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CS3 BOSUH

yAyB’ii-ira ~aBOJia ~HJiirnaexraH ymoy i*yjuiaHMa H. JX. florasiOHOB
Ba M. Ill. )KvpaeBa tomohnflau eamran «FeoMeipHH, 1 i*hem («y~niyBqji»
HauipHera, 1982 M ji) khxoShhhht aaBOMH ~HCo6"aaaji,u.

Yixna acocHH reoMexpHfi KypcHHimr yma 6yjiHMii: reoMexpHH acocjia-
pn (I— 1V 606jiap), npopKTHB xeoMexpna Ba TacBnp”aiii Mexcwiapn (V—
V1l 6o06jiap), flH”"epeHUHaji reoMexpua (VIII 606) 6aeH ~hjihhah.

KjjuiaHMaaarn Maxepnajuiap CCCP Maopiit}) MHHHCxp.mirHHHHr 1983.
fi,a YHHur reoMexpHH acocjiapw 6vjihmh, acocaH rn/ibfiepx aK-
CHOMajiapn acocnAa e3H.nu6, yHra JloSaneBCKhh reowerpHHCHHUHr 6at3H
(J)aKTJiapH KeJiTHpiuwi. A. B. lloxopa.aos Ba Beft/ib aKCHOMajiapn 0630P
TapHilacH/ia epHTH.IAH. Msiiyjop/iap (y3ynJiHK, 103, x,a>KM) hh y.maui Ma-
cajracH rnjib6epx aKCHOMa/iapH 6yhma >KyAa Mypani(aé 6a8H i“miHHraH-
tihxh yiiyH, yHH 6y aKCHOMaTHKa 6yi\ma epuTHJimiiHHH jjcohm TonMa™HK,
gyHKH A. B. llorope.TOB aKciiOMajiapn 6ymna 6y Macajia ocoh xaji i*h-
jiHHraH.

I"yMaHMaflarn SejirHJiap, amajim KHioSAarn 6enrmapnan 4>api® i*h-
jih6, acocaH A. B. rioropejioBHHHr «reo.viexpHH» KHxoQuaarH 6ejirHJiaiu-
/fiap ojihhot. ~"yHKH hi*hh mjijiapjxa waKiaoHH 6hthph6 mi*amran yi*yB-
MHJiap A. B. rioropejiOBHHr «reoMSxpHH 6 — 10» flapcJMXH 6yihma y~H-
ran 6fmam.

I"yjuiaHMaHH Hampra Taiiep.aam™a 3kthb HiimipoK sxran Hh30MhS
homjih TouiKeux XlaBJiax ne”axoxHKa HHcraxyxHHHHr xeoMeipHH Kag)efl—
pacH ai>30JiapHxa Ba y3 ~hmm3tjih Mac.na™axjiapH yqyn TomneHT XlaBJiar
yHHBepcHxexuHHHr npcxj)eccopH M. A. Co6HpoBra ny~yp MKHnaxAop™—
JIHK 6H MfIHpaMH3.

Aemopliap



rEOMETPMfl ACOCIJIAPH

1BOB. AKCHOMATHKAHHHr yMYMHR MACAJIAJIAPH BA TEOMETPHIl
ACOCJIIAPHHHHT TAPHXHH 0B30PM

1- §. AiicHOMaTHK mctoa ”~a”HAa TyuiyHHa

TeoMeTpHH acocjiapH MaTeMaraKaHnnr 6np ithcmh 6ym6, YynAa reo-
MexpHHHHHr acocHH TymyHqgajiapH, akKCHOMajiapn Ba yMyMaH reoMeTpnK
CHCTeMaHHHr AeAVKTHB Tapaaa ~ypHJiniiiH, iuyHHHr onvian 6npra akKCHO—
Majiap opacHflarH MyHOca6aTliap ypraHH”aAH. By FOHJiap mo”hhthhh Ty-
iuyHHui Ba yjiapHHHr io3ara KejiHm ca6a6jiapnHi—i (jjaxMJiam ywyH KHC'a—
ga 6yjica— Aa, Tapnxra Ha3ap Tamjiauj 3apyp.

MaieMaraKafla aKCHOMaTHK (AeAyKTHB) MeTOAHHHr HpaTHJTHuiura rpeK
o“HMJiapHflaH nw})arop, ApHcroTejib, [11/iaTOH, Ebkjiha hjik i~aAaM ~yft-
raHJiap. By 6opaAa aflHH”ca Eekjihahhht (apaMH3AaH aBBalirn 340— 287
h.h.) XH3M3TH KanaAHp. Ebk./iha «HerH3/iap» («Acocjiap») ne6 aramaa
acapH”™a reoMeipHHHH MamHI"HH jKii®~aiaaH MyKaMMaji acocjiaui Ma”caAH-
Aa aBsaji TatpHcj~ap KejiTHpHS, KeiiHH aKCHOMajiap, nocTyjiaiyiap cHde-
MacHHH i~a6y;i i~hjiah. 1lly acocAa y y3 3aMonacH Ta”aS”apnra TVJia-Ty-
khc >KaBo6 6epaAHraH reoMeTpna «6hhochhh» ~ypHiura spmuAH.

HoeBKjiHAHH reoMeTpHJiHHHr By>KyAra kcjihluh Ba TynjiaMJiap na3apHH—
CHHHHr HpaTHJiHiiin (J)aHHHHr Ae”p”™H 6apga TapMo”iapw yqyH MyxiiM omhji
pOJIHHH yflHaAH.

AKCHOMaTHK MeTOAHHHr MOXHHTHHH TyiuyHHLU Mai~CaAH/ia MaKTaSAa
~praHHJiaAHraH reoMexpHa Kypcnra Mypo>KaaT KHJiafuiHK. YHAa 6up KaH-
ga TeopeMajiap nc6or,/iaHraH 6ym 6, HcSoTJianraH xap 6np TeopeMa y3H-
A3H ojiahh KeJdiraH TeopeMajiapra acocjiaHaAH, iny fiycHHAa hui KypmiiAa
hc6otch3 i7aSyji khjihhhluh sapyp 6yjiran noopa (>KyMjia) .nap Ba Ty-
Luyimajiapra av” KejiaMH3- Hara>KaAa ratpH~CHa ~aoyji i"HJiHHraH 0S'beKT-
jiap (Maca™aH, nyi~ra, tvfph vmmi, tckhc./ihk, Macoc])a Tyuiyma.7iapH),
y~apHH GoivioBqH HHcGai.iap (MacajiaH, Hyi~raHHHr TyppH gH3HKAa eraum,
TyFpH 4H3K”™Aarn HyKTaHHHr my TyppH maHKfiam 6omi<a hkkh ny~Ta
«opac«Aa» eraum, necMa Ba oypgaKJiapiiHiir TeHr (kohrpysHT) mni) By-
>KyAra KejiaAH.

Acochh oSteKTJiap, y.napHH 6ofjiobmh HHcSaTJiap Ba TerHuum aKciio-
Majiap cHCTeMacHHH TaH”ad o”~hiu My”"HM MacajiaAHp. AKCHOMaTHK mctoa
acocHAa wy”~oKaMa iopHiHUIHH ~HCKapo”® Kpjm6 AyHHAanwa TaBCH<|)@am
MyMKHH: aBBajio TatpHcfiJiaHMafiAHraH acocHH o06i.eKTjlap yannaQ ojiima-
AH, KenHH y”~apHH y3apo 6o0f"obhh acocaft MyHOcagarjiap — aKCHOMa.iap

4



cHCTeMacH TaHJiad ommam, cyHrpa aca ujy aKCHOMaliap acocHAa Mamrn”
(JiorHKa) i"oHflajiapura ac ocJiaHraH 7aJifla jiiHth-m m >KyMlia/iap (Teope—
Majiap) ncGoTJianaAH.

2- §. AKCHOMaJiap CHcreiviacHra K)yfiHjiaAHraH Ta.na6.jiap

K,a6yj? “munamvaE aKCHOMaliap cncTeMacH \\ymjxar\i Tajia6jiapra >Ka-
bo6 depHiuH KepaK:

1) MaHTH" ~"OHyH”iapH acocHAa aKCHOMaldiap CHCTeMacHAah 6hp-6hphhh
HHKOp STyB'iH HKKHTa /KywJia (ran) kejw6 HH~Maft,OHraH SyJicHH, hihh
aKCHOMaJiap CHcreMacn 3HAJIHKKa sra SyjiMacHH;

2) MyaHHH aKCHOMaaap cncTeMacHAa hiuthdok STaAnraH “ap 6np aKCHO-
Ma ~o”~raHJiapHHHHr MaHTHKHH xyjiocacn 6yjiMac/iHrH— TeopeMa CH(j)aiHAa
HcSoTJiaHMacjiHra, h~hh aKCHOMalJiap cucTeMacHA?lih 3%ap 6ap aKCHOMa ap-
khhjihk xycycHHTHra ara Svjihluh Kepan;

3) aKCHOMaJiap oHCTeMacn ~aTopnra my chcté6M3A3h MaHTH”an Kem 6
>|H*MaHAHraH flIHrH aKCHOMaHH KVIIIHW MyMKHHMH, HTiHH aKCHOMaldiap CHCTe-
MacH TyjiH™ (MyKaMMaJi)jiHK xoccacnra Syncyna/iHMH ?

reoMeTpHHHH aKCHOMaTHK KypHiuAarn 6y MyxnM caBOJiJdiapra X I X acp-
AarwHa TVJia >ksbo6 tohhjiah. By caBOJira >k3bo6 GepnuiAa yjiyp pyc Ma-
TeMaTnrH H. H. JloSs"ieBCKHH hjkoah Ba X1X acp oJiHMJiapHAaH E. BeJib-
TpaMH, A. riyaHKape, 0. KJieini TSAi~O0TJiapH xaJi i"HJiyBgn pojib yflnaAH.
AKCHOMaJdiapHHHr fiejirnjiH cHCTeMacH acocHAa ojihS SopHJiaAnran MyxoKa-
MajiapHHHr 3hajihkk3 ojihé Kejwm -KejiMacjinrn MacaJdiacHHH ”aJi i*hjihS
6epHtu ynyH M3TeM3THKaAa MOAejib (HHrepnpeTau,HH, mspjyiaHHm) fohch
HuuiaTHJiaAH.

Tat phcf) MarJiyM o6-beKTJiapHHHr 6npop TynjiaMH aHH~JiaHraH 6vjih6,
my TynjiaM ajieMeHTJiapn opacHAa acocnhn MyHocadaT (HHc6aTJiap) caiyia-
hh6, yHAa aKCHOMaliapHHHr fiapga uiapTJiapn daacapHJica, 6y aKCHOMadJiap
CHCTeMaCHHHHT MOAeJIH ~"YPHJiraH A6HHJ13AH.

Mncojuiap. 1. ByiyH coHJisp Tynji3MH ~yiuHin 3Majinra hhcSstsh,
rpynria tsuikhjt lywiraHH yqyn, 6y TynjiaM rpynnaBHH aKCHOMalJiap CHCTe-
MacHHHHr MOAeJiH 6yjia ojiaAH (6yHAa acocHii ofiteKTJiap 6yTyH coHJiap
SyjiHfi, acocnn MynocafiaT i?yiiiHiu aMaJiHAHDp).

2. TeKHCJiHKAarn Sapga reoMexpHK BeKTOpJiap TynjiaMH <ih3h~jih (})330
ANochji i"MJiraHH ynyn, y 4H3h”7jih (f>a30 aKcnoMajiapn CHCTeMacuHHHr mo-
AejiH 6yjia ojiaAH (Syima acocHH 0S'beKT reoMeipnK BeKTop 6ym 6, acocHii
HHcSaTJdiap BeKTopjiap vcthasth hh3h”jih aMajuiap — ~“ymnui, BeKTopun coh
(cKajinp) ra KynafiiHpHmMAHDp).

Ta t phij). AKCHOMaJiap chctcmschash 6Hp-6npHHH hhkop j*Hjia/iHran HK-
KHTa >Ky.Mjia MaHTH”an kcjihQ TOK,waca, 6y cncieMa 3udcu3 (t*apaua t$ap-
UIUAUKCU3) cucmeMa Ae6 aialiaAH. Akc x;0JiAa aKCHOMaldiap cucTeMacn 3ud-
au cucmeMa Remviaw-

MaieMaTHKaAa 3hajih cucTeMa 6njiaH hhi KypHJiMaflAH. AKCHOMadJiap
CHCTeMaCHHHHr 3HACH3JIHrH KaHAaS HC60T I*"HJIHHaAH?

AKCHOMaJdiap CHCTeMaCHHHHr 3HACH3jinrH my CHCTeMa moas~hhhht TaH-
Jia6 ojiHhnmH 6nJiaH X;aji ~hjihh3AH. Arap TeKixinpHJiaAHrsH aKCHOMaJisp
finpop ycyji 6iuiaH MOAeJiAa 6a>KapHJica Ba 6y MOAelib odteKTJiapHHHHr
TaSnaTHAa 3HAJiHKHHiir Hy~JiHrnra hluoii'i ~ochji i”™HJiHHca, y \onjia 6y



aKCHOMadJdiap/MH 6np-6npHHH MaHXH”aH hhkop sxaflnraH HKKHxa >KyMJia
Ke.nnfi gm~ac/inra, amh 6ima (mxHi—i' j*a\i xac/unyiafi, xaM hhkop sthQ
6y~Mac.anrn Mnt.ayM oyjiaan. /lexiaK, 6h3 Jlo”opHAa KejixupraH mhcojih—
MH3”a rpynnaBHH aKciiOMa.'iap CHCieMacuHHHr Ba MH3HiyiH $a30 akKCHOMa-
JiapH CHCTeMaCHHUHT 3HACH3 3K3HHHH KVpCaXAHK, flefiHOIHMH3 MyMKHH.

Tat ph 4> 3hach3 aKCHOMansp CHCxeMacHflara JYap 6np 3Kchom3 my
CHCTeMaliarH Kol/iraH 6apgqa aKCHOMaldiapHHitr mshthkhh xyjiocacn SyjiMaca,
SyH”"aH 3KcnoMasiap cucxeMacH spKUH cucmeMa jx& aranam.

Bynaan KvpuHaAHKH, aKcnoMa.'iap cHCTeMacHHHHP spKHH 6yjiHLU TadiaSa
~ap 6np aKCHOM3HHHr KO.iraH aKCHOMaJiapHHHr xy.xocacH (Hara>Ka) ch 9Mac—
jinrnHH TeKiiiHpHiH 6iuiaH Hc6oxjiaH3AH. By M3C3Jia ~yflHAarnga "aji ~hjih—
H3AH.

AKCHOMa™apHHHr 3hach3 Av A2, .. An CHCTeMacHra “apauuiH, Ma—

CaliaH, An 3KCHOM3HHHT SpKHH OK3HJIHrHHH KypCaTHLU y~yH 6y OHCTe—

M3A3H An hh gnitapHS Tauuia6, yHHHr ypHHra AnaKCHOMa, fltHH Anhhhp
M33MyHHHH HHKOp 9TyBgH >KyMJia— HSopaHH KHPHTHS, aKCHOMSJiapHHHT HHrH
CHCTeMaCHHH ~OCHJI “HJIHUI B3 yHHHr 3H,HCH3JIHrHHH HC6oT~am Kep3K. Xa-
¥h"3T3h xaM, srsp An aKCHOMa Av A2 .. An_{ aKCHOMa/iapHHHr HaxH—

wacH cH(j)aTHAa j~ochji i”HJiHHca, y ~oJifla 6y akKCHOMa AV AZ2..... An

3KCHOM3JI3pHHHr )*3M H3THJK3CH 6ym6 miKZAH. By 9C3 3BB3JirH CHCXeMa—
HHHr 3HAJIHFHHH fiHJIAHpaAH.

AKCHOM3Jiap CHCTeMacHAara 6upop skchomshhhf spKHHJiHru,' hihh,
yHHHr MycT3kH,I aKCHOMa 9K3HJIHPHHH 6y CHCTeM3A3rH 3KCHOM3»iap cohh-
hh KaMafiTHpHiu MyMKHH 3MacjiHrHA3H AapsK 6epa/iH.

AKCHOMajiap CHCxeMacHHHHr spkhhjihthhh xeKiHHpHiuAa ,“ap 6hp skch-—
OM3HHHr SpKHHJIHrH aJlo~Hfla TeKUIHpHJIMaHfIH, gqyHKH XeFHUU1H HCfiOTJiap

JKyna cepMexHaiAup, jkjkhh 631>3h «my6xa,;iH» aKCHOMs.aapra nncoaxan
spKHHJIHK iaj\a(m leKiuHpHJia/ui. (ByHra 6h3 mhco”i xapHi®acHAa 23— § \%
NOCTyjISTHHHr SpKHHjIHfHHH KVpcaxaMH3.)

AKCHOMajiap CHCTeM3CHHHHr XyJIHiyiHrHHHHr M33MyHH LUyH/I,3H HSopaX-—
kh, HHra 3KCHOM3Ji3p “yuiMacflaH xypnS, uiy Ha3ap»lira xaaji.xyiv™ xap
6up Aai>BOHHHr uiy CHCxewara TaflHraH ~“ojias ypnHJiH.iiirnHH gkh hhko-
PHHH 3HTHUJ MyMKHH SyJICHH. By T3JI36HHHr 3M3Jir3 OUUHpPHJIHIUH OA3T-—
fI3 cHCTeMs yqyn Kypn~rsH ukku ModeM opacudaeu U30MopcpU3M &e6 aTa-—
Jia®HraH Tymymara acocjiaHaAH.

TatpHt~. AKCHOMajiap cncTeMacHHHHr hkkh E, E' MOAeJiiiHHHr aco—
chh o06-bei<TH (Hyi~Ta, TyFpn =>ih3Hk;, tckhcjihk”~iap) opacnjia y”apo 6np
KAHHMaTJiH mocjihk ypHaTH~raH 6yjih6, 6y Moc”HKfla 9,ieMeHT (06i,eKT)
jjap HKKajia MOfleriaa ~aM 6np xh"i HHcCaxaa 6y~ca, ntHH A g E A'E E'
6y;ica, 6y hkkh MOAe/ib U30MOp<p Rewnajiu.

Tat pn "3. AKCHOMajiap cHcieMacura xaa”y~JiH ncxa”“raH >KyMJia—
HHHr TyFpn eKH hotvfph 9K3HHHH aHHi*3m MyMKHH 6yjica, aKCHOMa”ap—
hhhf 6y cucxeMacH myauk, (MymMMOA) axa~aflH.

AKCHOMa”apHHHr 3HJICH3 2 CHOTeMacH 6epn”raH 6vjichh, uiy cucTeMa
acociwa i<;ypHjiraH HasapnaHHHr Sapqa >KyM»xa“iapHim yq CHH~"ra a>Kpa—
THUI MyMKHH:
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I. V Ba ynflan mshth®” h Kejm6 qni“an Harawajiap epAaMHAa hc-

fioTJiam MyMKHH SyjiraH *yMlJiaji3p.

Il. v Ba yii“an ManTHi"an Kem6 gm”~aH namma.nap epAaMHAa hh-
Kop STHiu MyMKHH GyjiraH >KyMJiajiap.

I1l. 2 Ba yt“an MaHTH”aH kcjihS HH”aH H3ra>K3jiap epA3MHAa ne-
6ot xaM knjine SyjiMaftAHraH, nhkop "aM khjine ByjiMaftAHr3H >KyMjlajiap.

fleMaK, v iiHHr 6npop MO”e.iH “ypHliran 6vjica, I CHH(@)ra KupyBW
Bapga >i<VMliajiap uiy MOAeliAa ypHHjiH OyjiaAH, 1l CHH”ra KHpyBgn 6ap-
ga wyMliajrap my MOAejiAa ypHHIJIH CyjiMafiAH, hhxo«t, 11l CHH())ra kh-
pyBHH wyMliajiap my MOAeliAa ypHHJiH 6ym®6, ~ hhht 6om”a uiyHAan
MoaeliH MaB>Kyfl GyjiHLUH MyMKiiHKH, yHfla 6y >KyMlJiajiap ypHHIJiH SyjiMafi-
AH. ByHflan KypHHaflHKH, V hhht HCTajiran hkkh MOAelJiH ysapo H30MOp<|)
fiyjica, aKCHOMaliapHHHr SyHAaft cncTPMacH tvjihi® GyjiaAH. ByHHHr Mat-
hoch myH”an H60paiKH, aKCHOMaliapHHHr t>'jihA CHCTeMaai yqyH Typjm
MOAeliJiap  cl)aKaT S3HHHHr acocHii 0BbekT (ajieMeHT) jiapra SepHlJiaAHraH
KOHKpeT M33MyHH OHliaH <j>ap® I"HJiaAH, MaHTHKHH JKH*aTflaH vyjiap ©Gnp
XHJIAHp.

ZleMaK, aKCHOMaliapHHHr 6énpop CHCTeMaCHHHHr TyjiHf"iHrHHH HcdoTJiam
ygyH yHHHr KaMH.aa hkkht3 moacjihhh ojin6, yjiapHHHr y3apo H30MOpcj3jinrH-
HH KypCaTHIH KH(j)OH. By 4>HKpA3H 6h3 KeHHHTH 606jiapAa (J)0OHAalJiaHaMH3.

MaieMaTHKafla aKCHOMaJiapHHHr TyjiH” 6yjiMaraH cncTeMacH 6HJiaH ~aM
hih KypHmra Tytpn KejiaAH. MacadiaH, rpynnaBHH aKCHOMaliap cncTeMacH
Typrra aKCHOMaflaH n6opai 6yjin6, y ryjiH* 9Mac, hvhkh 6y CHCTeMa-
hhHr 6np-6HpHra H30MOpcj) CyjiMaraH HKKHTa moa6lihhh  KypcaTHm MyM-
KHH. “airHK3TaH, P3UHOH3JlI COHJ13p TynJIMH tAyiHHIIL  3M3JIHra HHC63T3H
rpynna TamKHJi KHJiaAH, 6yHAan Tami~apn Gapga ~ai\HKHii coHJiap Tynjia-
MH j*aM i*yminn aMalinra HHcfiaTaH rpynna j*ochji fyiJiaAH. JleKHH 6y hk-
kh MOAejib OpaCHAa H30MOp<J) MOCJIHK XOCHJI I*HJIHm MyMKHH 3MaC, qyHKH
paUHOHali Ba ~aiyikHft coHJiap TynjiaMjiapn opacHAa y3apo 6np i“HHMaTJiH
MOCJIHK M3B>KyA 3MaC.

3- §. Ebkjiha flaBpwrana reoMeTpnq

FeoMeTpHH 3Hr Asahmth <)3HJi3pA3H Ghph ~HCoSjiaHaAH. Brora*a erab
KeliraH TapnxHH eAropjiHKJiapra acocaH, reoMeTpHhabh ojiHHraH anr
6hphhiih MatliyMOTJiap “HHAHCTOHAa, BaBHJiOH (Bo@nji) as, Mncp B3 Xh-
TOHAa ByjKyAra KeliraH 6yjiH6, y.asp cocf) 3M3lJihh (Jmojihht T3Ji36jiapHHH
Ky3flla TyTraH. FeoMeTpHMHHur EBKjiHAraga phbojkjishhui >KapaeiiHra khc-
K3ga Oyjica-Aa Haaap TsnuiafljiHK. 3psMH3AaH aBBSJirH VIl — VI acpjrapAa
FpeUHiiHHHr MHJieT ma”pHAa HuiarsH Oaliec y3 AaupHAaii ojiahh TynjiaH-
r3H TapKOK ”~oJiAarH reoMeTpHK (J)aKT.napHH yMyMJiamTHpnS, MaHTHK; koh-
A3liapn acocHAa HcSoTliamra “apsKar lyi*raH. Oaliec KyfiHAarn TeopeMa-
Jiapirn ncSoTliaraH:

1. JluaMempaa mupaAzan m m hu3Uazcih Gypnatc mijrpu 6ypuaKdup.

2. Jloupa duaMempu ynu mem uKKuea cmpamadu.

3. EepmuKCLA OypnaKAap mem.

4. Tern sha.u ynOypHciKHum acocuda.au. SypnakKAapu mem Ba ” 0OKa30.

7



3paMH3AaH aBBa.orn VI — V acpjiapAa reoMeTpHH Kyrrpo® X~*aHyCuft
Wramma puBOKJiaiia 6opnn. By AaBpHH FlHcjjarop AaBpn Aemui mymkhh.
By AaBpfla xaM $aKTJiapHH h.imiih acocjiaiura ypHHHiu 6yjiraH. KyHHAara
TeopeMa.iapuHimr MammA~fiH hc6oth xaM Ujy AaBpra Typpn KeJiaAH: |

1. WH6ypHUK uhku dypHaKAapuHum uuFunducu 180° ea mem. \

2. TetcucAUKHu Mynma3aM yn6ypwKjiap, mypm6ypHOKAap ea okmu-
SypWKAap 6ua(h gonAa6 hurtuiu Mymkuh.

3. Tyrpu OypnciKAU yndypnaK eunomenyaacuza ncaAzan Keadpam t03U
Kamemnapuea xcaman KeadpamACtp mAapu uuFunducuea mem.

BynAaH 6om”~a Kynrnna Ma—bJiyMoxJiap xaM 6y AaBpHHHr MacyjiW 6yji—
raH. MacaJdian, KBaApax TeHr*aMaHH reoMeTpHK e”niu ycy”H, MyHTa3aM
Kynei"MHHr 6em xypH (xexpaaAp, reKcaaAp,oKTaaAp, AOAenasAp Ba HKOca-
3Ap). SpnuiHJiraH roxyi®iapHHHr anr MyfyiMH— yMyMHH y~woBra ara 6yn-
MaraH KecMalJiapHHHr Mab>kya—ihrhhh Hc6oxjiam KaxTa hjimhh loxyi™ ~hco6—
jiaHaAH.

3 paMH3AaH aBBajirn IV acpAa reoMexpHmiHHr pHBOJKJiaHHiu MapKa3H
AcMHi-ia iua”pura KygaAH. MaxeMaxnKa c¢j)aHHHHHr 6y AaBpAara pHBO>KHAa
lljiaxoH, ApHCxoTe™b, AeMOKpuxHHur cjigjicacfta MaKxaSjiapH Ba Ebaokc, Me-
HexM i<abn y/iKaii MaxeMaxhoaphhnr xnccaJiapn Kaxxa. By yimm MaK-
Ta6 HaMOHHAaJiapH i“yHHAarH hkkh MacaliaiiH xa.i i“"HJiHmra ypnnran:

1) reoMexpHHHH hjimhh acocAa 6aeH 3th6 Sepmu npHHUHNN, yHHHr
>KyM.na-H6opaJiapHHH aKCHOMa, xatpHf}) Ba xeopeMa.iapra a>KpaxHiu; 2) hc-
Sox~NauiHHHr (J>opMacH Ba MexoAHHH Hiu/ia6 hh”hlij: aHa/iH3, CHHxe3, xec-
KapncHAaH hc6ox khjihlu Ba ~0Ka30.

By Macanajiap acocaH m3hth” (jiorHKa) (JiaHHHHHr npaxyBgHCH Apnc-
Toxejib (apaMH3AaH aBBajirn 384 — 322 HHJUiap) HiujiapnAa y3 3Kchhh
TonAH. Xyjiocs khjih6 3ftxr8HA3, EBK/iHAraga SyjiraH asbpas (]3iihh (aft-
hhk;c3 reoMexpHHHH) a”AYKxhb HerH3A3 i\ypniuHHHr acocnft npHHUHiuiapn
Myi<3MM3Ji HUJL36 gHKHJIr3H, ynap j*yflhA3rhjiapahp:

1. Acochh xymyHga.'iap (oSteKijrap, yjispHH ynapo 6ofjiobhh HHcSax-
Jiap) KypcsxH.aaAH.

2. Bapgs KepsKJiH aKCHOMajiap 6aeHH SepnjiaAH.

3. TeopeManiap Ke/xnpH~aAH.

4. }3p 6np TeopeMs y3HA3H aBBajirn xeopeMa”aprs Ba aKciiOMa.aapra
acocnam6 Hcbox;iaiiaAH.

5. Hhth KHpHiH/iraH xymynqajiapra TatpHtJ) SepiwaAH.

reoMexpHHHH AeAyKXHB npHHUHNnAa “ypmuHH rpeK ojihmh Ebkiha
y3 3aMOHacHra HHc6axan i”oHH"apJiH kjuihQ, 13 xa KHXo0AaH n6opax
«HerH3MN3p» HOMIIH 3C3pHHH e3AH.

4- §. EBKjiHAHHHr «HerH3Jiap» acapw, ynHHr icTyi® Ba KSMMHjiHKIiapH

Ebkjiha xsexn ~an.HAa Xyjia MawiyMOX Gnsraga exn6 Ke.HMaran. y 6H3-
hhht 3paMii3AaH aBBajirH 300 HHJUiapAa HiuaraH oyjino, IIxoreMeH noA-
Ilkuihk i"H”~raH AaBpAa A.xeKcaHApHHAa MaxeMaxHKaAaH Aapc 6epraH Ba
110X, XOMOHHA3H XaiUKHJI KH.XHHraH My3eHHHHT MaxeMaXHKa SyjlIHMHHH
HpaxraH. AftTHxiuiapHga, Kyu~iapAaH 6wp KyH iuo~ Ebkjihahh qga”HpnS
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«reoMeTpH?iHH ypraimmra <'HerH3Jiap» flLau Kypa KHCnapo”™ fiyji 60pMH?»
J\é6 cyparan.ua Ebkjiha MaFpypoHa myHAafi AeraH aKam «reoMeTpHHAa
monNJiap yqyn Maxcyc fty/i BynAan lam”~apn Ebkjihahhhf «OriTHKa»
Ba Soiui®a acapjiapH xaM MatJiyMflnp.

Mhcohhht Tapi-ixHAa EBKJiIHAHHHr «HerH3Jiap» acapH 6man rai®ocjiam
MyMKHH 6yjiran Ba xany3ralia y3 Kal/ip-i<lIHHMaTHHn fiy~oTMaft KejiraH,
y3 3aMOHacHra HHcfiaTaH qyKyp hjimhh acocAa aparHJiraH GnpopTa acapiw
KypcaTHS 6yjiMaHAH. YiiHHr tjaicaT 1482 HHJiAan 6om;ia6 500 Mapral/iaH
Kynpoi® ~aiha namp m/iHHraHH Ba AyneAarH myAa Kyn th-iJiapra Tap-
*HMa i\HJiHHraHH KDKjOpHAarn (])HKpHMH3HHHr epiy-m A~NJiiiJinAHp. «HerH3-
Jiap» HHHr i“"HC”aga Ma3Mynnra Tyxia.nn6 yTafuiHK.

| khtoSas yqg6ypgaKJiapiiHHr tchtjihk mapTJiapH, yqGypgaK TOMOHJiapii
SnjiaH SypnaK~apH opaciiAarH MVHOcaGaTJiap, yqGypMaoapHH fleam, TyFpH
miSHAjiapHHHr napajuiejuinni Ba nepneHAHKYyjiapjiHrH, napa/iJie.aorpaMM
Ba yqGypMakKHHur K)3.napH xaMAa IIH”arop TeopeMacn 6o0p.

Il KHTo6Aa (a+6)2=fl2-f2a6+62 (a— b)b=ab—b2 Ba my ioSh sh-
HHHTJiap reoMeTpHK (JjopMaAa tbjikhh KHJiHnaAH.~By khtgsS KBaApaT TeHr-
jiaMaHH reoMeTpHK ycyjiAa e~Hiu GnJian TyrajuiaHaAH.

111 khto6 aHJianara GaFHLUJianaAH. ByHAa acocaH afuiaHara yTKa3H.fi-
raH KecyB'iH, ypm-iMa, MapKa3HH SypgaKJiap, miui miSH.iraH CypgaKjiap
~apajiaAH.

IV khto6a3 aHJianara hmkh ea TaniKH gnaHJiraH Kyn6ypqai<jiap K.apa-
jiné, MyHT33aM Typi6ypliaK, GemSypqgaK, ojiraGypgaK Ba yH SemoypgaK-
jilapHH scam Kypcam-iaAH.

V khto6 acocaH nponopmiflJiap Ha3apH«CHra 6aFHm;iaHraH.

V1 KHTo6Aa npoiiopiiHfljiap Ha3apHHCHHHHr raiSin”M cmjjaTHAa KynSyp-
gaKJiap yxmamJiHni na3apnHCH Ba KynSypgaK mnapHHH Tonnm GepHJiaAH.

VIl— IX KHToOjiap apHcjweraKa Ba coiuiap HasapHjicura GaFnm/iaHrari.

IUyHHCH AHK"aira ca30BOpKH, Gy KHTo6;iapAa hkkh GyTyH coHHHur
3Hr Kaua yMyMHH Owivbtochhh Tonum ajiropHTMH ~aMAa ry6 coHJiap-
hhht geKCH3 Kyn aKaHJinrn ncGoTJiaHaAH.

X KHTo6Aa HppauHOHaJi MH"Aopjiap Ha3apHHcn Kapalia™H.

X I— X111 KHTo6,iap CTepeoMeTpHHra GaFHiiiJiaHraH GyjinG, yjiapAa Kyn—
eiyiap, afljiaHMa mncM.nap Ba yjiapmiHr xamuiapn KapajihG, MyHTa3aM
KyneKdrap J*a™"HAa MatJiyMOT GepHlJiaAH. KejmipujiraH 13 ra khio6éhhhi’
xap SHpn TymyHqga”apHHhr TatpH”apHAaH SomjiaHaAH, MacajiaH, 1 kh—
TofiAa 23 Ta TatpH” 6epnliran, y”apAaH 6at3iwapnHn i<e-JiTHeM3.

I. Hyi"Ta myAHpKHM, y gyjiaKjiapra ara 9Mac.

1. Mh3H" 3HCH3 y3yHJIHKA«p.

11l. MHSHKjHHHr gerapajiapn nyKTa.napAup.

IV. Typpii iiH3H® Ae6 mynAafi "HSH~a aHTHJiaAHKii, y ysimiiHr ~aMMa
ny~Nia.aapHra HHcGaraii 6np xhji JKOHJiamraHANnp-

V. CnpT myAHpKHM, y y3VH»nHKKa Ba 9Hra ara.

V1. CHpTHHHr qgerapadiapH miSHiyiapAHp.

V 1 1. TeKHCJIHK myhAaft chptkh, y yaiiAarn xaw.Ma TyFpii gH3Ht".iap-
ra HHc6aiaH 6np xhji Koft*amraHAHp.

V I 1l. 5lcch gypnaK a"G, Cup—OHpH Qiman Kecnmran Ba 6np TeKHCJiHK—
Aa >KOHJiamraH, jickhh 6np TyFpH gH3Hiyia eiMaran hkkh 4H3HKHHHT 6np—
fiHpnra i“HHJinrHra aflraJiaAH Ba J50Ka30.
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£ TatpiifJuiapAaH cynr nocTVJraTlisp
(\O3Hprn Ba"Tfla noeryjiaT 6man aK-
CHOMa 6Hp-6npHflaH cjiapiyiaHManAH)
Ba aKcnoMaldiap 6epHJi3AH.
HocTy”~aTjiap:
I. ~ap 6np Hy~TaaaH HCTaldiraH
Hy~xaraHa Typpn hh3his yTK33Hiu
MyMKHH 6yjICHH.
Il. Herapa.nanraH xap 6np TyppH
MH3HAHH HCTa.iraiwa A3BOM STTHpHIU
N Mymkhh 6yjicHH.
I1l.  HcTajiraH Mapi<a3AaH “"ap
jhaHAafl paawyc 6man  3HJI3H3 gH-
mVi 3HHI MyMKHH SyjICHH.
IV. "~aMM3 Typpw SypqgaKjiap
? y3apo TeHr 6yjicHH.
1- >W3Ma V. Bnp TyFpH 4H3H~ hkkh TyppH
gH3HI~ 6hjihh  kcchiuhs, yjiap fiHJiaH
fiHFHHAucH 2d AaH khhhk 6yjiran hhkh 6;ip tomohjih 6ypqai<jiap TauiKHJ
i"HJica, yjiapHH 6y hhfhhah 2d AaH khhhk TOMOHra KapaS a3bom i*hjiAHP-
raiiAa, yjiap my ToMOHra KecmuaAHraH 6vjichh.

By oxnprH noeryjiaT napajuiejuiap xa”HAarn Ebkjihahhhf Marn“yp 6e-
iHHHgn nocTyjiaTHAHp.

AKCHOMajiap:

I. ygnHMH MHi*AopraTeHr fiyjiraH MH”"Aopjiap y3apo TeHr.

Il. TeHr MH”Aopjiapra 6apaBapAan i*yuiHlJica, yjiapHHHr hhfhhahji3Ph
x;a\i TeHr 6yji3AH.

IIl. TeHr MHi*AopAaH dapaBapAan afinpHlJica, ipJiAHiyiapH ”"aM TeHP
CyjiaAH Ba ”"o0i«30.

llocTyjiaT Ba aKciiOMajiapAaH cynr >KyMjialiap homh 6\\nm TeopeMajisp
Ba flcaiura Aoup Macalialiap KelirapHjiaahe

1. )KyMlJia (Teopeiwa). BejirnjiH KecMaAa (Tyrpn iiH3H"Aa) TeHr to
jih yqfiypgaK acajicHH.

S1cam: AB KecMa (lyFpn TO3Hi®) SepHJiraH 6yjiCHH (l-qH3Ma).

A hh MapKa3 i*hjihé AB paAHyc SnjiaH nnpi<y/ib epAaMHAa BCD eft gn-
33MH3 (Il noCTyjiaT), CyHrps B HH mM3pk33 RAJHIS BA psAHyC O0OHJ13H
ACE eft gH33MH3 (I1l nocTyjiaT), 6y eftjiapHHHr Kecurnum hvi~racii C opita-
jih cA, CB ryrpH gH3HiyiapHH yTKa3aMH3 (I nocTy/iaT). A Hyi*ra DBC
aH.ianaHHHr M3pK33H SyjiraHH ygyn AC KecMa AB ra TeHrAHp (XV tsv
pwcj)), cyHrps B iiyi*ra ACE aftji3HaHHHr mapk33H fiyjiraHH ygqyH BC Kec-
M3 AB ra TeHFAIiip (XV Ta-bpucf)). | ai<cnomMar3 acocaH CA KecMa CB ra
TeHr. flewaK, CA, AB, BC KecMajiap y3apo TeHr, AeMan ABC TeHr
tom ohjih yqgypgsK (XX Ts*pml)). UlyHH HcSoTJiaiu (acam) T3Jia6 khjihh-
raH aah.

«HerH3Jiap» hhhp My?\HM TapnxnH a”awHfITHAan fwa Cmpn myHAaH
uSopaTKH, y reoMeTpHHHH mhhthi®hS jkh” tash jkhaahh paBHmAa SaeH
3Thilu fohchhh f)H3HHHr AaBpHMH3raga eTK33AH. BH3HHHT AaBpHMH3raga
6yjir3H <c])3H TapuxHHHHr 6yioK H3MOHHA3JiapHAaH KonepHHK, TsJiHJiefi,
XleKapT, HbHDTOH, JleftgHHU, Sftjiep, Jlomohocob, Jlo6ageBCKHft, 3ji-Xop3>
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MHfi, BepyHHH, H6h-Chho, y?iypSeK, YMap XafteM Ba 6oiu~ajiap ~aw M3Te-
NaTHKaHH Ebkjihahhhi' «Hern3Jiap» hash ypraHHiuraH. JleKHH 6y acap
s"aM KaumjiHK.napixau xojih 3Mac. «HerH3Jiap» hhht acocHH KaMqujiHKjrapH
HHMajiapaaH nSopaT?

1. Ebkjiha TOMOHHflan GepHJiraH 6ai>3H xabpHcJviap >“g HapcaHH aHH"-
jilauanAH (MScajiaH, nyifTa Ta'bpnc))n) Ba EBKjiHAHHHr yan 6y Ta-hpHtJuiap-
AaH (jffOHAajiaHMafiiiH. TatpHcjviapAa y3H xatpH~JiaHHUiIH KepaK SyjiraH
TymyHMajiap oop, Macajian «y3yHjiHK», <oh», «gerapa» Ba }\0Ka30. JleKi-ni
aftjlaHa, ygGypqgan, xyppH SypgaK, yTMac Ba yxKHp 6ypgaKKa SepraH xai>-
pHCj)JiapH I1"OHH"apjlH.

2. Ebkjiha aftpHM wyMJiaJiapHH nocxyjiax, afipHMjiapHHH sea aKCHOMa Ae6
aTaraH, 6y hkkh Tyuiyoga opacnfla MaHTHiI™HH (g 11\% 6a'b3H KHHiHJiap—
HHHr ()HKpHra KjaparaiiAa y nocxyjiaT ne6 (flai<ax reoMerpHK cjwrypajiap—
HHHr xocca.napuHH aHH"naHfliiran >KyMJiaJdiapHH o.iraH, KOJiran xap i\aiaaft
MHt"MAopJiap xoccajiapHHH anHinNjioBMH HiyMJiajiapHH akKCHOMaJdiap cHtpaxiiAa
KaOyji i~HJiran. 3aMOHaBHH aAaSaexAa akKCHOMa Ghjish nocxyjiax 6np Mat-
Ho"a HuwiaTHJiaflH.

«Herm/iap» HHHr acocHH KaMgnjiHKJiapHAaH aHa 6iipn yHAa SepHJiMa-
raH aKCHOMajiapAaH, MacaldiaH, y3JiyKCH3JiHK aKcnoMacHAaH ¢j)OHAajiaHHUI
jicwuiapKHHHr 103 6epHiuHAHp. 10>,0pHAa TeHr tomohjih ygSypgakHH Hearn
Maca.tiacHHii KypraHHMH3Aa hkkh aHJiananHHr C Hyi"xaAa Kecium-im t{>akXH
~eq Xxohjxa KaiA i"HJiHHMaraH. MaHXH"Hii KH"axAan 6y epAa Hy“ccH f>op,
6y afijiaHajiapHHHr KecnuiHWH KeftiiHgajiHK KediaAnraH Myjioxa3a (y3jiyK-
CH3JIHK TyiuyHHacii) ra acocjiaHaAH.

XyAAH myHra yxmam xapin6é Ba “apaKax aKCHOMajiapH ~aM eramMaH-
AH (6y aKCHOMaJiapHHHr M33MyHH 6ndiaH KeiiHHpoK, TaHnmaMii3).

«HerH3Jiap» ra xaH™AHH Hyi"xan H333pA3H i*aparaHAa, LuyHH "aM
3T>xn6opra ojihiu KepakKKH, yHHHr acocuH KaMgHJiHKJiapH (jpai“ax XI1X acp-
HHHr oXHpJiapiiAarHHa ouiKop i*hjihhah.

5- §. BemHHHH nocTyjiathii HcSoTJiaui yqyH ypHHHmjiap

TeoMeTpiiH TapuxHAa Ebkjihahhhi’ 6eunmM nodyjiaxH fohx Myxmm,
podib yflnaHAH. By nocxyjiax i"aAHMrn saMOHAaH 6yeH MaxeMaxHKJiap
AK«axHHH y3Hra >KaJi6 i*hjihS KejiAH, yjiap reoMexpuflHH 6y nocxyjiax-
Aan xajioc khjihlu, yHAani Aa"BOHH HcSoxjiam, yun ojiAHHrm nocxyjiaT
Ba aKCHOMaJiapAaH KeJdixHpuS gn~apHHira HHTHIJIAHJiap. ByHAan “~H3h”hui-
JiapHHHr ca6a6jiapHAaH 6hph, SepHJiraH nocxyjiaxJiapAan aBBSJirn Typxxacn
y3- y3HA3H aeH SvjihS, GeuiHngn nocxyjiaxHHHr aeamm 6eBOCHxa i<yp;i-
hh6 TypMaraHJinrHAaAHp, hkkhiwhch 3C3, fieuHHTO nocxyjisxAan Ebkjiha-
hh y3H hjio”*h 6opnga KaM ()OHAgji3HHUira “spaKax ~HJiraHJiHrHAaAHp,
yHA3H (Ja'aT Shphhuh M3px3 29- >KyMJiaHH HC60TJiauiA3 (|)OHAajiaHraH.
IUyHHCH "H3HI"KH, EbKJIHAA3H CyHr I"3pHH6 2000 HHI MOSaHHHAa SeiHHH-
gH nocxyjiaxHH Hc6oxJiaui ygyH ypnunS K~*pMaraH finpopxa “aM HiipHK
MaxeMaiHK “OJiMaraH. JleKHH 6y ojiHMJiapHHHr KyngHJiHrm EBKJIHAHHHr
nocTyjiaT Ba 3kchoMajiapHA3H scjiHAa mshxhi®sh kcjihQ gHKaAHraH onpop-
Ta }KyMJiaHH 0jihS (Kynjiapn yqyH y >KyMJia aeH xyiojiran), cym-pa 6e-
UiHHgn nocxy™axHH HcSoTJiaAHM, Ae6 a31>bo i*HJiraHJiap. myHAafi ojihm-
JiapAaH 6ai>3iwapHHHHr HUiJiapHHH T3bKHAJia6 yxaMH3.
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1. 3paMH3flaH aBBajirn | acpAa yiiuaran Elochaohhh «TeKncjiHKAa TyF-
pH MH3HK/iaH 6np TOMOH/ia Ea 6np xhji Maeoc{)aAa erraH Hy~ TaJiapHHHF
reoMeTpHK ypHH TyFpH IliH3H" 6yjiaAH» AeraH wyMJiaBH hc6otch3 iMa6yji

6emmm nocTyjiaTHH Hc6oT.namra apHiuaAH.

2. rpex MaTeMaTHKJiapHflaH IlpoKjiHHHr (410— 485) «KecHmMa&AHraH
hkkh Typpn hh3h” opacHAarH Macct™a gerapajiaHraH MH"™AopAa» (l1poKJi 4>hk-
pnga xaTTO y3rapMac mhi“aopahp) TacAmyiamn 6euiHHHH nociyjiaTra skbh-
BajienTAHp.

3. 03ap6an>KOH ojihmh HacpiiAAHH Tycnn (1201 — 1274) ym6y tHHKp-
ra acocjiaHaAH: «Arap hkkh a, b TyFpn hh3H"A3H Shphhtoch AB KecMara
nepneHAHKYyjiap (Afa, B”b), hkkhhhhch sea ofms 6yjica, y bs~tas b TyF-
pH i;ibhkA3h a TyFpH hhshk”s TymnpHJiraH nepneHAHKYyjiHpHHHr AB hhhf
b 6HJiaH yTKnp SypgaK tsuikh” i~hjifsh tomohasfhch AB AaH khtok, b
6njiaa yTMac SypqaK TauikKHJi lyuiraH TOMOHAarHCH sea AB AaH KarraAHp».
LIjy <])apa3ra acocjiaHno deuiHHgH nocTyjiaira y3 «hc6othhii» SepaAH.

4. HHrJiH3 MaieMaTHrn, O kc”iopa yHHBepcHTeTHHHHr npcx”~eccopH
,H>oh BaJMHC (1616— 1703) «Bnp- Snpnra yxmam, JieKHH TeHr 6yjiMa-
raH HKKHTa yqfiypgaK MaB>KyA» AeraH cJ)apa3HH iMaSyji i"hjthS, SemHHqgn
nocTyjiaTHH «Hc6oTJiaflAH».

5. BeHrp MaTeMararH OapKam BoJibHH (1775— 1856) «Bnp Typpn
HH3HMa eTMaraH ~ap ~aHAaii yqTa Hy~Ta Snrra aiuiaHaAa eraAH» £kh
myHAaft TaGnaTjiH yq Hy~TaAaH afuiaHa yTKa3Hm mymkhh AeraH c})apa3ra
acocJiaanS, fielUHHHH nocTyJdiaT «hc6othhh» 6epaAH Ba x.0Ka30.

IUyHra yxmaui KynrHHa OJiHMJiapmmr HOMJiapiiHH KeJiTHpnm MyMKHH-
kh, vyjiap ysjiapn y'lya aeH ~HCoSjianraH 6npop wyMJiaan om6, SemHim
noc'ry,/iaTHH «HcfioTjlamra» MyBa”ai” 6yjiraHJiap. JieKHH yjiapHHHr Kyn-
gn/mrH, y3Jiapn i\abyji i™HJiraH xcyMJiaHHHr 6eiiiHHMn nocTyjiarra SKBHBa-
jieHT 3K3HHHH ce3Maft i”ojiraHJiap. 3hah Vv nocTyjiaTHHHr 6ai>3H 3kbhb3-
jieHijrapHHH KejrrnpaHJiHK. ABBajio ncooTjiapn my nociyjiaTra cyHHMaran
6np Hega 4>aKTHH KejiTHpanjiHK (Ebkjiha ~aM yjiapmi SemnHiH nocTyjiar-
A3H (J)OHAgjiaHMaH ncooTJiaraH):

a) y~dypgaKHHur TamKH 6ypgara y3Hra Kyii;nn 6y;iMaran hhkh 6yp-
gaKHHHr \ap Shphabh Ka™.

6) TeKHCJIHKA3 TyFpn gHsHi® Tam”™apucHAa ojiHHran Hy"T3A3H 6y TyF-
pH HH3H”a napa”jieji TyFpn hh3h” yTKa3nm mymkhh.

b) Bnp TyFpn HH3H”a riepneHAHKy~Hp 6y~r3H hkkh TyFpn gH3H" y3-
3po napa”jieji 6yjiaAH.

r) Arap hkkh ryppH gH3H”™ 6npop Typpn gH3ni* 6nJian Kecnmca Ba
KecHummAa “och.i 6yjiraH i« kh 6np tomohjih SypgaKJiapHiiiir hhphhahch
180° ra TeHr 6yjiC3,6y Typpn liH3Hi3p riapaluieji

A) Hkkh Typpn hh3hi“hh ygHHgn Typpn gHsni™ KecraHAa moc SypgaKJiap
(?7aMA3 ngKH 3JiM3mHHyEgn 6ypq3K.rap) ysspo TeHr 6yjic3, 6y Typpn gn-
3Hiyiap nspsji®eji 6yjiaAH B3 >;0K330.

TcopeMa. «TeKHCM"HKAa ryppn qgnsniyia CTMarsH Hyi*ra opi®ajin my
TyFpn gn3Hi”a napajuieji 6yjiraH (J)a*aT dnrra TyFpn gn3Hi® yTaAH» Ae-
raH cfapa3 6emHHgn nocTyjiaTra 3KBHBajieHT. (A>koh rijieH()ep HOAaJia—
raH napajuiejuiHK aKcnoMacn.) _

Hcb6ot. 1 a TyFpn gH3HH Ba D”a Hyi~Ta SepnjiraH SyjicnH (2 -gn3-
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Ma). D Hyi“TaAan a Tyrpn gi-rH"Ka DA ra nepneHAHKyjinp TyuiHpnS, D
Hy~TaaaH DA ra nepneHAHKyjiap b  TyFpH hh3H~hh yrKajaMns:
lofropHAarn b) wyMJiara acocaH a Jb; D ny~rTaAaH ym6, b aan ({jap
g.yjiraH xap i*aHAan | Tyrpw gn3ii® DA Tyrpn qii3nis; 6man yHHHr Gnpop
TDMOHHAa yTKHp 6ypgan “ochji i*HJiaAH. a 6nJiaH b hh KecnS vyiraH DA
TyFpn 4H3Hi\HHHr yjiap SiuiaH ~ochji i*HJiraH hhkh 6np tomohjih 6ypgai<—
JiapnAaH 6hph 90°, iikkhh~hch cl 6yjin6, paBiuaHKH, a + 90° < 180°.
y XoJiAa 6eujHH —iH nocryjiaTra acocaH | Tyrpn grent® a 6man KecHUiaAH.
ZleMakK, D HyKTaAaH y™6, a 6nJian KecnmMaHAHraH <JaiaT 6nxTa b TyF-
PH gH3HI®" MaBH<yA.

2. 3 hah Teckapn Aa™BOHH, HtHH SemnHgH nociyjiaTHH TeopeMa CHJa
THAa HC60TJiaHJIIHK.

a, b Tyrpn gnsniyiap 6epHJiran dyjicnH. HKKajia TyFpn gn3n” dnJiaH
KecHHiaAHraH 6npop / TyFpH mibhk, yTKa3afljiHK. afll = C , b{]l — D syji-
chh (3- HH3Ma). Mgqiui 6np tomohjih 6ypgaKjiapHH moc paBHiUAa, a, p %e(r
fiejirajias, a + P < 180° uiaprAa a diidJiaH b HHHr my TOMOHAa Kecnmn

uihhh KypcaTafijiHK. D iiyiraAaH mynAafl ¢ Typpn yTKa3aftjiHKKH,
yHHHr | TyFpn gH3H CnJiaH “~ochji KHJiraH m m 6up tomohjih gypgarn
Y = a 6yjiCHH. Ammo y' + y= 2d="a+y = 2d, A~MaK, y> p Ba C

Typpn gH3HI* b AaH 4»apKJin. 10i“opHAa KeJiTnpHJiraH r) wyMjiara acocaH
a Bc. rijieikjiep aKCHOMacnra acocaH b gnjiaH a TyFpn gn3Hi® KecnmaAH
(napajuieji Typpn qH3Hiy-iHiir HroHajiHrnra acocaH).

TeopeMa. «ygéypgqaK ngKH gypgaKJiapmmr hhfhhahch  180° ra TeHr»
AeraH xacAH” geuiHHgn nocTyjiaira 3KBHBajieHTAnp.

Hc6or. 1. HxraepHH a, b TyFpH gn3niyiapHn | TyFpn gnan” gHJiaH Kec-
raHAa xochji gyjiraH ngKH 6np tomohjih a, P gypgaKjiapmmr hhfhhahch 180°
AaH KngHK gyjicnH (4- gn3Ma). b Typpn gnsni“HHHr D Hy”~'racnAan a ra nep-
neHAHKYyjisip D £ TyFpn gn3H"Hn yTKa3aMH3, cynrpa D Hy"TaAaH DE TyFpn
LiH3HN\Ka nepneHAHKYyjiHp Gyjiran ¢ TyFpH gn3HKHH yTK33aMH3. b gnJiaH ¢ TyF-
pH gH3H" opacHAarn yTKHp 6ypgaKHn 0 Ae6, b 6nJian DE Typpn gH3n” opa-
CHAarn SypgaKHH aca y Ae6 6eJirHJiaHJIHK (paBmaHKn, y + 0 = 90°).

a Typpn gH3HNAa DE = EEV DE1= E1E2 DE2= E2Es= ... =
= En-x En HiapTJiapHH KaiioaTjiaHTnpyBqH Ev E2 E n Hy~TajiapHn
~ochji i”hjihS, A DEEV fA\DEIE2, .. ., INDEn | En jiapun TeKmnpaMH3.
YgSypgaK ngKH 6ypqaKjiapnHHHr hhfhhahch n ra Teur SyjiraiiH Ba ADEEX

HHHr TeHr eHJiH ygqSypgaK sKaHJinrnAan z| EEXD = gy"AH. ADEX2
~aM  TeHr eHJin gyjiraHn ygyH /-EE2D = -g- = JL g”~aAH. Hh”ojit,

Z.EEnD= 6yjn,6, Z. EDE = b

yagyH (*) TenrJinKAa n hh myHAafi KaT—
Ta i”hjihS ojinm mymkhhkh, A.EDE">
y gyjiaAn. y xojiAa b Typpn gn3HK;
£EDEnN HHHr ygHAara 6ypgai<HHHr a A
ngnAa i"ojihS, my SypgaK “apmncnAarn 2- gH3va

TOMOHHH, HT>HH a HH kgciiG yraAH- 13



3- wHSVa 4- TO3Ma

2. 3H 6eLUHH4H  [IOCTyjiaTHH
$'Phh/ih  jxe6 ojiv6, yqgypwaK imkh
6ypgaK.TapnHHfir hhfhhahch 180° ra
TeHr/IHriiHH HC60TJ7aH.' IHK.

A.ABC Sepn.iran 6y.acHH (5-HH3-
Ma). YHHHr otkh SypgaK”apHHH moq
paBHUiAa a, p, v A”o 6e,inwaH;iHK. C
Hy~TaAan AB TOMOHra napa.alieji jyi-
Jihé CD TyFpH "MBHIMNHH yTKa3aMH3

5- 'IH3Ma (aBBaJirn Hc6oT.uahran TeopeMara aco-

caH 6y TyFpn gH3HI™ HroHaAHp). V

s"gjiAa ro~opHAarn a) JKyMJiara acocaH Z. BCD = f3 /.ACE = a 6ym®6,

Z-ACB 4 /-BCD + /-ACE = 180° (eim™ SypnaK) Cy*raHH yqyH a +
+ p+ y = 180°

K,yHHAarn /KyM.ia.nap ~aM fieuilHHHH nocTy.naTra 9KBHBaJieHTAiip.

1. y*ypgaKHHHr 6alJiaHAflIHK.napH aohmo KecHiuaAH.

2. 103H erapjiiwa Karra SwiraH yqdypgaK MaBJKyA.

3. AfijiaHara hhkh MH3HJiraH MynrasaM ojmi6yp'iaK tomohh my afijia-
na paAnycura Tenr.

4. riucjjarop TeopeMacn.

5. BypiiaK mima ojiHHraH Hy~TaAan my 6ypgaKHHHr HKKana tomohh-
hji KecyBMH TyFpn 4H3H”~ yTKa3Hm MyMKHH Ba xoKa3o. By”apAan Tamila*
pH rioCHAOHUH, npOKJl, HaCpHAAHH TyCHH, BaJIJIHC, BOJIbSIH TOMOHHA3H
i\aéyji lyyiHHraH }KyM.aa»iap x,aM SemHHgn nocryjiaxra SKBHBaJieHTflHp.

6-8. CaKKepH, J7aM6epT Ba JlemaHAp HuuiapH

XVIIl acpra Kejm6 fiemHOTH nocTyjiaTHH Hc6oTJiam yqyH ityfeAarH
NnpMHUHN acocHAa Hm TyrajiAH: fiemnHMH nocryjiar vhh hhkop STyBHH
wyM/ia ((Q)apald) Sn.aii ajiMaiUTHpHIwWS, jMochji KHIWHraH HHrn CHCTeMa
acocHAa MaHTiii"HH xyjiocajiap HHi"apHJia 6omJiaHAH. By Bai“TAa SeuiHHgH
riocryjialT 6nJiaH 6npra 6y <J)apa3 acocHAa gn™apHJiraH xyjiocajiap opacH-
Aa apTaMH- KenMn 3HAJIHK naftAO 6yjiaAH, hmh 6ap-6npum HHKop 9TyB-—
«h KaMHAa HKKHTa wyMjia By>KyAra KejiaAH. XyaM my ycyji 6mau 6e—
uihh'lh nocryjiaTHH Hc6oTJiamra CaKKepH, JlaMSepT Ba Jle>KaHAp ypHHNC
KypnmraH. Mra/wjuihk ojihm CaKKepH (1667— 1733) My”~oKaMajiapnAa
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acocHflara hkkhts fiypgarn TyFpn Ba en TOMOHJiapn TeHr CyjiraH TypT-
5ypgaK ojiHHraH. (ByHflaft TypT(5ypgaK oAaTAa XafleM — Tycnft— CaKKepii
TypTfiypgara fle6 wpHTHJiaAH, " hkh xyAAH uiyHnan TypT6ypgaKHii
Xl acpaa XafleM, KemmamK aji- Tycnn %aM TeKiimpraH.) vy fiyHAani
typT6ypgaKHHHr ~ojiraH hkkht3 SypgarnHHHr TeHrjiHniHH ocoHrnna hc6ot-
jia6, yjiapHHHr KarrsjinrH xai\HAa yma ninoTe3aiiH ~hah: 1) yTMac
pypgaK; 2) TyFpn 6ypqgsK; 3) yTKHp SypgaK. yTMac 6ypgaK ranoTe3acH-
PH Kaoyji i~hjihé, yH”an HaraiKajiap gn”apa Gopnm 6nJiah 3HAJIHKKa
ygpaflflH, uiyHHHr yqyn 6y rnnoTe3aHH i~apamshah. TyFpH 6ypgaK rHno
fe3acHHH tckiuhph6, yHHHr SeiuHhgn nocryjiaTra sKBHBa-ieHT/inrnHH hc-
SoTJiaftflH. Hh.~oht, yTKHp 6ypgaK rHnoTe3acHHH i%aSyji “~hjih6, ynaaH
M3hthi® ~“oHyHjiapn acocHjia Hamsojiap gni®apa GouidiafiAH. CaKKepH 6y
ranoTe3aHH shajihkks ygpsTimi ygyH Kyn xapaKai ~HJiaAn, qyHKn yTKHp
CypgaK rnnoTe3acn xaM SHflliHKKa ygpaca, cjmai TyFpn SypgaK rnnoTe3a-
cn ypiiH/in SyjinS, 6eujHHgn nocTyjiaran TecKapncnflaH hc6otji3ih ycyjin
6HJiaH ncfioTjiamra MVBa(x];a® Syjiran 6yjiap 3ah. Yrenp 6ypgaK rnno-
Te3acnHH Kaoyji %um6, CaKKepH ~yfinAarn TeopeMajiapHH ncfioTJiamra
9p»maAn:

1 Bnrra TyFpn gH3n ~a yTKa3H/iraH nepneHAHKyjinp Ba oFMa Typpn
gHSHiyiap y3apo aohmo KecnmaBepMaflfiH.

2. TeKncjiHKfla TyFpn gron” Tam”~apHCHAa ojiHHraH ny~TaflaH 6y Typ-
pn qgn3nK finnan KecnLUManAnraH KaMHAa hkkht3 Typpn qn3HK yTKa3niu
MyMKHH.

3. TeKHCJIHKA3 Typpn gH3H"A3H 6np xhji Maccx})aAa eiraH Hy~Tajiap-
HHHr reoMeTpnK ypHn arpn qn3Hiy],Hp Ba ~0K330.

By >KyMJi3Ji3p Ebkjiha reoMeTpHfICHAa ypnHJin 9Mac, aJiSarra. «Ebk-
jiha reoMeTpnflICHAaH 6oui™a reoMeTpHhhh SyjinuiH MyMKHH 3Mac» AeraH
(HHKpra i“tbhh HuiOHraH CaKKepH yTKHp 6ypgqaK rnnoTe3acnHH SHAJIHKKa
ygpaTnmra 7ap3K3T i”hjihQ, ~nco6jianiA3 6at3H xaTOJiapra nyji i~'hhui 6h-
JiaH 6yHra apHuiaAH.

HeMHC MaTeMararH JisMfiepTHH (1728— 1777) 6euiHHHH nocTyjiar
yGTHAa nui ojih6é 6opr3H CaKKepn nmnHHHr AaBOMgncn Aeca 6yjiaAH.
y 1766 HHJiAa e3raH «ri3p3JiJiedi Typpn qn3n™Ji3p Ha3apHHcn» homjih aca-
pHAa, hkkht3 6ypgarn 3Mac, 6ajiKkH yqTa 6ypqgarn Typpn 6ypgaKAaH h6o-
paT 6yjir3H TypT6ypgaKHH TeKuinpaAH. IllyHAan TypT6ypgaKHHHr rypTHH-
gqn 6ypgarHHHHr KarrajinrH j~*has JlaMfiepT ~aM yqTa rnnoTe3aHH A~vh-
Ah: 1) yTMac SypqsK: 2) Typpn 6ypgaK; 3) yTKHp 6ypgaK. CaKKepnra
yxrnsuj, JlaMfiepT ~aM yTMac 6ypg3K mnoTe33CHHn 3HAJIHKKa yqgpaTno,
TyFpn 6ypgaK rnnoTe33CHHHHr GeuiHiran nocTyjiaTra SKBHBSjreHTJinruhn
KypcaTn5, GyTyH Affi*aT stiHGopHHH yTKHp 6ypgaK rnnoTe33CHra K,apa-
T3ah. JlaNidepT yTKnp SypgaK rnnoTe33CHA3H mshth”hh xyjiocsjiap gmca-
pa SopnQ, CaKKepn OliraH H3ra>Kajiapra KeliaAH, “arro yHrs "yiiiHMqa
T3pni*3A3 KyHHA3rHvI3pHHKr ~aM ypHHJIH 3K3HHHH HC60 TJ13fIAH:

1. ygSypgqsK h4akh 6ypgaKJiapHHiiHr hhfhhahch eflnit 6ypg3KAaH kh-
gnk.

2. ygSypqaKHHHr k>3H yHHHr Hy~coHnrs, hihh [2d — (a + P + V)]
ra nponopunoH3Ji.

JlaMoapr yTKnp SypgaK rnnoTesacHHH ana “~aM qy~ypjiauiTHps 6opn6,
x,eq fraHAafi sha-'lhkhs Kejia ojimsah, a6M3k yTKHp 6ypgaK rnnoTe3acHHH
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umowugng

HH>IMAid TTIBl-hAmK BhHXBtfHHAVI HIIHXOSiHMVBX HHIAILH JHRHHHHOHahBQO]/

‘(9981) KHAx9WO09JHBY -g

m(0f81) J-OMhwbl BhHHAg HOBHABEBH dEL~NHEHh IldaAx If91/TTBdBy -p
'(9£81) Hd

—BITSHI9H BHAX9IVO9X HBII/'JIcHYIHFAX HBITHg HOKHA'BEBH dBI./TTOir/,BdBJJ g

'(9£81) HMH91B1 BxdBirirBdxaxHH HEQ.Bg XHHHKndi3ivo3x HHirgBX 'z

m(0 9£81) (BHAI9K09J KBWaBJKBdgOOg) KHAX3IMO3X HHICOBX ‘I
*HITXBAB HHABirdBOB KJBITHhX" ‘OHdHXmBL'I/HNOMBX BffBHH HHABITBD
—OIfAx— BWH1BH HIBfidBOB Ag HHM3a9hBgOJ/ 'HVEHBITQODHk H3BHB3 mHtfHAAX
dHHHBHAIOIMO9J  HHFHI/’'HO90H  (ifHH 9381) qifBdsgc) HAhA JHHHAmM CHIT
—BHBtrgOOHk HAEITB>KHIEH MZH JHHHHIIIH HHWITH HBXIThM BhHHAg KHdAx9WO03J
HHtfHirM990H ‘HHHHMOaahBgOl/ EIfO"BW HIBtTHdoVIOI libmHJI BEHI1'BdASI< Ba ZBJ
MoV HBXHHITHM  Bl/xgaOD HHWIfpJ ’Ht/BdBMHh gndaXOOg HBli-Hy HWOH «HHdx
—9W09J XBITBhBH Q> Et/HITBHdAW «HHHXDOfl HHHDHBEBX» JHHHX9XHDA93HHA
Am hithh 6381 HH" ‘gm/Hk WBIrMOtf HimoH «dbiteebkoitAw BtfHtosk dsir
—HHHHHAU HJIBI1/KHAX9M09J» HHMDaShBgO[/ BtfH19a03 HHWITH JHHHHX9Xql/'AMBC])

BMHXBWOXEH —-BHHEHtj) HX9XHod9aHHA HOSON HMTBAXF) [f 1THH gggl
*«"Ah EhHHBXITHUOX HITBk HXOgOH HHffITHIK JHHH/JI» ;HffHItf
HBITHAg BtfHiiBk xblI'Axoou Hhimrngg BtfHdBirmH HMgBifxoBir jphhhe”~ -hlTes
-90 HHHJIHItMAKk MHL'HUg.XBM EPJEITXOgOH HBJL'Hdag BXXBICAXOOU HhHHITigg HHMD
—39thO[/ *HtfHBU-mOg HBVITIHLXIM  ITHITkKBX HHXBItAXOOU HhHHHISg ‘HgBM dBIT
-miro BVimog hhhih wex A gBirmog HBtfdBirirHH — 9181 'uVhA'h gmu>i
ITbo~rbw BJHtfiro sA HHmnMHh gudAn bxhb'h gBirmog hbVhehx3h HHBHdxaw
-09J HBIAIAWA ‘HtfEE93 HHHXHITdog dEITHHITHNh80IAIMHX9 BXXBH BtfH «dBITEHX3J-I»
JHHHtfHITMag BffBWHXEH ‘HtfEHBXdA dAVIAh HH «HdEIT303B BHdx9WO09J» B3
-Mhhhb & *H'CHBirmog HEtfmnkA bh!ih9it HBtfBHdx9H09x ExdBirxn9trAx3 hhhx
-KHITOBcj) MHJOXBV9H HhHHdHg HHH3a3hBgO[f <HffHEITITIOg HBI/IHH BD'HWHEOaBL"
<Jooo9<|x)du 9BLTOO9 hbB'uhh 9181 A -HffBmHij-oVi 9Hiro ejihh BffxaxHodaa
-hhA  Am hhA dsL-KHL-0 hbxitoSi ithho'm EXHXHirdBaaDXBHkgw Ba ExuxBHimgoM
JHHHA ‘JHAO HEtfHHBJIXBXAx HirxkHVBCH)(})BaAlIAJ HHHX9XH3d93HHA HOEO>J HITHH
1181 ‘'HffBIT9OM BJ9HAD BtZHDBI'HO HHHaOHHh BfHBK BtTndkBITI 1/0d0JaO]”

HHHH{Hf-J Bt/dgBMsi'l [ LHH ~6£1 HHMOaahBgOJj— hHaOllBaj/} HBIfOMHf-J
«dHtfHWOHk dHg JBMBdi XHHHABI/TIIH HB.IIIIII'HH BI/BXOD Ag HBtTHHOKOI HHM
—0B9hBQO[f huUaOlIBaj® HBUOMHI-J HXHXEW9XBW oAd XxAIfA dBI/mH HHKL'H I1IBJ

—HHU' Il  EtfHOBKOO KHdAx9W09J HHIZHIi'Ma90H HBtfHHOWOiI HUQiTOg EE 30ABJ
-HTBE
-EMIA BtfXEgHDAIM d[«O HHHX9Bk HBJL'oVI ‘gHXG MdsX HHHmH HJIBtTEKOO Ag
Ba ifflIEdHxiraM BXHOM<KBk bl/Am< HHiiKgifog moHf4 mmro nngoaBX ijetrnAg
hbitooAej HBIL'Ag Bxe BjAdgo bxxb>i 'h ITEC9 gaff «dHffHsSA hITVAx jhhh
-KiidEirmn hbjlI'Xi'm BtTBkoo Ag jhhh9w ElfHwoaBff i/hh gg — og hjxhAd mu
Ag hmhAh ‘dHtfmBX”"Bw hhwheA ihbx'mbw hhA ‘hbkhbkl-ox~ibw hsw mimn
Ag» BI/HXBX HBXE9 EXHOBXO XIIHHMOHB 00AbJ HEXmHHBX IIBLXlg mu Ag
<HtfEIrtIM 1101/'qt  HHIIABOB HBJL'BLB galA «0>IHEXI9UUy» BITHOBMMdEX BaOIffl
BJ90XHM gAoHBK BXHWBUBM HOBXO JHHHHEA (hHH9>I 1IBE'HHMOa9hBgO[/) HITHH
SS81 A 'n~'Ag VtEdic-BaAK BxmHho HHKIiidx9i\09x HHtrHir>iaaoH HBqirog mon”
hithh g381 ‘(0981 — 2081) dHVHBgirog d9tiH4» MHiITBHdJHaa ndH9 hbit

-dBITMHXBW9XBIM 1IBXmAVI BOOHX EXHmiiL'HXBdB JHI'HKIIdx9M09X HHffHIT>{a90H
XIBXXHB HIldnHCj) HEX31/ «MBd3>i NB3EKITOL"IIVI XBa.dA>K BXHAg
wyAg wndwA Ba HBwoBive EtHXEirok nindsg BJBwoog HHwHdBiTxoHtoBx
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4H3H BtTXKOKIIH EhHHAg BIFBDBIM Ag BPBClo HHMK H3W ‘I*OWHXKg» :BI/HXBX
HEJE3 BJ31/33D9g HXoAtf £A OOAeJ EIfl/HH Q28X -HtrirAp wAjfq.BW BJHIA'B
HBC) EHHJIHHHOM  HBUHXOC|jBH JHHHA HABIITHH JHHHO0AbLJ HJIEtFHOBKOO HIHX
-edK MHBndx9w03J HHffHi/MaaoH -(gg8i — ZZZl) dnircoAEj xHdffHdcd) irdE>{
HIJHXBWOXBIAI OHIAIOH dAtfA ‘HdIKJ HEtfdBimHIfO HBJL"OM EIEOOIIAX HBffHAmM
-Ht/d9g QHIBAIS HHWES EJHmHIfHdAX dBIfdMHtJ) HBJ31/ HtfHBWIfAg gEIALOg
-OH etl’HNE'C'do dBITBWHXBH HBMSjHh HBffdBI'A B9 dEirBWOHDMB HBitfOM HHXBIf
-Axoou /\ Ba Htfxe gOEM srad khxAk BtfHosdog rnHdHxmBirnHffHO iiHHDEdAX
-HAdXxO KHdx9K03J dBirmHHHJA dI-IOtf B-imBIi'’XOgDH HHIBL-AIOOU HhHHHiag

HHHD83htgOfJ* \\ {J ‘HnTHITSM BJtfAwAa JHHHBHdI3W03J HHiTHU*Ha90H ‘§ —£

mHire WB'/BM ML'H BJHrnHIi'HXBdjK JHHHKHAX9W03J HHtrHIfM990H I'AH Ag
‘dBL~irdoO OHTO mH EIHOGOE HI'Am rnUXBdhA BMMHirl/Ht-- HHA ‘QUITO HHHIOH
-HH IBI/'AIDOIJ HhHHmMSg dBI/'dITHBMOJ/ Be xd3gWB[/ ‘HdvIJMHB') ‘MBWaj/
1 |ITbithM oaq.Bir 031T WHITBirxogoH hhxbitAxoou HhHHrnag A
BtHOBM<fIXBIl JHHHAg ‘HITBXHdHM HHdBt'BdAOQH «HHMwAw HIHEEMIA OWHOtf
HHKHEHh lidjAX HBJH1TBDOM HHHHOWOX  EITEMMH JHHHMRhdAo Ap HBITBX
-MAh HHdsHXXM HBJHHITO Bt/HhH MBndAg dHMXA» HM9 «lIlirB!n»09>1 OWHOIr dKir
-AMHITH3Hd3U Ba EKJO HBJITHEBMxA B HEHh HddAx EXXHQ» HBJtfHHAx HdjAx
HBI?XBKkHM< HHH3B BJHA BHHVEOMb IV HIHHIHde BJHXOQOH XEIfAXOOU HhHHHISg
HHq.B ‘HAhA IHIHXBdhA EMMHIITHE I1AIBX HHBE3XOIIHJ HbHHhA HHM9[/ ‘HIT
*mHBL-XOpOT XoAm -KEM39 HBtfXBXIOK HSOIHXHBJV d'CHBM/9J f HHBW3d09X Ag
<HffBIfAg MHhHM HEir 0081 KCX HOHf
-HHIHH JHHUWOEL MBhdAo HVhH MBhdAghA HEVHbM dsk HBIL'OM ‘BOIfAg MHhHH
HBtf 0081 HOHITHHIHH JHHHHIBUMBhdAg HHhH MBhdAghA BxdodHQ dSJy ‘£
*HfEdBMHh bM Ah HHEE3XOIJH] HhHHAKQ HBI/Hg AH] 'Hii KEKIrO BIfAg BXXBM
HBff o1 HOHTHHIHH JHHHUJEI/HEhdAg HVhH MBhdAghA HBITHeM dBN 'J
mHITHBIrXOgOH HHdABI/'BW
-adoax hjbVhhAm ‘cHdnrnM9x MHdBi/BeaxouHj HhHHhA Ba HhHHdng dirHBMraif
*(EHWHBIJMHHBX BIT § -g EHg HBI/HQ HXOgOH JHHhA) HITHBirXOgOH HHHJIHIT
—XH3IABHHaMS BJIBI/AxOOU HhHKITISg JHHHBE3XOLIHJ HhHHMMpJ ’MHhHM HEP
0081 (s :JH9X bx d8i (z :exxbm hbIT og8l (I :hoh'u’hhxhh jHHHHAEiIfMBhdAg
HMhH MBhdAghA HHLB ‘HITb AM BE9XOIJHJ BXhA Et'HMBK HOHITHHAHH JHHHHAEIi1
-MBhdAg HMhH MBhdAghA nML-eg ‘OBive JHHHMBhdAgxdAx dI/HBMO[/ shbjitex
-xAx L'BOOBG)ANT BJHOBHABEBH dBirir31il,BdBU ‘gHL'Hdgg dogHX<IS BXXBM BJHd
-BiroooB KHdx3i\'09J udeVimEXx helThAg ‘HBJifHdHimBL'Hooo EbHB mnMA ‘ghil
VndHxmBifBinrcjo dBiiriiBi/xogon Htq.Bg ‘HMHfe Am hhclbd) hblT «HdBi/£HJI9{g»
yHITMag JHHHOOJHM Ag 'HBJHOeoM Adgo BXXBM KBX BITuBI’XBVBI/WBW BMmog
I/IEg ‘OBJVe BH'KH'nHBdO JBSIBtjl ‘9HirAg dBOB HBJI'HIBdB EJHHJA HdBDB
J;iraHJQ[J[» JHHHtTHIfMag gOXHM Ag 'HEEB9 HHHJBOB HHIIMOH «HdEirEHJ9H

iHdX3W09J» HITHH (E£81 ~ SQZI) dITHB>K3Lf HNHTO eAHHsdtj) HBJIfAg
0AKITIBW HBL'Hg HdBI/mH MHAHH BITHABI"EKOO EHHJUAmM JHHHBMHXBWO XBAf
( _ ('EHIMBJAM Eirgog JH

HHHJHU'HdijAx JHHMXMBfj) Ag) ‘'HpBL'3M BJBOOI/Ax HBJ91T «<MEd9M HmiWAg HUL
mkHdA BfHXoA Ed3(J)D wAkfIBK dHtTHBITHBM)) HOBE9XOHHJ MBhdAp dHMXA JhAd
jiBtfHAmM ‘HEJE90 xdsgwEj/ dog HhHHdng HHHMmMrAg HiI/HHdA blthxoA Bd
B<|)0 Am HOEE9XOHHJ MBhdAg OBWxA ‘BOHHI'O dBIi'BHBITHB BXXBM HhaAdBM'Bg
UHHI/0d dBU'"HEHhI HddAXx BITHXOA Bd3({)0 ‘HHM3]f 'HITBWirO Bli'HVI dOMHH



1) 6euiHHHH nocryjiaTHH Ebkjihahhhp 1"oJiran aKCHOMa Ba nocTyjiaT—
jiapHAaH MaHTH” ~oHyiuiapii acocnfla KeldiTnpiid "H*apHiii MyMKHH 9Mac;
2) SeuiHHJH nocTyjiaT ypiiHjiH SyjiMaraH reoMeTpHH “~aM MaBJKyA.

11yHHCH aHHHapjIHKH, JloSageBCKHH FOHCHHH KyiHHJIIHK OJIHWJiap Tymy—
hh6 eTMaHH.nap, yHHHr owaH 6yioK HHrHJIHKJiapHHH strapcx}) STMaAHJiap,
6yHHiir ycTHra, 6ai>3HJiap JloSaneBCKHH «a™JiAan 03h6ah» AeraH n6opajiap—
hji HiudiaTHiuraga 6opH6 eT,nH.nap. JloSaqeBCKHH poflJiapH yHHHr BatlJiOTHAaH
cyHr KeHr atTHpotj) sthjiah.

Jlo6alieBCKHH hjimhh Hiiidiap 6njiaH 6up Ba"TAa TamKHJIOTgHJIHK hui-
jiapAa s;aM bkthb i”aTHauiAH, 2Q hhji a3Bomha2 (1827 — 1846) K,030h
yHHBepCHTeTHHHHr peKTOpn JI3BO3HMHA3 HUIJI3AH. ~aeTHHHHr cyHrrn hhji-
jiapHAa HKKalia Ky3H o>KH3 6yjw6 J%JiaAH, JieKHH rnyHra i~apaMafi, hjimhh
HXIHH A3BOM 3TTHpH6, y3HHHHr CyHrTH acapn «naHreOMeTpHH» HH ahk-
TOBKa I"'HIIH6 C3AHpaAH.



11 BOB. EBKJIHfl rEOMETPHfICHHH THJIbBEPT AKCHOMATHKACH EtfflHHAS
ACOCJIAUI

I 606jxa Tai>KHA~araHHMH3fleK reoMeipuHHH aKCHOMaTHK MeTOA acocw-
Aa i“ypHiu npHHUHNH XymRarma 3ah. ABBajio xai>pH(j>CH3 i”a6yji ipi/m-
HaAMran acocuH oSneKTjiap ojihhh6, y.napHH 6ofjiobomh HHc6ai/iap aHHK-
j;an;[6, acocHH xyuiyHqajiap homhhh oJdiaaHraH 06'beKTJiap Ba HucfSaTJiap-
HHHr xycyCHHTJiapH aKCHOMajiapAa y3 h(J)OA3Chhh xonaAH. CyHrpa xeopeMa-
jiap, jieMMajiap, (})aKT~ap m3hth~hh My.no”a3aJdiap acocHAS HcSoT” aHaaii.

By npHHUHfiHHHr 9Hr My”HM tomohh iuyHAaKH, acoenfl ofiteKTviap be
y.napHB Sofjiobhh acocnfi HiicfiaxjiapAan yjiapunur <})a”aT aKCHOMa”ap
mapiviapHHHrHHa ~aHoaTjiaHTHpnuiH xa.aao “hjihhh6, 6omi~ta JKH”aTflan
yjiapnH 6yTyHJiafi HxraepHH Ae6 4>apa3 i”hjihh3Ah.

I'eoMeTpiiH 4>3hhhh my flycHHAa i“ypnui fohch, acocaH JloSaweBCKHH
TaAKHKOTjiapn xy.ia strapcx}) STHJiraHAaH cyHr naHAo 6yjiAH. S”rraH acp—
HiiHr oxHpnra Kem®6, uiy Macaliara AOHp flam, rieaHo, FlbepH, KaraH
Ba ooui®a aBTopjiapHHHr Kynrnna hjimhh acapJiapH naiiAO 6yjiAH. JieKHH
Maui*yp HeMHC MaTeMaxnrH ZlaBHA rn.ibfep THHHr 1899 HHJiAa TOnsraji—
ran «r'eociMefpna acoc;iapH» homjih acapn iuyHAafl acapjiapAaH 3Hr Maiu—
AypHAHp. By khtoSiihhi' pycqa xapjKHMacnra eau/iraH cy3 6ouiha3 npo—
(Jieccop N. K. PsiueBCKHH yHra ~yfiuAarma xapaKTepHCTHKa SepaAn:
«Bh3hhhp Ky3 0JiAHMH3Aa 6y acapHHHr KJiaccuK acapra aiidiaiiHS KenuuM—
Aa  rHJibfiepTHHHr KypcaTraH acocHH XH3Ma™ i*yHHAarHAaH n6opax.
THJiboepx Ta6HHH paBHuiAa 6y,nai<jiapra a)Kpa.7iraH Ba 6yHHHr HaxHJKacnAa
reoMexpHHHHHr MaHthi*hh Ty3HJinuiH >KyAa OHAHHJiauiH6 KQJiraH reoMe—
TpHH aKCHOMaTHKacHHH Ty3HUira MyBac”a” 6yjiAH. AKcnoMaiHKanHHr 6y
Tapni®a i"HCMjiapra fiyjiHHHHIH, 6HpHH']JHAan, aKCHOMajiapHH coAAa Ba iYc—
MNa Hf(x)Aa”amra hmkohhht 6epaAH Ba, HKKHiiiHAan, arap reoMeTpHfIHwW
Gyxyn aKCHOMaraKara acocraHMacAaH, (J”aT yHHHr TapKHfiHAara aHpn.v.
6yjiaKJiapra acoc”aHHS, reoMexpHHHH ¥"aft AapaJKaAa phbo>kji3hthphu>
MymKHHJiHrHHH TeKumpHiura hmkoh 6epaAH. AKCHOMa.iapiiHHr afipHM ry—
pyxyiap pojihhh aHH"JioBgn dyiiAafl mshthi~hh 3H3JIH3H xai“Hi“axAa THJibdepx—
hhhp 6np 1"aHna a*OHH6 TaA™Hi™oxjiapHAa KelJiTHpHJiraH, 6y xaAitfi“oxJiap
TH.ib6epT acapuHuHr aHHa 1*hcmhhh xauikKHJi  sxaAH. YiiAaH Tauiiiapii,
rHJifaSepTHHHr acapn 6y co”aAara wa 6np i%axop Tafl"H"OTJiapHH 6ouuia6
io6opHuira ca6a6 6yjiAH».

FiwbSepx aKCHOMaTHKacHAarn acocnH oSteKT”ap «uynlxa», «TyrpH m -
8h”», «TeKHC/IHK» ash n6opax 6yjiH6, yjiap opacHAara HucSaTJiap «TerHui-
jih» (eKH «... as eiaAH», «... AaH yT3AH»), «opacHAa», «KOHrpy3HTjiHK»
AHp, 6yjiapHHHr xoccaapnHH aHH”oBqw aKCHOMa/isp 6eui rpynnara 6y-
jiHHaAH. By aKCHOMaliapHHHr ~ap 6np rpynnacn Ba y;iap acocHAa j~ochji
~HJiHHaAHraH 6ai.3H HaxH>Kajiap dHJiaH T3hhuih6 gn"aMH3.

TeoMeTpHHHH FHJib6epT aKCHOMaTHKacH acocHAa 6aeH sthui ~03Hpm
saMon MaieMaTHKacHAa KaM ynpaftAH, my ca6a6AaH 6y KHTo6Aa yHHHr
iyiCKaifa 0630PH KeJiTHpn.aaAH.



8-8. TerHuuiHjiHK (fiorjiaHHmM) ancnoMajiapH

By rpynna aKCHOMalJiapn «TernmjiH» HncoaTHHHHr xoccaliapnHn anni®-
jiafWH.

Ij. X<ap ~aHAan hkkh Hy”~xa yqyH yjiapHHHr ”“ap 6npara Ternmjin
6yjiraH TyFpH HH3H* MaBJKyA.

12. HKKHxa Hyi“xaHHHr ~ap 6npnra TeramJin 6yjiraH SnxxaflaH opxHi®

Typpn MaBmyA aMac.

.13. TyFpH gn3Hi®a ”~eq 6yjiMaranaa HKKuxa Hy”xa MaBmya. Bnp
TyFpH gn3Hh;jiH eTMaraH KaMHAa yqTa Hyi“Ta MaBJKya,.

14. Bnp tvfph gH3Hi"aa- eTMaran ygTa Hyi“Ta yqyH yjiapHHHr >$ap
Gupura Ternuj.XH TeKHCJIHK MaB>KyA. X aP 6np TeKHCJHK yqyH yHra Ternm-
jih KaMHAa SnTTa Hv~ATa MaBJKyA-

15. Bnp TyFpn gH3H”aa eTMaraH yqTa Hy~Ta yqyH my ny”~Tajiapra
TernmjiH SyjiraH CinTTaAaH opra”™ tckhcjihk MaB>KyA aMac.

18. Hkkh Hyi~Tacn 6npop TeKiicJiHKxa TernnuiH 6yjiran Typpn qH3iii$-
hhht 6apga Hy” rajiapn ~aM my TeKHCJIHKKa Ternmjin SyJiaAH.

17. yMyMHH Hyi~Tara ara 6yjiraH hkkh tgkhcjihk 6y Hy~Ta”aH $ap”-
jih KaMHfla HHa 6htt3 yMyMHH Hyi~Tara ara SyjiaAH.

18. BnTTa TeKHCJiHKKa 6np Ba“T”a Tenim.™ SyjiMaran KaMHAa xypx-
Ta Hynxa MaB>Kya.

3cJiaTMa,iap. 1. HKKHTa, yqTa Ba xoKaso Hyt“xaliap (Typpn gmnx-
Jisp, xeKncjiHKjiap) AeHHJiraHAa TypJiH Hyi~Tajiap (Typpn gH3M$Jiap, tckhc-
jiHRjiap) Ky3”a Tyrajia™H.

2. KedirycH”a «TernmJiH» cy3H ypHnra «*apamJin» TymyHHJiaAH. «. .
eTaAw , «... flan yTafln» nQopajiapnHn j*aM Hm/iaTaBepaMH3. MacajraH,
A HyKTa xyrpn gromyia TernmjiH Aeftnm ypsnra, A Hyi"Ta TyFpH gqH3H™-
fra inspamjiH, £kh A Hyiaa Typpn gn3Hty;a exaAH, gkh TyFpH gH3HS A
Hy~"Ta”aH yxaAH, jx&6 0JiaBepaMH3.

AKCHOMaJiapHHHr Supm™ rpynnacn my 6nJiaH TyranAH. By rpynna-
Aarn SnpHHgn yqTa aKCHOMa (1j_3) TeKHCJIHKKa TerHimin odpa3Jiapra Ta-
ajuiyKJiH, ~o/iraii fiemra aKCHOMa (14_8 (}M30bhh o6pa3Jiapra raaiuiy”jin-
Anp. K)KopH'xa KeJixHpHJiraH aKcnoMajiapra acoejiaimo, 6ai>3H TeopeMaJdiap-
HH HCSOTJiaHIMK.

1- TeopeMa. Hkkh Typpn gHsni® 6nrra,a,aH opxa” yMyMHH nyi~“Tara ara
6yjiMan£H.

Hc 60t 0 apa3 "jianjiriK, hkkh Typpn gnsu® SnTxaAaH opxni® yMy-
MHH Hy~Tara ara SyjicHH. Uiy yMVMnn HyKTadiapaan hkkhx3chhh OJicaK,
1j, lo akKCHOMajiapra acocaH, 6y TyFpn qH3H%jiap ycTMa- ycT TymH6 i~ojia-
AH. B aca TeopeMa maprara 3HMnp.

2- TeopeMa. Hkkh TeKHCJinK yMyMHH Hyi~Tara ara 6yjica, yjiapHHHr
yMyMHH HyiaaJdiapH Typpn gn3H"HH xochji i~hjisah.

He Got. Xa™Ht"aTaH n x, 112 TeKHCJinKJiap A yMyMHH Hyi~Tara ara
fiyjica, 17 ra acocaH yjiap HHa Snpopra B yMyMHH mnyK'rara ara 6y«xa;i,n.
A, B Hy~TajiapAaH yTraH nrona (I,_2 ra acocaH) AB Typpn gH3HKiniHr
hkkh Hy~Tacn Flj, n 2 TekKHCjinKjiapra Ternmjin. y “oJiAa 16 ra acocaH
AB TyFpn gn3H"HHHr ~aMMa nyi~TalJiapn n X, I\ TeKncjiHKjiapra TernmJiH
6yJiaAn.
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3- TeopeMa. KecHiuajinran hkkh Typpn gnsHK cfjaitaT 6nna TeKHCJIiHK-
HH aHHJiaftflH.

Hc6ot. a, b Typpn gnsntyiap 6npop C ny~Ta”a kcchilichh. 13 ra
acocaH a Typpn TO3Hiyia C AaH cf>apNfiH A nyj*"Ta, b TyFpH gn3H”Aa C
jian cfiapiyiH B nyi"Ta MaB>KyAAnp. PaBixiaHKH, A, B, C Hyi®rajiap 6np
TyFpn HH3HYla eTManAH, aKc “~ojija I, _2 ra acocan a, b ycTMa-ycT Ty-
ujh6 ~ojiaAH. 14 ra acocaH A, B, C Hy~ TajiapflaH yTyBHH n TeKHCIWK
MaBJKyMHp, 15 ra acocaH sea n TeKHCJHK nroHajiHp. A, C nyKTajiap
n ra TerHui/iH Syjirami yqyH TyFpH mh3hk; 16 ra acocaH n ra TenmuiH.
XyAAH mvHra yxiuam b j*aM n ra TerHiHJIHAnp.

10”opHAarn |,_8aKCHOMalJiapra Ba HcSoTjiaHraH ywa TeopeMara acoc-

JiaHnS, Mauip; cncJjaraAa i“yHHAarH TeopeMajiapHH ncSoTJiaiuHn y~yBqgnra
~aBOJdia KHJiaMH3:

4- TeopeMa. TyFpH ihshk Ba yHra Ternnidin SyjiMaraH nyKja (jja™ar
6hTT3 TeKHCIIHKHH aHH/Jiaft"H.

5- TeopeMa. Arap Typpn >iBhi® TeKHCJiIHKKa Ternm;in SyjiMaca, yliap
Kynn 6njiaH 6«TTa yMyMnn Hyi~Tara ara SyjiaAn.

6- TeopeMa. BHTTa TeKHCIWKKa TerniiiJiH 6ym 6, 6llp Typpn misnKAa
eTMaraH KaMHAa yqTa Hyi“ra MaBJKyA

9- §. TapTHS aKCHOMaJdiapw

By rpynnaAarn aKCHOMajiap «opacnAa» AeraH hhc63thhhr acocnft xoc-
cajiapnHH aHHKJian™n Ba 6y HHc6aTra acocjianiiS, Typpn TO3HMarn Hyi™-
TajiapHHHr 6np-6npHra HHc6aTaH i“aHAan TapTHS™a JKonnamraHnHH aHni™-
Jiamra hmkoh SepaAH.

11V Arap B Hyi“ra A Hy~Ta 6man C nyi*Ta opacH”a 8§Tca, y j*vwa
A, B, C 6np TyFpn gH3H™Aarn ynTa Typjin Hyi*ra 6y,™6, B Hy”~ra C Hy"-
Ta 6nJiaH A Hy~Ta opacn”a x@M eiaAH.

112 A, B 6npop TyFpn gronHHHr nyKjalJiapn 6yjica, my Typpn HBH"™
Aa KaMH”a myHAaH 6mra C Hyiga TonnJiaAHKH, B ny~ra A 6njian C hh
opacHAa eraAn.

118. Typpn gnanKHHHr yap KaHAafi ygTa Hy”racnAaH SnrraAaH opthph
~OJdiraH HKKHTacH opacn”a eTManAH.

CyHrrn aKCHOMaHn KnpHTnuiAaH aBBaji, 6at3H TymyHqa.iapHH KnpHTan-
JIHK

1- taT)pn@. A, B 7aH nfiopaT hkkh Hyi"Ta cncTeMacn AB 'em BA
KecMa fle6 aTanaAH. A, B sea my KecMaHHHr yg-napn AennJiaAH. A 6n-
jiaH B opacnAarn Hyi~TaJiap KecMaHHHr m m  Hyi~Tajiapn AennJiaAH. AB
Typpn tH3H"HHHr iMoJiraH SouiKa ~aMMa Hyi<Tajiapn AB KecMara Hnc6aTan
Taiui"H Hyf~Tajiap jiemjiajw.

2— tatpn4— Bnp Typpn qn3H”a eTMaraH A, B, C Hyt‘Taliap cncle—
Macn ABC yqSypgaK “e6 aTalia™H, A, B, C — yqdypgaKHHHr yqjiapn,
hhkh Hyi~TajiapH cn.naH ojinnraii AB, BC, AC KecMa.nap yq6ypgaKHHNnr
TOMOH/iapH AeC araJiaAH.

Shah 114 aKcnoMaHH KejiTHpaMH3, 6y aKCHOMa aAaSneTAa BeHrpnajinK.
MaTeMaTHK n a uj iiomh SnjiaH lopHTHJiaAn.

114. ABC ydfiypgaKHHHr SwpopTa ~aM ygnAaH yTManAHraH Ba yHHHr



TeKHCJiHnma exaAnran a TyFpH gH3HK; my yqgfiypgakHHHr AB tomohh 6h—
jiaH yMyMHH Hyi“rara ara 6yjica, y ”o.i”a 6y TyFpn e BC KecMa,
«kh AC KecMa iiyi“"TacH op”ajrn jh'aAn.

3 hah aKCHOMalJiapHHHr Supim™ Ba hkkhhmh rpynnacn epAaMHAa oatan
TeopeMa™apHH Hc6oTJiaHJiHK.

7- TeopeMa. TyFpn HH3Hi"HHHr nXTnepHn hkkh Hy~Tacii opacufla yHHHP
KaMHAa 6HTTa Hy~TacH MaBH<yAf.

Hc6ot. a TyFpn HH3H" Ba ynjia A Ba C Hy~ Tajiap CepwjiraH 6yji—
-chh (6~ HH3Ma). I3 ra acocaH a ra TernmJiH SyjiMaraH D Hyi"Ta MaB-
MyA 6yjiHo, 112 ra acocaH AD Typpn gnamyia myHAan E Hy”Ta toiih-
jiaAHKH, D Hyivra A Cnjian E opacHAa eTaAH, xyAAn myHra yxmam EC
TyFpH HH3HMAa F Hy~Ta MaBwyA 6yjiH6, C Hyi“ra E on/ian F opacHAa
«TaAH. y "~OAHa DF Typpn IliH3H® ABC yqdypgaKHHHr yqJiapnAaH yTMaft,
yHHHr 6np tomohhhh Kecn6é {AE tomohhhh D Hy”raAa) yTaAH, AeMaK
Ilaiu aKCHOMacnra acocaH 6y Typpn wh3hk jfojiran TOMOHJiapAaH 6upn
{EC tomohhhh KecMaHAH, aKc x,0.iAa EC TyFpn HH3H* FD 6ujiaH ycTMa—
ycT TymnS i”aJiaAn), hlhh AC tomohhhh B Hy”raAa KecaAH PaBmaHKH,
B HyKTa AC KecMara Ternmjin 6ym6, yHHHr yqjiapHAaH 6npn aMac, Ae—
MaK B Hyi“Ta A Smian C opacnaa eTaAH.

8- TeopeMa. Bnp Typpn hh3hi"a3 erraH ywa Hyi<;TaAan 4>a”ar 6htt3Ch
myjiraH HKKHTacn opacHAa eTaAH.

Hc6ot. a TyFpH qronKAa A, B, C Hyi~Taliap Sepndiran gyjicHH (7-
VH3VB). A Hyi"Ta B 6HJiaH C, C aca B 6hji3h A opacHAa eTMacHH, y
jcodiAa B nyi"TaHHHr A fiHJiaH C opacHAa eramJiHrnHH Hc60TJianMH3.

13 ra acocaH a ra TerauiJiH SyJiMaraH 6npop D Hy~Tann ojiaMns. 112
hh avmGopra odicak, BD Typpn gH3HKAa myHAaft E Hy”~ra MaB>KyAKH,
D Hy”ra B 6man E opacHAa eTaAH. AD Typpn HBH~ Ba BEC yqfiyp-
gaK yqyH Flam aKcnoMacnHH Tai6én” i"HJicaK, y TyFpH gH3ffi® EC tomoh-
hh F ny~"TaAa KecaAH. myHra yxmam CD Typpn hh3hi® Ba AEF yq6yp-
ga< ygyH ~aM riam aKcnoMacnHn iyjuiacaK, AE Typpn <iH3Hiyia A 6nJiaH
E opacHAa n Hyi~Ta TonnjiaAH xaMAa 6yHAaH D Hy~TanHHr A 6mau F
opacHAa eramlJinrH KejinS gn™aAH. 3hah AFC yqdypgaK Ba ED TyFpn

E

eHkkhhuh rpynnaHHHr ojiahhi-h yqia mccHOMacif A Ba B nyitiajiap opacHAa 6omn>
(H-HH HHKH) Hyf~TajiapHHHr MaBJKyAMHfHHH T2CAH~JiaMaHAH.
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I H3H” yiyH ~aM my aKcnowaHn i?y;uiacaK, B Hyi“xaHHiir A Gamn C opa-
CHfla eTHLLIJIHH KejlHO

UlyHra yxrnarn ~ynnAarn TeopeMaHH Mycxa™HJi nc6oxjianr.

9 TeopeMa. TyFpH gH3niyia 6epnJiraH xypxxs Hy”xann A, B, C, D
~apcjxnapn SnjiaH mynflaft 6e;irHJiam MyMKHHKH, yHAa B Hyi“xa A 6kji3H
C YaMAa A 6HJiaH D opacnAa; C Hy”xa sea A 6ajian D j*aMAa B 6man
D opacHfla exa™H.

riaui aKCHOMacH Ba nc6ox KHIJWHraH KeftnHrn hkkh xeopeM3A3H ~yfin-
Aarn xyjioca kgj\W6 gn~aAn: >"ap ~aHAaii KecMaHHHr ~aM otkh, ”~aM xaui-
i“h Hy~TajiapH M3B«yA 6yjiaAn.

I, Il rpynna aKCHOMajiapn xyppn MH3H”"arH Hy~xa.iapudfir >kohji3-
HHmM xapxH"HHH, Hyp (spHM xyppn gnanKj, apnM xeKHCjihk, apnM (]a
30 TymyHMS3jiapHHH KHpHXHM hmkohhhh, “ap iMaHAaft tvfph gH3HKAani
HyK;xa yHH hkkhx3 Hypra a*paxn6 todopnuiHHH, xeKnc.inKAarn ~ap Kan-
Aafi xyfpH mh3h™ uiy xckhcjihkhh hkkhxa hphm xeKHCJiiiKKa ajKpaxnuiHHK
Hc6oxjiam hmkohhhh Sepaan. IllyHHHrAeK, 6ypgaK, ciihhi® grai-iK, Kyn-
SypgaK (yqSypgaK, xypxSypqaK, . . .), coAfla KynSypgaK xymyHga/iapHHif
jaM MyHoend paBniuA3 xax>pH@)Jiam hmkohhhxh ByjKy~ra Kex»iaah. Kaxop
My™HM  (JjaKx-Ma-bJiyMOXJiap i%yjira Kkhphxhji3Ah. By ypuHAa khhhhpoi®
hc6ox KH"HH3AHr3H xeopeMaldiap ”“~aM 6op. HyHomn, “ap KaHAafl coAAa
KynSypgaKHHHr xckhcjihkhh hkkh coxara ajKpaxnfi lofiopniunHH ncSox/iam
myjiap wyMJiscnAanAnp.

10- §. KoHrpyaHTjiHK aKCHOMajiapn

By rpynna aKCHOMajiapn KecMa Ba 6ypgqaKJi3pHHHr KOHrpyaHTJiHK
(xeHrJiH«) xymyHgaeHHH aHHtyianAH.

I11j. Hkkh A Ba B Hyi”xa a xyrpn gn3HKHHHr Hy~xacn, A' aca eiy
xyppn gH3Hi"HHHr eKH Cornea 6npop a' xyppn gn3H"HHHr Hy”xacn Syjica,
y “ojiAa my xyppn gn3HKHHHr A' Hyi“xaAaH 6epn.nraH xomohha3 exyBqgn
cj)akax 6nxxa B' nyi“xaHn aohmo xonnin MyMKHHKH, AB KecMa A'B'
KecMara KOHrpyanx SyjiaAH.

By aKcnoMa KecMaldiapHH KexMa-Kex i“ynSopnm hmkohhhxhhh SepaAH.
KecMajiap KonrpysHXJiHrHHn = nmopa 6nJiaH 6e/irnJiaHMH3: AB = A' B',
J\ap KaHAaft AB KecMa yqyH ABs=BA MyH0CQ6ax ypHHJIH “iico6”™aH3An.

1112 Hkkh KecMa yquHgn KecM3ra Konrpysnx 6yjica, yjiap 6np-6npn-
ra KOHrpyaHXAnp, hmh A' B' = AB, A" B" = AB 6yjica, A'B'= A" B".

I11S. AB Ba BC KecMajisp a xyppn gH3m<HHHr ngKn yMyMnft Hyi*xa-
jiapra ar3 6y,nMaran KecMaliapn Svjichh. LUy xyppn gn3HKHHHr eKH 60m -
«a a' xyppn gHaH~nnnr A'B’, B'C' KecMajiapn X3M hlikh yMyMnn nyi~-
xalrapra ara 6yjiMan, AB~"A'B', BC~=B'C"' Syjica, AC= A’'C" 6y-
jiaAH.

1114, n xeKncjiHKA3 Z. (h, k) 6ypgaK Ba my xeKnc/uiKAa ckh 6apop
FI' xeKnc;iHKA3 a’ xyppn gnsni™ 6epnJiraH 6yjin6, a' xyppn gn3HK GnJian
aHH”xaHran apnM xeKncjinKjiapA3H 6npn xaMAa a' xyFpn gnsnKAarn O'
yg.nn h' Hyp xannn 6yjicnH. V xojiAa O' HyKxaaan gni®ysqn Ba aHHKJiaH-
raH fipnM xeKHC.riHKAa exraH myHAan aroHa k' Hyp MaB>KyAKn, ZL (h, k)
6ypgaK Z. (h't k') 6ypgaKK3 KOHrpyaHT 6yji3AH.
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BypgaKJiap opacHAarn SyHAaft HiicSar Z-(fi,k) = Z. (/i'f k') Kypn-
HHiuAa 6elirH.aaHaflH. X aP 6np 6ypqaK y3-y3Hra KOHrpysm AeS o;iHHaAH.

I1IB ABC Ba A'B'C" yg6ypgaKjiap ygyH AB = A'B', AC= A'C’,
Z.BAC= Z.B'A C @6yjica, 2-ABC A'B'C' 6yjiaAH.

Tatp h({Gx ABC Ba A'B C' yqgypgaKJiapHHHr yma SypqgaKjiapH Ba ygia
TOMOHJiapn moc paBHLUAa KOHrpyanT 6yjica, 6y ygSypqaKjiap y3apo koh-
epysnm jxenmam Ba A ABC = A A'B'C' KypHHHiiiAa SejiranaHaAH.

KoHrpyaHTjiHK aKCHOMaJiapw epAaMHAa yqQypgaKJiapHHHr TeHrjiHK ajio-
M3TJiapHHH HcSoT”ailU MyMKHH.

10-TeopeMa. ABC Ba A'B’C yqSypgaKjiapAa AB = A'B', ACssA'C",
Z BAC==ZLB'A'C 6y.aca, A ABC==AA'B'C" SyjiaAH.

Hc6ot. Illjra acocaH:» ABCs=/. A'B'C', /. ACB” Z. A'C'B’
(8—HH3Ma). 3hah BC = B'C' hh Hc6oTJiafIMH3. Oapa3 jywiafijiHK, BC
N B'C SyjiCHH. y ~ojiAa 11™ ra acocaH B'C HypAa myHAaft D' nyiaa
TonnJiaAHKH, yHHHryqyH BC = B'D"' 6yjiaAH. ABC Ba A'B'D' yqgypgaK—
JiapAa AB~A'B', BC= B'D', Z. ABC~ Z. A'B'D" SyjiraHH yqyH 1115
ra KypaZ. BACss /_B'A'D'. AeMaK, A'B' HypHHHr 6np tomohh—
M Z. BAC ra KOHrpyaHT SyjiraH hkkht3 Z. B'A'D1 Z. B'A'C' CypgaK

jochji SyjiaAH, 6y sea Il114 ra 3HA-
Anp.  $apa3HMH3 HOTyrpH, Aewak,
BC ==B'C".

11-TeopeMa. ABC Ba A’'B'C’
yqSypgaoap ygqyH AB = A'B’,
Z. BACs=/L B'A'C’, “"ABCe=
= /-A'B'C’ 6yjica, A ABC =
= AJ/TB'C' fiyjiaAH.

Hc6ot. ABBali /4C Ba A'C' to-
MOHJiapHHHr y3apo KOHrpyaHTJinniHH
Hc6oTaHMH3. Oapa3 KHJiafijiHK, ACMK
N A'C' SyjiCHH. 111j ra acocan A'C’
HypAa ojyHAaH D' HVKTa (9-gH3Ma)
MaB>KyAKn, AC = A'D' Sy™aAH. By
Baj~"TAa 10- TeopeMara acocaH AABC==
= AA'B'D' 6ym6, Z.ABC-=
= 6yjiaAH- JleKHH rnapT-
ra Kypa Z. ABC= z~'S'C"'. By aca
1114 akCHOMara 3HA- ZfeMaK, AC=s
= A'C' Sy™aAH. y ”oJiAa 10-Teope-
Mara acocaH AABC= A '5'C".

TeHr eH.TO yqgypgaK, BepraKaJdi Ba
Kymim 6ypgaK;iap Ba my KaSn Ty-
myHgaJiapHH MycTai“H/r TatpHcjwiaS,

g KyHHAarn TeopeMajiapnn HcSoTJiauiHH
yi“yBqura “aBojia i™HJiaMH3.

12-TeopeMa. TeHr eH.m yq6yp-

gaKHHHr acocHAara SypgaKJiapH y3apo

KOHrpyaHTAHp.
13-TeopeMa. BepTHKa/i 6ypgaK-
9 iH3Va nap KOHrpyaHTAHp.
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14-TeopeMa. ABC, A'B'C' yqggypgaKliapAa AB=A'B', AC=A'C\
BC = B'C' 6yjica, A ABC= A A B'C' 6yjiaAH.

15-TeopeMa. ~ap 6np KecMahh TeHr HKKHra Gyjinm MyMKHH, KecMa
nroiia ypia Hyi“rara araAHp.

16-TeopeMa. BypqaKHHHr fwcceKTpHcacn aroHa™np.

OxHprH TeopeMaldiapHH hc6otch3 KeJiTnpAHK. ByjiapAan Taiui®apH TyF-
pH 6ypgakHHiir MaBwyA 6vjihuihhh, 6apga Typpn CypgaKJiapunHr y3apo
TeHrjiHniHH Ba 6np narop TeopeMajiapHH HcfioTJiau MyMKiiH. KecMa, 6yp-
gaoapra HiicSaran «KaTTa», «KngnK» TyuiyHgajiapHHH khphthiu mymkhh.

11- §. Y 3JiyKCH3IIMK  aKCHOMBCH

By aKCHOMaHHHr moxhhth rnyHAaH HoopaTKH, y TyFpH gH3M<; nyiTa-
jiapn TynjiaMH 6mau 6apga “a”Hi"HH coHJiap TyrmaMH opacnAa y3apo 6np
KHHMaTJiH mocjihk ypHaTHiura hmkoh 6epaAn.

y 3/iyKCH3JinK TyuiyHgacH X1X acpHHiir ypTaJiapnraga aenn&AeK Tyio—
jihe KediraH, Typpn gnsH™"HHHr 6kh aftjaHaHHHr YysJiyKCMJinrara luyfi.a
KHJinHMaraH, JieKHH SyjiapHHHr y3JiyKCH3Jinrn MaHTHi\nn paBHiuAa acoc—
jiaHMaraH. MaTeMaraKaAam ysJiyKCH3JiHK Maca.iacnHH SnpnHgn Mapxa ne—
mhec MaTeMamrH PnxapA AeAeKHHA (1831 — 1916) Ty6 moxhhth GiwaH
i iHJiraH. AefleKHHA “ynnAarn aKcnoMaHn 6epran.

V. AB KecMaHHHr Capga HyirajiapH uiy KecMa ygjiapn 6iidiaH 6np-
radiiiKfla i“yHHAarn uiapTJiapHH Kahoatjiahthpaahran i”hjih6 hkkh cnHclira
a>KpaTHJiraH 6yjih6: a) AB KecMaHHHr ~ap 6np Hyi~Tacn cfiai"aT 6nTTa
ciiH()ra TerHiuJiH 6yjiH6, A iiyi“ra 6npumn CHHCYa, B HyKTa sea hkkhh-
gn CHiicjira TernuuiH SyjiciiH, 6y cnHcdwiap 6yui 6yjiMacHH; 6) SHpnngn
cnH®HHHr A ash (JrapiyiH ~ap 6np HyKiacH A fiiuian HKKHHgn cnHcj'HHur
nxiHepHH HyKjacn opacnAa ctchh. y “ojiAa AB KecMaAa uiyHAan C nyKs
Ta TOnnJiaAHKji, A finJiaH C opaciiAani 6apqga Hyi~Tajiap 6npniigH cnHcJjra,
C 6nJiaH B opacnAara 6apga Hyiaajiap iiKKHiign CHiiidira TerHiujin 6yJin6,
C HyKTaHHHr y3H 6HpiiHgn eKH HKKHHgn ciiHcfjra TeniuiJiH 6yjiaAH. C Hy"-
Ta sea AB KecMa Hyi*rajiapHHH hkkh ciiHcJira awpaTyBgH (KecaAHraH) Hyi™-
Ta Aeb6 aTajiaAH.

17-TeopeMa. y 3JiyKCH3JIHK aKcnoMaciiAai'H C HyKra aroHaAnp.

Hc6ot. (Papa3 KHliaiiJiHK, aucnoMa uiapTHHii i~aHoaTJiaHTnpaAiiraH
C abh @JiapNJiH Gna D HyA~Ta x™m MaBJKyA SyjiciiH. ymymkhjihkhh 6y3-
MacjiHK ygyH D Hyi"Ta C SnJdiaii B hh opacnAa eTaAH AefuinK (10-qH3-
Ma). y ~oJiAa C HVKia A CniaH D hh opacHna eTaAH. C 6man D ~ap
xhji Hyi”~xajiap SyjiraHH yqyH 7- reopeMara acocaH yjiap opaciuia eryBgH
Snpop E Hyi“ra A SnJiaH D opacnAa Syjirami yqyH SiipHHgn CHH})ra
Ternuidin, E nyi"Ta C SnJiaH B opacnAa Syjirami yqyn HKKHHgn ciiH”ra
TernuiJiH. By aca aKCHOMa uiaprara 3HAAHp. ZleMaK C nroHa 9KaH.

18- TeopeMa. y 3Jiyi<CH3JiHK aKCHO-
MacHAarn HKKHHgn chh~hhht B ash

--------- t~T - - - 0 "apNin xajj 6np nyi"TacH SupnHgH
n - CHH()HHHr HXTHepnH nyi~Tacn gnJiau
10- nH3va B opacnAa eTaAH.
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eHtfHBWMHO3M MHEHh HdjAx HMIVH HBJIffldag ‘BSIfAg JH3X
BJ 0081 HOHVHHIHH JHHHIBIfMEhdAg HIHCMOX dug HVhH HMVB ‘BOtfAg JH3X
dsifMBhdAg HhaAHHMBWIfB HVhH HWVB E3lIAg JH3X dBIfMBhdAg DOW EffHEJ]

-Dan HBimg 'mhchii HdjAx HhHHhA hhMhehh iidjAx hmm” -Bwsdoax -gg
‘BXXBM HBtfHH

-OWOX HhHHhA HOHUHHjHH JHHHHHOKOX HMHH MBhdAgh” *BW3d03X

BhHHDMB B3 Htf

-EX3 MBhdAg BXXBM BY/HDHITIOBM HOIMOX BXXBM BtfMEhdAgh/J <BIM8QO3L-95
*DBWE SIHXdO HBI/BXXHg HHOD

JHHHdABI'MBhdAp OBWXA HM3 HdjAx EtfMBhdAghA HBffHBk dB” 'Bw3d03X -<Jg
*BXXBM HBtfHdHg dBX JHHHABIfMEhdAg HMhH

HBJBWirAg hhitiAM bjheA HJBhdAg h'mitibx JHHHMBhdAgh® ‘Bwadoax -\z

«MHhHM HBtfBtVJO dKIfAMHttH8Ud3[J ‘BKSdoSX -££
HfBI/Ag MHUtHEI’Eg WEK ‘BHBHVOW WBk

JAhA MBhdAghA Am HoeondxMsoong MBhdAghA hilto jhsj” ‘BiMsdosx -ZZ
«BHHJdng xbMb({) A Ba hhmwAw mndnmAx dm/AM

-HtfHOIId3U BAHEHh HdjAx HBJIffldsy HEtBXMAH HEJIfHdsg -BM3do3X-\Z
*wWAi/hew HBtTHodAM cjbxmbim ExdA -m -k Ba dsifMBhdAg HhaAHNmEW
-1fB HMhH  ‘HIHI/MHhHM-EXXBM JHHHdBIfMBhdAg ‘BHBITHB HBILHEHh HVhH ‘BWJO
‘dfiL-AMHOTISudaLd ‘H3E3HAXM333ng ‘H3BHEIWSIM ‘HIHIfffHEITEQ JHHIIMBhdAghA

‘HBI/BOBN ‘HHdBI'BhHAmMAx HEJHtfHEdhA BI/dBiTBW3d03X Ag 'BWXBIf0 £
sEHWBX6 Eifoask BJHhaAkA HudBi’mEirxogoH hutiihjsx
«dHITHIrMAIrifEBx Ejundxswosj xoiii'loogB iMBk dBiTBwsdoax hjbVhhA'h Hdox
-E>l dBIfBW3d03X HBJHELMOgSH B~HdOMQJ 'HUBI/BXB gstf VndlUawOSB UJOIil'09

-gV HHKHdX9wW03J HBJIimdAM gHHBIf303E BIHIBITBAOHOVB BUHAd] Al — |
HffBirHk VHI'MHE

, BJHxdBm Bivsdosx bog A9 ‘Htzeilok gnirAg HirmHJai B.inoehdeg jHHHdBIr

-BKI33H J V  BW33M ‘ME3atf HHOirAg BJG BJB330X HBtHAm KBX BX
-MAh ,3 HL-MdB(b HBff q -MHiryBXBodAM hhhjhitbhojk jhhh j -hVvvAq hit
-inHJSX BJH3BhdBg JHHHABIrBWO3M !(J 'y BxMAh J HAhA HHBJI/Ag HU"niHI3X
EJ(HH3 HhHHMMH dBI"BXxMAH BhdB9 HJIBfHOBdo Q HEITHg J HHMSIf ‘HIfHIHJ
-3X BJ({)HH3 HhHHMMH BxMAh J ‘MBWS3£f -3BW6 HIfITIHI3X BJ(])HH3 HhHHdHg
HAhA HHBJBWmAx X3A-B1VX3A HBI'Hg dBirA Ba HHBJBWX3 BffHSBdO (j < ?)
V  HBirag V EXMAh 3 ‘HMHBmaBJ "HffHBI/MHHB HHWH33M bxMAh g dodHQ
Ba HVBAHXHBD'XBOHBM HHHABI/XdBm JHHHH3BWOH3MB VHHM3I2'37'  rriHXBd>KB
Bfi'EENIHIEX HBPHAg BJ(])HH3 HMMH HHHABITBXMAH BwW33M I£]ly (HL'TDHjax BJ
-()HH3 HhHHMMH KBk dBIT !g ‘HB1/BL"KA){/) 'EHIMEXHJHM EJ"JHHO HhHHMMH HH
-HdBITBXMAH HEJiroM JHHHBIM33M 'qly 'EHIMEXHdHM HHJEI'EXMAH BhdBg HJEfil
-HOBdO dBIi' 'Y HBIfHg Ty EH HHdBU" J BJIc{iHH3 HhHHdHg '(BWEHh -£1) EHW
-EXBd*E BJ(])HH3 HMMH HHHABIfEX'HAH BK33M Ig Iy '([ < ?) HtfBIfAg BtTH3Bdo Q HBIf
-Hg Y BxMAh ¥y HAhA HJIHITHEJmBraOMf hH-EWhH dBL'BKOSyj -x0 9314
-HFBirAg HirmHjax ejew 33m BhdBg A ‘hmITAjk
-BBIM BXViAh j HEVHAm BIfMHEHh HdjAx V BffL'Ok A ‘B3BWirAg VAm<3EK BW
-33M HBJInIBLIHOMC BJHhH H3EWKBkK JHHHABL"A ‘gHi/Ag HBJITHdsg HJHirXSM-BK!
—X3M EH3M3h JHHHdBIfBW33H 1’ UQUy
BWgHh —£1 * .. <ZgZy ilgly nBJImEI/’HOM< BJHhH
g tqg %9 uj "\ 2N V. V JHHHHdHg-dng BurMHEHh HAJAX v dodng
* 11 1 13— m '‘(HOBwadoax doiunnyj) Bwadoax -Q2
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"HddAXOH EHWHO
-RdC(lj HBIHHL'HM IMBIN9jj* '3BKS HHMwAW E3S HIHHdgy EQU JHHHL'OX Ag  <fIEMVOX
QHK'.ig HIfHIHI9X BXQJHB HhHHdHg rcEV J ‘KBX I+ MBWap -HITBX3 BVHOBIO
I+uy HBirngy bi'hAh $ bfi/ox Ag ‘HMHBmaEd -Htfsxa Bffnosdo 5 HBirng y
exMh uy bl/heA JHHHI"Ba Am hhm~*j/ -HffBirAg BtrnoBdo uy nemg y ex
-hAh g ‘hmhii'bl'hhox u irBdAxBii HBtTHAmM ‘gnirAg Hi/mnjax bjc~hho HhHHd
-ng bxmAh g HAhA hhbju~a9 etfnoBdo S hbl'hg y bx~"Ah g ‘emwvo hhbx
-MAh g HBIHffBAHXHBiriBOHBM HHIIBHI QJ = g$ Bl/dAn HBOOOB BJ 'h i
Btfirox ft -HiniiHJ9x ejcJjhho hmhihmh bxMAh y ‘MBwa'p' -OBwe hhmwAki Hnu-iirAg
JHHHITOk Ag -HVBMHh EOOirAx HEJ9tf HIOTHJI3X BJ{)HH3 HHHHMIVH EXMAh uy Ed
-Am BJIxdBm EVxkEa A9 WvirAg BtfHosdo vy HBLiig y bi'maii £ ‘gHirHuox hhoo
u iredAxBH hbPhAitt Btfiroft dmb ‘nVmmroirAg niriHHjgx bjcJjhuo HhHHdHg bxViAh
S’ HHH3I/ «HGBIrAg HIfIIIHI9X BJHdtig JHHHtpHHO Ag BXMAh S’ 'HffBirAg HI/niH.i3X
EXCAHHO HhHHMIVH dBL'EX"AH BhdBg HIBtfHDBJO g HEL'Hg £ ‘Bi(J)HH3 HhHHd
-Hg dBirexMAH BhdBg HJIBVHOBdo j HBirng y ‘HMHffEirnuox bx~Ah £ reff
-HAmMm EfEKIDOH gy eVUOX ft 'HIXBLHIBMTBg HxdBm bitbmjih jhhhhobwohdmb
AHHX9Y9'p' BIBWS[J 'HtfEXg BtfHOBAO HABITEX"AH JHHH{QHH3 HhHHMIVH 1'BIf
-Hg y hobx'mAh dug dsk JHHHfiHHO Hhiindug ndsMinex HEtrHAg -nirmHjax bj
-gQHD HhHHMVH B06 ExhAh g IBJJ)HH3 HhHHdAHg 'dBir vy e‘zy ly'y
BtiTOk HHdAoAx ‘HirrmHJaX BJHdHg JHHIdBL(])HHD HHHMVH HH9 HhHHA
-Hg hsbxmAh dng dEk jhhhbk39m gy ‘HMHtfgndAx gHHHdANn HBffmHHHirAp
etfBAHABx Ag <HBUAg nirniHjsx BicjHH3 HhHHVIVH bx~Ah g BdAM BJEBdetJ)
<HDX9 BfH3BdO ~ HBUHg y BxViAh uy WBK EtHBJIL'Ag HBtrHBH dBX V ITEdAX
-BH ‘HVEHWBXHIHM HHABITEXMAH \  HBtfHArH BIG)HH3 HhHHMIVH 'HH3IfAg BtTHD
-Bdo uy HBL'ng y bxmAh x dng dBx ‘HMtfAwaBw hod 1l irBdAiBH HBtfHAmM
HAhA Hdng dBx JKHNndBIirA ‘HVEHWBXHIHM HHHABL'BXiiAn X yvTtuAm jhhhbim
-09M gy Ba hhbxMh y Bi([:nH3 HhHLidiig iMHMBXBdwB bj4'hh:) HWHH BhHJ
-EffHHAM HHHABITBXMAH BhdBg JHHHBW39M gy ‘MHirH3V HVBX9 BVHDBdo ¢
HBirHg y dBiTBx*AH ny ‘ eee ‘zy ay WBk bVhbjhhl"0 HBtfHEK dBk u

HHIK ‘EHMIHBIriOgOH HBI/Hg HI/AcA mHIfHk SBdBcf) HHH3HABM39], 093H
-HITBXO BVH3Bdo

uy HBi/Hg Y bx~Ah ( ‘HMHCBtfimox hod U HBtfHAm ‘BDirAg -m Ba be*
-H3Bdo V HBL'Hg Ty bxmAh Zy °‘B'CHOBdo Zy HBirng Yy bxViAh ly ‘gHHHL'O
dBifBXMAH uy ‘ e e e'zy |ly HhaAdHXHBirxBOHBk HHxdBm eeess zyly = lyy =
— QD B'CdAH QY HBJL"Ag BtEx~An Yy Hh/» «(ekehii -z\) HHoirAg HBJirnd

-99 dBI/BWOOM QJ ‘gY HHAgHXXH ‘(H3EW9do9X QdWnxdy) Bw3do3X -6 |
“hmkAk mBirxogoH

HHBKO9d09X IMHXAW HVIVH HIBtHHAM EVHWEtI'd3 H3BKOH3MB tHHVEIIGJ2
«(BWEHh -] t) HCBI3 BVHOBdo g HBLXI9 N
BX~Ah HB003B BJBW9d09X -g BIWEk HAhA HHBJL'Ag gfHDBdo BILVIAH Y
HBL'Hg y bxmAh n Btfirox ft -(py -gkg ‘ft=ky) HHoirAg HdBifBXMAH 4jhhd
HhHHMMH Ba HhHHdHg BffmHaBd oow dBirBxkAH y*] Ba yy X Og 314
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29-Teopewa. Bnp TyFpn qimf~s nepneHAHKyjiap Syjiran hkkh Typpn
W 3HKt 6np-6npH 6njiaH KecHiuMsHAH.

30-TeopeMa. Typpn qron™ TsmKapncnAa ojiHHraH HV~TaaaH SepnlJiraH
TyFpn tHBH~ 6IW73H KeCHLLIMaHJUiraH KaMHAa 6HTT3 TyFpH qH3HI$ yTaAH.

31- TeopeMa. yqfiypgaK hhkh SypqgaKjiapHHHr hhfhhahch 180° Aan
KaTTa 9Mac.

32-TeopeMa. yqSypgaKHHHr 6npop ygHAan gm”aH Hyp my 6ypgai<
mujxau yTca, 6y Hyp my Sypgsk ”“apmncnAarn tomohhh KecaAn.

33-TeopeMa. YQSypgaKHHHr yqgTa SncceKTpncacH onrra ny”raAa Ke-
enmaah Ba 6y Hyi~ra yg6ypgaKHnnr mkh Hyivracn 6yjiaah.

12- 8. FlapajuiejijiHK ancHOMacH

IOnopHAa aficojnoT reoMeTpusmnHr TeopeMajiapnAarn 30- TeopeMara
straSop ~HJicaK, yiiAa TyFpn 4H3Hk TamKapncHAa cwinnraH Hyi~raAaH 6e-
pHJiraH Typpn gH3H”™ 6hjish KecnmMSHAHraH KaMHAa 6nTTa Typpn gn3HK;-
Hnnr yramn Ta'bKHAJiannfi, 6hdo”~ myHAan Typpn gn3n~HHHr HroHajinrn
jraHAa >jyKM gnifapHJiMaran. ByHAan Typpn hhsh~hhuf HroHajinrn 8kh
arona sSMacjinrn TyppncnAa f~ymnMga TajiafiHHHr ~yHHJinmnra i"apa6 Eb-
kjiha reoMeTpnftCH £kh /l0SsqeECK hh reoMeTpnHcn TyFpncnziarH TaiijiHMOT-
hh Sochji KnjiaMH3. I — IV rpyrina aKCHOMajiapnra cyaHran reoMerpHH
6y hkkh reoMeipHHHHHr YMyMHH khcmhahp. Ebkjiha reoMeTpuficnAa na-
pajuieliJiHK akKCHOMacn ~yfinAarnga H”oAajiaHaAn.

V. TyFpn gn3H" TamKapHCHAarH Hyi~TaAan yth6, sepnjiraH Typpn gn3n”
SnjiaH KecnmManAHran TyFpn gH3n”™ SimaAan opra”™ 3Mac.

By aKcnoMa finjiaH 30- TeopeMann Ha3apAa TyTcaK, ~ynnAarn Teope-
Ma Keliné gm”aAH.

34-TeopeMa. Typpn gn3H”™ Tam”~apncHAarn iiy~‘raAan 6y TyFpn hhshi™ 6h-
jian KecnmMaHAnraH (JjaKST Snrra TyFpn qiBHK, yraAn.

3hah | — V rpynna aKCHOMajiapnra acocjiannS, Ebkjiha reoMeTpna—
chhh (jibHn MaiaaSaa yK,HTHJiaAnraH reoMeTpnaHn) 6aeH i“njinm MyMKHH.
Aiacajian:

35- TeopeMa. yqfiypqaK h'ikh 6ypgaKJiapHHHr hhfhhahch 180° ra Teur
(31- TeopeMa 6hji3h Tai™~ocJiahr).

38-TeopeMa. yqSypgaKHHHr T3miyi Sypqgarn y3nra i~ymHH fiyjiMaran
ngKH 6ypqgaKJiapHHHr HHFHHANncnra Teur (24- TeopeMa Shjmh Taioc-
jiaur).

37-TeopeMa. Bnp Typpn gH3H~Aa eTMaraH yqTa Hyi~raAaH (Jia~aT 6ht-
Ta anjiaHa Vvtsah.

38-TeopeMa. Afijianara imkh qgn3HJiraH MyHT333M o0jiTH6ypgaK tomohh
my aftjiaH3 paAnycnra TeHr.

Ba ~0K330.
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Il BOB. JIOEAHEBCKHH TEOMETPHfICH 3J1EMEHTJ1APH

By 6o06fla 6h3 JloSageBCKHH reoMeTpHHCHHImr 6aTac)CHJi SaeHHra Tyx-
TaJiMacjiaH, daT>3H acocnft cfiaKTjiapn 6\\mn TaHHinaMH3. By (J)aKTJiapHH
ypraHHtuAa reoMexpHHHH aKCHOMaTHK pa3HinAa 6aeH srauiAarH i”aSyji Kfl-
jiHHraH acocHH i“oHAaHH na3apAa TyTnmnMH3 KepaK.

13-8. JloSaneaCKHii aKCwaviacH ua yHAaH Kejin5 HH"aflnraH
AaCTjiaSKH xyjiocajiap

Jlo6aiieBCKHO reoMeTpnHCHHHHr aKCHOMaTHKacH a6co;iioT reoMeTpnn
aKcnoMajiapH ~aTopnra JloSageBCKHfi aKCHOMacmiH  i“ynjHm 6njiaH ~ochji
i"HJiHHaAH. JXeviaK, JlodageBCKnn reoMeTpuncHAa aScoJdiioT reoMexpHHHHHr
6apga TatpHcj) Ba TeopeMaiiapn y3 Kygnnn caimanah.

V.'Jlo6adebckhii aKcnoMacH. TeKncjinKAa Typpn gn3n® Tam-
KapHCHAa OJiHHraH Hy~TaAan 6y Typpn ra3Hf* SnjiaH KecnuiMag&AHraH Ka-
MHAa HKKHTa Typpn yraA”.

LUvhh TatkKHAJiaS yT2MBKH, Typpn mi3HMAa eTManAiiran Hyi®aAaH
yHHHr 6iuau KeciiujMaHAHrah  TyFpH qii3H™ yTHuj*nrHHH TacAHiyJi oBgn
(J3aKT aSccvrioT reoweTpiiHra Taajuiy™inAHp (il 606, 30-TeopeMa), 6y TyF-
pH gH3HAHHHr HroHa”nniHH napajuiejiJiHK ai<cnoMacH TacAHAJiaftAH. Jlo6a-
0eBCKHH aKcnoMacn sea SyHAati TyFpH qW3H "HHHr KaMHAa HKKHTajihphhh
TacAHINiaflAH.

1- 'reopeMa. JloSageECKHH TeKncjinrnAa Typpn gnsnKAa eTMafiAHraH
nyi“TaAaH 6y Typpn gn3H” 6njian KecnmManAnraH qeKCH3 Kyn Typpn o+
3HK; yT3AH.

H c6 o t. JloSageBCKHH aKcnoMacnra acocaH A ny~TaAaH a TyFpH on—
3HIN Snjian (14- MH3VR) KecHLUManAHraH b Ba ¢ Typpn qn3HtyiapH yTCHH.
¢ Typpn gniHK.Aa aiynAan C Hyi*Tann ojiaMH3i<H 6y Hyi"Ta Ba a Typpn
gMHK, b Typpn MH3HK SanaH aHHK”anaAnraH rypjiii apnM TeKHCJiHKJiapra
Ternui™H 6yjicnH. a Typpn gromyia nxTnepnii D Hy”~aHH o,ih6, CD Typ-
PH gH3HN\HH yTKa3caK, 6y TyFpn hhsh™ b 6mm 6npop B Hyi“raAa Kecn-
inaAH, B ny~ra C 6hji3h D opacnAa eTaAH. BC KecMaHHHr HXTnepnn
E Hyi"TacHHH"0jih6, AE Typpn gH3H"HH yTKa3caK, 6y TyFpH gn3H" a 6n-
jiaH KecnuiMaHAH. J*a™HiNaTaH ~aM, AE 6njiaH a TyFpH gH3H" finpop Hyi™
TaAa KecnmaAH Ae6 (Papa3 ~hjiho, DEf ygSypgaK Ba b TyFpH gn3HKi®a
HncoaTaH riaui aKCHOMacnun “yjuiaeax, a 6iuian b KecnuiaAH, AeraH xy—
jiocara KejiaMH3. By aca mapTra 3HA—

ZleMaK, BC KecMa Hy”ia”apH neii-

CH3 Kyn SyjiraHn ygyH AE ra yx-
maiu geKCH3 Kyn TyFpn HH3HK/lap A
Hy~"TaAaH ym6, a SnjiaH Kecniii-
MaHAH.

BemHHgn nocTyjiaTHHHr  6apqga
3KBHBajieHT/iapn >aw JloQageBCKnn
reoMeTpuHCHAa y3 KygnHH ny”oTaAH,

JKyM—oahaH, yqSypgaK ngKH SypgaK-— 14-
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jiapHHHr  fiHFHHAHCIi SHAH 180° ra
Tear smsc. JleKHH 11-§ AarH 31-
TeopeMaHH Hasapaa TyTcaK, MaHTH—
KaH ffyHHAara HaTH>Ka KejinS gHKa-
AH.

2- TeopeMa. JloSageBCKHH TeKHC-

mmjia ygSypgaK h”kh SypgaKJiapH-
HHHr HHFHHAHCH 180° A3H KHgHK
15- TO3va 3—-TeopeMa. Arap yq6ypgaK hhkb
dypgaK/iapHHHHr hhfhhahch 180° AaH
KHgHK 6y;ica, Jlo6ageBCKHH aKcnoMacH vpHHJIH SyJiaAH.

Mc6ot. AB KecMaHHiir ygjiapHflaH my KecMara nepneHAHKyjiap 6yjy
rau a, b Tyrpn gH3HiyiapHH yTK333MHB. A 6cojiiot reoMeTpi-iHAaH Mai.avM-
kh, a, b Typpn gH3Hiyiap KecnuiMaHAH (15-gnsMa). B Hyi*raAaH vVtii6,
b AaH (JjapiyiH a 6iuian KecHiIHM3HAH3H hH3 6HTTa TyFpH qH3HKHHHr
M3B>KyAJiHrHHH Hc6o0TJiacaK, Ma”caAra apHmran OyviaMHa. a TyFpn gmmyv
Aa HXTnepHH D ny~TanH om5, BD HypHH yreascaK, Z. ADB = p 6yp-
gaK x.ocHJi KH™HiiaAH, cyHrpa my CypgakHH B Hy~raAan 6om/ia6, 6np
tomohh BD HypAaH nSopaT Kjvm6 KyflIMH3 (ABD 6ypgai<Aan lam”apura),
6y 6ypgaKHHHr HKKHHgn tomohh BC Hyp 6y/iCHH. liiapTia Kypa, ABD
yqgypgaK ngKH SypgaKjiapHHHHr hhfhhahch 180° ash KHgHK 6yjiraHH yqyH,
jibHH 90° + p+ Z. ABDC 180° eKHp + Z. ABD < 90°, 6yHA3H /LABCC
<90°. By Bai“TAa BC TyFpH quani® a 6man KecHUiMaftAH. AKCHHga BC
TyFpn gH3H”™ 6HJiaH a 6npop E ny~raAa KecnmaAH AeS <|)apa3 iyl.ricaK,
DBE yqgSypgan %ocm 6ym6, Z.ADB 6y yqfiypgaK yqgyH ram”~H 6yp-
gaKAHp. y “ojiAa ADB = /LDBE = p 6y~raHH yqyH, 6y mapT I1-8§
AarH 24- TeopeMara 3HAJIHK i"HjiaAH. ZleMaK, BC SiuiaH a KecHuiMafiAH.
ym6éy xyjiocara Ke;iAHK: JloSageBCKHH aKcnoMacH «yq6ypgaK HgKH 6yp-
gakKJiapnHHHr hhfhhahch 180° AaH KHgHK» AeraH (J)apa3ra SKBHBajieHT.

ABC yqgypgaK hhkh SypgaKjiapHHHHr hhfhhahchhh S”abc 6hji3h 6eji-
rHJiacaK, 180° — SAABC afmpwa MycCaTAHp, yHH ABC yqSypgaKHHHr
my”~coHu (Ae<)eKTH) /ie6 arajiam Ba &RABC 6n;iaH 6eJirHJianaziH.

4 -TeopeMa. y~SypgaKHHiir Hy~coim 3AAHthbjihk xoccacnra gyftcyHa-
AH, HbHH (16- gii3Ma) &AABC = 6”abd + ~ABDC-

Hc 6 OT. £aABC— 180 S&ABC = ~ AABDC 180) =

= (180 S&ABd) "N &BDc)= ABD-"~  BDC'

5-TeopeMa. Jlo6ageBCKHi'i TeKHCJiHTHAa yq6ypgaK HgKH SypgaKjiapHHHHr
fiHFHHAHCH TypjiH yg6ypgaMap ygyH Typjinga i“HiiMarra ara, hthh y3ra-
pyBHii MHKAopAHp.

Hc6ot. C>apa3 "H"afijiHK, 6apqa
ygéypgaKJdiap mKU SypgaKjiapHHHHr
fiHFHHAHCH y3rapM3C v GyJICHH. (PaB-
maHKH, v < 180°.) ABC yg6ypgaK-
Himr (16-gH3Ma) B ygnA3H ~TyBqgn,
AC tomohhhh D ny~"TaAa KecyBgn

Q BD nyp yTKa3caK, $apa3ra acocaH,

5A4BC - 5AABD = 5abdc “ V 6ylJiH6
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5aabd + 5Abdc = ~&bc + 180°- » eMaK>V + V =*Y + 180°eKH 7= 180°.
By aca K>”opn/iarH TeopeMara 3HA.

X,ap “NaHflaft TypiSypgaKHH HKKHTa yg6ypg3KKa axpamui MyMKHH
fiyjiraHH ygyn ~yfiHAsra hkkh hsthjkshh ™2apaMH3.

1. JloSageBCKHH TeKHCJiHrafla xap KaiWH TypTSypgaK m m 6ypgaK-
jiapHHHHr hhfhhahch 360° AaH kothk 6yjih6, 6y coh “ap xhji TypiQyp-
gaKJiap ygyH xap xhjiahp.

2. JlodageBCKHft TeKncjinrnAa 6ypqai( KaTT3jihkjisph 6hji3h gnsniyiH
KaTiaJiHKJiap opacnAa Sofjishhui MSBJKya {6ym Keiinnpo™ Kyp3MH3).

14- §. JloSageBCKHH TeKncjjHrHAarH napajuieji Tyrpn gH3HKJiap

JloSageBCKHft reoMeTpnncnHHHr Ebkjiha reoweipHHCHAan HHa 6np aco-
cnn (Pap™H TeKHCJiHKAarn TVFpn gn3HK apiiHHP >KOHJiaHhmnAa 103 6epa-
AnraH finrH x,ojuiapAan udopaT. Ebkjiha reoMCTpHHCHAa 6np TeKHCJiHKAa-
ph yMyMHft Hy~Tara ars SyjiMaraH Typpn qH3Hiylap napajuieji AeftnJiaAn;
Jlo6agescKHH TeKHCJinrHAa acs napajuieji Typpn gH3Hi™JiapHH fioini*aga Ta-b-
pntjuiamra TyFpH KeJiaAH. 13-§ Aarn 1-TeopeMara acocan a TyFpH gnsn”-
Aa eTMafiAHraH A Hyi“raAaH a 6hji3h KecHiuMaSAHraH geKCH3 Kyn TyFpH
gn3n” vyi-aAn. fleMaK, MapiO3H A ny~TaAa dyjiraH TyFpH qgn3Hfyiap Aac-
Tacn hkkh cnncjjra a*padiaAH. BnpniMH CHH(])ra AacTaHHHP a Typpn gn3ni®
findiaH KecnujaAnraH 6apqa Typpn gn3HiyiapHHH, HKKHHgn CHHt“ra aca Aac-
TaHHHr KOJiran x,aMMa Tyrpn gn3myiapHHn KnpHT3MH3. (PaBmaHKn, hk-
i<qJia CHHJAa ~aM geKCH3 Kyn Typpn gn3H/NJiap m3b>kva.) A Hyi“raAaH
a Typpn gn3HKKa AP nepneHAHKyjwp TyiimpaftjinK (17-qH3Ma) xaMAa a
TyppH gH3HI"A3 HynsjinmHH 3lihk,ji36 ojianjiHK. AP, AN Typpn qgn3Hiyiap
6npHHgH GHHcjjrs TerninJiHAHp. ZL PAN = aN 6yjiCHH, psbihshkh aN<
< 90°. N Hyi"Ta a Typpn gn3HK 6ynjia6 anHK/ianran SyHSJiHiiiAa xapa-
K3TJ13HHO Sopca, AN Typpn gH3H® aohmo SnpHHgn CHHiJjra TernuiJTH 6y-

paBep3An, JieKHH aohmo 90° AaH KHgnKJinrnga i~oji3ah. IUyHaan « v 6yp-
gaKJiap TynjiaMHHH to Ae6 gedirnJiafijiHK; y gerapsjiaHraH qgeKcns TynjiSM
SyjiraHJiHrn ca6a6jin, anti® lo~opn a0 gerapara araAnp. Ygn A nyiga-
Aa,6np tomohh AP HypA3H iiSopaT a0 SypgaKHHHr nKKnHgn tomohh
AD HypHH xochji i"HJiaAH. AD Typpn mh3hk i“yHHAarn xoccaldiapra
ars:

1°. TyFpn gH3HI™ a 6hji3h KecnniMafiAH. ~a”~n”~aTan X3M yjiapHH 6h—
pop K ny”raAa KecnniaAn &e6 (])apa3 iguicaK, a TyppH gH3ni"Aa K iiyi"T3AaH
yHP TOMOHAa yHAaH fjiapVin K* Hyi~Tann ojih6, AK' Typpn gn3Hi\HH yTK33—
C3K, AK Typpn gnsm SnpHHgH dhid)—
rs TerHUiJiH 6yjin6, Z. PAK 5aM ®
ra TerauiJiH SyJiaAH, JieKHH Z. PAK
> a 0. ByHHHr 6yjinmn mymkhh
aMac, gqyHKH a0 6ypqaK to hhht 3hh»

roi”cpH gerapacn.
2°. A Hy~T3A3H yTHS, PA 6nJiaH

a0 Aan KngnK 6ypgaK “ochji KHJiraH
Jjap “~aH™an xyppn gnsn”™ a SnliaH 17- nr8m
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KecHiuaaii, gyHKH 6y Bai"TAa y TyFpn 'IH3HK, Siipm™ cnir~*ra Ternm/m
6yjiajm-

JloSageBCKHH ro”opHAarii hkkh xoccara ara 6yjiraH myHAafi AD TyF-
pH 4H3HKHH ci Typpii gn3H K,a 6epnJiraH flyna.iHmAa napa.iAeji Ae6 aTaii-
ah. JleMaK, JloSageBCKHH reoMeTpnncHAa riapaluieji TyFpH gn3ni<jiap Ty-
mynqacH 6ouaaqga Ta-bpHfiwanaAn: GepHJiran ny”~raAaH fiepnjiran Tyrpn qgn-
3W~3 ponna-poca iiKKma napa.idieJi TyFpn hh3H” yTaziH, oyjiapAaH 6npn
a 6man 6np xhji HVHajinmAa, hkkhhmhch aca KapaMa-i“apum ftynajiHm-
AaAnp. Ebkjiha reoMeTpnacHAarH Ka6n napajue.i TyFpn gn3Hiyi3pHH // 6n-
ji3H 6eJdirH.JiaHMH3.

Xyjioca k,hjih6 aimim KepaKKn, Jlo6ageBCKnn TeKHCJwrnAarn a TyFpn
gromyia eTMaraH A HyKjaAaH yTraH 6apga Typpn gramyiap hkkh cnH:;j>
ra a>KpajiH6, fwpmrai cnntra a 6man KecHiuaAHraHJiapn, HKKHHgn cnnrti-
ra aca a 6nJiaH KecnmMaHAnraHJispH KupaAn; 6y HKKHHgn cHH()ra i<a-
panuin Typpn qii3Hiyiap y30"JiamyBgn AefiHJiaAH. By hkkh chhc)) Typ-
pn ‘'iH3iii<AapHHH a>Kpara6 TypyBgH AD, AD' TyFpn gH3HKnapHH a ra
napajmeji AeS aTaHMH3. a0 — napaJureJiJiHK Sypgarn, AP — my oypgaKKa
moc napajuiejidiiiK KecMacn AeS arajisAn.

3hah nspsjuieji Typpn giuHiyispmiHr 631311 xocca.napura TyxiaS yTaii-

poJib yfiHaraH 3ah, xo3np 6y Hyi“Ta ypnura AD .Typpn gnsniyiarH Soni-
as Hyi~Tann ojicaK ”“aM napajidiejuiiiK TaT>pnc))Hra xajiaji eTMacjiHrnHn Kyp-
C3T3MH3.

6— TeopeMa. Arap A ny”rara HHceaTaH AD \\PN 6yjica, y ”"ojiAa

AD Typpn gn3WAHHHr HXTnepiin C nyivracn yqyn ~aM AD \\PN 6yjiaAn.
Hc60t. ABBalio myHH TatkKHAJiaHMiiakH, AD | PN 6yjiraHH yqyn
AD 6n/iaH PN KecnmManAn (18-gH3Ma). Hkkh j~ojihh TeKmnpaMH3:
1-~o0ji. C HyirTa AD Hypra Ternmjin 6yjiciiH. PN TyFpn qn3Hi"HHHr
HXTHepHii S ityKtacHHH ojih6, 5/1 Ba SC TyFpn graniyiapHH yTKa33MH3,
cynrpa Z. SCD hhht ngnAan CE nypHH yTKa33MH3. CE s6iwaH PN TyF-
pH gn3HiyiapHHHr KecHmHrnJinriiHu KypcaT3MH3. CE HypAa HXTnepnH E
Hyi~Tann ojiafljiHK, arap E ny~Ta PN ra Ternmjin 6yjica, Skh E Hyi-ga
SN Tyrpn gnsm”~a hhc63T3h C 6HJian xap xhji TOMOHAa >KonjiaHH6 i”oji-
ca TeopeMa hcoot araliraH SyjiaAn. E HyKja C iiy~Ta 6nJian 6npra SN
TyFpn gqn3HKHHHr 6np TOMOiiHAa eTCHH. y ~o/iAa AE Hyp PN finnan
Cupop F nyirTaAa KecnmaAn (gyHKH A D \\PN). S\F yqgypgaK ea CE
TyFpn gH3HI® ygyH nam aKCHOMacHHii iaré6n”~ KH.icak, CE tvfph qgH3in®
5A 8kh SF KecMajiapAaH 6hphhh Kecnmn KepaK, jieKHii SA hh icecMan-
AH, qyHKH, y KecMa ZL DCS HHHr
Tami”apncHAa, CE Hyp aca 6ypgaK-
hhht ngnAa, AeMaK CE Hyp SF hh
KecaAH Ba AD 11 PN.

2- x Oji.

rnmjin 6y;iMacAaH, yniiHr TyjiAn-
pyBgncnra Ternmjin GyJdicmi, fltnn A
Hy~Ta C 6n”aH D hiiht opacHAa er-
cnii. P, C,A nyivrajiapAan PCA yg-
6ypgaKHii xochji Kiuia\!H3 (19-qn3Ma).
18- yHBvla Z1 PCA iiniir ngiiAaH yTraH CE hx-
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19- MBva 20— tH3va

xnepHH HypHH PN 6maH KeciiuuimjiiirHHH ncSoT.iacaK, Mat”caAra apnuiraH
6yjiaMH3. CE HHHr TyjiAHpyBgqHCHAa Cupop T HyKjaHH om6, TA TyFpH
™3HKHH yTK33caK, y A PAD HHHr H"HiiaH yia.uii Ba AD | |[PN SyjiraHH
ygyH PN 6mm Cupop S Hyi*Ta/ia KecnmaAH. Y xoji/lia PAS yqg6ypgaK Ba
CE Typpn mh3hi® yqyn riaui aKCHOMacnflaH CE Hyp PS 6man Kecnma-
AH AeraH HaTHwara KB6JI3MH3. napajuieji Typpn qii3Hiyiap xaiyiAa rann-
pndiraHAa yjiapHHHr k~"hch HyKTacnra HncdaiaH napajuieJuiHra TatKHAJiaH-
M3HAH.

7- TeopeMa. AD 1PN =» PN 11 AD.

Hc6o0t. AD Typpn gH3HiyiHHr nxTnepnn A Hyi"TacHAaH PN ra AP
nepneiiAHKYyjiflp  TyuiHpaMH3 (20-gn3Ma). mapTra Kypa PN 6man AD
TyrpH MH3H\Jiap KeCHHIMaHAH. A APN HHHr HHHA3SH yTraH HXTHepHH PE
HypHKHr ADpn 6maH KecHUiauiHHH KypcarcaK khc|>03. ByHHHr yqyH PE
Typpn gH3HIMHHHr PN 6man “ochji ~iidiran p 6ypgaK a0 AaH (napaji.ieji-
jihk SypgarnAaH) kiwhk 6yjiran ~ojihh KypcaTcaK SylJiaAH. AE _L PE iih
yTKa3iiQ, /LPAE = y AecaK, APE ydfiypgan HgKii 6ypgaKJiapHHHHr hh-
fhhahch 180° AaH khwk Syjirann ygyn Yy -j- 90° — p -f- 90° <C 180° £kh
y <T S SyJiaAH. AE <CAD SyjiraiiH ygyH (rnnoTeHysa KaTeTAaH Kana)
AP ra A AaH SouuiaS AE KecMann yjiga6 k$hh5 (AE — AF), F nyi"Ta-
HH TON3MH3. AP J FC HH yTKa3H6, FC HypHH ~OCHJl KHiJiaMH3. PN J. AP,
AP _LFC SyjiratiH ygyH PN 6maa FC KecHUiMafiAH, A DAE hhht
ngnra y m i"yHMH3, yHHHr 6np tomohh AB Hyp PN SnjiaH T nyKjaAa
KecHuiaAH (gyHKH AB Hyp napajuiejuiHK fiypgarn ngiiAaH yTaAn). naui
aKcnoMacHra acocaH FC TyFpH groni® AT SnJiaH 6npop G HyKTaAa Ke-
CHuiaAH. AD HHHr ycTHra AG = AG' hh Ayftiio, G' Hyi“raHH “ochji kh-
laviH3. y JplJiAa AG' = AG, AE s= AF Ba A FAB = A EAG' Syjirami
ygyH A AEG' == A AFG, SyiiAaH A AEG' = A AFG = S0°. JieKHH
AE j_ PE oyjiraiw ygyH EG' KecMa PE Hypra Terauildiii, AeMaK PE
nyp AD hh G' Hyi“raAa KecaAH.

KyHHAarn TeopeMajiapHn HDiopHAarH Kaén ncooTJiam mymkhh.

8- reopeMa. Hkkh Typpn gn3HKHHHr ~ap finpn MatJiyM HyHajiHiiiAarH
6HTTa TyFpH gH3in~a napajuieji 6yjica, yjiap “aM my fiyHajiiiuiAa ysapo
napajuieji SyjiaAH.

9- TeopeMa. Hkkh napaji.ae.ji TyFpH gn3HiyiaH CiipHAarn nyi“raAaH hk-
KHUMHCHraga SyjiraH Macocjia napajuiejuiHK iiynajiHmH tomoh eiap.nnga
KiigHKJiamH6 SopaAH, napajuiejuiHK flyHajrnrnlira TecKapn TOMOHAa aca 6y
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Maco(])a eTap/ima KaTTajianiHS 6opaah (hthh napajmeji Typpn liH3H iap
napajidiedi.raK fiyHajiHmn tomoh SHp-OHpnra acHMNTOTHK HKnHJjaaiH6 Sopaflw).

10-TeopeMa. )Map “anAafi yTKHp Syp'iaKHHHr 6np Bai*TAa 6np tomo-
HHra nepneHAHKyjisp 6ym6, kkkhh~h TOMOHra napajuieji Typpn
MaB"yfl,.

By TeopeMa 6omKaga i~*yHHAanm H"oAaliaHaAn:

Xap ”~aHAafi yranp Syp”~aK napajijieJMHK Syp”arH 6yjia ojiaAH.

15-8. y30iMjiauiyBHH Tyrpn MHBHKjiap

11- TeopeMa. BnTTa Typpn 4H3HKKa nepneHAHKyjiap SyjiraH hkkh
TyFpn 4H3HK; y307JiauiyBHHAHp.

Hc6ot. a Typpn mh3hk; b, ¢ TyFpH «iH3Hiyiapra nepneHAHKYyjiap 6yji-
chh. 11- 8 aarn 29-TeopeMara acccaH b 6man c¢ KecnuiMaHAH (21-HH3-
Ma). JloSageBCKHH MatKOCHAa b 6man c¢ napajuieji aMac, qyHKH 6y ~oji-
Aa napajuiediJinK fiypgarn a0 = 90° dyjraAH. ZleMaK, b Ba ¢ Typpn mh
3n~ap fiKHH.aauiyBgH ~aM 3Mac, napajmeji ~aw awac.

IUyHra yxmam “ynnAarn TeopeMa >{@M ypnHJiHAHp.

12-TeopeMa. Hkkh Typpn 'Jron” 6njiaH ygnmn Typpn gH3Hi* Kecnmné,
Nochji i-*nf/iHHran moc 6ypnaK,nap ienr 6ynca, 6y Typpn 4H3Hiyiap y30iyia-
rnyBHH 6yjiaAH.

XyMac, Ebkjiha MatHocnAarn napajuieji Typpn HH3Hiyiap JloSaqgeBc-
khh Ma-bHOCHAa y30”JiamyBHHAHp.

13-TeopeMa. y30"JiamyB>ra hkkh TyFpn hh3h" arona yMyMHH riep-
neHAHKYyjiapra ara 6yjin6, 6y nepneHAHKyjiHpHHHr hkkh TOMOHHAa yjiap
6np-6npHAaH eTapjima y30iyiamaAH.

Hc 60t. Hkkh y30iyiamyBHH Typpn ¢gn3Hi® hkkht3 yMyMHH nepneH-
AHKyAapra ara SyjioliMafiAH, aKc “olJiAa J*aMMa Syp”~aKliapn 90° AaH n6o-

paT Typpn Typ-rSypgaK ”ochji “hjih-

n Hap 3ah, 6y aca 13-§ Aarn 5- Teo-

——————————— peMaAaH qn”~aH 1- HaraJKara 3HAAHp.

3hah yMyMnn nepneHAHKyjmpHHHr

MaB*yAJiHrHHH HcdoTJianMH3. a Ba b

TyFpH HH3HKJiap y30iyiamyBTO 6y;i-

cnH (22- TO3Ma). a hhhp HxraepHH C
C HyK,TacHHH 0jihS, yHAaH b ra na-

paji;ien CD Ba CE Typpn momyiap-
21— tiHeva hh yTKa33MH3. ZL ACD Ba Z. FCE

o'
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jiapHH TeKiuHpafijiHK. Byjia'pAan 6h- @
pn, MacajiaH, Z. ACD yTKHp 6yjm®6,
hkkhhmhch, yTKiip, TyppH Ba yTMac
6yjiHixiH MyMKHH (gH3MaAa HKKajia
6ypgaK vtkhp 6yjiraH ~oji KypcaTHJi-
raH). By sa”T/ia 14-§ aarn 10-Teo-
peMara acocaH Z. ACD hhht CA to-
MOHHra nepneHAHKYyjinp Ba CD to-
MOHHra napajuieji AA" Typpn qi)3Hiy 23- mi3Ma
MaB>KyAflnp- y yfidijia CD\\b 6yji-
raHii yqyH 8. TeopeMara acocan AA' Ji). UJyuHHr CHHrapn b hhht 6om-
i“Ya HyHajiHiiiHfla yura napajijieji 6yjiraH FF' hh ToiiaMH3. AF Kec-
MaHHHr ypTa ny*Tacn 0 nan b ra nepneHAHKyjmp 00' hh yTKa33MH3.
3hah 00' hhht a, b ra yMyMHH nepneHAHKYyjiapjiHrHHH Hc6oTJianMH3.
ByHHHr ygyH 0 Hy~Ta”an b HHHr hkkh HyHaJiHinnra napa”jiejr i”hjihS
OM Ilb, ON\\b TyrpH gmn~JiapHH yTK33aMH3; A0 = OF SyjiraHn yqyH
(8 TeopeMara acocaH) Z. M OA~ /_NOF, /LMOO' Ba /LNOO' 6yp-
gaKJiap j"aM napajuiejuiHK KecMacn 00" ra moc KejiranH ygyH: Z_ /W OO'=
zs=/-NOO'. AeMaK, 00' RecMa a, b ra yMyMHH nepnenAHKYyjinp SKaH.

3hah TeopeMaHHHr HKKHHgn i“hcmhhh Hc6oTJiaHJiiiK, ht>hh y30iyiamyB-
gn hkkh Typpn gnsniyHHHr yMyMnft nepneHAHKyjiapAaH HKKaJia TOMOHra
i~apaS 6iip-6HpHAaH eiap/mqa y30KJiaLunuiHHH KypcaTannHK. b Typpn qii3H"-
Aarn M HyK/ra O' HyK/raAaa my TyppH gnsHK; 6yHJia6 watJiyM nyhajinmAa
eTap'jnga yso™Jiamci-m  (23- gn3Ma). M AaH a Typpn gH3H”a nepneH-
AHKy”ap Tymnpn6, yHHHr a 6man KecnmraH Hy~Tacnun N 6mau 6ejirn-
jilamm. 0 nyi“TaAaH b Typpn gn3H~Aarn O' Hy~TaAaH M ra i%apa6 fly-
HajinmnAa OA napajuieji Tyrpn gH3HHH yTKasaftjiHK. PaBmaHKH, A O'OA=
= 90° SyjiranH yqgyn OA Hyp a Sn”aH b opacnAa TyjiH” >KonJiamaAH Ba
MN KecMa 6nJiaH Supop Q Hy~TaAa KecHmaAn. Q Hy~Ta M 6us\au N
opacnAa eTraHH ygyH MN > QN (*). M Hyivra b 6yma6 xapaKaT.ian-
raHAa Q Hyivra OA Hyp 6ynnga ~apaKaTJiaHaAn. N Hy~xa “~a\i /-AON
yTKHp SypgakKHHHr 6np TOMOHiiAa 0 ash eTapjinga y30iyiamraHAa QN
KecMa ~aM eTapjmga Kara”amaAn, y xojiAa (*) ra acocan MN xaM qgeK-
cn3 KaTTajiamaAH.

00" yMyMnn nepneHAHKYyjinpHHHr ~ap hkkh TOMOHHAa a, b Tyrpn
gromyiap Gup SnpnAaH yso™NJiamnS KeTaAn.

P ‘0 "N $

16-§. JToSaneBCKHH ~yHKuHscn

riapa™JiejuiHK 6ypqara finjian napajMejuiHK KecMacHHH 60F./ioBgn Myno-
cabaiHH Mytjjaccajipo™ TeKmnpanjiHK.

14- TeopeMa. rigpa.a.nedi.nHK Kecwacn napajuiejuiHK SypgarHHH Sup khh-
MBTIIH  aHHJiaHAH.

Mc6ot. A' Ba B’ Hyi~TaJiap a Ba b Typpn gH3HiyiapAan 6np xhji Maco-
$aAa eTCHH (24-gH3Ma), ht>hh AA' = BB' (AA’ La, BB' = b). Bnp xn«i
flyHa*nmAa A' Hyi"TaAan a ra napaji®eji i~hjihé a!, B' Hyi"TaAaH b ra na-
pajuien kuj\u6 b' Typpn gmHiyiapHH yTKasafljinK, y Bai“TAa Z. AA'A' = a,
/L BB' B" = (3 6ypgaKjiap napajidieji.inK SypgaKJiapn SyjiaAH. a =p 3Ka-
hhhh KypcaTcaic, MaicaAra spumraii fiyjiaMiu. Oapa3 iHJiaHJIHK, a ~ P,
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24— gn3va 5 VMH3va

fHHrporn a <Cp SyjiciiH. Y “cuiAa Z_ BB'B" = a “yficaK, a <Cp SyjiraHH
ygyH jB'BwW nyp b TyFpn mhshkhh 6npop M HyirTafla KecaAH. A AaH 6om-
TaHii xochji KHJicakk ABB' M = AA' AN (hkkh Kaiera dyftnga), y "ojiAa
Z AA'N= Z.BB'M = a 6ym6, A'N Hyp a° 6mm ycTMa- ycT TyniH-
ixih KepaK, jieKHH a' | a, AeMaK, yjiap KeciimMafiAH, m h a = p. LLIyH
Aan khjiné, Teur KecMajiapra moc KejiraH napalidiediJiHK SypgaKjiapn 3%M
TeHr.

15- TeopeMa. napaldiJieJiJiHK KecMacn ornraH capn napaJdidieJiJiHK fiypgarn
KaMan 6opanH: KaTTa KecMara khhhk napaliJieJiJiHK Sypgarn Typpn KenajXH.

Hc6ot. a TyFpn gnanHHHr 6hp TOMOHnAarn A', A" Hyr~rajiapAaH (25-
"H3Ma) a' I a, a | a Typpn gn3Hiyiap yTraH SyjicnH. AA' —p, AA" —
= p' napajijiejwm KecMajiapn 6ym6, p’ > p 6yjicnH, 6y Bai"TAa Ternm.™
napaldiJiediJiHK 6ypgaKJiapn yqyH a > p TeHrcH3JiHKHHHr ypHHJIH SyjinmiiHH
nc6oT/iafiMH3. a' 6ypgaK a Hnnr iyuiHH Sypgarn Syjicnn, ht>hh a + a' =
= 180° (*), aMMO a’' | a, my ca6a6flaH a' + 3< 180° 6y hkkh TeHr-
jiHKAan a > p. ByHAaft CoFJiaHHuiHH JloSageBCKHn a — Il (p) CHMBOnNN 6h-
JI3H 6eJirHJ73HAN. 11 (p) — Jlo6meecKUU (pyHKi”~uncu jxe6 lopnTHJiaAn. By
4>yHKUHH  JloSshceckhh  reoMeTpiifICHAa scocnn  pojib yimaHAH, inyi-niHr
ygyH 6h3 6y (flyhkuhhhhht Sawn coAAa xoccajiapn 6nJiaH ~nc~sga TaHH-
maMH3.

1. <7l06ageBCKHN  (fiyHKHHHCHHHHr aim”mui co”acn 0 < p < 00, i*hh-
MaTJiapn co™acH sea 0 < a < 90°.

2. a = 1l (p) @E@yHKunH mohojoh KaMsioBgnJiap.

3. a = Il (p) <|HKUHA y3*yKCHS3.

4. JloSageBCKHH cbyHKUHHCH 3JieMeHTap cjjyHKHnnjiap op™a.in KynHAarm—
ga H7ofladiaHaAn: 77 (p) =2 arc tge k (**) (6yHAa e — HaTypaji Jiora-
pHM”ap acocH, p — napa.n”eji*HK KecMacn, k — aohmhh coh 6ym6, ymi
MatJdiyM ca6a6jrapra Kypa JloCageBCKHfi ~socnHHur srpnJiHK pa/mycH ”~e6
aiajiafin). IllyHncn An”aTra ca30BOpKH, p->0 ~a Il (p) —a -+90° 6y-
jiafln, SyHflaH ~ynnflarH xyjiocaHH gni“apHm MyMKHH: Jlo6ageBCKHH tckhc-
jinrnHHHr eTap/inga KngnK ~HCMHAa Ebkjiha reoMeTpnacnHHUr f*OHAa-i"o-
HVHJiapH ypHHITHAHp.
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26- MHBVB 27- HBMVa

Jlo6agqeBCKHH TeKHCJinrnAarn Typpn gH3HiyiapHH wonjiauiHmnAa 103 6e—
paAHraH 6np “ojihh Ky3AaH KegnpanjiHK. \%

16-Teopema. yqfiypgaKHHHr ygajia TOMOHJiapn ypTa.iapnAaH qn”~apnJiraH
y~"Ta nepneHAHKynap e 6np Hy~Ta”a KecHiua/iH, £kh yqajiacn y30K;jia-
uiyngH, m i yqadiacn xaM onp nyHajiHuiAa napajuieji SyjiaAn.

HcSot. 1-xoa. ABC ydfiypgakHHHr AC, CB TOMOHJiapn ypTajiapura
yTKasnJiran nepneHAHKYyjiap EE', FF' 6yjin5 (26-qn3Ma), yjiap 0 Hy~Ta™a
KecHiuajiH aeHJIHK. 0 Hyi~ra yqSypgaKHHHr ygajia ygw™aH 6apo6ap ysoK,-
jinkAa eTrann ygyH, y AB hhht ypTa nepneHAHKyjiapn DD' aa xaM cthuih
KepaK, AeMaK, ypTa nepneHAHKyjiapAaH hkkht3ch Kecnmca, yqptgHCn x™m
my ny~TaAaH yTaAH.

2.\oa. DD',EE"' ypTa nepneHAHKyjiapjiap y30K«iamyBgn 6yjicnH (27-
gn3Ma). y ~ojiAa FF' hhhp xaM DD ~aM EE"' Qiuian y30fyiamyBgaHJinrnHH
HCOOTJiaHMH3. 15- § AarH 13-reopeMara acocaH DD’', EE' y30K/iamyBMH
6y~raHH yqyH yjiap aroHa yMyMHH nepneHAHKYyjiapra sraAnpjiap, y yMy-
MHH nepneHAHKYyjiap D'E" 6yjicMH. D' E' Typpn gH3HKKa A, B, C Hyi rajiap-
AaH nepneHAHKYyjiapjiap TyinnpanjiHK, yjiap moc paBHuyia 6y Typpn gnshi® 6n-
Jian A, B',C" HyKTajiapAa KecnmcHH. XocnJi 6yjiran AA'B'B Typi6ypgaK-
Ka H33ap cojicak, DD" 6y ryproypgaKHiiHi AB Ea A'B' TOMOHJiapnra yMy-
MHH nepneHAHKYyjiflp  6yjjn6, Typrfiypgak DD' ra HncSaTaH CHMMeTpiiK
JKOHJiamraii, AeMaK, AA'~ BB'. Y JXYQifa AA'BB" Ba CC'B'B TypT-
6ypgaKJiapHHi-ir ~ap 6hdh CaKKepH TypT6ypgarn 6yjiaAn. JJJyHra yxmam
AA' C' C jdaM CaKKepn TypT6ypgarn 6ymw- FF' 6y TypTOypgaKHHHr yp-
Ta gH3HPH 6yjirami ygyH FF' L A' C'.

ZleMaK, EE', DD', FF' jiapmmr xap 6npn A' B' Typpn gH3H”a nep-
neti/inKyjiap 6ym6, 15-8 Aarn 11-TeopeMara acocaH yjiap y3apo y30Oiyia-
myBqgnAnp.

3-%o0a. EE' Ba DD’ jiap 28-gn3MaAa KypcaTnJiran nyHaJinmAa y3apo
napajuieji 6yJicim. y >0JiAa FF' TVFpn gnsnK; EE', DD' SnjiaH Kecnma
QJiMaflAH Ba y30ipamyBqgH 6yJiOJiuauj\n (anc xoJiAa SiipnHgn Ba HKKHHgn
xodiJiapra i”afiTap sahk). AeMaK, yjiap 6np- 6npHra napajuieji. 3hah yqajia
Typpn qn3HiyjHHr yMyMHH nyHaJinmAa napajuieji 6yjinmnHH KypcaTaMH3. By
xoji ygyH ABC yqgypgaK TeHr tomohjih Skh TeHr eHJin dyjmacnH (aKG
s"ojiAa ygajia ypTa nepneHAHKyjiap KecnmaAn). AB tomoh sur KaTTa tomoh



28— misMa 29— iiH3Ma

6y,ncHH. EE',FF' Jiap AB m aji6arra Kecn6é yTaAH, qyHKn FF' TyppH
TOBHK, AB hh KecMaca, riam aKCHOMaCnra acocaH, CB hh 6npop K Hyi™
Taaa KecaAH. Y ~ojiAa KA KC. JiekHH KB + KA > AB 6ym6, KB +
+ KA = KB + KC = BC, fleiwak, B C > AB. By AB HHHr Karra tomoh
dyjinmHra 3HAAnp. Ynadia nepneHAHKyjrapHHHr AB SnJiaH KeCHUiran ny~-
TadiapH F", D, E" 6yjicnH. By yqT3 Hyi“raAaH 6npn i”oJiraH hkkht3ch opa-
cHAa eTaAH, MacajiaH, D Hyiyra F" fm'an E" opaciw ctchh. y xojiAa
EE' I FF' 6yjirann ygyH E"F"F' 6ypgaK ngHAan HH"aH xap i%an/ian
F"T Hyp an6aTTa E"E' hh finpop T HyKjaAa KecaAH. By Bai“TAa DD’
TyppH gH3H E" E',F" F' napajuieji Typpn gH3Hi\Jiap opscnAa eTrarrn yqyH
yHH xaM F" T Hyp 6npop G Hyi"TaAa KecaAH, AeMai<D F"F' 6ypgaK ma-
AaH gH”~aH ~ap i~shash Hyp DD' 6man Kecnmap 3K3h. BnnoSapHH, D
AaH D’ ra i”apa6 DD' | FF' 3i<aH. By TeopeMaAaH, Jlo63geBCKH& tckhc-
jinrnAa Tauii“H aftjiaHara ara SyjiMaran yqSypgaK MaB>KyA, AeraH xyjibca
gHK3pHLU  MyMKHH.

lIHpoeapAHAa JloSageBCKun TeKHCJinrHAarn Typpn gHsniyiapHHHr jkoh-
JisoiHUJHAarH xycycuH 6np ~oji 6hji3h t3hhujh6 gHKanJiHK. Tshhh AOB 6ypqak
6epH.'iraH 6vjichh, yriHur 0 ygHAaH ngKH fiHCceKTpncacHHH yTK333HJiHK
(29- HH3Ma). 14- TeopeMara acocsH Z_AOC = Z. COB = a yTKHp 6ypgaKi<a
OP napaji/iejuiHK KecMacn moc KejiSAn. P Hy~TSAaH OC ra nepneHAHKy-
jiap PQ hnh yrK33cakK, 14-§ Aarn 10-TeopeMara acocaH OB | PQ (P AaH
Q ra i”apao nyHannniAa) 6yjiaAH, XyAAH rnyHra yxiuaui OA | PT (P AaH
T ra KapaS HyHajiguiAa). Haxn>KaAa OA, OB HypjiapAaH Ba QT TyFpH
gnaHi“AaH n6opaT 4>nrypa xochji 6yjiaAH, SyHn «yg6ypgai<» Ae6 aTacaK xaM
ByjiaAn, 6y yqSypgaK HgKn SypgaKJiapnHHur hhfhhahch SepHJiraH Z. AOB
ra TeHrAnp, gyHKn napajuieji Typpn gnan”™Jiap opacnAarn 6ypgaKHH HOJira
TeHr Ae6 ojihin MyMKHH.

17-8. AfuiaHa, aKBHAHCTaHTa Ba ophhhkji mh3kkm p

MatJiyMKH, Ebkjiha TeKncJinrnAarn hkkh gramy — Typpn gH3H~ 6hji3H
aftjiaHa y3HHHHr ajKofind 6np xoccsch 6hji3h 6oniKa grnsHiyrapAaH aatpajiHO
TypaAH. By xoccs myHAaH nfiopsTKH, 6y gn3Hiyi3p ys maujmm ysrap-
THpMacAaH V3- y3H 6yftjia6 cnpnaHaAH. ByHAan xoccara ara gri3HK apHH
p3zapMac azpuAUKKa 9za msut™.iap jxe6 aia.naw- ByHAan xocca.m hkkh
gqH3HI"HHHr MaBJKyA™Hrn Ebkjiha TeKHCJinrnAa hkkh Typpn gn3HI\HHHr y3-
apo hkkh xhji — KecHuiyBgqH Ba napajuieji ~ojias kohjishhihh 6nJiaH y3Bnfi
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OoFJiaHraHAHp. By aca y3 flyJiHAa Ebkjiha TeKHCJiHraaa Typpn gH3HKJiap-
hhht hkkh xhji flacTacH 6opJinrnHHHr HaraJKacnflHp: 1) flacxa MapKa3H
jxe6 aTajiaflnraH iiyKTaAan yTraH 6apga TyFpn msi-iK/iap TynjiaMH (MapKa3Jin
AacTa); 2) 6np Typpn TO3H”a napajuieji 6yjiraH 6apga TyFpn 4H3n"./iap
TynjiaMH (MapKa3CH3 flacTa). MapKa3Jin /lacTaHniir opToroHaji TpaeKTopna-
cn aftjiana/iaH, MapKa3CH3 flaeraHHHr op'roroHaJdi TpaeKTopnacn aca Typpn
gn3HiyiaH n6opar.

Jlo6ageBCKHH TeKncjinrHAa xaM lo~opnAarn xoccara ara SyjiraH SyHnan
»iH3HI"apHHHr MaB>KyAJinrn Typpn gn3ni’JiapHHHr y3apo /KonjiamyBnra 6op—
JiHiymp. Jlo6ageBCKHfl TeKncjiHrnna hkkh Typpn gn3H® KecnmyBgn (h“hh-—
jiainyB™), y3apo napajuieji (MatJiyM flyHajiHuma) Ba y30iyiainyBgH SyjmuiH
MyMKHH, H-HH JlofiageECKnfl TeKncjinrnfla Typpn graniyiapHHHr yq xhji
TiacTacn MaBJKyn: 1) 6umma nygmada Kecumyenu 6apna myfpu HU3Ui"Yiap
mij/iAaMU VAAunmuK dacma ,ne6 lopnTHJiaAn; 2) 6upop myfpu HU3UK-
huhz 6eAZunu uynaAumuda ynaa napctAAeA 6yAzan 6apm myrpu HUBUS$
Aap mynAaMU napa6oAUK dacma aTadia™n; 3) mauuH mijFpu husuv™
ga nepnendutcyAHp 6yAzan 6apua mijFpu nmut™Aap, nmu y30K,AauyeHu
mijFpu HU3UKAap mynAauu zunep60oAUK dacma j\e6 aranam- By yq xhji
AacTaHHHr MaB>KyAJinrn MyHoca6aTH SnJiaH aohmhh arpnjiHKKa ara SyjiraH
yq xhji arpn gH3HK, SopjinniHH KypcaTaMH3. ByHHHr yqyH aBBali 6at3n
TyuiyHqgajiapHn KnpHTafljiHK.

MxTHepnfl hkkh a, b Typpn gn3n"HH ygqyHqgn ¢ TyFpH gn3n” Kecn6 yT-
raHja j~ochji 6yjiraH HgKH 6np tomohjih SypgaKJiap TeHr gyjica (m>m a = p),
¢ TyFpn gn3H” @, b huht TeHr ofhlujih KecyBgHcn AeS aiajiafin (30- gimia).

17-TeopeMa. Typpn qn3Hiyiap flacTacnra Ternmjin nxTnepnii hkkh TyF-
pn gH3HI"HHHr 6npnflarn Hyi"TaaaH HKKHHgncnra Teur ophllmh 4>a”aT 6nTTa
TyppH gH3HIN yTKa3HIH MyMKHH.

Mc6om. 1-~oji. a, b TyFpn m-
3WAJiap MapKa3Jin .uacTara TernuiJiH
oyjicnH (31-gn3Ma). a Typpn gn3Hiyia-
th nxTnepnfl A iiyi“raHH ojih5, S nyi®-

TajiaH 6ouidia6 b Typpn qrani™ ycTHra

Sy4 ra TeHr KecMa ~yncaK, b jxa B ~ — -

HyKTa (SA = SB) ~ochji fiyjia~n.

A ASB TeHr shjih SyjiraHH yqyH

Z.SAB=Z_SBA. By SypgaKJiapnn 30-gaswa
TyjifIHpyBgnjiapn xaM y3apo TeHr 6yji-

raHH yqyn AB Typpn hh3hi® a, b yqyH TeHr ofhuijih KecyBgn SyjiaAH. PaBinaH-
kh, A Hyxjaaan a, b hh TeHr opiiuiAa KecyBgn dorni*a Typpn gnani® vt-
MaHflH.

2-~oji. a, b Typpn gn3Hiyiap mMnepSojinK ~acTara TermuMH 6yjichn
(32-gn3Ma). By ~#gjifla a, b Typpn gn3Hiyiap ysapo y30KJiamyBgn Typpn
miHBHyigp 6yjin6, GyHAan Typpn giBH \Jigp HroHa yWwivinft AB nepneHAH
Jfyjiapra araanp, 6y nepneHiHKyjiap a, b hhht TeHr ofhuijih KecyBgncn
Gyjia'n. y Xalika a ~arn A ny"TaflaH Tear ofhuijih KecyBgnHn yTKa3nui
yayH B aan 6ouidia6 b hhht ycTHAa (A' Hyira AB hhht “ancn TOMOHHAa
Syjica, uiy TOMOHAE) AA' = BB' inapT onaH aHHN\JiaHeflHaH B' Hy"Tami
ToraMH3. y xadifla A" B' Typpn iiH3 H3JiaHaH KecyBgn Syjiaan, qyHKn
A'ABB' TypTSypgaK CaKKepH TypTSypgarnflnp:
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A £ M
31- mh3Ma 32- iiH3Va 33- HH3Mva
/LA — B — AA'ss BB' =* Z_AA'B' —Z.BB'A".

3-jjoji. a, b TyFpn gnsniyiap napa6ojiHK ~acTara TermujiH SyjicnH. y
~oJiAa @, b fla moc paBHiH™a nxTnepnn A Ba B HyKjajiapmi ojihe, AB
KecyBHHHH yTKa3aHJiHK (33-gH3Ma). yHHHr a, b 6maH xpcHJi ~iidiraH hdkh
6np tomohjih 6ypgaKjiapHHH a Ba 3 6HJiaH Sejiri-uiacaK, yjiapHHHr SncceK-
TpncajiapH 0 Hyirafla KecnmaAn. 0 HyivaAaH AB, a Ba b ra nepneHAH
Kyjinpjiap TyiHHpHS D, E, F Hyi~rajiapHH TonaMH3. By Bai”~a EF Kecycgn
H3JiaHraH Typpn VhBH*6ynam, qyHKH OF —= OE, A OEF JaZ. OEF= Z OFE
6yjin6, Z. = Z. AEF. 3hah EF m E AaH yryBW aroaa KecyBgn 9K3-
hhhh KypcaTaMH3. ®apa3 KHlJaHliHK, E ash (EF AaH 4>apiyiH) TeHr ofhih-
jih EF' KecyBAH yTCHH. yHHHr a, b SnjiaH ~ochji KHJiraH hhkh 6np to-
mohjih SypwsKjiapHHH y>9 Ae6 6ejirHJiacaK, 4>apa3ra acocaH, y = 0 6ym6,
AEFF' ygyH 0 Tainan SypgaK SyldiraHJinrnAan 0> Z. EFF'. JieKHH
/LF'FE = Z-FEM Ba y<i Z.FEM 6yjiraH» yqyHY <0— 6y sHAAnp.

By TeopeMaAaH i*ynnAarH H3Tnxca Kejin6 gni®aAH:

Bnp AacTara Ten-mum a, b TyFpH gnsHiJiapra AB Ba CD TeHr ofhih-
jih KecyBqujiap yTK33HJiraH 6yjica, AC == BD oyjiaAH (34- gn3M3).

By h3thh<3 TeHr ofhlhjih KecyB-
HHHHHr HTOH3JIHTH H3TH*aCHAHp.

T3ph () a b TyFpH gH3HKJiap
6npop AacTara TernmJin 6ym6, AB
yjiapHHHr TeHr ofhihjih KecyBgnCH 6yji-
C3, A da, B£ b nyKTSJisp my AacTara
HHc6aTaH p3apo moc nyt“ma/iap Ae6

3T3JI3AH.
Aacrara TerHmJiH t3hhh Typpn
34- MB8Ma gH3HHH 0jihQ, yHAarn 6Npop A nyin-

Ta i~apajica, AaeraHiiHr kojitsh ~ap
6np Typpn gH3HPHAa A Hyi~Tsrs moc Hyi*TSHn Tonnm MyMKim, SyHAan nyi"—
Tajiap TynjiaMHHH co Ae6 6ejirHJi3HJIIHK (A Hy~T3 ~aM co ra TernrnJin).
AacT3HHHr Typiira ~apa6 co TynjiaM i“yHHAarnga homji3H3ah:

1. Sjijwhthk AacTa yqyH co au/iana Ae6 aT3Ji3An.

2. riapaSoJiHK AacTa yqyH co opunuKA HU3US$ Ae6 lopHTHJiaAn.

3. TnnepSojiHK AacTa ygqyH co aKSuducmanm m3W\ AeS HOMJianaAH.

co Tynji3M ygajia ”~ojiAa ~aM AacTa B3 my AacTara TernmJiH Typpn gn-
SHKHHHr 6HTTa Hyi"T3CH 6HJI3H TyJIH” 3HHINJiaH3AH. 3jUIHNTHK A3CT3 ~0JlAa
o Himr afijiaHa Ae6 3T3Jmmn afijiaHa TatpH”™Hrs moc KeJiaAH, qyHKn TeHr
ofhihjih KecyBgHHNnHr xoccacHi'3 acocsH (35- gqn3Ma) S A = SB = SC (6yH-
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jxa A, B, C to HHHr ajieMCHTJiapn)
6ym6, co TynjTaMHunr ~ap 6np, ny”-
racH S flair 6np xhji y30tviHK.ua eTa-
fIH. AeMaK, flacTa MapKa3H siuiaHa
MapKa3Hj,an n6opaTanp. LUyHimr yqyH
afljiaiia CnJiaH hlu KypMacflaH, i7oji-
ran HKKH KH3H'H, HbHH OpHUHKJI Ba
SKBHfIHCraHT =~ XOCCalJiapHHH  TeKIUH-
paiiJiHK.
18-TecpeMa.OpHii.HKji Ba skbhahc-
TaHT HBHINJiapHHHr nxTnepnn yqTa
HVI"T3CH onp TyppH HH3H”a eTMaHAH.
Hcé6ot. 1) Oapas khjishjihk, 35—ra3va
ophuhkjihhhr ygqTa A, B, C Hy~*racn
(36- a iiH3Ma) 6np Typpn mau”™na ctchh. Y ~oJdifla AB, BC, AC Tyrpn
HH3HKJiapniiiir Xap 6hph jiacTanHHr a, b, ¢ Typpn IiH3H”jiapH yqyH ienr
ofhuijih KecyBHHCHflnp, 6nHo6apnH Z.A'AB — /- ABB', /L B'BC =

=Z BCC', AeMaK,Z. ABB' = Z. B'BC= -y 6ym6, Z.A'AB=Z. BCC' =

= ~ . y xQdlifla a, b, ¢ Typpn gnsn™Jiap AC ra nepneHAHKyjiap 6yjin6,

a, b, c Jiap ysoiyiauiyBgn 6yjiaan, 6y a | b | ¢ uiapTra 3WUUip.

2) A',B',C"' Hyi~Tajiap moc paBnuifla rnnep6ojinK flacTaHHHr a,
TyFpn RH3H~Ajiapnra Ternuidin 6yjin6, & TynjiaMHHHr ajieMeHTJiapn 6yjicHH.
Oapa3 KHJianJiHK, A',B',C jiap 6np Typpn gH3Hiyi3 eTCHH (36-6 qH3Ma).
rimepSojiHK iiacTaHHHr 6apqa Typpn HH3HiyiapH tshhh u Typpn qn3Hi*3 nep-
neHAHKyjiap Syjicnu. Y ~ojijia A' B', B' C',A'C"' KecMajiap TeHr ofhuijih
KecyBgnjiap Syjirann ygyH /LAA'B'=/_A'B'B=/-BB'C'= Z_B'C'C = ~
6ynam, ASMaK AA'B’'B Ba BB' C'C TypTCypqgsKJispHHHr ngKn SypgsKjia-
pn hhfhhjhich 2n ra Teur, 6y "oji sea JloSageBCKnn TeKHCJinrnaa 103 6ep-
Manfin.

HjioBa TapHKacn™a, 6np xhji ofhuijih KecyBgnHHHr xoccacura acocaH
AA' = BB' — CC' 6yjin6, rnnep6ojiHK ”acia yqgyH aroHa yMyMnn nep-
neHfIHKyjiap SyjiraH u Typpn g«3HiyiaH (6y myrpu nu3ut{ oastjxa 9K.eu.duc-
mamiHUHZ 6a3acu j\e6 iopHTHJiaAH) SKBHflncTaHT nyi~TaJispn Cnp xhji m3-

A

- MBva
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cocJjaAa >kohnamraHIJmrHHH TatKHA-—
jiao yTa\iH3. LLly cadaouau "~aM skbh—
AHCTaHTHH ryppH LH3HIN\HHHr (6a3a—
HHiir) 6hp TOMCHHfla 6Nnp xhji yso i~
3 jiHKfla JKOHJiamraH ny~Tajiap TyunaMH
Ae6 aTamra xaiyiHMH3. h = AA'=
BB' MacocfaHH SKBH/uiCTaHTHHur 6a—
jiaHAJiHrn aeo lopnTiuiaAH, h — 0 ){o-
maa Typpn >imH”~ CajiaHAJiHrn hoji—
ra reHr SKBHAHCTaHT Ae6 anram MyM-—
KHH.
19-TeopeMa. TyFpH graniyiap Aac—
?J Tacn epaa.viHAa xochji KHJiHHraH opn-
Uhkji ygyH my AacTammr xap 6np
37— o"3va TyppH HH3HFH HOpMaJl  Ba3H(j—'aCHHH
gawapaAH.

Hc6ot. 37— gqH3Maaa uypcaTnjiraH opuunKji 6epnjirai—i  6yjiH6,
yHHHr HXTHepilH A Hyi~TaCHHH OJiaHJIHK, [Uy Hy~T3A3H yTraH OpHUHKJI-
hh jrochji K,HJirsH fI3CT3HHHr Typpn QH3HFH a dyjicnH. A Hyi“raAaH
a ra nepneHAHKyjiap i*hjihS t Typpn gH3Hi<HH yTK333MH3. OpnunKji-—
Aa HH3 B HyKTSHH 0mM6, Y op~ajm AacTara TerHuurn TyFpH qnsH"HH
yTKascai<, AB Typpn gH3Hi# &, b yqyn reHr ofhuj.ih KecyBgn oyjia-
AH. AB KecMaHHHr ypTa HyirTacn D hh Tonne, yHAaH AB ra nep-
neHAHKjIfl[p ¢ Typpn gH3HAHH yTKa3aMH3, Y ~o.ijiac Va,c\\ b dyjiaAn.

IUyHHHr YQyH AB BaTapminr a ekH b enjian TalukHJi 1ymran dvpgarn

AD —Bj _ ra moc KejiraH napajuiejuiHK dypgarnAup, ht>hh a =

= n (— j ZleMaK, a < —
12) 2

6yjin6, y 6epHjiran opnUHKJira yproiwaAnp Ba a Typpn gH3HI™ opnunKJi—
HHiir HopMajm “ncoGjiaHaflH.

XyAAH myHrs yxmain i*yfinAarn TeopeMa ”“aw VpHHJiiiAHp (MycraKHJi
nc6oTjiaHr).

20-TeopeMa. SKBHAHcraiiT gH3H<¢; yqyH xaM my Aacrai-iHHr ~ap 6np
Typpn gH3HFH Hopwaji B33H{)3CHHH 6a>KapaAH.

OpHUHKJI SHJiaH 3KBHAHCT3HTHHHr KyHHAaTH XOCCalJiapHHH 3CJI3TH6
J'tshjihk:

1) OpnunKJiHHHr 60THiyiHNnr Terumjin AacTaniiHr napajuiejuiHK nyHa-
jihiuh TOMOHHAa, 3kbhahct3Hthhht doTniyiurn aca 6a3acn TOMOHHAa 6y—
jiaAH.

2) OpnuHKJi Ba 3KBHAHCT3HT TerHiuJw AscTajiapntiar oproronaji rpaeic-
TopnajiapnAHp.

3) ByHAaH Tam”apn, my naparpa:f) 6omnna aHJiaHaHHHr V3H y3 ycTu-
Aa ciipnaHaAHraH gH3HiyiHrHHH TatKHAJiaran sahk. OpHUHKJI Ba skbhahc—
TaHT XaM my xoccara sraAnp.
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18— §. JfoQa'ieBCKHH ¢)BOCHAa ryrpn hh3hi® Ba TeKHCjiHoapHHur y3apo
iKofljiaiuyBH

A6cojiiot reoMeTpHHHHHr 6aoga aKCHOMaldiapn SnjiaH 6nprajiiiK,na Jlo—
da”eBCKHH aKcnoMacH vpi-ffijiH 6yjiraH (])a30 /loCa'ieBCKnfi 4>a30cn fle6 aTa-
jiajw, yHfla aficojiioT reoMerpHflIHHHr dap”a aKcnoMajiapn y3 KynnHH cai™-
jianfln, myHHHr yqyH 6h3 aScojiioT reoMeTpHHra TaajuiyiyiH 6aT>3H cpaKi—
jlapHH acjiaraS yT3MH3.

1 Bepnjiran Hyi~raflaH 6epnjiraH TeicncjiHKKa cjiai“aT 6nTTa nepneHflH-
Kyjinp Typpn misHi® yiaflH. ;

2. Hkkh tckhcjihk Kecnmca, KecHMfla Typpn gH3H” xochji Gyjiafln.

3. Arap Typpn <fBHi®* 6npop TeKHCJiHKKa KecHUiraH hkkh TyFpH mh-
3H"HHHr xap Cnpiira nepneH/iHKyjinp 6yjica, 6y Typpn [I'H3Hk uiy TeKnc-—
JiHKKa nepneHflHKyjiap gyjiaan.

4. Typpn mh3h” TeKHCJiHKKa nepneHUHKyjiap 6yjica, 6y TyFpn <m3H"
op”ajin yTyBMn xap 6np tckhcjihk “~aM iny TeKHCJIHKKa nepnennHKyjinp
6yjiajm.

5. Bepn.nraH Hyivra opi®ajin depnjiraH T”ppn MH3n”a nepneHAHKyjmp
khjihS cjSai<al 6htt3 tckhcjihk yTa’H.

6. Arap TyFpn ™3hk> SepnJiraH TeKHCJiHKKa nepneHAHKyjmp SyjiMaca,
5y ~ 3N opitajin 6epmraH  TeKHCJIHKKa nepneHAHKyjiap ~hjih6 (JainaT 6ht-
Ta TeKHCJIHK yTaflii Ba xpKa30.

JloSaqeBCKHfi <Ja30CHna Tyrpn “nsn~JiapHHHr, Typpn mhshk, 6man Te—
KHCJIHKHHHr, HiyHHHrfleK TeKHCJiHKJiapHHHT y3apO JKOHJiamyBH 1yHHflarH
ra—bpucjxiap opi“ajin mpimi.nam-

-t a -bp n d Oasoflarn hkkh Tyrpn hhshi® 6np TeKHCJIHKKa e™ 6, y3apo
napajuieji (y307"JiamyBTO) Syjica, yjiap napajuieji (y30K,JiamyBgn) AeS aTa-
Jiajw.

2-ta"tp h(). TyFpn hh3hi® y3HHHHr finpop TeKncjinKflarn npoeKunflcn-
ra napajuieji (eKn yHHHr finjiaH ysoiyiamyBMH) 6yjica, 6y TyFpn ‘inan”®
uiy  TeKHCJIHKKa napajuieji (eKn
yHHHr 6nJian V30~NJiamyBgn)  jxe6
a'ladiafin.

By Tabpnf)JiapAaH KypnuaanKH,

Typpn ~mn” leKncjiHKKa napajuieji
—Byjica, yjiap napaJidieliJiHK nyHajinuin
tomoh 6np—6npHra ai“HHJiauiaflH,
yjiap yso~JiauiyB”™H 6yjica, Typpn mh—
3Hg 6man Tei<ncjinK Snra yMyMHH
nepneHiiHKyjiHpra sra 6yjin6, my
nepneHiiHKyjiHpHHHr hkkh TOMOHHfla
yjiap 6np—6npn/iaH eTapjima Yy30iyia—
ma 6opaAH.

Hkkh TeKncjiHKHHHr napaJdiJteJiJin-
rn eKn y30iyiamyBqHJiHrHHH Tabpncj)-
jiam Ma”caflniia napaldidieJiJiHK KOHycn
Aeb aTa./iran cnpT TymyimacnHH kh- ,
pnTanjiHK. n TeKHCJiHK Ba yrnfflr Tam-
iYapHenfla A nyi~Ta SepiuiraH 6yji— 38—"Ma
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chh (38- gH3Ma). A HHHr N #arn opToronali npoeKUHficn A'. A Hy~TaaaH
N TeKHCJiHKKa napajuieji i~hjihs @, b, C TyFpH IliH3HiyiapHH VTKa3aHJiHK. By
TyppH gH3HAjiapHwir N jXarn npoekiwHJiapn a',b',c',... 6ym6, a Ja’,
b Jb',c Ic ' Aiip. ByjiapHHHr A Hyi~raAarH napajuiejuiHKk dypgarHHH
moc paBHiHAa a, P, y, Aecak, yjiapmmr dapgacn yqyn napajuiejuiHK Kec—
MacH AA' dyjiaAii. JlodageBCKHfi 4>yHKii,HHCHHHHr xoccacura acocaH a =
— P= A=.... Zlemak, A Hy~TaaaH N TeKHC/iHKKa napajuieji Kflnué yr-
Ka3HJiraH dapga TyppH groniyiap AA' diuiaH dup xhji yTKHp dypgaK <%ochji
i“hjihQ, ygn A HyK/raAa dyjiraH KOHyc ~ochji KHJia*H. Uiy cnpT n TeKiic—
jiHKKa HHcdaTaH A Hyi~TaAara napajuiejuiHK KOHycH Aed araliaAH, 6Y ko-
HycHHHr HCOB”HJiapH n TeKHC-JiHKKa napajuieji dyjiran Typpn qH3HK;JiapAHp.

napajuiejuiHK KOHVCHHHHr Mbpiidpiinaii KypnnaAHKH, A HyiyaAaH yrad,
(KOHyc H~”MHAa >KOHJiamraH TyppH ¢gH3HI® n tckhcjihk dnJdian KecHUia/m
HAHHJiauiaAH), A Hy~Ta”aH yrnS, KOHyc TawifapHCHAa >KOHJiamraH TyppH
gH3HI~ aca N AaH y3oiyiamaAH.

napajuiejuiHK KOHycn A Hy~raAaH yTraH dapga TeKHCJiHKJiapHH i<yiiH-
Aarn yq CHHtfira a>KpaTaAn: 1) KOHycHH hkkh acoBqHcn dyftjiad KecyBgn
TeKHCJiHKjiap; 2) KOHycra ypHHaAHraH TeKHCJiHKJiap; 3) KOHyc dHJiaH <Qa-
K>aT A Hyi"TaAa KecnmyBqH TeKHCJiHKJiap. EnpungH CHHtJjra TerHuum tckhec-
jiHRjiap A Hyi~TaAaH yTraH Ba Konyc ngHAa JKOHJiamraH TyFpn gH3Hiyiap-
hh V3 Hgnra ojraAH, AenaK dy TeKHCJiHKJiap FT tckhcjihk diuiaH ajidaTTa
KecnmaAH, JieKHH HKKHHgn Ba yqHugn CHHcbAara TeKHCJiHKJiap A Hyi~ra-
Aan yTraH Ba n dnJiaH H”HHJiauiyBgn Typpn gnsHiyiapHH y3 nqgnra ojrna-
raminra yqyH n dHJiaH KecniHMaHAH. Y ~ojiAa ~“yiiKAarH Ta-bpH~.iap
ypuHJiH dyjiaAH.

S—Ta—bpHt}). A HyiyraAaH yth5, napajuiejuiHK KOHycnra ypHHraH Te-
KHCJiHKJiap (htiHh, HKKHHgn CHHij)Aarn TeKHCJiHKJiap) n ra napajuieji Aed
aiajiaAH.

4- tahph(@ A HyivraAan yrad, napajuiejuiHK KOHycn SnJiaH douiiyi
YMyMHH Hyi~Tara sra dyjmaraH TeKHCJiHKJiap (m h yqgnHgn CHH<})AarH Te—
KHCJiHKJiap) n dHJiaH y30MJiauiaAHran AeftnJiaAn.



IV BOB. AKCHOMAJIAPHHHr BOLUMA CHCTEMAJ1APH.
AKCHOMAJIAP CHCTEMACHHH TEKUIHPHIII

Ebkjiha reoMeTpHHCHHHHr rnjib6epT aKcnoM3Jiapn acocnfls KypnjiHiHH-
hh ~Hc™ana 6a8H khjiahk. JleKiiH reoMeipHHHH 6om”~a aKCHOMalJiap aco—
cnfla xaM “ypnm MyMKHH. Kjnnfla 6h3 myHflan cncTeMajiapflaH fiataH—
Jiapn Snjian TaHnuinS yiaMH3.

19-s. lloropejiOB akKcnoMajiapn

reoMeipHiiAaH MaKiaS Kypcn yqyn flapcjiHK cn”aTnfla i~a6yji i"HJiHHraH
KHTo6nfla A. B. norope/ic>3 y3 aKcnoMaTHKacnHH TaKjwcj) 3TraH.
By CHdeMa yqyH acocnsi Tyuiynga.nap nyicra, Typpn gn3Hi®Y, TeKHCJiHK,
Ternmjin, opacnfla eiafln, y3yH;mK, gypgauiuiHr rpaflyc yjigoBn. By Ty—
myngajiapHHHr acocnn xoccajiapn “ynnflarn aKcnoMajiapfla 6aen \\wmnaw-

I. TernuiJinJiHK aKcnoMajiapn

1j. HcTa/iran hkkh nyt*raflaH yTyBgn Typpn gH3HN MaBJKyfl Ba y dgja—
k~t 6imaflHp.

12. Mciajiran Typpn gn3niyia Kawnaa kkkhtb Fiyt‘Ta eTafln. Bnp TyF-
pH 'iH3HKfla eiMafiflHraH yma HVKia MaBJKyfl.*

Ir Vicrajiran TeKHCJiHKKa Ternmjin Hy~Tajiap Ba yHra TernmjiH 6yji—
waraH ny~TaJiap MaB*yfl.

14. Arap hkkh TeKncjiHK yMyMnn ny~Tara ara 6yjica, yjiap Typpn m-
3Hi™ 6vnjia6 Kecnmafin.

15. Arap nKKHTa rypjin TyFpn gH3HI® yMyMnn Hy”rara ara 6yijica,
yjiap opi”alin 6nTTa Ba (jja"alT onira tckhcjihk yTKa3Hm MyMKHH.

By aKCHOMaliap epAaMHAa yuioy TeopeMajiapnn ncSoTJiam MyMKHH (Te-
KHCJiHKAarii TeopeMajiap 6hji3h qgeKjiaHaMro).

1. MKKHTa TypjiH TyFpn gH3H” e KecnmMafiflH, eKH 4>aKal 6htt3 hvk-
Tafla Kecnmafin.

2. XaP KaHflan TyFpn gn3Hi”a Teniuuin 6yjiMaraH iiyi“ra MaBjKyjj.

Il. Taptn6 aKCHOMalJiapn.

1j. Typpn gH3HK,Aarn yqTa Hyivraflan 6nrracn Ba <j)aal 6nTTacn koji—
ran HKKHTacn opacnaa eTafln.

2. TeKHCJiHKflarn Tyrpn gn3H™ my TeKncjihkhhht Typpn gromyia eT-
MaraH ny~Tadiapnun nKKHTa HpHM reKncjinKKa myHflan a>KpaTafl[HKH, 6 htt3
HpHM TeKHCJiHKKa TernmjiH HyiNigjiapHH TyTauiTnpyBgn KecMa SepHJiraH
TyFpn gn3Hi™ 6nJian KecnniManflH, xap xhji apHM TeKHCJiHKJiapra TernuiJiH
.Hyi"Ta.napHn TyTamnipyBgn Kec.via CepnJiran Tyrpn hh3hi” 6njiaH Kecnmafln.**

TapraS aKCHOMaJiapHflan cynr, Hyp, KecMa, chhhi”gii3Hi®, KynSypgak,
ygfiypgaK Ba xoKajo Tymymajiap khphthixi MyMKHH. THJibSepT aKcnoMa-—
jlapn CHCTeMacnflsm Oaui aKcnoMacn TeopeMa cncfjarafla  Hc6oTJianaflH.

Ill. KecMa Ba 6ypqai<jiap yqyH y 1508 aKcnoMajiapn.

I111. Xap 6np KecMa HOJiflaH KaTTa t3hhh YysyajinKio ara. Arap C

* $pTa MaKTaSra MyjuKadiJianraH AapcliHKAa 6y aKCHOMa eHrHJipo~ (jjopMafla hokd-
fliAanran. (Pea.)

** MaKTafi aapcjiHriifla 6y aKCHOMa coMapoi®™ H(})OflaJiaHaAH: TyFpH mh3h” TeKnc.niiK-
HH HKKHTa HpHM TeKHCJiHKKa a>KpaTaflH.
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HVKTa KecMaaa erca, AB HHHr y3yHJiHrmm AC Ba CB KecMajiap ysyHJuiK-
JiapHHHHr HHFHHAHCHra TeHr.

1112. Xtap dnp dypgaK aojiAan KaTTa TaHHH rpa;iyc yjigoBHra sra.

Ehhk, dypgaK 180° ra TeHr. BypgaKHHHr rpaayc yjigoBH y3HHHHr to-
MOHJiapn opacH,naH yTyBgn xap KaiwaS Hyp epASMHAa ampara/inLUHAan
~ochji KHJiHHraH dypgaKJiapuHHr rpaayc yjigoBJispn HHFHHAHCHra TeHr.*

By rpynnaAarn 3KCHOMa/iap epAaMHAa KecMa ysyHJiurn Ba dypgaK k;it-
tsjihthhh yjigam Mscsjiacn Tyjia ~aji mmmam, dyHAaH Taui“apn Tyrpn
gH3Hi"Aa KoopAHHarajiap cncTeMacHHH khphthih hmkohhhth HpaTHJia;iH.
TypTHHgn rpynna aKcnoMacnnn KnpHTniiiAaH ojiahh KecMajiap, dypgaKJ/ap,
ygdypgaKJiap Tenrdinrn TynjyHgajiapnra Tatpnt}) depnJi3AH.

IV. BepnlJdiraH yqd'ypgaKKa TeHr yqdypgaKHHHr MaB-
jJKyAJiHrn ~ap Aa aKCHOMa.

IV. ABC yqdypgaK sa a Hyp depmiraH dyjiCHH. Y xojiAa ABC yg-
dypgaKKa TeHr myHAan AxBxCx ygdypgaK msbjkyakh, yunHr Al Hy”Tacn
a nypHHHr ygn dnJdiaH ycTMa- ycr TyrnaAH, Bx Hyi“ra aca a HypAa eTa-
AH. C HyicTa aca a Hyp opi“ajin yTyBgn Tyrpn gn3H” 6 m m aHniyiaH3AH-
raH apnM TeKHCJinKJispAaH depnJirsHHAa eraAH.**

V. y3yHJiHrH depHJiraH Kecaahhht MaBJKyAJiHrn "a-

naa aKcnoMa.

V. ~ap iNaHAan ~a™H”™nn d MycdaT coh yqgyn y3yHJinrn my d ra
TeHr KecMa MasJKyA-

VI. napaijijiejijihk akcho Mach.

VI. BepnjiraH Tyrpn gioHfyia eTMafiAHraH ity~Ta opn;a;iH TeKHCJIHKAa
depHJiran Tyrpn gnaiiK™a dnTTaAaH opthk; napsjuieji Tyrpn gn3ni® yTKasntn
MyMKHH 9MacC.

floropeJiOB aKCHOMajiapn cncTeMacn 12 Ta aKCHOMaAaH ndopaT dyjinS,
13 5 aKCHOMajiap c})a3ora T33JidiyiyiiiAHp. LUy 3KCHOMa/iap acocHAa Ebk-
jiha reoMeTpHHcn Tyjia daen i"HJiHHaAH. By aKCHOMSTHKaHnnr MytyiM to-
MOHJiapnAaH dnpn KecMa ysyHJinra Ba dypgaK yjigoBn TymyHgajiapn aco-
cnli TymyHqgajiap ~aTopnra KHpnraldiraH, dy aca yMyMaH reoMeTpnHHH MaH-
thi\3h nxqaMpo”™ KHJind “ypnmra nyji ogaAH.

20- §. Befijib aKCHOMajiapn cncTeMacH

1916 nnJiAa HeMnc MaTeMaTnrn TepMaH Benjib (1885— 1955) tomo—
HHAaH TaKjintj) khjihhtsh skchomsthks (JjaHAa BeKTopjin aKcnoMaraKa Aed
lopnTHJind, THJibdepr aKCHOMajiapn cncTeMacnra HncdaTaH coAAaldinrn dn-
jiaH cfjapK i"HJiaAH, dyHAaH TamKapn dy aKcnoMaTHKa ~03nprn 33moh Ma—
TeMaTHKsciiHH Tajian dyjiHMJiapn dnJiaH y3Bnn doFJiaHraHJinrn dnJiaH aK-
pajind TypaAn.

By CHCTeMaAa acocnn TymyHgajiap cn~aTHAa «BeKTop» Ba «Hyira»
i~aoyji  i™"HJinHraH.

BeKropJiap Ba HyivrajiapHH dnp- dnpn dmian doFjioBgn MynocadaTJiap
«BeKropjiapHn ~ymnm», «BeKTOpHn conra KynanTHpHmM», «B6KTOpjiapHH

* By aKCHOMaHH khphthuiAaH aBBali 6yp”aK, eftnn CypqaK TyuuyHHaJiapHra TaT>pH$
CepHjiaAH (ped.)
** MaKTa6 flgogjinrHfla 6y akCHOMa JaM coflAapoinr H(I>OAadiaHaAH.



cKajrap KynaHTHpniu», «BeKTop/iapnH HyKTajaH 6ouiJiaé “vhhui» AHp. By
MyHocaSaTjrapHHHr dapga xocca/iapn KyiiHAarH deiu rpynna aKCHOMajiapa—
jxa y3 HfjJOflacuHH TonraH. (Bh3 6y epaa aKCHOMajiapHH KejirapHUi 6umH
gerapa;iaHaMH3, yjiap acccHfla xochji i“n/iHHaAHran h3th>k3J13P [13]khto6, Il
dyjiHM, 1V dod”™a KeJirapHJirsH.)
I. BeKTopjiapHH k,ymhhi aKCHOMajiapn.

HcTajiran hkkh a, b BeKTopra YyjiapHHHr hhfhhahch jxe6 arajxamran

a+ b BeKTop moc KeldirapHjmd, dy aMaji xoccajiapn yuidy aKCHOMajiapaa
h4>0a3ji3H3ah:

lj. HxraepHH a, b BeKTop yqyH a + b = b + a TeHrJiHK da*apHJiaAH.

12. HxraepHH a, b, ¢ BeKropaap yqyH (@ + b) + ¢ = a+ (b + c¢)TeHr-
jihk da>i<apHJiaAH.

13. Ho.ib BeKTop Aed aiajiraH 0 BeKTop MaB>KyA dyjind, HxraepHH a
BeKTop yqgyH a + 0 = a.

1j. >"ap KanAan a BeKTop yqyH iuyHAaH a' BeKTop M3B>KyAKH, yHHHr

ygyH a + a'— 0.
I. ReKTopHH coHra KynaHmpHiu aKCHOMajiapn.

HcTaraH a BeKTop Ba HCTaraH Ja™HH k coHra yjiapHHHr KynaHT-
¥
MacH Aed aiaJiaAnraH ka BeKTop moc KejirapnjiHd, dy aMaji xoccajiapn

ymdy aKCHOMajiapAa H(})OAaJiaHaAH:

11.. HxraepHH a, b BeKTopJiap Ba k "h~hh coh yqy« k(a -f b) =»
—

= ka + kb TeHrJiHK dawapnjiaAH.
112. HxraepHH k, t ~aKHKiifi coHJiap Ba xap KSHAafi a BeKTop yqyH

{k + t)a = ka + ta dyjiCHH, h"bhh BeKTopHH coHra KyrianrapHiH MyHOca-
dara J*a"H"HH coHJiapHH ~yuiHm aMal/iHra HHcdaiaH AncxpHoyiHB ~onynnra
dyncyHHuiH Tajiad ~hjihh3ah.

113. HxraepHH k,t xai"HKjHH coH/iap Ba xap KaHAafi a BeKTop yqyH
k(t a) = (kt) a TeHrJiHK dawapHJiaAH.

114. HxraepHH a BeKTop yqyn 1l1lea = a.

By hkkh rpynna 3KcnoMadiapn epAaMHAa BeKTopjrapHHHr qH3HiyiH kom-
dHHamiHCH, gH3HiyiH spKHHJinrn, gH3HiyiH doFJiHK,~nrH Ba uiy Kaén TyiuyHqga-
JiapHH KHpHTHUlI MyMKHH.

Il. y*"qOB 3KCHOMaJI3pH.

111.. ®330Aa ygxa mi3HK/iH apKim BeKTop mbb/kva.

1112. 0a30AarH xap I"3HA3H TypTT3 BeKTOp gH3HiyiH dOFJIHK,Anp.

IV. BeKTOpjl3pHH CK3JIflpKynaHTHpHIU 3KCHOM3JiapH.

IV~ HxraepHH hkkh a, b BekTop yqyH a «b — b ~a.
1V 2. Hxraepufi yqia a, b, ¢ BeKTop yqgyH (a + b) ¢ = ac + bec.
1V3. HxraepHH a, b BeKTop B3 j~hi“hh k coh ygyH (ka-b) = k{ab).
IV4. Hxraepun a BeKTop yqyH aa > 0.
47



V. Bektophn nyktaaah 6ouiJiaci\yHHiu aKkCHOMa-iap n.
Vj. Hxrnepna BeKTop Ba x»ap ffanAan M ayi—“ra ynyn arona mynAan

N ny~rTa MaBJKyflKH, yHHHr ynyH a = MN-

V's. MxxHepHH A, B, C Hyi~rajiap yqyn AB + BC = AC.

BeiiJib aKcnoMajiapn epAaMHAa xaM Eekjiha reoMeTpHJicnHn Tyjia 6aeH
KINJIHIH MyMKHH.

Bh3 uiy naparpacfiHHHr 6omnAa Befijib aKCHOMadiapn xoanprn 33moh
MaieMaTHKacHHHHr fiouiKa 6yjinMJiapn SnJian yaEHH SoFJiaHraHJinrnHn Ta'h-
KHA”aran sahk, xaKHnaiaH ”~aM, roi“opHAa KejrrapnJiraH akKCHOMaliap chc-
TeMacura AHI"KaT on/ian uasap TauidiacaK, | rpynna aKcnoMajiapn ajired-

paAarn KOMMyT3THB rpynna aKcnoMajiapn, |, 1l rpynna aKCHOMaJiapn 3C3
SnprsJinKAa ~03HprH 33moh MaTeMaraKacnAa MyxnM pojib yiinaHAHran gn-
3hinjih (33330 aKcnoM3JiapHAnp. BynaaH Tam”apn I, II, 1Il, V rpynna an-

cnoMajiapn 6nprajinKAa vyii yji'ioBjm aJ<HH ("asocunnHr aKcnoMainKacH
jencoSjiatiaAH.

S hah, 5iikyH CHcJjaTiiAa 10KppnAa ~yfinjiraH Ebkjiha reoMeTpHflcnnnHr
yq xhji aKcnoMaTHKacnHH fAynHAarn HOABajira JKonjiauiTnpanjiHK.

AKCHOMalJiap chctg—Acociih 067"PKTJiap Acocwil MynocaCaTJiap (hhc— AKCHOMalJiap rpynnacuHuHr
MaCH (TyuiyHMalJiap) 62TJiap HOM1I
JX. FHJibCepT HyATa, «TernuuiH» TerHUMHJiHK aKCHOMaldiapn
Typpn «OpacHfla» TapTH-5 aKCHOMalJiapn
MH3HK;, «KoiirpysHTJiHK» KonrpysHTjiHK aKCHOMaJiapn
TeKHCJiHK y3JiyKCH3JIHK aKCHOMaCH

napaliJieJiJiHK aKCHOMaCH

T. Eeiijib BeKTOp, «BeKTOpjiapnn ~ymnm», BeKTopjiapHH AViiiHU]  aK-—
Hyi”ra «BeKTOpjiapnn coura xy- cHOMaliapH
naiiTnpHiu», BeKTop/tapHH coHra Kvnan-
«BeKTopiiH cKaldisp Ky- THpmu aKCHOMaJiapn
nafh npnm », S ~ ob aKCHOMaliapn
«BeKTopnn HyKjaaan BeKTopjiapHH CKalJiap Kynafl—
oouuiaS Kyftnui» THpuni aKCHOMaldiapn

BeKTopjiapHH nyifTaaan

6oiujia6 ~AyHHiu aKcnoMa-—

Jiapn

A. lloropejioB Hy~Ta, «TernmjiH» (eKH«...fla TeniiiiJiHJiHK aKCHOMalJiapn
TyppH VIH3HKJ, eTaAH»), «OpacHAa eia- TapinC aKCHOMaliapn
TeKHCJiHK, KecMa Ba GypnaKJiap yqyH
y3ynjiHK, viitob aKCHOMaJdiapn
6ypgaKHHHTr BepnliraH yqgeyp'iaKKa Teur
rpa’“yc y>i6ypMaKHHHr MaEMcyfijinrH
yjlHOBH ~aswa aKCHOMa

y3VHjinrH Cepnjiran KecMa-
HHiir MaBJKyfljinni
aKCHOMa

napaliJieJiJiHK aKCHOMaCH
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21 -8. THjibSepT aKCHOMaTHKacHjia 3HACH3JHK MacaJiacH

AKCHOMajiap cncTeMacHHiinr 3HACH3JiHrHra HinoHg xochji “hjihinh ygqyH
KaMHfla 6htts MOAgjib MaBHiyAJiHFHHHHr eiapjui 3K3hhhh roi”opHfla Ta'b-
KHflJiaraH sahk. Uy Mas"C3AHH Ky3Aa Tyra6, 6npop MOAejib ncamra "a-
paKaT i“HiaMH3. Bh3 6y ypiiHAa apn(j))MeTHK Bocimjiapra acocjianran mo-
AeldiHii KeJiTHpaMH3. By MOAeJiHH ncaiiiAa coHJiap, gH3HiyiH Tenr-
ziaMajiap TyppuciiAarH TatJiIHMOT MaMyM ac6 4>apa3 i™hjihhsah. KncKajiHK
ygyH nJiaHHMeTpHHra TaaJUiyiNJiH aKCHOMajiap yqyH MOAejib iMypat,ui3. A co-
chh TyuiyHga”apHH, stbhh Hy~Ta Ba Typpn gH3H"HH ~yflnAarnga Taiuia6
0JI3MHS3.

1. A Hyi“ra Ae6 MStJiyM t3pth6a3 ojinnraH 6np jKyt)T tshhh xaKH
khh x,y coHJiapHH i7aSyji iyiJiaMH3, yHH A = (X, y) KypuHHiiiAa 6eJirHJiaH-
mhb, X, y coHAapHu, A Hyi*mahum aHiu™AocenuAapu ac6 aTajiaAH. Maca-

/i3H, A= (2,3), B= (0>~ j, C= (—1/5, n). Teramjin aHinyioBgHJiapn

moc paBHiuAa TeHr SyjiraH Hyi~TaJiap ycTMa- ycT TyrnaAH.

2. u Typpn gH3H™ Ae6 MatJiyM TapraSAa ojiHHraH, Tafiim yqTa a, b,c
jha™MHH coHJiapHHHr a.b'.c HHcfiaTjiapHHH i<®a6yji iyM3MH3, yrai u = (a'.b'.c)
Aeb6 6ejirHJiaftMH3, 6yHAa a, b jiapA3H KaMHAa 6nTTacH HQOJiAaH cfMpiyiH
Ae6 ojimiaAH. a, b, ¢ coHAap u myFpu hu3UKhuh3 aHut™AoenuAapu jxe6
stsjisah. MacajiaH, u = (1:2:3), ~= (V~3:0:4), w = (— 7:5:0).

Moc aHniyioBqHJiapH TeHr eKH npOriOpu,HOHaji SyjiraH hkkh TyppH gn-
3H™ ycTMa- ycT TymaAH. Acochh MyHoca6aTJiapA3H 6npn «. .. Aa eTaAH»
(eKH «TerHuidin») hh ~yfiHAariiga SHHiyiso ojismhs: A = (x, y) Hy~Ta 6h-
jlaH u= (a.b'c) Typpn gH3H"HHHr aHHKJioBgH/iapn opacnAa ax + by +
+ ¢ = 0 (*) uiapT 6a>KapHJica, A Hyi"Ta u TyFpH qH3Htyia eTaAH AeftMH3; (*)
uiapT 6a}KapHJiMaca, A Hyi“ra u Typpn gH3Ht"Aa eTMaflnH. Macajian M =
= (— 1,4) Hyi“Ta m= (3:1: — 1) Typpn gH3Hiyia eTaAH, qyHKii
3(— Y+ 1-4-{-(— 1 = 0;(0;5 Hyira n— (— 6: — 2:3) TyFpH gH3Htyia
eTMafiAH, gyHKH — 6«0 + (— 2)-5 + 3 = — 7 ==0.

I”ojiraH acocHH MyHOca6aTJdiapra Ba TymyHqajiapra Kefl[HHpoi™ i~aHra-
MH3. Shah 11 3 aKCHOM3JiapHHHr 6a>KapHIJIHLUHHH KypcaT3MH3.

Ix HHHr 6a>KapHjihihhhh KypcaTaMH3. A = (X,;yj, B = (x2,y2 mm-
T3 TypJiH Hyi~T3 6yjiCHH, 6y epAa xx=/=x2, y{ ¥=y2 JiapAan KaMHAa 6iit-
TacHHH ypHHJIH neb oJiaHJIHK. 1Uy hkkh Hy~TaAan yryBgqH TyFpH qiisHK-
HHHr M3BJKYA 3K3HHHH HCB0TJ13HIIHK ByHHHT yqyH UiyHASH (a.b'.c) Typpn
gH3Hiy TonafljiHKKH, yHA3 A, B nyi“Ta.nap ctchh, ht.hh

axx+ byl+ c¢= 0, ax2+ by2+ ¢c= 0 @
luspTJiap 6a®apHJICHH. Ahhi~pofh 6y uiapTJiapHH “~aHoaTjisHTHpyBgn a, b, ¢
coHJiapHHH  TonaftjiHK. (1) Aarn TeHrjisMajispAaH Shphhh hkkhhgncHAan
JaAdiaS 3HHpP3MH3:

a{Xxj — x2) + b(yx—y2 = 0.

XxX# x2 AeC3K, 6y tchtjihkash aib — — (yx— y2 :(xx— x2. By nporiop’
HHHAaii: a = — 'k(yl— y2, b= h(x1— x2 Aec3K B3 6y ~HHM3TjiapHH (1)
hhhp CupHi-igH TeHrjiaMacnra i"yfic3K: — A (yx— y2) Xj+ k (XX— X2 yx+ Cc —
= 0, 6yHA3H: ¢ — | (x2yl— xxy3. y ~ojias u=<a:b:c= — (yl— Za :

S(x'IVI — X\DD)- HTsHI TyppH gHBHIN 3HHINJiaHAH.
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12 aKCHOMaHHHr 6a>Kapn,nnuiHHH KypcaTHiu yqyH TomuiraH Typpn mh-—
3HMHHHr OTOH3  3K3HJIHMHHH KypCaTHIH KHH)OH A = (xvyj, B — (x2,y2
Hyf"TaJiapAaH HHa 6omKa u = (a':b':c') Typpn HBHK yTaAH Aeb6 t})apa3 kh-
m6, ro~opHflam CHHrapH MyxonaMa ropHTcaK, u' = (a'.b":ic") = (a-b:c) hh
~OCHJI ~HIIBMHS.

13 u = (axb'.c) Tyrpn gn3HKAa eTyBgn A = (x, y) Hy~"Ta aHH"OBHHJia-
pn ax + by + ¢ = 0 mapTHH ~aHoarjiaHTHpafl[H. By epAa nKKHTa x,y coh
fauna TeHrjiaMaHH ~aHoaTJiaHTHpraHJinrn ca6aém yHnHi' x, y ra HHcCaiaH
egnMJiapn HKKHTaaaH 33M Kyn Hvi*TSAaH n6opaT.

3hah A — (0,0), £ = (0,1), C — (1,0) Hyi"Ta®apHH o0;ih6, yjiapHHHr
61l TTa Tyrpn MBHiyia eTMacjinrnHH KypcaTaftjinK:

a-0+ 6-0+ c= 0,
am + bel-fc—0,
a-1+ b-0 + ¢ — 0.

By ywa TenrjlawaAaH a — b = ¢ = 0, JeKHH uiaprra Kypa a, b, ¢ 6np
eai"TAa Ho.nra TeHr s.wac. AeMaK, A, B,C eyKjajiap 6nTTa TyppH gH3Hs-
Aa eTManAH.

3hah 11!_4 aKCHOMaJiap iuapTJiapiiHHHr gawapHJiHIHKHH TeKHiHpa&JiHK.
ABBaJio «opacHAa» MyHOcaSaTHHH 3HHiyi3HJiHK.

A = (xvjli), B= (x2y2, C= (x,,y3 Hy~ajiap u = (a:b:c) Tyrpn
HH3HINAa 6 TCHH, HbHH

axl+ byl + ¢
ax2+ by2+ c¢
ax3+ by3+ ¢

0,
0,
0.

ByHAa a, b, ¢ Jiapnn HOMatJiyM™ap Ae6 i”apacaK, y ”~o/iAa 6y 6np >khhc/ih
TeiirjiaMa”ap hoJiAan (“ap”™n egnMra ara SyjinniH yqyH

*ioyii
x2y2 \ =0
*3y3 1
SyjinniH KepaK, 6yHA3H *2~*- = y- (*). By hkkh KacpHHHr yMYMHIl

X3— X2 Vs— Wi
KHHMBTHHH | ABC \g6 6ejim”~3HVH3 Ba | ABC > 0 ”~oJiAa B nyKTa A 6man

C opacHAa eTaAH Ae6 aHT3MH3. A, C Hyi<rajiap op3CHA3 8TraH 6apga nyi”-
Taldiap TynJiaMnra AC KecMa AeS aTajiaAH. AHa™nTHK reoMeTpnaAa h

coh ygra A, B, C Hy*TannHr oaahh HHcfiara Ae6 3Ta;i3AH, ht.hh kABC —

= (ABC) = —
BC’

nlL”~BC> 0~ > ~ > ° | HyHKH i CBA = =y N = -L >
Xi—*2 Hi—y 2 kabc

0, AeMaK, B nyKTa C Sn.nan A o0pscnAs ctsah.

Il,, B Hyi"Ta A 6HlJiaH C opacnAa eica, Xi~—Xl = hulL ~ 0.
X3—x2 y3—y2

By n4>0A3Ji3pHHHr >ap Shphhh t> 0 6n-jiaH 6eJirnjiaHMH3:
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-2— = t, y* y>= i. By.fiapAan: X3= X2+ X2 — ,
9%8—x2 y3 y2

y,-y,+ a7 8L-

i4, B Hy Taliap SepHjiranAa t ra xap xhji MycéaT i\HHVaTJiap 6epnm
SnJiaH xS,yY3 hh Tonnui MyMKHH. TonHJiran 6np >Ky4)T coh AB Typpn m-
aHKMa TemLUJiH myHAafi C nyi~TaHH aHHiyiafiAHKH, B ny~Ta A Qujiau C
opacHAa eTa™H.

3hah Jig akCHOVR mapTHHHHr 6aJKapHJiHiHHa nmoHq ~och;i ~hjihih Ma,
caAHAa 6np Typpw gH3HKAa SepHJiraH A — (xvyj, B = (x2,y2, C — (xs,y.»
Hyi~TaJiap yqyH G50 XABCi XX k BCA, x5 X | CAB (**) coHliap
AaH ¢)airdaT 6nTTacH Myc6aT SHjihihhuh KypcaTHIHHMH3 KepaK. Ammo 6y
yqTa coh KyiiHAara MyHOcaSaTra SyftcyHaAH:

Nabc'bca'cab = ** )

Oapa3 HiafjiHK kABC> 0, kBCA> 0 SyjiCHH y ~ojiAa 6np BaiTAa
x2— x1>0, xa— x2>0, xx— x3">0 eKH x2— XjCO, x3— x2<.0,
Xi— x3< 0 SyjiHuin KepaK. ByjiapHHHr Shphhhh HKKHTacHHH "aAldiaS i<ym+
caK, xa— x1> 0 6yjino, ygHHgqHCHra i"apaMa- Kapiun 6yjiaAH. XyAAH my
xyjiocara KeftHHHCHAa “aM KeTOu MyMKHH AeMaK, (**) Aara coHJiap-
A3H HKKHI3CH MycfiaT fiyjIHIHH MyWKHH 3\tac 3K3H. (***) ra 300C3H 6y
coHJiapHHHr yqT3CH jaM MamjwH 6yjia ojiMaftAH. Xyjuiac, (**) Aara yqTa
cohash ({jas™al 6HTTacHHHa MycfiaT SyjiHiuH MyWVKHH By AeraH cy3, yqTa
Hy~T3A3H (IIBVST 6HTT3CH ~QJiraH HKKHI3OH OpaCHAa eTHMITHHHH OHIIAH

Ii4. A, B, C Hy~Tajiap 6np TyppH groniyia eTca, (*) ypHHJIHAHp. LQy
Te nrjiHKHHHr xap 6hphhh 6npop t ra TenrJiao, yjiapHHHr SnpHHHCHHH x2

T3, HKKHHQHCHHH Z2 T3 HHC63T3H eq3MH3. X2 ]_'_t){~, y2 ~ "\~+’t\ 3
P3BHI3HKH, t~>0 6yjIC3 m3p THMH3r3 3COC3H B HyK T3 A ftlJiaH C OpaClIA3
eT3AH. AeM3K, t ra HCTanraH Myc6aT i"HHMAT fiepnS, AC KecwanuHr
Hy~Tajiapmw Tons 0JiaMH3. (t —0 ra A HyKja, t — <x ra C Hy"Ta moc
KeJiaAH.) t ra MaH})HH imhmstjisp 6epcaK, AC TyFpn gH3Hi"HiiHr AC Kec—
Mara TerHmjiH 6yjiMaraH Hy~Ta,iapH xochji 6y”~an,n. 3 hah Flam aKCno\ia-
CHra yTanJiHK.
A,B, C ny~Tajiap 6np TyppH gH3HKA3 Stmschh, h™hh:

Xi yx 1

y jrojia3 6y Hy~TSJiap aHHK.aaraH ABC ygSypgakKHH xochji KHnaMHa. Bh-
pop u TyppH gn3Hix my yqSypqaK ygjiapHA3H VTMaft, TOMOHJiapHHH eKH ynnitr
A330MJiapHim moc paBHmAa Ny (AB tomohhh), N2 (BC tomohhh), Na(CA
tomohhh) ny~Ta.aapAa KeccHH. Nt nyi“ra AB hh tx HHc6aTA3, N2 nyi-~Ta
BC hh t2 HHc6aTAa, N3 Hyi“Ta CA hh t, HHcSaTAa 6yjicHH. UlapTra Ky-
pa, tv t2, t3 JiapHHHr CupopTacH HOJib ~aM 3Mac, geKCH3 ~aM 3Mae,

Nj = (xi, Y\, N2= (xi, ¥, Ns= (xi, yi) AecaK,



*i+ t,x2 Vi+ t9y3

DAY i *2
1+/. Y i+ < 1+%, ¥ l+t,
xs—’is4~'?3’1 = Vs + hH\
*+ /3 1t h
Nv N2, A", HVKxajiap 6mra TyFpH gH3H”a eia;i,n, AeMaic
Xi y\ 1

x2y2 1 =0.
*3 «3 1
By Teni jriikKKa y-iap FHHMaTJiapHHH i"yHMH3 Ba aeTepMHHaHT xoccajia-
pnaan ~OHAajiaHnS coAflaaauitnpaMH3: >
Vi ix 0

1
v2 1t2 0.

y3 01 @+ WA+ )+ h)

By irs'.OAa'ani fwpHHgH KynaftTyBqH HOJiaaH cJjapi®H, yqurnn Kynafi-
tvb'—ih xaM tv t,, t3 JiapHH TaHJiaS ojimiraH uiapwiapHra Kypa HOJiaaH (fap"—
jih. AeMaK, cji—<al HKKHHgn KynaHTyBHHrnHa HOJib dyjiHiun mymkhh:

W x 0—

1t2 °
01

0 eKH \ + t1t2t3= 0 =>tlt2ts = — 1.

Arap TyFpH 4H3HK ABC yq6ypq3K ygii/iaH yTMacaaH, yHHiir 6np tomo—
hhhh, Maca/ian AB hh Kecca, ,neM3K tx > 0; y xojim t1t2t3 — — 1 MyHo-
cabar t2 eKH ts aaH Snpn ajiana MycSaT SyjiwuHHH 6iiJiAHpaflH, ht>hh
uiy TyppH qii3Hi® BC ekH CA KecMajiap”~aH SiipHiui Kecaan. By aca nam
aKCHOMaCHHHHr Ma3MVHHAHD.

KoHrpysHTJiHK aKCHOMajiapHHHHr 6a>KapHJiHUiHHH KypcaTHUiaaH aBBa®i,
nyp Ba 6ypgai< TyuiyHgaldiapHHH KHpHTaiuiHK.

u= (a:bx) Typpn 'immjxa TaftHH O = (x0,y0 Ba A = (xvy]j i-iy*Ta-
jjapHH cyiaHJIHK. yHHHr HXTHeptui (x, y) HyKjacii yqyn

X—X, _ y—Yy0 gKH x = x0+ mt,

Xi X0 jpiw W y H o« ~
ypHHJiH Sy/ia”H, 6y epaa M — xX— X0, n = yXx— y0,t aca napaMeTp. t ra
Hcrasiran coh KHHMaTjiapiui 6epn6, TyppH gH3HAHHHr HyKTajiapinui Tonnui
mymkhh. TyppH gH3HKHHtir 6apga Hy~Ta/iapiiHii hkkh cnHcjDra a>i<paTaMH3.
/> 0 ra moc Kejiran Oapga Hyi~Ta,napHH Ghphitoi cnntjira, t < 0 ra moc
KediraH nyi~Taldiapirii aca kkkhh~h CHHtJira KHpHTaftjiHK. t — 0 ra moc 0 =
= (X0<y«) HyKTa TypjiH CHHcfira ~apauuiH hxtkcphh hkkh Hyi%ianHHr opa—
cnaa eTa,nn. U TyFpir 4H3HK,HHHr 6HpHHQgii (eKH hkkhhmh) CHHCjira KHpran
6apga nyKTaldiapn TynjiaMHHH yiiH O 6yjiraH Hyp jXe6 aT3HMii3 ra h = (a-0,
yO\m'n) ekH h = (x0,y0; - - m: - -n) KypHHHuifla 6eJirHJi3HMH3. YMyMHH yg—
ra ara 6yjiraH ukku h,k nypdan maiuKUA moman cjjusypa 6ypnaK iie6
axa.naflK, yun Z. (/?./?) KypHHiiuifla 6eJinuiaHMH3. «KonrpyainviHK» MyHO—
caCaTiiHH KyHM/iarn'ia Tai.pHcjyiaHMH3:
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A= (xvyx,B = (x2y2,C = (*,,y3, D = (xltyd iiy~iajiap 6epnji-
raH dyjiCHH. Arap V (x2— x:)2+ (y2— vy j2= V{Xn — x22+ {yA—y32
TeHrJiHK ypHHJin 6yjica, AB KecMa CD KecMara Kompyanm (mem) Aeo
aTajiaflH Ba AB/~C D KypuHHuiAa SejinuianaAH. hl= (xv yx\m'ri), —
= (xv y{,tn\n”} HypjiapaaH TamKHJi TonraH Z. (hltkx fiypgak h2=
= (x2, y2;m2:n2), k2 — (x2, y2\ml'.n™ HypjiapAaH ramKHJi TonraH Z. (h2, k2)

mm + tixM\ ma2+ n2n2

M+ n{VmF2 n{2 \hil,+ N\Vm"F+ n"2
TeHrJiHK ypHHJIH 6yjica, Z_ (hv kj, Z. (h2, k2) SypgaKJiap yaapo Kompyaum
{mem) Ae6 aTajiaAH. 3hah KOHrpysHTJiHK aKCHOMaJiapHHHHr SaJKapHJiHuiHHH
TeKIUHpaftjIHK.

111j. u= (a:b-c) TyFpH hh3h”™ 5aMAa A = (xvyX, B = (x2 y2 Hy Ta-
jilap 6mm aHHiyiaHraH AB KecMa SepHJiraH Swichh. u TyppH qi-isHiyian]
0 = (*o> Ug) nyi~"TanHHr 6np TOMOHHAa uiyHAaH M = (X, y) ny~Ta Tonaft-
jihkkh, yHHHr ygyH OM = AB TeHrJiHK 6a>KapHJicHH. ~a”“HKaran x”~m,
myiiAaH M Hyi"Ta ygyH ~yHHflarn tchtjihk ypwum 6ymum Kepan:

(X —x02+ {y —y02= (x2— x,)2+ {y2— yly-.
By TeHrJiHK"a x,y ypmira xO0+ mt, yO+ tit hh "yjiMHa

fiypgaK 6epHJiran 6yJiCHH. Arap

mH2 + nH2+ (x2— xt)2 + (y2— vy,)2=>t = ~N)3+ (y3-
m2+ ril
By HtfioAaflarH t hhht HKKHTa i"HHMaTHra u TyppH gH3H"aaH HKKHTa Hyi*ra
moc icejiH6, 0 Hy~Ta 6y Hy~TaliapHHHr opacnAa eTaAH. AeMaK, 0 HHHr 6np
TOMOHHAa OM = AB mapTHH ~aHoaTJiaHTHpyBgn arona ny”~Ta MaBmya.
1112, 1113, 1114 aKCHOMaJiapHHHr 6a*apHJiHiHH xaM xyjmn myHflan hc6ot-

,naHa,zm.
1, ABC yqgypgaKHHHr vyqgjiapn: A=(xv zX, B=(x2y2, C = (xs,y3);

AA'B'C yqgypgaKHHHr ygjiapn: A' = (xv y1), B' = (x.2yl), C = (X3 y3).
AB=A'B’, AC==A'Cr, Z_A = Z. A" SyjicHH. Z. B = Z. B' hh KcgoTJia-
IHHMH3 Kepak. AB = A’C a3h: (X2— xyf + (y2— ~)2 = {X>— x[f +
+(y'2—y[)2Ba AC = A’'C" AaH: (x3— xX2+ (y3— yX2= (x3— xF+iyl—
— yi)2 lllapTra Kypa /L A = /_A', 6y MyHOcaf)aT.aapAan:

(x2— xj)(x8— xH + (y2—vy,) (y3— yj = X2— x[) xX3— x\) + (y2—

— yi) (y*— yi)-

Z-B —Z_B' hh HCOOTJiam yqyH i"yHHAarH tshtjihkhhht ypHHJIH 9Ka-

hhhh Kypcaraui kh”ou:

x2—xj 03- X+ {yi- yJ) (Y3~ Y2 _
V- ¢+ B2- ([))2-1(Xs=")2+ (ilB— y2)a
—"2) + (y2— y')(yi —¥2)
V QY+ (1'— wj)2- V' (X3— 4)3+ (B d2a

KeHrpof* My”~oKawaldiap oy TenrJiHKHhht ypunjih skshhash AapaK 6e-
paAH.
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3 hah AeAeKHHfl aKCHOMacnra yTaiuiHK.

I1V. KoHrpysmviHK MyHOcafiaTHra acocjiaHH6, TeKHCJiHKAa xapaKax TymyH-
nacHHH KHpHTHOJ MyMKHH. XapaKaT HaTHJKacHjia «opacHfla» MyHOcaSaTn
caNJiaHaflH, abHH AB KecMa 6npop “apakKaT HaramacnAa A'B’' KecMara
yTca, A Hyi"Ta 6njiaH B Hy~Ta opacHAarn 6apga Hy~Tajiap A' 6hji3h B’
opaciiflarH Hy~Tajiapra yTaAn. IUyHHHr ygyH AeAeKHHA aKcnoMacHHNn 6n-
pop KecMa, MacadiaH, vy = 0 TyFpH gw3Hiyi,arh KecMa yqyH fiaJKapHJininn-
HH KypCaTHUI KHOOH

(0:1:0), ami 0-x + 1-y + 0 = 0 Typpn gH3HiyiarH A = (0,0), B — (d,0)
(d > 0) Hyi~TaliapAaH j~ochji SyjiraH AB KecMaHH TeKnmpanjinK. By epAa
B Hyi"TaHHHr 6npHHgn aHHiyiOBgHCH MycSaT coh, HKKHHgn annf/jioB-
gncH — HQJib. By Ba~TAS (0:1:0) Tyrpn gHsmyprn N = (xx 0) Hy~™-
TaHHHr A 6hjish B Hyi~raJiap opacHAa SyjiHinn ygyH 0 < x < d rnapT
fiagjKapHJiHHIn KepaK. AKCHHga, 6y rnapTHH ~3HO03TJiaHTHpyBgH j*ap 6np X
coHra A 6maH B opacHAa eTran, Hyi“ra moc KeJiaAH. AeMaK, AB KecMa
Hy~TaJiapHHH AeAeKHHA 3KcnoMajiapn mapTHHH ~aHoaTJiaHTHpaflnran i*hjih6
hkkh CHHJra a>KpaTHU] (0, d) HHTepBsjiAarn coHJiapHH AeAeKHHA aKcno-
MacH mapTJiapHHH i~aHoaTJiaHTHpaAHraH i7hjihS hkkh CHH(ra Syjmui Ae-
MaKAHp. XaKHKHH coHJiap TynJiaMHfla AeAeKHHA aKcnoMacH ypnHJiIHAHD.
Arap (0,d) HHTepBalJiHH hkkh cnHcjira aacpaTyBgqH AeAeKHHA cohh t 6yjica,
6y coHra AB KecMara moc KeliyBHn ny~ra M = (i, 0) SyjiaAH.

Hh”oht, V napaliJiediJiHK akKCHOMacHHH TeKmnpanJiHK. u — (a:b:c) Tyrpn
gH3HIN Ba yHfla eTMaraH A — (x0, y0) iiyi~ra 6epHJiraH Syjicnn: ax0+ by0 +
+ ¢ 3~0. A Hy~TaaaH yTyBgn 6npop Tyrpn dfi3HK u' = (a“:b':.c') hh, m n
a'x0+ b'y0O+ c' = 0hh ojiafijiHK. By TeHrjiHKAaH:¢' =; — (a! x,, + b'yO0).
napaJuieJiJiHK aKcnoMacHHHHr maprara Kypa

ax -f by + c =m0,
a'x + b'y+ ¢'=0

cncTeMa yMyMHH egHMra ara aMac, sihh — = — | SyHAaha' = aa, b'=
a . b

~Xb-,c'" yqgyH ¢'= — (ax0+ b'y0) = — K(axfi+ by0. IUyHAaH lyim®6,
u' = (@“b':c') — (@.b: — (ax0+ by0Q) TannH aroHa Tyrpn gH3H"AHp. Ae-
MaK, ioKopnAa Ke”rapn~raH apn<|)MeTHK MOAeldifla THJibSepT aKcnoMajiapn
CHCTeMaCHHHHr (TeKHCJiHKKa Taajuiy/jiii akKCHOMaldiapn) 6apga mapTJiapn
6a>KapnJdiraH, AeMaK my aKCHOMaliap epAaMHAa hc6ot i"HJiHHaAHraH 6apga
TeopeMajiap xaM ypnHJiH. 1"yHHAarn xyjiocara KeJiaMH3: apn(J)MeTHKaHHHr
kohvh- "OHAajiapn 3HAJIHKAaH j~ojih 6yjica, Ebkjiha reoMeTpnacH )Y*aM MaH-
THNH 3HACH3AHP-

22- §. JloSageBCKHH reoMeTpHHCHHHHr 3HfICH3JiHrH

OjiAHHru naparpa”™Aa Ebkjiha reoMeTpnacn yqgyH 3hach3jihk MacaJiacn-
hh TeKuiHpAHK. YHAa j~ochji "HJiHHraH Hara>Kara acocjiaHnS, JloSageBCKHH
reoMeTpnacHAa 3hach3jihk fiyKJinrnHH KypcaTaMH3. JlodageBCKHNn reoMeTpna-
cnHHHr 3HACH3JiHMHH AaJiHJiJiOBgn Tadiaft MOAejuiap MaB>KyA. fAynnAa 6h3
uiyHAafl MOAejuiapAaH 6npn — (J)paHHY3 nyam ape homh 6mm ropnTH.niyB-
gn MOAgjiHH KeJiTHpaMH3.

Ebkjiha TeKHCJiniHAa TaflHH u Tyrpn gH3H”™ 6epnjiran 6v.ichh. Jlo6a-
geBCKHH reoMeTpnaciiAarH acocnn TymyHga Ba MyHocafiaTJiapra ~yifflAa-
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39- HHEMB

rma Matho 6epaMH3. MatJiyMKH, u TyFpH to3hi< Ebkjiha TeKHCJinniHH
nKKHTa hphm TeKHCJIHKKa aJKpaTa™H, yjiapAaH 6hphhh (39- HH3Ma), aHWV
pOFH U TyppH MH3HP;HHHr I0I"OpHCHAarH HpHM  TeKHCJIHKHH JloSaHedCKUU
meKUCAuau as6 i7abyji HliaHJIHK (yHra u TyppH ~h3h” mpMaihw)- Jlo-
6cme8CKuti Hy“mctcu Ae6 my .HpHM TeKHCJiHKAara Hyi“rajiapHH OJiaMVH3.
JlodmeecKuu mijFpu mi3UFu Ae6 MapKa3H u TyppH oH3iilyia, y3H 3ca
roi"opii apHM TeKHCJiHKKa jKoftjiamraH HpHM afijiaHajiapHH Ba u ra nepneH-
AiiKyjmp HypjiapHH QJiaMH3. a, ¢ — HpHM aHJiaHaldiap Ba b Hyp Jlo6a>ieBC—
khh TyppH qgH3HNJiapHKHp. KpjiraH TymyH”"adiapHH, 3apypaT TypHJiraHAa,
aHHiNJiaS 0JiaBepaMH3. JloSa'ieBCKHH amiOMaTHKacH aScojiioT reoMeTpHH aK—
ciiOMaTHKacH KaTopura Jlo6ageBCKKH aKCHOMacHHH ~ymnm Ghjmh “ochji
iy-uiHHap bah. AeMaK, 6h3 K~opHAa KejiTHpHJiraH MOAegjiAa | | _ 3,
Hi_4* 1Hf_5, IV, VaKCHOMadJiap mapTJiapHHirar 6a>KapHJiHMHHH TeKmn-

pii6 gHKnmnMH3 KepaK.

112 aKCHOMaliap ypHHjiH dyjiaAH. XaiW aTaH jaM A, B nyi~Tajiap 6e—
pHJiraH 6yjica, 6y Hy"TaJiapAan MapKasn u Tyrpn tiH3Hiy;a 6yjiraH <patal
6HTTa HpHM amam yTaAH eKH A B KecMaHHHr ypTa nepneHAHKyjmpJiapH
u SnJiaH KecnmMaca, A, B nyi*Tajiap u ra nepneHAHKyjinp HypAa eTaAH.

13 aKCHOMa 6a>KapHjiaAH, nyHKH HpHM afijiaHaAa eim HypAa (Ebkjiha
MatHOCHAa) eTraH Hyi~rajiap xaM, eTMaraH nyi~Tajiap ~aM MaB>KyAAHDp.

TapraS aKCHOMajiapHHH TeKmnpHiu yqyH «opacHAa» TymyHuacHHH ¥y~
HHAarnga aHHiyiaHVH3. A, B, C Hyi“TaJiap 6np Typpn ™3HK,AarH (ht=hnh 6ht—
Ta HpHM afljianaAarH eKH 6HTTa HypAa eTraH) nyi~Tajiap 6yjicm. Arap B
HVKTa oaahh MatnoAa A 6maH C opacnaa €Tca, B ny~Ta 6njiaH C opacHAa
eTaAH A"HMH3.

y ~7oJiAa Hyp ycTHAara eKH HpHM aftjiaHa ycTHAarn Hy~Tadiap yqyH
111 3 Jiap ypHHJIH 6yjiaAH.

JloSaneBCKHH MatHOCHAarii yqgSypHaKHH i*yHHAanm TatpHcfviafiMEB, Map-
K33H Typpn nmm~jxa eTraH y ™ npHM aftjiaHaHHHr KecHuiHuiHAaH ~ochji
SyjiraH y”~ra Hyi~Ta Ba yjiapHH TyTamrapyB™ my aHJiaHaJiap eftjiapHAaH joO-
chji i"HJiHHraH (fwrypa yu6ypHaK Ae6 aTadiaAH; Hy~Tajiap ynSypgaKHHtir
ygjiapH, eflnap aca yqgSyp”~aK TOMOHJiapn Ae6 aTaliaAH. (40—pacMAa ABC
yggypgaK TacsupjiaHraH.)

u Tyrpn hh3hi*hh aScuncca yi™H Ae6 i”abyji i“HjicaK, JloSageBCKnft Mat-
HocHAarn Tyrpn iitghi> TeHrjiaMacn / = (x— x~f + yl — t2= 0; (a0,0) Hyi$—
Ta aftjiaHa MapKa3H. JloSageBCKnfi TeKHCJinrHAarn HXTHepnft M Hyi~Tann
ojicaK, arap M Hyi~Ta lo”opHgarH HpHM afijiaHaAa erca, /M— 0, arap M

55



40- m3Ma

Hyivra uiy »pnM aii/iaua GnjiaH gerapajiaHraH np.nM flowpara TerHuuiH Syjica,
fm< 0, br hh~oht, Af apnM AOHpara TerHuuiH SyjiMaca, /m> 0.

114 aKkCHOMa iuapTHHHHr Sa”apujiHuiHHH TeKuiHpafijiHK. ABC yqdypgaKHHHr
yqjiapnAaH yTMaraH, JieKHH 6npop tomohhhh Kecu6 yTraH v Tyrpu gqn3n”
AB eftHH Kecus yTarH Aemm. V ~oJjuw fA> 0, fB< 0 eicH fA< 0,
fB>0, xyjuiac, fAfB HHHr Huiopajiapn 6iip-6npHra i~apaMa—itapuin, C
Hyi~Ta v ra TernuiJiH 3Mac, aeMaK, /c > 0 eKH fc< 0. njy ca6a6.uah /
6hjihh /¢ hhot eKH fB 6hjmh fc hhht HiuopaJiapn Typjm. AeMaK, V Typpn
gH3HiN AC era BC tomohhh Kecud yraHH. By llaui aKcnoMacn  6aH<apHJi—
raHiiHH SHJiaupaflH.

KecMajiap Ba 6ypgaKjiapHHKr «KOHrpyahtjihk» MyHoca6a™ HHBepcHH
TyuiyH”acHra acocJiaHraH ([13] khto6, 121-6eT). Ahh~pofh, AB Kec-
MaHH (eflHH) CD KecMara (eftra) yTKaayBqn, MapKa3H u Typpn wsnnna
SyjiraH HHBepcnoH ajiMaurrapHuuiap KeTMa-KeTJinra Mae>Kya 6yjica, AB
KecMa CD KecMara KOHzpyanm ne6 aranajw- LUyHra yxuiaui dypgaK”ap-
HHHr j;aM KOHrpyaHTJiHra TatpncjwiaHaAH. HHBepcna xoocajiapn 6HJiaH
MyKaMMaji t3hhiuh6 qwicaH y*yBHH 1112~ aKCHOMajiapHHHr JloQageBCKHH
TeKHCJiIHTHAa 6a>KapHJiHuiHra hiuohh j~ochji ~HJiaAH.

XyiUW uiyHra yxuiaui ZteaeKHHA aKcnoMacH “~aM Ebkjiha reoMeTpua-
cunarn aftjiaHa eftjiapn yqyH ypHHJIH 6yjiraHanaH, yHH JloSageBCKHH Te-
KHCJIHTHfla J$aM ypHHJIH SyjTHLUHra HIUOHq ~OCHJI I"HJiaMH3.

HhJJOSIT, JloSageBCKHH aKCHOMaCHHHHr 6a>KapHJIHUIHHH  TeKLLJHpaHJIHK.
J]o6ageBCKHH TeKHCJiHruAa u Typpn gH3H" BayH”a eTMaraH A ny”~ra 6epHJi-

41- ilH3Ma
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ran 6yjicMH (4 1-gnsMa). A HyK/ra opi®aJin a npnw aftjiananiiHr M Ea N
iiyinTaJiapHAa ypiiHyBgn 4)a~aT hkkhra b, c aftjjaHa (TyFpH qH3Hiyiap) yT-
k33HIu MyMKnH: b npHM aHJianaimHr MapK33H NA KecMa vpTa nepneHAH-
KyJHipHHHHr u TyFpn [liH3H” 6njiali KecmnraH Hyi~Tacufla, ¢ apHM anjiana
MapKa3H sea MA KecMa ypTa nepneHAHKyjinpHHHHr u TyFpn hhsh” Chjish
KecHUiraH HyKTacufla 6yjiaAH. Bynaan Tami®apH, A nyi*Ta op~ajin a 6h-
jiaH KecHUiMaHKHraH (yso~NJiamyBgH) Ba KecHiuaAnraH ¢geKCH3 Kyn TyFpH
mi3HA”jiap yTa”H. Xyjuiac, A Hyi*Ta op”ajin U CnJiaH KecniuMaHAHraH ks-
Miwa HKKHTa Typpn mhshk; yTaAH. By JlofiageBCKHH aKcnoMacHiiHHr 6a>i<a-
pHJIHHIHHH KypcaTaAH. AeMaK, riyaHKape MOAeJiHAa JloSaqgeBCKHH reoMer-
pHHCHHHHr 6apga aKcnoMajiapn 6a*apH;iaAH. By MOAejib Ebkjiha reoMCT-
puflICH o6tektJiadhAah A~ypiuiraHH yqyn Ebkjiha reoMeTpuncHAa 3HAJJHK
OyjiMaraHH KaSn AoSageBCKnn reoMeTpHHCHAa ~a\i 3hajthkhhhp fiyiyiiirH-
Aan AapaK 6epaAH. Bin JloSaneBCKHfl reoMeTpnacHHHHr njianeweipHK
aKCHOMaliapHHH TeKIHHpHIH OHJiaHrHHa HeKJiaHAHK.

23-8. nijibSepi aKcnoMajiapn CHCTeMaCHHHHr TyjiHAjiHrn Ba napajuiejijiHK
aKCHOMacHHHHr sPkhhjinfh “ai“MAa

2- § Aa aKCHOMaliap CHCTeMaCHHHHr TyjiHiyiHK mapTnra HToaT ~hjihuihhh
TeKiuiipiiui ycyjiHHH TatKHAJdiaran sahk. AKCHOMaJiap CHCTeMaCHHHHr TyJin®
3K3HHHH KypcaTHUi yqyH yHHHr KypiuiraH HCTadiraH hkkh MOAeJiHHHHr H30-
MoptJ) sKaHnHH KypcaTHUi KncjiOHAHp. 21-§ Aa THJibSepT aKCHOMaldiapn yqyH
apn*MeTHK MOAegjiHHH Ty3raH sahk. XyAAH uiyHra yxuiam I'nJibSepT aK-
cnoMadiapn cncTeMacHHHHr HKKHHgn moabjih CH”araAa AeKapT MOAeJin ae6
HOMJiaHraH MOAeJiHH khphthui m'/mkhh. By MOAeJiHHHr mo~hhth i“yHHAa-
rnga: TeKncjiHKAa ACKapT cncTeMacHHH khphthS, ”~ap 6np Hyivrsrs yHHHr
KoopAHHaiaJiapn acé axajiran dftp >Ky()r (X, ¥) cohhh moc KSJiTnpavM3 ea
aKCHHqga.

Typpn qii3Hi® Ae6 ax + by+c¢ —O0 TenrjraMatiH (a, b, ¢ imm coh-
jiap 6vjih6e, a eKH b JiapAaH KaMHAa 6nTTacH hojiash <j)apiJiH) ~aHoauiaH-
TiipyBgn 6apga X,y coiuiap wytimiHH, m>m Hy~TajiapHH 0JiaMH3. X = O,
y = 0 TyFpH gH3H"JiapiiH KOopAHnara yiyiapn Ae5 ara&MH3. (0, 0) Hyi™~
Taiin KoopAHiia rajiap ooihh Ae6 iopHTaMH3. TyFpn gniH™aa A = (xv yb,
B — (X,, Y., )t C = (X3, ¥y3 nyitradiap SepHJiraH SyjicnH. b=fm0 xojma
xL< X2< x3 eKH Xj>.x2> x3 6yjica, b = 0 ~ojiAa aca C y2< vy, ckh
Ui> Ui> D» Sy.nca, B Kyira A 6HJian C opaciiAa eiaAH AeS aTaJiaAH-

ByHAan Tauiiapn, KOHrpysHTJiHK TymyHqgacn yqyn nyp, SypgaK Ba .o-
Ka30 Tymyiiqajiapra aHajniTHic reoMeipHHAa depHJiraH TabpHcjuiapriH kV3-
Aa TyTaMHs. Acocnii Tyuiynga Ba MyHoca6aTJiap TnJibSepT aKCHOMadJiapn
CHCTeMaCHHHHr Gapga HiapTJiapHHH icahoa TJiaHth paah. By MOAejiAa xcchji
i"HJiHHraH Gapga (})opMyji3Jiap 21-§ Aa KeldirapHJiran apii(])MeTHK MOAeji~srn
~opMyjiadiap 6nJian 6np xhji Syjiaan. AeMaK, 6y hkkh MOAeJiAarn acocnii
TyuiyHqgajisp (0SbeKTJisp, Mynoca6aTJi3p) opacHAa y3apo 6np ~hhm3tjih
mocjihk MaBJKyA 6ym6, hcochh MyHocaSaTJiap ca~Jianap 9Kan, 6y acaapiKj)-
MeTHK MOAegjib SiiJTaH AeKap-r MOAejiH opacnAa H30MOp(J) mocjihkhhht Mau-
JKyAJinrHAaH AapaK SepaAH.

NyHHAarH xyjiocara KeJdiaMH3: TnjiboepT aKCHOMadiapn cncTeM3cn Ty-
jih~jihk Tajiaébnra >Kaeo6 6epaA«.
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3hah TH.nbfepT aKCKOMajiapn cHcieMacH/iarn aKCHOMajiapHHHr spKHH-
jihth Macajiacnra TyxTafi/iHK. 2- § Aa Ta'BKHAJiaraHHMH3AeK, 6npop aKCHOMa-
HHHr 6om”a aKCHOMajiapra HHcoaian apKiin 3KaHJwrHHH nypea7urn ynyH
yHHHr hhkophhh ojik6, i<,0Jiraii aKCHOMajiap SiiJian 6iipraJiHK.ua jihth chc-
xeMaHH “ochji *hjihG, 6y CHCTeMaHHHr 3HACH3 SKaHJinrHHn Kypcainm,
h~hh SnpopTa MOAeliaa hhth cHCTeMa aKCHOMajiapHHHHr 6a*apnjiHuiHHH
iicSoTJiam KepaK. |0i"opHAa xyAAH mynaaS huihh rHJib6epTHHHr napaji-
JieJiJiIHK aKCHOMacH yqyn SawapAHK. HyHKH 6y aKCHOMaHHHr HHKopn CH("a-
THAa Jlofia*eBCKHH aKCHOMaCHHH OJIHfi, HHI'H aKCHOMajiap CHCTCMaCHHH XO-
CHJI I"HJIAHK Ba 6y CHCTeMaHHHr 3HfICH3 9KaH»IHrilHH HCfiOTliajlHK. Boilll*a-
ga i”hjihS aftTraiiAa, napajuiejuiHK aKcno.viacH MycTaKHJi aKCHOMa 6yjwé6,
yHH aScojiioT reoMerpna aKCHOMajiapn epAaMHAa TeopeMa cncimHAa hcbot-
Jiatu MyMKHH 3MaC 3K3H.



V BOB. fICAUIirA flIOHP MACAJIAJIAPHH EHHUI METOfIJIAPH

24- §. UapKyjib Ba mh3fhm epAaMHAa scam aKCHOMajiapn

1. KoHCTpyKTHB reoweTpHa. Hy~"Ta”apHHHr xap i%aiiAaS TyruiaMii t|)nry-
pa Aeb aTajiHiuH MatliyM. MailiyM TaliadJiapra >i<3bo6 SepyBnn 43irypa™
6np eKH 6np He~Ta fleam i*ypojijmpH (hh3fhli, unpKyjib, MHSMa HjiHK yq-
Syp~arH Ba 6ouiKajiap) epAaMHA3 scauuHH Tajiad airan Macajia KOHcnipyic-
mue MacaAa AeHHJia,un.

Hhsfh'i, uHpKy”~b, yqSyp-MKJiH Hmrm Ba TpaHcnopTHp epAaMii.ua eun-
jiafl[HraH TeKHCJiHKAara xap “aHaafl kohctpykthb Macajia,ziapHH $ai*aT mip-
nyjib Ba gHSFOT bochtschas e*Hiu mymkhh. mynHHr y”yi-i 6om”~a acam
i“ypoji.iapHHHHr ~ojirahJiapHaaH <|)OHA3JiaHMac3 ~3M 6yji3AH.

2. KoHCTpyKTHs reoMeipHn aKCHOMajiapn. Kohctpykthb reoMeTpnw reo-
MeTpnK (})HrypaHH «Hcaui» aeraHaa yHHHr 6apMa sjieMeHTJiapuHH toiihuihh
TyiuyHaMH3. reoMeTpiiflHHHr ncauira AOHp acociw Tajiafijiapn TerauiJiH aK-
CHOMa.aap op”ajrn H(f)OAa ~hjihh3ah. Kohctpykthb reoMeTpun Macajiajia-
piiHH HXTHepufi i*ypojuiap bocht3cha3 e”nuiAS ~yHHAarn aKCHOMajiap
ypHH.iH ae6 i”abyji k>hjihh3ah:

1. BepHlJirsH Fv F2, . . .tFK <j>HrypajiapHHHr j;ap 6npn jjcsjiran. By
epta «6epHliraH 4®rypa» Ba «4>Hrypa 3HH7Ji3HrsH» TymyHgsjiapHHH apa-
jiauiTHpHS io6opM3cjiHK Kep3K. Arap 6npop «(J)Hryp3 6epHJiAH» fle6 aHTHJica,
6y (fwrypa TacBnpjiaHraH, ra3HJiraH, m h HcajiraH ae6 TyiuyHHiii KepaK.
Arap 6npop «$Hrypa aHHiyiaHraH» ae6 aftralica, 6y n6opa opitajiH (Jniry-
paHHHr y3H SepHJiMaraH SyjinS, <J»aifaT <J>HrypaHHHr Ba3HHTHHH aHHiyiaft-
AHraH 3JieMeHTJiap SepHJiraH AeraH MatHOHH TymyHMOIi* KepaK. MacajiaH,
TyppH HH3HAHHHr hkkh HytrracH SepHJiraH 6yjica, 6Y HyivraliapHH Sapjiaiu-
TiipaAHraH HroHa TyppH HH3H» MaBKya, smh 6y Typpn hibh” y3HHHHr
hkkh Hy”racn 6HJiaH aHHiNiaHraH, 6npo” 6y TyppH HH3HiI\ acajiMaraH
(qH3HJiMaraH), yHH scam KepaK.

2. HKKHTa (Juirypa ncajiraH 6yjic,a, y “ojma 6y (JwrypajiapHHHr 6np-
jiauiMacH xaM acaliran.

3. HKKHTa Ft Ba F2 cjmrypa HcajiraH 6yjiH6, yjiapHHHr KecnuiMacH
6ym SyjiMaca, yjiapHHHr Ft f) F2 KecnuiMacH HcajiraH 6yjia,mi.

4. Arap Fv F, 4>nrypaliap ncaliraH Ba F2c; Fv F\ £mF2 6yjica,
F j\F 2 <j)Hrypa acajiraH “ncoSjiaHaAH.

5. Arap F (jiiirypa HcajiraH 6yjica, 6y (J'Hrypara i%apauiliH Hyi*TaHH
HCaUl MyMKHH.

Bhs eBKJIHA TeKHCJiHrHra Taajuiy”JiH acatura aonp Macajiajiap SHJiaH-
niHa myFyjiJiaHaMH3. TeKHCIJiiiKAa acauira aohp MacajiajiapHH enHuiAa Hcam
i<;ypoJiJiapHAaH o”aTAa gHSFiw Ba UHpxyjib HiiiJiaTHJiaAH. 5lcauira aonp
MacajiajiapHH iih3fhm Ba unpKyjib epAaMHAa eqnuiAa gH3Ma npaKTHKacHAa
i"yjuiaHHjiaAHraH HH3FHq Ba unpKyjib 9Mac, SajiKH aScTpaKT MH3FH1 Ba
HHpKyjib 3tTH6o0pra ojihh3ah. By A“ypojuiapHHHr kohctpykthb hmkohhht-
Jiapn i*yHHAarH hkkhts aKCHOMa opitsjiH Ht})OA3 ~hjihh3ah.

6. Arap A, B Hy~Ta-aap (A 3=B) 6eJirHJ]3HraH gyjica, AB HypHH Hcam
MyMKHH.

7. Arap 0 nyi*"Ta Ba AB KecMa HC3liraH 6yjica, MapK33H 0 HVKjaAa



Ba paanycH r — AB Syzran afijianaHH mcnm MyMKHH. By afijiaHaHH S (o, 1)
KypHHHuiAa 6ejirHJiaHMii3.
3. Uiy aKCHOMajiapra cynHwS, KjHWUrw Sa-bsn coAAa MacajiajiapHI|
eMHUI MyMKHH.
1) A, B nyKjaliap Sepn”ran 6y.nca, AB HypHH licairr (6-akKCHOMa).
2) A, B Hy~Tajiap Sepn/iraH 6yjica, AB KecMaHH acaHr.
6-aKcnoMara acocaH, AB Ba BA nypjiapHH acaftMna. 3-akCHOMara
Kypa, 6y HypjiapHKHr KecnuiMacH H3JianraH AB KecMa SyjiaAH.
3) A, B HyirTajiap SepHliraH 6yjica, AB Typpn hhsh~hh acaHr.
4) Arap aftjiana Mapi<a3H.Ba paAnycnra Tenr KecMa acaliraH 6yjica,
anlJianaHH hcshp.
5) napali®e.T SyjiMaran hkkhts Typpn HH3H"HHHr KecnmraH Hy”"TacHHH
acaHr.
6) BepHliran Typpn hibhk; 6mau aftjiaHammr KecnmraH Hy~TacHHH
HcaHr (SyHAafl HyK;T3;iap MaBJKyA 6yjica).
7) BepHlJiraH hkkht3 afijiaHaHHHr KecHiuran Hy~"TacHHH acaHr (6yHAafi
HyKTajiap M3BH<yA 6yvica).
8) BepHjirsH (Jmrypara TerHiHJin 6yjiran Hyi*"TaHH acaHr.
yicamra aohp wacajiajiapHH ennui AeraHAa yjiapHH geKjin MapTa nmjia-
thih fiyjiH StiJiaH 6a®apnjiraH siir coAAa Macalia./iapra KejiTiipnmnn Tyiny-
H3MHS3.
MaKTadAa y~H/iaAnran reoMeTpna KypCHAaH MatAyM 6yjir h A"yfiHAarn
MacalJia®apHH 3Hr coAAa Macalia®apra KeliTnpnm ycyjniAa enaannK.
1-Macajia. BepHjiraH KecMaHHHr ypTa Hy~racHHH ncanr (42-qH3Ma).
Ennui. 1) AB Typpn HcaHMH3 (3-si-ir coAAa acam).
2) (A, d) afijiaHaHH acanMHs. AB—a (4- shf coAAa acaiu).
3) S2(B, a) afljianaHH HH3aMHS3.
4) Sj, S2 aftjiaHajiapHKHr yMyMHH
M, N Hyi~TaliapHHH TonaMro (7- 3Hr
coAAa acam).
5 MN r/ppn wshkhh gHsaMH3,
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/40 = 0B siiaHJiiini ocoh HcGox*aHaAH./leMaK, 0O iiyi*ra H3JiaHraH Hyi~-
Ta 6yjia,n,H.

2-macajia BepHliraH ABC gypgaKkHH TeHr HKKHra 6yjiHHr, h-bhh
6ypgai< GHcceKTpHcacHHii gn3HHTr.

Egnm (43-gn3Ma):

Hcam).

2) S afijranaHUHr 6ypgaK TOMOiuiapn 6man KecwiuraH Av Ct HyKTa-
jiapuHH TonaMHa (6- 3Hr coaaa Hcam).

3) (Alt 1), S2 (Cv r) afuiaHajiapHH qn3aMH3 (7- 9Hr coaaa fleam).

4) Sv S2 aftlianajiapHHiir KecHiuraH B, D HyirTajiapiiHH 6elirnJiaftMH3
(7 3Hr coaaa flcaui).

5) BD nypHH gH3MH3 (1-3Hr cojua Hcam). By BD Hyp H3jiaHraH
6ncceKTpHea 6<jn&m, gqyHKH BCtD Ba BAXD yqg6ypgai<jiap TeHr.

4. flcauira Jtonp a”ewesiiap wacajiajiap. Kohctpykthb MacajiajiapHH
loropnaarH ycyji GnjiaH eqnm Macajia eqiimHH anga qy3HS rob6opa,UH Ba
erauiHHHr Myx(nm ypHUJiapsran hi”oji KypcaTa ojiMan/m. LUyHHur yqyn
KynrHHa Maca.ia.nap coaua Macajiajiapra a-KparajiMan, 6ajikn ywa coaaa
Macajiajiapra cysuinS egqiuiaaiiraH Ba Kyn yqpaS Typa®“Hran Macajiajiapra
KeJiTHpHjinfi eqnJiaan. Bynaan MacajiajiapHH oaaTaa sjieMeHTap Macajia-
jiap eKH acocHH reoMeTpnK ncainjiap aeb aTaliaan. OaaTaa
sjieMeHTap Macajiajiapra ~yftnaarHJiap Knpaan:

1. Bepnjiran KecMann Terir HKKHra Svjihhi.

2. BepHJiran SypgaKirn TeHr HKKHra SyjiHiu.

3. Bepnjiran SypgaKKa Teur OypgaK scam.

4. Bepiuirari nyifraaaH SepiuiraH Tyrpn qgioni™a napajuieji Tyrpn qn-
3HK( yTKaSHUI.

5. BepHliraH Tyrpn qiBHKfta SepujiraH nyitraaaH nepneHflHKyjiap yTKa-
3HIU.

6. yqTa tomohh bepnjiraH yqgypgaK ncaiu.

7. Blip tomohh Ba yura ennuiran hkkh fiypgarn SepnjiraH ygQypqaic
acaiu.

8. Hkkh tomohh Ba yjiap opacH.uara 6ypgarn Gepn.nran yqSypqaK Jicaui.

9. rHnoTeH)'3acH Ba 6np yTKHp 6ypgara 6epnliran Tyrpn 6ypgaKJin
yqdypgaK ncaiu.

10. rnnoTOHy3acH Ba 6np KaTera SepHlJiraH Tyrpn 6ypgaKJiH ygSypgaK
acaui.

11. BepHlJiraH KecMami Gepn.iraH HHcSafaa Gyjiniu.

12. BepHlJiraH HyKjaaaH fepujiraii aii/ianara ypiiHMa yTi<a3Hixi.

By Macajiajjapiiiinr HKKHTacn loi™opnaa ryjia em6 KypcaTH/iraii, i"ojiraH
MacajiajiapHH yma HaMyHa 6yfinga Mycrai®nji eqgniuHH y~“yBgnra TaBcua
i"HJiaMH3 ([ 17], flljjiaH c})o?UajiaHHHr). Mypai<Kab Macajiajiap equrnaa
ajieMeinap reoMeTpnK MacajiajiapaaH myaa Kyn MapTa (“onaaliaHaMHa,
hiyHHHr ygyH 6y m caliajiapHimr egHMJiapHHh nyxra ypraHum 3apyp.



25-§. flcamra AOHp rviaca/iajiapHH enKMAarH Soc”™wgjiap

OaaTfla acarnra Aonp reoMeTpHK wacal/iajiapHH eqHuiAa Macaws eqian-
IUHHH OCOHJiaiilTHpHLU Ba Tyjia enHMHHH TatMHHJiailJ Mai*CaAHAa ropHTHJia-
AHraH My”~oKaMa amif* 6np yMyMHH cxeMaAa 0jih6 SopHJiaAH. By cxeMa
AyftHAarH Typna 6Goc*mAaH HSopaT:

AHajiii3. AHajiH3 KOHCTpyKTHB Macajiajiapmi ewiuHMHr AacTliaSKH
rafiepjroB Soci*qHAHp. By docK~gmiHr acocHH B33H()3CH MacajiaHH eqgann-
uih o"AHHAaH Mat*yM SyjirsH Macajiajispra ajKparaiH Ba yjiapHHHr chh-
jihuiii TapTnSHHii aHHiNiaiuAaH HSopax. ByHAaH Taui“apn, Maca/ia cmhjiah
Ae6 <|)apa3 i~h/ihhh6, H3”aHraH Ba SepnliraH (})Hrypajiap Macajia TajiaSHra
MyMKHH KaAap Tyjiapoi® >K3bo6 SepaAHran Tap3Aa tjxmhhsh 4K3h5 ~yiiH-
jiaAii. Cynrpa KepsKJiH reoMeTpnK cj)aKT.JiapAaH ()OHAaliaHH>, cypa;ir3H
Ba SepHJiraH $Hrypa opacHAara SoFlJianHuuiap amiiyiaHaAH Ba (})HrypaHHHr
i<;aficH 9JieMeHiHHH  Maft TapinSAa acam MyMKHHJiHrH SelJirHJianaAH. UlyH-
Aan i*hjih6 H3JiaHran ([HrypaHHHr acaiu cjiaHH Ty3HJiaAH.

Cypaldiran Ba SepH.iraH (jDHrypa ajieMeHTJiapn opacHAarn SoFJiaiiHuiHH
TonHmMHH ocoHJiamTHpnm ygqyH OAaTAa epAaMqgn (JwrypaAan (IxwAa/iaHHJiaAH.
EpAaM”H (})Hrypa myHAafi SyjwuiH KepaKKH, yun SepHlJiraHJiapra acocaH
acam Ba yHAaH H3JiaHraH (~nrypara yram MyMKHH SyviCHH.

Hcam. Maca”aAa cypajiran cfwrypaHH Tonum yqyH KepaK Syjiran
acocHH acam”ap KeTMa- KeTjinrH 3H3jih3 Soci®nqHAa Ty3HJiran njian acocHAa,
qH3rng Ba HHpKyjib epAaMHAa ~ochji lyiJiHi-iaAH.'

Hc6ot. By GocKmifla acajiraH cjwryps MacajiaAa mXaiiran cpnrypa
3KaH/iHrH hcbot ~H/iHHaAH, aiHH yHHHr Mac3Ji3Aa SepHlJiraH Sspga mapr-
jiapra >KaBo5 6epnuiH ncSoTJiaHaAH. HcSoTJiam acamAa 6a>KapH,iran nm-
.rcapra Ba Ternm/iH reoMeTpna TeopeMajispHrs acocjiaHaAH.

Tekmhphm. Hcamra Aonp MacajiariapHH Tyjia eqnm yqyH ~yfiHAa-
th caBOJuiapHH OHAHHJiamrapHm KepaK:

1. MacajiaAa SepnliraH sjieMeimiapHH hxthSphh tshjisS ojiranAa “alt
Macajia eqHMra ara SyjiaAHMH, arap 6epn»nraH ajieMemviap hxthgphh TaH-
Jia5 ojiHHraHAa Macajia eqn\ira ara SyjiMaca, y xo;iAa “aHAafl Taiua$S
o/iraHAa Macajia eqHMra ara Sy.iaAH, i*aHAafl “ojuiapAa eqwMra ara 6Yji-
MaflAH?

2. BepnliraH 3JieMeHT./iap HMKOHHarn Soprna TaHlJiaS ojiHHianAa Maca-
jia iie"Ta eqHMra ara SyjiaAH?

By caBOJiJiapra JKaBod Sepnm yqyH acauiHHHr 6GopHmHHH TeKmnpnm
XepaK. By AeraH cy3, acam oockKHqHAa 6a>KapH/iraH am coaas aa aco-
chh acamjiapHH 6hphh- KernH aHa 6Up Sop TeKuiHpnm KepaK 7aMAa 6y
MacajiajiapHH “a.MMa Bai*T eqnm MyMKHHmh, equrn MyMKHH Syjica, Hegia
eqHM SopjiHrHHH aHH”iam KepaK.

Alcamra aohp MacajiajiapHH Soc”ngjiaS equrn Macajiaim Tyrpn eqwrn-
HnHr rapoBHAHp. JleKHH myHH acAan gHi"apMacjiHK KepaKKH, xap KaHAafl
MacajiaHH eqnmAa ~aM 6y Typua Socifqra i*aTtHH pnoa i*HJium mapr
aMac. MacajiaHHHr orup- eHrHJiJiHrnra, coAAa- MypaKKaSjiHrHra Kapa6, 6y
Soci*Hg”apHHHr SatsHJiapura TyxiaJiMacAaH KeiHm >%aM MyMKHH.

By FOHJiapHH ~yfliiAarH Macajiajiapra TaTSni* K,iuiaH"HK.

Macajia. Acoch Ba eH TOMOHJiapma yTK33HJiraH hkkht3 MeAHaHacn
Syflnga yqSypgaK acaHr.
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Eqnm (44-qH3Ma). A»aliH3
ABC H3JiaHraH yq6ypq3K 6y;icnH.
AB—acocH, ANL BN2—£nh tomoh-
m/rapnra  yTKa3H”"raH MeAnanajiapn,
P — MeAHaHa.iap KecHLuraH Hy~Tacn.
LLlapira Kypa €, ma, mb MatliyM
(AB=c, ANy—ma, BN2—mb). ABC
yqSypnaKHH ncaui yqyH yHHHr yqjiapH-
HH TOnHIH KHtjXIfl. AB KeCM3HH HCasS,
yqSypqaKHHHr HKKHTa A, B ygjiapHHH
TonaMH3. C ygHHH TonHm yqyH Nv N2
Hyi~TajiapHH Hcam KepaK; AN,,, BNX 44- gHB\ia
Hypjiap KecHLUHO, C ygHn .%ocha i\H-
jiaflH. Nv N2 nyi*Tanap moc paBHuma AP, BP HypJiap®a eTaAH, 6y ep-
Aa Nt Hy~Ta A HyKra™afi ma Maccxj)ada, N2 nv~ia B Hy~TaaH mb Ma-
co;()aua eraah. IllyHHHr ygyH Maca.ia P Hy~Tann Hcarnra KeJiTHpH.raAH.
By Hy*TanH ABP ygSypgaKHHHr ygnHgH yq« CHtjamua acam mymkhh. AP =

2 2
—~"ma, BP — — mb SyjiraHHAaH ABP yqgypgakKHHHr xaMMa TOMOHJia-

pH MaMyM.

51 ¢ a hi. AHa;iH3 HaTii>KacHra mvboc”hk, KyfiiiAarn njiaHAa acamnH 6a-
>K3paMH3.

1. yqT3 ¢, AP, BP TOMOHJiapnra Kypa ABP yqg6ypgaK HcajiaAH (6-
acocHH Hcanj) Ba P Hy~Ta TonnliaAH.

2. AP, BP Hyi~T3Ji3p ycTHrs moc psBHuiaa ma, mb KecMajiapHH "y-
hhé Ba NX, A2 ny*Ta.napHH toiihé, C Hy~raHH HC3HMH3, ABC H3JiaHraH
yq6éypiiak 6ynaj\u-

Hc6ot. AP KecMSHHHr ypTa Hy~TacHHH 6nmii, BP KecMaHHHr
ypTa nyi"TacHHH M2 6h;i3h 6e/irHJiaMHK, y xpjijta xochji  KHJiHHran
NIN2M 1M 2 TypT6ypgaK napa.njiejiorpaMMAHp, qyHKK TypTfiypqaK HHHr flnaro-
Halijiapn KecHuiH6 TeHr HKKHra 6y.annaah. AeMaK, MXAL = Ny N» Ba
My M2 || NyN2. MyM2KecMa ABP yq6ypgakHHHr vpia gH3HFH, Ny N2 || AB

BaNy N,, = -j AB, 6yHAan NyYN2 KecMa ABC yqSypgaKHimr ypTa gH3Hrn

AeraH xyjicca qnitaAH. ZleMakK, ANIt BN2 KecMaliap ~aKH”aTan xaM

ABC yq6ypgaKHHHr MeAHaHacHAHp.
Tekhihphm. BupHHgH HcaiuHHHr 6np i"HHMaTAH 6a*apHJiHOiH yqyH:

2 2
j (m,—mbh< c<j(ma+ mb)
mapTHHHr ypHHJin 6ymum 3apyp Ba eTapjinAHp. 3hah 6h3 HKKHHgn scam -
hh JjaMMa Ba"T 6aJKapHui MyMKHH SKaHJinrHHn KypcaTafuiHK.
A N2 B Ny Hyp;iap aohmo AB Tyrpn gH3HKHHHr P Hy~Ta eTran tomo-

HHAa KecHUjaAH. ~a”HKaiaH xaM, arap AN2 || BNy=> N2Ny || AB BaNNx =
=AB AeraH HaraJKa ojiamm, 6y %oji sea 103 6epa ojim3hah, gyHKH N 2A"\ =>

= j AB (hc6ott3 KspsHr).

Arap AN2 BNy Tyrpn gH3H7Jiap AB Tyrpn gn3HAHHHr HKKHHgn to-
MOHHAa KecnmaAH Ae6 “apas khjicbk, NYN,, KecM3 AB KecMaAaH K3TTa
SyjiaAH. IUyHAaH i*hjthS, 1— 2 ncam.iap 6np khhm3t«h 6a>K3pn.naAH.
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28- 8+ TeKHcjiHKfla reoRierpHK flCauidiapnHnr rypjui MeTofljiapH

flcamra aohp MacaliajiapHH emmifla Typjin MeTOKlJiap MaB/Ky,a 6ym6,
Kymjxa 6yjiapHHHr acocnftjiapH 6HJiaH rammné yiaMi-ia:
1. TyppHJiam MeTO/ui-
2. FeoNieTpnK ypHH/isp Meio/m.
3. TeoMeTpHK ajiMaumipHuuiap MeTo/m.
4. Airebpaiik MeTo”.
1 TyppHJiam MeTojui. Chhhk; hh3hi* SypHH”apHHHHr hhfhhkh-
CHAaH flcajiran KecMami Hearn cuhu% husukhu mijFpumui RemjiaAH.
Macajia. EajiaH/UTHFH, nepnMerpH, acocnra eriHmran 6htt3 SypgarH
6epnliraH yqg6ypnaK scaur.
Eqnu] (45-gH3Ma). Ah3Jih3.
M 4 Macajia eqnliflH j\e6 tj)apa3 khjih5
H7jianran ABC  ygSypgaKHii  tsxmh-
HaH ''H3H6 I*yJIMHS.
Alacajra mapTura Kypa:
1. AB + BC + CA=p,
2 CH=he
3. Z. BAC = cc.
N, AB Typpn qii3H” ycrara A Hyi™~
T3A3H gan TOMOHra AD = AC Kec-
45- TO3Ma MaHH, B Hy~Ta”aH yHr TOMOHra BF =
= BC KecMaHH yma6 KyaMH3. D, F
nyirTaliapHH C nyKjTa 6man TyTamrapcaK, xeHr eHlJin muma ADC Ba
BCF ynSypnaK “~ochji 6yj\am- Acocii DF = p, 6ajianRjinm CH = hc Ba

flcaui MyMKHH. By epaaM”H (JiHrypaaaH h3JI3hf3h (J)nrypara yrHui yqyn

CD Ba CF KecMajiapHHHr ypTsciman moc paBnuifla yjiapra MN, MIN1
nepneHAHKYyjifip TyFpn HBHiyiap yTK33H6, MN f| DF = A, MIN1 [} DF =
= B Hyi~TajiapHH Tonum MyMKHH. UlyHKafl v m6, MacajiaHHHr egnm
flyjiH aum”JiaH/iH.

1. HXTHepHH g TyFpn gnsH® ow6, DF = p KecMaHH p;yfiMH3.
2. DE Lg TyFpH qiisHi* yTKa3aMH3 Ba D Hyi*TaflSH 6ouuia6 DE vyc-
rara DE — hc KecMaHH i$hmh3.

4. E Hy~Taaan g Typpn Hmm?”a napajuieji gX TyppH gHSH"n yTKa-
33MH3.

5. gxfl DG = C. C Hyi"TaHH F Hyi*a 6nJiaH SupJiaiHTHpuS, A DCF
HH ~OCHJI I"H.aaMH3.

6. DC, DF KecM3Ji3pHHHr ypTa nepiien/iHKyjiapHHH yTK333MH3.

7. MN fl g — A, MjTVj fl ¢ = B Hy"TajiapHH TonaMH3. ABC H3JiaH-
F3H yqgSypgsKflnp.

Mc 60t. Hcaixira Kypa DE = CH = hc. (A DAC Ba A FBC jiap Hcaui-
ra Kypa TeHr Shjih) => DA = AC Ba BF —CB == AC + BC + AB =
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*>p. /- ACD = zI CDA — acauira Kypa, z. CAB —a.

Tekiuhphm. fOi*opriAarn 1— 7 ccyma flcauuiap 6y epjia 6a>Kapn-
Jiam- ZleMaK, Macajia finrra eqHMra ara, ickhh ABC yqSypgaKHHHr msb-

>Kyu  SyjiHiiiH yqyH hc<C~ Tentch3Jihk dawapa/imiiH KepaK. Xa*HiaTail

A~ m: hc<b + AH, hc<.a + HB, sSyHflaH /ic< a+£3+ ¢, jn>Hn Jic< ]

2
Akc "oji*a Macajia eqnMra 3ra 3M3C.

2. FeoMeipHK ypHHJiap MeTop. reoMeTpnK ypHHJiap Me-
TO/iHua Macajia KynnasrH HKKHTa iuapTHH Kahoat jiaiHt npybiih ny~Tann
Tonnuira KeliTHpHJiaaH. EnpHHgn vuiapTHH i%aHoaTjiaH THpyBgn Hyr;Ta,iap-
hhht reoMeTpnK ypim ®j (jjHrypaaan, HKKHHgn mapTMH i*aHoaTJiaHTHpyB”n
HyKja.iapHHiir reoMeipHK ypHH 0 2 $Hrypa,uaH n6opaT SyviCHH. X'ap hk-
ksjis uiapTHH "“aHoaTjiaHrapauHraH ayi*Tajiap ®i f) 0 2 KecmuMara Terniujin
SyjiaflH. By ujapT~ap”aH KaMH.ua 6htt8chhh KaHoaTJiaHTHpMaftAHraH “ap
\aujxaHi Hy~Ta KecnM.ua eTMaHun. ®i fl 0 2 (fwrypaHHHr ~ap 6np Hyi~racH
MacajiaHHHr eqnMliapHHn Tcnumra hmkoh 6epaun.

Macajia. Acoch, ygnuara yTKHp 6ypgarn Ba uiy yquuaH acocura
TyxuupHlJiraH Ca.iaHfljiHrH 6epnliraH yqSypgaK ncaHr.

Equui. AHajiH3. HsliaHraH ABC vyqfiypgak TonmmH ,ue6 (})apa3
k,hjih6, yHHHr t3xmhhhh DjaKjihhh ¢gH3H6 KyHMH3. Macajia.ua AB = c,
CD = hc Ba /- ACB = a gepnliraH. ABC yqfiypgaK HHHr ygqTa ymii-m to-
nnui kh4>oh.

BepHJiraH KecMaHH 6npcp Tyrpn hhshk ycrara yjigaS Ayfiiiui SnJiaH
H3.nanraH yqCypgaKHHHr A, B vygjiapn TonHJia/ui, C yqn sea i*yHHAara
HKKHTa uiapraH i*aHoaTJiamHpaflH:

1) C nyKTa AB Tyrpn MH3HKuaH 6epHliraH hC Maco4>ajia eTajw.

2) AB KecMa C HyKiauan GepHlJiran @ 6ypgaK ocTH.ua KypnHaun.

BHpHHqii uiapT — 6epHJirau Tyrpn gH3Hiy*aH MaT>JiyM Macocfja.ua erraH
Hyi*TajiapHHHr reoMeTpnK yp™ AB Tyrpn gn3HKHHHr HKKajia TOMOHH.ua
eTyBgn Ba yHra napajuieji hkkht3 Tyrpn wnsmyiaH nfiopaT.

HKKHHgn uispT — fiepH.oran KecM3 SepHJiraH 6ypgaK ocrn.ua KypHHyBqgn
Hyi"TSJiapHHHr reoMeTpnK ypHH SepHJiraH 6ypgakHH curuHpyBgn HKKHTa
TeHr cerMemHHHr SepHliraH KecMa-
hh topth6 TypyBqgn efijiapuuaH h6o-
par.

ft ca lu. 1. HxTHepHfi Tyrpn gH3HIA
Ql\h6, AB — C KeCM3HH a>Kp3T3MH3
(46- qH3M3).

2. A Hy~T3”aH g Tyrpn gnaHK,-

HHHT HKK3J13 TOMOHHT3 /LBAL = —
= ~ BALX= 90° — a 6ypq3KJi3pHH
HC3HMH3.

3. AB KecM3HHHr ypT3 nepneH-

fIHKyjUipH t Tyrpn IliH3HKhH yTK333-
MH3.

4./ fl Ah. = o0,t fl ALX— 0j Hyi-;.

T3JiapHH TOnaMH3. 46- qH3VR
5 *reOMdpHH 1l KHOW»



5. S (0,0/4) Ba Sx (01, Oxy4) aftjiaiialJiapHn HcanMH3 (0/4 = 0").

By aHjiana.aapiiHHr AB KecMa TopTnd TypraH Kana eftjiapHHH Fv F2
CiuiaH 6e.nrH.naHMH3.

6. g TyFpn ™3HiyiaH hc MacotliaAa TypyBqgn gV g2 Typpn qH3HiNiap ¢j fl
flFv g2HF2 KeciiinMajiapra TerHinJiH xap 6np C Hy”ia Macajia chkmkhh
ToriHinra hmkoh 6epaAH. ABC yqSypgaK Macajia eqHMHAnp.

Hc6ot. flcainra Kypa AB —c, g Typpn HH3H”aH glt g2 Typpn
mr3n~apraqa 6yjiraH Maco(})a hc ra TeHr Ba /LLAB = /_LYAB — 90°—cc.
BynaaH: Z AOE = a, Z ACS = a. ABC yqgypgaK Macajia Taliafinra
>KaBo6 Sepaflin.

TeKinnphm. 1— 6 HcanilJiap 6np ~HHMaTlin 6a»{apnlialon. Oxnprn
HcainHH TeKinnpanjiHK. flgv F2[\g2 cjwrypajiap 0, 2, 4 ia yMyMnn
HvirTajiapra ara dyjimun mymkhh. UlyHra Kypa Macajia eqnMra ara
SyjiMacjinrn, nKKHTa eqnMra ara SyjinniH Ba Typna egqnMra ara 6y-
jihhih  MyMKHH. Bnp-6npnra Teur yqb6ypgaKliapAaH (j)ai*ar finrracH Macajia
eqnMHHnN 6epaAH Aeb i%abyji i"HJiHHaAH.

3. PeoMeTpnK alJiManiTHpninJiap MeTojn.

TeoMeipHK ajiMaiHTnpHUilJiapAaH (})OHAajiaHH6, ncainra Aonp Macajia-
jiapHH eqHin MyMKHH. By MeTOA Snjian Macajia equniiin anajiH3 Soc”nqgn-
Aa, bepnjiraH Ba H3JianraH cfwrypajiapAan Tam”apn, SepHlJiraH cjwirypaHH
eKH yHHHr 6npop i*hcmhhh y enn 6y reoMeipnK aliMaiHTHpHuiliap Hara-
>Kacn,na xochji lyiJiHHraH cfjnrypaliap xaw i”*apajiaAn. By (Jwrypa i7aflcn
reoMeTpHK aliMaiHTnpnniHH K;yjuiab ~ochji KMJiHHran 6yjica, acauira Aonp
Macajia yuia mctca 6njiaH eqnliraH ago afirajiaAH. >KyMJiaAaH, CHMMeT-
pnn MeTOAH, napajuieji Kygnpnni MeTOAH, roMOTeran MeTOAn, HHBepcnn
MeTOAH.

By MeTcwiap epAaMHAa eqgnjiaAnraH Satan MacaliajiapHH KypnS gn”an-
JIHK.

1-macajia. BypgaK Ba yHHHr ngnAa 6np nyK,Ta 6epnliraH. Bnp vyqgn
CepnjiraH iiy”"TaAa, i%ojiraH hkkh ygqn CypgaK tomohJiapnua eryB'in Ba
nepHMerpn aHr KngnK CyjiraH yqSypgaK ncaHr.

Eqgnhi (47-gH3Ma). A h ajih 3. Macajia eqnliraH Ae6 f}apa3 ~njiafijiHK.
AOB Gepnl/iran 6ypgak, N aca 6ypnaK ngnAa eTyBgn Hyi*ra SyjicHH. N
HyKjTara OA, OB uypgaK TOMOHJiapnra imcSaian cnMMeTpHK NV N2ny~-
TajiapHH TonaMH3. Nv N2 Typpn gqH3H* dypgaK to moHJiapHHH X,y Hyir-
TajiapAa KecaAH. UJyHAaft i*hjihS, MacajiaHH eqnui X, W Hyi*TaliapHH Tonnui-
ra KQJiTHpHJiaAH.

H,
47- ijH3Ma 48- HH3Ma
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Slcain. 1. N nyiuara 6ypgaK TOMOHJiapnra HHCOaraH CHMMerpiiK 6yji-
raH Nv N2 Hy~Ta/iapiiH TonaMH3.
2. NtN2d OA = X,NjN2D OB —y. XNy yqgSypgaK — H3liaHraH

(HHrypa.
Hc6ot. Bha XNV yq6ypgakHiiHr nepHMeipn 3ht khhhk SKaHJinrnHH

iicboTJiaHMH3. ~a’Hi-*aTaH, SypgakKHHHr OA, OB TOMOHJiapnAan moc paBHiu-
jia xap ~aHflafi nxraepHH Q, P Hyi%rajiapHH ojiMafijiHK,
Q/Vj = QN, N2P — PN oyjiajin.
XNy ygSypHaKHHHr nepHMeTpn NXN2 KecMara TeHr:
n,n2= N2y + Xy + xnj {Ny =N2%, nx =n,x).

PQN yqdypgaK nepHMeTpn N2P + PQ + QNt ra TeHr. N2PQNx chhhi?
gron”™ y3yHJiHmM NyN2 KecMa y3yHlinrnAaH Kara. ZteMaK, XNy yq6yp-
gaK nepHMeTpn anr khhhk 6yjia,UH.

2-macaijia. Ywa MeAnaHacn SepnliraH ygSypgaK Jicanr.

Egqnm (48- gH3Ma).

AHalJiH3. H3liaHraH ygqSypgaK ABC Tonnji/iH jie6 cjiapa3 IyuinS,
yHHHr TaxMHHHH maKjiHHH mh3h6 KyHMHs. BD = mb, CE = mc, AF = ma
yq6ypgaK MeAnaHaliapn, 0 — yq6ypgai< MeAHaiiajiapHHHHr KecnmraH nyiv
TacH.

2 2 2
OA= -g- mb,OB= — mb, OC= — mc.

ABBaji OB BOCHTacH”a anni®JiaHraH napajuieji KyqupnuiHn TeKuiHpaft-
jihk. By napajuieji KygnpnmAa OC KecMa BC' KecMara yiaun. ITapali-
jieji KyMiipHui HaTH>KacHAa ~ochji SyjiraH BOC' yqfiypgakHH sicam MyM-
khh, gym<H yHHHr x;aMMa TOMOHJiapH MatliyM:

OB=-"-mb, OC'= -|- ma, BC'=-*"-mc.

By AOBC flan H3liaHraH cjwrypara j/thui yqgyH 6y (JinrypaHn j*ochji
AHJiHiH"a 6a>KapHJiraH napajuieji KygnpnHira TecKapn ajiMauiTHpHiu 6a>Ka-
pHJia/w.

Hcam.

1. TOMOHJiapH MatjiyM 6yjiraH OBC' yqgypgaKHH «cafiMH3.

2. C'" HyirTauaH OB 1 C L Typpn hh3hi* yTK33aMH3.

2
3. C'L Typpn giisnKjaii BO =>CC' = — mb KecMami a*paTaMH3.

4. CO Ba BO Hypjiapra TernuiliH CE — mc, BD = mb MeanaHajiapHH
yjiqa6 iryncak, E Ba D HyR/raliap xochji gyjiaAH.

5. BE(]JCD = A.

ABC H3JiaHraH yqg6ypgak.

Hcb6ot. CE Ba BD KecMajiap ABC yqgypgaKHHHr MejwaHa.napH
SKaHlJinrnHH hcSot lyuianjinK. ByHHHr ygyH D Ba E Hyi~raJiapHH 6Hpjiam-
rapcaK, DOE Ba BOC yxmarn yqg6ypgaKliap “ochji 6yjiaAH, qyHKH

DO E

(0]
/ILEOD —Z-BOC, Hcauira Kypa: gqq~-gq’
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DOEnABOC PO =0 Pt
(A n )-. 0B oc -c WE | BC,
DE EO 1.2 1
BC-= ~0C = ~3~mc'IT mc=T ~»
yqgypqaKHHHr ypia 4H3Hfh. AeMaK, BD oa CD .nap yqfiypgaK HHHr MeAH-
aHajiapn 6ynaw- BOCC' acaiura Kypa n3p3JiJieJiorpaMM, F — BC tomoh-
HuHr ypia nyi*TacH. yqfiypqgsKHHHr A yquHH F Hy~Ta 6mau 6HpjiauiTHp-
cak, AF MeflHaea .7ochji 6yviaAH. By MeanaHa O Hy~TaaaH yra6, 2: 1

DE _ , BC, DE KecMa ABC

HHcSaTAa 6yjiHH3AH. AO — 2 OF, jiekKHh OF = OC'=»OF = -A-ma=>

2

/40 = -j- ma, aeMaK, AF = ma, yqSypgaKHnnr ygHHgn MeAH3H3CH j;3m
6epHJir3H KecMara tcht.

TeKiuHpHiu. 1— 5 Hcaiujiap 6Np KjHHMaTJiH 6a>KapHjiaAH. Arap

\ttia — mb |< mc< ma+ mo
mapT 6a>KapHJica, Macajia nroHa eqHMra ara 6yji3An.

3- macajia. BepwliraH KBaliparra ygjispHAaH 6npa (KBaapaT tomohh-
Aa) SepHlJiraH hhkh TeHr tomohjih yq6ypgq3K hh3Hht.

Egnm (49-qH3Ma).

A hajih3 BepmiraH ABCD KBaApaTra TeHr tomohjih HgKH PRQ yq6yp-
gaK qH3HJiraH 6yjiCHH. YHHHr R ygn KBaapaTHHHr AB TOMOHHAa eTCHH
nefijiHK.

TeHr tomohjih yqSypgaKHHHr ~ap 6np Sypgarn 60° ra TeHrjinra cabab-
jin (HHrypaHH R iiyi“ra aTpex})HAa 60° SypgaKKa Gypum R.P tomonhhh RQ
TOMOHra Ba P ygHH Q yqra yTKa3aAn. Hkkhhhh TOMOHAan yrna 6ypHHi-
hhht y3H ABCD kBaAparaH A' B' C' D' KBaApaTra aftjiaHTHpaAH. ym fflp
B' C' tomohh Q Hy~TaaaH yraiHH KepaK, qyHKH P Hyigra Q Hy~"Tara
TymaflH. P HyATann TonHui ygyH Q HyKTaim R nyi*Ta aTpcxJ)HAa — 60°
6ypaMH3. LUyHHHr ysn Macajia eqnui t3Pth6hhh aHHiyiafiAH.

He am 1. KcajipaTimnr BC tomohhhh R Hy”xa aipo”"HAa 60° ra 6y-
pii6, B' C' KeCM3HH HC3HMH3.

2. B'C' tomoh AD tomoh Shjish Q HyKjaAa KecnuiaAH.

3. Q Hyi"TaHH R Hy~T3 aTpOQ)H-
Aa— 60° 6ypc3K, P Hyi*ra j™ochji
SyjiajiH. RPQ yqSypgaK H3JiaHraH
cJ)HrypafiHp.

Hc6ot. Hcamra Kypa RQ = RP,
A RPQ aca TeHr ea/iH, yHHHr R
ygHAarn /LPRQ SypgaK 60°. UJyH-
Aafi  k,hjine, RPQ yqg6ypgaK TeHr
TOMOHJIHAHp.

TeKUIHpHUI. R Hy~rT3HH KB3-
ApSTHHHr KaHCH TOMOHHAa OJIM3H-
jihk, aroiia egHMHii “ochji i<HJiaMH3.

4- m acalla. AcocnAarH hkkh 6yp-
garn, 3COCH 6hji3h 6y acocra lymii"
pHJiraH 63JI3HAJIHK hhfhhahch SepHJi*
raH yqfiypgaK hcshf.
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Egnm (50-HH3Ma).

A hajih3 Macajiara 6epHliraH
mapTJiapjaH A Ba B SypgaKliap H3-
jianraH ABC yq6ypgakKHHHr iuskjih-
hh, acoc 6hji3H Ssjishujihk hhfhhahch
aca 6y ygSypgakHHHr Karramrmn
aHHMJiaftAH. ZleMSK, Macara K;yHHA3-
ru hkkh ep”avigH Macajiara a*pa./ia-
ah:

1. Z-A, /LB = /-B X 6epHJiraH; AB1C1 yq6ypq3K ncaui.

2. ABIC1 ygSypgaKKa yxuiaui, acocn Ba acocnra TyuinpHJiraH 63JiaH,u-
jihk hhfhhahch 6epHliraH ¢ + hc —m KecMara TeHr SyjiraH ygSypgaK
scaui.

ABXCX ygé6ypgak HHHr CXxygqauan TyiunpHJiraH 6s,/13hu./ihkhh C1D1 6h-
jiaH 6elirHJiaHJIHK. ABXCX yqSypgak H3JiaHaerraH yqgypgaKKa yxuiaui
6y;iraHH yqyH (tthHH ABXCx cc ABC):

ABX CXOX ABX AB CXOX CD

AB cD CXOX cD ABX — AB
C\DX CD ABX+ CXOX  AB+ CD ¢+ hc
1+ aBx ~M + 1=~ aBX AB
ABX+ CXOX c+ hc
ABX ¢

By nponopuHHua € acoc HOMatnyM, yHH ABX-f CXOV ABX m Kec-
Maldiapra nponopunoHaji tvpthh”h KecMa CHtj®araAa TonHiu mymkhh.

Hcam. 1. HxraepHH AB KecMaHH ojih6, GepHJiraH 6ypgaKJiapra TeHr
BXACXBa CXXA SypgaKliapun HC3HMH3. AABIC1 jtochji ~HliaMH3. CxDX
KecMa ABIC1 yqSypgaK 6ajiaHflJiHTHAHp.

2. BX Hy~TaHHiir yHr tomohhts CxDX = BXE X KecM3HH i?yfIMH3.

ABX= ABX+ BXX Cx HyKT3HH Ex HyKTa 6hji3H TyTamrapaMH3.

3. ABXTyFpu gH3H” ycrara A Hy~raflaH 6oiuciab AE c+ hc m
KeCMSHH 17yHH6, E Hyi*T3HH TOII3MH3.

4. E HyirT3 opK.ajm CXEX| EL Typpn gH3HKHU yTK333MH3. By Typpn
HH3HK. ACXHyp 6man C HyK.Taua KecHiua/iH.

5. C HyK.T3 OpK3JH CB I CXBX yTK333MHS3.

6. ABXTyFpu gH3H" 6hji3h CB TyFpH gH3Hi* B HyirT3fla KecHiuaflH.
ABC yqg6ypgaK H3JiaHraH cjwypauHp.

H c6ot. Hcamra Kypa CAB 6ypgaK 6epHIJir3H A 6ypq3KK3 TeHr,

CB || CBXe>~Z_CBA = ZICBXA. AABC o AABXCX=>

AB cD AC  AB+CD  ABX+ CXOX
"~MX: ©ox T cD CXOX
AB+CD AB AC
ABX+ CXOX M1l = -M1I’ (1)
AE AC .

A ACE cc AACX x==u

ab + cd a

e
(1) B3 (2) £3H i4Bi+ QiDi =-JYx ABt + CXOX AEt

‘e _MX (2
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UlyHHHr yqyH AB + CD — m. IUyH-
A3H k,hjihe, A ABC MScajiaHHHr ~aM*
Ma uiapTjiapHHH KahoaTJiaiiTHpaAH.

Tekujhphhi. foropHAarn 1 — 6
acauiliap 6a>KapH~raH.

Arap A, B 6ypgaKJiap hhfhhah-
ch 2d Aan kh~hk Byjica, M3C3Jia Hro-
Ha eHHMra ara 6yji3AH.

5-macajia. BepHJiraH hkkh Hyn;-
TaAaH yTaAnraH Ba 6epHJirsH aftjia-
51- MB\va nara ypHHaAHraH aftjiana flcajiCHH.

Egnm (5l-gH3Ma).

Ah aji H3. BepnjrraH A, B HyKTaliapAan yraS, 6epHlJiraH S (0, R)
afijisHsra ypHHaAHraH SX anlJi3H3 acsjiran i\e6 cpapas Kfljiammi. MHBep-
chh MapK33H Ae6 A (eKH B) Hy~ratiH Ka6yli k;hjihné, HxraepHH psAHyc
6HJiaH HHBepCHH U (A, r) aHJiaHSCHHH gH33MHS3.

HHBepCHH 3HJi3HacHra HHc6aT3H B Hyi"TaHH, S Ba SX afljiaHaliapHH
HHBepcHOH ajiMauiTHpnS, B' iiyitra, S' aftjiaHa Ba S'X TyFpn to3H”hh xp-
chji i"HJiaMH3. Oapadra Kypa, H3JiaHraH SX amana 6epnlirai-i  iiyi*ra-
jiapAaH ym6, S aftjiaHara ypmirai-iH yqyH S'x Typpn qH3HA
~aM B’ iiy~raAan yrao, S' aftjiaHara ypiiHaAH. AeMaK, SX Typpn qH3H"-
hh «Ma'bliyM B' Hyi*raAaH Ma-bliyM S' afijiariara ypiniMa yTK33HHr» AeraH
epAaMgn mscsjishh eqn5 TonaMH3, KeftiiH TonHJiraH SX hh U ra HHcSaran
HHBepcHOH a.aMSLmnpnG, SX aManam Ton3MH3.

Hc3HJ 1. U (A, r) — HHBepCHfl 3HJ13H3CHHH QgH33MHS3.

2. BepHliraH B Hynja Ba S (0, R) 3&;ji3H3HH  HHBepcHOH sjimshith-
pn6, B' Ba S' afijianaiiH xochji khji3mh3. .

3. B' Hy~TSjiaii S' aiuianara hkkhts S,, SX  ypniiMaJiapHH yTK33a-
MH3.

4. ypHHMaliapHH U 3fljl3Hara HHC6aTaH HHBepcHOH 3JIM3IHTHpHS6, H3-
JiaHran afiJiaHalispra ara 6yji3MH3.

27- 8. AjireSpaHK mctoa

AfipHM kohcipyK THB Macajiajisp 6kji3H hih KypraHAs roi*opHAa 6aeH
i"HJiHHraH MeTOAJiapAaH (fjoHAalianHiu aHga MypaKKaS.nauiaAH, 6amh Maca-
jiajiap— MyaMMOJiapHH aca 6y MeTOAliapAaH 4)ofiAaliann6 :2%&ji lyumiQ 6yJi-
MafiAH. ByiiAafl “oJiJiapAa MacaliaAa 6epHliraH ajieMemviap opacHAarn
MyHocabaTjiap aHHiyi3HH6, HOMatliyM ajieMeHT M3i>jiyM al/ieMemvrap op-
i“aJiH H(])OAalJiaHaAH.

Arap 6hpjink KecMa (yayHJiiira 6npra TeHr KecMa) T3HJia6 ojiHHrsH
Cyjica, xap 6np KecMaHH onpjiiik KecMa fiHliaH yjiga6, yHHHr y3yHJinrHHH
aHHINJiaiHHH ~ 6KJI3MH3, H3TH>K3A3 “ap 6np KeCMa y3yHJIHTHHH Hf)OAalIOB-
gn Myc6aT coh “ochji ~hjihh3a,h.

MH3FHg Ba UHpKyjib epAaMHAa acaliaAfirari yuiby coAAa HclJOAa"ap
6HJian GepHJiran KecMalispHH Hcain 6HjuiaH myfyjijiah3h.thk.
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1 x—a+ b
2.x=a—Db (a> bh).

n

3. X = a (ft, m — Haiypali
coh)-

5. x — \Z~-ab.

6. X = a2 + b2.

7. x = |/a2— 62.

M a c a ji a. BepHJiraH a, 6 KecMa-
jiapra ypTa nponopunoHali KecMaiiH
JicaHr:

x = ffab — = — .
© X b

Egqnm (52-HH3Ma). Hcam. |I. HxraepHH Tyrpn gH3H “a /4C = a,
CB = b KecMaJdiapHH a»cpaT3MH3.

2. y4B = a + 6 KecMaHH AH3Merp i*hjihS, apnM afijiaHa mi3a-
MH3.

3. C ny~"Taaan AB AnaMeTpra nepneHAHKyjiap yTK333MH3 Ba apHM
afiji3H3 6hji3h KecnmrsH D Hyi\T3HH TonaMHs. x — CD H3JiaHr3ii KecM3
6yji3AH.

Hc6ot. AACDWABDC, 6yHAaH: — = = — ==x=
CD CB X b

ab , x = Vo? + b2 KecMa KaTeTJispn a, b KecMaji3pr3 TeHr 6yjiraH
Tyrpn SypnaKlJiH yuSypgaK rmiOTeiiysaCH cu”amjxa acsjraAH.

AjirefipaHK mctoa 6HJiaH acsmra Aoup MacsjiajispHH eTOIHAS roi”opHAa
caHafi yTHJiraH sur coAAa H<j)oAajiap My HM pojib ymaujiu. By MeTOA
6HJI3H eHHJIBAHT3H M3C3JI3JI3pHH COAAa H(f)0A3JISpHHHr TOKJIH COHA3TH
KOM6HH3 UHajiapHr3 KejirapnS enu.najiu.

10”opHA3 Kypn6 yTHJirsH 6ap*ia ajire6p3HK HPOA3Ji3p 6htts yMyMHH
X0CC3T3 — 6np JKHHCIIHIIHK X0CC3CHT3 3T3.

T3tph<). Arap f (x,y, ... ,t) (JiyHKUHa j*ap ~3HAaii Myc6aT k cohm
ygyH f (kx, ky, ... kt) —knf (x,, ¥, .. . t) mspran 7"aHO03TJi3HrapC3, vy
xojiAa f (X, y ... t) diyHKuna ti yjmoBjiH 6up wcuhcau tpyHKt*un Ae6 3Ta-

JIBAH. n — 1 6yjics, 6np yJWOBjin 6np jkhhcjih ("yHKmia Ae6 aT3-
JI3AH.
MHCO0JiJi3p: 1. x — (a3 + b3: (a2— b2).

k3 (a3+ b3
y = [{ka)3+ (kb)3}: [(ka)2— (kb)2] = fea %ﬂz_ &) = kx.

By H(])OA3 6np yjmoBjiH 6np >khhcjihahp.
2. X — a3 — Sab2— 2b3— y'i yjigoBJiH 6np >khhcjih HtjjOAaAHp.
M ac aji3, BepHJiraH y~SypgaKHHur acocnra napsjuieji 6ym6, yHHHr
103HHH TeHr HKKHI'3 a>Kp3TyBgqH TyFpH HH3H” yTK33HHT,
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Egnm (53-qH3Ma). A hajih3.
ABC 6epnjiraH yqfiypgak Ba PQ— H3*
jiaHran Typpn gH3HK; jxe6 cj)apa3 kh-
Jia.MH3. y xo0.aaa:

e e e 2

Saapq AP-AQ T" (d
AB  AC

HKKHHgn TOMOHflaH: -jp = *(2)

N 2 AB AC ABa

(D, (&) AaH: -Jp ;

53- HBMA AQ APi 1
SyHAaH

f / AB\i (AB\2 AB
A v (~) + (~27 ~V T '
AP = X, AB = ¢ aeb $apa3 ~HlJinHca, H3/liaHraH (jwrypaHH flcaui X =*
*= ¢ KecMaHH acauira KeliTnpnJiaAH.

Hearn. 1. AB KecMaHH M Hy~TaAa TeHr HKKHra By;iaMH3.
2. Typpn SypgaK.an ANM yqgypgaKHH acaHMH3:

AN = AP = x

3. Z3 nyi"TaaaH AB TyFpn gH3HP™a napajuieji “~*hjihQ yTKa3HJiraH PQ
Typpn gn3Hi” imaHraH TyFpn gH3HIN SyjiaAH.
Hc6ot. Hcarnra Kypa MA — MN;

f I AB\z | AB \2 AB c
AN=/MN*+MA~* =Yy [—J+(—j = fT ==f | ==A:-

TeKuinpHiH. Macalia eqiiMH aohm MaB>KyA Ba aroHa.

HijioflaHH unpKyjib Ba qh3fhgq BocnTacHfla acauiHnHTr
3apyp Ba eTapjiH mapTJiapH.

TeopeMa. \Adpofl,am (KecMaHH) unpKyjib Ba gH3Fng BOCHTacHAa acam
ygqyH 6y KecMa y3VH.iHrn paunonaji coHJiap Ba 6epHJiraH KecMa vyayiuiH-
rn opinajiH geKJin coHAarn paunoHaji aMajuiap epAaMHAa H”OAalJiaHraH Ba
{jbai*aT KBaApaT hjiah3 F~aTHauiran 6npnHgqH Aapawa.™ 6np mmcm HJ>0OAa
Cyjinmn 3apyp Ba eTapjinAnp.

By TeopeMa hc6othhh KeliTnpMaHMH3.

28- 8 UwpKyjib Ba iih3fh4 epflaMHAa enHjiManAHraH KliaccHK
M acajiajiapra MHcojuiap. MacajiaJiapHH 6omi*a BOCHTajiap 6HjiaH
eHHiu "a"HAa TymyHna

U,npKyjib Ba gqH3Fng epAaMHAa SeBoenxa eqn6 SyjiMaiiAHraH KliaccHK
MacaJiaJiap 6miaH TaHnmnS gH”anjiHK. ByJiap KydHH HKKHJiaHTHpHiu, 6yp-
gakKHH ygqTa TeHr KHCMra 6yjiHiu Ba Aonpa KBaApaTypacn MacalialiapnAnp.
By MacalialiapHH 6ouiK,a i“ypojuiap BocHTacHAa ennui MyMKHH. OIyHHHr-
AeK, yjiapHH mipKyjib Ba gqH3FHq epAaMHAa Ta”pnSaH ennui “aM MyMKHH.
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KyfiHH HKKHJiaHTHpHiu MacaJiacn— i*aflHMrn rpeuHn”aH Ma-bliyM 6yji-
rau Hcaiura aohp y~Ta acocnfl MacajiamiHr 6npnAnp.

MacalJia (Aejioc Macaliacn). )*a*MH 6epHliraH ay6 ~jkmhash
nkkh MapTa Kana CyjiraH Ky6 ncaHr.

BepHJiraH KySHHHr ~wppacHHH a, acammn KepaK GyjiraH KySHHHr
~HppacHHH x 6man 6eJirHJiaftMH3. Macajia maprnra Kj/pa:

x3= 2a3.

BepHJiraH Ky6HHHr “nppacHHH a = 1 fle6 olicaK,
X3_ 2= o0
TeHrliaMa jMochji i*hjihhsah.

AjireSpajiaH MaMiyMKH, 3Hr KaTTa XfIM oJiAHAarn KO3;xJ))HUHeHTH 1 ra
TeHr, ifolJiraH Koai*HHHeHTJiapH 6yTyH coHJiapA3H uSopaT 6np HOMatliyM-
jih alireCpaHK TeHrliaMaHHHr paHHOHalJi HJifl[H3JiapH $a~aT 6yTyH coHjiap-
A3H n6opaT 6yjia ojihihh dnliaH dnpra, yjiap 0303 ~huht SyjiyBgnjiapn
TapKHfinra KHpnura KepaK. JieKHH 2 cohhhhhf GyjiyBgnjiapH (Jja*ar * 1,
+2 coHliaptaH nfiopaT 6yjin6, yjiap TeHrliaMaHH “alloaTJiahthpm30ah.

ZleMaK, X3 — 2 = 0 TeHrliaMa paHHOHalJi HJiuroliapra ara 3Mac, ht>hh
KyfiHH HKKHJiaHTHpaiu MgcajiacH HHpKyjib Ba HH3Fm ep”aMHua "aji
Ahjihhmshah. Ammo Macajia HHpKyjib Ba «H3FHg epA3MHAa t3i*ph6hh ew -
JIMUH MyMKHH.

Macaji3H, KSTeTJiapn AC = CB = a ra TeHr Tyfpn SypgaKJin y”~6yp-

gaK scaHMH3 (54-HH3Ma). AB = a V 2, AD= -g- AB KecMaHH hc3hmh3i

y ingjiAa: DC=a — a™~2-

BD~/a 2+tDC2= a 1+ (1 — 74— 12n 2
W a-1,2586.

BatojiaHKH: x = ajf 2 ~ 1,25.99a.
By hkkh coh 6np- 6HpHfI3H KaM cfiapi® i*HJiaAH.
By MysMMOHH 6omita BocnTSlJiap epAaMHAa ~aM “sji sthih MyMKHH.
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Illy Mai~cajifla hkkh napadoliaHH ojiaMH3. y2= 2ax, X2= ay napaGojia-
.nap GepHliraH SyjiCHH (55- MH3Ma). ,
napab6olia/iapHHHr KecniuraH Hyi*TajiapiiHHHr KoopAHHaTaliapn ym 6y
y2 — 2 ax,

X2= ay

CHCTeMaAan ToriHJiaAH.
xI — 2a3x —0, x (x3— 2a3 = 0,

6yHflaH X[ ==0, X2= a V~2 . Bnpim™ hjiah3 napa6o.Jia.napHHHr KoopAHHa-
Taliap SouiHflarH yMyMHH Hyi*racHHHHraCcn,nccaci»in Cepa™H, hkkhhih hji-
AH3 H3lianraH KecMaHH SepaAH, ht.hh OB = x —a Y 2 — ii3JianraH Kyb6-
HHHr KKppacH SyjiaflH.

Macajia. ViXmepm 6ypnaKkHH yma Teur t"HCMra ByjiHHr.

By MacajiaHH enHiu X3-f pX + = 0 KypuHHuifara y-mii'iH “*apa>Ka-
jih TeHrjiaMaHHHr HJiAH3JiapHHH Hcaiura KejiTHpnjiaAH, 6y TeHrjiaMa sea
pauHOHali HJiflH3ra ara GyjiraHAarHHa KBaApaT HJiAH3JiapAa enHJiaAH.

BepHJiraH SypnaK KaTTajinrHHH a 6HJiaH, H3JiaHraH SypnaK KaTTaliHra-
hh cp 6GiidiaH SejirHJiafiJiHK. @ = 3 ¢ SyjiaAH. MatliyMKH,

cosa —cos3 = 4cos3cp— 3 cos cp.

By epjia cosa hh MatliyM Ae6 XHCoSjiaui MyMKHH, cos ¢ aca HOMav
X

a
.nyM. cos @C = , coscp= -j- Aeo ojianjiHK, y x;ojiAa io”opnAara TeHr-
jiaMa
x3—3x—a=0 *)
KypHHHHiIHH OlJiaAH. By TeHrjiaMa hjiah3Khh mipKyjib Ba hh3fhh 6hjish
scam MyMKHH SMacjinrnra 6HTTa mhcoji KelirapHUi eTapjiHAHp. MacajiaH,
a = 60°, y xojiAa a = 1 SyjiaAH, TeHrjiaMa X3— 3 X— 1= 0 KypHHHui-
hh araliJiaHAH.
YHHugH AapamajiH 6y TeHrjiaMa pauHOHaji HJiAH3ra ara aMac, 6yHAaH

a = 60° SypgakKHH m-ipKyjib Ba nH3FHn epAaMHAa ynTa TeHr i*HCMra 6y-
Jiiuu MyMKHH aMac AeraH xyjioca ihi*ah.

LUyHAafl i~hjihS, HxmepHH 6ypnakHH ynTa Tear i"HCMra GyjiHiu Maca-
jiacuHH yMyMHH “ojiAa UHpKyjib Ba MH3FHH epAaMHAa ennui MyMKHH aMac
AeraH xyjiocara KejiaMH3. JleKHH 6ab3n xycycnn xolJiJiapAa MacajiaHH

UHpKyjib Ba mh3Fhii epAaMHAa ennui MyMKHH, nyHOHnn ©C= -j-> — ...

n
2r- (n— 6yTyH HaTypaji coh) 6Byjica, CyHAaft 6ypnaKjiapHH UHpKyjib Ba

nH3FHNn epAaMHAa TeHr i“HCMJiapra 6yjmiu MyMKHH. Xa”“Hi*aTaH xaM, a =*
Jl Jeo e

= -y ,a = — SyjiraHAa, moc paBnuiAa a —0 Ba a —VIZ 6ym6, (*)
TeHrjiaMa i*yHHAarn KypHHHiura KejiaAH:
X3— 3x —0,
x3—3x—V J =0.
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Byjiap/iaH CHpnmncHHHHr HJiAH3Jiapn X1= 0, X2~V 3 , x3= — y~3lI
HKKHHJHCHHHHT  HJIAH3JiapH 3C3 X1= — Y 2 , *33= 6

Arap utipKyjib Ba HKKHTa (A, B) Hy”racH 6elirHJiaHraH 6np tomohjih
AHSFHAflaH  (J))OHflajiaHcaK, SypgaKtm TeHr yqra fiyjiHiu mymkhh [18].

MyHxa3aM Kynb6ypgaKlJiapHH acaiu (aftjiaHaHH TeHr i*HCMJiapra Cyjrnm).

Y pia MaKTab reoMeTpnfICHAaH MyHT33aM yq6ypgaK Ba KBaAparan ncam
ycyjuiapn MatliyM, HiyHHHrAeK MyHT33aM N Syp'iaK ncam MstliyM Byjica,
MyHT33aM 2 N dypgaKHH ncaui “aM MatliyM.

UnpKyjib Ba gH3FHH epaaMH/ia (N> 2) MyHTa3aM n 6ypgaKJiHK fleam
MyMKHHMH, HtHH 3HJI3H3HH XaMMa B3KT tl T3 TeHr 6yJI3KKa  a>Kp3THIH
MyMKHHMH AeraH c3Bojira “yimflarH TeopeMa >K3bo6 6epam.

Taycc TeopeMacw. Arap N cohhhh ti = 2m pl-p2 ... ps Ty6 Kynaft-
THpyB~H.iapra a>KpaTHm mymkhh 6yjica, y ~OJiAa unpKyjib Ba qgn3FHq ep-
AaMHAa MyHT33aM N SypgakKHH hcshj (aHJiaH3HH N T3 TeHr fiyjiaKJiapra
aJKpaTHUI) MyMKHH.

By epAa m msh~hh 6yjiM3r3H 6yTyH cohjisp, Pv p2,..., pS .nap
2aK + 1 KypHHHUUHAarH y3apo Ty6 xsp xhji cohjisp (22K -j- 1 — <J>epM3HHHr
Ty6 COHJiapl-l AeHHJI3AH).

1-mhcoji. m —o0, S — 1.

k= 0, 1, 3, 4 6yjir3HAa pi moc psBiiuiAa 3, 5, 17, 257, 65537
ry6 coHJiapHAHp. k — 5 ~0lJiAa pl ry6 coh 6yjiMafiAH. 7 Ty6 coh, JieKHH
OepM3 Ty6 cohh 9M3c. JXeuaK, unpKyjib bs iiH3rng epAaMHAa MyHT33aM
7 6ypgaKJiHK scam mymkhh 3Mac.

2-mhcoji. m= 0, s= 2, pl =3, p2= 5.

UnpKyjib Ba gH3FHg epASMHAa 15 SypgsKJiIHKHH Hcam mymkhh.

3-mhcoji. 360 = 28’ 32- 5.

By coh Taycc TeopeMacmiH KaHO03TJiaHTnpMaflAH (By coh etaJtMacHAa
OepMaHHHr Ty6cohh 3 hkkh MapTayqpaiiAH). AewaK, unpKyjib Ba hh3-
fhh epAaMHAa shjishshh 360 T3 TeHr SyjiaKKa aHparaui mymkhh 3Mae,
uiyHHHr yqyH HHpKyjib Ba gH3FHq epAaMHAa 1° 6ypgakHH acam mymkhh
SMao.



NPOEKTHB TEOMETPHH

VI BOB. nPOEKTHB rEOMETPHfl ACOCJIAPH
29-§. Ebkjiha tckhcjihphhh xocMac ajieMeHuiap 6njian TyjiAHpHmM

1. TyrpH MH3H~Aarn HyKTaHHHr 6np jkhhcjih KOOpAHHaTajiapH,

Ebkjiha TyFpH TO3HFHra AeKapT KOopAHHaTajiapn cncTeMacH khph'khji-
raH SyJiCHH. Y ~0JiAa TyFpn «H3HiyiarH xap 6up N Hyi"Ta X KaopAH-
HaTara ara SyjiaAH. 3hah Snrra X coh ypHHra “yiiHAarn uiapran i%aHO*
aTJ13HTHpyBHH HKKHT3 Xv X2 COHJiapHH OJiaHJIHK:

By XV X2 (X24=0) coHJisp N Hyi*raHHHr 6np jkhhcjin KoopAHHaia-
jiapn AeHHJiaAH. XV X2 (x2==0) coHJiap 6epHliraH 6yjica, N Hyi*ra Tyjin?
aHHKjliaHaAH. JleKHH N Hy~Ta, aihh x a6cmcca depH/iraH 6yjica, y jjojias
N Hyr"T3HHHr 6np }KHHCIH KOOPAHH3T3JI3PH 3HHMJI3HraH Re6 CyJIMaHAH!

(fjairaT 6np jkhhcjih KoopAHH3T3JiapHHHr hhc63th ~ ~ aHHiNiaHraH, xo-

jioc. Bom~aqga aflTraHAa, arap XV X2coHJiap N HyKTaHHHr 6np >khhcjth
KoopAHHaTajiapn 6yjica, y xolJiAa Xx1 Ba Xx2 (k¥=0 — HxraepHH "a-
i“h~hh coh) coHlJiap “aM N Hy”xaiiH aHHiyiaHAH. By coHJiap N Hyi*ra-
HHHT 6np 5KHHCIH KOOpAHH3TaliapH 6ym6, N {xv x2 eKH N (XyXj YS-
pHHHHIAa e3HJI3AH.

KDi"opHAa 6np jkhhcjih KoopAHHaTalispra SepnjiraH TatpH”Hn yMy-
MHHpoi* SyjiraH ta p hcp 6nJiaH ajiMauiTHpaMH3.

1) Bnp Bai*TA3HOJira TeHr 6yjiM3raH Xv X2 coHliap Tyrpn tiH3Hiyia @@>a
KST 6HTT3 N (X{. X2) Hyi"T3HH aiiH jiafiAH.

2) XXV Xx2coHlJiap (X==0 — HXTnepHH xa"HK,™ coh) jjsm (psi*aT N (X]
21Cj) Hy~TaHH 3HHKJiaHAH.

3) X0~ 0rnapTAaN (X,:X2 HyKTa sGchhcesch x = —.*zash HSopaT iry”-

TaAHp.

4) Arapx2= 0 Byjica, JV j*0) Hy~TaHH Typpn gH3HKHHHr geKCH3 y30n;-
jiamraH HyirTacn eKH xocMac (Hoy3JiHK) ny~TacH AeS o0jih6, N, (x*0)
KypHHHHIA3 e3aMH3.

2. TeKHCjiHKAa 6np jkhhcjih AeKapT koopahHaTajiapH.

TeKHCJiHKAa Aenapr KoopAHHaTajiapn cncTeMacH KHpHTHJiraH SylJicHH.
TeKHCJiHKAarn  hxthSphh N HyKTaHHHr KoopAHH3T3JiapH X, Yy SylicuH.
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HKKHTa X, Y coHlJiap ypHHra 6np Ba’TAa HOJira TeHr 6yjiMaraH Ba ~yftn-
garH xuapT.iapHH i*aHoaTJiaHTHpyBgn yqTa XV X2 Xa ccawapHH ojiaftjiHK:

Ta"ph (. (1) TeHriHKHH “aHoaTJiaHTHpyBMH nxTnepHft XV X2, X3
(x3**0) coHJiap ygTalinrn N Hy~rammr 6np jkhhcjih AeKapT KoopAHi-ia-
TaliapH AefiHJiaAn.

Arap XV X2, X3 coHlJiap N Hyi*raHHHr 6np jkhhcjih KoopAHHaiajiapn
Byjica, XXxv Xx2, Xx3 (X3=0) coHJiap ~aM Tafcpntfira Kypa my Hyi ra-
HHHr 6np jkhhcjih KoopAHHaTajiapn 6yjiaAH.

UlyHAaft khjih6, Hy~TaHiiHr 6np jkhhcjih KoopAHHaTajiapn coiuiap
jrqTajiHKJiapHHHHrponopn,HOHaji cm”~Amm ~ochji \\vul\am- By chhc}) iV ny~-
TaHHHr Sup jkhhcjih KoopAHHaisjiapn 6yjin6, N (xv x2x3 em N (x&
I X2. X3 KypHHHmfla esnjiaAH.

Mhcoji. Arap (1:2: — 2) coHJiap yqTajinrn N nyi*raHHHr KOopAHHa-

rajiapn Byjica, (-*-, 1, — 1) eKH (2,4,— 4), myHHHrAeK (-3 ,-6, 86)

coHliap yqTSjmrn jjaM N iiy*TaHHiir 6np hhhcjih KoopAHHaTajiapn 6yjia-
AH. N HVKTannnr 6np >khhcjih SyjiMaran AeKapT KoopAHiiaiajiapn:

XA~Y> y -m— i-

TeKHCJiHKAarn TyFpH hh3hi® AeKapT KoopAHHaTajiapn cncTeMacnra hhce-
SaxaH
ax -f-by+ c= 0 (a=£o,b 0 (2)

gH3HINIH TeHrliaMa 6nJiaH GepHliaAH. By TeHrjiaMara X, Y HHHr (1) Aarn
i*nftMaTjiapHHH #yhh6 (x3 ¥=0 mapTHH s'hraSopra ojihS), Tyrpn gH3HI™
HHHr 6np jkhhcjin KoopAHHaTajiapjiarH ym By

axx+ bx2+ cxj== (3)
TeHrjiaMacHHH “ochji i*HJiaMro.

TeKHCJiHKAarn nxTnepnn Tyrpn ihshi® SnpnHgn Aapa>KajiH 6np >khhc-
jih TeHrliaMa opifajiH H”oaajiaHaAH Ba aKcmiga, HXTnepnn SynAaft TeHr-
JiaMa TeKHCJiHKAarn 6npop TyrpH qgn3ni® TeHrJiaMacn 6yjiaAH.

J\ap 6np (xv x2, x3) (x3 =h0) coHlJiap ygqiajinrn (1) cfiopMyjiara Ky-
pa 6np jkhhcjinh ByjiMaraH 6np *y(f)T X, Y KOopAHHaTaliapHH, hthh 6ht-
Ta i-iy"TaHH aHH”"JianAn.

JieKHH 6np caKTAa HOJira TeHr 67jiMaraH XV X2 XS = 0 coHliap yg-
TaJiHrH (2) Tyrpn gn3Hi*Aa onpopTa xaM Hy”raim 3HHiyiaMaH,uH, h'bhh (x1:
x2:0) KOopAHiiaTalin nyKja (2) TeHrliaMaHH i~ahoatlJiahtmpmahah. ByHAaft
coHliap yqTajiHrHHH qeKCH3 yaoKJiamraH Hyitrara eKH xocMac Hy~"Tara
moc KeliaAH Ae6 inapTjiaiUHO 0JiaMH3 Ba Nm (x1:x2:0) KypuHHiujia 6eJirn-
JiaftMH3. Tyrpn IliH3HKHHHr xocMac Hyi*racHAaH 6omKa 6apga HyKTajiapii-
hh xoc nyKTa”apH AefiHliaAH. JleKHii NX HyK.TaHHHr koopAHHaTajiapH (3)
TeHrJiaMaHH “aHoaTJiaHrapHmH mymkhh.

TyFpH gH3HKHHiir 6np jkhhcjih 6yjiMaraH TeHrjiaMacHAaH 6np >khhc-
jih TeHTJiaMacnra yTHm SnjiaH 6h3 “~ap 6np Typpn gH3H ~a XxocMac ny~-
T3HH K.ymaMH3.

7



i_Li_ynAan NMJIHO, TeKHCJIHKflarH X,ap OHp TyFpH HH3HK"a geKCH3 y30If
jiamraH eKH xocMac Hy~Tann k™'iukS, KeiiraHTnpHJiraH eBK/iHA TAFpH «ih-
8HFHHH j~ochji KHJiaMH3. ByHAaft T~ppH iih3hk; npoeKtnue mijFpu nu3ur$ pp.
HHJiaflH [28].

Arap 6npop N (xx:x2:x3 ny~TaiiHHr ynHMH KoopAHHaTacH x3 Hojira
TeHr 6yjiMaca, 6y Hy~TS xoc ny~Ta SyjiaAH, arap Hy~raHHHr ygajia Koop-
AHHaTacHHH 6Hpop K ¥=0 coHra KynaHTHpcaK, nua my Hyi<TaHH “ochji
i"HJiaMH3. Shah (1) TeHrJiHKKa 3t>th6op 6epaHJiHK.

Arap: a) Xxx—0 6yjica, Xx — 0 6yjniS, op~HHaiaJiap y~H”a eTyBHH x00
HyK,Tara, 6) x2= 0 Sy.ica, y = 0 6ym6, a6cuncca y~"H”a eTyBHH xoq
Hy~Tara ara 6yjiaMH3.

AeMaK, (0:1:0) Ba (1:0:0) Hyi~rajiap moc paBHmaa opfl[HhaTa Ba a6c-
UHCca yiyiapHAa eTyBHH xocMac Hyi*raJiapAHp.

TaTpht3 XocMac ny~Tajiap 6man TyjiAHpHJiraH eBKIJHA tckhcjih-
thhh KeHraHTnpHJiraH eBKJIHA TeKHCJiHH eKH npoenmue memcAUK flefln-
~anH [28.]

30-§. Ebkjiha tj)a30CHHH xocMac 9JieMeHTJiap 6uj:aH TyjiAHpHmM

Ebkjiha (JmocHfla iieKapx KoopAHHaiajiapH cncTeMacH GepHJiraH 6fji-
chh. MxTHepnH N ny~ra 6y CHdeMara HHc6aTaH X, Y,z KoopflHHaTaJiap-
ra ara SyjiaAH. KjHHAara TeHrjiHK 6njiaH aHHiyiaHraH

11
x4 x4 Xi
Typrra XV X2, XV Xt cohhh ojianjiHK.

Ta'bph@ (1) TeHriHKHH “aHoaTjiaHTHpyBHH Hxraepnft XV X2, XS,
(xi #=0) Typrra coh cJmoAara N iiy*"TaHHur Sup jkhhcjih AeKapT Koop*
AHHaTa.aapn AeftHJiaAH.

AeMaK, (jmoflarH Hy~ranHHr 6np jkhhcjih Koop.HHHaTa.iapH 6ap
M3TJIH aHHiyiaHMaHAH. Arap {xv x2, x3, x4) HyK/raHHHr 6up >khhcjih KoopAH-
Harajiapn 6yjica, y %0Jiaa Tatpncjira Kypa kxv kx2, kx, kx4 (X~ 0)
coHlJiap xaM yma HyKTaHHHr 6np >khhcjih KoopAHHaTajiapHAHp. AeKapT
KoopAHHaTajiapn CHCTeMacnra HHcSaTaH tckhcjihk

ax by+ cz+ d=0 (a¥=0, b0, ¢c=£0)

renr.iaMa gHJiaH H({)onaliaH3AH. By TeHrliaMaAara X, Y, Z koopahhaiajiap-
" hh (1) Hcj)OflanaH (jxsftjiadliaHHS Ba X+ ¥=0 aKaHJinrHHH atTHO opra o0jih6,
6np jkhhcjih KoopAHHaTajiap 6hjidh aJiMamTHpcaK, HH3HiyiH 6np khhcjih
axi -f by2+ cx3+ dx4=0 2)

TeKHCJIHK TeHrji3MacHr3 ara 6yji3MH3.
AeM 3K, 4)a30/ia tbkhcjihk 6np *hhcjih HH3HNTH TeHrjiaMa fiHJiaH 6epa*

jia™H.
0a30A3rn Typpn TO3H” aca (2) KypHHHUiiarH hkkht3 6np jkhhcjih ik*
TeHrjiaM ajiap cncTewacH 6njiaH SepHJia*H:

(a™y + btx2+ C™, -fd”i= 0
[a™ + bxa+ cx3+ dsx4= 0.

78



CoHlJiap (XV X2, x3, x4 (Xi m0) TypuiHrnra <\mom annp; 6np iiyitra
Moc Kelia®H. X4 — 0 xojiAa Xt, X2, X3, x4 coHJiap TypTlinrnra eBKJHA <pa-
gociaa BnpopTa xaM iiyi*ra moc KeliMaftAH. ByHAaii coHJiap TypTlJinrnra
(arap ~aMMacn 6np Ba”T”a HOJira reur Byjmaca) xocMac eKH ieKCH3 y30~-
jiamran nyKja moc KeliaAn ac6 afiTHuiHH mapTJiamnS ojiaMH3.

Bwp jkhhcjih KoopAHHaTajiapn (2) TeHrJiaMaHH i\aHoaTJianrapyBlin npoeK-
thb (|ja30AarH 6apqga i-iy*Ta.iap TynJiaMHHH TeKHCJIHK Ae6, (3) TeHrjiaMa-
jiapHH i%anoaTJiaHTHpyB'iH 6apna nyKjajiap TynlJiaMHHH aca npoeKTHB <})a30-
Aarn Tyrpn hhshk Ae6 aSmjiaAH,

Ebkjiha cjiasocnAarn Tyrpn gH3H”nn xocMac Hyi*Ta 6njiaH, x;ap 6np
TeKHCJIHKHH XOCMaC TyFpH MH3HK, 6nliaH, f[)a30HH aca XOCMaC TeKHCIJiHK
finjiaH TyjiAHpnS, npoeKTHB c})a30HH x;ochji ~HJia\iH3 [28].

31-8. npoeKTHB TeKHCIHK

1. EBKJin;iHHHr KenranTHpHjiraH TeKHCjinrHAarn xocMac ajieMeHTjiap

Ebkjiha TeKncjinrnAarH xocMac Hyi*xaliap TatpncjjHAan i*ynnAarH mth-
jKaliapHn iiHKapaMH3:

1-TeopeMa. Ebkjiha TeKncjinrHAarn 6apna xocMac Hy~Taliapnnhr reo-
MeTpnK ypHH xocMac Tyrpn ra3mywp.

Hcb6ot. XtarH aiaH xaM, X3 — 0 TeHrJiaMann TeKHCJinKHHHr >3rapyB -
M KOopAnnaTajiapnra HHcSaraii 6nphhhh Aapamajin TeHrJiaMa cntjmnAa
papain MyMKHH. BupnimH Aapa>Kajin SyHAan TeHrJiaMa Typpn hhsh”~hh
aHHi~JiaraHH ca6a6jin, X3 = 0 TeHrliaMa Typpn gH3H” TenrjiaMacnAHp. By
Typpn *iH3Hi"HHHr j*aMMa HyA“rajiapn TeKHCJinKHHHr Sap”a xocMac Hyira-
JiapnHH y3 Hiinra ojiaAH,

2- TeopeMa. TeKncjiHKHHHr >"ap 6np xocMac TyFpH lin3HFH (jra”aT 6ht-
Ta xocMac Hyi~rara ara.

Hcbot. Xx3— 0 uiapTAa:

axl+ bx2 =50

TeHrliaMaHH “ochji i*HJiaMH3, ByHAaHi

x|l :x2 = — — Ba Xt —kb, x2= — ka.
a

a¥=0, b m=0 >0oji yqyH xt = 0, X2¥=0, X3= 0 ra, hihh opAHHaTaliap
AHAarH xocMac Hy"rara ara 6yjiaMH3.
b =£0 7oJiAa (2) AaH

aHH” i"HHMaTra ara 6yjiaMH3.

3-TeopeMa. TeKHCJiHKAarn ~aMMa napajuieji  Typpn tiHJHJyiap 4)a”aT
6nTTa yMyMHH xocMac Hyi~Tara ara.

Hgbot. X.a*HK.aTan JjaM, Tyrpn TOHAHHHr 6ypgaK KoacJjcjjnuHeHTH

K «* y ra TeHr, ByHH avrnSopra o0jih6, (2) (J)opMy.iaHn ~yfl[HAarnga
fenui MyMKHH:
jta: xx— k.
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*HeuaK, TyFpn HH3H"HHHr xocMac Hyi*"Tacn yHHHr 6ypnaK KO034xbH.
UHeHTHHHHr SepHJiHiim Sn”aH «~jim™ amuyiaHaflH. llapa.aJTe® TyFpn «m.
3HiNjiapHHHr 6ypgan Kos“mtHeHTJiapH y3apo TeHr.

2. Y k HyKTaHHHr KojunHHeapjiHK mapTH Ba TyFpH hh3hi® TeHr*aMacH
TyFpH 4B3HK, KOOpflHHaTaliapH.

TeKHCJiHKKa KoopflHHaTaliapH 6HJiaH CepHJiraH A(ax:a2:aV), B(blj
:b2:bs), C(cj:c2:as) ynra HyKTaHHHr KOJuiHHeap/iHK mapTHHH aHHtyiaft-
JIHK

By Hyi"TajiapHHHr

axx-f bx2+ cx3= 0 ©)
TyFpH HBHiyia erHixiH yqyH

aax-f ba2+ ca9= 0,

abt + bb2-f ch3 —0, (4

acx+ bc2+ cc3= 0

mapTJiap Ba>KapHJiHiiiH KepaK.

Arap (4) TeHrjiaMaldiap CHCTeMacHHH K,aHoaTJiaHTHpyBTO Ba 6ap Ba”iy
fla HOJira TeHr GyjiMaraH a, b, ¢ coHJiap MaBwya 6y;ica, y A, B,
C Hy~Tajiap opitajiH yTyBHH Typpn HH3HA MaB*yfl GyjiaflH. (4) TeHrjiaMa
sea a, b, ¢ Jiapra HucCaTaH 6np jkhhcjih TeHrJiaMaldiap cncTeMacH Cyjira-
hh ynyn j*aMMa ebi~t HOJJb enHMra ara, JieKim mapTra Kypa a, b, ¢ Jiap
6np BaK,Tfla HOJira TeHr 3Mac, uiy ca6a6jm 6y CHCTeMaHHHr ho/i/wh 6om-
i“a enHMra ara fiyjiHiuH yqyH (4) CHCTeMa K09 (})()Hii,HeHT apHflaH Ty3HJi-
raH KeTepMHuaHT HOJira Teur 6yjiHuiH KepaK:

a2
b1 0. (5)
c2
M3/ianraH rnapT my~Hp.
3 hah 6h3 HKKHTa A~ :a2:ad, B{bl:b2:£9 ny~ra op~ajm jTyBHH
TyFpH HH3HI® TeHTJiaMaCHHH Ty3aflJIHK.
AB Typpn «iH3Hiyia eTyBHH HxraepHH X{XX:x2:x3 Hy TaHH O0JiaMH3.
(5) TeHrNHKHH i<,yjuia6,

=0 (6)
bi b2 bj
HH eKH
«KS ujg§|x2+ ale2\x -0

HH ~OCHJI K,HJiaMH3.

By TtHrjiaMaHHHr Koscjx*HUHemTiapH 6np Ba~T~a HOJira Tear SMao,
qyHKH B. TeHrjiaMa KoatJxjjHUHeHTJiapuhH moc paBHUifla uv uit u9
Chjkih 6ejirHJia6, KVHHflarma e3aMH3:

NX% *: UX2  UgK3 —e 0# O



Tat ph<) Bnp BaKTfia HOJira TeHr SyvmaraH («,: U2: U@ coHlJiap
yqTa*HK.aapi!lHHHr nponopmionaji chhckh TyFpH KoopzwHara.aapn eKH
TyFpH HHZiii"HHHr maHeemfuaA KOOpduH.ama.Aapu fleflHJiaan.

(7) TeHrJiaMaHH chmbojuik KypHHiiniAa KyiiHAarira & hlu MyMKHH:

ux = 0. (8)

(6) Aa AeTepMHHaHT Ho.ira TeHr, JiekHH A =£ B, rnyHHHr yqyH AeTepMH-
HaHTHHHr hkkhhmh Ba yMHHHH carpjiapH.ua TypraH 3JieMeHTjiap nponop-
UnoHaji 3Mac. Bhphhhh caTp ajieMeHuiapuHH i%ojiran caTp 3JieMeHTJiapH
Op~aJlH HH3HiyiH H(})OAaliaili MyMKHH:

fp = aa, + P&l
x2= aa2-f P& 9)
13: aa3: il

By TehrjiaMajlap Typpn HH3HKHHHr napaMeTpHK TeHrjiaMSJiapn AefiH-
jiaAH. By Tenr/iaMa”apHH chmeojihk paBHiiiAa yui6y KypHHHiiiAa esHin
MyMKHH:

X = ald+ PB. (10)

Bup wytjyr (a:P) cohhhhf Typjw ~HHMauiapura AB  Tyrpn qii3HHHHr
TypjiH Hyi~TajiapH moc KeliaAH, jjckhh x.ap 6«p >Ky()T (a:P) ra AB TyF-
pH gn3Hiyia 6nrTa nyKTa moc KeliaAH.

32-§8. npoeKTHB TyrpH MH3HK Ba TeKHCjIHKHHHr TOnOJIOrHK Ty3HJIHIiIH

Bh3 KIKjOpHAa TyFpH HH3HIM Ba eBKIJIHA TeKncjmrnra yjiapromr XOCMaC
SJieMehT/iapHun Kyuinf), npoeKTHB Tyrpn gn3HK Ba npoeKTHB TeKucjiHKHHiir
KyjiaH easur coAAa MOAejuiapHHH KypraH 3Ahk.Byjiap ~ypnjinmn MyMKHH
fiyjiraH MO/iejuiapuaH CuTTacn, xojioc.

3 hah npoeKTHB TyrpH gH3HI™ Ba
npoeKTHB TeKHCJiHKjiapHHHr Ky3ra hx-
ihh KypnuaAHraH nraKjiAsra, 3HT coa-

Aa TonojiorHK  SKBHBajieHTJiapHAaH

CnpHHH, 5itHn MOAejuiapHAaH 6npn-

hh TouaftjiHK. LOy ca6a6jiH npoeK-

THB <fia30Aa HKHHIIHK TyUjyHgaCHHH

KHpHT3MH3. FlpoeKTHB (J)a30A3rH X (X,

1X2:x3:Xi) HyivraliapHHHr aTpcx|)H
Aeb

I1*i — yvli< e, \x2— y21< e, 56- gHB\VR

Us — ifs,1<e> |[*4— «d1< e

uiapTHH K,aHoaTJiaHTHpyBHH 6apga Yy (y, :y2:y3:ih) Hyi*raliap TynjiaMnra
aftTHJiaAH. Arap e eiapjmga khmhk coh 6yjica, Y nyKjaHH X Hyi%rara
HKHH nyi*Ta Aeb aHTHJiaAH.

XOY TeKHCJHTHAa CTyBMH x2 + {y— 1)2= 1 (y< 1) apnM afijiaHanH
0jih6, yHHHr Hy~TalJiapmiH 0t MapK33A3H OX y~a  npoeKUHHJiafiMH3
(56-HH3Ma). OX yKHH npoeKTHB Tyrpn ¢gH3Hi® Ae6 iMapacaK, (1:0:0)
Hyi"Ta yHHHr qeKCH3 y30iyiamraH Hy”Tacn CynaAH. By Tyrpn qH3inyiaH
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6np jkhhcjin ~ 1,0, -i-j KoopOTHaTaliapra ara dyjiraH Hyi*ra [x| 00

uiapT~a geKCH3 y30iyiamraH Hy~Tara wyaa hithh 6ymw- By sea apHM
afljiaHaHHHr geTKH Hy~raJiapnHH Snrra Hy~Ta ae6 “ncofijiamra hmkoh
6epaflH; 6y Hy~TaHH OX yiwara neKCH3 y30iyiamraH ny~Tara moc Kejia-
AH ae6 ~ncoSjiacaK, Typpn 4h3h~hh npiiM aa/iaHara MapKa3nft npoeKimn-
jianiHH monoJiozuK aKCAa.Hmupu.iu flefi papain MyMKHH.

IUyHflafi KfIm6, TonojiorHK aKCjiaHTnpnm npoeKTHB Typpn ki3HKtHH
geTjiapn ycTMa-ycT TyuiHpHJiraH ennt® srpn gnsnKfta aKCliaHTnpaAn. AeMak,
npoeKTHB Typpn mh3hk; enn”® srpn qgqn3H"a, MacajiaH, aftjiaHara TonojiorHK
3KBnBalieHTKnp.

fO2opHKarnra yxmam My”~oKaMa k>»hth6, npoeKTHB TeKHCJiHKKa to-
nolJiornK 3KBHBalieHT 4>nrypaHn TonaftjinK. ByHHHr yqyH (J)a30fla

X2+ @2+ (z-1)2= 1 (2<1)

HpHM ccjjepann ojihS, yHHHr finpop Hy~”TacnflaH SKBaTop TeKHClJinrnra
napajuieji k;hjihé ypnHMa XOY TeKncjinrnHH yTK33aMH3. XOY TeKHCIJHK
Hy~TajiapHHH Ox MapKa3A3H HpHM cc{)epara npoeKnnHlJiaftMH3. Uiy TeKnc-
JiHKflarn ~ap 6np TyFpn HH3Hi$ Kana npnM aftjiaHara aKClJiaHazm (57-4H3-
Ma). Typpn nn3HAHHHr xocMac Hy~Tacn, KaTTa HpHM aftjiaHa neTjiapn-
ra, ht>hh sKBaTopuHHr flnaMeTpaji NapaMa-“apmn nKKHTa Hy”racnra
aKcjiaHaAH. AnaMexpaji i“apaMa-Kapmn Hyi*TajiapHH aftHaH 6nrra Hyi"Ta
fle6 ~HCo6jiaftMH3. AeMaK, XOY TeKncjiHFHHHHr xocMaG Typpn mh3hfh
3KBaTopHHHr o6pa3H 6yjiaAH.

HpnM c(l)epaHH X = + s TeKncjinKk 6man KeccaK, npnM cerMeHTjiap
jrochji 6yjiaA,n. By npnM cerMeHTJiapHHHr SKBaTopnali neKKajiapnHH rnyH-
Aaft finpJiamTHpaftjiHKKH, KnaMeTpaji “apaMa-“apmn Hyi’*raliap ycTMa-ycT
TymcHH (57-a giBMa), y xojiAa 6h3 flonpara (KOHycra) TonojiorHK 3kbh-
BajieHT 6yjiran Tyjin® cerMemra 3ra 6yjiaMH3. HpHM c(J>epaHHHr KpjiraH
i*hcmhhh, Hi)HH X= €& opacHAarn *hcmhhh TonojiorHK alJiMamTnpnm epAa-
MHAa HHrmKa Typpn fiypnaKjin TypxCypnaKKa yTnmnnn TacaBByp “hjihiu
khhhh 3Mac (57-6 nn3Ma).

AnaMeTpali ~apaMa-~apmn Hy~Tajiap N Hyi~TaHn M' nyivra finjiaH, M
HyirTaHn N' HyK,Ta SnjiaH ycTMa-ycT TymaAnraH i*hjihS T~ppn TypTfiyp-
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gaKHHHr NN' tomohhhh M'M tomohh 6HJiaH ejinMlJiacak, Me6yc eciparu
pp6 aTajiaflHran cnpT jrochji SyjiaAH. By CHpTHHHr gqera Typpn TypTgyp-
gaKHHHr KeTMa-KeT JKoiuiamraH MN Ba N'M' TOMOHJiapnAan nSopar
(57-e ™3Ma). Mebyc Bapapn 6np tomohjih cnpTAHp.

X,aKHK,aTaH ~aM, arap cnpTHHHr A nyKjacnra yTKa3HJiraH nopMamiH
nyHKTHp gH3H”~ bym m chjpkhthS, K,aih'aAaH A Hyi~rara KelJirapcaK, Hop-
MalJib OJiAHHra afijiaHnmra i~apaMa-KapiiiH HyHajinmra ara SyjiaAH.

Tylin® cerMeHTHH (Aonpara eKH Konycra ToriojiornK SKBHBalienT 6yji-
raH) Medyc EapapHra elJiHMJiaS, npoeKTHB TeKncjiHKKa TonojiorHK skbh-
BalieHT 6y,nraH enni® cnprra ara 6yjiaMH3, 3>hh acocn Mebyc BapapnAaii
tifiopaT KOHyc cnprra ara 6yjiaMH3.

33-8. TeKHCjiHKaarH npoeKTHB KOOpAHHaTajiap Ba npoeKTHB alJiMauiTHpHiu

npoeKTHB TeKHCJIHK"a HyKTaHHHrGup JKHHCIIH Xv X2, X3 KOODAHIia-
TajiapHflaH cjjofiAajiai-mo, ny~"TanHHr npoeKTHB KoopAHHaTajiapn Tymynqga-
chhh KHpmaMH3. TeKHCJiHKAarn iiy~'raminr npoeKTHB KoopAHHaTajiapn
Ae6 pryHHAarnga HtpoAaliaHaAHraH X[, X2 X3 coHlJiapra anrajiaAH:

X\ QuX\  c12X2  fizX3 an al2 al3
X2 = ad xx+ aZ2x2+ aBxv A= g9 a2 an (1
X3~ fIaLXl “+ aX2 aBX3* adl aR a3

HyirTariHHr 6np jkhhcjih KoopAHHaTajiapn 6np Bai"TAa HOJira TeHr
6yliraHHAeK, npoeKTHB KoopAHHaTajiapn xaM 6np Ba:“tAa HOlJira TeHr
6yjiManAH. Arap x| — Hy~TaHHiir npoeKTHB KoopAHHaTajiapn 6yjica, 'KXi,
K# 0, JaM my iiy*"TaniiHr npoeKTHB KoopAHHaTajiapn 6yjiaAH.

TeKHCJiHKAarn Typpn MH3HK; npoeKTHB koopAHHaTajiap op”ajin gn3HKIIR
TeHrlJiaMa fiHJian GepnjiaAH. “~ai*aTaH xaM, (1) cjjopMy.najiarn X. Jiapnn
X\ opitajiH H(poAajiab, Typpn qrow HHiir yMyMnn TeHrliaMacnra KyiicaK(
X. ra HHcfiaTaii gqH3HiyiH TeHrJiaMa “ochji 6yjiaAH.

ripoeKTHB KoopAHHaTajiap opitajin gn3HKJIH x\—0, x2= 0, x3—O
TeHrjiaMajiap 6njiaH 6epHJiraH TyFpn qH3niyiap Koopdunam myrpu hu3u”-
Jiap AefinJiaAH.

Y qgjiapn 6y TyppH gmHKlJiapAa exyB~H yqgypgaKHH Koopdunam yn6yp-

w Kk AeftnliaAH Ba AXA2A3 finJian
GejirnJiaHaAH. By yqgfiypgaK yqjiapn
ymeéy >4,(1:0:0), At (0: 1:0),
v43(0:0:1) KoopAHHaTaliapra ara;
(1:1:1) KoopAHHaTajin Hy”ra 6up-
Jiuk nyt“ma AciinJiaAH Ba E 6nJiaH
CejirnjiaHaAn (58-gH3Ma).

TeKHCJiHKAarn 6hp Hy~"TaAaa yT-
MaHAHran Hxraepnn yqTa TyppH qn-
bhirhh  Koopdunam HU3UKAap, 6y Typ-
pH gH3H~".iapAa eTManAHraH nxrae-
Phh Hy~rann aca 6upauk ny“ma Ae6
ojinm mvmkhh.
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XaiyiK-aiaH xaM,
ail X1~ ai2x2 ai3x3 A (2)

yma Typpn hh3hi® TeHrJiaMacH 6yjicnH. YrnSy ({rapMyjia epAaMHAa HHrn
X\ KOOpAHIiaTaliapHH KHpHTaHJIHK:

Xi ~ Mi(ai[ X1 ai2X2  ai3xr’

By HHrn KoopAHHaTaliap cncTeMacnAa depHlJiraH (2) Typpn qgnsHiyiap
KoopflHHaT HH3Hirjiap ByjiaAH, qyHKH X\ = 0. BepnliraH (x, : X2:x3 nyi~-
Ta HHni KoopjiHHaTajTap cncTeMacHAa fmpmiK ny~ra SyjiaAHraH khjih6é

KynaHTyBgnHH myHAaft Taiuia6 0JiaMH3KH, x[ = 1 SyjiaAH.

UJyHAaft khjin6, xap yqTacn 6np TyFpn m-ism”~a eTMaftflnraH Av A2
A3 E Hyi*TaliapHHHr SepnJiHiHH SnjraH TeKncjiHKAa npoeKTHB KoopAHHa-
Tajiap cncTeMacH am”mnam, 6ynn 6ra R = (Av A2 A3E) KypHHHiima
BejirHJiaOMH3 Ba npoeKmue penep jieo ~aM armum. Typpn gH3H ~arH
npoeKTHB KoopAHHaTajiap cncTeMacH Av A2 E Hy”iajrapiiHHr 6epHJiHiiiH
finJian aHHiyiaHaAH.

TeKHCJiHK”arH 6np npoeKTHB KoopAHHaTaliap CHcreMacHAaH hkkhhhh
npoeKTHB KOOpAHHaTa”apra yTHm ()OpMyjiacH KypHHHiu WH”aTAah (1) cjjop-
MyjiaAaH 4)aP” i"HJiMaftAH. X aicaiaH, X. 6hp jkhhcjih KoopAHHaTajiap-
AaH X\ npoeKTHB KoopAHHaTa”aprayrarn (1) 4)opMyjiaAaH Xt JiapHH Tonn6, x|
6np >khhcjih KoopAHHaTajiapAaH X\ npoeKTHB KoopAHHaiajiapra yTHm
cjjopMyjracH

Xi ail X\ “t- ai2 X2 ai3 X3
ra Kyftcak, y “~ojma X\ npoeKTHB KoopAHHaiajiapAaH X. KoopAHHaTajiap-
ra yTHHi cjjopMyjiacHra ara 6yjiaMH3. By cjiop.viyjia TauiKH KypHHHiun >kh-
NaraAaH (1) ash cjjapi® ~HjiMafiAH.
Typpn HH3H”AAarn npoeKTHB ajiMaiuTHpHin ymfiy 4>opMyjia 6n*aH 6e-
pHJiaAn:

©)

npoeKTHB alIMaUITHpHHIHHHr (1)  (j)OpMyjiaCHHH CHMBOJIHK paBHUIAa
KyHHAaraga e3aMH3:

X'=AX, A=\Wa.i\ 4

TeKHCMHKAarn npoeKTHB ajiMauiTHpHmra TecKapH ajiMauiTHpHiH ~aM
npoeKTHB alJiMauiTHpHHJ 6yjiHiUH paBuuaH. KeTMa-KeT fiawapHJiraH hkkht3
npoeKTHB ajiMauiTHpHiiiHHHr KynafiTMacH HHa npoeKTHB ajiMamrHpnm 6y-
jiaAH. K”cs”ana khjihS amranAa, npoeKTHB ajiMamTHpHHUiap rpynnaHH
TaiHKHJI I"HJiaAH. npoeKTHB a.TMaillTHpHLUAa TeKHCJIHK TeKHCJiHKKa, TyFpH
MH3HN TyFpn nH3H”"a yraAH.

TeKHCJiHKAa myHAaft npoeKTHB ajiMauiTHpHuuiap xaM SopKn, yjiap:

a) Hyi~TaHH ny~rara, TyFpH mhshkhh Typpn HH3Ha ywasaAH. ByH-
Aan aJiMauiTHpHOJJiap KOAAuneai®usi aeflHJiaAH;
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6) HyK.TaHH TyppH gn3Hi%a, TyppH TO3hi*hh HyKjara yiKa3a/iH. Byn-
jxaft aliMauiTHpHiHJiap KoppeAnqun jxem.iajm.

TeKHCJiHKAarn KOJiJiHHeanHflJiap TynjiaMH rpynnaHH TauiKHJi lyuiaAH.
JieKHH KoppejiauHfljiap TynjiaMH rpynna TauiKHJi “hjim3hah, ~hkh hkkh
KoppelJiHUHH KynaiiTMaCH  KoppeliflUHH 6yjiMaiiAH  (cfiasoAa  KoppeliflUHfi:
Hy«;Ta w— »tckhcjihk).

34- 8. npoeKTHB ajiMauiTHpHuira MHcojuiap

1. TOMOjiorHn. IlpoeKTHB TeKncliHKAa 6npop S TyppH qn3HAHHHr ~ap
6np HyirTacHHH y3-y3Hra yTKa3yBqn KOJiJiHHeanHfl SepnjiraH SyjiCHH. ByH-
Aaft KOJiJiHHeauHH aoMoAoeun, 6y TyFpH gH3Hi* aca zomoaozuh Yi<u Aeftn-
jiaAH.

ToMo”orHfiHH Ba yHHHr xoccajiapHHH ypraHHiu yqyH aHajiHTHK ycyji-
AaH cj)OHAajiaHaMH3. ByHHHr yqyH npoeKTHB KoopAHHaTajiap cncTeMacHHH
myHAafl TaHJiad ojiaftiiHKKH, Av A2 Hyi~rajiap S TyFpH qraHiyia ercHH, vy
~QJiAa S TyFpn gH3HK TeHrjiaMacn: x3= 0.

(1) npoeKTHB ajiMaiHTHpHUi A~ \:0 :0) Ba /120 : 1:0) Hyi*rajiapHH
moc paBHHiAa A[(a'u : a2l:a3l), A2(a[2: a22:a3®) Hy~Tajiapra  yTK333AH.
TatpHcfira Kypa s Typpn gqn3HAHHHr Capga Hyi*TaliapH i$ 3FajiMac Hy~Ta-
jiap, inyHHHr yqyH Al —A[, A2— A2, fiyHAan:

n21 N3l = N2 =132 ¢ (5)
npoeKTHB ajiMaiHTHpHiu £ 3(1: 1:0) Hyi*raHH, (5) hh stTHfiopra qji-
can, E'3(a, :a22:0) Hy~ara yTKa33AH. Ta-bpn~ra Kypa E3= E3 dyHAaH
an =a22
ToHHJiraH KO3()xJ)HHHeHTJiapHH 33-§Aarn (1) ra i$hh6, ym6y 4>opMy-
jiara ara 6yji3MH3:
X, “ CljX, -J-fljg X3,
X'2= an x2+ a23x3, (6)
X3 =» a3 x3.
By roMOlJiorHH (jropMyjiacHAHp. 3hah rOMOJionwHHHr s TyppH qH3H"-
Aa CTM3HAHraH Sonina n;y3FajiM3C ny~TacH MaB>KyA ByjiHiu-6yjiMacjmnnm
TeKinHpaftjiHK. ByiiAaft Hyj*ra 0 (xt : x2: x3) msbjkya SyjiCHH, y ~ojias 6y
ilyi“ra yqyH
x\ = Xxv X2 — Xx2, x3= Xx3
TeHrjiHKjiap 6a>KapHJiaAH. By i*nftMaTlJiapHH (6) TeHrliaMara ~yifri6, yui6y
TeHTJiaMaliap cncTeMacHHH “ochji K;HJiaMH3:
(A all)xl ~N3*3 — 0,
(X— an)x2— axx3= 0, (7
(X aS3x3= 0.
KjSFajiMac O Hyi~ra s Typpn gH3Hiyia ctmshah, inyHHHr yqgyH x3¥=0,
6yiiASH X — a3r X an 6yjiC3, itojiran hkkh TeHrJiHKAaH
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hh Xpcivi KH.iaMH3. LQyuflaH kii'ihs, X =£0 .~0JiAa roMOJiornfl s vyi*a
eTMaflAHiaii (J)a*aT Snrra i*y3Fa/iliac 0(al3:a23: X— au) HyirTsra ara
CvliaflH Ba 6y nykK/ra eoMOAoceun Mapm3u jxemnaw. Arap X = an 6yji-
ca, rOMOJIOrHHHHHr jjaMMa ~ysrajiMac Hyi~rajiapH rOMOJiOrHH yKHAa era”H.

ToMOJicrHH KyHHiiarH Typjiapra fiyjinnajH:

1) roMcyionifl MapK33H roMOJiorna yKH”a miaca (a ¥=au), fiyH”sn
roMOJiorHH eunep6oAUK eoMOAOZun nemnam.

2) 0 Hv~"Ta s vyi~la erca ( X= an), 6y xojiAara roMOJiorna tiapa-
6oauk somoaosuh deuuAadu.

Tomojiofhh MapK33H O Hyn”a, s yi* Bas yi~a eTManflHrsH 6np *yc}HT A,
A' ny~Taldiap fiepujrca (0, A, A' Hyirrajiap Ko/iJiimeap), roMOlJiorna 6np
s"HHMATJIH aHH”nanaAH.

2. Mhbojiiouhh.

Taipho) TyFpH 4H3HirarH noaiiHaH HxraepHH npoeKTHB ajmaiHTH-
pnuj y3HHHHr TecKapH ajiMauiTHpHuiH 6HJiaH Sup xhji 6yjica ($ap” i*hji-
Maca), SyHAaii ajiMauiTHpHiH uhboawi{uoh aAMcaumupuiu eKH uh80ak>*huh
jjpmjiam.

TyFpH gH3H~ara npoeKTHB / aJiMamrapHiii

X' = axx+ bx2, (3))

X2= cox2+ dx2

4>0pMyijia 6njiaH oepHJiraHfiyjicHH. TatpHt ra Kypa f = /-1 niapr 6ajKapH-
jihixih KepaK, fi"bHh f-r 1= eafiHaH ajiMauiTHpnui 6yjiHiHH KepaK. (8) ajiMaui-

THOHIUHHHE  M3TpHUCHHH A = 2D

cd SnliaH dejirHJiaiidiiiK. AjiMauiTHpHiH

aHHuft aJiMaiHTHpHiu 6yjiHixiH yqyH
a—d b—c=0
mapT 6amapHJiHHIH KepaK.
npoeKTHB ajiM3uiTHpHiIHHH KynaHrapHuma vyjiapHHHr M3TpnualiapHHH
Kyn3HTHpHUI JIO3HM:

ab\ 1ab a2+ be ab + bd

ALA= tdiii cd ac+ dc ch+ d2

AjiMauiTHpHuidiap KynaiiTMacH afman ajiMauiTHpHiIH 6vjihiuh yqyH jfochji
KHJiHHran KeiiHHru MaTpnuaHHHF 6oui flHaroHaliH/ia TypraH 3JieMeHTlJiap
6Hp-OHpHra TeHr SyjuiiUH, i*oJiran 9JieMeHTJiap sea HOJira TeHr SyjinuiH
KepaK, HtHii:

b (a+ d) = o,
c (a+ d) =0,
@a—d) (@a+ d) = o.

Arap a + d# 0 6yjica, b—c —0, a—d 6ym6, aflHaH ajiMauiTH-
pnuira ara 6yjiaMH3.



a+ d = 0 CyjiraHfla hhbojiiouhoh alJiMauiTHpnmra ara 6yjiaMH3.
IUyHAan ~hjih6, hhbojhouhji yuiby <j)opMyjia dHJiaH HtlioAajiaHaAH:

=aXj + ex2,
X2 = cXj— ax2. (9)

3hah 6h3 HHBOJHOUHHHHHr iry3FaliMac Hy~TaliapiiHH Tonafl/iHK. ByHHHr

yaqyH
Xj = PXX, X2= px2

uiapT 6a>KapHJiHuiH KepaK. By KHHMaTjiapHH (9) cfjopiviyjiara "ym6, yméy
6up jkhhcjih TeHraaMajiap cncTeMacHra ara 6yjimm?
(p — a) x1— bx2= o,
—cxl+ (p+ a x2—0.
By TeHrjiaMajiap cncTeMacu HOJiAan (JiapiyiH eqHMra ara 6yjimiiH yqyH

uiapT GajKapH/iHUIH KepaK, dyHAaH:
p2— a2 — be = 0,
p= + a2 -f- be.

~~ Hhbojhouhhhhhp KyfiHAara Typjiapn MaBJKyn:

1) a2+ be< 0 ~ojiAa hhbojhouhh Ky3FajiMac ny~Tara ara dyjiMaft/uu
ByH”aft hhbojiiouhh SAmnmuK uMOAtothiiR nemnaw,

2) a? + bc> 0 7onua hhbojiiouhh HKKHTa AyaFalivrac iiyATara ara
6yjiaAn. ByHAafl hhbojiiouhh eunepOOAUK uhboawi®uh AenHlJiaAn;

3) a2+ be = 0 ~ojra hhbojiiouhh 6HTTa K$3FaliMac h yi*Tara ara 6yvia-
AH. By HHBOJIOUHHHH napdeo AUK UHE0AK)HUR fleHHJiaAH.

35- 8. TeKHCjiHKAa AyaliJJHK (hkkh rapa”jiaiviajiHK) npHHuHnn

llpoeKTHB reoMeTpHHHHHr acocHH cjjaKTOpJiapHAaH 6npH SyjiraH Ayali-
jihk npHHUHHHra TyxTajinS yTaMH3. TeKHCJiHKAa TernuiJiHJIHK aKCHOMajiapn
H(J)OAaliaHHmHra ysrapHiu khphthS, aHAHJiIHKAa TerHuuiH (eTaAH, KapamlJin)
TepMHHH ypHHra «HHUHAeHT» TepMHHHHH HIUJiaTaMH3.

Ix. HKKHTa A, B Hyi*ra yqyH yjiapHHHr >%ap Cnpwra hhuhacht Syjirau
TyppH gH3HI® MaE>KyA.

112 Hkkhts @, b Tyrpn qron” yqyH vyjiapHHHr ~ap fiHpnra HHUHAeHT
6yjiraH Hyi"Ta MaBHcyA.

By aKCHOMaliapAa «i-iy"Ta» cy3HHH «TyrpH gH3H”» cy3H 6HliaH, «TyFp»
gH3H"™ cy3HHH aca «ny”Ta» cy3H 6uliau aliMauiTHpcaK, |, akCHOMaAaH 12,
12 aKCHOMaAaH aca |j aKCHOMaHH xochji iy-uiaMH3. AeMaK, Ix 12 aKCH-
OMaliap y3apo Mynocu6 >KyMJiajiapAHp.

npoeKTHB TeKHCJiHKAarn hkkhjihk npHHUHnn ~yHHAarnAan n6opaT: Arap
npoeKTHB TeKHCJIHK ajieMeHTJiapH — Hy~Ta Ba TyppH qH3HiyiapHHHr (6of-
JiaHHHiJinrH) HHUHAeHTJinrn TepMHHHAa Hf})OAa araliraH 6npop >KyMJia ypHH-
jih Byjica, y "ojiAa «Hyi\Ta» cy3H ypHHAa «TyppH gn3n”» cy3H HuiliaTHJi-
ran Ba aKCHHga, «Typpn hhshk,* cy3H ypHHAa «nyi*Ta» cy3H HiuliaraliraH
6om~a iKyMlia (Shphhhh JKyMJiara MyHocnS) ~a\i ypiiHJiH 6yJiaAH. Hkkhjihk
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npHHUHriH eyfima 6np-6npnra moc KeliyBgn wyM”*a*apHHHr 6hphhh Hc6or-
Jiarn eTapJiH Hp.

Taipni}). Bnp Typpn gn3Hiyia eTMaft/wraH yqTa Hyiyra Ba ”~ap hkkh
Hynja op”ajiH yiaAnraH yqTa TyFpn 4H3HK”™aH n6opar cjwrypa Yy* yn/iUK
{TpexBepxuHHHHK) /ie6 aTalJiaAH.

By yqTa iiyj"Ta yq ygqjiHKHHHr ygjiapn, ygTa Typpn gH3H” aca yHHHr

TOMOH.napH AennliaAH.
ileaapr TeopeMajiapn. 1. Arap ABC Ba A'B'C AaH aSopaT hk-

KHTa yq yqjiHKHHHr moc yqjiapiiHn SHpJiailUTHpyBgH TyFpn iH3H”./iap Bnpop
5 HyirTa%aii yrca, y “oAHa 6y yq yq.raKk.nap moc TOMOHJiapHHHHr KecHiu-
raH ygTa Hy~ATacn 6mTa TyFpH gnsHKAa eTaAH.

Hc6ot. Yq ygiHKHHHF moc ygjiapnHn 6np.iauiTHpyBMH TyFpn qn3HK-
Jiap S Hy~Ta”an yTCHH (59-gn3Ma), BC Ba B'C', AC Ba A'C, AB Ba
A’B' TOMOHJiapH aca moc paBHUiAa P, Q, R Hy~TajiapAa kcchujchh. Bnp
TyFpH gH3Hiyia erraHH ygqyH S, A, A' ny~ra/iap ~aM, S, B, B' HyK/rajiap
~aM, S, C, C Hy~Taldiap ~aM KOJMHHeap Syjia/yi, 31-8§ A3™ (10) cjiop-
Myjiara Kypa ”~yHHAarnJiapiin &a o/ia\in3:

5 = AA -V A
S= (iB+ p/ B,
S=vC + v' C/, (1)

6yHAaH:

uB—vC=v'C'-n'B"

vC — XA =1"A"—v' C'

XA — iiB=\i'B"'— VvV Al
P HykTa BC Ba B' C' TyFpn qgn3HiyiapAa eiaAH, AeMaK, P = BC f] B'C'-,
xyAAH uiyura yxmaui Q= AC (A'C, R —AB flA'"B'" (2) AaH
P+ Q+ R — 0 TeHrjinkHH xoch/i i\H%NaMH3. By aca P, Q, R Hyi~raliap-
hhht KOJiJiHHeap.THrnHH 6ujifl,upaRn, AeMaK, vyjiap CnTTa TyFpH gn3Hiyia
eraliH.

2. Arap ABC, A'B'C' yq yg/inKjiapHHHr moc TOMOHJiapa KecnmraH
yqTa Hy*'ia 6np Typpn gn3Hiyia erca, y “oji*a yq yqjinKJiapHHHr moc yq-
JiapaaH CnpjiamTHpyBgH ygTa Typpn gn3H” 6ap Hy”Ta”aH yTaAn.

Zle&aprHHHr 2- TeopeMacnHn 1- TeopeMacn”an hkkhjihk npnuHniinra cyn-

HH6 ~OCHJI "HJIHUI MyMKHH.
iteapr TeopeMacHAa aHTHJiraH S Hy*TaHH ABC Ba A'B'C' yq vygq-

jinKjiapHHHr nepcneKTHB MapKa3H, S Typpn hhshkhh aca nepcneKTHB y”n
AeimjiaAa. ByjiapHn atTnSopra ojihS, Ae3apr TeopeMacnHH “ynnflarnga

H(j)OAaliaai MyMKnH.
TeopeMa. HKKHTa yq ygjinK nepcneKTHB MapKa3ra ara 6yjiHmn yqyH

yl/iap nepcneKTHB yi~a ara 6ylJinujn 3apyp Ba eTapjinAnp.

@)

20

36- § TypTTa Hy"TaHHHr MypaKKaS (K.ytu, aHrapMOHHK) HHc6aTH

1. npoeKTHB Typpn gnaniyja npoeKTHB KoopAHHaTaliap cncTeMacn sa

fienrmu TapraSAa fiepnJiraH TypTTa A, B, C, D ojiaiijiHK, By
nyiyrajiap npoeKTHB KoopAHHaTaliap cncTeMacura micSaiaH A (X{. X2,

B (yv vy, C (z{. 22, D ({ t2 KQopAHHarajiapra ara achjihk.
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Typrra A, B, C, D Hy~raHHiir
MypaKKa6 HncSara Ae6

XX x2  yiy2
N

(ABCD) = Zx *2 1 72
Xtx2  <nif2

ti 2122

coHra aimiJiaAH. Wwo\m a
c (AC) (BD)

(ABCD) = (AD) (BC)’ 59- gH3Ma

6y epAa (Xy) Cejirn, X,y HyirraliapHHHr KoopAHHaTajiapHAan Ty3HJiran
HKKHmH TaprabjiH AeTepMHHaHTJiap. 31-§flarn (9) Ba (10) cfiopMyjiajiapHH
3-bTH6opra 0jihG, C, D HyfrrajiapHH A, B ny~TaliapiiHHP hh3hkjih kom-
6hH3U,HHCH KypHHHIUHAa e3HUI MyMKHHI

C= A+ XB,

D= A+ [xB
8kh napaMeipHK (jlJopMa*a:

Z

xx - X 2%, 11— Xj “f-jxt/i,

S TS R V T
By n”OAaliapHH MypaKKaS HHcbar 4>opMyjiacHra K.ynnS TonaMH3t

C4BCD) = — .
Fl

1-TeopeMa. Typrra Hyi*raHHHr MypaKKa6 HHcSara npoeKTHB koopAH-
HaTajiap cncTeMacHHH TaHJiafi ojmuira 6ofjihi* awac.

H c6 ot. KoopAHHaTajiapHHHr sckh cncTeMacnAaH HHra cncTeMacHra
ATHIH

X' = AX (4)
(JjopMyjia opi*aJTH aMalira omnpHJiraH 6yjicHH.
y ~0lJiAa
x'' = AX, z'= Az,
y' — Ay, t’ = Af,
GynAan

z ~ Az — A (xf Xy) — AX -j- Xxy —x' Xy,
t'= At —A (x+ Xy) = Ax + XAy = x' + [x]l.

IIlyHAaft i7hjih6, C, D ny~TajiapHHiir sckh KoopAHHaTajiapn A, B nyir-
Tal/iapHHHr sckh KoopAHHaTajiapn opitaliH “aHAaft (j)opMyjia epAaMHAa
H(j)oAajiaHraH oyjica, C, D Hy~TaliapHHHr mru KoopAHHaTajiapn ~aM A,
B pyirTaHHHr aura KoopAHHaTajiapn op”~ajin uiyHAan (JiopMyjia 6nJiaH.n(j)o-
AajiaHaAn.

AeMakK. A, B, C, D Hy~TajiapHHHr HHra KoopAnnaTaliapnAarH MypaK-

Kab HHcGaiH JjaM - ra TeHr SyjiaAH.
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2-TeopeMa. Typrra HyKTanimr MypakKKaé Hnc6aTH npoeKTHB aJiMaiimi-
pnuiAa y3rapMaftflH.

By npoeKTHB ajiMauiTHpnm A, B, C, D Hyi*rajiapHH A', B', C', D’
ny~Taliapra yraasca, Yy X.ojiua

(ABCD) = (A’B'C'D") (5)
AeraH mstjHohh Gmmpaw-

By TeopeMaHHHr hc.6oth OJUimru TeopeMaiiHHr hc(Gotha3h pacMHH pa-
BHLUfla tfiap® KHJIM3HAH.

3- TeopeMa. MapK33HH npoeKUHHJiauiAa TypTTa Hy~T3HHHr MypaKKaS
HHc6ara y3rapMafiAH.

Hc6o0ot. npoeKTHB TeKHCjiHKAa HKKma Tyrpn 'IH3HK; Ba 6y Tyrpn hh-
sinyiapAa eTM3HAnr3H 5 Hynja SepiuirsH 6yjiciiH. Bupim™ TyrpH hh-
3HKA3H HXTliepHH TypTTa A, B, C, D Hy~TSHH 0JI11I6, yjl3pHH 5 Hy~Ta
GnjiaH TyTauiTHpaMH3, ~ochji 6yjir3H TyFpu gH3HiNJiap HKKHHgn Tyrpn hh -
3HKHH MOC P3BHHIA3 Av Bv Cv DX HyirT3JI3pA3 KeC3AH. By HyK;TalI3pHH
A, B, C, D HyKT3Ji3pHHi-ir HKKHHgn Typpn gH3HKAara MapKa3Ut, npoen-
yuhcu AeHHJISAH (60-qgH3Ma).

BnpnHgn Typpn gH3WA UXXX+ UX2+ Ukk3= 0 TeHrliaMa SHJiaH 6Gepi-iJi-
raH SyjicHH. KoopAHHar A,A2A3 yqgypgakAa A3— S 6yjin6, Alt A2
Hyi*Tajiap HKKHHgn Typpn gn3n”Aa ctchh, y jjojias 6y Typpn qgnsnK; TeHr-
JiaMacH X3 = 0 KypnHHHiAa 6yjiaan.

Xj =Xii X =: *3 dXA - bxXz “£ C\Xq
<J)opMyjia 6HJI3H 6epHJir3H npoeKTHB alJiMsuiTHpnui 5 Hyi"Ta op”aliH yTyB-
HH gH3HKJiapHH y3rapTHpM3HfIH, «a*i + U2X2+ U3X3= 0 TyppH gH3HKAa
CTyBgn TypTTa A, B, C, D Hy~TaHH
moc paBHuiAa X3 = 0 TyppH gnsHK"Aa
CTyBqgn (yjiapHHHr npoeKHnajiapH) Alt
BL A2 Dj nyi*TSJiapra yTK333AH.
npoeKTHB sjiMauiTHpnuiAa TypTTa
Hy~rTaHnur Myp3KKa6 HHcSara y3rap-
y.h MacjiHrn yqyH:
h I (ABCD)=(A1B1Ai Di).
TeKHCjiHKAa eraS, 5 Hyi*ra opK,a-
a \e d jih yTyBgn TypTTa a, b, o, d Typpn
60- gH3Ma HH3HAHHHr MypaKKaS HHc6ara Ae6 By
TypTTa TyppH gH3H"HH HXTHepnfl
gH3Hi* SnliaH KecraHAa “ochji 6yjiran A, B, C, D Hy~TaliapHHHr MypaK*
K36 HHC63THr3 aHTHJI3AH:
(abed) =(ABC D). (6)

MapK33HH npoeKHHHJiaHiAa TypTT3 Hy~TaHHHr MypaKKa6é HHcfiara y3-

rspMsraHJinrn ca6a6jin TypTTa Typpn gn3H*"HHHr MypaKKa6 HHcdara KecyB-

hh qn3Hi* Ba3HHTHra 6ofjihk 6yjiManAH.
4- TeopeMa. TypTTa Hyi*raHHHr MypaKKaS hhcSsth coAAa HHc6aTJi3p

opi*3JiH ym6y <J)opMyji3 Bhjish ncj)OAa k;hjihh3Ah:

(ABCD) = - (ABCL m
* (ABD) * ?)

-
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Hc6o0ot. KenraHTHpH/rraH ewmn Typpn HH3HFHfla 6np jkhhcjih AeKapT
KoopHHHaTaliapHHur R = {Aloo AyE\ CHcreMacn Ba TypTTa xoc A, B, C,
D iiyi\TaJiap SepHJiraH 6yj\cun. By ny~ia.aap R penepra HHcéaTaH A (x:I),

X
y:1, C(z:1, D (t:1) (x= —- ,...) KoopAHHarsjiapra ara 6y;ia-
X2
Ah. By Hyi*TajiapHHHr MypaKKao hhc63Th (1) <i>opMy;iar3 Kypa:

(ABCD) = {X~ 2 (8)
X-t) (¢y-2) (8)
Bnp jkhhcjih 6y;iMaraH AeKapT Kocp.iHHaTa.aap OHCTeMaciira nncSaiaH
A (x), B (y), C (2), D (t) KoopAHHaTaliapra ara 6 Nichh.

(ABC) = X, ~AC= XCB, X= ----

y—1z
(ABD) = u, AD=XDB, x '

y— t
(ABC) z—x (y—1 (x—2) (y—1)
(ABD) (t—x)(y —2) (x—t)(y —2)

Arap A, B, C HyKjajiap xoc nyKTaldiap 6ymi6, Da) (t:0) xocMac
Hyi"Ta 6yjica, y “ojias

(ABCD,,,) = .= -Eni_ = _ (ABC).
v (—0 (y—2) y-z v

IUyHflaft khjih6, KeHrafiiHpHJiraH eBK™Hfl Tyrpn gH3HFHAarn TypTTa
Hyi"TaAaH 6hphhhh ym'acn xoc HyKjal/iap 6ym6, TypiHHHH ny~TacH xoc-
Mac nyKTa 6yjica, TypTTa Hy~ranHHr MypaKKaS hhc63th 6upumH yma
Hyi"Ta oaahh HHcSaTHHHHr TecKapn HiuopacH Cn.iaH o”HtiraHHra TeHr.

2. Mypai<i<a6 iiwcGaT xocca.napw. Bnp Tyrpn 4H3HKA3 eTyBHH TypTT:
HyKTaiiHHr MypaKKaS HHc6ara ~yHHAarH xocca.iapra ara.

1. MypaKKao HHcfiaiAarn Hy~Ta.iapmiHr 6hphhhh Ba hkkhh4ii >i<ythT-
jiapHHHHr ypHH.iapniiH a.iMauirapcaK, MypaKKao HHcoax ~hhm3th ysrap*
Manah:

(ABCD) = (CDAB).

XaKH7aTaH “‘sm,

(CDAB) = (CA) (DB)- = SAC)SBD..= (ABCD).
v ' (DA) (AD) (BC) K

2. MypaKK36 hhc63ta3 }Ky()T.TapHHHr SHpHAarH Hyi*TajiapHHHr ypmi-
JiapnHH a.iMammpcsK, MypaKKao hhcSst "hhm3th TecKapncura a.iMama-
Ah:

(ABDC) - im = = - = = L
(ABC) (ABC) (ABCD) v *
(ABD)
(ABCD) = (CDAB) = (BADC) = (DCBA).
By xocca 1-Ba 2-xocca.iap HarawscHAnNp.

(ACBD) = 1— v.
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5. (ADBC) = 1-m— »
v

6. (ADCB) = — .
V—1
3 — 6 xoccaliapHH KoopiWHaTajiap MeToflHflaH <j)ofi,uajaHH6 HcSoTJiaiu
Ayjian.

37- 8. HyKjajrapHHHr rapMOHHK TypTJinrn.
lyjIHK TypT yMIIHK

Taipncj). Arap TypTTa A, B, C, D Hyt‘raHUHr MypaKKaS HHcSaTH
(ABCD) — — 1 6ynca, A, B, C, D jiy*TajiapHH rapMOHHK woHjiainraH
Asmjiajw-

HyirTaJiapHHHr rapMOHHK TypTJinrn npoeKTHB reoMeTpHfl.ua MyxHM pojib
yHHaflAH Ba amoftnfi xocca.napra ara.

1. C, b-+A, B=>A, B~C, D.

By xocca TatpncixuaH 6eBOCHTa KelinS m”ajxn.

2. Arap A, B, C, D rapMOHHK Hyi~*rajiap 6yjica, iiyKTa.nap >Ky<|)T-
jlapHHHHr ypHHjiapHHH ajiMauirapcaK Ba “ap 6np *yt})TAarH nyKjajiap-
hhht ypHHJiapuHH "aM a</iManiTHpcaK, rapMOHHK TypTIMKHHHr MypaKKaS
HHcfiaTH y3rapMafiAH.

By xoccaaaH, arap (ABCD) — — 1 6yjica, (BA CD) —(ABDC) =
= (CDAB) = (DCAB) = (CDBA) — (DCBA) = — 1 MyHoca6aiviap Kem6
mK,aw.

TaTphcj\ ~ap ynTacH 6np Tyrpn Mramyia eTMan;wraH TypTTa P, Q,
R, 5 Hy”Tajiap Ba 6y HyKTajiapHhht JJip hkkht3Ch op”ajin yTyBHH o;i-
TnTa TyrpH moHtyiaH H6opaT (f)nrypa TyjinK, mypm ynjiuK jxe6 arajianu.
HypjTa.iap TypTynJiHKHHHr vygjiapn, 6y HyigajiapHH SupjiauiTHpyBHH
ryrpn gH3HAJiap yHHHr TOMOHJiapH Jieumiaw (61- iiH3Ma).
Tyring TypT ynjiHKHHHr RP Ba
QS, PS Ba RQ, RS Ba PQ "apatvia-
Aapiun TOMOHJiapH moc paBHUiaa A, B,
T Hy~Tajiap/ia KecnmaflH, 6y Hyi~-
TaliapHH TypT vyqjinKHHHr AnaroHaji
HVKjTarapH, vyjiapHH 6npjiauiTHpyBqH
AT, TB Ba AB Tyrpn gH3HKJiap aca
AHaroHaJuiapn fleniuiajiH. y*Himn an-
aroHaji Hyi*ra T flaH yTyB~n PQ Ba
RS TOMOHJiapHiiHr AB .anaroHali 6h-
jian Kecninran Hy”raJiapnun C, D "e6
61-gH3Ma OlianJiHK. Bh3

(ABCD) = — 1 (1

SKaHJinniHH hc6ot KHJiaMH3.
R Hyi"TaiiH MapKa3 ~hjihé A, B, C, D Hy~TajiapHH PQ Tyrpn hh3nir-
i"a npoekuHHJia6, yrnSy MynocaSaira ara 6yjl\aum:

(ABCD) = (QPTD). (2)
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S HyKTaHH MapKa3 i{umé6 Q, P, T, D Hy~TaliapHn AB TyFpn gH3Hiy"a
npoeKUHH"aS, KyHH”arHHH Xxpcm i*HJiaMH3:

0QPTD) = (BACD). 3)

(2) Ba (3) lJiapHH a-bTnfiopra om®6,
{ABCD) = (BACD)

hh e3a 0Jia.MH3.
MypaKKaS HHcfiaT xoccacnra acocaH:

(ABCD) = (ABCD)-1,

SyHAaH
(ABCD) = + 1

(ABCD) = 1 TenrjiHK 103 SepmuH MyMKHH 9Mac, gyHKH 6y xojim C,
D Hyitradiap ycTMa-ycT TyinaAn, AeMaK, TC Ba TD Typpn HH3HMJiap "aM
ycTMa- ycT TyrnaAn. By sea P, Q, R, S ny~Tal/iap OHp Typpn gH3Hiyw
eia®H, AeraH HaTHtfcara KelirapaAH, 6y rnapTra 3HAAnp. UlyHHHr yqyH:

(ABCD) = — 1,
(2)M(QPTD) = - 1.

IllyHAan khjih6, Kyimjiarnga TeopeMaHn ncSoTJiaAHK.

TeopeMa. 1) Tyjin® TypT yq/iHKHHiir xap 6np AHaroHalinAa 6npHHqgn
wy(J)TH AHaroHaji Hy”TaliapAaH, HKKHHgn >Ky(>TH aca ygnHgn AHaroHali
HyivraAaH yTyBqgn “apaMa- i*apuiH TOMOHJiapHHHr 6y /waroHaji 6n;iaH Ke-
CHLunmnAaH ~ochji SyjiraH Hy”TaliapHHHF rapMOHHK TypT-anra MaB”"yA-

2) Ty;w” TypT ygqjwKHHHr “ap 6np TOMOHHAa 6npHHgn wytjrrn TypT
yqjiHKHHHr yg/iapHAaH, HKKHHgn >i<yt})TH AHaroHali Hy~Ta Ba 6y tomoh
6nJiaH icolJiraH hkkht3 AHaroHali HyfrTajiapHAaH yTyBgn TyFpn qn3HKHHHTr
KecnuinujHAaH xochji 6yjiraH Hy~Tajiapmmr rapMOHHK TypT~nrn MaB>KyA-

Arap geKCH3 ysoi® Hy~xaim SnjiAHpca,
(ABCDJ = - (ABC), — 4jL = _ 1;
AC = BC.

AeMaK, C nyirTa AB KecMaHHHr ypTa ny”iacn 6yjiaAH.
Macajia. BepnliraH ygTa A, B, C Hy~Tara rapMOHHK TypraHgn D
Hyi"TaHH acaHr.
Egnm. A, B— AHaroHali Hy"Ta-
.aapn, AB — AnaroHa”® Typpn qn3HFn
SyjiraH Ty. ™~ TypT yqjinKHn HcafijiHK.
ByHHHr ygyH A nyi*Ta op”ajin hxth-
epnn nKKHTa Typpn gn3Hi?, C Hytvra
op~alJin aca'Cnrra Typpn gH3H" yTKa-
33MH3 (62-gn3Ma). By Typpn gn3HK-
JiapHHHr KecnmraH Hy~TajiapnHH X,
y G6HJian 6errnJiaHMH3, yjiap Ty.in?
TypT yqjiHKHHHr yqjiapn Syjia/ui. UlyH- 62- hrrsmb



ra yxiuaiu TypT ygjiHKHimr i%odiraH yqjiapn— Z, T ny~TaliapHH to-
naMH3. TZ TyrpH hh3nk; CnliaH AB TyrpH quan”HHur KecHiiiHiii ny~Tacn
H3JiaHraH D ny~Ta 6yjia,ziH.

38- §. npoeKTHB TeKHCjiHKflarH hkkhhmh TapTHfJjm HH3HKjiap

1. npoeKTHB KOOpjlHHaTa/iapH
N1 *L mH 22 *2 v A83 *3 t- 2112 f- 2f1j3Xjx3 -f- 2Cjg Xjx3= 0 (1

TeHrJiaMaHH iaHoaTJiaHTHpyBgH 6aplia iiyKjajiap TynjiaMH kkkhkmh Tap-
th 6jih  arpii iih3hi* ei<H KBaupHKa jiefinjia/iH Ba I\ 6hji3h 6ejirHJiaHaziH.
fO”ropHAara TeHrliaMammr nan tomohh y3rapyBagiuiapra nnc6aTan 6np >khhc-
jih  Kyn~aMnp. YiiHHr flapawacn (1) TeHrJiaMa onliaii SepnlJiran ajired-
paHK [IBHKHHHr TapTHSIIHH SelirHJiaHfIH.

Bh3 hkkhh~h TaprafijiH ~a”H”nij gmniyiapHH ypraimui 6HJian geKlia-
H3MH3. IllyHHHr yqyH yMyMHHJIHKHH 6y3MacuaH aiS KoscfxbimHeHTJiapHH
6np Bai"TAa HOlJira TeHr Byji.viaraH j*h~hh coHJiap ae6 "HCo6jiaftMH3 (% =
= aji)-

(1) TeHrJiaMaHHHr qgan tomohh vyarapyBqujiapra HHcSaraH KBaapaTHK
(JjopMara, yHH g (X, X) — g (X) 6HJiaa 6elirHJiaftMH3:

3
8 (x<x) =2 au xt X 2)
i,/-i
KBaapaTHK (JjopMaiiHHTr

G= llay | (3)
CHMMeTpHK MaTpnuacH SyjiaflH, jii>hh G = GT, 6y epaa «T» MaTpHuaHH
TpaHcnoHHpJiaui fiejirncH.
Arap (2) KBaapaTHK cjjopwa 6epnliraH 6yjica, ynflan Kyim/iani 6np
HH3HINIH (3)OpMaHH aHHAJiaUJ  MyMKHH:
3

g (x. y)=i2

au x* yj- (4)
.11

By (J)opMa XV X2, X3 BayVv y2, y3y3rapyBqHJiapra HHcSaTaa 6np jkhh-
cjih Ba gH3HMNIiHfl«p. IUyHHur yqgyn
glar Xx, y)=9{a y)+ Xg X ), »
I (x, b-j-ny) —g (x, b) + ng (x, y),
6y epua (av a2 as), (bv b2 b,), (xv x2, xs) Ba (yv y2 y3 Jiap moc

paBHHiaa i"HC"aga a, b, X, Yy 6HliaH fiejiriuiaHraH. (2) Ba (5) cjjopMyjiaim
9'bTH6o0pra 0jih6, AyfiiiflarHHH e3a ojiaMH3:

g@a+ Xx) = g{a+ Xx, a+Xx) =g (@ a + 2Xg (a x) +
+ X29(x,x). (6)

2. HKKHHgH TapTII6jIH qH3HAHHHr TyrpH gH3HA 6HJiaH KeCHIUHUIH.
HKKHTa A {ax: a2:a3, B (bx: b2: b3 Hyi~Ta op~ajin yTyBgn AB Tyrpn

gH3HKHHHr K gH3HK SnJiaii KecnuiraH iiy"TacnuH TonaHliiik. AB TyFpH
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gn3Hiyia eiyBHH HxraepHH X (xL:Xx2:x3 Hyirtshh ojuihjink. AB  TyFpH
qn3HKHHHr napaMeTpHK TenrliaMacHHH

xt= at+ kb{ @)

KypHHHUJAa 8311111 MyMKHH. X COH X HyirTaHHHr TyFpH HH3HiyiarH Ba3HH-
thhh aHHiyiafiAH. X hhht ~hhm3Thhh iuyHAafi Tamia6 oliafijiHKKn, X Hy«;-
Ta K HH3HKA3 ercHH. ByHHHr yqyn XL jiapHHHr [y-ihMaTJiaphhn K
TeHrjiaMacura K,yfIMH3:

g (@~ + Xbi)= 0.
Byhash (6) cj)opMyjiara acocaH:
g(a a+ 2Xg(@ b+ Wg (b b)= 0. (8)

UlynflaH khjihe, hkkhhmh TaprafijiH gH3Ht\ 6iuian TyFpn HH3HAHHHr Kecn-
uihiu MacajiacH X ra HncSaTan KBaApaT TenrjiaMaHH egmu Macaliacnra
KelJiTHpHJiaah. TeHrjiaMa Koac})c}}HUHeHTJiapH xa”H”uft coHJiapAaH nSopaT,
AeMaK, HKKHTa xap xhji (x~hkmh eKH MaBxjym) j*ymMa eKH KappalJiH hji-
AH3Jiapra ara SyjiaAH. g (@) = g (b) — g (a, b) = 0 rnapTAa Typpn hh3h~-
HHHr HXTnepnS Hy~racH K gn3Hiy?a TerHiuliH 6yjiaAH, AeMaK, Typpn hh-
3Hi* K Aa eTaAH.

IUyHAafi Kfi.in6, hkkhhhh TapTH6jiH HH3HA 6man yHAa eTMaraH TyFpn
HH3H? HKKHTa "H~HH Hy"TaAS eKH HKKHTa MaB"yM KjyillMa HKKHTa Hyi*-
TaAa, eKH ydMa-ycT TymaAHraH “aKniyiH Hyi”rajiapAa KecnuiaAn.

3. Hkkhhhh TapTnSjin hhsh”hhht ypHHMacn.

Arap (AB) TyFpn HH3Hi"HHHr hkkhhhh TapraSjiH HH3H* 6njiaH KecHin-
raH Hyi*TajiapH ycTMa-ycT Tyrnca, AB TyFpH hh3hi* hkkhhhh TapTHG6jin
HH3HAHHHr ypHHM3CH Ae6 aHTHJiaAH. K HH3HAHHHr HXTHepHH A(al : a2: ad
Hyi*Tacnra yTKa3HJiraH ypnHMa TeHrjiaMacnHH Ty3afijiHK. A Hyj*ra opitalin
yTraH KecyBHHAa HXTnepnH X ==A Hy~Tann oliaiiJiHK, Yy J$0JiAa AX ry?-
pn HH3H!"HHHr napaMeTpHK TenrjiaMacn:

yt=at+Xxi(i= 1, 2, 3).
(4-X) Typpn HH3Hi"HHHr K 6njiaH KecHuiraH Hy~TajiapnHH Tonrnu ygyH
(8) ra yxinaraH yinBy TeHrliaMaHH egi-im KepaK:
g@+ 2kg( x)+Vg(x —o. (9)
A Hy~Ta K gH3HKAa eTaAH, AeMaK, g (&) = 0. (9) TeHrjiaMa i*yHHAara
KypnHnuiHH arajiJiaftAH:
X [2g9g (@ Xx)+ X g (x)] = o. (10)

ByHAaH \ = 0, AeMaK, A Hyi*ra anni®JiaHaAH. Hkkhhhh KecHiHHUI

Hyi"TacH ynyH X napaMeTp

29 (&, x)+ Xg x) =0 (11)

TeHrliaMaHH K,anoaTJiaHTHpnuiH KepaK. HKKHHqgn KecHiunui ny*Tacn A ny~-
Ta 6HJiaH ycTMa-ycT TyuiHHiH yqyH (11) TeHrjiaMa Aa= 0 eqgHMra ara 6y-
jihiuh KepaK. By rnapr (J)ataT
3
g(a, x) = 2 au aj xi= 0 (12)
i. /=i
TeHrjiHK 6a>KapHJiraHAa ypnHJiH CyliaAH.



By TeHrliaMa hkkhhmh TapraSjiH mi3Hi"HHHr A Hy~Tacnra yTKa3HJiraH
ypiiHMa TeHrJiaMacHfIHp.

39- 8. Ayr6 Ba nojiapa

H kkhhmh TapTn6jin gH3HK;jiapHHHr xoccaliapHHH ypraHHUifla ~ t6 Ba
nojmpa TymyngajiapH My"HM a”aMHHTra sra.

ABBallO 6H3 HKKHIWH TapTHfijlH HH3HI*a HHC6aTaH HKKHTa HyirTailHHr
iroByuiraHJIHK TymyHgacHHH khpht3hjihk.

(AB) TyFpH gH3HK, K MH3HMIH HKKHTa X, V Hy~Tafla KeCCHH. X, Yy
HyirTajiapHHHr KoopMHaTajiapH A, B HyitrajiapHHHr KoopflHnaialiapH op-
ANjih  «iH3HNIH H4>oflaJiaHa,UH:

xl=al+ }1bi,
{it — at+ X2 bt. (v
l-tamph (). Arap (ABXy) = — 1Syjica, y ~olifla A, B nyirTajiap hk-

khh~h TapraSjiH K MH3HKKa Hiic6aTaii zapmohuk KijiuMa (KOBymraH) hyk-
Tajiap fle6 aflTHJiaun.
36-8, 1-n. (3) (fopMyjiara Kj/pa

(ABXy) = = - 1

CyiiflaH:
v 2= 2
X, Yy HyK,Taliap K gH3Hiyia era™h, inyHHHr yqyH Ba X2 coHJiapHH
g (b)r + 2Xg {a, b))+ g (@ =0

KBa*paT TeHrjiaMaHHHr wijxmJiapu ;ie6 ojihhi MyMKun. KBaapaT TeiirJia-
Ma HJi"H3JiapH hhfhhahch HOJira lenr. BneT TeopewacHra Kypa:
g (a b)=o. ®3)
IUyHuafi irhjihs, A, B HyitraJiap K gH3HKi<a HHcSaTaH KymMa 6yjm-
ujh ygyH (3) mapTHHur 6a>KapHJiHuiH 3apyp Ba eTapjiiiflHp. Arap A Hyi~-
Ta K M eTca, 6y Hyi"Ta K qgn3HKi<a HHc6aTaH y3-y3Hra I*yuiMa 6yjia#H.
2-ta'bp h4). HKKHHgn TapTHfijiH gH3HKi"a HHcCaTaH A nyi*Tara (eKH
B nyifTara) liyuiMa 6yjiraH 6apga Hyi*TaliapHHHr reoMeTpHK ypHHHH A
Hyi"TaHHHr (eKH B ny~"TaHHHr) K liH3HKi"a imcCaTaH nojinpacu fleiiHJia-
AH. A Hyi"TaHH sea nojiapaHHHr K gH3HK”a HHc6aTaH %m6u jieHHJiajiH.
HxraepHH X (Xyx2:xd nyKja A (al:a2:as) nyi"TaHHHr noJHipacHfla era-
ihh yqyH
3
g (@ x)= Vv aj xt=0 (4)
il=i
KjiuMalJiHK iuapTH ypiiHJiH 6yjiHuiH KepaK. By TeHrliaMa A Hyi"TaiiHHr K
MH3H ~a HHc6aTaH noliHpa TeHrJiaMacH”Hp.
KyT6 Ba nolinpa K,yiiH;iarH xoccajiapra ara.
1. TeKHCJiHKAarn Hxraepuft Hyi*TaHHiir K quanta HHc6aTaH noliapa-
CH TyppH gH3HI"AHD.
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XaKHK.aiaH ”"a.M, (4) TCHrl/iawa X,,
X2 X.j y3rapyBMHJiapi a HHc6aTaH 6hphh-
iin aapawaliH 6uUp jkhhcjih. Uiy ca-
6aém A nytvrariHHr nojiapacH Typpn
HH3H~flaH uSopai.

(4) nojiapa TeurJiaMacHHHHr K09(J)-
(ImuHeHTJiapHHH

/> = 2 aya, (5)
i. M
Kypmnuufla CejirHJiacaK, nojiapa TeHr-
jia.MacHini

P1x1+ P2+2 + P6x3= 0 (6)

i<abn e3nm mymkhh. Arap nojiapa TeHrjiaMacn 6epnlica, (5) TemjiaMa-
;iap cucTeMacHHH aj Jiapra HHcBaxaH e<mB, ~yi6 iiyiyra A mmr koopah-
HaraJiapHHH TonaMH3.

2. Arap A HVKjanuHr noliapacn B Hyi*raAaH yTca, B ny~TanHfir noji-
apacH A Hyi*TaaaH yiam (63- nn3Ma).

Xai*H”aTaH ~aM, A ny~TaHnnr ncuiapacH

2 aijajxi~ 0
TenrJiaMara ara.
B HyirTaHHHr nojiapacn
v dijbjXi =0
TenrJiaMara ara.
Arap A Hyi*raHHHr noliapacn B ny~TaAan yrca,
2 ailajbi- o
CyjiaAH, fly = aji hh s-bTiifiopra o0jth6,
2 ajthjai=0

§3mujhmh3 MyMKHH, jtlhh B nyR/rammr noliapacn A Hyi*TaflaH yTa"H.

1-HaTHiKa. Arap ny”~Ta Typpn gH3HK; Gyftjiab ~apanaT lyiJica, 6y ny~-
TaHHHP noliapacH xaMMa BaKT Typpn qgn3HiyiHHr i*yTdnAan yTafln. Akchh-
ga, arap Gupop TyFpn HH3H<; Gepn;iraH nyK/raAaH yra6, my nyi"Ta aipo-
d)H/ia afijianca, y xoJijia Typpn gH3HK;HHHr iryTdn 6epnliraH Hy”ram-mr
noliapacn ycraAa “apaKailJianaAn.

Ta-bpn@. HKKHTa Typpn gqn3HKAaH 6npn HKKHHgncnHHHr ~yrSjiAaH,
hkkhhhhch CnpiiHMncHHHHr KyTSnaaH yTca, y “oJiAa 6ynAaii Typpn liH3H"-
jiap Kyrnduu qyiujua HU3W\mp Ae6 aTaliaAH.

Macajia. OBaji rannAarH kkkhiihh  TapmsSjin gH3Hi* K Ba P (K
nyivra depnlJiraH 6yjicnH. BepHJiraH Hy~Tammr nolJiapacnHH ncaHr.

Eqnm. P nyi*rTa opnalin K hhsh”"hh hkkh Hyi*raAa KecyBgn HKKHTa
TyFpn qgn3Hi* yTKa3aMH3, KecnmraH A, B, C, D nyKjaliap K gnani*Ka hhkh
gn3HJiraH Tyjinn; TypT yqjiHKHHHr ygjiapn, P Ba R HyKTaliap AHaroHali
nyi"Tajiapii SyjiaAH (64-qH3Ma).
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Tyjini® TypT yojiHKHHHP rapMOHHK
xoccajiapnra acocaH (PNAB)= —1
(PTCD)~ — 1. HeMaK, N, T Hyn;-
Tajiap P ny~TaHHHr noJuipacHAa, jjb-
hh NT Tyfpn gH3Hiyia eTa™H.

40- §. HkHHHHH TapTn6jlH  HHBHiap
0aCCHAjHKauHHCH

Ta-bphd). Arap yq yqjiHKHHiir
3ap 6np yqn, HKKHHgn tspthSjih qn-
64- >M3Va srn*a HHc6aTaH, itapiiiHCHua erraH
TOMOHHHHHr ~tS h Byjica, SyHAan yq
yqjiHK aBTonolisp yq yqjiHK flefiHliaAH. ABC TaipH~ra Kypa, aBTonojinp
yqSypgaK/mp (63- gH3Ma).
TeKHCJiHK”a HKKHHgn Taprafijin gH3ii®

3
2i al)xix] = 0 )
i/-i
TeHrJiaMa CnliaH SepHJiraH 6yjicHH. Arap A1A2A3 KoopAHiiaT yqgypgaK
MH3H ~a  HHc6aTaH aBTonojmp Sylica, Ax(1:0:0), A2(0:1:0), As(0:0:1)
HyKTaliap jteapo i*yuiMa SyjiaAH. By Hyi~*radiapHHiir ~yuiMalJiHK HiapTJiapn-
AaH c})OH/ialiaHH6, al2 al3, a23 K03(J)4)HUHeHTJiapHH HOJira 3HJi3HTHpaMH3:
ai2~ ai3~ a3~ 0"
y ~OlJi*a BnpHHgH TeHrliaMa ym6y KypHHnmra sra 6yji3An:
«iix\' + a24 + amx! = °- )
By TeHrJiaMaHHHr HQOJiAaH cjapiyiH KoatIxfwHHeHTJiapnHH
xl==ax'l, x2= fix2, x3= yx'3, afiy™O 3)

npoeKTHB alJiMauiTHpHHi epAaMHAa * 1 anjiaHTHpHiu MyMKHH (MacaliaH,

IlyHAafl i*hjih6, npoeKTHB KoopAHHaTaliap cncTeMacHHH alio*HAa TaH-
M6 ojiHui 6njiaH HKKHHgn tspthCjih HxraepHH qraHi® TeHrJiaMacnHH ~yfin-
, fISFH K3HOHHK KypHHHIHJiapHHHr CHpHra KeJITHpHHI MyMKHH:

1) x\+ X\ -+x\=m0 — HQIb gHBHIV
2) xX\'+ x\— x\ = 0 — oBaJi gB3-K;
3) X\ + X\ —0 — 6np >KychT MaB*YyM Tyrpn qH3H";
4) x2— X\ =m0 — 6np }Kyt)T j*h~hS Typpn gH3H";

5) xX\ * 0 — ycTMa- ycT TyuiaAHraH 6np »ty(J)T Typpn gH3H"



41- 8. IITreftHep, ITaCKa-'ifc na GpuanuiOH TeopeMajiapn
1. ITenHep reopeMacH,

TeKuc/iHKAarH SnpopTa S HyiSTaflaH yTyBgn 6apna TyFpn TO3Hiyiap
TAnJiaMHHH Typpn giiSmyiap flacTacn, S ny~Tann AacTa MapK33H AefiHJia-
m

Arap aacTaHH 6npop TyFpn gH3W” 6iuiau KeccaK, y ~oliAa TyFpn <jh-
8H~ finjiaH AacTa y3apo nepcneKTt-B JKOHJiamraH Remmm -

1-Ta-bpn”. Arap HKKHTa TyFpn Mining Cnrra flacTann Kecca, ¥y
Aa 6y Typpn gnsmyiap nepcneKtnue mijFpu HU3UMap jiemmm (60- mh3-
Ma).

nepcneKTHB Typpn HH3HiNiapHHHr moc Hy~TajiapHHn SHpjiauiTnpyBMH
Typpn qgnsHiyiap Surra ny~TaAaH yTaAH.

MapKa3liapn SV S, Hy~Tajiapaa SyJiraH HKKHTa aacTa SepHlJiraH 6yji-
CHH.

2-tat pncjx Arap AacTaHHHr 3{ap 6np Typpn tohfhhh S2 AacTa-
Hnnr yHra moc TyFpn gH3HFiira yTKa3yBgn npoeKTHB aJiMaiiiTHpHUj MaB-
HcyA Syjica, y xojias 6y AacTSJiapun npoeKmue dacmal/iap AeHHJi3AH.

Arap HKKHTa AacTSHHHF moc TyFpn qn3HiyiapH 6nTTa Typpn qn3Hiyia
KecHinca, y "o;iAa 6yiiflan “acTajiap nepcneKtnue dacmaAap jxemnajiH
(65- TO3Ma).

1-TeopeMa. nepcneKTHB dynMaraH HKKHTa npoeKTHB aacia moc Typpn
HBHlyiapHHHHr KecnmraH Hy~Tajiapn TynjiaMH hkkhhhh TapraSjin (aHHH-
ManAnraH) HBH™H tsuikhji ~hjisah.

Hc6ot. TeKHCJiHKfls R — \AXA2A3E) npoeKTHB KoopflnnaTaldisp cnc-
TeMacn Ba MapKa3Ji3pn Av A2 Hy~T3;i3pAa 6yjiran nKKHTa npoeKTHB AacTa
depHJiran dyjicnH (66- gn3M3).

Aaci3liap npoeKTHB, uiyHHHr yqgyH A1A2= g3 TyFpn gH3W" y3- y3nr3
yTManAn. Arap @3 Typpn mhshkiih A1 AacTara TernuuiH Ae6 ojicak, A2
AacTaAaH i“aHAaHAnp g\ Typpn gH3Hi* yHra moc KecaAH, arap g3 TyFpn
gH3HK,HH A2 AacTara Ternmjin Aed o;icaK, At AacraAaH g2 TyFpn gn3Hi®
moc KecaAH. AacTara Ternm.TH gV g2 ga TyFpn gjm~JiapAan Tami”apn,
HKKHTa moc mv m2 Typpn gH3HiyrapHHHr KecnuiraH HVKjracnHH E (mnan,
giflg2 =z A.t 6hji3b 6ejIrnJi3HAHK. y j$o;ia3 S npoeKTHB sjiMaiuTHpHmMAa-

5 fes) = gv s (@J =g, S(mt)=m2 1)
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A X aacTaHH gt Typpn HH3HK finjiair, /42 AacTam g2 Typpn HH3Ht* 6njiaH
KecH6, Aacra qH3HiyiapH 6miaH Typpn IliH3Hi® ny~Taliapn opacHfla moc pa-
BHHifla r i’ T'2 nepcneKTHB MOCIJinKJiapHn “ochji i*HJiaMH3. T = T2STTI

npoeKTHB a*MaiHTHpHuiAa (1) hh atradopra ojicaK,
T(AY= A, T(A)= T(EXY = £2 (2)

nochji_SyjiaAH, 6y epAa Ex=mxflgv E2= m2{]g2 nAX AacTaHHHr hx-
THepHH Typpn hh3hfh, n' — S (ft) aca A2 AacTaAarn yHHHr o6pa3n 6yji-
CHH. N = ftn ft', A= ftn £i, "2 = «'ng2 y "ojiAa 71(iVXY) = iV2 npo-
eKTHB alJiMauiTHpHiuAa TypTTa Hy~"TaHHHr MypaKKaS HHcSara y3rapM3HAN:

(A2A3EIN X= (A 3AL1E2N2). (3)

Arap N ny~Ta R penepra HHcSaiaH (xLx2:x3 KoopAHHaiaJiapra ara
Cyjica, [A2A3E1\ penepAa aca i?1(1:1), NX(x2x3 KoopAHHaTaliapra,
[AXA3E] penepAa aca £ 2(1:1), N2(x2x3 KOopAHHaTaliapra ara SyjiaAn.

(AAENNY = Ao (AREND = 4. .
(3) hh a-bTHSopra o0jih6,
X

eKH x2XX— X\ = 0

TeHrjiaMara ara 6yJiaMH3. N ny~TamiHF KoopAHHaTajiapn yqyH 6np jkhhc-
jih  hkkhh~h Aapaa<ajiH TeHrJiaMa “ochji i*hjiahk. AeMaK, N Hyirraliap-
hhhp reoMeTpHK ypHH hkkhimh TapTn6jiH liH3HKAan nSopaT.

2 -TeopeMa (TecKapH TeopeMa). MapKa3Jdiapn kkkhh™ TapraSjiH TO3HK;-
Aa eTysqn HKKHTa AacTaHHHr moc Typpn liH3H”Jiapn yuia hkkhhhh Taprad-
jih tiH3HKAa KecHuica, AacTaldiap npoeKTHBAHp. (TeopeMa hc6oth [10] 212-
CeTAa CepHJiraH.)

2. llacKajib TeopeMacH,

TeKHCJiHKAarn “ap yqTacn 6np Typpn qn3Hiy;a CTMaHAnraH Ba MaT>-
jiyM TaprafiAa ojiHHraH ojiTHTa Av A2 A3 AuAb Ae ny~"Ta (ygjiapn) Ba
AXA2 A2A3 AAl, AtA&A,Ae, AaAl Typpn qroniyiapAaH (TOMOHJiapn) Ty-
SHJiraH tj)nrypa ojith yqgjinK Aennliafln (67- gnsMa).

AXA2 6man A4A5 A2A3 6HliaH ABAe, A3Ai 6njiaH AeAX TyFpH ra-
3HK;jiap ojith ygjiHKHHHr ifapaMa- iapiuH TOMOHJiapn, AX 6HliaH Alt A2
cnjiaH Ah, A3 snliaH Ae ygjiap i<;apaMa-i*apiiiH yqjiapn AeftnJiaAH.

1-TeopeMa. KBaApHKara h~kh ~HSHJiran ojith yqjinKHHHr “apaMa-n;ap-
ihh TOMOHJiapH yqTa Hyi*raAa KecHiunS, 6np Typpn qgn3Hiyja eTaAH (6y
TAPpH gH3HI 1laCKCIAb mijFpU HBURU AeHHJiaAH).

Hc6ot. Ojith yqjiHKHHHr K.apaMa- i*apuin TOMOHJiapnHHHr KecnmraH
Hyi"TaliapHHH moc paBnuiAa P, Q, R 6njiaH SelirnJiaHJiHK. Ojith ygqJiHK
KBaApHKara ngKH gH3HlJiraii. LUTeHHepHHHr 2-TeopeMacnra Kypa, MapKa3-
jiapn AX A3 Hy”rajiapAa 6yliraH AacTaliap npoeKTHBAHp. AX MapK33Jin
AacTann Ai As TyFpn qgn3HK; SnJiaH Kecnd, Ait P, C, Ab Hyi~TaliapHH %o-'
chji i"HJiaMH3 (68-qn3Ma). AS MapKa3JliH AacTaHH AeAb5 Typpn gH3HK 6h*
«naH Kecn6, o, Q, Ae, AS Hyi*TajiapHH “ochji i*n.aaMH3. npoeKTHB alJiMam-
THpHUiAa: Ai-~p, P->Q, C->Ae, AMA "N Ba AJAi TyFpn qgH3HA.
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ABAe ryppn msu”~a ajiMammam (AiA.O[]AsAe= Ab, K Hy~Ta £3-
y3Hra yTaAH). AeMakK, AG6A5 Ba AiAb‘ TyFpH qraHiyiap nepcneKTHBAHp.
nepcneKTHB TyppH qn3HiyiapHHHr moc Hy~TalJiapmm SHpjiauiTHpyBgH CAge,
AtD, PQ Typpn gnanK/iap Cnrra R nyi"TaAaH yTaAH.

nacKa”b TeopeMacHAaH (J)OHAajiaHH6, nann HcSoTJiaraH TeopeMaHH
KelirapaMH3.

1-TeopeMa. HKKHTa Typpn gmw” depn/iran 6ym6, 6vipumu Typpn
HH3Hi"Aa Av As, Ab Hy~Tajiap, hkkhhhh Typpn gH3HK;Aa A2 Ait A6 Hy~Tajiap
eTCHH. y ~ojifla A"A2 6maH A4A5 A2A3 6man ADbAe, .4344 6hjkih
A 671 Typpn qroH™JiapnuHr KecnmraH Hyi*Tacn 6np TyFpH gH3Hiyja eTaAH.

Hc6o0ot. KBaApnKa HKKHTa Typpn MH3HK"a a>KpaTHJiraH SyJiCHH. vy
XOJiAa 6h3 aHHHraH hkkhhhh TapTHdjiH gqn3Hi*a hmkh HHSH/iraii ojith yq-
jihk xai"HAa rannpHiiiHMH3 mymkhh. nacKalib TeopeMacnra acocaH, Kapa-
Ma- KapiuH TOMOHJiapHHHr KecnmraH Hyi~raliapH 6np TyppH gH3Hi"Aa eTa-
AH (69- HH3M3).

3. BpHaHniOH TeopeMacn. TeKHCJiHKAa aim HMaflAHraH KBaApHKa 6epHJi-
raH 6yjiGt*H.

3 hah nacKa.nb TeopeMacnra hkkhjihk npHHunnnra Kypa moc KejiraH
BpHaHMOH TOMOHHA3H HCdOT KHIJIHHraH TeopeMaHH KapaHJIHK.

nacKalib TeopeMacn yqyH gH3HJiraH (70- qH3Ma) ojith yqjiHK (ojithto-
mohjihk) Ka s'bTnCop 6epanjiHK; Kapaliran KBaAPHKara HHc6aTaH hkkhjihk
npnHHHNHHH ityjijiacaK, ojith yqjiHKHHHr yqliapH KBaAPHKara ypnuyBgqgn
Typpn gH3H”"a ajiMamHHaAH. HaTH>KaAa TOMOHJiapH KBaApm<ara ypHHaAH-
raH ojith ygjiHKKa ara 6yjiaMH3. By fjjnrypaHHHr xaM ojithtb ygH 6op,
mymmr yqgyH «ojith tomohjihk» TepMHHHHH nmjiaTMacAaH, ojith yqjiHK SnjiaH
urn KypaBepaMH3.

IUyHAaii i*hjihS, KBaApHKara i*yjuiaHHJiraH AyaliJiHK npnHUHiiH ngKn gH3HJi-
raH ojith ygjiHKHH Tam”H gnaHlJiraH ojith ygjiHKKa alJiManrmpaAH. HQ-
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kh ™ 3HliraH ojith yg-nnKiiHHr t*apaMa-i*apuiH tomohji3Phhhhp KecniuraH
P,R,Q Hyirrajiapn (68 - gn3Ma) Taui*H gH3HJiraH ojith yqgjinKHHHr i*apaMa-
K7MapiuH  ygjiapHHH  6npjianiTHpyBgH P, r, g (70- rasMa) Typpn gn3niyiapra
aKCliaHaflH. llacKalJib Typpn 4H3hfh aca p, r, g Typpn qgn3HiNJiapHHHr Ke-
cninraH nyi*Tacnra aKCliana™H.

TeopeMa. AfiHHMafiflHran KBaApHKara Tarni*n MH3HJiraH 0Jira6ypgaK-
HHHr ifapaMa- i*apinn yqjiapnnn fiHpjiamTHpyBqgn Typpn gH3Hiyiap 6np Hy"-
TaAa KecHinaAH. (By Hyi"Ta Bpuamuon ny”~macu AeniuiaAH.)

42- 8. A()JHH Ba Ebkjiha reoMeTpnjicHHHHr npoeKTHB cxeMacn

1. llpoeKTHB reoMeTpHn npejiMerH.

OelJiHKc KlJienn 1872 hhjih TepMaHHHHHHr SpjiaHreH uiaxpnAarn yHn-
BepCHTeTAa yiyiran JieKunncHAa reoivieTpHH nporpaMMacnnn 6aeH araAH.
By nporpaMMaAa Typjin xhji reoMeTpHflJiapHH aJiManiTHpnuiJiap rpynnacn
Hyi"Tan Ha3apHAaH Ta"pncjx/iaftAH. MacaliaH, eBKjinA reoMeTpHHCHHn xapa-
KaT rpynnacn 6njian, acjxfwH reoMeTpnaiiH aQtI>HH ajiMauiTHpHHiJiap rpynnacn
fiHJiaH, npoeKTHB reoMeipuHHH npoeKTHB alJiMainTnpnui rpynnacn fm.nan
TaTjpntNianAH. Bnpop Aonpa eKH HXTHepnn KOHyc kcchmkhh y3-y3nra
ATKa3yBgn npoeKTHB ajiManmipniiidiap rpynnacn JlofiageBCKHH reoMeTpna-
CHHH aHHINiaHAH.

<p. KlienH TOMOHHAaH 6epiiliraH ra-upiidp 6man TaHHinnS gn”anjinK:

reoMeTpnn — ajiMauiTHpnuuiapHHHr 6npop rpynnacnra HHcSaTaH <J>nry-
paliapHHHr HHBapnaHT xoccaliapn xa”HAarn cjjanAHp.

2. npoeKTHB ny~Tan na3apAan i%apajiraH acjx})HH reoMeTpua ®. KlJlienH
Foncnra Kypa ad)(j)HH, eBKjinA Ba HoeBKJiHAnn reoMeTpnaliap npoeKTHB
aJiManiTHpHiulJiap rpynnacHHHHr i*hcm rpynnajiapH reoMeTpnncnAaH n6opaT
CyjiaAH.

npoeKTHB TeKHCjiHKAa HxraepHH & Typpn hh3h” Ba npoeKTHB aliMain-
THpnuuiap rpynnacn CepnliraH Syjicim. a Typpn uh3H”hh y3-y3Hra yT-
Ka3yBqn 6apga alJiMauiTHpHuuiap TynjiaMH npoeKTHB rpynnaHHHr i*hcm
rpynnacHHH TauiKHJi IyuiaAn (a Typpn gn3H” a6cojnoT Ae6 anTHJiaAn). By
j*hem rpynna acf)()HH aJiMauiTHpHuuiap rpynnacn 6yjiaAH. X7ni*aTaH "aM,
AXA2A3 KoopAHnaT yq6ypgaKHHHr Av A2 yqgjiapn a Typpn gH3H"Aa eTaAH
Aeb ojicaK, a TyppH gn3Hi* x3 = 0 TeHrjiaMara ara 6yjiaAn. npoeKTHB aji-
ManiTHpHin a TyFpH hhshi*hh

a3Xl "t ~3X24" Bx3= 0
TeHrJiaMa 6HJiaH aiiH”aaHraii a' TyFpH gn3Hi*a yTKa3aAn, 6y Typpn qn-
8HiNiap ycTMa- ycT TyniHmn yqyH a3 — B3 = 0 uiapT 6a}KapHJiHUIH KepaK.
ZleMaK, i*hcm rpynnaHHHr HXTHepnft aJiMauiTnpninn
xx= a[x[ + b[X2+ c[x3 a[ b\ c[
x2= a2x[ + b2x2+ 2x3, qo2re 0 (3
X3 = c3x3. 03b3 3
$opMyjia 6hjian SepnjiaAn.

npoeKTHB ajiManiTnpnuiHH cbkjiha TeKncjinrnAa i*apaui ygyH X3 ¥*o,
flefi 0.inin eTapjiHAHp. (1) TeHrJiaMannHr yHr tomohhhh X3" 0 ra,;

nan tomohhhh c¢3x3 ra 6yjin6 Ba



xd x3 ~ X2 X3
Gejinuiab, (1) $opMyjiaiiH yiuby KypHHHiu,ua §3aMH3:
x — ax' + by' -f-c,
y = ax' + by'+ cv 2)

(2) (fiopMyjia eBKJiHfl TeKHC/iHrH”arn acjbcjbmi ajiMaiUTHpHimiapHH H$oflajiafl-
fIH.

3hOT npoeKTHB P2 TeKHCJiHK.ua acjxJ))HH reoMeTpnara Hadap TauiJiamm.
ByHHHr yqyH npoeKTHB TeKHC/wKAani xocMac TyppH 'W3Hi*nn aliMauiTHpH-
HIHMH3 KepaK. By TeKHCJiHKAarn >"ap 6np TyFpn hh3h” 6hp xhji w yi®a
ara OyjiraHH yqyH TeKncjiHKflarH HXTnepHH TyFpn hhsh~hh xocMac TyppH
gH3H~ ae6 OJIHLUHMH3 MyMKHH. fOK;opH;ia ojiHHraH HaTH>Kajiapra Kypa j*aM-
Ma acjx})HH TymyngaliapiiH npoeKTHB reoMeTpna 'lepMHHJiapH opitajiH Tat-
pH(j)JiainHMH3 MyMKHH:

1. PAaoo — n af))HH TeKHCJIiHK.

2. A”~hh alJiMamrapHmJiap rpynnacw — P 2\ a x TeKHCjiHK™arH TyF-
pH gH3HI"HH y3- y3nra yTKasyBgn npoeKTHB ajiMauiTHpHUiHHHr i*hcm rpyn-
naCH.

3. / SH/ian I' Typpn ¢gH3HKJiap KecnmraH AXx Hyi*ra ascoJiKrrra
papainjih 6yjin6, 6y TyFpH gH3Hiyiap npoeKTHB xeKHCJiHKHHRr HKKHTa Typ-
pH HH3HFH 6yJICHH (71-qH3Ma). Y Jdifla INA x Ba/,\"4@® a})(d)HH TeKHCIIHK-
flara HKKHTa napajuieji TyFpn qrontyiap fiyjia™H.

4. 72- gH3Maua ABCD «napajuieJiorpaMM» TacBupjiaHraH.

5. Arap A, B, C ny"Tajiap at}x)HH TeKHCJiHKflarn KOJiJiHHeap Hy"ra-
jiap Syjica, y xpji.ua yqTa nyirTanHHr (ABC) oaahh HHcSara yiufiy cftop-
Myjia 6njiaH aHHiyiaiia/w:

— (ABC) = (ABCDoo0),
6y ep.ua DX Hyi*Ta adeojnoT.ua eTa"H.
(ABCD*,) = 1 uiapT 6amapHJiraH.ua

72- G-B\Vh 73- gHBVR



3. npoeKTHB HyKTaH HH3apflaH eBKJIHf reOMeTpHHCH.

TeopeMa. Ebk.toa TeKHCJiHrHflarH acx{)HH aJiMamTHpmiiJiap “xinam ajr-
Maui'rupHii] 6ymmn ynyH hxthgphh 6np >Ky4>T nepneHOTKyjiup Typpn hh-
3HiyiapHH Wa nepneH”HKyjiHp 6np JKycjrr TyFpn HH3Hiyiapra yTKa3Hiu 3a-

pyp Ba eTapjiHOTp.
Hc60t. 3apypHH mapraHHr ypHHJiIH 6ymum paBiuaH, eTapjm iuapT-

HH HCSOTIiaitIHK.
MaryMKH, a(xj;)Hii ajiMauiTHpHiH
X' = ax + by + ¢
b' = axx + bxy + cx
o<t <
HXTiiepHH p (pv Pi) BeKTOpHH Pp' (pj, P2 BeKTopra aliMauiTHpaflH:
p\ = apx+ bp2+ c,
p2= axpx+ bp2+ cv
0 & o
HKKHTa neprieHOTKyjiap m1(1,0), m2(0, 1) BeKTop m[ (a; ax), m2(b; bx)
BeKTOpliapra ajiMauiTHpHJiaOT- By BeKTopjiap j*aM nepnepwHKYyjinp fiy.acmi,
hijHh:
m\ m2= ab + = 0.

Shot GoiiiKa hkkh nepneHOTKYOTp ma(l, 1) Bam4 (1, — 1) BeKTopjiapHH
OlianjiHK, yjiapHHHr o6pa3Jiapn m3(a + b, + bXY Ba m\(a— 6, ~ — bx
Koopfl[HHaTaliapra ara SyliaOT- YjiapHHHr cKajinp KynaHTMacn:

m3ml —(@a+ b)y(a— b)+ (ax+ bx) (ax— bx) = 0.
IUyHAaft mm6, TeinviaMajiap cncTeMacHHH xochji K;H/iaMH3:
jab albl= o,
{a\ + a2= b2+ b\-

a2+ a\ = b2+ b\ = k2,a —kcos¢,al— ksincp, b —ksin \), bx=&cos cp.

Byjiap/iaH 4)0HAaliaHH6, ymfiyra ara 6yjiaMH3:
sin (cp + X)) = 0,
= — o+ nn(n= 0;1).
Shot b, bx KoacjxJiHUneHTJiapHH ¢p opK.ajiH ncf)OAa.naiiiHMH3 MyMKHH, m>m'-

a) N = 0;b— — ksincp bx= k cos <,
6) L= 1;b—ksin cp bx= — kcos cp,
£kh
b= — eksincp bx= ekcos cp,

6y epra e = =+ 1.
By Koat}x{)HUHeHTJiapHHHr Tonn.iran i*HHMaTJiapHHH ajiMaumipHm t*oP"
My.iacHra KyflIHO TonaMH3:
X' —k (Xcos g— ey sincp) + ¢,

y' = k{Xsin 9+ eycoscp -f CV
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BH3ra am— TyppH hh3h~ Ba 6y
TyppH gH3Hiyia eTMaHAHraH O Hyi*Ta
CepHJiraH SyJiCHH. Typpn gnsHKHHHr xap
6np A Hy*TacHHH A' Hy”Tacnra yT-
Ka3yBgH Ba AOA' Typpn 6ypgakKHH Ys-
raprapMaH finraH (74-mmra) faliMaimH-
Phuihh oliaHJiIHK. By aliMauiTHpHiu 0
HyKTaHH TaH.nafi  ojinuira  6opjih"

. 74- iH3Ma
3MacJiHrn paBiuaH, (E.')A. = ap OAt —

—a] (<= 1,2, 3, 4) 6iiJiaii Gemmamw.
a'u a% < a\ Typpn misHKJiap au a2, a3, ax Typpn '-iH3HAJiapnHnr xap 6npH-
hh 0 nyK,Ta aTpocJ)HAa6ypgaKKa 6ypHtu Hara>KacHAa “ochji KHJiHnran.

Bypniuaa MypakKKab Hnc6aT y3rapMafiAH, ht>hh (ala2asad — (a\ do asat),
6yHflaH sea (AXA2A"AN) == (A\ AMAzZA'i). fleMaK, f npoeKTHB aliMauiTH-
pHixiAHp. By 3JiM3iiiTHpHmM Ta-bpn~iira Kypa hhbojiiouhh 6yjm6, Kysra.TMac
HyirTara ara aMac, AeMaK, axinnTHK hhbojiiouhhahp. ByHAaS hhbojuouhh
aCco/noT hhbojiiohhh AemnaAH.

3 hah KeHraHTHpHJiran cbk;iha TeKHClinrnAa ax Typpn gH3HKHn V3- ysn-
ra yTK33Hm SHJiaH 6npra VHAarn a6cojik>T hhbojiiouhhhh ysraprapMaiiAH-
raH npoeKTHB ajiMaiUTHpHinnH KapaftjiHK.

lI0i"opHAarH TeopeMajjspHH B3 acjjc®Wi rpynnacHHH atTndoprs olicaK,
i"yftHAarH Hara”ara KejiaMHs.

KoJuiHHeaunJuiap rpynnacn Tatcnp i*HJiran KenranTHpHJiraH eBKJWA Te-
KHCJiHTHAa, aScojnoT cHt|)arHAa, abcojiioT hhbojhouhh MaBwyu Syzran ax

xocMac TjjppH t«i3HKIHH ojicaK, y xojiAa KOJuiHHeauHHHHHr khcm rpynnacn
Pi\ am ~ ~ eBKIJIHA TeKHC/mrHAarH yxuiaui aJiMauiTHpHuuiap rpynnacn 6y-
JI3AH.

Sunn npoeKTHB TCKHCJIHKAa eBKJIHA reOMeTpHHCHHH KVpHIUHMH3 MyM-
khh. ByHHHr yqyH npoeKTHB P2 tckhcjihkas aSco.nioTini TaHJiaui jicghm.
A BcOJIIOT CHJ3THA3 XOCMaC TyppH UWH3HI* B3 yHAarH aScOJIIOT HHBOJIKjUHH-
HH OJI3MH3.

K)7MopiiAa olinHraH nain/Kajiapra acocaH eBKjiHA TymyHgqgaliapHra “yfin-
Aarnga Ta-bpncfjjiap 6epnui mymkhh:

1. P2\'a m— eBKJIHATCKHCIJiHm, 6y tbkhc/ihk afg>HH TeKHCjmrn CHJian
6np xiMAHp.

2. Typpn gH3H®, TyppH gH3Hi"HHHr napaJuieJumrH, «opacHAa» MyHoca-
6am, KecMa, yq'ra nyKTaiiHHr oaahh HHcSara Ba rnyHra yxuiarn ac))cjHH
TyiuyngaliapAarn Kabn TatpnchJiaHaAH.

3. yxijjauialJiMauiTHpHuitiaprpyiinacH/,2 a oo TeKHCJiHKAarH aScojiioTHH
caiyioBgn npoeKTHB alJiMauiTHpHuuiap rpynnacnHHHr #hem rpynnacHAHD.

4. I, m — npoeKTHB Typpn gH3Hpyiap. Arap 6y TyppH HH3H”nap a6co-

yiiQTHH Lx, Hyi*TajiapAa Kecca Ba 6Up- 6npnra aSco.iioT HHBOJHOUHHAa
moc 6yl/ica,y » o M a e B K ~ H A TyFpH qH3Hiyiapn nepneHAHKYy-
jiHp 6y.ilaAH.

5. MapKa3H PX HyirraAa, yi"H S aca Hy~Tara aoco.aioT hhbojhouhji-
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75- *H3Ma 76- 4H3M3

#a moc KejiraH Hyi*raAaH yTyBHH hhbojhouhoh roMOJiormiHH oJiaiiJiHK.
By ajiMaujTHpHiu TeKHCJiIHKHHHr A ny~TacHHH A' Hy~Tacnra yreasaAH (75-
HH3Ma). Arap (PooX /1/1') = — 1 Gyjica, X Hyirra AA' KecMammr ypTa
Hyi*Tacn 6yj\am, yHjiaH TamifapH (/1/4 ")\ Bas Ty Fpn Himiyiap
nepneHAHKyjmp. AeMaK, 6h3 KapaeTran alJiMauiTHpHm s yn”a HiicSaTaH
CHMMeTpHK ajiMauiTHpnui SyjiaAH.

6. AenapT KoopAHHaTa”apn cncTeMacHHH KypaftJiHK. Aloo, A20 Ba QM,
Qoo HyKja/iap abcoldiioT HHBOJiroUHwa 6np- fiHpnra moc KeliyBHH Ba 6np-
6hphhh rapMOHHK awpaTyBHH hkkh >Kyc)T Hy~Ta fiyjiCHH. (E3Qm)\Q 0 Typ-
pn TO3Hiyia eTyBHH As Ba E xoc HyiyrajiapHH oliaH/iHK. y jrodifla R =s
= {AXA2A3E\ npoeKTHB KoopAHHaTaliap cncTeMacH 6np >khhcjih a*xjwH
R = {Ao0o”~2073 £} KoopAHHaTaliap cncTeMacHra aiuiaHaAH. By CHCTe-
MaHHHr A3Aln Ba A3A2p KoopAHHaT vyiyiapn nepneHAHKyjiap. ByHAaH
TaiuKapn

E\ — 23 AX> HE N20'E2*=~3 20 n EA lo

fiyjica, y j*ojiAa 6hpjihk A3EX Ba A3E2 KecMaliapHHHP y3yHJiHKjiapH TeHr
(76- HH3Ma).

Nan;H~aTaH ~aM, TyjiH™ TypT ynJiHKHHHr rapMOHHK xoccajiapnra Kypa, 1
E XE 2 Typpn HH3HH ~ loo. ~ 200> Q«, Hy~Taliapra rapMOHHK 6yjiraH QX Hyin*
TaAaH yTaAH. <

IUyHHHr ynyH Om MapKa3JiH Ba A3 yiyin hhbojhouhoh romnoruA
AaEx Ba A3E2 KecMajiapHH (nip- CwpHra yTKa33AH, 6yHAaH KecMa yayH- ;
JIHKJiapHHHHr TeHFJIHrH KellH6 HHIMaAH.

IUyHAaH i7hjthS, R = \AXA2A3E\ KoopAHHaTaliap cncTeMacH — abc o
jiioth fiHJiaH 6epHJiraH npoeKTHB TeKHCJiHKAara Typpn 6ypgaKjiH 6np jkhhg-
jih AeKapT CHCTeMacHAaH n6opaT 6yjiaAH. P2\ aMTeKHCIJiHKAarn 6np >khhg-

jih ByjiMaraH TyFpH SypgaKjiH AeKapT cncTeMacH OAaTAarHAeK KypiuiaAH. J
HyirTaiiHur 6np jkhhcjih SyjiMaraH KoopAHHaTaliapH CH<})aTHAa 6np Hcy~f
(X,Yy) coHlJiap ojiHHaAH. By coHJiap my Hyi*TaiiHHr 6np jkhhcjih (jox, X2, X j
KoopAHHaTaliapH 6nJiaH

MyHocaSaT op”ajm CoFlJiaHraH.



VIl BOB. TACBHPJIAUI METOfIJJAPH

Oa30Aarn cfmrypaliapHHi-ir reoMerpHK xoccajiapnHH TeKiuHpnuiAa 6eBO-
CHTa (ImrypaliapHHHr y3JiapnAan 3Mac, 6anm yHHHr TeKncjiHKAarH TacBnp-
Jiapiraafi (JjoHAajiaHHJiaAH. TacBHpJiaHaAHraH makKJiJiapHn gH3Hiu i"OHAaliapH
npoeKnnHJiaiu MeTOAHra acocJianraHAnp. TacBnpJiauiAa acocaH MapKa3HH
npoeKUHsuiam Ba napajuieji npoeKUHajiam MeTOAlJiapHAaH (J)oiUaliaHHJiaAH.
By MeroAJiapKH alJio."HAa- a.io”HAa Kypnfi gH"afijiHK.

43- §. ITpoeKuHfljiau] Ha3apHfICHHHHr 6at3H 6hp MacajrajiapH
t

1. MapKa3Hfi npoeKuHfljiauj.

Ebkjiha (])a30CHAa a TeKHCJIHK Ba uiy TeKucjiHKAaH Taiui®apHAa eTraH
A' Hy~Ta 6epiwran Ae6 cjapa3 ~HJiaHIWK (77-qii3Ma). A' AaH cfiapiym hx-
THepaft S (S (a) Hyi~TaHH TaiiJiaS ojih6, yHii A' Hyi"Ta 6nJian TyraiuTH-
paMH3, ~och,t 6yjiraH S/1' Tyrpn gH3HKHHHr a tckhcjihk SiuiaH KecnuiraH
Hyi"TacHHH A0 dnliaH 6ejirHJiaHJiHK. A0 HyKTaHH (ba30Aarn A' nyKjanHHr
a (npoeKUHH) xeKiicjiHKAarH MapKa3HH npoeKunacH, S ny”raim npoeKuna-
Jiap MapK33H, S A' gqH3HKHH 11pOeKIIHH.TOBIIH TyFpH TO3HK, a TeKHCJiIHKHHr
sea npoeKUiiflliap TeKncjinrn AeHHJiaAn.

KDi~opHAarn ycyji 6njian F' cjwrypaHimr a TeKHCJiHKAarn FO npoeK-
UKHchhh HcaraHHMH3AaH KefiHH, yHH yxuiaui ajiMauiTHpH6, F' (JwrypaHHHr
a TeKHCJiHKAarn F TacBupiiHH “~ochji
AHJiaMiis. Ba”3H ~OJiJiapAa yxuiam
aJiManiTHpHmra 3apypnflT TyFHJiMaft-

AH, y ~OJiAa F' cfmrypannHr a Te-
{(HCJiHKAani npoeKLwacH yHHHr TacBH-
PH 6yjiaAH.

Onrypa npoeKUHaciiHHHr KypHHH-
iuh npoeKUHHJiap TeKHCJinrHHHHr npo-
eKUHHJiap MapKa3Hra HHcbaraH >koh-
jiaHHUiHra SoFjmiyiHp. MapKa3HH npo-
eKitHHJiauiAa khiuh Ky3HHHHr Kypnui
HypjiapH npoeKUHHJioBgn  HypJiapra
moc KediraHJiHra ca6a6jiH TacBnp hi*-
i”0ji K"pHHaAH. MapKa3HH npoeKUHHJiap 6yuma (JwrypaHHHr xa"HK Hft uiakK-
jih Ba yjigaMJiapHHH amv”jiaui i*hhhh Ba noityjian. IlyHHHr yqyH 6yycyji-
A3H KynrHHa HHpHK HHUIOOTJiapHHHr yMyMHH KypHHHUIJiapHHH TaCBHp-
jiainfia (JiofiAajiaHHJiaAH. MapKa3nn npoeKunajiaiu ycyjiH 6HJiaH acajiraH
TacBnp nepcneKTHBa Ba 6y ycyji 6nliaH myFyjuianyBqH (J>aH ~aM nepcneK -
THBa Aeb aTaliaAH Ba y gn3Ma reoMeTpHHHHHr Maxcyc SyjiHMHAan 6npn
~HCo6,nanaAH.

2. napajuieji npoeKijHHjiaui.

napajuieji npoeKunflJianibn MapKa3HH npoeKUHHjiaiUHHHr xycycnn ”ojih
$e6 n,apaiu mymkhh. ByHAa, npoeKUHHJiam MapKa3H S 6npop M'N' T~Fpn
TO3H~ flyHalinuiH 6ynnga xapaKaxjiaiii-iS, npoeKUHHJiap TeKHCJiHrnAan geK-
?7H3 y 30K JiauiraH Aeb c}apa3 i*HJiaMH3 (78- qn3Ma). By epAa M’ gn3HA
\ipoeKU,UHAaiu uynaAUiuu AefiHJiaAH.
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0a30,n,a ojiHiiran gnpop F' 4>yrypa-
hh a TeKHCJiHKKa npoeKUHH/iam yqyH
F' c¢HrypaHHHr ~ap diip HyiracH
opitajiH M' N' fiyHaliHmra napajuieji
NHI1h 6 lipoeKUHHJIOBHH TyFpH gH3HIA
JiapHH yTKa33MH3. By TyppH HH3I%
JiapHHHr a tckhcjihk 6ulJiaH Kecnm-
raH FO HyKTa.nap TynjiaMH F' cjjnry-
paHHHr a TeKHClJinrnflarH napajuieji
npoeKUHHcn JX& aTajia*n. Arap FO
(JwrypaHH yxmam ajiMamrapcakK, F'

(JjHrypanmir a tckhc~rhk”arn t TacBHpn xochji SyjiaAH.

napajuieji npoeKUHHHHHr KypHHHinn Ba yjigaMJiapnmmr jterapHiiiH cj)a-
i”aT npoeKUHHJiap TeKncjmrHHimr npoeKUHHJiam HyHajiHmnra uncSaTaH k”h-
Aaft JKOHjiaHHiunra Sofjihk;. IlpoeKUHHJioBHH Tyrpn qgn3HKJiapHHiir npoeK-
UHHJiap TeKHClinrnra HHcSaTaH KaHflafi HyHajiHUifla 6yjiHinnra KapaS, napaji-
jieji npoeKUHfljiam ipfiiiiH~ SypnaKJiH Ba TyFpn SypnaKlin Syjia/m.

Arap npoeKUHHJiam HyHaldinmn npoei<HHHJiap TeKHCJinrH 6njiaH yTKnp
CypnaK TamKHJi i*HlJica, SynAaft napajuieji npoeKUHHJiam i*nnum” SypgaKJiH
fle(5 aHTHJiaan.

Arap npoeKUHHJiam ftyHalinmn npoeKUHHJiap TeKHClinrH 6hjiaH Typpn
6ypgaK TamKHJi i7HJica, 6ynAaft napajuieji npoeKUHHJiam TyFpH SypgaKlin
£kh opToroHali npoeKUHHJiam AeftHliafln. BynAan npoeKunnjiamAa npoeK-
UHHJiam ftyHajiHmH KypcaTHJiMaftfln, qyHKH 6np Hy“ra/ian TeKHCJiHKKa <J)a-
iraT 6nTTa nepneHflHKyjiap TyFpn gH3HI* yTKa3Hiu mymkhh.

OnrypaHHHF napajuieji npoeKUHHjiamaarH TacBnpn acocaH i*yHH”arHHa
Hochji FjHJiHHafIn:

1) SepHJiraH <})a30BHH cfrarypatiHHr Gapga Hy~Tajiapn SepHJiraH fij*Ha-
jiHm”a a TeKHCJiHKKa npoeKunHjiana™H;

2) npoeKUHH TeKHClinrH.ua "ochji i*HJiHHraH tjmrypa yxmam alJiMamra-
pHJia/m.

By hkkh K~na/iaMHH 6a>Kapraiwan KefinH fiepnJiraH fJ)a30Bnn $nrypaHHHP
TacBnpn ~ochji STHJia”H. ByHflaH KypunaflnKH, TacBnpflarn xap 6np Hyi*ra
yMyMaH 0JiraH,na, opnrHHaji,narH moc Hyi*TannHr npoeKUHacn GyjiMaftfin.
Hkkhhhh K,aAaM 6n3ra KepaKJiH yjraMJiapAarn TO3MaHH ~ochji i“HJiHiiira
hmkoh 6epaAH. Ba-b3H x;ojuiapfla hkkhhmh i~aflaMHn 6a>KapHiiira 3apypHHT
TyFHJiMaftflH, y ~0Ji/ia F' ~nrypaimHr a TeKHCJinKflarH npoeKUHHCH yHHHP
TacBHpH fiyjiaiin. YMyMaH aftTraH”a, hkkhhiih i”~a/iaM nmHHHr mo~hhthhh
J/3rapTMaftAH.

neaarorHK npouecc”a K,yjuiaHHJiaflnraH TacBHpJiapra i*ynnflarH TajiaO-
Jiap ~yftHJiafln:

1) TacBnp opnrHHalJiHHHr 6npop npoeKunHcnra yxmam;

2) TacBnp Kypra3Majin;

3) TacBHp spKHH 6a>KapHJia,HHraH Gy.nnmn KepaK.

napajuieji npoeKUHHJiam ycyjin 6nJian ~ochji KjuinHraH TacBHp Typpn,
htjlih opurHHalira MyHocnS Ba eTapjinna Kypra3MalJiHflnp. ByH”an TacBHp,
MapK33HH npoeKUHHJiam ycyjin SnjiaH j*ochji KHJWHiaH TacBnpra HHc6aTaH
cojtAapoKj Hcajia®H- UlyHHHr yqgyH MaKTa6.ua y*HTHjiaAnraH reoMeTpnH KypcH
Gyfinga TacBnpHH Hcam”a napajuieji npoeKUHHJiam ycyjiHflaH (JioHflaJiaHHJiaflH.
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3. Hkkh TeKHCJinKHHHr nepcneK-
TIffi-atj)(J)HH MOCIIHrH.

s TyppH 6ynnga KecmuyB-
m HKKHTa a', a TeKHCJiHKJiap Ba 6y
TeKHCJiHKJiapHH KecyBgn | ftyHajiHm
SepHlJiraH 6yjicHH. napajuieji npoeK-
iXHHJiaiu ycyJiH 6man a', a TeKHC-
JiHKJiap Hy~Taliapn opacnAa Cup ipn-
M3TJIH MOCJIHK ypH3TaMH3 (79-qgH3Ma). 79-qH3Ma
5yHfI3& mocjihkhh nepcneKTHB- 3t))-
$HH MOCIIHPH eKH JKHHCAOIU MOCIIHK Ae&HJiaAH. By MOCJIHKAa HXTHepnfl
HKKHTa moc A', A Hy”xajiapnH SnpjiauiTHpyBqH TyppH qgH3HiMNiap | ftyHa-
.numra napajuieji 6ymjw.

3 hah nepcneKTHB- ac);}))HH MOCJiHrHHHur xoccajiapw 6nlJiaH TaHHiun6 gn-
t"aHJiIHK. (ByHH napajuieji npoeKUHHJiam xoccaliapn ;ie6 >;aM iophthjisah.)

ABBaJIO, HKKHTa TeKHCJIHKHUHT KeCHUiraH gqH3HFHHHHr J*ap 6np Hy~ T3-
CH 6yHA3H MOCJIHKAa y3-y3Hra yTHIIHHH 3CJI3THO ATHIUHMH3 JIO3HM.

1. FlepcneKTHB- a<}xji>HH MocjinrHAa KOJiJiHHeap Hy~Taliap ma KOJiJiHHeap
Hyi rajiapra yTaAH.

Arap A Hyiaa a Typpn gn3H”aa erca, 6y nyi®ra Ba uiy Typpn gH3HK;
6hp-Snpnra uHnudenm aenHJiaAn. Hyi*ra Ba TeKHCJinKHHHr, Typpn MH3HK;
B3 TeKncjiHKHHHr HHUHfleHTJiHru myHra yxmaui anniyiaHaAH.

2. nepcneKTHB-s® hh Mocjiiinma Hyi*ra B3 TyFpH HH3H"HHHr hhuh-
fleHTJiHrn caiyiaHaAH.

3. nepcneKTHB-3(x)hh MocjiHrnfla napajuieji TyFpH qraniyiap ana
nspsjijieji Typpn gH3HKJiapra yrafln (79- qH3M3.)

4. nepcneKTHB- a(xj)HH MOCJiHK"a yuTa Hy~TaHHiir oaahh hhc63th can;-
JiaH3ilH.

XaK[H"aTaH ~aM, a TeKHCIJiHKAarn KOJiJiHHeap yqTa A, B, C Hy~Tara a'
TeKHCJinKfla A’, S', C'Hyi*raliap moc Kejiafin. AA', BB", CC' npoeKUHHJioB-
gn TyFpn qgnsniyiap napajuieji, LiiyiiHiir ygyH yin6y TeHrjiHKHH e3a 0JiaMH3

df. = t (ABC) = (A'B'C).
CB Cc'B'
4. TeKHCjiHKflarH nepcneKTHB- ajiMaiurapmii.

TeKncjiHKjiapiiaH 6npnHn s Typpn qn3H” aipocfMAa aftjiaHTHpanjiHK,
aHJiaHaeTraH TeKHCJIHK “anAaft Ba3HHTAa 6yjiHuiHAaH i"aT'bH Ha3ap npoeK-
UHHJioBgn AA!, BB', CC' TyFpH gn3Hiyiap napaliJieJuiHrnga i*ojiaBepaAH.
/KyMJiaAaii a, a' TeKHCJiHKJiap ycTMa- ycT TymraH ~Qlifla J*aM (80- gn3Ma).
By ~ojifla a TeKHCJinKHn a! TeKHCJiHKKa nepcneKTHB aKCliaHTnpnuiHH 6ht-
ra a = a' tckhcjihk Hy~Tajiapimn ys- y3Hra aKCliaHTnpnui Ae6 papain
MyMKHH. ByHAaft nepcneKTHB-acjxf)HH aKCliaiiTHpnuiHH nepcneKTHB-a”nn aji-
MauiTnpHiu Ae6 aftrajiaAH. s t*"fph qgH3HI"H aliMauiTHpHiu yn;n Ae6 iopH-
THJiaAH. By ”oji TacBHpjiaui MeTOAlJiapnHn ypraHimiAa My”~nw a*aMHHTia
ara.

TeKHCJinKHH nepcneKTHB-aalJiMauirapmu 6np »ycd)T moc (A, A")
Hyi~radiapiiHHr Ba s yi"HHHP SepHJinojH SulJtaH Tyjia aHHiNiaHaAH.
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81- q«3Ma

XanHil\aiaH ”~aM, Srara 6np wytjyr
(A, A') ny~Ta”ap Ba s yi* 6epHJiraH

SYjiCHH (4 gs, A" gs). Y W«-
. KucjiHKKa i*apamjm nxTnepnn B Hyj*-

80- >iHva
T3HHHr o06pa3HHH «CaUIHMH3 MyMKHH

(81-HH3Ma). ByHHHr yqyn AB Typpn
gH3HI"HH yTKa3H6, yHHHr s Typpn lii[3Hi* 6h»t3h KecnmraH nyi*"TacHHH X
6nJiaH SejinuianjinK, AX ATyFpH hhshkhuht o6pa3H A' X Tyrpn gn3Hiywp.
MsliaHraH Hyi\Ta A" X TyFpn Hnsmyia Ba B nyKja opitaJiH AA! Typpn
HH3HFnra napajuieji i*hjih6 yTKa3HJiran g TyFpn HH3Hiyia eTnmn mapT. AeMaK, B
iiyinara whhcaolu B' Hy”a g TyFpn hh3hi* Shjmh A' X Typpn hhsh~hhhp
KecnmraH ny~Tacn Syjia/w. HKKHTa jKHHC”om (JwrypaliapflaH ~ap 6npmiH
HKKHHHncHflaH napajuieji npoeKUHHJiam ycyjin 6njiaH “ochji KHJiimraH fled
papain mymkhh.

5. nepcneKTHB- atljcjiHH mocjihkhhhf 6oui flyHajiHuuiapH.

TeopeMa. TeKncjiHKHHHr xap 6np HyKiacn opKalin y3apo nepneHflH-
Kyjifip 6yjiraH (pagar 6np >Ky()T mynflan Typpn nn3HAMJiap yraflHKn, yjiap-
ra WHHCAom oyjiraii Typpn ¢gn3HK;jiap xaM v3apo nepneHAHKyjmp 6JS-
JianH.

Hc6ot. >Khhcaouj mocjihk S y~ Ba 6np iKycjiT A, A" nyirTaliapHHHP
fiepnJinmn 6njiaH aHHKJianraH SyjicnH.
riepneHfIHKyjiHp AB, AC TyFpn lin-

EHiNiapra /khhchoiu mocjihk™ nepneH-

82- gs\a 83- HBWH
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fIHKyjiflo A' B', A’ C' TyFpn gH3myiap moc KelicHH (82-iiH3Ma). ADA’ C
TypToypHaKHHHr i*apaMa- i*aprnH 6ypgaKjiapn hhfhhahch 2 d ra TeHr 6yji-
raHH ynyH 6y TypT6ypgaK TamKapncHra AnaMeTpn BC = B'C' KecMaash
HfiopaT aftliana qnsHui MyMKHH. AftjaHaHHHr MapKa3H AA' KecMammr ypTa
nepneHAHKyjiapH SHJian s yfyrnur KecnmraH 0 = 0' Hy”“racH SyjiaAH, pa-
flnycH r = OA Teur. By aftjiaHaHn qH3H6, yHHHr s yK, finjiaH KecnmraH
B = S'Ba C— C' Hyi*TaliapHHH TonaMH3. nepneHAHKyjiap AB, AC Typpn
gHaniyiapra jkhhcaoiu A' BL A" C' TyFpn gn3Hiyiap ~aM y3apo nepnenAHKy-
Jiap 6y.naAH.

AB, AC Ba A'B', A'C' Typpn gH3H”JiapHnnr ftyHalJiHinHHH jkhhcaoiu
MOCJinKHHHr 6om ftynaJiHmJiapn AefiHJiaAH.

6. Sjuinnc— aftjiaHara jkhhcaoui c|)Hrypa. SjuiwncHHHr xoccajiapn
yHH acam.

AHHCAom mocjihk s yj* Ba 6np >Ky<)T moc A, A' HyirraJiapHHHr 6Gepn-
jinmn 6hji3h aHmyianran 6yjicnH. MapKa3H 0 Hyi"TaAa Ba A nyKja opjra-
jih yTaAHraH aftjiana gqH3n6 (83-gn3Ma), yHra jkhhcaolu (])HrypaHH acaft-
jihk. OA Typpn gH3HK; s yK Snjian P = P' ny~Ta%a, aiiiiaiia 6iviaH
A AaH 6omKa B Hyi"TaAa KecHmaAH. B HyirTara jkhhcaohi B' Hyi%ra
P A" Tyrpn «H3Hi* SnjiaH B HyKTaAan AA' ftyHajmuiHra napajuieji k;hjih6
yTKa3H/iraii TyFpH iiH3Hiyia eTaAH. O ny~Tara O' HyKia jkhhcaoiu.

0 i-iyKTa opKaliH aftjiaHaHHHr xap xhji AnaMeTpjiapnHH yTK333MH3. Ma-
caJian CD, EF Ba ~0Ka30, aftjiaHaAa e-ryBqn Hyi~raJiapra Keparnga >KHHCAom
6yjiraH nyi*Ta.iapHH acam MyMKHH. MacaliaH, C',D',E', F' Ba xpKaao.
IUyHAafi i~hjih6, aftjiaHara >khhcaoui c[fflrypaHn acaftMH3. HKKHTa jkhhc-
Aom (jDnrypajiapAaH Shphhh HKKHHgncnHHHr napajuieji npoeKunacn Ae6 ojihui
MyMKHH. AfiJiaHaHH npoeKUHHJIOBgn Typpn qn3n~™Jiap TynjiaMH i*aHAaftAHp
QFMa uhjihhaphh 7ochji i*HJiaAn. By uhjihhaphk 6npop tckhcjihk 6njiaH
KeccaK, aftjiaHara jkhhcaoiu <})Hrypa “ochji fiyjiaah. MatliyMKH, ftyHaJiTH-
pyBgn arpn gH3HFn aftjaHaAaH nSopaT fiyjiraH uhjihhaphk chpthh TeKHC-
JIHK finjiaH KeccaK, KecHMAa SlJiJinnc eKH aftjiaHa j*ochji ~hjihh3ah. Arap
uhjihhaphk cnpTHH KecyBgn TeKHCJIHK aftjiaHa eTraH TeKHCJiIHKKa napali-
jieji Byjica, KecnM aftjianaAaH HfiopaT SyjiaAn. By j*ojihh K,apaftMH3.

AeMaK, aftjiaHara jkhhcaolu cjmrypa gjuinncAaH nSopaT.

AKhhcaolu mocjihk xoccaliapnAaH (JioHAalJiaunG, aftjiaHa xoccaliapnAaH
SJiJinnc xoccaliapHHH KejrrnpnS gn”apnm MyMKHH.

XAMHKaTan JjaM:

a) Ma'Bjiymkh, aftjlaHa MapKa3H AB AnaMeTpHH Tern' HKKHra 6yjiaAH.
JKhhcaohi mocjihkHHHr 4-xoccacHra Kypa:

A'0" = AO ,

O'B* oB "= ~
aHH O' HyK/ra ajuinncHHHr A' B' BaTapnHH TeHr HKKHra 6fjiajxu. Aftjia-
HflHHHr Sapga AnaMeipjiapH 0 Hy”“raAa TeHr HKKHra 6yjiHHaAH, AeMakK,
gjijiHncHHHr ~aM O' Hyi~raflaH yTyBqgn 6apqa BaTapJiapn TeHr HKKHra 6GyJiHiiaAH.
0 Hyi"TaHH sjuinnc MapKa3H, 6y nyi*Ta opitajin yTyBgn 6apqa BaTapjiapHH
SJiJinnc AnaMeTpjiapn AennliaAn;

6) aftjiaHaHHHr napaji.ne.,T BaTapjiapnra ajuinncHHHr JaM napajuieji Ba-
Tapjiapn moc Kelia*n. Arap AB Ba EF— aftjiaHaHHHr y3apo nepneHAHKy-

m
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jmp AHaMeTpjiapn 6yjica, yjiapHHHr J*ap 6npn HKKHHQHCHra napa;uie./i 6yji-
raH BaiapjiapHH TeHr HKKHra SynaAH. >Kwicaohi mocjihk xoccacnra aco-
caH, 3JTjiHncHHHr xap 6np A' B' Ba E'F' AnaMeTpjiapn HKKHmHCHra na-
paluieji Sy~raH BaTapliapHH Tear HKKHra 6yjiajw. SjuiHncniiHr 6yHAaft
AHaMeTpjiapn gijiuMa duaMemp/iap ACHHJiaAH;

b) >Nap 6np ajumnc 6np >Kyc)T y3apo nepneHAHKyjmp i*yuiMa AHaMeTpra
ara. Xa’HKaTaH .xaM, 0 MapK33JiH avuiana Ba yHra jkhhcaoiu O' MapKa3-
m 3JiJiHnc CepHlJiran 6y.icnn. 0, 0' HyK.Ta.aap >khiicaoui moc Hyi” rajiap.
By HyirTa”apAarH >khhcaoui moo/ihkhhhf 6om flvHajiHuuiapuHH hc3hmh3.
HcajiraH Tyrpn gH3Hiyiap afljiaHaHHHr y3apo nepneHAHKyjiap A”aMeTpjiapH
Ba sjuiHncHHHr ysapo nepneHAHKyjinp Ba it*yuiMa A”aMeTp.iapH 6y;iaAH
(84- tiH3Ma). 5-n. Aarn TeopeMara Kypa, ajuinnc ~aM iiepneHAHKYyjuip, >aM
i‘ymMa 6yjiran 6np >Ky([rr AHaMeTpra ara 6yjiaAH. By AwameipjiapHHHP
xap  6iipH HKKHimHcnra napajuieji Syjirae BaTapjiapHH TeHF HKKHra
dyjiaAH. IliyHAaS kh.;ih6, ajuiHncHHHr 6yHAafi AHaMeTpjiapH ajuiHncHHHF
ciiMMeTpHH yiyiapHAnp. Sjumnc yiNiapHHHHr ajuinnc 6mau KecnmraH
A', B',C', D' iiyKTaliapii ajuiHncHHHr ygjiapHAnp.

AH.ianaHHHr 6npop K Hyr~racHra yTKa3HJiran t ypnHMa TyFpH HH3H”"a
sjymncHHHr K nyKTacnra yTKa3HJiraH t' ypHHMara jkhhcaoiii moc 6yjiaAH.

7. KymMa AHaMeTpjiapura Kypa ajumnc acaui

AftjiaHa Ba yHHHr AB, CD nepneHAHKyjinp AnaMeTpjiapn 6epH/:raH
fiyjiCHH. Byjiapra >khhcaoih A'B’,C'D' KecMajiap aiuiaHara jkhhcaoiii 6Yji-
raH ajuiHncHHHr i-*yuiMa AnaMeTpjiapHAHp. AHlJiaHammr A, B, Cm D iiyir-
Tajiapnra yTKa3HJiraH ypHHMajiap aHJiaHara Taiu*H gH3HJiraH PQRS KBaA-
paTHH “ochji i"HJiaAH. By KBaApaTra » hhcaohi cfinrypa a;uiHncra Tainan
giBHJiraH P'Q'R'S' riapa-raejiorpammash nSopaT.

AftjiaHaAa eTysqn nxTHepHH N HyirraHH o;ih6, AN, BN Typpn hh3hk;-
jiapHH 5caHMH3: AN flCD = E, BN HQP = AOE Ba BFR TyFpH 6yp-
naKm vyqfiypgaKjiapHHHr TeHrjrmrHAaH (AO = BR, /[LEAO —Z. RBE) OE,
RF KecMa,jiap TeHr AeraH xyjioca gqw”aAH, SyiiAan (85- gH3Ma):

Q n r R

84- gH3Ma 85- gn3vha
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O'E’ RTF = A a
E'D" ~ F'D"* 86- ga3Ma

A'E' fIB'F' = Nf Hyi*Ta N Hyi~
Tara >khhcaoih fiyjiaflH Ba SepHJiraH ailnanara jkhhcaohj 6yJir3H ajuranc-
Aa eTHUIH KepaK. Byi-yaH ajijinncHH scam Hym xochji mmHaAM.

B' nyKTa opKa./m riapajuiejiorpaMM tomohhhh F' Hy~Tafla Keca/mraH
HXTliepHH TyppH HH3HA yTK333MH3. O'D' HpHM flHaMeTp”a

O'E’ R'F'
E'D' ~~ F'D' (D
mapTHH !"aHoaTJlaHTHpyBHH E' HyKTaiiH flcafiMn3. B'F', A'E"' TyppH hhsh”-
jiapHH yTK33aMH3, yjiap B'F’flA'E' = N' ny~'iajia KecHiuaflH.

Kjnma ah3MeTpli3pnr3 Kyps sjumncHHHr xo~iarahqga Hy”rajiapi-iHH
HC3in ynyH TOMOHJispH ~yuiM3 AH3MeTp yqgjiapHflaH yTyBgn Ba yjiapra
napajuieji 6yjir3H napalilieJiorpaMM hc3hmh3. AnaMeTp/iapHAaH 6hphhh Ba
yHrs napajuieji SyjiMaraH nap3Ji,neJiorp3MM tomohjisphhh wyc”T coHflsrn
Teur 6yji3KJi3pra 6yji3MH3. 87- gi-BMa”a KypcaTn;iraii,neK HOMeplisfi mhkh®,
AnaMeTpHHHr 6H na yqHflaH flIHSMeTp~”a HOMepjianraH Hyi~rajiapHH, hkkhh-
hh ynH”aH nspsjuiejiorpsMM tomohjisphas HOMepjiSHran nyi*TajiapHH npo-
eKUHHJ13HMH3, 6np XHJI HOMepjiap — npOeKHHH.IOBHH gH3HfAJiapHHHr KeCHUIrSH
HyATajiapn sjijihiic HVATajiapn 6ynajiii, qyHKH Gyiinan HyKja/iap yqyH (1)
rnapT 6a>K3pH.i3AH.

8. >Khhcaoui 4)Hrypajiap Ba opToroHaji npoeKijHHjiap.

Arap napajuieji npoeKHHJuism fiyHalJiailUH npoeKUHHjisp TeKHC.TOnira
opToroHSJi fiyjica, 6epHJir3H $nryp3 npoeKHHSCHHH yHHHr opioroHaji npo-
ckuhjich nefiHJiajiH.

87- TO3Ma 88- iiH3Va
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TeopeMa. HKKHTa jkhhcaoiii (pnrypaHHHr xaP 6npH HKKHiiqucHra yx-
uiam (JjnrypaHHHr opToroHaji npoeKUHHCH 6yjiaAH.

H c6oth. ABBajio 6y TeopeMaHH yMyMHH AC — A'C' rnnoTeHysara
sra 6yjiran TyppH 6ypgakK;iH ABC, A'B'C' yq6ypgakKJiap yqyH HcSoTjian-
jink (88- gH3Ma). By ~olJiAa yqbypgaKliap jkhhcaoiii 6ym 6, jkhhcaouijihk
yirn AC = A' C' Ba jkhhcaoiii moc Hy~Tajiap B,B' .nan uSopaT. Bh3a A'B'C’
yqfiypgaKHHHTr ABC yqfiypgaKKa yxuiaui SyjiraH yqGypgaKHimr opToroHaji
npoeKUHHCH SKaHJIHTHHH KypcaTaftjiHK.

BepHJiraH yqfiypgaKJiap yMyMHH rHnoreny3ara ara, uiyHHiir yqyH

AB2+ BC2= A'B’2+ B'C'2
MyHocafiaTHH e3a 0JiaMH3.

AB<.A'B’ iuapTAa BC > B'C' Ba akKCHHga. AB<.A'B’' 6yjiCHH. ABC
yafiypgaKKa yxiuaui uiyHAafi AIBIC1 yg6ypgaK ojiaftjiHKKH, AX8X= A'B'

6yjKHH (89-qH3Ma). tckhcjihk (A'B'C') tckhcjihk gnJian (90-
gii3Ma)
B'C'
cCoOS ® = -
Y fiiC

uiapTHH i”aHoaTjiaHTHpyBgH cp 6ypgaK
TauiKHJi i~hjichh. By xojifla C fi'
TyppH qH3H~  (A'B'C') TeKHCJIHKKa
nepneHAHKyjiap Ba A'B'C' yqg6yp-
gaK i41B 1C 1 yq6ypgakHHHr opToroHaji
npoeKUHHCH SyjiaAH.

Shah 6h3 F (jwrypara jkhhcaoui
HXTHepHH F' (3)HrypaHHHr F cljHrypara
yxuiaui Syjiraii FXcjjHrypanHiir opTo-
roHaji npoeKUHfICH SKaHJinrHHH hc-
60tji3hmh3. PEF Ba P'QF' Hyigajjap
6np JKyt)T jkhhcaoui pyivraliap 6yji-
chh (88-gH3Ma), y "ojiAa PC Ba P'C’
TyppH gH3myiap xaM jkhhcaoui. By
TyppH gH3HKMiaphhHr AB, A’B' Ka-
TeTjiap 6nJiaH KecnuiraH N,N' ny~-
Tajiapn JaM jkhhcaoui. >Khhcaoui
mocjihkhhht 4-xoccacnra acocaH:

NB  N'B1 3PN PN’
Y xuiaui ajiMauiTHpnui ABC yqgypgaKiiH AIBIC1 yqfiypgakKa, N HyK,-

TaHH Nt Hy~Tara, P Hy~TaHH Py Hyi*rara yTKasaAH (89- gH3Ma). IUy 6h-
Jiau 6npra

(D

=M iMEE = £&F (2)
NB NB1 PN PiNi

(1) Ba (2) TeHrjiHi<jiapAaH:
AN AN, CP” CP,



BnpnHgn nporiopuHHflaH ymQynn xochji KHJiaMH3:
A'N' +N'B’ AiNi + NtBi
N'B’ N,BV

A'B' = AIB1 syjiraHH yqyn: A™B' = NXV AeMaK, Nt HyirTa N' iry~Ta
6man yctMa- ycT TymaAH (90- HH3Ma).

C'P' _ CxPy

P'N' P\Ni
MyHOca6aTra acocaH PP" TyppH LH3HKHHHr CjC' Typpn nmmkKa napaldi-
jieji 3K3H/IHPH Kejm6 gmcaAH. AeMaK P' nyn~a Pt Hy~raHHHr opToroHadi
npoeKitnncH SKaH.

Yxmam ajiMaiuTHpHui F cfwrypai-iH Fi cjmrypara yTKasaAH. P'EF' Ba
P16~1 ny~Taliap KaHAafi xoccara ara 6yjica, F' Ba FI cfwrypajiapHKHr J*ap
6np >Ky()T moc ny~Ta/iapH ~aM myHAan xoccara ara.

IUyHflafi i~hjihe, F' <|)Hrypa F 4>nrypara yxmam Ft cjwypaHHHr 0pTO-
roHaJi npoeKUHacH SyjiaAH.

44- 8. Akcohomctphh. riojibKe-UIBapu TeopeMacn

napajuieji npoeKUHHJiam ycyjin dnjian 4)a30Aarn F cjmrypaiiHHr Kyp-
ra3Majin npoeKlihhchhh (t3cbhphhh) “ochji K;nJinm yqyH yHHHr SnjiaH gaM-
fiapgac SoFjiaHraH Typpn 6ypgaKjin AeKapT 0'X'W'Z' cncTeMacn itapajiaAH.
BnpopTa €' kccmshh o0jihS, yHn yjwaM finpjiHrn cncljaTHAa i*a6yji K,Hlia-
MH3 B3 yHn tsShhh Macnna6 SupjiHm Ae6 3T3HMH3. O'X', 0'y", 0 Z' yiyiap-
Aarn (ojiHHraH finpjiHKAarn) MacmraS SnpjinKJiapHHH moc paBnmaa €X, €', ez
jiap SnjiaH 6eJirHJiaHMH3 (91-qii3Ma). F cfwrypa Ba O’X 'y "Z' cncTeMa 6e-
pnliran SyjicHH. A'EF' HyK,TaAaH X'O y 1 KoopAHHaT TeKnclinrnra nep-
neHAHKyjiHp TymnpaMH3, nepnenAHKyjinp acocnHH A3 Snjian 6ejirajia6, 6y
HyirTaAaH O'X' _y~a nepneHAHKy-

y iKa3aMH3. Dy nepneHAHKYyjinp

O'X" wN snjiaH AX Ry~Talia Kecn-

maAH. ~ochji i“HJiHHraH O'A'A”MA!

90- iH3Ma 91- HH3M3
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CHHHI* HH3HIMHH A HyATartTIHr KOOpAHH3T CHHHK; TO3HFH fleHHJiaAH. By cH-

A3A\0' Z- O'A'X KecMa aca O'X' yiyia eTaflH.
Chhhi® HBHMHHr xap 6iip SyFHHHHH tb6hkh 6apjim 6H/iau ymae,

‘M s a3a
=y —1Z

HHc6aTJiapHH ~ochji ~miaMH3. By coHJiap A' Hyi*TaHHHr KoopAHHaTajiapn
Aemjiajxn Ba A' (X,y,Z) KypuHHiima e3HJian;H.

flewaK, F' tfwrypaHHHr 2ap 6up Hy~Tacn MatJiyM KoopAHHaTajiapra
ara.

Shah 6h3 F' cjmrypa™ O'X'W'Z' cucTeMa 6mm finprajiHKAa | ftyHa-
jihui 6yfima a TeKHCJIHKKa napajuieji npoeKUHHjiaftjiHK.

Yy ~cwwa O'X', O'y’, O'Z' KOOpAHHaT ygjiapn moc paBHHiAa OX, Oy, OZ
Typpn HH3HK;jiapra, 6upnm €X, €y, e' KecMajiap €X, €Y, €Z KecMajiapra, A' Hyif
Ta A Hyi*Tara, 0'A'’XA3A' KoopAHHaT chhhi® hh3his OAXA3 A chhh~

3H "a npoeKUHHJiaHaAH (92- gn3Ma). JAna

coh KoopAHHaT yK;jiapHAarH ij3zapum KoatptpuguenmAapu Remnagji.

Arap ex, ey, ez KecMajiapHH OX, Oy, OZ Typpn HH3HfyiapAara Macima$
SnpjiHK~apH Ae6 ojicaK, napajuieji npoeKUHHJiam xoccacnra acocaH yrnSy
TeHrjiHKjiapra ara 6y"iaMH3:

OA, AfAg  Ax A3 a3a
L T8 = 7
cX *X Ky ez ez

AeMakK, arap KoopAHHaT yjyiapHHHHr Ba yjiapAara 6npmK KecMajiap-
®HHr npoeKunaaapH 6epHJiraH 6y;ica, Yy “oji/ia A' Hy”Taiiwir KoopAHHa-
TaliapHHH SnJiraa $0JiAa 6y Hy TaHHHr npoei<UHHCH — A Hy~TaHH ncaiu
MyMKHH. fi-bnnA HyATaHH HcamyqyH
ex>ey> ez ONpjihk KecMa/iapAan $oh-
p,ajiam6, OAXA3A CHHHI* gHSHK[HH
HC3HMH3. Oa30AarH (J)Hrypa npoeKUHH-
ciihh cpurypa Hyi*TaJiapuHHHr Koop-
AHHaTaliapHAaH cjjOHAa-'iaHnS  flcam-
HH CtKCOHOMempUR eKH dKCOHOMem-
puK npoeKi{URAaw. memodu AeHHJia-
Ah. ex, ey, ez KecMajiap aKCOHOMeTpHK
Snp/iKKlJiap AefiHliaAH (yMyMaH aflT-
raH/ia 6y 6HpJiHKJiap “aMMa BaT 6np-
SnpHra TeHr aMac), Koop”HHaT y~Jiap-
HHHr OX, Oy, OZ nposKUHHJiapH ax*

COHOMGTpHK  y~jiap flefiH/iaflH.
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OaifaT A* nryi"TaHHHr aKcoHOMeipnK A  npoeKUHHCHHHHr  SepHJiHinn
gHJiaH OAxA3A KoopAHHaT CHHHK aHHiyiaS SyJIMaHAH, qyHKH npo-
eKUHHIIOBHH A'A  Typpn gH3HiI\HHHr 6apga Hy~Taliapn yMyMHH aKCOHOMeT-
piiK npoeKUnnra ara. A' Hyi"Ta KoopAHHaT chhhi® groHFHHHHr akKCOHOMeT*
puK npoeKUHHCHHH Tyjia aHniyiam yqyH A Hy"TaAan Tam”apn A3 Hyi"Ta
KHCJiHKKa TyuiHpHjiraH nepneHAHKyjiap acocn A3 Hy*TaHnur aKconoMeTpHK
npoeKUHHCH. By ny“ra A Hy~TaHnnr HKKHHgn npoeKUnncn AefinJiaAH. ripo-
eKUHH TeKHCJiHrHAa A ItAs nyi~TajiapHHHr SepulinuiH Snjian A' Hyi*ranHHr ¢a—
30AarH B33hhth SnpAaH- 6np aHHMianaAH. Arap npoeKUHHJiap TeKHCJinrHAa,
nXTHepHH A' Hyi*TaHHHr, SnpHHgH Ba HKKHHgn npoeKUHHjiapH A, A g 6epHJi-
raH 6yjica, nxTnepnii Hyi"Ta npoeKUHH TeKncjinrnAa SepHJiraH AeftnJiaAH
Ba A/A3eKu A(A™ KypHHnuiAa e3HJiaAH.

AKCOHOMeTpHH yiyiapn Ba akconoMeTpHK 6npnKMajiapHHHr TaSnnn Koop-
AHH3T3Ji3pH CHCTeM3CHr3 Ba npoeKUHHJiam nyHajinniHra ~aHAan 6ofjin™
gyjiniu Macajiacn aKCOHOMeTpHHHHHr acocnn Macajiach xncndjiaHaAH. By
Macajiann BepjiHH ~ypHJinm akKaAeMHHCHHHHr npo(})eccopH IloJibKe tomo-
HHA3H JaJl I"HJIHHAH. 1loJIbKe HUIHHH 1864 HHII yHHHr UIOTHpAH IHBapii
yMyMJiaiUTHpAH.

JleMMa. Arap ABCD, A'B'C'D"' TypT6ypgaKjiapHHHr AnaroHajuiapn
KecnmraH N, N’ Hy”ajiap

{ACN) = (A'C'N"), (BDN) = (B'D'N") 1)
uiapuiapHH KaHoaT”aiiTHpca, y J'JiAa “ap 6np rypTdypgaK HKKHHgncnra
j/xinaiu TypTdypgaKHHHr opToroHali npoeKunncn 6yjiaAH.

Hc6oth. JeMMaAa Ta-bKHAJiaHran N, N' Hyi*rajiap (1) uiapuiapHK
1"aHOaTJiaHTHpCHH, HbHH

= BIL (2
NC N'C1 ND N'D’

gyjiCHH. A'B'C'D" Typi6bypgaKKa yx-

rnaui uiyHAan TypT6ypgaK- _
HH HcanliHKKH, AD = AID1 GyjicnH A D A-A DD
(93-qH3Ma). By TypTéypgaKjiapHHHr
yxmaiHJiHrmAaH: 93- ™3V

AjNx _ AW BiNi _ Bnr

. L (3)
N1Cl~ N'C” NID1~ N'D
A1BICID1 TypTSypgak ABCD TypT6ypgaKKa HHcSaTan iuyHAan JKonjiam-
raHKH, AXDXtomoh AD tomoh finJiaH ycTMa-ycT TyrnraH (94-qH3Ma). (2),
(3) MyHOcafiaTjiapAaH KjHHAarnjiapHn e3a 0JiaMH3:
AN _ A”Nj .BN = BINI
NC ~ NiCi ND ~ NXOX
ByjiapAaH NN111CCXBa NNt 11 BBV

Tajiapn 6nJiaH aHHiyiaHran jkhhcaouijihk Mocjinrnra Kypa ABCDua AIBICID1
TypT6ypgaKjiap >khhcaoihahp (43-8 8 = n. Aarn TeopeMara Kypa).
llojibKe- IlIBapu TeopeMacn. X"ap i"aHAan Tyjini® TypiCypgaKHH nxTnepHii
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3H7
TeTpaa™pra yxuiaui TeTpasjipuHHr na-
pa.uieji npoeKUHHCH ae6 papain My
KHH.

Hcb6oth. A'B'C'D' Teipaaflp Ba
ABCD ryjiH~ TypT6vpiiak 6epHJir3H
gyjiCHH. Tyran TypTfiypgaK unaro-

HajuiapHHHHrI KecmuraH Hy~xajiapuHH 95_ gH3vha
AC f| BD = M (N) 6njian 6e.nrH.naft-
jink. TeTpaaapHHHr A'C' Ba B'D" i"HppajiapHHH (95- gH3Ma)
(ACM) = (A'C'M") Ba (BDN) = (B'D'N") @)
HHcfiaifla 6yjiyBqu M',N' Hyi*ranapHH o.iaMH3.

A'B'C'D' TeTpaaapHH M'N' fiyHajiHuma a x TeKHCJIHKKa opxoronaji npo-
eKHHHJia6, TeTpaaApHimr aX TeKHCJiHKflarH npoeKUHHCH gyjiraH  xyjiHf
AMiyDy TypréypgakKHH X0chji iyuiaMH3. FlpoeKUHHJioBgH A'AV B'BV c'c,
D'DX Typpn gH3H~iap npoeKUHHjioBgn npn3MBHH ~ochji ~Hjia®H. riapaji-
.ne;i npoeKUHHJiam xoccacnra Kypa

(A'C'M") = (A&MJ, (B'D'N") = (BANJ. (5)
(4), (5) TeHraHKjiapAaH
(ACM) *» (A& MJ, (B.D.N,) = (BDN).

IUyHflaft Kpm6, Tyjin® AIBICIDI T px6ypgaK, jieMMara acocaH, xyjm”
ABCD TypTCypgaKKa yxuiaui TypT6ypgaKHHHr opToronaji npoeKUHHCH 6y-
“'iajj,H.

NaifaTaH JYaM, npH3M3HH aohm myH”aft a0 TeKHCJHK 6njiaH Kecnm
MyMKHHKH, KecHM”a “ochji CyjiraH TyjiH* AOBOCgD0 TypT6ypgaK TyjiHi?
ABCD TypTfiypgakKa yxmam 6yjiauH.

A'B'CD"' TeTpa3ApHH yHHHr npoeKUHHJioBgn TyppH qraniyiapH 6HJiaH
6npra “aMMa Bai*x myH”*aft yxmam ajiMamrapnm MyMKHHKH, ~ochji 6fji-
raH hhth TeTpasApHHHr npoeKUHHCH Tyjiiu® ABCD TypTfiypgaraa TeHr 6~-
jiaAH.

45-§. Jlcch Ba <J)a30BHM (Jjnrypajiap TacBHpHHH acam

1. napajuieji npoeKUHHJiam ycyjmaaH (jioiinajiaHHS, 6at3H 6np reoMeT-
Phk (})Hrypa*apHHHr TacBHpHHH ncaui MacajiacHHH KypaftjiHK. Hcch  <JQ)Hry*
pajispHH ‘racBHpjism ityftHflarH hkkh TeopeM3ra acooiaHSfIH.

1- TeopeMa. X,ap VamaPi yqéypgq3KHHHr napsjuieji npoeKUHHCH ojiahh*
JI3H 6epH/iran HXTHepufi yqfiypgaKKa yxmam dy.aa”™H.
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Hc6oth. /4'B'C' ygéypgaK 6epHJiraH SyjiCHH. A'B' tomoh op”ajm
A'B'C' TeKHCIMKflaH fDapKJiH a tckhcjihk yTKa3ii6, 6y TeKncjiHKfla eTyBHH
HxraepHH ABC yqgypgaKHH 0JiaMH3 (96- q«3Ma). a TeKncjiHKfla, A'B" to-
MOH"aH 4)0HflajiaHH6, ABC yg6ypgaKKa yxuiam A'B'Cl yqgypgakKHH acaft-
MH3. Bepwi/traH A'B'C' yqSypgakHH C'Cj = rti fiyHajiHUIH SyftHga npoeK-
UHHJiaS, /1'S'Cj yaqgypgaKHH Ba 6y ygéypgakKHH yxmam ajmauiTHpnG, /4£C
ygéypgaKHH ~ochji KHJiaMH3.

2-TeopeMa. napajuieji npoeKUHHJiamfla A'B'C' yqgypgakKHHHr npoekK-
Uhhch SepHJiran 6yjica, 6y yqfiypgaK eTraH TeKhcjihkhhut ~ap 6np ny”-
TacHHHHr npoeKUHHCH 6np KHHMaTJiH aHHfyianafin.

Hc6oth. A A'B’C'— opHrHHaji, A ABC — yHHHr npoeKunncH 6yji-
chh (97- gH3Ma). A'B'C"' yg6ypgaK TenhcliHrHflaH HxraepHH D' Hy"TaHH
0jih6, yqgypgakKHHHr HxraepHH yqn 6HJiaH 6HpjiailUTHpaMH3, Macajian, Af
ygn 6maH. A'D' KecMa B'C' 6maH E' Hyi"Tafla KecnmcHH fle6 ojiamw,
yjiap napajuieji 6yjin6 “ojinmH “aM mymkhh. 1— 4-acocHH xoccajiapflaH
~oflflajiaHHfi, E1 Hyi*TaHHHr npoeKunacnHn ncam mymkhh: E Hy”ra BC
KecMa”a era6, 6y KecMaHH

B'E' _ BE
E'C' ~~EC
HHcSaT”a, HbHH B'C' KecMaHH E' Hyi~Ta icaHflafi HncSaTfla 6yjica, BC
KecMaHH E Hyp"Ta myHflan HHc6aTfla 6yjiafin. D Hy~Ta AE TyppH hhshi™
fla eraum KepaK. yHHHr TyppH gn3my;arH b33hhth
A'D' _ AD
D'E' DE
nponopuHH epflaMHfla amuyiaHaflH.
A'D' |[ B'Cl6yjiraH.ua AD |jBC, nixn
AD_A’D'
'‘BC ~ B'C’
ByjiaflH.

Hc6ot "HjiHHraH TeopeMajiapra acocaH hcch cjjHrypajiapHHHr TacBHpjia-
pHHH aMajiiift ncam ycyjiHHH i~yjira KHpHTaMH3,

TabHHH (HaTypaji) F' <}Hrypara TernmjiH 6np TyFpn gH3H~fla eTMafi-
flnraH, 6a3HC Hyi~rajiap fle6 aTajiyBgn HxraepHH yqTa Hyi~TaHH ojih6, a Te-
KHeyinKKa (6y TeKHCJIHK npoeKUHHJiap TeKHCJinrH eKH pacM TeKHCJinrH fle6
AaM aTaliafln) napajuieji npoeKUHHJiaHaflH. KeflHH 6y Hy~Ta.napnH yxmam
ajiMamrapHfi, yjiapHHHr TacBHpjiapn ~ochji i"HJiHHafl[H (6ai>3H ~ojuiapfla

lid



98- 4H3M3 99- MHIMB

yxiuam alJiMauirapHinra ypHH i%ojiMaHAH); xochji KHJTHnraii Hy~"TajiapHH
npoeKUHHJiap TeKHCJiHrHAarH, ntm pacM TeKHCJiHrHAarH 6a3HC ny”rajiap
AeHHJiaflH. Ba3Hc Hyi~iajiap BocuracHAa aHH.MianraH yqfiypgaKHH 6a3HC
yggypgaK netimiajxn.

lilyH flaii jih (5, jicch c{)HrypaliapHHHr tacBHpJiapHHH acauiHH i*yHHAarH
yq Soci®Hgra a>KpaTHiiiHMH3 mymkhh.

1. BepHliraH t36hhh tjjurypa xaeliaH TacaBByp i*hjihh3ah eKH x,eq k3h-
#3h y3r3pHiucH3 qgH3n6 i*yHHjisAH. Keflim c})HrypaHHiir TacBHpHHH sicsin
yqyn eTapjm xoccajiapn a>KpaTHJiaAH.

2. BepiiJiran 4>Hryp3A3H 6a3HC yq6ypgq3K 3*paTH6, HxraepHH yq6yp-
gaKK3 TacBHpjianaAH.

3. BepHJir3H cj)HrypaHHHr ~Qliran ajieMenTJiapn 1— 4- xoccajiapra aco-
caH HC3JI3AH.

2. Jlech <})HrypajiapHHHr TacBHpjiapHHH jicauira AOnp MHCojuiap.

1-mhcoji. MxTHepHH 6euibypgaKHHhr tscbhphhh n£3Hr.

A'B'C'D'E' 6euiypg3K  depHJiraH 6yjiCHH  (98-gH3Ma). Bem6yp-
gaKHHHr HxraepHH yqT3 A',B',C' HyKTS.iapH 6a3HC HyKra/iap 6yJiCHH.
By Hyi~TajiapHHHr TacBHpH CH”araAa pacM TeKHCJwniAarH HXTiiepHii ygTa
(6np xyppH gH3HKA3 exM3HAHr3n) HyKxanapHH o0JiaMH3. AB, BC KecM3Ji3p
6eméypgak HHHr A'B',B'C' TOMOHxapnnHHr racBHpliapn, D’ HyK;TaHHnr
TacBHpHHH flcaui  yqyH  6euisypgakHHHr A'C,B'D' AnaroHajijiapHHH
yxKa3H6, KecnmraH iiyKxacHiiH K' 6hji3h 6elirnJiaHMH3, AC KecMa A' C'
fliiaroHajiHHHr, K iiy~ra acs K' HyKxaHHiir xaccupH. K Hyi~xa AC Kec-
M3HH

A'K'-.K'C' = AK'-KC

HHcSaT/ia 6yjiaAH. B, K nyirrajiap D' HyirTaHHiir xacBiipn exran Typpn
gH3HI"HH 3HHA7jiafiAH. D' Hyi*TaHHur TacBHpHHH fleam yqyH BK Hyp ycra-
ra K Hyi"TaAaH ynr TOMOHra M3tJiyM B'K' K'D' Ba BK KecM3ji3pra
TypTHHgw nponopuHOHaji Gyjiran KD KecMann yjigaé KyiinS, D iiy*'rann
55C3HMH3.

fOKopHAarn My~0KaM3lJiapiiH kphth6, E' HyKxaiiHHr xacBHPH E
T3HH «C3HMH3. ~ ochji 6yjiraH ABCDE 6ein6ypg3k A'B'C'D'E" 6eiu-
6ypgq3KHHHr xacBHpH 6yji3AH.

2-mhcoji. KsaApax, poM6, TyFpu SypgaKJiH TypxSypgaK B3 napajuie-
JiorpaMMHHHr xacBHpjiapnHH ucaHr.

Ba3HC HyKjTaliapHHH apKHH TaHJiaS ojihiu Ba 1 — 4- xoccajraprs acocaH,
C3hs6 yralirsH KynéypgaKjiapiiHHr iscBHpjispHHH HcauiHHHr ocoh ycyjin
was>KyA. Mscsjian, KBaAparaHHr D‘, A' Ba B' ygjiapHHHHF TacBHpn CH"a-
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maa hxth§phh yqTa D, A, B Hy~- B’ C
xaJiapHH ojihui MyMKHH. B ea D Hyi~-
Taliapaan moc paBiiiuaa /ID, /IB nec-
MalJiapra napajuieji Typpn gnaniyiap
yTK33H6 C HVKjaHH TOn3MH3. ABCD
napa.HJieJiorpaM M A'B'C'D' KBaa-
paTHnur racBHDH 6yjiaUM (99-gii3Ma).

XyflAH rnvHra yxuiaui, poM6, TyF-
pH 6ypMaK.au TypTfiypgaK Ba napa.i-
jie/iorpaMMHHHr xacBnpjiapHHH ficaft-
MH3m

Illyanan khjih6, 6y (JnirypajiapAaH
xap 6npHHHHr TacBnpn nxraepHH
napajuieJiorpaMMflan ndopaT 6yjiafl«.

3-mhcoji. Mynra3aM ojithSvp-
gaKHHHr TacBHpHHH HcaHr.

ABBajio MyHT33aM oji™M6ypMaK-
HHHT 3CJIHHH HH3H6, T3CElipHHH HCaill
ygyn KepaK fiyjiazwraH xoccajiapH
6nJiaH TaHHiunS gii~aMH3 (100- gH3Ma).

OjiTnéypgakHHnr B' F', C'E' w
aroHaJiJiapiiHH yTKa3He, B'C'E'F’
Typpn TypT6ypgaKHn xochji KH.;iaMH3.
A'D'  AnaroHajib Typpn Typioyp-
gakHHHr B'F', C'E' tomohji3pnHH
moc paBMiwa K', T' ny~Ta.aapAa Teur
HKKnra Byjia®H. K' T' KecMaHHHr
ypTa Hy"TacHHn O' ojicak:

AK' = KO—OT—TD"

By xoccajiap 0JrrnéypgaKHHHr TacBHpHHH acarn yqyH eiapjiHOTp. ~a-
KHicaraH xaM Typpn 6ypgaklJin B'C'E'F' TypT6éypgakHHHr pacM TeKnc-
JinrnAarH TacBHpHHH HxraepHH BCEF napajuiejiorpaMMflaH nSopaT jXe6
ojicak, K', T' HyirTajiapHHHr TacBnplJiapn 4-acocnii xoccara acocan BF,
CE TOMOHJiapHn TeHr HKKnra 6yjiyBgqn K, T Hy~TajiapaaH n6opaT. O

100- 1H3Ma

Hyi*Ta KT KecMaHHHr ypTa Hyi*Tacn 0 ra TaCBnpJiaHafln. — m— KQO'

KecMaHn KT Typpn gnani® yecmra K Hy~TasaH gan TOMOHra i$hhé, A
HyirTaHH, T HyATauan yHr TOMOHra i$hhé, D HyrTaHH (A' Ba D' Hyir-
TajiapmiHr TacBnpJiapHHH) TonaMH3.

3. <>a30BHH (jinrypa TacBHpHHH jicaui.

Ky6HHHTr TacBnpH. KyfiHHHr 6np ygnflaH gn”"KaH yqTa K;nppacH,
llojibKe TeopeMacnra acocaH, 6np Hy~rauaH' gHKKan yqra KecMara Tac-
BHpjiaHaan. By ygTa KecMara acocaH Ky6HHHr TacBHpHHH ocoh Hcam MyM-
khh; myHH xaM 3t™ 6opra ojihih KepaKKH, Ky6HHHr ~aMMa ei®Jiapn KBafl-
paTJiap”aH ndopar, yjiap napajuiejiorpaM M jiapra TacBnpjiaHaan (101-gn3Ma).

MxTHepHH Ba3HH'raa 6epHJiraH napajuiejienHneAHHHr 6np ygnflaH mh~-
"aH yqTa KHppacHHHHr ygjiapnHH  6upjiaunupn6, K.aHAanflHp TeipasAp "o-
chji i"HJiaMH3. llojibKe-111Bapu, TeopeMacnra acocaH, TeTpasAp ABCD iy-
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TypT6ypgaKKa TacBHpjiaHaflH. FTapa’/ie®enHnefl[HHHr i*cliraH i"Hppajia-
pHHH SHfIH xoxjiarama TacBHpjiam mymkhh aMac. 1— 4-xoccajiapflaH
4>oflflajiaHH6 [iapajuiejiennnea TacBHpHHH HcaHMH3 (102-gH3Ma).

nnpaMHfla tscbhph. nHpsMHfISHHiir tscbhphhh Hcam yqyH 3CO-
CHHHHr TacBHpHHH HCa6 OJI3MH3. YgHIIHHr TaCBHpH HXTHepHH xaRJiaS OJIH-
HaflH (ricuibKe- Ufeapu TeopeMacn) (103-qH3Ma).

AonpaBHH Konyc. AonpaBHH KOHycHHHr acocH sjuimicra TacBHp-
ra HKKHTa S/4, SB ypHHMa yTK333MH3. ypuHHiu HyKja.iapH A, B ma-
MeTpaji K.apaMa- Kapiun Hyi~radiap fiyjiMacJiHru KepaK (104-qH3Ma).

48- S. TIOBHUHOH Macajia. Tyjin™ ea HOTyjiH™ TacBHpjiap

1. Acochh tckhcjihk ycyjin.

0330BHH ())HrypajiapHHHr TacBHpHHH ncam yqyH H. O- LleTBepyxHH to-
MOHHflaH TaKJiHfj) KH,/iHnraH acocHH TeKHCJHK ycyjin fle6 aTajiyBgn MeToa-
flaH (f)OHflaJianaMH3. By MeTOfl 3kco-
HOMeTpHK npoeKUHHJiam ycyjiHHHHr

6up TypHfiHp. [20]
By MeToa SnjiaH TamminG gHKafi-
jihk. Oa30iia 6npopTa a tckhcjihk hh
a*paTH6, yHH acocnii TeKHCJIHK jie 6
3T3HMH3. BllpOp HyHaJIHLUHH T3 HJI36
ojine, A',B',C', . . .$330 Hyir-
T3JI3pHHH a' TeKHCIHKK3 n3p3JlJiell
npoeKUHHJiaS, a' TeKHCJiHKKa A[ B\,
c, . . . uy~TaliapHH ”~ochji i“HJia-
mh3. By npoeKUHHJiam ngKn npoeK-

102- HH3M3

103- gH3 Ma 104- gH3vk
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UHHJiam fle6 aTadiafln (hhkh npoeK-
miHJiam MapKa3Hft npoeKUHHJiam xaM
6yJIHIHH MyMKHH).

Ke«HH pacM (TacBHp) TeKHCJinrH
fle6 aiajiyBHH TeKHCIHK o0jih6, a'

TeKHCJIHKHH, A', B', C', . . . Hyi*
TajiapHH Ba yjiapHHHr A[,B[, C[, , , ,
ripoeKUHHJiapiiHH,  A'A'v B'B'V C'C],

. npOeKUHHJIOSHH  TyppH M+
3HiNiapMH Siipop fiyHajiHin 6yfima 6n-
pop TeKHCJiIHKKa napajuieji npoeKun-
HJIBHMH3.

HarmKafla, pacM TeKHClJinrnfla 105- 105- iH3Ma
HH3Mafla KypcaTHJiraHHfleK  TacBHp-
jiapra ara 6yjiaMH3. By epfla a tckhcjihk a' TeKHCJiIHKHHHr, A, B,
B, . . . Hyi*rajiap >T, B, C', . . . Hyi*rajiapHHHr, Av Bv Cv .
nyKTaliap A", Bv C', . .. Hy~Tajiapnnur, AAV BBIt CCV . . . Typpn
*IHBHINJiap 1Ip0eKUHHIIOB4H A' A[, B' B[, C Cv . . . TyFpH HBHiyiap-
HHHF TaCBHpJiapHflHp.

Ai, Bv CIt ... Hyi"TajiapHH A, B, C, . . . nyi"TajiapHHHr hk-
khhhh npoeKUHflJiapn (TacBHpjiapn) ae6 aftTHJiaflH, Saian “cwuiapfla Alt
Bv Cv . . . ny™xajiapHH A, B, C, . . . Hyi®rajiapHHHr acocjiapn fle6
xaw anrnjiafin.

Arap dja30flarH finpopTa A' Hyi*TaHHiir pacM TeKncjinrHflarn TacBnpn
A Ba yHHHr hkkhhhh npoeKUHHCH AX SepnJica, Hyi*ra pacM TeKHCjmrH.ua
6epn.iran fle6 anm/iaflH Ba A (A") KypnHHinfla §3HJiaflH.

Oa30aa HKKHTa Hy~Tacn 6mau aiimyiaHran A'B' —a TyFpn HBHK
CepHJiraH SyjiCHH.

Arap pacM TeKHCJiHmfla A (4) Ba B (B) (AB = a, AIBB1= ax jiap
SepHJiraH Syjica, Typpn tiH3H" pacM TeKHClJinrnfla SepnliraH fle6 aflTHJiaAH
Ba a (aj KypnHnmfla e3HJiaflH.

HxraepHH TeKHCJIHK 6np Typpn qroiiKkAa eTMaSflnraH yqTa A', B', C'
HyirrajiapHHHr gepnjinuiH SnjiaH, eKH KecHinaflnran a’, b' Typpn qn3H"-
jiapHHHr GepHJiHiroi finjiaH, eKH napajuieji p', q' Typpn qn3HiyiapHHHr 6e-
pHJinmn SnjiaH aHHiyiaHaflH (p' ==(Q') (106-m3Ma).

Arap TeKHCIIHKHH aHHiNioBgH 3 e menhtjiaphhhr pacM TeKncjiHKflarn Tac-
BHpjiapn Ba HKKHHgn npoeKUHHJiapn SepHJiraH 6yjica, tckhcjihk pacM TeKHc-
jinrnfla (5epnliraH fleiiHJiaflH Ba p (PJ Kypmmmfla e3HJiaflH.

Arap p' Ba Q' napajuieji Syjica, yjiapHHHr p Ba g TacBnpjiapH Ba hk-
KHHgn npoeKUHHJiapH pX Ba QX xaM napajuieji Syjiafln (106-gH3Ma).

Arap a Ba b Typpn gifiHiyiap Kecnmca, y xoldifla @, b Ba qv bt TyF-
pH gHsniNJiapHiiHr KecHiunm Hyi~Tajiapn 6np Typpn quanta eTa”n.

Arap /' Ba m' TyppH HBHKJiap aiiKam 6yjica, yjiapHHHr TacBnpn 107-
HH3Mafla KypcarajiraHHfleK SyjiaflH.

2. Oa3oflarn F[, cj3HrypaliapHmir pacM TeKHCjmrHfla Fv F2 TacBHp
Jiapn 6epHJiraH SyjiCHH. F[, F2~nrypaliapHHiir Kecnmnm nyKTaCHHHHr Tac-

BHpjiapHHH acam Macajiacn no3HmioH Macajia fle6 aflTHJiafl[H. ByHflan Maca-
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jiajiap acocHH xckhcjihk ycyjin £kh aKCOHOMeipHK MeTOA epAaMHAa ocoh
eqHJiaAH.

Arap (jmrypaHHHr xap 6hp Hyi*xacn pacM TeKHCjinrHAa 6epnjiraH 6yji-
ca, y "OJiAa 6y cfmrypa TacBHpHHH mijAuq maceup Ae6 ammajxu- Akc
AQJiaa HomijAUK' maceup jxemjiam-

TyjiHK; TacBHp Ta-bpncjwAaH KyftHAarn HaxHKajiap kem6 gni®aAn:

1) hcch (|)HrypajiapHHHr TacBupw xaMMa Bax TyjiH”;

2) arap TacBHpmiHr ”~aMMa sjieMeHTjiapn aHHiyiaHraH 6yjica, xacBHp
Tyjmn* Syjiaflw;

3 XaCBHpHHHr HXTHepHH hkkh TeKHCi/IHrHHH aCOCHH TeKHCIIHK-
jiap Ae6 ojihiu mymkhh.

3 hjih 6h3 TyjiHK; TacBHpJiapAa noswiHOH MacajiajiapHH eqnuira yxafi.xHK.

1-macajia. AB TyrpH gHSHiyiHiir a TeKHCJIHK CnjiaH KecHiuraH Hyt-
TacuHH ncanr.

AB TyFpH MBHK 6HJian yHHHr AIB1 npoeKUHHCH KecHUiran 0 iiyi~ra
H3JiaiiraH nyi~xa fiyjiaan (108-qgH3Ma).

2-Macajia. ABC TeKHCJHKHHHr a tckhcjihk 6n/jaH KecnuiraH qH3H
fhhh (ABC TeKHCJinKHHHr a TeKHCJiHKAarn h3hhh) Hcanr.

By MacajiaHH equui Chphhmh Macajiara KejiTHpHJiajui. AB fl AIBl —
= 0, AC fl ZijCj = 02 Hyi~TajiapiiH Hca6, HSJianraH 0 X 2 Tyrpnw&ih3hi~hh
TonaMH3 (109-qH3Ma).

3-Macajia. ABC Ba MNP TeKHCjiHKjiapmiHr KecnuiraH mh3hfhhh
scaHr.

TeKHCJiHKJiapHHHr KecnuiraH Tyrpn MH3HTHHH Hcaui yqyH 6y tckhcjihk-
jiapra TerHuuiH HKKHTa T, R HyivrajiapHH ncaui exapjiH. Acochh reKHC-

A
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jiHKflarH AX nyj*"Ta op”~ajin BXCX
MX¥P X MXNX TyppH MH3HNfapHH MOC
paBHiica 41( 51( 6 X Hyi*rajiapAa Keca-
AnraH TyFpH mh3Hi\hh yTKasaMH3. By
Hy~Tajiap moc paBHiHAa BC, MP,
MN Typpn HH3Hiyiap,ua exycqH 4,5, 6
Hyt"TajiapHHHF acocjiapHAHp. A4 Ba
56 TyppH gH3Hiyiap T ny~TaAa Ke-
CHiuaAH (gyHKH y Typpn qH3Hiyiap
AAXBa 6 6i Typpn gH3Hiyiap epAa-
MHAa aHHiyiaHraH TeKHCjiHKAa eTa-
AH). T Hyi"Ta ABC Ba MNP tckhec-
JiHKjiapHHHr ~ap HKKadiacnAa eTaAH.
IllyHra yxmam R iiy~ranH TonaMH3.
TR H3JiaHraH TyppH gH3HI (110- qii3-
Ma).

4- Macajia. ABC tckhcjihk 6h-
~aH AIN  TyFpn gH3H"HHHr KecHuium
Hyi"TaCHHH acaHF.

Ip 22— Hy”ia.'iap moc paBHiHAa
AB, AC Typpn groniyiapAa e'ryBgn
1 Ba 2 Hyi~TajiapHHHr acocjiapn. M N
Ba 1 2 Typpn gH3Hiyiap MM X NNX
TyppH gH3Hiyiap 6iiJiaH anHK/iaiiraH
npoeKUHHJioBgH TeKHCjiHKAa eTaAH,
yjiap HnanraH 0 Hyi*raAa KecHuia-
Ah. yHHHr acocH Ox Hyi"Ta M N X
Typpn gH3HI"Aa eTaAH (lIl-gH3Ma).

IllyHAan i~hjihé, 6apga ho3huhoh
Macajia/rap 6np “~hhm3tjih eqn/iaAH.
PacM TeKHCJinrHAa cpa30BHH (Jwrypa
SJieMeHTJiapHHHHF TaCBHDH Ba HKKHH-
qH [ipOeKH,HHCHHHHr (aCOCHHHHT) 6epn-
jiHiiiH mapTH eTapjiH mapT 6ym6
KanMacAan, 3apypHii uiapT ~aM 3Kan-
JIHFHHH KypHUI HHHH 3MaC.

5-mac ajia. Bern 6ypgaKJiH npro-
Ma 6nJiaii npH3Ma i“Hppa./iapnAa eryB-
gn A, B, C Hyivrajiap opi®ajiH 3hhi™
jiaHraH tckhcjihk KecHMHHH acaHr.

BnpHHgH ycyji. Acochh Te-
KHCJIHK  CH(j)3THA3 a0+
HKH fipoeKUHHiam Ae6 mpHBVa. i'rp-
patrapnra napamen npoeKUHHJiamHH
QJdicaK, my 6man TacBHpHHHF TyjiHi"—
JinrH TaiiMHFaHAH KeonMHH «cam
ygyH ABC tckhcjihk 6nmu npn3Ma
HKKH ~HppaCHHHHF KecHhraH x, vy
H y TaJdiapHHH Tonnm kh(J)oh (112-gH3-
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Ma). By Hy~Tajiapimur HKKHHgn npo-
eKUHHJiapn (acocjiapn) X It Hyi~-
Taliap,aaH n6éopaT. AXCU BIX1 Tyrpn
giBH~Jiap I\l Hy~ia”a Kecnmafln. Kx
HyiyrajiaH npoeKunHjioBgn Tyrpn gn-
3n" yTKa3caK, 6y Tyrpn gH3HK ABC
TeKHCJIHKHH K Hyiyrafla Keca/m, BK
Tyrpn mh3hi® npH3Ma KHppacH Snjiau
H3JiaHran X Hyi~rafla Kecnmafin. 1lly
ycyji SnJian N HVi\TanH HcaftMH3 (gn3-
Mafla KypcaTHJiraH). XN Tyrpn qn-
W npH3Ma i“HppacniiH H3JiaHraH y
Hyi~Tafla KecaflH. H3JiaHraH KecnM—
6em6ypqaKfinp.

HKKHHgn ycyji. KecyBgn Te-
KHCJIHKHHHr aC3C TeKHCJIHrHflam H3H-
flaH (hthh Kecnmnm gHSHFHflan) Soh-
flajiami6 MacajiaHH equm, Kyn ~"oji-
Jiapaa KecnM ncam ocoHJiamaflH.

HKKHHgn MacajiaflaH cjionflaJiaHnS,
KecyBgn TeKHCIJiHKiiHHr PQ H3Iihh
TonaMH3 (113-qn3Ma). npH3MamiHr
XIX2C2| epHHHiir acoc TeKiicjiHK-
aarn X 1C1 H3H PQ Tyrpn gnsii* 6n-
Jian N HyirTafla Kecnmafln. NC TyF-
pH «gH3HKi X 1X 2\\nppa dHJiaH H3JiaHran
X Hyi*Tafla Kecnmafln. UlyHra yx-
mam Y Hyi*TaHn >%aM TonaMH3.

Arap KecyBgn tckhcjihkhh aHNn”-
jioBgn Hyi*Ta.napHn npH3Ma e*jiapnfla
ojicak, KecHMHH ncam KypuS yTHJi-
114- q«3Ma raH ycyjuiapflaH npHHUnnnaji cfapi®

KHJIMaftfIH.

113- MH3MVB

47-8. Moh/K mctojh ~aKwua TyuiyHHa

1. Hyi*TaHHur aniopjiarH TacBiipn. TeoMeTpHK odteKTHnHr Surra npo-
eKUnncn yHHHr 4>a30flarn b33hhthhh Ba xaMMa yl/igaMjiapHHH aHHiyiaS
Sepa ojraanfln, ruyHnnr ygyH yHHHr hkkh eKHyqTa TeKHCIMKflarn npoeKunn-
chhh acam 3apyp. UJyHra Kypa, (J>a30fla \'3apo nepneHflHKyjinp SyjiraH HK-
KHTa H, V TeKHCJIHK 0JiaMH3. H TeKHCIIHKHH ropH30HTaji npoeKUHHJiap
TeKHCJinrH, V TeKHCIHKHH BepraKaji eKH c})poHTaji npoeKunfljiapn TeKnc-
jiiirn fle6 anrajiafin. By TeKircjinKjiapi-iHHr Kecnmnm hh3hfh XX hh npo-
ei<uiiH vkh (114-mi3Ma) flefi afiTiidiafln. HKKHTa tckhcjihk (}a30HH TypT-
Ta lyiCMra, HbHH qopaKKa Syviaflir, qopaKjiap 114-gimiafla KypcaTHJi-
raHfleK HOMepjiaHran. ®a30flarn nxTHepim A Hyi*TaiiH 11, V TeKHC-
jilik.napra opToroHaJi npoeKUHHJiaS, AV A2 Hyi~rajiap xochji K;HjiaMH3.
By HylyrajiapiiH moc paBimifla A HyiyramiHr ropnsomaji Ba BepTHKaji ((})poH-
Tan) npoeKunfljiapn fleifruiaflH.
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3hah H TeKHCjiHKHH, gH3MaAa KypcarHJiraHAeK, npoeKUHHJiap y"H X X
aTpotfJHAa V TeKHCJIHK SuliaH ycTMa-ycT Tymryma afijiaHTHpaMH3. yer-
Ma - ycT TyiuHiuAaH jjochji 6yjiran TacBHp antop ekH kommkc HU3Ma Aenn-
jlaAH. (3mop cysn cjjpaHuyaga «epnre» cysHAaH ojiHHraH 6yjiH6, «liH3Ma»
Aeran Mat>HOHH 6mwpaw-) ByHAa Av A2 Hyi*Tajiap XX yn”a riepneH-
AHKyjinp Tyrpn quanta eiaAH. Xochji KjiJiHHraH KOMnjienc gH3Ma TecKa-
pHJiaHHUi xycycHHrara sra. XaKHKaian xaM, AxHyK/raAan H TeKHCJiHKKa
riepneHAHKyjiHp yrKa3n6, yHHHr ycTHra AXA — AXA2 KecMahh KjyncaK,
(Ma30AarH A Hy~ranHHr Ba3HHTH aHHiyiaHaAH. AV A2 npoeKUHHJiapra sra
6yJiraH HyirraHH (AX, A2 KypHHHiuAa e33MH3.

OaaoAarn nyKTaHHHr Kaftcn qopaKjiapAa eTHmnra KapaS, yHHHr npo-
eKUHHJiapH X X npoeKUHHJiam yi“Hra HHcgaTaH moc paBHmAa MatJiyM 6np
Ba3HHTJiapra sra 6yjiaAn, Ba aKCHHga, npoeKUHnjiapHHur >KoHJiamniuHra
Kapa6, (JiaaoAarH iiyKTa “"aficn qopaKKa TernmjiH SKaHjinrHHH aHHiyiam
MyMKHH. Arap Hyi\Ta Il Ba IV qopaKjiapHHHr SncceKTpHca TeKHCjinrnAa
erca, y XxojiAa AX==As gyjiaAH.

2. TyrpH gH3KKHHHr snicpAarH TaceHpH. Oasofla HXTHepnn / Tyrpn
gH3H«; 6epHJiraH 6yjiCHH. /, Ba /2 Tyrpn gnsHKJiap / TyrpH qii3H"HHHr H
Ba V TeKhcjihkjiapAara npoeKUHHJiapn. KoMnjieKc gnsMaAara HXTHepnn HK-
KHTa tx, 12 Tyrpn gH3HKJiap 6npop Tyrpn gqnsnKhHHr npoeKunncn 6ylia Olia-
AHmMI?

3nropAa depnliraH Ix, /2 TyrpH
gH3H"jiapra acocan, | TyrpH gHsnKHH
Hcam yqyH, H tckhcjihkhh XX — yi?
aTpa}3HAa myHAaii 6ypnm KepakkH, H
TeKHCJIHK V TeKHCJiHKKa nepneHAHKYy-
jwp SyjiCHH. KenHH IX opnajiH H Te-

KHCJiHKKa nepneHAHKYyjinp Ba 12
opifajin  V  TeKHCJiHKKa nepneHAHKy-
JIHp X2 TeKHCIIHKHH yTKa33MH3, kx Ba

TeKHCJiHKJiap Kecniunfi | Tyrpn 115-iH3Ma
gH3H"HH aHHKjjiaftAH. (115-gH3Ma). Arap
Ilv 12 Tyrpn graniyiap XX y~a nepneHAHKYyjinp gyjica, kx k2 tckhc-
jinKjiap napajuieji 6yjiaAH. By ”ojiAa | TyrpH gnsHi® MaBIKyA 6yjiM3HAH,
6yHAaH Tam”apn Ix, Ix TyrpH gnaniNiap XX y«, 6njiaH 6np Hyi*raAa Ke-
cnmca, Kx= k2 6yjiu6, It 12 Tyrpn gromyiap 6y TeKncjiHKjiapAarn hx-
TnepHH Tyrpn qH3HKHnnr npoeKUHHCH SyjiaAn.

UlyHAaH k;hjin6, arap amopAarn HXTHepnn Iv 12 Tyrpn groniyiap XX
jfara 6np Bai"TAa nepneHAHKYyjinp SyjiMaca, yjiap nroHa TyrpH groHKHHHr
npoeKUHHCH SyjiaAH. Ix, /2 npoeKUHHJiapn BnjiaH fiepHJiraH Tyrpn gH3HK
(Ix, 12 KypHHnmAa CejirnjiaHaAH.

3. TeKHCjiHKHHHr sniopAarH TacBHpH. Arap 6np Tyrpn gH3HKAa eTMafi-
AnraH yqTa Hy~TaHnnr npoeKunncn, eKn 6vma HViaa Ba 6HTTa Tyrpn gn-
snrHHHHr npoeKunncH, eKH HKKHTa Tyrpn gH3iirH npoeKUHHJiapn KOMnjienc
gn3MaAa depnjica, TeKHCJinKHHHr smopAarn TacBHpn SepHJiraH Ae6 “hco6-
jilanaAH. TeKHCIIHK, Kyn ~0JiJiapAa, H, V TeKHCIiHKJiap gnjiaH KecnmraH
h, v gn3HNJiapHHHr  6epnjinmH gnjiaH anHiNJiaHaAH. By H3JiapHHHr X X yn
CHJiaH 6up nyi"TaAa KecnmnmH paBmaH (116-gn3Ma).

1-Ma,cajia. a Tyrpn gn3ni® "3HHHHF smopAaru npoeKUHHJiapn SnjiaH,
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116-TO3M3 _ 117- MH3\VB

A £a Hyt"Ta ropH30HTaji npoeKuiiHCH finnan Gepnjiran. BepraKaji npoeKUHH-
CHHH TOnHHT.

av a2 TyppH gn3wyiap a Typpn hh3h~hhhp ropH30HTaji Ba BepraKaji
npoeKUHHJiapn, AL Hyi*Ta A HVATawiHr ropn30HTa;i npoeKUHHCH Gyjicwi
(117- gH3Ma). By ny~TaHHiir *BepraKali npoeKu,HHcn AX Hy~Taflan yra6,
XX y~~a nepneHfIHKyjinp Syzran TyFpn gn3Hi"HHkr a2 Typpn gH3ii* SiuiaH
KecnmraH Hyi~racnflaH nSopaT.

2-M acajia. (KecMa ysyHJiHrnnn amtiyiam.) AB KecMaHHHr smopfla-
rn npoeKUHHjiapHra Kypa y3VHjmrHHH ann”anr.

Arap AB KecMa npoeKUHH”ap TeKucjinrHHHHr 6npopTacnra, Macaliait,
BepraKaji TeKHCJiHKKa napajuieji 6yjica, ynnHr yaynjinrn yrna tckhcjihk-
flarn AB KecMa npoeKunncn y3yHJiiirnra Teur. AB KecManniir BepraKaji
TeKHCJiHKKa napajuieji SKaHJinrnun yHHHr ropnsonTaji npoeKunncnflaH 6h-
jiaMH3. Arap ropn30HTaji npoeKunn XX y~a napajuieji 6yjica, AB Kecwa
BepraKaji TeKHCJiHKKa napajuieji 6yjiafin.

AB KecMa npoeKUHHJiap TeKHCjinKjiapHHHHr finpopTacnra JaM napadi-
jieji SyjiMaciiH. AB KecMaHHHr A ygmin ropii30iiTali TeKHCJiHKKa npoeK-
miHJioBMH Tyrpn iih3hi® aTpO!})Hfla aftjranTiipcak, B ygnHHHr npoeKiuiHCH
y3rapafln. MacajiaH, B HyK/raF.HHr ropn30HTa/i npoeKunncn MapKa3H AX
HyK,Taaa SyjiraH aftjiaHa fiyftnqa ~apai<aT Kjijiafln, BepraKaji npoeKunncn
b2 Hyi~TajiaH yTyBgn, XX yi~a napajuieji dyjiraH TyFpn qnsnKfla j~apa-
KaTJianafln (118-gH3Ma).

AB KecMa BepTHKali TeKHCJiHKKa napajuieji 6yjiran ~oJifla, BX npoeit-

. Uhh At HyKTaaan yra6, XX vyiyya

e P napajuieji SyjiraH bx Typpn gH3HFnfla

/\ r eTafln. B, HyiyraHHHF dyiiflaft j~ojia-
A - thhh Bl 6njian 6edirHJianMH3. AXBY
J Keciwa AB KecMara TeHr 6yjin6, Bep-

THKaji TeKHCJiHKKa napajuieji 6yjiraH

X i X AB KecMaHHHr ropn3onTali npoeK-
i b, HHHcnflnp. AB KecMaHHHr Bepraicali
A 4 npoeKUHHCHHH Toiiniii yqyn. BX

\ 1 Taflaa XX yi~a nepneHflHKyjinp Typpn
/1 gn3HK, yTKa3H(5, b2 Typpn ‘jhshi® 6hjifih
Vol KecnmraH B2 Hyiyrami TonaMH3. A2B2
q KecMa AB KecMaHHHr AZ2B2 BepraKaji

118- >mBVa npoeKUHHen SyjiaflH {AB = A2B2.

128



VIIl BOB. "Hd><t>EPEHU,HAJl TEOMETPH3 ACOCJIAPH
48- 8. CKalinp apryMeHTJiH BeKTop (fjyHKyHfl

MaieMaTHKajia BeKTop apryMeHTJiH BeKTop Ba cKajinp (byHKimajiap 6h-
jiaH 6ap i“aTopua cKa-nap apryMeHXJin BeKTop (yHKuHH.nep “aM ypraHH-

JiaAH.
Y(q yjKOB~H eBKjinA cj)a30CH V Ba (a, b)ER HHxepBaji QepanraH 6yjicHH.

1-T at pn 4). Arap 6npop i"OHAa 6yfinga xap 6np t£ (a b) ra V 4>a30-

HHHr 6npop v BeKTopn moc i*yHHJiraH Syjica, y p ~a u:(a,6)->V
aKCAanmupuiu annK”aHran jiemJiam-

By xpma 6h3 {a, b) HHTepBaflAa cnajinp@_apryMeHTjin v= Vv () Bek-
>

Top- (JiyHKUHH aHH~JiaHraH ae6 3HT3MH3. (@, b) HHxepBafi v (t) BeKTop (Jjvhk-
UHHHHHr amgAaHuui co%acu 6ym6, V ())a30 yHHHr “uuMamAapu eKH y3-

sapum coxacudup.
Arap t06 (a, b) Hy~TaiiHiir aTpo(J)HAa v (t) BeKTop (JinKUHhhhhr v ()]

HopMaCH geKCH3 KHgnK <)yHKUHH 6yjica, hmh t-+t0jia jv ()l -v 0 fiy.nca,
V (t) BeKTop 4)yHKUHH t0 HVAT3Aa HeKCU3 KUHUK AeHHITaAH.

2-TatpH(f). Arap HxraepHH e>0 coh ygyH myHAaS 5>0 coh tohh-
jihé, 1— g < 8 Ga>KapH~raHA3 W () — a|< e MyHOC363T ypHHJIH 6yjica,
a BeKTop v (t) BeKTop (j)yHKUHHHHHr apryMeHT t HHHr t0 ra HHXHJiraH-

AarH JHVHXH AeHHJiaAH.
y3yH;iHi'H HOlJira TeHr BeKTop geKCH3 KHgnK BeKTop AeifflliaAH, jxbhh

\Wio (t)j = 0 6y.nca, Vv (t) BeKTop t0 HyK[TaPa geKCH3 KHgHK 6ynaAH.
vV () cjjyHKUHfliiHHr t0 Hy~TaAarn jihmhxh tl;%v (t) = a KypHHHUiAa $3H-
jiaAH. Tax>pncliA3H BeKTop- Y hkuhh .jihmhxhhhhp i*yHHAarn xoccaliapn i<e-

jih6 gnitaAH:
1) y3rapMac BeKTopHHHr jlhmhth V3Hra TeHr;
—» _N

> —>
2) {lﬂr&v(t)—a It!gnv(t)—b 6y;ica, lim (v(t)+ u() = a+ b

1

3) tllg]g U = a Baa£R HxraepHH ~h~hh coh Syjica, lim (av(t)=*

->
= ad;
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4) hkkh BeKTopHHHr CKaliap eKH BeKTop KynaHTMaliapHHHHr jinmhth
m BeKTop.nap jiHMHTJiapiiHHHr CKajinp eKH BeKTop KynaHTMal/iapnra TeHr:
y p.nap | p _U, _>! p i p y p

limv () —a, lim u(t) —b,

lim {v(0)-uft)) —azb (), lim (), O] = fa, T ().

1), 2), 3) xoccajiap hcSothhh yi*yBqura jjaBajia Kii.iran “oJiga 4) xoc-
ca hcbothhh KejiTHpaMH3:

s P

> - - J— > >
a) CKaliap KynafiTMa yqyn: v(t)- u(t) —a s b—( (t) — au () +
A A N — —

—
+ a m()—Db), 6y epaat M jiaw(/) a 0, u(0 —b->0, myHHHr
ygyH (*) MVHoca6aT ypmuiHUHp.

6) BeKTop KynaHTMa yqyH:

[[iT(O, tT(O01 — [oT&il =INO —w it)—T)] + [t>(0 —a,~b] —
— [«(0 —6,a]< Iv({t) —allu@®)—bj+ W) —allbl+j« (t) —bja}

—a —a > —>
6y ep”a ~aM t-*~t0 %1_>a () —a,u () — & BeKTopjiap ge.KCH3 KHgHK BeK-

Top.aapOTP, HtHH inapAO ra HHTii/iafl[H. Xocca hc6ot knhjihhah.
S;Tatpn™- v—V (/) BeKTop tfiyHKUHH yqyH t0£(a,b) Hy~Taja
tIi/(rt19v (t) =v (t0 MyHoca6aT vphhjih 6yjica, v(t) ijiyHKUHH tO iiy"Ta/ia y3-

JiyKCH3 nemJiam-

Arap V () cJiyHKUHH (a, b) HHTepBajihhhr xaMMa Hy~Taliapnua y3JiyK-
CH3_A6yjica, Vv (/) (BHynKHH5I my HHTepBaji*a y3JiyKCH3 erHﬂ;JiaﬂH._A

v (t) cfiynKUHHra t mmr xap 6np KHHMaTMa 6npop OM = v (t) Beicrop
moc KejiaAH. t apryMeHT (a, 6) HHTepBalifla a flan b raga y3JiyKCH3 vys-
rap_rgH/ia OM BeKTopmmr M ygn (Ja30,na 6npop qn3H” gH3a«H. U=

= v (/) TeHrjiaMa my gH3H"HHHr BeKTop KypHHHmnara napaMeTpHK TeHr-
JiaMacH fleHHJiaAH.

Arap cba30fla (0, i, /, k) ,ueKapT KoopAHiiaTJiapn cncTeMacHHH o.too,
- —a—a - n e
V (t) BeKTopHH { i, /, A| 6a3HC 6yfiHga eiicakK, v(t) = x (t) i+ y (i) j+
+ z (t) k xochji 6yjiajiH. By epaa x = x(/), y =y (), z= z() (a< t<
— >

6) TeHrjiaMajiapHH v = v (t) gH3H"Himr napaMeTpHK  TeHrjiaMajiapn
~eiiHJiaflH.

49- §. BeKTop (JiyHKi"HjiHHHr “ocHjiacn
(a, b) HHtepBanrflaH finpop t nyKTann ojihG, yHra myRuaH At opTTnp-
| Ma fiepaHIIHKKH  (t + At£(a, b)), ynAa t apryMeHTHHHr At opTrapMacnra
1U(/) BekTop (FIVHKUHHIFIHHr AV = H(t + At)— V(t) OpTTHpM3CH MOC Ke-
mm-
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->

TatpH”). Arap lim = lim Vv(t+Ar~— — (1) seKJdin jihmht
MO At AtM,, At

MaBJKya 6yjica, v (t) (JjyHKUHH (a, b) Hy"Ta”a  du(p(pepeHu,ua.uaHyenu
jyzmnam-
By JIHMHTHH = eKH v' (t) KnBll £3HJiaAH Ba V(1) (JyHKUHHHHHr t 6

£ (a, b) nytimadazu \ocuAacu AeiiHJiaAH.
- N N N N
Arapo (0 BeKTopHHHr (0, i, j, k\ CHCTeMaaara v (t) = x (t) i+
+y (0/+ z(0 " eftHiMacHHH ojicaK, t apryMeHTHHHr A/ oprrapMacHra
*(0. y (0- 2(0 @jyHKUHajiapHHHr
Ax = x (t+ AN —x (0, Ay =2y (t+ At)—y (t), Az = z(t+ At) —z (i)

.. . A Ax “m  Au -? Az -*
opTTHpMajiapH moc KeliaflH, Aewak, & X *—j——u /—f——Z &.

BynaaH 3ca’w(0 BeKTop <JyHKUHH AwjxjjepeHUHaTuiaHaAHraH fiyrauiH yqyH
x (0. y (0> 2(0 "yHKUHHJiapHHHr AH”epeHUHajuiaHaAHraH SyjiHiUH KepaK

AeraH xyjioca gHK>An. ZleMaK, BeKTop- (iyhkhhhhh AHcjxJjepeHiWHJiJiaiu
yHHHr KoopAHHaTaliapHHH AH”epeHUHajuiam AewaKAHp. Arap v = v(t) BeK-
Top-4>yHKUHfIHHHr KoopAHHaTajiapn AHcjxjiepeHUHaJiJiaHyBgH 6yjica,

dv dx -r , dy -*, dzr-
+ — J+ — k
dt dt n dt 1/~ dt

SyjiaAH, BeKTop-(JjyHKUHHHH AHt})(J)epeHUHaji"am ~oHAalJiapH ~yfiHAarnga

6yJiaAn:
1. Hkkh BeKTop 4>ynKUHH HnrHHAHCHHHHr ~ocHJiacn my (j)yHKHH5uiap

s ocHJiaiiapHHHHr HHrHHAHcnra TeHr:
(v(0 + “'(*)) = t?(0 + u' (0-
—m A
NaKHKaTaH ~aM, w (t)—v(t) + u(t) SyjiCHH. y ~o.iAa
Aw =~v(t+ A0 —v(@®)+ u(t-F-FA/)—u@®) —At+ Au
ByHAaH:

lim = lim + lim *JL ; w' () = 7 (b) (i).
Al-»0 At At->0 At A-*0 At

2. CKaliap KynaHTMaHHHr “~ocHJiacn:
- > - — > >
(yew) =u v +vVv eul\

3. BeKTop Kyn3HTM3HHHr ~ocHJiacn:

[(a «)]' = 1+ > «].
A —>» L Sa —> > >

AawaT3H 58M Afo, «] = [(y + Av), (u+Au)] — [v, u]
8kh A[v,u]l= [(v+ Av) (u+ Au)]—I[v,(u+ A«Q]+ [0, (ud- A"«)]—
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122- MH3MVB

— X, QP =y, BP = z aaH bhht qu-
3HI"HHHr  napaMeTpHK TeHrJiaMaliapH-
HH ~OCHJ] K, HJiaMH3:

X —acoscp, y = asing>, Z — Xop.
51- §. 3rpH HH3HAHHHr ypHHMaCH

\Y, — chjijihk; srpH gH3HI* 1 —r (t
TeHrjiaMa SnjiaH SepHJiraH SyjicHH.
y yHfla eTraH P (t0), Q(t0+ At) Hyt~-
Tajiapaan yTyBgn | = (PQ) KecyBgnHH
OJiaiiJiHK (122-qH3Ma).
TatpHt}). | KecyBgHHH A/-vO
flarn jihmht ~OJiaTH 7 srpH gH3H"a
123- HBVA P Hy~rafla yTKasHJiraH ypuHMa .aeHH-
JiaflH.

t napaMeTpHHHr At opTTHpMacHra r (f) cJjyHKUHHHHHr Ar = r (t0+
-f- At) —r (t0) opTTHpMacH moc KejiaAH. BMI‘ ABeKTop / KecyBgHHHHP
fiyHajimpyBqH BeKTopH 6yjiaflH. V ~ojifla At rf't® A(t@~ TA BeKTop

%M Ar BeKTopra KOJiJiHHeap 6ym6, KecyBgqHHHHr HyHajirapyBgH BeKTopn-
£Hp. At >m0 "a Q Hyi*ra Y gH3H" 6y«Jia6 P Hy~Tara hhthji3Ah. LOapTra Kypa

->
r (t) flHcjxjiepeHUHajidiaHyBgH fyyiiKuun SyjiraHH HT’ (t) = lim  -—-
® Jxjiep JA yBgH  Tyy Y] yay ® APO At

shocHJia MaB*ya Ba r' (t) BeKTop ypnHMa 6yftjia6 HynajiraHflHp. V arpn
*jH3H"a P Hy~Ta?aH yTraH ypHHMaHH g 6HJiaH Qe.nnuiaidJim Ba yHAa



6npop E Hyi"TaHH oJiafijmK. y “ojia (123- gH3Ma) PE Ba r'(t) BeKTopjiap
KQJiJiHHeap 6yjiraHH ygyH PE—Xr' (/), r(t) = r (tQ+ PE ekHr () =
“r () -h Xr' (©) (1);

(1) TeHrJiHK y arpn gii3Hi*a P ny~Taaa yTKa3HJiraH ypnHMaHHHr TeHr-
JiaMacHAHp. 3rpn gH3Hi* 6y CHCTeMata X —x(t), y = y(t), z = z(t) (2)
napaMeTpHK KypiiHHinua 6epHJiraH 6yjica, yHHHr P Hy~TauarH ypHHMa-
CHHHHr TeHrJiaMacH KyfiHflani KypHHHiuAa 6yjiaAH:

x{t)=x (t0 +Xx" (¢,.).
y(t) =y (0 + Xy’ (t0,
z{t) = z(t0 + Xz'(t0

CKH
x(t) —x(tB) _ y(t) —y(t.,) _ z(t)—z(t0)
X' (t0) y1(t0) *' (to)
TeKHCJiHKKa 6epHJiraH arpn  gH3HK;, yqyH napaMeTpHK TeHrJiaMa X =*
<X (1), y —y(t) KypHHHiiiua 6yjiH6, yHHHr 6npop Hyi*Tacnra yTKa3HJiraH
ypnHMaHHHr TenrliaMacH <=9 = Y=Y(L o iiining osisaH.  3rpH

X (to) Y (to)
qH3H~ TeKHCJIHKKa F, (X,y) = 0 TeHrJiaMa 6nJiaH 6epHJica, ypHHMay — y0 =*

= — —it (X— X0 uiakJiHH i~aSyji i"HJiaAH. 3rpn iih3hh; XOW TeKHCJinrH-

Fy,,
Aa y —T (X) TeHrliaMa 6man HtfiOAaliaHca, ypHhMaHHHr TeHrJiaMacH
*_*0 - o
0— Y s KypiiHHUira ara. ByHAaH: y = y— (x —x0 + yO0. By epAa
y°
X hh napaMeTp CHcliaTiiAa Ka6yji i"HJicak, X — 1 fiyjinS, ypHHMaHHHP

TeHrJiaMacH:
y =Y., (x—x0 + y0.
M ncojuiap. 1.

X —asin2],
y = bsintcost,
Z= Ccos2l

) ji .
srpH  gH3HK"a I—L nyiaaAa yrKa3HJiraH ypnHMaHHHr TeHrJiaMacH Ty-

shjichh. ByHHHr yqyH gepnJiraH (JiyHKUHHJiapAaH “ocnJia 0JiaMH3:
X' = 2asintcost = asin 21
y' ~b (costcost— sintsint) = bcos 2],

2'= — 2ccostsint— — Csin 21

n a b

4 *0— 2y — 2=0 z° — ©
X =ay —0, z ——c
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YpuHMaHHHr TemviaMacH:

X— S 7 —-
y 2

a 0 —cC

2. X = acos3l y = asin31 srpn hh3h® ypHHMacHHHHr TeHrJiaMacn
TONHJICHH.

By epflax' = — 3acos2lsint, y' = 3asin2lcost Ba X —2C0s31
i —3acos2lsint
y —asin3t
3 asin2lcost
6ynfl.au.

xsin t -f-y cost— asintcost(cos21l+ sin2/) = 0

enn
2Xsint+ 2ycost—asin21= 0.

T a-bp hi}). 3rpti HBHMHH (SepHJiraH Hyi?raCHflarH  ypHHMacnra nep-
neHflIHKyjmp  6yjiraH Typpn gH3H[ yHHHr my Hy~Taflara mpMam fleiiH-
JiaflH.

® 330bhh 4H3HK;HHHr fieJinum HyK,TacHMarH HopMaliJiapH neKCH3 Kyn
6ym6 (Hera?), yjiap 6np TeKncjiHKfla eTafln Ba 6y tckhcjihk HH3H HHiir
my HyKTa”arn nopMaji memcMieu. fle6 aTajiaflH. j*aMMa Hy~Taliapn Snrra
TeKncjiHKfla eTraH hcch gH3HAHHHr ~ap 6np HyKTacHfla <sHTTa HopMaAb
MaB>Kyn.

Arap HH3HAlarH 6epndiraH HyKjTa P (tQ, HopMaji TeKHCJiHKflarn HxraepHH
Hyi*Ta Q (/) flaH nScpaT Syjica (124- gH3Ma),

PQ =~r—r0= (x— xOi + (y—y0~j + (z— z0-£,

PQx7"' (g ==(r—70-r'=0
eKH
X—xOX'+(y- #)yd+ (z—z00z'=0
TeHrjiaMa srpn MH3HI"HHHr P Hy~TacHflarn HopMaji TeKHCJiHraHHiir TeHr-
jiaMacnflHp. fO”opufla TabKHflJiaranH-
MH3ra acocaH, TeKHCIiHKflarn hhshi®
HopMajin ynyH

[x—xOx[+ (y—y0Qz<= 0 ekH
y_yO -2- (X—XO)

TeHrliaMaHH xochji i"HJiaMH3.

M Hc 0 Jl. BHHT gBHI"x = 2 cos t,
y = 2sint, z —At HHHr t — 0 Hy™
Taflarn HopMaji TeKHCJiHmHHHT Tem -
jiaMacHHH Ty3aftjiHKf t = 0 ra moc
MO Hy~TaiiHHr KoopflHHaTajiapn: x0—
= 2, yO= 0, z0= 0, MO Hyi"TaHHHP
Koopfl[HHaTajiapn: (2,0,0);

136



= —2sint, y —2cost, z2'—4. /= 0fla/ =0, u0'= 2, 2'= 4.

HopMali TeKHCJiHKhhht TeHrJiaMacH
(x—2)-0+ (y—0)*2 + (z—0)>4 = 0-eray+ 2z =0.

52- §. 3rpH MH3H* eHHHHHr y3yHJIHrH. 3rpH HH3HIAHHHr Ta6HHH
TeHrjiaMajiapH
> A

Chjijihir arpn HHBHA r —r (t) TeHrlJiaMa 6HJiaH 6epnliraH dyjiCHH. Ma-
TeMaTHK aHalJiH3 KypcHuan MatliyMKH, yHHHr [a,t] KecMara moc KeliraH
Vi c: v eftHHHr y3yHJinrtHHH Tonnm yqyH Vi eftra hmkh HHSHJiran chhhk; mh-

3HI" SyrHHJiapH qeKCH3 HKKHJiaHrapHjia/iH.
AHa uiy chhhi® mh3Hk, KecMalJiapHHHHr sht KaTTacH HOJira HHTHJiraH-
AarH chhhk, hh3h” nepHMeTpHHHHr jihmhth CHHHHr y3yHJiHrH fle6 aTa-

jia®H Ba
s=j \7'(t\dt 1)
a

KypHHHiuAa e3HJiaAH.
Arap arpn mh3Kf,

X=x(), y—y(@©, z=12(0 (O}

napaMeTpHK TeHrJiaMa 6nJiaH 6epHJiraH 6yjica, yHHHr efin ysyHJinrn
/W T iT I+ W dt )
eKH

s= fVx'2+y'2+2z'2 dt 2"

a

(JiopMyjiajiapra acocjiaHHS “HcoSjiaHaAH.
X0y TeKHJiHTHAa erraH hh3h™ yayH eft y3yHJinrtH s — | V x'2+y ' At

ra Tenr.
AeMakK, arpH gH3H" eflHHHHr ysyHJinrn t napaMeTpHHHr c”~yhkuhhch-

AHp, HTjHH s — s(t). By cjiyHKHHfl t> a Syjirauaa Myc6aT, t<.a fiyjiraH-
fla aca MBHj)HH 6ym6, t mohotoh jferapca, s(t) cfiyHKuna mohotoh ycyB-

HHiH ~ataTaH, (2) aaH 4 = V x'2¢ y'2+ /  @kh -

- —a

aKaHJinrHHH TonaMH3, gyHKH (f>apa3HMH3ra Kypa r (t) # 0, uiy ca6a6jiH
s = 5(t) 4>yHKUHHra TecKapw (jlyHKUHH MaBKyu: t — t(S).

myuuaft i\hjin6é, s HHHr ~ap 6np i"HHMaTHra t HHHr aHH” Snrra i*hh-

Mara moc KejiaflH, hi>hh s en y3yHJinrHHH napaMeTp CH”arafla ojihhj

137

=P @> 0



mymkhh. y 30153 (1) Ba (1) TenrrcaMa.fiap i*yfiHflarH K”pHHHiura Ke-
JiaflH:
r=rte@) 3)
eKH
x = x(t(s)), y —y(t ) z= z(t(s). (3"
<3) Ba (3') TeHrliaMajiapHH Kyftnflanra "aM &hiu mymkhh: r —r ©
eKH x —x(s), y —VY (9), z—1z(s).

By TeMViaMaliap al'PN KH3H"HHHr TaénHft napaMeTpra HiicfiaTaH TeHrjiaMa'
JiapHAHDp.
By ~ojifla

10 = 1 4

HbHH r (s) HHHr Ta6HHH napaMeTpra HiicSaTaH xociijiacii 6hpjihk BeKTop-
fliip, nyHKH P Ba Q Hyi*rajiapHH TyTauiTHpyB4H BaTapHHHr y3yHJiHra

JAT = 14 (t+ At) —r (0| 6y;ica Ba
|As| = |s(/ + AQ-s(Q]
Syjica (124-MH3Ma):

->
dr .
= lim
ds | A0 As
As-yO Ba A/->0 mapTjiap TeHr Kygjm SyjiraHH ynyH
->
lim A =1
A<>0 As

M ncolJiJiap. 1. X= a(cos/ + ~sint), ¥y = a(sint— tcost) HBH*
HHH- [tit t2 gpadiHKflarH efiHHHH y3yH;mrH toiih/ichk.
3rpn iH3HA TeHrJiaMaJiapHflaH ~ocHJia o;iaMH3:
X' —a(—sint + sint+ lcost) = atcost,
y' —a(cost —cost + tsint) = atsint.

Eh y3yiiJiHm
_pn W@- tt
s= J]/a2l2cos2/ + a212sin2! dt = j atdt= a~ n
ra TeHr.
2. ¥y = Incosx «8HHH 0; opaliH™ara eft y3yHjrara jjhco6-
JI3HCHH.
y' = (Incos x)' = sinx
B cosX
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3. X — acost, Y — asin t gH3HK;HHHr t= 0 Ran t raga 6yjiraH

y3yHIJmrHHH ~HcofiraHr Ba 6y gH3HAHHHr S napaMeTp op”~aiw H(})OflajiaH-

raH TeHrJiaMa/iapHHH TyanHr.
t .
s =] a2c0s21+ a2sin21 dt—at, 6yiwaH t= —

0

» S e S
ManaHraH TeHmaMaliap: X = @cos — * Y = asin — -«

53-§. TaOHHH yn etyiHK Ba “peHe (J)OpMyjia*apn

Pery;iHp arpH gren® r —r (t) (1) TemviaMa 6HJiaH 6epH/iraH 6yjiCHH.
t napaMetp yqyH S eiiHH K.a6yji ipuicaK,

dr

o T @)

BeKTop arpH gqraHi"HHHr M nyKTacHAarn ypHHMacHHHHr 6npjiim BeKTopa
6y.rcanH (125-gH3Ma).

w2~ % =N ®
BeKTOp arpn gH3HKHHHr M HyKjacimarH arpn®iHK BeKTopn, yHHHr y3yH-
jiHrn \N | = k yHHHr my HyA~Taaarn arpHlinrn fleftHlia/ui. Yyphhm3hhhp
CHpjiHK BeKTopn t SnjiaH yHHHr “ocnjiacH SyjiMHiu N y3apo opToroHali-
AHp. Illy N BeKTop 6yHHga fiynaliraH TyrpH gH3H" arpn gH3H"HH M Hyi*-

Tauarn 6oui HopMaliH fizmnaw- N BeKTopHHHr 6npjiHK bthOphhh v
6HJiaH SejirH-nacaK,

di
N = kv eKH 4
ds
~ochji 6yjiaAH. M  Hyivra.ua HHa 6ht-
Ta SHpJIHK BeKTOpHH aHHKj.TaHMHS:

p=[X v]. By BeKTOp ~aM I ra,
xaM v ra opToroHaJiflHp. IIIy BeKTop

fiyHarHHiflarH [M; p] Tyrpn gH3H” ar-

pH QH3HKHHHT 6UHOpPMaAU

3 rpn gqH3HMHHHr ~ap 6np Hy~TacHfla-

rn 6o0iu HopMalJiH Ba 6 HHopMajiH jteapo 125- WH3VB

eft



e nepneHfIHKy-fi*p- ypHHMa 6kji3H 6om
4 =L m remcMK HopMaji op”a.™ yTyBgn tckhcjihkhh
enuuiMa memcAUK, ypHHMa SnjiaH

I— 7 T fZ-tnmm AHHopMali opitajin yTyBgn tékhcjihkhh
3 1z7 TyFpiuioenu,  meKUCAUK flennjiafln.
,;IYIj Born HopMaji SnJiaH 6hhopm3ji opita-

"AH yTyBgH TeKHCIHK HOQIMCLA mekuc-
~TYFPnmw nuKdup. 3rpn gn3H"HHHr xap 6np Hy”-
TEKHIMK  TacHflara 60111 HopMaji, 6nHopMali

ypHHMa J*aMfla ennuiMa tckhcjihk, TyF-

pnlJioBgn TeKHCJiHK Ba HopMaji tckhc-
jiHKJigpflaH Taui“KHji TonraH yq eiyiHK
>

TaSnHH yn eMAuic fleiiHliaflH (126- qH3Ma). A 6HJiaH p HHHr BeKTop Ky-

dv
nanTMacn v BeKTopra nepneHfl[HKyjinp Ba fleMaK, 3 BeKTOpra napajuieji-
s

dv
flHp. UJyHHHr ygyH mynflan a, X coHJiap TonHJiaflIHKH, — = at {-Xp

(5) 6yjiaflH. t, v BeKTopjiap “aw opToroHali: t- v = 0. By TeHrjiHKHH s

napaweip 6ynnga flHc”epenUHajuiacaK, v + T —0- (4), (B) ra
> S s > —a .
Kypa Vv skv + t + AP)= 0, SyHflaH sea k + a — 0 eKH a = — k.
A N N
(5) flaH: = —kv+ Xp (6).
A A Rs

P = [t, v ]hhsnapaMeTp 6ynnga fIH(})(})epeHUHaliJia6, (5) Ba (6) hh ~h-
coSra olicaK.

r ->

->
s dt Voo+ T 1 kv, v]+[t, —H-f-A p]
ds ds . d* J
= k[\, v]-ft[T,A"]_XK $].
JleKHH
[v,v] =0, kK 1]1=0, ?Vpl=~r.
AeMakK,
dl
mX
ds v ™

(2), (6), (7) (jiopMyjiaJiapHH Opene cfcop.wyjialiapH fleiiHJiaflH. (7) (})opMy-
Jiaflarn X con arpn qiBHi"HHur M Hy~Tajarn 6ypajiHuiH fleiiHJiaflH. cbpe-
HHHr 6y (J)opMyjiaJiapH 4>a30BHH gn3Hiyiap Ha3apnHCHfla KaTTa a“aMHHT-
ra sra 6yjiH6, yjiapra KnpyBgn k arpHJiHK Ba X 6ypaliHiu gH3H"HHHr co<J)
reoMeTpHK xoccajiapHHH H<J>oflaliaiiflH.



54-8. 3rpn HH3H\HHHr arpHjiHrH Ba SypajiHuiH

PeryjiaTop srpn mh3h~ I = I (S) TeHrJiaMa 6nJiaH 6epHJiraH 6vjichh.
YnAa P Ba yura h~hh eTraH Q Hyi®raJiapHH oJiamH3. P,Q nyivrajiapaa
arpn quanta yTKa3HJiraH ypHHMaliap opacHAara SypgaKHH a 6njiaH deji-
rHJiaHMH3, PQ eft V3VHJIHrH h ra TeHr SyjicHH (127- qH3Ma).

MHTra aftTHJiaAH.
By MH3HKHHHT P, Q Hy~TajiapHra yTKa3HjiraH ypHHMajiapHHHr gnpjiHK

BeKTopjiapn ' (s) Ba ' (s + h) SyjiCHH. By BeKTopjiapHH 6htt3 yMyMHH
ygra KejirapaMH3: ' (s) = MA, r' (s -j-h) = MB, z. AMB = a (128- gH3-
ms). AB —r' (s+ h) — r' (s) fiyjicHH. 3rpn iiH3Ht"HHHr arpHJiHrHHH K 6h-
JI3H 6ejirHJ13C3K,

lim Ji = lim-Ji- lim
a0 h h-*o\AB\ h"o h |.

muaaaH \AB\ = 2sin — . tUyHHHr H lim = 1, HKH /i->0
5 y yqy ho IVE qy!

Aa a 0 6yjin6,

gH3HAHHHr arpHJiHIH Kk — \r" (s) | ra TeHr. TaT>pHU)A3H TyrpH gH3HK[HHHP
xaMMa HyKT3JiapA3ra arpa/mra HO0Jir3 TeHrjiHra aeH, KcuiraH qH3Hiyiap
yqyH arpHJIHK HOJiAaH (jjapiyiHAHp. ZleMaK, qgH3H"HHnr arpHjinrn yHHHF
Tyrpn gH3HtyiaH geTJiamnm Aapa>KacHHH 6HJiAHpaAH.

2-taibp hd} 3rpn gaaHi"HHHr SepHlJiraH Hy~TacHAara arpHJinrara Tec-

Kapn MHiyjpp R — my Hy~TaAarn azpiuiuK paduycu AeftHJiaAH.

3rpn gH3HKAa HXTHepnft P ny”Ta Ba yHra h~hh eTraH Q ny"TaHH
OJiaMH3. P, Q Hy~TajrapAaH enniiiMa TeKHCJiHKJiap yTKa33MH3 Ba yjisp opa-
CHA3rm SypgaKHH A0 gnjiaH 6ejiraJi3HMH3. 3rpn gH3H'HHHr P B3 Q ny”-
T3Jiapn opacara >Koftjiamr3H eftHHHr y3yH.inrH As 6yjicHH (129- gqH3M3).

3-ta-bph@ 3rpn gH3HKHHHr P HyKTaAarn Sypcuiuuiu Ae6 Q Hy~Ta

B

n

127- HBVR 128- HH3MB
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129- HER

P ra HHTHJiraHfla %9 HHCSaTHHHr
S

JHMHTHra aHTHJiafH Ba y 4, 6m aH 130- HHBVB
GelirH™aHaflu: -

, o A0
«!' = lim — .
AsrO |AS|
P (s)» P(s+ As) BeKTopjiap P, Q Hy~TajiapaarH CHHopMalJiHHHr 6np-
fIM BeKTOp~apH 6yjiH6, yjiap opacH™arH SypgaK A0 ra TeHr. y “ojifla (130-
MH3Ma)

\AB\ = |p (s + As) — p"(s)| = 2sin2”

— dim 2% < imor e 1gim 2P
AOAs  AsSO|N IARD A
6y ep.ua
Hm A = 1,
ASPORB\
lim AB_ _ Hm (s+ As)-f(s) _-t, , v
Ash° As Ng~*e As
AeMaK, HH3HKHHHr SypaliHiiiH = |P'(s)]. p' BeKTop p ra Ba t opxoro-
HaJiflHp. ~a”~aTaH 7~aM, P'= [t, v]'= [, Vv]+ By ep™aH

[t'j~"]=0, gqyHKH % v ra napajuieji. IUyHHHr ygqyH p' =[t, v'].
ByHflan sea P'_I"t Ba p 'lv'. UlyHflaft k,hjih6, P' v ra napajuieju Y

jgwifla kx= |(P?-v I OpeHeHHHr (1) (j)opMyjiacnra Kypa v =y +~ —

L ALL —J_ T" gyjiraHH yqyH
k2 ds2 k



55-8. 3rpw HH3thHHHr arpHJiHrw Ba SypaJiHuiHHH ~Hcogjiam

3rpn TOBHK, r —r (t) TeHrJiaMa 6 mm 6epHJiraH 6yjicHH. y “ojiAa

dr dr ds _qﬁ r dir dx | ds _]___gj_r [os
T ot ds dt dt d2  ds2 vt & d2’
N
epfla d*7 = kv dr: * SKaHJiHFHHH xncoSra ojicaK, r' — kv ES
ds2 dt dt

4- t Edtf Bynflan r" BeKTopHHHr [M, r , v ] enniiiMa TeKHCJiIHKKa napaji-

jiedi SKaHJHHHH KypaMHS.

- (ds\2
7,7']1= r T L\ .
L= dt vt T de WK/ T
*ds ~+dzx1 ,/ds\2r-> ds dz > >(ds\
+ . ft, "Cj.

1tV J+-5 T - [T-TJ“*u)

S
e Ir' (01. fT>vi= P 6yjiraHH yqyH [r', r"\ = |r' (0I3P ¢k, SyHAaa
"1 fre reil
w ---r----lrr"i. p SnpjiHK BeKTop, uiyHHHr yqyH LA
.ow.i* Up IrMI*
3rpn |H3H" X —X (), y —y(t), z = z(t) TeHrJiaMaJiap 6MJian 6epHJi-
raH 6yjica:
\Xu yu 2+ yll Z"j2 , IZu X" 2
Xy ytz'1 j x

W —v x dy2d72

Ixt y" 2yt gt 2 gy

+
' zZ X
k —m Xy y 2

V (*2+ y2+ 7'23

3rpH mh3kk, XOy TeKHCJiHKKa HioHJiauiraH 6yjica, ht>hh x = x (t),y ~
= y (t) TeHMaMajiap 6hjish SepHJiraH fiyjica, yHHHr arpHJiHra k =<

/v

fi"
JiaMa 6HJiaH SepHJica, yHHHF srpujiHrn k = ~ L cjiopMyjia 6yHH-
1"+ y'2)3
ga 3{Hco6jiaHaAH. LUyura yxuiaui srpn gH3H"HHiir fiypajiHum  kx
NN, 22 X T% T )
bl

3 <j>opMyjia gynnga j$Hco6jidH3AH. Hh3Ki$ y ~y (X) reHr-

_ ra TeHP 3ah. ByHAaH x =>x (1), ¥ =
ir, r''y
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= y (1), z= z(t) napaMeTpHK TemviaMara yTcakK, Gypajinm
"
2o

X«
o
kx = X
X" y"\g
F y 1+
4)opMy.lia 6yHHHa ~HCo6"aHaflH.
MHco~Jiap. 1. x = acost, y = asin/, z=Dbt bhht TGBHfhhhhp
3rpHJIHIH Ba 6ypa;mmH .\HCO6jiaHCHii.
SrpH gH3H" Tenr*aMajiapHflaH:

vk 2 01 z2" X712
7' \z' x' 1

BT <<<

X = — asint, y' —acos tt Z' = b;

x" = — acost, y" = —asint, z" = 0;

X" —asin t, y"'= —acost, z"'=0,
~\f l—acost—asin? , ~—asint0 0 -acos
p kasin/ acost * acost b * -asin/

- y (i -asint)2+ (acost)2-f-b2)3

V (—a2co0s21—a2sin2)+ab2sin2t-\-ab2cos21 __ Va* adl
V (a2sin21 a2cos21+ b2)3 V(a2+b23
aVa2\-b2 _  a
Y (a2+ b2)3 +62'

AeMakK, k =
eva a2b2

y srpH MH3HI"HHHr gypajiHuiH
—asint acost 6

—acost —asint 0
K — i asint —acost£0
J|—acc_>st—asin tfi , —asint0 2 i 10 —acostl2 024+6»
I —asin/ acost\ acosi b " \o—asin/
2. y = — x3 arpH gH3HI"HHHr aSciwccacH X = — ra TeHr Syjiran Hyi™

TacHflarn srpHjiHrn toiihjichh.

Eghm. y' — —3x2; y' = — 6x. X = — Hyiranay" = — —;
2 4
= — 3 ra TeHr, y xoji*a
—3 192
125 *
*/

56- §. JKCH 3ppH HH3HJiap

Chjijihk; hcch arpn  4H3HM Ba yHHHr xap 6np Hyi~racHflarH arpHJiHrn
k ¥=0 6ylicHH. By gH3HK;HHHr ~ap 6hp Hy~TacHflara 6ypa;wiiiH HOJira TeHr:

kx— 0. ~aicaiaH j*m, hcch ™3HA yqyH t Ba v BeKTopjiap Y arpH hh-
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gH”™ TeKHCJImrnra napajieji, AeMaK, p jterapMac BeKTopjiapAHp. IHyHHHr
ygyH “ _ -no.

ByHAaH kX = UP' v)J = 0~
l-tatph Arap N — kv— BeKTop M Hy~TaAanp = —  Maco<}>aAa

eTca, hcch MHBHK, yqyH [M, v] 6om HopMali*a eTyBgn P nyi*Ta arpn gn-
HK[ihnr M HyK;TaAarH aapuAua MapKasu jxemjiaRU.

P iiyi"TaHHHr pa”Hyc bcktophhh p 6HJian 6e.nrH.nacan,

P~r + pv (1)
~ochji 6y.fiaAH. OpeHe cfjopMyjiacnra Kypa kv = d dyHAaH v __-IJ_FC-
s s
hh Tona\iH3, y ~OJi*a (1) (f>opMyjia ~yftHflarH KypHHHiura Keldia®H: p «=
“m, 1 dt
~r+ ¥"ir-
3rpn mhshi* y —y(X) TeHrJiaMa 6HJiaH 6epHJiran 6yncHH. By TenrJia-
m3hh BeKTop KypHHHiHAa e3cak, F = X i+ yj . 2)
ByHAaH
dr ds iV\i i« > In 1
<fr dx Tf , 1 1 ™, G ™
T d**ds“"+y"'VT+T*~VT+Y* VT+7e
9% 909X AHCOO RO HHAAHIIHK:
ds dx ds
d? = =yly"_j, » ¢ =y (LT
ds vV 1+ (I')3 V(I + 123 VvV (1+1/'23
y “cwiAa

dT

. A y" 1
- <+ /‘]y(1+y72531qu/\

§kh
f =" < -~ * 3+ T > - 3)

(3) AaH —  HHHF KHHMGTHHH (1) ra JWHMHS!
S

=t e — </'«+ KH k — - ===A
E| ' K @+ y2)3( «i)e Y/(l+y2)3

ByHA3H:

10-* *reoVeTpHH 11 KHOW 14S



Arap P HyKjaHHHr KoopAHHaTacn (£, r]) 6yjica

u + Cj= x7+ IT+7) = foy——" "-)y)T+

+ (*+3f~)
Bynflan srpHjiHK MapKa3HHHHr KoopAHHaTaliapHHH TonaMH3
Vox (YR oy ife?
& "
2- ta

ph<). 3rpn mi3HK 9rpHIIHK MapKa3JiapHHHHr reoMeTpHK ypHH
uiy arpH HH3H HHHr aeoAtomacu ppmnajxn. 3rpn hhshk, x = x @,y = y(t)

TemviaMa.iap 6HJiaH SepHJiraH 6yjica, SBOJiiOTaHHHr napaMeTpHK lenr.aaMa-
jiapn:

=xX() =y @®-—* (0~ Yy (== = «()+ a' (o ------ A A
(1)- "(t) 10}

“W (0.-*W (0
Mhcojijiap. 1. y = sinx 9B0Ji0OTacHHHHr TearJiaMajiapH Ty3HJicHH.
EqHin:

y’—cosx y" = — sin X,
b x— cosx L2 -y ¢ qosx 14052
—sin x sin x
. 1+ cos2*  sin2x — 1— cos2* 2 cos2*
= sinX + - . )
mSin x sin x sin *
2. x —acost, y —bsint sjuranc SBOliioracHiiHHr napaMeTpHK TeHrjia-
MaliapH Ty3HIICHH.
Equrn:
X' ——asint, x" = — acos t\
"= bcost, y' — — bsint.
E - acostt bcés t0'>S| '2°+, b2cos2t _ a2—b2003§,\l
ab sinH+ ab cos2* a

n *:bsrn"— asin |/ﬂ25|-n2/+ ft200521: b2— azsm:%"
absin2 + ab cosH b
JHeMaK, 3BO0Jii0TaHHHr TeHrjiaMacn:

57- 8. Ebkjiha (jja30CHfla cnpTjiap. Chpt TyuiyHHacH
1- taTph (). Ohnhi® flIOHpaHHHr cbkjiha TeKHCJiHrHAara roMeoMop<}> 06pa3H
VAeMenmap co\a AefiHJiaAH.

Tyrpn TypiSypgaK, KBaflpaT, TpaneUHH Ba sjuiHncfWHr hhkh lyic.MJiapn
SJieMCHTap co”ajiapAHp.



* 2-tatph(). TeKHCliHKAara ajieMemap co®aHHHr Es (f)a30/iara roMeo
Mop(j) o6pa3H djieMenmap cupm neMjiap.ii.

TeKHCJIHK, sjijinnTHK Ba rnnepSoJiHK napadoJioH/yiap, napadoJiHK uh-
JIHHAp 3JieMeHTap CHpTAHpD.

3-Ta-bpncJ). Oarjora HVKTaiapuHHr <P TynjiaMH fioFJianraH 6ym\6,
yHHHr ~ap 6np X Hyi“racH myHAaft G aTpo({)ra ara 6yjicakH, 0 TynJia-
MHHHHr G aTpoc”ra >KOHJiamraH khcmh ajieMenTap CHpT 6yjica, 0 Tynjiaw
codda cupm AefiHjiaAH.

TatpH”aH KypHHa"HKH, xap i*aH”an ajieMeHTap cnpT co/ma CHpTAHp.
JieKHH xap K.anjaH coa”a cnpr aohm ajieMeHTap cnpT SyjiaBepMaH/p. Ma-
caliaH, c<}epa coAHa cnpT, jickhh ‘ajieMeHTap CHpT 3Mac, eKH ajuwnTHK
UHJiHnap coMa cnpT, JieKHH ajieMeHTap CHDT 9MaC.

G — TeKHCJiHKAarH ajieMeHTap cox“a SyjicHH, y "oji*a 1- TatpHcjjra icypa
f:G-<r-E3 roMeoMop<J)H3M E3 cfiaao™a co”/ia 0 CHpran aiwiyiaHAH.
HyKTaHHHr AeKapT KoopAHHarajiapn (u,v), Q = [(P)E<P ny~TaiiHHr Koop-
AHHaiajiapH aca X,y,z oyjicHH. ZJeMaK, <P CHpT*arH Q HyiraHHHr x,y,z
KoopKHHaxajiapH G co”aAara P Hyi"Ta KoopAHHaTajiapuHHHr t"yHKUHfljiapH-
AaH HdopaTAHp:

x — fi (uyv), y = f2(u,v), z= fs(u, v). (1)

(1) TeHrjiaMajiap coAAa cupTHHiir napaMeTpHK TenrjiaMajiapn AeHHJianH.
Tai>pH(J)ra Kypa fv 2 f3 c*yHKUHHJiap G co”afla y3JiyKCH3  <j)yHKHHHJiap-
AHp. Arap (1) TeHrjiaMajiap CHereMacHAa f2 f3 AyuKUHHJiap &-Tap-~
ragjiHra”a y2iyKCH3 “ocnjiajiapra ara 6yjica, & cupx peeyAxp aemjiajxn.
k= 1 fla 0 CHpT CUAMIK CHpT AeHHJiaAH. (1) HHHr yqTa TCHTJiaMaCH 6htt3

r= TWWV)=/j (UV)T+2uw)T+ /. (uV)k (2)
BeKTop TeHrjiaMara aKBHBajieHTAHp.

By epAa r = OQ CHpTra (131- qvmia)

Kapaujjiii Q HVKTaHHHr paAnyc-BeK-

TOpH HyirTaHH aHHKJiaHAH. (1)

TearaaMajiapAa U (eKH V) y3rapMac

XHCofijiaHca, 6y TeHrjiaMajiap cnpT yc-

TH7”arH  arpn  hhshi*hh aHHiyiaftAH.

u,v coHliap CHpT”arH HyKTariHHr arpn

MH3HNIH - KoopAHHaTajiapn  AenHJiaflH.

Arap 0 CHpTHHHr (1) napaMeTpHK

TeHrliaMajiapHAa X = U,y = Vv AecakK,

2 =/ (XY) KypHHHuiAarH TeHrJiaMaHH

~ochji  i"HJiaMH3.  ZleMaK, cnpT napa-

MeTpHK TeHrjiaMajiap SnjiaH SepHJiraH

6yjica, yjiapaan omKop KypnHHuiJiH TeHrjiaMara yTHui MyMKHH. Kyn "oji-
jiapta cnpT ~e6 F(X,y,2)—0 TeHrliaMaHH i*aHoaTJiaHTHpaaHraH nyKTa%ap
TynJiaMnra aHTH.ia*H. By epAa F (X,y,z) QyHKiIXHH 6npop V coxaji,a y3JiyK-
CH3 Ba Supi-iimn TapragjiH FX,F' ,F'z y3JiykCH3 xycycHH “ocnjiajiapra ara.
Arap cnpTHHHr 6npop M 0 Hyi"TacHjia F)'<q— F;,O — F'Zq =0 gyjica, 6y HyKTa
CHpTHHHr Maxcyc ny”macu aeiiHJiaAH.

M ncojuiap. 1, TopHHHr napaMeTpHK TeHraaMalJiapH Ty3HJICHH.



Top fle6 (X — a)2+ y2 = r2 afiaanaHH yHHHr TeKHC.rarHfla eTraH Ba
Oz y~ aTpo”HAa afijiaHTHpHuiAaH “ochji 6yjiraH cupTra afiTHJiaflH. Afl/iana
Oz yi® 6man KecuiuMauAH Ae6 (Papa3 kh»i3mh3: r<.a (132-4H3Ma). Aft-
ziaHaHHHr napaMeTpHK TeHr-naMaliapu:

X—a=7r1cos0, y=20,z=rsin0
eKH
X —a+ rcos0, y =0, z= rsinO.

By aftjiaHaHH OZ yK aTpo”HAa afc/iaHTHpraHAa p = ]/ X2+ y2= a -J-
+ rcos 0 Maco(}a y3rapMaiiAH. OZ y”* aipotjiHAa gypum 6ypgarHHH o 6h-
.naH 6ejirH.aacaK, TopHHHr napaMeTpHK Tenr*a,Ma;iapHHH “och;i KHliaMH3:

X = pcoscp, Y= psincp, Z= rsin0
eKH

X = (a+ rcos0)coscp, y —(a+ rcos0)sinc z = rsino,

6y eppa 0< < 2a, 0< 0< 2n.

2. rejiHKOHAHHHr napaMerpHK TeHraaMajiapH Ty3H/iCHH.

Tyrpn rejiuKOHA AeS Oz yica thk AB HypHH uiy yK aTpoc>HAa TeKHC
aiuiaHHUiHflaH Ba aujianum Gypgarura nponopunoHali Te3JiHK 6man Oz y~
6yfijia6 culiJKHiuHAaH ~ocuji i*H.iHHran cupTra ammajw.

rejiHKOHAHHHr  napaMeTpHK  TeHn/iaMajiapHHii  Ty3afuiHK  (133- qu3Ma).
TeJiHKOHA ycTHAaru iiyi*TaiiHHr srpn qu3HiyiH koopAHHaTajiapu CHtliaTHfla
yHflaH OZ yi*aga GyjiraH Maccxjia MA = u Ba rejiuKoufl[HH xpcm  irudia*

AnraH Hyp MA (hcoemh) HHHr 6oui-
jlaHFHq ~QJiaTH AeS JjHCo&flaHraH OP
HHHr OX y~ SnjiaH jauiKm STraH
Z.XOP = v dypgarHHH 0JiaMH3.

y "OlJifla A OQP aaH

X = 0Q = OPcosV =suUcosV,
Yy — QP = usinv, z* OA «=aV,
gyHKH Q Hy”raAan 6ouuiaé yTHJiraH
132- gHBMVR iiyji v 6ypgakKKa nponopuHOiia.iAHp.
AeMaK,  rejiHKOHAHHHr napaMeTpHK
TemviaMaliapu:

X —ucosy, y>=usinv, Z = av.

3. X = x0+ acosucosyv,
y = y0+ bcosusinyv,
z *=20+ csinu

napaMeTpHK xeHr.naMa.nap CHJiaH 6e-
pHJiraH CHpTHHHr HoouiKop Tenr.naMa-
CH Ty3HJICHH.

Equrn. ByHHHr yqyH Cepu/iraH
TeHrJiaMa.aapAaH U, VvV napaMeipjiapHH
Hyi*0TaMHS3:
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By TeHrjiaMajiapflaH:
" (" — x0y (y—y02 . (z— z0 _ 1
a2 62 c2 '

By sjuiHnconflHHHr TeHrliaMaCHfIHp.

58- 8. CHpTHHHr ypHHMa TeKHCjIHH

0 cnpT r — r (u,v) TeHr/iaMa SnJiaH 6epnJiraH SyjicHH. G co”afla u ~

= u (), v=v(), (E[/0,y ci? Tenrf/ia\ia.nap fiiuian aHHi"JianraH chjijihi®
hh3hi® ojiaHJIHK. [/0, tX] opa/iHiyia «(/), u(/) cj)yHKUHHJiap TapTnSjiHraga

"ocHJiaJiapra ara 6ym6, i ~ocnJiaJiap 6np Bai"Tfla HOJira aftjiaii-

MacHH. r (t) = r (u(t),v (t)) TeHrjiaMa cnpTfla fiiipop peryjiap mh3Hi*hh aHHI"-
JiaftAH. By TeHrJiHKflaH
) =7>" D+ 7y ().

AeMaK, r' (t) BeKTop ru, rv BeKTopjiap 6iiJian 6htt3 TeKncjiHKfla eTafln.

ypHHMacH u = const Ba a = const MBHi*napiiHHr ru, rv ypHHMaliapH 6wmn
6h tt3 TeKncjiHKfla eTaAH. By tckhcjihkhh CHpTra P Hy~Tafla yTKa3HJiraH

ypuHMa meKUCAUK fleiiHliaflH. Arap R = (x,y, z) BeKTop ypHHMa tckhc-
jiHKflarn y3rapyBHH Q nyi*rTaHHHr paflnyc BeKTopn 6yjica, PQ — R —r
BeKTop JaM ypHHMa TeKHCJiHK.ua eTaflH (134-gH3Ma). UlyHflafi k;hjihe, PQ —
= ~R— 1, ru, rv BeKTopjiap KoMnliaHap neKTopjiapflHp, yjiapHHHr apajiaoj
KynaHTMacH HOJira TeHr, ht>hh
(R—7{u,v), £(«,»), r*{u,v))= 0.

By TeHrjiaMa ypHHMa TeKHGiHKHHH-
TeHrJiaMacHflHp.

AFap cnpT x = x (u,v), y = y(u,
V), Z = Z(u,v) napaMeTpHK TeHrliaMa-

jiap 6HliaH SepHliraH 6yjica, ypHHMa
TeKHCJIHKHHHT TeHrliaMacH

x —x (u,v) y—y(u,v) z— z(u,v)
Xu(u,v) yu(u,v) zu(u,v) =0
XV (u,v) yv (u,v) zv (u,v)

KypHHHLiifla 6yjiaflH.



CnpT z —z (X,y) TeHrliaMa 6nlJiaH 6epnJica, htjHh
X—U Y=V zZ= z(UV)
Aefi tf>apa3 KHJiHiica, ypmiMa TeKHCJiIHKHHHr TeHrJiaMacH
X—X Yy—Y 2— 2
1 0 -0
0 1 z,
eKH

z—z=2x(x—x) +zy{y —y)=0
KypuHHUIHH i%a6yji sraAH.

Arap x = x(/), Yy =Yy (), z—1z(t) HBH* F (X,y,2) = 0 cnpTAa eTca,
F(x(i), y(t), z () = 0. ByHAair.

dF _dx ., dF dy2J $F__dz_ OA
dx dt dy dt dz dt
CnpTHHHr oaahh Hyi"TacHAa N = ~NaeK TOp HOJiAaH cjiap™NiH 6vjica,

[<* oy o0z]
OXHprH TeHrJIHKHH iv-a = 0 KypHHHUIAZ e3HU MVMKHH. / (t) BeKTOp

CHpT yCTHAarH 4H3HK,HHHr ypHHMa BeKTOpHAHp. S hah ypHHMa TeKHCIIHK-
Aarn y3rapyBgn (HXTnepHH) Q ny~TaHHiir paAHyc- BeKTopHHH R 6man 6eli-
rHJiacak, N BeKTop ypHHMa TeKHCJiHKKa "apauuiH R — r BeKTop 6nJian

~aM oproroHali 6yjiaAH, oth N-(R —r) = 0. Q Hy*TaHHHr KoopAHHaTa-
JiapHHH (X,y,Z) AecaK, ypHHMa tckhcjihkhHHr TenrJiaMacn

E)gx- -x)+t;or- w+f@ 29=0

KypHHHUIAa CyjiaAH. YpHHMa TeKHCJiHKKa nepneHAHKyjiap Tyrpn mh3H”
CHpTHHHr HopMdAU AeHHJiaAH. HopMaliHHHr TenrJiaMajiapn:
X—x"Y—y_ Z-1z2
dF dF dF
dx dy dz
Mncoliliap. 1. z = X3+ yS CHpTHHHr M (1, 2, 9) Hy~TaAarn ypHHMa

TeKHCJiHm Ba HopMalJiHHHHr TeHrJiaMajiapn Ty3HJICHH.

E gnin. TeHrJiaMaAaH zX = (3Xx =3, zJ =(3 =12.
a JEZI( 3N':l ( yayzz

I»=2

YpHHMa TeKHCJIHKHHHr  TeHrJiaMacH:
z—9 3(x— D+ 12(y-2)
€kh 3x + 12y — z — 18 =0. HopMaliHHHr TeiirJiaMaliapn:

x— 1 iI—2 z— 9
12 1
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2. ym6y X —ucosy, Yy —usina, zZ—ay cnpTHHHr ypHHMa TeKHCjmra
Ba HopMaJiHHHHr TeHma Maliapii Ty3HJic«H.
EgHm. Xu— QoS V, yu= siny, Zu= 0,
XV = — usiny, YV ="Ucosy, ZV—a.
ypHHMa TeKHCIIHK TeHrjiaMacn:

jt—«cosy y—«siny z— av

cosy siny 0 = axsiny—aycosv -f — a«y = 0;
— usiny ucosv a
HopMalib TeHMaMajiapH:
X—Uucosv _y—usino __z— go
asino —acoso v

3. X2+ y2— z2= 1 cnpTHHHr M (2,2,3) Hy~TacHflarn ypHHMa tckhc-
mru Ba HopMalJiHHHHr TenrJiaMadiapH Ty3HJicnH.
E hhih.

F(xy,z) —x2+ y2— 72— 1

= 2Z-.
Sx oy Sz

L =43 _ _g
bx x—2-*-T y—=2 7 |2=3

ypHHMa TeKHCJiHrHHHHr TeHTJiaMacn: 2X + 2y — 22+ 1=0; HopMaji-
X_2 n__ 2 z 3
HHHr TeHnnaMajiapH: —— = — o

59. § CHpTHHHr SHpHHMH KBaApaTHK (JjOpMaCH. CHpT yCTHflarH HH3HAHHHr
y3yHJiHrw

CnpTjrap Ty3HjmmHHH ypraHHuifla my cnpT ycTHAa eTraH srpn gH3HK-
jiap xycycHHTJiapHHH 6hjih6 ojihui MyxiiM pojib Kac6 STaflH. Peryjiap ciipT
r = r(UVv) TeHrjiaMa SnjiaH 6epHJiraH 6yjiCHH. CnpTAa eTraH Ba U «= u(t),
v = V(t) TeHrjiaMa fiHJiaH fiepHJiraH arpn mh3hi*hh 0JiaMH3: r — r  (u(t),v(t).
ByhAaH:

dr mdu mdv
<t ludt + rvdt’

-

dr du do | o /~~p (du\* ,cT* du dv , dvy

dt '-l*+r"*rV “u 7 + 2 v r ' S " 5 + d|r

A mmo ar — — . AeMaK,
dt dt
ds (1)

'dt dt 1 0\d/j

By epAa E = r, G = re, F = ru-rv dejirajiamjiap KHpHTaMH3.
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r=x@uv)i+ y@v)j+ z(@uyv)k AaH:

E=7l=xa+yRQ+zR G=72=*x2+ y2+ z2
—m
= nNs= oA

Ham*m™ < /g (j) + 2fi-f + °(])" -

By TeHriHKHHHr “ap hkkh tomohhhh KBaApaTra KyTapcaK:
dS*~E[(-)2+ 2F-- + GE-?*dtZ
dt) dtdt dt)

€kh

ds2 —Edu2-f 2F dudv -f- Gdva. )
TeHi'JiIHKHHHr yHr TOMOHHAara H$OAa CHpTHHHr 6upumu KeadpamuK (pop-
Macu aeHHJiaAH. E,F,G nap 6hphhhh KBaAparaK (J)opMaHHHr KoscJ*HUHeHT-
JiapH AeflIMaAH. Arap 6y Koa™HHHeHT”ap MatJiyM 6yjica, CepHJiraH arpn

HH3HI"HHHr T = tv t — tt KHHMaTJiapHra mog Kef/iraH Hy~Taliapn opacnAara
eft y3yHJIHFHHH (1) AaH TonaMH3:

t.

Mhcojidiap. 1. X= ucosy, y —usiny, z — au rejiHKOHAHHHr 6h-
pHHHH KBaApaTHK (J)OpMeCH TOILHIICHH
Ehhhi. Xum=cosyv, yu — sinv, U —a
XV= —usinv, yv = ucosv, zv =0.

E = cos2y + sin2y+ a2= 1+ a2, G= u2sin2y -{-«2cos2V = w2;
F = — usinycosy + «sinycosy=0,
ds2= (1 + a2 du2+ u2dv2

2. Xmwu2+ Y2,y = m2— y2, Z — uv cnpT ycTHAa eTraH y = au gH3H®
€fin y3yHJiHrHHHHr AH$(})epeHU,Ha;iH tohhjichh.
Eghiu: Xu= 2m, yu= 2, Z, = V;
= 2y, yv= — 2y, z,, = u.

E = 4«2+ 4«2+ y2« 8«2+ y2, G = 4y2+ 4y2+ «2*=8y2 + «2
F = day —day -y = wy,
ds2= (8«2+ yddu2+ 2uvdudv + (8y2+ «2 <fr2 *)
y = au AaH: dv = ad«. (*) tchtjihkhh iryftHAarma e3aMH3:
ds2= (BU2+ a2w? dw2+ 2u-aumdu2-f- a2+ u2 a2du2= (B«2+
+ a2u2+ 2a22-f 8adw2+ a2 du2— (Bu2+ 4a«2+ 8adk2)du2=
=*4 (2a4+ a2+ 2)udu2.
IX&ME&K, ds = 2- j/2ad4+ a2+ 2 udu.
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60-8. Cwpr yCTHflarH gH3H"jiap opacHflarn Sypnaic

CnpTfla eTyBHH KecHiuyBHH vy, chjuihi™ gH3HiyiapHH oJiafiJiHK. vy, Yi
«iH3H~Mlap opacHflarn GypgaK fie6 yjiapHHHr KecnmraH Hy~racnra j*TKa3HJi-
raH ypHHMalJdiapn opacn”™arH GypgaKKa ammaaH.

CnpT r = r (u,v) TenmaMa 6maH GepunraH 6y;iCHH. vy, vx gH3HiyiapH-
HHHr KecnmraH Hy~TacHHH M n Gn.iaH Ba my Hy~TaAa yjiapra yTKasnjiran
ypHHMa/iapHH (MOM) Ba (MON) GnJiaH 6elirmai\Mm. By ypuHMa/iapHHiir

flyHalJiTHpyBmi BeKTopliapn dr Ba 6r_y_GyjiCl-!—|>. y ~ojifla v, Yi gH3Hiyiap

opacwaarH o GypgaKiin XHCoGjiain dr Ba fir BeKTopjiap opacHAarn 6yp-
laKHH ~HCoCviam jjeMaKfIHp.

dr = rudu + rvdv, fir = ru8u + rv by,

dr2 = r\du2+ 2rurvdudv+ rvdv2

fir2= raSu2+ 2rjrv8u8v + r\6v2
6kk

dr* ==Edu2+ 2Fdudv + Gdv2, br2«E 8ua+ 2F 6u 6v + G 6Vv\ j

dr e 6r = [s*edu8« + /s /o (dubw+ dv8a) + 8w *m

«=2;d«8u -f-F e(du 8v + dv8u) + Gdv 8v;

y swma
Edubu -f Z7(du &y-\- dv6u) -j- Gdv 6v
COS<p = y Edu2+ 2Fdudv + Gdv2eV E6ua+ 2F6u80+ G6V*

61- 8. CnpT ycTHjiarH co®aHHHr K)3H

KD”opHfla srpH gH3H» eiiHHHHr ysynJiHrn Ba arpn momyiap opacHflara
CypgaKHH ~HCoGjiam ygyH chpthhht GnpHHgn KBaapaTHK cjxjpMaciiHH 6h-
JIHII eTapJIH SKaHJIIHTHHH KypflHK. 3HfIH CHpT yCTHflarH CO™a I103HHH "H-
co&iam yqyH YaM CHpraHur Gnpnugn KBaApaniK <J)opMacHHH 6hjihih eiap-
jih  SKaHJiHrHHH KypcaxaMH3. CnpT y
r = r(u, v) TeHrjiaMa Gnjian GepnjiraH J—

GyjicHH. CupTra Snpop G enrn™ co”a

0jih6, yHH u = const, v — const

KoopaHHaT gH3H”ap Ginaii TyprGyp- 8§/

gaK”apra a>KpaTH6 gnitaMH3. By TypT-

6ypgaK.napHHHr “ap Gh”khh M hyi<;-

Taflarw ypHHMa BeKTop.iapra KypHJiraH

napaliJiejiorpaMMJiapra npoeKUHa"aft-

MH3 (135- gH3Ma). Mv M2 Hyi"Ta-

jiapHHHr paflHyc BeKTopjiapiiHH O M u (u,v+AC'i
oMt Aecak, 135- wBVa

163



ru+ Au, V)—r (U, V) —ruAU + EjAu, r (U, o+ Ac) —r(u, v) =*
& &
«=r, A« + e 2At>, dy epAa e2 jiap Au, AV dnjiaH dnpra HOlJira hh-*
THJiaAH.
IliyHHHr yqyii: ,
_ n 5
0A12= r(u -f AU, V) —r(a, 0) + ruAU + SjAu,

MiMj = OMj — OM = r (u,v -f-Ac) — r («, V),

MM2= OM2— OM =r (u+ Au,v) — r («,0).
By TeHrliHK/iapra JlarpaH>KHHHr qeKjiH oprmpMaliap “a“HAarn TeopeMacn-
hh "yjiliaHMH3:

MMX= Ave.tv(uVv+ 0AV),

—_—

MM j= Au «ru(« -j- 0A«,t/).

I0I"OpH TapTHdjIH HeKCH3 KHMHKlJiapHH ~HCoSra OJIMaCaK,
MMx =rvAv, MM2—ruAu.

3rpn MBHNIH TypTdypgaK 103HHH jMMj, M M2 BeKTopg'iapra K;ypHJiraH na-
>

paluiejiorpaMM 103H dHJiaH ajiMauiTHpcaK, AS, = [[ru, rv]\Au <Av dyjia-

AH. Arap GyHAafi K3liapHH ~ap dnp arpn hh3HAjih TypTdypgaKjiap yqyH

~HCodJiacaK, G coxaHHHr 103H 2 ~ = 2 1fr< /] 1Au Ao ra TeHr. ByH-
i i

AaH Am, Au HOlJira HHTHJiraHAa JiHMHTra yrcaK, arpn qgH3HiyiH TypTdyp-
MaKjiapHHHr cohh @eKCH3JiHKKa hhthjkiah Ba G coxaHHHr 103H

S =A&_n;02i ASt= JJ |[ru, rv]|dudv
Av->0

ra TeHr. A mmo

ip. r.]\- - v N
JeMaK, 5 = J fy.EG — F2 dudv.
G

IUyHAaii i*hjih6, cnpT ycTHAarn co”a ioshhh ~ncodJiaui YQyH chpthhhr
dHpHHgH KBaApaTHK ()OpMaCHHH dHIIHHI eTapJIHAHp.

Mhcoji. TyFpH rejiHKOHA depHJiraH: X =ucosv, y —usinv, X «=av.
YHHHr ycTHAa >KOHJiamran Ba u = 0, u = a\ v—0, v= 1 gH3Hiyiap dn-
jiaH gerapaJiaHraH TypTdypgaKHHHr 103H tohhjichh.

Eqniii. XU= cosu, ya= sino, z, =0j

XV ——usinv, yv—ucosv, zv= a\
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E = cosy + siny+ 0=1, F= —ucosy*siny + ucosy-sino = 0,
G = u2sin2y + «2cosy + a2—a2+ u2
a

la | —
S= Jf]/a2+ u2dudv — Jdv fY a2+ u2du.
00 00

5V a2+ u2 du HHTerpa.nuH 6yjiaKjia6 HHTerpalUiafiMro:
‘0

i udu
*=1/a2+«2 dt=y~=j2 dx=du,x = u.

J 1/ a2+ u2du =u]/ra2+ u2 |Q—1J = alVv~2 —
0 0
—]OLg/i$r~duO: J/ “20+ﬂ2du+«23r"h**

a

ByHflafvV" u2+ a2du hh TemvwKHHHr gan i"HCMHra o0jih6 yicaK,
0

a S —— S ——
2J1 u2+ a2du = a2¥~2 + a2ln (u+ V «2+ a* o= a2V 2 +
+ a2n (1 + V~2)

6kh
a

]/ «2+ a2du = G2+ in(1+1/3); S=J (1/2 +

(o] (0]

+ In(1+17°2))dv= A[y 24 In(1+ Y=2)).

62- §. CnpT ycTHAarH 4H3HI"HHHr arpHJiHra. Chpthhht hkkhhhh KeaflpaTHK

(JjopMacw

r—r(u(s), y(s)) (1) CHpTAa fiHpop v 3rpn iih3hi* olJiafuiHK. /m AaH s

dr
napaMCTp 6yima ojiHHraH t = —

du dv ' ) )
= ru~ + rv— (2) xocHJia v HBH"HHHr

M Hy~Tacnra yTKa3HJiraH ypHHMaHHHr 6hpjihk BeKTopHflHp. (2) HcjxwaHH

s gyiiHga HHa 6np MapTa AH”epeHiWHJiaHMHs:

d3r dx *» /du\a -* d2u du dv [dv\2 * dx

dsa _Is = Ir”"\ ds j + r«ds2 + dsds + fvv [ds) r® ds2
-* dp du & /du\2 *+ dudv
+ <Y = P ) + SRV VEWW +
/ dc \2 d2u -+
+ rw [dsj rds2 r*(
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o dx
Opene cropMynacHAaH r" — — = kv SKaHJinrH MatJiyM, 6y epAa v <tom

HopMaJiHHHr 6hpjihk BeKTopn 6yjin6, k aca y arpn <iH3HHHr arpnjiHrH-
hh 6HJiflHpaAH. " — K\ arpnJiHK BeKTopHHH cnpTHHHr n HopMajinra npo-

eKUHH"aHMH3. ByHHHr yqyH r" hh n ra cKaldiap KynaHTHpaMra:
“h 4> k- |

n.r"=nekv —n mrau mu'2+ 2nruvu'v’ + nrvv ev'2-f
-m»
1)

+ nwru«"'+ ne Q"

CnpT HopMa/iHHHHr 6hP:{£cok n BeKTopa ru, rv BeKTopjiapra opToroHaji 6%$ji-
_> " .

raHH ynyH n eru—2o0, n - 0,
eE*-*e=*.3& ey o
Ner'" —nruu'2 + 2nrwii'v' -f-n mrvw'2
n-rw=h nerw=M, nerw =N
S
AeS ffediranacak, n ¢r" = A'du2+ 2Mdudv+Ndv2 H”oflaHH— CHPpTHHHr hk-
KHHHH KBaApaTHK <JJOpMaCHHH  JXOCH)I - INHJIaMHS. h, M’é, N Jiap 3Ca yHHHP

Koacj)4d)HHHeHTJiapH AefejiaAH. Bhpjihk n BeKTop ru, rv BeKTopjiapra nep-

neHAHKYyjinp CyjiraHH ytiyH n . By epAa I[*, 111

K. 7,1 ”
=*V EG — F2 Hkkhhhh KBaApaTHK cj)opMaHHHr Koacj)(j)HUHeHTJiapH  i*yfiH-
AarH”a HfJ)OAalJiaHaAH:

XUWHII 2
@ Rk xu Du 2U
h =nery ; -\
V eg- P V eg—F2 V EG — F*
AWV HWw 2w
r /N € 3 xu Du 2u
M neg S jruv yuv* rut "t J Xu yv
b V sg--P y eg- mf2 V EG — F* "’
0
r-&<6>| " len [ X/UONBJNZU
W Lre v s \ rWl rl%‘-oj XV

V EG-_/-a V EG- «f 2 V EG— F* *

CnpT z=f(x, y) TeHrJiaMa SHJiaH 6epHJiraH 6yjica, \ M, N Koa”H-
UneHTjiap K,yHHAaraHa H(J)OAaliaHaAH:

4

L = ix2 -

/m(Ei(ir " AEm(ir

fwmo+ (1) + (1)




M ncojuiap. 1. X = ucosy, y —usiny, z*=u2
afljiaHMa napaSoJioHfIHHHP KBajiparakK (Jjopinacn "HCofijiaHCHH.
Equrn. xa—cosv, yu= siny, zu= 2u\

XV——uUusinv, yv=ucosV, zv= 0;

Xtiu ~ flua —

*¢*-= —siny>yW = cosy. 2«0 = o;
XW — — u cosy, yw = — u siny, = 0.

E —cos2y + siny + 4«2= 1-f 4«2;
Ftm—ucosysinv+ ucosvsinv=0, G= u2sin2y + u2coszy

0 0 2 — sino cost) 0
c0so sino 2u cosv sinv 2u
— i 2 _ .
usino ucosv 0 . ‘M - usinvaco v 0 0:
fu2(1+4U2 vV I+4u2’ lu 2(1 + 4u2)
WCOS0 -Msinu 0
Ccos o sino 2m
—usinv  «coso O 2«2
N =
yV (I + 4u2 Vi+4u2
AeMaK:
2m2
du2 mdly2 = wu2 £ 222 gy
VI + 4u2 Vitd«?2 yr+iub "V 1+ 4du

63-8. flioneH HH"HKaTpHcacH
— ~>

CnpT r = r (u, V) TeHrjiaMa CnjiaH 6epnjiraH 6yjicHH, 6y CHpT.ua
Cnpop M HyKTa 0JiaMH3 Ba MT ypHHMaHH yTKa33MH3. MT ypHHMa Ba
CHpTHHHr M Hy~TacHflarn HOpMajiH"aH yTyBgn KecyBgn tckhcjihk chpthh
»rpH gH3HIN Syfljiab KecaflH. By arpH gH3HA CHpTHHHr HopuaA necuMU
flefiHJiaflH (136-qH3Ma).

KecyBgn tckhcjinkhh ]JO 6njian, kcchmhh yO CHJiaH, M Hy~TaflarH

Com HopMaji 6njiaH CHpTHHHr ti 6np-
jihk  HopMajiH opacHflarn 6ypgaKHH
6 6HJiaH SejirnjiacaK, v0 gH3H" yqyH
G= 0 eKH 0 —jt ra TeHr GyjiaflH,
gyHKH YoyqyH eriHuiMa tckhcjihk Hop-
Maji TeKHCQJIHK finjiaH ycTMa-ycT Ty-
maflH. HKKHHgn KBa™paTHK 4>0pMa
nr' *=Ldti2+ 2Mdndv + Ndv2 hh
CnpHHgH  KBaflpaTHK  cfjopiva ds2 =
= Edu2+ 2Fdudv + Gdv2 ra 6yjiH(5,

d*x r
s :k v hh "HCoSra ojicaK, yui6y

(J)opMylia jjochji 6yjiaflH:

Ldua+ 2Mdudv + Ndxjl
Edu84- 2F4udv + Qdv*
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u= u eKH o = Ji 6yjiraH.ua |cos6]= 1, AeinaK, k |cos01= kO gKH
ftcos0 = * kO = kn- By ep”a kn cnpr HopMaji KecHMHHHHr arpHjmrB.
HopMajl KeCHMHHHT 60THKJIHH CHpTHHHr n HOpM3JIH TOMOHHra KapaTHJI-

raH 6yjica, 6y KecHMHHHr arpHJinra kn> 0, aKc ~OJiAa kn< 0 6vliann
IUyHflaft ~HJIHg,

kn = kcosQ = " £ - 2Mdudv + Ndw m
Edu2+ ?Fdudv + Gdv* K>
M Hyi*TaAa "~ap 6np HopMaji KecHM ypHHMacHra M AaH SouiJiafl

y3yHJinrH 1 ra TeHr 6yjiraH KecMaliapHH kjmh6 gHK3MH3. By Kec-
VKA
MajiapHHHr ygjiapHAaH Ty3HJiran arpn gnsHK, CHpTHHHr aepuAiiK unduKam-
pucacu ekH JJionen unduKampucacu AeiiHjiaAH.
Ztfonen HHAHKaTpucacH K,aHAaft arpn hhshk; aKaHJiHrHHH 6hjihuj yqyH
ypHHMa TeKHCjiHKAa KoopAHHaT 6olhh ypHHHmM Hy”racHAa eTraH ZleKapT
CHCTeMacHHH 0JiaMH3. AeKapT cHOTeMacHHHHr yiyiapn yqyH ru Ba rv

BeKTopjiap erran Tyrpn MBHK?apnH i%abyji KHJialiH3 xaMAa ru, rv BeK-
TopliapHH 6a3HC BeKTopjiap cucaTHAa K,a6yji KHjia MH3.
P (X, Y) HHAHKaTpHCaHHHr 6npop HyA~Tacn CyjicHH. V 7oliAa

MP = - T
Vikn\
6y epAa
dr du dv

MP =Xxru+yrv m t = oy —
ds ds ds

MP — BeKTopHHHr 6npjiHK BeKiopn. ByjiapAaH:
11 — du dw
YOV ANk 2(dst TV ds)

1 ~du i dv
6kh

. ] dv. =~ -
& T YT KNIX 4o - v iy

y arpn 'iH3HKMiiHr HopMaji KecHM arpHJintHHH yui6y KypHHHiuAa h(J)o-
Aajiaui MyMKHH:

=1L 9% oM N (B
ds) ds ds \ds

By $opMyjiara PR jiapHHHr KHHMaTJiapHHii kvhne,
S S

Lx2+ 2Mxy + Ny2— + 1 (2)
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TemviaMara KejiaMH3, qyHKH 6y epAa kn>» 0 fiyjiraHAa TeHrjiaMaHiinr
yHr tomoh Hfla +1, kn< 0 6yliraH.ua — 1 ojihhsah. (2) flioiieH hhah-
KaTpHcacHHHHr TenrjiaMacHAHp. 5y TenrjiaMs i*yfiHAarH qroniyispHH ann”-
jiaHAH:

a) TeHrjiaMa A"CKpHmhh3hth A= LN — M2> 0 6yjica, HHAHKaipuca
SJiJinncAaH HfiopaT. By xolifla, M dAsiunmUK Hyitma AeHHJiaAH;

6) A= LN — M2< 0 "OJiAa HHAHKaTpnca 6np 5Ky<)T “yuiMa ranep-

fxviaflaH HdopaT 6yjin6, M nyi*Ta eunep60AtiK nyt"ma AeHHJiaAH;

b) A= LN —M2= 0 6yjica, HHflIHKaTpnca 6up >Kyg)T napajuieji Typ-
pH gH3HMA3H HgopaTAHp, 6y ”~0JiAa M napa6oJiHK nyit'ra AeHHJiaAH.

Arap 'E’F arpHJIHK xaMMa HyHajiHuuiap 6yHH'ia 6up xhji 6yjica, .JXo-
neH HHAHKaTpncacH 3kji3H3A3H we6opaT. By “ojias M |IOMCIAOKAanuui nytf-
macu AeHHJiaAH. HiiAHKaTpHcaiiHur 6om HyHajiHimiapHAara HopMaji Ke-
CHMJiap srpHJiHKjiapH 60iu aapuAUKAap Ae6 aTajiaAHJiap, yjiap kn HHHr
MaKCHMgjl Ba MHHHMBIJI KHHM3T"3pHr3 MOC KeliaAH. BH3 6y (|)aKT hcéo-
thhh 6epM3AHK. Bom srpHJiHKjiap CHJiaH HopMaji srpH.THK opacHAarH My-
Hoca6aT SnjiepHHHr i*yfiHAarH <})opMyjiacH 6HJian SepHJiaAH:

kn= k'cos20 + k" sin20.

64- 8. CHpTHHHr ypra Ba TyjiH" arpHjiwrH

O CHpTHHHr HOpMajl  SrpHIIHTH

A Ldu2-f- 2Mdudu -f Ndv2
n Edu2+ 2Fdudv + Gdv2
$opMyliacHAa yHr tomohhh du2 ra 6yjra6, yméynH “ochji ~h®mh3!
/dv

dv
L+ 2M— + N\ —
du \du

- SR

L+ 2M9+ NO2
E+ 2FQ + GQ
Ekn + 2FknQ+ Gkn@ — L — 2Af0 — N02—0

A3H

eKH
(N- knG)02- 2(M- kaF)o+ L- Ekn= o.

By TeHrjiHK 0 ra hhc63T3h KBaApar TeHrjiaMaAHp. By TenrjmisAa
4>a\3T myHA3H khhM3TJi3pnH KaCyji ~hjihihh KepsKKH, TeHrjiaMa "ai*H Hft
HJIAH3Ji3pr3 ara gyjicHH. ByHHHr yqyH TeHrliaM3HHHr ahckphmhhshth
A= (M—knF)2— (N — knG) (L — knE) > 0 SyjiHuiH KepaK, 6y epAa
taBCJiapHH ogH6, (EG — F2k2n— (LG + NE — 2MF) kn+ LN — M* *=
r=0 (kn ra HHc6aTaH) TenrliaMa “ochji kh”3mh3. YHHHr HKKHTa kn,,
kn, HJAH3JiapH 60Ul 9rpHJIHKJI3pAHp. CHpTHHHr 60U] SrpHJIHKJISpH HHFHH-
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fIHCHHHHr npMH  CHOTHHHr ijp

ma dzpiiAUzu ,ueHHJiafH. CnpT 60111 srpHjiHK-

jiapHHHHr KynaHTMacH mijAug 9zpuAUK eKH daKsan Taycc azpuAUzu fleftn-

jiaflH. YpTa arpHJiHKHH H
caki H =»i- (kn + kn):
» A ( nl n(%

on.aan, TyjiHi™ arpHJIHKHH K 6iuim 6e”rana-

K — kni'kni.
BneT TeopeMacnra acocaH
LG—2MF+ NE LN—M*
2(EG—F) EG—F2
Mhcoji. X Ucosty Yy —usinVv, Zz—av 6mm 6epHJiraH re"HKOHn-
HHHr ypTa Ba Tyjin® srpwiHrH TonmicHH
E 4h.iu . Xa—cosV, yu= siny, 2« = °;
XV = — UusinyV, YV =U cos V, 28 —Q,
Xau = 0, yw= 0. 2W~ 0>
Xav= — siny, yav = cosV, w  0;
XVV — — U cos V> YW = — Usin ty, 4m 07
E~ 1 f=0 G=«+a2 EG—-—F2 u?+ a2
0 0
cost) sinv
—usinu u cos v
L = 0;
V2t
—sinv cosv 0 —acosv —usino O
cos V sinv 0 cos_V sin v 0
M —usinu ucosV a a — usinv  UCOSO a 0.
vV i+ M Vu2+a?2 V 42+
AeMakK,
0 (u2-faz m0+0.1
~\u2+ a2
0,
2
IC= a2+ »2
N u2+ aa («2+ a2
E - 65- 8. SrpHjiHrm y3rapMac cwprjiap

4SS\\Z=f(«;

%

137- iH3VR
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Ty.iHs" arpHJinrH y3rapMac cupTlJiap chh-
(Jjhhh  TeKDIHoHTa yTaMHB.  AfiBajio aftjiaiiMa
cnpT 7aKHAa Tymyima jochvi KHaaftjiHK flcen
arpn o-3HYHH my TeKHGiHHAara  611-
pop YK alpog3Ha afuiamumnm >;ochji 6”Yiran
cnpT aulaHVE cupm  AefiHliaAH

n TeKHCjiHKAa eTraH Yy #ih3hkhh Oz yu;
aTpoc})H,ua afljiaHTHpanjiHK  (137- iiH3Ma). By
gH3H~ X OZ TeKHCJiHrHfla z — f(u) TeHiviaMa
fin.aan fiepHJiraH 6y;icHH Ba 2- XOP **»qp v



«W3Hiyia M Hyi"raHH QJiaMH3, @ 6ypiaK [0, 2n] opajiniyia y3rapraHfla M
Hyi"Ta MepKa3H O' uyi~Tafla Syjiran yM aMauami hh:«ah. Y "gjia® F —

*=Uvm. M nyivranHiir /leKapr KoopAHHaTaJiapH X, y, z Sy-ica, y “o.ifla
ME V *

X=ucosqpqy —usind z—f(u).

Arap OAf = r M ny~TaiiHHr paAHyc BeKTopn fijtaca, chpthhhp BeKTop
TeHrjiaMacH

"> @ m n "V

r = r( g@=1iucosp-f j usinp+ kf(u)
KypHHHiiifla 6yjiaflH. Byiiflan

N = T costp+'*'s'nT + ~k f'(«). r =*—1i usinp+ jucos<
AeMakK,
Xu= costp, ytt= sinq zu= /'(«);
*<p= — «sin<p, y,f = u cos<p, = 0.
y “gjifla
£ = cos2(-fsin2qp+ f'2(«) » 1+ ['2(«), F =0, G=*wq
£G —p =«2(1 +/"2(«));

Xuu — £l Zu« = f  (wp>
=* — sin 9. yjp: cos cp, 2ffp = 0,
pPp= — “coscp, ym = — «sin< =0
N () Af=0;

«V I +/['*(«)

CnpTHHHr Af nyKTaAara Tyjin™ arpalrara:

uf"(u) u'(u)
LNj~M}_ uV 1+ p(u) uVTRW) fo(u)-f" (u)
A EG-F2 W1+ /"2(u) L+ I'a() )a

M hcoji. CcjjepaHHHr TyjiHK; arpHJiHrH ~HCoftnaHCHH.
Cc”epanHHr napaMeTpHK TeHrJiaMacn:

X = acosucoso, y = acosusinv, z= asin u.
Byjiapflan:
Xa= — asin«cosu, yu= — asin « siny, za =*acos;
= — acosusinv, yv= acosucosvVv, zv« Oj
E = a2 F =0, G—a2cosd;
EG — F2—a2-a2cos2« — 0 =* a4cos2«.
y JQJifla 6hphh™ KBaflpaTHK <J>opMa:
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| = a2(du2-f cos2udv2\

XW= — acosucosVy, yw= —acosmsinv, zw ——asinuy;
XU = asinusinv, yuww = — asinucosv, zuv= 0;
XV = — acosucosVv, yw ——acosusinv, zw —O0.
Byn~aH
h—a, M =0, N = acos2u.
HKKHHgn KBa“paTHK $opMa: Il = a (du2+ cosidv2\ ypxa srpHJinrH
T, __ a(du2-f- cosudv2)
" a2(du2+ cos’udv2) a ’

TyjiHI™ srpHJiHrN
___a-acosaf 1

a4 cosX a2
AeMaK, c(J)epaHHHr HxraepHH Hy~TacHflarn ryjiHi”* srpHJinrH  y3rapMac,!*Hp.

66- §. CHpTHHHr hhkh reoMeTpHHCH

CnpTHH ypraiffiHAa 6m yHHHr HgKH Ba Taui®H xoccajiapnHH ajio”*Hfla
ypraHaMH3. CHpTHHHr HgKH xoccajiapnra CHpTHHHr 6npHHgn KBaflpaTHK
4>0pMacH epAaMHAa ouiKop 3THjia,n,HraH xoccajiapn KnpaflH. MacaliaH, cnpT
ycTHflarn gH3HiyiapHHHr y3yHJiHKjiapHra 6ofjihi® xoccaliap.

1-TaipH$. 0, 0" cnpTHHHr moc gH3HiyiapH y3yHJiHK]jiapHHH caiyiaft -
AHraH cp: <t>->0" gneKTHB aKcjiaHTnpnui U30MempUK aKCAanmupuiu j\em-
jianH.

TatpHCjJAaH KypHHa"HKH, H30MeTpHK aKCJiaHTHpHUIAa CHpTJiapHHHr Hg-
KH xoccajiapn y3rapMaft,nH. Macajian, arap 0 cnpTHH  qy3HJiMaftflHraH
MycTa”rKaM mieHKaflaH HdopaT ,ne6 i~apa6 yHH flecJjopMauHanacaK, hhfh
0" cnpT ~ochji fiyjiafin. ~ochji SyjiraH 0' cnpT SHJiaH O cnpTHHHr HgKH
xoccajiapn 6np xhji aKaHJinrn paBinaH.

2-ta-bph(}). Arap 0' cnpT O cnpTHH y3JiyKCH3 fle*opMauHMJiaui Ha-
THHiacHAa ~ochji i"HJiHHran 6yjica, y “ojiaa 0’ chpthh 0 chpthhhf
aeuAuiu namuoicacu flennjiafin.

MacaliaH, oaahh i"ofo3 BapaFH"aH uhjihh”p Ba KOHyc xochji KHjiHHCa,
Bapai® CHpTHra H30MeTpHK gyjiraH cnpT xochji 6yjiaAH. HKKHTa cnpTHHHTr
H30MeTpHK 6yjiniu inapraHH KeliTHpaMH3.

TeopeMa. BHpnHgn KBaaparnK cjjopwajiapH 6np xhji CyjiraH hkkhchpt
H30MeTpnK 6yjiaflH Ba aKCHHaqa.

Hc6ot h. "a®Hi?aTaH >aM, q): 0-><t>' aKCliaHTHpnui SepnjiraH 6yjind,
y H30MeTpHK aKCliaHTHpnui 6yjicnH. M £0 ny~TaHH oliaiiJiHK. yHHHr ko-
opAHHaTajiapn (u, V) Syjica, y “oji*a (M) = M'E0" Hy~TanHtir KoopflH-
HaTajiapn JaM (u, v) ~aH n6opaT gyjia*n. AeMaK, arap O cnpT”a y arpn
gH3HI® ojinnraH 6yjin6, yHHHr TenrJiaMaldiapn u—u ((), v = v (t) 6yjica,
y ~oji*a gy (y) = y' cr 0" arpn gn3Hi*HHHP TeHrjiaMajiapn saM u —u (i),
vV ~V () KypHHHuiHAa 6yjiaAH. IUyHHHr ygyH H30MeTpnK aKCJiaHTnpnuiiia
en y3yHJiHrH ca™JiaHaflH:

t t n/

IV Edu2+ 2Fdudv + Gdv2dt = $VE'du2+ 2 F'dudv + G'dv2dt.
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By tchivink HxraepHH M Hyirxa YQyH ypmum 6yjiraHH yoyH
Edu2+ 2Fdudv+ Gdv2= E'du2+ 2F'dudv + G'dv\

fiyHflan E = E', F —F', G= G' (*). ZleMaK, 0, 0' CHpTJiap hsomctphk
firJica, yjiapHHHr fiHpHHgn KEaapaTHK <j)opMajiapH 6np xhji 6yjiaflH. Akchh-
ga, arap (*) MyHocaSaTJiap ypHHjiH 6yjica, y j*ojifla yiwaH <£, <& cnpT-
jiapflarH moc efuiapHHHr ysyHJiHKJiapn TeHrjmrH Kem6 nmpm-

67-8. CnpTjiap nasapHHCHHHHr acocHH (JjopMyjialiapH
WhnsHiyiap na3apHHCHflarH OpeHe <})opMyjialiapH Kabn cnpTJiap Ha3apnfl-
CHfla KoopflHiiaT gH3HK;jiapHHHr ru, rv flan né6opax ypiiHMa BeKTopjiapH

Ba HopMajiHHHr SnpJiHK n BeKTopn xoccajiapHHH my BeKTopjiap “~aM”a
finpHHgH Ba HKKHHgH KBaflparaK  cfiopMajiapHHHr K03<}x})Hu;HeHTJiapn op-
FaliH H})OAaJIOBgH (})opMyjiajiap MaBwyfl. By (})opMyjiajiapHH KejiTHpnS qn-

KiapHm Mavpama ruu, rav, rw BeKTopjiapHH ra rv, n BeKTopjiap op-
KajiH H<)OAa.aaHVH3:

rw—A fa+ Bfv+ Cf,

rw—A fa+ Bfv+ Ch, (0

r'wW—Afu+ Bfv+ Cfi o
By epflarn Av Bv C,; A2 B2 C2; A3 B31>C3_L(03£Q(})HUHeHrjiapHH 3hhk-

Jiam ygyH (1) cucieMaHH Hae6aTH 6hji3h n, ru, rv BeKTopjiapra CKajiHp
KynaHTHp3MH3. BHpHHgil H3B63Tfla Cv C2 Cg KO03<j)4)HUHeHTJiapHH 3HHI

JIBHMH3. ByHHHr yqyH (1) hh N BeKTopra cKaliap KynafiTnpaMH3. Ha-

THIKafla: (ruu,-n) = Cv (ruv-n) = C2, (rvv-n) = C3(2), (2) nm 3ca Cx=
= L, C2= M, C3— N. myHHHrflek, At, Bh Ct jiaphH (i= 1, 2, 3) to-

nnm yqyn (1) TeHrjihkjiapHH moc paBHm”a ru, rv ra cnajinp KynaHTHpaMH3:
0 =A~fl +8",7"),
~w, ~K) = + bx7i.

—2 — i
By epfla ru —E, (rlt, rv)= F, r@— Gx (3) sKaHJinrHHH ~ncoora ojihs,
(3) hn u Ba v 6ymqga jiH4)F)epeHUHJaHMH3, y ~Olifla

(fuii" ru)y = 2

(fw fU) = 2

—u 1

(Tv* rv) = ~"GV.
CyHrpa i r r v)a = (ruy, rv) + ™) era (r~, 7j)a =*"(re'V)« —
— SyliraHH yqyH (-uc>/-J = F,, — LWyHflafi i jin6, /4i( 5,
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Jiap ygyH AXE + BX¥ ~ "E U A\WF + Bfii —Fu—— EvV TeHi\naMa/rap-

HH JOCHII "HJI3BMH3. ByHflaH:

EWG -2F HFEV ) — EW + 2EFV—
2[EG — F2 Bi = 2(EG— F2
A2 S2 KO3(})4)HUHeHT ap J'aM iuy ycyjita TonHJia"H.
142, B 2; y4qg, KO03(f)4)HUHeHTJiapHHHr ToiiHJiran "HHMaTJiapH 6h-
PHHAH KBa”paTHK (j)OpMaHHHr K03Cj3CjIHHHeHT.iapHra SoF.'HK, SKaH/IHniHH aJlO
jHAa AHliaMH3, <4,, A2 As\ Bv B2 Bs KoscixJ'HUneHTlJiap Kpucmocpe/i/i

KoacptputiueHiriAapu nemnapji Ba
At=rf{s np aprag  FL
B, = 52=r\2 B E%
Kafin CelinwiaHaflH. ByjiapHH (1) ra kjhhG,
ruu~ T u+ ©+ Eti,
Tw = NisrT+ ri2™+

rw —"2ru+ "22rv + Nn
¢j)OpMy*a/iapiiH " ochji i"HJiaMH3. By cj)opMyj7ajrap cnpTJiap H33apHhchhhhp
echH (flc;p.MyjiaJiapH eKH depueai{uon cpopMyAa/iapu “eHiuiaflH. Yjiap

ru, rv, n BeKTopjiapA3H OlJiHnran xycycnfl ~ocHJiajiapHH iuy BeKTopliap-
hhht y3JiapH opifaliH H”oflajiaflAH. Oaso”aru dH3HI® yqgyH Opene cjjopwy-
jia;iapH ifaHAaH pcwib yflHaca, cnpT yqyH 6y (JiopMyjiaJiap yiua pcuiHH yfl-
iiaHAH.

68- §. CHpTflarH arpw HH3HI"HHHr reoae3HK arpHjwrH

Peryjinp cnpTr = r (u, a) TenrjiaMa 6mau 6epHJiraH 6yjicnH. By
CHpTjja peryjwp gH3Hp; o;iaMH3 Ba yiiHHr HxraepHH P ny*TacHAaH cnpTra

ypHHMa TeKHCJiHK yTK333MH3. OjiHHraH gH3HKHHHr P Hyi~raflara 6oui HOp-

MaJiH v , arpHJiHm sea k 6yjiCHH.
3rpH gn3Ht"HHHr P Hy~Taflara srpn-

JHK BeKTOpH kv HH ypHHMa TeKHC-
JIHKKa npoeKUHHJIBHMH3 (138-qH3M3).
TaTpHd. SrpHIIHK BeKTOpHHHHTr
ypHHMa TeKHc;iHrH,uarH npoeKuhhch-
HHHr Terninjlh Hiuopa 6ujiaH ojihh-
raH y3yHJiHru arpn iiH3myiHHr P
Hy~TaAsrn aeode3UK SBPUAUZU. flefiH-
jiaflH.
SrpH gK3HKHHNr P Hy~TaarH reoAesiiK arpHJinruHH  TonHiu  yqyH
npoeKu,HHHHHr y3yiiJiHrHiiH ~“Hcofwaui KepaK. Ope He (JiopMyjiacHra Kypa



V  arpn TOBHA r — r (U (s), v(s)) TeHrjiaMa OHliaH oepHJiraH Gyjica,

d? _ . T*dv
“ds A~ v ds'
d*T -Wo AN 2 dufa f dwa dtu -» e

"AT rec(dsj + 2r«* dsds + r»» (rfsJ + a ds2 + rv ds2-

JHepHBaUHOH <})opMy;ialiapflaH 4)OHfla./iaHaMH3:

~ = (flir«+ rurv + A «)(Js) + 2("i2r«+ r 20+ Afn)js~ +

—u — — /dv\2 — \\2/ —=d¥
+ (M22r«+ "22rv+ NU)(™) + ruw + rv

By ep.ua

fle6 Celirn“acak,

£-(a+2)*+(fl+SK +M sf +<£+"(;
" . d2r —m

By BeKTOpHH ypHHMa TeKHCJiHKKa npOeKUHHJiaHMH3, HbHH ---—- en HH

co6jiafiMH3. HaTH/Kafla npa kv — npar"=g BeKTop g = "4 + -f-

-\-(b + d_2/V" ra TeHr SyjiaflH. YHHHr yayHJmra
S.

Kr-SiIl TlsincC g)=1[*T g];

III-*IZI‘S'hfi A+ A ) r+{B+78 r1

=K'""((S+s)s-(S+"}
ALK XTi(s+2)S-(~+Sj]-
By epfla |[ru, rv]|= YEG — F1 fiyjirann ygqyH recwe3HK arpHJiHK
+ 2rii I'U)(E)*E +« - uiy | [fj- r.g)’
(fopMyjia 6HJiaH aHHtyiaHa/iH. Teofle3HK arpHJIHKHHHr (})opMyjiacH Shphhvk

KBapaTHK cjjopiwa Koa<})<})HUHeHTJiapH opnajiH H(J)ofla;iaHraHH yqgyn reoAe-
bhk arpHJIHK CHpTHHHr ngKH reoMeTpHHCHra TaaldidiyiyiH ofiiieKTflHp.
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69- §. reOfle3HK MH3HKJiap

Tai)ph(J). Jap 6np Hy~TacHAara reo”e3HK arpHJiHrn HOJira TeHr
Cy.araH CHpT~arH arpn mhsh” aeode3UK hu3u$ AeftujiaAH.

feoAe3HK qtoHiyiap cnpT ycTHflarn <onr Tyrpn» qromyiapAHp. TeKHC-
jiMKfla hkkh iiyKja opacH™arH ~HCKa Maco”™a TyrpH m3H” KecMacH 6HJiaH
aHwyiaHca, cHpT.ua hkkh nyi"TaHH fkpjiaiuTHpyBgH anr i“Hc™a gqH3H” reoae-

shk 4HBHM fiviiaAH. CnpT r = r (U, w) TeHrJiaMa 6HJiaH 6epHjiraH 6y-
jihe, CHpT7arn reoAedHi< 4H3H!" u = U(s), V = V(s) TeHrliaMa 6HJiaH 6epaji-
raH 6yjicHH. CnpT ycTHAara arpn tohi”jih KoopAHHaTJiapHHHr Uu, V chc-
TeMacH KHpHTHJiraH:

E=r%, F=-Ur*=0 Gt=7*.

di r-mBeKTop arpn HH3H”HHr 6om HopMaliH 6yHHia flynaJiraHAHp. Teo-
ds2

d2
3HK 4HBH” yqyH dt BeKTop CHpTHHHr ypHHMa TeKHCJiHmra nepneHjiH-
s2

Kyjinp, uiyHHHr yqyH

TenrJiHKAaH

\2 , nr* dudv , 7"/ fAV 0 T d2u , *»~
ds2*

By tghtjihkhh aBBali ru ra, KefliiH rv ra CKalinp KynaHTHpH6, ic*opHfla-
ru TeiirjiHKjiapHH Ha3apra OJiraH"a yméyHH TonaMH3:

N (D * + cc * 2 +c-T(g,+ «s-a (.>

£, F, G h(QJ)o,ualiapnuaH:

"= Eu, ruvdv  —Ev, Fu fj,8ew-j*ruv ru 0,
Pv~ruvrv ¥ rwru ~ 0* =rwsru, -G vV—rvv-rv.
ByjiapAaH:
—+m _ Ip
Auu'tv Auvra 2
Ayv'Mu Auv'hy 2 Nu*
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y “cwiaa (*) Ba (**) cfiopMyjiaJiap nymjxaru KypuKHiura Ke aflH:

pdhi _ 1, (du\* p dudv 1 ~ (dvia
d» _ 1&£ /~v'i2__q dudv \_q (dvy
ds2 v \dsj “ ds ds 2 v\ds)
8kh
d2> Eu fduy Il p dudv . 1r (dvy*
ds2 " S F W + (A)
ar i p _Lr —~ J_r [/*\a
ds2 - 20 "lds/ G udsds~ 2G Z\ds)’ (B>

reofle3HK HBHKHHH /HicjxepeHUHaji TeHrjiaMaldiapH cHCTeMacH myJiap™Hp.
By TeHrjiaMaJiapHH HHTerpa/uiamna

SKaHJiHFHHH ~HCoSra ojihlu KepaK. Bh3 ~yflHflara xyjiocara KejiaMH3. reo-
fle3HK gH3H" 3%aM CHpT HHKH reOMeTpHHCHHHHr 06teKTHfIHp. XoCHJI 1"+
jinnraH flH(jxi)epeHUHa.i TeHn/iaMaliap cncTeMacHHH TeKiunpHiiiHH ~yjiaft %on-
ra KeldirapHiu yqyn s napaMeip ypHHra u eKH v hh ojih6, 6y hkkh TeHr-
jiaMaiiap ypHHra 6HTTa flHJ)(J)epeHUHalJi TeHrjiaMa ~ochji] i“HJiaMffi. ByHHHP

dv
yqyn — = — MyHOcaSaT”aH (|)OHflaJiaHaMH3:
du du
ds
du d*v dvd*u
d*v ds ds2  dsds2
du2 I"duj
Shah & jiap ypHHra yjiapHHHr (/1), (B) KHHMaT«iapHHH irhmhs, y
s
AOJifla:

1 ¢~ 1 _ tdu\2du _ G | (*L) z‘;ju'iZdu
cPv 26 vids)l® o G*tJd7 - 20 da) ds/ ds
du?2 |

~dsJ
ogcaidgs/ ep Hids/ B 1¢g LA JAA*

C). 26 ° 2B u[duJ

+(jJ>--50-)©,+(ss--j 0.)s-



UjyHAafi ~hjin6, reo”esHK HH3HI"HHHr AHcj~epenuHali Tenr;iaMacH

do
S'- ToB'- S " (£)*+ (t B-- S){fl+ & E-* jO-)du

LUaKJIHH QU13AH.

70-8§. Taycc Ba Taycc-BoHHe TeopeiwajiapH

CnpTHHHr hikh reoMeTpHHCH yqyH My”“HM a”3MHHTra ara 6yaraH Teo-
peMa”™ap~an Taycc Ba Taycc- Bonne TeopeMalJiapmm KejiTHp3MHS3.

Taycc TeopeMacH. CHpTHHHr tvjih” eKH Taycc arpnjiHrH CHpTHHHr 6h-
pHHHH KB3AP3THK (})OpMaCHHHHP KO'iCjjtjjHUHeHTJiapH Ba yjiapHHHP  J*OCH"a-
JiapH opitajiH H(J)OAalJiaHaAH.

UJ_Ma

HcgOTH. CHpTHHHr TWIHKI SrpHIIHK <hOpMyjiaCH K o Kf’

EG— F1
pHHHUJAa 3flH, 6yHra L, M, N iiapHHHr "HHMSTJiapHHH i$ hmh3:
1 r-*- — ->*

K — (EG—Fy AUS AV PEVVT AUT AV) fUVY ruf ) d 1)

HKKHTa apaliaiu KynaHTMaHH KynaHTHpnm “~OHAacnra Kypa

- S s > —a >
(fus ™) (fau' ra) ifuur ")

ifall' ~u' Av) ifvv' AUT Av) ifu< Avv) o ifur ) (N> M) (2)
(rv< f'vv)  QifVT ) V)
By epfla (T, rj = E, ifu K = 7i= 7z, (v, V) = 3
33VA3
iru>0 W0 27V
invvE fy) ~ 24y (ruv ") >
ifuw’rv) ~ Fu ifvv, ry = Fv—-G u.
fleMaK:
ifW Tw) 2 Eu Fu~ 7% .70"
|
= - E F E F
Ic (EG — f 22 Fv— Gu
~ G« F G 2°u F G
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, 1
Pw2 fe Ty—2Ey 0 2 G

Fv-jGu E F —
(EG — F2)2 ) jB. E F
"G G G To*F ©
Ammo
(rUU> Alio (?UU" Av)v Av)us>
mynHHr yqyn
(rua>rvj,) M i 2G

y xp;ifla cnpraHHr Ty/rm  arpHJiHra:

Fuv—er Fvv -‘llr-ln'ouu _E“ Fu
1
F,, — -G E F
(EG — F23
F Q
2 "
jE . B F
- 0. F

AeMaK, CHpTHHHP TyJIHI* SrpHJIHFH CHpT 6HPHHAH KB3flpaTHK $OpMaCHHHHP
k03cJ)(j)Hn.HeHTJiapH Ba yjiapHHHr “ocnjiajiapH op”ajw Tyjia amuyiaHaflH.
BynAaH sea CHpTHHHr Tyjwi® arpHJiHmM xaM cnpT kwh  reOMeTpHHCHHHHr
ofiieKTH fleran xyjioca gn®aAH. Arap CHpTHHHr 6hphhhh KBaaparaK 4>op-
MacH du2+ Gdv2 KypHHHLUHAa  6yjica, cnpTHHHr  TyjiHi*  arpHjiHra

K —-7zz(y~G)ua KypHHHiiiH.ua CyjiaflH. <> peryjinp cnpTfla y srpH hh3I1*
vV G

6njiaH gerapaliaHraH G co”a oliaftjiHK. G co.”a flonpaHHur roMeoMOptj) 06-
pa3H 6yjiH6, v srpH mi3H” geKJiH coH”arH 6np- fiHpnra TyTamyBHH yt pe-
ryjiap srpH gH3Hiiap,aaH H6opaT 6yjicnH. G coxaHHHr yv y2 ... , yn to-
MOHJiapn ~ochji ~HliraH 6ypgaKliapHH av aZ2............ 6man SelirHJiaH-
MH3. y ~ojifla i*yHHflarH TeopeMa ypHHJiHfIHp.

Taycc-BoHHe TeopeMacn.

CnpTlJiap Ha3apHHCil.ua yuiéy “opMyjia My*HM pojib KacS STa"n:

2 jKrds+ 2 («—«i)= 2jt— $$Kd(0). 3)
1= 1M 1—1 G
Em 6y (JiopMy.iaHH hc6otch3 kcjithpahk. By ep”a Kr y arpn gH3HiyiHtir
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reoaesHK arpmiHrH, K 6man chpthhht TyjiHK srpHJiHmM, uu —vy LK —,

dudv 6ujmi cnpT KS3HHHHr slJieMeiiTH ge~rHJianran. Arap G co™a yv v2, W
ygTa rec>Ae3HK gH3HIN 6man gerapajiaHraH 6yjica, 6y srpn gH3H]"Nap ygyH
Kr = 0 6yjiue, ~(3) tJjopMyjia J? (n—a) ~ 2n —JfKda eKH

i 0
«i+ a2+ a3= jt+ JlKda (4)

KypHHHmra KecaAH. AeMakK, rec>Ae3HK yqgypgaKHHHr HqgKH dypgakKJiapHHHHr
hhfhhahch:

1) K> 0 6y~raH cnpT ygyH n AaH KaTTa;

2) /IC<10 dyjiraH cnpT yqyH jta~h Kmnii]

3) K — 0 SyfiraH cnpT ygyH n ra TeHr.

Bh3 io”opnAa (65-8) c(J>epaHHHr TyJiH" arpHjmrH K — > (a— cd>e-

a

paHHHr paAHycn) SKaHJiHrHHH Kypcairafi sahk. (4) “opMyjiara K HHHr
PHHVETHHH iyHMH3? ax-+a2-fa3 = jt-|— - J| da, 6y epAa J| da =

= S A c(J)epHK yqgypgaKHHHr k>3H gyjwS, 5 A= (at-+a2-fa3—ji)a2

AeMakK, ccjjepaAa c(}epHK yaqgypgaKHHHr HgKH 6ypgaKjiapH hhfhhahch jt
AaH KaTTa. Arap CHpT napaMeTpHK Tenrjia.via®apH gnjiaH fiepiwran

X = asinucoso, Yy —asinuUsinv, z= a(ln~g j+ cosU)

nceBAOc(}epaAaH H6opaT fivjica, yHHHr TyjiHi® arpHJinrn K — - ra

a2
TeHrlintHHH ~HCo6jiam khhhh 3Mac. By epAan K HHHr lyiHMaranH (4) ra
~yflcan, (ccj + a2+ ctd) = jt---—- da.

ByHAaH:

+ a2+ a, < Jt
AeMaK, nceBAocchepaAarn reoAe3HK yqg6ypgaK HgKH 6ypgaKjiapnHHHr hh-
fhhahch N AaH KHgHK. a = jt— (0'' + a2+ a3 cohhh nceBAoccbepaAarn
reoAe3HK yg6ypgak HHHr nyKconu ekH KaMHUAuau jiemnam. ByHAaH Ky-
pHHa"HKH, nceBAOc(J)epaAa JlofiageBCKHH reoMerpHHCH lJioKa;i jaBHiuAa 6a-
mapHJiaAH.

71-§8. OpweHTHpjiaHraH enni® chpt ynyH Sfijiep xapaKTepHCTHKacw

OpHeHTHpjia HraH chjuiih”eriHi* cnpT 6epn;iraH SyjiCHH. By CHpTHHHr 3HJiep
xapaKrepHCTiiKacH 6mau ynmrr Ty,iHi{ arpHjiHrH opacHAara 60F,iaiiHiu
i"yHHAarn reopeMa SHJiaH 6epHJiaAH.

TeopeMa. Arap 0 opweHrapjiaHraH enHK; chpt 6ym6, yHHHr

HyATacHAarH TyjiHK; arpHJiHm K ra TeHr 6yjica, '/(0) = -y”~-JJ Kda (1)
0

(j)opMyjia ypHHJIHAHp. By epAa do = VEC*— F2dudv.
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liVUV/HII vj -t wipinrim iw~
rioJiorHK  KynéypvaKjiapra efiHJiMacH
6fjicm . EfInjiMaflarH xap Cup Kyli-
gypgan TOMOHJiapn peryjmp qH3iiK-
ziapAaH nfiopaT 6ym6, 6y KynSyp-
gaKjrap 6np xhji opneHTHpjiaHraH
gyjicHH. G  eftHJiMaaa 6Hpop Gm
KynfiypgaK ojiaMro. By KyrifiypgaK-
hhht ygjiapn Afm, .. M tm{
HyKTajiapAaH n6opaT 6yjm6, 6y yq-
jilapHH TyiauiTHpyBgqH SK Ta tomoh
peryjinp  gn-
3HKliapflaH H6opaT 6yjicHH. Gm Kyn-
gypgaK ygjiapHflarH Sypgaoap KaT-
TallHKJiapHHH cpm, oo (prrsK 139- gHBVR
6H;iaH 6ejirnjiaHMH3 (139- qH3Ma). Pa-
yee- BoHHe TeopeMacHra Kypa KynSypgaK yqyH

o _ @
i=l ymi i=I
6y epaa
do —VEG — F2dudv, Kr sea ymt

gH3HI"HHHr reofle3HK arpHJinrn. Bynaaft TeHrjiHKHH G efiHjiMaHHHr “ap
6np KynﬁgpqarH yqyH Ty3H6, yjiapHHHr hhfhhahchhh 0JiaMH3. (2) TeHr-
c

jiHKflara ~ JKrds HroflaAa ymi eft Gyfinga ojiHHraH HHTerpali hkkh Map-
i=1
Ta ygpafiflH, gyHKH ymi k~ihhh KyriéypgaKjiap yqyH yMyMHH TOMOHfIHp.
By i*ymHH KynSypgaKlJiap 6np xhji opneHTHpjiaHraH fiyjica, ym tomoh 6y
KynfiypgaKjiap ygyH “apaMa-KapuiH opHeHrapjraHraHflHp. UlyHHHr yqyH
a, Sk
2. 2 |
m=j 2-1 Vmi

By 7ojTfla (2) <})opMyjiaflaH G eHHJiMaHHHr j*aMMa KynSypqganjiapn gyfinga
OJIHHraH fiHFHHfIH

-9 = — fi/c/
2 2 (n-?«,)=» r%zl (2at é!n/C or)

m=l /=1
eKH
a, SK a, sK
2 2n— 2_ [J Ma. 3)
m=I m=l m
ByHflaH: a3 °« o a,
2 2 n~ 2 ftS*=n 2 SK—2na.
m=I i=1 m=I m=1
a, sK
2 2 ‘'fmi~
—\ =1
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By HHFHHfIHHH ~"HCOQOJTam ynyn auudJl ™ jiraann \jruicx y riicx unpiuuam
pyB"H Kyn6ypgaKliap HgKH 6ypgaKjiapHHHr hhfhhahchhh oJiaMH3, cyHrpa
G eftHliMaHHHr "aMMa yqjiapn 6yiima hhfhhah o/iaMH3. “ap 6np ygAarH
6ypgaK.riapiiHHF hhfhhahchmzitS{(a TeHr 6yjiraHH yqyn JaMAa <C']5 eftHJiMaAa

a0 Ta yq SyjiraHH y'lyH 2 “ 2ltao SyjiaAH. Ammo 2 2ji= 2 Xxca2

m=1 i—I m=J

a2
v f[Kdo = | JWr* Shah MiFHHuuiapHHHF i"HHMETJiapHHH (3) ra
m— Gn ¥

~vhhé, 2nax— 2na0= 2na2 — Jf Kda ekH a0 — cci+taj *s
0

= 2n - Jf Kda hh X0oCHfl i"HliaMH3. By epAa

«0 — «i + a2— x )
chpt ygyH 3«~ep xapaKtnepucmuKacudup.
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