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|. AIITYA JACTYP

KNPHUI

JlacTtyp Y36exucton Pecry6mukacunannr 2020 jimn 23 ceHTAOpaa TacAHKIAHTaH
“TabnuMm Tyrpucuna’ti Konynu, Y36exucron Pecny6mukacu Ipesunentununr 2017
fiun7 ¢eppanmary “Y36exncTon PecryGNMKACHHM SHAJa PUBOMKIAHTHPHII OYitnmda
Xapakarnap crpareruscu Tyrpucuna’tu [1D-4947-con, 2019 #mun 27 aBryctmaru
“Onuil  TabIUM Myaccacajapy pax0ap Ba IMenaror KaJpJapUHHUHT  Y3ITyKCHU3
MaJlaKaCHHH OIIMPHII TU3UMUHU XOpui dTui Tyrpucuna’ta [1P-5789-con,2019 #iun
8 okTs6pmarn “Y36exncToH PecryOmukacn onuii TabnuM TH3uMuHE 2030 fimnraua
PUBOKJIAHTUPHUIN  KOHIEMIMSICHHM  Tacaukiaam  Tyrpucuna’ tulld-5847-connu
dapMOHJIapu Xam/1a V36ekucron Pecny6nukacu Basupnap Maxkamacuauuar 2019 iinn
23 centssOpparu “Onmii TabJIUM Myaccacaiapu pax0ap Ba mHeAaror KajapJiapuHUHT
MajaKaCUHU OIIMPHUII TU3UMHUHHU SHAJA TAKOMWUIAINITUPUILI OYHUYa KYIIMM4Ya dopa-
TaaOupnap Tyrpucuga’tu 797-connu Kapopnapuna Oenrmiianrad ycTyBop Basudanap
Ma3MyHHUJIaH KelIuO YMKKAH XoJiga Ty3wiraH OynuO, y ofnuil TabiuM Myaccacajapu
nejaror KaJpJIapuHUHT KacO MaxopaTH XaMJauHHOBALIMOH KOMIETEHTIUTMHU
PUBOXKJIAHTHPUI, cOXara OWJ WIFOp XOpPWXHUHM Taxkpubanap, sSHrU OWwiInM Ba
MaJlaKaJlapHHU  Y3JAIITUPUIL, [IYHUHTASKAMAIUETra KOPHUM HJTUIN KYHHKMaJlapUHU
TaKOMWJUTAIITUPUIITHU MaKcaJ KAJIau.

Maskyp nactyp 3aMOHaBUM Tanadjap Ba PUBOKIIAHTAH XOPYOKHUM TaBIATIaPHUHT
OJIUM TabJIUM COXACHJA SPUILTaH IOTYKJIAp Xamaa OPTTUPUITraH TaxpuOanap acocuaa
«Maremaruka» KaiTa Tak€priaml Ba MaJlaka OIIMPHUII MYHAIMIIW YYyH Tal€pJlaHTaH
HAMyHaBUU YKyB pexka XamJa JacTyp Ma3MyHHUJaH Keaud 4YMKKaH XoJija Ty3uJraH
Oynmb, y Kadrta Tal€piam Ba Majaka OIIMPUIN >KapaéHJIApUHUHT Ma3MyHHHH
TaKOMWUIAIITHPUILL XaMJa OJIMM TabJIUM Myaccacajapu MeAaror KaJIpiaapuHUHT
KacOMil KOMIIETCHTIMTMHU MyHTa3aM OIIMPUO OOpHIIa XU3MaT KUJIaIu.

MoayaHuHr Mmakcaau BaBasudanapu
“3amMoHaBMM TreoMeTpHS”’MOAYJMHUHI MAaKCaAW: TEAaror KaJIpJapHH
WHHOBALlMOH EHAOUIYBJIAp acOCHAA YKYB-TapOMSBUN »Kapa€HIApHU FOKCAK WIIMUMN-
METOAMK Jlapaxkaja JOWHUXANallTUPUII, COXaJard WJIFOp TaxpuoOanap, 3aMOHABUUI
OUIMM Ba MallakaJlapHU V3JAIITUPHUIN Ba aMaiuérra KOpHUil ATHILIApU Y4yH 3apyp
Oynmamuran KacOuil OwiMM, KYHHKMa Ba MaJlakaJapUHU TaKOMUJUIAIITHPUII,
IIYHUHTJIEK YJIAPHUHT WOKOAUH (PAOTMIMHA PUBOKIAHTUPHUIIIaH HOOpAT.

“3JamoHaBMi reoMeTpus”’MOAYJUHUHIBasu(ajiapura Kyiuaaruiap KUpaiu:
- “Maremaruka” MyHanuImmMaa NeAaror KaJpiaapHUHT KacOud OWIMM, KYHHKMA,

MaJIaKaJIapUHU TAKOMUJIJTAITHPHIL Ba PUBOXIAHTHPHIL

-TIeIaroTIAPHUHT WKOIUM-UHHOBAIMOH (ha0JUTHK JTapakaCHU OIIAPHIIL,

-MYTaxacCUCIUK (aHIapUHU YKUTUII KapaCHWra 3aMOHABUN  axOopoOT-
KOMMYHUKAIIUS TEXHOJIOTUSTIAPH Ba XOPWKHUHM THIIAPHU camapalid TaTOMK dTUITUIITHHU
TabMUHJIAI,

= MYTaxaCCHUCJIUK q)aHJIapI/I coxacugaru S”KI/ITI/IH_IHI/IHF HHHOBAIIMOH TCXHOJIOTUSIIapU
Ba WIFOP XOPWXKUM TakprOaJapuHU Y3IalITUPULL,
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“MaremaTrka” HyHaTUIIMIA KaiiTa Talépiiam Ba Majaka OIIUPHIN XapaCHmapuau (aH

Ba MIIIA0 YMKAPUIIArd MHHOBALMsIIAp OMUIaH ¥3apo MHTErpalUsICHHI TabMHHIIALL
Mopayn sKyHHA2 THHIJIOBYMJIAPHUHT OMJIMM, KYHHKMA Ba MaJIaKaJIapu
XaM/J1a KOMIIeTeHUMsJIapUra Kyiu/jaaaurad rajaaomaap:

Maremaruka annapu OVilmda THHIJIOBYWIAp KyWUJard sHTU OWIIMM, KYHUKMA,
MaJjiaka Xxamjia KOMIIeTeHIUsIapra ara Oynmumnuiapu tajgal dTHIaau:

TunriaoB4yu:

- HMHTETPaJI Ba YI4OB TYIIyHYAIAPHUHH;

- TEOMETPUSIHUHT YM3UKJIU (DAa30 Ba YM3HMKIM aKCIaHTHUpUUUIap Eplamuyia O6acH
ATWIMILIK, BEKTOp anredpacujiad (HongamaHnIlIHu;

- MaTeMaTHK MacajlaJlapHd MaTeMaTUK TU3UMIapJa €YUIIHU Ba CTaHIapT
byHkusapaan GoiganaHuIIHY;

- MAaTeMaTHKaHW YKUTHILIJIA YHUHT TaTOMKJIapu OWjaH TYLIYHTUPHUIIHH, XaETH
Ba coxara OHJl MHCOJUIapHHU;

- MareMaTuk (aHJapHU YKUTHUIIHUHT 3aMOHABUN YCYJIAPUHU OUIUUIU KEPAK.

TunrjaoBumn:

- YII4oBIap Ha3apusACHAaH MaTeMaTrka, (pu3uKa Ba OMOJIOTHS Macanajiapujia KeHT
dbolnananumr;

- MaTeMaTUK aHaJIM3HUHT OuoMaTeMaTHKa, MEXaHWKa, OMMAaBHH XuU3MaT
HazapusCcy, UKTUCOUM coxasap Ba OOIlKa coxXajlapJia KeHT KYJIIall;

- MaremMaTuk (QanigapHu VKUTHIIAA WHHOBAIMOH TabJIUM METOJJIapu Ba
BOCHUTAJIAPUHU aMaJMETIa KyJUIall;

- TajabaHWHT Y3JAIITUPUIN JapakaCMHU Ha30paT KWJIWII Ba OaXOJalTHUHT
Hazapui acociapy xamjia WHHOBAIMOH EHAAIIYB YCIYyOJIapUHU TYFPU KYJUIail OJUII
KYHUKmanapuza >ra OyaIuInm J03UM.

Tunraosuu:

- Y4oBNap Ha3apusICH Ba YHUHT TATOMKUHU Typiu ¢dazoiapaa Kyjutai OJuIiL;

- TEOMETPUSHUHT YM3UKIW (Pa30 Ba YMBHMKIM aKCIaHTUpHILIAp Epaamuna OacH
STUJIMILN, BEKTOp anredpacuaan GponaaiaHul;

- MAaTEeMAaTHKaHW YKUTUII WHHOBAlMOH J>KapaéHWHM JIOMMXAJAIITUPHUII Ba
TAIKWUTAIITUPUITHUHT 3aMOHAaBUM yCYJUIAPUHU KYJUIAll Maaakaaapuzea >ra Oy
JIO3UM.

THHIJIOBYM:

- MareMaTukaHu VKuTHIga doinananuiaaural 3aMmoHaBuii (matlab, mathcad,
maple, GeoGebra Ba Oormikanap) MaTeMaTHK IMAaKETIAPUHU YKYB jKapaéHWUTa TaTOWK
STHIII;

-MaTeMaTUKAaHUHT XOPWJK Ba pECIyOJiMKa MHUKECHUIArd 0J3ap0 MyaMMoJiapH,
CUMMIIApH, TCHICHIIMSUIAPU aCOCH A YKYB KapaCHWHM TAIIKHIT dTHIII,

- MaTeMaTHKaH! TypJId coxajapra TaTOWK JTHIII;

- OJTMH TabJIUM TU3UMHJIa MAaTEMATHK (haHIap Ma3MyHUHHUHT Y3BUIUINTH Ba

Y3JIYKCU3JIIMTMHUTAXJIWIT KWJIa OJIMITKOMIIETCHIINAJIAPHATrasra 63'7J'II/IH_II/I JIO3HUM.



MoayJTHUHT 0JIMH TABJIUMIATUA YPHU
MopaynHu y31amTupuil OpKAJId TUHIJIOBUIIIAP WIFOP XOPYOKHI MamJiakartiiapaa
OMONOTUS YKUTUIITHY TAIKUI KWIMIIIHUHT XOPWKUNA TaXpuOadapHU YpraHuIll, amaniia
KyJutaimn Ba OaxoJiamra Joup KacOuil KOMIIETEHTIMKKa jsra Oynamunap. CYHITH
Huiuiapaa MaTeMaTUKa cOXacuaard I0TyKJap Ba HCTUKOOIIIap ofuil YKYB I0pTiapuiaru
TabJIUM KapaEHUHUHT Ma3MyHUHU OOMUTHINTA XU3MAT KUJIA]IH.

“3amMoHaBHUi reoMeTpusi” MOAYJTHHUHT cOATIap OYHNYA TAKCHMMOTH

THHITIOBYHMHHUHI YKYB
IOKJIAMAaCH, COaT
Ayauropus YKyB =
HOKJIAMACH E
Ne MoayJl MaB3yJapH § Kym1ajaH =
= = = s
5| 2| E |E2|:
o g S 2| s
s = 82| 2
= | < E| =
1. | Yusukau daso. 4 4 2 2
2. | EBximmn azocu. 4 4 2 2
3. | IlceBmoeBkmuy dazo. 4 4 2 2
4. | T'unepbomuk daszo. 4 4 2 2
5 WNkxvnauum Taptubau cuptaap. Ukkuaun 2 2 2
TapTUOJIW CUPT UHBAPUAHTIIAPH.
6 Kynxumnukinap. Kynxumnuk typiaapu. 2 2 2
" | KYIXujummK reoMeTpHsICH.
Kamnu: 20 | 20 8 12 0

HA3APUH MAIIFYJIOT MATEPUAJLJIAPA

1-Mag3y: Unsukiau ¢a3so.
1. Yusukau dazo ymuamu. Abdun dazo.

N

Addun KoopauHaTaTap CUCTEMACH.
3. Ad@duH anmamTupunUIap Ba TEKUCIUKIApU. BUUM3HKIN popMma.

2-Mas3y:EBxuna ¢a3zocu.
1. EBknun a3ocuaa yu3uK Ba CUPTIIAP.
2. Cupt nuddepeHiuan reoMeTpHsICH.
3. Cupt nuku reometpusici. CUPT TallIKU T€OMETPHSICH.
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3-Magsy: IlceBpoeBkiua ¢aso.
1. Cdepux da3o.
2. PumaH reoMeTpuscH.

4-Mag3y:I'unep6osuk ¢a3o.
1. Spum EBxima dazomnap.
2. SlpuM runep6osuk dazoap.

AMAJIMA MAIIFYJIOT.JIAP

1-Amanuii mawryaot.Yusuxmum daso.
2-Amanuii mamryaoT. EBkiun dazocw.
3-Amanuii Mmamryaot. [IceBnoeBkiun daso.
4-Amanuii MamryaoT. ['unep6onuk ¢aso.

S-Amanuii MmamryaoT.Mkkunun taptubnu cuptiap. UKkuHYM TapTUOAM CHUPT

VHBapUaHTJIApH.
6-Amanuii  mMamryaor. Kynxwimuknap. Kynxuwmmmk typrapu. Kynxwuinumk

TE€OMETPUSCH.
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58.https://english.spbu.ru/education/graduate/master-in-english/90-program-
master/2455-advanced-mathematics
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IL.MOJYJIHU YKUTUIIJA ®OVJIATTAHUIIATUT AH HHTEP®AOJI TABJIUM
METOIJIAPA

I[aBpa CTOJIMHUHI TY3UJIMaCH.

Esma maBpa cyx6aTuia CToN-CTy/uIap aiiflaHa MAaKIua )KOMIAITHPUIHG, Xap Oup
TaBJIMM OJYBUMra KOHBEPT KOFo3u Oepmianu. Xap OUp TabJIUM OJYyBYHM KOHBEPT
yCTHTa MabIyM OWp MaB3y Oyiimua ¥3 caBoiauHU Oepaau Ba “XKaBoO Bapakacu HUHT
oupwura ¥3 >kaBoOMHHM €310, KOHBEpT Wuura conud kysau. [lyHaaH cyHT KOHBEpPTHU
coaT WyHanmuimyd Oyinda €HUJard TabJUM OJIyBUMra ys3aTaad. KoHBEpTHM oJiraH
TabJIMM OJYBYH ¥3 )kaBoOMHU ‘“YKaBoOsap Bapakacu HHUHI Oupura €310, KOHBEPT UUMTa
conmub Kysau Ba €HHMIArd TabJIMM OJIyBUMTa y3araau. bapua koHBepTiap aiiaHa
Oyitnad xapakariaHaau. SAkyHuil Kkucmaa Oapya KOHBEPTJIAp WUFUO OJIMHUO, TaXJIWJ

kunrHaau. Kyiuaa “JlaBpa cyx0aTtu” METOAMHUHT Ty3UJIMACH KeITUPHUITaH

Cyx0aTHM yTKa3uII MIAPTJIApH OWJIaH
TaHHIITHPHIL

I

Kounsepriap Ba “/Kaso0daap
BapaKaJapu”’HU TAPKATHII
|

'

Kongseptiapra caBosuiap €3ui

l

KonBepTHu éHuaaru yKyBYMra y3aTuil

'

CaBoJsuiapra xaBo0 é3uin

l

BaxoJsam Ba TaxXJnj KHJIHII
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“JlaBpa cyx0aTn” MeTOAMHUHT a()3a/UTHKJIAPH:

e VTWIraH MaTEPUATUHUHT XU dCAa KOJIUIIUra €pjiam Oepaau;

e 0apuya TabJIMM OJIyBUMJIApP UILTHUPOK ITAUIIAD;

e Xap OMp TABJIUM OJYBYM Y3UHUHT 0aXOJAHUIIN MAChyIUSTUHU XUC ITA/IH;

¥3 ¢ukpuHU 3pKuH U0oaa STUII YUyH UMKOHUAT spaTuinaan“Keiic-craaun”
METOAHU

«Keiic-cTagm» - uHrm3ua cy3 6ynmo, («case» — aHUK Ba3usT, Xoauca, «stadi» —
YpranMoK, TaxJIlJI KWIMOK) aHUK Ba3uATIApPHU YpraHWIl, TaxJIWi KWJIHMII acocuja
VKATUIIHU aMajra OIIMpHUINTra KapaTWiraH MeToja XucoOnaHaau. Maskyp MeToj
nactiad 1921 iun [apBapn yHuHBepcUTETHIA aMalvdid BasUsATIapJaH UKTUCOIUMN
OomikapyB (dannapunu Yypranuiga ¢doiganaHumn TtaptuOuaa Kysuianwirad. Kedicna
OYMK axOopoTiiapAaH €KM aHMK BOKEa-XOAuCaJaH Ba3uAT cudatuja TaxjIwi y4yH
¢doitnanannm MmymkuH. Kelic xapakaTiapu y3 uuumra KydugarwjiapHud Kampad onaau:
Kum (Who), Kauon (When), Kaepaa (Where), Huma yuyn (Why), Kannait/ Kanaka
(How), Huma-natuxa (What).

“Keilic MeTOAH” HH aMAaJIra OIMPUII OOCKHUWIAPH.

N DaoJMAT IAKIH
00cKMYJIapHu Ba Ma3MYHH
v’ sKKa TapTHOMAr ayuo-BU3yasl UII,
v’ xelic OWiIaH TaHUIIUII(MATHIIN, AYIH0 EKH MeIna

1-60cknu: Keiic Ba yHuHT ax6opot HIaKJIIA);

TabMHHOTH OWMJIAH TAaHUIITHPHII axOOpOTHH YMYMIIAIITHPHIIL;
ax00opoT TaxJIWIN;
MyaMMOJIapHU aHUKJIAII

WHIUBUAYaN Ba TypyX/Ja UIILIAII;
2-60ckmny: KelicHM aHUKJTAIITHPUTIT MyaMMOJIApHU T0N13ap 0K HepapXusICUHU
Ba YKyB TOMIIWPUFHU OENTHIAII AQHUKJIAL;
ACOCHI MyaMMOJIU Ba3USITHU OeNruant
WHJIMBHUIyaJl Ba TYpyX/ia UIILJIAI,
MyaMMOHHU TaXJIWJI 3TUIL OPKAJIH MYKOOUJI e4uM HYITapuHu UIniad YuKuUIL,
VKYB TONTITUPUFUHUHT €YUMHUHHU xap OMp EYMMHUHT UMKOHUSTIAPU Ba TYCHKIAPHU
W3JIAI, XaJl 3TUII HYJUIapUHH UIILTa0 TaxJIMJI KWINILL;

AN N NN

3-0ocknu: Keiicnaru acocuii

AN N

YUKHUIII v\ MyKOOWJI €4uMIIapHH TaHJIaIl
v sKKa Ba TypyXJa MIILIAIIL;
v’ MykoOWJ  BapHaHTJIApHM  aMayja VIUTaIn
4-pockuu: Keiic eunMmuHaM YK P P a ¥
IIaKJUTAHTHPHUII Ba acocalll MMKOHHATIAPHHI acoc/alll,
P ’ v WKOIWH-ONKMXA TAKIMMOTHHH TaiépJial;
TaKIAMOT. v

SKyHUMH XyJ0ca Ba Ba3UAT CYMMHUHUHI aMaJlUi
ACIIEKTIapUHU EPUTHIL
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“AccecMeHT” MeTOM.

MeTogHMHI MaKcaau: Ma3Kyp METOA TabJIUM OJYBUMJIAPHUHT OWIHM
JapakacMHM  0axoJiall, Ha30paT KWIMI, Y3JalITHUPUIN KYpcaTKUYd Ba aMalui
KYHUKMQJIADVHHA TEKIIMPUINTa HyHANTUPWIraH. MasKkyp TEXHHKa OpPKaJIM TabiIuM
OJIYBUWJIAPHUHT OWIUII (DAONMATH Typiid HyHanmuuuiap (TecT, aMaliuid KYHUKMalap,
MyaMMOJIA Ba3usATIap MalIKW, KUECUWA TaxJIWJ, CHUMITOMJIAPHM aHUKIam) Oyiuda
TAIIXUC KWIMHAIU Ba OaxojJaHaIu.

MeToaHu amMajIra OIIMpPHIN TAPTUOM:

“AccecMeHT napiaH  Mabpy3a  MalIFyJoTJiapuaa  TajabajJapHUHT  EKU
KATHAIYWIAPHUHT MaBXyJl OWINM Japa)KaCUHU YpraHulljia, SHTH MablyMOTIApHU
0aH KWIMIIga, CEMUHAp, aMalldid MaIIFyJoTiap/a 3ca MaB3y €KH MabIyMOTJIapHU
V3MalTUPUII  AapakacuHU OaxoJjaml, LIyHUHTACK, Y3-Y3MHU Oaxojaml Makcaauaa
WHIUBUIYyal Mmakiaa doinananum TtaBcus dtunaau. IyHuUHTHEK, YKUTYBUYUHUHT
WOKOAWM €HAANTYBY XaMia YKYB MakcaJjapuaaH Keano 4yukuO, accecMeHTra Kylmmyaa

TONIUMPHUKIIAPHA KUPUTHUII MyMKHH.
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I11. HASAPUH MAIIFYJIOT MATEPUAJLITAPH

1-MAB3Y:YU3UKJIN ®A30

PEJKA:
1. Yusuknu dazo ymuamu. Adun daszo.
2. AbuH KoopauHAaTalap CUCTEMAacH.
3. AduH anMamTHpUIUIAp Ba TEKUCIUKIapU. buunsukinu ¢popma.

Taanu uéopanap:Huzuxnu ¢aszo, ynuamu,agun ghazo, agun Koopounamanap cucmemacu,
agun armaumupuwinap 6a MeKUCIUKIapu, Ouvu3uKIu gopma.
Yusuxau ¢azo yruamu. A¢un ¢aso.
Ky xonnapaa nrynnaii ooextiaap OuiiaH Ul KypUIlTa TYFpU KeTaauku, OyH/1a yIapHH
KYIIHII Ba OMPOp COHTa KYTaWTUPHIN aMaJIApUHA OakKapuIll JI03uM O0Yirb Konaau. bup Heua MUCOT
KEITHPaMHU3.
I'eomerpusina OyHpail oObekTiap yd Yauamium ¢a3oljard BeKTopiap, SbHU
HYHaIUIUIM KecManapAaup. Arap HyHaIMIUIM UKKY KECMaHU Napajulies Ky4upuil Wynu OunaH ycrMa-
YCT TYHIUPHII MYMKHH OVica, ynap ailHu OMp BEKTOpPHHU aHUKJIaiau ned xucoOnanaau. lllynunr
yuyH Oy KecMaJapHUHI XaMMacHMHM OMp HyKTagaH Oonuiad yukapuin Kymnaid. By HykTaHu Ou3
KoopauHaTanap Oomu 1e0 araiimMus3. MabiyMKu, BEKTOPJIApHU KYIIUII aMald KyWnaaradajaup: x Ba
V BEKTOpJIAPHUHI HUFUHIUCH 1e0, TOMOHJApH X Ba y OYiraH napajjieIorpaMMHHUHT JMOTOHAIH
xuco0naHaau. BekTopHU cOHra KynmauTHpHIL aMalld XaM MabJIyM yCyJl OMIaHKUPUTUIIAIH.

1. AnreGpana ou3 n Ta COHJIaH nooparx=~£1e1 +£4eo +...+&nen

KYpUHUILJArd cucTeMaiap (MacajlaH: MaTpUL@QHUHT Hyminapu, 4nu3ukian ¢Gopma xoddduuueHTaapu,

TYIJIaMd Ba X.K.) OMJlaH WII Kypuuira TYfpu keinaaud. byHpaail cucremanapHM KYIIUII Ba COHra
KYaUTHPHII aMaJulapy oAaTaa Kyduaarndakupurunaau: X=(£1,£2,...,4n) Ba Y=(171,72 ;. 7In
) cucreMamap #WwrMHAMCH nae0, X +Y = (& +m1 & +m2 ,..éy +7p ) cucremara
atinamn.X=(&1,£2,...,ép)ecuctema  OwnaH ACOHHMHT KymaWtmacu 1e6,A X = (A& A& ..., Aén

)cuctemara aTuiaaau. AHanu3a QyHKIMSIApHU KYIIWIT Ba YIapHU COHTa KYMaUTHpHUII aMaiiapu
TYFpUcHIa T Tabpud Oepunaau. AHUKIMK ydyH OyHmaH cyHr [a,b]cermentaabepuiran
XaMMa y3IyKcH3 (QYHKIHSIIApTYIIIAMIHUATEKIINPAMU3.

Kentupunran mmucoiiapia KYIIMII Ba COHra KYNMaWTHpUIIJaH MOOpaT XyIau Oup Xui
amajuiap MyTJaKo Xap Xuj oObeKTiIap yctuaa Oaxapuwiaan. byHaai MUCONIapHUHT XaMMacuHU OUp

HYKTau Hazap OWiIaH YpraHwil yayH, Ou3 YM3UKIH, sbHU apduH $a3o TynryH4acCuHU KUPUTAMU3.
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1l-tabpud. Arap Kyimmaru mapmiap Oaxapwica, X,V,Z,... dJIEMEHTIapHUHT V Tyriamu
ym3uKM (adun) aszo gernnanu:

a) Xap UKKH X Bay 3JIEMEHTIIapra X Ba y 3JeMEHTIap HUFUHAUCH Je0 aTallaiuraH Z 3JICMEHT
MOC KWIHO KYWHIITaH; X Ba ) dJIEMEHTJIADHUHT WUFUHIKUCH X+y OWIaH OenruiaHaimy,

0) Ompop MaWIOHHUHT Xap OWp X OSJIEMEHTH Ba Xap Oup ACOH OWIIaH X DJIEMEHT
KynaiiTMacu e aTanral A x 3JIeMEeHT MOC KUIHO KyiuiraH.

by amammap  kydumarm — TtanabmapHu  (aKCHOMaJapHH)  KaHOATJIAHTHUPHIIH
Kepax. 10.x+y=y+x (KOMMYTaTHBIIHK), 20.(x+y) +z=x+(y+z)(accouHaTanHK),3o.Xap KaHmail X

yuyH mryajaai 0 sneMeHT MaBxynku, X+0=x 6ynanu. 0 3JeMEeHT HOJIb JIEMEHT JACHNITa IH.
0

4 Xap KaHJalX yuyH —X OuiaHOenruiaaHaJuraHiyHaiIeMeHT MaBxXyaKu, X+(-x)=0
Ooynanu.

1% 1ix=x,

2° o) =ai(x).

32 (a+f)x =ax +Xx,
A o(x +y) =ax +ax.
bu3 kymmm xamzpa coHra KymaWTUpuIl aMaJlJlapuHM KaHJal TabpUQUIaHUIIN XaKuaa
randpMaraHuMus 6exus smac. bus Oy amamnapHu ¢akaT 1oKopuja TabpuduiaHral akcuomanapra
OyiicyHunurapuan Tanad Kuiamu3 xojoc. UIyHWHT ydyHXap KauoH IOKOpWAA Kailj KWJIMHTaH
[IapTIApPHU KaHOATJIAHTHPYBYHM aMalliap OWJIaH WII Kypap SKaHMHU3, OU3 yJIapHH KYIIUII Ba COHTa
KynaTupuin amannapu ae0, sjIeMeHTIapy ycTuaa 0y amauiap Oakapuiral TYTUIAMHU 3¢a YH3HKIN
¢azo ne6 xumcobmamra  xakaumu3.  HOxkopunma — kentupunarad  1-3 mwmcomap Oy
akcuomanapradbynucyHaau.

Sna Oup mMucon Kypubd YUKalinK;

1. Jlapaxxacu HaTypad N COHJAAH OIIMaiiiWraH Ba oOjaTAardya KYIIMII Ba OMpOp COHra
KynaTupuin amaniapu OakapuiaJuraH Xamma Kynxajiap TYIJIaMH YM3MKIN (Pa3o Xocui
KHJIa Tu.

Enrus n-papaxkany Kynxamiap TYIUIAMH YM3MKIM (a30 TalIKMI KAIMAHIu, YyHKH N-
napaskany MKKM KYTXa[ HUFMHANCK N IaH NacTpoK 6YIub YMKUIIM XaM MyMKHH; Macanas, (t "+t) +
(-t"+t) = 2t.

Uusukau ($azo sneMeHTIapuHu Ou3 gekmopnap neb ataiimu3. By cy3HUHT kynuHYa TOp
MabHOAA (1-Muconaru kabu) UNUIATUINNA OW3HU YAIFUTMACIUTH Kepak. by um3uk Ouian OOFIUK
OynraH reoMeTpUK TacaBBypJap OMp KaH4a HaTHKAJIapHU OMIMHIAIITHPHILTA, Oab3U X0JJIapaa 3ca
Oy HaTWXXaJapHU OJIMHIAH Kypa Owmiira EpaaM Oepaiu.

Arap uym3ukynu  ¢azo Taspuduma KaTHamaértraH A, L,...COHJIApXaKUKUK Oyica, y
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xouaa dhazoxakukull yusukau ¢azo NeHunaan.
busA, u,...napun UXTUEPUI F Mamn0H ANEMEHTIIapU Ae0yMYMUUPOK dapas
dTUIMMU3 MyMKHUH. By xonmma V dazo F maiidonoaeu wuzuxiu ¢pazo nevimnamu. Kyiinga 6aéu
STHJIAIUTAH TYIIyHYa Ba TEOPEMAJIAPHUHT KYNUWIATH HUXTUEPUN MailoHaarn 4m3uKimu Qasanap
Y4yH XaM OeBOCHTA TYFpH OViIaau.
2. ApuH koopamHaATAJIAP CHCTEMACH.
Bynnan keiH BEKTOPJIAPHUHT YU3UKIU OOFIUKIUTH Ba YH3UKJIU SPKIMIINTH JICTaH TyIIyHYaIap
MYXHM aXxaMusTra sra Oynaau.
2-tappud. V—uusukmm ¢azo OYVicuH. Arap kamuaa Outracu HoOJAaH GapK KWIaJuraH o,
B.%...,0 connap maBxkyn 0ymu0, ax+py+yz+..+=0 (1) tenrmuk ypunam Oyica, Oy xoiaa
X,Y,Z,...,V BEKTOpJIAp YN3UKIU OOFJIMK BEKTOpJIap ACHUIaIN.

Uuzukau OofnuK OYIMaran BeKTOpJap YH3UKIU SPKIM BeKTopiap aeimnanu. bomrkaua
KO aitranga,oX +fY +)Z + ... +& = Orenrnmuko=p=y =...=6=00ynran xonnaruna ypuniau O0yica,
X,V,Z, ...,VBEKTOpJIap YHM3UKIW SPKIM BEKTOpJIAp NEHWIANN.X,),Z, ...,V BEKTOpJIAp YU3UKIH OOFIHK,
apHu ynap (1) myHocabar Owian OofnaHran OYJIcMH Ba yHAard kodQuimeHTIapaaH Kamuia

outracu, MacaiaH, ¢ HojaaH ¢apkiu e dapas kunaiiuk. by xonmaoX =—py —yZ — ... —V6ynaau.

[
Bynu sunu o ra 6ynu6 Baned dapas KI/IJII/I6,—§=/1,(1 —l/=,u,...,—_=g a a TEHTIIUKHU XOCHII

KUJIaMU3. X=AY+4Z+...+gVATap X BEKTOP Y,Z,...,V BEKTOpap OpKaiu (2) KYpUHUILIATH TEHIJIMK OWJIaH
udonaa aTHIICa, y X012 OU3 X BEKTOp Y,Z,...,V BEKTOPIAPHUHT YU3UKJIN KOMOUHaLuUsACU 1e0 aTaiiMus.
Mynnait kunuo, arap X,Y,Z,...,V BEKTOpJIap YM3UKJIN OOFIMK OYiica, y X0j/1a yiaapJaH KaMuaa
OUTTacH KOJITAHJApPUHUHT YU3UKIM KoMOMHanuscuiaH uobopar Oynanu. TeckapucuHH, SBHU
OuUTTacH KOJITAHJAPUHHUHT YU3HUKIN KOMOMHAIMACHIAH HOopaT OYIraHBeKTOpIap YM3HKIN OOFIMK
BEKTOpJIap OYIUIIMHUHT XaM TYFPUIMTHHU KYpCaTUIl MyMKHH.

OHJU (a30HUHT Yryamiiap COHM (YI4aMIIMTH) TyIIYHUACUHU KUPUTHILTA YTaMU3.

Tyfpu un3ukaaru BeKTopiap TyIlaMuaa Xap KaHlail MKKUTa BEKTOp MPONOPLUUOHAI, SBHU
YU3UKINA OOFMUKINP. TeKHCINKAAa NKKUTA YU3HKIIN SPKIU BEKTOPHU TOMHUII MyYMKHH, aMMO YHJIaru
Xap KaHJlail yudTa BEKTOP YHU3UKITHOOFITUKIND.

Arap V — yu ymuamnu (azomaru BekTopiap Tymiamu Oyica, y xoianaa V a ydra 9u3uKIv
SPKJIM BEKTOPHU TOMHUII MYMKHH, aMMO OyHJaru Xap KaHjaail TYpTTa BEKTOP UM3HMKIN OOFIHK
Oynanu.

bus kypamuzku, TYFpUUM3HUK, TEKHUCIUK Ba y4 Yymdamiau Qa3onard YH3UKIUM SPKIH
BEKTOPJIAPHUHI MaKCUMaJl COHM T€OMETPUSIary TYFPHU YM3UK, TEKUCIHUK Xamaa (a30HUHT YIdamu

conura Tyrpu kenaau. lLlyHuHr yuyH Kylingara ymyMmuit TabpudHu KaOyn KUTHIIUMU3TaOUHH.

3-tabpud. Arap V unsukian ¢azofa n Ta YU3UKIU IPKIM BEKTOP MaBXKyn Oynu0, OyHIaH
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OPTUK YM3UKJIM DPKIW BeKTOpiap Oynmaca, Vdazo n ymuammm ¢azo neviunmaaum BadimVied

Oenrmnanagu.Arap V ¢aszona yekcus KN YH3UKIM SPKJIM BEKTOpJIap TONMUII MyMKHH Oyica, y

xonaa V dazo yexcus ynuamau Ga3zo nedunanm.

Kypcna dakat yekiu yiuamid (azonap OuiiaH MIyFyJiaHaMU3.

Uekcuz ymuamin (asonap MaTeMaTUKaHUHT Maxcyc Oynumiapuaa tekmupuianu. bus Oy

Tectiap
Ne TecT TOMMUUPUFHA Tyrpu Myxkoona | Mykooua Myxko6ua Mag3y
7KaBo0 7KaB00 7KaBo0 ’KaBo0
1. n ymaammm V Ga3oHUHT ............. N Ta YU3UKIIA n ta N Ta YU3UKIA YU3UKIIA 1-maB3y
Tymamu V HEHT 6a3ucu 1e0 SPKIN BEKTOpJIApH | BEKTOpIapu SPKIN
aTajamu. BEKTOpIIapH BEKTOpIIapH
Hyxkranap YypHUHM TYnIupuHT
2. | x,y,z,... >IeMeHTIapHUHT V 2 3 1 4 1-maB3y
Tymamu ym3uKM (adpduH) dhazo
OynuIIM y9yH HEUYTa MIapT
OaxapuiInIM Kepax?
3. | Ymsuxiau $a3o sneMeHTIapHHU BEKTOpJIap COHJIap TEHTJIaMaap WIU3Map 1-maB3y
HuMa 1e6 atangaau?
4. | Yuzuxin ¢azoHuHT xapoup SITOHA Yekcus kyn Wkxu NA 1-maB3y
JJIEMEHTHU 0a3uc opKalm........ pasuiIa KYpHUHUILIA KYpUHUILIA
YU3UKIN
ndoaaNaHUIIMHAKYPCATHHT .
Hyxkranap YypHUHM TYIIupUHT
5. | Ymsuxmu OoFiuK OYiIMaran YN3UKIIA APKITH YU3UKIIN YN3UKCH3 1-maB3y
BeKTOpIIap HuMa n1ed aTamann? SPKIN BEKTOpIIap BEKTOpJIap SPKIN
BEKTOpJIap BEKTOpJIap
6. | Bbasuc y3rapranna y3rapanu y3rapmMaiau | JOMUNIMIUH Oasuc
BEKTOPHUHT KOOpAMHATAIApU U CaKJaian y3rapmaiu 1-maB3y
7. VY4 yiraamim dazoma 6a3uc KaHmai TEKHUCIIUK A bup TEKHUCIIUK A xap KaHjai 1-maB3y
XOCHJI KWITHHAAN? éTMaraH xap TEKHCIUKIA | E&TMaraH xap ydTa BEeKTOp
KaHJal y4yTa &Tras xap KaHjai
BEKTOD KaHjai yura UKKHATA
BEKTOP BEKTOP
8. | Arap V da3ona uekcus kyn Yexcns Yexin Vuamra sra da3o 1-maB3y
YU3WKJIU 3PKIW BEKTOPIIAp TOTHII Vauamiu Vimuamnu OynmaraH Ooynmaiinu
MyMKHH 0¥iica, y xoiaa V daso
..................... (hazo geiinnany.
Hyxkranap YpHUHU TYIIUpUHT
9. | x Ba y BeKTOpJIapHH KYIIUIIIA YIIapHUHT Bupurun YIIapHUHT xBay 1-maB3y
KOOpAWHATa KOOpAMHATA | KOOpAWHATAN | BEKTOPJIAPHU
napu napu apu KYIINII aMalind
KYLIMIIaIu. KYLIniaau, y3rapmaiiin aHUKJIaHMaraH
KOJITaH
KOOpJIMHATA
JIapu
y3rapuiicus
KOJIau
10. | x BexTOpHHU [ /coHra YHUHT YHUHT YHHHT YHHHT 1-maB3y
KynaTupuiga KOOpJIMHATajna | KOOpAWHATA | KOOpAWHATAN | KOOpJAWHATAIa
pH 11y coHTa mapu 0 apu oup pH Iy COHTa
KynaiTupuna | KynauTHUpUI coHura KYNaUTUPUIM
. aau. KynaiTupuia aiau.
L.

Hlakaan Oup OMpUra SKUH CaBOJI-KaBo0JIap:




CaBoOJI JKaBo0

Arap V um3ukim pazoia n Ta YU3HKIH SPKIA BEKTOP V ¢dazo n ymuamnm dazo geivnaau
MaBXyx 0ymu0, OyHIAaH OPTHUK YM3HKIN SPKIH BEKTOPIIAp
6ynmaca, V ¢aso kaamait gpaszo xed aramagu?

V dazo n ymuamu kaHnai oenrunanaan’? dimV

Arap V (azona yekcus Ky YM3HUKIIHM SPKIA BEKTOPIIAp V dazo uwexcuz ynuamau dazo neinnanm.
TOIUII MyMKHH O¥Jca, y xonna V dazo kanzaait ¢pazo
ne6 aranamu?

Umsukn ¢as3o eMeHTIapHHA HIMa Ae0 aTtanagu? BEKTOpIIap

Enuk Tectaap

CasBoa KaBo0
Yu ymaamm gazoma  6a3uc KaHgaM XOCHIT KAIHHAIA? bup Texucnukna érmaras xap KaHaail yura BEKTOp
Japaxxacu HaTypai N COHJaH olIMaiurad Ba oJaTaarnya YH3UKIA (a30 XOCHI KUIAIH

KYILIMII Ba OUpOp COHra KyInaiuTupuIl amMaiapy
Oakapuiagural XxaMMa Kynxaaiap TYIUIlaMi HUMa XOCHIT

Kunagu?
N ymaamm V Ha3oHUHT N Ta YA3HUKIN SPKIIN BEKTOpIapH V HHUHT 0a3UCHHU XOCHJ KIJIaan
TYIUIaMHA HUMa XOCHJI Kuiaau?
Arap V ¢a3ona 4eKcH3 Ky YU3HUKIN SPKIN BEKTOpIIap Yekens ymaamin (Hazo XOCHIT KHJIHHAIH
TONUII MyMKHH O¥Jica, y Xxonaa Kannai $azo xocun
KUJIUHAaU?
Haszopar caBosuiapu:

1. Tlapaymen Tyfpu um3ukiIap OoriaMu J1e0 HHUMara atajaaau ?

2. Ywusuxiu pa3o TabpuPUHUA Al THHT.

3. Uwusukiu da3zora MUcouIap KeATHPUHT

4. Tyrpu umsukiap Oormamu ned HuUMara araiaau ?

doiigajiaHWITaH agaduéraap:

1. Advanced Mathematics for Applications, Cambridge University Press, 2011.

2.Bauer, H. Measure and Integration Theory, Berlin: de Gruyter,ISBN-13: 978-3110167191, 2001.

3.Bear, H.S. A Primer of Lebesgue Integration, San Diego: Academic Press, 2" Edition, 2001.

4.Bobenko A.l. (Ed.) Advances in Discrete Differential Geometry//Springer, 2016. — 439 p. —

(Mathematics). — ISBN: 3662504464

5.Bogachev, V. I. Measure theory, Berlin: Springer, 2006.

6.David Spencer “Gateway”, Students book, Macmillan 2012.

7.English for Specific Purposes. All Oxford editions. 2010. 204.

8.Evan M. Glazer, John W. McConnell Real-Life Math: Everyday Use of Mathematical

Concepts//2013, ISBN-13: 978-0313319983

9.Georgii H.O. Gibbs measures and phase transitions. Berlin:de Gruyter, 657 p., 2011.

10.Q. Mitchell “Traveller” B1, B2, MM Publiciations. 2015. 183.

11.Q. Mitchell, Marileni Malkogianni “PIONEER”, B1, B2, MM Publiciations. 2015. 191.
12.Anexcannpos A./l., Heuseraes H.1O. 'eometpus, M.: Hayka, 1990. — 672peretti, Advanced
Mathematics for Applications, Cambridge University Press, 2011.

19




2-MAB3Y: EBKJIUJ] ®A30CH.

PEJKA:

1. EBxmmpa ¢azocuia Yu3MK Ba CHPTIAp.
2. Cupt muddepeHipan reoMeTpusCH.
3. Cupr nuku reomerpusici. CUPT TaIIKA TE€OMETPHSICH.

Tasnu n6opanap: Epxina dhazocu,OpToronan Ba OpTOHOPMaJ CUCTEMAIIAP.
E-xakukuii cornap ycruaa BeKTop ¢da3zo 0ynud, yHaa KaHIauaup KOHYH €Ku Kouaa Oyiinda V
2 BEeKTOPHHUHT CKaJIsp KYNauTUpuil 1e6 araayBuu (X,)) COH aHUKJIaHTaH 0yiuo, Oy 4 Ta
1. VX, y € E yayn (xy)=(y,x)
2.VX,y,2€E yuyn (X+Yy,2)=(x,2)+(y,2)
3.VxeE, VAeR, (AX,y)=A(X,Y)
4. Vx£0 (X-x)>0 (x,x)=0 <=x=06
mapTiaapHu KaHOATJIAHTHPCa, y XoJia OyHaai BekTop ¢aszonu EBkiauy dazocu aeitmnanu.
Macanan: E =R% X = (X, X2, %X3), Y =(Y1, Y2, Y3)
(X, Y)=(Xg - Y1+ X2 - Y2 + X3 Y3) )
) xy)=0x)
2)  (X+Y, ) =X+ Y1)+ (Xa +Y2) 2 + (X3 +Y3) - Z3 =
= (X121 + X225 + X323) + (Y121 + Y225 + Y3Z3) = (X, 2) + (Y, 2)

@
3) (X, y) = A Yy + AX Y, + AXgY3 = A(X1 Y1 + Xp Yo + X3Y3) = A(X, Y)

4) (X, X) =X{ + X2 +x% >0

Teopema: Ernup gazocuna xyitnnaru Komm-byHsIKOBCKUN TEHTCU3IUTH YPUHITH.

(% ¥)? < (% X)(Y, ) 2)
Ucoor. VAR, VXx-yeE, (UIX-y,Ax-Yy)>0
(Ax-y, AX)+( Ax-y,-y)>0
(A%, AX)+ (Y, AX)+( AxX1=y)+(-y1-y)>0
A%, X)- A(Y,X)- A(Xy)+(y1y)>0
A%, X)-22(x,y) +(y.y)=0
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A - HucOaraH kBagpaTuk yuxajn (X,X)=>0 0ynranu yuayH

b2—ac<0 a=(xX) b=—(x,y), c=(y,y)
(% ¥)? < (% X)(Y,Y)

n
(X, ¥) = XgYq + e+ X Vi = D0 X Y
k=1

n 2 n 2 n 9
[kZXkykJ <X 2 Yk
]

k=1 k=1

| (6 Y) IV (Y, Y) ©
Tavpugd +/ (X, X) CKaJIAp KylIaWTMaaH YMKKaH X HU || X ||= N (X, X) ,

|| X|| =X snemenTHuHr HOpMach.
1| x|>0
2 | A= A X 1A% Jl= (A%, AX) = /A% (%, X) = A | ++/(x, ¥) = A]]l x|
3. | x+yl<xll+1 vl
| X+ Y [P=(X+ Y, X+ Y)=(X+ Y, )+ (X+Y,y) =
= (X, X) + (¥, X) + (¥, ) + (Y, ¥) = (%, X) + 2(X, y) + (Y, y) =
X 20 -0y +0y 2= xi+1yn?
Ix+ylE<@xn+1yM?

| X ||= \/Xlz +o + Xr% X - JNIEMeHT (BEKTOpH)
Tavpud. Hopma anuknanranE ¢pazonn HopMauiamras (pas3o aedunagm.

(E,|l-1) - mopmanammras.

Tabpud. (x,y)=0 6ynca, oproronan neitunany, sbHU XLy

| )l
(X, Y) €4/ (X, X) J(y,y):vnxwy”s |

(X,Y)
Iyl

Taspud. COSQ =

T T
Teopema: Arap (X,y)=0 6¥ica, @ = E OVtaau Ba akCHHYA E oyca (x,y)=0.

Taspud. Yoy €;1,es, ...,6, BEKTOpIIap CUCTEMACH Oepuiral . Arap (e;,e))=0 1= Oynca

OepuiiraH CUCTEMaHH apTOTOHAJ BEKTOpJIap CHCTEMacH JAeHniau.
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Tabpud. €1,€...,6n BEKTOpIAp CHCTEMACH OPTOTOHAJI CHUCTEMaHM TANIKWJI DSTaju,arap
y3yHiukiapu 1 ra teHr 6yica, oproronain 0yica
0, 1#]

(eivej):{l = |

Teopema: €y,....6n ¥pTa HOpMan cucTeMa uM3MKIM Oormanmaran A4,€; +...+A,e, =0,
A=Ay =..=1,=0

(eksde; +...+ A,€,) =(&c,0) =0

A (8 e) +Ax (g, €2) + ...+ An (B, €) =0

A (e )=0 4, =0 k=10

Teopema: E" dazona ej,....6, ypra HOopMman OasucHHM Tamkuia 31ca —=>(X,Y)=X1y1+t... tXnYn

Oynaau XaKuKaT/aaH xaMm

i=1j=1

(x,y)= ixiei’ iyjej =2.2.%Yj(eie,) =
i i

n
=D Xi Vi =X Y1 e+ XYy
i=1

Arap E na ypra Hopmai 6a3uc 0yica, €, ...,6n  (X,ex)=Xk.
Teopema. Arap E" na fy, ..., f,V 6asuc 6¥1ca
n n
(X y)= 2 xy;(fi, £;)=<(f;, f)) =a;; >= > a;Xy;
i, j=1 i j=1
Oynau.

Avnraiinuk E Esxina dazo 6yau0, fy, ..., T, (1) yanaru V 6a3uc 6yicuH. OU3HUHT MaKcaguMu3 £
na anukianrad (1) HH oproroHanm Oasuc cyHrpa 5ca OpTOHOpPMa Oas3uWcra aWjaHTHUPHII
MYMKHHJIMTUHH KYpUO urKamu3. YOy jkapaéHHU anreOpa Ba COHJIAP Ha3apUsCHIa OPTOTOHAJLIAII
JKapacHU NeUWIIaIu.

VY kyitnaaruda

fy

e, =—-
RS

q, = f, 2 Af;  (qr.€,=0)

f1

J(f, )

n:2 fl f2, e]_:
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e, =92 (f yafe)=0 =izl

NICITePY) - (i)
(foe) +(fe;)=0
dapaskunainauk. by, ..., by @ b1, .....,bm, Cm+t, ...,cn (2)
(Prms1,0i) =0(4) (i=1m)

(Crag + by + oo+ Arbib) =0 (i=1m)

(Crmsas b)) + 4 (5, b)) +...+ A4, (b, 1) +...+ A, (b, ;) =0
(Cms1, b)) +A4; (05, 0;) =0 by =0 (b;,b;) =0

_ (Cm+1bi )
Y b ®

(5) baxxapuica, = (4) TeHIIUKYpUHIKOYIaauBaHaTIX)aAab1,0y, ..., by, Dm+1
m+1=n6yncaopToroHamianpkapaHuTyranu.
Arapna m+1<n 6¥ynca, Myoxa3zaHu TaKpopJaiiMus3.

bm+2 - Cm—2 + /’L‘lbl +..+ ﬂ“lm+1bm+1 (6)

kaGu axpatu®, (ns2, b)=0 (8) j=1,m.

_(Cm+27bj)
(bj.bj)

lynnait kuauo, by, ...,by, ...,Hm+1, bm+2 (7) opTOroHan TeopeManu Kypamus. m+2=n.

()

Ulynnaii kumu6 Edapas oproroHai xxapaéH ketMa-ket Kymiad by, ..., by (8) oproronan 6aszucra

sra 6ynamus.

b, b,
g =——..8,= 9)
b b, |
b b (b,b) [0 i=] ,
(euej):[ I} I): :{ .—'J (bi’bi):(bj)
b1'1b|) Ib|-[b] |1 i=]

1-teopema. E, ymuoBnu ¢dazo Oynud, (8) oproroHan 4M3MKIM OOFIaHMaraH BeKTOpJap
CHCTEMacH YM3UKIH IPKITU

X=XE€ +...+ X €

Ae +..+1e =0 A =0 i=1n

e (l<k<n) (e; Ae +1e,+..+4e)=(e,0)=0
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Ae,e)+A(e,e)+...+A4(.e)+...+4(e.,e)=0

A(te.,e)=0 (e,e)=1 A =0 k=1n
2-teopema: E ymuosmu Eskmun pasocu (€,,...,€, ) oproronan 6asuc 6yncun. = X, = (X€,)
(x,e)=(xge +..+xe,.,e)=x(ee)+..+X(e.e)+..+
+Xx (e,e,)=x(e.,e)=X -1=X
Taspud. £ paso R cE, R, cE 6yrcun R, ={y:VvxeR; (y,x)=0}
Teopema: Ry,E anukianran ckansp KynaiTmara HucOartan KucMm ¢aso 0ynaau.

vyy,eR, y,—-VY,eR,

vxeR (v,x)=0 (y,,x)=0

(Y, =¥, %) = (¥, X) = (¥,;x) =0-0=0

- Y. €R,
2) V1eR, YWyeR, xy,X)=4 (y,X)=4, 0=0 AyeR,
Tawvpud. Ro-E vHunr xucm dazocunn Ry kueMm ¢azora oproronan Kucm (azo neiuiaam.
E=R(H+) R, dm E=n dimR =k dim R, =n-k

e..e () — Oynnaru 6asucuu (Q,...,q, ) (2) Ounan Gearunainmx.
Oproronamnani xkapaéuura kypa (2) 6unan (1) Hu opToronan 6a3zucra KeITUPUII MYMKHH.

X=X +..+X€ +..+X€e —

X'(e)x"
X'=Xe +..+Xe =R
X"=(kx+1)-x .6 +..+Xe =R,
Macanan:
1 x x*(1)
A -1+ A, - X+ A, -x*=0=0+0x+ 0x*
4=0, 4=0, 4=0 =1 qg,=q+4x (qQ)=0

q,=1+(-2)x=1-2x q,=x>+A40,+40q,

1+ Ax1) =@+ Ax)dx =0

X 1
X+A4,—1|:=0 1+=4 =0 =-2
(ko2 im0 14320 4

q, =1+ (-2)x=1-2x
q3:X2+/’{1ql+/12q2 (q3’q1):(xz+ﬂ‘l+ﬂ’2(l_zx)1):0
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(X +4+4,1-2x)-1-2x)=0
XD+ (14,)+4,01-2x,1)=0

[xdx + [dx + 4, [ (1— 2x)dx =X§i+ Zixi—é (L=2%)

1
0

2 2
1

Bynman A, = 3 TOTIAMU3:
) 1
(x ,1—2x)+(—§; l—2xj+ﬂ,2(1—2x,2x):0

jx2(1—2x)dx—%j(l— 2X)dx + A, j(l— 2x)dx =0

Xt x*t 1ot 2x't A (1-2x)¢
XlaX e 2 A G20,

3o 40 3 0 320 2 3 0

—l+ﬂ'2:0 12:% q3=x2—1+£(1—2x):x2—x+—

1
1;1—2X; X* — X+ = oproroHan BEKTOpIAp CHCTEMACH

) 1

X2 =X+

e=1 ¢-= - 12_2i( — &= 6

J2-2x)(1-2%) (Xz_x+1j(xz_x+1j
6 6

1 2 1 (1-2x°: 1
1-2x,1-2x) = [(L- 2x)%dx =~ _=
- 2x1-20 = [@-2°dx = =3

1-2x

R
3

J3(1-2x)

x> x* 1 X x*)yr o1
= —+—+—X-2—+——— || ==
5 3 36 4 9 6

1
e, =180 (XZ - X+ Ej €,,€,,€;, — oproronan 6asuc.

Enuk tecriap
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CaBoJa KaBo0

€1,€2, ...,€n BEKTOpPJIAp CUCTEMACHU 6epHJ1raH . OpTOFOHaJI BCKTOpJIAp CUCTEMAaCHU NeUniIaguy.
Arap (e;,6))=0 i# Oynca Gepuiran cucTeMaHH
Kanaaii cucrema neb araigamgu?

Arap EBxmmadaszocuaa dYeKcH3 KYI UH3UKIH Yekcus ymuamiu ¢azo aernnagn
SPKIIM BEKTOPJIAp TONHII MYMKHH O¥Jca, y Xonaa
Oydazo kannai dazo nerinnann?

E-xakukuii connap yctuaa BeKTop Ga3o eBKIHT 4
(azocu OYnMUIIM yuyH yHJA KaHJIaiaup KOHYH
€ku xonaa Oyiinya nxTuépuii 2 BEKTOPHUHT
CKaJIAp KYMaWuTUPHUII 1e0 aTaryBuH (X,)) COH
aHMKJIaHTaH Oyn0, HeuTa Xxocca YPUHIN OYIHIITN

Kepak?
EBnun dazocuaa Kaiicu TEHICU3NUK YpuHIHA? Komu-bynsikoBckuii
Ha3sopar caBosiapu:
1. Kannaii sxapa€H opToroHauIani xapaéHu AT ?
2. Oproronain 6a3uc Jerania HUMaHUTYITyHACcU3?
3. EBximmn dazocuHUHT KUCM da3ocu XakKu1a HUMa ounacus ?

doiiaaHWIran agaduérnap:
1. Hapwmanos A.A. Tuddepennuan reometpus. T. YauBepcurer, 2003
2. Coxeter H.S. Introduction to Geometry.Sydney-Toronto,2001
3. Hapmano A.f., [apunoB A.C.,AcnonoB XK./Iuddepenuuan reomMmerpus Ba TOMOJIOTUS
daHuaaH naH Malk Ba Macanap tyruiamu. T. YHuBepcurer, 2014
4. Mumenko A.C., ®omenko A.T. Kypc nuddepennuanbHoil reoMeTpun U TOMoNoruu. M.,

u3a. MI'Y,2004

3-mas3y: ICEBJOEBKJIN/] ®A30.
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PEZKA:

1. Cdepuxk da3o.
2. Puman reomerpwusicu.

Taanu ubopanap: Ilcesooesrnuod gaszo, Ilcesdoesxnuo pazooa macogpa

Masbnymku, EBxing dasocupa koopaumHaranap OomumaaH uxtuépuit M HyKraraya Oynrax
Macoda

OM?=x*+y*+7° 1)
dbopMyIa OuiaH aHUKJTAHAP U, DHIH 11y (OPMYIIaHHU Y3rapTupuO, MmacodaHu OM2=xZ+y2—Z2
Oyiinya TONUIIHU KYpHUO YUKAMIUK.

OM macoda X2+y2>22 Oynranga Xakukud Mycoat CoH, x2+y2<z2 Oynranga sca MaBXyM COHHU
aHUKJIaiu. X2+y2:Z2 oynranga sca macoa Ora tenr 6ymanu (M mykTa 0 6unaH ycTMa-yct Tylimaca
Xam).

By popmynanu koopauHaTanap KypuHUIIIA KyHuaarnda ¢3ui MyMKAH:

MiM%=(xo—x1) " H(y2-y1)~(22-21)°
OM; Ba OM; kecmainap opacuaaru Oyp4akHu 3ca
X1 X2 * Y12 — 447
U +yE -2 %G +yi - 25

V3ynnuk Ba Oypuakiap my QopmMmynanap acocuaa aHUKIaHraH ¢as3ojap Hcee00esK1uo

coSp=

¢azonap ne6 aranagu. by dazona EBkinua ¢pazocHHUHT KYNITHMHA aKCMOMa Ba XOCCaJlapy CakKJIaHUIIN

Ownan Oup Karopna aipum MyHocalaTiIap KECKUH (papK KuIaau.

IcenoeBknua ¢aszona mMacodaHu HOKOpUAATHYA aHUKJIAHUIIWAAH KYPUHAJAUKW, YHAA Y4 XU TYFPH YU3UKIAp
OynuImy MyMKUH: 6apua KecManapu MycOaT XaKUKUH y3yHJIMKKA 3ra TYFPH YH3MKJIap; MaBXyM y3yHJIMKIAru KecMajapra
sra OyiraH TYFpH YM3MKIap Ba Oapua kecmanapu 0 y3yHJIMKKa 3ra OynraH TYFpu 4m3ukiap. by Tyrpu um3uxyiapHu

(hazoBMif X1, BaKTJIA YXIIAII Ba H30TPOTI TYFPU YU3HKIIAp A0 FOpUTHIAIH.

IceBnoeBknuy ¢azonaru Oy TUNAArH TYFPU YM3UKIAPHH YM3MaJaru KYpUHUIIN KyWugaruda

Oymaau:
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<l
B o

Oxopunaru popmynagan OM=0 mapTHu KaHoaTIaHTHUpaauran Oapuya M HyKTayap x2+y2—
7°=0 TeHrmama GuIAH AHWKTAHATUTAH TeKHCITHK/IA STAIH.
By sca yun 0 HykTaja xoinamran KOHyC CUPTHU UdoJaaiiu.
KypunuO Typubanku, XakuKUil y3yHIMKAard TYFpU YM3UKIap KOHYC/IaH TallKapuia, MaBXyMmiapu

nuna Ba 0 ra TeHIJapy 3ca KOHyC CUpTaa €Taau.

=

Hasopar Tonmumpukjapu

1. Konyc cupT TeHTJIaMacH KaHJai KypuHHIITa dra?
2. TlceBmoeBximmn (hazoma Mmacoda KaHaall aHUKIaHAINA?
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3. Kannaii dazonap nceBnoeBkan dazonap ned atamaan?
4. TlceBmoeBkiun ¢a3zona EBkiua pazocHHUHT akcHOMa Ba XOcCCallapy CaKJIaHATUMU?

Enunk Tectiap

Casoa Kaood
X*+y*>7° Gyaranma OM macoda Kanail XaKUKUWA MycOaT COHHU aHUKJIAWTH.
aHUKJIaHau?
x“+y*=z* 6ynranma OM macoda Kauaii macoda Ora Tenr Oynmaam (M Hykrta 0 Ounan
aHUKJIaHaU ? YCTMa-yCT TylIMaca Xam).
)(24ry2<z2 oynranga OM macoda kangait MaBXyM COHHU aHUKJIAWI1
aHUKJIaHaIu?

Anaduéraap

1.Georgii H.O. Gibbs measures and phase transitions. Berlin:de Gruyter, 657 p., 2011.
2.H.Q. Mitchell “Traveller” B1, B2, MM Publiciations. 2015. 183.
3.H.Q. Mitchell, Marileni Malkogianni “PIONEER”, B1, B2, MM Publiciations. 2015. 191.
4. M. Rikhsiboev and N. S. Mohamed, Engineering Mathematics 2, Malaysia, 2019.
5.Jim Libby, Math for Real Life: Teaching Practical Uses for Algebra, Geometry and
Trigonometry// 2019, 234p. ISBN: 978-1476667492
6.Karl Berry, The TEX Live Guide—2020
7.Lindsay Clandfield and Kate Pickering “Global”, B2, Macmillan. 2013. 175.
8.ABmioBa JI.B., bonotiok B.A., bonmotiok JI.A. AHanmuTrhyeckas TeOMETpUs U JIMHEWHas anreopa//
2013. U3nanue: 1-e u3n. 421 c.
9.Anexcanapos A./l., Heuseraes H.1O. I'eometpus, M.: Hayka, 1990. — 672
10.HapmanoB A.S. Amamutukreomerpus. T., “Y3GexucrondaiinmacydrapuMumimii sxKamMusatu’,

2008 1.

4-MAB3Y: 'HIIEPBOJIUK ®A30

29



PEJKA:
1. Spum EBxmma dazomnap.
2. Slpum runep6osuk dazoap.

Taanu ubopanap:>nmuntuk haso, runepoosuk $azo

n ymgoBnu SmmNTUK ¢azo 1ed, Rn: da3zoHMHr cdepacuparn nuameTpuan Kapama-Kapiid
OynraH HyKTaJIap TYIUIaMHUTra anTuiaaan (M30METPUK XKy(T).
By dazonu S, Ounan 6enrunanagy.
Sy dhazonu HoeBKM Puman ¢azo ned xam aTanaau.
Rne1 da3o cdepanapura ypunmanap R, ¢da3oHu Tamkuia STraHIMTUIAH, YEKCH3 KHYHUK
opauKiapaa S, reomerpusicu Ry, ¢pa3zo reomerpusicura sk 0ynaau.
Sy Ga3oHUHT M YITYOBIHM TEKUCIUTH Sy (PA30HU TALIKUI ATAIH.
OnnmunTuk $azona macoda Macanacu KaHaad ypHaTuiran?
Arap S; ¢azonuHr X HyKTacMHU H(OJAUTIOBYM BEKTOPJIAPAAH OMPU X , HKKUHYUCH XaM X
0¥y1ca, y bona Oy BekTopiap X2 = P MyHocabar OuiaH GobJaHraH Oynaim.
X OwaH aHukJaHraH Sy haszonuHr X HykTacuHu X( X ) Ounan OoFIaHaau.
bynna, S—Snortonpazomaru X(x ) Ba V() HyKramap opacugaru macoda, p 3ca ITPHIUK
panuycuamp.
S, (aso xoopauHaTanapu cudaruna Rys1 (asoOHHHI X BEKTOPHHHHT X° KOODAMHATAIAPHHH
Kapail MyMKHH.
Ouau runepOouK (Ga30HUHT BEKTOP aKCHOMACH acoCHa KYPUWIHIIUHH KYprUO YUKaInK
'unepbomuk  ¢azonn Ttabpudnam yuyHn Ejapun ¢azonunr |+IV  rpymnmna
aKcHoMalapHIaH TallKapy Kyiuaara V rpymnmna akcuoMmanapu OakapiIdIIg Kepak:

v.1° Xap ukkuta @ Ba b BeKTOpIAapHUHT cKasap Kymaiitmacu ne6 atanysun K=z ED con
MOC KyHuiIraH OyicHH.

v.2° Ckansgp kynaiiTMa KOMMYTaTuB, I0HU a E b=bEa

V.30 Ckansap kynaiTMa BEKTOpJIapHU KYIIUIITa HUCOAaTaH AUCTpUOYTUB SBHU a E(l; tc)=a
Eb+aEc

V.4°. Xakukuit KYmaiiTyBUnHH CKalsp KYmaiiT™a Tarkaprcura dukapum Mymkns:(K @ )E b =k
aEb

V.5 Illynnaii @ i KYpUHHILIATH | Ta BEKTOPIIAp MABKY/IKH, YIap YIyH

aEa >0 (a<l)
GoEan<0  (ul), @iED j i#

Bynnaiimaprnapacocuaakypwiran | manexcnunceBnoeBknuadazonn RykypruHumpadenrmianmus.

1. busra mabnymku F(x,y)=0 TeHriama Tekuciaukaa Oupop TYFpU YM3MKHU aHUKJIAUIHU, SHHU
OXY Tekucnukgaru KOOpAUHATalapu X Ba y Oynaran Oapua HyKTajmap TymiaamMu Oy TEHIJIaMaHU
KaHoarnantupaau. Ulynunraek, gpasona xamF(x,y,z)=0 (1)

Tenrnama OXYZ na Oupop CUpTHH, SOHM KOOpIMHATAJIapH X,y,Z Oynran Ba (1) TeHriamaHu

KaHOATJIAHTUPAIUTaH HyKTajap TYIJIAaMUHHM aHUKJaiau. (1) TeHrinama CUpTHUHT TEHIJIaMacH, X,y,Z

J1ap 5Ca YHUHT y3rapyB4M KOOpAUHATAIAPU JCHUIANHN.
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WNxxuHYM TapTUOIW CHPTHUHT YMYMHUH TEHTJIaMacH KyWHIard KYpUHUIIIA E3VITa N :
a1+X2+a22y2+a3322+2agxy+2a13XZ+2a23yZ +2a14X+2a24y+2a34Z+a44:O

Oy TeHTrnmamamaru ai,d2,ds3,d2,a13,dz23 KOIPPUIMEHTIAPHUHT KamMuaa OuTTack HOJAaH (apkau
OynuImM Kepak. AWpUM XoJulap/ia CUPT TEHIJIaMacH OWjIaH sMac, Oanku y €ku Oy xoccara sra Oyiran
HYKTQJIAPHUHT TEOMETPHK YpHH OwWiaH OepWIMIId MYMKHH. Oy XOJJa CHUPTHUHT T'€OMETPHUK
xoccanapuaas (HoianaHud yHUHT TEHITIAMacH TY3WIIa]IH.

13°, Chepanmar OXYZ Ttyrpu Oypuakim JlekapT KoOpAMHATANIAp CHCTEMacUIaru

TCHITIAMAaCUHU Ty3aMH3.

Mapxkasu 0'(a,b,C) Hykraga Ba pammycu R Oynran chepa Oepuiran 6yiacun. Arap u(X,Y,z)
HykTa cepaHuHr uxTuépuii Hykracu Oyica, y xonma 0'(a,b,c) Ba u(X,y,z) mykramap opacumaru
macodanu Toumn popmynacuaan Goiganancak, chepa TeHrIaMacu Kyiuaarnda oymanu:

(x-a)*+(y-b)*+(z—)*=R’ D
(13)—mapkasu 0'(a,b,c) 6ynran HykTaga €ryBum Ba paauycu R ra TeHr Oyaran cepa TeHriIamacu
nevimnanan. Arap (13) na a=b=c=0 6¥nca, Mmapkasu koopauHaTansap Oommaa ETyBun Ba paauycu R ra
TeHT O¥ynran cepa TeHrIaMacura sra 0ynaMus:
X>+y*+7°=R? )
(13) Hu Kyiuaary KypUHHUINAA E3UI MyMKUH:
X4y’ +2°-2ax-2by-2cz+a"+h*+c*-R*=0  (3)

CodepareHrnaMacHUKKUHYUTAPTHOMCUPTOY IMIIUHUKYpcaTailiiuk. ByHUHr y4yH cUpTHUHT (2) TeHIJamacuia
ar,=ai;z=a,3=0 Ba a;=ay=as; 1eb onmHCa, (2) TeHrIaMa chepaHUuHT TCHIIaMacH SKaHWHU TeKIupaMu3. ByHuHr yuyH a;#0
11e0 (4) HUHT XaMMa XaJJIapUHK a1 ra 0yIaMu3 Ba Kyiuaard OeiruiansiapHid KUPUTaMuU3;

2a,, 2a,, 2a3,

a
44
,B: ’C: ’D:
ay ay ay aa,

A=

Hartmxana
X2+y?+2,+Ax+By+Cz+D=0

KYpUHHUIIAArK TeHraaMara sra 6ynamus. OXupru TeHrIaMany ymoy KypuHUIIa €316 olaMu3

2 2 2
N y+§ - :l(A2+BQ+C2—4D)
2 2 2 4
2 2 2 2
b x+ 2] 4 y+§ 48 (L Za 5)
2 2 2 2

(5) TeHrnmamanmaH KypUHAIUKY, A*+B*+C*-4D>0 Oynrannma (4) TeHrama MaoHora ara Oymamu. emak, A*+B*+C*-4D>0
Oyca, (5) TeHrIIaMa MapKa3u

2 5

ABCJ
2727 2

HYKTa/ia Ba painyCH

R:%\/Az +B>+C? 4D

6yran cdepann ndonanaiinu. ArapA*+B*+C*—4D=0 6yuca, (5) TeHrnama
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A% B\ c\
xX+—| +|y+—| +|z+—=| =0
2 2

A B C
KypuHnaa 6ymuo, y dakar 6burra | — — ,—— ,— — | HyKTaHHU udomaraian.

2

2°. Bupop Il texucnukna éTyBud L 4YM3HKHMHT Xap OWp HyKTacwmaH YTyBudm Ba Oepwirad | TYrpu 4m3ukka
mapaien OynraH Oapda TYFpH YM3HKIApHAAH TAIIKWI TONTAH CHPT UUAUHOpUK cupm nevimmann. OyHna L um3mk

[WJIAHIPUK CHPTHUHT WYHANTHPYBYKCH, | TYFpu um3ukka mapaaien Ba L UM3UKHN KECYyBYH YH3HMKJIAP YHUHT SCOBYHCH
nevimnany (1—au3ma).

VyHanTupyBumIapu KOOPAMHATA TEKHCIMKIAPUIAH OHpHIA

ETyBUM SCOBUYMIIAPH 3Ca 1Ty TEKUCIIMKKA IIEPICHIUKYISIp 0Yuno,

/,\ KOOp/AMHATAJap YKUTA Mapajiesl OYIIraH IMITHHIPUK CUPTIApHU
N~ // KypaluK.
OX rtexkucnukaa tenrnamacu F(x,y)=0 (6)

O0ynran L yn3uk Ba scoBumapu OZ YKKa mapajuien Oynran

L IIMHAPHUK CUPTHU sicaiiMu3 (2—au3ma). (6) tearmama OXYZ

// KOOpAUHATAJIap CUCTEMacula HMJIMHAPHUK CUPT SKaHWUHU
I~

KypcaTaijuK.

M(X,y,z) —THIMHIPUK CUPTHIHT HXTHEPUN TaHWHIIAHTaH
A HyKTacHu OYncuH. M HyKTa OpKald YTyBYH SICOBYMHUHT L
HYHanTUpyBUYHUCH OMIIaH KECUITaH HyKTacuHU N OuiiaH

_— » 6enrunaiiMus. N Hykta M HykTaHuHr OXY TeKuCIUTHAaru
npoeKumcmuH{ UJ)];;TWgQ[_M_J}a’ q HlyKTanap OUTTa X
abnucca Ba 6141‘{1_:__)1:)1mllar2 ra pra. [N HykTa L unsukia érranu
yuyH y orpp uliskHupy (6) TehrpiaMaLys KaHOATIaHTUPAIN.

v

JHemak, Oy TeHrnamanu M(X,y,z) HyKTaHHHT KOOpAWHATaIapu xaMm KaHoartinantupaan. OXYZ ¢azona L ityHanTipyBun
KyWHaru MKKUTa TeHIJIaMa CHCTeMAacH OMJIaH aHUKJIaHAIH:

F (x )Y ) =0
Z=0
Xyanu mryHra yxiani
F(x,z)=0 (F(y,z)=0
Ba

y=0 x=0

TEHIJIaMalap OWINHAPUK CUPTIApHUHT L #HyHanTupyBum umsnkiapuHu Moc pasumaa OXZ Ba OYZ TeKkHCIHKAArH
XOJIATUHY aHUKJIAIIHYU KypCcaTHII MyMKHH.

Xycycuit xoilapAa LWIMHAPUK CHPTIAPHUHT HYHANTHPYBUWIApW DJUIMIC, T'unepOoisa, napabona, HKKHATa
KECHLIYBYM TYFPH YM3UK, MKKUTA ¥3apo mapajuien (yCTMa-yCcT TyIIMaraH) TYFpH YM3UKJIapAaH HOoopaT OYIUIIN MyMKHH.
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Bynnait cuptiapHi MOC paBUIIAA SIUIMNTHK IIIHHIDP, MapaOoIuK OUIHHAP, TUIEPOONK IIINHAP, UKKUTA KECHITYBUH
TEKUCIINK, IKKUTA Mapajuie]l TeKUCIHUK 1e0 IOPUTIWIAIN Ba YIAPHUHT TCHIVIAMaJIapy KyHHUIard KypruHHAIIIA OY1aam:

2 2
X Y
OJUIMNTUK LATHHAP: — + — =1 (3-un3ma)
a” b
2 2
XY
I'mnepOonuk HUIUHAP: T =1 (4-un3ma)
a” b
[Mapabonuk nuHHAP: y?=—2px (5-um3ma)
2 2
Xy
VIKKH KeCUITyBYN TEKHCITUK: T T 0 (6-un3ma)
a” b
VIKKH Trapaien TEKUCIHK: x*—a’=0 (a#0) (7-um3ma)

-l

-
]

/\

AN

v
v

VAN

AN,
JAN

\
\
\\
JANIAN
N\
N

<

N
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1°. Bupop Q Texkucnukaa L uKKMHYM TapTHOIHM YN3UK Ba OY TEKUCIIMKKA Teruium Oyamaran My HykTa Gepuira
OyncuH.
Tavpugh. Pazonaru My HykTanan yTubd, L Hu kecnd yTyBuM Oapua TYFpH YM3UKIAp TYIUIAMH MKKMHYM TapTHOIU
KOHyc cHpPT (€ku KOHYC) nermnaan. My HyKTa KOHyC yud, L 9M3HMK KOHyC HyHanTHpyBUHCH, KOHYCHH XOCHJI KHJTYyBUH
YM3HKJIAP 3CA YHUHT SCOBUMIAPH ACHIIA M.
Konyc scoBumnapu Oyiran TYFpu 4N3UKIap MapKa3nu KOHYC WUXAa OYNraH TYFpH YN3UKIAp OOFIaMUTa TETHIILTH
Oymamy. KOHyC TCHIIIAMAaCHHH KENTHPUO YnKapaitmuk. Q Texucnuk Ba yHAaru L gm3uk OXY tekucnukna étraH OYICHH.
Mo(Xo,Y0,20) HyKTa 3ca OXY Tekucnukaaru €TMaran UXTHEpUil HyKTa OYJICHH. KOHYCHUHT UXTUEPHA M(X,Y,Z) HyKTaCHHA

onainuk, y xonga MoM TYFpH YM3HK KOHYCHHMHI scoBYHcH Oynu0, L um3uk Omnman M(X1,Y1,Z;) HyKTaaa KeCHIIau.

Mo,M1,M nyKTanap 6up TYFpu YM3UKAA ETTaHU YUYH M OM 1= AM OM TEHIJIUK YPUHIIY.

By Tenrnuknan
X1—Xo=A(X—X0) => X1=Xo+A(xg—X0)
Y1Yo=A(-Y0) = y1=yo+A(yo-o)
211-20=M2-20) = 21=20+ A2o-20)
OXupru TEHIJIUKAAH A HA TOMHO, OJIUHTH UKKH TEHTJIUKKA KYSIMU3:
X1=Xot 20y, yi=yot 2 )
M]_GL = F(Xl,y1)=0
EKH
F(—Zg,yot —Z¢)=0 (8)
(8) udona xonyc TeHrmamacu neirnany. IKKUHYY TeHTIaMa KOHYCHHHT JlekapT KOOpMHATalap CHCTEMAaCHIaru SHT
COJIJIa TEHTJIaMacu
2 2 2
X y Z
4l 2 oo
2 2 2
a b c



Xy z5
EREAE ®
2 2 2
2 2 2

a- b” ¢

KypuHUIIAA Oy Ias.

2°. Q rexmcimkaa 6upop L umsuk Ba | TYFpy unsuk Gepuiran 6YICHH.

Tavpugp. L unzukuusr | TFpu un3uk atpoduaa ainanuimnan xocun 6yiran O ¢urypa aiiianma cupT AeiduIaim.
OyHna L aiinaHMa CUPTHUHT Mepuauan, | aiimanum YKy neunaau.

AjiaHMa CUPTHHHT TEHTJIaMacHHU KEITUPUO YNKapaiiIvK.

JlekapT KoOpAMHATAIAp CUCTEMACHHHU IIyHIal TannaiiMusku, 6yana Q—(OYZ) rexucnuk, |-(0Z) K xamaa

L:F(x,z)=0 6yncun.

v

L gmsukaunr (OZ) K arpoduaa aitmannmuaan kagnaiiaup @ cupt xocwun 0yncuH (9-um3ma). M(X,y,z) o1y cupTra
TETUIITN UXTUEPHUNA HyKTa O6yicuH. M HykTagaH OZ YKKa NeprneHIuKysp yTka3cak, kecumaa mapkasu 0 €(0Z) Hykrana
6¥ynran Oupop aiinana XOCHJI KATHHAINKY, v aiiana L unsuk 6mnan M4(0,y1,2;) Hyktana kecumicu. Kecum aitnanaian

nbopat OynraHu y4ayH:

By macodanap nkkn HyKTa opacuaaru MacodaHnu Tonui GopMyiacura Kypa Kylunaruda 0ymaam:

o= 07 + (=0 + (2" =& 57

poM= (0-0)* +(y, —0) +(z—z)’ :\/712:\%\-

By kuitmarnapuu (10) TeHIIMKKA KYSIMU3:

‘y1‘= x? +y2 =37 =+./x? +y2
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MelL G6ynrann yuyH:

(11) renrnama L unsukuu 0Z ¥k arpoduia aillaHTHPUIIIAH XOCHI OYIIraH CHPTHHHT TEHIJIaMacHIHp.

F(i Jx*+y? ,z):o

(11)

Arap L un3uk moc pasuinaa 0X Ba 0Y yknap arpoduna aitnaHTupcak, X0CuiI OYJIraH CUPTJIAPHUHT TeHIJIaManapy

MOC paBullIga

KypHHUILIapaa 0ynaau.

F(x, +4/p° +zz)—05a F(y, +x? + 27 ):0

Ennk Tectiap

(12)

Capoa Kasoo
OJUIMNTHK UAIHHAP TCHIJIAMACH 32 y 2
=1
b
['mnepOonuK NUIMHAP TEHIJIaMacu 32 yz
A
2 2
a” b
[TapaGonuk NMIMHAP TEHIJIAMACH y*=—2px
ONIMIcous TeHIJIaMacu x> y* Z°
2t 2t~2
a~ b° C

o hkwbdpE

1.Georgii H.O. Gibbs measures and phase transitions. Berlin:de Gruyter, 657 p., 2011.
2.H.Q. Mitchell “Traveller” B1, B2, MM Publiciations. 2015. 183.

3.H.Q. Mitchell, Marileni Malkogianni “PIONEER”, B1, B2, MM Publiciations. 2015. 191.
4. M. Rikhsiboev and N. S. Mohamed, Engineering Mathematics 2, Malaysia, 2019.

Ha30paT caBoJl1apu

Kanmaii cupT DWIHHAPUK CUPTACHIIAANA ?
DIIUNTYK TUIUHAP TeHTIaMaCUHU E€3UHT
TMurepOomuK MUITHHIP TEHTITAMACHHA E3UHT
[MapaGonvk NMIHHAP TCHIIIAMACHHHU E3MHT

WKK1 KecUITyBYM TEKUCIHUK TEHIJIAMAaCUHU E3UHT
Wkku napasien TEKUCIMK TEHTJIAMAaCUHU €3UHT

Apnaduéraap

5.Jim Libby, Math for Real Life: Teaching Practical Uses for Algebra, Geometry and Trigonometry//

2019, 234p. ISBN: 978-1476667492

6.Karl Berry, The TEX Live Guide—2020
7.Lindsay Clandfield and Kate Pickering “Global”, B2, Macmillan. 2013. 175.

36



I1l.AManuiit MalFyJI0T MaTepuasiapu

1-AMAJIUA MAIIFYJIOT MAB3Y:UN3UKJIA ®A30

1-tappud. Arap Kyiinaaru mapmiap Oaxapuica, X,y,Z,... 3IeMEHTIIApHUHT V
Ty11aMu 9Yu3uKiIu (abun) Gazo gehunagu:

a) Xap WKKA X Ba y DJIEMEHTJIApra X Ba y dDJEMEHTIAp WHFUHIUCU el
aTajaJuraH Z 3JIEMEHT MOC KUINO KYHUITaH; X Ba ) JIEMEHTIADHUHT WMFUHJIUCH X+)
Oman OenruiiaHamu;

0) Oupop MailIOHHUHT Xap OWUp X DJIEMEHTH Ba Xap Oup AcoH OwiaH x
3JIEMEHT KynaiTMacu J1e0 ataiarad A x 2JIeMEHT MOC KHJIHO KYHHIraH.

by amammap kyhumaru TtanabnapHu (akcHMOMajapHHM) KaHOATIAHTUPHIIN
Kepak.

1% x+y=y+x (KOMMYTaTHUBIIHK),

2°.(x+y)+z=x+(y+z)(accouuaTHBIHK),

3°Xap Kammail x yuyH myHmaii 0 s1eMeHT MaBkymkd, x+0=x Oymagu. 0

OJICMCHT HOJIb 3JICMCHT I[efmna,un.

0
4 Xap kanmaiix YYyH —X Ounan OenruiiaHaural  mIyHjan

AJIEMEHT MaBXyaAKu, X+(-X)=0 6ynagu.
1°%.1ix=x,
2° a(X) =afA(X).
3 ()X =ax +/X,

4° X +y) =ax +ax.
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buz xymmm xamaa coHra KymauTUpHUIN aMajlapuHU KaHJad TabpuQIaHuIm
XaKuJa TranmupMmaraHumus Oexu3 sMac. buz Oy amamnapHu ¢akat rokopuaa
TabpudIaHraH akcuomanapra OyWCYHUIUIApUHU Tanad KuiamMu3 Xojoc. [Ilynunr
YUyHXap Ka4OH FOKOPHA KailJl KWIMHIaH IIAPTIApHU KaHOATIAHTUPYBYM aMmalljiap
OusaH Il Kypap 3KaHMHU3, OU3 yIapHU KYIIUII Ba COHTa KYyMaUTHPHUII aMmaiapu 1e0,
AJIeMEeHTJIapu ycTuaa Oy amaruiap OakapwiraH TYIJIaMHU 3Ca YM3UKIU (da3o 1ed
xucobnamra  xakaumus.  FOkopupma — kentupwiran  1-3 mucommap Oy
akcuomasaprabyiucyHaau.

Sna Gup MUCOJ KYPUO YMKANIIUK;

1.Jlapaxkacu HaTypan N COHAAH OIIMaiAUTraH Ba ojaTAarvuya KyIIUII Ba OUpop

COHra KyMaWTUpHIIl aMaulapu OakapuiaJuraH Xamma Kymnxajajiap TYIUIaMH
YU3UKIU (Pa30 XOCUIT KHIIAIU.

EnFus N-papaxkand Kynxamiap TYIUIaMH uM3HKIH (a3o TAIIKAI KUIMAaiiau,
YYHKU N-Iapaxand UKKU KYymxaa WUFUHIUCK N JIaH MacTpOK OYNIUO YMKUIIK Xam
MyMKHH;MacajaH,

(t "+t) + (—t"+t) = 2t

Uusukau (a3zo snemMeHTIapuHu Ou3 eexkmopiap ned artaiimui3. By cy3HUHT
KyTiMH4Ya TOp MabHoma (l-Muconmaru kaOu) WILIATUIIN OW3HU YaJFUTMACIIUTU
Kepak. by umM3uK OwiaH OOfnMK OYiraH reoMEeTpHK TacaBBypyap Oup KaHYa
HaTWXKAJTApHU OMIMHIAINTUPHUINTA, 0ab3H XoJIapaa 3ca Oy HaTHXKaJIApHU OJITUHIAH
Kypa ounumira épaam o6epasu.

Arap gym3ukym - Gazo  Tabpuduaa  KaTHaAMaETraH A, ,...COHITAp
XakKuKui OVica, y xomma ¢aszo xaxuxuii uusuxau gazo nevimnaan.busi, ...
napauuxtuépun  F MaiiJIoH AJIEMEHTIapU IeOYMyMHUHPOK dapas
stumMu3 MymkuH. By xonmma V. dazo F maiioonoaeu uuzuxnu ¢hazo nevmnanm.
Kyituna 0aén »Tuiagurad TylIIyHYa Ba TEOPEMaJapHUHT KYMUWIMTH — UXTUEPHIA
MaiIoH1ard YM3UKIM a3anap yudyH XaMm OeBocuTa TYFpu OYiaau.

2. ApuH KoopAMHATAJIAP CHCTEMACH.

byHnan kelWH BEKTOPJAPHUHT YHM3WUKIW OOFIMKIUTA Ba YU3UKJIH SPKIUIUTH

JieraH TylIyH4Yajaap MyXUM aXaMmHsITra sra Oyiaiu.
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2-tabpud. V—uusukmm ¢azo 6yicuH. Arap kaMmuia OUTTacu HOJIAaH

bapk Kkuaagurad «, 5,%...,0 connaap MaBxyn 0yiau0,ax+py+yz+..+N=0 (1)TeHrauk
Vpuniu 6ynca, 0y xonaa X,Y,z,...,V BEKTOpJIap YU3UKJIU OOFJIMK BEKTOpJap ACHMIaan.
YUm3ukan OOFNMK OYiMaraH BEKTOpJap YH3UKIM SPKIM BEKTOpIap JACHHTIAIN.
bomkaua xkunmub aitranna,oX +fy +yZ + ... +& = Orenrmuko=f=y =...=6=00ynran
XOJIaruHa YpuHiu 0yiica, X,),z, ..., VBEKTOpJIap YU3UKIN IPKIN BEKTOpIAp JCHIIAIN.

xX,Z,...,v BEKTOpJIAp YHU3HKIN OOFNMHK, sbHU ynap (1) MyHocabar Owuian
Oofmanran OyncuH Ba yHAaru Kod(duimeHTnapaaH Kamuaa OWTTAcH, MacaaH,
o vHonnau (dapkiu aed dapas kunaimk. by xonma

oxX=—pN—yL—..—-N
Y %

oynanu. bynu sHnu o ra 6ynub Baaeod dapas KHJIH6,—£=/1,0( —=U,....— =¢
aa
TEHTJIMKHU XOCUJI KAJIaMU3. X=AY+LZ+...+ ¢V
Arap x BekTOp Y,Z,...,V BEKTOpJap OpKadH (2) KYpUHUIIAATH TEHIJIMK OuiIaH
udona aTHIICa, y X0iAa OU3 X BEKTOP Y,Z,...,V BEKTOPIAPHUHT YU3UKIN KOMOUHAIUSCH
ned aTauMus.

[lysnait kunud, arap X,Y,Z,...,V BEKTOpJap YU3UKIW OOFIMK Oyica, y XoJa
ylapiaH Kamuja OWTTacH KOJITAHJAPUHUHT YW3UKJIM KOMOMHaIUsSICHUAaH HOOopart
oynamu. TeckapucuHM, STHbHA OWTTACH KOJTAHJIAPWHUHT YU3HKIH KOMOWHAIMSACHIAH
nbopar OVAraHBeKTOpJap YM3UKIM OOFIMK BEKTOpJiap OYJIUIIMHUHT  XaM
TYFPWINTHHH KypCATUII MyMKHH.

OHmu ¢a3oHUHT Viauamiap coHU (VIIUaMJIUTH) TYIIYHYaCMHU KUPUTHILTA
yTamus.

Tyfpu 4YM3MKOAard BEKTOpJap TYIUIaMHAA Xap KaHJah  MKKUTA  BEKTOP
MPOTIOPIIMOHAJ, STbHU YM3UKIW OOFIUKAUP. TEKUCIMKAA WKKUTA YU3UKIN DPKIH
BEKTOPHM TOMUII MYMKHH, aMMO VyHJAard Xap KaHJall ydTa BEKTOp
YU3UKITAOOFIIUKIHP.

Arap V — yu ¥muamnu dazonaru BekTopiap Tymiiamu 0yica, y xonuna V ga ydara
YU3HUKJIA SPKIH BEKTOPHU TOTHIII MyYMKHH, aMMO OyHIard Xap KaHaal TYpTTa BEKTOP
YU3UKIW OOFIUK OViaau.

bu3z kypamusku, TYFpu 4YM3UK, TEKHCIUK Ba y4 ymyamiau (a3oJard 4U3uKIu
OPKJIM BEKTOPJIAPHUHT MaKCHMaJl COHU TEOMETPHSIIard TYFPU YHM3WK, TEKUCIIHK
xamaa (a3oHUHT yimyamu coHura tyrpu kenaad. LIlyHuHr ydyyn Kyimaaru ymymui
TabpUPHU KAOYJ KUITUIITUMU3TAOUHA.

3-tabpud. Arap V un3ukiu $a3oa n Ta YU3UKJIHA SPKIU BEKTOP MaBxKy 1 0yuo0,
OyHIaH OPTUK YU3UKJIU IPKIH BeKTOpiap 6yamaca, Vdazo n ymuamiu daso aeinnanu
BadimVe6 Oenrunanaay.

Arap V ¢dazona yekcu3 Ky YU3UKIN 3PKIMA BEKTOPJIAp TOMUII MyMKHH OViica,
y xonaa V dhazo vexcus yruamau Gazo nernnaam.

Yekcuz Yymuamun  (asonmap MaTeMaTHKaHUHT  Maxcyc — Oynumiapuia
Tekmmpunaau. buz Oy kypcaa dakar deknu ymyamuim - ¢azonap OuiaH
HIYFyJIJITaHAMU3.
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Tonmmuupukap

1.Ym3uknu ¢azoHUHT xap Oup »d>raeMeHTH Oa3uc OpKajdu sSroHa paBHILIa
uoIaTaHUIINHU KYPCATHHT.

2. ba3uc y3rapranzia BEKTOp KOOPJAUHATAIAPH Y3TapUIINHA KYypCATHUHT .

3.Japaxacu HaTypaid N COHAAH OIIMAWIWTaH Ba OfaTiaruya KyIIMIl Ba OUpop
COHTra KyMauTHUpHIl amajjiapu OakapwiaJuraH XamMMma Kynxaaiap TYIJIaMH YU3UKIN
$ha30 XOCHJT KWJIUIIMHA UCOOTIIAHT.

Enuk Tectaap

Casoa KasBo0
Vu ymaamm pazona 0a3uc Kanaai Xocu Bup Tekucnukaa éTmMaran xap KaHaai yara
KrInHaau? BEKTOP
Jlapasxacu HaTypai N COHJaH OLIMaiIuran Ba YM3HMKIH (Pa30 XOCHI KMJIaau

ollaTAarM4ya Kymuin Ba OUpOp  COHra
KyNauTupuin  amaiiapu  OaxxapuiajauraH
XamMMma Kymxaajgap TYIUIaMH HUMa  XOCHI
Kutagu?

N ymaammm V QasoHUHT N Ta YU3HKIN SPKIA V HUHT 0a3uCUHM XOCUJT KUJIalu
BEKTOpJIapH TYIUIaMU HUMa XOCHJI Kujaan?

Arap V ¢azoga uekcuz Kyn 4M3MKIM 9pKiH | Yekcus Yimuamim pa3o XOCHI KUIMHATU
BEKTOpJIap TOMUII MYMKHH OVyica, y Xoiaa
KaHaai Ga3o XOCHI KUIUHAIH?

doiigajaHUITaH agaduéTaap:
1. HapmanoB A.S. Anamutukreomerpus. T., “Y3GekucrondaitnacyhaapuMuimii
kamusatu”’, 2008 1.
2. lzu Vaisman. Analytical geometry.World scientific.2007.
3. Baxvalov S.V., Modenov P.S., Parxomenko A.S. Analitik geometruyadan

masalalar to’plami.T,Universitet, 20006.
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2-AMAJIN MAIIFYJOT MAB3Y: EBKJIUJ ®A30CH.

E-xakukuii cornap yctuaa BekTop ¢da3zo 0ynud, yHIa KaHAaiIup KOHYH €KU Kouaa Oyinda V
2 BEKTOPHUHT CKAJIAP KynmaiTupui 1e6 atanyBuu (X,y) COH aHUKJIaHraH 0yiuo, Oy 4 ta

1. VX, y € E yayn (xy)=(y,x)
2.VX,y,2€E yuyn (X+y,2)=(x,2)+(y,2)
3.VxeE, VAeR, (AX,y)=A(X,Y)
4. Vx£0 (X-x)>0 (x,x)=0 <x=06
HIapTIapHU KaHOATJIAHTHPCA, y Xoiaa OyHaai Bekrop ¢azonu EBkiana dazocu aevinnany.
Macanan: E =R% X =(X;,X5,%X3), Y =(Y1,Y2:Y3)
(X Y)=(Xg - Y1 + X3 - Yo + X3 Y3) D
3)  (xy)=(x)
4) (X+Y,2) =% + Y1) 2y +(Xp + Y2) - 25 + (X3 + ¥3) - 23 =
= (X2 + X225 + X3Z3) + (Y121 + Y225 + Y3Z3) = (X, 2) + (Y, 2)
@)
3) (A%, Y) = X Y1 + AXpYp + AX3 Y3 = A(X1 Y1 + Xp Y2 + X3Y3) = A(X, Y)

4) (X, X) =X{ + X2 +x%>0
Teopema: Epnua azocuna Kyiiuaaru Komm-byHsIKOBCKHI TEHTCU3IUTH YPUHIIH.

(X ¥)? < (%)Y, Y) o)

Ucbor. VAR, Vx-yeE, (AX-y,Ax-y)>0

(Ax-y, AX)+( Ax-y,-y)>0

(A%, AX)+(y, AX)+( Ax1-y)+(-y1-y)=20

Z2(%X)- AY.X)- A(xY)+(y1y)>0

22(xX)-22(xY)+(,y)20
A - HucOaraH kBampaTk yuxayn (X,X)=>0 0ynranu yuayH
b? —ac<0 a=(x,x) b=—(xy), c=(y,y)

(X, )% < (%, X)(Y, y)

n
(X’ y) =X Yt XpYy = Zxk Yk
k=1

n 2 n n
[ZxkykJ <> xe Yyr
k=1 k=1 k=1
| (%, Y) K6 X) -/ (Y, Y) (3)

Tabpugd +/ (X, X) CKajsap KylnanTMaaaH YMKKaH X HU || X ||= (X, X) ,

|| X || =X snemenTHUHT HOpMacH.

1| x|>0
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2. A= AN XN N A= A/ (A%, AX) =/ A2 (%, %) =| A | ++/(x, ) = 4 ||| x|
B x+yl<I [+ yll

| X+ Y P=(X+ Y, X+ Y)=(X+Y,X) + (X+Y,y) =

=)+ (Y, )+ (Y, )+ (Y, y) =(%x) + 2(x, y) + (Y, ¥) =

X 20 -0y I+ y 2= A xd+1y 2

Ix+ylIZ<dxl+1yD?

| X ||= \/X12 e + Xr% X - 3JIeMEHT (BEKTOpPH)
Tabpud. Hopma anukianran £ ¢a3zoHu HopMaimiamras $a3o 1edusiaim.
(E,||-|D) - sopmanammras.

Tawspud. (x,y)=0 6yca, oproronan aerdunaam, sbHu X LY

(X, Y]
1 - ! ’ ! —_1
1%, Y) I€/(x, %) - /(Y y)2>||x||-|| y||<
__(xy)
Tabpud. COS@ = ” X” ” y”

T A
Teopema: Arap (X,y)=0 6¥ica, @ = E Oymaau Ba akCHHYA E oyca (x,y)=0.

Tabpud. Yoy e1,ey, ...,8, BEKTOpAap cucreMacu Oepuiran . Arap (e;,ej))=0 i Oyuca
OepuIiraH CHCTEMaHH apTOTOHA BEKTOPJIAp CHCTEMAcH JCHUITa N,
TaLpI/I(b. €1,€2,...,6n BCKTOpJAp CHCTEMACH OPTOTOHAJ CHCTECMaHM TaIIKWJI 3TaJu,arap

y3yHiMkiapu 1 ra teHr 6yica, oproronain 0yica

0 ixi
(ei,ej):{1 iIjj]

Teopema: €y,..,6, ypTa HOpMan CHCTeMa YH3WKIH Oofnammaran 4€ +...+ A,e, =0,
J=p == Ay =0
/’z‘l(ekiel) +ﬂ’2(ekle2) ++Z‘n (ek1en) =0

A (e,e,)=0 A,=0 k=10
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Teopema: E" dasona ei,....e, ypra HopMan OasucHM Tamkumia 31ca =>(X,Y)=Xiy1+...+xnyn

Oynanu XakuKaTaaH Xam

n n n n
(X y)=| 2 X, 2 Vje; :szjyj(ei,ej):
i=1 j=1 i=1 j=1

n
=D Xi Vi =X Y1 o+ Xn Yy
i=1

Arap E na ypra Hopmait 6a3uc 0yica, €, ...,6n  (X,ex)=Xk.

Teopema. Arap E" na fy, ..., f,V 6asuc 6¥1ca

n n
(X y)= 2 %y (fi, £))=<(f;, ;) =a;; >= D a;XY;
i,j=1 i,j=1

Ooynaau.

Ajiraitmuk E EBxina ¢azo 6ymu0, fy, ..., T, (1) yaaaru V 6a3uc 6YiICHH. OU3HUHT MakcaauMus £
na anukianrad (1) Hu opTtoroHan 0Oasuc CYHrpa 3ca OpTOHOpMan Oa3ucra aWIaHTHPUII
MYMKHHJIUTUHHE KYpHO ynKamu3. Yoy jkapaéHHU anreOpa Ba COHJIAp Ha3apUsACHAa OpTOTOHAJLIAII
JKapa€Hu JeUnIaIn.

VY kyitngaruya

f1

V(fy, T2)

n:]., fl flio e].:

f1

———; QO;=f, =4 (dg,e;=0)
V(f, 12)

n:2 fl f2, e1:

P (ff1)
e, =——— (f, + Af;,e;)=0 A=-—1f
* J@a) 2o (f.e1)

(foey) +(fe)=0
Dapaskunaivmk. by by (1) ba.oo B CaedosCn (2)
(bry1.05) = 0(4) (i=1m)
(Crag + A4y + .+ Ab b)Y =0 (i=1,m)
(Cmar 0i) + A4, (b, b)) +...+ A4, (b, ) +...+ A, (b, 1) =0
(Cmaa, bi) + 4 (b, 0;) =0 by =0 (b;,b;)=0

_ (Cm+1bi )
Y b ®
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(5) OGaxapwica, = (4) reHnmMKYpuHIKOYIamguBaHaTwKanabi,by, ..., H;mbnsr  (6)
m+1=n6¥ncaoproroHainannkapaéHUTyraiau.

Arapna m+1<n 6ynca, Myn0oxa3aHu TaKpopJiaiMus.
bm+2 = Cm_2 + /Ilbl + ...+ /?'m+1bm+1 (6)
kabu axparud, (b2, bj)=0 (8) ] =1m.

Cm.n, D
2= ( m+2: %] ) (7)
(bj.b;)
lynpait kuauo, by, ...,by, ...,bm+1, bm+2 (7) oproronan reopemanu Kypamus. m+2=n.

Hlynnait ko E fapas oproronan xkapaéH kerMma-ker Kyiiad by, ...,b, (8) oproronan 6asucra

ara Oymammus.

by by
g, =——.. 8, =—— 9)
T TN
b b ) (b)) [0 iz] :
(ei’ej): T :{ =] (b"bi):(bj)
b 1'[b 1) Ib|-lb] (1 i=]

1-teopema. E, ymuoBmu dazo Oynu0d, (8) oproroHan uM3MKIM OOFIaHMaraH BEKTOpIAp

CUCTEMACH YU3HUKJIIN SPKIIA

X=XE€ +...+ X €

Ae +..+4e =0 A =0 i=1n
e (l<k<n) (e; Ae +1e, +..+4e)=(e,0)=0

Ae,e)+A(e,,e)+...+4(e,e)+..+4(e,e)=0
A(e.,e)=0 (e.,e)=1 A =0 k=1Ln
2-teopema: E ymuosmu Esxmnn dasocu (€,...,€,) oproronan 6asuc 6yicun. = X, = (X€,)
(x,e)=(xe, +...+xe.e)=x(ee)+..+x(e,e)+..+
+x (e ,e,)=x(e.,e)=X -1=X

Tavpud. E paso R < E, R, cE 6yncun R, ={y:VxeR; (y,x)=0}

Teopema: Ry,E anukmnanran ckansp kynaiitmara Hucbatan KucMm ¢azo 0ymanu.
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vyy,eR, Yy, -VY,eR,

vxeR (v,x)=0 (y,,x)=0

(Y, =¥, %) = (¥, ) = (¥,;X) =0-0=0

=Y. €R,
2) V1eR, WyeR, xy,X)=4 (y,X)=4, 0=0 AyeR,
Tawspud. Ro-E nunr kucm dazocunn Ry kuem ¢azora oproronan Kucm $azo aeiunaim.
E=R(+) R, dm E=n dimR =k dim R,=n-k
e..e () — Oynnaru 6asucuu (Q,...,q, ) (2) Ounan Genrunainmx.

Optoronamian xapaéuura kypa (2) 6unan (1) Hu opToroHan 6a3ucra KEJITHUPUIIT MyMKHH.

X=XE€ +..+ X € +..+X€ —

Xl(e)xll
X'=Xe +..+Xe =R
X"=(kx+1)-x e +..+xe =R,

Macanan:
2 x x*(1)
A -1+ A, - X+ A, -x*=0=0+0x+ 0x*
4=0, 4=0, 4=0 g=1 q,=qg+4x (q,q)=0
q,=1+(-2)x=1-2x q,=x>+A0,+ 40,

L+ A4x1D) =@+ Ax)dx =0

2
x4 45|20 145220 4=-2
2 2

q, =1+ (-2)x=1-2x

q,=x+Aq+40, (0,,q)=0x+4+4,1-2x)-1)=0
(X +4+4,1-2x)-1-2x)=0

XD+ (A4 D)+4,01-2x1)=0

1 1 1 X31 1 /1 (1—2X)1
x2dx + |dx + A4, | (1—2x)dXx = — |+ A X |- =2 —~
! ! zl( ) 3c|J x| 2 2 |

1

Bynnan /11 = —— TOIIaMH3:
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(x*,1-2x) +(—%; 1—2xj+/12(1—2x,2x) =0

Ix2(1—2x)dx—%j(l— 2X)dx + A, j(l— 2x)dx =0

Xh X L 2 A A-291_,
30 40 3 0 320 2 3 o
—1+/12:0 /12:% q3=x2—%+£(1—2x):x2—x+—

1
1;1—2X; X* — X+ = opTOroHan BEKTOPJIAP CHCTEMACH

) 1
1_ 9y X" — X+ A
e =1 e2=\/1 ol o e, =
—2X)(L—2X 1 1
( ) ) (xz—x+j(x2—x+j
6 6
i 1 (1- 2X)3 1]
1-2x,1-2X)=|(1—-2x)’dx=—-= -
R L I
1-2x
2 = = \/§(1 - 2X)
\F
3
1 2
(xz —X+=, X —x+—j:j(x2 —x+—j dx =
0
X x2 1 x x* Xy 1
=l —+—+—X-2—+———||=—
5 3 36 4 9 6 180
=4/180 ? L
€, = X" =X+ E €,,€,,€;, — oproronan Gasuc.
Ha3sopar caBosiiapu:
4. Kanpaii xapa&H opTOroHaJIAII KapaéHH Jerunanm?
5. Oproronan 6a3uc Jerania HUMaHUTYITYHACU3?
6. EBxima hazocHHUHT KHCM (Da30CH XaKu1a HUMa Onacus ?
Enunx Tectnap
CaBoa KaBoo
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€1,€y, ...,6n BEKTOpIIAp CUCTEMACH OEpUIITaH .
Arap (ei,e))=0 i Oynca OGepuiaran cucreMaHn
KaHmay cucreMa aeb aragagu?

Oproronan BEKTOpJIap CUCTEMACH JeHnIaIu.

Arap EBxmuadaszocuma dYekcH3 Ky UYU3HKIA
SPKJIM BEKTOPJIAp TOMHII MYMKHH 0¥Jca, y Xoiaa
Oydazo kanmait gazo neimmamu?

UYekcus ymuamin (azo nerdnnaan

E-xakukuii connap yctuaa BeKTop $a3o eBKIN]
¢dazocu OYIUIIM Y9yH yHIA KaHIAUIup KOHYH
€xu Kona Oyinda uXTUEPHUl 2 BEKTOPHUHT
CKaJIsIp KynauTupuil 1ed aranyBuu (X,)) COH
aHWKJIaHTaH O0YJIMO, HeUTa Xocca YPUHIIA OYIIUIIN
Kepak?

EBnun hasocuaa Kaiicw TEHTCHU3IIUK YPUHITH?

Komu-byHnsikoBckui

doiiaaHWIrad agaduéraap:

1.HapmanoB A.{. Auddepennman reomerpusi. T. Yausepcurer, 2003

2.Coxeter H.S. Introduction to Geometry.Sydney-Toronto,2001

3.Hapmano A.f., Hlapuno A.C.,AcnonoB X.[ubdepenumnan reomerpuss Ba TOMOJOTHUS

(danumaH 1aH Malik Ba Macanap tyrmiamu. T. YHuBepcurer, 2014

4 Mumenko A.C., ®omenko A.T. Kypc muddepeHnmanbHoi TeOMETpUH U TOTIONIOTHH. M., U311

MI'Y,2004

3-AMAJIN MAIIFYJOT MAB3Y: IICEBJIOEBKJIN]I ®A30.

Masbnymku, EBxing ¢azocuna xoopauHaranap OomuaaH uxTuépuit M Hykrarada OyiaraH

macoda

OM?=x2+y2+72

1)

dhopmyna OusiaH aHUKJTaHAp M. DHIU 11y hopMyJaHu y3raptupu0, macodaHu OM2=><2+y2—z2

Oyiinya TONUIIHU KYpHUO YUKAMIIHK.

OM wmacoda x2+y2>z2 Oynranna Xxakukuii Mycoart coH, x2+y2 <z? Oynranjga sca MaBXyM COHHH

aHUKJIaiau. )(2+y2=z2 6ynranna sca macoda Ora tenr 6ynaau (M Hykra 0 OMiaH ycTMa-ycT TyliMaca

xam).

By popmynanu koopanHaTanap KypUHULAA KyHuaarunya €31 MyMKHH:

1\/[11\/122:(X2—X1)2+(yz—)’1)2—(22—21)2

OM; Ba OM; kecmanap opacuiaru OypyakHH dca
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CoSp=

XX +Y1¥Yo — 447
U +y; =2\ +y3 -2
V3ywnuk Ba Oypuakiap mry Qopmyiaiap acocuia aHUKIaHraH (asojap Mcee0oesKaud
¢azonap ne6 arananu. by dazona EBkinn GazocMHUHT KYTITHHA aKCHOMa Ba XOCCAIAPH CaAKJIAHUIIIH

Owtan Omp KaTopja aipuM MyHocabaTIap KeCKUH (hapK KUIIaIH.

IceBnoeBknua ¢azona mMacodaHu OKOpHIAruda aHUKIAHWIINAAH KYPHHAAWKH, YHAA Y4 XHJI TYFPH UU3HKIAp
OyIUIIM MyMKHH: Oapua KecManapu MycOaT XaKUKHH y3YHJIMKKA 3ra TYFpPU YM3MKJIap; MaBXyM Y3YHJIMKIAard KecMajiapra
ora OynraH TYFpu 4M3MKiIap Ba Oapua kecManapu O y3yHJIMKKa dra OyiaraH TYFpu 4n3uknap. by TYFpu 4u3uKiIapHH

(a3oBuil yxiam, BaKTJIM YXIIaIl Ba H30TPOII TYFPH YU3UKIAp A0 IOpPUTHIIA M.

TOIIIWPUK

IceBnoeBknua dasonaru Oy TUIIATH TYFPH YM3HKIAPHA YU3MaJard aHAIWTHK KYPUHUIIUHA TOTIHMHT:

@
©



12— {
alﬁz'hyl}

{Zrl

;%(zz» )
V(@5 )2+(yp=g) |2
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Ennx Tectnap

CaBoa KaBoo

x2+yz>z2 oynranma OM wmacoda KaHAal | XakKMKuK MycOaT COHHU aHUKJIANIH.
aHUKJIaHaIu?
x“+y°=z* Gyaramma OM wMacoda kamzaii | Macoda Ora tenr Gymamu (M Hykra 0 GuIaH

aHuKJ1aHau? yCTMa-ycCT TyIlIMaca Xam).
x“+y*<z’ oynranma OM wmacoda KaHmall | MABXYM COHHU aHUKJIAUTU
aHUKJIaHaIu?

Anaduéraap

1.HapmanoB A.{. Auddepennman reomerpust. T. Yuusepcurer, 2003

2.Coxeter H.S. Introduction to Geometry.Sydney-Toronto,2001

3.Hapmanos A.f., Hlapuno A.C.,AcnonoB X.[ubdepenumuan reomerpusi Ba TOIMOJIOTUS
danugan qaH Mallk Ba Macanap Tyruiamu. T. YHuBepcurer, 2014

4 Mumenko A.C., ®omenko A.T. Kypc nuddepeHnmanbHoi TeOMETPHH U TOTIOIOTHU. M., U3,

MI'Y,2004

4-AMAJIUA MALITYJIOT MAB3Y: TUTIIEPBOJIUK ®A30.

n ymyoBnu 3mumNTUK ¢azo ned, Rp+1 QaszoHuHr cdepacuparm nuamerpuan Kapama-Kapiiu

Oynran HyKTajnap TyIiamMura aituiaaau (M30MeTpuk Ky(dr).

By dazonu S, 6unan Genrunanamy.

Sn dazonu HoeBkIMA PuMan (azo 1e06 xam aranaau.

Rn+1 dazo cohepanapura ypunmanap R, (a3oHM TamKui STraHIMIUAaH, YEeKCH3 KUYMK
opiuKiapaa Sy reomerpusicu Ry hazo reomerpusicura sikuH Oynaau.

Sy Gpa3oHUHT M YIIYOBIM TEKUCIUTH Sy (a30HU TALIKUI ITaJIH.

Onnuntuk $azona macoda Macanacu KaHaai ypHatuiran?

Arap S; ¢azonuar X HyKTacMHH H(OATOBYM BEKTOpJApJIaH OMPH X , MKKUHYACH XaM X

Oy1ica, y ponga Oy Bekropmap X 2 = P myHOcabaT Ounan GobJIaHTaH OYmasm.

X OwiaH aHuKIaHTaH Sy pa3oHuHT X HyKTacuHH X( X ) OunaH OoFiIaHaIu.

Bbynna, S—Snoronhazomarn X(x ) Ba Y() HyKramap opacugard macoda, p 3ca SIPUIHK
panuycuamp.

Sn $azo koopaunaTanapu cudatuna R+ (asoHMHT X BEKTOPUHUHT X2 KOOpAMHaTaJIapUHU
Kapail MyMKHH.

Ouau runepOoauK (Ga30HUHT BEKTOP aKCMOMACH acoCua KypUIHIIUHH KYpUO YUKaInK

['unep6onuk ¢a3zonun Tabpuduam yuyH E, adun ¢azonunr 1+IV  rpynma

aKCHOMAaJlapHJIaH Talkapu Kyiuaara V rpyrna akcuoMaiapy Oa’kapuiiIyg Kepak:

v.1°% Xap UKKuTa a Ba b BEKTOPJIAPHUHT CKaJsIp KymaiTmacu n1ed aranyBun K=a Eb con
MOC KyWuirad OYJIcHH.
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v.2° Ckansp kynaiiTMa KOMMYTaTuB, sIOHU a E b=bEa

v.3°. Ckansap kynaiiTMa BEKTOpJIApHU KYIIUIIra HUcOATaH TUCTPUOYTUB SBHU a E(l; tc)=a
Eb+aEc

v.4°, XaKUKUH KYMaUTyBUMHH CKAJISAP KYyMalTMa TallKapucura Yukapuir MyMkuH:(K @ )EE =k
aEb

V.50 Ulynpait a i KypuHUIIIATH | Ta BEKTOPIAp MaBXKYAKH, YJIap y4yH
aEa >0 (a<l)
GoEa@<0  (ul), @iED j i#
Bynnaiimaptiapacocuaakypwiran | uaaekcnunceBnoeBkinadazonn RykypuHumpadenrmianmus.

1. busra mabnymku F(x,y)=0 TeHriiama TeKucnukaa Oupop TYFpU YM3UKHU aHUKIAWIH, SHHU
OXY Tekucnukgaru KoopauHaTaiapu X Ba y Oynaran Oapua HyKTajnap Tymiamu Oy TEHIJIaMaHU
KaHoaTnantupaau. lynunraexk, gpasona xam

F(x,y,2)=0 1)

Tenrnama OXYZ na Oupop CHpPTHH, SIOHM KOOpJAUHATalapu X,y,z Oynran Ba (1) TeHrnamanu
KaHOATJIAHTUPAZUraH HyKTanap TYIJIaMUHU aHUKIaWau. (1) TeHriiama CUpTHUHT TEHIJIaMacH, X,y,Z
Jap 3ca YHUHT Y3rapyB4M KOOpAUHATAJIapy JAeHUIAIH.

WkxuH4M TapTHOIM CUPTHUHT YMYMUI TEHIVIaMacu KyWMuaaru KypuHUIIIa €3unaau:

a1 X+ any +asszi+2aoXy+2a13X2+2a23Y7 +2a14X+2a24Y+ 20347+ 444=0

Oy TeHrnamajaru ai,d2,ds3,dz,d13,dzs Kod(DPUIMEHTIApPHUHT KamMuAa OUTTacH HoiAaH (apKiIu
OynmuIM Kepak. ARpUM XoJulapja CUPT TeHIJIaMacu OuiaH smac, 0ayku y €ku Oy xoccara sra 0yiaraxn
HYKTQTAPHUHT TEOMETPHK YpHH OwWiaH OepWiauiid MyMKHH. Oy XOJJa CHPTHUHT T€OMETPHK
xoccanapuaa ¢oianann0 YHUHT TEHTJIaMacH TY3WIa]IH.

13°. Coepanunr OXVYZ T1yrpu Oypuaknu JlekapT KoopAMHATajnap CUCTEMacHAaru
TEHIJIaMaCUHH Ty3aMHU3.

Mapkasu 0'(a,b,c) HykTana Ba pagumycu R Oynran cdepa Oepunran Oyincun. Arap w(X,y,z)
HyKTa cepaHuHT MXTHEpUN HyKracu Oynca, y xonma 0'(a,b,c) Ba p(X,y,Z) HyKramap opacuaaru
Macoganu Toun GopMmynacuiad Goiaanancak, cgepa TeHrIamacu Kyiuaarnda 6ymnanu:

(x—a)*+(y-b)*+(z—c)*=R? 1)
(13)-mapkasu 0'(a,b,c) 6ynran Hykraga éTyBud Ba paauycd R ra TeHr Oynaran cdepa TeHrIamacu
nevimnaau. Arap (13) na a=b=c=0 6¥ynca, Mmapkazu koopanHaranap Oommaa ETyBud Ba paauycu R ra
TEHT OynraH cdepa TeHrJIamacura sra 0yi1amus:
X2+y*+z2=R? (2)
(13) Hu Kyiugard KypUHUIIA €3I MyMKUH:
X2+y?*+7°-2ax—2by-2cz+a’+b*+c>-R*=0  (3)
CodepareHrnaMmacHMKKUHYUTAPTHONIMCUPTOY INIIMHUKYpcaTailiiik. ByHUHT yuyH cupTHHHT (2) TeHIIaMacuaa
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ar,=a;z=a,3=0 Ba a;=a,=as3 1cb onuHca, (2) TeHrIama c)epaHuHr TCHITIaMacH SKaHWHHU TeKIUpamu3. ByHUHT yuayH a,7#0

nie6 (4) HUHT XaMMa XaUIapuHY a; Ta 0YIaMu3 Ba Kydunaru OeirnianuiapHd KAPUTaMH3:

2a,, 2a,, 2a3,

a
44
,B: ,C: ’D:
ap ay ay aa,

A=

Hatmkanax’+y*+z,+Ax+By+Cz+D=0 kypHHMIIIArH TeHrIamMara sra Oyaamus. OXHPrH TEHIIAMaHH YOy KYpHHHIIIA
€3ub onamus
2 2 2
A B C 1
x+=| +|y+=]| +|z+= :—(A2+B2+C2—4D)
2 2 2 4

Exu

2 2 2 2
e y+§ ) (Ve Za 5)
2 2 2 2

(5) Tenrnamanan kypunamukn, A+B*+C%*-4D>0 Gyiranna (4) Tenrmama maosora sra Gymamu. Jlemak, A%+B%+C%*-4D>0

O¥yca, (5) TeHrIIaMa MapKa3u

A B C

M M

2 2 2

1
HyKTaga Ba pagycu IR :5\/142 +B2 +C2 —-4D

6ynran chepann udonanaiinm. ArapA°+B*+C*-4D=0 6yica, (5) TeHrIama
2 2 2
B C
xX+—| +|y+—| +{z+—=| =0
2 2 2

A B C

KypuHuaa 6yaumo, y ¢paxar 6urra | — — ,—— ,— — | HyKTaHU udoamaiau.

2 2

2°. Bupop I Texucink/a éryBan L an3siKHIHT Xap GUp HyKTACHIAH YTyB4H Ba Oepuiras | TYFpH 4M3HKKa
napajuien 6yiaran 6apya TYFpU YN3UKJIApAaH TAIIKWI TONTaH CUPT YUAUHOPUK cupm Neinnaan. OyHaa L an3uk
WJIMHIPUK CUPTHUHT WyHANTHpYBYHCH, | TYFpH Yi3KuKKa nmapauien Ba L YM3HKHYA KECYyBYM YM3HUKIIAP YHUHT SCOBYHUCH
nevnnany (1—au3ma).
MyHanTHpyBUHIapy KOOPAMHATA TEKUCINKIAPHIAH Gupuia
€TYBYH SICOBYMIIAPH ICA 11y TEKUCIIMKKA TEPICHIUKYIISP OYIn0,

_ KOOpJHMHATaNap YKUra napajuies Oynran MUIMHAPHK CUPTIIApHH

I~~~ / y 51 .
/ KYpaiimuk
OX Texkucaukaa TEHrIaMacu
F(x,y)=0 (6)

6ynran L un3uk Ba sicopunnapu OZ

YKKa napajuien 0yJraH HWINHIPUK CUPTHH sicaiiMu3 (2—un3ma). (6) renriama OXYZ koopauHaTaiap cucreMacua

IWJIMHAPHUK CUPT SKAaHWHU KypcaTailiiiK.
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M(X,y,z) —IMIMHAPUK CUPTHUHT UXTUEPUH TaHMHIAHTaH

HyKTacu OYncuH. M HyKTa OpKald YTyBYH SICOBYMHUHT L
e A HYHaNTHpyBUYKCH OWITaH KECHINTaH HyKTacuHU N OmiaH
oenrmraiiMu3. N Hykta M HykTanuar OXY TeKHCIUTHIATH
npoekuusicuanp. Lllyauar yayn M Ba N HykTanap Ourra x
abuucca Ba Outra y opauHarara sra. N Hykra L un3ukna

€TraHu y4yH y oIpH YM3HKHUHT (6) TEHIIIaMacuHH

v

KaHOaTJIaHTHUpaau.

Hemak, Oy TeHrnamanu M(X,y,z) HyKTaHHHT KOOpAMHaTanapy xaMm kaHoariaantupagn. OXYZ daszona L ityHanTupyBun

KyWWaru MUKKUTa TeHrJiaMa CUCTeMacH OWJIaH aHUKJIaHaJIH:
F (x, y) =0
Xyanu mryHra yxmarni

F(x,z):O F(y,z)zO

y=0 x=0

TEHIJIaMaap WIMHAPUK CUPTIIApHUHT L iyHanTHpyBun un3ukiaapunu Moc pasuiiga OXZ sa OYZ tekucnukaaru
XOJATUHH aHUKMAIIHY KYPCAaTHUII MyMKHH.

Xycycuii Xxoyuap/a NUIHHAPUK CUPTIAPHUHT HYHAITHPYBUMIIAPH JJUIUIIC, THIIepOoia, napaboa, MKKUTa
KECHILIyBUH TYFPH YM3HUK, UKKHUTA ¥3apo mapamien (ycTMa-ycT TyIIMarat) TYFpy Yn3nKIapaad HoopaT OYIHIIN MyMKHH.
Bynnait cupTiaapHu MOC paBHIIA JUIMITHK HUIMHAP, NapaOOoINK IHIHHAP, THIEPOONINK IIIHHADP, UKKUTA KECHIITYBUIH

TEKHUCIIHMK, MKKHUTA Mapajies] TeKUCINK Ae0 I0pUTHIIaIU Ba YIapHUHT TeHIIIaMalapy KyHnaaru KypuHumaa 0yiam:

Xy
ONIUNTHK HWINHAP: — + 5= 1 (3-um3ma)
a” b
2 2
Xy
[MunepGonvk nHIHHAP: T =1 (4-un3ma)
a” b
[MTapabonuk nunuHAp: y?=—2px (5-un3ma)
2 2
XY
VIKKM KeCHIITyBYN TEKUCIHK: T, =0 (6-un3ma)
a” b
Wkxu napanien TeKUCINK: x*-a’=0 (a#0) (7-um3ma)
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3.1°%. Bupop Q Tekucankaa L HKKMHYH TAPTHOTE YH3HK Ba
0¥ TeKHCIMKKA Terunu 0yiMaran My Hykra Oepuirad OyJICcHH.

Tavpugh. Dazonaru My HykTanas yTuod, L HI kecub yTyBun
Oapua TYFpH YM3MKJIAP TYTUIAMH UKKUHYH TAPTUOIH KOHYC CHPT
(€xm xoHyc) neitnnanu. My HyKTa KOHyC y4H, L 9i3HuK KOoHyC
HYHANTHPYBUMCH, KOHYCHH XOCHJI KWJIYBYH YH3UKJIAp 3Ca YHUHT

SICOBUWJIAPU IEHUIIa .

/EIEAR >

Komnyc sicoBunnapu Oynran TYyFpu YU3UKIap MapKa3d KOHYC HUna OYiIraH TYFpH YH3UKIAp OOFIaMura TeruIuy Oyiaam.
KOHYC TEHTJIaMacHHH KeITHPHO unkapaiiauk. Q Tekuciauk Ba yHaaru L am3uk OXY Texkucnukaa étra OYIIcHH.
My (Xo,Y0,Z0) HyKTa 3ca OXY TEKHUCIUKAATH ETMAraH NXTHEPHI HYKTa OYJICHH. KOHYCHUHT UXTHEPHI M(X,Y,Z) HyKTaCHHH

oMK, y Xoima MoM TYFpu YM3UK KOHYCHUHT sicoBurcH 0yin0, L yn3uk Omnan M(xy,Y1,Z;) HyKTaia KECHINA/IH.

Mo,M1,M HyKTanap 6up TYrpu 4yM3HUKIa ETTaHN YUyH M 0 M 1= AM OM TEHIJIUK YpUHIU. By TeHrnukaan
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X1—Xo=A(X—Xo) = X1=Xo+M(Xo—X0)

Y1=Yo=My—Yo) = y1=Yo+A(Yo—Yo)

21-20=M2-20) = 21=Zo+MZo~20)
OXUprv TEHIIMKIaH A HU TONNO, OJIAMHTY UKKH TEHTJIMKKA KYSIMU3:

X1=Xo+ 20, yi=yot 29 ()
M;eL = F(Xl,yl)ZO
€KH
F( Zg, Yo+ Zp)=0 8

(8) nona xonyc TeHrITamMacu neirnany. IKKUHYN TeHTIaMa KOHYCHHHT JleKapT KOOpIAMHATalap CHCTEMacHIaru SHT

coaga TCHriiaMmacu

x2 yZ Z2
Sty =0
a b c
X2 yZ ZZ
St 270 ©
a b c
2 2 2
X z
-+ =0
a b c

KYypuHHUIIAA 6y naay.

2°. Q Texncnmkaa 6upop L unsuk Ba | TYFpu unsuk Gepuiaran 6YicuH.

Tavpug. L unzvukuusr | Tyrpu unsuk arpoduaa aitnanumgan xocun 6yiran @ ¢urypa aitnanma cupT aedunaau.
OyHna L aiinanMa cUpTHUHT Mepuauany, | alimanum yku neiinnaau.

AflaHMa CHPTHUHT TeHTJIAMACHHU KEITUPUO IHKAPAIITHK.

JlekapT KoOpAMHATAIAp CUCTEMACHHH HIyHIal TannaiiMusku, 6yana Q—(OYZ) rexucnuk, |-(0Z) yk xamaa
L:F(x,z)=0 6yncun.
L gusukuunr (OZ) YK arpoduna ainanunmaad Kaugaiaup O
cUpT Xocu OyicuH (9-un3ma). M(X,y,z) 1y CUpTra TerHIUTH
nxtuépuit HykTa 6yncus. M Hykragan OZ YKKa NepHeHIuKyIsp
yTKascak, kecuma Mapkasu 0 € (0Z) Hykraga 6ynran 6upop
aiiylaHa XOCHI KWIIHHAIUKHY, ¥ aitnana L unsuk 6unan M4(0,y1,2;)
HyKTajaa kecumicuH. Kecum alinananan ubopar Oyiaranu ydyH:

p(0,.M)=p(0,M,) (10)

v
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By macodanap nkkn HyKTa opacuaara MacohaHu Tonum GopMyacura Kypa Kyingaruda O0ymaam:

o2 =0) +(y—0) +(z—2) =/x* +»?
posy= (007 + (=0 + =2 = [T =J|.

By kuitmarnapuu (10) TeHIIMKKA KYIMU3:

‘yl‘: x? +y2 =% =iw/x2 +y2
F(i N +y2,z):0 (11)

(11) Terrnama L un3ukan 0Z YK atpodua ailmaHTHPUIIIAH XOCIII OYIITaH CHPTHUHT TEHTIIaMaCHIAD.

MeL 6ynranu y4ayH:

Arap L un3uk moc pasuiiga 0X Ba 0V ykmap arpoduaa ailtlaHTUPCaK, XOCHI OYIraH CUPTIAPHUHT

F(x, + /% + 22 )=o Ba F(y, ++/x? + 22 ):o (12)

TCHIIaMaJlapy MOC paBUlIga

KYpHHUILIAapaa 0ynaau.
Topmupuxk

1.I'mnepOomnuk ¢azonapra MUCOIIIAP KEITHPUHT

Enuk Tectaap

CasBoa KaBod
DITUNTUK TUIUHIP TeHIIaMacu xz yz
===l
a b
['unep6oauK MUIMHAP TEHTTIaMacH x 2 y 2
Z_ 2L -
a b
[TapaGonuk HUIUHAP TEHIIAMacH y2:—2px
DOJUTAIICONUI TEHTIIaMacH NG y2 Z? L
R + = - =
a? b* C?
Anaduérnap

1.HapmanoB A.A. Iuddepennman reomerpust. T. Yuusepcurert, 2003
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4 Mumenko A.C., ®omenko A.T. Kypc muddepeHumanbHoi reoMeTpuy U TONOJI0ruU. M., U3 .
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5-AMAJIMHA MAIIFYJOT MAB3Y: UKkuH4H TapTHOIH
cuprap. UkKuHYM TapTHOJIH CHPT HHBAPUAHTJIAPH.

1.Cupraap naszapusicn. Mynanum 6yiinga >rpuinkiap.
Texucnukaaru o4uK goupara roMmeoMopd TYIUIAMHHU d1emMenmap coxa ned ataitmus.
1-mavpugh. @azooazu 0 mynjaam jnemeHmap COXAHUHZ MONOJI02UK AKCIAHMUpumoasu
oopasu oynca, y 31emenmap cupm 0ed6 amanaou.

Jlemak, O TYnnam sementap cupt 6yiaca, f:G—O - TOMONOrMK aKCIAHTHPUII MAaBKYl
6ymmn kepax. By epaa G — R*enementap coxa, O sca R® mam kextupmiran Tomonorus épaamuna
Tomooruk asora aiantupuiras. Arap O aIeMeHTap CHPT 6ynca, (f,G) >1<ychn1/n<0 cupmuu
napamempaaus ycyau J1einunanu.

Anbarra G, Gomka snemenTap coxa 6yica, G Ba G, coxamap y3apo romeomopd Gyiaanu Ba
arap §:G, >G romeomopdusm Gepwiran Gyica, f-9:G,—>O romeomoppmsmO cupranm

napaMeTpIIalIHUHT OOIIKa YCYIUAND.

Jemax, 3IIEMEHTAPCUPTYUyHUYEKCU3KYTIIIapaMeTpIIaiyCyulapuMaBKyIIup.
bupopraryiaMHUHIIEMEHTapCUPTIKAHINTUHUKY PCATUIITYYYH,
YHUHTY4yHOUpOpTanapaMeTpliailyCyTHHUKYPCATHIIKEPAK.

ArapO cupr (f,G) mapamerpnamycymGumanGepuino, (u,v) e Gyuyugp(y,s)

HyKTaHHHTKOoOpaAuHatanapu X(U; V), y(U;V), Z(U; V) KypuHUTITa0STHIICAK

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

cucrema O CHpTHHHrnapamempuKmeHZJzafwanapucucmeﬂxzacuneﬁﬂnaﬂn.

2-mavpudg. Dazooazuboznanuuinu O
MYNAaMy3u2amezuiiuxapoupHyKmaHuHzoupopmaampoduoasiemeHmapcupmeaaiiianca, )
cooacupmoeiunaou.

HNkkununraspudranzoxdepamus. [lemak, 0 copacupTOYmmmMyayHyHrarerummuxapoup p € O
HyKTayuyHuryHaai U (p) arpod (R®dazona) MaBXxya0ynuo, kecurma U (p) nO
3JIeMEHTapCUPTOYIUIINKEPAK.

KelinHuanuk Kypc JaBOMUIACUPTACTaH1a3]IeMEHTapEKUCOAIaCHPTHUTYILTYHAMU3.

Mucoinap.

1) XapkaHaauTeKUCINKIIEMEHTAPCUPTIND, YYHKUTEKUCITUKIONPAraroMeoMophaup.
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Arap M (X,, Y,, Z,) TEKUCIMKHYKTacH, d Bab BeKTOpIapTeKUCIMKKaNapauieaoyica, yHu
F=r+au+bv, —oco<uU <+, —0<V<0

KYpUHHUIIMAANapaMeTpiIaluMyMKiuH. by epnaa = {XO, Yo, Zo} BeKTOp M HyKTaHMHI paauyc

BEKTOPHUIUD.
2)anmementap G coxamaanukianran z = f (X, y)—
y3nykcuzdyHKuusHuHTTpaduruanementapcuptaup. Cabadbu, (X,Y, f(X,Yy)) — (X, y) — akcnanTupuin

(mpoekTcust) roMeoMOphUIMIUD.

IF z
z=f{x,y)

v

;

S

v

X

Yuszma-1

3) Ukxuymuammucdepa S®snementapbynmarancomacuptaup. Pagmycu R ra  TenrS?
chepaHMHrMapKa3UraKoopAHHATaIapOOITNHIKOMIAIITHPCAK, VHU

§? = {(X, y,2)eR* X +y* +2% = Rz} TyTuIamMcudaTyIakapanmMU3MyMKHH.

BycdepanuHrcHpTIKAaHIUTHHUUCOOTIATydIyHyHTaTernnumonpopTa P Hykrannonaiinuk. by P
HyKTagandapKIu S HyKTaHWKaHyOMHKyTOCcHpaTua, yHraguamMmeTpukkapama-kapmu6yiran N
HYKTaQHUIITMMOJIMMKYTOXHCOo0ab, z Ykuuu koopauHara Gomumgan N mykraopkamuyrtkaszamus, OXy

texucauruoca O nykraganytyBunBaON  ra mepnenmukynsp Tekuciaukaup. bByrexucinuksa cdepa
KECHUIINIINIaHXO0CUI0YIranailianaHu IKeamopaedaTaiMus. OH1u u Bunan OQ nypsa OX

ykuopacunaruoypuakuu, Vowian OP Ba OQ nypnapopacunarubypuakaubenrunaiivus.  Byepaa Q
V4 V4
nykra NPS mepuanannunr sksarop bunankecummnaykracuaup, 0<u < 27, —3 <V< 3 [ynpma S?
cthepanunr NS MepuIraH YUKapuOTallIaHTaHKUCMHU ¢ : P — (U, V) akcnaHTupHIIEpIaMuia
T
[0;27]x {—E ; E} JIeMEHTapcoXararoMeoMophakcIaHTUPHIAIHBA

Xx=Rcosucosv, y =Rsinucosv, z =sinV TedrnaManapépaaMmuanapaMeTpiaHaam.
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Yuzma-2

4) HowpaBuii muauHApHH X=RCOSU, Y=RSinu, Zz=V TeHrnamamap cucremacu Epaamuaa

rapameTpJiar MYMKHH. Byepna—co <u < +o0 | —00 <V <400,

AnGaTTaciMHApPXaMAJIeMeHTapcupTIMac (3 -4u3ma).

3 -un3ma

(1)

Arap6us F (U, v) = {X(u;V); y(U;V); (U; V) } BeKTOpYHKCHAHHKHPHTCAK

TEHIJIaMaJIapCUCTEMaCUHUOUTTA
r=r(;v), (uv)eG (@)

BCKTOpTeHFHaMaépHaMI/IHaé3aOHaMI/I3. BYTCHFJ'IaMa O CUPTHHUHT6EKmMop

Kypunuwoacumenziamacuneiinnany. Tabumiikn, O cupronementapcupréyamaca, (1) Ba (2)

TeHIIIaManapyHHOupopTanyKTaaTpoduiaanuiiaiing. ArapO snemenrapcupr6ynca, yautyauk (1)

€k (2) TeHrnamanapépaaMuIaaHuKIAITMyMKHH.
2. CHPTHHHIOIIKOPMACKYPHHHUIIA0epHIIHIIIN.

Busra G < R® ounk Tymnam Ba G na amuknadran cwumk F(X;y;z) ¢yHkcus Gepuiran
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OyncuH.

Ilyana O :{(X; y;2) eG:F(x;y;2) :O} tyiiam F  QyHKCUSIHUHT camx mynaamu Exu
cupmu neviunaau. Arap gradF =0 6ynca, o} XaKUKaTAaH XaM cojjia CUpT Oynmanu. XakukKaTaaH,
arap P=(XYy:2) €0 mykrama F, #0 6yuca, omkopmac QyHKIMS XaKHgard Teopemara Kypa,
myHaait 6>0,6>0 cowmapn Ba G, = {(X; y): |Xo - X| < 5,|y— y0| < 5} coxaja AaHUKJIaHTaH
z="f(x;y) oyukumsa wmaexyn Oymu6, (X;y)eG, Oymramma F(x;y, f(x;y))=0 TteHruk Ba
o= T (X1 ¥o)\ |20 — f(X; y)| < & MyHOCaGaTnap Gaxapuimo,

T ={06¥:2): P =X <8]yo — V] < 8|z - 2| <&}

IMapamenununexunurO Bunankecuuvacu z = f (X; y) ¢bysknusHUHTTpaduruganudoparaup. ldemax,

O y3urarernunXapKaHaiiHyK TaHHHI € TAPIHKMYAKATPODH a9 IeMeHTApCHPTOY Ta IH.
busHuUHTKypcuMu3aacocui METOJ MaTeMaTUuK aHanu3 OyNraHIUTrny4yH,
Ou3cUpTIapAaHKY IIUMYAIIapTIapHUTATA0KUIaAMU3.
Tabpud.bepunecan 0 cupm y4yH yHea meeuwinu uxmuéputi Hykma ampoguoa (f,G)
napamempaaut ycyau maexcyo oyaub, oynoa X(U;V),y(u;v),z(u;Vv) @gyukyusarap ysnykcus Xxycycui

yu ZU
Yo %

X A
u o«
Xocunanapaa 32a 6a ( ] mampumyanune paneu ukkuea mene oynca, O cupm pezynap cupm

Oeliunaou, napamempiaul yCyau 3¢a pe2yusap napamempiaus 0etiunidaou.

> - _
CUPTHUHT  peryisipjiuK IIApTUHHU |:l’u,|’V:|=0KS'IpI/IHI/IHJ,I[a XaM  E3UIIMMHU3  MYMKHH.
buskypcuMunsnaacocanperynsapcupTiapHuypraHaMus.
OHAMCHUPTIAPHUHTIOSPIITUIITYCYIIIApUXAKUIaKyHH JaruTeOpeMalapHUUCOOTIIAMIIHK.

Teopema-1.5usea G coxada anuxnanzan cunnux X(U;V), y(U;V), z(U;V) pyukyuanap 6Gepunuo,

X z
xap oup nykmaoa rang (X: z/u Zu J = 2 menenux ypuniu 6yica,
X = X(u; V)
y=y(uv) (V) eG
z=12(u;Vv)

CUCTEMA PETYJIAPCUPTHUAHUKIIANIN.

Hcoot. Teopemanu ncbotnaml yuyH
D={(x;y;2): x=X(u;V),y = y(U;V),z = z(U;V), (u;v) € G}
TYIUIAMHUHT COJIA CUPT SKAHIWTUHU KypcaraMu3. byHHHT y4uyH 3ca 0 TYIUIamMIa TErMILIN UXTHEPUI

Po = (X(U; Vo), Y(Ug: Vo), Z(Ug; Vo) ) HYKTAHHHT eTapii KHYnK atpoduia O sneMeHTap CHPT SKAHIUTHHY
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kypcaramus. bBupopra & >0Bga G(9 = {(u;v) eG: (U, —u)’ +(v, —V)* < 8} OYMK JIOMpa y4YyH

f 1 (u;v) = (x(u;Vv), y(u;v), z(u;v)) kouna  bunan  anwkinanran G, — f(G,) akcnanTupuimn
Kapaitmu3. bepunran X(u;V), y(u;V), z(U; V) pyHKIHsUIap y3IIykKcu3 Oyiaraniaurd yayH f xam ysimykcus
aKcnaHTHpUIUp. Arap f y3apo 6up KuiiMarian Gyiica, YHUHT TecKapucu | 'MaBxyJ Ba Y3JIYKCH3
oymamm (f 'ysmyxemsmarm xam  X(U;V), y(u;v)Ba z(U;V) GyHKIMANAp Y3IYKCH3IHTH Ba Teopema
mapTHaaH kenu6 unkamm), nemak O HMHT P, HyKTanu ¥3 mumra omysum f(G,) KicMmu smemeHTap
cupT Oymanu.

[lyaunar yayn 6upopra € >0 yuyn f akcraHTHpUINHUHT Y3apo OUp KUMMATIH aKCIAHTHPHII
9KaHJIUTHHU UCOOTIaiMu3.

1,1 2.4,2

@apaskunaitnk, & >0, 6 —>0,1=12,3,..8a Gg poupara terumum (U;;Vi)Ba (U°;V)Xap

xun Hykranap yaya f(u';vh)= f(u?;v’) tenrmuk Ypurnu GyincuH. YMyMUIIMKHA yerapaniamacias

aHUKIMK Y9yH Uf <U’Ba Vi <V 1e6 dapa3 kunaiinuk. [lynna,
(Ui V) - x(ufv0) =0, y(usv) -y v) =0, z@uisv) - z(ufv) =0

(I i i i i

TEHTIMKIapaaH Ba Jlarpansk TeopeMacHiaH
X, (P VO —u) + X, (U7, ) —Vvp) =0
Yo (B VU —up) + Y, (U7, 67 ) —vi) =0
2, (07 VDT =) +2, (U7, g —v;) =0
TenrymkIapau onamus.By epma pr, p?, Pf € [uil,uf], g o2, O € [Vil,viz] ,U? —Uu' Ba V2 —V' coHiapu

Oup BaKTIa HOJITA ailJlaHa OJIMAMIN.

[IIyHUHTy4 yHIOKOpH AT TEHTJINKIIApaH

ACHAIRACHAIIEA(RY
x,(u?a) oy, uia’)  z,uha)

MyHocabaTHHOIAMU3. bymyHnocabatnaX,, X,, Y,, Y, BaZ,, Z,

GyHKIMAIAPY3ITyKCU3TUrHAaH( O IaTaHub, | — 0 TMMHUTrayTCaK,

X, (Ug, Vo) _ Y (U, o) _ 4 (Ug, Vo)
X, (Ug, Vo) ¥y (Ugi Vo) 2, (Ug, Vo)

Mynocabaranonamus.bymyHocabaTaca TeopeMa mapTura3ui0yirat,

(XU yu ZU J
rang <2
YoV B )

TeHrcu3MMKKaTeHTKy4IUuaup. [emak, (bapasuMU3HOTYFpH, Ba & > 0 eTapnuknunkGynranga
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f:G, » f(G,) akcnaHTHPHUIITOMNOIOTHKAKCIAHTHPHIIIIHD. bynnanoca, O tymnamuuHr p,
HykraHuy3nuuraonysun f (G,) KucMusneMeHTapCHPTIKAHITUTHKSTNOIUKAIH.

Teopema-2.Pecynsip O cupm ynea meauwnu p(Uy,V,) Hykma ampogpuoa,

X =Xx(u,v)
y=y(u,v), (uv)eG
z=12(u,v)

Yo

THapamempux menenamanap époamuda bepunud, P Hykmaoa oemepMuHanm HoN0aH apkiu

\ '

Gynca, wynoaii cumuk £ (X,Y) @yukyus masocyoxu P nykmanune ampoduoa O cupm 7= f(X,y)
@yHKyusHUHE epaghueudan ubopamoup.

H30x. bus perynsp cupTIapHUHT NapaMeTpiaml YCyJIuHH TaHJIaraHuMU3a xap A0uUM X, X,,
Yur Yy » 2,y Z,XOCHIIAJIAP MABXKY/] Ba Y3JIyKCU3 OYJIMIIMHYN Tajnad KuIaMus.

HcooT. Teopemanu ucOoTam yuyH,
{X =X(U;v)  X(Ug, Vo) =X,
y= y(U;V), y(UO!Vo) =Yo
cUcTeMara MaTeMaTHK aHalu3 KypCUAard TecKapu (pyHKIHsIAp XaKuJard TEOpeMaHW KYyIIaiMus3.

Byreopemaraacocanmrynaii 6 > 0 conmsall; ={(X, y):| X, —X|< 8, y, — y|< 5}
CoxamaaHuKIaHTaHITyHaaiu pepeHnnauianyBun U = U(X; y), V =V(X; y) byHKIHsIapMaBXyaKH,
yimap X( u(x;y), v(x;y) ) =X y(u(x;y), v(X; y)) = y TeHmIIMKIIapHAKaHOATIAHTHpaauBa U(X,; Y,) = Uy,
V(Xy; ¥o) = Vo, MyHOCAOATIIADY PUHIINOY A TH. Jemax, p HyKTaanO(sz[aO cuptz =z(u(x;y),

v(x;y)) = f(X; y) pyHKuusHUHTTpadUTrHAAHUOOPATAND.
3. CupTycTHAAETYBYMITPUYM3UKIAP.
PerymsipO cupraumr p € O nykraarpodumaperymsp ( f,G) mapamerpramycym
r=r(u,v) (1)
TeHrnamaépaamMuadepuiirad, cupryctuaa M HyKTaganyTyBuHd ¥ oarpuIU3UKOepUIIranoy o, y
p=p(t), a<t<b. (2)
TeHrinaMa épaamMua napamerpianrad Ba y < f(G) 6yncun.

Anuruk yayn, M cupt mykracu cudaruma (Uy;V,) KOOpAHHATANApTa, STPU YU3UK HYKTACH
cudaruga t mapamerpuunr t, kKuitmarura moc kencuH. Tabuuiiku, xap oup te(a;b) yuyn mynnai
(u(t),v(t)) € G nykra maBxyn 6ynuo,

At) =Fu®),v) (3)

TEHTJINK VpuHIH oymanu. Arap y CHIUTMKITpHYU3HUKOYIICa, u(t), v(t)
dbyskcusutapxamau hepeHcramianyBuUnp yHKCHIIapOyaaau. Bynuuc6oramyuyn O
CHUPTHHUHTPETYIIAPCUPTIKaHIUT U aaH (ol nananamus. O perymsipcuproyaramTHrnyayH rang
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XLI yU ZU v XLI yLI (V) X = X(u ; V)
= 2 TEHTJIMKYPUHIIA. AHUKJIAKYYYH # 06yncunneddapaskunno,
XY 4 v y=y(u;v)
CHUCTEMaHUKapauiMH3.
Arap y CHIITMKATpUYU3UKOYIICa, p(t) BekropdynkcustauarKoopauHatanapu X(t), y(t), z(t)

nuddepencuamanypunpynkcusnapoynag. bupoprat® € (a;b) yuyn X = x(t"), y* = y(t"), z° = z(t").

\ B \ X = X(u;v)
Bal =Uu(t"), v' =v(t") Genrunanuiapkupuruo,
y=y(uv)
CHCTEMaHH
{x(u*,v*) =x"
yu' v =y
Ha3opat caBo/ij1apu Ba TONIHPHUKJIAP:
1.  Uymantupysum umsuru P = P(U) TeHrNama OWIaH OEpHIraH, SCOBUMIAPH € BEKTOpra

napaien Oyiran CHIMHAPHUHT TTapaMeTPHK TEHTIIaMajlapy TY3WJICHH.

u o
2. ®dazona X =ach (gj, y=0, z=U renrnamanap Ounan Gepwirad ynsukuuur OZ yku

aTpoduaa aliIaHUIIKUIAH XOCHI OYIraH CUpTHUHT (KaTEHOU 1) TeHIJIaMaJlapyuHu E31HT.

3. ['unepOonuk napabdoaon
X2 y2
—3 7 =22
a® b
KaHOHMK  TeHIJaMaOwiaHOepuiaraHoyica,  YHUHTIIYHIAHapaMeTPUKTCHIIAMATIaPUHUE3UHTKHY,

KOOpJMHATa YMU3UKIAPUSICOBUMIAPIaHNO0PATOYIICHH.
4. C¢epaX=acosucosv, y=asinucosv, z=asinv

napaMeTpHKTeHIIaManapruoninanoepuiran0yica, yHUHIOMPUHYM KBaJpaTUK (POPMACHUHUTOIIMHT.
2

. \Y
Dmuntuk mapabonouns X = \/ pvcosu, y= \/aV sinu, z= ? TeHTJIaManapounIaHOepuiIray,

YHUHTOMPUHYH KBaJpaTUK (POPMACUHUTOIMHT.

5. Bupunun KBaJIPaTHK dopmacu | = du’® + (u® +a*)dv’ kypurmmnaGyrancHpTaa
1 1
u=>av’, u=--av, v=1
2 2
YU3UKIAPXOCUIIKWITaHy40ypUaKHUHI TIEpUMETPUHUBAOYpUAKIAPUHUTOIIMHT .
6. bupunun xkBaapatuk ¢popma 6-macanagaru KypuHumadbynrancupraau =av,u=—-av,v=1

YM3UKIapOuIaHyerapalaHrany40ypuakHUHT FO3UHUXUCOOJIAHT.
7.  bupunum kBajgpatuk (opma 6-macananaru KypuHumgadynrancupraau+v=0,u—-v=0

YU3UKJIapopacu1aruOypyakKHUTOIHHT .
8.  bupmamramm runepoOomons X = achucosv, y=achusinv, z=cchu

TeHIIaManapounanoepuiranoysica, yHUHTMKKUHYY KBaIpaTHK (POPMaCUHUTOIIMHT .
9.  Howpaswuii nunuHAp X = Rcosv, y = Rsinv, z = U TearnamanapOunanoepriranoyica,

YHUHTHKKUHYY KBAJPAaTHK (OPMACHHUTOIMHT.
10. CuprF(X,Y,z) =0 tenrnamabunanOepuirad. YHHUHT ['aycc SrpUIMTHHUTOIHHT.

11. Cuprauddepencuannanysuu z = f (X, y) byHkuusaunrrpaduruianuOopatoyica, yHUHT
l"aycc Ba ypTa srpMIIMrMHUXUCOOIaHT.
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12. Cdepa X’ +y’+12°=169 Ttenrnama Guian Gepuiran. Yuuur M (3,4,12) Hykragan

YTyBUYM ypUHMA TEKUCIIUTH Ba HOPMaJ TEHIJIamMajlapy TY3WUJICHH.
13. T'emukouma X =uUCO0SV, Yy =USsinV,z = av TeHriaMaiapomiIanoepuraH.

YHUHTYPTa3rpUITMTUHUTOIIMHT.
14.  Cupr xyz =1tenrnamaOunanbepuirad. YHUHT X+ Y +2—3=0

TEKUCJIMKKANApaJUIelypUHMATCKACIUKIAPUHUTOIINHT .
15. T'enukoup y4yHreoae3uKYM3UKJIAPHUHI TEHIJIAMAIapUHUEZUHT

16. Cuprx=U’+V’y=U®-V? 7 = UV TenramanapOunanbepuiran.  Yuuur P(u=1v=1)
HYKTaCHAAru V = U° uM3HK HyHAINIHGYHHYaHOpMAIdTPUIMT HHUTONMHT .

17. Cuprz=2x° +g y’ TenrnamabunanGepunran.Yauar M (0,0, 0) Hykracunaru [Mronen

HHIUKATPUCACUTCHITIAMACUHUTY3HHTI .

Enuk recraap

CaBoa KaBoo
DITUNTUK TAIUHIP TeHIIaMacu ¥ 2 y 2
—2 + —2 - 1
a b
[M'unepOonvK MUIMHAP TEHTIIAMACH x 2 y 2
Z 2
2 2
a b
[Tapabonuk NUIMHIP TEHIIIAMACH y*=—2px
DJUTAIICONU TEHTIaMacH X2 y2 7?2
2 + T2 + ey = l
a- b C

DoiigaaHWITaH agaduéraap:
1. Hapmanos A 5. luddepenunan reomerpus. T. Yausepcuter, 2003
2. Coxeter H.S. Introduction to Geometry.Sydney-Toronto,2001
3. Hapmanos A.4., Illapunos A.C.,Acnonos JK.JJuddepenuuan reoMeTpus Ba TOIOJIOTHS
daHuaH naH Malk Ba Macanap tyruiamu. T. YHuBepcurer, 2014
4, Mumenko A.C., ®omenko A.T. Kypc nuddepeHuuanb-HON TeOMETPHA M TOMONOTHH. M.,

3. MI'Y,2004

6-AMAJIMM MAIIFYJOT MAB3Y: KYIIXUWIJIHUKJIAP. KYIIXUJIJIUKJIAP
TYPJIAPH.
KYIIXWJIJINK TEOMETPUSICH.

1. Puman TCOMCTPHUACHU IJICMCHTIIAPH.
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Cunnux K -ynuamnu N xpnxunnuxny cunnux n-ymvamnu KYnxuiiukka y3ayKcu3 akcianmupuiu
&N —> M cunug deiiunadu, azap uxmuépuii p € N nyskmanune ampoguoa N sa M
oazu Oupop kapmaoa cuiiuk QyHkyusiap oOunaw oOepuica, SAvbHU ggoh*l @yHKYUs M 0a CULIUK

¢ynxyus oyaca (2-pacm). Scanamubd ymamus, oynoa N, M xkynxuniuxiapuune ynuamnapu K, N

uxmuéputl 6y1umu MyMKUH.

N M
»

h g
goh™

2-pacm.

Wkkn cwimuK KYOXWUIMKHU Y3apo OMp KUWMAaTIM HMKKH TOMOHJIaMa CHJLIMK aKCIaHTHPUII
muddeomoppusm, OyHaal akCIaHTUPUII YPHATUII MYMKHH OYJIraH KYNXWUIMKIap 3ca Auppeomopd

Iernnaguy.

M na commx ityn 1e6 3~ 1 [@,b]—> M cuwumk akcmanTHpHINTa aiTaMu3.
Jlokan koopauHatamapaa Hyn HYKTAIApUHUHT Xap Oup X! © ¥ KOOpJIMHATACH CWUIMK (DYHKIIHUS
oymamu. 3 (&) Ba 37 (D) mykramap WynHUAT Gomm Ba OXHUPH AEHUIAIN.

Teopema 3. ¢@ - N —> M - cwuMK KYNXMUIMKIADHU CHJUTMK aKCIAHTUPUOI — Ba
VgeM @ akcinaHTUPHMIIHUHT pPETyJsp HyKTac OyiacuH. Y xomaa P HyKTaHUHT TYiIa npoobpasu
B=¢'(q)n ma ymau dimB =dim N —dimM =k —nN 6yuran cummx
KHUCM KYTIXWJUTHK OYraiu.

HcGor. B=¢™ (q) KaTJaMHMHT KYNXWUIMK JKaHWHW McOOTIam ydyH, xap Oup p € B
HyKTaHMHT atpodua omkopMac (pyHKIUS XaKHIard TeOpEMaHu Kyuann erapiau. Harkana xap oup
p € B mykrammar R*™ " epxmun dasocumaru coxara romeomopd P €U arpodra sra 6ynamu. u

arpodua nokan koopaunuranap cudaruga N KYNXMLIMKHUHT , HyKTacu arpoduiaru (Xl,...,Xn)

65



JIOKaJl KOOpJIMHATalapAaH Oupop (n — m) TaCMHU OJIMII MYMKHH. Arap Oy KoopJauHaTanap
(Xil yeeey Xin—m ) Oyca, y Xon1a KoJaran (Xj) JIOKaJl KOOpAuHaTaap (Xil yeeey Xin—m ) OpKaJIU CUJLITUK

ynkuusap Ounan uponanananu. bynnan B = (071 (q) HUHT CHJUTMK KYIXWUIHUK SKAHJIUTH Kennuo

YUKAIH. (yl,...,yn)N KYIIXWUTMKHAHT [0 HyKTacw aTpodmumard OoIIKa KOOpAWHATa CHUCTEMAacH

65'/'J'ICI/IH. (yh 1nr yjnim ) CHUCTEMA B a JIOKaJI KoopaAvHaTalap CUCTEMaCHHHU TAlIKWJII OTaau. v XoJraa

Y, =Y, (X)) =Y, (000 X e X (X X, )

Cummuk yskuust 6ynaau. Teopema ucOOTIaAHH.

By sca omkopmac pyHKIMS XaKuJaru TeopeMaiaH Keaud YuKau.

Axcnaatupuin qudpepeHnmrany.
® N > M — cWUIMK N KYOXWUIMKHU CWUIMK M KYIXWUIMKKA CWUIMK aKCIaHTUPHIL

OyJCHH. N naru xap oup ) iynra M Ja @ ° Y Uyi Moc Kenaau.
M 12 6upop @ (p) nykra arpoduna Gepuiran xap 6up f ¢dyuxumsapra, N na Gupop p
Hykra arpodpuna 6epunran o ¢ dpynkuus moc kenaau.

CuuK P aKkCIAHTUPUIIHMHT |, HYKTaJard mupdepennuanu dp @ 1e6 dp, ToN— Tw(p) M
aKCIAHTUpHIITA aiTHnany, y xap oup ue TyN Bekropra dy, (U)e T, oy M BEKTOpHH MOC Kyiaau, M
Jla UXTUEPHUI f cumuk byHKIMATa KyHuaaru Kouaa oyinya TabCup dTajIu:

(Ao (U)F=u(f op).

Arap u BekTOp ) MYyIHHHT p = , (t) HyKTaaa Te3IuK BekTopu Oyica, y xonaa dp,(u) BEKTOp
@ © ) WYNIHMHT t 1a TE3NMUK BeKTopu Oynaau (3-pacm),

doo (7' (O)=(2 = 27 )(D).

IOkopunarn  dopmynanapnan  KypuHaaumku, uxTHépud  u, velpN, aeR na
do(u+v)=de(u)+de(v), dp(au)=adp(u), serm @ :N—>M CHUHK aKCTAHTHPHITHHHT
middepenman  dp @ YMBUKIN  AKCITAHTUPUIN Ba UIYHHHI Y4yH, XYCYCHH XoOJulapa CHIUIMK
aKCIAHTUPUII OYNaiu,

dpp TpN — T, M

Tabuuu kxouoa Oytuya anuxianean dp,(P, U)= (P (p), dpp(u) ypunma kamaamanaphu
akcaaumupuut g, TN—TM Hu Kapaiimus. By axcranmupuws ymyman oneanoa Yu3ukiu amac, Oaiku
Kamaamoa Yu3uKiu.

Bomupuw, scotinawmupuw, cyomepcus.

Aeap xap oup p e N nykmaoa dp, uusukiu akcianmupuui A0pocu gaxam nonroan ubopam 6ynca,

AvHu dpp ToN  pasonu T, M nune Kucm ghazocuza Husukau u30Mopgh aKciawmupea, y Xon0a O

(p)
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axcnanmupuws N xynxuniuknu M ea (cunnuk) 6omupuw Odeuunaou. Tabuutixu, 6ynoa k=dimN <
dimM=n oyruwuzapyp.

N oa p nygkmanu y3 uuuea oaysuu (V, g) xapmaruue 10Kan KoopouHamanapu xt, o ea M
oa o(p) mykmanu y3 uuyuea onysyu (U, h) xapmanume y1 , ., Y n0Kan xoopounamanapuoa
aKcaaHmupuwl CULIUK QyHKyusiap ounan bepunaou

y' =y'(x,...,x); i=1..,n.

@ axcianmupuw oomupuwt Oynuwiu yyyn k < n 0yau6, xap oup peN uyxkmaoa AHxobu
mampuyacu (—J HUHZ paHeu K 2a meHe OVIuwU, SbHU MAKCUMAL OVIuUWU 3apyp 6d
i=1..,n; j=1,.,k

emapauoup.

Akobu mampuyacunune paneu 10Kal KOOPOUHAMAIAPHU KAHOAL maniawea O0nuK amac éa P
axkcranmupuwHune p Hykmaoaeu ouggepenyuaru d g nune paneu oetunraou.

Aeap @ : N — M axcrammupuwoa N y3unune obpasuca ouggeomopg 6ynca, y xonoa @

aKcaaHmupuw (CUNIUK) sHcounawmupuus oeuunraou. by bomupuwinune xycycuti Xonuoup.
Hxmuéputi bomupuw 1oxan sxconawmupuid 6y1aou.
Aeap k>n oa Arxobu mampuyacunune paneu xap oup HyKmaoa mMaxkcumani Oyica, SAvHU n ea

meHe Oynca, y xonoa P axcianmupuus cyomepcus 0etiunaou.

Muconnap. 1. Cunnux axcranmupuw 77 " TM 2" =M "npoexyusnawe T oazu xap 6up (p,u)
(oynoa  peM,ueT M) seexmopea ynune Hyxmacunu z(p,u)=p Mmoc xpaou. By
axcranmupuwnune xap 6up nykmaoa paneu maxcuman, aviu N 2a mene 6yneanu yuyn cybmepcus

oynaou.

2.¢:R?* > R akcranmupuw Kytiuoazu Kouda 6yiuta aHUKIAHAOU: @(X, y) = X, YHUHZ pauau

1 2a mene cyomepcus 6ynaou. Ynune @ * (C) =0 xamnamaapu myepu yusuxiap 6ynaou.

4.2. Irpuauru HoMaHPUH KYNXUIJIHKIAP TeOMeTPHUSICH.
Kynxuwiimkiaapaa BeKTop MalIoHJIap.
M CWJUIMK KYNXWUIMKHUHT A KUCM TyIUlaMuJa X BEKTOp MaiiioH OepuiraH neiunnany,
arap xap oup xe A Hykrara oupop Xye TxM BekTOp MocC Kyituica.
X BekTOp MaliloHHH X1 Xy aKCIaHTUpHII cudaThaa Kapam ydyH O0apua XyBEKTOpIap ETyBUM

ATOHA TYTIJIAMHU KYPCATHIII JIO3UM, YyHKH TYPJIM HyKTajapra Typiau ypuHMa ¢azojap/iaH BeKTopiap
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Moc Kydmmanu. bynmait tymuiam Ypunma katinama TM xucobOnanamu. IlIyHMHr ydyH BeKTOp
MaiJIOHHU KyWHJard akCIaHTUPHIL KaOu aHUKIall KyJIalaup:
X:A—TM, o6ynna A cM

KYIIMM4Ya XOCCAHU KaHOATJIAHTHPYBYM . UTXTUEPUH Xe A HyKTa ydyH npoekuus z(X,)= X,

spHU 7T o X = 1id , . Bynpait akcnantupunuiap TM HEHT KecuMIIapy Xam JAeHuIa .

GcMcoxana 6epuiran X BeKTOp MalJiOH CUJUIMK JAEUWIIaAU, arap y4 TeHTKY4JId TacAUKIapAaH
O6upu Oaxapuica:

a)X : A — TMakcnantupum cudatuga KapanaéTtraH BeKTop ManoHA = GCHILIHK
KYTIXWUTMKHUA TM CHIUTHK KYTIXWITUKKA aKCIaHTUPCA, CHILTUK OYI1anu;

0) Muaru G coxama Gepuiaan uxtuépuii cwumk Gyaxmusfyayn(Xf)(x) = Xyfrenrnmuk Gunan
anukinanyBun XfoyHkuus cuiniuk 0yiica,

B) xap 6upXeG yuyn (U, h) xapra tommncaku, yHnaXy BEKTOPHUHTI KOOpIAMHATIApH X ! 1apX

HyKTaHI/IHrX1 , ..., X"KOOpJMHATAJIApMIa CUILTHK OOFIMK GYca.
AcM Tynnamaa aHukiIaHraH XBEKTOp MaWJOHCUJUIMK Jedunanu, arap kamuga Outta GoA
OYMK TYIUIaMJa aHWUKJAHTaH CWLUTUK YBEKTOP MalI0OH MaBxKyn OYinu0,ATyruiamMmaa XBEKTOp MaiI0H

Ownan ycrtMa-yer tymanau, Y |,= X . BynnaitY MaiijoHXBeKTOp MailIOHHHHT KeHIaHTMacH JIeHNIIaIu.

Bekrop maiimonnap ¢azocu. burra AcM tymmamaga Oepriran X, Y BEKTOp MaiiIoHIapHU
KylHaard Kouaa Oyinda KyIIuiin Ba COHra KYTalTHPHUII MyMKHH: (aX +bY )X =aX,k +DbY , Oynna
a,b = R . by amannapra Hucbatan A n1aru BEKTOp MalJOHJIAp YM3UKIN (Ha30 TAIIKHI ATAIH.
Bynnan tamkapu, AcM naru BeKTop MaiiioHIapHd GyHKLIMATA Kyiuarnya KynaiTHpUII MyMKHH:

£X)x = f(X) X«
M naru cuiiIMK BeKTOp MaioHiap un3ukim paszocuau (R ycruna) x Ounan 6enrunaitmMus.
JIu xaBcu

V Bektop (azo yHna anukianrad [ , | (JIu xkaBcu ne6 mHomnanyBun) OuHap aman Ownan Jlu
anredpacu neinnany, arap UXTuépuii u,v,we V Ba a,be R yuyH Kyiinaru akcuomanap O6axxapuiica:

1)xococummerpukiuk[u, v] = -[v, u];

2)umsuknark[au + bv, w] = a[u, w] + b[v, w];

3)Sko6u aitnusTu[[U, V], w]+ [[v, w], u]+ [[w, u], v] = 0.

Tabkuanad yTamMu3Kku, aCCOUMATUBIMK Tanad dTUIMANIH.

JIu anreGpacura Mucon kw6 R®  eBKIH BekTOp (ha30CHIATH OUMIT BEKTOP KyNaiTMaHM
KEITUPHII MYMKHH.

GcM coxanunr xe G HyKTacuaru xap UKKH CHJUIMK BEKTOp MaiJloHra CHIUIMK (yHKIMsIapra
dyhingaru kouaa Oyitnua Tabeup 3TyBUM [X, Y|x GyHKIIMOHAT MOC KyHuiaau

X, YIf=X«(Y)-Y«(XT)

68



By pynkuumonan xam Bekrop 6ynaau. by GyHKIIMOHAIHMIOKAT KOOpAMHATANIAp/a Kapacaxk,
[X, Y], f =X (Y'0,f)-Y (X' f)=
= x;’(ani)ai f+ XY 0,0, f — ij(ﬁin)Gi f —ijx;ajai f = Xynan
=(X jani —Yjani)X(?if,
myHzai, M na (éku coxana ) X, Ye s xap ukku BexkTop MaiifoHmapra [X, Y]suru BexTop MainoHHH
MocC KysMu3. Y X Ba Y BEKTOp MaiIOHIapHUHT JIU KaBcH nendnianu.
Arap X, Y BeKTOp MaiJioHJap CK —cnmmk Oynca, y Xoiaa ynapHuHr JIu KaBcu C*! - crmk
BEKTOp Mai10H OVinaam.
JIn KaBcu xoccanapu:
a. xtuépuii 1okan KoopanHaTajgap CHCTEMaCUHUHT 0a3uc MailIoHIapy yIyH
[mi, ] = 0.
Xakukatian xaMm X = JjBEKTOp MaijoH X'=4] nokan KoopauHaTanapra sra, Gyuna 6, —
Kpounekep cumBonu. lyHuHr yuyH 6apqaz[Xi /,I[Xk =0sBa[n, 5] =0.m
0. Uxtuépuii X, Y e xBa, CHIIMK (QyHKIUAIAP yIyH

[X, Y], = o()[X, Y], +(X,0)Y,.

B. Arap N — M ra xoinamrupuiarad KMcM Kynxwuik Ba X, Y — N 71a CHIUIMK BEKTOp

Maiiionnap, X, Y, — yaapHuHr N KUCM KYIXWIIUKHUHT M naru atpoduna KeHraidtmacu Oyica, y

xoina xe N ma

X, YIk=[X, Y .

Puman kynxuwjimru.

Arap xap 6up TxM ypunma ¢azona X HyKTara CHJUIMK OOFIHK <’>CKaJ'I$Ip KyIlauTMma

aHMKJIaHraH Oyinca, M KYNXWUIMKIAa pUMaH CTPyKTypacu OepuiraH neiunanu, ssbHu M naru

uxtuépuit X, Y CHIIMK BEKTOp MaiIOHIap y4yH X YoM Jla CUJUTMK (QYHKIUS OYaau.
bormanunum cwumk M KYOXWUIMKAQ pUMaH CTpyKTypacu Oepwiran Oyica, Mpuman
KYNXWUIATY JEUNIIAJIA.

(U ,h) nokan koopauHaTtanapaa M garu uxtuépuilt X € h(U) HykTa yuyyH KyWHJaruHU XOCHII

(X,Y), =(X'8,,Y18,), = X}Y,)(8,,0,), = g; (X) X}Y,/,

KAJIaAMU3: Ooyuma n; — xuykranuar (U, h)

0;,0; .
KOOpJIMHATAJIApUHUHT  Oa3ucg;j(X)0mman sca (0,0, Oenrunanrad.  Qij(X)kuitmar  MpumMan
KYNXWUTMTHHUHT X HyKTacuHUHT(U, h)KoopauHaTalapuHHUHT ,,METPHK TeH30pH" KoehpHIueTIapH

NeUniIagn.
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(X, Y) byakumst M na uxtu€puit X, Y CHUITMK BEKTOP MalOHJIAp YUYH CHJUTHK OYJIMINN YIyH

Oapua QjjyHKumsnap cuumMK OynumM 3apyp Ba eTapiuaup, Oy (xl , ., X") JOKan

Ko g5 =0;° h 6
pAUHATAIApIArH GyHKIW OUIaH TEHT KyWIHIHP.

Wxxku M1, M puMaH KyIXWIIMKIApU U30METPUK JEHUIIaaN, arap yjaap ypracuaa UXTUEPUN X €
MinykTa Ba uxtuépuii u,vE€TxyM Bektopiap yuyH myHzaan nuddeomopduzm ¢ :M1—M; ¥pHaTum
U, V), =<dg(u), dg(v))y,

(P aKCIAHTUPUIIHUHT Y3U 3Ca U30OMETPUS ACHUIIAIH.

MYMKHH OYJICHH:

Arap¢ — wmometpus,(U, h) — M; nmaru kapra, (U, ¢°h) —»aca M, maru kapra Oyica, y

.. o 1 o
X0J171a 9 (QYHKIMSAHUHT KHAMATIApU X, ..., X' JIOKaJl KOOpAMHATaIapa Oup Xui 6y aaiu.
Mucosn.PuMaH KYIIXHIUTMTHATA SHT COJIa MUCOJI HYKTaBHI €BKIH]T (ha30CUIHP.

7 :[a, b] > MM na 6ynakiu-CUUTUK iy OYICHH.

Xap 6up t €[a, blyayn 7 [0 TE3JTHK BEKTOPH aHHKIAHTAH . / | BekTOp/ | | N7 y3YHJIMKKA

ora. , Wy y3yHIMIW KyHuJaruya aHuKJIaHaIu:

b b

s(r) = [y ] dt = [ @), 7 Ot

a a M —
puMan kynxwuiura 6yiacuH. Tabpudra kypa y 6ornanunuid. BoFmaHUIIIM CHIUTMK KYTIXUUTUKHUHT
UXTUEPUN MKKM HYKTaCMHU CWIUIMK WY OWiaH TYTalITUPUII MYMKUH. p, q € M  Hykranap
opacuaaru macoda ne6 (p.a) =Inf $(2) copra aliTiiiaay, OyHJa p Ba q HU TYTalITUPYBYH OYIaKiu-
cummuk 7 itynnapausr inf onmuHAIH.

Teopema 4. p(p,q) =inf s(y) TEHTTINK OWIaH aHMKJIAHTaH P dbynakus M ga Metpuka Oynanu,

SBHU
1) (. q)>0,
2) (9= "(@.p),
3) P D+ (1 a)>7 (p, ),
4) P (p,p) =0,
5)arap p # q 6yuca, y xomaa® (p, q)>0 6ymamm.
P (yHKIUAra pUMaH METPHKACH JCHIIA/.

N puMaH KYOXWUIMTMHU M pUMaH KYIXWUIMTUTa OOTHUPHIL ¢ N—M WU30METPUK JIEHNIIaaH,

arap eciu ¢ OOTHpHIN MHAYLHMpJaraH cKaisdp kynaitMa N naru OwiaH ycTMa-ycT TYLIAad, SbHU

TN oy (SN = Uy Goanca

- €
uxtuépuit X € N HyKTa Ba u,v yUyH
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4.3. 3amonaBuii reomeTpus 0yiinya XaaKapo KoHpepeHIusIapaa TAKJIN( ITWITAH
MyaMMoJIap Ba YJIAPHUHT eYUMJIAPUHUHT TAXJIHIN
KoBapuantauddepenuunaiam.

M — cmmik Kynxuanuk Ba xeM OyncuH. vikouna xap 6up UeT M BekTop Ba XHYKTa
arpoduia 6epunran X CHIUIMK BEKTOp Maiifonra oupop V, X €T, M BEKTOpPHU MOC Kylica, X HyKTaJa
KOBapHaHT AuddepeHuuanmiam aeunnaau, arap uxruépuii u, v e TyM, a, beR nap, X, Y cumiuk
BEKTOp MaiioHnap Ba f cHiuIMK GyHKIMUIap YUYH X HYKTa aTpoduaa KyiHuaaru TeHIJIHK Oaxkapuiica:

VX =2aVv X +aV X,
V,(aX +bY)=aVv X +bV Y,
V,(fX)=(uf)X, + f(X)V, X

by epna, omatnarunek, uf - f GyHKUMSHUHT U BEKTOp WYHAIMIIMAArH XOcHIacH, Xy —aca X
MaWJIOHHUHI X HyKTaJaru Kuimaru. V X BexkTop X BEKTOP MalJOHHUHI UBEKTOP MyHAIMIIMIATA
KOBAPUAHT XOCWJIACU JCHUIA/IH.

GcM coxanunr 0apya HyKTanapujaa Oepuirad KoBapuant auddepeHuuamiam v xap xypt X,
Y cwumk BekTop Maiimonnapra G ga saru V,Y BekTOp MaIOHHM Moc Kysau. Tabpudra xypa Oy
MaiIOHHUHT X € G HyKTaaru KuidMatu XxBeKTopra OOFIHMK Ba X MalJOHHUHT OOIIKa HyKTajlapaaru
KuiimaTura OofnMkK sMac. Arap V,Y maiigoH uxtuépuil cwumk X ¥ Y MaioHJIap Y4yH CHJUIMK

Oynca, y xomma xoBapuaHT auddepeHrmamnam vcwumK aeiwiaqn. CHIUTMK KOBapUaHT

TuddepeHmaian YU3UKIN OOFIUKINK XaM AeHnIaIu.

JJemma. ArapueTMBa X, X BEKTOp MalIOHJIap P HYKTaHUHT Oupop aTpoduma yctMa-yct

TyIlICa, Y X0JIJ1a p HyKTajaa Vu X = Vu X .

JleBu-YuBuTa GOFIaHUIIN.
1.T e o p e M a. UxTuépuit M puman KynxXuuIMrua CAMMETPUK pUMaH OOTJIaHUIIN MaBXKyJ] Ba
y siroHanup. ¥ M naru JleBu-YuBura 60fnaHumm aeinnaim.

2. Ucbor. Sromamuru. "

— myHnail Oornanuimn OyncuH. Puyum aiiHusatuaun X, Y, Z
MaiJIOHJIapHU LUKIUK aIMAIITHPUO y4 MapTa €3aMu3:
XY,Z2)y—(V,Y,Z)—-Y,V,Z)=0,
Y(Z,X)—(V,Z,X)—(Z,V,X) =0, 4)
Z(X,Y)—=(V, X, Y)—(X,V,Y)=0.
JlacTnabku MKKM TEHTJIMKHU KYIIHO, YYMHUYNCHHU allpaMus.
XY, Z)=(V, Y, Z)=(Y, V Z)+Y(Z, X)—(V, Z, X)—(Z,V, X) = Z(X Y)Y +(V, X, V) +
HX,V,Y)=0. (4%)

bormannm CUMMCTPUK SKaHWUJIaH:
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V.Y -V X =[XY],V,Z2-V, X =[X,Z],V,Z-V,Y =[Y,Z].
(4*) TEHTTTMKHUHT Yal TOMOHHWTA <VXY : Z> XaIHU KYymuo, alupcak Kyluaarura sra oyiamMus:

2V, Y, Z) ={X{Y, Z) =Y [X, ZD3+{Y (Z, X) = (XY, 2D} -
—{Z{XY) —(Z,[X, Y]} (®)
O6ymapau xuco6:1a6,Komyns hopmynacu ne6 HominanyBuu (5) ¢popMmyrnanu xocuia Kuiaamus: (5) HEHT

\ v I/IV OOFJIaHUIII MaBXya

VHT TOMOHU ra 6oriuk 3mac. [IIyHUHT ydyH amaiija UKKUTa ITyHIan
Oynaau, nXTUEpUx € M HyKTaga KyHHaard TEHTJIMK Oaskapuiiain:

(VXXY, Z,)= (VXXY, Z,)
UXTUEPH Z MaliJI0OH YUyH OaKapyIIMIINIaH, TbHU

(Vi Y=V Y,Z)=0

Vi, Y)i = (Vi

Y) N N .
Harmxana, x ' X By TEHITIMK UXTUEPUN XHYKTaJa Ba uxtuépuil X, Y maiiionnap yuyH

ypunm. Jlemak, Y = Vs

XHUCOO-KUTOOHM OCOHJIAIITHPHUII Y4YyH aBBal HcOOTIaHraHiapnaad Qoiimamanamus. M na

UXTUEPUA CUMMETPHUK V' Gornanmm KupUTaMu3. (4) HUHT Xap OMp TSHIIIMTHHUHT Yal TOMOHH Tanad
KUJIMHTaH XOCCallapHM KaHoarThnaHTupaau, 8.1.3 nmemmara kypa, (5) TEHIIMKHUHT YHT Ba 4dall

TOMOHJIapH aiupMacu xaMm X,Y,Z BEKTOp MaijoHaapHUHT X HyKTaJaru Kuiimatura 0ofnuk. Jlekun

2Vx, Y,Z,)

(5) HMHT 4Yam TOMOHH, SIBHU , Ba XyJJM WIyHAAl YHT TOMOHM XaM Z MaWJIOHHUHI X
HYKTaJaH OOIIKa HyKTaJaru KuimaTtura OOFJIMK Mac.

OHAM aHUKKH, (5) HUHT YHT TOMOHM X, Y MalJOHJIapHUHT (PUKCUpJIaHraH KuimMaTtuaa x € M
HykTaga (akat Zy€TyM ra Oornuk Oynca, y xonga (5) yur tomonu TyM nma L um3ukiu
(GYHKIIMOHATHU aHUKJIAWIH.

<Wazx> =

IyHuHr yayH Oapua Zy € TyM yuyH L(Z,) oynaguran (X, Y maiionnapra GOFfiIHK)

w e TyM MmaBxyn 6ynanu.

Tavpudra xypa Vi Y =w/2 ne6 oncak, JleBu-UuBuTa OOFIAHUIIMHM XOCHJI KHJIAMU3.

XaKkuKaTAaH XaM, KUPUTUITaH V. oaman 7.2 maru (6) HUHT JacTiadKM WKKA [IapTUHU

v uxtuépuit X, Y, Z maiinonnap yuyn (5) myHocabaTHH

\%

KaHoaTnantupaau. Kypunummra xypa

KaHoarTnantupagu. (5) vu X, Y, Z Ba X, Z, Y y4yyH Ky/jacak Ba HaTWKaJApHU KYIICAaK, amMai

Puyun (1) allHUSATHHY KaHOATIAHTUPUILIUTA aMUH OYIIaMu3:
2V Y, )+ 2V Z,Y) ={XL, Z) = (Y [ X ZDF+{Y(Z, XD = (KLY, ZDF—{Z(X, Y ) —
~Z,[X, Y DIH{XCZ,Y) = (Z,[X, YDIHZY, XY = (KLZ YD Y (X, 2) (Y. [X, Z])}.
= AV,\Y,Z)+ 2V, Z,Y)=2X{Y,Z)
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(1) vm uxTuépwmii X, fY, Z maiijonnap y4yH KyJuiacak,
XY, Z), =V, Y, Z)+(f (x)Y, Vi Zy=" (X)(VXXY L)+ X(EXY, . Z)+
+( f (X)YX,VXXZ>

= ((XF)-Y,Z)y+ f-(V,Y,Z)=(V,(fY),Z)
ra ara 0yiamus.
bynnan, Z MaiiIOHHUHT UXTHEPUATTUTHIAH KenuO YMKKUO, Kyiuaarura ara 0yiamMm3
V. (fY)=(Xf)-Y+f-V.,Y,
\%

Oy sca 7.2 maru (6) HUHT yYMHYM HIAPTH OaKapWJIMHH OWJIIMpaAaNd Ba — OOFJaHMII dKAHUHU
ucootnaitnu. (5) vu X, Y,Z BaY, X, Z yunmukiapra Kyia0, HaTHKalapHu aliupcak, KyWuaarira sra
Oynmamus:
2<VXY,Z>—2<VYX,Z>:{X<Y,Z)—(Y,[X,Z])}+{Y,(Z,X)—(X,[Y,Z])}—{Z(X,Y>—
~Z,IXYDI=({Y (X, Z) = (X IV, ZDF+{X (Z,Y) =Y, X, ZDY—{ZAY, X) —(Z,[Y, XD)})

(VY =V, X =[X,Y],2)=0

By (Vi Vi X=[X.YD

9KaHMHM  KypcaTagd, SbHU  KUPUTWITraH  OOIJaHMUI
CUMMETPUKIIUTMHY KypcaTagu. B
(2) Pruum aliHUSITH JTOKaJI KOOpIUHATANIAp/A KyWHIard TeHITIaMajlap CUCTeMacura TeHT KyWwin

aigjk _<Vaiaj’ak>_<aj ’V6i6k> =0; 1], k=1,...,n, (6)

E€Kn
V.0, =I30,,(0,,0,)= gsk.(8)
SKaHWHU XMCOOTa 0JICaK KyHuaaru cucremara sra 0yiamus:
0,9 _risj Og — T gy =0 ©)

Xakukaras, (6) HUHT Xap Oup TeHrIamacu 01,90y 0a3uc MaliioHIapra Kyyuianrat (2) Puyun

allHUATHHYU Oepaly, IIYHUHT yuyH (6) TeHrnukiap (2) gan kenud uukanu. (2) Hu (6) naH KeaTupuod
YUKapHIL Y4yH, BCIOMHUM, 8.1.3 ra kypa (2) HUHT yan TOMOHUHHMHT KUMaTu Xap oup x € M Hykrana
dakat X, Y, Z BeKTOp MailIOHJApHUHT Iy HyKTaaard Kuimariaapu Xy, Yx, Zx ra OOFIuK Oyiaiu.
Hlynunr yuyn uxtuépuit X, Y, Z maiiionnap y4yH (2) HUHT 4arl TOMOHMHU MYMKUH Oyiran Gapua
0a3uc MailoHIap YWIMTH Y4yH aHAJIOTUK HQOJANIapHUHT YM3UKIM KOMOWHALMSACH KYpHUHHUIINIA
udonanam mymkuH. JlekuH ynap yayH (6) ra kypa Oy udomanap HOJTa TEHT.

8,,0,,0,,

Jlokan xoopauHaTanapaa 0asuc wMmaijgonnap yuyH (5) TeHMMK Kyiunaru

KYPUHUIIHYU OJIaJU:
s ag a i agl
2T 04 =—1+ gkj -
X' ox'  ox' (9)
73




I, Jbukcupnanranaa (9) Tenrinamanap cucremacuaas S = 1, ..., nma Kpucrodden cumMBouIapuHn aHUK

r: _1 (agik + 99, _6gijJ g™
i i i K ’
2 ox  ox! ox (10)

6ynna (g°¢) — Marpuia, (g« ) ra TeCcKapu MaTpHLA.

TONUII MYMKHUH

JlekuH xap OUp CUMMETPHK OOFIIaHUII OMpPOp pUMaH MeTpukacHu yuyH JleBu-Uusura
OornmaHuIIM OYnaBepmaiiiu.
Hasopar caBosuiapu:

2. Juddepennuan 1-popmanap. dynkuus nuddepennuamm — quddepeniuan 1-hopma.

3. ®yHKums rpaaueHTH Ba GyHKIUS TuddepeHImaim.

4. CupTiapHUHT OMPUHYH Ba UKKUHYU KBaJIpaTHK Gopmaapu — quddepeHmuan popmanap.

5. Puman xynxwumkinapu Tabpudu Ba wmucourap. KoBapuant aumddepeHmuan Ba
Kpucrodden cumposnapu.

6. Cummerpuk OornaHunUvK. Puman Ba JleBu — YuBuTa OOFIaHUIIUTUTH.

7. AxcnaHtupum 6yiina6 BekTop Maiimon. Mym 6¥itna6 xoBapuanT mudgepeHIuaIanL.
[Tapannen BekTop MaiigoHIAp.

8. IMapammen ky4upHIl Ba reoe3UK YU3UKIIAp. [ €0e3UK YM3HKIAPHUHT MaBXKY/IJIUTH.

9. DkcroHeHIMAN Ba re0/Ie3UK aKCIaHTUPHILLIAP.

10. DkcroHEHIMANl — aKCIAHTHPHUILIAPDHUHT  XOCCHapH. [ 'eole3uK  aKCIaHTHUPUILIApPHUHT
XOCCIIapH.

11. Taycc nemmacu. llapnap Ba KHCKa YM3HKIAP.

12. Xong-PunoB Teopemacu.

13. Enuk reonesux unsukiap. bepske nemac.

14. Drpuiuk TeH30pH Ba YHUHT alredpauk xoccajaapu.

15. Puman srpunuru. CeKIMOH STPUIIMK. DTPUIUTH Y3rapmac dasomap.

16. Puvum srpunmru Ba cKaysp Srpwink. JIokan nzomerpusiiap.

17. Puman cyomepcusinapu Ba O'Helin dhopmynanapu.

18. Kucwm kynxumuuknap. Maaynupnanrad Oornanuink. MkkuHuM acocuit popma.
Enuk tecriap

CasoJl KaBo6

V Bektop ¢dazo Jlu anreOpacu AeHHIUIIH 4
y4yH HeuYTa akcuoMa YpuHiu?

k>n na SkoOuM MaTpUITaCHHUHT pPAHTU | AaKCIAHTUPHII CyOMepcHsl Telniaan
xap Oup HyKTaJa nra TeHr Oyca, y Xoiaa

Ukxkn cwumk KYynXWwUIukHE — y3apo  oup | auddeomopduszm
KHAMATIM  WKKA ~ TOMOHJaMa  CHJUIHK
aKCIAHTUPUII HUMA 1e0 aTanagu?

Wxtuépuit 6oTupu JIOKAJI )KOMIAITUpUII 0Y1aau
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VI. KEUCJIAP BAHKHA

1-macama. xOz tekucnuruaa Oz ykuHu KecMaiiauran X =@(U), Z=y/(U) 4u3uK

oepunran. by yn3ukau Oz yku arpodumaa aiTaHTUPHUIIIAH XOCHII OYITaH aiylanMa
CUPTHHUHT TEHTJIAMACH TY3WUJICHH.
Eunim. YMmymuiinukka 3u€H eTkazmacaan oepuiaran X =¢@(U), Z=y(U) 4U3UK ydyH

o(u)>0 mapt Ypunnu ne6 hapas Kumamus. DIpU YU3UKIN KOOpAMHATAIAp cudaTha

ZXOP=v OypuakHu Ba OepwiraH YM3UKHUHT u napameTpuHu onamu3 (16-pacwm).

A7

z=y(u
A
@
\ o(u al
: M
| ry:
)| [
o) >
e i y
vV v P
N
X 16-rasm

Unmsnk yerupara xap oup L(u) Hykra mapkasu Oz ykuma érrad Ba pagmycu X=¢(u) ra
TeHr Oynran aifnananu umsagu: MA=O0P =g(u).

Koopaunar  umsuknapu:  u=const—mapamnemiap (adiaHanap),  v=const—
Mepuananiap 6ynaau. CApTHUHT BEKTOP TEHIJIaMacCH:

= p(u)cosvi +g(u)sinvj +w(uk,
Koopannat kypuHUIIZArn TeHriiaManapu 3ca.
X = g(u)cosv, y = g(u)sinv, z=w(u)
bepwiran yn3uk OumaH aiijlaHMa CUPTHUHT YYUHYU KOOpPAUHATACH OUp XHUIIIUD,
yyHKH yn3uK Oz YK arpoduia aillaHMOK/IA.
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2-macana.Oz YKKka MepneHAuKysiap AB TYFpM UM3MKHUHI 11y VK arpoduaa
allIaHUINIKMJAH Ba IIYHUHT/CK, alllaHuIl Oypyarura nponopcuoHan te3nuk omnan Oz
OViiad CWDKWINWJAH XOCWJI OYiaraH CHUPT TYFpU Teaukouj  jaeuwmnanud. TYrpu
TEJIMKOUJ TEHIJITAMACUHU TY3UHT.

A

X 17-rasm

Eunm. Koopauaaranapau Kyiuaarda tannaimms (17-pacwm):
MA =u, ZXOP =v
[Maptra kypa OA=av, O6yuna a=const. KoopauHara ymsukmapu: u = const-
BUHT YHM3HMKJIAP, V = CONSt —sicOBYMIAp (XapakaTiIaHyBuUd TYFPU YU3UKJIAP)IaH noopar
oymanu.
1-macananan goitgand reIMKOMIHUHT BEKTOP TEHIJIaMacu
F =ucosvi +usinvj + avk,
napaMeTpUK TeHIJIaMaapH ca
X =UcCo0sV, y=usinv, z=av
KYpUHUIILIA OYJIMIINHU XOCUI KUJITaMU3.
2-Keiic
1. Kyiingaru cepa MapkasmHUHT KOOpJMHATATIAPU Ba PaINyCH aHUKJIAHCHH.
1) X*+y*+2°-12x+4y-62=0,
2) X*+y*+7°+8x=0,
3) X*+y*+2°-2x+4y-62-22=0,
4) xX*+y*+7°-62-71=0.
2. Kyitnaaru aitnana MapkasuHUHT KOOpAMHATATIAPU Ba PAINyCH aHUKJIAHCHH.
X* +y*+7°-12x+4y-67+24=0, 2x+2y+z+1=0.
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3. Kyliunaru aitllaHaHUHT MapKa3y aHUKJIAHCHH.
X*+y?+7°=R?, Ax+By+Cz+D=0

4. A(3;0;4), B(3;5;0),C(3;4;4),D(5;4;6) nykTasapHHHT

(x-1)*+(y+2)°+(z-1)*=49

cdepara HucOATaH Ba3UATH aHUKJIAHCHH.

5. Kylingaru TeKuCTAMKIAPHUHT yIIOy

(x-1)*+(y-2)*+(z-4)°=25

cdepara HUcOaTaH Ba3UATH aHUKJIAHCHUH.

1) 2x+2y+z+2=0,

2) 2x+2y+z+5=0,

3) 2x+2y+z+11=0.

6. (x-a)*+(y-b)*+(z-c)’=R?

chepaHUHTYLIOY

X=Xo+It, y=yo+mt, z=z,+nt

TYFPUUN3UKKAKYTIIMA0Y IraHAnaMeTPU A TEKUCIIUTUHUHT TeHT JIaMaCUTYy3UJICHH.

7. Yoy

(X-1)*+(y-4) *+(z+1)°=25

CoepannnrM(3,5,1)HyKTafaTeHTMKKUTa0y IMHAAUTaHBATAPJIAPUHUHT TCOMETPUKY
PHUTOTIMIICHH.

8. x*+y*+7°-R*=0

cepanuHrS(Xo Yo
Zo)HyKTalaHy TyBUMBaTapIapuypTaIapUHUHITCOMETPUKY PHUTOTHIICHH.

9. X*+y*+7°-R?*=0

cepanunr(-
R,0,0)HyKTamaHy TyBUYMBaTApIAPHYPTATAPUHIUHITEOMETPUKYPHUTOTTHIICHH.

10. (x-a)°+(y-b)?+(z-c)*=R?

cepanrHrMo(XoYoZo)HyKTalaHY TyBUMBaTAPIAPUY PTATAPUHIHITEOMETPUKYPHHUTO
MTUJICHH.

11. S(Xo Yo
Zo)HyKTagaHX +y*+z°=R°cdeparayTkasuiraHypHHMATEKHCINKKATY IIPAITAHIICPIICH ]
UKYJIapacoCIapUHUTTEOMETPUKYPHUTOTHIICHH.

12. (x-1)°+(y+3)*+(z-2)*=49cheparaM (7, -1,
5)HyKTagayTKa3UIraHypUHMATEKACIMKTCHTJIAMACUTY 3UJICHH.

13. (x-a)*+(y-b)*+(z-c)*=R%ctheparaM (Xo Yo
Zo)HYKTa1ay TKa3WJIraHypUHMATCKUCINKTCHIIAMACUTY3UJICHH.

14. X°+y*+7°=R°ceparaM (%o Yo
Zo)HYKTaay TKa3WIraHypUHMATEKUCIIMKTCHIIAMACUTY3UJICHH.

15. X*+y*=9, z=0 va X*+y?=25,

Z=2ailnananapaanyTyBurcpepaTeHrIaMacuTy3UJICHH.
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16. Koopausaranap6oumaansa(x-+1)2+(y-2)*+(z+2)*=49, 2X+2y-
z+4=0aiinanafanyTagurancepaTeHrIaMacUTy3UICHH.

17. (1, -2, 0)uykrazauBa(X+1)2+(y-2)*+(z-2)*=49, 2X+2y-
z+4=0atinanaganyTyBurchepaTeHIIaMaCUTy3UJICHH.

3-Kkeiic

18. TYyFpuun3UKIapHUHTOOFIaMUS,Ba0yOOFIaMIaruTYFpUUU3UKIIapranepreHIuKy
JapOYyNraHTeKUCIUKIApOOFIaMu  S0epwirad.  S;00FTaMUHUHTTYFPUYA3UKIAPUBA
S,00FTaMHUHT TEKUCITUKIIAPUKECHUIIIAITH.
KecumHyKkranapuHUHTTEOMETPUKY PHAUTOTHIICHH.
S;00FIaMTeKUCTUKIApUOMIIaHS,00F TAMHUHT LTy TEKACIUKIIapraneprneHAuKyaapoyaran
TYFPUUN3UKIAPHUHTKECUIITAaHHYKTAIAPUIAHXOCUIIOYITaHT €OMETPUKY PHHUABBAJITUT €O
METPUKYPHUHUHTY3UIaHUOOPATIUTMMCOOTIAHCHH.

19.
KaunaitzapypuiiBaerapiuuaproaxapriranaAx+By+Cz+D=0rekucimkx’+y*+7°=R%c
dbeparaypunaau?

Bbymapr6axapuiranaeOypuHUIIIHYKTACHHUHTKOOPAMHATAIAPUTOITHIICHH.

20. VKJIapuKoOpAHHATaYKIapHOHIaHyCTMA-YCTTYIYBYH,
X2 7 2 y 2 7 2

OxzBaOyzrekucnukinapaumocpasumigay=0, —+—=1, x=0 T+
25 16 9 16

=1un3uKIapoyiinadKkecuoy TyBUMAIIUIICOUATEHT IAMACUTY3UIICUH.

4-keiic
. 2 2
21. YxnapukoopauHaraykiapuaanuodopar, z=0, % +]>-/—6:13HJ'II/IHCB3M(1, 2, V23)

HYKTAOPKAIHY TYBUMAIITUTICOUITCHTIaMaCUTY3UJICHH.
22V KnapHKoopAMHATAYKIApUIaHHO0paTOYIraHBa X’ +y?+7°=9, Z=X

ananamanxamaaM(3, 1,1)HyKTagaHy TraHd UTMICOMATEHTIaMACHTY3UIICHH.
2

2 2
23. 2&.4-)L.+-E_
27 12 75

=1smmuncouaanarM(3,2,5)HyKkracuiarnypuHMaTeKUCITUTUTEHTJIAMACU Ty 3HIICHH.

2 2 2

24 Ax+By+Cz+ DZOTGKI/ICJ'II/IKHI/IHI‘X—Z + y—2 + 2_2 =1
a® b° ¢
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AIUTUTICOUATAYPUHUIINYIYH3apypUIBA€TapIUIIAPTTONUIICUH.

25. Ax+By+Cz+D= OTGKI/ICHI/IKHI/IHF— +y—2 +— —l

a’ b? ¢

AILTUICOMAOUIAHKECUTINIIINY Yy HKAaH JaIIIap THUHT OaXKapUIUI3apypBaeTapin?

N
N

26.

m|><
N

+
cr|~<
N N
o

SINIUIICONIHUHIMAPKASHAAHYHUHTYPUHMATCKUCIIUTUTaTYyITYPUIITaHIICPIICHAUKYJIapJia

PacOCIapUHUHTITEOMETPUKYPHUTOIUIICUH.

217,

QJ|><
N

+
cr|~<
N N
O|N
N

ammaniconHUHTAX+BY+Cz+D=0TekncamkOnmaHKe CUIITUTITIU3UFHHIHT MAPKA3U TOTIAIT

CHH.

28. =1 amunconHuHrM(Xy, Y1,

cr|~<
N N
O|N
N

X
— +
a

Z1)HYKTaIaTeHTUKKUTa0Y TMHAIMTaHBaTapIapUHIHTTEOMETPHKYPHUTOTIHIICHH.

2

29. % + 1—6 + ZT =1 aMIIconTHUHra(2,1,2)BeKTopramnapasuien,

BaTapJ'IapI/IHI/ITCHFI/IKKI/IFa6S”J'IYB‘II/II[I/IaMCTpaJ'ITeKI/ICJ'H/IFI/IHI/IHFTCHFHaMaCI/ITy3I/IJICI/IH .

30. X_Z + ;’_2 + z_2 =1 smuncouaHUHT P (Xo, Yo,
a

(@

Zo)HYKTalaHy TyBUMBaTapUypTAIAPUHUHITCOMETPUKYPHUAHUKIAHCHH.

31. =1

O|N
N N

+g_2+

m|><
N N

2020 2—p2
samuncouaonnanx +y +z°=R"chepaypruHMaTeKuCAMKIAPUHUHT KECU M IAHXOCUITKH
JIMHTaHAJUIMIICMAPKA3JIapUHUHITEOMETPUKY PHUAHUKIAHCHH.

5-keiic

s

32. YKJIapHKoopz[HHaTayKnapHranapannen — +
a’ c

amnunconaounanAxX+By+Cz+D=0TekncIMKHUHTKECUITUIITY U3UFUAHY TYBUMAIIIATICO

2

2 2
UATECHIJIaMacH % + ;’—2 + (Z:—Z =1+ A (Ax+By+Cz+D)kypunnina0by mummncO0TIIaHCHH.

XZ y2 22
33. ¥+_2+_2_1_ﬂ

(on
O

80



(Ax+By+Cz+D)=0TenriamabuiaHaHUKIaHAaHAJUTHIICOM IJIapMapKa3IapUHUHITEOMET]
UKYPHUTOMMICUH ( A — UXTUEPUHKUIMATIAPHUKAOYIKUIIAIHN).

2 2 2 2 2 2
34. I/IKKI/ITa;(—Z'Fy—Z"'Z—Z:l, x_2+t))/_2+z_2
a’ ¢ a

(]

=1(a>b)smunconakanaaian3nk0yitnadkecuram?

2 2 2
35. %+g—2+2—2=1, (a>b>c)

o

AITUTICOUIHNaMIaHanapOyinyakecuoy TaiuranxaMMaTeKUCIIUKIIAPTEHTIAMACUTY3UIIC

HH.
36 X_+y_+_:

I)J]JII/IHCOI/II[HI/IHI‘MapKaBI/IIIaH6apLIaHYKTaHapI/I,ZIaYHFaS’/TKaBI/IJII‘aHypI/IHMaTGKI/ICJIHKJIapFa

gyabynranmacodanapdraTeHroynaguraHHyKTaTapHHHTTeOMETPUKY PHUTOITHIICHH.

2 2 2

X z

37. 36-macamann ~— +J_+% =] AJUIANICOUTYYYHEUHHT .

25 16 9

2 2 2

x>yt 7% _

38. ; + b_2 + C_2 =1

(a>b>c)snmunconamonpaBuitkecuMaapuMapKasiapyuIaHTy3WITAaHHYKTaJIAPHUHTTEOME
TPUKYPHUTOIUIICUH.
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Tepmun

I'JIOCCAPUM

V36eK THInIArn mapxu

HNHrau3 Tuiamaara mapxu

AHAJIUTUK IreoMeTpus

UKKUHYY TaApTHOIU

HWKKHWHYHA TapTI/I6J'II/I YU3UKJIap Ba

CHUPTJIApHU YpranyBuu Qan

the subject which studies second
order lines and second order

surfaces

YUSUKHUHI MApKa3u

HKKHHYH Taanﬁ.}m

HMKKHMHYH TapTI/I6J'II/I YU3UKHUHT

CUMMETPHUS MapKasnu

symmetry center of the second

order line

YU3UKHUHT THAMETPHU

napaJuies BaTapiiap yprajiapuiaH

YTYBUH TYFPU YU3HK

The line which through centers of

parallel hords

KOHYC KeCumMJiap

KOHYCHU TEKUCIUK OMJIaH KEeCHUIII
HaTHXXacua XOCHI Oynran

HWKKWHYHA TapTH o YHU3UKIIap

Second order lines which are

intersection of the cone and plane

nugdepeHmuan

reoMeTpus

muddepeHIraIanyBYH
byHkuusiap épaamuaa
napaMeTpIIaHTaH YH3HKIap Ba

CHpTJIapHHU YpranyBuH (paHaup

the subject which studies curves

and surfaces, parametrized by
differentsiable functions

3JIEMEHTAp 3rPH YM3HK

OYMK WHTEPBAJTHUHT TOIOJIOTUK
(romeomop() akcIaHTHPUIIIATH

obpasu

The image of open segment
under topological (gomeomorf)

mapping

CO1a 3TPH YN3UK

y3ura TEruiuy xap Kanaau
HYKTaHUHT OupopTta atpodua
3JIEMEHTAap 3TPH YU3UK

Oynanurad OOFJIaHUIILIIN TYIUIaM

Connected set which is a
elementary curve in some

neighborhood of any point

Tomosgorus

reOMEeTPK OObEKTIIAPHUHT
TOIOJIOTUK XOCCAJIapUHU

ypranyBuu pasgup

the subject which studies
topological properties of

geometric objects

I'eope3uxk Yn3uK

cUpTIapa eBKIH]
reOMeTpHUsICHIATU TYFpU

YU3UKJIIAPHUHI aHAJIOTUAUDP

It is analog of strigth line of

Euclidean geometry

Tomosioruk xoccajap

reOMEeTpUK (pUTypaJapHUHT
romeomMop¢ aKcIaHTHpHUIILIA
CaKJIaHyBUHU XOCCAIapHIUD

Properties of geometric figures

which is preserved under

CHPTHHUHT KaJi0u (soul)

homeomorf mappings

CUPTHHUHT a0COIIIOT KaBapuK

KOMIIAKT KUCM TS'/HJ'IaMI/II[I/Ip

absolute convex compact subset

of a surface
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CHUPTHUHT HyHAJIMII

Oyiinya HOpMaJI ATPUJIMTH

Oepuiran iyHanumra napasuien
Ba CHPTHH THK KECYBUH
TEKHCIUK OMJIaH KECHII
épramua xocui Oynran

YU3UKHUHT STPUTTUTH

The curvature of a curve which is

normal section

nyaHKape runoTe3acu

KOMIIaKT yerapacus oup
OOFJIaHUIIIN Y4 YI4aMIIU CUPT
yu ymyamiiu cdepara

romeomophIup

simply connected compact three-
dimensional manifold without
boundary is homeomaorphic to the

three-dimensional sphere

I'.A.Ilepeaman

[lyankape runore3acuHu xai
kuinrad Cankt-IlerepOyprivk

MaTEMATUK

Mathematician from Saint
Petersburg who solved Puankare

hypothesis

I'pomou-Yurep

rumnorTe3acu

Xap KaHaai HoMaH(uii
STPUIIMKITH TYJIHK HOKOMITAKT
CHPT ¥3 KAJIOWHUHT HOpMaJ

KaTiamacura auddeomopdaup

complete non-compact surface of
negative curvature is
diffeomorphic to the normal

bundle of its soul
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