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|. Amrum nacryp
KHUPHUI

Tlactyp V36ekucton Pecnybnukacuumar 2020 iimn 23 ceHTsa0paa
TacquKIanra  “TasauMm  TyFpucupa’rn Komynum, Y36exucron Pecmy6mukacu
Ipesunentunnnr 2017 #iun7 despangarn “Y36exucton Pecrny6ankacuay sHaxa
PUBOXJIAHTUPHIN Oyiinua XapakaTiap ctpateruscu tyrpucuna’tu [1d-4947-con,
2019 #un 27 aBryctaarn “Onuil TabiuM Myaccacajapu pax0ap Ba Ieaaror
KQJAPJAPUHUHT Y3JIYKCU3 MAaJIaKaCMHHU OIIMPUIN THU3UMUHHU KOPHUM  ATHUII
Tyrpucuga’ru IId-5789-con,2019 itnn 8 oxtabpuaru “Y36ekucron Pecry6nukacy
ot TabiuM THU3UMHUHU 2030 #unaraya pUBOXKIAHTHUPHUII KOHIUEMIIUACUHU
tacaukiam Tyrpucuaa tulld-5847-connmn dapmonnmapu  xamjaa V36ekucron
Pecniy6onukacu Basupnap Maxkamacununr 2019 wun 23 cenrsiOpaaru “Onuit
TaBJIMM Myaccacajlapy pax0Oap Ba MeJaror KajapJIapuHUHT MaJlaKaCUHU OIIUPHUII
TU3UMUHU  SHAJa TaKOMWUIAIITUPHUIN OViimdya KylmMM4Ya 4Yopa-Taaoupiiap
Tyrpucunga’tu  797-connmu  Kapopmapuga OenruwinadHran ycTyBop —Baszudaiap
Ma3MyHHUJIaH KeIu0 YMKKaH X0JiJa Ty3uiran 0yinuo, y ol TabIuM Myaccacaiapu
nefaror KaJpJapUHUHT KacO MaxopaTd XaMJIauHHOBAIMOH KOMIIETCHTJIMTUHU
PUBOXKJIAHTUPUII, COXara OHWJ] WIFOP XOPWXKUU TaxkpuOanap, sSHIM OWIMM Ba
MaJIaKaJapHH Y3JIAIITUPHIL, [IIYHUHTACKAMAIMETTA JKOPUH ITUII KYHUKMAJIAPUHU
TaKOMWUTAIITUPUIITHU MaKcaJ KUJau.

Ma3kyp JacTyp 3aMOHaBMM Tanabiap Ba PUBOXKIAHTAH — XOPHOKHMA
JIABJIATIIADHUHT OJIMI TabhJIUM COXACHUIA SPUIITaH IOTYKJIAp XaMJla OPTTUPWITaH
taxpubanap acocunma «MartemaTuka» KaiiTa Tali€piam Ba Majaka OUIUMPHII
WYHAIMIIY YYyH Tal€piiaHraH HAMYHaBHM YKYB peXka XamJaa JacTyp Ma3MyHU]IaH
KennO YMKKaH XOJja Ty3wiraH OynuO, y KalTa Tai€priail Ba Majlaka OUIUPHII
JKapa€HJApUHUHT Ma3MyHUHU TaKOMWUIAIITHPUII  XaMmJla OJIMM  TabiuM
Myaccacajapyd MeJaror KaJpJapuHUHT KacOuWi KOMIIETEHTIUTMHU MYHTa3aM
omupud OOpHUIIJIa XU3MaT KUJIA U,

MonayaHuHr Mmakcaau BaBasudasapu
“JamoHaBui reoMeTrpusi” MOAYJMHMHI MAKCaJAM: IEIaror KaapJiapHU
WHHOBAIIMOH €HJIONIYBIIAP acoCuaa YKyB-TapOUsIBUH >kapa€HIapHU IOKCaK MIIMHIA-
METOJUK Japakaaa JIOMUXAJAIITHPHII, COXaJard WIFrop Taxpubaaap, 3aMOHABUI
OWJIMM Ba MajakajJapHH Y3JIAIITUPHII Ba aMATHETTA KOPUMA STULIIAPU YIYH 3apyp
Oynamuran kacOuii OwiMM, KYHHKMa Ba MaJlaKaJlapUHU TaKOMUJUIAIITHPHILL,
ITYHUHT/ICK YJIADHUHT WXKOAUN (HaOJUTUTHMHU PUBOKIIAHTUPHUIIIAH HOOpaT.

“JamonaBui reomMerpusi”’ MOAYJHMHUHI Basudajapura KyWuaarwiap
KHpaJu:

- “MartemaTuka” WYHanUIIMAA TEAaror KaaplapHUHT KacOud Ouium,
KYHUKMa, MaJIaKaJIApUHU TAKOMUJUTAIITAPUIL Ba PUBOKIAHTHUPHILL;

-TeJarorJIAPHUHT MXKOAUM-UHHOBAIIMOH (Da0JITHK JapaKaCUHU OIIHPHILL
-MYTaxacCUCIUK (aHJApUHU VKUTHII >Kapa€HUra 3aMOHaBHl ax0opoT-
KOMMYHUKAIIUSl TEXHOJOTUSAJIApU Ba XOPWXKUU TWUJUIAPHU CaMapaid TaTOMK
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STUIUIINHU TaAbMUHIIAILL

- MyTaXacCUCIUK (aHIapy COXaCHIark YKUTUIIHHHT THHOBALMOH TEXHOJIOTUSIIApU
Ba WIFOP XOPIKUI TAKPUOATAPUHH Y3IAIITHPHIIL,

“Marematuka” WyHaIUIIKMAA KaiTa Talépiamn Ba Majlaka OLIUPHUII KapaCHIapUHU
¢aH Ba UILIA0 YMKApULIAArd HHHOBALMUIAp OMJIaH y3apo MHTErpalUsCUHN TabMHUHIIALI.

MoayJ1 AKYHHAA THHTJIOBYWIAPHUHT OMJIMM, KYHHKMa Ba MaJIaKaJIapu

XaM/1a KOMIIETEHIIMSJIAPUTra KyHHJIaJuran rajaoJaap:

Marematuka ¢danapu Oyiinya THHIJIOBUMJIAD KyWHJarn SHTU OWIIHUM,
KYHHKMa, MaJlaka XaMJla KOMIIeTeHIUsIIapTa sra OViIuiiapy Tanad dTUiaau:

Tunriaosuu:

- HMHTErpaJl Ba YI4OB TyIIyHYATAPUHU;

- TEOMETPUSIHUHT YM3UKJIM (Pa30 Ba YM3HMKIW aKCIAHTUPHUIUIAp EpaamMuia
0acH YTUIINIIM, BEKTOp airedpacuian GpoiialaHUIIHY;

- MaTeMaTUK MacajlaJlapHd MaTeMaTUK TU3UMJIapJla €4YUIITHU Ba CTaHIApT
byHkuusiapaad QoiiaiaHUIIHMY;

- MaTeMaTHKaHW YKUTHUIIJA YHUHT TaTrOUKJIapu OWJIaH TYIIYHTUPUIIHHU,
XaéTuii Ba coxara ouji MUCOJIApHU,

- MareMmaTtuk (aHJapHU YKUTHIIHUHT 3aMOHABUW YCYJUIApUHHU Ouauuiu
Kepakx.

Tunriaouu:

- YI4oBNap HazapuscuiaH MaTeMaTuka, (pu3uka Ba OMOJIOTHSI Macajaiapua
KEeHT (o TaJlaHmIII,

- MareMaTuK aHAJIM3HUHT OMOMAaTeMaTHKa, MEXaHWKa, OMMaBHI Xu3Mar
Ha3apusACH, UKTUCOUIN coXajap Ba OOIIKa coxajaap/ia KeHT KyJUIalll;

- MareMatuk (aHIapHU VYKUTHUINJA WHHOBAIIMOH TabJIUM METOJUIapy Ba
BOCUTAJIAPUHU aMaIMETIA KYIJUIAIIL;

- TajabaHUHT Y3JMAITUPUIN AapakaCUHU HA30paT KWIWII Ba OaxXOJalTHUHT
Hazapuil acociiapy Xamja WHHOBAIMOH EHJAIIYB YCIyOJapuHU TYFpPU KYJUian
OJIUILI KYHUKMaaapuza 3ra OVIUIIM JIO3UM.

TUHIrI0BYM:

- YII4OBIap HAa3apHUsACH Ba YHUHT TaTOMKUHU TYpJiH (hazosiapa Kysuiai oui;

- TEOMETPHUSHUHT UYM3UKIN (ha30 Ba YM3UKIW aKCIAHTUpHUIUIAp EpaaMuja
0aCH STUTUIIN, BEKTOp ajreOpacumaad GpoiiaaaHul,

- MaTeMaTUKaHU VKUTUII WHHOBAIMOH >Xapa€HUHHU JIOMMXAIAIITHPHUILI Ba
TAIIKWJUTAIITUPUIIIHUAT 3aMOHABUN YCYJUIApUHM KYJUJIAll Manakaiapuzea sra
OYJIUIIN JIO3UM.

TUHIII0BYN:

- MaTeMaTUKaHU YKUTHILIA QoiifanaHuiaaurad 3aMmoHaBsuil (matlab, mathcad,
Mmaple, GeoGebra Ba Oorikaiap) MaTeMaTUK AKETIIApUHM YKYB JKapaéHUTa TaTOUK
ATUI;

-MaTeMaTUKAaHUHT XOPHXK Ba pecIyOsiMKa MUKECHIaTH J10J13ap0 MyaMMOJIapH,
eunuMIIapy, TeHACHIUSIAPU acOCUa YKYB *Kapa€HUHH TAIIKUI 3THIIL,

- MaTCMAaTUKAaHHU TypJiKM COXallapra TaT6I/IK OTHIII,
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- OJIUY TaBJIUM TU3UMUJA MaTeMaTUK (haHIap Ma3MyHUHHUHT y3BUIJINIHY Ba
Y3IIYKCU3JIMTUHUTAXJIUI KWJIa OJIUII KOMIIETEHIUSIJIAPUIa ATa OYIIUILIN JTO3HM.

Moay/JHHHI 0JIMH TABJIUMMIATH YPHH

Mopaynau  y3maliTUpUIl  OPKAJIM  TUHTJIOBUWJIAD  WIFOP  XOPHXKUU
MamJlakatiaapaa  OWOJOTHUS  YKUTUIIHUA — TallKWI  KWJIUIIHUHT  XOPUKUU
TaxpubamapHu Ypranuii, amMajija KyJam Ba Oaxojamra Joup KacOuid
KOMITETEHTIUKKa »ra Oynamunap. CYHITH HWapia maTeMaTHKa coxacuaaru
IOTYKJIap Ba UCTUKOOIAp OJMi VKYyB IOpPTJIApUAaru TablIUM >KapaCHUHUHT
Ma3MYHUHH OOMUTHINTa XU3MaT KUJIA IH.

“3JamoHaBHil reoMeTpusi” MOJYJMHUHT COATJIap OYyiiH4YAa TAKCUMOTH

THHIJIOBYUHHUHT YKYB
IOKJIAMACH, COAT
Ayauropus YKYB =
I0KJIAMACH E
Ne Moyl MaB3yJapH § Kym1ajaH =
= =~ )= = g
=| 2| E | E 8| 2
< % o] S k= =
= | 2B &
T | < & =
1. | Yusukmm ¢aso. 4 4 2 2
2. | EBximmn dazocu. 4 4 2 2
3. | IlceBmoeBkmuz ¢Gaso. 4 4 2 2
4. | 'unepbonuk daszo. 4 4 2 2
5 WNkxunum Taptubam cuptaap. UkkuHun 2 2 2
TapTUOJIM CUPT MHBAPHAHTIIAPH.
6 Kynxnmmukimap. Kynxuiuk typiapu. 2 2 2
" | KYIXHIUTUK TE€OMETPHSCH.
Kamm: 20| 20 8 12 0

HA3APUI MAIIFYJIOT MATEPUAJLIAPHA

1-Mag3y: Yusuxjau ¢a3so.
1. Yuzukau dazo ymuamu. Addun ¢daszo.
2. Addun koopauHaTanap cucTeMacH.
3. Addun anmamrtupunuiap Ba TeKucaukiapu. buunsuknm gpopma.



2-Mag3y:EBkiana pazocu.
1. EBkiup a3ocusia YM3MK Ba CUPTIAP.
2. Cupt nuddepeHnnan reoMeTpusicH.
3. Cupt nuku reomerpusic. CUPT TallIKi T€OMETPUSICH.

3-Mag3y: IlceBpoeBkiug ¢a3o.
1. Cdepux da3o.
2. Puman reomeTpuscu.

4-Mag3y:I'unep6osuk ¢a3so.
1. Spum EBxnun dazomnap.
2. Spum runep6onuk (azonap.

AMAJINA MAIIFYJIOTJIAP

1-Amasmit mamryJaor.Yuzukmm daso.
2-Amanuii mamryaoT. EBkiug dgazocwu.
3-Amanuii Mmamryaot. [lceBmoeBkimn daso.
4-Amanuii MmamryJaot. ['unep6onuk daszo.

S-Amanuii MamryaoT.Mkkuaun Taptubnu cupmiap. UkkuHuu TapTubiu
CUPT MHBAPUAHTIIAPH.

6-Amanuii mamryaor. Kynxummuknap. Kynxwimuk typnapu. Kynxummik
TEOMETPUSCH.
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2018.

7. V36exncron PecriyGmukacuauar “Tabium TYFpucnia’ i Konyru.

8. V36exucron Pecry6mukacu Ipesunentuanar 2015 jiun 12 monp “Owit
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8



dapmMOHHU.
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9


javascript:scrollText()
javascript:scrollText()

2013. 175.

31. Manfredo P. Do Carmo. Differential geometry of Curves and surface
// Dover publications, Inc. Mineola, New York, 2016. — 529 pp.

32. Maple 15 user manual, Maplesoft, 2016, 462 p.

33. Margaret L. Lial, Thomas W. Hungerford, John P. Holcomb,
Bernadette Mullins, Mathematics with Applications In the Management, Natural
and Social Sciences (11th Edition), Pearson6 2018.

34. Rao, M. M. Random and Vector Measures, Series on Multivariate
Analysis, 9, World Scientific, 2012.

35. Steve Taylor “Destination” Vocabulary and grammar”, Macmillan
2010.

36. Tao, Terence. An Introduction to Measure Theory. Providence, R.I.:
American Mathematical Society, 2019.

37. Weaver, Nik Measure Theory and Functional Analysis. World
Scientific, 2013, 423 p.

38. AsugoBa JI.B., bonotiok B.A., bonotiok JI.A. Anamutndeckas
reoMeTpus U auHelHas anreopa// 2013. Uznanue: 1-e uzn. 421 c.

39. Aunexkcanapos A.Jl., Heuseraes H.1O. I'eometpus, M.: Hayka, 1990. —
672 c.

40. benorypoB A.}O. MopaepHu3zaiusa mpoiiecca MOATOTOBKUA Tiefarora B
KOHTEKCTE€ MHHOBAIMOHHOTO pa3BuTUs oOmiectBa: Monorpadus. — M.: MAKC
[Tpecc, 2016. — 116 c. ISBN 978-5-317-05412-0.

41. I'ynobox Kynpatymnox kusu, P.Mmmyxamenos, M.Hopmyxammenona.
AnbaHaBuil Ba HOaHbaHaBUM TabiuM. — Camapkana: “Mom byxopuii xaikapo
WIMUN-TaIKUKOT Mapka3u” Hammpuétu, 2019. 312 6.

42. No6paiimoB A.E. MacodaBuii YKUTHUITHUHT AUIAKTUK TH3UMHU. METOIUK
kymanMa/ Ty3yBur. A.E.M6paiimoB. — TomkenT: “Lesson press”, 2020. 112 Ger.

43. Mmmyxameno P.K., M.MupconueBa. YKyB kapaéHuaa MHHOBAIHMOH
TabauM TexHonorusiapu. — T.: «Fan va texnologiyay», 2014. 60 6.

44, KupsnoB J[. Mathcad 15/Mathcad Prime 1.0. - CII6.: BXB-
[TerepOypr, 2012. — 432 c.

45. MycniumoB H.ABa Oomikamnap. VMIHHOBaImoH TabiIMM TEXHOJOTHSUIAPH.
VKyB-meronuk Kymranma. — T.: “Sano-standart”, 2015. — 208 6.

46. Ob6pazoBanue B 1udpoByto 3moxy: MoHorpadus / H. 0. Urnarosa; M-
BO oOpazoBanus u Hayku P®; ®I'AOY BO «Yp®dVY wum. nepsoro Ilpesunenta
Poccun Bb.H.Enbnuna», Huxuerarun. texHod. uH-T (dui.). — Hwxkauit Tarum:
HTU (bunuman) YpdV, 2017. — 128 C.
http://elar.urfu.ru/bitstream/10995/54216/1/978-5-9544-0083-0_2017.pdf

47. Onuii TabaUM TU3UMUHHU pakamjIiM  aBjoJira  MOCHAIITHPHIII
konnenuuscu. EBpoma Urtudokm Dpacmyc+  gaCTypuHHUHT  KyMarwmia.
https://hiedtec.ecs.uni-ruse.bg/pimages/34/3. UZBEKISTAN-CONCEPT-UZ.pdf

48. CoBpeMeHHBIE  O0Opa3oBaTeIbHBIE  TEXHOJOTHUW:  TEAAroruKa |
ncuxonorust: MoHorpadus. Kuura 16 / O.K. Acekperos, b.A. bopucos, H.1O. by-
rakoBa u Jap. — Hoocubupck: MsparensctBo [HPHC, 2015. — 318 c.
http://science.vvsu.ru/files/5040BC65-273B-44BB-98C4-CB5092BE4460.pdf

10



http://elar.urfu.ru/bitstream/10995/54216/1/978-5-9544-0083-0_2017.pdf
https://hiedtec.ecs.uni-ruse.bg/pimages/34/3._UZBEKISTAN-CONCEPT-UZ.pdf
http://science.vvsu.ru/files/5040BC65-273B-44BB-98C4-CB5092BE4460.pdf

49. YemonoB B, Xa6uOymnaes P.A. Omnuii yKyB 1opTiapuaa VKyB
JKapa€HUHU KPEaUT-MOAYJb TU3nuMuaa Tamkwi Kuauil—T.: “TKTW” nampuéru,
20109.

IV. UuTepHer caiitiiap

50. V36ekucton Pecriy6mmkacn Onmii Ba ¥pTa Maxcyc TabIMM Ba3HPIIHTH:
www.edu.uz.

51. bour miMuit-MeTOMK Mapka3: www.bimm.uz

52. www. Ziyonet. Uz

53. OtkpsiToe oOpa3oBanue. https://openedu.ru/

54. https://www.ucl.ac.uk/ioe/courses/graduate-taught/mathematics-
education-ma

55. https://www.onlinestudies.com/Courses/Mathematics/Europe/

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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I.MOJYJIHU YKUTHAIIJIA ®OMJAJTAHUIIAIUT AH HHTEP®AOJI TABJIUM
METOIJIAPA

I[aBpa CTOJIMHHUHT TY3W/IMacCH.

Esma nmaBpa cyx6aTuia CTON-CTyIIap aiilaHa IIAKIMAA SKOMIAIITHPUING, Xap
OWp TabJIUM OJIyBUMIa KOHBEPT KOFO3M Oepuiagu. Xap OuUp TabiuM OIyBYH
KOHBEPT ycTUra MabiyM Oup MaB3y Oyimua y3 caBonmHu Oepaau Ba ‘YKaBoO
Bapakacu’ 'HUHT Oupura y3 jkaBoOMHH €310, KOHBEpT nunra conud xysau. Lllyngan
CYHI KOHBEPTHH coaT HyHanmumu Oyinya EHUJArd TabJIMM OJIyBUMTA Yy3aTalu.
KoHBepTHU oJiraH TabluM ONyBYM Y3 >kaBoOuHM ‘OKaBoOnap Bapakacu HUHT
Oupura €30, KOHBEPT MUUra COIUO KYsiiu Ba EHUJATH TabJIUM OJyBUUIa y3aTau.
bapua kouBeptTiap aitnaHa OVina® xapakarinaHaau. SKyHuil KucMja Oapua
KOHBEpTiap WufuO onumHUO, Taxyiuui KuwinHagu. Kyiupna “JlaBpa cyxOatu”

MCTOAWMHHUHI TY3WJIMACH KCIITUPHUIITaH

Cyx0aTHM yTKa3uII LIAPTJIApU OMJIaH
TAHUIUTHPHUILI
|

I

Kounsepriap Ba “/Kaso0saap

BapakaJapu”’HU TAPKATHII
|

I

KonBeptapra caBoJiap é3uimn

l

KonBepTHH éHUaArH YKYBYMIa y3aTHII

'

CaBoJiapra xaBo0 é3ui

l

Baxosam Ba TaXJIMJ KHJIHMII
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“JlaBpa cyx0aTu” METOAMHUHT a(Q3aNTHKIAPH:

e VYTWIraH MaTEepUATIMHUHT SXIIU dCa KouIura pjaam oepaiu;

e 0apuya TabJIMM OJIyBUMJIAp UILTUPOK ITAUIIAD;

e Xap Oup TabBIMM OJIyBYM V3MHHHT OaxXOQJIAHWIIA MAChYIUSTHHU XHUC
AT/,

V3 pukprHM 3pKUH UdOoIa FTUIT yUyH UMKOHUAT sipatwiaau“Keiic-craan”
MeTOIH

«Keiic-ctagm» - uHIM34a cy3 Oyiamb, («case» — aHUK Ba3usT, XOJHCA,
«stadi» — ypraHMoK, TaxJTAJI KWJIMOK) aHUK Ba3USATIAPHHA YPTAHUII, TaXJIAI KA
acocuia YKUTHUIIIHA amalira OMIMPUINTa KapaTuiral MeToj XucoOmanaan. Maskyp
Meton gnactinabd 1921 iun [apBapn yHHBEpCUTETHIa amaluil Bas3usITIapAaH
UKTHCOMUN  OomkapyB (anmapunu Yypranumia (GodganaHum — TapTUOUIA
kyutanuwirad. Kelicna ounk axOopoTiapjaH €KM aHMK BOKEa-XOAMCAJaH Ba3UAT
cubaruga Taxauia yuyH ¢orpananum MyMmkuH. Kelic Xxapakatiapu y3 uwumra
Kyhunaruwiapau kampad onanu: Kum (Who), Kauon (When), Kaepna (Where),
Huma yuyn (Why), Kannait/ Kanaka (How), Huma-natuxa (What).

“Keiic MeTOAN” HM aMaJIra OIIUPUII 0OCKHUWIAPH.

N DaoaMAT WAKIA
00CKMYJIapHU Ba Ma3MYHH
v’ sKKa TapTHOArk ayIuo-BU3yasl U,
v’ Keiic OWIaH TAHUIIUII(MATHIIN, AYIHO EKH Meana

1-60ckuu: Keiic Ba yHuHT ax00poT IaKJza);
TabMUHOTH OWJIaH TAHUIITUPUII axOOpOTHH YMYMJIAIITHPHIIL;
ax00opoT Tax IUIIN;
MyaMMOJIapHU aHUKJIAIl
WHIUBUAYAT Ba TYpyX/Jda HITLTAII;
2-6ockuy: KelicHN aHUKTAIITHPHULIT MyaMMOJapHU J0N3apOIuK HepapXUsICHHH
Ba YKyB TOMIIUPUFHU OCITHIIAIT aHMKJIAIL;
acoCHii MyaMMOJIH Ba3USITHU Oeruiani
WHIUBUAYaN Ba TypyXJa UIILIAIL;
MyaMMOHH TaXJIFJT STHII OPKATTH MYKOOWJI €4nM HYJUTApUHU UILIa0 YUK,
VKYB TOMIIUPUFUHUHT €UUMUHU Xap Oup eYUNMHUHT UIMKOHUSATIAPU Ba TYCUKIAPHU
W3JIAI, XaJl ATUII WYIUTapUHA UILTa0 TaxJIMJ KWJIHIIL,

SNEN ANENEN

3-0ockuu: Keiicnaru acocuit

ANENEN AN

YUKHUTI v/ MyKOOHJI e4nMIIapHH TaHJIAIl
v/ sKKa Ba TypyxJia WIILIALI;
v/ MyKoOOMJ  BapuaHTIApHH  amMalja VILant
4-0ocknu: Keiic eunMuHu YK P P A ¥
MMKOHUSTIApUHY acOCIIalll;

HIAKJJTAHTUPUII Ba acocall, v o o .

TAKITHMOT VOKOJTUH-JIONNXa TAaKIUMOTHHU Taiépar;
’ v\ AKyHUWH Xyj0ca Ba Ba3HMAT EUYUMHUHHMHI aMalluii

ACIEKTJIAPUHU EPUTHILL
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“AccecMeHT” METO/MU.

MeToAHMHI MAaKCagu: Ma3Kyp METOJ TabJIuM OJYBUWJIAPHUHI OWIHM
JapakaCuHM  0axoJiaill, Ha30paT KWIMIL, Y3IAIITUPUII KYpcaTKU4Xd Ba aMajui
KYHUKMAJIADUHU TEKIIMPUIITra HyHANTUPWIraH. Ma3Kyp TEXHHKaA OPKajlu TabIuM
OJyBUWJIAPHUHTI Ownuil  (GaojausTd Typiau HyHanumuiap (Tect, amaiui
KYHHKMaJIap, MyaMMOJM Ba3HATJIAD MKW, KUECUM TaxJIWI, CUMIITOMIIAPHU
aHuKJan) Oyilnya Tamxuc KWiInHaIu Ba 0axolaHaIu.

MeToaHu amMaJIra OIIMpPHII TaApTHOM:

“AccecMeHT NapiaH  Mabpy3a MAIIFyJOTIapuaa TajladalapHUHT EKU
KATHAIIYWJIAPHUHT ~ MaBXyJ  OWiIuM  JapakaCMHU  ypraHuijaa,  SIHTU
MabJIyMOTIapHU 0a€H KWINLIA, CEMUHAp, aMaJInii MaIIFyJIOTJIap/ia 3ca MaB3y EKU
MabIYMOTJIAPHUA Y3JIAIUTUPUII Japa)KacUHU OaxoJjall, LIYHUHIACK, Y3-Y3UHU
Oaxoyaml Makcaauia WHIUBUAYal Makiaa (oijanaHUIl TaBCUS STUJIAH.
[IyHUHIACK, YKUTYBUMHUHI MKOAUM EHJAIIYBM XamJa YKyB MakcaJJjlapHiaH

KeJnO YMKuO, aCCECMEHTra KylmMya TONIUPUKIAPHA KUPUTULI MYMKHUH.
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I11. HABAPUHM MAIIFYJOT MATEPUAJLJIAPHA

1-MAB3Y:YU3UKJIN ®A30

PEKA:
1. Yuzuknu ¢azo ymuamu. Abpun ¢azo.
2. AbuH KoopauHaTajap CUCTEMAacH.
3. AduH anMamTHpUIILIAP Ba TEKUCIUKIApH. buansukiu dpopma.

Tasanu wubopanap:Yusuxiu pazo,  yruamu,agpun gazo, agun Koopounamanap
cucmemacu, ApuH AIMAUMUPULAP 84 MEKUCTUKIAPU, OUYUSUKIU (opma.
Yuzukiau ¢gazo yruamu. Apun ¢aso.

Kyn xomrapaa myHnait odektiap OuWiaH WII KYpUINTra TYFpU KelaJuku, OyH/a
yIapHU KYIIUII Ba OUpOp COHra KymaUTHPHUIN aMaUIapuHH Oakapuil JIO3UM OYINO KOJaIH.
bup Heua mucos kentupamus.

I'eomerpusina OyHnmait oObekTnap yd ymauamuid (azomaru BEKTOpap, SbHU
HYyHaMUIUIM KecMaiapaup. Arap WYHaIUILIM UKKH KeCMaHU napasuied Ky4upuil Wynu Ousan
yCTMa-yCT TYHIUPUIIT MYMKHUH OYJica, ynap ailHu OMp BEKTOPHU aHUKJIAaWIu 1e0 XucoOIaHa u.
[yauar yuyyH Oy KeCMalapHUHT XaMMacHHH OUp HYyKTaJaH Oonurtad uukapuin Kynail. by
HyKTaHH OW3 KoopauHartaiap Oomu ne0 artaiiMu3. MabiyMKH, BEKTOPJIAPHU KYIIHII aMaiu
Kylujaru4agup: X Ba ) BEKTOPJApHUHI HUFUHIMCU 710, TOMOHJapu x Ba )y OYyiran
napajuleJIOTPaMMHUHT TUOTOHAIM XHcoOsiaHaau. BekTOpHU coHra KymaWTHpUII aMaid Xam
MabJIyM YCYyJ1 OMITaHKUPUTHUIIA]IH.

1. Anrebpana ouz N Ta COHJIaH noopar x=~£1e1 +&£Je2 +...+&nen

KYpUHMILZArd  cucremManap  (MacajlaH:  MaTpUUAHUHT  Hymmapu, 4u3uKId  ¢opma
kodpuIMeHTIapy, TYImjaMd Ba X.K.) OWJIaH HII KYypulira TYFpU KeJaau. bynnai

CUCTeMaJlapHM KYIIWII Ba COHra KYMaWTUPHIN aMaylapyd oJaTia KyHUAaru4akupUTUIaIu:
X=(£1,£2,....én) Ba Y= (71,72 ,....,7n ) cucteMainap imrunaucu aeo, X +y = (&1
+m1 & +12 ,....&n +7n ) cuctemara aiTtunagn.X=(&1,82,...,8n) cuctemMa OmiIaH ACOHHUHT
kymaiit™Macu 1eb, A X = (481 , 482 ,...,4&, ) cucrtemara aiitunanu. AHanu3na  (QyHKUMSUTApHU

KYIIUII Ba YJIapHU COHTA KYMAWTHPUIN aMalllapu TyFpucujaa T Tabpud Oepumanu.
AHUKIUK yayH OyHIaH CYHT [a,b] cerMeHTHabepmwiiraH XamMma Y3JTyKCH3

GYHKUMAIAPTYIUIAMUHE  TEKIIUPAMU3.
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Kentupuiaran mucosiapaa KYIIMII Ba COHTa KyHMaUTUPHIIIAH UOOpaT Xyaaud Oup Xul
amaJuiap MyTJIako Xap Xui oObeKTIap ycruaa 6axxkapuiaau. byHaai MUCOUTApHUHT XaMMacHHU
Oup HyKTaum Hazap OWaH ypraHum ydyH, OW3 4Yu3uKIH, sbHH adduu ¢da3zo TymryHIacuHU
KAPUTaMU3.

1-tabpud. Arap Kydumaru maprtiap Oaxkapwica, X,Y,Z,... dJIeMEHTIApHUHT V
TyaMu 9n3uKe (aduH) Ga3o neinmanu:

a) Xap UKKHU X Ba ) JJIEMEHTIApra x Ba y JJIEMEHTIap WUFUHIUCU J1e0 arajaaurad Z
AJIEMEHT MOC KWJIMO KYHUJITaH; X Ba ) SJI€MEHTJIADHUHT WHFUHMCH X+y OUJIaH OeNTuiIaHam;,

0) Oupop MaiiJIOHHUHT Xap OMp X JJIEMEHTH Ba Xap Oup AcCoH OWIAH X IJIEMEHT
KynaiiTMacu e aTanral A X 3JIeMEeHT MOC KHITHO KyiuiraH.

by amammap Kyiimpmarn TanaOiapHu (aKCMOMANapHH) KAHOATJIAHTUPHIIHM Kepak.
1% x+y=y+x (xommyratmBmuk), 2°.(x+y)+z=x+(y+z)(accommatupmuk), 3°.Xap KaHmaii x

yuyH myHaai 0 snemenT MaBxyaku, X+0=x Oymaan. 0 31eMeHT HOJIb SJIEMEHT JeHHIIaIu.

0
4 Xap KaHmaix yuyH —X OuiaH OeNTWiIaHaJuraH IIyHIald >JIEMEHT MaBXY/IKH,

x+(-x)=0 Oynanu.
10 1xx=x,
2° oY) =afi(x).
3% (a+P)x =ax + 1,
40 oX +y) =ax +ox.
bu3 xymmm xamaa coHra KymauTUpHIN aMaIapuHU KaHAald TabpudIaHUIINA XaKuga
ranupMaranuMmu3 Oexu3 sMac. buz Oy amamnapHu ¢akaT IoKopuaa TabpudraHran
akcuoMasnapra OyWcyHUIUIapuHH Tanad Kwiamu3 xonoc. IyHUHT ydyHXap KauoH FOKOpHAA
Kaill KWJIMHTAaH I[apTJIapHU KAaHOATJIIAHTHPYBYM amajuiap OWIaH WII Kypap 3KaHMH3, Ou3
yIapHU KYIIUII Ba COHTa KYMaWTHUPUIN aMajuiapu 11e0, dJIeMeHTIapu ycTuaa Oy amaiiap
Oakapwiran TYIUIAMHH 93ca YM3HKIM  a3zo ae0 xucoOmamra xakaumus. FOkopuaa
Kentupuiaran 1-3 mucosutap 0y akcuomanapradyucyHamm.
SHa Oup mMucon Kypubd YuKalinK;
1. Jlapaxkacu HaTypas N COHJAAH OIIMAWIUTaH Ba OJaTAaruva KyIIuIl Ba OMpOp COHra
KYTIaUTUPUII amalulapy OakapuiaJWraH XaMmMma Kymxaanap TYmiIaMud 4u3uKin ¢aszo
XOCHJI KUJIaIH.
Enrus n-papaskanu Kynxaznap TYIUIAMU YM3UKIN (a30 TAMIKWI KMIMAiau, 9yHKH N-
Japakaid UKKU KYTXaJa WUFUHAKCH N JTaH MacTPOK OVJIMO YMKMINK XaM MyMKHH; MacajaH, (t
"+t) + (—t"+t) = 2t .

Yusukm ¢pa3o neMeHTIapuHu 0u3 eexmopaap Ae6 ataitMu3. by cy3HMHT KynTuHYA TOp
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MabHOAa (l-mucongarn KaOW) WUIUIATHINA OW3HM YaJFUTMACIUTH Kepak. by umsuk Owian
OOFNMK OYJraH TeOMETPUK TacaBBypJap OMp KaH4a HATH)KaJapHU OWIMHJIAIITHPUIITA, 0ab3H
XoJutapaa dca Oy HaTM KaJIapHU OJIMHIAH Kypa Ounumra épaam Oepaim.
Arap umsukin  $a3zo Tabpuduga KartHamaérraH A, 4,... COHJAp XaKUKUN
oynca, y xonaa $a3zo xaxuxuil yusuxiu ¢azo NEHHIIAIN.
bus A,4,... napaun UXTUEPUI F MaiI0H dIIEMEHTIapu 1e0
yMyMHUHPOK (apa3 s>Tummmu3z MyMKuH. by xomma V dazo F matioonoaeu uuzuxiu gazo
nevinnaan. Kyiinna 6a€H sTuinaauraH TylmIyHYa Ba TEOPEMaJapHHHT KYIMUWUIUTH HUXTUEPUI
MalOHIaTH YM3UKIN a3anap y9yH XaMm OeBOCHTa TYFpH OYiamu.
2. ApuH KoopaMHATAJIAP CHCTEMACH.
bynpan keilMH BEKTOPJAPHUHT YM3HUKJIM OOFIMKIWIU Ba YH3UKIN JPKIWINTH JeraH
TYyILIyHYaJIap MyXUM axaMmusTra sra Oynamau.
2-Tabpud. V—um3uxau ¢a3o OyncuH. Arap kammuaa OUTTacu HoJmaH ¢apK KuiaJuraH
a, By...,0 connap mapxyna 0ynuob, ax+py+yz+..+=0 (1) tenrnuk ypuniu Oyica, Oy
X072 X,Y,Z,...,V BEKTOpJap YU3UKIN OOFJIMK BEKTOpIIAp IEHIIIAIH.
Uuszukau OoFiuK OYiIMaraH BEKTOpIJap YM3UKIIM 3PKIM BEKTOpiap Jaeimnanu. bomikaya
KuuO aitranma, oX +0y +yZ + ... +& = 0 Tenrmuk a=f=y=...=6=0 6ynran xongaruHa YpuHIHA
6ynca, x,),z,..,v BEKTOpJAp YM3UKJIM OSpKIM BEKTOpiap JeHuIaau. X,),z,...,V BEKTOpJap
yM3uKJIM  OOFNMK, stbHU ynap (1) MyHocabar OwnaH OofnaHraH OYJICMH Ba yHJAru

ko3 duureHTnapaaH kamMuaa OuTTacu, MacajaaH, o HojijnaH ¢apkiau ae6 dapas kunaitiuk. by

xonga oX =—fy —yZ — ... —&v 6ynaau. bynu sHnu ara 6ynub Ba ne6 dapa3 Ko, —‘g:l,

0
o—"=f,...— =¢a  « TEHIIUKHU XOCWUJ KWUIaMH3. X=Ay+pZ+..+¢v Arap x Bektop Y,Z,...,V

BEKTOpJIap OpKadH (2) KYpUHHUIAArK TEHIIMK OwiaH udopa 3Tuica, y Xonga Ou3 x BEKTOp
Y,Z,...,V BEKTOPJIAPHUHT YN3UKIN KOMOMHAIUACH 1e0 aTaliMu3.

Mynnait kunub, arap X,Y,Z,...,V BEKTOpjap YM3UKIN OOFIMK OYica, y XojAa ylapaaH
KaMuJla OUTTacu KOJITaHJIAPUHUHT YU3UKIN KOMOMHaMscuaan nobopar 6ynaau. Teckapucunu,
SBPHU OWTTAaCH KOJTAHJIAPUHHUHT YHM3UKIM KOMOMHALUMsCHIAH uOOpar OYynaraHBeKkTopiap
YU3UKJIA OOFIIMK BEKTOPJIAp OYIMITMHUHT XaM TYFPUIMTUHU KYPCATUII MyMKHH.

OHIU (a30HUHT Yiryamiap COHM (YI4aMIIMTH) TYIIYHUACUHU KUPUTHILTA YTaMU3.

TyFpu un3nKgaru BEKTOpiIap TYIUIAMHUAA Xap KaHJal WKKUTA BEKTOP IPOIOPLIMOHAI,
SBHU YM3UKIA OOFIMKAUD. TEeKHCIMKAAa MKKUTA YU3HKIN 3PKIA BEKTOPHHU TONHII MYMKHH,
aMMO YH/Iaru Xap KaHJai yuTa BEKTOp YM3UKIA OOFTUKIMP.

Arap V — yu ymuamnu ¢aszomaru BEKTOpJap TyIuiamu OVyica, y xonma V ma yura

YU3UKIU SPKIM BEKTOPHU TOMMII MYMKHH, aMMO OyHAard Xap KaHZail TypTTa BEKTOp
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YU3HUKJTM OOFJIMK OYIaam.

bu3 xypamusku, TYFpU YM3UK, TEKUCIUMK Ba y4 yiauamud (pa3omard YM3HKIN SPKIU
BEKTOPJIAPHUHT MaKCHUMaJl COHM TE€OMETpUsJard TYFPU UYU3UK, TEKUCIUK Xamaa (a3oHUHT
Vngamu conumra Tyrpu  kenamu. LyHuHr ydyH Kydupgarn yMyMuid TabpudHH KaOys

KWIHIIAMA3 TaOUUH.

3-Tappud. Arap V umsukian ¢azoga n Ta YM3HKINA SPKIU BEKTOp MaBXKyxa OYiIuo,
OyHIaH OPTHK YM3HKJIH SPKIH BeKTopiap O0yimaca, V ¢a3o n yauamiu ¢aso neitnaaau Ba dim
V ne6 Genrunanamu. Arap V ¢azona yekcu3 Ky YM3UKIA SPKIU BEKTOPJIAP TOIMMII MYMKHUH
oynca, y xonma V hazo uexcus ynuamau Gazo nednnanm.

UYekcus ymaamim (azoiap MaTeMaTUKAaHUHT Maxcyc Oynumiiapuaa TeKmmpuiaan. bus

Oy Kypcaa ¢akaT yekiu ymdamiu dazonap OunaH myryijaaHaMH3.

Tectaap
Ne Tect TOmmupurn Tyrpu Mykooun | Mykooua Myxooua Mag3y
7KaB00 7KaBo0 7KaBo0 7KaBo0
1. n ymuammm V Ga3oHUHT ............. N Ta YU3UKIA nTa N Ta YI3UKIA YU3UKIA 1-maB3y
Tyruiamu V HUHT Oa3ucu 1ed SPKIH BEKTOPJApH | BEKTOpPIApH SPKIH
aTajaH. BEKTOpPJIapH BEKTOpIIapH
Hyxranap YypHUHM TYJIJUPUHT
2. | x,y,z,... oneMeHTIIapHUHT V 2 3 1 4 1-maB3y
TynIaMu 9u3uKiIH (adduH) dazo
OynuIIM yuyH HeuTa mapT
OakapUIIHIIH Kepak?
3. | Ymsukiu (azo syieMeHTIapruHN BEKTOpJIap COHJIap TEHrJIaManap WIITH3Iap 1-maB3y
H1Ma J1e0 araynaau?
4. | Ynzuknu Gpa3zoHUHT xapoup AroHa UYekcus xyn Hxxu Yy 1-maB3y
JIEMEHTHU 6asuc OpKaH........ paBuILIa KYpUHUIIAA KYpPUHMILAA
YU3HUKIIH
nQoaaTaHUITHHUKY PCATHHT.
Hyxkranap ypHuHU TYIIUpUHT
5. | Ymukim O0oFiuK OyIMaran YU3UKIIN SPKIN YN3HKIIN YN3NKCU3 1-maB3y
BEKTOpJIap HUMa J1e0 aranaan? SPKIH BEKTOpJIAp BEKTOpJIap SPKIH
BEKTOpIIAp BEKTOpJIap
6. | basuc y3rapranna y3rapaau y3rapmaiay | JOMUIIUTHH 6azuc
BEKTOPHHMHI KOOPAMHATAJIAPU U caKIaiau y3rapmanau 1-maB3y
7. | Yuymaammm dazona 6a3uc KaHman TEKUCIHUKIA bup TEKUCIIAKIA xap KaHjgai 1-maB3y
XOCHJI KWIIMHAAN? éTMaras xap TEKMCIUKIa | €TMaral xap y4Ta BEKTOP
KaHaai yura érras xap KaHjaai
BEKTOP KaHzai yura HKKUTA
BEKTOP BEKTOP
8. | Arap V dasoma yekcus kym Yekcus Yexnu Vaawmra sra dazo 1-maB3y
YM3UKJIIU 3PKIM BEKTOPJIAP TOMHIII Vaaamiin Vaamiu Oynmaran Oynmaiiiu
MYMKHH 0¥1ica, y xonna V dazo
..................... ¢a3zo neirmnamy.
Hyxkranap ypHuHU TYIIUpUHT
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9. | x Bay BEKTOpJIapHU KyLIMIIIa yJIapHUHT Bupunun yJIapHUHT xXBay 1-maB3y
KOOpZAMHATa KOOpAMHATA | KOOPIWHATAN | BEKTOPJIApHU
napu napu apu KYLIMUII aMalu
KYLIWIaau. KYLIMIaau, y3rapMaiau | aHUKIaHMaraH
KONraH
KOOpJAMHATA
napu
y3rapuiicus
KOnagu
10. | x BexTOpHHU | |coHra YHHMHT YHHUHT YHHUHT YHHUHT 1-maB3y
KymaiTupuiga KOOp/AMHATaJda | KOOpAMHATa | KOOpAWHATal | KOOpAWHATasIa
pH LIy COHTa napu 0 apu Oup pH 1y COHTa
KynauTupuiaa | KynanTupui COHUTa KynanTUpUIM
Iu. anu. KynaiTupuna aunu.
T,
Hlakaan Oup Oupura sKMH cCaBoJI-KaBo0Jiap:
caBoJI KaBo0

Arap V un3ukig (Ga3oga n Ta YU3UKIH IPKIH BEKTOP
MaBxKyJ 0Ynu0, OyHIaH OPTUK YH3HUKIIH SPKIH BEKTOPIIAD
6ynmaca, V ¢a3o kaHaait gaszo aed aramagu?

V ¢a3o n yryamiau haso neitunanu

V ¢a3o n yraamu Kannait Oenrmnanagu?

dimVv

Arap V (azona 4ekcu3s Ky YM3HUKIIHM SPKIHA BEKTOPIIAP
TOMHUIII MyMKHH Oyiica, y xonaa V ¢a3o Kanaau ¢a3o

neb aramagu?

V dazo uexcus ynuamau pazo neiinnaau.

Umsuku ¢as3o aeMeHTIapiHHA HUMa a1e6 atanagu?

BEKTOpIAp

Enunx Tectnap

CaBoJa

KaBo0

YVa yraamm pazoma  6a3uc KaHAM XOCHIT KMIIMHAIN?

bup Tekncimkaa éTmaran xap KaHaai ydTa BEKTOp

Japaxkacu HaTypan N COHAAH OIIMaWJUraH Ba oJaTaaruda
KYIIUII Ba OMpop COHra KYNaWTHPHUII aMaJlIapH
Gakapuiragurad xaMMa Kynxaaiap TYIIaMi HUMa XOCHIT
KuIagu?

YU3UKIH (a30 XOCUIT KATaTi

N ymuamnu V GazoHUHT N Ta YU3UKIN SPKIH BEKTOPIApH
TYTIJIAMHA HUMa XOCHJT KHUTaiu?

V HuHT 0a3UCHHA XOCHIT KUJIaIu

Arap V ¢a3ona 4eKcu3 K1 YH3HKIU IPKIU BEKTOPIIap
TOIHUIII MyMKHH OYJ1ca, Yy X0J1a KaHaai (pa3o XOCHII
KWJIMHAIHA?

Yekcens ymaamn (a3o XOCWIT KWIHHAIH

Ha3sopar caBosiiapu:

Uusukiau Ga3o TabpuPUHA alTHHT.
Yusuku ¢azora MUCOIUIIAP KENTHPUHT

el A

[Mapannen TyFpu ym3uKiIap Oornamu 1e0 HHUMara atanaau ?

Tyrpu umsuknap Oornamu ne® HUMara aTanaad ?

doiitaaHWIrad agaduéraap:

1. Advanced Mathematics for Applications, Cambridge University Press, 2011.
2.Bauer, H. Measure and Integration Theory, Berlin: de Gruyter,ISBN-13: 978-3110167191,

2001.
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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.AnekcannpoB A.[l., Heuseraece H.IO. I'eomerpusi, M.: Hayka, 1990. — 672peretti,
Advanced Mathematics for Applications, Cambridge University Press, 2011.

2-MAB3Y: EBKJIN/J ®A30CH.

PEZKA:

1. EBxuup da3zocuaa 4u3uK Ba CUpTIAP.
2. Cupt nuddepeHnman reOMeTPHUsICH.
3. Cupt nuku reomerpusicu. CUPT TalIK{ F€OMETPHSICH.

Tasanu néopanap: Esxiing gpazocu,OpToronan Ba OpTOHOpPMai CUCTEMAAPp.

E-xakukuit connmap yctuaa Bektop (azo Oynubd, yHAa KaHAaWIup KOHYH €KHM KoMJa
Oyitnua V 2 BEKTOPHHUHT CKaJIsIp KymaTupuiil ae0 atanyBuu (X,)) COH aHUKJIaHTaH O0yiuo, Oy 4
Ta
1. VX, y € E yayn (X,y)=(y,X)
2.VX,y,2€E yayn (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=60
mapTiapHu KaHOATJIAHTHpCa, y XoJija OyHaai Bektop ¢a3zonn EBkiauy dazocu aeitmnan.
Macanan: E =R, X=(%,%,%3), Y=(¥1,Y2,Y3)
(X y)=(X - Y1 +Xz Y2 +X3-Y3) 1)
) xy)=0x)
2) (X+y,2) =g+ V1) g + (X2 +Y2) - Zp + (X3 + Y3) - 23 =
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= (X121 + X2y + X323) + (Y121 + Y225 +Y32Z3) = (X, 2) + (Y, 2)

@
3) (AX, ¥) = XYy + Ao Yo + AXgY3 = AXy Y1 + Xo Yo + X3Y3) =A(X, )

) (X, X) =XxZ + X5 +x2 >0
Teopema: Epnua dazocuna xKyiiuaaru Komm-byHsIKOBCKHI TEHICU3IUTH YPUHIIH.
2
(% y)* <(xx)(y,y) 2
Ucbor. VAR, VXx-yeE, (IX—-y,AX—Yy)>0
(AX-y, AX)+( Ax-y,-y)>0
(A%, AX)+(-y, AX)+( Axe-y)+(-y1-y) 0
A2(X.X)= ALY X)- A(.Y)+(y1y)>0
ﬂZ(X,X)-ZZ(X,y)+(y,y)2O

A - Hucbaran kBampaTHkK yuxan (X,X)=>0 6ynranu y4ayH

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

n
(X, Y) =XgY1 + e+ Xn Yy =kZXk Vi
=1

n 2 n 2 n 2
(kZXkYk) <D Xk Vi
|

k=1 k=1

| (% V) £ X) (Y, y) ©
Tabpud +/ (X, X) CKaJIAp KyNauTMaJaH YMKKaH X HU || X ||= A X X) :

| X|| =X >nemenTHUHT HOpMacH.

L[| x[=0

2 | XTI NI 1A= (% 2%) =322 (%, X) = AL +/(%, %) = 2] x|

3 I x+yli<Ix+yll
| X+ Y [P=(X+ Y, X+Y) =(X+ Y, )+ (X+Y,y) =
=X X))+ (Y, )+ (Y, )+ (Y, Y) =)+ 2(X, y) + (Y, y) =
X220 -1y I+ y 1P =+ y )2
Ix+ylP<AxI+1yl?

| x||= \/Xlz +...+ Xr2] X - DJIEMEHT (BEKTOPH)
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Tabspud. Hopma anuknanran £ ¢ha3zoHn HopMaymiamras $a3o nednsaim.

(E,||-|D - sopmanamras.

Tawpud. (x,y)=0 6yca, oproronan aeinnaam, sbHu X LY

. A 4
KKWKKK@JWJﬁﬂMWMWS'

(X, Y)

Tabspug. COSQ = ” X ” . ” y ” )

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

Tavpud. Yoy ei,ey, ...,en BEKTOpIIap CUCTEMAacu Oepuiral . Arap (ei,g))=0 i
O¥y1ica OepuiraH CHCTEMaHH apTOTOHA BEKTOPIIAp CHCTEMACcH JeHUITa Iu.
Tabpud. €1,€2,...,6n BEKTOPIApP CHCTEMACH OPTOTOHAJ CHCTEMaHW TANIKHUJ 3Tau,arap

y3yHiaMkiapu 1 ra teHr 6yica, oproronain 0yica

0, i%i
(ei,ej):{l I|:¢JJ

Teopema: €1, ...,€n YpTa HOpMas cncTeMa un3ukau Gornanmaran 41€ +...+ A, =0,
M= =..=1,=0

(ekjte; +...+ 1,6,)=(e,0)=0

Ag(E.€1) + Ap (B¢, €2) + ..+ An (6, €,) =0

A (68 )=0 A, =0 k=10

Teopema: E" daszona ey,...,en ¥pTa HOpMan GasucHH Tamkmwi 3tca =>(X,Y)=X1y1+... +Xnyn

Oynmaau XakuKaTaaH Xam

n n n n
(X y)=| 2xe,  2.¥iej (=22 XjYj(Eig)=
i-1 j=1 i—1 j=1

n
=X Yi =X Y1 + .+ Xp Vi
i=1

Arap E na ypra HopMai 6asuc 6yica, e1,...,en  (X,ex)=Xk.
Teopema. Arap E" na fi, ...,faV 6a3uc 6yca
n n
(xy)= 2 xy;(fi, f3)=<(fi, f)=a; >= > ayxy;

i,j=1 i,j=1
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Oymaau.

Avnraiinuk £ EBxaun ¢azo 6yau6, fi,....fn (1) ymmarm V 6asuc OyiacHH. OW3HUHT
Makcagumu3 £ nma anmkimanrad (1) Hu oproroHan 6a3uWc CYHrpa 3ca opToHOpMan Oas3ucra
alIaHTHPUII MYMKHHJIMTUHE KYpuO uynkamu3. YmOy kapaéHHu anreOpa Ba COHJap
Ha3apHsICHIa OPTOTOHAILIAII KapaéHu AeHnIIau.

VY kyitnaaruda
f1

V(f1, f2)

n:]., fl fl ¢O e1:

f
n=2 f; f,; elzﬁ; q, =f, =Af;  (Qr.€ =0)
1 T2
e2:q—2 (f2+ﬂdf1,el):0 /’I,_Mf

V(G102) - (f&1)
(foe) +(f6,)=0
@dapaskunaiiavk. by,...,bn (1) by,....,bm, Cm+1,...,cn (2)

(Om.1,b7) =0(4) (i=1m)
(Craz + A4y + ...+ Aybyy ;) =0 (i:L_m)

(Cm+11bi)+ﬂ‘i(bi’bi)+"'+ﬂ”i(bi’bi)+"'+ﬂm(bm’bi)zo
(Cmaa,0y) + Ai (b, ) =0 by =0 (b, ;) =0

Cpriq i
ﬂi:_( m+1 |) (5)
(bi,b;)
(5) baxxapuica, = (4) TeHIJIMK YpuHIM Oynaau Ba Hatwxkana by,by, ..., Hm,bm+1

m+1=n G¥yica opToroHauam xapaéHu Tyraau.

Arapma m+1<n 6ynca, Mynoxa3aHu TaKpOpJIaliMu3.

Bz =Cmez + 440y + oo+ Auabrna (6)
xabu axpatu6, (B2, b)=0 (8) j =1 m.
Cryio, Di
ﬂ,'z—( m+2 j) )
(bj,bj)

[ynnait kuauo, by, ...,bm, ...,0m+1, bm+2 (7) opToronan Teopemanu Kypamus. m+2=n.
lynnait kummb E ¢apa3 oproroHan xapaéH KeTMa-KeT Kyuiad by, ...,bn (8) oproronan
0asmucra sra 6ynaMus.
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b by

e, = .8, = (9)
"o by |
b b (b,b) (0 i=j
(ei,ej):[ s N P i R :{ . (bi,bj):(bj)z
b [b|) [b]-[b] (1 1=]

1-teopema. En ymuoBmu dazo 6ynmmo, (8) oproronan um3ukiau OOFJIaHMaraH BEKTOpJap
CHCTEMACH YM3HKIH 3PKITH
X=XE€ +..+X€,
A8 +..+Ae =0 A=0 i=1n
e (l<k<n) (e; Ae+1e,+..+4e)=(e,0)=0
28,8+ 2,(6,,8,) o+ 4, (6,8) + .t 2, (6,,8,) =0
Ak.e)=0 (e.,6)=1 A =0 k=1n

2-teopema: E ymuoBnu EBknupn dazocu (el,...,en) oproroHan Oasuc OyicuH. =

X = (&)
(x,e)=(xe +..+xe.e)=x(e)+..+X(e,.e)+..+
+x (e.,e,)=x(e.,e)=X% -1=X
Taspud. E pazo R cE, R, cE 6yncun R, ={y:VxeR; (y,x)=0}
Teopema: Rz,E anuknanran ckansp kynaiitmara HucOaran Kucm ¢aso 0ynaau.

WY, €R, ¥, -V, R,

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

(Y = ¥2:¥) = (¥, X) = (¥, X) =0-0=0

Y, - Y, €R,
2) VAeR, VWyeR, (xy,X)=4 (¥,X)=4, 0=0 AyeR,
Taspud. Ro-E aunr kuem dasocunn Ry kuem dasora opToroHan KucM (aso AeHmmam.
E=R(H) R, dim E=n dimR =k dim R, =n-Kk
e.e. () = o6ynnaru Gasucuu (Q,...,q, ) (2) Gunan Genrmnaimk.

Oproronamian xapaéuura kypa (2) Guan (1) HI OPTOroHAT Ga3wCcra KeMTHPHII MyMKHH.

X=X +..+ X6 +..+Xe —

X'(e)x"

24



X'=Xxg +..+Xe =R
X"=(kx+1)-x_ e +..+xe =R
Macanas:
1 x x%(1)
A1+ 4, -x+ A, -x*=0=0+0x+0x*
4=0, 4,=0, 4=0 q=1 q,=q+4x (q,q)=0
q, =1+ (-2)x=1-2x q,=Xx"+ A0, + 4,0,

AL+ AxD= j(1+ AX)dx =0

X 1
X+4,— ;=0 1+=4 =0 =2
[ 2)\ L0 4

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

0 =X +A40 +40, (4 0)=(X+A4+4(1-2x)-1)=0
X+ A4 +4Q0-2x)-1-2x)=0

D)+ (A4, +4,1-2x0)=0

j'xzdx+jl'dx+/12.1[(l— 2X)dx :§I+ ﬂjxl—

1

Bynnan A, =—= Tonamus:
(x*,1-2X) +(—%; 1- 2xj +1,(1-2x,2x) =0

[xa- 2x)dx—%j(1— 2X)dx + 4, | (L-2X)dx =0

X1 x'1 1 1 2x1 1-2x)1t
X2 e 22 - A €2

30 40 3 0 320 2 3 0

1 4 1 , 1 1 )
—+=2=0 4L== @, =X"—-=+=(0-2X)=X"—X+=

1;1—2X; X* — X+ = opTOroHaI BEKTOpIAp CHCTEMACH
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1-2x

><2—x+1
6

1 2x1—2%) = [(1— 2%)?dx = —=
(1-2x1-20) = [ (1-24"de =

1-2x

2 ’
1
3

J3(L-2x)

e=1 e = , &=
JA=2X)(T-2x) \/(X _X+613](X2 _X+1)

1 (@-2x)°

6

1
3 o 3

1
e, = \/180 (Xz — X+ 6 €,,€,,€, — oproronan 6asuc.

Enuk recraap

CaBoJa

KasBo0

€1,€2, ...,En BEKTOPJIAp CUCTEMACH OCpUIITaH .
Arap (€i,6))=0 i Oyica Gepuiaran cucTeMaHu
KaHJail cucrema j1ed aranaau?

OpTOroHas BeKTopJiap CUCTEMACH JCHUIIA/IN.

Arap EBximun ¢dasocuma dekcu3 KN YH3UKIU
SPKJIA BEKTOPJIAp TOMHII MyMKHH Oyica, y XoJaa
0y (azo xkanmait dazo nernnaau?

Uekcus ymuamnu (azo gelnnaau

E-xakukuii connap ycrtuaa BeKTop (a3o eBKIU
dazocu OYnmuIIM y4yH YHJA KaHAAWAHp KOHYH
€kn Koupa Oyiinya HUXTHEPUA 2 BEKTOPHUHT
CKalsgp Kymaitupumr ne® aramyBuM (X,y) COH
aHMKJIaHTaH 0Ynu0, HeuTa Xocca YpUHIN OYIUIIH
Kepak?

EBnup dazocuna Kakicu TEHTCU3IUK YPUHINA?

Kommn-byHnsikoBcknii

Hasopar caBosuiapu:

1. Kannaii )xapa€H opToroHaian xxapaéHu Jeunagm?

2. Optoronan 6a3uc neraHja HUIMaHUTYITYHACU3?

3. EBximn dazocuHUHT KUCM dazocu Xakuia HUMa ounacus ?

doiitaaHWIrad agaduéraap:
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1. Hapmanos A.. Muddepennuan reomerpus. T. Yausepcurert, 2003

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

3. Hapmano A.f., [HapumoB A.C.,AcnonoB X.Juddepenuuan reomerpuss Ba
TonoJiorus ¢aHuIaH JaH MaIllK Ba Macanap Tyruiamu. T. YHuBepcurert, 2014

4., Mumenko A.C., ®omenko A.T. Kypc nuddepennnanbHoit TeOMETpUU U TOIOJIOTHH.

M., nu3n. MI'Y,2004

3-mas3y: ICEBJOEBKJIN/] ®A30.

PEZKA:

1. Cdepuxk da3zo.
2. Puman reomerpusicH.

Taanu uoéopanap: Ilcesooesknuo ¢aszo, Ilcesdoesxknud gpazooa macogha

Manwnaymku, EBkinn hazocuma koopauHaTanap 6omuaan uxtuépuii M HykTarada 0ynraH
macoga

OM?=x?+y?+7? (1)
dopMyna 6unaH aHUKIaHAp M. DHAN 1y GOpMyJIaHH Y3rapTHpHO, Macohann OM?=x>+y>—z?

Oyiirya TONUIIHU KYpHO YUKAIIIHK.

OM macoda x>+y>>z? Gynranna Xakukuii Myc6aT coH, X°+y><z? GynraHma 3ca MaBXyM
COHHH aHMKJIaiian. x>+y?=z? 6ynranaa sca macoda Ora Tenr 6ymamu (M mykta 0 GuIaH ycTMa-
yCT TyIlIMaca Xam).

By dbopmynanu koopanHaTanap KypuHHIIIA KyHuaarnda E3ui MyMKUH:

M1M?=(x2—x1)*+(y2—y1)*—(22-21)?
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OM; Ba OM; kecmaiiap opacujara OypuyakHu sca
X Xo + 1Yo — 447,
2 2 2 /2 2 2
\/Xl Y -4 \/xz tY2—24;

VY3ynnuk Ba Oypuakiap 1y Gopmynanap acocuja aHUKIAHTaH (a3oyap HceeioesKauo

coSp=

¢azonap ne6 aramamu. by dazoma EBximn ¢da3ocMHUHT KYNTHHA akCMOMa Ba Xoccalapu

CaKJIaHWIIY OWJIaH OWp KaTopja aipuM MyHocabaTiap KeCKUH (papk KuiIaau.

IceBpoeBkmua ¢azoma MacodaHM IOKOpHAArMYa aHUKIAHWIIWAAH KYPHUHAAWKH, YHAA Y9 XWI TYFpH
YM3WKIap OYnummM MyMKuH: Oapya KecMaigapu MycOaT XaKHKUH y3YHIMKKa 3ra TYFpH UYH3HKIAp; MaBXyM
Y3YHJIIMKAArd KecMamapra sra OynraH TYFpu dYm3uKiap Ba Oapua kecmanapu O y3yHJIHMKKa 3ra OYiraH TYFpH

gm3uKiIap. by TYrpu um3ukiapHn (a30BHil XA, BAKTIH VXA Ba H30TPOII TYFPH YHU3UKIAP 1e0 IOPUTUIIAIII.

[lceBnoeBknun ¢azomarn Oy THUMNAArd TYFPU YM3UKIAPHU YM3MaJard KYpUHUIIH

Kyilingaruda 0ymaau:

<)
@ &



Oxopunaru dopmynagan OM=0 mapTHH KaHOATIAHTHUpaguraH Oapya M HyKrTamap
x%+y?~z?=(0 TeHrnama OUIaH aHMKIAHAIUTAH TEKUCIMK/A ETalH.
By sca yun 0 HyKTana »oinamral KOHyC CHpTHU HUdoaanaiam.
Kypunu® typubauku, XakukKui Y3YHIMKAArd TYFPU YU3MKIAD KOHYCIHAH TallKapuna,

MaBxymuiapu nuuja Ba O ra TeHIJIapu 3ca KOHYC CUpTAa €Tajlu.

-

Hasopar Tonmmpukjiapu

Konyc cupt Tenrnamacu Kanaail KypuHuiira sra?

[TceBmoeBknua pazona macoda Kangail aHUKIAHAAH?

Kannait dazonap ncepnoeBkana (azomap ned atamamu?

[TceBmoeBkmua azona EBkiau pa30CHHUHT akcMOMa Ba XOccajapH CakIaHaIuMu?

el

Enunx Tectnap

CasBoa KaBo0

x*+y?>z? 6ynranga OM macoda Kanait XaKUKUH MycOaT COHHM aHMKJIAHIH.
aHUKJIaHaau?

x?+y?=7? 6ynranga OM macoda KaHzaii macoga Ora tenr Oynaau (M nykra 0 OGmiiax
aHMKJIaHAIU ? yCTMa-yCT TyIIMaca Xam).

XZer2<Z2 oynranga OM macoda kangait MaBXyM COHHH aHUKJIANI1
aHuKIaHaIu?

Anabuéraap
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.
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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.ABunoBa JI.B., bonotiok B.A., bomotioxk JI.LA. AHaiuThyeckas TeOMETpUd U
nuHelHas anrebpa// 2013. U3nanue: 1-e uzn. 421 c.

9.Anexcanapos A./l., Heuseraes H.1O. 'eomerpus, M.: Hayka, 1990. — 672

10. HapmanoB A.f. Amnamutukreomerpus. T., “V3Gekucton daitnacyduapy MULIHiA

sxamuatu”, 2008 .

4-MAB3Y: THIIEPBOJIUK ®A30

PE’KA:
1. Apum EBxnug dazomnap.
2. Slpum runepbonuk ¢azonap.

Taanu uéopanap: >nnmuntuk ¢dazo, runepoonuk $azo

n YI4oBIM AIUOTUK (a3o 1ed, Rn+1 GpazoHuHT chepacuparu quaMerpran Kapama-Kapiin

OynraH HyKTajuap TYIUIaMura aituiaaau (M30MEeTpUK Ky(Pr).

By dazonu Sy 6unan Genrunanamy.

Sn pazonu HoeBKIU PrMan (aszo 1e0 Xxam aranany.

Rn+1 dazo chepanapura ypunmanap Rn ¢a3oHM Tamkuia 3TraHIWTHIaH, Y€KCHU3 KUYHMK
opiuKiIapaa Sy reometpusicu Ry ¢pa3zo reomeTpusicura sKHH Oy J1aIn.

Sn Gpa3oHUHT M YIIYOBIH TEKUCIUTH Sm (Pa30HU TALIKUI ITAJIH.

Onnuntuk $azona macoda Macanacu KaHaai ypHatuiran?

Arap Sy ¢azonuHr X HyKTacMHU M(OJaTOBUM BEKTOpJApAaH OMpU X , MKKUHUYUCH XaM

X Oyica, y pojiaa Oy BeKTopiap X2 = P mynocabar O6unan 6obyanran 0ynann.
X OunaH aHuKJIaHTaH Sy (pa3oHUHT X HyKTacuHHU X( X ) OuiaH OofnaHaIu.
bynna, S—Snortonazonaru X(x ) Ba Y() Hykramap opacuaaru macoda, p 3ca 3TpHIIHK

paauycuaup.
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Sn  ¢daso koopmuHaTamapu cubaTuaa Rn+1 Qa3oOHMHT X BEKTOPHHHMHT  X°

KOOpJMHATaJIapUHU Kapall MyMKHUH.
OHu runepOovK (pa3oHUHT BEKTOP aKCHOMACH acoCH1a KYPUJIUIIMHYA KYPUO YHKANIUK
['unepbonuk ¢azonn Ttavpudnam yuyn Epadun — ¢azonunr |+IV rpymma
aKCHOMAaJIapHJIaH TallKapy Kyhuaard V rpyrmia akcuoMaapy Oa’kapuiIuiny Kepak:
V.1°% Xap uxkura a Ba b BEKTOPJIAPHUHT CKaJIsIp KymanTMmacu ae0 aranyBun K=a Eb
COH MOC KyWHJITaH OYJICHH.

V.2°, Cxansp kymaiiTMa KOMMyTaTHB, S0HH & B b=bEa

V.3%. Ckansp xynaiiTMa BEeKTOpIApHH KYIIHINTa HUCOATAH JUCTPHOYTHB STHHU & E(Z; +c
Y=aEb+aEc

V.4%, Xakukuii KyaiiTyBuUMHE CKansp KymaiTMa Tamkapyucura unkapum Mymkns:(K @ )E
b=kaEb

V.5°. llynpail @ i KYpUHMIIATH | Ta BEKTOpIIAp MaBKYIKH, yIap ydyH

asEa>0 (a<l)
anEan<0  (U>l), @iED |, i%
Bynaaii maptinap acocupa Kypwiran | wHzmekcnu nceBaoeBkiui (GasoHd Rn kypuHHIga
OenrunaiMus.

1. busra mawnymku F(x,y)=0 TeHriama TeKucIuKaa OUpOp TYFPU YM3UKHH aHUKJIAWIH,
spHn OXY TEKHMCIMKIArd KOOpAWHATANIApU X Ba y Oynran Oapya HyKrajmap TYmiamu Oy
TeHrJIaMaHu KaHoaTnantupanu. [llyaunraek, ¢pazona xam F(X,y,z)=0 1)

Teurnama OXVYZ na Oupop CHpPTHH, SOHM KOOpJAUHATalapu X,y,z Oynran Ba (1)

TEHIJIaMaHU KaHOATJIAHTHPAJAWUraH HYyKTajap TYIJIaMUHU aHMKIaiau. (1) TeHrmama CUpPTHMHT
TEHIJIaMacH, X,y,Z JIap 5Ca YHUHT Y3rapyB4d KOOpAUHATaIapy JeHUIaaN.
WNkxuH4M TapTHOIM CUPTHUHT YMYMUM TE€HIJIaMacu KyHMu1aru KYypuHHUILIa €3UIau:
a1+ X2+ any?+azs?+2aXy+2a13X2+2a23yZ +2a14X+2a24y+2a342+a14=0

Oy TeHIJIamManaru ai,az2,ass,d2,a13,dz3 KO3GOUIMEHTIAPHUHT KaMuja OUTTacu HOMAaH (papkiu
OynmuuM kepak. AHpuUM XoiiapJa CUpPT TEeHrjamacu OuiiaH sMac, Oanku y €ku Oy xoccara sra
OynraH HyKTaJapHUHI TE€OMETpPUK YpHH OuiaH OepuMIId MYMKHH. Oy XO0JJa CHUPTHUHT
reoMeTpHK XoccajapuaaH GpoianaHu0 YHUHT TEHIJIaMacH TY3HJIa/IH.

13°. Cdepanuar OXYZ t¥rpu 6ypuakmu JlekapT KoOpAMHATAZAp CHCTEMACHIArd

TCHIJIaMAaCUHU Ty3aMH3.

Mapxasu 0'(a,b,C) HykTana Ba paanycu R 6ynran cdepa 6epunran 6yncun. Arap p(X,y,z)
HyKTa chepaHuHTr UXTUEPHUN HyKTacu OVica, y xonma 0'(a,b,c) Ba u(X,y,z) Hykramap opacumaru
Macodanu Toun ¢popmynacuaan origanancak, chepa TeHIIaMacu Kyilnaaruda Oyimaam:
(x-a)*+(y-b)*+(z—c)*=R* 1)
(13)—mapkasu 0'(a,b,c) 6ynran HykTana éryBun Ba paanycu R ra teHr 0ynran cdepa TeHrIamacu
nevimmanau. Arap (13) na a=b=c=0 6¥ynca, mapka3u xoopauHaTaizap Oomuaa ETyBYH Ba pagnycu
R ra tenr 6ynran cdepa TeHriaamacura sra Oynamus:

X?+y*+72=R? )

(13) Hu Ky#iugard KypUHMAIIIA E3UIT MyMKHH:
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X2+y?+2%-2ax-2by-2cz+a*+b*+c*-R?>=0  (3)

CdepareHrTaMacHIKKHHIATAPTHOIHCHPTOY IMIMMHNKY pcaTaiimiK.  byEmHT  yayH  cupTHHHT  (2)
TEeHrJIaMacuna arx=aiz—ax=0 Ba ai1=ax»=a33 A6 onmHCa, (2) TeHrIamMa CQEepaHWHT TEHTJIaMacH OSKaHWHU
Tekmmpamu3. byauar yuyH a1#0 ne6 (4) HMUHT XaMMa XaJJIapuHH a1 Ta OynamMu3 Ba KyHumaru OelrwianuiapHA
KUPUTaMU3:

A= 2a,, B= 2a,, ,C=2a34 D= A4
apy ap ap aa,
Hatuxana
X2+y?+2,+Ax+By+Cz+D=0

KYpUHUIIAArH TeHTIaMara sra 0ymamms. OXUpry TeHrIaMany ymoy KypuHUIILIa €310 olaMu3

2 2 2
(x+éj +(y+§j +(z+£j :l(A2+BQ+C2—4D)
2 2 2 4

2 2 2 2
Em(x+é) +(y+§j +(z+gj :(1\/A2+B2+C2—4Dj (5)
2 2 2 2

(5) Tenrnamanan kypunaguku, A+B%+C?>-4D>0 6ynranna (4) Tearnama mMaoHora sra 6ymanu. Jdemak, A2+B%+C%—

4D>0 6¥ca, (5) TeHrIamMa MapKas3u

HYKTa/ia Ba painycCH

6ynran chepanu uponanaiinu. Arap A?+B>+C2-4D=0 6¥uca, (5) Tenrnama

A\ BY Y
(x+—j +(y+—] +(Z+_j =0
2 2 2

KypuHUIIa 6ymmo, y pakar ourra | — é ,—g ,—g HYKTaHU UQoaanaiim.
2°. Bupop I1 Texucnukaa érysun L uM3ukHUHT Xap Oup HyKTacuaaH yTyBuM Ba Gepwiran | TYrpu unsnkka
napajuies1 OynraH O6apya TYFpH YM3MKIApJaH TAIIKWI TONTaH CUPT YUAuHOpuK cupm neiivnanu. OyHna L amsuk
WIMHAPUK CUPTHHHI WYHANTUpyBuWcH, | TYFpu uyM3MKKa mapajaien Ba L YM3HKHM KECYBYM YHM3HKIAP YHHHT
SICOBYHMCH Jeimnany (1—um3ma).
V{HanTupyBumiapi KoOpIMHATA TEKUCTHKIAPHIAH

Ompuia ETyBYH SCOBYMIIAPH 3CA Iy TEKUCIUKKA

/,\ MEePIEeHIUKYISIp 0Y10, KOOpAMHATANIAP YKUTa TTapasuies
~— // OynraH DMIMHAPUK CUPTIAPHU KYpaliIuK.
OX rekucnukiaa Tenriaamacu F(X,y)=0 (6)

6ynran L unsuk Ba sicopumiapu OZ yKKa napauien 0yiaran

LWJIMHAPUK CUPTHH sicaliMu3 (2—amu3ma). (6) TeHraama

L OXYZ xoopauHaTanap CUCTEMACHAA HUINHAPUK CUPT

SKaHWHU KypcaTailiuk.

32



M(X,y,z) "HWWIMHAPUK CUPTHUHT UXTUEPUIl TallMHIaHTaH

HyKTacH OyJcHH. M HyKTa OpKaJu YTyBYH SCOBUNHHUHT L

HYyHaANTUPyBYHCH OMIIaH KECHINTAaH HyKTacuHU N OmiiaH

OenmrmmaiiMu3. N Hykra M HyKTaHuar OXY

TEKUCITUTHIarxd

npoexmusicuanp. Llyrauar yaya M Ba N HyKkTamap 6urra x

admucca Ba Outra y opanHarara sra. N HykTa L unszukia
érranu

YUyH y 3TPpH YM3UKHUHT (6) TeHITIaMacHHU
KaHOATJIaHTHPaIH.

Jemak, Oy TeHrnmamanu M(X,y,z) HyKTaHHHT KOOpAWHATaiIapu xaMm Kanoatnantupaan. OXYZ dazoma L
HYHaNTHPyBYN KyHHOard MKKATA TEHIIaMa CUCTEMAacH OMJIaH aHWKJIaHaIu:

Flx,y)=0
Z=0
Xyanu mryHra yxiai

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

y=0 x=0

TEHIJIaMalap UMIUHAPUK CUPTIApHUHT L HyHanTHpyBUM YM3UKIapuHU Moc paBuinga OXZ sa OYZ Texucnukaarua
XOJIATHHY aHUKJIAITHH KYPCATHII MyMKHH.

Xycycuii Xoiapaa WINHAPHK CUPTIApHUHT HyHANITHPYBUMIAPH JUIMIIC, TUIepOoa, mapadoia, HKKUTa
KECHLIYBYM TYFPU YU3MK, UKKUTA y3apo mapamien (yCTMa-ycT TyIIMaraH) TYFpU 4YM3MKIapAaH ubopar Oymuinn
MyMKHMH. ByHIa#l cupTiIapHM MOC paBHIIa SJUIMITHK IWIMHAP, HMapaboiuK IMIMHAP, THNEpPOONIUK IWIHHID,
MKKHATA KECHIIYBYM TEKHCIHK, UKKHATA Mapajuiesl TeKUCIUK 1e0 IOpUTHIau Ba yIapHUHT TEHTJIaMajlapy KyHumarua
KypuHUIIAa 0y1aau:

2 2
X Y
ONIUNTHK WINHAD: —+—=1 (3-um3ma)
2 b2
a
2 2
XY
[MunepGonvk nrIHHAP: ——=—=1 (4-un3ma)
2 2
a” b
[MTapabonuk nunuHAp: y?=-2px (5-un3ma)
2 2
Xy
WKy KecuIyBYH TEKHUCIIUK: T, = 0 (6-un3ma)
a” b
Wkxu napanien TeKUCIUK: x*-a?=( (a=0) (7-uu3ma)
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1° Bupop Q texucnukna L MKKMHUM TApTHOIIM YM3KK Ba 6F TEKUCITMKKA TETUILIH OYamMaran Mo HyKTa

Oepuiran OyicuH.
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Tavpugh. ®azonarn Mo HykTaman ytnd, L HU kecubd yTyBum Oapua TYFpH YM3HKIAP TYIUIAMH WKKUHYH
TapTUONN KOHYC CHPT (EKM KOHYC) Aeimmaan. Mo HyKTa KOHYC Y49, L 9nM3nK KOHYC WyHaITHPYBUYNCH, KOHYCHU
XOCHJI KWITyBYH YHA3HKJIAp 3CA YHUHT SICOBYMIIAPH ACHUITaIH.

Konyc sicoBummapu OynraH TYFpW YM3WKIAp MapKa3sd KOHYC WYHIa OYIraH TYFpH YHM3HKJIap OoFiaMura

TETUIUIN OYJIaJi. KOHYC TeHIJIAMacHHU KeNTHpUO ynkapaiimk. Q Texucnuk Ba yHaaru L un3zuk OXY tekuciukia
érran 6yncuH. Mo(Xo,Y0,20) HykTa 3ca OXY TeKuCIHKIaru ETMarad HXTHEPUil HyKTa OYICHH. KOHYCHUHT UXTHEPHIt

M(X,y,Z) HyKTacHHHU ONailnuk, y xoiana MoM TYFpu Yu3UK KOHYCHHHT sICOBUMCH 6Ynu0, L unsuk Guman M(x1,Y1,21)

HyKTaza kecumagn. Mo,Mi,M HykTtanap Oup TYfpu 4M3uMKAa ETraHH Y4YyH M OM 1 =AM OM TEHIJTUK

VpUHIH.
By Tenrnuknan

X1—Xo=A(X—X0) => X1=Xo+A(x0—x0)

YrY0=A(y-y0) = y1=yo+A(yo-yo)

21-20=A(z-20) = 21=20+ A(Z0—20)
OXUpru TEHIIUKIaH A HU TOTHO, OJJIMHTY UKKH TCHIJIHKKA KYSIMU3:

XmXo+ ——— Zg. yiyor ——— Z (7)
M:eL = F(xl,yl):O
éxu
F(——Zy,yot ———Z()=0 8
(8) udona xonyc TeHrIamacu aeitrnaan. IKKUHYH TeHTIaMa KOHYCHHUHT JIeKkapT KOOpIHHATaIap CHCTEMaCH Iaru
SHI COJJIa TEHIIIAMACHU
2 2 2

X y A
—t 520
a b c

2 2 2
X
—z—y—2+z—220 9
a b c
2 2 2

a> b* ¢
KypuHUIIAA OYnaam.
2°. Q rexucnukna 6upop L umsuk Ba | TYFpu umsuk Gepunran 6YiacuH.
Tavpugh. L unzukuusr | TFpu un3uk atpoduaa ainanuiaan xocun oynran O ¢urypa aitmanma cupt
nevimnaau. Oyuna L alinanma cupTHUHT Mepuanany, | aitnanum yku neitnmany.
AflaHMa CHPTHHHT TEHIJIAMAaCHHU KeITHPUO YHKapailIvK.
JlekapT KOOpAMHATAIAp CUCTEMACHHHY IIyHIal TamnaiMusku, 6yana Q—(0YZ) rexkuciuk, I-(0Z) ¥k xamzaa

L:F(x,z)=0 6¥yncuH.
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L umsuxuunr (OZ) ¥k arpoduna ainanummaas kangaaup © cupt xocun 6yicuH (9-uusma). M(x,y,z) 1y cupTra
TETUILTN UXTHEPHUIA HyKTa OyncuH. M HykTagan OZ YKka IepHIeHIUKYIIp YTKazcak, kecuMaa mapkasu 0 €(0Z)
HyKTajaa 0yiraH Oupop aillaHa XOCWIT KHJIMHAAKKY, y aiinana L ynsuk Onnan M1(0,y1,21) HyKTaaa KECHIICHH.
Kecunwm aiinanagan ubopat OynraHu yayH:

p(0.M)=p(0,Mx1) (10)

By macodanap ukku HyKTa opacuaaru Mmacodanu Tonuiin GopMyaacura Kypa Kyiuaaruaa Oyiaau:

ol =0 + (=0 +(z =2 ="+

p(0,M1)= \/(0—0)2 +(y1 —0)2 +(Z—Z)2 Zﬁzb’l\-

By xuitMaTnapau (10) TeHITTHKKA K SIMH3:

|y1|:\/x2 +y? =y =5 x> +y°

Me L 6ynranu yayH:

F(i \x? +y2,z)=0 (11)

(11) Tenrnama L un3ukan 0Z ¥k aTpodua ailnaHTHPUIIIAH XOCHI OYIIraH CHPTHUHT TEHIIIaMacUInp.

Arap L unsuk moc pasumga 0X Ba 0Y yknap atpoduma admanTupcak, XOCHII OyiaraH CUPTIAPHUHT

F(x, iw/yz +z? )=03a F(y, +x? + 22 ):0 (12)

Enunx Tectnap

TCHIJIaMaJlapyu MOC paBUIIga

KypuHHUILIapaa 6ynaam.

CaBoa KaBoo
SHHHHTI/IK I_II/IJII/IHIIp TCHI'JIaMaCHu x2 yZ
St =1
a b
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[MamepOoMMK MUIMHIP TEHTIaMacH 2 yz
= -==1
a” b
[TapaGonuk MWIMHIP TEHTIaMacH y?=-2px
DIITATICOUT TEHTJIaMacHu G y2 72
7 + T2 + -7 = 1
a~ b C

Ha3zopar caBoJsiapu

Kannaii cupT MIHHIPUK CUPT AeHUIaIm ?
DIIMNTUK UUIUHAP TeHIIaMacUHU E€3UHT
T'urepOoMUK UIHMHIP TCHIITAMACHHH E3UHT
[Tapabonvk NUIHHIP TCHITIAMACHHU E31HT

WKkku KecuilyBuUM TEKUCIUK TEHITIAMACUHU E€3UHT

o krwpdE

Hxkn napajjies TCKUCJIUK TCHITIaMAaCuHHU €3UHT
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I1l.Amanuii MalFysI0T MaTepuaiapu

1-AMAJINH MAIIFYJIOT MAB3Y:UN3UKJIA ®A30

1-tabpud. Arap Kyilmgaru  maptiaap — Oaxapuica,  X,Y,Z,...
aneMeHTIapHuHT V Tyrinamu yn3ukiu (adun) dazo aennanu:

a) Xap MKKM X Ba ) AJIIEMEHTIapra X Ba ) 3JIEMEHTIap MUFUHANCH [11e0
aTajaJiraH Z 3JIEeMEHT MOC KHJINO KYHUITaH; X Ba y SJIEMEHTIAPHUHT HUFUHANCH

x+y Ounan OenruiaHagy;
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0) Oupop MaMJAOHHUHT Xap OUp X PJIEMEHTH Ba xap Oup AcoH OuiaH x
AIIEMEHT KymnaiiTmacu Ae0 atairad A x 3J1eMeHT MOC KHJINO KYWHITaH.

by amannap xyituaaru tanabiapHu (akCMOMaJlapHU) KaHOATJIAHTUPUIITU
Kepax.

10 x+y=p+x (KOMMYTATHBIIHK),

20.(x+y)+z=x+(y+z)(accolMaTHBINUK),

3% Xap xanpmait X yuyH myHzgai 0 sneMeHT MaBxkyaku, X-+0=x Oymamu. 0

OJICMCHT HOJIb 3JICMCHT IIGﬁPIJ'I&,[[I/I.

0
4 Xap kanmaix Y4yH —X OunaH OenruiaHaauraH

IIyHIai
AJIEMEHT MaBXyaAKHu, X+(-X)=0 6ynagu.
19 . 1xx=X,
2° o X) =aA(X).
3% (a+P)x =ax +pX,

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 Ka4OH FOKOPHA KailJl KWIMHIaH IIAPTIApHU KaHOATIAHTUPYBYM aMmalljiap
OusaH Il Kypap 3KaHMHU3, OU3 yIapHU KYIIUII Ba COHTa KYyMaUTHPHUII aMmaiapu 1e0,
AJIeMEeHTJIapu ycTuaa Oy amaruiap OakapwiraH TYIJIaMHU 3Ca YM3UKIU (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 KYymxaa WUFUHIUCK N JIaH MacTPOK OYNIUO YMKUILIK 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 OOfnMK OYiraH reoMEeTpHK TacaBBypyap Oup KaHYa
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 OeBocuTa TYFpu OyiIaau.

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 kunaaurad «, S, 7%...,0 connap MaBxyn 0yiuo, 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 vHonnau (apkiau ae6 dapas kunainuk. by xonma

oxX=—pN—yL—..-N
4 0

oynanu. bynu sHnmu o ra 6ynu6 Ba 1e6 ¢apas Kuimo, —E:ﬂ,a— =L....— =G
a a
TEHTJIMKHU XOCHJI 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 KOJITAHJAPUHUHT YU3UKJIW KOMOWHAIUICUAaH uOOopar
oynanu. TeckapucuHM, STHbHU OWTTACH KOJTAHJIAPWHUHT YU3HKIH KOMOWHAIMSACUIAH
nbopar OVAraHBeKTOpJap YM3UKIM OOFIMK BEKTOpJIap OYJIUIIMHUHT  XaM
TYFPWINTHHH KYypCATUII MyMKHH.

OHmu ¢Ga3oHUHT Yiauamiap COHU (YIU4aMIIUTH) TYIIYHYaCMHU KUPUTHILTA
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
YU3HUKJIA SPKIH BEKTOPHU TOTHIII MyYMKHH, aMMO OyHIard Xap KaHaal TYpTTa BEKTOP
YU3UKIW OOFIUK OViaau.

bu3z kypamusku, TYFpu YM3UK, TEKHCIUK Ba y4 ymyamiau ¢azojard 4u3uKIu
OPKJIM BEKTOPJIAPHUHT MaKCHUMaJl COHU TEOMETPHUSIArd TYFPH YN3HUK, TEKHUCIUK
xama (a3oHUHT yimyamu coHura tyrpu kenaad. LIlyHuHr ydyn xyitmaaru ymymui
TabpUPHU KAOYJ KUITUIIUMHU3 TAOUUH.

3-tabpud. Arap V un3ukiu $a3oia n Ta YU3UKIN IPKIN BEKTOP MaBxky OViuo,
OyHIaH OPTUK YM3UKIW DJPKIW BeKkTopiap Oynmaca, 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 ymuamun  (asonmap MaTeMaTUKAHUHT  Maxcyc — Oyiaumiiapuia
tekmmpuiaau. buz Oy kypcaa dakar uexkniu youamud - Qazonap  Owntad
HIyFyJUTaHAMU3.
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Tonmmuupukap

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

2. ba3uc y3rapranzia BEKTOp KOOPJAUHATAIAPH Y3TAPUILINHYA KYPCATHHT .

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 azuc KaHaak Xxocun bup texucnukma érMaraln Xxap KaHaai yura
KrInHaau? BEKTOP
Jlapaxkacu HaTypas N COHJIaH OIIMaiIurad Ba YM3UKIH ()Aa30 XOCHIT KKl i

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?

dDoiigaJaHUITaH a1a0duéTaap:
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, 2006.
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2-AMAJIMI MAIIFYJIOT MAB3Y: EBKJIHJ] ®A30CH.

E-xakukuii connap yctuaa BekTop ¢dazo 0ynud, yHIa KaHAaiIup KOHYH €KU Kouaa Oyinda V
2 BEKTOPHUHT CKAJIAP KynmaiTupui 1e6 atanyBuu (X,y) COH aHUKJIaHraH 0ynuo, Oy 4 Ta
1. VX, y € E yayn (xy)=(y.x)
2.VX,y,z€E yuyn (X+y,2)=(X,z)+(y,z)
3.VxeE, VAeR, (Ax,y)=A(X,Y)
4. Vx£0 (X-x)>0 (x,X)=0 <x=0
HIApTIIAPHU KAaHOATIAHTHPCA, Y XoJ1a OyHaail Bektop ¢asonu EBkiua dazocu aeimnany.
3.
Macanan: E =R, X=(X1,X3,X3), Y=(Y1,Y¥2,Y3)
(X ¥) =X - Y1 + X5 - Y2 + X3 - ¥3) 1)
3  (x¥)=(yx)
4) (X+Yy,2)=(X + Y1) 23+ (X2 +Y2) - Zp + (X3 + Y3) - 23 =
= (X121 +XpZp +X323) + (Y121 + Y225 + Y323) =(X,2) + (Y, 2)

@)
3) (AX,y) = XYy + AXpYo + XYz = AX Y1 + X2 +X3Y3) = A(X )
a) (X, X) = X2 + X5 +x2 >0
Teopema: Epnua dazocuna Kyiiuaaru Komm-byHsIKOBCKHI TEHICU3IUTH YPUHIIH.

(% Y < ()Y, Y) @)
Ucbor. VAR, VXx-yeE, UX-y,AX—y)>0
(AX-y, AX)+( Ax-y,-y)=>0
(A%, )+ (Y, AX)+( AX-y)+(-y1-y) 0
AA(xX)- AY.X)- A%y)+(y1y)>0
A2(x,X)-22(x,Y)*+(y,y)=0
A - HucOaraH kBagpaTvk yuxajn (X,X)=>0 0ynranu y4ayH

b2—ac<0 a=(x,x) b=—(x,y), c=(y,y)
(X% )2 < (% X)(Y,Y)

n
(X, ¥) =X Y1 + oo+ XY = D Xk Yk
k=1

n 2 g , o,
[ZXkij <2 X 2. Vi
k=1 k=1 k=1
| (% V) V(% X) (Y. Y) ©)
Tavpud +/ (X, X) CKassp KynanTMaJaH YMKKAaH X HU || X ||= N (X, X) :

| X|| =X snemenTHUHT HOpMacH.

L[| x[=0
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2 | XTI N XA 1A= (% 2X) =422 (% X) F AL +/(%, ) = A1 x|

3 I x+ ylI<dIxI[+[yll

[ XY [P=(X+ Y, x+Y) = (X+ Y, ) + (X +Y,y) =
:(X, X)+(y’ X)+(y, X)+(y’ y):(X, X)+2(X’ y)+(y’ y):

U2 20011y I+ y 1= A+ y 1D
Ix+ylIP< )+ D

I x||I= \/Xlz +....+ X,% X - 5JeMeHT (BEKTOPH)
Tabpud. Hopma anukianran £ ¢a3oHn HopMaiamras $a3o 1edusiaim.
(E,||-|D - sopmanamran.

Tabpud. (X,y)=0 6¥ca, oproronan aeiinnanu, sbHUA XLy

. RICS)I I
|(X, Y) € /(% X) J(y,y):”)(”.”y”s .
o (xy)
Tavpud. COS9= Ix)-Iyll

T T
Teopema: Arap (X,y)=0 6¥ca, @ = E OVyazau Ba akCMHYA E oyca (x,y)=0.

Tawspud. Yoy e1,ey, ...,en BEKTOpIIap CUCTEMACH OepUiIraH . Arap (ei,6)=0 i+ Oynca
OepuiraH CHCTEMaHH apTOTOHAN BEKTOpJIap CUCTEMACH JICHHIa IH.

Tabpud. €1,€2,...,6n BEKTOpJIAp CHCTEMacHd OPTOTOHAJ] CUCTEMAaHM TAalIKWUJI 3TaJau,arap

y3yHJIuKiIapu 1 ra TeHr 6yica, opToroHan oyica

0, i#i
(ei,ej):{l I|:¢JJ

Teopema: €1,....6n ¥pTa HOpMam cuctemMa 4u3uKIH Gormanmaran A41€; +...+A,e, =0,
M=Ap==Ay =0

(ekjte; +...+ 1,6,)=(e,0)=0

Ay (Bx . €1) + Ao (8, €2) +... + An (8, €,) =0

A (68 )=0 A4, =0 k=10
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Teopema: E" daszoma €i,...,en ypra HopMman 0Oa3McHM TamKua 31ca =>(X,Y)=X1y1+... +xnyn

OYnanu XakuKaTaaH Xam

X:X]_el +...+Xnen y:ylel +...+ynen
n n n n
(X, ¥)=| 2_Xi&, Zyjej :szjyj'(ei,ej)=
i=1 j=1 i=1 j=1

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

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

Teopema. Arap E" na fy, ...,faV 6a3uc 6yica

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

Ooynanu.

Avraiinuk E EBkiun dazo 6yau0, fi,...,fn (1) yamaru V 6a3uc 0YiicuH. OM3HUHT Makcagumu3 £
na amumkymanrad (1) HE oproroHan ©OasWc CYHrpa 3ca OpTOHOpMan OasWcra aWJaHTHPHII
MYMKHHJIUTUHHE KYpHO ynKamu3. Yoy jkapa€HHU anreOpa Ba COHJIAp Ha3apUsACHAa OpTOTOHAJIIAII
JKapa€Hu IernIIaif.

VY kyiingaruua

f1

V(f1, T2)

n:]., fl fl ;tO e]_:

f
ﬁ: Qo = f, 22, (qg.€; =0)
1, 12

I’]=2 fl f2, el:

4, (f, 1)
) =—=—— (f, + Af;,;)=0 A= f
’ V(®h0z) ? v (fi61)

(foe,) +(f1e)=0

Papaskumaiimik. by, bn (1) by b Cedosh (2)
(Brm.1,0;) =0(4) (i=1m)
(Coiz + A4by + .o+ Apbsb) =0 (i=1m)
(Crmsa, 07) + A (0, b;) + ..+ 43 (B, 1) + ..+ A5 (B, ) =0
(Crmy1,0i) + 4 (0, b)) =0 by =0 (b, b;) =0

(b;.b7) ©)
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(5) Oaxapuwica, = (4) rteHrMKYypuHIHOYIamuBaHatTwkanabi,by,...,bmbmr  (6)
m+1=n6¥ncaoproroHainannpkapaéHUTyraiau.

Arapna m+1<n Gyiica, Myn0xa3aHu TaKpOpJIaiMu3.

bm+2 =Cp2 + ﬂlbl Tt ﬂ'm+1bm+1 (6)
kabu axpatud, (Dm+2, b)=0 (8) | :L_m.

Pl _(Cm+2’bj)

=T 7
(bj.bj)
Mlyspait kuauo, by, ...,bm, ...,Om+1, bm+2 (7) oproronan reopemanu Kypamus. m+2=n.

HIynnait k6 E fapas oproronan sxapaéH kerMa-ker Kyiuiad by, ...,bn (8) oproronan 6asucra
ara 6ynamus.

e =i...en _ D 9)
by | by |

b b b,b) (0 i%j
,E. )= ! , ! = : ! = . . b’b = b 2

1-teopema. En ymaoBnu dazo

0ymu6, (8) oproroHanm UYM3MKIM OOFIaHMaraH BEKTOpJap
CHCTEMaCH YM3UKIIH IPKITU

X=XE€ +...+X€,

Ae+.+4e =0 A =0 i=Ln

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

Ae,e)+4(e,,8)+..+4(e.,e)+..+A(e,e)=0

A.e)=0 (e.,6)=1 A =0 k=1n
2-Teopema: E ymaomn Esxomn dasocnu (€,,...,€,) oproroman 6asuc 6yncun. = X, = (X€,)
(x,e)=(xg +..+xe.,e)=x(e)+..+x(e,e)+..+

+Xn(en’ez) =X (ek’ek) =X 1= Xy

Tappud. E paso R cE, R, cE 6yncun R, ={y:¥xeR; (y,x)=0}
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Teopema: Rz,E anukmanran ckansp kynaiitmara Huc6aran KkucMm ¢azo 0ynanu.
Y., €R, V-V, €R,
vxeR (v,X)=0 (y,,x)=0
(¥, = ¥.:%) = (¥, %) = (¥, ) =0-0=0
.= Y. €R,
2) VAeR, VWyeR, (xy,X)=4 (¥,X)=4, 0=0 AyeR,
Tabpud. R2-E nunr kucm gazocunu R1 kucm ¢azora oproronan KkucM ¢azo Jerdunaim.
E=R(+) R, dim E=n dimR =k dim R,=n-k

€..6 () = Gyunaru Gasuchu (ql...,qn_k) (2) 6unan GenruIaAMIMK.

Oproronamnani xapaéuura kypa (2) 6mnan (1) Hu oproroHan 6azucra KeITHPUIIT MYMKHH.

X=X +..+ X6 +..+X€e —

XI(E)X"
X'=Xe +..+Xe =R
X"=(kx+1)-X_ . +..+Xe =R,
Macanan:
2 xxz(l)
A1+ 4, - X+ A4, - X =0=0+0x+0x’
4=0, 4,=0, 4,=0 g =1 q,=q+4x (q0,)=0

q, =1+ (-2)x=1-2x @, =xX"+A4q,+41

Q+AxD= Jl'(1+ AX)dx =0

(x+ﬂ j\ =0 1+= ﬂi 0 A=

=1+ (-2)x=1-2x
G =X +A40+40, (9,0)=0+4+4(1-2x)-1)=0
X+ A4 +400-2x)-1-2x)=0
(3,0 + (4,0 + A, (1-2x1) =0

L 1 1 ~ B i(l 2X)
!xdx+!dx+/12£(1 2X)dx = 5

31 1
— |+
3(|) Aitl) 2

O —

1

Bynnan A, = —§ TOMIAMU3:
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(x*,1-2X) +(—%; 1—2x)+ﬂ?(1—2x,2x) =0

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

x>t x't 1 12X 1-2x) 1
XX o 2 XA 2]
30 40 3 0 320 2 3 0
1 A 1 11 1
—=+2=0 L == ,=X-Z4+=(@1-2X)=X"—Xx+=
6 3 & 2 % 3 2( ) 6

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

2
1- 2y X —x+6

©Jt-200-29 o \/(xz - X+1j(X2 - x+1j
6 6

(1—2x,1-2x) :-l[(l_ 2X)2dX:—% @a- 2X)3

|- 1
3

1-2x

I
(xz—x+1,x2—x+1]:j(x2—x+1) dx =
6 6) % 6

€, =

=~/3(1-2x)

=+/180 (XZ — X+ %j €,,€,,6, — oproronan 6asuc.

Ha3sopar caBosiapu:
4. Kanmaii »apaéH OpTOrOHAJUTAII KapaCHH JIeHUITau?
5. Oproronan 0a3uc jeranja HUIMaHUTYITyHAacH3?

6. EBkima ¢azocuHuHT KucM (pa3ocu Xakuaa HuMa ounacus ?

Enuk Tectaap

CaBoa KaBoo
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€1,€2, ...,8n BEKTOPJIAP CUCTEMAcH OepuiraH . OproroHnan BEKTOpJIap CUCTEMAcH JeHnIaIu.
Arap (ei,6))=0 i 6ynca Gepuiran cuCTEeMaHH
KaHmay cucreMa aeb aragaqu?

Arap EBximun dazocupa 4YEeKCH3 KYI UYU3HKIN 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 Kymadtupuimn 1e6 aranyBudm (X,y) COH
aHWKJIaHTaH OYJIM0, HeUTa Xocca YPUHIM OVIIUIIIN
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., apunoB A.C.,AcnonoB X.[luddepenumnan reomerpuss Ba TOMOJIOTHUS
danugaH qaH Malk Ba Macanap Tyruiamu. T. YHuBepcurer, 2014
4 Mumenko A.C., @omenko A.T. Kypce nuddepenmanbaoi reoMeTpun U Tomnosiorud. M., usm.

MI'Y,2004

3-AMAJINY MAIIFYJOT MAB3Y: ICEBJIOEBKJINJI ®A30.

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 ¢3ui MyMKAH:

MiM%=(xz-x1)*H(yz-y1)*~(z2-21)°

OM:1 Ba OM: kecmanap opacuiaru OypyakHH sca
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XXy +Y1Yo — 442,
2 2 -2 [o2 . 2 2
\/X1+Y1_Zl\/X2+YZ_Zz

V3ywnmuk Ba Oypuakiap mry ¢opMynanap acocuaa aHUKIaHraH Qaszonap ncee0oesKiuo

coSQ=

¢azonap ne6 arananu. by dazona EBkina GpazocHHUHT KYTITHHA aKCHOMa Ba XOCCAIAPU CAKJIAHUTIIH

Owan Oup Karopna aipuM MyHOcabaTiIap KECKUH (papK Kuaau.

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

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

TONIIUPUK

IceBnoeBknua dasonaru Oy TUIIATH TYFPH YM3HKIAPHA YU3MaJard aHAIWTHK KYPUHUIIUHA TOTIHMHT:

@
©



122-2]
0/ ﬁz'hyl)/

{zrl

= ;%@. )
V(zmrm)2+(yp=4) |2
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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-AMAJINA MAIIFYJIOT MAB3Y: THIIEPBOJIUK ®A30.

n ymyoBnu 3mumNTUK ¢azo ned, Rn+1 Qa3zoHuMHr cdepacuparm nuamerpuan Kapama-Kapiuu

Oynran HyKTajgap TyIlaMura antuiaaau (M30MeTpuk xKy(dr).

By dazonu Sy 6unan Genrunanamy.

Sn dazonu HoeBkIMA PuMan (azo 1eb6 xam aranany.

Rn+1 ¢azo chepamapura ypunmanap Rn ¢da3oHM TamKuin STTaHIWTHAAH, YEKCHU3 KHYUK
opiuKiapaa Sy reomerpusicu Ry (hazo reomerpusicura sskuH Oynaau.

Sn pa3oHUHT M YIIYOBIM TEKUCIUTH Sm (a30HU TALIKUI ITaIH.

Onnuntuk $azona macoda Macanacu KaHaai ypHatuiran?

Arap S, ¢azonuHr X HyKTaCMHH H(OIATOBYHM BEKTOPJApJaH OMPU X , MKKUHYHCH XaM X

Oynca, y ponga Oy BeKTOpIap X2 = P myHocabar Guian 6obsiaHTan Gymaim.

X OwnaH aHWKJIaHTaH Sy ha3oHUHT X HyKTacuHH X( X ) OrstaH OOFIaHa/IH.

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

S» dhazo koopauHaTanapy cupatiaa Rns1 GasoHMHT X BEKTOPHHMHT X2

KOOp/IMHATaJapuHH
Kapail MyMKHH.
Ouau runepOoauK (Ga30HUHT BEKTOP aKCMOMACH acoCua KYPUIHIIUHH KYpUO YUKaNHINK
['unep6onuk ¢a3zonun Tabpuduamn yuyH En adun ¢azonunr 1+IV  rpynma
aKCHOMAaJIapHIaH TallKapy Kyduaard V rpyrmia akcuoMaiap OaKapyiIHIT Kepak:
V.1% Xap ukkuta @ Ba b BEKTOPJIAPHHUHT CKaJsIp KymaiTMmacu ned atanyBuu K=a Eb con
MOC KyHuIraH OYJICHH.
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V.2°. Ckamsp kymaiiTMa KOMMYTATHB, SIOHH & Eb=bEa

V.3%. Ckansp kymaiiTMa BEKTOpJIApPHU KYIIUIITa HACOATaH IUCTPUOYTHB SBHU & E(l; +c)=a
Eb+aEc

V.4%. Xakukuii KyTalTyBYMHY CKaIAp KyTaiTMa Tamkapucura ynkapum MyMkus: (K @ )E b =k
aEb

V.5°. llynpait & i KypUHMIIATH | Ta BEKTOpIIAp MABKYIKH, yIap ydyH
aiEa>0 (a<l)
anEan<0  (u>l), @iEDj, i#
Bbynzaaii maptiap acocuaa Kypwiran | unaekciu rceBaoeBkina hazonu Ry kypuHumiiga GenruianmMus.

1. busra mabnymku F(x,y)=0 TeHrnama TeKHCIUKAA OUPOp TYFPU YM3UKHU aHUKJIAWIU, STHHU
OXYVY Tekuciukaard KoOpJAMHATalapu X Ba y Oynaran Oapua HyKranap TymuiamMup Oy TeHIJIaMaHH
KaHoarnantupaau. Llynunraexk, gpasona xam

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

Tenrnama OXYZ na Oupop CHpPTHH, SIOHM KOOpJAWHATalapu X,y,z Oynran Ba (1) TeHrimamanu
KaHOATIAHTUPAJNTaH HyKTalap TYIJIAMUHU aHUKIaiau. (1) TeHriiama CHpTHUHT TEHTJaMacH, X,Y,Z
Jap 3ca YHUHT y3rapyB4M KOOpJMHATaJlapy JeHUIa u.

WNkxuH4M TapTUOIM CUPTHUHT YMYMHM TEHTJIaMacu KyHuIaru KYypuHHUIIaa E3unaau:

a1+ XP+any?+assz?+2axXy+2a13X2+2a23y7 +2a14X+2a24y+2a347+a24=0

Oy TeHrjnamajaru ai,d22,ass,az,d13,az23 KodDPUIIMEHTIIApHUHT KamMuga OWTTacu HoJAaH (apKiIu
Oynuim Kepak. AWpuM XoJiap/a CUpT TeHIJIaMacu OujiaH sMac, 0anku y €ku Oy xoccara sra OyiraH
HYKTQJIApHUHT TE€OMETPUK YpHM OWiaH OepuiauIId MYMKHH. Oy XOJJa CHUPTHUHT T'€OMETPHUK
xoccanapuaad Goiananud YHUHT TeHTJIaMacH TY3HIaIH.

13°. Cdepanmar OXYZ TYyrpu Oypuakiu JlekapT KoOpAMHATAmap CHCTEMACHIAru
TEHIJIaMacCUHU Ty3aMU3.

Mapkasu 0'(a,b,c) HykTana Ba paguycu R Oyaran cdepa Oepuiran Oyncun. Arap p(X,y,z)
HyKTa chepaHuHT HXTHEpUN HyKTacu OYyica, y xonma 0'(a,b,c) Ba p(X,y,Z) HyKTamap opacumaru
Macodanu Toun ¢popmynacunan porganancak, chepa TeHIIIaMacu Kyinaaruda Oymaam:

(x-a)*+(y-b)*+(z-c)*=R? 1)
(13)—mapkasu 0'(a,b,c) 6ynran HykTaga €ryBum Ba pagmycu R ra teHr OynaraH cdepa TeHriamacu
nevimnaan. Arap (13) na a=b=c=0 6¥ynca, mapkazu koopauHaranap Oommaa ETyBun Ba paauycu R ra
TeHT Oynran cepa TeHrmamMacura sra 0ynaMus:
x2+y?+72=R? 2)
(13) vy KyiMaaru KypuHUINAA E3UI MyMKUH:
X2 +y2+z2-2ax-2by-2cz+a*+b?*+c>-R*=0  (3)
CdepaTeHrnaMacHMKKUHIUTAP THOTUCUPTOYTUIIIMHUKY PCATAWINK. ByHUHT Y9yH CHPTHHHT (2) TEHTJIaMacuaa

ar=a13=a»3=0 Ba a1=ax>=as3 1e0 onuHca, (2) TeHrnama cepaHuHT TeHIJIaMacy SKaHUHH TeKIIupamMu3. byHuHr yuyH a120
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ne6 (4) HUHr XaMMa XaJUIapyuHH a1 ra 0ynaMu3 Ba Kyinuaaru OenruianuiapHi KHpUTaMu3:

2a a
A:J,B: ,C= ,D:i
a; a; a aa,

2a,, 2a,,

Hatuxana X2+y>+7,+Ax+By+Cz+D=0 kypuHumigaru Tenrnamara sra 6yaamus. OXUpry TeHIIIaMaHy yiby KYpHUHUIIA

2 2 2
(x+éj +[y+§j +(Z+£j =1(A2+BZ+C2—4D)
2 2 2 4

2 2 2 2
(Héj +(y+§j +(z+£) :(l\/A2+BZ+C2—4D) 5)
2 2 2 2

(5) Tenrnamanan xypunanuku, A2+B?+C>-4D>0 6yiranaa (4) Tedrnama mMaoHora sra 6ynagu. Jlemak, 4%+B?+C%4D>0

é3160 oamus3

Exu

O¥yca, (5) TeHrIIaMa MapKa3u

1
HYKTaJla Ba paguycu RZEX/AZ -I-B2 +C2 —-4D

6ynran cpepanu uponanaiinu. Arap 42+B?+C?-4D=0 6yca, (5) TeHrnama

A\ BY cY
(x+—j +(y+—j +(z+—j =0
2 2 2

Kypunuaa 6ynuo, y hakar ourra | — g ,—g s g HYKTaHU u(oaamanIm.
2°. Bupop I1 tekucnuxaa éryBuu L 4u3UKHUHT Xap OUp HyKTacuIaH YTyBud Ba Oepunrad | TYFpu 4u3uKKa
napasuies 0ynran 6apua TYFpU YM3UKIAPAAH TAIIKWI TONTaH CUPT YUAUHOPUK cupm neivnnany. Oyuaa L an3uk
WIMHAPUK CUPTHUHT HYHAITUPYBYHCH, | TYFpH un3nKKa mapasuie Ba L YM3HKHN KECYBYH YN3UKJIAD YHUHT SCOBYHCH
nenwnany (1—au3ma).
MyHanTHpyBUHIapy KOOPAMHATA TEKUCINKIAPHIAH Gupria

ETYBYH SCOBUMIIAPH Ca Iy TEKUCIUKKA NEePIEeHANKYIIp 0YIuo,

/,\ KOOpAWHATAJAp YKUTA Mapauiell OVIraH IMTHHIPHK CHPTIApHU
~—_ // KYpailiuk.
OX Texkuciaukaa TCHriiaMacu
F(x,y)=0 (6)
L 6ynran L un3uk Ba sicopunnapu OZ
V’ //
\\\__//

VKKa mapauien OyiaraH DUIHHIPUK CUPTHH scaiiMm3 (2—um3ma). (6) Terrmama OXYZ koopArHATaJIap CHCTEMacuaa

IWJIMHAPHUK CUPT SKAaHWHU KypcaTailiiik.

M(X,y,z) —IWIMHAPUK CUPTHUHT UXTHEPUN TallMHIIaHTaH
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HyKTacH OYJIcHH. M HyKTa OpKaJIHM YTYBUYH SICOBUMHUHT L
HYHaNTUpyBYHCH OWITaH KECHINTaH HyKTacuHU N OmmaH
6enrmraiiMu3. N Hykta M HykTanuaT OXY TeKHCIUTHIATH
npoexmsicuanp. Lllyauar yaya M Ba N HykTamap 6utra x
abuucca Ba Outra y opauHarara sra. N Hykra L yn3ukna
&TraHu y4yH y 5TpU YM3UKHUHT (6) TEHTIIaMacHHH

KaHOaTJIaHTHUpaIu.

JHemak, Oy TeHrnamanu M(X,y,z) HyKTaHHHT KOOpAMHaTanapy xaMm KaHoatiaantupann. OXYZ ¢aszona L iiyHanTupyBun

KyWWaru MKKUTa TeHrJiaMa CUCTeMacH OWJIaH aHUKJIaHaJIH:
F(ny)zo
Xyanu mryHra yxmarni

F(LZ):O F(%Z)zO

y=0 x=0

TEHTJIaMaap MWIMHAPUK CUPTIIAPHUHAT L iyHANTHpYBUM Yn3uKiIapuHu Moc paBuinga OXZ sa OYZ TeKUCIUKIaru
XOJIATUHY aHUKJIAIIHY KypCaTUII MYMKHH.

Xycycuii Xoiapaa IHIHHIPUK CUPTIApHUHT HYHAITUPYBUIIAPH 3JUIHIIC, THIIepOoia, napabosa, HKKUTa
KECHUIITyBUH TYFPH YH3HUK, HKKUTa ¥3apo mapasieln (ycTMa-yCT TyIIMaraH) TYFpy YU3HKIapaad HO0opaT OYIIHIINH MyMKHUH.
Bynpait cupTiapHu MOC paBHIIAA IUTHIITHK MHJIHHIP, MapaOoINK MIIHHD, THICPOOIHK MIIHHADP, HKKATA KECHITYBYH

TEKHUCIIHMK, UKKHUTA Mapaiies] TeKHCIUK Ae0 I0pUTHIIaIM Ba YIApHUHT TeHIVIaMaJapy KyWnaaru KyprHUIa Oy Iam:

2 2
Xy
ONIUNTHK HWINHAP: —+—=1 (3-um3ma)
2 2
a” b
2 2
X Y
I'mnepOonuk nuIuHAp: — =] (4-un3ma)
a” b
[TapaGonmuk muauHAp: y>=-2px (5-unzma)
2 2
X Y
WKkn KecuIyBYH TEKHCIIUK: ——=—=0 (6-un3ma)
2 2
a” b
VIKKHM Mapaies TeKUCIHK: x?-a’>=0 (az0) (7-umzma)
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3.1% Bupop Q Texkucnukaa L uKkuHYM TAPTUOIM YM3HK Ba
0¥ TeKHCIMKKa Terunu OymMaran Mo Hykra Oepuirad OyIcHH.

Tavpugh. Dazonaru Mo HykTanas yTuod, L HI kecub yTyBun
Gapua TYFpH YM3HKIAP TYIUIAMH UKKUHYH TAPTUOIN KOHYC CHPT
(€xm xoHyc) neitnnanu. Mo HyKTa KOHyC y4d, L 9i3HuK KoHyC
HYHaNTHPYBUUCH, KOHYCHH XOCHJI KWITyBYHM YH3UKJIAp 3Ca YHUHT

SICOBUWJIAPU IEHUIaIU.

/IR >

Komnyc sicoBunnapu Oynran TyFpu YU3UKIap MapKa3d KOHYC HUna OYiIraH TYFpH YU3UKIap OOFIaMura Teruiuy Oy iaam.
KOHYC TEHTJIaMacHHU KeITHPHUO unkapaiiuk. Q Tekuciauk Ba yHaaru L um3uk OXY tekucnukaa étrad OyJICHH.
Mo(Xo,Y0,20) HyKTa 3ca OXY TEKHUCIUKAATH ETMAraH UXTHEPUI HyKTa OYIICHH. KOHYCHUHT UXTHEPUit M(X,Y,Z) HyKTaCHHH

OJIAHNHK, Y X0i1a MoM TYFpu YNU3UK KOHYCHHHT sicoBurcu 0ymuo0, L yn3uk Ouman M(X1,Y1,Z1) HyKTaia KECHIIAIH.

Mo,M1,M HyKTanap 6up TYrpu 4yM3HuKIa ETTaHN YUyH M OM 1= AM OM TEHIIMK YpuHI. by TeHrmmKan

X17Xo=7»(X7Xo) = X1=Xo+7\.(X07Xo)
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Y1=Yo=A(y=Yo) = yr=yot+A(yo—Yo)

21-20=A(2-20) = 21=Zo+A(Zo—20)
OXuprv TEHrIMKIaH A HU TOTIHO, OJIAMHTY KKK TEHTIIMKKA Ky SIMU3:

X1=Xot ———— Z(, yi=yot — 2 (7
Miel = F(X3,y1)=0
€KU1
F(— Zg,yot — Z()=0 (8)

(8) nona xonyc TeHrIamMacu neitrnann. KKUHYN TeHTIaMa KOHYCHHHT JleKapT KOOpAMHAaTalap CHCTEMacHIaru SHT

coaga TCHriiaMmacu

2 y2 2
S+t 5-5=0
a b c
2 2 2
X z
a b C
2 2 2
X z
——2+y—2+—:0
a b c

KYpUHUIIA OYITa.

2°. Q rexucnukaa 6upop L umsuk Ba | TYrpu unsuk Gepunran 6yacKH.

Tavpug. L unzvukuunr | TYrpu unsuk arpodua aitnanumaan xocun 6yiaran @ ¢urypa aitnanma cupT qedunaau.
OyHnaa L aiimanma cUpTHUHT MepuIuaHy, | afimanuin ki aeinmanm.

AflaHMa CUPTHUHT TEHTJIAMaCHHU KeJITUPUO YHKapailuk.

JlekapT KOOpAMHATAIAp CUCTEMACHHHU IIyHIal TannaiMusku, 6yana Q—(0YZ) rexuciuk, |-(0Z) K xamzaa
L:F(x,z)=0 6yncun.
L gmsukauer (OZ) YK atpoduna aiinmanummaad KaHgangup O
cUpT Xocuia OyicuH (9-uu3ma). M(X,y,z) Iy CHpTIa TeTHIILTH
nxTHEpuit HyKTa 0yncuH. M Hykrazan OZ yKKa NepreHanKysp
yTKascak, kecuma Mapkasu 0 €(0Z) Hykraga 6yiran Oupop
aiiylaHa XOCHI KWIIMHAIUKHY, ¥ aitnana L unsuk 6unan M1(0,y1,21)
HyKTasa kecumicuH. KecuM aiinananan nbopar 6yiranu ydyH:

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

v
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By macodanap nkkn HyKTa opacunard Macoganu Tonui GpopmMysacura Kypa Kyiugariuda 0ymnaau:

s [(x=0) + (=0 +(z—2) = /x* +

p(0,My)= \/(0 - 0)2 +(n - 0)2 + (Z - 2)2 = \/E =y
By kuitmarnapuu (10) TeHIIMKKA KYIMU3:

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

MeL 6ynranu yuyH:

(11) Tenrmama L un3ukan 0Z YK atpodua aliIaHTUPUIIIAH XOCHII OYIraH CHPTHUHT TEHTIIAMACHAND.

Arap L un3uk moc pasuiiga 0X Ba 0V ykmap atpoduna aiaHTUPCaK, XOCUI OYJIraH CUPTIapHHHT

F(x, +y?+z? )=0Ba F(y, +x? +2° ):o

TCHIIaMaJlapy MOC paBUlIga

KYpHHUILIAapaa 0ynaau.

Topmupuxk

1.I'unep6omuk (azonapra MUCOIIAP KEITHPUHT

Enuk Tectaap

11)

(12)

CasBoa KaBod
DIITUNTUK TUIUHIP TeHTIaMacu xz yz
—2 + —2 - 1
a b
['unep6oaNK MUIMHAP TEHTTIaMacH xz yz
— =1
a b
[Tapabonuk HUJIMHIP TEHTIaMacu y2:—2px
DJUTAIICONUI TEHTIIaMacH X2 y2 7 2
) + T2 + -7 = l
a- b° C

Anaduérnap
1.HapmanoB A.{. Auddepennman reomerpusi. T. Yausepcuret, 2003
2.Coxeter H.S. Introduction to Geometry.Sydney-Toronto,2001

3.Hapmanos A.i., [apunoB A.C.,AcnonoB X.[Auddepenuuan reomerpus Ba TOMOJIOTHS

(daHumaH naH Mamk Ba Macanap Tyriamu. T. YHusepcurer, 2014
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5-AMAJIMHA MAIIFYJOT MAB3Y: UKkuHYH TapTHOIH
cuprap. UkKuHYM TapTHOJIH CHPT HHBAPUAHTJIAPH.

1.Cuptaap nasapusicn. Mynannm 6yiinua srpuankiap.
Texucnukaaru o4uK goupara roMmeoMopd TYIUIAMHHU d1emMenmap coxa 1ed ataimMus.
1-mavpugh. @azooazu 0 mynuam nemeHmap COXAHUHZ MONOJI02UK AKCIAHmMupumoacu
oopa3zu oynca, y anemenmap cupm 0ed amanaou.

Jlemak, O Tymnam snementap cupt 6yica, f:G-—>O - TONONOHK aKCIAHTHPHII MaBXKYL
6y kepak. by epra G < R%enemenrap coxa, O sca R® nau kenrupuiran Tononorus épramuna
TONOJIOTHK (ha3ora aimaHTupuiarad. Arap o) anemenTap cupt Oyica, (f,G) )I(ychJ'II/IKO cupmuu
napamempiaaut ycyay NeRuIam.

AunGarra G, Gomka snemenrap coxa 6ynca, G Ba G, coxamap y3apo romeomop¢ Gynaau Ba
arap (:G, —>G romeomopdusm Oepwiran 6Oyica, f-9:G —0O  romeomoppusmO  cuprau

HapaMeTpJIallHUHT OOIIKA YCYIHIHP.

Jlemak, sJeMEHTap CHPT y4yH YeKCH3 Kyl mapamerpianl ycyjulapu MaBxyaaup. bupoprta
TYIUTAMHHHT DJIEMCHTAp CHUPT DKAHJIMIMHU KYpCaTHIN YYyH, YHHHI Y4yH OMpopTa mapamerpJail
YCYJIMHH KYPCATHII KEepak.

Arap 0 cupt (f,G) mapamerpnam ycynu Ounan 6epummd, (U,V) e GyuyH ¢(y,6) HyKTaHUHT

koopauHatanapu X(U;V), y(U;V), z(U; V) kypuanima Genaruiacax

X = X(u,V)
y=yuyv) (@)
z=12(u,v)

crucrema O CHPTHHHT napamempux menenamanapu cucmemacu ISANIaIHA.
2-mavpugp. @Dazooazu oOo02ranuwiIU 0 mynaam y3uza mecuwiau xap Oup HYKMAHUHZ
oupopma ampoghuoa Inemenmap cupmea amaanca, O cooa cupm Oenunaou.
WxkuHun tabpudra nzox depamus. Jlemak, O cona CHPT OYJIIIM y4yH yHra TETHILIH Xap Oup
p €O mykra yuyn mynmaitU(p) arpod (R®dasona) maxyn 6ymu6, kecummvaU (p) O snementap
CUPT OYIUIIN Kepax.

Keitnnyanuk xypc 1aBoMu1a CUPT JI€TaHa 3JIEMEHTap €KUM COJAa CUPTHU TYLIYHAMU3.
Mucoinap.

1) Xap KaH/ail TEKUCIHK dJIEMEHTap CUPTAUD, YYHKUTEKUCIUKI0OMpararomeoMopdaup.

Arap M(X,, Yy, Z,) TEKUCIMKHYKTacH, dBab BekTOpiapTeKucIMKKanapamienoyica, yHu

F=r +du+bv, —oo<U <+, —0< V<o
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KYpHHHIIHAAIapaMeTPIAlIMyMKiH. By epma T = {Xo, Yo Z,} BextopM  mykramumr pammyc
BEKTOPH/IUD.

2) snementap G coxanaanukinanran z = f (X, y) —y3iaykcns QyHKUUSHUHT rpadury sJIeMeHTap
cupraup. Cababu, (X, Y, f(X,Y)) — (X, y) —axkcnantupum (mpoexrcus) romeoMopdusmamp.

‘F:

z=fix,y)

-

Yuszma-1

v

v

X

3) MUxkuymuammuchepa S?amemeHtapOymMarancogacupraup. Pamumycu R ra  temrS?
c(hepaHNHrMapPKA3UTaKOOP IHHATANAP OO MHIKOMIAIITHPCAK, YHH

§*= {(X, y,2)eR X +y*+7° = RZ}T}”IHJIaMCI/I@aTnﬂaKapamHMmMyMKHH.

bychepannHrcupTaKaHINrHHUKMCOO TNy yHYHIareruiuunoupopra P Hykranuonaimuk. by P
HyKTaaaH(papKIn S HyKTaHWKaHyOMHKyTOCH(paThIa, yHIrajMaMeTpuKKapama-kapu6yaran N
HYKTaHULIIMMOJMHKYTOXHCO0Ma0, Z ykuun koopauHara Oommaan N mykraopkanuytkazamus, OXy

texuciurusca O nykrananyrysunaON  ra mepnemmuxynsap texuciamkaup. Byrekucnuksa chepa
KECHUIINIINIaHXO0CUI0YIranailianaHu IKeamopnedaTaiiMus. 6):911 7 U Bunan OQ nypsa OX

ykuopacugarubypuakuu, Vv 6unan OP Ba OQ nypiapopacunaruOypuakuubenrunaivus.  byepaa Q
T V4
nykra NPS Mmepuamanuunr sksarop Bunankecummmnuykracuaup, 0<uU <27, —5 <V< 5 Ilynna S®
cepanunr NS MepHIUaH YUKapUOTAIITaHTaHKUCMH ¢ - P —> (U, V) akcIaHTHpHIIEpIaMuia
T
[O; 27r] X {—E ; E} JIeMeHTapcoxararomeoMophakciIaHTHPHUIaIHBa

x=Rcosucosv, y=Rsinucosv, z =sinV rearinamanapépaamuianapamMeTpiIaHai.




4) JowpaBuii mwmHApHH X=RCOSU, Yy=RSinu, Z=V TeHrmamamrap cucremMacu Epramuiaa

byepna—oco<u < +o0 , —00<V <400,

napaMeTpJiIanl MYMKHH.

AnGaTTaciMHApPXaMAJIeMeHTapcupTIMac (3 -uu3ma).

>
}n

g

JL

\i
|

3 -uu3ma

Arap 6u3F(u,v) ={x(u;V); y(U;v); Z(U;v)} Bexrop ynkcnsHu kupurcak (1) TeHrmamanap

CUCTEMAacHHU OUTTA
r=r(uv), (uv)eG @)

BEKTOp TeHINama &paammaa &3a onamms. bByrenrmamaO cupTeuHTGekmop  Kypunumidazu
menznamacu neiinnamn. TaGuuiika, O CUPT 3JIeMeHTap cupT O6ynmaca, (1) Ba (2) TeHrnamanap yHu
O6upopTa HyKTa arpoduaa aHUKIANHIH. Arap@ sieMeHTap cupt Oynca, ynu Ttynuk (1) €xm (2)
TEHTJIaManap €paaMuaa aHUKIall MyMKHH.

2. CHPTHHHI OIIKOPMAaC KYPHMHHIIAA OepHIHIIHA.

Busra G R® ounk tymnam Ba G ja amumknanran cuwwmk F(X;Y;z) (yHkcus Gepuiran

OyncuH.
llyama O ={(X; y;2)eG:F(xY;2) :0} tymiam F - QyHkcusHuAr camx mynaamu Exu

cupmu neiinnann. Arap gradF =0 6yuca, O Xakukaraan xaM coima CHpT GYiaiu. XaKMKaTIaH,
arap P=(X;Yo,Z) €O mykrama F, #0 Gynca, omkopmac (yHKIHS XaKHgard Teopemara Kypa,
mynnaii 6>0,6>0 commapu Ba G, = {(X; y): |X0 — X| <0, | y— y0| < 5} coxajla aHHUKJIAHTaH
z=1f(x;y) oynkums wmamxyn O6ymu6, (X;y)€G, Oymranma F(X;y, f(X;y))=0 tenrmuk Ba
Zo= T (X ¥o), |2o— f (X y)| <& mynocaGarnap Gaxapumuo,
T ={(x; y;z):|x0—x|<5,|y0—y|<§,|zo—z|<g}
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HapaJ'IJ'IeJ'II/IHI/IHeI[HI/IHFO bunankecurivacu z = f (X; y) ¢byHxuusHUHTTpaduruganudoparaup. demax,

O y3urarerniumxapKaHIaiHyKTaHHHIeTaPIHKHIHKATPOGHIAdIEMEHTAPCHPTOY TaIH.
busHuHrKYypcumu3naacocui METOJ MaTeMaTUuK aHanus3 OyNraHIUrny4yH,
OM3CHPTIApIaHKY IMMYAIIapTIapHATATa0KIIaMHU3.
Tabpud. bepurzan O cupm yuyn ynea meewwnu uxmuépuii nykma ampoguoa (f,G)
napamempaawi ycyau maexcyo 6yau6, oynoa X(U;V), y(U;V),z(U;V) pyrkyusnap y3aykcus xycycuil

Z

u u

Yo 2,

Xocunanapea 32a 6a [ j mampumyanune panau ukkuea mene 6ynca, O cupm pezynsap cupm

delunaou, napamempiaul YCyau 3¢a pe2yisap napamempiaul 0euuiaou.

- > _
CUpPTHUHT  PEryJspiIUK IIapTUHU |:ru,r;,}=0KS'/pI/IHI/IIH,I[a XaM  €3UIIMMU3 MYMKHH.

buskypcuMusnaacocanperynspcupTiapHuypraHaMus3.
DOHIUCUPTIAPHUHTOCPIIIUIITYCYIUIapUXaKU JaKyHu IaruTeopeMaIapHUuCOOTIAMINK.

Teopema-1.busea G coxaoa anuxnanzan cunnux X(U;V), y(U;V), Z(U;V) dyuryusiap 6epuiud,

Z
xap 6up nykmada rang (X” zu Z“j = 2 menznuk ypunau oyica,
X = Xx(U;V)
y=yuv) i) eG
z=12(u;v)

CUCTEMA PETYJIAPCUPTHUAHUKIIANIN.

Hcoor. Teopemanu ncbotnaml yuyH
O ={(xy;2): x=x(u;v), y = y(U;v), = 2(u;v), (u;v) € G}
TYIUIAMHUHT COJAa CUPT SKAHJIUTUHU KypcaramMu3. byHHHT y4uyH 3ca 0 TYIUIaMIa TETUILIN UXTUEPUI
P, = (X(uo;vo), y(UyiVy), Z(uo;vo)) HYKTaHUHT eTapjii KUYUK aTpoduia 0 BJIEMEHTAP CUPT SKAHIUTHHH

kypcaramus. bupopra & >0ga Gg = {(U;V) eG:(uy—u)*+(v,—V)’ < 8} OYMK JIoWpa  y4yH

f (V) > (x(u;v), y(U;v), z(u;v)) xouna  Bunan  amuknasran TG, > f(G,) akcnantupunin
Kapaiimus. beprmran x(u;V), y(u;V), z(U; V) dyEKIusap y3imyken3 Oynrannura yayH f xam ysmykcws
akcnaHTHpHIMp. Arap f ¥3apo 6up KuiiMaTin Gyica, YHUHT TecKapucu f 'MaBxya Ba y3TyKCH3
6ymamu ( f 'ysnyxcmsmarm xam  X(U;V), y(U;V)Ba  z(U;V) GyHKUMSIAp Y3TyKCH3IHTH Ba TEOpeMa
WapTHAaH Kenub unkamn), gemak O HUHr PoHyKTaHu ¥3 wumra omysun T (G,) Kucmu smemeHTap

cupT Oymanu.

Iyaunr yayn 6upopra € >0yuyn f akcrantupuinHuHT Y3apo Gup KUHMATIN aKCIAHTHPHII
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SKAHJIUTUHU UCOOTIalMU3.
®apa3 kunaitiuk, & >0, & —0,i1=123,...8a Gg_ noupara terunumi (U;VH) Ba (U7;V7)xap
|
xuil Hykranap yayn f(u5v)= f(u’;Vv?) Tenrmuk Ypurmu 6YicuH. YMyMHUIIMKHE Yerapaiamacian
aHUKJIMK y9yH U' <U’Ba V" <V’ 1e6 papas kunaitmuk. [llynna,

X(UEVE) - X(UEVE) =0, Y(Uv) - Y(UvE) =0, 2(usv) - 2(uF;v?) =0

TEHIJIMKIapaad Ba Jlarpanx Teopemacuan
X, (P V(U —un) + X, (U?, 0 —v;) =0
Y, (P2 VOE —ui) + Y, (U7, 07)(W V) =0
z, (PP V(U —u) +2,(uf, o) (v —v) =0

TeHIIHKIapHU onamu3.By epna pt, p?, p; e[uil,uiz], 9, 2, o e[v},vf], u’>—u' Ba V> —V' conmapu

Oup BaKTIa HOJITA ailylaHa OJIMAMIN.
[IyHUHT y4yH IOKOpUIAryd TEHTIUKIapIaH

X (Pive) _ Yu(Piw) _ z,(p7v)
X U5a) v uha)  zu’)

MyHoca6aTHH 0oJIaMHU3. BYMYH00a6aTI[a X X0 Yur Yy BaZ,, Z, (I)yHKuI/I;map Y3JIyKCU3IUTUIaH

doiinananuoO, | >0 JINMUTrayTcax,

Xu(UO’VO) — yu(uO’VO) — Zu(uO'VO)
X (U Vo) YU, Vo) 2, (Up, Vi)

Mynocabatau onamu3s. bymyHocabaraca Teopema mapTurazuaoyiaras,

rang {X“ Yo Z“j <2
)g/ yv Zv (UOvVO)

Tenrcusnukka TeHTKywnaup. Jlemak, (apasumusHoryrpu, Ba & >0 erapnu xuumk 6ynramma

f:G, > f(G,) akcnantupuim Tononoruk akcaantupuuiaup. bynnansca, O TymamHuHT P, HyKTaHu
3 nunra onysun f(G,) KucMu seMeHTap CUPT SKAHIMIY KETUO YUKAIN.

Teopema-2.Pezynsap 0 Cupm yHea meauuiiu p(uo,vo) HyKma ampoguoa,

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

u

Ilapamempux  menenamanap époamuoa oOepurub, P Hykmaoa O0emepmMuHanm Hoa0aH

'

papxnu 6ynca, wynoati cunmuk T (X,Y) @yukyus masxucyoxku P Hykmanune ampoghuoa 0 cupm 7=
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f(X,y) @yukyuanune epagpueudan ubopamoup.
H3ox. bus perynsap cUpTIapHUHI NapaMeTpilall YCyJIWHU TaHJIAraHMMHU34a Xap I0MM X, X,
Yor Yy » 2, Z,XOCHIIATIAp MABXKY/l Ba Y3IyKCH3 OYIMIIMHYU Tanad KUIaMus3.

HcooT. Teopemanu ucbotiamnt yayH,
{x =X(U;v)  X(Uy, Vo) =X,
y=y(u;v)" (U, V) =Y,
cUcTemMara MaTeMaTHK aHaIU3 KypcuJaru Teckapu QyHKUIusIap XakuJaru TeopeManu Kyiaimus. by

Teopemara acoca mynnaaii & >0 conn Ba IT; = {(X, y):| X, —X|<8,| y, — Y I< 6}

Coxana aHukianran myagain quddepennuamianysun 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 renrukiapaukanoariantapamasa U(Xy; Y,) = Uy,

V(Xy; Yo) = Vo, MyHOCAGaTnap Ypummn Oynamn. Jlemak, Pwuykra arpodumaO cuprz=z(u(x;y),

v(x;y)) = f(X; y) bysakiusuusr rpaduruaan uboparaup.
3. CupT ycTHAA éTYBYM 3TPU YM3HKJIAP.
Perymsp O cupraunr p €O nykra atpodumna perymsp (f,G) mapamerpuam ycynu
r=r(u,v) 1)
TeHrama épaamua Gepuirad, cupt yeruaa M Hykramas yTyBum y orpu uyusuk Gepuirad 6Yiu0, y
p=p(t), a<t<b. (2)
TeHrIaMa Epaamuaa nmapamerpianrad Ba y < f(G) 6yncun.

Anvkmuk yayHn, M cuprt nykracu cudpatuma (Uy;V,) KoopamHaTagapra, Srpu YM3HK HyKTacu
cudaruna tnapamerpuunr t, xuiimatura moc keicus. Tabumiiku, xap Oup te(a;b) yuyn mynnaii
(u(®),v(t)) € G nykra maBxyn 6ynuo,

A =), v() (3)
TEHIJIMK YpUHINM OYmaau. Arapy cwuidk orpu um3uk Oymca, u(t),v(t) pyHkcusmap xam

mbbepercramianysan  GyHKcnsuiap Oymagd. Bymmnm cGornamyayn O CHPTHHHT perymsp CHpT

A Z
skanuruaan Qoinananamus. O peryiasp cupt Oyaramiurd yayn rang ();“V ;/” Z”) = 2 TEHITIUK
\ Vv
y X Y . X =x(u;v) y
VpuHIA. AHUKJIHK Y9yH #0 6yncun 1e6 papas Kuuo, v = y(u:v) CHUCTEMaHU KapalMmu3.
v = 1

Arap y cmuk srpuunsuk 6ynca, pP(t) Bexrop dyHkcusHUHr koopamHaTamapu X(t), y(t), z(t)

nuddepencuamianysun  QyHkcusimap  Oymamu.  bBupoprat” € (a;b) yayn X" =x(t%), y* = y(t"),
X = Xx(u;v

" =z(t").sau’ =u(t’), v: =v(t") 6CHFI/IJ'IaHIJIapKI/IpI/ITI/I6,{ (U:v)

y=y(uv)

CUCTCMAaHHU
{x(u*,v*) =X
y(u',v) =y
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Ha3opat caBojjiapu Ba TONIIHPHKJIAP:

1.  UynantupyBum umsuru P= pP(U) TeHriaama OwnaH Oepwirad, sicoBdmiapu € Bekropra

napasuien OYiraH CUIMHAPHUHT MapaMeTPUK TEHTJIaMallapy TY3UJICHH.

u
2.  ®asona x:ach(—j, y=0, Z=U tenrnamanap Ounan Gepuiran ynsukHuar OZ Yku
a

arpoduia aliTaHUIIUIaH XOCHI OYIraH CUPTHUHT (KaTEHOU/T) TeHIIaMallapUHH E3UHT.
3. T'mnep6onuk mapabGomouns
X2 y2
7z = 22
a® b
KaHOHHMK TEHIJIaMa OwjiaH OepuiiraH Oyiica, YHUHT LIYHIAi MapaMeTpUK TEHTJIaMalapuHU E3WMHTKH,
KOOpJMHATA YM3UKJIApH SCOBUMIIAPIaH HOopat OYIcHH.

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

napaMeTpHUKTeHITaManapruOnianoepmiran0oyica, yHUHIOMpUHYY KBaZAPATUK (POPMACUHUTOITUHT.
2

. Vv
OnnmunTuk mapabomony X = \/BV cosu, y= \faV sinu, 7= > TeHTIaMatapouIanOepuiIray,

YHUHTOMPUHYH KBAJPATUK (POPMACHHUTOIIHHT.

5.  Bupunum KBaJIPaTHK dopmacu | =du® +(U® +a®)dv® kypurninga6yrancupTia
1 1
u=-a’, u=--av, v=1
2 2
YU3HMKJIAPXOCHIKUITaHy40ypUaKHUHTTIEPUMETPHHMBAOYPYAKTAPUHUTOIIHHT.
6. bupunun kBagpatuk gopma 6-mMacananaru KypuHunaadyirancupragau =av,u=-av,v=1

yn3uKJIapOuIaHuerapasaHrany4y0ypuyakHUHTFO3MHUXUCOOIaHT.

7.  bupunum kBanmpatuk (opma 6-macanmamaru KypuHHmmadbymrancupraau+Vv=0u—v=0
YU3UKIapOpacuaaruoypyakHUTOIMHT .

8.  bupnamianu runepbosong X =achucosv, y=achusinv, z=cchu

TeHr1aManapousanOepuiranoyica, yHMHIMKKUHYY KBaJPAaTHK (POPMACHUHUTOIMUHT.
9.  JloupaBuit mHAp X = RCOSV, Y = RSiNV, Z = U Tenrinamanapounanoepunranoyca,

YHUHTUKKUHYY KBaJIpaTHUK (POPMACUHUTOIINHT .
10. Cupt F(X, Y, z) =0 tenrnamabunanbepwirad. YHuHT ['ayce SrpHINTHHATOINNHT.

11. Cuprauddepencuamtanysun z = f (X, y) pyHKkunsHuHTTpadUrniannooparoyica, yHUHT
l'aycc Ba ypTa srpuIMruHUXUCOOIIAHT.

12. Cdepa X*+Yy*+2°=169 renrnama Ounan OepmiraH. Yuuar M (3, 4,12) HYKTaJaH
YTYBUH YpUHMA TEKUCIIUTH Ba HOPMaJ TECHIJIaMaIapH TY3HUJICHH.

13. Tenmkoma X =UCOSV, Yy =USINV, Z = aV TeHr1amaiapOrIaHOepuITaH.

YHUHTYPTarpUINTUHUTOINHT .
14.  Cupt xyz =1renrnamabunanbepuirad. YHUHT X+ Y +2Z—3=0

TEeKUCITUKKAapaielypUHMAaTeKUCITUKIAPUHUTOIIHHT.
15. Tenukous yayHTeoAe3UKYN3UKIAPHHUHT TEHTIaMaIapHHUEIUHT

16. CuprX=U*+V? y=U*—V*,Z =WV TeHrIaManapouIaHOepHIITaH. VYuunr P (u =lv= 1)

HyKTacuaary V = U’ 9n3uK HyHaTHII6Y HITdaHopMaTdTPUINTHHETOTIHHT.
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17. Cuprz=2x* +% y® Tenrmama Ownan Oepunran.Yuunr M (0,0,0)nykracunaru [roneH

HHJIUKaTpucCacu TCHriiaMaCuHH TY3UHI.

EHI/IK TEeCTJaap

CasBoa KaBoo
DIUTMNTUK UWIMHAP TEHIJIaMacu x2 yz
—2 + b_ - 1
FHnep6om/H< LUIUHAP TEHITIaMacHu x2 yz
M —|
a b
[TapaGonuk HWJIMHIP TEHIIaMacu y2:—2px
OJUTATICOUI TEHTIIAMACH XZ y2 Z 2
—tiztz=1
a- b° C

doiigaaHWITaH a1a0uéTaap:
1. Hapmanos A S1. luddepenunan reomerpus. T. Yausepcuter, 2003

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

3. Hapmanos A.4., Ilapunos A.C.,Acnonos XK.Juddepenuuan reomeTpust Ba TOIOJIOTHUS

(daHuaaH naH Malk Ba Macanap tyrmiamu. T. YHuBepcurer, 2014

4, Mumenko A.C., ®omenko A.T. Kypc nuddepeHIman-HON TeOMETpHU M TOHOIOTHH. M.,

m3g. MI'Y, 2004

6-AMAJIMI MAIIFYJIOT MAB3Y: KYIIXWLIUKJIAP. KYIIXUJIJIUKJIIAP
TYPJIAPH.
KYIIXWUJIMK TEOMETPUSICH.

1. Puman TreOMCTPHUACHU IJICMCHTJIAPH.

Cunnux K -ynyamnu N kpnxunnuxnu cunnug n-ymuamnu Kynxuniukka yanyKcus akciaHmupui

& : N —> M cumux detiunadu, azap uxmuépuii P € N nygkmanune ampoguoa N ea M
odazu Oupop kapmaoa cuiiuk @Qynxyusiap ounaw oOepuica, SAvHU ggoh‘l @dyHKyus M 0a Ccuniux

Gynxyus 6yaca (2-pacm). dcramub ymamuz, 6ynoa N, M kpnxurnuknapnune yruamaapu K, N

uxmuéputl 6y1umu MyMKUH.
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Wk CWIMMK KYNXWJUIMKHU Y3apo OMp KUMMAaTIM MKKA TOMOHJIAMa CHJUIMK aKCIaHTHUPHUII
muddeomopdusm, OyHaal akCIAaHTUPUIIT YPHATUII MyMKHH OYJraH KYnXuuIHkiap sca auddeomopd

JNeHnaam.

M na cummmux iiyn 16 3~ 2 [A@, ] —> M cuumk akcmanTpuimra  aiTamus.
Jlokan koopauHaTanapAa Wya HyKTaJapuHUHT xap Oup X' o ¥ KOOpJIMHATACH CHIITUK (QYHKIIHS
oynanu. 7 (&) sa 37 (D) mykranap #ynHUHT GolM Ba OXUPH AeHUIaIM.

Teopema 3. ¢@ - N —> M - cwumk KyIXuIMKIApHY CHIUTMK aKCIAHTHPHIN — Ba
VgeM @ akcrnaHTHpUIIHUHT peryisip HyKracd OyicuH. Y xomma [P HyKTaHHHT TYia mpooOpasu
B=¢_l(q)N Ja yiadamu dmB=dimN —dimM =Kk —n OyiraH CHJUIHK
KHCM KYTIXWIITUK OY1aau.

Ucbor. B = ¢_1(q) KaTJIAMHUAHT KYTIXWUIMK SKaHWHWA HCcOoTiam yuyH, xap Oup P € B
HYKTaHUHT aTpodua omkopMac QyHKIMS XaKuaard TeopeMany Kyiam erapiad. HaTtmkana xap 6up
p € B nykrammar R*™" eskmun pazocunarn coxara romeomopd P €U arpodra sra 6ynamm. u
arpoda nokan xoopauauTanap cudaruma N kymxuwmmkeEIET p HyKTacu atpodumaru (Xl,...,Xn)

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

(yHkuusanap ownan uponananaau. byngan B = (071 (q ) HUHI CHJUTMK KYIXWUIUK 9KaHJIWTH Kenuo
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YUK, (yl,...,yn)N KYOXWUIMKHUAT P HykTracu atpodugaru OOIIKa KOOPAMHATA CUCTEMACH

OyJCHH. (y i y - ) cucTeMa B J1a JJOKaJl KOOpAUHATAIap CUCTEMACUHU TAIIKUJ 3Taau. Y XoJaa

Y, =Y, (XoeaX) =y, (006X )X, (XX )

Cunmuk ynkius 6ynaau. Teopema ucooTaanu.

By sca omkopmac pyHKIMS XaKuJaru TeopeMaiaH Keaud YuKau.

Axkcnantupui auddepeHiuany.
® : N —> M — cwulMK N KYyIXWUIMKHUA CHJUIMK M KYNXWUIMKKA CHJUIMK aKCIaHTUPUIL

6yncun. N naru xap 6up ) itynra M a2 oy MY MOC Kenaau.
M  na 6upop @ (p) Hykra arpoduma Gepuiran xap oup f ¢dynkuusmapra, N na 6upop p
nykTa arpopuna 6epunran T o ¢ pynxuus moc kenazwu.

CuuMK (P aKCIAaHTUPUINHMHT [, HyKTajgard aquddepenumann dp @ ned dpy, :TpN—>T¢(p) M
aKCIaHTHPUIITa aTumany, y xap 6up ue TpN Bektopra dp,(U)e T »(py M BEKTOpHH MOC Kyhaau, M
na uxtuépuit f cunnmk QyHkumsara Kyiingarn kouaa 6yinda TabCHp STaM:

(dpp (W))f=u(f o).

Arap u BeKTOp } HYNHUHI p = , (t) HyKTaja Te3IMK BeKTopH Oyica, y xonaa dpy(u) BekTOp
@ © ¥ WYIHUHT t 1A TE3MUK BeKTOpu Oynanu (3-pacm),

dop (7'O)= (2 = 27 ).

Oxkopunaru  Qgopmynamapnan  kypuHaguky, uxtuépuii  u, veTlpN, aeR na
d(p(u + V)= dgo(u)+ ng(V), d(p(au) = ad(p(u), AapHd @ :N—M CHUIMK  aKCIaHTHUPUIIHUHT

mupdepeniman  dp @ YU3MKIM aKCTAHTUPUII Ba ILIYHUHT Y4YyH, XYCYCHHl XoJulapia CHJUIMK

aKCIaHTUpUII OYnany,

dp(p :TpN — T(D M

©)
Tabuuii xouoa 6yuuua anuxnanean dpy(p, U)= (P (p), dpe(u)) ypuuma xamaramanapnu

akcaanmupuut g, TN—TM nu Kapaiivus. By axcranmupuus yMyman o12anoa 4usukiu omac, oaiku

Kamaamoa Yusukiu.

Bomupuw, scotinawmupuw, cyomepcus.

Aezap xap 6up p e N nykmaoa dpp 4usukiu axcaanmupuws 10pocu gaxam Honoan ubopam 6ynca,

AavHu dpp ToN  pazonu T, \M Hune Kucm ¢hazocuea 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) nykmanu 33 uuuea onyeuu (U, h) xapmanume y' , ..., Y noxan koopoumamanapuoa

AKCAAHMUPUWL CUTLIUK PYHKYUsALap dunan bepuiaou
y' =y (x}...,x°); i=1...,n.
@ axcraumupuw 6omupuwi Oynuwiu yyyn k < n oymub, xap oup peN nygmaoa AHxoou

i
mampuyacu (—ayjj HUHZ paHcu K 2ad MmeHe 6)7]11/”/{/{”, ABHU MaAKCcUmdaui 6)7]11/!1/111/! 3apyp ea
i=1,..,n; j=1,...k

=1,...,

emapauoup.

Akobu mampuyacurnune paneu 10Kai KOOpOUHAMAIAPHU KaHOAl maniawea 60iux smac 6a @
axkcranmupuwHune p Hykmaoaeu ouggepenyuaru dgp nune paneu oetunaou.

Aeap @ : N — M axcranmupuwoa N y3unune obpasuea ougpgeomopgd 6yaca, y xoroa @
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

mene 0ynca, y xonoa @ axciaumupuus cyomepcus 0euunaou.
Muconnap. 1. Cunnux axcranmupuu 77 . 1M  SM" npoexkyusnaul TM oaeu xap oup (p,u)
(6ynoa peM,u eTpl\/I ) 8ekmopea YHUHZe HYKMACUHU ﬁ(p,U): p Mmoc kysou. by

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

2.¢:R?* - R akcnanmupuw kytiudazu Kouda 6ytiuua aHuKIaHaou: (p(x, y): X, YHUH2 panau

1 2a mene cyomepcust 6ynaou. Yuune ¢ (C) =0 gamaamaapu myspu yuzuxiap oyiaou.

4.2. drpuauru HoMaH(pui KYyIXHITHKIAp reOMeTPHsCH.

Kynxmunkiaapaa BeKTop MaiaoHIap.

M cummmk kynxwmKEEET A KMCM TYTLTaMEIA X BEKTOp MaiiioH OepuiraH aeinnany,
arap xap oup xe A nykrara oupop Xxe TxM BekTop MOC KyiuIca.

X BeKTOp MaliJoHHH X+ Xx aKCIaHTHPHII cuaThaa Kapan ydyH 0apua XxBeKTopiap €TyBuu
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 XOCCAHU KAaHOATJIAHTUPYBYM @ UTXTUEPUN Xe A HyKTa ydyH mpoekuus z(X,)=X,

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

GcMcoxana 6epuran X BeKTOp MaiJiOH CHJUIHK JCUUIIAAH, arap Y4 TCHTKYWIN TaCAUKIapAaH
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 Tomuicaku, yHaaXx BEKTOPHUHI KOOPAMHATIAPU X | TapX

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

AcM tynnamna aHukigaHraH XBEKTOp MaWIOHCWILIMK JAedwianau, arap kamupa Outra GoA
OUMK TYIJIaMJa aHUKJAHTaH CUJUTUK YBEKTOP MaiJIoH MaBxyn OYiauo,AtymiaMmaa XBEeKTOp Mai10H
Ownad ycrma-ycet tymand, Y |,= X . BynnaitY Maiiion XBeKTOp Mail/IOHHUHT KEHraHTMAaCH JICHIIIA IH.

Bektop maiimonnap ¢azocu. burra AcM tymmamaga Oepwiran X, Y BEKTOp MaiiIoHIapHU
Kyiinaara Kouaa OVitnda KYIIumI Ba COHra KynauTHpUIl MyMKHH: (aX +bY )X =aX, +bY,, 6ynna
a,b = R . by amannapra nucOatan A jgard BeKTOp MaWJOHJIAp YM3UKIH (a30 TALUIKWI ITaH.
Bynnan tamkapu, AcM garu BeKTOp MaiiioHyIapHy GyHKIUATA KyHHuIarnda KynaiTHpHUII MyMKHH:

X )x = f(x) Xx
M naru cUIUIHK BEKTOp Maiimonnap un3ukin ¢gasocunu (R ycrtuaa) y Ounan Oenrunaiimus.
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 O6axxapuiica:

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
KEJITUPUII MYMKHH.

GcM coxanuHr X € G HyKTacHIard Xap MKKH CHIDTHK BEKTOp MaiIoHTa CHUTHK (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], f =X (Y'5,f)-Y (X'0,f)=
=X} YYo f+X]Y 0,0 f-Y'(©,X")of-YX.0,0f= Xymum
=(X JﬁjYi —Yjﬁin)X('?i f,
wyHzai, m na (€ku coxana ) X, Y e x xap uxku Bexrop maiigonnapra [X, Y]SHIH BeKTOp Mai10HHM
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 MaiioH X' :5} JIOKQJI KOOpJIWHATaNapra sra, OyHaa 5} —
Kponekep cumpomu. Illyrunr yayn 6apuanX' /nx =0 Ba [mi, 5] =0. m

0. Uxtuépuii X, Y € xBay, CHIIMK (QyHKIUAIAP yIyH
[X,9Y], = p(X)[X, Y], +(X,9)Y,.

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

Mmaiionnap, X, Y, — yaapHuHr N KUCM KYTIXWUIMKHUHT 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${p 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 XOCHII

(XY =(X10,Y10;), = X400y, = 65 (XY,

KAJIAMHA3: oyunma ai — xaykranusr (U, h)

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

NeUniIagn.

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

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

95 =g; °h GyHKIMS OMIaH TEHT KY4YJIHIUD.
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Nxxku M1, M2 puMaH KyIXWIINKIAPU U30METPUK JEHUIIaaN, arap yjaap ypracuaa UXTUEPUN X €
MinykTa Ba uxtuépuii u,vE€TxM BekTopiap yuyH myHzaan nuddeomopduzm ¢ :M1—M> ¥pHaTum

(U, W)y, =(d@(u),dp(V))y,

(P aKCIaHTUPUIIHUHT Y3U 3Ca U30OMETPUS ACHUIIAIH.

MYMKHH OYIICHH:

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

1

X0Jaa 9 GYHKIUSHAHT KAEMATIapH X, ..., X" JIOKaJ KOOpIUHATaIapaa Oup Xuia Oymaim.

Mucon.PumaH KyIIXuJuIMrura SHT CoJiia MUCOJI HYKTaBUH eBKIH (pazocuamp.

7 :[a, b] > MM na 6ynakiu-CHILIHK WY1 OYIICHH.

Xap 6up t €[a, blyayn 7 ® TE3JIHK BEKTOPH aHUKIaHTaH . / BekTop/ |= N7 y3YHJIMKKA
ora. , WYJ y3yHJIMIHM KyHuJaruya aHuKJIaHaIu:
b b
s() = [|y ®]dt = [ '©. 7 Ot
a a M —
puMan kynxwuiura 6yiacuH. Tabpudra kypa y 6ornanunuid. BoFTaHUIIIN CHIUTMK KYTIXUJUTUKHUHT
UXTUEPUI MKKM HYKTaCMHU CWUIMK Myn OuiaH TyTalITUpUII MYMKUH. p, ¢ € M  HyKramap
opacinarn macodba 1e6 PP D=INFS() coura aitrmmann, Gymna p sa q mu TyramrTupysun 6§ maKH-
cummuk / #iynmapaunar inf omuHamm.

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

SbHU

1) #(p.q)>0,

2) £ (p.a)=# (. p)

3) .0+ #(1.9>7(p. ),

4) P (p,p) =0,

S5)arap p # q 6yuca, y xomma? (p, q)>0 6ymamu.

P GbyHKIMATa pUMaH METPUKACH JeHnIaiu.

N puMaH KYOXWUIMTHHU M pUMaH KYIXWUIMTUTra OOTHUPHIL ? N—M W30METPUK JIEHUIIaaH,
arap eciu ¢ OOTHpHII MHAYLMpJaraH cKayisip kynaitMa N jnaru OwiaH ycTMa-ycT TYLIAad, SbHU

eT,N yayH (dpu),d V) =, V) Oaxxapuiica.

4.3. 3amonaBuii reomeTpus 0yiinya xaaKkapo KoHpepeHUusJIapaa TAKJIU( ITHITAH

uxtuépuii X € N HyKTa Ba u,v

MYaMMOJ/I1ap Ba YJIAPHUHI e4MMJIAPUHMHT TaXJIHJIH

Kosapuant nuddepenuunannanm.
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M — cummuk Kynxmmk Ba XxeM OyncuH. vKouna xap 6up U €T M Bektop Ba XHyKTa
arpoduna 6epunrad X CHIUIMK BeKTOp Maiigonra oupop V X € T,M BEKTOpHHU MOC Kylica, X HyKTajia
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.nwX=av X +aVv X,
V,(aX +bY)=aVv X +bVY,
V. (fX)=(uf)X, + f (X)V, X

By epna, ogarnarunek, uf - f QyHKUUSHUHT U BEKTOP WYHAIMIIMAATH XOCHIACH, Xx —3ca X
MaWJIOHHUHI X HyKTaJaru Kuimaru. V X BexkTop X BEKTOP MalJOHHUHI UBEKTOP MYHAIMIIMIATH
KOBapHaHT XOCUJIacH JeHIIaIu.

GcM coxanuHr 6apya HyKranapuaa Oepuirad KoBapuaHT JuddepeHnuamiam v xap Kypr X,
Y cwumk Bektop Mainonnapra G na saru V,Y BekTop MaiIoHHM Moc Kysau. Tabpudra kypa Oy
MalOHHUHT X € G HyKTajaru KuitmMaTu XxBekTopra OOfIHMK Ba X MalJOHHUHT OOIIKAa HyKTajaapJaaru
KuiiMatura Oornmuk smac. Arap V.Y maiinon uxtuépuil cwimk X u Y MaiJoOHJIAp Y4yH CHIUIHK
Oynca, y xomma xoBapuaHT auddepeHnmamnam vcwumK neiwiaqn. CHIUTMK —KOBapUaHT

Qg epeHIraian Y3HKIN OOFIHKINK XaM JeHHITaIH.

Jemma. ArapueTpM Ba X, X BEKTOp MalJOHJIap p HyKTaHUHT OUpOp aTpoduaa ycTMa-ycT

Tymca, y xonaa p Hykraga Y, 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. Sromamurn. Y

— myHnail Oornanuim OyncuH. Puyum aiinustuan X, Y, Z
MalJOHJIApHU IIUKIIMK aJIMAIITUPUO Y4 MapTa €3aMu3:
XN, Z)—(V,Y,Z)—Y,V,Z)=0,
Y(Z,X)—(V,Z,X)—(Z,V,X)=0, 4)
Z{XY)—=(V, X,Y)—=(X,V,Y)=0.
JlacTnabku MKKM TEHTJIMKHU KYIIHO, YYMHUYNCHHU ailpaMus.

XY, Zy—V Y, Z)—,V ZY+Y{(Z, X)—(V, Z,X)—(Z,V X) = Z(X,Y)+(V, X,Y)+
+HX,V,Y)=0. (4*)

BOFJTaHuIII CHMMETPUK DKaHH/IaH:
V.Y -V, X =[X,Y], V,Z2-V,X =[X,Z],V,Z-V,Y =[Y,Z].

(4*) TEHTTTMKHUHT Yal TOMOHHWTA <VXY, Z> XaIHU KYymHo, alupcak Kyluaarura sra oyiamMus:
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VY, Z) ={XY, Z) =Y, [X, ZD3+Y (Z, X) = (XY, 2D} -
—{ZXY) =(Z,[X, YD} )

O6ymapau xuco6:1a6,Komyns hopmynacu ne6 HominanyBuu (5) ¢popMmyrnanu xocuia Kuiaamus: (5) HEHT

VHT TOMOHU V ra O0ornuK sMmac. IIlyHUHT ydyyH amania UKKATA [IyHIail VuV Gormanum MaBXKy/]l
Oynamu, uXTuépuiix € M HyKTaga KyHHuaard TEHTJIMK Oaskapuiiaan:

(VXXY, Z,)= (VXXY Z,)
UXTUEPH Z MaliI0H YUyH OaKapyIIMIINIaH, TbHU

(Ve Y-V, Y,2)=0

(VXXY)X = (VXXY)

Harmxana, *. By TeHIrNuK uXTUEpUil XHyKTaja Ba uxtuépuit X, Y maiiionnap yuyH

ypuHiu. Jlemax, V=V u

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

UXTUEPUA CUMMETPUK V. Gornanum KupuTaMu3. (4) HUHT Xap OMp TEHIIIMTHHUHT Yal TOMOHH Tanad
KWJIMHIaH XOCCalapHM KaHoaTiaHTupaau, 8.1.3 nemmara kypa, (5) TEHIVIMKHUHI VHI Ba dal

TOMOHJIApH aiiupMacu XaMm X,Y,Z BEKTOp MalJOHIapHUHI X HyKTajard Kuiimarura OOriuk. JIeKun

AVx Y, 2, , Ba XyJJIM IIYHJAall YHT TOMOHM XaMm Z MaWJIOHHUHI X

(5) HUHT 4Yanm TOMOHH, S’BHU
HyKTaJlaH OOIlIKa HyKTaJaru Kuitmatura OOFIUK sMac.

DOHIU aHUKKH, (5) HUHT YHT TOMOHU X, Y MalJOHJIapHUHT (pUKCHpIaHTaH KuiimaTuaa X €M
HykTana (akatr Zx€TxM ra Oormuk Oynca, y xonma (5) yuHr tomomn TxM nma L umsukmm
(GYHKIIMOHATIHU aHUKJIAWIH.

(w,Zy)=L(Z,) oynanuran (X, Y Malgonnapra OOFIIHK)

[yaunr yayH 6apya Zx € TxM yuyH
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

\%

KaHoaTiaHTupaau. Kypunummura kypa uxtuéput X, Y, Z maiinonnap yuyn (5) myHocabaTHH

KaHoaTnantupagu. (5) vu X, Y, Z Ba X, Z, Y yuyyH KyJlacak Ba HaTHKaJapHHU KYIICAaK, V. aman
Puyun (1) allHUSATHHY KaHOATIAHTUPHILIUTA aMUH OYI1aMu3:
VYL, Z)+ AV ZY) ={XY, Z) =Y, [X, ZDFHH{Y(Z, X) = (X, [Y, ZD}—{Z(X,Y) -
~Z,[XYDIHX(Z,Y) = (ZIX YDRHZY, X) = (X [Z YDF—{Y(X, Z) = (Y, [X, Z])}.
= XV,Y,Z2)+2XV,Z,Y)=2X{,Z)

(1) =m uxtuépuii X, fY, Z maiiionnap yqdyH KyJuiacax,
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XY, Z), =(Vy Y, Z,)+(f (X)Yx Vi Z)=1 (X)(VXXY Lo+ XY, Z)+
+ f(X)Y, Vy Z)
= ((XF)-Y,Z)y+ T (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,
\%

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:
2<VXY,Z>—2<VYX,Z>:{X(Y,Z>—(Y,[X,Z])}+{Y,<Z,X)—(X,[Y,Z]}}—{Z(X,Y>—
~Z,IX YD} (Y (X, Z) =X, 1Y, ZDI+H{X (Z,Y) =Y [X, ZDF—HZ{Y, X) —(Z,[Y, XD})
(V,Y -V, X-[X,Y],Z)= O.

By (VY -V X=[X.YD

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

aigjk _<Vaiajiak>_<ajavaiak>:O; i,j, k=1,...,n, (6)

EKn
v5iai = Fisias’ <as’ak> = gsk(8)
SKaHUHU XMCOOTa 0JICaK KyHuaaru cucremara sra 0yiamus:
aigjk _r?jgsk _Fiskgsj =0 (7)

XakukaTaH, (6) HUHT Xap Oup TeHrIamacu O, 8]- Oy 0aszuc maiionnapra Kyunanras (2) Puaun

altHusATHHYU Oepaju, MIYHUHT yuyH (6) TeHrnuknap (2) nan xenud ynkaau. (2) Hu (6) 1aH KeATHUpUo
YUKapHIl Y4yH, BCIOMHUM, 8.1.3 ra kypa (2) HUHT yan TOMOHUHHMHT KUMaTu Xap oup x € M Hykrana
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 MailloHIap yWIMTH YY4yH aHAJOTHUK H(OJATApHUHT YM3UKJIM KOMOMHAIMACH KYPUHMIIHIA
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:

agj.k +agk.i _agij
ox' - oxl X' (9)

2F|S] gsk =
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I, Jbukcupnanranaa (9) Tenrinamanap cucremacuaad S = 1, ..., nma Kpucrodden cumMBoUIapuHN aHUK

re -1 (agik . 99 _Ggij] g*
J i j K ’
2 ox'  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 Tekucnuruaa Oz YKUHU KecMaauran X=@(U), Z=y/(U) YU3UK
oepunran. by un3ukau Oz YKy aTpoduna aiTaHTUPHIIIAH XOCK OVIraH aiianma
CUPTHHUHI TEHIJIAMACH TY3HJICHH.

Eunm. Ymymuiinukka 3u€H eTkazmacaan oepuirad X =@(U), Z=w(U) YU3UK YIyH
@(u)>0 miapt ypurin ne6 ¢Gapas Kuamus. Irpu YU3UKIA KOOpAMHATANAD cHdaTHIa

/XOP=v OypuakHu Ba OepwIraH UYM3MKHUHT u mapamerpuHu onamu3 (16-pacm).

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

Yusuk ycruaard xap 6up L(u) Hykra Mapkasu Oz YKuia érraH Ba paauycd x=g(u) ra
TeHr OyiraH aiinanann ymsagu: MA=OP=g(u).

Koopaunar  wusukmapu:  u=const-napawiemiap (aimanamap), v=const—
Mepuauaniap 6ynaau. CUpTHUHT BEKTOP TEHIJIAMACH:

F = g(u)cosvi +g(u)sinvj +y(u)k,
Koopaunar kypuHMIIIAru TeHraamMaiapy dca:
x = p(u)cosv, y = p(u)sinv, z=w/(u)
bepuinran un3uk OwlaH aillaHMa CUPTHUHT YYMHUYM KOOpAUHATACU OUp XWIAMD,
yyHKH yu3uK Oz YK aTpoduia aiiaHMOK/IA.
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2-macana.Oz VKKa neprneHauKyiap AB TYFpU UYM3UMKHUHT 1y VK arpoduia
allIaHUINIKMJAH Ba UIYHUHTACK, alJlaHUII Oypdarura MmpornopcuoHal Te3nuk Omnan Oz
OViiad CWDKWINWJAH XOCWJI OYiaraH CHUPT TYFpU Teaukouj  jaeuwmnanud. TYrpu
TEJIMKOUJ TEHIJITAMACUHU TY3UHT.

A

X 17-rasm

Eunm. Koopaunaranapau Kyiuaarda tannaimms (17-pacwm):
MA=u, ZXOP =v

[Maptra xypa OA=av, Oynaa a=const. Koopaunata yusukmnapu: U = const-
BUHT YM3HKJIAp, V = CONSt—scoBuniap (XapakaTIaHyBUM TYFPU YM3MKIAp)IaH uoopar
oynanu.

1-macamaman ¢oigand reTMKOMIHUHT BEKTOP TEHIJIaMach

F =UCcosvi +Uusinvj +awk,
napaMeTpHK TeHramajlapH dca
X =UCO0SV, Yy =usinv, z=av

KYpUHHUIIAA OYITUIINHA XOCHI KUJTaMU3.

2-Keiic

1. Kyiinngaru cepa MapkasmHUHT KOOpJMHATATIAPU Ba PAINyCH aHUKJIAHCHH.

1) x?+y?+72-12x+4y-62=0,

2) X2+y?+72+8x=0,

3) X2+y?+72-2x+4y-62-22=0,

4) x2+y?+72-62-7=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,

XZ ZZ y2 Z2
OxzraOyz =0, —+—=1, x=0 9 T
BaOYZTEeKUCINKIAPHUMOCPABHIIIAY 25 16 9 16

=1un3uKIapoyiinadKkecuoy TyBUMAIIUIICOUATEHT IAMACUTY3UIICUH.

4-keiic
o X2 y2
21. YxnapukoopanHaraykiapuaanuoopar, z=0, E+E =lommuncsaM(l, 2, V/23)
HYKTa0PKaJINY TYBUUDJUIMIICOMATEHIIAMACUTY3HIICHH.
22V KnapHKoopAMHATAYKIApUIaHHO0paTOYIraHBa X2+y247°=9, Z=X

ananamanxamaaM(3, 1,1)HyKTagaHy TraHdUTMICOMATEHTITaMACHTY3UIICHH.

2 2 2
23 KLY,
27 12 75

=lsmmuncouaauurM(3,2,5)HyKracuarny pHHMATEeKUCIMT U TEHTJIaMaCUTY3HJICHH.

X2 yZ ZZ
24 .Ax+By+Cz+ D=0TeKHCJIHKHHHr? +2_ +2 =

b2 ¢?
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AIUTUTICOUATAYPUHUIINYIYH3apypUIBA€TapIUIIAPTTONUIICUH.

2
25. Ax+By+Cz+ DZOTGKI/ICJIHKHI/IHFX—Z + y—2 +—=1
a® b” ¢

AILTUTICOMAOUIAHKECU NN YyHKAaH TaIIIap THUHT OaKapUIHI3apypBaeTapin?

N

X2
a2

2
26. +1_+f

[e)]

U|<
N

(]

DIUTUTICOMTHIHTMAPKa3UJaHy HUHT YPUHMATCKACIUTUT ATy Ty PHIITaHTIePTIICHANKYJIapia
pacocIapuHUHTTEOMETPUKYPHUTOTIHIICHH.
2 2 2
X z
27. L
a~ b° ¢
AU conAHUHTAX+BY+Cz+D=0TekucimkOnIaHKeCUITUIITY U3UF UHUHT MAPKa3UTOTTHIT
CHH.
X2 y 2 7 2
28. —t—=+5=1 snmuncongHuHar M (X, Y1,

QD
O
()

Z1)HYKTaIaTeHTUKKUTa0Yy TMHAIMTaHBaTapIapUHIHTTEOMETPHKYPHUTOTHIICHH.

2 2 2
29. % I_6 + ZI =1 smunconaHuAra(2,1,2)BeKTOpramapansie,

BaTapJIapUHUTCHTUKKUTA0VTyBUNIMAMETPAITEKUCIUT UHUHT TEHTIAMACUTY3HIICHH.

30. X + ¥y +-—=1 C—)J‘IJ‘II/IHCOI/I)IHI/IHFP(Xo, Yo,

Zo)HYKTalaHy TyBUMBaTapUypTAIAPUHUHITCOMETPUKYPHUAHUKIAHCHH.

2 2
X VA
_+y_2 +-—_—=1

2

31.

2
2

b
O
o

Srnunconaounanx’+y?+z°=R2chepaypruHMaTEKMCIMKIAPUHUHIKECHIIUIIHIAHX OCUIIKH
JIMHIaHYJUIUIICMAPKa3JIapUHUHITEOMETPUKY PHUAHUKJIAHCHH.

5-keiic
2

) . X 2
32. YKiapukoopimHaTayKIapuramnapamuies, 7

2

y " _
tpetet

smuncononnanAx+By+Cz+D=0TekucIMKHUHTKeCUITUIITYU3UFUIaHY TYBUUDILITUIICO

2 2 2

UATCHIJIAMACH % + g_Z (Z:—Z =1+ 1 (Ax+By+Cz+D)kypunui a0y mummucO0TIIaHCHH.
2 2 2
33. %+ty)_2 +z_2-1-z
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(Ax+By+Cz+D)=0TenriamabuiaHaHUKIaHAaHAJUTHIICOM IJIapMapKa3IapUHUHITEOMET]

UKYPHUTONMMWICUH ( A — UXTUEPUUKUNMATIAPHUKAOYITKAIIAIN ).

2 2 2 2 2 2
XLy 7 _ X“ Lyt 2
34. I/IKKI/ITab—2+¥+C—2_]_, ¥+b_2+c_2
=1(a>b)smmmnconakanaian3nkOyitiadkecuau?
2 2 2
X z
35. L (a>b>c)

b2 2

QD

AITUTICOUIHNaMIaHanapOyinyakecuoy TaiuranxaMMaTeKUCIIMKIIAPTEHTIAMACUTY3UJIIC

HH.

X2 y? oz
36. a b

2

=1

AUIANICOMAHUHTIMapKa3uJjaHOapuaHyKTajJapuIayHray TKa3uiranypuHMaTeKHCIIMKIIapra

yabynranmacoganapdraTreHroyiauraHHyKTaJlapHUHI TEOMETPUKYPHUTOITUIICHH.

2 2 2

37. 36-macananu ;—5 + L4+ AITUTICOUYYyHEUHNHT.

16 9
2 2 2
X z
!
a~ b° ¢
(a>b>c)s>nmunconpnonpasuitkecuMiaapuMapKas3iapuIaHTy3WITAHHYKTAIAPHUHTTEOME
TPUKYPHUTOIUJICHH.

38.
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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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