII YM3UFU KaOu
TaCBUpJAHUIIM MYMKHUH. PaBmanku, OyHna (42) TeHrnama Xap OUpU TEKUCITUK
TEHIJIaMacu OYJiraH WKKATa OWPUHYM TApTUONM TEHrjiamMaJaH ubopaT cucTemara
SKBUBAJICHTIUP.

19.1..xymuia. Arap | TYFpu YM3UK UKKUTA T, Ba T, TEKUCIUKIAPHUHT KECUIINII
YU3UFU KaOu

{A1X+Bly+C12+D1=O (44)

Ax+B,y+C,z+D, =0

TEHIrJaMalap cucTeMacu Ouiian Oepuiras Oyica, y xomijaa

5:{81 % } (45)

B, G,
BEKTOp Oy TYFpU YM3UKHUHT WYHAITUPYBYH BEKTOPH OYiIaiu.

C Al|A B
G, Al'|A, B,
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Hcbor. 185. xymmara kypa {A,B,C}sa {A, B,, C,}Bekropiapausr

HONIPONOpUHOHAN Bektopaapaup. llyHuHr ydyH a BEKTOPHUHI KaMmHja OHUTTa

KOOpAMHATACH HOJIaH GhapKJIUAup. DHAU

A B G
a=|A B CJ i=12.
AZ BZ C:2

JNEeTEPMUHAHTHU KapaikMu3. Y HOJIra TEHI, YyHKH, y OuUp XWJI carpra sra. YHH

OupuHYM caTp Oyinya €Hnb Tomamus:

B C C B
BZ CZ C2 A2 AZ BZ
AMMO, Oy TEHIIHK @ BEKTOPHHHT n,, 1=12 TekucnukKka mnapaien

OymummHuHr (33) maptu Oynagu. Jlemak, HOJIMac a BEKTOp m, Ba T,

TCKUCIUKIIAPHUHT Xap 6I/IpI/IFa ImapajiiclI. HGMaK, YIapHUHI' KCCUIINIIT YU3UFHWHHUHI

UYHAJITUPYBYH BEKTOPH OYI1aau.

20§. ®A3OJIA TYFPU BYPUAKJIU KOOPJIUHATAJIAP
CUCTEMACHUJIA TEKUCJ/IUK

dazona Tyrpu Oypuakiau kKoopauHaranap cucremMacu OXyz 6epunran OYJCUH.

BekTopHUHT TeKHCIHMKKA Tapaie/umk maptu (33), n :{A, B,C} BeKTOpHUHT (31)

TEHTJIaMa OwWjlaH OepwiiraH T TEKHCIMKKA TEePICHIUKYISIp OVIMIIMHA KypcaTau.
VYHna Oy TEKHCIMKHUHT HOpMaa BEKTOpH AeO aramanu. TeKUCIuKIap opacujaard
Oypuak, Ae0 yJapHUHI HOpMaJl BEKTOpJapu opacuaarud ¢ Oypyak KaOys KMIMHAIH.
ynunr yuyn (34) Ba (35) Tenrnamanap OwiaH OepwiraH 7, Ba T, TEKHCIUKIAp
opacujaru ¢ Oypyaxk yuyH

AiAZ + BlBZ + C1C2
\/Af +B’+C? -\/Az2 +B,”+C,’

cosQ = (46)
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ra sra Oymamus.

T, Ba T, TEKUCIMKIAPHUHT MEPIEHAUKYIISIPIMK IapTH
AA +BB,+CC,=0
TEHTJIUK OVaau.
a :{a, B, y} BEKTOp Ba T TEKUCIHMK opacujaru Oypuak Tabpudura kypa, Oy

BEKTOp OWJIaH YHUHT TEKUCIMKIAru MPOEKIUSICH opacuaaru \y OypuakigaH ubopar

(31-pacm).

=
2]

31-pacm.
T . —
by Oypuak Onan > raya dyerapajga ys3rapaad. a BEKTOP Ba T TEKUCIIHKKA

neprneHaAuKyysip Oynran | TYFpu umM3MK opacumaru OypUyakHH (p  OpKalIH
oenrmwianmus. Y xoinaa
Siny =Ccos¢.
AMMo, | TYFpU YM3UKHUHT HYHAITHPYBYU BEKTOPH n BEKTOp OynraHuian

Aa +BB+Cy

COSQ =
JA2+B?+C% - \Ja? +B% +7y°

(48)

TeHrjamara 3ra oynamus. by epna, m texkucnuk (31) Tenrnama 6unan Oepuiran ie0

xucoOnmanmMu3. (48) TEHITUKHUHT YHT TOMOHHM aOCONIOT KuMaTu OYilm4a oJIMHaIH,
TE —
YyHKH, ¢ Oypuak > TaH OpTHK 3Mac. Jlemak, @ BEKTOp OWJIaH T TEKUCIIHK

opacuaaru Oypyak

Ao+ BB +Cy
JA? +B*+C? - \Ja? +B% +77

singp = (49)
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dopmyna Oyiinua anukiIaHaau. Xycycad, (49) dopmyna Epnammna {a, B, y}

AYyHANTUPYBYM BeKTOpiAM | TYFpM 4YM3MK Ba T TEKHUCIMK Opacuaard Oypuak

xXucoOIaHaIu.

MO(XO,yO,ZO) Hyktagan (31) Tenrmama Owman OepwiraH 7T TEKHUCIMKKada

oynran macoda

-2 e
dbopmyiia Ousian xucoOsaHaIu.
IIT1 BOb
KOOPAUHATAJIAPHU AIMALLITUPULL. OPUEHTALUSA. BEKTOP
BA APAJIALLI KYTIAUTMA.

21§. MATPUIIA BA YJIAP YCTUIA AMAJIJIAP

Keitnaru 6aénnap yayn Ousra anredpanan ailpum MabiIyMOT/Iap Kepak Oyimaam.

M catp Ba N ycTyHJaH UOOpaAT COHJIAPHUHT TYFpU OypUaKiIn

; . &,
a'21 a22 b a2n (1)
a'ml a'm2 a‘mn

XKaZBaTHU M X N Yadamiii Matpuiia aed atanaim.

1xn ymyamau Matpuna

Ha1 anH €K (al,...,an)can

oynmamu. mx1 Ymyamiau Matpuia
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a

a

n
yeTyH 6ymamm. m=n na (1) MaTpumamuW KBajpaT MaTpHIa AeHMIaad. YIdamu
NxnOynran maTpuna N—TapTUOIM KBagpaT Marpura ae0 aramanu. buz acocan
KBaJlpaT MaTpulaigap OuiaH, IIyHUHIIEK, caTpiap Ba yCTyHJIap OWiIaH UII KypaMus.

Yimyamu mxn Oyaran marpunanap tymiamuan M opkamu Oenrunaiimus. KBagpar
MaTpHLalap ydyH aHda KMcKa Oenruinamaas goipananamus: M =M .
M _  Tymiamja KYIIUIl Ba COHTa KYMaWTUPHIL aMajlslapy aHUKJIaHTaH. Y T4aMu

m,n

Mx N OYAraH UKKUTa

&; A, .. &, b, b, .. by,
A= aZl a22 a2n Ba B= b21 b22 b2n
aml am2 e amn bml bmz bmn

MaTpuaiap HUFUHIUCHU 1e0,

a11+b11 a12+b12 a1n+b1n
a,, +b a,+b .. a, +b
A+B= 21 21 22 22 2n 2n
a‘ml + bml amz + bm2 amn + bmn

MaTpHIlaHU OJlaMu3. A MaTpUIlaHU O COHTa KymaiTmacu Jnieo,

aa;, oad, .. oaq,

0a, 08, .. 0a,,
oA=

0La‘ml aamz O(‘a‘mn

MaTpHUIIaHU aUTaMU3.
PaBiranku, Oy amamiap umsukid (Bekrop) ¢aszonunr (I 600, 21§) 1)-8)
aKCHMOMAJapMHM KaHOATJIAHTHPAagWM. MXN yirgamMd A MaTpUIQHHUHT CaTplapyuHH

KeTMa-KeT OUTTa carpra €310, M-N y3yHIWIU caTp XOocuiI Kunamus. by ounan M

yn3uKiIn  pazo Ba MN— yimyamim apudmeruk dazo R™ opacuma mzomophuzM

YpHaTWIAAM. MXN yiI4yaMiIid MaTpUL@HU NX P yiadyamiad marpunara KynauTHPHUIL
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b,

MyMKHH. A= (ai,...,an) carpHuHT (1x N ymuammm matpuna) B =| : | ycrynra (nx1
b,

Yuamuii Matpuna) kynaitmacu 1x1 ymuamnu matpuna, sbHU

AB=ab +..+ah,

COH OYmasu.

YmMmymuii xonga

all a12 b aln bll b12 b bln

A ay 8,y ... Ay, B b, b, .. b,
= MaTpulanuHr B =

a‘m1 amz a‘mn bm1 bm2 bmn

Mmarpuiara kymaitMacu mx p yirgamaun AB=C wmarpuia 6yiu0, yHHHT |— 9u catp

Ba J— YM YCTYH KeCHINIaH JKOHma TypyBuM C;; sneMeHTH A marpuua, i— uu

caTpuHd B MaTpullaHMHT |— 4M YCTYHHra KYMaWTUPHUIITa TEHT, ShHH

Gij :Zaikbkj (2).
k=1

Martpunanapau KynmaiTupuin accouuatus, sbHU arap A, B, C wmarpumamnap
MOC paBHIIIa MXxN, Nx P, Px({ Yymuamiapra sra O6yica, y xoiaa
(AB)C=A(BC) (3)
TEHIJIUK YPUHIIUIUD.
by wuwkkum kappanu  UMFMHIMOA  OKamslall  TapTUOMHU  Y3rapTUPUII
MYMKUHJIMTHIAH OCOHTHMHA KENTUpUO uukapwiagu. Xakukaran xam, (3)
(opMyJIaHUHT Yall TOMOHUAAru Marpuuanu D opkaiau YHr TOMOHAArd MaTpULIaHU

sca D opkaiu OenrunaimMus. YHaa

p [ .n n p
dij :Z(Zaikbkl}lj Ba dilj :Zaik(zbklclj]
k=1 1=

I1=1 \ k=1
KaBcnapuu onu6 Tanuiad xamjaa Oy TEHIMIMKIAPHUHT Oupuia KamJall

TapTUOWHM Y3rapTUpUO TOTIAMU3:
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p__n n p p n
1 1
dij :Z aikbklclj Ba dij :Zzaikbklclj :Zzaikbklclj = dij :dij'
I=L k=1 k=1 I=1 I=L k=1
K¥ymaiitupuin amanu Kymuiira HucoaTal JUCTPUOYTUBIIUTH a€H, STbHU

A(B+C)=AB+AC, (4)
(A+B)C=AC+BC. (5)

Yoy
1 . 0
0 . 0
E =
0 0 .. 1

KBaJpaT MaTpulla Oupauk mampuya ne0 atamaav. Y ULIyHJall Xxoccara 3raki,
uXTUEPH myHai TapTuOIm A KBaapar MaTpHIla yu4yH
AE=EA=A. (6)
MxnN ymaamau A MaTpuiiara TpaHCIIOHUPJIAHTAaH MaTpulia 1ed atamyBud Nxm

Vngammu A maTpuIia aHUKJIaHTaH. Y

TEHTJIMK OWJIaH aHWKJaHaIu. MaTpuIlaHyd TPAHCIIOHUPJIAI aMajlk Ba MaTpUIIaJapHH
KYTIaUTUPUII amMaijlapu Kyiuaarunya OOFJIaHTaH:
(AB) =B'A".
Anrebpa Ba conyap Hazapusicu (paHuman xap Oup A KBaapar MaTpuiliara yHUHT
JETEpPMUHAHTH 70 aTalxyBud Ba |A| (éxkm det A) opkasim OeNnTHIIaHYBYM COH MOC

Kyhunaau. Anrebpa Ba COHIap Hazapusacu (paHUIaH MabIyMKH,

det( AB)=det A-detB.

JletepMuHaHTH HONAaH (apKId KBaapaT MaTpuila XocMac MaTtpuma Jed
atTamani. MabayMKd MaTpuiia Xoc Marpuiia Oynmamu Qakat Ba (akaT IIyHIIaKH,
YHUHT catpiapu (€ku yCTyHJIapu) cuctemainu Oorjanran Oyica. CarpiapHUHT (Eku
YCTYHJIADHUHT) YW3MKIM OOFMKIMIMHM R" umsuknm (a3o dieMeHTIapUHUHT

YU3HUKJTH OOFJIMKJIUTH KaOu MabHO/IA TYITYHUJIAIH.
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Xap 6up xocmMac A MaTpuma ydyH TecKapu Martpuua aeb6 atamyBunm Ba A
CUMBOJI OMJIaH OCNTHUIIAHYBYH STOHA MATPUIIA MABXKYAKH, Y YIYH
AAT=ATA=E. (9
(8)Ba (9) na
det(AA™)=det A-det A" =det A -det A=detE =1
€K

det A= ﬁ (10)
€

TCHIJIMKHHM XOCHJI KHJIaMU3. T€CKapI/I MartpuIara S'/TI/IHI aMajii MaTpUulaJIdpHU

KYTIaUTUPUII Ba TPAHCIIOHUPJIAII aMaJlslapy OuiaH

(AB) =B AT, (11)
(A) =(a) @2

dbopmynanap 6umian OoFJIaHTaHIUP.

22§. BUP BABUCJIAH UKKUHYY BABUCTA YTHIII

by maparpadpna V Bektop (aszoHMHr Typiau Oas3uWcliapu oOpacujiard Xamja
BEKTOPJAPHUHT TYypiu Oa3ucaard KOOpAMHATANIapu opacujard OOFJIaHUIIApHU
TeKIIUpamMu3. BU3HUHT MyJlioXa3alapuMu3 YMYMUM XOJija TYFpu OyJica Xam BEKTOP
daszo neranaa Vect(n), n=1,2,3 da3onu TymyHamus. Pakat OyHHHT YIyH KyWHaara
Tanad KWIMHAIN:

Teopema. V BekTop (a30HUHT UXTUEPUN UKKWUTA Oa3ucu OUp XWJI COHJAArU
BEKTOpJIapra Jra.

By teopema Vect(n), n=1,2,3 xox yuyn 9§ na (9.3. )xymia) ucOOTIaHTaH.

V Bektop (azona MKKuTa €,,..,6, Ba €,..,€. OGasuciap Gepuiarad GYicHH.

VIKKMHYM €], ..., € Ga3sMCHUHT Xap OMp BEKTOPUHU GMPMHYM Oa3uC BEKTOPIAPUHUHT

YU3HUKJIM KOMOMHALMSICH KYPUHUILIA TaCBUPIad onamMus3:

96



............. . 13)

(13) popmynaHu MaTPHUIIATU TSHTJIUK KYPUHHUIINAA E3UIIT MyMKHH:

e—l' C, C; ... Cy E»

1 1
— C12 022 e an . : (14)

€ €

n C, GC, .. C, n

22.1. H3ox. Marpunanap KynalTMacHMHUHT TabpUUHU MaTpULlajIapiaH
OMpPUHUHI 3JEMEHTIapU BEKTOpiap OYAraH xojijga XaM TaJOMK KWUJIUII MYMKHH.

[ynaait MaTpUAHUHT KyaUTMacu BEKTOP 3JeMEHTIN MaTpuna oynaau. [y owian

Oupra, UXTUEPUI & BEKTOP Ba UXTUEPUN O COH YUYH

a-oa=o-a
ned xucobsaiiMu3. BeKTOpHU COHra KynauTUPHUILHUHT aCCOLMATUBIMTUIAH (BEKTOD
dazoHuHr 6) akcuomMacu), opacuja OuTTacu BeKTopiu Oynran uxtuépuid yura A, B,
C marpunanap yuyH (3) KYyNaWTUPHUILIHUHT aCCOUMATUBINK KOHYHHU TYFpH OYIHIIM
KenuO uukaau. PaBimaHku, WIyHAal MarTpuuaidapHd KyNaWTUpHUILIa KynalWTMaHu
TpaHCTOHUPJAITHUHT (7) KOHYHH V3 Kyduja KOJIaJIu.

(14) TeHrIMKHU TPAaHCTIOHUPITA0

C, C, .. C,
(e??’):(eje?) a2 = Cal (5
C, C, - Cp
TCHIJIMKHU XOCHUJI KUJIaMHA3.
C, C, .. C,
C- C, C, .. C,
Ci Cp - C
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MaTtpuiia el,...,e_,; Oasucian e}, . eln Oasucra yTtum matpuniacu ned arananud. by

— R,

MATPUIAHUHT YCTYHJIApPH SHTH €], ..., €'

n 0asuc BCKTOPJAPHUHIT 3CKHU 6&3HC,Z[3FI/I

KoopauHatanapu Oynamu. BektopHuHr 0asuc BekTopiapu Oyiimdua EHMIMACHHUHT
sroHanuruaan (7.6. xxymia) Oup OasuciaH MKKUHYM Oasucra yTuim marpuiacu C

HUHT STOHAJUTH Kenud YuKaad. AHYA KHUCKaya Oenrwianuiap KUPUTHO,

(e):(gl,...,eTn) Ba (el) :(e?, ,eTn) ne6 oo (15) TeHrIuKHN

(¢')=(e)-C  (16)
KYypUHHIIAA €3aMU3.
22.2. sxkymJja. Arap C—(e) Oazucaan (e1)6a3ﬂcra yTum matpunacu, D sca

(el) 6asucaan (e“) 6asucra yrum Matpuuacu 6yica, y xonga CD martpuma (e)

Oasucaan (e“) Oasucra YTuin Matpuiacu Oyiamau.

XakuKaTaH XxaM, MaTpUUAJIAPHA KYTTAUTUPUILIHUHT aCCOLATUBIUTHIaH

(¢*)=(¢")-D=((e)-C)-D=(e)-(cD).

22.2. xxymiaziad ymoy skymJiia Kenuo YuKaau.

22.3. xkymJaa. Arap C—(e) Oazucnan (el) Oazucra yTuin Matpuiacu oymica, y
X072 (el) Gasucnan () Gasucra YTUIN MaTpUIacH Teckapu Matpuua C™ Oynam.

XaKuKaTaH XaMm, (el) 0azucaan (e) Oasucra ytum Marpunacu D Oyica, y
xoqjga 22.2 Kymiara acocaH (e) Oazucaan (e)6a3Hcra ytum marpuniacu CD
oymaau. AMMmo, (e) Oasucmgad (e)6a3ncra yTum matpunacu E Oynranuman xamuaa
yrum  matpunaciHudr sroHanuruaad CD=E xocun xwiamus, OyHmaH »sca
D=C™E =C™ uu Tonamus.

22.4. xxymaa. Xocmac marpunanap Ba ¢akar ynap Oup OasucaaH HKKHUHYU

Oasucra yTui MaTpuiiacu Oyaaiau.

Ucoor. bup 6asucnan MKkuHYM Oaszucra YTUII MATPULIACHHUHT XOCMACIUTH

22.3. )xymianan kenub yukaau. XakukaTaH XxaM, arap C—(e) Oasucmad (el) Oasucra
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YTuI MaTpuiacu 0yica, y xoJja (el) Oasucnan (e) 6asucra yrum marpunacu C

TeCKapu MaTpuIa oynanm. Jlemaxk, CC'=E Ba OyHIaH

detC-detC™* =detE =1= detC 0 6§16, C— xocMac MaTpHIa OYyIa .

DHM €,,...,e, — 6a3uc Ba

C, C, ... C,

C C C
C=|2 "2 2n

C, Cp .. C

xocmac Marpuna OyncuH. (13) dopmyna Oyiinua a,...,aBCKTOpHapﬂaH XOCHII

KWIMHTaH €], ..., €

BEKTOpJIap YHU3UKIU HpKiuaup, akc xoimga C — xocmac
MaTpPULAHUHT YCTYHJIApU YM3UKJIW OOfiaHran Oynap 3au. AmMmo, arap gaszoga N Ta

BeKTOpJaH nbopar 6a3uc Oyica, y xoyjia UXTUEPUN N Ta YU3UKIIM SPKIU BEKTOpIap

—_—

1 1
YHHHT Oa3sMCHHU XOCWJI KWIagd, SbHU €, ..., €

. UM3UKIM DPKJIM BEKTOpJIAp

cuctemacu 6azucaup. 22.4. ;xymia UCOOTIaHIH.

BHI[I/I BCKTOPJAPHUHIT HMKKHTaA (e) Ba (el) 6a3ucnap,uam KOoOpAuHaTalIapu

— — —_—

opacujaru OOFJIaHUIIIHA TOIIAMM3. X BEKTOP €,....e Oasucaa

n
X,,..., X, KOOpJIMHATANApra, €:,...,€; 0asucaa sca  X,..,X. KOOpJAMHATajapra sra
OyncuH:

vl . - = 1.1 1.1

X=X -€+..+X -6 Ba €=xe+..+xe.

Marpuna makijaa 0y

<
=3

X = (&) :(e??) o)

S
S

TEHTJIMKHUA aHTJIaTaIu.
C — (e) Oasucaan (el) Oasucra yTum wmatpuiiacu Oyiacud. Y xonma (16)

TEHTJIMKHH 3bTHOOpPTa 07110, (17) TEHTTTUKHI

99



X =(e8 )| H | =(e8,)-Co| | (28)

KypuHUIIIAa €3UIl MyMKHH. (18) BEKTOp TEHIVIMKAAH YJIapHUHI KOOpJWHAaTajap

TEeHrJaurura yTuo, ymoy
=C-|: (29)

TEHTTIMKHH XOCHI KHIaMH3.
Jlemax, arap C—(e) Gasucian (el) Gasucra YTHLI MaTpuacu 6¥ica, y Xoa X

BEKTOPHUHT Oy Oasucnapnaru koopauHataiapu (19) dopmyna Owinan y3apo

OOFJIaHTaH.

23§. BUP A®OPUH KOOPANHATAJIAP CUCTEMACHUIAH
UKKNMHYA A®DPUH KOOPIUHATAJIAP CACTEMACHUT A YTHII

_—

da3zona Moc pasumpa Oe, e,e, Ba Olgli %ez peniepiiap OWiiaH aHUKJIaHYBYU
nkkuTa addun KoopauHartanap cucremacu Oxyz Ba O'x'y'z' 6epunran 6yncun. C —
(e) Oasucman (el) Oaszucra YTUIN MaTpuliack OYJICHMH Ba (al,az,ag) SIHTU
KoopauHaTa Oomm O' HUMHT SCKM pemnepaard KoopauHaTtamapu OyicuH. Papas
Kunainuk, Oynna M HykTa Oy pemeprapia MoC paBHIIIA (X, y,Z)Ba (Xl,yl,zl)
KOOpAUHaTajgapra sra OyJicuH. YHa
OM =00' +0'M

BEKTOP TEHIJIMKHU HYKTa KOOpJMHATAacH Tabpudura kypa
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1

KYPUHHILA E3UII MyMKHH.

by tenrnukau (16) TeHrIMKHU 3bTHOOPTa 0JIn0,

1

a X
(66,08, )- Y] = (€808 ) [ar] + (858, )-C [y (20)
Z a, '

KYpUHHUIIIA E3UIT MyMKHUH. DHIU (20) BEKTOp TEHITIUKAAH yJIApPHUHT KOOpAUHATAIAp

TEHIJIUrura yTuo, ymoy

1

X X a,
y[=C-[|ly* +|a,|| (21)
z | |lay

TEHIJIMKHHU €K
X=C X +C,Y +C,Z' +a
y=C, X +C,Yy +Cz' +a, (22)
Z=CyX +CuY +CZ2' +a,
CUCTEMaH! XOCHJI KHJIaMu3. Y10y
Cll C12 C13 a1
CZl C22 C23 a‘2 (23)
C31 C32 C33 a3
MaTpuIla J3CKM KoopauHaramap cucrtemacu OXyZ naH SHTH KOOpJIuHaTaap

cuctemacu O'X'y'z'ra yTum maTpunacu me6 atamagu. (23) MAaTPULAHWHT KOMIIAKT

X0Ji1a (C, a) KYpPUHUIIIA O3UILI MyMKHUH, Oy epaa
a

a=|a,.
A

23.1. xymaa. Arap (C,a)— Oxyz koopauHaTanap cucremacugan O'x'y'z'

KOOpJIMHATAJap CUCTeMAcHra YTUIIl MaTPUIIACH, (D,b) sca O'x'y'z' koopaunaTanap
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cuctemacuman O''x"y"z" koopaunaTanap cucremacura yTum marpuuacu 6yica, y

O"x"y"z"  koopamnaranap

xonma OXyz  KoopAauHATanmap  CHCTEMacHIaH
CHUCTEMacura YTHUIIl MaTPHUIIACH (CD, Chb+ a) MaTpwuiia Oymaau.

XaKUKaTaH Xam,

X Xl a1 Xll b1 31 Xll b1 81
y[[=C -y +]a,|[=C-| D-[y"||+|lo,|| | +|fa,|=C-D-[y*|+C-|b,|+|a,|-
z Z' & 2 bl ) llay M bl [a

24§. TYFPU UM3UKHUHI, TEKUCJIMKHUHT, ®PA3OHUHT
OPUEHTAIUACHU

6§ ma 6u3 Oup Xwi WYHAITaH HOJIMAC BEKTOPJAPHUHT UKKU CUH(GUIAH OUPUHU
TaHJaa0 Ba YJAPHUHI HYHAIMIIMHA MycOaT ne0 3BJIOH KWIMO, TYFpU YHU3UKIA
OpUEHTAIMSICUHM aHUKJaraH 31uK. TYFpu 4M3uKIa xap OMp HOJIMac BEKTOp Oazuc
BEKTOp XOCWJI KWiIaau Ba OuTTa 0a3uc BEKTOPAAH MKKMHUM Oa3UC BEKTOpra YTHIL
BEKTOPHU HOJIJaH (hapKJu COHra Kynautupum Ounan amanira ommpunaau. Ly 6unan
Oupra Oup Xwi1 WyHaITaH BEKTOpJap MycOaT KynmaWTyBYwiIap OWiIaH OOFJIaHTaHIUP.
OpueHTauussHUHT Oy TabpuUpUHU yIyamMu KarTa OyiaraH BekTop (aszojapra TaTOMK
KUJTUHA/IH.

Arap Oup OasucnaH WuWKKUHYM Oasuwcra Yyrum wmatpumacu C  mycOat

JeTepMUHAHTra sra Oyinca, y xoiaa V Bekrop (Pa3oHUHI HKKUTa €,..,€, Ba

¢

. ,e—ln 0asucu oup xun ucmau 1ed aTananu.
24.1-xymrna. bup xun ucMauiank myHocabatu V  ¢azoHuHT Oapua Oasuciap
TYTUTaMHJ1a SKBUBAJICHTJIMK MyHOCa0aTu Oymaau.
XakuKaTaH xam, OasuciaH y3ura YTUIl OUpPIUK MaTpulla BOCHUTAacHJa amalira
OIIMpWITaHu Ty(dainin OUp XU UCMIIMIIMK MYHOCAOATHUHMHI PEKJIEKCUBIUTU 22.3

xymianas Ba (10) popmymnanan, TpaH3uTUBIWTH dca 22.2 xymia Ba (8) ¢popMynanan

Kenn0O YuKau.
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bup 6a3ucnan MKKMHYM Oa3ucra YTHUII MaTPULACHHUHT JETEPMUHAHTH MycOat
¢k manduit 6ymumuaan (Oy epna, 6u3 R Xakukuil coHnap MaimoHu ycrumaru V
BeKTOp (pazoHu Kapaitmuz) V dazona 6up xuia ucmiam 0a3ucIapHUHT UKKUTA CUHOU
MaBxyJ. by cundnapuunr xap 6upu V ¢ha3oHuHT opuenmayuscu ned aranaau.

OpueHTalUsIHU UHTYTUB OCpHUIll TYFPU YM3UKJIA XapakaT WYHAIUIIUHY (YariaH
VHITa €K aKCUHYA) OCPUIITMHUA TEKUCIUKAA alJIaHUII WYHAUITMHU (COaT CTpesIKach
Oyinua €xu akcuH4a) OepHIIMHU Ba (pa3oja sca BUHT HYHANUIIMHUA (Yam Ba YHT

BUHTHM) OepuIIMHM aHriataau. Macanan, ¢aszoga VHr OpHUEHTALMSICH UIyHJal

61,92,93 Oa3zuc OwiaH AHUKJIaHI'aHKH, 6}7HI[a €, Ba €, BCKTOpJAap TCKHCIHUIUIa 63

BEKTOPHMHI YYMJAH Kaparanjaa € BEKTOp Ba €, BEKTOp OWJIaH yCTMa-yCT TYLIUIIH

YUyH DHT KUCKa OYpWJIMII WYHAIUIIM COaT CTPEJIKACH MYHAUIINIa Teckapu Oyianu

(32-pacm).

]

B

32-pacMm.

24.2. xymiuaa. dazona yuuMHYM BeEKTOpiapu OwinaH (apK KWIYyBUM HMKKHTA

€,€,,8, Ba €,6,,6; Gasuciap Gepuiran 6YJIcuH. YHIa yiap Oup XUl ucMiu 6ynau,

dakat Ba akar myHaaaaKky,
m L
(aq pr. e3) >0
oyica, Oy epna m — 51 Ba ej BEKTOpJIapra napajiesl TeKUCITHK.

U cOoT. €; BeKTOop e:’e_z,’e; Oazucna {oc, B,y} KOOpJIMHAaTajapra sra OyJicuH. YHaa
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v

MaTpuIia el,g,g Oazucaan Elejeé 0asucra Yty Matpunacu 0ynanu Ba detC=vy.
Wxxnauu TomoHaaH | 6061aru 22-dopmynamgan

cos(e:AeE):\/m—zJFYZ_ 0-0+0-B+1-y N

J02 +0?2 +12\/0(,2+B2 +7° -

€

Al
aq prre; =

Jlemak, aq préE ez =y=detC. Teopema ucOOT OYyIIIH.

Martpumia catpiapu SKyQTIUTH aJIMalITUPWITaHAA MaTpulla JEeTEPMHUHAHT
UIIOPACHHU Y3rapTHPUIITHAAH YIIIOY KyMJ1a KeJIHO YK TIH.
24.3. xymiaa. bup—O6upunan 6upoprta BeKTOpiap KyPTIUTHUIa BEKTOPIAPHUHT

VPHUHU aIMaIlITUPHUII OMIIaH XOCKJT KWJIIMHYBYM Oa3uciiap Xap Xujil UCMITUIUDP.

25§. OPUEHTUPJIAHI'AH HAPAJUJIEJIEITMITIE XA KMH

dazona opueHTauWsACH TaHjaHraH OyincuH. By opueHTanusau OepyBuun

OasucinapHu mycoam 6azucrap ne0 aTaiMwus. a,,8,,8, BEKTOPJIAPHUHT

—_— — —

TapTUOJAHraH  yWIMTM  Y4yH  &,,d,,8,  BEKTOpjap YCTHAAa  KypWira

—_— — —

napaﬂﬂeﬂenunedﬂune OPUEHMUDIAHSAR XAHNCMU I[C6 aTaJIlyBuUu <a1,a2,a3> COHHH

—_— — —

aHMKJIaliMKu3. By coH Hosra TeHr, ¢akaT Ba (akaT IIyHOAaKH, &,,a,,8, BEKTOpJap

_— — —

KoMIUIaHap Oynca. Arapna a;,a,,d, BEKTOpJIAp UYM3MKIU 3pKiIM Oyica, y XoJjaa

—_— — —

ynapuu Outrra O HykTajaH KyWub yura Kuppacu @a,,a,,8, BEKTOpiap Oyira
MapajyIeICNUNEIHA XOCHT KuJlaMu3. Arap aii y4IMK MycOaT Oyica, “riroc”

uiopa Owiad, akc xojija “MUHYC” uWIIopa OWjaH OJIMHTaH Oy Tapaijiesienuie]]
XaXKMHU <a1,a2,a3> coHra TeHraup. TomoHmapu @ Ba &, BeKTopiap Oyiran

[apajuieaorpaMm 03UHU SeT - OpKaIIH oenrmnaiimus. YHaa
1192
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(a2 )| =5 h
Oy epna, h—napamnenenunes OanaHIATH.
O HyKTa opkanmu a Ba g BEKTOpJIAp TEKHCIUTUTa NEPIECHANKYISP Ko |
TYFPU YU3UKHH yTKa3aMu3 Ba Oy TYFpU YN3UKHUHT MKKHTA OUPIHK BEKTOPJIApHIAH

OupuHM N  oOpKanu OenrwiaiMu3Kd, Yy YU4yH @, ,g,n —y4IMK ~ Mychar

opueHTHpaHraH o0yicuH (33-pacm). bynaa

~|(aq pr, &),
Oy epna pr. — 5 BEKTOPHUHT n BEKTOpJIar¥ OPTOTOHAJ TPOCKITUSICH. 24.2.
KyMJITaJaH a ,g : a? YWINKHUHT UIIOPacH (aq prﬁg) COH UIIOpacH OWJIaH ycTMa-
yCT Tymuiy kenu6 unkaau. yHuHT yayH
(a.a,,8)=5, -(aapra) (24)

dbopmyna YpuHIugUp.

=
A S
Y
~
~
\\
.
. 2
Y
.
.
L3
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

33 - pacm.

25.1.teopema. IlapamnenenunenHUWHT OPUEHTHUPJIAHTAH XaXMU KyWUAaru

Xoccajapra ora:
D (333 (3208 )= (aaa) (a2 (e ) -—(a,a,)
) (a35080) 1, ,)

3) (w22 +a )= (a3, )+ (a,3,7)
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XaKuKaTaH XxaM, KOCOKOMMYTAaTHBIMK 1) xocca 24.3.5kyminaian Kenub YuKaIu.
2) Ba 3) xoccamap OpPHUEHTHUpJAHTAaH XAKMHUHT 4Yu3UKTIuru (24) dopmymna Ba
MPOCKIUSHUHT aireOpank KUWMaTUHUHT YU3MKIMIUTH Xakugaru 10.1.veopemanan
KeJINO YMUKAIH.

o {1, 2, 3} — {1, 2, 3} Yypuura kyuum (¥3apo Oup KUMMATIM MOCIHK) Y4YyH
(—1)° opkanu Oy ypHHra KyHHII UIIOpacH OCIITHIIaHAIM, SHHU

(1)° = 1, aeap c scygpm ypuuea kyiuw 6ynca,
-1 azap G axcygm ypruea Kyuuul 06yica.

By 6enmnamﬂapz[a OPUCHTHUPJIAHTaH KOCOKOMMYTATHBJIUK Xoccacu

Kylugaruya €3uinaau:

1) <81 a,, 8, > (-1)° < (1) 0(2)’ac(3)>'

25.2. 3caarMma. OpI/IeHTI/IpJIaHF dH XAKMHHUHI' KOCOKOMMYTATUBJIMK XOCCACHAAH

2) Ba 3) YMBMKJIWIMK XOoccacu (akaTruHa YYMHYM apryMEHT y4yH sMac, OayKku

IIYHUHTJAEK OWPUHYM MKKUTAa apryMEHT Y4yH XaM OakapWiIdIIMd KenuO YWKalIu.

XaxkukaTaH xam, uxtuépuii A, € R Ba uxtuépuit b, b, €V yuyn

(8,210, + b, ;) = (&, 85,1, + b, ) = ( (a, %,51>+u<51,53,@>)=
=—2(a,35,b) —n(a,a,b,) =1 (a,by,8,) +1(a; b,.a,) =
= (Al + b, a,,8,) = —(a;,8,, 1, + b, ) = =1 (2,3, )~ 1 (ay,3,.b, ) =
—7»<bl az,a3>+u<a,§2,§3>.
lynpait kuimO mapauieIenuIeHHHT OPUEHTHPIIAHTAaH XaXXMH, ydTa BEKTOP

apTyMEHTHUHT KOCOKOMMYTATHB Y4 YHM3UKJIM (YHKIUOHATH (COHJIM (DYHKIUSACH)

oynanu.

dazona (el,g,GZ) 0asuc (MycOaTnuru mapT SMac) TaluHIaHTaH OYJICHHO,

a,,a,,a, BekTopiap 3ca Oy Oa3zucaa y3MHUHI KOOpAMHATanapu OwiaH Oepwiira

OYJICUH:

a = {x X2 x},i=L2,3.
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VYHAa opueHTUpIIaHTaH XQKMHHUHT Y4 YM3HKIUIUTUIAH (oiiananud TonaMus:

waa)=(Ean ) -Eaeaa)-a(e Euea)-

! =

DEONICTENE X RICON RN DR LD NI COTNE

i=1 j=1 i=1 j=1 i=1 j=1

<a1,a2,a3> (- 1)G< o(1)? 0(2)’ac(3)> = <acs(1)’acs(2)' 0(3)> (- 1)G<a1 a,, a3>
by tiurunnuna 27 xymmnyBumaad 21 kymunyBuu (TapkuOuja ydra E,g,g’
BEKTOpJIapJiaH YCTMAa-yCT TYIIYBUH Xy(PTiapu MaBxkyj OYJIraHiaapu) HOJIra TEHIIIUTH

MabiIyM. by KymuiayBuunapHu Tanuiad r000pub, xamja KOCOKOMMYTATHUBIIUTHIAH

doiinananu0 TomamMus:

A a a4 \_ o(1)y,0(2) y,5(3) _ 0y06(1)y0(2)yoB) /2 Ao A
<a1,a2,a3>—2x1 X, X; <ecs(1)’ec(2)’ecs(3)>_Z(_l) X Xg X3 <el’eZ’e3>'
(e}

(e

AwmMo,
1 2 3
XX X
D EDTISTEIRTD =detx; X2 x|
X X3 X
Yuna
1 2 3
Xl Xl Xl
~ A A 2 3
<a1 azlas>:X2 X, X2<el’e2’es> (25)
Xt x2 x8

I L T
<a1 az,a3>— X, X2 X|. (26)
X XX

(25) dopmynanu keaTUpuO UMKapuiiga OW3 OPUEHTUPWITAaH XaKMUHUHT

TabpuPUIaH OfI,Z[&J'IﬂHM&)IHK. CDaKaTI‘I/IHa HHUHI' KOCOKOMMYTATHBJIIUI'H Ba 9
y
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ymukawMruaad  ¢oinananauk. UIyHUHr ydyH UXTHEPUII KOCOKOMMYTATHB Y4

YU3UKIU (p YUYH XYM IIyHAal popmyna YpuHIAIUD:

1 2 3

o Xl Xl Xl o
(P(ai’azlae): X; X22 XS (p(el’eZ’eS)' (27)
X X X

By epaaH XycycHii Xosia KyiHHuaard TacIuK KeJno YHKaIu.
25.3. Teopema. Vect(3) ¢dazoma xap KaHmall KOCOKOMMYTATUB Y4 YH3HKIHA (O

(GYHKIIMOHAT OPUEHTUPJIAHTaH XQKMHHUHT (PYHKIIHOHAINTa MPOTOPIIMOHAT.

XaKuKaTaH XaM, MPONOPIHOHAIUINK KO3(PPUITUESHTH
(P(ev €6 )

<el,e2,e3>

COH OYmasu.

UyHnkwn,
(ifr)—ili . <a;a}w(a’g’g)—“’@’g’g)(a*a—'}
Oa,a,,8; )= Xz Xz2 Xg 115213 <e7,€,e2> = <gl»’e—2»’g3> &,8,,85 ).

OpueHTUpIaHTaH TEKUCIUKAA XYW HIyHAal ycyn OWIaH TOMOHJIApH a g
BEKTOpJlapra KypWiraH NapajuleJIOTPAMHUHT OpPUEHTHUPJIAHTaH 03U aHUKJIAHA/IH.
Arap MycOaT opTOHOpMAI a, Q’ Oasucna a 5 BEKTOpJIap

a :{Xl’yl}’ a, :{Xz’Y2}
KOOpAWHaTajzapra sra oysca, y xonzaa (26) ¢popmynara yxiaii
—\_% W%
)=
(aa)=|

dbopmyna  Ypunmuaup. OpHUEHTHUpPJIAHTAaH (032 KOCOKOMMYTATHMB  OWYM3UKIIU

(28)

2 2

dbyHkImoHan Oyiaau Ba myHAal xap Kaicu GyHKIIMOHAT OPUEHTUPJIAHTaH FO3aHUHT

GYHKIIMOHAJUIUTUTA TIPOTIOPIIMOHAIIIUD.

26§. BEKTOP BA APAJIAIII KYIIAMTMAJIAP
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ABBanru naparpadaaru kabu ¢gazona opueHTaIys Oepuirad 16 xucoomanMus.

26.1.tabpud. a Bab BEKTOPJAPHUHT GeKmop Kynaummacu 1e0, TIyHaan
[5,5] BEKTOpra auTuiaauku, OyHma:
1) yHUHT y3yHJIUTH asab BEKTOpJIap y3yHJIUKIapH OujaH yiap opacuaaru Oypuax

CUHYCH KYyIIaTMAaCHra TEHT;

2)y aBab BEKTOPJIAPHUHT Xap OMpUra NeprneHIuKyJsp;
3) y mryHzaii iyHatrasky, a ,b ,[5,5] TapTUOJIAHTaH YUJIUK MycOaTaup.

26.2.Tabpud. a Ba b BexTOpIApP BEKTOP KYMAUTMACHHUHT C BEKTOPTa CKaJsp

KyTaiTMacura TeHr OyiraHn ([a b ],C ) COHTa y4tra a ,b ,C BEKTOpJapHUHT apainau

Kynaummacu n1eb atanaiu.
26.3. xymuia. Apanam KymaiTMa OpUEHTHUpJIAHTaH XaXM OWJIaH YCTMa-yCT

TyIIA]IN:
(a5]c)=(ab.c). @
Hcoor. 25§ naru (24) dopmynanu 11§ nmarm (7) dopmyna Ouman Takkociad

TOIIaMU3:

Oy epna a,b,n YWINK MycOaT OpUEHTHUPJIAHTaH Ba aln,bLln, ‘n ‘ =1.

([#576)-[a] waor, ¢ ][] aarec).

qyHKHU 26.1.2 Ba 26.1.3 MmyBOhUK
;[5,5] =Nn.
ucOOTHU Tyratui yuyH 26.1.1 myBoduk
555,
OYIUIIMHY KYpCaTUII KOJIJIU, SHHU
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26.3.xyminanad 6eBocuTa

(s5)9)-5e)

T
([E,B],E) =(a,b,c)=—(bac)=(bca)= ([B,E],E) = (5[5,6]).
26.4.1eopema. BekTop k§maiiTva Kyifiari Xoccanapra sra:
1) :5,5’} - —[6,5];

2) :5,%5] - x[E,B’];

3) :a,ma]:[a,aHa,a]
b

—

1) tenrmk, d :[5

9KBUBaAJICHT. ByHUHT yuyH (d

2) TEHTJIMKHUHT UCOOTH.
[a,2b |-2[ab |=d

OenruiIan KupuTaMu3 Ba (d , d ): 0 OynumHM HCOOTIANMMU3.

(d.d)=([a7b]-*[ab].d)=([azb].d)-2([ab].d)-
=(a,xb,d)-2(ab,d)=2(ab,d)-1(ab,d)=0

3) XOccaHU TEKIIUpPaMU3

¢ =[a5+c]-[a5]-[a.c]

(3) TeHrnuk
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BEKTOPHMHI HOJ OYJMIINWra SKBUBAJICHT. ByHUHT ydyH (d , d ):0 Oy AUIIMHU

KYpCaTHIIl €TapJiy.

Teopema ncOoTIIaHIH.

Tyrpu Oypyak/id KOOPpAMHATAJAP TU3UMHUAA BEKTOP KynaiTma.

Arap a, Ba a, BeKTOpjgap MycOaT opToHOpMal €,€,,e, 0a3ucna Y3UHUHT
KoopJMHatamapu Owian Oepuiran Oyica, [al, az] BEKTOp KYMaWTMAaHUHT

KOOpAHHAaTaAJIapUHHU TOIIAMH3!:

& ={x.Y,,2} B2 & ={%,¥,,2,}.
[a, g]:{X,Y,Z} KoopAuHaTajgapra osra OViacuH. YHma 12.1.kymiara

MyBOGUK

co([ma)a)v-(m a)e) 2=(wa]e)

[ynunr yuys (29) Ba (26) dopmynanapaaH TornamMus:

. kowoa
X :<a1’b2’el>: X, Y, =
1 0 O

i 4
Y 4

XyAAU IIyHAan
X Y1 7

Y=< ,bz,e2> ekuY =X, Y, Z,|=-—

0 1

o

Jemak,
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i 4
Y 4,

X 4
X2 ZZ

X%
X Y,

5.5]-

€KW JIETEPMUHAHT KYPUHHUILAATH IAPTIHN E3YBU

} (31)

& & & X ¥ %
[al, az]: X Y1 4|=% Y, Z/. (32)
X2 y2 Z2 el eZ e3

27§. BEKTOP BA APAJIAIII KYITAUTMAHUHI AUPUM
TATBUKJIAPHU

daz3ona

r=r+ta, , r=r,+ta, (33)
BEKTOp TeHIVIamayiapu O6unan Oepwirad ukkuta |, Ba |, TYFpu umsuknapHuHr y3apo

JKOMJIAILIMIIIN XaKypaaru MacajJllaHH CYaANIIHK. YJ'IapHI/IHF napajiCJUIMK IIapTd q; Ba

—_— _— —

d, BEKTOpPJApPHMHI KOJUIMHEApJUIH, YCTMa-yCT TYyWHIIM 3ca @ ,a,,l,—1I

BEKTOpJIap YWIMTHHUHT KOJUTMHEApJIUTH OViaau.

|, Ba |, TYfpu umsnkaap OUTTa TEKUCIUKAA ETUIIN YUYH, S’bHU KECULIUIIU EKU

napasuien oynumm yyra a, , a,, I, — ?1 BEKTOPJIAPHUHT KOMILJIaHAp OVIIUIIM 3apyp Ba
eTapiiv, ITbHU OPUEHTUPJIAHTAaH XAKMHUHT Tabpudura kypa

(a8, n-1)=0 (34)
HIAPTHUHT OKApUIIKIIY 3apyp Ba €TapJiu.

27.1.xymaa. Paguyc BekTopu ?0 Oynaran M, HyKTaJaH BEKTOp TEHIJIaMacH

dbopmyia OViinua TonuIaIu.
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XakukataH xam, I, — [ Ba @ BEKTOpJapra KypwiraH napajuieiorpaMHuHr h

Oanmapmmurn Oy Macodara Tenr (34-pacm). (36) ¢opmyrna »sca Owusra
“mapaJiyieIOrpaMMHUHT 103U OYJIMHTaH acoC Y3YHJIUTH KOoujacu Oyimda Xam Oy

OanaHIMKHU Oepanu. DHau TYFpu Oypuakiu OXyZ KoopAHHATalIap TU3UMUJIA

?o:{xovymzo}’ ?1:{)(11 yl’zl}’ g:{OC’B’Y}

oyncun. Yana (36) dopmyna (31) TeHrMKKa acocaH ymly KYpUHHIITA KeTaIn:

2 2
Y1_YO Zl_ZO Zl_ZO X1_Xo

B Y Y o

M,,l)=
Pt JE

2
. 4&—& Y — Yo

o B

(37)

34 - pacm

27.2. :xxymaa. (33) Tenrnama Ounan OGepwirad |, Ba |, alikamr TYFpu uyu3uKiIap

opacugaru Mmacoa (yMyMuil NepreHIuKyJsip Y3yHIUTH)

e

P(Ilvlz = H:gl» a-:| (38)

dbopmyna OViinya aHUKIaHAIH.
XakukaraH xam, Oy macoda |, Ba |, aiikam Tyrpu umsukmap €rraH napauien

TEeKUCIHUKIap opacunaru macodara teHr. by macoda ¥3 HaBbatuma sca r, —1I, , a,,

g BEKTOpJIapra KypuiraH rnapajieienuneHuar h Oananpmrura TeHr. AMmo, (38)
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dopmyna xam Oy OamaHIIUK TMapauiejenune]] XaXMUHU acoc [o3ura HUCOATWHU

oepanu.

—

Tyrpu Oypuaknu KoopAuHATaJIap THU3UMHIA F:{Xi,yi,zi}, a Z{OLi, i,yi}

(1=1,2) xoopaunaTanapra sra 6yiacun. Yuaa (26) Ba (31) popmynanapra xypa (38)

dbopmyia
X=X Yo=Y 4,—14
Oy B, Y1
(R S B S N 0 I )
B 1 Y1 Oy +OL1 B,
B, v, Yo &, a, B,

KYPUHUIIIHM OJIa/IH.

Pa3z0a TEKUCIMK Ba TYFPU YU3UKHHUHI AWpPUM BEKTOP TEHIJIaMaJlapUHU

—

kenrupamus. Paanyc Bektopu [, OYiaraH HykTajaH YTyBUM @ Ba D BekTopiapra

napasuiesl Oyiran TeKUCIMKHUHT BEKTOP TEHIJIaMacH

r—r,=ua+vh

—r,,a Ba b BekTOpIApHUHI KOJUIMHEAPJUTMHU aHrnaraau. LIyHuHr ydyH
YHU

<F—€,5, 6’>=o (40)

KYpUHHUILJA KaiiTa €3Wll MYMKHH. Apajam KyNaWTMaHUHT YU3UKIWINTHIAH

doitnananu6 (40) TeHrnamaHu

<F,E, 6>+ D=0, (41)

—s — — —_— —

oy epma, D :<— r, a, b>, KYPUHUIIIA KaiTa E3UI MyMKHH. [a, b] BEKTOPHU n

opkaiu OenrunanmMusz. Yoy

(7.a6)=(a.5.7)=([8.5]F)

TEHTJIMKHU WHOOAaTra onuo, (41) TeHriaMmanu

(n.r)
(H,F)+ D=0 (42)

114



KypuHHIIZAAa KaWta €3amMu3. by TEKHCIMKHUHT n HOpMaJl BEKTOPU OpKaIu
udogananyBuu TEHTIIAMAaCUIUD.
Arap TYFpu Oypyakiau KOOpJWHATajgap CUCTEMacu n= {A, B, C} = {X, Y, Z}
Oyica, y xoiaa
(F,ﬁ): AX + By +Cz
Ba (42) TeHrnaMa TEKHCIMKHUHT YMYMUI TEHIJIaMacura aiiaHaiu.
| TVFpH YM3UKHUHT
r—r,=ta
BEKTOp TEHIJIaMacu r— ?(; Ba @ BEKTOPJIAPHUHT KOJUIMHEAPIUTUHU aHIIaTaiu. Y
[r-nal=0 3
TEHIJIMKKA EKU
Fa]-[ra]=0 su [Fa]=M @
TEHIJIaMara SKBUBaJICHTAUD, Oy epaa
M = [?0,5] . (45)

27.3. xkymJaa. Arap a HoIMac BEKTOp Ba M BEKTOp YHHUHI HEPHEHAUKYISPU

6ynca, y xonma (44) TeHrnama fyHANTHPYBYH BEKTOpH a Oyarad | TYFpH 4m3HK
TEHrJaMacH Oyiaau.
Hcoor. (45) mapTHu KaHOATIAHTUPYBYHU ?(; BEKTOPHU TOMUIN Kepak. YHJa (44)

TEHIJIaMa TYFpU YM3UKHU TaBcU(DI0BYM (43) TEHIIamMara SKBUBAJICHT OYIaIu.

dapa3 KWIANIKK,

OyncuH. Arap M =0 Oynca, y xonaa ?0 =0 Ba (45) wapT, paBIIaHKH GaXapHIAIH.

Arappa M =0 Oynca, y xonaa a ,M , I, ywIMK OpTOTrOHal YWIMKHHM XOCHJI KUJIaau

Ba BEKTOp KymailTmMa Tabpudura kypa, mycOar Oa3uc TalmIKuia 3Tagd. Y Xojjaa
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f

, YWIMK XaM OpTOroHan mycOar Oa3ucHM Tamkwi Kwiagu. LIyHuHr yuyH

[?0,5] BEKTOD M BEKTOpJaH (akaT MycOaT KymaTyBum OwiiaH ¢apkK Kujaiau.

s

0!
g

] M

f-E

|
JleMak,
[?0, E] =M (45)

mapt 6axkapunau. 27.3.5kymia UCOOTIaHAN.

IV BOb
NKKNHYU TAPTUBJIN YU3UKJIIAP

28§. TEKUCJ/IMKJA AJITEBPAUK YN3UKJIAP. KBAJIPAT ®YHKLIUAIAP
BA YJIAPHUHI' MATPULIAJIAPH.

28.1-tabpud. Arap Owupopra adpduH KOOpAMHATANIAD CHUCTEMacuaa

TEKUCIMKHUHT HyKTajap Tyruiamu [’
F(x,y)=0 1)

TEHIJIaMa euumiiapu OunaH TaBcu(uanca, (0y epma F kymxan) y xomma I
TEKUCIIMKHUHT HyKTaJlap TYIJIAMUHU adreOpank YM3uK 1e0 aTanau.

Mynaail KYNXagHUHT HSHT IOKOpU Japaxacu [ YM3HUKHUHT TapTuOm 1eo
aTayajy.

28.2. 3caarma. AnreOpauk YM3UKHUHT TapThOU (1) TeHrmamacu Kapanaérra
abduH KOOpaMHATANAp CHCTeMacura OOFIHMK SMac. by Kylumaru TacaukIaH Keianb
YUKAIH.

28.3. :kymua. Oxy Ba OX'y’ uKKHUTa appuH KOOpauHATAIAp CUCTEMACU
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[ ’
X=c, X +C,Y +a } @)
y=CuX' +CpY'+a,

Vrum ¢popmynacn OwinaH y3apo GornaHraH OyncHH. YHIAa X Ba y Yy3rapyBudiIap
yuyH uxtuépuit F(X,y) KynxaaAuHUHT aapaxkacu X' Ba y' Y3rapyBUMJIAPHUHT

P(X,y') = F(CuX +CpY +a,C,X +Cpy +8,) 3)
KYIIXaJ Japakacu OWJIaH yCTMa-ycT Tymnaau. byH&ma ¢ HuHHT gapaxacu F HuHT

JapakacuJlaH KarTa sMac OynumuHu kypcatuimn kudos. by sca myHpman kenun6

ynKaauku, Oyanaa F ra kupyBun uxtuépuii Oup xag ax’y yuyH

a(CuX +¢,Y +8,)" (CuX +CpYy +a,)"
Kynxaa p+q AaH < Japakara ora.

Arap Oxy koopmuHaTtanap cucreMacuaa F(X,y) xymxan I' umsukHu Oepca, y
X0J1a Xap KaHJad yHra mpomnopuuoHan aF , a=#0 Kynxaa xaMm IIyHUHTAEK [
YU3UKHU Oepaau. Anbarra Oepwiral Yu3UKHU aH4ya I0KOpY TapTUOJIM KYTXaj OniaH,
macanan F° Guman Gepumn MyMKHH. Arap Oxy KOOPAMHATATAP CHCTEMACHIA P
TapTuOiu I uu3ukHuM OepyBunM OepuiraH p TapTUONM KYNXaJIAPHUHT
npornopiuonan oynumuan xoxjap sauk. [lyngait xonna [ yu3uK yuyH sIrOHaJIMK
TeopeMacu Tyrpu 1ed aitap 3auk. 15§ma Ou3 OupuHUM TapTHOIM YM3UKIAP YUYH
(TVfpu (u3MKIAp YUyH) STOHAJIMK TEOPEMACHMHU aJIAKAYOH HMCOOT KWJTaH 3IUK.
AMMO UKKWUHYM TapTUOJIM YU3UKJIAP YUYH ATOHAIMK TE€OpEeMacu YpuHIIM sMac. burta
HYKTaJaH TallKWJ TOMNIaH IIyHAAl WKKUHYM TapTHOIM YU3HMK MPOMOPIHUOHAI
Oynmarad kynxajiap OuinaH OepuIMIIA MyMKHH

x*+y*=0 Ba x*+2y*=0.

[Ilynra kapamacaan OUTTaaH KYMPOK XAKUKUN HYKTaJapHU Y3 WUUra OJIraH
WKKUHYY TapTUOIH YU3HUKJIAp YUYH STOHAJMK T€OPEeMacUHU UCOOTIaiMus3.

28.4-rabpud. Arap r Tekucaukna uxtuépuii adduH KoOpAMHATATIAD
cucteMacu s=0xy YYyH IIyHAal MKKUHYM TapTHOau Fg kynxan maBxyn Oyicakw,

OyHna uxtuépuii M(x,y) e~ HyKTa ydyH

f(M)=F(xY) 4)
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TEHTJIUK YpuHIH OyJica, y Xoida 7 TEKHCIUKHUA R Xakukuil COHap Tymjiamura akc

TTUPYBYH f :7 — R aKCIAHTHPHUIIHU KBaaApaT GyHKIHS 1e0 aTamaiu.
Tymrynapiauku OyHia 6epuiiran Oxy KOOpJMHATalap cuctemacuja (4) mapTHH
dakar Ourra F=F; xynxan KaHOaTJaHTUPHUIIK MYMKHH. AMNTaIMK  Oxy

KoopauHaTanap cucremacunaa F kynxan f pyHkuusaan néopar 0yicuH.

F(Xy)=a,X* +28,xy +a,y° + 28X+ 28,y +a, (5)
OyncuH. YHIa
&, &, &,
a12 a‘22 a‘23 (6)
a13 a23 a33

MaTpuilaHun Oxy KOOpJuHaTanap cucremacuaa f kBaapar ¢yHkums marpumacu ned

aTajaaaMu. bom JUuaroHaljl TalllKapucuiaaru A MaTpuia 3JCMCHTIIaApHU F KS"HX&I[ MOC

KO3 () (PULIMEHTIIADUHUHT SIPMHUTa TEHT OYJIUIIMHU TabKUIA0 YyTaMu3

U (""1 aﬂj (7)

a12 a‘22
marpunanu f (QyHKIMs KBajpar KUCMHHUHT Marpuiacu ae0 araiimus. U matpuiia
JJIEMEHTIAPUHUHT aKaJId OWTTacH HoJmaH Qapkiau Oynumu  kepak. F(X,Y)

KYIIXaJHUHT KBajzapaT Kucmu F,(X,y)=a,x*+2a,Xy+a,y’ HM MaTpHlla IIaKiIuga

KyWugaruya €3uil MyMKHH:
(X y)=(x y)U@j (8)
F(X,y) KyIIXaIHUHT Y3UHHM 3Ca MaTPHUIIA MAKIKIa KyWHnaarnia 3uil MyMKUH
F(xy.1)=(x y,l)A(i] 9)

XaKuKaTaH Xam,

(x y)u @] =(x, y)(ai1 auj(xj = (a11x+a12y,a12x+a22y)(§j -

a, a,) Y
= a11X2 +a,Xy + a12Xy+a22y2 = anxz + 2a12Xy+ azzy2 = Fz (X’ Y)
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X a, a, a;) X
(GYDALY [=(xyl) e, a, a;|y|=
1 a13 a23 a33 1

X

:(a11X+a12y+a13’aizx+a22y+az3va13x+a23y+a33) y|=

[EY

= allxz +a, Xy +a;;X+a;,Xy + azzy2 taygyt+aX+aygy+a; =
=a,, X +28,Xy + 8, Y +28,,X+ 28,y +a; = F (X, Y).

OHmu O'Xy’ Oomka adduH KOOpAWHATAIAp CHCTeMacH Ba Oxy CHCTEMajaH
Oxy' cucremara ytum (2) dopmynanap Oyiinua amanra omMpHIAAUraH OYICHH.
bepunran koopauHaranmap cucremacuia KBaapaT (yHKuusgaH wubopaT OynraH
KYTIXaJHUHT ATOHAIUIUAaH (3) TeHIIMK OWIaH aHUKIaHyBYM ¢(X,Yy') K¥nxamg O'Xy’
KoopauHatamap cucremacumaru f QyHkumsman  uwbopar  Oymamu.  OXY
KoopauHaTanap cucreMacunaa f GyHKIMSHUHT A’ MaTpHIIACKHU TOMAWIHMK. ByHWHT

yuyH (2) yTui popmynacuHu
1=0-x"+0-y"+1-1

TEHIJIUK OWUJIaH TYIAUpaMu3
X=C, - X'+C, Y +a -1,
y=C, - X'+Cy Yy +a,-1,
1=0-x"+0-y"+1-1

€KU MaTpuIla IaKIaa

X X
y|=D|Y (10)
1 1
Oy epaa
Cll C12 al
D= Ch Cp & (11)
0O 0 1

TEHTJIMKHU X0cuJ Kuiiamus. (10) TeHrmuk TpaHCTOHUPa0 yIOyHU XOCHUIT KUJIaMu3

(x,y,2)=(x,y,1)D* (12)
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I !

Arap M Hykra Oxy Ba O'X'y’ KOOpAMHATanap CHCTEMacujaa MOC paBuIljia (X y) Ba
(x',y") KoopanHaTanapra sra 6yica, y xonaa (9) TEHIIMKHYE >bTHOOpPra o6 ynoyHu

XOCHJI KhWJIaMu3

!

(X Y DAY |[=e(X,y)=F(M)=F(x,y)=(x.y.1) Al y
1 1

by epnan (10) Ba (12) TeHrnukiapHu 3THOOpra oaub ymuoyra sra 6yiamMus

! !

X X
(x,y 1)Ay |=(X,y,1)D*AD| y'

1 1
[ynaait kKnaud ymoy TEHTITMK

A'=D*AD (13)
f KBaZpaT (YHKIUSHUHT sgHrA Oy  KOOpJAuHATajgap cuctemMacugaru A’
MaTpPUIIACUHU YHHHI 3CKM OXxy KOOpAMHATajlap CUCTEMacujaru A maTpulacu
opkanu udoaananu.

Oxy Ba Oy KoOpaMHATajgap CHCTEMAacHHHM aHUKIOBUM O€g, Ba O'€E,
4

peniepiiap Ounan Oup Katpaa OEE, penepHH XaMm Kapaiiuk. Y Ox"y” KoopAuHaTaap

CHUCTEMAaCHHU aHUKJIaraH OyJcuH. (2) popMyliaHu MaTpulla MaKauaa E3annK

b 2l HG)
y CZl C22 y' a2
by epma (a,a,) O’ HYKTaHMHT JCKH KOOpJIWHATANAp THU3UMHUIATH

KOOpAWHATamapuaup. YHaa  Oxy KOoOpAMHaTajap  cucreMacugan  Ox"y”

KoopAuHaTanap cucremacura ytum Qopmynacu (2) yrum (opmynacugan ¢akat

030]1 XaJJ1ap YCTYHUHUHT UYK dKaHIUTU OWiIad Gapk Kujaaau, SbHUA

X X” Cll ClZ
=C| ,| Oy epna Cz[ )
bely) oo o2 2

(13) dopmynanu kenTHpUO YMKApHIIAa KaHIald Myjoxasza KWiraH Oyicak XyJIu

HIyHAal Mysoxas3a IpuTud yrmOyHH XOCHIT KUIaMU3.

(xy)=(x"y")C* (14)
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.o X" X . X"
(X’y)U[sz(KyﬂJ(Q}%X’y)C*UC(W]
SHHU
U”"=C*UC (15)
O€ég€, Ba O'€e, penepuap ¢akat KoopauHaTansap Oomu O6mnaH Ghapk KWITaHUIAH MOC
KOOpJMHATAJIAp CHCTEMAacHJaH OWPH WKKHHYUCHIAH IMapajuie)l KYYdUpHII OWIaH
XOCHJT KWIIMHAAH, SHHU
X"=x"+b,
y'=Yy'+b,
KBampar (QyHKIUSHWHT KBaJpaT KHUCMHU Mapayuiesl KY4dupuIaa Y3rapMaciaIuruHU
KYpHII OCOH
F, (X, y)=a,X* +2a,Xy +a,,Y’
ynunr yuyn f  ¢QyHKOussHEHT Oy’ KOOpIMHATajgap CHCTEMAacHIard KBajapat
KACMUHHMHT Marpunacuau U’ opkamu Oenrwmiacak, y xoimmia U'=U"  Ba (15)
dbopmyiara kypa
U’'=C*uUcC (16)

XOCHJI KUJIaMU3.

29§.0PTOI'OHAJI MATPHULIAJIAP.
29.1-rabpud. Arap
CC*=E 17)
Tenrnuk Oaxkapuica C KBaJpaT MaTpUIIAHU OPTOTOHAJI MaTpHIla 1e0 aTanaiu.
(17) Tenrnuk OyHAa Xap Xuj caTpjapHUHT (popMall CKalsap KynakTMacu HOJra
TEHT, CATPJIAPHUHT CKaJISIp KBaJipaTiiapy ca Oupra TeHT, IbHU
1 arap i=|

;Cikcjk = {O

(17) Ba (18) mapTIapHUHT SKBUBAJCHTJIUTH catpiap Oyiimua C MaTpUIlAHUHT

(18)

arap 1+ ]

OpTOrOHATMTMHU udonanaiiau. (17) TeHrIuKaan
c'cC*=C'E
EKHU
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C*=C* (19)
Tenrnuk kenmub ymkamu. By sca opToroHan MaTpuIlaHUHT sHa OUTTa Tabpudumup.
(17) Ba (18) mapriaapHuHT SKBUBaeHTIIMIH C MaTpHUIIAaHUHT caTpiiap Oyiinua
oproroHayumruau udonanaiiau (19) TeHrnukaan

C*C=E (20)
Tenrnuk kenud yukaau. by TEHTTMK XaM OpTOroHall MATPUIIAHUHT Tabpudu OYianu.
Y C marpumiaHuHr ycTyHjiap OVinya OpTOrOHAUIMTMHU udomanaan. Xap Xui
YCTYHJApHUHT QopMai cKajasip KynalTMacu HoJIra TEHT, YCTYHJAPHUHT CKaJsp

KBaJpaTiapy 3ca Oupra TeHT, SbHU

Zk:Ciijk :{

29.2-skymaa.OpToroHan MaTpuiaiap KynaiTMacu opToroHain Matpuia 0yauo,

1 arap i=]
0 arap i#]

OpTOTOHAJ MaTpHUIlara TECKapu MaTPHIlA XaM ITYHUHTJEK OPTOTOHATI MaTPHUIAIHP.
HcboT. A Ba B maTpunanap oproronan marpunaiap 0yiacun C=AB maTpwuiia
yuyH (17) mapTHUHT OaXapWIMIIMHU TEKIIMpUI Kepak. 21§ garu maTtpumanap
YCTUJAru aMaJUIapHUHT XOCCaJapuHU TaJOMK KUIHUO YIIOYHU XOCHIT KUJIaMu3.
(AB)(AB)*= AbB* A*= AEA*= AA*=E
Xynau myHaaid C =A™ ydyH XxaM ymoyra sra 0yiaMmus.
(A)(A*)*=A" (A% =(A*A) " =E" =E
E Gupauk maTpuiia XxaMm paBIIaHKH OPTOTOHAJI MaTPUIIAIUP. XaKUKaTaH Xam
EE*=E-E=E
29.2-XKyMIIaHM KyWujara tap3aa Kanrta udomanam mMymkuH. bepuiaran n-taptuOnm
OpTOrOHAJ MAaTpUllyiap TYIUIaMu Kynautupuin amanura HucOatan O(N) CUMBOJ
Owiad OeNruIaHyBYM TpyIia (TypyX) XOCHUI KUIJIaIH.
NkxkuHYM TapTHOIM OpTOroHana MaTpuiaiap. TpaHCHOHHUpJIAHTaHIa MaTpHIla
JIETEPMUHAHTH Y3rapMaraHaas, sSbHA
detC =detC*
xamza 29.1-oproronan matpuia TabpuduIaH YHUHT JeTEPMUHAHTH +1 TeHT OYianu.

XaKuKaTaH Xxam
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CC*=E = detCdetC*=det E = detCdetC =1= (detC)’ =1= detC = +1.

29.3-xymua. MKkuHYM TapTUOIXW OPTOTOHA MAaTpulla, ACTCPMHUHAHTHUHT

umiopacura OOFIUK X0J/1a y YOy KYpUHUIIIapra ara.

(e BN adiid -

sinp cosg sinp —cosg

HUcoor.

C — (Cll 012 J
CZl C22

Oproronan marpuna OYJICHH. YHUHI YCTYHJIApUHUHI OPTOTOHAJUIMK XOCCACHJIaH
doiinananaMu3

C121 + 0221 =1
HIApTAAH HIyHAA @ MaBXyAku OyHHIA c, =C0S¢p , C, =sing Oynanu. bupunum Ba
WKKWHYM YCTYHJIADHUHT OPTOTOHAJUIMK IIapTUAaH

CiiCip +Cp1Cp =0,  €OS@C;, +5iN@C, =0

oYUM Kenub YUKaIn, OXUPTH TEHIJIHK

sinp —C,
Cosp C,

—-sing c,
COSQ C,

=0

TEHTJIMKKA TEHT Kywid. /[eTepMUHAHT HOJTa TEHT OYJIWIIM YIyH YHUHT YCTYHJapu
YU3UKJIM OOFNaHTaH Oynuinura €xku y3 HaBOaTAa YCTYHJIApU ¥3apo MPOMOPIIMOHAI
OynuIIMra TeHT KyWIHIup, SbHU JteR:
c, =tsingp c,, =—tcose
CYHIpa ¢/ +C5, =1 mapTaan
t*sin p+t°cos’ =1
t*(sin p+cos® ) =1
t*=1 OyHna t=+1 OYJIMIIMHMA XOCWJI KUJITAMHU3
C, =C0S¢@ C, =Sing

c, =tsing C,, =—tCos¢p
C — (Cll ClZ]
C21 C22
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0ymu6. Arap |C|=detC =1 Gynca
Ci1Cpp —CypCy =1
—tsin*p—tcos’p=1
~t(sin® p+cos’ p) =1
—t=1
t=-1
Arap |C|=detC=-1 G¥nca
CiiCpp —CpCy =1
~tsin®p—tcos® p=-1

~t(sin’ p+cos® p) = -1

oynanu. Jlemak, C MTarpuna

cosS —sin cos sin
) @ @ 8Kk1 ) @ @
sing Ccosg singp —cos¢e

KYpUHUIITra radynaiu.

30§. TYFPU BYPUAKJIU KOOPJUHATAJIAPHU AJIMAIIITUPHILL.

by epna Ou3 Tyrpm Oypduakiau KOOpJIWHATAjIap CHUCTEMACHHU Xamia TYFpH
YU3UKJArd, TEKUCIUKIard Ba ¢a3oaaru 0a3uciapHu Kapanimk.

3.1-teopema. C MaTpuiia OpToroHana MaTpuiia oynaau, 1y xosaa Ba gakar mry
X0J1J1a KAYOHKH Yy OMpopTa OpTOHOpMaJ 0azucaaH OoIIKa OpTOHOpMaJT 0a3ucra YTHUIIl
MaTpuIacu oymca.

Hcoot. C opronopman 0a3uc €,...,6 maH opToHOpMan Oa3uc €,...,€ ra YTuIil

MaTtpuiacu OyiacuH. YHaa

(éi,!éE):{l arap i=j (22)

0 arap i#]

oynmanm.
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Gy e Gy
(€08 = (68| o o (23)

nn

Oynranu Tydaiau
~'
€ = Z Cii€«
k
~'

AMMO opToHOpMan Oa3uc €,..,6 J1a ckajasip Kymailtma (ei,

¢/) Gy BekTOpmap Moc

KOOpAMHATaIapyu KynalTMaCUHUHT HuruHaucura TeHr. llyHuHr yayH (22) TeHruk

1 arap i=]
chickj :{ P . (24)
K

0 arap i#]
aitmanagu. Ammo Oy C MaTpULIaHMHT yCTyHJap Oyiinya OpTOTOHAJUIMK IIapTUIaH
nbopar 6ynanu. Akcunua, arap C opToroHaia Matrpuiia Ba €,...,& OpTOHOpMai 0a3uc
oynca, y xomnma (23) dopmyna OViiMua XOCWJ KWIMHTAH §€,...,6 0a3uc y4yH
MaTpUllaHUHT (24) OPTOrOHAUIMK IIAPTH YHUHT (22) OPTOHOPMAJUIMK IIapTUTa
aitmananu. Teopema ncOOTIaHIH.

30.1-Teopemanan ym0y HaTHXa KeIUO YUKAIH.

30.2-naTuaka. Arap

!
X X 8
=C +
Xn XI: an
TEHITIUK  OX...X, TVFpu Oypyakiid KOOpJMHATAIap cucTeMacugan O'x..x!

KOOpJIMHATajap cuctemMacura ytuiHu Oepca, y xonaa C marpuuia opTOrOHAJIIUDP.

AxkcuH4a, arap Ox,..X, KOOpJuHaTajgap cucreMacu Tyrpu Oypuaxim Ba C marpuiia
opTroroHan Oyinca, y xonga O'%..X, KOOpAWHATAJIAp CHUCTEMAacH XaM NIyHHHTJEK

TYFpu Oypuakim Oynaau. DHAM TEKUCIMKHUHT TYFpU Oypuyakiid KOOpJWHATajIapu

KaHJ1al aJIMallMHUIIAHU Kapaliuk O€E, Ba OEE, UKKATAa OPTOHOPMAJUIAHTAH pemnep
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oyncun. Yuma 30.1 Ba 29.3 jmapra myBoduk €,6, Oasucman €,€, Oasucra (21)

MaTpuLagapaaH Oupy OnIaH aMaira OIUPHIAIN.

(= =\| COSQ —sing
(eliez)_(ellez)(singp COSng

€KH

N A sing
(el'eZ)_(el'eZ)(Singo —COS(DJ

OMpPUHYH X012

€ =CoS@-€ +Sing-E,

€, =—Sing-€ +Cos¢-E,

& ={cosg,sing}, € ={-sing,cosp}

bynna O€g, peniep O, penepHu ¢ Oypdakka OypuIl OWIaH XOCWUJ KUJIMHUIIUHU
KYpHIll OCOH. XaKMKaTaH XaM € BEKTOPHH ¢ Oypyakka OypraHuMu3zza Xocui Oyiara
BEKTOPHUHT KOOpJMHATAJapW Cos¢  Ba sing Oymaam Xamaa € BEKTOPHUHT
KOOpIMHATaJapu OWJIaH YCTMAa-yCT TYIIaau. €, BEKTOPHU ¢ OypUakka OypraHuMH3aa

XOCHI Oy/IraH BEKTOPHHHT KoOpIMHATanaph cos(¢+90°) Ba sin(p+90°) 6Ymub6 ,

—sing Ba coS¢ KOOpAMHATanapra sra OViub €, BEKTOPHMHI KOOpJWHATaIapy OuiiaH

YCTMa-yCT TYLIAJH.

IS

4
|

v
|

—
-

36-pacMm
37-pacm

o4
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NkknH4un x0naa
€ =Cos@-€ +singp-€, € =sing-€ —Cosy-E,
& ={cosg,sing}, € ={sing,—cosgp}

O€e, penep O€E, penepiaH ¢ Oypyakka Oypull OuiIaH KEWHMH 3ca XOCHJ OYiraH
OupuHYM 0a3uc BEKTOpra HUCOATaH MKKMHYM 0a3uC BEKTOpra HUCOATaH UKKUHYU
0a3uc BEKTOPHU THK aKCIIAHTUPHII OWIIaH XOocwi KuiauHaau. [IyHuHT yayH OupruHIn
0a3uc BEKTOPHUHT KOOpMHATAIApU COS¢ Ba sing OYnIMO € BekTop OMIIaH yCTMa-yCT
Tymaad. Wkku 0a3uc BEKTOPHUHT KOOpJMHATajIapu 3ca Sing Ba —COS@
KOOpJIMHaTajmapra »ra Oynu0 €, BekTop OuiaH yctMa-ycT tymaau (37-pacm).
[Myngait kwmb® yMymudl KoopjauHaTaiap Oommura sra OYiAraH WKKUTa TYFpU
Oypuakid KoopJuHaTajnap cucremacu € ymoy ¢popmysa OunaH OOFjaHTaH

x=Xx'cosp—y'sing (25)
y=X'sinp+Yy'cose

OyHJ1a KoOpJIMHATA YKjaapu ¢ Oypuakka Oypuiran Oynaau €ku ymoy dhopmyia Ouiian
OofnaHran 6ynuo

Xx=X'cosp+Yy'sing (25)
y=X'singp—y'cosp

KoopAuHaTa VYkjaapu ¢ Oypuakka Oypuin0 HKKUHYM KOOpJMHATA VKU OUPUHYU
KOOpJAMHATa YKUTa HUCOATaH THUK aKCIAaHTUPHIN OuiaaH Xocul KuirHaau. Ly omman

oupra OX Ba Oy ykura kapad Oypumn mycOart Oypur 6yaaam.

31§. KBAJAPT ®YHKUUAJIAPHUHI OPTOI'OHAJI UHBAPUAHTJIAPH.
Oxy koopauHaTanap cucremacuna f ksaapart Gynkiums

F (X, Y)=a,X* +2a,Xy +a,Y” +2a,X+ 28,y +a;,
Kynxaa OwimaH TacBUpiaHran OyiacuH A Ba U matpuranap Ownan Oup katopna f

KBaJpaT QyHKIMTA YIAPHUHT I€TEPMUHAHTIAPU

a; &, a5
A=la, a, Ay o= :111 212
By B A L

JIAPHU MOC KYSIMU3.
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31.1-symaa. Arap OXy koopauHatanap cucreMacuaan O'X'y’ KOOpAHHATaiap

Cy G &

CHUCTEMacura yTHII (C,a)=[
CZl C22 a'2

j Matpulia épaamugaa pyu Oepuica Ba

detC =+1 Oyrca, y xonma A'=A Ba §' =06 Oymanu.

Hcoor.

A’ =det A’ = det D*det Adet D = det (det D)’ = det A(detC)” det A=A
&' =6 Tenrnuk xam (16) popmyna acocuna Xyau MyHAal TEKIIUPUIAIA
&' =detU’ =detC*detU detC =detU (detC*)=(detU)-1=5

31.1-xymua Ba 30.2-HaTkaaa ymoy Kymiia Ken0 YiKaIu.

31.2-symuaa. bepunran kBamapT QyHKIMS y4yH A Ba § COHJIApP OPTOTOHAI
UHBapUaHTiIap Oynanu, sbHU yjap Oupop TYFpu Oypuyakiu KOOpAWHATaiIap
cucTeMacuJaH OOUIKa KOOpAWHATaIap CUCTEMACcHra YTUILA Y3rapMaiiu.

HUcoor. (16) bopmynanan
(% %}{% %X% %l% %]
a:ltZ aéZ C12 C22 a12 a'22 C21 C22
OyHz1a OeBocHTa YOy TEHIJIMKIIAP KEIUO YMKaIu

(aill a, J _ (Cnau +Cna, Cud, +Cxay j[cn Cp, j
a, ay Cody; +Cha,  Cpdy, +Cxa5, \ Gy Gy
a1’1 =Cy (C11a11 +Cya, ) +Cy (011'312 +Cyay, )
&, = Cy, (Cphy +Cpply ) +Cp (Cpl, +Cp8, )

Hlynunr yuyn a; onauaard KodpQuuueHTIapHu rypyxaad ymoyHu XOCUII KUIaMu3
6'=a, +ay, =a, (C121 + C122 ) Ty, (Cllc21 +Cp,Cy ) tay, (C11C21 +Cp,Cy ) +8y (C221 + szz) =
=a; (C121 + C122)+ a5 (C221 + C222 ) +2a,, (011021 + C12C22) =ay-1+a,-1+2a,-0=a,+a, =0
31.4-tabpud. f kBagpar GYHKIUSHUHT XaPAKTEPUCTHK KYTIXaaH €0 ymoy

ail_ﬂ“ & _ _ _2\_Aa2 _
a, %fl—@iﬂﬂ% A)-ag =

= a8y _Aazz_ﬂ“an"'iz_aizz =2? _(ail_azz)/l"'auazz_aizz =2 —6A+6

(27)

Kynxaara autuinanu. by epaa
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U :(au auj

8, 8y
f ¢yHkuma kBampar KuCMUHHHT Oupopra TyFpu Oypuakimm OXy KoopauHATamap
cHUCTeMacHuJaru marpunacuaad ubopart Oynumm mHOOaTra onmmuHamu. 31.2 Ba 31.3
xymnanapaan f  QyHKOUS XapakTepUCTHK KyNXaaud OOIIKa TYFpu OypUakiu
KOOpAMHATaNlap CHUCTEMacura YTraHaa y3rapMaciurd Keiaud 4YHKagu, SbHU Y

opToroHan uHBapuaHT Oynaau. KBagpaT QyHKIMS XapaKTepUCTUK KYyIXaad 4 Ba 4,

WIU3JIapy XaM OPTOTrOHaJ UHBapUaHTIap OViaiu.

31§. KOOPAUHATAJIAP YKJIAPUHU BYPUIIJA UKKUHYU TAPTUBJIUN
YN3UK TEHI'TAMACHHU AJIMAIITUPUILL.

Oxy TYyfpu OypyakiM KOOpAMHATajmap cucremacuaa I MKKWHYM TapTUOIH
YU3HUK Y3UHUHT YMYMHU TEHTJIAMacu
F (%, Y) =20 +28,Xy + 85,y +28,,X+ 28,5y + 25, =0 (28)

Ownan Oepunran OVicuH. JlacTimaOku kKoopAWHATAIap CUCTEMAaCHHUHT VKIApUHU O

N

Oypuakka OypuO SHrM TYFpu OypUaKIM KOOpAMUHATajIap cucreMacu O'X'y' ra yraMus.

VYHIa

oymu6 Oy epna (25)ra myBohukK

- Ccosp —sing
“sing  cose

F xymxam Oxy koopawHaramap cucremacuaa f kBagpar QyHKOHUSHU
TacBUpiaiau. O'x'y’ kKoopauHaTanap cucremacuna f kBaapar QyHKIMSHUHT KBajapat

KUCMUHUHT U’ Matpuiiac yuyH (16) dopmynara myBoduk ymoyra sra 6yiamus.
U= cosep Ssing)(a, a,)(cose -—sing
| -singp cosp)la, a,)|sing cose
Oy epaa U’=(afl afzJ :
2 a‘22

beBocuta xucobnanuiap ymoynapHu KypcaTau:
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a/, =a,, cos” p+2a,, Cospsin g +a,,sin’ ¢

!

a), =a,, Sin* ¢ —2a,, Cos psin ¢+ a,, Cos* @ (29)

’

a/, = (—ay, +a,,)cosgsinp+a,, (cos’ p—sin’ p)
XaKuKaTaH Xam
a, a, a,Cosp+a,sing  a,Ccosp+a,sing \(cose —sing
(a{z a;z]:(—ailsin¢+a12c03gp —ausingp+a22c03qoj(sin(p cowj
a;, = a,, cos’ p+a,, Cospsin @ +a,, Cospsin ¢ +a,, sin’ ¢ = a,, cos* g+ 2a,, COS PSin @ +a,, sin’ ¢

a}, = a,, sin* ¢ —a,, Cos psin ¢ —a,, CoS @Sin @ +a,, Cos” ¢ = a,, Sin” ¢ — 2a,, CoS PSin ¢ + a,, Cos* ¢

a/, = —2,, COS sin p—a,, Sin’ g +a,, C0s” P+ a,, COS SN = (—a,, +a,, ) COS Psin g+, (cos” p —sin’ )

arap a, =0 Oynca, y XoijJa KOOpJWHATAJIap CHUCTEMAacHUHU WIyHAAaW ¢ Oypuakra

Oypamu3ku OyHaa 0< ¢ <% o0ynu6 a;, =0 OyncuH

0=(-ay, +a,)Ccospsinp+a, (cos’ p—sin’ p)
(a, —ay, ) cospsing = a,, (cos” p—sin” p)
(2, —ay,)sin 2¢ = 2a,, (cos® p —sin® p)
(a, —a,,)sin 2¢ = 2a,, COs 2¢0

A, — 3y

ctg2p =
gzp 22,

2

Jlemak, arap a, =0 O¥yica koopaAuHaATaIap CUCTEMACHUHM IIyHJal @, 0< ¢ <%

Oypuakka OypamMu3Kku OyHJ1a

ctg2¢ = % (30)
2

mapT Oa)kapuiraHaa IIyHOald KOOpAWHATalap CHCTEMAaCHMHU XOCHJ KuiaMu3Kku f

GyHKUMS KBagapT KUCMHHMHT U’ Martpuuacu ymly AMaroHan KYpHUHHMINTa 3ra

(&, 0
U_(o agj (1)

by O'X'y" koopaunHaTanap cucremacuaa I’ 4u3uK TeHraamacu

oynau.

a X +ay,y'?+2a.x +2a,y +a, =0 (32)
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Kypunuiira sra 0ynaau. by ¢ Oypuyakuu Ooiikauya ycyn OuinaH Tonaiuk a, =0 1ned

xuco0mab, ymobyra sra 6ymamMu3

a;, Cos@ =a;, Cosp+a,,Sing

!

Oy TEHTVIMKHUHT YHI TOMOHHWIa a, Ba a, KuhiMariapuu (29) popmynanapnan onubd

KyHnO yXIramnn XxayiapHy uxdamiiad yioyH! XO0CHIT KAIaMu3
a;, cos g = a,, cos® p + 2a,, cos” psin ¢ +a,, Cos psin’ ¢ +
+a,, COS @sin® ¢ —a,, cos psin® ¢ —a,, cos” psing+a,, sin’ ¢ =
=a,,C0s (€S’ ¢ +5in’ @)+, COS’ psin g +ay, sin® ¢ =
=a,,C0S ¢+, Sin p(cos’ p+5in’ o) = a, COS P+, Sin
by epnan
(a1’1 _an)COS(P =a,sing

o= (33)
8y
XOCHJI KAJIaMU3.
f  Qynxkuus (27) xapakTepucTHK KyIXaad y4yH a, Ba aj,, COHJIAD YHHHT
OpPTOTOHAJ MHBAPUAHTIIUTH Ty(]ailiin unausnapu Oyiaau.

Mynaait kuauo, (33) TeHrMUKHY YOy KYpUHUIIA KaiiTa €3UIl MyMKUH

Al_all

2

tgp =

by epna 4 winu3 cudaruma xapakTepUCTUK KYMXATHUHT WIAU3IAPUIAaH ITYHUCH
OJIMHAJUKA YHUHT yuyH tge>0 OVymanmu Ba 6 HUHT OPTOTOHAJT MHBAPUAHTJIUTH Ba

a, #0 DKaHJIWTUIAH IIyHJAd WIAM3HUHT MAaBXY/UINTH OCOHTMHA KEJITUPHINO
yukapuiaau. (27) XxapakTepuCTUK KYNXaJl AMCKPUMUHAHTH

5*—48=(a, + azz)2 —4(aﬂa22 —afz) =a) +2a,a, +a’, —4a,a,, +4a’ =

=a% —2a,a,, +a5 +4a% =(a, -a,) +a% >0
f kBagpar ¢yHkuusHUHT (6) MaTpuia OwiaH OOFJIaHraH sSHa OWTTAa COHHH

aHUKJIaMU3

a‘22 a23
a23 a33

LR B
Q3 Ay

K= (35)

ned omamMus.
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32.1-xymaa. Tyrpu Oypuakiu KOOpIMHATAJap CUCTEMACHUHUHT YKJIApUHU
oypuiga K conn y3rapmaiinm.
Hcoot. F(X,y) kynxazara X Ba Yy y3rapyBuuaap ypuura (25) ¢opmysaara kypa x’
Ba y' y3rapyBumiiap opkaiau udosapuHu Kynnb 6eBocura xucobmamnuiap Ouian
aj; = 8, COS @+ 8, SiN
&, =—a,,Sing+a,, Cos@ (36)
8y = 8y
TEHTJIMKJIAPHUHT YPUHIIN SKAHIUTUATA UIIIOHY XOCHIJT KUJTaMU3.
8,,X° + 280, XY + 8y, Y2 + 28X + 28, + 8y = &, (X' COSp— y'sin @)’ +
+2a,, (X' cosp—y'sing)(X'sinp+y'cosp)+a,, (X'sing+ y’COS(p)2 +
+28,; (X' cosp—y'sin @)+ 2a,, (X'sing+y'cosp)+ay,
by epnan
8y, =&, COS@+a,,sing
&y, =—a,SIN@+4a,, CoS @
8 = 8
[yaunr yuyn (36) gopmymanu Kyana®d Ba O HUHI HMHBApUAHTIMK XOCCACHJIaH
doinananub ymoyHH XOCHI KUJIaMuU3:
B, | |a; ag
8 Ay [ Ay
= a0 —(@4,C0S @+, SiN @) —(—ay,Sin @ +a,, Cos ) = aggé—(af3 cos® @ + 2a,,8,, COS ¢Sin ¢ + a, sin’ (p) -~
—(a223 cos® ¢ —2a,,a,, Sin ¢ Cos ¢ + a7 sin’ go) =ay, (a8, +ay,)—a, oS’ ¢ —2a,,a,, COSpsin p—ay, sin’ ¢ —

aZZ a23 + all a13
a23 a33 a13 a33

2 2 2 2
K'= + =a;2a3’3—a;3+a1'1a;3—a1'3 :aéz (aéz +a;2)—a;3—a1’3 -

2 2 : 2 a2 2 2
—8,; COS” @+ 281383 SIN Y COS @ — 313 SIN" @ = 8,845 + 8,855 — B3 — 8y = =K

K conu myHuHTAEK KOOpJWHATANAp YKIapujaaH OMpU UKKUHYMCUTA HUCOATaH THK
KaliTranaa Xam y3rapMaciurMHu OCOHruHa kypuin MmyMmkuH. Iy cababnu Gepunran
KBaJpaT PyHKIUS YIYyH Y YMyMUM KoopJuHaTtajnap Oomrura sra Oyiarad 6apya Tyrpu
Oyp4akiy KoopauHaTajmap cucreMacuaa oup xun Oymaau K COHUHM OpTOTOHAN €TTH

WHBapHaHT J1e0 aTayajy.

33§. UKKMHYY TAPTUBJIN YN3UK TEHTJIAMACHUHU KAHOHUK
KYPUHHUIIT A KEJITUPHUIII.
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33.1-teopema. VxTu€puil MKKUHYM TapTUOIM YM3UK YUYyH LIyHIAW TYFpU
Oypyakiu KOOpIMHATajap CHUCTEMAacH MaBXyJAKH, YHAAa Oy YM3MKHUHT TEHIJIaMacu

KyHuaara KypuHUIIapiad Oupura srajgup.

2 2

1) X—2+§:1, DJIJINIIC,

a
X2 y2

2) PR ~1, MaBXyM DJIIHIIC,
a

2 2

3) % +§ =0, MaBXyM KECHUIIIYBYH TYFPU YMU3HUKIIAP KYPTIUTH;

4 X _ § =1, runepboa;

a
X2 y2

5 = e 0, KECHUIIYBUYHU TYFPHU YU3UKJIAP KY(DTIUTH;
a

6) y* =2px, mapaboa;

7) y*—a® =0, napajuien TYFpy YU3HUKIap Ky(OTIHUTH;

8) y?+a’ =0, MaBXyM mapajuiesl TYFpU YU3UKIIap KyDTINUTH;

9) y*=0, ycTMa-yCT TYIIYBYH TYFPU YH3HKIAP KY(HTIHUTH.

Hcoor. YMyMUIMKHY 4YerapajaMacial OyHJa MKKUHYM TapTUONIM 4u3uK [
TYFpu Oypyakiii KOOpAMHATAJIAp cucTeMacu OuiaH Oepuiirad OYJIcuH 1ed xucooal
MymkuH. byrna 31§ na koopauHatamap CHUCTEMACHHUHT YKJIapWUHH OypuIl OwiaH
(28) Tenrmamaga a, KOI(DOUIIMEHTHUHT HOJTa TEHr OYJIWIIWATA HPUIIHIIHA
MYMKUHJIUTH KYpCaTHITaH 3AW. DHJA KOOpAWHATAAp TH3UMH TMapayjiesl KY4upHIll
OWJIaH ITyHTra SPUIIAITHU UCTANMU3KHU acinia

a, x> +a,,y> +2a,X+2a,y+a,=0 (37)
TEHIJIaMa/ia OMPUHYM Japakallvd Xaajaap HyKOJCHH.

OHr aBBan a,#0=#a,, XOJMHUM Kapaiumk. Tyma xBaapar axparud (37)

TCHIJIaMaHU

2

2 2 2
a13 a23 a13 a23
a (x+—} +a £y+—J +a,-————==0
' ail # a22 » all a22

KYpHUHUIIJA KauTa €3amMu3. by TeHrnamanu
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P t]

a
X' =X+ , Y =y+2

a‘.ll a‘22
y3rapyBUMIapHU aJIMAIITUPHUIIL Ba SIHTY OeNrujaluiap KAPUTHUII OuiiaH
a, x> +a,y +a,=0 (38)
KYpPUHHUILIA KanuTa €3amMus.
XaKUKaTaH Xxam
a, X +ay,y?+a,=0
[ tpuxiiapHu Tanuiad KanTa Oenruiamn KUpuTcak (38) TeHIIIaMaHu XOCHII KHJIaMH3.
Ounu (37) TeHrnamana KBaapatiap ojauaard kodpduuueHTtiaapaaH Oupu
HOJIra TeHTr OYyyicuH. 3apypar OyJaraH Xojja y3rapyBuuiap HOMUHH Y3rapTUpHO
OyHna a, =0 ne6 xucobnam MyMKUH. YHAA (37) TeHIJIaMaHu
2 2
azz(y+%] +2a,X+ay, —%:O
a,, a,,
kypunuiaa €3amu3. Koopaunartamap cucremacunun Oy yku Oyiimda mapaien
KYUHMPHUIIIAH KEMUH

! ’

y=y+om

a22

X=X

OXUPTH TEHIJIama
a,y'?+2a,x'+a, =0
€KY MTPUXJIAPHU Tanuiad
a,y’ +2a,Xx+a, =0 (39)
KYpPUHHUIIIATH TEHTJamara ainanagu. Arap a, =0 Oynca, y xonma OX yku Oyitnda

napajuien Kyuyupuuiias keitut (39) tenrnama

' A3 '

X =X+

a,y’ +2a13(x+:3—3j =0

a,y” +2a,x' =0
IITPUXJIAPHHU TAIIa0

a,,y’ +2a,x=0 (40)
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KYpUHUIIHY oianu. Arapaa a, =0 Oyica, y xonaa (39) Tenriama
a,y> =0 (41)
KYPHHHILTA 3Ta.

Hemak, Tyrpu Oypuyakiid KOOpAMHATAIAp CUCTEMACHHHM OYpHII Ba IMapajuies
KYYHUPHUIIAAH CYHT MKKUHYU TapTHONMM YM3UKHUHT (28) ymymuii tenriamacu (38),
(40), (41) ydra kypuHunaaH Oupura KeaTHupuiIaau, Oy epaa a, , a,, Ba a, COHJap
HoyaH dapkiu. Ammo (38) KypuHUIIIard TeHriiama 1)-5) TeHriiaManapHuHT Oupura
nponopuuoHa, (40) Tenrinama 6) TeHrjaamara nporopimonai, (41) redarmama sca 7)-
9) yura TeHriamanapaad Oupura npornopuoHaIIup.

XakukaTtaH xam (38) Tenrinamaza a,, =0 OyicuH. YHAA YHU

2 2
a, X" +a,Yy =-a85

2 2
X+y1

Er
ail a‘22

E€KU

KYpUHUIIIA E3UI MyMKHH, Oy epaa

Al B g %
all a‘22

YMyMuiliinkau 4derapainamacian A>B  ne0 dapa3 kuaum MymMkuH (A<B Oynran
XO0JiJa KOOpAWHATa VKIAPUHUHT YpPUHIAPUHU aJIMaIITUPUO KOOpIUHATAJIAPHU
AIMAIITUPUII KUTAMH3).

2 2
a) Arap A>0, B>0 6yinca A=a’ , B=b*> ne6 (38) teHriama %‘l‘ky)—Z:l
AITUIICAAH noopat Oynaau.

0) Arap A>0, B<0 06yaca A=a’ , B=-b’ nebd (38) Tenrimama :——y—zl

runepOoagan noopat 6ymaam.
B) Arap A<0, B<0 0yica A=-a’ , B=-b* neb Genrunad, Oy epaa a>0, b>0

TCHIJIaMaHU
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X2 y2
—2+F:—1

QD

kypuHuimga ¢€3amu3. byHnma (38) TeHrimama OuTTa XaM XakKWKUH HyKTara jsra

OyMacaaH MaBXyM SJUTATIC/IaH HOopaT Oyaam.
2 2

X2y . ,

1 KypuHHIIJA C3MII

(38) Tenrmamama a,,=0 OyncuH. YHAA YyHH =t

MyMKHH, 0y epaa A>O0.
a) Arap B<0 6¥nca, y xonga A=a’ , B=-b* neb Oenrninad Tomamus

2 2
Yo —osm [2-2) XY )
a b/la b

Uu3KK KECUIITYBUM TYFPU YM3UKIAp KY(QTIUTUTa aXKpasiaJin:
X X
Xy Y_0 B 2-Y-o
a b a b
OJIJMHTHTA YXIAIl TOIIaMH3:

X2 y2
—2+F:O.

o]

Uusuk (akaT OUTTa XaKuKUil HyKTara sra, 0y koopauHatainap Oomu. byHaa

YU3UK MaBXyM KECHUIIIYBUHU TYFPHU YM3UKJIIAP )KY(DTIUTUTA aKpasiaau Ae0 auTuiaau:

XyiYoo Ba 2-i¥-o0
a b a b
(40) Terrmamanu
azzy2 =—2a,,X
EKU
y’ = 28y
a22

y* =2px Oy epxa p=—%

22

KypuHuiaa €3amus. by napabonanuHr TeHrnamaci, (41) TeHriaMmanu sca
)

22

y’+c=0 Oyepnaa c=

KYpUHUIIA €3ULIT MYMKHH.
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a) Arap c<0 Oyica, y xonma ¢ =-a’ ne6 Oenrninabd TeHrmamann y’ —a* =0 €ku
(y—a)(y+a)=0 xypunumpia €3amu3. Yu3uk napajien TYFpU 4U3HKIap Ky QTiurura
axpanamu (y—a=0Ba y+a=0).

0) Arap c¢>0 Oymca, y xoiima OJNAWHTUTa yXmam Yy> -a’=0 ¢&ku
(y—ia)(y+ia)=0 Tomamu3. Unsuk OuTTa XaM XaKMKUH HyKrara sra smac. bynnaa y
MaBXyM Mapajijiesl TYFPH YU3UKIAp KyPTIUTUTa axpanaan 1ed altunamu: y—ia=0
Ba y+ia=0.

B) Arap c=0 Oynca, y xonna TeHrnama y’=0 €ku y-y=0 KypUHHIITA dra.
byHna 4uM3uK ycTMa-yCcT TYWIyBUM TYFpU UYM3HKIAp KyPTIuUrUra axpanaau aed
arrtunaau (y=0, y=0).

33.2-3camatma. 3apypaT OyiraH Xxojja KOOpJAWHATalIap  YKJIAPUHUHT
HOMJIAPUHU KaiiTa HoMIa0 €KM yJIapHUHT WYHAIMIIMHU Y3rapTupu0, OyHaa

a) 1)-5) Tenrnmamanapnaa a® >b* 6ymaau neo,

0) 6) Tenrmamazga p>0 ne0,

B) 7) Ba 8) TeHrIamanapaa a’ = 071e0 Xuco0Jan MyMKHH.

bynmait mraptimap O6minan 1)-9) TeHrmamanap MKKAHYM TapTHOINA YW3HKHUHT

KaHOHUWK TEHrJaMaliapu Ae0 ataiaiu.
34§. UKKUHYU TAPTUBJIN YN3UKHUHI' KAHOHUK
TEHIJIAMAJIAPUHUA UHBAPUAHTJIAP BYUUUYA AHUKJIAILL

Onmuarn maparpadpga Ou3z Oupoptra TYFpu Oypyakiv KOOpAHHATAJIAP
cucTeMacuaaH OOmIKa TYFpU OypUaKiIM KOOpAWHATAIAP CHCTeMacura YTHO MKKWHYN

TapTUOJIN YM3UK YMYMUN TEHTJIAMACUHH

F(X,Y)=2a,X* +28,Xy +8,,Y° +28,,X + 28,y + 85, =0 (28)
JIaH y4Ta KypUHHUILLIATA
a, x> +a,y +a,=0 (38)
a,y’+2a,x=0 (40)
a,y’ +a, =0 (41)
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Tenrnamanapnan Oupura YTHUII MYMKHHJIMTHHHM KypcaTraH »sauk. JlacTmabku
KoopauHaTtanmap cucremacunaru (28) tenrnamamgan ymymuid kymxan F(Xy) Owuman
TaCBUpJIAHTaH KBaJpaT (pyHKUHS MOC paBHILJA yuyTa Typyxra OynuHaau. DHau Ou3
KBaJIpaT QPyHKIUSIAD

) a,x* +a,y* +a, =0

1) a,y*+2a,x=0

1) a,y*=0

yJIQpHUHT OPTOrOHal HWHBapHaHTiaap OYyilMua KaHOHMK TAacCBUPJAPUHU TOIUIIHU
uctaiimMu3. by QYHKIMSUIapHUMHT KaHOHMK KOOpJAMHATajlap cucTemMacujparu A

MaTpugacu MOC paBulIga

a, O 0

I) A= 0 a, O
0 0 a;

0 0 a,

II) A= 0 a, O
a, 0 O

0O 0 O

) A=|0 a, O
0 0 a;

KYpHUHUIITA Sragup.

I) XxonHu Kapainuk. Y 1y 6unan TaBcudaaHaauku, OyHia

a,
0 a,

o= =a,a, #0

[y 6unan 6upra kBaapat GyHKIHS YIyH KAHOHHK KOOpJMHATAIap CUCTEMAacu1a

a, 0 O R
o= a,,a,, A=|0 ay, 0= 185,853 Ay = g
0 0 a;
-A 0
% ‘:/12—5/“5:0
0 a,—A

XapaKTEepUCTUK KYIIXal WIAU3Iapu A =a, , 4, =4a,,.

[IyHuHT yuyH
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a11)(2 T8y y2 +ay, =0 (38)
TEHIJIaMaHU KyuuJaruda Kanra €3ull MyMKHH
X+ AY° +§=O

o A
bynna kyiunaaru xagsanaa 4, 4,, 3 COHJIAPHUHT HIIIOpacHura OOFINK Xoiaa 1 Typyx

UKKHUHYY TApTUOJIM YM3UKIAPHUHT TBCU(DIAHUIINHN KYPHUII OCOH

Onuic sgn 4, =sgn 4, ;«tsgn%

MBXxyM smmnc sgn 4, =sgn 4, :sgn%

MaBxyM  KeCHLIYBUM TY¥pH | sgn4 =sgni,, A=0

YU3HUKJIIAp
['unep6ona sgn A, #sgnA,, A#0
KecunryBum TyFpu YM3HKIAP sgn 4, #sgnA,, A=0

XaKuKaTaH Xam

sgn A, =sgn 4, ;«tsgn%:sgnﬂl =sgn 4, :Sgn(_%j

X+ A,y = ——
XLy
S
o b
Ao A
A A
75>0 —9 _a? Genrunan MYMKHH, Oy epaa a >0
A A
/1—§>0 /1_5=b2 Oenruiam MyMKuH, Oy epaa b >0
2 2
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X

2 2
—2+y—2:1

QD
o

OJIJIMIICHU XOCHJI KUJIaMHU3.

Sgnﬂi=sgnﬂ,2 =sgn%:>sgn21=sgnj? ¢Sgn(_%j

A
Xy Ayl=—=
A .Y 5

2 2
XK+yK:—1
5 5
R

A A

é>0 é

4 4

A a

950 O=

z A
X2 yZ
—2+F:—1

Q

MaBXyM JJUIUIICHU XOCHJI KUJIaMH3.

=a® Oenruiam MyMKuH, Oy epaa a>0

b* Oenrunam MyMKuH, Oy epaa b >0

sgn 4, =sgn4,, A=0

21x2+/12y2+§:0

naH
2 2
XT+yT=O
Ao A
Arap sgn4 =sgni, =1 1.0, Lo 0ynuo 1.
A4 A
JNEHUIIMMU3HUHT, SbHU
X2 y2
?4_?:0

a’, /Ii=b2 Oy epma a>0 , b>0

2

MaBXyM KECHILYBYU TYFPU YN3UKIAPHU XOCUJ KUJIAMU3.
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1

Arap sgn4 =sgni, =-1, 7 <0, % <0 0ymub % =-a’, —=-b® nmeinm MyMKuH, Oy

2
epra a>0 , b>0 HCHUIIMMU3HUHT, SSbHA

2 2 2 2
X . X
X P 0w B Y oo

—a® —b? a’ b
sIHA MaBXyM KECHIIYBYH TYFPHU YH3HKIAPHHA XOCHI KAIaMU3.

sgn A, #sgnA,, A#0
o o A o
OYJCUH, YMYMUWJIMKHM 4YerapajamacliaH sgn 4, =sgn (—gj oynmamu ned xucoOmiar

MYMKHH, aKC X0J11a KOOPJANHATA YKJIAPUHU KalTa HOMJIAUMU3

A
X+ Ay =——
AXT+AY 5
X2 y2 B
Aat
0 O
A A4

}OKOpI/II[F niiapra aCocaln

A A
— 950 OynranugaH 75 =a® ned Oenrumamn MyMKHH, Oy epaa a>0
A A
950 OynranugaH % =b* ned Oenrunam MyMKuH, Oy epaa b >0
2
SBHU

X2 2
Z-L=1
a® b

TUIepOOIaHu XOCHUI KUJIAMHU3.
sgn A, #sgn4,, A=0

oyica,

21x2+ﬂzy2+%=0©/11x2 +4y =0

YMYMUIJIMKHU YerapajiaMciaH
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a2=1>0 , bzz%>0

2
ne0 XyucoOmalmmMMu3 MyMKHH, akC Xo0Jij1a KoopAuHaTa VKJIapuHU KalTa HOMJIaHMM3,

ABHU

KEUUIITYBYM TYFPU YUBUKJIAP KY(DTUHH XOCUIT KUIIAMU3.

I1) xou 11y Outan 6axojlaHAAMKH, OyH/Ia

a,,y’ +2a,x=0 (40)
0 0 a;
A= 0 a, O
a, 0 0

5=0-a,=0 A=3aja, =0

Ba mapaboyianu TaBcuIaiau, KBaapaT (PYHKIUS YUyH KaHOHUK KOOpJWHATajIap

cucremacuaa
0 O
B3 2 0 0
A=l0 a, 0|=-a;a, 5=0 a =0 o6=0+ay,=a,
[IIyHuHT yayH
2 A 2 A + A A _azza123 2
= =— ==, |— ——=——235=-3°>0
a13 a22 a13 _5 a13 _5 5 a22 a13
Ba (40) Tenriama
2 A
oy +2 —gx:o (43)

KYPUHHUILHA OJaJH.

JleMak napaOoJlaHMHT KaHOHUK TEHTJIaMacH Kyiuaaruda €3usiaan

X (44)

IIT) xomHM Kapal KoJIIu
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Ay y2 +85 = 0 (41)

0 0 O
0 O
5= A=|0 a, 0
0 a,
0 0 ay
34.1-xxymaa. Arap 6 =A=0 O¥yica, y xonaa
K — a22 a23 + all a13
a23 a33 a13 a33

WHBApUAHT OYIaau.

Hcoor. Tyrpu Oypuakiu KoopJauHaTanap cucremacu Oxy Ba OXy' JlapHU
OOfJNIOBUM y3rapyBumwiapHd anmamtupumaa OynHaa K HuHr y3rapmaciurusHu
KypcaTHIll Kepak. ByHUHI ydyyH MKKUTa €pJaMyu TYFpH Oypyakiu KOOpJuHaTaiap
cucreMacu Ox"y" Ba OX"y" JjapHu Kuputamuis. Ox"y" cucrema Oxy CHCTEMaJaH
KOOpAMHaTa YKJIapuHu Oupop OypKakra OypuigaH XoCus KuinHaau. O'x"y” cucrema

sca Ox"y" cucTeMaaH napajuiesl Ky4yupuil Ouian Xocuia KuinHaau (38-pacm)

.m
" A .‘
A)

v

38-pacm
bynma Oxy —Ox"y" Ba OX"y" — Oy’ yrunuiapga K coHnHuHT y3rapmaciourura 32§
naru  HaTwkadaH kenuO uyukagu. LyHuHr yuyH Ox"y" — OX"y” mnapamien
kyuupuiga, Oyaaa K conununr y3rapmacnuruau kypcatuin erapauaup. Ly 6unan
Oupra 6u3 Ox"y" KOOpAMHATAJIAP CUCTEMACUHU UXTHEPUN OM3 XOXJaraHjai TaHIall
MyMKUH. bu3 yHu Oxy HM mryHjal Oypyakka OypuIIAaH XOCUJ KMJIAMU3KHU, KallCUKU
WKKUHYM TapTUOJIM YM3UKHUHT (28) yMymMull TeHrinamacuja a, Ko3QQuuueHT Hora

avinmanamu (32§ ra xapanr). by xkoopauHatanap cucremacuaa kBajapaT KUCMHUHT U

MaTPHUILIACH TUATOHAJIJIUP
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U :(au Oj
0 a,
Jllemak, &6=a,a,, IIYHUHT y9yH J=00ynraHugad a, Ba a,, COHJIApAAH aKKaJIH

OWTTacH HOJITA TEHTAUP. Y MyMHUIUIMKHYU YerapajaMcJaH 3apypar 0yica KoopauHaTa

Vxaapau OyHaa a, =0 ae6 xucobnaitmus. YHaa Ox"y” cuctemaaa A Matpuiia

0 0 a;,
A=|10 a, a,
a13 a'23 a33

KypuHuIIra sra 6ynaau. AMMo A=0 JaH a, =0 Oynuimm keaubd ynkaau. XaKkuKaTan
XaM
A=-a’a,, OynraHumaH Ba a,, #0 Oynranuman a,=0. Jlemak Ox"y” KOoOpAHHATaIap

cucreMacuja OM3HUHT KBaJIpaT QyHKIUS

n2

P(X",Y")=a,Y"" + 28,y +ay,

KYTxXaJ OuiaH TaCBUpJIaHAIU
X"=x"+Db
y'=y"+c
napajuiell Kydupuinga

m

(P(X”’ y”) =8y (ym"'c)z + 28, (y +C)+asa = azzym2 + 2(a220+ a23) y

m

2
+a,,C" +2a,,C +ay,

" ,m

xocui Kunamu3. Lllynunr yayn O'x"y” cucremana K conn

y

K' = A 85,C + 8y
- 2
a,,C+a,; a,C" +2a,Cc+a,,

KypUHHUILTA Kenaan. [lemaxk,

' 2 .2 2 2 .2 2
K'= Aya5; + 2a22a23c +8,C" —ay; — 2a22a23C — 85,0 =885, 8, = K

XKymJia UCOOTIIaH !,
8,,Y° +85, =0 (41)
TEHTJIAMaHH

K
Sy +~=0 4
Ve (45)

KYpHUHUIIJA KauTa €3UII MyMKUH. XaKUKAaTaH XaM
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a22 a23
a23 a33

LR B
A3 Ay

2
K= = 8,83 — Ay

a,,Y’ +a,, =0 TeHryiama yuyH K =a,a,, Oynranujan a,, = a£ oymuo a,, :g

22

K
oy’ +—=0.
y o

III rypyX MKKWHYY TapTUOIN YA3UK TEHIJIAMCH

Y’ + % =0 (46)
kypunumra sra. Ulyaunar yayn K<0 mga y? —_5—|2< =0 _5—2( =a’neb, Oy epma a>0

y’—a®=0mapayien TYrpu um3MKiIapau, K>0 na % =a’ned, Oy epma a>0

y’ +a* =0MaBXyM napaies Tyrpu du3ukiapau, K=0 na y* =0 ycTMa-ycT TyIIyBYH

ImapaJuicia Tyf‘pI/I YU3UKIIAPHHU XOCHUJI KUJIaMU3.

35§. QJJIAIIC, TNITEPBOJIA BA IIAPABOJIAHUHI' IUPEKTOPHAJI
XOCCACH.

Texucnukaa | Tyrpu um3mk Ba yHra termnuia OynmaraH F Hykra Oepwiirad
oyncun. Kyimparn wmacamanu eyamu3: Tekucnukaa M HyKTaJapHUHT TIyHJal

reOMETPUK YPUHIIAPU TOMMMIICHH, OyH/Ia

p(M.F) _
m—e>0 47)

Aroxuzaa yuTa X0JIHHM Kapaimus: e=1, e<1, e>1.

1. e=1. F nykra Ba | Tyrpu um3uK opacumaru MacoaHu p  OpKaju
Oenrunaiimus  p(F,1)=p . myHpail TYFpu Oypuakiu  Oxy KOOpIMHATAJIAp
CHCTEMAaCHHU KUpHUTaMU3ku OyHma Ox Yk | Tyrpu umsmkra nepreHmukyisp Ba F
opkaimu yrtagu. Oy yku sca F Hykraman | TYfpu YM3MKra Tymdpuira

NEePIeHANKYIAPHU TEHT UKKura 0ynamu (39-pacm). By koopnunatnap cucremacuna F
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HYKTa (on KoopauHaTanapra sra, | TyFpu 4u3mk sca x=—§ TEHTJ1amMa OuiiaH

taBcudaanaau. busaunr I' TYyiaMHUHT UXTUEPUN M HYKTaCHHUHT KOOPAMHATACUHU

(x,y) opkamu Oenrmmaiimuz M(X,y). YHma | L MM, TEpHEeHAUKYISAp TYIIHPCAK

M, (—g yj KOpJuHarara sra Oyiaau

Mo M)

Ay

(47)

2]

F¢l Oynranunan (47) TeHINMKAA cypaT XaMm, MaxpaXd XaM HOJra anjaHMaiaf.

[yHuHr yuyH (48) TeHriama
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pY pY
—_ — —_— 2
[X-i—zj (X 2) +y

TEHIJIaMara »HKBUBAJICHT. YHHHT VyXIIaml XaJUlapuHA WXdamiad robopcak

Hapa60JIaHI/IHF KaHOHHK TCHIJIaMacCra aﬁHaHa,HI/I

y* =2px (49)
XaKHUKaTaH XaM,
2 2
X* + px+p—: — px+p7+ y?
y® = 2px

Hemak, (49) napabona [goj KoopauHatanu F HyKkTamaH Ba x+§:0 TEHrJama

Owran TaBcu(uaHyBuMd | TYFpU YMBMKIAH TEHT Y30KIUKAard M HYKTaJIapHUHT
reoMeTpuk ypHu Oynamu. F Hykra mapaGonanunr ¢okycu ae6 | TyFpu umsuk sca
nupekTpuccacu 1e6 atanagu. [lapaGomanuHr ¢okycu OwinaH AMpeKTpHuccacu
opacugaru P wmacoda mnapabonmaHuHr Qokan napamMeTpu €KUM OJJUWTMHA
napaboJIaHUHT MapaMeTpu 1e0 aTanajiu.

Il. e<1. F mykra Ba | Tyrpu um3uk opacumaru macodanu d opkaau

oenrmnaiimus. F ¢l Oynranuman

d=p(F,1)>0 D<e<lml<i Bae<lm ise=l_e>0 L>O

1
e e e 1

€

o d . o
Oynranugan a=-—— opkainu Oenrwiaimui. [lemak myHnaili a>0 COHM MaBXYIKU

e
e

OyHna d ~8 g
e
IIYHUHT Y9yH TYFpud OypYakiM KOOpAHMHATAjIap ccreMacd Oxy KHPUTHII
MyMKHHKH, OyH1a F HykTa (ae,0) xoopaunaranapra ara, | Tyrpu 4msuk sca x—2-0
e

TeHriaama ounan 6epunaau (40-pacm).
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O F(ae, 0)

ae d

40-pacm

M, F
ae+d =2 yuna M:e>0 (47) Tenrnama Mo(g,y)
e p,(M e

e (50)

QD

X_i

(¢]

KypuHuIaa Kaita €3unaau (50) TEHMVIMKHU YyMYMHM MaxXpaxkra KelaTupud Xxamja

HMKKajla TOMOHHWHHU KBaJaparra KS'/TapI/I6 OKBHUBAJICHT TCHIIaMaHH XOCHJI KWUJIaMH3

J(x—ae)’ +y? =e

2
(x—ae)’ +y? :ez(x—gj

a
X ——
(5]

(x—ae)2 +y?= (ex—a)2
x* —2aex+a’e’ + y* =e’x” —2aex+a’
yXIan XajIapuHu ux4amiad Kyrnujaarura sra 0yiamu3
(1—e2)x2+y2 =a’ (1—e2) (51)

(51) TeHrmKHM YHT TOMOHH a*(1-e”) Ta 6716
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2 2
LA A (52)

QD
o

OJIMNCHUHT KAaHOHMK TEHIJIaMacUHU XO0CHJI KHJIaMHU3. ﬂeMaK, ou3 KapaéTraH

HYKTaJapHUHT TeOMETPHK YpHHU (52) smmric 6Ymaau 0y b=ayl-e*, a= o Lt
d=2_aecde—a-ae’ o de=a(l-e*)ea= de2
1-e

e

F(ae,0) nykra »smmuncHuHT GOKycu 1e0, x=2 TYFPU YM3UK 3Ca YHHHT
e

TUPEKTpUCccacH N1e0, € COHM SKCIEHTPUCUTETH Ae0 aTanagu. Arap 3UTUncHUHT (52)

KaHOHUK TeHrjamcu Oepuiran Oyiica Ba aiiyaHa 6ynmaca (pHU a>b ) y Xonaa

va'-b® (53)

a

e=

ne6 dapa3z kunub Oy smunc (47) TEHIIaMaHW KAaHOATIAHTUPYBYM HYKTAJIAPHUHT

reoOMeTpHK YpHU OynuimmHn xocun Kuiamu3. by epna F(ae,0) koopunaranapra sra Ba

o a
| TY¥pu uM3uK x-—=0 TeHr1aMa OWJIaH IOKOPHIATy Kabu TaBCH(IIaHAIH.

p(M,F)= (x—ae)2+y2

P(M,')=\/(X—Sj2+(y—y)2 -

2
2 2,2 | 12 X
\/X —2aex+a’e” +b (1_a2 x* —2aex +a’e’ +b’ —— x?
a
ex—a
e

2
+y°

p(M,F)= (x—ae)

p(M,1) (2 ex—a

e

D

2
1-— |x*—2aex+a’ —b* +b’ — -
_ a _eve?x? —2aex+a _e|ex—a|_e

lex—a| lex—al ~|ex-a]

e
2 2 .2 v o
x*+y*=a’ aimana (52) smmurncaaH b-—sa  jgaru AUMHUTra YTUI OWUJIaH XOCHI

kunuHaau. Uy 6unan 6upra
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,2 2
e=aT_b—>0

doxyc ailmana Mapkasura yTajau, IMPEKTPUCCa 3Ca YEKCUBIUKra KeTa/ lu.

I p(M.F)

(M)

F nykra Ba | Ty¥pu un3uk opacunaru macodanu d opkanu Oenrmnainmus. F ¢|

=e>1

oynranuaaH

d=p(F,1)>0 e>1:>1>1 Ba e>1:>e>1:>e—1>0
e e e

Ll>0 OoynraHuaaH a=il ophamu Oenrmmaitmus. Jlemak myHmaii a>0 CcoHH
e—= e-=
e e

a G
MaBXyJaKku, OyHma d= ae-— . OnguHru xojl KabW IIyHAall TYfpu Oypyakiu
KOOpJIMHATajIap cucTeMacuHu kuputamusku OyHaa F odkyc (ae,0) koopaunaranapra

ora | mupekTpucca x ~2_0 renrnama 6umnan 6epunanu (41-pacm)
e

¥ _.
g _
M@ (_-,_V) / M(M)
\e ),
X =—
O F(ae,0) X
a d
41-pacm
VYHuna (47) Tedrinama
(x-2e) 4y’ =e €K1 (X_ae§+y2 =€ (*)

SRt
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KYpUHHIA Kaita €3mnaau. By TEHINMUKHM yMyMUH Maxpaxra KeaTupud xamjaa

HKKaJla TOMOHWHHU KBaJparra I(S"TapI/I6 OKBHBAJICHT TCHI'IaMaHH XOCHJI KHJIaMHUX3

(x—ae)2+y2 =e

a
X ——
e

(x—ae)2 +y?= (ex—a)2
x* —2aex+a’e’ + y* =e’x* — 2aex +a’
yXIam xaajJapuHy uxyaminad Kyiujgarura sra oyiamu3
(1-e*)x* +y* =a*(1-¢?) (51)
(1-e*)x* +y* =a’(1-e*) = (e* -1)X* - y* = (e* - 1)’ (**)
Ammo dHIM e>1=e’>1=e’-1>0 Ba a>0 Oyarammnan b’=(e’-1)a* ne6 dapas

Kb Oy epaa b>0 xamaa (51) TEHIIMKHMHT MKKajda TOMOHWUHU VHT TOMOHHUTIa

Oyu6 runepOoIaHMHT KAHOHHUK TEHTJIAMACUHU XOCHUJT KUJIaMU3
X2 y2
JleMak HyKTallapHUHT reoMeTpuK YpHU (54) runepbona 6ynaau Oy epaa

a= de b=a\e?-1

e’ -1

YyHkun

d=ae-2 > de=ae’~aae’-1)=dea=—
e e’ -1

F(ae,0) nykra runepOosiaHuHT (QOKycH 1ed x=2 TVFpU YM3HUK 53Ca YHUHT
e

nupeKTpuccacu ae0, € COHU DKCUEeHTpucuTeTu Aed aramagu. MM LI , M, el

oyncuH. YHIa
p(M,F)= (x—ae)2 +y?

Oy epna M, (%, yj KOOpJIMHATajIapra srajiup




N

2
; \/xz —2aex+a’e’ +b? [XZ—lJ
+y* a

ex—a
€

p(M,F) y(x—ae)

p(M1) | _a

D

Arap runep6ona (54) kaHOHHMK TeHrJ1aMa OuiaH Oepuiiran 0yica, y Xoiaa
b* =a’(e’ —1)=a’’ -a’
a’e’ =a’ +b?

,  al+h? . Va? +b?

e =
a’ a

He6 dapaz xkwmb, OyHma Oy rumepbona (47) TEHrjJaMaHW KaHOATJIAHTUPYBUH

HYKTaJapHUHI T€OMETPUK YpHU OYIHUIIMHU UcOOT Kuiamus, Oy epna F(ae,0) nykra

a
KOOpAMHATIIaapra ora, | — TIIFPU YU3UK X = — TEHTJIama OwiiaH TaBCU(IIaHAIH.
e

b2 b? 2 2 2 2
2 2,2 2 _p2 1+— |x“—2aex+a“+b“-b
p(M,F)_\/X 2aex+a‘e +a2X b _\/( a2

p(M,1) ex—a lex—a
e e

Jeix?—2aex+a’ (ex—a)’ _elex—a]
B lex—a|  lex—a]  |ex-a|
e e

OHAM AJUUNCHUHT (52) KaHOHUK TEHIrJaMacura KauTaiiuk, smumncra (X,y) HyKTa
Ownan Oupra (X,-y) HykTa XxaM Ba (-X,Y) HyKTa XaMm TeTHIUIM OVIraHwaaH Yy

KOOpJAMHATa YKjIapura HucOaraH cuMMmeTpuk ¢urypa Oynaau. F Hykranu Ba | Ty¥pu

uypsukau Oy ykura HucbGataH akcnaHTupu® F'(-ae,0) HyKTa Ba I’[x:—gj TYFpH

YU3UKHU XOCWJI KWIaMHu3, y Jap XaM UIYHUHTAEK OSJUIMIICHUHT (OKYCH Ba
JTUpEeKTpUccacu Oyiaau, sS’bHM HYKTa Ba TYFPU YM3UK XOCWJI KWJIUHIWKW yiapra
HucOaran osmunc (47) nupektopuan xoccara osragup. Llynmait xkummd (52)
syuuricHUHT (a>b) Fy yan Ba F, yHr ukkuta okycu 60op. Yiap 3JUTHUICHUHT (HoKa
Vku ne6 atamyBun OX YKuma »KOWIAMTaHIWDP. DITUTICHUHT JKCIICHTPUCUTETH e <1

Oynranuaad yHUHT |, yam Ba |, YHr JuUpeKTpuccallapy KOoopJuHartajgap OOIIHIaH
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yHUHT (Qokan YKuma >xoimamrad uuncHuHr (-a,0) Ba (8,0) yunmapura kaparania
y30Kpokaa xoumamragaup. LllyHunr yuyn nuuaa simurnc €rran
—a<x<a -b<y<b (56)
acocuil TYFpu TYpTOypUaK Talkapucuaa JUpeKTpuccagap ETaau.
p4
I [

42-pacm
(54) rumeposia Xxam IMIYHUHT/IEK KaHOHUK KOOpAMHATAJlap CHUCTeMacura HucOaraH
cummMmeTpukaup. Lllynnait kunuod (54) runepoosanudr xam ukkurta ) Fp yan Ba F, yHr

dboxycnapu Ba UKKUTa JUPEKTpUccaiapu 60p

L [,

><V

F, /O/ F,

43-pacm
['unepbosia y4yH 3KCUEHTpUCUTET e>1 OynarHugadn yHudHr | vam Ba |, VHT

JUPEKTpUCCAIapU KOOpAUHATAIap OOLIMAAH a JaH KMYUK Maco(daaa y30KJalirad Ba
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ynap acocuit (56) Tyrpu TYpTOypyakHH Kecaaud Ba Mapka3 Xamjaa TUnepOOJaHUHT

Mmoc (-a,0) Ba (a,0) yunapu opacuaan yraau (43-pacm).

36§. DJIVINIIC BA TNIIEPBOJIAHUHI" ®OKAJI XOCCAJIAPH.

36.1-Teopema. (52) samunc TEKUCIUMKHUHT MmIyHJAah M HyKTajgap reoMeTpuk

YPHUKH yJap y4yH
p(M,F)+p(M,F,)=2a (57)

TeHraukK ypurnuaup. by epna F; Ba F, Hykramap (-ae,0) Ba (ae,0) koopauHaTanapra

2 2

ara, 6sz[a e= <1 Ba MocC paBulga b= avl-e?.

HcooT. (51) TeHrnamagan TonaMu3
(1-)x +y? = (1-€?)a? (51)
=) (1)

= (1e) (e )

[IyHUHT y4yH JUTUIICHUHT UXTUEPUA M(X,Y) HyKTacu yuyH

1 ez)x

2

x>y

¥+b_:1 (52)
yz N a?—x2
7=l 20e s >0=>a’-x'20=>a’2x" = a2 =|x<a

a>|x| 6ynranugan

p(M,F)= \/(x+ae)2 +yi = \/xz +2aex +a’e’ +(1—e2)(a2 —x?

SN —

— X2 +2aex+a%e? +a’ —a’e? — X2 +e2x2 =+/a? + 2aex+e2x2 = (a+ex)2 —a-+ex
sra 6ynamu3. Uynku 0<e<l
X <ae-a<x<a< —ea<ex<ea
a>0e-a<0
e<l Ba —a<0
—ae>-a
—a<-—ae Ba —ae<ex—>-a<ex—=a+ex>0
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Mynnait kuanbd
p(M,F)=a+ex

XyJIIi IIYHIal TOaMu3

p(M, ':z)=\/(X—ae)2 +y? =\/x2 —2aex +a’e? +(1—e2)(a2 —x2) -

2
— /X2 —2aex+a%? +a2 —a2e? — x2 +e2x* =+/a? —2aex+e’x2 = (a—ex) =a—ex

YyHku
a2|x|<:>|x|£a<:>—asx£a<:>—ea£ex£ea
O<exl
—ea<a
a>0
ga<a Ba ex<ea
SKAHJIUTUIaH

ex<a=a—-ex>0
[lynnait Kuauo

p(M,F,)=a+ex

p(M,F)+p(M,F,)=a+ex+a—ex=2a

Jlemak, SJUTMIICHUHT Xap KaHaai HykTacu (57) TeHTJIaMaHu KaHOATIaHTUPAJIH.

Axcunua arap M(X,y) Hykra (57) TeHrJ1laMaHi KaHOATIaHTUPCA

\/(x+ae)2 +y? +\/(x—ae)2 +y?=2a

y X0Ji71a OuTTa KYIIMITYBYMHU TEHIJIaMAaHUHT UKKUHYMA TOMOHUTA YTKa3ub Xamaa

KBajparra KyTapud Tomamus

(x+ae)2 +y? =2a-— (x—ae)2 +y?
(x+ae)’ +y? =4a® —4a,/(x—ae)’ +y* +(x—ae)’ +y?
€KM a€H aJIMalITUPUILLIIIAPIAH CYHT

2
X’ +2aex+a’e’ +y’ =4a’ —4a\/(x—ae)" +y* + x* —2aex+a’e’ + y’
2
4a\/(x—ae) +y* =—4aex+4a’

(x—ae)2+y2 —a—ex
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(x—ae)2 +y% =x*—2aex +e°x?
x? —2aex+a’e’ + y? = x* —2aex+e*x’
(1—e2)x2+y2 =a’ (1—e2) (51)
lynmaii kw6 (57) TeHTJIaMaHu KaHOATIAHTUPYBYM HXTHUEpU M(X,y) HykTa (51)
TEHrJaMaHM XaM KaHoarjantupamu. 0<e<l OVnranmmpan (51) Tenrnmamanan (52)
AJUTMATIC TEHTJIaMacu XOCWII KuinHaau. Teopema ucOOTIaHIu.

36.2-Teopema. (54) rumepOosia TEKUCIUMKHUHT IIyHAadW M HyKTamap

r€OMETPUK YPHUKH yJIap YUYyH
lp(M,F)-p(M,F,)=2a
TEHIJIUK YPUHIIU.

By epna F; Ba F, nykranap moc paBumiga (-ae,0) Ba (ae,0) xoopauHaTanapra

/ 2 2
ara, OyHma o= YD 4 pa b=a\e’-1.
a

HcooT. (**) TeHrnamanan Tonamus
(e -1)x*—y* =(e*-1)a’
¢ =) -a)
IyHunT yuyH runepOosianuHr uXTUEpuit M(X,y) HyKTacu y4ayH

p(M, F1)2W=\/X2 +2aex + a%e? +(e2 —1)(x2—a2) _

— X2 +2aex+a%e? +e°x2 —x2 —a%e? +a% =+/a’ + 2aex+ x> = (a+ex)2 =|a+ex|

p(M, ':z)=\/(x—ae)2 +y° =\/x2 —2aex +a%? +(e2 —1)(x2 _32) -

— X2 —2aex+a2e? +ex2 —x2 —a%e’ +a% =+/a? — 2aex+e2x? = 1/(a—ex)2 =|a—ex|

AmMo 3H1M >unicaal Gapkan a < |x|. UyHku

2 2 2 2 2 2
X X X°—a
_2__y2 =1= = —1:—y2 >0 ——20=>x -a’20=>x 2a" = |x>a
a- b a b a

a<|x«<a<x éku x<-a

—a—ex arapX<-a

p(M.F)=|

a+ex arapxz=a
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a—ex arapXx<-a

p(M,F2)={

—a+ex arapxXxz=a

Xakukatan xaM 1<e, a>0

1 a
l<e=—<l=>—-——>-a
e e

a a
X<-a Ba —a<——o> X<——=eX<—-a—=>ex+a<0
e e

JleMak, x<-a ma

p(M,F)=la+ex=—a—ex
OHau x>a Oyncun a>0 Oynranmaan X>0. Yama ex>0 ammo —a>0. Jlemak ex>-a
spHU a+ex>0 Oy xonaa p(M,F)=|a+ex|=a+ex.

Arap x<-a 0ynca a>0 o6ynaranunan —a<0. Jlemak X<O 6ynagu. Ammo a>0 xampaa

. a .

e>1 OyaranugaHn — > X spHM  a>ex, a-ex>0. Jlemak x<-aOynranma
e

p(M,F,)=|a—ex=a—ex.

o 1 a a
OHIM X>a 6yJ'ICI/IH e>l=l>—=a<—=x>a Ba a>— IaH
e e e

x>§:>ex>a:>ex—a>0:>a—ex<0 p(M,F,)=|a—ex|=—a+ex

[IIyHuHT yayH
—a—ex arapX<-a
p(M,F1)={
a+ex arapxz=a
a—ex arapXx<-a
p(M,F,)=
—a+ex arapxz=a
Oy epnan

lp(M,F)-p(M,F,)|=2a (58)
TEHIJIMK XaM KenuO uymkamau. AkcuHua arap M(X,y) Hykra (58) TeHriamaHu

KaHOATIIAHTHPCA, Y X0J1/1a
‘\/(x+ae)2 +y° —\/(x—ae)z +y°

bynu6 y (51) TeHrnamManu Xxam KaHOATJIAHTUPAIU. XaKUKaTaH Xam

=2a

\/(x+ae)2 +y° —\/(x—ae)2 +y? =+2a

157



\/(x+ae)2+y2 :\/(x—ae)2+y2 +2a
(x+ae)2 +y? =(x—ae)2 +y’+4a (x—ae)2+y2 +4a°
X? +2aex+a’e’ +y* = x* —2aex+a’e’ +y’ t4a (x—ae)2+ y? +4a’
+4a (x—ae)2 +y? =4a” —4aex
+ (x—ae)?'+y2 —a—ex
(x—ae)2 +y% = x> —2aex +e°x?
x* —2aex+a’e’ + y* = x* —2aex+e’x’
(1-e*)x* +y* =a*(1-¢?) (51)

Ammo e>1 6ynranunan (51) tenrnama (54) runepO0IaHUHT KaHOHUK TEHIJIaMacHra

TEHT Ky4JIUIUp (SKBUBAJICHTAUP) TEOPEMa UCOOTIAHIN.

37§. KYTBb KOOPANMHATAJIAP CUCTEMACHUJA UKKUHYY TAPTUBJIN
YU3UKJIAP.

IMapadoaa. TYrpu Oypuakiu koopauHaTaizap cucremacu OXy na
y* =2px (49)
KaHOHMK TEHrJlaMacu OwiaH  OepwiraH mapaOonaHuHr  (okycura KyToO
KOOpJIMHATAJIap CHUCTEMAaCHHUHT KyTOMHH KysMu3, KyTO YKuHM 3ca OX YKUHUHT
MycOar WyHaIMIIM TOMOH WyHanTupamu3 (44-pacm). by koopaunaranap

cucTeMacuia

r=FM =MN=NO+FM'=p+rcose
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[
N
>
N’ X
44-pacm
Jlemak, TaHJIaHTaH KyTO KOOpIWHATAIAP CHCTEMACH 1A
P
r= 59
1-cos¢ (59)

TeHrjaMa OujaH TaBcudIaHaIu. XaKuKaTaH Xam

p=r—rcose

P
= 1— =
p=r(l-cosp)=r cosg

Quumumnc. Tyrpu Oypuakiu koopauHatanap cucremacu OXy ma

Yy

X2 2
=t

1 (52)

QD
o

Kanonmk TeHrnamacum OujaH OepwiraH »JJUIMIICHUHT dam (QoKycura KyToO

KOOpAMHATANIap CUCTEMAaCHHUHT KYTOMHH KYysMHU3, KyTO VKuHU 3ca OX YKUHUHT

MycOaT WyHAIUIIA TOMOH yHanTupamus (45-pacm)
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Y a

N (x.))
P r/
| P >
Fi(-ae,0) O F»(ae,0) X
45-pacm

X+ea=rcosp €xku X= Ircosp- ea. Ammo 36.1-Teopemanu wucbornamga r=a+ex

OYnuIM Kypcatuirad 31 r = p(M,F)=a+ex sau. lllyHuHr yuyn
r=a+e(rcosp—ea)=a+ercosp—e’a=(1-e’)a+ercosgp

Oy epaa

r—ercosp=a(l-e’)
r(1-ecosp)=a(1-e’)

a(1-¢’)

r= (60)
1-ecosg
I'unep6oaa. TYrpu Oypuakinu koopauHatanap cucremacu OXy ma
2 2
X Y (54)

a’ b?
TEeHIJIaMa OwiaH Oepuiran TunepOoJaHuHr (oKycaapu KyTO KoopJauHaTaiap
CUCTEeMACHHUHT KyTOWHHU Kysamu3, KyTO VKuHM 3ca OX YKMHUHT MycOaT WyHamuIm
TOMOHUTA HyHanTUpamus (46-pacm).
By xoopauHaranap cucremacuaa X-ea=rcosg €ku X= rcosp+ea. Ammo 36.2-
TeopeMaHu HcOoTIalga Tunepoosia YHT MOXU HYKTalapu YYyH =-a+eX Oymuimm

KypcaTuiras 1. Arap x>a Oynca r=p(M,F,)=-a+ex >au. Hlynunr yayn
r=-a+ex=-a+e(rcosp+ea)=-a+ercosp+e’a=a(e’~1)+ercose

Oy epaaH ymOyHU XOCHI KujaMu3. [ unepOoaHuHT YHT OXH
r—ercosp=a(e’ 1)
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r(1-ecosp)=a(e’-1)

o a(e2 —1)

- (61)
1-ecosg

TeHrjamMa OujiaH TBCU(IaHAIH.

kv

46-pacm

®dokan napametpu. I — smunc, runepOona €ku napadona 6yiacuH. Kanonuk
KOOpJIMHATajIap cucreMacuja Oy UKKUHYMA TapTUOIN YU3UKIAPHUHT (OKYCIapu MOC
ATPHU YM3UKJIApHUHT Qokan Ykiapu ned atamyBun OX ykumaa €Taam.

I' orpu uwmsukuunr Oupopta F dokycu opkanu yHUHT ¢okan Ykura
NEPHEHANKYJIAp KUIUO TYFpU 4M3UK YTKa3zamu3. by Ty¥pu uusuk ' arpu 4nM3uKHU
ukkuta N Ba N’ Hykramapga kecagu. Illynmait xocwn kunuHran NN’ Batap
Y3YHJIMTUHUA 2p OpKaiu OenruiaitMu3. by BaTap Y3yHIUTHHUHT sipMuHH [ orpu
YU3UKHUHT (pokas napametpu ne6 aranagu. [lapabona yuyH ¢okan nmapamerp yHUHT
napamMeTpu OWwiaH yCTMa-yCcT  TyIIaJd. XaKUKaTaH XaM mapaboJaHuHT
nupekTpuccacuan | opkanu Oenrninad tomamms (44-pacmra kapanr). ITapaGosanuHT
JTUPEKTOPUAIT XOCcacura MyBOQUK

p(F1)=p(Nyl)=p(N,F)
DHau syumrc Ba runepoosaHuHT Gokan napamerpudu tomamu3. Y N HyKTaHUHT Y
opauHaracura TeHr (45 Ba 46 pacmuiapra kapanr). (51) TeHrjamaaaH Tonamus, Oy

TEHTJIaMa 3JUIMIIC YYyH XaM, runep0osia yuyH xam YpuHiIu 010
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y* =a’(1-¢*)—(1-¢*)x*
(1))
xocu kunamus. By epiian x =+ea 1a

p*=(1-e*)(a’ —e’a®)

p? = (1—62)6\2
p=(1-¢*)a’
p=ll-¢’|a (62)

XocuiI Kunamus. DIUIMIIC yuyH b=ay1l-e? , runepbosa yuayH b=ave? -1 6ynranuaan
MKKaITaCH ydyH XaM b =a,[[1-e’| 6ymuummn 3pTHOOpra 0muG Tomamus
b* =a’[1-e’|

b2
a?
b2

2
p=—a=—
a’ a

¢

SABbHH

b2

- (63)

p

TEHTJIMKHU XOCWJ Kuiamus. (62) Tenrnuk (60) Ba (61) TeHrmaManapHu siroHa ycyiia

b? b?
2 a-— =
(61) r:a(e 1): a®  _ a _ P
l1-ecosp 1l-ecosep 1-ecosep 1-—ecose
b? b
a2 a-— =
(60) r= a(l € ) _ a® __ a _ P
l1-ecosep 1l-ecosp 1-ecosep 1-—ecose
r=—P (64)
1-ecos¢

KYpPUHUIIIA KaiiTa €3UIIra MMKOH Oepaiu.
[Tapabona yuyn e=1 Oynranugan (64) TeHrimama mnapabomanuar (59)
TEHIJIaMacHu OuiaH yctMa-yct Tymanu. [lyHamai Kuimbd MKKUHYM TapTHOIN YU3UK —

napa0oJia, JUTUIIC, TUTiepOoJia (YHUHT VHT IOXH) KyTO KOOpANHATaIap CUCTeMacHuaa
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oupruna (64) tenrmama OwraH TaBcuduanagu. [unepOonmaHuHT yam ¢GoOKycHura

KyTOHH KyiWnO KyTO VYKMHH OX VKUHUHT MaHpUl TOMOHMra WYHaITHpPCaK

rUnepOOJIaHUHT Yall IIIOXH XaM IyHUHT/ACK (64) TeHrinaMa OuiaH TaBcudIaHaIu.

p(M,F1)={

—a—ex arapX<-a
a+ex arapxz=a

A

yl

>‘<V

X=-ae-rcose
-X=+ae+rcosp
-X-ae=rcosQ
AMMO 36.2-TeopeMany UCOOTIAIIa TUIIEPOOJAaHUHT Yall IIOXH HyKTajJapHu y4yH I=-
a-eX oynmuim kypcaruirat 3a4. yHUHT yuyH

r=-a+e(ae+rcosp)=-a+ae’ +recosp=(e’~1)a+recosp
r=(e’-1)a+recosgp

r-recosp=a(e’-1)

a(e’-1
r:1—(ecos2) (61)
dopmynanu Xxocui Kuiamus. Jlemak runepOoJaHuHT Yall MoXy XaM ITyHUHTIEK (61)
dbopmyna 6mnan taBcudaananu. ['unepbona yan ¢gokycu F; opkanu ¢oxan Oyitnua
NEPIEeHIUKYIAp KUIUO TYFpU 4YM3MK YTKazamMu3. by TYFpu 4u3uk runepOolaHUHT

yan moxuHu N Ba N’ HykTanmapnaa kecuO yTaau. NN’ Batap y3yHJIUTHHHU 2p OpKajiu

Oenrmnaiimu3. YHaa Oy Barap y3yHJIUTHMHMHT SpMU P TUNEpOOJIaHUHT (hoKal
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napameTpu Oyinaau. Y N HyKTaHMHI Y OpJMHATACHra TEHT, THIEPOOJAa YUyH XaMm
Yypurmu 6ynrad (51) dopmynanan

(1-e%)x* +y* =a*(1-¢?)

ara Oymamm3. by epman x=—ea aa
pz _ (1—62)(612 _ezaz)
pz _ (1_ X ) a2
p=,/(1-¢*)a’
p= ‘1— ez‘ a
XOCHJI KuitaMu3. ['unep6osia yayH b =a+e® —1 OVJIMIIMHN 36THOOpTa 0JINO TOMaMu3
b2
p:(ez—l)azg-az— (63)

p=a(e’ 1) 6ynranuman (61) popmynanu

r=—b (64)
l1-ecose

(bopMynaHu XOCUI KUJIaMU3.

38§. UKKUHYY TAPTUBJIM UN3UKHUHT TYFPU UN3UK BUJIAH
KECHULINIINA.

bupoprta apdun xoopaunatanap cucremacu OXy na
F (X, y)=a,X" +2a,Xy+a,y" +28,X+ 23,y +a, =0
YMymuii Tenriiamacu Ousan Oepuirad ' MKKMHYM TapTHOIU YM3UK Ba

x:x0+at}
y:yo"'ﬂt

napaMeTpUK TeHrjaMacu Ouaan Oepuirad | TYyrpu uM3uKHM Kapaimus. | TYFpu dn3uk

Ounan [' arpy YM3U(HUHT KECHIIHII HYKTATAPUHHA TONAmK. byHuHr yuyH | Ty¥pu
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YM3UK HYKTAJIAPUHHUHT KOOpPAMHATaJapuHU | YW3MK TEHIamacura KyWHII Kepak.
bynn kunm® WKKMHYM JapaxkanaH OKOpu OynmaraH t mapameTpra HucOaTaH
TEHIJIaMa

Ft?+2Ft+F, =0 (65)
XOCHWJI KujaaMus, Oy epaa

F,=F,(a,B)=a,0" +2a,aB+a,,’
Fi =R (@ 8.%, o) = 8%+, (@Yo + %)) + 80 BYo + 81500 + 853
Fo = F (X1 Yo) = 811X +281,%Yo +85,Y +2835% + 28,5, + 8

XaKuKaTaH Xam
F=F(x+aty,+p8t)=a,(X +0¢'[)2 +2a,, (% +at)(Y, + Bt)+a, (Vo +ﬂt)2 +
+28,, (X, +at)+2a, (Y, + ft)+a;, =0
a, X +2a,axt +a,a’t’ +2a,X,Y, + 2a,aty, +2a,X, Bt + 2a,apt” +
+a,, Yo +2a,, Y, At +a, 717 +2a,.X, + 23,0t +2a,,Y, + 28t +a, =0
(anoz2 +2a,0f +a,, /3 )t2 +2( 80X+, (@Yo + B )+ 8, BY, +asc + 8,8t +
+ay, Xo +28,,%, Y, + @, Vi + 28X, +28,,Y, + a5, =0
Arap
a, o’ +2a,af +a,p> =0 (66)
[lapt 6axapuinca, y xonna | Tyrpu unsukaunr a=(a,f) WyHantupysuu BexkTopu I’
YU3WKra HUCOAaTaH aCUMIITOTUK HyHanwmra sra ne6 araiimu3. bynma ' uu3umk
TeHramacu Oepwirad adp@uH KoopAUHATaIap cucreMacura 0y TabpU(QHUHT OOFIUK

sMCIUTUHU (paita Kumam3. XaKkuKaTaH Xam

B N P s

= azan +afa, +apa, +ﬂ23-22 = azan +2apa, +ﬂ2a22 = aﬂaz +2a,af + azzﬂ2

Oynranuman

()=o)
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8,

j - Oxy koopmunHatamap cucremacuna F(X,y) kymxan OunaH
2 a‘22

by epma U :(

TUCBUpiaHrad f kBagparT QYyHKIMSHUHT KBajpaT KUCMUHHHUHT MATPHIIACH. JHIA

O'xy’ - 6omka apuH KoopaUHATATAP CUCTEMAcH OYJICHH;

(c,a){cﬂ e aij

C12 C22 a‘Z
Oxy cuctemagan O'xy’ cucTteMara YTUII KOOpAMHATalap CUCTEMacuia a BEKTOp

KOoopAuHaTallapu

R b W b heaved b by
y C Cp LY a, CoX' +Cp Y’ a, C,X +CyhY +a,
X= C11X,+C12y,+a1
y=C,X'+C,Y +a,

@(X,y') - OXy' koopiaumHaTajmap cuctemacujaa f kBaapaT QyHKUMAHM TacBHpPIOBYH

Kymxaja OyicuH. YHaa

(@ p)=(a', p)C*
Ba 28§ ra MmyBo(uk
U'=C*UC
Oy epma U’ - Oy koopauHatamap cuctemacuaa f kBaapar (yHKIMs KBaapar

KUCMHUHUHT MaTpuuacu. LIlyHUHT yuyH

a/
!

¢2<a',ﬁ'>=<azﬂ'>u( ’

j ~ (&', f)C*UC [;j =(a. p)U [Zj =F,(a.8)

| TVFpu ymsuk Ownan [’ YM3KMK KECHIIMIN HYKTAJaApUHHUHT t mapameTpu yuyH (65)
TEHIJIaMaHH TeKITUPUIIAaH KyHuaru Keiauo YuKaau.
38.1-teopema. Arap | Tyrpu umsumk OwnaH I MKKMHYM TapTHOIM YU3HMKra

HUCcOAaTaH aCUMIITOTUK OynMaran (HOACUMITOTHK) WyHanuira sra oyica, y xonna |
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TYFpY YM3WK OnjaH [ YM3MKHM MKKWTA XKUKAWA HyKTamapaa (Xap X1 €Kku ycTMa-yCcT
TYLIyBYM) €KA MKKUTAa MaBXyM HyKTaJlapAa Kecau.

Arapna | Tyrpu um3uk OwinaH I MKKMHYM TapTUOMM 4YM3HMKra HucOaTaH
ACUMIITOTHK WyHanuIura sra 0yica, y xonna y €ku Oy Tynnai I' unsukna €éraau, €ku
y OUTTaaH Ky sMac OyJaraH yMyMHil HyKTajapra ara 0ynanu. Xakukarad xaMm (65)
TEHIrJIaMa UKKHUTa WIIA3ra 3ra

LR
F 1

2

2

_h-Va
F2

Oy epna o,=F’-F,F

Ft?+2Ft+F, =0 (65)
TEHIJIAMAaHUHT JUCKPUMHUHAHTH.
Arap 6,>0 Oynca | Tyrpu um3uk I' uymsukau M; Ba M, XakukKuid Xap Xui
HyKTanapja, arap &, <0 Oyica KOMIUIEKC KYylIMa HyKTajapja arapja o&,=0 Oyica

yCTMa-yCT TYIIYBYU HYKTanap/ia Kecaiu.

m m

1-pacm 2-pacm
Pacmpa |y TyFpu umsuk o, >0 xomra, |, Tyrpu unsuk o, < 0xomra, |3 Tyrpu un3uk o, =0

X0JIra TYFpU KEJaIu.

3-pacm 4-pacm
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2) F,=0 6ynca (65) Terriama
2Ft+F, =0

KYpPHHHITHU oyiagu. Arap F =0 Oyica, y xomna l, Tyfpu um3uk [T 9u3uKHE OUTTA
HyKTana kecamu (2 €ku 3 pacmuapnaru l, Ty¥pu unsmk). Arap F, =0 F, =0 Oyica, y
xoina | Tyrpu unsuk I un3uk OmiaH OWTTa XaM yMyMHH XaKHKHH XaM MaBXyM XaM
HyKTajapra sra smac (2-pacMaar m Ba m' TYFpU 4u3MKIap €Kku 4-pacmuara My, My,
M3,... TYFpU YK3HUKIap). Arap HUX0AT F, =F, =0 OVica, y Xxonaa uxtuépuii t con (65)
TEHTJIAMAaHUHT €YUMHU OYIIaan.

38.2 KOMIUIEKC TEKHCIIMK XaKuIa dciIaTMa.

by mnaparpadbga xam TYpTUHYM OOOHUHT XaMMa KOWMJArd KaOu SICCU
TyIUIaMJIapHU KapalMmu3. MaBxXyM HyKTajgap, MaBXyM TYFpU YHU3HKJIAP, MaBXyM
AIUTUTIC JIeTaH/Ja KOMIUIEKC TEKUCIMKHUHT KUCM TYIuiaMu kabu TymuHuO 38.1 Ba
33.1 Tteopemanapja yiap Xakuja Talupuiran 5au. ApUPMETUK HUKKU YIYOBIU
xommieke daso C? Hu, 6y epaa C — KOMIUIEKC COHJIAP MAHJOHH KOMIUICKC TEKHCIIHK
ne6 atanaau. [llynmaai Kuiaub KOMIJICKC COHJIAPHUHT TapTHOJAHTaH XYy PTIUTH (Z1,25)
KOMILJIEKC TEKUCIUMK HykTacu Oymamu. Opatmarm n  Tekuciaukaa apuH
KoopauHatamap cucremacu OXy Tanna® Mes  HyKTajlapHd  YJIapHUHT
KoopuHaTtanap Xyhriauru (X,y) Owian aiiHaH Oup Hapca 1e0 XaKUKUM TeKUCIUKHU
C? KOMIIIEKC TEKHCIHKHUHT KHCM TYIIaMU R’ kabu KapaJmiy MyMKUH. Komriekce
TEKUCJIUKHUHT (Z1,Z,) HYKTaCUHU XaKUKUW HyKTa JeHHIIaau, arap/ia YHUHT UKKaja Z;
Ba Z, KOOPJIMHATACU XaM XaKUKWi COH OyJica, akc Xoiaa (Z;,Z;) HyKTa MaBXyM HyKTa
nerunanu. XakMKUMd XOJ CHHrapd KOMIUIEKC TEKHCIHKAAru TYFPU YU3UK OMPUHYH
TapTUOIN YM3UK KaOu STbHU

Ax+By+C =0

BupuHYM gapakald TEHIJIaMa €YUMIIApU TYIIaMA KaOW aHUKJIaHWUIIH MyMKHH |
TYFPU YM3UKHH OepyBUM Oapya MpormopIiuoHa

k(Ax+By+C)=0
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teHrnamanap opacuna KA, kB, kC xakukuii Ko3pHUIIMEHTIIN TeHTIIama Oop Oyiica, y
XOJI/1a TYFPH YU3UK XaKUKUHA TYFPU YM3HK J1€0 aTajaiu.
Macanaun
ix+iy=0
TYFPU YU3UK XaKUKUM TYFpU YU3HUK OYIaau, YyHKH y YOy TeHrjamMa OuiaH
OepUITUIIIN MYMKUH
(—i)ix+(—)iy=0 €xu x+y=0
F(x,y)=0 Tenrnama OumnaH Oepuiran anreOpavk YM3UK YYyH IOyHOad A0

KOMILIEKC COH TONMHMJICAKH AF(X,y) KYIXagHUHI Oapya KodQdULIUEHTIapH XaKUKUH

Oyiica, y X0J/1a YM3MKHU XaKUKUK YM3UK Je0 aTtanaad. XaKUuKui 4u3uK OupopTa XaM
XaKUKAA HYKTaHM V3 HWYdra OJIMaciurd MyMKHH. Mmucon cudarumga MaBXyM

SJUJIMIICHU OJIMIT MYMKHWH

XaKUKUH YU3UK

2 2
X
a2 2

+y—=0

QD
o

saroHa xakukui Hykta (0,0) sra. by uyu3uk

X Yoo, XYoo
a b a b

MaBXyM TYFpU UH3HKJIAp Ky(PTIUrura axpajiagyl Ba KECUIIyBUM MaBXyM TYFpu
YU3HKIap Ky(PTiuru aed atanaiu.

38.3-kymaa |:Ax+By+C=0 Ttyrpu um3uk [: F(X,y)=0 ukkunH4um TapTubOIu
umsukaa €raqu (/') my Xxompa Ba dakaT mry xonaa KadoHkH F(X,\Y) kymxan
Ax+By+C =0 Kymnxajara KoJaukcu3 OyiamHca.

Erapmunuru. F(Xy) kynxan Ax+By+C =0 kynxaara OyauHcuH, sbHH Q(X,Y)
KYIIXaJ MaBXyaIku OyHaa

F(xy)=(Ax+By+C)Q(xy)
TEHIJIMK YPHHIH, V(X,,Y,) €l HyKTa ydyH
Ax,+By,+C =0
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oynaau. YHaa
F (%, y)=(A%+By, +C)Q(%,. Y, )

MyHocabat ypuninu 0ynaau. bynna (x,,y,)el” spau |l <1

3apypiuru. |, B=0 OVncud Ba F(X,\y) kynxagHu Yy y3rapyBuu Kymnxaau
KaOu Kapaliauk

F(X,Y)=a,X" +2a,Xy +8,Y° +2a,X+28,Y + 8y =a,Y" +(28,X+ 28, ) y +a,X" + 28X+ a5,
Oy epna
¢, (X)=2a,x+2a,
C, (X)=2a,,X* +2a,,X +ay,
D(x,y)=Ax+By+C
JNEeUnMK Ba Y y3rapyBUMHHMHT kynxaau kabu F(X)y) xynxamau D(X,y) kynxaara
KOJIUKJIA Oynamu3. YHIa
F(xY)=¢(x y)D(x y)+R(x)
y ¥3rapyBUMHUHT Kynixaan kadu R(X) kynxan napaxkacu D(X,Y) kymixaa napaxacuaan
knyuK. Iyaunr ydayn R(X) kymxan Yy ysrapyBumra Gofiuk smac. bus R(x)=0
OYynmuIMHKM KypcaTumumu3 kepak. Papa3 Kuniailnuk Oupopra xo yuyH R(X,)#0
oyncuH. B=0 Oynranu y4yH myHaal Yo cCOHU MaBxXylku OyHzaa D(Xq,Yo)=0 TVFpu
yn3ukaa €érranu yayH F(X,y)=0 uyu3ukra xam Teruiuiy 6yiaam.
0=F (%Y%) =¢(%: ¥o) D(%: Yo ) +R (%) # 0.

3unauar. Xyaau myHaan A=0 X0 Xam Kapaiaau.
| = I", A=0 O6yncun. F(X,y) kynxaauu x y3rapyBuu Kynxaau kKabu Kapaivk.

F(xy)= a, X2 +2a, Xy +a,, Y +28a,X+2a,,Y +a,, =
= 6111X2 +(2a12y+2a13)x+a22y2 +2a23y+a33 = a11X2 +d1(y)x+d2(Y)

Oy epna
d;(y)=2a,y+2a;,
d, (¥)=a,y" + 28,y +ay,
sHa D(x,y)=Ax+By+C ne6 dapa3 kunamus. x y3rapyBUMHMHT Kynxaau kadu F(X,y)
kymxamaan D(X,Y) kymxanra Kouaukim OynamMus. YHIa
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F(xy)=¢'(xy)D(xy)+R'(y)
X ¥3rapyBUMHHMHI Kynxaau Kabu R'(y) kymxax papaxkacu D(XY) kynxan
napaxacunan kudauk. Hlynusr yayn R'(y) xymxan Y ysrapypuura OOk smac. bus
R'(y)=0 OYnummzM KypcaTummumus kepak. Papas Kumaiiuk OMpopTa Xo y4yH
R'(Y,)#0 6¥ncun. A=0 GyiraHu ydyH IIyHJIai Xo COHM MaBKyAKU OyHaa D(Xo,Y0)=0

oymanu D(X,,Y,)=Ax+By,+C=0

Ax, =—By,-C
__By0+C
0 A

Gopmyna Ounan Tommnmaau. YHAa (X, Y,) Hykra D(X,y)=0 1yrpu umsuxiga €rraHn
yuyH F(X,y)=0 un3ukra xam Terunuiy 0ynaau, yyHku | < I".

0=F (% ¥5)=¢(%: ¥5) D (%0, Yo ) + R (¥5) #0
sHA 3UIIUAT XOCWIT KWK, XOCHII KWIMHTaH 3uaauat | < I” 6yca, y xomnaa F(X,y)
kymxagan AX+By+C=0 xynxanra KoIaAWKCW3 OYJIMHWINIWHUA aHTJIATaad IKymilia
UCOOTIaHIN.

OHJIM MKKWUHYMA TapTUOIM YM3UKHUHTI AKCMOMAaTUK WYHAIMIIWra KauTalluk.
Arap | 1yrpu umswk [ HMKKMHYM TapTHONM 4YHW3UKra HHUcOATaH ACUMIITOTHK
WyHanmummra sra Oynca, y Xojaa YHUHT Xap (aiicu WYHanTUpPYBUM BEKTOpPU
ACUMITOTHK WYHAIMIIMIArd BekTop Oymanu. I MKKUHYM TapTUOIM YU3UKHUHT

iynamnmm  ne6 acuMnToTHK  HyHammmmarm  Oupopta  d={a,f}  BEKTOp

NponopIMoHal Oynran 6apua HomMac BekTopiap cuHu {«, B} Hu ataitmus. Hlynnait
CUH(] yHra KUPYBYH BEKTOpJIap KOOPJAUHATATAPHUHT & 3 €K1 % HucOaTtu OuiaH

Oup KUUMATIIU aHUKJIaHAIU. ACUMITOTUK WYHAIUIIHA aHUKJIOBYH

a,a’ +2a,af+a,,° =0 (66)
mapTaaH Xap KaHJal UKKWHYU TapTUOIN YM3HUK UKKATA AaCUMITOTHK WYHAJIMINTA ATa
OymumM xamJa yjap XakKMKUM Ba Xap XWI, XaKMKUI Ba yCTMAa-yCT TYLIYBYU EKU
MaBxyM Oynumm  kenud  uuMKaaud.  XakuKaTaH — XaM,  yuTa  a,,a,,a,

koddumeHTIapaan akamu outracu HoiagaH dapkauaup. Arap a, =0 Oyica (66)
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MyHOcabaTHaH f=0 OYIHIIM Kenud YNKaau, dYyHKH d={a, B} #0. (66) TeHrIaMaHu
B ra OYymub {o:f} acUMNTOTMK HYHAIMIIHM aHMKJIANl y4yH ymoOy KBajapar

TCHIJIaMaHHU XOCHUJI KMJIaMH3

a, [%} +2a, [%) +a, =0 (661)

Oy epaa

(g]: _aizi\/aizz_anazz

B A,

Arap a,, #00¥yca, y xonua « =0 Oynauu, 4yHKH d={a, B} #0. YHAA o HECOATHH

aHWKJIAII Y9yH (66) TeHIIIaMaHu o’ Ta 0yImo

a, +2a,, [ﬁj +a,, (ET =0 (66,)

(04 o

TEHIJIAMaHU XOCWJI KujIamMu3, Oy epJaH

ﬁ _ —ay, i\/aizz — 8,8y

o a,,

HuxosT a, =a,, =0 na (66) Tedriaama ymoy KYpUHUIITA ailjlaHa 1
23,0 =0
Oy epaan {a: g} ={0:1} Ba {a:p}={1:0}
35.4-3¢caaTma.

8, a,
a12 a22

5= -]

con f kBagpaT QyHKIUSHUHT OPTOTOHAJ WHBAPUAHTH OYJIMIIMra KapamacaaH OuTTa
adhduH koopauHatiap cucremacugaH Oomka ahpuH KOOpAUHATAIAp CHUCTEMAacHra
yTumga y3rapui MyMKAUH. AMMO

U’'=C*UC (16)
dbopmynanan myHaal yrunuiapaa 0y COHHUHI MIIOpacu Yy3rapmaiau. XakukKaTaH
Xxam

detU’ =detC*detU detC

detU’ = (detC)” detU
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5" =(detC)" 5 =sgn &' =sgn &

6yHnaH Tamkapy f kBagpar GyHKIms k cOHMra KymaiTHprirania & naBaprant k’

COHI'a KynauTupuiIagu.
F (X Y)=a,X" +2a,Xy +a,Y" +28,X+2a,Y +ag
KF (X, y) = kay,X* + 2ka,, Xy + Ka,, y* + 2ka,;X + 2Ka,, Y + Kay,

a, a,
a12 a‘22

‘kan ka,,
ka12 ka22

[ynaait kb OepuiiraH UKKMHYM TapTHUOIM YM3UK [ ydyH & COHMHHUHI HIIOPacH
abduH KOOpAMHATAJIAD CHCTEMAacHTa XaM WKKWHYMA TapTHOIW YU3UKHUHT KaHIah
é3unmummra xaMm Oornuk sMmac (39§ na MKKUHYM TapTUOIM YU3UK YMYMHUH XO0JiIa
oepwiran agpduH KooOpAUHATAIAp CUCTEMACH]Ia MPOIMOPIIMOHAT TEHIIamanap OuiiaH
TaBcUDIaHUIII KYpCaTUIIain) SbHU sgn s | YM3MKHUHT MHBapUaHTIApu OYiaau.

38.5-tabpu@. Arap 6>0, 6<0 €xu 6=0 Oyica, y Xoinaa UKKUHY TapTUOIIH
YU3UKHU MOC PaBHIIJIa SJUIUITUK, TUIIEPOOJIMK EKU MapabOoJUMK THUIAArd YU3UK 1e0
aTayJIu.

38.6-Tteopema. kkuHYM TapTUOIN YM3UK ACUMIOTOTUK MYHAIUII COHU Ba TypU
OwiaH TaBcU(IIaHAIN:

1) 5AIMNOTUK TUNIATK YU3UK MABXYM aCUIITOTHK MYHaNIMILIApra 3ra;

2) rurnepOONMK TUIIATH YM3WK Xap XWJ XaKUKUW aCHUIITOTHUK WYHaJIMIILIapra
ara;

3) mapaboauK TUIJATH YM3HUK yCTMA-YCT TYIIYBYM aCUNTOTHK HyHamumuiapra
ara;

By Teopema acnuna (66) Tenrnamanu Tekmupuiiaa (66;) éku (66,) kBaapar

TEHTJIAMAaHUHT JUCKPUMHHAHTH a5, —a,,a, =—J JaH uoopaT OynraHujgaH a, =a,, =0

OynTraH XoJJa dca UKKUTA Xap XWJI aCUMIITOTHK WyHaIMIIapra 3ra OyIraHuMu3IaH

Ba & =-a5, <0 OYynMuO UCOOTIIAHTaH HJIN.

38.7-:kymJaa. Diunc, runepobosia €ku napadoJaHUHT Xed Oup ydra HyKTacu

Oup TYFpu YM3UKIa ETMANTH.
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Mcoor. UkknHYM TapTHOIM YM3UKHHUHT ydTa HyKTacu OutTa | TYFpu umsukna
érca 38.1-reopemara mMmyBouK | TYFpu 4M3MK acHMNOTOTHK HyHamumra sra Ba [
yn3ukaa OytyHnail €éraau. LlyHUHr ydyH smnunc OyHIaH MyCTacHO, YyHKH YHJa
yMyMaH aCHMIITOTUK WYHAIMII WYK. y°>=2px mapabojia acUMITOTHK HYHAIHIIH
B° =0 TeHrmaManaH anukiiaHaau Ba (1:0) kypuHUIITa STa, NIyHAaH HYHATIUII TYFPU

yn3ukka OX ykura mapamien 6ymm6 y=C TeHriamara sra Ba nmapaboiia OujaH sroHa

2 2
(C%pzc) HYKTaJla KECHUIUAJH. X—Z—ézl TUNEpOOJIAHUHT ACUMIITOTUK WYHATUIIN
a
2 2

a B

?—b—zzo TEHITIaMaJlaH aHUKIaHanu Ba {«:f}={a:-b} kypunumra sra Oynanu.

XaKuKaTaH Xam

2 2 2 2 2 2 2 2
a_z_ﬂ_=0@a_=ﬂ_@a_=a_@a__a_=0@(z_§j[a ajzo

4=
2 b Z b2 F 0D B b\ A b
g:EéKHg:_E
B b B b
_.,2
p b

{a: B} ={xa:b} éku {B:a}={zb:a}
ACUMNTOTUK MYHATUIIIATH TYFPU YM3UKJIAP MapaMeTpUKTeHTIamanap OuiaH ymoy
KYpUHUIIIA E3UTaTU

X=t y:yoigt
a

t mapaMeTp y4yH TYFpH YM3UK OWJIaH TUMEPOOJIAHWHT KECUIIHUII HYKTAaCUHU TOIHUII

yUyH yIIOy TeHIJIaMaHU XOCUJI KUIlaMu3

b 2
2 (yoitj
vt a) 4

a’ b?

yX1man xaJyiapHyu UX4aMmJIaraiJaH KeHuH
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AMMoO Oy TeHrJiama t y3rapyBuura HucOaTaH YHT TOMOHHU HOJJAaH Qapkiu Oyiaranu

yuyH OUTTaJaH Ky O6ynmaran eunmiapra sra. XKymia ucootianiu.

39§. UIKKMHYU TAPTUBJIN YN3UK YUYH ATI'OHAJIUK TEOPEMACH.

39.1-teopema. Arap Tekucnmkaa Oemra Xap xua M; i=1,2,3,.4,5 Hykra
Ooepunran 6yub ynapaan Xyd Oup TyprTracu Oup TYFpu 4u3HKAa €TMaca, y Xoima Oy
HYKTajap OpKadu YTyBYM SITOHA UKKUHYM TAPTUOJIM YU3UK MaBXKY/I.

HUcoor. bepunran addun koopauHatamap cucremacu OXy  ydyH
MPONOPUMOHAIIIIMK AHUKJIUTHUAA ArOHA IIyHJal WKKUH4YM TapTuomm F(X\y) kymxan
MaRkyaku Oynma M; 1=1,2,3,4,5 HykTamapHuHr koopauHataizapu F(X,y)=0
TEHIVIAMaHU KAHOATIAHTUPUILIMHU Kypcatamu3. F(X,Y) KYIXaJHUHT HOMabiIyM
Kod(pUIMeHTIIapuHN KyHUJaru Tap3ia oenruianmMus:

a,=2 , 28,=12,, 8 =12, 28;3=17,, 28, =17, 8y =74
M; wnykramap (X;,Yyj) koopauHaTayiapra sra OyincuH. YHma F(X)y) KynxagHuHr
KO3 PULIMEHTIIapUHU Z1,...,Zg OJITUTA HOMAblyM OemTa OUp >KUHCIW TEHrJamasap
CUCTEMACUHU XOCHJI KUJIaMU3:

2 X+ 2,X Y, + 2,y +2,% + 2.y, +2, =0 ,1=1,2,3,4,5,6.
AnreOpa Ba COHJIap Ha3apHsICU KypCHUIaH MabIyMKW Oy Oup *KUHCIM TEHIJIaMasap
CUCTEMAacHd HOJMAac edyumiiapra osragup. XakKukataH xam Oy Oup >KHMHCIU
CUCTEMAHUHT paHru 1<r<5 Oymu0 6-r Ta wuxTuépuil y3rapyBumnap OwiaH
napameTpiaHagu. byHnan tamikapu arap Oup >KMHCIM CHUCTEMAaHMHI TEHrjamasiapu
YU3UKJIM JpKJIM Oyica, y Xojja WIyHJald CHUCTeMa €YUMH TPOMOPIIMOHATIINK
aHUKJIUKIA sroHagup. UyHKU CMCTEMaHUHI paHTd Oelra TeHTr OYiIuMd YHU 3MHAIos
KYpUHHUILTA KeITUpranumMusaa 6-5=1 ta 030;1 HoMabiyMm Oynaau. by 0301 HOMabIyMm
KAaTHAIITaH XaJIapHA TEHTJIMKHUHT YHT TOMOHMTa YTKa3uO CUCTEMaHU JUaroHal

cUCTeMara KeJTUpPUII MYMKHH. YHJa OOl HOMabiymra HpOINOPLMOHAN pPaBHILIA
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y3rapanu. Jlemak 6u3 Kapa€Tran Xojaa CUCTEMaHUHT TEHTIaMalapyu YU3UKINA PKIIH
DKAHJINTUHU KypaMu3.
®dapa3z KUIaWIMK HIyH1aid 0yIMacuH. YHa CUCTEMaHUHT OUpOpTa TEHIJIaMacH
MacajaH OCIIMHYNCH KOJTaHIapy OpKaIu Yu3uKiIn honamananu. byama My, M,, Mg,
M, HyKTajmap opkajJu VTyBUM Xap KaHJall MKKUHYM TapTUONM 4u3uK Ms HyKTa
OpKaJu XaM YTUIINHYU aHrJIaTaau.
ZXC + 2, XY + ZYE + I, X + 2V + 2, = A(zlxs2 +Z,X Vs + Z5YE + 2, X + 2V + 26)+
+B(zlx52 +Z,X Vs + ZYE + 2, X + 2o Y + 26)+C <21X52 + XY + ZoYE + 2, X + 2V + 26)+
+D(2XC +Z,XYs + Z,YE + 2% + ZYs + 25 )
By epia MaHTHKaH UKKHUTA XOJI OYJIMIIN MyMKHUH:
1) My, M, M3, M, HyKTanapaan OupopTta ydracu OUp TYFpPH YU3UKIa ETa/IH.
2) My, M,, M3, M4 HyKTanapaad xe4 OUp ydTacu OUp TYFpU YH3HKIAA ETMaIH.
BupuHun X0MHU Kapailiuk M;, Mp, M3 Hyktangap oupop | Tyfpu umsukaa érran
oyncun. Teopemanunr maprtura kypa M, Ba Ms Hykramap Oy TYFpu 4YH3UKIA
érmaiimn. M, HykTa opkaiu | TYfpu 4YM3MKHM KecyBYM Ba Ms HyKTa OpKalH

YTMagurad M TyFpyU YA3UKHU YTKA3UI MyYMKUH

47-pacm

VYuaa ukkura KecuinyBud | Ba M TYFpH YM3MKIApAaH TAaIIKJI TONraH HKKAHYH
TapTUOIM 4m3uK Mi, M,, M3, My HyKkramap opkanu yTaaum Ba Ms HyKTa OpKajH
VTMauIu 3UJIUAT.

Mxxunun XoaHU Kapauauk. M; Ba Mj HyKranap opKaiu YKyBYM TYFPH YU3UKHU
lij opxamu Oenrunaiimus. YHaa lip Ba lyy TYFpu umsuximap xydrauru 'y MKKUHYIM

TApTUOMU YM3UKHU XOCWJ Kuimaau Ba lis Ba lps TVFpu umsuimap xydmmru I
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WKKUHYW TapTUOJIM YM3UKHH XOCWJ Kuinaau. My, M,, M3, M, HyKTamap opacuaa xed
Oup yutacu Oup TYFpH YU3UKIAETMCIUTUAAH OyH 1A
[N, ={M,, M,, M;, M,}
OCOHTHHA KEATUPUO YMKAPUIIT MYMKHH.
LN, =(l, Vi )N, =L, T, Ul N, =1, Ny Ul ) Ol Nl Ulyy) =
={M,} U{M,} U{M,} U{M,}={M,, M,, M;, M}

Inr,=r;, i=1,2
Ammo [} ukkuHYM TapTHONMM Ym3uK dapasra kypa M;, M,, M, M, HyKTanapuu ¥3
WYHUra OJITaHUJAH y X0Jia Y Ms HyKTaHu XaM ¥3 Uuura oI Kepak.
3uaausaT TeopemMa UCOOTIIaHIH.

39.2-teopema. bupopra OXy addun koopauHaramap cUCTEMacHa UKKUHUU
tapTuOau TeHrnamanap F(X,y)=0 Ba ¢(X,y)=0 OutTagaH KYNpoK XaKUKUH HyKTaJTapHH
¥3 “uura oJiyBuM OMpopTa UKKUHYM TapTUOIU ' yn3ukHu aHukjaacuH. YHaa F Ba Q
KYIIXaJ1ap IponopuroOHaIup.

HUcdor. Omnunc, runepOona, mnapadoia, KECUIIYBUM TYFPU UHU3HUKJIAP
Ky(PTIMIKM Ba mapajuies TYFpH YU3UKIAp Ky(pTauruaa xed Oup Typracu Oup TyFpu
YU3MKAa €TMaraH OeliTa Xap XWI HyKTajap MaBXyUIMTUHU Kypuin ocoH. Illy
cababnu Oy MKKUHYM TapTUOIM YM3UKJIAP YUYH OM3HHMHT SITOHAIMK Teopemacu 39.1-
TeopeManaH KenuO uumkaau. [T ycTMa-yCT TYIIyBUM TYFPU YHM3UKIAP KY(QTIUTH
OynraH XOJHU KYPHII KOJIAH, YyHKH KOJTaH UKKWUHYM TapTUOIN YM3HUKIap OUTTalaH
Ky OyiMmaran Xakukuil HykTajgapHu y3 uumra onaau (35§ ra xapancuH). I' uu3uk
HyKTajapuaaHn wuoOopat Oymran | Tyrpu um3uK Ax+By+C =0TeHIIaMa OwujaH
Oepunran OyincuH. Yuaa 38.3-xyminara MyBohUK

F(x,y)=(Ax+By+C)(Ax+By+C)
@(x,y)=(Ax+By+C)(Ax+B,y+C,)
AMMO " 4M3HK ycT™Ma-yCT TYUIyBUM TYFPU YU3UKIIAP Ky PTIUTH OYIraHuaaH
Ax+By+C, =0, i=12

TeHrIaMasap xam | TYFpu YiM3uKHU TaBcuQIaiIn.
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Hemak, Ax+By+C, kynxang Ax+By+C=0 kynxaara nponopuuoHan (15§

KapaJicuH) sbHU F Ba ¢ xynixapiap nponopuroHanaup. Teopema uCOOTIaH IH.

40§. UKKUHYU TAPTUBJIN YN3UK MAPKA3N.

by maparpadbga xam TYpTHHYM OOOHHMHT XamMMa JKOWMUIArd KaOu scCH
TyIJIaMJIapHU KapanMus.

40.1-tabpud.

MM, =-MM, (67)
BEKTOp TEHIUIMK Oaxkapuica M; Ba M, Hykramap My HyKrara HucOaTaH CUMMETPHUK

HyKTanap e aranamau (48-pacm)

M,
48-pacm

(67) mapt My HykTa M;M; KecMaHu TEHI MKKUTa OVIUIINra, XakukataH xam (67)

maptaad oysaa —-M,M,=-M M, €éku M,M, =M M, BEKTOp TEHIJHUK KEIUO YUKAIU.

YHaa
MM, = M,M, + M,M, = MM, + MM, = 2M,M,
Oy epnaH
MM, =%M1M2

BEKTOp TEHIJIMK Keaud yukaau. AmMMo 0y My Hykta M;M; KecMaHu TEHT WKKWTa
OYJIMIITHY aHTJIaTaIu.

40.2-tabpud. Arap M e " =ap Kaiicu M HyKkTa yudyH My HyKTara HucOaTaH
cuMMeTpuKk M’ HykTa Xam ' Tymnamra terunuin 6ynca My Hykranu [ TyniamMHUHT

CUMMETpPHS MapKasu J1e0 aTaiaiu.
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40.3-3cnatma. Arap I' Tymmam Oymr Oynca, y xonjga xap KaHgai HyKTa Oy
TYTUTAMHUHT CHMMETPHUS MapKa3u Oyaam.
40.4-teopema. Arap M(Xo,Yo) HyKTa SHI Kamujaa OUTTa HYKTaHU Y3 WUUTa
OJTyBYM WKKWHYW TapTUONM 4M3WK [ HUHT CUMMETpHs Mapkasu Oyica Ba OupopTa
adduH KOOpAMHATATIAp CUCTEMACH 1A MKKUHYN TapTUOIN
F (X Y)=a,X" +28,Xy +8,y° +2a,X+ 28,y + 8 (68)
TeHTJIaMa OujlaH aHWKJIaHTaH Oyiica, y Xoiaa

A Xg T, Yo a5 = 0 (69)
A%y T8, Yy +ay; =0

MyHOca0aT YpuHiu Oyiagau.

Hcoor. Koopaunaranap Oommuu O'=M(X,,Y,) HyKTara Kyumpamus, sS’bHHU

ymoy dhopMynanap Oyinda ssHru X', y' KOOpJUHATaapra yramus. YHaa ssHru O'Xy'
KOOpJIMHATaJIap CUucTeMacuaa

a1’3 =38, X, +3,Y, T3 } (70)
a;?, =a,X) T8y, Y, T8

F(x, y’):all(x'+x0)2 +2a, (X' +%,)(y'+ y0)+a22(y'+y0)2 + 28,5 (X' + Xy )+ 28, (Y + Yy )+, =0
Oy epnan

(2a,,%, +28,,Y, +28,, ) X' = 2(8,, X, +a,,Y, +a, ) X' = 28,,X’
(281,% +28,,Y, +28, ) Y' =2(8,% + 85, Y, +85) Y =28,y

a1’3 =a; X +a,Y, ta; } (70)
aés =8,X) T8y Y, T8y

xocun Kwiamu3. [lynnmait kunnb nactiabku macana ymoyra KEeNTUPHIIaIu: arap
0(0;0) — 6y 6yIMaraHa UKKMHYYA TapTUOJIN YU3UKHUHT CUMMETPHsS MapKasu Oyiica,

y Xonga ag=a,=0  M;( x )¢l nxtu€puii M;(X,y) HyKraHu onamm3. YHJa
CUMMETpPHs MapKa3MHUHT Tabpudura kypa M,(—x,—y)el  Oynummra sra 6ynamus.
Jemak,
0=F (X, ¥,) = F (=%, —Y1) =8uX] +28,% Y, +85; +28y,% +28,Y, +85 —
—(aﬂxl2 +2a,X Y, +a,Y, —2a,X —2a,Y, + a33) =a, X +2a,X Y, +a,Y; +28a,X +2a,,Y, +a,—
—ay,X, —28,X, Yy~ 8Y; + 23X + 285, — 8 = 43;,X + 43y,
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Hemaxk, arap a, #0 €ku a, =0 Oynca, y xonga Oyrynnaii [ un3uk a,x+a,y=0 TYFpH

yn3ukaa €ragu. YHaa I' € ycTMa-yCT TyllyBUM TYFPU UYU3UKIAD KYyPTIUTH, EKU
MaBXyM KECHIIYBYH TYFpHU UM3HKIAp XKyprouru Oymamu. bupmnum xonma 39.2-

TeopeMara MyBO(QHK
F(x,y)= k(5113x+¢3123y)2
AmMo Oy F KYIIXaJHUHT YM3UKIM KACMH a,X+a,,y HOJJAaH (papKiIu OYJIuIIura 3uf.
Ukkurun xonga O(0,0) HykTa nryauaraek I uM3uKra Teruiumm, AeMak a,, =0 OX y3
owinan ' un3nkHUHT Kecuiumack F(x,y)=0 TeHrnama 6uiaH TaBcu(uasam, SbHI
a, x> +2a,x=0 (71)
OxNI"={0(0,0)} mapraan Oynma (71) Tenrmama sroma X=0 eunmmra sra. AMMO

MaBXyM KECHIIIYBYH TYFPU YU3HKIAP KYDTIUTH IUITUNTHK THUIIATH YU3UK OYIIamau.
Jlemak OW3HUHT Xonnma &=a,a,,—a,>0 , Xycycan a,=0. Jlemak (71) Tenriama
ArOHa e4YrMMra 3ra Oynranu Tydainu

X(a,x+2a,)=0

2,
G

X=0 éku x=-

Oy epnan OyHna a, =0 dSKaHIWUTU Kenubd yukanu. Xynau myngad Oy yk Ouman I
yn3ukHUHT Kecutmacu F(0,y)=0 tenrnama Ounan tTaBcudiaHaau, SbHA

a,y> +2a,y=0 *)
OynI'={0(0,0)} maprian Oynma (*) Tenrnama sroma y=0 eunmmra sra. AMMO
MaBXyM KECHIIIYBYH TYFPU YU3HKIAP KYDTIUTH SIUTUNTHK THUIIATH YU3UK OYIIamau.
Hemak Oy xonga Xam J=a,a,,-a,>0 , XycycaH a,, =0. llynmaii xkwmb (*)
TEHIJIaMa sITOHAa €4rMra dra Oyiranu Tydaitim

y(a,y+2a,)=0

2 a'23
a22

y=0 éku x=- =0

Oy epaan OyHaa a,, # 0 SKaHJIUTU Keaub ynkaau. Teopema ucOOTIaH IH.
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40.5-Taspud. Arap Moy(Xo,Yo) HyKTaHHHT KoopauHatanapu (69) TeHriamanap
YUYTEMacHHU KHOATJIAHTHpCa, y Xoiga M, HykTaHu (68) HMKKUHYM TapTHOIH
YU3UKHUHT MapKas3u J1e0 ataiaiu.

By TabpudHUHT UKKUHYM TapTUONIM YM3WK TEHTJIaMacu Kapanaétran addux
KOOpJMHATANIAp CUCTeMacHra OOFJIMK dSMacIUruHu KypcaTtamus. Mo(Xo,Yo) HyKTaHHHT
(69) TeHrnamanap CUCTEMacCHMHM KaHOATIIAHTUPHILMHU MaTpulla LIaKijaa KyWujaaru

Tap3/aa KauTta €3UIl MyMKHH

X, 0
Ay, |=|0 (72)
1 d
Oy epna
8, &, a5
A=la, a, ay|, d =8, +a;Y, +asy.
a13 a23 a33
DHau Oy - Oomka adduH koopauHaTamap cuctemacu Ba OXy cucTemanaH
O'x'y’ cucremara ytum 28§ naru
X=cllx'+c:12y’+a1} @)
y= C21X’ +Cy y'+ a,

Gopmyna O¥iinua amanra omupuiran 6yiacuH. Mg Hykra Oy’ cuctemaa (X, Yp)

KOOpJIMHAaTajmapra sra 0yicuH. YHaa

' '
0 0

A'| Yy, |=(13) dpopmymnara mysodux=D * AD| y; |=

X X

1 1
Xy a; a, 3| X%
= (10) popmynara myBopux=D*Al y, [=D*|a, a, ay|| Y, |=
1 a13 a23 a33 1
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[ynaait ko, arap My aHykranuar OXY cuctemamaru (Xo,Yo) KoopauHaTtantapu (69)
TEHIJIaMaJIap  CUCTEMacCHHHM KaHOATJIAHTHpPCA, Y  XOJJa Iy  HYKTaHUHT

O'x'y’ cucTeManaru (xg, Y, ) KOOpAUHaTaIap CHCTEMACHHH KaHOATIAaHTHPAIU

a; a, ag|(X%) (0
31,2 aéz aés yc’) =10
a, a8y 3,)\1) \d

a;lxs+a;2ya+a;3=0}
Xy T, Y +a; =0

40.6-skymuta. VkxkuH4YM TapTUOMM YW3MKHUHT Xap Kailck MapKasu YHUHT
CUMMETpUS MapKa3Mu XaM Oyaau.

Hcoor. My(Xo,Yo) — (68) Tenrmama OwmiaH TaBcu(iaHyBYM [ HMKKHHYH
TapTUOJIM YU3UKHUHT Mapka3u OyJcuH. YHAa KoopauHartaiap OommHU M, HyKrara
napayien kyudpuimHu amanra omupu6 (70) Ba (69) mapra myBoQUK

!

a., = a), = 0 TCHIJIMKHU XOCUJI KujiaMu3. by
(P(X" y’) = a{lxlz + Zailey' + aéz y72 + a3’3 =
=ay, (_X’)2 +2ag, (—x')(-y')+ay (_y’)z +ai =p(—x,Y')

SbHU, SIHTU KoopJuHatajap Oomu O'=M, HykTa [' UKKMHYN TapTUOIN YM3UKHUHT
CUMMETpHS MapKa3u OVIuIuHu anriatany. XXKymiia ucOoTianay.

Mapka3 TabpudugaH OyHAA HUKKMHYM TapTUOIM YM3MK ylIOyinapra sra
OYIIUIIN MyMKHH:
l. Oouta Mapkasra ara ((69) cuctema siroHa €4uMra 3ra);
Il.  Tyfpu um3uknan mbopar mapkasnapra sra ((69) cucrema TeHriamanapu

MIPOTIOPIIOHAT )
I1l.  mapxkasra sra smac ((69) cuctema Gupraaukaa amac).
40.7-teopema. MxkuH4rM TapTHOIM YM3HKHUHT MapKas3jap COHHMHHHT IOKOpHIA

caHa0 YTWJIraH BapuaHTIapu KyWnaaru Tap3aa TaBcudaaHaIm:

l. §#0;
Il. 5=A=0;
Il. 5§=0, A=0.

HUcoor. |. 15§ ra myBoduK
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a11X+a12y+a13:o Ba a12x+a22y+a23:0
TYFpPU YM3HKJIAp OMp HyKTa/la KeCUIIaau Iy X0Jia Ba (pakaT 11y Xoiaa, Ka4OHKU

8y 8y

2 a‘22

a8

Ypunnu 6yica, Oy aca § =
4, Ay

# 0 OYyIuIIMra TeHr Kywinaup.

Il. Arap (69) cuctemMaHUHI TEHIJIaMajapy MPONOPLHOHAN Oyica, SbHU

a; A, ay
&% % Gynca, y xomna A= a, @, &, | MAaTPULUAHMHI OMPHHYM HKKHTa
a12 a22 a'23

a13 a'23 a33

caTpu MPONOPIMOHAI Oy Ba JeMaK

a; ap ap
5::111 :1: :0=a12 Ay "3123:A
© By By A

OHmu §=0=A OyicuH, § =0 maptaaH a, #0 €Ku a,, #0 OYIUIM KeIuO YUK K.
dapa3z kunaiuk OyHaa a, =0. YHAa
U - (au auj
8, dy
MaTpHIla CaTpJAPUHUHT MPOIMOPIUOHAIUTUTH Ty(haiiu myHaal K coHn MaBxXyaKy,
OyHJ1a

a, = kau! Ay = ka12 (73)

A JIeTepMUHAHTHU YYHWHYU caTp Oyitnua €lnd

8, 8y CTRCT
0=A=3a —-a +a,,0 = ((73)ra myBoduk Ba 0=0) =

’ a22 a23 “ a'.l.2 a23 a33 ( )

ka,, &, TR 8y ag
= -a, +a,,0 =(ka,;—a
’ kalZ a23 ’ a’.l.2 a23 ? ( ’ 23) 2 a23
VYHpa arap ka, —a,, =0 O¥yica, y xonaa a,, = ka,,0y110
a, =ka,, a,=ka, (73)

TeHMKIapra MyBouk (69) cucTeMaHMHT TEHTrJamaiapyd MPOMOPIHOHAT

8 A,

2 a23

Oynamu. Arap =0 Oynca, y xonga a, #03KaHJIUTUHU BTHOOpra oiud

(73) ra myBouK ka, =a, ka, =a,.
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III Tacnuk kypud YMKWIraH XOJUIAPDHUHI HaTwkacu Oynamu. Teopema

UCOOTIIaHIH.

41§. ACUMIITOTAJIAP BA UKKMHYHY TAPTUBJIN YU3UKHUHT
KYIIMA JTUAMETPJIAPH.

Acumnroranap.

41.1-rabpud. I' ukkuHYM TapTUOIM YM3UK MapKasujaaH YTyBUHM aCHUMIITOTHK
WyHamumaarn xap KaHjad TYFpU YM3UK | MKKMHYM TapTUONM YU3UKHUHT
acUMIITOTAacu J1e0 aTajaau.

41.2-xymaa. 1) T'unepboiia Ba KECHUIIYBUM TYFPU YHM3UKIAD KyPTIUTH
aCHUMIITOTara Jra.

2) Ilapamnmen Tyfpu 4YM3UKIAp (Xap XWi, yCTMa-yCcT TYIIYBYM Ba MaBXyM)
Kypriurn Outra acumnrorara sra. 3) Konran WKKuHYM TapTHOIU YU3UKJIAp
aCUMIITOTAJIapra 3ra 3mac.

HUcoor. 1) Ba 3) Tacoukiap MKKUHYA TapTHOIM  YU3UKJIAPHUHT
KJaccu(puKauusACHIaH Ba aCUMITOTHK MYHaIMIIAp XaaMJla MapKaszjiap COHUIAH
kenn6 wnkagm (38.6 Ba 40.7 Teopemamap) 2) Tacauk Y=C mapamien TYEpH
YU3UKJIAp MapKaszjlapu WYHAIMIIA aCUMIITOTHK HyHanmumiga OynuimigaH kenuO
YUKaIN

0%, +0y+0=0
X, +0y + }<:>y:0

0x,+1-y+0=0
mapkaznap {1,0} #uymanumra osra. [lapamnen TYFpu YM3HKIAp ACHMOTOTHUK
1787 EMIZ00007S
f? =0 {10}

MyHanuumra sra.

Mapxkasra sra OynmaraHn du3ukiaap €ku OWTTalaH OPTHK MapKasjapra sra
Oynaran uYM3WKJIap HOMapKa3mu Yu3ukimap ne6 aramaau. HOxopumaru
MyJioXa3ajap/laH YU3UKJIap MapKa3iu Ynu3uKiIap Oyianu mry xoijua Ba ¢akar mry

xo0Jij1a KauoHKH & =0 OYica. [llynmait Kuimnb 2JUTMNTUK Ba TUTIEPOOJIUK YHU3UKIIAP
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MapKazJid Yu3uKIap OYyianu, mapabojiMK TUIAArd YU3WKJIAp 3Ca HOMapKasiu
YU3UKJIap Oyaau.
['unepOonaHuHr acuMmTOTajNapjard TeHrjamacu. bupopra abdun OXxy

KoopAuHaTanap cucteMacuaaru I runepOoaaHuHr

2
* Y 4

2
2 2

QD
O

KaHOHMK TEHIJIAMACHHHM Kapainuk. By rumepOonaHuHr {a,fl} acHMITOTHK

WYHaJIUIIN

TCHIJIaMaJaH TOITUJIadH. By CpAaH UKKUTAa CHUMHHU OJIaMH3:

2 2
) e R R
a b)la b a b a b a b a b

{a:py={a:b}, {a:p}={a:-b}
rurepOoIaHMHT MapKa3y KOOpAuHaTaIap OOIIM A sKoMIaIran. XaKuKaTaH Xam

1
¥x0—0y0+0:0 {ono

Oxo—bizy0+0:0 Yo =0

JIeMaK TUnepOoJaHUHT aCUMITOTaJapy YOy TeHTIaManapra sra

k:—g €Kn k:—g

a a
y=kx<:>y=9x 8kH y=—9x<:>l=§ scn L=-2aX Yo am Z1Yo0 (74)
a a b a b a a b a b
! X y ! X y ! 7
X =27y y =E+B ne0 SHrUu KoOpJIHWHaTamap cucremacu OX'y' yramus. YHIa
a
runepOOJIaHUHT
(z_zj(mx):o (75)
a bJ)la b

SHTYM KOOPAMHATAJIAp CUCTEMACUa KyHUaaru tap3aa €3uinaau
Xy =1
SHru xoopauHaTanIap CUCTEMACHHMHT VKJapu THUNEpPOOJaHUHT aCUMITOTAJIapy

oynmagu  (49-pacm) (76) TeHrnama TUNEpPOOJAHWUHT  ACUMIITOTAJapard
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TeHrnamanapu 7Ae0 aramaad. [umepOOJaHMHT acCHMIITOTaCM XaKWKATaH XaMm
HIyHAal MabHOAA ACUMIITOTacH OYNaguKu rumnepOooIaHuHr M HyKTacHHH OUpOp
I0XH OYina0 yeKCcH3IuKra Kapad MHTWITaH/la YHUHT aCUMIITOTajlapuiaH Oupura
Xap KaH4ya sSKUH Oymanu. XakukataH XxaM My Hykra runepOosia YHI MIOXWHUHT

v X
IOKOpHU KHCMH 6y1/IJ'Ia6 YCKCU3JIMKTa CHJDKUI'aHIda |I——X=0 ACUMIITOTaCurada

a

oynran Macodacu HoJITa UHTUJIATH.

49-pacwm.
20§ maru ¢popmymnara MyBoduK ymoyra sra 0yaaMus

% _Yo

p(l\/l,l)— a bf ab _|on_ay0|

_\/1+1_ Ja? +b? _\/a2+b2
a’ b’ ab

|ox, —ay,|

IIyHuHT y4yH X,,Y, >0 OYnranunan p(M,l) macoda

o5 —ay;|
Ja? +b? (bx, +ay,)

(z_zj(z+zj=o (75)

a b/)la b

bx, —ay, _bx0+ay0
ab ab

p(M,1)=

=1

b*x; —a%yo
T

b e fa-at] e

p(M,1)= =
(M) Ja’ +b’ (bx, +ay, ) a’b? ‘\/a2+b2(bx0+ayo)

X Yo = +o0 1a M(Xo,Yo) HykTaman | Tyfpu uusukraya OyaraH macoda Hosra

HHTUJIaau.
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Kymma nramerpiiap Ba Kymma HyHajaunuiap.
38§ nma acumnroTHk HyHamuiiga Oyamarad | TYrpu Yu3MK MKKHHYMA TapTHOIM [0
YU3UKHU UKKUTa M; Ba M, (Xap Xuj, yCTMa-yCT TYUIYBYM €KUM KOMILIEKC KYIlIMa)
HYyKTajap/ia KECUIIMHYU TYIIyHTHUpUITad 31u. My Hykta M3M; kecma (BaTap )HUHT
¥pTracu OVicuH. bepwiran acuMnToTuk OynmaraH WyHauIIra mnapajien OyiaraH
Oapua BaTapyiap ypTajapwHH TOIHII MacajdacuHu edaimk. [' yusuk OXy addun
KOOpJIMHATajgap cuctemMacuga ymymuil Tenriama F(X,y)=0 Ownan acuMOTOTHK
iyHamumiaa 6yimaran | TVFpu 9n3uK 3ca

X=X, +at y=y,+pt (77)
napaMeTpuK TeHriama OunaH Oepuiran OyncuH. dapa3 kwnainuk OyHaa
Mo(Xo,Yo) HykTa | TVFpu umsukaa I' yn3uk kecuiaran M;M, Batap OyicuH. M; Ba
M, HykTamapHuHr KoopauHaTasapu (77) TeHrnamamapgaH MOC paBHILAA
napaMeTpHUHT t=ty,{, KuiiMaTiapuaa XOoCHJI KWJIMHTaH OYicuH. Mg HykTa MM,
Barap ypracu OynraHujaH YHUHT KoopJuHartaigapu (Xo,Yo)ra mapameTpHuHr t=0

KuiiMaTtu Moc kenuo6 ti+t,=0 sra 6ynamm3. XakukaTaH XxaMm a={a, B} #0 BEKTOp

Oynranu yuyH a =0 €ku B =0 O0ynanu. Macainan «a = 00YicuH, yHaa

X, + X, _y X tat +X,+at,
2 2oy, =

2 0 2 0

2%, +a(t, +1,)=2x

a(t+t,)=0 éku t, +t,=0
AmMo ty, t, kuiiMatIap

Ft?+2Ft+F, =0 (65)
TEHTrJIaMaJlaH Tonuaaau 0y epaa

F,=F,(a B)=a,a’+2a,a8+a,/,
Fo=F (@, 8. %, Yo) = 3,0% + 8y, (@Yo + %) + 8, 8Y, + 2,0 +8s/8
Fo = Fo (X0, Yo) = 81, +281,%0Yo +85Ys +2815%, + 2855, + 8y

[ITynunr yuyH Buer Teopemacura xypa

t1+t2=-2F1
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0=-2F,—~F;=0
F =R (00, %, Yo) = 8%, + 8y, (@Yo + % ) + 8 /3Y + 8y +855/3 =0
Oy TEHIVIaMaHUHT XaJJapuHU KakTa rypyxjgad OyHAa acUMNOTOTUK OYiamaraH
{a: } HyHANMIIIATK Xap KaHJai BaTapaapHUHT Ypranapu M(X,y)
o % + 8, Yo +843) + B(aX +85Yo +855) =0

€K1

a(a x+a,y+ag)+f(a,x+a,y+a,)=0 (78)
TEHTJIaMaHU KaHOoaTIaHTUpaau. by OupHHUYM [apakaau TeHTJaMagaH ubopart.
XaKuKaTaH xam arap

ad, +fa, =0 aa,+fa, =0 (79)

Oynca {a:f} HyHanum acUMTOTHK HyHanuin Oynamu, ayHku (79) TeHrnuknap ymoy

MaTpuajin TCHIVIMKIa TCHI' KYy4JIU

@2 -0

8, ay
(aay, + Bay,,aay, + Ba,, ) =(0,0)
oy, +fpa, =0, ad,+fa, =0
a’a, +apfa, =0, afa,+Ba, =0
a,a’ +2a,af +a,,° =0
3upuaT 4YMHKU {¢:fB} acUMOTOTHK HyHamum osmac (78) OMpUHYM Japakaau

tenrnamanup. lyngai kunuo, 6u3 ymoy skyMiaaHu UCOOT KUJIJIHK.

41.3-wymua. Bepunran acumnToTHK OynMaraH {o:p}iyHamumjaru Oapua

Batapiap yprainapu M(X,y) (78) t¥rpu unsukna €ragu. by Tyrpu un3ukHu Oepuiran

acCUMNTOTHK OynMaran {¢:f} HyHanumra kymma Oynaran I mkuHuM TapTHOIM

YU3UKHUHT IMaMeTpu 1e0 atanaau.

(78) Tyrpu umsuk (68) maptra kypa ' uM3ukHUHT Oapya MapKazaapu OpKajiu
yraau. LlyHuHr yuyyH yHu Oy YM3MKHUHT AuameTpu xam ae0 atamaau. 50, 51 Ba 52
pacMiapja JJUIdIc, Mapabojia Ba Mapajien TYFpU YH3UKIAP KY(PTIUTHHUHT

JAAMETPIIApU TaCBUPJIAHTaH.
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[' yn3uk O6epuiran aCHMITOTUK OyIMaran WyHanmuiira Kyuma agamerp tabpudu Oy
YM3UK TeHryaMacu Kapamaérran OXY KoopauHaTajlap cucTeMacura OJFJIMK 3Mac.
XakuKaTtaH XaM KymiMa auaMeTpiapHUHr (78) TeHriiaMacu MaTpulla IIakiaa

Kylujarnya tap3aa €3uil MyMKHUH:

X
(a,,0)A| y |=0 (80)
1
XaKuKaTaH Xam
& 4, Ay | X X
(a,,B,O) a, &, ay|Y :(aa11+,8a12,aa12+,Ba22+aa13+,3a23) Y=
A; Ay )\l 1

=a,aX+a,fx+a,ay+a,fy+aat+a,f= a(a11X+a12y+a13)+ﬂ a12X+a22y+a23) 0

/ by

Wi
<o x ..,(

50-pacm 51-pacm

. \

A
TSI SIS

52-pacm
' yn3uk Oepuiran acCUMITOTHK OYIMaraH WyHaiauIira Kymma qaaMmerp tabpudu Oy
YU3UK TeHrJlamacu Kapamaétran OXy KoopAuHaTajgap CcuUcTeMacura OOFJIMK

OMACIIMTUHU KypCaTalJINK
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[ ’
X=c, X +C,Y +a } @)
y=CuX'+CpY'+a,

yTum popmynacu Owmman Oormanran OXy cuctema Owmnman Oomka O'Xy'  addur
KOOpAWHATAJIAP CUCTEMACH YIyH
(a,,0)=(a', §,0)D*

TEHIJIMKHUHT Oa)KapWIMILIMHUA KYPUII OCOH Oy epJia

Ch G, &
D= Ch G, & (11)
0O 0 1

28§ nan onmarad. lllyawnar yuyn 28§ mam ommuran 910) Ba 913) TeHrnmkiIapHU

ybpTHOOpPTa 0110

X X
y|=D|Y (10)
1 1
A'=D*AD (13)

yIIOYHU XOCHJI KUJIaMu3

! !

X X X
(a,4,0)A| y |=(a',,0)D*AD| y' |=(a', f,0)A]| ¥’
1 1 1

Hemak, (80) mapt Oxy KoOpAMHATAJlap CHUCTEMacuja XaMm XyAJAd [IyHAai

MIAPTHUHT OXKAPUIIUILMHYA KEITUPUO YUKAPAJIH.

41.4-tabpud. Arap
By onct, +ay, (0B, + Bty ) + 8, 8, =0 (81)
mapt Oaxkapuica, y Xonna a ={«,f} Ba &, ={a,, B} HyHamuuiapaun OXy abdun
KOOpAMHATaJIap CUCTEMACHIa YMyMUN
F(X,y)=a,X" +2a,Xy+a,Yy" +28,X+ 28,y +a,, =0
TeHrjgamMa Oujian Oepuirad ' un3ukra HucbaTaH Kymma aeiiaan. Matpuiia maxijaa

Oy TeHTJIaMaHU KyWH1aru Tap3aa €3uill MyMKHH:

(al,ﬁ1>U(;j=o (82)
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XaKuKaTaH Xxam

(0517 ﬂl)(:ﬁ Zii}[;i] = (alail + @y, @, + fay, )(;j =

=a,aa, + fo,a, + oy frd, + B S8y, =a,00, + @y, (ﬁlaz +a.f3, ) + B Sy, =0
Dcku OXy KOOpOMHATAIap CHCTEMACHAAH SHIUM O'X'y KOOpAMHATAIAp CHUCTEMACHIa

YTUI1a KETOPJIAPHUHT KOOpAUHATAIapU

el s e e (2 &

dbopmyna 6unan y3rapaau. lyHunr yayx
U’'=C*UC (16)
(dopmynara acocas (82) mapT O'X'y’ KOOpAHHATaNap cucTeMacuja =am Oaxxapuiaau
0=(a,3,)U (;j=(a;,ﬂ;)c*uc[;zj=(a;,ﬁl')u'(@
ynaail kuaubd &, Ba &, MYHAIMIUIAPHUHT KymManuru [ 4u3uK TeHrinamacu
Kapaynaérrad ap@uH KoopJUHATAIAp CUCTEMacura OOFJuK sMac. 38§ na KUpUTUIITaH
ACUMITOTHK WyHanmum — Oy WyHanuin y3ura y3u Kymma WyHamumaup. Uxtuépuit
HyHanuira Kymma Oyiran WYHaMUIIHU OepUiIraH MKKUHYM TapTUOMM YU3UKHUHT
Maxcyc WyHaIUIIM 10 aTaiaay.
41.5-xymaa. Maxcyc #yHamunuiap — Oy MapaboOJUMK YU3HKJIAPHUHT
aCUMIITOTHK HyHamumuaup. Konran 4usuknap ydyH Xxap Kalicu HyHajnumra Hak
OuTTa WYHAIHII KYIIMaIUp.

Hcoor. xTuépuii {o,: f,} WyHaIUIIHYE OaMH3 Ba

a o, ta, (alﬂz + B, ) +a,B5,=0 (8 1)
TeHIJIamMaaH Oepwirad I UKKUHYY TapTHOIM YM3UKra HucOaTaH yHra Kymma Oyiaran

Oapua {a,:f,} UyHANMILIAPHU TOIAMU3, y @, Ba [, HOMabIyMilapra HucOaTtaH Oup
KHCIIU TeHTJama Oynaau. YyHku

a oo, +a,o B, +a,fo, +a, 66, =0

(auay +a,p,)a, +(a,00 +a,03,) 5, =0

[yHuHr yuyH Oy TeHriaamaHuHr (82) €3yBura MyBo(uK
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8 8y

» aﬂ}(aclauJrﬁlau,oaan+ﬁ1a22)¢(o,0) (83)

() ~(at )

O¥yIica, y MporopIMOHATUK aHUKJIMK/IA SITOHA €9MMTa 3Ta, aKC XO0JI/1a 3ca Xap KaHman
{@,: B,} HyHANMII yHUHT eunMu OYnagu. XaKuKaTaH Xam
(e, 5,)U #(0,0)
(2w + Bdy,, a3, + B3, ) #(0,0)

(82) cucremanu Kyhugaruda €3amMus

O g

(alail +fa,, aa, + fay, )(zzj =0

2

a, B,
—oa, - fa, o, +pa,

=0

(n2y, + By, 58y, + 3, ) #(0,0)
(on2y, + B, 8, + fiay, ) = (0,0)
= (-8, ~ a8 + fidy, ) #(0,0)
IKeR:
@, = K(-ed, - fay)
P, =K(aay +B3;)
Hemak, {a,:f,} AyHAIMIIMHUAT ~ MaBXyJJIUTd  KYpCaTWIIU. {a,:f,} BEKTOpra
IPONOPIMOHAI OYIraH Xap KaHjaai BEKTOp XaM (82) TeHrjaaMaHu KaHOATJIaHTUPAIU.
by Owusra 41.5-KyMJaHUHT HMKKHHYA KUCMUHU ucOoTnaigu. 41.5-xyMiIaHUHT

OMpUHYM KUCMHUTA TEruluUiM OYJIraHd y4yH IIYHM Maxcyc WyHaimum y3 y3ura
KYIIMaIUIUIaH [apaOoNuK YM3HKHUHT {¢:f}} aCHUMNTOTHK HYHaIuII Maxcyc
nyHamum — OynummHM — TeKmupuimn - etapad.  KoopawHaTtamap — cucTemacura
UYHATUIIHUHT KYIIMajduK [IapTd OOFIMK »53Mac Oynranu cababiu KaHOHHK
cUCTeMaJaru MnapaboJiMK YU3UKIApPHUHT y2=H(X) TEeHIJIaMacUHM Kapaml etapiiv, Oy

epna H(X) mapaxacu <1 Oynran kymxaaaup. YHIa
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oo

0-a?+2-0-a,- B, +1- 2 =0

B =0

(@h)=00) g 7)-(00)

41.5-xymia HCOOTIIaHIH.

41.6-wymna. {¢:pB} HynHanummra kymma OyiraH auameTp HyHanumu Oy

HyHamumra Kymma oynasau.
Hcoor.
a(a,x+a,y+a,)+B(a,x+a,y+ay,)=0 (78)
TYFPHU YM3UK HYHAITUPYBU BEKTOpU cudaTuia
€ ={aa, + fa,,~aa, ~ fa,|

BEKTOpHHU oJivil MyMKHH. LIy BakTHUHT y3uzaa

(Ol,ﬂ)U :(a’ﬁ)(aﬂ alz):(aaﬂ"'ﬁau’aaiz +ﬂa22)

a12 a22
[yHuHT yuyH (82) MyBopUK
aa,+f
(a'ﬂ)[zlil lej(_aalaj _ﬁa;f j = a2a11a12 +aﬁa122 +afa,a, +ﬁ2a12a22 -
2 22 1 2

—aa,a, — afayd, —afia;, - a8, =0
€ BEKTOp {«, [} BekTopra Kymma. 41.6-xymia uCOOTIaH M.
41.7-xymaa. Mapkasnu [° um3uK ydyH MapkasliaH VTyBUM aCHUMITOTHUK
Oynmarad MyHanmMuuIM UXTUEPUN TYFPU YM3UK OMpOpTa MyHanIMIIra Kymma OyiraH
nuameTp Oymanu.
Hcoor. d - acumnToTUK OYiaMaraH WyHamunu Oepwirad | TYFpu 4M3HMKHUHT
HyHaNTUpYBUYM BEKTOpHU OYicuH. 41.5-)xymiara MyBopuK d BekTopra Kyuma oyiaran

MMPOMOPHHUOHAIUIMK aHUKJINI'MAa ArOHa b BCKTOp MaBIKYyI. b BCKTOp ACHUMIITOTHK

LIS’/HaJ'II/IH_UIa 65’/J'II/IIJ_II/I MYMKHH 3MaC, YyHKH aKC XOJIJIa YHT'a OHI' KaMHUJlda UKKHUTa Xap
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Xl a@ Ba b #yHamumuap kymma Oymran Oymap saum. 41.3-xymnara MyBOQUK
Mapkys Oyaran b HyHanammra Kymma OyiraH M guaMeTpHU Kapainuk. Yaaa 41.6-
Kymilara Kypa a BEKTOp M TYFpU YM3UK y4YyH WYHaNTUPYBUM BEKTOp OYiaau.
bynman Tamkapu m guamerp I 9u3uk mMapkasuaaH yTaad Ba jgemak | TYFpu 4u3mk

OwnaH yctMma-yct tymanau. 41.7-xymita ucOoTaaHIu.

42§. UKKUHYY TAPTUBJIV UN3NKHUHT BOII HYHAJIMIIJIAPA BA
BOII JTUAMETPJIAPU. YK CUMMETPUSJIAPH.

bow itynanuuiap.
42.1-rabpud. Arapna {o, B} HyHamum OupopTa yHra Kymma Oynaran iyHanuiura
nepneHuKkynsap Oynca {«,f} HyHamumHuM I” MKKMHYM TapTHOIM YM3UKHHHT OOwI

HyHanuim aed aranaau.

Xap KaHaad WyHAIMIIWIA XyCyCaH IMEPHEHIUKYISP MYHAIUIIWTA XM KylIMa
Oynranu cababnm maxcyc HyHanum 0o HyHanuira mucon O0ynamu. Texuciauknaa
TYFpu Oypuyakiid KOOpJWHATajiap CUCTEMacuHu Kapailmu3 Ba F(X,Y)=0 ymymmii
TeHrnama OunaH Oepuirad I' umsuk {o, B} WyHanumnapunu Tonmaimuk. Arap {«,f}
BeKTOp Ooml ifyHanmiura sra Oynca, y Xonaa y HepHEHIMKYIAp {-f,a} BeKTropra
KylIMaaup. YHIa NyHaTUIJIapHUHT

a o, +ay, (o, + fay) + 8,58, =0 (81)
KYIIMJIMK IIapTH KyHuJard Tap3aa KypuHULIHA OJaIu:
—a,0f3 +a, (o’ + B(-p))+a,fa =0
€K1
aiza2+(a22_aﬂ)0‘:3_a12132 =0 (84)
Hemak, Ty¥pu Oypuakianm KoopAMHATanap cucremacuzaa I' umsukHuHr Xamma {a, [}

oo WyHamunuiapu (84) TeHrIaMaiaH TOMUIIA N,
xX*+y?=c (85)

KaHOHMK TEeHIrjamara 3ra OyiraH Yu3uKHU yMyMJIallrad aiiana ae0 ataiimus.
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Arap ¢>0 6ynca, y xonaa Oy paauyc ~/c Oynran aiinana, arap c=0 6yca, HOI
panuycnu ainana (OM3HUHT UdoAaTapuMHU3[a MaBXyM KECUIIYBUH TYFPU YH3UKIIAP
KybTaurn), arap ¢c<0 6yica, MaBXyM paJlyciy aiijiaHa (MaBXyM aiyiaHa)aup.

bomka Tyrpu Oypuakiu KoopauHATajlap CHUCTeMacHuja yMmMyMJallraH aiiaHa
TeHramacu (85) TeHrnamangaH (akaT OMpUHYM Ba HOJIMHYM Japa)xaid XaJjapu
OwnanrvHa (GapK KWIMIIKM MYMKHH. XaKUKaTaH XaM Ou3 OujaaMu3ku OyHAa SHTH
KOOpJIMHATAJIAp CUCTEMACHTa YTHINIA KBapaT KUCMHUHUHT MaTPUIIACH

U'=C*UC
Kouna Oyimua y3rapagun. U=E, C sca Outta TYfpu OypYakium KOOpJIWHATAIAp
cUcTeMacujaH OoIIKacura YTHUIll MaTPUIIaCH KaOu OpTOroHaI MaTpuiaaup. Jlemax
U'=C*EC=C*C=C'C=E

[Mynaait kKuub TYFpu Oypyakiu KOOpAWHATAJIAp CHUCTEMAacH1a UKKUHYHM TapTHOIU
YU3UKHUHT YMyMUH TEHTJIaMacyl yMyMJIallTaH aijiaHa TeHrJIaMacu OYiiaiy IIyH/1a Ba
(dakaT nryH1a KAYOHKU

a,=8,, &,=0 (86)
[lIynunr yuyH (84) TeHrnamana ymoy kymia KeJaub Yukaau.

42.2-xymaa. Uxtuépuii ymymiiairad aiiana y49yH UXTUEpUN HyHamui 601
uynanum 6ynaau. by 6unan 6up KaTopaa ymoy *Kymia Xam YpUHIIH.

42.3-xymiaa.Arap I' MKKMHYM TapTUOJIM YU3UK YMyMIIAITaH aiiiaHa 6yamaca,
y X0J1/1a YHUHT HaK MKKHUTA ¥3apo MEPIEeHIUKYISp OO HyHATUIILIAPU MaBXKY/I.

HUcbor. Arap a,=0 Oynca, y xonga (84) TeHriama MOpoONOPHHMOHAIIIUK
AHMKJINTHa HKKUTA CYMMIa 3Ta:

{a:p}={1:0} , {a:p}={0:1} (87)

Arappa a, =0 6¥nca, y Xxonaa B=0 uyHKH {a,f}={0,0}. (84) Tenrnamanu A’

ra 6ynu6

a, (%j +(a22 _%1)%_312 =0

TCHIJIaMaH! XO0CHUJI KWJIaMH3 Ba YHU €HaMU3
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B 2a,

€YMMHHU TonaMu3. beBocuTa TEeKIMUpUIILIAP IIYHU KypcaTaauku, OyHaa

a (ail—azz)i\/(an_azz)z"""afz (88)

{an, B} = {an —ay +\/(a11 8y )2 +4aj,, 2312}

Ba

{a,, By} ={an_azz _\/(an_azz)z +4312212a12}

BEKTOPJAPHUHI CKaJAp KyMalTMacu HOJra TEHI SbHU XOCHJ KWJIMHIaH OOl
WYHAIUIILIIAP NEPICHAUKYISAPIUP. XAKUKATAH XaM
{a B}l B} = (2 —a22)2 —(ay —azz)z —~4aj, +4aj, =0
{a:p}={1:0} , {a:p}={0:1} (87)
MyHocabaTap/iaH KaHOHHUK TCHIJIaMaJiapy OWiaH OepuiiraH dyu3ukiap yuyH (a, =0)
oo iyHanunuiap — Oy KoopJuHaTa YKIapy HYHAIUIIITUD.

bou iiyHanuuuiap Ba YK CHMMeTpHUsJIapH.

NkkyuHun TapTUOIM YW3HUK JAWMAMETPUHM arap yHra MepHeHIuKyJsp Oyiara
nyHanuira kymma Oynca Oom nuamerp ne0 atamanud. bom guamerp WyHaIUIINA
paBlmaHku Oom #HyHanmum Oynmagu. Teckapucu HOTYFpH, Maxcyc HYyHaiIMiura
NEePHEHANKYIIAP WYHAIHII OO HyHamuIn 6yiaan aMmmMo OOl AHaMeTp WyHaIUIIHIaH
nbopar smac. [lly BakTHUHT y3uja ymly xKymiia YpUHIIH.

42.5-xymaa. Mapkazmu ' uM3uk ydyyH Xap Kaiicu Oomr iyHamm Oorn
JTUAMETPHUHT WYHAIHUIIN OYiaau.

HcodoT. 41.7-xymnara myBopuk OyHaa Oomn yHanum OYIMAaCIUTHHA UIIIOHY
XOCHJI KWJIUII eTapiii. AMMO 0ol KYHaIMIITa MEePreUKyIsip HYHAIMII KYIIMa Ba
oIy BakTHUHT Yy3unma 41.5-xKymmara Kypa Mapkaszid YM3WKHUHT aCUMIITOTHUK
MYHAJIMILIN y3Ura y3u KyILIMa.

41.3-xymiara MmyBo(UK 001 AuaMeTpia MePIEHANKYIISIP WYHATHUIIIAr 6apya
BatapiapHuHr yptanapu €ragu. LllyHuHr ydyyH Oom auaMerp MKKWHYM TapTUOJIU

YU3UKHUHT CUMMETpUS VKU OYyaau.
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OHIM TeCKapu MacajlaHu edailsiuk. butragan KynpoK XaKuKuil HyKTaJlapHH Y3
W4Yura ONyBuYM | WKKWHYMA TApTUONIM UYM3UKHUHT XaMMa VK CHUMMETPHUSUIAPUHU
tonainuk. bac myHnai I' yn3uk YKk cummetpusicu | TYFpu 4u3uK OYJICHH. DHI aBBaJ

| Tyrpu umsmkra nepnenmuKyIAp OYaraH {e,f}HyHaIMII aCHMNOTOTHK HyHammmn
oynmmacun. Ilaptra xypa {«,f} Hymamum OGapua Batapiaapu ypranapu | Tyrpu
yn3ukaa €raau. VIKKMHYA TOMOHJAH YyJiap {a,ﬂ} HyHanumra Kymmaoyiaran m

nuamerpaa éranu. [ an3uk OuTTazaH KynpoK HyKTaJIapHU Y3 WUuTa OJIraHu Tydaiim
Oy epman | Ba M TYFpU YM3HMKIAPHUHT YCTMa-yCT TYIIUIIU KeJUO yukamu. DHau |
TYFPU YM3HUKra MEPICHIUKYISAP WYHAIHUII aCHMITOTUK iyHammm 0yncuH. [ unsuk |
TYFpU uM3MKIa OyTyHiall €rumu MyMKUH sMmac Oy xonaa I' ymsuk ycrma-ycr
TYIIYBYH TYFPU YM3HKIAp Ky(QTIUrd OYIraHW ydyH acUMIOTOTHK yHamumn | Tyrpu
YU3MKra napasuien oyiran oynap 3/u.

I' unsukma | Tyrpu umsukma érmaran M HykTaHd ojamu3. YHma | Tyrpu
YU3MKra HUCOATaH yHra CUMMETPUK M’ HyKTa XaMm [’ ym3mkra Teruuuiu Oynanu,
gyHKU | TYFpu un3uk [' 9M3UKHUHT cCUMMeETpHst YKuUaup. M Ba M’ HyKTanap OpKaiu
YTyBun M TYFpu uu3ukK OyTyHnail [T um3ukna €ranud, YyHKM Yy aCHMIITOTHK
UyHanumra sra Ba [ yu3uK OWIaH SHT KaMUJla UKKWTA HyKTaja kecumaau. Jlemak I
YU3WK WKKATa M Ba m’ KEYUUIYBUYM, Mapajuiesl €KW YCTMA-yCT TYIIYBUM TYFpH
YU3UKIAp KypTaurura axpanaau. Ukkuaau m’ TyFpu unsuk | TYFpu unm3mkra orma
OyiuImM MyMKHH 5Mac, 4yHKH Oy xonaa ymapgaH Oupu | Tyrpu umsmkra
NEePIEeHIUKYIISAp, OOlIKacH 3ca OFMa OyiaraH M Ba m’ TYFpU YM3HKJIApAAH TaAIIKUII
TOINTaH YM3UKra | TVFpu 4M3uK YK cumMMmerpusicura Oyaumu MyMKuH dmac. [IIyHuHT
yuyH m’ TYfpu 4n3uk & | TYFpu 4ymM3Kra nmeprneHauKyssip €Ki y OwiaH ycTMma-ycT
Tymwaau. bupunun xonaa I' ym3uk ukkurta napamien (ycTMa-ycT TYLUIyBUM OVIMIIM
XaM MYMKUH) TYFpHU YA3UKIApAaH Tallkuil Tonrad (53-pacm).

VYuaa Oy TYFpu 4u3MKIapra MepreHIuKyyIsap Oyiran Xxap KaHjaail TYFpU YU3UK
[ yu3ukHUHT YK cummeTpusicu Oynanau. byHnaH Tamkapu ymapHUHT siroHa (OOIi)
nuametpu d - M Ba m’ TYFp YM3MKIAp Opacuaaru ypra TYFpu YM3UK XaMm IIyHUHTJEK

I' yn3ukHUHT YK cumMmeTpusicu 0ynaan. Ukkuaum xonna [T 4u3uK neprneHukyasp m
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Ba m =l Tyrpu unmsuknap xyprimurunan udopar (54-pacm). by TYFpu UM3HKIApHUHT
xap Kadicucu [ um3uKHHHT YK cuMMeTpusicu 0ynamu. bynnan tamkapu | Ba m tyrpu
YM3UKJIAp TAIIKWI TONTaH UKKUTA BEPTUKAI TYFpU Oypyakiu KyPTIuruHusr d; Ba d;
OuccekTpuccaiapy xaMm IIyHUHTAeK [ Yu3uKHUHT YK cumMmeTpusiiapu Oynanu. by
ouccekTpuccamap ¥y3apo Kymma Oynaran Oom auameTpiap Oymanu. [emak, Ou3

yImOyHHU UCOOTIIATUK.

d
dz
m m'
m I=m'
™M
i
90° d;
cM'
53-pacm 54-pacm

42.6-teopema. [’ WKKMHYM TapTHOIM YM3WK OWTTaZaH KYNPOK XaKUKUI
HYKTaHU ¥3 U4Mra oyiraH oyiacu. YHua
1) arap ' yu3uk mapaimen TYFpU YM3UKIAp KYQTIUTH €KUM yCcTMa-*ycT TYIIyBUYd
TYFPU YUBUKIAp KypTauru Oyica, y Xojja y YeKCU3 Kyl YK CUMMeTpusjapra ara,
yJapjaH oupu oot guameTp 0ynany;
2) arap I' yu3uMK NepneHauKyJsp TYFpH YU3MKIap Kypriurugan ubopar Oyica, y
XoJila y TYpTTa YK MCMMeTpusicura sra OynuO, ynapaaH UKKATACH OOl JAHaMeTp
oynanm;
3) xonran Oapya xosuiapja Oomr auameTpiiap Ba ¢akaT ynap YK CHMMETpUsIiapu
oynmanm.

[Tapabona Yku. 42.6-TeopeManan napabOTaHUHT YK CUMMETPHUSICH YHUHT OOII
nuameTpu Oynagu. KaHoHuk koopauHaranap cucremacuna (a,=0) KoopauHaTta
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VKIapUHUHT WyHanumu Oom yHanunuiap Oymanu, ynapaan Oupu mapalolia yuyH
acCUMNTOTHK MyHanmum O6ymanu. lemak Ox YKu napaOoJlaHUHT SrOHA OOII JUaMETpU
Ba SIrOHA VK CUMMETpHUACH OViaau.

OHau uXTUEpUNA TYFpU OypUaKiIM KOOpAMHATANIAp cUcTeMacuaa a, #0 1ed
dapa3 kumb mapaboiia YKUHUHT TeHTJamMacuHu Tomainuk. [lapaboma yuyn 6=0

OynraHumaH a,a,, =a’, sra oymammus. Jlemak,

2 2 2
(a:u - azz) + 43122 = (an - azz) + 4a11a22 = a121 - 2a11a22 + a222 + 4a11a22 = a121 + 2a11a22 + a§2 = (an + azz)
JIEMAK,

gz(an—azz)i\/(an_aﬂ) +4a;, (88)
p 2a,,

TEHIJIaM YOy KYPUHUIIHY OJIau

@ _ 8~y i(an‘*'azz)
B 28y,

[IyHuHT yuyH nmapabojiaHUHT 06011 HYHaIUIuiapu

{allﬂl} = {311’312} ’ {052’:32} :{a227_312}

nap Oynanu. by WyHanuuuiapiaH UKKMHYMCH aCUMIITOTUK WYHIUIIAUD. XaKUKATaH

XaM,

a, Q, a4, | 2 ay
2 2U =\dy —dpy =\ A Gy T A, A Ay, T Ay, =
{2 2] (ﬁzj (@, ai)(aﬂ azj(—an] (Bu2 = By 80 )(—alj

= 8,,85, — 8,8, ~ A58, + A8y, = a8, ~ a5, =y (8,8, ~a5) =0
Hemak, {a,,a,}dyHamumra KymmMa OYiraH AMaMETPHU TONMII KOnau. BusHUHT
xouja (78) TeHrnama myHaai €3uiaiu:
a(a x+a,y+a,)+B(a,X+ay,y+ay,)=0 (78)

a, (aX+a,y+ay,)+a, (a,x+a,y+ay,)=0
€K1

(al +a ) x+ay, (3 +ay,) y+a,8,; +a,8,, =0
a/, HU a,,a,, ra aTMAIITUPUO

(al) +ay,a, ) X+ay, (ay; +8,) Y +ay,a,; +8,3,, =0

TEeHrJaMaHu Xocua Kuiamus. [Tapabona xomnaa
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a,+a,=0#0
yHJan KAIA0 napa6ona VKHUHUHT TEHTJIaMAaCUHU YOy KYPUHUILA E3UIIT MyMKHUH

113 27723
a Q183 3,85 _ 89
afl.lx 2 y . a22 ( )

[Mapannen TYfpu 4M3MUKIAp YUYyH HUMA TAAITYKIH OYJIHIIN ylap y4yH OOl auameTp
Mapkasiap un3uru oynummanp. lynunr yuys (89) tenrnama Oy xosa aH4a coaja

KYPUHHILTA 3Tra

a X+a,y+a,;=0 (90)
XaKuKaTaH Xam
a; &, o
522111 212 =0 A=la, a, a,/=0
© I W W
a2,

) MPOMOPIUOHAIIIMK KeNHO YMKaau. YHJA 3Ca TEHIJIUK

TEHIIMKJIApJaH
a12 a22 23

a,,8,, = a,,a,, KeIHO YMKaau

8,8, + 8,8, _ A, +ayd,;  (318)3;
ail + a22 all + a22 all + a'22

=a;.

43§. UIKKMHYU TAPTUBJIN YA3UKHUHI )KOMJIAIIIYBU.

Tyrpu Oypuak KOOpAMHATAJAp CHUCTEMACHa UXTHUEPUA yMYMHU TeHIiama
Owsian OepuiiraH UKKMHYMA TapTHOIU YU3UKHUHT KaHOHUK TEHIJIAMACHHHU OPTOTOHAII
WHBapuaHTiIap OVitmya aHukiam MymkuH (34§). UKkuHuM TapTUOIM YM3UK XaKHaa
TYJIHUK MabIyMOTra 3ra OYJIMII Y4YyH SiHA KAaHOHMK KOOpAMHATAJIap CHUCTEMACHUHUHT
VKJIapH KOVJIAHUILIWHYU TOIMIIHYU YPraHUII KEPaK.

1. Mapxka3siu xo.1. (5 #0). by Xo/11a KaHOHUK TEHIIaMacu

X+ Ay +§ =0 (91)

TeHrjamMara nponopuuoHanaup. Koopaunara ykinapuau
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a{_an — A—ay,
&, &,

tgp =

Oyniran ¢ Oypuakra OypraHuMHU3/a TCHIJIAMAHUHT KBaJpaT KHCMHU
//11)(!2 +ﬂ«2y,2
KYPHHHIIHYU OJIMIIHYU ajllaKadoH Ommamu3 (32§ ra KapajicuH) CyHrpa

{a11><+a12y+a13=0
A X+ay,Yy +ay =0

CucteMaJaHr aHUKJIAaHYBUYM MapKas3ra KOOpJUHATajap OOIIMHU KY4YUpPraHUMU3Aa
TEHTJIaMaiard OUPWHYN JIapakaid Xajuiap Wykonaam Ba y (91) xypuHUIIHA ONaam.
KoopnuHara YKJIapuHUHT WYHAIMIIUHA KapaMa-KapuIucura ajaMallTUPUIl MyMKHH.
[IIyHUHT yuyyH XapaKTepUCTUK KYMXATHUHT A; Ba A, WIAU3IApUHU (DaKaT TapTUOIaIl
KOJIaJI!.

d=a,a, , A=a,a,a,, 4=23,, 4 =2a, Oyaranugas (91) renrnama

XX — =0
b A O
TeHrJIamara nponopuruoHal. [IIyHuHr yayH 3/UIMNTUK X0J11a
4] <| %] (92)

TEHICU3NIUK Oaxapuiuim Kepak, 4YyHkKH Qokycmap OX Vkma &Eraam  1ebd
xucoOnaimus. ['unepbona yuyH

sgn A, =sgn 4, (93)
TEHIJIMK YpUHIIM Oynuiy kepak. KecunryBuu TYFpu Yu3uKIap yuyH Ay Ba A, TaHJaII
MYXHM aXaMHST KacO 3TMaiin, ITyHra KapaMacaH aHUKJIWK YI9yH KECUIITYBUU TYFPU

YU3UKJIAPHUHT KAHOHUK TE€HIJIaMacu/1a

a’>b®> mmapt Oaxapwiaaun ae0 ¢apas kKwmHamu. by Xonma (92) maprtioaH
doitnanaHuI MyMKHUH.

Mucon I' uKKuHYM TapTUOIM YW3UK TYFpU Oypuyakiin KOOpJIWHATAIaAp
cuctemacu OXy na

6xy +8y* —12x—26y+11=0
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TeHrnama Oepuiirad OYIJICHH.

YHna

5

0 3 -6
A= 3 8 -13
-6 -13 11

5=U|=-9<0 (runepbomuk Xo)

0 3 -6/ 103 -6/1/03 0
A=|A|=detA=|3 8 -13=3 8 -13/=[3 8 3|=81 5=0+8=8
-6 -13 11| |0 3 -15 [0 3 -9

A 3|
=A2-81-9
3 8-1

XapaktepucTtuk kymxaa 9, -1 wigusnapra sra (93) maptra kypa A=9, A,=-1.
[lynnait kb I runepOolaHMHT KAHOHUK TEHIJIaMacu ymlOy KypuHuiira 3ra, (91)

dbopmymnara MyBohuUK

81
X —y?+—=0
y 9

x> —y?-9=0

9X¢2 _ yr2 — 9

O'x" ykHuHT Ox YKra ofuil Oypyard ¢ y4yyH ymoyra sra 0yiamMu3
_A-a, 9-0_9

99 a, - 3 3
MapKa3HU
{3y—6:o
3x+8y—-13=0
CUCTEMAJIaH TOIIaMM3
y=2 3x=-3 x=-1

Oy epaaH sSHTH KoopJuHatanap Oomm O ymOy koopauHartanapra sra (-1; 2). bus

runepOoaHy TacBUpiaml ydyH Oapdya MabiymoTiapra sra Oynmuk (55-pacmra
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KApaJICUH) b_ 3 Oynranuman acummnrotanap OX' ykura @ Oypyak OCTHUIA OFUILTAH
a

OymuO yHuHT yuyH tge=3. Jlemak acummnTOTamapiaH OWpH TOPU3OHTAJIHP.
['unepOonanunr yunapu suru O’ KoopauHataiap Oommuaan a=1 macodana Typaiu.
2. 'nnepooauk X0 (5=0). Arap ' 4n3mK mapayuiesl TYFpU YU3UKJIApIaH

noopat 6ynca (A=0) y xonga y

y’2+§=0

KaHOHHWK TEeHTramara sra 6ynaam. O'X’ YKy Mapkasiap TYFpH YU3UFU OYIaju.
a,X+a,y+a;=0

Mapxkasnap TYFpH YM3HFUTA NEPIECHIUKYISAP OVAraH UXTUEPUNA TYFPU YM3UKHH O'y’

Vku cudaruia onuim MyMKUH. Arapaa [” un3uk napabdona 6yinca (A=0), y xonaa 'y

y/2:2 /—%X,

KaHOHUWK TeHrjaamara sra 0ynaau. O'x’ YKu napaOoJIaHUHT YK CUMMETPUACH OYaan

8,85 8,8y _ 0.
8y, T8y

apX+a,py+

95-pacm
[Tapabonanunr yuu Ba siHru O’ KoopAMHATaap OOIIM YKJIAapHUHT mapabona OuiiaH

KECUIIIUII HyKTanapu Oynanu. O'y' YK 3ca mapabojaHUHT YKUTa MEPIeHAUKYISp Ba
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YHUHT Y4YU OpKaldu YTYBUM TYFpU YM3UK Oynamu. Oy’ YKHU HXTUEPUNA TOMOHTA
OpUEHTEepJall MyMKUH. DHIU O'X’ YKHUHT MycOaT MYHAJIMIIMHU KypcaTUII KOJJIH.
Tyrpu Oypuakiau koopauHartaiap cucrtemacuzaa OX YKnaru MycOar BEKTOPHUHT
KoopAuHaTajapuHu  mapabonanuHr  F(X,y)=0  ymMyMuii  TEHIJIaMaCUHUHT
koddummenTiapu opkanu udomamoBun Gopmynamap O6op. AMMo Ou3 ymapHU
KEITUPULITra KHpUIIMaiMu3. ByHUHT YpHUra napa0ojJaHUHT YMyMUI T€HIVIaMacuHU
KAaHOHUK KYPUHUIITa aJIMAIITUPAJANIaH Ba KAHOHUK KOOpAWHATAJIAp TU3UMUTIA YTHIII
dbopMynacuHU TOMHIITAa UMKOH OEpyBYM YCYJIHH Takiaud KwiaMu3. ByHHHT ydyH
KOHKPET MUCOJI KypaMu3.
Mucon I'.un3uk

X2 —4xy+4y? +4x-3y—-7=0 (94)

TeHrnaM OunaH Oepwiradn OVysicuH. TeHrnmamMaHuHr KBajgpaT KUCMU TYJa KBaJpar

Oynanu, nemak Ou3 nmapaboJIMK TUIAArd YM3UK OuiIaH Uil Kypamu3. YHUHT (89) yku

il

yi0y KYpHUHHUIITA 3ra

x—2y+#=0
EKn
X—-2y+1=0
y'=0

TeHryamara sra Oynran O'x’ VK sca YK cumMmerpusicu Oynaau. dapas KWIaiiIuk
OyH1a

X'=C X+C,Y+8

y,:C21X+C22y+a2
dbopmyarap HyKTaHWHT KaHOHWK KOOpAMHATAIApUHU JACTIA0KH KOOpAMHATAIapH
opkaiu udoaagacuH. YHIa

CyX+Cyy+a,=0
TYFpU YHW3WK MapabosiaHuHr YK OVmamu. [lemak myHmai K mpomopiiaoHasuiiK
KO3 GUIIMEHTH MaBXKyIKH OyHIa

CyX+CpY+a, =K(x—2y+1)
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TEHIJIUK YPUHIUIUD.

C — (Cll chJ
CZl C22
MaTpHIlla OpPTOTOHAJ MaTpuIla OYITaHWIaH c’, +c., =1 TEHIJIMKra 3ra Oymamu3 Oy

1 .
epllaH k =+— Oymagu. XakukaTaH XaMm

N3

c,=k c,=-2k

1=cZ +ci, =k®+4k* =5k’

K2=lok=t o
5 5
X—2y+1 o
buznunr (94) Ttenriamangan I udomaHUHT TYyIa KBaJpaTUK axXpaTuod
t

anMamtupamus. Hatwkana ymoyra sra 6ynamus
(x—2y+1)2 =x>+4y* +1-4xy +2x—4y
by epnan
X —4xy +4y? = (x—2y+1)2 —(2x—4y+1)
X> —Axy+4y? +4x -3y -7 = (x—2y+1)2 —(2x-4y+1)+4x-3y-7=

2
_gx=2y+) —(2x—4y+l)+4x—3y—7=5[

(5]

X—2y+1

+/5

2
j —(2x—4y+1)+4x-3y-7=0

EKU

2
X—2y+1
S| ——=——| =-2x-y+8
( +/5 j ’

by TeHrnamMaHvHr 4Yam TOMOHM X Ta HOPONOPIMOHAT Ba MNPONOPLMOHATIIUK

koadurenTn mycoataup C MaTpUIIAHUHT OPTOTOHAJUIUTUIAH YIIIOY KeUO YMKaIu
X' =k, (—2x—y+8)

C X+C,Yy+a, =—-2KkX—Ky+8Kk,

C, = _2k1
Cp, =—k,
a =8k
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1=cZ +cZ, =k? +4k? =5k}

1
k?=1 kP==
Skl }:1 5 :klz%
, >0 k >0 5
Jlemak
X,_—2x—y+8
J5

[lynnait kuau6 (94) Tenriama ymoy KypUHHUIITA 3ra

{557 527

SIHI'N

,  —2X—-Yy+8

J5

0'(32) akaH X =

X

X—2y+1

B
ERBEES
ERFEAREES

SIEEIE

TYFpu Oypyakiu KOOpAMHATalap cHUCTeMacura yramu3. by KoopauHartamap

cuctemacuja napadosa ymoy TeHriamara sra Oyiuaau

5y,2=‘\/§X, eKI/I y!ZZLX!

N3

1
napaboJaHUHT MapaMeTpu —= T'a TEHT.

25
OHaM mnapaboJaHUHT KOMIAIIMINK Xakujaa antaimuk. C* MarpuianuHr
ycrynnapuaa €ku C MaTpUIlaHUHT caTpiapuja OX'y’ KaHOHUK KOOpJMHATAIIap

CUCTEMAaCHUHH  aHHUKJIOBYU O'ee, pEIEpHUHTI  OPTOHOpPMAall  BEKTOpJapH

KOOpJIMHaTanapu Typaau. Jlemak
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33
1 5; \/g 1
MR
=\E—F=+—F="
CUBTB
[TapaGonaHuHT >KOWJAHMUIIM S6-pacMaa TacBUpJjiaHraH. Oy’  YKHMHT MycOar

NYHAJIUIIUHU UXTUEPUI TaHJIAIl MyMKHH.

¥

Vit

56-pacm
MycTakui e4nIn y9yH MUCOJIap

1. 5x% +5y? +8xy —2x++/2y—8=0

Eugunmni.
5 4 Y2
2
5 4 5
U= A=| 4 5 —Q 5=U|= =25-16=9>0
4 5 2
N2 2
2 2
I' 3;munTUK TUIIAru YU3UK
5 4 —Q 9 4 —ﬁ 1 4 —ﬁ
2 2 2
A:|A|: 4 5 —ﬁzg 5 £=91 5 ﬁ:
2 2 2
—ﬁ—ﬁ—s oﬁ—s oﬁ—s
2 2 2 2
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L oa V2, 2
2 2
=90 1 V2 |=90 1 +2|=9-(-9)=-81
00 -9
0 g -8

XapaKTepUCTHUK KYIIXA]

‘5—/1 4

=(5-4)"~16=25-102+A?~16=A2~101+9
4 5-1

A=l 2=9 |4|<|4|

unauznapra ara. [llynmait kumno
X+ Ay +§ =0

(dopmynara MyBo(UK I' YM3MK TeHrIamacu ymoy KYpUHUIITA 3ra
X% +9y” +_781=0

X?+9y?-9=0

X% +9y? =9

12 12
X

—+
9 1

(91)

By apum Vkimapu =3 Ba b=1 OVirad >JUIMIICHUHT KAaHOHWK TeHriamacumaup O'x
Yy Ap YKJI1ap Y p

YKHUHT Ox YKra ¢ ofuil Oypyaru yayH

A-a, 1-5_-4
t :—:—:—:—1
g a, )

@=-45° sra 6ynamu3. Mapka3uu

CHUCTCMAaaH TOIIaMU3
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2

X+AY="" [1ox+8y=+2 10 8
J‘3 b =[g 1o/ =100-64=36
4x+5y:——2 8Xx+10y =—2
2
2 8 8 2
A, = V2 =10V2+82=18V2 A, = V2 =-10J2-82=-18\2
—J2 10 10 —/2
A, 182 2 A, 182 2
A 36 2 Y=A T 36 2
y V'

2-MHCOJ. 2y* +4x—-8y+9=0

y2+2x—4y+%:0

y”=y"\ Ay
(y—2)2+2x+%—4=0

2 1 xn’f4 O”—O’ ~ .'__xn’
(y-2) +2x+§=0
(Y—2)2+2(x+%j=0 1
y=y-2 X=x+2 o 1 2 X
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3-MHCOI. 4y*+4xy+Yy>—15=0

4 -2 0
4 -2 4 -2
U= 5= —4+4=8 A=|-2 1 0
2 1 2 1
0 0 -15
4 —
A=—15‘ 1‘=—15~8=—120
4-4 =2 , ,
o |F(AA(-2)-4=4-2-40+ 07 -4= 2" -51=(2-5)

XapakTepUCTUK Kynxaa wiausiapu 4 =0, A, =5.

h-a, 0-4_-4
tgp=——"-""=——-=—=2
9o a, 5 5

(91) Tenrnamara MmyBo(uK
0-x"?+5y"” —%:0

TV y'=3=0

5y?-15=0 y?*-3=0 y?=3

(y'=B3)(y'++3)=0 ¥
Jemak I un3uk y'—/3=0 Ba 3 +~3=0

y'++/3 =0 mapamien TYFpu [

v

Yu3uKIap xxypriauru oynaau.

4-mmcor.
X* +xy—2y? +5x-5y=0.

by Tenrnamanu Kynnaaruda €3aMus3

X* +2xy +5x—xy -2y’ -5y =0 L4
x2+2xy+5x—(xy+2y2+5y):0 -
X(X+2y+5)—-y(x+2y+5)=0
(x—y)(x+2y+5)=0 o > x
bepuiran 43K KECUILIYBUH TYFpHU S~ x42y45=0

YU3UKJIAP Ky(PTIUrura axxpanaim:

y=X, X+2y+5=0
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V BOB.
ADPDOUH AVIMAILITUPULIJIAP.
448. AIMALITUPULLLJIAP.

44.1-rabpud. Uxtuépuii f:X — X Ouexkuus, sbHU X TYIUIAMHU Y3UHUHT
ycTura y3apo Oup KUHMATIM akCIaHTUPHUII X TYIUIaMHU y3ura aaMamiThpui aeo
atananu. bapua X tymnamHu y3ura amvamrtupunmiap tymmamuaa T¢(X) opkanu
oenrmnaiiMu3. YeKiu TYIUIaMHUHT aIMAITUPHUILIMHA YHUHT YPHUTA KYWHII KU YPUH
anMamutapuin 1e6 aranagud. N Ta 3JeMEHTIIaH TalIKWJI TONTaH YEKJIM TYTUIAMHHHT
Oapua ypHUTa KyWHIIIAp TYIUIaMu N-Aapakaii CUMMETPUK O, TypyX Ae0 aTaiayBuu
rypyx Tamkui kuinagu. G — T(X) rypyXHUHT KUCM Typyxu OViacuH. Y TYIiaMHu Yo
TYIUIAM YCTUTa aKC JTTHUPYBYM ¢eG aIMalITUPUII MaBXyn Oyica, Y,,Y,c X
Tynnamnap G skBuBaneHT 6ynaau 1e6 aiframus. g(Y,)=Y, < VY~Y, .

44 2-xymua. X TymnamMHUHT Oapua KucMm tyrutamiap tymiamu H(X) ma G-
HKBUBAJIEHTJIMK MyHOCAa0aTH OyiIaau.

NcboT. Arap uxtuépuit Y € P(X) Hu oiub g € G cudartunaa id, e G HU oJicak

id, (Y)=Y &Y ~Y
Onmu Y,~Y, Oyncun. ¥ =onga mynpaii geG mapxyaxu g(Y,)=Y, OYymamu. YHna
g'eG 0ymub g‘l(g(Yl)):g‘1 (Y,). bynman g7 (Y,)=Y, spHH Y,~Y, CHMMETpPHK X0Occa
YPUHIIH.
Arap Y~Y, Ba Y,~Y, O6yica, myHaail g, G Ba g, € G Ouekuusiap MaBxKyJIKH
0,(Y,)=Y,, 9,(Y,) =Y,
Oynapnan
9.(Y.) =09, (gl (Yl)) =Y, sBHA (9,9,)(V1) =Y,
0,09, €G

OyHnaH Ba (9,0,)(Y,) =Y, TeHrnmukna# Y,~Y, MyHocabaTHH OlaMu3, TPAH3UTHBIIUK

X0CCa YpHUHIIA.
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Hemak Y,~Y, (G — SKBUBAICHTINK) XaKHKATaH XaM 3KBHUAJICHTIMK MyHOcadat

skan. Hlynnmait kw6 P(X)  tymmam y3apo G skBHaleHT OYiaraH KucMm
TYymnamiaapHUHT cuH(uapura axpanagu. [y O6mnan Oupra G rypyx KaHua KaTTa
oynca G — sKBUBaAJEHT CUH( XM IIIyHYA KaTTa, y3apo “Vxmamr” ¢urypaiap nyHya
Ky Oynmamu. ['eomeTpusima xap Xujl aIMAIITUPUIILUIAD TYPYXu Kypuiaau. Makrabmia
yprauuiaaurad OBKIUJ TeoeMTpuscH (rypajapHUHT IIyHJal XOccalapuHU
TEKIIUPAIUKU yJlap Xapakariapnaa (M3oMmerpusiiapaa) y3rapmaiian. OurypaiapHUHT
OMpPUHN MKKWHYKMCHUTA XapakaT ajJMallTHPHII OWjaH YTKa3HWIl MyMKHH OyJiica TEHT
dburypanap 1e6 aTanaam.

AHQJIUTUK TEOMETpUsa M30METPUK alMAlITUpUIIIap OwiaH Oup Karopaa

IIYHUHTAEK apPuH Ba IPOESKTUB AJIMAIITUPUIILIAD KYPHUIIAIH.

45§. AOOUH AVIMAIITUPUILJIAPHUHI' TABPU®U BA XOCCAJIAPU.

45.1-tabpud. Arap mrynnaii ukkura Ox...x, Ba O'%...x, adhduH KoopauHaTaNIAP
cUCTeMacu MaBxkyJ Oyincaku M eE" uxtu€puit M HyKTaHUHT OUpPHUHYU
cuctemMacuaarn koopauHaTanapy yHUHT f(M) aKCMHMHI WMKKHHYH CHCTEMacujaru
KOpAMHATaNapu OwiaH yctMma-ycr Tymica f:E"—E" , Nn=1,2,3 Tyfpu YHU3UKHUHT,
TEKUCIUKHUHT €K (Pa30HUHT aaMarITHUpUIIHU apduH anmMamTupuil e aramaau
(57-pacmra kapancun). by xonna f apdun anmamTupum ukkura OX,..X Ba O'X..X
adpduH koopauHaTasap cucreMacu OunaH €xku ukkuta O€..6 Ba O'€..€ apdun
penep OwiaH accounupianrad ae0 araiimMu3. bu3 A =E° TEKUCIMKHUHT adQuH
aIMAIITUPUTIUIApUHU TYna Tekmupamui. [y 6mnan 6upra 6ab3an siccu Ba pa3zoBuit
xoJuapaaru (apkjaapHu MyXokama KWJIUO TYFPU UYM3UK, TEKUCIUK Ba (a3o y4yyH

yMyMHil Oyiran appuH anMalITHpUIUIAPUHUHT XOCcalapura TyXTalaMu3.
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A\ 4

S7-pacm

45.2. ApPpun anmamTupuin OMJIAH 103ara KeJIraH BeKTOPJIAPHU AJIMAIITHPUIIL.

f ukkuTa Ox..x, (3ckm) Ba O'X..X. (SHIH) KOOpJMHATAIAP CHCTEMAacH OWJIaH

aCCOLUPIIAHTaH TeKMCIUKHUHT ((ha3oHUHTr) addGUH anMamITHpULLIapu O6yiacun. MN
BEKTODHM  Kapamuk. BeKTOpHUHT  KOOpAWHATANapd  yHUHT  OXUPUHHHT
KOOpAMHATAJIApUJAaH YHUHI OOIIMHUHI KOOPJAMHATAJIapUHU aWMpUIIJAH XOCHII
KWwinHrann — Tydaiim  f(M)f(N)  BEKTOPHMHT sSHTM  pemepra  HucOaTaH
KoopauHaTajapu MN BEKTOPHHHI 5CKH PeNepAard KOOpAUHATAIApH OWIaH OMp XKl
oynanu.

[ynpait Kuaub

f(MN):f(M)f(N) (1)

TEHIJIUMK OuiaH aHukjIanyBuu f :Vect(n) —\Vect(n) aKCIAHTUPUIITHU XOCUJ KWIIHK. f
AKCIIAHTUPHUIN [IYHUHTACK & BEKTOpP KOOpJMHATalapd Ba yHUHI f(&)akcu
KOOpAMHATaJapy TEHIJUTHAAH XaM aHUKJIaHaAu (Xap Xuia pernepiapaa) UIyHUHT
yayH 1-Tabpud a=MN BKTOPHHHT KYHWJIUII HyKTacura OOFIMK dMac. f

aKCIAHTUPHII  BEKTOpJap KOOpJAWHATajgapu Ba  aKclapu  KOOpAWHaTajIapu

TEHIJIMKIIApU/JIaH aHUKJIAHTaHJIUTH cababmu y Vect(n) (a30oHU Y3UHMHT yCTUTa
nzomopdusm Oynaau.
AHMKpOFH f aKCIaHTUPHUII HKKUTA

g:Vect(n) > R" Ba h:R" —Vect(n)

213



U30MOp(U3MIAPHUHT KOMIO3UIMACH Oynanu. bupuHun g mzomopdusm & eVect(n)
BEKTOpra YHUHT KOOpJAWHATanap HUCOATHHU MOC KHIMO KYsIu, 3CKH pernepia,
MKKUHYY h m30oMopdusm sca sHru penepaa (X,..,xX,)€R" COHnap HAOOPUHHU X,,...,X,
KOOpJAMHATAIN BeKTopra yTkazaan. f uzomopdusmuu f addun akcimantupuin Ouian
103ara KeJral YM3uKJIM aKCIaHTUPHUII 1e0 aTaiajiu.

45.3-xkymaa. f:E" —E" apdun anmamrrupunr Ba Og,..& - E' maru uxtuépmii
penep Oyncun. Yuma f(0)f(€)..f(€,) - Oy myHnpmail srona penepHu OyHna f
anmamrupuin Oe..€ Ba f(0)f (€)...f (€,) penepiap OuiaH acconupiIaHaIHy.

Hcoor. f ym3uiim akcIaHTUPHUIT U30MOpPU3M OYiaranu cababivd YU3UKIU
OOofJlaHMaraH KeTopJjap CHCTEeMACHMHM  YM3UKIW  OOFjlaHMaraH  BEKTOpJIap
cucremacura ytkasagu, f(0)f(€)..f(€,) penepuup. M - O€..& penepaa (x,..,X,)
KOOpAWHATAIN UXTUEPUI HYKTa OYiicuH. by aca

W:><1§1+...+xnén
OYJIUIIMHY aHTJIaTa/Iu.
f aKCIAHTUPUITHUHT YM3UKIWINTY Tyaiim ymoyra sra 6ynamus
f(o)f(M)=f(oT/|)=x1f (&) +..+%, f (&)
Ammo Oy tenrimuk f(M) mykra f(0)f (€)...f (€,) penepaa (x,,...,X,) KOOpAHHaTaIapra
sra OYiMIINTra SKBUBAJICHTIUDP.

f anmamtupumn O€..€, Ba O'€..€ penep OWIaH accONMpIIaHAJWTaH IIyHIAR
O'€|..§ pENEepPHUHT STOHAJUTUHU TEKIIMPHUIN Kojmu. O€..& penepaard (X,..,X,)
KoopanHaTtaHu M Hykra yuyH O'€..€ penepaa IyHAal KOOpAWHATAIU ArOHA HYKTa
f(M) nykra 0ynaau. llynunr yays f(0) HykTa HOJT KOOpAMHATANApra 3ra OyIraHuIaH

O’ wHykra Ownan ycrma-yct Tymagd. CyHrpa € =O0M, oyncuH. VYHAa

f(éi)zf(CT\/Ii)zf(O)f(Mi)zOf(Mi) . Ammo f(M,) - sHrm pemepma i-uu

KOOpJIMHATacu Oupra TEHT, KOJTaH XaMma KOOpJMHATajlapy HOJra TeHr OyiraH
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sroHa Hykraaup. Jlemak f(M;) - O’ HyKrajaH KyHuiran € BEKTOPDHHMHI OXMpH,

i

ApHU f (€)=€ , Kymia HICOOTIIaHIN.

45.4-wymna. bapua f:E" »>E" apdun anvamTupunuiap tymiamu T,(E")
rypyxauar E" Tymiam anmamrupuiiap rypyxu 1e6 aTanyBud KHCM TYPyX XOCHII
KHJIaU.

HNcoOoTr. AWHMI aKCIAHTUPUIN UXTUEPUM YCTMA-yCT TYIIYBYM pernepiap

Kyrouru Omnan acconupianany. Arap f ammamrupum Og..€ Ba O'..€ perepiap
o -1 I =
OwmnaH acconupiianran Oyica, y xonga f ~ teckapu anmamrupum O€..€ Ba O'€..€,

peniepiap OwiaH acconmpianamu. Arap f Ba g — apdun anmmamrupunuiapu 6yimo,

ynapnaaH Oupunuucu O€..€ Ba O'€..€ pemnepiap OwilaH accouupiaHrad Oyica, y
xonpa 45.3-xymnara MyBoGuK HKKMH4YMcH O'€..€ Ba g(0)g(€)..g(€,) pemepnap

KypTiuru omnan accouupiianaay. JKymiia ncOoTianau.

45.5-xymaa. Abdun anmamupuiiga

a) TEKUCITUK TEKUCINKKA YTau;

0) TeKUCIUKIAPHUHT MapauIeIUIUTH CaKJIaHa I’;

B) TYFPU YM3UK TYFPHU YU3UKIa YTaIu;

T) TYFPH YU3UKJIAPHUHT TapajuIeJUIUTH CaK/IaHa H;
1) KeCMaHu OepuiiraH HUcOaTIa OYIUII cakIaHaIu.

Hcoor. a) 7 - Tekucnuk oupopTa adhuH kKoopauHatamap cuctemacu OXyzZ ma
Ax+By+Cz+D=0 (2) Ttenrnama OunaH Oepwirad ¢a3oHUHT Oapya HyKTajgap
tymaamuaad  uooparaup. f abdoun anmamrupumm Oxyz Ba OxyZz  addun
KOoOpAMHATajgap cucrteMacu >Ky(priurn OunaH accouupiaHraH OYicuH. YHza
TekuCIMKHUHT akcu  f(z) xam OX'yz’ KoopauHATanap CUCTEMacuaa XyIUIu
Ax+By+Cz+D=0 (2) Tenrnama 6unad TaBcudIaHaau STbHA TEKUCIUK OYIaau.

!

6) 7. Ba 7 TCKUCIUKIAPHHUHI MApaAJUICIUIUTH YIIAPHUHI KECUIIIMACIIUTIUTra TCHI'

kywm. f  anmamrupummuer 6uexktusmurugan f(z) Ba f(z') Tekucnuknap xam

ITYHUHT/ICK KECUIIIMACITH KeJIU0 YMKaIH.

B) | T¥¥pu umsuk Oupopra addun koopauHatanap cuctemacu OXyz na
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X=X :y_yo _1-1%

a B /4

TeHrjIama OwiaH Oepwirad (ha3oHUHI Oapua HyKTajgap TyramumaH ubOopataup. f

anvarntupuin OXyz Ba O'x'yz' apduH KoopAuHATaIap cUCTEMAacH Xy(Tiauru Ouiax
accolpianran OyicuH. Yuma T1yFpu  um3ukHuHr akcu f(I) xam  O'xy7’

X —X — z-12
o Y=Y _ ° reHrimamMa OwWJIaH

B /4

TaBCU(IIaHAU, SITBHU TYFPH 4u3uK Oyiaau. ®azona | TyFpu un3mk xap Xui m; Ba 1

KoopauHaTallap CHUCTECMACHIAa XyIAOW Iy

TEKUCIMKIQPHUHT KECUIIINIT YU3UFU OYIraau
l=z,nm, T(1)="Ff(mnm)cf(n)nf(x,)
a) GaHxHY YBTHOOpra oMb Teckapu amMamrapun f 'ra yum
f2(f(m)nf(m))c 2 (f(m)n 7 (f(m,))=mnm, =
f(f(m)nf(z,))<!
f(z)nf(x,)cf(l)
JKaHJIUTMHU Kypcaraau. [lemax,
f(l)="f(m)nf(x,).
Jlemak f — aamamTupHinga TYFpu YM3HHK TYFPH YM3UKIa YTUINTMHAHT HKKHHYH
ncOoTH Oymasy.

r) Texucnmuknaru l; Ba |, TyFpu 4yM3MKIapHUHT MapayIeIUTMTHra YJIapHHHT
KecuiMaciurura TeHr kKywid. f aamamrupuimauar ouextusiuruaan f(ly) sa f(ly)
TYFpU YM3MKJIApHUHT Kecummaciauru kenmmO uukaam. SAvaum f(l;) Ba f(l)) TVFpm
YU3UKJIAp MapaIeIIIup.

Arap daszonaru |; Ba |, TVrpu unsukiap Oup TekucauKaa ETHO KecuIiiMaca, y
Xosaa ynap napamienmup. by xonpa Lz , l,cx Ba Lnl,=g. Yuna f ()< f(7),

f(,b)ef(z) Lnl,=0 f — OuextuBmurugan f(l)nf(l,)=0. [emak
f(I)Il f(I,)0¥nanm.

JI) Arap MP=APN BeKTOp TEHIIMK Oaxapwica, y xoiaga P mykra MN

KeCcMaHu A HucOatna Oynamu. f aKCIAHTUPHUIIHUHT YU3UKJIWIMTUTa Kypa ymoyra

ara OymamMu3
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f(MP)=f(APM)=Af(PM)

Oy noca f(MN):f(M)f(N) TeHriukra acocaH f(M)f(P)=Af(P)f(M) TEHIJIIUKIra

SKBUBAJICHTAMP, SbHU f anmMamrupuima kecMaHu OepuiraH HucOAaTIaH OYIIWII
cakianaau. XKymia ucOoTmanau.

n) mapT ahPuH aJIMAMITUPUIILTIAPH YUIYH Y3UTra XOC XyCycusT Oynub ymoy
Kymula YpUHIIAIUD.

45.6-xymaa. f anmamrupum agdun anMamrupum Oynaau, myHaa Ba (akat
IIyH/a, KAYOHKU Y KeCMaHu Oepuiiran HucOaTaa OYIUIITHA caKJiaca.

Etapnunmuruauar  ucOOTH TpuBHAidh OyiMaraHiura cababmm  ucOoTcu3
KEITUPaMU3.

45.4-teopema. TekucnukHUHT OUp TYFpU un3uKaa €tmarad 6epunrad O, M, N

HYKTajap YWIMTHHU 11y TEKUCIUKHUHT OUp TYFpHU YM3UKIa éTMarad oomka O',M', N’
HYKTaJap y4IMrura YTK3yBUM TEKUCIUKHUHT siToHa ahPUH aIMaIITUPUIINA MABXKYI.

IR

Hcoor. Mapxynmuruau Tekmupuil ydyH Oe€e, Ba O'€€, pemnepiap OuiaH

accoripianran f adGuH aaMamTHPUIIIMHT OJIMII €Tapiid, Oy epaa

&-OM, &=ON, &=OM', & =0N', f(0)=0',

f(&)="f(ON)=1(0)f(N)=ON'=¢,
Hemak f abdun anvamrupum Oeg, Ba f(0)f(€)f(E,)penepmap Ouian
accolMpiaHTraHauru cadbadmu 45.3-)xymnara MyBoQUK, y siroHagup. XyAau IIyHAanl
dazonunr 6up tekuciukaa €rmaran Oepwiran O, M, N, P wykranap TypTIUrusHu
dazoHuHr Oup Tekuciaukaa €rmaran Oomka O',M’,N’,P’ HyKTajmap TYpTJIUTHUTa
YyTKa3yBuH (Pa3oHUHT siroHa aQPUH aTMAIITUPHUII MaBXKYl JeTaH TaCIUK YPUHIUIND.
45.8. ApPpun anMAIITHPUIIHUHT AHAJIUTHK E€3yBH.

IR

f rexkmcmuxkHuHT adduH anmamTupumm O€€, Ba O'€€, perepyiap OWIaH

Y

. . - . C
accoiipnanran OyincuH €€, OasucnaH €€, Oa3ucra YTUII MaTPUIICH C:[Cn 12
C21 CZ?_

oyncun. bynnan tamkapu mactnabku OXy xoopawHaTanap cucremacuaa sHru O
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KoopAuHaTanap OOIIHU @; Ba d, KOOpAMHATATIApU MabiyM OVJICHH. YHIA JacT/Ia0Ku

penepaaru uxTué€puii M HyKTaHUHT (X,Y) KOOpIMHATaIapy Ba YHUHT akcu M'= f (M)

HUHT (X, y') KOOpAMHATaIapu

X':C11X+C12y+al} (3)
Y =CyX+CpYy+a,

MyHoca0aT OunaH O6ofnaHrad. XakMKaTaH XaMm, yioyra sra 6yiaMu3
AN o | X = = X
O’M':(el,ez)(yj=(el,e2)c( j (4)

LIYHUHT YY4yH

Jemak

Oxupru €3yB (TEHIJINK)

X'=CyX+C,Y+a
Y =CyX+CuYy+a,

€3yBHUHT BEKTOP IIAKJIIaru €3yBaaH HOOpaT IKaH.

IR A

Xymmu twyHpad f dasonunr addur anvamrupumm  OEEE, Ba OEEE,

peniepiapu OuWslaH accolMpiiaHTaH OYIICHH. €§,6, Oa3zuclnaH €g,e, Oa3ucra YTUII

MaTpHUIacH
Cyy

C= Cai Cp Gy
Ca

oyncuH. bynnan tamkapu mactnabku OXyz xoopaauHTanap cuctemacuga sHru O
KOOpJIMHATajmap OOMWHUHT d; , d; Ba a3 KOOPAWMHATAIAPHU MAablIyM OVIICHH.

Jactnabku penepaaru M HYKTaHUHT KOOpAMHATanapu (X,y,Z) yHuHr akcu M’ = f (M)

HUHT KoopJuHartanapu (X', y',z') opacujaru 60FIaHUIIHU TONAMIMK
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LWIYHUHT Y4yH
a X
OM’'=00"+0'M'=(€,,€,,&,)| a, |+(€,,6,,6)C| y (4)
z
Jlemak
X' X a
(6.6,,6)| Y |=OM'=(€,€,,&)|C| y |+| &,
' z a,

Oxwupru €3yB (TEHTJIUK)

X'=C X+C,Y+C3Z+8a,

Y’ =CyX+CpY+CpZta, (5)
!

= c31x+c32y+c33z +a3

(dazoHuHr adp(GUH ATMAITUPHILN YIYH TYFPHU 3KH.
AxcuHua O€€, permep OwiaH o3ara KeinraH Tekuciumkaa OXy KoopauHartaiap
cucteMacu Taiunnanran Oyncud. f akcnantupum M(Xy) Hykranu f(M)=M'(X,y’)

HyKTara yTka3aau Oy epaa x',y’

X':C11X+C12y+a1 (3)
y' =CyX+CpYy+a,
TEHIJIMK OWsiaH Oepuiiaan
Cll C12
C21 C22

IR

Vuma f akcmantupum O€€, Ba O'€€, pemnepiap OwnaH accouupianrad adduH

anmarntupuil Oynaau, 0y epaa O’ HyKTa (aj,a,) KOOpaAUHATaIapra ra
(€.6,)=(6.6)C

XakuKaTaH XaM TeKUCIUKHUHT uxtuépuii N Hykracu Oe€, Ba O'€€, penepiapaa MOC

paBumna (&,7) Ba (&',7') KoopauHartamapra sra Oyncus. By xonma Oynnma 6m3

owmnamusku (23§ ra KapajacuH)
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§=c11§’+01277’+a1} (6)

n=Cyué +Cyun' +8,
N Hykra cudatuna Oeg, penepaa (3) MyHocabar OuiaH aHUKIaHYBYH (X',Y')
KoopauHatanapra sra 0yaran f(M) Hykranu onamms. O'€€, pemeppa yHHHT (&',7')

KoopauHaTanapu (6) MyHocabaTHU KaHOATJIAHTUPAIH

X'=c,&'+c,n'+a }
Y =Cpué +Cpun' +a,

by Tenrnukinapuu (3) TeHrIMKIap OWsIaH TakKKochlad &'=x, n'=y XOCHJI KUJIAMH3.
XaKuKaTaH Xam
CuX+CpY+8 =Cu & +Cp' +8,
CyX+CpYy+a, =C,E +Cuon' +4a,
Cy (X&) +c, (y-1')=0
Cyp (X—=&")+Cp(y—7")=0

Cll C12
CZl C22

#0

OynraHujgaH Oup >KMHCIM TeHIIamanap cuctemacu (akar x—&'=0 Ba y-7'=0

IR

edrMJiapra ara, SsbHu x=¢&' Ba y=n'. Jlemak O'€€, pernepaa (X,Yy) KoopauHaTaapra
sra 0yaran M Hykra O'€€, pernepaa (X,y) koopauHaranapra sra 6ynaran f(M) Hykrara
f akcmanTUpuIT OMIaH YTKA3WIa 1, MaHa [yHH UcOOTall Tajad STUITaH /T4,

A'R' A

Axcunua O'€€)€, penep OwiaH ro3ara kenran ¢azoma OXyZ xoopauHartaiap
cUCTeMacH  TaWumiaHran  Oyiacud. f  akcmantmpumr  M(X,Y,Z2)  HYKTaHH
f(M)=M'(x,y',z') Hykrara yTka3aau Oy epzaa x',y’,z’

X'=C X+C,Y+C3Z+8a

Y' =CyX+CpY+CpZta, (5)
!

= C31X+ C32y+ C33Z + 613

TEHIJIUK OuiiaH Oepuiaan



— == =

Vuna f akcnantupumn OEEE, Ba O'€EE, penepiap Ounan accouupianrad apus

anMamrupui 6ynanu, 6y epaa O'(a,, a,, ;) KOOpAWHATAIapra sra

(€.&.8)=(€.88&)C
XAaKMKaTaH XaM TeKUCIMKHUHT UXTUEpUM N HyKracu OEgE.E, Ba O'€E, €, penepuapra
Moc paBuiiaa (&,n,4) Ba (&7, 4') KoopauHaTtanapra ara 0yacus. by xonna 6yHaa
ou3 Oomramm3ku (23§ Ta KapaJicuH)

&=c,é'+ C1277,+Cl3//+ aQ
N=Cyu& +Cpun' +Cppt' +a, (6’)
1=Cy& +Cpon' + C33,u' +a,

N HykTa cudaruga OEEE penepaa (5) MyHocabaT OwiaH aHUKIaHyBYH (X,Y',z')

IR A

KoopauHartanapra sra 6ynaran f(M) nykranu onamus. O'€g e, penepaa yHusr (&',n', 1)

KoopJiMHatanapu (6') MyHocabaTHH KaHOATIIAHTUPAIH

X'=c &' +e,n +Cu' +a
Y =Cpu& +Cpn' +Copt + 8,
Z'=Cu& +Cpn' +Cp + 2y

by Tenrnukiapuu (5) TeHrMkIap OuiaH TaKKOCaad Tomamus

CuX+CLY +CsZ+a =Cy& +C,n' +Cpu +8,
Cp X +Cpp Y +CpaZ +@, = Cpy &' +Cpol +Cpppt’ +a,

1 ’ !
CyX+Cgp Y +CypZ + 8, = Cpy &' +Copff +Cog it + 3,

Cu(X=&")+c, (y—n')+c,(z—4")=0
Czl(X—sg')ﬁLsz(Y—ﬂ')+Czs(Z—ﬂ')=0
C31(X—§')+C32(y—n')+033(2—,u'):O

6I/Ip JKUHCJIA TCHITIaMaJlap CUCTCMacHu1a

Cll C12 C13
CZl C22 CZS #0
CSl C32 C33

OYJIraHW Y4yH SITOHA HOJI €4UMTa 3Ta, S’IbHU X—¢&'=0, y—n'=0, y—u'=0, SbHU Xx=¢&',
y=n', y=u'. Jlemak O€E;E, penepaa (X,y,Z) KoopanHaTagapra sra 0yiaran M Hykra
O'ge,e, penepaa (X,y,z) koopauHaraigapra sra oynran f(M) nykrara f akcnmanTupuin

OuiiaH YTKa3uiaau, MaHa IIyHU UcOOTIal Tanald STHITaH 371.
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45.9-3ciaTma. Arap (€,€,) 6asucaa

x'=cllx+c12y+a1} 3)
y’ =CyX+CpYy+a,

MyHOca0ar f aJMamTHpUIITHUHT aHAIMTUK E3YBUHU Oepca, y XoJiIa

X' =C X+Cp,Y } @)
y' =C;X+CpY

dopmynanap Oy anMamiTUpuIn OWiaH fo3ara Keiaral f YU3WKIA aKCIaHTUPUITHUHT
aHAINTUK €3yBUJaH MOopaT Oynanu, AbHM d=X€+YyE, Bekrop f(a)=x€ +Y%,
BeKTOpra yTagm. Xakkatan xam a=OM nme6 f(d)=f (W) = W —O'M’
KeiluH 3ca (4) TeHrnukaad GoiljamaHun Kepak

f (d) :(él,éz)C@j:(él,éz)[: zj@j =(él,éz)(:i§:ﬁ =(*l,é2)(;j= X'€, + Y€,
Xy myHzaai, arap (€,€,,¢€,)

X' =CuX+C,Y+CZ+ay
Y =CpuX+C,Y +CpZ+8, (5)
!
7' =CyX+CpY +CpZ+a,
myHocabaT f apduH aaIMamITUPUIIMHUHT aHAJTUTHK €3yBUHU Oepca, y XoJiaa

r_
X =C X+C,Y+C;Z
Y'=CyX+CpY +CpZ
!
2 =CyX+Cy Y +Cy5Z

dbopmynanap Oy aaMalITHpUII OWIaH o3ara KeidraH f YW3MKIWM aKCIAHTUPHUITHUHT
aHaNUTUK  €3yBuAaH  ubopar  Oynmagu, SAbHU  a=X€ +YE,+26,  BEKTOp

f(d)=x€ +Yy€,+z€  Bexropra Yyrtagum.. XakukataH XaM a=0M 1eb

f(a)= (CW)z (O)f(M)=0M’ ora Oymamm3, KeiimuH dca (4') TEHIIHKIAH

doitananumn Kkepak
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X C11 ClZ Cl3 X
f(a):(al'éz’as)c y :(élvéz’és) Cu Cpn Cu||Y|=
z C31 C32 C33 z
C, X+C,Y +Cpu2Z X'
=(€,,6,,8)| C . X+Cp, Y +CpyZ |=(€,,6,,6)| Y |=XE +YE, +17,
Cy X +Cyp Y +CypZ z'

46§. UKKUHYU TAPTUBJIN YN3UKJIAPHUHT AODPUH
KJIACCHO®UKALMSIAPU (TABCUDJIAPH).

Addun anmamTupumr tabpudugan Ba 45.3-xymiagaH ymoly kymia Keiuo
YUKATH.

46.1-xymaa. Texucimkauar f adpdun anmvamrupummna [' MKKUHYIN TapTHOIH
yu3uK f(I) UKKUHYMA TapTUOIW YM3UKra yTaju. YHUHT ycTtura uxtuépuit addun
KoopauHatanmap cucremacu OXy yuyH wmyHpad OXYy adduH KoopauHaTazap
CHUCTEeMAacCH MaBXYAKH, yHAard f(I) uu3ukHUHT TeHrnamacu [ gusukHuHT OXY
KOOpAMHATANap CUCTEMAaCHIary TeHTJIaMacu OUJIaH yCTMa-yCT TYIIa/IH.

46.2-xymaa. UkkuHuu TapTUOIM YM3UK MapKa3u, aCUMIITOTUK WYHAIUIIMA Ba
acumnToTanapu ap(uH aTMAIITUPUIIMHUHT UHBApUAHTIIapu OYIaau.

bynna Oy arap f:E"—>E" - abdun anmamrupuimy; [ — UKKUHYE TapTHOIU
ym3nk% P Hykta d BekTop, | TYFpu um3uk Moc paBuiga ' Yu3MK Mapkasw,

=

acCMMNTOTHK HyHanumM, acunroracu Oynca, y xonma f(P), f(a), f(l)map moc

paBuliga f(I) UYM3MKHUHT MapKa3W, aCHUMIITOTUK WYHaIUIIM aCUMITOTATCH
OynuiumHu aHrnataad. Hommapu Tuiira onuHras sfneMeHTIap (Mapkasu, aCUMITOTHK
WYyHaIMIM, acUMOTOTajNapv) OepuwiiraH MKKUHYM TapTUOIM YU3UKHUHT O
KUMaTiau OepuiraH TeHIyiamacu OuiaH udonanaHranauru cababmu 46.2 xymiia
46.1 xymnanan 0eBOCHTa KETMO YUKAIH.

46.3-teopema. Vxtuépuil MKKMHUM TApTUONM YM3WK adPUH aTMAIITHPHUIL
BOCUTacuja, Oupopra TYFpu Oypyakiu KOOpJUHATajlap CHUCTeMacuja KyWujaaru
TEHTJIaMaiap OuiiaH OepuiiraH Yu3uKJIapiad Oupura yTKa3uiaau

1) x*+y? =1,
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2) X*+y?=-1;

3) x¥*+y*=0;

4) x* —y*=1;

5) x*-y*=0;

6) y* =x;

7) y* =1,

8) y*=-1,

9) y*=0.

Hcoor. by epna é3mnran tenrnamanap 33.1-TeopemanaH OJUMHTaH KaHOHHK

TEHIJIaMaJlapy OusiaH Oepuiira

XZ y2
1) =+ =1, I,
a’ b’ ’

2
2) % + # =-1, MaBXyM 3JUIHUIIC;
Xy
3) po 0, MaBXyM KECHIITYBYHU TYFPH YU3UKIIAP KYPTIUTH;

4) PO 1, rumepbona;

2 2

5) % —Z—Z =0, KECHILYyBYHU TYFpPHU YU3UKJIAP KYPTIUTH;

6) y* =2px, mapabona;

7) y*—a’ =0, nmapaien TYFpu YU3HKIap Ky(OTIUTH;

8) y?+a’ =0, MaBXyM mapajuiesl TYFpU YU3UKIIap Ky DTIUTH;

9) y*=0, ycTMa-yCT TYIIYBYH TYFPU YAZHKIIAD KYDTIATH,
YU3UKJIAPHUHT  COJAJIa KYpPUHUIIJArd TEeHriaamaiapjaan uoopar. 33.1-teopemanar
onuHra 1)-9) uymsuKiIapHuUHT xap Kaiicucunu 46.3-TeopemazaH OJMHTAH Iy
HOMEPJIM YM3MKra YTKa3yBuM apPuH anaMamTUpUILIMHA KypcaTtuil kepak. McooTHu (
1) Tenrnama) smmwmnc yuyH oiaub O6opamus. Jlemak I' smmumnc 6upopra OXYy' TyFpu

OypYaKIMK KOOpIMHATATIAp CUCTEMACH 1A

12 12

X Y4

+
a’ b?
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TeHrnama Owmnan 6epunrad. buz yuyn 6omka OXy TyFpu Oypuakiiu KOOpJauHaTagap
cucremMacuna x° +y’ =1 TeHrjaama OwiaH Oepuiran & aiijlaHara YTKa3WIIAMU3 Kepak

(58-pacm)

»
>

58-pacm
buz wm3nmaérran f apdun amvamrupuman f; Ba f, apdun anmmamrupunIapHUHT

KOMITO3UIIMSICH KaOW Kypamu3. YiapjaaH OupuHuyrcd O'X"y” KOOpAMHATAaIap

cucreMacuaa KYﬁHIIaF N aHAJIMTHUK é3YBI/IFa ora

X" 1
X"=—==x"+0y"+0
a a

14 y’ 1A 1 !
=—=0x"+=Vy'+0

y b by
1 .
a =—=0
0

lab
b

bynma I' smmunc Oy’ KoopauHaTaap cUcTeMacuaa X'°+y"> =1 TeHIJIaMa OuWiiaH
Oepunran &, = f, (/") aiinanara yrau. Uxkunuu f, abdun anmamrupum O'xy’ Ba OXy

KOOpJIMHATaJIap CUCTeMacH XKy (QTIuru OujiaH accolupiiaHraH J, Ba &' aina”ainap Oy

KOOpJIMHATajIap cucTeMacuaa Oup XWJl TEHIJamaiapra sra OyJiraHulaH ysaplaH
Oupu wukkuHuMcura VYTtaau. Jlemak OXy TYrpu Oypuakiid KOOpJWHATajIap

cucTeMacuia

TeHriaama Ownad Oepwnran smwmnc f=fif, apdun anmamrupum Epmammma OXy
KOOpJMHATANIAp CUCTeMacHuia X’ + Yy’ =1 TeHriama OuiaH OepwiraH aijaHara yTau.

(59-pacm). By xona Teopema ucOOTIAH/IH.
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59-pacwm.
OHnu ucboTHU ( 2) TeHriIama) MaBXyM JIUIUIC YuyH oiub 6opamus. [demak I

MaBXyM 3JUIUIIC OupopTa O'X'y' TYFpHu OypUakiv KOOpAWHATAIAp CUCTeMacuaa

TeHrIamMa OuiaH Oepwiran. bu3 yam Gomka OXy TyFpu OypdUakim KOoOpAWHATAIIAP
cucremMacuia x° +y? =-1 TeHrJIama OuiiaH OepuIraH MaBXyM ailyiaHara YTKa3UuIIuMHU3
kepak. M3nanaérran f apdun anmarmrupuinvau f; Ba f, addun anmamtupuniapHuHr
KOMIIO3ULIMSICH Kabu Kypamu3. YnapaaH OupuHuucu OX'y'’  KOOpAMWHATajiap

CHUCTEMacHuga KYfIHI[aFH AHAJINTHUK é3yBI/IFa ora

!
14

X =£=£x’+0y’+0
a a

" y’ ! 1 ’
=—=0x'+-y'+0
y b by

iol

a1:—¢0

0_a
b

"2 "2 __

bynna I' MmaBxyM smunc O'x'y’ KOOpAMHATaIap cucTemMacuaa X'*+y"  =—1 TeHrjiama

Ounan Oepuiran MaBxyM ainanara yau. Ukkuauu f, adpdun anmmamrupum Oy’ Ba
Oxy xkoopaumHaTamap cucTeMacu >Ky(QTiaurn OWiIaH accouupilaHraH &, Ba &

aiiaHamap Oy KOOpIMHATajmap CHCTeMacuaa OWp XWI TeHIJlaMajgapra oJra

Oynranugan ynapjaaH Oupu MKKMHYucHra yramu. Jlemak OXYy TYFpu Oypuaxiu

12 12

KOOpJIMHATAJIAp CHCTEMAacH/Ia _2+y_2:_1 TeHrnama Ounan Oepwiran sjumnc f=fif,
a

b
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apdun anmamtupum Epmamuma OXy KoopauHaTalap cucreMacuiaa X +y°=-1
TEHTJIaMa OujiaH OepuiraH MaBXyM ainaHara ytaau. Teopema Oy xoima ncOOTIaHIu.

NcbotHu ( 3) TeHrnmama MaBXyM KECHIITYBYHM TYFPH YH3HUKJIAP KY(DTIUTH YUyH
omu6 6opamm3. Jlemak " MaBXyM KECHIIyBYH TYFPH YH3HKIAp KyPTIUTH OMpopTa

O'xy' TYFpu OypUaKiIN KOOpJAUHATAIAp CUCTEMACH A

12 12

X" Y

2 b
TeHrIamMa OunaH Oepwiran. bu3 yam Gomka OXy TyFpu OypuUakim KOoOpAHHATAIIAD
cucremMacuaa X +y’ =0 MaBXyM KCCHIIYBYM TYFpPH YH3HKIAD Ky(TIMrUra
yrkazummmu3 kepak. M3manaérran f apun anmamtupunmuu f; Ba f, addun

AIMAIITUPUIIUIAPHUHT KOMIO3UIMACKH KaOu Kypamu3. Yiapnan OupuHuncu O'XY'

KoopAauHaTallap CUCTCMAaCHad KYﬁHﬂaFH dHaJIMTHK éSYBI/IFa ora

X" 1
X"=—==x"+0y"+0
a a

" y’ ’ 1 !
=—=0x'+-y'+0
y b by
1o .
a 1:—b¢0
0 1 a
b

bynga [' MaBXyMm KeCHUIIyBYM TYFpPU YM3UKJIAp KyPTiuru OXy KOOpAHHATAIAp

"2 "2

cuctemacuga X" +y" =0 TeHIIama OwiaH OepwiiraH MaBXyM KECHILYBYU TYFpU

gm3uKIap okypraurura yrau. Wxkkuaum f, apdur aamammupum O'xy’ Ba OXy
KOOpJIMHATaJIap CUCTeMacH Xy(TIuru OWiiaH accouupiiaHraH, OyHIa Xocwi OyiraH
MaBXyM KECHIIYBYM TYFpHU YM3MKIAp XKyPTIUru Oy KOOpAMHATaNap cUcTeMacuia

OMp XWJ TEHIJIamMasiapra sra OyJaraHujiad yjaapaaH OMpu UKKMHUKMcHra yTaau. Jlemak

12 12

Il ! b y p—
O'x'y' Tyrpu Oypyakiii KOOpJWHATAJap CHUCTEMacHja ?+b—2—0 TEHIJIaMa OuJiaH

Oepwiran MaBxXyM KecuinyBud TyFpu umsukinap kydprourn f=ff, addun
anMarmTupuin épaamuna OXy KoopAWHATajgap cucTeMacuaa x> +y° =0 TeHIIaMa
OuyiaH OCpHJITaH MaBXyM KECHIIYBYM TYFpH YM3UKJIap Ky Tiurura yraau. Teopema
Oy xonaa ucOOTIaH IH.
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OHmu ucbotam ( 4) TeHriaama) rumepOonia yayH ommb Oopamms. Jlemak I

12 12

runepOosia Oupopra O'Xy' TYFpu Oypuakiii KOOpAUHATAIAp CUCTEMAacH1a —Z—i;—z =
a

TeHrIamMa OuiaH Oepwiran. bu3 yam Gomka OXy TyFpu OypdUakim KoOpAWHATAJIAP
cucreMacuna x°—y? =0 OwiaH OepwJIraH TCHI TOMOHJIM THrepOoJiara YTKa3uiuMu3
kepak. M3nanaérran f apdun anmamrupuivau f; Ba f, addun anmamtupuniapHuHr
KOMIIO3MLIMSICH Kabu Kypamu3. YnapaaH OupuHuMcH OX'y'  KOOpAHWHATajiap

CUCTEMaAcH A KYﬁHHaFH AHAJINTHUK éSyBI/IFa ora

o |k
(BN

bynna [' mMaBxyMm KecUIyBYM TYFpH YM3UKJIAp Ky(prauru OXy’ KOoOpAUHATAIap

"2\ n2

cucremacuga X"°—y"* =1 TeHriama OujiaH OepuiraH TEHI TOMOHJM TumnepOosara

yramu. Ukkunuu f, apdun amvamrupum O'xy’ Ba OXy KoopauHaTagap cucTeMaiapu

OwiaH accouMpiiaHaad, TEHI TOMOHJU Trurnepoonamap Oy KoopAUHATaIap
cucteMaiapuyia OWp XWJ TEHrjJamaiapra odra OyiraHujgaH yjapjaaH Oupu

UKKUHYMCcUTa yranu. Jlemak O'Xy TYFpu Oypyakiiv KOOpAMHATaJap CHCTEMAacHaa

X!2 12
—Z—Z)—Zzl TeHriamMa Owian Oepwiaran runepoosna f=fif, adbdun anmamTupun
a

épnamuna OXy KoopAMHATAlAp CUCTeMacuaa X’ —y’ =1 TeHriiama OwiaH OepuiraH
TEHT TOMOHJIM ruriepoomnara yraau. Teopema Oy Xo1a UCOOTIIaH N,
Ncbotau ( 5) TeHriiama) KECUITYBUYHM TYFPU UYU3HKIAP KY(DTIUTH y4IyH OJHO

Il y!

oopamui. [lemak ' xecuiryBuUM TYFpH YM3UKIAp KypTauru Oupopra O'XY' TYFpu

12 12

Oyp4YakiIv KOOpAMHATANIAP CUCTEMACH 1A —Z—Z)—Z =0 TeHriama OunaH Oepwiras. bus
a

yau Oomika OXy TYFpu Oypyakiivi KOOpAWHATalap cucreMacuaa x°—y? =0 TeHrjiama

OunaH OepwiiraH KECHIIYBYM TYFPU UYM3HUKIAP KyQTIUTUra YTKA3UIIUMHU3 Kepak.
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W3znanaérran f appun anmamrupumman f; Ba f, adbdun anmamrupunumapauHT

Il y!

KOMIO3UIMACH Kabu Kypamu3. YnapaaH OupuHuncu Oy KoopauHaTaiap

cucreMacuaa KYﬁHHaFH AHAJIMTHK éBYBI/IFa ora

”=£=£x’+0y’+0
a a

X

" y’ ’ 1 !
=—=0x'+-Yy'+0

y'=5 b7
1 .

a 1 =—b¢0

o 1 a

b

bynga [' mMaBXyM KecHUIIyBYUM TYFpPU YM3UKJIAp XKypriuru OXy’ KOOpAHHATAIAp

n2 .\ m2

cucremacuaa x'>—y"”>=0 TeHr1amMa OWJiaH OepwiraH KECUIIYyBYM TYFPHU YU3HKJIAP

xy¢prmurura yrou. Ukkuauu f, apdunr anvamrupum O'xy’ Ba OXy KoopauHATaNap

cuctemanapu Ounan accorupianrad. KecumryBuu TVFpu yn3ukiap xxydriaunapu oup

XWJI TEHIJIamMallapra sra OYNraHuaaH yinapjaH Oupu HKKUHuYMcUra Ytamu. Jlemax

12 12

Oy’ TYFpu OypHakiu KOOpJAHWHATAJAp CHUCTEMacuia —2—1/)—2:0 TEHIJIaMa OuliaH
a

Oepwiran kecumryBud TyFpu umukiap kybpmmru f=fif, abdun anmamrupum
épaamumga OXy KoopAMHATaIap CHCTeMacuaa X —y° =0 TeHrjaama OujaaH OepuiraH
KECHIIYBYM TYFpU UH3UKIap Kypmiurura yraau. by xomma xam Teopema
UCOOTIIaHIN.

Ncbotau ( 6) Tenrinama) mapabosna yuyH onud 6opamus. [lemak I' mapaborna
Ooupopra O'XYy TYy¥Fpu Oypyakiii KOOpAMHATAIAp CUCTeMacuaa y'>=2px TeHrjIama
owtan 6epwirad. busz yau 6omka OXy TyFpu OypUakiiv KOOpJWHATajIap CHCTEMacH1a
y’ =X TeHraMa OWjaH mapabojara yTKasuimuMmu3 kepak. M3manaérran f addun

anvamtupuiian f; Ba f, adduH amMamITUpUIIUIADHUHT KOMITO3UIMSICH KaOu

KypamMu3. YnapjaaHn OupuHuucd Oy KOOpJIWHATajap CUCTeMacuaa Kyuujaaru
AHAJINTUK €3yBUIa dra
X"=2px'=2px'+0y'+0

y'=1y'=0x"+1y'+0
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2p 0O
=2p=0
0 1

Il !

bynga I' MaBXyMm KecHIIyBYHM TYFpU YH3UKIAp KyPTIura Oy KoOopauHaATalIap

1 o
cuctemacuga y'* =2 p2— X"=x" TeHINIamMa OwusiaH OepwiraH TmapadoJiara YTajau.
P

Wxkunuu f, apdun anmamtupum O'x’y’ Ba OXy KoopAMHATaIap cMcTeMajapy OuiaH

accouupinanrad. [lapaGonamap Oy KoopAMHaTalap cuUcTeMacuaa Oup Xuil
TEHTJIaMaapra sra OyiraHuaaH yiaapaaH Oupu UKKUHUMcUTa yTaau. lemak O'Xy’
TYFpu Oypuakiv KOOpJWHATANAp CHCTeMacuia y'> =2px’ TeHIJIaMa OwujaH OepuiraH
napabona f=f,f, appunr anmamrupum Epaamuna OXy koopauHaTamap cucTemacuia
y?=x TeHriama OwinaH OepwiraH mnapabonara yraau. by xonma Xam Teopema
UCOOTIIaHIH.

OHau ucOboTHU ( 7) TeHrjgama) napamiel TYFpU YHM3UKIAp KyPTIMICA Y4yH
o6 6opamus. [emak ' mapamien Tyrpu un3ukiap xypriuru oupopra O'Xy' TYFpu
OypYakiii KOOpAHMHATaJIap cucremacuaa y'”-a’=0 TeHriama OwiaH Oepwirad. bus
yau Oomka OXy Tyrpu Oypuyakid KOOpAHMHATajIap CcUCTeMacuua Yy’ =1 Owuiad
Oepuiran mapajuiesl TYFPU  UYM3MKIAp OKy(QTIMIUra YTKa3ulIuMU3  Kepak.
W3znanaérran f apdun anmamrupumuau f; Ba f, addun anmmamTupuiapHuHT

KOMIMO3UIIUSICH Kabu Kypamu3. VYiapjaaHn OupunHuucu OX'y’ KoOpJauHaTtajiap

CUCTEMacHuaa KYﬁHHaFH AHAJINTHUK é3yBI/IFa ara

X"=x"=1x"+0y"+0
y":L:Ox’+ly’+O
a a
10
==—=%0
0 1 a
a
y12
y'-at=0ey’=a'oi=loy?=1

Il y!

bynna I' mapannen Tyrpu unsukiap xypriuru O’y KOOpJAuHATanIap CHUCTeMacHuaa
y"> =1 TeHrama OwiaH OepwiiraH mapajie] TYFpU YU3UKIAp Ky(QTINrUra yTaju.

Wxkunuu f, apdun anmamtupum O'x’y’ Ba OXY KooOpAMHATAIap CHCTEMaapy OWIaH
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acCoUUplIiaHaAM, TMapaien TYFpU YU3WKIap OKydpTiura Oy KoOopAMHATaiap
cucremanapujga Oup Xuj TEHIJlamanapra osra OynraHujaH ynapiaH Oupu
UKKHHUKCHTa yTamu. Jlemak OX'y' TYFpu Oypdyakiid KOOpAWHATANIAp CHCTEMacHaa
y’?—-a’=0 TeHrIamMa OwiaH Oepuirad mapajmiea Tyrpu umsukiap xkydraurn f=fif,
apun anmamtupum Epaamuaa OXy KoopauHaTajap cHCTeMacuaa y’ =1 TEeHIJIama
Ounan OepwiraH mapajuien TYFpH 4M3UKIap Kyraurura yraau. By xomma xam
TeopeMa UCOOTIIaH !,

Hcbothu (8) TeHrinama MaBXyM Hapajuien TYFpU YU3UKIAP KyPTIUTH YIyH
omu6 6opamm3. Jlemak I' mMaBXyM mapamnen TYFpu 4YuM3HKIap Kypriauru Oupopra
O'Xy' TyFpu Oypuyakiu KOOpJIMHATAlap cHcTeMacuiaa y'>+a’=0 TeHriama OuiaH
oepunran. buz ynm Oomka OXy Tyrpu Oypyakivd KOOpJMHATajap CHCTEMacHuiaa
y’=-1 Ownan OepwiraH MaBXyM Mapajuie]l TYFpPH 4YH3WKIAp KyTiaurura
yTkasummmu3 kepak. M3nanaérran f apdun anmamtupummuu f; Ba f, addun

AIMAIITUPUIIUIADHUHT KOMIIO3UIMSACH KaOu Kypamu3. YiapnaH OupuHuucu O'XY'

KOOpAMHATAJIAp CUCTEMACH1a KyHUIaru aHaJIMTHK €3yBUTa 3ra

X"=x"=1x"+0y"+0
y”=i=0x’+1y’+0
a a
10
===0
0 1 a
a
12
y’2+a2:an'zz—azcy—zz—lay”zz—l
a

Wxkunun f, apdun anmamtupuin O'xy’ Ba OXy KoOpAHHATANIAp CHCTEMaapu OujaH
accommpiaHaay, Oy MaBXyM mapauiel TYFpU YH3UKIAp KypTauru Moc
KOOpJIMHATaJIap CHUCTEeMajapuaa Oup XWi TEHIJIaMaliapra sra OyiraHujaH yjaplaH

Oupu wuwkkuHYMcuTa VYTaau. Jlemak OXy TYrpu Oypuakiii KOOpJWHATajIap
cucremacuna y?+a’=0 TeHriamMa OwjaH OepwiraH MaBXyM Mapauie] TYFpu

ymsuiiap kypraurn f=ff, apdun anmamrupum Epmammma OXy koopamHaTaiap

cucreMacuaa y> =-1 TeHrJIaMa OujaH OepuiIraH MaBXyM Mapaiiesl TYFpU Yu3HKJIap
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xyprourura yranu. By xonma xam teopema ucbornanau. McOotau (9) Tenrmama
yCTMa-yCT TYUIYBYM TYFpPU YHU3UKIAp KypTiurd yuyH oiaub® Oopamus. emak I’
yCTMa-yCT TYLIYBUM TYFpPU YM3UKIAp KypTiauru Oupopra OXY TyFpu Oypyakiu
KOOpJMHATANAp crucTemMacuaa y'” =0 TeHrinaMa Owian Oepwirad. bus yau 6omka OXy
TYFpu Oypyakiii KOOpIMHATalap cucreMacuga y’ =0 OwmaH OepwiraH ycTMa-ycT
TYIIYBYH TYFPHU YU3UKIIAP )KYPTIUTHTa YTKA3UIIMMU3 Kepak. bu3s uznaérran f adppun
anMamTupunl - O'x'y’ Ba OXy KoopauHaTamap cuctemMacu Kypriaurun OuiiaH

accolMpiaHTraH OYJICUH. YHJa YCTMa-yCT TYIIYBYU TYFPU YM3UKIIAD KyPTIHKIApU
Oy KoopAuHATajmap cucTeMalapuja OWp Xujid TEHIJIaMajlapra i3ra OyiraHnuaan
yJapjaH Oupu uKKkuH4YMcUTa yTaau. Teopema Oy Xo1a xaM UCOOTIaH 1.

46.4-teopema. Xap XwJI HOMJIapra 3ra OYIraH MKKWHYU TapTUOIMA YU3UKJIAD
ad(UH PKBUAIIEHT AMAc. DHI aBBaJl OUTTAJaH OPTUK XAKUKHIM HyKTaJlapHH Y3 UUHUra
OJIyBYM WKKWHYHU TapTHOMU 4YM3UKIapHU (papkmaiimu3. TYFpu YM3XUKHHU Y3 WUUHUra
OJIYBYM YM3HK JJUIUIICTa runepoosara Ba napadonara apuH 3KBUAJIEHT 3Mac, YyHKU
Oy YM3HMKJIApHUHT X€4 Oup y4Ta HyKTacu OWTTa TYFpu um3ukiga érmaiau (38§ ra
KapaJCuH).

46.2-)xyMia 3JITUIIC, THIIEpOOIIa Ba MpadoaiaipHu y3apo (apkiiamra IMKOH
Oepaau: mapaboia Mapkasra sra sMac, 3JUIMIIC 3¢a aCUMITOTUK WYHAIIMIIra 3ra Mac.
Tyfpu uyu3MKIapra axpalyBud UWU3UKIAPHU CHUMMETpHUS Mapkasjapu Oyitnua
dapknam MymkuH. KecuiyBUM TYFpU YM3HMKJIAp SITOHA CUMMETpPHSI MapKa3ura ara,
napajuiell Ba yCTMa-ycT TYIIYBUM TYFPU YM3UKJIAp MapKaszjiap TYFpU YM3UFUTa Ora.
Yerma-yeT TymyBYM TYFpU YM3UKIAPHUHT UXTUEPUN MapKa3W yJIapHUHT Y3uja
&raau, mapauien TYFpH YM3UKIapIa 3ca yHaan smac. dakat OMTTa XaKuKHi HyKTaHH
¥3 “uura OJyBUM STOHA YM3UKHHU (MaBXyM KECHIIIYBYU TYFPU YM3UKJIAD KY(TIUTH)
paBIIaHKU Xe4 Oup OolKa YM3MKra Xed Kangai addua anmamTupuin OunaH
YTKa3uII MyMKHH 3Mac. by Taciuk 6upopTa XakuKUi HyKTara 3ra OyJiMaraH Yu3uKra
HUcOaTaH XaM (MaBXyM AJUTMIIC Ba MaBXyM Mapajuiesl TYFpU YU3UKIAP KY(TIUTH)
TVFpu Oynanu. Dakat ynapau y3apo dapkiaim Konaau. Hazapuii Tymamiap HyKTau
HazapaaH Oy YM3HMKIAp XaKUKUHA TEKUCIUKHUHT Oyl KUCM TYymjiaMugaH uOopar

OymmO wuXTUEpUN aIMalITUpULUIAp TypyXura HucOaTaH ¥y3apo SKBUBAJICHTIUD.
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Ynapau KoMIuIeKc Tekucaukaa dhapkiaam myMmukH (38.2 6anara kapaicuH). by xonma
UXTUEPUNA XAKUKUH TYFPU YM3UK MaBXyM BJUIMIICHH € OWTTa MaBXyM JJUIMIICHU €
OuTTa EKM MKKHUTA KyllIMa KOMIUIEC HyKTa/la Keca Iy 111y BAKTHUHT Y3KJa aCUMIITOTHK
HyHanummaaru Tyrpu 4n3uk yY=0 sca MaBXyM mapajien TYFpH YU3UKIap Kyprauru

y’ +1=0HHU MyTJIaKo KecMaiiau. Teopema nCcOOTIaHIN.

47§. U3OMETPUK AIMAIITUPHUILIIIAPHUHI TABPU®U BA
XOCCAJIAPH.

47.1-rabpud. Abdun anmamtupumr f:E" - E" , n=1,2,3HU arap y UKKuTa
TYFpu OypyakiiM KOOpAMHATAJap CHUCTEMacu OuiaH accouupliaHraH Oyica,
M30METPUK alMamTupuin e aramau. M3oMeTpuk amMamTHpUIL IyHUHTIEK
Xapakar aJMalITHPHII XaM Je0 aTanau.

N3omMeTpuk amMamTupuil TabpUUHUHT acocu OYnub TabpUPUHUHT acocu
O6ynu6, ymly TeopeMa Xu3Mat KHjiaju.

47.2-Tteopema. f:E"—>E" , n=12,3 agMalITHPHUII U30METPUK ATIMAIITUPHUII
Oynmanu, mryHna Ba ¢akaT IIyHJa KAuOHKM Yy HyKTajgap opacujard macodaHu

caKyiaca, SbHM Ka4OHKH M,,M, € E" HykTamap yuyH p(M;,M,)=p(f(M,),f(M,)) .
HcOoTHM TeKUCIMK OyiraH xoa ydayH om0 6opamms. f - OXy Ba Oy’ Tyrpu

Oypyakiay KOOpJIMWHATajap CuUcTeMajapu OWJIaH acCOLMpiaHTaH HW30METPHUK
anMamTupuin O0yncuH. By KoopauHaramap CHCTEMAaCHMHMHT TYFpU OYpYaKIWIMIH

Tydaiinm (13§ ra kapajicuH)

p(M1’MZ):\/(Xl_X2)2+(y1_y2)2

f(M;) Ba (M) HykrTamap xaM aMMO SHIM SHTH O'x'y’ KOOpAMHATajgap CHCTEMacuia y

XaM NIYHUHTACK TYFpHU OypuakIMaup XyAIu IIyHJIal KoopJauHaTazapra 3ra Oyiaiau.

lynunr yayn p(M;,M,)= \/(X1 —X, )2 +(v,—y,)" Ba (8) TEHIJIMK TEKIMPUIIH.

DOuan f akcmaHTHpHUIN HyKTajgap oOpacHJard MacOKaHW CakjIacuH. YHIA Y
KeCcMaHu Oepwiiran HucOataa OYIuIMHY cakitaan. Xakukatad Xxam MN kecmanu P
HyKTa A HUcOaTaa OVicuH. YHIa
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MP = APN
[MP|=p(M.P)=p(f (M), f(P))=|f (M) (P]

[PN|=p(P,N)=p(f (P), F(N))=| (P) f (N)

MP = 2PN =|MP|=|][PN|=| f (M) T (P = || f (P) F ()| = f (M) f (P)= AT (P) f (N)

spHM f anMamTupuin kecmanu OepwiraH HucOatna OynumiHM cakmaiau. [lyHuHT
yuyH 45.6-xymmara myBopuk f anmamrupum addur ammamrupumn Oyiamu.

Texucnukna Oupopra oproHopMasl O€€, penepHH ojiaMu3. McOOTHU Tyratuil y4yH
45.3-xymnara MmyBopuk f (0)f (&) f(€,) penep XxaMm IIyHUHIIEK OPTOHIOpMal penep
OymummHM Kypcatuml Kojagu. O HyKTajgaH KyWuiraH € Ba € BEKTOpJIap OXHUpiapu
M; Ba M, HyKTanap/a xounamrad 0yyicud. YHaa O€€, penepHUHT OPTOHOPMAaJUIUTH
M;OM, yubypuak Toommmapu 1, 1, 2 ysymnmkna Gymmmmra sksuBameHTAHp. f
aKCJIAaHTUPHUII HyKTajap opacumarm Macodanu caxiarand yuyH f(M)f(O)f(My)
yuOypyak TOMOHJIApU XaM XyAJu IIyHJIad y3yHiaukaa Oymagu.  [lemakx
f(0) f(e)f (¢,) penep xam oproHopManaup. Teopema ucooTIaHAN.

47.3-3cnatma. 47.2-treopemaH wucOoTnamga ucOOTH KeaTupuiaMmaraH 45.6-
KymllaHu TaTOuMK Kwimuk. Hykramap opacuparm Macodanu cakyioBun f

aKCIAHTUPUIIHUHT adPUH aaMaIITUPUIT SKAHIUTHUHU 45.6-)Kymiiara TasHMAacIaH

XaM HcOoTiam MyMKUH. ByHHMHT y4dyH Kypamu3ku OyHia f akciaHTHpuIn TeHT

BEKTOPHM TEHI  BEKTOpJjapra yTka3zaad. XakukataH Xxam  MN, =M,N,

BekTopaapHuHr TeHrura MiNiNo,M, TyprOypuakHuHr napamienorpamm Oyaummra
tedr kywin Oymaaun. Yuama f (My)f(N)f(N,) f (M,) T¥prOypuak xam mapaieaorpamm,

YyHKHU
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}/IZ | N, ;&Z | fND)
M, | ZZ AM) )

Hemak, f(M,)f(N,)=f(M,)f(N,) (mynmaii Xyjgoca KWIMIIAA TYypTOypYaK

TOMOHJIAPH  Y3YHJUKJIApPH CaKJTaHWIINATA TasHUO KojaMacaaH Oalku, yHUHT

JIUaroHajIapy y3yHIMKIAPUHUHT CaKIaHUIINTa XaM TasHaAMHM3 ).
Hemak f:E®>— E? ammamrrupumr f :Vect(2) —Vect(2) aKCIaHTHPUITHH Fo3ara

Kentupany. SHa myHgaku f aMamTupUITHIHAT TapayieIorpaMMHU CaKJIaHUIIIAH Ba
KeCcMaHu OepwiraH HucoOatna OYIUINIMHU cakjialujgaH Oy aKCIaHTUPHUII YU3UKIU
oymamu. Illyaunr yuyn f agmamTupumn adduH aIMaITHPUIIT SKAHIUTHHA
TEKIIUPUIITHU TYTaTUII YUYH YOy KyMJIaHU UCOOTIIall eTapiu.

47 4-xymaa. f:E"—>E" , n=123 anMamTpuIil TEHT BEKTOPJIAPHU TEHT
BEeKTOpJiapra yTkaran OyincuH Ba Oy aJIMamTUpHUIL fo3ara  KeJITHUpraH
f :Vect(n) — Vect(n) akcIaHTHpUIT 9U3UKIHM OyicuH. YHpa f amvamrrupum addun
AIMAIIITUPHUIIIAD.

Hcoor. Dur onaun OyHaa f anmamtupuin 6yiaranu tydaiau f anMariTHpHIn
IIYHUHTJEK OWEeKTUB OVnuimuHu Tabkuiad yramui. LlyHuHr yuyH y wuzomopd
oynaau. Xycycan 0asucHu Oa3ucra yTkazaaum xam. OE€, - TEeKUCITUKIArd OupopTa
penep Oyncun. Yuna f(0)f (&) f(€,) xam penep 6ynamu. Mxtu€puit M Hykra OEE,
penepzaa (X,y) kKoopauHaTanapra sra 6ynacud. By Oynma OM =Xg +Yé, OYIMIIMHU
aHrnatagu. YHaa f akcaaHTUPUIL YU3UKIWIUT Tyhanan

W: f(m)zxf (€)+yf(&,)
TEHIJIMK Xocua Kuiamus. Ammo Oy TeHrmuk f(M) mykra f(0)f(€)f(€,) penepna
(X,y) koopauHaTanapra sra OynumuHd aHriatagd. LlyHmaid KuiauO aaMariTHPHIIT

penepiap KyQTaurm OuiiaH accolMpiiaHTaH Ba jAeMak auH aaMaITUPHUIIN.

Kymna ucootnanm.
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47.5-3cnatma 47.3-3cnatMa Ba 47.4-xKymiiaia KeNTUPUITaH Mylioxazanap 45.6-
KyMJIaHU aMaJlMid JKUXATIaH ucOoTiIaraHuHu Kypum ocoH. ®Pakar OyHma f
aIMAIITUPUII KecMaHu OepwiraH HucOarna OYIUIIHM cakjiaca, y Xoija y
napajuieJIorpaMMHU MapJuieiorpaMMra YTKa3uIllnHA TEKIUPUIT Kepak. ByHUHT yuyH
Oynna f amMamTHpuII TYFpU YM3UKHUA TYFPU YW3MKra, mapajuies TYFPU YM3HKIapHU
aca Tapauielyl TYFPU YHU3HMKJIapra YTKa3WIIMHU KYPHUIN Kepak. TeKuciauk OVirad
XO0JIJa OXMPrM TacOuK Mapajule]l TYFPU YM3HKIAp IMIYHAAH XOCCACH YJIAPHUHT
KeCHIIMacIuruaan kenub umkanu. da3o Oynran xomma Sca jgactinab Oynma f
AIMAIITAPUII TEKUCITUKHHA TEKUCIUKIa YTKa3HUIIHU KypcaTtuil kepak. MN kecManu A
HucOatna OyiayBun P Hykra MN KecMaHMHI YHI TOMOHMJA >KOWjamraH Oyica,

MP = APN TeHrimkra MyBoQuK A e(—o0,~1), arap yam TomMoHuna 0yica, Ae(-10),

arap P mykra M,N HyKTanap opacuna 6yica 1e(0;+o) (a), 6), 6) pacmnap) 6ynan.

P P P

M N M N M N
a) pacm 0) pacm 8) pacm

Arap A=0 6ynca, y xomma M=P ycrma-ycr Tymaaum, f anMamrapum kecMaHu

Oepuiran HucOartaa OYIUINHM cakKiaraHd ydyH, ssHH f(M)f(P)=Af(P)f(N)
TeHrMkra acoca Ae(—o,—1) na f(P) myxra f(M)f(N) xecmanunr yHr romonmza,
Ae(-10) na f(P) nykra f(M)f(N) xecmanunr yan Tomonuna, Ae(0;+)na na f(P)

nykra f(M) Ba f(N) Hykramap opacupma sxoimamran Oymamu. Jemak arap f
AIMAIITUPUII KeCMaHU OepwiraH HUcOarna OYIMIIHKM cakiaca, Yy Xolaa y TYFpu
YU3UKHU TYFpPU YM3MKra yTkazaau. Tekucnuk OYyiraH Xonjga mapamien TYFpu
YU3MKJIAp IIYHJA XOCCACH VYJIAPHUHT KECHIIMACIUTHAAH KEeCMaHW Oepuiiran
HUcOaTHa OYNMUINHU aHUKJIOBYM f ajmMmamTupuin mapauien TYFpU YU3WKIapra
YTKa3UII KeITUO YMKaau, YyHKH f anMamTupuin OMEKTHB aKC STTUPHIN OYJITIIaHuIaH
TEKUCIIMKIATH @ Ba D TYFpu un3uKIap yayH
allbeanb=g=f(a)nf(b)zT< f(a)ll f(b)
MyHOCa0aT YpUHIIUIUDP.

OHmu (azo OYiraH XOIHU KYpaliuK.

236



2) pacMm
Kecmann Oepwiran HucOatga OYIMINHM CakJoBUM f aJMalITHPUIN TEKUCIMKHH
TEKUCJIUKIa YTKA3UIIUHA UCOOTIANIMK. 77 -UXTUEPUN TEKUCIHK OViIcuH. YHAa Oup
TYFpu un3uKna €érmaran mxtuépuii yura A, B, C Hykramapaum Oenrmmaiimus, f
AIMAIITUPUIIIA yJIap XaM IIYHUHTAEK Oup TYFpu umM3ukiIa €rmaraH yuyra A, B',C’
HyKTajapra yraad. Yjaap OpKaau 7' TEKUCIUKHHU YyTKazamu3. bu3 Kapaérran
AIMAIITUPUIIA 7 TEKUCIUK 77’ TEKUCIUKIa YTUIIHHA UCOOTIalMHU3.

X - 7 TEKUCIUKHUHT UXTHUEpUM HyKracu OyincuH. Y opkamu ABC
ydOypuakHU MKKUTAa Y Ba Z HyKTajapaa KeCyBUM a TYFpU YM3UKHH YTKazamus. A
TyFpu un3uK f anmamrupuimga oupopra ' TYFpu un3uKra yraau. Y Ba Z HyKTajuap
sca A'B'C’' yuOypyakra TEruiuii Oyiaran, 1eMak 7' TEKHCIMKIa XaM TerHIIId OYiaran
Y'Ba Z' wHyKrajmapra yraam. Jlemak a' TYFpu UM3UK 7' Tekuciamkna Eraam. f
anMamTupunaa X HyKTa a' TYFpU YU3UKHUHT, JIeMaK 7z’ TEKUCIUKHUHT XaMm
HYKTacu OYnraH Y'HyKTara yTajau, MaHa IIyHU UCOOTaNI Tajaad dTUITaH /4.

Ouau MiN;N,M; t¥pTOypuak mapasnienorpamm 0YicuH

M; N;
Mz/ /2/

YHaa kecMaHu Oepuiirad HucOaraa OyauimHu aHukiIoBuM f anmmamrupumaa MiN; Ba

M,N, mapamren Tyrpu unsukiaap f(Mq)f(N;) f(M,)f(N,) mapamnen tyrpu unsukiapra,
MM, Ba N3N, mapamren tyrpu unsukiaap f(M;)f(M,) f(N;)f(N,) mapamnen tyrpu
gusukiapra yraau. Jlemak M;N;N,M, mapannenorpammra yraau. 47.2-teopeMajianr
yioy xymJja Keiaud YuKaIu.

47.6-ymaa. M3omerpuk anmamrtupunuiap Oapya adpduH aniMmamTupuiiap

TYPYXUHUHT KUM T'YPYXUHH XOCHJI KHJIA IH.
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47.7. N30MeTpUK aIMAIITHPMULIAPHUHI aHAJIMTHK €3yBH. OXy Tyfpu
OypyYakIM KOOpAUHATAJIap CUCTEMAcUaa

X':C11X+C12y+al} (3)
Y =CyX+CyuYy+a,

dopmyna Oumnan é3wtran f GpbuH anMamTHPUII HU30METPHK aJIMAIITHPHUIN OYIaiu,

Cll C12

myHaa Ba ¢akaT IIyHJa KAYOHKA YHHUHT Cz(
21 C22

] MaTpulaCcu OPTOI'OHAJ

MmaTpuua oyica.

Hcoor. OXy koopamHatamap cucreMacu OEE, OpPTOHOpMAan perep OuilaH
Oepwiran OyncuH. 453 Ba 45.8 nmapra myBoduk f(€),f(€,) Oasucra yrum

matpuniacu  Oynaumm  kenu6 yukand. [yaunr C  MaTpulaHUHT  OpPTOTOHAI

oymimu f (€), f (€,) 6asucHUHT opToHOpMaN 6asuc Oymummra TeHr kywi (30§ ra

KapaicuH). bomka Tomonman — 47.2-teopeMaHd  ucOOTIAlIla  HM30METPHUK
AIMAIITHPUII OPTOHOPMAN PENEPHU OPTOHOPMAIl perepra YTKa3WIINHU KypcaTraH
oauK. 47.7-TaCAMKHUHT HMCOOTMHU TYraTHII YyYyH M30METPUK aJIMaIlITHPHIIL
TabpU(PUHU dCcTa ONHIl Ba 45.3-)xymiiara sitHa Oup mMapTa 3TUOOP OepuIll KOJJIH.
488. TEKUCJIUK XAPAKAT AJIMAIITUPUIITHU KJIACCUDPUKALIUS
KNJIUIII.
48.1-Treopema. TeKUCIMKHUHT Xap KaHAal XOC XapakaTu € mapasuies Ky4dupHIil
€ku OupopTa HyKTa aTpodua aHuK o Oypuyakka Oypuiijan nbopra 6yiaau.
TexucnukHUHT Xap KaHJall XocMac XapakaTd OupopTa TYFpU YH3HKIra
HUcOaTaH KauTuI 11y OmiaH Oupra Oynuin MyMKUH OYiran Oy TYFpu uu3uK OYitnad
Kyuuin (cuipkuin) 6ynaau. TYFpu Oypyakiv KOOpAMHATANIAD CUCTEMAaCHUHHU TETUIILIN
KUIKMO TaHnana 0y aaMalTHpUIIIIap MOC paBUIIIa KyWHUJard aHATMTUK €3yBlapra
ara:

e ©

y=y+a,

X =XCOSa—ySIn0{} (10)

y'=Xsina+ycosa
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X'=x+a
11
y'=—y} D

Texucnukaa OypHIIHUHT MycOaT HWYHAIMIIMHM MacalaH coaT CTpelKacu
WyHamuImmra TecKapu WYHAIUIIHM TaWuHIaiMu3. by Owu3ra TEKUCIUKHUHT
opueHtaumsicuau Oepanu. llly Ouman Oupra 6apua pemnepiap mycOar Ba MaHuUi
penepnapra OynuHaau. bupopra Og€, Mycbatr opToHOpMall pernep OunaH OOfJIaHraH
Oxy Tyfpu Oypuakiu KOOpAuHaTajap CUCTEMAacHHM oJjlainuk. By koopauHartanmap

cucreMacuaa OM3HHUHT XapakaTt aJIMalllTUPUII

x’:c11x+clzy+a1} 3)
y’ =CyX+CpYy+a,

dbopmyna Ounan €3unaau, 0y epaa C opToroHana MaTpuia.

Arap C — Oupnuk Marpuna Oynca, y xonmga (3) dopmyna (9) dopmynara
aimanagu. Arap C#E 6yica, ammo f — xoc xapakar OyiranwumaH, y xoJjiga MycOar
nerepmuHatra (detC>0) sra Oymamu. busz Ounamusku (29§) Oy xonma, OyHaa

cosa -Sina
C=

_ J KypuHHIITa sra. F anmamTupum sxoiinga kommupwirad O,
sina cosa
HyKTaHUHT MaBxkymmuruau kypcaramus (f(O,)=0;). Bynunr yuyn

X :C11X1+C12y1+a1}
Y1 =C;X +CLY 4,

TEHIJIaMaJlap CHUCTEMAaCUHHMHT Oupranukina skaHiauruad ¢ku C Marpuiia KOHKpPET

KYPUHUIIM 3bTHOOpra 0Jauo

X, =cosax +(—sina)y, +a, Sx X, (1-cosa)+sinay, =a,
y, =sinax, +cosay, +a, —x,sina+y,(1-cosa)=a,

CucremaHuHr OWprajqukia 5SKaHJIWTMHM KypcaTuil Kepak. by cuctemanuHr
2 ) )

JETEPMHUHAHTH (1-cosa) +sina a TeHr Oynu0, y HonjaH (apKid, YyHKH COSa #1

(C#E). Jlemak f xapakar anmamtupum Ky3ranmac O; Hykrara osra. YHIa y Oeg,

penepaa (10) dopmyia Omnan é3mmaan. Xakukarad Xxam f amvamrupumauar OEE, Ba

OE€, penepiapaard aHaIuTUK €3yBiapu Oup xun C matpuiara sra, yyHKd 5.9 ra
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MyBOpUK Oy MaTrpulia BocuTacujaa €,€, 6azucrna f YM3HKIM aKCIAHTUPUIL E3UTIAAU

C o
(C“ 12} nenuica
C21 C22

C

a=Xe +YE, X' =CuX+C,Yy Y =Cux+cCny  f(a)=x€+YE,
bomka Tomonnan f xapakat anmamtupuniHUHT (3) €3yBUIAru a; Ba ap; 0301 Xajyiap
OE€, pemepna Hoira TeHT, syHKH 45.8 ra myBoduk (ai,a;) — Oy Og€g€, permepaaru
f(O1)=0; HyKTa KOOpIWHATAIAPUANDP. XOC XapaKaT aJMAIITHPHIINHU TCKITHPUIITHA
tyratumi  yuyH Oyazaa (10) d¢opmyna koopauHaramap Oommra HUcOaTaH T
TEKUCITUKHU o Oypyakra Oypuill popMyacu SKaHIUTHHY TabKUIam Konau. by epaa
€,6, BeKTopiap Oy aJMalITHUPUIIAA MOC paBULIA € COSx+€,Sine, —€ sina+€,cosa
BEKTOpJapra YTUIUIapuJaH, sbHU 0 Oypuakra Oypumnnan kenu6 uukaau (30§ ra

kapaycuH). f xocMac xapakat anmMarntapuin 0yiacud. Yuaa (3) €3ysaaru C maTpuna

cosa -Sina

neTepMuHaHTH MaHnpuiaup. by xonna (29§ ra xapaicun) C =( j bynna

sina  cosa

f akcmantupum Y3 YpHHUIA KOJJUPAAUTaH HOJIMAC € BEKTOp TONMWIUIINHU

KypcaTaMu3

X'=CyX+ clzy} @)
Yy =CuX+CyY
d=xe+ye, f(a)=x€+YyE,
AKCITAHTUPHUIIHUHT aHAJTUTHK E3yBH

X'=Xcosa+ ysina
y' =Xsina —ycosa

KYPUHHILTA dTra

X = XCOSa + ySsin . X(1-cosa ) +sin =0
a+y a} - ( ) ay }

y=Xsina —ycosa —xsina+y(1-cosa)=0

CUCTCMAHHHI" HOJIMAC YHUMJIAPUHU TOIMMIINMHA3 KCPAK. By 6I/Ip ZKHUHCJIN CUCTCMAaHHUHI
ACTCPMUHAHTHU HOJII'Aa TCHI'.

(1-cosa)(1+cosar)—sin® a =sin® a—sin’ a =0
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Jlemak y HonMac edyumiapra sra. AMmo arap f (€)=¢€ 0yica, y Xon1a yHra uXTuépun

MPOTOPIIMOHAI BEKTOp € = A€ y4uyH ymiOyra sra 0yinamus
f(&)=f(18)=1f(e)=28=¢

JleMak HIyHIail € OMpPIMK BEKTOp MaBXKyAKH OyHna f(€)=¢. YHH opTOHOpMAL

U

Oasucraua tynaupamus €,€,. f xocmac xapakaT alMaliTHpHII OyiaraHuaaH €€, Ba
f (&), f(€,) oproHopman 6Gasuciaap Xap Xua ucmiuaup. Ammo f(€)=€ nemak,
f (&,)=—€, 6ynanu. Uynku

f(6)=1-6+0-6 f(&)=Cy-E+CyE
1?+c¢),=1=c;=0=c, =0
0°+cs, =1=c,=1=c,=*1
‘l 0

0 +JJ =-1<0 C,, =—1 DKaH.

i ~!

1 0
Hemak € Ba € Oasucman f(€),f(€,) Oasucra yTum MmartpuIiacu Cz(o J

kypunuinra sra. lHlyauar yayn Ogg, penepaa f xapakar anMaIiTupHIim
x’ =X+, } (12)
y'=y+b,

kypunumaa E3ummu  45.3 Ba 45.8 mapman kenub uyukagu, Oy epaa by, b, conmap

ymyMaH oJyirasza (3) Oonutanrud €3yBUIaru a; Ba d, COHJApAaH Gapk Kwiaad. JHIU

O€e, periepaa (%%} KoopauHaranu O' HyKTaHU

FRSTINAERS

koopauHatanu f(O') HyKrara YTKa3aau, SbHU YHU

b

e 7an (3 1. b
Of (O ):(Ebl_fz’ibz__z

2]=(b1,0)=b1e;

BekTopra cumkutamu. Illyamar yuyn Oe€e, pemepma f(O') Hykra (by,0)

KoopauHaTanapra sra. [lemak O€€, penepna f xapakar anMarmrupumm €3yBu Oy

Xapakar aJMallTUpUIIMHUHT O€E, pernepaaru (2) €3yBumad Qakar 0307 Xaajapu
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omnan dapxk kumbd (11) xypunumra sra, Oy epaa a=b; Oynmamu. Teopema
UCOOTIIAHIH.

VI BOB. UKKUHYY TAPTUBJIN CUPTJIAP.
49§. UKKMHYY TAPTUBJN CUPT XAKUJIA ACOCHI1 TEOPEMA.

49.1-tabpud. bupopra OXyz addun kKoopauHaTazap CUCTEMACH]Ia UKKUHYU

Japakanu
a,X° +a,,y° +a,2° +2a,Xy +2a,,XZ + 2a,,yz + 2a,X + 28,y + 2a,2 +a, =0 (1)

TeHrama Ounad Oepwirad (a3oHUHT MXTUEPUN O HyKTamap TYIJIaMUHU UKKHUHYA
TapTUOJIM CUPT J1€0 aTaiaIu.

NkkvHun TapTubau yu3uk OynraH xon kabu Oy Tabpud xam Oab3u
TYIIYHTUPHUILIAPHH Tajla0d KA.

1) Arap 6upopTta adhdun KoopauHaTanap cucremacuaa @ Tyiam (1) UKKuHYH

Japakanu

TeHrjJaMa Owiad TaBcu(IaHca, y X0Jaa YHU UXTUEpuit Oomika ahuH koopauHaTanap
CHUCTEMAaCH/Ia XaM IIYHUHTIEK UKKHHYU JJapakalid TeHTJIaMa Ouiiad OepuIill MyMKHH.

bynunr yuyn (1) Tenrnamagan X, Y, Z y3rapyBuniap ypHura yaapHUHr X', y',z’
y3rapyBumiap opKajiu u(ogaTapuHu KyHuIl eTapiu. X, Y, Z y3rapyBuunap O(X, Y, 2)
KYylxaJ Japaxxacu

§0(X’ Y, Z) = (D(Cnx, + C’.I.Zy’ +C13Z’ +a,, C21X’ +C22y’ +C232, +a,, C31X, +C32y, +C33Z’ +a3’)
KYTIXaJ Aapakacu OMiiaH ycTMa-ycT TyIIaH.

bynna ¢ Huer pgapakacu @ HHHr napakacujaH KarTa 3Mac OYIUIIMHU
kypcatuin kudos. by sca myngan kennbd ynkaauku OyHaa O ra KUpyBUM UXTHEPUN
oupxan ax’y'z' yuyn

a(CuX +CY 32 8, )7 (CrX +Cpp Y +Cpa2' +8, ) (CoX +Cop Y +Co2' +8,)

kynxan p+qg+| man < mapaxara ora.

2) ®azoma xap kKaHmaii Tekucauk AX+By+Cz+D=0 OupuHun gapakanu

TeHrjamMa OuaH
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Xam xamza
(Ax+By+Cz+D)*=0 (2)
KKKWHYH JapaKadu TeHTJIaMa OuiiaH XaM TaBCU(IaHUIITN MyMKHH.
Texucnuk anbatra OWUPHHYM Japaxkald CHUPT OYnmaau, aMMO AaHAJTUTHK
reomeTpusiaa (2)
TEHTJIaMa YCTMa-yCT TYIIYBYM TEKUCIUKIAp KypTaurm EKu  KYIIHTyBYH
TEKUCTUKIIAp Ky(QTauru Ae0 aTayBUM UKKUHYH Japakaid CUPTHU TaCBUPIIANHIH.
3) HUXOST NMPUHIUIHMAT Xap XWJ TEHIJamajgap OWTTa TYIUIAMHH TaBCHUQIIAI
MYMKHH.

Macaman x*+1=0 Ba x*+Yy°+1=0 TeHIVIaMaJapJilaH Xap KHCHUCH XaKUKHU
dazona O6ym Tymiamau TaBcudiaiian. 38§ marm XaKMKUM TEKUCIUKIAH KOMILIEKC
TEKUCIUKra YTUITaHU KaOu arap Xakukuil ¢a3omaH KoMIUIeKC ¢asora yTuica, y
X0JIJa FOKOpHIa aUTWIraH TeHrjaMaiap Xap XWil edumiiap TYIulamura sra Oynaiu.
lyawHT yayH Oy TEHTJIaMajap aHAJUTHK TeOMETpHUsAa Xap XU UKKUHIHA TapTUOIU
YU3UKJIApHU TaBcUIaNIu.

49.2-teopema. XxTuépuil MKKUHYM TapTUOJIU CUPT yuyH InyHaa OXyz Tyrpu
Oypyakiay KOOpJAUHATaJap CHUCTEMacH MAaBXKYJAKH YHIArd HWKKAHYU TapTUOIU

CUPTHHUHI TEHIJIaMacu KyWujaru 17 Xusn KypUHUILLIapAaH OUpUr ora:

2
X° Yyt oz :
1) = + P =1 DIUIMICOMI,
X2 y2 Z2
2) =+ +— =-1 MaBXyM JJUIUIICOUL;
a~ b” c
X2 y2 ZZ
3) S+ T 1 Oup nayanyu runepooIon;
a
X2 y2 Z2
4) =+ T —1 UKKH Majuiajivi TUnepOooIon;
a c
2 2 2
Xy oz
5) = +ZL--= =0 koHnyc;
) a®> b* ¢ Y
2 2 2
X z
6) =+ E)/— +— =0 MaBXyM KOHYC;
a c

7) x_+y_ =2z ( p,q> O) AJUTMITUK MapaOoIon;
q
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2
8) % Y _o (p.q>0) runep6oarK napabonouns;

2 2

X
9) X+ E)’_Z =1 DJUTMITUK [WTHHD;

10) ? # =-1 MAaBXyM OSJUIMIITUK OUJIMHAP,

11) % - E)/—Z =1 runepOoJINK IHUIUHD;
12) y? =2px mapabonuK IUIHHIID;
13) % —Z—Z =0 KeCHILIyBUU TEKUCIUKIAP Ky PTIUTH;

y

14) ? P =0 MaBXyM KECHUIIIYBYM TCKUCIUKIAP KYy(DTIUTH;

15) y* =a’ (a=0) mapaien TeKUCIUKIAP Ky TIUTH;
16) y*+a’=0 (a=0) MaBXyM napajies TeKUCIUKIAp Ky QTIury;

17) y? =0ycTMa-yCT TyIIyBUM TEKHCIUKIAP Ky TIUrH.

by Teopema KMTOOHMHI MKKHHYM Kucmuzaa 44§ma ucOoT KuauHamu. 1) — 17)

TCHINIaMaJlap NKKHMHYA TapTI/I6J'II/I CUPTHUHI' KAHOHHK TCHIJIaMaJIapu I[e6 arajadaam.

50§ DJIJIMTICOMIJTIAP.

50.1. DJUTUIICOMTHUHAT KAHOHUK TEHTJIaMacu

R

Lo ©

QJN| >,
ON| N

KypuHHUIITa 3ra. a, b, C Mycbar coHap 3JUIMIICOMTHUHT SIPUM VKJIapu J1e0 aTasiajim.
YMyMUIIMKHM —4derapajamMaciiaH (arap Kepak Oyica KoopAWHAaTa YKJIapuHU
anMamtupu0) (3) KaHOHUK TeHTNIaMazaa a>b>c ned xucobmam MyMmkuH. 60-pacMia
TaCBUpJIAaHI'aH JJUIMIICOMJ -a<Xx<a, -b<y<b, —c<z<c Tyrpu OypUakiu
napajuieonunenaa €raau.
XaKMKaTaH Xxam
N yz 72 2 yz 72 2 2

X z z
St st =l S+ =l-— o l-—2021> 5= ZZSCZ:>|Z|SC:—CSZSC
b a- b C c c

QD
o
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2 2 2 2 2 2 2 2
X z z X X X
—2+y—2+—2:1:>y—2+—2=1——2:>1——220:>12—2:> x2£a2:>|x|§a:>—as x<a
a- b® ¢ b ¢ a a

2 2 2 2 2 2 2 2
X z x* z
—2+y—2+—2:1:>—2+—2:1—y—2:>1—y—220:>12y—2:> y’<b’=|y|<b=-b<y<b
a c a- ¢ b b

60-pacm

Arap a=b O¥ynca, y xomma z=h, —-c<h<c TEKHUCIHKIAp OWJAH >SIJUIMIICOU

. a
KeCHJITaH/1a KecuMa h=+c Ja HyKrara aiJaHyBuH r, = —+/c’ —h®> paanyciu
c
2 2 2

X h

- + y—2 =1- — Z:h

a c
aimana xocus Oynagu. IllyHuHr yuyH myHmall SJUTMICOUIHU alilaHMa SIUTHIICOU]T
neb aranan. YHH

2 2
X—2+Z—2:1, y=0

QD
(@]

DJUTUTICHUHT Z VKU aTpoduia alTaHUIIKUIaH XOCHI KIJIMIT MYMKUH. XyJIU ITyHIal

tap3aa b=C ga X=h, —a<h<a TekucIukiIap OWIaH SJUIUIICON] KECUITaHaa KECUM/Ia

h=+a ma HyKTara aiiJlaHyBYH I = 9\/a2 —h* pamuyciu
a

2 2 2
y . z h _
g
aliyaHa Xxocws OVinaan. YHU
2 2
y | Z _
t+—=1, x=0
b*>  c?

DJUTUTICHUHT X YK aTpodua aillaHUIINIaH XOCUIT KUJTMHA/IH.

Arap a=c na Yy=h, -b<h<b Tekucnukmap OWUIaH SJUTUIICOU] KECHIITaH/Ia
Kecumaa h=+b 1a HyKTara aillaHyBYH r = %\/b2 —h* pamuycnu
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x> z _
e e Y
aliana Xxocwi Oynaau. YHH
x?  z° _
A

SIUTUIICHUHT Y VKU aTpoduaa alIaHUIIUIaH XOCUI KUIHMHA Y.

Huxosr a=b=c na (3) smiuncoun a paguyciau chepa 6ynaau. Uxtuépuii (3)
ammrconsy X +y’+z°=a’ chepaman Y Ba Z YKiap OViimua MKKUTa CUKUIIHAHT
KOMITO3UIIMSICH OYraH adGuH aMamTHPHUIIT BOCUTACH A XOCHIT KUJTHHAIH

" !

b b c
X'=x y==-y 2=z Ba X'=X y'=—y 1"=-12
a a a

by addun anmamtupuin Kyluaara tTapsaa é3uaaan
b c
X”:X yI!:_y Z”:_Z
a a
EKM MITPUXJIAPHUHT OUTTACHHU Yuupuob E3amu3

. , b ~C
X'=x y==-y 7'==z2
a a

X'=x+0-y+0-z+0 y’:O-x+Ey+0-z+O z’:O-x+O-y+Ez+O
a a

1 0 O
0o 2 ozb—f;to
a a
00 &
a
a Y (a.Y a2 a’
X!2+ S\ + _Z! =a2 X12+_ !2+_Z/2:a2
(by) (cj be c?
12 12 12
y
PO
HITPUXJIAPHUA YIUPUO
XZ y2 Z2
¥+F+C—2:1 (3)

XOCHJI KUJIaMUH3. 9J’IJ’II/IHCOI/II[HI/IHF I/IXTI/IépI/Iﬁ ACCH KCCUMHWHHU TCKINIHPHUIIAAH aBBaJl

OUTTa yMyMHUI TaCAMKHU alTaMu3.
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50.2-symaa. IKkuHYM TapTUOIU CUPTHUHT TEKUCIUK OUJIaH KeCHIIMacu Oy
TEKUCTHUKIA ETYBUM Japakacu MKKUHYM JlapakaJaH KaTTa Oyamaran 4u3uk Oymaau.

Hcoor. yngait Oxyz koopAauHaTaIap CUCTEMACUHHU OJaMHU3KH YH/Ia OU3HUHT
Tekucnuk Z=0 TeHriiamara 3ra OyncuH. Arap (1) TeHrnamana z y3rapyBUYMHU HOJ
Owian anMamTupud Oy TEKUCIHMKIAru X Ba Y KOOpAUHATAIApAaru KeCUILUII YU3UFU

TEHTJIAMAaCUHHU SBHU a, X’ +2a,Xy +a,,y° +2a,X+2a,y+a,=0 Xocun Kuiaamus. by Ou3

OMJIaMU3KH WKKUHYH TapTI/I6JIH YN3UKHHUHT YMYMI/Iﬁ TEHTrJamMacH. AMMO OW3HHMHT

XoJaTna a, =a,, =a,, =0 Oynran Xou pyil OepHIln MyMKUH, OyHAa KECUIIMaaa TYFpu
YU3HUK XOCWJI OYiamu (af +al > O) €kn y a,=0 TeHrimama OumnaH Oepuiaubd & Oy
TynaaMHu TaBcuduaiimu (a, #0) €ku OyTyH TeKMCIMKHHM TaBcuduaiimu (a, =0).

Kymna ucOotnanau.

50.3-kymJia. DIITUIICOUTHUHT UXTUEPUI SICCH KECUMH € AIITUIIC, € MaBXyM
AIUTUIC €KUM MAaBXyM KECHUIIYBUM TYFPHU YHM3HUKIAP KyPTIUTHAAH nOOpart.

Hcodor. Dnmunconn (3) KaHOHUK TeHTJIaMacu Ouinad Oepuiran 0yncus. 11
TEKUCIMKIa TaalyKJIu Y3UHUHT TapaMeTpPUK TEHIIaMacu

X=X, +ou+ BV

Y=Y tau + BV (4)
Z=17,+au+ BV

Ounan Oepunran Oymub, OyHma m ={a,a,, ) Ba m,={f,0, 5} Bexropaap

(a30HUHT TEKUCIUKIA ETYBUM Oapya BEKTOPJIAPHUHT OPTOHOPMAJT Oa3MCHUHHU XOCHII
KWiaau. YHaa U Ba V mapameTpiiap Oy TEKHUCIUK Y3rapyB4YM HYKTaJTapUHUHT TYFpU

Oypuakyiu KoopAuHaTajgapu OViaau. XakUuKTaH Xam (4) mpamaTepuKk TEHrJaMacHIaH

BEKTOp TEHIIAMara yTalMK F=f+mu+m,yv yHIa MM =F - =mMu+my uuzmaza

Kapame
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o,
I
-

0}

YHaa y3rapyBun M HyKTaHuHr M mm, pernepaard KoopauHartainapu (U,V) Oynaau.

Ncbot (3) Tenrnama X,Y,Z y3rapyBumiap ypHura (4) TeHrjiamajgap CHUCTEMAacHIaH
olmHTaH U Ba V TmapameTpiap opkam wudomamapuan Kynund U Ba V

KoopAuHaTallapAaru siCCU KCCUM TCHITIaMAaCHUHU XOCHUJI KNJIaMU3.

2

2 22
+§+—2:1 (3)

QJN| P
(@)

(X +ayu +ﬂ1v)2 .\ (Y, +aru +ﬂ2v)2 s (2, +azu +ﬂ3v)2

2 2

=1
a b? c

X2 +afu? + BV + 2aUx, + 2 BVX, + 20, BUV . Vi +aiu? + BV + 2a,uy, + 2BV, + 20, B,Uv .
a’ b?
22+ o2u® + BV + 20Uz, + 2 BVZ, + 201, UV
+ 0 3 3 3 0 3770 3/73 —
2
C

1

Conna xucobmap OyHaa Oy TEHTJIAaMaHUHT KBajapaT KUCMH YyIIOy KYpPUHUIITa 3ra

OYIMIIMHY KypcaTaau

[05—12+a—22+0[32ju2 +2(0(1’B1 + %l + a3§3juv+{ﬂ—lz+ﬂ_22+ﬁ_32jv2 (5)

2 b2 2 a.2 bZ c aZ b2 C2

C
ﬁ:{ﬁ&&} ﬁ:{ﬂl B, ﬁs}
la'b’c) ? a'b’c

épamM4M BEKTOpJapHU Kapaimus. (5) kynxana ynap €plaMuaa aH4a KOMIIAKT €3yBra

ara Oynaau.
AZu? +2(n, A, )uv+nyv?
BU3HUHT SICCH KeCUM TEHIJIAMACUHUHT O WHBApUAHTHH XHcoONaiMu3. YHzaa ymoyra

sra 6ynmamus.
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=22 — (A, A,)" = AZAZ —(|ﬁ1|.|ﬁ2|.cos¢)2 _

= =2=2 2 =272 ain2
= M} — M cos’ o = i7; (1-cos® ) = A1, sin’

Oy epma ¢ - f, Ba fi, BEeKTopjap opacugaru Oypuak. AMMO f, Ba f, BEKTOpjap

YU3UKJIU 3PKIU. AKC X0Ja yJaap IpornopuyroHan 0yauo

o a4 &

a b a o, 0

__C “ %
B BB B B
C

a b

SBPHU M, Ba M, MEPHECHIUKYJSP BEKTOPJIAPHUHT MPOIMOPIHUOHAN OYIUIINA Kenuod
uyuKKaH Oymap »au. Jlemak f, Ba fi, BeKTopiap KoiuleHuap sMac. By (fi,n,)=0
OyJuIIMra SKBUAJICHT

|A|-|A,|-singp = 0=>sinp =0
Hemak &=n/n;sin’ >0 OXHPrH mapT OW3ra yuTa JJUIMNTUK THUIJATd YU3UKIApHU

taBcudanau (34§ ra kapaicun). lllynnail Kuaub SIIMIICOMTHUHT SICCH KECUMUA
OoIlIKa Xe4 KaHJai YM3MKHUHT OYaumu MyMkuH smac. Iy BaktHuHT y3uma z=h (3)
AIUTUIICOU, TEKHCIMK OWIaH Kecuirahjaa Oapya ydTa UMKOHHUAT amajira OLIajiH.
Kymna ucbotnanau.

50.4-macana. UWXTu€puil AIIUNCOMTHUHT SCCH KECHMIIApH  Opacuia

aliylaHaHUHT O0p OYnuIK UCOOTIAHCHH.
51§. THITEPBOJIOUIJIAP.

51.1. Vxku najiany rurnepOoaon

2
2

X 2 22
LA A (6)

QD
oy
(@)

KaHOHMK TeHIJamara dra, Oy epaa a>b 6l-pacMma WKKM Tajutaid THIEPOOIIOU

TACBUPJIAHTaH.
ok
N di%
T 249
-
/ ¥
ryardl




61-pacm 62-pacm

Arap a=b Oynca, z=h, |h|>c Tekuciuk OMIaH HMKKM NaLIadd TTEpOOION

KeCWIraHaa kecuM aciuaa ainanaaup. IIyHUHr yuyH myHzgaid runepOoaousa

X yA

2 2
alinanma runepbosonn Oynmamgu. YHMm —-—=-1, y=0 runepOonanu Z yKu

QD
(]

aTpopuaa alIaHTUPUIIAH XOCHJI KwinHagu. Wxtuépuit (6) UWKKM mamiau

X2

yzzz
2" 2 2

TUIepOoIonI >

+

. . b
=-1 aimanma runepOoiouaaH Y  YKUHU 2

o))
o))
(@)

koahpuIeHTIM cuKuIaad noopat 6ynran abGuH aIMamTHPUIT BOCUTACHIa XOCUIT
KUWJIMHAAU. XaKUKaTaH Xam

X'=1-x+0-y+0-2+0

y’=Ey=O~x+Ey+O~z+O
a a

’

2’=2=0-x+0-y+1-z+0

1

ool O

51.2. Wkxku mnamwiaiv TUNEPOOJOUAHUHT TEKUCIUKIAp OWjiaH KecUuMIIapu
IUIMIICTAp Ba TurepoOosanap xamaa napabonanap Oynmaau. Xakukatran xam (6)
TeHIJaMa OwjaH OepwiiraH WMKKU Talllajid THIepOojouaHu Z=h Tekuciauk OwuaH
Kecunranja |h|>c 1a kecumza

£,
a~ b” c



IIUIC, h=+C Ja MaBXyM KECHUIIYBYH TYFPU YU3HKIAP Ky(QTIAUrK Xocua Oynamu. (6)
TeHrJamMa OwWjaH OepWITaH WKKH TaJUIadd THUIEepOONIONIHU X=N TeKkuciumk OwiaH

KCCHJIraHaa KCCuMJaa

Ih|>a 6Ynranna Oz maBxym yKiam runep6ona xocun Oynamu. |h|=ana kecunrysuu
Tyrpu umsukiaap Kydriuru xocun Oymamu. |hj<a Oynramga Oy maBxym YKimu

runepbona xocun Oymaam. (6) TeHrmama OwiaH OepwiraH WKA — MMaJljIaiid
runepOoIONIHN Y=N TeKHCIUK OWlaH KEeCHJITaHJa XaM KeCHMJa Iy XoJaTiiap pyiu
Oepamu. DHAM WKKW Taylaiv TUMEPOOJOUIHUHT SICCH Kecumiapuaa SJUIUIC Ba
rurnep0OoJiajiad Tamkapu napadosuanap XaMm OOpPIUTHHU KYypcaTalIuk.
51.2. Wkku mnamianu runepOojoul sICCM KecuMlapuja »dJUIMIICIap, Ba
rurepOoianapaaH Takapu napadonanaip xam 6op. XaKuKaTaH Xam
cx-ax+ac=0 (7)

TeKUCIUKHU onamu3. by Tekuciuk Mg(0;0;c) HykTa opkainud yTaau Ba m:{o;x O},

- a .. c
M, = ————0,———" BEKTOpJIapra napaieiup
JaZ+c?  Jal+c

c0-a-0+ac=0

c0-a-0=0

ca ac
JaZ+c? Jai+c?

By TexucnukaM mapaMeTpuKk KYpUHUIIIA KyWnaara Tap3aa Oepuin MyMKIUH

0

a
X=0+U-04+V: ———
Ja?+c?
y=1+u-1+v-0
Z=Cc+U-0+v-
a’+c?
a
X=——=V
va?+c?
y=u (8)
c
Z=C+ v
a’+c’




a . .
Jat+c? ' Ja?+c?

BEKTOPJIAPHUHT OPTOHOpMaJI 0a3MCHHM XOCHUJ KWiIaau. YHAa U Ba V mapaMerpiap 0y

Oynna m ={0;L0}, m, :{ } BeKkTOpJIap (ha3oHUHTAA ETYyBUM Oapuya

TEKHUCIIMK Y3rapyBuM HyKTaJapHHUHI TYFpU Oypyakiid KoopJauHaTtaigapu Oynagu. (6)
TEHrJ1ama X,Yy,Z y3rapyBumiap ypHura (8) TeHrnamanap CUCTeMacHaaH OJMHTaH U Ba V
napameTpiap opKanu udoJanapuHu KyHuO U Ba V KOOpAMHATajgapJaru siCCH KECUM
TEHIJIaMaCHHHU XOCHJI KUJIaMH3

X2 y2 ZZ_ 1
PeIREne e

QD
(o)
(@]

a’ a’+c’ b? JaZ+c?
2
2 2
v u v
—— t——| 1+ =-1
a +c b a’+c
V2 +u2 1 2v Vi N
a’+c®> b’ Ja?+c? a‘+c?
> v
b*  Ja’+c?
, 2
U= ———-v
a’+c’

2
Oy p= % napameTpJii napaboJaHUHT KAHOHHMK TEHTJIaMacuiaH noopar.
a’+c

51.3-tabpud. Arap | 1yrpu unsuk 6upopra @ cupraa érca (lc®) | Tyrpu
yu3uKHU @ CUpPTHUHT sicoBUMCH Ae0 aTtanaau.

51.4-xymaa. Vkku nmajiaayd runepOosion]] TYFPU YM3UKIW SICOBUMJIApra Ara
IMac.

Hcoo1. bapua tyrpu unsuknapau Z=0 TEKUCIUKHU KECyBYH TYFPU YU3HKIApra
Ba Oy TEKUCIMKIa napajuiesl TYFpu 4u3ukiaapra Oymum MyMKHH. Z=0 TEKHCIUKHU

KECYBUHU TYFPH YM3HUKJIAp Oy TEKUCIUKHUHT (6) runepOoion; OuiiaH KeCHIIIMACIUTH

Tyaliiam TYFpU YHM3MKJIM SCOBUM OYIMaiaM, KOJNTaH TYFpU YU3MKIap 3ca Z=h
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Texkucaukaa €tu6 € (6) runepbonoun 6unan |h|<c na xecummacu Oy Tymiaam, €

(|h|=c) na 6uTTa HyKTaman ubopar, (|h|>c)ma KecumMAacH ILTHIIC 6y1aTy.

h? h?
ApUM YKJIapH a\/c—z—l : b\/c_2 —1 OYnraH UIMICIUP.

51.5. bup namiaun runepOo0I0u1 TEHTJIaMacH

XZ yZ ZZ
2 @ !

QD
(@]

©)

KaHOHUK KypuHMINITa 3ra, Oy epaa a>b. bup mamnanu runepOonoun 62-pacmuaa

TacBUpJIaHraH. Arap a=b Oyica, nkku mamuianu runepOosona Kabu Oup mauiaiu

runepOosion] aiana runepoosnions; 6ynaau. Uxtu€puii Oup namianud runepooaoua

WKKUA TajUlaliyd runepOosion]] kabu ainaHMa OWp majuiaau runepOosionagaH Yy YKu

OYyiirJa CUKHUILJIAH XOCHJI KUJIWHAIW. XaKuKaTaH Xam

r__ l_b r_
X=X y==-y 7z'=z2
a
Xt oLa . 2%
2 2 2 y 2
a- a° b C
12 12 12
X y Z 1
a? b2
z=h Tekucauk OWJIaH KECAMU3
2 2 2
X h
—2+y—2:—2+1
a- b c
IBbHU
2 2
X
+ y =1
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2 2
Hemak uxtuépuit z=h texkucnuk (9) rumepOoronTHI a\/:—z—l, b\/:—z—l APUM YKJIN

anmunc 6§inda kecaqu |h| 0 gaH +oo raya Ycrauaa spum YKmap xam a Ba b gan +oo

raya MOHOTOH Ycaau, rumnepOosouaHuar Z=0 Tekuciuk OunaaH kecumu z=h=0 ma
XOCHJI OVran

X—+y—:1, z=0

2 2
2 b2

o]

XOCWJI OYNraH AJUIMIC OEpHIraH TUNnepOOJIOUTHUHT €KUM KECUMJIard SJUTUIC OYFo3
AILTATIC N1e0 aTaay.

y=h Texuciuk omunan (9) runepO0IONT KECHMHU

X2 ZZ y2 _
7o T Y

TeHIJIaMaJii YU3UKHU Oepanu, abHu arap |h|<b na

X z
2 2 7 )2 =1
T
arap |h|=b 6ymca
x> z°
PO
arap |h|>b 6ynca
2 x* N
P
z° X2

2 2 h2

=1—¥ y X=h

TeHIIaMaJli YN3UKHU Oepany, abpHM arap |h|<ana
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arap |h|=a 6ynca

arap |h|>a 6ynca

Jllemak x=+a, y=+b xommad Oomka (9) rurnepoononaauar X=h Ba y=h xomiapaa
TEKUCTUKIIapu OWJIaH KeCHUMU rurepOosianap Oymaau. x=+a, y=+b XoJuiapaa Oy
rurnepooaiap KECUITYBYH TYFPU YM3HKIAP KYDTIMTUTA aiiTaHa H.

yz
W2

2 2
X z
cx-ax+ac=0 (7) TekuCIMK — + 72
a

=1 (9) Oup nmamnanu runepoOJIOUIHU
c

napabona Oyinua kecuimu, Oy TEKHUCIUK KOOpJWHATajgap Oommura mnapaienl
KYUyUpWIraHia o3ca Mapajuiesl TYFpU YU3HKIAp O Ky(QTiauru OyilMya KecuIlu
UCOOTIIAHCUH

(9) tenrnmamana X,y,Z y3rapyBuwiap ypHura (8) TeHIIamanap CUCTEMacHIaH
OJIMHTaH U Ba  V mapamerpiap opkaiu wudomamapuHu Kyumd U Ba  V

KoopauHaTallapAaru ssCCUu KCCUM TCHINIaMaCHU XOCHUJI KHJIaMU3

X2 yZ 22
PN ®)
2 2
1l _a v? 1 u? L Cp O v| =1




2
u :L+2

b? Ja? +c?

u? =207 — 11
a’+c?

Oumu U =u, v'=%+1 ne0 alIMamTHPUIN KWiIcak u'”=2b%' 0y p=b’
a’+c

napaMeTpiid napaOoJlaHUHT KaHOHUK TEHTJIamacuaaH moopar Oymaau. cxX-ax+ac=0
(7) TekuCIMKHM KOoOpAWHaTajgap Oommura mapaiesn Kyuupwiranga (8) cucrema

yuoy KypuHHIITa 3ra O0yinaau

a
X = v
a®+c?
y=u
c
Z= v
a®+c?

Oynapuu (9) Tenrinamara onubd 6opub Kyiicak

2
2
iz. a .V2+i2.u2_i£#.vj =1
b a’+c?

a’ a’+c’ c? N
2 2 2
Y, u Y,
7 22 2 2 =1
a‘+c° b a“+c
u2
P
u?=b’
u?—-b?=0

(u=b)(u+b)=0
KecuM U=D Ba U=-b mapamren Tyrpu uusukaap Kypraurugan wbopaT Oymagu.

Macaia eumian.

51.7-Tteopema. (9) 6up mamianu runepOOJTOUTHUHT Xap KaliCu HyKTAaCH OPKaJIH
HAaK MKKUTA TYFPU YN3UKJIN ICOBUMIAPU YTAU.
HcooT. DHT aBBan Oy MacanaHu cojaia Oyiaran
X +y'-2°=1 (10)
oup mamnanu runepOonous Ba OyFu3 kecum aitmanacumard Mg(1;0;0) aHuk HykTa

y4yH edaMu3. My HyKTa OpKaJd YTyBuu | TYFpu 4M3MK HYHAITHPYBUM BEKTOPH
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m={a,B,y} Oyncun. By Tyfpu uYM3MKHUHT Yy3rapyBun M, Hykracu (l+at, fBt, yt)

KoOpAuHaTanapra, Oy epia t mapameTp HUXTHUEpUM XaKUKUM KuhdMatiap KaOyi
Kunaau. M; HykTa rurepOoiouara Teruiuy 0ynanu, mry xoiaa Ba (akar nry xXoniaa
KA4OHKHU
(1+ at)2 + pAE -y =1
€K1
1+ a%t” + 2at + ft7 —py°t* =1
(a®+p*—y* )t +2at =0 (11)
lyausar yays | typu umsuk (10) runepOosonaga éraau myHaa Ba (akar IIyHaa
KauyoHKH (11) TeHrmaMaHUHT Yarn TOOMHH aifHaH HOJITa TEHT, S’IbHU
a?+p°-y"=0 a=0
oyiaca, spHU a =0, f°=y°
a=0,f =y pf=tyoa=0,y=%p
By epnan npomopruoHaAITMK aHUKIUTUAa Gakar TYFpU YU3UKIU SCOBUMIIAPHUHT
WMKKATA NYHAJIITUPYBYU BEKTOPJIAPUHH XOCUI KAJIAMH3
M= {011 m, = {021}
Hemak, (10) rumepOomoumauar My(1;0;0) HykTacu ydyH Teopema TacAuFH
ucootnanau. OHAM M, Hykranu (10) runepOomoumHuHr uXTUEPUN Oomka M
HyKTacura 0y rurnepOOoJOUIHHA Y3UHUHT YCTUTa aKC ATTUPYBUYU aPdUH amMalITUPHILL
BOCHTACHa YTKA3WIl MyMKUHIUTHHU Kypcaramu3. AGPuH anMamtupummga Tyrpu
YU3UK TYFPU YM3WKra Yytumu Ttydaiaum Oy
24 epllaH My HyKTa OpKaJii KaH4ya TYFpU YU3UKJIU
sgcoBurM YyTran Oyica M HyKTa OpKajau Xam
IIyHYa TYFPU YMU3UKIU SICOBUM YTUIIU KEIHO

YUKAIH. (10) TUIIEPOOJION,T allylanMa

runep6oous Oynanu

X2 +y?—22 =1 (10)

%ﬁv
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x*-2°=1, y=0

JlemMak YHUHT UXTUEPUN HYKTaCUHU
x*-2°=1, y=0 (12)
runepbononaa €TyBUM HYKTaHM Z YKU aTpoduga algaHHUII BOCHTACHAA XOCHI

ki MyMkuH. [yausar yayH Mg(1;0;0) HykTanu runepOOJaHUHT HXTUEPUMA

M(X0;0;Z0) HyKTacura yTKa3uIll eTapiau

X' = XX+ Z,Z;
y'=y; (13)
2 =7,X+ X,Z

dbopmyna O6wnaH apduH anMaAIITUPUIITHU aHWKIaiMmu3. (12) TeHrnamara mMyBOGUK
tydaitmu  x? -z5 =1, Y, =0 OVynranu Ttydainu Oy aaMaIITHUPUIL MAaTPUIACU

ACTCPMUHAHTHU 6I/IpFa TCHT

X, 0 1z,
0 1 0|=x-2z=1
0
z, 0 z,
y'=y
X' =X, X+ 2,2
7' =7,X+X,2Z
X, Z
A= Ol=x-Z2=1
L, %
X! ZO ’ ’
A=l =X, X' —Z,Z
X
A _XO X’_ ’ r ' '
=, Z,_xoz—zox_—zox+xoz
0




A
z :XZ:AZ =—Z,X'+ X,2'

Jlemak f ™ Teckapy aIMaIITHPHUII MATPHIIACH

0 (14)

maTpuna 6ynanu. besocuta ypuura kyiummap f(M,)=M OYIuIIUHN KYpcaTaay.
X'=X%,-1+2,-0=X,
y'=0
'=2,-1+%X,-0=12,
f(My)=f(L0;0)=(%;:0;2,)=M
Ouau f akcnanTupum (10) rumepOoonaHM y3ura YTKa3uIUHU KypcaTamu3. (13) ra
acoca ymibyra sra 6ymamu3
X2 4y =2 = (XX + 252 ) +Y? = (23X +X52)" = XX + 2X0ZoX2 + 2227 + Y2 — 22X7 — 2%, ZoX2 —X22% =
= (x§ —~ zf,)x2 +y? —(x§ —~ zg)z2 =((12)ra acocan)=x"+y*—-z% =1
Xynau mynmaii ((14) marpumann Tanbuk kutum 6mian) f ™ Teckapy anMairTHpuIL
xaM myHuHrAek (10) runepOosioniHu y3ura YTKa3uily KypcaTuiiau.
X=XX'—2,2'
y=y
Z=—2,X'+x,Z'
X2 y? =22 = (XX = 202" ) Y2 = (=2X + %o2') = XIX? = 2X2oX'2 + 222P + y? —22XP 4 2%,2X'7 — X272 =
= (xj — zg)x'2 +y"? —(x§ — zj)z’2 =((2)ra acocan)=x"*+y”? -2 =1
dopmyna Ounan Oepwiran apdun anmamrupumr (9) runepOonougau  (10)
rUepooIonIra ake STTUPUIIIMHNA KYPHII KOJITH.

2 2 2 2,12 2,12 2,12
X Z a“x b c°z
_+y___: + y _ :X12+yr2_212.

1=
a® b®> ¢? X b2 c2

52§. KOHYC KECUMJIAP

52.1. UxTuépuii KoHyc
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X—+y——z—=0, Oy epna a>b

2 2 2
2 2 2

QD
oy
(@)

ailaHMa KOHyC €KU JoupaBuil KoHycaaH (a=Db)

X2

> +y——z—=0

2 2
2 2

y Vku OViinua CUKUIIaH XOCWIT KIIMHAAU. XaKUKAaTaH XaM

AlilllaHMa KOHYCHU

X2
a2

2 2
y z
+—2——2—0

o]
o]
(@]

2
a

X' +y?——12°=0
c

X’ +y*—-R%*2* =0 (15)

2
Oy epma R’ =a—2 KypuHHUIIa &3um Kynauaup. Z=1 Ttekuciuk Oy KoHycHH R
c

panuycnu aiyiana Oyiinda kecaau. by maparpadpa (15) xoHycHuUHr Oapua siccu
KECUMJIApUHU TolaMu3. ByHMHT yuyH Yy VKHWra mapajijien OyiraH TEeKUCIHKIapHU
Kapair etapiauaup. Y YKura mapajuies] TeKHCIUKHHA Z=h TOpH30HTa] TEKUCIUKHU Y
Vku atpoduna 6upopra o Oypuakra Oypunaan xocun KuinuHaau. Lllynnai Oypwuin
KyWuJaru tap3aa €3uiaau:

X' =XCcosa—1zSina
y'=y (16)

Z'=xsina+zcosa
by (16) anmarmutupuiiga €, BeEKTOp V3 KoWuaa KoJubO €,6, BEKTOopjap 3ca MOC
2 3
paBuIIIa € COScx+E,Sina, —€Sina+€Ccosa BEeKTOpJiapra YyTumuaaH, sbHu OXZ

TEKUCIUKIAa 0 Oypyakra OypwiminumaH kenub uukamu (30§ ra kapancun). z=h

Tekuciuk  Mo(0;0;h) Hykra opkamum Yyragm xamma € ={1,0;,0} Ba €, ={0;10}
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BeKTOpapra napamwien oynaau. (16) dopmymnanan Oy TekucIuKHYU Y YKU aTpoduma o
Oypyakra OypumpjaH keiimH Mg(-hsing;0;hcosa) HyKTa opkanM YTyBuM Xamzaa
& ={cosa;0;sina} Ba €, BekTOpiIapra Imapajien OyiraH 7z, TEKHCIMKHM XOCHII
KUJIaMU3. 7, TeKUCIMKHUHT TTapaMeTPHUK TCHIIIAMACHHU E3aMU3:

My(0;0;h) HykTaHuHT KoOpauMHaTalapuHH (16) TeHrjJamalap cucTeMacura
Kyin6 Mg (—hsina;0;hcosa) HyKTaHMHT KOOPAMHATAIAPUHHI XOCHI KMIaMU3.

X=-hsinag+ucosa+0-v
y=0+u-0+1-v
z=hcosa+usina+0-v

EKU1

X=-hsina +ucosa
y=Vv (17)
z=hcosa +usina

(17) mapaMeTpHK TEHIJIaMaaH BEKTOp TCHIIamara yTaMus
OM =OM| +UE| +VE,
oM —CW(; =UE +VE,
MM =Ug +VE,
U Ba V mapametpyap M(E€E, OpTOHOpMaI pernep OMIaH aHUKJIaHTaH Oy TeKUCIUKIAru
HYKTaJapHUHT TYFpu Oypuaknu koopauHaranapu Oynaau. (17) udomanapuu (15)
TEHrjaMara Kyino Ba yXIam XaJJlapHd uxdamiiad
(~hsina +u cosa)2 +v?—R*(hcosa +usin a)2 =0
h?sin® a — 2husin  cos & +u? cos® a +Vv* — R*h? cos® a — 2R*husin e cos a — R?u®sin* o = 0
u?(cos® & —R*sin’ &) +v* — 2husin a cos (1+ R* ) + h* (sin® @ — R cos* &) = 0 (18)
U, V KOpIMHATaJapaard OM3HUHT SICCH KeCUM TCHTJIAMCHHH XOCHIJT KUJTaMU3.
1) cos®* a —R*sin*a =0 ga
cos’ o = R?sin’ «
R? =ctg’ R =ctga
sra Oymamu3. lyaunr yayn (18) Tenrnama
v —2hRu +h? (sin® &~ R* cos’ &) = 0
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v2 = 2hRu + h? (R2 cos® a —sin? a)

KYPUHUIIHM €KU U, V KOpJAUHATAIAp CUCTEMACUHUHT OOLIMHYU Napaljies KY4Yupullian

CYHT, SIbHU
, hZ(R2 cos? ¢ —sin? a)
v-=2hR| u+
2hR
oynranuaaH
VvV =v
, hZ(R2 cos? o —sin? a)
u'=u+
2hR
neunica
v'2 = 2hRu’ (19)

kypunuiau onagu. by h>0 na mapamerpu p=hR 6ynran napaGomaHuHT KaHOHHK
TeHrjaaMacuad nobopar 6ynanu. H y3rapranga y 6apua mycoaT KuiiMatiapHu KaOyi
KW MyMKuH (63-pacm) h=0 a sca ycTMa-ycT TyHIyBUM TYFpU YHU3HKJIAP
xwypriuru 6ynaau. [lynnaii kb 6u3 ymly s>kyMiaaHu UCOOT KHIITUK.

52.2-xymia. (15) KOHYCHHHT SCCH KECHM HMXTHUEPHIN mapameTpiiu mapaboia

OYIIUIIN MYMKHH.

63-pacMm
2) DHmu cos’a—R’sina=0 OyiacuH. U y3rapyBum OwiaH Tyjaa KBajpaT
axpatud
u?(cos” & = R*sin” &) +v* - 2husin arcos e (1+ R? )+ h? (sin® & - R* cos* &) = 0 (18)
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TCHINIAMAaHH! aJIMAalITUPaMU3

. 2 :
, L , (1+R*)cosasine h?(1+R?) cos” asin’a
(cos a—R*sin a) u®—2uh > 5+ > > +

cos“a—R°sIin“ a cos“a—R°sIin“

2 .

, P (1+R*) cos’asin’a , .

v — . — +h (sm a—R?cos a)=0
cos’ @ —R?sin’ o

(1+ RZ)COSaSina h? (l+ RZ)2 cos? asin® a

(cosza—stinza) u? —2uh~—; ——+ ; — +vi=
cos“a—R°sin“«a cos“a—R°sin“ «
2
h?(1+ R?) cos® asin®a
- ( . ) —— —h’(sin® & —R? cos’ @) (20)
cos“a—Rsin“«

TEHIJIMKHU ~ XOCWJ  KujgaMu3. by  TeHraManuHr  VHr  TOMOHM  paBlIaH
AIMAIITUPUIIUIAPAAH CYHT YIIOY KYPUHUIITHU KaOyJ KUjaau

h? (1+ RZ)2 cos? asin® a

cos’ @ —R?sin*«

—h? (sin2 a —R? cos? a) =

2 . . .
, (1+ RZ) cos? arsin? a—(0052 a—R?sin? oz)(sm2 a — R? cos? a)

cos’ a—R?sin’

, €0s% arsin? a + 2R? cos® asin® a + R* cos? e sin? o — cos? e sin ar + R?sin® & + R? cos* o — R* cos? e sin
_h —
cos’a—R?*sin’
R2 h2R2
2 —
cos’ o —R?sin*« cos’ @ —R%*sin*a  cos? a —R?sin’ «

2 .2 \2
2(Rcos a +Rsin a)

U, V KOpAWHATajgap CHUCTEMAaCUHM Mapajuien kyuupuiijgadn cyHr (20) TeHriama

(1+ RZ)COSaSina

!

u=u- V' =v 11e0

cos’a —R?sin’ «

2

1+ R?)cosasina h?R2
(cos® @ —R*sin’ ) u—h( - ) S S LEA.
cos“a—R°sin“« cos“a—Rsin“«
} h?R?
(cos® @ -R*sin® a)u® +v? = ———— (21)
cos“a—Rsin“«
TeHrjiamMara amiiagaam €k h=0 ma
u!2 v!2
e + e =1 (22)

. 2 2 2 i a2
(cosza_stmza) cos’ a—R?sin’a

TEHIJIaMara amjaaHaau.
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65-pacm

2a) Arap cos’ o —R?sin’ a >0 O¥ica, y xonaa (22) TeHrIamMa KU9IuK KU Y YKura

napajien OyiaraH >3JUIMIIC KaHOHUK TEHrjJamMacujaH uoOopar Oynamu (64-pacmra

KapaJiChH)
1
ctga=R=>—= R:tgazﬁ

tga

o Oypuak O gaH arctg % rava y3raprasjia spum YKJiap HUCOATH

a_ Ih|R _ Ih|R _ 1
b cos’a—R*sina \cos’ o —R?sina \Jcos’ @ — RZsin’a

o0ymm6 1 man +oo rava y3rapaan. XakKuKaTaH XxaMm
1

-1
Jcos? 0—R?sin’ 0
1 B 1 B
\/cosz arctg 1 _Regin? aarctg 1 tg2arctg 1
R R 1 _R? R
1+tg’arctg 1 1+tg arctgy 1
R R
1
= - — 400
1 R
1 1
1+? 1+ —

OyHaaH Tamkapu h y3raprasja KaTta spuMm yK
N i
 cos’ a—R%sin«a
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Oapua ¥yn kyhwiran kuiimatnapau KaOyn kwinamu. [ynpail kunmmub Ouz ymoOyHU
UCcOOTIATUK.

52.3-xymiaa. (15) KOHYCHHUHT SCCHM KECUMH HUXTUEPUN VI4amMIIM DIJUIUIIC
Oymumm mMymkuH. Arap (22) tenrmamaga h=0 O6ynca, y Xxomma Ou3 MaBXyM
KECHUIITYBUU TYFPU YU3UKJIAP KYPTIUTHHA XOCHIT KUJIAMU3.

20) cos’ a —R’sin’ a <0 0O¥yica (22) TeHrIamMaHu
2

u V12
— =1

h?R? h?R?
2 2qin2 V2 RZsin?a—cos’a
(cos a —RZsin a)

KypuHumaa &3m0 oncak, y xonma (22) TeHrimama 65-pacMaa TacBHpJIAHTaH
rUnepO0IAHUHT KaHOHUK TeHrjamacu Oymamu. Diaunc Oyiaran xoil kKabu a ¢oxant
sapuM VK Oapua MmycOaT KuiiMaTiiapHu KaOyJ KUjlaJau aMMo sIpUM YKJIApHUHT HUCOATH

y4yH
a Ih|R _ Ih|R 1 N 1 1 1

T D22 2 ¢ - = - = - = . =
b R%*sin®a—cos’a \R?sin?a—-cos’a +R?sinfa—cos’a +R?sina Rlsingl R

yekyanui Oop. Jemak xap kanpgai rumnep6osia (15) moupaBuil KOHYCHUHT SICCH
KecumH OynaBepMaiiiu. AMMo R HU Y3rapTupu® spum VKIApHUHT Xap KaHYa KUYHK
HUCOATHUHU XOocui Kuuil MyMkuH. Llynnai kuimn6 6u3 ymoyHu ucOOT KUJIIHK.

52.4-ymaa. (15) noupaBuil KOHYCHHHT SICCH KECUMH SIpUM YKiap HUcCOATH

>= OynraH xap KaHmaii runepbona Oynumm MyMkuH. Mxtuépuit ymyamim

1
R

olo

runepOosia GupopTa 1oMpaBUil KOHYCHUHT SCCH KECUMU OYITUIIN MYMKHH.

Arap (21) tenrmamama h=0 Oynca, y xoJyila KECUIIYBYM TYFPU YU3HUKJIAP
KYPTIUTUHA XOCUIT KUJIAMU3.

52.5. Jlemak smmumncnap, runepOosananp, napadosananp, KECHIIyBYU TYFpU
YU3HUKJIAp, MaBXyM KECHINYBYM TYFPU YHM3UKJIAP, YCTMA-yCT TYIIYBYH TYFPH

YU3HKJIAp KOHYC Kecumiap Oymaau.

53§. TIAPABOJIOUIJIAP.

53.1. DnnunTuk napadoaouna
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XYoo (23)

KaHOHMK TEHIJIamMara fra, Oy epaa p>q>0, Yy=0 Tekuciauk Oy mapaboJIOUmHK P
apaMeTpIIH
x*=2pz, y=0

napabosa Oyinda kecaau, X=h Texucnuk sca yHu ( mapaMeTpiu

2 2
h,y—:Zz—h—<:>y2:2qz—ﬂh2,x=h
q p p

napabona Oyimua xkecamu. IllyHmHr y4uyH osmmuntuk mapabonounn Oupopra

X

KY3FaJlyBUd NapaOoJIaHMHT KAaUOHKH YHUHT Y4Hu OOIlIKa Ky3ranmac napabosa 0Viiinab
CUpHaHUIJIaH XOCWJI OyiraH mapajuiesl Ky4YupHUIJlaH XOCWI Kuiaui MyMmkuH. Ly
Ownad Oupra nmapadonanap NeprneHANKYISP TEKUCIUKIapAa €Taau, yIapHUHT VKIapy
sca mapa’suiels Ba Oup TOMOHTa iyHairan 0ynanu (66-pacmra KapajicuH).

53.2. Arap p=q 6ynca, y xonaa (23) napabosiongHuHar z=h>0 TeKUCIUK OusiaH

2 o
KecuMH X° + Yy’ =,/ph aiinana 6ynanu.

66-pacm 67-pacm

[llynnait  mapaGosowpa — aijmanma — mapabosiougmaH — ubopar  Oymamu. Y

x>yl . .
X Y _2zaiinanma napabonoun x°=2pz, y=0 mnapabomaHuHT Z YKu arpoduaa
p p

allaHUIIUIAH XOCWJI KWIMII MYMKUH. MXTuépuil »>miunTuk — mapadosioun

X2 yz x> yz . . .
—+—=2z, p=2q>0, —+-—=2z anIaHMa Hapa60nonzmaH alJIaHUII YKWATa

P q PP

NepHeHAuKyIAp OyiaraH Oupop WyHanmuim OYViuya CUKUII OWJIaH XOCWJI KUJIMHAJIH.

XaKUKaTaH XxaM MacajlaH
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y Vku OViinya CUKUII HATHXKACH1a

12
_+££ y’2 =27

P Pq

12

X+y

— =27
P q

(23) snnmunTrk apa®oIou ] XOCH KATMHA/IH.
52.3.91aunTuk napadoona TYFPU YM3UKJ/IN ICOBYIJIAPra 3ra 3Mac.
NcOoT nkku najuiany runepoosionyiap yuyH Kanaai 0yica Xyaau ryH1auidp
(51§ ra kapancun). XakukaTaH xaMm Oapua TYFpu YHM3MKJIapHH z=0 TEKUCIMKHU
KeCyBUM Ba Oy TEKHCIMKra mnapajviesn TYFpU Yu3ukiapra Oyiaum MyMKkuH. z=0
TEKUCJIIMKHU KECYBUU TYFPH YH3UKJIAP Oy TEKUCIUKHUHT (23) 3JUTMNTHK MapadoIon T
2 y2

X .
Ownan kecummacu (—+-—=0 MaBXyM TYFpU UYU3HKIap Xy(dTiauru) ¢akar Ourra
P q

HYKTaJa KeCHIUraHu Tyhalau TYFpU YM3UKIU scoBumiapu Oynamaiiau. Tyrpu
YU3UKJIAPHUHT TEKUCIUK OMp TOMOHHJA ETYBYM KUCMHU DJUIMIITHK Mapalosouana
€TMaiiiu, KoJraH TYFpU uYM3uKiIap 3ca z=h tekucnukga €tubd € (23) 3uMnTUK

padoJion] OMIaH TEKUCIIUK KECUIIIMAcH

X—2 + y_2 =2h, z=h
P q
yu3uk 0y h>0 na spum Yknapu \/m , \/ZcTh oynran smumnc. H=0 na maBxym
KECHIIIYBYU TYFpu um3ukiap xydtauru h<0 O6ym tymmamaup, ssHU Oy TYFpU
yu3uKIap (23) s;mumnTrk napaboIoOuIHUHT TYFPU YU3UKIIH SICOBUMTIAPH OYIMAMIH.
53.4-macana. (23) 2yIUMNOTUK TapaOOJIOUTHUHT MXTHUEPUN BEPTUKAIT SICCH
KECHMH ( JlaH p rada yerapaja y3rapyBuu p’ mapameTpiiv napabosa 0ymanu.

(23) onnunTUK TapaOOJIOMIHUHT MXTUEPUN BEPTUKAT SICCH  KECHUMHHHU

Tonamu3. ByHUHT yuyH zyKura napajuien Oyiarad TeKUCIUKIApHU Kapall eTapiiuIup.
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z YKWra napasies TeKHUCIMKHA X=h BepTHKal TEKUCIUKHU Z YK aTpoduga oupopra
o Oypuakra Oypumiaad xocwn KwmmHanu. Hlyramait Oypuin Kyidugara Tap3na €3uiaau.

X'=xcosa-ysina
y' =xsina+ycosa *)
'=12

by (*) anmamTupuiga, € BEKTOp Y3 KoWuJa KOaubO, €,€, BEKTOpJIap 3ca MOC
paBuIIIa
€ Cosa +6,Sinx

— T . T . —
g cos(a+5j+e2 sm(a+5j =—€ sina+€,cosa

Bexkropmapra yrunigan, spHH OXY TeKUCIHUKAA o0 OypUakra OypUIIaH KeuO YHKaIn
(30§ra kapancun). Xx=h tekucauk My(h;0;0) HyKTa OpKaJid yTaau Xamaa E, ={O;1; O}
Ba €, ={0;0;1} BexTOopnapra napamien 0ynamu. (*) Gopmynanan Oy TEKUCIUKHU ZYKH
arpoduaa o Oypuakra Oypuminan keilun Mg (hcosa;hsing;0) HykTa opkanu ¥TyB4n
xamaa € ={-sing;cosa;0} Ba € ={0;0;1} BekTOpaapra mapajien Oyaran 7z,
TEKUCJIMKHU XOCI KWIAMU3. 7, TeKUCIMKHUHT TapaMeTPUK TCHIIAMACUHH €3aMu3.

Mp(h;0;0) HykTaHMHr KoOpaMHaTajmapuHu (*) TeHrnamamap cucTemacura
Kyin6 Mg (hcose;hsina;0) HyKTaHHHT KOOpIMHATATApPHHK XOCUIT KUITaMK3

Xx=hcosa—-usinag+0-v
y=hsina+ucosa+0-v
z=0+1-v
E€KU

X=hcosa —usina
y=hsinag+ucosa (**)
Z=V

(**) mapaMeTpuK TEHIJIaMaJaH BEKTOp TEHIJIamara yTamus
OM =OM, +UE, + V€,
OM —OM, =U€,, + V&,

-

! A~ ~
MM =Ug, + Ve,
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U Ba V mapameTtpiap M€, opTOHOpMAI perep OMIaH aHUKJIaHTaH Oy TEKUCIUKIaru
HYKTaJIApHUHT TYfpu Oypuakid KoopAuHatajmapu Oymamu. (**) wudonmanapuu
alimaHMa rmapa0oJyiou]1 TeHrjIaMara Kyino Ba yXiiani XaJajapHu uxyamiao

(hc05a—usina)2 +(hsina+u005a)2
p p

=2V

h? cos? o — 2hu cos asin & +u? sin® & + h? sin® & + 2hu cos e sin & +u® €os? & = 2 pv
h® +u®=2pv

u>=2pv—h?

2
u’ =2p(v—h—]
2p

aNIMAIITUPUIIT KUIHO

u?=2pv
p mapametpiu mapabosia xocwi Kuwiamui./lemak (23) smaunTuk mapaOoraouIHUHT
UXTUEPUN BEPTUKAJ SICCH KECHUMHU (] JIaH P rada yerapaja y3rapyBuu p’ mapameTpiu
napaboa Oymanu.

53.5-macana. (23) >unTHK MapaboTOMAHUHT UXTUEPUNA BEpTUKAI OYiMaraH
SCCU KECHUMH DJUIUIIC, MaBXYM JJUIMIIC KM MaBXyM KECHUIIYBUM TYFPHU UYU3HUKJIAP
xkypriurn 6ynaau. [y Ouman Oupra uxtuépuit ymuamuu sunc (23) Oepuiran
AJUTUNTUK MapaOoIOUIHUHT SICCU KECUMU OYIaiu.

(23) >nunTUK MapabOJIOMIHUHT UXTUEPHUM BEpPTHKATI OYIMarad sicCHi KECHUMH
DIUTUTIC, MaBXyM DJUITMIC €KM MaBXyM KECHUIIYBUM TYFPH YH3UKIAP KYyDTIUTH
oynamu. Illy Ounan Oupra uxtuépuil ymyamnau sumnc (23) OepuwiraH 3JUTMITHK
napabOoJIOUTHUHT SICCH KeCUMH Oy asu.

HNcoor. HMxtuépuit BepTukan OYaMaraH sz  TEKHCIMK TEHIJIaMacUHU

Ax+By+z+C=0 Kypurnmja €um MyMkuH. by Tekuciauk O(0,0,c) HyKTa OpKalu

yragu Ba € ={1,0,-A} Ba &, ={0,1,-B} Bekropiapra mnapamici. By TEKHCIMKHHHT
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napaMeTpHuK TeHrJaMacu X=u, y=V, z=-C—UA—VB (23) 3/IunTuK napadoIouIHIUHT
7 TeKUcIuKAa u,v adduH KoopAuMHATANAparu SCU KECUM TEHTJIaMacHHH E3HINTa
UMKOH Oepaiu

2 2
u—+V—+2(C+uA+vB):O

P q
Taiinananrad A Ba B ga ga xampma C y3rapranga (SbHH 7T TEKUCIUK Tapasuien
CWDKHMTaHJia) TEeHrjama JJUTUIIC, MaBXyM JJUIMIIC €KM MaBXyM KECUIIYBYM TYFpU
yn3ukiIap kypraurugan uoopar Oymamu. lly Ounan Oupra uxTuépuil ymuamiu
ayutic (23) OepuiraH JUIANITAK MapaOOIOUIHUHT ICCH KECUMU OYIaau.

53.6. 'unepOonuk napadoouny
X Y _% (24)

KaHOHUK TeHIyamara sra, 0y epaa p>0, ¢>0, y=0 tekucnuk Oy mnapabogouaHu
x> =2pz, Y=0 p — mapameTpiu mapadosa Oyinya Kecaau. X=h TEKUCIUKIAp 3ca YHH
2 2
X_ —27 = y_
p q

2
y? =—2qz+£,x:h
p

q — mapamerpiu napabonamap OVitmya kecaaun. AmMMo Oy mapaGonanunr y=0
TEKUCIIMKAA €TyBuUM napabonagan (apkiud z YKUHUHT MaH(uii TomMoHMra kapal
uynanranaup. ['unepOonuk mapa®oioua HSIIMNTUK Mapabosious kKabu Oupoprta
Ky3FaayBuM napaOoIaHUHT KAYOHKW YHUHT y4M OOIlKa Ky3Fajamac mapadosa 0yitinad
CUpHaHUIIKMIAH XOCWI OYJIraH mapajmien KydyupHullJlaH Xocui Kl MyMkuH. Ly
Owinan Oupra mnapalonianap MNEPICHIUKYISAP TEKUCIUKIapAa ETaau. YJIapHUHT
VKJIapy 3ca Tmapauiell aMMO KapMma-Kapiid TOMOHTa MyHanranaup. (67-pacmra
KapajicuH). ManHa 1myHmail scaiuiuura Kypa runepOoiauK mapadosiona  asrap
KYPHUHHUILTA 3Ta SKaHJIUTU KYpUHUO TYpuOIu.

53.7 xymaa. (24) runepOOJOUIHUHT MXTUEPUM BEpTHKAl OYIMaraH siccH

KEeCHMHU Turepooia €K1 KECUIIYBYH TYFPH YU3UKIAP KyPTIUTH OYiaau.
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Hcoor. Uxtuépmii BepTukan OyaMaraH m — TEKUCIUK TEHIJIaMacHHU
Ax+By+z+C=0 xypunumiga €3um MyMKHH. XaKUKaTaH XaM BepTHKan OyiMaraH

A x+B1y+Cyz+D;=0 Texucmuk yayn C,#0 6ynagu.

] 6 ={10;0}

€, ={0;1,0}

o 6, ={0;0;1}
° - ' Oz||z <& ll7 < AO+BO+C,-1=0&C, =0

d OZNﬂ<:>C1¢0

n:ﬁx+iy+z+%=0

1 1 1

7 AX+By+z+C=0

— —y

By Texucnuk O'(0;0;—c) HyKTa OpKalnM yTaau Xamja € ={1,0,-A} Ba €, ={0;1-B}
BEKTOpJIapra napasuien oynaau.

Uynku

A-0+B-0-C+C=0
A-1+B-0+1-(-A)=0
A-0+B-1+1-(-B)=0

6y TCKUCJIUKHHHI IIapaMCTPHUK TCHI'TIaMaCH

X=0+u-1+v-0
y=0+u-0+v-1
z=-C+u-(-A)+v-(-B)

€K1
X=u
y=v
z=-C-Au-Bv
Oynmagu. m — Tekkuciukaa U,V abdun koopaunaranapaa (24) rumnepOoiona siccu

KE€CHUM TCHIJIaMaCUHU

———=2(-C-Au—-Bv
- ( )
EKU1
u? v?
F_E+2(C+AU+BV):O (25)
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KypuHuIaa €3umra UMKOH Oepaau. Taiiumnmanran A Ba B mapma xamma C
NapaMeTPHUHI y3rapuimuaa (SIbHU T TEKUCIUMKHHUHI Mapauien Kydumuaa) (25)
TeHrjaMa rurepoosia TeHriamMacuaal noopar 6yiau6 C HuHT dakat OuTTa KUMMaTHIa
KECHUIITYBUU TYFPU YU3UKJIAP KYTIUTUTA aliSIaHAIH.
53.8 skymaa. (24) runepOOJIOMTHUHT HUXTUEPUNM BEPTHKAI SICCH KECHUMHU
napaboJia €Ky TYFpU YU3HUK OYIIaau.
Hcoot. UxTuépuii n-BepTUKAI TEKUCIUKHY YIIOY KYPUHHUIIA E3UIIT MyMKHUH.
Ax+By+C=0 (26)
Oy epna A*+B*=1Ba B=0 neb ¢apa3 KNI MyMKHH. XaKHKaTaH XaMm
n: Ax+By+C,z+D=0
BEPTHUKAJI TEKUCIUK OYJITaH! yU4yH
Ozl|lr<=6|lr< AO+BO+C, - 1=0<C, =0
TM-TEKUCIUK TeHrIaMacuu AjX+By+D;=0 kypunuinga €3um MyMKuH, Oy epaa

A? +B? >0 OYyiranu cabadiu

B D

2A1 2X+ 2l 2y+ 21 220
JA+BE A2 +B2 T \AZ+B

Ae__ B B—__ B c-_D

N _ 5 L
A+ B! A+ B! «/Af+Bf
JeNnIIca T-TEKUCIINK TEHTIIAMACH
Ax+By+C=0 (26)

KypuHuIaa 6ynamu, Oy epna

A12 BZ
A*+B’=—2—+—L1 _=1Ba B=0
A +B° A +B]

/ C o
e (bapas KWJIWII MyMKUH. by Tekuciuk O (O;—E;Oj HYKTa OpKaJid yTaau Xamaa

€ ={0;0;1} Ba € ={-B;A;0} BekTopaapra napauxenaup. Yynku

A-O+B-(§j+€z0

A-0+B-0+0-1=0
A-(—B)+B-A+O-O:0

TCKUCJIUKHHUHI IIapaMCTPHUK TCHI'TIaMaCH
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X=0+u-0+(-B)-v
y:£+u-0+ A-v
B

z=0+u-1+v-0

€KHn
X=-Bv
-C
=—+Av
y B
z=U

maH UV TyFpu Oypuakim KoopawHaTamapaa (24) runepOOJOUIHUHT SCCH KECUM

TCHIJIaMAaCHUHHN XO0CHUJI KNJIaMH3.

C 2
~ (+ Avj
BV 1B —2u (27)
q
B%v* C®> 2AC A%
-+ V— =2u
p Bq 0aB q
2 2 2
B_A :—2A£v+2u+ C2
P qQ aB B

Arap qB* - pA? #0 0O¥ica, y Xoiaa
(qB* - pA*)v* = 2upqg —2A% pv+§—§ p
(qB” - pA*)v? +2A% pv —2upq —g—j p=0
qB*—pA’ =a, A% p=p, 2pa=7, —E—ipzé
JIeuIIca TeHriiama

a#0, oV +2/V+yu+5=0

2 2
a(v2+2£v+ﬁ j+yu+5—ﬁ—:0

a o a

a(v+ﬁj +yu+5—’8—2:0

a a
u' =u, v':v+£ 1ed
(04
2
av’2+;/u'+5—ﬁ—:0
(04
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Jlemak arap a =qB’ - pA’ =0 Oyica, y Xxonna (27) TeHriama YKy z YKUra mapanie u
YK OWJIaH yCcTMa-ycT TYIIyBYH Xamjaa (B°— pA’=q COHHHHI HIIOpacHura OOFJIUK

X0JI71a FOKOpHUTa €KU macTra Kapab iyHanran napaboa 6ymanu.

Arapnia gB° - pA*> =a =0 Oyiica, SbHH

2
gqB* = pA2<:>i2=ﬂ<::>é:ir\/E
B> p B p

OyJica, y Xoa IIyHaid TeKuciauk (24) runepO0oiouiHu
C (o%
2pqu—-2A—pv+—p=0
P gPV*tgzP
TY¥pu unzuk 6yinad kecaau. Tacauk UCOOTIaHIN.
53.9-Tteopema. ['unepOoIMK MapabOTOMAHUHT UXTUEPUIA HYKTAaCH OPKAIH HaK

WKKATA TYFPU YA3UKIIH SICOBUYUCHU YTaIH.

2 2
HUcoor. =Y —2; (24) runiep6onounana uXTuépuit Mo(Xo,Yo) HyKTaHH OJIaMH3.
by HykTa opkanu (28) mapTHU KaHOATIAHTUPYBYM (26) TeHIVIama OuiaH OepuiraH
HaK MKKWTA 7 Ba T, TeKUCIUKIap yraau. by Tekucauknap (24) runepooiounnu |; Ba

I, TVFpu umsmkmap Oyiimua kecamu. Beprukam X=Xo, Y=Yo TYrpu uu3uk (24)

ax5 — PYo

rUNepOOJIONIHN SATOHA [xo,yo, 200

j HyKTaJa Kecranu tydaiiam, Oy UKKU TYFpu

YU3UK XaM My HyKTa opkaiau yTaau. My HyKTa OpKajdu YTyBYM OOIIKa TYFpH
YU3HUKJIApU UYK YYHKH UXTUEPUN TYFPU YM3UK BEPTUKAN TEKUCIUKAa Eranu. Mabonaa
(26) BepTtuKan Tekucauk (24) runepOoIOUIHM TYFpU YM3UK OYinad kecca y xoJja

YHUHT TEeHIJ1amacH (28) mapTHH KaHOATIaHTUpaau. Teopema ucOOTIaH IH.
54§. HUJIMHAPJIAP.

54 1-rabpud. (HunuuapHUHT siCOBYMCH €0 aTalyBud) TYFPU UYU3UKHUHT
y3ura y3u mapaien KyuyuimuaaH xamjaa (0y IWIMHAPHUHT WYHaITUPYBUHCH 1e0
aTallyBuu) OepuiraH YM3UKHM KECUIIM HaTW)KAachla XOCWI KWIMHTaH CHUPT
UWIMHAPUK CUPT €KW UIUIUHAP 1e0 aTtanaiu.

54.2-Teopema. YMyMuil UKKMHYU TapTUOIN
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F(X,Y,2)=a,X* +a,Y" +852° +28,Xy + 28,,XZ + 28,,YZ + 28, X + 23, + 28,7 + 8, 1)
TeHrama Ounan Oepuwiran Oymmac © cupt scoBuucu Oz Ykura mapajuien Oyiaran
mMHAp Oynamu ¢dakat Ba ¢akaT mryHAa KadoHkd (1) TeHrnmama ymly KypuHUIITa
ara F(X,y)=0 6ynca, spHU 833=a43—az3—az=0.

HUcooTt. Erapaunuru. Arap (1) tenrnama F(X,y)=0 kypuHuiira sra 6yica, ssbHU
(1) Tenrmamanma asz—asz—a,z—az=0 OYynca, y xonma (1) Tenrmama Omian Oepuirax
oyumac @ cupt scopurcu Oz yKura napasien Oyiarad MUIMHIp OViaau.

3apypaurunau  Tekmmpuimn yayH @ cuptaa Ompoptra Mo(Xo,Yo,20) HYKTaHH

onmamu3. YHma Mg(Xo,Yo0,Z0) HYKTalaH YTyBUH IZ(O;O;l) BEKTOpra mnapajiell TYyFpu

YU3UK IMapaMCTPHUK TCHIJIaMaCHu

X=X,+0-t X=X,
y=Yy,+0-t €k y=y, (29)
z=12,+1-t 2=12,+t

oynaau. YHna x=Xx,, Y=Y, z=2,+t (29) T¥rpu un3uk o cuptia OyryHmai raau. (29)
TYFPU YHM3UK HYKTAJIAPUHUHT KoopAuHaTaiapuuu (1) TeHriamara KyWuO xammaa

OyHIa M, € ® 3KaHJIUTHHH 3bTUOOpra 0Jau0 yIIOYHU XOCHIT KUJIaMU3.

A, X +ay,Ye +ay, (z§ +220t+t2)+2a12x0y0 +28,3%, (2o +1)+ 285y, (Z, +1)+
+28,X, +28,Y, + 28, (2, +t)+a, =0
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68-pacm 69-pacm

70-pacm

A XE + 8, Yo + 8,28 +28,,X, Y, + 28,5%Zy + 28,3 Y, Z, +
+28,X, + 28, Y, + 28,2, + 8y + Ayt + 2( 8520 +8ygX +y5Y, +35 )t =0
Ayat” +2( 8320 + 85X +yY, +35 )t =0
By Tenrnuk t HuHT 6apua KuiiMatiapuaa Oaxxapuwimiiny kepak. Jlemak asz=0 . Duau
(1) Tenrnamanu ymoy KypuHUIIA €3UI MyMKUH
F(X,y)+2z(a x+a,y+a,)=0
Arap a,=a,=a,=0 mapT Oaxapuiamaca, y Xoyiga HiyHmah (Xi,Y1) KyQTIUKHH
TOTUIII MyMKHUHKU OyH/1a
X +a,yy, +a, =0

yHIIa

_ Fluw)
2(a5% + 25, +3)

1

1ed0  M(x,¥,,z)e® HykTanu xocun Kuiaamus. Ily  BakTHMHT  ¥3uja
X=X,Y=Y,,Z2=2+t TYFpU YN3UKHUHT Xe4 Oup Oomika Hykracu @ cuprra Teruium

sMmac. By 3uaausaT uc60THU Tyrataau.
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54.3. Jlemak UWKKUHYM TapTHOAM MWIMHAPUK CHPT OHpOpTa KaHOHHKA

KOOpJIMHATajJap CUCTEMACH 1A

F(x,y)=0 (30)
TeHriaama OwiaH Oepwiamu, Oy epma F(X\y) - X, Y V3rapyBUWIapHHHT WKKHHYH
napaxkanu kynxaguaup. z=0 tekucnukaa (30) TeHrama OWIaH aHUKJIAHYBYH
WKKUHYY TapTUOIM YMU3UK OepuiiraH UWIMHAPUK CUPTHUHT UYHAITUPYBUYM UYU3UFU
Oynaau. Arap Oy 4M3uMK Xakukwid €ku mapaborna Oyica, y Xojja YHUHT yCTHIIaru
HWIMHAP MOC PaBUIIAA DJUTMOTUK UUIUHAP, TUNEpOONIUK UUIuHApP (69-pacM) Eku
napabomuk muuHAp (70-pacm) me6 atamanu. Arap HYHAITHPYBYM YU3UK TYFpU
yu3uKiaap kydtaurugadn ubopatr Oyica, y Xoyja IUWIMHAPUK cupT (ycTMa-ycT
TYIIyBYM TMapaiel ¢EKU KECUIIYBUM XaKUKUKA €KM MaBXyM) TEKUCIUKIIAP
Ky(PTIMrura axxpaaaam.

54.4 xymaa. (30) UUIMHAPHUHT Xap KaHAai BepTHKaAI OYIMaraH sicCi KECUMH
YHUHI WYHAITUPYBUMCH KAHIAN HOMJIAHCA XYIOU LIYHIAH HOMJIAHYBYM WKKHHYH
TapTUOIN YU3UK OYIIaau.

Hcoor. buz Ownammszku (53.7 Kymuiara KapaHr) Xap KaHAail BepTHKal
OyJIMaraH TEeKUCIUK

X=U,y=V,z=—C—-Au—Bv
[TapameTrpuk Tenriaama OumnaH Gepuuiu MyMkuH. by udonanapau (30) Tenrinamara
Kyinob U,V abpuH KooparHaATAIapAaru ScCu KeCUMHU U)o 1aIoBUN
F(u,v)=0
TEHIJIAMaH! XOCUJI KUJIaAMU3.

54.5 xymaa. Uxtuépuit Beptukan tekuciauk (30) mummHApHU € KecMmalau
(XaTToKM yMyMHI MaBXyM HYyKTajapra Xam sra smac), € yHjaa OyTyHiail éraau, €ku
YHU (XaKUKHUM, MaBXyM €KUM YCTMa-ycT TYIIYBYM) Mapajiyied TYFpU UU3BHUKIIAP
Ky(prouru 6yiinya kecaau.

by tacnuk 38§maru WKKUHYM TapTHOMM YW3HK OWJIAaH TYFPU UYWUBHKHHUHT
KECUIIIUIIMN XaKWard HaTKajaapAaH Ba yoy Ky3aTUliapaad Keauo YMKaIu.

(30) uunmuuapHu O opKanu, BEpTUKAI TEKUCIUKHU T OpKaiu, OXy TEKHCIHUKHU

M1, OpPKaIW, mNrx, TYFpU uYnM3WKHU | opkamu, ® Nz, YU3UKHHA d3ca [ opkaau
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oenrunaiimu3. YHIa 7N® SICCH KeCUM | N [° YHM3UK YCTUAATH (BEPTUKAT) AIUHID
oynanu.
55§. UKKUHYU TAPTUBJIU CUPTJIAPHUHI AODOUH
KIIACCUO®OUKALIUAJIAPU.

55.1 xymaa. f:E®—>E® abdun anmamrupuil @ UKKAHYA TApTUOJIU CUPTHH
@' MUKKUHYHM TapTUOJIM CUPTra, T TEKUCIUKHU 7' TEKUCIUKra YTKa3CUH. YHAa 7N ®
Ba 7' N®' Yu3MKJIap OUp XU HOMJIapra Jra.

Hcoot. Oxyz abdun kooparHaATAIAp CUCTEMACHUHU ITYHIall OJIaMU3KU YHUHHT
yuyH T Tekuciauk OXy KoopJIuHaTtajnap TeKUCauru OyicuH. 45.3-Kymiara MyBo(UK
myHaai srona O'Xy7' apduH KOoOpAMHATANAp CHCTEMacH MamBkyaku OyHaa f
anMamtupuin Oxyz Ba O'Xy’z’ KOOpJIMHATajgap CUCTEMacu OuiaH acCOIMpIIaHaIM.
f(7)=7" Oynramu Typanu r' TekucmMk O'X'y’ KOOpAMHATaIap TEKHMCIMIH Oynanm.
Oxyz xoopauHaTaiap cuctemMacuaa ® cupT UKKMHYM TapTHOIM TeHrinama F(X,y,z)=0
Owan Oepunrad OyicuH. YHAa @' cupT O'X'y'z’ KoOpJAMHATaIap CUCTEMACUIA XyAJIU
my F(x'y'z")=0 TeHrnama Ounan 6epwiniud MyMKHH. LIlyHUHT yayH 7@ Ba 7' N@’
sccu kecumiiap Oxy Ba O'X'y' KOOpAMHATajap CHUCTEMacHaa MOC paBHILIa OMp XUl
F(x,y,2)=0 BaF(x'y'z') =0 TeHriaMasapra sra 6yaaan. AMMO O3 OMIaMHU3KH (Xap XHJI
abduH KoopAMHATaNAp CHCTeMacuaa) Oup Xui TEHrjJamanap OwiaH OepuiraH
WUKKUHYM TapTUOJIM Yn3uKiIap ahPuH SKBUBaJEHTAUP Ba aAeMak (46§ ra Kapanr) oup
X1 HoMJiapra sra. XKymuia ucOoTianu.

55.2-teopema. Uxtuépuii UKKUHYM TapTUOIM CcUPT adPuH aIMAMITHPHUII
BOCUTacHa OuUpopTa TYFpu Oypuakiu KoOpAuHATajgap cucremacuja Kyuumgaru 17
TEHIJIamMaJiap OusiaH OepuiiraH cCUpTiap/iaH Oupura yTKa3uiau.

1) X*+y*+2° =1,

2) X +y*+2* =-1;

3) x*+y*—2*=1;

4) x*+y?—7° =-1;

6) x*+y*+2*=0;
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7) xX*+y*=1z;

8) x¥*—y*=1;

10) x®+y?*=-1;

11) x*—y? =1;

12) y* =x;

13) x*-y*=0;

14) x> +y*=0;

15) y* =1;

16) y*+1=0;

17) y*=0.

[y 6unan Oupra 6up xun ucmiin cuptiap (49§) abdbun >KBUBaNECHT, Xap XU
ucMId cuptaap 3ca ahPuH SKBUBAJICHT dMac.

Ucodor. By TacnIUKHUHT OMPUHYM KUCMU UKKUHYM TapTUOIHM YM3UK YYyH MOC
46.3-teopema KaHJall MCOOT KUJMHTaH Oyica, XyQau MIyHaal ucOotianamu. 49.2-
TeopeMajaH ojuHraH 1)-17) cupTiapHMHT Xap KalCMCUHM MOC paBuiiga 55.2-
TEOpeMaJiaH OJIMHTaH Iy HOMEpJW CHUpTra KaHOHUK KOOpJMHATajap CHUCTEMacu
Vkimapu Oyinad yuyra CHUKHUII €KW YY3WIUIAPHUHT KOMIo3unusicu Oynran addun
aIMAIITUPUII BOCHTAacHIa YTKa3wiaau. Macananad myHzail 1)-6) cupriap ydyH

, X Z . .
AHAJIMTUK €3yBU X' =—, y'= Y o=z Oynran Outra adhPuH aTMAIITUPUIIL SIPAIH.
a c

b

TeopemMaHWHT UKKHHYM KUCMHUTA KEJCAK, Y XOJIa Xap XU UCMITU CHUPTIapHU
ylap SICCH KecuMJilapu OWJIaH, XyCyCaH TYFpU YH3UKJIHM SICOBUMJIAPUHUHT OOpIUTH
¢xu uykmuru Ommnan Qapxmaiimusz. [y Ounan Oupra Ouz 55.1 xymmara TasHamus3.
OHI' OJIMH XAaKUKUN HyKTajapra sra OyiMmarad cUpTIapHA (MaBXyM SJUTMIICOU],
MaBXyM JJUTMOTHK LUIUHAP, MaBXyM Mapajljiesl TeKUCIUKIAp KXyPTIUruHu) akar
KOMIUIEKC (a3ona Qapkiam MyMKUHIUTUHHA —Tabkuanad yramu3. MaBxym
AIUTUTICOMAHUHT (XaKUKHI1) TEKUCITUK OWIaH Oapya KeCUMJIapU MaBXyM JILUIUIICITIAp
Oynamu, MaBXyM OJJUIMNTUK IWIMHIAPHUHT SCCH KECHMJIApU OpacHulia MaBXyM
AITUTICIIAp Ba HIYHAAW MaBXyM Mapajuie] TYFPU YU3UKIap OOp, MaBXyM Mapaiiieln
TEKUCTUKIIAp >KY(QTIUTHHUHT SCCH KECUMIJIAPU OpacHa 3ca MaBXyM OJIUIHIICIAp
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ymyMaH onranga uyk. Konran cuptnapau xakukui ¢azoma dapkiam MyMKHH.
MaBxyMm koHyc Oy OMpruHa XakMKHil HyKTara sra OyiraH siroHa cuptaup. MaBxym
KECHIIYBYU TEKUCIUKIAP Ky(PTauru Oy XakKMKUl HyKTajJapyu TYFpU YM3UKHU TaIIKHII
KWIyBYM SiTOHA cupTaup. Lunuuapnap y3apo y3napuHUHT HYHAITHPYBUYMIIApU OHMJIaH
¢dapxmanagu. Oatuta acocudl cuptTiaap (JUIMICOMA, TUNepOosouIap, KOHYC,
napabosioniiap) TYFPU YU3HUKIN SCOBUWIAPHUHI HYKIUru €k Oopnuru OuiaH
UKKHUTA Typyxra OYinuHaau. DIUTMIICOMIHUHT ACCU KECUMU SJUTUIIC OYIIN0, SIITUITHK
napaboJion]l Ba MKKM MaJUIajid TUIEPOOSION]] ACCH KECUMIIM MOC paBHILa Ipadosia
Ba runepOosia 6opnuru O6mnaH dapkiaHaan. UkknHuu rypyxaa dakaT runepOoIuK
napaboJIon] SICCH KecuMja dJUIMIICra 3ra OynMaiinu, Oup najuiaiu rumnepoosionaaa
napajuies TYFpU YM3UKIM sicoBUMapu Oop, KOHycna 3ca WyK. MacanaHMHI KOJraH

KHCMH aCOCUM CUPTJIapAaH HHJIMHIAPHU (papKial KOJIIH.
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VII BOb
NPOEKTUB TEKUCJ/IUK
56§. TYJIAUPUJITAH TEKUCJIUK BA BOFJIAM.

56.1. MHumaeHTIMK. XO03Upryu 3aMOH MAaTE€MAaTHUKACH TYIUIAMJIap HA3apUsACHUIra
acociananu. Hazapun—tymuiaminn €HJamryBia T€OMETPUSHUHT aCOCHUM  DIIEMEHTHU
HYKTa XMCOOJIaHaIH.

TyFpu un3uWKIap, TEKUCIWKIAp, OOIIKA TeOMETpHWK (urypasapra Keicak, y
XOJila yJap HyKrajiap Tymiamu Oyiaau. AMMO, acOCUH 3JEeMEHTIapU TYFPU YHU3UK
€KM 3HI KaMuJa TEHT XyKYKJU OYJIraH TYfpy 4M3HUKIap Ba HyKTajgap reoMeTpUsCUHU
KypHUII MyMKHH.

ByHunr y4yH, OupuHuM HaBOaT/Aa, HYKTa Ba TYFPU YU3UK OpACHJard HYKTa
TYFPU YM3MKKA TETUIUIA HKAHJIUTHIAH MOOpaT CHUMMETPUK OWHap MyHOcaOaTHU
KUPUTHUII Kepak. Arap TYJIaKOHJIW WUUIATWIAAUTaH “‘HyKTa TYFpHU 4YM3UKAA €Taau’
udonanan Qornananuiran 0yica, Oy Makcaara SpUILIUII MyMKUAH: YHTa CHMMETPUK
udona “rYrpu UMUK HYyKTaga €Taau’ — OHHIMTWITaHAA OJIaT/laH TallKapuja
OynuIMra KapaMmac/aH SIKKOJI TaCCaBBypra 3uAUSTIN dMac.

by xonga onmatna OyHja TYFpU 4YM3UK Ba HYKTa WHUMICHT 1e0 alTwiaau.
[[1aHUMETPUSHUHT SHT MyXUM aKCHOMAaJIapuaaH OUpH IIyHIAal TeHINKY:

I1;. TexucnukHUHT UXTHEPUNA Xap XWJ HyKTacu OutTTa Ba dakar OutTra TYFpu
YU3HUK OMJIAaH UHIUICHTAMP.

YHra CMMMETPHUK TaCIuK:

I1,. TeKUCTUKHUHT UXTUEPUNA UKKUTA Xap XWJI TYFpU YM3UFU OUTTa Ba (pakar
OWTTa HyKTara WHUOUMAEHT — OBKIWIHUHT OemmH4YM mnoctynaaura 3uaaup. Ly
cababnmu TYFpu YM3HMKJIAp Ba HYKTa Opacujia TEHI XYKYKJId TabMUHJANI Y4yH
napajjienl TYFpU YM3UKIAPHUHT KECUIIMINra MaxOyp KWIUII Kepak. XO3up
TYJIAUPUIITaH TEKUCIUKHU Kypub OyHH Ou3 KMJIaMu3.

56.2. Tynmupwiran TEKUCITUK. 7 — TEKUCIHUKAA TMapauiesl TYFPH YU3HKIap

OYJIMacIurd y4yH Xap Kahcu TYFpM YM3UKKA SHI KaMuJa OWTTa HYKTaHW KYIIIMIII
Kepax. lcx TYFPU YU3UK YUyH | TYFpPHU YM3UKKa Mapaijies Oyiaran xocMac TYFpu
YU3UKJIAp JacTaCUHU ['] opkayiu Oenrunaiimus. by [|] nacrta 7 TEKUCIUKHUHT

281



XocMac HyKTacH J1e0 aranaju. YHUHT OAATJaru HyKTajapu 3ca XOC HyKrajapu 1ed

aTamagv. 7 TEKUCIMKKAa YHUHT XaMMa XOCMac HYKTaJapUHU KYsIMH3 Ba Oy SIHTH

TYIJIaMHU 7T OpKaJik OenruiaaiMu3. Xap Kaicu [|] KYIIWJITaH Tt TEKUCIIUK | TYFpHU

YU3UKJIApU 7T TYIuiaMJard (Xoc) TYFpu 4u3ukKiap ned atananu. by TyFpu unsukiap

| cumBon Gunan éku ogmmiirnma my | xapd Guman 6enrmmana. ['] XocMac HyKTa

| tyrpu umsukEmEr xocmac Hykracu neG artamamn. SIHrM (KeHralTHpuiraH) 77
TEKUCIIUKAA A, aKCHMOMAHUHT Oa)KapHJIMIIMHU OCOHTMHA TEKIIUpUIaIu. AMMO, 11y

OwiaH Oupra A; aKCMOMAHUHI Oa)KapWJIMIIM TYXTallJu: Xed Kaucu TYFpPU YU3HK

MKKATA XOCMac HYKTaJaH yTMauau. XamMma XocMmac HyKTalapHUHI 7T \7z
TYIUIAMHHM siHa OUTTa (XOCcMac) TYFpHU YM3HMK Je0 3BJIOH KWIHO, Ba3USATHU Ty3aTHIII

MYMKUH.

7T TymiaM yHAAa a@XKpaTWiIraH XOC Ba XOCMac TYFpH 4YHW3HKJIap OuiaH
Oupranukaa TYJIIUPWITaH TEKUCIUK 1e0 atanaau. TYIaupuiiraH TEKUCIUK XOCMac
HYKTaJapUHU UIYHUHTAEK, ‘UEeKCU3 Y3O0KJIMKIAru HyKTaJdapHh, XOCMac TYFpH
YU3UKHU — “deKCU3 Y30KJIUKIaru~ TYFpUIIUK 1e0 aTtaiau.

56.3. IIpoekTB TEKUCIUKHUHT yMyMul Tabpudu. TYnaupuiran TeKUCIUK A
Ba A, aKCHOMaJIapHU KaHOATJIAHTUPAAW. byHIaH TallKapy y, paBIIaHKH, KyHUIaru
VKK aKCUOMaHH KaHOATJIaHTUPAIU:

Ajz. butta TYFpu uUM3MKKa MHIUJEHT OYiMaraH ydra HyKTa MaBxyz. UyHKH
UKKUM HYKTa OopKaJid (akaT OUTTa TYFpU YM3MK YTKA3WIl MYMKUH. TYFpU 4YM3HK
KaHaal OynmacuH Oy TYFpU YM3UKKA TETUILIM OYJIraH Ba yHra TEeTHUIILIM OYiImaraH
HyKTa MaBxya. Jemak, Tekucnmkaa wkkuta A Ba B mykramapmm omcak, ymap
opkamu AB T¥rpu unsukka ternmm 6ynmaran C HykTa Maxyn. lynmait kumuo,
A, B Ba C nykranmap 6up TyFpn un3HKKa MHIMICHT SMac.

A4 Xap Kalich TYFpM YM3MK SHI KaMuja ydTa HyKTara HHLIMIEHT Oynamau.
XaKuKaTaaH XaM, UXTUEPUU lcx TYFPU YU3UKIA Oel HYKTaHU OJIAMU3.

“Hyxkranap O Ooup ToMoHma Eraau”’  MyHOcabaTu |\{O} TYIJIAMHUA HWKKHUTA

SKBUBAICHTIHK cHH(ra axpartamd. bupumrunm curdman M wykrasm, nxxuHdm
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cuapnan N Hykranm onamms. Jlemak, | tyrpu umsuk M, O, N  nykranapra
WHIUJAEHT OYnamu. byHpaH, Xap Kaiicu TYFpu YM3MK HSHI KaMUJa ydTa HyKTara
WHUUJEHT Oynaau, ned, Xyjioca KHujaMus.

OnemeHTiHapu HyKTaidap ae0, HOMJIAHAIUTaH Ba TYFpU 4YU3HKIap Je0
HOMJIAHYBYHM YHHUHT KUCM TyIiamjap cugapacu (Habopu) 0op 0yiu0, nry Ounan Oupra
arap A;—A, aKkcuoManap OakapHnajuraH HXTuUépmii Tymaamenm L — mpoextus
TEKHUCJIUK 1€0 aTanaiu.

Macaaa. IXTUEpUN NPOEKTUB TEKUCIUK HT KaMUJla €TTUTA HYKTaHU Y3 UYUTra
ONUIIK UcOOTIaHCHH. ETTHUTA HYKTa/laH MPOEKTUB TEKUCIUK KypUJICHH.

56.4. Xakukuii TPOEKTUB TEKUCITUK. Arap HyKTaHU, HyKTara, TYFpu YU3WKHU
TYFpU YM3MKKA YTKA3UBYM Ba MHIMJICHTIUK MYHOCA0aTHU CaKJIOBYH f: L — L,
Oueknus Mapxyn Oyica, y Xoyiga HMKKUTa MpoeKTuB L, Ba L, TeKUCIUKIapHU

uzoMopd nae6 aramaau. Tynmupuiaran Tekuciukra uzoMopd OYIraH MNPOEKTUB

TEKUCITUKHU XaKUKHM MPOEKTUB TEKUCITUK Ne0 atanaau. Onataa, XakKuKui MpOEeKTUB

Tekucimuk RP? cuMBon GumaH GenrmiaHagm. ByHra Moc paBHMIIA TYIIMPUITaH
TEKUCJIUKHU, XAKUKUN MPOEKTUB TEKUCIMKHUHT (OMPUHUYM) MOJENN Je0 arajaiu.
KeitmHuanmk XakWKUH TPOSKTHB TEKUCIWK COJJIardiHAa TMPOEKTHUB TEKUCIUK 0
aTanajim.

56.5. bornmam. O HykTa opKayiu YTyBuM Oapya TYFpU YHU3HUKJIAp Ba TEKUCIHKIIAP
Tyramu mapkasu O Hykragaru 6ornam €ku O Oornam ne6 arananu. bornam TyFpu
YU3UKJIApUHA Hypnap Ae0 aramaau. Arap Oepwirad Hyp Oepuirad TeKUCIHKAA ETca,
y xomma O OorilaM HypH Ba TEKHUCIIMTH HWHIUASHT 1e0 aramanu. Arap Oorinam
HYpJIApUHU HyKTanap 1e0, YHUHT TEeKUCIUKIAPHHA dca TYFpH YM3UKIap Aed aracak,
y Xoiaa OOFlaMHUHT A;—A, aKCMOMAaJIapHU KAHOATJIAHTUPUILIIMHUA OCOHTHHA KYPHII
MYMKUH, STbHU TIPOEKTHUB TEKUCITUK OYIaau.

56.6. IlepcnexktuB Mocinuk. O HyKTa OpKaju yTMaran OMpopTa 77 TEKUCIUKHU
ojlaMu3. YHJAa 7 TEKUCIMKHUHT Xap Kaiicu N Hykracu opkanu O OOFIaMHUHT
aroHa M=ON T1yrpu umzuru (Hypu) yraau. Lllyngait kuimb, NepCcrleKTUB MOCIUK

ned aTalyBYM 77 — TEKUCIIUK HyKTanapu Ounan O Oofiam Hypiapu opacuia MOCIUK
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ypHatwiay. [y Omnan Oupra, Oy MOCITUKIA TEKUCIHKAA ETYBYM Xap Kaiicu | Ty¥pu
gymukka O Hykra Ba | Tyrpu umswk opkamm ytyBum O Oormamuuar A =0l
TEKUCIIUTH MoC Kyhwnamu (71-pacm). PaBumianku, 7 —Tekucinuk Ba O Ooriam
opacujard MEepCrleKTHB MOCIWKIAa WHUUACHTIUK MyHOca0aTH CakjaHaJW: arap 7
tekucimkaarn N Hykta | TYFpu uM3WK OwiaH WHIMIACHT Oyiica, y XoJjaa
oornamauHar Moc ON Hypu Ba Ol Texucnuru MHOUACHT OYaanu Ba akCHHYA. AMMO,
7 —Tekucnuk Ba O OOFjaM opacuaard MEpCleKTHB MOCIUK Yy3apo OMp KuiMaTiu
OYynMalau: 77 —TeKUCIUKKa Mapasuien Oyiran OofiaM Hypjapura 7 TEKUCIUKHUHT
Xed KaHJall HyKTacH MOC KeJIMaWau. s —TEeKUCIMKKa mapajuien OynraH Oofiam
TEKUCTUTUTA 3Ca 77 TEKUCIMKHUHT Xe4 Oup TYFpU YU3UFH MOC KEeIMauau. 77—
TEKHUCJIMKKA Mapajuien Oynarad Xap KaHjaaid HypHu OOFJIaMHUHT Maxcyc HypH 1e0, 7 —
TEKUCIUKTa mapajuien OYiIran yHHHT TEKUCIUTY 3ca OOFIIaMHUHT MaxCyc TEKUCIINTH,

ned aTamaau.

7/1-pacwm.

Maxcyc Hyp OpKajld YTyBUM TEKHUCIIMKJIIAp AACTACUHU Kapalinuk. by mactaHuHr
MaxCcycMac TEKHCIMKIAPHU MEPCIEKTUB MOCIHKIA 77 — TYJJIUPWITaH TEKUCITUKHUHT
XOCMaC HYKTAaCUHU OEpyBUM 77 —TYJJAUPUITAH TEKUCIUKIArd XocMmac mapajuien

TYFPU YM3HKJIAp JacTacura yTagud. s — TYJJAUPWIraH TEKUCIMKHUHI XOCMac

HYKTacUHU O€pyBUYM 7 — TEKUCIUKAA €TYBUM Xap KaliCh XocMac mapajiesl TYFpu

yu3uKiapra napamien Ooynran O JAaCTaHUHT MaxCyC HYPUHHU 77 —TEKUCIMKHUHT

XocMac TYFpu ym3urura 3ca O OOFIaMHUHI MaxcCyc TEKHUCIUTMHH MOC KYHuoO,
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IIEPCIIEKTHB MOCIHKHU 77 TYJIUPHITAH TEKHCIHK HYKTAIAPH Ba TYFPH YH3HKIAPH
owran O Gofnam Oapya HypJIapu Ba TEKUCIUKIAPH OpacHaard OMEKIusrada 1aBoM
sTTHpamu3. By Ouekius xam WHIMACHTINK MYyHOCa0aTWMHU cakiaiau. Jlemak, y
MPOCKTUB TEKUCIUKHUHT HW30MOPGU3MH Ba OOFJIaM TYJAMPUITAH TEKUCIIHKKA

n3oMop¢ Xxamia XaKUKUi MpOeKTUB (Ha30HUHT (MKKHUHYN) MOJENIN OYIaIu.

57§. IPOEKTUB TEKUCJIMKHUHI' BUP ) KUHCJIN
KOOPJIUHATAJIAPU. TE3API' TEOPEMACH.

57.1. bormamma Oup >XUHCIM KoopauHaTtanap. O Oofnam Oepuiarad OYIJICHH.

- > >

da3zona Oounutanruy Hykracu O Hykra O6ynran Oupopra Oe€, €, €, penepHu OJamus.

bornmaMHUHT UXTUEPUI M HYpH YUyH Oy HYp UXTHEPUN UYHANTUPYBYM BEKTOPUHUHT

> > >
X, Xp, X3 KoOpauHaTanapu ywiuru (O6epuwnran Oe, e, e, pemnepaaru) M HYpHUHT

OUp KUHCIM KOOpAMHATanap ywidrd ned aramagu. bepunran X, X,, X3 Y4IHKKKa
POTIOpIMOHaN 6yaran 6apya HOJIMAC YWIMK CHHQHHH (X :X,:X;) OpKaH
GenrumaiiMms. (X, X, :X;) CHH(IAH ONTHHTAH Xap KAWCH Y4IMK M HypHHMHT OHp

KUHCIIM KOOpJAWHATaNap yWIurd Oynaau. (X1 :X, :X3) YUJIUKIAp CUH(OUHUHT

- > >
xammacu (Oe, e, e, penepaaru) M HypHUHT OWUp >KMHCIU KOOpAHWHATaiapu 1ed

atanaau. DHau O Oofjamra Terumuid OynraH A TEeKUCIuK Oepuiarad OViacuH. Y

> o> >

Oe, e, e; penepaa
a X, +a,X, +azx; =0 (1)
TEHrJ1aMa OuiiaH €3Wirad OyJcuH. d,, a,,8; YWIMKHU A TEKUCIMKHUHI OUp KUHCIIH

KOOpJIMHATANAp y4aurH 1e0 araitmMu3. TEeKHCIUKHUHT OMp >KHMHCIM KOOpJWHATajIap

YUWIMTH XaM HPONOPLUUOHAUIMK aHMKJIMKAA TaBcu(iaHanu. bepunran a;, a,,a,

YVUJIMKKa MpONOpLUUOHaN OyiaraH Oapya HOJIMAC YWIMKIAp CUH(GUHU (al ra, :a3)

- > >
opkanu Oenrmnaiimu3 Ba (Oe e,e; penepmar) A  TEKUCIUKHUHT OUp >KUHCIH
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KoopauHatamapu Ae6 artaitmus. (1) TeHrnamaHu KaHOATIAHTUPYBUM UXTHEPUN
HOJIMAac X;, X,, X YWIMKHH A Tekuciaukka teruunumd OynraH N HyKTaHUHT
KOOpAMHATACU Kabu XaMm, A TeKUCIMKKa MHIHUIEHT Oynran M=ON HypHHUHT Oup
JKUHCIIM KOOpAWHATajgap YWIMTHM KaOu xaMm Kapam MyMkuH. [lynpai kuau6, (1)
TeHrnama (X, :X, Xy ) GUp KMHCIH KOOpIMHATATH Hyp Ba (a,:a, :a; ) GUp KUHCIH
KOOpAMHATAIN TEeKUCIMKHUHT HHIIUSHTIMK MapTHIaH noopat 6ynanu.

57.2. Tekucnukaa Oup >kMHCIHM KoopauHatanap. dapas3 Kunaimk, ogaTaaru 7z

- >
tekucnaukaa Oe e, 6a3uc TaHimaHraH OYacuH. M TEKHCIMKHUHT UXTHUEPUI HYKTacH

Ba X,y yHUHT Oy penepjard KoopauHarajnapu OYyicuH. YHAa X,Y,1 ywinkka

- >
NPOTIOPIIMOHANT OYiraH xap KaHgail HoiMac X, X,, X3 (Oe,e, pemepmarm) M
HYKTAHUHT OUp XKUHCIM KOOpAMHATANAp y4ilurd ne0 aranmaau. TymryHapiuku, M
HYKTaHUHT X;, X,, X3 OHMp JKMHCIM KOOpAMHATajdapuaH YyHHMHT X,y addun

KOOpJIMHATAJIapUra YTHIII

X X
x==t, y==% (2
X3 X3

dopmynanap OwiaH amaira OWAAu. Xp, X,, X HoIMac ywmwk X, Y,1 yuinkka
IpONOpLUMOHAN OynraHujgaH, X, #0 Oynmaau Ba nemak, OyHIall YTHUIIHM aMaira
OIIIUPHUTIT MYMKHH.

M wyxkTaHuHr Oapua OUp KHUHCIU X;, X,, X3 KOOpAMHATaJap YWIHKIApH

- >
MaXMyH (Xl X X3) opkay Oenrunanany Ba (Oe, e, penepaaru) M HyKTaHUHT OUp

- >
KUHCIIM KoopAuHaTtacu Ae0 atanaau. Dunu (Oe, e, penepaaru)

Ax+By+C=0 (3)
YMYMHI TeHTJIaMacu OWJiaH OepWIraH 77 — TEKUCIMKIAru oupopra | TYFpu YM3UKHU
onamu3.  bumamusku,  Oepwiran | TVFpU  4M3WK  KoeddummeHTIapu

MPONMOPIMOHAIUK aHUKJIUTHIA aHUKJIAHTaH, SbHU A, B,C YWINKKA IIPOHOPIUOHAT
HOJIMAC y4/I¥K a;, 8,,8; Yy4yH
ax+a,y+a; =0 (4)
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TEHIJlaMa XaM, MaHa M1y TYfpu 4Yu3uKHH TaBcuduaiaun. A,B,C  yumukka

TPOTIOPIMOHAN OYyNraH 6apuya HONIMAC &, d,,d; YWIHKIAP MaXMYH {a,:d,: a, |

- >
opkanu Oenrmnanaau Ba (Oe e, penepmaru) | TYFpu YMBUKHUHT OUpP >KUHCIU

KOOpAMHATAcH Ae0 aTanam.

Srpu | TyFpu 4msuk ¥3 HyKTanmapUHEHT GUp JKHHCIM KOOpIMHATAIAPH OMIAH
KaHmail TaBcupnmammmmen tomamm3. Arap M mykrammer X, Y addun
KOOpAMHATaNapu

ax+a,y+a;=0 (1)

TCHIJIaMaJapHu KaHOATJIAHTHpCa, y Xojga YHHHT Oup skmHcam Xi, Xo, X3
KoopauHartanapu (2) popmyiara MyBopuK yiiOy TeHTJIaMaHU KaHOATIAHTUPAIN

& A +a, X2 +a;=0

X3 X3

€K1

X +aX, + X =0, (5)

[ly OGunan Oupra, paBIIaHKd, arap Xz % 0 Oynca, y xonna (5) TeHriaMaHu

KAHOATIAHTUPYBUM X, X,, X3 ywmk (4) Tyrpu umsmkka termnum 6ynran M

HYKTaHUHT OHMp JKUHCIIM KOOpAWHaTajgap ywiurd Oymaau. Ammo, (5) TeHriamaHu

dakatruHa (4) TYFpU YM3HMK HYKTAJAQPUHUHT OHWp >KUHCIM HOJIMAC KOOpIWHATA

YUIMKIAPMIUMHA KAHOATJIAHTUPMACIMIMHE Tabkumiam Myxum. X3 =0 na (5)
TeHrnamMann @,,—@,;,0 ywiMkka npoNmOpIMOHAT YWIMKIAP KAHOATIaHTUPAIIH.

(612 —a . O) mMaxkMyanu | TYrpu unsux [|] — YEKCU3 y30KJIUKIArd HyKTAaCUHUHT OUp
KUHCIIM KOOpJAWHATaliapuaaH ubopar Oymanu, ned ¢dapa3 KWiIMIl TaOUUNUIUP.
XaKuKaTaaH Xam, IyH/Iai SKaHJIUTUTa X03Up OU3 UIIIOHY XOCHJI KUITaMU3.

57.3. bormamparu OWp >KMHCIM KOOpAMHATANAp OWIAH TEKUCIUKIArH OHp

YKUHCIIM KOOpAMHATAIap Opacuaaru OOFIaHUIL.
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_)
O wHyKkrajgaH Kyiuiran €, BEKTOpP OXMPUHM O Owian Genrwiaiivu3. O HykTa

> o
OpKaJIi €,, €, BEKTOpra rnapaswmiesl 7 TEKHCIMKHHU yTKazaMmu3 (72-pacMm).

-> > >
Oe, e,e; penepra x TEKHCIHUK paBIIaHKU, X; =1 TeHriamara sra. XakukaTaaH

Xam,
-0 Xx,-0 x;-0
1 0 0 |[=0 & x;=1.
1 1 0

-> >

[IyHuHT y4yyH 7 TEKUCIUKHUHT Oe e, pemepiaa X,y KOOpAWHATajJapura sra

- = >

Oynran xap kadicu M wHyktacu Oee,e, pernepiaa X, y,1 KoopJauHaTara sra Ba
akcuH4a. Jlemak, (7 TeKHCIMKKa HUcOatan ) M(x, y) HyKTa Oopkamu yTyBdum O

OOFJIaMHUHT Xap Kalcu HypHu OOFjaamMaa Oup >KMHCIIH (X, Y, 1) KOOpJIMHATara ara.

&

a
72-pacwm.

[lepceKTHB MOCIMKAA 7 TYIIUPUITaH TEKUCIUKHHHT Xap Kalicu Xxocmac
HyKTacura (7 TEKUCIMKIArd Napajuiesl TYFPU YU3HKIaApPHUHT [|] CUH(pUTa) [|]
CUH(OUHUHT Tapajjies] TYFpU YM3UKIApUra mnapamien OyiraH OoflaM HypH MOC
kyimnagu. llyngait Hyp xocMac Hyp Oynamu Ba x=0 Tekucnukaa €raau. Jlemax,
TYJNIUPWITaH TEKUCIUKHUHT XOCMac HyKTajapura (x,:x,:0) kypuHumgaru Oup
KUHCJIM KOOpJIWHATaIu OOFJTAaMHUHI HYpH MOC Kelagu. DHIU @ TEeKUCIUKIard |

TYFPU YU3KMK @,X + @,y + a; = 0 (4) Tenrnamara sra Oyiacun. Tekuciukaa e;, €,
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Gasucaa Oy TYFpH YHM3MKHMHT MYHAITHPYBYM BEKTOpJapHIaH Oupd {a,,—a,}

9] —_— = —
KoopAuHaTanmapra sra Oymamu. YHra ¢aszoma e;,e,,e; 0asucima Oy BEKTOp

{a,,—a,,0} xoopmuHaTamapra sra. AMMo 6y | TYFpH 4H3MK [l] X0CMac HyKTacura
MOC KeJIyBYM OOFJIall HYpUHMHI HYHaNTHUPYyBUYM BekTopiapuaaH uOopar. Lllynnait
KUIUO, MEePCIeHTUB MOCTHUKAA (4) TeHrinama Oumnan Oepwirad | TYFpU YU3UKHUHT [l]
X0CMac HyKTacH GUp sKHHCIH {a,,—a,,0} KkoopauHaTamu GornaM Hypura yTamu. by

57.2 OGaHn oxuplla XOcMac HYKTAHWHI OUp JKMHCIM KOOpJAMHATallapyd  XakKuja
alTraHMMHU3HU TAaCIUKJIAWIM Ba OUp >KUHCIU KOOpAMHATAap TabpUPUHU XOCMacC
HyKTalapra TapKaTHUIIra HMKOH Oepanu. (@,:—a,:0) HoIMac yunuKiIap MaxMyH 7
TYJNIUPWITAH TEKUCIUKIA (4) TYFPU UYM3HK XOCMAC HYKTIAPHUHT OUpP KUHCIH
KoopJMHatanapu O6yiaau. Mana myHaai tTabpuduapaa x,,Xx,, X3 y3apo ycyBumiapra
HuCcOaTaH OupuHuYM papaxkany uxTuépuii (5) TeHrnamanu (7  TYIIUPUITaH
TEKUCIIUKIA) {@;:@,:a,} OUP KUHCIU KOOPMHATAIN TYFPU YU3HUK TEHIJIaMacu KaOu

Kaparm MyMKHH. Xoc TyFpu umsukmap @i + a3 > 0 mapr OumaH TaBcubIaHAIN.

Xocmac Ty¥pu umsMKiIap x; = 0 TeHrmamara sra, S’bHUM YHHHI OUp KUHCIH

xoopauHatanap {0:0:0:} ra Tenr. Jlemak, P TYJNIUPUITaH TEKUCIIMKAA HyKTajaap
Ba TYFPU YU3UKJIAPHUHT OUp KUHCIU KOoopAuHaTanapuHu Tabpuduanuk. Ly ounan
Oupra NepcreKTUB MOCIHKAA OUp Oupura Moc KeJIyBYM HYKTa Ba HYp, TYFPHU UH3HK
Ba TEKUCJIMK OUP JKUHCIN KOOPIAWHATAIAPUHUHT TEHTIIaMacH OMJIaH aHUKJIaHA/IH.

(5) Tenrnama (yHra aifHaH TeHr Kywind kabu (1) Tenrmama) (x,,X,,X;) HYKTa
{a,,8,,8,} TYFpH UM3HK MHIMICHTIIMK MAPTHAAH HOOpaT Gy Iam.

57.4. TIpoekTWB TEKUCIUKHUHT apudmeTnk wmoxenu. Wkku Typaaru
3JIEMEHTJIApU MOC paBHIJA apu(METHUK HYKTajlap Ba apupMETHK TYFpU UM3UKJIIAp
ned aramyBuM P TYImiIaMHUM apupMETUK TMPOEKTUB TEKUCIMK Je0 araiaju.
DJeMEeHTIapUHUHT UKKUCH XaM XaKUKHI COHJIAPHUHT ¥3ap0 MPOMOPIIMOHAT HOJIMAC
y4IMKiIap cuHU(uman uOopar. Macanan, HykTamap (X, :X,:X,) OpKalH, TYFpH
YU3MKIAp 3Ca — {@;:@,:05) opKanu Oenrwnananau. Iy Ounan Oupra HykTagap Ba

TYFPU YM3UKJIAp Opacuaru MHIMHICHTIMK MYyHOCa0aTu YpHATUJITaH:
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Arap a,x, + a,x, + a;x; = 0 (5) mapt Oaxapurca, y Xxonaa (x;,Xx,,X; ) HyKTa
Ba {a,,a,,a,} TYFpu YU3UK ¥3apo MHIKJICHT Je0 aTaiaiu.

dcaarma. Hykra Ba TYFpM UYWMBHMKHUHI TYJIUMK TEHI XYKYKJIU IIyHJal
CUMMETPUK Tabpupu TYFPU YU3UKHU HyKTalap TymjgamMu Ae0 aTaral MpPOEKTUB
TEKUCTUKHUHT 56.3 Tappudu OwnaH yHYAIUK Kenummaian. Ammo, Oy
KCJIMIIMOBYWINK, arapaa Ow3 f{a,:a,:a;} apupmeruk T1yrpu um3uK (5)
KaHOATIAHTUPYBUH Oapua apupMeTuk (x,,X;,X3) HyKTajgap TYIUiaMyd OuiiaH aifHaH

Oup Hapca ne0 Kapajica OCOHTMHAa WYK Oymapau. DHAM apudMETHK TPOCKTHB
TEKUCIUKHUHT (X,:X,:X3) HyKTajapura Ba {a,:a,:a,} TYFpu Yu3uKiIapra oupopra
TalMHJIAHTaH perepaa MoC paBulga (Xq:X,:X3) Ba {a;:a,:a;} OUp >KUHCIH
KOoopJiMHaTtajapra sra 6yiaran O OOFJTaMHUHT TYFpU YM3UKJIAPU Ba TEKUCIUKIAPUHU
(6KkM 7 TYIIUPUITAH TEKUCIUKHUHT HYKTAIAPMHM Ba TYFPU UU3MKJIAPMHH) MOC
KyHnuO a€HKU apu(METUK MPOEKTUB TEKUCIUK OWIIAH OJIUHTH MPOCKTHUB TEKUCIHUK
Mojeiapu opacuaa uzomopdusmu xocwsn kuianu. ynagalt xkunu0, apudmetuk
MPOEKTUB TEKUCITUK, MTPOCKTUB TEKUCIUKIAPHUHT siHa OUTTa (apudMETHK) MOJAEIU
oynau.

57.5. Uxkxkunuk npuHiunu. [I[poekTUB TEKHUCIHMKIA HYKTa Ba TYFpU UM3UKKA
Terunui Oynran OWpopTa TAacIWK Ba yjap Opacujia MHIMHACHTIUK MyHocabaTu
Vpuniu OyiacuH. YHAa Oepwiral TacAUKIAH “TYFpU YM3UK® CY3MHHM “‘HYKTa Tra Ba
aKCUHYa, “HyKTa” CY3WHU “TYFpU YM3WK Ta aJIMAIlITUPUIIIAH XOCWUJT Oyirax
UKKWJIMK TaCAWK XaM TYFpH OViaau. XaKuKaTIaH XaM, MHIUACHTIMKHA U(o1aToBUn

a X, +a,X, +azx; =0 (5)
COHJIM TEHTIIMK WKKHTA X;:X,:X; Ba @,:0,:0; YWIMKIApAaH Kalcu OWpHUHU
JIOMpaBUil KaBC OwWJaH KalicMHM d5ca (urypanu KaBc OwiaH ypamira, sibHU Ous
X;:X5:X3 Ba (,:@,:05 YUIMKIAPHA MOC paBUIIIa HyKTa Ba TYFPU YM3UKHUHT OUp
KUHCTM KOOpAWHATAJIAp YWIMNTH €KW aKCWHYA, TYFPH YW3HWK Ba HYKTAaHUHT OWp
YKUHCITM KOOpAMHATAIAP YUWIUTH J1e0, Xucobarra OOFIUK dMac.
VKKK TPUHITUIN MPOSKTHB TEKUCITMKAA HYKTajap Ba TYFPU YM3UKJIAPHUHT

TEHT XYKYKJIWJIATUHU TaCcAuKJIai . ABBay OW3 HyKTaHW OOIUIaHFUY TyIIyHYa ae0
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MIyHJal XyKyKra HykKTa Ae0 XucoOyiap »AWK, TYFpU YM3UKHHM 3ca (5) TEHTJIaMaHu
KAHOATJIAHTUPYBYM HYKTaNap TYIUIAaMH 1e0 aHWKJaraH 3/IUK, OONUIAHFUY TYITyHYa
ne0 TYFpU YH3HMKHM XHUCOOJAIIMMHU3 MYMKHH Ba HYKTaHM Xam ImyHjpai (1)
TEHTJIAMaHW KAaHOATJIAHTUPYBYM YHTA WHIIMHACHT OYyJra TYFpH YW3HKIAp TYTUIAMH
KaOu aHUKJIall MyMKHUH. ByHJla TYFpucuHu aiTrania, y3rapyBuuiap SHIU @i @, : g
nap 6ynaau.

57.6. le3apr Teopemacu. A Ba B HykTamapra MHIUACHT OYITaH TYFPU YU3UKHU
AB opkanmu, a Ba D TYFpu uu3MKjIapra MHIUACHT OYJIraH HyKTaJlapHH (a-b)
OpKaJli Oenruaainmus.

burra TYyfpu 4YM3MKKA HWHUOUJAEHT OyiMaraH yuyTa HyKTalap MaXMYHWHH
yuOypuak ne0 araiimu3. by HykramapHu sca yuOypyak yuinapu 1e0 araiaim.
Y4yOypyakHUHT ywilapu >KyQTIUTUra WHOUJASHT OYiaMaraH TYFpU YHU3UKIAPHU
y4Oypuak TOMOHJIapU 1e0 aTaiiMus3.

Teopema. [IpoeKTUB TEKUCIMKIA MOC yWiaphd Ba MOC TOMOHJApH YCTMa—yCT
tymmaiaurad ukkuta LMN Ba LMN yuOypuakmap 6epunran 6yncun. LL', MM',
NN' yuyta TYFpu 4u3uK OUTTAa HYKTaJa MHIUIACHT OYiaau, Iy Xojjaa Ba ¢akar Iry
X0JIJIa KAYOHKM yuTa (MN , I\/I'N'), (NL, N'L'), (LM ,L'M ) HyKTajlap OpKajau OuTTa

TYFPHU YM3WKJIa UHIUJICHT OYJica.

73—pacwm.
HUcoor. MN =1, NL=m, LM =n, M'N'=I', N'L'=m’, L'M'=n" nebd tyrpu

YU3UKJIAp Y4yH Oenrwjiaunuiap Kuputamu3. by TeopemMaHUHT TYfpu Ba TecKapu
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TaCAMKJIApU OHp-OMpUra HMKKUIAMYM SKAHIWTHHU OCOHTMHA KYPHUII MYMKYH.
HlyHuHr y4yH MKKWIMK TPUHLOUIUTA Kypa, Oy TEOpEMaHUHT 3apypuil IIapTUHU
TEKITUPUIIT KUPOsI.

®dapaz KuJAIMK, TPOEKTUB TEKUCIUKAA OWp JKUHCIM KOOpAMHATaIap

kuputwiran oyiacua L,M,N, L',M',N' HykragapHuHr OupopTa OHUp >KHHCIH

- - -

- -
KoOpAuHaTanapu mMoc pasumga |, m, n,lI', m

.
, N' opkanm Oenrmnaiimus. [laptra

Kypa, yura LL', MM', NN' TY¥pu 4yu3HKIap OUTTa Q HyKTara UHIUJICHTIUP. @ ~ 0y

HYKTAHUHT OWpopTa OUp KUHCIM KOOpJAWHATalIap ywidrd OyincuH. Yurta L,L',Q

- - -

HyKTajap KoJmueHap Oynranujan yura |, I', @ y4JIuMK 4U3UKIW OOFjaHTaH (arap
MPOEKTUB TEKUCIUK cudaruga, MacajaH, OOFjiaM oJiMHCa Oy OCOHTHHAa XOCHII

KuinHaau). Pazogaru OuMp TEKHUCIHMKAA €TyBUM y4Ta BEKTOpP YM3UKJIM OOFJIaHraH

- -

amMMo, | Ba |' ywmukiaap sca xXap XWwi L Ba L' HyKTaJapHUHI KOOpAHWHATalIap

- - -

yUJIMKIApu Oynranu ydyH nponopiuoHan smac. IlyHuHT yuyH o ywiuk | Ba I

YUWIMKJIAPHUHUHT YM3UKJIA KOMOWHamusacu Oynmamu. Xy[dau IIyHAal, Mysoxaszajap

- - - -

OWwIaH © ydyH M Ba M' YWIMKIAPHMHT, HIYHUHIAEK N Ba N' yYIMKIAPHUHUHD
YM3HKIM KOMOWHamuscu Oymamu. [emak, myHmaid (4,4, (u, ), (v,v') commap

KyPTIHKIaApU MaBXKYIKH,

- - — - - - -

O=A1+A'l"=ym+yg'm=vn+v'n'
TEHIJIMK YpUHIM Oynanu, Oy epaad ymOyHU XOCUIT KUJIaMu3:

—

um—vn=v'n-yum (6)
vn-A1=21'-v'n" (7)

Al=um=4gm-2"1" (8)

-

L,M,N, L' M N"' nykranap xypt—xydtu 6mian Typiau Oyiranud yuyyH |, m :

- -

n,I', m', n' yanukinap xam Xy(pT-KypTu Ounan nponopruronan oynamaiian. Jlemax,
(6)—(8) Tenrnamasnap HOIMac y4IMKIap 0Yau0, ynapHu MOC paBuIIaa P, q,T opKaan

=]

OenruaaiMus. Bup SKMHCIM KOOpAMHATANAp YWIMKIApHM MOC paBumiga  p,q,7
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YWIMKIAp XH3MaT KWIaJuraH HYyKTaJlapHu MoC paBumga P, Q, R oOpKaau
oenrunaimus. (6) TEHITUK P:(MN-M'N') HA MN Ba M'N' TYFpu 4u3HKJIapra
WHIMUJICHT OYJIraH HyKTaJIapHU aHrjatagud. Xyaau myHuHraek, (7) Ba (8) TeHrauk
Moc paBuiaa Q =(NL-N'L'), R :(LM -L'M') HyKTaJapHU aHriataad. MkkuH4Iu
TOMOH/IaH, (6)—(8) TeHrnaManapHu Kymuo ymoOyHU XOCUI KUJIaMU3
p+q+7=(0;0;0)
Jlemak, P, Q, R HyKTajap OWTTa TYFpH YM3UKra MHIHUICHT. Jle3apr Teopemacu

UCcOOTIIaHIH.

58§. HPOEKTHUB KOOPAUHATAJIAP CUCTEMACH

- -
58.1.tabpud. Arap myHgall coH MaBXKyJ Oyncaku, €'=A4¢€, i=123

- > >
TEHITIMKIap YpuHiau OVyica, y Xxonga ukkurta ymymut O ywmm Oee,e; Ba

> 5 o
Oe,'e,'e;' penepiapuHu SKBUBAJIEHT /1€0 aTanaju.

- -

- > > -
58.2. :xkymua. Oe, e, e, Ba Oe 'e,'e,’ penepiapuHu €KBUBAJIEHT OYIaau IIyHAA

Ba (hakaT IIyHaa KauoHKH O OOFJIaMHMHT Xap Kaiicu Hypu Oy penepiapia Oup Xuil

Oup KUHCIIM KOOpAUHATANIapra sra 0yica.

> o5 > > o> o

HNcoor. 3apypnurm aii€éH. O yunu Oee,e, Ba Oe 'e,'e,’ penepiaapuHu

SKBUBAJIICHT OVJICHMH. YHJAa WIyHJal « COHM MaBXyAkd, e'=A1e, 1=123
TEHIVIMKIap VpuHIM Oynaau. BorlaMHUHT MXTUEPUHA M HYpU Y4yH, Oy Hyp

UXTUEPUN UYHAITUPYBUU BEKTOPUHUHT X, X,, X, KOOpPAUHATANIAPHU y4aury (Oepuiran

Oe,e,e, pernepaaru) m HYPHUHT OUp KUHCIM KOOpAMHATAIAp Y4iIuTH 11e0

aTAUIIMHY 3¢IaTHO yTamu3 YHIa yimoy TeHIJTHKKA

- - - - - - -
X v Xy

X =X, €+ X,8,+ X3 €4 :71e1+7/1e2+7/1e3 =—€ +7e2 +783

sra 6ymamus Arap m Hyp Oe e, e, penepaa (X, X,,X,) OUp KMHCIH KOOPAMHATATIAD

L

yajurura sra 0yica, y xoiga Oy Hyp Oeq 'eZ'e:' pernepaa (ﬂ, )

j Oup KUHCIIN
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- > > - > -

KOOpAWHATajgap yuiurura sra oynmamu. Jlemak, skBuBajieHT Oe e,e, Ba Oe'e,'e;’

perniepaapra O OOFJIAMHHUHT Xap Kalicu HypH OWp XU OMp KMHCIIM KOOpJIMHATaIapra
sra Oynaau.

Erapaunuru. DHau OofnaM Xap Kailch HypUHUHr Oy pernepiapaaru  Oup
YKUHCJIM KOOpJuHaTanapu Oup xun OyncuH 1ed dapa3 kuiamu3. YHIaA ej' BEKTOP
Tytu6 TypraH Hyp HWKKajga pemepiapra Oup xwa  (4,0,0) Oup KHUHCIH

KOoopAuHaTanapra sra 0ynaau, Oy epna oupopra A, #0 COH y4yH ej' = ﬂﬁe?l oynuim

- - - -

KenuO 4YuKagu. XyAad WIyHWHTOEK, e,'=1,e,, €,'=/1,e, TEHIJUKIAPHU XOCHII

- -

o - -
Kuiamu3. MyHantupyBuM BekTOpH €'=e,'+e,te,' OYiaran Hyp ¢apasra kypa,

penepiapaa xam (1,1,1) Oup xun Oup >KMHCIM KOOpJWHaTajapra sra, Oy epja

> 5 > - -

- -
oupopra A=0 1a e':;t(eﬁ e2+e3j TEHIVIMK KenuO uukaau. UyHKu e '+e,'+e,’

WYyHAITUPYBYM BEKTOpJapra sra OYJIraH Hyp XaM HMKKajla pernepiaiapia Oup Xui

— - - -
(1,1,1) koopnuHatanapra sra. AMMO UKKMUHYM TOMOHJIaH €'= 4, e+ 4,e,+ 4,¢e,. ba3uc
BEKTOpJapAa E€MUIIMAHUHT SITOHANUTUIAH A=A = A, = A, OKaHIIUTU KEJIN0 YHMKaJIHu.

Mamna nrynu ucOoTai Tanad KUJIMHTaH JJIH.

58.3. tabpu¢. bouutanruu Hykracu O Oynran y3apo SkBuBajeHT addun
penepnap cuHPu (€ku ¥y3apo SKBUBAICHT adduUH KooOpAMHATalIap CUCTEMallapy
cunpu) O OoFIamaary MpoeKTUB KOOpAMHATAIap CUCTeMacH Jied aTayiajy.

58.2 xxymna ucbotugan O OOFlIaMJiaH MPOEKTUB KOOpPAMHATAIAP CUCTEMACU

TapTUO OWJIaH TYpTTa KOMIUIaHAp OynMaraH (Xed KalWcu ydTacu Oup TEKHUCIUKIa
érmaran) X,,X,,X;,E Hypiap OwiaH Oup KUMMAT/IM aHUKJIAHWIINA KENHO YUKAJIH.
X., X,, X, Hypjlap KoopauHarainapu ne0, E Hyp sca — Oupauk Hyp Ae0 aTanaiu.
Koopannara wHyprnapu »skBuBajieHT adduH KoOpAMHATaNap CHUCTEMACHHHHT

KOOpJIMHaTa VKiapu Oynaau, E Oupnuk Hypaaru uxtuépuii E HyKTa sca MpoeKTHB

KOOpJIMHATajmap  CcUcTeMacura Terunum  Oynran  adbdua  KoopauHaTtagap
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cuctemacunusr e, = OE, , e, = OE,, e; = OE; Oupiuk BEeKTOpIApUra Kypuiras
napaenunes; OF nuaroHanuHuHT oxupu 0ynanu (74-pacm).

X3

A
|
|
I\

e
—__,-l-l'"
—
—— o -3
/ é
/e
/
/ K
X3
74-pacm
[llyauHr y4yH X, X,, X5, E TYPTJIMKHA XaM, IOyHUHTAEK IPOEKTUB

KOOpJIMHATajJap CHUCTEMAacH €KUM AaHMKPOK OepwiraH IpPOEKTUB KOOpJuHaTaiap

cucTeMacu OwiiaH AHUKJIAHYBYH IIPOCKTUB PCIICP I[C6 aTanl MyMKHH.

> 5 o > 5 o>

58.4. Tabpud. Oe,e,e, abdun penepmaru €ku Oe e, e, abduH pernepura

SKBUBAJICHT Oynran wuxtuépuit abdun penepugaru O O0FIaM UXTHUEPUIA HYPUHUHT

- -

Oup JKMHCIM KOOpAMHATamap ywiura X, X,,X;,E TpoekTuB pernepupara Oy

HYPHUHT TTPOEKTUB KOOPJMHATATIAPU YUIIUTH J1e0 aTanaiu.

58.5. bup xuHCIM KOOpJWHATANIAp MPOEKTUB KoopauHaTtaiap kadu. [lynmait

> 5 o

kb, O Oornam uxtu€puii HypHuHr Oe, e, e, aduH penepumaru OUp KUHCIU

-

KoopauHaTanap yuauru (57.1 ra kapaicun) — 0y Oe, e, e, pernep OuinaH aHUKJTaHYBYH

> o> >

1 X,,X,;,E TIPOGKTUB KOOpJAWHATANAp cUCTeMacuaaru Oy HYPHUHT MPOEKTUB
KOOpJHWHATAJIap YWIUTUIUD.
Xycycan, X,,X,,X;,E Hypimap Oy cucreMaga KyWugarm KOOpAWHATara sra
Oynanu:
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7 — — =
= (1;0;0),X;, = (0;1;0),%; = (0;0;1).F = (1;1;1)

IOxopuma 6a€H KWIMHTaH TPOCKTHUB  TEKUCIHMKIAD  MOJCIUIAPUHUHT
n3oMopdusmiIapuaa (6orIaM TYIIUPHITaH TEKUCIHUK, OOFiIaM apu(METHK MMPOCKTHUB
TEKUCIUK) OOFfIaMJia MPOCKTHB KOOpAWHATANAP TYJIAWPUITAH TEKHCIUKKA XaM,
apu(PpMETHK MPOEKTUB TEKUCIWKKA XaM Kydupmiagd. AMMo, OornammaH (apkim
Mojenra, Oy epla XamMma MPOEKTUB KOOPAWHATAJAp CHUCTEMAcH TEHT XYKYKJIH,
apu(pMeTHUK MPOCKTHB TEKUCIWK/A AacTIa0KH UMTUEIN KOOPAUHATANIAD CHCTEMAacH
oop. Tynmaupuiaran TEKHUCITWKKA Kelicak, y xoijma Oy epna Oup KaHua UMTHE3NH
MIPOEKTUB KOOpUHATAJIAp CUCTEMACH oujlacy 0op. YIIapHHUHT Xap Kaicu Oup >KUHCIH

KOOpJIMHATajJapHu OepyBuM apuH KOOpAMHATAIAp CUCTEMACH OWJIaH aHUKJIAHAIH.

- >
daszona koinamraH sz Tekucaukgarn xap kKahpah Oe e, adpdun penepu

> > > -
taiiunnadrad O ¢ 7 HyKkrajga ¢daszona mysaait Oe e, e;, €;=0 apdun penepunu

> > >
Oup Kuiimariau Oepanuku, Oynna Oe e, e; penep OwiaH aHuknanran O Oofnam

HYPUHUHT MPOEKTUB KOOPJAMHATAJIAPH YyJapra MOC KEeJIyBYHM TYJIIUPUITAH TEKUCITUK

- >
HykTanapuauar Oe e, penep OWiaH aHUKJIAHTaH OUp >KMHCIU KOOpAHMHATajIapu

OusiaH ycTMa—yCT TYIIaJIu.

58.6. IIpoekTuB KOOpAWHATAIApP CHUCTEMAacH OWPHAAH OOIIKa  IMPOCKTUB
KOOpJMHATajJap CUCTEMAacura yTHUIl. ['apud NPOEKTUB TEKUCIWMKHU TYJIAUPUITaH
TEKUCIIUK KaOW SIKKOJI TACABBYpP KWJIMII MYMKHH OVJIMINWTra, aHATUTHK aMaJlJIapHU
OWp >KUHCITU KOOpAMHATANapra S’bHH, aciujia apu(PMEeTHK MPOEKTUB TEKUCITUKIA
YTKa3uIll OCOH OYJIMINWTra KapamaciaH, JHIU TMPOEKTUB TEKUCIMKHUHT acOCHUM
Mozaenu OornaMm ne0 xucoOmarimui3. busz, ogartna, yHUHr HypjapuHu P npoekTus
TEKUCJIUKHUHT HYyKTajdapu 1e0, TeKUCIUKIApUHU 3ca P MNpPOeKTUB TEKUCITHUKHUHT

TYFpU UM3UKIapu Je0 araiimMu3. byHra MyBOQUK MPOEKTUB KOOpJIHUHATAJIAp

e
CUCTEMAaCHHU aHUKIOBUM X, X,, X5, E Hypaapuu X, X,, X5, E neb 6enrunaiimus.

XX, X,E mpoekTuB koopAMHAaTanzap cucreMacuHu aHukiaad oepysun X, X,, X, E

HYKTaJapHU YHUHT (yHAaMEeHTal HyKTajapu Ae0 araiimMu3. P IpOeKTHB TEKUCIUKIA
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MKKHUTA MPOEKTUB KOOpAMHATanap cucremacu — pactinabku X, X,X,E Ba “auru”
X' X, X5'E" Oepwiran OysicuH. SlHrm  cucrema pactiaaOku cucreMmara HuUcOaTaH

YHUHT (DYHIAMEHTAA HYKTAJaPUHMHT IIPOEKTUB KOOPAMHATAIAD y4Iapu OMIaH
Oepunral OYJICHH:
Xy'=(Cyy 1€y 1Cyy)
X5'=(Cpp 1€y 1Csp)
X3'=(Cy3:Chs : Cg3)
E'=(g:6,:6,)

(9)

JactnaOkyu KoopaMHATajmap cucreMacura HucOaTaH M HYKTaHHMHT X;, X, Xg
KOOpJIMHATAJApUHU STHTUM KOOPAMHATAJIAP CUCTEMACHJIaru Iy HYKTaHUHT X', X,', X3'
KOOpJIMHATaJIapH OPKAJIX U(POIaJIOBUH AIMAITUPUII (OPMYITAIIAPUHU TOMUII KEpPakK.
ABan X', X,', X;",E" Hykranapuunr (9) xoopauHaranap ywInrura MociaamTupuo
TaHJarad Jeo, SpHU

{€11:C21:Ca1} + {€12, €0 Cap |+ {C13,Coa. Cag f = {81,655, 65} (10)

maptra Oyiicynran, ne6 dapas kuiamus. YHaa O OofjiaMra KailTamMu3 Ba JacTIa0Ku

> o >
XX, X,E mpoektuB koopaunHaranap cucreMacu Oe €,€; apdun penep Oumiian

> o> >
BY)KyAra keianu, 1e0 ¢apa3 kuwimd kypamus. bynaa e, e, €; 6asucna

- - -
€' =1{C11,Co1: Car}s €' =1{C15,C2,Cap }, €5'=1C13,C13,C3} (11)
KoopAuHaTanapyu OwiaH OepwiraH BEKTOp YM3UKIM Hpkin yyHku X;', X,', X'

Hypnap Outra Ttekucnukiaa &Ermaiau. bynman Ttamkapu (10) TeHrnuk Owusra

> o> >
Oe,'e,'e;" addun penepu  X;'X,'X;3'E' nmpoekTuB KoopAMHATamap CUCTEMAacHHU

BY)KyJAra KenTUpUIIMHA Kadonatnaian. CyHrpa m uxtuépuil HypHUHr X, X, X E
MPOEKTUB KOOPAMHATAIAP CUCTEMAaCHJIaru Xap Kailcu X;,X,,X3 TPOEKTHB

KoopauHatanap ywiura 58.4—rtabpudra MmyBoduk, Oy Hyp OupopTa MyHaITUPYBUU

- > >
BektopuHuHr Oe €, €; adduH penepraru KoopAuHATajlap YyWIMTHAaH HOOpart.

Xyamu mynpaii, X;'X,'X3'E' mpoektuB  KoopAMHAaTanap cucteMacugarn m
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- -

HYPHUHT X;',X,',X;' KOOpAMHAaTajap Y4JIuUrd y4yyH M Hyp Oupopra a'=1a

e
nyHantupyBun BekTtopuHuHr Oe 'e,'e;' addun penepgaru  KoopauHaTaIaAp

yunmurugan uoopar. Illynawnr yuyn (11) nman Ba adgduH KOOpAMHATATAPUHH
alIMaITHpUII (popMysacuiaH yIOyHH XOCHI KUJIaMH3
X[l |ICn Crp Cygf |I%]
AXo||=[C1 Cpo Cosf- X . (12)
Xg| |Ca1 Cgp  Cagf |X3'
by X;X,X3;E mnpoekruB  koopaumHaramap cucremacumaHn X;' X, X,'E’

IPOEKTUB KOOpAMHATalap cucremacura yTuil ¢opmynacugad ubopar. by epna A—
Oapua HoJZaH GapKiau KHAMaTIapHU KaOy/l KHJIYyBUH XaKUKUH KymautyBunaup. (12)
dopmyna X', X,', X3, E' Hykramap xoopaunHaranapunHuHr (10) mocnamrupuin

e
¢dapasuna xocun KwinHrad. AMmo, Oy maprtra xamma BakT (11) maru €', e,’, e;'

- - -
BEKTOpJapHu 4, €', 4,e,', 4;€;' mponopuruoHan BeKTopjapra aJMallTHpUII OWiIaH

SpHUIIMII MyMKHH. Bynunr yuyn 4;, j=1,2,3 connapuu
3
¢ =&, =123 (13)
=1
TEHTJIaMajIap CUCTEMACUIAH M3JIall KepaK. XaKUKATIaH XaM,
24C11,€21,Ca1 f + 251C12,Co1Cap |+ A5{C13, Cog Cag f = 161,663
BEKTOP TEHITIMKIAH
Ay + A,Cpp + A5y = &
A1Co1 + ApCop + A3Cyp = &,
A1Ca1 + AyCqp + A3Ca3 = &3
TEHTJIaMajIap CUCTEMACUHHU XOCHI Kunamus. By oca (13) ra S5KBUBajeHT.

by cucremanunr C matpunacu xocmac. UyHKHM, YHMHT yCTyHJIapu OuUTTa

> 5> o
TEKUCIUKAAa €TMaraH €, €,',€;' BEKTOPJApPHUHI KOOPAMHATATAPUAAH TaLIKUII

tonrad. [Hynunr yuyn (13) cucrema A;,4,, 4; sgrona edumpgaH wubopar. by
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COHJIap/IaH OMpopTacH xaMm HOJra TeHrMac. XakukarnaH, arapaa A, =0 O¥ica, y

%
xonna X,', X3',E' Hypmap Oup Ttekuciaukaa €rran Oymap osau. Jemak, €'

N
BeKTOpiapaan A; ;' Bekropnapra ytud, (10) maprra spuimmm MyMKHH Ba OyHAaH

ke (12) yrum dopmynacuaan Qoiigananum MyMKuH. YHuaru C wmaTtpuia

nactiabkucuaaH, andarra, papkiau Oynaau.

58.7. acnaTma. bepunran npoekTuB KoopauHaTanap cuctemacu X, X, X;E Ba

xocmac C maTpuiia ydyH mactiabku KoopauHartanmap cuctemacunaan (12) ¢gopmya

OunaH amanra omMpyBuM sroHa X,',X,', X;',E' mnpoexktuB = koopauHaranap

cucremacu MaBxkyl. by mnponopuumonamuk anukiauruga C matpuma X, X, X,E

> > >
NPOEKTHB KOoopAMHaTanap cucremacunu Oepysuun Oe e,e; addun penepunan

> 5 >
X' X,' X5'E' npoextuB koopauHaTanap cucremacunu oepyBun Oe'e,'e;' apdun

periepura yTHUIIl MaTpUIlaCu OYJIUIIN KeJIUO YuKaIu.
59§. NIPOEKTUB AIMAIITUPUILIJIAP

59.1. Tabpud. Arap myHgall HMKKUTA MPOEKTHB KOOpPAMHATANIApD CHUCTEMAaCHU
Xi X, X5E Ba  X'X,'X3'E" MaBxkyn Oyncaku, Oynma mxtuépuii M € P Hykra
X1 X5, X5, E koopauHaranap cuctemacuia KaHaall KoopAauHaTanmapra sra Oyiica,
M'= f(I\/I) HykTa Xam X;' X,'X;'E"' xoopauHaranap cucremacuzna Xyaau LIyHAAn
KoopAuHaTara dra Oyica, y Xoiama P mnpoexktuB Ttekuciukauar f P — P

AKCJIAaHTUPUIIN YHUHI IIPOCKTHUB aJIMAIllITUPUIIN I[GIZHJ'IB,)IPI.

59.2. [IpoekTHB aJIMaIITHPUIIUIAPHUHAT TTPOeKTHB ¢3yBu. Dapa3 kwrainmk, f
IPOEKTUB aIMAalUTHUPHUII HMKKHTAa KoopAuHaTtamap cucremacu X, X,X;E Ba

X' X,"'X3'E' Oepunran 6ynaub, ynap y3apo

X C1 G G| | %
AXo|=1Cay  Cpp Coa-|Xy’ (12)
X3 [Ca Csp Casf [Xs'
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ytum  gopmynacu opkanu OofmanraH OyncuH. X, X,X3E  koopauHaTamap
CUCTEMACHJAru UXTUEPUI M HYKTa X, X,, X; KOOpAUHATAJIAPH Ba 1y KOOpAUHATAJIAp
cucreMacunaru yHuHr akcu M'= f (M ) HUHT X;', X,', X;' KOOpAHMHATalapu y3apo
KaHJal Oornanrad Oymmmuey u3naimus. bynunr yayn X, X, X;E Ba X' X,'X;'E'

KoopAuHaTanap cucremacugard M' HYKTaHUMHI KOOpAMHATAJIAPM MOC paBHILIA

Y1, Y., Y3 Ba Y, Y, Y3 opkamu Oenrunaitmu3. Yanaa (12) ra myBoduk ymoyra sra

oynamus:
3
j=1
AMMO, TpOEKTHB anMamrTupum Ttaspudura myBoduk Y;'=X;, 1=1,23.
byHnan tamkapu, nactinabku Oenrmianviapra kypa, Y; =X', 1=1,2,3. [lemaxk, (14)

dopmyna ymoOy KYpUHUIITA KeJlaIu:
3
j=L
By mnpoexkTuB anMalITUPUIIHUHT MPOEKTUB KOOpJAWHATAJIApIard aHaJTuTUK

€syBunan ubopar. AkcunHya, 58.7 scimarmaza C xocmac Mmarpuma Ba X, X, X;E

MIPOEKTUB KOOpJuHaTanap cucreMacu yuyH (15) ¢popmyna OuiaH €3uiran mpoeKTUB
AIMAIITUPUIITHIHT MaBXKYJINTH Ba ATOHAJIMTH OCOHTHHA KETNO YHUKAIH.
59.3. IlpoektuB anMamrtupuniap rpynmacu. (15) dbopmynaHuHT MaTpHIAIA

€3yBU, AbHU

X Ci1 Cip Cyg| |[%
AX Y =[C Co  Cnsff-[X, (15')
X3| |ICs1 Cap  Caal| X3

nan, arapma X, X,X;E mpoektuB koopauHaramap cucremacuga f TpOCKTHB
anMamtupuin C maTtpuna Ouniad, § TPOEKTUB anmMamTupuil 3ca D maTpuia 6uian
Oepunca, y xoyma yiaapHHHT kommnosuiuscn DC wmartpuma OwiaH Oepuiauinm Ba
IIYHUHTJEK MPOCKTUB aTIMAIITUPHIN OYIUIIN KeInO YuKaau. XyIau IIyHIaH, c™

matpuna f ' anmamTupuman Gepamy. JleMak, MPOEKTHB aIMAIITHPHIITA TECKapH
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AIMalITUPUII XaM TPOEKTUB aJMaIITUpHUII Oynaau. AWHUNA amMalITHPHUII XaM
IIYHUHTJIEK IPOEKTUB aJIMAaIlTUpUIl Oynranu cabadmu, 6u3 ymoyHu UCOOT KUIIIHK.
Teopema. [IpoeKTHB TEKUCIMKHUHI Oapya MPOEKTHUB AJIMAIUTHPULUIAD TYIUIAMHU
(yaumH4m TapTHOIM 6apya XocMac MaTpuIiaiap rpymnmnacura uzomopd 6yiran) rpymnmna
oynasu.

59.4. xymua. C wmaTpunmand TOPOEKTHB — aJIMAIITUPHUIIIA {al:az 18,

KOOPAMHATAIN TYFPU YU3HK {al :aQ, :ag }C ' KOOpAMHATAIN TYFPU UN3UKKA YTajIH.
HUcoor. f mnpoexktuB ammamtupuimnr X;X,X;E Ba X;'X,'X;'E' mpoekrus
KOOpAMHaTamap cucreMacu OwiaH accommpnanran Ba | Tyrpu umsuk X, X, X3E
KOOpAMHATAJIap CUCTEMacuaa a,X, +a,X, + azXg =0 TeHrnama Owunan Oepuirax
6yncun. Yana yaunr f (1) akcu sSHrE IpoeKTHB KOOpAMHATAIAP CHCTEMACHIA XaM

XYM Iy TE€HTJIamMa OujiaH €KUM HyKTa KOOpJAMHATAIADUHUHT SIHTU OeTUiIaluIapuHu
BTUOOpTa OJIraH/a,
a X, +a, X, +agX;'=0
€K1
X
(8, 8,,85 )%, =0
X'
TeHrIaMa Owmman Oepwimamu. (12) Tenrmukman kucka Oenrmimanurapaa AX =CX',
A =1 neitmiica, X =CX' 6ynmanu, yan X' ra aucOatan eund X'= C'X mum xocun
Kptamu3. JacTinabku mpoeKTHB KoopauHaTanap cuctemacuna (1) Tyrpu qmsmk
Xy
=]
(ay,8,,85)C 7%, =0
X3
TeHIJIama OumaH O6epuiaan. Mana 1ryHd ncOOTIAIT Taiad KUITWHTaH d]IH.
59.5. IlpoextuB adpdun anmamtupuniapu. IIpoekTHB TEKUCIMK YyHIA
@XpaTUJITaH XOCMac TYFPHU YM3HUK OWJIaH MPOEKTUB appuH TEKUCITUTH €0 aTanau.

Xocmac TYFpH YM3UK HYKTaJIapUHH XOCMac HyKTajap Ae0, KOJTaHJIapHUHHU 3Ca XOC

HyKTanap ne6 artaitmus. [IpoexktuB adPrH TEKUCTUTUHUHT MPOEKTUB AJIMAILITUPUIIIH,
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arap y xocMmac TYFpU YM3MKHHU Y3Hra akc 3TTHUpCa MPOEKTUB aPuH aaMallTHPHIL

nevinnanu. IIpoektuB — apdun Texucnuru cudatuna X; =0 xocMmac TYFpU YH3HK
Owran apuMETUK TPOCKTUB TEKUCIWKHU EKku X,Y adduH KoopaAWHATAIap OwiaH
BYXKyJra KelraH X;,X,,Xs OWp JKHHCIM KOOpAMHATaW XyJAM LIy TYJIAUPHITaH
TEKHUCIIMKHH OJIAMU3.
59.6. Teopema. 1). (15) popmyna Owminan OepuiiraH MPOEKTHB aJIMAIITHPHIIL,
npoekTuB—ahGUH aTMaIITHPHII OYITUIIHN YIYH,
Ca1 =C3p =0#Cgg (16)

MIAPTHUHT OKApUIIMIIY 3apyp Ba €TapJu,;
2). TEKHUCIIMKHUHT XOC HyKTaJIap TYIUIaMHIa Kapainaérran xap Kanmau (15) mpoektus
apPuH AIMAIITHPWIMILIKA KyWHJard aHajJuTUK €3yBra osra Oyaran addux
aNIMaIITUPHUIIH OY1aau

X'=ap X +a,Y + a3

Y'=ayX+a,Y +a;

6y cpaa, aij = C_'
33

X Cii Cip Cygf |[%
AX T =[Co1 Cop  Cog[Xalfs (15')
X3'| [ICa1 C3p  Caal| |[Xs

Cq =Cq, =0#Cy3.

3). Xap kanmait (17) apdbun anmamTupuinHu ymly aHAIUTHK €3yBra sra Oyiran
npoekTuB—ahGUH anmMaIITUPUIIIATAYA TABOM dTTUPUII MyMKHH:

X '=ag X + A, X, + ag5Xg

AXp'= B Xy + 8 X, +8p3X3 ¢ (18)

AXg'=Xq

Ucoor. 1). 3apypuitmuru (1,0,0) Hykra (15) anMarmrrupumi OwuiaH, arap

Cy =0 6ymca, xocmac HykTa 6ymram (ACy :AC,; 1AC, JHyKTara yramu. Xymamu

myanaii (0,1,0) wykra (15) anmamrupumm Ownan, arap C;, =0 Oynca, xocmac
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HykTa 6yiran  (AC,, :AC,, :ACs, ) HykTara yragm. C = (Cij ) MaTPULAHUHT XOCMACIIUTH
Tyailin Cgy # 0 OYIUMIIMHM XOCHI KHWJIaMU3.

Etapnunuruam ucobotu aéH.

2). (15) Tenrnukiap OMPUHYM Ba UKKUHYNCUHU YIMHYM TEHTIIMKKA O0Y1uo, (16)

X X2
mapTIapHu Xamaa X =—, Yy =—5 TeHIJIMKIapHu >bTHOOpra oymbd (17) TeHrIMKHH
X3 X3
XOCHJI KUJIaMU3:
X'=a,X+a,y+a
| 11 12 13 } (17)
y=agX+azy+ay

C.:
Oy epra, a; = — . By Tenrnuknap adpQuH aTMAIITHPUIIMHN aHUKIaim. UyHky,
33

Cn G
A1 Qp| [Cy3 Cyg| 1 [Cu Cp| 1 Gy G|
- 2 - 3 3
ay Ap| [Ca Ca (033) Co Cp (C33) Co Cp
Cs3  Ca3
Cu Cpp GCp3
1 detC
= c )3 Cyy Cpp Cp3 :(C )3 #0.
33 33
0 0 cgy

3). (18) anMamtupui npoektuB adhdua anmamtupumuaup. Yynku, (16) mapt
Ooaxapunaau. by amvamrupum (17) adbdua aaMamITHPUITHUHT JaBOMU OViianiu.
Yynku, (17) tenrnuknap (18) TeHINIMKIApHUHT OWpPUHYKMCH Ba UKKUHYUCU (18)
TEHTJIMKJIAPHUHT YYMHUMCUTA OYITUIIIaH XOCH KUITUHA/IH.

59.7. narmka. bapua npoexktuB adpPuH anmamtupunuiap tymiamu apdux
TEKUCIUTMHUHT apPuH anmMamTupuuuiap rpynnacura uzoMopd Oynran Oapua
IPOEKTUB aIMAIlTUPUIILIAP TPYNIIACUHUHT KUCM Ipynnanapaad noopar.

59.8. :xymura. Uxtuépwmii |, ,1, xecumryBun Ty¥pu un3ukiiap xyQriauruau 6omrka
uxtu€puii  kecumyBun ', 1,'  TyFpum  umsmknmap  KyQmiIMrura = mpOCKTHUB
aJIMalITUPULILIAPD BOCUTACHIA YTKA3UII MyMKYH.

Ucéor. X; — |, Ba |, Tyrpu umsmkmap kxecummin Hykracw, X, X, — MOC
pasumaa |, Ba |, Tyrpu umsmkmapnaru X, HykTa OWiIaH ycTMa—ycT TyIIMaiJuraH
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HyKtaiap Oymcun. E nmykra l;,l,, X, X, — TYfpu unu3ukIapHUHT OHpOpTacUra Xam
TErunuIy OyiMaran Hykra Oyncus. Xymau mysgaid |',1," TVFpu unsuknapaan 4ukuo
X1 X, X5 E' Hykranapuu Kypamus. YHna X, X, X3;E Ba X;'X,'X;'E' penepnap
OuilaH acCOIMpIIaHTaH MPOCKTHB aJMAIITHUPHIL, PAaBLIAHKU, OM3 M3JaraH MPOCKTHB

aIIMaIITUPUII OYIIasu.

60§. BUP JKUHCJIM KOOPTUHATAJIAPIA UKKUHYU TAPTUBJIN
YU3UK

60.1. Arap apduH KoOpAUHATAIN X,Y TEKUCIHMKIA [ UKKUHYU TapTHOJIN YHU3UK
Ay, X% + 28, XY + 8y, Y7 + 285X + 28y + 855 =0  (19)

. . X
yMyMHii TeHIJaMa OunaH Oepunrad OyicuH. AGQUH KoopauHATanapiaH X=-—-,

X3

X
y="2 QopMmyna OugaH OMp >KMHCIM KOOpAMHATanapra yTuiaca, y xonza (19)
X3

TCHI'JIaMa
2 2
X x1x2 X, X X,
Ay —5 + 28, —= + 8y, >+ 2a13 + 2a23 +a5,=0
E€KU1
2 2 2
A X, 28X X, + 8yoXy" + 283X Xg + 285X, X5 + Ag3X5” =0 (20)

KYPUHUIIHK OJIaid. By TeHr/iama TEeKHCIMKHUHT Oapya XOC HyKTajJapH TYIUIaMHa

(X3 # O) anénku, (19) tenrmamara oskBuBajieHT. Arap (20) TeHriamaHu 7

TYIAMPUWITAaH  TEKUCIMKIA  Kapainca, y xoima yHu (19)  TeHriamanu

KAHOATJIAaHTUPYBUYM Oapya XOC HyKTanap/JaH, ’bHU / YM3UK HyKTaJlapuAaH TallKapu
allxl2 + 28, % X, + a22x22 =0

mraptra OyicyHyBUM XOocMac HyKTajap Xam, S’bHHM [ YM3UK aCHUMIITOTHK HYHaJIUIIN

xam KanoatTnantupaau. llynnait kummo6, (20) Tenrmama 6winan 6epunrad I unzuk [
YU3MKKA YHUHT aCUMTOTHK HYHAIMIIMHU KYIIWIMIIUAAH (arap IIyHAal WYHAIUII

6op 6yica) XOCHII KWIIMHATH.
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60.2. Tabpud. bupop NpoeKTUB KOOpAMHATAIAP CHUCTEMACHAA MPOCKTUB
koopauHatanapu (20) 6up KUHCIM TEHTJIaMaHU KaHOATJIAHTUPYBYH HyKTaJapHUHT [’
TYIJIaMU TPOEKTUB TEKUCIUKAATH UKKUHYM TapTUOIN YM3HK J1€0 aTaiaiu.

by Tavpudman kypuHaauku,

ay +a, +ay #0  (21)
HIAPTHUHT OaKapuiuIiy papa3 KUIMHManIu.

60.3. IIpoektuB addHUH TEKUCIUTUIA UKKUHYMA TapTHONMM 4u3uK (21) mapTHu
KAHOATJIAHTUPYBYM TYJJUPHWITAaH TEKUCIUKIArM WKKHHYMA TapTHUOIM YM3HK,
omataard Tekuciukna (19) uKkuHUYM TapTUONM YM3UKHHM YHUHT aCHUMTOTHK
UyHamumu OwiaH TYIAupWIraHauruHu Ounamus. [IpoextuB aduH Texkucnuruaa
SHA KaH/Jall UKKUHYY TapTUOIW YM3UKJIap OYIUIIN MyMKHUH?

®dapa3 KUk, 3112 + a122 + a222 =0 Oyncun. Y xonaa (20) TeHrimama

X3(2815% +28,5X, +855%;) =0 (22)
TEHIJIaMara aijaHaau. by MKKATa TyFpu YA3UK
Xg =0, 283X +28,3X, +833X; =0
TeHramanapaad uoopar. by TYFpu 4M3UKIaApHUHT OMPUHYMCH XOCMAC, UKKUHYHUCH
3ca XOC TYFPH YM3HK XaM Ba IIyHIall XOcMac TYFpPU YU3UK XaM OYJIUIIN MyMKHH.

[ynaait kunuod, npoekTuB adGUH TEKUCITUTHIA Xap KaHAal UKKUHYUA TapTUOIN
YU3UK yIoyaaH noopar:

1). acUMTOTUK WYyHAIMIIM OWIAH TYJIOUPWIraH OJaTAard WKKUHYM TapTHOIU
YU3UKIaH U00par;

2). Ynapnan Oupu XxocMmac OYiraH KECUIIYBUM TYFPU YHMBHKIAp KY(TIUTHIAaH
ubopar;

3). Xocmac ycTMa—ycCT TYIIYBUU TYFPU YU3UKJIAP Ky(QTIUTHIaH HOOpaT.
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61§. UKKMHYU TAPTUBJIM YN3UKJIIAPHUHI IPOEKTUB BA
IMPOEKTUB A®PUH KIIACUDPUKALIUAJTAPU (TACHUDJIAPHN)

61.1. sxxymuaa. Dmurnc, runepbona Ba mapaboja MPOEKTUB SKBUBAJICHT, SBHHU
IPOEKTUB AJIMAILTUPUILI BOCUTacuaa Oup—Oupura yTKa3smiaam.

UcodoT. DHr aBBas1, Ou3, 35uMIC, Turepoosa Ba napabdoia aed, Oy epaa Y3MHUHT
ACUMINTOTHK MYHAIMIUIApU OWIaH TYJIAUPWITAH OAATIAArd 3JUIMIC, rumepOosia Ba
napaboJyia aTajguIlIMHU, S’bHU runepOoiara HyKrajgap XKy(riauru, napadosara sca
OUTTa HyKTa KYIIWJIUIIMHU TabKUIIA0 yTamu3. By ydra 4M3MK XaKWKHUIl OBajIH,

SbHU OMPOPTa NPOEKTUB KOOPAUHATAIAp CUCTEMAcUAa
2 2 2
TCHIJIaMara 3ra 6S'IJIFaH YU3HUKKa OKBUBAJICHT 3KaHJIUT'MHU Kg’pC&TaMI/IS. XaKI/IKaTI[aH

xaM, oupopta apduH KoopUHATANIAp CUCTEMACHa DILTUIIC
X2 +y?=1
KYpUHUIIIard TeHrjamara oJra OynuO, Oy TeHrjiamaHu OMp  KUHCIH
KoopAuHaTanapja €3wica, y xoiaga y (23) TeHriama OwiaH yCcTMa—ycT TYLIAIH.
YyHkwu,
2 2
A% o) o X+ X, —Xg =0,

2 2
X3 X3

['unep6ana Oupopra adhGuH KOOpAUHATAIAP CUCTEMACHA
x> —y?-1=0
TeHTJIaMa OumaH €Ku Oup KUHCIIA KOOpAMHATaIap/a dca

2 2
X3 X3

2 2 2

TeHTJ1aMa OumaH €3I MyMKUH. OXUpru TeHrjiama ynioy TeHriamMara TeHI KyWwIin
2 2 2
X," + X" =% =0. (24)

PaBianku, ymoy npoeKTUB aaMaIlTHPUIIT
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AX'=0-% +1-X, +0- X3 =X,
AX3'=1-% +0-X, +0- X3 =X

Oy epaa,

0 1
0 0 1-0,
10

S . O
I

(24) un3ukHy (23) XaKMKWANA oBaJra YTKa3aau, YyHKH
2, 12 2 12 2y, 12 12 12 12
X TAAK AKX =0 = X TH+X, =X =0
Ba WITPUXJIApHU YUupuO, (23) TeHrnamara KeJiaMus.

Huxost, mapabomna Gupopra ad@uH KOOpAHHATAaNAp cHCTeMacHaa Y- =X <

X —y* =0 TeHrnama GuIaH GepuIaIm.

X'=y=0-x+1-y
y'=x=1-x+0-y|’

0 i
epaa,
yep 1

‘: ~1#0, apdun anMaurrupuin 6unan X'°—y'=0 TeHITTaMaHH XOCHII

. 2
kuwiamu3. by Tenrnmamana mrpuxnapHu yuumpuO, X —Y =0 TeHrmamara Keiammus.
bup xuHCIM KOOpAMHATANIAp]IA 3ca

2
X X " 2

TCHIJIaMara KCJaMm3.
AX = %"=1-%"+0- X,'+0 - Xg
AXy ==X, +X3'=0- X "=1- X, +1- Xg
AXg =Xy +X5'=0- X +1- X, +1- Xg

Oy epna,
1 0 O
0 -1 1=-2=0,
0 1 1
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IPOEKTUB AJIMAIITUPULITA TECKapH aaMaTUpHIL (25) un3ukHy (23) yM3uKKa
YyTKazaau. XaKuKaTaJlaH Xam,
2 1 1 1 1 1 1 1 1
Arap X;'=X;, X3'=X,, X,'= X5 1e0 6enruna0d, (23) TeHrIIaMaHu XOCUII
kunamus. JKymia ucOotmanau.

61.2. Teopema. UkkuHuM TapTUOIM UMBMKJIAPHUHT Oe€lITa MPOEKTUB

SKBUBAJAHTINK CHH(U MaBXKy[, SHHA
1), x.2 2_y2_y . _
) X, +X," —X3" =0 — xakukuii oBa;
2). x.2 2,92 _0 _
) X,© + X" + X" =0 — maBxyx oBad;
2 2 o
3). X, —X,” =0 — KecUIIyBYH TYFpPH YU3UKJIAD;
2 2 y
4). X," + X," =0 — MaBXyM KeCHIIyBUH TYFPHU YH3HUKJIAP;
2 o
5). X,” =0 — ycTMa—ycT TyIIyBUH TYFpH YA3UKIAP.
Hcoor. IlpoekTuB TEeKHCIMKHU X =0 XocMac TYFpu UYHM3HKIM IPOCKTHB—

abdun Tekucnuru kabu kapaimus. Yaaa 60.3 ra myBoduk (20) uxTuépuit UKKMHYU
TapTUOIM 4YM3UK € aCHUMITOTUK HWYVHamuuuiapu OuilaH TYIAUPWITaH oOJlaTlaru
TYKKU3Ta UKKHUHYMA TapTUOIM YU3MKJIAPHUHT OupuaaH uoOopaT; € ynapaaH Oupu
XocMac OYNraH KeCUIIYBUU TYFPHU YM3HKIap KypTiurugan udopar. OXupru MKKUTa
Yu3HK, 59.8 xKymiara Kypa, XOC TYFpHU YA3UKIAPIaH TALIKUI TONTAaH MOC YA3UKJIapra
npoekTuB skBuBananT. llyngait kummb, ogarnaru TYKKU3Ta TYIIUPUITAaH UKKHHYA
TapTUOIM YU3MKJIApAaH Xap OupH Teopemaza caHa® YMKWITaH OelTa YHW3UKJIaH
Oupura NpOEKTUB SKBUBAJIICHT OYJIMIIMHU UCOOTIAI KEPAK.

buz »smnmunc, runepbona Ba mapabOJaHUHT XAKUKHM OBAJIWra MPOEKTUB

SKBUBAJEHT OVIMIIMHM IOKOpUAA HCOOT Kuiranmu3. IIyHUHTZIEK, paBILaHKH,

MaBXyM DJUTUIIC (X2 +y?-1= 0) MaBXyM OBAJITa ITPOEKTHUB YKBUBAJICHT. YyHKH,

X2 X,
L +2%+1=0 < X+ X, + % =0,
X3 X3
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KecumyBun TV¥pu 4u3HKIAp (X2 —y? :O), MaBXyM KECHIIyBYH TYFpU

YU3HUKJIAp (X2 +y? =0) BAd YCTMa—yCT TYLIyBYM TYFPHU UYM3HUKIAP (X2 =O), MOC

paBuiga 3), 4), 5) yM3uKIapra NpoeKTUB SKBUBATICHTANP. YyHKH,

2 2
X~ X
LT 20 & X —X =0;
X3 X3
2 2
X X
L+ =0 & X% +X, =0;
X3 X3
2
X
-0 & x =0
X3

[Tapayuten TyFpu 4u3UKIAp (X2 -1= O) xocmac (0:1:0) HykTaga Keculiaad Ba

Oup KMHCIM KOoOpJAMUHAaTajnapaa 3) TeHriiaMmajaaH (apk KuIMaiauraH X12 — X32 =0
TeHIama Ounal €3unaau. YyHku,

X

2
X3

HuxosT, MaBXyM mapajmien TYFpU YM3HKIap (X2 +1:O) Iy XaKUKUP Xocmac
(0:1:0) Hykraga KeculIagu. YJIApHUHT OUp IKUHCIM KOOpAMHATallapAaru
TEHIrJaMaliapu X12 + X32 =0 6ynu0, 4) TeHrIaMara NPOEKTUB SKBUBAJICHTIUD.

1)-5) umsuKIapHUHT KYPT—KYOT OYVIMO MPOEKTUB SKBUBAICHT dMACIUTUHU
KypcaTuil KOJIIH.

MagxyM oBajl — Oy Oelita UYM3uKAaH XaKUKUI HyKTajgapra sra OyiamaraH siroHa
YU3UKAUP. MaBXyM KECHUIIYyBUM TYFPHU YM3UKJIAp — Oy OUTTa XaKUKUI HyKTara sra
OynraH sroHa 4YM3UKIUp. XAKUKUAK OBaJI 3JIIMIICTA MPOSKTHB SKBHUBAJICHT. JleMak,
YHUHT Xe4 Oup y4yTa HyKTacu Oup TYyfpu um3ukaa €rMaiau. by xocca yHu 3) Ba 5)
ynsuKIapaad hapkiaaiagu. Huxost 5) Yyu3uKHUHT UXTUEPUIN ydTa HYKTacH OUp TYFpH
yn3uKIa €raau, 3) 4u3uK yuyH Oy aca HOTyrpu. Teopema ucOotaanau.

61.3. Tabpud. Arap npoekTuB—adGUH TEKUCIUTHIATH HKKUHYM TapTUOIU
YU3UKJAaH OWPUHU WMKKUHYMCHTAa TPOCKTUB—ad(PUH amMamTUpHIl BOCHUTACHIA

YTKa3uIl MyMKHUH O¥yiica, y Xoiaa ynap npoekTuB—adGuH 3KBUBaJEHT Ae0 aTaiaiu.

309



61.4. Teopema. UkkuH4YM TapTUONM YHBUKIAPHUHT MPOEKTHB—aPPUH
HKBUBAJICHT OYynraH YH OUTTa CHH)HU MaBXKY/, SHHU

1). TYKKM3Ta OaTAaru TYJIIMPUIraH UKKUHYM TapTUOIM YU3UKJIIap;

2). ynapaas OupH xocMac OYNTraH KeCUITYBUM TYFPU YU3UKIAP Ky(DTIUTH;

3). xocMac yCcTMa—ycCT TyLIyBUM TYFPH YU3UKJIAP KYPTIUTH.

Hcoor. 59.6-Teopemanan adduH SKBUBAJICHT YM3UKIAp NpoeKkTHB—addUH
eKBUBAJICHT OYynmmu kenubd ymkamu. CyHrpa 2) Typaaru uxtuépuil um3ukiaap 59.8
Kymjara MyBO(QHUK HPOEKTUB aJIMAIUTHUpUII OuiaH OupujaaH OolIKacura HryHAau
YTKa3uIll MyMKUHKH, OyH/Ja XOCMac TYFpU YM3UK XOCMAac TYFpU 4YM3UKra yraau. by
IPOEKTUB aJIMAIITHPUII NpoeKTHUB—ap(UH anMamTUpuiId Oynaau. 3) TypAaru
UXTUEPUM YM3HUKJIAp alHUM alIMallTUpUILIa Vy3ura yraaud. PaBumiaHky, aiHuu
anMaiiTupuil  npoektuB—adpdun anmamrrupumm  Oynagu. lywgait kw6 60.3
OaHgaru MyJsoxasalapAaH oKopuja caHa® yTwiraH YH OMTTagaH Kyn OyiamaraH
npoeKkTuB—ad(HUH SKBUBAIECHT CUH(IAPUHUHI MaBXyIJIUTH Kenud uukamu. Typiau
CUH(Aar YM3UKJIAPHUHT 3KBUBAJEHT AMACIUTUHU Kypcartuiijga 61.2 teopemanan
¢oiinananuin MyMKuH. Jlemak, Oemira MpoeKTUB 3KBUBAJIEHT CUH(pIapujaH ¢akar
Ovpura KMpyBUM YM3UKIApHU (dapKiam 3apyp. DJUIMIC, runepbosia Ba mapadosa
XaKUKuK oBasl Oynmamu. Ynap y3apo mpoektuB—adduH skBuUBajieHT 3Mmac. UyHKw,

XocMac TYFpU YM3UK OWJlaH TypJiM COHAaru Hykranapaa kenumanu: 0,2,1. Masxym

oBajira (hakaT MaBXyM dJUIMIC Kupaau. KecunryBuu TYFpu YM3UKIAp CHCTEMacHura
y4uTa YM3UK KUPAJIH; XOC KECUIIYBYM TYFPU YHA3UKIAP, MapaJUIe] TYFPU YM3UKJIAp Ba
Oup xocMmac TYFpHM YM3HMK OYJraH KECHUITyBYM TYFpU uyu3uKiap. by uusuxmap xam
X0CMac TYFpU YM3HUK OWJIaH TypJIM COHJIary HyKTajlapja kecumaau: 2,1,00.

MaBxyM TYFpU YM3HKIAp XOC HYKTajga (MaBXyM KECHUIIYBUM TYFPH YM3UKJIAP)
Ba XOCMac HyKTaja (MaBXyM Mapajuiesl TYFpU YM3UKJIAp) KECUIIUIIN MYMKHUH. By
Yu3MUKIap Oup—Oupu OumaH 1ry xoccanapu Ounan dapkiaHaaun. Huxosr, yctma—yct
TYIIYBYU TYFPU YU3HKIAp XOC Ba XOCMAC OYJIMIIM MyMKHUH. PaBimianku, ynap Typiu
npoekTuB adGuHINp, SIHHU yaap ¥3apo MpoeKTUuB adPuH FIKBUBAICHT 3Mac. Teopema

ucoot Oynau.
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