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C S 3  BOSUH

y^ y B ’ ii-ira ^aBOJia ^HJiirnaexraH y m oy  i^yjuiaHMa H . JX. flo^asiOHOB 
Ba M. III. )KvpaeBa tom ohnfl,au eamran «FeoMeipHH, I i^hcm («y^niyBqji» 
HauipHera, 1982 M ji) khxoShhhht aaBOMH ^HCo6^aaaji,u.

Yixna acocHH reoMexpHfi KypcHHimr ym a 6yjiHMii: reoMexpHH acocjia- 
pn ( I — IV  6o6jiap), npopKTHB xeoMexpna Ba TacBnp^aiii Mexcwiapn (V —  
V II 6o6jiap), flH ^epeH U H aji reoM expua (V III 606) 6aeH ^hjihhah.

KjjuiaHMaaarn Maxepnajuiap CCCP Maopiit}) MHHHCxp.mirHHHHr 1983. 
uhjim  ne^arorHKa HHcraxyx./iapn yqyH xacniii^jiaraH nporpaMMacn acocn- 
fi,a YHHur reoMexpHH acocjiapw 6vjihm h, acocaH rn /ib fiep x  aK-
CHOMajiapn acocnAa e3H.nu6, yHra JloSaneBCKhh reowerpHHCHHUHr 6at3H 
(J)aKTJiapH KeJiTHpiuwi. A. B. Iloxopa.aos Ba Beft/ib aKCHOMajiapn 0630P 

TapH i\acH /ia  epHTH.'iAH. Msiiyjop/iap (y3ynJiHK, 103, x,a>KM) hh y.maui Ma- 
cajracH rnjib6epx aKCHOMa/iapH 6 y h m a  >KyAa Mypani(a6 6a§H i^miHHraH- 
.tihxh yiiyH, yHH 6y aKCHOMaTHKa 6 y  i\m a  epuTHJimiiHHH jjcohm TonMa^HK, 
qyHKH A . B . Ilorope.TOB aKciiOMajiapn 6 y m n a  6y Macajia o co h  xaji i^h- 
jiHHraH.

I^yMaHMaflarn SejirHJiap, a m a jim  KHioSAarn 6 e n rm a p n a n  4>api  ̂ i^h- 
jih6, acocaH A . B . rioropejioBHHHr «reo.viexpHH» KHxoQuaarH 6ejirHJiaiu- 
/iap o jih h o t . ^yHKH hi^hh m jijiapjxa  waKiaoHH 6hthph6 m i^ a m r a n  yi^yB- 
MHJiap A . B. rioropejiOBHHr «reoMSxpHH 6 — 10» flapcJMXH 6yihm a  y^H - 
ran 6 fm a m .

I^yjuiaHMaHH Hampra Taiiep.aam^a 3kthb HiimipoK sxran Hh30MhS 

homjih TouiKeux XIaBJiax ne^axoxHKa HHcraxyxHHHHr xeoMeipHH Ka<j)efl- 

pacH ai>30JiapHxa Ba y3 ^hmm3tjih Mac.na^axjiapH yqyn TomneHT XlaBJiar 

yHHBepcHxexuHHHr npcxj)eccopH M . A . Co6HpoBra ny^yp MKHnaxAop™- 

JIHK 6H^flHpaMH3.

Aem opJiap



rEOMETPMfl ACOCJ1APH

I

1 BOB. AKCHOMATHKAHHHr yMYMHR MACAJ1AJ1APH BA TEOMETPHfl 
ACOCJIAPHHHHT TAPHXHH 0B30PM

1- § .  AiicHOMaTHK m cto a  ^a^HAa TyuiyHHa

TeoMeTpHH acocjiapH MaTeMaraKaHnnr 6np î hcmh 6 y m 6 ,  ynAa re o -  
MexpHHHHHr acocHH TymyHqajiapH, aKCHOMajiapn Ba yMyMaH reoMeTpnK 

CHCTeMaHHHr AeAVKTHB Tapaaa ^ypHJiniiiH, iuyHHHr onvian 6npra aKCHO- 

M ajiap  opacHflarH M yHO ca6aTJiap  ypraHH^aAH. By FOHJiap m o^hhthhh Ty- 
iuyHHui Ba yjiapHHHr io3ara K e jiH m  ca6a6jiapnHi-i (jjaxMJiam ywyH K,HĈ a- 

qa 6yjica- Aa, Tapnxra Ha3ap Tamjiauj 3apyp.

MaieMaraKafla aKCHOMaTHK (AeAyKTHB) MeTOAHHHr HpaTHJTHuiura rpeK 

o^HMJiapHflaH nw})arop, ApHcroTejib, II/iaTOH, Ebkjiha h.jik i^aAaM ^yft- 
raHJiap. By 6opaAa aflHH^ca Eekjihahhht (apaMH3AaH aBBaJirn 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 cH de- 
MacHHH i^a6y;i i^hjiah. Illy 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 6apqa TapMo^iapw yqyH MyxiiM omhji 

pOJIHHH yfIHaAH.
AKCHOMaTHK MeTOAHHHr MOXHHTHHH TyiuyHHLU Mai^CaAH/ia MaKTaSAa 

^praHHJiaAHraH reoMexpHa Kypcnra Mypo>KaaT KHJiafuiHK. YHAa 6up KaH- 
qa TeopeMajiap nc6or,/iaHraH 6 y m 6 , HcSoTJianraH xap 6np TeopeMa y3H- 
A3H ojiahh KeJiraH TeopeMajiapra acocjiaHaAH, iny fiycHHAa hui KypmiiAa 
hc6otch3 i^aSyji khjihhhluh sapyp 6yjiran noopa (>KyMjia) .nap Ba Ty- 
Luyimajiapra av^ KejiaMH3- Hara>KaAa ratpH^CHa ^aoyji î HJiHHraH oS'beKT- 
jiap (Maca^aH, nyi^ra, tv fp h  vm m i, tckhc./ihk, Macoc|)a Tyuiyma.7iapH), 
y^apHH GoivioBqH HHcGai.iap (MacajiaH, Hyi^raHHHr TyppH qH3HKAa eraum, 
TyFpH 4H3K^Aarn HyKTaHHHr my TyppH maHKfiam 6omi<a hkkh ny^Ta 
«opac«Aa» eraum, necMa Ba oypqaKJiapiiHiir TeHr (kohrpysHT) m n i)  By- 
>KyAra KejiaAH.

A c o c h h  oSteK TJiap, y.napHH 6 o fjiob m h  HHcSaTJiap Ba TerHuum aK ciio- 
M ajiap cHCTeMacHHH TaH^ad o^ h iu  My^HM MacajiaAHp. AKCHOMaTHK m c to a  
acocH A a wy^oKaM a iopHiHUiHH ^HCKapo^ Kpjm6 ^yH HAanwa TaBCH<|)0aam 
MyMKHH: aBBajio TatpHcfiJiaHMafiAHraH acocHH o6i.eK T j]ap yannaQ ojiima- 
AH, KenHH y^apHH y 3 a p o  6 o f^ o b h h  a c o c a ft  M yH Ocagarjiap —  aKCHOMa.iap
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cHCTeMacH TaHJiad om m am , cyHrpa aca ujy aKCHOMaJiap acocHAa Mamrn^ 
(jiorHKa) i^oHflajiapura ac ocJiaHraH ôJifla jii-ith- m m  >KyMJia./iap (Teope- 

Majiap) ncGoTJianaAH.

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

K,a6yj? ^ m u n a m v a E  aKCHOMaJiap cncTeMacH \\ym jxar\i Tajia6jiapra >Ka- 
b o 6  depHiuH KepaK:

1) MaHTH!  ̂ ^OHyH^iapH acocHAa aKCHOMaJiap CHCTeMacHAah 6 h p -6 hphhh  
HHKOp STyB'iH HKKHTa /KywJia (ra n ) ke jw 6  HH^Maft,OHraH SyJicHH, h ih h  
aKCHOMaJiap CHcreMacn 3HAJiHKKa sra  SyjiMacHH;

2) MyaHHH aKCHOMa.aap cncTeMacHAa hiuthdok STaAnraH ^ap 6np aKCHO- 
Ma ^o^raHJiapHHHHr MaHTHKHH x y jio c a c n  6yjiM ac/iH rH — TeopeM a CH(j)aiHAa 
HcSoTJiaHMacjiHra, h^hh  aKCHOMaJiap cucTeMacHA?1 ih  3^ap 6 a p  aKCHOMa ap - 
k h h jih k  xycycHHTHra ara  S v jih lu h  Kepan;

3 ) aKCHOMaJiap oHCTeMacn ^aTopnra m y  chct6M 3A 3h MaHTH^an K e m 6

>IH^MaHAHraH flHrH aKCHOMaHH KVIIIHW MyMKHHMH, HTiHH aKCHOMaJiap CHCTe- 

MacH TyjiH ^ (MyKaMMaJi)jiHK x o cca cn ra  Syncyna/iHMH ?
reoMeTpHHHH aKCHOMaTHK KypHiuAarn 6 y M y x n M  caBOJiJiapra X I X  acp- 

AarwHa TVJia >ksbo6 tohhjiah. B y  caBOJira >k3bo6 GepnuiAa yjiyp pyc Ma- 
TeMaTnrH H. H. JIoSs'ieBCKHH hjkoah Ba X I X  acp oJiHMJiapHAaH E. BeJib- 
TpaMH, A. riyaHKape, O. KJieini TSAi^OTJiapH xaJi i^HJiyBqn pojib yflnaAH. 
AKCHOMaJiapHHHr fiejirnjiH cHCTeMacH acocHAa ojihS SopHJiaAnran MyxoKa- 
MajiapHHHr 3hajihkk3 ojih6 K e j w m  - KejiMacjinrn MacaJiacHHH ^aJi i^hjihS 
6epHtu ynyH M 3TeM3THKaAa MOAejib (HHrepnpeTau,HH, mspjyiaHHm) fohch 
HuuiaTHJiaAH.

T  a t  p h cf). Ma^JiyM o6 -beKTJiapHHHr 6 npop TynjiaMH aHH^JiaHraH 6 v jih 6 , 
m y  TynjiaM ajieMeHTJiapn opacHAa acocnn MyHocadaT (HHc6aTJiap) caiyia- 
hh6, yHAa aKCHOMaJiapHHHr fiapqa uiapTJiapn daacapHJica, 6 y aKCHOMaJiap 
CHCTeMaCHHHHT MOAeJlH ^YPHJiraH A6HHJ13AH.

M n c o j u i a p .  1. By iy H coHJisp Tynji3MH ^yiuHin 3M ajinra h h cS s tsh , 
rp yn ria  tsu ik h jt lywiraHH y q y n , 6y TynjiaM  rpynnaBHH aKCHOMaJiap CHCTe- 
MacHHHHr MOAeJiH 6 y jia  ojiaAH (6yHAa acocHii ofiteK TJiap 6yTyH coHJiap 
SyjiHfi, acocnn M ynocafiaT i^yiiiHiu aMaJiHAHp).

2. TeKHCJiHKAarn Sapqa reoMexpHK BeKTOpJiap TynjiaMH <ih3h^jih (})33o 
.^ochji i^HJiraHH y n y n , y  4H3h^jih (f>a3o aK cnoM ajiapn CHCTeMacuHHHr mo- 
AejiH 6 y jia  ojiaAH (Syima acocHH oS ’beKT reoM eipnK  BeKTop 6 y m 6 ,  acocH ii 
HHcSaTJiap BeKTopjiap v c t h a s t h  hh3h^jih  aM ajuiap —  ^ y m n u i, BeKTopun c o h  
(cK ajinp) ra  K ynafiiH pH m AH p).

T a  t p h ij). AKCHOMaJiap ch c tcm sch a sh  6Hp-6npHHH h h k o p  j^Hjia/iHran HK­
KHTa >Ky.Mjia MaHTH^an kcjihQ  TOK,waca, 6 y  cn c ieM a  3udcu3  ( t^ a p a u a  t$ap- 
UIUAUKCU3) cucm eM a  A e6 aiaJiaAH. A k c  x;oJiAa aKCHOMaJiap cucTeM acn 3ud- 
au cucmeMa Remviaw-

M aieMaTHKaAa 3hajih  cucTeMa 6njiaH hhi KypHJiMaflAH. AKCHOMaJiap 
CHCTeMaCHHHHr 3HACH3JlHrH KaHAaS HC60T l^HJlHHaAH?

AKCHOMaJiap CHCTeMaCHHHHr 3HACH3jinrH m y  CHCTeMa m o a s^ h h h h t TaH- 
Jia6 ojiHhnmH 6nJiaH x;aji ^hjihh3AH. Arap TeKixinpHJiaAHrsH aKCHOMaJisp 
finp op  ycyji 6iuiaH MOAeJiAa 6a>KapHJica Ba 6 y MOAeJib odteKTJiapHHHHr 
TaSnaTHAa 3HAJiHKHHiir Hy^JiHrnra h luoii'i ^ o ch ji i^HJiHHca, y \onjia 6y



aKCHOMaJiap/MH 6np-6npHHH MaHXH^aH hhkop sxaflnraH HKKHxa >KyMJia 

Ke.nnfi qm ^ac /in ra , a m h  6 i m a  (jmxHi-i' j^a\i xac/unyiafi, xaM  hhkop s t h Q 

6y^Mac.anrn Mnt.ayM oyjiaan. /lexiaK, 6h3  lo^opHAa KejixupraH mhcojih- 

MH3^a rpynnaBHH aKciiOMa.’iap CHCieMacuHHHr Ba MH3HiyiH $ a 3 0  aKCHOMa- 

JiapH CHCTeMaCHHUHT 3HACH3 3K3HHHH KVpCaXAHK, flefiHOIHMH3 MyMKHH.

T a t  p h 4>. 3hach3 aKCHOMa.nsp CHCxeMacHflara J^ap 6np 3Kchom3 my 
CHCTeMa/iarH Ko/iraH 6apqa aKCHOMaJiapHHitr m shthkhh xyjiocacn SyjiMaca, 
SyH^aH 3KcnoMa;iap cucxeMacH spKUH cucmeMa jx&6 aranam .

B y n a a n  KvpuHaAHKH, aKcnoMa.'iap cHCTeMacHHHHP spKHH 6yjiHLU TaJiaSa 

^ap 6np aKCH0M3HHHr KO.iraH aKCHOMaJiapHHHr xy.xocacH  (Hara>Ka) c h  9Mac- 

jinrnHH TeKiiiHpHiH 6iuiaH Hc6oxjiaH3AH. B y  M3C3Jia ^yflHAarnqa ^aji ^ hjih- 

H3AH.

AKCHOMa^apHHHr 3hach3 Av A2, . . An CHCTeMacHra ^apauuiH, Ma- 

CaJiaH, An 3KCH0M3HHHT SpKHH 9K3HJIHrHHH KypCaTHLU y^yH 6y CHCTe- 

M3A3H An hh qni^apHS Tauuia6, yHHHr ypHHra An aKCHOMa, fltHH An hhhp 

M33MyHHHH HHKOp 9TyBqH >KyMJia— HSopaHH KHPHTHS, aKCHOMSJiapHHHT HHrH 

CHCTeMaCHHH ^OCHJI ^HJIHUI B3 yHHHr 3H,HCH3JIHrHHH HC6oT^am Kep3K. X;a- 

ĵ h^3T3h  xaM, srsp An aKCHOMa Av A2, . .  An_ { aKCHOMa/iapHHHr HaxH-

w ac H  cH(j)aTHAa j^ochji i^HJiHHca, y  ^oJifla 6y  aKCHOMa Av A2..........An
3KCH0M3JI3pHHHr )^3M H3THJK3CH 6 y m 6  miKZAH. B y  9C3 3BB3JirH CHCXeMa- 

HHHr 3HAJ1HFHHH fiHJIAHpaAH.

AKCH0M3Jiap CHCTeMacHAara 6upop skchomshhhf spKHHJiHru,' hihh , 
yHHHr MyCT3KH,l aKCHOMa 9K3H JIHPHHH 6 y  CHCTeM3A3rH 3KCH0M3»iap cohh- 
hh KaMafiTHpHiu MyMKHH 3MacjiHrHA3H AapsK 6epa/iH.

AKCHOMajiap CHCxeMacHHHHr s p k h h j i h t h h h  xeKiHHpHiuAa ,^ap 6 h p  s k c h -

0M3HHHr SpKHHJlHrH aJIO^Hfla TeKUlHpHJlMaHflH, qyHKH XeFHUU1H HCfiOTJiap 

JKyna cepMexHaiAup, jkjkhh 631>3h «m y6xa,;iH» aKCHOMs.aapra nncoaxan 

spKHHJiHK ia j\ a (m  leKiuHpHJia/ui. (ByH ra 6h3 mhco^i xapHi^acHAa 23- § V  

nOCTyjISTHHHr SpKHHjlHfHHH KVpcaxaMH3.)
AKCHOMajiap CHCTeM3CHHHHr XyJIHiyiHrHHHHr M33MyHH LUyH/I,3H HSopaX- 

kh , HHra 3KCH0M3Ji3p ^yuiMacflaH xypnS, uiy Ha3ap»!ira xaaji.xyiv™ xap 

6u p  Aai>BOHHHr uiy CHCxewara TaflHraH ^ojias ypnHJiH.iiirnHH gkh hhko- 

PHHH 3HTHUJ MyMKHH SyJICHH. B y  T3JI36HHHr 3M3Jir3 OUUHpHJlHIUH OA3T- 

fl3 cHCTeMs yqyn  Kypn^rsH  ukku ModeM opacudaeu U30MopcpU3M &e6 aTa- 

Jia^HraH T y m y m a r a  acocjiaHaAH.

T a t p H t ^ .  AKCHOMajiap cncTeMacHHHHr hkkh  E, E' MOAeJiiiHHHr aco- 

chh o6-bei<TH (Hyi^Ta, TyFpn >ih3Hk;, tckhcjihk^iap) opacnjia y^apo 6np 

K^HHMaTJiH mocjihk ypHaTH^raH  6yjih6, 6y  Moc^HKfla 9„ieMeHT (o6i,eKT) 

jjap HKKajia MOfle^iaa ^aM  6np  xh^i HHcCaxaa 6 y ^c a , ntHH  A g E A'£ E' 
6y;ica, 6y  hkkh  MOAe/ib U30M0p<p Rewnajiu.

T a t  p n  ^3. AKCHOMajiap cHcieMacura x a a ^ y ^ J i H  ncxa^raH  >KyMJia- 

HHHr TyFpn eKH hotvfp h  9K3HHHH a H H i^ 3 m  MyMKHH 6yjica, aKCHOMa^ap- 

h h h f  6 y  cucxeM acH  m y  auk ,  ( M y m M M O A )  axa^aflH.

AKCHOM a^apH HHr 3 HJICH3 2  CHOTeMacH 6epn^raH 6vjichh, uiy cucTeMa 

acociwa i<;ypHjiraH HasapnaHHHr Sapqa >KyM»xa^iapHim yq C H H ^ra  a>Kpa-

THUI MyMKHH:

6



I .  V  Ba y n f la n  m s h t h ^ h  K e jm 6  q n i ^ a n  H a ra w a j ia p  epAaMHAa hc-

fioTJiam M yM K H H  S y ji r a H  * y M J i a j i3p .
II. v  Ba y i i^ a n  M anTHi^an Kem6 q m ^ a H  namma.nap e pAaM H Aa h h -

K op STHiu MyMKHH GyjiraH >KyMJiajiap.
I I I .  2  B a y t '^ a n  M a H T H ^ a H  k c jih S  H H ^ a H  H3ra>K3jia p  e p A3M HAa h c - 

6o t  xa M  k,h jih 6  S y jiM a ftA H r a H , h h k o p  ^ a M  k;h j ih 6  6y jiM a ftA H r3H > K y M j]a jia p .
fle M a K , v  iiH H r 6n p o p  M O ^e .iH  ^ y p H Jira n  6v jic a , I CHH(J)ra K u p y B W  

6apqa >i<VMJiajiap u iy  M O Ae JiAa  y p H H jiH  6y jia A H , I I  C H H ^ r a  K H p yB q n  6ap- 
qa w y M Jia jra p  m y  M O A e jiA a  y p H H JiH  C y jiM a fiA H , h h x o « t ,  I I I  CHH(J)ra k h - 
pyBHH  w y M Jia jia p  m y  M OAeJiAa y p H H JiH  6ym 6, ^  h h h t  6o m ^ a  u iy H A a n  
M oaeJiH MaB>Kyfl 6yjiHLUH M yM K iiH K H , y H fla  6y  >KyMJiajiap y p H H JiH  S yjiM a fi- 
A H . B y H fla n  K y p H H a flH K H , V  h h h t  H C Ta jiran  h k k h  M OAeJiH  y s a p o  H30M0p<|) 
fiy jic a , a KC H OM aJiapH HH r S y H A a ft cncTPM acH tv jih i^  6y jia A H . B y H H H r  M a t- 
h o c h  m y H ^ a n  H6o p a iK H , aKC H OM aJiapH H H r t> 'jih ^  C HC TeM aai y q y H  T y p jm  
M OAeJiJiap cJ)aKaT >’3H H H H r acocHii 06'beKT (a jieM eHT) jiap ra  S e p H Jia A H ra H  
KOHKpeT M33M yH H  6HJiaH <j>ap  ̂ l^HJiaAH, M aHTH KHH  JKH ^a Tfla H  y jia p  6n p 
X H JIA H p .

Z leM aK , aKCHOMaJiapHHHr 6n p o p  CHCTeMaCHHHHr TyjiH f^ iHrHHH HcdoTJiam  
yqyH  yHHHr KaMH.aa hkkht3 moacjihhh  ojih6, y jia p H H H r y3apo  H30M0pcj3jinrH- 
HH KypCaTHlH KH(j)OH. B y  4>HKpA3H 6h3 KeHHHTH 6o6jiapA a (J)0HAaJiaHaMH3.

MaieMaTHKafla aKCHOMaJiapHHHr TyjiH^ 6yjiMaraH cncTeMacH 6HJiaH ^aM 

h ih  K y p H m ra  Tytpn K e jia A H . MacaJiaH, rpynnaBHH aKCHOMaJiap cncTeMacH 
Typrra aKCHOM aflaH n6opai 6yjin6, y ryjiH^ 9M ac, hvhkh  6y  CHCTeMa- 
h h  H r 6np -6H pH ra  H30M0pcj) CyjiMaraH HKKHTa m oa6Jih h h  K y p c a T H m  M yM ­
KHH. ^ a i^ H K3T a H , P3UH0H3JI COHJ13p Tyn J13MH t^yiHHIII 3M3JlHra HHC63T3H 
r p y n n a  Tam K H Ji K,HJiaAH, 6y H A a n  Tami^apn 6apqa âi\HK,Hii coHJiap T y n jia ­
MH j^aM i^ym in n  aM aJinra H H cfiaTaH  r p y n n a  j^ochji fy iJia A H . J le K H H  6y  h k ­
k h  M O A e jib  OpaCHAa H30MOp<J) MOCJIHK XOCHJI l^HJlHm M yM K H H  3M aC, q y H K H  
p a U H O H a Ji Ba ^aiyiKHft coHJiap T y n jia M jia p n  opacHAa y 3a p o  6np i^HHMaTJiH 
MOCJIHK M3B>KyA 3MaC.

3- §. E b k jih a  flaB p w ran a  reoMeTpnq

F e o M e T p H H  3H r  ^ s a h m th  <J)3HJi3p A3H 6h p h  ^H C o S jia H a A H . B r o r a ^ a  e r a 6 
K e Jira H  T a p n xH H  e A ro p jiH K Jia p ra  a c o c a H , re o M e T p H h a b h  o jiH H ra H  a n r  
6h p h h iih M a tJiy M O T Jia p  ^ H H A H C T O H A a , B a B H JiO H  ( B o 6h ji) a s , M n c p  B3 X h -  
T O H A a  B y jK y A r a  K e Jira H  6y jiH 6, y .a sp  cocf) 3M3Jih h  (Jm o jih h t T3Ji36jiapH H H 
Ky3fl,a TyTraH. FeoMeTpHMHHur EBKjiHAraqa phbojkjishhui >KapaeiiHra khc- 
K3qa 6y jic a -A a  Haaap T s n u ia fljiH K . 3 psM H3A a H  aBBSJirH V I I  —  V I  a cpjrap Aa 
F p e U H iiH H H r  M H Jie T  m a ^ p H A a  H u ia rsH  O a Jie c  y 3 A a u p H A a ii o jia h h  T y n jia H - 
r3H TapKOK ^oJiAarH reoMeTpHK (J)aKT.napHH yMyMJiamTHpnS, MaHTHK; koh- 
^ 3Jia p n  acocHAa H cS oTJiam ra ^ a p s K a r ly i^ r a H . O a Jie c  K y fiH A a r n  T e op e M a - 
Jia p irn  n c S o T Jia ra H :

1. JluaMempaa mupaAzan m m  hu.3Uazcih Gypnatc mijrpu 6ypuaKdup.
2. Jloupa duaMempu ynu m em  uKKuea cmpamadu.
3. EepmuKCLA OypnaKAap mem.
4. Tern  <zha.u ynOypHciKHum acocuda.au. SypnaKAapu m em  Ba ^ 0Ka30.

7



3paMH3AaH aBBa.orn VI —  V acpjiapAa reoMeTpHH Kyrrpo^ X^aHyCuft 

W r a m m a  puBOKJiaiia 6opnn. By AaBpHH FlHcjjarop AaBpn Aem ui mymkhh. 

By AaBpfla xaM $aKTJiapHH h.imiih acocjiaiura ypHHHiu 6yjiraH. KyHHAara 

TeopeMa.iapuHimr Mamm^fiH hc6oth xaM  ujy AaBpra Typpn KeJiaAH: I
1. WH6ypHUK u h k u  dypHaKAapuHum uuFunducu 180° ea m em . \
2. TetcucAUKHu Mynma3aM yn6ypwKjiap, m ypm 6ypH 0K A ap  ea  o k m u - 

SypWKAap 6ua(ih qonAa6 huĥ uiu Mymk.uh.
3. Tyrpu OypnciKAU yndypnaK eunomenyaacuza ncaAzan Keadpam t03U 

Kamemnapuea xcam an KeadpamACtp m Aapu uuFunducuea m em .
BynAaH 6om^a Kynrnna Ma-bJiyMoxJiap xaM 6y AaBpHHHr Ma^cyjiW 6yji- 

raH. MacaJian, 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 KecMaJiapHHHr Mab>kya-:ih r h h h Hc6oxjiam KaxTa hjimhh loxyî  ^hco6- 

jiaHaAH.
3 paMH3AaH aBBajirn IV acpAa reoMexpHmiHHr pHBOJKJiaHHiu MapKa3H 

Ac^Hi-ia iua^pura KyqaAH. MaxeMaxnKa cj)aHHHHHr 6y  AaBpAara pHBO>KHAa 

lljiaxoH, ApHCxoTe^b, AeMOKpuxHHur cjiajicacfta MaKxaSjiapH Ba Ebaokc, Me- 
HexM i<a6n y/iKaii MaxeMaxhoap h h nr xnccaJiapn Kaxxa. By yim m  MaK- 
Ta6 HaMOHHAaJiapH i^yHHAarH hkkh Maca/iaiiH 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^auiHHHr (J>opMacH Ba MexoAHHH Hiu./ia6 hh^hlij: aHa/iH3, CHHxe3 , xec- 
KapncHAaH hc6ox khjihlu Ba ^0Ka30.

By Maca^ajiap acocaH m3hth^ (jiorHKa) (JiaHHHHHr npaxyBqHCH Apnc- 
Toxejib (apaMH3AaH aBBajirn 384 —  322 HHJUiap) HiujiapnAa y3 3Kchhh 
TonAH. X yjiocs khjih6 3ftxr3HA3, EBK/iHAraqa SyjiraH asbpas (|)3 iihh (aft- 
hhk;c3 reoMexpHHHH) a^AYKxhb HerH3A3 i\ypniuHHHr acocnft npHHUHiuiapn 
Myi<3 MM3Ji HUIJ136 qHKHJir3H, ynap j^y flhA3 rhjiapahp:

1. A cochh xymyHqa.'iap (oSteKijrap, yjispHH ynapo 6ofjiobhh HHcSax- 
Jiap) KypcsxH.aaAH.

2. Bapqs KepsKJiH aKCHOMajiap 6aeHH SepnjiaAH.
3. TeopeMa^iap Ke^xnpH^aAH.
4. }(3p 6np TeopeMs y3HA3H aBBajirn xeopeMa^aprs Ba aKciiOMa.aapra 

acocnam6  Hc6ox;iaiiaAH.
5. Hhth KHpHiH/iraH xymynqajiapra TatpHtJ) SepiwaAH.
reoMexpHHHH AeAyKXHB npHHUHnAa ^ypmuHH rpeK ojihmh E bk.iha

y3 3aMOHacHra HHc6axan i ôHH^apJiH kjuihQ, 13 xa KHXo0AaH n6opax 
«HerH3 Î3 p» HOMJIH 3C3pHHH e3AH.

4- § . EBKjiHAHHHr «HerH3Jiap» acapw, ynHHr icTyi^ Ba KSMMHjiHKJiapH

E b k j i h a  x s e x n  ^an.H Aa xyjia M a w iy M O X  Gnsraqa exn6 K e.H M aran . y  6 H3 - 
h h h t  3 p a M ii3 A a H  aB B ajirH  300 HHJUiapAa HiuaraH o y j i n o ,  I lx o ^ e M e H  n o A -  
l lk u ih k  i^H^raH  A aB pA a  A .xeK ca H A p H H A a  M a xeM axH K a A aH  A a p c  6 e p r a H  Ba 
IIIOX, XOMOHHA3H XaiUKHJI KH.XHHraH M y3eHHHHT M axeM aX H K a SyjIHM HHH 
HpaxraH. AftTHxiuiapHqa, K y u ^ ia p A a H  6wp K yH  i u o ^  E b k j i h a h h  qa^HpnS
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«reoMeTpH?iHH ypraim m ra <'HerH3Jiap» fl.au Kypa KHCnapo^ fiyji 6opMH?» 

j\e6 cyparan.ua Ebkjiha MaFpypoHa myHAafi AeraH aKam «reoMeTpHHAa 
mo^Jiap yqyn  Maxcyc fty/i BynAan lam ^apn E bkjihahhhf «OriTHKa»
Ba Soiui^a acapjiapH xa.M MatJiyMflnp.

M h c o h h h t  Tapi-ixHAa EBKJiHAHHHr «HerH3Jiap» acapH  6m an  r a i^ o c j ia m  
MyMKHH 6 y j ir a n  Ba x a n y 3 r a Lia y 3  Kia/ip-i<lHHMaTHHn fiy^oT M aft K ejiraH , 
y 3  3aMOHacHra HHcfiaTaH q y K y p  h jim h h  a c o c A a  aparH JiraH  G npopT a a c a p iw  
K ypcaTH S 6yjiM aH AH . Y iiH H r tjjai^aT 1482 HHJiAan 6 o m ;ia 6  500 M apra /iaH  
K y n p oi^  ^ a ih a  n a m p  m /iH H raH H  Ba A yneA arH  m y A a  K yn  t h -'iJia p ra  Tap- 
*H M a  i\HJiHHraHH KDKjOpHAarn (|)HKpHMH3HHHr epiy-m  A^JiiiJinAHp. «H erH 3 - 
Jiap» HHHr i^HC^aqa M a3M ynn ra T y x ia .n n 6  yTafuiH K.

I k h t o S a s  y q 6 y p q a K J ia p iiH H r  t c h t j i h k  mapTJiapH, yqGypqaK TOMOHJiapii 
SnjiaH S y p n a K ^ a p H  o p a c i iA a r H  MVHOcaGaTJiap, y q G y p M a o a p H H  fleam, T yF pH  
miSH^jiapHHHr napajuiejuinni Ba nepneHAHKyjiapjiHrH, napa/iJie.aorpaMM 
Ba y q G yp M a K H H u r K)3.napH xaMAa IlH ^arop TeopeMacn 6op.

II KHTo6Aa ( a + 6 ) 2= f l 2- f  2 a 6 + 6 2, (a— b)b=ab—b2 Ba m y io S h  sh- 
HHHTJiap reoMeTpHK (JjopMaAa t b j i k h h  K H JiH n aA H .^ B y k h t g S  KBaApaT TeHr- 
jiaMaHH reoMeTpHK ycyjiAa e^Hiu GnJian TyrajuiaHaAH.

III k h to 6  aHJianara GaFHLUJianaAH. ByHAa acocaH  a fu ia H a ra  yTKa3H.fi- 
raH KecyB'iH, ypm-iMa, MapKa3HH SypqaKJiap, m iu i miSH.iraH CypqaKjiap 
^apajiaAH.

IV  khto6a 3 aHJianara hmkh ea TaniKH qnaHJiraH Kyn6ypqai<jiap K.apa- 
jih6, MyHT33aM T yp i6ypLiaK, GemSypqaK, ojiraGypqaK Ba yH SemoypqaK- 
jiapHH scam  Kypcam-iaAH.

V  k h t o 6  acocaH nponopmiflJiap Ha3apH«CHra 6aFHm;iaHraH.

V I KHTo6Aa npoiiopiiHfljiap Ha3apHHCHHHHr raiSin^M cmjjaTHAa KynSyp- 
qaKJiap yxmamJiHni na3apnHCH Ba KynSypqaK mnapHHH Tonnm GepHJiaAH.

V I I — IX  KHToOjiap apHcjweraKa Ba coiuiap HasapHjicura GaFnm/iaHrari.
IUyHHCH AHK^aira ca30B0pKH, Gy KHTo6;iapAa h k k h  GyTyH coHHHur 

3Hr K a u a  yM yM H H  O w i v b t o c h h h  T o n u m  a jirop H T M H  ^ aM A a  r y 6  coHJiap- 
hhht qeKCH3 Kyn aKaHJinrn ncGoTJiaHaAH.

X KHTo6Aa HppauHOHaJi MH^Aopjiap Ha3apHHcn KapaJia^H.

X I — X III KHTo6„iap CTepeoMeTpHHra GaFHiiiJiaHraH GyjinG, yjiapAa Kyn- 

eiyiap, afljiaHMa mncM.nap Ba yjiapmiHr xamuiapn K.apajihG, MyHTa3aM 

KyneKJrap J^a^HAa MatJiyMOT GepHJiaAH. KejmipujiraH 13 ra khio6hhhi' 

xap SHpn TymyHqa^apHHhr TatpH^apHAaH SomjiaHaAH, MacajiaH, 1 kh- 

TofiAa 23 Ta TatpH^ 6epnJiran, y^apAaH 6at3iwapnHn i<e-JiTHpaMH3.

I. Hyi^Ta myAHpKHM, y  gyjiaKjiapra ara 9Mac.
II. Mh3HÎ  3HCH3 y3yHJlHKA«p.
III.  MHSHKjHHHr qerapajiapn nyKTa.napAup.
IV . Typpii iiH3H^ Ae6 mynAafi ^ H S H ^ a  aHTHJiaAHKii, y  ysimiiHr ^aMMa 

ny^'ia.aapHra HHcGaraii 6np xhji JKOHJiamraHAnp-
V . CnpT myAHpKHM, y y3VH»nHKKa Ba 9Hra ara.
V I .  CHpTHHHr qerapaJiapH miSHiyiapAHp.
V I I. TeKHCJiHK myhAaft chptkh, y  yaiiAarn xaw.Ma TyFpii qH3Ht .̂iap- 

ra HHc6aiaH 6np xhji Koft^amraHAHp.
V I II. 5Icch gypnaK a^G, Cup-OHpH Qiman Kecnmran Ba 6np TeKHCJiHK- 

Aa >KOHJiamraH, jickhh 6np TyFpH qH3Hiyia eiMaran hkkh 4H3HKHHHT 6np- 

fiHpnra i^HHJinrHra aflraJiaAH Ba J50Ka30.

&



D £  T a tp iifJu iap A aH  c y n r  nocTV JraTJisp
(.\03Hprn Ba^Tfla noeryjiaT 6 m a n  aK- 
CHOMa 6Hp-6npHflaH cjiapiyiaHManAH) 
Ba aKcnoMaJiap 6epHJi3AH.

H o c T y ^ a T j i a p :
I .  ^ a p  6 n p  H y ^ T a a a H  HCTaJiraH 

H y ^ x a r a H a  T y p p n  h h 3 hi<; y T K 3 3 H iu  
M yM KH H  6yjIC H H .

I I .  H e r a p a .n a n r a H  x a p  6 n p  T yp p H  
MH3H^HH H C T a .ira iW a  A 3B 0M  STTHpHIU

 ̂ M y m k h h  6 y jic H H .
III. HcTajiraH Mapi<a3AaH ^ap 

j^aHAafl p a aw y c  6 m a n  3HJI3H3 qH-
' '■ V i  3HHI M yM KHH S yjlC H H .

? y 3 a p o  T eH r 6 y jic H H .
IV . ^aMM3 Typpw SypqaKjiap

1- >W3Ma V . B n p  T yF pH  4H 3H ^ h k k h  T yp p H  
qH3Hi^ 6 h j ih h  k c c h i u h S ,  y jia p  fiHJiaH

fiHFHHAucH 2d AaH k h h h k  6 y j i r a n  h h k h  6 ;ip  t o m o h j i h  6ypqai< jiap  TauiKHJi 
i^HJica, yjiapH H  6 y  h h f h h a h  2d  AaH  k h h h k  TOMOHra K a p a S  a 3 b o m  i^h jiAHP- 
ra iiA a , y j ia p  m y  TO M O H ra K ecm uaA H raH  6 v j i c h h .  

B y  o x n p rH  n o e ry jia T  n a p a ju ie ju ia p  x a^H A arn  E b k jih a h h h f  M arn ^y p  6 e -  
iH H H qn nocTyjiaTHAHp. 

A K C H O M a j i a p :
I. yqnHMH M H i^AopraTeHr fiy jiraH  M H^Aopjiap y 3 a p o  TeH r.
I I .  T eH r M H ^A opjiapra  6ap aB ap A an  i^yuiHJica, yjiapH H H r h h f h h a h ji3P h  

x;a.\i T eH r 6yji3AH.
I I I .  T e H r MHi^AopAaH dapaB apA an  afinpH Jica, ipJiA H iy iapH  ^aM  TeHP 

CyjiaAH Ba ^ oi«3o . 
Ilo cT y jia T  Ba aKciiOM ajiapAaH c y n r  >KyMjiaJiap h o m h  6 \\n m  T eo p eM ajisp  

Ba f lc a iu ra  A oup  M acaJiaJiap K eJirapH  jia  a h • 
1. ) K y M J i a  (Teopeiw a). B e jirn jiH  KecMaAa (T y rp n  iiH3H^Aa) TeH r to m o h *  

j ih  y q fiy p q aK  acajicHH. 
51 c a m :  A B  KecMa ( ly F p n  TO3 Hi^) SepH JiraH  6yjiCHH (l-q H 3Ma). 

A  h h  MapKa3 i^hjih6  A B  paA H yc SnjiaH  n n p i< y /ib  epAaMHAa B C D  eft q n - 
33MH3 ( I I I  n O C T y jia T ), C y H rp S  B  HH M 3p K 33  RAJHIS B A  psAHyC 0HJ13H 
A C E  eft qH33MH3 ( I I I  nocT y jiaT ), 6 y  eftjiapHHHr K ecu rn u m  h v  i^ rac ii C  opi^a- 
j ih  C A ,  C B  ry rp H  qH3HiyiapHH y TKa3aMH3 (I n o cT y /iaT ). A  H yi^ra  D B C  
aH.’ianaH H H r M3pK33H SyjiraH H  y q y n  A C  KecMa A B  r a  TeHrAHp (X V  t s v  
pwcj)), c y H rp s  B  i iy i^ ra  A C E  aftji3HaHHHr M apK 33H  fiyjiraH H  yqyH  B C  Kec- 
M3 A B  r a  TeHFAiip (X V  T a-bpucf)). I a i< c n o M a r3  acocaH  C A  KecMa C B  r a  
TeHr. f le w a K , C A ,  A B ,  B C  KecM ajiap y 3 a p o  T eH r, AeMan A B C  TeHr 
t o m  o h  jih  y q g y p q sK  (X X  T s^pm J)). U lyHH H cSoTJiaiu (a ca m ) T 3Jia6  k h jih h -  
raH  a  a h .

«H erH 3Jiap» h h h p  My?\HM T apnxnH  a^awHflTHAan fw a  Cmpn myHAaH 

uSopaTKH, y  reoMeTpHHHH m h h t h i^h S jkh^ t a s h  j k h a a h h  paBHm Aa SaeH 
3Thlu f o h c h h h  f)H3HHHr AaBpHMH3raqa eTK33AH. BH3HHHT AaBpHMH3raqa 

6 y jir3 H  c])3H T ap u xH H H H r 6y ioK  H 3M 0H H A3JiapH A aH  K onepH H K , T s J iH J ie fi, 
XleKapT, HbHDTOH, JleftgHHU, S f t j ie p , JIo m o h o c o b , JIo6aqeBCKHft, 3 j i - X o p 3 >
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MHfi, BepyHHH, H6h-Chho, y^iypSeK, YMap XafteM Ba 6oiu^ajiap ^aw M3Te- 
l̂aTHKaHH Ebkjihahhhi' «Hern3Jiap» hash ypraHHiuraH. JleKHH 6y acap 

ŝ aM KaumjiHK.napixau xojih 3Mac. «HerH3Jiap» hhht acocHH KaMqujiHKjrapH 
HHMajiapaaH nSopaT?

1. E b k jih a  TOMOHHflan GepHJiraH 6ai>3H xabpHcJviap > êq HapcaHH aHH^- 
jiauanAH (MScajiaH, nyi^Ta Ta'bpnc))n) Ba EBKjiHAHHHr yan 6 y  Ta-hpHtJuiap- 
AaH (jfOHAajiaHMafiiiH. TatpH cjviapAa y 3H xatpH^JiaHHUiH KepaK SyjiraH  
TymyHMajiap o o p , M acajian «y3yHjiHK», <oh», «qerap a» Ba }\0Ka30. JleKi-ni 
aftjiaHa, yqG ypqan , xyppH SypqaK , yTMac Ba yxKHp 6ypqaKKa SepraH xai>- 
pHCj)JiapH I^OHH^apjlH.

2. Ebkjiha aftpHM wyMJiaJiapHH nocxyjiax, afipHMjiapHHH sea aKCHOMa Ae6 

aTaraH, 6y hkkh Tyuiyoqa opacnfla MaHTHi^HH (J>apî  ii\% 6a"b3H KHHiHJiap- 

HHHr (])HKpHra KjaparaiiAa y nocxyjiaT ne6 (f)ai<ax reoMerpHK cjwrypajiap- 

HHHr xocca.napuHH aHH^naHfliiran >KyMJiaJiapHH o.’iraH, KOJiran xap i\aiaaft 

MHt^AopJiap xoccajiapHHH anHî jioBMH HiyMJiajiapHH aKCHOMaJiap cHtpaxiiAa 

K aO yji i^HJiran. 3aMOHaBHH aAaSaexAa aKCHOMa Ghjish  nocxyjiax 6np M a t- 
Ho^a HuwiaTHJiaflH.

«Herm/iap» HHHr acocHH KaMqnjiHKJiapHAaH a Ha 6iipn yHAa SepHJiMa- 
raH aKCHOMajiapAaH, MacaJiaH, y3JiyKCH3JiHK aKcnoMacHAaH cj)OHAajiaHHUi 
jjcwuiapKHHHr 103 6epHiuHAHp. IO>;opHAa TeHr tomohjih yqSypqaKHH Hearn 
Maca.tiacHHii KypraHHMH3Aa hkkh aHJiananHHr C Hyi^xaAa Kecium-im t{>aKXH 
^eq xohjxa K;aiiA i^HJiHHMaraH. MaHXH^Hii KH^axAan 6y epAa Hy^ccH f>op, 
6y afijiaHajiapHHHr KecnuiHWH KeftiiHqajiHK KeJiaAnraH Myjioxa3a (y3jiyK- 
CH3JIHK TyiuyHHacii) ra acocjiaHaAH.

XyAAH myHra yxmam xapin6 Ba ^apaKax aKCHOMajiapH ^aM eramMaH- 
AH (6y aKCHOMaJiapHHHr M33MyHH 6nJiaH KeiiHHpoK, TaHnmaMii3).

«HerH3Jiap» ra xaHi^HAHH Hyi^xan H333pA3H i^aparaHAa, LuyHH ^aM 
3T>xn6opra ojihiu KepaKKH, yHHHr acocuH KaMqHJiHKJiapH (jpaî ax XIX acp- 
HHHr oXHpJiapiiAarHHa ouiKop i^hjihhah.

5- §. BemHHHH nocTyjiathii HcSoTJiaui yqyH ypHHHmjiap

TeoMeTpiiH TapuxHAa Ebkjihahhhi’ 6eunmxM nodyjiaxH fohx Myxmm, 
poJib yflnaHAH. By nocxyjiax i^aAHMrn saMOHAaH 6yeH MaxeMaxHKJiap 
AHK,«;axHHH y3Hra >KaJi6 i^hjihS KejiAH, yjiap reoMexpuflHH 6y nocxyjiax- 
Aan xajioc khjihlu, yHAani Aa^BOHH HcSoxjiam, yun ojiAHHrn nocxyjiaT 
Ba aKCHOMaJiapAaH KeJixHpuS qn^apHHira HHTHJiAHJiap. ByHAan ^H3h^hui- 
JiapHHHr ca6a6jiapHAaH 6hph, SepHJiraH nocxyjiaxJiapAan aBBSJirn Typxxacn 
y3- y3HA3H aeH SvjihS, GeuiHnqn nocxyjiaxHHHr aeamm 6eB0CHxa i<yp;i- 
hh6 TypMaraHJinrHAaAHp, hkkhiwhch 3C3, fieuiHHTO nocxyjisxAan Ebkjiha- 
hh y3H h jio^h  6opnqa KaM (})0HAaji3HHUira ^spaKax ^HJiraHJiHrHAaAHp, 
yHA3H (J)â aT Shphhuh M3px3 29- >KyMJiaHH HC6oTJiauiA3 (|)0HAajiaHraH. 
IUyHHCH ^H3HI^KH, EbKJIHAA3H CyHr I^3pHH6 2000 HHJI MOSaHHHAa SeiHHH- 
qH nocxyjiaxHH Hc6oxJiaui yqyH ypnunS K^pMaraH finpopxa ^aM HiipHK 
M axeM aiH K  ^OJiMaraH. JleKHH 6y ojiHMJiapHHHr KynqHJiHrn EBKJiHAHHHr 
nocTyjiaT Ba 3kcho MajiapHA3H scjiHAa mshxhi^sh kcjihQ qHKaAHraH onpop- 
Ta }KyMJiaHH ojihS (Kynjiapn yqyH y >KyMJia aeH xyiojiran), cym-pa 6e- 
uiHHqn nocxy^axHH HcSoTJiaAHM, Ae6 a31>bo i^HJiraHJiap. myHAafi ojihm- 
JiapAaH 6ai>3iwapHHHHr HUiJiapHHH T3bKHAJia6 yxaMH3.
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1. 3paMH3flaH aBBajirn I acpAa yiiuaran E Ioch aohh h  «TeKncjiHKAa TyF­
pH MH3HK/iaH 6np TOMOH/ia Ea 6np  xh ji Maeoc{)aAa erraH  Hy^TaJiapHHHF 
reoMeTpHK ypHH TyFpH liH3H^ 6yjiaAH » AeraH wyMJiaBH h c 6 o tc h 3  i^a6yji

6 em m m  nocTyjiaTHH Hc6oT.namra apHiuaAH.
2. rp ex  MaTeMaTHKJiapHflaH IlpoKjiHHHr (410— 485) «KecHmMa&AHraH 

hkkh Typpn hh3h^ opacHAarH Macct^a qerapajiaHraH MH^AopAa» (IlpoKJi 4>hk- 
pnqa xaTTO y3rapMac mhi âopahp) TacAmyiamn 6euiHHHH nociyjiaTra skbh- 
BajienTAHp.

3. 03ap6an>KOH ojihmh HacpiiAAHH T y c n n  (1201 —  1274) ym6y tf)HKp- 
ra acocjiaHaAH: « A r a p  hkkh a, b TyFpn hh3H!^A3H Shphhtoch A B  KecMara 
nepneHAHKyjiap (A£a, B^b), hkkhhhhch sea ofms 6yjica, y bs^tas b TyF­
pH i;ibhkA3h a TyFpH hhshk^s TymnpHJiraH nepneHAHKyjiHpHHHr A B  hhhf 
b 6HJiaH yTKnp SypqaK tsuikh^ i^hjifsh tom ohasfhch A B  AaH khtok, b 
6njiaa yTMac SypqaK TauiKHJi lyuiraH TOMOHAarHCH sea A B  AaH KarraAHp». 
Lljy <|)apa3ra acocjiaHno deuiHHqH nocTyjiaira y3 «hc6othhii» SepaAH.

4 . HHrJiH3 MaieMaTHrn, O k c^ iopa yHHBepcHTeTHHHHr npcx^eccopH  
,H>koh  BaJMHC ( 1 6 1 6 —  1703) «B np - Snpnra y x m a m , JieKHH TeHr 6yjiM a- 
raH HKKHTa yqfiypqaK  MaB>KyA» AeraH cJ)apa3HH i^aSyji i ĥjthS, SemHHqn 
nocTyjiaTHH «Hc6oTJiaflAH».

5 . BeHrp MaTeMararH OapKam BoJibHH ( 1 7 7 5 —  1856) «Bnp Typpn 
HH3H^Aa eTMaraH ^ap ^aHAaii yqTa Hy^Ta Snrra aiuiaHaAa eraAH» £kh 
myHAaft TaGnaTjiH yq Hy^TaAaH afuiaHa yTKa3Hm mymkhh AeraH c})apa3ra 
acocJiaanS, fieiUHHHH nocTyJiaT «hc6othhh» 6epaAH Ba x.0Ka30.

IUyHra yxmaui KynrHHa OJiHMJiapmmr HOMJiapiiHH KeJiTHpnm MyMKHH- 
kh, yjiap ysjiap n  y 'lya  aeH ^HCoSjianraH 6npop wyMJiaan om 6 ,  S e m H im  
noc'ry,/iaTHH «HcfioTj!amra» MyBa^ai^ 6yjiraHJiap. JieKHH yjiapHHHr K yn- 
qn/m rH , y3Jiapn i\a6yji î HJiraH xcyMJiaHHHr 6eiiiHHMn nocTyjiarra SKBHBa- 
jieHT 3K3HHHH ce3Maft i^ojiraHJiap. 3hah V  nocTyjiaTHHHr 6ai>3H 3kbhb3- 
jieHijrapHHH KejrrnpaHJiHK. ABBajio ncooTjiapn my nociyjiaTra cyHHMaran 
6 n p  Heqa 4>aKTHH KejiTHpanjiHK (Ebkjiha ^aM yjiapm i Sem nH iH  nocTyjiar- 
A3H (J)OHAajiaHMaH ncooTJiaraH):

a) y^dypqaKHHur TamKH 6ypqara y3Hra K,yii;nn 6y;iMaran hhkh 6yp- 
qaKHHHr \ap Shphabh K a™ .

6) TeKHCJiHKA3 TyFpn qH3Hî  Tam^apucHAa ojiHHran Hy^T3A3H 6y TyF­
pH HH3H^a napa^jieji TyFpn hh3h^ yTKa3nm mymkhh.

b) B np TyFpn H H3H ^a riepneHAHKy^Hp 6y^r3H  hkkh  TyFpn qH3H^ y3- 
3 p o  n ap a^jie ji 6yjiaAH.

r) Arap hkkh ryppH qH3Hî  6npop Typpn qH3ni^ 6nJian Kecnmca Ba 
KecHummAa ^och.i  6yjiraH i« kh 6np tomohjih SypqaKJiapHiiiir hhphhahch 
180° ra TeHr 6yjiC3,6y Typpn liH3H^«i3p riapa/uieji

A) H kkh Typpn hh3hi ĥh yqHHqn Typpn qHsni  ̂ KecraHAa moc SypqaKJiap 
(?^aMA3 nqKH 3JiM3mHHyEqn 6ypq3K.rap) ysspo TeHr 6yjic3, 6y Typpn qn- 
3Hiyiap nspsji^eji 6yjiaAH B3 >;0K330.

TcopeM a. «TeKHC^HKAa ryppn qnsniyia CTMarsH Hyi^ra opî ajin m y 
TyFpn qn3Hi^a napajuieji 6yjiraH (J)â aT dnrra TyFpn qn3Hî  yTaAH» Ae­

raH cf)apa3 6emHHqn nocTyjiaTra 3KBHBajieHT. (A>koh rijieH(|)ep H^OAaJia- 

raH napajuiejuiHK aKcnoMacn.) _
H c 6 o t . 1. a TyFpn qH3HHj Ba D^a Hyi^Ta SepnjiraH SyjicnH ( 2 - qn3-
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Ma). D  Hyi^TaAan a Tyrpn qi-rH^Ka D A  ra nepneHAHKyjinp TyuiHpnS, D  
H y^TaaaH  D A  ra nepneHAHKyjiap b TyFpH hh3H^hh yrKajaMns: 

lo^opHAarn b) wyMJiara acocaH a || b ; D  ny^TaAaH y m 6 ,  b a  an  ({jap 

g.yjiraH xap i^aHAan I Tyrpw qn3ii^ D A  Tyrpn qii3ni<; 6m an  yHHHr Gnpop 

TDMOHHAa yTKHp 6ypqan ^ochji i^HJiaAH. a 6nJiaH b hh  KecnS yiraH D A  
TyFpn 4H3Hi\HHHr yjiap SiuiaH ^ochji i^HJiraH hhkh 6np  tomohjih 6ypqai<- 

JiapnAaH 6hph  90°, iikkhh^hch cl 6yjin6, paBiuaHKH, a  +  90° <  180°. 

y  xoJiAa 6eujHH'-iH nocryjiaTra acocaH I Tyrpn qrent^ a 6m an  KecHUiaAH. 

ZleMaK, D  HyK,TaAaH y™ 6, a  6nJian KecnmMaHAHraH <J)ai^aT 6nxTa b TyF-
PH qH3Hi^ MaBH<yA.

2. 3 hah T e c K a p n  Aa^BOHH, HtHH SemnHqH nociyjiaTHH TeopeMa CH:])a-
THAa HC60TJiaHJIHK.

a, b T y rp n  qnsniyiap 6epHJiran d y jicn H . H K K ajia  TyFpn q n 3 n ^  dnJiaH 
KecHHiaAHraH 6 n p o p  /  TyFpH m ibhk, yTKa3afljiH K . a fl I = C , b { ] l  — D  6 y j i -  
c h h  (3 -  HH3Ma). M q iu i 6 n p  t o m o h jih  6ypqaK jiapH H  m o c  paBHiUAa, a ,  p  %e(r 
f ie j ir a jia S , a  +  P <  180° u ia p rA a  a diiJiaH b HHHr m y  TOMOHAa K e c n m n  
u ih h h  KypcaTafijiHK. D  i iy i^ a A a H  m y n A a fl c  T y p p n  yTKa3aftjiHKKH,
yHHHr I  T yF p n  qH3H!^ CnJiaH ^ o c h j i  KHJiraH m m  6up  t o m o h jih  g y p q a r n  
Y  =  a  6yjiCHH. A m m o y ' +  y =  2 d = ^ a + y  =  2d,  A^MaK, y >  p Ba c  
T y p p n  qH3Hi^ b AaH 4>a pKJin. lO i^opH A a KeJiTnpHJiraH r )  w y M jia r a  a c o c a H  
a  || c. r ijie ik jie p  aKCHOMacnra a c o c a H  b gn jiaH  a TyFpn qn3Hi^ K ecnm aA H  
(n a p a ju ie j i  T y p p n  qH3Hiy-iHiir H roH a jiH rn ra  a c o c a H ).

T eo p eM a . « y q 6 ypqaK  nqKH g y p q a K J ia p m m r h h f h h a h c h  180° r a  TeHr» 
A eraH  xacA H ^ geuiH H qn n o c T y j ia i r a  3 KBHBajieHTAnp.

H c  6 o r .  1. HxraepHH a, b TyFpH qn3niyiapHn I TyFpn qnan^ gHJiaH Kec- 
raHAa xochji gyjiraH nqKH 6np tomohjih a , P gypqaKjiapmmr hhfhhahch 180° 
AaH KnqHK gyjicnH (4- qn3Ma). b Typpn qnsni^HHHr D  Hy^'racnAan a ra nep- 
neHAHKyjisip D £  TyFpn qn3H^Hn yTKa3aMH3, cynrpa D  Hy^TaAaH D E  TyFpn 
LiH3H!\Ka nepneHAHKyjiHp Gyjiran c  TyFpH qn3HKHH yTK33aMH3. b gnJiaH c  TyF­
pH qH3H  ̂ opacHAarn yTKHp 6ypqaKHn 0 Ae6, b 6nJian D E  Typpn qH3n^ opa- 
CHAarn SypqaKHH aca y Ae6 6eJirHJiaHJiHK (paBmaHKn, y +  0 =  90°). 

a Typpn qH3Hi\Aa D E  =  E E V D E 1 =  E 1E 2, D E 2 =  E 2 E s =  . . .  =  
=  E n-x E n HiapTJiapHH KaiioaTjiaHTnpyBqH E v  E 2   E n Hy^TajiapHn 
^ochji i^hjihS, A D E E V f\ D E l E 2, . .  . ,  I\ D E n l E n jiapun TeKmnpaMH3. 
YqSypqaK nqKH 6ypqaKjiapnHHHr hhfhhahch n ra Teur SyjiraiiH Ba A D E E X

HHHr TeHr eHJiH yqSypqaK sKaHJinrnAan z l  E E X D =  gy^AH . A D E XE2 

^aM TeHr eHJin gyjiraHn yqyH / -E E 2D  =  -g -  =  J L  g^aAH . H h^ojit,

Z .E E n D =  6yjn„6, Z . EDE = b

yqyH (*) TenrJinKAa n hh myHAafi KaT- 

Ta î hjihS ojinm mymkhhkh, A.EDE^>
y gyjiaAn. y  xojiAa b Typpn qn3HK;

£ E D E n HHHr yqHAara 6ypqai<HHHr a  
nqnAa î ojihS, my SypqaK ^apmncnAarn

TOMOHHH, HT>HH a HH kgciiG yraAH-

A
2- qH3Ma
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3- wHSMa 4- TO3Ma

5- 'IH3Ma

2. 3  Ĥ H 6eLUHH4H IIOCTyjiaTHH 
$'Phh/ih jxe6 ojiv6, yqgypwaK im kh  
6ypqaK.TapnHHfir hhfhhahch 180° ra
TeHr/IHriiHH HC60TJ7aH.'IHK.

A.ABC Sepn.iran 6y.acHH (5-HH3- 
Ma). YHHHr otkh  SypqaK^apHHH moq 
paBHUiAa a ,  p , v  A^o 6e„inwaH ;iH K. C  
Hy^TaAan AB  TOMOHra napa.a/ieji jyi- 
J1h6 CD TyFpH ^H3Hî HH yTKa3aMH3 
(aBBaJirn Hc6oT.ua h ran TeopeMara aco­
caH 6y TyFpn qH3Hî  HroHaAHp). V  

s^ojiAa ro^opHAarn a) JKyMJiara acocaH Z. BCD =  f3, /.ACE  =  a 6ym6, 
Z-ACB  4  /-BCD  +  /-ACE  =  180° (eim^ SypnaK) Cy^raHH yqyH a  +
+  p +  y  =  180°.

K,yHHAarn /KyM.ia.nap ^aM fieuiHHHH nocTy.naTra 9KBHBaJieHTAiip.
1. y^ypqaKHHHr 6aJiaHA.flHK.napH aohmo KecHiuaAH.
2. I03H erapjiiwa Karra SwiraH yqdypqaK MaBJKyA.
3. AfijiaHara hhkh MH3HJiraH MynrasaM ojmi6yp'iaK tomohh my afijia- 

na paAnycura Tenr.
4. riucjjarop TeopeMacn.
5. BypiiaK m im a ojiHHraH Hy^TaAan my 6ypqaKHHHr HKKa.na tomohh- 

h ji KecyBMH TyFpn 4H3H;̂  yTKa3Hm MyMKHH Ba xoKa3o. By^apAan Tamila* 
pH rioCHAOHUH, npOKJI, HaCpHAAHH TyCHH, BaJIJIHC, BOJIbSIH TOMOHHA3H 
i\a6yji lyyiHHraH }KyM.aa»iap x,aM SemHHqn nocryjiaxra SKBHBaJieHTflHp.

6 -§ .  CaKKepH, J7aM6epT Ba JlemaHAp HuuiapH

XVIII  acpra Kejm6 fiemHOTH nocTyjiaTHH Hc6oTJiam yqyH i^yfeAarH 

npMHUHn acocHAa Hm TyrajiAH: fiemnHMH nocryjiar vhh hhkop STyBHH 

wyM/ia ((J)apa3) Sn.iaii ajiMaiUTHpHJwS, ĵ ochji K,HJWHraH HHrn CHCTeMa 

acocHAa MaHTiii^HH xyjiocajiap HHî apHJia 6omJiaHAH. By Baî TAa SeuiHHqH 

riocryjiaT 6nJiaH 6npra 6y <J)apa3 acocHAa qn^apHJiraH xyjiocajiap opacH- 
Aa apTaMH- KenMn 3HAJ1HK naftAO 6yjiaAH, hm h  6ap-6npum  HHKop 9TyB- 

«jh KaMHAa HKKHTa wyMjia By>KyAra KejiaAH. XyaM  my ycyji 6m au  6e- 

uihh'Ih nocryjiaTHH Hc6oTJiamra CaKKepH, JIaMSepT Ba JIe>KaHAp ypHHnC 

KypnmraH. Mra/wjuihk ojihm CaKKepH (1 6 6 7 —  1733) My^oKaMajiapnAa
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acocHflara hkkhts fiypqarn TyFpn Ba en TOMOHJiapn TeHr CyjiraH TypT- 
5ypqaK ojiHHraH. (ByHflaft TypT(5ypqaK oAaTAa XafleM —  T ycn ft— CaKKepii 
TypTfiypqara fle6 wpHTHJiaAH, ^ hkh xyAAH uiyHnan TypT6ypqaKHii
XI acpaa XafleM, K e m m a m K  aji- Tycnn  %aM TeKiimpraH.) y  fiyHAani 
typT6ypqaKHHHr ^o;iraH hkkht3 SypqarnHHHr TeHrjiHniHH ocoHrnna h c6 ot- 
jia6, yjiapHHHr KarrsjinrH xai\HAa y m a  ninoTe3aiiH ^ h a h :  1) yTMac 
pypqaK; 2) TyFpn 6ypqsK; 3) yTKHp SypqaK. yTMac 6ypqaK ranoTe3acH- 
PH Kaoyji i^hjih6, yH^an HaraiKajiap qn^apa Gopnm 6nJiah 3HAJiHKKa 
yqpaflflH, uiyH H H r yqyn  6y  rnnoTe3aHH i^apamshah. TyFpH 6ypqaK rH no 
fe3acHHH tckiuhph6, yHHHr SeiuHhqn nocryjiaTra sKBHBa-'ieHT/inrnHH hc- 
SoTJiaftflH. Hh.^oht, yTKHp 6ypqaK rHnoTe3acHHH i^aSyji ^hjih6, ynaaH 
M3hthi^ ^oHyHjiapn acocHjia H am so jiap  qni^apa GouiJiafiAH. CaKKepH 6y 
ranoTe3aHH shajihkks yqpsTimi yqyH  K y n  xapaKai ^HJiaAn, qyHKn yTKHp 
CypqaK rnnoTe3acn xaM SHfl/iHKKa yqpaca, c jm a i  TyFpn SypqaK rnnoTe3a- 
cn  y p iiH /in  SyjinS, 6eujHHqn nocTyjiaran TecKapncnflaH hc6otji3ih  y cy jin  
6HJiaH ncfioTjiamra MVBa(]x|;a^ Syjiran 6y jiap  3 ah. Y re n p  6ypqaK rnno- 
Te3acnHH Kaoyji %um6, CaKKepH ^yfinAarn TeopeMajiapHH ncfioTJiamra 
9p»maAn:

1. Bnrra T yFpn qH3n ^ a  yTK a3H/iraH nepneH A H K yjinp Ba oFMa T yppn 
qHSHiyiap y 3a p o  aohmo Kecnm aBepM aflflH .

2. TeKncjiHKfla TyFpn q ron ^  Tam^apHCHAa ojiHHraH ny^TaflaH 6 y  Typ- 
p n  q n 3nK f in n a n  KecnLUManAnraH KaMHAa h k k h t 3  T yp p n  q n 3HK, yT K a3n iu  
MyMKHH.

3. TeKHCJiHKA3 T yppn  qH3H^A3 H 6np xhji Maccx})aAa e i r a H  H y ^T ajiap - 
HHHr reoM eT pnK  ypH n a r p n  q n 3Hiy],Hp Ba ^ 0 K330.

By >KyMJi3Ji3p Ebkjiha reoMeTpHflCHAa ypnHJin 9Mac, aJiSarra. «Ebk- 
jiha reoMeTpnflCHAaH 6oui^a reoMeTpHhhh SyjinuiH MyMKHH 3Mac» AeraH 
(})HKpra i^ tb h h  HuiOHraH CaKKepH yTKHp 6ypqaK rn n o T e 3acnH H  SHAJiHKKa 
yqpaTnmra ^ap3K3T i^hjihQ, ^nco6jianiA3 6at3H xaTOJiapra nyji i^'hhui 6h- 
JiaH 6yHra apHuiaAH.

HeMHC MaTeMararH JlsMfiepTHH (1 7 2 8 —  1777) 6euiHHHH nocTyjiar 
yGTHAa nui o jih 6  6 o p r 3 H CaKKepn nm nH H H r AaBOMqncn A eca  6 yjiaAH. 
y  1766 HHJiAa e3raH  « r i3 p 3JiJieJi T yppn  q n 3n ^J i3 p  Ha3apHHcn» h o m jih  a c a -  
pHAa, h k k h t 3  6 y p q a r n  3Mac, 6 ajiKH y qT a 6 y p q a r n  Typpn 6 ypqaKAaH h 6 o- 
p aT  6 y j i r 3 H TypT6 ypqaKHH TeKuinpaAH. IlIy H A an  TypT6 ypqaKHH Hr rypTHH- 
q n  6 ypqarH H H H r K a rra jin rH  j ^ h a s  JlaM fiepT  ^aM  y qT a rn n o T e 3aHH ^ v h -  
Ah: 1) yTM ac S y p q sK : 2) T yppn  6ypqaK; 3) yTKHp 6ypqaK. CaKKepnra 
yxrnsuj, JlaM fiepT  ^aM  yTM ac 6 y p q 3 K m n o T e 33CHHn 3HAJiHKKa y q p aT n o , 
T yFpn 6 ypq aK  rn n o T e 33CHHHHr GeuiHiran n o c T y jiaT ra  SKBHBSjreHTJinruhn 
K ypcaT n5 , GyTyH Affi^^aT stiH G opH H H  yTKHp 6 ypqaK  rn n o T e 33CHra K,apa- 
T3 a h .  JIaN idepT  yT K np S ypqaK  rn n o T e 33CHA3 H m s h th ^ h h  x y j io c s j ia p  qm ca- 
p a  SopnQ , CaKKepn OJiraH H3 ra > K a jia p ra  KeJiaAH, ^ a r r o  y H rs  ^yiiiH M qa 
T3pni^3A3 KyHHA3 rHvl3 pHHKr ^aM  ypHHJIH 3 K3 HHHH HC6 0 TJ13flAH:

1. y q S y p q sK  h îkh 6ypqaKJiapHHiiHr hhfhhahch eflni^ 6ypq3KAaH kh -
qnK.

2. yqSypqaKHHHr k>3H yHHHr Hy^coHnrs, hihh [2d  —  (a +  P +  y)] 

ra nponopunoH3Ji.
JlaM oapr yTK np S ypqaK  rnnoTesacHHH ana  ^aM qy^ypjiauiT H ps 6 o p n 6 , 

x,eq f^aHAafi sh a - 'Ih k h s  K ejia  o jim sa h , a 6 M3 k  yTKHp 6 y p q a K  rn n o T e 3acHHH

IS



'h  ' m u  1 1  
umowugng

:HH>IMAia! TTIBI.-h Am K BhHXBtfHHAVl HIIHXOSiHMVBX HHIAIL'H JHRHHHHOHahBQO]/
‘ (9981) KHdx9W09JHBy -g 

■(0f’8 l)  J-O M hW bI BhHHAg HOBHdBEBH dEL^IHEHh IldaA x If9I/TTBdBy -p

' (9£8l)  Hd
-BITSHJ9H BHdX9IV09X HBJI/'JldHt/lfAX HBlTHg HOKHd'BEBH dBI./TT9in/,BdBJJ g 

'(9£8l) HMH91B1 BxdBirirBdxaxHH HEq.Bg XHHHKndi3ivo3x HHirgBX 'Z 
■(0 9£8l) (BHdl9K09J KBWaBJKBdgOOg) KHdX3IM03X HHIC0BX 'I 

•HlTXBdB HHd Bird BOB KJBITHhX  ̂ ‘OHdHXmBL'I/HNOMBX BffBHH HHdBITBD 

-OlfAx— BWH1BH HJBfi’dBOB Ag HHM3a9hBgOJ/ 'HVEHBITQODHk H3BHB3 mHtfHdAx 

dHHHBHdl9lM09J HHfHI/’H990H (ifHH 9381) qifBdsgcj) HAhA JHHHAm ’HIT 

-BHBtrgOOHk HdEITB>KHIEH ML’H JHHHHIIIH HHWIfH HBXIThM BhHHAg KHdx9W03J 

HHtfHirM990H 'HHHHMOaahBgOI/ ElfO^BW HJBtTHdoVlOI IIb'm'HUIi EH'Ii'BndA>!< Ba tZ'BU’ 

-MOV HBXHHITĤ I Bl/xgaOD HHWIfpJ ’Ht/BdBMHh gndaXOOg HBIi-Hg HWOH «HHdx 

-9W09J XBITBhBH Qy> Et/HITBHdAw «HHHXD9fl HHHDHBEB}{» JHHHX9XHDd93HHA 

Am hithh 6381 HH^ ‘gm/Hk VBirMOtf HimoH «d biteeb’x o itAw BtfHtosk dsir 

-HHHHHdu HJBl/KHdX9M09J» HHMDa9hBgO[/ BtfH19a03 HHWITH JHHHHX9XqI/'AMBcj) 

BMHXBW9XEH -BHHEHtj) HX9XHod9aHHA HOSO^J ElTlTBd39(f) [ f 1THH ggg|

•«^Ah EhHHBXITHUOX HITBk HXOgOH HHfflTHJK JHHH/J» ;HffH9tf 
HBlTHAg BtfHiiBk x b l'A x oou  Hhimrngg BtfHdBirmH HMgBifxoBir jh h h h e ^  -hITes 
-90  HHHJHItMAk MHL'HUq.XB Î EPdEITXOgOH HBJL'Hdag BXXBICAXOOU HhHHITigg HHMD 
-39hBgO[/ •HtfHBU-mOg HBl/ITIHLXI Î ITHITkBX HHXBItAxOOU HhHHHISg ‘HgBM dBIT 
-m ir o  BVimog hhhih w e ’x  A gBirmog HBtfdBirirHH — 9181  'uVhA'h gm u>i 
ITbo^bw BJHtfiro sA HHmnMHh gudA n bxhb'h gBirm og hbVhehx3h HHBHdxaw 
-09J  HBiAiAwA ‘HtfEE93 HHHXHITdog dEITHHITHh80IAimHX9 BXXBH BtfH «dBlTEHX3J-I» 
JHHHtfHITMag BffBWHXEH ‘HtfEHBXdA dAVlAh HH «HdEIT303B BHdx9W 09J» B3 
-Mhhhb & •H'CHBirmog HEtfmnkA bh !ih 9 it HBtfBHdx9H09x ExdBirxn9trAx3 h hh x  
-KHITOBcj) MHJ0XBV9H HhHHdHg HHH3a3hBgO[f •HffHEITITIOg HBI/IHH BD'HWHEOaBL" 
<Jooo9<|x)du 9BLTO09 hbB’u’hh 9 | 8 I  A  -HffBmHij-oVi 9Hiro e jih h  BffxaxHodaa 
-hhA Am hhA dsL-KHL-o hbxitoSi ithho’m EXHXHirdBaaDXBHkgw Ba ExuxBHimgoM
JHHHA ‘JHAO HEtfHHBJXBXAx HirXKHMBCf)(})BaAlAJ HHHX9XH3d93HHA HOEO>J HITHH 

1181 'HffBIT9M BJ9HA‘D' BtZ'HDBIi’HO HHHaOHHh BfHBK BtTndkBITI l/odOJaO]^ 

HHHH{Hf-J Bt/dgBMsi'1 [ L’HH ^6£I HHMOaahBgOJj- hHaOIIBaj/} HBIfOMHf-J 

•dHtfHWOHk dHg JBMBc[i XHHHdBI/TIlH HB.IIIIIIi’HH Bl/BXOD Ag HBtTHHOKOl HHM 

-0B9hBQ0[f hUaOIIBaj^ HBU'OMHJ-J HXHXEW9XBW oAd xAlfA dBI/mH HHKL'H IIBJ 

-HHU'Ilil EtfHOBkOO KHdx9W09J HHl2'HIi’Ma90H HBtfHHOWOi HUqiTOg EE 3oABJ

•HIT BE
-EMlA BtfXEgHDAlM d [«0 HHHX9Bk HBJL'oVl ‘gHXG MdsX HHHmH HJBtTEkOO Ag 
Ba ifflEdHxiraM BXHOM<KBk b1/Am< HHiiKqifog moHf4 m m ro nngoaB5K ijetrnAg 
h b ito o A e j HBJL’Ag Bxe B jA dgo bxxb>i 'h 1TEc9 gaff «dHffHsA hITVAx jh h h  
-KiidEirmn hbjl'X i’m BtTBkoo Ag jh h h 9 w  ElfHwoaBff i/hh g g  —  o g  h jxhA d mu 
Ag hmhAh ‘dHtfmBX^Bw hhwheA ihbx'mbw hhA ‘h bkh bk l-ox^ ibw  hsw  m im n 
A g» Bl/HXBX HBXE9 EXHOBXO XIIHHmOHB 00A bJ HEXmHHBX IIBLXIg m u A g  
•HtfEIrtlM IlOI/'qt HHIldBOB HBJL'BLB gal/1 «0>IHEXI9UUy» BITHOBMMdEX BaOIffl 
BJ90XHM gAoHBK BXHWBU-BM HOBXO JHHHHEA (hHH9>I IIBE'HHMOa9hBgO[/) HITHH 
SS81 A  'n ^ 'A g  VtEcJicj-BaAK' BxmHho HHKiidx9i\09x HHtrHir>iaaoH H Bqirog m o n ^  
hithh g 3 8 I  ‘ (0981 — 2 0 8 1 ) dHVHBqirog d9 tiH 4» MHiTBHdJHaa ndH9 hbit
-dBITMHXBW9XBlM IIBXmAVl BOOHX EXHmiiL’HXBdB JHl!HKIldx9M 09X HHffHIT>{a90H

XIBXXHB HlldnHCj) HEX31/ «MBd3>i I\B3EKITOL"IlVl XBa.dA>K BXHAg 
wyAg wndwA Ba HBwoBive EtHXEirok n in d sg  BJBwoog HHwHdBiTxo^HtoBx
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4H3H BtTXKOkllH EhHHAg BI/’BDBIM A g BPBClo HH'MK H3W ‘ l/*OWHXkg» :Bl/HXBX 
HEJE3 BJ3I/'33D9g HXoAtf £A OOAeJ  Elfl/HH Q28X -HtrirAp wAjfq.BW BJHlA'B 
HBCj) EHHJHHH9M HBt'HXOcjjBH JHHHA HdBIiTHH JHHH00Ab J  HJEtfHOB’kOO HIHX
- e d K  M H B n d x9 w o 3 J H H ffH i/M aaoH  -( g g 8 i — ZZZl) d n i r o o A E j  xH dffH dcJ) irdE >{
HJHXBW9XBIAI 0HIAI9H dAtfA ‘HdlKJ HEtfdBimHIfO HBJL"9M EiEOOIlAx HBffHAm

-H t/d9g QHlBdlS HHWES EJHmHIfHdAx dBIfdMHtJ) HBJ31/ HtfHBWIfAg gEIALOg 
-OH etl'HNE'C'do dBITBWHXBH HBMSjHh HBffdBIi’A B9 dEirBWOHDMB HBitfOM HHXBlf 
-A x oou  /\ Ba Htfxe gOEM s r a d  k h x Ak  B tfH osdog  rnHdHxmBirnHffHO iiHHDEdAx 
-HAdxO K H dx9K 03J dBirmHHHdA dl-IOtf B-imBIi'XOgDH HHIBL-AlOOU HhHHHiag

HHHD83htgOfJ“ \\ {J ‘HnTHITSM BJtfAwAa JHHHBHdl3W03J HHiTHU*Ha90H ‘§  -£

■Hire WB'r/BM ML"H BJHrnHIi’HXBdjK JHHHKHdX9W03J HHtrHIfM990H li’AH A g  
'dBL^IirdoO OH TO mH El/HOGOE HII’Am rnUXBdhA BMMHirl/Ht-. HHA ‘QUITO HHHdOH 
-HH IBI/'AlDOIJ HhHHmSg dBI/'dlTHBMOJ/ Be x d 3 g W B [/ ‘ HdvJMHB') ‘ M BW aj/

•hITbithM oaq.Bir 031T WHlTBirxogoH h hxbitAxoou  HhHHrnag A 
Bt'HOBM<flXBII JHHHAg ‘ HlTBXHdHM HHdBt’ BdOQH «HHMwAw HIHEEMlA OWHOtf 
HHkHEHh lid jA X  HBJH1TBD9M HHHHOWOX EITEMMH JHHHMRhdAo Ap HBlTBX 
-MAh  HHdsHXXM HBJHHITO Bt/HhH MBndAg dHMXA» HM9 «IIirB!n»09>I OWHOir dKir 
-AMHlTH3Hd3U Ba EKJO HBJITHEBMxA B ^ H E H h HddAx EXXHQ» HBJtfHHAx H djA x 
HBl?XBkHM< HHH3B BJHA BH'HVEOMb IV HIHHlHde BJHXOQOH XEIf AxOOU HhHHHISg 
HHq.B ‘HAhA IIlHXBdhA EMMHIiTHE IAIBX HHBE3XOIIHJ HbHHhA HHM9[/ ‘HIT 
•■HBL-XOpOT XoAm -KEM 39 HBtfXBXlOK HSOIHXHBJV d'CHBM/ 9J_f HHBW3d09X A g

•HffBIfAg MHhHM HEir o08I KCX HOHtf 
-HHdHH JHHUWdEL’MBhdAo HMhH MBhdAghA HEVHbM dsk HBJL'OM ‘BOlfAg MHhHH 
HBtf o08I HOHITHHJHH JHHHHdBU’MBhdAg HHhH MBhdAghA BxdodHQ dSJy '£ 

•HfEdBMHh bM A h HHEE3XOIJHJ HhHHdKQ HBI/Hg AH] ' Hli KEKirO BlfAg BXXBM 
HBff oQ81 HOHITHHJHH JHHHUdEI/HEhdAg HMhH MBhdAghA HBITHeVi dB (̂ 'J

■HITHBirXOgOH HHdBI/'BW
-a d o a x  h j b V hhA m ‘cH dnrnM 9x M HdBi/BeaxouHj HhHHhA Ba HhHHdng dlrHBMraif 
•(EHWHBJmHHBX BIT §  -g  EHg HBl/HQ HXOgOH JHHh A) HITHBirXOgOH HHHJHIT 
-XH3I/1 BHHaMS BJIBI/’Ax OOU HhHKITlSg JHHHBE3XOLIHJ HhHHMMpJ ’MHhHM HEP 

0O8 I (s :JH9X bx o08i (z :exxbm hbIT 0q8 I (l :hoh'u'hhxhh jHHHHdEifMBhdAg 

HMhH M BhdAghA HH'LB ‘HITb AM BE9XOIJHJ BXhA Et'HMBk HOHlTHHdHH JHHHHdEli1 
-MBhdAg HMhH MBhdAghA nML-eg ‘OBive JHHHMBhdAgxdAx d l/H B M O [/ ■ hbjitex 

-x A x  L'BOOBCj)Al\T BJHOBHdBEBH dBirir31i’L',BdBU ‘gHL'Hdgg dogHX<lS BXXBM BJHd 

-BiroooB KHdx3i\’09 J  udeVim Ex heITh Aq  ‘ HBJifHdHim BL'Hooo EbHB mnMA ‘ qhl'1 
VndHxm BifBinrcjo d B iir iiB i/x og on  Htq.Bg ‘ HM Hfe A m  h'hc!b4) hbIT «H dBi/£H J9{q» 
yHITMag JHHHOOJHM A g  ’ HBJHOeoM A d g o  BXXBM KB’x BlTuBIi’XBMBI/’WBW BMmog

J M l/E g ‘ OBJVe BH'KH 'nH BdO JBSlBtjl ‘9 H irA g dBOB HBJl/’H IB d B  EJHHdA HdBDB 
jB ireH J9 [J[» JHHHtTHIfMag gOXHM A g  'H'E'EB9  HHHdBOB HHIJMOH «HdEirEHJ9H 

iH d X 3 W0 9 J »  HITHH ( £ £ 8 1  ~  S Q Z l )  dlTHB>K3 Lf HNHTO eA H H sdtj) H BJIfAg
oAklTIBW HBL'Hg H dB I/m H  MHdHH BlTHdBl"EkOO EHHJuAm JHHHBMHXBW9 X B ^ f 
( _ ( ’EHIMBdAM E ir g o g  JH
HHHJHU'HdijAx JHHMXMBfj) A g )  'HpBL’ 3 M BJBOOI/Ax HBJ91T «M Ed9 M H m iW A g  HU1 

■kHdA B fH X o A  E d 3 (J)D w A k flB K  dHtTHBlTHBM)) HOBE9 XOHHJ M B hdA p dHMXA J h A d  
jiB tfH A m  ‘ HEJE9 0  x d s g w E j /  d o g  H h H H dng H H H m m rA g Hi/HHdA b Ith x o A  Bd 
■I3<|)0 A m  HOEE9 XOHHJ M BhdAg OBWxA ‘ BOHHIi’O dBli'BHBITHB BXXBM H haA dB M 'B g 
UHHI/Od dBU’ ^HEHh H ddA x BlTHXOA B d 3 (J)0  ‘ HHM3  ] f  'HlTBWirO Bli'HVl dOMHH



1) 6euiHHHH nocryjiaTHH E bkjihahhhp î oJiran aKCHOMa Ba nocTyjiaT- 

jiapHAaH MaHTH^ ^oHyiuiapii acocnfla KeJiTnpiid ^H^apHiii MyMKHH 9Mac;

2) SeuiHH'JH nocTyjiaT ypiiHjiH SyjiMaraH reoMeTpHH ^aM MaBJKyA.
IIIyHHCH aHHHapjIHKH, JIoSaqeBCKHH FOHCHHH KyiHHJIHK OJIHMJiap Tymy-

hh6 eTMaHH.nap, yHHHr owaH 6yioK HHrHJiHKJiapHHH strapcx}) STMaAHJiap, 

6yHHiir ycTHra, 6ai>3HJiap JIoSaneBCKHH «a^JiAan 03h6ah» AeraH n6opajiap- 

hji HiuJiaTHiuraqa 6opH6 eT,n,H.nap. JIoSaqeBCKHH poflJiapH yHHHr BatJiOTHAaH 

cyHr KeHr atTHpotj) sthjiah.
JIo6aLieBCKHH hjimhh HiiiJiap 6njiaH 6up Ba^TAa TamKHJiOTqHJiHK hui- 

jiapAa s;aM bkthb i^aTHauiAH, 2Q hhji a3Bomha2 (1827 —  1846) K,030h 
yHHBepCHTeTHHHHr peKTOpn JI3B03HMHA3 HUIJI3AH. ^aeTHHHHr cyHrrn hhji- 
jiapHAa HKKaJia Ky3H o>KH3 6yjw6 Ĵ oJiaAH, JieKHH rnyHra i^apaMafi, hjimhh 
HIX1HH A3B0M 3TTHpH6, y3HHHHr CyHrTH acapn «naHreOMeTpHH» HH ahk- 
TOBKa Î HJIH6 C3AHpaAH.



II BOB.  EBKJIHfl rEOMETPHflCHHH THJlbBEPT AKCHOMATHKACH EtfflHHAs
ACOCJIAUI

I 6o6jxa Tai>KHA^araHHMH3fleK reoMeipuHHH aKCHOMaTHK MeTOA acocw- 
Aa i^ypHiu npHHUHnH xym R arm a  3 a h . ABBajio xai>pH(j>CH3 i^a6yji ip i /m - 
HaAMran acocuH oSneKTjiap ojihhh6 , y.napHH 6ofjiobmh HHc6 a i/ia p  aHHK- 
j;an ;[6 , acocHH xyuiyHqajiap homhhh oJiaaHraH 06 'beKTJiap Ba HucfSaTJiap- 
HHHr xycyCHHTJiapH aKCHOMajiapAa y3 h(J)0A3Chhh xonaAH. CyHrpa xeopeMa- 
jiap, jieMMajiap, (})aKT^ap m3hth^hh My.no^a3aJiap acocHAS HcSoT^aHaaii.

By npHHUHfiHHHr 9Hr My^HM tomohh iuyHAaKH, acoenfl ofiteKTviap be 
y.napHB Sofjiobhh acocn fi HiicfiaxjiapAan yjiapunur <})a^aT aKCHOMa^ap 
mapiviapHHHrHHa ^aHoaTjiaHTHpnuiH xa.aao ^hjihhh6, 6omi^a JKH^aTflan 
y jia p n H  6yT yH Jiafi H xraepH H  Ae6 4>apa3 i^hjihh3Ah.

I'eoMeTpiiH 4>3hhhh my flycHHAa i^ypnui fohch, acocaH JIoSaweBCKHH 

TaAKHKOTjiapn xy.ia strapcx}) STHJiraHAaH cyHr naHAo 6yjiAH. S^rraH acp- 

HiiHr oxHpnra Kem 6, uiy MacaJiara 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'eoiMeripna acoc;iapH» homjih acapn iuyHAafl acapjiapAaH 3Hr Maiu- 

^ypHAHp. By khtoSiihhi' pycqa xapjKHMacnra eau/iraH cy3 6ouiha3 npo- 

(Jieccop n. K. PsiueBCKHH yHra ^yfiuAarma xapaKTepHCTHKa SepaAn: 

«Bh3hhhp Ky3 OJiAHMH3Aa 6y acapHHHr KJiaccuK acapra aiiJiaiiHS KenuuM- 

Aa rHJibfiepTHHHr KypcaTraH acocHH XH3Ma™ i^yHHAarHAaH n6opax. 

THJiboepx Ta6HHH paBHuiAa 6y„nai<jiapra a)Kpa.7iraH Ba 6yHHHr HaxHJKacnAa 

reoMexpHHHHHr MaH thi^hh Ty3HJinuiH >KyAa OHAHHJiauiH6 K,OJiraH reoMe- 

TpHH aKCHOMaTHKacHHH Ty3HUira MyBac^a^ 6yjiAH. AKcnoMaiHKanHHr 6y 

Tapni^a î HCMjiapra fiyjiHHHHiH, 6HpHH']HAan, aKCHOMajiapHH coAAa Ba î hc- 

J\a Hf(x)Aa^amra hmkohhht 6epaAH Ba, HKKHiiiHAan, arap reoMeTpHflHw 

Gyxyn aKCHOMaraKara acocraHMacAaH, (J^aT yHHHr TapKHfiHAara aHpn.v. 

6yjiaKJiapra acoc^aHHS, reoMexpHHHH î aft AapaJKaAa phbo>kji3hthphu> 

MymKHHJiHrHHH TeKumpHiura hmkoh 6epaAH. AKCHOMa.iapiiHHr afipHM ry- 

pyxyiap pojihhh aHH^JioBqn dyiiAafl mshthi^hh 3H3JIH3H xai^Hi^axAa THJibdepx- 

hhhp 6np i^aHna a*OHH6 TaA^Hi^oxjiapHAa KeJiTHpHJiraH, 6y xaAitfi^oxJiap 

TH.rib6epT acapuHuHr aHHa i^hcmhhh xauiKHJi sxaAH. YiiAaH Tauiiiapii, 

rHJifaSepTHHHr acapn 6y co^aAara w a  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», «K0Hrpy3HTjiHK» 
AHp, 6yjiapHHHr xocca^apnHH aHH^oBqw aKCHOMa/isp 6eui rpynnara 6y- 
jiHHaAH. By aKCHOMa/iapHHHr ^ap 6np rpynnacn Ba y;iap acocHAa j^ochji 
^HJiHHaAHraH 6ai.3H HaxH>Kajiap dHJiaH T3hhuih6 qn^aMH3.

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



8-§. TerHuuiHjiHK (fiorjiaHHm) ancnoMajiapH

B y rpynna aKCHOMa Jiapn «TernmjiH» HncoaTHHHHr xoccaJiapnHn anni^- 
jiafWH.

Ij. X<ap ^aHAan hkkh Hy^xa yqyH yjiapHHHr ^ap 6npara Ternmjin 

6yjiraH TyFpH HH3Ĥ  MaBJKyA.
I2. HKKHxa Hyi^xaHHHr ^ap 6npnra TeramJin 6yjiraH SnxxaflaH opxHi  ̂

Typpn MaBmyA aMac.
. I3. TyFpH qn3Hi^a ^eq 6yjiMaranaa HKKuxa Hy^xa MaBmya. Bnp 

TyFpH qn3Hh;jiH eTMaraH KaMHAa yqTa Hyi^Ta MaBJKya,.
14. Bnp tvfph qH3Hi^aa- eTMaran yqTa Hyi^Ta yqyH yjiapHHHr >$ap 

Gupura Ternuj.XH TeKHCJiHK MaB>KyA. X aP 6np TeKHCJiHK yqyH yHra Ternm- 
jih KaMHAa SnTTa Hv^Ta MaBJKyA-

15. Bnp TyFpn qH3H^aa eTMaraH yqTa Hy^Ta yqyH m y ny^Tajiapra 
TernmjiH SyjiraH CinTTaAaH opra^ tckhcjihk MaB>KyA aMac.

I8. Hkkh Hyi^Tacn 6npop TeKiicJiHKxa TernnuiH 6yjiran Typpn qH3iii$- 
hhht 6apqa Hy^rajiapn ^aM my TeKHCJiHKKa Ternmjin SyJiaAH.

17. yMyMHH Hyi^Tara ara 6yjiraH  hkkh  tgkhcjihk  6 y  Hy^Ta^aH $ a p ^ - 
jih KaMHfla HHa 6 h tt3 yMyMHH Hyi^Tara ara  SyjiaAH.

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

3 c J i a T M a , i a p .  1. HKKHTa, yqTa Ba xoKaso Hyt^xaJiap (Typpn qmnx- 
Jisp, xeKncjiHKjiap) AeHHJiraHAa TypJiH Hyi^Tajiap (Typpn qH3M$Jiap, tckhc- 
jiHRjiap) Ky3^a Tyrajia^H.

2. KeJirycH^a «TernmJiH» cy3H ypHnra «^apamJin» TymyHHJiaAH. « .  . . aa 
eTaA«» , « . . .  flan yTafln» nQopajiapnHn j^aM Hm/iaTaBepaMH3. MacajraH, 
A HyKTa xyrpn qromyia TernmjiH Aeftnm ypsnra, A Hyi^Ta TyFpH qH3H -̂ 
f̂ a i^spamjiH, £kh A Hyiaa Typpn qn3Hty;a exaAH, gkh TyFpH qH3HK> A 
Hy^Ta^aH yxaAH, jx&6 0JiaBepaMH3.

AKCHOMaJiapHHHr Supm ™  rpynnacn my 6nJiaH TyranAH. B y rpynna- 
Aarn SnpHHqn yqTa aKCHOMa ( I j _ 3) TeKHCJiHKKa TerHimin odpa3Jiapra Ta- 
ajuiyKJiH, ^o/iraii fiemra aKCHOMa (I4_ 8) (}M30bhh o6pa3Jiapra raaiuiy^jin- 
A n p . K )K opH 'xa  KeJixHpHJiraH aKcnoMajiapra acoejiaimo, 6ai>3H T eopeM aJiap - 
HH HCSOTJiaHJMK.

1- TeopeM a. H k k h  Typpn qHsni^ 6nrra,a,aH op x a ^  yMyMHH nyi^Tara a ra  
6yjiMan£H.

H c 6 0 t. 0 apa3 ^njianjiriK, hkkh Typpn qnsu^ SnTxaAaH opxni  ̂ yMy­

MHH Hy^Tara ara SyjicHH. Uiy yMVMnn HyKTaJiapaan hkkhx3chhh OJicaK, 
I j, Io aKCHOMajiapra 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 HyiaaJiapH Typpn qn3H^HH xochji i^hjisah.

H e  Got.  Xa^Ht^aTaH n x, Il2 TeKHCJinKJiap A yMyMHH Hyi^Tara ara 

fiyjica, I7 ra acocaH yjiap HHa Snpopra B yMyMHH 11 yK'rara ara 6y«xa;i,n. 

A, B Hy^TajiapAaH yTraH nrona (I,_2 ra acocaH) AB  Typpn qH3HKiniHr 

hkkh Hy^Tacn FIj, n 2 TeKHCjinKjiapra Ternrnjin. y  ^oJiAa I6 ra acocaH 

AB  TyFpn qn3H^HHHr ^aMMa nyi^TaJiapn n x, l\  TeKncjiHKjiapra TernmJiH 

6yJiaAn.
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3- TeopeMa. KecHiuajinran hkkh Typpn qnsHK cfjaî aT 6n n a  TeKHCJiHK-
HH aHH^JiaftflH.

H c 6 o t .  a, b Typpn qnsntyiap 6npop C ny^Ta^a kcchilichh. I3 ra 
acocaH a Typpn TO3Hiyia C AaH cf>ap̂ ./iH A  nyj^Ta, b TyFpH qn3H^Aa C  
jian cfiapiyiH B nyi^Ta MaB>KyAAnp. PaBixiaHKH, A, B, C Hyi^rajiap 6np 
TyFpn HH3H f̂la eTManAH, aKc ^ojija  I ,_ 2 ra acocan a, b ycTMa-ycT Ty- 
ujh6 ^ojiaAH. I4 ra acocaH A, B, C Hy^TajiapflaH yTyBHH n  TeKHCJWK 
MaBJKyMHp, I5 ra acocaH sea n  TeKHCJiHK nroHajiHp. A, C nyKTajiap 
n  ra TerHui/iH Syjirami yqyH TyFpH mh3hk; I6 ra acocaH n  ra TenmuiH. 
XyAAH mvHra yxiuam b ĵ aM n  ra TerHiHJiHAnp.

lO^opHAarn I ,_ 8 aKCHOMaJiapra Ba HcSoTjiaHraH yw a TeopeMara acoc- 
JiaHnS, Mauip; cncJjaraAa i^yHHAarH TeopeMajiapHH ncSoTJiaiuHn y^yBqnra 
^aBOJia KHJiaMH3:

4- TeopeMa. TyFpH ihshk Ba yHra TernniJin SyjiMaraH nyKja (jja^ar 
6 hTT3 TeKHCJIHKHH aHH^Jiaft^H.

5- TeopeMa. Arap Typpn >-ih3hî  TeKHCJiHKKa Ternm;in SyjiMaca, y/iap 
Kynn 6njiaH 6«TTa yMyMnn Hyi^Tara ara SyjiaAn.

6- TeopeMa. BHTTa TeKHCJWKKa TerniiiJiH 6y m 6, 611 p Typpn misnKAa 
eTMaraH KaMHAa yqTa Hyi^ra MaBJKyA.

9- § . TapTHS aKCHOMaJiapw

B y rpynnaAarn aKCHOMajiap «opacnAa» AeraH hhc63thhh r acocnft xoc- 
cajiapnHH aHHKJian^n Ba 6y HHc6aTra acocjianiiS, Typpn TO3H^Aarn Hyi^- 
TajiapHHHr 6np-6npHra HHc6aTaH i^aHAan TapTHS^a JKonnamraHnHH aHni -̂ 
Jiamra hmkoh SepaAH.

IIV Arap B Hyi^ra A Hy^Ta 6man C nyi^Ta opacH^a §Tca, y  j^vwa 
A, B, C 6np TyFpn qH3H^Aarn ynTa Typjin Hyi^ra 6y„™6, B Hy^ra C Hy^- 
Ta 6nJiaH A  Hy^Ta opacn^a x(aM eiaAH.

II2. A, B 6npop TyFpn qron^HHHr nyKjaJiapn 6yjica, my Typpn HH3Hî - 
Aa KaMH^a myHAaH 6mra C Hyiga TonnJiaAHKH, B ny^ra A 6njian C hh 
opacHAa eraAn.

II8. Typpn qnanKHHHr yap KaHAafi yqTa Hy^racnAaH SnrraAaH opthph 
^OJiraH HKKHTacH opacn^a eTManAH.

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

1- t a T) p n (J). A, B ^aH nfiopaT hkkh Hyi^Ta cncTeMacn AB 'em BA  
KecMa fle6 aTa.naAH. A, B  sea my KecMaHHHr yq-napn AennJiaAH. A 6n- 
jiaH B opacnAarn Hyi^TaJiap KecMaHHHr m m  Hyi^Tajiapn AennJiaAH. AB  
Typpn t!H3H^HHHr i^oJiraH SouiKa ^aMMa Hyi<Ta;iapn AB  KecMara Hnc6aTan 
Taiui^H Hyf^Tajiap jiemjiajw.

2- t a t> p n 4>- Bnp Typpn qn3H^a eTMaraH A, B, C Hyt̂ TaJiap cncTe- 

Macn ABC  yqSypqaK ^e6 aTaJia^H, A, B, C — yqdypqaKHHHr yqjiapn, 

hhkh Hyi^TajiapH cn.naH ojinnraii AB, BC, AC  KecMa.nap yq6ypqaKHHnr 

TOMOH/iapH AeC araJiaAH.
S hah II4 aKcnoMaHH KejiTHpaMH3, 6y aKCHOMa aAaSneTAa BeHrpnajinK. 

MaTeMaTHK n  a uj iiomh SnjiaH lopHTHJiaAn.
II4. ABC  yqfiypqaKHHHr SwpopTa ^aM yqnAaH yTManAHraH Ba yHHHr



TeKHCJiHnma exaAnran a TyFpH qH3HK; m y yqfiypqaKHHHr AB tomohh 6h- 

jiaH yMyMHH Hyi^rara ara 6yjica, y ^o.i^a 6y TyFpn e BC  KecMa,
«k h  AC  KecMa iiyi^TacH op^ajrn jh'aAn.

3 hah aKCHOMaJiapHHHr 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<yA'f .

H c 6 o t .  a TyFpn HH3H^ Ba yn;ia A Ba C Hy^Tajiap CepwjiraH 6yji- 

-chh (6- HH3Ma). I3 ra acocaH a ra TernmJiH SyjiMaraH D  Hyi^Ta MaB- 
MyA 6yjiHo, II2 ra acocaH AD  Typpn qnamyia myHAan E  Hy^Ta toiih- 
jiaAHKH, D  Hyivra A  Cnjian E  opacHAa eTaAH, xyAAn myHra yxmam EC  
TyFpH HH3H^Aa F Hy^Ta MaBwyA 6yjiH6, C Hyi^ra E  on/ian F  op a cH A a  
«TaAH. y  ^OAHa DF  Typpn liH3H  ̂ ABC  yqdypqaKHHHr yqJiapnAaH yTMaft, 
yHHHr 6np tomohhhh Kecn6 {AE tomohhhh D  Hy^raAa) yTaAH, AeMaK 

I laiu aKCHOMacnra acocaH 6y Typpn wh3hk; ĵ ojiran TOMOHJiapAaH 6upn 

{EC tomohhhh KecMaHAH, aKc x,o.riAa EC TyFpn HH3Ĥ  FD 6 ujiaH ycTMa- 

ycT TymnS î oJiaAn), 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 â3 erraH yw a  Hyi<;TaAan 4>a^ar 6htt3Ch 
■̂ojiraH HKKHTacn opacHAa eTaAH.

H c 6 o t . a TyFpH qronKAa A, B, C Hyi^TaJiap SepnJiran gyjicHH (7- 
•MH3Ma). A  Hyi^Ta B 6HJiaH C, C aca B 6hji3h A opacHAa eTMacHH, y 
jcoJiAa B nyi^TaHHHr A fiHJiaH C opacHAa eramJiHrnHH Hc6oTJianMH3.

I3 ra acocaH a ra TerauiJiH SyJiMaraH 6npop D  Hy^Tann ojiaMns. II2 

hh avm Gopra oJicaK, BD  Typpn qH3HKAa myHAaft E  Hy^ra MaB>KyAKH, 
D  Hy^ra B 6m an E  opacHAa eTaAH. AD  Typpn HH3Hî  Ba BEC  yqfiyp- 
qaK yqyH Flam aKcnoMacnHH Tai6n^ i^HJicaK, y  TyFpH qH3ffî  EC  tomoh- 
hh F ny^TaAa KecaAH. myHra yxmam CD  Typpn hh3hi  ̂ Ba AEF  yq6yp- 
qa:< yqyH ^aM riam aKcnoMacnHn i^yjuiacaK, AE  Typpn <iH3Hiyia A 6nJiaH 
E  opacHAa n  Hyi^Ta TonnjiaAH xaMAa 6yHAaH D  Hy^TanHHr A 6mau F 
opacHAa eramJinrH KejinS qn^aAH. 3hah AFC  yqdypqaK Ba E D  TyFpn

E

♦Hkkhhuh rpynnaHHHr ojiahhi-h yqia mccHOMacif A Ba B nyi^iajiap opacHAa 6omn> 

( H-bHH HHKH) Hyf^TajiapHHHr MaBJKyA^HfHHH T2CAH^JiaMaHAH.
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1 H3H^ y iyH  ^aM m y aKcnowaHn i^y;uiacaK, B  Hyi^xaHHiir A  G a m n  C opa- 
CHfla eTHLLIJIHrH KejIH0

U lyH ra yxrnarn ^ynnAarn TeopeMaHH Mycxa^HJi nc6oxjianr.
9- TeopeMa. TyFpH qH3niyia 6epnJiraH xypxxs Hy^xann A , B ,  C, D  

^apcjxnapn SnjiaH mynflaft 6e;irHJiam MyMKHHKH, yHAa B  Hyi^xa A  6kji3H 
C J^aMAa A  6HJiaH D opacnAa; C Hy^xa sea A  6a jia n  D j^aMAa B  6m a n  
D opacHfla exa^H.

riau i aKCHOMacH Ba n c6ox KHJWHraH KeftnHrn hkkh xeopeM3A3H ^yfin- 
Aarn xy jio ca  k q j\\\6 qn^aAn: >̂ ap ^aHAaii KecMaHHHr ^aM o tk h , ^aM xaui- 
i^h Hy^TajiapH M3B«yA 6yjiaAn.

I, II rpynna aKCHOMajiapn xyppn MH3H^arH Hy^xa.iapudfir >kohji3- 
HHm xapxH^HHH, Hyp (spHM xyppn qnanKj, apnM xeKHCjihk, apnM (|)a- 
30 TymyHM3jiapHHH KHpHXHm hmkohhhh, ^ap i^aHAaft tv fp h  qH3HKAani 
HyK;xa yHH hkkhx3 Hypra a*paxn6 todopnuiHHH, xeKnc.inKAarn ^ap Kan- 
Aafi xyfpH mh3h  ̂ uiy xckhcjihkhh hkkhxa hphm xeKHCJiiiKKa ajKpaxnuiHHK 
Hc6oxjiam hmkohhhh Sepaan. IIIyHHHrAeK, 6ypqaK, ciihhi^ qrai-iK, Kyn- 
SypqaK (yqSypqaK, xypxSypqaK, . . .), coAfla KynSypqaK xymyHqa/iapHHif 
j âM MyHoend paBniuA3  xax>pH(})Jiam hmkohhhxh ByjKy^ra Ke»ia ah. Kaxop 
My^HM (JjaKx-Ma-bJiyMOXJiap i^yjira khphxhji3Ah. By ypuHAa khhhhpoi^ 
hc6ox K,H^HH3AHr3H xeopeMaJiap ^aM 6op. H yH om n, ^ap K.aHAafl coAAa 
KynSypqaKHHHr xckhcjihkhh hkkh coxara  ajKpaxnfi lofiopniunHH ncSox/iam  
myjiap wyMJiscnAanAnp.

10- §. KoHrpyaHTjiHK aKCHOMajiapn

By rpynna aKCHOMajiapn KecMa Ba 6ypqaKJi3pHHHr KOHrp yaHTJiHK 
(xeHrJiH«) xymyHqaeHHH aHHtyianAH.

IIIj. H kkh A  Ba B  Hyi^xa a  xyrpn qn3HKHHHr Hy^xacn, A '  aca e iy  
xyppn qH3Hi^HHHr eKH Cornea 6npop a ' xyppn qn3H^HHHr Hy^xacn Syjica, 
y  ^ojiAa m y xyppn qn3HKHHHr A '  Hyi^xaAaH 6epn.nraH xom ohha3 exyBqn 
cj)aKax 6nxxa B '  nyi^xaHn aohm o xonnin MyMKHHKH, A B  KecMa A ' B '  
KecMara KOHrpyanx SyjiaAH.

By aKcnoMa KecMaJiapHH KexMa-Kex i^ynSopnm hm kohhhxhhh SepaAH. 
KecMajiap KonrpysHXJiHrHHn =  nm opa 6nJiaH 6e/irnJiaHMH3 : A B  =  A '  B ' , 
,\ap KaHAaft A B  KecMa yqyH A B s = B A  MyH0C36ax ypHHJiH ^iico6^aH3An.

III2. H kkh KecMa yquHqn KecM3 ra K onrpysnx 6yjica, yjiap 6np-6npn- 
ra KOHrpyaHXAnp, h m h  A '  B '  =  A B , A " B "  =  A B  6yjica, A 'B '  =  A "  B " .

IIIS. AB  Ba BC KecMajisp a xyppn qH3m<HHHr nqKn yMyMnft Hyi^xa- 
jiapra ar3  6y„nMaran KecMa/iapn Svjichh . LUy xyppn qn3HKHHHr eKH 60m -  
«,a a' xyppn qHaH^nnnr A 'B ', B'C' KecMajiapn X3 M hlikh yMyMnn nyi^- 
xa/rapra ara 6yjiMan, A B ^ A ' B ' ,  B C ^ = B 'C '  Syjica, AC =  A ’ C' 6y -  
jiaAH.

III4. n  xeKncjiHKA3  Z .  (h , k) 6ypqaK Ba my xeKnc/uiKAa ck h  6a p o p  
FI' xeKnc;iHKA3  a ’ xyppn qnsni^ 6epnJiraH 6yjin6 , a ' xyppn qn3HK GnJian 
aHH^xaHran apnM xeKncjinKjiapA3H 6npn xaMAa a' xyFpn qnsnKAarn O' 
yq.nn h' Hyp xannn 6yjicnH. V  xojiAa O' HyKxaaan qni^ysqn Ba aHHKJiaH- 
raH fipnM xeKHC.riHKAa exraH myHAan aroHa k '  Hyp MaB>KyAKn, ZL (h, k )  
6 ypqaK Z . (h't k') 6ypqaKK3 KOHrpyaHT 6yji3AH.
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BypqaKJiap opacHAarn SyHAaft HiicSar Z-(fi,k) =  Z . (/i'f k ') Kypn- 
HHiuAa 6eJirH.aaHaflH. X aP 6np 6ypqaK y3-y3Hra KOHrpysm AeS o;iHHaAH.

IIIB. ABC Ba A'B'C' yq6ypqaKjiap yqyH AB =  A ‘ B', AC =  A'C', 
Z . BAC =  Z . B'A C  6yjica, 2 - ABC A'B'C' 6yjiaAH.

T a t p  h (jx ABC  Ba A'B C' yqgypqaKJiapHHHr yma SypqaKjiapH Ba yqia 

TOMOHJiapn moc paBHLUAa KOHrpyanT 6yjica, 6y yqSypqaKjiap y3apo koh- 
epysnm  jxenmam  Ba A ABC  =  A A'B 'C '  KypHHHiiiAa SejiranaHaAH.

KoHrpyaHTjiHK aKCHOMaJiapw epAaMHAa yqQypqaKJiapHHHr TeHrjiHK ajio- 
M3TJiapHHH HcSoT^aiU MyMKHH.

10-TeopeMa. ABC  Ba A 'B ’ C yqSypqaKjiapAa AB =  A'B', A C s s A 'C ' ,  
Z_ BAC  == ZL B' A 'C  6y.aca, A ABC  == A A'B'C'  SyjiaAH.

H c 6 o t .  lllj ra acocaH:^  A B C s = / .  A 'B 'C ', / . A C B ^  Z . A 'C 'B ’ 
(8-HH3Ma). 3hah BC =  B'C'  hh Hc6oTJiaflMH3. Oapa3 jywiafijiHK, BC 
^  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 '  yqgypqaK- 

JiapAa A B ^ A ' B ' ,  BC  =  B 'D ', Z . ABC ^  Z . A'B 'D '  SyjiraHH yqyH 1115 

ra KypaZ. B A C s s  /_ B 'A 'D '.  AeMaK, A'B'  HypHHHr 6np tomohh- 

M  Z . BAC  ra KOHrpyaHT SyjiraH hkkht3 Z . B 'A 'D 1, Z . B ’A'C'  CypqaK

ĵ ochji SyjiaAH, 6y sea III4 ra 3HA- 
Anp. $apa3HMH3 HOTyrpH, AewaK,
BC  == B 'C '.

11-TeopeMa. ABC Ba A ’ B'C' 
yqSypqaoap yqyH AB =  A' B', 
Z . BACs=/L B'A'C', ^ A B C e =  
=  /-A 'B 'C ' 6yjica, A ABC =  
=  A /T B 'C ' fiyjiaAH.

H c 6 o t .  ABBaJi /4C Ba A'C' to - 
MOHJiapHHHr y3apo KOHrpyaHTJinniHH 
Hc6oT^aHMH3. Oapa3 KHJiafijiHK, AC^k
^  A'C' SyjiCHH. IIIj ra acocan A'C' 
HypAa ojyHAaH D' HVKTa (9-qH3Ma) 
MaB>KyAKn, AC =  A'D' Sy^aAH. By 
Baĵ TAa 10- TeopeMara acocaH AABC== 
=  A A'B'D' 6ym6, Z . ABC =  
=  6yjiaAH- JleKHH rnapT-
ra Kypa Z. ABC =  z ^ ' S ' C ' .  By aca 
III4 aKCHOMara 3HA- ZfeMaK, AC=s 
=  A'C' Sy^aAH. y  ^oJiAa 10-Teope­
Mara acocaH A A BC =  A ' 5 ' C '.

TeH r eH.TO yqgypqaK , BepraKaJi Ba 
K ym im  6ypqaK ;iap Ba m y  KaSn Ty- 
myHqaJiapHH MycTai^H/r TatpHcjwiaS, 

•g KyHHAarn TeopeMajiapnn HcSoTJiauiHH 
yi^yBqura ^aBojia î HJiaMH3.

1 2 -TeopeMa. TeHr eH.m yq6yp- 
qaKHHHr acocHAara SypqaKJiapH y3apo 
KOHrpyaHTAHp.

1 3 -TeopeMa. BepTHKa/i 6ypqaK- 
9 iH3Ma nap KOHrpyaHTAHp.
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1 4 -TeopeMa. ABC, A'B'C' yqgypqaKJiapAa A B = A 'B ',  A C = A 'C \  
BC =  B'C' 6yjica, A ABC =  A A B'C' 6yjiaAH.

15 -TeopeMa. ^ a p  6np  KecMa hh TeHr HKKHra Gyjinm  MyMKHH, KecMa 
n ro iia  ypia Hyi^rara araAHp.

1 6 -TeopeM a. BypqaKHHHr fwcceKTpHcacn aroHa^np.

OxHprH TeopeMaJiapHH h c6 o tch 3  KeJiTnpAHK. ByjiapAan Taiui^apH TyF­

pH 6ypqaKHHiir MaBwyA 6v jihu ihh h , 6apqa Typpn CypqaKJiapunHr y 3 a p o  
TeHrjiHniHH Ba 6np narop TeopeMajiapHH HcfioTJiau MyMKiiH. KecMa, 6 y p - 
qaoapra HiicSaran «KaTTa», «KnqnK» TyuiyHqajiapHHH k h phth iu  mymkhh.

11- §. Y  3JiyKCH3JIMK aKCHOMaCH

By aKCHOMaHHHr m ox h h th  rnyHAaH HoopaTKH, y TyFpH qH3M<; nyi^Ta- 
jiapn  TynjiaMH 6m au  6apqa ^a^Hi^HH coHJiap TyrmaMH opacnA a y 3 a p o  6np  
KHHMaTJiH m ocjihk  ypHaTHiura hm koh  6epaA n.

y 3/iyKCH3JinK TyuiyHqacH X IX  acpHHiir ypTaJiapnraqa aenn&AeK Tyio- 

jih6  KeJiraH, Typpn qnsH^HHHr 6kh aftjiaHaHHHr ysJiyKCMJinrara luyfi.̂ a 

KHJinHMaraH, JieKHH SyjiapHHHr y3JiyKCH3Jinrn MaHTHi\nn paBHiuAa acoc- 

jiaHMaraH. MaTeMaraKaAam ysJiyKCH3JiHK Maca.iacnHH SnpnHqn Mapxa ne- 

mhc MaTeMamrH PnxapA AeAeKHHA (1831 —  1916) Ty6 m oxhh th  GiwaH 

^tji î HJiraH. AefleKHHA ^ynnAarn aKcnoMaHn 6epran.

IV . AB KecMaHHHr Capqa Hyi^rajiapH uiy KecMa yqjiapn 6iiJiaH 6np- 
raJiiiKfla i^yHHAarn uiapTJiapHH Ka h oa t  ji a h t h pa ah ra n i^hjih6 hkkh cnHcJira 
a>KpaTHJiraH 6y jih6 : a) AB  KecMaHHHr ^ap 6np Hyi^Tacn cfiaî aT 6nTTa 
ciiH(})ra TerHiuJiH 6yjiH6 , A iiyi^ra 6npumn CHHĈ ra, B HyKTa sea hkkhh- 
qn CHiicjira TernuuiH SyjiciiH, 6y cnHcJwiap 6yui 6yjiMacHH; 6) SHpnnqn 
cnH(t)HHHr A ash (JrapiyiH ^ap 6np HyKiacH A fiiuian HKKHHqn cnHcj'HHur 
nxiHepHH HyKjacn opacnAa ctchh. y  ^ojiAa AB  KecMaAa uiyHAan C nyKs- 
Ta TOnnJiaAHKji, A finJiaH C opaciiAani 6apqa Hyi^Tajiap 6npniiqH cnHcJjra, 
C 6nJiaH B opacnAara 6apqa Hyiaajiap iiKKHiiqn CHiiiJira TerHiujin 6yJin6, 
C HyKTaHHHr y3H 6HpiiHqn eKH HKKHHqn ciiHcfjra TeniuiJiH 6yjiaAH. C Hy^- 
Ta sea AB  KecMa Hyi^rajiapHHH hkkh ciiHcJira awpaTyBqH (KecaAHraH) Hyi -̂ 
Ta Ae6 aTajiaAH.

1 7 -TeopeMa. y 3JiyKCH3JiHK aKcnoMaciiAai'H C HyKra aroHaAnp.
H c 6 o t .  (J>apa3 KHJiaiiJiHK, aucnoMa uiapTHHii i^aHoaTJiaHTnpaAiiraH 

C abh (Jiap̂ JiH 5ina D  Hy.^Ta x^m MaBJKyA SyjiciiH. ymymkhjihkhh 6y3- 
MacjiHK yqyH D Hyi^Ta C SnJiaii B hh opacnAa eTaAH AefuinK ( 10 -qH3- 
Ma). y  ^oJiAa C HVKia A Cn.iaH D  hh opacHna eTaAH. C 6man D  ^ap 
xhji Hyi^xajiap SyjiraHH yqyH 7- reopeMara acocaH yjiap opaciuia eryBqH 
Snpop E  Hyi^ra A  SnJiaH D opacnAa Syjirami yqyH SiipHHqn CHH(})ra 
TernuiJin, E  nyi^Ta C SnJiaH B opacnAa Syjirami yqyn HKKHHqn ciiH^ra 
TernuiJiH. By aca aKCHOMa uiaprara 3HAAHp. ZleMaK C nroHa 9KaH.

18- TeopeM a. y 3Jiyi<CH3JiHK aKCHO- 
MacHAarn HKKHHqn chh^hhht B ash

--------- t ~ T  - -  -  o ^ap^Jin xajj 6np nyi^TacH SupnHqH
^  - CHH(|)HHHr HXTHepnH nyi^Tacn gnJiau

10- nH3Ma B opacnAa eTaAH.
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•HtfHBWmH03M MHEHh HdjAx HMMH HBJIffldag ‘BSIfAg JH3X 
BJ o08I HOHVHHJHH JHHHdBIfMEhdAg H1THCMOX dug HMhH HM3 ‘BOtfAg JH3X 

j dsifMBhdAg HhaAHHmBWIfB HMhH HM3 E3IlAg JH3X dBIfMBhdAg DOW EffHEJ 
i -Dan HBimg ’mhchii HdjAx HhHHhA hhMhehh iidjAx hmm^ -Bwsdoax -gg

‘ BXXBM HBtfHH
-OWOX HhHHhA HOHt/HHjHH JHHHHHOKOX HMHH M B hdA gh ^ *BW3d03X

•BhHHDMB B3 Htf
-EX3 MBhdAg BXXBM Bt/HDHITldBM HOIMOX BXXBM BtfMEhdAgh/J •B1M3Q03L -95

•DBW6 SlHXdO HBl/BXXHg HHOD 
JHHHdBIi’MBhdAp OBWXA HM3 HdjAx EtfMBhdAghA HBffHBk dB^ 'BW3d 03X -<Jg

•BXXBM HBtfHdHg dBX JHHHdBIfMEhdAg HMhH 
HBJBWirAg hhitiAM b jh e A  HJBhdAg h'mitibx JHHHMBhdAgh^ ‘ B w a d oa x  -\z  

•MHhHM HBtfBtVJO dKIfAMHttH8Ud3[J ‘ BKSdoSX -£ £
•HfBI/’Ag MHU’tfHEI/’Eg WEk ‘BHBHV9W WBk 

jAhA MBhdAghA A m  H oe o n d x M so o n g  MBhdAghA hi/t o  j h s j  ̂ ‘ B iM sdosx -ZZ
•BHHJdng xbMb({) A Ba hhm w Aw  m n d n m A x  dm /AM  

-HtfH0Ild3U B ^H E H h H d jA x  HBJIffldsg HEtfBXMAH H E JIfH dsg -B!M3do3X -\Z
•wAi/hew HBtTHodAM cjbxmbim ExdA -m -k Ba dsifM BhdAg HhaAHnmEW 

i -IfB HMhH ‘HJHI/MHhHM-EXXBM JHHHdBIfMBhdAg ‘BHBITHB HBJL'HEHh HMhH ‘BWJO 
‘ dfiL-AMHOTlSudaLJ ‘H3E3HdXM333ng ‘H3BHEIW3IM ‘HJHIfffHEITEg JHHIiMBhdAghA 
‘HBI/’ BOBN ‘HHdBIi’BhHAm Ax HEJHtfHEdhA Bl/dBiTBW3d03X Ag ’ B W X B If 0 £

■EHWBX6 E ifo a s k  BJHhaAkA HudBi/’m E irxogoH  hutiihjsx 
•dHlTHirMAirifEBx E ju n d x s w o s j  xoiii’o o g B  iMBk dB iTBw sdoax hjbVhhA'h H d o x  
-E>l dBIfBW3d03X HBJHELMOgSH B^HdOMQJ 'Ht/BI/BXB g s t f VndlUaWOSB UJOil'09 
-gv HHKHdX9W03J HBJimdAM gHHBIf303E BJHdBITBWOHOMB BUHAdj AI —  I

•HffBirHk MHI/'VHE
, BJHxdBm B iv sd o s x  b o g  A9 ‘Htz'ei/’o k  gn irA g H irm H Jai B .in oeh d eg  jHHHdBir 

-BKI33H Jg  V  BW33M ‘ ME3atf HHOirAg BJG BJB330X HBtH Am  KBX BX
-MAh ,3  HL-MdB(b HBff q  -MHiryBXBodAM h h h jh i t b h o jk  jh h h  j  -hVv v Aq h it 
-inHJSX BJH3BhdBg JHHHdBirBW03M !(J !y  BxMAh J  HAhA HHBJI/’A g  HU"niHJ3X 
EJ(f)HH3 HhHHMMH dBI^BxMAH BhdB9 HJBfHOBdo Q  HEITHg J  HHMSIf ‘HlfHIHJ 
-3X BJ({)HH3 HhHHMMH BxMAh J  ‘ MBW3£f -3BW6 HIflTIHJ3X BJ(|)HH3 HhHHdHg 
HAhA HHBJBWmAx X3A-B1VX3A HBIi’Hg dBirA Ba HHBJBWX3 BffHSBdO ( j  < ? )
V  HBirag V  EXMAh 3  ‘ HMHBmaBJ "HffHBI/’MHHB HHWH33M bxM Ah q  dodH Q 
Ba HVBdHXHBD’XBOHBM HHHdBI/’XdBm  JHHHH3BWOH3MB VHHM3l2'3']7' rriHXBd>KB 
Bfi'E^iHdEX HBPHAg BJ(|)HH3 HMMH HHHdBlTBxMAH BW33M l£]ly  ('HL'TDHjax BJ 
-(|)HH3 HhHHMMH K B k dBIT !g  ‘HB1/BL"KA){/) 'EHIMEXHdHM EJ^JHHO HhHHMMH HH 
-HdBlTBxMAH HEJiroM JHHHBIM33M ' q ly  'EHIMEXHdHM HHdEIi’ExMAH BhdBg HJEfi1 
-HOBdO dBIi’  ’y  HBIfHg Ty  EH HHdBU" Jy  BJc{iHH3 HhHHdHg '(BWEHh - £ l )  EHW 
-E X B d*E  BJ(|)HH3 HMMH HHHdBlfEX’HAH BK33M l g l y  ' ( [  < ? )  HtfBIfAg BtTH3Bdo Q  HBIf 
-H g Y BxMAh Jy  HAhA HJHITHEJmBraOMf hH-EWhH dBL’BKOSyj -X 0 9 3 14

•HFBirAg H irm H jax e j e w 33m BhdBg A ‘hmITAjk 
-BBIM BXViAh j  HEVHAm BlfMHEHh H d jA x  V BffL'Ok A ‘ B3BWirAg VAm<3 EK BW 
-33M HBJniBLi’HOMC BJHhH H3EWKBk JHHHdBL"A ‘gH i/A g  HBJITHdsg HJHirXSM-BK!

-X3M EH3M3h JHHHdBIfBW33H ’ 1 ’ ‘ UQ Uy  
BWgHh -£I * . . .< Z g Z y  i l g l y  nBJmEI/’HOM< BJHhH

g tq ?g ug j  "\f z\( V  V JHHHHdHg-dng BtrMHEHh HdJAx v  dodng 
1—* 1-1 1 1 1— ■ ' ‘(HOBwadoax doiunnyj) Bwadoax -Q2
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’HddAxOH EHWH0
-RdC(|j HBJHHL'HM lMBI\'9'jj' '3BKS HHMwAw E3S HIHHdgg ECU JHHHL”OX Ag •ffltVVO'X 
QHk'.ig HIfHIHJ9X BJC(JHH3 HhHHdHg rcEV J  ‘ KBX l+ Uy  MBWap -H1TBX3 BVHOBdO 
l+uy  HBirng y  bi'hAh $> b fi/ox  Ag ‘HMHBmaEd -Htfsxa Bffnosdo 5  HBirng y  
exM h uy  bI/heA JHHHi^Ba Am hhm^j/ -HffBirAg BtrnoBdo uy  nem g y  ex 
-'hAh g  ‘hmhii'bl',hhox u irBdAxBii HBtTHAm ‘gnirAg Hi/mnjax bjc^hho HhHHd 
-ng bx'mAh g  HAhA hhbju~a9 etfnoBdo S’ hbl'hq y  bx^Ah g  ‘em w vo hhbx 

-MAh g  HBJHffBdHXHBiriBOHBM HHldBHI Q J  =  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 HIOTHJ3X BJ({)HH3 HhHHMMH EX^Ah uy  Ed 
-Am BJxdBm EVxkEa A9 WvirAg BtfHosdo vy  HBLiig y  bi'maii £  ‘gHirHuox hhoo 
u iredAxBH hbPhAitt Btfiroft dmb ‘nVmmroirAg niriHHjgx bjcJjhuo HhHHdHg bxViAh 
S’ HHH3I/ •H'G'BIi’Ag HIfIIIHJ9X BJHdtig JHHHtpHHO Ag BXMAh S’ 'HffBirAg Hl/niH.i3X 
EJCfiHHO HhHHMMH dBL'EX^AH BhdBg HJBtfHDBdO g  HEL'Hg £  ‘Bi(J)HH3 HhHHd 
-Hg dBirexMAH BhdBg HJBVHOBdo j  HBirng y  ‘HMHffEirnuox bx^Ah £  reff 
-HAm EtfEKID9H g y  eVUOX ft 'HlxBL’HdBMTBg HxdBm bitbmjih jhhhhobwohdmb 
^HHX9t/9'p' 1>!BW3‘[J' 'HtfEXg BtfHOBdO HdBITEX̂ AH JHHH({)HH3 HhHHMMH I!BIf 
-Hg y  hobx'mAh dug dsk JHHHtfiHHO Hhiindug ndsMinex HEtrHAg -nirmHjax bj 
-Cj)HHD HhHHMMH B06 Ex'hAh g  lBJ(J)HH3 HhHHdHg 'dBir vy  ‘ • ‘zy  ,ly  ‘ y  
BtflTOk HHdAoAx ‘HirrnHJaX BJHdHg JHHlldBL"(|)HHD HhHHMMH HH9 HhHHd 
-Hg hsbx’mAh dng dEk jhhhbk39m g y  ‘HMHtfgndAx gHHHdAn HBffmHHHirAp 
etfB^HdBx Ag •Ht'BU’Ag nirniHjsx BicjjHH3 HhHHMMH bx^Ah g  BdAM BJEBdetJ) 
•HHDX9 BfH3BdO ^  HBL’Hg y  BxViAh uy  WBk Et/HBJL'Ag HBtrHBH dBX V ITEdAx 
-BH ‘HMEHWBXHdHM HHdBITExMAH \  HBtfHArH BJC{)HH3 HhHHMMH !HH3IfAg BtTHD 
-Bdo uy  HBL'ng y  bx’mAh x  dng dBx ‘HMtfAwaBw hod 11 irBdAiBH HBtfHAm 
HAhA Hdng dBx JKHndBirA ‘HMEHWBXHdHM HHHdBL'Bx’iiAn X  yvTtuAm jhhhbim 
-09M g y  Ba hhbxM h y  Bi([:nH3 HhHLidiig iMHmBXBdwB bj4 'hh:) HM>!H BhHJ 
-EffHHAM HHHdBITBXMAH BhdBg JHHHBW39M g y  ‘MHirH3V HVBX9 BVHDBdo g  
HBirHg y  dBiTBx^AH ny  ‘ • • • ‘ zy  a y  WBk bVhbjhhl"0 HBtfHEk dBk u 
HH'IK ‘EHMIHBiriOgOH HBI/Hg HI/AoA mHIfHk SBdBcf) HHH3HdBM39J, 0 9 3 H

•H1TBX9 BVH3Bdo
uy  H B i/H g y  b x ^ A h  g  ‘ H M H C B tfim ox h o d  u H BtfH Am  ‘ BDirAg -m Ba be* 
-H3 B d o  V  HBL'Hg Ty  b x ’m Ah zy  ‘ B'CHOBdo zy  H B irng y  bxV iAh ly  ‘ gHHHL’O 
dBifBXMAH uy  ‘ • • • 'zy  lly  HhaAdHxHBirxBOHBk HHxdBm • • • s s  zy l y  =  l y y  =
—  Q D  B 'CdAH g y  HBJL"Ag B tE x ^ A n  y  H h/^  • ( e k e h i i  - z \ ) H H oirA g H B Jirn d  
- 9 9  dB I/B W 0 9 M Q J  ‘g y  H H dgH X XH  ‘ (H 3 EW9 d o 9 X QdWnxdy) BW3 d 0 3 X - 6 l

•hhmkAk  mBirxogoH 
HHBK9d09X IMHXAw HMMH HJBt'HHA'M EVHWEti'd3 H3BK0H3MB t'HHM3li'9'J2‘

•(BWEHh - | t )  HCBI3 BVHOBdo g  HBLXI9 J\[ 
B X^A h HB003B BJBW9d09X -g Bl/WEk HAhA HHBJL'Ag g fH D B d o BI.VlAH IY 
HBL’Hg y  bx ’mAh n  B tfirox  f t  -(py -qk g  ‘f t = k y )  HHoirAg HdBifBxMAH 4 jh h d  
HhHHMMH Ba HhHHdHg Bffm HaBd o o w  dBirBxkAH y*] Ba yy 'X O g  3 14

BlMBHh -Z\ BWEHh -\[

y g  5  7 *v V  V V u  0 N V
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2 9 - Teopewa. B n p  TyFpn q im f ^ s  nepneHAHKyjiap S y jira n  h k k h  T yp p n  

xW 3HKt 6 np-6 npH 6 njiaH KecHiuMsHAH.
3 0 - TeopeM a. T y p p n  qron^ Tsm K apncnAa ojiHHraH HV^TaaaH SepnJiraH  

T y F p n  t}H3 H^ 6 lW73H KeCHLLlMaHJUiraH KaMHAa 6 HTT3 TyFpH qH3Hl$ yTaAH.

3 1 - TeopeM a. y q fiy p q a K  hhkh SypqaKjiapH HHr h h fh h a h ch  1 80 ° A an  

KaTTa 9Mac.
3 2 - TeopeMa. yqSypqaKHHHr 6 npop yqHAan qm^aH Hyp my 6ypqai< 

mujxau yTca , 6 y  Hyp my Syp q sK  ^apmncnAarn to m o h h h  KecaAn.

3 3 - T e o p e M a . YqSypqaKHHHr yqTa SncceKTpncacH onrra ny^raAa Ke­

en ma a h  Ba 6 y  Hyi^ra y q 6 y p qaK H nn r m k h  Hyivracn 6yjiaah.

1 2 - § . FlapajuiejijiHK ancHOMacH

lO n o p H A a  aficojnoT reoM eTpusm nHr TeopeM ajiapnAarn 3 0 - TeopeM ara  

s t r a S o p  ^HJicaK, y iiA a  TyFp n  4 H3Hk Tam KapncHAa cwinnraH Hyi^raAaH 6 e- 

pHJiraH Typpn qH3H)̂  6 h jish  Kecnm M SHAHraH KaMHAa 6nTTa Typpn qn3HK;- 

H n n r y ra m n  Ta'bKHAJiannfi, 6 hdo^ m yH Aan Typpn qn3n^HHHr H roH ajin rn  

j^a^HAa >jyKM qni^apHJiMaran. ByHAan Typpn h hsh ^ hhu f H roH ajinrn  §kh  

arona S M acjin rn  TyppncnAa f^ymnMqa TajiafiHHHr ^yHHJinm nra i^apa6 Eb­
kjiha reoMeTpnftCH £kh /IoSsqeECK hh reoM eTpnHcn TyFpncnziarH TaiijiHMOT- 
h h  >jochji KnjiaMH3. I —  IV rpyrina aKCHOM ajiapnra cya H ra n  reoM erpHH  

6y hkkh reoM eipHH HHH r yMyMHH k,hcmhahp. E bkjiha reoM eTpuficnAa na- 

pajuieJiJiHK aKCHOMacn ^ yfinAarnqa H^ oAajiaHaAn.

V. TyFpn qn3H^ TamKapHCHAarH Hyi^TaAan yth6, SepnjiraH  Typpn qn3n^ 
SnjiaH KecnmManAHran TyFpn qH3n^ Sim aAan opra^ 3Mac.

B y  aKcnoM a finjiaH 3 0 - TeopeM ann Ha3apAa T yT caK , ^ yn n A arn  Teope­
Ma KeJin6  qm^aAH. 

3 4 - TeopeMa. T y p p n  qn3Hi  ̂ Tam ^ apncH Aarn iiy^ 'raAan 6 y  TyFpn hhshi^ 6 h- 

jian  Kecnm M aH AnraH  (JjaKST S n rra  TyFpn  qiBHK, y ra A n .

3 hah I —  V rpynna aKCHOMajiapnra acocjiannS, E bkjiha reoMeTpna- 

chhh (ji’bHn MaiaaSaa yK,HTHJiaAnraH reoMeTpnaHn) 6aeH î njinm MyMKHH. 

Aiacajian:

3 5 - TeopeMa. yqfiypqaK h'ikh 6 ypqaKJiapHHHr hhfhhahch 180° ra Teur 

(3 1 - TeopeM a 6 hji3 h T a i^ o cJia h r).
3 8 - TeopeMa. yqSypqaKHHHr T3 m iy i Sypqarn y3nra i^ymHH fiyjiMaran 

nqKH 6ypqaKJiapHHHr HHFHHAncnra Teur (2 4 - TeopeM a Shjm h T a i^ o c -  

jiaur).

3 7 - TeopeM a. B n p  Typpn qH3H^Aa eTM araH yqTa Hyi^raAaH (Jia^aT 6 h t-  

Ta anjiaHa vtsah.

3 8 - TeopeM a. A fijia n a ra  im kh  qn3HJiraH MyHT333M ojiTH6 yp qa K  tom ohh  

m y  aftjiaH3  p a A n y cn ra  TeHr.

B a  ^0 K3 3 0 .
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Ill B O B . JIOEAHEBCKHH TEOMETPHflCH 3J1EMEHTJ1APH

By 6o6fla 6h3 JIoSaqeBCKHH reoMeTpHHCHHimr 6aTacf)CHJi SaeHHra Tyx- 
TaJiMacjiaH, daT>3H acocnft cfiaKTjiapn 6\\m.n TaHHinaMH3. By (J)aKTJiapHH 
ypraHHtuAa reoMexpHHHH aKCHOMaTHK pa3HinAa 6aeH srauiAarH î aSyji Kfl- 
jiHHraH acocHH i^oHAaHH na3apAa TyTnmnMH3 KepaK.

13-§. JloSaneaCKHii aKCwaviacH ua yHAaH Kejin5 HH^aflnraH 

AaCTjiaSKH xyjiocajiap

Jlo6aiieBCKH0 reoMeTpnHCHHHHr aKCHOMaTHKacH a6co;iioT reoMeTpnn 

aKcnoMajiapH ^aTopnra JIoSaqeBCKHfi aKCHOMacmiH i^ynjHm 6njiaH ^ochji 
i^HJiHHaAH. JXeviaK, JIodaqeBCKnn reoMeTpuncHAa aScoJiioT reoMexpHHHHHr 

6apqa TatpHcj) Ba TeopeMaiiapn y3 Kyqnnn caiman ah.
V . ' J I o 6 a 4 e b c k h i i  a K c n o M a c H .  TeKncjinKAa Typpn qn3n^ Tam- 

KapHCHAa OJiHHraH Hy^TaAan 6y Typpn ra3Hf̂  SnjiaH KecnuiMa&AHraH Ka- 
MHAa HKKHTa Typpn yraA” .

LUvhh TatKHAJiaS yT2MH3KH, Typpn mi3H^Aa eTManAiiran Hyi^aAaH 
yHHHr 6iuau  KeciiujMaHAHrah TyFpH qii3Hf̂  yTHuj^nrHHH TacAHiyJi oBqn 
(|3aKT aSccvrioT reoweTpiiHra Taajuiy^/inAHp (iI 606, 3 0 -TeopeMa), 6y TyF­
pH qH3Hf\HHHr HroHa^nniHH napajuiejiJiHK ai<cnoMacH TacAH^JiaftAH. JIo6a- 
qeBCKHH aKcnoMacn sea SyHAati TyFpH q«3H^HHHr KaMHAa HKKHTajihphhh 
TacAHî JiaflAH.

1- 'reopeMa. JloSaqeECKHH TeKncjinrnAa Typpn qnsnKAa eTMafiAHraH 

nyi^TaAaH 6y Typpn qn3H^ 6njian KecnmManAnraH qeKCH3 Kyn Typpn qn-

3HK; yT3AH.

H c 6 o  t . JIoSaqeBCKHH aKcnoMacnra acocaH A ny^TaAaH a TyFpH qn- 

3Hî  Snjian (14- MH3Ma) KecHLUManAHraH b Ba c Typpn qn3HtyiapH yTCHH. 
c Typpn qniHK.Aa aiynAan C Hyi^Tann ojiaMH3i<H, 6y Hyi^Ta Ba a Typpn 
qMHK, b Typpn MH3HK SanaH aHHK^anaAnraH rypjiii apnM TeKHCJiHKJiapra 
Ternui^H 6yjicnH. a Typpn qromyia nxTnepnii D  Hy^aHH o,ih6, CD  Typ- 
PH qH3Ht\HH yTKa3caK, 6y TyFpn hhsh^ b 6 m m  6npop B Hyi^raAa Kecn- 
inaAH, B ny^ra C 6hji3h D  opacnAa eTaAH. BC KecMaHHHr HXTnepnn 
E  Hyi^TacHHH^ojih6, AE  Typpn qH3H^HH yTKa3caK, 6y TyFpH qn3H  ̂ a 6n- 
jiaH KecnuiMaHAH. J^a^Hi^aTaH ^aM, AE  6n;iaH a TyFpH qH3Hî  finpop Hyi -̂ 
TaAa KecnmaAH Ae6 (})apa3 ^hjiho, D E f  yqSypqaK Ba b TyFpH qn3HK,î a 

HncoaTaH riaui aKCHOMacnun ^yjuiaeax, a 6iuian b KecnuiaAH, AeraH xy- 
jiocara Ke;iaMH3. By aca mapTra 3HA-

ZleMaK, BC  KecMa Hy^ia^apH neii- 
CH3 Kyn SyjiraHn yqyH AE  ra yx- 
maiu qeKCH3 Kyn TyFpn HH3HK/!ap A 
Hy^TaAaH ym6, a SnjiaH Kecniii- 
MaHAH.

BemHHqn nocTyjiaTHHHr 6apqa 
3KBHBajieHT/iapn >;aw JloQaqeBCKnn 
reoMeTpuHCHAa y3 KyqnHH ny^oTaAH, 

jKyM-oaAaH, yqSypqaK nqKH SypqaK- 14-
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jiapHHHr fiHFHHAHCii SHAH 180° ra 

Tear smsc. JleKHH 11-§ AarH 31- 
TeopeMaHH Hasapaa TyTcaK, MaHTH- 

K,aH f^yHHAara HaTH>Ka KejinS qHKa- 
AH. 

2 -  TeopeM a. JIoSaqeBCKHH TeKHC- 
m m jia  yqSypqaK h^kh SypqaKJiapH- 
HHHr HHFHHAHCH 180° A3H KHqHK.

15- TO3Ma 3- TeopeMa. Arap yq6ypqaK hhkb

dypqaK/iapHHHHr hhfhhahch 180° AaH 
KHqHK 6y;ica, JIo6aqeBCKHH aKcnoMacH vpHHJiH SyJiaAH.

M c 6 o  t . AB  KecMaHHiir yqjiapHflaH my KecMara nepneHAHKyjiap 6y jy 
rau a, b Tyrpn qH3HiyiapHH yTK333MH3 . A 6cojiiot reoMeTpi-iHAaH Mai.avM- 
kh, a, b Typpn qH3Hiyiap KecnuiMaHAH (1 5 -qnsMa). B Hyi^raAaH vtii6 , 
b AaH (JjapiyiH a 6iuian KecHiHM3HAHr3 H hH3 6HTTa TyFpH qH3HKHHHr 
M3B>KyAJiHrHHH Hc6oTJiacaK, Ma^caAra apHmran OyviaMHa. a TyFpn qm m v 
Aa HXTnepHH D  ny^TanH om 5, BD  HypHH yreascaK, Z .  ADB  =  p 6yp- 
qaK x.ocHJi KH^HiiaAH, cyHrpa my CypqaKHH B Hy^raAan 6om/ia6, 6np 
tomohh BD  Hyp AaH nSopaT Kjvm6 K,yflMH3 (ABD  6ypqai<Aan lam^apura), 
6y 6ypqaKHHHr HKKHHqn tomohh BC Hyp 6y/iCHH. liiapTia Kypa, ABD  
yqgypqaK nqKH SypqaKjiapHHHHr hhfhhahch 180° ash KHqHK 6yjiraHH yqyH, 
ji-bHH 90° +  p +  Z .  A B D C  180° eKH p +  Z .  ABD <  90°, 6yHA3H /LAB C C  
< 9 0 ° .  By Bai^TAa BC TyFpH quani  ̂ a 6man KecHUiMaftAH. AKCHHqa BC  
TyFpn qH3Hî  6HJiaH a 6npop E ny^raAa KecnmaAH AeS <|)apa3 iyl.ricaK, 
DBE  yqSypqan %ocm 6ym 6, Z .A D B  6y yqfiypqaK yqyH ram^H 6yp- 
qaKAHp. y  ^ojiAa ADB =  /LDBE =  p 6y^raHH yqyH, 6y mapT l l - §  
AarH 24- TeopeMara 3HAJIHK i^H;iaAH. ZleMaK, BC SiuiaH a KecHuiMafiAH. 
y m 6 y  xyjiocara Ke;iAHK: JIoSaqeBCKHH aKcnoMacH «yq6ypqaK HqKH 6yp- 
qaKJiapnHHHr hhfhhahch 180° AaH KHqHK» AeraH (J)apa3ra SKBHBajieHT.

A B C  yqgypqaK hhkh SypqaKjiapHHHHr hhfhhahchhh S^abc 6hji3h 6eji- 
rHJiacaK, 180° —  S AABC afmpwa MycCaTAHp, yHH A B C  yqSypqaKHHHr 
my^coHu (Ae<[)eKTH) /ie6 arajiam  Ba &&ABC 6n;iaH 6eJirHJianaziH.

4 - TeopeMa. y^SypqaKHHiir Hy^coim 3AAHthbjihk xoccacnra gyftcyHa- 
AH, H-bHH (16- qii3Ma) &AABC =  6^abd +  ^ABDC-

H c 6 O T. £>aABC— 180 S&ABC =  ^  ^ABDC  1 8 0 )  =
=  (180 S & A B d ) ^ & B D c)=  ABD~^~ BDC'

5 - TeopeMa. JIo6aqeBCKHi”i TeKHCJiHTHAa yq6ypqaK HqKH SypqaKjiapHHHHr 
fiHFHHAHCH TypjiH yq6ypqaM ap yqyH Typjinqa i^HiiMarra ara, ht>hh y3ra- 
pyBHii MHKAopAHp.

H c 6 o t .  C>apa3 ^H^afijiHK, 6apqa  
yq6ypqaKJiap mKU SypqaKjiapHHHHr 
fiHFHHAHCH y3rapM3C v GyJICHH. (PaB- 
maHKH, v <  180°.) A B C  yq6ypqaK- 
Himr (16-qH3Ma) B  yqnA3H ^TyBqn, 
A C  tomohhhh D  ny^TaAa KecyBqn 

Q B D  nyp yTKa3caK, $apa3ra acocaH, 
5 A.4BC -  5 AABD =  5 a b d c  “  V 6 yJiH6
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5 aabd +  5 Abdc =  ^ &abc +  180°- ^ eMaK> V +  V =* Y +  180° eKH 7 =  180°. 
B y  a c a  K>^opn/i,arH T e o p e M a r a  3HA.

X,ap ^aHflaft TypiSypqaKHH HKKHTa yq6ypq3KKa axpamui MyMKHH 
fiyjiraHH yqyn ^yfiHAsra hkkh hsthjkshh ™^apaMH3. 

1. JloSaqeBCKHH TeKHCJiHrafla xap KaiWH TypTSypqaK m m  6ypqaK- 
jiapHHHHr hhfhhahch 360° AaH kothk 6y jih6, 6y  coh  ^ap xhji TypiQyp- 
qaKJiap yqyH xap xhjiahp.

2. JlodaqeBCKHft TeKncjinrnAa 6ypqai( KaTT3 jihkjisph 6hji3h qnsniyiH 
KaTiaJiHKJiap opacnAa Sofjishhui MSBJKya {6ym  Keiinnpo^ Kyp3MH3).

14- §. JloSaqeBCKHH TeKncjjHrHAarH napajuieji Tyrpn qH3HKJiap

JIoSaqeBCKHft reoMeTpnncnHHHr Ebkjiha reoweipHHCHAan HHa 6np aco- 
cnn (})ap^H TeKHCJiHKAarn TVFpn qn3HK^apiiHHP >KOHJiaHnmnAa 103 6epa- 
AnraH finrH x,ojuiapAan udopaT. Ebkjiha reoMCTpHHCHAa 6np TeKHCJiHKAa- 
ph yMyMHft Hy^Tara ars SyjiMaraH Typpn qH3Hiy!ap napajuieji AeftnJiaAn; 
JIo6aqescKHH TeKHCJinrHAa acs napajuieji Typpn qH3Hî JiapHH fioini^aqa Ta-b- 

pntjuiamra TyFpH KeJiaAH. 13-§ Aarn 1 -TeopeMara acocan a TyFpH qnsn^- 
Aa eTMafiAHraH A  Hyi^raAaH a 6hji3h KecHiuMaSAHraH qeKCH3 Kyn TyFpH 
qn3n^ yi-aAn. fleMaK, Mapi03H A ny^TaAa dyjiraH TyFpH qn3Hfyiap Aac- 
Tacn hkkh cnncjjra a*paJiaAH. BnpniMH CHH(|)ra AacTaHHHP a Typpn qn3ni^ 
finJiaH KecnujaAnraH 6apqa Typpn qn3HiyiapHHH, HKKHHqn CHHt r̂a aca Aac- 
TaHHHr KOJiran x,aMMa Tyrpn qn3myiapHHn KnpHT3MH3. (PaBmaHKn, hk- 
i<3Jia CHH(J)Aa ^aM qeKCH3 Kyn Typpn qn3H^Jiap m3b>kva.) A Hyi^raAaH 
a Typpn qn3HKKa AP  nepneHAHKyjwp TyiimpaftjinK (17-qH3Ma) xaMAa a 
TyppH qH3Hî A3 HynsjinmHH 3Iihk,ji36 ojianjiHK. AP, AN  Typpn qn3Hiyiap 
6npHHqH GHHcjjrs TerninJiHAHp. ZL PAN =  aN 6yjiCHH, psbihshkh a N <  
<  90°. N Hyi^Ta a Typpn qn3HK; 6ynjia6 anHK/ianran SyHSJiHiiiAa xapa- 
K3TJ13HH0 Sopca, AN  Typpn qH3H  ̂ aohmo SnpHHqn CHHiJjra TernuiJTH 6y- 
jih6 6opaBepaAH, y .%0JiAa a N dypqaK xaM 6opran capn ksttsjisiiihS 6o- 
paBep3An, JieKHH aohmo 90° AaH KHqnKJinrnqa i^oji3ah. IUyHaan « v 6yp- 
qaKJiap TynjiaMHHH to Ae6 geJirnJiafijiHK; y qerapsjiaHraH qeKcns TynjiSM 
SyjiraHJiHrn ca6a6jin, anti^ lo^opn a 0 qerapara araAnp. Yqn A n y iga - 
Aa,6np tomohh AP  HypA3H iiSopaT a 0 SypqaKHHHr nKKnHqn tomohh 
A D  HypHH xochji î HJiaAH. A D  Typpn mh3hk i^yHHAarn xoccaJiapra 
ars:

1°. TyFpn qH3Hî  a 6hji3h KecnniMafiAH. ^a^n^aTan X3M yjiapHH 6h- 

pop K  ny^raAa KecnniaAn &e6 (|)apa3 iguicaK, a TyppH qH3ni^Aa K  iiyi^T3AaH 

yHP TOMOHAa yHAaH fjiap /̂in K '  Hyi^Tann ojih6, A K '  Typpn qn3Hi\HH yTK33- 

C3K, A K  Typpn qnsrn̂  SnpHHqH chhiJ)- 

rs TerHUiJiH 6yjin6, Z . PA K  5̂ aM co 

ra TerauiJiH SyJiaAH, JieKHH Z . P A K  
> a 0. ByHHHr 6yjinmn mymkhh 

aMac, qyHKH a 0 6ypqaK to hhht 3hh^ 

roî cpH qerapacn.

2°. A Hy^T3A3H yTHS, PA  6nJiaH 
a 0 Aan KnqnK 6ypqaK ^ochji K[HJiraH 
Jjap ^aH^an xyppn qnsn^ a SnJiaH 17- nn3m
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KecHiuaaii, qyHKH 6y Bai^TAa y  TyFpn 'IH3HK; S iip m ™  cnir^ra Ternm/m 
6yjiajm-

JloSaqeBCKHH ro^opHAarii hkkh xoccara ara 6yjiraH myHAafi AD  TyF­
pH 4H3HKHH ci Typpii qn3H^K,a 6epnJiraH flyna.iHmAa napa.iAeji Ae6 aTaii- 
ah. JleMaK, JIoSaqeBCKHH reoMeTpnncHAa riapa/uieji TyFpH qn3ni<;jiap Ty- 
mynqacH 6ouaaqa Ta-bpHfJwanaAn: GepHJiran ny^raAaH fiepnjiran Tyrpn qn- 
3W^3 ponna-poca iiKKma napa.iJieJi TyFpn hh3H  ̂ yTaziH, oyjiapAaH 6npn 
a 6man  6np xhji HVHajinmAa, hkkhhmhch aca KapaMa-i^apum ftynajiHm- 
AaAnp. Ebkjiha reoMeTpnacHAarH Ka6n napajue.i TyFpn qn3Hiyi3pHH / /  6n-
ji3H 6eJirH.JiaHMH3.

X yjioca k,hjih6 aim im KepaKKn, Jlo6aqeBCKnn TeKHCJwrnAarn a TyFpn 
qromyia eTMaraH A HyKjaAaH yTraH 6apqa Typpn qramyiap hkkh cnH:j> 
ra a>KpajiH6, fwpmrai cn n tra  a 6man  KecHiuaAHraHJiapn, HKKHHqn cnnrti- 
ra aca a 6nJiaH KecnmMaHAnraHJispH KupaAn; 6y HKKHHqn cHH(})ra i<a- 
panuin Typpn qii3Hiyiap y30^JiamyBqn AefiHJiaAH. By hkkh chhc)) Ty'p- 
pn 'iH3iii<AapHHH a>Kpara6 TypyBqH AD, AD' TyFpn qH3HK,napHH a ra 
napajmeji AeS aTaHMH3. a 0 —  napaJureJiJiHK Sypqarn, AP  —  my oypqaKKa 

moc napajuiejiJiiiK KecMacn AeS arajisAn.
3hah nspsjuieji Typpn qiuHiyispmiHr 631.311 xocca.napura TyxiaS yTaii- 

jihk: napajijieji Typpn qH3HK.napra TS’bpncj) 6epnJir3HA3 A nyK,Ta Maxcyc 
poJib yfiHaraH 3ah, xo3np 6y Hyi^Ta ypnura AD  .Typpn qnsniyiarH Soni­
as Hyi^Tann ojicaK ^aM napajiJiejuiiiK TaT>pnc})Hra xajiaji eTMacjiHrnHn Kyp- 
C3 T3MH3.

6- TeopeMa. Arap A ny^rara HHc6aTaH AD  \ \ PN  6yjica, y ^ojiAa 
AD  Typpn qn3W^HHHr HXTnepiin C nyivracn yqyn ^aM AD  \ \PN 6yjiaAn.

H c 6 0 t . ABBaJio rnyHH TatKHAJiaHMiiaKH, AD  || PN  6yjiraHH yqyn 
AD  6n,'iaH PN  KecnmManAn (18-qH3Ma). Hkkh j^ojihh TeKmnpaMH3:

1 - ^ o j i .  C Hyi^Ta AD  H ypra T ernm jin  6yjiciiH . PN  TyFpn qn 3Hi^HHHr 
HXTHepHii S ityKtacHHH ojih6 , 5/1 Ba SC  TyFpn qraniyiapHH yTKa33MH3, 
cy n rp a  Z .  SCD  h h h t  nqnAan CE  nypHH yTKa33MH3. CE  6iwaH  PN TyF­
pH qn3HiyiapHHHr KecHmHrnJinriiHu KypcaT3MH3. CE HypAa HXTnepnH E 
Hyi^Tann ojiafljiHK, arap  E  ny^Ta PN  ra Ternm jin  6 y jica , Skh E  Hyi-ga 
SN  Tyrpn q n s m ^ a  hhc63T3h C 6HJian xap xh ji TOMOHAa >KonjiaHH6 i^oji- 
ca  TeopeM a h c o o t  araJiraH SyjiaA n. E H yK ja  C iiy^Ta 6nJian 6npra  SN 
TyFpn qn3HKHHHr 6n p  TOMOiiHAa eTCHH. y  ^o/iAa AE  Hyp PN  finnan 
C upop F nyi^TaAa Kecnm aAn (qyHKH A D \ \ PN). S \ F  yqgypqaK  ea CE 
TyFpn qH3Hi^ yqyH  n a m  aKCHOMacHHii ia r 6 n ^  KH.icaK, CE t v fp h  qH3in^ 
5 A  §kh  SF  KecMajiapAaH 6hphhh  K ecnm n KepaK, jieKHii SA  hh icecM an-

AH, qyHKH, y KecMa ZL DCS HHHr 
Tami^apncHAa, CE Hyp aca 6ypqaK- 
hhht nqnAa, AeMaK CE Hyp SF  hh 
KecaAH Ba A D  11 PN.

2- x 0 ji. C nyKTa AD  Hypra Te- 

rnmjin 6y;iMacAaH, yniiHr TyjiAn- 
pyBqncnra Ternmjin GyJicmi, fltnn A 
Hy^Ta C 6n^aH D hiiht opacHAa er- 
cnii. P, C, A  nyivrajiapAan PC A  yq- 
6ypqaKHii xochji Kiuia\!H3 (19-qn3Ma). 

18- yH3Ma Z l  PC  A  iiniir nqiiAaH yTraH CE hx-



19- MH3Ma 20- tiH3Ma

xnepHH HypHH PN 6maH KeciiuuimjiiirHHH ncSoT.iacaK, Mat^caAra apnuiraH 
6yjiaMH3. CE HHHr TyjiAHpyBqHCHAa Cup op T HyKjaHH om6, T A TyFpH 
™.3HKHH yTK33caK, y A  P A D  HHHr H^HiiaH yia.uii Ba AD  | | PN  SyjiraHH 
yqyH PN 6 m m  Cupop S Hyi^Ta/ia KecnmaAH. Y  xoji/ia PAS  yq6ypqaK Ba 
CE  Typpn mh3hi  ̂ yqyn riaui aKCHOMacnflaH CE Hyp PS 6man  Kecnma- 
AH AeraH HaTHwara K6JI3MH3. napajuieji Typpn qii3Hiyiap xaiyiAa rann- 
pnJiraHAa yjiapHHHr k^hch HyKTacnra HncdaiaH napajuieJuiHra TatKHAJiaH- 
M3HAH.

7- TeopeMa. AD  11 PN  =► PN  11 AD.
H c 6 o t .  AD  Typpn qH3HiyiHHr nxTnepnn A Hyi^TacHAaH PN  ra AP  

nepneiiAHKyjiflp TyuiHpaMH3 (20-qn3Ma). mapTra Kypa PN 6man AD 
TyrpH MH3H^Jiap KeCHHlMaHAH. A  APN  HHHr HHHA3H yTraH HXTHepHH PE  
HypHKHr ADpn 6maH KecHUiauiHHH KypcarcaK khc|>03. ByHHHr yqyH PE  
Typpn qH3Hî HHHr PN 6man  ^ochji ^iiJiran p 6ypqaK a 0 AaH (napaji.ieji- 
jihk SypqarnAaH) kiwhk 6yjiran ^ojihh KypcaTcaK SyJiaAH. A E  _L PE  iih 

yTKa3iiQ, /LPAE =  y AecaK, APE  yqfiypqan HqKii 6ypqaKJiapHHHHr hh­
fhhahch 180° AaH khw k Syjirann yqyn y -j- 90° — p -f- 90° <C 180° £kh 
y <T S SyJiaAH. AE  <C AD  SyjiraiiH yqyH (rnnoTeHysa KaTeTAaH Kana) 
AP  ra A AaH SouuiaS AE  KecMann yjiqa6 k$hh5 (AE — AF), F nyi^Ta- 
HH TOII3MH3. AP  J_ FC  HH yTKa3H6, FC  HypHH  ÔCHJl K H JiaM H 3. PN  J. AP, 
AP _LFC  SyjiratiH yqyH PN 6maa FC KecHUiMafiAH, A  DAE  hhht 
nqnra y m  î yHMH3, yHHHr 6np tomohh AB  Hyp PN  SnjiaH T nyKjaAa 
KecHuiaAH (qyHKH AB  Hyp napajuiejuiHK fiypqarn nqiiAaH yTaAn). naui 
aKcnoMacHra acocaH FC  TyFpH qroni^ AT  SnJiaH 6npop G HyKTaAa Ke- 
CHuiaAH. AD  HHHr ycTHra AG =  AG' hh ^yftiio, G' Hyi^raHH ^ochji kh- 
"fia.viH3. y  JpJiAa AG' =  AG, AE  s= AF  Ba A  FAB =  A  EAG'  Syjirami 
yqyH A AEG' == A  AFG, SyiiAaH A  AEG' =  A  AFG  =  S0°. JieKHH 
AE  j_ PE  oyjiraiw  yqyH EG' KecMa PE  Hypra TerauiJiii, AeMaK PE  
nyp A D  hh G' Hyi^raAa KecaAH.

KyHHAarn TeopeM ajiapHn HDi^opHAarH Ka6n ncooT Jiam  m y m k h h .
8- reopeMa. Hkkh T y p p n  qn3HK,HHHr ^ap finpn MatJiyM HyHajiHiiiAarH 

6HTTa TyFpH qH3in^a napajuieji 6yjica, yjiap â.M my fiyHajiiiuiAa ysapo 
napajuieji SyjiaAH.

9- TeopeMa. Hkkh napaji.ae.ji TyFpH qn3HiyiaH CiipHAarn nyi^raAaH hk- 
KHUMHCHraqa SyjiraH Macocjia napajuiejuiHK iiynajiHmH tom oh eiap.nnqa 
KiiqHKJiamH6 SopaAH, napajuiejuiHK flyHajrnrn lira TecKapn TOMOHAa aca 6y
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Maco(|)a eTap/ima KaTTajianiHS 6opaah (ht>hh napajmeji Typpn liH3H^iap 
napajiJieJi.raK fiyHajiHmn tomoh SHp-OHpnra acHMnTOTHK HK,nHJjaaiH6 Sopaflw).

10-TeopeMa. )^ap ^anAafi yTKHp Syp'iaKHHHr 6np Bai^TAa 6np tomo- 
HHra n ep n eH A H K yjisp  6ym 6 , kkkhh^h TOMOHra n a p a ju ie j i  Typpn 
MaB^yfl,.

By TeopeMa 6omKaqa i^yHHAanm H^oAaJiaHaAn:

Xap ^aHAafi yranp Syp^aK napajijieJMHK Syp^arH 6yjia ojiaAH.

15-§. y30i^jiauiyBHH Tyrpn MH3HKjiap

11- TeopeMa. BnTTa Typpn 4H3HKKa nepneHAHKyjiap SyjiraH hkkh  
TyFpn 4H3HK; y30^JiauiyBHHAHp.

H c 6 o t . a Typpn mh3hk; b, c TyFpH «iH3Hiyiapra nepneHAHKyjiap 6yji- 
chh. 11- § aarn 2 9 -TeopeMa ra acccaH b 6m an c KecnuiMaHAH (21-HH3- 
Ma). JIoSaqeBCKHH MatKOCHAa b 6m an c  napajuieji aMac, qyHKH 6y ^oji- 
Aa napajuieJiJinK fiypqarn a 0 =  90° dyjraAH. ZIeMaK, b Ba c  Typpn mh- 
3n ^ a p  fiKHH.aauiyBqH ^aM 3 Mac, napajmeji ^aw awac.

IUyHra yxmam ^ynnAarn TeopeMa >{aM ypnHJiHAHp.
1 2 -TeopeMa. H kkh  Typpn 'Jron^ 6njiaH yq n m n  Typpn qH3Hi^ Kecnmn6, 

^ ochji i-^n/iHHran moc 6ypnaK,nap ie n r  6ynca, 6y Typpn 4H3Hiyiap y30iyia- 
rnyBHH 6yjiaAH.

X yM a c, E b k jih a  M atH ocnA arn napajuieji Typpn HH3H iyiap JIoSaqeBc- 
khh  Ma-bHOCHAa y30^JiamyBHHAHp.

1 3 -TeopeMa. y30^JiamyB>ra hkkh  TyFpn hh3h^ arona yMyMHH riep- 
neHAHKyjiapra ara 6yjin6, 6y nepneHAHKyjiHpHHHr hkkh  TOMOHHAa yjiap 
6np-6npHAaH eTapjima y30iyiamaAH.

H c 6 o t . Hkkh y30iyiamyBHH Typpn qn3Hi  ̂ hkkht3 yMyMHH nepneH- 
AHKyAapra ara SyjioJiMafiAH, aKc ^oJiAa J^aMMa Syp^aK Jiapn 90° AaH n6o-

paT Typpn Typ-rSypqaK ^ o ch ji ^hjih- 
^ Hap 3 a h , 6y aca 13- § Aarn 5- Teo-

----------- peMaAaH qn^aH  1- HaraJKara 3HAAHp.
3 hah  yMyMnn nepneHAHKyjmpHHHr

MaB*yAJiHrHHH HcdoTJianMH3. a  Ba b 
TyFpH HH3HKJiap y30iyiamyBTO 6y;i- 
cnH (22- TO3Ma). a hhhp H x ra e p H H  C

______ C_ HyK,TacHHH ojihS, yHAaH b ra na-
pa;i;ie.n CD  Ba CE  Typpn momyiap- 
hh yTKa33MH3. ZL A C D  Ba Z .  FCE21- tiHSMa

o '
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jiapHH TeKiuHpafijiHK. Byjia'pAan 6h- 
pn, MacajiaH, Z. ACD yTKHp 6yjm6, 
hkkhhmhch, yTKiip, TyppH Ba yTMac 
6yjiHixiH MyMKHH (qH3MaAa HKKajia 
6ypqaK vtkhp 6yjiraH ^oji KypcaTHJi- 
raH). By sa^T/ia 14-§ aarn 10-Teo­
peMara acocaH Z. ACD  hhht CA to- 
MOHHra nepneHAHKyjinp Ba CD  to- 
MOHHra napajuieji AA' Typpn qi)3Hiy
MaB>KyAflnp- y yfiJijia CD\\b 6yji- 
raHii yqyH 8- TeopeMara acocan AA' 
î a HyHajiHiiiHfla yura napajijieji 6yjiraH FF' hh ToiiaMH3. AF  Kec- 
MaHHHr ypTa ny^Tacn 0  nan b ra nepneHAHKyjmp 0 0 '  hh yTKa33MH3. 
3hah 0 0 '  hhht a, b ra yMyMHH nepneHAHKyjiapjiHrHHH Hc6oTJianMH3. 
ByHHHr yqyH 0  Hy^Ta^an b HHHr hkkh HyHaJiHinnra napa^jiejr i^hjihS 
OM II b, ON \\b TyrpH qmn^JiapHH yTK33aMH3; A 0  =  OF SyjiraHn yqyH 
(8- TeopeMara acocaH) Z. M O A ^  /_N OF, /LM OO ' Ba /LNOO ' 6yp- 
qaKJiap ĵ aM napajuiejuiHK KecMacn 0 0 '  ra moc KejiranH yqyH: Z_ /W O O '=  
zs=/-N O O '. AeMaK, 0 0 '  RecMa a, b ra yMyMHH nepnenAHKyjinp SKaH.

3hah TeopeMaHHHr HKKHHqn i^hcmhhh Hc6oTJiaHJiiiK, ht>hh y30iyiamyB- 
qn hkkh Typpn qnsniyHHHr yMyMnft nepneHAHKyjiapAaH HKKaJia TOMOHra 
i^apaS 6iip-6HpHAaH eiap/mqa y30KJiaLunuiHHH KypcaTannHK. b Typpn qii3H^- 
Aarn M HyK/ra O' HyK/raAaa my TyppH qnsHK; 6yHJia6 watJiyM nyhajinmAa 
eTap'jnqa yso^Jiamci-m (23- qn3Ma). M  AaH a Typpn qH3H^a nepneH- 
AHKy^ap Tymnpn6, yHHHr a 6man KecnmraH Hy^Tacnun N 6mau 6ejirn- 
jiamm. 0  nyi^TaAaH b Typpn qn3H^Aarn O' Hy^TaAaH M  ra i^apa6 fly- 
HajinmnAa OA  napajuieji Tyrpn qH3Hî HH yTKasaftjiHK. PaBmaHKH, A  O'OA =  
=  90° SyjiranH yqyn 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 yqyH MN >  QN (*). M  Hyivra b 6yma6 xapaKaT.ian- 
raHAa Q Hyivra OA  Hyp 6ynnqa ^apaKaTJiaHaAn. N Hy^xa ^a\i /-AON  
yTKHp SypqaKHHHr 6np TOMOHiiAa 0  ash eTapjinqa y30iyiamraHAa QN 
KecMa ^aM eTapjmqa Kara^amaAn, y xojiAa (*) ra acocan MN xaM qeK- 
cn3 KaTTajiamaAH.

0 0 '  yMyMnn nepneHAHKyjinpHHHr ^ap hkkh TOMOHHAa a, b Tyrpn 
qromyiap Gup SnpnAaH yso^JiamnS KeTaAn.

16 -§ . JToSaneBCKHH ^yHKuHscn

riapa^JiejuiHK 6ypqara finjian napajMejuiHK KecMacHHH 6oF./ioBqn Myno- 
ca6aiHH Mytjjaccajipo^ TeKmnpanjiHK.

14- TeopeMa. riapa.a.neJi.nHK Kecwacn napajuiejuiHK SypqarHHH Sup khh-
M3TJIH aHHf̂ JiaHAH.

Mc6ot. A' Ba B’ Hyi^TaJiap a Ba b Typpn qH3HiyiapAan 6np xhji Maco- 
$aAa eTCHH (24-qH3Ma), ht>hh AA' =  BB' (.AA’ _L a, BB' ±  b). Bnp xn«i 
flyHa^nmAa A' Hyi^TaAan a ra napaji^eji i^hjih6 a!, B' Hyi^TaAaH b ra na- 
pajuien kuj\u6 b' Typpn qmHiyiapHH yTKasafljinK, y Bai^TAa Z . A A'A ' =  a, 
/L BB' B" =  (3 6ypqaKjiap napajiJieji.inK SypqaKJiapn SyjiaAH. a == p 3Ka- 
hhhh KypcaTcaic, Mai^caAra spumraii fiyjiaMiu. Oapa3 î HJiaHJiHK, a ^  P,

Q> ‘ y  n  0

P '0 ' N  $

23- mi3Ma

|| i). UJyuHHr CHHrapn b hhht 6om-
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N
24- qn3Ma

A 5
25- MH3Ma

£HHr̂ porn a  <C p SyjiciiH. Y ĉuiAa Z_ BB'B" =  a  ^yficaK, a <C p SyjiraHH 
yqyH  jB'Bw n y p  b TyFpn mhshkhh 6n p o p  M  Hyi^Tafla KecaAH. A AaH 6om- 
Jia6 napaJiJieJiJiHK fiyHajiHiiiH tomoh BM  =  AN KecMann ^vhh6, N Hyî - 
TaHii xochji KHJicaK: A BB' M =  A A ' AN (hkkh Kaiera dyftnqa), y ^ojiAa 
Z  AA' N =  Z . BB' M  =  a 6ym6, A' N Hyp a' 6m m  ycTMa- ycT TyniH- 
ixih KepaK, jieKHH a' || a, AeMaK, yjiap KeciimMafiAH, m h  a =  p. LLIyH- 
Aan khjih6, Teur KecMajiapra moc KejiraH napaJiJieJiJiHK SypqaKjiapn 3$aM 
TeHr.

15- TeopeMa. napaJiJieJiJiHK KecMacn o rn ra H  capn  napaJiJieJiJiHK fiypqarn  
KaMan 6opanH: KaTTa KecMara k h h h k  napaJiJieJiJiHK S yp qarn  Typpn KenajXH. 

H c 6 o t .  a TyFpn qnan^HHHr 6hp TOMOHnAarn A ', A" Hyr^rajiapAaH (25- 
^H3Ma) a' II a, a || a Typpn qn3Hiyiap yTraH SyjicnH. AA' — p, AA" — 
=  p' napajijiejwm KecMajiapn 6ym 6, p ’ >  p 6yjicnH, 6y Bai^TAa Ternm.™ 
napaJiJieJiJiHK 6ypqaKJiapn yqyH a > p  TeHrcH3JiHKHHHr ypHHJiH SyjinmiiHH 
nc6oT/iafiMH3. a ' 6ypqaK a  Hnnr i^yuiHH Sypqarn Syjicnn, ht>hh a  +  a ' =  
=  180° (*), aMMO a’ || a ,  my ca6a6flaH a '  +  (3 <  180°, 6y hkkh TeHr- 
jiHKAan a  >  p. ByHAaft CoFJiaHHuiHH JIoSaqeBCKHn a — II (p) CHMBO,nn 6h- 
J13H 6eJirHJ73HAn. II (p) — Jlo6meecKUU (pyHKi^uncu jxe6 lopnTHJiaAn. By 
4>yHKUHH JIoSshceckhh reoMeTpiiflCHAa scocnn pojib yimaHAH, inyi-niHr 
yqyH 6h3 6y (f)yhk uh hhhht Sawn coAAa xoccajiapn 6nJiaH ^nc^sqa TaHH- 
maMH3. 

1. <7Io6aqeBCKHn (fiyHKHHHCHHHHr aim^mui co ^ a cn  0 <  p <  oo, i^hh- 
MaTJiapn co^acH sea 0 <  a  <  90°.

2. a  =  II  (p) (J)yHKunH mohojoh KaMsioBqnJiap.
3. a  =  II  (p) <|>yHKUHfl y3^yKCH3.
4. JloSaqeBCKHH cbyHKUHHCH 3JieMeHTap cjjyHKHnnjiap op^a.in K.ynHAarn-

__p_
qa H^oflaJiaHaAn: 77 (p) = 2  arc t g e  k (**) (6yHAa e —  HaTypaji Jiora- 
pH M ^ap acocH, p —  napa.n^eji^HK KecMacn, k —  aohmhh coh 6ym 6, ymi 
MatJiyM ca6a6jrapra Kypa JIoCaqeBCKHfi ^socnHHur srpnJiHK pa/mycH ^e6 
aiajiafln). IllyHncn An^aTra ca30B0pKH, p -> 0 ^a II (p) — a -+ 9 0 ° 6y- 
jiafln, SyHflaH ^ynnflarH xyjiocaHH qni^apHm MyMKHH: Jlo6aqeBCKHH tckhc- 
jinrnHHHr eTap/inqa KnqnK ^HCMHAa Ebkjiha reoMeTpnacnHHUr f^OHAa-i^o- 
HVHJiapH ypHHJTHAHp.
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F' o ' £
26- MH3M3 27- HH3Ma

JIo6aqeBCKHH TeKHCJinrnAarn Typpn qH3HiyiapHH wonjiauiHmnAa 103 6e- 

paAHraH 6np ^ojihh Ky3AaH KeqnpanjiHK. v
1 6 - Teopem a. yqfiypqaKHHHr yqajia  TOMOHJiapn ypTa.iapnAaH qn^apnJiraH  

y^Ta nepneHAHKynap e  6np  Hy^Ta^a KecHiua/iH, £ kh yqajiacn  y30K;jia- 
uiynqH, m i  yqaJiacn x aM onp nyHajiHuiAa napajuieji SyjiaAn.

H c S o t .  1- x o a . ABC yqfiypqaKHHHr AC, CB TOMOHJiapn ypTajiapura 
yTKasnJiran nepneHAHKyjiap EE', FF' 6yjin5 (26-qn3Ma), yjiap 0  Hy^Ta^a 
KecHiuajiH aeHJiHK. 0  Hyi^ra yqSypqaKHHHr yqajia yqw^aH 6apo6ap ysoK,- 
jinKAa eTrann yqyH, y  AB hhht ypTa nepneHAHKyjiapn DD' a a xaM cthuih 
KepaK, AeMaK, ypTa nepneHAHKyjiapAaH hkkht3ch Kecnmca, yqptqHCn x^m 
my ny^TaAaH yTaAH.

2 •  \ o a .  D D ',E E ' ypTa nepneHAHKyjiapjiap y30K«iamyBqn 6yjicnH (2 7 - 
qn3Ma). y  ^ojiAa FF' hhhp xaM DD1, ^aM EE' Qiuian y30fyiamyBqaHJinrnHH 
HCOOTJiaHMH3. 15- § AarH 1 3 - re o p e M a ra  aco caH  DD', EE' y30K/iamyBMH 
6y^raHH yqyH yjiap aroHa yMyMHH nepneHAHKyjiapra sraAnpjiap, y yMy­
MHH nepneHAHKyjiap D'E' 6yjicMH. D' E' Typpn qH3HKKa A, B, C Hyi^rajiap- 
AaH nepneHAHKyjiapjiap TyinnpanjiHK, yjiap moc paBHuyia 6y Typpn qnsni^ 6n- 
Jian A, B ',C ' HyKTajiapAa KecnmcHH. XocnJi 6yjiran AA'B'B  Typi6ypqaK- 
Ka H33ap cojicaK, DD' 6y ryproypqaKHiiHi AB Ea A'B' TOMOHJiapnra yMy­
MHH nepneHAHKyjiflp 6yjjn6, TyprfiypqaK DD' r a  HncSaTaH CHMMeTpiiK 
JKOHJiamraii, AeMaK, A A '^  BB'. Y  Ĵ OJiAa AA'BB" Ba CC'B'B  TypT- 
6ypqaKJiapHHi-ir ^ap 6hdh CaKKepH TypT6ypqarn 6yjiaAn. JJJyHra yxmam 
AA' C’ C ĵ aM CaKKepn TypT6ypqarn 6ym w - FF' 6y TypT0ypqaKHHHr yp­
Ta qH3HPH 6yjirami yqyH FF' _L A' C '.

ZleMaK, E E ', DD', FF' jiapmmr xap  6npn A' B' Typpn qH3H^a nep- 
neti/inKyjiap 6ym 6, 15-§  Aarn 11-TeopeMara acocaH yjiap y3apo y30iyia- 
myBqnAnp.

3 - % o a .  EE' Ba DD' jiap 2 8 - qn3MaAa KypcaTnJiran nyHaJinmAa y3apo 
napajuieji 6yJicim. y  >̂0JiAa FF' TVFpn qnsnK; E E ', DD' SnjiaH Kecnma 
OJiMaflAH Ba y30ipamyBqH 6yJi0Jiuauj\n (anc xoJiAa SiipnHqn Ba HKKHHqn 
xoJiJiapra i^afiTap sahk). AeMaK, yjiap 6np- 6npHra napajuieji. 3hah yqajia 
Typpn qn3HiyjHHr yMyMHH nyHaJinmAa napajuieji 6yjinmnHH KypcaTaMH3. By 
xoji yqyH ABC yqgypqaK TeHr tomohjih Skh TeHr eHJin dyjm acnH  (aKG 
s^ojiAa yqajia ypTa nepneHAHKyjiap KecnmaAn). AB tomoh su r KaTTa tom oh



28- misMa 29- iiH3Ma

6y,ncHH. E E ',F F ' Jiap AB m  aji6arra Kecn6 yTaAH, qyHKn FF' TyppH 
TO3HK, 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. YnaJia nepneHAHKyjrapHHHr AB SnJiaH KeCHUiran ny^- 
TaJiapH F", D, E" 6yjicnH. By yqT3 Hyi^raAaH 6npn i^oJiraH hkkht3ch opa- 
cHAa eTaAH, MacajiaH, D Hyiyra F" fm ’an E" o p a c iw  ctchh. y  xojiAa 
EE' I! FF' 6yjirann yqyH E" F" F' 6ypqaK nqHAan HH^naH xap i^an/ian 
F" T Hyp a.n6aTTa E" E' hh finpop T HyKjaAa KecaAH. By Bai^TAa DD' 
TyppH qH3Hf̂  E" E ',F " F' napajuieji Typpn qH3Hi\Jiap opscnAa eTrarrn yqyH 
yHH xaM F" T Hyp 6npop G Hyi^TaAa KecaAH, AeMai< D F" F' 6ypqaK ma- 
AaH q H ^ a H  ^ap i^ shash  Hyp DD' 6m an  Kecnmap 3K3 h. B nnoS ap H H , D 
AaH D’ ra  i^apa6 DD' || FF' 3i<aH. B y  TeopeM aAaH , J I o 63qeBCKH& tckhc- 
j in rn A a  Tauii^H aftjiaHara a ra  SyjiMaran yqSypqaK MaB>KyA, AeraH xyjibca 
qHK3pHLU MyMKHH.

llHpoeapAHAa JIoSaqeBCKun TeKHCJinrHAarn Typpn qHsniyiapHHHr jkoh- 
JisoiHUJHAarH xycycuH 6 n p  ^oji 6hji3h t3hhujh6 qHKanJiHK. Tshhh AOB 6ypqaK 
6epH.'iraH 6 v jich h , yriHur 0  yqHAaH nqKH fiHCceKTpncacHHH yTK333HJiHK 
(29- HH3Ma). 14- TeopeMara acocsH Z_ AOC =  Z. COB =  a yTKHp 6ypqaKi<a 
OP napaji/iejuiHK KecMacn moc KejiSAn. P Hy.^TSAaH OC ra nepneHAHKy- 
jiap PQ hh y rK33caK, 14-§ Aarn 1 0 -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 
qnaHi^AaH n6opaT 4>nrypa xochji 6yjiaAH, SyH n «yq6ypqai<» Ae6 aTacaK xaM 
6yjiaAn, 6y yqSypqaK HqKn SypqaKJiapnHHur hhfhhahch SepHJiraH Z. AOB 
ra TeHrAnp, qyHKn napajuieji Typpn qnan^Jiap opacnAarn 6ypqaKHH HOJira 
TeHr Ae6 ojihih MyMKHH.

17- § .  AfuiaHa, aKBHAHCTaHTa Ba ophhhkji mh3kk,m p

MatJiyMKH, Ebkjiha TeKncJinrnAarn hkkh qramy —  Typpn qH3H  ̂ 6hji3H 
aftjiaHa y3HHHHr ajKofind 6np xoccsch  6hji3h 6oniKa qnsHiyrapAaH aatpajiHO 
TypaAH. By xoccs myHAaH nfiopsTKH, 6y qn3Hiyi3p ys maujm m  ysrap- 
THpMacAaH V3- y3H 6yftjia6 cnpnaHaAH. ByHAan xoccara ara qri3HK^apHH 
p3zapMac azpuAUKKa 9za msut^.iap jxe6 aia.naw- ByHAan xocca.m  hkkh 
qH3Hî HHHr MaBJKyA^Hrn Ebkjiha TeKHCJinrnAa h kkh  Typpn qn3Hi\HHHr y3- 
apo hkkh xhji —  KecHuiyBqH Ba napajuieji ^ojias kohjishhihh 6nJiaH y3Bnfi
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OoFJiaHraHAHp. By aca y3 flyJiHAa Ebkjiha TeKHCJiHraaa Typpn qH3HKJiap- 
hhht hkkh xhji flacTacH 6opJinrnHHHr HaraJKacnflHp: 1) flacxa MapKa3H 
jxe6 aTajiaflnraH iiyKTaAan yTraH 6apqa TyFpn msi-iK/iap TynjiaMH (MapKa3Jin 
AacTa); 2) 6np Typpn TO3H^a napajuieji 6yjiraH 6apqa TyFpn 4H3n^./iap 
TynjiaMH (MapKa3CH3 flacTa). MapKa3Jin /lacTaHniir opToroHaji TpaeKTopna- 
cn aftjiana/iaH, MapKa3CH3 flaeraHHHr op'roroHaJi TpaeKTopnacn aca Typpn 
qn3HiyiaH n6opar.

Jlo6aqeBCKHH TeKncjinrHAa xaM lo^opnAarn xoccara ara SyjiraH SyHnan 
»iH3Hi^apHHHr MaB>KyAJinrn Typpn qn3ni^JiapHHHr y3apo /KonjiamyBnra 6op- 

JiHiymp. JIo6aqeBCKHfl TeKncjiHrnna hkkh Typpn qn3H^ KecnmyBqn (h^hh- 

jiainyB^n), y3apo napajuieji (MatJiyM flyHajiHuma) Ba y30iyiainyBqH SyjmuiH 

MyMKHH, H-bHH JIofiaqeECKnfl TeKncjinrnfla Typpn qraniyiapHHHr yq xhji 
TiacTacn MaBJKyn: 1) 6umma nyqmada Kecumyenu 6apna m yfpu HU3Uî /iap 
mij/iAaMU VAAunmuK dacma ,ne6 lopnTHJiaAn; 2) 6upop m yfpu HU3UK- 
huhz 6eAZunu uynaAumuda ynaa napctAAeA 6yAzan 6apm  myrpu HU3Ut$- 
Aap mynAaMU napa6oAUK dacma aTaJia^n; 3) mauuH mijFpu husuv -̂ 
qa nepnendutcyAHp 6yAzan 6apua mijFpu nmut^Aap, n m u  y30K,AauyeHu 
mijFpu HU3UK,Aap mynAauu zunep6oAUK dacma j\e6 aranam- By yq xhji 
AacTaHHHr MaB>KyAJinrn MyHoca6aTH SnJiaH aohmhh arpnjiHKKa ara SyjiraH 

yq xhji arpn qH3HK, SopjinniHH KypcaTaMH3. ByHHHr yqyH aBBaJi 6at3n 
TyuiyHqajiapHn KnpHTafljiHK.

MxTHepnfl hkkh a, b Typpn qn3n^HH yqyHqn c TyFpH qn3n^ Kecn6 yT- 
raHja j^ochji 6yjiraH HqKH 6np tomohjih SypqaKJiap TeHr gyjica (m>m a  =  p), 
c TyFpn qn3H^ a, b huht TeHr ofhlujih KecyBqHcn AeS aiajiafln (30- qimia).

17-TeopeMa. Typpn qn3Hiyiap flacTacnra Ternmjin nxTnepnii hkkh TyF­
pn qH3Hî HHHr 6npnflarn Hyi^TaaaH HKKHHqncnra Teur ophllmh 4>a^aT 6nTTa 
TyppH qH3HÎ  yTKa3HIH MyMKHH.

M c 6 o m .  1 -^ o j i .  a, b TyFpn m -  
3W^Jiap MapKa3Jin .uacTara TernuiJiH 
oyjicnH (31-qn3Ma). a Typpn qn3Hiyia- 
th  nxTnepnfl A iiyi^raHH o jih 5 , S nyi^- 
TajiaH 6ouiJia6 b Typpn qrani^ ycTHra 
Sy4 ra TeHr KecMa ^yncaK, b jxa B ~ -—  -  
HyKTa (SA =  SB) ^ och ji fiy jia^n .
A ASB TeHr Shjih SyjiraHH yqyH  
Z .S A B = Z _S B A . B y SypqaKJiapnn 3 0 - qaswa
TyjiflHpyBqnjiapn xaM y3apo TeHr 6yji-
raHH y q y n  AB Typpn hh3hi^ a, b yqyH  TeHr o fh u ijih  KecyBqn SyjiaAH. PaBinaH- 
kh, A Hyxjaaan a, b hh TeHr opiiuiAa KecyBqn dorni^a Typpn qnani^ v t -  
MaHflH.

2 - ^ o j i .  a, b Typpn qn3Hiyiap rnnepSojinK âcTara TernuMH 6yjicnn 
(32-qn3Ma). By ôjifla a, b Typpn qn3Hiyiap ysapo y30KJiamyBqn Typpn 
■iH3Hiyiap 6yjin6, GyHAan Typpn qn3Hî Jiap HroHa yMyMnft AB nepneHAH- 
jfyjiapra araanp, 6y nepneH/iHKyjiap a, b hhht TeHr ofhuijih KecyBqncn 
Gyjiâ n. y  XoJiAa a ^arn A nŷ TaflaH Tear ofhuijih KecyBqnHn yTKa3nui 
yqyH B a an 6ouiJia6 b hhht ycTHAa (A' Hyî ra AB hhht ^ancn TOMOHHfla 
Syjica, uiy TOMOHfla) A A' =  BB' inapT on̂ aH aHHi\JiaHaflHraH B' Hŷ Tami 
TonaMH3. y  xoJifla A' B' Typpn iiH3n̂  H3JiaHraH KecyBqn Syjiaan, qyHKn 
A'ABB' TypTSypqaK CaKKepH TypTSypqarnflnp:
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A £ M

31- mh3 Ma 32- iiH3Ma 33- HH3Ma

/LA  — B — AA' s s  BB ’ =*- Z_ AA' B' — Z . BB' A '.

3- j j o j i .  a, b TyFpn qnsniyiap napa6ojiHK ^acTara TermujiH SyjicnH. y  
^oJiAa a, b fla m oc paBHiH^a nxTnepnn A Ba B HyKjajiapmi o jih 6 , AB 
KecyBHHHH yTKa3aHJiHK (33-qH3Ma). yHHHr a, b 6m aH xpcHJi ^iiJiraH hcikh 
6np tomohjih 6ypqaKjiapHHH a  Ba (3 6HJiaH Sejiri-uiacaK, yjiapHHHr SncceK- 
TpncajiapH 0  Hyi^rafla KecnmaAn. 0  Hyî raAaH AB, a Ba b ra nepneHAH- 
Kyjinpjiap TyiHHpHS D, E, F Hyi^rajiapHH TonaMH3. By B a i^ a  EF Kecycqn 
H3JiaHraH Typpn vh3Ĥ  6ynam, qyHKH OF == OE, A OEF Jia Z. O E F=  Z_ OFE 
6yjin6, Z .  =  Z .  AEF. 3hah EF m  E AaH yryBW  aroaa KecyBqn 9K3- 
h h h h  KypcaTaMH3. ®apa3 K,HJiaHJiHK, E ash (EF AaH 4>apiyiH) TeHr o fh ih ­
jih  EF' KecyB^H yTCHH. yHHHr a, b SnjiaH ^ o ch ji K,HJiraH h hkh  6np to ­
mohjih SypwsKjiapHHH y> 9 Ae6 6ejirHJiacaK, 4>apa3ra acocaH, y =  0 6ym 6,  
AEFF' yqyH 0 Tainan SypqaK SyJiraHJinrnAan 0 >  Z. EFF' ■ JieKHH 
/LF'FE =  Z-FEM  Ba y <i Z. FEM  6yjiraH» y q y H Y < 0 — 6y sHAAnp.

By TeopeMaAaH i^ynnAarH H3 Tnxca Kejin6 qni^aAH: 
Bnp AacTara Ten-mum a, b TyFpH qnsHi^Jiapra AB  Ba CD  TeHr ofhih­

jih KecyBqujiap yTK33HJiraH 6yjica, AC  == BD  oyjiaAH (34- qn3M3). 
By h3 th h <3 TeHr o fh lh jih  KecyB- 

HHHHHr HTOH3 JIHTH H3TH*aCHAHp. 
T 3 1> p h (|). a, b TyFpH qH3HKJiap 

6npop AacTara TernmJin 6ym 6, AB  
yjiapHHHr TeHr ofhihjih KecyBqnCH 6yji- 
C3, A d a, B £ b nyKTSJisp my AacTara 
HHc6aTaH p3apo moc nyt^ma/iap Ae6 
3T3JI3AH. 

A a c r a r a  TerHmJiH t3 h h h  Typpn 
34- MH3Ma qH3Ht̂ HH ojihQ, yHAarn 6npop A nyi^- 

Ta i^apajica, AaeraHiiHr k o ji t s h  ^ap 
6 n p  Typpn qH3HPHAa A Hyi^Tsrs m oc Hyi^TSHn Tonnm  MyMKim, SyHAan nyî - 
Tajiap TynjiaMHHH co Ae6  6ejirHJi3 HJiHK (A Hy^T3  ^aM co ra  TernrnJin). 
AacT3HHHr Typiira  ^ apa6  co TynjiaM i^yHHAarnqa hom ji3H 3ah: 

1. S j i jw h th k  AacTa yqyH co a u /ia n a  Ae6  aT3Ji3An.
2. riapaSoJiHK AacTa yqyH co opunuKA HU3Ut$ Ae6 lopHTHJiaAn.
3. TnnepSojiH K AacTa yqyH  co a K S u d u cm a n m  m 3 W \  AeS HOMJianaAH.
co Tynji3M yqajia  ^ojiA a ^aM AacTa B3 my AacTara TernmJiH Typpn qn-

SHKHHHr 6HTTa Hyi^T3CH 6HJI3H TyJIH^ 3HHI^JiaH3AH. 3jUIHnTHK A3CT3 ^OJIAa 

co Himr afijiaHa Ae6 3T3Jmmn afijiaHa TatpH^Hrs m o c  KeJiaAH, qyHKn TeHr 

ofhihjih KecyBqHHnHr xoccacHi'3 acocsH (35- qn3Ma) 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- 
flH. AeMaK, flacTa MapKa3H siuiaHa 
MapKa3Hj,an n6opaTanp. LUyHimr yqyH 
afljiaiia CnJiaH hlu KypMacflaH, i^oji- 
ran HKKH KH3HÎ HH, H'bHH OpHUHKJI Ba 
SKBHflHCraHT XOCCaJiapHHH TeKlUH- 
paiiJiHK.

18-TecpeMa.OpHii.HKji Ba skbhahc- 
TaHT HH3Hi ĴiapHHHr nxTnepnn yqTa 
HVÎ T3CH onp TyppH HH3H^a eTMaHAH.

H c 6 o t .  1) Oapas khjishjihk, 35-ra3Ma

o p h u h k jih h h r  y qT a  A, B, C H y ^ ra cn
(36- a iiH3Ma) 6 n p  T y p p n  mau^na c t c h h .  Y  ^ oJifla  AB, BC, AC  T y rp n  
HH3HKJiapniiiir xap 6 h p h  jiacT an H H r a, b, c T y p p n  liH3H ^jiapH y q y H  i e n r  
o fh u i j ih  KecyBHHCHflnp, 6n H o6apn H  Z . A'AB —  / -  ABB', /L B'BC =

= Z_ BCC', AeMaK, Z . ABB' =  Z . B 'B C =  - y  6ym6, Z .A 'A B = Z .  BCC' =

=  ~ .  y  x,OJifla a, b, c Typpn qnsn^Jiap AC  ra nepneHAHKyjiap 6yjin6,

a, b, c Jiap y s o iy ia u iy B q n  6yjiaan, 6y a || b || c u ia p T ra  3WUUip.
2) A ' , B ' , C '  Hyi^Tajiap moc paBnuifla rnnep6ojinK flacTaHHHr a, b, c 

TyFpn RH3H^jiapnra TernuiJin 6yjin6, a> TynjiaMHHHr ajieMeHTJiapn 6yjicHH. 

Oapa3 KHJianJiHK, A ' , B ' , C  jiap 6np Typpn qH3Hiyi3 eTCHH (3 6 -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

KecyBqnjiap Syjirann yqyH / L A A 'B '= / _ A ' B 'B = / -B B 'C ' =  Z_ B 'C 'C  = ~

6ynam, ASMaK A A 'B ’ B  Ba BB' C'C  TypTCypqsKJispHHHr nqKn SypqsKjia- 
pn hhfhhjhich 2n ra Teur, 6y ^oji sea JIoSaqeBCKnn TeKHCJinrnaa 103 6ep- 
Manfln.

HjioBa TapHKacn^a, 6np xhji ofhuijih KecyBqnHHHr xoccacura acocaH 
AA' =  BB' — CC' 6yjin6, rnnep6ojiHK ^acia yqyH aroHa yMyMnn nep- 
neH flHKyjiap SyjiraH u Typpn q«3HiyiaH (6y myrpu nu3ut{ oa st jxa 9K.eu.duc- 
mamiHUHZ 6a3acu j\e6 iopHTHJiaAH) SKBHflncTaHT nyi^TaJispn Cnp xhji m3-

A

36- MH3Ma
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cocJjaAa >koh namraHJmrHHH TatKHA- 

jiao yTa\iH3. LLIy c a d a o u a u  ^aM  skbh- 

AHCTaHTHH ryppH LiH3Hi\HHHr (6a3a- 

HHiir) 6hp TOMCHHfla 6np xhji y 3 0 î -

3  jiHKfla JKOHJiamraH ny^Tajiap TyunaMH

Ae6 aTamra xaiyiHMH3. h =  AA' =  
BB' Macoc^aHH SKBH/uiCTaHTHHur 6a- 

jiaHAJiHrn aeo lopnTiuiaAH, h — 0 ){o- 
maa Typpn >ih3 H ^  CajiaHAJiHrn hoji- 

ra reHr SKBHAHCTaHT Ae6 anram  MyM- 

KHH.

?J Tacn epaa.viHAa xochji KHJiHHraH opn-
1 9 - TeopeMa. TyFpH qraniyiap Aac-

37- q̂ 3Ma
Uhkji y q y H  m y  A a c T a m m r  x a p  6np  

TyppH HH3HFH HOpMaJl Ba3H(j-'aCHHH 

gawapaAH.
H c 6 o t .  37- qH3Maaa u y pcaTnjiraH opuunKji 6epnjirai-i 6yjiH6, 

yHHHr HXTHepiIH A Hyi^TaCHHH OJiaHJIHK, [Uy Hy^T3A3H  yTraH OpHUHKJI- 
hh j^ochji K,HJirsH fl3CT3HHHr Typpn qH3HFH a  dyjicnH. A Hyi^raAaH 

a  ra nepneHAHKyjiap i^hjihS t  Typpn qH3Hi<HH yTK333MH3. OpnunKji- 

Aa HH3 B HyKTSHH om6, y op^ajm  AacTara TerHuurn TyFpH qnsH^HH  

yTKa 3 cai<, AB Typpn qH3Hi^ a, b yqyn reHr ofhuj.ih KecyBqn oyjia- 
AH. AB KecMaHHHr ypTa Hyi^Tacn D hh Tonn6, yHAaH AB ra nep- 

neHAHKyjiflp c  Typpn qH3H^HH yTKa3aMH3, y ^o.ijia c  \\ a , c \ \  b dyjiaAn.

IUyHHHr yqyH AB BaTapminr a eKH b 6njiaH TaiuKHJi lyMraH dvpqarn 
AB AD — B j  — —  r a  m oc  K e jir a H  n a p a ju ie ju iH K  d y p q a r n A u p , ht>hh a =

6yjin6, y 6epHjiran opnUHKJira yproiwaAnp Ba a Typpn qH3Hî  opnunKJi- 

HHiir HopMajm  ^ncoGjiaHaflH. 

XyAAH myHrs yxmain i^yfinAarn TeopeMa ^aw vpHHJiiiAHp (MycraKHJi 

nc6oTjiaHr). 

2 0 -TeopeMa. SKBHAHcraiiT qH3H«; yqyH x,aM my Aacrai-iHHr ^ap 6np 
Typpn qH3HFH Hopwaji B33H({)3CHHH 6a>KapaAH. 

OpHUHKJl SHJiaH 3KBHAHCT3HT HHHr KyHHAaTH XOCCaJiapHHH 3CJI3TH6 

J'tshjihk: 

1) OpnunKJiHHHr 6oTHiyiHnr 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) 6 omnna aHJiaHaHHHr V3H y3 ycTu- 

Aa ciipnaHaAHraH qH3HiyiHrHHH TatKHAJiaran sahk. OpHUHKJl Ba skbhahc- 

TaHT xaM m y xoccara sraAnp.

=  n  ( —  j. Z leM aK , a <  —
I 2 ) 2
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18- §. JfoQa'ieBCKHH cj)U30CHAa ryrpn hh3hi^ Ba TeKHCjiHoapHHur y3apo

iKofljiaiuyBH

A6cojiiot reoMeTpHHHHHr 6aoqa aKCHOMaJiapn SnjiaH 6nprajiiiK,na JIo- 

da^eBCKHH aKcnoMacH vpi-ffijiH 6yjiraH (|)a30 /IoCa'ieBCKnfi 4>a30cn fle6 aTa- 
jiajw, yHfla aficojiioT reoMerpHflHHHr dap^a aKcnoMajiapn y3 KynnHH cai^- 
jianfln, myHHHr yqyH 6h3 aScojiioT reoMeTpHHra TaajuiyiyiH 6aT>3H c})aKT- 

jiapHH acjiaraS yT3MH3.
1. Bepnjiran Hyi^raflaH 6epnjiraH TeicncjiHKKa cjiai^aT 6nTTa nepneHflH- 

Kyjinp Typpn misHi  ̂ yiaflH. ;
2. H kkh tckhcjihk Kecnmca, KecHMfla Typpn qH3H^ xochji Gyjiafln.
3. Arap Typpn <ffl3Hi  ̂ 6npop TeKHCJiHKKa KecHUiraH hkkh TyFpH mh- 

3Hî HHHr xap Cnpiira nepneH/iHKyjinp 6yjica, 6y Typpn l!H3Hk uiy TeKnc- 

JiHKKa nepneHflHKyjiap gyjiaan.

4. Typpn mh3h ^  TeKHCJiHKKa nepneHUHKyjiap 6yjica, 6 y  TyFpn <m3H^ 
op^ajin yTyBMn xap 6np tckhcjih k  ^aM iny TeKHCJiHKKa nepnennH Kyjinp 
6yjiajm.

5. Bepn.nraH Hyivra opi^ajin depnjiraH T^ppn MH3n^a nepneHAHKyjmp 
khjihS cj5ai<aT 6h t t3 t ckhcjih k  yTa^H.

6. Arap TyFpn ™3hk> SepnJiraH TeKHCJiHKKa nepneHAHKyjmp SyjiMaca, 
5y ^ 3111̂  opi^ajin 6epmraH TeKHCJiHKKa nepneHAHKyjiap ^hjih6 (J)aî aT 6ht- 
Ta TeKHCJiHK yTaflii Ba xpKa30.

JloSaqeBCKHfi <J)a30CH,n,a Tyrpn ^nsn^JiapHHHr, Typpn mhshk, 6man Te- 

KHCJlHKHHHr, HiyHHHrfleK TeKHCJiHKJiapHHHT y3apO JKOHJiamyBH I^yHHflarH
ra-bpucjxiap opî ajin mpimi.nam-

1- t a -b p n cb. Oasoflarn hkkh Tyrpn hhshi^ 6np TeKHCJiHKKa e™ 6, y3apo 

napajuieji (y30^JiamyBTO) Syjica, yjiap napajuieji (y30K,JiamyBqn) AeS aTa- 
Jiajw.

2- t  a "t p h (j). TyFpn hh3hi  ̂ y3HHHHr finpop TeKncjinKflarn npoeKunflcn- 
ra napajuieji (eKn yHHHr finjiaH ysoiyiamyBMH) 6yjica, 6y TyFpn 'inan^ 
uiy TeKHCJiHKKa napajuieji (eKn 
yHHHr 6nJian V30^JiamyBqn) jxe6 
a'laJiafln.

By Tabpnf)JiapAaH KypnuaanKH,

Typpn ^mn^ leKncjiHKKa napajuieji 

-6yjica, yjiap napaJiJieJiJiHK nyHajinuin 

t o m o h  6np-6npHra ai^HHJiauiaflH, 

yjiap yso^JiauiyB^H 6yjica, Typpn mh- 

3Hk; 6man Tei<ncjinK Snra yMyMHH 

nepneHiiHKyjiHpra sra 6yjin6, my 

nepneHiiHKyjiHpHHHr h k k h  TOMOHHfla 

yjiap 6np-6npn/iaH eTapjima y30iyia- 

ma 6opaAH.

Hkkh TeKncjiHKHHHr napaJiJteJiJin- 
rn eKn y30iyiamyBqHJiHrHHH Tabpncj)- 
jiam Ma^caflniia napaJiJieJiJiHK KOHycn 
Ae6 aTa./iran cnpT TymyimacnHH kh- , 
pnTanjiHK. n  TeKHCJiHK Ba yrnfflr Tam- ^  
î apHcnfla A nyi^Ta SepiuiraH 6yji- 38- ^M a
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chh (38- qH3 Ma). A HHHr n  #arn opToronaJi npoeKUHficn A'. A Hy^TaaaH  

n TeKHCJiHKKa napajuieji i^hjihS a, b, c TyFpH liH3HiyiapHH VTKa3aHJiHK. By 
TyppH qH3H^jiapHwir n  jxarn npoeKiWHJiapn a ',b ',c ', . . .  6ym6, a || a ’ , 
b || b ',c  || c ' Aiip. ByjiapHHHr A Hyi^raAarH napajuiejuiHK dypqarHHH 

m oc  paBHiHAa a ,  P, y,  AecaK, yjiapm m r dapqacn yqyn  napajuiejuiHK Kec- 

MacH AA' dyjiaAii. JlodaqeBCKHfi 4 >yHKii,HHCHHHHr xoccacura acocaH a  =

— P =  A = . . . .  ZleMaK, A Hy^TaaaH  n TeKHC/iHKKa napajuieji Kflnu6 yr- 
Ka3HJiraH dapqa TyppH qroniyiap AA' diuiaH dup  x h ji  yTKHp dypqaK <%ochji 
i^hjihQ, yqn A HyK/raAa dyjiraH KOHyc ^ o c h j i  KHJia^H. Uiy cnpT n  TeKiic- 

jiHKKa HHcdaTaH A Hyi^TaAara napajuiejuiHK KOHycH Aed araJiaAH, 6y ko- 

HycHHHr HCOB^HJiapH n  TeKHC-JiHKKa napajuieji dyjiran Typpn qH3HK;JiapAHp.

n a p a ju ie ju iH K  KOHVCHHHHr m'bpiidpiinaii KypnnaAHKH, A H y iy a A a H  y r a d ,  
(K O H yc H^HAa >KOHJiamraH TyppH qH3Hi^ n  t c k h c j ih k  dnJian  KecH U ia/m  
H^HHJiauiaAH), A H y^T a^aH  y r n S , KOH yc Tawi^apHCHAa >KOHJiamraH TyppH 
qH3Hi  ̂ aca n  AaH y 3 o iy ia m a A H .

napaju ieju iH K  KOHycn A Hy^raAaH yTraH dapqa TeKHCJiHKJiapHH i<yiiH- 
Aarn yq  CHHtfira a>KpaTaAn: 1) KOHycHH h kkh  acoBqH cn dyftjiad  KecyBqn 
TeKHCJiHKjiap; 2) KOHycra ypHHaAHraH TeKHCJiHKJiap; 3) KOHyc dHJiaH <{)a- 
K>aT A Hyi^TaAa KecnmyBqH TeKHCJiHKJiap. EnpunqH CHHtJjra TerHuum tc k h c -  
jiHRjiap A Hyi^TaAaH yTraH Ba K on y c nqHAa JKOHJiamraH TyFpn qH3Hiyiap- 
hh  V3 Hqnra ojraAH, AenaK  dy TeKHCJiHKJiap FT tc k h c jih k  diuiaH ajidaTTa 

KecnmaAH, JieKHH HKKHHqn Ba yqHuqn CHHcbAara TeKHCJiHKJiap A Hyi^ra- 
Aan yTraH Ba n  dnJiaH H^HHJiauiyBqn Typpn qnsHiyiapHH y3 n qn ra  o jrn a - 
ra m in ra  yqyH  n  dHJiaH KecniHMaHAH. Y  ^ojiA a ^yiiKAarH Ta-bpH^.iap 
ypuHJiH dyjiaAH.

S-Ta-bpHt}). A HyiyraAaH yt h 5, napajuiejuiHK KOHycnra ypHHraH Te­

KHCJiHKJiap (htjHh , HKKHHqn CHHij)Aarn TeKHCJiHKJiap) n  ra napajuieji Aed 

aiajiaAH.

4- t  a ’h p h (J). A HyivraAan yrad, napajuiejuiHK KOHycn SnJiaH douiiyi 

yMyMHH Hyi^Tara sra dyjmaraH TeKHCJiHKJiap ( m h  yqnHqn CHH<})AarH Te- 

KHCJiHKJiap) n  dHJiaH y30^JiauiaAHran AeftnJiaAn.



IV BO B. AKCHOMAJlAPHHHr BOLU^A CHCTEMAJ1APH.
AKCHOMAJIAP CHCTEMACHHH TEKUIHPHIII

Ebkjiha reoMeTpHHCHHHHr rnjib6epT aKcnoM3Jiapn acocnfls K,ypnjiHiHH- 
hh ^Hc^ana 6a§H khjiahk. JleKiiH reoMeipHHHH 6om^a aKCHOMaJiap aco- 

cnfla xaM ^ypnm MyMKHH. Kjnnfla 6h3 myHflan cncTeMajiapflaH fiataH- 

Jiapn Snjian TaHnuinS yiaMH3.

19- § .  lloropejiOB aKcnoMajiapn

reoMeipHiiAaH MaKiaS Kypcn yqyn flapcjiHK cn^aTnfla i^a6yji î HJiHHraH 
KHTo6nfla A. B. norope/ic>3 y3 aKcnoMaTHKacnHH TaKjwcj) 3TraH.

By CHdeMa yqyH acocnsi Tyuiynqa.nap nyicra, Typpn qn3Hî , TeKHCJiHK, 

Ternmjin, opacnfla eiafln, y3yH;mK, gypqauiuiHr rpaflyc yjiqoBn. By Ty- 

mynqajiapHHHr acocnn xoccajiapn ^ynnflarn aKcnoMajiapfla 6aen \\wmnaw-

I. TernuiJinJiHK aKc no Ma j i a p n

Ij. HcTa/iran h k k h  nyt^raflaH yTyBqn Typpn qH3H^ MaBJKyfl Ba y cjja- 

k^ t 6im aflH p.
I2. Mciajiran Typpn qn3niyia Kawnaa kkkhtb Fiyt̂ Ta eTafln. Bnp TyF­

pH 'iH3HKfla eiMafiflHraH yma HVKia MaBJKyfl.*

Ir Vlcrajiran TeKHCJiHKKa Ternmjin Hy^Tajiap Ba yHra TernmjiH 6yji- 

waraH ny^TaJiap MaB*yfl.

14. Arap h k k h  TeKncjiHK yMyMnn ny^Tara ara 6yjica, yjiap Typpn m -  
3Hî  6vnjia6 Kecnmafln.

15. Arap nKKHTa rypjin TyFpn qH3Hî  yMyMnn Hy^rara ara 6yjica, 
yjiap opî aJin 6nTTa Ba (jjâ aT onira tckhcjihk yTKa3Hm MyMKHH.

By aKCHOMaJiap epAaMHAa yuioy TeopeMajiapnn ncSoTJiam MyMKHH (Te- 
KHCJiHKAarii TeopeMajiap 6hji3h qeKjiaHaMro).

1. MKKHTa TypjiH TyFpn qH3H^ e KecnmMafiflH, eKH 4>aK,aT 6 h t t 3 hvk- 
Tafla Kecnmafln.

2. X aP KaHflan TyFpn qn3Hi^a Teniuuin 6yjiMaraH iiyi^ra MaBjKyjj.
II. T a p t  n 6 aKCHOMaJiapn .

IIj. Typpn qH3HK,Aarn yqTa Hyivraflan 6nrracn Ba <j)â aT 6nTTacn k,oji- 

ran HKKHTacn opacnaa eTafln.

II2. TeKHCJiHKflarn Tyrpn qn3H^ my TeKncjihkhhht Typpn qromyia eT­

MaraH ny^TaJiapnun nKKHTa HpHM reKncjinKKa myHflan a>KpaTaflHKH, 6 htt3 
HpHM TeKHCJiHKKa TernmjiH Hyi^iajiapHH TyTauiTnpyBqn KecMa SepHJiraH 
TyFpn qn3Hi  ̂ 6nJian KecnniManflH, xap xhji apHM TeKHCJiHKJiapra TernuiJiH 

. Hyi^Ta.napHn TyTamnipyBqn Kec.via CepnJiran Tyrpn hh3hi  ̂6njiaH Kecnmafln.**
TapraS aKCHOMaJiapHflan cynr, Hyp, KecMa, chhhi  ̂qii3Hi ,̂ KynSypqaK, 

yqfiypqaK Ba xoKajo Tymymajiap khphthixi MyMKHH. THJibSepT aKcnoMa- 

jiapn CHCTeMacnflsrn Oaui aKcnoMacn TeopeMa cncfjarafla Hc6oTJianaflH.

III. K e c M a  Ba 6ypqai<jiap y qy H  y ^ 1508 a K c n o M a j i a p n .

III1. Xap 6np KecMa HOJiflaH KaTTa t3hhh ysyajinKio ara. Arap C

* $ p T a  MaKTaSra MyjuKaJiJianraH AapcJiHKAa 6y  aKCHOMa eHrHJipo^ (jjopMafla hcJxd- 
fliA an ran . (Pea.)

* *  MaKTafi aapcjiH riifla 6y  aKCHOMa coM ap oi^  H(})OflaJiaHaAH: TyFpH mh3 h^  TeKnc.niiK- 
HH HKKHTa HpHM TeKHCJiHKKa a>KpaTaflH.
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HVK,Ta KecMaaa erca, A B  HHHr y3yHJiHrn AC  Ba CB  KecMajiap ysyHJuiK- 
JiapHHHHr HHFHHAHCHra TeHr.

III2. Xtap dnp dypqaK aojiAan KaTTa TaHHH rpa;iyc yjiqoBHra sra.
E hhk, dypqaK 180° ra TeHr. BypqaKHHHr rpaayc yjiqoBH y3HHHHr to- 

MOHJiapn opacH,naH yTyBqn xap KaiwaS Hyp epASMHAa ampara/inLUHAan 
^ochji KHJiHHraH dypqaKJiapuHHr rpaayc yjiqoBJispn HHFHHAHCHra TeHr.*

By rpynnaAarn 3KCH0Ma/iap epAaMHAa KecMa ysyHJiurn Ba dypqaK k;it- 
tsjihthhh yjiqam Mscsjiacn Tyjia ^aji m m m a m , dyHAaH Taui^apn Tyrpn 
qH3Hi^Aa K oopAH H arajiap cncTeMacHHH khphthih hmkohhhth HpaTHJia;iH. 
TypTHHqn rpynna aK cnoM acnnn KnpHTniiiAaH o jia h h  KecMajiap, dypqaKJ/ap, 
yqdypqaKJiap TenrJinrn TynjyHqajiapnra Tatpnt}) depnJi3AH.

IV . B e p n J i r a H  y q d ' y p q a K K a  T e H r  y q d y p q a K H H H r  MaB-  
j K y A J i H r n  ^ a p A a  a KCHOMa .

IV . A B C  yqdypqaK sa a Hyp depmiraH dyjiCHH. Y  xojiAa A B C  yq- 
dypqaKKa TeHr myHAan A x Bx C x yqdypqaK msbjkyakh, yunHr A l Hy^Tacn 
a  nypHHHr yqn dnJiaH ycTMa- y cr  TyrnaAH, B x Hyi^ra aca a  HypAa eTa­
AH. C  Hyi<,Ta aca a Hyp opi^ajin yTyBqn Tyrpn qn3H^ 6 m m  aHniyiaH3AH- 
raH apnM TeKHCJinKJispAaH depnJirsHHAa eraAH.**

V. y 3 y H J i H r H  d e p H J i r a H  K e c a a h h h t  Ma BJ Ky A J i Hr n  ^a-  
n a a a K c n o M a .

V. ^ap  i^aHAan ^a^H^nn d MycdaT coh yqyn y3yHJinrn my d ra 
TeHr KecMa MasJKyA-

VI. n  a pa ji ji e  ji ji h k  a k c h o Ma ch.
VI. BepnjiraH Tyrpn qioHfyia eTMafiAHraH ity^Ta opn;a;iH TeKHCJiHKAa 

depHJiran Tyrpn qnaiiK^a dnTTaAaH opthk; napsjuieji Tyrpn qn3ni  ̂ yTKasntn 
MyMKHH 9MaC.

floropeJiOB aKCHOMajiapn cncTeMacn 12 Ta aKCHOMaAaH ndopaT dyjinS, 
I3_ 5 aKCHOMajiap c})a3ora T33JiJiyiyiiiAHp. LUy 3KCH0Ma/iap acocHAa Ebk­
jiha reoMeTpHHcn Tyjia daen î HJiHHaAH. By aKCHOMSTHKaHnnr MytyiM to - 
MOHJiapnAaH dnpn KecMa ysyHJinra Ba dypqaK yjiqoBn TymyHqajiapn aco- 
cn!i TymyHqajiap ^aTopnra KHpnraJiraH, dy aca yMyMaH reoMeTpnHHH MaH- 
thi\3h nxqaMpo^ KHJind ^ypnmra nyji oqaAH.

20- § . Befijib aKCHOMajiapn cncTeMacH

1916 nnJiAa HeMnc MaTeMaTnrn TepMaH Benjib (1885— 1955) tomo- 

HHAaH TaKjintj) khjihhtsh skchom sthks (JjaHAa BeKTopjin aKcnoMaraKa Aed 
lopnTHJind, THJibdepr aKCHOMajiapn cncTeMacnra HncdaTaH coAAaJinrn dn- 
jiaH cfjapK î HJiaAH, dyHAaH TamKapn dy aKcnoMaTHKa ^03nprn 33moh Ma- 

TeMaTHKsciiHH Tajian dyjiHMJiapn dnJiaH y3Bnn doFJiaHraHJinrn dnJiaH a>K- 

pajind TypaAn.
By CHCTeMaAa acocnn TymyHqajiap cn^aTHAa «BeKTop» Ba «Hyi^ra» 

i^aoyji i^HJinHraH.
BeKropJiap Ba HyivrajiapHH dnp- dnpn dmian doFjioBqn MynocadaTJiap 

«BeK ropjiapHn ^ymnm», «BeKTOpHn conra KynanTHpHm», «B6KT0pjiapHH

* B y  aKCHOMaHH khphthui AaH aBBaJi 6yp^aK, eftnn CypqaK TyuuyHHaJiapHra TaT>pH$ 
CepHjiaAH (ped.)

* *  MaKTa6 flapcjinrHfla 6y  aKCHOMa Ĵ aM coflAapoi^ H(J>OAaJiaHaAH.



cKajrap KynaHTHpniu», «BeKTop/iapnH HyKTajaH 6ouiJia6 ^vhhui» AHp. By 
MyHocaSaTjrapHHHr dapqa xocca/iapn KyiiHAarH deiu rpynna aKCHOMajiapa- 

jxa y3 HfjJOflacuHH TonraH. (Bh3 6y epaa aKCHOMajiapHH KejirapHUi 6umH  
qerapa;iaHaMH3, yjiap acccHfla xochji i^n/iHHaAHran h3th>k3J13P [ 13 ] khto6, II 
dyjiHM, IV dod^a KeJirapHJirsH.) 

I. B e K T o p j i a p H H  k , y m h hi aKCHOMaj iapn .

HcTajiran hkkh a , b BeKTopra yjiapHHHr h h fh h a h ch  jxe6 a ra jxa m ra n

a +  b BeKTop m oc KeJirapHjmd, d y  aMaji x o cca jia p n  y u id y  aKCHOMajiapaa 
h4>oa3ji3H3ah:

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

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

13. H o .ib  BeKTop Aed a ia jiraH  0  BeKTop MaB>KyA d y jin d , HxraepHH a  

BeKTop yqyH  a +  0  =  a.

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

yqyH  a +  a' — 0.
II. R e K T o p H H  c o H r a  K y n a H m p H i u  a K C H O M a j i a p n .

HcTaraH a BeKTop Ba HCTaraH Jjaî Ĥ HH k coHra yjiapHHHr KynaHT-
—y-

MacH Aed aiaJiaAnraH k a  BeKTop m oc KejirapnjiH d, d y  aMaji x o cca jia p n  
y m d y  aKCHOMajiapAa H(})OAaJiaHaAH:

11.. HxraepHH a, b BeKTopJiap Ba k ^ h ^ h h  c o h  y q y «  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 M yH O ca - 

dara J^a^H^HH coHJiapHH ^yuiHm  aMa/iHra HHcdaiaH AncxpH oyiH B ^ o n y n n ra  
dyncyHHuiH Tajiad ^h jihh3ah.

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 y q y n  1 • a =  a.
B y  hkkh  rp ynn a  3KcnoMaJiapn epAaMHAa BeKTopjrapHHHr qH3HiyiH kom - 

dHHamiHCH, qH3HiyiH spKHHJinrn, qH3HiyiH doFJiHK,^nrH Ba uiy Ka6n TyiuyH qa- 
JiapHH KHpHTHUl MyMKHH.

III. y ^ q O B  3 KC H 0 M a JI3 p H. 
111.. ®330Aa yqxa mi3HK/iH apKim BeKTop mbb/kva.

III2. Oa30AarH xap I^3HA3H TypTT3 BeKTOp qH3HiyiH dOFJlHK,Anp.
IV . B e K T O p j l 3 pHH CK3Jl f lpKynaHTHpHI U  3KCH0M3Ji apH .

IV ^  HxraepHH hkkh a, b B eK T o p  yqyH  a • b — b • a.

I V 2. H x ra ep u fi y q ia  a, b, c  BeKTop yqyH  (a +  b) c  =  a c  +  b c.

IV 3. HxraepHH a, b BeKTop B3 j^ h i^ h h  k c o h  yqyH (k a - b )  =  k{ab).

I V 4. H x ra e p u n  a BeKTop yqyH  a a  >  0 .
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V . B e k t o p h n n y k t  a a  a h 6 ouiJiaoi\yHHiu a K C H O M a - i a p  n. 
V j. Hxrnepna BeKTop Ba x>ap f^anAan M  ayi-̂ ra ynyn arona mynAan

N  n y^ T a MaBJKyflKH, yHHHr ynyH a =  MN-
V s. MxxHepHH A, B, C Hyi^rajiap y q y n  AB  +  BC  =  AC.
BeiiJib aKcnoMajiapn epAaMHAa xaM Eekjiha reoMeTpHJicnHn Tyjia 6a eH

KIIJIHIH MyMKHH.
Bh3 uiy naparpacfjHHHr 6omnAa Befijib aKCHOMaJiapn xoanprn 33moh 

MaieMaTHKacHHHHr fiouiKa 6yjinMJiapn SnJian yaEHH SoFJiaHraHJinrnHn Ta"h- 
KHA^aran sahk, xaKHnaiaH ^aM, roi^opHAa KejrrapnJiraH aKCHOMaJiap chc- 
TeMacura AHi^KaT on/ian uasap TauiJiacaK, I rpynna aKcnoMajiapn ajired- 
paAarn KOMMyT3THB rpynna aKcnoMajiapn, I, II rpynna aKCHOMaJiapn 3C3 
SnprsJinKAa ^03HprH 33moh MaTeMaraKacnAa MyxnM pojib yiinaHAHran qn- 
3hi^jih (J3a30 aKcnoM3JiapHAnp. BynaaH Tam^apn I, II, III, V  rpynna an- 
cnoMajiapn 6nprajinKAa yii yji'ioBjm a(J)<})HH (^asocunnHr aKcnoMainKacH 
jcncoSjiatiaAH.

S h a h , 5ii<yH CHcJjaTiiAa lOKppnAa ^yfinjiraH  E bkjiha reoM eTpHflcnnnHr 
yq  xhji aKcnoMaTHKacnHH f^ynHAarn HOABajira JKonjiauiTnpanjiHK.

A K C HOM aJiap  c h c t g - 

MaCH

A c o c i i h  o 6^PK TJiap  

(TyuiyHMaJiap)

Acocwil MynocaCaTJiap (hhc- 

62TJiap

A K C H OM aJiap  rpynnacuH uH r  

HOM1I

JX.  F H J ib C e p T H y ^ T a ,

T y p p n

M H 3 H K ;,

T e K H C J iH K

« T e r n u u i H »

« O p a c H f l a »

« K o i i r p y s H T J i H K »

T e r H U M H J i H K  a K C H O M a J ia p n  

TapTH- 5 a K C H O M a J ia p n  

K o n r p y s H T j i H K  a K C H O M a J ia p n  

y 3 J i y K C H 3 J I H K  a K C H O M a C H  

n ap a JiJ ie J iJ iH K  a K C H O M a C H

T .  E e ii jib B e K T O p ,

H y i^ra

« B e K T O p j i a p n n  ^ y m n m » ,  

« B e K T O p j i a p n n  c o u r a  xy-  

n a i iT n p H iu » ,

« B e K T o p i i H  c K a J is p  Ky-  

n a f h  n p n m » ,

« B e K T o p n n  H y K j a a a n  

o o u u i a S  K y ft n u i»

B e K T o p j i a p H H  ^v iiiH U ] aK- 

c H O M a J ia p H

B e K T o p /t a p H H  c o H r a  K v n a n -  

T H p m u  a K C H O M a J ia p n  

S ^ o b  a K C H O M a J ia p n  

B e K T o p j i a p H H  C K a J ia p  Kynafl-  

T H p u n i  a K C H O M a J ia p n  

B e K T o p j i a p H H  n y i ^ T a a a n  

6 o iu jia 6  ^ y H H i u  a K cn o M a-  

Jiap n

A .  l lo r o p e jio B H y ^ T a ,

T y p p H  VIH3HKJ,

T e K H C J iH K ,

y 3 y n j iH K ,

6 y p q a K H H H r

r p a ^ y c

y jlH O B H

« T e r n m j i H »  ( e K H « . . . f l a  

e T a A H » ) ,  « O p a c H A a  eia-

T e n i iii J iH J iH K  a K C H O M a J ia p n  

T a p i n C  a K C H O M a J ia p n  

K e c M a  B a  G y p n a K J ia p  y q y H  

v j i t o b  a K C H O M a J ia p n  

B e p n J i r a H  y q e y p 'i a K K a  T e u r  

y > i6 y p M a K H H H r  M aE M cyfijinrH  

^ a s w a  a K C H O M a  

y 3 V H j i n r H  C e p n j i r a n  KecM a-  

H H iir  M a B J K y f l j in n i  

a K C H O M a

n ap a JiJ ie J iJ iH K  a K C H O M a C H
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21 - §. THjibSepT aKCHOMaTHKacHjia 3HACH3J1HK MacaJiacH

AKCHOMajiap cncTeMacHHiinr 3HACH3JiHrHra HinoHq xochji î hjihih yqyH 
KaMHfla 6htts MOAejib MaBHiyAJiHrHHHHr eiapjui 3K3hhhh roi^opHfla Ta"b- 
KHflJiaraH sahk. IUy Maŝ C3AHH Ky3Aa Tyra6, 6npop MOAejib ncamra ^a- 
paKaT i^H.iaMH3. Bh3 6y ypiiHAa apn(j)MeTHK B ocim jiapra acocjianran mo- 
AeJiHii KeJiTHpaMH3. By MOAeJiHH ncaiiiAa coHJiap, qH3HiyiH Tenr-
ziaMajiap TyppuciiAarH TatJiHMOT MaMyM ac6 4>apa3 î hjihhsah. KncKajiHK 
yqyH nJiaHHMeTpHHra TaaJUiyi^JiH aKCHOMajiap yqyH MOAejib i^ypat,ui3. A co­
chh TyuiyHqa^apHH, stbhh Hy^Ta Ba Typpn qH3Hî HH ^yflnAarnqa Taiuia6 
0JI3MH3.

1. A Hyi^ra Ae6 MStJiyM t3pth6a3 ojinnraH 6np jKytf)T tshhh .xaKH- 
khh x ,y  coHJiapHH i^aSyji iyiJiaMH3, yHH A =  (x, y) KypuHHiiiAa 6eJirHJiaH- 
mhb, x, y  coHAapHu, A Hyi^mahum aHiu^AoenuAapu ac6 aTajiaAH. Maca-

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

moc paBHiuAa TeHr SyjiraH Hyi^TaJiap ycTMa- ycT TyrnaAH.
2. u Typpn qH3Hf̂  Ae6 MatJiyM TapraSAa ojiHHraH, Tafiim yqTa a, b , c  

j^a^H^HH coHJiapHHHr a.b'.c HHcfiaTjiapHHH i<̂ a6yji iyM3MH3, yrai u =  (a'.b'.c) 
Ae6 6ejirHJiaftMH3, 6yHAa a, b jiapA3H KaMHAa 6nTTacH HOJiAaH cfMpiyiH 
Ae6 ojimiaAH. a, b, c coHAap u myFpu hu3UK,huh3 aHut^AoenuAapu jxe6 
stsjisah . MacajiaH, u =  (1:2:3),  ̂=  (V^3:0:4), w =  ( —  7:5:0).

M oc aHniyioBqHJiapH TeHr eKH np0ri0pu,H0Haji SyjiraH hkkh TyppH qn- 
3Hî  ycTMa- ycT TymaAH. A cochh MyHoca6aTJiapA3H 6npn «. . . Aa eTaAH» 
(eKH «TerHuiJin») hh ^yfiHAariiqa SHHiyiso ojismhs: A =  (x, y) Hy^Ta 6h- 
jiaH u. =  (a'.b'.c) Typpn qH3H^HHHr aHHKJioBqH/iapn opacnAa a x  +  by  +  
+  c =  0 (*) uiapT 6a>KapHJica, A  Hyi^Ta u TyFpH qH3Htyia eTaAH AeftMH3; (*) 
uiapT 6a}KapHJiMaca, A Hyi^ra u Typpn qH3Ht̂ Aa eTMaflnH. Macajian M  =  
=  ( —  1,4) Hyi^Ta rn =  (3:1: — 1) Typpn qH3Hiyia eTaAH, qyHKii 
3 ( —  1) +  1 - 4 -{- ( —  1) =  0; (0;5) Hyi^ra n — ( — 6:  —  2:3) TyFpH qH3Htyia 
eTMafiAH, qyHKH —  6 • 0 +  ( —  2)- 5 +  3 =  —  7 =f= 0.

I^ojiraH acocHH MyH0ca6aTJiapra Ba TymyHqajiap ra KeflHHpoi  ̂ i^aHra- 
MH3. S hah I1_ 3 aKCH0M3JiapHHHr 6a>KapHJlHLUHHH KypcaT3MH3.

Ix HHHr 6a>KapHjihihhhh KypcaTaMH3. A =  (x,; y j ,  B =  (x2, y2) m m - 
T3 TypJiH Hyi^T3 6yjiCHH, 6y epAa x x =/=x2, y { ¥= y 2 JiapAan KaMHAa 6iit- 
TacHHH ypHHJiH neb oJiaHJiHK. IUy hkkh Hy^TaAan yryBqH TyFpH qiisHK- 
HHHr M3BJKyA 3K3HHHH HC60TJ13HJ1HK. ByHHHT yqyH UiyHASH (a.b'.c) Typpn 
qH3Hiy TonafljiHKKH, yHA3 A, B nyi^Ta.nap ctchh, ht.hh

axx +  by1 +  c =  0, ax2 +  by2 +  c =  0 (1)
luspTJiap 6a®apHJiCHH. Ahhi^pofh 6y uiapTJiapHH ^aHoaTjisHTHpyBqn a, b, c 
coHJiapHHH TonaftjiHK. (1) Aarn TeHrjisMajispAaH Shphhh hkkhhqncHAan 
Ĵ aAJiaS 3HHp3MH3:

a{x j —  x 2) +  b (y x —  y 2) =  0. 
x x #  x 2 AeC3K, 6y tchtjihkash a:b — —  (yx —  y 2) : (xx —  x 2). By nporiop' 
HHHAaii: a =  —  'k (y1 —  y 2), b =  h ( x 1 —  x 2) Aec3K B3 6y ^HHM3TjiapHH (1) 
hhhp CupHi-iqH TeHrjiaMacnra i^yfic3K: —  A, (yx —  y 2) X j+  k  (xx —  x 2) y x+  c — 
=  0, 6yHA3H: c — I  (x 2y 1 —  x x y 2) .  y  ^ojias u =< a  : b : c =  —  (y l —  z/a) :
•' (x 'lVl —  X\D2)- HTsHII TyppH qH3HÎ  3HHl̂ JiaHAH.
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12 aKCHOMaHHHr 6a>Kapn„nnuiHHH KypcaTHiu yqyH TomuiraH Typpn mh- 

3H[̂ HHHr OT0H3 3K3HJlHrHHH KypCaTHIH KH(})OH. A  =  (xv  y j ,  B — (x2, y 2) 
Hyf^TaJiapAaH HHa 6omKa u =  (a ':b ':c ')  Typpn HH3HK, yTaAH Ae6 t})apa3 k,h- 
m 6 , ro^opHflam CHHrapH MyxonaMa ropHTcaK, u' =  (a''.b':c') =  (a-b:c) hh 
^OCHJl ^HJI3MH3.

I3. u =  (a:b'.c) Tyrpn qn3HK,Aa eTyBqn A  =  (x, y ) Hy^Ta aHH^OBHHJia- 
pn ax  +  by +  c =  0 mapTHH ^aHoarjiaHTHpaflH. By epAa nKKHTa x ,y  coh 
fauna TeHrjiaMaHH ^aHoaTJiaHTHpraHJinrn ca6a6m  yHnHi’ x, y  ra HHcCaiaH 
eqnMJiapn HKKHTaaaH 3 3 M Kyn Hvi^TSAaH n6opaT.

3hah A  — (0,0), £  =  (0,1), C — (1 ,0 ) Hyi^Ta^apHH o;ih6 , yjiapHHHr 
611 TTa Tyrpn MH3Hiyia eTMacjinrnHH KypcaTaftjinK:

a- 0 +  6-0 +  c =  0, 
a ■ 0 +  b • 1 - f  c — 0, 
a - 1 +  b -0  +  c — 0.

B y y w a  TenrjiawaAaH a — b =  c  =  0, JieKHH uiaprra Kypa a, b, c 6np 
eai^TAa Ho.nra TeHr s.wac. AeMaK, A , B ,C  eyKjajiap 6nTTa TyppH qH3Hi<;- 
Aa eTManAH.

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

A  =  (x v  j/i), B  =  (x2, y 2), C =  (x„, y 3) H y^ajiap u =  (a:b:c) Tyrpn
HH3Hl̂ Aa 6TCHH, HbHH

ax1 +  byl +  c  =  0 , 
ax2 +  by2 +  c  =  0 , 
ax  3 +  by3 +  c  =  0 .

ByHAa a, b, c Jiapnn HOMatJiyM^ap Ae6 i^apacaK, y ^o/iAa 6y 6np >khhc/ih 
TeiirjiaMa^ap hoJiAan (^ap^n eqnMra ara SyjinniH yqyH

*i yi i
x2 y 2 \ = 0

*3 y  3 1

SyjinniH KepaK, 6yHA3H *2~ * -  =  y-  (*). By hkkh KacpHHHr yMYMHfl
X3— X2 Vs— Vi.

KHHM3THHH l ABC j\q6 6ejim ^3 HMH3 Ba l ABC >  0 ^oJiAa B nyKTa A 6m an  
C opacHAa eTaAH Ae6 aHT3 MH3. A , C  Hyi<rajiap op3CHA3 §TraH 6apqa nyi^- 
TaJiap TynJiaMnra A C  KecMa AeS aTajiaAH. AHa^nTHK reoMeTpnaAa h 
coh yqra A , B, C  Hy^TannHr oaahh HHcfiara Ae6 3 Ta;i3AH, ht.hh kABC —

=  (ABC)  =  —
B C ’

n 1. ^ BC> 0 ^ > ^ > ° .  HyHKH i CBA =  =  yf ^  =  - L >
x i — *2 Hi— y  2 ka b c

0, AeMaK, B nyKTa C  Sn.nan A opscnAs ctsah.
II,. B Hyi^Ta A  6HJiaH C opacnAa eica, Xi~~Xl =  h u lL  ^  0.

x 3— x 2 y 3— y 2
By n4>OA3Ji3pHHHr >.ap Shphhh t >  0 6n-;iaH 6eJirnjiaHMH3 :
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- 2— =  t, y* y>- =  i. By.fiapAan: x3 =  x2 +  x-2- -— ,
%3—x2 y 3 y 2

y , - y ,  +  a 7 8L-
i4, B  Hy^TaJiap SepHjiranAa t ra xap xh ji M yc6aT  i\HHMaTJiap 6epnm 

SnJiaH x s, y 3 hh Tonnui MyMKHH. TonHJiran 6n p  >Ky4)T c o h  A B  Typpn m - 
aHK^a TernLUJiH myHAafi C nyi^TaHH aHHiyiafiAHKH, B ny^Ta A Qujiau C 
opacHAa eTa^H.

3hah Jig aKCHOMa mapTHHHHr 6aJKapHJiHiHHra nmoHq ^och;i ^hjihih Ma .̂ 
caAHAa 6np Typpw qH3HKAa SepHJiraH A — (xv y j ,  B =  (x2, y2), C — (xs,y.^
Hyi^TaJiap yqyH =  XABCi ^  *  k BCA, =  l CAB (**) coHJiap-

x3 — X2 Xl Xq Xg Xl
AaH cj)aî aT 6nTTacH Myc6aT S^jihihhuh KypcaTHiHHMH3 KepaK. Ammo 6y 
yqTa coh KyiiHAara MyHOcaSaTra SyftcyHaAH:

^ abc'^ bca'^ cab =  (** )
Oapa3 f̂ HJiaftjiHK, kABC> 0 ,  kBCA> 0  SyjiCHH. y  ^o;iAa 6np Baî TAa 

x 2 —  x1> 0 ,  x a —  x 2 > 0 ,  x x —  x 3 ^ > 0  eKH x 2 — X j C O ,  x 3 —  x 2 < . 0 ,  
xi — x3 <  0 SyjiHuin KepaK. ByjiapHHHr Shphhhh HKKHTacHHH âAJiaS i<ym- 
caK, x a —  x 1 >  0 6yjino, yqHHqHCHra î apaMa- Kapiun 6yjiaAH. XyAAH my 
xyjiocara KeftHHrHCHAa âM Ke.TOiu MyMKHH. AeMaK, (**) Aara coHJiap- 
A3H HKKHT3CH MycfiaT fiyjIHIHH MyMKHH 3\tac 3K3H. (***) ra 3COC3H 6y 
coHJiapHHHr yqT3CH ĵ aM MamjwH 6yjia ojiMaftAH. Xyjuiac, (**) Aara yqTa 
cohash ({jaŝ aT 6HTTacHrHHa MycfiaT SyjiHiuH MyMKHH. By AeraH cy3, yqTa 
Hy^T3A3H (|}3Î 3T 6HTT3CH ^OJiraH HKKHT3CH OpaCHAa eTHmJTHrHHH 0HJ1AH- 
paAH. 

II4. A, B, C Hy^Tajiap 6np TyppH qroniyia eTca, (*) ypHHJiHAHp. LQy 
Te nrjiHKHHHr xap 6hphhh 6npop t ra TenrJiao, yjiapHHHr SnpHHqHCHHH x2
T3, HKKHHqHCHHH Z/2 T3 HHC63T3H eq3MH3'. X2 ] t y ~, y 2 ~  ^  ~ ^ 3-+  t ' \ + t
P3BHI3HKH, t~>0 6yjIC3 m3p THMH3r3 3COC3H B HyK,T3 A ftlJiaH C 0paCIIA3 
eT3AH. AeM3K, t ra HCTa-nraH Myc6aT î 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 î hhmstjisp 6epcaK, AC TyFpn qH3Hi^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 qH3HKA3 Stmschh, h^hh:
Xi y x 1

X2 --  X1 / f/2 --- Vl ■■—------ i 22-----SI eKH
*3 —  *2 y  3 —  Hi

y j^ojia3 6y Hy^TSJiap aHHK.aaraH ABC yqSypqaKHH xochji KH.naMHa. Bh- 
pop u TyppH qn3Hix my yqSypqaK yqjiapHA3H VTMaft, TOMOHJiapHHH eKH ynnitr 
A330MJiapHim moc paBHmAa Ny (AB tomohhh), N2 (BC tomohhh), Na (CA 
tomohhh) ny^Ta.aapAa KeccHH. N t nyi^'ra AB hh tx HHc6aTA3, N2 nyi-^Ta 
BC hh t2 HHc6aTAa, N3 Hyi^Ta CA hh t„ HHcSa TAa 6yjicHH. UlapTra Ky- 
pa, tv t2, t3 JiapHHHr CupopTacH HOJib ^aM 3Mac, qeKCH3 ^aM 3Mae,

N j =  (xi, y\), N2 =  (xi, y'2), Ns =  (xi, yi) AecaK,



X\ *i +  t ,x2 

1 + / .
yi

X3

i +  <, 

— *3 4~ ?3*1

* +  ̂ 3

*2
1+* .  

=  Vs +  hH\ 
1 t  h

y-2
Vi +  t9y3 

l + t ,  ’

N v  N 2, A ', HVKxa;iap 6m ra  TyFpH qH3H^a eia;i,n, AeMaic 

x'i y\ 1
x 2 y 2 1 = 0 .  

*3 «/3 1

By Teni jriiKKa y-iap FjHHMaTJiapHHH î yHMH3 Ba aeTepMHHaHT xoccajia- 
pnaan ^OHAajiaHnS coAflaaauitnpaMH3: >

V i
y-2

y3

i x 0 
1 t2 

0 1

1

(1 +  î) (1 +  t») (* +  h)
=  0 .

By irS '.O A a 'an i fwpHHqH KynaftTyBqH  HOJiaaH cJjapi^H , y q u r n n  K y n a fi- 
tvb'-ih xaM  t v  t ,, t 3 JiapHH TaHJiaS ojimiraH uiapwiapHra Kypa HOJiaaH (f)ap^- 

jih. A e M aK , c}ai-<aT HKKHHqn KynaHTyBHHrnHa HOJib dyjiHiun m ym khh:

W x 0-

=  0  eKH \  +  t 1 t 2 t 3 =  0 = > t 1 t 2 t s =  —  1.1 t 2 
0 1

Arap T yFp H  4 H3HK A B C  y q 6 y p q 3 K y q ii/ ia H  y T M a c a a H , y H H i i r  6 n p  tomo- 

h h h h , M a c a / ia n  A B  h h  K e c c a , ,neM3 K  tx >  0; y  xo jim  t1t2 t3 — —  1 M y H o -  

c a 6 a r  t 2 eKH  t s a a H  S n p n  a j i6 a n a  M y c S a T  S y j iw u H H H  6 iiJ iA H p a f lH , ht>hh 

uiy TyppH q i i3Hi^ BC  eKH  CA K e c M a j ia p ^ a H  SiipHiui K e c a a n .  By a ca  n a m  

aKCHOMaCHHHHr Ma3MVHHAHp.

KoHrpysHTJiHK aKCHOMajiapHHHHr 6 a>KapHJiHUiHHH KypcaTHUiaaH aBBa^i, 

n y p  Ba 6yp qai<  TyuiyHqaJiapHHH KHpHTaiuiHK.
u =  (a :b x ) T ypp n  'im m jx a  TaftHH 0 =  ( x 0, y 0)  Ba A =  ( x v  y j  i-iy^ T a- 

jiapHH cyiaHJiHK. yH H H r HXTHeptui (x ,  y )  H y K ja c ii  y q y n  

x —  x„ _  y —  y0 g KH x  =  x 0 +  m t,

xi xo j/i ■ ”  Uo y Ho “ t-  ^
ypHHJiH Sy/ia^H, 6 y epaa m — x x —  x 0, n =  y x —  y 0, t aca napaMeTp. t ra 

Hcra;iran coh KHHMaTjiapiui 6 epn6 , TyppH qH3H^HHHr HyKTajiapinui Tonnui 

m ym khh. TyppH qH3HKHHtir 6 apqa Hy^Ta/iapiiHii hkkh cnHcjDra a>i<paTaMH3 . 

/ >  0 ra moc Kejiran Oapqa Hyi^Ta,napHH Ghphitoi cnntjira, t  <  0 ra moc 

KeJiraH nyi^TaJiapirii aca kkkhh^h  CHHtJira KHpHTaftjiHK. t — 0 ra moc 0 =  
=  (x o< y«) HyKTa TypjiH CHHcfira ^apauuiH hxtkcphh hkkh Hyi^ianHHr opa- 

cnaa  eTa,nn. u  TyFpir 4 H3HK,HHHr 6 HpHHqii (eKH hkkhhmh) CHHCjira KHpran 

6 apqa nyKTaJiapn TynjiaMHHH y iiH 0 6 yjiraH Hyp jxe6 aT3 HMii3 ra h =  (a-0 , 

y 0\m'n) eKH h =  (x 0, y 0; - - m: -  - n) KypHHHuifla 6 eJirHJi3 HMH3 . Y M y M H H  yq- 

ra ara 6 yjiraH ukku h,k nypdan maiuKUA m om an cjjusypa 6ypnaK  iie6  
axa.naflK, y u n  Z .  (/?./?) KypHHiiuifla 6 eJinuiaHMH3 . «KonrpyainviHK» MyHO- 

caCaTiiHH KyHM/iarn'ia Tai.pHcjyiaHMH3 :
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A =  (xv yx), B =  (x2, y2) , C =  (*„, y 3), D =  (xl t y4) iiy^iajiap 6epnji-
raH dyjiCHH. Arap V ( x 2 —  x :)2+  (y2 —  y j 2 =  V{Xn —  xz)2 +  {yA —  y3)2 
TeHrJiHK ypHHJin 6yjica, AB  KecMa CD  KecMara Kompyanm (m em )  Aeo 
aTajiaflH Ba A B ^ C D  KypuHHuiAa SejinuianaAH. h1 =  (xv  y x\ m'.ri), — 
=  (xv y{,tn\n^} HypjiapaaH TamKHJi TonraH Z . (hlt kx) fiypqaK h2 =  
=  (x2, y2;m2:n2), k2 — (x2, y2\ ml'.n^ HypjiapAaH ramKHJi TonraH Z . (h2, k2)

m̂ mi +  tixn\ m2m'2 +  n2n‘2
fiypqaK 6epHJiran 6yJiCHH. Arap =  -

m\ +  n{ Vmf2+  n{ 2 Vnil, +  n\ Vm'f +  n ' 2 
TeHrJiHK ypHHJiH 6yjica, Z_ (hv k j ,  Z .  (h2, k2) SypqaKJiap yaapo Kompyaum 
{mem) Ae6 aTajiaAH. 3hah KOHrpysHTJiHK aKCHOMaJiapHHHHr SaJKapHJiHuiHHH 
TeKIUHpaftjIHK.

IIIj. u =  (a:b-c) TyFpH hh3h^ 5̂ aMAa A =  (xv  y x), B =  (x2, y2) Hy^Ta- 
jiap 6 m m  aHHiyiaHraH A B  KecMa SepHJiraH Swichh. u TyppH qi-isHiyian] 
0 =  (*o> Uo) nyi^TanHHr 6np TOMOHHAa uiyHAaH M  =  (x, y) ny^Ta Tonaft- 
jihkkh, yHHHr yqyH OM =  AB  TeHrJiHK 6a>KapHJicHH. ^a^HKaran x^m, 
myiiAaH M  Hyi^Ta yqyH ^yHHflarn tchtjihk ypwum 6ym um  Kepan:

(x —  x0)2 +  {y —  y 0)2 =  (x2 — x , ) 2 +  {y2 —  y Ly-.
By TeHrJiHK^a x ,y  ypmira x 0 +  mt, y0 +  tit hh i^yjiMHa:

mH2 +  nH2 +  (x2 —  x t)2 +  (y2 —  y ,)2 => t =  ~ ^ ) 3 +  (y3 -
rri2 +  ri1

By HtfioAaflarH t hhht HKKHTa î HHMaTHra u TyppH qH3H^aaH HKKHTa Hyi^ra 
moc icejiH6 , 0  Hy^Ta 6y Hy^TaJiapHHHr opacnAa eTaAH. AeMaK, 0  HHHr 6np 
TOMOHHAa OM =  AB  mapTHH ^aHoaTJiaHTHpyBqn arona ny^Ta MaBmya.

III2, II13, III4 aKCHOMaJiapHHHr 6a*apHJiHiHH xaM xyjm n myHflan hc6ot- 
,naHa,zm.

III,. ABC  yqgypqaKHHHr yqjiapn: A = ( x v  z/x), B = ( x 2, y 2), C =  (xs, y 3); 
A A 'B 'C  yqgypqaKHHHr yqjiapn: A' =  (xv y 1), B' =  (x.^yl), C =  (x'3, y'3). 
A B = A 'B ’ , AC==A'Cr, Z_ A =  Z .  A' SyjicHH. Z .  B =  Z .  B' hh KcgoTJia- 
IHHMH3 KepaK. AB  =  A ’ C  a 3 h : (x2 —  x yf  +  (y2 —  ^ ) 2 =  {x'> —  x [ f  +

+ (y '2— y[)2 Ba AC  =  A ’ C' AaH: (x3 —  x x)2 +  (y3 —  y x)2 =  (x'3 —  x ’f + i y l —  
—  y i)2. IIIapTra Kypa /L A =  /_ A', 6y MyHOcaf)aT.aapAan:

(x2 —  xj)(x3 —  x±) +  (y2 —  y,) (y3 —  y j  =  (x'2 —  x[) (x'3 —  x\) +  (y '2 —

—  y'i) (y* —  y'i)-
Z -B  — Z_B ' hh HCOOTJiam yqyH i^yHHAarH tshtjihkhhht ypHHJiH 9Ka- 

hhhh Kypcaraui kh^ou:
(x2 — x j  (x3 —  x2) + {yi —  yj) (y3 —  y2) _

V  (x2 —  +  iy2 —  ( / j )2 - / ( X s —  ^ ) 2 +  ( i / 3 —  y2)a 
— ^2) +  (y '2 —  y'i)(y j — y'2)

V  (x\ — x\y +  ( 1/ ' —  wj)2-  V "  (X3 —  4)3 +  («3 —  «/2)a
KeHrpof^ My^oKawaJiap o y  TenrJiHKHhht y p u n jih sk s h h a s h  AapaK 6 e - 

paAH.
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3 hah AeAeKHHfl aKCHOMacnra yTaiuiHK.
IV. KoHrpysmviHK MyHOcafiaTHra acocjiaHH6 , TeKHCJiHKAa xapaKax TymyH- 
nacHHH KHpHTHOJ MyMKHH. XapaKaT HaTHJKacHjia «opacHfla» MyHOcaSaTn 
ca^JiaHaflH, a-bHH AB KecMa 6npop ^apaKaT HaramacnAa A'B' KecMara 
yTca, A Hyi^Ta 6njiaH B Hy^Ta opacHAarn 6apqa Hy^Tajiap A' 6hji3h B' 
opaciiflarH Hy^Tajiapra yTaAn. lUyHHHr yqyH AeAeKHHA aKcnoMacHHn 6n- 
pop KecMa, MacaJiaH, y  =  0 TyFpH qw3Hiyi,arh KecMa yqyH fiaJKapHJininn- 
HH KypCaTHUI KHCpOH.

(0:1:0), a m i  0 -x  +  1 -y  +  0 =  0 Typpn qH3HiyiarH A =  (0,0), B — (d,0) 
( d > 0) Hyi^TaJiapAaH j^ochji SyjiraH AB KecMaHH TeKnmpanjinK. By epAa 
B Hyi^TaHHHr 6npHHqn aHHiyiOBqHCH MycSaT coh, HKKHHqn annf^jioB- 
qncH — HOJib. By Bai^TAS (0:1:0) Tyrpn qHsmyprn N =  (xx, 0) Hy^- 
TaHHHr A  6hjish B Hyi^raJiap opacHAa SyjiHinn yqyH 0 < x < d  rnapT 
fiajKapHJiHHin KepaK. AKCHHqa, 6 y  rnapTHH ^3H03TJiaHTHpyBqH 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 CHH(J)ra a>KpaTHU] (0, d) HHTepBsjiAarn coHJiapHH AeAeKHHA aKcno- 
MacH mapTJiapHHH i^aHoaTJiaHTHpaAHraH i^hjihS hkkh CHH(})ra Syjmui Ae- 
MaKAHp. XaK,HKHH coHJiap TynJiaMHfla AeAeKHHA aKcnoMacH ypnHJiHAHp. 
Arap (0 ,d) HHTepBaJiHH hkkh cnHcjira aacpaTyBqH AeAeKHHA cohh t 6yjica, 
6y coHra AB  KecMara moc KeJiyBHn ny^ra M =  (i, 0) SyjiaAH.

Hh^oht, V napaJiJieJiJiHK aKCHOMacHHH TeKmnpanJiHK. u — (,a:b:c) Tyrpn 
qH3Hî  Ba yHfla eTMaraH A — (x0, y 0) iiyi^ra 6epHJiraH Syjicnn: ax0 +  by0 +  
+  c =/= 0. A  Hy^TaaaH yTyBqn 6npop Tyrpn qfi3HK u' =  (a':b':c') hh, m n  
a' x0 +  b' y0 +  c' =  0 hh ojiafijiHK. By TeHrjiHKAaH: c' = ; —  (a! x„ +  b'y0). 
napaJuieJiJiHK aKcnoMacHHHHr maprara Kypa

ax  - f  by +  c =■ 0, 
a' x  +  b'y +  c' =  0

cncTeMa yMyMHH eqHMra ara a Mac, s ih h  —  =  — , SyHAa h a' =  a a, b' =
a . b

~ X b -,c '  yqyH c' =  —  (a x0 +  b'y0) =  —  K (axfi +  by0). IUyHAaH lyim 6, 
u' =  (,a':b ':c') — (a.b : —  (ax0 +  by0)) TannH aroHa Tyrpn qH3H^AHp. A e ­
MaK, ioKopnAa Ke^rapn^raH apn<|)MeTHK MOAeJifla THJibSepT aKcnoMajiapn 
CHCTeMaCHHHHr (TeKHCJiHKKa Taajuiy^jiii aKCHOMaJiapn) 6apqa mapTJiapn 
6a>KapnJiraH, AeMaK my aKCHOMaJiap epAaMHAa hc6ot î HJiHHaAHraH 6apqa 
TeopeMajiap xaM ypnHJiH. I^yHHAarn xyjiocara KeJiaMH3: apn(J)MeTHKaHHHr 

kohvh- ^OHAajiapn 3HAJiHKAaH j^ojih 6yjica, Ebkjiha reoMeTpnacH )̂ aM MaH-
THÎ HH 3HACH3AHP-

22- §. JIoSaqeBCKHH reoMeTpHHCHHHHr 3HflCH3JiHrH

OjiAHHru naparpa^Aa Ebkjiha reoMeTpnacn yqyH 3hach3jihk MacaJiacn- 
hh TeKuiHpAHK. YHAa j^ochji ^HJiHHraH Hara>Kara acocjiaHnS, JIoSaqeBCKHH 
reoMeTpnacHAa 3hach3jihk fiyKJinrnHH KypcaTaM H3. JlodaqeBCKHn reoMeTpna- 
cnHHHr 3HACH3JiHrnHH AaJiHJiJiOBqn TaJiaft MOAejuiap MaB>KyA. f^ynnAa 6h3 

uiyHAafl MOAejuiapAaH 6npn —  (J)paHHy3 n y a m a p e  homh 6 m m  ropnTH.niyB- 
qn MOAejiHH KeJiTHpaMH3.

Ebkjiha TeKHCJiniHAa TaflHH u Tyrpn qH3H  ̂ 6epnjiran 6v.ichh. JIo6a- 
qeBCKHH reoMeTpnaciiAarH acocnn TymyHqa Ba MyHocafiaTJiapra ^yifflAa-
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39- HH3M3
■E

rm a  Mat ho 6epaMH3. MatJiyMKH, u TyFpH to3hi<; Ebkjiha TeKHCJinniHH 

nKKHTa hphm TeKHCJiHKKa aJKpaTa^H, yjiapAaH 6hphhh (39- HH3Ma), aHWV 

pOFH U TyppH MH3HP;HHHr lOI^OpHCHAarH HpHM TeKHCJIHKHH JIoSaHedCKUU 
meKUCAuau as6 î a6yji î HJiaHJiHK (yHra u TyppH ^h3h^ mpMaihw)- Jlo- 
6cme8CKuti Hy^mctcu Ae6 my . HpHM TeKHCJiHKAara Hyi^rajiapHH OJiaMH3. 

JIodmeecKuu mijFpu mi3UFu Ae6 MapKa3H u TyppH qH3iiiyia, y 3H 3ca 
roî opii apHM TeKHCJiHKKa jKoftjiamraH HpHM afijiaHajiapHH Ba u ra nepneH- 
AiiKyjmp HypjiapHH OJiaMH3. a, c —  HpHM aHJiaHaJiap Ba b Hyp JIo6a>ieBC- 

khh TyppH qH3H^JiapHKHp. KpjiraH TymyH^aJiapHH, 3apypaT TypHJiraHAa, 

aHHî JiaS 0JiaBepaMH3. JloSa'ieBCKHH amiOMaTHKacH aScojiioT reoMeTpHH aK- 

ciiOMaTHKacH KaTopura Jlo6aqeBCKKH aKCHOMacHHH ^ymnm Ghjmh ^ochji 

iy-uiHHap bah. AeMaK, 6h3 K^opHAa KejiTHpHJiraH MOAejiAa I l _  3 ,
H i_4 * IH f__5 , IV , V'aKCHOMaJiap mapTJiapHHirar 6a>KapHJiHmHHH TeKmn-
pii6 qHKnmnMH3 KepaK.

I1>2 aKCHOMaJiap ypHHjiH dyjiaAH. X a i W aTaH ĵ aM A , B  nyi^Tajiap 6e- 

pHJiraH 6yjica, 6y Hy^TaJiapAan MapKasn u Tyrpn tiH3Hiy;a 6yjiraH <})â aT 

6HTTa HpHM a m a m  yTaAH eKH A  B  KecMaHHHr ypTa nepneHAHKyjmpJiapH 

u SnJiaH KecnmMaca, A , B  nyi^Tajiap u ra nepneHAHKyjinp HypAa eTaAH. 

I3 aKCHOMa 6a>KapHjiaAH, nyHKH HpHM afijiaHaAa eim HypAa (Ebkjiha
MatHOCHAa) eTraH Hyi^rajiap xaM, eTMaraH nyi^Tajiap ^aM MaB>KyAAHp.

TapraS aKCHOMajiapHHH TeKmnpHiu yqyH «opacHAa» TymyHuacHHH î y- 

HHAarnqa aHHiyiaHMH3. A, B , C  Hyî TaJiap 6np Typpn ™3HK,AarH (ht>h h  6ht- 

Ta HpHM afljianaAarH eKH 6HTTa HypAa eTraH) nyi^Tajiap 6yjicm. Arap B  
HVKTa oaahh MatnoAa A  6maH C  opacnaa eTca, B  ny^Ta 6njiaH C  opacHAa 

eTaAH A^HMH3.

y  ^oJiAa Hyp ycTHAara eKH HpHM aftjiaHa ycTHAarn Hy^TaJiap yqyH 
II1_3 Jiap y’pHHJiH 6yjiaAH.

JIoSaneBCKHH MatHOCHAarii yqSypHaKHH i^yH H Aanm  TatpHcfviafiMEB, M ap- 
K33H Typpn nmm^jxa eTraH y ™  npHM aftjiaHaHHHr KecHuiHuiHAaH ^ o ch ji 
SyjiraH y^ra Hyi^Ta Ba yjiapHH T yT am rapyB ™  m y  aHJiaHaJiap eftjiapHAaH ĵ o- 

ch ji i^HJiHHraH (fw ryp a  yu6ypHaK A e6 aTaJiaAH; Hy^Tajiap ynSypqaKHHtir 
yqjiapH, efl nap aca yqSyp^aK TOMOHJiapn Ae6 aTaJiaAH. (40-pacMAa A B C  
yqgypqaK  TacsupjiaH raH .)

u Tyrpn hh3hi^hh aScuncca yi^H Ae6 i^a6yji i^HjicaK, JloSaqeBCKnft Mat- 
HocHAarn Tyrpn iih3hi>; TeHrjiaMacn / =  (x — x^ f +  y l —  t2 =  0; (a:0,0) Hyi$- 

Ta aftjiaHa MapKa3H. JIoSaqeBCKnfi TeKHCJinrHAarn HXTHepnft M  Hyi^Tann 
ojicaK, arap M  Hyi^Ta lo^opHgarH HpHM afijiaHaAa erca, / M — 0, arap M
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40- m3Ma

Hyivra u iy  »pnM aii/iaua GnjiaH qerapajiaHraH np.nM flowpara TerHuuiH Syjica, 
fm <  0, br h h ^o h t, Af apnM AOHpara TerHuuiH SyjiMaca, / m >  0.

II4 aKCHOMa iuapTHHHHr Sa^apujiHuiHHH TeKuiHpafijiHK. ABC  yqdypqaKHHHr 

yqjiapnAaH yTMaraH, JieKHH 6npop tom ohhhh Kecu6  yTraH v  Tyrpu qn3 n^ 

AB  eftHH KecuS yTa^H A em m . V  ^OJUW fA >  0, fB <  0 ei<H f A <  0, 
f B> 0 ,  xyjuiac, f A,fB HHHr Huiopajiapn 6iip-6npHra i^apaMa-i^apuin, C 
Hyi^Ta v ra TernuiJiH 3Mac, aeMaK, / c  >  0 eKH fc <  0. n jy  ca6a6.ua h /  
6hjihh  / c  hhot eKH f B 6h jm h  f c  h h h t HiuopaJiapn Typjm. A e M a K , v Typpn 

qH3Hî  AC  era BC to m o h h h  Kecud yra,HH. By Ilaui aKcnoM acn 6 aH<apHJi- 

raHiiHH SHJiaupaflH.
KecMajiap Ba 6ypqaKjiapHHKr «KOHrpyahtjihk» MyHoca6a™ HHBepcHH 

TyuiyH^acHra acocJiaHraH ( [13]  khto6, 121-6eT). Ahh^pofh, AB  Kec- 
MaHH (eflHH) CD  KecM ara (eftra) yTKaayBqn, MapKa3H u Typpn wsnnna 
SyjiraH HHBepcnoH ajiMaurrapHuuiap KeTMa-KeTJinra Mae>Kya 6yjica, AB  
KecMa CD  KecMara KOHzpyanm ne6 aranajw- LUyHra yxuiaui dypqaK^ap- 
HHHr j;aM KOHrpyaHTJiHra TatpncjwiaHaAH. HHBepcna xoocajiapn 6HJiaH 
MyKaMMaji t3h h iu h 6  qw i^aH  y^yBHH I I I ^  aKCHOMajiapHHHr JIoQaqeBCKHH 

TeKHCJiHTHAa 6a>KapHJiHuiHra hiuohh j^ochji ^HJiaAH.
X yiU W  uiyHra yxuiaui ZteaeKHHA aKcnoM acH ^aM Ebkjiha reoM eT pu a- 

cu n arn  aftjiaHa eftjiapn yqyH  ypHHJiH 6yjiraH anaH , yHH JIoSaqeBCKHH Te- 

KHCJIHTHfla J$aM ypHHJIH SyjTHLUHra HIUOHq ^OCHJI I^HJiaMH3.
HhJJOSIT, JIoSaqeBCKHH aKCHOMaCHHHHr 6a>KapHJIHUlHHH TeKLLJHpaHJIHK. 

J]o6aqeBCKHH TeKHCJiHruAa u T y p p n  qH3H  ̂ Ba yH^a eTMaraH A  ny^ra 6epHJi-

41- iIH3Ma
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ran 6yjicMH (4 1- qnsM a). A HyK/ra opi^aJin a npnw aftjiananiiH r M  Ea N 
iiyi^TaJiapHAa ypiiHyBqn 4)a^aT h kkh  ra b, c aftjiaHa (TyFpH qH3Hiyiap) yT - 
k33Hlu MyMKnH: b npHM aHJianaimHr MapK33H NA KecMa vpTa nepneHAH- 
KyJHipHHHHr u TyFpn liH3H^ 6 n jia !i Kecm nraH Hyi^Tacufla, c apHM anjiana 
MapKa3H sea  MA KecMa ypTa nepneHAHKyjinpHHHHr u TyFpn hhsh^ Chjish 
KecHUiraH HyKTacufla 6yjiaAH. B y  n aan  Tami^apH, A nyi^Ta op ^ a jin  a 6h- 
jiaH KecHUiMaHKHraH (yso^Jiam yBqH ) Ba KecHiuaAnraH qeKCH3 K yn  TyFpH 
mi3H^jiap yTa^H. X y ju ia c , A Hyi^Ta op^ a jin  u CnJiaH KecniuMaHAHraH k s - 
Miwa HKKHTa Typpn mhshk; yTaAH. B y  JIofiaqeBCKHH aKcnoMacHiiHHr 6a>i<a- 
pHJiHHiHHH KypcaTaAH. A eM aK , riyaH K ape MOAeJiHAa JIoSaqeBCKHH reoM er- 
pHHCHHHHr 6apqa aK cnoM ajiapn 6a*apH ;iaA H . B y  MOAejib E b k jih a  reoMCT- 
puflCH o6 tek tJ ia d h A a h  ^ypiuiraHH y q y n  E b k jih a  reoM eTpuncHAa 3HAJJHK 
OyjiMaraHH KaSn AoSaqeBCKnn reoMeTpHHCHAa ^a\i 3hajthkhhhp fiyiyiiirH - 
Aan AapaK 6epaAH. B in  JIoSaneBCKHfl reoMeTpnacHHHHr njianew eipH K  
aKCHOMaJiapHHH TeKIHHpHIH 0HJiaHrHHa HeKJiaHAHK.

2 3 - § .  n i j ib S e p i  aKcnoM ajiapn CHCTeMaCHHHHr TyjiH^jiHrn Ba napajuiejijiHK 
aKCHOMacHHHHr sPkhhjihfh ^ai^MAa

2- § Aa aKCHOMaJiap CHCTeMaCHHHHr TyjiHiyiHK mapTnra HToaT ^hjihu ihhh  
TeKiuiipiiui ycyjiHHH TatKHAJiaran sa h k . AKCHOMaJiap CHCTeMaCHHHHr TyJin^ 
3K3HHHH KypcaTHUi yqyH  yHHHr KypiuiraH HCTaJiraH h k k h  MOAeJiHHHHr H30- 
MoptJ) sKaHnHH KypcaTHUi KncjiOHAHp. 2 1 - §  Aa THJibSepT aKCHOMaJiapn yqyH  
apn^MeTHK MOAejiHHH Ty3raH s a h k . XyAAH uiyHra yxu ia m  I'nJibSepT aK- 
cnoMaJiapn cncTeMacHHHHr HKKHHqn m oabjih  CH^araAa AeKapT MOAeJin ae6 

HOMJiaHraH MOAeJiHH k h p h th u i m '/m khh. By MOAeJiHHHr m o^hhth  i^yHHAa- 
rnqa: TeKncjiHKAa ACKapT cncTeMacHHH k h p h th S , ^ap 6np  H y iv rsrs  yHHHr 
KoopAHHaiaJiapn a c 6  axa jiran  dftp >Ky(j)r (x, y) co h h h  m oc KSJiTnpavM3 ea 

aKCHHqa.

Typpn qii3Hî  Ae6 ax +  b y + c  — 0 TenrjraMatiH (a, b, c im m  coh- 
jiap 6vjih6, a eKH b JiapAaH KaMHAa 6nTTacH hojiash <j)apî JiH) ^aHoauiaH- 
TiipyBqn 6apqa x, y coiuiap wytjmiHH, m>m Hy^TajiapHH 0JiaMH3. x  =  0, 
y =  0 TyFpH qH3H^JiapiiH KOopAHnara yiyiapn Ae5 ara&MH3. (0, 0) Hyi -̂ 
Taiin KoopAHiia rajiap ooihh Ae6 io p H T aM H 3 . TyFpn qniH^aa A =  (xv y L), 
B — (x.,, y.,)t C =  (x3, y3) nyi^raJiap SepHJiraH SyjicnH. b =£■ 0 xojma 
x L <  x2 <  x3 eKH Xj > .  x2 >  x3 6yjica, b =  0 ^ojiAa aca C  y2 <  y , ckh 
Ui >  Ui >  lJ» Sy.nca, B  Kyi^ra A  6HJian C  opaciiAa eiaAH AeS aTaJiaAH-

ByHAan Tauii^apn, KOHrpysHTJiHK TymyHqacn yqyn  nyp, SypqaK Ba .̂ o- 
Ka30 Tym yiiqajiapra aHajniTHic reoMeipHHAa depHJiraH TabpHcjuiapriH kV3- 
Aa TyTaMHs. Acocnii Tyuiynqa Ba MyHoca6aTJiap TnJibSepT aKCHOMaJiapn 
CHCTeMaCHHHHr Gapqa HiapTJiapHHH i^a h oa  TJiaH th  pa a h  . By MOAejiAa x cch ji 
i^HJiHHraH Gapqa (})opMyji3Jiap 2 1 -§  Aa KeJirapHJiran apii(|)MeTHK MOAeji^srn 
^opMyjiaJiap 6nJian 6np xhji Syjiaan. AeMaK, 6y hkkh MOAeJiAarn acocnii 
TyuiyHqajisp (oSbeKTJisp, Mynoca6aTJi3p) opacHAa y3apo 6np ^hhm3tjih 
mocjihk MaBJKyA 6ym6, hcochh MyHocaSaTJiap ca^Jianap 9Kan, 6y  acaapiKj)- 
MeTHK MOAejib SiiJTaH AeKap-r MOAejiH opacnAa H30M0p(J) m ocjihkhhht Mau- 
JKyAJinrHAaH AapaK SepaAH.

l\yHHAarH xyjiocara KeJiaMH3: TnjiboepT aKCHOMaJiapn cncTeM3cn Ty- 
jih^ jih k  Tajia6nra >Kaeo6 6epaA«.
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3 h a h  TH .nbfepT aKCKOMajiapn cH cieM acH /iarn  aKCHOMajiapHHHr spKHH- 
jih th  M a c a jia c n ra  TyxTafi/iHK. 2- § Aa Ta'BKHAJiaraHHMH3AeK, 6 n p o p  aKCHOMa- 
HHHr 6 o m ^ a  aKCHOM ajiapra H H co a ian  ap K iin  3KaHJwrHHH n y p e a 7urn  y n y H 
yHHHr h h k o ph h h  o jik 6 ,  i<,OJiraii aKCHOMajiap S iiJian  6iipraJiHK.ua jihth  chc- 
xeMaHH ^ ochji i^h jih G, 6 y  CHCTeMaHHHr 3HACH3 SKaHJinrHHn K y p c a in m , 
h ^ h h  S npopT a MOAeJiaa h h th  cHCTeMa aKCHOMajiapHHHHr 6a*apnjiH uiH H H  
iicSoT Jiam  KepaK. lOi^opHAa xyAAH m y n a a S  h u ih h  rH Jib6epTH H H r n ap a ji-  
JieJiJiHK aKCHOMacH y q y n  Saw apA H K . HyHKH 6 y  aKCHOMaHHHr HHKopn CH(^a- 
THAa Jlofia^eBCKHH aKCHOMaCHHH OJlHfi, HHI'H aKCHOMajiap CHCTCMaCHHH XO- 
CHJI I^HJIAHK Ba 6 y  CHCTeMaHHHr 3HflCH3 9KaH»lHrilHH HCfiOTJiajlHK. BoiIJI^a- 
q a  i^hjihS a ftT ra iiA a , n ap aju ie ju iH K  aKcno.viacH MycTaKHJi aKCHOMa 6 y jw 6 , 
yHH aS co jiio T  r e o M e rp n a  aKCHOMajiapn epAaMHAa TeopeM a cncjm H A a hc6 o t- 
Jia tu  MyMKHH 3MaC 3K3H.



V B O B . flCAU irA flOHP MACAJIAJIAPHH EHHUI METOflJlAPH

24- § . UapKyjib Ba mh3fhm epAaMHAa scam  aKCHOMajiapn

1. KoHCTpyKTHB reow eT pH a. H y ^T a^ap H H H r x a p  i^aiiAaS TyruiaM ii t |)n ry -  
p a  Ae6 aTajiHiuH M atJiyM . M a iJ iy M  T aJiad Jiap ra  >i<3bo6 SepyB nn  43i i r y p a ™  
6n p  eKH 6n p  He^Ta fleam  i^ypojijm pH  (h h 3 fh li, u n p K y jib , MHSMa^HjiHK y q - 
S y p ^ a rH  Ba 6o u iK ajiap ) epAaMHA3 scauuHH T ajiad  a i r a n  M acajia  KOHcnipyic- 
mue MacaAa AeHHJia,un.

H h s fh 'i ,  uH p K y ^b , yqSyp'-MKJiH Hmrm  Ba TpaHcnopTHp epAaM ii.ua e u n -  
jiaflH raH  TeKHCJiHKAara x a p  ^a H a afl k o h c tp y k t h b  Macajia,ziapHH $ a i^aT  m ip - 
n y j ib  Ba qHSFOT b o c h t s c h a s  e^H iu  m y m k h h . m y n H H r  y^yi-i 6o m ^ a  a c a m  
i^ypoji.iapHH HHr ^o jirah J ia p H a aH  <|)0HA3JiaHMac3 ^3M  6yji3AH.

2 . KoHCTpyKTHs reo M eip H n  aKCHOMajiapn. K o h c t p y k th b  r e o M e T p n w  r e o -  
MeTpnK (})HrypaHH «Hcaui» a e r a H a a  yHHHr 6apMa sjieM eH TJiapuHH to i ih u ih h  
TyiuyHaM H3. reoM eT piiflH H H r n c a u ir a  AOHp a c o c iw  T ajia fijiap n  T erau iJiH  aK- 
CHOMa.aap o p ^ a jrn  H(f)OAa ^ h j ih h 3 a h .  K o h c t p y k th b  reo M eT p u n  M acajia jia - 
piiHH HXTHepufi i^ y p o ju ia p  b o c h t3 c h a 3  e^nuiA S ^yH H A arn  a K C H O M a j i a p  
ypHH.iH a e 6 i^a6y ji  k>hjihh3ah:

1. B epH JirsH  F v F2, . . . t FK <j>HrypajiapHHHr j ;a p  6n p n  j jc s j i r a n .  B y  

e p ^ a  «6epH JiraH  4 ® ry p a »  Ba «4>Hrypa 3HH^Ji3HrsH» T ym yH qsjiapH H H  apa- 
jiauiTHpHS io6opM 3cjiHK K ep3K. A r a p  6n p o p  «(J)Hryp3 6epHJiAH» fle6  aHTHJica, 
6y  (fw ry p a  T acB npjiaH raH , ra3H JiraH , m h  H cajiraH  a e 6 TyiuyH H iii K epaK . 
A r a p  6n p o p  « $ H ry p a  aHHiyiaHraH» ae6 a f tra J ic a ,  6y n 6o p a  opi^ajiH  (Jniry- 
paHHHr y3H SepHJiMaraH S y jin S , <J>ai^aT <J>HrypaHHHr Ba3HHTHHH aH H iyiaft- 
AHraH 3JieMeHTJiap SepH JiraH  A eraH  MatHOHH TymyHMOi^ KepaK. M aca jiaH , 
TyppH HH3H^HHHr h k k h  Hyt^racH  SepH JiraH  6y jic a , 6y H yivraJiapH H  S a p j ia iu -  
TiipaAHraH HroH a TyppH HH3H^ M aB K ya, s m h  6y Typpn h i b h ^  y3HHHHr 
h k k h  H y ^ r a c n  6HJiaH aHHi^JiaHraH, 6n p o ^  6y  TyppH HH3Hi\ a c a jiM a ra H  
(qH3HJiM araH), yHH s c a m  K epaK .

2 . HKKHTa (Ju iry p a  n c a jira H  6yjic,a, y  ^ o jm a  6 y  (Jw ry p ajiap H H H r 6 n p -  
jiauiM acH xaM  a c a J ira n .

3 . HKKHTa F t Ba F2 c jm ry p a  H cajiraH  6yjiH 6 , y jiapH H H r K ecnuiM acH  
6y m  Sy jiM aca , yjiapH H H r F t f) F2 KecnuiM acH  H cajiraH  6 y jia ,m i.

4 . A r a p  F v F,, 4> n rypaJiap  n caJiraH  Ba F 2 c ;  F v  F\ =£=■ F2 6y jic a ,  
F j \ F 2 <j)Hrypa a c a jira H  ^ncoSjiaH aA H .

5 . A r a p  F  (jiiiry p a  H cajiraH  6 y jic a , 6y  (J 'H ry p ara  i^apauiJiH  Hyi^TaHH 
HCaUI MyMKHH.

B h s  eBKJiHA TeKHCJiHrHra T aa ju iy^JiH  a c a tu r a  a o n p  M ac a jia jia p  SHJiaH- 
n iH a  myFyjiJiaHaM H3. TeKHCJiiiKAa a c a u ir a  a o h p  M acajiajiapH H  enH uiA a Hcam  
i<;ypoJiJiapHAaH o^aT A a qHSFiw Ba U H pxyjib  HiiiJiaTHJiaAH. 5 Ic a u ir a  a o n p  
M acajiajiapH H  iih3fhm Ba u n p K y jib  epAaMHAa eq n u iA a  qH3Ma npaKTHKacHAa 
i^yjuiaHH jiaAHraH HH3FHq Ba u n p K y jib  9M ac, SajiKH aScTpaK T MH3FH1! Ba 
HHpKyjib 3 tT H 6 o p ra  o j ih h 3 a h . B y  ^y p o ju iap H H H r k o h c t p y k t h b  h m k o h h h t-  
J iap n  i^yHHAarH h k k h t s  a K C H O M a  opi^sjiH  Ht})0A3 ^ h j ih h 3 a h .

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

7 . A r a p  0  ny i^T a Ba A B  KecMa HC3JiraH  6y jic a , MapK33H 0  HVKjaAa



Ba p a an y c H  r — AB  S y z r a n  afijianaH H  m c n m  MyMKHH. B y  afijiaHaHH S  (o , r) 
KypHHHuiAa 6ejirHJiaHM ii3.

3 . U iy  aKCHOM ajiapra cynHwS, K jH W U rw  S a-b sn  coAAa M acajia jiapH H  
eMHUl MyMKHH.

1) A, B  n y K ja J ia p  S e p n ^ r a n  6y .nca , AB  HypHH Jica irr (6 - aKCHOMa).
2) A, B  Hy^Tajiap Sepn/iraH 6yjica, AB  KecMaHH acaHr.
6 -a K c n o M a ra  acocaH, AB  Ba BA  n y p jiap H H  acaftMna. 3-aKCHOM ara

K y p a , 6y H ypjiapH K H r KecnuiM acH H3Jia n raH  AB  KecM a SyjiaAH.
3) A, B  Hyi^Tajiap SepH JiraH  6 y jic a , A B  Typpn h h s h ^ h h  acaHr.
4) Arap aftjiana M api<a3H.Ba paAnycnra T e n r KecM a acaJiraH 6yjica, 

anJianaH H  h c s h p .
5) n a p a J i^ e .T  S y jiM a ra n  h k k h t s  T yppn  HH3H^HHHr K ecn m raH  Hy^TacHHH 

a c a H r.
6 ) B ep H Jiran  T yppn  h ibh k ; 6m au aftjiaHammr K ecn m raH  Hy^TacHHH 

H caH r (SyHAafl HyK;T3;iap MaBJKyA 6 y jic a ) .
7 )  B epH JiraH  h k k h t3 afijiaH aH H H r K ecH iu ran  Hy^TacHHH a c a H r  (6yHAafi 

H yK T ajiap  M3BH<yA 6yvica).
8 ) B ep H jirsH  (Jm ry p a ra  TerHiHJin 6 y j i r a n  Hyi^TaHH acaHr.
y ic a m ra  a o h p  w aca jia jiapH H  e n n u i A eraH A a yjiapH H  qeK jin  M apTa n m jia -  

th ih  fiyjiH StiJiaH 6 a ® a p n jira H  s i i r  coAAa M aca/ia ./iap ra  K e jiT iip n m n n  T y in y - 
H3MH3.

M aK T adA a y ^ H /ia A n ra n  reo M eT p n a  KypCHAaH M atA yM  6 y j i r  h  ^y fiH A arn  
M acaJia^apH H  3H r coAAa M a c aJ ia ^ a p ra  K eJiT npnm  y cy jn iA a  e n a a n n K .

1 - M a c a j i a .  B epH jiraH  KecMaHHHr y pT a Hy^'racHHH n c a n r  (42-qH 3M a).
E n n u i .  1) A B  T yppn  HcaHMH3 ( 3 - si-ir coAAa a ca m ).
2) (A, d) afijiaH aH H  acanM H s. A B —a (4- s h f  coAAa a c a iu ) .
3) S 2 (B, a) afljianaHH HH3aMH3.

4) S j, S 2 aftjiaHajiapHKHr 
M, N  Hyi^TaJiapHHH TonaM ro 
coAAa a c a m ).

5) M N  r / p p n  w s h k h h  qHsaMH3,

yMyMHH
(7- 3Hr
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/ 4 0  =  0 B  s iiaH Jiiin i ocoh H cG ox^aH aA H ./leM aK , 0  i iy i^ ra  H3JiaHraH Hyi^- 
Ta 6yjia,n,H.

2- m a  c a  ji a. BepH JiraH  ABC  gypqaKHH TeH r HKKHra 6yjiH H r, h-bhh 
6ypqai< 6HcceKTpHcacHHii q n 3HHr.

E q n m  (43-qn3Ma):
1) H xT H epufi r r p a a y c  6 m m  S  (B , r) a f ij ia iia  mra\iH3 (4 - sur co jifla  

H cam ).
2) S  afijranaH U H r 6ypqaK  TOMOiuiapn 6man  K ecw iuraH  A v Ct HyKTa- 

jiapuH H  TonaM Ha (6- 3H r c o a a a  Hcam).
3) (Alt r), S 2 (Cv r) afu iaH ajiapH H  q n 3aMH3 (7- 9H r coaaa fleam ).
4 )  S v S 2 a ftJ ian a jiap H H iir KecHiuraH B, D  Hyi^TajiapiiHH 6eJirnJiaftM H3 

(7  3H r c o a a a  flcau i).
5) BD  nypHH qH3aMH3 ( l - 3H r cojua Hcam). By BD  H yp H3JiaHraH 

6ncceKTpHca 6<jn&m, qyHKH BCtD  Ba B A XD yq6ypqai<jiap TeHr.
4 . f l c a u i r a  Jtonp  a ^ e w e s iia p  w a c a jia j ia p .  K o h c t p y k th b  M acajiajiapH H  

lo ^ o p n a a rH  y c y ji  GnjiaH e q n m  M acajia  eqiim HH a n q a  qy3HS ro6opa,UH Ba 
e rau iH H H r My x(nm  ypH U Jiapsran  h i ^ o j i  K ypcaT a o ji M an/m . LUyHHur y q y n  
K ynrH H a M aca.ia .nap  c o a u a  M a c a jia jia p ra  a -K p ara jiM an , 6a jiK n  y w a  c o a a a  
M a c a jia jia p ra  c y su in S  e q iu ia a i ira H  Ba K yn y q p a S  T y p a ^ H ra n  M a c a jia jia p ra  
KeJiTHpHjinfi e q n J ia a n . B y n a a n  M acajiajiapHH o a a T a a  s j i e M e H T a p  M acajia- 
j ia p  eKH a c o c H H  r e o M e T p n K  n c a  in ji a  p  a e 6 a T a J ia a n . O a a T a a  
sjieM eH Tap M a c a jia jia p ra  ^ y ftn a a rH J ia p  K n p aan :

1. Bepnjiran K ecM ann Terir HKKHra S v jih h i.
2 . BepHJiran Sy p q aK irn  TeHr HKKHra SyjiH iu.
3. B e p n j i r a n  SypqaK K a T e u r  OypqaK sc a m .
4 . Bepiuirari n y i^ ra a a H  S e p iu ira H  T y rp n  q ion i^ a  n a p a ju ie j i  T y rp n  qn-

3HK( yTKaSHUl.
5. B epH JiraH  T y rp n  qiBHKfta S e p u jira H  n y i^ ra a a H  n epneH flH K yjiap  yTKa- 

3HIU.
6 . y q T a  to m o h h  6e p n jira H  y q g y p q aK  n ca iu .
7 . Blip to m o h h  Ba y u r a  e n n u ir a n  h k k h  f iy p q a rn  S e p n jira H  yqQ ypqaic 

acaiu.
8 . H k k h  to m o h h  Ba y j ia p  opacH .uar a  6y p q a r n  6e p n .n ra n  y q S ypqaK  Jicaui.
9 .  rH noT eH )'3acH  Ba 6 n p  yTKHp 6y p q a r a  6e p n J ir a n  T y rp n  6yp q aK Jin  

y q d y p q aK  n ca iu .
10. rn n o T 0 H y 3 acH  Ba 6 n p  K a T era  SepH JiraH  T y rp n  6ypqaK JiH  yqS ypqaK  

a c a u i.
11. B epH JiraH  K ecM am i G ep n .iraH  H H cS afaa  G yjin iu .
12. B epH JiraH  H y K jaaaH  f e p u j i r a i i  a ii / ia n  a  r a  ypiiH M a yTi<a3Hixi.

By Macajiajjapiiiinr HKKHTacn loi^opnaa ryjia em 6  KypcaTH/iraii, i^ojiraH 
M acajiajiapH H  y m a  HaMyHa 6y fin q a  M ycrai^nji eqniuH H y ^ y B q n ra  TaBcua 
i^HJiaMH3 ( [  17], f l l j j i a H  c})o?UajiaHHHr). M ypai<K a6 M acajia jiap  e q u rn a a  
a jie M e in a p  reoM eT pnK  M acajia jiap aaH  m y a a  K yn MapTa (^onaaJiaH aM H a, 
hi yHHHr yqyH  6y  m caJ ia jia p H im r eqHMJiapHH h n y x r a  y p ra H u m  3 a p y p .



25- § . flcam ra  AOHp rviaca/iajiapH H  enKM A arH Soc^wqjiap

O a a T fla  a c a r n r a  A onp reoM eTpHK w aca/ia jiapH H  eqH uiA a M acaws e q i a n -  
IUHHH OCOHJiaiilTHpHLU Ba T y jia  enHMHHH TatM HHJiailJ Mai^CaAHAa ropHTHJia-
AHraH My^oKaMa amif^ 6np yMyMHH cxeMaAa ojih6 SopHJiaAH. By cxeMa 
^yftH A arH  T y p n a  6o c ^ m A a H  HSopaT:

A H a j i i i 3 .  A H ajiH 3 KOHCTpyKTHB M acajia jiap m i ew iuH M H r AacTJiaSKH 
ra fiep jro B  S oci^qH A H p. B y  d o cK ^q m iH r acocHH B33H(j)3CH MacajiaHH e q a n n -  
u ih  o^AHHAaH M at^y M  S y jirsH  M a c a jia j is p ra  a jK p ara iH  Ba yjiapH H H r ch h - 
jih u iii TapTnSHHii aHHi^JiaiuAaH H S opax . ByHAaH T a u i^ a p n , M aca/ia  cm hjiah  
Ae6 <|)apa3 i^ h /ih h h 6 , H 3^aH raH  Ba S ep n JiraH  (})H rypajiap M acajia  TajiaSHra 
MyMKHH KaAap T yjiapoi^ >K3bo6 S ep aA H ran  Tap3Aa t j x m h h s h  4K3h5 ^yiiH - 
jiaA ii. C y n r p a  KepsKJiH reoM eT pnK  cj)aKT.JiapAaH (})0HAaJiaHH'>, c y p a ;ir3 H  
Ba SepH JiraH  $ H ry p a  o p acH A ara  S o F JianH uu iap  am iiy iaH aA H  Ba (})HrypaHHHr 
i<;aficH 9JieMeHiHHH .^aft T ap in S A a  acam  MyMKHHJiHrH SeJirH JianaA H . UlyH- 
A an  i^hjih6 H3J iaH ran  (j3H rypaH H H r a c a iu  cjiaHH Ty3HJiaAH.

CypaJiran Ba SepH.iraH (jDHrypa ajieMeHTJiapn opacHAarn SoFJiaiiHuiHH 
TonHmHH ocoH Jiam TH pnm  yqyH  OAaTAa epA aM qn (Jw ry p aA an  (JxwAa/iaHHJiaAH. 
EpAaM ^H (})Hrypa m yHAafi SyjwuiH KepaKKH, yun S ep H JiraH Jiap ra  aco caH  
a c a m  Ba yHAaH H3JiaHraH (^nrypara y r a m  MyMKHH SyviCHH.

H c a m .  M a c a ^ a A a  c y p a ; i r a n  cfw rypaH H  T o n u m  yqyH  KepaK S y j i r a n  
acocHH a c a m ^ a p  KeTMa- K eT jinrH  3H3jih3 Soci^nqHAa T y3H Jiran  n jia n  acocH A a, 
qH 3rnq Ba HHpKyjib epAaMHAa ^ ochji lyiJiHi-iaAH.'

H c 6 o t .  B y  GocKm ifla a c a jira H  c jw ry p s  M acajia  Aa m xaiir a n  cp n ry p a  
3KaH/iHrH h c 6o t  ^H/iHHaAH, a iH H  yHHHr M ac3Ji3Aa SepH JiraH  S s p q a  m a p r -  
j ia p r a  >KaBo5 6epnuiH  ncSoTJiaHaAH. H cS o T Jiam  a ca m A a  6a>KapH„iran n m - 
.rcapra Ba T ernm /iH  reo M eT p n a  T eo p eM ajisp H rs  acocjiaH aA H .

T e  k  m  h  p h  m . H c a m r a  A onp M acajia^iapHH T yjia  e q n m  yqyH  ^yfiH A a- 
t h  caBOJuiapHH OHAHHJiamrapHm KepaK:

1. M a c a jia A a  S ep n JiraH  sjieM eim iap H H  h x th S p h h  t s h j i s S  o ;ira n A a  ^ a \ t  
M acajia  eqHM ra a r a  SyjiaAHMH, a r a p  6epn»nraH a jie M em v iap  h x t h g p h h  TaH- 
J ia5  ojiHHraHAa M acajia  e q n \ i r a  a r a  S y jiM aca , y  x o ;iA a ^aHA afl T a iu a S  
o /iraH A a  M acajia  eqHM ra a r a  Sy.iaA H , i^aHAafl ^ o ju ia p A a  eqw M ra a r a  6yji- 
MaflAH?

2 . B ep n JiraH  3JieMeHT./iap HMKOHHarn S o p rn a  TaHJiaS o jiH H ianA a M aca­
j ia  iie^T a eqHM ra a r a  SyjiaAH?

B y  caB O JiJiapra  JKaBod S e p n m  yqyH  acau iH H H r 6opHmHHH T eK m n p n m  
XepaK. B y  A eraH  c y 3, a c a m  oocKHqHAa 6a>KapH/iraH a m  c o a a s  a a  a c o -  
c h h  acam jiapH H  6h p h h -  K ernH  aH a 6up S o p  TeK uiH pnm  KepaK ^aM Aa 6y  
M acajia jiapH H  ^a.MMa Bai^T e q n m  MyMKHHmh, eq u rn  MyMKHH S y jic a , H e q ia  
eqHM SopjiHrHHH a H H ^ ia m  KepaK.

^ Ic a m ra  a o h p  M acajiajiapH H  S o c ^ n q jia S  eq u rn  M aca jia im  T y rp n  eqwrn- 
H nH r rapoBHAHp. JleKHH myHH a cA a n  qHi^apMacjiHK KepaKKH, x a p  KaHAafl 
MacajiaHH eq nm A a ^aM  6y  T y p u a  S o c i ^ q r a  i^aTtHH p n o a  i^HJium m a p r  
aM ac. M acajiaH H H r o ru p -  eH rH JiJiH rnra, coAAa- M ypaK K aSjiH rH ra Kapa6, 6y  
Soci^Hq^apH HHr S a ts H J ia p u ra  T yxiaJiM acA aH  K eiH m  >^aM MyMKHH.

B y  FOHJiapHH ^yfliiA arH  M a c a jia jia p ra  TaTSni^ K,iuiaH^HK.
M a c a j i a .  A c o c h  Ba eH TOMOHJiapma yTK33HJiraH h k k h t3  M eAHaHacn 

S y fln q a  yqS ypqaK  a c a H r .

62



E q n m  (44 - q H3Ma). A » a J i H 3.
A B C  H3JiaHraH y q 6ypq3K  6 y ;icn H .
A B — acocH, AN  1( BN2 — £h to m o h - 
■/rapnra yTK a3H ^raH  M eA nanajiapn ,
P — MeAHaHa.iap KecHLuraH Hy^Tacn.
L L lap ira  K ypa c, ma, mb M atJiyM  

(A B = c, ANy—m a, B N 2—mb). ABC  
yqSypnaKHH n c a u i yqyH  yHHHr yq jiapH - 
HH TOnHIH KHtjXIfl. A B  KeCM3HH HCaS,
yqSypqaK H H H r HKKHTa A, B  yqjiapHHH 
TonaMH3. C yqHHH TonH m  yqyH  N v N 2 
Hyi^TajiapHH Hcam KepaK; AN„, B N X 44- qH3.\ia
Hypjiap KecHLUHO, C yqHn .%ocha i\H-
jiaflH. N v N 2 nyi^Ta.nap m oc paBHuma AP, BP  HypJiap^a eTaAH, 6y ep- 
Aa N t Hy^Ta A HyKra^afi m a Maccxj)aAa, N 2 n v ^ ia  B Hy^Ta^aH mb Ma- 
co;()aua era  a h .  I ll yHHHr yqyH Maca.ia P  Hy^Tann Hcarnra Ke.JiTHpH.raAH. 
B y  H y^TanH A B P  yqSypqaKHHHr yqnHqH yq« C H tja m u a  a c a m  m y m k h h . A P =  

2 2
—~^ma, BP — — m b SyjiraHHAaH A B P  yqgypqaKHHHr xaMMa TOMOHJia- 

pH M aM yM .
51 c  a  hi. AH a;iH3 HaTii>KacHra mvboc^hk, K yfiiiA arn  njiaHA a a ca m n H  6a- 

>K3paMH3.
1. y q T 3 c, AP, BP  TOMOHJiapnra K ypa  A B P  y q 6 y p q aK  HcajiaAH (6- 

acocH H  H canj) Ba P  H y^Ta TonnJiaA H.
2. AP, BP  Hyi^T3Ji3p ycTHrs moc psBHuiaa m a, mb KecMajiapHH ^y- 

h h 6  Ba N x, A '2 ny^Ta.napH H  to i ih 6 ,  C H y^raH H  HC3HMH3, A BC  H3JiaHraH
y q 6 y p iiaK 6ynaj\u-

H c 6 o t .  AP  KecMSHHHr y p T a  Hy^TacHHH 6nmii, BP  KecMaHHHr 
y p T a  nyi^TacHHH M 2 6 h ;i3 h  6e/irH JiaM H K , y  x p jij ta  x o c h j i  KHJiHHran 
N 1N 2M 1M 2 T ypT6ypqaK  napa.n jiejiorpaM M A H p, qyHKK TypTfiypqaKHHHr f ln a ro -  
H aJijiap n  KecHuiH6 TeH r HKKHra 6 y .an n a  a h .  A eM aK , M x AL  =  Ny N» Ba 
My M 2 || N y N 2. M yM 2 KecM a A B P  yq6ypqaK H H H r v p i a  qH3HFH, Ny N 2 || AB

Ba Ny N„ =  - j  AB,  6yH A an N y N 2 KecM a ABC  y q S y p q aK H im r y p T a  qH3Hrn

AeraH  x y j ic c a  qni^aAH. ZleM aK, A N lt B N 2 K ecM a/iap ^aK H ^aT an  xaM 
ABC  yq6ypqaK H H H r MeAHaHacHAHp.

T e k  h i h  p  h  m . BupHHqH HcaiuHHHr 6n p  i^HHMaTAH 6a * ap H J iH 0iH yqyH : 
2 2 

j  ( m , — mb) < c < j  (ma +  mb)
m apTHH Hr ypHHJin 6y m u m  3apyp Ba eTapjinA H p. 3 h a h  6h3  HKKHHqn s c a m -  
h h  JjaMMa Ba^T 6aJK apH ui MyMKHH SKaHJinrHHn KypcaTafuiH K.

A N 2, B Ny Hyp;iap aohmo A B  Tyrpn qH3HKHHHr P  Hy^Ta eTran tom o- 
HHAa KecHUjaAH. ^a^HKaiaH xaM, arap A N 2 || BNy=> N 2Ny || AB BaN2N x =  
= A B  AeraH HaraJKa ojiamm, 6y  %oji sea  103 6epa ojim3hah, qyHKH N 2A'\ =>

=  j  A B  ( h c 6 o t t 3  K sp sH r).

A r a p  A N 2, BNy T y rp n  qH3H ^Jiap A B  T y rp n  q n 3H^HHHr HKKHHqn t o -  
MOHHAa K ecnm aA H  A e6 ^ a p a s  k h jic b k , NyN„  KecM3 AB  KecMaAaH K3TTa 
SyjiaAH. IU yH A aH  i^hjthS, 1 —  2 n c a m .ia p  6 n p  k,h h m 3 t «th 6a>K3pn.naAH.
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28- §• TeKHcjiHKfla reoRierpHK flCauiJiapnHnr rypjui MeTofljiapH

f l c a m r a  a o h p  M acaJiajiapH H  e m m ifla  T y p jin  MeTOKJiap MaB/Ky,a 6 y m 6 ,  
Kymjxa 6yjiapH H H r a co c n ftjiap H  6HJiaH rammn6  yiaM i-ia:

1. T yppH Jiam  MeTO/ui-
2 . FeoN ieTpnK  ypH H /isp  M e io /m .
3 . TeoM eTpHK a jiM a u m ip H u u ia p  M eTo/m .
4 . A ;ire 6paiiK MeTo^.

1. T y p p H J i a m  M e T o j u i .  C h h h k ; h h 3hi^ SypHH^apHHHHr h h fh h k h -  
CHAaH f lc a j i r a n  K ecM am i Hearn cuhu% husukhu m ijFpum ui RemjiaAH.

M a c a j i a .  EajiaH/UTHFH, nepnM erpH , a c o c n r a  e riH m ran  6htt3 S y p q arH  
6 e p n J iraH  y q 6 y p n a K  s c a u r .

=  BC  KecMaHH yma6  KyaMH3. D, F 
nyi^TaJiapHH C nyKjTa 6m an  T y T a m ra p c aK , x e H r eHJin m u m a  ADC  Ba 
BCF yn S y p n aK  ^ o c h j i  6yj\am- A c o c ii DF =  p, 6ajianRjinm CH  =  hc Ba

flcau i MyMKHH. By epaaM^H (JiHrypaaaH h3JI3hf3h (J)nrypara yrHui yqyn 
CD Ba CF KecMajiapHHHr y p T s c im a n  m oc paBnuifla y jiap ra M N , M 1N 1 
nepneHAHKyjifip TyFpn HH3Hiyiap yTK33H6, M N  f| DF  =  A, M 1N 1 [} DF =  
=  B  Hyi^TajiapHH Tonum MyMKHH. UlyHKafl v^m 6 ,  MacajiaHHHr eqnm 
flyjiH  aum^JiaH/iH.

1. HxTHepHH g  TyFpn qnsH^ ow6, DF =  p  KecMaHH p;yfiMH3.
2. DE  _L g  TyFpH qiisHi^ yTKa3aMH3 Ba D Hyi^TaflSH 6o u u ia6 DE  yc- 

rara DE — hc KecMaHH i$hmh3.

4. E  H y^Taaan g  Typpn Hmm^a  napajuieji g x TyppH qHSHî Hn yTKa-
33MH3.

5. g x fl 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. M N  f] g  — A, MjTVj fl g =  B  Hy^TajiapHH TonaMH3. ABC  H3JiaH- 

F3H yqSypqsKflnp.
M c 6 o t . Hcaixira K ypa DE =  CH =  hc. ( A  DAC  Ba A  FBC  jiap Hcaui- 

ra Kypa TeHr Shjih) => DA =  AC  Ba BF — CB => AC  +  BC  +  A B  =

M <1
E q n u ]  (45-qH3Ma). A h 3 J i h 3 .  

Macajia eqnJiflH  j\e6 tj)apa3 k h jih 5 
H^jianran ABC  yqSypqaKHii t s x m h -
HaH '!H3H6 I^yJlMHS.

3. Z . BAC  =  cc.

A la ca jra  m a p T u ra  Kypa:
1. A B  +  BC +  C A = p ,
2. CH =  h c>

45- TO3Ma

N, A B  Typpn qii3H^ ycrara A Hyi -̂ 
T3A3H qan TOMOHra AD  =  AC  Kec­
MaHH, B Hy^Ta^aH yHr TOMOHra B F =
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*= p. / -  ACD  =  z l  CD A  —  a c a u ir a  K y p a , Z .  CAB — a.

T  e  k  iu  h  p  h  m . fO i^opriA arn  1 —  7  ccy m a f lc a u u ia p  6y  e p jia  6a>Kapn- 
Jiam- ZleM aK, M acajia  f i n r r a  eqH M ra a r a ,  ; ic k h h  ABC  yqSypqaK H H H r m sb-

>Kyu SyjiHiiiH yqyH  hc <C ~  T e n tc h 3Jihk  d a w a p a /im iiH  KepaK. X a^H i^aTai!

^ m : hc < b  +  AH, hc< .a  +  HB,  SyH flaH  /ic < a +  b +  c, jn>Hn /ic <  — ■_
2 2

A k c  ^ o j i^ a  M acajia  eq nM ra  3 r a  3M3C.
2 . F e o M e i p H K  y p H H J i a p  M e T o p .  reo M eT p n K  ypH H Jiap Me- 

TO/iHua M acajia  K y n n a s rH  HKKHTa iuapTHH K,a h o a  t  ji a  i-i t  npy biih n y ^ T a n n  
T o n n u ira  KeJiTHpHJiaaH. EnpHHqn uiapTHH i^aH oaTjiaHTHpyBqn Hyr;Ta„iap- 
h h h t  reoM eT pnK  y p im  ® j  ( j jH ry p a a a n , HKKHHqn mapTMH i^aHoaTJiaHTHpyB^n 
H y K ja .iap H H iir reoM eipH K  ypHH 0 2 $H ry p a ,u aH  n 6 o p aT  SyviCHH. X^ap h k - 
k s j i s  uiapTHH ^aH o a T jiaH rap a u H ra H  ay i^ T a jiap  ® i  f) 0 2 K ecm u M ara  T e rn iu jin  
Sy jiaflH . By u jap T ^ a p ^ a H  KaMH.ua 6 h t t 8 c h h h  KaHoaTJiaHTHpMaftAHraH ^ a p  
i\aujxaHi H y^T a KecnM .ua eTM aHun. ® i  fl 0 2 (fw rypaH H H r ^ a p  6 n p  H yi^racH  
M acajiaH H H r eqnM JiapHHn T c n u m ra  h m k o h  6 e p a u n .

M a c a j i a .  A c o c h , y q n u a r a  yTKHp 6y p q a r n  Ba u iy  y q u u a H  a c o c u r a  
TyxuupH JiraH  Ca.iaH fljiH rH  6epn JiraH  yq S y p q aK  ncaH r.

E q u u i .  A H a j i H 3. H sJiaH raH  ABC  yqfiypqaK  T onm m H  ,ue6 (})apa3 
k ,h jih 6 , yHHHr t 3x m h h h h  D jaK jihhh  qH3H6 K,yHMH3. M a c a jia .u a  A B  =  c, 
CD =  hc Ba / -  ACB =  a  g e p n J iraH . ABC  yqfiypqaK H H H r y qT a ymii-m to -  
n n u i  k h 4>o h .

B epH JiraH  KecMaHH 6n p c p  T y rp n  h h s h k  y c r a r a  y jiq a S  ^ y f i i iu i  SnJiaH 
H3.nanraH  yqCypqaKHHHr A, B y q jia p n  T onH Jia/u i, C y q n  s e a  i^yHHAara 
HKKHTa u ia p ra H  i^aH oaTJiam H paflH :

1) C nyK T a A B  T y rp n  MH3HKuaH 6epH JiraH  hc M aco4>a;ia eT a jw .
2) A B  KecM a C H y K ia u a n  G epH Jiran a  6 y p q aK  ocTH.ua K ypnH aun . 
BHpHHqii uiapT  —  6ep H Jirau  T y rp n  qH3Hiy*aH MaT>JiyM Macocfja.ua e r ra H

Hyi^TajiapHHHr reoM eTpnK  y p ™  A B  T y rp n  qn3HKHHHr HKKajia TOMOHH.ua 
eTyB qn Ba y H ra  n a p a ju ie j i  h k k h t3  T y rp n  w nsm yiaH  nfiopaT .

HKKHHqn u isp T  —  fiepH .oran  KecM3 SepH JiraH  6ypq aK  o c rn .u a  KypHHyBqn 
Hyi^TSJiapHHHr reoM eTpnK  ypHH SepH JiraH  6ypqaKHH cu ru H p y B q n  HKKHTa 
TeH r cerM em H H H r SepH JiraH  KecMa- 
h h  t o p t h 6 T ypyB qn e fijiap u u aH  h 6o- 
p a r .

ft  c  a  lu . 1. H xTHepHfi T y rp n  qH3Hi^
OJ\h6, A B  — C KeCM3HH a>Kp3T3MH3 
(46- qH3M 3).

2 . A H y ^T 3 ^aH  g  T y rp n  qnaHK,-
HHHT HKK3J13 T0M0HHT3 /L B A L  =  -----
=  ^  B A L X =  9 0 °  —  a  6ypq3KJi3pHH 
HC3HMH3.

3 . A B  KecM3HHHr ypT 3 nepneH - 
flHKyjUipH t  T y rp n  liH3HK.hH yTK333- 
MH3.

4. /  fl Ah. =  0 , t  fl A L X — 0 j  Hyi-;.
T3JiapHH TOnaMH3. 46- qH3Ma
5 *reOMdpHH II KHCM»



5 . S  (0 ,0 /4 )  Ba S x ( 0 1, 0 xy4) aftjiaiiaJiapH n  HcanMH3 (0 /4  =  0 ^ ) .
B y  aH jiana.aap iiH H r A B  KecM a T opTnd T y p raH  K a n a  eftjiapHHH Fv  F2 

CiuiaH 6e.nrH.naHMH3.
6 . g  TyFpn ™ 3HiyiaH  hc M acotJiaAa T ypyB qn g v  g 2 T yppn qH3Hi^Jiap g j fl 

fl F v g2 H F2 K eciiin M ajiap ra  TerHinJiH x a p  6 n p  C H y ^ ia  M acajia  ch k m k h h  
ToriH inra h m k o h  6epaA H . ABC  yq S ypqaK  M acajia  eqHMHAnp.

H  c  6 o  t .  f l c a in r a  K ypa  AB  — c, g  T yppn  HH3H ^ a H  g lt g 2 T yppn 
m r3n ^ a p r a q a  6y jira H  Maco(})a hc r a  TeH r Ba /LLA B  =  / _ L XAB — 9 0 ° — cc. 
B y n a a H : Z  AOE =  a,  Z  A C S  =  a. ABC  y q g y p q aK  M acajia  T aJ ia fin ra  
>KaBo6 S e p a fln .

T  e  K in  n  p  h  m . 1 —  6 H can iJiap  6n p  ^HHMaTJin 6a» { ap n J ia /o,n. O x n p r n  
HcainHH TeK innpanjiH K . f | g v  F2 [ \g 2 c jw ry p a jia p  0 , 2 , 4  i a  yM yM nn 
H v i^T a jiap ra  a r a  d y jim u n  m y m k h h . U ly H ra  K ypa M acajia  eq n M ra  a r a  
S y jiM a c jin rn , nKKHTa eq n M ra  a r a  S y jinn iH  Ba T y p n a  eq n M ra  a r a  6y -  
jih h ih  MyMKHH. B n p - 6n p n r a  T e u r  y q 6ypqaK JiapA aH  (j)ai^ar f in r ra c H  M aca jia  
eqnM HHn 6epaAH Ae6 i^a6y ji i^HJiHHaAH.

3 . P e o M e T p n K  a J i M a n i T H p n i n J i a p  M e T o j n .
T eoM eipH K  ajiMaiHTnpHUiJiapAaH (})OHAajiaHH6 , n c a in r a  A onp  M acajia - 

jiapHH eqHin MyMKHH. B y  MeTOA S n jia n  M acajia  e q u n iiin  anajiH 3 S o c ^ n q n -  
Aa, 6e p n jira H  Ba H3Jian raH  c fw ry p ajiap A an  T a m ^ a p n , SepH JiraH  cjwirypaHH 
eKH yHHHr 6n p o p  i^hcm hhh  y  e n n  6y  re o M eip n K  aJiMaiHTHpHuiJiap H a ra -  
>Kacn,na x o c h ji  lyiJiHHraH cfjn rypaJiap  x a w  i^apajiaA n. B y  (Jw ry p a  i^aflcn 
reoM eTpHK aJiM aiHTnpnniHH K;yjuia6 ^ o c h j i  KMJiHHran 6y jic a ,  a c a u i r a  A onp  
M acajia  y u ia  m c tc a  6njiaH  eqn JiraH  a g o  a f i r a j i a A H .  >KyMJiaAaH, CHMMeT- 
p n n  MeTOAH, n a p a ju ie j i  K y q n p n n i MeTOAH, roM O T eran  MeTOAn, HH Bepcnn 
MeTOAH.

B y  M eT cw iap  epAaMHAa eq n jiaA n raH  S a t a n  M acaJiajiapHH K yp n S  q n ^ a n -  
JIHK.

1- m a  c  a  ji a . B ypqaK  Ba yHHHr nqnA a 6n p  nyK,Ta 6e p n J ira H . B n p  y q n  
C ep n jiraH  iiy ^T aA a, i^ojiraH  h k k h  y q n  C ypqaK  to m o h  J ia p n u a  e ry B 'in  Ba 
nep H M erp n  aH r KnqnK C yjiraH  y q S y p q aK  n caH r.

E q n  h i (47- qH3Ma). A h  a ji h  3. Macajia eqnJiraH  Ae6 f})apa3 ^njiafijiH K . 
AOB  Gepn/iran 6ypqaK , N  aca 6y pn aK  nqnA a eT yB qn H y i^ ra  SyjicH H. N  
HyKjTara OA, OB u y pqaK  TOMOHJiapnra im c S a ia n  cnMMeTpHK N v N 2 n y ^ -  
TajiapHH TonaMH3. N v N 2 T yppn  qH3H^ d y p q aK  t o  moHJiapHHH X , y  Hyi^- 
T ajiapA a KecaAH. UJyH A aft i^hjihS , M acajiaHH e q n u i X , W Hyi^TaJiapHH T o n n u i-  
ra KOJiTHpHJiaAH.

0

H,

C'

47- ijH3Ma 48- HH3Ma
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51 c a  in . 1. N  n y i u a r a  6ypqaK TOMOHJiapnra HHCOaraH CHMMerpiiK 6 y j i-  
raH  N v  N 2 H y^T a/iap iiH  TonaMH3.

2 . N t N 2 d  OA =  X , N j N 2 D OB — y .  X N y  yqSypqaK  —  H3JiaHraH 
(})Hrypa.

H c 6 o t .  B h 3  X N y  yq6ypqaKHiiHr nepH M eipn 3 h t  k h h h k  SKaHJinrnHH 
iic6oTJiaHMH3. ^a^Hi-^aTaH, SypqaK H H H r OA, OB  TOMOHJiapnAan m oc paBHiu- 
jia x a p  ^aHflafi nxraepH H  Q, P  Hyi^rajiapHH ojiMafijiHK,

Q/Vj =  QN, N.2P — P N  oy jia jin .

X N y  yqSypHaKHHHr nepHMeTpn N XN 2 KecM ara TeHr:

n , n 2 =  N 2y  +  x y  +  x n j { N y  = N 2y ,  n x  =  n ,x ).

PQN  yqdypqaK  nepHMeTpn N 2P  +  PQ  +  QNt ra  TeHr. N 2 PQ N x chhhi^ 
q ro n ^  y3yHJiHrn N yN 2 KecMa y 3yHJinrnAaH K a r a .  ZteMaK, X N y  yq6yp- 
qaK nepHMeTpn a n r  k h h h k  6yjia,UH.

2- m a  c  a  ji a. Y w a  M eAnaHacn SepnJiraH  yqSypqaK Jican r.
E q n m  (48- qH3Ma).
A H a J i H 3. H 3JiaHraH yqSypqaK  A BC  Tonnji/iH jie6 cjiapa3 lyuinS , 

yHHHr TaxMHHHH maKjiHHH mh3h6 KyHMHs. BD =  m b, CE  =  mc, AF =  ma 
yq6ypqaK MeAnaHaJiapn, 0  —  yq6ypqai< MeAHaiiajiapHHHHr K ecnm raH  n y iv  
TacH.

2 2 2 
OA =  --g-  m b, OB =  —  m b, OC =  —  mc.

ABBaji OB BOCHTacH^a anni^JiaHraH n ap a ju ie ji KyqupnuiH n TeKuiHpaft- 
jih k . B y  n a p a ju ie ji K yqn p n m A a  OC KecMa BC' KecM ara y ia u n .  ITapaJi- 
jie ji KyMiipHui HaTH>KacHAa ^ o c h ji  S y jira H  BOC' yqfiypqaKH H  sicam M yM - 
k h h , qym <H y H H H r x;aMMa TOMOHJiapH M a tJiyM :

O B = - ^ - m b, OC' =  - | -  ma, B C '= - ^ - m c.

B y  A O B C  flan  H3JiaHraH cjw rypara  j / th u i  yqyH 6 y  (JinrypaHn j^och ji 
^HJiHiH^a 6a>KapHJiraH n ap a ju ie ji K yqnpnHira TecKapn ajiMauiTHpHiu 6a>Ka-
pHJia/w.

H c a m .
1. TOMOHJiapH M atjiyM  6yjiraH  OBC' yqgypqaKHH «cafiMH3.
2 .  C' H yi^T auaH  OB 11 C L  T y p p n  h h 3 h i^  yTK 33aM H 3.

2
3 . C'L  Typpn q iisnK jaii BO => CC' =  —  mb KecMami a*paTaM H 3.

4 . CO Ba BO  H y p jia p ra  T ernuiJiH  CE — mc , BD  =  mb M eanaH ajiapH H  
y j iq a 6 i^yncaK , E  Ba D  H yR /raJiap x o c h ji  gyjiaAH .

5. B E (]C D  =  A.
ABC  H3JiaHraH y q 6 y p q aK .
H c 6 o t .  CE  Ba B D  K ecM ajiap  ABC  yqgypqaK H H H r M ejwaHa.napH 

SKaHJinrnHH h c S o t  lyuianjinK . ByHHHr yqyH  D  Ba E  Hyi^raJiapHH 6H pjiam -

rapcaK , DOE  Ba BOC  yxm arn  yq6ypqaKJiap ^o ch ji 6yjiaAH, qyHKH
DO EO

/L E O D  — Z-BOC,  H cauira Kypa: -q q ~ - q q '
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DO
~0B

EO
~0C

DE
~BC

DE

■ DE  || BC,

BC, DE  KecM a ABC

(A DOEnABOC)-.
DE EO 1 . 2  1
~BC~ =  ~0C =  ~3~mc' I T  m c =  T  ^  — 2 

yqgypqaK H H H r y p i a  4H3Hfh. A eM aK , BD  oa CD  .nap yqfiypqaK H H H r MeAH- 
a H ajiap n  6ynaw- BOCC' a c a iu r a  K ypa  n3p3JiJieJiorpaM M , F —  BC  to m o h -  
HuHr y p i a  nyi^TacH. yqfiypqsK H H H r A yquHH F H y^T a 6mau  6HpjiauiTHp- 
caK , AF  M eflH aea .^och ji 6yviaAH. By M eanaH a 0  H y ^T aaaH  y r a 6 ,  2 :  1

HHcSaTAa 6yjiHH3AH. AO — 2 OF, jieKHh OF =  OC' => OF =  - ^ - m a =>-

/4 0  =

2 --------- "  3
2

- j -  m a, aeMaK, AF =  ma, yqSypqaKHnnr yqHHqn MeAH3H3CH j;3m

6epHJir3H  K ecM ara tcht.
T e K i u H p H i u .  1 —  5 H caiu jiap  6np KjHHMaTJiH 6a>KapHjiaAH. A ra p  

\ttia —  mb | <  mc <  ma +  mo 
m ap T  6a>KapHJica, M acajia  n ro H a  eqH M ra a r a  6y ji3A n.

3- m a  c  a  ji a .  B epw JiraH  K B a /ip a rra  yqjispH A aH  6npa  (KBaapaT to m o h h -  
Aa) SepH JiraH  h h k h  TeH r to m o h j ih  y q 6 y p q 3 K  h h 3 H h t.
E q n m  (4 9 -qH3Ma).

A  h  a  ji h  3. B ep m iraH  ABCD  KBaApaTra TeH r to m o h j ih  HqKH PRQ  y q 6 y p -  
qaK qH3HJiraH 6yjiCHH. YHHHr R  y q n  KBaapaTHHHr A B  TOMOHHAa eTCHH 
^efijiHK.

TeHr t o m o h jih  yqSypqaK H H H r ^ a p  6np S y p q a rn  60° r a  T e H rjin ra  c a 6a 6- 
j ih  (})HrypaHH R  i iy i^ ra  aTpcx})HAa 60° SypqaK K a G ypum  R.P t o m o h h h  RQ 
TOMOHra Ba P yqHH Q y q r a  yTKa3aA n. H kkh h hh  TOMOHAan y rn a  6ypHHi- 
h h h t  y3H A BCD  K B aA paraH  A' B' C' D' KBaApaTra aftjiaHTHpaAH. y m f f lp  
B' C' to m o h h  Q H y^T aaaH  y raiH H  KepaK , qyHKH P  H yigra Q H y ^ T a ra  
Tym aflH . P  H y ^ T a n n  T onH ui yqyH  Q HyKTaim  R  nyi^Ta aTpcxJ)HAa —  60° 
6ypaM H3. LUyHHHr y s n  M acajia  eqnui t3 P t h 6 h h h  aHHiyiafiAH.

H e a m 1. K c a j ip a T im n r  BC  to m o h h h h  R  H y ^ x a  a ip o ^ H A a  60° ra 6y- 
pii6, B ' C' KeCM3HH HC3HMH3.

2 . B' C' to m o h  A D  to m o h  S h j i s h  Q H yK jaA a K ecnuiaA H .
3. Q Hyî TaHH R  Hy^T3 aTpO(})H-

Aa — 60° 6 ypc3K, P  Hyi^ra j^ochji 
SyjiajiH. RPQ  yqSypqaK H3JiaHraH 
cJ)HrypaflHp.

H  c 6 o t .  H cam ra Kypa RQ =  RP, 
A RPQ  aca TeHr ea /iH , yHHHr R  
yqHAarn /LPRQ  SypqaK 60°. UJyH- 
Aafi k ,h jih6 , RPQ  yq6ypqaK TeHr
TOMOHJIHAHp.

T e K U I H p H U I .  R  Hy^T3HH KB3- 
ApSTHHHr KaHCH TOMOHHAa OJIM3H- 
j ih k , a r o i i a  eqHMHii ^ o c h j i  i<HJiaMH3.

4- m  a c a JI a. AcocnAarH h k k h  6yp- 
q a r n ,  3C0CH 6 h ji3 h  6y aco cra  1 ymii" 
pHJiraH 63JI3HAJIHK h h f h h a h c h  SepHJi* 
raH yqfiypqaK h c s h f .

68 ’]



E q n m  (50-HH3Ma).
A  h  a  ji h  3. M a c a j ia ^ a  6epH JiraH  

m ap T Jia p ja H  A  Ba B  SypqaK Jiap  H3- 
j ia n ra H  ABC  yq6ypqaK H H H r iu s k j ih -  
h h ,  a c o c  6h ji3H  S s ji s h u j ih k  h h f h h a h c h  
a c a  6 y  yqSypqaK H H H r K a rra m rm n  
aHH^JiaftAH. ZleMSK, M a c a ra  K;yHHA3- 
r u  h k k h  ep ^av iqH  M a c a jia ra  a * p a ./ia -  
ah:

1. Z-A, /L B  =  / - B X 6epHJiraH; A B 1C1 yq6ypq3K n c a u i.
2 . A B 1C1 y qSypqaK K a y x u ia u i ,  a c o c n  Ba a c o c n r a  T yuinpH JiraH  63JiaH,u- 

j ih k  h h f h h a h c h  6epH JiraH  c +  hc — m K ecM ara  TeHr S y jira H  yqSypqaK  
s c a u i .

A B XCX y q 6 y p q a K H H H r Cx yqauan  TyiunpHJiraH 6 s ,/ I 3 h u ./ ih k h h  C1D 1 6 h -  
jiaH 6eJirHJiaHJiHK. A B XCX y q S y p q a K  H3JiaHaerraH y qgyp q aK K a yxuiaui 
6y;iraHH yqyH (tthHH A B X Cx cc ABC):

A B X CXDX ABX AB CXD X CD

1 +

AB

C\ DX

CD

A B X

CD

~M +  1 =*•

CXD X CD 

ABX +  CXD X

ABX — AB 

AB +  CD c +  hc
A B X 

ABX +  CXD X

AB

c +  hc

ABX c

By nponopuHHua c acoc HOMatnyM, yHH A B X - f  CXDV A B X, m  Kec- 
MaJiapra nponopunoHaji tvpthh^h KecMa CHtj^araAa TonHiu mymkhh.

H c a m .  1. HxraepHH AB  KecMaHH o jih 6 , 6epH JiraH  6ypqaKJiapra TeHr 
B XACX Ba CXBXA S y p q aK Jiap u n  HC3HMH3. A A B lC1 jtochji ^HJiaMH3. CxDx 
KecM a A B 1C1 yq S y p q aK  6ajiaHflJiHTHAHp.

2. B x Hy^TaHHiir yHr tomohhts CxDx =  BXE X KecM3HH i^yflMH3.
A B X =  A B X +  B XE X, Cx HyK,T3HH E x HyK.Ta 6 hji3H TyTamrapaMH3.

c +  hc m3 . A B X TyFpu qH3H^ y c r a r a  A  H y ^ ra f laH  6oiu«ia6 AE  
KeCMSHH I^yHH6, E  Hyi^T3HH T0II3MH3.

4. E  Hyi^T3 opK.ajm CXE X || E L  T yppn  qH3HK.HU yTK333MH3. By T y p p n  
HH3HK. ACX H yp 6man C HyK.Ta.ua KecHiua/iH .

5. C HyK.T3 OpK,3JlH CB  II CXBX yTK333MH3.
6. A B X T yFpu qH3H!  ̂ 6 h ji3 h CB  TyFpH qH3Hi^ B  Hyi^T3fla  KecHiuaflH. 

ABC  y q 6 y p q a K  H3JiaH raH  c jw y p a u H p .
H c 6 o t . H c a m r a  K ypa CAB  6ypqaK  6epH Jir3H A  6y p q 3KK3 TeH r,

CB || C,B, =>- Z_CBA =  ZJCXB X A. AABC co AA B XCX =>
CD AC A B + C D  ABX +  CXD X _ _  .

CXB X-.
AB

' ~MX : CD 
AB

M l  =
AE

A ACE cc A A C XE x =*>■

CXD X
A B + C D  

A B X +  CXD X

CXD X

a b  +  c d  a e
(1) B3 (2) £3H i4Bi +  QiD i = - J Y x

AC

- M l’
AC  .

“= ~MX 

A B t +  CXDX

(1 )

(2)

A E t
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U lyH H H r yqyH  AB  +  CD — m. IUyH-
A3H k,hjih6 , A ABC  MScajiaHHHr ^aM* 
Ma uiapTjiapHHH Ka h oaTJiaiiTHpaAH.

T  e  k  u j h  p  h  h i. fO ^ o p H A arn  1 —  6 
a c a u iJ ia p  6a>K apH ^raH .

A r a p  A, B  6y p q aK Jiap  h h f h h a h ­
c h  2 d A an k h ^ h k  6y jic a ,  M3C3Jia H ro- 
Ha eHHMra a r a  6yji3A H.

5 - m a  c  a  ji a . B epH JiraH  h k k h  Hyn;- 
TaAaH y T aA nraH  Ba 6epH JirsH  a ftjia- 

51- MH3Ma n a r a  ypHHaAHraH a f tj ia n a  flcajiCHH.
E q n m  (5l-qH3Ma).

A h  a  ji H 3 . B ep n jrraH  A, B  HyK TaJiapA an y r a S ,  6epH JiraH  S  ( 0 ,  R) 
a f ij is H s ra  ypHHaAHraH S x anJi3H 3 a c s j i r a n  i\e6 cpapas Kfljiammi. MHBep- 
c h h  MapK33H A e6 A (eKH B) H y ^ ra tiH  Ka6yJi k ;h jih6 , H xraepH H  psA H yc 
6HJiaH HHBepCHH U (A , r) aHJiaHSCHHH qH33MH3.

HHBepCHH 3HJi3H acH ra HHc6aT3H B Hyi^TaHH, S  Ba S x afljiaHaJiapHH
HHBepcHOH ajiM auiTH pnS, B' i iy i^ ra ,  S'  a ftjiaH a  Ba S'x T yFpn to 3 H ^ h h  xp - 

c h ji  i^HJiaMH3. O a p a 3r a  K ypa , H3JiaH raH  S x amana  6epnJirai-i i iy i^ ra -  
jiapAaH ym 6 , S  a ftjiaH ara  y p m ira i-iH  y q y H  S'x T yppn  qH3H^ 

^aM  B ’ i iy ^ ra A a n  y r a o ,  S '  a f tjia H a ra  ypiiHaAH. A eM aK , S ’x T y p p n  qH3H^- 

h h  «Ma"bJiyM B' Hyi^raAaH Ma-bJiyM S '  a f ij ia r ia ra  y p in iM a yTK33HHr» A eraH  
epAaM qn m s c s j is h h  e q n 5  TonaMH3, KeftiiH TonHJiraH  S'x h h  U r a  H H cS aran  

HHBepcHOH a.aMSLmnpnG, S x aM anam  Ton3MH3.
H c 3 H J  1. U (A, r) — HHBepCHfl 3HJ13H3CHHH qH33MH3.
2. B epH JiraH  B  H y n ja  Ba S  (0 , R) 3&ji3H3HH HHBepcHOH s jim s h it h - 

p n 6, B' Ba S '  afijiana iiH  x o c h ji  k h ji3m h3. , „
3. B' H y^T Sjia ii S '  aiuianara h k k h t s  S „  S x ypniiMaJiapHH yTK33a- 

MH3.
4 . ypHH M aJiapH H U  3fljI3H ara HHC6aTaH HHBepcHOH 3JIM3IHTHpH6, H3- 

J ia H ran  a fiJ iaH aJisp ra  a r a  6yji3MH3.

2 7 -  §. A jireS paH K  m ctoa

AfipHM k ohcipyK T H B  M aca jia jisp  6kji3H  h ih  K ypraH A s roi^opHAa 6aeH 
i^HJiHHraH MeTOAJiapAaH (fjoHAaJianHiu aH qa MypaKKaS.nauiaAH, 6a m h  M aca- 
j ia j ia p — MyaMMOJiapHH a ca  6y  MeTOAJiapAaH 4)ofiA aJiann6 :?$aji lyumiQ 6yJi- 
MafiAH. B yiiA afl ^oJiJiapA a M acaJiaAa 6epHJiraH a jieM em v iap  opacH A arn  
M yH oca6aT jiap  aHHiyi3HH6, HOMatJiyM ajieMeHT M3i>jiyM a /ieM em v rap  op- 
i^aJiH H(|)OAaJiaHaAH.

Arap 6 h pjih k  KecMa (y ay H Jiiira  6n p r a  TeHr KecM a) T3HJia6 ojiHHrsH 
C y jica , xap 6np KecMaHH onp jiiiK  KecMa fiHJiaH y jiq a6, yHHHr y3yHJinrHHH 
aHHI^JiaiHHH 6KJI3MH3, H3TH>K3A3 ^ a p  6 n p  KeCMa y3yHJIHrHHH Hf|)OAaJIOB- 
q n  M yc6aT c o h  ^ o c h j i  ^h jih h 3 a ,h .

MH3FHq Ba UHpKyjib epAaMHAa acaJiaA fira ri y u i6y  coAAa HcJJOAa^ap 
6HJian 6ep H Jiran  KecMa JispHH H cain 6HjuiaH m  y  f  y  ji ji a  h  3 h .t h  k  .
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1. x  — a +  b.
2. x  =  a —  b ( a >  b).

n
3 . x  =  —  a (ft, m — H a iy p a J i  

c o h )-

5 . x  — -\Z~a-b .

6. x  =  a2 +  b2.

7 . x  =  |/  a 2 —  62 . 

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

x  =  f fa b  o  —  =  —  •
x b

E q n m  (52-HH3Ma). H c a m .  I .  H xraepH H  T yrpn  qH3H ^ a  /4C  =  a , 
C B  =  b KecMaJiapHH a»cpaT3MH3.

2. y4B =  a  +  6  KecMaHH AH3M erp i^hjihS , apnM  a fijiaH a  mi3a- 
MH3.

3 . C  ny^Taaan A B  AnaMeTpra nepneHAHKyjiap yTK333MH3 Ba apHM 
afiji3H3 6hji3h KecnmrsH D  Hyi\T3HH TonaMHs. x — C D  H3JiaHr3ii KecM3 
6yji3AH. 

H c 6 o t .  A A C D w A B D C ,  6yHAaH: —  =  = —  =>- x  =
_________  CD CB x b

ab , x  =  V o ?  +  b2 KecMa KaTeTJispn a, b KecMaji3pr3 TeHr 6yjiraH 
T y rp n  SypnaKJiH y u S y p q aK  rm iO TeiiysaCH cu^amjxa  acsjraA H .

AjirefipaHK m ctoa 6HJiaH acsm ra Aoup MacsjiajispHH eTOiHAS roi^opHAa 
caH afi yTHJiraH s u r  coAAa H<j)oAajiap My^HM p o jib  ymaujiu. B y  MeTOA 
6HJI3H eHHJI3AHT3H M3C3JI3JI3pHH COAAa H(f)0A3 JlSpHHHr TOKJIH C0HA3TH 
KOM6HH3UHajiapHr3 KejirapnS enu.najiu.

IO^opHA3 Kypn6 yTHJirsH 6ap*ia ajire6p3HK Ht})0A3Ji3p 6 h tts  yMyMHH 
X0CC3T3 —  6np JKHHCJIHJIHK X0CC3CHT3 3T3 .

T  3 t> p  h  <j). A r a p  f ( x , y ,  . . .  , t )  (JiyHKUHa j^ap ^3H A aii M yc6aT  k  cohm  
yqyH  f (kx,  ky ,  . . .  kt)  — k nf  (x, ,  y ,  . .  . t)  m s p r a n  ^aH 03T Ji3H rapC 3, y  
x o jiA a  f  (x, y . . .  t)  d iyH K una ti yjm oBjiH 6 up  wcuhcau tpyHKt^un Ae6 3Ta- 
JI3AH. n — 1 6 y j ic s ,  6 n p  yJWOBjin 6 n p  jk h h c j ih  (^yH K m ia Ae6 aT3- 
JI3AH.

M H C 0 J i J i 3 p :  1. x  —  (a3 +  b3): (a2 —  b2).

k3 (a3 +  b3)
y  =  [{ka)3 +  (kb) 3} : [(ka)2 — (kb)2] =  fea (fl2 _  &2) =  kx. 

B y  H(|)0A3 6np yjmoBjiH 6np >khhcjihahp. 
2. x  — a3 —  S a b 2 —  2 b3 —  y 'i yjiqoBJiH 6np >khhcjih HtjjOAaAHp. 
M  a c  a ji 3, BepHJiraH y^SypqaKHHur acocnra napsjuieji 6ym 6, yHHHr 

I03HHH TeH r HKKHI'3 a>Kp3TyBqH TyFpH HH3H^ yTK33HHT,
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E q n m (53- qH3Ma). A h  a ji h  3. 
ABC  6e p n jira H  y q fiypqaK  Ba P Q —  H3* 
jia H ra n  Typpn qH3HK; jxe6  cj)apa3 k,h- 
Jia.MH3. y  x o .aaa :

...  ... .....  .
( 1)

2

T "
AB

S a a p q  AP-AQ
AC

HKKHHqn TOMOHflaH: - j p  =  • (2) 

AC ABa 2

53- HH3Ma

AB
( 1), (2) AaH: -jp  

SyHAaH
AQ APi 1

„ „  ,  f  /  A B \ i  ( AB \ 2 AB

A  V  ( ~ )  + ( ~ 2 7  ~ V T  '
AP  =  x, A B  =  c ae6 $ a p a 3 ^H JinH ca, H3/iaH raH  (jw rypaH H  flcau i x  =* 

c
*= KecMaHH a c a u ir a  KeJiTnpnJiaAH.

H e a r n .  1. AB  KecMaHH M  H y^TaA a TeH r HKKHra 6y;iaMH3.
2. Typpn SypqaK.an A N M  yqgypqaKHH acaHMH3: 

A N  =  AP  =  x  

3. Z3 nyi^TaaaH A B  TyFpn qH3HP^a napajuieji ^hjihQ yTKa3HJiraH PQ 
Typpn qn3Hi  ̂ imaHraH TyFpn qH3Hî  SyjiaAH. 

H c 6 o t .  Hcarnra Kypa M A  — M N;
________________ f  l  A B \ z  I AB  \2 AB c

A N = / M N * + M A *  = y  [ — J + ( — j  = f T ==f I ==A:-

T e K u i n p H i H .  M a c aJ ia  eqiiMH a o h m  MaB>KyA Ba aroHa.
H i j i o f l a H H  u n p K y j i b  B a  q h 3 f h q  B o c n T a c H f l a  a c a u i H n H r  

3 a p y p  B a  e T a p j i H  m a p T J i a p H .
TeopeMa. \Adpofl,am (KecMaHH) unpKyjib Ba qH3Fnq BOCHTacHAa acam  

yqyH 6 y KecMa y3VH.iHrn paunonaji coHJiap Ba 6epHJiraH KecMa yayiuiH- 
rn opi^ajiH qeKJin coHAarn paunoHaji aMajuiap epAaMHAa H^OAaJiaHraH Ba 
{jbai âT KBaApaT hjiah3 F^aTHauiran 6npnHqH Aapawa.™  6np m m c m  H(J>OAa 
Cyjinmn 3apyp Ba eTapjinAnp.

B y TeopeM a hc6 o th h h  KeJiTnpMaHMH3.

28- §. UwpKyjib Ba iih3fh4 epflaMHAa enHjiManAHraH KJiaccHK 
M a c a jia j ia p ra  M H cojuiap. M a c a jia J ia p H H  6om i^a  BOCHTajiap 6HjiaH 

eHHiu ^a^H A a T ym yH na

U ,npK yjib Ba qH3Fnq epAaMHAa S eB o en x a  e q n 6  SyjiM aiiAH raH KJiaccHK 
MacaJiaJiap 6miaH TaH nm nS qH^anjiHK. B y Jiap KydHH HKKHJiaHTHpHiu, 6yp- 
qaKHH yqT a TeH r KHCMra 6 y jiH iu  Ba A onpa  K B aA paTypacn M acaJiaJiapnA np. 
By MacaJiaJiapHH 6ouiK,a i^ypojuiap BocHTacHAa ennui MyMKHH. O lyH H H r- 
AeK, yjiapH H  m ip K y jib  Ba qH3FHq epAaMHAa T a^pnSaH  ennui ^aM  MyMKHH.
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KyfiHH HKKHJiaHTHpHiu M a c a J ia c n — i^aflHMrn rp e u H n ^ a H  Ma-bJiyM 6y ji-  
r a u  H caiu ra  a o h p  y^T a a c o c n f l  M acajiam iH r 6npnAnp.

M a c a J i a  (A e jio c  M a c a J i a c n ) .  )^a*M H  6epH JiraH  a y6  ^ j k m h a s h  
h k k h  MapTa K a n a  C yjiraH  Ky6 n caH r.

BepHJiraH KySHHHr ^wppacHHH a, acam m n  KepaK GyjiraH KySHHHr 
^HppacHHH x  6 m a n  6eJirHJiaftMH3. Macajia maprnra Kj/pa:

x 3 =  2 a 3.
B epH JiraH  Ky6HHHr ^nppacH H H  a =  1 fle6 oJicaK ,

X3 _  2 =  o

TeHrJiaMa j^ochji i^h jih h s a h .
A jireS p a jiaH  Ma^JiyMKH, 3H r KaTTa XflM oJiAHAarn K03;|xJ)HUHeHTH 1 r a  

TeH r, i^oJiraH K oai^H H H eH TJiapH  6yT yH  coHJiapA3H u S o p aT  6 n p  HOMatJiyM- 
jih  aJireC paH K  TeHrJiaMaHHHr paHHOHaJi HJiflH3JiapH $ a ^ a T  6yT yH  c o H jiap - 
A3H n 6 o p aT  6 y jia  o j ih ih h  dnJiaH  d n p ra ,  y j ia p  0303 ^ h u h t  S y jiy B q n jia p n  
T apK H finra KH pnura KepaK. JieKHH 2  c o h h h h h f  G yjiyB qnjiapH  (J ja ^ a r ±  1, 
± 2  coH Jiap^aH  n fiopaT  6 y jin 6 , y j ia p  TeHrJiaMaHH ^ a  11 oaT J ia h th p m 3 0 a h .

ZleM aK, x 3 —  2 =  0  TeHrJiaMa paHHOHaJi H Jiu ro J iap ra  a r a  3M ac, ht>hh 
KyfiHH HKKHJiaHTHpaiu M gcajiacH H H pKyjib Ba HH3F m  ep^aM H ua ^ a ji  
^ h j ih h m s h a h .  A m m o Macajia HHpKyjib Ba «H3FHq epA3MHAa t 3i^ph6h h  e w -  
JIMUH MyMKHH.

Macaji3H, KSTeTJiapn AC =  CB =  a  ra TeHr Tyfpn SypqaKJin y^6yp- 

qaK scaHMH3 (54-HH3Ma). AB  =  a V  2 ,  A D =  -g- A B  KecMaHH hc3hmh3i

y  i^ojiAa: DC = a  —  a ^~ 2 •

B D ~  / a 2+ D C 2 =  a  1 + ( l  —  } ^ 7 4  —  12 ^ 2

W  a - 1 ,2 5 8 6 .

B a^ojiaH K H : x  =  a j f  2 ~  1 ,25 .99  a .
By h k k h  coh  6 n p -  6HpHfl3H KaM cfiapi^ i^HJiaAH.
By MysMMOHH 6om i^a  B ocnTSJiap epAaMHAa ^aM ^ s ji s t h ih  MyMKHH.
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I l l y  M ai^cajifla h k k h  napadoJiaH H  o;iaMH3. y 2 =  2  ax, x 2 =  ay  napaG ojia- 
.nap 6epHJiraH  SyjiCHH (5 5 -  MH3Ma). ,

n a p a 6oJia/iapH H H r K ecn iu raH  Hyi^TajiapiiHHHr KoopAHHaTaJiapn y m 6y

y 2 — 2 ax,
x 2 =  ay

CHCTeMaAan ToriHJiaAH.

x l  —  2 a3 x  — 0 , x  (x3 —  2 a 3) =  0 ,

6yHflaH X[ == 0 , x2 =  a V~2 . B n p im ™  h j ia h 3 n a p a 6o.Jia.napHHHr KoopAHHa- 
T a/iap  SouiH flarH  yMyMHH Hyi^racHHHHr a C cn ,n ccac i» in  C epa^H , h k k h h i h  h ji- 

AH3 H3Jian raH  KecMaHH SepaAH, h t .h h  OB =  x  — a Y 2  —  ii3 J ian raH  Ky6- 
HHHr KKppacH SyjiaflH .

M  a c  a  ji a . V\xm epm  6ypnaKHH y m a  T e u r  t^HCMra 6yjiH Hr.
B y  MacajiaHH enHiu x 3 - f  px  +  q =  0 K y p u H H u i^a ra  y-m ii'iH  ^apa>Ka- 

j ih  TeHrjiaM aHHHr HJiAH3JiapHHH H ca iu ra  KejiTHpnjiaAH, 6y  TeH rjiaM a s e a  
pauHOHaJi HJiflH3ra a r a  6y jiraH A arH H a KBaApaT HJiAH3JiapAa enHJiaAH.

BepH JiraH  S ypnaK  KaTTajinrHHH a  6HJiaH, H3JiaHraH S y p n aK  KaTTaJiHra- 
h h  cp 6iiJiaH SejirHJiafiJiHK. a  =  3  q> SyjiaA H . M atJiyM K H ,

c o s  a — c o s  3  cp =  4  c o s 3 cp —  3  co s  cp.

B y  e p jia  c o s  a  h h  M atJiyM  Ae6 XHCoSjiaui MyMKHH, c o s  cp a c a  HOMav 
a x

.nyM. c o s  cc =  , c o s c p =  - j -  Aeo ojianjiH K , y  x;ojiAa io ^ o p n A a ra  T eH r­

jiaM a

x3 —  3 x  —  a =  0 (* )

KypHHHHiHH OJiaAH. B y  T eH rjiaM a h j ia h 3K hh m ip K y jib  Ba h h 3 fh h  6hjish 
s c a m  MyMKHH S M ac jin rn ra  6HTTa m h co ji K eJirapH Ui eTapjiHAHp. M acajiaH , 
a  =  60°, y  xo jiA a a =  1 SyjiaAH, TeH rjiaM a x 3 —  3 x —  1 =  0 KypHHHui- 
h h  araJiJiaHAH.

YHHuqH A apam ajiH  6y  TeH rjiaM a pauHOHaji HJiAH3ra a r a  aM ac, 6yHAaH 

a  =  60° SypqaKH H m -ipK yjib Ba nH3FHn epAaMHAa ynT a TeH r i^HCMra 6y - 
J iiu u  MyMKHH aM ac  A eraH  x y jio c a  i h i ^ a h .

LUyHAafl i^hjihS, Hxm epH H  6ypnaKHH y n T a  T e a r  i^HCMra GyjiHiu M aca- 
jiacuHH yMyMHH ^o jiA a  UHpKyjib Ba MH3FHH epAaMHAa e n n u i  MyMKHH aM ac 
A eraH  x y j io c a ra  KejiaMH3. JleKHH 6a’b3n x y c y c n n  xoJiJiapA a MacajiaHH

n n
UHpKyjib Ba mh3Fhii epAaMHAa e n n u i MyMKHH, nyHOHnn cc =  -j-> — ...........

n
2̂ -  (n —  6yTyH H aT ypaji c o h )  6y jic a , CyHAaft 6ypnaK jiapH H  UHpKyjib Ba 

nH3FHn epAaMHAa TeH r i^HCMJiapra 6y jm iu  MyMKHH. X a ^Hi^aTaH xaM , a  =*
J I  J I  I-----

=  - y , a  =  —  S y jiraH A a, m oc paB nuiA a a — 0 Ba a — V  2 6ym 6, (* ) 

TeH rjiaM a i^yHHAarn K ypH H H iura KejiaAH:

x 3 —  3  x  — 0, 

x 3 —  3 x  —  V J  = 0 .
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HKKHH'JHCHHHHT HJlAH3JiapH 3C3 X1 =  — Y 2  , *a,3 =  6

Arap u tip K y jib  Ba HKKHTa (A , B) H y ^ rac H  6eJirH JiaH raH  6np to m o h j ih  
^HSFH^flaH (|)OHflajiaHcaK, S y p q aK tm  TeHr y q r a  fiy jiH iu  m y m k h h  [18].

M yH xa3aM  K yn6ypqaK JiapH H  a c a iu  (aftjiaHaHH T eH r i^HCMJiapra C y jrn m ).
Y p i a  MaKTa6 reoM eTpnflCHAaH MyHT33aM y q 6ypqaK  Ba K B aA paran  n c a m  

y c y ju ia p n  M atJiyM , HiyHHHrAeK MyHT33aM n  S yp 'iaK  n c a m  M stJiyM  6y jic a , 
MyHT33aM 2  n dypqaKHH n c a u i  ^aM  M atJiyM .

U n p K y jib  Ba qH3FHH epaaM H /ia (n >  2 ) MyHTa3aM n 6ypqaKJiHK fleam  
MyMKHHMH, HtHH 3HJI3H3HH XaMMa B3K.T tl T3 TeHr 6yJI3KKa a>Kp3THIH 
MyMKHHMH A eraH  c3 B o jira  ^ y im fla rH  T eopeM a >K3bo6 6epam.

T a y c c  TeopeM acw . Arap n c o h h h h  ti =. 2m pl -p2. . . .  ps Ty6 K ynaft- 
TH pyB ^H .iapra a>KpaTHm m y m k h h  6y jic a , y  ^OJiAa u n p K y jib  Ba qn3FHq e p ­
AaMHAa MyHT33aM n  SypqaKHH h c s h j  (aHJiaH3HH n  T3 T eH r fiy jia K Jia p ra
aJKpaTHUl) MyMKHH.

B y  epA a m  m s h ^ h h  6yjiM 3r 3H 6yTyH c o h ji s p ,  Pv  p2, . . . ,  ps .nap 

2 aK +  1 KypHHHUUHAarH y 3a p o  T y6 x s p  x h ji  c o h j i s p  (2 2K -j- 1 —  <J>epM3HHHr 
Ty6 COHJiapl-I AeHHJI3AH).

1- m h c o j i .  m — 0 , S  — 1.

k  =  0 , 1, 3 , 4  6y j i r 3HAa pi m oc  psB iiu iA a 3 ,  5 , 17, 2 5 7 , 6 5 5 3 7  
r y 6 coHJiapHAHp. k  — 5  ^OJiAa pl ry6  c o h  6yjiMafiAH. 7  Ty6 c o h , JieKHH 
OepM3 Ty6 c o h h  9M3c . JXeuaK, u n p K y jib  bs iiH3rn q  epAaMHAa MyHT33aM 
7  6ypqaKJiHK s c a m  m y m k h h  3M ac.

2 - m h c o j i .  m  =  0 , s  =  2 , p l =  3 , p 2 =  5 .
U n p K y jib  Ba qH3FHq epASMHAa 15 SypqsKJiHKHH H cam  m y m k h h .
3 - m h c o j i .  3 6 0  =  2s’ 3 2- 5 .
B y  c o h  T a y c c  T eopeM acm iH  KaH03TJiaHTnpMaflAH (6y  c o h  e taJtM acH A a 

O epM aH H H r T y6 c o h h  3  h k k h  MapTa yqpaiiA H ). A ew aK , u n p K y jib  Ba hh3- 
fh h  epAaMHAa s h j i s h s h h  3 6 0  T3 TeH r SyjiaK K a a H p a r a u i  m y m k h h  3M ae, 
uiyHHH r yqyH  HHpKyjib Ba qH3FHq epAaMHAa 1° 6ypqaKHH a c a m  m y m k h h  
SMao.

Byjiap/iaH CHpnmncHHHHr HJiAH3Jiapn x1 =  0 , x2 ~ V  3 , x3 =  —  y~3l



nPOEKTHB TEO M ETPH H

II

VI B O B .  nPOEKTHB rEOMETPHfl ACOCJIAPH

2 9 - § .  E b k jih a  t c k h c j ih p h h h  xocM ac a jie M e H u ia p  6n j ia n  TyjiAHpHm

1. T y rp H  MH3H ^A arn  HyKTaHHHr 6n p  jk h h c jih  KOOpAHHaTajiapH,

E b k j ih a  TyFpH TO3HFHra AeKapT KOopAHHaTajiapn cncT eM acH  k h p h 'k h ji-  
ra H  SyJiCHH. Y  ^OJiAa T yF p n  «iH3H iyiarH  x a p  6up N  Hyi^Ta x  KaopAH- 
H a T ara  a r a  SyjiaA H . 3 h a h  S n r r a  x  c o h  ypH H ra  ^ y iiH A a rn  u i a p r a n  i^aHO* 
aTJ13HTHpyBHH HKKHT3 Xv  X2 COHJiapHH OJiaHJIHK:

B y  x v  x2 (x2 4= 0 ) coH Jisp N  Hyi^raHHHr 6np  jk h h c jih  KoopAHHaia- 
jiapn  AeHHJiaAH. xv  x2 (x2 =f= 0) coHJiap 6 epH JiraH  6y jica , N  Hyi^ra T yjin^ 
aHHKjJiaHaAH. JleKHH N  H y^Ta, a i h h  x  a6cmcca  depH/iraH  6y jic a , y  jjo jia s
N  Hy^T3HHHr 6np  }KHHCJIH K00PAHH3T3JI3PH 3HH^JI3HraH Re6 CyJIMaHAH!

(fjai^aT 6np  jk h h c jih  KoopAHH3T3JiapHHHr h h c 6 3 th  ~ ~  aHHi^JiaHraH, xo-

jioc . B o m ^aq a  aflTraHAa, a ra p  x v  x2 coH Jiap N  HyKTaHHHr 6np >khhcjth 
K oopA H H aT ajiapn 6y jica , y  xoJiAa Xx1 Ba Xx2 (k ¥= 0 —  H xraepH H  ^a- 
i^h^hh  coh ) coHJiap ^aM N  Hy^xaiiH aHHiyiaHAH. B y coH Jiap N  Hyi^ra- 
HHHT 6np 5KHHCJIH K00pAHH3TaJiapH 6 ym 6, N  {xv  x2) eKH N  (XyXj YSj- 
pHHHHIAa e3HJI3AH.

KDi^opHAa 6np  jk h h cjih  K oopA H H aT aJispra S e p n jira H  T a tp H ^ H n  yMy- 
MHHpoi^ S y jiraH  t  a  p  h cp 6nJiaH  ajiM auiTHpaM H3.

1) B np  Bai^TA3H0Jira TeH r 6yjiM 3raH xv  x2 coHJiap T y rp n  tiH3Hiyi,a (J>a- 
KST 6HTT3 N  (X{. X2) Hyi^T3HH aiiH ^jiafiA H .

2) X xv  X x2 coH Jiap (X =/= 0  —  HXTnepHH xa^H K ,™  c o h )  jjsm  (psi^aT N  ( x j  
2JCj) Hy^TaHH 3HHK,JiaHAH.

3) Xo ^  0  rnapTAa N  (x,:x2) HyKTa sG c h h c c sc h  x =  — a s h  HSopaT iry^ -
•*2

TaAHp.
4 ) A r a p x 2=  0  6y jic a ,  J V j ^ O )  Hy^TaHH T yp p n  qH3HKHHHr qeKCH3 y30n;- 

j ia m ra H  H yi^Tacn eKH xocMac (H oy3JiHK) n y ^ T a cH  AeS o jih 6 , N „  (x^O ) 
KypHHHHIA3 e3aMH3.

2. T eKHCjiHKAa 6 n p  jkh h cjih  AeKapT k o o pa h HaT a jiap H .
TeKHCJiHKAa A e n a p r  K oopA H H aT ajiapn cncT eM acH  KHpHTHJiraH SyJicH H . 

TeKHCJiHKAarn h x t h Sp h h  N  HyKTaHHHr KoopAHH3T3JiapH x, y  SyJicuH .
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HKKHTa x, y  coH Jiap  ypH H ra 6np Ba^TAa HOJira TeH r 6y jiM araH  Ba ^yftn- 
g a rH  xuapT.iapHH i^aHoaTJiaHTHpyBqn y q T a  x v  x2, xa ccawapHH ojiaftjiHK:

T  a  "b p  h  (f). (1 ) TeHrJiHKHH ^aHoaTJiaHTHpyBMH nxT nepH ft x v x 2, x 3 
(x3 *f* 0 ) coH Jiap  y q T a J in rn  N  H y ^ 'r a m m r  6n p  jk h h c j ih  AeKapT KoopAHi-ia- 
TaJiapH  AefiHJiaAn.

A rap x v  x2, x3 co H Jiap  N  H yi^raHH Hr 6n p  jk h h c j ih  KoopAHHaiajiapn 
6y j ic a ,  X x v  X x2, X x 3 (X =j'= 0 )  coH Jiap  ^aM  Tafcpntfira K ypa  m y  H y i^ra - 
HHHr 6n p  jk h h c jih  K oopA H H aTajiapn 6yjiaAH.

U lyH A aft k h j ih 6, H y^T aH iiH r 6n p  jk h h c j ih  K oopA H H aTajiapn c o iu ia p  
jrqTajiH K JiapH H H H rnponopn,H O H aji c m ^ m m  ^ o c h j i  \\vu\am- B y  chhc}) iV n y ^ -  
TaHHHr S u p  jk h h c j ih  K o o p A H H ais jiap n  6y j in 6, N  (xv  x2,x3) e m  N  (x±: 
I x 2. x 3) KypHHHmfla esn jiaA H .

M h c o j i .  A rap (1 :2 :  —  2) coHJiap yqTajinrn N  nyi^raHHHr KOopAHHa-

r a j i a p n  6y j ic a ,  ( - ^ - ,  1, —  1) eKH ( 2 , 4 , — 4) ,  m yHHHrAeK ( - 3 , - 6 ,  6)

co H Jiap  y q T S jm rn  jjaM N  iiy ^T aH H iir 6 n p  h h h c j i h  K oopA H H aTajiapn 6 y jia -  
AH. N  H V K Tannnr 6np > k h h cjih  S y jiM a ran  AeKapT K o o p A H iia ia jiap n :

X ^ ~ Y >  y  =■ —  i-

TeKHCJiHKAarn TyFpH hh3hi^ AeKapT K oopA H H aT ajiapn c n c T e M a c n ra  h h c - 
SaxaH

ax  -f- by  +  c =  0 (a =£ 0 ,b  0) ( 2)

qH3Hi^JiH TeHrJiaM a 6nJiaH  6epHJiaAH. B y  T eH rjiaM ara  x, y  HHHr (1 ) A a rn  
i^nftMaTjiapHHH î yhh6 ( x 3 ¥= 0  m apTHH s 'h r a S o p r a  ojihS), Ty rp n  qH3Hi -̂ 
HHHr 6n p  jkhhcjih K oopA H H aTajiapjiarH  y m 6y

axx +  bx2 +  cx j = = 0  (3 )

TeHrjiaM acHHH ^ o c h ji i^HJiaMro.

TeKHCJiHKAarn n x T n ep n n  T y rp n  ih s h i^  S npnH qn  Aapa>KajiH 6np > khhc- 
j ih  TeH rJiaM a opi^ajiH  H ^oaajiaH aA H  Ba aK cm iq a , H X Tnepnn SynAaft T eH r­
JiaM a TeKHCJiHKAarn 6 n p o p  T yrpH  qn3ni^ T eH rJiaM acn 6yjiaA H .

J \a p  6n p  ( x v  x 2, x 3) ( x 3 =h 0 ) coH Jiap y q i a j i n r n  (1 ) c fiopM yjiara  Ky­
p a  6n p  jkhhcjih 6y jiM araH  6np *y(f)T  x, y  KOopAHHaTaJiapHH, ht>hh 6 ht- 
Ta i-iy^TaHH aHH^JianAn.

JieKHH 6 n p  caKTAa HOJira T eH r 6 ^ jiM araH  xv  x 2, xs =  0  coH Jiap  y q - 
TaJiHrH (2 ) T y rp n  qn3Hi^Aa onpopTa xaM H y ^ ra im  3HHiyiaMaH,uH, h 'b h h  (x 1: 
x2:0) KOopAHiiaTaJin n y K ja  (2) TeHrJiaMaHH i^ a h o a tJ ia h tm p m a h a h . B yHA aft 
coH Jiap  yqTajiHrHHH qeKCH3 yaoK Jiam raH  H y i^ ra ra  eKH xo cM ac  H y ^ T a ra  
m oc KeJiaAH Ae6 inapTjiaiUHO 0JiaMH3 Ba N m (x1:x2:0) K ypuH H iujia 6 e J irn -  
JiaftMH3. T y r p n  liH3HKHHHr x o cM ac  Hyi^racH AaH 6o m K a 6 a p q a  H yK Tajiapii- 
h h  x o c  nyK T a^apH  AefiHJiaAH. JleK H ii N x  HyK.TaHHHr koopA H H aTajiapH  (3 ) 
TeHrJiaMaHH ^aH oaT JiaH rapH m H  m y m khh .

TyFpH  qH3HKHHiir 6n p  jk h h cjih  6 y jiM araH  TeHrjiaM acHAaH 6 n p  >k h h c -  
j ih  T eH TJiaM acnra yTHm  SnjiaH  6h3  ^ a p  6n p  T yppn  qH3H ^ a  xocMac n y ^ -  
T3HH K.ymaMH3.
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i_Li_ynAan l\MJIHO, TeKHCJIHKflarH X,ap 0Hp TyFpH HH3HK^a qeKCH3 y 3 0 I f  
j ia m ra H  eKH xo cM ac  H y ^ T an n  k ^ 'iu k S , K eiiraH T npH JiraH  eBK/iHA T^FpH «ih- 
8HFHHH j^ochji K,HJiaMH3 . ByHAaft T^ppH iih3hk; npoeKtnue mijFpu nu3ur$ pp. 
HHJiaflH [28].

Arap 6npop N  (xx: x 2: x3) ny^TaiiHHr ynHMH KoopAHHaTacH x 3 Hojira 
TeHr 6y jiM aca , 6y H y^TS x o c  n y ^ T a  SyjiaA H , a r a p  H y^raH H H r yqajia K oop- 
AHHaTacHHH 6Hpop k ¥= 0 c o H ra  KynaHTHpcaK, nua my Hyi<;TaHH ^ochji 
i^HJiaMH3. S h a h  (1 ) TeHrJiHKKa 3 t> th 6 o p  6epaHJiHK.

Arap: a) x x — 0  6yjica, x — 0  6yjniS, op^HHaiaJiap y^H^a eTyBHH xoo 
HyK,Tara, 6) x2 =  0  Sy.ica, y  =  0  6 ym 6 , a6cuncca y^H^a eTyBHH xoq 
Hy^Tara ara 6yjiaMH3.

AeMaK, (0 :1 :0 )  Ba ( 1 :0 :0 )  Hyi^rajiap moc paBHmaa opflHhaTa Ba a6c- 
UHCca y iy iapH A a eTyBHH x o cM ac  H yi^raJiapA H p.

T a Tj p h tj3. XocMac ny^Tajiap 6m a n  TyjiAHpHJiraH eBKJiHA tckhcjih- 
th h h  KeHraHTnpHJiraH eBKJiHA TeKHCJiHrH eKH npoenm ue memcAUK  flefln- 
^a^H [28.]

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

Ebkjiha (JmocHfla iieKapx KoopAHHaiajiapH cncTeMacH GepHJiraH 6 f j i -  
chh. MxTHepnH N  ny^ ra  6y  CHdeMara HHc6aTaH x, y ,z  KoopflHHaTaJiap- 
ra ara SyjiaAH. KjHHAara TeHrjiHK 6njiaH aHHiyiaHraH

( 1)  j
x 4 x4 Xi

T y p r r a  xv  x2, x v  xt  c o h h h  ojianjiH K .
T a  "b p h  ({). ( 1) TeHrJiHKHH ^aHoaTjiaHTHpyBHH H x ra e p n f t xv  x2, x s,

(xi =/= 0 ) T y p r r a  c o h  c Jm o A a ra  N  iiy ^ T a H H u r S u p  jk h h c j ih  A eKapT Koop* 
AHHaTa.aapn AeftHJiaAH.

A eM aK , (jmoflarH H y ^ ran H H r 6n p  jk h h c j ih  Koop.HHHaTa.iapH 6ap  
M3TJIH aHHiyiaHMaHAH. A ra p  {xv  x 2, x 3, x 4) HyK/raHHHr 6up > k h h cjih  KoopAH- 
Harajiapn 6yjica , y  %0Jiaa Tatpncjira Kypa k x v  k x 2, k  x „  k  x 4 (X ^  0) 
c o H Jia p  xaM ym a HyKTaHHHr 6np > k h h cjih  KoopAHHaTajiapHAHp. A eK a p T  
K oopA H H aT ajiapn CHCTeM acnra HHcSaTaH t c k h c j ih k

ax by  +  cz +  d  =  0 (a  ¥= 0, b =?& 0, c =£ 0)

r e n r . ia M a  gHJiaH H({)o,naJiaH3AH. By T eH rJiaM aA ara x, y , z  k o o p a h h aiajiap- 
" h h  (1 ) Hcj)Ofla,naH (jxsftjiaJiaHHS Ba x± ¥= 0 aKaHJinrHHH atTH O  o p r a  o jih 6, 

6n p  jk h h c j ih  K oopA HHaTajiap 6 h ji3 h  aJiM am TH pcaK , HH3HiyiH 6n p  k h h c j i h

ax i - f  by2 +  cx3 +  dx4 =  0 (2)

TeKHCJiHK T eH rji3M acH r3 a r a  6yji3M H3.
A eM 3K, 4)a30/ia  t 6k h c jih k  6n p  * h h c j i h  HH3H^JTH TeH rjiaM a fiHJiaH 6epa* 

jia^H.

O a 3 0 A 3 rn  T yppn TO3H^ aca (2) K ypH HHU iiarH h k k h t 3  6n p  jk h h c j ih  ik *
; T eH rjiaM ajiap  cncT ew acH  6n jiaH  SepHJia^H:

(a ^y  +  btx 2 +  C^x, - f  d ^ i  =  0
[ a ^  +  b2x  a +  c2x3 +  dsx4 =  0. ,
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C oH Jiap  (xv  x2, x3, x4) (Xi ■=£-■ 0 ) T y p u iH r n r a  <\mom  an n p ; 6n p  i iy i^ ra  
Moc KeJia^H. x4 — 0  x o jiA a x t, x2, x 3, x 4 coH Jiap  T y p T J in rn ra  eBKJiHA <j>a- 
g o c ia a  6n p o p T a  xaM  iiy i^ ra  m oc KeJiMaftAH. B yH A aii coH Jiap  T y p T J in rn ra  
( a ra p  ^aM M acn 6np B a^T ^a  HOJira r e u r  6y jm a c a )  xocM ac eKH ieKCH3 y 3 0 ^ - 
j ia m r a n  n y K ja  m oc KeJiaAn a c 6 afiTHuiHH m ap T Jiam n S  ojiaMH3.

Bwp jk h h c jih  K oopA H H aT ajiapn (2 ) TeHrJiaM aHH i\a H o a T J ian ra p y B Lin  npoeK - 
t h b  (|ja30A arH  6 a p q a  i-iy ^T a.iap  TynJiaMHHH TeKHCJiHK A e6, (3) T eH rjiaM a- 
jiapHH i^anoaTJiaHTHpyB'iH 6 a p n a  n y K ja j ia p  TynJiaMHHH a c a  npoeKTHB <})a30- 
A a rn  T y rp n  hhshk  Ae6 aS m jiaA H ,

E b k j ih a  c jiasocnA arn  T y rp n  qH3H ^n n  x o cM ac  Hyi^Ta 6 n jiaH , x;ap 6 n p
TeKHCJIHKHH XOCMaC TyFpH MH3HK, 6nJiaH , f|)a30HH aca XOCMaC TeKHCJiHK 
finjiaH  TyjiAH pnS, npoeKTHB c})a30HH x;ochji ^H Jia\iH 3 [2 8 ] .

31-§. npoeKTHB TeKHCJiHK

1. EBKJin;iHHHr K enranT H pH jiraH  TeKHCjinrHAarn xo cM ac  ajieM eH Tjiap

E b k jih a  T eK ncjin rnA arH  x o cM ac  Hyi^xaJiap T atpncjjH A an i^ynnA arH  m t h - 
jKaJiapH n iiHKapaMH3:

1 - T eopeM a. E b k jih a  T eK ncjin rH A arn  6 a p n a  xo cM ac  H y ^ T a J ia p n n h r  r e o -  
MeTpnK ypHH x o cM ac  T y rp n  r a 3 m y w p .

H  c  6 o  t .  Xta ^ H ^ a ia H  xaM , x 3 — 0  T eH rJiaM ann TeKHCJinKHHHr >’3ra p y B - 
m  K O op A n n aT ajiap n ra  H H cS ara ii 6n p h h h h  A a p a m a jin  TeH rJiaM a c n t jm n A a  
p a p a in  MyMKHH. B u pn im H  Aapa>Kajin SyH A an TeH rJiaM a T y p p n  h h s h ^ h h  
aHHi^JiaraHH c a 6a 6j in , x 3 =  0  TeH rJiaM a T y p p n  qH3H ^ T enrjiaM acnA H p. B y  
T y p p n  *iH3Hi^HHHr j^aMMa H y ^ r a j ia p n  TeKHCJinKHHHr S a p ^ a  x o cM ac  H y i^ ra - 
JiapnHH y3  Hiin r a  ojiaAH, 

2 - T eopeM a. TeKncjiHKHHHr >^ap 6 n p  x o cM ac  TyFpH lin3HFH (jra^aT 6 h t- 
Ta xo cM ac  H y i^ ra ra  a r a .  

H  c  6 o  t .  x 3 — 0  uiapTA a: 

ax1 +  bx2 =5 0 

TeHrJiaMaHH ^ o c h ji  i^HJiaMH3, 6yHAaHi 

x l : x 2 =  — —  Ba x t — kb, x.2 =  — ka.
a

a¥= 0, b ■= 0 >{oji y q y H  x t =  0 , x 2 ¥= 0 ,  x3 =  0  r a ,  h ih h  opAHHaTaJiap 

^ H A a r H  xocM ac H y ^ r a r a  a r a  6yjiaM H3. 

b =£ 0 ^oJiA a (2) AaH
a

x 2 • x 1 -------  ̂

aHH^ i^HHMaTra a r a  6yjiaM H3.
3-TeopeMa. TeKHCJiHKAarn ^aM M a n a p a ju ie j i  

6nTTa yMyMHH xocM ac H yi^Tara a r a .
H g 6 o t .  X.a^HK.aTan JjaM, T y rp n  TO H ^H H H r 

k  « *  y  r a  T eH r, 6yHH a v r n S o p r a  o j ih 6, (2) 

f e n u i  MyMKHH:

jta : x x — k.

T y p p n  tiHJHJyiap 4)a^ aT

6ypqaK KoacJjcjjnuHeHTH 

(J)opMy.iaHn ^yflHAarnqa
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•HeuaK, TyFpn HH3H^HHHr xocM ac Hyi^Tacn yHHHr 6ypnaK K034xbH.  
UHeHTHHHHr SepHJiHiim Sn^aH t^jim^  amuyiaHaflH. Ilapa.aJTe^ TyFpn «m. 
3Hi^jiapHHHr 6ypqan Kos^mtHeHTJiapH y3apo TeHr.

2 . Y k HyKTaHHHr KojunHHeapjiHK m apTH  Ba TyFpH h h3 hi^ TeH r^aM acH  
TyFpH 4B3HK, KOOpflHHaTaJiapH.

TeKHCJiHKKa KoopflHHaTa/iapH 6HJiaH CepHJiraH A(ax : a 2 : a )̂, B(b1 j 
: b2 : bs), C (cj: c2 : a s) ynra HyKTaHHHr KOJuiHHeap/iHK mapTHHH aHHtyiaft- 

J1HK.
By Hyi^TajiapHHHr 

axx - f  bx2 +  cx3 =  0
TyFpH HH3Hiyia erHixiH yqyH 

aax - f  ba2 +  ca9 =  0, 
abt +  bb2 - f  cb3 — 0, 
acx +  bc2 +  cc3 =  0

(3)

(4)

mapTJiap 6a>KapHJiHiiiH KepaK.
A r a p  (4) TeHrjiaMaJiap CHCTeMacHHH K,aHoaTJiaHTHpyBTO Ba 6 ap  Ba^iy 

fla HOJira TeHr GyjiMaraH a, b, c coHJiap M aB w ya 6 y;ica , y  A, B,
C  H y^Tajiap opi^ajiH yTyBHH Typpn HH3H  ̂ M a B *yfl GyjiaflH. (4) TeHrjiaMa 
s e a  a, b, c Jiapra HucCaTaH 6np jk h h cjih  TeHrJiaMaJiap cncTeMacH C yjira- 
hh y n y n  j^aMMa ebi^t HOJJb enHMra a ra , JieKim m apTra K ypa a, b, c Jiap 
6np BaK,Tfla HOJira TeHr 3 Mac, u iy  ca6 a6 jm  6 y  CHCTeMaHHHr ho/i/wh 6om- 
i^a enHMra a ra  fiyjiHiuH yqyH  (4) CHCTeMa K0 9 (})(J)Hii,HeHT^apHflaH Ty3HJi- 
raH  KeTepMHuaHT HOJira T eu r 6yjiH uiH  KepaK:

b1
a2

C2
0 . (5)

M3/ianraH rnapT my^Hp.
3 h a h  6 h3 HKKHTa A ^  : a 2 : a3), B{b1 : b2 : f>3) n y ^ r a  o p ^ a jm  j/TyBHH

TyFpH HH3HI^ TeHTJiaMaCHHH Ty3aflJIHK.
AB  T yppn «iH3Hiyia eTyBHH H xraepH H  X{xx : x2 : x3) Hy^TaHH 0JiaMH3.

(5) TeHr îHKHH i<,yjuia6,

bi b2 b,j
=  0 (6)

HH eKH

«3
K

ci j a3 
b3 | x2 + a 1 ° 2\x  - 0

HH ^OCHJI K,HJiaMH3.
By TtHrjiaMaHHHr Koscjx^HUHemTiapH 6np Ba^T^a HOJira T ea r SMao, 

qyHKH B. TeHrjiaM a KoatJxjjHUHeHTJiapuhH moc paBHUifla uv  uit u9 
Chjkih 6ejirHJia6, KVHHflarma e3aMH3:

l̂X% *"1~ U2X2 UqX3 —• 0# (7)



T  a  t  p  h  <f). B n p  BaK,T7i,a HOJira TeHr S y v m araH  ( « , :  u2 : u3) coH Jiap  
yqTa^HK.aapi!HHHr nponopmionaji chhcJjh TyFpH KoopzwHara.aapn eKH
TyFpH HH3iii^HHHr maHeemfuaA K00pduH.ama.Aapu fleflHJiaan.

(7 ) TeHrJiaMaHH c h m b o ju ik  KypHHiiniAa K y iiH A a rira  & hlu MyMKHH:

ux =  0 . (8)

(6) Aa AeTepMHHaHT Ho.ira TeHr, JieKHH A  =£ B , rnyHHHr yqyH AeTepMH- 
HaHTHHHr h k k h h m h  Ba yMHHHH carp jiapH .ua  T y p raH  3JieM eHTjiap n p o n o p - 
U noH aji 3 Mac. B h p h h h h  caT p  a jieM eH uiapuH H  i^ o jira n  caT p  3JieMeHTJiapH 
Op^aJlH HH3HiyiH H(})OAaJiaiIi MyMKHH:

X j  =  aa,  +  P & ! ,
x 2 =  aa2 - f  P&2, (9)
x 3 =  aa3 +  p & 3 .

B y  TehrjiaMaj]ap Typpn HH3HKHHHr napaMeTpHK TeHrjiaMSJiapn AefiH- 
jiaAH. B y  Tenr/iaMa^apHH chmeojihk paBHiiiAa y u i6y  KypHHHiiiAa esHin 
MyMKHH:

X  =  a  /4 +  P B. (10)

B u p  wytjyr ( a : P) co h h h h f Typjw ^HHMauiapura A B  Tyrpn qii3H^HHHr 
TypjiH Hyi^TajiapH moc KeJiaAH, jjckhh x.ap 6« p  >Ky(j)T ( a : P) ra A B  TyF­
pH qn3Hiyia 6nrTa nyKTa moc KeJiaAH.

3 2 - § .  npoeKTHB TyrpH MH3HK Ba TeKHCjlHKHHHr TOnOJIOrHK T y 3HJIHlilH

B h3 KIKjOpHAa TyFpH HH3HÎ  Ba eBKJIHA TeKncjmrnra yjiaprom r XOCMaC 
SJieMehT/iapHun Kyuinf), npoeKTH B Tyrpn qn3HK Ba npoeKTHB TeKucjiHKHHiir 
KvyjiaH e a s u r  coAAa MOAejuiapHHH KypraH 3Ahk . B y jia p  ^ypnjinmn MyMKHH 
fiyjiraH MO/iejuiapuaH CuTTacn, x o jio c .

3 hah npoeKTHB TyrpH qH3Hi  ̂ Ba 
npoeKTHB TeKHCJiHKjiapHHHr Ky3ra h x - 
ihh KypnuaAHraH nraKjiAsra, 3HT coa- 
Aa TonojiorHK SKBHBajieHTJiapHAaH 
CnpHHH, 5itHn MOAejuiapHAaH 6npn- 
hh TouaftjiHK. LOy ca6a6jiH npoeK­
THB <fia30Aa HKHHJIHK TyUjyHqaCHHH 
KHpHT3MH3. FIpoeKTHB (J)a30A3rH X(x,
: x 2 : x 3 : Xi) HyivraJiapHH Hr aTpcx|)H 

Ae6
I * i —  y v I <  e, \ x 2 —  y 2 1 <  e, 56- qH3Ma

U s  — i/s, l < e >  | * 4 —  «/41 <  e 
uiapTHH K,aHoaTJiaHTHpyBHH 6a p q a  y  (y, : y 2 : y 3 : ih) H yi^raJiap  T y n jiaM n ra  
aftTHJiaAH. A r a p  e  e ia p jm q a  khm hk c o h  6y jic a , Y  nyK jaH H  X  H y i^ ra ra  
HK.HH nyi^Ta Ae6 aHTHJiaAH.

X O Y  TeKHCJiHTHAa CTyBMH x 2 +  {y —  l)2 =  1 (y <  1) apnM afijiaHanH 
ojih6, yHHHr Hy^TaJiapmiH 0 t MapK33A3H OX  y ^ a  npoeKUHHJiafiMH3 
(56-HH3Ma). OX  yK,HH npoeKTHB Tyrpn qH3Hi  ̂ Ae6 i^apacaK, ( 1 : 0 : 0) 
Hyi^Ta yHHHr qeKCH3 y 3 0 iy ia m ra H  H y ^ T acn  CynaAH. B y  T y rp n  qH3iny iaH
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6 n p  jkhhcjih  ̂ 1,0, - i- j  K oopO TH aTaJiapra a r a  d y jira H  H yi^ra  [ x  | oo

uiapT^a qeKCH3 y30iyiamraH Hy^Tara w y a a  hî hh 6 y m w -  By sea  apHM 
afljiaHaHHHr qeTKH Hy^raJiapnHH Snrra Hy^Ta ae6 ^ncofijiamra hmkoh 
6epaflH; 6y Hy^TaHH Ox y iw a ra  neKCH3 y30iyiamraH ny^Tara moc Kejia- 
AH ae6 ^ncoSjiacaK, Typpn «ih3h^hh npiiM aa/iaHara MapKa3nft npoeKimn- 
jianiHH monoJiozuK aKCAa.Hmupu.iu flefi papain MyMKHH.

IUyHflafi Kflm 6, TonojiorH K  aK C jiaH Tnpnm  npoeKTHB Typpn l«i3HKtHH 
q e T jiap n  ycTM a-ycT  TyuiHpHJiraH ennt^ s r p n  qnsnK fta  aKCJiaHTnpaAn. AeM aK, 
npoeKTHB Typpn mh3hk; e n n ^  s r p n  q n 3 H ^ a ,  M acajiaH , a f tj ia H a ra  T onojiorH K  
3KBnBaJieHTKnp.

fO ^ o p H K a rn ra  y x m a m  M y^oKaM a k>phth6, npoeKTHB TeKHCJiHKKa t o -  
n o Jio rn K  3KBHBaJieHT 4>nrypaH n T onaftjinK . ByHHHr y q y H  (J)a30fla

x 2 +  </2 + ( z - l ) 2 =  l ( 2 < 1 )

HpHM ccjjepann  o jihS , yHHHr fin p o p  H y^T acnflaH  SKBaTop TeK H C Jinrnra 
n a p a ju ie j i  k ;h jih6  ypnH M a X O Y  T eK ncjinrnH H  yTK33aMH3. X O Y  TeKHCJiHK 
Hy^TajiapHHH O x MapKa3A3H HpHM cc{)epara npoeKnnHJiaftM H3. U iy  TeK nc- 
jiH K flarn  ^ a p  6 n p  T yFpn HH3Hi$ K a n a  npnM  a ftjiaH a ra  aKCJiaHazm (57-4H 3- 
M a). T y p p n  nn3H^HHHr xocM ac  H y ^ T acn , KaTTa HpHM aftjiaH a n eT jiap n - 
r a ,  ht>hh sK BaTopuH H r flnaM eT paji ^ a p a M a -^ a p m n  nKKHTa H y ^ r a c n r a  
aKcjiaH aA H. A n a M e x p a ji i^apaM a-K apm n Hyi^TajiapHH aftHaH 6 n r r a  Hyi^Ta 
f le 6  ^HCo6jiaftM H3. A eM aK , X O Y  TeKncjiHFHHHHr xocM aG T yp p n  m h3hfh 
3KBaTopHHHr o6pa3H  6yjiaA H .

H pnM  c(J)epaHH x  =  ±  s  TeK ncjinK  6m an  K eccaK , npnM  cerM eH T jiap  
j^och ji 6yjiaA,n. B y  npnM  cerMeHTJiapHHHr SK BaTopnaJi neKKajiapnHH rnyH- 
Aaft finpJiamTHpaftjiHKKH, KnaM eTpaji ^ a p a M a -^ a p m n  H yi^raJiap  ycT M a-y cT  
TymcHH ( 5 7 -a q iB M a), y  xojiAa 6h3 f lo n p a r a  (K O H ycra) TonojiorHK 3 k b h -  
BajieHT 6y j i r a n  T y jin ^  c e r M e m r a  3 r a  6yjiaM H 3. HpHM c(J>epaHHHr K pjiraH  
i^h cm h h h , Hi)HH x = ± e  o p acH A arn  ^ h c m h h h  TonojiorH K  aJiM am T npnm  e p A a ­
MHAa H H rm K a T yppn  fiypnaK jin  TypxC ypnaK K a y T n m n n n  TacaB B yp ^ h j ih iu  
k h h h h  3M ac (5 7 -6  nn3M a).

AnaM eTpaJi ^apaM a-^apm n Hy^Tajiap N  Hyi^TaHn M '  n yivra  finjiaH, M  
Hyi^TaHn N '  HyK,Ta SnjiaH  y cT M a-ycT  T y m aA n raH  i^h jihS  T ^p p n  T ypT fiyp-
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qaKHHHr N N '  t o m o h h h h  M ' M  to m o h h  6HJiaH ejinM JiacaK , Me6yc eciparu 
pp6  aT a jia flH ran  cn p T  j^och ji SyjiaAH. By CHpTHHHr q e r a  T yppn  T y p T g y p - 
qaKHHHr KeTMa-KeT JK o iu iam raH  M N  Ba N 'M '  TOMOHJiapnAan n S o p a r  
(5 7 -e  ™ 3M a). M e 6y c  B apapn  6n p  to m o h j ih  cnpTA Hp.

X,aKHK,aTaH ^ aM , a r a p  cnpT H H H r A  n y K j a c n r a  y T K a 3HJiraH n o p M a m iH  

nyHKTHp qH3H^ b y  m m  c h jp k h t h S, K ,aih 'aA aH  A  H y i^ r a r a  K e J ir a p c a K , H op- 

M aJib OJiAHHra a fi j ia H n m r a  i^ ap aM a-K ap iiiH  H y H a jin m r a  a r a  S y jia A H .

T y J in ^  cerMeHTHH (A o n p a ra  eKH K o n y c ra  T orio jio rnK  SKBHBaJienT 6yji- 
raH ) M e d y c  E ap ap H ra  eJiHMJiaS, npoeKTHB TeKncjiHKKa T onojiorH K  s k b h -  
BaJieHT 6y„nraH enni^  c n p r r a  a r a  6yjiaM H3, 5H>hh a c o c n  M e 6y c  B apapnA aii 
tifiopaT  KOHyc c n p r r a  a r a  6yjiaM H3.

33-§. TeKHCjiHKaarH npoeKTHB K00pAHHaTajiap Ba npoeKTHB aJiMauiTHpHiu

npoeK T H B  TeKHCJlHK^a HyK TaHH H rG up JKHHCJ1H Xv X2, x3 KOODAHIia- 
TajiapHflaH  cjjofiAajiai-mo, n y ^T an H H r npoeKTHB K oopA H H aT ajiapn T y m y n q a -  
c h h h  KHpmaM H3. TeKHCJiHKAarn i iy ^ 'r a m in r  npoeKTHB K oopA H H aT ajiapn 
A e6 p^yHHAarnqa HtpoAaJiaHaAHraH x[, x'2, x ’3 c o H Jia p ra  an ra jiaA H :

X\ Q11 X\ °12 X2 fl13 X3'
x2 =  a2l x x +  a22 x2 +  a23 xv  A =

X3 ~  fl31 Xl “I-  a32 X2 a33 X3‘

an al2 a l3

a2l a22 a23 
a3l a32 a33

( 1>

H yi^TariH H r 6n p  jk h h c j ih  K oopA H H aTajiapn 6n p  Bai^TAa HOJira T eH r 
6yJiraHHAeK, npoeKTHB K oopA H H aTajiapn xaM  6n p  B a:^tA a HOJira T eH r 
6yjiM anAH. Arap x l —  H y^TaH H iir npoeKTHB K oopA H H aT ajiapn 6y jic a , 'Kx'i,
K #  0, J^aM m y  i iy ^ T a n iiH r  npoeKTHB K oopA H H aTajiapn 6yjiaAH.

TeKHCJiHKAarn T yppn  MH3HK; npoeKTHB koopA H H aTajiap  o p ^ a j in  qn3HKJiR 
TeH rJiaM a fiHJian GepnjiaAH. ^ a i ^ a T a H  xaM , (1 ) cjjopM y.najiarn x. J ia p n n  

x\ opi^ajiH H(poAajia6, T yppn  q ro w ^H H iir yM yM nn T eH rJiaM acnra  K yiicaK ( 

x. r a  HHcfiaTaii qH3HiyiH TeHrJiaM a ^ o c h ji  6yjiaAH .

ripoeKTHB KoopAHHaTajiap opi^ajin qn3HKJiH x \ — 0, x ’2 =  0 , x ’3 — O' 
TeHrjiaMajiap 6njiaH 6epHJiraH TyFpn qH3niyiap Koopdunam myrpu hu3u^- 
Jiap AefinJiaAH.

Y q jia p n  6y  TyppH qm H K JiapA a exyB^H  yqgypqaK H H  Koopdunam yn6yp- 
w k  AeftnJiaAH Ba A x A 2 A 3 finJian  
GejirnJiaHaAH. By y q fiy p q aK  y q jia p n  
ym 6y > 4 , ( 1 : 0 : 0 ) ,  A t (0 : 1:  0), 
v43 ( 0 : 0 : 1 )  K oopA H H aT aJiapra a r a ;
( 1 : 1 : 1 )  K oopA HHaTajin H y ^ ra  6up- 
Jiuk nyt^ma AeiinJiaAH Ba E  6nJiaH 
C ejirn jiaH aA n (58-qH 3M a).

TeKHCJiHKAarn 6 h p  H y^T aA aa yT- 
MaHAHran H x ra e p n n  yqT a TyppH qn - 
bhi^hh Koopdunam HU3UKAap, 6y Typ- 
pH qH3H ^.iapAa eTManAHraH n x r a e -  
P h h  H y ^ r a n n  a c a  6upauk ny^m a  Ae6 
o jin m  m v m k h h .
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XaiyiK-aiaH xaM,

a i l  X l ^  a i2 X 2 a i3 X 3 ^ (2)

y m a  T yppn  hh3hi^ TeHrJiaM acH 6 y jicn H . Y rn S y  ({rapMyjia epAaMHAa HHrn 
x\ KOOpAHIiaTa/iapHH KHpHTaHJIHK-.

X i  ~  ^ ' i ( a i[ X 1 a i2  X 2 a i 3 X ^ '

By HHrn KoopAHHaTaJiap cncTeMacnAa depH JiraH  (2) T yppn q n sH iy iap  
KoopflHHaT HH3Hi^jiap 6yjiaAH, qyHKH x\ =  0 .  B e p n J ira H  (x , : x 2 : x 3) nyi^- 

Ta HHni KoopjiHHaTajTap cncTeM acH A a fm p m iK  n y ^ r a  SyjiaA H raH  k h j ih 6
KynaHTyBqnHH m yHAaft T a iu ia6  0JiaMH3KH, x[  =  1 SyjiaAH.

UJyHAaft khjih6, xap yqTacn 6np TyFpn m-ism^a eTMaftflnraH A v A 2, 
A 3, E  Hyi^TaJiapHHHr SepnJiHiHH SnjraH TeKncjiHKAa npoeKTHB KoopAHHa- 
Tajiap cncTeMacH a m ^ m n a m ,  6ynn 6ra R  =  (Av  A 2, A 3,E)  KypHHHiima 
6e jirH Jia0MH3 Ba npoeKmue penep jieo ^aM  arm u m .  Typpn qH3H ^ a r H  
npoeKTHB KoopAHHaTajiap cncTeMacH A v A 2, E  Hy^iajrapiiHHr 6epHJiHiiiH 
finJian aHHiyiaHaAH.

TeKHCJiHK^arH 6n p  npoeKTHB KoopAHHaTaJiap CHcreMacHAaH h k k h h h h  
npoeKTHB KOOpAHHaTa^apra yTHm  (|)0pM yjiacH  KypHHHiu W H^aTA ah (1) cjjop- 
M yjiaAaH 4)aP ^  i^HJiMaftAH. X a i ^ a i a H ,  x.  6h p  jk h h c j ih  K oopA HHaTajiap- 

AaH x\ npoeKTHB K oopA H H aT a^apra  y r a r n  (1 ) 4)opM yjiaAaH x t JiapHH T o n n6, x l 

6n p  > khhcjih  KoopAHHaTajiap AaH x\ npoeKTHB KoopAHHaiajiapra yTHm 
cjjopMyjracH

r a  KyftcaK, y  ^ o jm a  x\ npoeKTHB K oopA H H aiajiapA aH  x. K oopA HHaTajiap- 

r a  yTHHi cjjopM yjiacHra a r a  6yjiaM H 3. By cjiop.viyjia TauiKH KypHHHiun >kh- 
^ a ra A a H  (1 ) a s h  cjjapi^ ^HjiMafiAH.

Typpn HH3H^Aarn npoeKTHB ajiM aiuTH pH in y m fiy  4>opM yjia 6n^aH  6e- 
pHJiaAn:

npoeK T H B  aJlMaUITHpHHJHHHr (1) (j)OpMyjiaCHHH CHMBOJIHK paBHUIAa 
K yH H A araqa e3aMH3:

TeK HC^H KAarn npoeK TH B  ajiM auiTH pH m ra TecKapH ajiM auiT H pH iH  ^aM  
npoeK TH B  aJiMauiTHpHHJ 6yjiH iU H  paB uuaH . K eT M a-K eT  fiaw apH JiraH  h k k h t 3  
npoeK T H B  ajiMauiTHpHiiiHHHr KynafiTM acH HHa npoeK TH B  a jiM am rH p n m  6 y - 
jiaAH. K ^cs^ana  k h j ih S  am ranA a, npoeK TH B  ajiM am T H pH H U iap rp y n n aH H  
TaiHKHJI l^HJiaAH. n p o e K T H B  a.TMaillTHpHLUAa TeKHCJiHK TeKHCJiHKKa, TyFpH 
MH3H^ T yFpn n H 3 H ^ a  y raA H .

TeKHCJiHKAa m yHAaft npoeKTHB ajiM auiTH pH uuiap xaM  SopK n, y j ia p :
a) Hyi^TaHH ny^rara, TyFpH mhshkhh Typpn HH3Hî K,a yw asaA H . ByH- 

A an  aJiMauiTHpHOJJiap KOAAuneai^usi aeflHJiaAH;

X i  a i \  X \ “t-  a i2 X 2 a i3 X 3

(3)

X ' = A X ,  A = \ \ a . i \\. (4)
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6) HyK.TaHH TyppH q n 3H i^ a ,  TyppH TO3h i^hh  H y K ja ra  y iK a 3a/iH . Byn- 
jxaft aJiMauiTHpHiHJiap KoppeAnqun jxem .iajm .

TeKHCJiHKAarn KOJiJiHHeanHflJiap TynjiaM H rp y n n aH H  TauiKHJi lyuiaA H . 
JieKHH K oppejiauH fljiap  TynjiaM H r p y n n a  TauiKHJi ^ h jim 3 h a h , ^ h k h  h k k h  
KoppeJiHUHH KynaiiTMaCH KoppeJiflUHH 6yjiMaiiAH (cfiasoAa KoppeJiflUHfi: 
Hy«;Ta ■*— ► tc k h c j ih k ) .

34- §. npoeKTHB ajiM auiTHpHuira MHcojuiap

1. TOMOjiorHn. IlpoeK THB TeKncJiHKAa 6n p o p  s TyppH qn3H^HHHr ^ a p  
6n p  Hyi^TacHHH y 3-y 3H ra yTKa3yB qn KOJiJiHHeanHfl S e p n jira H  SyjiCHH. ByH - 
Aaft KOJiJiHHeauHH aoMoAoeun, 6y  TyFpH qH3Hi^ a c a  zomoaozuh yi<,u A eftn- 
jiaAH.

ToM o^orH fiH H Ba yHHHr xoccajiapH H H  y p raH H iu  yqyH  aHajiHTHK y c y ji-  
AaH cj)0HAajiaHaMH3. B yH H H r yqyH  npoeKTHB KoopA HHaTajiap cncTeM acHHH 
m yH A afl TaH Jiad ojiaftjiHKKH, A v A 2 H y i^ ra jiap  s TyFpH q ra H iy ia  ercHH , y  
^OJiAa s T yFpn qH3HKj T eH rjiaM acn: x3 =  0 .

(1) npoeKTHB ajiMaiHTHpHUi A ^ \ : 0  : 0 ) Ba /12(0 : 1 : 0) H yi^rajiapH H  
m oc paBHHiAa A[(a'u : a2 l : a3l), A'2 (a[2 : a 22: a32) H y ^ T a jia p ra  yTK333AH. 

T a tp H c fira  K y p a  s  T y p p n  q n 3H^HHHr C apqa Hyi^TaJiapH i $ 3FajiM ac H y^T a- 
j ia p ,  inyHHHr yqyH  A l — A[, A 2 — A 2, fiyHAan:

^21 ^31 =  ^12 ’== ^32 “  (5 )

npoeK T H B  ajiMaiHTHpHiu £ 3 ( 1 : 1 : 0 )  Hyi^raHH, (5 ) h h  s tT H fio p ra  q ji-  
c a n ,  E'3 ( a „  : a 22: 0 )  H y ^ a r a  yTK a33AH. T a -b p n ^ ra  K y p a  E3 =  E'3, dyHAaH

an  *=> a22.

T oHHJiraH  K03(|xJ)HHHeHTJiapHH 3 3 - § A a r n  (1 ) r a  i $ h h 6 , y m 6y  4>opMy- 
j ia r a  a r a  6yji3MH3:

X,  “  Cl, j X,  -J- fljg  X3,

x'2 =  a n x2 +  a23x3, (6)
x3 =» a33 x3.

B y  roMOJiorHH (jropMyjiacHAHp. 3 h a h  r 0M0Ji onw H H H r s TyppH qH3H^- 
Aa CTM3HAHraH S o n in a  n;y3FajiM3C n y ^T a cH  MaB>KyA 6y jiH iu -6y jiM a c jm n n m  
TeKinHpaftjiHK. ByiiAaft Hyj^ra 0  (xt : x2 : x3) m sb jk y a  SyjiCHH, y  ^ o j ia s  6y  
iiy i^ra  yqyH

x\ =  Xxv  x'2 — Xx2, x3 =  Xx3

TeH rjiH K jiap 6a>KapHJiaAH. B y i^nftMaTJiapHH (6) T eH rJiaM ara  ^ y ifr i6 , y u i6y  
TeHTJiaM aJiap cncTeM acHHH ^ o c h j i  K;HJiaMH3:

(A a ll)x l ^13*3 —  0,

(X —  an )x 2 — a 2.6x3 =  0 , (7)
(X a S3)x 3 =  0 .

K jSFajiM ac O H yi^ra  s  T yppn  qH3Hiyia c tm sh a h , inyHHH r y q y H  x 3 ¥= 0 ,  
6yiiA 3H X — a3r X an  6yjiC 3 , i^ o jira n  h k k h  TeHrJiHKAaH
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h h  xpcivi KH.ia.MH3. LQyuflaH  k ii 'ih S , X =£ 0 .^OJiAa roM O Jiornfl s y i ^ a  
eTMaflAHi a ii (J)a^aT S n r r a  i^y3F a /i\ia c  0 ( a 13: a 23: X — au ) H yi^T sra  ara 
CvJiaflH  Ba 6y nyK /ra eoMOAoeun Mapm3u jxem naw . A r a p  X =  an  6y ji-  
c a ,  r 0M0Ji0rHHHHHr jjaMM a ^ y s ra j iM a c  H yi^rajiapH  r 0M0Ji0rHH yKHAa e ra ^ H . 

ToMOJicrHH KyHHiiarH T y p jia p ra  f iy jin n a jH :
1) roM cyionifl MapK33H roMOJiorna yKH^a m ia c a  (a  ¥= a u ), fiyH^sn 

roMOJiorHH eunep6oAUK eoMOAOZun n em n a m .
2) 0  Hv^Ta s yi^fla erca ( X =  an ), 6y xojiAara roMOJiorna tiapa- 

6oauk somoaosuh deuuAadu.
T o m o jio fh h  MapK33H 0  H y n ^a , s  yi^ Ba s y i ^ a  eTM anflH rsH  6n p  *yc})T A, 

A'  n y ^ T a J ia p  f iep u jrca  (0, A, A '  H y i^ ra jia p  K o /iJ iim eap ), roM O Jio rna  6n p  
s^HHMaTJiH aHH^nanaAH.

2 . Mh bo jiio u h h .
T  a i. p  h  cf). TyFpH  4H3H i^ a rH  noaiiH aH  H xraepH H  npoeKTHB ajm aiH TH - 

p n u j  y3HHHHr TecKapH ajiMauiTHpHuiH 6HJiaH S u p  x h ji  6y jic a  ( $ a p ^  i^hji- 
M aca), SyH A aii ajiMauiTHpHiH uhboawi{uoh aAMcaumupuiu eKH uh80ak>huh
jjpm jiam .

TyFpH qH3H^^ara npoeKTHB /  aJiMamrapHiii

x'  = axx + bx2, (8)
x'2 =  cx.2 +  dx2

4>opM yjia 6n jiaH  oepH JiraH fiy jicH H . T a tp H t^ r a  K ypa f  =  / - 1  n i a p r  6ajK apH - 
jih ix ih  KepaK, fi"bHh f - r 1 =  ea f i Ha H ajiM auiTH pnui 6yjiHiHH KepaK. (8) ajiM aui-

THpHIUHHHr M3TpHU,aCHHH A = a b 
c d SnJiaH  dejirH JiaiiJiiiK . AjiMauiTHpHiH

a b \\ 1a b a2 +  be ab +  bd
c d i i i c d ac +  dc cb +  d2

aHHuft aJiMaiHTHpHiu 6yjiHixiH yqyH

a — d, b — c =  0

m apT  6amapHJiHHiH KepaK .
npoeK TH B  ajiM3uiTHpHiHHH K y n aH rap H u m a  yjiapH H H r M 3T pnuaJiapH H H  

Kyn3HTHpHUl JI03HM:

A  . A =

AjiM auiTH pH uiJiap KynaiiTM acH a fm a n  ajiMauiTHpHiH 6 v jih iu h  yqyH  j^ochji 
KHJiH H ran K eiiH Hru MaTpnuaHHHF 6 o u i flH aroH aJiH /ia T ypraH  3JieM eHTJiap 
6H p -0 H p H ra  TeH r SyjuiiU H , i^o Jiran  9JieM eHTJiap s e a  HOJira T eH r S yjinu iH  
K epaK , H tHii:

b (a +  d) =  0, 
c (a +  d) = 0 ,

(ia —  d) (a +  d) =  0.

Arap a +  d #  0 6y jic a ,  b — c — 0, a — d 6ym 6,  aflHaH ajiM auiTH- 
p n u i r a  a r a  6yjiaM H3.



a  +  d  =  0  C y jiraH fla  h h b o j i io u h o h  aJiM auiT H pnm ra a r a  6yjiaM H3. 
IU yH A an ^ h j ih 6 , h h b o jh o u h ji  y u i6y  <j)opMyjia dHJiaH HtJioAajiaHaAH:

== aXj +  ex2 , 
x 2 =  cx j —  a x 2 . (9 )

3 h a h  6h3  HHBOJHOUHHHHHr i^y3FaJiMac Hy^TaJiapiiH H  Tonafl/iHK. B yH H H r 
y q y H

Xj =  pxx , x'2 =  p x 2

u iap T  6a>KapHJiHuiH KepaK. B y  KHHMaTjiapHH (9 ) cfjopiviyjiara ^ ym 6 ,  ym6y 
6up j k h h c j ih  T eH raaM ajiap  c n cT eM acH ra  a r a  6 y j im m ’-

(p  —  a) x 1 —  bx2 =  0 ,
—  cxl +  (p  +  a) x 2 — 0.

B y  T eH rjiaM ajiap  cn cT eM acu  HOJiAan (JiapiyiH eqH M ra a ra  6yjim iiH  y q y H

uiapT GajKapH/iHUiH KepaK, dyHAaH:

p 2 —  a 2 — b e  =  0 , 

p  =  +  a 2 -f- be.
~~ H h b o jh o u h h h h h p  K yfiH A ara T y p jia p n  MaBJKyn:

1) a 2 +  be <  0  ^ o jiA a  h h b o jh o u h h  K,y3FajiM ac n y ^ T a r a  a r a  d y jiM a ft/u u  
B y H ^ aft h h b o jiio u h h  SAmnmuK uMOAtot^iiR n e m n a w ,

2 ) a? +  b c >  0  ^onua h h b o jiio u h h  HKKHTa ^yaFaJivrac  iiy^T ara  a r a  
6yjiaAn. ByHAafl h h b o j i io u h h  eunepOoAUK uhboawi^uh AenHJiaAn;

3 ) a2 +  be =  0  ^ o j ^ a  h h b o jiio u h h  6HTTa K$3FaJiM ac h y i^T ara  a r a  6yvia- 
AH. B y  HHBOJIIOUHHHH napd6 0 AUK UH60AK)l{UR fleHHJiaAH.

3 5 -  §. TeKHCjiHKAa AyaJiJJHK ( hkkh  rap a^ jia iv ia jiH K ) npHH uHnn

IlpoeKTHB reoMeTpHHHHHr acocHH cjjaKTOpJiapHAaH 6npH SyjiraH AyaJi- 
jihk npHHUHHHra TyxTajinS yTaMH3. TeKHCJiHKAa TernuiJiHJiHK aKCHOMajiapn 
H(J)OAaJiaHHmHra ysrapHiu khphthS, aHAHJiHKAa TerHuuiH (eTaAH, K apam Jin) 
TepMHHH ypHHra «HHUHAeHT» TepMHHHHH HIUJiaTaMH3.

Ix. HKKHTa A, B  Hyi^ra yqyH yjiapHHHr >^ap Cnpwra hhuhacht S y jirau  
TyppH qH3Hi^ MaE>KyA.

II2. H kkhts a, b T y rp n  q r o n ^  yqyH  yjiapHHHr ^ap fiHpnra HHUHAeHT 
6yjiraH Hyi^Ta MaBHcyA.

B y  aKCHOMaJiapAa «i-iy^Ta» cy3HHH «TyrpH  qH3Hî » c y 3H 6HJiaH, «T yFp» 
qH3Hî » c y 3HHH aca «ny^Ta» cy3H 6uJiau aJiM auiTHpcaK, I, aKCHOMa AaH I2, 
I2 aKCHOMaAaH aca Ij aKCHOMaHH xochji iy-uiaMH3. AeMaK, Ix, I2 aKCH- 
OMaJiap y3apo Mynocu6  >KyMJiajiapAHp.

npoeK T H B  TeKHCJiHKAarn h k k h j ih k  npHHUHnn ^yH H A arnA an n 6opaT : Arap  
npoeKTHB TeKHCJiHK ajieM eHTJiapH —  H y^Ta Ba TyppH qH3HiyiapHHHr (6o f-  
JiaHHHiJinrH) HHUHAeHTJinrn TepMHHHAa Hf})OAa a ra J ira H  6npop >KyMJia ypHH- 
j ih  6y jic a , y  ^o jiA a  «Hyi\Ta» cy3H ypHHAa «TyppH q n 3n ^ »  cy3H HuiJiaTHJi- 
r a n  Ba aKCHHqa, «T yppn hhshk,* cy3H ypHHAa «nyi^Ta» cy3H H iuJiaraJiraH  
6o m ^ a  iKyMJia (S h p h h h h  JKyM Jiara M yH ocnS) ^ a \ i  ypiiHJiH 6yJiaAH. H k k h j ih k
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npHHUHriH e y f im a  6 n p -  6 n p n r a  moc KeJiyBqn w yM ^a^apH H H r 6 h p h h h  H c 6 o r -  
J ia rn  eTapJiH ^H p.

T a i p n i } ) .  Bnp Typpn qn3Hiyia eTMaft/wraH yqTa Hyiyra Ba ^ap hkkh 
Hynja op^ajiH yiaAnraH yqTa TyFpn 4H3HK^aH n6opar cjwrypa y* yn/iUK 
{TpexBepxuHHHHK) /ie6 aTaJiaAH.

By yqT a iiyj^Ta y q  yqjiHKHHHr y q jiap n , yqTa T yp p n  qH3H^ a c a  yHHHr 
TOMOH.napH AennJiaAH.

i l e a a p r  T eo peM ajiapn . 1. A ra p  ABC  Ba A 'B 'C  AaH aS o p aT  h k -  
KHTa y q  yqjiHKHHHr m oc yq jiap iiH n  SHpJiaiUTHpyBqH T yFpn iH3H ^./iap 6n p o p  
5  H yi^Ta^aii y r c a ,  y  ^oA H a 6y  yq  yq.raK .nap m oc TOMOHJiapHHHHr K ecH iu- 
ra H  yqT a H y ^T acn  6m T a  TyFpH qnsHKAa eTaAH.

H c 6 o t .  Y q  yqjiHKHHHF moc yqjiapnHn 6np.:iauiTHpyBMH TyFpn qn3HK[- 
Jiap S  Hy^Ta^an yTCHH (59-qn3Ma), BC Ba B'C', AC  Ba A 'C ,  AB  Ba 
A ’B'  TOMOHJiapH aca moc paBHUiAa P, Q, R Hy^TajiapAa kcchujchh. Bnp 
TyFpH qH3Hiyia erraHH yqyH S, A, A' ny^ra/iap ^aM, S, B, B' HyK/rajiap 
^aM, S, C, C  Hy^TaJiap ^aM KOJMHHeap Syjia/yi, 3 1 -  § A3™  (1 0 ) cjiop- 
Myjiara Kypa ^yHHAarnJiapiin & a  o/ia\in3:

5  =  A. A -f- V  A',
S  =  (i B  +  p / B ' ,
S  = v C  +  v ' C ',  (1 )

6yHAaH:

u  B — v  C  = v '  C ' - n ' B '  
v C  —  X A  = 1 '  A '  — v' C'
XA  —  i i B = \ i '  B' —  V  A!

P  HyKTa BC  Ba B' C' T yFpn q n 3HiyiapAa eiaA H , AeMaK, P  =  BC f] B'C'-, 
xyAAH u iy u r a  y x m a u i Q =  AC  (1 A ' C ,  R  — AB f] A ' B ' . (2) AaH 
P  +  Q +  R  — 0 TeHrjinKHH x o c h /i  i\H^iaMH3. By a c a  P, Q, R  H yi^raJiap - 
h h h t  KOJiJiHHeap.THrnHH 6ujifl,upaRn, AeMaK, y j ia p  CnTTa TyFpH qn3H iy ia  
e ra / iH .

2 .  Arap ABC, A ' B' C' y q  yq/inK jiapHHH r m oc  TOMOHJiapa K ecn m raH  
yqT a H y ^ 'ia  6 n p  T yppn  qn3H iyia e rc a ,  y  ^ o j i^ a  y q  yqjinK JiapH H H r m oc y q -  
J ia p aa H  Cnpjiam TH pyB qH  yqTa Typpn qn3H^ 6 a p  H y^T a^aH  yTaA n.

Z le 3aprH H H r 2- T eopeM acnH n 1- T eo p eM acn ^ an  h k k h j ih k  n p n u H n iin ra  c y n -  
HH6 ^OCHJI ^HJIHUI MyMKHH.

i t e a p r  TeopeM acH Aa aHTHJiraH S  Hy^TaHH ABC  Ba A' B' C' y q  y q - 
jinK jiapH H H r nepcneKTHB MapKa3H, s T yppn hhshkhh  a c a  nepcneKTHB y ^ n  
A e im jiaA a . B y jiap H n  a tT n S o p r a  ojihS, A e 3 a p r  TeopeM acnH H ^ y n n f la r n q a  
H(j)OAaJiaai MyMKnH.

T eopeM a. HKKHTa y q  yq jinK  nepcneKTHB M apK a3ra a r a  6 y jiH m n  yqyH 
y /ia p  nepcneKTHB y i ^ a  a r a  6y Jin u jn  3 a p y p  Ba eT ap jin A n p .

3 6 -  §. T ypT T a Hy^TaHHHr MypaKKaS (K.ytu, aHrapMOHHK) HHc6aTH

1. npoeK T H B  T yppn  qnaniyja npoeKTHB KoopAHHaTaJiap cncTeMacn s a  
fienrmu  TapraSAa fiepnJiraH TypTTa A, B, C, D ojiaiijiHK, By
n y iy ra j ia p  npoeKTHB KoopAHHaTaJiap cncTeMacura m ic S a ia H  A (x{. x 2), 
B  (yv y 2), C (z{. z2), D (t{. t2) KQopAHHarajiapra ara achjihk.

=  P,
=  Q, (2)
=  R .
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Typrra A, B, C, D  Hy^raHHiir
M ypaKKa6 H n c S a ra  Ae6

Xx x2 y i y 2
Zx *2 1̂ 2̂
x t x 2 </l i/2
ti Z1 Z2

(ABCD) =

co H ra  aim iJiaA H . \\u o \m a
(AC) (BD)

(ABCD) = (AD) (B C )’ 59- qH3Ma

6y  epA a (xy)  C e jirn , X , y  H yi^raJiapHHH r KoopA HHaTajiapHA an Ty3H Jiran  
HKKHmH T a p ra 6jiH AeTepMHHaHTJiap. 3 1 - § f l a r n  (9 ) Ba (1 0 ) cfiopM yjiajiapHH
3-bTH6opra ojihG , C, D H yf^rajiapH H  A, B  ny^T aJiapiiH H P h h3h k jih  k o m - 
6hH3U,HHCH KypHHHIUHAa e3HUI MyMKHHI

C =  A  +  X B,
D =  A  +  [x B

§k h  napaM eipH K  (jJopM a^a:

Zj =  x x -f- X ?/j, 11 — Xj "f-jxt/i,

“  *2 ^  i /2» 2̂ ~  *2 M1 1/2*

By n^OAaJiapHH M ypaKKaS HHc6a r  4>opM yjiacH ra K.ynnS TonaM H3t

C4BCD) =  — .
F1

1 - TeopeM a. T y p r r a  Hyi^raHHHr M ypaKKa6 H H cS ara  npoeKTHB koopA H ­
H aTajiap cncTeM acHHH TaHJiafi o jm u ira  6o fjih i^  a w a c .

H c 6 o t . KoopA HHaTajiapHH Hr s c k h  cncT eM acnA aH  HH ra cn cT eM acH ra
^THIH

x '  =  A x  (4)

(JjopM yjia opi^aJTH aM aJira  om npH JiraH  6yjicH H . 
y  ^OJiAa

x ' =  Ax, z ' =  Az, 
y ' — Ay, t ’ =  Af,

G ynA an

z ~  A z  — A (x -f- Xy) — A x  -j- Xxy — x ' Xy , 
t' =  A t — A  (x +  Xy) =  A x  +  XAy  =  x '  +  [xj/.

IIIyH A aft i^h jih6, C , D  n y ^T a jiap H H iir s c k h  K oopA H H aTajiapn A, B  nyi^- 
Ta/iapH H H r s c k h  KoopA HHaTajiapn opi^aJiH ^aHA aft (j)opM yjia epAaMHAa 
H(j)oAa;iaHraH o y jic a , C, D  H y^TaJiapH H H r m ru  K oopA H H aT ajiapn ^aM  A,  
B  pyi^TaHHHr a u r a  KoopA H H aTajiapn o p ^ a j in  u iyH A an (JiopM yjia 6nJiaH .n(j)o - 
A ajiaH aA n.

A eM aK . A, B, C, D H y^TajiapH H H r HH ra K o o p A nnaT aJiapnA arH  M ypaK- 
X

Ka6 HHcGaiH J ja M ------ r a  TeH r SyjiaA H .
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2 -TeopeMa. Typrra HyKTanimr M ypaKKa6 Hnc6aTH npoeKTHB aJiMaiimi- 
p n u iA a  y 3rapM aftflH .

B y  npoeKTHB ajiM auiTH pnm  A, B, C, D  Hyi^rajiapH H  A', B', C', D’ 
n y ^ T a J ia p ra  y r a a s c a ,  y  x .o jiua

(ABCD) =  (A’B'C'D')  (5)
A eraH  m stjH o h h  G m m p a w -

B y  TeopeM aHHHr hc.6oth  O JU im ru  TeopeM aiiH H r hc(5o t h a 3 h  pacMHH pa- 
BHLUfla tfiap ^  KHJIM3HAH.

3- T eopeM a. MapK33HH npoeKUHHJiauiAa TypTTa Hy^T3HHHr MypaKKaS 
H H c6 a ra  y3rapM afiAH .

H  c  6  o  t .  npoeK TH B  TeKHCjiHKAa HKKma T y rp n  'IH3HK; Ba 6 y  T y rp n  hh- 
s in y iap A a  eTM3HAnr3H 5  H y n ja  S e p iu irsH  6 y jic iiH . B u p im ™  T yrpH  h h - 
3HKA3H HXTIiepHH TypTTa A, B, C, D Hy^TSHH 0JIIl6, yjI3pHH 5  H y^T a 
GnjiaH TyTauiTHpaMH3, ^ o c h ji  6 y jir3 H  T yFpu qH3Hi^Jiap HKKHHqn T y rp n  hh  - 
3HKHH MOC P3BHHIA3 A v B v  Cv Dx Hyi^T3JI3pA3 KeC3AH. B y  HyK;TaJI3pHH 
A, B, C, D  HyKT3Ji3pHHi-ir HKKHHqn T yppn qH3HKAara Ma.pKa.3Uti, npoen-
u,uhcu AeHHJiSAH (60-qH 3M a).

B n p n H q n  T yppn  qH3W^ uxx x +  u2x 2 +  uHx3 =  0  TeHrJiaM a SHJiaH 6epi-iJi- 
raH SyjicH H . K oopA H H ar A ,A 2A3 yqgypqaKAa A 3 — S  6y jin 6 , A lt A 2 
Hyi^Tajiap HKKHHqn T yppn  qn3n^A a c t c h h ,  y  j jo j ia s  6y  T yppn  qnsnK; T eH r- 
JiaMacH x 3 =  0 KypnHHHiAa 6y j ia a n .

Xj ==Xii Xĉ  = :  *3 d^X^ ~f" bxX2 “f-  C\Xq
<J)opMyjia 6HJI3H 6epH Jir3H  npoeKTHB aJiM suiTH pnui 5  Hyi^Ta op^aJiH  yTyB- 
HH qH3HK,JiapHH y3rapTHpM3HflH, « a* i  +  U2X2 +  U3X3 =  0  TyppH qH3HKAa

CTyBqn TypTTa A, B, C, D  Hy^TaHH 
m oc paBHuiAa x3 =  0  TyppH qnsHK^Aa 
CTyBqn (yjiapH H H r npoeK H najiapH ) Alt 
B L, A 2i D j  ny i^T S Jiap ra  yTK333AH.

npoeKTHB sjiMauiTHpnuiAa TypTTa 
H y ^ T aH n u r Myp3KKa6 H H cS ara  y 3 ra p -  
M acjiH rn  yqyH:

( A B C D ) = ( A 1B1A i Di).
TeKHCjiHKAa e r a S ,  5  H y i^ra  opK,a- 

jih  yTyB qn TypTTa a, b, o, d T yppn
60- qH3Ma HH3H^HHHr M ypaKKaS H H c6 a ra  Ae6 6y

TypTTa TyppH  qH3H^HH HXTHepnfl 
qH3Hi^ SnJiaH K ecraH A a ^ o c h ji  6 y j i r a n  A, B, C, D  Hy^TaJiapHHH r MypaK* 
K36 HHC63THr3 aHTHJI3AH:

(a bed)  = ( A B C  D).  (6 )

MapK33HH npoeKHHHJiaHiAa TypTT3 Hy^TaHHHr M ypaK K a6 HHcfiara y3- 
rsp M sra H J in rn  c a 6 a 6 jin  TypTTa T yppn qn3H^HHHr M ypaKKa6 HHcdara KecyB- 
hh  qn3Hi^ Ba3HHTHra 6 o fjih k  6yjiM anA H.

4- T eopeM a. T ypTT a Hyi^raHHHr M ypaKKaS h h c S s th  coAAa HHc6aTJi3p 
opi^3JiH y m 6 y  <J)opMyji3 B h jish  ncj)OAa k;hjihh3A h:

( A B C D )  = - (ABCL  m  
’ (ABD) ‘ (?)
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H  c  6  o  t .  K enraH T H pH /rraH  e w m n  T yppn HH3HFHfla 6 n p  jk h h c j ih  AeKapT 
KoopHHHaTaJiapHHur R =  {Aloo A yE\  C H creM acn Ba TypTTa x o c  A, B, C, 
D  iiy i\T aJiap  SepH JiraH  6yj\cun. B y  n y ^ ia .a a p  R  p e n e p r a  HHc6aTaH A  (x: l ) ,

X
B (y  : 1), C (z : 1), D ( t : 1) (x =  — -  , . . . )  KoopAHHarsjiapra ara 6y;ia-

x 2
Ah. B y  Hyi^TajiapHHHr MypaKKao h hc63T h  (1 ) <i>opMy;iar3 K ypa:

(ABCD) =  {X~  Z) . (8)
(x - t ) (y - z ) (8)

B n p  jk h h c jih  6y ;iM araH  AeKapT K ocp.iH H aTa.aap OHCTeMaciira n n c S a ia H  
A (x), B (y), C (2 ), D (t) K oopA H H aT a/iapra  a r a  6 }\.ic h h .

(ABC) =  X, ~AC =  X CB, X =  - - - --  ;
y  —  z

t —  X(ABD) =  u, A D = X D B ,  |x
y  —  t

( ABC)  (z — x) ( y — t) ( x — z)  ( y — t)

(ABD) (t — x ) ( y  — z ) ( x — t ) ( y  — z)

Arap A,  B, C HyKjajiap xoc nyKTaJiap 6ymi6, Da0 ( t : 0) xocMac 
Hyi^Ta 6yjica, y ^ o j i a s

(ABCD,„) =  ...=  - £ n i_  =  _  (ABC).
v (—0  (y — z) y - z  v '

IUyHflaft k h j ih 6, KeHrafiiHpHJiraH eBK^Hfl T y rp n  qH3HFHAarn TypTTa 
Hyi^TaAaH 6h p h h h h  y m 'a c n  x o c  H y K ja /ia p  6 y m 6 ,  TypiHHHH ny^T acH  x o c ­
Mac nyK T a 6yjica, TypTTa Hy^ranHHr MypaKKaS h h c 6 3 th  6upumH ym a  
Hyi^Ta o a a h h  HHcSaTHHHHr T ecK apn H iuopacH  Cn.iaH o^H tiraH H ra  T eH r.

2. Mypai<i<a6 iiwcGaT xocca.napw . Bnp T y rp n  4H3HKA3 eTyBHH TypTTa 
HyKTaiiHHr M ypaKKaS HHc6a r a  ^yHHAarH x o c c a .ia p r a  a r a .

1. M ypaK K ao  H H cfia iA arn  H y ^ T a .ia p m iH r 6h p h h h h  Ba h k k h h 4 i i  >i<yt})T- 
jiapHHHHr ypH H .iapniiH  a .iM a u ira p ca K , M ypaKK ao HH coax ^ h h m 3 th  y sra p *  
Man a h :

v =  (ABCD) =  (CDAB).
X aK H ^aTaH  ^sm ,

(CDAB) =  . (CA)- (DB)-  =  S AC)S BD)...=  (ABCD).
v '  (CB)  (DA) (AD) (BC) K

2. M ypaKK36 h h c 63t a 3 }Ky(l)T.TapHHHr SHpHAarH Hyi^TajiapHHHr ypm i- 
JiapnHH a .iM a m m p c sK , M ypaK K ao h h c S s t  ^ h h m 3 th  T e c K a p n c u ra  a .iM am a- 
Ah:

(ABDC) -  i m  =  =  - .?—  =  _ L
(ABC) (ABC)  (ABCD)  v *

(ABD)

3. (ABCD) =  (CDAB) =  (BADC) =  (DCBA).
B y  x o c c a  1- Ba 2- x o c c a . i a p  H a raw sc H A n p .

4 .  (AC BD) =  1 —  v .
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5 . (AD BC) =  1 ------ --  •
V

6 . (AD CB) =  — •
V — 1

3 —  6 x o ccaJiapH H  K oopiW H aT ajiap  MeToflHflaH <j)ofi,uajiaHH6 HcSoTJiaiu 
^ y jian .

37- § . H yK jajrapH H H r rapMOHHK TypTJinrn. 
ly jIH K  TypT yMJIHK

T a i p n c j ) .  A ra p  TypTTa A, B, C, D  Hyt^raHUHr MypaKKaS HHcSaTH 
(ABCD) — —  1 6y n ca , A, B, C, D  jiy^TajiapHH  rapMOHHK w oH jiainraH  
Asmjiajw-

H yi^TaJiapH HHr rapMOHHK T y p T Jin rn  npoeKTHB reoM eTpHfl.ua MyxHM pojib  
yHHaflAH Ba am o ftn fi x o c c a .n a p ra  a r a .

1. C, D - + A ,  B = > A ,  B ^ C ,  D.

B y  x o cca  TatpncJxuaH 6eB0CHTa KeJinS m^ajxn.
2. A ra p  A, B, C, D  rapMOHHK H yi^rajiap 6y jica , iiyKTa.nap >Ky<|)T- 

jiapHHHHr ypHH jiapHHH ajiM auirapcaK  Ba ^ ap  6 n p  *yt})TAarH n y K ja jia p -  
h h h t  ypHHJiapuHH ^aM a</iManiTHpcaK, rapMOHHK TypTJMKHHHr MypaKKaS 
HHcfiaTH y3rapMafiAH.

B y xoccaaaH , a ra p  (ABCD ) — —  1 6y jica , (BA CD) — (ABDC) =  
=  (CDAB) =  (DCAB) =  (CDBA) — (DCBA)  =  —  1 MyHoca6aiv iap  Kem6  
mK,aw.

T  a T) p h  cj\ ^ a p  ynTacH 6np  T yrpn  M ramyia eTM an;wraH TypTTa P, Q, 
R , 5  H y^Tajiap Ba 6y  H yKTajiapHhht JJip h k k h t3Ch o p ^ a jin  yTyBHH o;i- 
TnTa TyrpH m oHtyiaH H6op'aT (f)nrypa TyjinK, my pm  ynjiuK jxe6 arajianu.

H ypjTa.iap TypTynJiHKHHHr yq jiapn , 6y  H yigajiapH H  SupjiauiTHpyBHH 
ry r p n  qH3H^Jiap yHHHr TOMOHJiapH Jieumiaw  (61- iiH3Ma).

T y rin g  TypT ynjiHKHHHr R P  Ba 
QS, P S  Ba RQ, R S  Ba PQ  ^apatvia- 
^ a p iu n  TOMOHJiapH moc paBHUiaa A, B, 
T  H y^Tajiap/ia KecnmaflH, 6y  Hyi^- 
TaJiapHH TypT yqjinKHHHr A naroHaji 
HVKjTa^apH, yjiapHH 6npjiauiTHpyBqH 
AT, TB  Ba A B  T yrpn qH3HKJiap aca 
AHaroHaJuiapn fleniuiajiH . y^H im n an - 
aroH aji Hyi^ra T  flaH yTyB^n PQ  Ba 
R S  TOMOHJiapHiiHr AB  .anaroHaJi 6 h -  
jian  K ecninran H y^raJiapnun  C, D  ^ e 6

61-qH3Ma OJianJiHK. B h3

(ABCD)  =  —  1 ( 1)

SKaHJinniHH h c 6o t  KHJiaMH3.
R  Hyi^TaiiH MapKa3 ^ h jih 6 A, B, C, D  Hy^TajiapHH PQ  T yrpn  hh3hi^- 

i^a npoekuHHJia6, yrnSy M ynocaS aira  a ra  6yj\aum:

(ABCD)  =  (QPTD). (2)
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S  HyK,TaHH MapKa3 i{um6 Q, P, T, D  Hy^TaJiapHn AB  TyFpn qH3Hiy^a 
npoeKUHH^aS, KyHH^arHHH x p c m  i^HJiaMH3:

0QPTD) =  (BACD).  (3)

(2) Ba (3) JiapHH a-bTnfiopra o m 6,
{ABCD) =  (BACD)

hh e3a  0Jia.MH3.
M ypaK K aS HHcfiaT x o c c a c n ra  acocaH :

(ABCD)  =  (A B C D )-1,

SyHAaH

(ABCD) =  ±  1.

(ABCD)  =  1 TenrjiHK 103 Sepm uH MyMKHH 9Mac, qyHKH 6y  xojim C, 
D  Hyi^raJiap ycTM a-ycT TyinaAn, AeMaK, TC  Ba TD  Typpn HH3H^Jiap ^aM 
ycTMa- ycT TyrnaAn. By sea  P, Q, R, S  ny^T a/iap  OHp Typpn qH3Hiyw 
e ia^ H , AeraH HaTHtfcara KeJirapaAH, 6y rnapTra 3HAAnp. UlyHHHr yqyH:

(ABCD) =  —  1,

( 2 ) ^ ( Q P T D )  = - 1 .

IIIyHAan k h jih6, K yim jiarnqa TeopeMaHn ncSoTJiaAHK.

T eo p eM a. 1) T y j in ^  TypT yq/iHKHHiir x a p  6n p  A H aroH aJinA a 6npH H qn 
wy(J)TH AHaroHaji Hy^TaJiapA aH , HKKHHqn >Ky(j>TH a ca  yq n H q n  A H aroH aJi 
HyivraAaH yTyBqn ^apaM a- i^apuiH TOMOHJiapHHHr 6y  /w a ro H a ji  6n;iaH  Ke- 
CHLunmnAaH ^ o c h ji  S y jiraH  Hy^TaJiapHHHF rapMOHHK T ypT -anra  M aB^yA -

2) T y ;w ^  TypT yqjwKH HHr ^ a p  6n p  TOMOHHAa 6npH H qn w y tjr rn  T ypT  
yqjiHKHHHr yq/iapH A aH , HKKHHqn >i<yt})TH A H aroH aJi H y^Ta Ba 6y  to m o h  
6 n Jia H  i^oJiraH  h k k h t 3  A H aroH aJi H yf^T ajiapH A aH  y T y B q n  T y F p n  qn3HKHHH r 
K ecnuinujH A aH  x o c h ji  6y jira H  H y ^ T a jia p m m r rapMOHHK T y p T ^ n rn  MaB>KyA- 

A r a p  qeKCH3 ysoi^ H y ^ x a im  SnjiA H pca,

(A B C D J  =  -  (ABC), — 4 jL  =  _  1;

AC =  BC.

A eM aK , C nyi^Ta AB  KecMaHHHr ypTa n y ^ i a c n  6yjiaA H .

M a c a j i a .  B ep n JiraH  yqT a A, B, C H y ^ T a ra  rapMOHHK T ypraH qn D  
Hy i^TaHH a ca H r.

E  q n m. A, B —  AHaroHaJi Hy^Ta- 
.aapn, AB  —  A naroH a^ Typpn qn3HFn 
SyjiraH  Ty.™ ^ TypT yqjinKHn HcafijiHK.
ByHHHr yqyH A nyi^Ta o p ^ a jin  h xth -  
ep n n  nKKHTa Typpn qn3Hi^, C  Hytvra 
op^aJin  a c a 'C n r r a  Typpn qH3Hî  yTKa- 
33MH3 (62-qn3M a). B y Typpn qn3HK- 
JiapHHHr Kecnm raH  Hy^TajiapnHH X, .. 
y  6HJian 6e^rnJiaHMH3, y jiap  T y .in^
TypT yqjiHKHHHr yqjiapn Syjia/ui. UlyH- 62- hmsmb



r a  y x iu a iu  TypT yqjiH K H im r i^oJiraH y q j i a p n —  Z, T  ny^T aJiapH H  to -  
naMH3. TZ  TyrpH  h h 3hk; CnJiaH AB  TyrpH  q u a n ^ H H u r KecHiiiHiii n y ^ T a c n  
H3JiaHraH D  n y ^ T a  6yjia,ziH.

3 8 -  § .  npoeKTHB TeKHCjiHKflarH h k khhm h TapTHfJjm HH3HKjiap

1. npoeK TH B  KOOpjlHHaTa/iapH

^11 *1 ""H ^22 *2 ""t” ^83 *3 "t-  2 fl12 -f- 2 f lj3 Xj x 3 -f- 2 Cjg Xj x 3 =  0 ( 1)

TeHrJiaMaHH i^aHoaTJiaHTHpyBqH 6a p Lia i iy K ja j ia p  TynjiaMH k k k h k m h  Tap- 
t h 6jih  a r p i i  iih3hi^ ei<H KBaupHKa jie fin jia /iH  Ba I\ 6h ji3h 6ejirHJiaHaziH. 
fO ^ o p H A a ra  TeHrJiaMa m m r  n a n  to m o h h  y 3 ra p y B q iu ia p ra  n n c 6aT an  6n p  >khhc- 
j ih  K y n ^ a M n p . Y iiH H r f la p a w a c n  (1 ) TeHrJiaMa o n Jia ii S e p n J ira n  a ji r e d -  
paHK lIBHKHHHr TapTHSlIHH SeJirHJiaHflH.

B h3 h k k h h ^ h  T aprafijiH  ^ a ^ H ^ n ij q m n iy iap H H  y p ra im u i  6HJian qeKJia- 
H3MH3. IIIyH H H r y q y H  yMyMHHJiHKHH 6y 3M acuaH aiS KoscfxbimHeHTJiapHH 
6n p  Bai^TAa HOJira T eH r 6yji.viaraH  j ^ h ^ h h  coH Jiap  a e 6 ^HCo6jiaftMH3 ( %  =

=  aji)-
(1 ) TeHrJiaMaHHHr q a n  to m o h h  y a ra p y B q u jia p ra  H H cSaraH  KBaapaTHK 

(JjopM a^a, yHH g  (x, x) — g  (x) 6H Jiaa 6eJirHJiaftMH3:
3

8  (x < x) =  2  au xt Xj. (2)
i,/-i

K BaapaTH K  (JjopMaiiHHr

G =  ll ay I (3)
CHMMeTpHK M aTpnuacH  SyjiaflH , jii>hh G =  GT , 6y  e p a a  «T» MaTpHuaHH 
TpaH cnoH H pJiaui fie jirncH .

Arap (2) KBaapaTHK cjjopwa 6e p n J iraH  6y jic a ,  y n f la n  K y im /ia n i  6n p  
HH3HI^JIH (J)OpMaHH aHH^JiaUJ MyMKHH:

3

g  (x. y) =  2  au x ‘ yj- (4)
i. 1-1

B y  (J)opMa x v x2, x 3 Ba y v y2, y 3 y 3rap y B q H Jiap ra  H H cSaTaa 6np  jk h h -  
c jih  Ba qH3H^JiHfl«p. IU yH H ur y q y n

g  [a +  X x, y) =  g  {a, y) +  X g  (x, y), ^

I (x, b -j- n y )  — g (x, b) +  n g  (x, y),
6y  e p u a  (av a2, as), (bv b2, b„), (xv  x 2, x s) Ba (yv y 2, y 3) Jiap  m oc 
paBHHiaa i^HC^aqa a, b, x, y  6HJiaH f ie jir iu iaH raH . (2) Ba (5) cjjopM yjiaim  
9 'bT H 6opra o j ih 6, ^yfiiiflarH H H  e3a ojiaMH3:

g  (a +  Xx) =  g {a +  Xx, a + X x )  =  g  (a, a) +  2 Xg  (a, x) +

+  X2g ( x , x ) .  (6)

2. HKKHHqH TapTIl6jIH qH3H^HHHr T yrpH  qH3H^ 6HJiaH KeCHIUHUIH. 
HKKHTa A {ax : a2 : a3), B (bx : b2 : b3) Hyi^Ta o p ^ a j in  yTyB qn A B  T y rp n

qH3HK,HHHr K  qH3HK, SnJia ii K ecn u iraH  iiy ^ T a c n u H  TonaHJiiiK. A B  TyFpH 
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q n3Hiyia eiyBHH H xraepH H  X  (xL : x 2 : x 3) H y i^ tsh h  o ju ih jih k . AB  TyFpH 
q n 3HKHHHr napaM eTpHK TenrJiaM acHHH

x t =  at +  k  b{ (7)

KypHHHUJAa §311111 MyMKHH. X COH X  Hyi^TaHHHr TyFpH HH3HiyiarH Ba3HH- 
t h h h  aHHiyiafiAH. X h h h t  ^ h h m 3 T h h h  iuyH A afi T am ia6 oJiafijiHKKn, X  Hy«;- 
Ta K  HH3HKA3 ercH H . B yH H H r y q y n  x-L jiapH H H r [y-i h  Ma TJia p  h  h  n  K  
T eH rjiaM acu ra  K,yflMH3:

g  (a* +  X bi) =  0 .

By h a s h  (6) cj)opM yjiara aco caH :

g  (a, a) +  2 X g  (a, b) +  W g  (b, b) =  0. (8)

U ly n flaH  k h j ih 6 , h k k h h m h  T aprafijiH  qH3Ht\ 6iuian TyFpn HH3H^HHHr K ecn- 
u ih iu  M acajiacH  X r a  H ncSaT an  KBaApaT TenrjiaM aH H  e q m u  M a c aJia cn ra  
KeJiTHpHJiaah. T eH rjiaM a Koac})c}}HUHeHTJiapH x a ^ H ^ u ft coHJiapAaH nSopaT , 
AeMaK, HKKHTa x a p  x h ji  ( x ^ h k m h  eKH MaBxjy m) j^ym M a eKH KappaJiH  h ji- 
AH 3Jiapra a r a  SyjiaA H . g  (a) =  g  (b) — g  (a, b) =  0  rnapTAa T yppn  h h 3 h ^ -  
HHHr HXTnepnS H y ^ rac H  K  qn3Hiy^a TerHiuJiH 6yjiaA H , AeMaK, T y p p n  hh- 
3Hi^ K  Aa eTaAH.

IUyHAafi Kfi.in6, h k k h h h h  TapTH6jiH HH3H ^ 6 m a n  yHAa eTM araH T yFpn 
HH3H1̂  HKKHTa ^ H ^ H H  Hy^TaAS eKH HKKHTa MaB^yM KjyillMa HKKHTa Hyi^- 
TaA a, eKH y d M a - y c T  Tym aA H raH  ^aK niy iH  H y i^ ra jiap A a  K ecnu iaA n .

3 . H k k h h h h  T apT nSjin  h hsh^ h h h t  ypHH M acn.
A r a p  (AB) T yF p n  HH3Hi^HHHr h k k h h h h  T ap raS jiH  HH3Hi^ 6 n jiaH  K ecH in- 

raH  Hyi^TajiapH y cT M a-y cT  T yrnca , AB  TyFpH hh3hi^ h k k h h h h  TapT H 6jin  
HH3H^HHHr ypHHM3CH Ae6 aHTHJiaAH. K  HH3H^HHHr HXTHepHH A(al : a2 : aa) 
H yi^T acnra  yTKa3HJiraH ypnHM a TeH rjiaM acnHH Ty3afijiHK. A  H yj^ra opi^aJin 
y T raH  KecyBHHAa HXTnepnH X  =f= A H y ^ T an n  oJiaiiJiHK, y J$0JiAa A X  ry?- 
p n  HH3H!^HHHr napaM eTpHK T en rjiaM a c n :

y t = a t + X x i (i =  1, 2 , 3 ) .

(4 -X ) T yppn  HH3Hi^HHHr K  6njiaH  K ecH uiraH  H y^TajiapnH H  T onrnu  y q y H  
(8) r a  y x in a ra H  y in 6y  TeHrJiaMaHH eqi-im KepaK:

g  (a) +  2  k  g  (a, x) +  V  g  (x) — 0 .  (9 )

A  H y^T a K  qH3HKAa eTaAH, AeMaK, g  (a ) =  0 . (9 ) T eH rjiaM a i^yHHAa r a
KypnHnuiHH arajiJiaftA H :

X [2  g  (a, x) +  X g  (x )]  =  0 . (1 0 )

ByHAaH \  =  0 , AeMaK, A  H y i^ra  anni^JiaHaAH. H k k h h h h  KecHiHHUi 
Hyi^TacH ynyH  X napaM eT p

2 g  (a, x) +  X g  (x) =  0  (1 1 )

TeHrJiaMaHH K,anoaTJiaHTHpnuiH KepaK. HKKHHqn K ecH iunui n y ^ T a c n  A  n y ^ -  
Ta 6HJiaH y cT M a-y cT  TyuiHHiH y q y H  (1 1 ) TeH rjiaM a Aa =  0  eqH M ra a r a  6y -  
j ih iu h  K epaK . By r n a p r  (J)a^aT

3
g(a, x) =  2  au  aj  x i =  0  (1 2 )

i. /= i
TeHrjiHK 6a>KapHJiraHAa ypnHJiH CyJiaAH.
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B y  TeH rJiaM a h k k h h m h  T ap raS jiH  m i3Hi^HHHr A  H y ^ T a c n ra  yTKa3HJiraH 
ypiiH M a TeHrJiaM acHflHp.

39- §. ^ y r 6  Ba n o jia p a

H kkhhm h  T apT n6 jin  qH3HK;jiapHHHr xoccaJiapH H H  ypraH H U ifla ^ t6  Ba 
n o jm p a  T y m y n q a jiap H  My^HM a^aM H H Tra s r a .

ABBaJIO 6H3 HKKHIWH TapTHfijIH HH3HI^a HHC6aTaH HKKHTa Hyi^TailHHr 
i^oByuiraH JiHK Tym yH qacHHH k h p h t3 h j ih k .

(AB)  TyFpH qH3HK, K  MH3H^IIH HKKHTa X , V  H y^T afla  KeCCHH. X , y  
H yi^TajiapH H H r K o o p M H aT ajiapH  A, B  H yi^rajiapH H H r K o o p flH naiaJiapH  o p - 
^ j i h  «iH3H^JiH H4>oflaJiaHa,UH:

x l = a l +  } 1 bi,
{/t — at +  X2 bt. ( v

1- t  a  ■b p  h  (}). A r a p  (A B X y )  =  — 1 S y jica , y  ^oJifla  A, B  nyi^T ajiap  h k - 
k h h ^ h  TapraSjiH K  MH3HKKa H iic6aT aii zapmohuk KijiuMa (KOBymraH) hyk- 
T a jia p  fle6  aflTHJiaun.

36- §, 1- n. (3 )  (fo p M y jia ra  K j/pa

(A B X y )  =  =  - 1,

C yiiflaH :

+  ^2 =  ( 2)

X , y  HyK,TaJiap K  qH3Hiyia era^h, inyHHH r yqyH  Ba X2 coHJiapHH

g  (b) r +  2 X g  {a, b) +  g  (a) =  0
KBa^paT TeHrjiaMaHHHr wijxmJiapu ;ie6  o jih h i MyMKun. KBaapaT TeiirJia- 
Ma HJi^H3JiapH h h fh h a h c h  HOJira l e n r .  B neT Teopew acH ra K ypa:

g  (a, b) =  0 .  (3 )

IU y H u afi i^hjihS , A, B  H yi^raJiap  K  qH3HKi<a HHcSaTaH Kym M a 6 y jm -  
u jh  yqyH  (3 ) m apT H H ur 6a>KapHJiHuiH 3 a p y p  Ba eT apjiiiflH p. A r a p  A  Hyi^- 
Ta K  M  eT ca, 6 y  Hyi^Ta K  qn3HKi<a HHc6aTaH y 3 -y 3 H ra  l^yuiM a 6 y jia # H .

2- t  a "b p  h 4). HKKHHqn TapTHfijiH qH3HKi^a HHcCaTaH A nyi^Tara (eKH 
B  nyi^Tara) liyuiM a 6yjiraH  6apqa Hyi^TaJiapHHHr reoMeTpHK ypHHHH A 
Hyi^TaHHHr (eKH B ny^TaHHHr) K  liH3HKi^a imcCaTaH nojinpacu fleiiHJia- 
AH. A Hyi^TaHH se a  nojiapaHHHr K  qH3HK^a HHc6aTaH %ym6u  jieHHJiajiH.

H xraepH H  X  (x yx 2:xa) n y K ja  A (a1:a2:as) nyi^TaHHHr noJH ipacHfla e ra -  
ih h  y q y H

3
g  (a, x) =  V  aj xt =  0  (4 )

i /= i

KjiuM aJiHK iuapTH  ypiiHJiH 6 yjiHuiH KepaK. B y  TeH rJiaM a A Hyi^TaiiHHr K  
MH3H ^ a  HHc6 aTaH noJiH pa TeH rJiaM acH^H p.

K y T 6 Ba n o Jinpa  K,yiiH;iarH x o c c a j i a p r a  a ra .
1. TeKHCJiHKAarn H xraepuft Hyi^TaHHiir K  q u a n t a  HHc6aTaH noJiapa- 

CH TyppH qH3Hl^AHp.
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XaKHK.aiaH ^a.M, (4) TCHr/iawa x„
X2, x.j y3rapyBM HJiapi a  HHc6aTaH 6 h p h h -  
iin  aap aw aJiH  6up jk h h c j ih .  U iy  c a - 
6a6m A nytvrariHHr nojiapacH Typpn 
HH3H^flaH u S o p a i .

(4) n o j ia p a  Teur JiaMacHHHHr K09(J)- 
(JmuHeHTJiapHHH

/>, =  2  ay a, (5) 
i. M

K y p m n u u f la  C ejirH JiacaK , n o jia p a  TeH r- 
jia.MacHini

P 1x 1 +  P 2 * 2  +  P-6x 3 =  0 (6)

i<a6n e3nm  m y m k h h . A rap  no jiapa  T eH rjiaM acn  6e p n J ic a , (5) T em jiaM a- 
; ia p  cucTeM acHHH aj Jiap ra  HHc6axaH  e<m6, ^ y i 6 i iy iy ra  A m m r k o o p a h -  
HaraJiapHHH TonaMH3.

2. A ra p  A  HVKjanuHr noJiapacn  B  Hyi^raAaH yT ca , B  n y ^ T a n H fir  noji- 
apacH  A  Hyi^TaaaH y i a m  (63- n n3Ma).

Xai^H^aTaH ^aM , A  n y ^ T a H n n r  ncuiapacH

2  aij aj x i ~  0
T en rJ ia M a ra  a r a .

B  Hyi^TaHHHr n o j ia p a c n

V  di jbjXi  =  0

T en rJ ia M a ra  a r a .

A r a p  A  Hyi^raH H H r n o J ia p a c n  B  n y ^ T a A an  y r c a ,

2  ai]aj bi -  0  

CyjiaAH, fly  =  aji h h  s-bT iifiopra  o j th 6,

2  aj t bj ai =  0

§3m ujhm h3 MyMKHH, j t l h h  B  n y R /ra m m r n o J ia p a c n  A  Hyi^TaflaH yT a^H .
1-HaTHiKa. A ra p  n y ^T a  T y p p n  qH3HK; 6y ftjia6 ^ ap an aT  ly iJ ica , 6y  n y ^ - 

TaHHHP n o Jiap acH  xaM M a BaKT T yppn  qn3HiyiHHr i^yTdnA an y T afln . A k c h h -  
qa, a r a p  G upop  TyFpn HH3Hf<; 6ep n ;ira H  nyK/raAaH y r a 6, m y nyi^Ta a ip o -  
d)H/ia a f ij ia n c a ,  y  x o Jijia  T yppn  qH3HK;HHHr i^yTdn 6epnJiraH  H y ^ ram -m r 
n o J ia p a c n  y c ra A a  ^ a p a K a iJ ia n a A n .

T a -b p n (}). HKKHTa Typpn qn3HKAaH 6npn HKKHHqncnHHHr ^yrSjiAaH, 
h k k h h h h c h  CnpiiHMncHHHHr K yTSnaaH  y T ca , y  ^oJiA a 6ynA aii Typpn liH3H^- 
j ia p  Kyrnduu qyiujua HU3W\mp Ae6 aTaJiaAH.

M a c a j i a .  O B aji r a n n A a rH  k k k h i ih h  T a p m S jin  qH3Hi^ K  Ba P (K  
n y iv ra  d ep n JiraH  6y jic n H . B epH JiraH  H y ^ T a m m r n oJiapacnH H  n caH r.

E q n m .  P  nyi^Ta o p n a J in  K  h h s h ^ h h  h k k h  Hyi^raAa K ecyB qn HKKHTa 
T yFpn  qn3Hi^ yTKa3aMH3, K ecn m raH  A, B, C, D  n y K ja J ia p  K  qnani^Ka h h k h  
qn3H JiraH  Tyjinn; TypT  yqjiHKHHHr y q jia p n , P  Ba R  HyKTaJiap AHaroHaJi 
n y i^T ajiap ii SyjiaAH (64-qH 3M a).
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Tyjini^ TypT yqjiHKHHHP rapMOHHK 
xoccajiapnra acocaH (PN A B ) =  — 1 
(P T C D )~  —  1. .HeMaK, N, T  Hyn;- 
Tajiap P  ny^TaHHHr noJuipacHAa, jj-b- 
hh N T  Tyfpn qH3Hiyi,a eTa^H.

40- §. HkHHHHH TapTn6jlH HH3H«̂ Jiap 
OaCCH^jHKauHHCH

T  a  -b p  h  cj). A ra p  y q  yqjiHKHHiir 
3̂ ap 6np yqn, HKKHHqn ts p th S j ih  q n- 

64- >M3Ma s r n ^ a  HHc6aTaH, i^apiiiHCHua e r ra H
TOMOHHHHHr ^ t S h  6y jic a , SyH A an y q  

yqjiHK aBTonoJisp y q  yqjiHK flefiHJiaAH. ABC  T a ip H ^ r a  K ypa, aB T onojinp  
y q S y p q a K /m p  (63- qH3Ma).

TeKHCJiHK^a HKKHHqn T a p ra f ij in  qH3ii^

3
'2i al)x i x] =  0  ( 1) 
i. / - i

TeH rJiaM a CnJiaH SepH JiraH  6yjicHH . A ra p  A 1A 2A 3 KoopAHiiaT y q g y p q a K
MH3H ^ a  HHc6aTaH aB T onojm p S y J ic a , A x (1:0:0), A 2 (0:1:0), A s (0:0:1)
HyKTaJiap j te a p o  i^yuiM a SyjiaAH. B y  H yi^raJiapH H iir ^yuiM aJiHK H iapTJiapn- 
AaH c})OH/ia/iaHH6, a 12, a l3, a23 K03(J)4)HUHeHTJiapHH HOJira 3HJi3HTHpaMH3:

ai2 ~  ai3 ~  a23 ~  0"

y  ^O Ji^a  6npHHqH TeHrJiaM a y m 6y  K ypH H nm ra s r a  6 y ji3 A n :

« ii  x\ +  a 22 4  +  a-m x! =  °- (2)

By TeHrJiaMaHHHr HOJiAaH cjapiyiH KoatJxfwHHeHTJiapnHH

x1 ==ax'l , x 2 =  fix2, x3 =  yx'3, a f i y ^ O  (3)

npoeKTHB aJiMauiTHpHHi epAaMHAa ±  1 anjiaHTHpHiu MyMKHH (MacaJiaH,

IIIyH A afl i^h jih6, npoeKTHB KoopA HHaTaJiap cncTeM acHHH aJio'^HAa TaH- 
m 6  o jiH ui 6n jiaH  HKKHHqn t s p th C j ih  H xraepH H  qraH i^ TeHrJiaM acnHH ^ y f in -  

, flSFH K3H0HHK KypHHHIHJiapHHHr CHpHra KeJITHpHHI MyMKHH:

1) x\ +  x\ -+- x\ =■ 0 —  HOJIb qH3HÎ !

2) x\  +  x \ —  x\ =  0 — oBaJi qH3HK;;

3) x\ +  x\ — 0 —  6np  >Kyc})T MaB^yM T yrpn  qH3H^;

4) x2: —  x\ >=■ 0 —  6n p  }KytJ)T j ^ h ^ h S  T yppn  qH3H^;

5) x \  *  0 —  ycTMa- ycT TyuiaAHraH 6np »ty(J)T Typpn qH3H .̂
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4 1 -  §. IIT reftH ep, ITaCKa-.'ifc n a  G puanuiO H  T eo p eM ajiap n

1. lllT e n H e p  reo p eM acH ,

TeK uc/iH K A arH  S np o p T a  S HyiSTaflaH yT yB qn 6 a p n a  T yFpn  TO3H iyiap 
T^nJiaMHHH T y p p n  qii3m y ia p  flacT acn , S n y ^ T a n n  AacTa MapK33H AefiHJia-
m

A r a p  aacTaHH 6 n p o p  T yFpn qH3W^ 6iuiau K eccaK , y  ^oJiA a T yFpn <jh- 
8H^ finjiaH  AacTa y 3 a p o  nepcneK T t-B  JKOHJiamraH R e m m m -

1 - T a - b p n ^ .  A r a p  HKKHTa T yFpn Mining C n r r a  f la c T a n n  K e cc a , y
Aa 6y  T yppn q n s m y ia p  nepcneKtnue mijFpu HU3U^Aap j i e m m m  (6 0 - mh3- 
Ma).

nepcneK T H B  T yppn  HH3Hi^JiapHHHr moc H y^TajiapH H n SHpjiauiTnpyBMH 
T yppn  q n sH iy iap  S u r r a  ny^T aA aH  yTaAH.

M ap K a3Jiapn  S v  S ,  H y ^ T a jia p a a  SyJiraH HKKHTa a a c T a  SepH JiraH  6 y ji-  
CHH.

2 - t  a t  p  n  cjx A r a p  AacTaH H H r 3{ap 6 n p  T ypp n  t o h f h h h  S 2 AacTa- 

H n n r  yHra moc TyFpn  qH3H Fiira  yT K a 3y B q n  npoeKTH B  aJiMaiiiTHpHUj MaB- 

H cyA  Sy j ica , y  x o j ia s  6y AacTSJiapun npoeKmue dacma/iap  AeHHJi3AH.

A r a p  HKKHTa AacTSHHHF m oc T yFpn qn3H iyiapH  6nTTa T y p p n  qn3H iyia  
K ecH inca, y  ^o ;iA a  6 y iif la n  ^ a c T a jia p  nepcneKtnue dacmaAap jxemnajiH 
(6 5 -  TO3Ma).

1-TeopeM a. nepcneKTHB dynMaraH HKKHTa npoeKTHB a a c ia  moc Typpn 
HH3H!yiapHHHHr KecnmraH Hy^Tajiapn TynjiaMH hkkhhhh TapraSjin (aHHH- 
ManAnraH) HH3Hî HH tsu ik h ji ^hjisah. 

H c 6 o t .  TeKHCJiHKfls R — \AXA 2 A 3 E)  npoeKTHB KoopflnnaTaJisp cnc- 
TeMacn Ba MapKa3Ji3pn A v A 2 Hy^T3;i3pAa 6yjiran  nKKHTa npoeKTHB AacTa 
depHJiran dyjicnH (66- qn3M3).

A a c i3 J ia p  npoeKTHB, uiyHHH r y q y H  A 1A 2 =  g 3 T yFpn  qH3W^ y3- y 3 n r3  
yTM anAn. A r a p  g3 T y p p n  m h sh k iih  A 1 A acT ara  T ern u u iH  A e6 o jicaK , A 2 
AacTaAaH i^aHAaHAnp g \  T yppn qH3Hi^ y H ra  m oc KecaAH, a r a p  g 3 T yFpn 
qH3HK,HH A 2 A acT ara  T e rn m jin  A ed o ;icaK , A t A acraA aH  g 2 T yFpn qn3Hi^ 
m oc KecaAH . A a c T a r a  Ternm .TH g v  g 2, g a T yFpn q jm ^ J ia p A a n  T am i^apn, 
HKKHTa m oc m v m 2 T yppn  qH3HiyrapHHHr K ecn u iraH  HVKjracnHH E  (mnan, 
g i f \ g 2 =z A.t 6 h ji3 b  6ej]rnJi3H ^H K . y  j$o;ia3 S  npoeKTHB sjiM aiuTHpHmAa-

5  fe s) =  g v s  (g'J =  g „  S  (m t) =  m 2. (1)
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A x aacTaH H  g t T yp p n  HH3HK; fin jiair, /4 2 A a c T a m  g 2 T yp p n  HH3Ht^ 6njiaH  
K ecH6 , A a c ra  qH3HiyiapH 6m iaH  T yppn  liH3Hi^ n y ^ T a J ia p n  o p acH fla  m oc pa- 
BHHifla r i ,’ T '2 nepcneKTHB MOCJinKJiapHn ^ o c h j i  i^HJiaMH3. T  =  T 2S T T l 
npoeKTHB a^MaiHTHpHuiAa (1 ) h h  a t r a d o p r a  o jicaK ,

T  (A2) =  A„ T  (A,) =  T  ( £ x) =  £ 2 (2)

^o ch ji_ S y jiaA H , 6 y  epA a E x = m x f ] g v E 2 =  m 2{] g 2. n A x AacTaHHHr h x -  
THepHH T yppn  h h 3 h fh , n ' — S  (ft) a c a  A 2 A acT aA arn  yHHHr o 6p a 3n  6 y ji-  
CHH. N  =  ft n  f t ' ,  A^i =  ft n  £ i ,  ^2  =  « '  n  g 2, y  ^o jiA a 71 (iVx) =  iV 2. n p o ­
eKTHB aJiMauiTHpHiuAa TypTTa Hy^TaHHHr M ypaKKaS H H cS ara  y3rapM 3H A n:

(A2A 3E 1N X) = ( A 3A 1E 2N 2). (3 )

A r a p  N  ny^Ta R  penepra HHcSaiaH (xL:x2:x3) KoopAHHaiaJiapra ara 
C y jica , [A2A 3E 1\ penepAa aca i? 1 (1 :1 ) , N x (x2:x3) K oopA H H aT aJiapra, 
[AXA3E]  penepAa aca £ 2 (1 :1 ) , N 2(x2:x3) KOopAHHaTaJiapra ara SyjiaAn.

(A2A 3E XN X) =  ^ ,  (A3A 1E 2N 2) =  ± .X3 Xi
(3 )  h h  a-bTHSopra o j ih 6 ,

Xcj Xg
—  =  —  eKH x 2 x x —  x\  =  0

T eH rjiaM ara  a r a  6yJiaMH3. N  n y ^T am iH F  K oopA H H aTajiapn yqyH  6n p  jk h h c -  
j ih  h k k h h ^ h  Aapaa<ajiH  TeHrJiaM a ^ o c h j i  i^ h jia h k . A eM aK , N  H y i^raJiap - 
h h h p  reoM eTpHK ypHH h k k h im h  T apT n6jiH liH3HKAan n S o p aT .

2 - TeopeMa (TecKapH TeopeMa). MapKa3Jiapn k kk h h ™  TapraSjiH TO3HK;- 
A a e T y sq n  HKKHTa AacTaHHHr m oc T yppn liH3H^Jiapn y u ia  h k k h h h h  T a p ra d -  
j ih  tiH3HKAa KecHuica, AacTaJiap npoeKTHBAHp. (TeopeMa h c 6o t h  [1 0 ]  2 1 2 -  
CeTAa CepHJiraH.)

2 .  I la c K a jib  TeopeMacH,

TeKHCJiHKAarn ^ a p  y q T ac n  6n p  T yppn  qn3H iy ;a  CTMaHAnraH Ba MaT>- 
jiyM  T ap ra fiA a  ojiHHraH ojiTHTa A v A 2, A 3, A u A b, A e n y ^ T a  (y q jia p n )  Ba 
A XA 2, A 2A 3, A :iAi, A tA &, A ,A e, A aA 1 T y p p n  q ro n iy ia p A a H  (TOMOHJiapn) Ty- 
SHJiraH tj)n ry p a  o j i t h  yq jinK  A ennJiafln  (67- qnsM a).

A XA 2 6man A 4A 5, A 2A 3 6HJiaH A 5A e, A 3A i  6njiaH  A eA x TyFpH r a -  
3HK;jiap o j i t h  yqjiHKHHHr i^apaM a- i^apiuH TOMOHJiapn, Ax 6HJiaH Alt A 2 
CnjiaH  A h, A3 SnJiaH  Ae y q jia p  i<;apaMa-i^apiiiH y q j ia p n  AeftnJiaAH.

1 - T eopeM a. KBaA pH K ara h ^ k h  ^HSHJiran o j i t h  yqjinK HHH r ^a p a M a-n ;a p - 
ih h  TOMOHJiapH yqT a Hyi^'raAa K ecH iunS , 6n p  T y p p n  qn3H iy ja  eTaAH (6y  
T^'PpH qH3HI\ IlaCKClAb mijFpU HU3UFU AeHHJiaAH).

H  c  6 o  t .  O j i t h  yqjiHKHHHr K.apaMa- i^apu in  TOMOHJiapnHHHr K e cn m ra H  
Hyi^TaJiapHHH m oc paB nuiA a P, Q, R  6njiaH  SeJirnJiaHJiHK. O j i th  yqJiHK 
KBaApHKara nqKH qH3H Jiraii. LUTeHHepHHHr 2 - T eo p e M a cn ra  K ypa, MapKa3- 
j ia p n  A x, A 3 H y ^ ra jia p A a  6yJiraH  A acT aJiap  npoeKTHBAHp. A x MapK33Jin 
A acT an n  Ai A s T yFpn  q n 3HK; SnJiaH  K ecn d , A it P, C, A b Hyi^TaJiapHH ^ o - ' 
c h j i  i^HJiaMH3 (68- q n 3Ma). A s MapKa3JiH AacTaHH A e A 5 T y p p n  qH3HK; 6h* 
«naH K e cn 6 , D ,  Q, A e, A s Hyi^TajiapHH ^ o c h ji  i^n.aaMH3. npoeK T H B  aJiM am - 
THpHUiAa: A i - ^ D ,  P -> Q , C - > A e, A ^ A ^  Ba A 1A i  T yFpn q H 3 H ^ .
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A BA e ryp p n  m s u ^ a  a j iM a m m a m  (AiA.0[] A sA e =  A b, K  H y^T a £ 3-
y3H ra yTaAH). A eM aK , A 6 A 5 Ba A i A b‘ TyFpH q ra H iy ia p  nepcneKTHBAH p. 
n ep cneK T H B  TyppH qn3HiyiapH HHr m oc H y ^ T a J ia p m m  SHpjiauiTHpyBqH C A e, 
A tD, PQ T yppn  q n anK /iap  C n r r a  R  nyi^TaA aH yTaAH.

n a c K a ^ b  TeopeM acHAaH (J)OHAajiaHH6, n a n n  H cSoT JiaraH  TeopeM aHH 
K eJirapaM H 3.

1 -T eopeM a. HKKHTa T yppn  q m w ^  d e p n /i r a n  6ym 6, 6vipumu T yppn 
HH3Hi^Aa A v A s, A b H y ^T ajiap , h k k h h h h  T y p p n  qH3HK;Aa A 2, A it A 6 H y ^ T a jiap  
eTCHH. y  ^ o jif la  A^A2 6maH A 4A 5, A 2 A 3 6 m a n  A bA e, .4 3,4 4 _ 6 h jk ih  
^ 6^1 T yppn  q ro H ^ J iap n u H r K ecn m raH  Hyi^Tacn 6 n p  TyFpH qH3Hiyja eTaAH.

H  c  6  o  t .  KBaApnK a HKKHTa T yp p n  MH3HK^a a>KpaTHJiraH SyJiCHH. y  
XOJiAa 6h3  aHHHraH h k k h h h h  TapTHdjiH q n 3H i^ a  hm kh HHSH/iraii o j i t h  y q -  
j ih k  xai^HAa rannpHiiiHM H3 m y m k h h . n a c K a J ib  T eo p e M a cn ra  aco caH , K apa- 
Ma- KapiuH  TOMOHJiapHHHr K e cn m ra H  H yi^raJiapH 6 n p  TyppH qH3Hi^Aa eT a­
AH (6 9 -  HH3M3).

3 . BpHaHniOH T eopeM acn . TeKHCJiHKAa a im  HMaflAHraH KBaApHKa 6epHJi- 
raH  6yjiGt*H.

3 h a h  n a c K a .n b  T eo p e M a cn ra  h k k h jih k  n p H H u n n n ra  K ypa  m oc K ejiraH  
BpHaHmOH TOMOHHA3H HCdOT KHJIHHraH TeopeM aHH KapaHJIHK.

n a c K a J ib  T eopeM acn  yqyH  qH3HJiraH (7 0 -  qH3Ma) o j i t h  yqjiHK ( o j i t h t o -  
m o h jih k )  Ka s'bTnC op 6epanjiH K ; K a p aJ ira n  KBaAPHKara HHc6aTaH h k k h j ih k  
npnHHHnHHH i^y jijiacaK , o j i t h  yqjiHKHHHr yqJiapH KBaAPHKara y p n u y B q n  
T y p p n  q H 3 H ^ a  ajiMamHHaAH. HaTH>KaAa TOMOHJiapH KBaApm <ara ypHHaAH­
raH  o j i t h  yqjiHKKa a r a  6yjiaM H 3. B y  fjjnrypaH H H r xaM  o j i t h t b  yqH 6o p , 
m y m m r  y q y H  « o j i th  to m o h j ih k »  TepMHHHHH nm jiaTM acA aH , o j i t h  yqjiHK SnjiaH  
urn KypaBepaMH3.

IU yH A aii i^h jih S, KBaApHKara i^yjuiaH H JiraH  AyaJiJiHK npnHUHiiH nqK n qH3HJi- 
raH  o jith  yqjiHKHH Tam ^H  qnaH JiraH  o jith  yqjiHKKa aJiM anrm paA H . Hq-
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k h  ™ 3HJiraH o j i t h  yq-nnKiiHHr t^apaM a-i^apuiH  to m o h j i3P h h h h p  KecniuraH  
P,R,Q  H y i^ra jiap n  (68 - qn3M a) Taui^H  qH3HJiraH o j i t h  yqjinK HHH r i^apaM a- 
K^apiuH yqjiapHH H 6npjianiTH pyB qH  P, r, g  (70- ra sM a ) T yppn  qn3n iy iap ra  
aKCJiaHaflH. lla c K a J ib  T yppn  4H 3hfh  aca  p, r, g  T y p p n  qn3Hi^JiapHHHr Ke- 
c n in ra H  n y i^ T ac n ra  aK CJiana^H .

T eo p eM a. AfiHHM afiflHran KBaApHKara Tarni^n MH3HJiraH 0 J ira 6 y p q a K - 
HHHr i^apaM a- i^ap inn  y q j ia p n n n  fiHpjiam TH pyBqn T yppn  qH3H iyiap 6n p  H y^- 
TaAa KecHinaAH. (B y  Hyi^Ta B puam uon ny^m acu  A eniuiaA H .)

4 2 -  §. A(j)(J)HH Ba E bkjiha  reoM eTpnjicHHHHr npoeKTHB cx eM acn

1. IlpoeKTHB reoM eTpHn npejiM erH .
OeJiHK c K J ie n n  1 8 7 2  h h jih  TepMaHHHHHHr S p jiaH reH  u ia x p n A a rn  yH n - 

BepCHTeTAa y iy i r a n  JieK unncH A a reoivieTpHH n p o rp a M M a cn n n  6aeH araA H . 
B y  nporpaM M aA a T y p jin  x h j i  reoM eTpHflJiapHH aJiM aniTH pnuiJiap r p y n n a c n  
Hyi^Tan Ha3apHAaH Ta^pncjx/iaftAH. M acaJiaH , eBKjinA reoMeTpHHCHHn x a p a -  
KaT r p y n n a c n  6n jia n ,  acjxfwH reoM eT pnaiiH  a(J)tJ>HH ajiMauiTHpHHiJiap r p y n n a c n  
fiHJiaH, npoeKTHB reoM eipuH H H  npoeKTHB aJiM ainT npnui r p y n n a c n  fm.nan 
TaTjpnt^JianAH. Bnpop A onpa eKH HXTHepnn KOHyc k c c h m k h h  y 3 -y 3 n ra  
^T K a3yB qn npoeKTHB a jiM a n m ip n iiiJ ia p  r p y n n a c n  JlofiaqeBCKHH reo M eT p n a - 
CHHH aHHI^JiaHAH.

<p. K JienH  TOMOHHAaH 6ep iiJiraH  ra- upi i dp  6 m a n  TaHHinnS q n ^ a n jin K :
re o M e T p n n  —  ajiM auiTH pnuuiapH H H r 6n p o p  r p y n n a c n r a  HHcSaTaH <J>nry- 

paJiapH H H r HHBapnaHT x o c c a J ia p n  x a ^ H A arn  cjjanAHp.
2 . npoeK T H B  n y ^ T a n  n a3 ap A an  i^ap ajiraH  acjx})HH reo M eT p u a  ® . K JienH  

F o n c n ra  K y p a  acJ)(j)HH, eBKjinA Ba HoeBKJiHAnn reo M eT p n aJiap  npoeKTHB 
aJiM aniTHpHiuJiap rpynnacH H H H r i^hcm  rp y n n a jia p H  reoM eT pnncnA aH  n 6opaT  
CyjiaAH.

npoeK T H B  TeKHCjiHKAa H x r a e p H H  a  T y p p n  h h 3 h ^  Ba npoeKTHB aJiM ain- 
T H p n u u iap  r p y n n a c n  C epnJiraH  S y jic im . a  T y p p n  u h 3 H ^h h  y 3 -y 3 H ra  yT- 
Ka3yB qn 6a p q a  aJiM auiTH pH uuiap TynjiaM H npoeKTHB rp y n n aH H H r i^hcm  
rpynnacH H H  TauiKHJi ly u iaA n  (a T yppn  qn3H ^ a 6 c o jn o T  A e6 anT H JiaA n). B y  
j^hcm  rp y n n a  acf)(f)HH aJiM auiT H pH uuiap r p y n n a c n  6yjiaAH. X ^ n i^ a T a H  ^aM , 
A x A 2 A 3 KoopAHnaT y q 6ypqaKHH Hr A v  A 2 y q jia p n  a T yppn qH3H^Aa eTaAH 
Ae6 o jicaK , a  TyppH qn3Hi^ x3 =  0  T eH rjiaM ara a r a  6y jiaA n . npoeK T H B  a ji-  
ManiTHpHin a  TyFpH h h sh i^h h

a3 Xl ”1“ ^3 X2 4 "  C3 x3 =  0
TeHrJiaMa 6HJiaH a iiH ^ a a H ra ii a' TyFpH q n 3 H i^ a  yTKa3aAn, 6y  T y p p n  q n- 
8Hi^Jiap ycTM a- y cT  T yniH m n y q y H  a3 — b'3 =  0  u iapT  6 a}KapHJiHUiH K epaK .

ZleMaK, i^h cm  rp y n n aH H H r HXTHepnft a JiM au iT n p n in n

x x =  a[ x[ +  b[ x'2 +  c[ x3, 
x 2 =  a2 x[ +  b2x2 +  c2 x3, 
x3 =  c3 x3.

a[ b\ c[

0-2 ^‘2 C2 
0-3 b3 C3

* 0  ( 1)

$ o p M y jia  6 h jian S ep n jiaA n .

npoeK TH B  ajiM aniTnpnuiH H  c b k j ih a  T eK n cjin rn A a  i^apaui yqyH x3 ¥* 0 , 
flefi o .in in  eTapjiHAHp. (1 ) T eH rJiaM annH r y H r to m o h h h h  x 3 ^  0 r a , ; 

nan to m o h h h h  c'3 x 3 r a  6y j in 6 Ba



x d x 3 ~ x 2 X3

6e j in u i a 6, (1 ) $ o p M yjia iiH  y iu 6y  KypHHHiu,ua §3aMH3:

x  — ax' +  by' -f- c,
y =  a xx ' +  bxy ' +  cv  (2)

(2 ) (fiopM yjia eBKJiHfl TeKHC/iHrH^arn acjbcjbmi ajiMaiUTHpHimiapHH H $ofla jiafl-
flH.

3 h O T  npoeKTHB P 2 TeKHCJiHK.ua acjxJ)HH re o M e T p n a ra  Ha3a p  TauiJiam m . 
ByHHHr yqyH  npoeKTHB TeKHC/wKAani xocM ac TyppH 'W 3Hi^nn aJiMauiTHpH- 
HIHMH3 K epaK . B y  TeKHCJiHKAarn >^ap 6 n p  TyFpn h h 3 h ^  6 h p  x h ji  w y i ^ a  
a r a  6yjiraH H  yqyH  TeKncjiHKflarH HXTnepHH T yFpn h h s h ^ h h  xocM ac TyppH 
qH3H ^ ae6 0JIHLUHMH3 MyMKHH. fOK;opH;ia ojiHHraH HaTH>Kajiapra K ypa j^aM- 
Ma acjx})HH T y m ynqaJiap iiH  npoeKTHB reo M eT p n a  'lepMHHJiapH opi^ajiH T a t-  
pH(j)JiainHMH3 MyMKHH:

1. P 2\aoo —  n  a(})(})HH TeKHCJiHK.
2. A ^ h h  aJiMamrapHmJiap rpynnacw —  P 2\ a x  TeKHCjiHK^arH TyF­

pH qH3Hi^HH y3- y 3 n ra  yTKasyBqn npoeKTHB ajiMauiTHpHuiHHHr i^hcm rpyn- 
naCH.

3 . / SH/ian I' Typpn qH3HK,Jiap KecnmraH A x  Hyi^ra aScoJiKrrra 
papain jih 6yjin6, 6y TyFpH qH3Hiyiap npoeKTHB xeKHCJiHKHHRr HKKHTa Typ- 
pH HH3HFH 6yJICHH (71-qH3Ma). Y  Ĵ OJIfla l \ A x  B a/, \^400 a(})(J)HH TeKHCJlHK- 
flara HKKHTa napajuieji TyFpn qrontyiap fiyjia^H.

4 . 72- qH3Ma.ua A B C D  «napajuieJiorpaMM» TacBupjiaHraH.

5 .  A r a p  A, B, C n y ^ T a jia p  at}xJ)HH TeKHCJiHKflarn KOJiJiHHeap H y ^ ra -  
j ia p  S y jic a , y  xpji.ua yqT a nyi^TanH H r (ABC) o a a h h  H H cS ara  y iu f iy  cftop- 
M yjia 6njiaH  aH H iy iaiia /w :

—  (ABC) =  (ABCDoo),
6 y ep.ua D x  Hyi^Ta adeojnoT.ua eTa^H .
(ABCD*,) =  1 uiapT 6am apH JiraH .ua

72- qH3Ma 73- qH3Ma



3. npoeKTHB HyK,TaH HH3apflaH eBKJlHfl reOMeTpHHCH.

T eo p eM a. E b k .to a  TeKHCJiHrHflarH acJx{)HH aJiM am TH pm iiJiap ^ x in a m  ajr- 
M aui'rupH ii] 6ym m n  ynyH  h x th g p h h  6 n p  >Ky4>T nepneH O T K yjiup T yppn  hh - 
3HiyiapHH w a  nepneH ^H K yjiH p 6 n p  JKycjrr T yFpn HH3Hiyiapra yTKa3Hiu 3a- 
p y p  Ba eTapjiHOTp.

H c 6 0 t .  3apypH H  m a p ra H H r ypHHJiH 6ym um  paBiuaH , e T a p jm  iuapT - 
HH HCSOTJiaitlHK.

M a ^ y M K H , a(jxj;)Hii ajiMauiTHpHiH

x'  =  ax +  by +  c, 
b' =  axx  +  bxy  +  cx

•St •=>
HXTiiepHH p (pv  P i)  BeKTOpHH p'  (p j ,  p'2) B eK T opra aJiMauiTHpaflH:

p\ =  apx +  bp 2 +  c, 
p'2 =  axpx +  bxp 2 +  cv

o  & •£»
HKKHTa neprieH O T K yjiap m 1 ( l , 0 ) ,  m 2(0 , 1) BeKTop m[ (a; ax), m 2 (b; bx) 

BeKTOpJiapra ajiMauiTHpHJiaOT- B y  BeK Topjiap j^aM nep n ep w H K y jin p  fiy .acm i, 
hijH h:

m\ m'2 =  ab +  =  0 .

S h o t  GoiiiKa h k k h  nepneH O TKYOTp ma( 1, 1) Ba m 4 (1 , — 1) BeKTopjiapHH 
OJianjiHK, yjiapH H H r o 6 p a3Jiapn  m 3' ( a  +  b, +  bx) Ba m \  (a  —  6 , ^  —  bx) 
KoopflH H aTaJiapra a r a  SyJiaOT- Y jiapH H H r c K a jin p  KynaHTM acn:

m 3 ml — (a +  b) (a —  b) +  (ax +  bx) (ax —  bx) =  0 .

IU yH A aft m m 6 ,  T e inv iaM ajiap  cncTeMacHHH x o c h ji  K;H/iaMH3: 

jab a l b1 =  0 ,

{ a\ +  a2 =  b2 +  b\-

a 2 +  a\ =  b2 +  b\ =  k2, a — k  c o s  cy ,a 1 — k  s in  cp, b — k  s in  \|), bx =  &cos cp. 

B y jiap /iaH  4)0HAaJiaHH6, y m f iy ra  a r a  6yjiaMH3:

s i n  (cp +  xj)) =  0 ,
=  —  cp +  n  n (n =  0 ; 1).

S h o t  b, bx KoacjxJiHUneHTJiapHH cp opK.ajiH ncf)OAa.naiiiHMH3 MyMKHH, m>m'-
а ) n =  0 ; b — —  k  s i n  cp, bx =  k  co s  <p,
б) 11 =  1 ; b — k  s i n  cp, bx =  —  k  c o s  cp,

£ k h

b =  —  e k  s i n  cp, bx =  e  k  c o s  cp,
6y  e p ^ a  e =  ±  1.

B y Koat}x{)HUHeHTJiapHHHr T onn .iran  i^HHMaTJiapHHH ajiM aum ipH m  t^oP" 
My.’ia c H ra  KyflHO TonaMH3:

x' — k (x c o s  cp —  e y  s i n  cp) +  c , 
y'  =  k {x s in  <p +  e  y  c o s  cp) - f  cv
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BH3ra  am —  TyppH h h 3h ^  Ba 6y

TyppH qH3H iyia  eTMaHAHraH 0  Hyi^Ta
CepHJiraH SyJiCHH. Typpn qnsHKHHHr xap 
6np A Hy^TacHHH A'  H y^Tacnra yT-
Ka3yBqH Ba AO A' T yppn 6ypqaKHH ys-
ra p ra p M a H fln raH  (7 4 -m m ra )  f aJiM aim ’H-
P h u ih h  oJiaHJiHK. By aJiMauiTHpHiu 0
HyKTaHH TaH.nafi ojinuira 6opjih^

n . 74- iH3Ma
3 M acJiHrn paBiuaH, OA. =  ap OAt — 
— a] (< =  1, 2 ,  3 ,  4 )  6iiJia ii G e m m a m w .
a'u a% <33, a\ T yppn misHKJiap a u a2, a3, ax Typpn '-iH3H^JiapnHnr xap  6npH- 

h h  0  nyK,Ta a T p o c J ) H A a 6 y p q a K K a  6ypH tu  Hara>KacHAa ^ o c h j i  KH JiH nran.

B y p n iu a a  M ypaKKa6 H nc6aT  y3rapM afiAH, ht>hh (a1 a2 as a4) — (a\ do a-s a t ) ,  

6yHflaH  s e a  (Ax A 2A^A^) == (A\ A^AzA'i). fleM aK , f  npoeKTHB aJiMauiTH- 
pHixiAHp. B y  3JiM3iiiTHpHm T a -b p n ^ iira  K ypa h h b o j iio u h h  6yjm6, Kysra.TM ac 
H yi^T ara  a r a  aM ac, AeMaK, ax in n T H K  h h b o j iio u h h a h p . B yH A aS h h b o ju o u h h  
aC co /n o T  h h b o j iio h h h  A em n aA H .

3 h a h  K eH raH TH pH Jiran cbk ;iha  TeKHCJinrnAa ax  T yppn  qH3HKHn V3- y sn -  

r a  yTK33Hm  SHJiaH 6n p r a  VH Aarn a 6cojiK>T h h b o j i io u h h h h  y srap rap M aiiA H - 
raH  npoeKTHB ajiMaiUTHpHinnH KapaftjiHK.

lO i^opH A arH  T eopeM ajjspH H  B3 acjjc^'Wi rp y n n acH H H  a tT n d o p r s  o /icaK , 
i^yftHAarH H a ra ^ a ra  KejiaMHs.

K o Ju iH H eau n Ju iap  r p y n n a c n  T a tc n p  i^HJiran K enranT H pH JiraH  eBKJWA Te- 
KHCJiHTHAa, a S c o jn o T  cH t|)arH A a, a 6co jiio T  h h b o jh o u h h  M aB w yu S y z r a n  ax  
x o cM ac  TjjppH t«-i3HKiHH o jicaK , y  x o jiA a  KOJuiHHeauHHHHHr k h cm  r p y n n a c n  
P i \  aoo ~  ^  eBKJiHA TeKHC/mrHAarH y x u ia u i  aJiM auiTH pH uuiap r p y n n a c n  6y- 

JI3AH.
S u n n  npoeKTHB TCKHCJlHKAa eBKJIHA reOMeTpHHCHHH KVpHIUHMH3 MyM- 

k h h .  ByHHHr yqyH  npoeKTHB P2 tc k h c jih k a s  aSco .n ioT in i TaHJiaui jicghm. 
A 6cOJIIOT CH(J)3THA3 XOCMaC TyppH LIH3HI^ B3 yHA arH aScOJIIOT HHBOJIKjUHH- 
HH OJI3MH3.

K )^ o p iiA a  oJinH raH  n a in /K a j ia p r a  aco caH  eBKjiHA T y m y H q aJ iap H ra  ^ y fin -  
A a rn q a  Ta-bpncfjjiap 6epnui mymkhh:

1. P 2\ a m —  eBKJiHATCKHCJiHrn, 6y tbkhc/ihk  a<f)c|>HH TeKHCjmrn CHJian 
6n p  xiM AH p.

2 . Typpn qH3Hi ,̂ TyppH qH3Hi^HHHr napaJuieJumrH, «opacHA a» M yH oca- 
6am,  K ecM a, y q 'ra  nyK T aiiH H r o aah h  HHcSara Ba rn y H ra  y x u ia rn  ac))cj)HH 
T y iu y n q a J ia p A a rn  K a6n  TatpncbJiaHaAH.

3 . y x ijja u ia J iM a u iT H p H u i^ ia p rp y iin a c H /,2\ a oo TeKHCJiHKAarH aScojiioTH H  

ca iy io B q n  npoeKTHB aJiMauiTHpHuuiap rp y n n acn H H H r î hcm rpynnacH A H D .
4 . I, m  —  npoeKTHB T y p p n  qH3Hpyiap. A r a p  6y  TyppH HH3H ^ n ap  a 6c o - 

yiiQTHH Lx , H yi^TajiapA a K ecca Ba 6up- 6n p n r a  aSco.'iioT  HHBOJHOUHHAa 

m oc 6y /ic a , y ^ o M a e B K ^ H A  TyFpH qH3H iy iapn  nepneHA HKy- 

jiH p  6 y.iaAH.
5. M ap K a3H Px  H yi^raA a, yi^H s a c a  H y ^ T a ra  aoco .a ioT  h h bo jh o u h ji-
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75- *)H3Ma 76- 4H3M3

# a  m oc K ejiraH  Hyi^raAaH yTyBHH h h b o jh o u h o h  roM OJiormiHH oJiaiiJiHK. 

B y  ajiM aujTHpHiu TeKHCJiHKHHHr A  ny^TacHH H A ' H y ^ T a cn ra  y reasaA H  (7 5 - 
HH3Ma). Arap ( P ooX / l / l ' )  =  —  1 G yjica , X  H yi^ra A A ' K ecM am m r ypT a 

H yi^Tacn 6yj\am , yH jiaH  Tami^apH ( / l / 4 ' ) \  Ba s T y F p n  H im iy ia p  

nepneH A H K yjm p. A eM aK , 6 h 3  K ap aeT ran  aJiMauiTHpHm s y n ^ a  HiicSaTaH 
CHMMeTpHK ajiM auiTH pnui SyjiaAH.

6 .  A enap T  KoopAHHaTa^apn cncTeMacHHH KypaftJiHK. A loo, A 2oo Ba QM,

Qoo H y K ja /ia p  a 6coJiioT  HHBOJiroUHwa 6n p - fiH pnra  m oc KeJiyBHH Ba 6n p- 
6h p h h h  rapMOHHK awpaTyBHH h k k h  >Kyc{)T H y^Ta fiyjiCHH. (E3 Q 00) \ Q  0 Typ- 

p n  TO3H iyia eTyBHH A s Ba E  x o c  H yiyrajiapH H  oJiaH/iHK. y  j^oJifla R  =s 
■= {Ax A 2 A 3 E \ npoeKTHB KoopAHHaTaJiap cncTeM acH  6np > k h h cjih  a^xjw H  
R  =  {A oo ^ 2oo ^ 3  £ }  KoopAHHaTaJiap cncT eM acH ra  aiuiaHaA H. B y  CHCTe- 
MaHHHr A3 A 1co Ba A3A2go KoopAHHaT y iy ia p n  nepneH A H K yjiap. ByHAaH 

T aiuK apn

E\ — ^ 3 A<*> H E  ^ 200’ E 2 *= ^ 3  ^ 2oo n E A  loo
f iy jic a , y  j^ojiAa 6h p jih k  A 3 E x B a A 3E 2 KecMaJiapHHHP y 3yHJiHKjiapH TeH r 
(7 6 - HH3Ma).

^an;H^aTaH ^aM, TyjiH^ TypT ynJiHKHHHr rapMOHHK xoccajiapnra Kypa, 1 
E x E 2 Typpn HH3HH ^ loo. ^ 2oo> Q«, Hy^TaJiapra rapMOHHK 6yjiraH Qx  Hyi^* 
TaAaH yTaAH. <

IUyHHHr ynyH Q'm MapKa3JiH Ba A3 y iyin  hhbojhouhoh romnoruA  
A aE x Ba A 3E 2 KecMajiapHH (nip- CwpHra yTKa33AH, 6yHAaH KecMa yayH- ;
JIHKJiapHHHHr TeHFJIHrH KeJIH6 HHI^aAH.

IU yH A aH  i^hjthS , R  =  \AX A2A 3E\  KoopAHHaTaJiap cncTeM acH  —  a 6c o  
j i i o th  fiHJiaH 6epHJiraH npoeKTHB TeKHCJiHKAara Typpn 6ypqaKjiH 6n p  jk h h g -  
j ih  AeKapT CHCTeMacHAaH n 6opaT  6yjiaAH. P2 \  aM TeKHCJiHKAarn 6np >khhq- , 

j ih  6y jiM araH  TyFpH SypqaK jiH  AeKapT cncTeM acH  OAaTAarHAeK K ypiuiaA H. J 
H y i^T a iiH u r 6n p  jk h h c j ih  SyjiM araH  KoopAHHaTaJiapH CH<})aTHAa 6n p  H c y ^ f  
(x , y) coH Jiap  ojiHHaAH. B y  coH Jiap  m y  Hyi^TaiiHHr 6n p  jk h h c j ih  (jcx, x2, x j  
KoopAHHaTaJiapH 6nJiaH

M yH ocaSaT  o p ^ a jm  CoFJiaHraH.



VII BOB. TACBHPJIAUI METOflJJAPH

O a30Aarn cfmrypaJiapHHi-ir reoMerpHK x o cca jiap n H H  TeKiuHpnuiAa 6eBO- 
CHTa (JmrypaJiapHHHr y3JiapnAan 3 Mac, 6anm  yHHHr TeKncjiHKAarH TacBnp- 
Jiapiraafi (JjoHAajiaHHJiaAH. TacBHpJiaHaAHraH m aKJiJiapHn qH3Hiu i^OHAaJiapH 
npoeKnnHJiaiu MeTOAHra acocJianraHAnp. TacBnpJiauiAa acocaH MapKa3HH 
npoeKUHsuiam Ba n a p a ju ie j i  npoeK U H ajiam  MeTOAJiapHAaH (J)oiUaJiaHHJiaAH. 
By MeroAJiapKH aJio.^HAa- a.io^HAa Kypnfi qH^afijiHK.

4 3 -  §. ITpoeKuHfljiau] Ha3apHflCHHHHr 6 a t3 H  6h p  M acajra jiapH
f  t

1. M apK a3H fi npoeK uH fljiau j.
E bkjih a (|)a30CHAa a  TeKHCJiHK Ba uiy TeKucjiHKAaH Taiui^apHAa eTraH 

A ' Hy^Ta 6epiw ran Ae6 cj)apa3 ^HJiaHJWK (77 - qii3Ma). A ' AaH cfiapiym h x -  
THepaft S  (S (t a ) Hyi^TaHH TaiiJiaS ojih6, yHii A '  Hyi^Ta 6nJian TyraiuTH- 
paMH3, ^ o c h ,t  6 yjiraH S /1 ' Tyrpn qH3HKHHHr a  t c k h c j ih k  SiuiaH K ecn u iraH  
Hyi^TacHHH A 0 dnJiaH  6ejirHJiaHJiHK. A 0 HyKTaHH (ba30A arn  A ' n y K ja n H H r 
a  (npoeKUHH) xeKiicjiHKAarH MapKa3HH npo eK u n acH , S  ny^raim  n p o e K u n a- 
Jiap  MapK33H, S  A ' qH3HK,HH IIpOeKIIHH.TOBlIH TyFpH TO3HK,, a  TeKHCJiHKHHr 
sea npoeK U iiflJiap T eK n c jin rn  AeHHJiaAn.

KDi^opHAarn y c y ji 6n;ian F ' cjwrypaHimr a  TeKHCJiHKAarn F 0 npoeK- 
UKHchhh HcaraHHMH3AaH KefiHH, yHH yxuiaui ajiMauiTHpH6, F ' (JwrypaHHHr 
a  TeKHCJiHKAarn F  TacBupiiHH ^ochji 
^HJiaMiis. Ba^3H ^OJiJiapAa yxuiam 
aJiManiTHpHmra 3apypnflT TyFHJiMaft- 
AH, y  ^OJiAa F '  cfmrypannHr a  Te- 
{(HCJiHKAani npoeKLwacH yHHHr TacBH- 
PH 6yjiaAH.

O n r y p a  npoeKUHaciiHHHr KypHHH- 
iuh npoeKUHHJiap TeKHCJinrHHHHr npo­
eK U H H Jiap M apKa3Hra HHc6a ra H  >koh- 
jiaHHUiHra SoFjmiyiHp. MapKa3HH npo- 
eKitHHJiauiAa k h iu h  Ky3HHHHr K y p n u i 
HypjiapH npoeKUHHJioBqn HypJiapra 
m oc K eJiraH JiH ra  c a 6a 6jiH TacB np hi^- 
i^oji K^pHHaAH. MapKa3HH npoeKUHHJiap 6yum a  (JwrypaHHHr xâ HK.Hft uiaK- 
jih  Ba yjiqaM JiapHHH amv^jiaui i^ h h h h  Ba n o i^ y jia n . IlIyHHHr yqyH  6y y c y j i -  
A 3 H KynrH H a HHpHK HHUIOOTJiapHHHr yM yM H H  KypHHHUIJiapHHH TaCBH p- 

jia in fia (JiofiAajiaHHJiaAH. M a p K a 3n n  n p o e K u n a jia iu  y c y jiH  6HJiaH a c a jira H  
TacBnp nepcneKTHBa Ba 6y  y c y ji  6nJiaH m y F y ju ian y B q H  (J>aH ^aM  n ep cn eK - 
THBa Ae6 aTaJiaAH Ba y  qn3M a reoMeTpHHHHHr M ax cy c  SyjiHMHAan 6n p n  
^HCo6,nanaAH.

2. napajuieji npoeKijHHjiaui.
n a p a j u i e j i  n p o e K u n flJ ian ib n  MapKa3HH npoeKUHHjiaiUHHHr x y c y c n n  ^ o j ih  

$ e 6 n ,ap a iu  m y m k h h . B yH A a, npoeKUHHJiam MapKa3H S  6n p o p  M ' N ' T ^Fpn  
TO3H^ flyH aJinuiH  6y n n q a  xapaK axjia iii-iS , npoeKUHHJiap TeKHCJiHrnAan qeK- 
?H3 y 30K,JiauiraH Ae6 c})apa3 i^HJiaMH3 (7 8 - q n 3Ma). B y  epA a M ' q n 3H ^ 
\ipoeKU,UHAaiu uynaAUiuu AefiHJiaAH.
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Oa30,n,a o jiH iira n  g n p o p  F'  4> yrypa- 
h h  a  TeKHCJiHKKa npoeKUH H/iam  yqyH  
F'  c|)HrypaHHHr ^ a p  d iip  H y i^ a c H  
opi^ajiH  M ' N '  fiyH aJiH m ra n a p a ju ie j i  
I\HJ1h 6 IipoeKUHHJIOBHH TyFpH qH3HI^- 
JiapHH yTKa33MH3. B y  TyppH HH3I %  
JiapHHHr a  t c k h c j ih k  6uJiaH K ecnm - 
raH  F0 HyKTa.nap TynjiaM H F'  cjjnry- 
paHHHr a  TeKHCJinrnflarH n a p a ju ie j i  
npoeKUH Hcn JX&6 a T a jia ^ n . A r a p  F0 
(Jw rypaH H  y x m a m  a jiM a m rap c aK , F' 

(J jH ry p a n m ir  a  t c k h c ^ h k ^ a r n  t  TacBHpn x o c h ji  SyjiaAH.
n a p a ju i e j i  npoeKUHHHHHr KypHHHinn Ba y jiq a M Jia p n m m r jterapH iiiH  cj)a- 

i^aT npoeKUHHJiap T eK ncjm rH H im r npoeKUHHJiam H yH ajiH m nra uncS aT aH  k ^h - 
Aaft JKOHjiaHHiunra S o fjih k ;. IIpoeKUHHJioBHH T y rp n  qn3HKJiapHHiir npoeK - 
UHHJiap TeK H C Jinrnra HHcSaTaH KaHflafi HyHajiHUifla 6y jiH in n ra  K apaS, n a p a ji-  
j ie ji  npoeK U H fljiam  ip f ii i iH ^  SypnaKJiH  Ba T yFpn S ypnaK Jin  S y jia /m .

A r a p  npoeKUHHJiam H yH aJinm n npoei<HHHJiap TeKHCJinrH 6njiaH  yTK np 
CypnaK  TamKHJi i^HJica, SynA aft n a p a ju ie j i  npoeKUHHJiam  i^ n n u m ^  SypqaKJiH 
fle(5 aHTHJiaan.

A r a p  npoeKUHHJiam  ftyH aJinm n npoeKUHHJiap TeKHCJinrH 6h jiaH  T yppn  
6ypqaK  TamKHJi i^HJica, 6ynA aft n a p a ju ie j i  npoeKUHHJiam TyFpH SypqaK Jin  
£ k h  opT oroH aJi npoeKUHHJiam AeftHJiafln. B y n A a n  n p o eK u n n jiam A a  np o eK - 
UHHJiam ftyHajiHm H KypcaTHJiM aftfln, qyHKH 6n p  H y ^ r a / ia n  TeKHCJiHKKa <J)a- 
i^aT 6nTTa nep n eH flH K y jiap  TyFpn qH3Hi^ yTKa3Hiu m y m k h h .

O nrypaH H H F n a p a ju ie j i  npoeK U H H jiam aarH  T acB npn a co c aH  i^yHH^arHHa 
b̂ ochji FjHJiHHafln:

1) SepH JiraH  <})a30BHH cfrarypatiH H r G apqa H y ^ T a jia p n  SepH JiraH  fij^Ha- 
jiH m ^ a  a  TeKHCJiHKKa npoeK u n H jian a^H ;

2) npoeKUHH TeKHCJinrH.ua ^ ochji i^HJiHHraH t jm ry p a  y x m a m  aJiM am ra - 
pH Jia/m .

By h k k h  K^a/iaMHH 6 a > K a p r a iw a n  K efin H  fie p n J iraH  fJ)a3 0 B n n  $ n ry p a H H H P  

T a c B n p n  ^ o c h j i  STHJia^H. B y H fla H  K y p u n a fln K H , T a c B n p f la r n  x a p  6 n p  H yi^ ra 

y M y M a H  0 JiraH ,n a, o p n rH H aji,n arH  m o c  H yi^ T an n H r n p o e K U H a c n  G y jiM a ftf ln . 

H k k h h h h  K,aAaM 6 n 3 r a  KepaKJiH  y j r a M J ia p A a r n  TO3 MaHH ^ o c h j i  i^HJiHiiira 

h m k o h  6 ep a A H . B a-b3H x ;o ju ia p f la  h k k h h m h  i^aflaM H n 6 a> K ap H iiira  3apyp H H T  

T yF H JiM aftflH , y  ^OJi/ia F '  ^ n r y p a i m H r  a  TeK H C JinK flarH  npoeKU H H CH  yHHHP 

TacB H pH  f iy j ia i in .  Y M y M a H  a ftT ra H ^ a , h k k h h iih  i^a/iaM nm H H H r m o ^ h h th h h  

J/3rapTMaftAH.
n e a a r o r H K  n p o u e c c ^ a  K ,yjuiaH H JiaflnraH  T acB H pJiapra  i^y n n flarH  TajiaO- 

|  J iap  ^yftH Jiafln :
I 1) T acB np  opnrHH aJiH HHr 6n p o p  n p o e K u n H c n ra  y x m a m ;

2) T acB np K ypra3M ajin ;
3 ) TacBHp spKHH 6a>KapHJia,HHraH G y.nnm n KepaK .
n a p a j u i e j i  npoeKUHHJiam y c y j in  6n Jian  ^ o c h ji  K juinH raH  TacBHp T yppn , 

h tjI ih  o p u rH H aJira  M yH ocnS Ba e T a p jin n a  K ypra3M aJiH flnp. B y H ^ a n  TacBHp, 
MapK33HH npoeKUHHJiam y c y j in  SnjiaH  j^och ji KHJWHiaH T ac B n p ra  HHc6aTaH 
cojtAapoKj Hcajia^H- U lyH H H r yqyH  MaKTa6.ua y^H TH jiaA nraH  reoM eT pnH  KypcH 
G yfinqa TacBnpHH H c am ^ a  n a p a ju ie j i  npoeKUHHJiam ycyjiH flaH  (JioHflaJiaHHJiaflH.
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3 . Hkkh TeKHCJinKHHHr nepcneK- 
Tlffi-atj)(J)HH MOCJlHrH.

s  TyppH 6 y n n q a  K ecm u y B -
m  HKKHTa a ' ,  a  TeKHCJiHKJiap Ba 6 y  
TeKHCJiHKJiapHH K ecyB qn I f ty H ajiH m  
SepH JiraH  6yjicHH . n a p a j u i e j i  n p o e K - 
iXHHJiaiu ycyJiH  6m a n  a ' ,  a  TeKHC­
JiHKJiap H y ^ T aJiap n  o p acn A a  C up  i p n -  
M3TJIH MOCJ1HK ypH3TaMH3 (79-qH 3M a). 79-qH3Ma
5yH fl3&  m o cjih k h h  nepcneKTHB- 3tJ)-
$H H  MOCJIHPH eKH JKHHCAOIU MOCJIHK Ae&HJiaAH. B y  MOCJIHKAa HXTHepnfl 
HKKHTa m oc A ',  A  H y ^x ajiap n H  SnpjiauiTH pyBqH  TyppH qH3Hi^Jiap I ftyHa- 
.n u m ra  n a p a ju ie j i  6 y m j w .

3 h a h  nepcneKTHB- ac|);})HH MOCJiHrHHHur x o c ca jia p w  6 n JiaH  TaH H iun6 q n - 
t^aHJiHK. (ByHH n a p a ju ie j i  npoeKUHHJiam x o c c a J ia p n  ;ie 6  >;aM io p h t h jis a h .)

ABBaJIO, HKKHTa TeKHCJIHKHUHT KeCHUiraH qH3HFHHHHr J^ap 6 n p  H y^T3- 
CH 6yHA3H MOCJIHKAa y 3 -y 3 H ra  yTHIIJHHH 3CJI3THO ^THIUHMH3 JI03HM.

1. FlepcneKTHB- a<}xj>HH M ocjinrH A a KOJiJiHHeap H y^T aJiap  m a  KOJiJiHHeap 
H y i^ ra jiap ra  yTaAH.

Arap A  H y ia a  a T yppn  q n 3 H ^ aa  e r c a ,  6y  nyi^ra Ba uiy Typpn qH3HK; 
6 hp-Snpnra uHnudenm  aenH JiaA n. Hyi^ra Ba TeKHCJinKHHHr, T yp p n  MH3HK; 
B3 TeKncjiHKHHHr HHUHfleHTJiHru m y H ra  yxm aui an n iy iaH aA H .

2 .  n ep cneK T H B - s ^ hh  M o c jiiin m a  H yi^ra  B3 TyFpH HH3H^HHHr h h u h - 
fleHTJiHrn caiyiaH aA H .

3 . n e p cn e K T H B -3 (|xJ)h h  M ocjiH rnfla n a p a ju ie j i  TyFpH q r a n iy ia p  a n a  
n s p s ji j ie j i  T yppn  qH3HK,Jiapra y r a f ln  (7 9 - qH3M3.)

4. nepcneK T H B - a(Jxj)HH MOCJiHK^a yuT a H y^TaH H iir o a a h h  h h c6 3 th  can;- 
JiaH3ilH.

XaK[H^aTaH ^aM , a  TeKHCJiHKAarn KOJiJiHHeap y qT a A , B, C  H y ^ T a ra  a '  
TeKHCJinKfla A ’, S ', C 'H y i^ ra J ia p  moc K e jia fln . A A ' , B B' , CC'  npoeKUHHJioB- 
q n  T yFpn q n s n iy ia p  n a p a ju ie j i ,  LiiyiiHiir yqyH  y in 6 y  TeHrjiHKHH e3a  0JiaMH3

d£.  =  t (ABC )  =  ( A ' B ' C ) .
CB C'B'

4 . TeKHCjiHKflarH nepcneKTHB- ajiM aiurapm ii.

TeKncjiHKjiapiiaH 6npnHn s Typpn qn3H^ aipocfMAa aftjiaHTHpanjiHK, 
aHJiaHaeTraH TeKHCJiHK ^anAaft Ba3HHTAa 6yjiHuiHAaH i^aT'bH Ha3ap npoeK- 
UHHJioBqn A A ! , B B ' , CC ' TyFpH qn3Hiyiap napaJiJieJuiHrnqa i^ojiaBepaAH. 
/KyMJiaAaii a ,  a '  TeKHCJiHKJiap ycTMa- ycT TymraH ^OJifla J^aM (8 0 - qn3M a). 
By ^ojifla a  TeKHCJinKHn a!  TeKHCJiHKKa nepcneKTHB aKCJiaHTnpnuiHH 6h t-  
ra a  =  a '  tck h cjih k  Hy^Tajiapimn ys- y3Hra aKCJiaHTnpnui Ae6 papain 
MyMKHH. ByHAaft nepcneKTHB-acjxf)HH aKCJiaiiTHpnuiHH nepcneK T H B -a^nn  aji- 
MauiTnpHiu Ae6 aftrajiaAH. s t^ f p h  qH3Hî HH aJiMauiTHpHiu yn;n Ae6 iopH- 
THJiaAH. By ^oji TacBHpjiaui MeTOAJiapnHn ypraHimiAa My^nw a^aMHHTia 
a ra .

TeKHCJinKHH nepcneKTHB- a a J i M a u i r a p m u  6 n p  »ycJ)T m oc (A, A ')  
Hyi^raJiapiiHHr Ba s yi^HHHP SepHJinojH SuJtaH Tyjia aHHi^JiaHaAH.
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80- >iH3Ma

81- q«3Ma

X a ^ H i\a ia H  ^aM , S r a r a  6n p  w ytjy r 
(A, A')  n y ^ T a ^ a p  Ba s  yi^ 6epHJiraH  
SyjiCHH (.4 g s, A'  g s). y  ■«-
KucjiHKKa i^ap am jm  n x T n e p n n  B  Hyj^- 
T3HHHr o6pa3HHH «CaUIHMH3 MyMKHH 
(81-H H 3M a). ByHHHr y q y n  A B  T yp p n  

qH3Hi^HH yTKa3H6, yHHHr s T yppn  lii[3Hi  ̂ 6h»t3h  K e cn m ra H  nyi^TacHHH X  
6nJiaH  S e j in u ia n jin K , A X  ^TyFpH h h s h k h u h t  o 6p a 3H A' X  T y rp n  q n 3H iy w p . 
M sJiaH raH  Hyi\Ta A' X  T yFpn H n sm y ia  Ba B  n y K ja  opi^aJiH AA!  T yppn  
HH3H Fnra n a p a ju ie j i  i^h jih 6 yTK a3H Jiran g  TyFpn HH3H iyia eT n m n  m ap T . A eM aK , B  
i i y i n a r a  w h h c a o lu  B'  H y ^ a  g  T yFpn h h 3hi^ S h jm h  A' X  T yp p n  h h s h ^ h h h p  
K e cn m ra H  n y ^ T a c n  S y jia /w . HKKHTa jKHHC^om (Jw rypaJiapflaH  ^ a p  6npm iH  
HKKHHHncHflaH n a p a ju ie j i  npoeKUHHJiam y c y jin  6njiaH  ^ o c h ji  KHJiim raH f le d  
p a p a in  m y m k h h .

82- qnsMa 83- HH3MH

5 . nepcneK TH B - atJjcjiHH m o cjih k h h h f  6 oui flyH ajiH uuiapH .

T eo p e M a . TeKncjiHKHHHr x a p  6 n p  H y K ia cn  opK aJin  y 3 a p o  nepneH flH - 
K y jifip  6 y jira H  (p a q a r  6 n p  >Ky(j)T m y n f la n  T yppn  nn3H ^Jiap y ra flH K n , yjiap- 
ra WHHCAom o y j ir a i i  T yppn  qn3HK;jiap xaM  v 3 a p o  nepneH A H K yjm p 6JS- 
Jia^H .

H c 6 o t . >Khhcaouj mocjihk s y ^  Ba 6 n p  iKycjiT A, A '  nyi^TaJiapHHHP 
fiepnJinmn 6njiaH aHHKJianraH SyjicnH. 
riepneHflHKyjiHp AB, AC  TyFpn lin- 
EHi^Jiapra /khhchoiu mocjihk^  nepneH-
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flHKyjiflp A' B ' , A ’ C' T yFpn qH3m y ia p  m oc KeJicHH (82- iiH3Ma). A D A ’ C 
TypToypHaKHHHr i^apaM a- i^aprnH 6y p q a K jia p n  h h fh h a h c h  2 d  r a  TeH r 6y ji- 
raHH ynyH  6y  TypT6ypqaK  T am K apncH ra  AnaM eTpn BC  =  B' C' KecM a a s h  
HfiopaT a ftJ ian a  qnsH ui MyMKHH. AftjiaHaHHHr MapKa3H AA '  K ecM am m r y p T a  
nepneH A H K yjiapH  SHJian s y fy rn u r  K ecn m raH  0  =  0 '  H y ^ rac H  SyjiaA H, pa - 
flnycH  r =  OA T e u r .  B y  aftjiaH aH n qH3H6 , yHHHr s yK, fin jiaH  K ecn m raH  
B =  S ' Ba C — C' Hyi^TaJiapHHH TonaMH3. n e p n eH A H K y jiap  AB, AC  T y p p n  
q H a n iy ia p ra  jk h h c a o iu  A' B 1, A ' C' T yFpn  q n 3H iyiap  ^aM  y 3a p o  nepnenA H K y- 
J ia p  6y.naAH.

AB, AC  Ba A ' B', A '  C' Typpn qH3H ^ Jiap H n n r ftyHaJiHinHHH jk h h c a o iu  
MOCJinKHHHr 6 o m  ftynaJiH m Jiapn  AefiHJiaAH.

6 . S ju in n c — a f tj ia H a ra  jkhhcaoui c |)H rypa. Sjuiw ncH H H r x o c c a jia p n  Ba 
yHH a c a m .

^ H H C A o m  m o cjih k  s  yj^ Ba 6n p  >Ky<})T moc A, A '  Hyi^raJiapH H H r 6e p n -  
jin m n  6h ji3h  a H m y ia n ra n  6y jicnH . M apK a3H 0  Hyi^TaAa Ba A nyK j'a  opj^a- 
jih  yTaAHraH a f tjian a  qH3n6 (8 3 -q n 3 M a), y H ra  jk h h c a o lu  (|)HrypaHH aca ft- 
j ih k .  OA T yppn  qH3HK; s yK S n jia n  P  =  P' n y ^ T a ^ a , a ii i ia iia  6iviaH  
A  AaH 6om K a B Hyi^TaAa KecHmaAH. B H yi^Tara jk h h c a o h i  B' H yi^ra  
P  A '  T y rp n  «H3Hi  ̂ SnjiaH  B  HyKTaAan AA '  fty H ajm u iH ra  n a p a ju ie j i  k ;h jih6 
yTK a3H /ira ii TyFpH iiH3Hiyia eTaAH. 0  n y ^ T a r a  O' H y K ia  jk h h c a o iu .

0  i-iyKTa opKaJiH aftjiaHaHHHr x a p  x h ji  AnaM eTpjiapnHH yTK333MH3. M a- 
c a J ia n  CD, EF  Ba ^0K a30, aftjiaH aA a e-ryBqn H y i^ ra Jiap ra  K e p a rn q a  >KHHCAom 
6y j ir a H  nyi^Ta.iapH H  a c a m  MyMKHH. M acaJiaH , C', D ', E ', F' Ba xp K aao . 
IU yH A afi i^h jih6, a f tjiaH a ra  > k h h ca o u i c[fflrypaHn acaftMH3. HKKHTa jk h h c -  
A om  (jDnrypajiapAaH S h p h h h  HKKHHqncnHHHr n a p a ju ie ji  n p o e K u n a c n  A e6 o jih u i 
MyMKHH. AfiJiaHaHH npoeKUHHJiOBqn T yppn q n 3 n ^J iap  TynjiaM H i^aHAaftAHp 
QFMa u h j ih h a p h h  ^ o c h ji  i^HJiaAn. B y  u h j ih h a p h k  6n p o p  t c k h c j ih k  6n jiaH  
K eccaK , a ftjiaH a ra  jk h h c a o iu  <})Hrypa ^ o c h j i  f iy jia a h . M atJiyM K H , ftyHaJiTH- 
pyB qn  a r p n  qH3HFn aftjiaHaAaH nSopaT f iy jiraH  u h j ih h a p h k  c h p th h  TeKHC­
JiHK finjiaH  K eccaK , KecHMAa SJiJinnc eKH aftjiaH a j^och ji ^ h j ih h 3 a h .  A r a p  
u h j ih h a p h k  cnpTHH K ecyB qn TeKHCJiHK aftjiaH a eTraH  TeKHCJiHKKa napaJi- 
jie ji 6y jic a , KecnM  aftjianaA aH  HfiopaT S y jiaA n . B y  j^o jihh  K,apaftMH3.

A eM aK , a ftjiaH a ra  jkhhcaolu  c jm rypa  g ju inncA aH  nSopaT.
^ K h h c a o lu  m o c jih k  x o ccaJiapnA aH  (JioHAaJiaunG, a ftjiaH a x o ccaJiap n A aH  

SJiJinnc  xoccaJiapH H H  K e jrrn p n S  q n ^ a p n m  MyMKHH.
X ^^H K aT an JjaM:
а) Ma'Bjiym k h , a ftjiaH a MapKa3H AB  AnaMeTpHH Tern ' HKKHra 6yjiaA H . 

J K h h c a o h i  m o c jih k HHHr  4 -x o c c a c H ra  K ypa:

A'O'  =  AO ,

O'B' OB ”=  ’

a^H H  O' HyK/ra a ju inncH H H r A' B'  BaTapnHH T eH r HKKHra 6fjiajxu. A ftjia - 
HflHHHr S a p q a  A n aM eip jiap H  0  H y ^ raA a  TeH r HKKHra 6yjiHHaAH, AeMaK, 
gjijiHncHHHr ^aM  O' Hyi^raflaH  yTyB qn 6 a p q a  B aTapJiapn TeH r HKKHra 6yJiHiiaAH.
0  Hyi^TaHH s ju in n c  MapKa3H, 6y nyi^T a op i^a jin  yTyB qn 6 a p q a  BaTapjiapHH 
SJiJinnc A naM eT pjiapn A ennJiaA n;

б) aftjiaHaHH Hr napaji.ne.T B a T a p jia p n ra  a ju inncH H H r J^aM n a p a ju ie ji  Ba- 
T ap jiap n  moc K eJia^n . A r a p  A B  Ba E F — aftjiaHaHH Hr y 3a p o  nepneHAHKy-
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jm p  AHaM eTpjiapn 6y jic a , y jiapH H H r J^ap 6n p n  HKKHHqHCHra n ap a ;u ie ./i 6y ji- 
ra H  B aiap jiapH H  T eH r HKKHra SynaA H . > K w ic a o h i m o c jih k  x o c c a c n r a  a c o ­
caH , 3JTjiHncHHHr x a p  6n p  A ' B ' Ba E ' F ' A naM eT pjiapn  HKKHmHCHra n a -  
p a /u ie ji  S y ^ ra H  BaTapJiapHH T e a r  HKKHra 6yjiajw.  S ju iH n c n iiH r  6yHAaft 
AH aM eTpjiapn qijiuMa duaMemp/iap ACHHJiaAH;

b) >^ap 6n p  a ju m n c  6n p  >Kyc[)T y 3 a p o  nepneH A H K yjm p i^yuiM a AHaM eTpra 
a r a .  X a ^ HK,aTaH .xaM, 0  MapK33JiH avuiana Ba y H ra  jk h h c a o iu  O' M apKa3- 
m  3JiJiHnc C epH Jiran  6y .ic n n . 0 , 0 '  HyK.Ta.aap > k h iic ao u i m oc H y i^ ra jia p . 
B y  H yi^T a^apA arH  > k h h c a o u i m o o /ih k h h h f  6o m  flvH ajiH uuiapuH H  h c 3 hm h3. 
H c a jira H  T y rp n  qH3H iy iap  afljiaH aH H H r y 3 a p o  nepneH A H K yjiap  A ^aM eTpjiapH  
Ba sjuiH ncH H H r y s a p o  nepneH A H K yjinp Ba i^yuiM a A ^aM eTp.iapH  6y;iaAH 
(8 4 -  t-iH3Ma). 5 - n.  A a rn  T eo p eM ara  K y p a , a ju in n c  ^aM  iiepneH A H K yjuip, >^aM 
i^ym M a 6y j i r a n  6n p  >Ky([rr AH aM eTpra a r a  6yjiaAH. B y Aw am eipjiapHH HP 
x a p  6iipH HKKHimHcnra n a p a ju ie ji  S y j i r a e  BaTapjiapHH TeHF HKKHra 
dyjiaA H . IliyH A aS  kh .;ih6, ajuiH ncH H H r 6yHAafi AHaM eTpjiapH ajuiHncHHHF 
ciiMMeTpHH y iy iapH A np . S ju m n c  yi^JiapHHHHr a ju in n c  6mau  K ecn m raH  
A ',  B ' ,C ' ,  D'  iiyK T a/iap ii ajuiHncHHH r yq jiapH A np.

A H .ianaH H H r 6 n p o p  K  H yr^ racH ra  yTKa3H Jiran t  ypnH M a TyFpH H H 3 H ^a  
s jy m n cH H H r K  n y K T a cn ra  yTKa3HJiraH t '  ypH H M ara jk h h c a o i i i  m oc 6yjiaA H .

7 . K ym M a A H aM eT pjiapura  K y p a  a ju m n c  a c a u i

A ftjiaH a Ba yHHHr AB, CD nepneH A H K yjinp A naM eT pjiapn  6epH /:raH  
fiyjiCHH. B y j ia p r a  >k h h c a o ih  A 'B ’,C'D' K ecM ajiap  a iu ia H a ra  jk h h c a o iii 6yji- 
ra H  ajuiH ncH H H r i-^yuiMa AnaM eTpjiapHAHp. A H JiaH am m r A, B, C m  D  iiyi^- 
T a jia p n ra  yTKa3HJiraH ypH H M ajiap aH JiaH ara Taiu^H  qH3HJiraH P Q RS  KBaA- 
paTHH ^ ochji i^HJiaAH. By K B aA paTra » h h c a o h i c fin rypa a ;u iH n c ra  T a in a n  
qiB H JiraH  P 'Q 'R 'S '  r iap a-rae  j io r p a m m a sh  n S o p aT .

A ftjiaH aA a e T y sq n  nxTHepHH N  Hyi^raHH o ;ih 6 , AN, BN  T yppn  hh3hk;- 
jiapHH 5:caHMH3: AN  fl CD =  E, BN  H QP =  AOE  Ba BFR  TyFpH 6y p -  
naKm yqfiypqaK jiapH H H r TeHrjrnrHAaH (AO =  BR, /L E A O  — Z . RBE) OE, 
R F  KecM a,;iap T eH r A eraH  x y j io c a  qw^aAH, S y iiA an  (8 5 - qH3Ma):

Q n r  R

A

P

B

84- qH3Ma

c
85- qn3Ma
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O'E' RTF  

E' D'  ~  F'D'  *
P'

86- qa3Ma
A a

A 'E '  fl B'F '  =  N f Hyi^Ta N  Hyi -̂ 
T a ra  > k h h c a o ih  fiyjiaflH  Ba SepHJiraH a i ln a n a r a  jk h h c a o h j  6yJir3H  a ju ra n c -  
Aa eTHUiH K epaK . B y i-y aH  ajijinncH H  s c a m  Hym  x o c h ji  mmHaAM.

B'  nyK Ta opKa./m riap a ju ie jio rp aM M  to m o h h h h  F' H y^T afla  K eca /m raH  
HXTIiepHH TyppH HH3H^ yTK333MH3. O'D' HpHM flHaM eTp^a

mapTHH !^aHoaTJ!aHTHpyBHH E '  HyKTaiiH flcafiM n3. B'F', A 'E '  TyppH hhsh^ -  
jiapHH yTK33aMH3, y j ia p  B 'F ’ fl A 'E '  =  N '  n y ^ 'i a ; i a  KecHiuaflH .

K j n m a  ah 3 M eT p Ji3 p n r3  K y p s  s ju m n cH H H r x o ^ i a r a h q a  H y^rajiapi-iH H  
HC3in ynyH  TOMOHJispH ^y u iM 3  AH3MeTp yqjiapH flaH  yT yB qn Ba y j ia p r a  
n a p a ju ie j i  6 y jir3 H  napaJiJieJio rpaM M  h c3 h m h 3 . A naM eT p/iapH A aH  6h p h h h  Ba 
y H rs  n a p a ju ie j i  SyjiM araH  nap3Ji,ne.Jiorp3M M  to m o h j is p h h h  wyc^T c o H fls rn  
T e u r  6 y ji3 K Ji3 p ra  6yji3M H3. 87- qi-BM a^a K ypcaT n ;ira ii,neK  HOMepJisfi m hkh6, 
AnaMeTpHHHr 6H n a  yqHflaH flHSM eTp^a H O M epjianraH  H yi^rajiapH H , h k k h h -  
h h  ynH ^aH  n sp s ju ie jio rp sM M  to m o h j i s p h a s  HOM epjiSHran nyi^T ajiapH H  n p o - 
eKUHHJ13HMH3, 6n p  XHJI HOMepjiap — npOeKHHH.lOBHH qH3Hf^JiapHHHr  KeCHUirSH 
H y ^ T a jiap n  s j i j ih i ic  H V ^T ajiapn 6ynajiii, qyHKH G y iin an  H y K ja /ia p  yqyH  (1 )  
rnapT  6a>K3pH.i3AH.

8. > K h h ca o u i 4 )H ry p a jia p  Ba o p T o ro H aji npoeK ijH H jiap.

A r a p  n a p a ju ie j i  npoeK H H Juism  fiyHaJiaiUH npoeK U H H jisp TeKHC.TOnira 
opT oroH SJi fiy jic a , 6epH Jir3H  $ n r y p 3  npoeKHHSCHHH yHHHr o p io ro H a ji  n p o -  
c k u h jic h  nefiHJiajiH.

O'E' _  R'F'  

E'D'  ~~ F'D'
( 1)

87- TO3Ma

c-c

88- iiH3Ma
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T eo p eM a. HKKHTa jk h h c a o iii (pnrypaH H H r x a P 6npH  HKKHiiqucHra y x -  
u ia m  (JjnrypaHHH r o p T o ro H aji npoeKUHHCH 6yjiaAH .

H c 6 o t h .  A B B a jio  6 y  T eo p eM aH H  yM yM H H  AC — A'C '  r n n o T e H y s a r a  

s r a  6 y j i r a n  T yp p H  6 y p q a K ;iH  ABC, A 'B 'C '  y q 6 y p q a K J ia p  y q y H  H c S o T jia n -  

j ih k  (8 8 - qH3Ma). B y  ^oJiA a y q 6ypqaK Jiap  j k h h c a o i i i  6 y m 6 , j k h h c a o u i j i h k  

yi^ n  AC  =  A' C' B a j k h h c a o i i i  m o c  H y ^ T a jia p  B,B' .nan  uSopaT. B h 3 A'B 'C '  
y q fiy p q a K H H H r ABC  y q fiy p q a K K a  y x u i a u i  S y jir a H  y q G y p q a K H im r  o p T o r o H a ji  

npoeKU H H CH  SKaHJIHTHHH K y p c a T a ftjiH K .

B epH JiraH  yqfiypqaK Jiap  yMyMHH rH n o re n y 3 a ra  a r a ,  u iyH H iir yqyH

A B 2 +  BC2 =  A 'B ’2 +  B'C '2
M yH o cafiaT H H  e 3a  0 JiaMH3 .

A B < . A ' B ’ iuapTAa BC  >  B'C'  Ba aKCHHqa. A B < .A 'B '  6yjiCHH. ABC  
yqfiypqaKKa y x i u a u i  u iy H A a fi A lB lC1 yq6ypqaK ojiaftjiHKKH, A XBX =  A 'B '  
6yjKHH (89-qH3Ma). tckhcjihk (A'B'C')  tckhcjihk gnJian (90- 
qii3Ma)

B'C'
c o s  ® = ------

Y f iiC ,

uiapTHH i^aHoaTjiaHTHpyBqH cp 6ypqaK  
TauiK H Ji i^ h jic h h . B y  x o j i f la  C f i '  
Typ pH  qH3HI  ̂ (A'B'C')  TeKHCJIHKKa 

nepneH A H K yjiap  Ba A 'B 'C '  y q 6 y p -  
q aK  i4 1B 1C 1 y q 6 yp q aK H H H r opToroHaji 
npoeK U H H CH  S y jia A H .

S h a h  6h 3 F  ( jw r y p a r a  j k h h c a o u i  
HXTHepHH F' (})HrypaHHHr F  cJjH rypara 
y x u ia u i  S y j i r a i i  Fx cjjH rypanH iir opTo- 
ro H a ji  npoeKUHflCH SKaHJinrHHH hc- 
6o t j i3hm h3. P£F  Ba P'QF' H y ig a j ja p  
6n p  JKyt{)T jk h h c a o u i  p y iv ra J ia p  6y ji- 
c h h  (88- qH3Ma), y  ^o jiA a  PC  Ba P'C ’ 
TyppH qH3m y ia p  xaM  jk h h c a o u i .  B y  
TyppH qH3HK^JiaphhHr AB, A ’B'  Ka- 
T eT jiap 6nJiaH K ecn u ira H  N ,N '  n y ^ -  
T ajiap n  J^aM jk h h c a o u i .  > K h h c a o u i 
m o c j ih k h h h t  4 - x o c c a c n r a  a c o c a H :

—  =  — • ( 1)
NB N'B1 3 PN P'N’ '

Y x u ia u i  a jiM auiT H pnui ABC  yqgypqaK iiH  A l BlC1 yqfiypqaK K a, N  HyK,-
TaHH N t H y ^ T ara , P  Hy^TaHH P y H y i^ ra ra  yTKasaAH (8 9 - qH3Ma). IU y  6 h - 
Jiau 6 n p r a

=  M i  M  ££  =  £&£ (2)
NB N1B1 PN PiNi 

(1 )  Ba (2 ) TeHrjiHi<jiapAaH:

A'N' A,N , C P ’ C,P,



BnpnHqn nporiopuHHflaH ymQynn xochji K,HJiaMH3: 
A’N' + N 'B ' AiNi +  NtBi

N'B' N,BV
A'B'  =  A l B1 SyjiraH H  y q y n :  A'''B' =  N XBV AeMaK, N t Hyi^Ta N'  iry ^ T a  
6m an  yctM a- ycT TymaAH (9 0 - HH3Ma).

MyHOca6aTra acocaH PP" TyppH LiH3HKHHHr CjC' Typpn nmmKa  napaJi- 
jieji 3K3H/IHPH Kejm 6  qmcaAH. AeM aK P' nyn^a P t Hy^raHHHr opToroHaJi 
npoeKitnncH SKaH.

Y xm am  ajiMaiuTHpHui F cfwrypai-iH F i cjmrypara yTKasaAH. P'£F'  Ba 
P  16^1 ny^TaJiap K,aHAafi xoccara ara 6y jica , F' Ba F l cfwrypajiapHKHr Ĵ ap 
6 np >Ky(|)T moc ny^Ta/iapH ^aM myHAan xoccara ara.

IUyHflafi i^hjih6, F' <|)Hrypa F  4>nrypara yxm am  Ft cjw ypaH H H r 0pT0 - 
roHaJi npoeKUHacH SyjiaAH.

n a p a ju i e j i  npoeKUHHJiam y c y jin  d n jia n  4 )a30A arn F cjm rypaiiH H r K yp- 
ra3M ajin  n p o e K lih h c h h h  ( t3 c b h p h h h )  ^ o c h j i  K;nJinm yqyH  yHHHr SnjiaH  qaM- 
fiap q ac  SoFjiaH raH  T yppn  6y p q aK jin  AeKapT 0 'X 'W 'Z '  cn cT eM acn  i^apajiaAH. 
B n p o p T a  e' k c c m sh h  o jih S , yH n yjw aM  finp jiH rn  cncJjaTHAa i^a6yji K,HJia- 
MH3 B3 yH n t s S h h h  M a c n n a 6  S u p jiH m  A e6 3T3HMH3. O 'X ',  0 'y ' ,  0 Z' y iy ia p -  
A a rn  (ojiHHraH finpjiH K A arn) M a c m ra S  SnpjinKJiapHHH m oc p a B n m a a  e'x, e', ez 
j ia p  SnjiaH  6eJirHJiaHMH3 (91  - qii3M a). F cfw rypa  Ba O’X 'y ’Z ' cncTeM a 6e- 
p n J ir a n  SyjicH H . A'£F '  HyK,TaAaH X 'O  y 1 KoopAHHaT T e K n cJ in rn ra  n e p -  
neHAHKyjiHp Tym npaM H 3, nepnenA H K yjinp  acocnH H  A3 S n jia n  6 e ji r a j ia 6 ,  6 y

Hyi^TaAaH O 'X'  _ y ^ a  nepneHAHKy-

C'P' _  CxPy 
P'N' P\Ni

4 4 -  § .  A k c o h o m c tp h h . rio jib K e -U lB ap u  T eopeM acn

y iKa3aMH3. D y nepneH A H K yjinp 
O'X' yv  ̂ Sn jiaH  A'x R y ^T a /ia  K ecn- 

maAH. ^ o c h ji i^HJiHHraH O 'A 'A ^A '

r

9 0 -  iH 3M a 9 1 - HH3M3
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CHHHI^ HH3HI^HH A' Hy^TartTlHr K00pAHH3T CHHHK; TO3HFH fleHHJiaAH. B y cH-
nnK qH3Hî HHHr SypHH.iapH KoopAHHaxa yjyiapnra napajijieji A'xA'j |O 'Y ,  
A ’3A \\0 ' Z'- O'A'x KecMa aca O'X' yiyia eTaflH.

Chhhi^ HH3Hî HHHr xap 6iip SyFHHHHH tb6hkh 6apjim 6H/iau yma6,

‘M s
= y>

a 3 a
— z

HHc6aTJiapHH ^ochji ^miaMH3. B y  coHJiap A ' Hyi^TaHHHr KoopAHHaTajiapn 
Aemjiajxn Ba A' (x,y,z) KypuHHiima e3HJia,n;H.

flewaK , F' tfwrypaHHHr ^ap 6up Hy^Tacn MatJiyM KoopAHHaTajiapra
ara.

S h a h  6h3 F' cjmrypa™ O'X'W'Z'  cucTeMa 6 m m  finprajiHKAa I ftyHa- 
jihui 6 y fim a  a  TeKHCJiHKKa napajuieji npoeKUHHjiaftjiHK.

y  ^cw w a O'X',  O ' y ’, O'Z' KOOpAHHaT y q j ia p n  m oc paBHHiAa OX, Oy,  OZ 
T yppn  HH3HK;jiapra, 6upnm e'x, e'y, e '  K ecM ajiap  ex, ey, ez K e cM ajiap ra , A' H y if  

Ta A H yi^Tara, 0'A'x A'3 A' KoopAHHaT c h h h i^  hh3hi$ OAx A3 A c h h h ^  

3 H ^ a  npoeKUHHJiaHaAH (9 2 - qn3M a). J A n a

coh KoopAHHaT yK;jiapHAarH ij3zapum KoatptpuquenmAapu Remnagji.
Arap ex, ey, ez KecMajiapHH OX, Oy, OZ Typpn HH3HfyiapAara M acim aS  

SnpjiHK^apH Ae6 ojicaK, napajuieji npoeKUHHJiam xoccacn ra  acocaH yrnSy 
TeHrjiHKjiapra ara 6y^iaMH3:

OA, A rAx  & A x  A 3
■y .

a 3 a
=  z.

e x > e y> e z
p,ajiam6, OAx A 3A

cx  *x Ky  e z ez

AeMaK, a ra p  KoopAHHaT yjyiapHHHHr Ba yjiapAara 6npmK KecMajiap- 
®HHr npoeKunaaapH 6epHJiraH 6y;ica, y ^oji/ia A ' Hy^Taiiw ir KoopAHHa- 
TaJiapHHH SnJiraa $OJiAa 6y Hy^TaHHHr npoei<UHHCH —  A Hy^TaHH ncaiu

MyMKHH. fi-bnnA Hy^TaHH HcamyqyH 
6hpjihk KecMa/iapAan $oh - 

CHHHÎ  qH3HK[HH 
HC3HMH3. Oa30AarH (J)Hrypa npoeKUHH- 
ciihh cpurypa Hyi^TaJiapuHHHr Koop- 
AHHaTaJiapHAaH cjjOHAa-'iaHnS flcam-
HH CtKCOHOMempUR  eKH dKCO H O M em - 
puK npoeKi{URAaw. mem odu  AeHHJia- 
Ah. ex , ey , e z  KecMajiap aKC0H0MeTpHK 
Snp/iKKJiap AefiHJiaAH (yMyMaH aflT- 
raH/ia 6y 6HpJiHKJiap ^aMMa Ba^T 6np- 
SnpHra TeHr aMac), Koop^HHaT y^Jiap- 
HHHr OX, Oy, OZ nposKUHHJiapH ax*
C0H0M6TpHK y^jiap flefiH/iaflH.
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Oai^aT A* rtyi^TaHHHr aKcoHOMeipnK A  npoeKUHHCHHHHr SepHJiHinn 
gHJiaH OAxA3A KoopAHHaT CHHHK aHHiyiaS SyJIMaHAH, qyHKH npo-
eKUHHJiOBHH A'A  Typpn qH3Hi\HHHr 6apqa Hy^TaJiapn yMyMHH aKC0H0MeT- 
piiK npoeKUnnra ara. A'  Hyi^Ta KoopAHHaT chhhi^ qroHFHHHHr aKC0H0MeT“ 
puK npoeKUHHCHHH Tyjia aHniyiam yqyH A Hy^TaAan Tam^apn A 3 Hyi^Ta 
xaM MatJiyM Syjiiiuin KepaK. By epAa As Hyi^Ta A' Hyi^raAan X'O’y '  Te­
KHCJiHKKa TyuiHpHjiraH nepneHAHKyjiap acocn A'3 Hy^TaHnur aKconoMeTpHK 
npoeKUHHCH. By ny^ra A Hy^TaHnnr HKKHHqn npoeKUnncn AefinJiaAH. ripo- 
eKUHH TeKHCJiHrHAa A ltA s nyi^TajiapHHHr SepuJinuiH Snjian A' Hyi^ranHHr cĵ a— 
30AarH B33hhth SnpAaH- 6np aHH^JianaAH. Arap npoeKUHHJiap TeKHCJinrHAa, 
nXTHepHH A'  Hyi^TaHHHr, SnpHHqH Ba HKKHHqn npoeKUHHjiapH A, A g 6epHJi- 
raH 6yjica, nxTnepnii Hyi^Ta npoeKUHH TeKncjinrnAa SepHJiraH AeftnJiaAH 
Ba A /A 3(eKu A(A^  KypHHnuiAa e3HJiaAH.

AKCOHOMeTpHH yiyiapn  Ba aKconoMeTpHK 6npnKMajiapHHHr TaSnnn Koop- 
AHH3T3Ji3pH CHCTeM3CHr3 Ba npoeKUHHJiam nyHajinniHra ^aHAan 6 ofjih^  
gyjiniu Macajiacn aKCOHOMeTpHHHHHr acocn n  Macajiacn xncndjiaHaAH. B y  
Macajiann BepjiHH ^ypHJinm aKaAeMHHCHHHHr npo(})eccopH IloJibKe tomo- 
HHA3H Ĵ aJI Î HJIHHAH. IloJIbKe HUIHHH 1864 HHJI yHHHr UIOTHpAH IHBapii 
yMyMJiaiUTHpAH.

J l e M M a .  A rap  ABCD,  A'B'C'D'  TypT6ypqaKjiapHHHr AnaroHajuiapn 
KecnmraH N, N ’ H y ^ a jia p

{ACN)  =  (A'C 'N '), (B D N ) =  (B'D'N')  (1)

uiapuiapHH KaHoaT^aiiTHpca, y  J^0JiAa ^ap  6np rypTdypqaK HKKHHqncnra 
j/xinaiu TypTdypqaKHHHr opToroHaJi npoeKunncn 6yjiaAH.

H c 6 o t h .  JleMMaAa Ta-bKHAJiaHran N, N'  Hyi^rajiap (1) uiapuiapHK
I^aHOaTJiaHTHpCHH, H'bHH

=  B2 !L  (2)
N C  N ' C 1’ N D  N 'D '  

gyjiCHH. A'B'C'D'  Typi6ypqaKKa yx-
rnaui uiyHAan TypT6ypqaK- ____________  _____________ _
HH HcanJiHKKH, AD  =  A 1D1 GyjicnH A D A'-A, D' D,
(93-qH3Ma). B y TypT6ypqaKjiapHHHr 
yxmaiHJiHrnAaH: 93- ™3Ma

A j N x _  A W  B i N i  _  B n r  

N 1C 1 ~  N ' C ’’ N 1D 1 ~  N 'D '

A 1B 1C1D 1 TypTSypqaK A BCD  TypT6ypqaKKa HHcSaTan iuyHAan JKonjiam- 
raHKH, A XD X tomoh A D  tomoh finJiaH ycTMa-ycT TyrnraH (94-qH3Ma). (2),
(3) MyHOcafiaTjiapAaH KjHHAarnjiapHn e3a 0JiaMH3:

A N  _  A^Nj . B N  =  B 1N l 

N C  ~  N i C i  N D  ~  N XD X 

ByjiapAaH N N 1 11 C C X Ba N N t 11 BBV
AeMaK, /Khhcaoiiijihk y^H A D  =  A^Dt Ba 6np >Kyc])T moc N , N 1 Hyi^- 

Tajiapn 6nJiaH aHHiyiaHran jkhhcaouijihk  M ocjinrnra Kypa AB CDu a A 1B 1C1D 1 
TypT6ypqaKjiap >khhcaoihahp (43- §, 8 =  n. Aarn TeopeMara Kypa).

IlojibKe- lllBapu TeopeMacn. X^ap i^aHAan Tyjini^ TypiCypqaKHH nxTnepHii

(3)
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TeTpaa^pra yxuiaui TeTpasjipuHHr na- 
pa.uieji npoeKUHHCH a e 6 papain MyM- 
KHH.

H c 6 o t h . A'B'C'D'  Teipaaflp Ba 
ABCD  ryjiH^ TypT6vpiiaK 6epHJir3H 
gyjiCHH. T y ra ^  TypTfiypqaK unaro-
HajuiapHHHHrI KecmuraH Hy^xajiapuHH 95_ qH3Ma
AC  f| BD =  M  (N) 6njian 6e.nrH.naft- 
jihk . TeTpaaapHHHr A'C' Ba B'D' i^HppajiapHHH (95- qH3Ma)

(ACM) =  (A 'C 'M ') Ba (BDN) =  (B'D'N') (4)

HHcfiaifla 6yjiyBqu M ',N '  Hyi^ranapHH o.iaMH3.
A'B'C'D'  TeTpaaapHH M 'N '  fiyHajiHuma a x TeKHCJiHKKa opxoronaji npo- 

eKHHHJia6, TeTpaaApHimr a x TeKHCJiHKflarH npoeKUHHCH gyjiraH xyjiHf^ 
A ^ f iy D y  T y p r 6 ypqaKHH xochji iyuiaM H 3 . FIpoeKUHHJioBqH A 'A V B 'BV C ' C / ,  
D'DX Typpn qH3H^iap npoeKUHHjioBqn npn3M3HH ^ochji ^Hjia^H. riapaji- 
.ne;i npoeKUHHJiam xoccacnra Kypa

(A'C'M')  =  ( A & M J ,  (B'D'N')  =  ( B ^ N J .  (5)

(4), (5) TeHraHKjiapAaH

(ACM) *» ( A & M J ,  (B.D.N,) =  (BDN).
IUyHflaft Kpm6, Tyjin^ A 1BlClDl T^px6ypqaK, jieMMara acocaH, xyjm^ 

ABCD  TypTCypqaKKa yxuiaui TypT6ypqaKHHHr opToronaji npoeKUHHCH 6y- 
•'iajj,H.

^ a i^ a T a H  J âM, npH3M3HH aohm myH^aft a 0 TeKHCJiHK 6njiaH Kecnm 
MyMKHHKH, KecHM^a ^ochji CyjiraH TyjiH^ A 0B0CgD0 TypT6ypqaK TyjiHi  ̂
ABCD  TypTfiypqaKKa yxmam 6yjiauH.

A 'B 'C D '  TeTpa3ApHH yHHHr npoeKUHHJioBqn TyppH qraniyiapH 6HJiaH 
6 n p ra  ^aMMa Bai^x myH^aft yxm am  ajiM am rapnm  MyMKHHKH, ^ochji 6fji- 
raH h h th  TeTpasApHHHr npoeKUHHCH Tyjiiu^ ABCD  TypTfiypqaraa TeHr 6^- 
jiaAH.

45- § . JIcch Ba <J)a30BHM (Jjnrypajiap TacBHpHHH acam

1. napajuieji npoeKUHHJiam ycyjmaaH (jioiinajiaHHS, 6at3H 6np reoMeT- 
Phk (})Hrypa^apHHHr TacBHpHHH ncaui MacajiacHHH KypaftjiHK. Hcch <J)Hry* 
pajispHH 'racBHpjism i^yftHflarH hkkh TeopeM3ra acooiaHSflH.

1- TeopeMa. X,ap v̂ annaPi yq6ypq3KHHHr napsjuieji npoeKUHHCH ojiahh*  
J13H 6epH/iran HXTHepufi yqfiypqaKKa yxm am  dy.aa^H.
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H c 6 o t  h. /4 'B 'C ' yq6ypqaK 6epHJiraH SyjiCHH. A 'B' tomoh op^ajm 
A'B'C' TeKHCJMKflaH f[)apKJiH a  tckhcjihk yTKa3ii6, 6y TeKncjiHKfla eTyBHH 
HxraepHH ABC  yqgypqaKHH 0JiaMH3 (9 6 - q«3Ma). a  TeKncjiHKfla, A 'B ' to - 
MOH^aH 4)0HflajiaHH6, ABC  yq6ypqaKKa yxuiam  A 'B 'C l yqgypqaKHH acaft- 
MH3 . Bepw/traH A'B'C' yqSypqaKHH C 'C j =  rti fiyHajiHUiH SyftHqa npoeK- 
UHHJiaS, / I 'S 'C j  yqgypqaKHH Ba 6y yq6ypqaKHH yxm am  ajmauiTHpnG, /4 £ C  
yq6ypqaKHH ^ochji KHJiaMH3.

2-TeopeM a. napaju ieji npoeKUHHJiamfla A 'B 'C ' yqgypqaKHHHr npoeK - 
Uhhch SepHJiran 6yjica, 6y yqfiypqaK eTraH TeK hcjihkh h u t ^ap 6np ny^- 
TacHHHHr npoeKUHHCH 6np KHHMaTJiH aHHfyianafln.

H c 6 o t h. A  A 'B ’C' — opHrHHaji, A  ABC  — yHHHr npoeKunncH 6yji- 
chh (97- qH3Ma). A 'B 'C ' yq6ypqaK Ten hc JiHrHflaH HxraepHH D' Hy^TaHH 
ojih6, yqgypqaKHHHr HxraepHH yqn 6HJiaH 6HpjiaiUTHpaMH3, Macajian, A f 
yqn 6 m aH. A 'D ' KecMa B'C ' 6maH E' Hyi^Tafla KecnmcHH fle6 o jia m w , 
yjiap napajuieji 6yjin6 ^ojinmH ^aM mymkhh. 1 — 4 - acocHH xoccajiapflaH 
^oflflajiaHHfi, E 1 Hyi^TaHHHr npoeKunacnHn ncam mymkhh: E  Hy^ra BC  
KecMa^a e r a 6, 6y KecMaHH

B 'E '  _  BE  

E 'C '  ~~ E C

HHcSaT^a, H'bHH B'C' KecMaHH E'  Hyi^Ta i^aHflafi HncSaTfla 6yjica, BC 
KecMaHH E  Hyp^Ta myHflan HHc6aTfla 6yjiafln. D Hy^Ta AE  TyppH hhshi *̂ 
fla erau m  KepaK. yHHHr TyppH qn3my;arH b33hhth

A 'D '  _  AD  

D 'E '  DE

nponopuH H  epflaMHfla am uyiaHaflH .
A'D '  |[ B'C1 6yjiraH.ua AD  | j BC, hi>hh

A D __A ’D '

'BC ~  B 'C '

6yjiaflH.
H c6 ot ^HjiHHraH TeopeMajiapra acocaH hcch cjjHrypajiapHHHr TacBHpjia- 

pHHH aMajiiift ncam ycyjiHHH i^yjira KHpHTaMH3,
T a6HHH (HaTypaji) F' <})Hrypara TernmjiH 6np TyFpn qH3H^fla eTMafi- 

flnraH, 6a3HC Hyi^rajiap fle6 aTajiyBqn HxraepHH yqTa Hyi^TaHH ojih6, a  Te- 
KHcyinKKa (6y TeKHCJiHK npoeKUHHJiap TeKHCJinrH eKH pacM TeKHCJinrH fle6  
^aM aTaJiafln) napajuieji npoeKUHHJiaHaflH. KeflHH 6y Hy^Ta.napnH yxm am  
ajiMamrapHfi, yjiapHHHr TacBHpjiapn ^ochji i^HJiHHaflH (6ai>3H ^ojuiapfla

l id



99- MH3M398- 4H3M3

y x iu a m  a J iM a u ira p H in ra  ypHH i^ojiMaHAH); x o c h ji  KHJTHnraii H y^TajiapH H  
npoeKUHHJiap TeKHCJiHrHAarH, n t m  pacM  TeKHCJiHrHAarH 6a3HC n y ^ r a j i a p  
AeHHJiaflH. Ba3Hc H y i^ ia jia p  B ocuracH A a aHH.^JianraH  yqfiypqaK H H  6a3HC 
y q g y p q a K  n e tim ia jxn .

l ily H fla ii  jih  (5, jicch c{)HrypaJiapHHHr t acBHpJiapHHH acauiH H  i^yHHAarH 
y q  Soci^H qra a>KpaTHiiiHMH3 m y m k h h .

1. B epH JiraH  t3 6 h h h  tjju ry p a  xaeJiaH  TacaBByp i^ h jih h 3 a h  eKH x,eq k3 h - 
# 3 h  y3r3pH iucH 3 qH 3n6 i^yHHjisAH. Keflim c})HrypaHHiir TacBHpHHH sicsin  
y q y n  e T a p jm  x o c c a jia p n  a>KpaTHJiaAH.

2 . B e p iiJ ira n  4>Hryp3A3H 6a 3HC y q 6 y p q 3 K  3 * p a T H 6 , H xraepH H  y q 6y p - 
qaK K 3 TacBHpjianaAH.

3 .  B epH Jir3H  cj)HrypaHHHr ^ 0J ira n  a jieM en T Jiap n  1— 4- x o c c a j ia p r a  a c o ­
caH  HC3JI3AH.

2. JIcch <})HrypajiapHHHr TacBHpjiapHHH jicauira AOnp MHCojuiap.
1- m h  c  o  ji. MxTHepHH 6e u i6ypqaK H H hr t s c b h p h h h  n£3H r.
A'B 'C 'D 'E '  6 eu i6 y p q 3 K  depHJiraH 6yjiCHH (98-qH3Ma). B e m 6 y p -

qaKHHHr H xraepH H  yqT 3 A',B ',C '  HyKTS.iapH 6a3HC H y K ra /iap  6yJiCHH. 
B y  Hyi^TajiapHHHr TacBHpH CH^araAa pacM TeKHCJwniAarH HXTiiepHii yqTa 
(6np xyppH qH3HKA3 exM 3HAHr3n) HyKxa.napHH 0JiaMH3. AB, BC KecM 3Ji3p 
6em 6ypqaK H H H r A'B',B'C'  TOMOHxapnnHHr racB H pJiapn , D’ HyK;TaHHnr 
TacBHpHHH flcaui yqyH 6eui6ypqaKHHHr A'C,B 'D ' AnaroHajijiapHHH 
yxKa3H6, KecnmraH iiyKxacHiiH K'  6hji3h 6eJirnJiaHMH3, AC KecMa A' C' 
fliiaroHajiHHHr, K  iiy^ra acs K' HyKxaHHiir xaccupH. K  Hyi^xa AC Kec- 
M3HH

A'K'-.K'C' =  AK'-KC

H H cSaT/ia 6yjiaAH. B, K  nyi^rajiap D' Hyi^TaHHiir xacBiipn exran T y p p n  
qH3Hi^HH 3HH^jiafiAH. D' Hyi^TaHHur TacBHpHHH fleam yqyH BK Hyp y cra -  
ra K  Hyi^TaAaH y n r  TOMOHra M3t,JiyM B'K ',K 'D '  Ba BK  KecM3ji3pra 
TypTHHqw nponopuHOHaji Gyjiran KD  KecMann yjiqa6 KyiinS, D iiy^'rann 
55C3HMH3.

fO K opH A arn M y^0K aM 3JiapiiH  k >p h t h 6, E'  HyKxaiiHHr xacBHPH E 
T3HH «C3HMH3. ^ ochji 6 y jir3 H  ABCDE  6 e in 6 y p q 3 K  A'B 'C 'D 'E '  6 e iu - 
6ypq3K H H H r xacBHpH 6yji3A H.

2 - m h c o j i .  K sa A p a x , poM 6, TyFpu SypqaKJiH T ypxS ypqaK  B3 n a p a ju ie -  
JiorpaM M H HHr xacB H pjiapnH H  u c aH r.

Ba3HC HyKjTaJiapHHH apKHH TaHJiaS o jih iu  Ba 1 —  4 - x o c c a jr a p r s  a co c aH , 
C 3 h s6  y ra J i r s H  K y n 6 y p q aK jiap iiH H r iscB H pjispH H H  HcauiHHHr o c o h  y c y j in  
was>KyA. M s c s j i a n ,  K B aA paraH H r D‘, A' Ba B' yqjiapHHHHF TacBHpn CH^a-
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m a a  h x th § p h h  yqT a D, A, B H y^- 
xaJiapHH o jih u i MyMKHH. B e a  D  Hyi^- 
T aJ ia p aa n  m oc p aB iiiu aa  / I D ,  / I B  n e c -  
M aJiapra  n a p a ju ie j i  T yppn  q n a n iy ia p  
yTK33H6 C HVKjaHH TOn3MH3. ABCD  
napa.HJieJiorpaM M  A 'B'C'D '  KBaa- 
p aT H n u r racBHDH 6yjia.UM (9 9 -q ii3 M a).

XyflAH rn v H ra  y x u ia u i ,  poM 6, TyF­
pH 6ypMaK.au TypTfiypqaK  Ba n a p a .i-  
jie/iorpaM M H H H r xacBnpjiapHHH ficaft- 
MH3 ■

Illy a n a n  k h jih 6 , 6y (JnirypajiapAaH 
xap 6npHHHHr TacBnpn n x raep H H  
napajuieJiorpaMMflan ndopaT 6yjiafl«.

3- m h c  o  ji. M y n  ra3aM  ojithSvp- 
qaKHHHr TacBHpHHH H caH r.

A B B ajio MyHT33aM oji™ 6ypM aK - 
HHHT 3CJIHHH HH3H6, T3CEIipHHH HCaill 
yqyn KepaK fiy jiazw raH  x o c ca jia p H  
6nJiaH  TaHHiunS qii^aM H3 (1 0 0 -  qH3Ma).

O jiT n6ypqaK H H nr B' F ', C' E' w  
aroHaJiJiapiiHH yTKa3H6, B'C'E'F'
T yppn T ypT 6ypqaK H n xochji KH.;iaMH3.
A'D'  AnaroHajib Typpn T ypioyp- 
qaKHHHr B' F', C' E'  tomohji3pnHH 
moc paBMiwa K', T'  ny^Ta.aapAa Teur 
HKKnra Byjia^H. K ' T'  KecMaHHHr 
ypTa Hy^TacHHn O' ojicaK:

A' K '  =  K ' O'

B y  xoccajiap 0Jrrn6ypqaKHHHr TacBHpHHH acarn yqyH eiapjiHOTp. ^ a -
KHi^araH xaM Typpn 6ypqaKJin B'C'E'F'  TypT6ypqaKHHHr pacM TeKnc-
Jin rnA arH  TacBHpHHH H xraepH H  BCEF  n ap aju ie jio rp aM M flaH  n S o p aT  jxe6
ojicaK , K', T'  Hyi^TajiapHHHr T acB npJiapn  4 - a c o c n ii  x o c c a r a  a c o c a n  BF,
CE TOMOHJiapHn T eH r HKKnra 6 y jiy B q n  K, T  H y ^ T a jia p aa H  n 6 o p a T . O'

KT
Hyi^Ta KT  KecMaHHHr ypTa Hyi^Tacn 0  ra TaCBnpJiaHafln. —  ̂ ■ — KO'

KecM aHn KT  Typpn qnani^ y c m r a  K  H y ^ T asaH  qan TOMOHra i $ h h 6 ,  A 
Hyi^TaHH, T  H y ^ T a u a n  y H r  TOMOHra i $ h h 6 ,  D Hy^TaHH (A' Ba D' Hyi^- 
TajiapmiHr TacBnpJiapHHH) TonaMH3.

3. <J>a30BHH (jinrypa TacBHpHHH jicaui.
K y 6 H H H r  T a c B n p H .  KyfiHHHr 6 n p  y q n flaH  qn^K aH  yqT a K;nppacH, 

I lo jib K e  T e o p e M a c n ra  a co c aH , 6 n p  H y^ 'rauaH ' qHKKan y q r a  K ecM ara T ac- 
B H pjiaH aan. B y yqT a K ecM ara  a co c aH  Ky6HHHr TacBHpHHH o c o h  H cam  MyM- 
k h h ;  m yHH xaM  3 t ™ 6 o p r a  o j ih ih  KepaKKH, Ky6HHHr ^aM M a ei^Jiapn KBafl- 
paTJiap^aH  n d o p a r ,  y j ia p  n a p a ju ie jio rp a M M jia p ra  T acB n p jiaH aan  (1 0 1 -q n 3 M a ).

MxTHepHH Ba3HH'raa 6epH JiraH  n apaju ie jienH neA H H H r 6 n p  yqnflaH mh^- 
^aH yqTa KHppacHHHHr yqjiapnHH 6upjiaunupn6, K,aHAanflHp TeipasAp ^o- 
c h ji  i^HJiaMH3. I lo jib K e -II lB a p u , T eo p e M a cn ra  a co c aH , T eT pasA p ABCD iy-

B’ C'

100- 1H3Ma

— O' T  — T 'D '.

121



TypT6ypqaKKa TacBHpjiaHaflH. FTapa^/ie^enHneflHHHr i^cJiraH i^Hppajia- 
pHHH SHflH xoxjiaram a TacBHpjiam mymkhh a Mac. 1 — 4- xoccajiapflaH 
4> oflfla jiaH H 6 [ i a p a j u i e j i e n n n e a  TacBHpHHH HcaHMH3 (1 0 2 -q H 3 M a ) .

n n p a M H f l a  t s c b h p h . nH psM H flSH H iir t s c b h p h h h  Hcam  yqyH 3CO- 
CHHHHr TacBHpHHH HCa6  OJI3MH3. YqHIIHHr TaCBHpH HXTHepHH xaR JiaS OJIH- 
HaflH (ricuibKe- U feapu TeopeMacn) (103-qH3Ma).

A o n p a B H H  K o n y c .  AonpaBHH KOHycHHHr acocH sju im icra TacBHp- 
jiZEam- y qiiHHHr TacBHpnnn HxraepHH raujiaC) om6, 6y (lyKTa^a sjijihiic- 
ra HKKHTa S/4, SB  ypHHMa yTK333MH3. ypuHHiu HyKja.iapH A, B m a -  
MeTpaji K.apaMa- Kapiun Hyi^raJiap fiyjiMacJiHru KepaK (104-qH3M a).

48- S. TI03HUH0H Macajia. Tyjin^ ea HOTyjiH  ̂ TacBHpjiap

1 . Acochh tckhcjihk ycyjin.
O330BHH (|)HrypajiapHHHr TacBHpHHH ncam  yqyH H . O- LIeTBepyxHH to- 

MOHHflaH TaKJiHfj) KH,/iHnraH acocH H  TeKHCJiHK ycyjin  fle6 aTajiyBqn MeToa-
flaH (f)OHflaJianaMH3. By MeTOfl 3kco- 
HOMeTpHK npoeKUHHJiam ycyjiHHHHr 
6up TypHflHp. [20]

By MeToa SnjiaH TamminG qHK.afi- 
j ih k . O a 3 0 iia  6 n popT a a  t c k h c j ih k  h h  
a * p a T H 6 , yHH a c o c n i i  TeKHCJiHK jie 6  
3 T3 HMH3 . BllpOp HyHaJIHLUHH T3 HJI3 6
o j ih 6 , A',B',C', . . . $ 3 3 0  Hyi^-
T3JI3pHHH a '  TeKHCJlHKK3 n3p3JIJieJI
npoeKUHHJiaS, a'  TeKHCJiHKKa A[ B\, 
C ' ,  . . .  uy^T a/iapH H  ^ o c h j i  i^HJia- 

mh3 . By npoeKUHHJiam nqKn npoeK-

102- HH3M3
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UHHJiam fle6 aTaJiafln (hhkh npoeK - 
miHJiam MapKa3Hft npoeKUHHJiam xaM 
6yJlHlHH MyMKHH).

K e«H H  pacM  (TacBHp) TeKHCJinrH 
fle6 aiajiyBHH TeKHCJiHK ojih6, a '
TeKHCJIHKHH, A', B ', C', . . .  Hyi^- 
TajiapHH Ba yjiapHHHr A[,B[, C[, , , , 
ripoeKUHHJiapiiHH, A'A'v B'B'V C'C[,

. . . npOeKUHHJIOSHH TyppH MH- 
3Hi ĴiapMH Siipop fiyHajiHin 6yfim a 6n- 
pop TeKHCJiHKKa napajuieji npoeKun-
HJI3HMH3.

HarmKafla, pacM  TeKHCJinrnfla 105- 105- iH3Ma
HH3Mafla KypcaTHJiraHHfleK TacB H p -

j i a p r a  a r a  6yjiaM H 3. By epfla a  t c k h c j ih k  a '  TeKHCJiHKHHHr, A, B, 
B, . . . H y i^ ra jiap  >T , B', C', . . . H yi^rajiapH H H r, A v  Bv  Cv  . . . 
n y K T a/iap  A', B v  C', . . .  H y ^ T a jia p n n u r ,  A A V BBlt CCV . . . Typpn 

*IH3HÎ Jiap Ilp0eKUHHJI0B4H A' A[, B' B[, C  Cv  . . .  TyFpH HH3Hiyiap- 
HHHF TaCBHpJiapHflHp.

Ai, Bv Clt . . .  Hyi^TajiapHH A, B, C, . . . nyi^TajiapHHHr hk- 
khhhh npoeKUHflJiapn (TacBHpjiapn) ae6 aftTHJiaflH, Saian ^cwuiapfla A lt
B v Cv . . . ny^xajiapHH A, B, C, . . . Hyi^rajiapHHHr acocjiapn fle6  
xaw anrnjiafln.

Arap q‘ja30flarH finpopTa A' Hyi^TaHHiir pacM TeKncjinrHflarn TacBnpn 
A Ba yHHHr hkkhhhh npoeKUHHCH A x SepnJica, Hyi^ra pacM TeKHCjmrH.ua 
6epn.iran fle6 anm/iaflH Ba A (A^) KypnHHinfla §3HJiaflH.

Oa3oaa HKKHTa Hy^Tacn 6mau  aiimyiaHran A'B '  — a TyFpn HH3HK; 
CepHJiraH SyjiCHH.

Arap pacM TeKHCJiHrnfla A (,4) Ba B (B) (AB =  a, A 1B1 =  a x) jiap 
SepHJiraH Syjica, Typpn tiH3H^ pacM TeKHCJinrnfla SepnJiraH fle6 aflTHJiaAH 
Ba a (a j  KypnHnmfla e3HJiaflH.

H x ra e p H H  TeKHCJiHK 6 n p  T yppn  qroiiK A a eT M aS fln raH  y qT a A', B', C' 
H yi^rajiapH H H r g ep n jin u iH  SnjiaH , eKH K e cH in a fln ran  a ’, b' T y p p n  qn3H ^- 
jiapHHHr GepHJiHiroi finjiaH , eKH n a p a ju ie j i  p ' , q' T yp p n  qn3H iyiapH H H r 6 e - 
pH Jinm n SnjiaH  aHHiyiaHaflH (p' =/= q') (1 0 6 -m 3 M a ) .

Arap TeKHCJIHKHH aHHi^JioBqH 3 e meh tjiap h hhr pacM T eK ncjiH K flarn  T ac- 
BHpjiapn Ba HKKHHqn npoeKUHHJiapn SepHJiraH 6yjica, tckhcjihk pacM TeKHc- 
jinrnfla (5epnJiraH fleiiHJiaflH Ba p (PJ Kypmmmfla e3HJiaflH.

Arap p ' Ba q' napajuieji Syjica, yjiapHHHr p  Ba q TacBnpjiapH Ba hk- 
KHHqn npoeKUHHJiapH px Ba qx xaM napajuieji Syjiafln (106-qH3Ma).

Arap a Ba b T yp p n  qifiHiyiap Kecnmca, y  x o Jifla  a, b Ba qv  bt TyF­
pH qHsni^JiapHiiHr KecHiunm Hyi^Tajiapn 6np T y p p n  q u a n ta  eTa^n.

Arap /' Ba m' TyppH HH3HKJiap aiiKam 6yjica, yjiapHHHr TacBnpn 107- 
HH3Mafla KypcarajiraHHfleK SyjiaflH.

2. Oa30flarn F[, cj3HrypaJiapHmir pacM TeKHCjmrHfla Fv F2 TacBHp- 
Jiapn 6epHJiraH SyjiCHH. F[, F'2 ^nrypaJiapHHiir Kecnmnm nyKTaCHHHHr Tac- 
BHpjiapHHH acam Macajiacn no3HmioH Macajia fle6 aflTHJiaflH. ByHflan Maca-
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jiajiap acocHH xckhcjihk ycy jin  £kh aKCOHOMeipHK MeTOA epAaMHAa ocoh 
eqHJiaAH.

A rap  (jmrypaHHHr xap 6hp Hyi^xacn pacM TeKHCjinrHAa 6epnjiraH  6yji- 
ca, y  ^OJiAa 6y cfmrypa TacBHpHHH mijAuq maceup Ae6 ammajxu- Akc 
^OJiaa HomijAUK' maceup jxemjiam-

TyjiHK; TacBHp Ta-bpncjwAaH KyftHAarn HaxHKajiap kem6 qni^aAn:
1) hcch (|)HrypajiapHHHr TacBupw xaMMa Ba^x TyjiH^;
2) arap TacBHpmiHr ^aMMa sjieMeHTjiapn aHHiyiaHraH 6yjica, xacBHp 

Tyjmn* Syjiaflw;
•3) XaCBHpHHHr HXTHepHH hkkh TeKHCi/IHr HHH aCOCHH TeKHCJIHK-

jiap Ae6 ojihiu mymkhh.
3 h;ih 6 h3 TyjiHK; TacBHpJiapAa noswiHOH MacajiajiapHH eqnuira yxafi.xHK.
1- m a c a ji a. AB  TyrpH qHSHiyiHiir a  TeKHCJiHK CnjiaH KecHiuraH Hyt^- 

TacuHH ncanr.
AB  TyFpH MH3HK, 6HJian yHHHr A lB1 npoeKUHHCH KecHUiran 0  iiyi^ra 

H3JiaiiraH nyi^xa fiyjiaan (108-qH3Ma).
2 - M a c a j i a .  ABC  TeKHCJiHKHHHr a  tck hcjihk  6n/jaH KecnuiraH qH3H- 

fh h h  (ABC  TeKHCJinKHHHr a  TeKHCJiHKAarn h3hhh) Hcanr. 
B y MacajiaHH equui Chphhmh Macajiara KejiTHpHJiajui. AB  fl A lB l — 

=  0 „  AC  fl ZijCj =  0 2 Hyi^TajiapiiH Hca6, HSJianraH 0 X0 2 T yrpn■ *ih3hi^hh 
TonaMH3 (109-qH3Ma).

3 - M a c a j i a .  AB C  Ba M N P  TeKHCjiHKjiapmiHr KecnuiraH mh3hfhhh 
scaH r.

TeKHCJiHKJiapHHHr KecnuiraH Tyrpn MH3HTHHH Hcaui yqyH 6 y  tckhcjihk- 
jiapra TerHuuiH HKKHTa T, R  HyivrajiapHH ncaui exapjiH. A coch h  reKHC-

A
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jiHKflarH A x nyj^Ta op^ajin B XC X, 
M XP X, M XN X TyppH MH3H .̂riapHH MOC 
paBHii«a 4 1( 5 1( 6 X Hyi^rajiapAa Keca- 
AnraH TyFpH mh3Hi\hh yTKasaMH3. B y  
Hy^Tajiap m oc paBHiHAa BC, MP ,  
M N  Typpn HH3Hiyiap,ua exycqH 4 , 5 ,  6  
Hyt^TajiapHHHF acocjiapHAHp. A4  Ba 
5  6 TyppH qH3Hiyiap T  ny^TaAa Ke- 
CHiuaAH (qyHKH y  Typpn qH3Hiyiap 
A A X Ba 6 6 i  Typpn qH3Hiyiap epAa­
MHAa aHHiyiaHraH TeKHCjiHKAa eTa­
AH). T  Hyi^Ta ABC  Ba M N P  tck h c -  
jiHKjiapHHHr ^ap HKKaJiacnAa eTaAH. 
IIIyHra yxm am  R  iiy^ranH TonaMH3. 
T R  H3JiaHraH TyppH qH3HĴ  (1 1 0 - qii3- 
Ma).

4- M a c a j i a .  A BC  tck h cjih k  6h- 
^aH AIN TyFpn qH3H^HHHr KecHuium 
Hyi^TaCHHH acaHF.

l p  2 2 —  Hy^ia.'iap moc paBHiHAa 
AB,  AC  Typpn qroniyiapAa e'ryBqn
1 Ba 2  Hyi^TajiapHHHr acocjiapn. M N  
Ba 1 2  Typpn qH3Hiyiap M M X, N N X 
TyppH qH3Hiyiap 6iiJiaH anHK/iaiiraH 
npoeKUHHJioBqH TeKHCjiHKAa eTaAH, 
yjiap H3.rianraH 0  Hyi^raAa KecHuia- 
Ah. yHHHr acocH Ox Hyi^Ta M XN X 
Typpn qH3Hi^Aa eTaAH ( l l l - qH3Ma) .

IlIyHAan i^hjih6, 6apqa ho3huhoh  
Macajia/rap 6np ^hhm3tjih eqn/iaAH. 
PacM TeKHCJinrHAa cpa30BHH (Jwrypa 
SJieMeHTJiapHHHHF TaCBHDH Ba HKKHH- 
qH [ipOeKH,HHCHHHHr (aCOCHHHHr) 6epn- 
jiHiiiH mapTH eTapjiH mapT 6 y m 6  
K an Mac Aan, 3apypHii uiapT ^aM 3Kan- 
JIHrHHH KypHUI l̂ HHHH 3MaC. f|

5 - m a c a ji a . Bern 6ypqaKJiH npro- 
Ma 6nJiaii npH3Ma i^Hppa./iapnAa eryB- 
qn A, B, C Hyivrajiap opi^ajiH 3 hhi -̂ 
jiaHraH tckhcjihk KecHMHHH acaHr.

B n p H H q H  ycyji .  A cochh  Te-

KHCJIHK CH(j)3THA3 npH3Ma aCOCHHH, 
HqKH fipoeKUHH/iam Ae6 npH3Ma î np- t 
pa^apnra napamen npoeKUHHJiamHH ' 

OJicaK, my 6m an  TacBHpHHHF TyjiHî - 

JinrH TaiiMHiFiaHaAH. KecnMHH «cam 
yqyH A BC  tckhcjihk 6nmu  npn3Ma 

HKKH ^HppaCHHHHF KecHmraH X ,  y  

H y Ta JiapHHH Tonnm kh(J)oh ( 112-qH3-



47- § .  Moh/K m c t o j h  ^aKwua TyuiyHHa

1. Hyi^TaHHur aniopjiarH TacBiipn. TeoMeTpHK odteKTHnHr Surra npo- 
eKUnncn yHHHr 4>a30flarn b33hhthhh Ba xaMMa y/iqaMjiapHHH aHHiyiaS 
Sepa ojraanfln, r u y H n n r  yqyH yH H H r hkkh eKH yqTa TeKHCJMKflarn npoeKunn- 
chhh acam 3apyp. UJyHra Kypa, (J>a30fla \ ’3apo nepneHflHKyjinp SyjiraH HK­
KHTa H, V TeKHCJiHK 0JiaMH3. H TeKHCJIHKHH ropH30HTaji npoeKUHHJiap 
TeKHCJinrH, V TeKHCJIHKHH BepraKaji eKH c})poHTaji npoeKunfljiapn TeKnc- 
jiiirn  fle6  anrajiafln. By TeKircjinKjiapi-iHHr Kecnmnm hh3hfh X X  hh npo- 
ei<uiiH vkh (114-mi3Ma) flefi afiTiiJiafln. HKKHTa tckhcjihk  (})a30HH TypT­
Ta lyiCMra, H'bHH qopaKKa Syviaflir, qopaKjiap 1 1 4 -q im iafla  KypcaTHJi- 
raHfleK HOMepjiaHran. ®a30flarn nxTHepim A Hyi^TaiiH 11, V TeKHC- 
jiiiK.napra opToroHaJi npoeKUHHJiaS, A v A 2 Hyi^rajiap xochji K;HjiaMH3. 
By Hy lyrajiapiiH moc paBimifla A H y iy ra m iH r  ro p n so m aji Ba B epTH K aji ((})poH- 
Ta.n) npoeKunfljiapn fleifruiaflH.

M a). B y Hy^Tajiapimur HKKHHqn npo- 
eKUHHJiapn (acocjiapn) X lt Hyi^- 
TaJiap,aaH n6opaT. A XCU B1X 1 Tyrpn 
qiBH^Jiap I\l H y^ia^a Kecnm afln. K x 
HyiyrajiaH npoeKunHjioBqn Tyrpn qn- 
3n^ yTKa3caK, 6 y  Tyrpn qH3HK; ABC 
TeKHCJIHKHH K  Hyiyrafla Keca/m, BK  
Tyrpn mh3hi  ̂ npH3Ma KHppacH Snjiau 
H3JiaHran X  Hyi^rafla Kecnmafln. I lly  
y cy ji SnJian N  HVi\TanH HcaftMH3 (qn3- 
Mafla KypcaTHJiraH). X N  Tyrpn qn- 
3W  ̂ npH3Ma i^HppacniiH H3JiaHraH y  
Hyi^Tafla KecaflH. H3JiaHraH KecnM—  
6em6ypqaKflnp.

H K K H H q n  y c y j i .  KecyBqn Te- 
KHCJlHKHHHr aC3C TeKHCJIHrHflam H3H- 
flaH (ht.hh Kecnmnm qHSHFHflan) <})oh- 
flajiam i6 MacajiaHH equm, Kyn ^oji- 
Jiapaa KecnM ncam ocoHJiamaflH.

HKKHHqn M acajiaflaH  cjionflaJiaHnS, 
K ecyB qn TeKHCJiHKiiHHr PQ H3I ih h  
TonaMH3 (113-qn3Ma). npH3MamiHr 
X 1X 2C2Cl epHHHiir a c o c  TeKiicjiHK- 
a a r n  X 1C1 H3H PQ Tyrpn q n s i i^  6 h- 
Jian  N  Hyi^Tafla K e cn m a fln . NC TyF­
pH «qH3HKi X 1X 2\\nppa dHJiaH H3JiaH ran 
X  Hyi^Tafla K ecn m afln . U ly H ra  y x ­
m a m  y  Hyi^TaHn >^aM TonaMH3 .

Arap KecyBqn tckhcjihkhh aHn^- 
jioBqn Hyi^Ta.napHn npH3Ma e^jiapnfla 
ojicaK, KecHMHH ncam KypuS yTHJi- 
raH ycyjuiapflaH npHHUnnnaji cf;api  ̂
KHJIMaftflH.

113- MH3M3

114- q«3Ma

126



3 h a h  H  TeKHCjiHKHH, qH3MaAa KypcarHJiraHAeK, npoeKUHHJiap y^H X X  
aTpotfJHAa V  TeKHCJiHK SuJiaH ycT M a-ycT  T y m r y m a  afijiaHTHpaMH3. y e r -  
Ma - ycT TyiuHiuAaH jjo ch ji 6 y j i r a n  TacBHp antop eKH kom m kc HU3Ma A enn- 
jiaAH. (3 m o p  c y s n  cjjpaH uyaqa « e p n re»  cysHAaH ojiHHraH 6yjiH 6, «LiH3Ma» 
Aeran Mat>HOHH 6 m w p a w -)  ByHAa A v A 2 Hyi^Tajiap X X  yn^a riepneH - 
A H Kyjinp T y rp n  q u a n ta  eiaAH. X o c h ji KjiJiHHraH KOMnjienc qH3Ma TecKa- 
pHJiaHHUi x y c y cH H ra ra  sra . XaKHKaian xaM , A x HyK/raAan H  TeKHCJiHKKa 
riepneHAHKyjiHp yrKa3n6, yHHHr ycT H ra A XA — A XA 2 KecMa h h  KjyncaK, 
(J)a30AarH A  H y ^ ran H H r Ba3HHTH aHHiyiaHaAH. A v A 2 npoeK U H H Jiapra s r a  
6 yJiraH  Hyi^raHH (Ax, A 2) 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 aKCHHqa, npoeKUHnjiapHHur >KoHJiamniuHra 
Kapa6, (JiaaoAarH iiyKTa ^aficn qopaKKa TernmjiH SKaHjinrHHH aHHiyiam 
MyMKHH. Arap Hyi\Ta II Ba IV qopaKjiapHHHr SncceKTpHca TeKHCjinrnAa 
erca, y xojiAa A x =*= A s gyjiaAH.

2 . TyrpH qH3KKHHHr snicpAarH TaceHpH. O a so f la  HXTHepnn /  T y rp n  
qH3H«; 6epHJiraH 6yjiCHH. /, Ba /2 T y rp n  qnsHKJiap / TyrpH  q ii3H^HHHr H 
Ba V TeKhcjihkj ia p A a ra  npoeK U H H Jiapn. K oM njieK c qn sM aA ara  HXTHepnn HK­
KHTa tx, l2 T y rp n  qH3HKJiap 6n p o p  T y rp n  qnsnK hH H r n p o e K u n n cn  6yJia  OJia- 
AHmh?

3nropAa depnJiraH l x, /2 TyrpH 
qH 3H ^jiapra  acocan, I TyrpH  qHsnKHH 
Hcam yqyH, H tckhcjihkhh X X  — yi  ̂
aTpa}3HAa m yH A aii 6 y p n m  KepaKKH, H 
TeKHCJiHK V TeKHCJiHKKa nepneHAHKy- 
jwp SyjiCHH. KenHH lx opnajiH  H  Te­
KHCJiHKKa nepneH A H K yjinp Ba l 2 
opi^ajin V TeKHCJiHKKa nepneHAHKy- 
JIHp X2 TeKHCJIHKHH yTKa33MH3, kx Ba

TeKHCJiHKJiap K e c n iu n f i I T y r p n  115-iH3M a
qH3H^HH aHHKjjiaftAH. (115-qH3Ma). Arap
lv  l2 Tyrpn qraniyiap X X  y ^ a  nepneHAHKyjinp gyjica, kx, k 2 tckhc- 
jinKjiap napajuieji 6yjiaAH. By ^ojiAa I TyrpH qnsHi^ MaBJKyA 6yjiM3HAH, 
6yHAaH Tam^apn lx, lx TyrpH qnani^Jiap X X  y«, 6njiaH 6np Hyi^raAa Ke- 
cnm ca, Kx =  k 2 6yjiu6, l lt l2 Tyrpn qrom yiap 6y TeKncjiHKjiapAarn hx- 
TnepHH T y rp n  qH3HKHnnr npoeKUHHCH SyjiaAn.

UlyHAaH k;hjih6, a ra p  am opAarn HXTHepnn lv l2 Tyrpn qroniyiap X X  
jfa^a  6np Bai^TAa nepneHAHKyjinp SyjiMaca, yjiap nroHa TyrpH qroHKHHHr 
npoeKUHHCH SyjiaAH. lx, /2 npoeKUHHJiapn BnjiaH fiepHJiraH Tyrpn qH3HK, 
(lx, l2) KypHHnmAa CejirnjiaHaAH.

3. TeKHCjiHKHHHr sniopAarH TacBHpH. Arap 6np Tyrpn qH3HK;Aa eTMafi- 
AnraH yqTa Hy^TaHnnr npoeKunncn, eKn 6vma HViaa Ba 6HTTa Tyrpn qn- 
snrHHHHr npoeKunncH, eKH HKKHTa Tyrpn qH3iirH npoeKUHHJiapn KOMnjienc 
qn3MaAa depnjica, TeKHCJinKHHHr smopAarn TacBHpn SepHJiraH Ae6 ^hco6- 
jianaAH. TeKHCJiHK, Kyn ^0JiJiapAa, H, V TeKHCJiHKJiap gnjiaH KecnmraH 
h, v qn3H^JiapHHHr 6epnjinmH gnjiaH anHi^JiaHaAH. By H3JiapHHHr X X  yn 
CHJiaH 6up nyi^TaAa KecnmnmH paBmaH (116-qn3Ma).

1 -M a ,c a jia . a Tyrpn qn3ni^ ^3HHHHF sm o p A a ru  npoeKUHHJiapn SnjiaH,

127



116-TO3M3 __ 117- VH3M3

A £ a  Hyt^Ta ropH 30H Taji npoeKuiiHCH finnan 6e p n j i r a n .  B e p ra K a ji  npoeKUHH- 
CHHH TOnHHr.

av a 2 TyppH qn3wyiap a Typpn hh3h^hhhp ropH30HTaji Ba BepraKaji 
npoeKUHHJiapn, A L Hyi^Ta A HV^TawiHr ropn30HTa;i npoeKUHHCH Gyjicwi 
(117-  qH3Ma). B y ny^TaHHiir  ̂BepraKaJi npoeKu,HHcn A x Hy^Taflan y ra 6 , 
X X  y ^ ^ a nepneHflHKyjinp S yzran  TyFpn qn3Hi^HHkr a2 Typpn qH3ii^ SiuiaH 
KecnmraH Hyi^racnflaH nSopaT.

2 - M a c a j i a .  (KecMa ysyHJiHrnnn am tiyiam .) AB KecMaHHHr sm opfla- 
rn npoeKUHHjiapHra Kypa y3VHjmrHHH a n n ^ a n r .

Arap AB  KecMa npoeKUHH^ap TeKucjinrHHHHr 6npopTacnra, MacaJiait, 
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. A rap ropn30HTaji npoeKunn X X  y ^ a  napajuieji 6yjica, AB  Kecwa 
BepraKaji TeKHCJiHKKa napajuieji 6yjiafln.

AB  KecMa npoeKUHHJiap TeKHCjinKjiapHHHHr finpopTacnra J{aM napaJi- 
jieji SyjiMaciiH. AB  KecMaHHHr A yqm in ropii30iiTaJi TeKHCJiHKKa npoeK- 
miHJioBMH Tyrpn iih3hi^ aTpO!})Hfla aftjranTiipcaK, B yqnHHHr npoeKiuiHCH 
y 3rapafln. MacajiaH, B HyK/raF.HHr ropn30HTa,/i npoeK unncn MapKa3H Ax 
HyK,Taaa SyjiraH aftjiaHa fiyftnqa ^apai<aT Kjijiafln, BepraKaji npoeKunncn  
b2 Hyi^TajiaH yTyBqn, X X  y i^ a  napajuieji dyjiraH TyFpn qnsnKfla j^apa- 
KaTJianafln (118-qH3Ma).

AB  KecMa BepTHKaJi TeKHCJiHKKa napajuieji 6yjiran ^oJifla, B x npoeit-
Uhh At HyKTaaan y r a 6 , X X  yiyya 
napajuieji SyjiraH bx Typpn qH3HFnfla 
eTafln. B , HyiyraHHHF dyiiflaft j^ojia-

thhh Bl 6njian 6eJirHJianMH3. A xB y 
Keciwa AB  KecMara TeHr 6yjin 6 , Bep- 
THKaji TeKHCJiHKKa napajuieji 6yjiraH  
AB  KecMaHHHr ropn3onTaJi npoeK- 
HHHcnflnp. AB  KecMaHHHr BepraicaJi 
npoeKUHHCHHH Toiiniii yqyn . Bx 
Taflaa X X  y i^ a  nepneHflHKyjinp Typpn 
qn3HK, yTKa3H(5, b2 Typpn 'jhshi^ 6hji£ih 
KecnmraH B2 Hyiyrami TonaMH3. A2B2 

q KecMa AB  KecMaHHHr A 2B2 BepraKaji

118- >m3Ma npoeKUHHcn SyjiaflH {AB =  A2 B2).

Az^ r l
I j

■j- U?

X i X

i b,
A,

\  1 1 

\  1 /
4
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VIII B O B . ^Hd><t>EPEHU,HAJl TEOMETPH3 ACOCJIAPH

48- §. CKaJinp apryMeHTJiH BeKTop (fjyHKyHfl

MaieMaTHKajia BeKTop apryMeHTJiH BeKTop Ba cKajinp (byHKimajiap 6h- 
jiaH 6ap i^aTopua cKa-nap apryMeHXJin BeKTop (J>yHKu,HH.nap ^a.M ypraHH- 
JiaAH.

Yq yjKOB^H eBKjinA cj)a30CH V Ba (a, b )£ R  HHxepBaji QepanraH 6yjicH H .
1-T a t  p n  4). Arap 6npop î OHAa 6yfinqa 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 xpm a  6h 3 {a, b) HHTepBaflAa c n a j in p  ap ryM eH T jin  v =  v (t) BeK-
50- «=►

Top- (JjyHKUHH aHH ^JiaH raH  a e 6 3HT3MH3. (a, b) HHxepBa.fi v (t) BeKTop (Jjvhk- 
UHHHHHr amqAaHuui co%acu 6ym 6, V (J)a30 yHHHr ^uuMamAapu eKH y3- 
sapum coxacudup.

Arap t0 6 (a, b) H y ^T aiiH iir aTpo(J)HAa v (t) BeKTop (JiyHKUHh h h h r  \v ( /) |
—

HopMaCH qeKCH3 KHqnK <|)yHKU,HH 6yjica, h m h  t - + t 0 ji,a jv (t)l - v  0 fiy.nca,
-  ■>
V (t) BeKTop 4)yHKU,HH t0 HV^T3Aa HeKCU3 KUHUK AeHHJTaAH.

2 - T a t p H ( f ) .  Arap HxraepHH e > 0  coh yqyH myHAaS 5 > 0  coh tohh-

j ih 6, 11 — g  <  8 6a>KapH^raHA3 \v (t) — a | <  e  M yH0C363T ypHHJiH 6y jic a ,

a BeKTop v (t) BeKTop (j)yHKUHHHHHr apryMeHT t HHHr t0 ra  HHXHJiraH- 
AarH JIHMHXH AeHHJiaAH.

y3yH ;iH i'H  HOJira TeH r BeKTop qeKCH3 KHqnK BeKTop AeifflJiaAH, jxbhh

\vto (t)j =  0 6y.nca, v (t) BeKTop t0 HyK[TaAa qeKCH3 KHqHK 6ynaAH.

v (t) cjjyHKUHfliiHHr t0 H y^T aA arn  jih m h x h  lim  v (t) =  a KypHHHUiAa $3H-
t-r>t0

jiaAH. Tax>pnc|iA3H BeKTop- ^Y hkuhh .jihmhxhhhhp i^yHHAarn xocca/iapn i<e- 
j ih 6 qni^aAH:

1) y3rapMac BeKTopHHHr jihmhth V3Hra TeHr;
—>■ —>• —>• -> —► —̂ —► —>•

2) lim  v(t) =; a , lim  v ( t ) = b  6y;ica, lim  (v (t) +  u (t)) =  a  +  b ;
ttskto t’&tn

3) lim u (t) =  a B a a £ R  H xraepH H  ^ h ^ h h  c o h  Syjica, lim  (a v(t))=* 
t-&t0->

=  a  a ;
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4) h k k h  BeKTopHHHr CKaJiap eKH BeKTop KynaHTMaJiapHHHHr jih m h t h  
m y  BeKTop.nap jiHMHTJiapiiHHHr C K ajinp  eKH BeKTop K ynaH T M a/iapnra  TeH r:

—V —> —!►
lim  v (t) — a , lim  u (t) — b,

lim  {v(t)-u{t)) — a - b  (*), lim  [v(t), ~u(t)] =  fa, T\ (**).
t—> . t —

1), 2), 3) xoccajiap hcSothhh yi^yBqura jjaBajia Kii.iran ^oJiqa 4) xoc- 
ca hc6othhh KejiTHpaMH3:

“> > —■> -*-y — —>—>
а) CKaJiap KynafiTMa yqyn: v(t)- u(t) — a • b — (v (t) —  a)u (() +

—> —̂ ^  ̂ —> —>
+  a (m (t) —  b), 6y epaa t £0, ;ia w (/) a 0, u (0  —  b - >  0 ,  myHHHr 
y q y H  (* )  M \'H oca6aT  ypm uiH U H p.

б) BeKTop KynaHTMa yqyH:
|[iT (0 , tT(01 —  [oT&il = I N 0  —  w i t ) — T)]  +  [ t > ( 0  — a,~b] —

— [ « ( 0  — 6, a]  <  I v (t) —  a  11 u (t) —  b j +  \v (t) —  a 11 b J + j «  (t) — b || a  }
—>■ —>■ —rj>- —>•

6y ep^a ^aM  t -*~t0 % a a (/) —  a  , u (t) —  & B eK Topjiap qe.KCH3 KHqHK BeK-
—>

Top.aapOTP, HtHH yjiap 0 ra HHTii/iaflH. Xocca hc6ot k h jih h a h .
—̂ ^

S - T a t p n ^ -  v — v (/) BeKTop tfjyHKUHH yqyH t0 £(a,b) H y^Taja 
—̂ ^

lim  v (t) = v ( t 0) MyHoca6aT vphhjih  6yjica, v(t)  ijiyHKUHH t0 iiy^Ta/ia y3- 
| t-^t9
I JiyKCH3 nemJiam-

A rap  v (t) cJjyHKUHH (a, b) HHTepBa jihhhr  xaMMa Hy^TaJiapnua y3JiyK- 

CH3 6yjica, v (/) (})ynKHH5i m y HHTepBaji^a y3JiyKCH3 fleHHJiaflH.
—̂ —>■ —̂ 
v (t) cfiynKUHHra t m m r xap 6np KHHMaTMa 6npop OM =  v (t) Beicrop 

moc KejiaAH. t apryMeHT (a, 6) HHTepBa Jifla a  flan b raqa y3JiyKCH3 ys- 

rapraH /ia OM BeKTopmmr M  yqn  (J)a30,na 6npop qn3H^ qH3a«H. u =  
—>

i =  v (/) TeHrjiaMa m y qH3H^HHHr BeKTop KypHHHmnara napaMeTpHK TeHr- 
! JiaMacH fleHHJiaAH.

—•> —̂
A rap  cba30fla (0 ,  i, /, k ) ,ueKapT KoopAHiiaTJiapn cncTeMacHHH o.too, 

i —> —>■ —>■ —̂ ^ —>
| v (t) BeKTopHH { i , /, A; | 6a3HC 6yfiHqa eiicaK, v(t) =  x (t) i +  y  (i) j +

+  z (t) k xochji 6yjiajiH. By epaa x  =  x  (/), y  =  y  (t), z =  z (/) (a <  t  <
— —>•

6) TeHrjiaMajiapHH v =  v (t) qH3H^Himr napaMeTpHK TeHrjiaMajiapn 
^eiiH JiaflH .

49- §. BeKTop (JiyHKi^HjiHHHr ^ocHjiacn

(a, b) HHtepBa^flaH fin pop t nyKTann ojihG, yHra myRuaH A t o p T T n p -
Ma fiepa'HJiHKKH (t +  At£(a, b)), ynAa t apryMeHTHHHr At opTrapMacnra

! —■]> ^ ^
! U (/) BeKTop (fJVHKUHHI-IHHr A V =  £) (t +  A t)— V (t) OpTTHpM3CH MOC Ke-
: m m -
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->
T a t p H ^ ) .  Arap lim  =  lim  v(t + A ^— —  (1) seKJin jihmht 

4/vh-O A t A t^t„  A t

MaBJKya 6yjica, v (t) (JjyHKUHH (a, b) Hy^Ta^a du(p(pepeHu,ua.uaHyenu 
jyzmnam-

By JIHMHTHH —  eKH v' (t) Kn6l1 £3HJiaAH Ba V (t) (J)yHKUHHHHHr t 6 
dt

£ (a, b) nytimadazu \ocuAacu AeiiHJiaAH.
—>- —̂  ̂ ^  ̂

Arap o (0 BeKTopHHHr (0 ,  i , j  , k \  CHCTeMaaara v (t) =  x (t) i +

+  y  (0  / + z (0   ̂ eftHJiMacHHH ojicaK, t apryMeHTHHHr A/ oprrapMacHra 
* ( 0 .  y  (0- 2 ( 0  (JjyHKUHajiapHHHr
A x =  x  (t +  A )̂ —  x  (0 , A y =? y  (t +  At) — y  (t), Az =  z ( t  +  At) — z (i)

Av A x  -*■ Au -? A z  -* 
opTTHpMajiapH moc KeJiaflH, AewaK, —  =  —  * -j- —  /  -f- —  & .

BynaaH 3ca”w (0 BeKTop <J)yHKUHH AwjxjjepeHUHaTuiaHaAHraH fiyrauiH yqyH 
x  (o. y  (0> 2 (0 ^yHKUHHJiapHHHr AH^epeHUHajuiaHaAHraH SyjiHiUH KepaK

AeraH xyjioca qHK>aAn. ZleMaK, BeKTop- (Jjyhkhhhhh AHcjxJjepeHiWHJiJiaiu

yHHHr KoopAHHaTaJiapHHH A H ^epeH U H ajuiam  AewaKAHp. Arap v =  v(t)  BeK- 
Top-4>yHKUHflHHHr KoopAHHaTajiapn AHcjxjiepeHUHaJiJiaHyBqH 6yjica,

dv dx  - r  , dy -* , dz  r -
—  =  —  1 +  —  I +  —  k 
dt dt n  dt 1 ^  dt

SyjiaAH, BeKTop-(JjyHKUHHHH AHt})(J)epeHUHaji^am ^oHAaJiapH ^yfiHAarnqa 
6yJiaAn:

1. H kkh BeKTop 4>ynKUHH HnrHHAHCHHHHr ^ocHJiacn m y (j)yHKHH5uiap
s^ocHJiaiiapHHHHr HHrHHAHcnra TeHr:

(v (0  +  “ '(*))' =  t? ( 0  +  u ' (0- 
—>■ —̂

^aKHKaTaH ^aM, w ( t ) — v(t) +  u(t)  SyjiCHH. y  ^o./iAa

Aw =~v(t +  A 0  — v (t) +  u (t -f- A /) — u (t) — A t +  A u~.
ByHAaH:

lim  =  lim  +  lim  *JL ; w' (t) =  7 (t) (if).
A/-»o At At->0 At  A/-*-0 At

2. CKaJiap KynaHTMaHHHr ^ocHJiacn:
—>■ —> —> — -> —>
(y • w ) = u  • v + v  • u \

3. BeKTop Kyn3HTM3HHHr ^ocHJiacn:

[(a , « ) ] ' =  ] +  j>, « '] .
—̂ —> —>• —̂ —>■ —>• -> —>• 

A a w a T 3 H  5̂ 3M, A [o , «] =  [(y  +  Av), ( u + A u ) ]  — [v, u ]

§kh A[ v, u  ] =  [ ( v +  A v) (u +  A u ) ]— [v' , ( u +  A «)] +  [ o ', (u 4 - A"«)] —  
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122- MH3M3

— x, QP =  y, BP  =  z aaH bhh t qu- 
3Hi^HHHr napaMeTpHK TeHrJiaMaJiapH- 
HH ^OCHJ] K,HJiaMH3:

x  — a. c o s  cp, y  =  asin q > , z — X cp.

5 1 - §. 3 rp H  HH3H^HHHr ypHHMaCH

V —  chjijihk; srpH qH3Hi  ̂ r — r (t) 
TeHrjiaMa SnjiaH SepHJiraH SyjicHH. 

y  y H fla  eTraH  P (t0), Q (t0 +  At) Hyt^- 
Tajiapaan yTyBqn I =  (PQ) KecyBqnHH 
OJiaiiJiHK (122-qH3Ma).

T a tp H t} ) . I KecyBqHHH A /- v O
flarn jihmht ^OJiaTH 7 srpH qH3H^a 

123- HH3Ma P  H y ^ ra f la  yTKa3HJiraH ypuHMa .aeHH-
JiaflH.

t napaMeTpHHHr A t opTTHpMacHra r (t) cJjyHKUHHHHHr A r =  r (t0 +  

-f- A t) — r (t0) opTTHpMacH moc KejiaAH. By A r BeKTop /  KecyBqHHHHP
A —̂  ̂ ^

fiyHajimpyBqH BeKTopH 6yjiaflH. V  ^ojifla —  =  rf't° ® ~ T ^  BeKTop
A t At

%aM A r BeKTopra KOJiJiHHeap 6ym 6, KecyBqHHHHr HyHajirapyBqH BeKTopn-
£Hp. At ->■ 0  ^a Q Hyi^ra Y qH3H^ 6y«Jia6 P Hy^Tara hhthji3Ah. LOapTra Kypa
->  _  A~t
r (t) flHcjxjiepeHUHajiJiaHyBqH fyyiiKuun SyjiraHH yqyH r’ (t) =  lim  -----

Af̂ O At—̂
s^ocHJia MaB*ya Ba r' (t) BeKTop ypnHMa 6yftjia6 HynajiraHflHp. V arpn
*iH3H^a P  Hy^Ta^aH yTraH ypHHMaHH g  6HJiaH Qe.nnuiaidJim Ba yHAa



6npop E  Hyî TaHH oJiafijmK. y  ^oji^a (123- qH3Ma) PE  Ba r'(t) BeKTopjiap 
KOJiJiHHeap 6yjiraHH yqyH PE — Xr' (/), r(t) =  r (tQ) +  PE  eKH r (t) =»

“  r (̂ 0) -h Xr' (t) (1);
(1) TeHrJiHK y  arpn qii3Hi^a P ny^Taaa yTKa3HJiraH ypnHMaHHHr TeHr- 

JiaMacHAHp. 3rp n  qH3Hi  ̂ 6y CHCTeMa^a x  — x(t), y  =  y(t), z =  z(t)  ( 2) 
napaM eTpHK KypiiHHinua 6epH JiraH  6 y jic a , yHHHr P  H y ^ T au arH  ypHHMa- 
CHHHHr TeHrJiaMacH K yfiH flani KypHHHiuAa 6yjiaAH :

x { t ) = x  (t0) + X x '  (/„),' 
y(t) =  y  (t0) +  Xy' (t0), 
z{t) =  z ( t0) +  Xz ' ( t 0)

CKH

x ( t )  — x ( tB) __ y ( t )  — y(t„) __ z ( t ) — z ( t 0)

x '  (t0) y 1 ( t0) * ' (to)

TeKHCJiHKKa 6epHJiraH arpn  qH3HK; yqyH napaMeTpHK TeHrJiaMa x  =* 
«= x  (t), y  — y(t)  KypHHHiii,ua 6yjiH6, yHHHr 6npop Hyi^Tacnra yTKa3HJiraH

x  —  x ( t 0) y  —  y(L ) o ^
ypnHMaHHHr Ten rJiaMacH ---------—  =  - — kvphhhhj hh  OJiaAH. 3rpH

x (to) y (to)
qH3Hî  TeKHCJiHKKa F, (x,y) =  0  TeHrJiaMa 6nJiaH 6epHJica, ypHHMa y  —  y0 =* 

p'
=  — —i t  (x —  x0) uiaKJiHH i^aSyji i^HJiaAH. 3rp n  iih3hh; XOW TeKHCJinrH- 

Fy„
Aa y — f  (x) TeHrJiaMa 6man HtfiOAaJiaHca, ypHhMaHHHr TeHrJiaMacH
* — *0 y — t/o y'°

—  — — 7—  KypiiHHUira ara. ByHAaH: y  =  —  (x — x0) +  y0. B y  epAa 
0 y° *0

x  hh napaMeTp CHcJiaTiiAa Ka6yji i^HJicaK, x — 1 fiyjinS, ypHHMaHHHP 
TeHrJiaMacH:

y  =  y ,(x  — x0) +  y0.

M n c o j u i a p .  1 .

x  — a s in 2 1, 
y  =  b s in  t cos t, 
z =  c c o s 21

, ji
s r p H  qH3HK^a t — —  n y i a a A a  y rK a 3 H Jira H  ypnH M aH H H r TeHrJiaMacH Ty- 

shjichh . ByHHHr yqyH gepnJiraH (JiyHKUHHJiapAaH ^ocnJia 0JiaMH3: 

x' =  2 a s in  t  co s  t =  a s in  2 1, 
y ' ~ b  (co s t  co s  t —  s in  t s in  t) =  b cos 21, 

z' =  —  2 c co s t s in  t — —  c s in  21.
, n  a b

4 * 0 — 2 ’ y°  — 2~ ’ z ° — c>

x  =  a, y  — 0, z — — c.
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YpuHMaHHHr TemviaMacH:

X — y -  —
2

z  — -

a 0 — c

2. x  =  a c o s3 1, y  =  a s in 3 1 srpn  hh3h^  ypHHMacHHHHr TeHrJiaMacn
TOnHJICHH.

x — a cos31By epfla x'  =  — 3a cos21 sin t, y ' =  3 a sin21 cos t Ba

y  — a sin3 t
— 3 a cos21 sin t

3 a sin21 cos t 
6ynfl.au.

x s i n  t -f- y  c o s  t — a s in  t co s t (co s2 1 +  s in 2 /) =  0
enn

2 x  s in  t +  2 y  co s t — a s in  2 1 =  0 .
T a -bp hi}). 3rp ti HH3Hî HHHr (SepHJiraH Hyi?raCHflarH ypHHMacnra nep- 

neHflHKyjmp 6yjiraH Typpn qH3H[  ̂ yHHHr m y Hy^Taflara m pM am  fleiiH- 
JiaflH.

® 330bhh 4H3HK;HHHr fieJinum HyK,TacH^arH HopMaJiJiapH neKCH3 Kyn 
6ym 6  (Hera?), yjiap 6np TeKncjiHKfla eTafln Ba 6y tckh cjihk  HH3H^HHiir 
m y HyKTa^arn nopMaji memcMieu. fle6 aTajiaflH. j^aMMa Hy^TaJiapn Snrra  
TeKncjiHKfla eTraH hcch qH3H^HHHr ^ap 6np HyKTacHfla <5HTTa HopMaAb 
MaB>Kyn.

A rap HH3H^flarH 6epnJiraH HyKjTa P (tQ), HopMaji TeKHCJiHKflarn HxraepHH 
Hyi^Ta Q (/) flaH nScpaT Syjica (124- qH3Ma),

PQ = ~ r— r0 =  (x — x0f i  + (y — y0)~j +  (z — z0)~£,

P Q ± 7 '  ( g  =*>( r — 70) - r '=  0
eKH

(x —  x0) X ' + ( y -  */0) y ’o +  (z —  z0) z ' =  0  

TeHrjiaMa srpn MH3Hî HHHr P  Hy^TacHflarn HopMaji TeKHCJiHraHHiir TeHr-
jiaMacnflHp. fO^opufla TabKHflJiaranH- 
MH3ra acocaH, TeKHCJiHKflarn hhshi^ 
HopMajin ynyH

[x — x0) x[ +  (y — y0) z/< =  0 eKH

y — y 0 -2- (x— x0)

TeHrJiaMaHH xoch ji i^HJiaMH3.
M H C 0 JI. BHHT qH3HÎ  X  =  2 cos t, 

y  =  2 s in t, z — At  HHHr t — 0 Hy^- 
T afla rn  HopM aji TeKHCJiHrnHHHT T e m - 
jiaMacHHH Ty3aftjiHKf t =  0 ra m oc 
M0 Hy^TaiiHHr KoopflHHaTajiapn: x0 — 
=  2, y0 =  0, z0 =  0, M0 Hyî TaHHHP 
KoopflHHaTajiapn: (2 ,0 ,0 );
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x* =  — 2  sin t, y  — 2  cos t, z' — 4. / =  0 f l a /  =  0, u' =  2 , 2' =  4.
0 0 0

HopMaJi TeKHCJiHKhhht TeHrJiaMacH

( x — 2 )-0  +  (y — 0)*2 +  (z — 0)>4 =  0 e ra  y  +  2 z  =  0.

5 2 -  § . 3 rp H  MH3H  ̂ eHHHHHr y3yHJIHrH. 3 rp H  HH3HI^HHHr Ta6HHH
TeHrjiaMajiapH

—> —̂
Chjijihi^ arp n  HH3H^ r — r (t) TeHrJiaMa 6HJiaH 6epnJiraH dyjiCHH. M a- 

TeMaTHK aHaJiH3 KypcHuan MatJiyMKH, yHHHr [a, t ] KecMara moc KeJiraH 
Vi c :  v eftHHHr y3yHJinrHHH Tonnm yqyH Vi eftra hmkh HHSHJiran chhhk; mh- 
3Hî  SyrHHJiapH qeKCH3 HKKHJiaHrapHjia/iH.

AHa uiy chhhi^ mh3Hk, KecMaJiapHHHHr s h t  KaTTacH HOJira HHTHJiraH- 
AarH chhhk, hh3h^ nepHMeTpHHHHr jihm hth CHHHHr y3yHJiHrH fle6 aTa- 
jia^H Ba

s =  j  \7'(t)\dt (1)
a

KypHHHiuAa e3HJiaAH.
A rap  a rp n  mh3Kf;

x =  x (t)„ y  — y (0, z =  z (0 O')

napaMeTpHK TeHrJiaMa 6nJiaH 6epHJiraH 6yjica, yHHHr efin ysyHJinrn

/ W T i T l + W  dt (2)
a

eKH

s =  f V x ' 2+ y ' 2+ z ' 2 dt (2')
a

(JiopMyjiajiapra acocjiaHHS ^HcoSjiaHaAH.

~  x '2+ y '2dXO y  TeKHCjiHTHAa erraH hh3ĥ  yqyH eft y3yHJinrH s — | V x' + y  dt 

ra Tenr.
AeMaK, arpH qH3Hî  eflHHHHr ysyHJinrn t napaMeTpHHHr c^yhkuhhch- 

AHp, HTjHH s — s(t). By cjiyHKHHfl t > a  Syjirauaa Myc6aT, t< .a  fiyjiraH- 
fla aca M3Htj)HH 6ym6, t mohotoh jferapca, s(t) cfjyHKuna mohotoh ycyB-

HHflHp. ^a^aTaH, (2) aaH ^  =  V x '2+  y'2 +  /  ®kh ~  =  P  (Ol >  0at i ^ i  f t
—̂  —>■

aKaHJinrHHH TonaMH3, qyHKH (f>apa3HMH3ra Kypa r (t) #  0, uiy ca6a6jiH 
s =  s(t) 4>yHKUHHra TecKapw (jjyHKUHH MaBKyu: t — t(s).

m yuuaft i\hjih6, s HHHr ^ap 6np i^HHMaTHra t HHHr aHH^ Snrra i^hh- 
Mara moc KejiaflH, hi>hh s en y3yHJinrHHH napaMeTp CH^arafla ojihhj
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mymkhh. y  30.1,53 (1) Ba (1') Tenr.rcaMa.fiap i^yfiHflarH K^pHHHiura Ke- 
JiaflH:

r =  r (t (s))
eKH

(3)

(3')x =  x(t(s)), y — y(t (s)), z =  z ( t  (s)).
— > -  ̂

<3) Ba (3') TeHrJiaMajiapHH K yftnflanra ^aM &hiu mymkhh: r — r (s)
eKH x — x(s), y  — y (s), z — z(s).

By TeMViaMaJiap arpn KH3H^HHHr Ta6nHft napaMeTpra HiicfiaTaH TeHrjiaMa' 
JiapHAHp.

By ^ojifla

1 0  =  1. (4)

H'bHH r (s) HHHr Ta6HHH napaMeTpra HiicSaTaH xociijiacii 6hpjihk BeKTop-
fliip , nyHKH P Ba Q H yi^rajiapH H  TyTauiTHpyB4H BaTapHHHr y3yH JiH ra 

.) A"T| =  1~r (t +  At) — r (0 | 6y;ica Ba
|As| =  |s(/ +  A Q -s (Q |

Syjica (124-MH3Ma):
->
dr =  lim A7

ds  | Aŝ *0 As

A s-yO  Ba A / - > 0  mapTjiap TeHr Kyqjm SyjiraHH ynyH
->

Arlim
A<->0 As

=  1.

M n c o J iJ i a p .  1. x =  a ( c o s /  +  ^ s i n t), y  =  a ( s i n t —  tcost) HH3Hî - 
HHHr [tlt t2\ opaJiHKflarH efiHHHHr y3yH;mrH toiih/ichk.

3rpn iH3H  ̂ TeHrJiaMaJiapHflaH ^ocHJia o;iaMH3:

Eh y3yiiJiHrn

x' — a (— sin t +  sin t + 1  cos t) =  at cos t, 
y' — a (cos t — cos t +  t sin t) =  at sin t.

s =  J ] / a 212 cos2 / +  a2 12 sin 2 1 dt =  j  at dt =  a ~
to— n *t i -  tt

ra  TeHr.

2. y  =  In cos x «m3Hi$HHHr

JI3HCHH.

0; opaJiH^ara eft y3yHjrara jjhco6-

y' =  (In cos x ) '  =
sinx
cosx

138



12

3 .  x —  a c o s  t, y —  a s i n  t  qH3HK;HHHr t =  0  R a n  t r a q a  6 y j i r a H  eft 

y 3yH Jm rH H H  ^ H c o f i^ a H r  Ba 6 y  qH 3H^HHHr s n a p a M e T p  o p ^ a i w  H(})OflajiaH- 
r a H  T eH rJiaM a/iapH H H  T y a n H r.

t ________________ _
s  =  J  a 2c o s 2 1 +  a 2 s i n 2 1 dt —at, 6 y iw a H  t =  — . 

o
„  s • s
M a n a H ra H  T e H m a M a J ia p :  x =  a c o s  —  * y  =  a s i n  —  •

5 3 - § .  Ta0H H H  y n  ety iH K  B a  ^ p e H e  (J)O pM yjia^apn

Pery;iH p arpH q re n ^  r — r (t) (1) TemviaMa 6HJiaH 6epH/iraH 6yjiCHH. 
t  napaMetp yqyH s eiiHH K.a6yji ipuicaK,

d  r

ds
=  T (2)

BeKTop arpH  qraHi^HHHr M  nyK T acH A arn ypHHMacHHHHr 6 n p j i i m  BeKTopa  
6 y.rca,nH (125-qH3Ma).

=  JLL = N (3)
d2r _  d t
ds2 ds

BeKTOp arpn  qH3HKHHHr M  HyKjacimarH arpn^iHK BeKTopn, yHHHr y3yH- 

j iH r n  \ N  | =  k  y H H H r  m y  H y ^ T a a a r n  a r p H J in r n  fle ftH Jia /u i. yphhm 3hhhp 

CHpjiHK BeKTopn t  SnjiaH yHHHr ^ocnjiacH SyjiMHiu N  y 3 a p o  o p T o ro H a Ji-  

AHp. I lly  N  BeKTop 6yHHqa fiynaJiraH TyrpH qH3Ht̂  a rp n  qH3H^HH M  Hyi^- 

T a u a r n  6 o u i  H o p M a JiH  f i z m n a w -  N  B e K T o p H H H r 6 n p jiH K  b ck to p h h h  v
6HJiaH SejirH-nacaK,

N  =  k  v eKH
d i

ds
(4)

^ o c h j i  6 yjiaA H . M  Hyivra.ua HHa 6 h t -  
Ta SHpJlHK BeKTOpHH aHHKj.TaHMHS:

p =  [ X, v]. By BeKTOp ^aM  r  ra ,

xaM  v  ra  opToroH aJiflH p. Illy BeKTop

fiyHa^HHiflarH [M; p] T y rp n  qH3H^ a r-
pH qH3HKHHHT 6uHOpMaAU
3 r p n  qH3 H^HHHr ^ a p  6 n p  H y^T acH fla- 
r n  6 o iu  HopMaJiH Ba 6 HHopMajiH jtea p o 125- WH3M3



/—

4 =m m  remcMK

„ ---------
/ i

J M  i
? I J

nepneHflHKy-fi^p- ypHHMa 6kji3H 6om 
HopMaji op^a .™  yTyBqn tck h cjih k hh  
enuuiMa memcAUK, ypHHMa SnjiaH

----------- ' f Z - t n m m  ^HHopMaJi op i^a jin  yTyB qn t6 k h c j ih k h h
3  |Z 7  Ty Fpiuioenu, meKUCAUK f len n jia fln .

Born HopMaji SnJiaH 6hhopm3ji opi^a- 
' AH yTyBqH TeKHCJiHK HOpMCLA m eKU C-

~TYFPnmw nuKdup. 3 rp n  qn3H^HHHr xap 6np Hy^- 
TEKHC/MK T acH flara  60111 HopM aji, 6nHopMaJi 

ypHHMa J^aMfla ennuiMa t c k h c j ih k ,  TyF- 
pnJioB qn TeKHCJiHK Ba HopM aji t c k h c -  
jiHKJiapflaH TauiKHji T onraH  y q  eiyiHK 

—> “>
TaSnHH yn e^Auic fleiiHJiaflH (126- qH3Ma). ^ 6HJiaH p HHHr BeKTop Ky-

d  v
nanT M acn  v  B eK Topra nepneH flH K yjinp Ba fleM aK, —  BeKTOpra n a p a ju ie j i-

ds
d v

flHp. UJyHHHr yqyH m ynflan a ,  X coHJiap TonHJiaflHKH, —  =  a  t  -{- Xp

(5) 6yjiaflH. t ,  v BeKTopjiap ^aw opToroHaJi: t -  v  = 0 .  By TeHrjiHKHH s 

napaw eip 6ynnqa flHc^epenUHajuiacaK, v +  T —  0- (4), (5) ra  
->  “> —> -> —>■ „

Kypa v • k v +  t  +  ^ P ) =  0, SyHflaH sea k +  a  — 0 eKH a  =  — k.
—̂  ̂ ^

(5) flaH: =  —  k  v +  X p  (6).
as—̂ ^ ^

P =  [ t  , v  ] hh s napaMeTp 6ynnqa flH(})(})epeHUHaJiJia6, (5) Ba (6) hh  ^h- 
coSra oJicaK.

d $
ds

JleKHH

r -> 
d  t ->

V + T — 1ds . d* J
k v , v ] + [ t ,  — H - f - A  p ]  

=  k [ \ ,  v ] - f t [ T , ^ ] _ X K  $ ] .

[ v , v ]  =  0, k 1 ] = 0 ,  ? V p ] = ^ .

AeMaK,

d l
ds

■ X v (7)

(2), (6), (7) (jiopMyjiaJiapHH O pene cfcop.wyjiaJiapH fleiiHJiaflH. (7) (})opMy- 
Jiaflarn X coh  arpn qiBHi^HHur M  Hy^Tajarn 6ypajiHuiH fleiiHJiaflH. cbpe- 
HHHr 6y (J)opMyjiaJiapH 4>a30BHH qn3Hiyiap Ha3apnHCHfla KaTTa a^aMHHT- 
ra sra  6yjiH6, y jiapra KnpyBqn k  arpHJiHK Ba X 6ypaJiHiu qH3H^HHHr co<J) 
reoMeTpHK xoccajiapHHH H<J>oflaJiaiiflH.



5 4 - § .  3rpn HH3Ht\HHHr arpHjiHrH Ba SypajiHuiH

PeryjiaTop srpn mh3 h ^  r =  r (s) TeHrJiaM a 6 nJiaH 6 epHJiraH 6 v j ic h h .  
YnAa P  Ba y u r a  h ^ h h  eT raH  Q Hyi^raJiapHH 0 JiaMH3 . P,Q nyivrajiapaa 
a r p n  q u a n t a  yTKa3HJiraH ypHHM aJiap o p a cH A a ra  SypqaKHH a  6njiaH  d eji-  
rHJiaHMH3 , PQ eft V3 VHJiHrH h r a  TeHr SyjicH H  (127- qH3M a).

MHTra aftTHJiaAH.
By MH3HKHHHT P, Q H y ^T ajiap H ra  yTKa3HjiraH ypHHMajiapHHHr gnpjiHK 

BeK Topjiapn r' (s) Ba r' (s +  h) SyjiCHH. By BeKTopjiapHH 6htt3 yMyMHH 

yqra K ejirapaM H 3: r' (s) =  MA, r' (s -j- h) =  MB, Z . AM B =  a  (128- qH3- 

m s). AB — r' (s +  h) —  r' (s) fiyjicHH. 3rpn iiH3Ht^HHHr arpHJiHrHHH k 6 h -
J13H 6ejirHJ13C3K,

ximuaaaH \AB\ =  2 sin  —  . tUyHHHr yqyH lim  =  1, qyHKH / i - > 0
2 h -̂o iVE,

qH3H^HHHr arpHJiHrH k — \ r"  (s) | ra  TeHr. TaT>pH(J)A3H TyrpH qH3HK[HHHP 
xaMMa HyKT3JiapA3ra arpa/m ra H0Jir3 TeHrjiHra aeH, K.cuiraH qH3Hiyiap 
yqyH arpHJiHK HOJiAaH (jjapiyiHAHp. ZleMaK, qH3H^HHnr arpHjinrn yHHHF 
Tyrpn qH3HtyiaH qeTJiamnm Aapa>KacHHH 6HJiAHpaAH.

2- t a ib p h c}}. 3 rp n  qaaHi^HHHr SepHJiraH Hy^TacHAara arpHJinrara Tec-

Kapn MHiyjpp R  —  my Hy^TaAarn azpiuiuK paduycu AeftHJiaAH.

3 rp n  qH3HK.Aa HXTHepnft P ny^Ta Ba yHra h^hh eTraH Q ny^TaHH 
OJiaMH3. P, Q Hy^TajrapAaH enniiiMa TeKHCJiHKJiap yTKa33MH3 Ba yjisp opa- 
CHA3rn SypqaKHH A 0  gnjiaH 6ejiraJi3HMH3. 3 rp n  qH3H^HHHr P  B3 Q ny^- 
T3Jiapn opacara >Koftjiamr3H eftHHHr y3yH.inrH As 6yjicHH (129- qH3M3).

3- t  a  -b p h ({>. 3 rp n  qH3HKHHHr P  HyKTaAarn Sypcuiuuiu Ae6 Q Hy^Ta

[a-̂ -o h h-*o \AB\ h^o h |.
'lim  J i  =  l im - J i -  lim

Aa a  0 6yjin6,

n B

L M A

127- HH3Ma 128- HH3M3
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129- HH3M2 

d  A9P r a  HHTHJiraHfla —  
As

HHCSaTHHHr

JiHMHTHra aHTHJiaflH Ba y  4 , 6 m aH
GeJirH^aHaflu: 130- HH3M3

_ l im
aq

=  l i m ^ - . 1 l im
\a b \

Aŝ»0 As As->0 |^| I ASr=>0 As

, . .  A0 
« !  =  l im  — .

As^O |AS|

P (s)» P (s  +  A s) BeKTopjiap P ,  Q  H y ^ T a jiap aa rH  CHHopMaJiHHHr 6 n p - 
flM BeKTOp^apH 6yjiH6, yjiap opacH^arH SypqaK A0 ra TeHr. y  ^ojifla (130-
MH3Ma)

\ A B \  =  | p  (s  +  As) —  p" (s) | =  2 s in 2^  ,

6 y  ep.ua

Hm ^  =  1,
As-*0 \AB\

l im  AB_ _ H m  (s +  A s ) - f ( s )  _ - t ,  ,  v 
As^ °  As ^ s~*° As

AeMaK, HH3HK;HHHr SypaJiHiiiH =  | P ' (s)|. p ' BeKTop p ra  Ba t  opxoro-

HaJiflHp. ^a^aT aH  âM, P ' =  [ t , v ] ' =  [ t', v ] +  By ep^aH
[ t ' j ^ ’ ] = 0 ,  qyHKH %' v ra  napajuieji. IUyHHHr yqyH p ' = [ t ,  v ' ] .

ByHflan sea  P ' _ l”t  Ba p ' l v ' .  UlyHflaft k,hjih6, P ' v  ra  n a p a ju ie ju  Y

jqwifla kx =  |(P ? - v l|. OpeHeHHHr (1) (j)opMyjiacnra Kypa v =  y  • ^  —

_L ^LL  —  J _  T "  gyjiraHH yqyH 
k 2 ds2 k



5 5 - § .  3rpw HH3HtqHHHr arpHJiHrw Ba SypaJiHuiHHH ^Hcogjiam

3 rp n  TO3HK; r — r (t) TeHrJiaMa 6 m m  6epHJiraH 6yjicHH. y  ^ojiAa

r —

epfla

dr
dt

d*7
ds2 

d2s

dr ds ds— <v — , r
ds dt dt

—>- 
dr

d'1 r d2r | ds '
dt2 ds2 V dt

. dr d2s n-]------- -- — . by
ds dt2 y

ds
=  k v , -------=  * SKaHJiHrHHH xncoSra ojicaK, r" — k v  —  +

dt dt
-4- t  — . Bynflan r"  BeKTopHHHr [M , r , v  ] enniiiMa TeKHCJiHKKa napaji- 

dt2
jieJi SKaHJiHrHHH KypaMH3.

"*■ ds L~*~ ( d s \2
T ----, k \

dt V +  T

+

ds
~cU

\<K / +

f t ,  "Cj.

[ 7 , 7 ' ] = r  . . . . ,  , .
1 L dt \d tJ  dt2

* ds ~+d2s 1 , / d s \ 2-r-> ds d2s _>‘| > (ds\
l t -'v J + - 5 T - [T- T J“* u )

=  Ir ' (01. f T >v  i =  P 6yjiraHH yqyH [ r', r"\  =  | r ' (0 I3 P • k, SyHAaa

r"l I 1 If r* r"II
W -------Irr^ i. p SnpjiHK BeKTop, uiyHHHr yqyH — -•
.......... Ir'MI*î w i * Up

3 rp n  iH3H^ x  — x ((), y  — y( t ) ,  z  =  z ( t )  TeHrJiaMaJiap 6MJian 6epHJi- 
raH 6yjica:

\x" y" 2
+ y "  z " j2 , lz" x " 2

\x y y ' z' 1 jz' x'

\~5\ I , , '2 I ~'2\r \ —-V x + y  + 2  .

k — ■

lx "  y " 2
+

y "  z" 2
+ z "  x "

\x y y  2 ' Z X

V  (*'2 +  y ’2 +  z '2)3

3rpH mh3Kk; X O y  TeKHCJiHKKa HioHJiauiraH 6yjica, ht>hh x  =  x  (t),y ~  
=  y  (t) TeHMaMajiap 6hji3h SepHJiraH fiyjica, yHHHr arpHJiHra k  =<

/ix"  
x ’ y'

3 <j>opMyjia gynnqa j$Hco6ji3H3AH. Hh3Ki$ y  ~ y  (x) reHr-

fi"
cjiopMyjia 6yHH-JiaMa 6HJiaH SepHJica, yHHHF srpujiHrn k =  ~ L

] / " ( ! +  y'2)3
qa 3{Hco6jiaHaAH. LUyura yxuiaui s rp n  qH3H^HHiir fiypajiHum kx
^ \(F , ? ' , ? " ) I . 1 (7% 7" r ' ' ) l  

bl —
ir', r"Y

ra TeHP 3ah. ByHAaH x => x  (t), y  =

143



=  y  (t) ,  z =  z(t)  napaM eTpH K  T em viaM ara  y T caK , G ypajinm  

kx =

x '  y '  z '  
x "  y "  z "  
x ' "  y ' "  z ' "

\ x "  y " \  
F  y '  1

2 . Iy "  * "
+  1 y '  z '

2 , 1  z "  x ” l2 
\z' x '  1

4)opMy.!ia 6yHHHa ^HCo6^aHaflH.
M H c o ^ J i a p .  1 . x  =  acost, y  =  a s i n / ,  z = b t  bhht TO3Hfhhhhp 

3rpHJiHrH Ba 6ypa;mmH .\HC06jiaHCHii.
SrpH qH3H^ Tenr^aMajiapHflaH:

x  =  —  a s in  t, y '  — a cos tt z'  =  b; 
x "  != — a cost, y "  =  — asint, z "  =  0 ; 
x '"  — a  sin  t,

y  =
y " ' = — acost, z " ' = 0 ,

k =

~ \ f  I— a c o s t — asin ?  
p I— a sin / a cos t ' +

— a sin t 0 
a cos t b +

0 - a cos
- a sin /

y  ((i - a  sin t)2 +  (a cos t)2 -f- b2)3

V (— a2 cos21 — a2 sin2 1) + a 262 sin2 t-\-a2b2 cos2 1 _ V a *  a2b1

V (a2 sin21 a2 cos21 +  b2)3
a V a 2-\-b2 _ a

V ( a 2+ b 2)3

Y  (a2 +  b2)3 <J2+ 6 2 '

AeMaK, k =
a2+b2

y  srpH MH3Hî HHHr gypajiHuiH

k — j

— a sin t a c o s t  6
— a c os t  — a sin t  0 
a sin t — a cos £ 0

I — a cos t — a sin tfi , 
I — a sin / a cos t\

— a sin t 0 
a cos i b

2 i 10 — a cos tl2 
' \b — a sin /[

o2+6»

2. y  =  —  x3 arpH qH3Hi^HHHr aSciwccacH x  =  —  ra TeHr Syjiran Hyi -̂ 

TacHflarn srpHjiHrn toiihjichh.

E q h m. y ' — — 3x2; y" =  —  6x. x  =  —  Hyi^ra,na y "  =  — — ;
2 4

=  —  3 ra  TeHr, y  xoji^a
— 3 192 

125 ‘

*/

56- §. JkCH 3ppH HH3H^Jiap

Chjijihk; hcch a rp n  4H3H^ Ba yHHHr xap 6np Hyi^racHflarH arpHJiHrn 
k ¥= 0 6yJicHH. By qH3HK;HHHr ^ap  6hp Hy^TacHflara 6ypa;wiiiH HOJira TeHr:

kx —  0 . ^ a i ^ a i a H  j^m , hcch ™3H^ yqyH t  Ba v BeKTopjiap y arpH hh-

144



gH[̂  TeKHCJmrnra napaji^eji, AeMaK, p jterapMac BeKTopjiapAHp. IHyHHHr

^  - n  yqyH _ _ _ 0 .

ByHAaH kx =  U P' v )J  =  0 ^

1- t  a t> p h Arap N  — k  v — BeKTop M  Hy^TaAan p =  —  Maco<}>aAa

eTca, hcch  MH3HK; y q y H  [M,  v ] 6o m  H opM aJi^a eTyB qn P  nyi^T a a r p n  q n - 
HK[ih nr M  HyK;TaAarH aapuAua MapKasu jxemjiaRU.

P iiyi^TaHHHr pa^Hyc bcktophhh p 6HJian 6e.nrH.nacan,

P ~ r  +  p v  (1 )

^ochji 6y.fiaAH. OpeHe cfjopMyjiacnra Kypa k v  =  dyHAaH v ==- | - —c-
ds  k  ds

hh Tona\iH3, y ^OJi^a (1) (f>opMyjia ^yftHflarH KypHHHiura KeJia^H: p «** 

-*■ , 1 d t
~ r +  ¥ " i r -

3rp n  mhshi^ y — y(x)  TeHrJiaMa 6HJiaH 6epHJiran 6yncHH. B y  TenrJia-

m3hh BeKTop KypHHHiHAa e3caK, r =  x  i +  y  j  . (2) 
ByHAaH

d r d s i \  i i  /"« > / n 1

<fr dx Tf , 1 1 7*~, (/' T*
T “  d* * ds “  ^  +  y  ^ ' V T + T *  ~  V T + Y *  V T + 7 •

d x  dn  dx ^----- -- ------------ HH ^HCOO/iaO HH^aHJIHK:
ds dx ds

d ?  =  _= y [ y " _  j ,  „ «/' ; =  _  y"____( _ „'T+ 7 )
ds V (1 +  (/'2)3 V ( l  +  1/'2)3 V ( l + I /'2)3 

y  ^cwiAa

d T  _  . . - t \  y"__________ 1
—  < +  / J y (1 + y ,2)3, y f q ^

§kh

f  =  ^ < - ^ * + T > -  (3)

(3) AaH —  HHHF KHHM3THHH (1) ra  JWHMH3! 
ds

ByHA3H:

p  =  r  +  —--------------- ( — < / ' « +  j) eKH k — -y=~===^.
H k? (1 +  y'2)3 1 /(1  +  y ’2)3
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Arap P HyKjaHHHr KoopAHHaTacn (£, r]) 6yjica,

u  +  C j =  x 7 +  / T + 7 )  =  f-y— —^ ' -)y ) T +

+  ( * + 'J f ~ )  '•
Bynflan srpHjiHK MapKa3HHHHr KoopAHHaTaJiapHHH TonaMH3:

y (i +  y,2)y' , i +  y'2l  =  x  —  ■>"-. n =  y  +  - i f - .
«/" y"

2- t  a  p h <|). 3 rpn  mi3HK; 9rpHJiHK MapKa3JiapHHHHr reoMeTpHK ypHH 
uiy arpH HH3H^HHHr aeoAtomacu ppmnajxn. 3 rp n  hhshk, x  =  x  (Z), y =  y(t) 
TemviaMa.iap 6HJiaH SepHJiraH 6yjica, SBOJiiOTaHHHr napaMeTpHK lenr.aaMa- 
jiapn:

=  x(t)  —  y' (it) ------*' ( 0 ~ y/ (t)------ , rj =  «/(/) +  a:' ( 0 ------^  ^  .
( t)-x"(t)y' ( t ) '  w * W ( 0 . - * W ( 0

M h c o ji ji a p. 1 . y  =  sin  x  9B0Jii0TacHHHHr TearJiaMajiapH Ty3HJicHH.
EqHin:

y ’ — cos x, y"  =  —  sin  x,
f  1 +  cos2* . 1 4- cos2*Q =  X —  COS X — L—7- —  =  X +  COS X — —-------,

r] =  sin  x  +

— sin x  sin x
1 +  cos2* sin2 x  — 1 — cos2* 2 cos2*

■ sin x  sin x  sin *

2. x  — a cos t, y  — b sin  t sjuranc SBOJiioracHiiHHr napaMeTpHK TeHrjia­
Ma JiapH Ty3HJICHH.

Equrn:
x ' — — a sin t, x" =  —  a cos t\

y ' =  b cos t, y" — —  b sin  t.
f  t u t 0? si"2* +  b2 cos2 t a2 — b2 3 ,t  =  a cos t — b cos t ---------- 1------------= ---------- cos3^

ab sinH +  ab cos2* a
, ■ , • i fl2 sin2/ +  ft2 cos2 1 b2 — a2 . , ,n  *= b sin^ — a sin  / ----------—----------= ---------- s in 3̂ .

ab sin2/ +  ab cosH b

JHeMaK, 3B0Jii0TaHHHr TeHrjiaMacn:
y a2 — b2 o , b2 — a2 . 3 , 
fe = ---------COS31, J] --- ---------- Sin3 t.

57- § . Ebkjiha (jja30CHfla cnpTjiap. Chpt TyuiyHHacH

1- t  a Tj p h (|). O hhi  ̂ flOHpaHHHr cbkjiha TeKHCJiHrHAara roMeoMop<}> o6pa3H 
VAeMenmap co\a AefiHJiaAH.

T yrpn  TypiSypqaK, KBaflpaT, TpaneUHH Ba sjuiHncfWHr hhkh lyic.MJiapn 
SJieMCHTap co^ajiapAHp.



* 2- t  a t> p h (j). TeKHCJiHKAara ajieMemap co^aHHHr E s (f)a30/ia r a  roM eo  
Mop(j) o6pa3H djieMenmap cupm neMjiap.ii.

TeKHCJiHK, sjijinnTHK Ba rnnepSoJiHK napadoJioH/yiap, napadoJiHK uh- 
JIHHAp 3JieMeHTap CHpTAHp.

3-T a-bpncJ). Oarjo^a HVKTa.iapuHHr <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.

T a tp H ^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- 
caJiaH, c<})epa coAHa cnpT, jickhh 'ajieMeHTap CHpT 3Mac, eKH ajuwnTHK 
UHJiHnap coM a cnpT , JieKHH ajieM eH Tap 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)£<P ny^TaiiHHr K o o p - 
AHHaiajiapH aca x,y,z  oyjicHH. ZJeMaK, <P CHpT^arH Q Hyi^raHHHr x,y,z  
KoopKHHaxajiapH G co^aAara P Hyi^Ta KoopAHHaTajiapuHHHr t^yHKUHfljiapH-
AaH HdopaTAHp:

x — fi (u,v), y =  f2 (u,v), z =  fs (u, v). (1)

(1) TeHrjiaMajiap coAAa cupTHHiir napaMeTpHK TenrjiaM ajiapn AeHHJianH. 
Tai>pH(J)ra Kypa f v  f2, f 3 c^yHKUHHJiap G co^afla y3JiyKCH3 <j)yHKHHHJiap- 

AHp. A ra p  (1) TeHrjiaMajiap CHereMacHAa f2, f3 ^yuKUHHJiap &-Tap~ 
ragjiH ra^a y?JiyKCH3 ^ocnjiajiapra a ra  6yjica, & cupx peeyAxp aemjiajxn. 
k =  1 fla 0  CHpT CUAMIK CHpT AeHHJiaAH. (1) HHHr yqTa TCHTJiaMaCH 6 h t t3

r =  T(u,V) = / j  (U ,v)T + f2 (u,v) T  +  / .  (u,V) ~k (2)
BeKTop TeHrjiaMara aKBHBajieHTAHp.

By epAa r =  OQ CHpTra (131- qvmia)
K apau jjiii Q HVKTaHHHr paA nyc-B eK - 
TOpH Hyi^TaHH aHHKJiaHAH. (1)
T ea raa M a jia p A a  u (eKH v) y 3rap M ac  
XHCofijiaHca, 6y  T eH rjiaM ajiap  cnpT  yc- 
TH^arH a r p n  h h sh i^h h  aHHiyiaftAH.
u,v  coH Jiap CHpT^arH HyKTariHHr a r p n  
MH3Hî JiH KoopAHHaTajiapn AenHJiaflH.
Arap 0  CHpTHHHr (1) napaMeTpHK 
TeHrJiaMajiapHAa x  =  u, y  =  v AecaK,
2 =  /  (x,y) KypHHHuiAarH TeHrJiaMaHH 
^ochji i^HJiaMH3. ZIeMaK, cnpT napa­
MeTpHK TeHrjiaMajiap SnjiaH SepHJiraH 
6yjica, y jiapaan  omKop KypnHHuiJiH TeHrjiaMara yTHui MyMKHH. Kyn ^o ji-  
jiap^a cnpT ^ e 6  F(x,y,z)— 0 TeHrJiaMaHH i^aHoaTJiaHTHpaaHraH nyKTa^ap 
TynJiaMnra aHTH.ia^H. By epAa F (x,y,z) (J)yHKiXHH 6npop V  coxa;i,a y3JiyK- 
CH3 Ba Supi-iimn TapragjiH F'x,F' ,F'z y3JiyKCH3 xycycHH ^ocnjiajiapra a ra .  
A rap  cnpTHHHr 6npop M 0 Hyi^TacHjia F' — F' — F' = 0  gyjica, 6y HyKTaXq y 0 Zq

CHpTHHHr Maxcyc ny^macu aeiiHJiaAH.
M n c o j u i a p .  1, TopHHHr napaMeTpHK TeHraaMaJiapH Ty3HJiCHH.



Top fle6 (x — a)2 +  y2 =  r2 afi.aanaHH yHHHr TeKHC.rarHfla eTraH Ba 
Oz y ^  aTpo^HAa afijiaHTHpHuiAaH ^ochji 6yjiraH cupTra afiTHJiaflH. Afl/iana 
Oz yi  ̂ 6man  KecuiuMauAH Ae6 (})apa3 kh»i3 mh3: r < .a  (132-4H3Ma). Aft- 
ziaHaHHHr napaMeTpHK TeHr-naMaJiapu:

x  —  a =  r cos 0, y  =  0, z  =  r sin  0

eKH
x — a +  r cos 0, y  =  0 , z  =  r sin  0.

By aftjiaHaHH OZ yK aTpo^HAa afc/iaHTHpraHAa p =  ] /  x2 +  y 2 =  a -J- 
+  r cos 0 Maco(})a y3rapMaiiAH. OZ y ^  aipotjiHAa gypum  6ypqarHHH cp 6h- 
.naH 6ejirH.aacaK, TopHHHr napaMeTpHK Tenr^a,Ma;iapHHH ^och;i K,HJiaMH3:

x  =  p cos cp, y  =  p sin  cp, z =  r sin  0
eKH

x =  (a +  r cos 0) cos cp, y  — (a +  r cos 0) sin cp, z  =  r sin  0,

6y  ep,p,a 0 <  cp <  2 a, 0  <  0 <  2n.
2. rejiHKOHAHHHr napaMerpHK TeHraaMajiapH Ty3H/iCHH.
T yrpn  rejiuKOHA AeS Oz y i ^ a  th k  AB  HypHH uiy yK, aTpoc|>HAa TeKHC 

aiuiaHHUiHflaH Ba aujianum G ypqarura nponopunoHaJi Te3JiHK 6 m an  Oz y^  
6yfijia6 cuJiJKHiuHAaH ^ocuji i^H.iHHran cupTra ammajw.

rejiHKOHAHHHr napaMeTpHK TeHn/iaMajiapHHii Ty3afuiHK (133- qu3Ma). 
TeJiHKOHA ycTHAaru iiyi^TaiiHHr s rp n  qu3HiyiH k oopAHHaTajiapu CHtJiaTHfla 
yHflaH OZ y i^ a q a  GyjiraH Maccxjia M A  =  u Ba rejiuKouflHH xpcm  i^uJia*

AnraH Hyp MA  (hcoemh) HHHr 6oui- 
jiaHFHq ^OJiaTH AeS JjHCo&flaHraH OP 
HHHr OX y ^  SnjiaH jauiKm STraH 
Z .XO P  =  v dypqarHHH 0JiaMH3. 

y  ^OJifla A OQP aaH

x  =  OQ =  OP cos v =s u cos v,
y  —  QP =  u  sin  v, z *=s OA «= a v,

qyHKH Q Hy^raAan 6ouuia6 yTHJiraH 
iiyji v 6ypqaKKa nponopuHOiia.iAHp. 
AeMaK, rejiHKOHAHHHr napaMeTpHK 
TemviaMaJiapu:

x  — u cosy , y>= u s in v ,  z =  av.

3. x  =  x0 +  a cos u cos v, 
y  =  y0 +  b cos u sin  v, 
z  *= z0 +  c sin  u

napaMeTpHK xeHr.naMa.nap CHJiaH 6e- 
pHJiraH CHpTHHHr HoouiKop Tenr.naMa- 
CH Ty3HJICHH.

E q u r n .  ByHHHr yqyH Cepu/iraH 
TeHrJiaMa.aapAaH u, v napaMeipjiapHH 
Hyi^0TaMH3:

132- qH3Ma
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B y TeHrjiaMajiapflaH:
' (* — x 0y  ( y  — y0)2 . (z  —  z o 

a 2 62 c2

B y sjuiHnconflHHHr TeHrJiaMaCHflHp.

=  1.

58- §. CHpTHHHr ypHHMa TeKHCjlHrH

0  cnpT r  — r  (u,v) TeHr/iaMa SnJiaH 6epnJiraH SyjicHH. G  co^afla u ~  
=  u (t), v =  v (t ),  ( £ [ / 0, y c i ?  Tenr/ia\ia.nap fiiuian aHHi^JianraH chjijihi^ 
hh3hi^ ojiaHJiHK. [/0, tx] opa/iHiyia « (/) , u (/) cj)yHKUHHJiap TapTnSjiHraqa

^ocHJiaJiapra a ra  6 ym 6 , — , —  ^ocnJiaJiap 6np Bai^Tfla HOJira aftjiaii-
d t  d t

MacHH. r  (t) =  r (u (t ) ,v  (t)) TeHrjiaMa cnpTfla fiiipop peryjiap mh3Hi^hh aHHi -̂ 
JiaftAH. By TeHrJiHKflaH

?{t)  = 7 > '  (/) + 7 y  (t).

AeMaK, r' (t) BeKTop ru, rv BeKTopjiap 6iiJian 6 h t t3  TeKncjiHKfla eTafln. 
IUyHflaH khjih6, cnpTfla ojiHHraH chjijihi^ arpn qH3HiyiHHr P Hy^Tacuflain

ypHHMacH u =  const Ba a =  const MH3Hi^napiiHHr ru, r v ypHHMaJiapH 6wmn 
6h t t 3 TeKncjiHKfla eTaAH. By t c k h c j ih k h h  CHpTra P Hy^Tafla yTKa3HJiraH

ypuHMa meKUCAUK fleiiHJiaflH. Arap R  =  (x, y , z) BeKTop ypHHMa tc k h c -  

jiH K flarn  y 3rapyBHH Q nyi^TaHHHr p a f ln y c  BeKTopn 6 y jic a , PQ — R —  r 

BeKTop Ĵ aM ypHHMa TeKHCJiHK.ua eTaflH (134-q H 3 M a). UlyHflafi k;hjih6, PQ — 
=  ~R— ~r, ru, rv BeKTopjiap KoMnJiaHap neKTopjiapflHp, yjiapHHHr apajiaoj 
KynaHTMacH HOJira TeHr, ht>hh

( R — 7 { u,v), £ ( « ,» ) ,  r * { u , v ) ) =  0 .
By TeHrjiaMa ypHHMa TeKHCjiHKHHHr
TeHrJiaMacHflHp.

AFap cnpT x  =  x (u,v), y  =  y (u ,  
v), z  =  z (u,v) napaM eTpHK TeHrJiaMa- 
jiap 6HJia.H SepH JiraH  6yjica, y p H H M a  

TeKHCJlHKHHHT TeHrJiaMacH

x  — x  (u,v) y — y(u ,v) z— z(u,v) 
xu (u,v) y u (u,v) zu (u,v) =  0 
x v (u,v) y v (u,v) zv (u,v)

KypHHHLiifla 6yjiaflH.



CnpT z — z (x,y) TeHrJiaMa 6nJiaH 6epnJica, htjHh 

x — u, y =  v, z =  z  (u,v)

Aefi tf>apa3 KHJiHiica, y p m iM a  TeKHCJiHKHHHr TeHrJiaMacH

x  —  x y  —  y z —  z

eKH

- x  y — y z 
1 0 
0  1 z,

=  0

z —  z =  zx (x  — x) + z y {y — y ) = 0
KypuHHUiHH i^a6yji sraAH.

Arap x  =  x  (/), y =  y  (t), z — z(t)  HH3Hî  F (x,y,z) =  0 cnpTAa eTca, 
F(x(i), y(t), z  (/)) =  0 . ByHAair.

dF d x  . dF dy  , $F dz  A------------ 1--------2. J -------_  = 0 .
dx dt dy dt dz dt

CnpTHHHr o a a h h  Hyi^TacHAa N  =  ^ laeK T O p  HOJiAaH cjiap^JiH 6vjica,
[<7* oy ozJ

OXHprH TeHrJIHKHH iV- —  =  0 KypHHHUlAa e3HLU MVMKHH. /  (t) BeKTOp 
dt

CHpT yCTHAarH 4H3HK,HHHr ypHHMa BeKTOpHAHp. S h ah  ypHHMa TeKHCJIHK-

Aarn y3rapyBqn (HXTnepHH) Q ny^TaHHiir paAHyc- BeKTopHHH R 6man  6eJi-

rHJiacaK, N  BeKTop ypHHMa TeKHCJiHKKa ^apauuiH R  — r BeKTop 6nJian

^aM oproroHaJi 6yjiaAH, o t h  N -(R  — r) =  0. Q Hy^TaHHHr KoopAHHaTa- 
JiapHHH (X ,y,Z)  AecaK, ypHHMa tckhcjihkhHHr TenrJiaMacn

f ( X -
dx

- x ) + f o r ­
ty

y) + f  (Z-
dz

z) =  0

KypHHHUlAa CyjiaAH. YpHHMa TeKHCJiHKKa nepneH A H K yjiap  T y rp n  mh3H^ 
CHpTHHHr HopMdAU AeHHJiaAH. H opM aJiH H H r T en rJ iaM ajiap n :

X — x ^ Y — y _ Z - z  
dF dF dF 

dx dy dz

M n c o J i J i a p .  1. z =  x3 +  y s CHpTHHHr M  (1, 2, 9) Hy^TaAarn ypHHMa 
TeKHCJiHrn Ba HopMaJiHHHHr TeHrJiaMajiapn Ty3HJiCHH.

E q h  in. TeHrJiaMaAaH zx =  (3x2) = 3 ,  z J  = ( 3 y2) = 1 2 .
J£=l AT= 1

YpHHMa TeKHCJiHKHHHr TeHrJiaMacH: 

z — 9

l » = 2 y = 2

€ k h  3 x  +  12y  —  z  —  18

3 (x —  1) +  12 ( y - 2 )

= 0. HopM aJiHHHr TeiirJiaMaJiapn: 

x  — 1 i/ — 2 z — 9

12 1
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2. y m 6y  x  — u cos y, y — u sin a, z — ay cnpTHHHr ypHHMa TeKHCjmra 
Ba HopMaJiHHHHr TeHma MaJiapii Ty3HJic«H.

E  q H m . x u — COS v, yu =  s in  y, zu =  0, 
x v = —  u s i n y ,  yv =^uc o sy , zv — a. 

ypHHMa TeKHCJiHK TeHrjiaMacn:

jt —  « cos y y  —  « sin y z — av
co sy  s i n y  0 =  ax  sin  y —  ay cos v - f  —  a«y =  0 ;

—  u sin  y ucosv a
HopMaJib TeHMaMajiapH:

x  —  u cos v __y  — u sin  o ___z  — go

a sin  o — a  cos o v

3. x2 +  y2 —  z2 =  1 cnpTHHHr M  (2 ,2 ,3) Hy^TacHflarn ypHHMa tck h c-
mr u  Ba HopMaJiHHHHr TenrJiaMaJiapH Ty3HJicnH.

E h h i h .

F (x,y,z) — x2 +  y2 — z2 — 1.

=  2Z-.
Sx oy Sz

*L
bx x—2 - * - T

= 4 JFI _  _ g

y—2 |5z |z=3

ypHHMa TeKHCJiHrHHHHr TeHTJiaMacn: 2x +  2y —  2 2 + 1 = 0 ;  HopMaji-
x __2 n __ 2 z __ 3

HHHr TeHnnaMajiapH: ——  =  —

5 9 .  §. CHpTHHHr SHpHHMH KBaApaTHK (JjOpMaCH. CHpT yCTHflarH HH3H^HHHr
y3yHJiHrw

CnpTjrap Ty3HjmmHHH ypraHHuifla my cnpT ycTHAa eTraH srpn qH3HK;- 
jiap xycycHHTJiapHHH 6hjih6 ojihui MyxiiM pojib Kac6 STaflH. Peryjiap ciipT

r  =  r (u,v) 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). 
By h AaH:

d r 

~dt
=  r,

■du ■ dv
udt + r v dt’

—> 
d r

dt

du  , do | •, / ~ ~ p  (d u \*  , c T *  du dv ,

' • ■ * + r ' ' * r V  “ U 7  + 2 v r ’ S " 5 +

dvy
d i r

A mmo
d r
dt

— — . AeMaK, 
dt

ds
'dt dt 1 0 \d / j 

By epAa E =  r2u, G =  r 2v, F =  r u-rv dejirajiamjiap KHpHTaMH3.

(1)
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r  =  x  (u,v) i +  y  (u,v) j +  z (u,v) k AaH:

E =  7l =  x 2u + y 2u + z 2u, G = 7 2 = *x 2 +  y 2v +  z2,
—>■

== ?v s=: ^

H a ™ * ™  *  "  / £ ( j ) ’ +  2f i - f  +  ° ( | ) ’ ‘“ -

By TeHrJiHKHHHr ^ap  hkkh tomohhhh KBaApaTra KyTapcaK:

d s * ~ E ( - ) 2 +  2 F - -  +  G ( - )* d t2 
[ d t )  d t d t  [ d t )

€kh

ds2 — E du 2 - f  2F dudv -f- G dv2. (2)

TeHi'JiHKHHHr yHr TOMOHHAara H$OAa CHpTHHHr 6upumu KeadpamuK (pop- 
Macu aeHHJiaAH. E,F,G nap 6hphhhh KBaAparaK (J)opMaHHHr KoscJ^HUHeHT- 
JiapH AeflMaAH. A rap  6y  Koa^^HHHeHT^ap MatJiyM 6yjica, CepHJiraH arpn  
HH3Hi^HHHr t  =  tv  t — tt K,HHMaTJiapHra mog Ke/iraH Hy^TaJiapn opacnAara 
eft y3yHJiHFHHH (1) AaH TonaMH3: 

t.

M h c o j i J i a p .  1. x =  u cosy, y — u siny , z —  au  rejiHKOHAHHHr 6h-
pHHHH KBaApaTHK (J)OpMaCH TOI1HJICHH.

E h h hi. xu ■= cos v, y u —  sin v, zu — a  
xv =  —  u  sin v, y v =  u  cos v, zv •= 0.

E  =  cos2y +  s in 2y +  a 2 =  1 +  a 2, G =  u2 sin 2 y -{- « 2 cos2 v =  w2;

F  =  —  u s in  y c o s y  +  « sin y c o s y = 0 ,

ds2 =  (1 +  a 2) du2 +  u2dv2.

2 . x ■=> u2 +  y2, y  =  m2 —  y2, z — uv cnpT ycTHAa eTraH y =  au  qH3Ĥ  
€fin y3yHJiHrHHHHr AH$(})epeHU,Ha;iH tohhjichh.
E q h iu: xu =  2m, y u =  2«, z„ =  y;

=  2y, y v =  —  2y, z„ =  u.

E  =  4«2 +  4«2 +  y2 «= 8«2 +  y2, G =  4y2 +  4y2 +  «2 *= 8y2 +  «2;
F =  4«y — 4 «y -f- «y =  wy; 

ds2 =  (8«2 +  y2) du2 +  2 uvdudv +  (8y2 +  «2) <fr2 (*)
y =  au  AaH: dv =  ad«. (*) tchtjihkhh i^yftHAarma e3aMH3:

ds2 =  (8u2 +  a 2w2) dw2 +  2u • au ■ adu2 -f- (8 a 2u2 +  u2) a2 du2 =  (8«2 +

+  a2u2 +  2 a2u2 - f  8 a 4 w2 +  a2u2) du2 — (8u2 +  4 a 2« 2 +  8a 4« 2) d u 2 =

=* 4 (2a4 +  a2 +  2) u2du2.

JX&M&K, ds =  2- j / 2 a 4 +  a2 +  2 udu.
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60-§ . Cwpr yCTHflarH qH3H^jiap opacHflarn Sypnaic

CnpTfla eTyBHH KecHiuyBHH y, chjuihi  ̂ qH3HiyiapHH oJiafiJiHK. y, Yi 
«iH3H^flap opacHflarn GypqaK fie6 yjiapHHHr KecnmraH Hy^racnra j^TKa3HJi- 
raH ypHHMaJiapn opacn^arH GypqaKKa am m aaH .

CnpT r  =  r (u,v) TenmaMa 6m aH  GepunraH 6y;iCHH. y, vx qH3HiyiapH- 
HHHr KecnmraH Hy^TacHHH M n Gn.iaH Ba my Hy^TaAa yjiapra yTKasnjiran 
ypHHMa/iapHH (M 0M) Ba (M 0N ) GnJiaH 6eJirmai\Mm. By ypuHMa/iapHHiir

flyHaJiTH pyBm i B eK TopJiapn d r  Ba 6 r  GyjiCHH. y  ^ o jif la  v, Yi qH 3H iyiap
—y- —>-

opacwaarH cp GypqaKiin XHCoGjiain d r  Ba f ir  BeKTopjiap opacHAarn 6yp- 
laKHH ^HCoCviam jjeMaKflHp.

d r -6r 
COS <p = -------------------- ,

dr  =  r udu +  r vdv, f ir  =  r u 8u +  r v bv, 

dr2 =  r\ du2 +  2r u r v du dv +  r v dv2, 

fir2 =  r 2u S u2 +  2 r j r v 8 u 8 v  +  r\ 6 v2
6kk

dr* == E d u 2 +  2Fdudv  +  Gdv2, b r 2 «= E  8 u a +  2 F  6 u  6 v  +  G 6 v\  j

dr • 6r =  /•* • du 8 «  +  /•„/•„ (du 6 w +  dv 8 a) +  8 w *■

«= 2;d« 8 u -f- F  • (du 8 v +  dv  8 u) +  Gdv 8 v;
y  sw m a

__________ Edubu  - f  Z7 (du & y-\-  d v 6 u )  -j- Gdv  6 v___________ _
COS <p =  y  E d u 2 +  2Fdudv  +  Gdv2 • V  E  6 ua +  2F  6 u 8 o +  G 6 v*

61- §. CnpT ycTHjiarH co^aHHHr K)3H

KD^opHfla srpH qH3H  ̂ eiiHHHHr ysynJiHrn Ba arp n  m omyiap opacH flara 
CypqaKHH ^HCoGjiam yqyH chpthhht GnpHHqn KBaapaTHK cjxjpMaciiHH 6h- 
J1HIII eTapJIH SKaHJIHTHHH KypflHK. 3HflH CHpT yCTHflarH CO^a I03HHH ^H- 
co& iam  yqyH )̂ aM CHpraHur Gnpnuqn KBaApaniK <J)opMacHHH 6hjihih e ia p -  
jih SKaHJiHrHHH KypcaxaMH3. CnpT

k/j
r  =  r (u ,  v) TeHrjiaMa Gnjian GepnjiraH —
GyjicHH. CupTra Snpop G  enrn^ co^a 
ojih6, yHH u =  const, v —  const 
KoopaHHaT qH3H^ap Ginaii TyprGyp- § /  
qaK^apra a>KpaTH6 qni^aMH3. By TypT- 
6ypqaK.napHHHr ^ap Gh^khh M  hyi<;- 
Taflarw ypHHMa BeKTop.iapra K,ypHJiraH
napaJiJiejiorpaMMJiapra npoeKUHa^aft- 
MH3 (135- qH3Ma). M v  M 2 Hyi^Ta-
jiapHHHr paflHyc BeKTopjiapiiHH O M u  (u,v+AC'i

O M t  AecaK, 135- wH3Ma
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r (u +  A u, v) —  r (u, v) — ru A u +  EjA u , r (u, o +  A c) —  r (u, v) =*
«5* «S>

« = r „ A «  + e 2At>, dy epAa e2 jiap Au, A v dnjiaH dnpra HOJira hh-* 
THJiaAH.

IliyHHHr yqyii: ,
—---> ^  *s»
0A12 =  r (u - f  A u, v) — r (a, o) +  ru A u +  SjA u ,

------------>  r—>

0 ^ !  =  r (u,v +  A v ) = r  (u,v) -f- rv A v +  e2 A v,

MiMj =  OMj —  OM =  r (u,v - f -A c)  —  r («, v),

M M 2 =  0 M 2 —  OM =  r (u +  A u,v) —  r («,o).

By TeHrJiHK/iapra JlarpaH>KHHHr qeKjiH oprmpM aJiap ^a^HAarn TeopeMacn- 
hh ^yji/iaHMH3:

M M X =  A v • tv (u,v +  0 A v),
— .—- >

M M .j =  A u  • ru (« -j- 0A« ,t / ) .

lOl^OpH TapTH djIH HeKCH3 KHMHKJiapHH ^HCoSra OJIMaCaK,

M M x = r vAv, M M 2 — ruAu.

3 rp n  MH3H^JiH TypT dypqaK 103HHH jMMj, M M 2 BeKTopjiapra K;ypHJiraH na-
(r>

paJuiejiorpaMM 103H dHJiaH ajiMauiTHpcaK, A S , =  [[ru, rv ] \A u  • Av  dyjia- 
AH. Arap GyHAafi K)3JiapHH ^ap dnp arpn hh3H^jih TypTdypqaKjiap yqyH

^HCodJiacaK, G coxaHHHr 103H 2  ^  =  2 1 fr«’ /‘»] I Au Ao ra TeHr. ByH-
i i

AaH Am, A u HOJira HHTHJiraHAa JiHMHTra y rc a K , a r p n  qH3HiyiH T yp T d y p - 
MaKjiapHHHr c o h h  qeKCH3JiHKKa h h th jk i a h  Ba G coxaH H H r 103H

S =  l im  2  A S t =  j j | [ ru, rv ] | dudv
Au->0 i G
Av->0

ra TeHr. A mmo

i p .  r . ] \ -  -  v ^ .
JI,eMaK, 5  =  J f y .E G  — F2 dudv.

G
IU yH A aii i^hjih6, cnpT ycTHAarn co^a ioshhh ^ n c o d J ia u i  yqyH c h p t h h h r 

dHpHHqH KBaApaTHK (|)OpMaCHHH dHJIHHl eTapJIHAHp.
M h c o j i .  TyFpH rejiHKOHA depHJiraH: x  = u c o s v ,  y  — u s in v, x  «= av. 

YHHHr ycTHAa >KOHJiamran Ba u =  0, u =  a\ v — 0, v =  1 qH3Hiyiap dn- 
jiaH qerapaJiaHraH TypTdypqaKHHHr 103H tohhjichh.

E q n i i i .  x u =  cosu, y a =  s ino,  z „ = 0 j
xv — — u sin v, y v — u cos v, z v =  a\
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E  =  cos2y +  sin2y +  0 = 1 ,  F =  — u cosy • siny +  u cosy-sino =  0, 
G =  u2 sin2 y +  «2 cos2y +  a2 — a2 +  u2.

l a  _________ I a __________

S =  J f ] /a 2 +  u2 dudv — J dv f Y  a2 +  u2 du. 
oo o o

5 V a 2 +  u2 du HHTerpa.nuH 6yjiaKjia6 HHTerpaJUiafiMro:
'o

,--------------udu
* = ] / a 2 + « 2, dt =  y ~ = j 2; dx =  d u , x  =  u.

J ] / a2 +  u2d u  = u ] / r a2 +  u2 |Q —  J =  a2V~2 —
0 0

- ] u2y i $ r ~ du =  J  /  “2 + fl2 du +  «2 J  r ^ h * *
0______________ 0 0 
a __________

B yH flafV " u2 +  a2 du hh TemvwKHHHr qan i^HCMHra ojih6 yicaK, 
o

a ________  ________
2 J 1 u2 +  a2 du =  a2 Y~2 +  a 2ln ( u +  V  « 2 +  a* |o =  a 2 V  2 +  

+  a 2ln (1 +  V ~ 2 )

6kh
a

j* ] / «2 +  a2du = ^  (j/"2 +  In ( 1 +  ] / J ); S =  J ( ] / 2  +
o o

+  In ( 1 + 1 ^ 2  ) )  dv =  ~̂  [ y 2 -j- In ( 1 +  Y~2 )).

62- §. CnpT ycTHAarH 4H3Hî HHHr arpHJiHra. Chpthhht hkkhhhh KeaflpaTHK
(JjopMacw

r — r(u (s), y(s)) (1) CHpTAa fiHpop v 3rpn iih3hi^ oJiafuiHK. /■ AaH s

dr du dv ' 
napaMCTp 6y im a  ojiHHraH t  =  — =  ru~  +  rv — ( 2) xocHJia v HH3Hî HHHr

M  Hy^Tacnra yTKa3HJiraH ypHHMaHHHr 6hpjihk BeKTopHflHp. (2) HcjxwaHH 
s  gyiiHqa HHa 6np MapTa AH^epeHiWHJiaHMHs:

d3r dx *» /  d u \2  -* d‘2u 
— T =  r„„

\a d‘2u du dv  /  dv  \ 2 *» d2v

j  +  r « ds2 +  ds ds +  f v v  [ d s  )  r ® ds2 
dp du -*■ /  du  \ 2 *+

“ T s d s  ~  r u l t \ d s  )  2 r «^
/  dc \ 2 d2u -+

+  r w  [ d s j  r “ ds2 r * (

dsa ds \ ds
-* dv du -* / du \ 2 du dv

+  We Wc ~  ruu Wc +  ^ruv Wc Wo +
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** dx
Opene c^opMynacHAaH r "  —  —  =  k  v SKaHJinrH MatJiyM, 6y epAa v <5om 

HopMaJiHHHr 6hpjihk BeKTopn 6yjin6, k  aca y arpn <iH3Ĥ HHHr arpnjiHrH- 

hh 6HJiflHpaAH. r" — k \  arpnJiHK BeKTopHHH cnpTHHHr n  HopMajinra npo- 

eKUHH^aHMH3. ByHHHr yqyH r "  hh n  ra cKaJiap KynaHTHpaMra:
•‘sh «rS» *=*■

n . r "  =  n • k v  — n ■ r au ■ u '2 +  2n ruvu 'v ’ +  n r vv • v ' 2 - f
-rr»

+  n ■ ru «" +  n • • o".

CnpT HopMa/iHHHHr 6hP-tok n BeKTopa ru, rv BeKTopjiapra o p T oroH aji 6$ji-
—► —* -r*

raHH ynyH n • ru — 0 , n  • =  0,
e£*-*e=*-3& *=*•*=!» O'
n • r" — n ruuu ' 2 +  2 n ruvii'v' -f- n ■ rvvv'2. 

n - r uu =  h, n ■ ruv =  M, n • rvv =  N
<S-> £r>

AeS ffeJiranacaK, n • r" =  A'du2 +  2M dudv+Ndv2 H^oflaHH— CHpTHHHr hk- 
KHHHH KBaApaTHK <})OpMaCHHH Ĵ OCHJI !^HJlaMH3. h, M, N  Jiap 3Ca yHHHP

^  *€»•
Koacj)4)HHHeHTJiapH AefejiaAH. Bhpjihk n  BeKTop ru, rv BeKTopjiapra nep-

neHAHKyjinp CyjiraHH y^iyH n
' I K .  7, ]  |

. By epAa |[*„  1 1 1

•=*V EG — F2. H kkhhhh KBaApaTHK cj)opMaHHHr Koacj)(j)HUHeHTJiapH i^yfiH- 
AarH^a HfJ)OAaJiaHaAH:

«=* *=* 
h =  n • r

M  — n • r.

UU V  e g - pi V eg — F2

r •€» ^ f  €* »3>

II c? j ruv y u v *  r ut '’t. J
1 uv V s g - _ p y  e g - ■ f2

r •& <€» I s* / en |3>
L r«» rv \ rvv, ru%'•oj

• VV V  EG- _/-a V EG- ■ f 2

XUU Hull 2UU 
xu Du 2U

. \
V  EG —  F*
*UV Huv Zuv 
xu Du 2u
X"u yv

V  EG — F* ’
%vv Dvv 
xu Uu zu 
xv

V  EG — F* *
CnpT z = f ( x ,  y) TeHrJiaMa SHJiaH 6epHJiraH 6yjica , \  M,  N  K o a ^ H -  
UneHTjiap K,yHHAaraHa H(J)OAaJiaHaAH:

L  =

<Pz
ix2 M  =  •

/■+(fer+(ir' /*+(£)■+(ir

/ ■ + ( 1 ) ' + ( | ) ’



M n c o j u ia p .  1. x  =  u cosy, y  — u siny, z*=u2 
afljiaHMa napaSoJioHflHHHP KBajiparaK (Jjopinacn ^HCofijiaHCHH. 

E q u r n . xa — cosv, y u =  siny, zu =  2u\
x v — — u sin v, y v = u  cos v, zv =  0;
Xtiu ~  flua —
*«*- =  — sin y> y Uv = cos y. 2«o =  o; 
xvv — — u cosy, y vv =  — u siny, =  0.

E — cos2y +  sin2y +  4«2 =  1 - f  4«2;
F tm — u cos y sin v +  u cos v sin v =  0, G =  u2 sin2y +  u2 cos2y

0 0 2 — s in o  cost) 0
coso s in o 2 u cos v s in  v 2u

— u s in o u cos v 0 _ 2
: M  - — u s in  v a co v 0

f u 2( 1 +4U 2)

AeMaK:

V l  +  4u2

N =

du2

W COS 0 
COS 0

—  u s  inv

V  l + 4 u 2 ’

-M s in u  0 
s in o  2m 

« cos o 0

/ u 2 ( l  +  4u2)
0;

2«2

y V ( l  +  4u2)

2m2
■dy2 =

V l + 4 u 2

■ du2 -f- 2aa dy2.
V i + 4 « 2 y r + i u 5 ' V 1 +  4u 

63-§. flioneH HH^HKaTpHcacH
—> ~ >

CnpT r =  r (u, v) TeHrjiaMa CnjiaH 6epnjiraH 6yjicHH, 6y CHpT.ua 
Cnpop M  HyK,Ta 0JiaMH3 Ba M T  ypHHMaHH yTKa33MH3. M T  ypHHMa Ba 
CHpTHHHr M  Hy^TacHflarn HOpMajiH^aH yTyBqn KecyBqn tckhcjihk  c h p th h  
»rpH qH3Hi  ̂ Syfljia6 KecaflH. By arpH qH3H^ CHpTHHHr HopuaA necuMU 
flefiHJiaflH (l36-qH3M a).

KecyBqn tckhcjihkhh ]J0 6njian, kcchmhh y0 CHJiaH, M  Hy^TaflarH

Com HopMaji 6njiaH CHpTHHHr ti 6np- 
jihk  HopMajiH opacHflarn 6ypqaKHH 
6 6HJiaH SejirnjiacaK, v0 qH3H^ yqyH 
G =  0 eKH 0 — jt ra  TeHr GyjiaflH, 
qyHKH Yo yqyH eriHuiMa tckhcjihk  Hop- 
Maji TeKHCJiHK finjiaH ycTMa-ycT Ty- 
maflH. HKKHHqn KBa^paTHK 4>opMa

nr" *= Ldti2 +  2Mdndv +  Ndv2 hh 
CnpHHqH KBaflpaTHK cfjopiwa ds2 =
=  Edu2 +  2Fdudv +  Gdv2 ra  6yjiH(5, 
d*x 
ds*
(J)opMyJia jjochji 6yjiaflH:

~ r
: k  v hh ^HCoSra ojicaK, yu i6y

Ldua +  2 M dudv  +  Ndxjl 

E du8 4 - 2F4udv  +  Qdv*
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u =  u  eKH o =  Ji 6yjiraH.ua | cos 6 ] =  1, AeinaK, k  | cos 0 1 =  k0 gKH 
ft cos 0 =  ±  k 0 =  k n - By ep^a k n cn p r HopMaji KecHMHHHHr arpHjmrB.

HopMajI KeCHMHHHT 60THK,JIHrH CHpTHHHr n H0pM3JIH TOMOHHra KtapaTHJI- 
raH 6yjica, 6y KecHMHHHr arpHJinra kn >  0, aKc .^OJiAa kn <  0 6vJiann 
IUyHflaft ^HJIHg,

kn =  kcosQ =  ^ ± - 2Mdudv + Ndv\  m
Edu2 +  ?Fdudv  +  Gdv* K >

M  Hyi^TaAa ^ a p  6 n p  HopM aji KecHM ypHHM acHra M  AaH SouiJiafl

y3 yHJinrH 1 ra  TeHr 6yjiraH KecMaJiapHH kjmh6 qHK3MH3. By Kec-
V \K \

MajiapHHHr yqjiapHAaH Ty3HJiran a r p n  qnsHK, CHpTHHHr aepuAiiK unduKam- 
pucacu eKH JJionen unduKampucacu AeiiHjiaAH.

Z tfo n en  HHAHKaTpucacH K,aHAaft a r p n  hhshk; aKaHJiHrHHH 6 h jih u j yqyH  
ypHHMa TeKHCjiHKAa KoopAHHaT 6 olhh ypHHHm H y^racH A a eT raH  ZleKapT

CHCTeMacHHH 0JiaMH3. AeKapT cHOTeMacHHHHr yiyiapn yqyH ru Ba rv
BeKTopjiap e rra n  Tyrpn MH3HK^apnH i^a6yji KHJia\iH3 xaMAa ru, rv BeK- 
TopJiapHH 6a3HC BeKTopjiap cuc^aTHAa K,a6yji KHjia MH3.

P (x, y) HHAHKaTpHCaHHHr 6 n p o p  H y^T acn  CyjicHH. V ^oJiA a

MP =  -

6y epAa

V \k n \

MP =  x r u +  yrv m  t  =

T,

d r 

ds

du dv
. +  r v —-  

ds ds

M P  —  BeKTopHHHr 6npjiHK BeKiopn. ByjiapAaH:

1 1 — du dv\
yrv - \ K 2 ( “ ds + r v ds)’

1 ~  du i dv
K “ ds ’

y =
k n

2
ds

6kh

— = i / ~
ds Y kn j Xj

dv ----- -
ds ~  V  \ ^ n  \ y -

y a rpn  'iH3HKMiiHr HopMaji KecHM arpHJinrHHH yui6y KypHHHiuAa h(J)o- 
Aajiaui MyMKHH:

kn =  L
duy
ds)

'dv\*+  2 M N (  '■
ds ds \d s

By $opMyjiara — t —  jiapHHHr KHHMaTJiapHHii k v h h 6 , 
ds ds

Lx2 +  2Mxy  +  N y 2 — ±  1 (2)
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TemviaMara KejiaMH3, qyHKH 6y epAa kn >» 0 fiyjiraHAa TeHrjiaMaHiinr 
y H r to m o h  Hfla + 1 ,  kn <  0  6yJiraH .ua — 1 o j ih h s a h .  (2 )  f l io iie H  h h a h -  
KaTpHcacHHHHr TenrjiaMacHAHp. 5 y  T en rjiaM s i^yfiHAarH qroniyispHH ann^- 
jiaHAH:

a) TeHrjiaMa A^CKpHmhh3hth A =  LN  — M 2 >  0 6yjica, HHAHKaipuca 
SJiJinncAaH HfiopaT. By xoJifla, M  dAsiunmUK Hyitma AeHHJiaAH;

6) A =  LN — M 2 <  0 ^OJiAa HHAHKaTpnca 6np 5Ky<J)T ^yuiMa ranep- 
fxviaflaH HdopaT 6yjin6, M  nyi^Ta eunep6oAtiK nyt^ma AeHHJiaAH;

b) A =  LN  — M 2 =  0 6yjica, HHflHKaTpnca 6up >Kycj)T napajuieji Typ- 
pH qH3H^A3H HgopaTAHp, 6y ^OJiAa M  napa6oJiHK nyi^'ra AeHHJiaAH.

Arap t— arpHJiHK xaMMa HyHajiHuuiap 6yHH'ia 6up xhji 6yjica, .JXio- 
r n

neH HHAHKaTpncacH 3kji3H3A3H w6opaT. By ^ojias M  lOMCiAOKAanuui nytf- 
macu AeHHJiaAH. HiiAHKaTpHcaiiHur 6om HyHajiHimiapHAara HopMaji Ke- 
CHMJiap srpHJiHKjiapH 6oiu aapuAUKAap Ae6 aTajiaAHJiap, yjiap kn HHHr 
MaKCHMajI Ba MHHHMaJI KHHM3T^3pHr3 MOC KeJiaAH. BH3 6y (|)aKT hc6o- 
th h h  6epM3AHK. Bom srpHJiHKjiap CHJiaH HopMaji srpH.THK opacHAarH My- 
Hoca6aT SnjiepHHHr i^yfiHAarH <})opMyjiacH 6HJian SepHJiaAH:

kn =  k' cos2 0 +  k "  sin2 0.

64- §. CHpTHHHr yp ra  Ba TyjiH^ arpHjiwrH

0  CHpTHHHr HOpMajI SrpHJIHTH

^  __ Ldu2 -f- 2Mdudu  - f  Ndv2

n E d u 2 +  2Fdudv  +  Gdv2 

$opMyJiacHAa yHr tomohhh du2 ra  6yjra6, ym6ynH ^ochji ^h®mh3!
dv /  dv 

L +  2 M — + N \  —
, __ du \du
Kn — dv (d v \ 2 £+2Fi+ct)

L  +  2M  9 +  N  02
A3H

E  +  2FQ +  GQ  

E kn +  2Fkn Q +  Gkn Q2 —  L —  2 A f 0  —  N 0 2 — 0
eKH

(N -  knG) 02 -  2(M -  kaF) 0 +  L -  Ekn =  0.

By TeHrjiHK 0 ra  hhc63T3h KBaApar TeHrjiaMaAHp. By T enrjm isA a 
4>ai\3T myHA3H khhM3TJi3pnH KaCyji ^hjihihh KepsKKH, TeHrjiaMa ^ai^H^Hft 
HJiAH3Ji3pr3 a ra  gyjicHH. ByHHHr yqyH TeHrJiaM3HHHr ahckphm hhsh th  
A =  (M — knF)2 —  (N —  kn G) (L —  knE) >  0  SyjiHuiH KepaK, 6y epAa 
t̂ aBCJiapHH oqH6, (EG — F2) k2n — (LG +  NE — 2MF) kn +  LN — M* *= 
r=  0  (kn ra  HHc6aTaH) TenrJiaMa ^ochji kh^3mh3. YHHHr HKKHTa kn„ 
kn, HJlAH3JiapH 60UI 9rpHJIHKJI3pAHp. CHpTHHHr 6oU] SrpHJIHKJISpH HHFHH-
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flHCHHHHr npMH CHpTHHHr ijpma dzpiiAUzu ,ueHHJia£H. CnpT 60111 srpHjiHK- 
jiapHHHHr KynaHTMacH mijAuq 9zpuAUK eKH daKsan Taycc azpuAUzu fleftn- 
jiaflH. YpTa arpHJiHKHH H  on.aan, TyjiHi  ̂ arpHJiHKHH K  6 iu im  6e^rana-

caK: H =» i -  (k n +  k n );
A 1 ®

K  — kni'k ni.

BneT TeopeMacnra acocaH
LG — 2MF +  NEH ; K

LN — M*
2 (EG — F2) ' EG — F2 

u cos t>, y — u sin  v, z — av 6 m m  6epHJiraH re^HKOHn-M h c o j i .  x  
HHHr ypTa Ba T y jin ^  s rp w iH rH  TonmicHH 

E 4 h .iu  . xa — c o s  v, yu =  sin v,
xv =  —  u sin v, y v = u  c o s  v, 

Xau =  0, yuu =  0.
x av =  —  sin v, y av =  c o s  v,
x v v  —  —  u  c o s  v >

E ~  1, f  =  0,  G =
0 

cost)
— u sin u

2« =  ° ;  
2^ — Q,
2UU ~  0  > 

0;
y vv =  — u s in t», 

«2 -+- a2, EG —  F2

uv 
Zvv
u? +  a2
Zjm 0?

L =

0
sin v 

u cos v

V«2 + 0;
a‘

M

—  sin  v cos v 0 — a  cos v —  u s i n o 0
cos V sin  v 0 cos V sin  v 0

—  u s in u u  cos V a __ a —  u sin v U COSO a

V  Oa +  Ma V  u2+ a 2 V  “2 +
0.

AeMaK,

0 (u2 - f  a2;

2
~\/u2 +  a2

■0+0.1

0,

/ C = ’
a2 +  »2

Ez' -

4ss\\z= f(« ;

%
/ *

137- iH3Ma

u2 +  aa («2 +  a2)

65- §. SrpHjiHrn y3rapMac cwprjiap

Ty.iHs^ arpH Jin rH  y 3 rap M ac  cupT Jiap  chh- 
(Jjhhh TeKDJHpHmra yTaMH3. AfiBajio aftjiaiiMa 
cnpT âK,HAa Tymyima ĵ och/i KH.aaftjiHK. flccn  
arpn qH3Ĥ HH my TeKHCjiHrHAara 611-
pop yK aTpocj3HAa afuiamumnm >;ochji 6 /̂iran 
cnpT auAaHMa cupm AefiHJiaAH.

n  TeKHCjiHKAa eTraH y i-ih3hk1hh Oz yu; 
aTpoc})H,ua afljiaHTHpanjiHK (1 3 7 -  iiH3M a). By  
qH3Hî  X  OZ TeKHCJiHrHfla z — f(u)  TeHiviaMa 
fin.aan fiepHJiraH 6y;icHH Ba 2- X O P **»<jp. v
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«W3Hiyia M  Hyî raHH 0JiaMH3, cp 6ypiaK [0, 2n]  opajiniyia y3rapraHfla M 
Hyî Ta MapKa3H O' uyi^Tafla Syjiran yM aMauami hh:«ah. Y  ^ ojia^ F — 
*= U vm. M  nyivranHiir /leKapr KoopAHHaTaJiapH x, y, z Sy-ica, y ^o.ifla

M £  V *
afijiaiiMa F CHpTimur napaMeTpHK TeHrJiaMa^apn:

x  =  u cos qp, y  — u sin q\  z — f (u).

Arap OAf =  r  M  ny^TaiiHHr paAHyc BeKTopn fijtaca, chpthhhp BeKTop 
TeHrjiaMacH

" >■ ■■  ̂  ̂ " V
r =  r («, cp) =  i u cos <p - f  j  u sin <p +  k f  (u)

KypHHHiiifla 6yjiaflH. Byiiflan

^  =  T  cos tp +"/*"s‘n T +  ~k f' («). r =* — i u sin <p +  j  u cos <p. 

AeMaK,

x u =  cos tp, ytt =  sin cp, zu =  /'(«);
* < p =  —  «s i n<p,  y ,f  =  u cos<p, =  0 .

y  ^ojifla
£  =  cos2 (p - f  sin2 cp +  f '2 («) =» 1 +  / ' 2 («), F = 0 ,  G =* wa,
£G  — p  = « 2 ( 1  + / ' 2(«));

Xuu — £/«u “  Zu« =  f (w)>
=* —  s in  9 .  yUfp =  co s cp, 2 ff(p =  0,

*<p<p =  — “ coscp, ym  =  — « sin <p, = 0  

^ ' ,(-a) A f = 0 ;
« V l  + / '• (« )

CnpTHHHr Af nyKTaAara Tyjin^ arpa/rara:

u f " ( u )  u2f ' (u )

„  L N j ~ M } _  u  V 1 +  p ( u )  u V T R W )  f  ( u ) - f "  (u)

^  EG -F 2 u2( l + / ' 2(u) «(1 +  /'a («) )a
M  h c o  ji . CcjjepaHHHr TyjiHK; arpHJiHrH ^HCoftnaHCHH.
Cc^epanHHr napaMeTpHK TeHrJiaMacn:

x  =  a  co s  u cos o, y  =  a cos u s in  v, z  =  a  s in  u.
Byjiapflan:

xa =  —  a  sin  « cos u, y u =  —  a  sin  «  s in  y, za =* a  cos «;
=  —  a cos u s in  v, y v =  a  cos u cos v, z v «  Oj 

E  =  a2, F =  0 , G — a2 cos2u;
EG  —  F2 — a 2-a2cos2«  —  0  =* a 4 cos2« . 

y  Ĵ OJifla 6hphh™  KBaflpaTHK <J>opMa:
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I =  a 2 (du2 - f  cos 2udv2)\ 
xuu =  —  a cos u cos v, y uu =  —  a cosm s in  v, z uu — —  a sin  u; 

xuv =  a s in  u s in  v, y uv =  —  a sin  u cos v, zuv =  0; 

x vv =  —  a cos u cos v, y vv — — a cos u s in  v, zvv — 0.
Byn^aH

h — a , M =  0, N =  a cos2u.
HKKHHqn KBa^paTHK $opMa: I I  =  a (du2 +  cos2udv2)\ ypxa srpHJinrH

T, __ a(du2 -f- cos2udv2) __

” a 2 (du2 +  cos’-udv2) a ’
TyjiHi^ srpHJiHrn

_ a-acos2tf __1_
a4 cos2« a2

AeMaK, c(J)epaHHHr HxraepHH Hy^TacHflarn ryjiHi^ srpHJinrH y3rapMac,!*Hp.

66- §. CHpTHHHr hhkh reoMeTpHHCH

CnpTHH ypraiffliHAa 6m  yHHHr HqKH Ba Taui^H xoccajiapnHH ajio^Hfla 
ypraHaMH3. CHpTHHHr HqKH xoccajiapnra CHpTHHHr 6npHHqn KBaflpaTHK 
4>opMacH epAaMHAa ouiKop 3THjia,n,HraH xoccajiapn KnpaflH. MacaJiaH, cnpT 
ycTHflarn qH3HiyiapHHHr y3yHJiHKjiapHra 6ofjihi^ xoccaJiap.

1 - T a i p H $ .  0 ,  0 '  cnpTHHHr moc qH3HiyiapH y3yHJiHKjiapHHH caiyiaft - 
AHraH cp: <t>->0' gneKTHB aKcjiaHTnpnui U30MempUK aKCAanmupuiu j\em- 
jia^H.

TatpHCjJAaH KypHHa^HKH, H3 0 MeTpHK aKCJiaHTHpHUIAa CHpTJiapHHHr Hq­
KH x o c c a j ia p n  y 3 rapMaft,nH. M a c a j ia n , a r a p  0  cnpTHH q y 3HJiMaftflHraH 
M ycTa^KaM  m ieH K aflaH  H dopaT ,n e 6  i^apa6  yHH flecJjopM auH anacaK , h h fh  
0 '  cnpT ^ o c h j i  f iy j ia f ln . ^ o c h j i  S y jiraH  0 '  cn p T  SHJiaH 0  cnpTHHHr HqKH 
x o c c a j ia p n  6 n p  x h j i  aK aH Jinrn paB inaH .

2- t  a -b p h (}). Arap 0 '  cnpT 0  cnpTHH y3JiyKCH3 fle^opMauHMJiaui Ha- 
THHiacHAa ^ochji i^HJiHHran 6yjica, y  ^ojiaa 0 ’ chpthh  0  ch p th h h f  
aeuAuiu namuoicacu flennjiafln.

MacaJiaH, oaahh i^ofo3 BapaFH^aH uhjihh^ p  Ba KOHyc xochji K,HjiHHCa, 
Bapai^ CHpTHra H30MeTpHK gyjiraH cnpT xochji 6yjiaAH. HKKHTa cnpTHHHr 
H30MeTpHK 6yjiniu inapraHH KeJiTHpaMH3.

TeopeMa. BHpnHqn KBaaparnK cjjopwajiapH 6np xhji CyjiraH h kk hchpt  
H30MeTpnK 6yjiaflH Ba aKCHHqa.

H  c 6 o t  h . ^a^Hi^aTaH >̂ aM, q): 0-><t>' aKCJiaHTHpnui SepnjiraH 6yjind, 
y  H30MeTpHK aKCJiaHTHpnui 6yjicnH. M £ 0  ny^TaHH oJiaiiJiHK. yHHHr ko- 
opAHHaTajiapn (u, v) Syjica, y  ^o ji^a  <p (M ) =  M '£ 0 '  Hy^TanHtir KoopflH- 
HaTajiapn J^aM (u, v) ^aH n6opaT gyjia^n. AeMaK, arap  0  cnpT^a y a rp n  
qH3Hi  ̂ ojinnraH 6yjin6, yHHHr TenrJiaMaJiapn u — u ((), v =  v (t) 6yjica, 
y  ^o ji^a q) (y) =  y' c r  0 ' a rp n  qn3Hi^HHHP TeHrjiaMajiapn s^aM u — u (i), 
v ~ v  (t) KypHHHuiHAa 6yjiaAH. IUyHHHr yqyH H30MeTpnK aKCJiaHTnpnuiiia 
en y3yHJiHrH ca^JiaHaflH:

t ________________________  t ____________________________ ■/
I V  Edu2 +  2Fdudv +  Gdv2 dt =  $ V E 'd u 2 +  2 F'dudv +  G'dv2 dt. '
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By t c h iv ih k  H xraepH H  M  Hyi^xa yqyH y p m u m  6yjiraH H  yqyH
Edu2 +  2 Fdudv +  Gdv2 =  E'du2 +  2 F'dudv +  G'dv\

fiyHflan E =  E', F — F', G =  G' (*). ZleMaK, 0 ,  0 '  CHpTJiap hsomctphk 
fi^Jica , yjiapH H H r fiHpHHqn KEaapaTHK <j)opMajiapH 6 n p  x h ji  6yjiaflH . A k c h h -  
q a , a r a p  (*) M yH ocaSaTJiap ypHHjiH 6 y jic a , y  j^ojifla y iw a H  <£, <t>' cn p T - 
jiap fla rH  m oc efuiapH H H r ysyHJiHKJiapn T eH rjm rH  Kem 6 n m pm -

6 7 -§ .  CnpTjiap nasapHHCHHHHr acocHH (JjopMyjiaJiapH

WnsHiyiap na3apHHCHflarH OpeHe <})opMyjiaJiapH Ka6n cnpTJiap Ha3apnfl-

CHfla KoopflHiiaT qH3HK;jiapHHHr ru, rv flan n 6 o p a x  ypiiHMa BeKTopjiapH

Ba HopMajiHHHr SnpJiHK n BeKTopn xoccajiapHHH my BeKTopjiap ^aM^a 
finpHHqH Ba HKKHHqH KBaflparaK cfiopMajiapHHHr K03<}x})Hu;HeHTJiapn op- 
F̂ aJiH H(})OAaJiOBqH (})opMyjiajiap MaBwyfl. By (})opMyjiajiapHH KejiTHpnS qn-

K;apHm Mavpama ruu, rav, rvv BeKTopjiapHH ra rv, n BeKTopjiap op- 
K,ajiH H<|)OAa.aaHMH3:

ruu — A f  a +  B f  v +  C f ,

ruv — A f a +  B f v +  C2n , '  ( 0

rVv — A f u +  B f v +  C fi •
By epflarn A v Bv  C ,; A2, B2, C2; A3, B3, C3 K03({)(})HUHeHrjiapHH 3hhk-

—>- —>- —- V
Jiam yqyH (1) cucieMaHH Hae6aTH 6 h ji3 h  n, ru, rv BeKTopjiapra CKajiHp 
KynaHTHp3MH3. BHpHHqil H3B63Tfla Cv C 2, Cg K03<j)4)HUHeHTJiapHH 3HHI -̂

JI3HMH3. ByHHHr yqyH  (1 ) h h  n BeKTopra cK aJiap  KynafiTnpaM H 3. H a -

THJKafla: (ruu,-n) =  Cv  (ruv-n) =  C2, (rvv-n) =  C3 (2), (2) n m  3ca  Cx =  
=  L, C2 =  M, C3 — N. m yH H H rfleK , A t, Bh Ct jiapHH (i =  1, 2, 3) t o -

nnm yqyn  (1) TeHrjihkjiapHH moc paBHm^a ru, rv ra  c n a jin p  KynaHTHpaMH3:

0  =  A~f l  +  8 ^ , 7 ^ ) ,

~?uu, ~K) =  + b x 7 i .
—>2 —y~ — ■—>■

By epfla ru — E, (rlt, rv) =  F , r20 — Gx (3) sKaHJinrHHH ^ n c o o r a  ojih6,
(3) hh u Ba v 6 y m q a  ji,H4)(})epeHU,H}U]aHMH3, y ^OJifla

(fuii' r u) =  2

(f UV' fU) =  2

—>■ 1
(Tv* rv) =  ~^GV.

CyHrpa i r r v)a =  (ruu, rv) +  7^v) era  (r ^ , 7j)a =*"(r«>'V)« —

—  SyJiraHH yqyH (/-uc>/- J  =  F „  — LUyHfl afi  î jih6, /4i( 5 ,
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Jiap yqyH A XE  +  B XF ~ ^ E U

HH J^OCHJI ^HJI3MH3. ByHflaH:
E UG - 2 F U+ F E V 

2 [EG —  F 2)

AVF +  B fii — Fu — — Ev TeHi\naMa/rap-

; B i  =
— EUF  +  2EFV —

2 (EG —  F2)

A2, S 2. K03(})4)HUHeHT^ap Ĵ aM iuy ycyji^a TonHJia^H.
/4 2, B 2; y4g, K03(f)4)HUHeHTJiapHHHr ToiiH Jiran  ^HHMaTJiapH 6 h -

PHH^H KBa^paTHK (j)OpMaHHHr K03Cj3CjlHHHeHT.iapHra SoF.'lHK, SKaH/IHniHH aJIO
j^HAa ^HJiaMH3, <4,, A2, As\ Bv B2, Bs KoscJxJ'HUneHTJiap Kpucmocpe/i/i 
KoacptputiueHiriAapu nemnapji  Ba

At =  r  {n> ^2 ^12* ^3
B, == 5 2 =  r \ 2, B

Fl
22 >

F2
1 22

Kafin CeJinwiaHaflH. ByjiapHH (1) ra  k jh h G,

ru u ~  T  u +  © +  Eti,

T'uv =  ^isrT +  r i2^  +

r w  — ^ 22r u +  ^ 22rv +  N  n
cj)OpMy^a/iapiiH ^ ochji i^HJiaMH3. By cj)opMyj7ajrap cnpTJiap H33apHhchhhhp 
acocHH (f)op.MyjiaJiapH eKH depueai{uon cpopMyAa/iapu ^eHiuiaflH. Yjiap 
■ ■> —>
ru, rv, n BeKTopjiapA3H OJiHnran xycycnfl ^ocHJiajiapHH iuy BeKTopJiap- 
hhht y3JiapH opi^aJiH H^oflajiaflAH. O aso^aru ciH3Hi  ̂ yqyH Opene cjjopwy- 
jia;iapH i^aHAaH pcwib yflHaca, cnpT yqyH 6y (JiopMyjiaJiap yiua pcuiHH yfl- 
iiaHAH.

68- §. CHpTflarH arpw HH3Hi^HHHr reoae3HK arpHjwrH

Peryjinp cnpT r =  r (u, a) TenrjiaMa 6mau  6epHJiraH 6yjicnH. B y  
CHpTjja peryjwp qH3Hp; o;iaMH3 Ba yiiHHr HxraepHH P ny^TacHAaH cnpTra

ypHHMa TeKHCJiHK yTK333MH3. OjiHHraH qTH3HKHHHr P Hyi^raflara 6oui HOp-

MaJiH v , arpHJiHrn sea k  6yjiCHH. 
3rpH  qn3Ht^HHHr P  Hy^Taflara srpn -

JIHK BeKTOpH kv  HH ypHHMa TeKHC- 
JlHKKa npoeKUHHJI3HMH3 (138-qH3M3).

T  a Tj p  H cj) . SrpHJIHK BeKTOpHHHHr 
ypHHMa TeKHc;iHrH,uarH n p o e K u h h ch - 
HHHr T e rn  in jIh  H iuopa  6ujiaH  o jih h - 
raH  y 3yH JiH ru a r p n  iiH3m yiH H r P 
H y ^ T aA srn  aeode3UK SBPUAUZU. flefiH- 
jiaflH.

SrpH qK3HK,HHnr P  Hy^Ta^arH reoAesiiK arpHJinruHH TonHiu yqyH 
npoeKu,HHHHHr y3yiiJiH rHiiH  ^H co fw au i K epaK . O p e  He (JiopM yjiacHra K y p a



V arpn TO3H^ r — r (u (s), v (s)) TeHrjiaMa OHJiaH oepHJiraH Gyjica, 

d ?  _  . T* dv
“ ds ^  v  ds '

d * T  - W ^ \ 2 . du fa  f  dv\ a dtu - » rf2t>
" ^ T  r““ ( dsj +  2r«* ds ds +  r»» ( rfs J +  a ds2 +  rv ds2-

JHepHBaUHOH <})opMy;iaJiapflaH 4)OHfla./iaHaMH3:

~  =  (f li r « +  r u r v  + A « ) (  Js) +  2(^ i2 r « +  r ?2r 0 +  Af n ) j s ~  +

—>■ —>- —> / d v \2 —>- W2// —>- d2v
+  (^22 r « +  ^22 rv +  N  U ) ( ^ )  +  ru w  +  rv

B y ep.ua

fle6 CeJirn^acaK,

£ - ( a +2 ) * +(fl+S K + M s f  + < £ + " ( ;
„  d2 r —■
B y BeKTOpHH ypHHMa TeKHCJiHKKa npOeKUHHJiaHMH3, H'bHH ------• n HH

ds2

co6jiafiMH3. HaTH/Kafla n p a k v  — n p a r " = g  BeKTop g  =  ^ 4  +  -f-

-\ - [ b  +  — V „  ra TeHr SyjiaflH. YHHHr yayHJmra
\  ds2/

K r - S l l  T I sin cC g) =  I [*T g ] |;

|T' *l = 1'“ S + r'f i  {A +  ^ ) r“ +  {B + 7$ r’ ] '"

= K '^ ( ( S + s ) s - ( S + ^ }
^ - i K X ] i ( s + 2 ) S - ( ^ + S j | -

B y  epfla | [ru, rv ] | =  Y E G  — F'1 fiyjirann yqyH recwe3HK arpHJiHK

+

w (̂g-£-Sf)+ /̂+
<2rii / 'u) (£)* £  +  «  -  u i y  |  [ f j  -  r .  g ) '

(fopMyjia 6HJiaH aHHtyiaHa/iH. Teofle3HK arpHJiHKHHHr (})opMyjiacH Shphhvk 
KBa^paTHK cjjopiwa Koa<})<})HUHeHTJiapH opnajiH H(J)ofla;iaHraHH yq yn  reoAe- 
b h k  arpHJiHK CHpTHHHr nqKH reoMeTpHHCHra TaaJiJiyiyiH ofiiieKTflHp.
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69- § . reOfle3HK MH3HK,Jiap

T a  i) p h (J). J^ap 6np Hy^TacHAara reo^e3HK arpHJiHrn HOJira TeHr 
Cy.araH CHpT^arH arpn mhsh^ aeode3UK hu3u$ AeftujiaAH.

feoA e3HK 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 fkpjiaiuTHpyBqH anr i^Hc^a qH3Hî  reoae-

sh k  4H3H  ̂ fivJiaAH. C npT  r =  r (u, w) TeHrJiaMa 6HJiaH 6epHjiraH 6 y -  
j ih 6 ,  C H pT^arn re o A e3Hi< 4H3H!^ u  =  u (s), v =  v (s) TeHrJiaM a 6HJiaH 6 e p a ji-  
raH  6yjicHH . C n p T  ycT H A ara arpn t o h i ^ j i h  KoopAHHaTJiapHHHr u, v ch c- 
TeMacH KHpHTHJiraH:

E =  r$ , F =  ~?u-r* =  0, Gt = 7 * .

di r- ■■ BeKTop arpn HH3Hî HHHr 6om HopMaJiH 6yHHia flynaJiraHAHp. Teo- 
ds2

d2 t
3HK 4H3Hî  yqyH ------- BeKTop CHpTHHHr ypHHMa TeKHCJiHrnra nepneHjiH-

ds2
Kyjinp, uiyHHHr yqyH

dV n  d 2 r
---------r„ — 0 , --------- • =  0.
ds2 “ ds2

dr ~ + d u  , dv
~7~ ~ ru T  ~r rv ~ds ds ds

TenrJiHKAaH

\ 2 , n  r*" d u d v  , 7*" /  f ^ V  i T d2u , -*»• ^  ,
ds2 '

By tghtjihkhh aBBaJi ru ra, KefliiH rv ra  CKaJinp KynaHTHpH6, ic^opHfla- 
ru  TeiirjiHKjiapHH Ha3apra OJiraH^a ym6yHH TonaMH3:

^ ( D * + c c * 2 + c - T ( g , + « s - a  (..>

£ ,  F , G h(J)o,uaJiapnuaH:

^u =  Eu, ruv%rv — E v, Fu fj,8 • vv -j* ruv ru 0,

P v ~ ruv’rv Jr r w ru ~  0* =  ruv • ru , - G v — rvv-rv .

B yjiapA aH :

-+■ _  _ l p  
^uu'^v ^uvra 2

^vv'^u ^uv'^v  2 ^ u*
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y  ^cwiaa (*) Ba (**) cfiopMyjiaJiap n y m j x a r u  KypuKHiura Ke^aflH: 

p d h i  _  1 „  (d u \*  p  du dv  1 ~  ( d v \a

G —  =
ds2
d2̂  1 £  / ^ ' i 2 ___q  dudv \ _ q  ( d v y

v \d s j  “ ds ds 2 v \d s )

§kh

d2̂
ds2

E u f d u y  I p  du dv . 1 r  (dvY* . .

" s F W +  ( A)

d2̂ _ i p  _ L r  — ^  J _ r  /* ; \a
ds2 - 20  " I d s /  G u d s d s ~  2G z' \ d s ) ’ (B>

reofle3HK HH3HK,HHHr /Hicjx êpeHUHaji TeHrjiaMaJiapH cHCTeMacH myJiap^Hp. 
By TeHrjiaMaJiapHH HHTerpa/uiamna

SKaHJiHFHHH ^HCoSra ojihlu KepaK. Bh3 ^yflHflara xyjiocara KejiaMH3. r e o -  
fle3HK qH3H^ 3$aM CHpT HHKH reOMeTpHHCHHHHr o6teKTHflHp. XoCHJI Î H- 
jinnraH flH(jxi)epeHUHa.i TeHn/iaMaJiap cncTeMacHHH TeKiunpHiiiHH ^yjiaft %on- 
ra KeJirapHiu yqyn s napaMeip ypHHra u eKH v hh ojih6, 6 y  hkkh TeHr- 
jiaMaiiap ypHHra 6HTTa flH(J)(J)epeHUHaJi TeHrjiaMa ^ochji] i^HJiaMffi. ByHHHP 

dv

yqyn  — =  —  MyHOcaSaT^aH (|)OHflaJiaHaMH3:
du du  

ds
du d*v dv d*u 

d*v ds ds2 ds ds2
du2 l^duj

S h a h  — , —  jia p  ypH H ra yjiapH H H r ( /I ) ,  (B) K,HHMaT«iapHHH i^ h m h s ,  y  
ds2 ds2

^OJifla:

1  £  ^  
cPv 2G v \d s )

,s 1 _ td u \ 2 du
1 “  o G“ t J d 7 -

- —  G |
20  1

(*L)
\da)Iz+F̂lfdu'

Vds/
i2 du 

ds
du2 |

^dsJf
- i coc a j , / op “ *  /)(2£ “ Id s / 2£ “ Ids / ds _  1 £ ____I_ ^  /AA*

2G ° 2 E  u [duJ

O'
+ ( j J?- - 5 0 - ) © , + ( s s - - j 0 . ) s -
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' II

UjyHAafi ^hjih6, reo^esHK HH3Hi^HHHr AHcj^epenuHaJi Tenr;iaMacH

S ' -  T o B’ --  S ' ( £) *  +  ( t  ‘B- -  S )  { f l +  & E- ‘-  j 0 -)

LUaKJIHH OJ13AH.

do

du

7 0 -§ . Taycc Ba Taycc-BoHHe TeopeiwajiapH

CnpTHHHr h ik h  reoMeTpHHCH yqyH My^HM a^3MHHTra ara 6yaraH Teo- 
peM a^ap^an Taycc Ba Taycc- Bonne TeopeMaJiapmm KejiTHp3MH3.

Taycc TeopeMacH. CHpTHHHr tv jih ^  eKH Taycc arpnjiHrH CHpTHHHr 6h- 
pHHHH KB3AP3THK (})OpMaCHHHHP KO'iCjjtjjHUHeHTJiapH Ba yjiapHHHP J^OCH^a- 
JiapH opi^ajiH H(J)OAaJiaHaAH.

U J __M  a
H c g O T H .  CHpTHHHr TyJIHKJ SrpHJIHK <})OpMyjiaCH K

EG —  F 1

pHHHUJAa 3flH, 6yHra L, M, N  iiapHHHr ^HHMSTJiapHHH i$ hmh3:

1 r-*- — - >*
K  — ^U> ^ v )  i f  VV' ^U’ ^ v )  ifU V ' r uf * v )  J

(EG —  F y

HKKHTa apaJiaiu KynaHTMaHH KynaHTHpnm ^OHAacnra Kypa
—>- —>" —>- —> —>■ —>- 
(f uu< ^vv) (fau' ra) if  uu’ ^v) 

i f  all' ^  u ' ^ v )  i f v v '  ^U’ ^ v )  i^u< ^ v v )  i f  u* )  (^«> ^  v)

(rv< f"vv) i f  V’ ^ « ) ^ v )

By  epfl a (T„, r j  =  E, ifu, ~K) =  7 j  =  Z7, (rv, rv) =  (3
8̂ 3 M A3

iruu> O

i^vv* f  v )  ~  ~2 ^ v ’ 

i f  uu’ r v )  ~  F  u

(̂ KH> O  2 ^ v’ 

(ru v  ^v) ^u>

ifvv, ru) =  Fv — - G u.

fleMaK:

/C =
l

(£G  — f 2)2

if UU' T vv) 2 E u F u ~

F v — ~ G u E F

~ G« F G

.  7 * - 7 0 '

E F

K f’

(1)

(2)

2 ° u  F
G
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I
(EG — F2)2

F v - j G u

- G „

P ' fuv 2 “
1

F  — —E1 v 2 v 0 ? G‘
E F — j B .  E F

G G T 0 * F G

A mmo

(^UU> ^li0 (?UU’ ^v )v  ^ v )u >

mynHHr yqyn 

(rua> r^j,) /"ul

y  xp;ifla cnpraHHr Ty/rn̂  arpHJiHra:

+  — G i -  2

1
(EG —  F 2)3

F ___ L F -4- -L Cl
UV n VV I n UU

F„ — - G

— E  
2 “

E

F

Fu

F

Q

2

j E .  B  

-  0 .  F

2

F

- a ,

AeMaK, CHpTHHHP TyJlHI  ̂ SrpHJIHrH CHpT 6HPHH4H KB3flpaTHK $OpMaCHHHHP 
k03cJ)(j)Hn.HeHTJiapH Ba yjiapHHHr ^ocnjiajiapH op^ajw Tyjia amuyiaHaflH. 
BynAaH sea CHpTHHHr Tyjwi^ arpHJiHrn xaM cnpT k w h  reOMeTpHHCHHHHr 
ofiieKTH fleran xyjioca qn^aAH. Arap CHpTHHHr 6hphhhh KBaaparaK 4>op- 
MacH du2 +  Gdv2 KypHHHLUHAa 6yjica, cnpTHHHr TyjiHi^ arpHjiHra

K — -7zz(y~G )ua KypHHHiiiH.ua CyjiaflH. <t> peryjinp cnpTfla y srpH  hh3I1^
V  G

6njiaH  qerap aJiaH raH  G c o ^ a  oJiaftjiHK. G co.^a flo n p aH H u r roMeoMOptj) 06- 
pa3H 6 y jiH 6 , v  s rp H  m i3H^ qeKJiH co H ^arH  6 n p - fiH pnra  TyTamyBHH yt pe- 
r y j ia p  s rp H  qH3Hi^Jiap,aaH H 6opaT  6 y jicn H . G coxaH H H r yv  y2, . . .  , yn t o -
MOHJiapn ^ochji ^HJiraH 6ypqaKJiapHH a v a 2...................  6man SeJirHJiaH-
MH3. y  ^ojifla i^yHHflarH TeopeMa ypHHJiHflHp.

Taycc-BoHHe TeopeMacn.
CnpTJiap Ha3apHHCi1.ua yu i6y ^opM yjia My^HM pojib KacS STa^n:

2  j K r d s +  2  («  —  «i) =  2 j t  —  $$ Kd ( o ) .
I =  1 Vf 1 — 1 G

(3)

E m  6y (JiopMy.iaHH hc6otch3 k c j i t h p a h k .  By ep^a K r  y arpn qH3HiyiHtir
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reoaesHK arpmiHrH, K  6m an  chpthhht TyjiHK srpHJiHrn, uu  — y l. kj — , 
dudv 6ujmi  cnpT K>3HHHHr sJieMeiiTH ge^rHJianran. Arap G co^a yv  v2, V* 
yqTa rec>Ae3HK qH3Hî  6man  qerapajiaHraH 6yjica, 6y srpn qH3H]^iap yqyH

K r =  0 6yjiu6, ~(3) tJjopMyjia J ?  (n —  a )  ~  2 n  —  J f K d a  eKH
' -  i o

« i  +  a 2 +  a 3 =  jt +  J I  K d a  (4)

KypHHHmra KecaAH. AeMaK, rec>Ae3HK yqgypqaKHHHr HqKH dypqaKJiapHHHHr 
hhfhhahch:

1) K  >  0 6y^raH cnpT yqyH n  AaH KaTTa;
2) /C < 1 0  dyjiraH cnpT yqyH jt a^h  Kmnii]
3) K  — 0 Sy/iraH cnpT yqyH n  ra TeHr.

Bh3 io^opnAa (65- §) c(J>epaHHHr TyJiH^ arpHjmrH K  — —  (a —  cd>e-
a2

paHHHr paA H ycn) SKaHJiHrHHH K y p c a ira f i  s a h k . (4) ^ o p M y jia ra  K  HHHr 

î HHMaTHHH î yHMH3’. a x -+ a 2 - f  a 3 =  jt -|— -  J |  d a, 6y epAa J |  d a  =

=  S  A c(J)epHK yqgypqaKHHHr k>3H gyjwS, 5  A =  ( a t -+ a 2 - f  a 3 —  ji) a 2. 
AeMaK, ccjjepaAa c(})epHK yqgypqaKHHHr HqKH 6ypqaKjiapH hhfhhahch  jt 
AaH KaTTa. Arap CHpT napaMeTpHK Tenrjia.via^apH gnjiaH fiepiwran

x  =  a sin  u coso, y  — a s in  u s in  v, z =  a (In ^tg j  +  cos u)

nceBAOc(})epaAaH H6opaT fivjica, yHHHr TyjiHi  ̂ arpHJinrn K  -- ------- — ra
a2

TeHrJinrHHH ^H C o6jiam  k,hhhh  3 Mac. By ep A an  K  HHHr ly iH M aranH  (4) r a

^yflcan, (ccj +  a 2 +  ct3) =  j t ------d a.
o

ByHAaH:
+  a 2 +  a ,  <  Jt.

A eM aK , nceBA occbepaA arn reoAe3HK y q 6 y p q aK  HqKH 6ypqaK jiapnH H H r hh ­
fhhahch  n AaH KHqHK. a  =  jt —  (o'! +  a 2 +  a 3) cohhh  nceBA occbepaA arn 
reoAe3HK yq6ypqaK H H H r nyKconu eKH KaMHUAuau jiem n am .  ByHAaH K y- 
pHHa^HKH, nceBAOc(J)epaAa JIofiaqeBCKHH reoMerpHHCH JioKa;i j aBHiuAa 6a- 
mapHJiaAH.

7 1 - § .  OpweHTHpjiaHraH enni^ chpt ynyH  Sfijiep xapaKTepHCTHKacw

OpHeHTHpjia HraH chjuiih  ̂eriHi^ cnpT 6epn;iraH  SyjiCHH. By CHpTHHHr 3HJiep 
xapaKrepHCTiiKacH 6mau  y n m rr Ty,iHi{ arpHjiHrH opacHAara 6oF,iaiiHiu 
i^yHHAarn reopeM a SHJiaH 6epHJiaAH.

TeopeMa. Arap 0  opweHrapjiaHraH enHK; chpt 6ym 6, yHHHr

Hy^TacHAarH TyjiHK; arpH JiH rn  K  r a  TeHr 6 y jic a , ' / ( 0 )  =  - y ^ -  J J K d a  (1)

_______  0
(j)opM yjia ypHHJiHAHp. By epA a d o  =  VEC*— F2dudv.

170



l i V U V / H l i vj '-t' w i p i n r im  i vy~
rioJiorHK K y n 6 y p v a K jiap ra  efiHJiMacH 
6 f j i c m .  E fln jiM aflarH  x a p  Cup Kyli- 
g y p q a n  TOMOHJiapn p e ry jm p  qH3iiK-
ziapAaH nfiopaT  6 y m 6 ,  6 y  K y n S y p - ___
qaK jrap 6 n p  xhji opneHTHpjiaHraH 
gyjicHH. G eftHJiM aaa 6H pop Gm 
K ynfiypqaK  o jia M ro . B y KyrifiypqaK- 
h hh t  y q jia p n  Afm„ .................M

msk tm{
HyKTajiapAaH n6opaT 6yjm 6, 6y  yq- 
jiapHH TyiauiTH pyB qH  S K Ta to m o h

peryjinp qn-

3HKJiapflaH H6opaT 6yjicHH. Gm K yn -  
gypqaK  yqjiapH flarH  S yp q aoap  KaT- 
TaJlHKJiapHHH cpm„ ....................(pmsK

6H;iaH 6ejirnjiaHMH3 (139- qH3Ma). Pa­
yee- BoHHe TeopeMacHra Kypa KynSypqaK yqyH

139- qH3Ma

i=l ymi
(2)

i=l
6y epaa ________

d o — V E G  — F2 dudv, K r  sea ym.t 
qH3Hi^HHHr reofle3HK arpHJinrn. Bynaaft TeHrjiHKHH G efiHjiMaHHHr ^ap 
6np Kyn6ypqarH yqyH Ty3H6, yjiapHHHr hhfhhahchhh 0JiaMH3. (2) TeHr-

S/c
jiHKflara ^  J Kr ds H^oflaAa ymi eft Gyfinqa ojiHHraH HHTerpaJi hkkh Map- 

i= 1
Ta yqpafiflH, qyHKH ymi k^ihhh Kyri6ypqaKjiap yqyH yMyMHH TOMOHflHp. 
By i^ymHH KynSypqaKJiap 6np xhji opneHTHpjiaHraH fiyjica, ymi tom oh 6y 
KynfiypqaKjiap yqyH ^apaMa-KapuiH opHeHrapjraHraHflHp. UlyHHHr yqyH

a, s k
2  2  I  o.

m=j 2-1 Vmi

By ^ojTfla (2) <})opMyjiaflaH G eHHJiMaHHHr j^aMMa KynSypqanjiapn gyfinqa 
OJlHHraH fiHFHHflH

2  2  ( n - ? « , ) = »  2  (2at— fj/c^or)
m=l /=1 m= 1 Gm

eKH
a, S K a, s  K

ByHflaH:

2  2 n  — 2 _  .[J ^ a .
m

(3)
m=l m=l

a3 ° «  a* a,

2 2  n  ~  2  ft S* =  n  2  S K — 2 n a .
m = l i = l  m = l m = l

a , s K

2  2  'fmi ~  
m—\ i =l
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By HHFHHflHHH ^HCOOJTam y n y n  a u u d J l ™ j i r a a n n  \jru icx y -jrii cx u n p iu u a m

pyB^H Kyn6ypqaKJiap HqKH 6ypqaKjiapHHHr hhfhhahchhh oJiaMH3, cyHrpa
G eftHJiMaHHHr ^aMMa yqjiapn 6yiima hhfhhah o./iaMH3. ^ a p  6np yqAarH
6ypqaK.riapiiHHF hhfhhahch it ra  TeHr 6yjiraHH yqyn J^aMAa G eftHJiMaAa

ot2 S K <*j
a 0 Ta yq SyjiraHH y'lyH 2  “  2 l t a o SyjiaAH. A mmo 2  2 ji =  2 xca2,

m = l i— l m=J
a2
v  f [ K do  =  |  J/Wr*. Shah MiFHH/uuiapHHHF î HHMaTJiapHHH (3) ra

m—l Gm <P

^vhh6, 2 n a x — 2 n a 0 =  2na2 — Jf K da  eKH a 0 — c c i + a j  *=s
0

=  '2n -  J f K da  hh x[0CHfl i^HJiaMH3. By epAa

«o  —  « i  +  a 2 —  x  ( ^ )  

c h p t yqyH 3 « ^ ep  xapaKtnepucmuKacudup.
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