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|. Amrum nacryp
KHUPHUI

Jlactyp Y36exucton Pecry6mukacunnnr 2020 jiun 23 ceHTAOpaa TacaHKIAHTaH
“TabmuM TyFpucuna”’u Konynn, Y36exucron Pecny6rmmkacu Ipesunentuaunr 2017
fiun7 ¢eppanmarn “Y36exucTon PecryONMKACHHM SHAJAa PUBOKIAHTHPHIN OYyiinda
Xapakarmap ctpareruscu Tyrpucuna’tu [1D-4947-con, 2019 #mun 27 aBryctaaru
“Onuil  TapUM Myaccacajlapy pax0ap Ba IMenaror KaJpJapUHHUHT  Y3IyKCHU3
MaJlaKaCHHH OIIMPHII TU3UMUHU XKOpui dTui Tyrpucuna’tu [1P-5789-con,2019 iiun
8 okTs6pmarn “Y36exucToH PecmyOmukacu onuii TabiuM TH3uMuHE 2030 fmiraua
PUBOXJIAHTUPHUINT ~ KOHICHIMACUHU  Tacaukiam  Tyrpucuaa’ tulld-5847-conmu
dapMoHIIapu Xamza V36exucron Pecniy6nukacu Basupnap Maxkamacununr 2019 #iun
23 centssOpgaru “Onmii TabJIiUM Myaccacaliapu pax0ap Ba mefaror KaJapJIapuHUHT
MajaKacUHU OIIMPHUII TU3UMHUHHU SHAJA TAKOMWUIAINTUPUIL OYHUYa KYIIMM4Ya dopa-
Tanoupnap Tyrpucuaa’tu 797-connu Kapopnapuaa Genrunanran ycTyBop Baszudanap
Ma3MyHHUJIaH KeIuO YMKKaH XOJja Ty3wiraH OYynu0, y olMi TabiuM Myaccacallapu
nejaror KaJpJapuHUHT KacO MaxopaTd XaMJauHHOBAIMOH KOMIIETEHTIUTHHU
PUBOXIIAHTHPUII, C€OXara OWJ WIFOp XOPWXKUU Taxpubanap, SHIA OWIMM Ba
MaJlaKaJlapHU  Y3JAIITUPUIL, [IYHUHTASKAMAIUETra XOPHUM HSTUIN KYHUKMaJlapUHU
TaKOMWJUTAIITUPUIITHU MaKcaJ KAJIau.

Maskyp gacTyp 3aMOHaBUM Tajabiap Ba pUBOXKJIAHTAH XOPWKUM TaBiIaTIapHUHT
OJIUW TabJIUM COXACHJA IPUINTaH IOTYKJIAp Xamjaa OPTTUPUITaH Takpubanap acocuia
«Maremarnka» KaWta Tal€piiall Ba Majaka OIIMPHUII WYHAIUIIM YYyH Tal€piiaHraH
HAMyHaBUU YKyB pexka XamjJa JacTyp Ma3MyHHUJAH Keaud 4YMKKaH XO0Jia TY3HWJIraH
Oynub, y Kadrta Tal€piam Ba Majaka OIIMPUIN >KapaéHJIApUHUHT Ma3MyHHHH
TaKOMWUIAIITHPUILL XaMJa OJIMM TablIMM Myaccacalapu IMeaaror KaJapJIapuHUHT
KacOMil KOMIIETCHTJIMTMHU MyHTa3aM OIIMPUO OOpHIIa XU3MaT KUJIaIu.

MoayaHuHr Mmakcaau BaBasudanapu
“3amoHaBuM reomMerpusi”’ MOAYJHMHHHI MAKCAJAU: IIEIAaror KaJapJIapHU
WHHOBAllMOH EHAOUIYBJIAp acOCHAA YKYyB-TapOMSBUW »Kapa€HIApHU FOKCAK WIMUI-
METOJUK Japaxaja JOMMXANAaIUTHUPHUII, COXaJard WIFOp TaxkpubOanap, 3aMOHABHA
OUJIMM Ba MaJlakaJlapHU V3JAIITUPHUIN Ba aMalnuérra »KOpHUil 3TUILIApU YUyH 3apyp
Oynamuran KacOuil OwiMM, KYHMKMa Ba MajlakaJapuHU TaKOMUJUIAIITHPUII,
IIYHUHTIEK YJIAPHUHT WKOIUH (PAOUIMIMHU PUBOKIAHTUPHUIIIAH HOOpAT.

“JamoHaBuid reoMeTpus” MOAYJMHUHT Basudanapura Kylnaaruiap Kupajau:

- “Marematuka” MyHanuImmMaa Negaror KaapiapHUHT KacOud OWIIMM, KYHHKMA,
MajakajJapyuHU TAKOMWLIALITUPHIL Ba PUBOKJIAHTUPHILL,

-TeJarOrJIApHUHT MXKOAUM-NHHOBAIIMOH (Da0JITUK JapaKaCUHU OIIHPHILL

-MYTaxacCUCINK (aHIapUHU YKUTUII KapaCHWra 3aMOHABUN  axOopoT-
KOMMYHHUKAIIHS TEXHOJOTUSTIAPY Ba XOPMXKUNA TUIUIAPHHU caMapalid TaTOUK STHINLIINHU
TabMMHJIALLI,

- MyTaxacCHCIUK (aHIapu COXacCUAard YKUTHIIIHUHT WHHOBAIMOH TEXHOJOTHSIIAPH
Ba WIFOP XOPWXUM TaxkprOamapuHu Y3IalITUPHILL,

4



“Maremarrka’ WYHAIUIINAA KalWTa Tal€piall Ba Majaka OIIUPHUII kapa¢HiapuHu paH
Ba UIUIA0 YMKApUIIAArd HMHHOBAIMSUIap OWIIaH ¥3apo MHTErpalusICUHN TabMUHIIALI.

Mopayn sKyHHA2 THHIJIOBYMJIAPHUHT OMJIMM, KYHHKMA Ba MaJIaKaJIapu
XaM/J1a KOMIIeTCHUMsIJIapUra Kyiujaiajurad rajaoJaap:

Maremaruka annapu OVilmda THHIJIOBYWIAp KyWUJard sHTU OWIIMM, KYHUKMA,
Majiaka Xamjia KOMIIeTeHIMsIapra ara OyIuiuiapy tanad STUnaau:

TunriaoB4yu:

- HMHTETPaJI Ba YI4OB TYIIyHYAIAPHUHH;

- TEOMETPUSIHMHT YM3MKIN (a30 Ba YM3HUKIN aKCIaHTUpHUILIap €pramuia OaéH
STWINIIN, BEKTOP ajnredpacuad (ol janaHnuIHy;

- MaTeMaTHK MacajlaJJapHHd MaTeMaTUK THU3UMIapJa €YUIIHM Ba CTAaHIAPT
byHKUMsIIapAad QongaiaHuIIHY;

- MAaTeMaTHKaHW YKUTHILIJA YHUHT TaTOWKJIapu OWjaH TYUIYHTUPHUIIHH, XaETH
Ba coxara OMJl MUCOJUIapHH;

- MaTeMaTHK (aHIapHU YKUTULIIHUHT 3aMOHAaBUH YCYJUIApUHU Ouauuiu Kepax.

Tunriaouu:

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

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

- MaremMaTuk (QannapHu VKUTHIIAA WHHOBAIMOH TabJIUM METOJJIapu Ba
BOCHUTAJIAPUHU aMaJMETIa KyJUlall;

- TajabaHWHT Y3JAIITUPUIN Japa’kaCMHU Ha30paT KWIWII Ba OaXOJalTHUHT
Hazapui acociapy xamjia WHHOBAIMOH EHAAIIYB YCIYyOJIapUHU TYFPU KYJUIail OJUII
KYHUKmanapuza >ra OyaIuInm J03UM.

Tunraouu:

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

- TEOMETPUSHUHT YM3UKIW (Da30 Ba YMBHMKJIM aKCIaAHTUpHUILIAp Epaamuna OacH
STUJIMILN, BEKTOp anredpacuaan GponaaiaHul;

- MAaTEeMaTUKAaHU YKUATUII WHHOBALUMOH JKAPAEHWUHU JIOMUXAJIAIITUPHUIL Ba
TAIIKWJUTAIITUPUIITHUHT 3aMOHABUH yCYJUIApUHU KYJIJIAll Manakanapuza 3ra OYauim
JIO3UM.

THHIJIOBYM:

- MareMartukaHu VKuTHiga doimgananuiaauran 3amoHaBuii (matlab, mathcad,
maple, GeoGebra Ba Oormkanap) MaTeMaTHK MAaKETIAPUHU YKYB jKapaéHWUTa TaTOWK
STHIII;

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

- MaTEMAaTUKaHU TYPJIM coxajapra TaTOMK ATHIII;

- OJIUH TabJIUM TU3UMUJIA MaTeMaTHK (GaHIap Ma3MYHUHUHT Y3BUMIIUTY Ba

Y3JIYKCU3JIIMTHHUTAXJINII KWJia OJIUII KOMIIETCHIUAJIAPUTa Ora 6§7J'II/IH_II/I JIO3HUM.



Moay/JTHUHT 0JIMH TABJIUMIATH 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 I0TyKJIap Ba MCTUKOOJUIap oJiuid YKYB I0pTiIapuaaru
TabJIUM KapaEHUHUHT Ma3MyHUHU OOMUTHINTA XU3MAT KUJIA]IH.

“3amMoHaBHUi reoMeTpusi” MOAYJTHHUHT cOATIap OYHNYA TAKCHMMOTH

THHITIOBYHMHHUHI YKYB
IOKJIAMACH, COAT
Ayauropus YKyB =
HKJIAMACH E
Ne MoayJl MaB3yJapH § Kym1ajaH =
= = = = S g
Z = = = 3 =
o 5 ] S 2| =
< s 2 ,;
= | < §| =
1. | Yusukau daso. 4 4 2 2
2. | EBximmn dazocu. 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
Kynxumnuk reomerpusicu.
Kamnu: 20 | 20 8 12 0

HA3APUHN MAIIFYJIOT MATEPUAJLJIAPH

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

N

Addun KoopauHaTaTap CUCTEMACH.
3. AdduH anmamTupunUIap Ba TEKUCIUKIApU. buun3ukim gopma.

2-Mas3y:EBxana ¢a3zocu.
1. EBxinp a3ocua YM3uK Ba CUPTIIAP.
2. Cupt nuddepeHiuan reoMeTpHsICH.
3. Cupt nuku reometpusici. CUPT TallIKU T€OMETPHSICH.
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3-Magsy: IlceBnoeBriua ¢a3o.
1. Cdepux da3o.
2. PumaH reoMeTpuscH.

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

AMAJIMA MAIIFYJIOT.JIAP

1-Amaunii mamryaor.HYuzuknm §aso.
2-Amanuii mamryaoT. EBkiun dazocw.
3-Amanuii Mmamryaot. [IceBnoeBkiun daso.
4-Amanuii MamryaoT. ['unep6onuk ¢aso.

S-Amanuii MamFyaoT.MkkuHun taptubnu cupmiap. MKkuHYM TapTHOIU CUPT

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

TE€OMETPUSCH.
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56. https://online-learning.harvard.edu/catalog?keywords=mathematics-
&op=Search

57. https://www.msu.ru/en/projects/proekt-vernadskiy/news/math-teachers-
advanced-training.html

58.https://english.spbu.ru/education/graduate/master-in-english/90-program-

master/2455-advanced-mathematics
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I1.MOJAYJHU VKUTULIJIA ®OMIAJTAHUIAJIUTAH UHTEP®AOJI TABJIUM
METO/JIAPU

I[aBpa CTOJIMHUHI TY3UJIMaCH.

Esma maBpa cyx6aTuia cTon-cTysulap aiilaHa MakiIua )KOMIaTHpUIMo, Xap 61up
TaBJIMM OJYBUMra KOHBEPT KOFO3u Oepmianu. Xap OUp TabJIUM OJYBYHM KOHBEPT
yCTHTa MabIyM OWp MaB3y Oyiimua ¥3 caBoiauHU Oepaau Ba “XKaBoO Bapakacu HUHT
Ooupwura ¥3 kaBoOMHM €310, KOHBEpT Wuura conud kysau. [lyHaaH cyHT KOHBEpPTHU
coar HyHanumuu OYyilMya €HuAaru TabiauM odyBudra y3araau. KoHBepTHH onrad
TabJIMM OJYBYH ¥3 )kaBoOMHU ‘“YKaBoOsap Bapakacu HHUHI Oupura €310, KOHBEPT UUUTra
conub Kysau Ba E€HUAArd TabiIuM OJyBUMra ysaraau. bapya koHBepTiap aiiiaHa
Oyitnad xapakariaHaau. AkyHuil kucmaa Oapya KOHBEPTJIap WUFUO OJIMHUO, TaXJIUJ

kunrHaau. Kyiuaa “JlaBpa cyx0aTtu” METOAMHUHT Ty3UJIMACH KEITUPHUITaH

Cyx0aTHM yTKa3uII LIAPTJIApH OMJIaH

TAHUIITHUPUII
|

I

Kongeptaap Ba “/KaBooaap

BapaKaJapu”’HU TAPKATHII
|

'

Konsepriapra casoJjuiap €3

l

KonBepTHH éHUaarH YKyBYMIa y3aTHII

'

CapoJiapra xaBo0 €3uiu

l

BaxoJsan Ba TaXJ1MJ1 KHJIUII

12



“JlaBpa cyx0aTn” MeTOAMHUHT a()3a/UTUKJIAPH:

e YTWIraH MaTEPUATIMHUHT SXIIK dCa KoUIura paam oepaiu;

e (Oapua TabJIUM OJyBUMJIAP UIITHPOK ITATUIAP;

e Xap OWp TaBJINM OJTYBYH Y3MHHHT 0aXOJAHUIIN MAChYIUATHHU XHUC ITAIIH;

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

«Keiic-cTagm» - uHrm3ua cy3 6ynmo, («case» — aHUK Ba3usT, Xoauca, «stadi» —
YpranMoK, TaxJIlJI KWIMOK) aHUK Ba3uATIApPHU YpraHWIl, TaxJIWi KWJIHMII acocuja
VKATUIITHU aMajra OIIMPHUINTa KapaTWiraH MeToJa XucoOnaHaau. Maskyp MeToj
nactiad 1921 iun [apBapn yHHBEpcUTETHIA aMalvuid BasUsATIapJaH UKTUCOIUI
OomikapyB (daniapunu Yypranuijga doiiganaHumn taptubuaa kysuianwirad. Kelicna
OuMK axOopoTiapaaH €KM aHWUK BOKEa-XOAMCAJaH Ba3usAT cudatuia TaxJIwi y4dyH
¢doitnanannm MmymkuH. Kelic xapakaTiapu y3 uuumra KydugarwjiapHud Kampad onaau:
Kum (Who), Kauon (When), Kaepaa (Where), Huma yuyn (Why), Kannait/ Kanaka
(How), Huma-natmxa (What).

“Keilic MeTOAH” HH aMAaJIra OIMPUII OOCKHUWIAPH.

N DaoausiT MAKJIH
00CKHMYJIapH BAa Ma3MYHH
v’ dKKa TapTHOJaru ayauo-BU3yal MIIL
v’ Kelic OMIaH TaHUIIUII(MATHIIA, ayIH0 €KW Meana

1-6ockuu: Keiic Ba yHHHT ax00pOT IaKJza);
TAbMUHOTH OUJIaH TAHUIITHPHUII axOOpOTHH YMYMJIAIITHPHIIL;
ax00opoT Tax IuIIN;
MyaMMOJIApHU aHUKJIaIl
WHIUBUAYAT Ba TYpyXJda HIIUTAII;
2-6ockmny: KelicHr aHUKITAIITUPUTIT MyaMMOJIapHU J0n3apOIuK UEePAPXUSICUHU
Ba YKyB TOINIIUPUFHU OCITHJIAI aHMKJIAII,
acoCHii MyaMMOJIH Ba3USITHU Oeruiani
WHIUBUAYaN Ba TypyXJa UIILTAIL;
MYaMMOHH TaXJIWJI STHIII OPKAITA MYKOOMJI €M HYJUTApUHU UILIa0 YHKHUII,
YKYB TONIIUPUFUHUHT €UUMUHU Xap Oup eYUNMHUHT UMKOHUSATIAPU Ba TYCUKIAPHU
W3JIaI, XaJl dTHII WYIUTapUHU UII1a0 TaxJIMJ KWJIHIIL,

AN B NN

3-0ocknu: Keiicnaru acocuii

AN BN

YHKHIIT v MyKOOHII e4UMITAPHH TAHJIAII
v/ sKKa Ba TypyxJia WIILIAL;
4-Gockmu: Kefic eanmmmn v\ MyKOOWI  BapHaHTIApPHH  aMaija  KyJuUlarl
IIAKJUTAHTHPHUII Ba aCOCIAIII, VIMKOHVATIIAPUHI acocart, o
TAKIHMOT. v WOKOIHI-TTOHHXa TAKIMMOTHHN TaiEpiant; )
v\ AKYHHW Xyjoca Ba Ba3sHAT €YMMHHHMHT AMAJIHiA

ACIEKTJIAPUHU EPUTHIL
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“AccecMeHT” MeTO/IM.

MeToaAHMHI MAaKcaau: Ma3Kyp METOJ TabJIuM OJYyBYMJIADHUHT OWIUM
JapakacMHM  0axojiall, Ha30paT KWIMIL, Y3JallTHPUII KYpcaTKU4Yd Ba aMaiui
KYHUKMQJIADVHHA TEKIIMPUINTa HyHANTUPWIraH. MasKkyp TEXHHKa OpPKaJIM TabiIuM
OJIYBUWJIAPHUHT OWHUII (HaonusITH Typiu HyHanmunuiap (TeCT, amMalui KYHUKMaap,
MyaMMOJIM Ba3uATIap MAallKW, KUECUWM TaxjIwi, CUMIOTOMJIApPHM aHUKJall) Oyinua
TaIIXUC KWIMHAIA Ba 0aX0JIaHaIH.

MeToaHu amMajIra OIIMpPHIN TAPTUOM:

“AccecMeHT NapiaH  Mabpy3a  MalIFyJoTJiapuia  TajabajdapHUHT  €KU
KATHAIYWIAPHUHT MaBXyJl OWINM Japa)KaCUHU YpraHulljia, SHTH MablyMOTIApHU
0aH KWIMIIga, CEMUHAp, aMalldid MaIIFyJoTiap/a 3ca MaB3y €KH MabIyMOTJIapHU
V3MalTUPUII  AapakacuHU OaxoJjail, IIyHUHTACK, Y3-Y3MHU Oaxojaml Makcaauaa
WHIUBUIYyal Mmakiaa doinananum TtaBcus dtunaau. IyHuUHTHEK, YKUTYBUYUHUHT
WOKOAUM €HIANTYBY XaM/la YKyB MakcaJjapuaaH Keaud 4uKuO, acCeCMEHTra KyluMua

TONIIUPHUKIIAPHA KUPUTHUII MyMKHH.
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I11. HASAPUH MAIIFYJIOT MATEPUAJLITAPH

1-MAB3Y:YU3UKJIN ®A30

PEKA:
1. Yuzuknu ¢azo ymuamu. Abpun ¢azo.
2. AduH KoOpAMHATaNAp CUCTEMACH.
3. AduH anMamTHpHUIUIAP Ba TEKUCIUKIApU. buunsukmu gpopma.

Taanu uéopanap:Huzuxnu ¢aszo, ynuamu,agun ¢ghazo, agun xoopounamanap cucmemacu,
agun armaumupuwinap 6a MeKUCIUKIapu, Ouvu3uKIu ghopma.
Yusuxau ¢azo yruamu. A¢un ¢aso.
Ky xonnapnaa mrynnai o6extiaap OuiiaH Uil KYypuUITra TYFpU KeJIaJauKu, OyHIa yaapHU
KYIIHII Ba OMPOp COHTa KYTMaWTUPHIN aMaJJIApUHU OaskapuIll J03uM OYin0 Koaau. bup Heya MuCom
KEITUPaMU3.
I'eomerpusina OyHpail oObekTiap yd Yauamium ¢a3oljard BeKTopiap, SbHU
HYHamUIUIM KecManapAaup. Arap HyHaIMIIUIM UKKY KECMaHU Napajuies Ky4upuil Wy OunaH ycrMa-
YCT TYHIUPHII MYMKHH OViica, ynap aiiHu OMp BEKTOpHM aHMKIaau ned xucooOmananu. [IyHWUHT
yuyH Oy KecMaJapHUHI XaMMacHMHM OMp HyKTajaH Oouuiad uyukapuml Kyiail. By Hykranu Ous
KoopauHaTanap Oomu 1e0 araitmMu3. MabIyMKu, BEKTOPJIApHH KYIIUII aMald KyWuJaruadajaup: x Ba
V BEKTOpJIAPHUHI HUFUHIUCH 1e0, TOMOHJIapH X Ba y OYiraH napajjieIorpaMMHHUHT JHOTOHAIH
xuco0naHaau. BekTopHU cOHra KynmauTUpHIL aMalld XaM MabJIyM yCyJl OMIaHKUPUTUIIAIH.

1. AnreGpana ou3 n Ta COHJIaH nbopat x=~£1e1 +&4e2 +...+&nen

KYpUHUILJArd cUCTeMajap (MacallaH: MaTpULIAHUHT Hyiapu, yu3ukin ¢opma kodhuimeHTiapu,

TYymJiaMu Ba X.K.) OWjlaH Wil Kypuiira TYFpu Keianud. byHpail cucremanapHu KymIMII Ba COHra
KYMaUTHPHII aMaJulapy oJaTaa Kydiuaarndakupurmwiaan: X=(&1,£2,...,4n) Ba Y=(71,72 . 7In
) cucremamap #WwruHAMCH nae0, X +Y = (& +m1 & +m2 ,...éy +7p ) cucremara
atinamn.X=(&1,£2,...,&pn) cucrema OwminaH ACOHHHHT KymaiitmMacu ne0, A X = (A8 , A& ... A&, )

cucremara aWTwiagu. AHanu3ga — QYHKIMSJIApHUM — KYIIMII — Ba YJIAapHM COHTa  KymaTHpuIn
amMayyiapu TYFpucuaa T Tabpud Oepwinaau.  AHMKIUK ~ y9yH  OyHIAH  CYHT [a,b]
CerMEeHTIa0epHuiIral XaMMma y31yKcu3 (QYHKUUIAPTYIUIAMUHN TEKLIIMpPaMU3.

Kentupunran mmcoiiapia KYIIUII Ba COHra KyNMaWTHPUIITaH MOOpaT XyIau Oup Xui
amaJuiap MyTJIaKo Xap Xui oObeKTiIap yctuaa O6axapuiaan. byHaail MUCOIIIapHUHT XaMMacuHu OUp

HYKTau Hazap OWJIaH YpPraHWI y9yH, Ou3 YM3UKIH, SbHU apuH (a3o TynryH4aCUHU KUPUTAMMU3.
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1l-tabpud. Arap Kyimmaru mapmiap Oaxapwica, X,V,Z,... dJAEMEHTIaApHUHT V Tyriamu
ym3uKM (adun) daszo gerinnanu:

a) Xap MKKMA X Ba y 3JEMEHTIapra X Ba ) DJIEMEHTIAp WUFUHAWCH Je0 aramaaurasd Z
AJIEMEHT MOC KWJIMO KYHUJITaH; X Ba ) dJIEMEHTJIADHUHT WHFUHIMCH X+y OUJIaH OeNTuiIaHa;,

0) Oupop MaWIOHHUHT Xap OWUp X DJIEMEHTH Ba Xap OWp ACOH OWJIaH X DJEMEHT
KymmaiTMacu 1e0 aTanral A x 3JIeMEHT MOC KWIHO KYWHIITaH.

by amammap kyduparn TanmaGiapHU (aKCHOMaJapHW) KAHOATIAHTHUPHIIU —KEpak.
1%x+y=y+x (kommyratupmuk), 2°.(x+y)+z=x+(y+z)(accommarupink), 3°.Xap KaHmaii X ydyH

mryHaai 0 ameMeHT MaBxkyaku, Xx+0=x Oynaau. 0 3IEMEHT HOJIb SJIEMEHT JACHIIIAIHN.

0
4 Xap kaHmailx yayH —x Oujad OenruiaHaJuraH HIYHAAQW ASJIEMEHT MaBXKYIKH,

x+(-x)=0 Oynamu.
19 1xx=x,
2° a(fX) =af(X).
30 (atPx =ax +p,
40 oX +y) =ax +ox.
bu3 kymmm xamjpa coHra KymaWTUpuIl aMaJlslapuHM KaHJal TabpUQUIaHUIIN XaKuaa
randpMaraHuMus 6exus smac. bus Oy amamumapHu ¢akaT 1oKopHJa TabpudIIaHraH akcuomanapra
OyiicyHunurapuan Tanad Kwmamu3 xojoc. UIyHWHT ydyHXap KauoH IOKOpWAA Kaila KWJIMHTaH
[IapTIApPHU KAaHOATJIAHTHPYBYHM aMalliap OWJIaH WII Kypap SKaHMU3, OU3 yJIapHH KYIIUII Ba COHTa
KynaTupuin amannapu e, s1eMeHTIapy 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 OIIMaiiWraH Ba ojaTAardya KYIIMII Ba OMpOp COHra
KynaiTupuin amaiiapu OaskapuiaJural Xamma Kynxazjiap TYIUIaMH YM3UKIH (a3o XOCuil
KHJIa Tu.

Enrus n-mapaxkany Kynxamiap TYIUIAMH 9M3HKIM (a30 TamIKWI KWIMAHI{, YyHKH N-
Aapakald UKKH KYTXaa AHFUHINCH N 1aH MacTpOK OYIINO YMKHIIM XaM MYMKHH; MacaiaH, (t "+t) +
(—t"+t) =2t.

Uusukau (azo sneMeHTIapuHu Ou3 gekmopnap ne6 ataiimu3. By cy3HUHT kynuHYa TOp
MabHOAA (1-Muconmaru kabu) UNUIATUINNA OW3HU YAIFUTMACIUTH Kepak. by um3uk Omian OOFIUK
OynraH reoMeTpHK TacaBBypJjap Oup KaHYa HATWXKaJapHU ONAMHIAIITHPHINTA, 0ab3W XoJiapaa
aca Oy HaTWKaJapHH OJJIMHJAH Kypa Owmmmra épaam Oepaiu.

Arap umukiu ¢azo Tabpuduaa KaTHamaéTraH —A,4,... COHIAp XaKukui Oyica, y

16



xonga Gazo xaxuxui uuzukau gazo NeHUIANN.
bus A, 4,... napan UXTUEPUI F MaiI0H JJNIeMEHTIapu J1e0 YMYMHIPOK
dapa3 stummMu3z MymkuH. By xonma V dazo F maiidoonoaeu yusuxiu ¢azo nevimnamu. Kyiinnga
0aéH STUIAIUTaH TYIIyYHYa Ba TEOPEMAJIAPHUHT KYMUWINTH UXTUEPUNA MaNJIOHIArW UYW3UKIIH
(hazaap yuyH xam OeBocHUTa TYFpHU OYJaau.
2. ApuH koopamHaATAJIAP CHCTEMACH.
ByHnan KeWMH BEKTOpPIAPHMHI YW3UKIM OOFJIMKINIM Ba YH3UKIM ODPKIWIATH JeTaH
TyLIyHYaJap MyXUM axaMusTra sra Oynaau.
2-tabpud. V—un3uknu ¢azo OynacuH. Arap kamuga OuTTacu HONJIAH (GapK KUIaIuraH o,
B.%...,0 cornap maBxyn 0ymu0, ax+py+yz+..+=0 (1) tenrmuk ypunau Oyica, Oy xoiaa
X,Y,Z,...,V BEKTOpJIap YN3UKIU OOFJIMK BEKTOpIap ACHUIaIN.

Uusukyii OOFJIMK OyJIMaraH BEKTOpJap YW3WKIM JSPKIU BEKTOpiap nevmianu. borikada
Kuiaub aitranga, oX +fy +y7Z + ... +& = 0 teHnuk o=f=y=..=6=0 Oyaran xoiagaruHa YpuUHIU
oyica, x,),z,...,v BEKTOpJIAp YU3UKIM 3PKIH BEKTOpJAp NEHHIAAH. X,),Z, ...,V BEKTOpJIAD YHU3HKIU
O0ornuk, spHU ynap (1) myHocabar OunaH OofiaHraH OYJICHMH Ba yHAAru Kod(QQUIMeHTIapIaH

KaMuja OUTTacH, MacaiaH, o HoyimaH dapkiu ae6 dapas kunaimuk. by xonma oX =—py —yZ — ... —&v

0
O0ynamu. bynu sunu o ra 6yiau6 Ba ned dhapas Kuimo, —'Q:/l, a —Z:,u,...,—_:g Q @ TEHTJIUKHU

XOCHUJT KWIaMu3. X=Ay+uz+..4+¢v Arap x BeKTOp Y,Z,...,V BEKTOpJap OpKaiu (2) KYpUHHUILJATU
TEHINMK OwnaH udoja s3Tuica, y Xonna Ou3 x BEKTOp VY,Z,...,V BEKTOPJIAPHUHT YHU3HKIH
KOMOMHanusicu 1ed aTaitMus.

Hlynaaii kunb, arap X,Y,Z,...,V BEKTOpJIap YM3HUKIU OOFNIUK OYiica, y Xoj/a yiapJiaH KaMuaa
OuTTacH KOJITAHJApPUHUHI YU3UKIM KoMOMHanuscuiaH uoopar Oynaau. TeckapucuHH, SBHU
OUTTacH KOJITAaHJIAPUHUHT YU3UKIM KOMOMHAIMACHIaH HOopaT OYIraHBeKTOpiiap YM3UKIN OOFIMK
BEKTOpJIap OYIUIIMHUHT XaM TYFPUIMTHHU KYpCaTUILl MyMKHH.

Ouau (Ha3oHUHT Ynyamiap COHU (YI4aMIUry) TYIIYHYaCHUHU KUPUTHILTA YTaMu3.

Tyfpu un3ukaaru BeKTopiap TymiaMmuaa Xap KaiJail MKKUTa BEKTOp IMPONOPLUOHAN, ITbHU
YU3UKIU OOFIUKAND. TeKUCInKIa UKKUTA YU3UKIIM SPKJIM BEKTOPHU TOMHUII MYMKHH, aMMO YHJIar
Xap KaHJai yuTa BEKTOp YM3UKIH OOFIUKINP.

Arap V — yu ynmuamin (azomaru BekTopiap Tymiamu 0yica, y xonaa V aa yura YM3HMKIN
SPKJIM BEKTOPHU TOMHWII MYMKHH, aMMO OyHJaru xap KaHJail TYpTTa BEKTOp UYM3HKIN OOFIIUK
oymaau.

bu3 kypamusku, TYFpu YM3WK, TEKUCIMK Ba yd4 Yyimdamid (a3ofard YWU3HKIN SPKIN
BEKTOPJIAPHUHT MAaKCUMaJl COHU T€OMETPUSAATH TYFPU YU3UK, TEKUCIHK Xam/1a (pa3oHUHT YIuaMH

conura Tyrpu kenaau. lIIlyHUHT ydayH Kyiingaru yMmyMuil TabpudHu Kadys KWIMIIUMU3 TaOHUH.
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3-tabpud. Arap V unsuxim ¢azoza n Ta YU3UKIU IPKIH BEKTOpP MaBxXyna OYynub, OyHIaH

OPTHK YM3UKJIW 3PKJIM BekTopiap Oyimaca, V ¢da3zo n ymuamnm dazo aerimmanu Ba dim V ned

oenrmnanagn. Arap V ¢aszona 4eKcH3 KYI YM3MKIU SPKJIM BEKTOpJIAp TOMHUII MyMKHMH O¥yica, y

xonaa V dazo uexcus ynuamau Ga3o nernnaau.

Kypcaa (hakat yekiau yiryamiau ¢aszonap OuiaH mIyryJuiaHaMu3.

Yekcuz yauamin (asonap MaTeMaTHUKaHUHT Maxcyc Oynumiapuiaa tekmupuinanu. busz 0y

Tectiap
Ne TecT TONIUPUFU Tyrpu Myxkooua | Mykooua Myko6ua Mag3y
7KaBo0 7KaB00 JKaBo0 JKaBo0
1. n ymaammm V Ga3oHUHT ............. N Ta YU3UKIIA n ta N Ta YU3UKIA YU3UKIIA 1-maB3y
Tymamu V HUHT 6a3ucu e SPKIH BEKTOpJIapH | BEKTOPIApH SPKIH
aTanajy. BEKTOpJIapu BEKTOpJapH
Hyxkranap YypHUHM TYIIUpUHT
2. | x,y,z,... aneMeHTIapHuHT V 2 3 1 4 1-maB3y
Tymiamu yn3uKM (addun) dhaszo
OYIUIIM y4yH HedTa miaptT
OaxapuiIMIIU Kepak?
3. | Ymsuxiau $a3o sneMeHTIapUHU BEKTOpJIap COHJIap TEHTIaMaiap WIU3Map 1-maB3y
HUMa 1e0b atamamn?
4. | Yusuknmu pa3oHUHT xapoup STOHA Yekens Kym Wxkn A 1-maB3y
JJIEMEHTH 6a3nc opKanm........ paBuIIIa KYpUHHIIIA KYpUHHIIIA
YM3HKIH
ndoaaNaHUIINHAKYPCATHHT .
Hyxkranap YypHUHM TYIIupHUHT
5. | Umsuku O0oFIuK OyiIMaran YU3HKIIA IPKITN YU3UKIIN YU3UKCH3 1-maB3y
BEKTOpJIap HUMa 1e0 atanagn? SPKIH BEKTOpIIap BEKTOpJIAp SPKIH
BEKTOpJIap BEKTOpJIap
6. | basuc y3rapranna y3rapanu y3rapmaiau | JOMMUIUITUH 6asmuc
BEKTOPHMHI KOOPAMHATAIIAPU U cakiaiau y3rapmaiiiu 1-maB3y
7. | Yu ymuamnu dazona 6a3uc Kanman TEKUCITUK]A bup TEKUCITUK/A Xap KaHjai 1-maB3y
XOCHJI KWIMHAAn? éTmaraH xap TEKUCIUKIA | €TMaraH xap y4Ta BEKTOp
KaHaail yura €rraH xap KaHaai
BEKTOD KaHjai yura UKKATA
BEKTOD BEKTOP
8. | Arap V da3ona uekcus kyn Yexcns Yexin Vuamra sra da3o 1-maB3y
YU3UKJIU SPKIIM BEKTOPIIap TOMMII Vauamiu Vimuamnu OynMaraH OynMaiian
MyMKHH 0¥11ca, y xonna V ¢azo
..................... (hazo neitmnany.
Hyxkranap YpHUHU TYIIUpUHT
9. | x Bay BEKTOpJIApHU KYIINIIAA yJIapHUHT BupnHun yJIapHUHT xBay 1-maB3y
KOOp/JMHaTa KOOpJMHATa | KOOPJIWHATAJ | BEKTOPJIAPHU
Japu J1apu apu KYLIMII aMaJId
KY1Iuaaau. Kyumumnany, y3rapMaiin | aHUKJIaHMaraH
KOJITaH
KOOp/AnHATa
nmapu
y3rapuiicus
KoJIaJin
10. | x BexTOopHHM [ /coHTa YHHHT YHUHT YHHHT YHHHT 1-maB3y
KynanuTupuiga KOOpJMHATaja | KOOpAWHATa | KOOpAWHATAN | KOOpJIMHATAaja
pH 11y COHTa napu 0 apu 6up pH 11y COHTa
Kynatupuna | Kynatupun coHura KynauTUpuiIM
JU. anu. Kynaitupuna anau.
JIH.




Hlakaan Oup OMpUra SKUH CaBOJI-KaBo0JIap:

CaBoJI JKaBO0O

Arap V um3ukig Ga3oga n Ta YU3UKIN IPKIN BEKTOP V ¢azo n ymaamin hazo neitunann
MaBxKyJ 0ynn0, OyHIaH OPTUK YM3HUKIIH SPKIM BEKTOPIIAp
oynmaca, V ¢a3o kanaail gazo ae6 aranagu?
V dazo n yruamu kaHnai oenarunanaan’? dimV
Arap V ¢a3ona gekcu3 Ky YH3UKIN SPKINA BEKTOpIIap V dazo uexcuz ynuamau paszo neimnaam.
TOTIMIII MyMKHH Oyica, y xomnma V ¢a3o KaHmai ¢azo
ne6 aTtamagn?
Umsukn ¢as3o aeMeHTIapHHA HIMa 1e0 aTamam? BEKTOpIIap

Ennk Tectiap

Casoua Kasod
Yu ymuamim dasoma  6azuc KaHAAW XOCHI KUJIHMHAAN? bup Texucnukna érmaraH xap KaHiai yura BEKTOp
Japaxacu HaTypaj N COHAaH OUIMaluraH Ba oJjaTjaruda YH3UKIH (Ha30 XOCUIT KHJIaIu

KYIIWII Ba OUpOp COHra KYMAWTHPHII aMaiIapu
OaxapuiIaguraH XxaMMa Kynxaaiap TYIUIAMH HAMa XOCHIT
Kunagu?

N ymaamin V Ga3oHUHT N Ta YU3UKIH 3PKIN BEKTOPIIapH V HUHT 0a3MCHHY XOCHUI KWIAAN

TYIUIaMHA HUMa XOCHJI Kuiaau?
Arap V ¢a3oa 4eKCH3 KYIT YU3HUKIH IPKIIA BEKTOPJIap Yekcns ymuamin (Ha3o XOCHIT KHIHHAIH
TONUII MyMKHH O¥Jica, y Xoua KaHnai ¢pa3o xocui

KAJIMHAIu?

Ha3sopar caBosiapu:

[Mapannen TyFpu yu3uKiIap Oornamu 1e0 HMMara aTanaau ?
Yusukiau Gpa3o TabpuPUHA alUTHHT.

Yusuku ¢pazora MUCOIUIIAP KENTHPUHT

Tyrpu umsuknap Oornamu ne® HUMara aTanaau ?

PoNbE

DoiigajiaHWITaH agaduéTaap:

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.AnexcangpoB A./l., Heuseraes H.1O. I'eometpust, M.: Hayka, 1990. — 672peretti, Advanced
Mathematics for Applications, Cambridge University Press, 2011.
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2-MAB3Y: EBKJ/IN/] ®A30CH.

PEZKA:
1. EBximp da3zocuma 9u3uK Ba CUPTIAP.
2. Cupt nuddepeHiman reOMeTpUsICH.
3. Cupt nuku reomerpusicd. CHPT TaIIKK TEOMETPHUSICH.

Tasnu néopanap: Esxing gpazocu,OpToronan Ba OpTOHOPMAaN CUCTEMAAP.
E-xakukuii connap ycruaa Bektop ¢azo 6ynubd, yHaa Kangaiaup KoHyH €ku Kouaa Oyiinda V
2 BEeKTOPHUHT CKaJsp KYMaWTUpuUIl 1e6 atamyBuu (X,)) COH aHUKJIaHTaH 0yiuob, 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, (AXY)=A(XY)
4. Vx£0 (X-x)>0 (X,x)=0 <x=6
HIapTJIapHU KaHOATIaHTHUpPCa, Y Xoaa OyHaaii Bektop ¢azonu EBkiun dazocu neinnany.
Macana: E=R% x=(%,%2,X3), ¥ =(¥1,Y2,Y3)
(X Y)=(X - Y1 + Xz - Y2 +X3-Y3) oy
D =)
2) X+Y, )= + Y1) - z3 +(Xa +Y2) - 25 + (X3 + Y3) - Z3 =
= (X2 + X2 +X3Z3) + (Y121 + Y22 + Y323) = (X, 2) + (¥, 2)
@
3) (X, Y) = Xy Y1 + XY, + AX3Y3 = A(Xe Y1 + XoY2 + X3Y3) = A(X, Y)
4) (X, X) =xZ + X5 +x3 >0

Teopema: Epnua azocuna xKyituaaru Komm-byHsIKOBCKHM TEHICU3IUTH YPUHIIH.

(X ¥)% < (% )(Y, Y) )
Ucbor. VAR, VXx-yeE, UX—-Yy,AX—-Yy)>0
(Ax-y, AX)+( Ax-y,-y)>0
(A%, AX)+(-y, AX)+( AX1-y)+(-y1-y)=0

22(x,X)- ALY, X)- A(X,y)+(y1y)>0
A2(X,X)-22(x,y)+(y,y)=0

20



A - HucOaran kBagpaTHK yuxaa (X,X)>0 O6yiranu yuyH

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

n
(X, Y) =X Y1 + oo+ XnYn = D Xk Y
k=1

n 2 L
[ZXkij DRAONT
k=1 k=1 k=1
| (% Y) NG (YY) 3
Tabvpud 4 (X, X) CKaJIAp KyNaiTMalaH YUKKaH X HU || X ||= N (X, X) :

|| X || —X DJI€MEHTHHHI HOPMACH.

L | x]=0

2 U= AN X1 Ax =% AX) =427 (%, %) = 21+ x) A Al x|

3 x+yl<l xi+1yll

| X+ YP=(X+ Y, X+y) = (X+ Y, X) + (X+Y,y) =
=(%X) + (¥, X) + (¥, ) + (Y, y) = (X, X) + 2(x, y) + (¥, ¥) =
IxIZ +20x -0y I+ 1y I2= A xl+1 y b2

I x+ylIZ<dxi+1yl?

| x||= \/Xlz +...+ Xr2] X - DJIEMEHT (BEKTOPH)

Tabpud. Hopma anuxiianran £ ¢a3onn Hopmaiamrad ga3o aeidunaiy.

(E,|l-]) - mopmanamran.

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

| [CSVIIPN
| (%, Y) €/ (X,X) J(y,y):"X”_"y”s .

(X, Y)

Tabpud. COS @ =—“ X ” . ” y ” .

T A
Teopema: Arap (x,y)=0 6¥aca, @ = E OVitazau Ba akCHHYA E oymnca (x,y)=0.

Taspud. Yoy e1,ey, ...,en BEKTOpIIap CUCTEMACH OepHIraH . Arap (ei,6))=0 1= Gynca

OepuiraH CUCTEMaHU apTOTOHAJ BEKTOPJIap CUCTEMAcH JIeHniIaiu.
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Tabpud. €1,€2...,6n BEKTOpPJIAP CHCTEMAaCH OPTOrOHAT CHUCTEMaHHM TAIIKKI 93Taju,arap

y3yHIukiapu 1 ra Tedr 6yica, opToroHan oyica
(ei,ej)={0’ %]
1Li1=)

Teopema: €1,...,6n YpTa HOpMal CHCTeMa 4M3UKIM Oormanmaran 4€ +...+ A,e, =0,
M=2p == 2y =0

(eky ey +...+ 1,.6,)=(e,0) =0

(eg.e)+ A, (e ,8)+...+ A, (e €,) =0

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

Teopema: E" ¢asoma €1,....n ypra HOpMan OasvcHH TamKuia dTca =>(X,y)=X1y1+t...+XnYn
Oynaau XaKuKaT/IaH XxaM

X=X1€) + ...+ X, Yy=Yi€ +...+ Y€,

ixjyj(ei,e,.)=

n n n
(X, y)=| Xxiei, DV |=
i—1 j=1 i=1 j=1

n
=D Xi Vi =X Y1 + o+ Xy Vi
i=1

Arap E na ypra HOpMmai 6asuc Oyica, €y, ...,en  (X,ex)=Xk.
Teopema. Arap E" na fi, ...,faV 6a3uc 6ynca
n n
(x¥)= 2 xy;(fi, f;)=<(f;, fj)=a; >= > aXV;
ij=1 ij=1
Ooynanu.

Ajtraitmuk E EBximp dazo 6ymuo, fi,...,fa (1) yanaru V 6asuc 6yicuH. OM3HUHT MakcaauMus £
na aHukiaaHran (1) Hu oproroHan 06asuc CYHrpa 53ca OpTOHOpPMan Oa3ucra aWJaHTUPUIIT
MYMKUHJIUTHHU KYpuO ynkaMu3. Yoy »apa€HHU anreOpa Ba COHJIAp Ha3zapHsCHAa OpPTOrOHaJIaIl
JKapa€Hu Ierunnaam.

VY kyiingaruda
fy

V(1 T2)

d=f, =i, (Qr.€ =0)

n:l, fl flio el:

fy

)

n:2 fl f2, el=
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(fofy) f1)
(flel)

82: q2 (f2 +lf1,el):0 ﬂ

NCTH)
(foe;) +(f,)=0
Qapaskunaimk. by,...bn (1) by,.obm, Cmt,...,cn (2)
(b1, b)) =0(4) (i=1m)
(Crpg + 4By + .o+ Ab;0) =0 (i=1,m)

(Crma1, 0) + Ai (b5, 107) +.+ A (b5, 1) + .+ A (B, 1) =0
(Cmya,05) + 4 (b, b)) =0 by #0  (b;,b;) =0

_ (Crmyabi)
SRy ®

(5) baxxapuica, = (4) TeHIIIMK YpuHIK OYinaau Ba Hatwxkana bi,by, ..., Hm,bm+1

m+1=n 6yca opToroHayuIam xapaéHu Tyraiam.

Arapna m+1<n 6ynca, Mynoxa3aHu TaKpoOpJaiMu3.
B2 =Cm_2 + A4by +...+ A yibng (6)
kabu axpatuo6, (bm+2, bj)=0 (8) ] :1,_m.

b
Q= (Cm+2’ ) (7)
(b;.by)

Mlynpait kuauo, by, ...,bm, ...,bm+1, bm+2 (7) oproronan reopemanu Kypamus. m+2=n.

lynmait kuaub E dapa3 opToroHan kapaén kerma-ket Kyiiab by, ...,bn (8) oproronan 6asucra

ara 6ynamus.

e = E By = E” )
(b.b) o i o
@) [|b||b|] BRI 1] O)0)

1-teopema. En ymyoBmu dazo O6ynub, (8) oproroHanm YM3WKIM OOFJIaHMaraH BEKTOPIIAP
CUCTEMAaCH YM3UKIIU IPKIU

X=X€ +..+XE€
Ae +..+1e =0 A=0 i=1n

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

2-teopema: E yimuosnu EBkiug gazocu (el,...,en) oproronan 6asuc 6yncun. = X, = (xlek)

(x,e,)=(xe +..+xe.e)=x(e)+..+x(e,.e)+..+

+Xn(en’e2) :Xk(ek’ek) =X 1:X1<
Tavpud. £ paso R cE, R, cE 6yneun R, ={y:V¥xeR; (y,x)=0}
Teopema: R2,E anukianran ckansp KynaiTmara HucOatan KucMm ¢aso 0ynaau.

v.Yy,eR, Yy, —-VY,eR
vxeR (y,x)=0 (y,,x)=0
(Y, = ¥2:¥) = (¥, X) = (¥,;X) =0-0=0
Y- Y, €R
2) VAeR, YWeR, (xy,X)=4 (y,X)=4, 0=0 AyeR,
Tawvpud. R2-E Hunr xucm dazocunn R1 kueMm ¢azora oproronan Kucm ($hazo Ieiuiaam.
E=R(+) R, dm E=n dimR =k dim R, =n-Kk

€,

L

& (1) = oyuparu 6asucunu (Q,...,q, ) (2) Ounan Genrumaitmx.
Optoronamnani >xapaéuura kypa (2) ounan (1) Hu opToroHan 0a3ucra KEJITUPUIIT MyMKHH.

X=XE +..+X€ +..+X€ —

X'(e)x"
X'=xe +..+Xe =R
X"=(kx+1)-x e +..+xe =R,
Macanau:
1 x x*(1)
A1+ A, - X+ A, -x*=0=0+0x+0x®
4=0, ,=0, 4=0 g,=1 q,=q+4Ax (9,)=0
0, =1+ (-2)x=1-2x q,=x"+A40q, + 4,0,

AL+ AxD= 'lf(1+ AX)dx =0

2
q, =1+ (-2)x=1-2x
0, =X"+A40,+40, (0,,0)=(x"+A4+4[1-2x)-1)=0
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(X +A4+401-2x)-1-2x)=0
(D) + (4,0 + 4 (L-2x1) =0

szdx+!dx+ﬂ,2j(1 2x)dx_§
1

Bynpgan A, = 3 TOMAMM3:

(%J—2@+(}%;1—2{%U%G—ZK2@=O

[x* (- 2x)dx —%j(l—Zx)dx + A, j(l— 2x)dx =0

X1 x*1 1 1 2x*: 1—2x)1
Xi2X e 25 A2,
30 4o 3 0 320 2 3 0
1 4 1 1 1
——+=2=0 4, == X —=4+=(1-2X)=X* —X+=

1;1—2X; X* — X+ = oproronanm BeKTOpIap CHCTEMACH

1-2x

) 1
X2 — X+
6

e=1 e = , €=
\/(1_2)()(1_2)() \/(xz —x+1j(x2 —x+1)
6 6

(1-2x1-2x) :j(l—zx)zdxz_% (1-2x°t 1

3 o 3

1
=./180 (XZ — X+ EJ €,,€,,€, — oproronan Gasuc.

Enuk Tectnap

CaBoa

KaBo0
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€1,€2, ...,8n BEKTOPJIAP CUCTEMACH OepuiITaH . Oproronan BeKTOpJIap CUCTEMACH JAeHUTIa/IH.
Arap (ei,e))=0 i Oynca Oepwiran cucTeMaHu
Kanaaii cucrema neb araigamgu?

Arap EBximn daszocuma dekcu3 Ky YHM3HKIN Yekcus ymuaminu $azo nerdnnaan
SPKJIM BEKTOpJIap TOIHMII MyYMKHH OYJica, y Xoaa
Oy ¢azo xkanmait pazo neitmmaau?

E-xakukuii connap ycruga BeKTop (azo eBKIU 4
dazocu OynMIIM y4yH YHAQ KaHAAWIUP KOHYH
€kn Koupa Oyiinya HUXTHEPUA 2 BEKTOPHUHT
CKAJIAp KynmaWTupum ned aramyBuu (X,)) COH
aHWKJIaHTaH 0Yyn0, HedTa Xocca YPUHIN OYITUIITN

Kepak?
EBnun ¢azocuaa Kalicu TEHICU3IUK YpUHIHA? Komu-byHskoBCckHiA
Ha3zopar caBoJsiapu:
1. Kanpgaii )xapaéH opToroHauiamn xapa€Hu aeiunaam?
2. Oproronain 6a3uc Jerania HUMaHUTYITyHAcU3?
3. EBkima ¢azocunuHTr KcM (pa3ocu xakuaa HuMa ouacus ?

doiiaaHUIran agadmérnap:
1. Hapmanos A.S. {uddepenuunan reomerpus. T. Yausepcurert, 2003
2. Coxeter H.S. Introduction to Geometry.Sydney-Toronto,2001
3. Hapwmanos A.f., lapumoB A.C.,AcnonoB X./luddepenmuman reoMeTpuss Ba TOIMOJIOTHS
(daHuaH naH Mallk Ba Macanap Tyruiamu. T. YHuBepcurer, 2014
4. Mumenko A.C., ®omenko A.T. Kypc auddepenunansaoit reomerpun U tononoruu. M.,

n3a. MI'Y,2004

3-mas3y: ICEBJOEBKJIN/] ®A30.
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PEXA:

1. Cdepux da3so.
2. PuMaH reomMeTpuscH.

Taanu ubopanap: Ilcesooeskiuo pazo, [lcesdoesrnuo gpazooa macopa

Masbnymku, EBximg dasocupa koopaumHatanap OomumaaH uxtuépuit M HyKraraya Oynrax
macoda

OM?=x?+y?+7? (1)
dbopMyna 6unaH aHUKIAHAP AU, DHIM M1y GOPMYNIaHH Y3rapTHpHO, Macodann OM?=x’+y>—z?
Oyiinya TONUIIHU KYpUO YUKAMIINK.

OM macodha x*+y?>z% 6ynranma Xakukuii MycOar coH, X>+y?<z? 6ynrania 3ca MaBXyM COHHH
aHuKIaiam. X>+y?=z2 6ynranna sca Macoda Ora Tenr 6ynaam (M Hykra 0 6MIaH ycTMa-ycT TylmMaca
xam).

By popmynanu koopauHaTanap KypuHHUIIIA KyHuaarnda ¢3uim MyMKAH:

MiMZ=(xz—x1) +(y2-y1)*~(z2-22)*
OM:1 Ba OM: kecmanap opacuiaru OypyakHH 3ca
XX, t 1Yo — 42,
W +yE =G +yi -2

V3yunuk Ba Oypuakiap ury ¢opMmyianap acocujaa aHUKIaHraH ¢azonap HceeooesKaIuo

CoSQ=

gazonap neb6 aranagu. by dazona EBknua ¢pazocHHUHT KYNIIMHA akcMOMa Ba XOCCaJlapy CakJIaHUIIN

Ounan Oup KaTopna alipum MyHocalaTiap KeCKUH (apK KUIIaau.

[ceBmoeBrmmy (azona MacopaHd FOKOPUIATAYA aHWKJIAHWINNAAH KYPUHAAWKH, YHIA Y9 XWI TYFPU UH3HKIAP
oYUM MyMKHH: 6apda KecMaxapy MycOaT XaKUKUH Y3YHIIMKKA 3ra TYFPU YH3HKJIAp; MaBXYM Y3YHJIMKIATH KecMajapra
sra OynraH TYFpu 4M3HKIap Ba Oapua kecmanapu 0 y3yHJIMKKa 3ra OynraH TYFpu 4m3uKnap. by Tyrpu umsuxmapHu

(hazoBMif YXIIaIr, BaKTJIX YXIIAII Ba H30TPOT TYFPU YU3HKIIAp A0 FOpUTHIAIH.

[ceBnoeBknuy ¢azonaru Oy TUMAArH TYFPU YU3UKIAPHU YM3MaJard KYpUHUIIN KyWugaruia

Oynamu:
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IOxopunarn dopmynagas OM=0 mapTHH KaHOATTAHTUpAgWraH O6apya M HykTamap x>+y’—
7°=0 TeHrnaMa GHMIAH AaHWKJIAHAIUTAH TEKUCITHKIA ETa .
By aca yuu 0 HyKTaaa >oinamrad KOHyC CUpTHU Udoaaiaiim.
Kypunub Typubauku, XakMKUil y3yHIUKIArd TYFPU YM3UKIAp KOHYC/IaH TallKapuaa, MaBXyMmiapu

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

Haszopar Tonmmumpukjiapu

1. Konyc cupt TeHramMacu KaHjai KypuHura sra?
2. TlceBmoeBximmn (ha3zoma Mmacoda KaHaall aHUKITaHAINA?
3. Kannaii dazonap nceBnoeBkau dhazonap ned atamaan?
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4. TlceBmoeBknua (a3zona EBkiaus ¢pa30CHHUHT akcHOMa Ba XOccajapy CakIaHaIuMuU?

Ennk Tectiap

CaBoa KaBoo
X2+y‘2>22 oynranga OM macoda kangait XaKUKUH MycOaT COHHU aHHWKJIANIH.
aHUKJIaHagu?
x?+y?=z? 6ynranna OM macoda KaHmaii macoda Ora Tenr O6ymamu (M Hykra 0 Guiman
aHUKJIaHa]U ? YCTMa-yCT TylIMaca Xam).
><2+y2<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.Amiosa JI.B., bonotiok B.A., bonotiok JI.A. Ananutnueckass TeOMETpUs U JIMHEWHAS
anrebpa// 2013. U3nanue: 1-e u3g. 421 c.
9.Anexcanapos A./l., Heuseraes H.1O. 'eometpus, M.: Hayka, 1990. — 672
10. Hapmano A.Sl. Amammruxreomerpus. T., “V36exucron Qaitnacyduapn Mummii

xamusgaT”, 2008 1.

4-MAB3Y: THIIEPBOJIUK ®A30
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PEJKA:
1. Spum EBxmma dazomnap.
2. Slpum runepbonuk Qazonap.

Tasanu ubopanap: >nmuntuk ¢$azo, runepoonuk $aszo

n ymgoBnu 3umMNTAK ¢azo 1ed, Rn+1 da3zoHWHr cdepacuparn nuameTpuan Kapama-Kapiiu

OynraH HyKTaJIap TYIUIaMHUTa alTUIaau (M30METPUK XKY(T).

By dazonu Sp Ounan 6enrunanagy.

Sh (azonu HoeBKM Puman ¢azo ned xam aTanaau.

Rn+1 da3zo cdepanapura ypunmanap Rn ¢da3oHu Tamkuia STTaHIMTUIAH, YEKCH3 KHYHUK
opauKiapaa Sy reomerpusicu Ry ¢pa3zo reomerpusicura sk 0ynaam.

Si (ha30HUHT M YITYOBIHM TEKUCITUTH Sm (Pa30HU TAITKHI 3TATH.

OnnmunTuk $azona macoda Macanacu KaHaaid ypHaTuiran?

Arap S, ¢asoHuHr X HyKTacuHU M(ONATOBYM BEKTOpJIApJaH OMpU X , UKKHHYUCH XaM X

6¥y1ca, y poma Oy BekTopiap X2 = P MyHoca0at Ounan GobJlaHTaH Oyaaau.

X OwunaH aHuKJaHTaH Sy pasoHuHr X HyKTacuHHU X( X ) OuiiaH OOFIaHaIu.

bynna, S—Snortonpazomarn X(x ) Ba ¥Y() HyKramap opacumarn macoda, p 3ca ITPHIHUK
paguycuaup.

S» dhazo xoopmuHatamapu cupaTuaa Rne1 (a3OHMHT X BEKTOPMHHMHT X° KOOPAHHATAJIAPUHU
Kapaiil MyMKHUH.

Ouau runepOoauK (Ga30HUHT BEKTOP aKCMOMACH acoCua KypUIHIIUHYI KYpUO YUKaHINK

['unepbonuk ¢asonn Ttavpudmamr yuyH Enapun ¢azonunr |+IV rpymnma

aKCHOMAaJIapHJIaH TalIKapy Kyduaard V rpyria akcuoManapy OaKapyiIHIg Kepak:

V.1% Xap uxkuta @ Ba b BekTOpIapHUHT cKalsAp Kymaiitmacu ne6 atanysun K=a Eb con
MOC KyHUIraH OyJCHH.

V.2°, Cxansp kymaiiTMa KOMMYTaTHB, SOHH & Eb=bEa

V.3°, Ckansip kymaiiTMa BeKTOpIApHH KYIIMIITa HUCOATaH JUCTPUOYTUB SHHU & E(E tc)=a
Eb+aEc

V.40, Xakukuii KYyIaiTyBUMHH CKAIAp KYMaiTMa TallKapucura unkapum MyMkus:(K @ )El; =k
akEb

V.50 lllysnait @ i KYypUHUIIAATH | Ta BEKTOPIAp MABKYIKH, yIap ydyH

aEa>0 (a<l)
GnEan<0  (U>l), @iED j, i#]

Bynnaii maptinap acocuna Kypwiras | mHaexcinu ncesaoeBkiny Gpazonu Rn KypuHumaa OenruiaiMus.
1. busra mabnymku F(x,y)=0 TeHriama TeKuciaMkaa Oupop TYFpU YM3MKHU aHUKJIANIU, SHHU
OXYVY Texkucnukaard KOOpAMWHATalapud X Ba y Oynran Oapua HyKTajap TyIulamMu Oy TEHIJIaMaHU
Kanoarmantupanu. Ilynunraek, gasomga xam F(X,y,z)=0 (1)
Tenrnama OXVYZ na Oupop CUpTHH, SOHHW KOOpAMHATANIAPH X,Y,z Oynrad Ba (1) TeHrimamaHu

KaHOATJIAHTUPAJUTaH HyKTajap TYIJIaAMUHU aHUKIaWau. (1) TeHryiama CHpPTHUHT TEHIJIAMacH, X,Y,Z
JIap 5ca YHUHT y3rapyBuM KOOpAUHATAJIApU ACHUIAIN.
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WNxxuHYM TapTUOIW CHPTHUHT YMYMHUH TEHTJIaMacH KyWHIard KYpUHUIIIA E3VITa N :
a1 +XP+any?+azsz?+2aXy+2a13X2+2a23y7 +2a1aX+2a24y+2a342+a14=0

Oy TeHrnmamaaaru ai,d22,dss,a2,a13,dz23 KOIPPUIMEHTIAPHUHT KamMuaa OuTTacH HOJAaH (apkau
oYUM Kepak. AWpuUM XoJuiapaa CUpT TeHTJIaMacu Ouiian sMac, 6anku y €ku Oy xoccara sra Oyiraxn
HYKTQJIAPHUHT TEOMETPHK YpHH OWiaH OepWiHIId MYMKHH. Oy XOJiJa CHPTHHUHT T'E€OMETPHUK
xoccanapuaas (HoianaHud YHUHT TEHTJIaMacH TY3WIIa IH.

13°. Cdepanunr OXYZ T1yrpum Oypuakaum JleKkapT KOOpJAMHATANAp CHCTEMACHIAru

TCHITIAMAaCUHU Ty3aMH3.

Mapxkasu 0'(a,b,C) nHykraga Ba paauycu R Oynran cdepa Oepwiran Oyiacun. Arap u(X,Y,z)
HyKTa cepaHuHr HXTHEPHI HyKTacu Oyica, y xomma 0'(a,b,c) Ba u(X,y,z) Hykramap opacumaru
macodanu Toumn popmynacuaad Gorganiancak, chepa TeHIIIaMacu Kyinaarnda oymau:

(x-a)*+(y-b)*+(z-¢)*=R? )

(13)—mapkasu 0'(a,b,c) 6ynran HykTaga €ryBum Ba paauycu R ra TeHr Oyiaran cdepa TeHriamacu
nevimnanan. Arap (13) na a=b=c=0 6¥nca, Mmapkasu koopauHaTansap Oommaa ETyBun Ba paauycu R ra
TeHT O¥ynran cepa TeHrIamMacura sra 0ynaMus:

X2+y?+7°=R? (2)

(13) Hu KyiMaard KYypUHHUINAA E3UI MyMKUH:
X2+y*+72-2ax-2by-2cz+a’+b*+c>-R*=0  (3)

CodepareHrnaMacHUKKUHYUTAPTHOMCUPTOY IMIIUHUKYpcaTailiiuk. ByHUHr y4yH cUpTHUHT (2) TeHIJamacuia
ar=aiz=ax3=0 Ba a1=az=as3 1e0 onuHCa, (2) TeHrIaMa chepaHUHT TCHIIIAMACH SKaHWHU TeKiupamu3. ByHuHr yuyH a1#0
nie6 (4) HUHT XamMMa XaJIapuHy a1 Ta 0YIaMu3 Ba Kyiuaaru OeirnianuiapHd KHPUTaMu3:

2a 2a 2a a
14 24 34 44
A=—-"=,B= ,C=—=—=,D=—"—
an an an ady

Hartmxana
X2+y?+7,+Ax+By+Cz+D=0

KYpUHHUIIAArH TeHrIaMara sra 6ynamus. OXupru TeHrIaMany ymoy KypuHUIga €316 oaMu3

2 2 2
[x+£j +(y+§j +(Z+gj :l(A2+B2+C2—4D)
2 2 2 4

2 2 2 2
b [ 2+ 2 4 y+§ &) (L2 —ap 5)
2 2 2 2

(5) Tenrnamanan kypunaguku, A+B%+C2-4D>0 6ynrauna (4) Tenrnama maoHora sra 6ymaau. Jemak, 4%+B%+C2-4D>0

Oyca, (5) TeHrIIaMa MapKa3u

HYKTa/ia Ba painycCH

R:%\/Az +B%+C*-4D

6ynran cpepann uponanaiinn. Arap A>+B?+C2-4D=0 6¥uca, (5) Tenrnama
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AY BY cY
x+—| +|y+—=| +|lz+—=| =0
2 2 2

KypuHHuinaa 6ymuo, y dakar ourra | — g ,—g ,—% HYKTaHU H(oIaaiu.
2°. Bupop IT Texucnukia éTysud L uM3MKHUHI Xap OMp HYKTacujaH YTyBuMm Ba Oepwira | TYFpu uusukka
mapaien OynraH Oapda TYFpH YM3HKIApHAAH TANIKWI TONraH CHUPT WUAUHOpuUK cupm pnevimmann. OyHna L um3mk
[AIHHAPUK CHUPTHUHT HYHANTUPYBUYHCH, | TYFpu YM3nKKa mapayuied Ba L YM3HKHU KECYyBYH YM3HKIAP YHHHI SCOBYHCH
nenunany (1—uu3ma).
VyHanTupyBumIapu KOOPIMHATA TEKHCIMKIAPUIAH OUpHIA

ETyBUM SCOBUMIAPH 3Ca Iy TEKUCIIMKKA TIEPICHIUKYISIp 0Ynuno,

/,, KOOpJMHATANAp YKKUTa Iapasuie Oyarad IIHHAPHK CUPTIApHH
e~ // Kypaiuk.
OX rtekucnukaa Tenraamacu F(X,y)=0 (6)

O0ynran L unsnk Ba scoBumnapu OZ YKkKa mapaiien 0yiran

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

V KOOpAUHATAJIAp CUCTEMacua HUJINHAPHUK CUPT SKAHWUHU

KypcaTaujuK.

M(X,y,z) —LIIMHAPUK CUPTHUHT UXTUEPHI TallMHIaHTaH
A HyKTacu 0yicuH. M HyKTa OpKaJlu YyTyBUH SCOBYMHUHT L
HYHANTUPYBYHCH OWIIaH KECHINTAaH HyKTacHHU N OmiiaH
N ¥ oenmrmraiiMu3. N Hykta M HykTaHUHT OXY TeKHCIUTHIATH
N T mpoexnusicuaup. Lllyrauar yaya M Ba N HykTamap Ourra X
abmcca Ba Outra y opanHarara sra. N Hykra L unm3ukna érrann
yUyH Y 3TPH YA3UKHUHT (6) TeHITTaMacHHU KaHOATIIaHTHUPA/IH.

v

Jemak, Oy TeHrnamann M(X,y,z) HyKTaHUHT KOOpAMHaTaNapy xaM KaHoariaantupagn. OXYZ daszona L ityHanTupyBun
KyWHaru MKKUTa TeHIJIaMa CHCTeMacH OWJIaH aHUKJIaHATIH:

F(x,y)=0
Z=0
Xyanau mryHra yxiani

F(nz):O F(%Z)zo

y=0 x=0

TEHrJIaManap UMIMHAPUK CUPTIapHUHT L iiyHantupyBum umsukinapuHu Moc pasumaa OXZ Ba OYZ Texkuciaukaaru
XOJIATHHY aHUKJIALTHY KYPCATHII MyMKHH.

Xycycuii xoiiapia HWIMHIPUK CHUPTJIAPHUHT WYHAITHPYBUMIIAPW DJUIMIC, THUMepOoiia, mapadoyia, HWKKUTa
KECHIIyBUH TYFPH YN3WK, HKKUTA ¥3apo mapaien (yCTMa-yCT TyIIMaraH) TYFpU YU3UKIapAaH noopar OYIUIIN MyMKHH.
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Bynnaii cuptiaapHu MOC paBHIIJa SJUIMNTHK HUIMHAP, NapaboivK LMIHHIP, THIEPOOINK IIMIMHAD, UKKUTAa KECHIIYBYU
TEKHUCJIMK, MKKHUTA Mapaijie] TeKHCINK Ae0 I0pUTHIIaIi Ba YIapHUHT TeHIVIaMaJIapy KyWuaard KypuHuiaa oynanu:

2 2
XY
OIUNTHK HUIHHAP: —+—=1 (3-um3ma)
2 b2
a
2 2
Xy
lumep6onvK THIHHAP: 5 T3 =1 (4-un3ma)
a” b
[MTapabGonuk nuuHAp: y?=-2px (5-un3ma)
2 2
Xy
VKKn KecuIlyBYH TEKHUCIIUK: ——=—==0 (6-un3ma)
2 2
a” b
Wkku mapanien TeKUCIIHK: x*-a?=0 (az0) (7-um3ma)

-

e
J

/\

/\

v
v
v

VAN

FANIAN

e
2

v

<

N
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19 Bupop Q Texucnukna L MKKUHYM TApTUOIU YM3HK Ba 6F TEKUCIMKKA TErUILIM 6YaMarad Mo HyKTa Gepuirad
OymncuH.
Tavpug. azomaru Mo HykTagas ytio, L HU kecud YTyBum Oapya TYFpH YM3UKIAP TYIDIAMHA HKKUHYHU TapTHOIH
KOHYC cHupT (KU KOHYC) Aedmnaau. Mo HyKTa KOHYC y4d, L 4M3MK KOHYC HYHaNTHUPYBUHCH, KOHYCHH XOCHJI KUITYBYH
YH3HKJIAP 3Ca YHUHT SCOBUMIAPH JeHUIaIu.
Konyc sicoBumniapu Oyaran TYFpu YM3UKIAp MapKa3ud KOHYC WYMja OYIraH TYFpH YU3UKIap OOFIaMura TeTHIILITH
Oynaau. KOHYC TCHIIAMACHHM KeNTUPUO yrkapaiimuk. Q Tekuciuk Ba yHaard L gusuk OXY Tekucnukna €TraH OYICHH.
Mo(Xo0,Y0,Z0) HykTa 3ca OXY TeKHCIUKAArk ETMAraH UXTHEPUN HYKTa OYJICHH. KOHYCHUHT UXTHEPUI M(X,Y,Z) HYKTaCHHH

oNmaimuK, y xomma MoM TYFpH YM3WK KOHYCHHHT SCOBUMCH OYynmO, L umsmk Omman M(X1,Y1,Z1) HYKTaaa KECHIIaIu.

Mo,M1,M nykTanap 6up TYFpu YU3UKIA ETTaHU YUYH M OM 1= AM OM TEHIJIUK YPUHIIN.
By Tenrnuxknan
X1—Xo=ﬂ(X—Xo) = X1=Xo+/1(xo—xo)

YrY0=A(y-y0) = y1=yo+A(yo-)0)
21-20=A2-20) = 21=20+A(Z0—20)
OXI/IpI‘I/I TEHITIMKIaH 7\. HHU TOHI/I6, OJIAVUHI'Y UKKH TCHIJIMKKa KS'/HMI/ISZ
X1=Xo* — Z, yi=yor — 2 (7)
M e L = F(xl,yl):O

éxu
0
F( Zy,yot — Z)=0 (8)

(8) I/I(l)OI[a KOHYC TC€HIJIaMacH ,ueﬁnnazm. HxkyuHYM TeHTIIamMma KOHYCHUHI' I[CKapT KOOpAUHATaJIap cuctreMacugaru sHr

coaga TCHriiaMmacu

———=+—=0 ©)



2 2 2
X zZ
S+ 5=0
a- b- ¢

KYpHUHUIIAA OYany.

2°. Q texucaukaa 6upop L umsuk Ba | TYFpu umsuk Gepunran 6yacKH.

Tavpugp. L unzukaunr | THFpu unsuk atpoduaa ananuimnan xocun 6yiran O ¢purypa aiiianma CUpT JeHATaTH.
OyHna L aiimanMa CUpTHUHT MepUIuany, | alimanuin Yku nefntanm.

AfinaHMa CHPTHUHT TeHTJIAMACHHU KENITHPUO IHKapailiuK.

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

L:F(x,2)=0 6yncun.

v

L uymsuxuunr (OZ) ¥k arpoduna ainanummaad kangaiaup © cupt xocmn 6yicuH (9-uusma). M(x,y,z) 11y cuprra
TETUILTH UXTHEPHUIA HyKTa OyicuH. M HykTagan OZ YKKa HeprneHIuKysip yTkascak, kecumaa mapkasu 0 €(0Z) Hykraaa
6yiran OGupop aiiaHa XOCHIT KHJIMHAAUKY, y aitnana L un3uk omnan M1(0,y1,21) HykTaaa kecunicun. Kecuwm aitnanaian

nbopat OynraHu y4ayH:
p(0.M)=p(0,M:) (10)

By macodanap nkkn HyKTa opacunard MacogaHnu Tonui GopMysacura Kypa Kyiugariuda 0ymnaau:
2 2 2 2 2
p(O,M)=\/(X - 0) + (y — 0) + (z - z) = \/x +y

poMy=/(0-0)° + (3 —0) +(z—2)" = [y? =[n|.
By xuitmatnapau (10) TeHITTHKKA Ky IMH3:

= x* +y? =572 =+ /x* + y?

Me L 6ynranm yayH:
F(i Jx? +y? ,z)=o (11)
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(11) renrnama L unszuknu 0Z YK arpoduia aillaHTHPUIIAH XOCHI OYIIraH CHPTHHHT TEHIJIaMacHIHp.
Arap L unsuk moc pasumiga 0X Ba 0Y ykiap atpoduaa ainanTupcak, XOCui OyiraH CUPTIapHUHT TEHITIaMallapH

MOC paBullIga
F(x, i\/yz +z2 )—OBa F(y, +x% 422 ):0 (12)

KYpHHUILIApaa 0ynaau.

Enuk Tectiap

CasBoa KaBo0
DIUTUNTUK UWIUHIP TeHIIaMacu x2 yz
e
a b
[M'unepOonvK MUIMHAP TEHTJIAMACH xz yz
2
a b
[Tapabonuk UUIMHIP TEHIIIAMAcH y?=-2px
DIUINIICON ] TEHTIIaMAaCH X2 y2 7?2
—2 + —2 + —2 = 1
a- b C

Ha3zopar caBosiapu

Kannaii cupT DHIMHAPUK CUPT AeHumaam ?
DIMNTHK TWIAHAP TCHTTIAMACHHU E31HT
TMurepOoMiK MUITHHIP TEHTITAMACHHA E3UHT
[MapaGonvk NMIHHAP TCHIIIAMACHHHU E3MHT

WKKM KeCHIIyBYH TEKUCIUK TCHTTIAMACHHU E3HHT

ook wpdpE

Wkku napanien TEeKUCIUK TEHTTIaMACUHU €3UHT
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1-AMAJIUA MAIIFYJIOT MAB3Y:UN3UKJIA ®A30

1-tabppud. Arap Kyiiuaaru maptiap Oaxapuica, X,y,Z,... JIeMeHTIapHUHT V
TYTUIaMu 9i3uKIu (aguH) ¢Gazo aeiniamu:

a) Xap UMKKM X Ba ) JJIEMEHTJapra x Ba ) dJIEMEHTIap HUFuHIuCH 7Ae0
aTayaJiura Z 3JeMEeHT MOC KWIHO KYWUIITaH; X Ba ) 3JIEMEHTIAPHUHT WHFUHAUCH X+Y
OuiaH OelruIaHaIu;

0) Oupop MalJOHHUHT Xap OUp X SJIEMEHTH Ba xap Oup AcoH OunaH x
3JIEMEHT KymnaiTMacu J1e0 ataiarad A x 2JIeMEHT MOC KHJIHO KyHHIraH.

By amamnap Kyiuparu TtanabnapHu (akcMOMalapHH) KaHOATJIAHTUPUILN
Kepax.

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

2°.(x+y) +z=x+(y+z)(acCOLNATHBIIHNK),

3% Xap kaHpaii X yuyn wyHgail 0 saemeHT MaBxkyaku, x+0=x 6ymagu. 0

AJIEMEHT HOJIb 3JICMEHT JCHUIIaJIN.

40.Xap KaH/1aix YYyH —X Ounan OenrufiaHagural  mIyHjan
AIIEMEHT MaBXykH, X+(-X)=0 Oynaau.
19, 1xx=x,
2° oY) =aA(X).
3% (o)X =aix + X,

4° a(x +Yy) =ax +ox.
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buz xymmm xamaa coHra KymauTUpHUIN aMajlapuHU KaHJad TabpuQIaHuIm
XaKyJa ramdpmaraHumMus Oexus sMac. bu3z Oy amammapHu ¢akat rokopuaa
TabpudIaHraH akcuomanapra OyWCYHUIUIApUHU Tanad KuiamMu3 Xojoc. [Ilynunr
YUyHXap KayOH FOKOPHJAA KailJl KWIMHIaH MIapTiIapHH KaHOATJIAHTHPYBYM amaluiap
OusaH Il Kypap 3KaHMHU3, OU3 yIapHU KYIIUII Ba COHTa KYyMaUTHPHUII aMmaiapu 1e0,
AJIeMEeHTJIapu ycTuaa Oy amaruiap OakapwiraH TYIJIaMHU 3Ca YM3UKIU (da3zo 1ed
xucobnamra  xakaumus.  FOkopupma — kentupwiran  1-3 mucommap Oy
akcuomasaprabyiucyHaau.

SIHa 6up MuCOI KypUO YMKANITHUK;

1.Jlapaxkacu HaTypaj N COHAAH OIIMaiAUraH Ba ojaTAarvya KyIIUII Ba OUpop

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

EnFus N-papaxkand Kynxamiap TYIUIaMH YM3HKIH (a3o TAIIKMI KUIMAaiiau,
YYHKH N-Japaxand UKKU Kynxaa WUFUHIUCK N JIaH MacTPOK OYNIUO YMKUIIK Xam
MyMKHH;MacajaH,

(t"+t) + (—t"+t) = 2t .

Uusuknu (a3o snemMeHTIapuHu Ou3 eekmoprap ned artaiimui3. By cy3HUHT
KyTiiH4Ya TOp MabHoma (l-Muconmaru kaOu) WILIATUININ OW3HU YaJFUTMACIIUTU
Kepak. by umM3uK OwiaH OOfIMK OYiAraH reoMeTpHK TacaBBypsiap Oup KaHua
HaTWXKAJTapHU OMJIMHIAIITUPHINTA, 0ab3H X0JUIapaa 3ca Oy HaTHXKAJTApHU OJITUHIAH
Kypa ounumira épaam o6epasu.

Arap gym3ukym - Gazo  Tabpuduaa  KaTHaAMaETraH A, ,...COHITAp
XaKUKUi Oyica, y xonma dha3o xaxukuil yusuxiu gazo nevwvnnaau. busAd,u,... mapuu
uxtuépuit  F Malg0H 3JIEMEHTIIAPU ne6 ymymMuipok (apaz STUITUMU3
MyMkuH. By xonma V dazo F matioonoacu uuzuxiu ¢azo nevimnanu. Kyhuna 6aén
ATUJAUTraH TYyIIyHYa Ba TEOPEMAJAPHUHI KYMUWIUTH  UXTUEPUM MailioHaru
YU3UKIM (pazanap yayH Xxam OeBocHUTa TYFpHU OYiaau.

2. ApuH KoopAMHATAJIAP CHCTEMACH.

byHnan keiimuH BEKTOpPJAPHUHT YMU3UKIU OOFJIUKIWTH Ba YU3UKIN SPKIUIUTU

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

dapk kuiaaurad «, £, 7%...,0 connap MaBxyn 0ynuo, oxX+py+yz+..+N=0 (1) TeHramk
Vpuniu 6ynca, 0y xonaa X,Y,z,...,V BEKTOpJIap YU3UKJIU OOFJIMK BEKTOpJap ACHMIaan.
YUm3ukan OOFNMK OYiMaraH BEKTOpJap YH3UKIM SPKIM BEKTOpIap JACHHTIAIN.
bomkaua kunu6 aitranga, oX +4y +yZ + ... +& = 0 tenrmuk o==y=...=6=0 6ynran
XOJIaruHa YpuHiu 0yiica, X,),z, ...,V BEKTOpjaap YHU3UKIU 3PKIU BEKTOpIap ACHHIIA/IH.

xX,Z,...,v BEKTOpJIAp YHU3HKIN OOFNMHK, sbHU ynap (1) MyHocabar Owuian
Oofmanran OyncuH Ba yHAaru Kod(duimeHTnapaaH Kamuaa OWTTAcH, MacaaH,
o HontaH dapkiu 1e6 dapa3 Kuinailnuk. by xomnna

X == -y —..-&

oynanu. bynu sHnmu o ra 6ynu6 Ba 1e6 ¢apas Kuimo, —E:ﬂ,a —l/z,u,...,——e:g

a a
TEHTJIMKHU XOCUJI KUJIaMu3. X=Ay+uz+...+¢V

Arap x BekTOp Y,Z,...,V BEKTOpJap OpKadH (2) KYpUHUIIAATH TEHIJIMK OuiaH
udona aTHIICa, y X0iAa OU3 X BEKTOP Y,Z,...,V BEKTOPIAPHUHT YU3UKIN KOMOWHAIUSACH
ned aTauMus.

[lysnait kunud, arap X,Y,Z,...,V BEKTOpJap YU3UKIW OOFIMK Oyica, y XoJa
ylapiaH Kamuja OWTTacH KOJITAaHJAPUHUHT YHU3UKJIW KOMOWHAIUACHAaH uOopar
6ynanu. Teckapucuuu, sS’bHU OMTTACH KOJNTAHJIAPUHUHT YM3UKIN KOMOWHAIUSCUIAH
nbopar OVAraHBeKTOpJap YM3UKIM OOFIMK BEKTOpJIap OYJIUIIMHUHT  XaM
TYFPWINTHHH KYypCATUII MyMKHH.

OHmu ¢Ga3oHUHT Viauamiap COHU (YI4aMIIUTH) TYIIYHYACHHH KUPUTHIITA
yTamus.

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

Arap V — yu ¥muamnu dazonaru BekTopiap TymiaaMu 0yica, y xoinaa V ga ydara
YU3UKJIU SPKIU BEKTOPHU TOTHII MyMKHH, aMMO OyHAaru Xap KaHiail TypTTa BEeKTOp
YU3UKIW OOFIUK OViaau.

bu3z kypamusku, TYFpu YM3UK, TEKHCIUK Ba y4 ymyamiau ¢azojard 4u3uKIu
OPKJIM BEKTOPJIADHUHT MaKCUMall COHU TE€OMETPUSJArd TYFPU UYW3HK, TEKHCIUK
xama (a3oHUHT yimyamu coHura tyrpu kenaad. LIlyHuHr ydyn xyitmaaru ymymui
TabpUPHU KAOYJ KUITUIIUMHU3 TAOUUH.

3-tabpud. Arap V un3ukiu $a3oa n Ta YU3UKJIH SPKIU BEKTOP MaBxKy 1 0o,
OyHIaH OPTUK YM3UKIW D3PKIW BekTtopiap Oymmaca, V ¢azo n ymuamum ¢azo
nevunanu Ba dimV ne6 Oenruianagu.

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 ueknu ynyamuin - Qaszonap OuiaH
HIyFyJUTaHAMU3.
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Tonmmuupukap

1.Ym3uknu  ¢a3oHUHT xap Oup saeMeHTH Oa3uc OpKaldd sroHa paBHIIIA
uoIaTaHUIINHU KYPCATHHT.

2. ba3uc y3rapranzia BEKTOp KOOPJAUHATAIAPH Y3TapUIINHA KYypCATHUHT .

3. Japaxxacu HaTypan N COHIAH OLIMaiaWraH Ba OJaTAaru4a KYIIMII Ba OUpop
COHTra KyMauTHUpHIl amajjiapu OakapwiaJuraH XamMMma Kynxaaiap TYIJIaMH YU3UKIN
$ha30 XOCHJT KWJIUIIMHA UCOOTIIAHT.

Enuk Tectaap

Casoa KasBo0
Vu ymaamm pazona 0a3uc KaHaai XocH Bup Tekucnukaa érmMaran xap KaHjaai ydara
KrInHaau? BEKTOP
Jlapasxacu HaTypai N COHJaH OLIMaiIuran Ba YM3HMKIH (Pa30 XOCHI KMJIaau

ollaTAarM4ya Kymuin Ba OUpOp  COHra
KyNauTupuin  amaiiapu  OaxxapuiajauraH
XamMMma Kynxamiap TYIUIaMH HUMa  XOCHII
Kutagu?

N ymaammm V QasoHUHT N Ta YU3HKIU SPKIH V HUHT 0a3uCUHM XOCUJT KUJIalu
BEKTOpJIapH TYIUIAaMU HUMa XOCHJI Kujaan?

Arap V ¢azoga uekcuz Kyn 4M3MKIM 9pKiH | Yekcus Yimuamim pa3o XOCHI KUIMHATU
BEKTOpJIap TOMUII MYMKHH OVyica, y Xoiaa
KaHgai $a3o XOCHI KUIHHAIU?

doiigajaHUITaH agaduéTaap:
1. HapmanoB A 5. Ananutuk reomerpus. T., “Y36exucton ¢aitmacyduaps MAmLImii
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-xakukwuii conmap yctuaa BekTop ¢dazo 6ynud, yHaa KaHAauaup KOHYH €K1 Kouaa Oyiinda V
2 BEKTOPHUHT CKAJIAP KynmaiTupui 1e6 atanyBuu (X,y) COH aHUKJIaHraH 0ynuo, Oy 4 Ta
1. VX, y € E yayn (x,y)=(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
HIapTJIapHU KaHOATIaHTHUpCA, Y Xouiaa OyHaaii Bektop ¢azonu EBkinn dazocu nernnany.
Macanan: E =R%; X=(X1,X2,%3), ¥=(¥1,Y2,Y3)
(X Y)=(X - Y1 + Xz - Y2 +X3-Y3) 1
3 (xy)=(yx)
4y (X+Y, D=0+ Y1) 21+ (X +Y2) 2o + (X3 +Y3) 23 =
= (X121 + XpZp +X3Z3) + (V121 + Y222 + Y323) = (X, Z) + (Y, 2)
@
3) (X, Y) = Xy Y1 + XY, + AX3Y3 = A(Xe Y1 + XoY2 + X3Y3) = A(X, Y)
) (X, X) =xZ + X5 +x3 >0
Teopema: Epnua dazocuna Kyhiuaaru Komm-byHsIKOBCKHI TEHICU3IUTH YPUHIIH.
(X ¥)? < (60, Y) )
Ucbor. VAeR, VXx-yeE, (UX-y,AX-y)>0
(Ax-y, AX)+( Ax-y,-y)=>0
(A%, AX)+(-y, AX)+( AXe-y)+(-y1-y)>0
A2(x.X)= AY.X)- A(x,Y)+(y1y)>0
A2 (. X)-2A(x,y)+(y.y)=0
A - HucOaTaH KBagpaTuk yuxan (X,X)>0 Oynranu yuyH

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

n
(X, Y) =XgY1 + e+ Xn Vi, =k2><k Y
=1

| (% Y)Y (%) (Y. Y) 3
Taspud 4 (X, X) CKaJAp KyNanTMa aH YMKKaH X HU || X ||= N (X, X) ,

|| X || —X 3JIEMEHTHUHI HOPMAacH.

1| x>0
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2 | AU AN X Ax = 0%, %) =422 (%, %) = 21+ x) 9 Al x|

3 I x+yl<dxl+1yll

|X+ Y [P=(X+ Y, X+ y)=(X+Y,X) +(X+Y,y)=
=(XX)+ (Y, X)) + (Y, X) + (Y, Y) = (% X) +2(X, ¥) + (Y, Y) =

2 20 xI-1y I+ y 2= A+ y D2
I x+yI2<dxl+1yl?

| x||I= \/Xlz +....+ X2 x - deMeHT (BeKTOpH)
Tabpud. Hopma anuknanran £ ¢a3oHn HopMaiiamras $a3o nedusiaim.
(E,|l-]D) - nopmanamran.

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

| [CYIIN
[ (X, Y) < (%, X) J(y,y):”X”_”y”s |

(X, y)

Tanpud. COSQ = — 27—
x| -N

T A
Teopema: Arap (X,y)=0 6yaca, @ = E OVtaju Ba akCHHYA E oymnca (x,y)=0.

Tabpud. Yoy €1,€z, ...,en BEKTOpIap cucTeMacu Oepuiran . Arap (ei,ej))=0 1= Oyuca
OepuIiraH CUCTeMaHH apTOTOHA BEKTOPJIap CHCTEMAcH JeHuIIaiu.

TaBpH(b. €1,€2,...,6n BCKTOpJAp CHCTEMACH OPTOTOHAJ CHUCTEMaHM TallKWJI 3TaJu,arap

y3yHJIuKiIapu 1 ra TeHr 6yica, opToroHai oyica

(ei,ej)z{](-)’ I|:¢JJ

Teopema: €1,....6n ¥pTa HOpPMal CHCTEMA YM3MKIM Oornanmmaran 4€ +...+ A,e, =0,
H=A=.=1,=0

(eky ey +...+ 1,.6,) =(e,0) =0

ep.e)+ A, (e ,8)+...+ A, (e €,) =0

A (e, )=0 4, =0 k=10
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Teopema: E" ¢aszoma €i,...,en Ypra HOpMman Oa3ucHHM TamKua 31ca =>(X,Y)=X1y1+t...+XnYn
OYnanu XakuKaTaaH Xam

X:X]_el ++Xnen y:ylel ++ynen

(X, y)= Znixiei’ Zn:lyj'ej =Zixjyj(ei,e,.)=
i= j=

i=1 j=1

n
=3 X Vi =X(Y1 + oot X Vi
i=1

Arap E na ypra HopMai 6asuc 6yica, €1, ...,en  (X,ex)=Xk.

Teopema. Arap E" na fi, ...,fnV 6asuc 6yica

n n
(xy)= 2%y (fi, f)=<(fi, fj) =a; >= > ayXxy;
i, j=1 i,j=1

Ooynaau.

Ajtraitiuk E EBxina ¢azo 6ymu0, fi,...,fa (1) yaaaru V 6a3uc 6YiICHH. OU3HUHT MakcaauMus £
na amumkymanrad (1) HE oproroHan ©OasWc CYHrpa 3ca OpTOHOpMan OasWcra aWJaHTHPHII
MYMKHHJIUTUHHE KYpHO ynKamu3. Yoy jkapa€HHU anreOpa Ba COHJIAp Ha3apUsACHAa OpTOTOHAJIIAII
JKapa€Hu JeUnIaIn.

VY kyitngaruya

fy

V(1 T2)

n:l, fl flio el:

f
ﬁ; d, = f, #Af;  (Qr.8; =0)
1, 12

n=2 f, f,; e=

op) (fof;)
ey =——— (f, + Af;,e)=0 A= f
? V(0102) ’ o (fie1)

(foe;)+(fe;)=0

Papaskumaiimik. by, bn (1) by b Cedosh (2)
(b1, b)) =0(4) (i=1m)
(Crug + A4by + .o+ Ab;b) =0  (i=1m)
Crst: )+ A4 (b, ) +...+ 4, (b, b)) +... + A, (b, 10,) =0
(Cme1:05) + 41 (b, ) =0 by 20 (b;,b;) =0

. (Cm+lbi )

ﬂ“i -
(bi, b;)

()
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5) Oaxxapuica, = (4)  TeHrnmukypuHIHOYIaaMBaHATIOKAAAD1,D2, ..., Hm,Om+1 (6)
m+1=n6¥ncaoproroHainannpkapaéHUTyraiau.

Arapna m+1<n Gyiica, Myn0xa3aHu TaKpOpJIaiMu3.

bm+2 =Cm2 + ﬂfllbl tot ﬂ“'m+1bm+1 (6)
kabu axpatuo, (bm+2, bj)=0 (8) ] :1,_m.
Cra2s D
ﬂ,'z—( m+2 j) )
(bj.b;)

yngait kuauo, by, ...,bm, ...,0m+1, bm+2 (7) opToronan Teopemanu Kypamus. m+2=n.
HIynnait k6 E fapas oproronan sapaéH kerMa-ker Kyyutad by, ...,bn (8) oproronan 6asucra

ara Oymammus.

b
61=Ell en=b”| 9)
n
8 IbIIbI IbIIbI 1i=j " ‘

1-teopema. En ymuoBmu dazo O6ynu0d, (8) oproroHan uM3MKIM OOFIaHMaraH BEKTOpIIAp

CUCTECMACH YU3UKJIIN DPKIIA

X=X€ +..+XE€
Ae +..+1e =0 A=0 i=1n

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

Ae.,e)+A(e,.e)+..+4(e.e)+...+1(e,e)=0

A(e.e)=0 (e.,e)=1 A =0 k=1n
2-teopema: E Yuosmm Eskimin dasocu (€,...,€) oproronan 6asuc 6yncun. = X =(X€,)
(x,e)=(xe +..+xe.e)=x(ee)+..+x(e.e)+..+
+X,(€,,6,) =X (6.8) =% -1=X
Tavpud. E paso R —E, R, cE 6yneun R, ={y:¥xeR; (y,x)=0}

Teopema: Rz,E anukmanran ckansp kynaiitmara Hucbaran KucMm ¢azo 0ynanu.
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vylyz € Rz yl _y2 S R2

VXERI (yix):O (yzlx)zo

(Y, = ¥, 0 =¥, X) = (¥,;X)=0-0=0
yl_yz €R2

2) VAeR, YWeR, (xy,X)=4 (y,X)=4, 0=0 AyeR,

Tavpud. R2-E nunr kucm dazocunn R1 kueMm ¢azora oproronan Kucm $azo aeiunaam.
E=R(#) R dim E=n dimR =k dim R, =n-Kk
e.e () = Gynmaru6asucuu (0,...,q, ,) (2) Guran Genrunaiimk.
Oproronamiani xapaéuura kypa (2) 6wran (1) Hu opToroHas 6a3ucra KeITUPUIIT MYMKHH.

X=XE +..+X€ +..+X& —

X'(e)x"

X'=xe +..+Xe =R

X"=(kx+1)-x e +..+xe =R,
MacanaHn:
x x% (1)
A1+ A, - X+ A, -x*=0=0+0x+0x®
4=0 4=0, 4=0 q=1 q,=q+4x (q,0)=0
g, =1+ (-2)x=1-2x 0, =X+ A0, + 40,

AL+ A4xD= 'lf(1+ AX)dx =0

X° 1
X+A4,—||t=0 1+=4 =0 =2

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

G =X +A40+40, (9,0)=(+4+4(1-2x)-1)=0
(X +A4+401-2x)-1-2x)=0

D) +(A4D)+4,01-2%x1)=0

J'xzdx+_[dx+ﬂ?j(l—2x)dx:%i+ ﬂixi—% (1_2X)i

1

BYHI[aH /11 = —— TOIlaMHu3:
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(%J—Z@+(}%;1—2{%n@a—2x2@:0

% (1 2X)dx —%j(l—Zx)dx A I(l— 2%)dx =0

1t xtt 1 o1 2% 1-2x) 1t
L L TEL R S IR
30 40 3 0 320 2 3 0
1 A 1 1 1
—=+2=0 L == @, =X-"+=(1-2X)=X* —X+=

1,1-2x; XX —X+= OpPTOrOHAN BEKTOPJIAP CUCTEMACHU

1_ 9y X2 —X+=
N e :
—2ZX)(L—2ZX
(-2 2x) (Xz_Hlj(Xz_Hlj
6 6
; 1 (1-2x7°: 1
1-2x1-2x)=|(1—-2X)’dx=—= ——|==
( ) !). ( ) 2 3 (la 3
1-2x
&= =/3(1-2x)
b
1 1 2
(ﬁ—x+—nﬁ—x+—):f@@—x+—Jdx:
0
X x 1 X o xp 1
=l =+ — X2+ ——— || ==
5 3 36 4 9 6 180
) 1
e,=v180 | X" —Xx+ E €.,€,,€, — oproronan Gazuc.
Ha3sopar caBosiapu:
4. Kanmaii »apaéH OpTOrOHAJUTAII KapaCHH JIeHUITau?
5. Oproronan 0a3uc jeranja HUIMaHUTYITyHAcH3?
6. EBkiua ¢azocuHuHT KUcM (pa3ocu Xakuaa HuMa ounacus ?
Enuk Tectaap
Casoa KaBo0d
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€1,€2, ...,8n BEKTOPJIAP CUCTEMAcH OepuiraH . OproroHnan BEKTOpJIap CUCTEMAcH JeHnIaIu.
Arap (ej,e))=0 i Oyinca Oepwiran cucTeMaHH
KaHmay cucreMa aeb aragaqu?

Arap EBximun dazocupa 4YeKCH3 Ky UYHU3HKIN UYekcus ymuamin (azo nerdnnaan
SPKJIM BEKTOPJIAp TOMHII MyMKHUH OyJca, y X0iaa
Oy dazo xanmaii pazo neitmmamu?

E-xakukuii connap ycruga BeKTop (azo eBKIH] 4
dazocu OynMIIM y4yyH YHAA KaHAAWUIUp KOHYH
€k Kouga OVimya UXTUEPUA 2 BEKTOPHHUHT
CKalsip Kynmadtupum ned aranyBum (X,y) COH
aHWKJIaHTaH O0YIM0, HeUTa Xocca YPUHIA OYIIUIIN
Kepak?

EBmup pazocuma Kaiicu TEHICH3IUK YPUHITU? Komn-bynsikoBckui

DoiigaJaHWITaH agaduéTaap:
1.HapmanoB A.{. Auddepennman reomerpusi. T. Yausepcuret, 2003
2.Coxeter H.S. Introduction to Geometry.Sydney-Toronto,2001
3.Hapmanos A.f., Hlapuno A.C.,AcnonoB X.[ubdepenumnan reomerpusi Ba TOMOJOTHUS
danugaH qaH Malk Ba Macanap Tyruiamu. T. YHuBepcurer, 2014
4 Mumenko A.C., @omenko A.T. Kypc nuddepenmanbHoit reoMeTpun U TOMOIOTUU. M., U31I.

MI'Y,2004

3-AMAJIMI MAIIFYJIOT MAB3Y: IICEBJIOEBKJIN ] ®A3O0.

Mabnymku, EBkiana dasocuna xoopauvHartanap OommaaH uxtuépuilt M Hykraraya OynraH
Macoda
OM?=x?+y?+72 1)
dopmyrna Gunan aHUKIaHAP AU, DHAU Ty HOpMYIaHH Y3rapTupu6, Macodann OM2=x>+y?—z?
Oyiinya TONUIIHU KYpHO YUKAIIIKK.

OM macoda x*+y?>z% 6ynranma XakuKuii Myc6art coH, X°+y><z? 6yIraHaa 3ca MaBXyM COHHH
aHuKnaiiy. x>+y?=z? 6ynranaa sca Macoda Ora Tenr 6ynaau (M HykTa 0 6MIaH yCTMA-ycT TyIIMaca
Xam).

By popmynanu koopauHaTanap KypuHUIIIA KyHHaarnda 31 MyMKAH:

MiM%=(xz-x1)*H(yz-y1)*~(z2-21)°

OM:1 Ba OM: kecmanap opacuiaru OypyakHH sca
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X Xo +Y1¥Yo — 442,
2 2 -2 [u2 2 -2
\/X1+Y1—21\/X2+YZ_22

V3ynnuk Ba Oypuakiap my ¢opMynanap acocuia aHUKJIaHraH Qaszojap ncee0oesKkaud

CoSp=

¢azonap ned arananu. by dazona EBking GpazocuHUHT KYNITMHA akcHOMa Ba XOCCAIapu CaKJIAHUIIH

Owtan Omp KaTopja alipuM MyHocabaTIap KeCKUH (hapK KUIIaIH.

IceBnoeBknua ¢azona mMacodaHu OKOpHIArnda aHWKIAHUIINIAH KYpPUHAIUKH, YHIA yd XWI TYFPU YH3HKIAp
Oynumy MyMKHH: Oapua KecManapy MycOaT XaKUKHH Y3yHJIMKKa 3Ta TYFPH YH3HKIAp; MaBXyM Y3YHJIHMKIAru KecManapra
ora OynraH TYfpm 4ym3uWKIap Ba Oapua kecMmanmapu 0 y3yHmuKka sra OynraH TYFpu um3ukiap. by TYrpu wm3ukiapHU

(hazoBMif YXIIaIr, BaKTJIX YXIIAII Ba H30TPOII TYFPU YU3HKIAp A0 FOPUTHIAIH.

TONIIUPUK

[ceBnoeBknua asonaru Oy TUIAATH TYFPU YM3HKIAPHU YU3Maard aHaIWTHK KYPUHUIINHHA TOTIHHT:

@
©



12— {
alﬁz'hyl}

{Zrl

e ;%(zz» )
V(@5 )2+(yp=g) |2

49



Ennx Tectnap

CaBoa KaBoo
x2+y2>z2 oynranma OM wmacoda KaHAal | XakMKuK MycOaT COHHU aHUKJIAWIH.
aHUKJIaHaIu?
x*+y?=z> Oynramma OM wMacoda Kampaii | Macoda Ora Tenr 6ymamum (M mykra 0 Ounan
aHuKJ1aHau? yCTMa-yCT TyIlIMaca Xam).
x+y?<z? oynranma OM wmacoda KaHmail | MaBXyM COHHU aHUKJIAWIN
aHUKJIaHaIu?

Anaduéraap
1. Hapmanos A.. uddepenunan reomerpus. T. Yuusepcurer, 2003
2.Coxeter H.S. Introduction to Geometry.Sydney-Toronto,2001
3.Hapmanos A.f., Hlapuno A.C.,AcnonoB X.[ubdepenumnan reomerpuss Ba TOMOJOTHUS
danugaH qaH Malk Ba Macanap Tyruiamu. T. YHuBepcurer, 2014
4 Mumenko A.C., ®omenko A.T. Kypc nuddepennmansHol reOMETpUN ¥ TONOJIOTHHA. M., H3I.

MI'Y,2004

4-AMAJIMA MAIIFYJIOT MAB3Y: THITEPBOJIUK ®A30.

n Ya4oBnu SmaunTUK ($azo aed, Rn+1 dasoHwHr cdepacuparn aumameTpual Kapama-Kapiiu

Oynran HyKTajgap TyIlaMura antuiaaau (M30MeTpuk xKy(dr).

By dazonu Sy 6unan Genrunanamy.

Sn dazonu HoeBkIMA PuMan (azo 1eb6 xam aranany.

Rn+1 dazo coepanapura ypunmanap Rn (a3oHM TamKui STraHIMIUAaH, YEKCH3 KHYMK
opiuKiapaa Sy reomerpusicu Ry (hazo reomerpusicura sskuH Oynaau.

Sn pa3oHUHT M YIIYOBIM TEKUCIUTH Sm (a30HU TALIKUI ITaIH.

Onnuntuk $azona macoda Macanacu KaHaai ypHatuiran?

Arap Sy ¢azoHuHr X HYKTacMHHM M(OJAIOBYM BEKTOpJapJaH OMpPH X , UKKUHYHUCH XaM X

Oyica, y posga Oy BeKTopiap X2 = P MmyHOCabat Ounan GobslaHTaH OYIaIy.

X OusaH aHuKJIaHraH Sy pa3oHUHT X HyKTacuHU X( X ) Omian OofiIaHay.

Bynna, S—Snortonhazomarn X(Xx ) Ba V() HyKramap opacugaru Mmacoga, p 3ca 3TPUIHMK
paguycuaup.

Sn azo koopauHaTamapu cupaTHaa Rn:1 Ga30HMHT X BEKTOPHUHMHT X’ KOOpAMHATATAPUHU
Kapail MyMKHH.

OHu runepOosvK (pa3oHUHT BEKTOP aKCHOMACH acoCH1a KYPUJIUIIMHYA KYPHO YMKANINK

['unepbonuk ¢dazonun Ttabpudnam yuyn E, adun ¢azonunr |1+IV rpynmna

aKCHOMAaJIapHIaH TalllKapy Kyiiuaara V rpynmna akcCHoMaiapy 0a)XapriIiIIN Kepak:

V.1°% Xap ukkuta @ Ba b BekTopmapHuMHr ckasAp Kymaiitmacu ae6 atanysun K=a Eb con
MOC KyWnirad OYJIcuH.
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V.2°. Cxansp kymaiiTMa KOMMYTaTHB, SOHH & Eb=bEa

V.3%, Ckansp kymaiiTMa BeKTOpJIapHH KYIIMINTa HUCOATAH JUCTPUOYTUB STHHH & E([; tc)=a
Eb+aEc

V.4°, Xakukuii KymaiiTyBuMHY CKaNsp KynaiiTMa Tamkapucura unkapuin mymkun:(K @ )E b =k
aEb

V.5°. lllynpail @ i KypUHKUIIIArY | T2 BEKTOPIAp MaBKYIKH, yIap ydyH
asiEa>0 (a<l)
anEan<0 (usl), @iED | i#
Bynnaii maprminap acocuna Kypwiras | mHaexcnu ncesnoeBkin Gpazonu Rn kypunuiia OenruiaiMus.

1. busra mabnymku F(x,y)=0 TeHrIama TeKHCIUKAA OUPOp TYFPU YM3UKHU aHUKJIAWIU, STHHU
OXYVY Tekuciukaarda KOOpAWHATalapu X Ba y Oynran Oapua HyKTanmap TyIuiaMd Oy TeHIJIaMaHH
KaHoarnantupagu. Llynunraexk, gpasona xam

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

Tenrnama OXYZ na Oupop CHpPTHHU, SIOHM KOOpAWHATalapu X,y,z Oynran Ba (1) TeHrimamanu
KaHOATJIAHTUPAIUTaH HyKTajlap TYIJIaMUHH aHUKJIaiau. (1) TeHriaama CUPTHHUHT TEHTJIaMacH, X,V,Z
Jap 3ca YHUHT y3rapyB4d KOOpAWHATAJIApHU JICHUIIAIH.

WNkxuH4M TapTHOIM CUPTHUHT YMYMUM TE€HIVIaMacu KyHMu1aru KypuHUILIa €3uIaau:

a1+ XP+any?+assz?+2axXy+2a13X2+2a23yZ +2a14X+2a24y+2a342+a24=0

Oy TeHrnmamajaru ai,d2,dss,a2,d13,dz3 Kod()PUIMEHTIApHUHT KaMuAa OuTTacH HoiAaH (apKiIu
OynuIm Kepak. AWpuM XoJiapja CUpT TeHIJIaMacu OujiaH sMac, 0anku y €ku Oy xoccara sra OyiraH
HYKTQIAPHUHT TEOMETPHK YpHH OwWiaH Oepwiauimd MyMKHH. Oy XONJa CHUPTHUHT T€OMETPHK
xoccanapuas (oiianaHud yHUHT TEHIJIaMacH Ty3UIau.

13°. Cdepanmar OXYZ TYyrpu Oypuakiu JlekapT KoOpAMHATamap CHCTEMACHIAru
TEHTJIAMAaCUHH Ty3aMHU3.

Mapxkasu 0'(a,b,C) Hykraga Ba paguycu R Oynran chepa Oepunran O6yiacun. Arap p(x,y,z)
HykTa cepaHuHr uxTHépuil Hyktacu Oyica, y xonma 0'(a,b,C) Ba p(X,y,Z) HyKTamap opacuuaru
Macodanu Touni ¢popmynacuaan porganancak, chepa TeHIIIaMacu Kyinaarunda Oyimaam:

(x-a)*+(y-b)*+(z-c)*=R? 1)
(13)—mapkasu 0'(a,b,c) 6ynran HykTaga €ryBum Ba pagmycu R ra teHr OynraH cdepa TeHriamacu
nevimnaan. Arap (13) na a=b=c=0 6¥ynca, Mmapkasu koopanHaranap Oommaa ETyBud Ba paguycu R ra
TeHT Oynran cepa TeHrIamMacura sra 0ynaMus:
x2+y?+72=R? 2)
(13) Hu Kyiugard KypUHUIIA E3UIT MyMKUH:
X2+y*+72-2ax—2by-2cz+a’+b*+c>-R?=0  (3)

CdepaTeHrnaMacHMKKUHIUTAP TUOTUCUPTOYTUIIIMHUKY PCATAUINK. ByHUHT Ya9yH CHPTHHHT (2) TEHTJIaMacuaa
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ar=aiz3=az3=0 Ba a1=az=as3 1c0 onuHca, (2) TeHrIama c)epaHuHT TCHIJIaMacH YKaHWHHU TeKIUpamu3. ByHUHT yuayH a17#0

ne6 (4) HUHr XaMMa XaJUIapyuHH a1 ra 0ynaMu3 Ba Kyinaaru OenruianuiapHi KHpUTaMus3:

2a 2a 2a a
A: 14,B: 24,C: 34,D: 44
ap ap ap aa

Hatuxana X2+y>+2,+Ax+By+Cz+D=0 kypuHumiaru TeHrnamara sra 6yaamus. OXUpry TeHIIaMaHy yinby KYpHUHUIIA

é3160 oamus3

2 2 2
R y+§ o2+ & :l(A2+Bz+C2—4D)
2 2 2 4
€KU1
2 2 2 2
x+é + y+§ + z+g = l\/Az+Bz+C2—4D (5)
2 2 2 2

(5) Tenrnamanan kypunanuku, 4°+B?+C>4D>0 6yiranaa (4) Tenrnama MaoHora sra 6ynaau. Jlemak, 42+B?+C%4D>0
6ynca, (5) TeHrnama Mapkaszu
A B C
- ==
22 2

b

1
2 2 2
HYKTaJa Ba paguycu R= 5 \/A +B“+C”—-4D
6ynran cepanu uponanaiinu. Arap 42+B?+C?-4D=0 6yca, (5) TeHrnama

AY’ BY cY
X+—| +|y+—| +|lz+—=]| =0
2 2 2

Kypunumaa 6ynuo, y hakar ourra | — g ,—g ,—% HYKTaHU u(oaamanIm.
2°. Bupop IT tekucaukaa éryBuu L 4M3MKHUHT Xap OUp HyKTacuaH YTyB4u Ba 6epuiran | TYFpu unsnkka
napajuien 6yiaran 6apya TYFpU YN3UKJIApAaH TAIIKWI TONTaH CUPT YUAUHOPUK cupm Neinnaan. OyHaa L an3uk
WIMHAPUK CUPTHUHT HYHAITUPYBYHCH, | TYFpH un3nKKa mapasuie Ba L YM3HKHE KeCYBYH YN3UKJIAD YHUHT SCOBYHCH
nerimnany (1—au3ma).
MyHanTHpyBUYHIapy KOOPAMHATA TEKHCIMKIAPUIAH OHPHIA

€TyBUM SCOBUYMIIAPH 3Ca 1Ty TEKUCIMKKA TIEPICHIUKYIISIp 0Yno0,

_ KOOpJHMHATanap YKura napasuiels Oynran NUIMHAPHK CUPTIIApHH

I~~~ / Y i .
- Kypainuk
OX Texkucaukaa TEHrIaMacu
F(x,y)=0 (6)

6ynran L un3uk Ba sicopunnapu OZ

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

WJIMHAPHUK CUPT SKAaHWHU KypcaTailiiik.
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M(X,y,z) —IUTUHAPUK CUPTHUHT UXTUEPUN TAaHWHIIAHTaH

HyKTacu OYJICHH. M HyKTa OpKaJId YTyBUH SICOBUMHUHT L
P A HYHaNTHpyBUMCH OWIaH KecuIral HykracuHu N Ouian
N+ oenrwiaiiMu3. N HykTa M HykTanuar OXY TEeKUCIUTHIATH
npoexmsicuanp. Llyauar yaya M Ba N HykTamap 6urra X
abuucca Ba 6urtTa y opauHarara sra. N Hykra L an3nukna

&TraHu yIyH y STPH YN3UKHUHT (6) TCHIITaMaCHHA

v

KaHOATJIaHTHUPAIH.

JHemak, Oy TeHrmamann M(X,y,z) HyKTaHHHT KOOpAWHATaIapu xaMm Kanoartnantupaan. OXYZ ¢azona L ityHanTipyBun

KyWHJaru UKKUTa TeHIJIaMa CHCTEMAacH OWMJIaH aHUKJIaHAIH:
F(x,y)=0
Xyanu mryHra yxiai

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

y=0 x=0

TEHIJIaMaap WIMHAPUK CUPTIIapHUHT L iyHanTHpyBun un3ukiaapunu Moc pasuiiga OXZ sa OYZ tekucnukaaru
XOJATUHH aHUKJAIIHN KYPCAaTHUII MyMKHH.

Xycycuii Xoiapaa IHIHHIPUK CUPTIApHUHT HYHAITUPYBUIIAPH AJUIMIIC, THIIepOoia, napabosa, MKKUTa
KECHIIIyBUH TYFPH YM3HUK, UKKHUTA ¥3apo mapamien (ycTMa-ycT TyIIMarat) TYFpy Yn3uKIapaad HoopaT OYIHIIN MyMKHH.
Bynnaii cupTiapHn MOC PaBUINAA SJUTUITHK HMIIMHIID, MApaO0IIMK HWINHIP, TUHIIEPOOIHNK IUIMHAD, UKKUTA KECHUITyBYN

TEKHUCIIHMK, UKKHUTA Mapaiie] TeKHCIUK Ae0 IOpUTHIIaIM Ba YIApHUHT TeHIVIaMaJapy KyWnaaru KyprHUIa Oy Iam:

2 2
XY
DIUTUITUK UUITUHAD: —2 +—= 1 (3-umzma)
a” b
2 2
Xy
[MunepGonvk nHIHHAP: — =1 (4-un3ma)
a” b
[MTapabonuk nunuHAp: y?=-2px (5-un3ma)
2 2
Xy
WKkn KecuIyBYH TEKHCIIUK: S T, = 0 (6-un3ma)
a” b
VIKKHM Mapaies TeKUCIHK: x?-a%=0 (az0) (7-umzma)
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3.1% Bupop Q Tekucnukaa L MKKMHYM TapTHOIM YM3HK Ba
0¥ TeKHCIMKKa Teruuun 0ynMaran Mo Hykra Oepuirad OyJICcHH.

Tavpug. Dazonarn Mo HykTagas yTuod, L H1 kecud yTyBun
Gapua TYFpH YM3HKIAP TYIUIAMH UKKUHYH TAPTUOIN KOHYC CHPT
(€xm koHyc) neimnanu. Mo HyKTa KOHyC y4u, L 9i3uK KOHYyC
HYHaNTHPYBYNCH, KOHYCHH XOCWJI KHWITyBYH YH3HKJIAp 3Ca YHUHT

SICOBUMIIAPH JICHHIIA N,

/AR >

Konyc sicoBunnapu 0yiaran TYFpu YM3MKIap MapKa3u KOHYC H4Ma OYITaH TYFpU YU3HKIap OOFIaMHura TErHIUTH Oy IIaau.
KOHYC TEHTJIaMacCHHU KeITUpUO dnKapainuk. Q texucauk Ba yHaard L ymsuk OXY texkucnukna érran OYicuH.
Mo(Xo,Y0,Z0) HyKTa 3ca OXY TekucInkaard TMarad MXTUEpUil HyKTa OYJICHH. KOHYCHUHT UXTHEPUI M(X,Y,Z) HyKTaCHHH

OJIAlNHK, Y X0ima MoM TYFpu YHU3UK KOHYCHHUHT sicoBurcH 0yuo0, L yn3nk Omman M(X1,Y1,Z1) HyKTaia KECHIIAIH.

Mo,M1,M HyKTanap 6up TYrpu 4yM3HuKIa ETTaHN YUyH M OM 1= AM OM TEHIIMK YpuHI. by TeHrmmKan
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X17Xo=7»(X7Xo) = X1=Xo+7\.(X07Xo)

Y1-Yo=A(y-yo) = y1=yo+A(yo—yo)

21-20=MZ-20) = 21=20+MZ0—20)
OXI/IprI/I TCHITIUKIAaH }\. HU TOHI/I6, OJIAUHI'Y UKKH TCHITJIMKKA KSIUIMI/IB:

X1=Xo+ ——— ZO , yi=yor — ZO (7)
Me L = F(xl,yl):O
EKku
F(——Zg,yot ——Z()=0 8)
V4 0 4 V4 0 z

(8) I/Iq)O,Z[a KOHYC TCHIJIaMaCcH Z[eﬁHHaZ[H. M kknHYH TeHraama KOHYCHHUHI' HCKapT KOOpAUHATAJIap CUCTeMacugaru SHr

coqnga TCHrjiiaMacu

2 2 2
X
_+y_2_Z_:O
a b c
2 2 2
X z
St =0 ©
a b C
2 2 2
X z
——2+y—2+—:0
a b C

KYypuHHUIIAA 6y Iaay.

2°. Q rexucaukaa 6upop L umsuk Ba | TYrpu umsuk Gepunran 6yiacuH.

Tavpug. L unzvukuunr | Tyrpu unsuk arpodua aitnanumaan xocun 6yiaran @ ¢urypa aitnanma cupT qedunaau.
Oynna L aiinaHMa cUpTHUHT Mepuauany, | aiimanum yku neiinnaau.

AlinaHMa CUPTHHUHT TEHTJIaMacHHU KEITUPUO YNKapaiivK.

JlexapT KOOpIUHATAIAp CHCTEMACHHHU MIyHIal TartaiiMusky, Oyuna Q—(0YZ) tekuciuk, I-(0Z) ¥k xamma
L:F(x,z)=0 6yncun.

L gusukuusr (OZ) yk arpoduaa afinanunmaad Kauaaiup O

»
»

cupT Xocui 0yicuH (9-uu3ma). M(X,y,z) mry CHpTIra TeTHIILTH
nxTHEpHit HyKTa 0yncuH. M HykTagaH OZ yKKa NepreHanKyIsp
yTKazcak, kecumaa mapkasu 0 €(0OZ) nHykrana Oynaran 6upop
aiiylaHa XOCHI KWIIMHAIUKHY, ¥ aitnana L unsuk 6unan M1(0,y1,21)
HyKTajaa kecumicuH. Kecum aiinananan nbopar Oyiaranu yqyH:

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

v
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By macodanap nkku HyKTa opacunara Macoganu Tonui GpopMysacura Kypa Kyiugariuda 0ymnaau:

ol =0 + (=0 + (=2 ="+
somp= 002 + (3 —OF +(z 2 =37 =[ .

By xuitmaTnapau (10) TeHITTHKKaA Ky IMH3:

‘yl‘:w/xz +y2 =V :i\/xz +y2
F(i\/xz +y2,z):0

MeL 6ynranu yuyH:

(11) Tenrnama L un3ukan 0Z YK atpoduaa alIaHTUPUIIIAH XOCHI OYIraH CHPTHUHT TSHTIIAMACHINP.

Arap L un3uk moc paBumina 0X Ba 0V yxmap atpoduna aimaHTHPCaK, XOCHI OYITaH CHPTIApHIHT

TCHIJIaMaJlapy MOC paBUlIga

KypUHHUILTapaa Oynamm.

1.I'mnepOomnmk ¢azonapra MUCOIIIAP KEITHPUHT

Topmupuxk

Ennk Tectnap

F(x, +./y? + 27 )=0Ba F(y, +x? + 27 ):o

(11)

(12)

CaBoa KaBod
DITUNTUK TUIUHIP TeHTIaMach x2 y2
—2 + —2 = 1
a b
['unep6oauK MUIMHIP TEHTTIaMacH x2 yz
2
2 2
a b
[Tapabonuk HUJIMHIP TEHTIaMacH y2:—2px
OIUIAIICON ] TEHTIIaMacH X2 y2 7?2
—2 + —2 + —2 = 1
a- b C
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5-AMAJIMH MAIIFYJOT MAB3Y: UKkuH4Iu TApTHOIH
cuptiaap. UkkuH4M TapTHO/IM CUPT MHBAPUAHTJIAPH.

1.Cupraap naszapusicn. Mynanum 6yiin4a >rpuinkiap.
Texucnukaaru o4uK goupara roMmeoMopd TYIUIAMHHU d1emMenmap coxa 1ed ataimMus.
1-mavpugh. @azooazu 0 myniam jnemenmap COXAHUHZ MONOJI02UK AKCIAHmupumoacu
oopasu oynca, y 31emenmap cupm 0ed amanaou.

Jlemax, O tymiam snementap cupr 6yica, f:G—>O - TONONOrMK AKCIAHTHPHUII MaBXKYL
6ynumm kepak. by epna G < R*enemenrap coxa, O sca R® gam kenrupuiras Tomnonorus épaamuaa
TONOJIOTHK (ha3ora aimaHTupuiarad. Arap 0 anementap cupt Oyica, (f,G) )I(ychJ'II/IKO cupmuu
napamempaaut ycyau NeHIam.

Anbarra G, Gomka snementap coxa 6yiaca, G Ba G; coxanap y3apo romeomop¢ 6ynanu Ba
arap §:G, >G romeomoppusm Gepwiran 6yaca, f-9:G, -0 romeomoppusmO cuprau

HapaMeTpJIallHUHT OOIIKA YCYIHIHP.

Jlemak, sJIieMEHTap CHUPT y4yH YeKCH3 Kyl IapamMerpiail ycylulapu Mapxyaaup. bupopra
TYIUTAMHUHT DJIEMEHTAp CHUPT JKAHJIMIMHH KYpPCATHII Y4yH, YHHHT Y4yH OHpOpTa MapaMeTpliaril
YCYJWHH KypCaTUII Kepak.

Arap O cupr (f,G) mapamerpnam ycymu Gunan Gepumm6, (U,V)eGydayH ¢b(y,6) HyKTaHUHT

koopauHaTamapu X(U;V), Y(U;V), z(u; V) kypunuiiga Gearuicax

X =X(u,v)
y=yuv) (@)
z=12(u,v)

cucrema O CUPTHUHT napamempux meHe1amaiapu cucmemacyu Ieiunamu.
2-mavpugh. Dazooazu oOo2ranuwiIu 0 mynaam y3uea meuwinu Xap Oup HYKMaHuHe
oupopma ampoghuoa rnemenmap cupmea aiaanca, O cooa cupm oeiunaou.
WNxxuaun tavpudra nzox o6epamus. Jlemaxk, O cona CUPT OYJIIM Y9yH YHTA TETHIILIN Xap Oup
p €O mykra yuyn mynpaitU (p) arpod (R®dasona) maxyn 6ymu6, kecummvaU (p) MO snementap
CUPT OYIUIIN Kepax.
Keitnnyanuk xypc 1aBoMuia CUpT JI€TaHa 3JIEMEHTap €KUM COAAa CUPTHU TYLIYHAMU3.
Mucoinap.
1) Xap KaHmai TEKUCIHK dJIEMEHTAp CUPTIUD, YYHKHUTEKUCIUKIONpararomeoMopdaup.
Arap M (XO, Yo Zo) TEKUCIMKHYKTAacH, d Ba b BEKTOpJIapTeKUCIUKKanapaenoyica, yHu
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F=F+du+bv, —oo<u <400, —00 <V <o

KYpUHUIIUAANapaMeTpiIaliMyMKuH. by epna A :{Xglyo’ ZO} Bekrop M HykTaHuHr pagmyc

BEKTOPUIUD.
2) snemenTap G coxamaanuknanran z = f (X, y) — y3nykcus GpyHKUMsHUHT rpaduru >aeMeHTap

cuptaup. Cabadu, (X, Y, f(X,y)) = (X, y) —akcnantupui (IPOEKTCHs) FOMECOMOPHUIMIHP.

JF z
z=fix,y)

Q%_
N\

v

Yuszma-1

3) MUxkuymuammuchepa S’ amemeHtapOymMarancogacupraup. Pamumycu R ra  temrS?
cepaHHHrMapKa3UTaKoOpIHHATAIAPOOITHHIKOMIAII THPCAK, YHH

§*= {(X, V,2)eR* 1 X*+y?+2° = RZ}T}"/rmaMCI/Iq)aTHL[aKapamHMHSMyMKHH.

BycbepaHuHrcupTIKaHIMTHHAKCOOTIANTydyHYHTraTeruiumonpopra P Hykranuonaiimk. By P
HyKTagan(GapKIn S HyKTaHWKaHyOUHKyTOCHpaTn A, yHIraJMaMeTpuKKapama-Kapmuoyaran N
HYKTaHUIIUMOJMHKYTOX1CO6ma0, Z yKkuun koopauuara Gommgan N HykraopkaimyTkazamus, OXy

texucaurusca O nykraganytysunsaON  ra nepnemgukynsap rtexkucnuxaup. ByTtekucnuksa cdepa
KECHUIIUIIUIAHXOCUIIOYITaHalIaHaH! IKeamopedaTaiMus. 6): 9101 U Bunan OQ uypsa OX

yxuopacumarubypuaknm, V6unan OP pa OQ nypnapopacunarubypuaknuGenrunaiivus.  Byepaa Q
V4 7
nykra NPS mMepunuannunr sksatop bunankecummmuykracuaup, 0<u <27, -3 <V< 3 Ilynna S*
cpepannnr NS MepHIuaH YUKapHOTalIaHTaHKUCMH ¢ - P — (U, V) akcaHTHpHImépramMmuaa
T
[0; 27r] X {— ) ; E} JIeMeHTapcoxararomeoMophakciIaHTHPHUIAIHBa

x=Rcosucosv, y=Rsinucosv, z =SsinvrexriaMaiapépaamMmuaanapamMmerpiaHau.




Yuzma-2
4) JlowpaBuii mumHApHE X =RCOSU, y=RSiNU, Z=V TeHrIaManap CHUCTeMacH Epaammua

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

AnGaTTaciMHApPXaMAJIeMEHTapcupTIMac (3 -uu3ma).

rd
}u

i
i

(L

{
ANNN

'
\.
)

3 -uu3ma

Arap 6usF(u,v) ={x(u;V); y(U;v); Z(u;v)} Bexrop dyHKCusiHM Knputcak (1) TeHrnamanap

CUCTEMAacHUHU OUTTA
r=r(;v), (uv)eG (@)

BEKTOp TeHIIama Epaamuaa ¢&3a oiamu3. byrenrmamaO cupTHUHTGeKmop — Kypunuwdazu

menznamacu neinnany. Tabumiiku, O CUPT 3JIeMeHTap cupT O6ynmaca, (1) Ba (2) TeHrnamanap yHu
O6upopTa HyKTa arpoduaa aHUKIANAH. Arapo sieMeHTap cupt Oynca, ynu Ttynuk (1) €xm (2)
TeHrIaManap €paaMuaa aHUKIall MyMKHUH.

2. CHPTHHHI OIIKOPMAaC KYPHMHHIIAA OepHIHIIHN.

Busra G c R® ounk tymmam Ba G na ammknmanran cwmmk F(X;Y;Z) ¢dyHkcus Gepuira

OycuH.
Ilyama O ={(X; y;2)eG:F(X;y;2) =0} tymam F QyHkcusaMHr camx mynaamu Exu

cupmu neiivnanun. Arap gradF =0 6yiica, 0 XaKUKaTAaH XaM cojjia CUpT Oymamu. XakuKaTaaH,
arap P=(%;Yy;Z) €O nykrama F, #0 Gyuca, omkopmac (yHKLHMS XaKHZard Teopemara Kypa,
myngait  §>0,£>0 commapu Ba G, = {(X; y): |X0 - X| < §,|y— y0| < 5} coxazga aHUKJIaHTaH

z=f(x;y) oymkuus wmapxyn 6ymu6, (X;y¥)€G, o6ymramma F(Xy, f(X;y))=0 tenrmuk Ba

o= T (X1 ¥o) s |2, — F(X; y)| <& mynocaGarnap 6axapuno,
T :{(x; y;z):|x0—x|<5,|y0—y|<5,|zo—z|<g}
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HapannenunnnenHHHré bunankecummacu Z = f (X; y) ¢bynkuusHuHTTpadurnganudoparaup. Jlemax,

O y3urarerniumxapKaHIaiiHyKTaHHHIeTaPIHKHYHKATPOPHIAdIEMEHTAPCHPTOY Ta K.

BU3HUHTKYpPCHMU31aaCcOCHI METO/I MaTeMaThK aHaIN3 OYIraHIMTHY4YH,
OM3CHPTIapIaHKY IMMYAIIapTIapHATATA0KIIaMU3.

Tavpud. bepurzan O cupm yuyn ynea meewwnu uxmuépuii nykma ampoguoa (f,G)
napamempaaut ycyau maexcyo oyauo6, oynoa X(U;V),y(U;V),z(U;V) pyukyusnap yznykcus xycycuil
Yo 4
Yoo 4,

xXocunanapea 32a 6a ( jmampumuanune panzu ukkuea menz 6ynca, O cupm pezynap cupm

deuunaou, napamempiaul yCyau 3¢a pe2yiiap napamempiaul 0euuiaou.

- - -
CUpPTHUHT  PEryJspJuK IIapTUHU |:ru,rv:|=0K§'/pHHI/Imzla XaM €3UIIMMHU3  MYMKHH.
buskypcuMusnaacocanperynspcupTiapHuypraHaMus3.
DHIUCUPTIAPHUHTOCPIIIUIITY CYIIIApUXaKUJaKyHHTaT U TeOpeMaIapHUNCOOTIAMITHK.

Teopema-1.5usea G coxada anuxnamnean cunnux X(U;V), y(U;V), Z(U;V) pyuxyuanap 6Gepunub,

Z
xap oup nykmaoa rang (Xu zu Zu] = 2 menanuk ypuniu 6yica,
X =X(u;Vv)
y=yuv) (uv) eG
z=1z(u;v)

CHUCTEMA PETYISIPCUPTHHAHUKIANIN.

Hcoor. Teopemanu ncbotnaul yuyH
O ={(Xy;2):x=x(U;V),y = y(u;v), z=2(u;v), (u;v) € G}

TYIUIAMHUHT COJA CUPT JDKAHIIMTUHU KypcaraMu3. byHUHT y4yH 3ca 0 TYIUIaMI'a TETUILLIN UXTUEPUN
Po = (X(Ug; Vo), Y(Ug; Vg ), Z(Ug; V) ) HyKTaHHHT eTapau knuuk atpoduma O seMeHTap CUPT YKAHIMTHHA
kypcaramus. bupopra &>0ga Gg = {(U;V) eG:(Uy—u)’ +(v, —V)* < 8} OYMK JIoWpa y4yH
f:(u;v) > (x(u;v), y(u;v), z(U;v)) kouna  Buman  amukmamran  f G, — f(G,) akcnantupunmun
Kapaiimus. bepuiran X(U;V), y(U;V), zZ(U; V) dyHKIusIap y3inyken3 Oyirannura yayn f xam ysmykcus
akcnaHTHpUIMp. Arap f ¥3apo 6up KuiiMaTim Gyica, YHUHT TecKapucu [ 'MaBxya Ba y3TyKCH3
oymamn (f 'ysmyxemsmurn xam  X(u;V), y(U;v)Ba Zz(U;V) GyHKIMSIAp Y3ITYKCH3IHNTH Ba TeopeMa
WapTHAaH Kenub unkamm), gemak O HUHT P, HyKTaHu y3 munra onyeun T (G,) Kuemu snemeHTap
cUpT Oynaau.
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Iyaunr yayn 6upopra € >0 yuyn f akcranTupuinHuHT Y3apo Gup KUHMATIN aKCIAHTHPHII

SKAHJIMTMHA UCOOTIaiMu3.

dapa3 kunaik, & >0,& —>0,i=12,3,...5a G(9 noupara terunuma (U5;Vi)Ba (U7 V7)xap

2

2:V?) TEHIIMK YpUHIM GYJICHH. YMyMUMIMKHE Yerapanamacian

xun Hykranap yayn f(us;vi)=f(u
aHUKIMK y9yH U <U’Ba Vi <V’ ne6 dapas kunaitmak. lynna,
X(Ui V) - x (V) =0,y - y(ulsve) =0, 2(uivg) - 2(ufsvy) =0

iV i i

TeHIIMKIap/aH Ba Jlarpamk Teopemacuian
X, (VDU =)+, (0, )% -v) =0
Ya (P VWP =)+, (U7, 67)( —v)) =0
2, (P VD — ) +2,(uf, g7)(% —v) =0
TeHrmuKIapuu onamus.By epna pt, p?, P E[Uil,uizj, q 9%, o G[Vil,viz ]uiz —U} Ba V-V COHJIapu

Oup BaKT/Ja HOJITA aiJIaHa OJIMAM/IH.

[ITyHuHT yuyyH HOKOpUIAru TEHITUKIAPAAH

X (Pve) _ Yu(PEv) _ z,(p5v)
X U5a) Y uhg’)  z,(u’a)

Mynocabatau onamu3. bymyHocabatna X, X,, Y,, Y, BaZ,, Z, yHKOHsIap y3TyKCU3ITUTHIAH

doiinananuoO, I — 00 TUMUTTAYTCAK,

Xu(uO’VO) — yu(UO’VO) — Zu(UO’VO)
X\/(UO’VO) yv(uO’VO) ZV(UO’VO)

Mynocabathau onamu3. BymyHocabataca Teopema mapTurazuaoyiras,

rang(XU Yu %j <2
e B )

Tenrcusnukka TeHrKywinmup. Jemak, dapasumusHotyrpu, Ba & >0 erapnu xuumk Gynramza

A

f:G, » f(G,) akcnaurupuin Tononoruk akcnantupuianp. byraansca, O TymiaMHuHT Py HyKTaHH
y3 maura onysun f (G,) kucMu snemenTap cupT SKaHINTU KEMMO YMKA/IN.

Teopema-2.Pezyisip O cupm ynea mezuwnu P(Uy,V,) nysma ampoguoa,

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

u

Ilapamempux  menenamanap époamuoa obepurub, P Hykmaoa oemepmMuHanm  HOJNOAH

\
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Gapxnu 6ynca, wynoai cunug T (X,Y) @dyukyus masocyoxu P Hykmanune ampoguoa 0 cupm 7=
f(X,Y) @pyukyusnune epagpuecuoan ubopamoup.

I/I3OX. bus PEryjsAp CUPTIAPHUHI IIapaMETpJialll YCYJIMHU TaHJIaraHuMus3ga Xap AO0UM Xu’ Xv'

Yur Yy s 2,5 Z,XOCHITAIAP MABXKY/] Ba Y3ITYKCU3 OYIMIIMHN Tajad KUjIaMus.
HcooT. Teopemanu ucOoTaI yUyH,
{X =X(U;v)  X(Ug, Vo) =X
y=yU;v) " y(Up, Vo) = Yo
cucTeMara MaTeMaTUK aHaJIW3 KypcuJaaru Teckapu (yHKIMsIap XaKuaard TeOpeManu Kyaiimus. by

Teopemara acocaH mynaii 6 >0 conn Ba 1, = {(X, V)i X —X|<d,|Y,—YI< 5}

Coxana aHuKJIaHTaH mryHaai quddepennuamianyBud U =U(X;Y), V=V(X; y) byHKIUsIIap MaBKY/IKH,
ymap X((u(x;y), v(xy) ) =X, y(u(x;y), v(X;y)) = y tenrnuknapaukanoatnantupaausa U(Xy; V) = Uy,

V(Xy; Yo) =Vy, MyHOCabatnap Ypunmu Oynamd. Jlemak, P Hykra anoq)HzLaO cuptZ = z(u(x;y),

v(x;y)) = f(X; ¥) byHkuusHuHT rpadurugas noopaTIup.
3. CupT ycTuaa €TyBYH 3rPH YH3HKIAP.

Perymsip O cupranar peO mykra atpoduna perymsip (f,G) napamerpram ycymu

r=r(u,v) @
TeHrJiama épaamuia oepuirad, cupt yeruaa M Hykranan yTyBuM ¥ orpu uusuk Gepuiiran 6yiuo, y
p=p(t), a<t<b. (2)
TeHrnama Epaamuaa napamerpianrad Ba y  f(G) 0yncun.

AHHKJIMK YYyH, M CUPT HyKTacu cudaruma (uo;vo) KoopAuHaTanzapra, 3rpu Yu3uK HyKTacu
cutdaruna t mapamerpaunr t, kuitmatura moc kencuH. Tabuwmiiku, xap 6oup te(a;b) yuyn mynnait
(u(t),v(t)) € G nykra maBxyna 6yuO0,

A =ru)v®) 3)

TCHITIMK YPUHIM Oynamu. Arapy CWIUIMK dTrpud 4u3uK Oynca, u(t),v(t) byukcusiiap xam

muddepeHcuamianyBun  QyHkcusuiap Oynaau. byHum cOotnamrydyH 0 CUPTHUHT DETYyJsip CHUPT

ZU

SKaHJIUTHJAH (oiinamaHaMus. 0 perynsip cupT Oynraniaura ydyn rang (X” Yo j = 2 TeHIr MK

X Y 4

X, Y, X =Xx(u;V)
Y y=y(uv)
Arap y cuiuik arpuunsuk 0yica, pP(t) BekTop ¢GyHkcusHUHT koopauHaTamapu X(t), y(t), z(t)

YpUHIN. AHUKIUK Y9yH CHUCTEMAaHHU KapanMmus.

# 0 6yncun ne6 papas kuuo, {

nuddepencuamianysun  QyHkcusimap  Oymamu.  bupoprat” € (a;b) yayn X = x(t), y* = y(t"),
X =Xx(U;V)

' =z(t").Bau’ =u(t"), v: =v(t") 6eJ'II‘I/IJIaI_HJ'IapKI/IpI/ITI/I6,{
y=yuv)

CHUCTEMAaHHU
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{x(u*,v*) =X"
y( v =y
Ha3opaT CaBOJL/IapH Ba Tonmnpm(nap:

1. WUynantupysun unsuru P = P(U) TeHrimama Owimad OGepuira, scoBumiapu € BekTopra

napasuies OyiraH CHIMHAPHUHT MapaMeTPUK TEHTIaMallapy TY3UJICHH.

u
2. ®dazona X=ach(gj, y=0, z=U renrnamanap 6unan Gepuiaran umsukauar OZ Yku

aTpodua aiIaHUIIKMIAH XOCHI OYIraH CUPTHUHT (KaTEHOUT) TEHIJIaMaJlapyuHU E31HT.

3. [M'unepOonuk napabdonou

2 2
X Y _2;

a> b?
KaHOHMK TeHrJiama OwiaH OepwiraH Oyica, yHUHT IIyHAAl MapaMeTpUK TEHTJIAMallapUHU E3WHTKH,
KOOpJMHATA YM3HUKJIAPH SICOBUMIIApIaH HOopat OYJICHH.

4. CdepaX=acosucosv, y=asinucosv, z=asinv

napaMeTpHKTeHITaManapruOnianoepmiran0yica, yHUHIOMPUHYN KBaAPATHK (POPMACHHUTOITUHT.
2

. \"
Onnunrtuk napabonoun X = \/EV cosu, y= \/aV sinu, z= > TEHIJIaMaaapOunaHOepuira,

YHUHIOMPUHYH KBaAPATHK ()OPMACHHUTOIIMHT.
5.  Bupunum KBaJIPaTHK dopmacu | = du® + (u® +a®)dv’ kypurninga6yrancupTia
1, 2

u=-av
2

YU3UKJIAPXOCHIKWITaHy40ypUaKHUHITIEpUMETPUHNBA0YypUAKIIAPUHUTOIIMHT .

u :—lavz, v=1
2

6. bupunun kBagpatuk Gopma 6-Macananaru KypuHanaadyiarancuptaau =av,u =—-av,v=1
YM3UKIapOnIaHyerapalaHrany40ypuakHUHT FO3UHUXUCOOJIAHT.
7.  bupunHum kBajgpatuk (opma 6-macananaru KypuHunadynrancupriau+v=0,u—-v=0

YU3UKIapOpacuaaruoypyakHUTOIMHT .
8.  bupnamnamm runep6onona X = achucosv, y=achusinv, z=cchu

TeHIJIaManapounanoepuiIranoysica, yHUHTMKKUHYY KBaIpaTUK (POPMACUHUTOIIMHT .
9.  Howpaswuii maHAp X = RCOsV, y = RsinV, Z = U tenrnamanapounanOepuaranoyica,

YHUHTUKKUHYY KBaJpaTHUK (POPMACUHUTOIINHT .
10. CuprF(X,Y,z) =0 Tenrnamadbunanbepuirad. YHUHT ['aycc SrpHUIUTHHUTOIUHT.

11. Cuprauddepencuamianysun Z = f (X, y) pyHkuusauarrpadurnaanudoparoyica, yHUHT
l"aycc Ba ypTa srpMIIMrMHUXUCOOAHT.

12. Cdepa X*+Yy*+7°=169 renrmama Ownan Gepuiran. Yumar M (3,4,12) mnyxraman
YTyBUM ypHHMA TEKUCIIUTH Ba HOpMaJ TEHTJIaMaiapy Ty3WJICHH.

13. Temukomm X =UCOSV, Yy =USiNV, Z = av reHriamaiapOrIaHOepHITaH.

YHUHTYPTadrpPUINTUHUTOIIMHT .
14.  CuprXyz =1tenrnamabunanbepunrad. YHUHT X+ Y +Z2—-3=0

TEKUCJIMKKANapauIelypUHMATEKACIUKIAPUHUTOIIUHT .
15. T'enukounp y4yHre€oAe3MKYM3UKIAPHUHITEHTJIaMaIapUHUEZUHT
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16. Cuprx=U’+V? y=U’—-V? 7 =WV Tenrnamanapbunanbepunran.  YauarP(u=1v=1)

2 oo oo
HyKTacugaruV = U” 4Yu3uK I/IYHaJ'II/IH_II/I6y1/II/ILIaHopMaJIBFpI/IJ'II/IFI/IHI/ITOHI/IHF.

17. Cuprz=2x*+ 9 y® Tenrmama OmnaH Oepuiran.Yaunr M (0,0,0) nykracunaru JlroneH

HHJUKAaTpUucCacu TCHIrilaMaCuH! Ty3UHI.

EHI/IK TEeCTJaap

CaBoJa KaBoo
DIUTMNTUK UWIMHAP TEHIJIaMacu x2 yz
===l
a b
[MamepOoIMK MIMHIP TEHTIIaMaCcH x2 y2
Z 2
a b
[TapaGonuk HWJIMHIP TEHIIaMacu y2:—2px
DJUTAIICONU TEHTIIaMacH X2 y2 2
— + — + 7= 1
a- b C

doiiaaHWIran agadouérnap:
1. Hapmanos A 4. luddepenunan reomerpus. T. Yausepcurer, 2003

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

3. Hapmanos A.4., Illapunos A.C.,AcnonoB JK.Juddepenuuan reoMeTpus Ba TOIOJIOTHS

(daHuIaH faH Mallk Ba Macanap Tyruiamu. T. YHuBepcurer, 2014

4, Mumenko A.C., ®omenko A.T. Kypc nudepeHnuanbHOi TeOMETPHU M TOMOJNOTHA. M.,

m3g. MI'Y, 2004

6-AMAJIMM MAILFYJIOT MAB3Y: KVIIXUWIJIUKJAP. KYIIXUJIJIUKJIAP
TYPJIAPH.
KYIIXWIJINK TEOMETPUSICH.

1. Puman reoMeTpusicH 2JIEeMEHTIIAPH.
Cunnur K -jnuamau N xpmxunnuxnu cunnug n-ynuamau kynxuniuxka yanykeus axcianmupuu

& N —> M cunnug oetiunaou, azap uxmuépuii P € N uykmanune ampoguoa N ea M
oazu Oupop kapmaoa cuiiuk Qynxyusiap ounaw oOepuica, SAvHU ggoh*l @dyHKyuss M 0a cuniux

Gynryus 6yaca (2-pacm). dcramub ymamusz, 6ynoa N, M kpnxunnuknapnune ynuamnapu K, N

uxmuépuii 6yruu MyMKuH.
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gen™

2-pacm.

Wk CWIMMK KYNXWJUIMKHU Y3apo OMp KUMMAaTIM MKKA TOMOHJIAMa CHJUIMK aKCIaHTHUPHUII
muddeomopdusm, OyHaal akCIAaHTUPUIIT YPHATUII MyMKHH OYJraH KYnXuuIHkiap sca auddeomopd

JNeHnaam.

M na cummux iiyn 16 3 2 [A@,bb]—> M cuumk akcmantupuimra  aiTamus.
Jlokan koopauHaTanapia Wyl HYKTaJIaApUHUHT Xap Oup X' o Y KOOpJAWHATACU CWUTHK (YHKIUS
oynagu. 37 (Q) sa 37 (D) uykranap #ynaUET oM Ba OXUpH AeHUIAIH.

Teopema 3. ¢@ - N —> M - cwumk KYIXUIMKIApHY CHIUTMK aKCIAHTHPHIN — Ba
V0eM @ akcrnanTUpUIIHUHT peryisp HyKracd OyicuH. Y xonga [P HyKTaHWHT TYia mpooOpasu
B=¢7l(q)N ma ymuavy AIMB =dimN —dimM = K — N 6yaran cummx
KHCM KYTIXWIITUK OY1aau.

Uc6or. B= (p_1 (q) KaTJIAMHUHT KYIXWUIMK DKaHUHW ucOoTiam ydyH, xap Oup P € B
HYKTaHUHT aTpodua omkopMac QyHKIMS XaKuaard TeopeMany Kyiam erapiad. HaTtmkana xap 6up
p € B nykranuar R K" ek dasocuaark coxara romeoMopd p €U arpodra sra 6yaamu. u
arpoda nokan xoopauauTanap cudaruma N kymxuwmmkeEIET p HyKTacu atpodumaru (Xl,...,Xn)

JOKaJ KOOpJIMHaTajapAaH Oupop (n - m) TaCUHM OJIMII MYMKHH. Arap Oy KoopauHaTaiap
(Xil yeeny Xin—m ) O¥yica, y Xon1a KoJIraH (X j) JIOKaJI KOOpIMHaTaIap (Xil ’“.’Xin—m ) OpKaJIM CHILITUK

(yukuuanap ownan udonananaau. byngan B = (pf1 (Q) HUHT CWUIMK KYNXWIIHK SKaHJIUTH Keano
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YUK, (yl,...,yn)N KYNIXWUTMKHAHT [0 HyKTacu aTtpodumarn OomKa KOoOpAWHATa CHUCTEMAacH

OyJCHH. (y R y [ ) cucTeMa B J1a JJOKaJl KOOpAUHATAIap CUCTEMACHUHU TAIIKWJ 3Taau. Y XoJaa

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

Cunmuk ynkius 6ynaau. Teopema ucooTaanu.

By sca omkopmac pyHKIMS XaKuJaru TeopeMaiaH Keaud YuKau.

Axkcnantupui auddepeHiuany.
@ : N —> M — cwummMK N KYNIXWUIMKHU CHJUIMK M KYNXWUIMKKA CWUIMK aKCIaHTHUPUIL

oyncun. N maru xap 6up 7 iiyara M 1a @ © 7 ityn moc kenann.

M 1a Gupop @ (p) uyxra arpoduna Gepmiran xap Gup f dymxumstiapra, N xa 6upop p
HykTa atpoduna 6epunran T o ¢ pynxuus moc kenaau.

CuiuiK (P aKCIaHTUPUINHMHT [, HyKTajzard audpdepenuuann dp @ nebd dp(p:TpN—>T¢( oM

aKcraHTHpuIIra aiThnamm, y xap oup ue TpN Bexropra dpy (U)€ T, ,, M BeKTOpHH MOC KyHamu, M
Jla UXTUEPHUI f cumnmmk byHKIMATa KyiHuaara Kouaa 6yinda tabCcup dTajiu:
(o (u))f=u( f o).

Arap u BekTOp ) HYNHUHI p = , (t) HyKTaja Te3JIMK BeKTopu Oyica, y xonaa dpy(u) BeKTOp
@ © Y WynHUHT t 1a TE3TUK BeKTopu 0ynaau (3-pacm),

dop (7 '(0)= (2 = 27 )(1).

Oxkopunaru  Qgopmynamapnan  kypuHaguky, uxtuépuii  u, veTlpN, aeR na
d(D(u + V) = d(D(U) + d(D(V), d¢(au) =ad q)(u), AapbHU @ :N—M CWUIMK aKCIaHTUPULIHUHT
muddepennmanu  dp @ YM3UKIUM  AKCIAHTUPUIIT Ba MIYHUHT Y4YyH, XYCYCHH XoJlapia CHILTUK
aKCIAHTUPUII OYNaiu,

dp(p :TpN — T(o M

©)
Tabuuii xouoa Oyuuua anuxiamean dpo(p, U)= (P (p), dpy(u)) ypunma xamnamanapuu

akcaaumupuut g, TN—TM nu Kapaiimus. By akcranmupuws ymyman o12anoa Yusukiu amac, oanku

Kamaamoa Yusukiu.

Bomupuw, scotinawmupuw, cyomepcus.

Azap xap oup p e N nykmaoa dp o uusukiu axcianmupuws a0pocu gpagam nonoan ubopam 6ynca,

avhu dpp ToN  pazonu T, \M Hune Kucm ¢pazocuea wusukiu u3omMope) akcianmupca, y xon0a 1)

»(p)
axcaaumupuwe N kynxunnukuu M ea (cunnux) 6omupuw Oetiunaou. Tabuuiiku, Oynoa k=dimN <

dimM=n oyruwuzapyp.
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N 0a p nyxkmanu y3 uuuea onveuu (V, g) kapmanune noxan koopounamanapu x*, .., x* ea M

0a ,(p) myxmanu 33 uuuea onyeuu (U, h) xapmanume y' , ..., y" noxan xoopoumamanapuoa

AKCAAHMUPUWL CUTLIUK PYHKYUsALap dunan bepuiaou
y' =y (x4, X)) i =1...,n.
@ axcranmupuw oomupuwt 6ynuwiu yyyn k < n 0yau6, xap oup peN uyxkmaoa AHxobu

i
mampuyacu (ﬂlj HUHZ paHcu K 2ad MmeHe 6)7]11/”/[/!”, ABHU MAKCUMAT 6)7]11/!1/{/{1/! 3apyp ea
8X i=1..,n; j= k

emapauoup.

Akobu mampuyacunure paneu 10Kai KOOpOUHAMAIAPHU KaHOAal maniauwiea 602iux smac 6a P
axkcranmupuwHune p Hykmaoaeu ouggepenyuaru d g nune paneu detiunaou.

Aeap @ : N — M axcrammupuwoa N y3unune obpasuca ougpgeomopgd 6yaca, y xonoa P
axkcianmupuw (CULIuK) sxcotnammupuns detunaou. by bomupuwnune xycycuti Xoauoup.

Hxmuépuil b6omupuws n1oxan sxotinawmupud 6y1aou.

Aeap k>n oa Arxobu mampuyacunune paneu xap oup HyKmaoa mMaxkcumani Oyica, SAvHU n 2a

meHe Oynca, y xonoa P axcranmupuus cyomepcus 0etiunaou.
Muconnap. 1. Cunnux axcranmupuw 77 . TM? =M "npoexyusnawe T dazu yap 6up (p,u)
(6ynoa peM,u ETpM) 8eKmopea  YHUHZ — HYKMACUHU ;z(p,u): p moc kysou. by

akcianmupunune xap oup nykmaoa paneu maxcuman, svnu 1 2a mene 6yneanu yuyn cyémepcus
oynaou.

2.¢:R* > R akcranmupuw kytiuoazu Kouda 6ytiuua anukiaHaou: go(x, y): X, YHUH2 panau

1 2a menz cyomepcus 6ynaou. Ynunz @ (C) =0 gamaamaapu mypu yuzuxiap oyraou.

4.2. drpuauru HoMaH(pui KYyIXHITHKIAp reOMeTPHsCH.
Kynxmunkiaapaa BeKTop MaiaoHIap.

M cummnk kynxwmKHEEET A KMCM TYTUTaMEIA X BEKTOp MaiiioH OepuiraH aeinnany,
arap xap oup xe A nykrara oupop Xxe TxM BekTop MOcC KyiuIca.

X BeKTOp MaliIoHHH X+ Xx aKCIaHTHPHII cuaThaa Kapan yayH 6apua XxBeKTopiap €TyBuH
SATOHA TYTUIAMHM KYpCaTHUII JIO3UM, YYHKU TYpJM HyKTajapra Typiu ypuHMa (azonapiaH BeKTopiap
Moc Kkyihmnamu. bynmait Tynnmam VYpunma katmama TM xuco6managu. LIyHMHr y4yH BeEKTOp
MalJIOHHU KyHUAaru akCIaHTUPHUII KaOu aHUKJIAI KyJIaliup:

X:A—TM, Oyana A cM
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KYIIMMYa XOCCAaHU KAaHOATJIAHTUPYBUM : UTXTUEPUN X€ A HyKTa ydyH mpoekuus z(X,)=X,

spHU T o X =id - bynaait akcnantupunuiap TM HUHT KecuMIIapu Xxam JAeUWIIaIu.

GcMcoxana 6epunran X BEeKTOp MaiIoH CHJUIMK JIEHIIAAN, arap yd TeHTKYWIHd TacAUKIIapaaH
O6upu Oaxapuica:

a)X : A — TMakcnaatupum cudaTuaa KapamaérraH BEKTOp MaWgoHA = GCuumk
KYTIXWUIMKHUA TM CHIUTHK KYTIXWITUKKA aKCIaHTUPCA, CHILTUK OYI1anu;

0) Muaaru G coxana Oepwian uxtuépuit cmmk ¢ynkuusafyayn(Xf)(x) = Xxfrenrnuk Ounan
aHuKTanyBun XfyHKIus cuuuk 6yica;

B) xap 6upxeG yuyn (U, h) kapra Tommwicaku, yHaaXx BEKTOPHUHT KOOPAMHATIAPH X | TapX

HYKTaHUHTX' , ..., X"KOOpJMHATATAPUTa CUILIHK GOFIUK Gyca.

AcM tynnampaa aHukigaHraH XBEKTOp MaWIOHCWILIMK Jedwianau, arap kamupa Outra GoA
OUMK TYIJIaMJa aHUKJAHTaH CUJUTUK YBEKTOP MaiJIoH MaBxyn OYiauo,AtymiaMmaa XBEeKTOp Mai10H
Ownad ycrma-ycet tymand, Y |,= X . BynmaitY Maiiion XBeKTOp MailIOHHUHT KEHralTMAacH JICHIIIA IH.

Bektop maiimonnap ¢azocu. burra AcM tymmamaga Oepriran X, Y BEKTOp MaiiJoHIapHU
Kyluaarn Kouja Oyinda KyIIUIl Ba COHra KYMalTUPHII MyMKHH: (aX +bY )X =aX +DbY,, 6ynna
a,b = R . by amamapra uucbatan A Jard BEKTOpP MaiJOHJIAp YU3UKIA (a30o TAlIKKII 3Tau.
Bynnan tamkapu, AcM garu BeKTOp MaiiioHyIapHd GyHKIUATA KyHHIarnda KynaiTHpHUII MyMKHH:

X )x = f(x) Xx
M naru CWIUTMK BEKTOp MaiitoHnap 4n3ukiu ¢gasocunu (R ycruna) y 6unan 6enrunaiimms.
JIu xaBcu

V Bektop (azo yHna anukianrad [ , | (JIu kaBcu ne6 HomianyBum) OunHap aman Ounan JIu
anredpacu neinnany, arap UXTuépuii u,v,weV Ba a,beR yuyH Kyiinaru akcuomanap OGaxxapuiica:

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

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

3)Axo6wm aitnustu[[u, v], wl+ [[v, w], u]+ [[w, u], v] = 0.

Tabkuanad yTaMu3Kky, aCCOUMATUBIMK Tajad dTUIMANIH.

JIu anreGpacura MUCON KUJIHO R® eBxiun BeKTOp (pazocujaru oAauii BEKTOp KyMalTMaHU
KEITUPULI MYMKHH.

GcM coxanuHr X € G HyKTacHIard Xap MKKH CHIDTHK BEKTOp Mai/IoHTa CHUTHMK (QyHKIUsIIapra
dyhinnaru kouaa Oyitnua Tabeup 3TyBUM [X, Y|x GyHKIIMOHAT MOC KyHuiaau

[X, YIx=Xx(YT)-Yx(Xf)

by pynkuumonan xam Bektop 6ynanu. by GyHKIMOHAIHNIOKAT KOOpAMHATAIap/a Kapacak,
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[X,Y] £ =X (Y'0,f) =Y, (X'0,f) =
=X}@,Y)o, f +X]Y;0,0,f -Y'(0,X")0,f -Y/X,0,0,f = Xymum
=(X'0,Y' =Y'6.X"),0,f,
myHjai, M na (€ku coxana ) X, Y e x xap ukki BEKTOp MaiijoHIapra [X, Y]snru Bexrop maiinonmHu
MocC KysaMu3. Y X Ba Y BEKTOp MalIOHIapHUHT JIu KaBcu nendnnanu.
Arap X, Y Bektop maitnonnap CX —cmmmk 6yica, y xonaa ynapauar JIn xasen CK? — crmmmk
BEKTOp Mai10H OViaam.
JIu KaBcH XOccanapu:
a. IxTuépuii nokan KoopAnHaTanap CUICTEMAaCUHUHT 0a3uc MalioHIapy yUyH
[, oj] = 0.
XakukataaH xaM X = JjBEKTOp MaiiioH X' =5} JOKaJ KOOpJuHaTajgapra sra, OyHaa 5} —
Kponekep cumpomu. Illyrunr yayn 6apuanX' /nx =0 Ba [mi, 5] =0. m

0. Uxtuépuii X, Y € xBay, cHIINMK QyHKUUAIAP YUyH
[X, @Y1, = ()X, Y], +(X,0)Y,.

B. Arap N — M ra xoinamtupuiaran KucM Kynxuwuiik Ba X, Y — N 1a CHIIMK BEKTOp

Maiionnap, X, Y, — ynaapHuHT N KUCM KYIXWUIMKHUHT M naru atpoduaa KeHraiTmacu Oyica, y

xoina xeN ma

X, YIk=[X, Y ]

Puman kynxuwjimru.

Arap xap 6up TxM ypunma ¢asona X HyKrara CHUIMK OOFJIMK <’>0Kan;1p KynaiTma

aHUKJIaHraH Oynca, M KYNxXwuIuMkaa pUMaH CTpPYKTypacu OepuiraH nedwnanu, ssbHU M naru

uxtuépuit X, Y CUJUTMK BEKTOp MalIOHIAp yUYyH (X, YoM Ja CWUTKK (QyHKIUS OYiaau.
bormannmum cwumk M KYOXWIIMKIA pUMaH CTpyKTypacu Oepuiran Oyica, Mpuman
KYNIXWUIATH JEeHNIIaIN.

(U ) h) nokan koopauHaTtanapaa M garu uxtuépuii X € h(U) HykTa yuyyH KyWHJaruHU XOCHJI

(XY, =(X'8,,Y19,), = X}Y,)(8,,0,), = g; ()XY,

KAJIAMHA3: oyunma ai — xaykranusr (U, h)

0,0, .
KOOpAMHATAIApUHUHT  0a3ucgij(X)onman sca (0,00 Oenrunanrad.  @ij(X)kuiiMar  Mpuman
KYIXWUIMTHHUHAT X HyKTacuHHHT(U, h)KoopauHaTamapuHHUHT ,,METPHK TEH30pH' KoeppHIUEeTIapH

NeUniIagn.

(X, ¥) ¢ynkuus M ga uxtuépuii X, Y CHIUIMK BEKTOP MaiIOHIap YYyH CHIIHK OYJIMIIN YUyH

Oapua QijbyHKIMsIAp CHUIMK OYIMINIM 3apyp Ba erapiauaup, Oy x!, .., x") mokan

gy =gyeoh (GyHKIMS OUIaH TEHT KYWIUIUP.
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Nxxku M1, M2 puMaH KyIXWIIMKIApU U30METPUK JEeHUIIaau, arap yjaap ypracuja UXTUEPpUN X €
Minykra Ba uxtuépuii u,v€TxM BekTopiap yuyH myHzaan nuddeomopduzm ¢ :M1—M> ¥pHaTum

UV, =(dg(u),dp(V))y,

(P aKCIAHTUPHULIHUHT Y3U 3Ca U30METpUs JCHUTIAIN.

MYMKHH OYIICHH:

Arap¢ — wmometpus,(U, h) — M1 naru kapra, (U, ¢Oh) —»aca My nmarm kapra Oyinca, y

1

xoJiaa 9 GYHKIUSIHUHT KAEMATIapH X~ , ..., X" JIOKaJI KOOpIUHATAIapaa Oup Xui Oymasim.

Mucon.PumaH KYIXUJUIMTUra 3HT COJ/1a MUCOJ HYKTaBUM €BKIUA (ha30CHIUp.
7 :[a, b] > MM na 6ynakiu-CHILIHK WY1 OYIICHH.
Xap 6up t €[a, blyayn 7 (®) TE3JIHK BEKTOPH aHMKIAHraH . / BexTop/ |= 77 Y3YHJIUKKA
ora. , WyN y3yHIMIW KyHuJariya aHuKJIaHaIu:
b b
s() = [ ®]dt = [ '®). 7 Ot
a a M —
puMaH Kynxuuura 6yicul. Tabpudra kypa y OornaHuIUIM. BoFnaHUIUIM CUJUIMK KYTXUJUIMKHUHT
UXTUEPUIl MKKM HYKTaCMHU CWUIMK Myn OwiaH TyTalITUpUII MYMKUH. p, ¢ € M  HyKramap
opacuparu Macoda 1e6 * (p,q) =inf s(y) coHra aiiTunaau, OyHaa p Ba  HU TYTAIITUPYBYH OYIIaKIIv-
cHIUTHK 7 uynnapuuHr inf onuHaIu.
Teopema 4. p(p,q) =infs(y) TEHTTINK OWIaH aHMKJIaHTaH P dbynakus M ga Metpuka Oynaau,

ABHU
1) P(p,q)>0,
2) P(p, =" (a,p),
3) P, )+ (I, a)>* (p, ),
4) P (p,p) =0,
S)arap p # qOynca, y xonnap (p, 9)>0 6ynaan.
P (GyHKIMATa pUMaH METPUKACcH JeHuiaiu.

N puMaH KYOXWUIMTHHU M pUMaH KYIXWUIMTUTra OOTHUPHIL ¢ :N—M wuzomerpuk aeiunnanm,

arap eciu ¢ OOTHpHII MHAYLMpJaraH cKayisip kynaitMa N jnaru OwiaH ycTMa-ycT TYLIAad, SbHU
uxtuépuii X €N HyKTa Ba u,v €TN Y4yH (d,$(u). d gV )y = (U vy Oaxxapuiica.
4.3. 3amonaBuii reomeTpus 0yiinya xaaKkapo KoHpepeHUusJIapaa TAKJIU( ITHITAH

MYaMMOJ/I1ap Ba YJIAPHUHI e4MMJIAPUHMHT TaXJIHJIH

Kosapuant nuddepenuunannanm.
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M — cuumK KynxuumMk Ba XxeM OyncuH. vkounma xap Ooup UeT M BekTop Ba XHyKTa
arpo¢una 6epunrad X CHIUIMK BeKTOp MaiinoHra 6upop VX €T, M BEeKTOpHHU MOC Kyiica, X HyKTaja
KOBapHaHT AuddepeHuuamianm aeinnaau, arap uxtuépuii u, v e TxM, a, beR nap, X, Y cumuk
BEKTOp Maioniap Ba f cuyunk pyHKIMsIap y4yH X HyKTa arpoduaa KyHuaari TeHIIIMK Oakapuica:

V... X=av X +aV, X,
V,(@aX +bY)=aVv X +bV Y,
V. (fX)=(uf)X, + f (X)V, X

By epna, ogarnarunek, uf - f QyHKUUSHUHT U BEKTOP WYHAIMIIMAATH XOCHIACH, Xx —3ca X
MalJIOHHUHI X HyKTaJaru Kuimaru. V X BexkTop X BEKTOp MaiJOHHUHI UBEKTOP MyHaIMIIWIATrd
KOBapHaHT XOCUJIacH JeHIIaIu.

GcM coxanunr O0apya HyKTanapuaa Oepuiirad koBapuant auddepeHuuamiam v xap xypt X,
Y cwumk Bektop Mainonnapra G ga saru V,Y BekTop MaIoHHM Moc Kysau. Tabpudra kypa Oy
MalOHHUHT X € G HyKTajaru KuitmMaTu XxBeKkTopra OOfIHMK Ba X MalJOHHUHT OOIIKAa HyKTajaapJaaru
KuiiMatura OornmuK smac. Arap V.Y maiinon uxtuépuil cwmk X u Y MaiJoOHJIAp Y4yH CHIUIHK

Oynca, y xonma koBapuaHT auddepeHnmamnam vcuwuuK aeiimiagn. CHIUIMK —KOBapUaHT

Qg epeHIraian Y3HKIN OOFIHKINK XaM JeHHITaIH.

Jemma. ArapueTpM Ba X, X BEKTOP MalJJOHJIap p HYKTaHUHT OUpOp aTpoduaa ycTMa-ycT

Tymica, y X01aa p Hyktaga v, X = V, X,
JleBu-UuBura OOFIaHUIIN.
1.T e o p e M a. UxTuépuit M puman KynXuuIMruia CAMMETPUK pUMaH OOTJIaHUIIN MaBXKyJ] Ba

y sroHanup. ¥ M naru JleBu-UuBura 60FnaHuIIM qeinnaau.

2. Wc6or. Sromamury. Y

— myHnail Oornanuim OyncuH. Puyum aiinustuan X, Y, Z
MalJOHJIApHU IIUKIIMK aJIMAIITUPUO Y4 MapTa €3aMu3:
XN, Z)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 ailpaMus.

XN, ZY—(V,Y, 2y =Y,V Z)+Y{Z, XY=V, Z,X)—(Z,V  X) = Z{X, Y ) +(V, XY )+
+HX,V,Y)=0. (4%)

bormannm CUMMCTPUK SKaHWUIaH:

VY-V, X =[X,Y], V,Z-V,X =[X,Z],V,Z-V,Y =[Y, Z].

(4*) TCHIJIMKHUHT Yall TOMOHHUTA <VXY, Z> XaJIHU KyIIn0, alupcak Kyluaarura ara 0yiamms:
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2V Y, Z) ={XY, Z) =Y X, ZDF Y (2, X) (X [Y, ZD} -
—{Z(X,Y)—(Z,[X,Y]}. ()
O6ymapau xuco6:1a6,Komyns hopmynacu ne6 HominanyBuu (5) ¢popMmyrnanu xocuia Kuiaamus: (5) HEHT

V' ra 6ormuk smac. yHuHr yuyyH aManaa UKKUTa IIyHaal VuV' 6Gornannm MaBXKYI

VHI' TOMOHU
Oynamu, nXTuépuiix € M HyKTaga KyHHaard TEHTJIMK Oaskapuiiaan:

<VxXYva> = (VXXY,ZX>
UXTUEPH Z MaliI0H YUyH OaKapyIIMIINIaH, TbHU

(Ve Y=V, Y,Z,)=0

(VXXY)X = (VIXXY)

Harmxana, *. By TeHrnuk uxtuépuil Xxuykrajaa Ba uxruépuit X, Y Maijonnap yuyH

ypuHiu. Jlemax, V=V u

X1co0-KUTOOHM OCOHJAIUTUPHIL Y4YyH aBBall MCOOTIaHraniapaan ¢Qoipananamus. M na

UXTUEPUI CUMMETPUK V' Gornannm KupuTamu3. (4) HUHT Xap OUp TEHIIMTUHUHT Yal TOMOHHU Tajab
KUJIMHTaH XOCcallapHM KaHoarhnaHTupaau, 8.1.3 nmemmara kypa, (5) TEHIIMKHUHT YHT Ba 4all

TOMOHJIapH aiiupMacu XaMm X,Y,Z BEKTOp MalJOHIapHUHI X HyKTajard Kuiimarura OOriuK. JIeKun

(5) HUHT Yam TOMOHH, SBHU 2V Y, Z,)

, Ba Xy WIyHAAl YHT TOMOHM XaM Z MaWlJIOHHUHT X
HyKTaJlaH OOIlIKa HyKTaJaru Kuitmatura OOFIUK sMac.

DOHIU aHUKKH, (5) HUHT YHT TOMOHU X, Y MalJOHJIapHUHT (pUKCHpIaHTaH KuiimMaTHaa X €M
HykTana (akat Zx€TxM ra Oormuk Oynca, y xonma (5) yuHr tomonu TxM nma L umsukiam

(GYHKIIMOHATIHU aHUKJIAWIH.

[ynunr yuayH 6apya Zx € TxM yuyH W, 2,)=L(Z,) oynanuran (X, Y maiijonnapra OOfIINK)
w € TxM maBxyn 6ynanu.

Vi Y=w/2

Tavpudra xypa ned oncak, JleBu-UuBuTa OOFIAHMIIMHM XOCHJI KHJIAMU3.

XaKkuKaTAaH XaM, KUPUTUIITaH V. oaman 72 maru (6) HUHT JacTia0KM WKKUA [IapTUHU

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

\%

KaHoaTnantupaau. Kypunummra xypa

KaHoaTnantupagu. (5) vu X, Y, Z Ba X, Z, Y yuyyH KyJlacak Ba HaTHKaJapHHU KYIICAaK, amMai
Puyun (1) allHUSATHHY KaHOATIAHTUPHILIUTA aMUH OYI1aMu3:
2V Y, Z)+ 2V Z,Y) ={XY, Z) =Y X, ZD3+{Y(Z, X) = (K IY, ZDF—H{Z(X, Y ) -
~Z,[XYDIHXCZ,Y) =(Z DX YDIHZY, X) = (XLIZ YDRY(X, 2) (Y. [X, ZD)}.
= AV, Z)+ XV, Z,Y)=2X{,Z)

(1) =m uxtuépuii X, fY, Z maiiionnap yqdyH KyJuiacax,
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XY ,Z), = (Vy, fY,Z)+(f (X)YX Vy )= f (X)(VXXY L+ XY, Z)+
HE(X)Y, Vi, 2)
= ((XF)-Y,Z)y+ 1 (V,Y,Z)=(V,(fY),Z)
ra ora Oynamus.
bynnan, Z MaiiIOHHUHT UXTHEPUATIUTHIAH KenuO YMKKUO, Kyiuaarura ara 0yiamMm3
V.(fY)=(Xf)-Y+f-V,Y,
\Y%

Oy sca 7.2 maru (6) HUHT yYMHYHM HIAPTH OaKapWJIWHH OWIIMpaaNd Ba — OOFJaHMII dKAHUHU
ucootnaitnu. (5) vu X, Y,Z BaY, X, Z yunukiapra Kyia0, HaTHKalapHu alupcak, KyWuaarira sra

Ooynamus:
AV,Y,Z)=2(Vy X, Z) ={XY, Z) =Y, [X, ZD}+{Y (Z, X) (X, [V, ZDF—HZ(X, Y ) -
—(Z,[X,Y]>}—({Y(X,Z)—(X,[Y,Z])}+{X,<Z,Y>—(Y,[X,Z])}—{Z(Y, X>_<Z![Y’ X]>})
(VY -V, X ~[X,Y].Z)=0

By (VxY ~VyX=[X.YD

9KaHMHU  KypcaTai, SIbHM  KUPUTWITaH  OOIJIaHUIIT
CUMMETPUKIIUTHHH KypcaTaau. B
(2) Pruun aliHUSITH JTOKAJI KOOpIUHATAIAp/a KyWHIark TeHIIaMajiap CHCTeMacura TeHT Kyuin

aigjk _<V0iaj’ak>_<aj ’Vaiak> =0, 1, ], k=1,....n, (6)

EKn
Va0, =10s, (0,,0,) = Uy (8)
SKaHUHU XMCOOTa 0JICaK KyHuaaru cucremara sra 0yiamus:
09, — 1594 — T304 = 0(7)

0;,0;,0

XakukaraH, (6) HUHT xap Oup TeHrnamacu ' 1’7k Gazuc maiinonnapra Kyyuianrad (2) Puaun
altHusATHHYU Oepaju, MIYHUHT yuyH (6) TeHrnuknap (2) nan xenud ynkaau. (2) Hu (6) 1aH KeATHUpUo
YUKapHIll Y4yH, BCIOMHUM, 8.1.3 ra kypa (2) HUHT yan TOMOHUHHHT KUMaTu Xap 6up x €M HyKTana
dakar X, Y, Z BEKTOp MalOHJAPHUHT 1Ty HYKTaaard Kuimatiaapu Xx, Yx, Zx ra OOFIUK OVmaau.
Hlynunr yuyn uxtuépuit X, Y, Z Mmaiiionnap y4yH (2) HUHT 4arl TOMOHMHU MYMKUH Oyiran Gapua
0a3uc MaioHNap YWIMTH Y9yH aHAJIOTUK HQOJATAPHUHT YU3UKIU KOMOWHAIMSACU KYPUHHUIINIA

udonanam mymkuH. Jlekus ynap yayH (6) ra kypa Oy udomanap HOJTa TEHT.

8,,0,,0,

Jlokan xoopauHaTanapaa O0asuc Maigonnap yuyH (5) TEHIIMK Kyluaaru

KYPUHUIIHYU OJIaJu:

Gy , 09 _ 99y
' oxd X (g)

2F§jgsk =
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I, Jbukcupnanranaa (9) Tenrinamanap cucremacuaad S = 1, ..., nma Kpucrodden cumMBoUIapuHN aHUK

re -1 (agik L _agijj g*
Ul i j k ’
2 X' ox! ox (10)

oynna (9° ) — Matpuua, (gs ) ra TeCKapu MaTpHULA.

TONUII MYMKHWH

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

2. Juddepennuan 1-popmanap. dynknus nuddepennuamm — quddepenman 1-hopma.

3. @yukuwus rpagueHTH Ba QyHkuusa quddepeHnuany.

4. CupTiapHUHT OMPUHYH Ba UKKUHYU KBaIpaTHK GopmMaapu — nuddepeHnuan popmanap.

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

6. Cummerpuk OornaHunUMK. Puman Ba JleBu — YuBuTa OOFIaHULIUIUTH.

7. AxcnaHtHpum Oyiina6 BekTop Maiimon. Mym 6yiima6 koBapmanT muddepeHImrananL.
[Tapannen BekTop MatoHIap.

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

9. DkchoHeHIHAaN Ba Ie0/Ie3UK aKCIaHTUPHIILIAP.

10. DkcnoHEHIMAT AaKCIAHTUPHILIAPHUHT  Xocchapu. ['eole3uK  aKCIaHTHPHUILIAPHUHT
XOCCIIapH.

11. Taycc nemmacu. llapnap Ba KHCKa YU3HKIAP.

12. Xong-PuHoB TeopemacH.

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 Srpwidk. JIokan nzomerpusiiap.

17. Puman cyomepcusiiapu Ba O'Hetin dhopmynanapu.

18. Kucwm xynxwumknap. Maaynupnanrad OormaHuiivK. MKkuHYM acocuit popma.
Enuk tecriap

CasoJl KaBo6

V Bektop ¢azo JIlu anrebpacu nedmnuiiu 4
y4yH HeuYTa akcuoMa YpuHiu?

k>n na fko0um MaTpUIIaCHHUHT pPAHTH | aKCITAHTHUPHII CyOMepCHst TeHniiaan
xap Oup HyKTaJa nra TeHr Oyca, y Xoaa

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

Wxtuépuit 6otupu JOKaJ KOUIAIITHPHIL OY1aau
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VI. KEUCJIAP BAHKHA

1-macana. xOz texucnuruga Oz ykuHKM KecMmaiimuran X=@(U), Z=y(U) 9u3uK
o6epunran. by ynsukau Oz Yku atpodua ailTaHTHPUIIAAH XOCHI OYJIraH aitilanMa
CUPTHHUHT TEHTJIAMAaCH TY3HWJICHH.

Eunm. Ymymuiinukka 3u€H eTka3Macaad Oepuirad X=¢@(U), Z=y(U) 4U3MK yIyH
o(u)>0 mwapt Ypunnm neb6 papas Kwiamus. DIpH YH3HMKIA KOOpAUHATAIap cudatuia

ZXOP =v OypuakHu Ba OepwiraH YM3WKHUHT u mapaMmeTpuHu onamu3 (16-pacm).

A7
x=p(u)
z=y/(u)
A
4
\\\ o(u L
| M
! ry
) |/[
e ’ Y
v vV P
N
X 16-rasm

Yusuk yctugaru xap 6up L(u) mykra mapkasu Oz Ykuna érran Ba paguycu X=g(u) ra
TeHr OyraH ailiananu unzaau: MA=OP=g(u).

Koopaunar  umsukmapu:  u=const—mnapamnemiap (aiilanamap),  V=const—
mepuauannap 6ymaau. CApTHUHT BEKTOP TEHIJIAMACH:

F = p(u)cosvi +p(u)sinvj +w(uk,
Koopaunar kypuHHIIIArd TeHrIamMalapH dca:
x = g(u)cosv, y = p(u)sinv, z=y(u)

bepunran un3uk OwiiaH aiijlaHMa CHPTHUHT YYUHUN KOOPJIMHATACH OUp XUJIIHDP,

yyHKH yn3uK Oz VK atpoduaa aitimaHMOKIA.
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2-macana.0z YyKka MNepreHauKysiap AB TYFpU YH3UMKHHMHT Iy VYK aTtpoduaa
allIaHUINIKMJAH Ba IIYHUHI/ICK, aiaHuIl Oypuyarura mpornopcuoHan Te3nuk ounan Oz
OViiad CWDKWINWJAH XOCWJI OYiaraH CHUPT TYFpU Teaukouj  jaeuwmnanud. TYrpu
TEJIMKOU] TEHIJTAMACUHU TY3UHT.

A

X 17-rasm

Eunm. Koopaunaranapau Kyiuaarda tannaimms (17-pacwm):
MA=u, ZXOP =v
laptra xypa OA=av, Oynma a=const. KoopauHara yusukiapu: U =const-
BUHT YM3UKJIAp, V = CONSt —sicoBUmMIap (XapakaTiaHyBYU TYFpU YU3HKJIAp)IaH UOOpaT
oymanu.
1-macanmanan ¢oigand reTMKOMIHUHT BEKTOP TEHIJIaMach
F =UCOSVi +usinvj +avk,
napamMeTpuK TeHTJIaMajapH dca
X=UCO0SV, y=usinv, z=av
KYpUHUIILIA OYJIMIINHU XOCUI KUJIaMU3.
2-Keiic
1. Kyitnaaru cepa MapkasMHUHT KOOPJAMHATAJIAPH Ba PAIUYCH aHUKJIAHCHH.
1) x2+y?+72-12x+4y-62=0,
2) X2+y?+72+8x=0,
3) X2+y?+72-2x+4y-62-22=0,
4) X24+y?+7%-62-7=0.
2. Kyitnaaru aitnana MapkasuHUHT KOOpAMHATATIAPU Ba PaINyCH aHUKJIAHCHH.
X2 +y2472-12x+4y-67+24=0, 2x+2y+z+1=0.
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3. Kyitnaaru aitnaHaHUHT 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) nyKTasapHHUHT

(X-1)*+(y+2)*+(z-1)*=49

cepara HucOaTaH Ba3UsATH aHUKJIAHCHH.

5. Kylingaru TeKuCTAMKIAPHUHT yIIOy

(X-1)*+(y-2)*+(z-4)*=25

cdepara HECOATaH Ba3UsTH AaHUKJTAHCHH.

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?

chepaHuHr ymoy

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

TYFpU 4YHM3UKKA KyImIMa OyiraH JguamMeTpuan TEKUCIMTUHUHT TEHTJIAMach
TY3WJICHH.

7. Yoy

(x-1)*+(y-4) >+(z+1)*=25

Coepannar M(3,5,1 )HykTama TeHr WKKHTa OYJIMHAJAWTaH BaTapJIapUHUHT
T€OMETPUK YPHU TONUJIICUH.

8. X2+y?+72-R?>=0

chepanuHrS(Xo Yo Zo) HyKTaJaH YTYBYHM BaTapiiapd ypTaJapHHUHT T'€OMETPHK
VPHU TOIHUJICHUH.

9. X?+y?+72-R?=0

cepanunnr(-R,0,0) Hykragan yTyB4YM BaTapiiapu YpTaJapHHUHT TCOMETPUK YPHHU
TOTIMJICHH.

10. (x-a)?+(y-b)?*+(z-c)*=R?

chepanrHrMo(XoYoZo) HYKTallaH YTyBUM Ba Tapjapu YpTaJapUHUHT TCOMETPHUK
YPHHU TOIHUJICUH.

11. S(Xo Yo Z0) HykTagaH X?+Yy?+z?=R? c(epara yTKa3uIraH ypHH MaTEKUCIHKKA
TYIIUPWITAH TEPICHINKYJIAP aCOCIapUHUT TE€OMETPUK YPHHU TOIUJICHH.

12. (x-1)*+(y+3)?+(z-2)>=49cdeparaM (7, -1, 5) Hykraga YTKa3WITaH ypUH
MaTEKUCIIMK TEHTIaMaCH Ty3WJICHH.

13. (x-a)?+(y-b)?+(z-c)>=R%ceparaMy (Xo Yo Zo) HyKTaja VTKa3suiaraH ypuH
MaTEKUCIIMK TEHTIaMaCH Ty3UJICHH.

14. x2+y*+7°=R%cdeparaMo (Xo Yo Zo) HyKTajga YTKa3sWIraH ypHH MATEKHUCIMK
TEHIJIaMacH TY3WJICHH.

15. x*+y?=9, z=0 va x*+y?=25, z=2 alinaHanapgad yTyBuH cepa TEHIIAMACH
TY3HJICHH.
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16. Koopmunaramap Oommaan Ba (X+1)2+(y-2)>+(z+2)?=49, 2x+2y-z+4=0
ailmananan yraaurad chepa TeHTIaMacu Ty3UJICHH.

17. (1, -2, 0 )uykragan Ba (X+1)24(y-2)°+(z-2)?=49, 2x+2y-z+4=0 aiinananan
YyTyBuH c(hpepa TEHTIIaMacH TY3WJICHH.

3-Kkeiic

18. Tyrpu um3uKIapHUHT OofiamMu S; Ba Oy OoFIamaaru TYFPU YH3HKJIAPT
amepreHIuKyap OyaraH TeKUCIUKIap OormaMu Sp; Oepwirad. S; OOFIAMUHUHT TYFPH
YM3UKIApU Ba Sp; OOFIIAMHUHT TEKUCIHMKIAPH Kecwmanaw. KecHin HyKTaTapuHUHT
TCOMETPUK VPHU TOMWJICHH. S; OOFJIaM TEKUCIUKIApU OujiaH Sp; OOFJIAMHUHT Iy
TEKUCIIUKJIapra  TEpIeHAUKyIap OYnaraH  TYFpU  YM3UKIAPHUHT  KECHINTaH
HYKTaJapuJiaH XOCHJI OYJIraH reOMETPUK YPHU aBBAJITM F€OMETPUK YPHUHUHT Y3uJaH
nbopatauru ucOOTIaHCHUH.

19.
KannaiizapypuiiBaetapiumaproaxapuirangaAx+By+Cz+D=0rexucmukx?+y>+z°=R%c
dbeparaypunaau?

Bbymapr6axapuiranaeOypuHUIITHYKTACHHUHTKOOPAMHATAIAPUTOITHIICHH.

20. VKJIapuKoOpAHHATaYKIapHOHIaHyCTMA-YCTTYIYBYH,

X2 ZZ y2 ZZ

OxzBaOyzTeknuciankia ocpa ay=0, —+—=], x=0 —+—
BaOYZTeKUCIUKIAPHUMOCPABHIII QY TRET s Y16

=1un3uKIapoyinadKecuoy TyBUMAIIUIICOUATEHT ITAMACUTY3UIICUH.

4-keiic
o X2 y2
21. YxnapukoopauHaraykiapunanuoopar, z=0, ) + % =lsmmnceaM(1, 2, +23)
HYKTAOPKAJIHY TYBUUDIUITAIICOUITCHIIAMACHTY3HJICHH.
22V KnapHKoopAMHATAYKIApUIaHHO0paTOY IraHBa X2+y24+7°=9, Z=X

ananamanxamaaM(3, 1,1)HyKTagaHy TraHd UTMICOMATEHTITaMACHTY3UIICHH.
2 2 2
23 XLy,
27 12 75

=lsmmuncouaanarM(3,2,5)HyKracuiarnypHHMaTEeKUCITUTUTEHTJIAMACU Ty 3HIICHH.
X2 y2 ZZ
24 Ax+By+Cz+D=0rexucauKkHunr — + oF +—=1
a c
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AIUTUTICOUATAYPUHUIINYIYH3apypUIBA€TapIUIIAPTTONUIICUH.

2

25. Ax+By+Cz+D=0TeKucIuKHUHT % +

2 2
z
c
AILTUTICOUAOUIAHKECUIITNIIINY YyHKAaH TalIIIap THUHT Oa)KapUIHIn3apypBaeTapin’?

2 2 2
26. X+l +Z o

D
lon
(@]

AJUIANICOUTHUHIMAPKa3uJaHyHUHTYPUHMATEKUCIIUTUT ATy Ty pUJITaHIIEPIICH IMKYJIapJiia

PacoCIapMHUHITEOMETPUKY PHUTOIUIICHH.
2 2 2
X YA
217. Z_+ Y +—_—=1
2 2

D
[N}
O

ammnicongHUHTAX+BY+Cz+D=0TekncamkOnmaHKe CUIITUTITIU3UFHTHIHT MAPKA3U TOTIAIT
CHH.

XZ yZ ZZ
—t5+5=1 snmuncongHuHr M (X, Y1,

28. r

b}
(@}

Z1)HYKTaIaTCHTUKKUTa0y IMHAIMTaHBATapIapUHIHI TE€OMETPHKYPHUTOIHIICHH.
XZ 2 2

29. ry + I—6 + ZI =1 sMnconaHuHra(2,1,2)Bekropramnapanies,

BaTapJ'IapI/IHI/ITCHFI/IKKI/IF36S"HYB‘II/II[I/I3MCTP AITCKUCIIMTMHUHI TCHITIAMACUTY3UJICUH.

30. LD SrmunconHUHrP(Xo, Yo,

Zo)HYKTalaHy TyBUMBaTapUYyPTAIAPUHUHI TEOMETPUKYPHUAHUKJIAHCHH.

X2 y2 Z2 _
31. ¥+b_2+_2_1

(@}

Srnunconounanx’+y?+z°=R2chepayprHMaTEeKMCIMKIAPUHUHIKECHIIUIIHIAHX OCUIIKH
JIMHIaHYJUIUIICMAPKa3IapUHUHITEOMETPUKY PHUAHUKJIAHCHH.

S-keiic
. X2 y? o 7?
32. VYKnapukoopauHaTayKiIapuranapaumiesn, — + oF +—=1
a c
smuncononnanAx+By+Cz+D=0TeknucIMKHUHTKeCUITUIITYU3UFUIaHY TYBUUAILIIUIICO

2

X 2 2
HWATCHIIaMacu — +
a

Y4 (Z;_2 =1+ A (Ax+By+Cz+D)kypunn a6y aummucOoTIaHCHH.

b?

2

<

2
+§—2-1-z

2
X
Z+

33.
a? b

N
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(Ax+By+Cz+D)=0TenriamabuiaHaHUKIaHAaHAJUTHIICOM IJIapMapKa3IapUHUHITEOMET]

UKYPHUTOMHICUH ( A — UXTUEPUUKUIMATIAPHUKAOYIKHUIIAH ).

XZ y 2 7 2 _ XZ y 2 7 2
34. I/IKKI/ITab—2+¥+C—2—1, ¥+b_2+c_2
=1(a>b)smunconakanaaian3nk0yitnadkecuram?
X2 y 2 7 2 _
35. ?+b_2+c_2_1’ (a>b>c)

AJUTATICOMTHU A TaHanapOyindyakecuoy TaauraHxaMMaTeKU CITUKIIAPTEHTJIaMaCUTY3HIIC
HH.
2 2 2
X Z
36. — + y_2 + — =1
a“ b

(@}

AUIANICOMAHUHTIMapKa3uJjaHOapuaHyKTajJapuIayHray TKa3uiranypuHMaTeKUCIIMKIIapra

yabynranmacoganapdraTreHroyiauraHHyKTaJlapHUHI TEOMETPUKYPHUTOITUIICHH.

2 2 2

37. 36-macananu % + 1—6 + % =] AIUNCONAYYYHEUUHT .

2 2 2
X z
38. X+l 42 o
a~ b° ¢
(a>b>c)snmunconanonpaBuitkecuMaapuMapKas3iapuIaHTy3WITAaHHYKTaIAPHUHITEOME
TPUKYPHUTOIHUIICUH.
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Tepmun

I'JIOCCAPUM

V36eK THInIArn mapxu

HNuraus TWIAAATA IApXu

AHAJIUTUK IreoMeTpus

UKKUHYY TaApTHOIU

HWKKHWHYHA TapTI/I6J'II/I YU3UKIIap 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

CUMMCETPHUS MapKasnu

symmetry center of the second

order line

YU3UKHUHT THAMETPHU

napaJuies BaTapiiap yprajiapuiaH

YTyBYH TYFPH YU3HUK

The line which through centers of

parallel hords

KOHYC KeCumMJiap

KOHYCHU TEKUCIUK OMJIaH KEeCHUIII
HaTHXXacuia XOCWI Oynran

HWKKWHYHA TapTH o YHU3UKIIap

Second order lines which are

intersection of the cone and plane

nugdepeHmuan

reoMeTpus

muddepeHIraIanyBYH
byHkuusiap épaamuaa
napaMeTpJIaHTaH YH3HKIap Ba

CHpTJIapHHU YpranyBuH (paHaup

the subject which studies curves

and surfaces, parametrized by

differentsiable functions

3JIEMEHTAp 3rPH YM3HK

OYMK MHTEPBAHUHT TOIOJIOTHK
(romeomop() akcIaHTHPUIIIATH

obpasu

The image of open segment
under topological (gomeomorf)

mapping

CO1a 3TPH YN3UK

y3ura TEruiuy xap Kanaau
HYKTaHUHT OupopTa atpodua
3IIEMEHTAap 3TPU YU3UK

Oynanurad OOFJIaHUILLIIN TYTLIaM

Connected set which is a
elementary curve in some

neighborhood of any point

Tomosaorus

reOMEeTPK OObEKTIIAPHUHT
TOMOJIOTUK XOCCAIapUHU

ypranyBuu danaup

the subject which studies
topological properties of

geometric objects

I'eone3uxk Yn3NK

cUpTIapa eBKIH]
reOMETpHUsCHIATU TYFpU

YU3UKJIIAPHUHI aHAJIOTUAUDP

It is analog of strigth line of

Euclidean geometry

Tomosioruk xoccajap

reOMEeTPUK (UTypaJapHUHT
romMeomMop¢ aKcIaHTUPHUIILIA
CaKJIaHyBUHU XOCCAIapHIUD

Properties of geometric figures

which is preserved under

CHPTHHUHT KaJi0u (soul)

homeomorf mappings

CUPTHHUHT a0COIIOT KaBapuK

KOMITAKT KMCM TYIIJIaMUIUD

absolute convex compact subset

of a surface
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CHPTHUHT HyHAJIMII

Oyiinya HOpMaJI ATPUJIMTH

Oepuiran iyHanumra napasuien
Ba CHPTHH THK KECYBUH
TEKHCIIMK 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

romeomMophaup

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

three-dimensional sphere

I'.A.Ilepeaman

[lyankape runore3acuHu xai
kuinrad Cankr-IlerepOypriank

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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