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1-MABPY3A.
Mag3y: Iuddepenuunan reomerpusi Ba Tonosiorusi Gpanu npeamMeru (2 coar)

Huddepennman reomeTpus Kypcuaa yd ymyamian (a3zonard Yu3UKIap Ba CUPTIAp
MaTeMaTHK aHanu3 &pramuia ypraHunaau. MabiyMKd, aHAJIUTHK TE€OMETpUs Kypcuuaa
YU3HUKJIAp Ba CHUPTIAPHU YpraHWII YJAPHUHI TEHINIAMAJIAPUHU TEKIIHMPHUIN EpaamMuaa
amanra oumpmiaanu. LIyHuHT ydyH anreOpauk MeToajap aHAJIUTUK T€OMETpHsS Kypcuaa
acocuit ponp yihHaiiau. Juddepenunan reomerpus Kypcuaa OU3 YU3HK Ba CHPTIIAPHH
TeHraamanap €paammaa smac, 6anku (asogaru MabIyM xoccanapra sra 6yiran ¢urypanap
cuparuga aHUKIANMHU3 Ba YJIapHM MaTeMaTWK aHanmu3 EpaaMuia VYpraHum Y49yH
muddepeHmananyBun QyHKUusIap €praMmuaa napameTpiaaiimus. I'eomerpusiia MaTeMaTUK
aHaJu3 MeToIapuHu Taaouk kwiuira [lerepOypr dannap akagemuscu ab3ocu JI. Ditnep
KaTTa Xyucca Kymau. Y YM3UKHU MapaMmeTpliail, CUPT HyKracuja Oomn HyHanmumnuiap kabu
MyXUM TYyIIyHYQJIapHU KHPUTAM Ba JKyda axKOWUO TeopeMmallapHd HCOOT KUIAH.
HuddepeHnyanl reoMeTpUSIHUHT acOCHIl Macajajiapyd CUCTEMAaTHK paBHIIJIa EpUTUIITAH
Oupunun acapuu [lacmap Mownx &3nu. YHuHT «Uekcu3 KUYHMKIAp aHaTU3MHUHT
TreOMETpHsITa TAIOUKW» HOMIIM KUTOOM 1795 #iwmm vort stuinau. I'. MOHKHHMHT MOTHPIapH
JpronieH, MeHbe XaM cupTiIap Ha3apusiCura KaTTa Xucca Kyuauiap.

['eometpus ¢panu XIX acpnma xyna Tte3 puBoxiaaHau. 1826 wunm Oyrok
matemaTuk H.W. JloGaueBckuit EBkina reomerpuscuaan Gpapkjiv reOMETpHs MaBxKYy/l
SKAHJIIMTUHU Kypcatau. by reomerpusina reome3wk ydOypuak WYKH Oypyakiapu
turuaancu 180° man kuuukaup. 1827 iinmu ayce CUPTHUHT TYJIUK STPUIMTH YHUHT
WYKH TEOMETPHUSICUIa TETUIUIM SKaHIuruHu ucootnamu. 1854 imnu b.Puman
JloGaueBCcKkuil T€OMETPUSICUHM XaM Y3 WYHMra OJXyBYM SIHTM T€OMETPHUSHH acociad
o6opau. by reomerpus Puman reomerpusicu ned artamanu. Puman reomerpusicuma
reoJIe3uK yuOypuakiaap Huku Oypuakiap imrunancy 180° maH KaTTa XaM, KHYMK Xam
OYJIUIIIN MYMKHH.

XX acpna nuddepeHnranr reoMETPUSHUHT PUBOKIIAHMININMIA YU3UKJIAD Ba
cupTiiap VpHHUra xap Xuil auddepeHnman CTpyKTypajlap KUPUTHITAH CHIUIUK
KYNXWUIMKJIAPHU VpraHuil TEHACHUUSACH TMaijo OYnau Ba puUBOXKIaHIHU. by
00BEKTIapHU (CWUIMK KYNXWUIMKIAPHU) YpPraHWIl KYyJaWIUrd IIyHJaKd, yiap
YU3UKJIap Ba cupTiaap kabu EBkima da3ocMHUHT KUCM TYTiamiapu cudaruaa amac,
Oankn  muddepeHnnan CTpyKTypa KHPUTWITaH aOCTPaKT TOMOJOTHK ¢aszoap
cudaruga anukiIaHaau. KYmxwmukiap Hazapuscuaa YU3WKJIAp Ba CHPTIIAP MOC
paBuia Oup Yar4amiid Ba UKKW YI9aMIId KYTXAUTMKIAPHA TAIIKWI 3TaJId. X03UPTU
BaKT/Ja KYNXWUIHKJIAp HA3apHUsICH T€OMETPHUsi KYPCUHUHT acOCUM KUCMJIapJaH Oupu
0ymb KoJIIu.



2-MADBPY3A.
Mag3y: EBkiua ¢pazocuaa tonmosiorus. O4uK Ba €MUK TYIIIAMJIAPHUHT ACOCHH
xoccaJjapu. (2 coar)
Xakukuil CcOHap TymIamMuHu R Ownan OGenrwiaiimus Ba N>1 yuyH
R" :{(xl,xz,...,x“):xi eRYi :1,2,...n} TYIiamaa x:(xl,xz,...,x”) Ba y:(yl,yz,...,y”)
HyKTaJlap opacujaru MacogpaHu

d(x,y):\/(yl—xl)2 +(y2 —x2)2 +...+(yn —x“)2

opMmyJia OwnaH a”HukiaiimMu3. by xkupurwiras d:R"xR" —» R! HKIOWASA KyHugaru
pMy. Yy Kdp y y
APTIAPHA KAHOATIIAHTUPA/IH.

1) mycbar anukmanras: uxtaépuii X, ye RM xydprmx yayn d(x,y)>0 6§1u6,
d(x,y)=0 Oymumm y4yH X=Yy MyHOCAO0ATHUHI OaXKapwiuIINd 3apyp Ba
eTapIuaup.

2) cuMMeTpuK GYHKIUsSaup: uxTHépui X, Y xkydrauk yayH d(x,y)=d(y,Xx)
MyHoOca0aTiap YpuHIIH.

3) yuOypuak TEHTCH3IIMTHHU KAHOATIAHTHPAAW: MXTHUEPUM X, Y, Z ydTa HYKTa
yaya d(X,y) <d(x,z)+d(z,y) Tenrcuznuk Oaxxapuiaiu.

Okopuna d(X,y) dyHkumsHuHT 1, 2-mapTiapHu KaHOATIAHTUPHIIHM PABIIaH.

By mapTnapHUHT yYMHUHMCH CHU3Ta MATEMATHUK aHAJIM3 KypCHIaH MabiayM OVYiraH
1

. 22 (0 N (0 N
> (aj +b;) S(Zafj J{ bizj
i=1 i=1 i=1
Komm TeHrcu3nurugad Kemo YuKaIu.

XaKkuKaran xam, arap X= ()(1,)(2,...,)(7), y:(yl,yz,...,y“), z:(zl,zz,...,z“)
HyKTamap yuyH a“=x"-7b"=7-) Oearmnauiap kwupurcak, Komu
tearcu3mruaan d(x,y) <d(X,z)+d(z,y) tenrcusnuk kenud ywmkamaw. Kuputwiran
d ¢yskuus 6unan Oupranukaa R" Mmetpuk dazo O6ymaau.

EBxnup dazona Oepuinran X Hykra Ba ' >0 CoHUM yuyH

B, (x)= {ye R":d(x,y) < r}
TYIJ1aM Mapka3u X HyKTaja Ba paAuyCcH I ra TEHT O4YHK 11ap 1e0,
B, (x)= {y eR":d(x,y) < r}
TYyIIaM 3ca Mapkasd X HyKraja OynraH Ba paadycu I Ta TeHr €nuK Imap neod
aTanaiu.
Connap yxuna, spHu R n1a By (X) ouuk map (X—r, X+F) 04uK MHTEpBaJ, EMMK
By (X) map aca [X—r, X+r] énuk xkecma Oynanu.
O ounk map €paampaa R" Aa O4MK TYIUIaM TYIIYHYaCHHU KUPUTaMH3.
bepunran A Tymmam Ba yHra Terunuid a HykTa yuyH >0 coHu maBxya O0ymuo
Br(a) c A Oynca, a HykTa A TYIUIAMHUHT HMYKH HyKTacu Jeimiamu. Xamma

HYKTaJIapy UYKU HyKTajap OyiraH Tymiam ouuK TyIuiam 1e0 atanamu. Jemak, xap
KaHJaih o4yMK IIap O4MK TYmiaMm OyYmagu, dyHku XeBg(a) 6¥ica,

r, = min{ d(a,x),r—d(a, X)} >0 conu yuyH B, c B(a)O0ynanu. Xakukatan ye B, (X)



oynca,

d(a,y)sd(a,x)+d(y,x)£d(a,x)+rxsd(a,x)+r—d(a,x):r STbHU

d(a,y)<r, memak B (X c B(a) Oymanu. Ouam Ou3 Oym Tymameu & Ounan
Oenrunab, yHM UXTHEPUN TYIUIaM yYyH KUCM TYIUIaM XHCOOJIaiiMu3, Ba YHU
R" (a30HUHT OYMK KUCM TYymiamMu 1e0 KalOyn Kuiamu3. AHa HIyHAa OYUK KHUCM
TYIiamjap yuyyH KyWuJaaru TeopeMaHu HcOOTIal oJlaMu3.

Teopemal. OuukK KUCM TYIUIamMiIap YUYyH Kylujgaruiaap YpUHIUIUP.

HNcooT.

1. Byryn da3zo, spHU R" 04MK TYTLIIAMIUD.

2. bym tymiaM o4uK TYIIaMaup.

3. Ueksn coHAarn OYMK KHUCM TYTIUIAMJIADHUHT KecHIIMacu (yMyMHUH
KHCMH) OUMK TYTUIIAMIUD.

4, Xap KaHmall ouMK TYIJIamjaap Owilacu YydyH Oy owiajaru OYHuK
TyILIamiIap MMFUHAUCU OYMK TYILIAMIUD.

TeopemMaHUHI HWKKUHYM TacAWFW HCOOT Tanad KWIMaWau, YyHKH Oy

TYIJIAaMHA OYMK TYIIaM Ae0 9BbJ0H KuiIraHMu3. Arap ae RN oyica,

UXTHEpUHA r>0 coHM y4yH By (@) cR" mynocabar xap goum YpHHIH,

IIYHUHT YYyH XaM R" OUYHK TYTUIAMAUD.

m
Dumu A, A,,..,A, OYMK Tymaammap 6epunran 6yica, A=(1A TymiamMHuHET
i=1

OYUK SKAHJIUTHHU KypcaTailnuk. Arap A= 0Oyica, UKKUHYM IMyHKTra Kypa
A ouuk tymiam Oynaau. [ldynunr yuyn A= nebd dapa3 xkumubd, A ra
TETUIIM UXTUEPUM @ HYKTAHUHI WYKM HYKTA JKAHJIUIMHHU KYypCaTalJIHK.
Arap ae A Oynca, yHna ae A MyHOca0at Oapya | Jiap yuyH Oakapuiau.

Xap Oup A OUHK TymIam OyNMraniaury y4yH ILIyHAan i >0 coHu
MaBXXYIKH, B,,(c?) C A wmynocabar Gaxapumaan. by uekam coHparm r

COHJIAPMHMHI JHI KUYMIMHM I Ounan Oenrunacak, Bp(a) < By (a) < A
i

MyHocabat 6axapunanu. [lemak B (a) c A, Ba @ HykTa @ A TYIUIAaMHHUHT
MYKA HYKTaCUAMpP. DHAW TEOPEMAHUHT 4-TyHKTHHU HCOOTIAmuK. O4YnK

TYyIulamiapaad — ubopat {/‘L}onna Gepwiran  GOyncuH. A :U/L

WUFUHAVHUHT OYMK TYIUIaM SKAaHJIWTMHU KypcaTailluK. byHUHTr yuyH A
TYyIiamMra TerMlIUIM UXTUEPUl @ HyKTa onaud, YHUHT WYKA HYKTa
SKAHJIMIUHM KypcaTaMu3. VMFMHIMIa TETMIUIM @ HyKTa HUFMHIMAA
KaTHalaéTraH A, TYIUIaMJIApHUHT KaMuja OupopTracura TEruuuM Oyianu.

®apa3 xunamk ae A, OyiacuH. A, TYmwiaMm O4MK OYJIraHiiMra yuyH
6upopra r >0 maexyx 6ymub, B (a) = A, mynocabar Gaxapunanu. Jlemax

B,(a) c A Ba A Tyruiam y4uyH a MuYKM HyKTa Oynamu. Bynnan sca, A HUHT

OYMK TYIIJIaM 3KaHJIUTH KeIUO YMKAIH.

OHAM OYMK TymiaMm TymryHdacujaaH —¢oiinananu®, €Enuk TYymiam
TYIIYHYaCUHU KUpuTaMu3. bepwiran F  TYIIamMHUHT TYJIIUPYBUYHCH
CF =R"\F ouuk Tymiam 0yinca, F &nuk Tymiam neb atamagu. bupunuu



TeopeMajiaH (Qoitganannd, €nuK TYmIamiaap Y4yyH KyWHJard TeopeMaHU
ucOOoTIall MYMKHH.
Teopema-2. Enuk KucM TYrnamiap ydyH Kyiuaarunap Y pHHIHIND.
1. Bytyn ¢azo, spHu R" €nuk Tymmamaup.
2. bym tymnam €énuk TYriiaMaup.
3. Xap kaggail €nuK KUCM TYIIaMjap OWjJlacu YYyH Iy OWJiajaru
TYIUIaMJIAp KECUILIMACH EIUK TYTUIaMIUP.
4, Yexnu coHIAru €MUK TYTUIaMIAPHUHT UUFUHAUCH €MUK TYTUIAMIUD

bus R" ¢azonunr X=(X1,X2,...,X"), V= ()/1,)/2,,)/7) SIIEMEHTIIAPH YUYH
X+ Y= (xl +yh Xty X+ y”), AX = (/lxl,lxz,...,/lx”)
KouJanap OWIaH sSHTU X+ Y, AX DIEMEHTIApHU aHMKJIANIMMU3 MyMKHMH. By epma A

XaKUKui coH. by kuputwiaran amamiapra HucOatan R" uwmsuknmm dazo Oynaau. by
xonma R" dazonm umsukiam ¢azo cudatuaa Kapacak, yHUHT dJIEMEHTHHHA BEKTOp 1e0
ataiimu3. Ynsukiau ¢azo yuyH OelrujiamHy y3rapTUpMaiMu3, YyHKH Xap raja TeKCT
MasmyHugaH R" dasoHmHr MeTpuk (da3o €km yu3MKIM (Pa3o SKAHIUTH KYPHUHHO
Typaau. Metpuk R" ($a3o HyKTamapuHUHT Xap Oup X,y xydTura 6omu X HyKTaja,

OXupH 3ca Y HyKTaaa Oynran XY BEKTOpHH MOC Kyiicak, Oy BekTOop 4yu3ukiu R"
dazonuHT 1emMenTr Oynaan. Ymsukmu R" ¢a3ona ckamsp kymaiTMa KUPpUTHITAHIaH
keiinH MeTpuk R" dazonu EBkimun dazocu ne6 ataiimus. [lemak, R" dha3onn Epkaua
dazocu neranummsna, yHaa d ¢yHknms Epmamuma MeETpUKa KHPUTWIHO, YHTa
TervIUIM HyKTaJApHUHT Xap Oup xydrura Moc Kyimiaran BekTopiap (asocuaa
CKAJISIp KyllauTMa KUPUTHITAHJIND.

EBxnup dazocuaa

J/:z a, X +a,i=12,..,n,

J=1

KYPUHUIIAATY adIMalITUPUIIAA {ai j } MaTPUIAHUHT JIETEPMUHAHTH HOJIAH GapKiIu

oynca, y abdun anmamtupur 1e6 atanaau. by epaa

X a,

_ x|l - |a

=7 |, a=| " |, A=(a,),
X' a

OenrunaniapHu xucobra onud abduH anMaImITHPUIITHU I/z Ax+ a KYPUHUILA
€3UIIMMU3 MYMKUH. Arap A maTpuila OpTOoroHas matpuia Oyica, F akcmanTupuii
xapakar 1e0 aramaaum. Mabirymku, A opToroHan marpuna Oyica, X )y BEKTOpIap
y4yH

(Ax A =(x )
TEHIVIMK YPUHIUAUD, SbHU XapakaTia CKalsap KynaiTMma cakjaHaau. Xakukartad, A
OpTOTOHAJ MaTpuIia Oyca



A"A=E
MyHocabar Ypuwiaum Oynmagu. By epma A’ TpaHcnonupianran marpuna, E oca
oupnuk mMatpunaaup. LlyHunr yayn
(Ax AY) = (% A AY) = (%))
TEHTJMKHU XOCWJI Kujamu3. busra aHanuTUK TeoMeTpusi KypcUIaH MabIyMKH

XapakaT WKKM HyKTa opacuaard macodanu caxiaign. Arap det A>0 6yica,
MabIyMKH F Xapakart pa3ona opreHTaIMsSHU XaM CaKJIaiIu.



3-MABPY3A.
Mag3y: Tonosoruk gasouap (4 coar)
X-6upopTta TymiuaM Ba YHUHI 0ab3M KUCM TyIulamnapuiad ubopar r={G_}

ouna Oepuiran O0yncuH. By ouna uyeknu coHparu 3neMeHTNIapAaH uoopar OyauIu
€KUM YHHUHT 3JIEMEHTIIapy YEKCU3 KYTI OYIIMIIN MYMKHH. )KymJlaZiaH, 7 ousiara X HUHT
XaMma KUCM TYIUTaMIapy Teruiuiy Oynumu xam MyMkuH. LLlyHuHT yayH OU3 uHIEKC
Y3rapyBYMCH « HUHI KaHJaWl TyIulamra TETMIUIM JKaHJIUIMHU KypcaTa OJIManiMM3.
bus X wHuHr Oab3uw KUCM TyIUlamiapuaadH ubopaT 7 oOWiladaH KyWHJaru
AP TAAPUHUHT OaKapUJIMIITUHU Tanad KUjIaMu3:

1) X ty1iaMm 7 ra Teruuuid OyicuH (MabJIyMKH, Xap KaHIal TYIUIaM Y3HMHUHT KACM
tyiamu 0ynaau. LIlyHuHT yuyyH y 7 ra Teruuuid OYiauiiy MyMKUH, OYVJIMaclIUuru Xam
MYMKHH);

2) Bym tymnam 7 ra Teruuuim OyicuH (OYmI TYruiam xap KaHaal Tyriamra KHCM
TYIUIAMAHUP, UIYHUHT YYyH Y X HUHT KUCM TYyIulaMu cudaTuia 7 ra TeTrUulUIH
OynuIIM MyMKHUH €KU OYJIMacIUTd MyMKHUH);

3) Towara TeTUIILIH Xap KaHAal HKKUTA TYTUIAMHUHT YMYMUH KHCMU (KECHUIIIMACH )
T OWJIara TEruLuUIAIND.

4) 7 ownara TETWIUIM KUCM TYIUIaMJapAaH uOopaT UXTUEPUH {Ga,,} owla y4yH

WHUFUHIN (ﬁ/ Ga,,, XaM 7 ra teruunuiu 0yicuH. by epaa {Gaﬁ} OWJIa YEKJIM COHIAru

aJieMeHTJIapAaH ulopar KM YEeKCU3 KYI dJIEeMEHTIap/iaH uoopaTr OYJIUIIN MYMKHUH.
[yHunr yyyH Oy epiaa Xam OW3 MHIEKCAArd Yy3rapyBuu [ TEruluid TYIUIAMHU

Kypcara onmanmus. XKymnanan, {G,, Jouia 7 owia OWIaH yCTMa-yCT TYLUIHIIH
Y24

xam MyMkuH. FOkopuaaru Tamad KwimHTaH 4 Ta mapmiap OaxapwiraH TaKaupaa
(X,7) xydrmuk Tononoruk (azo ned aramaam, 7 3ca X TYIIAMAATH TOIOJIOTHUS

ne6 aramamu. Jlemak, OupopTa TYIJIaMHH TOIOJIOTUK (a3ora alaHTHPUII YIyH
YHUHT OKOPHJArd IIapTJIapHU KaHOATIAHTHPYBYM KHUCM TYIUTaMJapujaH uoopar
OupopTa owjiaHM aHWKIAm erapiauaup. Arap (X,7) Tomosoruk ¢azo Oynca, X

TYIJIAaMHUHT 3J€MEHTIapu HyKTanap ne0, r7ra Teruuui X TYIUIaMHUHT KHCM
TyImamiapu Oo4yuK Tyruiamiap ae0 aramamu. MOxopumarm kentupwiran 1) - 4)
HIapTIapHU TOMOJNOTHK (ha30o akcruoMaiapu ned araiimus. Lllynnait kummb, 6u3 xo3up
YMYMHUI TOMNOJIOTMSIHUHT aCOCHM TyIIyHYacH TOMOJOTUK (a3o TyllyHYaCUHU
KUPUTIUK. SHIU OUp HEYTa MUCOJUIAP KEeJITUPAIIHK.

1 - Mucou.

X =R" 0ynaca, r Ounan OupuHuM mnaparpadnaa kuputuiaran R" garu oumK
TYIUlamyiap OwIacuHU OenruiaiiMui3. bupuHuM Teopemara Kypa, 7 TONOJIOTHS
O0ynaau. by Tonosiorust €BKIU TOMOJOTUsICH Ae0 aTanaii.

2 - MHCOJIL.

X - uxtuépuii TyIiam, ¢ owia Oym Tymiam Ba X naH ubopar Oyica, (X,7)
Ky(Tauk Tononoruk ¢aszo 0ynamu. by Tononoruk ¢azona dakat UKKUTa OYUK KHUCM
TYILJIaM MaBXyI.

3 - MUCOIL

X - uxtu€puit Tymiam, r owsga X HHMHI XaMMa KMCM TYIUIamJiapuaad ubopar
owna O0yiacuH. By Tonosioruk ¢gazona uXTu€puil KUCM TYTUIaM OYUK TYTUTAMIUD.



Oumu (X, 7) Tomosoruk (aszo, Ba Oupopra AC X —KHUCM TYIUIaM OYJICHH.

bepuiran A TymiamMHM XaM 7 TOMOJOTHS €pJamMuaa TOMOJIOTHK (a3ora aiJaHTUPHUII
MyMKUH. Byduar yayn A tymmampa 7,={ANG,:G,cr} OWIa TOIOJOIHs

SKAHJIMTUHU KypcaTaMu3:
1) X er 6ynaranmuru Ba X N A= A TeHrmUKAaH A € 7, KeIn0 YiKaIi.

2) et Oynaranmuru Ba & N A= TeHrnuknaH & € 7, Kenud YuKaIu.
3) A, Aer, 6yica, G,, G, e r, Tymnamuap MaBxyJ 0yiuo,
ANA =(AnG)N(ANG,)= AN(G,NG,) Tenrmuk ypunmu 6ymamu. By epna
G, NG, e r oynranmuru yuyH A (1A, € 7, 6ynanu.
4) r, ounara TETHIILIN {Aﬁ} TYIUIamjiap ounacu O6epuiras Oyica, 7 ra TETUILIN

G, Ttynnamnap maexyn 6yam6, UA, = U(Aﬂ Gﬂ): AN (U Gﬁj TEHTJIHK
Iz 5 5
ypunmu Oynanu. by epma UG, er Oymranwnuru yayn A, Hurubau 7,
I 5

owJiara TEeTHILIH OYIan.
Hemax (A, 7,) xydTiuk Tonosnoruk ¢azo 6ynagu. by xonna z, tononorusau A

Tymamaa X TOMOJOTHK (a30[aru 7 TOIOJIOTHS EpJaMu/Ia aHUKJIAHTaH EKH
KEJITHPHWITAH TOIOJIOTHS 1e0 aTaay.
TomoJsioruk ¢a3zo 6azacu
busra (X,r) - tomomoruk ¢azo Ba B={U,} - ounk Tyrurammap owmmnacu

Oepwiran OyicuH, sbHM Xap Oup a yuyH U, €7 myHocabar ypunmuaup. Arap
(X,7) Tomosoruk (pa3oHUHT MXTUEPHIA OYMK KUCM TYI-JIaMUHU B owmrara terumuim
Tymamiap AuruHaucu cudatuaa E3um MyMKuH Oyica, B omna (X,7) Tomosoruk
(dazonuHr O6a3acu 1ed artamagu.

Mucon. Bus esximun ¢azocunn Kapaitiuk, seHu X =R" Ba 7 5ca eBkmup
Tonojorusick OyncuH. busra mabaymku, uxtuépuilt Xe€ A yuyH myHpai I, >0
mapxkyn 0yiamb, B, (X) = A Oynca A TymiaMm oumk nedmnamn. [Jlemak, A oumk

tymiam 6yica, A=U B, (X), 1bHM A TYIIJIAMHHM OYHUK MIApJap HUFUHIUCH cH(aTHIa
X

é3uim MyMKuH. ByHnan kenu6 uukaaukd, R" (asoma xamma ouMK IiapiapjiaH Ba
oym Ttymiamaad mbopatr owya EBkiama Tomosorusicu ydyH 0asza XOCHWIT KWJIAIH.
Ymyman onranaa Oy ¢akr uxtuépuit (X, p) metpuk pa3o yudyH YpUHIHIUD, SHHU
OUMK ILIapjap Ba Oy TyruiamJaH ubopar ousa METpUK (Ga3o ydyH OazaHU TaIIKWII
KWJIaad. DHIU TONOJOTUK (ha30 Oa3aCMHUHT aCOCUN XOCCAIapUHU YpraHaMus.
Teopema 3. bepwiran B={U,} ouna (X,7r) Tonomorux Qa3oHuHr Oazacu
OynumuM yuyyH uxtuépuii X € X Hykra Ba yHUHr uxtuépuit U artpodu yuyn B ra
onnara terumum Ba X €U, cU MmyHOcabaTHH KaHOATIAHTHPYBIH U, TynnaMEuHT

MaB)XyJUIMTY 3apyp Ba €TApIUAMD.
Hcoor. 3apypmurun.®apaz xwnaitmuk B ={U,} omna Gaza, xe X Ba U
TVraM X HyKTaHuHT atpodu O0yincuH. bepunran U Tymiam ouuk OViIraHJIuru yayH

y B owmmara Ttermmmm = ouMK TYIUlamiap WWATHHAWCHIAH uOOpaT Ba yiapaaH
OupopTacu amoaTTa X HyKTaHH Y3 MUHUTa OJIaIu.



Erapnunuru.  bepunran B={U,} ounma Teopema  1maprmiapuHu

KAaHOATJIaHTUpPCa, YHUHT 0a3a SKaHJIUTUHU Kypcartainmuk. Hxtu€puii oumk A
TYyIIaMHU Kapaiiauk. Arap a€ A 6yica, teopema maprtura kypa U, € B MaBxyn

o0ym6, aeU, c A myHocabar Oaxapunagu. lynnnr yuyn A= UU, TteHrmuk
acA

Ypunnu 6ynaau. Teopema ucbotnanau. [
Teopema 4. busra (X,7r) tomomoruk ¢azo Ba ynunr B ={U,} owmmaman

nbopar 0Oaszacu Oepwiran Oyica, Kyduaaru MmyHocabdatiap YpuHIHIAUD:
1 Ju, =X
(24
2) Uxtuépmii Ual : UO,2 TyIUIamiiap Ba UXTUEPUH A € Ua1 NU «, HYKTa y4yH

U as € B mapkyn 6ymo, aeU, U, NnU, MyHocabar Gaxapuiajm.
HcoboT. by epna 1) myHnocabaT 6a3aHuHT Tabpudura Kypa paBiliaH OyIraHIUTH
yd4yH 2) myHocabaTHu Kypcatamus. Arap aeU, nU, 6yica, Ua1 N U, ouuk

TYIUIaM SKaHJIUTHIAH |-Teopemara Kypa U, maxyn 0ym6 , aeU, U, nU,,

3
MyHocabatiap Oakapuiau.

Teopema 5. bepwiran X Tyminam Ba YHUHT KHCM TYIUlamiapuiaH ubopat
B={U,} ownay4yn Kyiiunaru y4ra mapriap 6axxapuica, AbHH:

1) bepuiiran omnara Temwin TymiaMiaap HuFruHIucH Oepuiirad X TYIIIaMHU

korutaca: JU =X
B

2) Bym tymnam Oepunran ownara terunum oynca: J e B ;
3) Bepunran ounara rerunum uxtuépuit Uy , Uy tymnamnap sa

uxtu€puit aeU, NU, HyKra yuyn U ps € B mamxyn 6ymm0,
aeU, cU, nU, wmyHocabat ypuriu 6yica,

X TyIiamzia myHaan sSiroHa 7 TOHoJorust MaBxyaku (X,7) Tomosnoruk (azo ydyH

B ouna 6a3a 6ynmaam.

HUcoor. bepwiran X Tymnamaa ¢ oujaHu KyWugaruda aHukiiaiimus.bus B owunara
TErHIUIM TYIJIaMJIapHU Ba yJIApHUHT WUTUHAMCHIAH HOOpaT xXamma KHCM
Tymiamiaapaad ubopaT owiaHu 7OuiaH Oenrmnaiimu3. Teopemanunr 1) Ba 2)
nrapTiapura kypa X Ba Oy TyruiaM 7 owsara Terunuiy 6ynanu. bynaan tamkapu ¢
OWJIAHWHI aHUKJAHUIIUIA Kypa yHra TEruluUId TYIUIAMJIAPHUHI WHFUHIUCU 7 Ta
rerunwn. emak, A, Aer Oynca, A NA, €7 HM KypcaTHILUMHU3 Kepak. Arap
ae ANA, O0Oynca, TteopemanuHr 3-maprura kypa U, eB wmaBxyn Ba
acU,c AnA, o6ymam. Jemak, ANA = [(JU,. By sca AnAer

acA NA,

SKaHJIUTUHU  Ownaupanu./lemax T owla TONOJTUS  aKCHOMAaJapHHH
KaHOATJIaHTUPAIu.by TONONOTUSHUHT aHUKJIAaHUIINTa Kypa B owmna yHUHT yuyH 0aza
oynmamm. [



4-MA'BPY3A.
Mag3y: N4ku yerapaBuii Ba ypUHMIN HYKTAJApu. TYIUIAMHMHT €ITUFU.
(2 coar)

(X,7) - Tomomoruk (azoma, Ac X TYIIaM Y4yH YHHHT TYJIIUPYBUUCH
X\ A oumk Tymmam O0ynca, A Tymiam énuk Tyuiam ne6 atanaaum. Tononoruk ¢aszo
akcuomaniapuian (oigananu® EnNUK TymIamiaap Yy4yH KyHugard XyJjocajlapHU
ncOOTHaIl MyMKHUH:

1) X &nuk Tyrmamaup;

2) Oy TymiaM UK TYIIaMInp;

3) yekyn CoHAry €nuK TYIUIAMIAPHUHT HHFUHANCH €MUK TYILIAMIND;

4) uxtuépuil EnuK TYIUIamiiap OWJIacH y4yH Oy Tymiamiap KecHIIMacu (yMyMHM
KUCMH) €MUK TYTUIaMIUD;

by xoccanapau ucOoTnai yKyBUMiIapra XaBoja KUJIuHAIH.

(X,7) - Tononoruk ¢azo, X € X Oyncun. Arap U oumk Tyruiam 6ymm6, X € U
o6ynca, U tymmam X HuHr atpodu aeiwmnamu. Llynnaii kuanb, X HyKTa TETUIUIA
Oynaran uXTHEPUH OYMK TYIJjgaM NIy HYKTaHUHT aTtpopu Jevunap 9SKaH.
Ac X, xe X 6ymmb, X nykraHuHr oupopta atpopu U yuyn U — A myHocabat
Oaxxapuiica, X HyKTa A TYIUIAMHHMHT WYKU HYKTacH Jeduinaau. A TYIIIaMHUHT UYKU
HyKTajgapu Tymiaamuad Int A OwiaH OenruiaiiMu3. Arap X HYKTaHUHT HXTHEPUIA
atpopu U yuyn AnU = Ba (X \ A) nU = myHocabatTiap 6axapuica X HyKTa
A TYIIJIaMHUHT YerapaBuil HyKTacu JeHWJIaJu. XerapaBuil HyKTajgap TYIIaMuHu OA

KYPUHUILIJA OSITHIIaiMu3.
4 — Mucou.

X =R', A=(a,b) Oyuncun. By epma a,b- xaxkukuii commap Ba a<b. By
muconmumusga int A=(a,b), cA={a,b}

5 - Mucou.

X =R', A - xaMMa paunuoHana COHIAp TYyImiamu OyicuH. By muconummsna
OA = X , 9yHKU UXTUEPHUIA XaKUKUW COH YUyH YHTa SKUHJIANIYBUM PallMOHAI COHJIAp
KeTMa-KeTJIMTU MaBXKYyI.

busra Ac X kucMm Tymiam Ba X e X HykTa Oepwiran OyncuH. Arap X
HYKTaHUHT UXTUEpH aTpoduaa A Tymiamra TErMIUIM HyKTanap MaBxynd Oyica, X
HyKTa A TYIJIAMHHWHT YPUHUII HyKTacu JAeimianu. bepunran A TYIulaMHMHT XamMMa
YPHHMUII HYKTAIapy TYIIaMu A GuiaH Genrunanaay Ba A HUHT SIuFu 1e6 aTanaju.

bepmran Ac X tymnam Ba intA, OA Ba A TYIUIamJIap Y4yH Kyluaaru
Teopemanap ypuHIuIup.

Teopema-6. Xap kanmaii A tymmam yuys A=intAUOA wmyHocabaT
YPUHIUAUD.

Teopema-7. A Tyruiam o4uK Tymiam Oymuimm yayH int A= A MyHOocaOaTHHUHT
OaKapUIIUIIH 3apyp Ba ETapIUAMD.

Teopema-8. Xap kanjait A Tymiam yuyH A énuk TYTLIaMIUp.

YuuHun TteopeManuHr wucobotu. Cuzmapra MabiymMku A=B wmyHOocabat
AcB, Bc A wmyHocabatmapra TeHr kyumumup. Jemaxk A cintAu A B2

ASintAu A MyrOcabaTIapHH HCOOTIAMIMME3 KEPAK.



Arap Xe A 6yica, X HyKTaHMHT uxTuépuii atpoduma A Tyruamra
TETWIUIM HyKTaJap MaBXyJ. Arap X HyKraHuHr uxtu€puii arpodpumma X \ A
TYIUIamMra TeruiiM HyKTajiap Xxam Oyiica, yHaa X € OA MyHoca0atr YpuHIU , SbHUA X
yerapaBuii Hykra Oyiaaau. Arap X Hykranuur oupopra U arpoduma X \ A Tymiamra
TErUIUIM HyKTanap Oynmaca, yHaa X €U c AmyHocabaT YpuHIM ,SbHU X HYKHU
HyKTa Oyiamu, gemMak XeintA . by wmynoxazanapumusnas, AcintAuU oA
OKAHJIUIK KeuO yukaau. DHau X € int AU 0A oyiacun. Jlemak, X € iInt A €ku X € 0A
MyHocabaT Oaxapuiaau. Mkkama xonga xaM X HUHr uxtuépuit atpodpuga A
TYIUIaMra TErHIUIA HyKTaJap MaBxy/ Ba 1eMak X € A .[J
TYypTuHYM TeOpeMaHUHT HCOOTH YKYBUMJIAPUMHU3TA XaBOJIa STUIIA]IH.
bemmuun TeopemMaHuHT HCGOTH.BHBKT}”/HHaMHHHr €MUK TYIUIaM DKaHJIWUTHUHU
uc6otmam yuyH X \ A TYMIAMHMHT OYHK TYTIaM SKAHINTHHE HMCOOTIARMU3.
Bynunr yayH X \ A ra Terunu uXTHEpHil X HYKTaHM Kapaimk. JleMak, X HyKTa
A rTa TerMumum SMac Ba LIYHHHT Y4yH VHEHT myH#aii U aTtpodu MaBxymku, Oy
atpobpna A rTa Terunum HyKTamap WYk, seHu U M A=O. IllyHuHr y4yH
xeUc X\A, spau X Hykta X \ A TYIIaMHMHT MUKM HyKTacuaup. TYpTHHUH
Teopemara kypa X \ A oumK Tyrumammmp. [
Teopema-9. Mxtuépuii énuk A Tymaam yuyn A = A MyHoca6aT YpUHIMAKD.
Hcoor. Xap noum Ac A Oynraniauru yuyH énuk A Tymimam yuyH AD A
MyHOca6aTHH ucOoTIan eTapiy. ByruHar yays A ra Ternuim uxTuépnii X HyKTaHH
Kapaiauk. Arap xe X \ A 6yinca, X \ A ounk TymiaMm OYITaHIWTH Ba X YPUHUII
Hykracu dSkarmurugan (X \ A)N A= wmyHocabar kenud yumkaau. by kapama-

KApIIWIMK X € A 3KaHJIMIMHU KypcaTaau. [



5- MABPY3A.
Mag3y: Xaycaop¢ akcuomacu. Tomosioruk paszona kerMma-KeTJIUK
JuvuTH. TomoJiorust 6a3acu. (2 coar)
MeTtpuk ¢azosiap TONOJOTHK (Pa30JapHUHT KyJ1a MyXUM CHH(GUHM TAIlIKWJI dTaau. by
dazomapaa WXTHEPUN HMKKM HYKTa y4yH ylap opacuaarm Macoda TylIIyHYacu
KupuTuiIagn. Metpuk ¢Ga3oJapuHUHT MyXUM TypJjapu OuiaH cu3 OMpUHYM Kypcaa
TaHUIIIACH3.

bepunran X - uxTué€puid TymiaMm yuyyH TyFpu X x X Kynaiutmazaa
p:XxX—>R" (Qynkuus  adumkiadrad  OyamO, — Ky#ujgard  ImapTiapHa
KaHOATJIAaHTUPCHUH:

1) p(x,y)>0, VX, yeX

2) p(x,¥y)=0<=x=y, Vx,yeX

3) p(x,y)=p(y,x), VX,yeX

4) p(xy)<p(x,2)+p(z,y), VXy,zeX

IOxopunarn maptinap meTpuk ¢a3o akcuomanapu jaeimnaau. by maptiap
Oaxapuica (X,p) xydprauk merpuk ¢azo nedmiaau. (X,p) - merpuk ¢aso,
Xxe X, r>0 6ynca mapka3su X HyKTaga Ba paguycu I ra TeHr ouuk map U (X)
Kyluarnda aHuKJIaHaIu:

U, () ={yeX:p(xy)<r}
Ouuk mrap épmammuna MeTpuk (pasoma OYMK TYIUIAM TYIIyHYACHHHA KUPUTHUII
MyMKuH. Ac X - KucM Tytuiam, X € A 6yimmb 6upopra r >0 con yuyn U (X) < A

Oyinca X Hykra A TYIJIaMHUHT MYKA HYKTacHu JAeHuiaaau. XamMMma HyKTajdapu UYKU
HyKTaJlap OyiraH TymiaM OYMK TYTuiaMm Aevmnaau. Arap 7 ouna cudaruma (X, p)

METpUK (a30HMHI XaMMa OYMK KHUCM TYIJamyiapu Ba Oyml TymjaamaaH uoopar
ownaHu oicak, Hatmwkama (X,7) Kyprauk Tomoyoruk ¢asora ainmaHamu. by

torosiorust (X, p) dasoma p MeTpuka Epaamuna KUPUTUITAH TOIMOJOTHUS J1e0

atanaau. DHIW 7 OWJIAHUHT TOIOJIOTHK (ha30 aKCMOMAaJapuHHU KaHOATIAHTUPHIIINHH
TEKIIUPANIHUK.
1) xe X Ba r uxtuépuit con 6ynca, U (X)c X Oyaranmuru ydyH X Tymiam 7

OWJIACHTa TETULLUIUIND;

2) Bym tyrmiam 7 owsiara yHUHT aHUKJTaHUIIINATA KYpa TETUIUTHIND;

3) MkkuTa TyIuiaM 7 owiara TeTHIDIH OYJica,yJIapHUHT KECHIIMAacH XaMm Oy owiiara
TETHLUIM SKAaHJIMTMHM Kypcatailmuk. Arap A, A er Ba A NA = 06¥ica,

UKKMHYM maptra kypa A N A €7 wmyHocalbar ypunnuaup Papa3 Kuialiuk,
ANA =2 Ba Xe A=A N A, 6yncun. Kapanaérran A Ba A, Tyminamuaap o4uk
Oyirannurd y4yH IyHoad I, Ba I, mycOar cownap maexyinku, U (X)c A,
U ()<= A wmynocabarmap Oaxapumamu. Arap 0<r<min{r,r,} 0yca,
U,(X)c A=A N A, myHocabar Oaxapminamu. [lemak, A=A NA T1ymmam ¢

owsara TeruiuIuaup;
4) ®apa3 kwiaiiiuk {A } - 7 ousara TerumuM TYiamiaap ousiacu OYJICHH.



bus | JA, er oxammruau kypcatamus. bynunr yuyn xe A=UA, Hykranu

a

Kapainuk. Kapanmaértran X Hykra WMFMHIWTA TETUNUIM OVITaHIWTH YYyH ITyHIAM
MHIEKC @, MaBXyakd, Xe€ A, MyHocabar Oaxapunanu. by /!,0 TYIUIAM OYHUK
Oyarannurn yuyH wyHpaii >0 con maxynku, U, (X)c A < A myHocabar

Oaxxapunaau./lemak, Aer Ba 7 owWwia TOMOJOTUK (a30 aKCHOMAaJAPUHU
KaHOATIAHTUPATH.

6 - Mucon. X =R, p(X,Y) :‘X - y‘

7-Mucon. X =R", p(X, y)=1/zn:(Xi —y')?

By epma x=(x', X*,..., X"), y=(y', y’,..., y")

8-Mucon. X =C[a,b] Owmnan [a,b] cermenTna aHWKIaHraH y3JIyKCH3
byHkumsnap tymiamu OenrumiaiimMus. By tymmamma x(t), y(t) ¢yskumsap yuyn

r(x, y):sup‘y(t)—x(t)‘ dbopmyna OyiiMua MeTpUKaHM aHUKJIaWMu3. by xomma r

tefa,b]
yU4yH METpPHK (a30 aKCHOMAJIAPUHU TEKIIMPHII E€HTWI, IIYHUHT y4yH Oy HWIITHH
YKyBUMIapra XaBoya dTaMu3.

OHan MeTpuK ¢a3o y4yH HUYKH, dYerapaBhUil Ba YpUHHUII HyKTaJlapuHU
KUPUTAWUIIHK.

®dapaz kunawnuk Ac X - kucMm Tymiam, X € X 0ynu0, uxtuépuit r >0 yuyH
UX)NnAzd, U (X)N(X\VA)= 06ynca, X Hykra A TYIUIAMHUHT 4erapaBHid
HyKTacu aedmnaau. Arap mxtuépuii r>0 yuyn dakatr U, (X) N A= myHocabat
Oaxxapmiica, X HyKTa A TYIUIAaMHUHT YPHHHII HyKTacu aevmnaau. bupoprta r >0
conu yuyH U (X)c A myHocabar Oaxapmica, X HyKra A y4yH HYKH HYKTa
aevnnaan.Metpuk Qazonap myHaail Oup axxoind XycycusiTra sraku, 0y XyCyCHST
Xaycnopd axcuomacu ne6 artamamu (X, p) - merpuk (azo, X,ye X Ba X#Y

oyacun Arap d=p(X,Y), 0<r<% oynca, U, (x), U (y) mapmap ¥3apo

kecummMaiinu. bu3 Tomomoruk daszomap yuyH Xam Xaycaopd aKkCHOMaCHHHHT
OaxapunuiuHA Tanad Kuiamu3. by akcroma Kyitmaaruda tabpudiaHaim.

Xaycnop¢p axcmomacu. bepwiran (X,7) - Tomonoruk ¢azona UXTHEPHIA
Vy3apo dapkau X, Ye X HyKrajgap y4yH YJIapHUHT ¥3apo KecUIIMailauran
aTpodapu MaBxya 0yica,0y gazona Xaycaopd akcuomacu OaxkapuiraH JeHuIaIu.

Xaycnopd akcmomacu Oaxkapuiran tornojoruk dazonap Xaycnopd pazonapu
aevimnaan. bu3z Oy xakuma amoxuja TabKUAJaMaclAaH Kype JaBOMHIA XaMMa
ToMnoJIoTuK (azonap yuyH Xaycaopd axkcuoMacu Oakapuirad ne0 ¢apas Kuiamus.
IOxopuaa TabKuaIaraHUMU3IEK, METpuK Qasomapaa Oy akcuomMa Xap JOUM
OakapuIIraH.

DOHaM  TOmOJIOTHK  (a3oyiapra Kanrtaiwmk. (X,7) - TOHMOJIOTHK  (a3o

{x.}e X, n=12,... Ba Xe X OyncuH. Arap X Hykranunr uxtuépuii U arpodu
yuyH mryHaaid con N >0 masxyn 6ymu6, n>N ga X €U myHocabat Oaxapuiica,



{X,} - xeTmMa-keTnMK X HyKTara sKMHJIamamy aeidmiaan Ba liIMX =X (éku X — X)

n—w n—w
KYpUHHILA E3UITAHN.
Teopema-10. Xaycnopd dazocuma xap KaHmall SKUHIANIYBYH KETMa-KETIIUK
STOHA JTUMHTTA ATAITHP.
Hcoor. Dapa3 xkwrailmuk {X } SKUHIAIIyBYM KeTMa-KeTIMK Ba limXx =X
OyncuH. Arap X, — Y Ba Y#X Oynca, U, Ba U, O6unan moc paBumaa X Ba YV

HYKTaJapHUHT ¥3apo KecHulIMainuran atpodnapunu Oenrunaimus (Xaycaopd
akcuomacu ).bepunran {X } - keTMa-keTIMK X Ba ) HyKTajlapra sSIKMHJIAIITaHJIUTH

yauyH myHpaid N, N, commap maexynku, N=N, ma X €U, n=N, ga X €U,
o6ymamu. bynman n>max{N,,N,} 6yaca, X, eU, nU, myHocabaTHu oJamwus.
Hemak, U, N"U, #J. By sunausatnan Y = X 0ynumm kenuO yukagy. [



6- MABPY3A.
Mag3y: borsannmim Tymiamiap Ba yJapHUHI acoCHil xoccajapu. (4
€0Aar)
dapa3 kwnainmuk (X,7) - tomonoruk (azo, Ac X - KUCM TyIuiam OYJICHH.

Nkkura ounk G, Ba G, KucMm Tymiamiap MaBxyJ 0yiuo,

1) A=(ANnG)U(ANG,)
2) (ANG)N(ANG,)=Y
3) (ANG) =9, (AnG,)=J

maptiaap Oaxapwica, A TymiaMm OOFJaHUIICU3 TyIUlam aevunagu. Arap Oy
mIapTiIapHu KaHoaTiaHTupyBuud G, Ba G, ouumk Tymiuamiap Maexyn Oyimaca, A

Ty11am OOFJIAHUIUIM TYIUIaM JIeHHITaau.
bepunran  Atymimam  yuyH A=X  X0inHM Kapailnuk. by Xxonga
XNG =G, XnNG,=6G, Oyarannuru y4yH IOKOpPHJArd Iapriap Kyhduaarua
KYpUHHIIAA E3UIIA/IN.
1 X=G,uUgG,
2"y G, NG,=0
3) G =Y, G,z
Jemak, arap 1'), 2'), 3') mapmiapuu kanoaraantupyBun ouuk G, Ba G,
KUCM TYyTulamiap MaBxkynd Oyica, X ¢a3oHM OOFIaHUIICU3 TOMOJOTHK (a3zo 1ed
araiimus. Akc xonza, sehu 0y 1Y), 2'), 3') maptinapuu kanoarnantupysun G , G,

Tymiamiap MaBxyJ 6yiamaca, X ¢pa3oHu OOFJIaHHUIILIN TONOJOTUK (a3o Aed aTaitMus.
Teopema-11. bornanunuiy TYIIaMHUHT ENUFU XaM OOFJIAHUIILIH TYTUTAMIUD.
HcooT. Papaz kunaitnuk (X,7) - Tomonoruk (azo, Ac X - OOFIaHUIILIN

KHMCM TyTuiaM OyiacuH. Arap A Gornanuuicus Tymiam 6ynca, ounk G, Ba G, kucm
TYymIamiap MaBxyJ 0yiau0, Kyiunaru

A=(G NA)U(G,A)

(G,NA)N(G,NnA) =D

G,NA=, G,NA=J
MyHocabatnap Oaxapunanu. TymiaM énury aHukIanumura kypa Ac A myHocabat
YpuHIH OyAaranauru yuyH, (G,NA)NA=G, N A,

(G, "A)NA=G, NA, A= (G, A)U (G, N A) TeHrnuKIap YpUHIAIHD.

By epna G, Ba G, ounk rtymiammap, G NAzJ, G,NAz%J
oynaranmurugan, G, NA#=Y Ba G, N A% MyHocabarnap Kenud 4YMKagu Ba
muxoar (G, MA)N (G, "A)=D tenrmukaan (G, N A) N (G, " A)=C Tenrnux
kenub umkanu. by myHocabariap Gupranukia A TYIIaMHUHT OOFIaHHMILICH3 TYIIAM

SKAHIIMTUHU KypcaTaaw. by swmmuarnadn A TYIUIAMHMHT OOFJIAHWUIUIM DKAHJIUTH
Kenub ynkamgm. |



Teopema-12. busra {A } Oornanunum Tymiamaap ouwnacu Oepwiran 6yiuo,

yIapHUHT YMyMHHl KucMu Oy Oyiamaca, S’bHH ﬂ A, # D bynca,
[24
A = U A, Tynnam xaMm OOFJIaHUIILIH TYTUIAMIND.

Hcoor. Dapa3 xwiainmuk A TymiaMm OofjaHuiicu3 OYicuH. bormanumicus
TymiaM Tabpudura kypa mysnjaai ounk G, Ba G, Tymiamiiap MaBxyakH,
A=(G NnAU(G NA)
(ANG)N(ANG,) =Y
ANG 20, ANG,zJ
MyHoca0ataap YpUHIUIUDP.
bupunun myHocabatman uxtuépuii o yuyn A, =(A, NG)U(A,NG,)
TEHIJIMK Keau0 4YMKaau. YHJOaH Tallkapu, MKKUHYM MyHocabatmaH Ba A C A
skaniuruaad (A, NG,) N (A, NG,) =< TeHIUK Kenud YuKaIu.
Hemak, A =(A NG)U(A NG,) Ba A OormaHuIIIM OYNTaHINTH yYyH
ANG, =3, ANG,= TeHrnukiapaad OupopTacu YpUHIUANDP.
Arap Oupopta «, yuyH Aao NG, = 6ynca yuna A, G, 6yranu. Jlexun

ﬂAa #(J MyHocabaTnaH xamMMa « Jap yuyH A c G, skaHiuru kenud 4ukanu.

bynnan aca AN G, =< TeHIMIMKHU XOCWI KuiaMu3. by KapaMa-KapIuinuk Teopema

UCOOTHHM SIKyHJIalIn. ||

Oumu arap Xe X 0Oynca, H Owman X HyKTa TErunum OYyiraH Xxamma
OOFNAaHUIILIM  TYIJIaMJiap WUFUHAMCUHU  Oenrwiaiinuk. by  TymimammapHUHT
XamMMacura X TEeruluid OYNraHiurua yuyyH 9-teopema maptu Oaxapunaau. /lemak,
H Oornanunum tymiamaup. by H tymmamam X Terunuim OYViaran GOFJIaHUILIIAIUK
KOMITOHEHTacu J1e0 araiiMu3. AHUKIaHUIIUra kypa H Tymmam X terunumm O6ynaraH
OOFJIaHUIIUIN TYTIJIAMJIADHUHT HT KaTTaCUAMDP.

Teopema-13. Xap xXui1 UKKM HyKTaJap Yy4yH Yyiap Teruuuid OynraH
OOFTAHUIILTUINK KOMIIOHEHTATapy EKU KECUIITMANIN €KM yCTMA-yYCT TYIIaIu.

HUcoor. bepriran X, e X HyKTanap yuyH X# )/ Oyica, yjaap TErHILIM OyiraH
OOFNAHUIUIMINK KOMIOHeHTanapunn H, — Ba H =~ Owian Oenrunaidiuk. Arap

H, n"H #& 6ynca, 9-reopemara kypa H =H, UH  Ttymnam Gornanuuumm 0ynanm
Ba OOFJIAQHUILIMINK KOMIIOHEHTACUHUHT Tabpudura xypa H=H =H  tenrmuk

Kenub yukaau. [
Teopema-14. bornaHUIIUINK KOMIIOHEHTACH €MUK TYTLJIAMJIND.
HUcoor. Dapaz xwiaimuk H tymmam X  HyKra Terunui — Oyiras

OOFNAHUIIMIMK ~KOMIOHeHTacH Oyiacun.lOxkopunaru 8-teopemara xypa Ff
CormanunuIM Tymaamaup. Kommonenra taspudura kypa X € H mynocabGarman

H = H renrmux xemu6 unkann. lemak, H énuk tymamaup. [



7- MABPY3A.
Mag3y: KoMmnakT Tynmiam/ap Ba yJapHHHT acocHii xoccajapu. (4 coar)
busra (X, 7) - Tomonoruk ¢azo, Ac X - kucMm TymiaMm Ba 6upopra {A }

OUMK TYyTulamyiap owiacu OepuiraH OyicuH. bepwiran owna ydyH U A DA

o

MyHocabar Oaxapuica {A } onna A TYIUIaMHHMHT OYMK KOOWFHM 1e6 atamaau. Arap

KOOMWK YEKJIM COHAArU TyTiaMmiiapaaH uoopar Oyica, y 4ekjivi KOOUK Ae0 aTanaau.
Tabpud. bepunran A TYIaMHUHT UXTUEPUM OYMK KOOUFUIAH YEKIIU KOOMK
aXpaTUIl MyMKHH Oyica, A TYIiaM KOMITakT TyTuiaMm Ae0 aTaiaau.
Tabuuiiku , 0y Tabpudaa arap A= X 0O¥ica, yHaa 613 KoMIakT $has3o
tabpuduuu onamus. Paxar Oy epra {A } omna X yuyH KoOuk O6¥ica, yHna

JA, © A mynocabar | J A, = X wmynocabarra TeHr Ky€iuaup.

Teopema - 15. bepunran X tomomoruk (a3zo kommakT Ba AcC X - €nuk
KHCM TYTiaM 0yica, A - KOMIIaKT TYTUIaMIUp.
Hcoor. Dapa3 kunaitmuk {A } - €nuk A TymnaM ydyH OYMK KOOHMK OYIICHH.

bepunran A tynnam €nuk Oynrannuru yuyHn X \ A oumk tymuiam Ba {A FU{X \ A}
ouna X ydyH KoOuk Oymaau. . bepunaran X kommakTt (a3o OYiAraniaura ydyyH
{AJU{X \ A} omnaman X ydyH 4YeKIM KOOWK aXpaTHII MYMKHH. AJKpaTHITaH
4eKJIM KOOMKKA Ternuum KucM tymiamnap F, F,,..., F_0yncun. Arap {Fi }lk ousana

X\ A tymunam Oynmaca, {F} ouna {A } man axpatunran A HHMHT Y4eKJIH KOOWFH
oynamu. Arap {F} omnaga X \ A Oynca , yana Oy omnagan X \ A HU yukapu0, A

V49yH YeKIM KOOWK Xocui Kuiamu3. Jlemak, A kommakT Tymiamaump. Teopema
uCcOOTIaH N,

Teopema - 16. bepunran X Tomosnoruk dazo xaycmopd dazocu, Ac X -
KOMIIAKT TYmiam Ba Xe€ X \ A O¥yica, TymnamMHM Ba HYKTaHH OYHK TYILIaMIIap
éplamuza axpaTHIl MyMKHH,IbHU Kecummaiinuran ouuk G, Ba G, tymmamiap

maBxyn 0ynu0, Ac G,, Xe G, myHocabarnap ypuHiau Oynaau.
Ucoor. buz Atymnamra terunui UXTHEPUNA Y HYKTaHH OJicak, Xaycaopd
akcuomacura Kypa ouMk Kecummaiiguran G, G, Tymiamnap Mmagkyn — 0yiau0

xeG,, yeG, myHocabarnap Oaxapunaan.Xap Oup Yy HyKra ydyH onuHrad G,
ounk Tymiuam Mapxyumrunan {G, :y € A} ouna xocun Oynamu. bynnan tamkapu
{G,:ye Atouna A Tymimam ydyH OuMK KOOMK Oymamun Ba ATYIiaM KOMIIAKT

Oynrannuru ydyyH Oy ownagaH A  ydyH YeKIM KOOWMK aXpaTUIl MYMKHH.

A>XpaTuiraH YEKJIU KOOMKKa TETULLIIN OYMK TyIuIamiap Gyl :
Gy2 yeee Gym Tymiamiapaad ubopatr Oyica,0y ouMk Tymamiap — Ouiad
KEeCUIIMalural X HYKTaHUHT aTpodaapuHu MOC paBHIILIA

G, (v, G.(Y,),...,G,(vy.) KypuHuinga — Oenrmnaimums.  Arap G, = LmJGy_ ,
i

G, = ﬁGx(yi) oynca, paBmanku Ac G, xeG, Ba G, NG, = wmyHocabariap
i=1

Oaxxapunaam.| |



Teopema - 17. Tonosoruk X ¢gazo xaycaopd ¢dazocu Ba Ac X - KOMMAKT
TyaM 6yica, A €nuk TYIiaMaup.

Hcoor. bepunran A TYmIaMHUHT €MUK DKAHIUTHHM KypcaTuin yuayH X \ A
TYIUIAMHUHT OYMK SKaHJIUTMHHM Kypcaramm3. Arap X € X \ A 6yica, 11-treopemara
kypa myHgai ounk G Tyrmiam Mapxyaku, X € G < X \ A myHocabat Oakapuiiaiu.
Jlemak X Hykra X \ ATymiamM ydyH WYKH HyKTa Ba X HYKTAHUHT HXTHEPHUIA
skamurugad X \ A TYIUITaMHUHT OYHK TYTUTAM SKaHIUTH KeTHO YUKaIu. ||

Teopema - 18. Epknun ¢azocuna Oepmwirad A TYIJIaMHUHT KOMITAKT TYTIIaM
OYNUIIM YYyH YHUHT €MHK Ba YerapajaHraH TYIuiaMm OYJIMILIY 3apyp Ba €Tapi .

HUcobot. 3apypauru. Merpuk dazona tymiam OupopTa map vuujga €rca, y
yerapajlanran Tymuiam Jedunanud. bepuiaran A TymiaM KoMmmakT Oyica, €BKIINI

dazocu R" mumr xaycmopd ¢azo skammuruman A TYIUIAMHUHT €OMK TYILIAM
SKaHJIUTU Kenub unkaau (Teopema-14). Duam A TYMIaMHUHT yerapajiaHraHIUTHHH
Kypcarailiuk. byHUHr yuyH Oupopra X € A HyKTaHu onu0, Mapka3u HIy HYKTajaa
oynran {B,(X)} mapmap omnacuHm Kapaitmus, Oy epma n=1 2,.. . By mapmap
omwnacu A ydyH O4YMK KOOWK OYyianu Ba A KOMHOAKTTYIUIaM OVITaHJIUTU Y4yH Oy
OWJIaJJaH  YeKIM  KOOMK  aXpaThill  MYMKHH. Arap  4YeKid  KOOMK

B, (%)’an ()6)’---,5,7k (X%) mapmapman mbopar 6ymca, N Ommam n,n,,---n,
COHJIADHUHT 3HT KarTacuHu Oenrmiaimu3. By epma B (X) mapkasm X HykTana,
pamuycu N Oynran oumk map. by xonma Ac By (X) myHocabatnaH A TYIiaMHUHT
YyerapajaHTaHIUTH KO YUKaIu.

Erapiuiurn. TeopeMaHWHI eTapiIuIMIMHM  ucOomiam  ydyH, R" ma
Q, ={xeR:X|€r} KyOHMHI KOMHOAKTIUTUHU ucOOTIalMHU3. ByHHHr yuyH H5ca

UIIHY €MUK KECMAHUHT KOMIAKTJIMTUHU UCOOTAIIIaH OoIIaiMus3.

Jemma 1. Xakukuii connap ¢ascocuna uXTUEPUN €MUK KecMa  KOMIIAKT
TYILIIAMIUDP.

Hcoot. bus [a,b] €nuk xecma yuyn yauar{U ,} oumMK KOOWFHHHU Kapailluk.
Arap Xe[a,b] Ba [a,X] cerMeHT yuyH Yeknm KOOMK MaBxya Oyica , OyHmait X
HyKTaJIap TYyIulaMuHA A Omiian O6enrunaiimus. Papmanku , A Oyu1 smac,uyHku a € A,
Bynnau rtamkapu, bupopra o, yiyn a€U, Oyuaca, a HyKra y3uHHHT Oupopra

aTpodu Ounan U, tymamaa ,taau. lllyHusr yayH A Tynnamra a HyKrajaaH Oolka

0
HyKTajmap xam terunumd. Jlemak, arap C=sup{x:xe A} Oynca, C>a »dKaHIUTH
paBmian.by epna ¢ =sup{X:x € A} Oyiraniuru yayH uXTUEPHUI eTapau KHIuK £ > 0
yuyH [a,C — &] xecma yuyn {U ,}onnagan Terummm yeknm KOOUK aXpaTUIl MyMKHH.
bu3 CHykra Teruuum 6ynran ouuk tymiamun U, Ounan Genrunacak, U, tymiam
OYUK OYNTaHIUTH Y4yH OupopTa erapiu Kuuuk & >0 yuyyH (C—g,c+g)c U,
MyHoca0aT ypuniu Oynamu. Arap ¢ >0 coHHu TaHnamza [a,C—&] cerMeHT y4dyH
Yekm KOOMK MaBkyq Ba (C—&,C+&)C U, MyHocabat ypunmn 6yica, [a,c—é]
CEerMEHTHHUHI Yeknau KoOurura U, TynmamHm Kyuicak, [a,C] cermeHT y4yH uekian

KoOuK xocun Oynmaaum. [lemak, C € A myHocabat ypurnu OVymamu. OHaum C=Db
TEHIJIMK YPUHIM SKaHJIUTMHA UCOOTIaianK. Arap C<b OVyica, & COHHM IIyHZai



KA4UK Kumb onamusku, [C—¢,C+¢]cU, MyHocabar Oaxapuicud. By Xoina

[a,c] cermenTHHHT Yekm KOOUFH [a,C + £] yuyH Xam uekiin KoOukK Oyinanu. by aca ¢
HYKTAHUHT aHUKIaHummra 3unaup. Jemak, C¢=Db tenrmuk Yypurmmaup. Jlemma
ucoOotTiianau. [

Jemma-2. Epxmun ¢azocuna énuk ky6 Q, ={xeR", |x|<r} xommakr
TYTUIaMJINP.

Ucoor. Emuk Q, xy6buu n Tta [-r,r] cerMeHTHMHr TYFrpu KymaiitMacu

cupatuna &€3amu3. lllynna nemma-2 MKKMTa KOMIIAKT TYIUIAMHUHT — TYFpU
KYTaWTMacu KOMMAKT TYIJIaM JKAHJIWTHAAH KenuO umkanau. by dakTHu Kyhdugaru
TeopeMa KYypuHHIIIa €3u0, KeMMHYATUK UCOOTIaMu3.

Teopema-19. X,Y - tomonoruk dazomap, Ac X,BcY - komnakr

Tymiammap 6ynca, Ax B - Tyrpu kymaiitMa xaMm X XY TOMOJIOTHK (ha307a KOMITAKT
TYTUIAMIHD.

Oumu OeBocuTa 15-Teopema ucOoTura KaWtainmuk. buz xapaérran A Tyminam
yerapajaHrad OYJIraHIUIY y4yyH YHU ¥3 nuura oayBun Q, ky0 mamxyn. bepunran A
TYIuIaM énMK OVJIraHiurd ydyH yHUHD TYamupysBurcd R"\ A oumk Tymmamamp.
Oumu {U,} owna A tymiamuusr ounk Koburu 6yaca, {U,}U{R"\ A} ouna Q,
KyOHMHI O4MK KoOuFu Oynaau. buz kapaérran Q, Ky0 KOMIakT TyIuiaM OYJIraHJIUTH
yuyH Oy omnanaH Q, KyO y4dyH 4eKknIM KOOMK aXpaTHIl MYMKHH. XOCHJ Oyira
korkaad R™ A tymmamuu unkapu6 A tymiam yayn {U,} ownanam axpartuiran
YEeKJIM KOOUK XOocui KuiaMu3. Teopema ucOoTu Tyraau. [



8-MABPY3A.
Mag3y: Y3iaykcu3 akcJaHTupuuiap. (4 coar)
buzra X , ¥V - uxtuépuii Tymiamiap 6epuiran 0Yiau6 , X TYIiiaMHUHT Xap Oup,
aeMeHTUra Y TYIUIaMHUHT OWTTa 3JE€MEHTH MOoC KyuuiraH O6ynca, X TyminamMHua Y
TYIlamMra akCJIaHTUPYBUM MOCIMK €KM aKCIAHTUpHUII Oepuirad Aeiunaad Ba
f: X —>Y xypunumga é3unaam.

Arap f:X —>Y akcnantupum Oepunran Oynca, Xxe X yuayn Y= f(X)

SMeMEHT X HyKTaHWHT akcu (§xu obpasu), yeVY yayn f(y)={xeX: f(x)=y}
TVIaM ) HyKTaHWHT aciau (€ku mpooOpasm) aevunaau. bepwiran Ac X KucMm
TYIUIaM Y4yH YHUHT o0pasu f (A) ={f(x): xe A}, BCY kucwm TymiaMm y4yH YHUHT
npooOpasu f_l(B): {X: XxeA aa f(X)e B} KYpUHUIJA aHHWKJIaHaau. Arap
f(X)=Y 6¥ynca, f axcnamTupummm “ycrura” akcmantupum, f(X)#Y 6ymranma

sca “huura” akcIaHTHPUII J1e0 aTaiiMus.
bepuiran f “ycrura” aKCIIAHTUPUIII  YYYH X, X, € X Ba

X, # X, myHocabatnapman f(x,) # f(X,) mynocabar xemm6 umkca, f ¥3apo Owmp

KUHAMATJIN aKCIAHTUPHUIL IEUUIIA N,
Taspud. buszra X, Y Ttomomoruk c¢azomap, f:X —Y akcmantupum Ba

Xe X Hykra Oepunran Oyncun.Arap Y= f(X) mykranunar uxtuépuir V artpodu

yayH X Hykranuar U arpodu masxyxn 6yau6, U  f (V) myHocabar Gaxapuica
f akcmaHTHpHII X HyKTana y3JIyKCU3 JACHHIIAIM.

Arap f akcmantupum Ompop A Tymamra TETHILTM XaMMa HyKTajiapa
y3aykcu3 Oyica, y A Tymmamaa ys3nmykcus neiwramu. Arap f  akcmantupmm X

(da3oHMHI XamMMma HyKTajdapuja y3jiayKcu3 Oyica, y Y3JIyKCH3 aKCIaHTUPUII
euniIaau.
Teopema-20. bepriran f akimaHTHUPUIN y3JIyKCH3 OVJIMIIN y4yH HUXTHEPHI

G cY oumk TymwiaMuuHr npoobpasu f (G) ouuk GynuiM 3apyp Ba eTapin.

Ucoor. 3apypauru. dapa3 kunaimik f y3nmykeus akcnantupum, G Y 0o4uK

Tyiam 6yiacun. f (G) OYMK SKAHIMTMHM KypcaTHIIMMuU3 Kepak. Arap X € f 1(G)
oynca, f (X) € G Oymamu. f akcmaHTHpUII X HyKTaJaa y3JdyKCH3 OVJITaHIUTH YIyH X

muar mysgai U atpodu  wamxkyaxku, U c f1(G) 6ymamn. Bymman oca
xeUc F1(G) kenn6 unkamm. Jemak, f (G) ounk Truiamaup.

Etapnumik. Dumy nxtuépuii G Y ounk Tymiam yays f 7 (G) oumk Tymmam,
Xxe X Oynacun. y= f(X) Hykranunr uxtuépuii arpodu V HH Kapacak, y OYHK
oyarammry yayn U = f (V) ounk T9mwiam 6yiaau. Yuunan tTamkapu X € f (U) Ba
Uc f (V). Hemak f akcnmamtupum X HykTaja y3iaykcmsaup. by epma X
UXTHEPUN HYyKTa OYIrarmimury yayH f y3iaykcus akcimanTupuin 0yiamm.



YMyMaH ojrasjaa, y3JIyKCH3 aKCIaHTHPHUIIAA OYHMK TYIUIAMHUHT O0pa3H OYHK
6y wapt smac. Mucon yayn, X =R?(x,y) Ba Y =R?(u,v) dasonap yuyn f
aKCIAHTUPUIIT f(x,y)=(sinx, cosx) KOuJ1a Ownan aHUKJIAHCA,
{(X, y)e R?: X% +y? <1} noupaHuHr o6pasu R? na oumk Tymmam smac. Arap f

AKCIAHTUPHIII f(x,y)= (ex cosy, e”sin y) KOUIa Ounan Oepuuica,
{(x,y)=(x<0, y=0)} énux Tymnam o6pasu nuk smac.

Teopema-21. buszra X, Y,Z - Tomosoruk a3zonap, y3JyKCU3 HKKHUTA
f:X>Y, g:Y>Z - akcnantupunuiap Oepwiran Oyica, yJapHUHT
KOMIO3UIMACH,IbHA f o § : X — Z aKCIaHTHPHII XaM Y3TyKCH3IHP.

HUcbor. by Tteopemann wucboTnam yuyyH rokopuaaru 20-teopemanan
doiinananamus.®@apas kunaiimuk G cZ ounk Ttymiam 6yncun.buz  h7(G)
TYIUIAMHUHT OYHK SKaHJIUTHHU KypcaTHIMUMU3 Kepak,0y epaa h= f o g. I[IpooOpas
YVUYH YHMHI aHUKIaHummra kypa h™(G)= fﬁl(g (G )) TEHTJIUK  YPUHINIUD.
Teopema maptura xypa Q:Y — Z akCHaHTUPHIN Yy3TyKcu3 Oynranmuru y4uyH 20-
TeopemMara Kypa g’l(G) Tymiam o4uK Tyriamaup.byanan tamkapu f: X —Y
aKCIAHTUPHUII  XaM  Y3JIyKCHM3 OYyiraniaurd ydyH 1[Iy TeopemMara Kypa
h™(G) = f‘l(g _1(6)) TYIUIaM XaM oOuMK Tyruamaup./lemak rokopumaru 20-
teopemara kypa f og: X — Z akcmaHTUpHII XaM y3ITyKCU3IUP. [

Teopema - 22. busra X, Y - tomomoruk dazomap, f:X =Y y3aykcus
akcimantupui, Ac X - koMmmakt Tyruiam OepwiraH Oynca, f(A) tymmam xam

KOMITAKT TYTLIaMTHP.
Hc6or. Ounk tymmammapaan uoopar {U,} oumma f(A) TymmamMHUHT OYMK

koOurn OyicuH.Teopema maprura xypa f y3mykcus akcmaHTHpHII OYITaHIUATH

yayn V, = f (U, ) T¥mmam xaMma @ map yuyH oumMK TYTIaM 6y1am. YU, o f(A)

o

myHocabatnan | JV, > A myHocabar kemu6 umkagu. Jemak, {V,} omma A yuyH

[24
OYMK KOOMK OYynamu. A KOMIIAKT TYIUIaM OYJTaHIUTH Y4yH Oy KOOMKIAH YEKIH
KOIJIJaMa @XpaTWIl MYMKHH. AJKpaTWIraH dYeKiau KoIulamMa dJeMEHTIapH

Val , VOtz ey Vam tymiamnap  Oyncun.  Illynpa  ymapHuHr — oOpasznapu
U0€1 ,Uaz ,---,Uam tymiamnap f(A) tymnam yayn {U,} ommaman axparunran
YEeKJIU KOOMKHU TalIKWJ 3Taau. ||

Teopema-23. busra X, Y - tomomoruk dazomap, f:X =Y y3mykcus

akcimantupuii, Ac X - OofaHUNLM TYIlam Oepwirad Oyica, f(A) Tymiam xam

OOFJIAaHMIIUTN TYTUTAMIHP.
Hcoot. Arap f(A) OGormanumcus tymiam Oynca, 6ym Oynmaran ounk G, Ba

G, TYIUIamMap MaBKy [ 0y1u0, f(A)=(f(A)NG)U(f(A)NG,),
(f(A)NG)N(f(A)NG,)=D Ba f(ANG, 2D, f(A)NG,# D mynocabariap



Gaxapunamy. Akciantupum f  ysmykcus 6yirammumrn yayn A = f1(G)) Ba

A =f - (G,) Tymuamnap X HHHT OYMK KUCM TYTUTaMIIapH OYIIajm.

byunan tamkapu f(A)NG =Y, Ba f(A)NG,# wmyHocabaTnapaan
ANAzD Ba ANAxd KeJmo YUKaIH. Bynnan TallKapu
A=(ANA)U(A, NA) myHocabar xam ypunnunup. Jemak A Oornanumicus. by
SHIUTUST TeOpeMaHu UcOoTIaiu. [

Teopema - 24. Enuk kecma | =[a,b] 6ornannmum tmmamaup.

HcooT. Dapa3 kunaiik [a,b] Oormanumicus OYicuH. Y X0J1a O4MK Ba Oy
O6ymmaran U, Ba U, rtymmammap wmamxyn 60ymu6, |=(1nU)u(lNnU,),
INU, =0, InU, = Ba (I nU,) (I N"U,) = myHocabatnap ypunau Oynaau.

Oumu | Hu Tomonoruk (pazora aitnmantupamus. ByHuHr yuyn | HUHT Kucm
Tymmamu A yuyr R' na ounk G Tymmam mapxyn 6ymu6, A=1NG 6yica, A Hu
OYUK TYIUTaM 11e0 IBJIOH Kujdamu3. XOocui OynraHn | HHHT OYMK KUCM TYIUTaMiiapu
ownack | 11a TOTONOTHSHU XOCWJI KWJIaaud Ba TOMOJOTHK (a3ora aitnmanaau. by
tonosorusia | Ba & xam oumk Tyriamaup. Arap | Gornmanumnicus 6yica | ma ounk
Ba Oy 6ynmaran U,, U, tymnamnap masxyn 6yau6 U, "U, =0 Ba | =U, LU,
MyHocabaTiap Oakapuiaaau. DHIU

f( X) _ {O, xeU,
1, xeU,
Kouja OwiaH OepuiraH akCIAHTUPHUIIHM Kapalauk. Arap G c R' - o4MK TyIUiam
Oyica

I, 0,1eG
a, 0¢G, 1¢G
t71G) =
U1 0eG, 1¢G
U2 0¢G, 1€G
TeHrmuK ypuwmumup. &, U, U,, | tymmamnap oumk Oynrammuru yuyn 20 -

teopemara kypa f y3mykens dynxnusanp. Komm teopemacura kypa ¢pynkmus 0 a 1
OpalIUFUAAard XamMMma KuimariaapHu KaOysl KMIMIIM Kepak. By 3uaausaT teopemaHu
ucooTimanau. [



9- MABPY3A.
Mag3y: Un3nk/an 00FJIaHMILIN TyIIamiap. (2 coar)

busra X - tomomoruk ¢azo Ba f:[0,1] > X - y3myKkcu3 akCIaHTUPHII
oynacun. by epma | =[0,1] kecmamarum Ttomoyiorus rKopuaard 23 - Teopema
ucboTuaarn kabu eBKIuA Tomosorus Epaamuia axukiaanamd. Arap X = f(0),
y=f(1) Oynca, 6u3 X Ba YV mykramap f iyn €pmammpa tyramrupuiran aed
ataiimm3. Arap Ac X - KHCM TYIUIAaMHUHT Xap KaHJall WKKA HYKTAaCHHH Iy
TVaMaa €TyBUd Uyn épaaMuaa TyTaIITUPUIT MyMKHUH OYiica, A TymiaaM 4YU3UKIN
OOFJIAaHUIILIN TYTUIaM JeHUIaIn.

Teopema-25. Unsukiu OOFJIaHUIILIN TYTUIaM OOFJIAHUIILIN TYTUTAMIMD.

HUcoor. X - Tomosoruk ¢azo, Ac X - YM3UKIM OOFJIAHMIILIMA TYILIaM
oyncun. Tabpudra kypa, A ra Teruuuid UXTUEPUN X, J HyKTanap yuyyH y3i1yKCHU3
f:l1 > X -akcnantupum maxyn 6yauo, f(0)=x, f(1)=y Ba f(l)c A 6ynann.
Arap A Oornanuuicu3 Tymiam Oyica, ouuk Oy Oynamaran G, Ba G, Tymmamiap
maBxyn 6ymb A=(ANG)U(ANG,), AnG =, ANG, #J MmyHocabaTiap
O6axapuwitagu. ANG; tymnampan X Hyktanu, ANG, TtymiamaaHn VY HyKTaHd
oNaimuK. A Yn3uKIM OornaHunuM yarammmra yayH f @1 — X iiyn masxyn 6ymu0,
f(O)=x, f(M)=y Ba | =[0,1] yuyu f(l)c A 6ymagu. FOxopuaa ucOOT KMIUHTaH
teopemanapra kypa  f(l)=f([0,1]) Oormanunumm  tymiamaup.  Jlekud
A=(ANnG)U(ANG,) tearmukman f(I)=(f(1)nG)u(f(l1)nG,), Tenrnmuk
0JIaMH3. xe f(1)nG,, ye f(I)nG, OYnraHIuMruaan f()nG =9,
f(1)NG, = xenmud unkanu. bynnan f () 6ornmanumicns Tymiam sKaHIUTY Keuo
yukaan. by 3ugausat A GOFIaHUIIUIM TYTUIaM SKaHJIUTHHY KypcaTaau. [

YMymaH, OOFIAQHUNUIM TYIUIaM  YU3UKIM  OOFJAHUILIM  OYIMaciuru

MYMKHUHJIMTUHU KYWHIard MUCOJI KYypCaTaIu.
Mucou.

X =R? A={(x,y)eR?: y:sini, x#0}u{(x,y):x=0, —1<y<1}
X

OyncuH. PaBmanku, A OOFJIAHUIUIM, JIEKUH YU3UKJIM OOFJIAHUIIUIA SMac.
Teopema-26. ®apa3 Kuwiaiyiuk X - TOMOJIOTHK (a30/1a YM3UKIN OOFJIAHUIILIN
{Aa} TYyIuiamiiap ownacu O6epuiran OYJiacuH. Arap ynap yMyMuM HyKrara sra ,sSbHU
NA, #< Oynca.ynapaudr iwrupmucu | JA, TYmIaM XaM YM3HKIH OOFIAHMILIM
(24 a
oynanu.
HUcbor. bepunran Ttyminamnap HuruHAUCH OViaran A= U/g TyIiamMra

a

TETUIUIA X, Yy HyKTaJJApHU WYJ OWiaH TyTAIITUPUII MYMKHHIMTUHU KypcaTamwus.

Bynunr yayH ae€()A, HyKraHu omamus, Ba X€A,, ye A, Oyuacun ned dapas

kunanmuk. [lynna ae Aal, ae A, MyHocabariap YpuHiIM OyiraHu yayH X Ba Y

napHu a O6unan moc pasumaa f, f, iynmap épmamuna ryramrupamus. lyana



f,(2t) te{o,ﬂ
f,(2t 1) te{%,l}

dbopmyia Ounan anukiaanran ¢ Hyn yayH ¢(0)=Xx, g(l) =Yy TeHrmukaap YpuHiIn

g(t)=

oymamm./ |

Ouau 0y Teopemanan Qoinanannd, X TOMOJOTHMK (DAa30HUHT & HYKTACH YUyH
YHUHT YU3UKJIM OOFJAHUIUIMIMK KOMIIOHEHTACH TYUIYHYACHMHM KHUPUTAMMU3.
bepunran a Hykra Terunuid OYyiraH XamMma YM3UKIW OOFJaHUIUIM TYTUIamiiap
WUFUHIMCH IOKOpUJIard TeopeMara Kypa YM3UKIu OOFJIaHMIIUIM TYI1aM Oynanu. AHa
Iy TYIUIAMHU 8 HYKTAHUHT YM3UKJIW OOFJAHUIILIMINK KOMIIOHEHTacu ae0 ataiiMu3
Ba L(a) Omnan Oenrunaitmus.

Teopema-27. bornanummu X  TOMOJOTHK (a30HMHT Xap OHp HYKTacu
YU3HUKJIM OOFJIaHUILIN aTpodra 3ra Oyica, X 4YM3UKIU OoFaHuIuIn (pa3zo Oynamu.

HcooTt. Tomonoruk X (a3oHuHr @ HyKTac yuyH L(a) TymmamHu Kapailiuk.
By TymuiaMHUHT OYHK TYTUIaM 3KaHIUTUHU Kypcarailiuk. Arap b e L(a) 6ynca, V (b)
OwmaH b HyKTaHUHT YHM3MKIM OOfIaHuIUid arpoduun Oeiarumiaiimus. IlyHma
V(b)c L(a) o6ymamu. Jlemak L(a) ouwmk tymaamawp. Daam L(a) tymmam ydyH
L(a) = L(&) renrinkay ucGoTaimk. ByHunr yuyn beL(a) Hykra onub, yHu a
HYKTa OWjIaH WY OpKaJIM TyTaIITUPHUII MyMKHUHJIUTHHU KypcaTaMu3. Y pUHMA HYKTa
tabpudura kypa, b HykranuHr xap Oup arpodmma L(a) Tymiamra Terumum
Hyktamap O6op. Arap V(D) tymnam b HykraHuHr OMpopTra UHM3MKIM OOFIAHUILIH
atpodu Oyica, Oy arpodaa L(a) tymiamra Teruinin Hyktamsap oop. lemak a HyKTa
b Ounanm ¥yn opkamu TyramTupuimn MyMKuH. byHnman be lL(a) xenuO uukanw.
bynman L(a) TymmaMHMHT €MUK TYIJiaM SKaHIUTH KeauOd umkanu. bepuiaran X
TOIOJIOTUK (pa30 OOFIAHUIUIM OYJITAaHIMIM Y4YH Xap KaHaak Oym Oyimaran Oup
BaKT/Ia OYMK Ba €nuK Oynran tymiam X OwiaH ycTMa-ycT Tymanu. [lemak
X = L(a), Ba X YHM3UKJIHA OOFTaHUTIAND. ]



10-MABPY3A. Magsy: TonoJIoruk akcJIaHTUPULLIAP
(I'omeomopdusmuaap) (4 coar)

V3Iykcu3 akCIaHTUpHUIUIAD WYWAa OW3HMHI KypCHUMH3 YYyH MYXHUM
aKCIaHTUPHUILIAPIaH OMPHU TOIMOJIOTHK aKCIAHTUPHUIIIUP. TOMONOTHK aKCIaHTUPHIIL
romeoMoppusM n1e6 xam aranagu. by maparpadgaa TOMOJOTMK aKCIAHTUPHII
TYNIYHYACHHU KHUPUTHO, MHCOJUIAD KEITUPAMU3 da YHUHT OM3 YUyH 3apyp acocHil
XOCCAJITAPUHU KEJITUPAMU3.

X, Y - tomomoruk ¢aszomap, f:X —Y - akcnmantupum Oepwirad OYJCHH.
Arap f akcmaHTMpuira Teckapu axciaHtMpum f ' wmaekyn Ba f, 7
aKCIIAHTUPUILIAP Y3IyKcu3 Oyica, f Tomomoruk akcmaHTHpHII KM TOMEOMOP(hU3M

ned arajaau.
Tomosloruk akciaHTHpHIIra SHr coaga Mucos Kuimub f(X) =X kouma Ounan

anuKyianrad aitanid f @ X — X akcIaHTHPUIIHU ONHITMMHA3 MYMKHH.
Tomosoruk akcnaHTUpPUIN TabpupumaaH OeBocuTa Kenub uyukamuku, arap f

TOIOJIOTUK AKCIAHTUPHII 6yiica, OYHra TeCKapy akClaHTHpUII f ° XaM TOIOJNOTUK
aKCJITaHTUpUII Oymanu. Duau f ydyH Teckapu akCIaHTHUPHII MaBXKy[ OYJIMIIN y4yH

3apyp Ba e€Tapid mapTiapra yTHO0p Oepaitnuk. Teckapu akcmanTupumr Y HHUHT Xap
Oup HykTacura X HHHT OMTTa HyKTaCMHHU MOC Kysau. Jlemak, uxtuépuii y €Y yuyH

oupopra X € X MaBxkyna 0yau0, f(X)=Yy TeHrauk ypuuiau Oyauiim kepak. ByHuHr
yayr aca f(X)=Y Oymumm, spEn f ycrnama akcimaHTUpUIN OYIMINM Kepax.

Bynnan tamkapu f ' Teckapu akcianTMpum Y €Y Hykrara Outta X € X HYKTaHH
MOC KyWraniaurujgan X, # X, Oymranma f(x,) = f(X,) Oymumm, seHM ¥3apo Oup
KAWMATIIA aKCIAHTUPHUII OYIIUAIIHN 3apypaup.

Ilynnait kw6, f ra Teckapu akcuanTHpHm f & Mapxyx Oymuum yays f
HUHT yCTJIaMa Ba ¥y3apo Oup KUWMATIM aKCIAHTUPHUIN OVIMINU 3apyp Ba e€Tapiu.
Arap X Ba Y Tomonoruk ¢azomap yuyH f:X —Y TONOJOrMK aKCIaHTUPHUII
MaBxyn Oymnca, X Ba Y Ttomonoruk ¢aszonap y3zapo romeomMopd EKM TOTMOJIOTHUK
SKBUBaJIEHT (azomap 1ed atamagu. Tomonoruk (a3oJapHUHT  TOMOJOTHK
AKCIAHTUPUINA CAKIAHUO KoJaguraH (SbHH OWpHIAH WKKHHYUCHTA YTaJUraH)
XOoccajapu TOMNOJIOTUK Xoccaiap Ae0 aramaau. Tomonorus ¢(aHuga TOMOJOTHK
(bazomapHUHT, TEOMETPUK (PUTypaTapHUHT TOTIOJOTHUK XOCCATapu YpTaHUJIa/Iu.

OHau OWp HeUTa MHECOJIIAP KEITHPANITHK.

Mucon. 1. X =(a, b), Y =(c,d) 6ymm6, X, Y ¢asonapaa tomomorus R’
naru tomojorus Epmamuna ammkiaHaad. lllyaga f: X —»Y akcnantupumHu

f(x)= % (x—a)+cdopmyna €pnamuaa aHukiacak, f romeomopdusMm OYnaau,
a

yyHKH | 9M3MKIM QyHKIMS, Y3IyKCH3 Ba YHra TeCKapu QYHKIUS XaM Y3IyKCU3IIUD.



2. X = [—%;%}, Y=[-11], f(x)=sinx Oyucun. busra MabIyMKH,
f (X) =sin X y3mykcu3 Ba yHra Teckapu ¢yHknus X =arcsiny [—1, 1] na aHukmanran
Ba y3nykcuzaup. Llynusr yayar X — Y romeomopdusmanp.

3. X = (—% %) Y =R! 6yuca, f(x)=tgx romeomopdusm 6yau.

4. Uxtuépmii (a, b) uaTepnai R’ ra romeomopdaup. by epaa romeomopduzm

X —
f(x)= tg(ﬂé a) —%) dbopMmyiia EpraMuia aHUKTaHAH.
—a
5. Texmemmkaa D?={(x,y): x*+y?<R?} ouuk JoWpa TEKHCINKKA
romeomMop(paup.
by epna

X y
f(xy)= :
R—/x2+y? R—+/x?+y?
dopmyna 6uman f:D? — R® aKCIaHTUPHWIIHK aHHWKIacak, f romeomopdusm Gymaau.
ByHu Tekmmpaiinuk. By akcliaHTUPUIIHUHT y37TyKCH3IIUTH

y

X
u(x,y) = L 0(X,y) =
R—/x*+y° R—/x% +y?

GYHKUMSUTADUUHT  Y3JIYKCU3JIMTHUJAH KeluOd YuKaau. ODHIW yHTa  TecKapu
aKCIaHTUPUIN MaBXyJ Ba Y3JIyKCU3JIUTMHHM Kypcartainmuk. Teckapu f':R? - D?

AKCJIAaHTUPHUIITHU
o Rx Ry
F(xy)= :
b6y {1+\/)8+y2 1+\/)8+y2}

dbopmyna OuilaH aHUKJIaUMK3. By aKCIaHTUPUILIHUHT Y3ITYKCU3IUTH

u(x )= —2 p(xy)=—
1+yxX +y 14X +y?
GYHKUUSAIAPHUHT Y3IYKCU3IMTHAAH KenuO umkagd. DHud f 1(X,y) aKCIaHTHPHII

XaKHKaTaH XaM f ra Teckapm akCIaHTUPHIN SKAHIUTHHH KypcaTalnuk. ByHUHT yayH
f(u(x,y).0(x,y))=(x,y) Tenrmukan ncbornaimmus:

f(,u(X,y)’(D(X,y)):{ Ary) "R—+/1%(x (X Y) Y)}:

— P (%, y)+ (%, y

RX Ry
144X +y? 1+w/x2+y2 (x.y)
- R/X? + y? R+/X? + y? ’
1++/x% + y? 1+w/x2+y2

Jlemak, f akcianTupuiup romeoMophu3MIup.




6. Esxmun ¢asocuma,aeau  R" ga wxtuépuit D" ounk map R" ra

romeomopdaup. Bynn kypcarmm yuyn R" ¢dasoma xoopaunara Gommnu D"
[IAPHUHT MapKa3ura >KOMIamTUpud IeKapT KOOpAMHATAJap CUCTEMAacHHU KHUPUTHO
f:D" — R" akCIIaHTUPUIIHU

f(xl,xz,...,xn)z{ % % Xy }

R-]X'R—[x" "R-[x

dopmyna Ounan anukmaiimus. By epma |X :J X2 + X5 +...+x2, R —D"mapuunr

paanycuaup.
Teckapu akcIaHTUPUIIL

. Rx R Rx
f()q,)e,---,xn)—{ 4L }

L+ X 1+ 1+]X

dopmyna épnamuna anukinanamgd. Mkkama f, f ' akciaHTHpHIIap XaM y3iIyKCH3

Oynranmuru yuyH f romeomopduzmamp.

DOHIW TOMOJOTHUK AaKCIAHTHPUITHUHT 0ab3u OUp MyXuUM XOCCaJapvHH
KenTHpanauK. TOMOJOTHK aKCIAaHTUPHUINHUHT TabpuUpHUAaH OEBOCHTA Xap KaHmau
TOTIOJIOTUK aKCIAHTHPHUII YYyH YyHra TEeCKapu aKCIAHTHPHUII XaM TOIIOJIOTHK
aKCJIAHTUPUII SKAHJIUTY KeTTNO YUKaIH.

Teopema 28. buzra f: X —>Y, g:Y > Z - romeomopdusmiap Oepuiran

Oynca, ymap éEpmammma Kypwirah foQ:X —Z  akCHaHTHpPUII  XaM

roOMeoMOP(pU3MIUP.
Ucoor. bepunran f Ba § akcIaHTUPUILUIAPHUHT y3IyKCU3IUruiaan 21l-reopemara

kypa foQ akcmaHTUpWII XaM Y3ITyKCH3AHP. YJap TOIOJIOTHUK aKCIAHTHUPHIILIAP
OyNraHiIWrd y4yH yjapra TeCKapu akKCIaHTHpHUILIAp xaMm y3mykcusaup. LlyHuHT
yayH (f og)™ = f tog™ akcmantupum y3mykcusaup. Teopema HCOOTIAHIH.
Teopema 29. ®apa3 xkunaitmuk f : X —>Y - y3mykcu3 akcmantupum, X -
koMmakT ¢azo, Y - Xaycmopd dazocu OyncuH.Arap f akcmaHTupuInra TecKapu

f ‘akcnantupum Masxyn 6yica, f - romeomopdusm 6yaaqu.

Hcbor. Teopemannm wucOGOTNANI YdyH Teckapd | = aKCIAHTHPHIIHHHT
y3IyKCU3JIUTUHU KYypcaTuill Kepak. BbyHuUHr ydyyH wuxtuépuii ounk Gc X -
TymnamMauEr f ' akciaHTMpWinra Huc6aTaH mpooOpasd Y i@ OUYMK SKAHIATHHHI
Kypcatummmu3 kepak. Arap G - oumk Oynca, X \G &mmk tymammup. bus
ounammsku X \G tymnamunar f ' akciaTapuinra Huc6aTtan npoobpasu f (X \G)

tymnamaan ubopar. Kommakt Tomomoruk ¢azoma X \G Tymnam €nuk Tymiam
Oynranmuru yuyH 12-teopemara kypa X \G tymnam kommakt 6ynamy, 21-Teopemara
Kypa 3ca YHHUHT y3IyKcu3 akcinantupumiaara oopasu f (X \G) xam kommakt Tymiam

oynanu.Teopema maptura kypa tomnojioruk Y ¢azo xaycaopd dazocu OYIraHaIuru
yayH l4-teopemara kypa f(X\G) tymmam &énuk tymmamaup.EHrun tekmmpud

kypumr mMymkuH Oymran f(G)=Y\f(X\G) tenrmuknan f(G) TymmamMHUHT
OYMKJIMTH Kenub ynkaau. Teopema ucO0TH Tyraiam.! |



Onau 16-Teopema ucboTura KanTansuk.

By Teopema uc6otuHy, arap X,Y kommakT ¢asonap 6yiaca, (X J) = X xouna
Ownan anukiaanran Pr X'x Y— X akcnantupuniga (IpoeKnus) MUK TYIIAMHHHT
oOpa3u €nuK TYIIaM SKaHIUTHHUA KYPCATUIIIaH OOIUIaiMu3.

buzra X xY Tyfpu kynaiTMaHUHT €MUK KUCM TYIuiamu F Oepunran OyncuH.
Yuuur obpasu PFF tynnampuar X Tononoruk (azona €MUK TYIUIAM SKaHIMTHHH
kypcartum yayH yHuHr TymaupyBurcn G = X\ prF tymiamauar ounk Tymuiam

SKAHJIMTMHYU KYPCATUIIUMM3 Kepak. ByHunr yuyn X, € G Hykranu Kapainuk. By
HYKTa  y4yH (X, ) Xx Y\ F MyHocabar  Oaxapuianu. TynaupyBuu
Xx Y\ F ouuk Tymmam 6ynramu yayn mxtuépuit V' € Y mykra yuyn (X,))
xydrmk 6upopra U(X, )) = V(%) ¥V, arpodn 6mman  X'x Y\ Frynnamua

éraqu. by epna Vy (XO)T}”/nHaM X, wnykrammar X ¢asomaru arpodu Ba y
V,(%) =G  wmynocabarnu  kanorianTupanu.OuumK — TYIIammapiadH — uGopar

{ V,iyeY } omwna Y ¢a3zo ydyH ouuK KOOWK Oynamu Ba Y KOMIAKT OYJITaHIUTH

yuyH Oy ounanasn { V, 1y, eY,i=12---,n | 4eKIH KOOMK apaTuil MyMKuH. bus
VyiT}"/HJIaMJIapra MOC KeNyBUM X, HYKTAHUHT aTpodiapuHu Vyi (XO) KYpUHUIIIIA

Oenrunacak,yJTapHUHT KECHILIMACH V= ﬂVyi (XO) ounk Tymiam 6ymamm Ba V C G

MyHOCa0aTHU KaHoartnantupaau. Jemak, G ouumk Tymmammup. bynpan sca OFF

TYIJIAMHUHT €MUK TYTIIaM SKaHJIUTU KEIU0 YMKaIH.
Onan arap {U,} ouna AxB tymnamMHuHr ouuk KoOuru Oyica, ynapan Ax B

YUyH YEKJIM KOOMK aKpaTHIl MYMKHHJIWTHHH UcOOTiam Kepak.buz ymymuitnukau
yerapasamaran xoina A= X Ba B=Y tenrnmukiap Gaxapuiran ned xucoOmaimus

Xap 6up a ydayn oumk kobukka Termmm {U,} Tymmam U, =U! xUZ
KYpUHMILZATY TyIUlaMjIap HUFUHAMCUAAH ubopar OynamusapHn U, = Ué x U ;
KypuEAIIary Tymiamaap Ax B daso yuyn 6asa 6ymamu. By epma UL < X, U2 Y
OUMK TYyTulamiaapaup.bu3 yMyMHMIIMKHU Yerapajamaral Xojija Xap Oup « ydyH
{U.} tymmam U, =U! xU 2 r¥rpu xymaiitmanan ubopar 6yacuH 1e6 xucobmaimus.,
bupopra xe€ A nykra yuyHn {X}xB rtymmamHum kapaitmuk. By Tyrpu {x}xB
kymaiitMa B Tymmamra romeomopd OVaranauru yayH koMnakT Tymiamaup. [lyausr
yuyH U, ounanan {X}xBTymiam yuyH yekiaum KOOMK aXpaTuIl MyMKHH. Arap

Ual g Uaz e, Uakx tyamnap  {X}xBrymmam yuyn {U,} owumnanan

X

K
@XpaTUIraH YeKIM KoOuk Oynca, G, = JU , * TyIIaMm o4uK TYIiam OYIraHiuru
1
i—1

yuyH yHuHr F, =X xY\G, tynaupyBuucu ¢&nuk tymnam Oymagu. FOxopuaa
ucOoTIaraHuMusra Kypa tyaaupyBuuHuar pPr X x Y— X npoekuusgaru oOpasu

prF, énux tynnammup.Arap A, tymnam PFF, TynnamHuHr TYanupysum 6yiica,



TyFpu A x Bxymaiitma yuyn A xBc G, wmyHocabar Oaxapunanu. Jlemak,

X X X
qu ,Uaz ,---,Uak TymiamiapaaH ubopar owuna Tyrpu A x B kymaiitma
yuyH xam {U,} KoOukman axpanran dexian Kooukaup. Dumu {A, : X € A} ouma A

TYIUIaM Y4yH KOOMK Ba A KOMIIAKT OYJTaHIUTH YYYH YHAAH A y4yH YEeKJIU KOOMK
@XpaTHII MyMKHH. By omwnagan A ydyH axpaiarad dexian koouk A , A, ,

TyIiamiapaa uoopat Oyncun. Jlemak UA( > A. Bupok xap 6up A, X B yuyn

/=1

f X, Xj
{U,} nan dexmm Ual ’Ua2 ""’Uak,- KOOWK aXpaTWIl MyMKHH. JIeKuH

U(AX,X@DAXB oynrawmmru yayn {U_} nam AxB ydyH xam 4ekiaum KOOHK

=1
axparuil MyMKuH. Jlemak, Ax B koMmakT tyrmmamaup. |

by kucM oxupuma maremMarukaga MYyXHAM pOJIb YWHAWAWTAH TOIOJIOTHUK
aKCIaHTUpHUILUIApAaH Oupu Oynran crepeorpaduk NPOEKIUSIHU KHPUTaAMU3.

Busra yu ymuamim R® eBkmun asocuaa Gupopra chepa Gepuiran 6yiacun. By
cdeparn S? Guman, chepa OGuIaH GMTTA yMYMHH HyKTara 3ra GYJIraH TEKHCIIMKHH
| Gunan, ymapHUHT yMyMHi HYKTacUHH S OwiaaH Oenruiaiiank. DHau chepaHuHT
S HyKkracura aumamMerpan Kapama — Kapiuu >koinamraH Hykracunu N Ouan
6enrunab, chepanunr N HykTajaH OOIIKa XaMMa HyKTanapH TYIiamu Ounmas |
TEKHUCINK HYKTaIapy Opacuia roMeoMopd MOCIMKHY YPHATMOKYNMHU3. byHUHT y4yH
chepanuar N nan gapkau M nHykracu yauyH NM TprI/I YM3MKHUHT |  TEKHUCIMK
6unaH Kecumum Hykracuuu Py, Gman 6emrunab P:S?\{N}— | axcnantupummu

P(M) =B, xouna Ouian aHUKJIa#MU3.

Ouau Oy UpUIIl  SKaAHJIUTUHU

ncGotnaitnk. Bymunr yuyn R® dasoma koopamHata GommuHM chepa Mapkaszura
xoinamtupud OZ yxkuaun ON  TYFpu um3uk OYiiMya WYHaNTUPUO JAeKapT
KOOpAWHATaNIap cucTeMacuHu kuputamus. [llyHna

Szz{(x,y,z)e R3:x2+y2+22:R2}
TEHIMK YpuHmu 6ymm6, | Texucmuk Z+ R =0 Tenrnama 6unan aHMKJIaHaIU. DHIU
chepa HyKTaJapuHUHT  KOOpAuHATamapu X, Y, z  Owman, | TEKHUCIIUK
HYKTaJIApUHUHT KoopAuHatajmapunu X, Y Oenrmnabd, P akcnaHTupuin y4yH
dopmyna xocmn kKwiamu3. Chepamaru M (X, y, z) Ba N(0, 0, R) Hykramapman
YTyBYM TYFpH YM3HK | TEKUCIHK OMIIaH



( 2R 2R j

X, y | HykTana kecumaau. LIlyHunr yayH
R-z R-z

P:S\{N|>TI
aKCJIaHTUPHUII
2R 2R

X

R-z R-~Z

_HXM3={

ounan 6epunanu. by epaa

p—

XxD=25 0 Mud=y W)

GyHKUMSIAP Y3JIOYKCH3 OYJITAHIUTHA YUYH P y3JIyKCH3

AKCIAHTHPHAIIIHD.

Dumu P akcmanTupumra teckapu P! akcnantupumay tommm yuyr N (0, 0, R) Ba
Q(X, Y, —R) wnykramapman YTyBYM TYFpu YH3UKHUHT cepa OWIaH KECHIIUII
HykTacuHu Tonamu3. by kecummm nyktanapu N(O, 0, R) Ba M (X, y, z) Hykramap
6ynu0, M HyKTaHMHT KOOpAHHATaJIapu

4R
SRRy

4R
V= rar " )
L_RX+Y)-4R
X+ YV +AR

KypuHHIITa 3ra 6ynamu. Jemak (2) dopmynamap P 11— S\ {N} aKCIAHTUPHIIHA
aHUKJIaNIu.

IOxopunarn kentupwiran (2) cucremamaru X(X,Y), y(X,Y), z(X,Y)
¢yskmusiiap X, Y y3rapyBumiapra HucOaTaH y3aykcu3 (yHkuusnapaup. LLlyHuHT
yaye P! akcnmamtmpum  ysmykcmsmup. Kyitmpmarm  2-umsmama  cdepanu
Z=C, |C|<R Texucnuk OmiaH KecraHma XOCWI OynamuraH ainaHanap creorpapux
IIPOEKIMAAA alIaHagapra yTUIn TAaCBUPJIAHTaH.

Yuzma-2.



16-MABPY3A.
MAB3Y: Cupt tymyayacu. CUpTHUHT OepUIUII yCysutapu. 4 coat

Texucnuknaru o4yvK goupara romeomMopd TYmiiaMHHM 3JIeMEHTap coxa Jed
aTanMm3.

Tabpudg-1. dazomaru @ TYymIam daeMEHTap COXAHUHT  TOTMOJIOTHK
aKCJIIaHTUpHUIIIard o0pa3u Oyica, yHU dJeMeHTap cupT ne0 araiimui. [lemak, @
Tymam anemenTap cupt o0yica, F:G—®d-Tononoruk akcIaHTUPHII MaBXKY OYITHIIH
Kepax.

by epma G cR? amemeHnTtap coxa, @ aca R® man KENTUPUIITAH TOMOJIOTHSA
€pnamua tomosioruk (azora aitmantupmiaran. @ smementap cupt Oyica, (f,G)
KypTiuk @ HE mapaMeTpall yCyiau AeHuiaiu.

AnbGarra G; Oomka anemeHtap coxa oOynca, G Ba G; ¥3apo romeomopd

oynanu. romeomopdusm O¥yica, XaM romeomMoppuzMaup.
Jlemak, »dJeMEHTap CHPT YYyH UYEKCH3 Kym MapaMmeTpiiail ycyJuiapu
MaBXyaaup. bupopra TYMIaMHUHT 3JE€MEHTAap CUPT SKAHIUTHHUA KYpCaTHIN Y4YYH,
YHHUHT OMpopTa mapaMeTpiiall YCyJIuHU KYpCaTHIIl Kepax.
Arap @ cupr (f,G) mapamerpinam ycyiu ounad 6epuiu0, (u,v)eG yuyH f(u,v)

HYKTaHWHT KOOpWHATaIapy x(u;v), y(u;v), z(u;v) nap 6ynca

X =x(u,Vv)
y= y(u,v) (1)
z=12(u,v)

cucrema @ CUPTHUHT apaMETPUK TEHIJIaMaJIapy CUCTEMACH JEHNIIaIu.

Tabpud-2. ®azongaru 6ornanuny @ TymaaMra TETUIUIN Xap OMp HYKTaHUHT
oupoprta arpoduaa @ snemeHTap cuptra ainanca, @ coana cupT aeHnIaIu.

Nxxunun tabpudra mzox Oepamms, nemak, @ comma cupt OYIIIM yUyH yHTa
Teruuun xap oup pe® Hykra yuyn mysmait U(p) atpod (R’za) mamxyn 6y1u0,
kecuima U(p)ND snemenTap cupt OYIHIIM Kepak.

KellmH4YammKk Kypc IaBOMHJa CUPT JAEraHja 3JIEMEHTap €KU COJJa CUPTHH
TyLIyHAMU3.

Muconap.

1) Xap kaHmad TEKUCIHMK DJIEMEHTAp CUPTAWP, YYHKH TEKHUCIHMK Joupara
romeomMop(paup.

- -
Arap M(Xq,y0,Z¢) TEKMCIMK HyKTacu, & Ba D BekTopmap TEKHCIMKKA

napasuien oyica, yHu
H

T
F=r+au+DbV, o< <o, o< V<t



5
KYPUHHINMAA HapameTpiam MyMKMH. By epma Vo= {Xo, yo,zo} - M uayxranunr
panuyc BEKTOPHUIHP.

2) DOnemenrap G-coxama anmkiaanran Z= (X)) —ysnykcus QyHKIus
rpapurn  dnemenrap cuptamp. Ca6abu, (XY, f (X,y)) = (X,¥) — akcmanTupum
(mpoexmwsi) romeoMophU3IMINP.

ar;

=filx.y)

¥
: 5
>

ped

X

Yusma-1

3) Ukxku ymaamu cdepa S° amemenTap 6yiMaras coana cupTaup. R pagmyciu
chepa S® HHHr MapKasWra KOOPAMHATANAD OOMIMHM O KOIIAIITHPCAK, YHH

S?= {(x,y,z) eRM+y2+22 = RZ} TyIIaM cudatiaa KapaumMi3 MyMKHH. S° HHHT

CUPT SKaHJIUTUHU UCOOTIIAIT YIyH YHTa TeTulum Oupopta P Hu onaiinuk.

P nan dapxnmu S HykTaHu xaHyouit KytO cudaruma, yHra nuamMeTpuk Kapama-
Kapiu 6ynarad N HyKTaHU IIUMOJIUKA KyTO Xuco0J1a0, Z YKUHU KOOpIMHATa OOIINIaH
N wykTa opkamu yTkazamus, Oxy tekuciauru sca O HykragaH yTtyBun Ba ON ra
MEPIEHANKYJISAP TEKUCIUKINP By Tekuciuk Ba cepa KECHUIIMIINIAH XOCHI OYTaH
alimaHanu skBartop ne0 artaitmu3. Duau U Ownan 0Q Hyp Ba OX YKM opacuuaru
Oypuaknu, V 6witad OP Ba 0Q nHypnap opacuaaru 0ypuakau oenrunaimus. by epna Q
- NPS wmepumuannuur oSkBaTtop OuWioaH Kecuinmin Hykracuaup, O0< u< 27,

T

V4
o< V<T. Ilysna S° muar NS - Mepumman uuKapub TaIUIAHTAH KUCMH

Q. P— (U, V) aKCIIaHTHpHUII  EpAaMujia ]O;Zzz[x}%;%[ JJIEMEHTap coxara

romeomopd) axciaHTHpuiagu Ba X= RCOSUCOSV, Y= Rsinucosy, Zz=SinvV
TeHrIaManap EpaamMua napaMeTpIaHai.




Yuzma-2
4) x= Rcosu, y= Rsiny, Z= V.  tenrnamamap cucreMacH  JOMpABHIi
LWJIMHIPHUHT ITapaMETPUK TEHIIIAManapuanp. by epaa -o<u<+eo, ~eo<y<eo,
Anbarra MWIMHAP XaM 3JEMEHTAp CUPT 3Mac.

X
Yuzma-3

Arap 6u3 F(U,v) = {x(U;v); y(u;v); 2(u;V)} Bektop dymkumsam kuputcax (1)
udoaanu

- >
r=ry, (Uv)eG (2)
KypuHuga €3a osamu3. by TeHrnmama @© CUPTHUHT BEKTOP KYPUHHIIIATH
TeHrjamacu nevmnanu. Tabuuiiku, @ cupt snementap cupt Oyiamaca, (1) Ba (2)
TEHIJIamMasiap yHH OupopTa HykTa arpoduna aHukiangu. Arap @ siaemeHTap cupt
oyinca, yau TyiuK (1) éxu (2) TeHrnamanap €paamMuaa aHUKJIam MyMKHH.
2. CUpPTHUHT OIIKOpPMAc KYPUHUILA OCPUITHIIIN.
busra Gc A ouuk Tymiam Ba G 1a aHMKJIAHTAaH CHJUIMK F(X ¥, 2) (QyHKIHS

Oepuiran OYICHH.

lynna @= {(X, V.2 e GF(xy2= O} TymaaM F QyHKUIUSSHUHT caTX TYIIaMH
€KY CUPTH JICUUIIa/IN.

Arap gradF # 0 6ynca, @ XxakMKaTIaH XaM COJJia CUPT Oyiaau. XaKuKaTIaH,
arap pP= (%Y%) €@ Hykraga F,#0 Oyiaca, omkopmac (YHKIMS XaKHIATH
Y= Yo/ <5}

Teopemara Kypa, myHaam 6 >0,&>0 connapu Ba G, = {(x; y):[Xe — X/ <6,
coxajla aHWKIAHTaH z= f(x)) Oyskums Mamxyn oymu6, (X;Y)€Gymap yuyn
F(xy, f(x))=0 Ttenrmuk, Z = f(Xx;),) Ba ‘zo - f(X,y)‘ <& MyHocabaTiap
Oaxxapmino,
T ={xy;2):|% X < 8|y, — y| < .|z, - 2| < &

napayuienanuneuuar @ OwiaH  KecHmmMacuw @ £ = f(x)) GYHKIUSHAHT
rpadurunan nboparaup. emak, @ y3ura Terunm xap KaHAald HYKTaHHHT €Tapid

KHYUK aTpodu/ia 2IeMEeHTap CUPT OYiaiu.
busHuHT KypcuMm3aa acocHii METOJ] MaTEMATUK aHAU3 OYJITaHINTH y4yH, O3

CUpTIapJaH KyluMya mapTiapHu Tajlad KUIaMus.



Tabpud-3. ® cupr ydyH yHra Teruuuid UXTUE€puil HykTa arpoduma (f,G)
napaMeTpiam  ycyaud MaBxkya Oyiau0, OyHma xu V), Uy W), Ay V)  byHKOUSIAP
X Y
X Y
TeHr Oynca, @ cuUpT peryisp CUpPT AeHWIaau, MapaMmeTpiall yCyldu 3ca peryssip
rapaMeTpJam AeHuIaau.

Z
Y3IYKCHU3 XYCYCHH XOCUJiajlapra iora Ba ( Uj MAaTPUIAHUHI paHTHW HKKHUTA
1%

- -

CHpPTHUHT PEryJspJIMK I[IapTHHU {r r }to KYpUHHIIA XaM €E3WIINMU3

ul’v

MyMKHH. bu3 Kypcumusna acoca perysisp CUPTIapHU YpraHamus.

DOHIIM CHUPTIAPHUHT OEpWIWIN yCY/UTapyd XaKuaa KyWHIard TeopeMallapHu
UCOOTIIAMIIHK.

Teopema-1. bmsra G coxaga aHuWKIaHTaH CWUIHK XU V), (U V), AU V)

X0 Vi 4
byukusinap 6epunud, xap Oup nykraga /arng (X Zj = 2 6¥nca,

X=X, V)
Y=X4Y) (uWeG
z=2AuV)

CUCTEMA PETYJISIP CUPTHU aHUKJIANIH.

Hcodot: Teopemanu ucoboTiam yayH
O= {(X,y,z):X: xXu V), y=UuV),z= AU, V),(4 V) G} TYIJIAMHUHT  COJJa CHUPT
SKAHJIUTUHU ucOoTnaiiMu3. byHuHr yuyH sca @ Tymiamra Teruuuid HXTUEPUIA
b= (X(UO; V), Uy ), Aty VO)) HYKTaHWHT €Tapiu KH4uk atpodpuna @ snemeHTap
CUPT DKAHJIMTUHU KypcaTamus. bupopra e>0 Ba
G, = {(u;v) eG:(u, —u)® + (v, —V)° <g} OYMK noupa yayH

(V) > (XMW AUu V), AU, V) xoupa Ownan  aHuKiIadran  f:G, — f(G,)
AKCIIAHTUPUIIHY Kapaimus.

XUV, U V), AU, V) bysxumsanap y3nyKcu3s OYIraHINTH y9yH f XaM y3JIyKCH3
aKciaHTUpuaup. Arap f y3apo Oup Kuiimatiu Oyica, YHUHT TecKapuch f
MaBxKyJ Ba y3iaykcu3 OVmamm ( £ ysmykcwsmuru Xxam XU, V), (U;V) Ba Au V)
GyHKIUSAIAp y3IyKCU3NIUTUAAH Kenul yukaau), neMak @ HUHr p, HyKTaHU ¥3 Uuura
onyBud f(G,) KUCMU BJIEMEHTap CUPT OYIaiu.

lyHuHr yuyH Oupopta ¢ >0 ydyH f aKCIAaHTHUPULIHHMHT y3apo Oup KuiiMaTiu
aKCJIAHTUPUI SKAHJIUTUHU UCOOTIANMHU3.

dapa3 kunaitnvk, & >0, & > 0, /=123,... Ba G(g Jloupara Teruiuim (U,l, l/f)
i
Ba (U ;V) Xap XWI HyKTajnap y4uyH f (¢;V) = f(¢;V) TEHIIIMK YpUHIU OYIICHH.
YMyMUIIMKHHA derapajaMac/iaH aHWKJIUK Y4yH « <(/ Ba l/,1 < If ne6 dapas
KHJIaNIIHK.



[lynna,
XU v)-x () =0, y(Uiv)-y () =0, z2(4;)-2(4; ) =0

TeHITTMKIIapAaH Ba Jlarpamx TeopeMacuian
X, (P V(U7 = U7) + X, (U7, g)(v ;) =0
Yo (P VU7 =ud) +y, (U, a7 ) —vy) =0
2, (P V(U —ud) +2,(uf, 07)(v —v)) =0
TEHITIMKIApHU oylamu3. by epnma g, o7, 0 e[u,luf] 9.9, q e[v}ﬂ Ba (/- Ba

v — v cOHJIapu OMp BaKT/Aa HOJra ailJiaHa OJIMaiIu.
[IIyHHMHT y4yH FOKOpUIAry TEHIVIMKIapAaH

(B vz W)

(g (G 2

MyHOcabaTHu osiamMu3. by myHocabatia

X, X, V,YV, Ba Z,Z byHKIUAIAp Y3IYKCU3IUTUAaH Qoitnananud, 7— «
JIMMUTTA YTCAK,

Xy (Ug, Vo) _ Yu(ug,vy) _ 4 (Ug, Vo)
X, (U, Vo) ¥, (U, Vo) 2, (U, V)
MyHOCa0aTHU OJIaMU3.
By MyHOcabar aca Teopema mapTura 3uj Oyiras,
X Y, zuj
X Y, Z

4 v

<2
(4.%0)
TEHTCU3JIMKKA TeHr Kyuauaup. Jlemak, papazuMus HOTYFpH, Ba ¢ >0 eTapiau KUUYUK
oynaranga f:G, —» f(G,) akCIaHTUPHIL TOMOJOTUK aKcIaHTUpuiaup. bynnan sca, @
TYTUJITAMHUHT
0, HY Y3 nuura onyBun f(G,) KUCMU 3JIEMEHTap CUPT SKAHJIUTY KeTuo ynKaau. [

Teopema-2. Perynsp @ cupt yHra Teruuuia p(u,,v,) HyKra arpodpuia,

rang (

x=xu,V)
y=Xuv, (LN eG
z=2Au,v)
.. X,
nmapamMeTpuK TeHTJIaManap épaamuaa Oepunnbd, p HyKTaaa JNE€TEPMUHAHT

HoJlaH dapkiu Oyiica, myHAal CWUIMK f(x,)) (QYHKIUS MaBXyJIKA P HYKTaHUHT
atpodpuna @ cupt z= f(x,)) PyHKUUSHUHT Tpadurugad nuoopaTaup.

H3ox. bus perynsap cupTiaapHUHT HapameTpiiaml yCyJInHA
TaHJIaraHUMHU3Ja Xap AOUM X, X,, ¥, V,» Z,,Z, XOCHJanap MaBXKyJ Ba Y3JIyKCH3
OYIUIIUHY TaJ1ad KUIamMus3.



Hc6oTt. Teopemanu ucOOTIIAIL YUYH, {X_ M D) : XU, Vo) =%, cucTeMara
Y=MuV) yuy,v,) =Y,
ra MaTeMaThK aHalu3 KypCUAard TecKapu QYHKIHMSUIAp XaKUJAard TeopeMaHH
KYyJUIalMU3.

By Teopemara acocan myHgai &> 0 conu Ba IT; ={(X,y):|X, - X|<8,|y, — YI< 3}
coxaga aHWKJIaHraH ImyHgad auddepeHnmamuianyBun  u= u(x)), V= Ux))
yHKIMSTAD  MaBXYIKH,  ymap  x(UXx ), UX))) = X AUXP, UXN) =Y
TEHIVIMKJIAPHU KaHOATJIAHTUPAAU Ba (X, y;) = U, WUX;)) =Y, MyHocabariap
Vpurwmm Oymamu. Jlemak, p Hykra atpoduma @ cupt z= 2 Ux)), UX ) = f(x))

GyHKIUSHUHT rpaduruaad nuoopataup.! |



17-MABPY3A.
MAB3Y: YpuHma TEKUCIUK, ypUHMA BEKTOP, HOpMaJl. 2 ¢o0aT

Perymsip @ cuptauar pe® HykTta arpodunma perynsp (f,G) mapameTpianl
yCyiH
r=r(uvy) (1)
TeHITamMa €paamuaa OepwiiraH, CUPT YCTHIA P HYKTaJaH YTyBUM y OTPU UYU3HK
Oepwiran 6ynuo, y

p=p(f), a<t<b (2)
TeHrnama épaamua napamerpianran sa ¥ © f(G) 6yncun.
AHMKIMK yuyH, p cupT Hykracu cudaruna (U V) xoopmuHartamapra, Srpu
YU3UK HyKTacu cudaTtua mnapamerp I wuur I, xmitmaTura Moc kencuH. TaOuniiky,
xap oup [ €(a;b) yuyn mynmaii (u(f), (f)) € G HyKTa MaBxKyza 0y1uo0,

p(8) = r(u(?), «1) (3)
TEHIJIUK YPUHIN Oynaau. Arap y CHIUIMK >rpu umsuk Oyica, U(f), Uf) dyukuusnap
xaM nuddepennnannanyBun yHkuusiap 6ynaau. bynu ucbornam yuyyH @ HUHT
peryisap cuUpT dIKaHauruaaH doinamanamu3. @ perynsp cuUpT OYIraHIUTH yYyH

X Y 4 X Y

/’aﬂg(XV v, z,,j = 2. AHUKIMK y4yH X v

{x=4um

CUCTEMaHU KapanMus.
y=Uu V)

# 0 O6ynacun ne6 dapas KumO,

Arap )7 cwuumk Orpum  4M3uK Oyiica, ;(f) BEKTOp (YHKIIUSHUHT
xoopruHaTamapu X0, (1), Af) mddeperumannanysun GyHKUUANap OyIamm.
Bupopta [ €(a&b) yays X =X), Y =pUF), Z=4t). Ba U =UL),
V = ') Genrunanuiap Kuputuo,

x=xu; V)
{y=xmw
CUCTEeMaHH
{x(u*,v*)zx*
y(u vy =y’

Oouutanfuy mapTiaap OwnaH Kapaiimu3. Teckapu (yHKIMS XaKHIard Teopemara
acocaH WyHaau ¢ >0, >0 COHIApu Ba
I, = {0 )X =xiealy’ -yl s
coxaJa aHWKJIaHraH Ba quddepeHnuauianyBun U=U(x,y), v=Vv(X,y) dyakuusiap
MaBxyz 0yiu0, ymap
[u"—ux y) ke, x=xuxy),v(xy), u” =u(x’,y")
Vi =v(x, Y) ey =yulx,y)v(xy)), vi =v(x",y")



MyHOca0aTIapHU KaHOATIaHTUpaIu. b3 yMyMUNUIMKHY YerapaiamaciaaH
I, = {(u,v) Ju' —uke v —vk g} coxa yuyn Igc G wmyHocabar Ypuniau ae0
XUCOOJIauMu3.

O 5,>0 COHMHM UIyHAall  TaHialMu3ku, |t"-tlks, Oynranaa
X" —=x(t)<d,|]y" - y(t) ks wmyHOocabatmap OaxapwicuH. rx:(x )2 — (X)) Kouua
OWJaH aHUKJIAHTaH 7. A — R° mpoekius épaaMua |t* —t|< S, yayH

(XD, UD) = z(XD), AD, D)

u(t) =u(x(v), (1))
v(t) = v(x(t), y(t))
muddepeHnpamianyBud  QYHKIUJIApHA — aHMKJIaiMu3. by  dyHKuusuap
u(t')=u",v(t")=v" Ba p(t)=r(u(t),v(t)) TEHIIMKIAPHU KAHOATIAHTHPAIH Ba t HYKTa
atpoduna anukmanran (yHkmusiap Oymamu. by t HYKTa HUXTHUEPUM TAHJIAHTAHU
yayn  U(t),v(t) o¢yskomsmap (a,b) opamukHMHr  xap Omp  HykTacuaa
auddepeHnramuianyBuuaup. [
Arap y peryisp arpu 4uM3MK Oyiica, y Xxojaa
- - -
p't)=ruv-u+ryVv

Tenraukgad U,V mapHuHr Oump BakTAa HOAra TEHT OYIMACIMIU KEIMO YMKaIHM.

TEHTTIMKHU XucoOra oiauo,

Hlynnaii KUauo, ¥ 3rpu YM3UKHU
u=uf(t)
v=V(t)
TeHrJamagap OuiaH Oepull MyMKUH. by TeHrnamamap » YM3UKHUHT WYKH
KOOpAWHATaIaparu TeHrjaaManapu Ae0 aTaiaiu.
® cuprma U=t, v=y=const sa wu=y=const, V=t
TEeHrjaMajsap OWJiaH aHUKJIaHYBYM OSTPU YW3HUKJAp KOOpJIWHATA YHW3HKJApu €0

- -

atanmanu. KoopauHata YM3uKIapUHUHT YPUHMA BEKTOPJIApH MOC paBUIIa /, Ba /'
BEeKTOpJIapup (4-uu3ma).

Yuzma-4



Tabpudg-1. a BEKTOp CHPT ycThaa €TyBUYM P HYKTaJaH YTyBUM OIpHU
YU3UKHUHT ypUHMa BEeKTOpH Oyica, y @ cupTtra p -HyKTajaru ypuHMa BEKTOp 10
aTaJaJu.

Teopema-3. Perymsp cuUpTHUHT OepuiraH HyKTaJarn ypuHMa BEKTOpJapu
TYTJIaMU UKKH YIT4aMIIM YU3UKIW (Ha3oaup.

Hcodor. © -perymnsp cupT, p -yHra TETMIUIM HYKTa Ba 2—6npopTa ypuUHMa
BEKTOp OYJICHH.

N

Arap @ cupt (1) Tenrnama EpaaMuaa peryisp mapaMeTpiaHTaH, 4 BEKTOP
u= (1), v= f)TeHrIamanap €épramMuja aHWKJIAHTaH STPU YH3HKHUHT p HYKTaJaru
ypUHMa BeKTOpH O¥Jica,

- -

N
a=ruu+ryVv

1
- o

TEHIJIUK YypuHiM Oynanu. Jlemak, uxtu€puil ypuHMa BEKTOPHU [/, /, -BEKTOpJap
€praMuia Yn3uK M ndoaanan MyMKHH.

> o
bynman kenu0 YMKaJAWKH, YPHHMA BEKTOpJIAp TYIIAMHUAA, /,,/, BEKTOpJap
0a3MCHU TANIKWI KWiIaau. [

N -
Tabpud-2. O cupraunr p( Y; ) nykracuman yrysun Ba 7u(Uy; 1), (U V)

BCKTOpJIapra mnapajuicii TCKUCIIMK P HyKTagaru YypuaMa TCKUCIINK I[e6 aTajlaau.
%

VYpuHMa TeKUCIMK Tabpuuaa CUPTHUHI NapaMeTpiIaHull ycynura OOFmuK /
9

Ba /v BEKTOpJIAp KATHAILIMILIWTA KapaMacAaH YPUHMA TEKUCIMK TYLIYHYaCH CUPTHHHT
MapamMeTpJIaHUIL yCYJIATra OOFIMK AMACIUIMHNA KyWHAArd TeopeMa KypcaTaiu:

Teopema-4: 11 — p( Y;Y)) HyKTagaH YTyBUM TEKUCIUK, ( CUPTHUHI P ra SIKUH
HyKTajgapunan oupu, d- p Ba q HyKramap opacuaaru macoda, h — q mykragan 11
TeKkHuclMkraya o0ynran macoda 6yncun. Ulynna Il texkucnauk p HyKTagaru ypuHma
TEKHUCIIMK OVIUIIN YUyH,

. h

lim—=0 (*)

¢>p @

TEHIJIMKHUHT OQ)KapWIJIHIIN 3apyp Ba €TapIuaup.
%

HcooTt: [1 TeKUCIMKHUHT OUPIUK HOpMaJl BEKTOpUHH /7-Ounan Oenruiaiiimk.

® cupt p Hykraza /= r(4,V) TeHriama OwWiaH mapaMeTpiaHran Oynca, ( Ba P
HyKTajap opacujaru macoga yayH

d =|r(u, + Au,v, + Av) — r(u,,V,)

h y4yH dca

h:

(r(u0 + AU, Vv, + AV) — 1 (Uy,V,), n)

dhopmyia YpuHau Oynaau.



[lynna,
| (Ar,n)]

. h n
I|md=IA|rg;,=||mH -
q—p AV0 A28 I (ug + Au,v, + AV) = 1 (U, V,)

oynamu. By epma, A7 =r(U,+Au,v, +Av)—r(U,,V,), Uy +AU, U, + AV —(Qq HyKTara
MOC KEJIyBYH apryMEHTIApIUp.

- -

3apypauk: I1 ypuama tekuciauk 0yiacun. Tabpudra kypa, I1 -rekucnuk r,, r,

-

BEKTOpJIapra napasuien Oyiranu yayH, /7= '[ 5 TEHIVIUK YPUHIIUIND.

Teitmop  ¢dopmynacunan  ¢oitnananu®, Ar=r(u;v)-Au+ru; ) -Av+e Ba

.o . h
lime = 0 Hu xucobra oncak, |jm— =0 kenubd yuKaam.

Au—0 0> P d
Av—0

Erapaunuk: I1 -Tekuciauk ydyH (*) TEHIVIMK YpuHIM OYJIcHH. Y Xoiga (*)

- - -> -
TEHIVIMKAA Au=0 Ba Av=0 Xxomiap y4yH (r,;n) =0 Ba (r,n) =0 TEHIVIMKIAPHU
xocun Kunamus. Jlemax, I1 -Tekuciauk ypuaMa TeKucaukamp. [

Yuzma-5 Yuzma-6



18-MABPY3A.
MAB3Y: CuptHuHT OUpUHYHY KBaJpaTUuK Gpopmacu. 4 coat
R - na perymip @ -cupr Oepunran Oyica, @ ra ypunma ¢aso 7J,@ ra

- >

- >
TETULJIA WUKKWATA &,b—BEKTOPJAp YYYH YJAPHUHT CKAISAp KynautmacuHu /(a,b)

Ownan Oenrwnaiimus. by ckamap kymaiitma €paamuna @ CUPTHUHT OUPUHYH
KBaJpaTUK (POPMACHHH aHUKJTANMU3.

Vpuuma dazoma r, Ba 7, BeKTOpJap OA3WCHU TAIKWI KWIFAHIMTH yYyH
N - SN N N
a=ar+ar, b=Dbr+b,r,, -rearnuknapnu é3ub,

o _E - - >,
I(a,b)=ayby 17+ (aby +a5by) - (ru, rv)+ab, ry

- > - -
udoaanu xocun Kuinamus. Jlemaxk, /(a, b) HU XucoOualll yuyH, 4 Ba O BEKTOPJIAPHUHT
- o

- > - -
rs,r, 0Oasucmarn KoopauHaTtagapuHu Ba E=r,, F=(r,r,) Ba G=r/
byHKIUsIapHU OUITUILIMMUA3 €Tapiiu.

bupuHum kBaspaTuk Gopmanmy,

27 2 2
|(a,a) =a1 : E+2a1a2 : F +Ga2
KYpHUHHMILAA aHUKJIaiMu3. bupunun kBaapaTuk ¢popma Epramua Kynuaaru uiuiapHu
OakapHIll MyMKHUH:
1. Cupt ycTH1a YM3UKIap Y3YHIUTUHU XUCOOIaMI
@-cupTHUHT ( f, G) —MapaMeTpiam yCcyJiau
> -
r=r(u,v)
TeHrnama épaammaa 6epunu6d, cupraa U= U(f), V= UI). tenrnamanap Ounas y

4M3MK Oepuiran OYICHH. y —yuyH napamerpiapaunr 4 Ba §, (¢ < t) KuiimaTnapura
MOC KeJIyBUHU i Y3YHJIUTUHUA XHUCOOIaIHK.
bunammusky, Oy € y3ynnuru A na,
T e
2 _ !
()2 = [ Pty
b
dhopmyita Ouslan XxucooIaHaIu.
- - —> - -
By epma p(8) = r(u(t), 1)) sa p'(t)= ryu’ + V' skawmruau xucobra
0JICaK,

t
Ef =I\/E-u'2 +2F -uV' +G-v'2dt

7]

1(7)

dbopMynaHu XOCUI KHJIaMU3.
2. Cupt yctuaa €TyBUM YM3UKJIAp Opacuaaru Oypuak.

® -cuptma p=p(f) Ba p = p(S TeHrmama OWIaH peryisap YM3HKIAp OepHIraH

- -
OyncuH. Arap Oy 4YM3UKIap Keculica (SbHH p(lz)) = ,01(5'0) TEHIJINKHU



- -
KaHOATJIAHTUPYBYH L, S map wmamxyn Oymca), P (&), pl(s,), Bexropmap
opacugard Oyp4akHu 1Ty HyKTaJard 3rpy YU3UKIap opacuaaru Oypyak n1e0 ataitMus:
By OypuakHuHr Kuiimatu ¢ Oyica,

cosp = (200 Ai(5)

p'(to) - |P1(So)

TEHIJIMK ypuHimaup. by epaa,

— — >
P (to) = u (tO) +hV (tO),
— — >
p1(Sp) =1, Ug(Sp) + K, v1(Sp)

TEHTJIMKJIApPHHA XUco0ra oJIcak,

o= Eu'(ty)u; (Sy) + F(U'(t)vy (Sp) +V'(to)u;(S)) + GV (tg)V; (S,)

VEWU'(t))? + 2FU GV (&) + G(V/(t,))? -y EU;(,))? +2FUi(8,)V, (S0) +G (V] (50))?
MYHOCA0aTHH XOCUJI KUJIaMU3.

Cos




19-MABPY3A.
MAB3Y: N3omeTpuk akcaaHTUpUnuiap. 4 coar

Taspu¢-1. Perymip ®; Ba @, cupmiap yuyH g @, > P, cwumK
akclaHTUpuil ~ Oepwiaran — OynmO, xap kanmaii P e®; Hykra  y4yH
() T0, > T,
YH3UKJIU H30METPUK aKCIaHTHPHII OYIica),  H30METPUK aKCIaHTHPHII JSHIITaIH.

Jemak, ( HM30METPHK akcIaHTHpuiI Oynca, mxtuépuii P € @ HykTa Ba

D, akcnmanTHpMII CcKanAp KymaiTMaHum caknaca  (SbHU

uxTuépuii d,b € 7@, BeKkTOpIAp yUyH

/.(a,b) = 1,(dg(p)(@), dg(p)(b))
TEHTTIMK ypuniau Oynaau. Oy epna |, Ba |, Mmoc paBumna @; Ba @, cuptiaapHuur 1-
KBaJIpaTUK (popManapuamp.
M30MeTpuK aKCcIIaHTUPHIILIAP XaKua KyHuaaru TeopeMajlapHi ncOoTaaimMus.
Teopema-7. zoMmetpuk akcimanTupuin auddheomophusMaup.
HUcoor. Cummmk g P, — @, aKCIAHTUPUII YUYyH TECKAPU aKCIAHTUPHIL

gh®, > O, wmakyn Ba audpdepenumamianysun Oyiaca, g auddeomopdpusm
nevmnaan. Jlemak wnzomerpuk g d, —» O, akcaaHTUpUIIHMHT Juddeomopduszm
SKAHJIMTHHE KYpCaTWII ydyH ¢ HHHT MaBkyd Ba auddepeHnmaiaHyByu
SKaHJIUTUHU KYypCaTUIl Kepak.

®apa3 kunaiimuk, @ cupr (f,,G,) mapamerpnam ycynu OunadH, @, cUPT
(f,,G,) mapamerpiam  ycyau ~ OunaH  Oepwiran  OyincuH. g @ — @,
auddepeHInaUIaHyBUl  aKCIAHTUPHUIN  OYiIraHnurd  ydyH, Tabpudra Kypa
g-f,:G, > R® mudpdepenumamnanyBunaup. buz g+ f,:G, > R® aKCIaHTHUPUIIHUHT
audepeHInaUIaHyBYl  SKAHIUTHHA ~ KYpPCAaTHIIMMU3 KepakK. AKCIaHTUpHII (
M30METPUK OYJITaHJIUr¥ Yy4yH YHUHT JuddepeHimany (g YM3HKIN SpKIH
BEKTOPJIAPHU YM3UKJIM SPKJIM BEKTOpJapra yTka3aan. XakukataH XxaM, &, CUPTHUHT

|11 (P.9)|
p HyKTacuzaru p Ba (§ ypUHMa BEKTOpJIAPH YM3UKIM IPpKIM Oyica,  |p|[q| #1

oynanu. Jlekun

1,(ag(p), dg(9)) = 1 (p.9), | A=1ag(p)l. |d=|dg(q)

OyAraHiauru yuyyH

|1,(ag(2), (D) _
|ag(2)1| dg()

Ken0O YuKaau.
by aca dg(p), dg(Q) BekTOpIApHUHT YHM3HKIM OSPKIM SKAHJIWTUIa TEHT

kyanuaup.  Arap  p=df(a),g=df(h)  GYica, dg(p)=d(g- £)(a),
ag(g) = d(g- £)( b) 6ynamu. lllyuusr yaye g- f aKCIaHTUPUIIHUHT PAaHTH MKKHUTa
TEHIAUP. XYHKH §- f; aKCIaHTUPUIIHUHT PAHTH WKKHJIAH KUYUK OyJca,
d(g- £)(a), d(g- l‘l’)(i)) BEKTOpJIAp YU3HUKJIA OOFJIAHUTILIN OY1aIu.

Hlynnait kunubd, G cOXaHUHT UXTHEPUI HyKTacuaa §- f akCIaHTUPHUII paHTH
UKKUTa TeHT Oynamu. Arap = g- f akciaHTHpHII



x=guV)
y=9(uv) (1)
z=g'(4V)

¢yskuusnap épaamuaa 6epunran 6ynca, G, HUHT Xap Oup HyKracuja

gigigij_

i’

ran

TEHIJIMK YPUHIIU OYnaau.

Hewmax, (1) rerrnamanap @, cuprausr peryisp (f,G;) napamerpnam ycyman
AHUKJIANTH.

Teckapn (yHKIHs Xakuaarm Teopemara acoca ([2]ra xapamr) (gf,)™"
makyn. Jemak, g = £-(9f)" xam mMaBxkyn Ba ¢ HuHr auddepeHMaIaHyBUn
skaruru g f(u, V) = £(y, V) Tenrnukaan keaub ynkaam. [

bepuwiran cwuuk ¢ @ — @, aKCHAaHTUPUIL HU30METPUS  OYIUIIMHU

TEKIIUPUII YIyH KyWHIard TeopeMainapaan (Hpongamanmiaam.
Teopema-8. Cunuk ¢ @ — @, akCIaHTUPULI U30METPUs OYIUIIN YUyH Oy

AKCIIAHTUPHUIIAA HUXTUEPUM YW3UKIAp €EUM Y3YHJIWIW CaKJaHUIIA 3apyp Ba
eTapJIuIup.
Hcoot. M3omerpuk axcmantupum (. @P; —> D, Ba @Dyna €ryBunm y orpu
yn3uk p = p(f) tenrnmama Epmamuaa Oepuiaran Oyicuu. Illynpa Oy umsuk Eitu
t
Y3YHIIMTH j| p'(t)|dt ¢popmyna Guman xucobmamamu. Arap ¢(y) UUIMKHHHT
i}
ypunMma Bektopu 7'(f) 6ynca, g mzomerpuk Oyarammru yayn |7'(t) |=| p'(t) |
TEHIJIMK YpUHIM. Jlemak,

t2 tz
[12' W 1dt= [l z'(t) |t
t1 tl

Axcunua, cwiuiiK ¢ @, — @, akcinaHtupuml OepwiraH Oynub, y uxtuépuit
4n3uK EiM y3yHIuruau cakiaacu. Uxtuépuit P € @ nykra Ba d € TpCD1 BEKTOPHHU

Kapaiiuk. Mxtu€puil ypuHMa BEKTOp OUpOpTa 3rpu YM3UKHUHT P HYKTACHUIAru
ypUHMa BEKTOPH OYJIraHIWTUA Yy4YyH, WIyHAAH CWUIMK J 3TPU YM3UK MAaBXYKH,
YHHHT p HyKTaJard ypuHMa BeKTOpH & ra TeHr. Papas Kuiainuk, y uusuk p = p(f)
TeHrnama Owtan 6epwiras Ba p'(£) = @ 6yncun. Teopema mapTura Kypa

t t
tfl p'(s)|ds = tfl 7'(t)] dt, )

Oy epaa 7'(t) —g(y) orpu YM3UKHUHT YPUHMA BEKTOPH.
bu3 (2) TEHMKHUHT WKKaya ToMOHW t Oyiimya muddepeHnuamiaimMmus Ba
|p'(£)|=|7'(¢)| Tenrmukam xXocmn Kumamus. [lemak auddepentman dg( p)



UXTUEpUN & BEKTOPHUHT Y3YHJIUTHMHU caknaiau, seHU |d8|=|dg( p)(a)|. Duam
uXTUEpun &, b BEKTOPJIAP YUYH
1,(8,5) = 1,(d+5,3+B) 1 1,(d,8) — +1,(d,5) = 1 1,(dg (p)(@+ ), dg (p) (@ + b)) —

—11,(dg(p)(@),dg(p)(@)) - 11,(dg(p)(b),dg(p)b)) = I,(dg(p)(d),dg(p)(b))

HU Xocwi Kuamu3. [lemak, gg(p) ckamsap kynaTManu cakianm. [

Teopema-9. Cuiuk g @, — @, akCIaHTUPUIL U30METpUs OyIuIM yuyH @,
ra Terunum wuXxTuépuil p HyKraHuHr arpodu yduyH @ wuar wmyHpain (f,G)
nmapaMmeTpiam ycyiau Mapxkyn Oymuo, @ Ba @, cuptnapuusr (f,G) Ba (g- f,G)

nmapaMeTpiam  ycyJjuapu — y4yH ~— xucoOmaHraH — l-kBaapat  dopmanapu
K03 GULIMEHTIApUHUHT MOC paBUIIIa TCHT OVIIUIIM 3apyp Ba €TapJIUAUD.

Hcoot. Axcnantupumt g @, — @, -uzomerpusi, P € Oy Ba p HuHr arpoduna
@, cuptauHr (f,G) napamerpnain ycynu
r=r(u,v)
TeHrjama ¢Epaamuaa Oepwiran  OyiacuH. bupuHun  Teopemara kypa Q-
muddeomopdusm, Ba (g - f ,G) - @, CUpTHUHT napameTpiam ycynu 6ynanu. dapas
KuJaiuk, @, HUHT Oy mapameTpiall yCyiau
p=p(un
TeHrnama Ounan Oepuncus. llynga
Ay =4d9(p)(T,). A, = dg(p)(F,)
TEHIJIMKIapJaH g U30METpHUs OYJIraHIUIU Yy9yH
Ey=1(R. 1) =1:(0,.8,) =E;
F = |1("L,K/) = IZ(puuDv) =F
Gy =11(F.1R)=1,(0y,5,) =G
TEHIJIMKJIap KeJIUO YMKaIH.
Onpan, akcuH4a p Hykra arpopunan @, cuptaunr (f,G) mapamerpnam ycynn
Ba @, cuptHuHar g(P) HykTa arpodumaru (g - f ,G) napameTpJiall ycyJulapu y4yH
E(uv)=E(u ),
F(uv) = F(4v),
G(uV)=G(4V)
TEHIJIMKIJIAp YPUHIIN OYJIICHH.
Wyuna, dg(p)(F,) = p,, dg(p)(F,) = p, TeHrmHKIApHU XHUCOOTA ONIHO,
1L(F, F) = E (V) = E, (V) = 1,(By . 3y,
1L(F, F) = Fuuv) = Fu) = 1,(3, . 3,),
I1(|_;v’|_;v) = Gl(U,V) = Gz(U,V) = IZ(IBV ’ﬁv)
TEHIJIMKIAPHUA XOCHJT KMJIAMU3.
Hemak, dg(p) axcmantupumn T, T, BEKTOpJIapHUHT CKaIApP KyMaiTMaTapuHU
CaKJIAlIH.



HNuddepentman 0dg(p) 4YM3UKIM aKCIAHTHPUIN SKAHJIUTHUIAH Ba CKaJsIp
KYIMaUTMaHWHT OWYM3HKIMIUTHIAH Jg( ) HHHT CKasIp KyNmaWTMaHH CaKJIaIiu

Kenub ynkanu. [



20-MABPY3A.
MAB3Y: Hopmai srpunuk Ba Menbe Teopemacu. 4 coat

® cUpPTHM YHUHT p HYKTacHJaH YTYBUM TEKHCJIMK OWIaH Keccak, kecumaa P
HYKTaJaH YTYBUM CWJUIMK 3TPH YM3UK XOCWJI OYnaau. byHaail arpu YM3HKHU TEKHC
KecuM J1e0 aTtaiimMu3. Arap ¥ TEKHC KecuM Oyiica, ajidaTTa YHUHT OypasIMIIM HOJIra

TeHr Oynaau. (HuMa yayH?)

DOuau © cuptHUHT p HyKTa arpodunaru I =T (U,V) mapamerpram ycyauHH
Kapailmuk. AHMKIMK ydyH p HMHI WuYKd Koopaunatamapu U = UL), v, = UL)
Oyncun. Tekuc kecuM y TEHINIaMacWHU TaOuuil mapamerp (SbHH €W y3YHIIUTH)
épmamuma P =T(U(S),v(S)) «ypummmpma &3m6, yEuAr yuyn Dpene
dopmynanapunu €3aitnuk (Oypanuin HoJra TEHTIIUTUHE XUcoOTa 0J1r0)
kv

—k7

By epua 7 = P, V- GUpIHK HOpMal BEKTO, K sca Y YM3UKHUHT p HYKTaJaru

N
Il

<l
I

srpwiard. [lynna
11(7,7) =(7,n) = (kv,n) =k cosd
Hu xocun Kumamu3. by epma @ — N Ba V' Bextopnap opacuaaru 6ypuak. DHAU ¥ HE

0 = p(f) Tenrnama OmnaH aHukiaacak (0y epnaa t-uxtuépuit mapametp), yuaa t-Hu S
HUHT QYHKIMSICH YKaHIUTHIaH Ba

ﬁ!_*ds 15” ,0 dS 2_|_lz'5dzs
Pt dt dt2

TEHTJIMKJIApHU XHUcoOra ojud

(5, 5) = (5".)=(%)2(5,m) = %)k cos®

HH XOCHUJI KMJIaMM3.

bynnan
kcos@ = “( ) (p'.p)

G5y 1(P, *’)
(dt)

1)

o Py
TEHIJIMKHUA XOCWJI KwiaMu3. By TeHrmukHWHT YHr TOMOHM (akat A  BekTopra
OOFNUKJINTU KYpUHUO TypuOau. Arap y naH OOIlKa TEKHUC KeCUM )’ HU OJICak, Ba

yliap YMyMH# ypuHMara sra (spHd OMp XWJl HyHamuira sra Oyica), yiap yuyH (1)
TEHTJIMKHUHT YHT TOMOHHU OMp xuinaup. by popmynanu teopema maxnuaa €3aMus.

Teopema-11 (Menbe). @ cupTHHHr P HyKracuuard MXTHEpWA & ypHHMa
BEKTOp Ba P HyKTajarm yprHMa BEKTOPH dTa TeHT OyiraH Tekuc kecuM yuyH (1)

dbopMyIa YpuHIUAND.



DOHaM KecyBuM Tekuciauk I1 Hopman 77 BekTopra mapasien OyincuH. by xonna
TEKUC KECHUM ypUHMAacura /1 BEKTOp neprneHaukyisap Oymanu. [emak c0s6 =+1 Ba
(1) TeHraMK

w1 P\ p')
(' p')
KYPVHHILTA KEITAIH.
By xon1a TeKuc KECUMHHM HOpMaJl KECUM JIe0 aTaliMu3.

5 1(aa)
Tabpud-2. —/(2’ 2)

HOpMaJl 3rpujnry neitnnaau Ba K, (8) 6unan Oenrunanaay.

coHn @ CUPTHUHI p HyKTajgaru & WyHamum Oyitnua

Mynnaii kunubd, cupTHUHT 4 HyHanmum O0yiinya HOpMall STPUIUTH & BEKTOP
aHUKJIOBYM HOPMaJl KECUMHMHI STpUIHrdra abCodoT KuiiMath OVilMua TeHr,
unopacu (papk KHJIUIIA MyMKHUH.



21-MABPY3A.
MAB3Y': bou iiyHanumnuiap Ba 60111 srpuidkiap. 4 coar

CUpPTHUHT UKKMHYY KBaJApaTukK ¢gopmacu
® cuprauHr 2-xBagpatuk (popmacu xaMm T, ra Teruuum BeKTOpaap Ky(pTH
Y4YH aHUKJIaHTaH OMYU3HKIIN (STbHU Xap Oup aprymMeHTH OViinua 4u3ukin) QyHKIUS
épnamuna aHukIaHaau. @ CUPTHUHT p HyKTacHIard OMPIWK HOpMaj BEKTOPUHU [T
Ounan Oenrunaitnuk. Wkkunum kBagpatuk ¢opmanu |l Ounan Oenrunad, yHu
d e T @ yayn //(a,a) nn Gepum EpamMuia aHMKIAHMu3.,

Arap p Hykra atpoduna @ cupram napamerpram ycymu T =T(U,V)
TeHrnaama OuilaH aHuKIaHuO, @ cupTaa P HyKTagaH YTyBYH ¥ OSTpH 4u3uK p = p(f)
Tenrnama Oumnan Gepunran Ba D'(fp) =8 O6yncun. Pxopuna KypcaruiaraHuex,
u=uUt) v=urt  mabdepennmannanyBurn  QyHKIMsUIAp  MaBKya — OyimO
p(t)=r(u(t),v(t)) tenrmmk 6axapunagu. VIKKMHYM KBagpaTHMK (HOPMAHHMHT
{3,a} xyprmux yuyn xwiivarunun |1 (&, 8) = (p"(ty),N) dopmyna Gunan
annknaiivus. Duan P'(1y) =T, (Ug, Vo)U'(ty) + T, (Ug, Vg)V'(ty) Ba

= = [ 2 = ",! =" = n,! = n 2 = "
p't,)=r,WU'(t) +r, uv+ru”"+r, uv' +r,(v) +r(v)
TEHIJIMKJIApHU XucoOra ouo,
. . _.du,, ~ _dudv _ _.,adv,,
(@, a)=(r, u,,vy), M) +2(r, (uy,v,),N)——+(F, (Uy,Vy), N)(—
(a,a) =(r, (uy,vy) )(dt) ((oo))dtut((oo) )(dt)

dbopMyIaHu XOCHJ KUJIaMU3.
OHU

L= (rhv’ m,M = (ruv’n)’N = (ruv’n)
OenruianuIapHi KUPUTHO, UKKMHYM KBaJIpaTUK (opMara MOC KEJyBUM OWUM3UKIH
(GyHKITUSHHA
11(a,b) = La'h! + M (a’b? + a%b*) + Na2b?
dopMyia épramnia anukaiivus. By epra d = Fual + F\,az, b= Fubl + F\,b2 :
BupuHYM Ba MKKMHYM KBaJpaTuK Gopmanap ko3 GUIMeHTIapUIaH Ty3UIraH
(E (p) F (p)] ( L(p) M(p)j
F(p) G(p))' M(p) N(p)

MaTpUIapHU KupuTtamMus. bus Omnamuzku, detA>0 Oynraniuru yayH TecKapu Al

MaTpHIa MaBxKy. AB MaTpula y4yH KyWuaaru TeopeMa ypuHiInaup.
Teopema-10. A™'B marpuuasusr xoc coHnapy Xakukuii 610, yaap xap Xui
Oynranna ynapra Moc KeIyB4M XOC BEKTOPJIAp ¥3apo MEPIEHIUKYIIAPIUD.
Hcbor. A™'B MaTpULAHUHT XOC COHJIAPUHM TOIMII YYyH det| A'B-AE|=0
TeHrNIaMaHu evnin kepak. by Tenrnama det|B—AA|=0 tenrmamara TeHT KywIHIup.

@ cuptra TerunuM p HyKTaHu Qukcupiacak A,B comnm marpunamap Oymamu. A
CUMMETPUK Oynranmuru y4yH yunu Oupopra C. 70— T @ wmatpuua Epramuia

OUpIMK MaTpuuara aimaHTHpum MyMkuH. ByHma A marpuma CAC' marpunara



yramu. Jlemaxk CAC'=E éku A= C*(C")” 6y epaa C' TpaHCIOHMPJIAHTaH MaTPUIIA.
[lynna

det|B—AE |=det|C*B(C ™) —ACH(C ™) |=det|C (B -AE)(C ) |
=detCdet|B - AE |det(C )T
Oy epna B= CBC’. JNemak, det| B— A4=0 rtenrnama det| B- AE|= 0 tenrnamara

TEHT Ky4auaup. JIekun
B =(CBC") =CB C"=CBC’,
abHE B CUMMETPUK OYITraHIWIM y4yH YHHMHT XOC COHJIApU XaKukuiaup. [lemak,

A~'B MaTPUIAHKHT XOC COHJIADM XaKWKWi, Ba yjaap Xap XWiI OyIraHma Xoc
BeKTOpJap y3apo opToroHangup’. [

Arap A, A,-xoc  commap, €,6,-xoc  BekTOopmap  6¥yaca, AbHH
Ab =8¢, Ag = 12_5’2’ Tenrmuknap Gaxapunca A, # A, 6ynramma A > A, 1e6
XHCOOIaiMu3.

Tabpud-1. A # A, 6ymranma € Ba €, BekTOpiap AHUKIOBYH TYFPHU
YU3UKJIAp P HyKTaaru 0o iyHanumnuiap aed ataiaim.

Teopema-12. A'B MAaTpULI@HUHT XOC € Ba € BEKTOpJIap HyHaIulUIapu

Oyiinya HOpMaJl STPUIMKIAp MOC PaBHIIJIA Iy MATPUIIAHWHT XOC COHJIApUTA TEHT
oynmamy.
HUcoor.

1(&.,€)
HU XucoOmam yayn 7, @ na @ Ba €, X0C BEKTOpJapjan ubopar opToHopMai 6asucHu

TaHJ1aCak,
AlB—_( ) B—_A(}\Il ) Y oynan
Ba TCHIJIMKJIA HHIIN JJaau.

/(é, &) HuHr cranap KynaiTMa SKaHIUTHHH XEcoOra oJicak,

| (e, &) =1° +0%,1(8,,8,) = 0% +1°
ke unkaau. Jlemak Oy 6a3ucna

arlt Y ws(s 9)
0 1 0 4

e,8) AL+i,-0
(&8) 1
TEHIJIMKJIap KeauO ynKaau. [

Tabpud-3. bom HyHamummapra MoOcC KeIyBYM HOpPMall STPUJIMKIAp OOl
ATpUITUKJIIAp 1€0 aTanau.

Jlemak,

ﬂ L MB,B) AL4n-0
k(2)= — A, k()= /( ) _A _

(€.8) 1 2

LS

! UM.I'enbdann. Jlekiuu no nuneitHo# anredpe. M:, Hayka, 1971.



Onmu 7 @-ypunma (Qasoma Oasuc cudatuga Oupiauk xoc & Ba ¢

BEKTOpJApHU 0JIMO, UXTUEPUIL & BEKTOp yuyH ¢ OuinaH 4 Ba € opacujaru

OypuakHU OCJITHUIIaNiIIUK.
Teopema-13 (Diinep). Uxtuépuii & € 7,® ypuHMa BEKTOp YUYH

k (a)= kcos’ o+ k,sin’ ¢
TeHIJMK Ypunnuaup. by epna &, k-Oom srpunuknap 6ynu6, aHUKIUK YuyH K > K,

1ed XxucodnanimMus.
HcGor. VYpuHma BeKkTOpHU &= 4,6+ 4,8, kypunumga &3m0 kK (d4) Hu

XUCOOJIaUMU3:

. lI(a,a a’ + A,a; a’ as
k,(8) = (qﬂ):ﬂ““2 22 =)L+ A, 2 =4 cos’ p+ A,c08° o =
1(@,a) a +a; |a |a
=k, cos® ¢ + k,sin’ ¢. 0

Hatuxa. bou srpunukiiap HopMai 3rpHIIMKHUHT 3KCTpeMall KUiMaTIIapuiaup.
XakuKaTaH xaM, ypuHMma ¢azona € Ba &0pToHOopMai Oa3MCIapHU TaHJIACAK,

—

d uyHamum aHUKIOBUM K (&) HOpMan STpUIIMKHH @HHUHT (yHKIMICH cudartuga
Kapanmus:

k. (p) =k, cos” @ +k,sin’ .
p=0na d=¢ Ba

kn<o>=kn<a')=/q,(p=§

—

na d=28 Ba /(n(%) = k (@) = k. UxTuépuii ¢ yuyH pxopunaru popmysiaHu

k = (k, —k,)cos’ ¢ +K,
KypuHHIIAA €3H0,
k'(p) =2(k, —k,)cosgsing = (k, —k,)sin 2¢

. T
HU XOCHJI KUJlaMu3. sin2¢ =0 TeHraamanu eund ¢ =0 Ba ¢ = E HU Tomamu3. Jlemak,

kBa k, k(@) GyHKUMSCHHUHT 3KCTpeMan KuiiMatiapuaup. &'



22-MABPY3A.
MAB3Y: JlepuBainuion ¢opmynanap. 4 coar

by maparpadaa 6u3 cUpTHUHT OMPHUHYM Ba UKKMHYM KBAJApPAaTUK (opMmaiapu
opacuiaru GonaHuuiapuu kypcaramus. Perymsp @ cupr  P(Ug,Vp) Hykra
atpopupa perynsp [ =T (U,V) mapamerpnam ycynu Ounan OGepwiran OYIICHH.
Xocusl Oymaauran ¢opmyiagapHd HX4Yamjall ydyH TEH30p XHCOO-KuToOaru
Oenrunanapaad ¢oinananamus. bynmnr yuyn U; =U,U, =V OenrunanmiapHu
kuputamu3. byHgan Tamkapu ~OupuHUM  KBajpaTtuk ¢GopMa  MaTpHUIacH
DIEMEHTIAPUHK  {j;1ap OMiaH, WKKMHYM ~KBajpaTHK (opma  MaTpHLacH

sneMeHTIapuHn (j; nap Ounan benrunaiivus. Jlemax,
A:(g“ 912}82(%1 Chzj.
921 922 O21 Q22

Murunamumapaa arap GUPOHTA HHAGKC PKOpHAA Ba MACTAa OMp XWMI MapTa yupaca
Oy uHaeKcap Oyitnya HuruHIM OENTHUCUHU Talnuiad €3amu3. Mucon yayH

n . .
a bt +a,b® +..a.b" => ab' =ab',
i=1

LA
DHmu R na ml’mz Ba HZ& BEeKTOpJIapHU Oa3uc cudaruga omuo,
|[IIJ1’II,I2]|
I’Tul,ﬁu2 Ba I’[Jiuj BEKTOpJIapHU Oy 0a3uc BeKTOpiap EpaamMuia YW3UKIU
udoganaimMus:
- K- _
r., =L:f +b.n _ _
U e i=12;, j=12 (1)

By epna M =My, . Arap GUpUHYM TEHIMKIA =1, ]=2 6ynca

el 2 _
M, =112l 1120, +DBpf

TEHTJIMK XOCHJI OyTIaau.

Ana my é&wmnran (1) dopmynamapna Filj( Ba bij,aik,Ci byHKIMsIIAp
(ko dunmentinap) ¢akar OWpUHYM Ba HUKKHHYM  KBajapaTHK opMmaiap
KOOpIUIMEHTIapH  OpKalu  HPOJATAHUIIMHK  Kypcaramus3. DByHUHT  y4yH

ﬁliuj = Fi;'( My + ;1 Tenrymxam 7 BexTopra ckansAp KymaiTupamus Ba
o . k(> = I
(7, .)=0 | (ruiuj ,n): I (ruk ,n)+ b; (7, 1)

TEHTJIMKJIApHUA XUcoOTra 0yno

by = ('_Liuj ’ﬁ)z 0



TCHI'TTMKHHU XOCHUJI KUJIaMH3.

Onmu Ny = aikfuk + C; TeHIUKHK r[Jj ra CKaJisip KynauTupamus Ba

(ﬁi’ru,-):aik(

ﬁ‘j’ﬁlj)J“Ci(ﬁ’ﬁ,j)(ﬁ,ﬁ,j):O

TEHTJIMKIIAPHU XHCOTa 010
k
—0ij =& Gy (2)

TCHIJIMKHHU XOCHUJI KHJIAMM3. Ey TCHIJIMKHU OAdaTAaru KS'IPI/IHI/I]_HI[a €3cak
E Ch1 = a%911 + a12921
™ Gio = a%912 + a12922
— U1 = a%911 + a§g21

1 2
— 02 =3a3012 +a202)
cucteMaHn Xocun Kuinamus. by cucremaman Oet A>0 6yarammurn yuyn af

ij -1
KO3 PUIUEHTIIAPHU TOIUII MyMKHUH. { ) Gunan AT MaTpHUIAHHHT SIEMEHTIAPHHE

Oenrwnanmus. llynaa AA=E tenrmmxuu

. 1=
¥ =gsi=

glkg | O ii j

Kypununiga €3a onamus. byanan ¢oiigananuo, (2) TeHrmkan ( Mg KynanTupub Ba
] wHAEexkc Oyitmua  #imFuO, Kyimmarm — QopMylanapHH  XOCWJI  KHJIAMH3!

_ q” g it — aikgkj g il ) BYHI[aH aik = —Z q'J g k TEHIJIUK KeIuo qUKaIu.

Mucon yuyn K =1,1=1 na
1 j1 11 21
a4 = —Q1ng =—0119" — 0129
HU XOCHJI Kujiamu3. By epna
11

1
g thgzz 9 thglz

6ymanu. lynnaii knmu6, aj, b; GyHKIMATapHA TONANMK. DHIN

o =IF +bn

Uju j ij

—

TEHIJIUKHU [

u, BEKTOpra cKasp Kyl‘[aI/ITI/IpI/I6

(UU’U|) 1_‘IJ(U|(’U|)

TEHIJIMKHU XOCWJ KuinaMu3. by epna (rhk, Uy ) = Qi oxamwmuru mabiym. bus (1)

cUCTEMaJaru Filj( Ko PUIIMEHTIapHu ~ TONMOKYMMH3.  ByHUHr  yuyH

Fi” (I‘u uj T )6eJ1r1/IJ1aH1HH KUPUTHO



Lij | :Fi;'(gkl (3)
TEHTJIMKHU XOCUJT KUJIaMu3. DHIH

( uj ! u| ) Jil
TEHITIMKHH ¢, Oyiinda nuddepennnaniad

(i, ujuj u|)+(u,' U i ):ﬁ(gil)
J

]

TEHIIIMKHU XOCWJI KUJIaMu3.
By renrnvknu 7, pyHkumsanap opkanmm €3cak

0
L+ 0y =—— 0
A (4)
KypuHuna Oymanu. DBy TeHINMKAQa WHAEKCIApHU aWIaHTUpUO sSHA HKKHUTA
TEHIVIMKHU €3aMuU3

0 7
'+ i =—0.:, 1 i+ =—0; ) 5
jLi il, j d.ll glj li, j il éUi glj )
Ouau (4) renrmukaad (5) TEHMIMKIApHU alUPHO
0 0 0
Ui =i + D =T =T =T :éujg" _agji —agu 6)

TEHIVIMKHU XOCUI Kuilamu3. By epna 7, =17, TEHITIMKHU Xucobra om0 (6)nu

Kynuaaruya €3amus3

0 0 0
=205 | =2 Y _agji — 9
] |
bynnan sca
1| 0 0 0
Lt j =5 ar —— 0t ar —— 0 Egn (7)

J

TEHIVIMKHU XOCWJI KHJIaMu3. DHJIU Fij byHKIUATapHU ToMa oJiaMu3. ByHUHT yuyH

(3)mu g S kymaittupu6 | unnexc 6yitnua iturcax

| Ko o k
G;19° =099 =00 =T

TCHI'JIMKHHN XOCHUJI KUJIaMM3.

Jlemax, 1“.? =Tj,0 I dopmysiann xocws Kwimuk. Huxosit (7) TeHTITUKHA
g’ra Kyl‘[aI/ITI/IpI/I6j WHJICKC 6yHan HuramMu3 Ba HaTchazLa
" 0’7
L =Ty ;0% = (—9 —9jj 9') (8)
N I il
| éul 011 j

J
dbopMynaHu XOCHII KUJIaMH3. By (8) dopmyna Ousra 6 Ta [ (GyHKIHAIAPHU TOTHII

MMKOHHMHHM Oepaau. Mucon yuyH /= k=/=1 na



1"1 —Egll ig +ig _ig _|_lg21 ﬁg + ﬁ g — 0’) g —
11 2 O’UJ_ 11 Oful 11 d,ll 11 2 Oful 12 d]l 12 Ofuz 11

=g —g 921ig —1921£9
éul 11 Oful 12 sz 11

TEHITIMKHU XOCHJ Kuaamus. Pxopuparn (8) dopmynanan xypurn® Typubmuku, I

dbyukusap dakaT OMpuHYM KBaapaTukK dopma KodpuIMeHTIapu Ba YJIapHUHT
XoCWianapu  opkaim  xucobmanamu. Hwuxosar (1) c¢opmynamarm  xamma
KO3 UIIMEHTIIap TOMUIIN. DHIH (1)HI/I Kyluaara KypuHuiiaa €3a o1aMus3:

ru,uJ _F rk"'qu
o O
__qug uk

by dopmynanap nepuBanmon dopmynamap ne6 aramamu. JlepuBammon
(dopMynanapHu OMPUHYM Ba UKKMHYM KBaJpaTHK (Gopmanap opacuaaru OOFJIaHUIIHA
TOIHII YYYH UIUIaTaMu3. ByHUHT yuyH

ruiujuk = ru-ukuj anu-uj = nujui (10)

TEeHTJIMKJIapHU &310, I_’[j g 1 U N, nu GyHKIUSIIApHU JepUBAIOH (popmyanap

Epnamuna ndonanarivmus. llyrna (10) Tenrmukiap

2 0 )
— (TR, + 5 = — — (TR, + i) =0
k éUj
Ba

0 Ik 7 Ik
— (0971, )-——(@;9°1,)=0

KypuHUIlTa Kenaau. by Tenrnuknapaa quddepennuyanian amaiuay 0axapuo

o - _ 0 _ _ 0 0 - .
djkri} Tul +Fi} Tueu; +di(Qij)n+qnnuk _|:d|j(rilk)r Flkru|u _djj(qik)n"i'qiknuj =0

0 0
—— (@4 9" )Ty +q”9|krukuj - @—(Qilglk)ﬁ;k + 039 T, 0

A j
TeHrJII/IKHapHI/I XO0CHUJI KNJIaMHN3.
By Tenrmukmapga sHa Oup  Mapra  JepuBanuoH  (opMmysajgapaad

doitnananamus. [lynna rum , [T BeKTOpJap YM3UKIN SPKJIM OYIraHINTU Y4yH yiap

oJiiuard Ko3phuireHTIapHu HOJITa TEHTIAIITUPUO

Py I - Py LIy + Z(E;‘F/k - ]72]71) :Z(%'C/k/ - 67//(57//)9/
k J =1 /=1

(11)

Ba

0 0
Z 7 G — Z W+ 20, % =0 (12



MyHOca0aTiapHu Xxocus Kuiamu3. by MyHocabatnapman Oupununcu [ayce
TeHrnamacu, WKkuHuM Ilerepcon-Komamuum tenrnamamapu ne6 aranaau. [aycc
TEHIJIAMACUHU g, Ta KYMaWUTUpUO UHAEKC M OViinya HUFaiauK:

é) m é) m 2 !/ —m !/ -m
zgms(ﬁuk I _éu_l—}k+;(ljjrlk_1—}krﬁ):
m J —

2
= > (990~ 999" Do

/,m=1

lynna yur ToMmonaaru udoaa

2 2
> (G0 — qikqjl)glmgms = > (GG — Gikd1)I) = Gijks — Gk js
I,m=1 1=1
kypunuira kenaau. by epna /= =1, k= 5= 2 6yaranga
2

ST O G (1)
KYpHUHHUIITA KEJaIH.

Hemaxk, laycc srpunurn K ¢daxkatr Oupunum kBajgpatuk Gopma Kodpdu-
UEeHTJIapura OOFIIMK 9KaH. By 3ca yHUHT M30MeTpHK akCIaHTHUpHILIapaa y3rapmail

KOJIMIIIMHU KypCaTaJu.

2
01,102, — q122 = Z ng(
m=1



23-MADBPY3A.
MAB3Y: bonne Teopemacu. 2 coat

bepwiran ukkuTa KBajgpaTUK (opManap y4yH CUPTHUHI MaBXKYIJIUTHA Ba
dazomaru Xxapakatra HuHcCOATaH YHUHT STOHAJWTU XaKuJard TeopeMajapHu
ucOoTIanMuU3.

Teopema-16 (Masxymnmuk). Texucnukgaru G coxaja aHUKIAHTaH g, g

mupdepeHunauianyBun  QyHkuusmap — Oepunran  6ymmo, 9,=99;,=4;
MyHOcabaTiap OaxapuiraH Ba { g,./.} MaTPULIAHUHT JI€TEPMHHAHTH HOJJIAH KarTa
o6yncun. bynman Tamkapu Oy ¢ynkuusiiap yuyH [aycc Ba Ilerepcon-Komammum
TeHrjaamMajnapu Oaxapuiran 6yncun. lllynma xap 6up (uo, |/0) € G y4yH Oy HYKTaHUHT
V < G arpodu Ba
r=r(u,v),(uv)eVv

TeHrJIaMa OWJIaH aHMKJIAHTAH PEryyisap @ CUPT MaBXyxd OYiauO, yHUHT OUpUHYM Ba
MKKUHYMA KBaJapaTUK (HOpMaJapUHUHT MaTpHIAJapyd MOC paBHIIAA { g,]-} Ba {q,]-}
MaTpuuaizap OuiIaH ycTMa-ycT TyLIa/Iu.

HcooT. bepunran { g,-l-} MaTpuliara TecKapu MaTpHila >JIeMEHTIapUHU 9’ Gunan

oerwiaiiMus Ba

o

a;

w1 w0 0
Tl :Fn,jgjk ZEQJk(agu -
i j

i éul

Oyiinua F,-//-( ¢yskimsiapan  Tomamms.  Onmm  Kyiimmarm  Xq, Xo,N  Bekrtop

gij — i)

byHkusiapra HucOaTaH KyMuaara Xycycui xocuianu auddepeHinan TeHriamanap
CUCTEMAaCUHU KapaniuK.

7
Of,_(xi):r‘i;(xk +0;; N

uj (1).
Ny, :_qijgjkxk

by epma u =u, u,=v Oenrmnanuiapaan Qorgananau. [lyanm xucobra omu6 (1)
CHCTEMaHH Xap OUp MHICKC YUyH €3CaK, y



7
a X, = 1ﬂ111X1 + 1ﬂ121X2 + 0y N

0
Exl :F112X1 +F122x2 + 0, N

0
a X, = Flexl + r221X2 + 0y N
(2)

0
Exz :F212X1+F222X2 + QN

N 1 2
=, X;+a; X
1 1M1 T G A2

N 1 2
=a, X, +a, X
A 2M1 T A2

KYpUHMILITA Kenaau. DHau Oy Xycycuwil xocunand auddepeHunuan TeHriaManap
CHUCTEMACHUHUHT €YUMHU MaBXKY/UIUK MAPTIAPUHU €3aMU3’

XK, X AN AN
Ajdy, Ayl Ayl Ay,
by wmaBxynmuk maptimapu ['ayce Ba Ilerepcon-Komamuum tenrmamanapura
OKBUBAJICHT DKAHIMTHHU OJMHTH maparpadaa xypcarmuk. Jlemak OwmsHuar (1)
CHUCTEeMaMM3 YUyH G COXaHUHT Xap OMp HyKTacH1a €YMMHUHT MaBXyMJIMK apTiaapu
Oaxxapuiras. Jlemak, Oupopta (y,,1,) € G HyKTa OJICaK, Iy HyKTaHUHT Oupopta V
atpopuna (1) cucrema (y,,v,) HyKraga OepwiraH OOILIAHFUY IIAPTIIAPHU
KaHOATJIAHTUPYBYM STOHA eumMmra odra siUHM V' coxajJa AaHHWKIAHTaH BEKTOP
GyHKIMsIIAp

(3).

Xq(u,v), X5(u,v),N(u,v)
maBxy/a Ba (1) cucremMaHd KaHOATJIAHTHUPaaW. BoluTaHFUY IIAapTIApHH KyHuaaruva
TaHJIAUMU3.

| N (Ug, Vo) FI N =1, (X1 (Ug, Vo), N (Ug, Vo)) = (X5 (g, Vo), N (Ug, Vo)) =0,
9ij (Ug, Vo) = (X (Ug, Vo), X j(Ug, Vo)
X1(Ug, Vo), X2(Ug, Vo), N (U, Vo)

BEKTOpJIap VHI CHUCTEMaHW TamKuWi Kuwiaau. by OonuianFuy ImapTiapHU
KaHOATIAHTHPYBYM BEKTOpIap Mapxymumru {g,(4,V,)} MaTpULAHUHT MycOaT

AHUKJIAHTAHJIMTUJAH KeTuo YuKaau. DHAU 7 = 7(u, ) BEKTOP PYHKIUS YUyH

I =Xy,
e
v — N2



CUCTEMAacCUHHU Kapailmu3. By cucreMa yuyyH €YMMHUHI MaBXy[JIMK IIApPTH 7, =T,

TEHIJIMKAaH nbopatnup. Jlekun g, = g, Oynranmuru yayH /I = I”; yHIaH TamIKapu
g; = q,; MyHocabar xam 6op. [lemax,

0 7

X=X

N Al

MyHoOca0aT Ba [, = I}, TEHITIMK YPUHIHIUD.

lynnait kummb, arap (y,,y) €V Hykra yuyH (4) cuctemaHu I"(UO,VO) =d
OonutanFuy mapt OwiaH Kapacak. (¢,,v,) HyKTaHUHr Oupopta V[ c V arpodwuna
aHUKJIAHTaH 7(u,1) e4uM MamBxyd. DHau [ = f(u,v), (U,V) EVO TEHIJIaMa

OwsaH aHWKJIAHTaH @ CUPTHUHT OWPUHYM Ba WKKUHYM KBaJpaTHK (opmanapu
ko3 bunreHTIapuHu Xucoo0aaiMu3. ByHUHT yayH

(X3 X ). (X;,N),N*
dbyukiusnapau guddepeHnuanianm EpaamMmmuaa

;(Xi!xj):Filk(xl’Xj)"'rjl'k(xliXi)+qik(N’Xj)+qjk(N1Xi)

k

0
m(N’Xj):_qilglk(xk1xj)+ri}(xl'N)+qijN2
|

7 Ik

—(N,N)=-20;9" (X, N) (5)

Aj

Xycycuii xocunamu quddepeHyan TeHraamManap CUCTEMAaCHHE XOCHII Kuilamu3. By
TEHIJIaMaJIap CUCTEMACH yIYH

(Xi, X ) =05, (X;,N)=0,(N,N)=N* =1
bynakusinap eunm 6ynaau. OXupru TeHriama yuyH 0y ¢axtaHu 6eBocuTa
N?=1,(X;,N)=0
u(poaajapHU TEHIIaMara KyHud TeKIupUui MyMKHUH.
NKKMHYM TEHIJ1aMa YYYH TeKIIUPaAMMI3
Ik |
Git9 " 9k + Gij = %t + Gij = —Cj + 0 = 0.

bupuHuM TEHIIIaMaHu TEKIUPHULI YUYH

potgml @, 0, O
=5 g a, Gim au, Gim o, i
TEHITIMKHA (J)j Ta KynaiTupu0, uaaekc | 6yinda Wuramus.

Hatmxkana

rgXld .. _9

TEHIJIMKHU XOCWJI KWJIaMu3. Xy IyHaan

ool 2. 2
j/(g/i - 2 Of)uj gki Of)uk g]l Of)ul gjk




TEHIJIMK XaM YpUHIIU. byHnaH

0
rg +Ig,=—4g,
kIl JkI i auk i

MyHoca0at kenub yukaau. by myHoca0ar y3 HaBOatuaa

(Xi, X ) =055, (X;,N) =0
byHkuusnap l-TeHrinamMa ydyH €4MM SKAaHJIMTHHU Kypcataau. by edummuap ydyH
OOlUIaHFUY HIapTiIapra Kypa

(X, X 1)(Ug. Vo) = Gij (Ug, Vo). (X; (Ug, Vo )N (Ug, Vo)) =0
|N?(ug.vp) |=1

MyHoca0atiap YpuHIH Ba

X1(Ug, V), X5 (Ug, Vo), N (Ug, Vo )
BEKTOpJIap YHT CHUCTEMaHW TAIIKWJI 3Taau. byHman sca, (5) cUCTEeMaHWHT €4UMU
SATOHAJIUTUTA Kypa

2
gij :(Xi’xj)’(xj’ N)ZO,N =1
TeHINIMKIap Ba apamam kymaiitma yayH XqX,N >0 wmynocabar | coxaumHr
XaMMa HyKTacua Oakapuiuiny Kenub yukaau. JleMak, @ cupt yuyH

(ﬁji’ﬁjj)=gij’(ﬁji’N)=0,N2=1

MyHoca0atiap VpuHid. ByHnaH sca @ CHUpPTHUHT OMpPUHYM KBaJpaTUK (opMacu
MaTpuuacu {g;} Marpuua OMaaH yCTMa-yCT TETHLLIN KeIU0O YMKaIu.

NKKnHYM TOMOHIAH
(r, N(u,v)) = (r,,N(u,v)) =0
OYNTaHIUTH YIYH N (U,V) BEKTOp @ CUPTHUHI OUPJUK HOpPMAaJl BEKTOpPH OYynaau.
Jlemak,

— (5, Ny) ==X, Ny ) = 650 (Xi, X)) = 059 Mg = a

MyHOcabaT YpuHau Oynub, @ CUPTHUHI UKKHMHYM KBaJpaTHK (opMa MaTpUIACH ¢,

MaTpulla OuiIaH ycTMa-ycT Tymaau. [
Teopema-17 (saroHanuk). MapXKy[UIMK XaK{Jard TeopeMa MIapTiIapyuHU

KaHOATNaHTUpyBun perymsp @, D, cupriap ydyH myHpaii sroHa, C R — R’
XapakaT MaBxyJ 0yimo, C(@,) = @, TeHIJIMK YpUHIIU OYIaau.
Mcoor. Papas3 Kunaiinuk, @, @, perynsp cupraapaunr (7,V;) sa (7, V)
peryJisp mapaMeTpiiall yCyJuIapyu MOC PaBHINIA
r=r'(u,v)
F=r?(u,v)

TEHTJIaMaJiap OWJIaH aHWKJIAHWO, YJIApHUHT OWPWHYM Ba HMKKWHYM KBaJPaTHK
dopmanapu Moc paBuiga xap oup (¢ V) €V, Hykraga TeHr OyicuH. By cuptiap

(u,v) eV,

yuyH paauycd Bektopu 7 (U, V) ra TeHr GYJCUH HYKTaHW pamuyc BekTopu 7, (U, V)
Oynran Hykrara yTtkasyBum F:@D, — @, axkclnaHTHpUIIHK Kapaimuk. [emak, F



akcnantupum @, cuptaaru (U, V) xoopaunatamu uykranu @, cuptaaru (U, V)

KOOpJMHATA HyKTara akCIaHTHpaad Ba Jjgemak F  guddepeHimamianyBuu
akciaa"ntupumaup. by akcmaHTHUpumHMHT AuQQepeHnraiiaHyBUd SKaHIUTUHU

kypcarnm  yuyH 5-reopemara kypa F- £V —> R akcnaHTupumHEHT
g epeHInarIanyBIH SKAHJIMTUHU KypcaTHIlI Kepak. Arap

X (W), YV (uV), Z (U, V) mabdepennuamianysan pyukuusiap 7> (U V) BexTop-
GYHKIUSHUHT KOOpauHaTanapu 0yca,

F- (a9 ={X W, Y (4,7 (4]
TEHTJIMK YpuHIH Oynaau Ba myHI/IHr yaya F- f(4,V) muddepenumannanypun
akcnanTupuiaup. Xap oup (¢, V) € V| nykrana /,(4, V) = 1,(4, V) 6ynranauru yayn

O-teopemara kypa F aKCIAHTUPHII H3OMETPUK akciaaHtupuimaup. [lemak, F

AKCIAHTUPUILJA CKajlsdp KymaiiTma, XyCycaH YpUHMa BEKTOpJiap Opacuiaru
[*l =1

L7 ”ulfvlll

BEKTOpJIap XaM YHT (MOC

+1 1 7l

Oypuakiap cakjianau. Jlemax (U, %) HyKTana /,,/, Ba 11" = BEKTOPIAP

22 32 ~2 [
[7,

72 F?
YHT (Yan) opueHTAlMsAHU aHuK1aca /7, , /7, Ba 71 | 77 7

]
/1
paBHIIJIA Yall) OPHEHTALUSHYA aHUKJIaiu. Jlemak

P(X (U, ), Y (U, ), Z (1)
HyKTaja

7y (Uy ) Ty (L, V6 ), 71 (U V)
BEKTOpJIap,

Q= (X (th, %), V' (th, %), Z (th, %))

HyKTaja 3ca

7 (U ) 7, (U, ), 71" (U )

BEKTOPJIap 0a3MCHU TAIUKWJI 3TUO, Oy 0a3uc/iap Oup XuJ
OPUCHTAIIUSAHU TAINKWI 3Ta/IN1 Ba
|7, =717 =7 |7 = 7

TEHTJIMKJIAp Oakapuiaiu. AHaJmTHK reoMeTpUsIaru MaL'InyM Teopemara kypa P
nykranu Q wmykrara, (7,,7),7') Gasucum (77,77,7°) Gasucra YTKasyBun
CR — R akcrnanTupuinl Mapxkyn OYamO, y mapaie] KYy4upuil Ba OypHIIIaH
ubopar Oynmamu [1]. By akcmaHTHpUII W30METPUK AaKCIAHTUPHIN OYIaau, YyHKH
napaies KyuupHIl Ba OypHII M30METPUK aKclaHTupuuuiapaup. Dumu C R — R~
akcnantupuia (@) = @,  oSkaHIUrMHM ~ KypcaTaiiiuk. DByHMHr  y4yH
p(u,V) = C (7 (v,v)) Oenrunam kupuraiimuk. by epma € akciantupum, C
aKCIaHTUPUIIHUHT auddepernunamuaup. Axcnantupuml C u30MeTpust OYIraHIuru
yayn C - oproronan marpunamup. Jemax,

Pty %) =T (U %), (U, %) = C (7, (Uo’ %)), p.(th, ) = C (7, (Uo’ %))
TeHrMKIapaan Ttamkapu C(@,) cupTHUHT OMpUHYU KBagpaTtuk Qopmacu @D,
CUPTHHMHT Ba JeMak &, CUPTHUHI OMPHHYHU KBaJgpaTHK (popmacu OuiaH ycTMa-yct
tymand. Axciantupumi C OpUEHTAlUMSHU CaKJIAHTAHIWTH Y4yH, CO(@,) Ba @,



CUPTJIQPHUHT HWKKWUHYM KBaJpaTUK (QopMaliapy XaM YCTMa-yCT TYIIMIIHUHU
Kypcaramu3. YpuHMa 4,6 7,8 Bekropnap Oepwiran Ba 4 =C'(d),b" = C(b)
Oyncun. //,(a,b)= II"(3",6") TEHINIMKHU KYPCATULIMMU3 KEPAK.
bynuHr yuys,

L=y ) = (P ), M= (7, 74) = (P 77)
Ba N=(7,n)=(p,.n) TEHIIUKIApu Kypcatamu3. by epna 7- C(®) CUPTHHHT
HOpMan BekTopu. p(u,V)=C (F(¢,V)) TeHrIukHu 1uddepeHunasiaiMu3  Ba
p,(uV=C(7),p,=C(F) TEHINUKIApDHA XOCWJI Kujlamu3. byHmaH Tamkapu
[£,. 5]
o, A1
CaKJIOBUM H3OMETpUsia cakjaHaau. PKopuaaru TEHrJIUKHM auddepennnanial,
N=C'(7,) TCHIJIMKHYU XOCHJI Krilamu3. Jemaxk,

L= (T 71") = ~(7,,11,) = ~(P,s 7)) = (P 1)

Oynanu. Xynau nryHjail MKKMHYM KBaJApaTUK GOopMaHUHT OolIKa ko3 uiurenTiapu
xam TeHraup. Hatwkana, @, cupT Ba (C(@,) CUPTIIAPHUHT OMPUHYM Ba WUKKUHYH

KBaApaTHK (bopMaJIapH TCHI'NIMTMHU XOCHJI KUJIIUK. I[CMaK,
p(u,v), Bu,v)

BEKTOP QYHKUHUSAJIAP AepUBALMOH (popMyJiajiapra Kypa Ourra
Xycycuil xocuinaau 1 gepeHunan TeHriamasap
CHUCTEeMACHHUHI e4yuMu Oyaaau. bynnan
P (Ug, Vo) =T (Ug, Vo)

TEHIJIMKKA aCOCaH ,5(U, V) = 7'2(6/, V) kenu6 unkagu. Jemak, C(@,)= @, TEHITUK

ucbotnanay. [

n= = C' () TEHITIMK XaM YpHWHIIM, YyHKH BEKTOpP KyNaWTMa OPUEHTALMS



24-MABPY3A.
MAB3Y: I'eone3uk unsukiap. ['aycc-bonne teopemacu. 4 coat

Peryisp O cupr Ba yHma &TyBudm UKKM MapTa audQepeHIUalIaHyByu
napaMeTpiIaHTaH y TAITPU YM3HK p = p(£) TeHrnama Owmian Oepuiran OYicuH.
Tawspud. [Mapamerp t uunr xap oup Kuitmatuaa p” (f) Bekrop cuprauar y ()
HYKTaCHJaru ypuHMa TEKHCIIMKKA TEPIEeHANKYIAp Oyica, OyHIall Y4nM3WK TeoJe3uK
un3uk ne6 atanamu. by epna 7 (#) pammyc sexropu p(f) 6ynran mykra.
Teopema-18. 'eonesux umsux P = P(f) Tenrmama Gunan Gepuiran 6yica,

yHuHT Te3mik Bektopu P’ () y3rapmac y3yHmukka sra.
Mcoor. Ckamsp kymaiitma (', 0') y3yHIMK KBajpaTd OVITaHJIUTH YYYH YHH
mudpdepeHnnauiad yHMHT XOCHJAaCH HOJTra TEHr OJKaHJIMTMHU KypcaTamus.
Xakukaras, (5',p') =2(p",p") =0. demax, |p'()l=+/(p',p") ¥3rapmacmup. [

Teopema-19. T'eonesuk uusuk p = p(f) Tenrnmama Owiaan Oepwiran Oyiumo,
S=S(f) nmuddepennmanianysun GyHKuMs Eppamuaa p = p(S) mHapaMeTpiaHraH
yM3UK Xocus OyncuH. [lapameTp anmamTHpuiIraniaH KeHUH YH3HMK Te0JIe3UK
6y yayn S = ot + [ Gynuiu 3apyp Ba eTapIuaup.
HcGor. S= S(f) dopmyma mapamerpHy amMamrTHpuin (GopMyiacH OYIraHH ydyH
sS'(t)>0 (éxku S'(t) <0) nme6 dapas xuwmmumuz mymxun. Arap Pp = 0;(S)
TEHTJIaMa I'e0/Ie3UK YN3MKHU aHHUKJIaca,

Bt) = Ay (sV), 7/(1) = Bis (0, (1) = B(S D) + pis"(1)
Ba
0=(p',5") = (5)°(3,, A1) +S'S" (5], 1) = §5" (5, )

HU XOCHJI KHWJIaMH3. S'(t)> 0 OynraHu y4dyH s"=0 xocun oynamu. Jlemak,
s)=act+ .

Oumn S(t) =t + [ ne6 dapas xuncak, p"(t) = ,Zifs'z tenrmuk Pf (t) Ba pPf
BEKTOPJIAPHUHT KOJUIMHEAp SKaHIUTUHU KypcaTaiu. [|

Hatmwxka. Xap kanmail reoie3vk 4u3WK TaOWMi mapaMerpra HuUcOaTaH Xam
re0/Ie3MK Yn3uK Oynanu, uyHku S(t) €l y3yHIura yayH

t
s(t) = [1 7'(t) | dt = a(t —to)

TEHIJIMK YPUHIIAIUD.
OHAM TeoJe3rK YHM3uKIap yuyH auddepeHiuan TeHriaMmaaap CUCTeMacHHU
kentupubd umkapamus. Perymsip O cuptHuHr (f,G) TapaMmeTpiaml  ycyid

I =1 (U,V) Tenrnama 6unan Gepuiaran 6YICKH.



Arap Teole3sMK UM3MKHMHI MYKH KOOpAMHATAJapjard TeHIJaMajiapu
u=u(t),v=v(t) xypuaumpma 6ynca, 9-maparpadmarmmex U; =U,U, =V
Oenrunan KUpUTUO

pt) = F’(Ull(t), Uz (1)), p'(t) = Ty g + 1, U,

= I\N2 | & M
p"(t) = i (ul) +T, u + 1,0, (Uy)” +1,,U
TEHIJIMKIIAPHA  XOCHJI  KUJIAMU3. 9H,Z[I/I rulul ) ru1u2 , I’uzuz udomanap yuyH
JEpHUBALMOH (bopMynanapHH UILIaTHO
2 2
- A 1ot =
p'(t) = Z(U 2 Tuu)n, + > g;uiu)n
k=1 i,j=1 i,j=1
ndoaaHu XOCHIT KIIaMu3. DHIIA p"(f) BEKTOPHUHT 77 BEKTOPTa KOJUTMHEAp YKAHIIUTH

Ba I, o, N BEKTOPIAPHUHT YU3HUKIH SPKIIM SKAHIUTHIaH

ZF ujuj=0,k=12
i,j=1

kenno umkamm. Jemak, U = Uy ('[), u=u, ('[) TEHIJIaMaJlap TEOAE3UK YNU3UKHU

annknam yayn Uy (t), U, (t) (byHKuHﬂnap

d?u, du
J dt? +Z Tdt dt
d?u, du; du
+ - —— =
| dt’ ,ZJ: Tt dt (1)

CUCTEMAHUHI €YUMHU OYJIUIIHN 3aPYyP Ba eTAPJIUIUP.
Teopema-20. Perymsp cupTHUHr Xap OWp HyKTacwaaH xap Oup HyHaIMII
Oyiinya siroHa reoAe3UK YM3UK YUKAIH.
HUcGor. Bepuiran P(Up,Vg) €D Hykra Ba 4eT,@ ypurma Bekrop yuyH (1)

CUCTEMaHUHT
4(0) =, (0) = 1, 4(0) = &, 4 (0) = &,

OOIJIaHFUY MIAPTIAPHU KAHOATIIAHTHUPYBUM €4MMHU d WyHamui OYVin4ya reofe3uk

YN3UKHHA aHUKJIauau. [

l'eonme3nk 4YM3WKIApHU  XapaKTEpJOBUM  KATTAJIMK, TEOJE3UK AIPUITUK
TyllyHYacuHu kuputamus. Peryngp O CUPTHUHT P HyKTacuJaH YTyBUM Y 3TpHU

yi3uK Oepuiran OyicuH. YN3UKHUHT P HyKTa aTpoduaard KAICMHUHUHT P HyKTaJaH

YTYBYM YypUHMA TEKHCJIMKKA MPOSKIUICUHH Yo OwmiiaH Oenrwnaiimus. TaOuuiiku, yo
XaM CHJUTUK 3rpy 4u3uK OYynanu. [Ipoekuusiuiam HaTHXKacuaa XOCHI OYIraH yo arpu
YU3UKHUHT [ HYKTQJard OSTPWINTHHU 7Y YWU3UKHUHT TEOJIE3WK OSTPHINTH Je0

aTaiiMu3.

BuzHMHT MakcaIuMH3, Y TEOJAC3UK YM3UK OYJIUIIM YYyH YHHHT T€0JE3UK
ATPWINTH HOJTA TEHT OYJIMIIU 3apyp Ba €Tapiu dKaHJIWTUHU KYpcaTUIIUp. byHUHT
YVUYH Yo Ba Y YU3HKJIAP STPWIMKIAPU Opacujiard OOFIaHUIUIapHU TolaMu3. ABBaJo,



Y uM3MK HyKTajapuaad (P HyKTaaaH YTyB4H) ypUHMA TEKUCIHKKA MEPIEHIUKYISP
TYFpM YM3MKIApD YTKa3uO, UMIMHIAPUK CHPT XOcWlI KWwmb, yHu F  Ounan
OenrunaiiMus. By LWIMHAPUK CHPTHH [ | TEKMCIMK OWIaH KECTaHUMM3/IA Yo XOCHII
oynamu ((}® cuptHMHr p HykTazarn ypuHMa Texucamru). Jemak, F uummsmp
YUYH Yo HOPMaJl KECUM Ba YHUHT OOLI HOPMand F HHHI HOpMaJura KOJUIMHEapup.
Y Ba Yo YM3MKIAp yMyMMil ypuHMajnapra osra. LIyHMHr y4yH, OMIMHIPUK CHpTra
nucbaran Menbe Teopemacuman oimananns Ky =| K COS ¢ |renrmuknn  xocun
Kwiamu3. By epaa @ — Yo Ba y UM3MK/Iap 6OLI HOpMAJIapH OpacHaard OypYakiaup,
Ko, K — Moc paBuiuza ¥pBa ¥ YM3HKIAPHUHT P HyKTa[Iard STPUIMKIAPHAND. DHIK
Y uM3MKHU & y3yHIMra épJaMmMia napaMerpinad, YHHHI  TEHITIAMACUHH
P = p(S)kypunumpa &é3amu3 Ba [ HyKTara MOC KECyBUM HapaMETPHUHT

KuiiMaTuHu So 6unan Genrunaiivus. Wynna 7 = P(S) -ypunma sexrop, V(S,)-60m

HOpMaJ BeKTopu OVyiica, 7 -BEKTOp Yo YUYH XaM p HyKTaJaru ypuHMa BeKTop Oy,
[z, M]BexTOp Yo HUHT 6om HOpManu 6Yitnab ifyHanran 6ynanu.

[IIyHuHT yayH

| ko [Flkcos@ || (A.[p,A]) I=| oo |

dbopMynanu Xocui Kuwiamus. By TeHrmukaaH KypuHuO TypuOmuku, K,=0 Oymurim
yuyH OOII HOpMaJl BEKTOp CUPTHUHI HOpMad BeKTopu [T ra KoJuiMHeap OYIuIiu
3apyp Ba etapaunup. Lllynmait kunm6, Ou3 Kyiuaaru TeopeMaHu UCOOTIaIUK.

Teopema-21. Cuptaa €TyBUM UYM3HMK TI€OJI€3UK YU3UK OYIUIIM YIYyH YHUHT
re0JIe3UK STPUINTY Xap OUp HyKTaJa HOJTa TEHT OYIUIIM 3apyp Ba €Tapauaup.

Perynsp O cupT napameTpiaHrasia KOOpAUHATA YM3HKIAPUHMHT OUpP OUJIacH
reoie3uK 4YM3MKIapAaH ubopar OynuO, xap Oup HyKTaja Iy HYKTaJaH YTyBUH
KOOpPJIMHATA YM3UKJIAPHU ¥3apo OpTOroHasn Oyica, OyHIal mapaMeTpiaml yCyau sipuM
reojIe3uK MapameTpiiall ycyiu ae0 aTanaiu.

Teopema-22. Perynap O cuprtra Ternnum xap 6up HyKTa atpoduia YHHHT
YUyH SIPUM T€0JI€3UK MapaMeTpall yCyJau MaBxyAaup.

Hcoor. CupTHUHT P HyKTa aTpoduaard peryisp napaMmerpiiail yCcyiau

r=r(,v),(uv)eG
Tenrnama éppamupa Gepunran, P(Ug,Vo) HyKrajzaH YTyBYM Ba HMKKH Mapra
auddepeHnnauIanyBYH y YM3UK HIKU KOOpAMHATaIapaa

u=u(t
(t) a<t<b
v=V(t)

TEHIJIaMaJap épaaMmuaa aHUKJIAHTaH Ba U, = U(ty), v, = u(ty)
Oysacud. lllynaa y HUHT pa3ogaru BEKTOpP TEHIJIaMaCH
p=r(u(t),v(t)) a<t<b
kypununia 6ymamu. Xap oup t yayn P'(t) Bektopra mepmenamkynasp Gupiuk
ypunma Bektopuu d(t) Ownam Genrunaiimms. Bynpan tamkapu d(t) BekTopHH
IIYHIal TaHJIANMHU3KH, {,D'(t), a(t)} BEKTOpJIap ypuHMa ¢azoa {f[J , R,} BEKTOpJIAp

OWaaH OWp XU OpHEHTAUUAHM aHWKIacuH. Ypunma ¢aszoma d(t) Bexrop,



ay(t),a,(t)  xoppaumaramapra osra  Oymca, @y(t),a,(t), dynxumsnap
muddepennmanianyBun  GyHkiusiaap Oymagu. Xap Oup t yuyH Q(u(t),v(t))
HYKTaJaH a(t) WyHamum OyirW4ya YWKYBUM TEOAC3UK YU3UKHU yn OwiaH, YHUHT
YPMHMA BEKTOPUHHM [I; OMIaH Oenruaanmus.

Xap Oup t ydyH [/ T€ONE3MK YM3UKAA TaOUMH MapamMeTp KUPHUTCAK, YHHHT

HWYKH KOOpJHHaTallapaa TCHrjiiaMmajlapu
U= U(s)

vV =V(s)
Kypuruuaa 6ynamu. By epna Uy (S), dynxumsnap (1) muddepenumnan renrnamanap

—e(t) <s<e(t)

CUCTEMACUHUHT

U (0) = u(t), v, (0) = v(t), 0 (0) = &y (t), % (0) = a, (1)
OOLUIaHFUY IIAPTIAPHU KAHOATIAHTHUPYBUH CUUMUAMP. DHAM IIyHAAW &>0,6>0
connapuu tonamusky, |ty —t|<o 6ymranma, Ui(S),Vi(S) dynxumsmap (-¢,¢)
opanukKina aHukiaaHranaup. by epma t; mapamerp t HMHr P HyKrara MOC KelyBYH

Kuiimatunup. bynunr yays (1) nuddepenuman TeHrnamanap CMCTEMaCHHU Xap Oup
¢bukcupnanrad t yayH

du,

dv, ()

_:—ZFijk(ql,qz)qiqj 1<i,j,k<2

KypuEMmaa &amms. By epma (U, V,, 0;, 0,) mapEE R® ¢asommnr mykracu
cudaruaa Kapaumus. bommanruy mapriap, ABbHU
Uy (O), Vi (0), ql(t,O) = ql(t), qz(t,O): qz(t) ¢yrkuusmap t napamerp (a,b)
opanukzaa y3rapranaa R* 1a CHIUINK YM3HKHE aHUKIAMIH.
JAudPepenuual TeHriiamMaap CHCTEeMACUHUHT e4YUMU
MaBXKXYIJIMTH BAa CHUMHUHI OOLJIaHFUY maprjapuara
Y3JIYKCH3 OOFJIHKJINTH XaKHJAaru TeopeMara acocas [4].

1, (0) = u, (0)v, (0) }, A, (t) = & (£.0), 0, (&) = a, (t,0) | t,

HyKTaouHr myHgaid V arpodu Ba myHmaii & >0 comm masxynxu, V arpodra
TETUNUIA Xap OWp HYKTaJaH YMKYBYM €dnM — & < S < & OpanuKlIa aHWKJIaHTaH.

Arap Ouz O >0 comuHu IyHgali TaHJIACAKKH, ‘t — to‘ <O Oymranuna
{u (t),v(t), a (t), a, (t)}, HyKTa V aTtpodra terunumu Oyncun. Jemaxk, [ — to‘ <0
6yaranma U, (S), Vi(S) dynxumsnap (—&, €) arpodna anmknadrasn. DHau

CUPTHHMHT p HyKTa arpoduaaru



C[ts) -ty <o
- s|< e

napaMmeTpliall yCyJauHH Kapaiimuk. J{uddepennuan TenrinamManap cucreMacu €4MMH
OolLUTaHFUY KUMMAaTIapHUHT AuQQepeHIrnaianyBud QYHKIUICH OYITaHIUTH YYyH

r(t,s) mmbdepenunannanysun ¢Gyakumsiaup. Bynman Ttamkapu [I, ;] #0

F(t,s)=Tr(u.(s), v(s)) (t,s)eG,

oymranmary yayn I =T (t,S) TeHrnama perynsp CUpTMHHHT HapaMeTpiall yCYJIHHHI

AHUKJIAWIM. OHAM YHUHT SIPUM TE€OJE3MK MapaMmeTpiall yCyJdd SKaHIUTHHU
KYypCaTalJIuK.
Xap oup t y4yH £ TeoAe3UK YU3UK OYIraHIUTH yuyH

(rss(ts)’f;'):O Ba (f’s,f‘s)zl

TEHIJIMKJIAp YpUHIH. JIEKuH
L d :
(i) = (85 7)- (5.8 =

d 1d d
= —F(t,s)-- (f,f;)=F=0
ds (t.5) 2o|t(S ) ds

myHocabOatnapnaan Ba F(t,0) =0 renrmknan F(t,s) =0 sxanmuru kemu6d yukaay. [

JHIM reo/Ie3UK YU3NKJIAPHUHT IHA OMpP MYyXUM
XoccacuHu ucoorinaniauk. Peryjasap O cupt HyKra atpoduaaru
(f,G) mapamerpJam ycyJau r =r(u,v) TeHrJjaMa épaamMmujaa
Oepuwiaran 0yjacuH. Arap O CUpPTAA y Teoe3UK YN3UK
Oepuiran 0yJjca, y y3ura Terdiiv eTapjyu SKMH UXTHEPUT
NKKUTA HYKTAHU TYTAIITHPYBYH IHI' KUCKA YU3UK
IKAHJIMTMHUA UCOOTIIAMMU3.

YMyMuiIMKHE derapanamacaan y reopesuk umsuk Po(Ugp,Vy) Hykrazan
yreun 1e6 papas kumamus. Po(Ug,Vy) HyKTamad y ra HepHeHIuKyIsp GUpopTa yo
YM3UK 4YMKapaMu3 Ba Y, ¢Epaamuaa [Py HyKTa arpoduaa  sApUM  T€OAE3UK
KOOpAWHATANAp CHCTEMAacHHW KupuTamu3. Jlemak, V=CONSt 4Yu3MKIap TeoIe3UK
qu3HKIap 0ynuo, ynap y, YM3UKKa MEePIIeHIUKYIISIp OViaau.

by xoopaunaranap cucremacuaa y 4usdK V =V TeHriama €paamuia
anukaHaau. Papas KUIalmuK y uu3HKia éTyBud P Ba ( HyKranap Py HyKTaHUHT
r€0/Ie3MK KOOPJMHATANIAD CUCTEMACH KUPUTWITaH atpoduaa €rcuH. Spum reomesnk
KOOpJMHATAJIap CUCTeMAacH KUpUTWIraH [, HykraHuHr arpodunu V() Ounan
oenmrmnab, € >0 Hu myngail TaHmaRMM3KH, Vg(po)— noupa V(p) HUHT KUCMH

o
oyacun. lynna P Ba ( HyKTramap ?‘g(po) ra Teruuum 0yica, y 4M3UKHUHT [PJ

€l y3yHJIMTUIaH KUYUK y3YHJIMKKA dra OynraH 7 uus3uk amoarra V(p) nma €ramm.



Vv

Xakukaran ¥ umsuk V(p) nma €rmaca, yHHHT 7‘9 (Pg) noupa uerapacuuu GupHHYK

Ba OXMPrY MapTa KeCUUIHUII HyKTaJapuHu ' Ba S Ounan Oenrunaiimus. [llynna

|\ |\ |\ |\
| PoP|+]pr|>e&,| Pod|+]as|>¢

MyHocabaTIap/1aH

| pop|+| pr|+]| por+|qsl>25
TCHI'CU3JIUK KCJ’II/I6 YUuKaau. .HCKI/IH HUKKHWHYHYA TOMOHOAH

| pri+las|<l pop|+]pal<e
KapaMa-KapImimk MaBxyad. Jemak 7 umsuk V (p) aa €ragu. YHHHT y3YHIUTUHU
xXHuco0bJacax,

q q U
((7)=[Nu? +Gv2dt> [u'|dt=uly —uly = pq|
p p

v
HU XOCWJI Kujamus. Jlemak, Oy Kapama-KapIIWIMKAaH » HUHT PQ €iu 3HT KUCKa €

SKAHJIUTU KeJINO YUKaIu.

Mumucoiutap.

1. Xap KaHmai cUpTAa YM3MKIM NMapaMeTpianl yCcyiau OuiiaH Oepuiirad TYFpu YU3HUK
reo/Ie3uK 4YM3uKaup. by xomma ,5('[) =dt+S 0ymmb, Oy epma d, S ¥3rapmac
sexropnapaup. Ulynunr yayn p"(t) =0 tenrmux ypunmm 6ynany.

2. Perynap O cupr cudpatuga omkopMac KYpUHMIIAA OepwiIraH [oHUpaBMii
LWIMHIpHU onainmk. Koopaunaranap cucTteMacH KyJlal TAHJIAHTAHAA TEHIJIaMa
x* +y? =R? xypunHIIAa 0ynaau. by mumHIpaa

X =Rcos(at + )
y =Rsin(at + f)
Zz=at+ p

TeHraMa OwiaH Oepuirad Yu3uK reofe3rK Ynu3uk Oyaamu. by epaa

p"(t) = {— a’Rcos(at + B)—a’Rsin(at + ,B),O}
oymm6, gradF(x,y,z) = {2x,2y,0} BEKTOpra KOJJIMHEapIup.
F(X,y,z)=x*+y-R? ¢ynxiusaauar rtpagmentn F(X,Y,2)=0 cuptra
oproronan Oymrammury  yuyn DO"(t) BekTop Xam ypuMHMAa  TEKHCIHMKKA

neprneHaukynsap Oymamu. Arap o =0 6ynca Oy YM3HK IHIMHIPHHUHT SCOBYHCH
Oymanu, a=0 Oynca aiyaHa xocwi Oynamu. YMyMuN Xo0Jijla 3Ca BHUHT YM3UFUTA
alaHau.

3. Mk ymaamma S° cdepa x* +y?+2° =R® renrnama Gunan Oepunran Oyica,
HUKKHTa y3apo OpTOrOHAII €,6 OUpInK BEKTOpJIap Y4yH
,D('[) = Rcos te; + Rsin t€, TeHrmama Treofe3UK  UYM3MKHU  aHMKJIaigu.

Xaxukarau | p(t)|= R 6ymuo,



p"(t)=—Rcoste; — Rsinte, = —p(t)
6ymo6, P(t) paamyc BekTop, nemak ,D(t) BEKTOp XaM cdepa ypHUHMa TEKUCIUTHUTa
nepneHauKkyaap Oynanu. by 4M3MKHM Xocun Kuiaum ydyH €p,€, Bekropiapra
napajuiesl Ba KOOpJAWHATa OOLIMAAaH YTYyBUM TEKHCIUK OWIaH cepaHd Kecamms.
Hemak, Oy um3uk cdepanard Karra aijgaHanapaad Oupunup. Xap Oup HykTajaa
uxTu€puil yHamum Oyiinya OWTTa KaTTa ailllaHa yTraHnurd y4dyH cdepaaa xap
KaHJ1ail Te0/Ie3NK YM3MK KaTTa aillaHa €Ku KaTTa aiiiada €inian nboparaup.
4. EBkiinn  dazomapuaa TYFpU 4YM3MKIAp Ba (akar TYFPU UYM3HKIAp T€OE3UK
YU3UKIap OYIaam.

I'aycc-bonne Teopemacu
by mnaparpadna cuptma Oepuiran €nuk u4u3uK OViiaabd Oupopra ypuHMA
BEKTOPHHU Tapajuiesl KyuupuO OOINUIaHFUY HyKTara KaWTraHMMU3/1a, BEKTOPHUHT
OOIIJTAaHFUY Ba OXUPIM XoJaTJIapu opacuaaru Oypuak OWJIaH CHUPTHUHT TYIIHUK
ATPWIUTH Opacuaard MyHOCabaTHU TOIIMOKYUMU3.
dapas xunaitmik, perymsap O cupr
r=r(u,v), (u,v)eG
TeHrjaMa €pJaMujia mapaMeTpiianran 6yncun. dazozna

[r. %]

, I, N=——"—
o |[r,. 711

BEeKTOpJIap €pAamMuia OpUEHTAIUSHU aHUK1a0, CUpTIa fu BEKTOP/1aH f:, BEKTOpra

— —

OypuIMIIHUA MycOaT Oypuiuill e XucoOaanMus.

Cuptaa yerapacu OUp HEYTA J1,) 9 eeeeennsn Y m CWIIMK YM3MKJIAapAaH noopat

6ynran 6up 6oFmaHUIUT A coXa Kapa®, YHHHT uerapacian A OuiaH GeNTHIaiuK.
By coxanunr uerapacuna Gupopra P(Ug,Vy) HykTa Ba GuTTa cHpTra ypuHMa 3

BeKTOp Oepwiran OyncuH. MycOat WyHanuim 0yiinya &, BeKTOpHU A un3uK Oyiinad



napawien kyumpub sma P(Ug,Vy) ra KaiiTcak. 4, HM mapamien KyYupUIl

HaTIKacHuaa bo BEKTOPHU XOCWI Kuiamu3. By Bektopiap opacumard Oypuak A@
6unan Genrunad yHu xpcobnamra kupumamu3. byausr yayn O cuprtia Oupiuk ¢
ypuHMa BEKTOp MalJJOHHU Kapaimu3 Ba Cy=C (UO,VO) Oenrunain KApuTUoO, ?o

6unan d, Ba Cy BeKTOpiap opacuuard Oypuakuu Genrunaiivus. COXaHUHT derapacu
A umsuKHUHT Xap Gup HyKTacuaa 4 Ba ¢ BEKTOpIAp OpacUjari OypuakHu ¢ OuiaH
6enrunacak, @(Uy,Vg) = @ 6ynamnu. DHau mapamien Ky4upyil HATHKACHIA XOCHIL

Oynmran A4 BekTOop OWIaH ¢, oOpacugaru OypYaKHH o, 11e6 Oenrumacaxk,

@1 = Qg + AQ TEHIIUKHKM XOCWJI KMJIAMH3. XyHKH, Ou3 MycOaT iyHamum Oyiinda
XapakaT KWITaHUMU3 yayH Oypuak opTud Oopasu.

yHuHr yuyyH A@=¢, —¢, OYynub, y COXaHMHI dYerapacMHU OHp MapTa
ailnaHn6 yuKHIAa Xxocui Oyiran Oypuak opTTUpMacura TeHr 0ynuo, yHu

Ag = fd
» ®» (1)

KypuHHIIIA é3a onamu3. Xucob kuTob Kynainuru yuyn | 8y |=1 ne6 xucobnacak,
A munr xamma mykranapuna | 8 |=1 6ynamu. Dumu ¢ OypuakHuHT AuddepeHIuanm
de Hu xucobnam yuyn (&,C) = COS@ Tenrmknan Qoiinananamus. By TeHIIMKHHK

muddepennpaniad
(da,c) + (&, dc) = —sin pde

TEHIJIMKHU XOCHMJI KuMIaMu3. YpMHMa & BekTop A umsuk 6yiina6, 4, BekTopHM
napajulel KYy4upuIl HaTHUKacuaa Xocun Oyaramaury yayH @ BeKTOpHMHT ypHHMa
TEKMCJIMKKA IIPOEKIMACH HOIb BekTopra TeHr Oymamu, nemak, (da,C)=0 Ba

—singpde = (a,dC) renrmuk xocun 6ynaan.

Bypuak muddepentmamy ¢ nu xucobnamma sHa Gup HapcaHw XucoOra
OJIMIIMMU3 3apyp. Arap &, BeKTOpHM OomKka OupiIMK {; BeKTOp OHIaH
anmawrupub, o Ounan d,, J, BekTOpiap opacumaru Oyp4yakHU Oenruiacax, yHia
ynmapan A umsuk 6yiina® mapaaien KyuupHMII HaTIKacuaa XOcHa OynraH 4, g
BEKTOpNap opacujaru Oypuak Xxam ¢ ra TeHr Oymamu. Illlynmnr yuyn, arap y
Ounan C,J BekTOpaap opacuparu OypyakHu Oenrmnacak, ¥ = @ * ¢y Oymaau Ba
nemak di = d@ Tenrnuk ypuHIMIMD.

OHIU CHUpPTHUHT Xap Oup Hykracuza C ra mnepneHAukyisp Oynran P
BEKTOPHH IIyH/all TaHaiimusky, xap oup Hykraga {C, P, M} Bekropnap omnacu yHr

CUCTEMaHU XOCUJI KUJICUH.
Mucon yuyH, OyHJgall BEKTOpHM XaMMa HyKTanapjga C BEKTOpHU YpUHMa

0
tekucaukaa + 90~ ra 6ypub xocun kumin Mmymkud. Coxa derapacura TETHILIA g

HYKTaHM oJin0, Oy HyKrajgaru P BEKTOpHM A, HyKTara napauiena Kyuyupuo Pyq

Ounan GenrunaiMus. DHOM Mapaies] Ky4YMPUIMIIN JI03UM OYIran &, BEKTOp ypHHUra



~

Pq BexTOpHU A uu3uk OVitnab mapanien KydupaMu3 Ba HaTHKaga A HUHT Xxamma

HyKTajapujaa OepuiiraH BeKTOpHH Py Ounan Oenrunaiimus. Arap y Oypyak C Ba

Pr; opacunaru Oypuak Oyiica,  HykKrana Ppy BekTop P BEKTOp OMJIaH yCTMa-yCT
T
TYWITAHIINTA Y49yH Oy HyKTana ¥/ q = E Oynaau Ba nemMax

d l//q(q) = _(B’ dé) (2)

TEHIJIMK YPUHIIU OYIaau.
bu3 ( HykTaHU UXTUEPUM TaHJIAraHUMU3 YYyH Oy MIIHU Xamma (| Jap y4yH

Takpop:;ad, (2) TEHIVIMKHA XOCHJI KWIaMH3. DHIIU dp HUHT UXTHEPUA ( HYKTaJIard
KHIUMaTUHU XUCOOIaIl yayH d(p =d ¥/ q TEHIIHKIaH doiimananaMnu3 Ba HaTHXaIa

do(q) =dyq(q) =—(p,dc) (3)

dopmynanu xocua Kwiamus. by ¢opmyna 6u3 yuyH MyxXuMm axamusiTra sra, YyHKH
(p,dc) ckansap kynaiitmanu xucobaii onamus.

Oumu 6us (P,dC) ckangp xymaiiTMaHu XmcoOnamra KMpHMINAMU3. ByHHMHT
yayu OC =C,du+C,dv Ttenrnmkun Ba (3) BHm xucobra omuG (1) Hu
Ap = _f‘; {(P,C,)du+(P,c,)dv} kypunnmma é3amus.

T
bus

_qf[2Q_2oP
i(de+Qdy) = jAj (é’x ﬁy)dxdy

dbopmynaman ¢oitnanaHuo
(119 (5.c1-2 (P — [[{c. B.)-(c
Ap = IAI{ﬂu (p’Cv) Y (P!Cu)}dUdV J:&[{(Cv’ pu) (Cu1 pv)}dUdV

TeHrIMKHM Xocun Kunamus. Owmu [T, T, ]=0|[F,, 1, ]| sa [A,,0,]=KI[F,,F]
teurmuknapaan [N, 0, ] = K |[F,, 1, ]| 1 Tearnukun xocun xunamus. By epara K
cuptaunr T'ayce srpuwmruaup. By tenrmuknan (Cy, Py) — (Cy, Py) udonanu
xucobnamnna ¢oitnananamus. ByHuHr yayx

C, =CC+C P+CA, C, =CoC+CoP+CoR

Py = PiC+ PP+ Pifl, By = PoC + 3 P+ pon
udonanapaan doinananamMmus. JICKUH ¢ Ba p OUPJMK BEKTOpJap OYIraHu ydyH

(c,c,)=(c,c,)=0,(p, py) =(p,py) =0

TEHIJIMKIap YpUHIM. Jlemak, C% = C% = p% = p22 =0 6ynagu. Xymnac

C,=Cip+cin ¢, =cip+can

1 3 1 3
Py = P1C + poM, Py = PoC + pon
TEHIJIMKJIApHUA XHUCcoOTa 010



(Cv-pu)_(cu’ pv) - Cgpg _Cfpg

TCHITJIMKHU XOCHUJI KNJIAMHN3. 9HI[I/I
= nl= 2 =
n, = N;C+N;p,n,

1 2 =
N;c+ N5 p
EnnIMasIapiaH

[M,.7,1= N;NZ[C, 1+ NN, [B,C1= NN — NN, =
= (N;N; = N/Np)i

TeHruKHY é3um MymkuH. Jlekun N =[C, P] Ba

r_Tu :[Eu’ f)]-i—[(_f, rju] r_iv :[6v' fj]—l—[(f, rjv]
TEHITIMKHA XHucoOra om0 [ﬁu n,]= (‘313 p§’ — Cg pﬁ)ﬁ MYHOCA0AaTHH  XOCHJI
KujiaMm3. Jlemak,

(cZps —cipy)i=K|[F,,F1|A
TCHIJIMK BAa HATHUXXaJda 3Ca

cZps —¢ps = KVEG - F?

TEHIVIMK YpuHiau 0ynaau. [llynna

Ag = [[KVEG —F?dudv (4)

dbopMynaHu XOCHIT KUJIaMU3.

Ouau oxkopunaru (4) dopmynanan ¢oiinananund ["aycc-bonne teopemacunu
ucOoTNalNMK. ByHUHT yuyH A COXaHHM 4erapanoBud A 4m3mK OMp HeuTa CHILTHK
YU3UKJIapAaH UOoOpaT >KaHIUTUHM 3caatud yramus. Jlemak, Oy YU3MKHUHT ypUHMA
BEKTOpH 7 AaHMKIaHraH Oyiu6, A Hu aiinaHn® YUKW J1ABOMHAA Y CHJUIHK
YU3UKJIAPHUHT TYyTalll HyKTajnapuaa GyHKIus cudaTuaa y3WImilra sra 0yiaaau, ssbHU
VHUHT ifyHamumm cakpab y3rapagu. COXaHHHT derapacu A 4m3mK 6yiinab mapamien
KYYupwIa€Tran 4 BEKTOp OujiaH 7 BEKTOpP opacuaaru OypyakHu y OWJIaH, ¢ BEKTOP

Ba @ BEKTOp opacujaaru OypuakHU FOKOpUAArujeKk (9 OuiaH Oenruiacak,

C BAT
BEKTOpJIap Opacujard Oypuak u Y4yH U = +/ TEHTIMK YpuHIu 6ynamu. buz A
YH3UKHU OMp MapTa ailllannd YMKCcak,

7o = 7(Up, Vo), Co = C(Ug, Vo)
BEKTOpJIap siHa ¥3 BasusTHra Kaitamu. Jlemak, 4 OypuakHuHT opTTupMacu 2[ K ra

TeHr OYiuinu Kepak. Aciuga dca Oy oprrupma 277 Ta TEHrAMp. XyHKH A coxa
jioupara Ba 4erapacu dca aiijianara romeoMopQup.
Hemak, Ap =27 éxku A@ + Ay =27 . Tapaien Ky4upuaaétran @ BEKTOP

Ba YM3UKHUHI YPHHMA BEKTOPH 7 Opacuaaru Oypyak OpTTHPMAcCH y9yH
n
Ay = §d v+ Ay,
i-1

YpuHM 6ynaau.



By epna Ay, /- 4m Tyrammm HyKracugara Oypyak OpTTHpMAaCHUIUp. DHAU

dy un xucobmam yayn diy = —(b,d7) rtenrmuxnan doiimananamus. By epaa b

- 0
BekTop cubaruga 7 Hu cupTHUHr ypunma tekuciurugaa + 90 ra Gypub xocmi

d7
KWJIMHTaH BEKTOPHM KaOyll KujJamu3. OHIU d_ = KM Tenrnuken xmcobra omm6
S
dy -
d—= k(b,mM) ¢opmynanu xocun kunamms. By epma M YMBHMKHMHT GOl
S
o . dz
HopMasiuaup. Ilynna (6,/7) ckangap xymaitMa M =d— BEKTOPHUHI ypHHMAa
S
TEKUCIUKIArU MPOEKUUACH DHKAHIMIMAAH Ba YU3UKHUHI  OTPWINTH —Z ra
d
TEHTJINTUIaH d— = kg TEHTJIMKHUA XOCUJ KHJIaMU3.
S

by epna kg -UW3UKHUHT F€0JI€3UK SrPWIMTUAUP. DHAU OyJapHU xucoOra oiaud

A+ Ay =27 Tenrnuxuu
n n
[[KVEG -F?dudv+Y" {Kyds+> Ay; =27 (5)
KypuHHUIIAA €3amu3. Xocua 0yiaran popmyaa I'aycc-bonne
TeopeMacu Jed arajgaau. JHAU

[[VEG - F*dudv

A
MHTErpa A COXaHUHI F03aCUTa TEHI SKAaHJIUTUHU KypcaTaMus.

ByHUHT y4yyH aBBajo coxXa I03acH TylIyHYacMHW kKuputamuis. Cuptaarm A
COXaHM KHYKHHA coXauajapra axkpaTtuO, xap OuMp KMYKMHA COXAUYaHWHT Yerapacw
€nuK 4yu3uK OYiamoO, Oy €NMuK YM3MK YEKJIM COHJArd CUJUIMK YM3UKJIapJaH udopar
OynuiuHM Tanad Kuwiamu3. by knukuHa coxayagapHu d OwiiaH OelrWiIaiivuK. DHIU

xap Oup @ coxamgaH OuTTaAaH Pa HyKTa OJuO, Iy HYKTaJaH CUpTra ypuUHMa
TEeKUCIHUK YTKazamnu3. Kuukuna @ coxauanap UIyHYaIUK KHYUK OYIUIIM KepakKu, a
COXaHHU Pa HYKTaJaH YTaJAuraH ypHMHMa TEKUCIMKKAa MPOEKUUsUIall y3apo Oup

KHUMATIIM  MOCIMK OYyIWImM Kepak. YpHUHMA TEKHCIUKIardk 4  COXaHWHT
NPOEKLMSCUHN 8y, Ounan yHuHr ro3acunn S(8,,) Ounan Genrunaimus.
ZS(an) n(oaHUHT coXalap COHU YEKCHU3IMKKA MHTUJITAHAArd JUMUTHHHU

a
A coxaHuHI 103acu Je0 ararimMu3 Ba S(A) Ouian Oeiaruaamus. DHIU S(A) HU

xucobuanra Kupuuamus. bynunr yayn xap 6up a yuyn S(8,,)Hu xucobmaiimus.



Arap Pa HYKTaHU KoopAuHata Oomu cudatuaa kabyn kwiuO, Z YKUHH 11y

HyKTajgard HopMan Oyiuua hymantupcak, XY tekuciuru P , HYKTajard ypuHMa
X = X(u,v)
y=y(u,v)

TEHITIMKIAp @, coxada Ounan G coxamaru Oupopra &, coxada ypracuzaa y3apo oup

TEKUCJIHUK OWJIaH ycTMa-ycT Tyllaau. by koopauHaranap cucreMacua {

KUHAMATJIM MOCJIMK YpHaTaau. Arap

r(u,v) = {x(u,v), y(u,v),z(u,v)}
oViica,
' 2, (Up, Vo) = 0,2, (Ug, Vo) =0

TeHINMKIap Yypunnu Oynamu. by epma Ug,Vy cuptaa Pa HYKTAHUHT HWYKU
KoopauHatanapuaup. Bysnan tamkapw, [I,,T,]# 0 Ba

[ry (Ug, Vo), Ty (Ug, V)] =40,0,

Xy Xy

Yo Wy

TCHFJII/IKHapI[aH
Xy (Ug,Vg) X, (Ug,Vp)

yu (UO’VO) yv (UO’VO)

MyHOocabaTr kenub uukaau. bupuHYM TapTHOMM XyCycuil Xocuianap Y3JIyKCHU3
Oyaranu yuyH

#0

X, (Ug,Vg) X, (Ug,Vo)
yu (UO’VO) yv(uO’VO)
nerepmunant P, (Ug,Vy) HyKrara erapiu sKMH HyKTajapia Xam HOJjaH (Gapkin

6ynamn. ®apas kumaiimik o, >0 con yuyn |U—-Ugl<o,,|V—Vy <o,

TEHICU3JIMKIIap Oa)kapuiraHjaa IOKOpHIAru JACTEPMUHAHT HojgaH (apkiau OYynuo,
CUPTHUHT

X = X(u,v)
y=yu,v)  (Uv)e{u,v):lu-uylko,|v-v, <o}
z=12(u,v)

TEHrJiaMaJiap OWIaH aHUKJIAaHTaH KUCMHU & coXaHu Y3 nuura oyicud. lllynaa
{x = X(u,V), X(Uy,Vy) =0
y=Yy(Uu,v),x(uy,V) =0

TEHIJIaMallap CHUCTEMAacHJlaH oOlKopMac (YHKIMS XaKdJard TeopeMara acocaH
muddepeHManIanyBun u= (X ), v= U X)) pyHxkuusutap maBxyn Oymamu. [lynma
d COXaHM YpWUHMAa TEKHCIMKKa MpoeKnusiam (X )2 — (x)) dopMmyna opkaiu



udonananranu yayn u=u(x ), v=ux ) Qynkiusnap @, coxauanu G coxanaru a,

coxauara romeoMopd akcnanrtupaau. Jlemak, 8, coxada F03aCHMHU XUcoOnall y4yH

Kappanu wuHTerpangan Qoiinanann6 S(a,) = ” dxdy xypumumpa éscak, yHm
an

X= X(U,V), y= y(u,v) aJIMAIITUPHUIIIAH KEUUH

S(a,) = [[abs| * Yduav
Y

X Y

KYpHHHUIILIA €32 OJIAMU3.

by epna
Xy Y
abs © "
Xv Yy
XU
Outan JIETEPMUHAHTHUAT a0CONIOT KuiiMatu Oenrvinanrad. DHaw P
\' Vv a
HyKTajaa
Xy Y
I, R j=abs ‘O
Xv Yy

TeHrMK Ypunan G6ynranu Ba | [, 1, ]| GyHkumstauar ysnykcusmuruman xap Oup

(U,V) € d,, HyKTa y4yH

abs = [F,, T, 1] +&,(u,v)

Xu Yy
X v

\'
TeHrMKHM €3a onamu3. by epma &,(U,V) erapin xkuuuk mukgop 6ymmb, a

KHYUKJIAIITaH/Ia y HOJITA MHTHJIAIH.
FOxopunarunapuu xuco0ra oauo

¥ 5@, =3 [tk Fl+e, v pudv = [[ITF, F1 duv+ . [z, (0, v)dudv

a a, a 5n
TEHIJIMKHU XOCHI Kuiamu3. by epma A Ounan G coxamaru A coxara MOC KelyBUM
coxa OenruaaHras.
Mynnait Kumuo,

> S(a,) = [[I[F,. %1 dudv+Y" [[ &, (u,v)dudv (6)

a A a a,
TEHTJIMKHA XOCWJI KWIAWK. By TeHTnmMKIa a coxXadalapHU eTapiii KUYHMK KHJTAII
xucobura oupopra £>0 yuyn &, (U,V) < &
TEHTCH3JIMKHUHT O KapUIIMIIINHA TabMUHIaiMu3. HaTmkana

> [[2a(u,v)dudv| < £} S(&,) = £5(A)

a a, a



TEHICH3JIMKHM XOCHJ Kuiaamu3. Ouau (6) Tenrmumkga A coxadaiap COHHHH
YEKCU3JIMKKAa UHTHWITUPUO TUMUTTA YTCAK

I|mZS(a) m[u, r,]| dudv

TCHI'JIMKHH XOCHUJI KUJIaMM3. I[CMEIK,

S(A) = [[I[F,. 71| dudv
A

dbopMynanu Xxocui KWIAUK. by epaa

(R, R 1=VEG-F*
TEeHITMKAH oiimanancak
S(A) = [[VEG - F?dudv
A

dbopmynaHu XOCHI KUIaMu3. DHIIN

ds = VEG — F ?dudv

oenrunam kupurtcak ['aycc-bonne TeopeMaCHHH

Hde - Z K ds +2Aw, =2r
=1y,
KypuHuiga €310 onum MyMkuH. DHau [aycc-boHHe TeopemacmHu A coxa yuta

Y ¥ 57 5 TEONE3NK HMUKIAp OwylaH 4YerapajaHraH XOJHHM Kypaiuk. ['eone3uk

ansukiap yayn Ky =0 O6ynrannuruias Faycc-BOHHe TEOpEMacura Kypa

”KdSJrZAw, 2
i=1

kypunuinra keiaad. by xomma A coxa reoxae3uk yuOypuyak OYnuO, YHHUHT HYKH
Oyp4akmapu « , nap y4yH a =z —Ay , ypunau Oynamu. llynunr yuyn oxopugara
dhopmyna
a1+a2+a3:ﬁ+” Kds
A
kypunumra kenaau. by epna K =0 6ynca (mucon yuyn O cupt Tekucnuk 6yca)

a, +a ) +a =7 TCHI'JIMKHH XOCHJI KUJIaMM3.
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