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KHUPHI CO3

MatemaTtuka — OyJl YbIHBITHl JYWHOHYH CAHJIBIK KATHIITAPBIH KaHa
MEUKUHAUK (opMajapblH YHpOTYydy WINM. MareMmaruka JereH ce3 Ipek

13 (V]

TWJIWHEH aJlbIHBI, Maunma — “okyy, uiauM”’ — JereHau OWiaupui, “oi
KYTYPTYY apKbULyy YAPOHYY JEreHAu TYLIYHIYperT.

['ymaHUTapAbIK aTUCTUKTEPAUH CTYACHTTEPUHE MaTeMaTHKaHbl AHBIH
OHYTYY TapbIXbl MEHEH OUPAUKTE OKYTYYy a03ell.

byra ks3> Oup MaremMaTHKajblK TYLWIYHYKTOPAYH KEJWI YbITHIIIbI
Tyypalayy MaajibIMaTTap, OeNTrHilyy MaTeMaTUKTepJIuH Ouorpadusiapsl,
MaTEMaTUKAJIbIK HUJCSUIapAbIH KEJMIT YbITHIIIbI jKaHa MaTeMaTHKaJbIK
aubUIBIITAP/IBIH TAPHIXbl MEHEH TAaHBIITYy KUPET.

MatemaTukanablk OWJIMM OEpYYHYH 3KMHYM >Karbl — MaT€MaTHKaHbIH

TYpPMYILITa KOJAOHYJIYIIYH U3UJIII00.

MarteMaThKaHbIH TYMaHUTAPBIK TMOTCHIMAIBI OMp KaHYa OarsiTTapaa
aJbLIaT:

1. Maremaruka peayijlyy HpPOILECCTEPJUH MaTeMaTUKAIbIK MOJICIUH
YHPOHOT >KaHa ajl MAaTeMaTHUKaJbIK MOJEIJEP MaTEMATHKAJIBIK THIIJIE
KasplaT. MareMaTUKalbIK THIAW OWJITEeH afam, OOJyI >KaTKaH peaiayy
MPOLECCTEP/IMH Ma3MYHYH TEPEHUPAAK TYUIYHYIIY >KaHa Kypyall *KaTKaH
MEUKUHAUKTE TYypa OU )KYTYPTYYCY MYMKYH.

2. MaremaTtnka "akpUIAbl JKaiblHA KEITHPET' JCTeH Co3 OeKepHUHEH
smec. baapeiObizra Genrunyy OONTroHAONW, MaTeMaTHUKa OW KYT'YPTYYHYH
’KaHa aJaMJIbIH WHCAH KaTapbl KaJbIITAHBIIIBIHA TY3IOH-TY3 TAaaCHUPHH
TUUTHU3ET.

3. MareMartukaiablk TYIIYHYKTYH aHBIKTOOCYH YE€UMEJIETEH jKaHa
MaTeMaTUKaIbIK JaTWIeeHYy >KYPry3reH ajaM KaJuMKH Kel 3MEeC
MpPEAMETTUK KeIl MEHEH HIIl aiblll Oapar. AJ MpeaMEeTTHK Keml Oenruiyy
spexenep MeEHeH Ty3yhaeT (KbICKa-HyCKa, TaKThIK, JIOKAJIYYIyK,
MuHuMH3ausa  k.0.). Ilpeamertuk kem kagumku (amaOuii) KENTHH
OHYTYIIYHO /1a YOH TAACUPUH TUWUTU3ET.

4. MatemaTukaHbl YHPOHYY MEHEH ajaM Oanackl ©3YHYH ©HYTYYCYH,
“aKblUIbIHA TOJIYYCYH  OaaMaailT.

MatemaTukaablk OUIuM OepyyHY OOJOUOK aJuCTHH (PyHIaMEHTaNIbIK
JasipABITBIHBIH HETU3TU TY3YYYYCY Karapbl 3CENTee KepeK. AHTKEHH,
MaTeMaTUKa KOJJOHMO Macelielepu Yeuyyaery KydTyy Kypajl raHa
00100CTOH, WIUMAMH KOJIJOHMO YHHUBEpPCAJAYy THIIH, OLIOHIOW »3Jie
Kbl MAJAHUSTTBIH JIEMEHTH Aa OOJIyTI SCEITEeT.



“Maremaruka” KypCyH OKYTYYHYH HEIM3TM MaKCarhl - JJOTHKAJbIK
oif KYrypryyny eocrtypyy.- CTyIeHTTHH MaTeMaTUKaHbl OKYTYY
MPOLIECCUH/IE JIOTUKAIBIK OM JKYTYPTYYCY KajlbIITaHYy MEHEH OUpJIUKTE
an aOCTpakUHUsJIOO camaTbiHa 33 OOJOT >KaHa “‘adCcTpakTTyy, Oupu-Ompu
MEHEH OaiiylaHbllInarad 0ObeKTUIep” MEHEH UILITOOHY YHPOHOT.

CTyneHTTepAUH a3bIpKbl KOOM/IO TOJIYK KaHIyy JUHAMUKAJIBIK
TYpJle ajanTaius 001yycy YUyH anapAblH Oi )KYTYPTYYCYHYH CaraThiH
KaJIBINTAHIBIPYY 3apbL.

MamuiekeTTHK OMIMM Oepyy CTAHAAPTHI
(bacvimmap: YOPUCIPYIEHIMS, ICUXOJIOTHS], (PHIIOJIOTUs, COLIMOJIOTHs], CO-
UAIIBIK Wi, prtocodus, )KypHATUCTHKA, TAPBIX, TMHTBUCTHKA XK.0.)
00JI0Y0K aJlC MATEMATHKA KaHA MH(POPMATHKA 00JIaCTBIHAA
TOMOHKY TYLIYHYKTOPIe 33 00JIylly Kepek:
* MaTEMATHKaHbIH a3bIPKbl JAYWHOJery, AYWHOIYK MaJaHUATTa »KaHa
TapbIXTarbl OpAY *aHa PoJly )KOHYHIe;
* MAaTEMaTUKAJIBIK OW KYTYPTYY JKaHAa NPUHUHWIITEPH, MHAYKLIHS >KaHa
JOEAYKIUS, MATEMATUKAJIBIK JAIAJIIO6J6p KOHYH/Ie;
* KOITYKTO JIOTUKAJIBIK, TOMOJOTHSUIBIK JKaHa aireOpaliblk CTPYKTypajiap
KOHYH]IO;
* EBKIIMJITMK dMEC T€OMETPHSIIBIK CUCTEMAIAP KOHYHIO;
* MaTEMAaTUKAJIBIK MOJIEJ/106 )KOHYH/IO;
* uH(oOpMaIMsA, aHbl CaKTOO, Kaijpa HINTEN YbIIyy >KaHa XOHOTYY
KOHYHJI®;
. MaTeMaTUKaHbIH KaHa uH(OpMaTUKAHbBIH TyMaHUTApIbIK
W3WII66JI6OpIerY POy )KOHYH/S.

Cranaapr 00I0HYa MATEeMATHKAAAH KOKJIYY4y CYpPOOJIOp:

» EBKIMIIUH T€OMETPHUSIChI OMPUHYN TaOUTBIA-UIMMHIN TEOPHSI
KaTapbIH/Q,

» AKCHOMAaTHKaJIBIK METO/I;

» A3BIpKBI MAaTEMaTUKAHBIH KaJIBINITAaHYYCYHYH HETH3TH dTaNTaphl,

» A3BIpKBI MaTEMaTUKAHBIH CTPYKTYPacCh;

» MareMaTuKaJIbIK OMJIOHYYHYH HETH3TH MYHO311009YJI6pY;

» MareMaTHKaJbIK TauIaeenep,;

» Kenrtykrep, 37eMeHTTEpH, KaThIIITAp, YarbUITYYJIap;

» Canpnap;

» KomOuHaropuka,

» UekTyy *aHa 4eKCU3 KONTYKTep;

» Kenrtykrery Herusru crpykrypaniap;



» EBKIWIINK dSMec TeoMeTpus;

» MaremaTHKaIIbIK aHATM3IMH HETH3TH UACSIIAPHI,

» Jluddepennmanapik TeHACMEIED;

» Ueunman kaObLT aiTyy MacelIeCHHIH KAl KOIOIYIITY;

» MakcarTyy HIll apakeTTern MaTeMaTUKaIbIK METOIJIOP;

» KokycTykTapapiH MaTeMaTHKACH;

» blkTeIManayymyKTap TEOPUSCHIHBIH DJIEMEHTTEPH,

» MareMaTHKaIbIK CTATUCTUKAHBIH HETU3TH TYIIYHYKTOPY;

» ['mnoresanappl TEKIIEPYYA6TY MaTeMaTHUKAJIBIK METOJIOP;
» ['ymaHUTApIBIK HIUMIEPACTH MATEMATUKAHBIH POITY.

Kypctyn matepuansl paszgenjepre, e3yH4e Temalapra OeJIyHIeH.
bamka OKyy KOJJOHMOJOPY CBISIKTYY 3J1€ OKYpPMaHIbIH aKTUBIYY HIII
apakeTu Tajan KbUIbIHAT(OepUiIreH KOHYTYYJIOpAY Ybrapyy, 3 ajblHua
UIITEPIN aTKapyy Xk.0).

MaremaTuka Kypcy TOMOHIOry16i pa3ieiaepicH Typar:

|. MaTemaTukaHbIH HETU3H

Il. BexTopayk anreOpa jkaHa aHaJMTUKAJIBIK TE€OMETPHS

I1l. MaTeMaTHkanblk aHAIU3/IMH HETU3JIEPH.

Koropky marematvka KypCyHyH @porpaMmacbl abJaH KeHUpHU
OONrOHAYTY  a3bIpKbl  KOOMJO  WIMMJEPAU  MAaTeMaTUKAJIAIITBIPYyY
MpoLIeCCH JKYPYI >KaTKaHIBITBI aHa  MamJiekeTTuk OuiauMm Oepyy
CTaHJAPTHIHBIH TajJanTapbl MEHEH OalllaHbIKaHABITbIHAA. BUPOK,
KOHKPETTYY MaTeMaTHKaJIbIK CypOOJIOp MaTEMaTUKaJbIK aJUCTUKTEpACH
JCHI3J1/1€ KapaibIIIbIHBIH 3aPbLTYbLIBITHI JKOK.

Turun xe Oya KOJJOHMO MEHEH WILITOe1® aHbIKTamallapra KeHYJ
OypyHy31ap. Ajap/ibl ®KaTTOOrO MIAINACTaH, aHbl TYIIYHYYT® KaHa UYKU
JIOTUKACBIH ~ Ce3Yyre  apakeT KbUIbIHbI3Aap. Jammnneeny — kaHa
KBIMBIHTBIKTAp Ma3MyHYH TYHIYHOeW »ie Ja Jkarram ainyy Ousre
Oenrunayy, OMpOK aHBIH 34 KaHAaW mMmaimacel koK. Kange mamuineecyH
TYUIYHYT, 3MHE Y4YYH, 3MHE acayblll *aTKaHbIH CE3WIl, OUPOK, YIIyTa
OKIIONI 3JI€ CHUTyallUsila aHaJOTHSUIBIK MII  apakeTTH  KOJIJIOHO
OmnbemnOnu3 MyMKYH. byl yuyp »aTTooro kaparanja OUp TOIl KakIIbl,
OupoK Gaapbl OUp KETUIITYY SMEC.

Orepne CTYIEHT 63 ajlIbiIH4a aHAJIOTUSJIBIK JKBIMBIHTHIKTHI aJica XaHa
OepwiIreH macelsere KojaAoHO Ouice, aHAa MaTepual TYHIYHYKTYY Oonny
JeT 3CEnTenouns.

Byn okyy KOJJOHMO MaTeMaTHKAJIbIK SMEC aJUCTUKTEP/IC OKYraH CTYy-
JACHTTEp YUYH apHaJIar.

Konmoumo OoroH4Ya  OW-NUKUPUHUBIAEPAU, CYHYIITAPbIHBI3AAPAbI
ulansopuev@mail.ru sJeKTpoHIyK JaperuHe )KOHOTCOHY31ep 00JIOT.



| BOJIYM. MATEMATHUKAHBIH HETU3/IEPU

1-TVTABA. MATEMATUKAHBIH METOJOJIOI'YUAJIBIK
IHPOBJIEMAJIAPBI /KAHA IPUHIIUIITEPU

1.1. MaTremaTHKa npeamMeTH

MaTtemaTUKaHbIH MPEJAMETUH aHBIKTOO YUYYH aJaOUsITTa 3KU KOy
O0ap. bupunum anbikTama @. ODHrenbc TapaOblHAH, OHKUHYUCH —
ncesagonumu  H. bBypOaku apkpulyy TaanbiMan OOJroH  (¢paHily3
MaTeMaTUKTEPUHUH KOJUICKTHBH TapaObIHAH OCPUJIITEH.

®. Ourenbc “Ta3za Marematuka — Oyl ©3YHYH OOBEKTH KaTapbl
YBIHBITHI JYWHOHYH CaHJIbIK KaTBIITAPbIH KaHa MEHKUHIUK (opMaIapbIH,
0.a. peannyy wMarepuaibl Kapait. byn wmarepuan KeckuH TYypAe
a0CTpakTTyy (opManapbiH KaObLI ajbIlllbl MYMKYH, OIIOHAYKTAaH ai
CBIPTKbI JYHHONeH naiia OOJrOHIYTYH ©Te a3 KYMeH caHarar eIl
aiiTkad. bynm cyisleM MaTeMaTUKaHBIH TOJYK aHBIKTaMachl OOJIOOMT,
cebebu aHja 34 KaHaail METOAr0, MaTeMaTUKaHbIH YUPOHYYHYH 34 KaHaai
MakKcaTblHa KOpCOTMO KOK. bupok an cyineM u3uigeHyydyy oObeKT ajam
OaslachbIHBIH aH CE3MMM MEHEH KaajaraHjai »jie 3MeC, YbIHBITHI TyHHOere
OailJIaHbILIBIN JKapaIraHAbITbIH YarbUIAbIPAT.

DKHHYU aHbIKTaMajJa H. bypbakunun METOJ0JIOT USIIBIK
yCTaHOBKaJaphl YarbUIIbIpbuIaT. bypOaku garbl MaTreMaTUKaHbl 3MEC, al
V3WIJIETEH OOBEKTTEpAM AaHBIKTAUT. AJNap/AblH aHbIKTaMachlH OepyyaeH
aJJIbIH, MaTeMaTuKaJa U3WIACHYY4Yy OObEKTTepre OOJITOH aHbI MOAXO0J
“akcoMaTHKaJarsl PEBOIONUS MEHEH OallIaHBIIIKAHABITBIH OeITHIIeTI
KEeTeNUu. AHBIH MaHbI3Bl - KOHKPETTYY Ma3MyHAyy aKCHOMAaTHKaJaH
OMpUHYM aOCTPAKTHIK aKCMOMATHKara, aHJlaH KUHUH TOJYK (opMaiibIK
aKcroMaTHKara eTYILIYH/1e >KaTar.

EBKIMIANMH aKCMOMATHKAChblHa OKIIONI KOHKPETTYY MasMyHAYY
aKkCMOMaTHKaja  airaykbl  TYLIIYHYKTOp JKaHa  aKCHOMAaJapbIHbIH
MHTEPIPETAUACHI JKaIThI3 CUCTEMAra 33. AJl cUcTeMa ujieaiayy 00Jico aa,
OMpPOK KOHKPETTYy O0ObekTTepre 33. byra kapama-kapuibl aOCTpakITyy
aKCHUOMaTHKa YEeKCU3 KeIl MHTepIpeTanusiapra xon oeper. dopMaabik
aKkCHMOMaTHKa aOCTPAaKTThIK AKCMOMATHKaHbIH HETU3MHJE Maijga 00J0T
’KaHa aHJaH OWPUHYMJICH, >KBIUBIHTHIK YbITApyy »JPEXKEICPUHUH TaK
OepUJIMILIM MEHEH, PKUHYHUICH, Ma3MyHJIyy O >KYTYPTYYHYH OpJyHa aj
CUMBOJIIOPYH >kaHa (GopMyJiajiapiblH TUIMH KOJIOHOT. MbIHA yIIyHAAH,
Ma3MyHJIyy OM XKyrypryyJep Oup dopmynanapaan 3kuH4YU (Hopmyrnanapra
KEJTUPUIIET, 0.a. ICENITOOHYH 63reue TYpyHe KenTupuieT. OIoHIyKTaH,



Oup ayie akcuoMayiap ap TYPAYY ©3YHYe OUp KOHKTPETTYY Ma3MyHIYY
OOBEKTTEPINH KaCHETTCPUH KaHa KAaThIIITAPbIH OasHIANT (CypeTTeiiT).

byn <¢yngamentanapik uaes  aOCTPaKTTBIK  CTPYKTypaiapAblH
TYLIYHYKTOPYHYH Herusuuje xarar. H. bBypOaku a3pIpkbl MaTeMaTHKaHbI
HETU3/166/10 3H MAaHWIYY POJIy OMHOTOH Y4 HETU3TU CTPYKTypaiapblH
TUNTEPUH CYHYLITAMT.

Anzeopanvik cmpykmypaaap. MplHIall CTpyKTypajapra Mucall

KaTapel Tpynnajap, ajkakTap jkaHa Tajllaajap wucan 000 anart.
AnreOpaibIk CTPYKTypajiapbIH HETM3rHM  XapaKTepHUCTHKaJIaphl
(MyHe3/16MOI6pY):
KaHmauaelp Oup A KeNnTyryHJe akcuoMmajaap CHCTeMachl MEHEH
CYpeTTedayydy THEIIeNyy KacHeTTepu MEHEH YEKTYy  CaHJAarsl
onepauusiaapAbiH  Oepuiuimu. A KONTYI'YHYH DSJIEMEHTTepU Karaphbl
MaTeMaTHKAIBIK  00bekTTep (cammap, Marpuiaiap, KOTOPYJIyyiap,
BEKTOPJIOP) JKaHA MaTEeMATUKAJIBIK 3MeC 00bEKTTEp OOIYITy MYMKYH.

Tapmun cmpykmypacel. Kapanyydy KONTYKTO TapTHII KaTbIIIbI
OCpHIUIIY apKbUTYy MYHO3J10JI0T (CaHIbIK KONTYKTOPAOTY CAIBIIITHIPYY).
An yuyH pedreKCUBIYYIYK, CUMMETPUSUTYYJAyK >KaHa TPaH3UTHUBAUK
KaCUETTEpH OPYH anar.

Tononozuanvik cmpykmypanap. Orepae M KentyryHyH ap Oup
AJIEMEHTHHE TUTUI K€ OyJ bIKMa MEHEH YIIIYJ 3JIEMEHTTUH 4YeKe Oeu Aemn
aTayy4yy OyJ KeNTYKTYH KeNTYKUeJIepYHYH KeITYTy THELIENell KOwJica,
anaa M xentyry mononozuansik cmpykmypaza 3 jien atanar. YeKUTTUH
Oyn deke Oenjiepu aHbIK OMp aKcHMOMajap/bl KaHAATaHABIPYYCY KEpek
(TOTIOJIOTHSUTBIK ~ CTPYKTYpAIapJIblH  aKCUOMaapbiH).  TOMOJIOTHUsIIBIK
CTPYKTypaJlap/ibIH KapJlaMmbIHaa “‘ueke Oen”, “npenen’, “y3ryiaTykcy3ayk’
JeTEH TYLIYHYKTOpP TaK aHbIKTAJIaT.

CTpykTypajapJplH HEru3rm yd TuOWHEH (KapaTyydy) Oamika
MaTeMaTHKala TaTraajd CTPYKTypajaplbl Kapooro Tyypa KeleT, MbIH/Ia
’KapaTyydy CTpPYyKTypajiap OHPUKTHPYYYYy AakcHoMajap CHCTEMAaChIHBIH
’KapJaMblH/Ia OPTaHUKAJIBIK OaiaHbiar. Mucanbl, YbIHBITHl CaHIAPIbIH
KONTYTY TaTaajd CTPYKTypa OOy 3CenTesieT, aHTKeHH Oyra Y4 Heru3ru
’KapaTyydy CTpyKTypasiap KHpeT.

Ap TYpAYY TYWIYHYKTOPAYH OJKallbl ©3TrOUONYry  KaTaphbl
“MaTeMaTuKaIblK CTPYKTypa” ACT aTaJbIIIBIHBIH ce0eOu OOy amapabiH
DJIIEMEHTTEPUHUH  JKApaThUIBIIBI  QHBIKTANTaH  dAMEC  KONTYKTYH
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DIIEMEHTTEPHU YUYH KOJIOHYJITaHABITbIH/IA. CTpyKTypaHbIH
aKCHOMAaTUKAJIBIK TEOPHSICHIH TYpry3yy — OyJad JereH CTPYKTypaHBIH
aKCHOMaJapblHAH JIOTMKAJIBIK KOPYTYHAYJapAbl KEJITHPHII YBITapyy
yaypyHIa Kaparyydy OObEKTTEPJMH JKapaThUIBIIIBI TYYpalyy ap KaHau
TUTIOTE3ajIap Il ACKE aa000 AETeHIN O IUPET.

XKoropynars! aiiteuirangapian H. Bypbaku TeMenkyaeit KopyTyHay
KbUIBIIIAT:  “O3YHYH aKCHOMAaTUKalblK  (opMachlHIa MaTeMaTHKa
aOCTpakTThIK (opManapIblH — MaTEeMaTHKaJbIK CTPYKTYypaiapiblH
KBIMBIHABICHIHAH TypaT >KaHa K33 OUp SKCHEPUMEHTAJABIK YbIHBIKTHIH
aCIEKTUJIEPU aJI/IbIH ajla aHBIKTOOHYH >KbIMBIHTBITBIHA OYI popMaap/ b
K23 OupunHae Oapaait 6oy ce3umner”

Mpeina omentun, H. Byp6aku OoroHua MateMatuka — Oyil YbIHBITHI
AYWHere 34 KaHJall THUEIIECH >KOK MaTEMaTUKAJIbIK CTPYKTypaJlapIblH
KBIMBIHABICE . MareMaTukara OOJTOH MbIHAAW KO3 KapallTbl KeM4ylyK
OKyMYIITyyJIap Tyypa Jel JcenTemkeH xaHa @  .OHreibCcTHH
MaTeMaTukara OepreH aHbIKTOOCYH 3CKUPHUIT KaJIraH JCUIKEH.

MaTtemMaTUKaHbIH U3WIJ1660 OOBEKTTEPUHUH AaHBIKTOOCYHA JKHU
MOAXOAYH THUEIUIEICIITUKKE KOIOYCYH MAaTeMaTUKalbIK OWINMAEpAUH
OHYTYIIYHYH TapbIXblH aHAJIU3/166 MO3ULHUACHI apKbUIyy raHa XYpPry3yy
MyMKYH. Akanemuk A.H. KoaMoropoB MaremMaTHKaHbIH ©HYTYYCYH TOPT
Me3ruire 0eser:

MartemaTukaHblH Kapajayy me3rwim 0.3.4. VI-V xbuibiMaapra
TaaHJbIK. MpbIHIa MaTeMaTHKa ©3 ajjblH4a WiauM OOodyl, ©3YHYH
peaAMEeTH KaHa METOA0pY naiiaa O0ooT.

b.3.14. 3000 — xputnapsl BaBrioHIyKTap KBaApaTThIK TEHAEMEIECPAN
yeyyyHy Owymm ’kaHa a3pIpkbl Matematukana [ludaropayH Teopemacsr
JeTeH aT MeHeH Oenruiayy OOJITOH TeopeMaHbl OUHUILKEH. byl 3aMaH/IbIH
agaMJapbl NPAKTUKAJIBIK MAacelIeJIepAn YbIrapyy Y4YyH KeIl CaHJaras,
Oupok  Oupu-Ompun  MeHeH  OalljaHblINIaraH  dJpexenep  KaHa
dbopmynanapabl OWIMIIKEH: XEp YYacTKAaChlH YE€Hee, KaJieHAapiap/bl
TY3YY, Kypyaym x.0. Tuiekke kapiibl, ajgap KOJJOHTOH MaTeMaTHKaJIbIK
MaajbIMaTTap KaHTHI aJIbIHTAH JETE€H MaallbIMaT OU3re KeTrneu Kaibl.

MareMaTHKaHBIH 6HYTYYHYH JKMHYH ME3TWJIHN — 371eMEHmMapOblK
mamemamuxanvin mezeunu’ 6.3.4. VI-V kk. 0.3. XVI k. uelinH.

MaremaTuka OailbIpKbl TpEKTepAe JIOTUKAIBIK KOPYTYHIY JKaHa
XKaApaTbUIBIIITHL TaaHyy KONy OOyl KeiareH. balbIpkbl TpeKkTepAuH
MaTeMaTHKaHbl >KaHplYa TYLIYHYY JKaHA aHBIH POJIy >KOHYHI© MBIHIAW
OWro KEJIreH! Tyypally JOKyMeHTTep cakrtairaH smec. A.H. Konmoropos
IPELMSUIBIK  MAMJICKETTEPIMH MAaTE€MAaTHKaJblK WIHMJIWH MYHO3YHYH
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©3repYIIYHYH ce0e0u KOOMIYK — casiCHii, MaJaHUil »KaIlooCy ©HYKKOH,
IVANEKTUKAHbIH >KaHa MEJACIITEPId KYPry3YYHYH HCKYCCTBOCYHJIa
’Karar Jien scenteut. bynm mesruige rpextep kKapaThUIbIIl paldoOHAIIYY
TY3YJITOH JIeTl OMJIOLIKOH >KaHa JyiiHe1e O0NroH OapIblKk KyOymyliTap Tak
’KaHa e3repyycy3 IUiaH OOOHYA KYPeT, aKbIphl OaphIll MaTeMaTHKAJIbIK
O0onmor  pemkeH.  JlemyKTUBIYY,  aKCHOMATHUKAaJIbIK  METOAJIOPAYH
OallTaIbIIIbIH Ja OalbIPKbI TPEHUSIIBIKTap OalllTalIKaH.

b.3.4. IV kk. [enykTuBayy WIMMAMH JIOTUKAJIBIK CHCTEMa KaTaphbl
KypYJIYUIyHYH NPUHLUUITEPH CYHYIITAJITaH, aHbIH
HETU3WHJIC — aKCHOMaJ1ap OOJTOH.

JIeyKTUBAYY TEOPHSIHBIH OHYTYIIY OWpHHYU
ke3ekTe Apuctorenaud (0.3.u4. 384-322 kk.) aThl
MEHEH OailJIaHbIIIKaH.

DH anraykbl MaTeMaTHKaHbl (IF€OMETPHUSHBI)
CUCTEMANAIITHIPbUITAaH  JEAYKTUBAYY  OasHI00
EBkmunke (6.3.4. 300 kk.) Taanapik — 0y EBkiuaaun

O “bamranbiibl” artyy smreru. byn smrek 20 kbuibiM

(6.3.4. 365-300 ) OO0 ©3YHYH JIOTMKAJBIK TAKTBITBI, AKCHOMATHKAIBIK
METOJI MEHEH YJTY OOyl KEeJTreH.

2000 xpuIra sKaKblH T€OMETPUSIHBIH aKCHOMAaJIapblH TYPry3yy KaHa
JIOTUKAJIBIK TpoOenaepan xowy OowoHua OupuHun wuirniaukrep XIX
KbUIBIMJIBIH asrbiHa rada Ilama (1882), Peano (1889), IMuepunun (1889)
WIITEPUH/IC KETUIIKEH. MpIHa OmeHTUIl, babIpKel
['peunsiia MpaKkTUKAIBIK T€OMETPUSIAH TEOPUSIIBIK
reoMeTpusra Kajam Oariranras.

Yuynuy Me3rua - O320pme uyoHOyKmapowl
kuitupyy mezezunu (XVII, XVII kk.,, XIX kk.
Oamel). Byn mesrmn P.Jlekaprrein (1596 -1650)
aHAJIMTUKAJIBIK re€OMETPUSICHIHIA ©3repMe
JOHIyKTapApl kuimpyy xana M. HerotoH(1642 -

1727), I. JleitOrMITHH UIITEPUH/IC
U. HeloTon nuddepeHmaIbK *KaHa WUHTETPAJIJIBIK
(1642-1727) ACENTOOJIOPIYH JKapalIbIlibl MEHEH OCITUIYY.
HeroToHayH Herusru OarbiTTapbl (uU3MKa, MEXaHUKA, ACTPOHOMHUS >KaHA
MaTematuka OonroH. Maremarnka HbIOTOH Y4yH KapaTbUIbIII KOHYHIO
WIMMAKMH Oup Oenyry katapbl 00y, (GU3UKAIBIK U3UIAO6JIepIyH Kypasbl
Aen acentered. Ay TapaOblHAH WINTENUIT YbIKKaH (DIIIOKCHUSIIap METOY
KbIAMBUIBl JKaHAa aHbl MEHEH OaijlaHbIlITa OOJIOH BUIJAMIBIK >KaHA
BUIJAMAAHYYHY H3WIJe6 YYYH MaTeMaTHKaJbIK amnmapar Karapbl
KOJIJIOHTOH.
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JIeOHULITUH MAaTeMaTUKAJIBIK WINTEPU aHbIH (PUIOCO(PUSIIBIK K63
Kapamibl MEHEH ThITbI3 OaiiaHblTa OONTrOH. A YYYH WIMMUN TaaHBII
OWJIYYHYH YHUBEpCAIIyy METOAY ‘“KaJbl XapaKTePUCTUKAHBI TY3YY
O0onron. Maremarukanbl JleiiOHuLT MYMKYH OOJroH OailiaHbIITAap/bIH
4arbulyyCy, SJEMEHTTEPJIMH K63 KapaHAbUIBIIBI, KaTbILITapabl (opMylia
TYPYHA®, e3reue scentee - AuddepeHIanIbK Typae kepreH. JKaHprua
ACENTOOHYH HETM3U — YEKCU3 KHYMHE YOHIYK OOdym, aia 4YOHIYK
WHTYUTHUBJIUK 3JIECTOOJIOP KaTapbl raHa OOJITOH.

Hprotonayn >xana JIHWOHMITMH WINTEPUHACTH HYEKCU3 KHUUYHMHE
YOHIYKTap KOHYH® MaalabIMaT >KETUIIIIPIUK JACHIIAIIIE d3Mec 00JIco Aa,
reoMeTpus, MEXaHuKa, GU3MKa KaHa KOJJOHMO WJIMMJEPAETH SH HETU3TU
MaceJeJepad 4euyyre MyMKYHYYJIYK OoiroH. XIX KbIIbIMABIH SKHUHYA
’KapbIMbIH/Ia TaHa YbIHBITBl CaHJap TEOPUACHI TY3YJIreH. MaTemaTukasbIk
aHANMM3AMH OapJblK MNaiAyOanblH TaK JOTMKAJIbIK HEru3Jae Kypyyra
MYMKYHYYJIYK TY3YJAy.

®. DHrenbCTUH OEpreH aHbIKTOOCY MaTeMaTHKaJbIK HIMM/IWH Naiga
oonronnon Oamran  XIX KbUIBIMABIH OpPTOCYHAa UYEHHMHKH OHYTYIIYH
yarpuiaplpaT. MaTeMaTUKaHbIH OHYTYLIYHYH HErusru Oynarbl 0oy
NPAaKTUKAHBIH JKaHa (M3HMKAHBIH TajanTapbl OOJym KeireH (MeXaHWKa
)KaHa OMNTHKA). MareMaTHKalbIK TEOpHsS MPOICCCTEPMH  CaHJIBIK
(MeTpUKAJIBIK) MYHO3YH YarbULIbIPTaH.

XIX xputbiMabiH opTocyHaH TapThil H. BypOakuHuH aHbIKTOOCY
OOlOHYAa MaTeMaTUKaHbIH OHYTYIIYHYH TOpPTYHUYy ME3rwid Oariraniar.
VYmyn yOakplTKa YEHMHKM  MaTeMaTHKaHbIH  a0albl  TOMOHIery
©3reYeIIYKTOp MEHEH MYHO3/10JIOT.

bupunuu e3revesayry. XVII xana XVIII xeuisiMaapaa tontonaron
asi0ail 4oH (DaKTBUIBIK MaTepuall TEPEH JIOTUKAJIBIK aHAJTU3IUH jKaHa aHbl
YKaHbI K63 KapalllThIH HETU3UH]I€ OMPUKTUPUIL UBITYY 3apPbLITUbLIBITBI TAlAa
KbUITaH. MaTeMaTUKaHbIH TaOUSIT TaaHyy MEHEH OOJIrOH OaiylaHbIIbl Oap-
raH caiibiH Tataan ¢opmaHbl ana Oamrarad. YoH >kaHbl TeOpHsIap Mpak-
TUKaHbIH, TAOMAT TaaHYYHYH TE€XHUKAHBIH TaJIa0bIHAH 3JI€ 3MEC MaTema-
TUKAHBIH ©3reue WYKU TaJlalTapblHaH Ja maiga 000 OamTagbl. AsagbiH
WYMHEH HEeru3ruiiepu:. (PyHKUMsUIap TEOPUSICBIHBIH OHYTYLIY, TpyIIaiap
Teopusichl, EBKINAIMK SMEC T€OMETPUSIHBIH TY3YJIYIIY.

JKHHYHU 63re4eJyry - MaTeMaTUKaHbIH KOJJIOHYJIYIIYHYH KEHEu-
m. byra ueliuH MareMaTuka (pU3MKaaa, MEXaHUKa, ONTUKAJa KOJJIOHCO,
aJl MU a3bIp JIEKTPOJIUHAMUKA, MAarHETU3M JKaHa TEPMOJUHAMUKA T€OPU-
AnapblHAa KOJAOHYJIAT. TeXHUKAHBIH MYKTaXKIbIKTapbl MaTEMaTHKA/la ©TO
TE3/IMK MEHEH OCTY: 0a/NIMCTUKA, MAllIMHA KYPYY X.O.
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YuyH4y  €3re4esiyry —  MaT€MaTUKaHbIH  aKCHOMAaJIapblH
KPUTUKAJIBIK JKaKTaH Kailpa Kapam 4bIl'yy, aHBIKTamaaap JkKaHa
JAIUIe6NIep  CUCTEMAChIHBIH  Tak  Typry3yiaymly  JkaHa Oyl
JANUIAeeNIepay KOJIOHYIYydy JIOTUKAJIBIK MPUEMAOPAYH KPUTHKAJBIK
KapaJjblll YbITHINBI MeHeH wmaprrainrad. .. Py3aBun Oyn me3runaus
MaTeMaTUKaCchl >KOHYHII® TOMOHIeryaed Jem xazar: «Jrepiae Mypaa
MaTe€MaTUKaHbIH U3WIIJI66 MPEAMETH OOy YOHAYKTAp MEHEH MEHKUH]IUK
(opManapbIHbIH OPTOCYHJArbl METPUKAJIBIK KaThIIITap OO0JCO, al 3MHU
XIX KbpUIBIMIBIH OPTOCYHaH TapThIll >KapaTbUIbILBI METPHUKAJBIK 3MEC
00aroH OOBbEKTHIIEPAMH 63 apa OailyIaHbIIIBIHBIH aHATU3MHE alllaHb Oapa
xKatar».  MaTemarukaHblH  WM3WIA©6  OOJACThIHBIH  KEHEHHUIIH
TYIIYHYKTOPIYH *KaHa TeopHsUIapAblH aOCTPaKTTYyIyT'yH/Ia.

Marematukara OONTOH K63  KapalTapAblH  PEBOJIOLHUSIIBIK
Oypysylly aHbIH HETU3/ACIUIIN, aKCHOMAaTUKAJIBIK METOIIOPAYH KaHbl
TYWIYHAYPYJIYIY MEHEH OalIaHbIIIKaH.

H.1. JloOaueBckuii 1826 — KbUIbI YOH
aubUIbI JkacaraH. llapamienayyiyk KeHYH[Ie
EBxinaauH OeMHYM MOCTYJAThIH TaHyy MEHEH
asmarnTelpbUIbibl - (“Ty3  CBI3BIKTAa  JKaTHaraH
YEKUT apKbULyy aHbl MEHEH KECUJIMIIIEreH Oup
KaH4Ya TYy3 CBI3BIK JKYprysyyre ©Oo0ioT”) jkaHa
aOCOJIOTTYK TE€OMETPUSHBIH  aKCHOMaJapbIHbIH
CHCTEMAChIHBIH KOPYTYHIYJapbl (mapauiesayyIyK

H. U. Jlo6aueBckuii akcMoMachlHaH  Oamka  EBKkmuamuH — Oapibik

(1792-1856) aKCHOMaJaphbl aTkapbuiar) xxana JIoGaueBCKuiauH
napaJIeNIyYIYK aKkCuoManapbl JOTHMKAIBIK KaTaJIbIKTapra ajiblll KEJITreH
IMeEC.

JloGaueBckuiiinH reoMeTpusicbl EBKIIMIMH T€OMETPUSICHI CHISIKTYY
a5ie ChIMOATTYYy *kaHa 0ail reOMEeTPHUSHBI Naiiia KbUIbII, MaTeMaTUKara Ke3
KapamTbl e3repTTy. JKaHbl TeoMeTpHUsiHbl TYy3yy OOroHYa Oupu-OupuH
YeTKe KakmailOobl JereH CypOOHY KapoO 3apbUIUbUIBITHI Maiiga Oonmy.
MpbiHa yiiyHAaH yilaM aKCHOMATHUKAJIbIK METOJIAYH aHAaH apbl ©HYTYIIY
OamTanabl.

1) OupuH OupH YeTKe KaKIACTBITHI MPOOJIEMACH], aHbIH TOIYKTYTY
’KaHa aKCUOMaJIap CUCTEMAChIHBIH K63 KapaH IbUIbITbl YESUHIIIH.

2) aKCMOMAaTHKAIIBIK TEOpUsTA JKaHbl KO3 Kapail mnaiia 6ommy. By
npoosemanapael  uweayy J.  Twioepr  (1862-1943)  tapaObiHan
CYHYIITAJITaH.

. Tunbbepm anvikmazan aKCUOMAMUKANLIK MEMOOOYH MAHbI3bIH
MOMOHOO2YH6 DASIHO0020 OOIOM.
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1. AOCTpakTTBIK TeEOpUsi Typry3yjar. AHBIH HETU3HHIE OKHU
MaaHWJyy TEPMHUHJIEp JKaraT. K33 Oupu OUp Heue KONTYKTOpIyH
SJIEMEHTTepuH Oenrmienier (Mucanbl, “dekut”’, “Ty3 CBIBBIK’, XK.0.),
Oamkanapbl — OyJI 2JIEMEHTTEPAUH apachIHIArbl KaThIITApIbl OCITUICHT
(Mucaiel, ‘“xkatyy”, “apaceiHna” xk.0.) Bynm TepMuHmepIuH a3bIpbIHYA 34
KaH/Jail MaaHUCH 5KOK, aJiap a3bIpbIHYA XKOH 3JI€ CO30p.

Tepmunnep KaHaaTTaHABIPyydy akcruoma’sap aHBIKTaJar.
AxcruoMarnapiaH JIOTHKQJIBIK KOPYTyHIyJap (Teopemaiiap) dYbrapblLiar.
Cylinemnepay a3aiTyy Y4yH aHBIKTOOJIOP KUPTU3UIIET.

2. AOCTpakTTyy TEOPHUSHBIH TEPMHHIECPUHE Ma3MYyHIyy MaaHH
plfirapbiIaT. MBIHA MU aJapJblH POy ©3repeT, ajap KaHIaWIblp Oup
TYWIYHYKTY Ounguper. Byn TymyHyKTep ydyH aOCTpakTTyy TEOPHUSHBIH
aKCHOMaJIapbl aTKapbUIAPbIH TEKIIEPHUIT KOKOY KEPEK.

AOCTpaKTTyy TEOPUSIHbIH Ma3MyHAYy MaaHU bIMrapyy >K0Jy MEHEH
aJbIHTaH CHCTEMA MOJENb K€ YIIYJ TEOPUSHBIH MHTEPIPETALUACH JIEI
aTaJar.

AKCHMOMAaTHKAJIBIK METOJAr0 OOJITOH KaHbl KO3 Kapall reoMeTpusra
00JIrOH MypAarsl 3J€CTH TYI TaMbIPbIHAH O€pU ©3rOPTTY.

Mpina omentun, H. bypbakunuH wmaTemarukara  OOJTOH

“abCTPaKTTHIK, MaaHUCUHU Kapmabara, MaTEMaTUKAJIBIK
CTPYKTYypajapAblH TOMNTOJYIIy  aKCHOMATHKAJIbIK METOAAY >KaHbIua
TYUIYHYYT® TYPTKY O0J1y.

bupok, BypOaku MbIHAai4a >KaKbIHAOOCY HETATUBAWNK MAMIJICHH Ja
KE3UKTUpET, ce0ebu anap Kapam XaTKaH CTPYKTypaJlapAblH YbIHBITHI
AyHHere OOJITrOH KaThIIIbI KbI3BIKThIpOAraH.

Cosertuk maremaruktep A.H. Kommoropos, A.Jl. Anekcanapos,
B.B. ' HeAeHKOHYH K63 KapaluTapblH Kaparl Kepelry.

AnapnpiH aiTyycy OOIOHYAa ODHIEeNbCTHH J0OpyHIA (ME3THIHHIC)
MaTeMaTUKa YOHIYKTap MEHEH MEHKUHIUK (popManapblHbIH OPTOCYH/Iarbl
CaHJBIK KaThIUTap/bl YUPOHreH. A3bIp ajl aOCTPaKTTBIK CTPYKTypajap
MEHEH KaTeropusuiapAbl  YHPOHYYIre  KeTepyJIreH.  YBIHABITBIHA,
MaTeMaTuKaia 0oyl 6TKOH CalaTThIK ©3repyyJiep CaHAbIK KaThIITap bl
U3UJIZI06Te KEHUPH JKaHa TEPEH MYMKYHUYIIYK OeperT.

Maremarukazga YNpOHYIYH )KaTKaH CaHIBIK KaThIIITAp MEHEH MEU-
KMHIUK (opmanapbl as0ail KeHeWuI, ajapra KaajaraH TpyHIaHbIH
AJIEMEHTTEPUHUH OpPTOCYHIArbl MaMujie, BEKTOPJIOp, (PYHKIIMOHAJIBIK
MEUKUHIUKTETU OIepaTopiop xk.0. 1a Kupe OalTailT AereH KbIMbIHThIKKA
A.H. Koamoropos keJner.

“CaHJbIK KaThIITap’ jKaHa ‘‘MEUKUHAUK (opManapbl’ TEPMUHJIEPUH
MBIHJall KEHUPH MAaHUJE KapOO MaTeMAaTHKa WJIMMHU YbIHBITBl JYWHOHYH
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CaHJbIK KaThINITAp >KaHAa MEUKUHAUK (opMajapbl aHBIKTOOCYH Aa3bIPKbI
ME3TUJIIMH MaTeMaTUKAChIHBIH OHYTYLIYH/I® KOJJIOHCO Ja OO0JIOT.

byn no3unmsiaer A.J[. AnekcanapoB 1a TeH OeyIIeT. MaTeMaTHKaaa
YBIH/IBIKTaH aOCTpakTTaJraH (popma »aHa KaThIIITapHbl 3J€ KapabacTaH,
aNapJiaH aHBIKTAJTaH JIOTUKAJIBIK TYPJ® MYMKYH OOJITOH Aa opMmanap/ibl
’KaHa KaThIITapabl KapauT.

b.B. I'HegeHko keHyIAy TOMOHKYT® OypaT: a3bIpKbl MATEMAaTUKAHBIH
Kaajaral OyTarbl YbIHABITBIHAA MAaTEMATUKAJIBIK CTPYKTypaslapAbl OKYII
yipernce, H. Bypbaku TapabwbiHan OepwireH anbikTama @. DHTENBCTHH
OepreH aHBIKTOOCY MEHEH aHTAarOHUCTTHK Mamuieae 0000 KaHIauIbIp
Oup mo3uuMsIapia aHbl TOJYKTaI Typar.

Kentupwiren  MaanbIMaTTapAbl  OKBIUBIHTBIKTOO  HUPETUHJE,
MaTe€MaTUKaHbIH aHBIKTOOCYHAa MAaTE€MAaTUKaJbIK CTPYKTypanap apKbLIyy
’KAKBIHI00 MaTEMaTUKAJIBIK TaaHbIN OWJIYYHYH OeNruiyy Oup 3TaObIHBIH
TYIOHTYJIyIly KaTapel aWTca Oonor. Maremaruka JOyHHOHY, aHBIH
MEUKUHIMK (hopMasiapblH JKaHa CaHJABIK KaTBHILITAPbIH TAAHbBIN OUJIYYHYH
aHBIK OMp MHCTPYMEHTH KaTapbl OOy KEJreH skaHa 00710 6epeT. A3BIPKBI
ydaypaa, oKoropylda — aWTeUIraHmai, Oyn  “MHCTpyMEeHT Taraal
npoleccTepAd JKaHa  KyOydaylmuTapAbl M3WJIIeere, aHblH  WYUHJC
METPHUKAJIBbIK 3MEC >KapaThUIBIIITHI H3WIeere Kupum Oapartar. byn
dyHIaMeHTanablK GuiI0copUsIIbIK, METOIOJIOTUSIIBIK abaasl 6aaMI00Cy3
(TYImIyHYYCY3) AYHH6O >KOHYHe *allbl KApTHHAHBI OYTYHIIOU 3JICCTOOHY
TY3YY MYMKYH 3Mec.

MatemaTuka OamiblHaH 5Ji€  TaKTBHITBIHBIH  J€HIIAJIH, ©3YHYH
byHIaMEHTaNABIK ~ >KOOOJIOPYHYH  TYYpaJlbITbIHBIH  Kapama-Kapuibl
KEJIOECTUTY MEHEH “©3reue” WIMMJIUH CTaTyCyHa TaJlalfKep.

1.2. MareMaTHKAJBIK THJI. ©3re4eJiyry, maiiga Oouayury :KaHa
OHYIYLIY

MatemaTuka yHryH4YaublK ©HYI, ©CYIl ap TapanTyy OOJyn Kajibl.
MasmyHayy 6assH100ro MyMKYH 005100i1, OMpOK aHbl (YHKIMOHAJIBIK KO3
Kapall MEHEH TaOusiT TaaHyy >KaHa TEXHUKAHbIH TWJIM KaTapbl, OW3AM
Kypuarl TypraH JYWHOHY TaaHbIN OMIIYY THJIM aHa UHCTPYMEHTU KaTaphbl
MYHO3716Co 00JIOT.

Ap TYpAyy HIIKEpAYYJYKTOpAYH aillMakTapblHAa  ©3YHYH
(ckacaiMa) TWJIM WINTEIHIT YbITaT, MHCAJBI. YEePTeK — TEXHUKAIA,
XUMUSUIBIK  (hopMynaniap kaHa TeHaemenep — xumusiga. Opyc MeHEH
opycua CyHJelyy KepekK, aHIJIMYaHUH MEHEH - aHriamMcue, (ppaHily3 MeHeH
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- (ppaHIly3ua, ajl 3MHU KAPATHUIBII MEHEH - MaTEMaTUKaJbIK TUjAe. MblHa
OILLIOH/I0 TaHa KaPAThUIBIII OU3re ©3YHYH ChIPJIapbIH ayart.

MaTtemMaTuKaabIK THJI KaHTHUIT TY3YJIreH? OH aiarad Oyn TWi OU3IuH
KOHKPETTYY Tuiaepae Oup Ce3AyH aHbIK OMp MaaHMCHH OWJIIUPTeHre
KapaMa-KaplIiibl, ajl abcTpakTTyy. Marematukanbik (GopMmynalapAblH jKaHa
OenruiaepArH TUIM abJlaH YOH YHHMBEPCAIAYYJIyKKa 33, ajl a/laM 3aTbIHbIH
OapaplKk  HMIIMEPAYYJIYK cdepanapblHia KOJAOHYJIaT. MareMaTukaibK
OeNruiepAnH CUCTeMachl MUHJIET€H JKbU1Iap OO0 MINTENUI YBITHIN a1aM
3aTBIHBIH Mypachl 00y 3centeneT. TaOurelil TUIAN ap TYPAYY OarsiTTap
OOIOHYA OPKYHIOTYYHYH KbIMBIHTBITHI KaTapbl MaTEMAaTUKAJIBIK THIT 00Tyl
scenresier: 1) TaOWrbli TWIJAWH YOHJIYTYH KOKY, 2) aHbIH JKH
MAaHWJIYYJIYTYH OWYy, 3) aHbIH aYbIKTHI'BIHBIH MYMKYHUYJIYKTOPYH
KCHEUTYY.

MaTeMaTuKanblK THJI — MAaTEMAaTUKAJIbIK OWJYH TYIOHTYY Kapa)aTbl
KaTaphbl Nal1anaHbLiar.

Kenen ™aanunme Tun — Oyn ymya TWIAE >Ka3bUIraH Ce3AYK,
rpaMmaTuKa, aHreme, OasH, Tmbeca KaHa pomaHgap. AN dMH
MaTEMaTUKaJIbIK TWIAE CO3A6PAYH >KaHa TrpaMMaTHUKaHbIH AaHAJIOry,
aHremesep JkaHa OasHAApABIH aHAJIOTy OOJym SMHE D3CEenTeNeT?
Ce3nepayH jkaHa TpaMMaTUKaHBIH aHAJIOTy OOJym - MaTeMaTHUKaJbIK
ONepalusbIKk CUCTEMA, al BMH aHremesnep jkaHa OasHIapAblH XK.0.
aHaJory O00JyI — MaTeMaTUKAJIBIK MOJENAEP OOyl SCEITEET.

MaTtemaTukaisik
TUJT

/\

MaTtemaTukaIbIK MaTtemaTukaisik
OIEPALMSIIBIK CUCTEMA MOJEIIED

MatemaTHKanblK TWIIA OWIYY MaTeMaTHKaJbIK TYLIIYHYKTOPAYH
Ma3MyHyH, aJapJiblH  OPTOCYHJAarbl  KaTelmTapabl  (akcuomanap,
TeopeMasiap) aH-Ce3MMIYY O3AOIITYPYYHY OOXKOMOJIOWT KaHa O0O03eKU
KaHa jKa3yy TYPYHI® paluoHaayy, cabaTTyy MaTeMaTUKajblK OWIy
MaTE€MaTUKaJIbIK TWIJIMH KapaXaTTapbl MEHEH TYIOHTYYHY OWIJIUpET.
[IpakTukana 1a MaTeMaTUKAIIBIK OMIIMMIEPAN SPKUH KOJIJJOHOT.

MaremaTukanplKk TWIAUM YHAPOHYY OWAY pPalMOHAIAYY TYIOHTYY
IIBITBIH TMaiijla KbUIaT: YJaajamlThlK, TaKTHIK, a4bIKTHIK (JaaHAJBIK),
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KBICKAJIBIK, YHOMIYYJIYK, MaajbiMaTka 33 O00dyy. AH-Ce3uMIyY >KaHa
SPKUH TYPI® MATEeMATUKAIIBIK TUJIAW OMIIYYy MaTeMaTHKAJIbIK MaIaHUATTYY
OOJyyHYH LIapThl )KaHa KapaxaTbl OOy 3CEnTeeT.

MareMaTuKaIbIK OoIICpanurAJIbIK CUCTEMA

| |

Nneannamreippuirad AMAIJIJIAP
OBBEKTTEP: (onepanwsinap):
caHzap, KOIIIYY,
¢urypanap, KEMUTYY,
BEKTOPJIOP, Ke0eiTYY,
byHKIMsIap, < oenyy,
MaTpuIanap, muddepeHmupos,
" MHTETPAII00,
abCTPAKTTBIK CTPYKTypajap
(KOITYKTOp; KaTeropusiap)

“ T

Akcuomarnap, TeopeMaiap, aHbIKTOOJIO0P

THIAMH KeMYHIHKTEPH:
v’ Crienu()uKanyyiyry;
v YareuITyyHyH Y€KTEITeH MyMKYHUYIYTY.

TWJIIMH TATBIKTYYJIYTY:
v CHMBOJIIOPIYH sKapIaMbIH/Ia OMI0IY OIepanusiapIsl KbICKaua

TYIOHTYY MYMKYHUYJIYK O€per;
v" YoH MpOrHO37100 KY4y MEHEH aiibipMasiaHar.

AOCTpakTTyy SJEMEHTTEPANH KONTYTY >XaHa ajap MEHEH KOIIO
amayap OomnepanusuIblKk CHCTEMaHbl TY36T: dJEMEHTTep - Oymap caHmap,
BEeKTOpJop, GyHKIUsUTap, MaTpunamzap k.0., ax  »dSMH  amanaap
(omeparnumsiiap) — Komlyy, KeMHTYY, ke0eityy, Oenyy, nuddepenmnupies,
MHTErpaiaoo x.0.
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OnepanusuibIk cucTeMaa eHYTYYHYH jKaHa MaKcaTKa >KeTYYHYH TaK M4KU
MOTHBAEpU Oap: Oyn omnepauusjapIblH  aTKapbUITaHABITHl  JKaHa
KEHEUTYYTre, CYpoTToere MyMKYH OOJITOH HEPCEIEpAHN KaMTyy.

MaTtemMaTUKaablK ONEpalUsUIbIK CUCTEMaHbIH TY3YJIYLUIYH JKaHa
OHYTYIIYHYH TapbhIXblH WUIIOCTpAlUsi  KbUIbID  Oepenu.  MpeiHaa
OKYsJIapAblH XPOHOJIOTHSICBIHA KapalacTaH, ajapiblH JOTHMKaJbIK KEJHII
YBITBIIIBIHA KapailObI3: OapAbIrbl OyTYH caHAaH OamTairaH. AHJaH KUIHH
aNlapJiblH YCTYHOH aTKapbUIyydy amaijap maiina 6oJigy: Kolyy jkaHa ara
TECKEpH amal — KEeMHTYY; KeOelTyy xaHa Oenyy. bemyyHy artkapyy
Oenuek caHmapabl KHHHPYY, ajl SMU KEMHUTYYHY aTKapyy — TepC caHAap/bl
KUMHAPYY MEHEH YEUYUJIITEH.

UbIHBITHI CaHAAap IPEKTep YUYYH — Tallka ypyHranjgaid Oonros. A
cangap JleAeKMHANMH palUOHANIBIK CaHIAp KECWJIMIIMHJIETH >KaHa
BenepmTpaccTbiH KblHANYY4Yy YAAaJallTBIKTapbIHAA TYLIYHIYPMOCYH
TalKaH/1a TaHa TPEK MAaTEeMATUKTEPUH KaHAaaTTaHAbIP/IbI.

MpbiHa omieHTHI, JaiibiMa Oynl caHIap MEHEH KOIIyy, KEMUTYY,
Ke0eiTYy, 0emyy, peaeauH Tadyy aMmanaapsl aTKapbiar.

UblHBITBI ~ CaHJApAaH  KUIMH, KBaApPaTThIK  TEHJAEMEIEPIUuH
YBITAPbUIBIIIBIHBIH TYIOKTAJbIIIBI KaTapbl KOMIUIEKCTUK CaHJap Maiina
oonay. KoMiuiekCcTuk caHgapabpl KHUMPYY MEHEH KaajlaraH ajireOpalibIk
TEHJEMEHH YbITapyyra MyMKYHUYJIYK TY3yaay. AHJaH KuiuH ['aMuabTOH
(1805-1865)  KOMILIGKCTMK  CaHOAPJAbIH  KCHEHTHIIMIIM  Karapbl
KBaTepPHUOHAOPAY OMJION TaIlKaH.

Anap ken KoJJIOHy/n0aca Aa, alipbIM y4dypiapbl — BEKTOPJIOp KaHa
aJlapJIbIH YCTYHOH aTKapbulyydyy amaijgap (KOmryy, KEMHTYY, CKaJIsipJIbIK
KaHa BEKTOPIYK KOOOWTYy) MareMaTWKala KCHUPH KOJJOHYIYI Keie
xKaTar.

OBOJIOLUANIBIK  ©3r6pYY MPOLECCTEPUH U3UIA66 MYKTaXKbITbI
©3repMe YOHIYKTapJblH TMaijga OodyllyHa, aHJaH KUWMH ajapjaaH
bynakuuara, au@epeHIManIblK JKaHa HHTETPAABIK 3CENTeeeprs,
mudpepeHInanIbIK TEHAEMETIEPTe albI KEJJIH.

KenTykTep ’kaHa ajapJplH YCTYHOH aTKapbulyydy amajiaap
(OupHUTYY, KECHIUINYY, TOJYKTOO, KOOOHUTYY) *k.0. maiaa 6omy.

MpbiHa OIIEHTHUII, OTIEpAlMSIIBIK cCUCTeMa 3aMaHOarn ()yHKIIMOHAIBIK
aHaJIM3 KaHa OMNEepaTopyiop TEOPHSChl MEHEH TOJNyKTaiabl. bupok Oy
OnepanusIblK cucTeMa (u3ukara MHUKpO JYHHOHYH KyOyJyliTapblH
CYPOTTO® YUYH MYKTaX OOJITOHI'O YEHUH 3Ji€ ©3YHYH MYKH OHYTYYCYHOH
CBI3BIKTYY OIEPaTOPJIOP TEOPUSCHI KEIUI YbIKTHI.

OnepauusuiapAblH NPUHIUIHAIAYY aTKapyydyJldyr'YHaH CbIPTKaphl,

Oyl aTKapyy4ylayKTyH (aKTBUIBIK aTKapyydylyry, >KOHOKeIUIyIy >KaHa
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Oy aTKapyy4dyJdyKTYH >KETKUJIUKTYYJIYTY SH YOH MaaHuTe 33. ballbIpKsl
IpeKTep KOOOMTYYHY KBIMBIHYBUIBIK MEHEH aTKapraH, Mucaibl, 473 xaHa
328 cannapbsin CDLXXIII sxana CCCXXVIII typyHae xazran.

OmuBep Xepucaiin (1850-1925) arkapran wWmTtH  ©3YHYH
3aMaHJAITAPbl  TYLIYHYIINOW, HWHTETPAIAOO0  ONEPalUsAChlH  OHOHU
aTKApbUTYy4y KBUIBII, KOMIUIEKCTUK CaHra OeJyyre ajblll KEJIreH >XaHa
Oyra ueluH yeuns0en KeJareH Ker Maceselepan YeuyyTe >KeTUIIKEH.

XeBHCall YOH OKyMYIITyy OOJTOH: ATMOC(EpaHbIH KOTOPKY
KaTMapblHJa PaJU0 TOJKYHIAPIbl YarbLIABIPraH HMOHIOJITOH KaTMap Oap
PKEHWH aQIJbIH ajla aWTKaH, KbIUMbUIIA OOJITOH  3JIEKTPOHAYH
KAPKBUIIOOCYH DCENTETreH; WiINMAE OWHIITCHHIUH (GopMysackl e
TaaHBIITaH aTakTyy (OpPMYyJIaHbl KOPCOTKOH.

A3pipkbl  OOM, 3cenrtee  METOAAOPY JKaHA MPOrPaMMaIOO
MaTEMAaTUKaJIbIK ONEPALUIIBIK CHCTEMAHBIH TaTaajl OIEpalusIapbIHbIH
*aHbl 2P GEeKTUBIYY KapaxaTTapbIHBIH UII KY3YHO alllbIPBUIBIIIBI KaTapbl
Kapoo KEpeK.

1.3. EBkiauaauk reoMeTpusi OMPUHYM TAOUTbIH-UIUMUI Teopus
KATapbl

I'eoMmeTpusinbIH Heru3/eJJUIIUHUH TaAPbIXbI. ABBIPKBI
MaTeMaTHUKaHbIH HETHU3TH METOAY, alipblkua reoMeTpHusiHbIH, Oarmatel /.
['mnbOeprTn “I'eOMETpUSIHBIH ~ HETM3JepU’  HAMIErMHEH OallTainraH
AKCMOMATHUKAJIBIK METOJ] dCenTeseT. ['eoMeTpus akCUOMaTHUKAIIBIK TEOPHUs
OOMyIlIyHAH aJiJIbIH Y3aK IMIUPUKAIBIK OHYTYYHY OacChIl OTTY.

I'eomerpust xeHyHIe anradukbl MaanbiMarrap Erunerre, Ksiraiiga,
WNunusina, baitbipksl YUbITbIll MTUBIIIM3AIMSIIAPBIHIA Ta0bUITaH, ceOeou Oy
OJIKOJIOpPJI6 KEPAU HUINTETYY OHYKKOH, OMPOK cyrar kepijiep a3 OOJTOH.
byn enkenepme reoMeTpus SMIMUPUKAIBIK MYHO3716 OOTyN KOHKPETTYY
MaceJieliepin Yblirapyy Y4yH Oelykde ‘“‘pernient-spexenepauH’ TOOyHaH
Typrad. b.3.4. |l MHH XbBUIIBIKTA d3Ji¢ €TUNETTHKTED Y4 OYpUTYKTYH
asHTBIH, KECWITEH THUPaMUJAHBIH KOJIOMYH, TErepEeKTHUH AasHTBIH TakK
ACENTOOHY, all MU BaBWIOHAYKTap [IudaropayH reopemachiH OUIHUIIKEH.
AnapAbplH Jamuiieesiopy >KOK OOJNTOH, OMPOK SCENTee YUYyH Ipekenep
KOPCOTYJITOH.

['eomeTpusiHbIH ~ Tpeuusiblk  eHyryy wmesrwim  0.3.4.  VII—VI
KbUIBIMAp/ia ETUIETTUKTEPJAUH Taacupu acTeiHAa OosroH. ['pernus
MaTEeMaTHKACBhIHBIH aTachl KaTaphl ACENTENreH artakTyy (uinocod Danec
(0.3.4. 640-548 kk.) scentener. daleCTUH MaTeMAaTHUKAIbIK MEKTCOMHE
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TEH  Kamrajayy Y4 OypuTyKTyH, BEPTUKAJIIbIK  OypuTapbIHBIH
KaCUETTEpUHUH JAIMIIO6CY TaaHAblK. baublpkbl ['penmsiga aspIpKbl
MEKTENl TEOMETPHUSCHIHBIH J3PJIMUK OapAblKk Ma3MyHYH KaMThIT'aH
KBIUBIHTBHIKTAP AJIBIHTaH.

[Mudaropayn (6.3.4. 570-471 sxok.) buiocopusibik MEKTEOH Y4
OypuTyKTyH OypuTapbl >KeHYHIe TeopemaHbl adkaH, I[ludaropayn
TEOpeMachlH JAIWIACTEH, Tyypa Kell TpaHAbIKTapAblH Oell Typy aHa
©JIU6H000UY KEeCHHAMICPIUH Oap SKeHHMH aHbikTaraH. Jlemokput (0.3.d.
470-370 >xk.) NMUpaMUIAHBIH >KaHA KOHYCTYH KOJIOMIIOpPY >KOHYHJIO
Teopemanbl adkad. EBmokc (0.3.4. 410-356 »xok.) mpomnopimsuiapIbH
reOMETPUSUIBIK, 0.a. MPOMOPLMOHANIBIK CAaHAAPABIH TEOPHUSACHIH TY3TOH.

MenexM xaHa AMNOJJIOHMA KOHYCTYK KECHJIMIITEPAH W3HWIJIEIEH.
Apxumen (0.3.4. 289-212 >xk.) OCTTHH asHTBIH 3CENTOO, MIAPJbIH YKaHa
Oaimika (urypanapiplH KeJIeMIOPYH 3CENTee SPEKENCpUH aukaH. Al
7T CAHBIHBIH KAKbIHIAIITHIPHUITaH MAAHUCHUH TaIKaH.

baliblpkbl  TpeHUsUIBIK ~ OKYMYIUTYYJIApAblH  ©3re4e  AMIEru
reOMETPUSUIBIK OMJIMMJIEPAN TaK TYpPry3yyHyH MOpoOiieMachlH OWpUHYU
00Jyn KOIOIIKaH >KaHa aHbl OMPUHYM >KaKbIHAAUIYyAda YeYUIIKeH. by
npoosema Ilnmaton (0.3.4. 429-348 »ok.) TapaOblHAH KOIOJTraH. DH YOH
¢unocodp — Apwucrorensb (0.3.4. 384-322 xok.), Gopmanayy JOrHMKaHBIH
HEru3/1e64ycy OONroH. Ara reoMeTpUsiHbl TYpry3yyHYH WJESCHIHBIH TaK
OastHAANBIIIBI  CYHIOMIOPAYH YbIHKbIpUYACHIHA TaaHIBIK, ajap Oupwu-
OMPHHEH JIOTMKAHBIH SPEKETECPUHUH HETU3UH/IE TaHa KU YbIThIIIAT.

byn MaceneHu KenTereH rpeKk OKYMYIITYyyJapbl 4euyyre apaker
kbutblinkan (I 'ummokpar, demuii).

E B k aua (6.3.94. 330-275 kk.) — OallbIpKbI 3aMaHIBIH 3H HPH
reomerpy, IlmaronnyHn  mexteOMHUH — OKyyuycy, an  Erumerre
(Anekcanapusga) okamarad. AHbIH “‘BamTaneimn”  aTTyy  OMreru
r€OMETPUSHBIH OallTalbIIIbIH  CUCTEMAyy Typlle OasHaaraH xKaHa
MBIHJA WJIMMHN JEHII2JJe aTKapbUIiraH SMreKk OOOHYa KONTereH
KbUIBIMJIAp OO0 T€OMETpHs yIIyJl ublrapMa OOroHYA ©TyJreH. EBkimuaaun
“Bamtanemier” 13 kurenteH (r1aBajaH) Typar:

v' I-VI - mnanumeTpus;

v VII-IX — apudmeTrka reOMeTpHsITBIK OAsSHI00 MEHEH;

v X - enmuen0669y KECHHIMIED;

v XI-XIl — crepeomerpusi.

1-3ckepmyy. “Bamransiun’ sMreruiae reoMeTpusaa Oenrmiyy O0oJroH
OapIpIK MaalbIMaTTap KUPTU3WITEH 3Mec. Mucaibl, KOHYCTYK KECHJIUII,
KOTOPKY TapPTUIITETH UIPUIIEP KUPTUIUITEH SMEC.
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2-3ckepmyy. Ap OUp KuTeN TYUIYHYKTOPIe aHBIKTOO Oepyy MEHEH

Oamtanar. Mucanel, 1- kurente 23 aHBIKTOO Oepuired. bupunun
TOPTOOHY Kapar Kepeiy:

1. Yekut - Oy OemyKTopy KOK Hepce.

2. CbI3bIK - OyJI Tyypachl KOK y3YHIYK.

3. CbI3bIKTBIH Y€K apachl YEKUTTED.

4. Ty3 chI3bIK — 0YyJ1 ©3YHYH OapbIK UEKUTTEpUHE KapaTa Oupaei
YKaWTaIlIKaH ChI3bIK.

EBximmn pganunpeecy KOK CYWIOMAOPAY KEITUPHUIL, alapisbl
MOCTyJIaTTapra »KaHa akcuomanapra OenreH. AHja Oeml MOCTYJIAT >KaHA
JKeTH akcuoMma 0ap.

1-3ckepmyy. EBkina  mocTyiaaTTap MEHEH  aKCHOMaJap.ibIH
OpPTOCYHJArbl ailbIpMavbLIBIKTBl KOPCOTKOH 3Mec. byn macene asbipra
YEHUUH TOIYK YEUUJIE DJIEK.

2-3cKepmyy. EBkin ~ TeoMeTpUsiHBIH ~ TEOPUACHIH  TpEK
MaTEeMaTUKTEpH, alpblkua ApUCTOTENb Tajlan KbUlranaau, 6. a. ap Oup
KUMMHKK KEINTeH TeopeMa aHJaH MypJla KeJlreH TeopeMasap/blH
HETU3WHJIEC MaJWIACHE Typranjanl KbUIBIIT Ty36T. balikada anTKaH[a,
Esxnuo  ceomempusnvlk  meopusnbl MAK — JOSUKAALIK  JHCOJL  MEHeH
onykmypom. Moina ywyn pakm Eexnuooun unumour andbiHoa mapulxvlil
amee2uH baca beneunen mypam.

EBxnmunnun “bamranbimsl” MaTeMaTUKaHbIH jkaHa OyTKYJ ajiaM 3aT
MaJaHUSATBIHBIH TapbIXbIHAA 30p pojiay oOHHOroH. bym kurentep
AyHHeAery Kenuyiayk Tuiaepre kotopynymn, 1482-xeuinan kuitun 5001eH
alryyH OachUIbIN YbITapbUITaH.

EBxianpauk CHUCTEMAHBIH KeMYHJIUKTEPH. ABBIPKBI
MaTeMaTUKaHbIH K63 Kapaiibl MeHeH EBkmuaauH “bamransiibsl” sMreru
xeTunlereH Jen tamca 00J0T. byn cucTeMaHblH HETM3TH KEMUYUIUKTEPUH
auTaJIbI:

1) kem TYNIYHYKTOPAYH aHBIKTOOJOPY ©3YHO aHBIKTAIyyTa
TUHHINTYY OOJNTOH TYIIYHYKTOpAY KamThiitT (mmcanbl, 1 rmaBama 1-4
aHBIKTOOJIOPYHJA TYYpachl, Y3yHAYK, Y€K apa TYLIYHYKTepY 63 yudypyHIa
AHBIKTATYy TUHUII);

2) AxcruoMamnapjbIiH KaHa IMOCTYJIATapAblH TU3MECH T'€OMETPHSHEI
JOTUKAJIBIK KOJI MEHEH Ty3yyre xerumicu3. Mucanbsl, Oyn TusMene
TE€OMETPUSHBIH KOIl TeOpeMalapblH aJHIIJ166 YUYH TapTUI aKCHOMAaJlaphl
KOK, Oyn kelpjaanra ['aycc keHys OypraH. ATajiraH TU3MENE KbIAMbLI
TYUIYHYTYHYH  aHBIKTOOCY JKaHa KacueTrTepu, 0.a. KbIMMbBUIIBIH
akcuoMasapsl koK. KecunamnepauH y3yHIyKTapbiH, (purypanap/biH jKkaHa
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TEJOJIOPJYH OOBEKTTEPUHUH aSHTTApPbIH ©J1466 TEOPUACHIHAA YOH
MaaHWTe 33 Oonyydy ApXHMEIIUH akcuomachl  (y3TyJITYKCY3IYK
aKCMOMAaJIapbIHBIH OMpH) 1a oK. byra EBkimyinH 3amanganisl ApXxuMes
KOHYJ1 OypraH.

3) IV moctynarel amipikya 3KEHH KOPYHYII TypaT, aHTKCHU aHbI
TEOpEMa ChISIKTYY Aalniieere O00JOT.

O3reue OEMIMHYM MOCTYNATThI Ounruien kerenu. “‘bamransunTeia” |
kuTeOunae OupuHuM 28 cyiiaeM O€lIMHYM IMOCTyJaTKa KalpbuiOail aiie
JANUAIJCHIeH. AKCHOMalapJIblH JKaHa TOCTYJIaTTapAblH TU3MECHH
azaiityy, V T1OCTyJaTThl Teopema KaTapbl Janwineere EBKIuaanH
ME3THIIMHEH 3Ji¢ Keje jkatkad. Ilpoka (0.3. V k.), Omap Xaiiam (1048-
1123), Bammuc (XVII k.), Cakkepu xana JlamOept (XVIII k.) xana Jle-
xanap (1752-1833) V mocTynarTel TeopeMa Karaphbl JaIjIeere apaker
KbUIBIIIKAH. AJapJblH JaIUiaeenepy Kata OoJym, OHpPOK 3KH KaHbI
reomerpusiHbIH (Puman jxana JloGadeBckuil) TyyITyllyHa alibill KEJIreH.

EBkauaauk  3Mec  reoMerpusiibik  cucremasiap.  JKanbl
reomeTpusiHbiH OeT adaapel - HM. Jlo6auye B ck u i (1792-1856) na V
MOCTYNATThl JAJIII/166 apaKeTUHEH OallraraH.

Huxkonait IBaHOBHUY ©3YHYH cHCTEMACHhIH “bamTaneiin’” AeHr33JMHe
YeHMH JKETKUPUI Kapama-KaplIbUIbIKKa KeJieM JereH, OWUpoK aHjaau
0o0n6oxy. 1826 — Kbl Tyypa KOpYTyHIAyra KeireH: EBkiauamuk
reoMeTpusiia Oallika J1a TeOMEeTpHs JKalIaiT.

bupunun kaparanja Oys KOpYTyHAY AaJUICH3 OOy KOPYHeT:
MBIH/IaH aphl J]a yJIaHTca, 0aJKUM Kapama-KapIbUIbIKKa KEJUIIH MYMKYH.
bupok Oyn cypoo EBkmugauk reomeTpusAra jAa TUEUIENYY OOJITOH.
bamkaua aiiTkanza, 5Kd reOMETpUs J1a TeH JIOTUKAJIBIK KapaMa-KapIIbLIbIK
OMECTUKTHUH  CYpPOOCYHYH  acThlHIAa Oupjed. AHAaH  KUHUUHKH
U3WIaeesepAe Oup TIeOMETPUSHBIH KapaMma-KapIIbLIbIK 3MECTUTHHEH
SKUHYU T€OMETPUSHBIH Kapama-KapIIbUIbIK SMECTUTH KEJIWM 4bIrar, 0.a.
JIOTUKAJIBIK CUCTEMaJIap/IbIH TeH KYUTYYJIYTY KEJUII YbIrar.

JloGaueBckuii Oaiika ga reoMeTpus 0ap Jen OMPUHYH KOy alTKaH,
Oupok xaiarei3 O0onron smec. I'ayce (1777-1855) Oyn unmesusr 1816 —
KBLUIbI 3JI€ alTKaH, OUPOK pacMUi TYpJe KapblsiadbaraH.

Jlo6aueBckuitnun (1829) >KbIMBIHTHIKTAPHI KapbisUlaraHJaH KAHWWH,
1832—xkbutel BeHTpHsUTBIK okymytutyy . boitstm (1802-1860) e3ynyH
AMIEKTEPHUH Kapbusutant. An 1823—xbuibl Oalika reOMETPUSTHBIH JKalllalllbl
XKOHYHIOIY >KbIMBIHTBIKKA KeNeT, Oupok xkapbikka JloOGaueBckuiifeH
kuiinH ubirapar. . boisunun wumm JloOaueBCKUNIMH HSMI€KTEpUHE
KaparaHjia aH4a epKYHIeTYJIOOTreH >KaHa KbICKa OOJITOH, OIMIOHIYKTaH Oy
Teopus JIo0aueBCKUIIMH aThlHA JKa3bLUITaH.
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JloOa4eBCKUNWIMH TEOPUSCHIHBIH KaJIbl TAaHBUIBIIBIHA aHJIAH
KUAMHKKA ~TEOMETPJIEPAMH MINTEpH TYPTKY OoaroH. 1868—xbuibl
UTATSUTBIK MatemaTuk O. benbrpamu (1825-1900) wiiprimiru TypakTyy
’aHa Tepc OertuH  yctyHae  (nceBmocdepa) JloOGaueBCKHAIUH
reoMeTpusiChl OpyH anapeiH namwiiereH. [wipOepr (1862-1943) Oyn
TATUI06HYH KEMUMINK KEPUH KOpCOTKOH. Al EBKIMAINK MEUKUHIUKTE
©3revueIIyTY JKOK, HUPWINTH TypaKkTyy jkaHa Tepc OOJITOH OeT KaradanibiH
aiiTkaH. MpIHa OUIOHAYKTaH WUPWIWTH TYpPaKTyy KaHa Tepc OOJroH
oetrtuH yctyHae JloOadeBCKMUAMH TEOMETPUSCHIHBIH JKaJIMaK TaHa
OemyTyH HHTEpIpeTarus Kbljicak 00JIOT.

byn xemuwmiuk Ilyankape (1854-1912) »xana Kneinaun (1849-
1925) uHTEpIIpeTaIMUIAPHIH/IA YSTTETUIITCH.

JloOayeBCKUIMIMH T€OMETPUSICHIHBIH KapaMa-Kapilbl 3MECTUTHHUH
JaNuiaeecy OCIIMHYM MOCTYJATThIH Oalllka MOCTyaTTapAaH Ke3 KapaH bl
AMECTUTU MEHEH KOIO JaNWIJIeHreH. UbIHbITbIH/IA, STepAe KO3 KapaHIbl
0onronno, anga JloGaueBCKUNUIMH TE€OMETPHSICHl Kapama-KaplIbUIBIKTYY
0omym, OMpu-OMPUH YETKE Karat dJe.

EBKIMIAMK T€OMETPUSIHBIH aHIaH apbl U3UIJCHUIINH/IE aKCHoMaIap
CUCTEMaChlHbIH JKaHAa  MOCTYJaTTap/blH TOJYK 3MEC  JKEHIWUTd
KOPCOTYJIIroH. AKCHOMATHUKAHBIH M3WeHUIIN [uiabbepT TapaOblHAH
1899-xbU1bI asiKTaNTaH.

I'wib0epTTHH AKCHOMATHKACKI 0elll IPYNNajgaH Typrau:

> baiinansin akcuomanap (TaaHIbIK);

» Taprtum akcuomanapsr,

» KoHrpysHTTYYITyK akcuomaiapbl (6apabapIbik, Jal KETYYIYIIYK);

» Y3TYNTYKCY3AYK aKCHOMaJlaphl;

» [MapamenayyJyk akcuoManaphl.

byn akcuomamap (6aaper 20) y4 Typaery OOBEKTTEpre TaaH]IbIK:
YEKUTTEP, TY3 CHI3BIKTAP, TErM3AUKTEp >KaHa ajlap/iblH OPTOCYHAArbl y4
KaTHIIIKA: TaaHABIK, OPTOCYH/IA JKaTaT, KOHTPYIHTTYY. YEKUTTepIuH, TY3
CBI3BIKTAPIIbIH,  TETU3IUKTEPAUH  KaHA  aJapAblH  OPTOCYHJIArbI
KaTBIIITapIbIH KOHKPETTYY MaaHWCHU KOPCOTYJITOH SMecC. Amnap KbIABIP
MaaHUJE€ aKcHUoMajap apKbUTyy aHBIKTAITraH. YIIYHYH 3CEOMHEH
['unpOepTTHH aKcHOMANapBIHBIH HETU3WHJIE TYpPry3yJiraH T€OMETpus ap
TYPIYY KOHKPETTYY peam3auusiiapibl Oeper.

XKoropyna aiTeuiran akcuoMajgap MEHEH TY3YJIeH TIeOMETPUSIIBIK
cuctemMa EBKIMAIMK reoMmeTpusi jAen aranar, cebebu an EBkamanux
“bamTanbliibl’ SMIETUHJIETH TEOMETPUS MEHEH Jall KEJET.
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EBximaauk cucremMazaH anblpManaraH T€OMETPUSIIBIK CHCTEMaap
EBxnunnuk smec reomerpus aen ataiar. CanblIThIpMATYyJIyKTYH KaJIlbl
TEOPUSIChIHA BIIANBIK MEHKUHAMKTE all 1a OyJ cucTeMa abCOOTTYK Tak
0010 anbaiT, OMPOK KUUYMHEKEH MaciuTtadaa MEWKHUHAUKTH CYpeTTeere
KaAPAKTYY.

[IpakTukana eBKIMAAMK (GopMynasap KOJJAOHYJITaHbH cebebu
ajapAblH )KOHOKOWIYTYH®.

['unb0epT ©3YHYH akcuoManap CHUCTEMAachblH ap TapanTyy Kaparn
YBITHIN, apuMeTHka Kapama-KaplibUIbIKKa ydypabaca, aHja cucTeMa jaa
KapaMma-KapIiblIbIKKa KEJIOCreHMH KOPCOTKOH. MBIHAA Ma3sMyHIyy Ke
CBIPTKBl Kapama-KapIIbUIbIK AMECTHK KOPCOTYJITOH. AJ Kol KbUIbIMAAp
00I0 TeOMETpJIEpAUH TE€OMETPUSHBI HETu3/1e6 OOIHYA H3UIAe6JIepPYH
asreiHa ublraprad. bynm smrexk 1903 — xbutel JloOGaueBCKUii aThIHIATHI
IIpeMUSI MEHEH KOTopy OaasiaHTraH.

3amanOan akCHOMaTUKAJIBIK 0asHA0010 EBKIMIANH reomMeTpusichl
naibiM one [wibOepTTHH akcHOMamapblH TakgagaHOalT. MEKTENTHH
reOMETpUsICBI ~ OyJl ~ akcuoMmajap  CHUCTeMachlHBIH  ap  TYPAYY
MoaupUKaIUsIapbIH/Ia TY3YJIT6H.

XX  kbuibiMza  JI0oOaueBCKUMIMH TE€OMETpPHUSACH  aOCTPAKTTYy
MaTeMaThuka YYyH 5H YOH MaaHWUTe 39 OJKEHIUTH OalKajbll, aHbIH
KOJIIOHYJTYIITy MEHEH TY3/1eH Ty3 OaillaHbllTa SKEHU OWIMHET. A.
OWHINTEWIUH SMIeKTEPUHIETH MEUKWHIWK MEHEH YOaKBITTBIH €3 apa
Oaitnanpibl JI0OAUeBCKUMINH TEOMETPUACHIHA TUKEICH-TUKE THEIICCH
0ap SKeHU OWJIUHET.

1.4. A3bIpKbBI AYHHO1O, NAYHHOJIYK MAJAHUATTA 3KAaHA TapbIXTa,
aHbIH MYMHAE TYMAHUTAPABIK WIMM/IEpPAerd MATEeMATUKAHBIH OPAY
sKaHa poJry

MaTemaTUKaHbIH aJlaM3aTThlH MaJaHUATBIHAATEl POy asgOail YOH.
OunocopUSHBIH  TapbIXblHA  KaWpbULyy  MEHEH  OILIOJI  Ke3Jeru
MaTeMaTUKaHbIH HETU3/1004Y16pY MaTEeMaTUKAJIbIK WIUM/IY,
¢unocodusHbiH Oup Oenmyry, AYWHEHY TaaHyy Y4YH KapaxaT Karaphbl
KapalikaH.
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UbIHIIBIKTHI ©316IITYPYY. TaaHbin OWITyyAery biIKMalap

/ \

Maremaruka dunocodust
(MaTeMaTHKaJIBIK METO/T) (pumocopusUITbIK METOT)
7y \ / 7y
dopmaiayy MeTo1 Kareropwustiap: MasmyHnyy meTon
CBIPTKBI-UUKH Tun-raGureiii
Tun- XKacanma Canbl-canaTsbl

Masmyny-¢popma
MaHpbI3bI- KyOyTyII

OOBEKTHBAYY PEATTYYITYKTYH aHAU3IUH MeTOIopy (3KOITy) sKaHa
ara THEIIeNyYy THIAEP

MaremaTuka Kaimbl agamM3aTThIH MaJaHUSATBIHBIH Oup Oenyry
0omyn 3cenrteneTr. AgamM3aTThIH ©HYTYYCYHYH OUp KaH4ya MUH >KbUIJIBIKTap
00I0 MaTeMaTUKAJIBIK (PaKTTapAbIH TONTOJYIIY 3KH >KapblM MUH JKbLI
MypyH MaTE€MaTUKAaHbIH ©3YHY6 WJIUM Karapbl Maia OoJyllyHa ajblIl
KenreH. bambipkel  [penusaAna  OKyTylnyydy KBaApUBHM  IPEIMETH
apu(QMeTUKaHbl, TE€OMETPUSHBI, ACTPOHOMHUSHBI >KaHa  MY3bIKaHbI
KaMTbhITaH. AJamM3aT YYYH MaT€MaTUKAHbIH MAaHUCHUHUH YOH SKEHIUTHUH
EBxnuanun “bamtanbiiibl”’ KATEOMHUH 9H KOIl KOy OaChUIBIN YbITBIIIbI
AWTBIII Typar.

MatemaTuka WIMMUNA K63 KapallThIH UIITEIUN YbITHIIIBIHA jKaHA 3aPbLI
OONrOH  JKaJlmbl ~ MaJaHUW  JEHIPAJIre  JKeTYYHYH  »H  Oaid
MYMKYHYYJTYKTOPYHO 393.

Kypuan Ttypran ayiHeHY TYWIYHAYPYY apaketunae “Omuere?”
JereH CypooHy Oepun  oTypym, Oaliblpksl  uiiocod-coducrep
MaTeMaTUKaJIbIK OMIIMMIEPIUH OO YbIrapyy 3apbUTUbLIbITbIHA KEJTEH.

VY i1yy MaTeMaTuKaJIbIK UIesIap IbIH Kapalblll TapbIXbl, KOPYHYKTYY
MaTeMaTUKTepAuH Tarabipbl (Apxumen, ["anya, [Tackans, [Nanuiei, [Maycc,
Oinep, KoBanesckas, UeObImes .0) akbUI KaHa )KYPOK YIYH a3bIK Oeper,
WIMMI€ YbIH JWIJIEH KbI3MaT KbUTYyY (QUIOCOPUSIBIK Ol XKYTYpTYYJepre
kaHa (HpaBaJIbIK) aJIENTYYIYK U3MIICHYYJIOPTO albIl KeJleT.

Jlorukanslk OWJIOO MAaTEMATUKAHBIH METOAYH KOpPCOTOT, OLIOHIYKTaH
aHbl YMpPOHYY JIOTHKAJIBIK O XYTYpTYYHY TapOusiiaiit, ap Oup amam
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Owiryycy 3apbul  OONroH ceOen-HaThliika OaillaHBIITAphIH — Tyypa
OpHOTYyra MYMKYHAYK OepeT. MaremMaTuKaHbl TYIIYHIYPYY CTHJIM, aHBIH
TUJIM CYIJIO©® pEUMHE TAaCUPUH THUUTH3ET. Ap Oup madanusmmyy aoam
MaAmMeMamuKaHulH He2u32u MYUWYHYKMOpY: cau, QyHKYUA,
MAMeMamuKaiblk Mo0elb, an20pumm, bIKMbIMALOYYIYK, ONMUMU3AYUSL,
OUCKDEMMUK JHCaHa Y32YIMYKCY3 YOHOYKMApP, 4YeKCU3 KUYUHE IHCAHA
Yyekcus 4OH YOHOYKMApP MYUWYHYKMOPY HCOHYHOO MAanbiMamvl OOIYULYy
kepek. Ken, KOHKpeTTyy ¢dopMynanap *aHa TeopeMmaliap *KOHYHIe 3MEC,
HETM3rH TYUIYHYKTOp jKaHa ujaesaap Tyypatyy.

MatemaTukaHbl MEKTEN KypCyHaH rana OuireH agam XX KbUIbIMra
YeHUH TONTOJITOH KaH4ya OWIMMICPIWH KaHAauawslp Oup OedyryH rana
MEKTeN KypCcyHaa OepuiiepuH ce3dece ga Kepek. A3BIPKbI KYH/IO ail CailbiH
MUHJIETEH JKaHbl TeOpeMaliap AAJUIIA666pYy MEHEH >KapbhIKKa YbIrapbUIbII
aTtar. MaTeMaTuKaHbIH KOJIJIOHYJIYIY )KOHYH/Ie Co3 KblI0acak Ja KaHaail
raHa TapMakTapAa KOJJOHYIyN Keje kaTtar. MaTeMaTUKaHbIH YeruHUH
KCHEWMHUIIM, aKTUBIYYJYKTYH KYuellly >KaHa MaTeMaTUKTEpJIUH WIMMIUH
NpeIMETH KOHYHJ® OIOHYH ©3repYYCYHYH OpTOCYHIAarbl  ThIThI3
OaiyIaHBIILITHI OENTUiIeH KETYY Kepek.

A3BIPKbI ME3THIIIE “MaTeMaTUuKaJIbIK JIMHTBUCTHUKA,
“MaremaTukaiblk Ouosorus’, “MaTemaTHKanblK SKOHOMHKA~ K.0. ce3
TU3MEKTEpM MEHEH 94 KHUMJIM TaH KalTbipa an0aitopi3. MartemaTuka
OYT'YHKY KYH/16 KEHEHUIIIN MEHEH TePEeHACTUIIUIIM 12 KOIIO JKYPYII XKaTar.
MatemaTika KOOMIYH 3>KallOOCYHJa KOPYHYKTYY OpYHIy 93JIel Kelie
Karar.

MateMaTuKaHbIH OapAbIK JKEepAe KOJIOHYIYLIy K33 OMp amamaapra
TaOBIIIMAKTYY >KaHa MIEKTYY OOJyn KepyHeT. UbIHABIThIHIA 1€, (u3nKa
’KaHa XUMHUS Ja 4OoH MaaHure 73. Pusuka OU3 YUYH KaHbl SHEPTUs
OynakTapblH, Te3 OallIaHBILITHIH KapakaTrTapblH OepeT. Xumus 00Jco
’KacaiMma Ke3JeMelepAu Kaparar, jkacalMa TamaKTap/bl >KapaTyyHYH
aNJbIHAA Typat. byn unumaep agaMabsiH 3HEprus, OaiyiaHblil, TaMak >KaHa
KHMHMM >KaKTaH MYKTaKIBIKTapblH TaOyyra skapjam OepeT >kaHa OW3IHUH
KAIIOOT0 THIT'bI3 OANIaHBIIITA KUPUIT KAJITaH.

®du3zrkara OKIION KOTOPYIYYHYH aHbI KOJJOPYH, XUMHUSTa OKIIOI
aHbl OyroMJap/abl aubLIbII jkacabaraH MaTeMaTHKa ajJaM3aT YYYH 3MHE
oeper?

OMHere KaHjailaplp OWp WIMMJIHMH >XaHa TEXHUKA TapMarblHJa
MaTeMaTUKaJIbIK METOAJIOPIYH Maiiga Ooylry Oenruiyy >KeTHIIKeHIUKTH
YKaHa OHYTYYHYH >KaHbI 3Ta0bl OalTaaraHbiH OUIIUpeT?

Byn cypooro kemuyniyk ydypAa TapTbUITaH KOOI KaTapbl, MaTeMaTHKa
MKAKIIbl 3CENTETH OWIeT, omoy cedenteH udpanblK OepuiireHaepanH
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MaTEMaTUKAJIbIK UIITEN YbITBIIIBIH U3WIIJICHUII )KaTKaH MPOIECCTE KaMChI3
KbLJIAT JETEH »O0OoI OOJITOH. BUPOK a3bIpKbl 3aMaHjarbl MaTeMaTH3alus
ceOenTepuH TYLWIYHAYPYYAOIY apakeTTe MaTeMaTHUKaHbIH 3CENTeo
MYMKYHYYJIYKTOPY 3H OallIkbl MaaHMHH OMHOOOM Kanar.

Bbyn mpouecctuH Herusru cebedu TOMOHKYAOM: OalIka WINMJIEpP CyHYII
KbUITaH aH4ya a0CTPAKTTYy AMEC KaHa yap:KalbIT MOJENACpre Kaparanaa
MaTeMaTuKa >Kajmbl >KaHa Kypdyan TypraH YbIHIBIKTBI YHPOHYY YUYH
KETHUIIRIPIUK JCHIIIJIAE TaK JIOTMKAIBIK MOJEIAECPAN CYHYII KbLIaT.
MpbIiHgal MOJIENIEpIn MATEMAaTUKA ©3YHYH 63reue TUJI — CaHJap TUJIU, ap
TYPAYY CUMBOJIIOpP MEHEH OepeT. MaTreMaTuKaHbIH U306 00BEKTHIIEPU
KaTapbl JKapaTbUIbIIITArbl, TEXHUKAIArbl, KOOMJIOTY KYyOyJIyIITapibl
CYpOTTO6 YUYYH TYpry3yiraH JIOTHMKaIbIK MOJENAEp KbI3MaT KbLjar.
W3unaenyydy oOBeKTTHH (KyOynymn, mporecc k.0.) MaTeMaTHKaIbIK
MOJENH Jem, Oyn OOBEKTTHMH TeOMETPHSUIBIK (OpPMACBhIH KaHA AaHBIH
CaHJbIK MapaMeTpJiepu OPTOCYHJArbl CaHABIK KaThIIITAP bl YarbUIAbIPTraH
JIOTUKANIBIK KOHCTPYKIMSI aTtajaT. MareMaTuKalblK MOJENIb KapaJibld
KATKaH OOBEKTTUH TUTWJI K€ Oyl JKaKTapblH YarbULABIPHINT >KaHa
KaJIbIObIHA KENTUPHUII JKAaThIIl MAaTeMATUKAJIbIK TEOPUSHBIH IPUHIUIITEPUHE
TasiHbIN OOBEKT KOHYHI6 JKaHbl HHPOpMaLUs OEpUIITT MYMKYH.

Orepie MaTeMaTHKaJIbIK MOJENb Kapayblll JKaTKaH KyOynaylTyH
MaHBI3BIH Tyypa 4YarbUIbIpca, aHja ajl Mypaa TaObuibaraH 3aKoH
YeHeMAYYJIYKTOpy, TEOPUSUIBIK JKaHa MPaKTUKAJIBIK  Maceselepau
YypIrapyyra MYMKYHUYJIYK TY3r6H IIapTTapIblH MaTeMaTUKAJIBIK aHAJTM3UH
oeper.

AnGeTTe, MaTeMaTHKa TyMaHUTapHiliepre (aHBIH WYMHIC FOPUCTKE)
Keperu 6apObI? — IereH Cypoo Maiiia 00JIoT.

OH KepeKTYy YKYK, MeIullMHa, TaOWsST TaaHyy >KaHa Oallkaiap
CBISIKTYY 3JIe MaTeMaTHKa Jla aJjamM3aT MaJlaHUAThIHBIH Oup Oeyry Kartapbl
scenTeneT. AaM3aTbhlHBIH OapJblK SH MBIKThl OWJIOPYHYH JKaHa
KOJIIOPYHYH (YEJIOBEUECKHX PYK) KETHUIIYYJepy ap Oup agamra 3apbii
0O0JTOH T'yMaHUTapAbIK OUIUM O€pYYHYH HETH3UH TY36T. MblHa yIIyHIaH,
MaTEMaTUK-CTYJICHTKE VYKyK KaHJal JAUCUUIUIMHA O0JCO, CTyACeHT-
rYMaHUTapuil YUyH Ja MaTeMaTUKa >Kallbl OUIuM Oepyydy JUCLUILIMHA
OOJyTI ScenTeNeT.

Bbupok 10pUCT YUYH MaTeMaTHKa YIIYHY MEHEH 3JI€ YEKTEIUN KanOauT.

M.B. JIOMOHOCOBIOYH CO3YH 3CKepTe KeTenu: ‘MaTeMaTHKaHbI
aKbLIAbl KAJBIObIHA KEeJTHPIreHINIH YYYH YHPOHYY KepeK . OH ajiblH
©3YHYH WYKA TapTUOM, ©3YHYH JIOTMKachl YYYH YEKTEJOEHT.
MartemaTukagarsl WYKM TapTUOM ©3reue KO MEHEH JIOTHKaJbIK
KATBIIITHIH )KYPYYCY MEHEH TY3YJIoT.
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MartemaTuka aKbUIJIbI TapTUNTEHITUPYY  YYYH ©3YHYH
KOHCTPYKLMSUIAPBIHBIH KAJMbUIBIK KaHa aOCTPaKTTYyJdyK KacUeTTepu
MEHEH TaaCHUpHH THHUTH3eT. MaremaTtuka ap TYpAYY dpekenepre kaHa oup
TUINITYY Macesielepid ublrapyydarbl aHbIKTaJTaH METOAopro Oail.
MpbIHAal MaceseNiepnd Yblrapyyia aaM Tak alrOpuTMIN CAKTOOCY, KauChl
amaJiJibl KaHAal TapTUITE aTKApyy KePEK SKCHIUTUH OMIIHILN KEepPeK.

Marematnka ap KaHmaih Tunrern (TypAery) 3peKesepiH,
TaIbIpMaIapAbl, UHCTPYKIUSIAPABI JKacal kKaHa anap/bl TaK aTKapyyHy
yiipereT (ropucTke Kepek Ooiron camartrtap). HOpucnpyaeHnusga
MaTeMarhkKagai »sjae Oup O JKYTYPTYYHYH Oup 23j€ MEeTOAJA0PYH
KOJIJIOHYIIAT, MaKCaThl — YbIH/BIKTHI TA0YYy.

Kaamaran ykyk TaaHyydyy MaTre€MaTHK CBISIKTYY 3JI€ JIOTMKAJIBIK O
KYTYPTYYHY >KaHa TNpaKTHKaJa WHIYKTUBIYY  JKaHa JEAyKTUBIYY
METOAJOPAY KOJJIOHYIITY OWIMIIM Kepek. MbIHAa  OIIOHIYKTaH,
MaTeMaTUKaHbl YHPOHYY MeEHEeH OOJIOUOK YKYK TaaHyydy ©3YHYH
npoeccuOHaNIBbIK OM KYTYPTYYCYH KaJbIITaHbIPaT.

AHJIaH CBIPTKapbl, MaTEMaTUKAJIBIK METOAJOP]Y KOJAOHYY ap Oup
aUCTUH MYMKYHUYYJIYKTOPYH KeHeWTeT. MaaHwiyy poJioy CTaTUCTHKA,
uH(pOpMAIMSIHBL Tyypa HINTETYY, Tyypa O>KbIUBIHTBIK 4YbIrapyy >KaHa
00XO0MOJI KbUTYy OMHOUT. bynapabin 6aapblH OMIIreH aJucTUH 0aanyyinyry
KOTOPYJIAUT.

CrarucTukanbik MaajbIMarrapra KaparasHja ©3/16pYHYH
KapbepachlH WHTWIMKTYY kacarannap (OaHKUpiep, JKEKe HIIKepIiep)
KOXno anran TepeH MaTeMaTUKaIbIK OMJIMMIEPUH KOJOHO OUITYYCYHIO
typar. bemrmnyy Ouonor Yapnws3z [dapBun: “MareMaTukaHblH yiIyy
NPUHIMIOTEPUH YHUPOHYI aliraH ajamjapja Oarikajapra kKapara€jga Oup
CE3YY OpraHbiHa KOl - JEreH.

bu3 maremarvka KbUIBIMBIHAA >Kamiamn >kata0bi3. XX KbUIBIMIBIH
OamipiHaH OamiTanm MaTeMaTHKa aJaM3aTThIH OapiblK  oOJacTTapbiHA
aktuBayy ete Oamranel. K. Mapkc aiTkanmai: “Wnum maTemaTUKaHbBI
KOJIZJOHO aJica, OUIOHJIO TaHA WJIMM KOTOPKY JEHIDAIINe KETET . A3BIPKBI
yuypa K33 Oup WiMMJIep MaTeMaTHKaHbl Kypajd KaTapbl KOJJJIOHO
Oamramica, ajm MU K33 OUpIIepH, MHCalbl, TYMaHUTApUNIEp MU TaHA
KOJJIOHO OamramThl. AJapAblH apacblHAa Jarbl 3¢ MaTeMaTHKaJbIK
METOJJIOPAYH KOJJIOHYY NEPCHEKTHBAChIHA KYMOH CaHAaraHaap a3 3Mec.
bupok anmapapiH KemuyJyKk 0eiayry mMareMaTukaHbl “KOJAOHYY KEpeKIH'
JIET€H CYpPOO 3MEC, KaNChI )Kep/I€ KaHTHUI KOJJOHYY KEPEK IETE€H CYPOOHYH
YCTYHI® OWJIOHYII JKAThIIIAT.

MatemaTuKaablk OMIMMAEPAN KOJJAOHYYAArbl T'yMaHUTapUNIIepIuH
TaXpbIKOACHl AalllbIIl JKAaTKAHJBITBl Tyypalyy anabusrtrap mnaiina 0010
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Oartajpl, MUCaIbl, MATEMATUKAJIBIK METOJAOPIYH TapbIXbli H3UII106/10
OupuHuM KongoHynylry Ooronua: “MuponoB b.H., Cremano 3.B.
Uctopux u martemaruka. JI.:Hayka, 1975” amabusiter 6o0nroH. AHmaH
KUMUH OPUCTTEP YYYH MATEMATUKAJIBIK OWIMMIEPAN OPUAUKAIBIK
MPaKTUKA/A, KPUMHUHAJIUCTUKAAA KOJIIOHYJTYIILY KOPCOTYJIIOH:
“TuxomupoB H.B., IllenexoB A.M. Maremaruka: Y4eOHBIH Kypc IS
topuctoB. M.: FOpaiit, 1999.”

KoHkperTyy Maremarukanblk Ounumzaepre 33 OOJlyyHYH HETHM3HMHIE
Kypuarl TypraH AyWHOHY MaTeMaTUKaHbIH Kapa)kaTTapbIHbIH Kap/laMbIHIa
TaaHbIN OMIIYY KaHa Ce3YY aJaMIblH MHIUBUYAJIbIK UIIMEPAYYIYTYHYH
maptrapbiH Ty3yy - Oyn KOXKnory matemaTukanblk Ouianm OepyyHYH
MaaHUJTYy KOMIIOHEHTACHI CBIKTYY 3Ji€ Kaja Oeper.
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2-TJIABA. KOIITYKTOP TEOPUSACHI ’KAHA
JAUCKPETTUK MATEMATHUKAHBIH DQJIEMEHTTEPU

Marematukagarsl METOAAOPAYH Oupu Oodym  aOCTpaKIUSHBI
KOJJIOHYY MeToqy Oonym 3cemnrener, 0.a. Oya METOIAy KOJIJIOHYyHAa
KOHKPETTYY MaallbIMaTrTap 3CKe aiblHOalT. Bya KenTyk TYyHIYHYTYHYH
naiija OonymryHa anbin keieT. KenmTyk TymIyHYry MaTreMaThkaaarsl
HETM3TH TYLIYHYKTOPAYH Oupu OOyl 3cenTenerT.

KenTykTep TeopusiChl ©3YHO KOINTereH ap Typayy TYLIYHYKTepAy
KaHa ajapJblIH OUpU-OMpW MeHeH OONroH OalIaHBIITAPBIH KaMTBIMT.
KenrTykTep TypMmymTa KeHUpH KOigoHyJdaT OUIOHIYKTaH —ajap/bl
TYLIYHYY ’KaHa KOJIJOHO OUJTYY 3apbLl.

KenTykTep TeOpHsCHIH ©36IITYPYY/l®6 KBAHTOP Jel aTajiraH
TYINIYHYK KeHUpH KoyjgoHyiar. KBaHtop (aThlH THIMHHH quantum —
“kaH4a” JIETEH CO3YHOH allbIHTaH) JeN KaHAaWaplp OHp OOBEKTTHH
AJIEMEHTTEPUHE THELIEYY OOJITOH KaJbl MyHO316MOHY auTaObI3.

Kanumku cyiilemne MbIHAAH MyHe31eMenep Y4yH ‘0apiabik’,
“kaamarangai”’, “ap Oup”, ‘““xamadt’, “k33 Oup”’ HereH ce3mep
KOJIJIOHYJIaT.

[IpakTrKana HETrM3MHEH KU KBAHTOP: KAJMNbLIBIK KBAHTOPY KaHa
K00 KBAHTOPY KOJIJJOHYJIAT.

Kannpuiblk KBaHTOPYH Oenruiiee YuyH “V ™ CHUMBOJY alblHAT jKaHA
an “Oapapik”’, “kaanmaranpai”’, “ap Oup” HereH ce3AepIyH CUHOHUMU
KaTaphl KOJJAOHYJIAT.

Kamoo kBaHTOpyH Oenrmiee yuyH “3” CUMBOIY ajlblHAT jKaHa all
“xamrant”, “k»3 Oup” JeTeH Co3IOpAYH CHHOHUMU KaTaphl KOJIIOHYAT.

MpbIHAAaH THIIKAPBI CYWJIOMAOPAY CUMBOJIIOPAYH >KapJaMbl MEHEH
xazyyna ‘““kana’, “xe”, “kenun yeirar’, “T€H Ky4dTYy JEreH Cce3JAepayH
OpJlyHa TOMOH/]1® KOpPCOTYITeH CUMBOJIIOPAY KOII0HOOY3:

A7 - "xkana”;
“\/”—“)I(e”;
“=" — “kenun ypbirar”;

<" — “TeH KyuTyy .

2.1. Kentykrep. Herusru TymyHyKTop

KenTyk TymyHYry - MaTeMaTHKaHBIH aJITadykbl TYNIYHYKTOPYHYH
oupu Oomym ocenrtener, 0.a. am Oamka TYIIYHYKTOP apKbUIYy
aHBIKTAI0ANT, OMPOK TYUIYHAYPYY KOOy MeHeH OasHpanat. Kemnrtykrep
TEOPHSICBIHBIH TY3YY4dycy Hemer okymymrtyycy I'. Kantop (1845-1918)
00T oH.
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Kentyk nmenm kaHmaiiplp Oup OOBEKTTEPIUH  KBIMBIHIBICHIH
TymyHe0y3. Mucaibl, OYTYH CaHAAPJBIH O KBIMBIHIBICH,  JIATHIH
anpaBUTUHUH TaMrajiapbl, YHHUBEPCUTETTETH CTYICHTTEP, aCMaHJarbl
KBUIIBI3AP, Aaphlsiiap, Kejaep, TOOJOp, aBTOyHaajaap K.0. OOBEKTTEp
KOINTYK TYIIYHYTYHO Mucan Oono anaT. MpIHAaH, KONTYKTY TY3reH
OObEKTTEPANH KapaThUIBIIIBIHBIH ap TYPAYYJYTYH >KaHa KOMNTYKTep
TEOPUSICHIHBIH KOJOHYIYITYHYH KEHUPH SKCHIUTHUH OaiikaiObI3.

KentykTy Ty3reH o0bEeKTTEp KONTYKTYH 3JIeMEHTTEPH JCM arajar.
Jlemek, ap Oup KONTYK 3JIEMEHTTEpIEH TypaT. DJIEeMEHTTEPUHUH CaHbl
YeKTYY OOJITOH KONTYKTY YeKTYY KOMNTYK JIeM, aJl MU DJIEMEHTTCPUHUH
CaHbl YEKCU3 OOJITOH KOMNTYKTY Y€KCH3 KONTYK JIeT ailTaObI3.

Kenrykrep natei andasutunud yoH A,B,C,...,X,Y, Z Ttamramapsl

MEHEH, aJl 3MH 3JIEMCHTTEPH JIaThIH aja(paBUTUHUH KW4YMHE a,b,C,...,X,Y,Z

TaMraiapel MeHeH Oenrunener. KenTykTyH snemeHTTepu (uUrypaibik
KalllaajJapJblH WYUHE 5Ka3bUIbll, OUPU-OMPUHEH YTYp apKbUIyy
aXXbIpaThLyar:

A={a,b,c,d,e, f}, N={1,2,3,...,n,...},

B ={Acawn, Ycon, bamma, 3yypa},

C ={Sun,Mon, Tu,Wen,Thu, Fri, Set}.
Kenrtykrepay »aHa anapiblH AJIEMEHTTepUH Oamka andaBUTTEPAUH
TaMrajiapbl MEHEH Jia Oenruieere 0OJOT.

KenrtykTepmy 02Ku Typayy kol MeHeH Oepyyre Oomor: 1)
AJIEMEHTTEPUH CAHOO YKOJTY; 2) 3JIEMEHTTCPUHHUH KAaCUETHH OasHI00 JKOITY
MEHEH.

XKoropynarer wmucanma A,N,B,C  kenTyktepy KeNTYKTYH
AIIEMEHTTEPHUH CaHOO K0Ty, 0.a. 1-5k0om MeHeH Oepuiau.

KenTykTyH 3Je€MEHTTepUHUH KACUETTEPUH OasHI00 KOy MEHEH,
0.a. 2-xon MeHeH Oepyy TeMeHKyneil 0onor. Orepae A KeNTYTYHYH
OapIbIK AJEMEHTTEPU o KaCUETUH KaHaaTTaHIbIpca, aHga A KeNTyryH
TOMOHKY oM %a3a6b13; A= {X : ar( X)}.

Mucanel, A= {X :XeNA X< 6} KONTYTY  DJIEMEHTTECPUHUH

KACUETUH O0asHI00 KOy MeHeH Oepuiau. UbIHAbITbIHAA Oyl KemTyK
A= {1, 2,3,4, 5} KONTYTY MEHEH J1aJI KEJIET.

MpbIHAaH THIIKApbl KONTYKTY OasHA00A0 aHbIH 3JIEMEHTTEPUHUH
UPETTYYJIYTY 3CKE abIHOAMT.

XKoropyaa mucanaa 31eMEHTTEPUHUH CaHbl YEKTYY OOJITOHIYKTaH
A, B,C kenTykTepy YEKTYY KeITYKTep, al 3MHU DJIEMEHTTEPUHHUH CaHbI

yekcu3 0oaroHaykTaH N KenTyry 4eKcu3 KenTyK OOyl dCenTeeT.
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bup na syieMeHTH KOK OOJTOH KONnTyKTy 0om (Kypy) KOemTyk e
aiiTa0bI3 J)kaHa aHbl & CUMBOJIYy MeHEH Oenruieitous. Mucansr, A = {Kep
IIAPBIHBIH AfJIaHACHIH/IA AlIaHBIN KYpreH Iutaneranap}, B = {bupunun
KJIACCTBIH OKYYYYJIapbIHBIH apacblHAa OOIOHYH Y3YHIYry 2 MeTp OOJIrOH
OKyy4yJiap } — KeNTYKTepy OOIIl KeNTyKTepre Mucal 00JIo aiar.

X 3JeMEHTH X KONTYTYHe TaaHJbIK (ke THemeNnyy) JereHau X e X
apKbUTYy Oenruieions. drepae X AJIEeMEHTH X KONTYTYHO TaaHIbIK dMEC
aereHan X ¢ X (ke X € X ) eI xa3a0bI3.

Orepne A KenTyryHyH OapibIK 3jeMeHTTepu B kenTyryHyH na
arieMeHTTepH Oosico, anaa A kenTyry B kenTyryHyH 0eJyK4e KemTyry

(KOnTyK4e) el arajaT jkaHa TeMeHaeryaed aspuiar: AcB. "cC

CUMBOJIy KONTYKTODAYH KaMTbUIyyCyH TywyHAypeT. bom kentyk
KaaJlarad KeNnTyKTYH OejyKue KenTyry 00JorT.

Mucansl, A={l,2,3} xana B=1{5,2,4,3,8,1} kentykrepy Gepuice,
anga Ac B 6omor, cebeOu A KONTYTYHYH DJIEMEHTTEpU B KenTyryHie
Ta0bLIaT.

Ka3371e KOnTyKTyH 3JeMEHTTepU Ja KOeNTYKTep OOJIyllly MYMKYH.
Mucansl, A KemnTyry YyHHUBEPCUTETTHUH 4 — KYpCYHYH CTYJIEHTTHUK
TalnanapblHbIH KenTyry OosicyH. Byn ydypaa cTyAaeHTTHK TaimanapibH
ap Oupu €3 yuypyHJla KeNnTYKTepay Ty3YLeT. MbIHIaH, KONTYKTYH Oup
Heue 0eITyKue KeNTYKTOPYHYH *alllail TypraiabllblH OalkaiobI3.

Orepae A KenTyryHyH ap Oup »iemMeHTH Oup sae yuypaa B
KONTYTYHYH 3JIEMEHTH 0O0JICO *aHa TeckepucuHye B xenTyrynyH ap Oup
aneMeHTH A KeNTYTYHYH 3JieMeHTH 0oJico, anaa A »xaHa B kenrtykrepy
Oapabap nen aranar >kaHa TOMOHKYJ1eH xka3puiar: A= B.

Mucams, A={b,c,d,a} wxama B={a,d,b,c} xenrykrepy
Oupiel dIEMEHTTEPACH TYPTraHAbIKTaH anap 6apadap 000T.

YHuBepcanablk (HETW3rH) KONTYK Jielm  Kapajiblll KaTKaH
KONTYKTOPIY KaMTHIII TypraH KenTYKTy alTaObI3 >kaHa aHbl U Tamracel
MEHEH OeNrunenons.

Mucasbl, R 9bIHBITEI canmaapabiH KenTyry Q paluoHaIbK KaHa J

UPPAMOHAIBIK CaHAAPbIH KONTYKTOPY YYYH YHHBEPCAIIBIK KOMITYK
oosor, 0.a. U =R.

2.2. KenTYKTOpAYH YCTYHOH aTKAPbLIYY41y amaJyiap

KemnrtykrepayH ycTyHeH Oupuryy (cymma), kecwumiyy (keOeityy)
KaHa aiipipMa (KeMHTYY) aMmajjiapbl arkapeiiat. KenTykrepayH ycTYHOH
aTKapbUIyydy amajjap »aHa ajlapJblH Kacuerrepu keOyHue OJiinep -
Bennaun nuarpammarnapsl apkbulyy TYLIYHAYPYJAOT. Ounep - BeHHauH

33



auarpaMManapbl  JIell  KONTYKTOPAYH JKaimak (urypamap apKbULyy
CYpPOTTOIYIIYH aliTa0bI3.

A owcana B xemmykmepynyn oupucyycy (cymmacel) Oen
anemenmmepu dce A, owce B renmyxmepyne maanOvix 6oneon C
KenmyeyH aumabowi3 dxcana memenkyoeu oeneuneuousz. C=AuUB, 6.a.
C={x:xeAvxeB}.

Mucansl, A={4,5,6,8} xama B={1,4,3,8 Gonco, anma
C=AuB={13,4,56,8} 6omor.

Kentykrepayn  Oupuryycyn — Oinep-

BeHHIMH TerepekTrepu MEHEH TOMOHKYIeu
cyperteere 0Oomnor: oarepae A kaHa B
KONTYKTOPYH TETepeKTep MEHEH MYHO3/IOCOK,

aHja  ajmapabld  Oupuryycy  l-umiimesne AUB
KOPCOTYJIIOH INTPUXTENTEH ¢urypanst 1-umiive
AHBIKTAUT.

KentykTepayH OMpUryycy TOMOHKY16M KaCUETTEPTe 33:

1°. AUB=B U A (KOMMYyTaTHUB/IUK);

2°. AU(BuUC)=(AuUB)uUC (accormaTUBIHK);

3% AUA=A.

A oicana B xenmyxkmopynyn kecusmmyycy (kKeGedTyHIyCYy) Oen
anemenmmepu A kenmyeyHe oa, B xenmyeyne oa maanowix 6oneon C
KenmyeyH aumaobwlz socana memenkyoeu oOeneunetiouz. C=ANB, 6.a.
C={x:xe ArxeB}.

Mucanbl, A={4,5,6,8} xana B ={1,4, 3,8} kentykrepy Gepmuiice,
anma C=AnNB= {4, 8} 00JI0T.

Orepae KOIITYKTOPAYH YKaJIIbI
AJIEMEHTTEpPU  JKOK  0oJico, aHga  ai
KONTYKTOPJIYH KECHIMIIYYCY OOl KOmTyK
oonor, 6.a. C=AnNB =Y. Kenrykrepayx
KECWIHIIYYCY Jiiiep-BeHHIMH TerepekTepu
apKbUTYy 2-4uiiMeie KOPCOTYIITOH. AAB

KentykrepayH kecunuiyycy
TOMOHIOT'Y16M KaCUETTepre 3.

1°. AnB=B N A (KOMMYyTaTHUB/IUK);

2°. An(BNnC)=(AnB)NC (accormaTuBauK);

3 An(BuC)=(AnB)U(ANC) (TucTpuOBIOTHBIUK);

40 An A=A,

A orcana B kenmyxkmepynyH autelpmacwel Oen, B kenmyeyHyH
nemenmmepu Kupbecen A KonmyeyHyH dnemenmmepuren mypean C

2-4yuiime
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kenmyeyn aumabwviz ocana C=A|B

APKBLILYY beneuneous,
C=A|B={x:xeA A xgBj}.

Mucaisl, A={8,9,10}  >xama
B=1{9,10,11} 6epuice, anma C=A\B={8} A\B
00J10T.

A xaHa B KOITYKTOPYHYH
afbIPMACBIHBIH T€OMETPHSUIBIK HHTEPIPETANUCH (TYIIYHAYPYIYIIY), O.a.
Oiinep-BeHHauH Terepekrepu apKbUlyy 3-4uilMeie YarbUlIbIPbUITaH.

A oicana B xenmykmepyHyH CUMMEMPUATLBIK AUBIPMACHL Oen, Jice
A kemmyeyne owce B kemmyeyHe maaHOblk  007120H  OAPObLIK
allemMenmmepoun konmyeyn aumaowiz (93koono oup yoakeimma smec), 6.a.
AAB=(A\B)U(B\A) apkoinyy bercunetious.

Mucanel, A={8,9,10} xana
B=1{9,10,11} Gepuiice, anna
AAB = {8, 11} 6omnot. KentykrepyHnyH

CUMMETPHSUIBIK  aiiblpMackl  Dilnep-
Bennnun Tterepektepu apkbulyy  4-
YUHMEE KOPCOTYJITOH. AAB

Mmucan. 4 = {1, 2, 3, 4, 5} xana A-guiime
B={2, 4, 6, 8, 10} xenrtykrepy
oepuwicun. byn kentykrep Oapabap Oomo anabei? byn kentykTepayH
OMPUTYYCYH, KECWJIMUIYYCYH, albIpMacblH, CUMMETPUSIYY ailbpMachiH
TarKbUIA.

Yeirapyy. byn kentykrep ap TypAYY JIEMEHTTEPIECH TypraHIbIKTaH
amap Oapabap sMec, OMpPOK DJIEMEHTTEPUHHH OPTOCYH/Ia OMpP MaaHUIYY
TUCIICTICIITUKTA  OPHOTyyra OOJOT, OIIOHAYKTaH Oyl KOINTYKTep
HKBUBAJICHTTYY. DKU KONTYKTYH OMPUTYYCY JEI XKOK Jerenyae xe A xe B
KOINTYTYH/® JKaTKaH Oap/bIK AJIEMEHTTEPACH TypraH KeITYKTY auWTaObI3,
6.a. AUB={1,2,3,4,56,8,10}. Byn KenTyKTepIyH KeCHJIMIIYYCY eIl

3-uniime

9KH KONTYKTO TeH KaTKaH 3JIeMEHTTepAeH TypraH KenTyK arajiar, 0.a.
ANB={2,4}. Alieipmanapsr A\B={1,3,5}, B\A={6,8,10} GapaGap.
Anja cummerpusityy aiibipma AAB ={1,3,5,6,8,10} 6apabap Goior.

Konyeyynop

1. A={1,2,3,4,5,6} xama B={3,6,9,12} kenrykrepy OepureH.
AuB-?, AnB-?, A\B-?, B\A-?, AAB —? TanksLiIa.
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JKooby: AUB={1,2,3,4,5,6,9,12}, AnB={3,6},
A\B={1,2,4,5}, B\A={9,12}, AAB=1{1,2,4,5,9,12}.

2. A=(-7,1] xana B =[- 3, 4] xecunmunepu Gepuice
AuB, AnB, A\B, B\ A, AAB-? Tankslia.

Kooby:

AUB=(-7,4], AnB=[-3,1], A\B=(-7,-3), B\A=(1,4],
AAB =(-7,-3)u(1,4]

3. A={0,1,2,3,4,5,6,7}, B={3,4,5,6,7,8,9},
C={3,-2,-1,0,1,2,3,4}, D={2,3,4,5,6} xenTykTepy 6epuice
(AnB)u(CnD)-? Tanksuia.

JKooby: (AnB)U(CnD)={2,3,4,56,7}.

Diinep - BeHHIUH TerepekTepu apKbulyy OepuIreH MUcalaap:

ANn(BuC)=(AnB)U(ANC)

c
%@B
A B

ANn(BNnC)=(AnB)nC
(A\B)\C=(A\C)\B
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2.3. IUCKPeTTHK MATEMATHKAHBIH 3JIeMEeHTTEePH

Jluckpemmux mamemamuka — Oyl MaTEeMaTHKaHBIH YEKTYY
(bMHUTTUK) KONTYKTOPAYH KACHETTEPUH H3WIgAeedy Oup KaTtap
OeyYMIIepYHYH JKajmbl aThl. J[UCKPETTHK MaTeMaTHKara 4eKkTyy rpadrap,
YEKTYY TpyIIaiap, 9YeKTYy aBToMaT, KOMOMHATOPUKA, KOJIJI00 XK.0. KAPET.
JIMCKpETTHK MaTeMaTHKa JUCKPETTUK aHaIN3, YEKTYy MaTeMaTHKa JIell J1a
aTasnar.

JIMCKpeTTHK MaTeMaTukanga (akTopual Jel aTalyydy HaTypaJIbIK
apryMEHTTYY (QYHKIHS KEHUPH KOJIJOHYJIAT.
Anvikmama. Tepc smec Oymyn maanunepoe
f(0)=1, f(n+1)=(n+1)f(n)
Gopmynanaper menen auvikmanean f(n) ¢yukyuacer N canviHbIH

ghaxmopuanvl den amanam dxcana n! den beneunenem.
AHbikTamagad VN yuyn nl=1.2-3...-n amabe. n=0 0oaronao

0!'=1 Gomnor.
Mucanmap. 1'1=1,21=1-2=2,51=1-2-3-4.-5=120.

2.4. KomOnHaTOpHKA

Komounamopurka — OepwireH OObEKTTEpACH THUTUI Xe Oy
miapTrapra Oam WireH KaHda TYpAyy KOMOWMHauusiapIbl Ty3yyre 000t
JeTeH MaceJeNepan U3WIJIEreH JUCKPETTUK MaTeMaTUKaHbIH OOITyTY.

[IpakTukana, KeOYHY® Oepuirexn YEKTYY KOINTYKTYH
AJIEMEHTTEPUHEH  KaHJalaplp  OMp  IIApTThl  KaHAaTTaHJbIpraH
AJIEMEHTTEPAM TaHJall alyy ke anapAbl OCNTHITyY TapTUITE KaAUTAITHIPYY
TaJar KbUIbIHAT.

Mucanpgap.

1) 1, 2, 3, 4 uudpanapplHaH KaHYa TYPAYY TOPT OPYHAYY
nudpanapsl kaiiTananbaran canaapasl xKazyyra 00J10T?

2) TeatpapiH KaccachiHAa Typrad 50 agaM KaH4a TYPAYY JKOJI MEHEH
KE3eKKe Typca 00J10T?

3) AromoOmiauH HOMepr 4 nmdpa xaHa 2 TaMrajaH Typca KaH4a
TYpPIYY HOMep yblrapyyra 06010T?

4) 5 opynayy Typayy mudpaiyy kaHda caH o6ap?

DeepOe KONMYKMYH OOIYKYO KONMYKMOPYHYH IJeMeHmmepuHuH
Jrcarieautyy mapmubu maauvuee 33 00JCO, aHOA anapobl UPeHmeizeH
Kenmykmep oen amaiiowi3.
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Deepde KOnmMyKmyH OOIYKYO KONMYKMOPYHYH 3leMeHMMEPUHUH
Jrcaveautyy mapmubu maauuee 33 60100co, aHOa aiapovl upemmenoezen
Konmykmep oen amaiiowi3.

Mucanw. a,b, c, d »oneMeHTTEpUHEH TypraH KONTYKTYH 3

AMEMEHTTYY 4 661yK4e KenTyKTepy 0ap
abc, abd, acd, bcd

KaHa 3 3JIEMEHTTYY 24 upettenreH 0eayK4ye KONTyKTepy 0ap
abc, abd, acd, bcd,

ach, adb, adc, bdc,
bac, bad, cad, cbd,
bca, bda, cda, cdb,
cab, dab, dac, dbc,
cba, dba, dca, dch.

OpyHaamreIpyy

N onemenmmen mypean Kenmyk Oepuicun. N  2NeMeHmmyy
KonmykmyH ap oup K snemenmmen mysyncon upemmenzeH OONIYKUO
KenmyayH, N onemenmmen K onemenmmyy opynoawmulpyy Oen
aumaowls.

AnbikTOOMOH N>Kk>0 »xaHa N 2yeMeHTTeH K  3JIeMEHTTYY
OPYHIAWITHIPYY — Oyn Oupu OHpPUHEH 3JIEMEHTTEPUHUH KypaMbl >KaHa
alaplblH  JKalranryy TapTHOM MEHEH albipMayiaHraH Oapapik K
AJIEMEHTTYY KOITYKTOpY IKEHU KOPYHYII Typar.

N anemenmmen K snemenmmyy opyHOauimvlpyyi1apOblH CaHbl

K n!
(n—k)!

Gopmynacvl MeHeH AHbIKMAIAm.

OpyHpamtelpyyHy — Oenrwiee  yuyH — dpaHIly3  TUIUHICTH
Arrangement (opyHIAIITHIPYY, KaJIbIObIHA KEITHPYY) JEreH CO3IyH
OupuHYM TaMrachl 601ToH A Tamrachl KaObLT aJIbIHTaH.

XKoropyna Ou3 mucan KenaTupreHjend 4 3JIEMEHTTeH TY3YITeH 3
AJIEMEHTTYY OpYHIAITHIPYY 24 Gapadap:

3 4 41 1.2.3-4

A = L S VY
(4-3) 1 1

1-mucan. dcenrerune A, Ag, AL,
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Yuvizapyy.
5 /M7 1.2.3-4-5-6-7

(7-5)1 2! 1.2
| | 1.5.6.7. | |
(8 B _M5:6.78 00 0 S S
(8—4) 4 41 (5-2)1 3l

2-mucan. Knaccrarel 20 opyHra 4 okyy4dyHy KaH4a TYPAYY >KOJ MEHEH
KalramTeipyyra 0050T?

20 _ 200 17-18-19-20 =116280.
(20-4)! 16!

Hewmek, knaccrarel 20 opynra 4 okyyuyny 116280 typayy xon
MEHEH >KalramTheIpyyra 00JoT.

3-mucan. Asromobunaua Homepu 4 1mudpa xkaHa 2 TaMmrajaaH Typca
KaH4ya TYpAYY HOMEp ubIrapyyra 00yoT?

Ywvicapyy. Keipreizcranaa “Z 18 99 27, “Z 10 95 B” x.6. chiikTyy
HOMEPJIEpAX MaMJIEKET 4bIrapar. Jlemek, TamMranapbl KalTaJaHbIIIbI
MYMKYH 5KE€H >KaHa aHTJIUC TWIMHUH 26 Tamracel maiiajaHbuiaT el
scenTeinin. AHja TaMmraiapra kapara 26X26=676 cepus Oap, an sMu ap
oup cepusiga 9999 nHomep ubirar. Annma 676x9999= 6759324 wHomep
yplrapyyra 00JoT.

Yuvizapyy. Ago =

OpyH aaMamTeIpyyJiap

N onemenmmen mMy3yncoH N 2NeMeHmmyy OpyHOauimolpyy N
NIEMEHMMYY OPYH QIMAWMBIPYY Oen amaiam.

OpyH anMamTeIpyyiap OpyHIAIITHPYYHYH alpbIiM Oup yaypy OoJoT.

N SJIEMEHTTEH TY3YJIeH KONTYKTYH OapablKk N 3JIEMEHTTYY OpYH
aIMaIITBHIPyyJapbl Ja N DJIEMEHTTEH TypaT, OMIOHIYKTaH anap Oupwu
OWpUHEH AJIEMEHTTEPUHUH TAPTHON MEHEH TaHa ailblpMaliaHarT.

N 21emMeHmmyy OpyH aimMaumolpyyiapobii CaAHbl

P,=nl=1.2.-...-n
Gopmynacvl apKuliyy aHbIKMAnIam.

OpyH anmamitTelpyyiapabl Oeiruiiee y4dyH (paHily3 TUIMHAETH
Permutation (opyH anmamuTelpyy) JAereH CeO3AyH OHpHUHYM TaMrachl
0onron P Tamrachel KaObLT aJIbIHTaH.

1-mucan. Scenrerune Py, P, .

Yvicapyy. P, =71=1-2-3-4-5-6 -7 = 5040,
P.=5!=1.2-3-4.5=120.
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2-mucan. Knaccra gexyp Oonyy ydyyH Ouwp skymara 6 oOkyywdy
O0enmynreH. Kanda Typayy ’K0J1 MEHEH KE€3EKTH YIOMITYpyyra 00ioT?
Yvizapyy. P, =61=720.

TonrTowmrypyyaap

N 2nemenmmyy Konmyk Oepuicux. N dIeMeHmmyy KOnmyKmyH ap
oup K snemenmmyy 6onyxuo xenmyxmepy N snemenmmern my3yneon K
IEMEHMMyy MORmMOwtmypyy oen amaiam.

Bbyn ydypma N aneMeHTTYy KenTykTyH K osmemeHtTyy Oemykue
KONTYKTOpY Oupu  OMpUHEH  BJIEMEHTTEPUHUH  KypaMbl  MEHEH
allplpMaJIaHar. Orepae Oenykue KOITYKTOPYHYH apacbIHIA
AJIEMEHTTEPUHUH TapTHUOU MEHEH raHa alblpMallaHraH KemnTykTep 00Jico,
aHja ajap/ibl OKILIOII JIeN 3CEenTenous.

n onemenmmyy KONMYKmyH bapovik k onemenmmyy
monmowimypyyJiapblHblH CAHbl
n!
ch=— "
kKI(n—k)!

Popmyacel apKoLLyy aHLIKMALAM.

Tonromrypyynapasl  Oeirmiiee  y9yH — (GpaHIy3  THIHHICTH
Combinasion (TronromTypyy) AereH ce3ayH OMpuHUM Tamrackl 6oiaron C
TaMTrachl KaObUT aJTBIHTaH.

1-mucan. Xoropynarsl Mucania KepceTyJIreHAen 4 3J1EMEHTTEH TypraH
{a,b, ¢, d} xenryrynyn 3 snemenTTYY 4 60yKUe KOnTyry 6ap:
abc, abd, acd, bcd

2 A5
2-mucan. Dcenrerune C;, C;.

| | .2.1.
deapyy. G2 A M _12:34
N(4_2) 221 1.2.1.2
| | .
coo_ " 6T 5
51(7-5)1 5121 2
OpyHIaIITEIPYyIapIbIH, OpyH aJIMaIlITHIPYYJIap AbIH )KaHa

TONTOWITYPYYJIApJbIH CAaHBIH 3CeNnTee (opMmynanapblHbIH TOMOHKYOi
KacuerTepu Oap:

k
1o, ck ="
k

;P Cl=Ccr i

n+1
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20.Cl=ch¥;, s .clicleCi+.+CltiC)=2",
4O-kacuemmun MAaHUCUH MOMOHKY4O myuyHOypyyee 6onom: CX
TONTOITYPYYCY N 3JIEMEHTTYY KONTYKTYH K 3JeMeHTTyy Oeirykde
KONTYKTOPYHYH CaHBIH aHBIKTaraHAbIKTaH, N JJIEMEHTTYY KONTYKTYH
Gapmbik Gemykde KenTykrepyHyH cambl C. +Cp+C?+..+Cl 1 +C/
cymmachkiHa Oapabap OosoT. Jlemek, 4%-kacueT OoroHYa N AIEMEHTTYY

KOITYKTYH 0apbIK 6OIYK4YO KONTYKTOPYHYH caHbl 2" GOJIOT.
3-mucan. Xoropyma ©Ou3 kaparan l-mmcanga 4 SIEMEHTTYY
{a,b, ¢, d} xenryrynyn 3 smeMeHTTYy 4 KONTYK4ecyH TamkaHGb3. By

KONTYKTYH KaJINbICBIHAH TOMOHKY1611 16 Oeiykue kenTykrepy Oap:

@,{a}{b},{c}{d} {ab} {ac} {ad} {bc} {bd} {cd}
{a,b,c}, {a,b,d}, {a,c,d} {b,c,d} {ab,c,d}.

UbIHIBITBIHIA 3J1€, KONTYKTYH OapJblK O6JyKue KeNTYKTOpPYHYH
CaHbIH JCENTeo (opmynacslHaH nanJanaHcak, aHzga
C)+C,+CZ+C}+C/=1+4+6+4+1=16 6Gomor. Drepue 4%
KACHETTU NaijaiiaHcak, 0.a. KONTYKTYH 3JIEMEHTTEPUHHUH CaHbl N =4
OONTOHAYKTaH KONTYKTYH OapAblKk OelyK4e KeNTYKTOPYHYH CaHbI

2* =16 ra Gapabap GoOT.

OpyHmamTeipyynaap, OpyH aJMalIThIpyyjap >XaHa TONTOIITYPYyJap
MaTeMaTUKaHbIH Oalka 0eIyMAepyHIe KeHUPU KOIIOHYaT.

Mekren kypcyHaH Ousre Oenrmiayy OOJTOH Kbickaya KeOeWTYYHYH
TOMOHKY

(a+b)> =a®+2ab+b?, (a+b)*=a’+3a’b+3ab® +b°,
(a+b)* =a* +4a’b+6a’b? + 4ab® +b*
(dopMynanapblH TONTOLWITYPYYIap/IbIH Kap/laMbIH/Ia TOMOHKYA6H *Ka3yyra
0o0JI0T:!

(a+b)® =Cja® +Cyab+CZh?,
(a+b)® =Cla®+Cja’b+CZab® + C;b®,
(a+b)* =Cla* + C;a’b+CZa’h® + C ab® + C,b*.
ANl 5MH 3KH CaHABIH CYMMACBIHBIH N-Japa)xacbl TONTOLITYPYYJIApIbIH
KapJaMbl MEHEH TOMOHKY/I6M aHBIKTAJIAT:

(a+b)"=Cla" +Cla" b+ C2a"%b? +..+CFa" *b* +C"". (1)
byn popmyna Horomonoyn 6unomy nen aranar.
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Orepae a=1,b=1 gen ancak, anga (1) ¢popmynanan 4°-kacuer Keum

YbITarT.
HeroTornyn hopmynachiH KbiICKaua TOMOHKYIOM jka3yyra 00JI0T:
n
(a+b)" =Y Cla"*b*. 2)
k=0

A-mucan. X* —y SKU MY4OCYH alThIHUBI JapaKara KOTOPryIe.

Yprapyy. (1) dopmyma 6Golomua a=x°, b=y, n=6. Anma (2)
dbopmyna 6oroHYa

6
(X =y)° = 2C(x* ) (-y) =
k=0
= CIx™? —CaxPy+Cx%y? —Cx°y? + Cax*y* —Cox?y> +Coy° =

=x? —6xy+15x%y? —20x° y* +15x*y* —6x%y° +y°.

2.5. I'padrrap TeopusiCbIHbIH JIEMEHTTEPH
I'pa¢grapasin naiga 6oryury

Kemuynyk macenenep Oupu-Oupu MEHEH MaaHUIYY KacHETTepU MEHEH
OailnaHbIIKaH OOBEKTTEPAUH KBIMBIHABICHIH KapoOOro KEITHPUJIET.
Mucanbl, aBTOyHaaJbIK KapTaHbl Kaparanjga OW3 ajl  KOJIJIOPIAYH
KOH(UTypalusiCblHA »KaHa camaThlHA, apajbilblHA K.0. TaKTOOJIOPIo
KapabacTaH ajap/blH Oallka MyHKTTap MEHEH OalaHBIIIbI Oap SKEHAUTU
MEHEH  KbI3bITalOb3.  KBI3BITyyHYy — agamIaplIblH ~ MaMWICICpUHUH,
OKysUTapJibIH, alanmapIplH >kaHa Oaiika ap TYPAYY OOBEKTTEepIuH
OpPTOCYHIarbl OaWIaHBIIITAD JKaHA KATHIIITAP Mai/]a KbUTBIIIH MYMKYH.

Mpeinpait yaypiapaa kapairyydy o0beTTepAu YEKUTTEp MEHEH CYpOTTell,
anapapl 4OKyaapel JAen araiiOb3, ajl »MU  alapAblH OPTOCYHJIArbl
OalTaHBIITApABl - CHI3BIKTAp (KaamaraHaald KOHQUTYpaIUsIIarel) MEHEH
CYpOTTel, Kblpaapsbl e aTaiiObI3.

['pad men dokynapbl KaHa KBIPJIAphl MEHEH aHBIKTANTaH TYTOWIOpIY
anTabbI3, 0.a. srepAe YOKYJIapbIHBIH KONTYIY V, al 3MHU KbIpJapbIHbIH
KONTyry E MeHeH OenruieHnce, anga rpad nen G=(V,E) TypyHOery
Tyreinepay aiTaObI3.

['padrapasin YOKYJIaphI
YEeKUTTEPICH, al  3MHU  KbIpJIaphbl b J
TUENICTTYY YEKUTTEPIN TYTAIITHIPYYydy
CBI3BIKTap/1aH Typras quiiMe
KaTapblH/A CYpoTToere 00J10T.

a ¥
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Mucasbl, TOMOHKY YMiME/Ie YOKYJIapbIHBIH KONTYTY V = {a, b, ¢, d, e} xaHa
KBIpJIApbIHBIH KenTyry E ={{a, b}, {a, c}, {b, ¢}, {c, d}} Gomron »xenexeii rpad
KEJITUPUIITEH.

['padprap Goronua Gupunum smrexk 1736-xbuibl 20 xamrarsl Jleonapn
Oiinep TapabbiHaH Poccust wnuMuaep akaJeMUsIChIHIA WIITEN >KaTKaHza
KapblisUlaHTaH.  MBbIHJA ~ KEHUTCOEpPITUK  KOIypeesiep  KOHYH[e
MaceJeNepArH YbIrapbUIbIIIbl OasHAaNraH: MaapblH KaajaraH *XEpUHEH
CEeHWIJIETeH! YbIThI ap OUp KemypeeaeH OWp TaHa KOy OTYN Kaiipa
YBIKKAH JKEpUHE KalTyy 007100y? AHnan Oepu rpadTapabiH KapaaMbIHIa
MacesenepAu ublrapyy KecKuH TypAae ecty. [padrapnarsl Oai
KaTbIpMaJsiap >KaHa OIOHAApJbIH KaTapblHAAa 6Te MaaHWUJYY MPaKTHKAJIbIK
npoOjeManap  Kapajirad, ajapAblH  KONm4yyJdyry  MaTeMaTHKaJbIK
meroanopay tanan kbuirad. XV keuieimabia opro uenunie Kupxrod
rpadTapabl AJIEKTP YbIHKBIPJIAPBIH aHATIN3/166 YUYH KOJIJJOHTOH.

bupok rpadgrap Teopusickl MaTeMaTHKaIbIK AUCHMIUIMHA KaTapbl XIX
KbUIbIMIBIH 30-KbpUTAaphl TraHa Ty3yiareH. ['padrap Teopusicel MIAMMAMH
’KaHa TEXHUKaHBIH ap TYPAYY OOJIACTTApbIHBIH KOJIJOHMO MacelleJIepuH
YbpIFapyyHyH KY4TYy anmaparblHa 33. byra ubIHXKbIpJIapAblH JKaHa
CUCTeMaJIapblH aHAJM3H KaHa CUHTE3H, TAPMAKTBIK IUIaHIAIITHIPYY KaHa
Oalikapyy, omnepauusuiapabl HW3WJA66, ONTUMAJIbIK MapHIPyTTapiAbl
TaHJ00, OPTaHU3MACPAUH TYPMYII THUPUYMIMTHH MOJENI06, KOKYCTYK
npoieccTepan  u3uiagee k.0. ['pabrap Teopuscel MaTemMaTHKaaa
KOITYKTOp TEOPHSCHl, MaTpullajap TEOPHUSICHl, MaTEeMaTHKaIbIK JIOTHKa
’KaHa  BIKTBIMQIIYYJIYKTap TEOpUSIChl  O0OIyMAepy MEHEH ThIThI3
Oaitnanpiurta. byn OemymmepnyH OaapeiHaa rpadrapasl ap TYPAYY
MaTEMaTUKAJIBIK OOBEKTTEPAN KOPCOTYY YUYH KoygoHynar. Omon sie
yuypia Trpadrap Teopuschl ara JKakblH OOJTOH MaTeMaTHUKaJbIK
OexyMIepIyH anmnapaThiH KOJIJAOHOT.

OpuenTupienres rpagrap

Kemuynyk ydypaa OOBEKTTEpAWH OPTOCYHIArbl OalIaHBIILTApP aHBIK
TaJraH OPHUEHTAIUs MEHEH MYHOe3/1e16T. Mucamibl, K33 Oup Kedelepue
aBTOYHAaJIapJIbIH KOy OWp KAaKTyy KBIUMBUI MEHEH TaHa KepCeTyIler,
aaMIapJbIH OPTOCYHIArbl MaMWiIeJep Ko3 KapaHIbUIBIK K€ YIYYIyK
MEHEH aHbIKTasnaT. OpHEeHTUpPIICHTeH OalIaHBIITap CHUCTEMAaHBIH OuUp
abammaH »SKuHYM abaira OTYYCYH MYHe3AeMT. Mucaibl, CHOPTTYK
MENJISMITETH  KOMaHJAJIAPABIH  OPTOCYHJArbl  SKONYTYIIYYJapbIH
KBIMBIHTBIKTAPBI, CaHIAPJbIH OPTOCYHJArbkl ap TYPAYY KaTbIITap
(GapabapchI3bIK, OemyHyyuynayk).  I'padrapapiH  YOKyJIapbIHBIH
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OpPTOCYHJArbl OailIaHBILITHIH OArbITBIH KOPCOTYY YUYH THEIICNYY KbIPHI
CTpEJIKa MEHEH OeNruieHeT. YUIyJd ChIIKTYY OPUEHTHUPJICHT€H KbIPhIH
Jcaa Nien aTailObI3, al AMH OpPUEHTHUPJICHTeH KbIpjapbl Oap rpadThl —
opueHmepJieH2eH 2pagh e aTaiobI3.

Canmakranras rpagrap

OObexTTepIuH OpPTOCYH/Iarbl OalaHbILITAPIbI rpadrapapiH
’KapJaMblHAa YarbUIIBIPYyJa KhIpJapblHA >KaHa KaalapblHA K33 Oup
CaH/IBIK MAaaHWJIEPIU, OCITHIIEP N K€ MYHO3IYK KAaCHETTEPIN TaHyyJI00TrO
Tyypa KeneT. JKoropynarbl caHIbIK MaaHHIIEp, OCNTHIIEp XK€ MYHO3IYK
KacueTTep cajaMakTap (KYKTep) Jien atanar. DH jKeHeKel ydypaa Oysap
KapaJblll >KaTKaH ydypAa KE3eKTH KOPCOTYYYY KbIpJIapbIHBIH >KaHa
’KaaJlapblHBIH HOMeEpJiepu Oomyiry MyMKYH. KBIpBIHBIH K€ JKaaHBIH
cayMarsl y3yHAYKTY OWJIMPUIIIA MYMKYH, TOTITOJITOH OYKOJIOPJIYH CaHHBI,
anaMJapJblH OPTOCYHJAarbl MaMWJICJIEpIuH MyHe3y (Oaiachl, aTachl,
aracel, MyraiauM, xerekuu) x.0.y.c. CalMakThl KbIpJIapbIHAH JKaHA
)KaanmapblHaH Oalika dYOKyJapblHAa Ja TaHyyhaaca Oonor. Mucainsl,
KapTalarbl aBTOYHAANBIK O KOJJIOPJAYH THEMIENYY IYHKTApBbIHIArkI
YOKYJIaphl MeMaHKaHaIapAarkl OPYHIAPABIH CaHbI MEHEH MYHO30IYIIY
MYMKYH, JK€ CTaHIMSUIAPAbIH TEXHUKAJBIK TCHIIOOA0H  OTKOPYY
MYMKYHYYIYTY OOnynry MyMKyH. JKanmbIiChlHaH aWTKaHJa, YOKYCYHYH
calMarbl ara THEMeNyy OONroH OOBEKTTHH KaallaraH MYHO376MOCYH
ounnuper (YOKyCy apKbUIyy KOpCOTYJIYYdy MPEIAMETTHH TYCY, aJaMIbIH
’KaIllbl ’K.0.)

YexTyy rpadrapabia TYpPY

Deepoe epaghmuin woKynapsvl yekmyy 00jco, aHoa al YeKmezeH 2pag
oen amanam. OpHESHTHPIICHTCH KbIp (Kaa) YUYH Oauimanksl 4OKycy KaHa
aKbIpKbl YOKycy Jen aiblpMaliaHbil OedyHeT. bamitankel yokynaH jxaa
YbIraT, aJl MU aKbIPKbl YOKYTA kaa KUpeT. bup 31e yek apanblk 4okyra 33
OOJITOH KBIpIBI TYpMOK (MeTist) Jen aTaiObi3. bupnueil 4ek apaibik
qyoKyJapra 33 OOJTOH KbIpjiap Mapajuienb OOJylaT »aHa ajap.bl dceayy
aen araiObI3. JKanmnsl yaypaa rpad 00040I0OHIOH YOKYIap bl Aa KapMallbl
MYMKYH. AJap KbIpJapblH yuTapbl 0071001 *xaHa Oalllka 4OKyJiapbl MEHEH
Ja 34 KaHAai OalaHbIIIbl AKOK O0JIYITy MYMKYH.
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Mapupyrrap

Kemuynyk yuypnapaa rpadrapaarsl macesnenep Oenruiyy Kacuerrepre
KaHa MYHe3re 733 OOJroH ap TYpAyY MapIHipyTTapAbsl OelyYHy Tajam
KBUIBIIIIAT. M Y3YHIYKKa 33 OONTOH Mapuipym TpaPThIH KU >KAKBIHKEI
KBIPJIAPBIHBIH YOKYJIAphl Jaj Kejle TypraHjaid ymaajmamr M  KbIpaapsl
apKbUTYy aHbIKTanar. bup 4okyman OamTaisin yuryn sje 4oKyaa OyTKeH
MapIIpyTTy TYIOK Mapuipym Jen aTaiiObi3. bapabIk KeIpiapsl ap TYPAYY
OONTOH MAapIIPYTTY YbIHMCBHIP, Al MU OapIbIK YOKYyJaphl ap TYPAYY
OONTOH MAaPHIPYTTY HCOHOKOU UbIHMCHIP NeTl aTaiObi3. TylOK YBIHKBIP
YUK JICTI aTajaT, ajl dMU )KOHOKOW UBIHKBIP HCOHOKOU YUK JICTI arajar.
Kaittananyydy kaamapael KapMmabaraH MapmipyT 4o, ajl  dMH
KallTalaHyydy 4OKylap[bl KapmaOaraH MapuipyT MHCOHOKOU Hcol JeT
atasaT. TylOK XOI KOHmYp, a1 5MU KOHOKOM TYIOK XOJI JHCOHOKOU
konmyp nen aranar. JKok gereHge Oup 1ukia (KOHTYp) KamThiran rpad
uuka0ux (KoHmypoyK) e atajar.

Japaxkrap xaHa TOKOH

Hapaktap gen aranmyydy OailTaHbIIKaH IUKIIUK TpadTap e3reue
KbI3BITYYHY TIaliJla KbUIaT. P 4YOKyra 33 OOJITOH Aapak faaibiMa (= p—1

KbIpbIH, 0.a2. rpad OaimaHbiikaH OOJIYIly YYYH MUHUMAJIYY CAaHAAThI
KbIpJIapAbl KaMTBIAT. YBIHABITBIHAA, OSKH YOKY OHp Kblp MEHEH
OailiaHpIIaT. P YOKyJapAbl OaillmaHBIUTHIPYY Y4yH P—1 KbIpiapsl

O0JyI1y 3apbul KaHa >KeTUITYY. [lapakka KbIp/ibl KOIIKOHIO LUK Haiiaa
00J10T, aJ 3MHU JIapaKkTaH >KOK JIereH e OUp KbIp/Ibl aJIbll TAIlITaraHa aj ap
Oupu JapakThl K€ OOOYOJOHIOH YOKYHY TY3[6H KOMIIOHEHTTEpre
axbIpaiiT. KommoneHnTTepu napakrap O0droH OainaHblminarad Trpad
MOKOU JCI aTajar.

Jlapak CBIIKTYY CTpyKTypajlapra MHcCall KaTapbl TEHEATOTHUIIBIK Tpad
KaHa OIIOHJOM 3JI€ KOMIBIOTEPAWH KaTyy JHWCKUHJIC >KAWUJIAHBIIIKAH
Oapapik danngap 6070 anat. Ap Oup JOTHKAIBIK JUCK OAIIKbl JUCK M
aTanar. AJl KHTEITHH Ma3MYyHY CBISIKTYY Ma3MyHra 33. balllkbl KaTaJIOryH
Ma3MyHYHJIa TUCKTETW MaaJlbIMaT KOPCOTYJIIOT: KaTaJOTAyH (alagapbIHbIH
’KaHa ara KaMThUITaH KaTaJIorJOp/IyH aTTaphbl.
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11 BOJIYM. BEKTOPAYK AJI'EBPA ’KAHA
AHAJINTUKAJIBIK TEOMETPUSA

3-I'JIABA. BEKTOPAYK AJITEBPAHBIH DJIEMEHTTEPU

3.1. CkansipAbIK KaHA BEKTOPAYK YOHAYKTAP

YoHayKTap CKAJSAPABIK )K€ BEKTOPAYK 00Jyn 06yHYIIOT.

DeepOe UOHOYKmMApP 6300PYHYH CAHObIK MAAHUCU MEHeH MOJIYK
aHblKManca, amoa MbIHOAU — YOHOYKmMapowvl  ckaaapowvik  (canowik)
YOHOYKmMap oen amauowls.

Mucanbl, y3yHIyK, asHT, Macca, KejeM, TeMIlepaTypa, ThITbI3JbIK,
KYMYIII CBHISKTYY YOHIYKTap CKaJSIPABIK YOHIAYKTap OOJyIIaT, aHTKCHH
ayap TaHAAJIBI aJIbIHTAH CaHJIBIK OMPIUKTEP MEHEH TOIYK aHBIKTAJIBIIIAT.

Deepoe 4OHOYKMAp 6300PYHYH CAHObIK MAAHUCU HCAHA 0azblmbl
MEHEeH MONYK AHbIKMAACA, aHOA MbIHOAU YOHOYKMApPObl BeKMOpOyK
YOHOYKmMap oen amauowls.

Mucanbl, BULIAMIBIK, BUIIAMAAHYY, KY4, KOTOPYIYY ©3I6pYHYH
CaH/BIK MaaHWCH MEHEH TaHa 3Mec, 0arbIThl MEHEH Ja KOIIIO aHBIKTaar,
OLIOHAYKTaH OyJ1 YOHAYKTap BEKTOPIYK YOHAYKTap OOJyIaT.

["'eoMeTpHsUTBIK TYp/I® BEKTOPAYK YOHIYKTY OarbITTalraH KeCHHIU
apKbUTYy CypeTTece Oo0yoT. barbITTanraH KecHHIU CTpeika TYPYHIe,
Oamraneibl O YEKUTHHJAC, QI 3MH aKbIPKbl A YEKUTHHJIC OOJITOH
KECUHM KaTapblHaa OenruneHet. J[eMek, BeKTop - Oyn OamTaibIiibl )KaHa

aKBIPKBI YCKUTTEPH MEHEH aHBIKTAJTaH 0ArbITTAJITaH KeCHH/IH.
e
Bexkropnop temenkyneit 6enrunener. OA, AB,CD,... .

" Ka311e BekTopiopay Oup 3j¢ KHUMHE TaMra MEHEH Ja
oenrwienter: a, b, C,... .

Bexmopoyn — y3ynoyey Oen  Oazceimmanean
0 KeCUHOUHUH V3YHOY2YH aumaobbl3 Hana moMoHKyO0ou

- -
beneunetiouz: | AB | arce | a|.

BekTopayH y3yHIyryH BEKTOPAYH MOy JeIl Ja
aTanobI3.
VY3yHayry Henre Oapabap BEKTOp HOJUIYK BEKTOP JCM arajar >kaHa

_)
TemeHkyneil Oenrunener: 0. Henayk BexkTopAyH OamTajibliibl MEHEH

aKbIpbl g kener. OMOHAYKTaH aHbIH MOAYIy (y3yHAyTy) Henre Oapadap
R - > -
00710T: ‘0‘ =0. Mucansl. AA=BB =0. Henayk BexTop OarbiTka 33 sMec.

Ap 6up HOJYK 3MEC BEKTOP Y3YHIYTY >KaHa 0arbIThl MEHEH aHbIKTAJIaT.
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V3ynoyey bupee bapabap 60120H 6ekmop oupoukK sekmop oen amatiowvl3

- -

Jcana € apkolnyy Oeneuneti6ous. Irepyie OUPIUK BEKTOPAYH OarbIThl a
_)

BEKTOPYHYH OarbIThl MEHEH JaJl KeJICe, aHJa aHbl & BEKTOPYHYH OPTACHI

Jen aTaiiObI3.

Deepoe sxku 6ekmop Oupoeti Y3YHOYKKA 33 OOy, napaiiens dce Ol
KeAyyuy my3 Cbl3bIKMapoa dcamvluica Heana oupoetl bazvimmaicad, aHod
anap éapaodap eeKmopaop oen amaiam.

- -
ABCD pomOyH anansi: AB xana BC

: »© BEKTOpJIOpY Oapabap, aHTKEHH ayap:
/_’ / 1) pomMO OONTrOH YYYH Y3YHAYKTaphl
A
D

- -
0apabap | AD|HBC|; 2) Oyn BekropJop

- -
napawiens AD || BC ; 3) uuiimene kepyHyT
- -
typrauaaii AD >xana BC BekTopsopy Oupzei OarbITTanras, OMIOHIYKTaH

- -

Oyn 3xu BekTopayH O6apabapasirbin AD = BC gen skazyyra 60510T. A omMu
— — — - o — — —
AB owcana BC, BC owcana CD, CD awcana AD, AB owcana CD

— — — - o — — —
BeKTOpJOpy Oapadbap smec: AB =BC, BC #CD,CD = AD, AB=#CD,
cebeOr HKHU BEKTOPAYH OapabapAbITbIHBIH INAPTTAPBIHBIH K33 OUpPUH
KaHaaTTaHbIPOANT.

llapannens oice oan kKenyyuy my3 Cul3bIKMApoOd HCamyyyy Hcaua
bacvimmapul Oupoeli dce Kapama-kapuibl 6azvlmmaiean KU HeJ0YK dmec

BEKMOPJIOP KOJUTUHEApOyy 6eKMopiop Oen amaiam.
- >
DKM BEKTOPAYH KOJUIMHEApAYYJAyryH a||b apkputyy Oenrumemier.

Hemnnyk BEeKTOp Kaajaran BEKTOPIo KOJUTMHEAPAYY JAEI dCENTeNeT.
- - - -
Yuitmene AB orcana CD, BC owcana AD BekTOpIiOpy KOJUIMHEAPAYY:

- > - > - - - -
BC||AD, AB|CD. An »mu AB owcana BC, BC owcana CD,

- -
CD orcana AD BekTopiiopy KojutrHeapayy aMec (OearuaeHuIm ).

V3ynoykmapuol 6apabap, xoanuneapoyy, ai mu dazulmmapsvl Kapama-
Kapuivl 00JI20H HONOYK dMeC KU 8EKMOP KAPAMA-KAPULbL 8EKMOPIOp Oen

- -
amanam. Ywniimene  AB ocana CD  Bektopiopy — Kapama-Kapuibl

- - - -
BekTOpsiop ©Ooior kaHa amapasl AB=-CD, AB=-BA apxbulyy
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OCJITUIIEHT.

Meiikunouxmezu yu 6exmop KOMHJAAHAPOYY 8eKMOPIOp Oen amanam,
seepoe anap oup sje me2uzouKme xce napaieiv 00J20H meeuzouKmepoe
arcamviuica.

Orepae Y4 BEKTOPAYH apachlHNa *KOK JIETeH/IEe OMpee HOJIAYK Ke
KaajaraH »9Kee KOJUIMHeapayy Ooiylica, aHma MBIHIAH BEKTOPIIOP
KOMILIaHapyy OOJOT.

3.2. BeKTOpJIOpAYH YCTYHOH aTKApPbLIYy4yy aMajiap

BexkropJiopay kouyy

Menmu Teno A 4YeKUTMHEH B 4YekuThHE Kapauh KbIMMbUIIACHH,
_>
aHjaH kuinH B yekutnHeHn C dekuTHHE Kapail KypcyH. Mexanuxaoa AB

gexmopy menonyH A uekumunen B uexumune KOmopyayycyHn aHblkmaum.
_)
VYuyn ceisikryy BC Bektopy - B nan C ra kapail KOTOPYJIyyHY, ajl dMHU
- -
AC Bektopy — A uekuThuHeH C YEKUTHHE KOTOPYJIyyHY aHbIkTalT. AC
- -
BekTopyH AB jxana BC BeKkTOpJOpyHYH CyMMachl J€N aramaT KaHa

- - -
AC = AB+ BC apkblinyy ka3bliar.
- -
a BekTopyHyH yuay (asre) D
BEKTOPYHYH  OalITajblllblHA  KOMOJITaH
- -
ydypJa @ HBIH OallTaibiibl MeHEH D HbIH
_)
Y4yH TYTAIITHIPraH >KaHbl BEKTOPAY a
- > 5 >
kaHa D BEKTOPJIOPYHYH CyMMACHI JIe araiiObI3 )kaHa C = a+ b apkeutyy

oenrunenomns.

Bekropnopay ymyHaan x)o0a MEHEH KOIIYY 3PEXKECU BEKTOPIOPAY
KOIIIYYHYH Y4 OYPUYTYK 3p€KECH JIeT aTaiar.

DKM BEKTOPAYH CYMMACBhIH HapajuiejiorpaMM 3pexxecd OOroHuYa aa
aHBIKTOOTO OOJIOT:

/

48



BekropiopayH cymMmMachiH Ta0yy orneparuschl BEKTOPJIOPAY KOIIYY
JIen aTaJar.

Bekropnopy Komryy amanbl TOMOHKYAOU KACUETTEPTe 33:
e
1°. a+ b =b+ a - xommyraruBaUK (OpYH AIMAIITHIPYY) KACUCTH.
- -
YbIHABITBIHAA 3J1¢, 0apaOapabIKThIH OKH JKarbl KaajaraHmad a sxaHa b
BEKTOPJIOPY YUYH, VIIyJI 3Ji€ 3KH BEKTOPro TY3YJI'OH >KOropyJaarsl

HapauIeIorpaMM/IbIH AUArOHaIbI OOJIOT.
- - > 5> 5 >
2°. (a+b)+c=a+(b+c) - acconmaruBmuk (TonTomTypyYy)

KaCHETH.
- o> -

UsIHABITBIH/A 2JI€, Kaanarangan a, b, ¢ y4 BekTopyH OuMp 4deKkuTKe
OPHOTYTI, ajapra napajieaeiunel
Typry3cak, aHJa TONTOIITYPYY
KaCUETUHUH JKHU >Karbl TE€H Oup
onie EF maroHasblH TYFOHTAT.

BexTopaopay kemurtyy
_)
Kaamaran a BekTopy y4dyH ara
_)

TeCKepHu OOJTOH BEKTOp — &

apKbUTYy OeNTHIICHET.
- - - -
Kaanazan a ocana b sexkmopnopy yuyn a+(—b) cymmacer
- >
anapovin ausipmacsl oen amanam dxcana a— b oden beneunenem.

A
0 & 5 B

_)
Bekropiopay keMUTYy spexecuH TymyHaypeay. Kaamaran a sxana
- - - -
b Bekropsopy OepmiichH. @ BekTopyH O yekutmHeH emueiny: a = OA,

- -
aln sMu b BekropyHa kapama-kapiibl BekTop — b 0osoT jkaHa Oy
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- -
BEKTOP/IyH OariTajbiibl A YeKMTHHEH OamTan eaueHeT: — b = AB. Axja

— — — — - > -
OA+ AB=a+(—b)=a-b =0B 6ouor.

- -

a aHa b BekTOpJIOpYHA TYypry3yiraH napajuienorpamMMiaa Oup
JAUaroHajabl AKM BEKTOPAYH CyMMachl 0OJICO, SKMHYM JUAroHajbl 3KU
BEKTOP/AYH ailbipMackl 0O0JIOT.

—+

5 a+
d—b

&y

BekTopay canra kedenTyy
- -
a BeKMOpPYHYH A CaHblHA 00120H KeOeumyHoycy oen A a

5
8eKMoOpyH aumaodwiz ccawa awvin y3yuoyey |Alla| cawvina 6apabap

- -
bonom. Deepoe A >0 6orco, andoa Aa eekmopy a 8eKkmopy MeHeH

- -
oupoeu oOacvimmanam, seepde A <0 6onco, anoa Aa eexmopy a

BEKMOPYHA KAPAMA-Kapuibl OA2blmmaiam.

- -
Mucannap. 1). A =2 caHblH @ BekTOopyHa KeOeiiteiny. AHma 2 a

5
BEKTOPYH aja0bI3 ’KaHa aHbIH Y3yHAyTy 2| a| ra 6apabap 6osor.

- -
2 & BEKTOPYHYH OarbIThl 8 BEKTOPYHYH OArbIThl MEHEH JaJl KEJIET.

1 d
2). 1 = CaHBIH a BEKTOpYyHa 3
12 -
KOOOUTCOK, -3 a BEKTOPYH 28
anabbi3. Byn BEKTOpIyH Y3yHIyry _ i
PRI

%
1|a| caHblHa Oapabap, a1 sSMmH
2

_)
0areIThl & BEKTOPYHYH OarbIThlHA Kapama-KapIiibl O0JIOT.

Bektopny canra keOeHTYy TeMeHIOry acCOIMATHBAMK KaHa
IUCTPUOBIOTUBINK KaCUETTEPre 33:
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- -

1°. A(ua)=(Au)a;
- - -

2°. (A+u)a=Aa+ua;

- - - -
3. A(a+b)=2a+1Db.
Teopema. (konnuneapOyyayKmyH 3apolil HCAHA HCCMUWMYY WaAPbl)

—

a eexmopynyn b eexmopnopyna xonnuneapdyy 6onyuy yuyn a=Ab

wapmol amKapvlia MmMypeaHoau A CAHbIHbIH HCAUWIAUILL 3APbLI HCAHA
HCEMUUUMYY .

3.3. BeKTOpJI0paAyH CKAJAPABIK KOOOHTYHIYCY

IKU HONOYK IMec 8eKMOPIOPOVH CKANAPObIK KOOOUMYHOyCy Oen,
anapobii  Y3YHOVKMAPLIHLIH —~ KOOOUMYHOYCYH — OVl 8eKMOPJIOPOYH
apacvlHoazvl OYPUMyH KOCUHYCYHA KOOOUMKOHOO2Y canea bapabap, 6.a.

- > - -
a-bal-|b]|-cose, (1)
> A

moimoa @ =(a , b) - sxu sexmopoyn apaceinoacol 6ypu.

Orepae 9KM BEKTOpJAyH Oupeecy HOJIAYK BekTop 0o0sco, aHjaa
- -
CKaJISIpJbIK KOOOUTYHIY Helre Oapabap. a »aHa D BEKTOPJIOPYHYH
i e e T
CKaJIApABIK kKeOenTyHaycy a-b, ab,(a,b) typynme na GenruneHumm
MYMKYH.
> A

1-mucan. Orepne | a |=1,| b =2, o =(a,b)=45° 6onco, anna sxu

BEKTOP/IyH CKaJIsAP/IbIK KOOOHTYHAYCYH & -b Tamksiia.
Yvizapyy. (1) bopmynaHbl naiagaHcak

. S
a-b=la|-|b|-cosp=1-2-cos45’ = \/2_ V2 ana6u.

BekTopiopayH ckanapAblk KeOOWTYHIYCYHYH TOMOHKYIOM KacueT-
Tepu Oap:

_)
1° a-

20

_)
a,

=i-(ﬁ-3);

o | CW
o C?L

A

—~

)
- > 5 o >

3°. a(b+c) a-b+a-c;

4°. BeKTOpPAYH CKaJIIpABIK KBAaApaThl aHBIH Y3yHAYTyHYH KBapaThIHA
- >

-2 d
6apabap: a dal’. Oreple a=>b oouico, aHna
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> > -
|a|-|a|-cos0= al? Gonor.
- -
5°. Orepze a kaHa b HeJIYK dMec BEKTOPJIOPY 63 apa MepIeHIUKYIISP

0oJicO, aHJa amapAblH CKASPIABIK KeOeWTyHaycy Hesre Oapabap, 0.a.
- o - >
srepae a L b Gonco, anma a-b =0 Gonort.

Bekropnopayn CKaJISPIBIK KOOOUTYHIYCY TCOMETPHSIIBIK
MacesenepAeru OypuTapabl KaHa MPOCKIUSIIAPABI ACENTeO/10 KEHUPH
KOJIJTOHYJIAT.

KoopannaTtajgapbi APKbLIYY OepuJreH BEKTOPJIOPAYH

CKAJSAPABIK KO0OHTYHAYCY
- e - O
a=X, 1+y, j+z,k xama b=X,1+Yy, J+2z, K Bekropmopy

- -
a-a

> > >
I, j, K Oupmuk BekTopiopy apkeutyy OepwicuH. KoopauHaramapser

— —
apKBUTYy BEKTOPNOPAY a=1{Xy,YarZs} D ={X,V¥,, 2, } TypyHnme
)Kasyyra 00soT. Bya KM BEKTOPAYH CKalApIbIK KOOOUTYHIYCYH KOIl

MY4eJIeply KeOOUTYY CHIAKTYY KOOOUTYI Ta0a0kI3:
- > - - > g - =9 =7
ab=(X 1+Y, J+Z, K)(Xp T4 Yy J+Zp K) =X X 17+ VoY J° +

., > > > > > >
+2,2,K + X, Y 1+ X2 1V K+y X Ji+Y,2, Jk+zx, ki+z,y,K J.

. i e e e e e e Sl

MpiHpa 1= j°=k“=1, i j=1k=jJi=]Jk=ki=k]j=0
OOJITOHTYKTaH,

- >
a-b =X Xy +YaYp + 222 (2)
00710T.
Jlemek, KoopaWHATAIAphl ApPKbUTyy OCPHITEH BEKTOPJIOPAYH
CKAJISIPABIK KOOOWTYHAYCY aNapAblH THEIICTYY KOOPJHHATaJapbIHBIH
KOOOUTYHIYIOPYHYH CyMMachiHa Oapabap.

Orepje BEKTOPIIOp TETU3IUKTE Oepuiice, anaa
- >

-0 =X, X, + YaYp (3)
00710T.
- > - > o
Drepae (2) hopmynana b = a Gonco, anna a-a = a[*=x2 + y2 + 22

N
0070T. MBIH/IaH & BEKTOPYHYH Y3yHAYI'YH Ta0aObI3:

\é\:\/x§+y§+z§. (4)
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> > o s o o > >
2-mucan. a=1+4j, b=-21+ ] Bekropaopy Oepuice, anma a-b

CKaJISIpJIbIK KOOOUTYHAYCYH TaIlKbLia.
Yvicapyy. Ckanapablk Ke0OeUTYYHYH KacueTTepu 00roHYa

> 7 > 7 —2 -2
ab=(1+4))(-2i+j)=-21 +4] =-2+4=2 06apabap.
- -

— —
3-mucan. a =1{1; 2; 3}, b ={-3; 2; —1} sexropnopy Gepuice a-b
CKaJISIP/IBIK KOOOHTYHYCYH TaIKbLIA.
Yvizapyy. (2) dopmysa 60roHYA

- -
a-b=1-(-3)+2-2+3-(-1)=-3+4—-3=-2 Gapabap.
4-mucan. 3-Mucanarsl BEKTOPIOPAYH Y3yHAYKTAPBIH TAIKbLIA.
Yvizapyy . (4) popmyna 6oroHUa

.
|a|:\/12+22+32 =J1+4+9=414,

.

|bl=(=3)% +2% +(-1)* =9 +4+1=+14 Goror.

Koopaunarajgapbl apkbuLlyy OepujireH BeKTOPJIOPAY KOIILYyY,

KEMHUTYY KaHa caHra Ke0euTyy
— — — — — - - -
1. a=x,1+y, J+z,k xama b=x,1+Y, J+2, kK BexTopmopy
OepwiicuH. Bekropiiopy Komlyy jkaHa KEMUTYY aMaiiapbl TOMOHKYIOH
aHBIKTAJIAT:

atb=(x, i+y, J+Z, K)E(X, 1+Y, J+Z, k)=

— — —
=(X £ %, ) 1+ (Yo £Yp) J+(2,£7,)k,
0. a.
- -
aib:{xaixb; aiyb; Zaizb} (5)
dbopmynaceiHa 33 605100Y3.
JleMek, BEKTOPJOPAYH CyMMAachl (aiibIpMachl) BEKTOPJIOPAYH
THUEIIENYY KOOpIUHATAIAPBIH KOIIyy (KEMHTYY) apKbLIyy TaObLIaT.
2. Bextopay canra keOeHTKeHI6 BEKTOPAYH KOOpIAUHATAJIAPbIHBIH
ap OupuH an cadra ke0enTedys, 0.a.

- - - - —
Aa=Ax, i+Ay, j+Az, k ke La={Ax; Ay,; Az2,}.

— -

a xkaHa b BekTopsopyHyH Oapabap OOMyIIy YUYH ajapIbIH
THENICITYY KOOpAWHATAIapbIHBIH Oapadap OO0JyITy 3aphbll )KaHa KETHIITYY,
0.a.
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— —
5-mucan. a =1{3; -5; 8}, b={1;1, -4} Bexropnopynyn
CYMMACBIHBIH MOAYJYH TaIKbLIa.
Yvicapyy. An yayH anjsiH aja Oyl BEKTOPJIOPAYH CyMMAChIH XKaHa
aiipipMachiH Tabaibl. (5) (hopMyITaHbIH HETH3HH/IC

a+b={34(-1); (<5)+1; 8+(-4)={2;—4;4),

a—b=1{3—(-1); (<5)-1; 8—(-4)!={4; —6;12).
Owmu (4) popmynachiH maiaiaHbII

> -
a+b| =122 +(-4)>+4% =/4+16+16 =~/36 =6,

-> -
|a—b|=/4% +(=6)? +12% = /16 + 36 + 144 = /196 = 14 anaGhis.

YekUTTHH KOOPAMHATAJIAPBLIH aHBIH PAJANYyC-BEeKTOPY APKBLIYY
AHBIKTO0
Melikunaukre TUK OypuTyy naekapTrrelk OXyz KoopJuHaTaizap

cuctemacel OepwicuH. Kaamaran M (X,Y,Z) dYekuTrwHE OamTajbIIIbI
KOOpAWHaTa OallTabIIbIHAa OOJTOH, al MU yay M dYekuTuHze OOJroH

_)
OM BeKkTOpYyH THEHIENEIITHKKE KOIyra 00JIOT.

_)
OM gexmopyn M uexumunuum paouyc-eekmopy Oen amauovl3
- -
aorcana anvt OM = 1 apxkweinyy beneuneiibous.
- — - - - -
OM  BektopyHyH koopauHatamapel OM =r=Xi+Yy j+zKk
_)
GONTOHIYKTAH ' = {X; Y; Z} mem xa3yyra 6070T. MpIHAaH M YeKHTHHHH

_)
koopauHataidapel OM  BeKTOpYHYH KOOpAMHATAlapbl MEHEH Jall KeJje
TypraiibirblH OalikaiiObI3. JlemMek, KaajaraH 4YE€KUTTUH KOOpPJAMHATaIaphl
aHBIH PANyC-BEKTOPYHYH KOOPIAMHATAJIAPBI MEHEH AJI KEJIET.

BexTopayH xoopanHaranapbl
Orepre A(X;,Y1,21), B(Xy,Ys,2,) YEKATTEPHUHUH KOOPAMHATAIAPHI

- -
oenrminyy 6oiico, a8 = AB BekTOpyHYH KOOpJIMHATaIapbIH TalKbLa.
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=71

- - -

buzre  Gemrmnyy OA+ AB=O0B.
- - - -

Memganr AB =OB-OA ana0niz. OB

_)
xaHa OA BekTOpJiopy THEHIese I

Typaie B xama A 4YeKHTTEepUHHH

pagnyc-BeKTOPJIOPY OONTOHAYKTaH:
b'c - - - -

OB=Xx, i+Y, j+17,K,

\Q s "
sl
"::“

OA=x,i +Y,] +2.K.
- - - - - g

Anma AB=0OB-0OA=(Xx, i+VY, j+Z,k)-

- - - - - -
—(Xg 1+y; J+z, k) =(X =% ) 1+(y, = V1) J+(Z, — 2, ) k Gornor.

Jlemek, BEKTOpAyH OamTamkpl >KaHa aKBIPKbl YEKUTTCPHUHHUH
KOOpAMHATaIapel Oenrminyy O00Jico, aHa BEKTOPAYH KOOPAHHATAJIAPHI
THENIENYY  TYP®  aKbIPKbl  JKaHa  OallTankbl  YEKUTTTCPUHUH
KOOp/IMHATAIAPBIHBIH ailbipMackiHa Oapabap 00JIOT:

_)
AB={X,~X; Yo —Vi; Z, —Z;}.
Annma A(Xy,Y;,z;) *kaHa B(X,,Y,,Z,) YEKUTTEPUHUH apachbIHIarbI
apaJbIKThl TOMOHKY (pOpMyJia MEHEH 3cenTeere 00JOT:

IR
d:|AB|:\/(X2_X1)2+(yZ_Y1)2+(Zz_21)2- (6)
6-mucan. Abuucca orynna A(3;4) 4EeKUTHHEH Y3yHIYTy 5 ke Oapabap

OOJNTOH apajbIKTa JKaWrankaH B 4eKWTUH TanKbLIa.
Ywvicapyy. OX oryH7a »aTKaH YEKUTTUH KoopauHaTackl B(x0) Oonor.

Anma A(3;4) xana B(x0) 4YeKMTTEpHMHHMH apachiHIarbl apaibik (6)

(GopMynaHbIH HETU3HUHIE | KB |= \/ (x—3)>+(0-4)* =5 Gonor. Byn
6apabapIBIKTBl  KOHOKeHneTyn, X° —6x=0 TEHIEMECHH ajabbI3.
Tennemenun Ttambipiaapsl X, =0,X, =6 Oonronmykradn, Ox oryHza
xatbir, A(3;4) YEKUTHUHEH Y3YHAYry 5 ke Oapabap OOJIrOH apajibIKTa
)KaTyydy 9KHM YeKHTTUH KoopauHaTanapsl Tadbsuiat: B,(00), B,(60).

JKH BEeKTOPAYH apacblHAArbl 0yp4
- -

(1) bopmynanan COS ¢ = _;a.—b% aabbI3, 0.a.
lal-|b]
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Xaxb + yayb + Zazb

2 2 2 2 2 2’
\/Xa+ya+za'\/xb+yb+zb

CoSp =

- -

7-mucan. a=1{3;4} xama b ={1;2} BexTOpmOPYHYH apachIHIATHI
OypuTy TankpLIa.

Yvicapyy. AnnpiH ana OyJl BEKTOPJIOPAYK CKaIAPIbIK KOOOWUTYHIYCYH
’KaHa ajap/blH Y3YHIYKTapblH Ta0aIbl:

- - - -
a-b=3.1+4.2=11, |a|=V3%+4% =/25=5, |a|=+1?+2° =/5.
1

. 1
XKoropynarel gopmynara KOWCOK, COS¢p = —— Kenun 4birat. MbHAaH

55
= arccosi Oosor
Y 55 |
8-mucan. Yu OypurykryH dokyiapel Oepuinren A(1;2), B(34),
C(6,2). A 4okycyHIarsl WK OypUTy TalKbLIa.

— —
Yvicapyy. AB = {2;2}, AC = {5;0} BEKTOPJIOPYH Kapalibl kaHa OyJl HKH

- - — —
BEKTOP/IyH apacbiHaarel ¢ OypuyH Tabansl. AB- AC =| AB|-| AC|cose
OONTOHIYKTaH

- o
AB-AC _ 2.542.0 10 _ 10 42
|ATB|-|A_EZ| \/22+22-\/52+O2 V825 4200 2

anabe13. Auna ¢ =45° Gapabap.
Mpina ymryn ¢opMynagaH 3Ku BEKTOPIAYH NMepPHeHINKYJISAPAYYIyK

- -
OeJrMCH KeIWN dYbrar: a owcawa D Hendyx smec eexmopropynym
NepneHouKyIsapoyy 6oayuy yuyH, aiapovli CKAIAPObIK KOOOUMYHOYCYHYH

HoJI20 bapabap 6oyuLy 3apvlil Hcaua KxHcemuumyy, 0.a.
> o
albex X +VY.Y, +2,2, =0.

CoSQ =

3.4. BeKTOpPJIOpAYH BEKTOPAYK KOOOHTYHIYCY

bamranpinrapel OMp YEKHTTE JKATKaH KOMIUIAHAPAYY 3MeC Y4
> > >
a, b, ¢ Bekropmopy Oepuicus.

Deepoe yuynuy C 6eKmMOpPYHYH AKbIPbIHAH KAPA2AHOA @ 8eKMOPYHAH
b sexmopyna xapaii 3y Kvicka Oypyy caam dcebecune Kapama-Kapuivl
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> > >
bacvimma 6onco, anoa a, b, C eexmopiopy oM yumykmy myzem Oen

aumaowis.

- -
Deepde  yuyHuy C  GEKMOPYHYH AKbIPLIHAH —Kapazanoa — a

_)
gekmopyHarn b eexmopyna kapai 3y Kvlicka Oypyy caam diceOecuHun

> > >
bacvlmvl MeHeH Oan Keice, aHoa a, b, C eexmopaopy con yumykmy

my3em 0en aumaowl3.

g

My
i

COM YUTYE

Bl

- -
a eexmopyn b eexmopyna eéekmopoyk kebeiimyy oen, moMeHKY

wapmmapovl KAHAAMMAarOuIpyy4y T 6eKmMopyH atmaowl3.
e
1) cLla, clb;

N
2) C 8eKmMOpPYHYH Y3YHOY2y 4

- -

a orcana b eexmopnopyna

mypey3yiean napaiieiocpamobiH
ASTHMbIHA 6apa6ap, 0.a.

a4

> A

IcHallblsing, p=(a.b); o

- - -

3) a, b, ¢ sexkmopropy oy
YUMYKmMy my3yuiom.

- - - >

Bekropayk kebeitrynay ax b ke [ a,b] apkeutyy OenruieHer

»KaHa TOMOHKY/16 KaCHeTTepre 39:
- > - >
1°. axb =—(b>< a)'
- -
2°. i(axb) (ia)x _ax(ib)

> > o

aLb<:>a><b 0;

57



BekTopayk k606MTYHIYHY KOOPAUHATAJIAP APKbLIYY TYIOHTYY

- > o S>>

a=X,1+Yy, J+z, Kk xana b =x, i+Y, J+ 2, K BexkTOpaopy
oepuiicuH. Bektopayk keO0euTYHAYHY Oyl BEKTOPIOPIY KO MYUo

CBISIKTYY KOOOUTYN Ta0aJIbl:
axb=(x, 1+y, J+z, kK)x(X, 1+Yp J+zp K)=x X (Ix 1)+ Xy, (1x])+

+ X Zp (IX K )+ Yo X ()% 1)+ Yo Yo (% J)+ VaZo(Jx K )+ 2%, (kx 0 )+

+ zayb(zx_f)+ zazb(zxz):

- - - - - - - -> -
=0+X,Yp K—X,2p J— VX, K+0+Yy,2, 1+2,%, J—2Z,Y, 1+0 =
> - >
:(yazb_zayb)|_(Xazb_zaxb)J+(Xayb_yaxb)k:
:ya Za |7 |Xa Za |7 Xa yaE’
Yo Zp Xy Zp Xy Yb ’

0.a.

- - Z.|— IX. Z. 1= |X -

aXb:ya a i a a - aya k, (7)

Yo Zp Xy Ly Xy Yb

BEKTOPJIOP,TYy BEKTOPAYK KOOOUTYYHYH JKBIHBIHTHITHI BEKTOP 00JI0
TYpraHbIH 3CKCPTHIT KETEIH.

byn (7) dopmynaHbl 0HOM 3cTe Kajia TypraHiail KbUIBII, KbICKaJa,
YYYHUY TapTHUIITETH aHBIKTATbIYTHIH OUPUHYH )KOITIOCY OOIOHYA

QXBIPATHUIBIIIBI APKBLTYY TOMOHIOTY/ 161 jka3ca Ja 00JI0T:
- > o

i j ok
-> -

axb =[xy, z,|.
Xo Yo Zp
-> - -
i |

—4 K BEKTOpPJIOPYHYH BEKTOPIYK

- - -> -

BN
O-mucan. a=21+3 j—k, b=3
KOOOUTYHIYCYH TalKbLIA.
Yvicapyy. Koropynarsl popmynaHbl MaijaaaHbIIl
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- = > - > -
i j okl i ] ok
b=y 2|2l 3 1= 3T TP LR %K
X[ = = — || = « | — o <k =
ata % -1 -4 3 —4 1T 1

— — —
=-131+5 j—11Kk analsI3.

BekTopJ/IopAyH KONIMHEAPAYYJYTYH OPHOTYY
- -
Orepne a xana b Bekroprnopy kommHeapayy 00ico, amapbiH
- - >

5

BEKTOPJyK KeOeHTYHaycy Heire OGapabap Oosor, 0.a. a L b =axb =0
- -

)KaHa TECKEPUCHHYE, 3repjec a aHa D BEKTOPIOPYHYH BEKTOPIYK

KeOolTYHaycy Hesre Oapabap 0o0sco, aHJa ajmap KOJUITMHEapayy OoJoT,

0.a.

> > o
I ] kK
- —> —> X a Za —> —>
axb=x,y, z,]=0=>2="2="2=a]|b
X, Yo Zp
Xy Yb Zp

[MapaJesorpaMMIbIH KaHA Y4 OYPUTYKTYH aAsiHThIH Ta0yy
BekTopiopay BekTOpAyK KeOOWTYYHYH aHbIKTamachl OoroHYa

e T T

|axb|= al-|b]|sing 6apabap, 6.a. S
- -

asTHTBI SA=E|a><b|.

- -
=l ax b |. Anma y4 OypuryKkTyH

nap

10-mucan. Yoxynapsr A(2;3;1),B(5;6;3), C(7;1;10) uekurrepu
00JTOH Y4 OYpPUTYKTYH asiHTBIH TalKbLIa.

5
Yvicapyy. Yu OypuTYKTYH *aKTapbl MEHEH aal kenyydy AB jkana

- — - - - > - - —
AC BektopimopyH kapaitmel: AB=31+3 j+2k, AC=51-2 j+9k.
Bektopayk KeOOWTYHIYHYH MOMAYNy MapajulelIorTpaMM/IbIH — asHTHIHA

— —

O0apabap Oonronayktan ABx AC BekTOpIyK KeOOWTYHAYHYH MOIYJTYHYH
- - - -

KapbIMblHa Oapabap Oojor S, = %| ABx AC|. Angein ama ABx AC

TadaJIbI
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> 72 Z

|
5o J 3 2> [32> B 3-
ABxAC=|3 3 2 |= I — J+ k = 31|—17]—21k

-29 59 |5-2

5-2 9
AHpna,

- - - - —>
SA=%|AB><AC|:%31i—17j—21k =%J312+172+212=% 1691 .

3.5. Y4 BekTOpayH apaJiam Ke0eiTyHIyCY

- > -
a, b owcama C yu eexmopropymyn KeOEUmMyHOYCYH Kapaiuibl.

(axb)-c. bByr owcepoe Oupunmuu >xu 6eKmMop 6eKMOPOYK mMypoo

KOOOUMYNYN, AHbIH JHCHIULIHMbISLL YUYHUY B8EKMOP20 CKAIAPObIK Mypoo
kebolmynem. Bekmopiopoyn MmulHOQU KOOOUMYHOYCYH 6€KmOpPOYK-
CKAAPOBIK JHce BeKMOPAOPOYH apanaul KeOeumyHOycy oOen amanam.

Apanaw k660UMYHOYHYH HCOIUBIHMbBIZHL CAH OOJIOM.
> > o

(axb)-Cc keO0OUTYHIYCYHYH T€OMETPHUSUIBIK MAaaHUCHH Kapar Kepelry.
- > -
Keipmaper  a, b xama C 7
BEKTOPJIOPY 00TOH
napajuleJenuIne| Typry3am>1

e e e

mbiHma d =axb(d L a, dJ_b- H

BEKTOPIYK KOOOUTYHIYHYH
AHBIKTOOCYHYH 1-11apThI).

busre 6enrunyy

24

- 2> 2> S 5 o - - - -
(axb)-c=d-cqdal|wnp,c,|d|Haxbl]=S
d
- -
MBIHJA S CaHBbI a JKaHa b BCKTOPJIOpYHA  TYpry3yJran

%
napajuieIorpaMM/IbIH asiHThI, np_, C = H BEKTOpIOpAYH OH YYTYTY YYYH,
d

%
np, Cc=—H -
d
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BEKTOPJOPAYH COJ YYTYTY Y4YYH, MbIHAA H - mapaiienuneaiu
S - > -
owitmkturn. Aama (axb)-¢c=S-(xH), 6.a. (axb)-¢c =4V, memga V
- - -
- a, b xana C BekTOpJIOpYHA TYpPry3yJraH NapauICIHIICTUH KOJIOMY.

> - -

MpIHa OMIEHTHII, Y4 BEKTOPAYH apajam KeOeHWTyHaycy a, b >kana C
BEKTOPJIOPYHA TYpry3yiraH mnapaJulejienuieaInH KeJeMyHo Oapalap.
Orepae Oya BEKTOPJIOp OH YUTYKTY Ty3ce, aHja V caHsl “murtoc” Oenrucu
MEHEH, aJ MU BEKTOPJIOp COJI YUTYKTY TY3CO - “MUHYC” O€Irucu MEHEH
aJIbIHAT.

Apanam K606 TYHAYHYH KacueTTepH
1°. Apamam ke0eWTYHAY aHbIH KeOOWUTYYUYJIOpYHYH OpYHIApbiH

[UKJIJIUK aJIMAIITHIPYy/Aa 63repoeuT, 0.a.
> 5> o > 5> > > 5 >

(axb)-c=(bxc)-a=(cxa)-b.
UblHABITBIHAA Oy ydypAa NapajuleNIeNuIe/UIMH KeJeMy Ja, AaHbIH
KbIPJIAPBIHBIH OPUEHTALIMSICHI J]a ©3repOeiT.

2°. BekTopayk kaHa CKaJSIpAbIK KOOOWUTYY aMalJapbIHbIH OPYHAAPBIH

alMalITelpyyga  Ja  apanamr  KkeOeWTyHay  e3repOeiltr,  0.a.
e T e
(axb)-c=a-(bxc).
> > o
byn kacuerrepneH BekropiopayH (axb)-c apamam xkeO0eHTYHAYCYH
>
BEKTOPJIYK JKaHa CKAIIPIBIK KeOeUTyylnepayH Oenrmiepucus 3¢ ab C

TYPYHII® *Ka3yyra MyMKYH SKCHJIUTY KEJIHIT YbITaT.
3°.  Apanam keOeHTyHIy KaajlaraH »dKH BEKTOPJIYH OpIYyH

aJIMaIlIThIpra’aa ©3YHYH OenrucuH ©3repTer, 0.a.
> S>> S>> >
abc=-acb=-bac=-cba.

> - -

4°, Hemmoyk smec a, b »xaHa C BEKTOpPJIOpYHYH apajail KeOeUTyHIyCcy

Oyl BEKTOpJIOp KOMIUIaHapaAyy OOJTOHIO TaHa Hen 0osioT, 0.a.
> > 5 >

abc=0«< a, b, c -xkommianapayy.

61



Apanam Ke0eiTYHAYHY KOOPAMHATAJIAP APKbLIYY TYIOHTYY

- O - e
a=x,1+y, j+z,Kk, b=x,1+Yy, J+7,k KaHa
- - - -

C =X, 1+Y, J+Z, K BexTOpmopyHyH apanaml Ke0OeHTYHAYCYH BEKTOPAYK
KaHa CKAJIAPJBIK KOOOUTYY IpeKeTepUHIUH HETM3UH/Ie Ta0a0bI3:

> > o
]k
> o5 o - - -
(axb)-Cc=|X, Y, Z4|- (X, 1+Y, J+2z. k)=
Xp Yb Zp
Ya Za |7 (Xa Za|7 [Xa Ya |y 2 2 >
= - ]t k)'(xc I+Y, J+ch): (8)
Yo Zp Xy Zp Xo Yo
Y, Z X, Z X, Y
— a a-XC_ a ayc+ a a‘zc.
Yo Zp Xy Zy Xy Yp
byn popmynanbl Kbickada TOMOHIOTY A6} jka3ca 00JIoT:
Xa ya Za
>
XC yC ZC

(8) hopmyria aHBIKTATrBIUTHIH 3-)K0JTYOCY OOIOHYA AXKBIPATHUIBIIIBIH OEPET.

Iemex, yu eekmopOoyn apanawt KeOeumyHoycy 0yn 6ekmopiopoyH
KOOPOUHAMANAPLIHAH MY3YNI2OH YUYHUY Mapmunmecu aHbIKMAZblYmMblH
Maanucute bapabap.

>

Drepje y4 BEKTOPAYH apaiali kebeiTyHaycy a b ¢ >0 Goico, anna

> 5 > >
a, b, ¢ BekrTopiopy oH yuTykTy, @ b ¢ <0 6o0Jic0, COI YUTYKTY TYy3OT.
Kommranapyy BEKTOpJIOpIyH apasiaiil KoOeUTYHIyCY HOITO
> > o
Oapabap, 6.a. (axb )-c=0. Meliau y4 BeKTOp TE€H OHp TETHU3IUKTE
> o >
XKaTeIChiH. AHZa d = ax b BekTOpy OepHIITeH TETU3IUKKE
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> >
nepneHaukyasap — 6onor.  Hdemek, d LcC
- - - > o

d-c=(axb)-c =0 6omor.

6onor.  OWOHIYKTaH

> > >

Teckepucunue, osrepme (axb)-c=0 Oomco, anma amap
KOMIUTaHApAYyy BeKkTopyiop OomymaTt. YBHIBITBIHIA, Oyl BEKTOPIOP
KOMILJIaHap1yy 3Mec 00J1co, anaa 0y BEKTOPJIOPro Typry3yirad
napasuienenuneauH kenemy V =0 6onot. [Tapamnenenune iaua keaoMy

R R
V =labc| Oomronaykran, ab ¢ #0 skeHmuru kemun ueirar. Jlemexk,

BEKTOPJIOP KOMILIAHAPAYY.
> o >

a, b, ¢ BexTopnopy kommanapayy 6onymnry yayH ajgapabH

apaianml KeOeHTYHIYCYHYH Heire Oapabap Oonymnry 3apbul  >KaHa
KETHILTYY, 0.a.

S>> Xa Ya Za
abC:OH(e bebe :0.
Xe Ye Z¢

- - - - - -

11-mucan. a=—-1+3 j+2k, b=2i1-3 j—4k,c=-31+12 j+6 kK
BEKTOPJIOPYHYH KOMIUIAHAPAYY SKEHIUTUH KOPCOTKYIIO.

Yvicapyy. byn BEKTOPJIOpAYH apaiail KeOeUTYHIYCYH TY36y:

-1 3 2

> -3 -4 2 -4
abc=12 -3 -4=-1. -3

12 6 -36

R
+2-

-3 12
-3 12 6

=-1(-18+48)-3(12-12)+2(24-9)=0.

Apanmamr  ke0eMTYHAy Hed  OONTOHAYKTaH Oyl BEKTOPJIOP
KOMILJIaHAPTYY .

> > >
a, b, C BekTopjOpyHA Typry3yJraH IapauieieIuIeIIuH KoJIoMY

-

V=abc| ©6apabap, am »5Mu Oya BEKTOPJOPro TYpry3yJraH
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NUpaMUJIaHbIH KOJeMY JJIEMEHTapAblK TeOMETpusjlaH Ou3re OeNruiyy

o 1
OONTOHIION TapaUleIeHuNeINH KOJIOMYHYH A He Oapabap, O.a.

> >

V==|abc].
6

12-mucan. Yoxynmaper  A(1;2;3),B(0-1;1), C(2;5;2), D(3;0;-2)

YEeKUTTEpU OOJTOH MUPaMHJIaHbIH KOJIOMYH TaIlKbLia.
- > o > o -

Yvicapyy. AB =a, AC =b, AD = c BekropsiopayH

KOOpIMHATaIapbIH Ta0abl:
- - -

AB = {~1;-3;-2} AC = {1;3-1}, AD ={2;-2;-5}.

Byn yu4 BekTopiyH apanaii KeOeUTYHTyCYH Taba0bI3:

o 1-3-2
abc=|1 3 -1|=-1.(=17)+3:(-3)-2-(-8)=24.
2-2-5

»>->-> 1

Anna V :1|ab Cl==-24=4.
6 6
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4-T'JIABA. TETU3AUKTEI'U CBI3bIKTAP

4.1. DKM YEeKHUT apKbLIYY 6TYY4Y TY3 ChI3bIKTBHIH TEHIEMEeCH
busre mekTen KypcyHaH Oenruinyy OOJITOHZION, KU YEKUT apKbUIyy
Oup raHa Ty3 cbBbIK ereT. Termzaukre Mq(X;,y;) kaHa M,(X,,Y,)

YEeKUTTEPUHUH JIEKAPTTHIK KOOpAWHATAIaphl Oenrwiyy ©Oosco, Oy
YEKUTTEP apKBUTYYy OTYYYY TY3 ChI3BIKTBIH TCHJIEMECHH Ta0aJIbI.
{ TY3 CBI3BITBIHJIA KOOPAMHATAIAPHI X,y O00IrOH M YEKUTUH ajlaObI3.

M(X,y) yekutu ¢ TY3
£ CBI3BITBIHIA

_)

ey MTM = {X — Xy - Y1}

BEKTOPJIOPY KOJUTMHEAPAYY
OOJITOHIIO TaHa Karar, 0.a.

— —
Mpeinna A - kanaaiaelp 6up caH. Bexkropayk 6apabapabIKTaH anapabiH
KOOp/IMHATaTapbIHbIH OapadapIbIrbl KEJIUI YbIraT
X=X =X =X ), Y—Y1=4(Y, = ¥;). MbiHzan
X—X =2, Y—Y1
X2 =Xy Y= )1

Mixpny;)

= A amaObI3. AHIa

X=X _ Y-V (1)
X2=%X Yo— Y1
(1) menoeme IKu uekum apKvlayy Omyyuy mys col3lKmbiH
menoemecu 0en amaianm.
(1) Temmeme X, —X, #0, y, —y, #0 OonroH ydypaa rana Tyypa

oonor. Orepae X, —X; =0 Oosico, anpa /¢ Ty3 ceB3bIrel Oy oOryHa
napajuiesb OO0y, aHbIH TeHaemMecH X — X; =0 ke X = X; 0ojor, aj smu Yy
KOOpJMHATAchl Kaanarangaii Oosor. Orepae Y, — Y, =0 Oonco, anma /
TY3 CbI3bIIbl OX OryHa mapaiens OoJIyml, aHblH TeHaemecun Y —Y, =0 xe
Y = Y, KOpPYHYIIK® 33 )KaHa X KOOpAMHATACHI KaajaraHaai 0oJoT.

1-mucan. Yu Gypurykryn yokymnapsl A(00), B(21), C(-11)
OepuireH. AJapAbIH KaKTapBIHBIH TEHIEMEICPHH Ka3Tblia.

Yvizapyy. A xana B 4OKymapbel apKbulyy OTYYYY TY3 CBI3BIKTBIH
teHaemecuH (1)  ¢dopmymnaHbiH  KapaambiHna — Tabanel.  MBIHIa
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X, =0,y,=0,%X,=2,y,=1. Auna AB Ty3 CBI3BIIbIHbIH TEHJIEMECH:

)2(_2 = i/ _8 xKe Y =%X 60710T. Yryn 31e cbiikTyy AC TYy3 ChI3BITBIHBIH
- x=0 y-0
TEHIECMECH. = ke Y =—X 0OoJIoT.

~-1-0 1-0
BC Ty3 CHI3BITBIHBIH TEHACMECUH TaOyya ©3reueykK maiaa 00JoT,
anTkeHu Y, — Y, =1-1=0. byn yuypna B xana C 4okycy apKbulyy

OTYY4y TY3 ChI3BIKTHIH TeHJemecu OX oryHa mapasiens Oonyn y—1=0
TeHJEMECHHEH Ta0bLIaT, 0.a. Y =1 TeHaeMecH OOJIOT.

4.2. Kecunauaeru Ty3 ChI3bIKTBHIH TeHIeMeCH

M, xana M, dexkurrepu
y L

N

KOOPIMHATAJIBIK OKTOPJI0 YKATKaH
KEKede ydypay Kapaubl.
AnpikThIK YayH M (a0),
M,(0,b) 6oncyn. Anma 5Ku 4eKUT

apKbLIyy ©TYY4Y TY3 CbI3bIKTHIH
TEHJEMECUHUH (POPMYJIaChIH

0 maiiananpim o =3~ O anabas
0O-a b-0
Ke
Y )
a b
(2) menoeme my3 coi3bIKmMbIH Kecunoudezu menyoemecu 0en amaian.
2-mucan. Koopiunara OKTOpy »aHa % - % =1 TY3 CBHI3BITBI MEHEH
YEeKTE/reH Y4 OypUTYKTYH asHTHIH TAIlKbLIA.
1
Yvizapyy. Yu OypUTYKTYH asHTBIHBIH (OpMysacel S, = E\a- b|. Busne

1
a=10,b=-5 OONTOHIYKTaH,  OpAyHa  KOHCOK S, = E\a- b‘ =

— %‘10 (-5 )‘ =25, S, =25 kemun 4YpIraT.
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4.3. BypuTtyk k03¢ GuIueHTH AaPKbLIYY OepHJIreH TY3 CbI3bIKThIH
TeHJAeMecH

OXy TEeru3auruHAC KOOpAMHATa OKTOpyHa Mapajienb 00100roH
KaaJiaraH Ty3 ChI3bIK anaobi3. byn Ty3 cbi3bik Oy oryH N(0,b) uekutunge

kecun oTyn OX ory MeHeH o OypuyH TY3CYH.

Ty3 coizvikmoin a (0<oa <m) owcanmary Oypuy Oen, my3 Cbi3blK
meHen OX 02y Kecunuwikew yekummuH atlavacelnoa OX o02yH caam
JrcedecuHe Kapuibl 6azbimma my3 Cbi3blK MEHeH 0all KejleeHae Yetiut Oypyy
OypuyH atumaowl3.

bepunren Ty3 cei3bikTa Kaanmarad M ( X,y ) dekuTuH anadbi3. N 4eKkuTH
apkburyy OX OTyHa IMapajuielib kaHa aHbl MEHEeH Oupjei Oarsirtanrad Nx'
OTyH XYpry3e0y3. Nx’' ory MEHEH TY3 ChI3BIKTBIH OPTOCYHIAarbl Oypd « ra
Oapabap. Nx'y cucremaceiHma M dYekuTM X  KaHa y-—b
KOOpAWHATANIApbIHA 7). BypuTyH TaHT€HCUHUH aHBIKTOOCYHYH HETH3UHJIC
tga =yT_b oonor, ©0.a. y=tga-x+b anmabe3. Mremgan tga =k

OeJITUIeeCYH KYPry3yr,
y=kx+b (3)
TEHIEMECHH ana0bi3. byl Ty3 ChI3BIKTA JXaryydy Kaamaran M(X,Y)

YeKUTHHUH KOOpanHaTace! (3) TeHIeMeH KaHAaTTaHIbIpaT.
k=tga camnvt mys coizvikmoin Oypumyk kodgppuuuenmu, an s>mu (3)

menoeme OypuUmyK Kodgguyuenmu apkliyy dOepuncer my3 Cbi3blKMbIH
meHoemecu oen amanam.

Orepze Ty3 ChI3bIK KOOpAWHATA OaIlITaJbIIIbI APKBITYy 6TCo, anaa b=0
00JI0T j)xaHa TeHIIeMe Y = KX KOpPYHYIITYHO KeJleT.

Orepne Ty3 chi3blk OX oryHa mapajuiens 6osco, anga a =0, k=tga =0
oonym, (3) hopmyna y=b TypyHe keer.

T
Orepae Ty3 cbiblk Oy OryHa mapajuieib 00JICO, aHJa o = ooy, (3)
TEHJEME MAaaHUCUH MXOrOoTOT, ce0edu an ydyyH OypuTyk Kod(duimeHt
T <
kK=tga :th kamrabaiT. byn ydypna Ty3 CBI3BIKTBIH TEHAEMECH X =a

TYPYHO KEJIET, MBIHIA & - TY3 CbhI3bIK MEHEH OX OryHYH KECHJIMIIKEH
YEKUTHU.
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4.4. bepuireH 0arbIT 00I0HYA OePUJIT€H YeKHT apPKbLIYY 6TYY4Y TY3
CHI3BIKTBHIH TEHIEMeCH
Bypuryk kos¢p¢unmentu k Oomron xama M (X,,y;) dYekutu
apKBUTYY OTYY4YY TY3 CBI3bIKTBIH TEHJIEMECHH Ta0yy MaceJIeCUH KOEy.
Macenenu yeuyy yuyH (3) ¢hopmyrnansl naiaiancak 00101, cebeou
M,(X;,y;) uekutu OepuiareH Ty3 CbI3bIKTa JKaTaT JKaHa aHbI
KaHaaTTaHapIpat, 0.a. Y, =kX; +b. Memna b 6enrucus can, omonmykran
aHbl Ta0aOb3 b =y, —kx,. TaOburan Oenrucu3 canabl (3) Gopmynara
koron Y = kX + y; —kx; xe
y =y, =k(x=x;) (4)
ayadbI3.
(4) dopmyna Gepuncen 6Gazoim OolwOHUG OepuiceH YeKUM aPKbLLYY
OmMyyuy my3 Cbl3bIKIMbIH MeHoeMecU 0en amaniam.
(4) ¢dopmynansl (1) cdopmymanaH aHBIH 9KM JKarblH TeH Y, — Y,

ailblpmacblHa Oelyy apKbulyy ainca Ja 0oJjotr: Yy —Y; = u( X=X ).

Xy =%
Orepne K = Y27 Y1 OenrmneecyH Xypryscek, anma Y —Y, =K(X—X;)
Xy =%
dbopmynaceiH anadbI3.
3-mucan. M (-1,2) gexkutn apksiayy oTyn, Y =—-3X+ 1 Ty3 CBI3bITbIHA

napaJuiesib O0JITroH TY3AYH TE€HIEMECHH TaIlKblia.
Yvicapyy. bus uzpen xkatkaH Ty3 CbI3BIK Y =—-3X+1 Ty3 CHI3BITBIHA

napajuielib OOJITOHIYKTaH, aHblH OypuTyk Ko3dduimentn k =-3 6010T.
Anna (4) ¢opmynansl naimamancak Yy —2=-3(x+1) Ooiot, 0.a.
y =—-3X —1 TeHaemMecuH anadm3.
4-mucan. M, (-3,-1) uexkutn apkpuryy etym, 2X+Yy-3=0 T1y3
CBI3BITbIHA MTAPAJLJIENIb OOJTOH TY3AYH T€HIEMECHH TaIlKbLIA.
Yvizapyy. byn Ty3 CBI3BIKTBl Y =-2X+3 KOPYHYLIYHIO a3blll aJbIII,
Oyputryk Ko3p¢uuueHtn K;=-2 OSKEHUH aHBIKTalObI3. O3 apa

NEPHEHAUKYISAp OONIrOH TY3 CHI3BIKTApIbIH OypuTyK KO3(p(dULHEHTTEpU
kik, ==1 mapTtel MeHeH OallaHbIIKAHIBIKTaH, W3ACTYY4Y TY3AYH

Oyputyk ko3 duirieHT K N oonor. Anma (4) dopmymnanan
yPUTYK 257 T
1

y+1:%(x+3) xe X—2y+1=0 amabsI3.
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4.5. Ty3 ChI3BIKTBIH KAJIIIbI TEHAEMeCH

X JKaHa Yy Kapara ChI3BIKTYY OOJTOH KaJIbl TYPYHAOTY
Ax+By+C=0 (5)
TEHJCMEHHU Kapaiibl, MbiHaa A, B,C - kaanmaranmaii canmap (A »xaHa B

Oup ydyp/a HeJl 3Mec).
(5) menoeme my3 coizvikmuln Heannwvl meyoemecu 0en amaian.
(5) TeHmemenu e3repTyIl ka3aybl. By =—Ax —C. BapabGapIbIKThIH KU

®arelH B ra Oemym, y:—éx—E aytaobI3. —ézkztga,—gzb Zen
B A B A

OenruneenepyH SKYPry3ym, OypuTyk Ko3(p(UIMEHTH MEHEH OepuireH
y = kx+ b Termemecun kentupun gprapaOsI3.

Deepoe 1) A=0 6oaco, anoa (5) gopmyra y= —% meHoemecuHe
atinanvin, my3 coizoik OX o2yna napainens 6010m;
2) B=0 6oaco, anoa (5) ¢popmyna XZ—% meHOeMecune alliaHbln,
my3 coizoik Oy oeyna napainens 6010m;
3) C =0 6oxco, anoa (5) popmyna y = —gx menoemecune atlaHbln,

MY3 CbI3bIK KOOPOUHAMA OAUIMATIbIULLL APKBLTYY 6MOM.
Deepoe mys coizvik (5) mypoe bepunce, anoa amnvin HOPMALObIK

gexmopynyn  koopounamacsi N={AB}, a1 omu Gazeimmoouy
eexmopynyn xoopounamacsl t ={- B,A} 6orom.

1
S-mucan. y = > X —5 TY3 CBI3BITBIHBIH KAJIIbl TEHAEMECHH KA3rbLIA.

Yvicapyy. Ty3 CBHI3BIKTBIH TEHJAEMECHHUH OKH KarblH T€H 2 T€
KOO0OUTYI, OapAblK KOUIYJIyydyJdapAbl COJl JKakka aiblll  eTelys3:
—X+2y+10=0. Mbmgan —1 re xeOeitymn, X —2y—-10=0 TeHaeMecHHE

33 605100Y3.
6-mucan. X—y+2=0,y=2x+1 X=7  Ty3  CBI3BIKTApbIHbIH

HOPMAJIJIBIK JKaHa 0arbITTOdy BEKTOPJIOPYH TAIKbLIA.
Ypizapyy. 1) N ={1-1}, t ={1,1}; 2) N={2,-1}, t ={1,2};
3) N={10}, f ={0,1}.
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4.6. bepujreH 4eKUT apKbLIYYy 6TYY4Y ’KaHa OepuJreH BeKTOpro
napaJuiesib 00JIrOH TY3 ChI3BIKTBIH TEHIEMeCH

JlekapTThik KoopauHarajgap cucremacsina M (X;,y;) dYekutn
xana T ={a,b} Bexropy Gepuncun. M;(X;,y;) YEKHTH apKbLIyy OTYydy
ana T = {a,b} GareIrTO0Yy BEKTOpYHA MapasuIenb GONTOH / Ty3 ChI3bITBIH

TYpPry3yy Tajamn KbUIbIHCHIH.
/ Ty3 CBI3BITBIHAA KaamaraHgad M(X,y) dYekuTuH amabbz. M(X,Yy)

4eKUTH ¢ Ty3 ChI3bITbIHIAA M;M BekTropy { BEKTOpyHa KOJTMHEAPAYY

Oosronyio rana, 6.a M;M = At (A- kaanaran caH) OOJITOHJIO raHa Karar.

byn BexkTopayk OapabapiplKTaH, ajlapAblH  KOOpAWMHATaJIapbIHBIH
OapalapapIrbl KENHIN ubrar: X —X, =Aa, Y—Y, =Ab. Msmgan A HBI

’KOIOTI, TOMOHKY (POpMysIaHbl anadbl3:

X=X _Y— Y%
T - p (6)
(6) gopmyna t={ab} 6acbimmoouy eexmopy menen bGepuncen mys
CbI3bIKMbIH KAHOHUKAIBIK MeH0eMecu oen amaiam.
7-mucan. M(12) dekduTH apKbUlyy oTyydy kaHa t ={4;3}
BEKTOpPYHA Mapaijiesib OOITOH TY3 CHI3BIKTHIH TCHIEMECHH Ka3Tblia.

x-1 y-2

Yvizapyy. (6) bopMmynaHbl maiganaHblI, aaobI3.

Mpebingan y = % X + % TEeHJIEMECHHE 39 00J100Y3.

4.7. bepuireH 4eKUT apKbLIYy 6TYY4Y 2KaHA OepPUJITeH BEKTOPIo
MePHeHAUKYJIAP 00JIrOH TY3 ChI3BIKTBHIH TEHIEMeCH

M,(X,,y; ) dexutn xkana N ={A B} Bexropy Gepmicua. M, (X;,Y;)

YEKUTH AapKbUlyy OTYYdy »JKaHa N:{A,B} HOpMajlb BEKTOpYyHa
MEePIEHIUKYISP O0ITOH ¢ TY3 CBHI3BITBIH TYPry3Yy TaJlall KbUIBIHCHIH.
/ Ty3 CBI3BITBIHAA KaamaraHgad M(X,y) dYekuTuH amadbz. M(X,Yy)

—_—

yekuTH / Ty3 ChIBBITBIHAA M;M ={x—X;;y—Y,} BekTopy N BeKTOpyHa

MePIEHIUKYISIp OOJNTOHIO raHa, 0.a. N- W =0 OOJTOHJO raHa >Karar.
Bbyn 6apabapapik BEKTOPIOPAYH CKAISAPIbIK KOOOUTYHIYCY OOITOHIyKTaH

A(X=x;)+B(y-y;)=0 (7)
ama0bI3.

—

(7) popmyna bepuncen uekum apkwinyy emyyuy scana depuicen N
8EKMOPYHA NEPREHOUKYADP OONI20H MY3 CbI3bIKMbIH MmeHoeMecu O00m.
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8-mucan. M(1—1) 4YeKUTH apKbUlyy OTYY4y >KaHa N = {~ 1;1}
BEKTOPYHA MEPHEHAMKYIISAP OOJITOH TY3 CHI3BIKTBIH TEHIEMECHH KA3rbLIA.
Yuizapyy. M(x,y) anabeiz. MM, ={x—1;y+1} BekTopyH TabalwbI3.

(7) hopmymansr maiinanarcax: N-MN =0= —1-(x-1)+1-(y+1)=0=
y =X —2 00J0T.

4.8. Ty3 ChI3bIKTBIH MOJSIPABIK TeHIEMeCH

[MonsipmbIk  KOOpAMHATANAPAArbl TY3  CHI3BIKTBIH  MOJISIPABIK
TEHJIEMECUH Tabayibl. Al Y4YyH
O mosocyHaH OepuiireH a Ty3
CBI3BITHIHA NEPIICHANK YIS
001roH ¢ oryH Typry3aoni3. Ty3
CBI3BIKTBI MYHO3106 Y4yH O
MOJIOCYHAaH ~ OepwireH  Ty3
CBI3BIKKA YCWHHKH [ apajibIlbIH

v

= kxaHa OP moJyisIpAbIK Ory MEHEH
¢ OTryHYH apacblHIArel o
OypuyH KepceTYyy Kepek.

bepunren Ty3 cei3bIkTarel kaanarad M(r;¢ ) 4eKUTH Y4YH
npfm = p GooT.
DKWHYHA KaKTaH npfO—I\/I’ = = ‘O—I\/I‘ -cos(a—@)=

=r-C0S(¢ — o) OONrOHIYKTaH
r-cos(p—a)=p (8)
anaosbI3.

(8) dopmyna mys3 cuizbikmobln ROAAPOBIK KOOPOUHAMANAPOAZbL
menoemecu oen amaiam.

4.9. Ty3 cbI3bIKTHIH HOPMAJIJIBIK TeHAEeMeCH

Ty3 CBI3BIKTHIH MOJSPABIK KOOPIAWHATATIAPBIHIATHl TEHIEMECHHEH
TY3 CBI3BIKTBIH HOPMAJIJBIK TEHIEMECUH KEITUPHUI YbITapyy MYMKYH. AJ
YUYH THK OypuTyy KOOpJMHATajlap CHUCTeMachlH KapailObi3. bym Tuk
OypuTyy KoopAauHaTaizap cuctemacbiHaa O dekuTuH moitoc gern, OX oryH
HOJSIPJBIK OTy Karapbl Kapaitobi. (8) tewmaemenu r-cos(o—a)—p=0
KOPYHYIIYHAO® JKa3bil anadbi3, 0.a. r-coS@CcoSa +rsingsina — p=0.
[lomsipnplk  skaHa  TUK  OypuTyy  KOOpAMHATajgap  CHUCTEMAachl
rcosp =X, rsing =y QgopMymnanapsl MCHEH OailTaHBIIITKAHIBIKTAH
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Xcosa + ysina — p=0 (9)
dbopmynaceiH anadbI3.
JIeMeK, Ty3 CBI3BIKTBIH MOJIIPABIK KOOpAMHATaJIapAarbl TCHACMECH

THK OypuTyy KoopanHaTanap cuctemacbinaa (9) kepyHyiire 00JOT.
(9) popmyna my3 cvi3vikmoin HOPMAIOBIK MeHOeMmecu Oen amaiam.

(5 Tenmmemenen (9) TeHOEMCHHMH KAaHTUII KEIWN YBIKKAHBITHIH
kepceTeay. (5) TEHIEMCHMH 5KH JKarblH TCH KaHmaiaplp Oup A #0
Ke0elTYyuycyHe kebentym, AAX + ABy + AC =0 amabwi3. byn tenaeme (9)

TEeHJIeME MEHEH Jaj KeJuiud Kepek, 0.a. AA=cosa, AB=sina, AC=-p

OapabapIbIKTaphl aTKapbUIbIIIBI KepeK. bupuHunm sku OapabapablKTaH

] 1
A2A% + A°B%2 =cos’q +sin‘a, 6.a. A=+———— ana0b3.

VA® +B®
A KOOOUMYyUyCcy HOPMAObIK KOOOUmMyyuy oen amaiam.
An 3mu yuyHuy OapabapabikTaH A keO0eHTYy4dyCYHYH Oelrucu Ty3
CBI3BIKTBIH JKaJMbl TeHAeMecuHaeru C 0ol MY4YecyHYH OenrucHuHe
Kapama-KapIibl 00JI0 TYpraHAbITbIH aHBIKTAHOBI3.

O-mucan. -3x+4y+15=0 TEHIEMECHH HOPMAJILIK KOPYHYIIKO
KEJITUPTHJIC.
Yvicapyy. OH 0001y HOpMAIIBIK KOOOUTYYUYHY Ta0aOBI3:
1 1
A=— =——. MpHgarel MHHYC O€IrMcH  TEHJAEMETe

V(=3)*+4% 5

KaThIIIKaH OOl MYYeHYH O€Irucu TIUIroC OONTOHAYKTAaH TaHIaJIbII
1 o .

aNbIHJBL. Drepae TeHIEMEHU l:—g KeOelTYyyuyCcyHe KeOeWTCoK, aHaa

TY3 CBI3BIKTHIH

-3 4
HOPMAaJIJIBIK TCHIEMECHH ala0bI3: E X — E y—-3=0.

4.10. Dkm TY3 CBI3BIKTHIH apacbingarsl Oypu. [lapaanenayyayk
’KaHa MEePIeHAUKYJISIPAYYIYK APTTAPbI

busre /¢, xana (, Ty3 CBI3BIKTapbl THEUIEAYY TYPHO
Ax+By+C; =0, AXx+B,y+C, =0 tennemenepu MeHEH OEpHUIICUH.
bByn Ty3 CbBBIKTapAblH HOPMAJIIBIK  BEKTOPJIOPY m = {A1 Bl},
Wé = {A2 ;B,} TypyHme 6070T. AHAa OKHM BEKTOPAYH CKaTAPIBIK
N -Ng|

‘N ‘ ‘N ‘ anaobI3.

KOOOUTYHIYCYHYH aHBIKTOOOCYHYH HETH3MHJE COSY =
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MabIHAaH HOPMAaJIIBIK BEKTOPIOPAYH KOOPANHATAIAPHI apKBLTYY jKa3caK
+ B,B
cosy = A1y + ByB,| (10)

VA +Bf A + B

dbopmynaceiH anadbI3.
(10) popmyna aku my3 cbI3bIKMBIH APACLIHOAZLL OYPUMY AHBIKNOO
Gopmynacel oen amanam.
10-mucan. x-2y=1=0, 2x+y—-3=0 Ty3  CHI3BIKTAPbIHBIH
apachIHIarbl OypuTy TaIlKbljia.
Ypizapyy. bepunreH Ty3 CBIBBIKTApABIH HOPMAJIBIK BEKTOPIOPY

N, = -2}, N, = {21} Gonor. (10) popmynans! naiianascax:
2-2
V1+4-42+1
Deepoe my3 coisvikmap Y =K X+b,, y=K,X+b, xepynywynoe

cosy = =0, cosy =0, y=90°,

bepunce, anoa anapovblH apacviHoazbl Oypy

k, — k
gy ==+ (11)

Gopmynacel mener mabwviiam.
1 1
11-mucan. y=-3x+6, y= - X— 5 TY3 CBI3BIKTAPBIHBIH apaChIHATbI
OypuTy TankbuIa.
Ywvicapyy. byputyk koaddunuentrep k; =-3,k, = —% OOJNITOHIYKTaH,
1

-—+3
(11) popmynanan tgy = 2 =1 anaOb13. MbIHIAH W/ :% 00J10T.

1+(—3)(—;)

bepuncen A x+B;y+C;=0, AAX+B,y+C, =0 my3 covizvixmapol
nepneHouKynap OonyuLy yuyH

AA, + BB, =0 (12)
WaApMuIHbIH AMKAPBLIbIULLL 3APbLIL HCAHA HCEMULUMYY .
bepuncen A x+B;y+C;=0, AAX+B,y+C, =0 my3 covizvixmapol
napannenv 601yuLy OoayuLy yuyH
S B (13)
A By
WapMuIHbIH AMKAPBLIbIULLL 3APbLIL HCAHA HCEMULUMYY .
12-mucan. Ty3 cbIBBIKTap/IbIH KalIaHbIIYy a0ajiblH TalKbUIa:
1) 6x—15y +7=0 sxana 10x+4y—-1=0;
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2)5x -7y —4=0 xana 3x +2y —13=0;
3) x—2y+1=0 xana 2x -4y -1=0.

Ypizapyy. 1). N;=1{6;-15}, N, ={10;4} HOpMaTIbIK BEKTOPIOPYHYH
koopauHatanapsiH (12) dopmynara koeby3: 6 -10 +(-15)-4=0. MbiHman
(12) mrapTThiH aTKAPBUIBIIIBI KK YbiraT. Jlemek, Oy 3KH Ty3 ChI3BIK
NEepHeHAUKYIsp OO0JIOT.

2). Byn yaypma N, =1{5-7}, N, ={3;2}. (12) dopmymara xorom
kepeny. 5-3+(-7)-2=1=0, 6.a. (12) maprt arkapsuiOaiT skeH. (13)

dopmyara koeOys3: g;t—g. Jlemek, (12) mapt na aTkapbLIOadT SKEH.

OmoHtyKTaH OyJ1 3KH TY3 ChI3BIK IEPIICHIUKYIISP Ja, apajlielib Ja IMeC.

3). N; ={1;-2}, N, ={2;-4}. (13) dopmynara Koron Kepeny: %: _—j
Jlemek, (13) mapr atkapsiiar. AHJa OCpUJIreH TY3 ChI3BIKTAp Hapasuieib
Oomymiar.

4.11. BepuJreH 4YeKHUTTEH TY3 ChI3bIKKA YeilHH apaJjibIK

¢ T1y3 ce3bITHI, AX + By + C =0 Tenmemecu xxana My(X,,Y, )
YEKUTHU OEPUJICHH.
Mo(Xg,Yo ) uexumunen ¢ my3 col3vleblHA YEUUHKU APATILIK

’ :\AXO + By, +C|

VA? 4+ B?
Gopmynacel mener mabwviiam.
13-mucan. M, (2-1) uexkutunen 3X+4y—-22=0 TYy3 CBHI3BIIBIHA
YCHMHKYU apaJIbIKThI TAIKbLIA.

3-2+4-(-1)-22 20
J9+16 5

(14)

=4.

Yvicapyy. d =
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5-IJIABA. DKUHYU TAPTUINITETU UMPU CBHI3BIKTAP
5.1. Herusru TYIIyHYKTOp

Teruznuxre Oxy IEKApTTHIK KOOpPAMHATAJIAp CHCTEMAchl OEpHIIreH
0O0JICyH.

Koopanuaranapsr

F(x,y)=0 (1)
TEHJAEMEHHU KaHAaTTaHABIPYYy4y TErU3AUKTErH YeKUTTEPUH KONTYTY Uilpu
ChI3BIK, a1 oMU (1) TeHIEMe aJt MAPH CHI3BIKTHIH TCHJIEMECH JICT aTajar.

Deepoe cui3blK 0eKapmmulK X Hcana Y 0320pMenopyHe Kkapama N —
oapasicadazbl meHoeme MeHeH aHblkmajica, aHoa ai N —mapmunmeu
CBI3bIK Oen amanam.

XKoropyna ©Ou3 kaparaH Ty3 CBI3BIKTBIH JKalllbl TEHJEMECU
AX+By+C =0 1l-raptunteru CchI3bIK Jem aTajar. OMU OU3 SKUHYU
TapTUNTETH MIPU CHI3BIKTAp/bl KapaiObi3. JleKapTThIK KOOpAMHATAJIap
CUCTEMAaChIH/a SKUHYU TaPTUIITETH UHPUIICPIUH JKAJIIbI TEHAEMECH

Ax? + 2BXxy + Cy® + 2Dx+ 2Ey + F =0, (2)

mbiHIa A2 + B? +C? #0, KepyHyIITe 6OJIOT.

(2) Tenmeme TErW3AMKTE aWaaHAHbBI, SJUIMIICTH, TUIEPOOJAHBI KaHA
napabosIaHbl AaHBIKTAWT. DKUHYN TAPTUITETH ChI3BIKTApPTa OTYY/AOH aJIJIbIH
aTayraH GurypaapablH KaCHETTEPUH Kapall YbITaJIbl.

5.2. Air1ana

OKUHYMA TapTUNTErW WHPUIIEPIMH BH JKOHekeily Oomyn aiinaHa
JCEmTeTeT.

Paouycy R, 6opoopy My(X,,Y,) uekumunoe 6oneon aiinana oen, M,

yekumunen R apanvikma orcamyyuy

Va M(X,y) YeKummepuHuH
2e0MEeMPUSLILIK OPOYH aumaobbl3.

R oMz y) Term3aukrTeru 2KU  YEKUTTUH

Myl %, ) apachlHAArbl  apalbIKTBI  TaOyyHYH

dbopmymacer 0oroHYA

JxX=% )2 +(y-Y,)? =R, 6.

(x=% ) +(y=¥)* =R" (3)
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TEHJIEMECHUH aJIa0bI3.
(3) menoeme atinananvin KAHOHUKAIBIK MEHOEMeECU Oen amdilam.
Orepae aiylaHblH OOpOOpPY KOOpAWHATA OAamITadbIlibl MEHEH Jail

kence, 0.a. X, =0,Y, =0 0oJco, aHma aliyIaHBIH TEHIEMECH
0 0

X2+y2=R2

KOPYHYILTO OOJIOT.
(3) TeHIeMeHN TOMOHKY/IOH sKa3bIll aJ1a0bI3;
X2+ Y2 —2XX, —2YY, + X5 + Y5 —R* =0
ayaobI3.
byn tenmemene (2) TEeHOEMEHHMH adpbIM Oup ydypy OOyl
ACENTEET:
A=1 B=0,C=1 D=-y,, E=-y, F=x+Yy.-R, A>+B*+C*=2=0.

Teckepucunde, srepjae ailaHaHBIH JKaambl TeHaeMecH (2) TeHaeme
TYpyHIe Oepuice, aHAa aHbIH TEHJIEMECHH KaHOHUKAJIBIK KOPYHYIIIKO
KEeNTUpYYre O0JIOT.

1-mucan. X* +y? —4x+6y—3=0 d5KHHUM TAPTHOTErH UHAPHCH KaiiChl
(urypaHbl aHbIKTAMT.

Yvicapyy. byn TeHiIeMeHU TOMOHKY 101 03ropTely3
(x?—4x+4)-4+(y>+6y+9)-9-3=0,6.a. 4 sxama 9 caHgapbH
KOIIYIT aHJAaH COH KEMUTTHK. KalraaHblH WYWHACTH TYIOHTMaJlapia
KbICKaua KeOOUTYYHYH (popMyliajapblH 3CKE ajcak

(x—2)* +(y+3)* =42
TEHJIEMeCHUHE 39 005100y3. Jlemek, Oyn TeHaeme paauycy R =4, 6opbopy
My(2,—3) dexutunae OONTOH aillaHAHBIH KAHOHWKAJBIK TEHIEMECHH
AHBIKTANT.

5.3. Danune

bepuncen M uexumumnen ¢hoxycmapwr den amanyyyy F, ocana F,
yeKummepuHe 4YetuuHKu aparblkKmapovblH CYMMAchl mypakmyy OO0n2oH
me2u30uKme2y YeKUummepOuHr 2eoMempusLiblK opoy IIAUNRC Oen amaiam.

byn snnuncmun  ghoxandeik Kacuemu

e bonyn scenmenem.
FM+F,M =2a F,(~c,0) aHa F,(c,0)
YCKUTTCPUHHUH apachIHIATbl
; 0 . 2¢c = FF,apansik - ¢pokycmyk apanwvik,
2 F,F, xecunmucunun oprocy - O(0,0)

YEKUTUH I/IIURCHUN 00pOOpy, 2acaHbl —
Za
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YOH Or'YHYH Y3yHAYTY (& - woH acapvim o2y) nen arajar. DJUMICTAH
kaamaran M(X,y) wuexkutun F;, xama F, <¢okycraper MeHeH
Tyramrelpyydyy M xana F,M kecunmuiiepu M dekuTuHuH ghokandvik
paouycmapel 1en  aranar. ODJUIMICTUH YOH OTYHYH Y3yHIYTy aHbIH

(doKyCTyK apaibITbIHaH 4OH, 0.a. 28 > 2C.

C
&€ =— KaTblllbl JJUIMIICTUH 3JIKCUeHmpucumemu [JCI1 aTallaT.
a

DIUNCTUH AKCLIEHTPUCHUTETH 0<e<l1 OapabapChI3IbITbIH
KaHaaTTaHelpatr. Orepae & =0 Oonco, 6.a. ¢=0 Oonco, anma F;, F,

doxyctapsl )xana O sumncTuH 60pOOpPy MEHEH Jai KeJeT Ja dIUTUIC a
pannycTyy ailllaHa MEHEH Jlai KeJleT.

XZ 2
?+;’—2=1 4)

TCHACMCCHU JIJIUNCMUR KAHOHUKA/IbIK TCHIACMCCH [ACII araliar. BYJ'I
TCHACMC X JXKaHa Y K€ Kapara 3KMHYM aapaxxkajaa 6OJIFOHI[yKTaH, OJIJIUIIC

IKUHYU MAPMUnmMezu Cbl3blK JIEN aTajiar.
(4) omnuncTUH  TEHAEMECHH — (QOKAIIBIK  KACHETHH TYIOHTYYdy
re€OMETPUSUIIBIK aHBIKTAMAChIHAH KENTUPUIT Yblrapadbi3. OXY THK OypuTyy

KOOpAMHATaJap CUCTeMachlH TaHaan anaoe3. okycraper F,(—C,0) xana
F,(c,0) uyekurrepu OosicyH »xaHa kaamaraH M(X,y) dYekuTu Y4YH

- -
| F;M | +| F,M |= 2a mapTs! aTKkapbUICHIH.

- -
| |:1_>|\/| |+ F:M = 2a F,M :xana F,M BexropiaopynyH
y3YHAYKTapbIH TaObIll, KOOPAUHATAIBIK

¥
b M5y dbopmana xaszcak, aHaa
fm J(x+c)? +y2 +4/(x—c)? +y? =2a
iy O/Q x

==

anaObI3. Pagukanaan KyTyayn

3 (aZ_CZ)X2+a2y2:a2(a2_CZ)
73 005100y3. TeMeHKY1611 OenTuIee Kypry3yn
I\?Igm_‘{; b=+va?-c? >0, b’°x* +a’y? =a’b? analen.

Dkn xarbiH TeH a’b? # 0 Gemyn (4) smmncTiH
M KaHOHHWKAJBIK TEHJIECMECHH aaa0bI3.
Orepje UUICTHH (HOKYCTApHI 1ajl KeJce, aHa
SJUTHTIC aiiylaHara aiianar, cebedu a =b. byn
yuypaa O = F, = F, Goor.
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x* +y? = a® rergemecu 6opbopy O deKHTHHIE GOITOH, pAIUyCy
ara Oapabap 0oyroH aitmana 00JOT.

5.4. I'unep0osa

bepuncen M uexumunen gpokycmapwi oen amanyyuy bepuncen F, orcana
F, sku uexummepune ueriunku aparblKMapviHbIH AUBIPMACHL MYPAKMYY

YOHOYK 00NICOH me2u30uKmecu YeKummepouH 2eoMempusiiblk opoy
2unepooaa oen amanam.
['nnepOonaHbIH TEHAEMECHH KEeNTHUPUIl Yblrapyy Y4uyH F; kxana F,

5 dokyctappr OX oryHaga >kaTKaHmai

. KbLIBIT Oxy KOOpJMHATAIAp
%y
CHUCTEMACBHIH TaHgam ajaa0bl3  JKaHa
KOOpAHMHATA OaIITasbIIb] FF,
F-c,0) o] F)(c,0)s  KECHHIUCUHUH OPTOCY MEHEH Jai
KEJICHH.

F, xaHa F, QokxycTapblHbIH apachlHAArbl apajbIKThl 2C, al 3MHU
runepOoiaHbIH ap OMp YEKUTHHEH (DOKyCTapblHA YEHMHKU apajbIKTap/bIH
allplpMachid 28 jaen Oeiaruiaeinons:

F,F, = 2¢, |MF, - MF,| = 2a. (5)

MpbiHna (poKycTapbIHbIH apachlHIarbl APANbIKTHl (POKANObIK apabik, an
smu MF, xana MF, xecunmunepu gpokanowvik paduycmap nen aranar.

['unepOonanbiH b oxanabK paanycTapbIHbIH Y3YHIYKTaphbl
MF, = \/( x+c) +y?, MF, = \/( x—c)?+y? Gomrougykran (5) hopmy-
jara KOMCOK, aH/1a TOMOHKYHY aJla0bI3:

‘\/(xjtc)2 +y? —\/(x—c)2 +y?

DJUMICTUH TEHJIEMECHUH KEITUPUIl Yblrapyyiarbl ©3repTyIl TY3YYJIepay

KYPTys3yll

=2a.

(a® —c?)x* +a’y? =a’(a*-c?) (6)
TEHJEMECUH anaoOb3. ['unepOonaHblH aHbIKTaMachl OOIOHYA 2a < 2c
OONTOHAYKTaH
2 .2 2
c-—a“=b
OenruneecyH xypry3e0y3. Auaa (6) Tenmeme
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2 2
X
X - y_2 _1 (7)
a® b
KOPYHYIIIKO KeJIeT.
(7) xepyHyIITOrY TCHIEME
2UNnepoOIaHbIH KAHOHUKANBLIK MeHoemecu JICTI aTanar.
['unep6ona na SKMHYU
TaApPTUIITETH ChI3BIK OOJIOT.

5.5. ITapaboaa

bepuncen M uyexumunen ¢hoxycy oen amanyyuy F uexumume owcana
oupexmpucacel oen amanyyyy 0 mys colzvieblna YeluHKU aparbiKmapsl
bapabap 6oneoH me2uzouKmeu UeKUmmepoOuH 2eoMempusiiblk Opoy
napabona den amanam.

[TapaGonanbia TEHIEMECUH KEJITHUPHIT 9bIrapyy Y4YH
OXy koopauHaTanap cucremMachlH naigamanadeiz. OX ory F  ¢dokycy
apKbpUTYyy OTYI JHPEKTpHUcara NepreHIuKy/Isap OOJICYH KaHa KOOpAWHATa
OamTanabplbl  TAPEKTpUCAa MEHEH (OKyCKa YEHWHKH apajbIKThl TEH

optocyHaH OesicyH. TaHmanein anbliHTaH cucteMaga F  Qoxkycy (g;O)

KOOpPJMHATAChIHA 733, all A3MHU JUPEKTPUCAHBIH TEHJIEMECHU X:—g
KOPYHYIIKO 33.

M(X,y) dekuTu mapabOIaHBIH

v KaamaraH  4ekutd  Oosncyn. M
YCKUTHUH F YCKUTHU MEHEH

N-2.y ) Ton ) TYTAlIThIPAJIBI. JupekTpucara
nepneHaukyasip  6onaronaon  MN
s=-2[ N\ #o) x KECUHJIUCUH  KYPIY36eJy. AHJa
aHplkTamara  buUtaiblk  MF = MN

IapThl aTKApPbUIBIIBI KEPEeK. KU

YEKUTTUH apachlHAATbl APAJIBIKTHIH
(dbopmynackIHbIH HETU3UHE

79



MF =\/(x—§)2 +y2, an svu MN :\/(x+g)2 +(y-y) anabes.

Mpersgan \/(X—g)z +y? = \/(X+g)2 +(y—y)? Keum ubIrar.

TenneMeHnH K1 KarblH KBaJIpaTKa KOTOPYII

p* p*

2 2 2
X“—pX+—+Y =X+ pX+-—
p 4 y p 4

’KaHA )KOHOKOMIIOTYII
y* =2px €)
TEHJEMECUHE KeeOus.

(8) TemeMe mMapafoSIaAHBIH KAHOHHMKAJBIK TCHJIEMECH JICN arajar.
[Tapa®ona SKMHYM TAPTUNITETH UAPH CHI3BIK OOJIOT.

(8) Tenemene Yy e3repmecy Kym Japaxkana, JeMek mapaboiga OX oryHa
Kapara cuMMeTpusiyy, 0.a. OX ory cummerpus ory. p >0 GonrosaykTaH,
(1) dopmymaman X >0 »skeHu kemwm 4brat. MpiHgaH, mapabona Oy
OTYHYH OH JKarbIHJIa JKaWTalIKaHbl KSJIUI YbITarT.

X=0 Oomronmo Yy=0 amabe13, aHga mapabona KOOpJAWHATA
OarTabIIIbl APKBUTYY OTOT.

X THH YEKCH3 OCYIy MEHEH Y TuH Moayiy na dekcu3 eceT. O(0,0)
YEeKUTH TapadoyiaHblH 4YoKycy gnem, ain smu FM =r xecunaucu M
YCKUTUHUH (QOKAIBIK PAJNYCy JeT aTajar.

yZ=-2px, x* =2py, x*=-2py (p>0) TeHemenepu 1a
napabosiaHbl CYpOTTOMT.

¥

v
b
L
e, F
/_/_/P_"

o x

¥ =-2px o =lny x* =-2py

2-mucan. y* =6X mapaGomacsl GepuareH. AHBIH AUPEKTPHCACHIHBIH
TEHJEMECHH jkaHa ()OKYCYH TalKbLIa.
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Yvicapyy. bepunren TeHIeMeHH TapaOOJaHBIH KaHOHUKAJIBIK
TEHJIEMECH MEHEH CaJIBIITHIPhIN, 2P =6, p=3 dKeHuH OalKanObI3.

JIMpEeKTPHCAaHbIH TEHIACMECH X = —g aHa (POKYCYHYH KOOPJAMHATACHI

F(g ,0)0oironykTaH, MapaboJaHbIH JUPEKTPUCACHIHBIH TEHIACMECH
3 3

X = 5 an M (POKYCYHYH KOOPAUHATACHI F(E ,0) GoroT.

5.6. DKMHYM TAPTUNITETH UHPH CHI3BIKTAPABIH KAJNbI TEHJAEMeCH

JIeKapTThIK KOOpAMHATAJIAP CUCTEMAChIHAA DKWUHYM TAPTUNTETH UUPH
CBI3BIKTapAbIH KAJIIBI TCHIEMECH TOMOHKY KOPYHYIIKO 33

Ax? + 2Bxy + Cy® + 2Dx+ 2Ey + F =0, 1)

Mbiga A2 + B2 +C% #0, 6.a. yuee 6up yuypaa Heure Gapabap smec
(Y466HYH KOK JIETCH/IC OMpPOe HOJIOH albIpMaITyy).

DKHHYY TapTUOTErd uipuiaepaud Teopuscbinaa (1) renaeme ToMoOHKY 9
TEeHAEMEeTEpANH OUPOOHO KEIIIPHU JAMIIICHT €H:

2 2
XYy
1) — +-= =1 - Duuc;
a’ b’
2 2
2) X—Z — y—2 =1 - I'unepOoua;
a
3) y* = 2px - [apabouna;
X2y
4) — + = = -1 - MuuMBIi >5mIIC;
a~ b
X2y
S) - — o7 =0 - Kecununryy4dy 3Ku Ty3 CbI3bIK;
a
X2y
6) — + o7 =0 - DKM MHUMBIN KECUIIUIIIYYYY TY3 ChI3bIK;
a

7) y? —a? =0 - [Tapasmiens 9KH TY3 ChI3BIK;
8) y? +a’ =0 - DKku MHUMBIif TAPAJIIENb TY3 CHI3BIK;

9) y? =0 - Jlam Keayydy 9KH Ty3 CBI3BIK,
MbIHIa a,b,p= —gKOB(I)(bI/IHI/IGHTTepI/I Henre Oapabap osmec. 1-9

TEeHJIEMEJIEPU KAHOHMKAJIBIK TYPA6ry TEHJIEMeJep JIEM aTaar.
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[IpakTriKaga 3KMHYM TAPTUIITETH UMPHU CHI3BIKTAP aCMaH TEJIOJIOPYHYH
KbIMBUIBIHBIH TPACKTOPUSUIAPBIH YHUPOHYYAO KOJJIOHYJIAT: IUIAHETaJap
KyHunayn aitnanacbiHaa S7MICTHK opOuTa OoroHua KbliiMbuigamiar, KyH
CUCTEMAChIHbIH OapJblK KOMETalaphl K€ DJJUIMIIC, K€ Mapaboia, xe
runepOoia 60r0HYA KbIMMBLIAAIIAT.

(1) TeHIEMEHM TOMOHKY KOPYHYILTO Jia JKa3yyra 00JIoT:

Ax? +Cy? +2Dx+2Ey + F =0, (8)
mbiHga (1) TenaemMenern SkuHIM BXy kornynyydycy xok. (8) TeHaeMeHH

(1) TenmeMencH KOOpJAMHATAIBIK OKTOPAY « OypuyHa Oypyy apKbLIyy
SKUHYY KOUIYJIyy4y Hes 00JI0 TypraHuail e3repTyr Ty3yyre 00JoT.

Koopaunara oktopyH a OypuyHa Oypyy ¢popMysacel

X=Xx'cosa—Yy'sina, y=X'sina+y'cosa 9)

KOPYHYIIKO 33. DCKH KOOPAMHATAIAP/bl *KaHbl KOOpIUHATAIAp apKbUIYY

TyOHTa0bI3, 0.a. (9) hopmynansr (1) ra koeOys:

A(X cosa — y'sina )* + 2B(X' cosa — y'sina )(X'sina + y'cosa ) +

+C(X'sina +y'cosa )® +2D(x cosa — y'sina )+

+2E(X'sina+ y'cosa )+ F =0.

Msaiaga X'-y' keOeUTYHAYCYHYH KO3(hGHUIMEHTH HOJ 000 Typraniai o

OypuyH TaHjaamn anaos3, 0.a.

—2Acosa sina +2B(cos? a —sin® a )+ 2C sina cosa =0

xKe
(C—-A)sin2a +2Bcos2a =0 (10)
anaOb13. JKeHekeineryn
2B
t92a = —— 11
g A C (11)

dbopmynaceiHa Keneous.

Meina omentun, (11) maprka Oam WHTeH KOOpAWHATa OKTOPYH
OypuyHa 0ypyyna (1) renaeme (8) TeHaeMere KeITHPUIICT.

DKMHYM TapTUOTErW HHApH ChB3BIKTapAbiH (1)  TeHaemecu aipbiM
ydypaappl 3CKe anbaraHga HETM3WHEH TETM3IMKTe aiijaHa, JJUIMIIC,
rumnepOoia xxaHa mapadoIaHbl aHBIKTAMT.

Orepae A=C 0Oouico, anna (11) TeHaeme o3 MaanucuH sxorotor. (10)

TermeMeneH C0S2¢a =0 anabb3, mpiHgan 2o = 90° ke o =45°. Jlemek,

A =C Gonrono, koopauHatanap cucremacsi 45° Gypyy kepexk.
Teopema. Orepae (8) Tenaeme
1) A=C 06oiico, aiilaHaHbI AHBIKTANT
2) A-C >0 0051€0, 3JIIMIICTH aHBIKTAUT
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3) A-C <0 6osco, rumepOoiaHbl aHBIKTAUT

4) A-C =0 60s1c0, mapadoIaHbl aHBIKTAMNT.

5-mucan. 4x* +5y? +20x—30y +10 =0 TeHmeMecH MEHEH GepuireH
WWAPH DKMHYU TAPTUIITET UWPH CBI3BIKTHIH KAUCHI TYPY IKCHIUTHH
AHBIKTarbLIaA.

Yvicapyy. Koropynarsl TeopeManblH HerusuHae A=4, C=5
oomronnyktad, A-C =20>0 analpi3 >kaHa JJUTMIICTA AaHBIKTAWUT el
anTaObI3. bepuiren TeHIeMeHN TOMOHKY IO 63ropTyIl TY360Y3:

4(x2+5x+%)+5(y2—6y+9)—25—45+10=0,

_ 3
4(x+g)2+5(y—3)3:60, 12 L=3)r

5.2

Ol -3y
(V15)*  (V12)’

Bopo6opy O( —g :3) uekuTHHIE GOJIrOH, XapbIM OKTOPY a =~/15, b =~/12

Oapabap OOJTOH AJUTHIICTHH KAHOHUKAJIBIK TEHIEMECUH aJIIbIK.
6-mucan. x* +10x—2y+11=0 TemieMecH MeHEH OCpUIreH MHApH
SKWHYY TAPTUNITETH UAPH CHI3BIKTHIH KAHChI TYPY SKCHAWTUH aHBIKTArbLIA.
Yvicapyy. A=1, C=0 Oomronayktan A-C=0 - mnapabonansl
aHBIKTANT. UbIHABITBIHAA, X> + 10X + 25 — 2y +11-25=0,
(x+5)° =2y +14, (x+5)*=2(y+7) amabss.
Yokycy O(—5;—7 ) uekutunae xaHa P =1 re 6apadbap 6oaroH
napa0olaHbIH KAaHOHUKAIIBIK TEHJEMECHH aJIJIbIK.
7-mucan. 4x° —y®> +8x—-8y—12=0 TeHmeMeCH MEHEH OepWIreH
WAPHA DKAHYMA TApPTUIITETH WMUPH CBI3BIKTBIH KAaWChl TYPY OKEHIAUTWH
aHBIKTarbLIA.
Yvicapyy. A=4, C =-1 6onronaykran A-C =—-4 <0 skeH.
Tennemenu e3reptyn Ty300Y3
A x*+2x+1)—(y*+8y+16)-4+16 -12 =0,
A x+1)* —(y+4)*=0,
(2(x+1)+(y+4)-(2Ax+1)~(y+4) =0,
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(2x+Yy+6)(2x—y—-2)=0 Tenaemecun anade13. by TeHaeme

KECHJTYYUY KM TY3 ChI3bIKTap/Ibl aHBIKTAUT: 2X + Y +6 =0 xana
2x—-y—-2=0.

6-I'J/IABA. CBI3BIKTYY AJITEBPAHBIH JIEMEHTTEPU

6.1. Marpuuanap. Herusru TymyHyKTop

Mampuua Oen s1emenmmepu M HCOMUONOPOOH — dHcawa N
MaAMBIUAIApOan mypear mux Oypumyy maoauyausl atumaool3.

dyg Qp g3 ... Qg
Ay Ay Ayz ... Ay

a‘ml am2 amS amn
Mampuyanel keickaua A=(a;;) Oen dcazabviz, mMblHOa j; MAMPUYAHbIH
anemenmmepu, 1=1,...Mm - ocoruonopoyn Homepu, ar smu j=1..n -
MAMBIYANAPLIHLIH HOMEPU OOJIYn Icenmerient.

Konuonopynyn camer M, mamviyanrapvinblh caHbl N Ooneon A
Mampuyacvli MxXN 6146OMYHOO2Y MUK OYpumyy mampuya oen amauovl3
orcana anvl A, aproelnyy beneuneious.

DeepOe Mampuyaubii HCONUONOPYHYH CAHbL MEHEH MAMbIYAIAPbIHbIH
caHvl bapabap 60.1co, anoa aHvl KEAOPAMMbBIK Mampuya oen amauovl3.
Onuomy NxN 607120H K8aOpammulK Mampuyausl N —mapmunmezu
K8aOpammulK Mampuya 0en amauowis.

Deepoe A ocana B mampuyanapeinvin muewenyy snemeHmmepu

bapabap 6onyuica, 0.a. ai,-=bi,- (i=1,m, jzﬁ), aHoa MblHOAU

mampuyanapost 63 apa oapabap oOen amatioviz ocana A=B Oden
orcazabwvi3.
Kesaopammuix mampuyanvin 8,;, 8,5, 83, ... ,8,, dIeMeHmMmMepu

AHBIH 0AUIKBL OUA2OHAIBIH MY 3YULOM.

Deepoe  KeaopammuvlKk — mMampuyaoa  O0auikel  OUACOHALOLIK
IleMeHmmepuHer obauika 6apovik sn1emenmmepu Henee bapabap 6ojco,
AHOa MbIHOAU MAMPUYAHbl OUALOHATOBIK MAMPUNA Oen amaiiobl3.

Deepoe  OUACOHANOLIK  MAMPUYAHbIH — OAUWKbL  OUACOHATBIHBIH
INeMeHmmepuHur ap oupu oOupee Oapabap 6oaco, awoa al OUPOUK
mampuua oen amaiam.
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100 ..0

100
010..0
Mucan. E; ;=0 10|, E =
00 1
000 ..1

E;.; - 3 Taprtunrtern Oupauk martpuua, ai smu E_ - n—Taprunrtern

nxn
OUpIUK MaTpHlIa.

Deepoe  keadpammvlk  MaAmMpuyaumviH  OAWKbL  OUACOHATIObIK
INEMEHMMEPUHUH  OUD  JHCASLIHOASHL  DNIeMEeHMMEPUHUH 06aapvl HOJo
bapabap 6o1co, anda amvl Y4 OYPUMYK KOPYHYULYHOOLY Mampuya Oen
amaiiowvl3.

bapovik sanemenmmepu nHence bapabap mampuya HOIOYK Mampuua
0en amanam Hcaua

000..0

000..0
O:

000..0

apxolryy benzunenem.
Bup raHa >XOM4OMOH TypraH MaTPHIAHBI BEKTOP-KOIYO, al DMU OHUp

raHa MaMbI4aJaH TypPraH MATPULAHBI BEKTOP-MaMbI4a €Il aTai0bI3;

Q

A=|% | B=(b, b, by, .., b)

am
1x1 emuemyHzmery Oup caHAaH TypraH MaTpula ajl CaH MEHEH
TeHaemTHpuieT, 6.a. (7)., =7.

MarpunanbiH = KOJMYOJOPY MEHEH MaMblYaJapblHBIH  OPYHIApPbIH
aNMaIIThIpyyAaH naiia 00JroH MaTpUIlaHbl TPAHCHOHMPJIEHTeH MaTpUIIA

. T
Jen aTaiiObI3 )kaHa aln A’ apKbulyy OCNTUJICHET.

Mucansl,
dyg Qp gz .. Qg dyg Ay Azp . Qg
a a a .o a a a a .o a
A | %2 S22 %2 2n 60sCo, anna AT | 2 S22 93 m2
aml amZ amS amn aln a2n a3n amn
0O0JIOT.
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a;; a djp Ay
Mucann. A:( 1 12], AT = ,
dy; Ay ajp dp
a;; app a3 a1 8z 83

T
A=lay axp axpg| A =lapp ay azp |

ds; dzp dszz djz dpz dsz

A:@ ij AT =@ Z’j A:@, AT =(1 0).

Marpunanapipl TPAaHCIIOHUPIIO® TOMOHKYI6M KaCUETTEpre 33:
1° (AT = A;
2°. (A+B) =AT +BT;
3°. (AB)T =BT - AT,

6.2. MaTpuuanapabl KOuyy

JKeHekoMIyK y4yH MarpunaiapablH YCTYHIOTY aManaapabl SKUHYA
’KaHa YUYHUY TapTUITETH MaTpULiajgap apKbulyy OasiHIanobI3.

dpy Ay byy by
cymmacel oen

(811 @ (b by
A= acana B = K8AOpammuiK MAmpuyaiapblibii

1)

C— (311 +byy A + blzj
Ay + by Ay +by

mampuyacsl amajani.

25 10 2+1 5+0 3 5
l-mucan. + = = .
(3 8] (4 2] (3+4 8+2j (7 10j

VYiryn ChISIKTYY 037€ THK OypuTyy MarTpuuaiapJblH CyMMAachiH

djp dpp Qg3 by by byg
AHBIKTOOr0  OOJIOT. A= HCAHA B=
dpy Ay Ay by Dy bys

MAMPUYALAPLIHBIH CYMMACHL Oen
C— [311 +byp A +bp A +hg ]
Ay +Dy; Ay by Ay +byg

(2)

Mampuyacsyl amaiam.
705 210 7+2 0+1 5+0 9 1 5
2-mucain. + = _ _
(3 8 2] (4 2 3] (3+4 8 +2 2+3j (7 10 5)

2 5 00 2 5
3-mucan. + = .
(3 8] (0 0] (3 8]
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Marpunanapasl KOHIyy CBISKTYY 3JI€ ajlapAblH aWbIPMACBhIH Ja

a;; a by, b
tabyyra 0OJOT. Az( 1 12] JHCaHa B=£ - 12] K8aOpammulK
dy; dp by b

MampuyaiapbiHblH AQiubPMAchl Oen

C- (311 —-by A, - blzj
Ay — by Ay —by

Mampuyacel amanam.
25) (10 2-15-0 1 5
4-mucan. — = = :
38) 42) (3-48-2) \-1 6
6.3. MaTpuuaHbl caHra Ke0eunTyy

a;; a .

A:( t 12] MAMPUYACHIHBIH ). CaHbIHA 007120H KOOOUmMYHOYCy
dp1 d

oen, A MaAmMpuydacviHbiH OApObIK JIeMEeHMMEPUH A CAHbIHA KOOOUMYY

Ja,, Aa, j

MeHeH aJIblHeaH Mampuyansl aumaowiz: 1A=
A, Ad,,

VYIyI CRISKTYY 3J1€ MaTpHUIaIapbl CaHTa KOOOUTYY YIYHUIY TapTUIITETH
KBQJIPATTBIK jKaHa THK OypuTyy MaTpUIajap Y4YyH Ja aTrKapbLiar.
Marpurniara canapl COJ KarblHaH J1a, OH KarblHaH Ja KeOeuTyy Oup ae
KBIMBIHTBIKTBI O€pEeT: AL = AA.

Aaqy Aagp, Aadgs
Ady, Ady, ﬂ,azsl'
Matpuiianbl HeJTe Ke0OUTYY/10 HOTYK MaTpHIIA KEJIUIT YbITaT.

a;; gy 0 00
ay Ay 00)
MaTtpuiianap/ibl KOIyy >kaHa caHra KeOenuTyy TOMOHKY/1ei1 KacueTTepre
23!

Mucan. Al =AA= (

1°. A+B=B+A; 5% 1-A=A;

2°. (A+B)+C=A+(B+C); 6°. a-(A+B)=aA+aB;
3. A+0=A; °. (a+ ) A=aA+ BA;
4°, A—- A=0; 8% a-(BA)=(aB)- A,

MbiHIa A, B, C - MaTpunanap, «, S - casgap.
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6.4. Matpunanapabl Ke0euTyy

Mampuyanapowi Keboeumyy OupuHyU Mampuyansit
MAMBIYANAPLIHBIH CAHbL MEHEH IKUHYU MAMPUYAHBIH HCONUONOPYHYH CAHbL
bapabap 6oneown yuypoa 2ana amkapca 60a0m.

KBagparTeik  Marpunaiapabl  KeOeWTYYHY  KapaiJibl. busre

a;; a by b
A :£ - 12] *aHa B :[ - 12] MaTpuIagapbl OEPUIICHH.
dp1 d 21 Do

A xaHa B wmaTpumanmapblHbIH KOOOUTYHAYCY J€M, JJIEMEHTTEpH
TOMOHKYIOM aHBIKTAJITaH YUYHIY OMp MaTpHIIAHbI AaUTa0bI3:

(a1 ap) (biy b (@gibyg +agby ayq by +a55b,,
A.B= . _ )
dy Ay by by, p1 Dy1 +ap,0, a1 by +a550,;

5-mucan.

A-B:(l 2].(5 6]:(1-5+2-7 1-6+2-8j:(19 22}
34)\7 8 3:-5+4.7 3-6+4-8 43 50
6-mucan.
B-A:(S 6].(1 2]:(5-1+6-3 5-2+6-4j:(23 34}
7 8)\34 7-1+8-3 7-2+8-4 31 46
5- ’)kaHa 6-mucanjapAaH MaTpuiatapibl KeOeUTYYHYH KOMMYTAaTUBANUK
KACUETUHMH aTKapbUIOail TypraHbirbl KEJIUII YblraT, 0.a. A-B =B - A.

Matpunanapasl  keOeiityyae E Oumpauk marTpupacbl e3reue
MaaHUre 73.
bupaux matpuuna aen, O0apabik snementrepu lre 6apabap Oosnron

o . 11
MaTpHIIaHbl alTa0bI3: E = L1

Kaanaran kBaapaTThlIk A  MaTpHIAChIH OHMPAMK MaTpHuIlara
Ke0eiTKeH 16 Kalipa 3¢ A MaTpulackl maiina 60J0T, 0.a.
A-E=E-A=A
dj; a2 843 by by byg
Omu A=|a, a, a, | kaHa B=|Dby by b,; | MaTpunanapeiHbH
dg) dgy dg3 by D3y D
KOOONTYHIYCY TOMOHKYIO1 aHbIKTaJIAaT:
ajp A ag | (b by by
A-B=|ay ay ay ||y by by =

a3 A8z asz) \D3; by, Dby
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a11byy + a0, +aggbyy Ay by, Hagob,, +agshs,  agyg +ag,h,g +ag3hag
=] ybyy +ayhyy +aysby  aybyy +aby, Fanshs, Ay bz +aybyg +aysbss |-
g0y +agby +agzbyy  Aziby, +aAzby, +aghy,  Agibys +agbys +aggbas

231\(120
T-mucan.|1 2 01134 1|=
415 152

2-1+3-3+1-1 2-2+3-4+1-5 2-0+3-1+1-2 12 19 5

=/1-1+2-3+0-1 1-2+2-4+0-5 1.0+2-1+0-2 |=|7 10 2
4.1+1-3+5-1 4.-2+1-4+5.5 4.0+1-1+5-2 12 37 11
8-mucan.

13
21 3 20l 2:1+1-2+3-6 2:3+1.0+3.7 (2227
14 5 (1144.2+5.6 1-3+4.0+5-7) |39 38)

KBampaTrThik MaTpHUIlaHBl BEKTOpP-MaMbluara KeOOWTYY TOMOHKY
Ipexke OOIOHYA KYPOT:

(all a2 J _ (Xl J _ (allxl tap XzJ
dy; 8 ) \ X2 dp1X1 TaX)

3 -2) (-4 3-(-4)+(-2)-5 —-22
L )
Martpurniansl MmaTpuiiara Ke0enuTyy TOMOHAOTY KacCUETTepre 9.
1°. A-(B-C)=(A-B)-C;
2°. A-(B+C)=A-B+A-C;
3. (A+B)-C=A-C+B-C;
4°, a-(A-B)=(a-A)-B.

9-mucan.

6.5. MaTpuuagapabl 3J1eMeHTAPAbIK 63r60PTYI TY3YY

Mampuyanaposl s1emeHmapovlk 6320pmyn my3yy Oen MmMOMOHKY
o3260pmyn my3yyaopoy atumaouvl3.
o Mampuyanvin 5Ku napaniens HOA4ONOPYHYH dHce MAMbIYAIAPbIHbIH
OPYHOAPbIH AIMAUMbBIPYY,

o Mampuyanvin  JHCONYOCYHYH  dice  MAMBIYACHIHBIH — OAPObIK
neMeHmmepuHe HoJIOy KeOoumyy,

o Mampuyanvln Oup HCONHOCYHA dHce MAMBIYACLIHA OUp 3e caued
KOOOUMYI2OH HCOUOHY HCEe MAMBIUAHBL KOULYY .
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Deepoe A owcana B mampuyanapvimein  Oupu  SKUHUUCUHEH
NEMEHMAPObIK 6320pMYN MY3YYA6p apKbllyy nauda 60/1co, aHoa aiapobsl
IKeueaIeHmmyy mampuyanap oen amaubwlz ccama A~ B apkoelnyy
beneunetious.

DneMeHTapIbIKk ©3repTyN TY3YYJAep apKbUlyy KaajaraH MaTpullaHbIH
OallKbl JAHArOHAIBIHBIH OMp KaH4Ya 3JEMEHTTEPUH OWUp KbUIBIN, ajl 3MHU
KaJITaH »JJIEMEHTTEPUH HOJ KbUlyyra Oo010T. MbIHAald MaTpulaHbl
KAHOHMKAJIBIK MAaTPHIIA JICT aliTaObI3.

1000

0100
Mucanwvi, E =
0010

0000

6.6. AHBIKTATBIYTADP. JKMHYM TAPTUIITETH AHBIKTATBIUTAP

dpy Ay
Ay -8y, —8y; -8y, Cambl  OKUHYU — mapmunmezu  MAMPUYAHLIH

AHBIKMAbIYBL Jice IKUHYU MAPMUnmezu aHbIKMAazoly 0en amaiam Heaud
MOMOHKY 06Ul beneusieHem:
a11 4
xKe det[ :

dpy Ay dpy Ay
Mpbinga det gereH ces neTepMUHAHT (AHBIKTArbIY) JCTCHIAN OUIITUPET.
MpbIHA OLIIEHTHII, aHbIKTaMa 00I0HYA

(811 a2
busre A= KBaJIPATThIK MaTPHUIIACHI OCPHIICHH.

djp app

djp app
=3a1-aAy —dy -dyp 1)
dy1 Ay
00JIOT.
2 -1
1-mucan. 3 MaTPHUIACBIHBIH AHBIKTArbIYbIH CEIITETHIIC.
Ywizapyy. (1) dopmyrara buiaiibik
2 -1
=2.(-3)—(-4)-(~-1)=-6 —4=-10.
—4 -3
cosa (—sina)
2-mucan. | AHBIKTArbIYbIHBIH MAAHUCHH TAIIKbLIA.
sina coSa
Yuvizapyy.
CoOSa —Sina

=cosa -cosa —(—sina )-sina =cos® a + sin® & =1 anabsbI3.

sina CoS«
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2 x-4

3-mucan. =0 TeHJAEMECHH YbIraprbuia.

Ywvicapyy. AubikTama 600roHYa
2 Xx-4
‘1 =2-3-1(x-4)=6-x+4=10-x Oonrounykran 10-x=0
6o10T. MpeHgaH, X =10.

Deepde K6AOpammuvlK MAMPUYAHbIH AHBIKMA2bIYbl HOIOOH AULIPMATLYY
bonco, anoa auvl KyOynbazan mampuua oen, ai IMU HoJ26 oOapabap
00.J1c0 — KyOynean mampuua oen aumaonis.

23

46

Mucainsl, A:( ] MaTpulacel KyOyiran, ce0eOu  aHbIH

23
anpikrarbiubl det A=0, am svmum B =(4 5) MaTpuiackl KyOysnOaraH,

anTkenu detB=-2#0.

Dku  OuWpaed  TapTUNTErH  MaTpHIAJNApAbIH  KeOeHTYHIYCYHYH
AQHBIKTArbIYbl AJIAPJBIH AHBIKTATBYTAPBIHBIH KOOOUTYHIyCyHO Oapadap,
0.a.

det(A-B)=det A-detB.

12 32
Mucaun. A:(2 4] kaHa B :(1 4] MaTpulanapsl OepuiacuH. A
MaTpULIACHIH B MaTpulaceiHa KeOelTeny:
AB = 12)(32 B 1.3+2:1 1.2+2-4 e 10
(25)(14) \2:3+5-1 2.2+5-4) (1124 )

5 10
det(A-B)= ~120-110 = 10.
11 24

Omu A xaHa B marpunanapbIHbIH aHBIKTArbIYTapbIH Ta0a0bI3:
det A=1, detB =10, det(A-B)=10.

6.7. Y4yH4Uy TAPTUIITErd AaHBIKTATBIYTAP

Busre yuyH4y TapTHOTErd MATPHULIA OEPUIICHH:
dj; dp a3
A=|ay, ay ayg| (2)
dg; dgzp dg3
YuyH4y TapTUOTErd MATPULIAHBIH AHBIKTArblubl TOMOHKY (opMyiia
OOIOHYA AaHBIKTANOBI3:
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dj; 4y g3
det A = 8.21 8.22 8.23 =
dg; djzp dj;

(3)
= Qqqdpydzz t Agpdyzdyy + Apgdzy gz — Azq8pydy3 — Apg8ypdz3 — Agpdyzdyy.
Awnpikrareratapsl (3) GopMynaHbIH KapJaMbl MEHEH 3CENTee ju

oypumyxkmap pexcecu xe CapprocmyH pedxcecu JIeT aTaNbII, CXeMaJbIK
TYP/Z16 TOMOHKY 16 KOPCOTYYT® OOJIOT:

@ 2+ B
#iiEiE#E_
P & ¢

d-mucan. Y‘-IYH‘-IY TAPTUIITCTU AHBIKTAT'BIYTHI 3CCIITCTUIIC.

1 2 3
A=/ 4 -5 ¢|.
-7 8 9

Yspirapyy. detA=1-(-5)-9+2-6-(-7)+4-8-3—(-7)-(-5)-3-
—4.2-9-8:-6-1=-45-84+96 —105—-72—-48=-258.
AHBIKTarbMTaPIbIH ICENTOOHYH YKUHYMA METOJYH JIEMEHTTHH MUHOPY
KaHa aJreOpasibIk  TOJYKTOOUY TYIIYHYKTOpYH OepyylneH KuiuH
KepceTolys.

6.8. AHBIKTATBIYTAP/ABIH KaCHETTEPH

1°. Drepje aHBIKTArBIMTHIH JKOJYOJOPY MEHEH MaMblYalapbIHBIH
OpYHIApbIH aJIMAIlIThIPCAK, aH/1a AaHBIKTAIBIYTHIH MAaHUCH 63ropOeiiT, 0.a.
dyp aip 13| |81 @ 8z
dpy 8y dpz(=|a12 8 83
dzy Az dgz| |d13 dp3 dg
AHBIKTarblYTBIH  KOJYOJIOPY MEHEH MaMbIYalapblHBIH OPYHIApPbIH
aJIMaITBIPYy aHbl TPAHCIIOHUPJIOO JICII aTaar.

2°. AHBIKTarbluTBIH KaajaraH 5KH >KOJYOCYHYH (MaMbIYaChIHBIH)
OpYHIapbIH aaMaIITeIpyy aHbl (-1)re kebeliTkeHre O0apadap, 0.a.
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dyp aip a3 dp1 Ay dp3
dpy 8y dpz|=—(d11 A2 Ai3|-
dzy dzy dgg dzy 4z dgg
3°. Drepje aHBIKTArbIYTHIH KaajaraH S5KH K0a4ocy (MambI4achl)
Oapabap 601c0, aHa aHBIH MaaHWCH Hesre Oapabap, 0.a.
dy; aip a3
a1 a;p a3 =0.
dzy dgy dgg
4°. AHBIKTArblUTHIH KaajaraH >KOJTYOCYHYH (MaMbIYachIHBIH) ap Oup

MeMEHTHH K caHbIHA KeOeHTYyy, aHBIKTarbldTBIH ©3YH Oyl caHra
keOeiiTkeHTe Oapabap, 0.a.

dj;1 812 g3 dj; a2 843
kay, Kap, kays|=klay ax ay).
dz; 4z dgg d3) dgp dg3
5°. AHBIKTArblYThIH KaHIAWIBIP OUP JKOIYOCYHYH (MaMbIYaChIHBIH)

OapapIk dJeMEHTTepu Hedre Oapabap 0Ooco,

aH/Ja aHBIKTArbIYTHIH
MaaHHCH HeJTe Oapadap, 0.a.

dj; Qpp a3
dy1 Ay a3/ =0.
0O 0 O
6°. AHBIKTArBbIUTHIH KaajaraH »5SKH

Xoi4ocy  (MaMbIuachi)
IPOIOPIIMOHAJTYY O0JICO, aH/la aHBIKTarbIYTHIH MaaHHWCH Hejre Oapadap,

0.a.

dj1 812 g3 dj; a2 843
kay, kaj, kajzl=ka;; a;; a;3)=0.
dz; 4z dgg d3) dgp dg3
7°. AHBIKTArblYTBIH KaHIAWIBIp OHMpP KOa4oCy (MaMbIYachl) KU

KONIYJIYY9YyHYH CyMMaJlapbl TYpYHA® OO0JICO, aHAa al aHBIKTArbIYTHI KU
AHBIKTArbIYThIH CyMMAChI TYPYH/I® aXKbIpaTyyra 0osorT, 0.a.

a3 d;p Az +b| [a; A, Az |ayy ap b
Ay Ay Ayz +C|=|ady; Ay dyz|t+ @y 3y CJ.
ag Az axz+d| |az Az ag| |ag ag d

8°. AHBIKTarbluTHIH KaHJIAWJBIp OWUp KOMUOoCyHa (MambryachiHa) K

CaHbIHA KOOOWUTYJTeH Oamika OWp koiadocy (Mambl4achl) KOIIYyJCa, aHIa
AHBIKTAarbIUYTHIH MaaHUCH ©3repOeilT, 0.a.
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a1 a1y 3| |1 app a3 +Hkag
y1 Ay A3|=|Ay Ay a3 +Kay.
a3 Az agg| |Az Az agg +tkag
N-TapTHNTETH AHBIKTATBMTHIH @j; 3J€MEHTHHHMH MHHOPY e, OO

AJIEMEHT TypraH »OJMOHY >KaHa MaMblUaHbl CHI3BII TAIITOOMOH Taiiga
OoaroH n-1 - TapTUNTErW AHBIKTArbl4 aTajaT aHa al M, apKbLIyy
OeJIrujaeHeT.

Mucanel, YYYHYYy TapTHITETH AaHBIKTATBIUTHIH d;; OSJEMEHTHHUH

a a
22 93
MUHOPY 3KUHYH TapTunreru M ; = aHBIKTATrbIYbl 0OJIOT, a1 MU
dsp g3
a3 8y
a,; OIEMEHTHHHH MHHOPY OKHHUM Taptuntern M,; =
d3 ag
AHBIKTArbI4bl OOJIOT.
N-mapmunmezu AHbIKMALIYMbIH  Qj;  INEMEHMUHUR  A/I2e0PATbIK
moJyKmoouycy oen i+ ] cymmacsl dcyn 001CO NAKOC, Al MU |+ |

cymmacel max 001co MUMyc Oeneucu MeHeH aNblHeAH AHbIH MUHOPY
amanam dcana Ay = (-1)"! -Mj; Oen benzunenem.

XKoropynarel  a;; KaHa  a,3; OJIEMEHTTEPUHUH  anreOpalbIK
TONYKTOOYYNapel Ay = (_1)1+1M11 =My, Ay = (-1)*** Maz = —Mps
00J10T.

9°. AHBIKTarblu ©3YHYH KaHIaWJbIp OUp KOTYOCYHYH (MaMBIYaCHIHBIH)

AJIEMEHTTEPH MEHEH ajiapra THEMIeIYy alreOpaiblK TOJYKTOOUYIapbIHBIH
KOOOUTYHIYIOPYHYH cyMMachiHa 6apadap, 0.a.

dj; dp A3
8y Ay Apg|=ay1 Ay Ha AR ta3AS.
dg; dgzp dg3
Byl Kacuer y4yHYy TApPTHITETH AHBIKTATBIMTBHI JCENTOOHYH 2-METOLY

O0oayn dcenresieT. UBIHABITBIHAA DJI€  AHBIKTATBUTHI  OMPUHYH
’KOJTUOCYHYH 3JIEMEHTTEPH OOIOHYA XKBIPATCAK:
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dyp dpp agg

Ay Ay Ay|=ap Ay tapApn taphg =

83 83 dg
i a,, a a, a a, a
111822 83 112[821 823 113/@21 A
=ay|(-1) :|+a12|:(_1) :|+a13|:(_1) }=
i dz; dsg dz;  Ags dz; Aag
dyy Ay dy; Ay dy; Ay
=a +ag, (- )+, =
dzp; Az dz; Adg; dz; Ag

= ay; (A Q33 —Ag8p3 ) — 815( 1833 —A3853 ) +A13( 8y Ay —A33p, )
dopmynaceiH anadw3. byn 0apadapabIKThl skeHekeneTyn (3) ¢popmysara
KeJeous.

MpbIHA OIICHTHII, YIYHYY TAPTHUITETH aHBIKTArbluThl OMPUHYH HKOTUOCY

OOIOHYA aXKbIPATyy MEHEH

dj; Qpp a3
dyy dpz dy; dpz dy Ay
Ay Ay Apz|=4dy —ap + a3 (4)

dsp dsz d3; ds3 ds; dsp

431 83 a3
dbopmynaceiH anadbI3.

Ockepmyy. AHBIKTArblMTBI 3CENTOO YYYH aHBIH  Kaajara
’KOJTIOJIOPY K€ MaMblYaJIapbl 0OIOHYA aXKBIPATYY KOy MEHEH dCEeNTece Ja
000T. By kK01 MEHEH 3cenTeee HeJIep KaTHIIKaH >KOTIONIOPAY XKe
MaMBbIYaJiapibl TAHAIl ATyy BIHTalITyYy.

23 -4
5-mucan. 5 6 7 | ydyHUY TapTHITEIH aHBIKTAreuThi (4) popmysiaHbl
80 3

KOJIIOHYIT SCENTETHIIe.
Yvicapyy. Byll aHBIKTarbIMThI YIYHTY KOTYIOCY OOFOHYA a)KBIPATaJIb,
ce0eOu a1 )KOTY0I0 HOJI CaHbl KaTBIIIBII )KaTaT. AHIa

23 -4
3 -4 2 -4 |23

567 |=8 -0 +3° T|=8(21+24)-0+3(12-15)=

coa| B 71 B 7] 56

=8-45-0+3-(-3)=360-9=351 anaOsbI3.
6.9. ZKoropky TapTHUNTer aHBIKTATBIMTAP/AbI 3CENTOO

2- xaHa 3- TAapTUNTETH AHBIKTArblYTapAbl ICENTOOOH ChIPTKApPhI
KOIMUIYJIYK MaceJeepie )KOropKy TapTUNTETX aHBIKTarbI4TapAbl 3CENTOOr
Tyypa Kenet. Mucaibl, 4-TapTUNTETH aHBIKTArbI4
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djp Qqp g3 Ay
A Ay Ay Qdpz Ay
d3; dzp dgz Ay

Ay Ay A3 Ay
(4) dopmyna CBISIKTYy 3JIe 3CENTENET, 0.a. HCOAUOCY HCe MAMbBIYACHL

001Hua adxcelpamyy AapKbpUlyy YYYHYY TApPTUITETH aHBIKTArblYTap/bI
ACEINTOOrd AJIBII KEIUHET:

all alZ a13 a14

A, Ay Ay Ay, Ay Ay
A= dy dy Ay Ay _ 1 1+1 1+2
- _all(_) asz a33 a34 +a12 (_l) a31 a33 a34 +
dz 4y g 34
A A Ay ay Ay Ay
a, 4y, dy Ay
dy dy Ay Ay, 3y, Ay
1+3 1+4
+ay; (_1) dy Ay 4y |ty (_1) Ay g Ay
a, Qg Ay a, Qg A
Ay Ay Ay Ay Ay Ay dy Ay Ay Ay Ay Ay

:all a32 a33 a34 _a12 a31 a33 a34 +a13 a31 a32 a34 _a14 a31 a32 a33 '

a42 a43 a44 a4l a43 a44 a4l a42 a44 a41 a42 a43

JleMek, 9-kacHeTTH Mali/IaNaHbIl, AHBIKTATHMYTHI AJIEMEHTTEPUHUH
anreOpasibIK TOTYKTOOUYJIaphl apKbUTYy TOMOHKYAOM J1a *Ka3ca 00JIOT:

A=ay A +a5,A +agAg +a, A,
6-mucan. TopTYHUY TApPTUNTETH aHBIKTArBIYTHI 3CEIITETUIIC

30 20
23-14
A= :
04-23
52 01

Yvicapyy. bupunum >xomdocy OOrOHYA axbIpatadbi3, ceOebu aHma
9KHU 3JIEMEHTHU Heure Oapadap:

30 20
3-14 2-14 234 (23-1

23-14

A= =34 -2 3-00-23+204 3-004 -2

04-23
2 01 5 01 521 52 0
52 01

OKVHYM KaHa TOPTYHUY KOILIYJIYydyJapAblH MAaaHHCH HOJI SKECHH
KOPYHYI TypaT, OLUIOHAYKTaH OMPUHYM >KaHa YUYHUY KOIIYIyy4dyJapibl

ACENTOO KETUIITYY. BUPUHYM KOIIYyIyydyHY YUYHYY >KOid4docy OoroH4Ya
aXbIpaTalbI3:
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3-14
34 23—3(2_14 o3 4. 3_1)—3(2( 3+8)-0+(-6+4))=24
201_ 23 43 4-2"" o

OMH YUYHUY KOITYJTyydyHY OMpUHYN MaMblda OOFOHYA aXKbIPaTaObI3:
234

20 4 3/=2(2
52 1

Annga A=24-78=-54 anaObs.
MpbIHa Y1y CBIIKTYY 3JI€ N - TAPTUITETH aHBIKTArbIuTap Ja dCenTelIeT:

4 3 |34
s -0 Jes

2 1 2 1

34—2246 0+5(9-16))=-78
4 5)=22(4-6)-0+5(9-16)) =78,

all a12 'l aln

a a a
A= 21 22 2n

an1 an2 ann

6.10. ChI3BIKTYY TeHJAeMeJIeP CHCTEMACHIH AHBIKTATbIYTAPAbIH
JKapJIaMbIH/IA YbITapyy

Y4 e3repmestyy TEHJIEMENEP CUCTEMACHIH Kapailjibl:
allx + a12y + 3132 - bl’
Ay X +ayY +auz=h, (1)
a31X + a32y + a332 - b3 .

(1) cucremanbiH KOA(QGUIMSHTTEPUHEH TYypraH MaTpulla CHCTEMaHBIH

MAaTPHIACHKI JCII aTajlaT jKaHa ajl
i1 Qpp a3
A=|ay ay ag

dzy d3 dgg

KepyHymyHae Oojior. (1) cucTeMaHBIH OH JKarblHAarbl caHjap OOl
b,
MYY6JIOpYH MaMbl4a-BEeKTOPYH TY36T: B =|b,
b,

XKanms! yaypaa cucrema Oup 4euyuMmre, YeKCHU3 KOIl UEUUMTIE Ke 34 Oup

yeuumre 33 00100 KaJIbIIIbl MYMKYH.

Kok Oecende Oup ueuumee 23 00j120H cucmema Oupzenewiken oen
amanam, an dmu o6up oa ueyumee 33 601O020H cucmema OupzeneutnezeH

cucmema oen amaJiam.

97



Kaneviz eana uweuumee 33 00120H  Oupzeneuwlken  cucmema
anvlkmanzan oen amanam. bup neue ueuumee 33 60120H OupeeneulKeH
cucmema aGHbIKMAaibazan oen amaiam.

Anvikmanbazan cucmemaoazvl 4eyumoepour ap oupu cucmemaHlH
Jcekeue ueyumu Oen amanam. bapovik oicekeue  yeuumoepouH
JHCBHLUBIHOBLCHL HCATINBL YEUUMOU MY3OM.

Deepoe cucmemanbliH AHbIKMA2blubl HONOOH AULIPMATYY 00JICO, AHOA Al
cucmemamvl Kyoyaoazan cucmema oen amaiiois.

CucTtemMaHbl YbITapyy — aHBIH OEpreienKeH Ke OMpresienereH YKeHUH
aHBIKT0O0. JTep OMpreyenKeH 00JICO, aHAa KaIThI3 YCUUMHH K€ KaJIbI
YEUMMHUH Ta0yy Kepek.

Dku cucTeMa IKBHBAJIEHTTYY (T€H Ky4Tyy) Jem arajiar, srepjae ajiap
Oupaeil xanmel yeuumre 33 0oJico, 0.a. OMPUHYM CUCTEMaHbIH ap Oup
YCUUMH SKWUHYN CUCTEMAaHBIH YeUMMH 00JICO KaHa TECKEPUCHUHYE.

CBI3BIKTYY TEHJIEMEJEep CUCTEMAachl OMP TEKTYY JIeN aranar, Srep aHbH
Oomr Mydesnepy Heiare Oapabap ©Oomco, 6.a. (1) cucremana
b, =0, b, =0, by =0 6osco.

bup Tekryy cucrema jgaiibiMa OuprenemkeH 0oyoT, cedeOu
X, =X, =X, =0 HOIAYK (TPUBHAABIK) YCUYNMH JAibIM JKaIIaMHT.
CucreMaHbIH MaTPHIIACHIHBIH 3JICMEHTTCPUHEH TY3YJITOH aHBIKTArbIUThI
KapawuJibl:

djp Qpp a3
A=lay 8y ayl- (2)

d31 dzy dg3
Teopema. (1) menoemenep cucmemanvin MAMPUYACHIHLIH AHBIKIMALHIYDL
HOJIO6H AUubIpMAyy O0I20HO0 2AHA CUCIEMA HCAebl3 Yeyumee 33 O0JI0m.
byn yaypna Kpamepaun spexxecun nainananyyra 6osot: srepae A #0
KaHa

b, a;, ag a1 by agp a;; a, b
A =10, ay, Ay, A, =ay b, ayl, Ay =2y 8y Dby 3)
b; as as; ag Db ag a3 agz bs
007c0, auaa (1) cucTeMaHbIH YCYUMHU
A A
k= g A @
A A A

Gopmynanaper 6oroHua TabbuIaT. (4) hopmyna Kpamepaun dpopmynanapsr
Jien arajar.
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2X+Yy=5,
1-mucan. Tenemenep cuCTEMAChIH yaraprbiia ¢ X + 3z =16,
5y -z=10.

Yvicapyy. CucTeMaHBIH  aHBIKTarbIYBIH  JCENTEN  YbITaObI3:
2 10

A=1 0 3|=-29=+0.
0 5-

Jlemek, cucrema OuprenemikeH aHa ara KpamepauH 3pexecuH
naiiianancak 0onot, 0.a. (4) dopmymnanapabl KoagoHOOY3. An yuyH (3)
AHBIKTArbIYTapIbl CCITEI YbIrapbIIIBIObI3 KEPEK:

5 10 2 50 2 15
A =16 0 3|=-29, A, =1 16 3|=-87, A=/l 0 16/=-145.
10 5-1 0 10-1 05 10

Anna x:%:_zg—l :ﬁ:_87—3 :ﬁ:_145—5

—=1, y —=3, Z [
-29 A -29 A -29
KaIrbl3 dYednuMuHE 23 00700y3, 0.a. cucTemMa OWpresiemkeH KaHa
aHBIKTaJITaH.
Omu OUp TEKTYY TEHAEMEIep CUCTEMACHIH KapanobI3:
a X+apy+a;z=0,
81X+ 8y +8532=0, ()
Ag X +ag, Y +ag32=0.
bup Texryy Ttenmemenep cucremacbl gaiieima  X=0, y=0, z=0
TPUBUAJJIBIK YEYMMHHE 33 DKCHHM KOPYHYH TypaT. Orepae OWp TEKTYY
CHUCTEMaHbIH aHBbIKTarelubl A=0 HeNAeH ailplpManyy ©00JCco, aHmaa
TPUBUAJIBIK YEUUM JKJIThI3 TaHA Y€YUM OOJIOT.
bup TekTyy TeHIemenep CHCTEMachlHBIH aHBIKTarbldbl A=0 Hem
OOJroOHAO TaHa ara THUelIeNen OUp TEKTYYy SMeC CUCTeMa TPHUBHUABIK
(HOJITYK) SMEC YeuuMmre 33 OOJIOT jKaHa aHbIH YCKCU3 KON YCUuMICpHU
YKALIIANT.
2-mucan. Tennemenep CUCTEMACHIHBIH OapbIK YeUUMIEPUH
TanKblIa

X—y-z=0,
X+4y+2z2=0,
3X+7y+3z=0.
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Yvizapyy. CucTeMaHbIH aHBIKTAr bIYbl

1 -1-
A=1 4 2|=12-6-7+12+3-14=0.
3 7 3

Hemek, Kpamepaun spexecun mnaiinananyyra OonOOHT jkaHa ai
YEKCU3 KOIl TPUBUAJJIBIK dMEC YCUUMJEPre 33. DKUHYM TCHJAEMEHH 2 Te
KOOOUTYIT OMpPUHYM TEHJAEMEre KOIICOK YYYyHUy TEHJeMe mmaiga OoJoT
9KeH, 0.a. aHbl OMPUHYM YKOOHYH JKBIMBIHTBITBI KaTaphl TAIITAIl KOWCOK Ja

X—y=12,
oosior. AHIa { y

CUCTEMACBhIH YbITa xerumryy. z=t (t
X+4y=-21. Yy YY (

. 3 2 .
KaajaraHjai caH) OCITMI®OCYH KYPIy3yl y:—gt, x:gt OHOU DJIe

Ta0a0bI3.

MpbiHa ouieHTHN, OepWiIreH CUCTEMaHbIH OapAblK UYeYUMICPUH

x:gt y:—gt,z:t TYpyHA® >kazyyra Oonor. t=0 OoaroH yuypaa

TPUBHUAJIBIK YEUUM/]IU a1a0bI3.
6.11. Teckepu MaTpHLIA }KOHYH6 TYLIYHYK

busre A kBaJparThIK MaTpUIIAChl OEPUIICHH.
all a12 e aln
dyy dyy .. ad
A—| 92 922 2n
dp1 Qno - App

A mMampuyaceinbli d1eMeHMMEPUHUH An2eOpanblK moJlyKmooyylapblHaH
My3yn26H

All A21 Anl
A*: A12 A22 AnZ ’
Aln A2n Ann

MAmMpUyacvii co30yK Mampuya oen aumaonis.
Mpoinoa Ay - aj; snemenmmepunun an2eopanblk MoLyKmoouyiapsL.

*
Ickepmyy. Mpuinoa A MAMPUYACLIHbIH anemenmmepu
MPAHCHOHUPJIEH2EH, 0.4. JHCONYOJIOPY MEHEH MAMbIYANAPbIHbIH OPYHOAPbl
AIMAUUNBIPBLICAH.

A Keadpammulk MampuyacvlHa mecKepu Mampuya oen,
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A-AT=E (1)
WAPMbIH  KAHAAMMAHOBIP2AH MaAmpuyansl aiimabul3 Jcana awvl A
apxwinyy beneunetious.

Orepae (1) hopmyina aTkapbuica, aHaa

Al A=E 2)
aTKapbLIaapblH KOPCOTYYre 0OJIOT.

Teopema. A Keadpammuvlk MAMPUYACHIHLIH MECKePU MAmMpUyacol
ocamauibl  yuyH auvin Kyoynoaean (0.a. MampuyaHvlH AHLIKIMAZbIYbL
HOJIOOH AUBIPMATLYY) OOTYULY 3aPbLL HCAHA HCEMUUMYY .

A MaTpMIachlHa TECKEpH MaTpuila TOMeHKY (opMmyna MeHEH
aHBIKTAJIAT:

At Aor Agr Ay

AL A _ 1 VA ApAgAy

det A detA| .o, '

Aln A2n A3n"'Ann

(3) dopmyra meckepu mampuuanvt mabyy dopmyracel  Ooayn
acenmeem.

YuyHUy TapTUNTErH KBAJAPATTBIK MaTPHUIA YYYH TECKEPH MaTpPHIIAHBI
Talyy dhopmyachel

(3)

1 Air An Ag

-1

A :m A12 Azz Asz (4)
Az Az Ags

KOPYHYIIYHAO 0OJIOT.
Teckepu MaTpuIlaHbIH KaCHETTEPH:
1°. det( A~ )=i;
det A

2°. (A-B)*=B1- A,
3°. (A—l )T :(AT )—1.

23
1-mucan. A:( 1 1] MAaTPUIACHIHA TeCKEpH A" MaTpUIIaHBI TANKbLIA.

Yvizapyy. A MaTpULIACHIHBIH AHBIKTArbIYbI A:‘ 1 =5#0. Jewmex,

TeCKepH MATpHIIA XKamaiT. AHma A COI3IyK MaTpHIAHBI TaObIII YUYH
anreOpaJibIK TOTyKToOuyaapasl Tabanbl: A =1, A, =1, Ay =-3, Ay, =2.
byn maanwmnepau (4) popmysara KoroI, TECKEPH MaTpHIIaHbl Ta0a0bI3:
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Py Agy Aoy 13
Ato LA, aLa, <Yt 325 5.
T AR e PP il B
Az Apz Ags g g
Tekwmepyy:
1 .3}y (2,3 _6.6
A.A—lz( 2 3)_ 5 5| |55 55 _(l 0]:
~11)|1 2 1,1 3,2| (o1
5 5 55 5 5
(1) mapt aTKapbULIbI, JEMEK TECKEpH MaTpuUIla Tyypa TaObLITaH.
111

2-mucan. A=|1 2 3| maTpullacblHa TECKEPU MATPUIIAHBI TANKBLIA.

136

Yvicapyy. A MaTpUIIaChIHBIH aHBIKTATBIYBIH TA0A0KI3:
111

A=[1 2 3=12+3+3-2-6-9=1+0. Jlemek marpuna kyoynOaraH,
136
aH/a TecKepHu MaTpuia xamairt. Cor31yK MaTpuLaHbl Ty360Y3:

23 13 12
Al :(—1)1+13 6 =3, Ap=(-1)"** 16 =-3, Ap=(-1)"" L 3‘ !
11 11 11
A — _1 2+1 :_3’ A — _1 2+2 :5’ A — _1 2+3 :_2’
21 ( ) 36 22 ( ) 16 23 ( ) 13
11 11
A — _1 3+1 _1 — 1 3+2 _2’ A — _1 3+3 :1’
31 ( ) 23 A32 ( ) 13 33 ( ) 12
3 -3 1 3 -3 1 3 -3 1
=|-3 5 -2\ Anna A_lz% -3 5 -2|=|-3 5 -2 600T.
1 -2 1 1 -2 1 1 -2 1
Tekwepyy:

111 3 -3 1) (3-3+1 -3+5-2 1-2+1
A-At=l123||-3 5 -2|=|3-6+3 -3+10-6 1-4+3
136 1 -2 1 3-9+6 -3+15-12 1-6+6
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6.12. MaTpuULIaHBIH PAHTbI

TemMeHKY M x N ©J]4OMYHIAOTY MATPULIAHBI KapanJIbl
ajp A A3 - gy
dpy dpp dp3 .- 8y
A=|as aszp as .. a3 |, 1)

Am1 8m2 @p3 -+ 8mp

MaTpuiaHblH paHrbIH TaOyyla MaTpUlla KBAJAPATThIK OOyl IapT
amec. YIryn Marpuriaga K KomdocyH jkaHa K MaMbI9achlH OeNTHIIeHOuns.
XKomyonopayH »aHa MamMblyaiapJblH KECUJIUIINHIETH 3JIeMeHTTepeH K -
TAPTUNTETH AaHBIKTArbMTHl TY360y3 (0.a. k xomdomyy, k Mambraamyy
aHpIKTarbd). MemHma k <min(m;n) Ooaymry kepek. MyMKyH OOJTOH
OapabIK YIIYJ CHISKTYY aHBIKTarblMTap MATPUIAHBIH MHHOPJIOPY JeIl

arasar.

bapapik MUHOPJIOPAYH CaHbI Cr'; -Cr'f (C,'f :—k'(nn! k)') - NDJIEMEHTTECH
k 1aH GOJTrOH TONTOIITYPYYJIapabl TY36T.

Mampuyanvin  Hen06H atiblpmanyy 00120H MUHOPIOPYHYH OH YOH
mapmuoyu MampuWaHsvlH Panzbl 0en amaiam.

Marpuniausin  panrsl  r, r(A) ke rang A apkbulyy O€NTrHIICHET.
Martpunianbia panrst 0 <r( A)<min(m;n) 6om0T.

Mampuyanvin panebiH AHLIKMA2AH MUHOP O0A3UCMUK Oen amanam.
Matpuiaga 6up kaH4a 6a3UCTHK MUHOPIOP OOJIyILy MYMKYH.

1-mucan. MaTtpuuiaHbIH paHTbIH TalKbLIa

20 40

A=[3 0 6 0
10-30
Yvicapyy. Mbmna m=3, n=4. Jlemek k=3<min(3;4) Gapabap. Anga

YUYHUY TapTUOTETH HOJIAeH alblpMaldyy MHUHOPJOpPAY O3cenTen
YBITBIIIBIOBI3 KEPEK:
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20 4 20 0 2 40 0 40
30 6/=0, 30 0/=0, 3 6 0/=0, |0 6 0/=0, 6.a. yuyHay
10-3 10 0 1 -30 0-30

TapTUNTErd MUHOPJIOPAYH Oaapel Henre Oapabap 3KEH. OMU SKUHYH
TapTUNTErd MUHOPIIOPTY dCENTECHIIN

2 0 2 0 2 4 2 4 3 6
30 10 36 1 -3 1 -3

Ooupurun 18 sxuHuM TapTUNTErd MUHOPIOP Oap. MbIHA OLIEHTHUI, HOJIOH
aliplpMaityy OOJTOH MHHOPJIOPAYH 3H YOH TapTuOu 2 re Oapabap dKeH.
Jlemek, MaTpUIIaHbIH PAHThI I =2 OOJIOT.

111

2-mucan. A=|1 2 3 | MaTpULIaCbIHBIH PAHTHIH TAIKbLIA.
136

Yvicapyy. Meiana m=n=3, agma k=3 0010T. A MaTpUIIACHIHBIH
111

aHBIKTarbIubl Jxoropyaa oenrunyy 6oiaronaon A=1 2 3/=1+0 OGapalap.
136

JleMek, MaTpullaHblH 5H YOH MHUHOPYHYH TapTtubm 3 Oonor. AHma
rang A=3.

=0, , =-15,... Oaapbl

- 10, ‘

MaTpuiiaHbIH PAHTBIHBIH KACHETTEPH

1°. Matpuiianbl TPaHCIIOHUPIIO6,10 AHBIH PAHThI ©3rOPOONT.

2°. Orepjie MaTpUIIaHBIH HOJIYK JKOTYOCYH K€ HOJIIYK MaMbIYaChIH
CBI3BIII TAIITACAK, aHJ]a MATPHUIIAHBIH PAHTHI ©3rOPOOIAT.

3°. Marpuiansl 3JEMEHTApIbIK ©3repTYN TY3YYA©® AaHBIH paHThI
©3repOOIIT.

Kanonukanvix ~ mampuyanein  pamebl  MampuyamvlH — OAUIKbL
OUA2OHAILIHOA2bl OUpPIEpOUH canblHa bapabap. Meina yuiyn spedice MeHeH
0a Mampuyanvli panevlH maoyyea 6010m.

2 312
Mucan. A={0 2 -1 1| wmarpuuacel 3JIEMEHTAPABIK ©3TOpPTYII
4 0 51

TY3YYJOp apKbulyy TOMOHKY KAHOHMKAJIBIK TYPre  KEITUPHUIIET
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1000
A~l0 1 00|, O.a
0000
MaTpHUIAHBIH paHrkl r( A)=2 Oapabap.

~(10 00

010 0], ONIOHAYKTaH  OepuireH

6.13. ChI3BIKTYY TeHJeMeJiep cucTeMachiH uYbirapyy. Kponekep-
KanequimHuH TeopemMacsl

busre n Genrucuzayy m TeHaeMeNep CUCTEMAacChl OepUIICHH:

1)

A Xy + Ao Xy + 8p3Xg + oot 8 Xy =Dy -
MpHaait cucTeMaHbl MaTpUalbiK popmaaa

A-X=B
JICTI 5Ka3yy bIHrallyy, MbIHA
dqp Qqp ... Aqp X1 b,
Ay Ayy ... A X b
_| 921 922 2n X = 2 B= 2
am1 amZ amn Xn bm

A - Herusru MaTpuua, X - Oenrucusaep/ieH TY3YIroH BeKTOP-MaMblua,
B - Oomur My4desepaeH TY3YJIreH BeKTOP-MaMbl4a JCT arajar.
A xaHa B maTpuIaIapbIHBIH 3JIEMEHTTEPUHEH TY3YJITOH
ay Ay ... gy by

— |8y 8y ... Ay Dy .
A= MaTpuliachl KeHeHTHJITeH MaTpHIla eIl

arasar.

(1) TewmeMesnep CHCTEMACBIHBIH OHPIEJICHIKCHINTH JKOHYHJIO
Kponekep-KaneJiuHUH TeopeMachl TOJIYK MaaJlbiIMaT OepeT.

1-meopema. (1) menoemenep cucmemacvinblH KeHeUmuizeH
MAMPUUACLIHBIH  PAHZHL  HE2U32U MAMPUUAHBIH DPAHZbIHA Oapabap
00120H00 2ana CHI3LIKMYY A12e0paAnvlK meHoemenep CUCmemacyl
oupzenewiken 6o00m.

[IpakTrkaga OUprenenKkeH CHCTeMaHbIH Oap IbIK YeUUMIEPUH Ta0yy
IpEKECH TOMOHKY TeopeMasap/iaH KeJIUII YbIrar.
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2-meopema.  Jzepde  Oupceneuwiken - CUCHIEMAHbLIH  PAH2bl
Oenzucuzoepoun camuvina oOapaodap 001cO0, AHOA CUCHIEMA MHCAICbI3
yeyumee 3.

3-meopema. Jzepde  Oupcenewiken - CUCHEMAHbLIH  PAH2bl
Oencucuzdepoun camviHan Kuuune 00710, anoa cucmema 4exKcus Kon
yeyumee 3.

KaamaraH ChI3BIKTYYy TEHAEMENEP CUCTEMACHIH YbITAPYy IPEKEIepu:

1). KeHeWTH/IreH jkaHa HETHU3CH MATPHUIIAHBIH paHTIApbiH Talyy
kepek. Drepae r(A)=r(A) 6omco, anga cucTeMa Oupresemmmeres 0oor.

2). Drepme r(A)=r(A)=r 0601co, aHma CHUCTEMA OMpPreleHIKEH

0010T. MaTpuIlaHbIH PaHTbIH aHBIKTaraH KaHMAWIBIp OUp I -TapTHIITETH
MUHOpy TaOyy, 0.a. 6a3ucTuk MuHOpy Tadbyy kepek. Koadduuuentrepu
0a3MCTUK MHUHODPIY TY3réH I TEHJIEMCHH ana0bi3 (KaJraHblH TaIlTal
xubepeous).  Koaddurumenrrepn  O6asuctuk  MUHOpPAY  TY3TeH
Oenrucuzaepad OamIKbl €N aTailObI3 KaHa anapabl COJ  JKaKTa
KaJThIpaObI3, ajl SMU KalraH n—r Oenrucu3iepau IPKHH Jen aTailobl3
’KaHa ajap/bl TeHJIEMEJIEpIMH OH arblHa aJbll 6Te0Y3.

3). Bamkbl OGenrucusnepan dpKUH OCITUCH3ED apKbUIYy TYIOHTYY
kepeK. CUCTEeMaHbIH JKaJIITbl YeYUMHU AITBIH]IBI.

4). DpKkuH Oenrucusaepre ap TYpAYY MaaHu OSpHIT OTYpyIH, OallKbl
OCNrUCU3EpIMH THEIIeNYyY MaaHWIepuH anadbi3. MbIHa OIIEHTHI,
OepuiireH TeHAEMENep CUCTEMAChIHBIH JKeKede YeunMIepuH TabaobI3.

X+y=1,
1-mucan. {3x+3y——2 CUCTEMAachl OMpresieimKkeHon xe OupresenKkeH

IMECHH?

11
Yvizapyy. Hernsru marpuna A= (3 3], r(A)=1. Keneuruiaren

_ (1 1 1
MaTtpuLa A:(3 3 2], r(A)=2. Herm3rm xaHa  KEHEUTWITEH

MaTpHMIAHBIH paHraapel 6apabap smec, 0.a. r(A)=r(A). Anga cucrema

OupremneniKeH sMec.
2-mucan. CucTeMaHbl YblrapTblIa
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1 -211

Ypirapyy. A=|1 —2 1 —1| HETU3ru MaTPULIACKIHBIH OAPABIK YUYHUY
1 -21 3

TapTUIITETH MUHOPJIOPY Hesre Oapabap. AJl MM SKHHYM TapTUIITErH

MUHOPJIOPYHYH Oupu Hejre Oapabap 3mec, MHUCAbI =4+#0, nemex

r(A)=2.
1 -21 1 1

A=|1 -2 1 -1 -1| KeHeHTHIreH MaTPULACHIHBIH 1 GApIbIK YIYHTY
1 -21 3 3

TApTUIITETH MHUHOPJIOPY Hejre Oapabap. AJ 5MU SKMHYM TApTUOTETU

1 1 _
MUHOPJIOPYHYH OMpHU, MUCAITBI J.I =—2#0,anma r(A)=2.

Koropynarer 1-teopema OoroHua Oyn cucTeMa OMpTreEsemIKeH, OUPOK
YyeKcu3 ket yeunmre 33. CebeOu 3-TeopeMaHbIH MIapThl aTKAPBUIBII XKaTarT,
0.a. MaTPUIIAHBIH PAHTbl OENTUCU3EPINH CAHBIHAH KHYKHE.

bupuHun 5ku TeHaeMeHH ana0bi3 (YUYHUIYCY OMPUHYM SKOOHOH KEIHII
YbIrar):

X1—2X2 +X3 +X4 :1,
Xl —2X2 +X3 —X4 :—1
X3, X, K03(pUIMEHTTepUuHEH TY3YIr6H MUHOPAY Kapaiobl3, 0.a.

1 1
A= =-2=#0.

X3, X, OAIIKBI OCITUCU3JEPUH KaJTHIPHIN, IPKUH Oelrucusiepau
OH aKKa aJibll eTely3:
X3 + X4 =1—X; +2X,,
{xs —Xg =—1—-X; +2X,.
Kpamepaun spexecuH KOJII0HYI
=% 42X 1
! _‘—1—xl +2X%, -1

1 1-X+2Xy|
1 —1—x1+2x2_

A A
amabb3. AHma X, :le —Xy + 2%y X4 :ZZ =1 Kaumpl YEYMMHHE 5D

005100y3. OMu Mucansl, X; =0, X, =0 gem, )Kekeye YeunMJIepUHUH OUpUH
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(1) Temmemenep cucTemMachl OMp TEKTYY JeN arajar, Srepac aHbIH
OapnbIk 0o Myuesiepy Hesre 6apabap 0o:co, 6.a.

(2)

A1 X1 + Ao Xy +8p3X3 + ...+ 8 Xy =0.

bup Tekryy cucrema pgaiibiMa OuprenemikeH 0oyoT, cebeOu
X, =0, X, =0,...,X, =0 TpUBHAIIBIK (HOJIYK) YCUUMHHE 39.

Kanoaii wmmapmmapoa (2) kepynywynoocy oup mexkmyy cucmemacol
mpueuanovik (HO0YK) Imec ueuumoepze 0a 33 6o10m?

4-meopema. (2) meyoemenep cucmemacvl  MPUBUATOBIK — AMeEC
yeuumoepee 33 OOIYULy YUyH He2u3eu Mampuyauvly pauevl [, aHbIH
beneucu30epuHUn CAHbIHAH KUYUHEe DOJIYULY 3aPblll HCAHA Hcemummyy, o.a.
r<n.

{xl —2X, +4%5 =0,
3-mucan. CucreMaHbl Ublraprbiia
2X1 —3X, +5X%3 =0.

-2
=1+#0), n=3.
-3

2 -3 5
r <n OOJNTOHIYKTaH CHCTEMa YEKCH3 KOIT YCUUMJIEPTe 33. AJl YeUnMIep I
Ta0AaJIbI.

1 -2 4 1
j, r(A):Z(A:2

Yvicapyy. A= (

Xl - 2X2 = —4X3,
2X1 - 3X2 = —5)(3
—4x3 -2 1 —4x, A A
1 —5X3 _3 3 2 ‘2 —5X3 3 1 A 3 2 A 3

X3 OENrhcH3WHE ap TYPIYY MaaHWIEpAU OCpUIl CUCTEMAHBIH TPUBHAJIIBIK
AMEC YeUUMEPUH Ta0aObI3: MUCATIBL, X3 =1, X; =2, X, =3;
X3 :2, Xl :4, XZ :6 >K.6.

Meiinu 6usre n 6earucu3ayy N TEHIAEMeENep CUCTeMachl OEpPUIICHH

(3)

A1 Xy + Ao Xy +ApgXg + ..+ Ay X, =0.
Anpa (3) cucreMa yu4yH TOMOHOIY TEOpeMa OpYyH aJjar.

S-meopema. n  Oeneucuzdyy oOup mekmyy N meHoemenep
cucmemacsl MpUsUAIObIK 3Mec yeyumoepee 33 OOIAYULY YUYH, AHLIH
AHBIKMALLIYUBIHBIH HOJI2O Oapabap 60yuLy 3apvlil HCAHA HCEMUUMYY .
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3-bOJIYM. MATEMATUKAJIBIK AHAJIN3/INH
HEI'U3JEPU

/-T'JTABA. ®YHKIUAJIAP

7.1. DyHKIUSA JKOHYH/AO TYLIYHYK

OyHKIUS TYWIYHYTY HErM3rM MaTeMaTHKajblK TYLIIYHYKTOPAYH
Ooupu Oonym scenteneT. OYHKIUS TYIIYHYTY 3KH KONTYKTYH OPTOCYH Iarbl
K63 KapaHIbUIBIKTHI (OaiiIaHbIIIThI) KOPCOTOT.

Mucansl, xarsl 3 ke Oapabap OOJNroH Tyypa Kemn OypuTykTapabl X
KOITYIy KaHa allapAblH NEpUMETpJepuH Y KOmTyry Jen Oearuieuiu.
Mpebinna ap Oup kenm OypuTykKa OeNruiyy CaHIbl - aHbIH MEPUMETPHUH
THEUIEJICIITUKKE KOMCOK 0070T: X KONTYI'YHOH aJlbIHraH Y4 OypuTyKKa -
9 canbiH, TOpPT Oypurykka - 12 caHbiH, anTel OypuTykka - 18 caHbIH
THUCIIENICIITUKKE Koico ©Oomor, x.0. bym yuypma X oxanma Y
KONTYKTOPYHYH JJIEMEHTTEPUHUH OPTOCYHAA (PYHKIMOHAIABIK Ke3
KapaH/IbUIBIK dpeXecH (3aKOHY) OPHOTYJIAY e aiiTcak 00y10T, 0.a. ap Oup
Tyypa Ken OypuTyKKa CaH — aHbIH IEPUMETPH TUEUIEICIITHKKE KOIOJIAT.

busre Oomr smec X >xaHa Y KeNTYKTepy OCpUIICHH.

Deepoe T opesxcecunun necusunoe X kenmyeynyn ap Oup X

anemenmune Y KONMYSYHYH AHbIK Oup Y JleMeHmu mueuenreulmukke
KOMACA, anoa 06y muewenreumux YYHKUUa oen amaniam Haua

y=f(x) 1)
MypyHOe bencuieHem.

Mbvinoa X - K63 Kapamovl dMec 6320pM6O dice QYHKUUAHBIH
apeymenmu, an Smu Y - K63 KAPAHObL 6320pMO Jice (OYHKUUAHBIH
Mmaanucu den amanam. X Kenmyey - QyHKYUsHbIH GHBIKMAJIYy 001acmbl,
anomu Y Kenmyey - QQYHKYUAHLIH MAAHUIEPUHUH 0071ACmbl Oen amanam.

y = f(X) Gapabapaeirel “mrpex Oapabap 3¢ oT WUKC” 1men OKyJaT.
OyHkiuss X KenTyryH Y KeNTYTYHe yarbuliTarT Jen aityyra ga 0o0i0T
)kana aael T : X =Y nem xa3a0b13.

Deepoe X KoenmyeyHYH ap Oup X slemeHmune mueweayy mypoo Y
KONMY2yHYH AHbIK OUp 2ana Y sjeMeHmu mueulereumukKke KowJca, aHod
QYHKYUS OUpP MAAHULYY Oen amaam.

Deepoe X KenmyeyHYH ap Oup X slemeHmune mueweayy mypooe Y
KONmMy2yHyH Oup Kauua 3JeMeHmmepu mueuleleumukKke Kowaca, aHod
@DYHKYUS KON MAAHUTYY 0en amanam.
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[.2. DyHKIUSIHBIH 0ePUJIMII KOJIAOPY

1. AHAIMTHKAJIBIK KOJI. Deepoe ¢hyukyus Oup oce Oup Heue
Gopmynanvin  dice MeHOeMEeHUH HcapOambl MeHeH aHbIKmaicd, aHod
DYHKYUAHbL AHATUMUKATBIK HCON MeHeH bepundu den atimadwvl3. Mucaisbl,

. x> +1,x<2, ) )
D).y=x"=-2x; 2).y= 3.y —4x=0; 4).S=nR".
X—4, X2>2,

2. I'padukTux xo0i1. OyHKIUSHBI aHATUTUKAIBIK Typlae Oepyyre

KbIABIH OOJTOH yuypJa rpaHUKTUK KOJIAy naijananca 0010T. Jeepde X

JHCaHa Y 0326pMONOPYHYH apaceblHoazbl ko3 kapauovlivik Y = f(X)

WapmvlH  KAHAAMMAHOLIPYYyy uekummepourn xenmyey (dcblilbiHObICHL)
KamapwviHoa bepuice, AaH0a QYHKYUAHBL SPADUKIMUK HCOJL MEHEH DepuiceH
oen aimadwl3.

y=f(X) ¢yukyuanoin epagueu oen (X, f(X)) uwexummepunun
KOnmy2yH atumaobis.

OYHKIMUSHBIH Tpaduru KemuyiayK ydypAa UHPH ChI3BIK Xe Oer
TypyHze Gomor. Mucambl, y=Xx> - Kybayk mapaGomambr, X2 +Yy?=1 -
afimanbl, X° +y° + 2% =1 - chepaHbl aHBIKTAIT, %.6.y.C.

Kenm peanmyy  mporeccrepan — yHpeHyyde  OpUOOPIOpAYH
KapJlaMbIH/Ia aJbIHTaH WHAPU CBHIBBIK WM3WIACHUI KaTKaH (YHKIIHS
KOHYHIO IKCTHIIIIPIUK MaalbIMATThl ajdyyra MYMKYHYYJIYK TYy36T.
Mucanbl, ocriruiorpadThiH KOPCOTKYUY, METUITMHAIA )KYPOKTYH HUITEIITHH
MYHO3[1004y  DJIGKTpOKapauorpamMma,  K.0.  A3BIPKBI  ME3THIIC
¢ynaknusutapnein - rpadurne - MathCad, Maple x.6.y.c. chIIKTYY
MaTEeMaTUKAIIBIK TAKeTTePAUH >KapJaMbl MEHEH JKCHWJ 3Jie Typry3yyra
00J10T.

3. Tabmumanbik xoJd. Deepoe X ocana Y KONMYyKMOPYHYH
OPMOCYHOA2bl KO3 KAPAHOBLILIK MAOIUYAHBIH HCAPOAMbl MeHeH bepuJice,
aHOa QYHKYUSAHBI MAOIUYATBIK JHCONL MeHeH bepuncen Oen aumaodwlz. byn
ydypjJila apryMEHTTHH ap OWp MaaHWCHHE (YHKIUSHBIH THCIICITYY aHBIK
Oup Maanncu TabIHIIA apKBUTYy KOPCOTYNOT. Mucasl,

X |2 ]-1 |0 |1 |2
y (4 |1 |0 |1 |4

Ta6IIHIACH! APKBLTYY GepriIreH GpyHKIHs Y = X° mapaGoiachiH aHBIKTAT.

4. MOYyHKUMAHBIH €63 TYPYHA® Oepuiauimm. AWMpeM ydyypaa
(GyHKIUSHB (QopMmysia TYPYHA® XKazyyra MYMKYH 005100i1 ke KbIAbIH
Oomyn kanat. MbiHgal yaypaa QyHKIus ce3 TYpYHA® TYLIYHAYPYJIeT.

Mucanbl, canablH OYyTYH O6JIYTYH aHBIKTOOUY (YHKIUSHBI CO3
TYPYHI® TOMOHKYIO Oepyyre OOJIOT: canOvlH OymyH beay2y den ap oup
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YblHbICLL X CAHbIHA Oyl CAHOAH QUbIN Kemnecen OYMmMyH CAHObI
mueweneummukKe — Kowyyy @OYHKyusHol  aumadwul3  HCaHd [X] oen
Oencunenous.

7.3. Herusru 3jieMeHTapAbIK (yHKIMAIAP KaHA aJapIAbIH

rpaguKTepu

Herusrm  snemeHTapAaplk  (QyHKUMsuiap  Jem  Japaxkanyy,
KOPCOTKYUTYY, JiorapudmaiblK, TPUTOHOMETPHUSIIBIK >KaHAa TECKEpH
TPUTOHOMETPUSIIBIK (PYHKIMSIIAP/IbI aUTaObI3.

1. Hapaxanyy ¢yHkuuss y=X", MbIHIA N - HOJIOH albIpMaIyy
YBIHBITHI CaH. byl pyHKIUsAHBIH rpaduru N caHbiHA OAlIaHBILTYY OOJIOT.
Orepae n Kym caH 00Jico, aHaa rpaduk KBaapaTThIK mapadosara OKIIOINI

6omoT. Orepae n Tak caH 00co, aHaa rpadguk KyOayk mapabosiara OKIIOII
00710T.

y= 1 (n=-1), y= Jx (n= %) (GYHKIMSUTAPBIHBIH TPaUKTEPUH
X

KepceTolys.

y=¢
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2. KepcoeTkyuryy QyHKIus y=a* (a>0, a=l).

4. TpUroOHOMETPHSIIBIK (DYHKIUSLIIAP
y=sinX, y=co0sX, y=tgx, y=Ctgx.
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5. Teckepu TPUTOHOMETPUSUIBIK (PYHKIIMSIIAP
y =arcsinx, y=arccosx, Yy =arctgx, y = arcctgx.

Vv=arcsinx VoA

Y=arccosx

SR ]
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7.4. DyHKUUSIHBIH HETU3TH MYHO3/16MOJI0PY

OyHKIUATApAbl M3WIAO6/16 alapAblH KAaCUETTEPU HETU3TU POJITY
OMHOMWT.

AKyn xaHa Tak QpyHKIUAIAP

Deepoe Vxe X :XeX =>—-xe X o6boaco, awoa X xrenmyey
CUMMEMPUATYY KORMYK Oen amaiam.
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Mucaisl, X=(-11), X =(-a,a),X =(—w0,0), X =[-2,2],
KONTYKTOPY CUMMETPHSUTYY KONTYKTOPAYH MUcaaapsl 6010T. XKy sxana
TaK QYHKIHSIIAPABI CAMMETPHSUTYY KONITYKTOP 1 U3HIIJIEH YHPOHOOY3.

Deepoe cummempusinyy X kenmyeynoe YV xe X . f(—x)= f(x)

bozco, anoa Yy = f(x) @ynxyuscol smcyn pynkuusa oen amanam.

T-mucan. y=x*, y=x*..,y=x*", y=cosx  QyHKIMSIApH  XKyIl
by Gomymar, antkern (—x )% = x%, (=x)* =x*, ..., (=x)*" =x*",
COS(—X) = COS X MmIapThI aTKAPBLIAT.

Kyn ¢ynkuyuanovin cpaguecu Oy ozyna kapama cummempussyy
0o10m.

Mucansl y=x?, y=x* y=cosx GQYHKIUATIAPBl >XyHo (QyHKIUsIIap
Oomymar.

Deepoe cummempusnyy X kemmyeynoo ¥ xe X . f(—x)=—-f(x)

bozco, anoa Yy = f(X) @yrxyuscel mak pynkuusa oen amanam.

2-mucan. y=x3,y=x>,..,y=x""1 y=sinx  dyHKIEATApHl TaK

dyukmmstmap  Gomymar,  cebebm  (—x)P =-x°, (=x)° =-X, ...,
(—x )"t = —x®"1 | sin(—x)=—sinX 1maprh! aTKaphLIAT.
Tak ¢pynkyuanvin cpagpueu Koopounama dauimanvlblHa Kapama
cummempusnyy 6010om.
Mucansl  y=x% y=x° y=sinx (QyHKOUsIapbl TaKk (QyHKIUSAIAp
Oomymiar.
dckeptyy. bapasik sme ¢QyHKUOUsIap Tak ke Kyl 00J0 OepOewuT.

Mucamsl, y=x?—-x+1, y=x+cosx, y=2%, y=Ilgx QyHKIUATAPHI Ky
Ja TaK J1a 3Mec.

MonoToHayy ¢pyHKUHMsAIAD

Orepne X; < X, MAapThIH KaHAATTaHAbIPTraH aHBIKTAIYYy OOJaCThIHBIH
Kaanmaral X, X, YuyH f(x;)< f(x,) arkapsuica, anga f(x) QyHKIusCHI
ecyyuy nem aramar (arepae f(x,)< f(x,) mapTel aTkappuica aHja

(GyHKIIMST KeMHDOeUy JCII aTajar).
Orepue X, < X, IMAPThIH KAHAATTAHIBIPTaH aHBIKTAIYy 00JIACTHIHBIH

Kaanmaral X, X, YuyH f(x;)> f(x,) arkapsuica, anga f(x) QyHKIusACH
Kemyy4dy nen araigar (orepme f(x,)> f(Xx,) mapTel arkapbuica aHJa
(GYHKIIUS 6CTIOOYY JICII aTaliar).
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Ocyyuy, Kkemyyuy, kemubeeuy, ecieeuy QyHKIUsAIAp Kapasblll KaTKaH
KONTYKT® MOHOTOHAYY (PpYHKUMSJIAP Jen atanar. AJl SMU ©Cyy4y JKaHa

KeMYY4y (QYHKIUsUIapabl Tak (CTPOro) MOHOTOHAYY (GYHKIHsIIAp e
aTariar.

OyHKIIUS ~ MOHOTOHAYYy OOJTOH  HWHTEPBAIAbl MOHOTOHIYYJYK
HHTEPBAJIbI JICIT aTamar.

) T T
3-mucan. y = SIn X QyHKIIUACHI {— E E} VHTEPBAIBIH/IA MOHOTOHYY

T 37

eCcYy4y, ajl 3MHU {E 7} WHTEPBAJIBIHIA MOHOTOHYY KEMYYYY.

4-mucan. Y = COS X (YHKIUACHI [— 7'[;0] WHTEPBAJIbIH]IA MOHOTOH/YY
eCYY4Y, ajl dMH [O; 7'[] WHTEPBAJbIHIA MOHOTOHIYY KEMYYYY.

YekTe/reH :xaHa yekrejgdereH pyHkuusiap

Deepde Y xeD yuyn M >0 caner madwimin |f(X) <M wapmot

amkapwviica, anoa Y= f(x) ¢yukyusicer D kenmyeynoe uekmenzen
¢yukuusa oen amanam.

byn yuypna y=f(x) ¢yHKuusceiHbIH rpaduru y=M xkaHa
y=—M TY3  CBI3BIKTapbIHBIH  apacblHAa  >kataT.  Mucaisl,
y=sinx, y=cosX GyHKUMsUapbiHbiH TpadukTepuy y=1, y=-1 TY3
CBI3BIKTAPbIHBIH aPAChIH/IA YEKTEIITEH.

Mesruinayy gpyHKUusIap

Deepoe ¥V X € D yuyn
f(x-T)=1f(x)=f(x+T)
amxapwviia mypeanoau T #0 canvl scawaca, anoa Y= f(x) ¢yuryusce
D kenmyeynoe me3eunoyy hynkuua oen amanam.

Mpemga T cadbl f GyHKIIMSCHIHBIH Me3rWJIM JCT aTasar.
Mucanbl, y=SsinX, y=C0SX (QYHKIUsIApbIHBIH ME3rWiu T =27, al
amu Y =1gX, Y =ctgx GyHKUMSUTapbIHBIH Me3ruiau T =7 Oapadap.
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7.5. Teckepu pyHKuIUs

Aunvixkmanyy oonacmol D orcana maanunepurnun oonacmel E 60120H
y = f(X) @yukyusacoer b6epuncun. Ieepoe ap oup y € E maanucune sxcaneols

eana XeD maanucu muewenewmuxkke Kowjica, aHOA AHLIKMALYY
oonacmel E cwcana maanunepunun oonacmel D 6oncon X =¢@(y) meckepu

¢yukuusacot anvikmanean 6oaom. Mwvinoa ¢(y) @yuxkyuacer f(x)

ynxyuscoina meckepu ymuxyus 6onom scana x=o(y)=f 1(y) apxoiryy
bencunenem. Y= f(x) ocana x=¢(y) @ynxyusnapsr o3 apa meckepu
@yHKYuAap oen amawiam.

Teckepn ¢ynkuusabl Tadbyy yuyH Y= f(X) QyHKUMSICHIH XKe
Kapara 4euun KoKy Kepek (3rep MyMKYH 00J1co).

S-mucan. y=2x (yHKUUSICHIHA TeCKEpU (PYHKIUS x:% (yHKIUSCHI

00J10T.
6-mucan. y=x*, xel0;1] pynxuusaceHa Teckepn QyHKIMS x:\/y
GbyHKIMACH 0070T. ANl SMU [— 1;1] KECUHIUCHUH]IE y:X2 (GyHKIMSIChIHA

Teckepu (YHKIHS KamadanT, cedbedn Yy TUH OMp MaaHUCHUHE X THH JKHU

1 1 1
MaaHHCH THemesenm (arep y = 0osco, aHma X, =5 X, = 5 0oI10T).

Tak (cTporo) MOHOTOHAYY (QPYHKIIMS TeCKepu (pyHKIHsTa 33. Drepae

Gynkmus  ecyyuy  (kemyyuy)
0onco, Teckepu (QyHKIUSA JAa
ecyy4y (kemyy4uy) 60JOT.

y=f(x) KaHa X=¢(y)
GyHKUUsAIapel  yuiimMene  Oup

Y4 y=x

(YHKIUSAHBIH rpadurux

cyperteut. X=¢(y) TECKepH J
(YHKIHSICHIHBIH apryMeHTH K2 ’ M
OpIAMHATa OryHaH OpPYH aJblll /
BIHTAHCBI3TBIKTHI TY3OT.

OuoHyKTaH, TECKEPU

QYHKIMSHBI BIHTaiiTyy GOTynTy yayH KaguMKuaei sme y=(x)= f 1(x)
apKbUTYy OeNTuiIeiions.
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O3 apa teckepu QYHKIUSIAPABIH TpaQUKTEPU Y =X TY3 CHI3BITHIHA
KapaTa CUMMETPUSLITYY OOTyIIaT.

7-mucan. y=2x-5, xel0;5] QyHkumsaceHa Teckepu QyHKIHUS
X+5

, Xe [— 5;5] G yHKIUSACHI 00JIOT.

7.6. Tataan pyHkuus

VYiryra 4yeduH apryMeHTH Ke3 KapaHAbl 3MeC ©3repMe OOJIroH
¢yHkuusnapapl kapaabik. Kem ydypaa aprymMeHTH Aa KaHJailablp Oup
’KaHbl ©3repMe/ieH (pyHKLMs OOITOH ydypiap/bl Kapooro Tyypa Kelner.

Deepoe y = f(U) @yuxyuscviuvin apeymenmu U 0a KaHOAuovlp oup
X meH yHkyus 6o1co, 6.a. U=@(X), aHoa Yy e32epmecy 0a X meH

@yurkyus 6orom. Moinoatl yHKyusHb mamaan yHKkuus oen amauowls
ocana Y = T[p(x)] aprwiryy beneuneiibus.

AlippiM yuypaa Tataand (YHKUUSHBI OepuireH (yHKUUSJIAPAbIH
Cynepno3unuschl ke pyHkuusigan pyHKuus A€ aramar.

8-mucan. y=Igu, u=sinx 6oaco, agga y=Ig(sinx) XxTeH TaTaan
dyHKIUS OOTIOT.
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8- 'NIABA. YAAAJIAIITBIK ’KAHA AHBIH ITPEJEJIN.
O YHKIUAHBIH TIPEAEJIN

8.1. CaHabIk y1aajJamThIK

Orepae ap OWp HaTypaJIbIK n CaHbIHA KaHAAWABIP OUp IPEKEHUH
HETU3WHJAC UBIHBITHI CaH THEIICTCIITUKKE KOKJICA, aHaa CaHJbIK
yIaaJlalliThIK OEPUIITeH JeM alTaobI3:

Xio X0 Xgy e 5 Xy e (1)
MpbiHIa X, - yIAaJalmTBIKTBIH OUpWHYM Mydecy (dIemMeHTH), X, -
yIAalalThIKTBIH 3KMHYM MY4Yecy, X, - YJAaJalITBIKTBIH N-MY4ecy
(KaJIITBI MY46CY) JIell arajar.
Y naanamthik {X, } ke X,, ne N sxe (1) popmyna apkbutyy Genrunener,
0.a. ap OMp HATypaJAbIK N YUYH X, CaHbl TUELIEJEIITUKKE KOKOJIAT.

VY naanamThIKThl TETU3UKTE TOMOHKYIOH cyperTteere 0osor: OX
oryaaa 1, 2,3,...,N,... HaTypaJablK CaHAApbIH KaWramTeipaObi3. by
CaHJap YyAAaJallTBIKTBIH MYYOJIOpYHYH HoMepiepu. X=1, x=2, Xx=3,...
YEKUTTEepU apkbpuTlyy OX OryHa mepHeHAUKYJSIpIapAsl Kypry3elys. x =1
YEKUTH apKbUlyy OTYY4dYy MEpIEeHIAMKYIsApAa X, HOHAYTyH emuen M
YEKUTHH aJa0bl3. X=2 YEKUTU apKbUlyy OTYYydy NEpHEeHIUKyIdapAa X,
YOHJIYTyH em4yen M, uyekuTuH anabpi3 k.0. MbHA oOlIEHTHN
M, My, ,Mj,... M ... YEKUTTEPANH ydaaJIallIThITbIH ajaobI3.

VY naanamThIKThIH TpaUru YeKUTTEPEH Typar.

MpbIHa OIIEHTHIN, yJAaJalIThIK OyJ HATYPAJIBIK apryMeHTTYY
(yHKUMSA 3KeH. AHBIH apryMEHTH OH HAaTypaJJblK MaaHWIEpAU KaObLl
ajar.

1 .
1-mucan. X, =—, NN caHOpIK yJaalallITBIIBIH Kapaiibl. by
n

111 1
YAAaJIalITBIKThI A4YbIIl JKa3bIl YbIKCAK 1, —, — ,— ;... YJIAQJIAIITHITBIHA 33

2'3'47'n
007100Y3.
VY naanamTeIKTRIH OapbIK MyUdesiepy Oapadap MaaHuiepre 33 00Jico,
aH/a aHbl TYPAKTYY yJaaJIallThIK JIe aiTaObI3.

2-mucan. X, =Cc0S(2zn), ne N ynaanamTeirsl OepHJICHH. AHBIH

OMp KaH4Ya MYUYeJIOpYH Kapar YbIrajibl.
Yvizapyy. X, =c0s27 =1, X,=cosd4r =1, X;=cos6r=1 x.0.
byn ygaanamtsik 1,1,1,1, ... TypyHae 00y0T, 0.a. TYpaKkTyy yJaalallThIK.
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VY paanamTelKTel OepyyHYH Oamika Oup >KaWbUITBUITAH TYpPy Oy7
PEKYPPEHTTHK >KOJ OO0Jlylml 3cenTeneT. Y JaalallThIKThIH —aJlradykbl
MYy4esepy OepuSuIl aHbIH N-MYYOCYHYH (OpMYNachblH KaHIalablp Oup
spexe (popmyrna) MEHEH ara YCHUHKH MYydeliep apKbUTyy 3CEHTeere
00J10T.

Y maanamThIKTBIH KBl MYYOCYH ara YeHMWHKH KeIyydy Mydeyep
apKBUTYy 9bITapyy GOpMyJIachl peKYPPEHTTHK KATBIII JICTI aTaJIaT.

Mucansl,

Xp = 2Xp g — Xp_p (2)
Gopmyna peKyppeHTTHK KATHIIITHI aHBIKTAWUT. benrmnen keTyydy Hepce
PEKYPPEHTTUK KaTbIlll yJaajallliTBIKTBl TOJNYK aHbikTabaiiT. Cebebw,
yIaaalTHIKTBIH allTauyKbl MYYeJIOpYH PEKYPPEHTTUK KAThIIl apKbUIYy
aHBIKTOOTO0 MYMKYH 3Mec. Mucaisbl, (2) dopmyrna n=1, n=2 OOJTOHI0

MaaHUCHH KOroToT, 0.a. X, ’KaHa X_; MyueJjlepy yJaajallThIKTa OK.
OmoHayKTaH MbIHAAW X; KaHa X, MY4YeJIepyH KollyMua Oepyy Kepek
KaHa ayjapabl OamTankbl OepWJreHaep Jen aramar. X; MY4YeCYHOH
Oamitanm ~ Oamrankel — OepwireHAEp KaHa  PEKYPPEHTTUK  KaTbIIl
yJlaaJallThIKThIH OapAbIK MYU6JIOPYH 3CENTOOre MyMKYHUYIYK OepeT.
Mucaner, X, =1, X, =0 Ooncyn. Annma (2) ¢opmynaHbIH HErH3WUH/IE
Xg =2X, =X ==1, X, =2X3 =X, =2, Xg=2X, — X3 =-3, ... JI1a0bI3.
Y nmaanamteik 1,0,-1, -2, —3, —4, —5, ... KOPYHYILUTY ajiar.
K33 Oup yuypna ynaanamThiKThl €63 TYPYHA®, 0.a. aHBIH MY4eJepyH
0astHA00 apKbUTYYy OEpHILIET.

YexTeJreH xkaHa MOHOTOHAYY yAAaJaAlITHIKTAP

Deepde M oy camwvl dcawian Kaaiazan HAamypaioblk N yyyH
X[ <M
6apabapcuizoviebl opyH anca, anoa {X,} yoaanawmvieel wekmenzen oen
amanam, aumnece y0aaiauimolK YeKmenbezen oen amaiam.

111 1 1234 n-1
3-mucan. X,=<1,—=,=—,—,....—,..p, U, =10,—,—,—,—,...,—,...
2 34 n 2345 n
yAaaIallTBIKTapel  4YEKTEIrEH, ajll -JOMH V= {2, 5,10, ..., n’ + 1, },
Z, = {— 1,2,-3,4,..,(-1)"n, } yIaaJIalliTHIKTaphl YeKTEI0ETeH.
Deepoe kaanazan N yuyH X1 > X, (X, =X, ) wapmusl amkapwlica,
anoa {X,} yoaanawmeicer ocyyuy (kemuboouy) den amanam.
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Deepoe kaanazan n yuyn X, ., <X, (X, .4 <X, ) wapmel amxapwiica,
anoa {X,} yoaarawmoievl kemyyuy (oecneeuy) den amanam,

bapowik  ywyn colAKmyy — yoaaiauimelKmap — MOHOMOHOYY
yoaanauwimsikmap oen amaaam. JKoropyznarsl Xy Ups V,,

yAaalallTbIKTapbl MOHOTOHAYY, aJl OSMU Z,, yAdaaJlallTbIl'bl MOHOTOHAYY
OMCC.

8.2. CaHAbIK y12aJaAIITBIKTBIH NPeaeIu

XKoropymarsl  {x,} yHaanamTHITBIHBIH My4enepy 1 caHbIHA

KAKbIHIAIIBIT ~ OapaTKaHblH Oaiikacak Oojor. MemHga X, e N

n?
yIaajamThrel 1 caHbIHA YMTYJIAT JCT alTHINIAT.
Deepoe kaanacan € >0 canvl yuyn N Homepu madwviiein, N> N 60120H

6apovik noep yuyn |X,— A <e 6Gapabapcvizoviebt opyun anca, anda A
caunsvl {x,} yOaanauimosleblHblH Hpedeu oen amaiam Hcana moMOeHKyOou

ocazviniam: lim x, =A. Byn yuypma {X,} y@aamamrerbl A caHbIHA
N—o0

JKBIMHAIAT JeII aTajiar.
Kpickaya, MareMaTHKaldblK THIJIC YAAaJaIlTHIKTBIH [PEACINH
TOMOHKY 1611 jka3yyra 00JoT:
(Ve >03N:¥n>N=|x, - A<s)e limx, = A.

n—oo
lim - Oyn narei andaButiauH lIMES nereH ce3yHYH OMpPHHYM Y4
TaMrachl )aHa ain “npenen” aereHau TymyHaypet. limes ce3yn npenenau
oenrunee yuyH OupuHun >xony WM. HproToH kommgoHroH, 1786-KbLibl
¢paniy3 okymymryycy C. Jlronnase ma lim cumMBoIyH KHHHpIeH, ajd MU

npenenad lim  gen sxasyyHy OupuHun Oomyn 1855-KbUTbl aHTIIHSIIBIK
Nn—oo

OKyMYIITYY Y. | aMWJIbTOH CyHYIIITaraH.

n-1
4-Mucaﬂ. Xn :T YI[anIaIHTBIFI)IHBIH n—oo yMTyJIFaHI[aFBI

MPEJICIIUH TaKbLIA.
Yvicapyy. Orepae Oyn ynaanamThIKTa TY3[OH-TY3 MPEJENre OTCOK,
o0

aHma — TYPYHAOIY AaHBIKCHI3ABIKTHI analbi3. OMOHIYKTaH 3H 0007y
o0

©3repTYN TY3YYJAOPAY JKYPry3YI, aHAaH KHWWH Mpeneire eoTymryoy3

KepeK. AJIBIMBIHAH N/ KalllaaHbIH CHIPTHIHA YBITAPHIN, OOTYMYHIOry n

MEHEH KbICKapTaObl3. AHAAH KHUMMH Mpejaeinre oTcek O00yoT, cebedu

AHBIKCBHI3/IBIK YKOFOJIAT:
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. n(1-1)  1-t .
lim x, = lim —= = lim ——" = lim —" = lim(1->) =
n—>o0 n—»o N N—>o0 n n>o 1 n—>o0 n
~1-to10-1
o0

JleMek, !}'_[‘;‘0 X, =1, 6.a. yraanamrsix 1 neren mpegenre 9 3KeH.

8.3. IIpeaes TYIYHYI'YHYH reOMeTPHUSAJIbIK MAAHUCH

{X,} ymaanamrrersr Gepunum, an A npenenuHe 33 GoncyH. AHjga
kaanaraH ¢>0 ydayn N Homepu skaman Vn>N yays |x,-A<e
Oapabapch3bIrbl aTkapbuiaT. byn 6apabapchI3AbIKThl — & < X, — A< & XKe
A—¢& <X, < A+ & TYpyHI® ka3a0bI3.

Mpina omentun, NpgeH 4oH OoiroH OapAplk nuaep Y4yH
yIaanamThIKTBIH OapAbIk Mydesnepy (A—¢&; A+ ¢) apanbIrblH/a JKaTar.

Oy orynna A—¢, A, A+ & caHIapbIH XauramTeipaibl. A — & KaHa
A+ ¢ cannapsl apkbiTyy OX OryHa napajuiesb Ty3 ChI3bIKTapbIH
KYpry3eoys.
I'eomeTpussibIK  KaKkTaH

A-eg<X,<A+e¢

6apabapChI3BITB  {X, |

A //'\'/ yAaaJIalliThITbIHBIH

Mydenepy  y=A-¢

F

A+ e y=4A+sg

A T A
., L L 1 rTATT kama y=A+e  Ty3
: o Lo
2] as] e b s ChI3BIKTAPBIHBIH
@ * apachlHJIa  KaraiikaH

JETeHIU OWJIINPET.
MpbIHA OIIIEHTHII, {Xn} ylaajamThirel A TIpeneanHe 33 001co, aHaa
vn>N yuyH (A—¢&; A+ &) THIKECUHIE
Xns+1r XNs20 Xnggs s Xqy oo N>N

yIaaJalThIKTBIH My4esiepy karar. Al 3Mu (A—¢g;A+¢&) THWIKCCHHHUH
CBIPTBIHJA YEKTYY CaHJarbl yJAalallTBIKTBIH ~ MY4YeJiepy  Kajar
X(y Xoy Xz, s Xy -

1-meopema. DOrepae ynaajnamrThlk mpeaeiare 33 00jco, aHma ai
YeKTeNreH 0O0JIoT.

2-meopema. XKpliiHanyydy ynaajalliThIK *alrbl3 TaHA MpPEAere 37
00J10T.
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3-meopema. TypakTyyHyH TpeIeiu ajl TYpaKTyYyHYH e3YHe Oapabap.
4-meopema. llpepnennepre 93 OONTOH  yJaalalITHIKTAP.IbIH
CYMMACBIHBIH NPEAEIN ajJapblH MpeaeIepUuHuH CyMMachiHa 6apabdap.
limx, =A, limy, =B, lim(x,+Vy,)=A+B.
n— o0 nN— o0 n— o0
5-meopema. llpemenmepre 33 OOJATOH  yAaanalITHIKTap/IbIH
KOOOUTYHIYCYHYH TpENeNd anapAblH MpeAeTACpUHIH KOOOUTYHIYCYHO
Oapabap.
limx,=A, limy, =B, limx,-y,=A-B.
n—oo

n—oo n—oo

8.4. ODyHKIUSIHBIH NPe/ieJIn

y = f(X) GyHKUIUACH X, YEKUTUHUH YeKe OCJIMH/IE aHBIKTAJICBIH.
A canbl Y= f(X) GYHKUMACBHIHBIH X, YEKUTHHICTH MpeAeiu Jen

aTanar, srepje KaajgaraH kuuuHe & >0 caHbl Y4yH 6 >0 caHbl TaObLIBII,
\x - XO\ <& OapabapchI3bIThIH KaHAATTAHIBIPTaH jKaHa X, J6H ailbpMaityy

00Jr0oH OapABIK X Tep YUYH
‘ f(x)- A‘ <&
OapabapChI3AbITBI AaTKAPHLICA.
AHBIKTOOTO KUPIreéH J CaHbl £ IO KO3 KapaH/bl )KaHa & KUYUPEUTEH
CalblH O J1a KHIMPEHET.

O yHKIUSAHBIH [IPEACINH
Zim f(x)=A

X—>X,
apKbUTYy OeNTruiIeiions.
MpIHa OMIEHTHUN, apTYMEHTTHH MAaaHUCH KaHJAWJbIp OUp X, YEKUTHHE

KaKbpIHIAraH caibiH, Y= f(X) (QYHKUMSICHIHBIH MaaHHCU A TIpeenHE

’KaKBIHJIANT.

3 I'padbukTiik KON MEHEH
. S“ | y=f(x) (YHKIHSCBI A
, MIpEeICTNHE %) OoTyIIyH

Ao TYLIYHIYpYH Oepemnu.
Oy oryHga A YEKUTHHUH &
A-g yeke OenuH anadbi3, an smu OX
OTyHJIa X, YeKUTHHUH
. (Xg — 81, Xp +0,) ueke OenuH
O xp-4 0 %+ 8 *  amabe.  Byn  uHTepBanibH

Oapnpik yekurrepunae y= f(x)
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(YHKIUSACHIHBIH OapAblKk MaaHuiepu y=A—g, Yy=A+& TY3 CbI3bIKTaphl
MEHEH YEKTENreH Tyypachl 2& OONrOH TWIKENEH YbIKIAUT. J;, O,
CaHJApbIHBIH MYMHEH KUYMHECUH TaHJIanm & jen Oenruieiious. AHma X,
J6H aiipipMaiyy OOJroH OapAbIK XTEp YUYH JKaHa Xp; —6 <X<Xy +J XKe
‘X— XO‘<5 mapThiH KaHaaTtaHjplprad Y= f(X) QyHKIUSACBIHBIH OaplbIK
MaaHWJIEpU JKOropyJa arajlraH TWIKEACH YbITBII  KeTmneuT, 0.a.
| f(x)— A <& GapabapChI3IbIrbl aTKAPHLIAT.

S-mucan. ! iml( 2X+5)=7 SKEHUH KOpCOTOINY.
X—

Yoicapyy. Kaamaran &>0 amamel, abga  [(2x+5)-7|<e¢
GapabapchI3OBIrbl  OApIBIK XTEp YIYH aTKapbulaT odrepae [2x—2/<e

g
aTkappuica. An yuyH [x-1< 5 0apabapChI3IbITBIHBIH  ATKAPbLIBILBI
JKETUIITYY.
£
MpIHA OIICHTHN, o =5 nen Genrmiecek, aHga |X—1<d mapThH

KaHAATTaHIBIPraH 0apIBIK X Tep Y4YH |(2X+5)—7|<& OapabapchI3mbirsl
aTtkappuiart. Jlemek, /im(2x+5)=7.
x—>1

Ickepmyy. y = f(X) PyHKIUACH X — X, YMTYyJraHga X X, A6H KUUYHUHE
Ooonronno A, mpenenuHe 33 00jco, aHga (QYHKUUS OMP KAKTYY COJI

npeaeJire 55 ACI aTtajaat XaHa
fim f(x)=A

X—>X, =0
apKbUTYy OCNTHIICHET.
y=f(x) QpyHKIUACH X — X, YMTyJIraHaa X X, J©H YOH OOJTroHI0 A,
npeaenrHe 33 00sico, aHaa QyHKIMS OUP KAKTYY OH Mpeaesre 33 Jeml
aTaJar )xaHa
im f(x)=A,

X—>X, +0
apKbLTyy OCNTHIICHET.

y = f(X) QyHKUUACHIHBIH X, YEKUTUHJIEC A MpeaesmHe 33 00ylly YUyH
Oy7 YeKWTTE COJl ’KaHa OH NpenesiJiepH jkKamiam ajgap e3 apa Oapabap
00yIIly 3apbUT KaHa KETUIITYY, 0.a.

A=A
byn yaypna A, = A, = A 6o70T.
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8.5. bupuH4Hu COHYH npeseJ

TpuronoMeTpusuiblk  (QYHKUMSAJIAPABI  KapMaraH  TYIOHTMaJap.ibH
MIPEACIJIEPUH 3CENTO016 OUPUHYM COHYH IpeaeJI e aTaayydy TOMOHKY
IIpeaes KOIl KOJIOHYJIaT

fimSNX g (1)

x=>0 X
CHHYCTYH apryMEHTKE OOJITOH KaThIIIBIHBIH apTyMEHT HOJITO
yYMTYJITaHJarel npeaenu 1re 6apabap pen okymar.

1

x—0

Yvizapyy. Mbiaga % TYPYHAOT'Y aHBIKCHI3IBIK Typart. (1)

(opMynaHbl nainanaHanbl 1€CEK CUHYCTYH apryMEHTH 3x, all IMU

aprymMeHTH x raHa 60J1yn Typar. OIJ_IOHI[yKTaH, aJILIMBIHA JXKaHa 6enYMYHe
3sin 3x

3Ty kebeiiTyn xaHa 0ese0y3: /im

x—0

TY3YYJAOpPIY KYPIy3yll, TOMOHKYHY ajaa0bi3

. 3sin3x . sin3x
=3
fLm 3X fljp 3X

. AHJIaH COH ©3repTyIn

=3-1=3.

. sin4x
2-mucain. g|m5— MPEIETIUH 3CENTETHIIE.
X

x—0

Yvicapyy. CuHyCTYH apryMEeHTHHE OOTYMYH OKIIIONI KBUIBIT aJIyy
KepeK, OMOHAYKTaH 4ke KeOeUTYI xkaHa 06yl OMPUHYM COHYH MpEeAeI N

KOJIJIOHOOY?3!
/im sin 4x - /im 4sin 4x_£. 4sindx _ . 4sin4x _
Lo sx G asx ~HM s e T Ty

——f sm4x_£ _f
Xﬁo 4x 5 5

. tgx
3-mucan. jjm—>— NpeaciIuH 3CenTeruie.
X

‘Ibtzapyy. esrepTYH TY3YY >Kypry396y3
sin X

_sinx 1 . sin X fiml 1
2im 9% _ 4im COSX _ yim : = /im 0 _1.-=1,
x>0 X x>0 X x>0 X COSX x>0 X ﬁlm COS X 1

x—0

BI/IpI/IHtH/I COHYH IIPEJEIJICH KEIUII YbII'Yyy4dy HaTblKaap:
tox _
1% ¢im=-

x—0

. arcsin x
2°. /im =1,

x—0 X
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. __arctgx
. fim= =t

x—0 X

4. i 1-cosx _,

x—0

x
2

8.6. DKMHYM COHYH mpeaeJ

[Ipenennepau scenToone IKUHYU COHYH MpPeJIet T aTaTyyqdy
TOMOHKY Oapalap/ablk KEeHUPU KOJIJA0HYJIaT:
fim(1+ 1y =7, (1)
X—>00 X
(1) dbopmynana npenen ¢ canbiHa Oapadap. AHbI HEMEPAMK CaH JCI
aTar KOIoIIaT. / CaHbl UPPAIMOHAITYY, AHBIH JKaKbIHIAITHIPBUITaH
MaaHucH 2.72re (¢ = 2,718281828459045...) bapabap. busre Oenrumyy ¢
CaHBIH HATYPAJIBIK JOrapudMACPANH HETH3HM KaTaphbl KAOBLT abIIIAT: /
Herusu 00roHYa Jorapudm HaTypanabIk JorapudM Jen aranaT kaHa In x
apKbuTyy OenruieHeT, 0.a. Inx = log, x.

Orepae (1) hbopmynana ! ow ymmyneanoa a — 0) OCITUIOO0CYH
X

KYPry3CeK, aHJa al TOMOHKY KOPYHYILTO Ka3blIaT
1

im(L+ a)* =1 (2)

(2) hpopmyaa na IKWHYM COHYH MPpee JICT aTaiar.

. 2.,
1-mucan. (im(1+=)* mpeaeauH 3CENTETUIIC.

R ¢
Yvicapyy. MbIHIA x — 0 YMTYJITaHAA 1° TYPYHIOTY aHBIKCHI3IBIK
TypaT. x =2t OEIrUIeecyH Kypry3e0y3 (MbIHIA x — o YMTYJTaHIa
t — oo YMTYJITAHBITBI KOPYHYII TYpaT). AHIa, OpyHa KOOI JKaHa
©3TOPTYM TY3YYIOPIY KYPIYy3YI, TOMOHKYHY ana0bI3:

fim@+2) = fim(L+2)% = fim(L+ 2)% = fim@+ ) =
t—o 2t t—o t t—o t

X—»0 X

=t€im(l+%)t -gim(1+%)t =(-0=10°

. 2.,
2-mucan. (im(l+=)* MpeneauH dCENTEruIe.

X—»0 X

y L x4l
bieapyy. Elm(X—Jr?)) OpeACInH dCCOTETUIIC.
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1 1
x+1 x(1+) 140
MpbiHga gapaxKaHblH HETU3HU /im = /im X —fim—%X = =1re
X—®0 X 4 X—>00 3 X—>00 3 1+0
x(1+-) 1+—
X X

Oapabap, aj 3MHU Aapaxkachl 2x +1—» o YMTyJAT, 0.a. 1° TypyHAery

AHBIKCBI3ABIKTHI OepeT. OMOHYKTaH SKHHYU COHYH TPEIEIIN KOIJTOHCO
0O0JIOT.

Vi m(x+l)2x+l Eim(x+l+2_2)2x+l :Eim((x+3)_2)2x+l —
X—0 X—00 X+3 X—0 X+3
x+3 -2
. - . - i a2
= /im x+3+—2)2”1 :ﬁlm(1+—2)2X+1 =£|m(1+ ~2 ) 2w
x>0 "X+3  X+3 x> X+3 x>0
X+3 -2 43 Ilm—(2x+1)
. ———(2x+1) Ilm—( x+)
=/im(1+ 2) 2l {Elm(ﬁlﬁ-—z) 2} N
X—>0 X+3 X—>00 X +
42
. —4x-2 )!ET; SX
_XXITE(ZXH) =EX'L”J, 3 =g " = :i4
l
MpiHa omieHTHil, fim(x—Jr;)“+1 TYHTMaChIHbIH NpPEIeIn %4 Oapabap.
X—00 X+

MpIiH1a OU3 SKUHYH COHYH TpeeinH (2) hopMyrachH NMaiaaiaHbIK.
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9-I'JIABA. TYYHAY. ®YHKIIUAHBIH JUOD®EPEHIUAJIBI
9.1. TyyHay TYLIYHYTYHO aJibIll KeJyy4y MaceJieliep

TyyHay TyUIyHYTY MaTeMaTUKaJIbIK TYIIYHYKTODAYH HETU3TU
TYUIYHYKTOPYHYH Oupu Oonyn scenteneT. TyyHIyHYH »KapJaMbIHAa
MaTeMaTuKajarel, Pu3nKagars! k.0. UIUMIAEpAECTH OUp TON Maceyenepau
yblrapyyra 00JoT.

Tyyuny Tymrynyry XVII xeuibivaa nuddepeHunanablk 3cenTeoHyH
AJIEeMEHTTEepU TMaijga Oosio Oamraranga sne maiiga OonroH. TyyHay
TYUIYHYTYHYH Taiiga OoJyllly TapbIXblii KakTaH »53KU  Macelere
OailylaHbIIIKaH: KbIMMBUIJIBIH BUIJAMJBITBIH TaOyy jkaHa UUpHUTE >KaHbIMa
KYPry3yy Macelsesepu.

Ousukagan Ousre Oenrunayy OONATOHAONM  OWUp  KaJbIITarsl
KbIUMBUIIBIH (POpPMYJIachl

S=v-t, (1)
apKpuTyy OepwiieT. MbIHIa V - OUp KaJIbINTa KBIMMBUIIBIH bULIaMIBITH (V
- TYPaKTyy YOHJYK), S - Oya t MOMEHTHH/IE OACHIT OTKOH JKOJI.
MpbIHa olIeHTHIT, OUpP KaJbINTa KEIMMBLIZA OAChIT OTKOH 0J1 yOAKbITTaH
K63 KapaHbl OOJTrOH TY3 CBI3BIKTYY KBIMMbUI OOJIyH, aHbIH rpauru Ty3
CBI3BIK OOJIOT.

(1) bopmynanan
V=— (2)

dopmynaceH anadb3. MblHAaH, OUP KATBINTA KEIMMBUIIBIH BIIIAM/IBITBIH
Talyy Y4YH 0achIll 6TKOH KOJay yOakbITKa 0eiyy KepeK NIETeH ThITHAKKA
Keneous.
bupok YKapaTbUIbIITA
OONTOH KBIUMBUIIAD JaWbIM
1 sa¢  OMp  KauelmTa — 0oJIo
sran OepOelT, OIIOHAYKTaH OGachll
OTKOH KOJI yOaKbITTaH
A% CBI3BIKTYY (YyHKIUsI 00100H,
S0 tTaTaanl (QYHKIOUSHBI — OepuI
Kajar.
> Kammet  yuypaa  Gackinn
0 t t+dt x OTKOH KON YOAaKBITTaH KO3
KapaHAbl OOJTOH  (PYHKIIUS

At

6omot S(t).

128



Yuiimene kepyHYI Typranjai, srepie yOakbITThIH t MOMEHTHHJAE TEJO
S(t) xomyn Oaceim etty, ai 3mu t+ At momeHTtuHae Teno S(t+ At)
KOIIyH 0achIll OTTY JIECeK, aHaa YOakKbITThIH At apaibIrblHIA TEIO
S(t+At)—S(t) xomyn Oacwem eTkeH Oojor. bym aiibipma S(t)
(YHKIUSCBIHBIH ©6CYHYCY JICT aTajar kaHa AS apKbulyy OelruiieHeT:

AS =S(t+At)-S(t) (3)
[eomerpusiibik xaktaH AS 4YoHAYry AB KECHHIUCHHUH Y3YHAYTYH

AHBIKTaNT.
MpiHa omeHThn, Teo t mMomeHTHHEH t+ At MoMeHTHHE YeluH AS

XKONIyH Oacwill ©TTY. Orepae Oyn yOakbIT WYMHJIE TEJNO OUp KaJbIlTa
KbIfiMbLIIa Oonronmo, auga (2) GopMylaHbIH HETM3MHIE TEJIOHYH

A
BUIJIaM/IBITbI A—f ra 6apabap 6onmok. byn Tt KaTelbl tnan t+ Atra

YeHUMHKY apajbIlbIHAATEl KBIMMBUIIBIH OPTOY0 BLIAM/BITHI JCT arajat
KaHa
AS
Vopm = A_t
apkbpUTyy  OenrmieHeT. bupok, OpTOYO  BUIAAMIBIK  TEMOHYH  {
MOMEHTHHJIETH BUIJAMJBITBIH TaK MYHe3/ell Oepe anbailT, cebebu Teso
At MOMEHTHMHHWH OamiblHIAa BUIAAM, ajl dMH asThIHAA JKall KbIAMBLIIA

00JICO OPTOYO BUIIAMJBIK Oy ©3redeayKTepay YarblUiablpa andail xamar.
At y0akpIT apasibil’bl KaHYaJbIK KWYMHE O0JCO, t MOMEHTHHAETH

BULJIAMBIK OIIIOHYOIYK TaK MYHO3/16J1OT.
Omonnykran At — 0 ymTynranmarsl npeaenre eTe0ys.

VY O0akpITTHIH t MOMEHTHUHJIETH BUIAAMIBITHI JICT, OPTOYO bUITAM/IBIKTHIH
At — 0 Henre yMTyJraHIarsl MPEASINH auTaObI3:

MpbiHa omeHTHN, OMp KajbIlTa dMEC KbIMMBUIIABIH BUINAMIBITBIH TaOyy
macenec S(t) GYHKIUACHIHBIH OCYHIYCYH YOAKBITTBIH ©OCYHIYCYHO

OO0JTrOH KaThIIIBIHAATBl YOAKBITTBIH OCYHIYCY HOJIre yMTYJTaHJarbl
IIPEJETINH KapOoro AJIbII KEJIJIN.

9.2. TYyHAYHYH aHBIKTAMACHI

y=f(X) QyHKIUACH X YCKUTUHUH 4YeKe OCNMHIC aHBIKTaJIraH
OoJicyH. Orepae X apryMeHTH A X ©CYHIYCYH KaObLI ajica, anaa PyHKIUs
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A
Ay OCYHAYCYH anar. A_y KaTbllblH  TY3yn, AX—>0 Hedre
X

YMTYJITaHJArel mpenenre ete0y3. Orepae Oyn mpenmen »kamiaca, aHjaa aj
f(X) QyHKIUSACHIHBIH X YEKUTHUHICTH TYYHAYCY Jien atanat skana f'(X)

apKbUTYy OCNTHUIICHET.
Deepoe f(X) @yHrkyuacolHbIH OCYHOYCYHYH apeyMeHmmut 6CYHOYCYHO

O0N2OH KAMbIUWbIHbIH APSYMEHMMUH OCYHOYCY HON2O YMMYIAHOA2bl
yekmyy npedenu owcauiaca, anoa an npeden f(X) @yuxyusceinvin x

yeKumuHoezu myyHoycy 0en amaiam Hcana meMOHKy0ou beeuieHen.
v = £1(x)= lim AY 2 jjm XA 1(X)
Ax—>0 AX  Ax—0 AX

(4)

1-mucan. Y=x° OQYHKUMACHIHBIH X YCKHTHHJICTH TYYHIYCYH
AHBIKTOOHYH JKapJIaMbIH/Ia Ta0aJIbL.

Yuizapyy. Mbmmma  f(X)=x?, am omu  f(X+A4Ax)=(X+ Ax)?
kepyHymTy anar. Auna (4) popmynara Koicok
f(x+ax)—F(x) _ i (x+A4x)°*-x*

"= f'(x)= lim li
y ( ) Ax—0 A X Ax—0 A X
X+ 2xAX+(AX)  =x® . 2xAx+(AX)® . AX(2X+ AX)
= lim = lim = lim =
Ax—0 AX Ax—0 AX Ax—0 AX
= lim (2x+ AXx)=2X
Ax—0

anaompI3, 0.a. y' = 2X.

bepuneen ¢ynxyusoan myyuoy anyy npoyeccu auvl ougghepenyupioo
oen amanam.

9.3. TYyHAYHYH MeXaHMKAJIbIK MAaaHUCH

XKoropyna kapanmranmaii  S(t) - TemoHyH yOakbITThIH  t
MOMEHTHHACTH 0achlll OTKOH KOy O00JCyH. TeNOHYH BUIIaMIbIThI

. AS
aHplkTamMa OoroHya lim It Oapabap, SKMHYM >KarblHaH TYYHJIYHYH
At—>0

. AS
aHbIKTOOCY OOoroHua lim Tt npenem S(t) dyHKIusACHHBIH t OorOHUA
At—>0

TyyHIycyHa 6apabap, 0.a.

v=lim A3 Z sty
At—>0 At
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Jemex, mMyyHOYHYH MEXAHUKANIbIK MAAHUCU MOMOHKYOOU. MEI0HYH
bLI0AMOBIZEL  DACHIN  OMKOH MHCONOYH YOAKblm  0O0IOHUA  AIbIH2AH
myyHnoycyna oapaoap.

TyyaayHy kanHgaiaelp OUp TEJIOHYH BUINAMJBITHI JEMN TYIIYHAYPCOK
00510T. BUpOK BIIAAMABIK JIETEH CO3Y MEXAHUKAIBIK KBIMMBLI 3JI€ dMEC
Kbl TYPAO® €3repyy JAem TYIIYHCOK Ja 00yoT. Mucainbl, Y YOHIYTy X

K€ Ke3 KapaHabpl OoJlym e3repeT, aHjga Y ©3repMOCYHYH X Ke
CaJIBIIITHIPMAITYy ©3TrepYYCY )KOHYH/IO CypOO KOKOyTa 0O0JIOT.

Mucanel, srepae Q - OepwireH XUMHSIBIK pPEaKIMsra KaThIIIKaH
3aTThIH CaHbl 00Jico, aHaa Q'(1) - 3aTTHIH CaHBIHBIH ©3rOPYY BLIIAM/IBITBI
00JIOT:

Q(t)= lim 49

At—0 At

9.4. TyyHAYHYH reoOMeTPUsIIbIK MAAHUCH

y=f(x) (YHKIUSACHIH
KaHIalIpIp oup X
YEKUTUHUH 4YeKe OeInHIIe
Kapauibl. Yryn X
YCKUTUHEH KaHbl X+ AX
yekuTuHe ©Te0y3. AHIa
M, K - (GYHKIUSHBIH

ecyHaycy Ay, ain smu MK

/ @ “ﬁ” - apryMEHTTHH OCYHAYCY
: AX o6omor. MM;K yu

OypuTyryHaH
MR _AY a6,
MK  AX

tgp
Ay

JleMmex, ix M;M kecyyuycynyH OX MEHEH TY3reH >XaHTaly

Oyp4YyHYH TaHTE€HCHH OepeT.
Meitimn smu AX—>0 Henre ymTyicyH, anpa M; uekuru M

yekutuHe yMmryayn, M;M kecyyuycy umiiMene Y3YK ChI3BIK MEHEH

KOPCOTYJII6H KeCYYYYHYH I@peleJauK adaabiHa KeneT. JleMek,
tgp > tga ymrynar. MemHaa o - M dexkuTMHE KYPry3yJreH

’KaHbIMAHBIH JKaHTay Oypuy.
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A A
tgp = A—z oonronaykrad, AX — 0 ymrynranga A—z — tga ymTynar.

. A
[Tpenenre eTcox lim 2y =tga anads3, 0.a. Y =tga.
Ax—0 A X

Hemex, myyHOYHYH OepunieeH ueKummezu MAAHUCU HcAHbIMAaHbIH OX
02yHa 00J120H Hcanmaroy OypUyHyH maHeeHcune bapaoap.

2-mucan. y =X’ mapaGomacsiHa abrmccackl X =2 GOITOH UYEKHUTHHE
’KaHbIMA KYPIy3TyJIe.

Yvicapyy. llapaGomanbiH  rpaduruH  Typry3a0bi3.  y(2)=2°=4
OonroHaykTaH xanbiMa M (2,4 ) 4eKUTH apKbUTYy OTYYCY KEepEK.

bepuiren 4ekut apkbulyy ©Tyn OepuiireH OarbITTarbl TY3 ChI3BIKTHIH
TEHJEMECU

y—y, =k(x—x;)
KepyHYmyHae Oonor. bym yuypma X, =2, y,=4. kK=tga us tabyy
Kepek. An yuyH Y =2X TYyHIAYCyH Taam, X=2 YCKHTUHJIC aHbIH
MaaHUCHH aHBIKTalObI3. Y ' =2-2=4=Kk. Anna xoropyaarsl ¢opMmyiara
ta0puranaapasl koror, M(2,4) dekutm apkeulyy oTyydyy Yy=4x-4
’KAHBIMACHIH aJ1a0bI3.

9.5. CymmanaHu, aiibipMajgaH, KeOOHTYHIY/A6H KaHA THHMHIU/IEH
TYYHAY aJ1yy Jpexesiepu

u(x) oxama V(X) ¢yHKOUAIapel KaHmaWgaelp Oup (@, b)
kecuaucuuae nuddepeHupienyydy GyHkiusap O0JICyH.

1. CymmanbiH (aifblpMaHbIH) TYYHAYCY TYYHIYJIAPJbIH CyMMAacChIHA
(atiplpMackiHa) Oapabap, 0.a.

(uxv) =u"+Vv.

2. Oku  (QYHKUMSHBIH  KOOOUTYHAYHYH TYYHAYCY  ayapiblH
OMPUHYMCHHUH TYYHIYCYH OKHHYMCHUHE KOOOUTYN, OSKHHYNCUHHH
TYYHIyCYH OMpUHYUCHHE KOOOUTYI KOLIKOHTO Oapabap, 0.a.

(u-v) =uv+uv'

3. TypakTyy 4YOHIyK MeHEeH (QyHKUMSHbI KOOOHTYyA® TYypakTyy

YOHJIYKTY (PYHKIUSHBIH TYYHAYCYHA KOOOUTYY KETHUINTYY, O.a.
(C-u)=C-u.
4, u(x) xana V(X) (QyHKIUSIIAPBIHBIH THUWUHIUCHHUH TYYHIYCY

em, ambIMbIHAA U'V—UV' ailbIpMackl, al MU OeNyMYHZe V° Typran
O0em4eKTy anTadbI3, 0.a.
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MbIHga V(X ) =0.
3-mucan. (X*-sinx) KeGONUTYHAYCYHYH TYYHIYCYH TalKbLIa.
Yvicapyy. JKuHUM dpEKEHU TalijaIaHcak 00JIoT:

(x?-sinx) =(x%) -sinx+ x? - (sinx) = 2x-sinx + x* - COSX.

9.6. Tataan GyHKUMSAHBIH TYYHAYCY

y=f(u) xama U=¢@(X) QyHknusIapel OepuichH. AHma Y
esrepMecy XTeH Taraan (yHkuus Oomor: Y = flp(x)], mbmma u -
apaJbIKTarbl apryMeHT.

Teopema. DOrepae U =@ (X) QYHKIUACH X YEKUTHHAC U, TyYHIyCyHa
93 6osico, anm oMU Yy = f(U) QYHKIUACH U YEKHTHHIE Y, TYYHIYCyHa 33
6onco, anna y = f[p(x)] Tataan GpynKumsACHHBH TYYHAYCY

Yy = Yy - Uy (5)
dbopmynacel 60r0OHYA TaObLIAT.

A-mucan. y =cos(x* ) QYHKIMACBIHBIH TyyH/IyCYH TAIIKBLIA.

Yuizapyy. Bepwiren dyHkums Tataan QyHKIMS GONTOHIyKTaH U= X"

OCNTUIeecyH XYypry3ymn, Y =C0Su amabe3. Axma (5) ¢opmyna GoroHua

y. =(cosu), -(x*) =—sinu-4x>  Gomor. u=x*  Gomrommykrau

y, =—4x> -sin(x").
9.7. Teckepu (PYHKUMSHBIH TYYHIYCY

Teopema. Drepne Y= f(x) dynkuumsacer (a,b) wHTepBanmbIHIA Tak
(CTpOTr0) MOHOTOH/IYY YKaHa OyJl UHTEPBAIBIH KaallaraH YeKUTHUH/IC HOJIro
Oapabap sMec TyyHayra 33 0oJICyH. AHJa ara Teckepu O0onroH X=@(Y)

(YHKIMSCHI 1a OIIOJ YEKUTTE TYYHIAyTa 33 001c0, anaa ¢@'(y)

DY) = e Xy =
F'(x) s
(popMynanapsl MEHEH aHBIKTAJIAT.
bamkaua kepyHymy:
1 dy 1
 =— Ke ——=——. 6
Y K, " ax~ dx (6)
dy
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S-mucan. Teckepu  QyHKIUSHBI  TUPEpEeHIUPIOS  IPEKECUH
naiinanasein Y = 3/X —1 QyHKUMACHIHBIH TYYHIYCYH TAIKbLIA.

Ypizcapyy. bepuiaren Qynkimsara Teckepdn (yHKmES X =Y° +1
GyHKIMSACHL  GONOT. AHBIH TYYHIYCy X, =3y? Gapabap. Anma (6)

1 1

GopmynaHbl naianaHeIn Y, = = anaobI3.

3y 33 (x-1)>

9.8. lapamerpauk Typae OepuireH GyHKIUSAHbIH TYYHIYCY

X ~apryMeHTH MeEHEH Y (YHKIUACBIHBIH OpPTOCYHAArbl Ke3
KapaHbLIbIK MapaMeTpIUK TYp1e OCpUIICHH
{x =X(t),
y=y(t),

MbIHJa t - KapaaMubl 3repMe, 0.a. mapameTp.

[MTapameTpauk Typae OepriireH QyHKIHUSHBIH Y, TYYHIYCYH TaOaibl. Al

(7)

yuyH (7) dopmyna meneH OepwireH GpyHKIusIap TyyHIyra xana X = X(t)
¢ynkmmsicel t =@ (X) Teckepu GYHKIMSICHIHA 33 JEN dcentenom3. AHma
TecKepu (PYHKUHUSHBIH TYYHIYCYH Ta0yy 3pexecu 00roHYa
R_x{ (8)

anaobI3.

bepmiren y = f(X) ¢yHkumsceiH Tataan GyHKIUS JeM a Kapooro
oonot: y = f(t), t=p(x).
AHna TaTtaan QyHKOMSIHBI auddepeHnupioe spexecu OoroHua (8)
(GopMyItanan naiiianaHbil, TOMOHKYHY aaa0bi3:

! ! ! ! 1
yL =yl -t =y -7 0.a.

w=i% (9)
X
(9) dopmyna napamempoux mypoe bepuncen Gynkyusiapovin Y MeHeH
X MUH OPMOCYHOA2Hl KO3 KAPAHOBLIbISbIH MAnnail mypyn Y, myyHOYCYH
mabyyea MyMKYHUYIYK Oepem.

x=t°,
6-mucan. { , (QYHKIHSICBI OepHIIreH. Y, TYYHIYCYH TaIlKbLIa.
y=t
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Upizapyy. X, =3t?, y/ =2t tyynaynmapein Taan (9) dQopmymnara
KoeOy3
L2 22
SRR
XTHH OPTOCYHIArbl KO3 KapaHABUIBIKTHI TaOajbl. OMPUHUYN TCHIEMEIEH

MyHy Tekiepun KoOWcok fa 00J0T. Al YIYH Y MEHEH

t =3/X Ta6a0bI3 Ja PKMHYM TEHIEMEre KOIoI, Y = x? . Mpimgan TYYHIY

aNicaK Y, =——— KEJIHII YbIrar.

3R/x

9.9. TyyHnayaapabiH Ta0JIMuachl

1.(c) =0 1 gy =L

cos” X
2. (x)=1 12, (ctgx) = _12

sin® x
' -1
3. (x") =nx" 13. (arcsinx) =
1-x°
4. (\&)'=—1 14. (arccosx) =— 1
2 1-x°
X\ _ X . , ,
5.(a*)=a"-Ina-(x) 15, (arctgx) = .
6. ()= 16. (arcctgx ) =————
1+X
1 1 17. (shx)' = chx
7. (log, x) ==log,e=——
(1002 %) = 10928 = ina
8. (Inx) == 18. (chx)’ = shx
X

9. (sinx)" =cos x 19, (i) =

chx
10. (cosx )" =—sinx 20, (et - 12

sh“x
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10-TJTABA. ®YHKIUSAHBIH TUOO®EPEHIIUAJIBI
10.1. Indpepenunan TymyHyry

Huddepenuman TYmIyHYTY TYYHAY TYLUIYHYTY MEHEH ThIThI3
OailylaHbIIIKaH KaHa aj MPaKTUKAJIBIK KOl Maceselep/id 4euyyae KeHUpU

KOJIJTOHYJIAT.
X uekutuHAe Y TyyHIycyHa 33 OosroH Y= f(X) (yHKIMsICHH

o . A
KapaunJibl. Tysz[yHyH aHbIKTaMacekl 0oroHYa |im A_y = y' 60JIFOHI[yI<TaH
AXx—0 X

(YHKUUSHBIH MPEACTd MEHEH YEeKCU3 KUYMHE YOHJYKTYH OPTOCYHJIArbl
Ay

OaillaHbIIIBIl  KOHYHJIOTY TEOPEMaHbIH HETU3UH]IE i y'+o nen
X

’*azyyra 00J0T, MBIH/IA (¢ - YEKCU3 KWYWHE YOHIAYK OOJIym 3cenTeneT, 0.a.
AX—0 ymrynranga o —0 ymrynar. Auga GyHKIMSIHBIH ©CYHIYCYH
TOMOHKY 1611 jka3yyra 00JoT:
Ay=Y -AXx+a-AX (1)

MpiHa omieHTur, (QYHKUUSHBIH OCYHAYCY SKHM KOILIYIyydyJdaH Typart:
y'-AX xaHa a-AX. byn 3ku woHnyk AX —>0 yMmTydaraHma dYekcus
KMYMHE YOHAYKTap Oonymar. OyHKUUSHBIH OCYHAYCYHYH JKUHYU
KOUIYJIYy4yCcy @ -AX 4YeKCHU3 KUYMHE YOHIYKTapJblH KOOOUTYHAYCYH
Oeper ’xkaHa aHbIH (YHKUUAHBIH AY OCYHIYCYHO Taacupu a3 OoJoT.
OmoHayKTaH, PYyHKIUSHBIH OCYHIYCYHYH Oallikbl 0enyry 001y OupuHIn
KOIIYJIyy4dyCy dcenTener, 0.a. Yy - AX.

y'-AX 4WoHmyry AX apryMEHTHHUH OCYHAYCYHYH OWpHHYH
Japa’kacblHa TY3 MPONOPLUSIALL, OIMIOHAYKTAH aHbl ©CYHIYHYH CHI3BIKTYY
0emyry Aen araiiobl3.

MpbiHa omreHTHn, Y'-AX KOHIyinyydycy (GyHKIUSHBIH ©CYHIYCYHYH

0alIKbI CHI3BIKTYY 06JIYIY J€N aTajar.
Anvikmama. Pyukyusanvin AY 6CyHOYCYHYH OQUIKbL CbI3bIKIMYY 6Oy2y

al pyHKUUAHBIH Ougepenyuanvl oen amaiam Hcama
dy=y'-Ax (2)
apkulnyy beneunenem.

Anna (1) dopmymanbl (2) HEH 3cke anmyy MeHeH AYy=dy+oa-AX
TYPYHA® *a3zyyra 0010T. MbiHAa, - AX 4OHAYTy AX K€ KaparaHjaa Te3
HOIT®  yMTylraniasiktah AYy=dy gmem kasyyra Oomor. dy
auddepeHIanbiH OUpUHYM TapTUNTEru AUQdepeHIra Aen araiobi3.
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X K63 KapaHIhl 3MeC ©3repMecYyHYH muddepeHuumansH, 6.2 Y =X

GyHKIUACHHBIH JuddepeHnmanbH Tabadb3. AHna (2) HUH HETU3HUH]IC
dy=y"-Ax=1-Ax amab6w3, 0.a. dy=AX . Dkunum sxaktan dy = dx
oosronaykTan dX = A X 6onot. Omonaykras (2) popMyiaHbl

dy = y'-dx 3)
TYpyHAe xa3zyyra Oonot, 0.a. (yHKUMSHbIH AuddepeHurans Oy

(YHKIMSHBIH TYYHAYCY MEHEH KO3 KapaHIbl 53MeC ©3TepMOHYH
g depeHimanbiHa keOeUTKeHTe 6apadap.

1-mucan. y=X>, y=sinx, y=cos3x (GyHKIUSTaPbIHBIH
g depeHIaIIapblH TaKbLUIA.

Yuizapyy. 1) Tyyuaycy y' =5x* 6apabap. (3) bopMyTans! maiiamaHcak
dy = 5x*dx ana6s3; 2) dy = cos xdx ; 3) dy = —3sin3xdx.

10.2. InddepennuaigapabiH Ta0JAUNACHI

1. d(c)=0, c—T1ypakryy 11. d(tgx) = d);
cos? x
2.d(x)=1 12. d(ctgx ) =— _d>2<
sin? x
3. d(x")=nx""dx 13. d(arcsinx) = o
1-x?
dx dx
4. d(Vx)=—= 14. d(arccosx ) = —
(vX) 24 ( ) L
5. d(ax):ax-lna-(x)’dx 15. d(arctgx):
1+ x?
6. d(e”)=e"dx 16. d(arcctgx)z—ldx

7 d(Iogax)zllogaedx= dx 17. d(shx) = chxdx

X xlna
8. d(Inx):d—: 18. d(chx) = shxdx
9. d(sin x) = cos xdx 19. d(thx) = d>2<
_ ch“x
10. d(cos x) = —sin xdx 20. d(cthx) = — Eb;
shx
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10.3. Cymmajnamn, KOOOMTYHAYAOH  KAHA  TUIHMHIHWIEH
auddepeHuuan anyy pexesepu

u(x) »xana v(X) dbyHkpsuiaps THemenyy Typae U'( x) skana v'(x)
TyyHIyJapbiHa 33 Oonyydy ¢yHKmusiap 6onacyH. d(u+Vv), d(u-v) xana

d( 4 ) mud depeHmanTapeiH TadaIbI.
v

1. d(u+v)=(u+v)dx=u'dx+Vvdx=du+dv,
2. d(u-v)=(u-v)dx =(uv+uv')dx =u'vdx +uv'dx = vdu + udv,
3_d(%):(%),dxzuv—uv dX:uvdx—uvdx:vdu—udv.

v v V2

2-mucan. u=x", v=cos(7x+8) byHkumsIaps Oepuice, aHma

d(u+v), d(u-v), d(%) TANKBLTA.

Ywvizapyy. Koropynarsl s3pexxenepan KOJIIOHYIT
d(u+v)=(x*+cos(7x+8))dx =(4x> -7 sin(7x +8))dx,
d(u-v)=(x*-cos(7x+8))dx=(4x> cos(7x+8)—-7x*-sin(7x+8))dx,

4 3 4 .
u X , 4x°cos(7Xx+8)+7x"sin(7x+8
a(Y)=( Yy = X OSTXHB) D SIn(7X+8)
Vv cos(7x+8) cos“(7x+8)
ana0bI3.

10.4. Indpepenunanabin reoMeTpUSIbIK MAAHUCH

y=f(x) ¢yakousaceiap rpapurmana M (X,y) dekutuHe MT

KAHBIMAChIH KYPry3e0y3. X d4ekuTuHAe (YHKIHUS TyyHIyra 33 OOJICYH.
XKanpiMa menen OX OryHyH OH
OarbITHIHBIH apachIH/Iarbl
OypuTy o naemn Oenruiensm. X
YEeKUTUHE AX  OCYHIYCYH

Y

oepun X+ AX  YEKUTHHHH
Op/IMHATAChIH, 0.a. M;A

KECUHUCUH KapanObI3.
UuiiMene KepyHYN Typrasjau
MA=AX, M, A=A4y. MBA

E; TUK OypuTyy Y4 OypuTyryH

AB
Kapaiioez: tQa=——, O.a.
p g MA
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AB =tga-MA. TyyHayHyH  TE€OMETpPHUSIIBIK  MaaHHCH  OOIOHYA
tga = y' OGapabap, aHa OpayHa KOMCOK: AB=y'-AX. Ax=dx OOJTOHIYKTaH
AB=y'dx Oonot. [duddepenumanabH aHbIKTaMachl OoroHYA dy = y'dx
OonroHIyKTaH AB =dy 0onoT. Jlemek, dy = AB.
Mpmra omentur, Y= f(X) ¢yukyuicoinoin X uexumurnoecu

oupgepenyuanvt  GYHKYUAHOLIH  dHcanbIMaculnblH - ocyHoycyno  (AB
KeCUHOUCUHUH  V3YHOYeYHa) Oapabap. OWOHOYKMAH,  HCAHBIMAHBIH
OCyHOyCY Ougheperyuanovii 2eoMempusiiblk MAAHUCUH AHLIKIMALIM.

10.5. /duddepeHuuajgblH KAKBIHIAMTHIPBIN 3CENTOO6TY
KOJIIOHYJIyLIIYy

Orepae Y= f(X) QyHKUHUACHIHBIH X YEKUTHUHAETH OCYHAYCYH
Ay=Y'-AX+oa-AX TYpyHA® KepceTyyre OOJO TypraHibi'bl OHU3re
owrrmnyy, MbiHIa  AX—>0  ymrymranga o —0  ymrynar.
Hudbdepennmanapl KOIJOHYN OCYHAYHY TOMOHKYIOW kKazca OOJIOT:
Ay=dy+a-AX. DxuHUM KomIyayydy AX Ke KaparaHaa >XOTOPKY
TApPTUNTETH YEKCU3 KUUYMHE YOHAYK OOJITOHAYKTaH, aHbl TAllITaIl )KUOEpYYy
MEHEH

Ay ~dy 4)
KaKbIHIAMITHIPbUITaH (popMynanbl anade3. (4) ¢popmynna AX KHIuperreH
caifblH  Tarblpaak Oosor. OmoHaykrtan (4) ¢opmyna KaamaraH
muddepennmprenyydy GyHKIHUSHBIH OCYHAYCYH JKOTOPKY TapTHITETH
TaKTBHIK MEHEH >KaKbIHJIAIITBIPBIN 3CENTOOT® MYMKYHUYJIYK O€perT.

OyHKIUAHBIH AU depeHIralbiH -~ Tadyyra Kaparahja  aHbIH
OCYHIYCYH TaOyy Oup ToI xeHmI. Omonaykrad (4) hopMyiia mpakTHKaaa
KEHUPH KOJIJIOHYJIAT.

3-mucan. y = x°> —2x+1 QYHKUHACHIHBIH OCYHAYCYHYH X = 2 KaHa
AXx=0001  wmaaHwIepUHIETH  >KAKbIHAAIITBHIPBUITAaH  MaaHUJIEPUH
TarnkbLIA.

Yvizapyy. (4) bopmyaaHbl naiiiaaaHaObI3:

Ay=dy=y - Ax=(3x*-2)-Ax.

dy|,_, =(3-4-2)-0001=001, anma Ay~ 0,01 Gapabap.

Ax=0,001
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bu3 a3plp GYHKIUSHBIH ©CYHAYCYH 3CENTOOHYH OpAyHa (DYHKIIMSHBIH
nuddepeHimanbiH dcenteank. KaHUYamblk KaTajblK KETKCHHH 3CEMTer
Kepeny. Al Y4YH AY TH TaOaibl:
Ay =((x+A4x)° =2(x+Ax)+1)—(x}-2x+1) =
=x* +3xX°AX+3X(AX)? +(AX)} —2x—2Ax+1-x> +2x-1=
= 3X2AX+3X(AX)* +(AX)* —2Ax =AX(3X* +3xAX+(Ax)* =2);

Ayl., =0001(3-4+3-2-0001)+0001% —2 =0,0100086.

Ax=0001
AOCOIIOTTYK KaTaJbIKThIH KaKbIHIAIIYYCY
‘A y — dy‘ = ‘O 010006 — 0,0ZIJ =0,000006 ra GapabGap. (4) dbopmynara Ay
TAH >xaHa dy TWH MaaHujepuH opayHa koicok f(X+AX)— f(X)=
~ Yy -Ax=f'(x)-Ax 6onor. OmoHayKTaH
f(x+Ax)= f(x)+ f'(x)-Ax (5)
anade3. (5) opmyna (QyHKUMSIAPIBIH MaaHUJICPUH KAKbIHIAIITHIPBIIT

ACENTOo YUYH KOJJOHYIaT.
A-mucan. arctg 1,05 v KakbIHAAITHIPHIN ICETTETUTIE.

Yvizapyy. (5) bopmysaHbl naiinaaaHaObI3:
arctg(x + Ax) = arctgx + (arctgx )’ A x xe

AX
arctg( x + Ax) ~ arctgx +
1+x

X+AXx=105=1+005, metaga X=1, Ax=005. Auma

arctg(1+005) ~ arctgl + 10 ’sz - % 10025 ~0,810 Gapabap.

5

Deepoe f(X) @pyukyusacor X, uekumunoe oughgepenyuprenyyuy
b0./1c0, anda an YekummuH yexe beiuroe bepuneer QYyHKYusHbl
F(x)= (% )+ £'(% )(x=X)) (6)
@D opmyIa MeHeH HCAKbIHOAUIMBIPHIN ICenmeoco O0a0m.
Deepoe (5) popmynaoa x=x,, Ax=x-x, Oen aicax, anoa (6)
Gopmyna keaun yvieam.

S5-mucan. /3,998 scemnreruie.
Yvicapyy. TambIpaiaH TY3[16H —TYy3 YbITapyy KBIHBIHUBLIBIKTAPIBI

naina kputat. Omonaykran f(X)= VX, x e (0,+ ) pyHKIHUACHIH
kapaitel. by dyrkius yayx (6) popmyna

X = /X +ﬁ(x—xo)
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KepyHYLYHIe 6010T. X =3,998, X, =4 MaaHunepuH Gopmynara KO
TOMOHKYHY aJ1a0bI3
/3,998 ~ I+T(3 998 —4)=2 —$ =1,9995.
6-mucan. 324345 scenrerue.

Ypieapyy. Mempa f(x)=%/x, xe R ¢yskumscs! yays popmyna

Ux ~ Xg +—— L / (X — Xy ) KepyHyHITE OOIIOT.
5x4°

X = 24345, X, = 243 = 3° maanunepus opMyIara KOKI
TOMOHKYHY aJ1a0bI3

8/24345 ~3/3° +

045 ~ 3001.
-81

(24345 -243)=3+

5(3° )5
JleMek, §/243,45 ~ 3,001.
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11-T'JTABA. AHBIK DOMEC HUHTEI'PAJI
11.1. AHBIK 3Mec HHTerpaJ TYIIYHYTY

JuddepeHman bk 3CeNTOOHYH HETU3rU Macesecu 00Iryn OepuireH
(YHKUUSHBIH TYYHAYCYH € NudQepeHiranbH 3centee 00Jyn caHaiar.
ANl 5MH UHTErpajiblk 3cenTteene 00Jco ara Teckepu OOJTOH Macese
Kapanar. oseepoe F(X) ¢yukyusacovinoin  myynoycy 6oneon  f(Xx)

Qyukyuscol  Oeneunyy 6oaco, 6.a. F'(x)=f(x) 6oaco, anoa an
@yHxyusnvin 63yH, 0.a. F(X) ¢yukyusicoin mabyy kepex.

Hzoenyyuy F(X) ¢pyuxyusacor f(X) pyuxyuscovinvin oamwmankol
¢yukuusacol oen amanam.

1-mucan. Kannavineip Oup F(X) GyHKIuSCHIH TyyHAyCy 2X Ke
Oapabap, 60.a. F'(x)=2x= f(x). F(x) o¢yHkuusacelH Tabyy Tagamn
KbUIbIHAT.

Byl MaceNEeHHH YbITapbUIbIIEl OGOMym X? (YHKIHACH GOJIOT,
anTkenn (X°) =2X Gapabap. Jlemek, 2X (DYHKIHSCHIHBIH OAIITAIKBI

dynkumsicsl F(X) = X? 60710T 3KeH.

2-mucan. F'(x)=sinx= f(x) d¢ynakuusacel Oepuiaren Ooico, aHaa
F(X) dbyHKIMACHIH TaNKpLIA.

(—cosx) =sinx  OonronaykraH, f(X)=SINX  QYHKIUICHIHBIH
Oamrrankel GyHKIUACH F(X)=—C0S X 00J0T.

Anvikmama. Szepoe

F'(x)=f(x) (1)

bapabapovievt opyn anca, anoa F(X) ¢ynxyusacer oepuncen f(X)

DYHKYUACHIHbIH DauWIManKsl YYHKUUACHL Oen amaiam.
Ackepmyy. bup »sne f(X) QyHKIUACHI OMp Heye OamITanKbl

¢yHkmmsimapra 33 Oomynry MyMkyH. Mucansl, f(X)=2X dyHKIuICH
F.(Xx)= X° +2, F,(x)= x> +5 x.6. Gamranksl (YHKIUIAPBIHA 3
oo, cebebu (X% +2) =2x xana (x> +5) = 2x Gapabap.

YKanneian aiitkanna, X +C KepYHYIIYHIOry KaanaraHaai (yHKIHs
f(x)=2x ¢yHknusacel yuyH Oamrankel QyHKOuWsS OOJNOT, MBIHAA
C —Kkaanmaranzaii TypakTyy cas, antkenu (X2 +C ) = 2X.

1-meopema. Orepne F(X) o¢yakmusacer f(X) GyHKIUACHHBIH
Oamrankel  (QyHKIUWACHI  O0oaco, amma  F(x)+C  (C =const)
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KepYHyIIyHAery kaamaran Gysakmms ga f(X) QyHKOUACHIHBIH OarnTanksl

(GyHKIUSACHI 0OJIOT.
Janunoee. F(Xx) dynakmusacer f(X) GyHKOMACHIHBIH OalITarKbl

¢ynkmusicel  6onronnykran (1) Oapabapaeik arkapsuiat. F(Xx)+C
(GYHKIMSICHIHAH TYYHIY ala0bl3:
[F(x)+C] =F'(x)+C'=F'(x)= f(x).

Hemexk, F(x)+C dyakmusacer f(X) GyHKIUACBIHBIH — OamITanKel
(GyHKIUSACHI 0OJIOT.

2-meopema. bup 3ne QYHKIUSHBIH KU OamTanksl GyHKIUACH OUpH-
OWPUHEH TypaKTyy YOHAyKKa abIpMaaHar.

Hanunooo. f(x) ¢ynkuusaceinpm 3xu  F(X), F,(X) Oamrankst
¢ynkuusmapsr  6oncyn. F(X)— F,(X)=C »dKkeHHMH KepceTyy Kepek.
@(x)=F(x)—-F,(x) aiteipmace kapaiiiel. TyyHIyCcyH Ta6a0bI3:!

@'(x)=[F(x)-F(x)] = F(x)-F;(x)= f(x)- f(x)=0.
@'(x)=0= &(x)=C. emek F,(x)- F,(x)=C.

1- xxana 2- TeopeMasiapAaH TOMOHKY 161 KOPYTYH]Y Kacooro 00JoT:
oepunren f(X) ¢ynkmusceiHbIH Onp 371¢ F(X) Gamrankbl GyHKIMACHIH
Taam, ara Kaajaranjaid TypakTyy YOHIYKTY KOIIyy MEHEH aHbIH OapIbIK
Oamranksl GyHKIUsIApbIH Ta0yyra O0JIOT.

Mpmma omentun, F(Xx)+C Ttypymmery dyakmusiiap f(x)
(YHKIUSACHIHBIH OarTanKbl
(YHKIHSTAPBIHBIH KONTYTYH
(KbIABIHABICHIH) Ty36T. F(X)+C
OarTankbl (GyHKIUSATIAPbI
rapasienb KaWTalKaH
Fix)=5 UHPHUIICPMH KONTYTYH aHBIKTAUT.

, Mucan. f(x)=2Xx Qyakuus-

\ I / Fifz)="=2 ChIHBIH  OamTankbl  (PYHKIUSCHI

Q / x F(x)=x? dyHKumsICH 6om0T. Al

-2 MU
Fi(X)=x*=2, F(x)=x"+1,

F(x)= x? +3,... (QyHKuMsIaphl Aa OAmTANKel (DYHKOESIAD OOJOT.

y Fg(x):x2+3

Fz(x):x2+1’

>

Jlemex, F(x)=x*+C - Gaurranksl QyHKIHSIAPABIH KOITYTY.
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11.2. AHBIK 3Mec NHTEerpaJ ’KaHA AHbIH KACHETTepPH

f(X) @yuxyuscoinoin anvix smec unmeepanvt den amvin F(X)+C

bawmanxkel  QYHKYUAIAPBIHGIH — JHCHIUBIHOBICHIH — AUmMabvbl3 — JHCaAHA
MOMOHKY 061l HcaA3aObl3.

[ f(x)dx=F(x)+C, (2)
moimoa f(X) @yuxyuscoel unmeepan acmevinoazol (ynkuyus, an smu
f(x)dX unmezpan acmuvinoazet myronmma oen amanam.

bepuncen ¢ynkyusanvin 6awmanxel @QyHKyuscoln mabyy onepayuscol
unmezpandoo oen amanam. Dyuxkyuaniapowvl oughgheperyupnioo dcaua
UHMe2panid0o onepayusnapsl - 63 apa meckepu onepayusnap 0O0ayn
acenmenem.

1-mucan. j 2XdX aHBIK IMEC WHTETPAIIBIH TaKbLIA.
Ypizapyy. f(x)=2X unTerpan acTelHAarsl GYHKIUSCHIHBIH Ol TAIIKbI
dyuxmmsicsr F(x) = x? +C Gomnor, antkenn (X° +C) = 2X.
Jlemek, jZXdX =x%+C.
2-mucain. j C0S 3XdX aHBIK SMeC MHTETPaJIbIH TANKbLIA.

Ypizapyy. f(x)=C0S3X uHTErpan acTeIHAATHI (PYHKIMSCHIHBIH

Oamrrankbl GyHKIUACH F(X)= %Sin 3x+ C 0onot, aHTKEHH

(%sin 3x+C) =cos3x. Auna, jcosSxdx =%sin 3x+C.

AHBIK 3M€C HHTETPaJl TOMOHKY 1611 KaCHETTEPre 33.
0
1°. Anvix smec ummezpanovin myyHOYCY UHME2PAl ACMbIHOASH]
Qyrryusea bapabap, 6.a.

(J' f(x)dx) = f(x).
Jlanunoee. (2) 6apabapabIKThI KaparObI3.
[ £(x)dx)] =[F(x)+C] = F'(x)+C"=F'(x) = f(x).
2°. Anwix smec unmezpandvin ougpdepenyuanvl unmezpan
acmuelnoazvl myroHmmaza oapabap, 6.a.

d[f f(x)dx)]:[[f(x)dx)]’dx: f(x)dx.
3% [dF(x)=F(x)+C.
[dF(x)=[F'(x)dx=[ f(x)dx=F(x)+C.

4°, T YPaKkmyy 4OHOVKMY uHmezpan Oencucu CblpmvliHad ybleapyyed
bosqom, 6.aq.

144



[kf(x)
Hanunoee.
jkf(x)dx:ij’(x)dx:j[kF(x)]’d

dx =k | f(x)dx.

x = [d[kF(x)]=kF(x)+C.

DKHWHYHY KaKTaH kj' f(x)dx=k(F(x)+C,;)=kF(x)+kC, =kF(x)+C.
OKU KaKTaH TeH OUp 3Jie KBIMBIHTHIKKA KEJUK, TeMeK OapadapapIk

Tyypa.

0
5. QYHKYUANAPOLIH CYMMACHIHBIH UHIMESPAlbl UHMe2PanoapOblH

cymmacwvlHa bapabap, 6.a.

[F(x)+g(x))dx =

[ £(x)dx+ [ g(x)dx.

Janunodee. OH xarbiHaH TYyHIY ajaaObl3

(] FOx)dx+Jg(x)dx) = (] f(x)dx) +(Jg(x)dx) = f(x)+g(x).

Harpriikana wuHTErpanm acteIiHAArbI

f(x)+9(X) GYHKIHUSACHIH aJIbIK,

aemek oepuiiren 0apadapabk Tyypa.
3-mucan. j (7X+5sin2x)dX aHBIK 3MeC UHTETPAITBIH TAKbLIA.

Yurzapyy. Annsi ana 5°, 4° xacuerTepuH naiizanaHaGbIs:
[(7x+5sin2x)dx = [7xdx+ [5sin2xdx =7 [ xdx + 5[ sin 2xdx =

2

:7X__510032)(+C :ZX2 —§COSZX+C.
2 2 2 2

11.3. AHBIK dIMec HHTerpaAapa

bIH HEI'H3Irn Taﬁ.]muacm

a+l
X
24y = 11. t— C;
1. [ x“dx . +C (a=-1) jsmx 92
2. 1% _injx+c; 12. -2
X cosx
a* X
3. [a%dx = +C: dx arcsm +C =
j Ina I\/
=—arccos—+C;
a
4. [r¥dx =" +C; 14.j—dx =In‘x+ x> +a’|+C,
\/a2+x2
5. [sinxdx=-cosx+C; 15. | —larctg§+C'
a2+x a a
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6. [cosxdx =sinx+C;

7. [tgxdx=—Injcosx|+C;
8. [ctgxdx=Insinx/+C;

16.j dx =iln

a+ X
a’?-x?> 2a |a-x
(a=0); (a0, x=+a)
17. [shxdx=chx+C;
18. [chxdx =shx+C;

+C,

dx dx
0. =tgx+C 19. =thx+C;
Icos2 X g Jch2x
dx dx
10. =—Ctgx+C; 20. =—cthx+C, x#0.
Isin2 X J Ishzx

11.4. UuTerpa oo MeToaA0pPy

MaTteMaTuKaablK aHAIU3E aHbIK SMEC MHTErpajAbl SCENTOOHYH OUp
TOIl METOJIOPY HIUTEIWI YbIKKaH. AJapJblH MYWHEH aHbl ©3r6pMOHY
KUMHPYY KaHa OeJIyKTel HHTETPaJII00 METOIIOPYH KapaiObI3.

KaHbl 63r6pMOHY KUIMPYY METOAY

j f(x)dx wuHTErpanplH Kem ydypaa TOMOHKYOH >KOHOKOWIOTCO

0OJIOT. X ©3repMecyHYH opayHa t JKaHbl ©3rOpPMOHY KHHHPEOH3:
X=@(t). Auga f(x)= f(p(t)), dx=¢'(t)dt anabsi3 xaHa

JT(x)dx=[f(p()) ¢'(t)dt. (3)

(1) dopmyna aHBIK 5SMec UHTErpaiga >KaHbl ©3TOPMOHY KUHHPYY
dopmynacel gen aramar. VIHTerpammbl JcenTen YbIKKAHAAH KHUWWH
MypJarbl ©3repMere Kaipa eTyy Kepex.

1-mucan. [sin3xdx scenreruie.

t dt .
Yuizapyy. 3x =1, X = 3’ dx = 3 opayHa KOE0Y3.

jsinSxdx=jsint-$=1jsintdt =—lcost+C =—10033x+C.
3 3 3 3

1
1

2-mucan. j —-e*dx scenrernie.
X

1

1 =
Yvizapyy. J-?ede:—:t,x: dx=——, X* =—|=

X t’
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1
1 ., dt dt X
:JTe .(_t_z)__jt e‘t =—[e'dt=—e'+C=-e*+C.

t2

3-mucan. | MHTErpasblH dCeNTerue.
X+95
d(x+ 5) ., cdt
‘Ibtzapyy.'[x '[ o E X+5=t = T:In‘t‘+C:

= In\x + 5\ +C.
BesiykTen nHTerpaag00 MeToay

busre »95ku  (QyHKUMUAHBIH KOOOTYHIYCYHYH JuddepeHuanbt
d(uv)=vdu+udv dopmynacel MEHEH 3CeNnTenddpu Oearwinyy. MbiHIaH

udv =d(uv)—vdu ama6e3. UaTerpangan ubepreHieH KU
fudv =uv—[vdu (4)

dbopmynara keaeous.
(4) dopmyna amvix smec ummeepanda 0OAYKMOR UHMEZPATIO00

gopmynacwt oen amanam.
byn dopmynans j udv wWHTErpajbiHa KaparaHjia j vdu wuHTErpaybiH

AcenTee OUp TOI OHOM OOJTOHAO NMalalaHyy KepekK.

1-mucan. Nnrerpans scenternie | xe*dx.

Yvicapyy. Vnterpan acThIHOArbl TYIOHTMaHbl KOOOMTYHIy Karapsl
Kaparl, TOMOHKy 1ol Oenruneiious: U = X, dv=e”*dXx. Anma

u=x dv=e’dx
[ xe*dx = =xe* - [e*dx =xe* —e*+C =e*(x-1)+C.

du=dx v=e"

2-mucan. Viarerpaie scerrreruie | In xdx.
u=Inx dv=dx
dx
thzapyy.jlnde:d dx =xInx—[x-—=

u=— V=X X
X

=xInx—[dx=xInx-x+C=x(Inx-1)+C.
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12-TJIABA. AHBIK UHTEI'PAJI
12.1. AHBIK MHTErpaJ TYIIYHYTY

XKoropy xarbiHan Y= f(X) QyHKOMSICHIHBIH Tpaurd, TOMOH
kareiHaH OX OTy MEHEH, aJl SMHU KamTaj )KaKTapblHaH X = a aHa X =D
TY3 CBI3BIKTAPbl MEHEH YEKTENTeH (DUTYpaHbl UAPU CHI3BIKTYY TpaTCIHs
Aen araiObi3. YIIyn MHPH ChI3BIKTYY TpamlelUsHbIH asHTbIH Talyy
MaceJIecu KOIJICYH.

Mekren KypcyHIa THUK OYpUTyKTYH, Y4 OYpPUTYKTYH, TET€pPEKTHUH
’KaHa Oaiika (urypanapplH asHTTapblH TaOyyHy OmieOus3, an M Uilpu
CBI3BIKTYY TpAICUUSHBIH asHTBl MEHEH OWPHHYU JKOIYy KE3JSIINII
&KaTaobI3.

[a,b] xecmmmmemE @ =Xy,X;,Xy,.0 Xy sor X, =D UEKMTTEpHHHH
KapJaMbIHaa N OellyKke KaanaraHaai KUkl 0enedy3. by 6enykrepayH
9H COJI JKaKTa XailJlaHbIIIKAaHbIH Y3YHIYTY X; — X, Oapabap »*aHa aHbl A X,
apkpuUTyy Oenruieiiou3. VYIioyn ChISIKTYy 5Ji€ KajiraH OeJyKTepAYH
Y3YHAYKTApbl AX, =X, — X;, AX3 = X3 = Xy,..., AX, =X, —X,_; Oapabap,
6.a. [a,b] xecummucnm ysymmykTapet AX;, AX,, AXg, ..., AXy ..., AX,
Oapabap OOJITOH KECUHIUJIEPTE aXKbIPAMT.

A%, (k=1,2,...,n) KecuHAWJICpUHUH ap OWpUHAE Kaamaranmai &,
YeKUTTEpUH  anadb3.  bapapirel  Oosyn n  d4ekutr  OOJOT:
£1,65,65,08,,...,&,. By uekurrepnuH ap Oupu apksulyy OX oryHa
y=f(Xx) &yHKIuACHHBIH Tpadurn MEHEH KECHIWIIKEHTe YeWHH
NEepHeHAUKYISApIIapAbl Typry3albi3. byn mnepreHaukynspiap TUEHIENyY
typno (&), F(& ) f(& ). o F(& ), F(&,) ysynmykrapema 23
oomor. AX, (k=1,2,..,n) kecunauiaepauH ap OupuUHAEC OHUHUKTUTH
f(&,) Oapabap Oonron TuUK OypuTyKTapAbl Ty360y3. AJapAblH ap
oupunun asHTBl (&, )AX, ra Oapabap. bapnapik kecunauiepae THK

OypuTyKTap TY3YJAr6HIOH KUIUH N TUK OypuTyy TenKuuTyy urypa
naiia 6010T. AHBIH asiHTBI S, TOMOHKY/1ell TaObLIaT:

Sp=T1(&)AX + £(8)A%, +..+ £()AX +..+ T(&,)AX,
xe

s, =§1f<§k JAX, 1)

(1) cymMmma HWHTErpalIBIK CymMMa Jem aTajar. AJI WAPH CHI3BIKTYY
TpaICUMAHbIH AAHTBIHBIH )KAKBIHAAIITHIPBIITaH MAAHUCUH aHBIKTAMT.
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AX, KECHHIWIEPHUHMH 5H 4YOHYH A apkpulyy Oenrmineious:
A=maxAx,, k=1,2,..,.n. A 4oHOyTy HeMre yMTyja TypraHjaail KbUIbII
N 11 YOHOUTOOY?3.

yﬂ
B
1
|
]
i
]
f(x) !
@ I i
]
/ | }
| || e
AVi || : :
I | [} | |
i ! i S i
A=Al : | : :
Col] : !
] : |
A.xj AXQ Ax, A‘xk A‘xn . b
O a=x, % X X - Xn:b

S, Tenkuutyy (UrypacblHbIH asHTbIHAH A YOHIYTy HeJre yMTyJia

Typraijaii KbpUIbII N JOW YOHONUTKOHAOTY Wpeaeire OTCeK, aHaa S
asHThIHA Oapabap OOJITOH UHPH CHI3BIKTYY TpanelUsHbIH aSHTHIH aa0bl3:

n
5= naf!T—M)Sn - naf!TaO)Elf(ék )A X

AHbIKMOO. [a,b] KeCUHOUCUH KaaldeaHoau Kbollbln KeCUHOulepee
bonconze cana an xecunounepoen &p,E,,E4,....8,...,&, uekummepun
Kaanazanoau manoan aneawea Kapabacmaw S, uoHOyey S caHwlHa
ymmyna mypeawoai S mypaxkmyy cauvl dcawaca, awoa an can f(x)
pynxyuscoinoin [a,b] xecunoucunoecu amvix unmezpanvt den amanam
JHcama

Sz?f(x)dx

apkulnyy beneunernem.
JleMek, aHbIK HHTErpanm — Oyl S, HMHTErpalblKk CyMMAachIHbIH

n— o(A—0) ymrynrasaarsl npeenu:
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ff(x)dx: dm S f(E DA%,

n—o(A-0)K_1

MpbIHIa a — MHTETPaIZIOOHYH TOMOHKY, all 5MU D — MHTErpaai00HyH
YKOTOPKY IpEIeNIM JECII aTaJar.

12.2. AHBIK MHTETrPAJIJIbIH KaCHeTTepH

AHBIK HHTETpajabl aHBIKTOOHYH HETM3WHJIE 3CENTO6 3H KOHOKOH
ydypiapia Ja KbIMbIHYBUIBIKTApAbl Tyyaypar. llpakTukama aHbIK
MHTETPaJIbl 3CENTOO YUYYH aHbIH KACHUETTEPUHHH >KapJaMbIHIA 3CENTOO
OUp TOI BIHTAWIYy, OIIOHIYKTaH aHbIK MHTETPAJABIH KaCUETTEPUH Kaparl
kepeny. Kapanbin xarkan (QyHKUUsIIApAbl Y3TYIYKCY3 A€l AcenTeious,

Oyn yuypaa QyHKIUSIAPAbIH HHTETPAIAPHI JKaITauT.
1°. ®yHKIUsIIApIBIH CYMMACHIHBIH (QifBIPMACBIHBIH) HHTETPAJTBI
WHTETpajiapJiblH CyMMachiHa (alibipmMackina) Oapabap, 0.a.

b b b
[If(x)£g(x)]dx = [ f(x)dx+[g(x)dx.

20, TypakTyy 4YOHIYKTY HHTETpajl OCITHCHHHUH CHIPTHIHA YbIrapyyra
ooJtor, 0.a.

b b

jkf(x)dx=kj f (x)dx, k — Typakryy caH.
b a

3% [ f(x)dx=—] f(x)dx.
a b

4°.j}f(x)dx:0.

a
5°. Drepme [a,b] wumrerpammoo xecummmen [a,c] xama [c,b]
KECHHMIEpIEH Typca, aHaa uHTerpan [a,c| sxana [c,b] xecunmumepnern
MHTErpalliapIblH CyMMachIHaH Typart, 0.a.

Jtzf(x)dx:j' f(x)dx+? f (x)dx.

6°. (Murerpamasl Gaanoo). Drepae f(Xx) dysxumscemsiH [a,b]
KecMHAuCcHHAeTH  Oapapik  maanwiepy M< f(x)<M  mapreH
KaHaaTTaHIbIpca jxaHa a < b Oosco, anaa

m(b—a)g?f(x)dng(b—a)

OapabapChI3abIThl aTKAPhLIAT.
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7°. (Oprouo mMaanu xenyHery Teopema). drepae f(X) GyHKIHACH
[a,b] kecummucuuze y3rynTykcys Gonco, anna Gyn apanbkTa

b
[f(x)dx=f(c)(b-a), a<c<b
a
HIapThl aTKapbUla TypraHaail C 4eKUTH TadbLiar.
12.3. HeroToH-JleitonHunTHH popmyaacsl

Teopema. Dzepoe (X)) gynxyuscer [a,b] kecunoucunde yszeyamyxcys
6onco, an omu F(X) yuxyuacer  T(X) @yuxyuscomom  [a,b]

KeCuHOUcuHoe2u baumankol QyHKyuscol 60J1co, anoa
b

j f(x)dx = F(x)|. = F(b) - F(a) )
Gopmynacel opyH anam.
(2) popmyna Heromon-Jleubnuymun gpopmynacot oen amanam.
HeroToH-JIeOHUUTHH (opMyiackl MHTErpai acThIHAArEl ()YHKUIUSHBIH
KOK JereHjie Oup OamTankel (YHKIMICH OENruiayy OOJTOHIO aHBIK
MHTErpajijibl 3CENTOOre MYMKYHUYJIYK O€peT.

2
1-mucan. Vnrerpanast scenteruie: [ X°dx.
1

Ypizapyy. f(x)=x* uHTerpan acThiHAATbl (BYHKIMSICHIHBIH OAIITAMKEI
x° 2 x°

¢yakmusicer  F(Xx)= 3 0070T,  ONIOHAYKTaH I x2dx = 3
1

2

1

22 1 8 1 7
== = -~ _~—_ aa0pI3.
3 3 3 3 3

2r
2-mucan. Viarerpansl ocenrrerune: [ sin xdx .
0

Ypizapyy. f(X)=Sin X uHTETpa)l acTHIHAATH (DYHKITUSBIHBIH OAIITAITKBI
¢yHKIMsACH F(X)=—C0S X 00J10T, OTOHTYKTaH
2r 2
jsin xdx =(-cosx) ~=—(cos2z —cos0)=-cos2z +cos0=-1+1=0
0
00J10T.

3-mucan. y = Jx , X=0, x=3, Yy =0 chI3bIKTapbl MEHEH YEKTEJITCH

(burypaHbIH asHTHIH TalKbLIA.
Yvicapyy. Unitmenu kapaitObI3.
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3 3 1
) 4 S = [xdx = [ x2dx =
0 0

1

=+1 3 3
y=Alx 2 3 Zis hd
. /,f/,x:‘,. = X = E X2 = E32 — O =
] 1.4 3 13
il - 2

25235 a5

Hemek, Oyn purypanblH asHThI S = 2\/37 :

12.4. AHBIK MHTErPaJIIa KaHbI 63T6PMOHY KUIHPYY

Teopema. Deepoe
1) te [a, B ] boneonoo X =@ (t) yukyuscel xcana anvin myynoycy
X'=@'(t) yzeyamyxcys;
2) tela,B] 6oreonoo  x=¢(t) Gyukyuscoimvin maanunepunun
obacmul [a,b] Kecunoucu 00Jco;

3) p(ax)=a owcana (L)=b 6oaco, anoa

b B
JTO)dx= [ f(@(1))-¢'(t )t 3)

Gopmynacel opyH anam.

(3) dbopmyia aHBIK HHTETpaA/IA JKAHBI ©3r6PMOHY KUHHPYY hopMyiach
JeT aTajar.

T

4
A-mucan. AHBIK UHTETPAJIJIBI DCETITETUIIC j sin2xdx.
0

Yvicapyy. 2X =1 nereH aHbl ©3r6PMOHY KHUUPeOU3, aHaa UHTETpal
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1.
aCTBIHJArbl TYFOHTMA ESIntdt KOPYHYIIYHA® OO0JIOT. AHBIK MHTErpaiia

aHBIK SMEC HMHTETPajIaH albIPMAJIAHBIIT WHTETPAII00 MPEACIACpUH Ja
e3repTyy kKepek: X =0 Oonronmo, 2X=t d¢opmynaceiHa Koricok t =0

00JI0T kaHa X =% 0onronno, 2x =t QopmynaceiHa KOHCOK t=" 0onyn
©3reper.
x 2x =t x:1 dx:ﬁ x x
4 2 2l 2 g 12
[sin2xdx=[x=0 t=0 = [sint-— == [sint-dt =
0 0 2 24

T T

X=— t:—

4 2

=—lcost : =—l(cosz—cosO)z—l(O—l)zl.
2 0 2 2 2 2

12.5. AHbIK HHTerpaiia 06JYKTON HHTErPaJI00 METOLY

Teopema. Dzepoe U =U(X) ocana V=V(X) ¢ynxyusiapol [a,b]
KeCUHOUCUHOe Y32YIMYKCY3 myyHOyea 33 60Jico, aHoa

b
fudv =uv
a

. b
~—[vdu (4)

Gopmynacel opyH aram.

(4) ¢dopmyna aHBIK HWHTETPAIALl OOJYKTON HHTErPaji00
dbopmynackl aem aranar.

i
2 -
S-mucan. AHbIK UHTETPAJIbl 3CENTETUIIE j X sin xdx.

0

Yvieapyy. InTerpan acTbIiHAArbl TYIOHTMaHBI KU 06JTyKKe 0e1e0Y3:
u =X, dv=sinxdx.
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) u=x dv=sinxdx
Xsin xdx =
du=dx v=-cosx

=—XC0SX| —|(—cosx)dx =

T
2
0

O O | Y

O N [

T T

o NN

T T 2 2 . . T .
=—(—cos——0)+jcos xdx = O+jcos xdx=sinx ~=sin—-sin0=1.
2 2 . . 2

€
6-mucan. AHBIK UHTETPAJIIBI CETITETUIIC I X In xdx.
1

Ywvieapyy. Interpan acTbIiHAArbl TYFOHTMaHBI KU 06JTyKKe 0e1e0Yy3:

u=Inx, dv=xdx.
U=Inx dv=xdx )

€ e 2
[ xInxdx = dx 2 =X—Inx§— X°dx _
1 du=— v=— 2 5 2 X
X 2
2 e 2 2 2 2 2 2
=e—lne—lln1—1jxdx:e__x_‘i:e__(e__l):e_Jrl:e +1
2 2 2, 2 412 Y4 47 4 4 4
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13-TJTABA. JMOO®EPEHIUAJIABIK TEHAEMEJIEP
13.1. Hern3ru TYIIYHYKTOP

Ken yuypoa eceomempusnvix owcana Quaukanvik macenenepou
ywleapyyoa u30enyyuy @yHKYusHbvl, K63 KApaHobl dMeC 6320PMOHY HCAHA
Us0enyyuy  QYHKYusHolH  MYYHOYCYH — OQUIAHBIWMBIPDLIN — MYPYYUY
menoemenepou  Kkapoozo  myypa kKeiem. Muinoaii — menoemenep
oughepenyuanovik menoemenep Oen amaiam, al MU MeHOeMeHU
Kanaammawnoapearw — @Qyukyusiap — ougpepenyuanovik  meH0eMeHUH
yeyumu Oen amanam.

Hugppepenyuanovik ~ meyoemenun  uveuumur — mabyy — aHwvl
UHMe2ZPandoo, Al MU YeyuMUHUH epajueu — UHmMeZPanioblK uipu oen
amanam.

bupunun Taprunrern audQepeHIHATIBIK  TCHACMECHH KBl

ydaypAaa
F(x,y,y')=0 (1)
KOPYHYIIYH/IO Ka3yyra O0JoT.
Orepne (1) Tememenu Yy’ OWPUHYM TAPTUNTETH TYYHIyra Kapara

4eqyyre MyMKyH 0oJico, 0.a.

y'=f(xy), (2)
aHAa aHbl TYYyHJIyra KapaTa 4YCYWIreH OUPUHYH TAPTHITETH
mudpepeHIraIbIK TEHIEME SIS aTalobI3.

Deepoe uzdenyyuy yukyus oup eana 6320pmMe0oH Ke3 Kaparowvl 060.Jco,
aHoa meHoeme KAOUMKU OughpepeHuyuanovlk menoeme oen amanam.
Deepoe uzoenyyuy QyHKyus 3Ku Hce aHOAH KON O0320PMOJIOPOOH KO3
Kapauowl 60/1co, anda meyoeme rHcekede mMyyHOYyy oughghepenyuanovik
meHnoeme 0en amaiam.

Teyoemeze KamvluKar myyHOVHYH H JHCOSOPKY Mapmuodu meHoeMeHUH
mapmuou den amanam.

bus HermsuHen (2) kepyHyuryHmery kaauMkw auddepeHIuaiibK
TEHJIEMEeJIePA Kapailobi3.
(1) temaeme (X,y) YCKUTHHMH KOOpJWHATAJapbl MEHEH YIIYJI

YCKUTKE MHTETPAJIbIK MHpPUIe KYPIry3yJIreH >KaHbIMaHBIH OypUTYK
ko3 duieHT Y MeHeH OalaaHbIIThI (K63 KapaHIbUIBIKThI) TY36T.

Hemek, (2) nuddepeHnmanaplk TeHIEME OXy TCerM3IUTHHACTH

0arpITTapAbIH TajaachlH (OarbITTapAbIH KONTYryH) Oeper. bupuaum
TaApTUNTETH TUPPEPEHIMATIBIK TCHICMEHUH TCOMETPUSIIBIK MaaHUCH
YIIyHIAM.
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Hiipunun  6apovik yekummepunoe Oazeimmap manaacsl oOupoeli
bonco, anoa an UUpuUHU UIOKAUHA Oen amalioviz. V30KIMHANAPpABIH
KapJaMbIH/Ia JKaKbIHIAIITHIPBUITAH TYPJA©® HWHTETPAIIBIK HUAPHIICPAH
Typry3yyra 6oiot. y' = C aecek, N30KJIMHAHBIH TEHICMECHH ajcak 0oJIoT,
0.a. f(x,y)=C.

1-mucan. 3oxavHanapIsH kapAaMbiaa Y = 2X TeHICMECHHUH

WHTETrpajAblK MHPUIEPUHUH rpadUrud YUHTUIe.
Yvicapyy. byn TeHIeMeHUH W30KJIMHAJIapbIHBIH TeHaeMecu 2X =C, 0.a.

C
Oyoryna mapamienb OOJTroH X :E

Ty3  cbI3bIKTapel  Oonor.  Ty3
CBI3BIKTAPMBIH YyekuTTepunae OX ory
MEHEH « OypuyH Ty3e Typrasjiaii
KbUIBIIT ~ OarbiTka 33  OOJroH
KECUHIUJIEPIU KYpryzeoys.
, TyyHIyHYH T€OMETPUSIIBIK MaaHWUCH
g Ooronya OyputyH TanreHcu C ra
Oapabap 6omyIil Kepek: tga = C.
C ra ap xanjait Maanu Oupurl
kepeOy3: C =0 Gonrongo X =0
6onot, anna tga =0, omonaykTan o =0;

N\
\\\§.3\

I 77

RNEN!

C =1 GonroHmo X =% oot anaa tga = 1, omonaykran o = 45°;

C =-1 Gonronmo X = —% 6o10T, anaa tga = —1, omonaykran o = —45°;

C =2 6oarongo X =1 6orort, anaa tga = 2, OMIOHIyKTaH
a =arctg2 ~ 63° x.6.

1 1
Mpeiga omrentun, X=0, X= E , X= —E, X =1 TepT W3OKIMHATAPBI

anaplk. byn m3okimnanapaa OX oryHa Oenrwiyy Oypd MEHEH OWp Tom
0areITTYy KECHUHIWIEPAN >KaWTallTHIPHIN, ajapAblH OarbIThl OOHOHYA
uiipuiepau Typry3aosi3. Ajap napadonanapAblH KeNTYTYH Oeper.

Kannel yaypna auddepeHnuaniblk TEHIEMEHH HHTETrPaII00 YeKCU3
Kol ueuumzepre ajibin kejier (amap Oupu OHWPHHEH TypakTyy TIaHa
YOHJIYKKa aibpIpMaiaHar). Mucanbl, Y =5X TEHIEMECHHUH YCUYHMMH
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_5¢

> (YHKIUSCBI 6os0T KaHa OLLIOHJI0M an1e
5x° 5x° 5x°
y = T +3,y= N 4,y = BN ++/5 (QyHKUMATAPHI 12 YeUUM OOJIOT.
. 5x°
Kanmputan aiTkaHma, YeuyuMm Y = - +C,C —const TypyHae
00J10T.

JuddepeHanIbK TCHICMCHHH KOHKPETTYY YCYMMHUH alyy YYYH
U3IeTyY4dy QYHKIHS KaHIalIbIp OMp KOITyMua IIapTThl KaHAaTTaHIBIPBIIIT
KEpekK.

Orepae X =X, 00AroHA0 Y (QYHKUMICH OEpUIIr€H Y, MaaHUCHHE

Oapabap Oosico, 6.a. Y=Y, Ooinco, anaa OamTanksl MWapT OepuiIau Aemn
scenTeiidous. bamranke! mapt

Y(Xg)=Yo xe Y

x=x, — Y0 3)
TYPJ© *Ka3bLar.

Kaamaran Oup TtypaktyyHy kapman typran Y =@(X,C) ¢yHKIUACH
OupuHuM TapTunteru AuddepeHuanablK TEHIEMEHUH KAJNbl Ye4uMHU
Oomymry yayH

1. Ap 6up C uwiH ¢pukcupnenren Mmaanucusge @( X,C) QyHKIusCHI
auddepeHIanIbIK TeHIEMEHUH YeUnMHU OOJTyIy KEpekK.

2. (3) Oamrrankbl mapTThl KaHAATTaHIBIpa Typrangaii C Typaktyy
YOHYT'YHYH KOHKPETTYY MaaHUCHH Ta0yyra MYMKYH OOJYIITy KE€peK.

Bupunuu mapmunmeeu ougpepenyuanovik meyoemeHuH Heekeue
yeyumu oen, Y = @( X,C) srcarnvl yeuumurnen C mypaxkmyy 4oHOy2yHYH

KOHKpemmyy C =C, MAAHUCUHOE ANbIHeAH (YHKYUSHbL AliIMAObL3.

Deepoe ougghepenyuanovik menOeMeHUH XHCAINbl YeYuMu atKblH
amec mypoe maowviica, 6.a. @(X,y,C)=0 xepynywynoe 6oaco, anoa
MbIHOGU Yeyum Ouhghepenyuanovik meyoemMeHUH Heaanbvl UHMeZpaibl Oen
amanam. An smu @(X,y,C,)=0 O6apabapapIrbl TEHIEMEHHH >KEKeue
WHTETPAJIbI JICT arajar.

['eoMeTpusIbIK  JKaKTaH y=¢(x,C) ¢ynakmusicer  OXy
TETU3IUTHHJICTH WHTETPAIBIK WHPUJICPIUH KONTYTYH Oeper, ajx 3MH
y=¢(X,Cy) ¢yaxmusacel Oyn KenTYKTYH (X,,Y,) UYEKHUTH apKbUIyy
eTYY4y Oup uiiprcu 00JIOT.

(2), (3) macenecu KommmauH MaceJsiecH JICII aTaJiar.

Teopema. (Kowu macenecunun YeUUMUHUH JHCAUIAUBL  HCAHA
arcanevizovlewt) Jeepoe (2) menoemeoeeu T(X,y) ynrxyuscel scana anvin
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fy(X,y) orcexeue myyndycy (Xy,Yo ) uexumurn kammoiean KaHoaiowvp oup
D obnacmeinoa  yzeyamyxcys 6oaco, anoa (3) bawmankel wapmmol
KaHaammauowvipea sxcanevlz Y = @ (X) @yuxkyuscol sxcawiarim.

Byn TeopeMaHBIH T€OMETPUSIIBIK MaaHHCH TOMOHKYAeH: (X,,Y,)

YEKUTH apKbuUTyy Iu@depeHIHaNIbK TEHIEMEHUH Kalrbl3 MHTErpajiblK
UWAPHCH OTOT.

13.2. O3repMeJiopy a:KbIPpATHLIYY4y TeHAeMeJlep

(2) muddepeHMUANBIK TEHJAEME ©3repMeIIepY aXbIPaTbUIyydy
TEHJEeMe JICTI aTayiat, drep/ie aHbl
Yy =p(x)w(y) (4)
KOPYHYIIYHA® jXa3yyra MYMKYH 0Ooyico, 0.a. TEHJAEMEHHH OH >Karbl JKH
(YHKIUSHBIH KOOOUTYHIYCY TYPYH/1® KOPCOTYJICO.
o(x) KaHa w(y) (GyHKIUSATAPI a<x<b,c<y<d
WHTEpBaIapbIH/A Y3TYATYKCY3 kaHa (Y )# 0 OoJICyH aen scenTeiy.

(4) TenneMeHuH 3KH KarblH dX ke kebewTym, (Y ) ke Genym

W (x)dx

w(y)
ajaobI3.

byn Ttennmemene conm karbl OWp ©3repMeJ®H, OH JKarbl Oamika
©3repMe/IeH Ke3 KapaHJbl 00yl Typat, 0.a. e3repMeliepy aXbIpaTbUIbII
Typat. UnTerpannan xxudepun

W ip(x)dxsC 5
Jw(y) Jo (x)dx+ (5)

(5) TeHIeMeHUH JKaJIIbl HHTEIPaJIbIH aJa0bl3.
2-mucan. Ternnemenn usiraprsua Y = X(y% +1).

Yvicapyy. Tennemenu % =x(y?+1) KepyHYMIYHZ® >Ka3bIm
X

dy
y2+1

anabp3.  Oszrepmeneply  axbIpaTadbI3: = xdx.  MpriHzga

w(y)= y2 +1, ¢(Xx)=x Oapabap. TeHmeMeHn UHTETpaIIAIl

d
[— y _ [xdx+C,
y +1
XOY Term3muruHae TCHACMEHUH Kbl MHTETPAJIbIH Ta0a0bI3!
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X2
arctgy = > +C. (6)

(6) bopMynaHbl Y Ke Kapara 4eUHIl
2 2

X T X T
=tg(—+C), —<—+C<—
y=19(+C) -2 < >
anaobI3.
bupunun taptunteru AupepeHnnanabK TeHIeMenepan
P(x, y)dx+Q(x,y)dy =0 (7)

TYpyHIOe nAa >kaszyyra OonoT, MbiHZa P(X,y), Q(X,y) dyHKUMsIaphI
Ooenrmnyy ¢ysHkumsiap. (7) TeHIEMeIe x JKaHa y ©3repMeliepy TeH
KyuTyy, 0.a. Kaajmaran OMpPeOOCYH SKUHYMCHHEH (DYHKLMs Jer, Kapaca
00J1O0T.

Oszrepmerniepy axswIpaThulyyudy auddepeHImanablK TEeHIAeMEeIepan
K99/I€ X KaHa Y Ke KapaTa CHMMETPHUSUIIBIK (hopMasia >Ka3bIaT:

M(x)N(y)dx+P(x)Q(y)dy =0, (8)
mbeiEaa M(x), N(Yy), P(x), Q(y)—dyukmusnape a < X <b, c<y<d
WHTEPBaJIBIHA Y3TYATYKCY3.

Orepne a<X<b, c<y<d wunrepBammapaa P(x) sxama N(y)
(GyHKIMSIIAphl HOJIIOH aibIpManyy 0ojico, anaa (8) TeHaeMeHUH OapabIK
yeunmaepu {a < X <b, ¢<y<d} obmacteaa Tabyy yayn N(y)-P(x)
KOO0OUTYHIYCYHO OOyl >1<1/16ep1/1n aHJaH KUWWH UHTETpaiiaiiobI3

P( X) N(y)

(9) bopmyia (8) TeHIEMEHHH KaJITbl HHTETPaJIbI 0OJIOT.

Ackepmyy. (8) tenamemenu N(Yy)-P(x) kebelityyudycyHe Oemym
KaTKaHJa K33 OWp YeunMJiep 3CKe ajblHOAM, >KOTOJYIT KaJbIIIbl MYMKYH,
omoHayktan N(Yy)-P(x)=0 TeHmemMecuH 6e3yHY® 4YeUHI ©3rede
JeunMJICpUH Talyy Kepek. O3rede dedmmuaep JKajammbl YCUMMICH KEIHIT
YBIKIAWT.

3-mucan. (Komm wmacemecn) Y(4)=1 Oamranksl IIapThIH

KaHaaTaHabIpran y' = Y TEHJIEMEHHH Y€YMMUH TaIlKbLa.
X
g dy_y
vizapyy.  Tenaemenu ol KOPYHYLIYHA®  YKa3blll
X X
dy dx
e3repmesiepAly axblpaTaObl3 — =——. VIHTerpangan, TeOMeHIeryHy
X
anaObI3:
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Inly| = Inlc| - In|x,
C
0.a. y= < - nuddhepeHnanabIK TEHACMEHUH Kbl YSUNMHU.

By >kanmpl 4eunM reoOMeTPHSITBIK JKaKTaH TUrepOoanapablH KONTYTYH
oeper. byn runep6onanapasiH nurHeH (4,1) 4eKUTH apKbUTyy ©TKOHYH

Oemyn amader3. XKammel yeunmre X =4, y =1 opayHa xororn 1= %, C=4

amaobI3.
y 4

MpiHa omieHTHIl, Y = —= TEHIEMEHUH Y = — - )KeKe4e YCYMMHUH TaIThIK.
X X

13.3. bup Textyy AuddepeHuaNAbIK TeHIEMeIep

bupunun Taptuntern Oup TekTyy auddepeHnuanIbK TeHIEeMeNep
©3repMeNIopy  aXbIPaTBUIyydy TEHAEMeNepre KeNTHPYY  apKbUIyy
YpITaphLIar.
f(X,y) ¢yukyusacor n-mapmunmecu oOup mekmyy @QyHKyus oen
amanam, 32epoe Kaanazan t maanucu yuyH
f(txty)=t"f(x,y) (10)
meHOewmueu OpyH ajicd.
Mucanst, f(X,y)=X>+3%X°y - GyHKIMACH 3-TapTHIITErH GHP TEKTYY
(GyHKIMSA OOJIOT, AaHTKEHU
ftx,ty)=(tx)® +3(tx)?(ty) =t*(x* +3x°y) =t>f(x,y) arkapsLiar.
Deepoe (2) mendemecunun ow Hcazvl HOLYHUYy mapmunmecu Oup
mexkmyy @ynkyus 6onco, aHoa an oup mekmyy Ouggepenyuanovik
meHnoeme 0en amajiam.
byn 6up TekTyy TeHIEMEHU aTailblH MOJCTAHOBKA MEHEH WHTETPAZI00
©3TepMeJIOpY AKBIPATHLUTYyUYy TEHACMEIEPTre allbill KeJeT.
f(X,y) OQyHKOMSICHI HOMYHUYY TapTUNTETH OWP TEKTYY QYHKIUS

Ooonronaykran kaajgaran t yuyn f(tx,ty)= f(Xx,y) Gapabapasirel opyH

1
anat. Aijaa, t = — opayHa Kol
X

f(xy)= (1Y)
X
y

analbI3. byn 6epuiired TeHIEMEHUH OH arbl OUp apryMeHTTEH, 0.a. —
X

KaThIIBIHAH K63 KapaHapl 0010T: f(X,y)=¢( X) . AHJ1a TeHJIeMEHU
X
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y'=rp(%) (11)

TYPYH® ka3a anaobI3. Y U moacTaHOBKachiH maimanansit (Y = ux) (11)
X
TEHICMCHHU
u)—u
ux+u=g(u) xe u'=—(p( )
X

KOPYHYILTO analbl3.
byn Tenmeme U Oenrucu3 (QYHKIUACHIHA Kapara ©3repMeliepy
du dx

p(u)-u x
a<u<b wuntrepBasbiHIAa @(U) QYHKIUACH Y3TYIATYKCY3 >KaHa

QXBIPATHUTYy4y TEHIEME, 0.a.

@(u)—u=0 GoncyH. AHJIA )KOTOPYIarkl TEHJICMEHH HHTETpaJIIar

du dx

[ %

p(u)-u X

{a<u<b, x>0} xama {a<u<b, x<0} obmacTTapsiHIa TeHAEMEHHH
KaNmbl MHTErpasibiH anabb3. Kapaamubl U (QYHKIMSACHIH X KaHa Y

y

MaaHUJIEPU MEHEH aJIMaIITHIPBII {a <=<b, x> O} KaHa
X

X
bup texryy Terueme ke yaypna (7) kepynymysaunery auddepenmua-
IbIK opmazaa Oepuiier.

Deepoe P(X,Y) acana Q(X,Y) pyuxyusnapwr bupoeii mapmunmeau
oup mexkmyy @yukyusaap oonco, anoa (1) ouppepenyuandvik menydeme
oup mekmyy den amanam.

(7) Ttemmemere Y =UX IIOJICTAHOBKACBIH KOJIJOHYII ©3repMeJepy
KBIPATBLUTYYdy TEHJIEMETE aJIbII KEJICEK OOJIOT.

{a <Y b, X < O} oOnacTrapaa YeuyuM/Iv KBajJpaTypajiap/a anaobls.

A-mucan. (x? —y?)dx + 2xydy =0 TCHJICEMECCUHUH  JKaJIIIbI
UHTETPaJIbIH TalKbLIa.

Quizapyy. P(X,y)=x*—y?, Q(X,y)=2xy dyHkuusinaps 2-
TapTUITETH OUp TEKTYY PyHKUMsIIap OONTOHIYKTaH, 0.a.

P(tx,ty)=(tx)* —(ty)* =t*(x* —y*)=t*P(x,y),
Q(tx,ty)=2(tx)(ty) =t*(2xy) =t*Q(x,y)
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OONTOHIyKTaH, OepwireH TeHaemMe Oup TEeKTyy. AHma Y =UX
MOJICTAHOBKACHIH OepuireH TeHaemere koeoys: dy = xdu + udx,

(x? —(ux)?)dx + 2x(ux )( xdu +udx) =0,

(x? —u?x?)dx + 2x%udu + 2x?u?dx =0,

x?(1—u? +2u?)dx + 2x3udu =0, x*(1+u?)dx+2x%udu =0,
dx  2udu _ dx+d(1+u2):

0,

X 1+u’ X 1+u?
NuTerpannaiiObi3

In|X|+In(1+u?)=Cy, In(|x|-(1+u®))=Ine", |x-(L+u?)=e"".

Benrunee xypry3e6ys C=e“*,C>0. Auna |x-(1+u?)=C anabes. u

HYH OpAyHa Y TH KOO X° + y? =CX - GUPHIreH TeHIEMEHHH >KAIIIbI
X

MHTErpajbiH analbl3.
13.4. Coi3bikTyy TeHaeMeJiep. S1.bepHyIJIMHUH TeHaeMecH

bupurun taptunrerun auQQepeHuANIBIK TCHIEME CHI3BIKTYY eIl
atanar, orepae aia wu3Aenyydyy GQyHKuMAra skaHa aHbIH OUpPUHYU
TapTUIITETH TYyHAYCYHA KapaTa ChI3BIKTYY 00J1C0, 0.a. TEHIEMEHU
y'+P(x)y =Q(x) (12)
KOPYHYIIYH/IO Ka3yyra MyMKYH 00JICO.
Mucansr, Y +X°y=X", Y +X+e*y=0, y'+y =0 x.0. TeHICMETCPH
CBI3BIKTYY OOJIOT.
Deepoe (12) menoemede Q(Xx)=0 6onco, anoa
y'+P(x)y=0 (13)
menoeme CbI3bIKHLYY Oup meKmyy menoeme oen amaamn.
Deepoe (12) menoemede Q(X) menoewr mypoe nonce bapabap 60160co,
anoa (12) menoeme colzblkmyy oup mekmyy amec menoeme 0en amaiam.
(12) chI3BIKTYY TEHICMECHH a < X < b MHTepBaibIHaa KapaiObi3. By
uaTepBanaa P(X), Q(X) dyHKmusmaps! y3rynTykcy3. ChI3BIKTYy TEHIEME
KBaJIpaTypajap/a HHTErpajliaHa TypraHblH KOpcoToOys.
(12) TeHneMEHW WHTETPAIOOHYH OKM METOAYH Kapan YbiraObI3:
S.bepuyJium xana JlarpaH:kabIH METOAA0PY.
bepHyTMHUH MeETOAYHAA TEHJAEMEHWH YEYHMU OKU (YHKIUSHBIH
KeOOUTYHAYCY TypyHme m3zaener: Y =U(X)-v(X), mbiHma U(X) >kaHa
V(X) ¢yakmusitaper  Oenrucu3  pysknustiap.  bynm  dyHKumsutapapH
Kaasiaral OMpeecyH TaHjan aixyyra 00JoT.
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TyyunyHny Ta6a6e3: Yy =u'v+uv'. Usmenyydy GyHKIuUs Y skaHa
U3eNyydy QYHKIUSHBIH —TYYHIyCyH V'
u'v+uv' + P(x)uv=Q(x) xe

uv+u(v' +P(x)v)=0Q(x) (14)
anmadp3. V=V(X) GYHKIUACHH KalllaaHbIH WYUHJIETH TYFOHTMa HOJ 00JI0
Typranjaii KbUIbIT —TaHAaWOb3, 60.a. V'+P(X)v=0 Oup Tekryy

nuddepeHmanaplk TeHIeMeHH ubirapabei. V(X) #0  gem acemren
yeynMau Ta0a0bI3:

%W(X)V:o, %:_p(x)dx, j%z_jp(x)dx, In| =~ P(x )dx + In[c|.

(12) Ttenmemere KOMCOK

V=V(X) GyHKOMACHIH KaajgaraHaaid KbUIBIIT — TaHJOOTO MYMKYH

oonrouaykran C =1 gen vV = e I PO o aGmis.

Ta6wuiran v pynkmusice (14) ke koron
u,e—jP(x)dx _ Q( X)
e3repMesiepy aKbIipanyydy aAuddepeHIraiIbIK TEHIEMEHN anaobi3

%e‘jp(x)dx — Q(x), du = Q(x)el " %qx, u =jQ(x)ejP(X)dde+C.

Kaiipa y e3repmecyne etyn
P(x)d ~[P(x)d
y:u-v:(jQ(x)eI GOy 1 ¢ )e I PO
OepuiIreH TeHJIEMEHUH YeUNMHH Ta0a0BbI3.
S5-mucan. y'+ 2Xy = 2X TCHJAEMECHUH HHTEIpaarbuia.
Yvicapyy. Y = U -V TIOACTAaHOBKACHIH Maigananaob3. AHaa

u'v+uv' +2xuv =2x, uv+u(v' +2xv)=2x ama0pI3. Kamaanbx
NYNHAOCTAU TYIOHTMaHI)IH TCHACMC KaTapLI I-II>IF211‘)I>IH V HBI Ta6a6BI3:
dv dv .
V' +2xv=0, — =-2xv, — =-2xdX, Inv|=-x*, v=e~*
dx Y
TaObuIran V HBI TEHIEMETE KOOII
_x2 du 2 2 2
ue ™ =2x, o 2xe* , du=2xe* dx, [du=[2xe" dx,
X

[du=[e*"d(x?), u=e* +C anatuis.
MpriHa OIICHTMUII, 6€pI/IHF€H TCHACMCHHUH KaJIIbl YUCUNUMHU
y=u-v= (eX2 +C )e"‘2 ~1+Ce
KOPYHYIIYH/® aj1a0bl3.
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13.5. JIarpan:kabIH MeToay (TYPaKTyy YOHAYKTY BAPHAIUAI0O0)

An yuyn Owp Tekryy Oomron (13) TeHaeMeHu KapanObI3:

dy

—+ P(x)y =0. byn TeHIeMeHIH 63repMesiepy aXbIpaiT, 0.a.

d_;’: —P(x)dx, Inly| =] P(x)dx+In[C|,

y = CG_IP(X)dX,
MbIiHJIa C — HOJIIOH albIpMallyy TYPaKTyy YOHIYK.
TypakTyy 4OHAYKTY BapHaIMsJIOO METOAYHYH €3reueayry Typaktyy C
yoHayryH C = C(X) mer, TSHIEMECHHUH aJITbl YCYUMUH

y =C(x)e "% (15)
KOPYHYIITO U31eHOu3.
(15) ryyHaycyH Taba0bI3:
yl — Cl( X)e_'[ P(X)dX _ C( X)e_'[ P(X)dXP( X)
y' TyyHIyCYH aHa Yy w3nenyydy ¢pyHkuusHbl (12) TeHIemere koeoys:
C'(x)e 1P _c(x)e TPI%p(x)+ P(x)C(x)e ! P = Q(x),
C'(x)e 7% =Q(x), C'(x)=Q(x)e! "™,
C(x)=[Q(x)e! "™ dx +C (16)

anaowi3. (16) dopmymansl (15) ra Koron TeHAEMEHNH JKaJIIIbl YCUUMHH
TabaobI3:

y = ([Q(x)e!P)%dx + C )e TPCI,
6-mucan. y'+2xy=2X TeHaeMmeHu JlarpamwkIplH METOAY MEHEH

YbIraprbuIa.
Yvicapyy. bup TeKTYY TeHIEMEHUH >KaJITbl Y€YUMUH Ta0a0bI3
y'+2xy =0, % = —2Xxy, ay _ —2xdx, Injy|=-x?+In[C],
X y

y=Ce™ , C=C(x), y=C(x)e™®.
OMH TYyHAYCYH »aHa M3Jelyydy (yHKUMsIChl OepHiIreH TEeHJEeMere
KoeOy3

C'(x)e™® —2xC(x)e™ +2xC(x)e™™ =2x, C/(x)e™* =2x,
C'(x)=2xe" , C(x)= j2xex2dx —eX +C.
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2 2
Tabeuiran C(x)=€* +C ¢ynkuusausr y=C(Xx)e™ Oup TeKTyy
TEHJIEMEHUH KaIlbl YeYMMHUHE KOeOy3 1a OeprireH TEHIEMEHHH KaJIbl

gewnvm Ta6a6E3 Y = (eX +C)e X =1+Ce X .
13.6. 5. BepHY/UIMHMH TeHAeMeCH

y'+P(x)y=Q(x)y", neR, n#0, n#1 (17)
kepynyutynooeey mexyoeme A. bepuynnunun menoemecu oen amanam.
(17) TenyieMeHM CBI3BIKTYY TEHJIEMETE KeITUpce OOJIOT.

Orepne N =0 6orco, aHAa TeHAEME ChI3BIKTYY, ain 3Mu N =1 Goico
TEHJIEME 63repMeIIepy aXKbIPaThIIyydy O0JIOT.

Kammsr yuypaa (17) regmemenn y" #0 Gomym
y "Y'+ P(x)y " = Q(x)

amabei3. y "' =z GenrnneecyH xypryzebys. Auaa 7’ :% =(1-n)y™"y'.
X

!

_ VA o
Memgan y "y = l— anabe3. Tenaemere TaObLUITaHAAP Bl KOMCOK
—-N

2 p(x)z=Q(x)
1-n

CBI3BIKTYY TE€HJIEMere KeneOus.

Jlemek, Y "' = 7 moacTaHOBKA apKBLTYY CHI3BIKTYY SMEC TCHICMEHH

CBI3BIKTYY TEHJIeMere KeaThupce 0070T 3KeH. ChI3bIKTYY TeHAEMEHUH
yeuynumu Om3re oenrmnyy. [Ipaktukana (17) TeHIEMEHH ChI3BIKTYY
TEHJIEMETe aJIblll KeJoel Typyn 3ie bepHyIIMHIH METOIyH MaiilaiaHral

bIHraMIYy (Y =U-V).
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