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Ma3skyp OMTHPYB MaJlakaBHil HIIl BEKTOpJap anredpacuHu macoda, TapTud
Ba KYWHIIl akCHOMAaJIapH aCOCH/Ia YpraHUIITa OaFUIIIaHTaH.

by wmnma TasH4 TymyH4anmapuaaH OWpHM KecMma TyIIyHYacH wmacoda
TYITyHYACH OPKAIH aHUKJIAHTaH:

MN ={O: p(M,0) +p(O, N) = p(M, N)}

TYFpu uM3uK, TEKUCIUK, (a30 Ba IPKUH BEKTOp KaOW TasHY TyIIyHYaIap
HKBUBAJICHTJIUK CHUH(IAp OpKaJIW Hazapui TYIjiaM TWIMJA aHUKJaHTaH. Bekrop
TYIIYHYacH 3ca Mapajuie] KY4YupHuIl TyIIyH4YacH OujiaH aiiHaH OMp XWJI KaHIUTU
KYpCaTHJITaH.

Bekropimapan  Kymummr  Ba  BEKTOPHM COHra KyNAWTUPWUIN — amallv
KOPPEKTJIUTH, SIbHU HATIXKAHUHT M HYKTaHUHT TaHJIaHUIIUTa OOFJIUK dMACIUTH
napasuiesl Kyuupuil épaamMua ucOoTIaHaIu.

Yuby TaTKUKOTHUHT MaKCaJu BEKTOpJIap alreOpacuHu  IUIaHUMETPUS
akcuomajapd acocHJa KypuIll XaMJa KymyJTdaMid TEOMETpHUsl  XOJIHUJa
YMYMJIAIITUPUIILIND.

XaKUKUi COHJIap MaWJOHM YCTHUJArd YeKJIW YI4amiid BEKTOp (YU3UKJIM)
($ha30 Ma3Kyp HUIIHUHT TaTIUKOK, OOBEKTH XUCOOIaHAIH.

Yy OuTupyB MajakaBUW HINJIa aKCUOMATUK KYpHUII Ba SKBUBAJICHTIIUK
cuH(Iapura axxpaTuil MeTo/ Ba ycyJuiapuaan (honaanaHuiagm.
butupyB ManmakaBuil HWIl KUpUII, CaKKU3 maparpad, Xyjoca Ba

doitnananunran anabuétinap pynxatuaad uoopar.



1§. JACTJIABKH HA3ZAPUI TYIIYHYA BA ®UKPJIAP
(TAJIUJLJIAP)

busra maremaTvk aHaiM3 KypCcHJaH TYIUIlaM TYIIyHYacH, OUp TYIJIaMHU
WKKAHYM TYyIUlamMra akcIaHTUpULUIAp XaMmJa €JIEMEHTap Ha3apuil TYIUIaMiid
amayiap: U — Oupmamma, (| — kecumma, \ — aiimpma, Oup TYIUITAMHH MKKHHYA
TyIJIaMra JAeKapT KyIaunTMacH MabJIyM.

Arap Vx,x,eX Xap Xul DJJIEMEHTIAp YYyH YJIapHUHT f(xl), f (xz)
aKciapu XaMm xap xwi o0yinca f: X — Y akcrmaHTHpHII UHBEKTHB EKU ¥3apo Oup
KuiiMatiau 1e6 aranaiu.

Arap xap Kaiicu Y €Y dIeMEHT ydyH IIyHJal xe€ X eNeMeHT MaBkKy[
oyncaku Oyama f(X)=y Oymca f: X —>Y akcmaHTHpUII CIOPBEKTUB EKH X
TymiaMHu Y TYIUIaM yCTHra akclaHTHpuil ae0 atanagu. Arap Oy IIapTIapHUHT
UKKHCH XaM Oaxkapmica, y xonna f akcmantupumuam X TymnamMad Y TYIDIam
ycTUra ¥y3apo OMp KUAMaTIM aKCIAHTUPUILHM €KW Y3apo Oup KUMMATIA MOCIHUK
¢xku Ouekuus Ae6 atanaan. X tymiamaa R Ounap myHocabar — Oy X TyminamaaH

OJIUHTaH 0apua TapTUOIaHTaH (xl,xz) Kypraukiaap TymamMu. R — X' x X nmekapt
Kyl TMaHHHT KUCM TYriamuaup. Arap (x,,x,)€R 6ynca, y Xonma x, Ba X,
eneMeHTIIap R MyHocaOatna Oymagu neiimnanuy Ba xRx, kxabm &3mmagu. X

TYIUIaMa  SKBUBAJICHTJIMK  MYHOca0aTu—Oy  KyWHJard  akCMOMalapHU
KaHOATJIaHTUPYBUU R OuHap myHOCaOaTaup :

1. PednexcuBnuk: uxtu€puit x € X 3j1eMeHT yuyH XRx;

2. CumMetpukiuk: Arap x,Rx, 0yica, y xonna x,Rx; ;

3. TpansutuBimuk: Arap x,Rx, Ba x,Rx, Oynca,yxonma x.Rx,.

burranan opTUK 31emMeHTra sra Oynran uxtuépuid X Tymiamaa OUTTa sMac
(OuTTamaH OpTUK) SKBUBAJIEHTIMK MyHOca0aTH MaBXyJ OYIMIINra Kapamacjas,

odatraa 3KBHBAJICHTIHNK MYHOCEl6aTI/I ~ CHMBOJIM OWJIaH 6CJ'IFI/IJ'IaHaI[I/I. ~ - X



TYIUIaMJla 3KBUBAJICHTIUMK MyHocabatu OyncuH. xe€ X osnemeHtn yuyH C

X

opkaimm Oym Oynmaran {x'e X :x'~x} TymiamHM OenrwiaiMA3 — Ba YHH
X 3JIEMEHTHUHT 3KBUBAJICHTIUK CUH(U 10 aTaitMus.
1.1.  Kymaa. Arap x;,x,eC_0yica, y Xonma x;, ~ x,.
XakuKatgan xam x,x,€C =x, ~x Ba X,~X. =X, ~X Ba X~X,.
=X <X,
1.2, XKymna. Arap C (C = 6¥nca, y xonma C, =C, .
Xakukarnan Xam, C, [ Cy # (J SKaHJIWTUJIAH MTyHIal X 3JIEMEHT MaBXYJIKH:
xeC,NC,. xeC, Ba xeC . =>x'~xBa X'~ Y.
Arap zeC, =7~Xx=>z2~x'=>z2~y=2eC, =C cC,.
Xynnu mynnait C, < C, myHocabarau ucbornam mymkus. Jlemak, C, =C, .
Myngait kumo, X Tymwiam € xypr-xyht OYnmd kecummaiiauran Exu
yCTMa—yCT TYyIIyBuUM Oy OYyiMaraH 5SKBUBAJICHT cuHGIapura OVIMHAIU.
OKBUBAJIEHT CUH(Iap TYIJIaMM — ~ JKBUBAJCHTIMK MYyHocabatura kypa X
TYIIIaMHUHT (akTop TymIamMu 1ed artaiaqu Ba X/~ Kkabu OenrwmiaHaIw.

1.2 xymnara MyBoGUK X TYIJIAMHUHT Xap KalCH AJIEMEHTH OUTTa SKBHUBAJICHT

cuH(ra ternuuy. IyHUHT ydyH X 3JIEMEHTra YHUHT 9KBHUBaJICHTIMK cuH(u C,

HU MoC KyiuO X Ttymuiamuu X/~ daktop Tymiam ycTura akciaaHTHPHUIIHHA
XOCHJT KUJIaMU3.

X tymnamaga R Ounap myHocabar OepwiraH OYJcHH. YHIA y UXTUEPUM
Yc X Kuem tymiamaa R, OuHap MyHoca0aTHH BYXKyAra KEITHPUIIAIM:
xR,y < xRy Ba x,yeY.

1.3 Kymaa. Yc X Ba X Ttymmamaa R SKBUBaJEHTIMK MyHOcabaTw

Oepuiran O6yicuH. YHAA R, XaM LIYHUHIJEK 3KBUBAJIEHTIIMK MyHOoca0aTH Oyiany,

R R
R Ba R, MyHnocabatmapuunr C; Ba C ¥ oSKBUBaJIEHTIMK cUH(Uapu 3ca Oup-—

Oupu OusiaH KyWuaard tapsaa OoFaHTaH:



CxRY =Y CXR .
XakuKatgan XaMm, Y — X Oynramugan VxeY = xRx, < XR X, apHu R,

MyHOca0at pedIeKCUBIUp.

Arap xR,y < xRy, x,yeY < yRx, y,xe¥ = yR,x, apHu R, MyHocabat
CUMMETPHK.

Arap xR,y Ba YR,z Oymnca, y xomma XRy, X,yeY Ba YRz,
V,2zeR=XRz, x,zeY = XR,z, apHu R, MyHOCabaT TpaH3UTHBIUD .

Bynnan tamkapu x€Y nga yeCY < yR X< YRX Ba y,xeY<yeY Ba

yeCl < yeYNCE, apuu C¥ =Y NCF 6ynanu.

2§. KECMA BA SIPUM TYFPU UN3UK



Kecma. Keitnauanuk 60u3 DBKIN] TEOMETPHUSICHHUHT 0abh3u aKCHOMaslapuIaH
doiinamanamMu3. DBKIWJ aKCHOMAJIAPWHHHT TYPJIIH XWJI KYPUHUIIUIAPU MAaBXKY/T
oymu6, Kyhnma TapTud akcmomamapuHu Macoda mbopacuma udomanaimmus. E
OB ¢azocuHuHr uxTHEpuii M Ba N HyKramapu yuyyH, Oy HyKTayiap

opacuaaru macoda — p( M, N) HOMaHUN COH aHUKJIaHTaH. p Macoda QyHKIUsICH

KyWHJlard akCuoMajlapHU KaHOATIaHTUPAIH.

|,. AHHAT aKcHOMacHu: p(M N ) =0 M=N.

Il,. CummeTpust akcuomacu: p(M N ) = p( N,M ) :

113, Yubypuak TEHTCU3IUTH: p(M ,N ) < p(M ,O) + p(O, N ) :

1-tabpud. Arap M =0 =N Ba p(M ,O)+p(O, N ) = p(M : N) oynca, O
Hykta M Ba N HyKramap opacuna €raaud Aevwiany Ba KyWujaaruda €3uiiaju:
(MON ) :

2-tabpud. M Ba N HyKTanap opacuaa €ryBuu 6apua O HyKTayiap TyIiaMu

(M,N)={0:(MON);
ra M Ba N HyKranapHu TyTamITUpyBYU (MN) WHTEpBaJ 1e0 aTanau.
(MN) mnrepanmra M Ba N Hykrazapau Kymm6, M Ba N HyKrazapHu

TyTaliTupyBuu  MN  kecmaHU xocusl Kunamus. byHu Oomkada Kuinb

Kyiunarnya €3ui MyMKUH:
MN ={0:p(M,0)+p(O,N)=p(M,N)}.
(MN) wuntepBan Hykrazapu MN KecMaHMHI WYKH HyKramapu, M Ba N
HyKTaJap 3ca yHHHI 4erapaBuil HyKrajapu ne0 atamaau. M Ba N HyKTamap
opacunaru macopa MN KecMaHUHI Y3yHJIUTH 7Ae0 aTajaaud Ba ‘MN‘ OpKaJu

oenrmnanaad. yHuHr yuyH MN kecMaHUHT TabpuuHM KyHugaruya €3uin
MYMKUH:

MN ={0:|M,0|+|O,N|=|M,N[}.



Arap M Ba N HyKramap ycTMma-ycT Tymica, y Xoima MN KecMa HOJI
Y3YHJIMKKA dra Ba OWTTa HyKTaaH ubopat Oynau.

TapTud Ba Kyiiniu aKkcuomMaJjapu:

I1,. TYFpu un3ukmary uXTuEpuil Xap Xuja yduTa HyKTajaH OUTTacu Ba (pakar
OUTTacu KOJTaH MKKUTACUHU Opacuia ETau.

I11,. Arap O nykra M Ba N HyKramap opacuaa €rca, y xonma M,N,O
HyKTajap oup TYFpU YM3UKAa ETaau.

5. | tyFpu umsukna €ryBun mxtuépuit O HyKTta Ba uxtuépuit d >0 con
y4yH IIyHAai ukkura M, M, el HyKramap MaBXyIKd, ylap Y4yH
p(M,;,0)=p(M,,0)=d 6ymanu.

Kyinna ucoornanaguran 2.1 Ba 2.5 xymnanapra myBopuk |ll3 akcuomanu
Kyhuaruda udojanan MyMKUH:

| 1yrpu umsmkmarm uxtuépuii O el Hykraman Oomna® Oepunran d
Y3YHJIMKKA 3ra OYJIraH UKKUTa KECMaHU KyHUIIl MyMKHH.

111, (ITam akcuomacu). Tekucaukna yutra M, N,O HyKTa Ba Oy HyKTanapaaH
OupopTacuHM XaM y3 muura onMmarad | TyFpu umsuk Oepuiran OyiacuH. Arap |
TYFPU YM3UK, (MN) UHTEpPBATHU Kecub yTca, y xoija y (MO) Ba (NO)
MHTEpBaIapAaH pakaT OMTTACUHU KEeCUO YTaau.

2.1 xymaa. Arap lll; akcuoma maptinapu Vpunium Oyica, y Xosaa
(M,,0,M,) Gynanu.

Ucoor. |11, akcuomara myBopuk M,, O, M, HyKranapaaH ¢pakar Ourracu
KONraH MKKHTacH opacuua &éramu. Papas Kumaimk, (O,M;,M,) 6yncun. ¥
X0J11a,

p(O,.M,)+p(M,,M,)=p(O,M,)

6ynanu. Ammo, p(O,M,)=p(O0,M,).



Jlemak, p(Ml,M 2) =0, sapum M, =M,. 3upauar. Xynau LIyHAaH,
(O,M ,» M) X0mu YpUHIM dSMACIUTH HCOOTIaHAIH.

2.2 xymaa. Arap O € MN 06¥ynca, y xonna MO < MN 6ynanu.

Hcoor. Kymmaan ucobotnam yuyH uxtu€puii P e MN wykra MN kecmara
TErUIUIA SKAHIIUTUHU KYpCaTUIl eTapiu. ByHUHT yuyH yuyOypyak TEHICHU3IUTHUTa
MYBO(DUK, p(M : P) + p(P, N ) < p(M N ) (1) TEHrcU3JIWMKHM  TEKIIMPHUIII
erapiuaup, dynku p(M,P)+p(P,N)=p(M,N) (*) ypurmu 6ymanu. (1) Ba (*)
tenrcusmuknapaan p(M,P)+p(P,N)=p(M,N), sean P e MN 6ymanm.

P=M= PeMN. P=0 Ba OeMN=PeMN. by xomma Tacmuk
TYFPUIUD.

P+M, PO, Pe MO=(MPO) sra 6ynamuz. O MN Oyiranu yuyH

O=M=MO=NMcMN.

O=N=>MO=MNc MN.

O=M Ba O=N 6¥ynca, y xonaa OeMN skannuruaad (MON) sra 6ynamus.

(MON) Ba (MPO) napra myBoduK, ymOymnapra sra Oyaamus:
P(M,N)=p(M,0) +p(0,N) =p(M,P) +p(P,0) +p(0,N) = p(M, P) +p(P,N),
spHu P(M,N) >p(M,P)+p(P,N) (1) TeHrcusmuk ucOOT KUIHH/IH.

2.3 Kymuaa. Arap M,N,O HyKranap OuTrta TYFpu uM3uKia €rca, y XoJjaa
MOCMNUNO 6¥ynaau.

Ucoor. bynna M,N,O HyKramapHu XypT-KypTH Ouman xap xuia J1ed
xXucoOmaiimMus. AKC XoJila TacAUKHUHT TYFpuiuru aéH. Yynku, M=N 6¥ica,
MO=NOcMNUNO. M=N 6¥ica, y xonga MO=MN={M}cMNcMNUNO, N=0O
o6ynca, MO=MNcMNUNO.

N nykragadn dapxmm Pe(MO) nykranu onamu3. M,N,O Hykramap €Tran
TYFpu 4M3uKHU (pakaT Outra P HykTama kecyBun | TYFpu 4u3uK MaBXKyH. YHIA
[Tam akcuomacura myBoduk, P nykra (MN) éku (NO) unTepBamiapgan Oupura

terunum oynaau. Jlemak, Pe (MN)U(NO) éku Pe MNUNO 6ynanm .



P=M=PeMNUNO o6ynagu. P=0O=PeMNUNO 6ynamu. bynapnau
MOCMNUNO 6ynumu Keaud YuKaau.

2.2 Ba 2.3 :xymuanapad ymoy HaTHXKa KeTuo YuKasu.

2.4 wmatmwxka. Arap N eMO 6ynca, y xomma MNUNO =MOG6Gynanu.
Xakukatan xam, N eMO 6ynca, 2.2 xxymnara myBopuxk MN e MO. Xyngau
myHgaid, N e MO =0M 6yica, 2.2 xxymnara myBopuxk ON € OM =MO 6y1u0,
MNcMO Ba ON < MO = MNUON c MO.

2.3 xymmara wmyBoouk NeMO—=>MOc MNUNO. Bymapman »sca
N e MO = MO = MNUNO kenmu6 unkamu.

2.5 xkymaa. Arap NeMO Oynca, y xonga N nykra MN Ba NO
KECMaJIapHUHT SrOHa YMYMUN HyKTacu Oynaau.

Hc6or. bynna N uykragan dapkaun P e MN(NO nykra maBxyn 1e6 ¢apas
KWIAMU3. YHna P e MN Ba P#£N Oynranuaaxn
p(M,P)+p(P,N)=p(M,N) 6ymu6, p(P,N)>0 6ynranu cabaGim

p(M,N)—p(M,P)=p(P,N)>0, p(M,P)<p(M,N)

oymamn. PeNO Ba P#N Gymrannman oca p(N,P)+p(P,0)=p(N,O)sa
p(N,P)>0 6ym6, p(N,0)-p(P,0)=p(N,P)>0 Ba p(P,0)<p(N,0)
oynmaau.

NeMO=MNcMO. NeOM = ON c OM = NO c MO . bynapnan sca
Pe MN(NNOc NOc MO 6ynanw.

PeMO = p(M,0)=p(M,P)+p(P,0)<p(M,N)+p(N,0)=p(M,0).
3unnuar xocud Kuiaauk. @apa3 HOTYFpu. 2.5 xymia uCOOTIaHa M.

2.6 :xxymua. Arap (MNO) Ba (NPO) 6yica, y xonaa (MNP) 6ymanu.

HUcoor. [laptra kypa Kyhiugaruaapra sra 0yiamus:

p(M,N)+p(N,0)=p(M,0), (2), p(N,P)+p(P,0)=p(N,0) (3) 6ymanu.

byngan Ttamkapu 2.2 xymmara myBoduk, Xxamma NeMO ra kypa
NeOM = ONc OM = NO c MO.
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Jemak, PeNOc MO, svan p(M,P)+p(P,0)=p(M,0) (4). (2) Ba (3)

TEHIJIMKJIAp/IaH YIIOYHU TOMaMH3:
p(M, N)+p(N, P)+p(P,0) = p(M, N)+p(N,O) = p(M,O) (5).

(4) Ba (5) TeHTIMKIIApHU TaKKOCTA0 KypaMu3:

p(M,P)+p(P,0)=p(M,N)+p(N,P)+p(P,0), éku
p(M, N)+p(N,P):p(M,P).

(MNO)=M#N#0 Ba (NPO)=N#P#0. p(M,P)=p(M,N)+p(N,P) Ba
M=#N#P mynocabatinapaan (MNP) 6Ynumm kenub dukaiy.

2.6 sxymia uCOOTIaH/IH.

2.7 wymaa. Arap (MNO) Ba (NOP) 6¥1ica, y xonna (MNP) 6ynaau.

2.8-kymaa. Mxruépuit Homauduit d <p(O,M) con yuyH, myHmaii Gurra
siroa N € OM Hykra MaBxyaku Oyanap(O,N)=d Gynanu.

HcHoT. ABBaJI HYKTAaHHUHT STOHAJMTUHH TeKimupamu3. N HykTajgaH gapkiu O
Hykragan d macodaman TypyBunm P e OM nykra mapxyn OyicuH ned ¢apas

Kiiamus. Yeia
p(O,N)+p(N,M)=p(O,M), p(O,P)+p(P,M)=p(O,M)
p(P.M)=p(O,M)—p(O,P)=p(O,M)—-d =p(O,M)—p(O,N)=p(N,M).
Ammo, 2.4-Kymuara  MyBO(UK NeOM 6ymrann  Tydaiimu

PcOM=ONUNM Ba P mykta ON ékn NM KkecManapHUHT GupHaa éTajw,
s p(O,P)+p(P,N)=p(O,N) & p(N,P)+p(P,M)=p(N,M) G¥ram.
P#N=p(P,N)>0 Ba p(O,P)-p(0,P)=p(P,N)>0 Ba p(O,P)<p(O,N)
gxn p(N,M)—-p(P,M)=p(N,P)>0 Ba p(P,M)>p(N,M)  sbuu
p(P,M)<p(N,M) &u p(O,P)<p(O,N) Tenrcusnnknapra sra 6y1amus, aMmo
p(P,M)=p(N,M) Ba p(O,P)=p(O,N)=d. 3ummast xocun 6y, llly Gnnan

SITOHAJIUTH UCOOTIAH/IH.
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Magxymmru. byana M #0O ne6 ¢apas kunamus. YHaa |ll, akcuomara
myBopuk O Ba M Hykrajapian ytyBunm | Tyrpu umsukaa M HykTanaH (apkiu
myHgai M, HykTa MaBxyaku OyHa, p( M ,0) =p(O,M).

AsBan Oynza, arap N el Ba p(N,O)Sp(O,M) oynca, y xonma N € M;M
OymummHN ucOotnaiimus. dapa3 KwiaWinuk, myHgaidn OymvacuH. YaHma Il
akcuomara MyBo(uK, Eku (NM,M ) éku (M, MN ).

bupvHun xomHM Kapaiimus. 2.1-xymimara myBopuk (M,OM ) sra Oymamus.
Iynunr yuyn 2.6-xymiara acocan  (NM,;M ) Ba (M,0M) napman (NM,0)
oymuum kenu6 unkamnm. By epman p(N,0)—p(M,0)=p(N,M,)>0. Yyukn
dapasra xypa, NegMM, Ba N=M,. p(N,O)>p(M;,0)=p(O,M). 3ugmusr
XOCHJT KUJITHUK.

(M;MN) xom XaMm Xymau InyHAal xain ostwiaam. Jlemak 2.8- skymuia
UCOOTIIaHIN.

SpuMm TYFpH YU3HUK

|  Tyrpu umsukga wuxtuépuit O HyKTaHH OJIaMU3. I\{O} TYIaMmaa
SKBHUBAJICHTIMK MyHOCA0ATHHHM KupuTamu3. Arap OgMN Oyica M,Nel\{O}
Hykramapun O HyKragaH Oup ToMOHAa €ramu ae6 aitamms. 1\{O} Tymiammaa
myHaai Tappuduianran OWHap MyHOcabaT »SKBUBAJCHTIIMK MyHOCAOATHIUP.
Xakukarad xam VM €1\{O} HykTa yuyn O¢ MM ={M}, sbau M Ba M HyKramap
O Hykranan 6up Tomonaa éragu. Arap M,N €l \{0} HykTanap O HyKrajgaH Oup
ToMOHJa €Tca, y xonaa O¢ MN OVnaau. bynagan aca O¢NM, s,;Hu N Ba M

HykTanap xam O HykramgaH Oup TomoHna €éragu. by myHocaGaTHUHT pediiekcus,

CUMMETPHK OYJIHINMHN aHTJIaTaIH.
Arap M,N,Pel\{O} wnykramap yuyn Oe¢MN Ba O¢NP Gyica, yHia

OgMNUNP 6ymamu. Bynma 2.3-xymimara acocan Og¢MP KenuO YHKAIIH.

Hemak, M, N mykranap Ba N, P aykramap O Hykragan Oup ToMoHzAa €Tca, y X0Jiaa

12



M, P nykramap xam O HykTamaHn Oup TomoHma €raau. [emak, Oy MyHocabar
TpPaH3UTHUB MyHOCA0ATIHP.

2.9-xymua. “Hykranap O Hykragan 6up ToMoHza €raan’” MyHocabaru |\ {0}
TYTUIAMHHM UKKUTA SKBUBAJICHTINK CUH(UTa aXKpaTau.

Hcoot. bupopra d — mycbat con 6yicuH. Ill,-akcnomara MyBO(GUK, MaBXYy/]I
myHgaii M;,M, el nykranapaum onammsku, Oynma p(M,,0)=d =p(O,M,)
oynanu. Yuaaa 2.1-xxymnara acocan (M,OM,) Oynrannurugan O e M,M, Oynanu.
Hemak M,,M,nykranap O HykTagaH Oup TomoHaa ErMmaiau. bomikaya kuinb
aliTranja Oy HyKTaJlap SKBUBAJICHT HyKTajap smac, sbHu M, Ba M, HyKramap xap
XUII SKBUBAJIEHTIMK cuHuapuaa éraad. Duau OyHaa xap Kanmait N e1\{0} nykra
€k M, HykTara €ku M, HyKTara 3KBHBAJICHT SKaHJIUTMHU Kypcatamus. N HyKTa
M, HyKrara xXaM M, HyKTara XaM »OJKBHUBAJIMHT »53Mac, SIbHH OeM;N,
O € NM, 6yncuH. Ammo, Ilam akcuomacunan, arap M;, M,, N xap xun Hykranap
ouTTa TYFpH UM3MKIa €rca, y Xonaa xed Kangaid O mHykra yura (M,M,), (M;N)
Ba (NM,) wunTepBammapra Oup BaKTAa TETWMIUIM SMAciIWIH KeMUO YHKaIH.
3UauUsT.

Jlemak, xap KaHmaii N el\{0} mykra &€ M, HykTara éku M, HyKrara
HKBUBAJICHT. 2.9-)Kymiia uCOOTIaH IH.

By skBuBasienT cunudapuan | Tyrpu unsukan O HyKTa OYaraHiard sipum
TVFpu un3ukiap Ae6 €xu O6omm O HyKTajga OyiaraH sSpuM TYFpU YU3HKJIAp /€0
ataiimu3. bomu O HykTana 6yiaran M HyKTa OopKajid YTYyBUU SPUM TYFPU YU3UKHU
(OM —) Ounan Oenrmwnaiimusz. Apum Tyrpu umsukra O OONIUIAHFUY HYKTACHHU
KYmu6 OM — HypHHU XOCHJI Kuiamus. Aiipum agabuérnapaa OM — HypHH [OM)
OpKau OeNruiiaHau.

2.10-sxymaa. bommanruy HykTtamap O, Ba O, Oynran | TyFpu Y4nM3MKHUHT

UXTUEPUN UKKH HYpH

1) € xecummaiiu;
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2) € 0,0, xecma Oyiinya KECUIIAMMN;

3) €éku ynapjaaH OMpU UKKUHYUCUA ETA/IN.

HUcoor. Dapa3 KWIalIMK, HypJlap KECHUIICHMH Ba M — yJapHUHI yMyMUU
HyKTacu OyncuH. Ymymuii xon, O, O,, M HyKranap xypr-xydpt 6ynud xap xu
Oynran XxonHu Kapaiimus. ®apa3 kunailnuk, aBean Oynna M nykra O,0, kecMana
érMacuH Ba MacanaH (MOO,) OyncuH. YHIa OM — HypHUHI uXTuépuii N
HYKTacu yuyyH 2.2-)xymuiara MyBouk, arap N e MO, O¥yica, y xonga N e MO,
oynamu. Yynku (MO,0,) = O, € MO, = MO, c MO, . Arapga N ¢ MO, 6¥ica, y
xonga N e OM — oynranmurugan O, ¢ NM , spHM O, HykTa N Ba M HyKTanmap
opacuna érmaranunas, (NMO,) 6ynu0, 6ynna (MO,0,) Ba 2.7-Kymiara acoca,
(NMO,) ©6ynmagn Ba gemak, O,2NM, spHM NeO,M —. Xymaau IIyHJaMH,
(O0,M) 6ynca, y xonza NeO,M —» naH N eOM — OYnumM Keaud YMKaIH.
XakukataH Xam, O,M — HypHUHT uXTUEpuil N HyKTacu ydyH 2.2-)KymJjara
MyBopuK, arap NeMO, Oynca, y xomma NeMO, Oynamu. YyHkH,
(OO,M)= 0, e OM =MO, = MO, c MO,. Arapma N ¢ MO, Oynca, y xonjaa
N eO,M — Oynranugan O, Hykta N Ba M HyKTanmap opacuja €TMaraHujaH,
(NMO,) 6ymu6, o6ymma (O,O,M) Ounan Ouprammkga 2.7-Kymiara acocaH
(NMO,) Ba (MOO,) napnan (NMOl) HU Oepamu Ba nemak, O, ¢ NM, sSbHU
NeOM —. Jlemak, M ¢0,0, Oyica, y xoiga OM — Hyp OyryHnah O,M —
Hypaa €raau €Ky akcuH4a, O,M — Hyp OyTyHJIail O,M — HypJa €Taju.

Oumu (OMO,) Ba N HyKTa O,0, KECMaHMHT HMXTUEPUN HyKTacu OYJICHH.
YHua 2.4 Ba 2.3-kymnanapra myBodux (MN) urrepsan (O,0,) uHTepBaIHHHT
KUCMH OYyJay Ba NIIYHUHT yuyyH O, HYKTaHW XaM, O, HYKTaHH XaM ¥y3 HUYWTa
OJIMaMIN. XaKuKaTaH XaM, 2.4-HaTtmxkara acocaH
M eO0,=0M c00,, NeO0O,=0ON cO_0,. bynnan aca
OMUONcOO, éku MOUONcOO, O6ymamu. 2.3-kymmara acocaH
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MN < O,0,3ra ©OYynamu3. Bbynman sca (MN)c(0,0,), seHu O, ¢(NM) Ba
O, (N,M).

Hemak N "HykTa O, Ba O, HyKTaJapHUHT IIyHAA TOMOHMIA ETAAUKHU, OyHIA
1y TOMOH1a M HyKTa Xam €raau.

00,=cOM — Ba 00,cO,M —. Jlemak, 0,0, =(OM —)N(O,M —).
Uxknaun tomonpmad, arap N OO, Ba macaman (NOO,) Oynca, y xonma
(OMO,) nan Ba 2.6-xymmaman (NOM) Oymumm kennd 4YMKAgW, SBHU
N¢OM —. 2.10-xymina ucOoTaanu.

YHOaH TYFpu 4M3HKAA SpUM TYFPU YM3HKIAp XaM XyIOOud [OIyHAAR
YKOMITaIMIM Keaub yukaay, hakat 2) xoJija yjaap HHTepBai Oyiinda KeCHUIaIu.

2.11-xymua. | Tyrpu umsuk Ba O €l nykra Ba d >0 coH OGepwiran OYICHH.
VYuna | tyrpu unsuk O HykTa OwiaH OYJIWHTaHAAard Xap KaHIal SpUM TYFpH
yn3ukaa O Hykragan d macodana TypyBYM OUTTAa HYKTa MaBKY/I.

Hcoor. I, akcuomara myBoduk | Tyrpu unsukna O Hykragan d macodana
TypyBud ukkura M, Ba M, Hykramap masxyn. 2.1-xymnara myBopuk O HyKTa
M, Ba M, nykramap opacupa éramu, sbHu M, Ba M, HykTamap OolTaHFUY

Hyktacu O OYiran Xap Xuj SpuM TYFpU YU3UKIapaa Taau.
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3§. APUM TEKHUCJIMK BA APUM DPA30

7 TEKUCITUK Ba yHAa ¢EryBud | TYFpm um3uK OepwiraHn OYJICHH.
[Inanumerpuss  akcuomaniapugaH OwpHu, m\l TYymIamMHUHT OYIIMACITUTHUHA

tacaukaaian. Arap MN (| = 6ynca, M, N en\| aykranapau | Tyrpu unsukman
oup Tomonaa éranu ned artamus (MS N xabu €3amus).

3.1 xymiaa. ©\l tymiamaa S, SKBHBaJIEHTINK MyHOCAOaTUAUD.

Ucor. YM € z\|l nykra yayug MM ={M}, MM M=, spuu MSM .
Arap MS,N 6ynca, y xomma MN (1 =C 6ynmumm kenn6 unkamm. Bynman

NM NI =2 oymuo, |\|S||\/I Ooynamu. Jlemak, S, MyHocabaT pedueKkcuB Ba

CUMMETPUK MyHOCAOATIUP.

3H,Z[I/I TPAH3UTHUBJIUK AKCHOMACHHHU TCKIIUPAMM3. |\/IS| N Ba I\IS|O

oyncun. Arap M, N, O Hykraysap Ourra TYyfpu um3ukKiga €rca, y xonimga 2.3
*Kymiara MyBopuK MO < MN UNO 6yaanu Ba gemak, MN Nl =C Ba NONI =
oymmmmman  (MNODNA(NONND =<, (MNNNO)NI=Z éxu MONI=J

Oynuiy kenub YuKaau, sibHU I\/|S|O Oynanu.

Oumu M, N, O uykranap OUTTa TYFpu YM3uKAa €TMaraH OYJICHH, IIapTra
kypa MN NI =2 Ba NONI = Dapas kunaitmux, 6yrna MO (N1 # 6ynenn.
AmMmo yHna | T1yrpu ymzuk MNO yuOypuak ywiapuaaH yTMaral TYFPH YHM3HK
y4uOypyakHUHT ToMOHIopuaaH oupu MO Hu kecu0, [lam akcmomacura MyBoQUK,

YHHHT S’TbHA OWUTTa TOMOHMHH Kecuin Kepak, b MOl =< éku NONI = .

Bupausar. [emak, ¢papas Hotyrpu, sbau MOl = 6yiuo, IVIS|O oynmanm.
3.1-xymiia UCOOTIaHIN.

3.2-KymJ1a. S, MyHOCA0ATHUHT UKKUTA SKBUBAJICHTIINK CUH(H MABXKY].

Hcoot. Uxtuépuit M €\l Ba O €l nykramapau oigamus. M Ba O HyKTasIap

OpKaJdu M TYFpU YM3MKHU yTKazaMu3. M TYrpu ym3ukaa 2.9-xymiaara MyBOQHK
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OM — wnypra Tterunuii Oynmaran N Hykra Mapxy. Iy Ounan oupra O HykTa
MN kecMaHMHI WYKHA HyKracu OymmO, M Ba N HyKramap 3ca SKBUBAJIEHT
aMacIup.

Oumau uxtuépuit Pen\l HykranuHr €ku M Hykrara, €ku N Hykrara
SKBHUBAJICHT JKAHJIUTIMHU Kypcaramu3. Papa3 kunawmuk, P Ba M nHykramap

DKBUBAJIEHT OYJIMacuH, S’bHH INMP=J. Ammo, Mez\l Ba Per\l
oynranumax | ﬂ(MP) # (& oynamu. Yuna | Tyrpu unsuk O € MN | 6yinranuman
M en\l, Nen\l skammruman (MN) Ba (MP) untepBauiapHu kecu0® Ilam
akcuomacura MyBoduK (NP) wunTepBamaum kecMmaiam, seHu | N(NP)=O.
N en\l, Pen\l oOynrammman NP NI =<, apam PS,N Oymamgm. 3.2-)kymiia

UCOOTIIaHIN.

S,-MyHOCa0aTHHUHI OJKBHUBAJICHT CHH(IApPUHM 7 TEKUCIUKHU | TYFpu

o - . - +
YHN3HUK Oouan 6YJ'II/IHFaHI[aFI/I SIPUM  TCKHUCJIMKIApHH TU , TU CKH 71:,, TCl

cUMBOJUIap OwiaH OenrwiaimMui. SIpuM TYFpU YM3UK Ba SPUM TEKUJIMKHUHT
TabpudaapugaH 0eBocUTa KyWUJarmiap Keaud YuKaiu.

3.3-kymna. lcn Tyrpu 4YM3MK 7 TEKUCIMKHH 7° Ba 7 SPUM
TEKUCIIMKIIapra axXparcuH. byHaan tamkapu z Tekuciaukaa | TVFpu uusmkHn O
HYKTaJa KeCyBYHM OOIIKAa M TYFpPH YM3HK Oepuiran OYJICMH. MmNz~ Ba mNz’
TYIUIamiIap m TYFpU YM3UKHU O HyKTajga OyiraHaard sipuMm TYFpU YU3HKJIap
Oynaau (KMcKava: TYFpU YM3UK SPUM TEKUCIUKIAp OWJIaH TYFpHU YM3MK OYyilnua
KECHUILIAJIN).

Hcoor. Xakukarad xaM, |lcnm Ba 7~ #< Ba 7" # @ DSKaHmIurugad Merz~
Ba N ez* 0ynub, M BaN HyKTanapiaH yTyBU4d m TYFpH 4m3uK | TYFpu un3ukHU
o) HyKTaga KeccMH. Pem[ln < Pem Ba Pez" =>Pem Ba

MPOI=F=MP¢0=
:>P€(OM—)),$I’BHI/I mﬂn_c(OM—>).
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DHaM ~ akcuHya, Pe(OM—), sabHH, MPg¢O  OyicuH, YyHIa
MPNI==Pen . Pem OYyaramuman Pemnz , sbHH, mez >(OM —).
Jlemak, men” =(OM —).

Xynmn myapaii, Qem(In' < Qem Ba Qezr'=Qem Ba O¢gNQ=
=Qe<(ON —)), s M1t < (ON —).

Duau  akcuHya, Qe(ON-—), sapuum, OgQN  Gyicun, yH7a
NQMNI=8=Qen". Ammo Qem Oymrammman Qem(\n’, sbHH,
mAn" >(ON —). lemak mnz" <(ON—) Ba mnz" 5(ON—) SKaHIMrHAaH

mnz* =(ON —). 3.3-)Kymiia HCOOTIIaH .

E dazona 7~ Tekucnuk  Oepwiran  OyncuH.  CrepeomeTpus
akcuoManapujian Oupu E\z TYIUIAaMHUHT OVII 3MacIUTUHU  TaCTUKJIANTIH.

Arap M,NeE\n m#ykramap yuyg MNnz=g Oyaca, M,NeE\n
HYKTaJapHU 7z TEKUCIMKIAaH Oup TomoHaa €raau ned artaiimms3 (MS N kabu

&3amu3).

3.4-xymaa. S_ MmyHOcalar E\z  TYIUIaMHUHT  5KBHBAJIEHTIUK
MyHOCa0aTUuIup.

Ucoor. YM cE\7r HykTta yuyyn MM :{M} oymranuagan MM M=,

SBbHU MS_M oynmagun. Arap MS_N oyca, y X0J11a
MNNz=d=>NM Nnz=0= NS M.

OHau  (akaT TPaH3WUTUBIMK AaKCHUOMAJapWHH TeKmupamu3: MS N Ba
NS,O Oyncun. M, N, O HykranapiaH YTyBUM 7z, TEKUCIUK MaBXyA. 7 Ba 7,
TEeKUCIUKIAp Mapauien, ApHU TN, =) Oynca, y xonga MOz, OyiaraHu
Tydpaiimm MO = . Jlemak, MS_O Oynamau.

OHIM 7 Ba x, TEKUCIMKIAD 7, TEKUCIUKHU 7; Ba 7z, SAPUMTEKUCIHKIApra

akparyBur | TYrpu um3mk Oyiinua kecuiiran OyicuH. M Ba N Hykraiap Oy

SApUM TEKHCIUKIAPHUHT Oupuaa Eraau, YyHKU akc xoima MN kecma | Tyrpu
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qi3UK OmiiaH KecummO 603 yctura O | Tekuciauk OmiaH XaM KeculraH Oyiap
sau. Xyanu TmnyHaad N Ba O HyKTajap Xam OWTTa SIpUM TEKHUCJIHKAA ETaju.
YHaa M,N,O yuTa HyKTaJapHUHT XaMMacd N HyKTa TraH SpuM TEKUCITHKIA
éraau Ba nemak, MOl = 6ymuo,

MO N7z =(MO c 7, 3karunan)=(MO N7, )"t =MO N (1, "7t) =MO Nl =
oynamu, sbHU MONz =< Oynub, MS O Oymanu.

3.4-xxymna UCOOTIAHIIH.

3.5-)kymya. S MyHOCaOATHHUHT WKKUTA SKBUBAJICHTINK CHUH()H MaBXKYy/I.

HUcoor. Uxtuépuii M eE\xr Ba Oerx HyKranapHu onamm3. M Ba O
HyKTaJdap OpKIA m TYFPU UYM3UKHM YTKa3aMu3. m TYFpU Yu3uKia, 2.9-
xKymiara MyBopuK, OM — Hypra Terunuid Oynmaran N Hykra maBxkyna. Ly
Owiran Oupra O HyKTa MN KECMaHMHI WYKM HyKracu Oyiaub, M Ba N
HyKTaJlap 3Ca HSKBUBAJEHT 3MacAup. OHIA UXTUEPUM yuuMHUM PeE\x
HYKTaHUHI €ku M  Hykrara, €xku N HyKrara OSKBHUBAJICHT OJKaHJIWUTWUHU
kypcatamu3. @®apa3 Kwiailiuk, P Ba M HyKTajap SKBUBAJEHT OYyJIMacuHH.

Sean, MPNz=@. AMMO MeE\zxr Ba PeE\z Oyaranuman (MP)n7z#J
oymanu. Yuma 7 Ttexkucauk (MN) Ba (NP)  wmHTepBawiapuu kecuO, (NP)
MHTEPBAIHK KecMaian, sbHu 7 N(NP)=C. UyHKM, yuOypuyaKHHUHI ydIapHuaaH
YTMaraH TEKUCIHK Y4yOypyak TOMOHJIApHJaH OWpPUHU Kecub YyTca, y Xoinaa
KOJITaH HUKKU TOMOHAaH (akatr OutracuHu kecaau. AMmo, NeE\zxr Ba
PeE\xz Oynranuman MPNm=( Oynamu, ssbHu PS_N .

3.5-xymina ucOOTIaHIH.

S, MYHOCAa0aTHUHT DJKBUBAJICHT CcUH(IapuHu E (a3oHM 7 TEKUCITUK
Owinan OynuHTaHmaru spuM (azomap €KM 7 TEKUCIUK OWIaH derapajiaHraH
apuM (Qazonap ne6 araiimusz. SApum @a3zo, SpUM TEKHUCIUK, SPUM TYFPU
SU3UKHUHT TabpuumaH KyWuJard UKKUTA TaCAUK OEBOCHTA KeIHO YHKau.

3.6-:)kymna. 7, Ba 7, — | TYFpu um3uKk OYHWYAa KECHIITYBYH TEKHCIUKIIAp,

E", E* — x, TekucaMK OwiaH derapajaHran sipum ¢dazonap OyicuH. YHAa
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E"Nn, Ba E"(n, tymmammap | T1yrpu uusuk OuWiaH derapajaHraH spum
TEKUCITUKIIapIUp.
3.7-;kymna. r Tekucauk E Qasonu E-, E* sApuMm Qazonapra axpaTcHH

Ba | Tyrpu umsMK 7 Tekumciuk OwiaH O HyKrajga kKecumicud. YHma E [l

Ba E'(l tymrammap | Tyrpu um3uk O HyKkra OHIaH OVJIMHTaHIArw SPUM

TYFPU YU3UKIAPAUD.

20



4§. BEKTOP TABPUDPU

M HyKTa oommu, N HYKTa OXHPpHU ned IBJI0OH KWIWHraH MN WYHaIraH

%
KecMaHu Oomu M HykTajga Ba oxupu N Hykrama Oynran MN Bektop ned

N

aramagd. (M,N) Ttaprubnanrad Hykragap >kyprmaruan xam MN Bekrop e

aram MYMKUH.

N
MN KEeCMaHHHT |MN| y3YHJIMITUHY, WyHUHTAeK MN  BeKTOpHHHT

-

MN

y3YHJIMTH Je0 aTtajagu. Y3yHJIUIM HOJIra TEHI OYiraH BEKTOpP HOJ BEKTOp €0
aTanaau.

Arap M,N, » Ba M,N, —» Hypiap Oup Xun iyHanran Oyica, y Xoijaa

M?N1 — Ba M:N2 —> HOJMAac BeKTopjap Oup Xui HyHanraH BekTopiap ned
atanaau. M,N, —» Ba M,N, —» HypJapHUHT Oup Xwi HyHanraH OYauIIM 3ca
V3 HaBOaTuaa KyWujaruwiapHu aHriaraad. byHpga é:

1) M;N, Ba M,N, KecMaiap OWTTa TYfpu uu3ukaa &€ragu Ba M, N, —

Ba M,N, » Hypimap Hyp Oyiinua kecumaau (1-pacm).

o)

M, N, M, N.

1-pacm.

2) M;N, Ba M,N, kecmamap |, Ba |, mapamren Tyrpu umsmkiapaa &raau
Ba M;N, > Ba M,N,—> Hypmap dca | Ba |, mapammen T1yfpu umnsmKiIap
OpKaIM YTYBYM TEKUCIUKIAa M,M, TYFpU UYM3HKHHHI OHWp TOMOHHIA &Taau

(2-pacwm).
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2-pacm.

4.1-3caarma. 3.3-xymnaza M;N, -» Ba M,N, > Hypiaap M,M, Ty¥pu
YU3UKHUHT Oup TOoMOHHuAa ¢Etaau, ¢akat Ba (akar Ba X043, KAYOHKHU
N; e M,N, > Ba N;eM,N, - xannaiiiup Hykranap xypraura yuayn NN

KecMa M,M, TYFpW 4YM3UK OWJIaH KecHuIlMaca, JeTraH TAacAUK KeJIUO YUKaIH.

Arap MKKU 1IapT:

a) ‘MlNl :‘MZN2 ,
Ba (‘MlN1 #0 Oynran xomnna)

- -
06) M;N, Ba M,N, Oup xun HyHanras;
- -
Oaxapwuica, y xonma M,N;, Ba M,N, Bextopmap TeHr ne® aramagu Ba
- -
M,N, = M,N, kabu €3mnanu.
5
4.2-xymaa. Uxtu€puii MN BekTop yuyH Ba UXTUEpPHM M, HyKTa y4yH

myHgal siroHa N, HyKTa MaBXyJIkH, OyHJa M_)N = I\/ITN1 oynaau.

HUcoor. M, HyKra MN TYFpu 4UYM3MKJIAa €ETMaraH XOJMHH KypuoO
YyuKamK. YHaa N; HyKra M, HyKra opKaiud VyTyBud Ba MN TyFpu
ym3uKka mapawien Oymran | tyFpu umsmknma Ermmm  kepak. lyngait |

TYFPU YU3HK, MaBXyJ Ba EBKIMAHUHT V TOCTyJaTUra Kypa srOHajgup.
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M, N, M, HyKramap opKamu YTyBYM 7n TEKUCIUKHU Kapaimui. MM,

+

TprH YU3UK 7 TCEKUCIMKHU UWKKWTA 7  Ba 7« SApuM  TCKHCJIHKIIApra

axparagu. ®apas Kunannuk, N HyKTa 7z° SpUM TEKHCIHKAA ETCUH. YHIA
N, HyKra XaM 7z sApUM TEKUCIHKAa étumm kepak. Jlemak, N, Hykta |7’
TYymamra TETUIUTM OYIUIIM Kepak, sbHU 3.3-)Kymjara MyBOQHK, OOIIaHFUY

HyKTacu M, OynraH sipuMm TYFpU YM3MKKa Teruuumaup. Ammo, 2.11-xymara

-

myBouK, Oy spuMm TYyFpu umsukKaa M, HyKramaH d=|MN| macodanma

xoimamradn Qgakat Ourra siroHa N, HyKTa MaBxKyz.
OHau M, HykTta MN TYFpu umsukaa €rran OyincuH. bomm M, Hykrana

Oynaran MN — Hyp OwiaH Hyp OyiiMya KEeCHIyBYM HYpPHU OJaMH3. AMMO
aHa 2.11-xymmara wmyBoHK, Oy HYPHHUHI SApuUM TYFpU YM3UFHAa M,

-

Hykranan d =|MN| wmacodana xoinamran ¢akar Outra sroHa N, HyKTa

MaBXY/.

-

Ouau MN HO;m BekTtop Oynca, y xonga yHuHr y3ywiaurd |MN|=0, sbHu

M HykTa N HyKTa OuiaH ycTMma-ycT Tymaau. [emak, Oy Xxonma N, HyKTa
cupartuga M, HYKTAaHUHT Y3UHUA oJiaMu3. 4.2-)Kymyia HUCOOTIIaH[H.

4.3-wymua. bapua Hypnap Tymimamuga Oup Xuil MYHaNTaHIUK MyHocabatu
HKBUBAJICHTJIUK MyHOCATH OYJau.

Ucodor. HypnapHunr Oup Xui1 MyHaIraHJIMK MyHOCA0AaTUHU ~ CUMBOJI OUJIaH
oenrwnaiiMuz. YHIa (MN —))ﬂ(MN —>) =MN — Oyiranuman MN — ~ MN —,
SHHU OMp XWJI WYHANTaHIUK MyHOCcabaTu pediekcCuBaup.

M.;N, >~M,N, — Oyica, €xu:

1) M,N, Ba M,N, kecmayiap OuTTa TYfpu um3WKaa €ramu Ba M,N, —

Ba M,N, > Hypiap Hyp Oyiinya KecHIIamu, €Kd
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2) M,N, Ba M,N, KecMmamap |, Ba |, mapamien 1y¥pu umsukiapga €ragu
Ba M;N,—»> Ba M,N,—> Hypmap nsca |, Ba |, mapayien TYFpu 4H3HKIAp
OpKaJId YTYBUM TEKUCITUKIA M,M, TYFpU YU3UKHUHT OUp TOMOHHAA ETaju;

EKU:

1) M,N, Ba M,N, kecmaiap Outra TYFpu uu3ukiga &raam Ba M,N, —
Ba M,N, » Hypiap Hyp Oyiuua Keculaau, EKu

2) M,N, Ba M,N, kecmanap |, Ba |, mapamnen Tyrpu umsmkiapna €raau Ba
M,N, > Ba M,;N, > Hypaap 3ca |, Ba |, mapamnmen TyFpu 4YM3MKIap OpKaIu
YTyBUM TEKUCITUKIA M,M, TYFpU YU3UKHUHT OWUp TOMOHUJA €Taau, SbHU
M,N, —~M,N, — Ba Oup XuJ HYHaANTaHIUK MyHOCA0aTH CUMMETPUKIUD.

OHau  (dakar  TPaH3UTHUBIIMK AKCUOMAaCHHHM  TEKIIMPUII  KOJIIU.

M,;N, »~M,N, - Ba M,N, >~M,N, — O¥yncun. .

. OpKaimi M;N;, » Hyp €rran

TYFpU 4M3UKHN OenrmmaiimMus, Oy eprma i=123. AsBan | ,l,,l, T¥Fpu unsukmap
outta Tekucnukaa €rmarad 6yicud aed Qapasz Kuinamus. M, M,, M, HyKTajap
OpKalu 7 TEKUCIUMKHM VYTKazamu3. ¥ E ¢da3zonu ukkura E- Ba E* sdpum
¢dazonapra axparaad. HyprnapHuHr Oup Xui MyHanraHjivk Tabpudura MyBo(UK,
,,1,,1; Ty¥pu umsuknap xydT-Kypr 0YamMb (MXTHEPUI MKKHUTACH) MapauICIIND.

M;N, >~M,N, - =1l ||1,, M,N, >~M,N, > =11, Ba
LI AL =1,

|, Ba |, Tyrpu um3mKIap opKamM  YTyBYM  TEKHCIUKHH 7,, OPKAJIH
OenrunanmMus. N,N, kecma M,N, » Ba M,N, »> HypJIapHUHI Oup  XWI
iynanranmuru Tydaitnmu M, Ba M, HyKTajmappaH yTyBunm l,=mNm, TYFpH
yiM3uKHU KecManau. Jlemak, N;N, kecmMa 7 TEKHCIUK OWJIaH KeCHILIMaMIH.
XaKuKaTaH Xam,

N,N, Nz =(N,N, N7, )~z =N,N, N(z, nz)=N,N, "¢, =D.
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Mynnaii kummb, N,N, kecma spuM (Da3ojJapHUHT Oupuaa, macajaH E*
na €raau. Xyaau mysHpgad N,N, kecma, M,N, > Ba M N, > HypJApHHUHT
Oup xun #yHanarawnaura Tydainim M, Ba M, HyKTajgapgaH VYTyBYH
l,,=ntNm,, Tyrpu umsukHM KecMmaimu. [lemak, N,N, KecMa 7 TEKHUCIHK
OmIan KECHUILIMaNIH. XaKuKaTaH XaM,
N,N; Nt =(N,N; N1, )= N,N, N (1, ") =N,N; N, =D

[ysgait kwmb6 N,N, kecma E- Ba E* spum (da3omapHuHr Oupuma
éraqu. Ammo, N;N, c E* OynranmmauN,, N, e E" 6ymamn. Arap N,N,cE”
oynca, y xomma N,, N;eE™ Oymamu. Jemak, N,eE" Ba N,eE~ 06ymmo0,
E'NE =& 6ymagu. 3unguar xocun 6ynau. lynpai kunuo, N,N, cE" &xn
N,, N;eE"™ oymamn. N,N,eE" Ba N, N,eE" = N,N,eE'=
N,N, e E" [lemak, N,N,cE".

By epman |, Ba |, Tyfpu umM3uMKIapHH ¥3 WUMra OJYBUM TEKUCIUKHH 7,
opkanu Oenrunad, N,N, c E* Nz, XOCWUI KUJIaMU3.

Ammo E* Nz, Tymiaam 3.6-kxymnara myBohuk M, Ba M, HyKTajuap
opkamu yTyBuM |, TYFpum dm3uK OwiaH dYerapajgaHraH s, SpPUM TEKHCIHK
oynamu. lynmait xkwmm6, NN, kecma |, TYFpum 49m3uK OwnmaH KecuIMaigy,
Oynnan 4.1-natmxara kypa M;N, —» Ba M N, —> HypJapHUHT OUp XuJ

WYHAITAHIINTUHU XOCUJI KHJIAMU3.

Oumu typmu |, l,,l, T¥Fpu  uwmsmkmap Ourra 7z Tekuciukga ETCMH. 7
TEKUCIMKKA TEruuuiM OynmaraH M HyKTaHu oJjamu3. 4.2-)xymiara MyBO(UK,
myHAail N HyKTa MaBxyaku, OyHaa MN —-~M,N, —». Yuga M;N;, -, M,N, —,
MN —- Ba MN —, M,N, -, M;N, > Yy4IHK HypJlap IOKOpHIa KapajraH XOJHU
KaHoaTimaHntupaau. Jlemak, M;N, >~MN -, MN ->~M;N, -, M,N, -, MN —,

M,N, — HypJaap Xam Oup Tekucnukaa érmaiiau. lemak, M;N, >~M,N, —.
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Oumu |, =l, ©6yncun. M,N, -, M,N, — HypnapiaH OMpH UKKUHYUCUHU Y3
nuura onaau. @apa3 kunaiiik, M,N, - > M,N, — OyicuH.

M, Ba M, HyKTajgap =z TEKHUCIUKHHM 7,, Ba 7z, SPUM TEKUCIMKIapra
axpaTyBud |, Tyrpu um3ukka ternmum OynacuH. Xyaou myHmail, M, Ba M,
HyKTaJdap z TEKUCIMKHU r,, Ba r, SPUM TEKUCIHKIApra axparysun |,
yu3uKka terunum OyincwH. byHma N, e, ne6 dapas kunamus. M, M, KecMmana
M WYKM HyKTaHU opKanu |, TyFpu umsukka mnapamwten kuwiub, | Tyrpu
ynsukH YTKazamu3. (M,N, —») Ba (M,N, ) ApuM TYFpU YM3HKJIAp 7,, SAPUM
Tekucoukaa €rranpgmad | TyFpu umsuk  (M,N, —>) SpuM TYFpH  YH3UKHA
Ooupopra N HykTama kecamu. | Tyrpu ym3uk M,M,M, ydOyp4akHHHT M,M,
TOMOHMHM KecuO, Ilamr akcmomacura MyBO(QUK, YHUHI MKKMHYM TOMOHUHU

xaM kecumu kepak. | Ba |, mapHuHr mapamtennmuru Ttydaium, Oy TOMOH
dakar M,M, Oymumu wmymkuH. Jlemak, | Tyrpu umsuk MM, KecMaHH
kecamgu. MM, kecma |, Ba |, Tyrpu umsuknap opacuna érranupad, y xonzaa |
TYFpU YM3UKHUHT (akat myHmail kucmu Ownan || Ba |, Tyrpu umM3ukiap

opacuaard KUCMH, SbHH MN Kecma OWJIaH KEeCHIIMINM MyMKHH. Jlemak, MN

kecMa |, TyFpu umsuk Owmnman kecumagu. Lllynuar yayn M Ba N Hykramap Oy
TYFpHU YM3UK OWUJIaH YerapallaHTaH Xap XWI sSpUM TeKHCITuKIapaa €ragu. AMMO,
N nykra (M,N,—) sSpuM TYFpH 4YM3HMKKa Terunuid. bus N, ez, 1e0, dapas
Kuirad auk. Jlemak, N ez, Ba Mez,. Yuga (M;MM,) nan M, ez, OYaumm
ke ynkanu. [yrunr yuyn (M,M,N,;) nan N, € z,; HH XocHI Kuiaamu3. Jlemak,
N Ba N, HyKTajmap OWTTa 7,; SpPUM TEKHUCIWKKA Terunumumup Ba I, WNN, = .
Hemak, MN, >~M,N, —>.

[Myngait kKuiub, Oup XUl WyHaIraH HypJIapHU KaMaWTUpUO, stHa OUp Xuil

WyHanraH HypJIapHH XOCWUJ Kuwiamu3. by epnan TynaupyBuum Hypiapra YTuoO,

SbHU OMp XWJI WyHAJIraH HYpJapHU OPTTUPUO siHA Oup XWi WyHairaH Hypsapra
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kenamu3. [Jemak, |, =1, xon Ba ynra yxmam |, =1, xon Tynuk Xan KunuHIY,
OYHMHT TYJIUK Ta(CHIOTH KyWHIaruqaup.

OHmu M, N, >o>M,N, — OymcuH. M,N, >~M,N, - Ba M,N, >~M,N, —.
Yuga M,N; > M,N; —, M,N; -~M,N; — Ba M,N; >~M,N; — .

Yuma rokopumarm ucborra kypa, M,N, >~M,N,—. DByHman »sca
M,N, >~M,N, — OymHmm Kenud YUKaIH.

Arap L, =1, oynca, M,N, >o>M,N, > = M,N, >oM,N, -
= M;N, >~M,N, > = M,N, >~M;N, —.

Yuga M,N, >~M,N, -, M,N, >~M,N, —». HOkopunaru uc6orra kypa,

M.N, ->~M,N, —, OyHman sca, M,N, >~M,N, —.

2-pacm. 3-pacm.

Oumu |, =1, 6yncun. Papas kunaitmuk, M;N, — Ba M,N, — Hypiap Xap Xui
TOMOHJIapra WyHaiaran OyJICHH.

N; el, HykTanu mynjaii taunaiimusku, 6ynaa M, Hykta N, Owian Nj
HyKTa opacuma ércuH. Yuma M,N; — Ba M,N, > Hypiap Oup Xun
wynanrangup. by osca M;N,—» Ba M,N, > HypJapHUHT Oup XHI
ifiyHaTam My OuiaH OMpranuMkaa Xal KWIMHFaH xonra MyBoduk, M,N; —

Ba M,N, > HypJapHUHr Oup Xun iyHanran OynaumuHu Oepaau, Oy 3ca
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M,N, —> Ba M,N,—> HypJapHUHT OWp XuJ HYyHaNraH OYyiUIIUTa 3UAIUP.
Hemak, ¢dapa3 HOTYfpu, sbHM M;N, —» Ba M,N,—> Hypmap Oup Xui
WYHaJITaHIAp.

HuxosiT, y4ra HYpHUHT XaMMacu OWTTa TYFpU YH3HMKAA €ETraH XOJIHHU,
XaJl JTUITaH WKKUTa TYFPU YU3HUKAArd XOJI, IIYHUHTJIEK, OUTTa TEKUCIHKIA
¢Tran yuyrta Oup XWJI TYFpU UYM3UKIU XoJira (ha3ora YMKKaH XOJIra KEeJITUPHUII
MyMKUH. AMMO, SHa XaM COJIJacH TEKHCIWKKa uukmacnadn 2.10—xymnaman
doitnananumaup. M,N, >~M,N, —» 0O¥nca, y xonma 2.10-xxymnara MmyBo(uK
yJapjaH OMpyu UKKUHYUCUHU ¥3 HWYUTa OJIAJIH.

Arap M,;N, >cM,N, » 0Oynca, y xomma M,N, >cM,N, > €ku
M,N, 5> M,;N, - Oymagu. M,;N, >cM,N, - Ba M,N, >cM,N, »> 1aH
M,N, > M,;N,; — Oynuiu kenud yukagu, SbHu M, N, —-~M;N; —.

Arap M;N, »>c M,N, - Ba M,N, »>M,N, » 6¥1ca, M,N; ->M,N; —
Ba
M,N; - M_N; - = M,N; >NM,N; >>M,N; - = M,N; >~M,N; -> =

M;N; >~M;N; —.

Arap M,N,>oM,N,—» Ba M,N, 5D M;N; >=M N, > M,;N, —,
apad MN, >~M; N, —.

Arap M,N, >>M,N,—- Ba M,N, 5cM;N; >=>M,N, > >5M,N, -> Ba
M.;N, >o>M,N, >=M,;N, >"M,;N, 5> M,N, >= M;N, >~M;N, —.

4.3 xymna TYIUK MCOOTIaHIW. YHIAH KyHuaaru skymia 6eBocuTa Keiaud
YHKA/IH.

4.4 xymiuaa. bapua BekTOpiap TYIUIaMUJA BEKTOPJIAPHUHT  TEHIJIUK

MyHOca0aTh 3KBUBAJICHTJIMK MyHoOcabaTu Oynaau.

Tenr BekTopiiap CUH(GUHU SPKUH BEKTOpJAp EKU OIAMNTMHA BEKTOp 1e0

atananu. byanan Oy€H ‘OpkuH” CY3UHM ojaTAa TYIMHUPUO KOJIWpPAMHU3 Ba

- -
MN Bektop nerannma, MN ifyHanran kecmanu €k MN  Bektop Ouian
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- -

aHUKJIAHTaH & ApKUH BeKTOpHH, sSbHU MN Bekrtopra TeHr Oynran Oapua

BEKTOpJIap/laH TAIIKUJI TONTaH AKBUBAJNEHTIMK CUHGHU TyrryHamus. UlyHunr

- - - -

yayH MN €a anumk Tacauk Owian Oupra HOodopmadb MN =a TeHrnuk Xxam

KYJUIaHWJIQU. Y3YHJUTH HOJITa TEHr OYiraH BeKTopiap, HOJ BEKTopiap 1ed
%
aTallyBUd »DSKBUBaJCHT CHUHGHU Xocun Kuiaau Ba (0 kabu OenruiaHanau.
- - -
Uxtuépuit M nHykta yuyH MM =0 ra osra Oynamus. “a BekTOpHH M

9
HYKTaJaH Kyhumr” €ku “a@ BeKTOpHM M HyKrara Kyuumr® uOopanapu “4.2

- -

Kymiara acocad maBxkyad MN =a BeKTOpHM OJMIIHU aHIJIATAIH.

4.5 scnarma. bus SpkuH BEKTOpHUHI (a3onard TabpuduHu OepauK.
[yngail Tabpu@HU TEKUCITUK €KUM XATTOKM TYFPU YM3UK Yerapacujaa KoJauo
xaM Oepumi mymkuH. [y Owman Oupra, 4.4 xymnagan “dazomarm Oapua
BEKTOpJjap TYIiaMu HU €EKU “TeKUCIMKIaru Oapya BEKTOpJIap TYIUiamMu’ Ta
€kl “TYFpu YM3MKIArd Oapya BeKTOpJiap TYIUIAMHM Ta ajlMallTHPUITaHIarud
Moaudukanusic kenuOd uukaau. by epma XxaM  Tekuchoukmaru Oup Xl
WYyHaJIraH BEKTOPJIAPHUHT TPAH3UTUBIUTUHM TEKIIUpHUIAA (a3zora YUKUIIIAH

capocuMara Tymmaciuk kepak. ®akar 1.3 )kymiaHd 3ciamn Kepak.

BexrTop mapasien kyuupum cudaruaa

N

Nxtuépruil a BEKTOPHU OJIAMU3. M HyKrara M HYKTaJaH KyWWITraH

N

a BEKTOPHUHI OXMPWUHU MOC KytoBuM f,:E —E akc sTtupuil, 0y epma N 4.2-
’Kymiiara MyBoQHK sroHa, f,(M)=N HH aHUKIAAMU3.

by akc oarrupuimn Kydugarm acocuii xoccara adra: uxtu€puid M Ba N

HyKTaJap y4yH M_)N =f,(M)f,(N).

29



P

»Ja(N)

M a £ (M)

XakukartaH xaM, ¢apa3 xkuiaimmk, M ,N Ba f,(M) Hykramap Oup Ty¥pu
ynsukaa érmacud. YHma MNf, (N)f,(M) typrOypuakma Mf, (M) Ba Nf (N)

KapaMa- Kaplmiyd TOMOHJAap TEHr Ba mnapawienaup. emak, Oy TypTOypuak

napautenorpammanp. Yuga N Ba f (N) mykramap Mf,(M) Tyfpu un3ukHuHT

Oup TOMOHJAa ETUIIMHU  YbTHOOpra  OJuo, MN = f.(M)f,(N) 3apypuii

TEHIJIMKHA XOCHJI KHJIAMH3.
Oumn M, N Ba f, (M) Hykramap Oup TyFpu uuM3HKIa ETTaH XOJHU

Kapaiiiuk. by TYFpu uusukiaa érmaran Oupopta P HyKTaHu osiamu3. OJIIUHTH
X0JIra MyBOUK MP = f (M)f, (P) :>|MP| :‘M 1P1‘ Ba
PN = f,(P)f,(N) =|PN|=|P'NY|.

ZNMP = ZN'M'P' Ba /MNP = /M'N'P*. Uynku, UKKa mapajien TYFpu
YU3UKHU YYMHYU TYFPU YM3UK OWJIaH KECUIIraHjaa Moc Oypuakiap TeHr. Jlemak,
ZMPN =4M1P1N1, oynman AMPN =AM'P'N! kenn6 umkamu. bynnan nsca
MN = M*N* OyHmaH Tamkapu MN —~ MN' —. Hemak, MN = M*N!  éxu
MN = f (M) f,(N).

DOHau, akcuH4ya, uxTHépud M Ba N Hykramap yuyH MN = f(M)f(N)

xoccara sra Oynran f:E—E akciaantupum Oepuirad OyicuH. YHIA IIyHAan

N

AroHa a BekTop Mamxynku, Oynnma f = f,. Xakukatan xam, M Ba f(M)
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N
HyKTaJIapHUHT  TapThOidanraHn  kxydpraurm sroma a=Mf(M) BekropHm

AHUKJIalInAaH my}maﬁ BCKTOPHHUHI' AT'OHAJIHUI'H Keano YHUKaIH.

Mamxymmru. O Hykranu TtammaimMu3 Ba  a=0f(0)  nme6, dapas

kwiamus. f = f, TenrmukamHr OGaxapuiumm ydyH uxtuépuii M HyKTa ydyH

Mf (M ): Of(O) TeHrMKHMHT  GaKAPWIMIIMHE  TeKIIMPHUII  Kepak. by

OM = f (O) f (|\/| ) TEHIJIMKKA, IIYHUHIIEK IOKOpHIa HCOOTIIaHTaH

Mf,(M)=Nf (N) TeHrmkgaH KeJITUpUOUMKAPUITaH M_>N =f,(M)f,(N)

TEHTJIMKKA TasSTHUO XOCWJI KWJIMHAIIH. OM = T (O)f(M)=Of (O)=Mf (M) Ba

a=0f(0) oOymranmman wuxTuépui M  HykTa Yyuyn Mf(M)=a, spHH

f:E—>E myHnaii akc »TTHpumKU, OyHaa uxtuépuii M € E nHykTa yuyH

f(M)=N 6yaca MN=Mf(M)=a. Jlemak, BekTOopHU Oy BEKTOpra mHapajiel

Kyuupuiln OwiiaH aliHaH Oup Hapca 1e0 Kapaml MyMKHH.
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5§. BEKTOPJIAPHU KYIINIII BA BEKTOPJAPHH COHTA
KYINAUTHUPHUII

- - -

a Ba b BEKTOpJIApHUHT HWUFMHAMNCHHM KyHUjarnda aHWKIanMu3. a

BEKTOPHU KaHJauAup M HyKTara KysiMu3.N Oy BEKTOPHHUHI OXUPH OYJICUH, SHHU

N

- -
a=MN. Keiiun b BekTopHH N HyKTara KysMu3. P Oy BEKTOPHHHT OXHPH

N > o

oyacun, serr b=NP. Dugu  a+D Enm MP  Bekropunm ¥3uHMHT BakmIH

cudatuga y3 uuura OJraH 3pKUH BEKTOpra TeHr ne0 ¢apa3 Kuiamus, s’bHH

MN+ NP= MP (5-pacm).

Ry
Ry
Q
_|_
Ny

 J

o

S-pacm

by TabpuHUHT TYFPUIUTHHM, SBHM M  HYKTaHUHT TaHJAHUIIUTA

- - -
HATWKaHUHT OOfNIMK sMacnuruHu tekmupamus. M;N,ea Ba NP eb yuyn
g - g - .
MP=M,PF, 6ymumuHu kypcaramus. ¢ = MM, Bektopra moc f:E — E mapamien

KyuupuimHu Kapaimuz. Y xomma, MN=f(M)f(N). Ammo, f(M)=M, Ba

C:MMlzm. Hemak, f(N)=N,. Xymmu mynngai, I\TP:f(N)f(P) Ba

C=NN,=PP. Jlevak, f(P)=P. Llymnaii kumm6, MP=T(M)f(P)=MP.

Mana uryHu ucO0T KUIUII Tanad KUJIMHTaH 3]I4.
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R
a BEKTOPHUHT a XaKAKAM  COHra  KYNaWTMAaCMHHM KyWujarada

- - - -

anukmaitmu3. MN =a BekTtopHuU oslamu3 Ba od BekTop MP BekTopHUM Y3 nuwnra

OJIYBUM XamMJa KYfIHI[aFH mapTiIapHu KaHOATIIAHTUPYBYHU OPKHUH BCKTOPra TCHI

oynmaau:
a) MP Bektop MN Ty¥pu umsukna €raau;

0) arap o >0 6ynca, MP Bektop MN BekTop Ouian Oup Xui HyHaNTaH,

arap o <0 6¥ica, 60o1Ka TOMOHTa WyHANTraH Oyaau;

B) ‘I\/TP‘=|OL|

MN‘.

H
MP Bektop Oy mapTiap opkKaJiu OuWp KHIMATIM AHUKJIAHUIIWHU KYpUII

OCOH. BEKTOPHMHI COHra KymauTHpHII aMAJIVMHUHI TYFPWIMTMHU TEKIIUPHUIIT
BEKTOPJIApHU KYIIWII aMalld Y4yH KaHJal TeKIIUpuiaraH Oyica, XyAaud LIyHJIal
amaJsra OLINPHUIIAIN.

5.1 Teopema. BekTopnapHu KYIIMII Ba COHIa KYNaWTHPHIL amajijiapy

KyWuJaru xoccajapra isra:

e

1) a+b=Db+a (KyIHMIIHKHT KOMMYTaTHBIIUTH);

- - - o - >
2) (a+ bj +C=a+ (b+ Cj (KYIIMITHAHT aCCOLMATUBIINTH);

- -> o> -
3) myHaait O maBxxyaku (HOJ BeKTop 1e0 aTanyBuu), OyHaa a+ 0 =a;

- - -
4) xap Kangal a BEKTOp YUYH IIYHJIail —a BEKTOp MaBXKyAKHU, (& BEKTOpra
- - -
Kapama-KapIy BeKTop fed atanysun), O6ynnaa a+(—a)=0 6ymamu;

RN

5) UXTUEpUA «,f COHJIAD Ba UXTUEPUU a BEKTOp Y4yH

-

(a+B)g=aa+Bg;
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RN

6) wuxtuépudl «,f COHJAp Ba HUXTUEPUU A  BEKTOpP YyUyH

o(pa)=(ap)a;

5 -

7) uXTUE€pUM « COH Y4YyH Ba HUXTHUEpPHA a Ba b BEKTOpJIap Y4YyH
oc(a+ bjzoca+[3b;
N > o
8) uxtuépuii a BexTop yuyH 1-a=a

Hcoor. KYMMITHUHT KOMMYTAaTUBIMTH Ba acCcOlMaTUBIMTH 6- Ba 7-

pacmiiapJa WILTIOCTPAIUS KHJIMHTaH.

Sl
&

6-pacwm. 7-pacMm.

- > -
ACea+b| - > - -

1)~ =>atb=b+a.

AC eb+a

AﬁDe(§+Ej+Z

2) o :>(a+bj+c=a+(b+cj'
ADea+(b+c)

1) Ba 2) xoccanap ucOOTIaHIH.
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- - -

IR
A HyKTara a BEKTOpPHH KysMu3, ssbhu AB ea. B Hykrara 6 BekTOpHH

KYSIMU3, STbHU B_)B 66, yHIA AB+ E?B ATB € 3—1—6
0yuo, ABeg+6 ATBea:§+5 g

Jlemak, 3) xocca Xam UCOOTIIaH/IH.

Arap M_)N eg oyca, NT\/I € —g oymanm. Yuaa
g+ (—g) € M%N + NT\/I = M%M € 6 . Jlemak, g-l— (—g) = 6 4)  xocca XaMm

UCOOTIAHIH.
DHau 5) xoccaHn HCOOTIANMM3:

a) af>0 Ba 0) aff <0 ukkura XomnapHu Kapaiimuz. dapa3 KUJAWUIUK,

- -

N
o3 >0 Oyncun. bupopra A HyKTazaH oa BEKTOpHU KysaMmu3, ibHu ABeoa. B

-

- -
HyKTajaH 3ca [a BekTopHu Kysmu3, spHu BC efa. bynman

-

HyKTajap opacuiga €taau. [lemak, ‘AC‘:‘ABH‘BC‘ E6KH

AB‘ =

5 - -
al. af >0 6ymranu yuyn AB ™ AC . llynunr yuyn B mykra A Ba C

/Ic‘:|a|5+

AMMO o Ba S coHnap OMp XuI Hmopara sra OynraHuna |o|+||=|a+ | 6ynann.

AC|- ~(lod+Ip1) A -

- -
Arap a>0, B>0, soun a+B>0 6yiaca, ACTT a saarap a>0, p>0,

[Mynaait Kuauo,

— - — —
span o+P<0 Gynca, AC TN a. Bynman sca, AC = (oe+p)a. Hxkunum

— — — — — - - -
tomornan AC = AB+ BC =a a+ [ a. lllynnaii kumo, (OL + B) a=oa+pa.

6) oapf<0 Oyncun. Arap a+p=0 (IpHU «a=-f) Oynca, y xoima

- - -
(OL + B)a =0 a+[a TeHrIMKHUHD Yall TOMOHM HOJ BEKTOpIUp. By xomma VHr
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TOMOHHM XdM HOJI BCKTOP 3SKaHJIIMTUHHU ncooTIaiMu3. XaKI/IKaTaH XaM,

(a+[3)§=a§+(—a)§=a§+[—[a§jj=e -

a+pB+0 XOMHM KapaWkMu3. o Ba £ Xap XWI HIIOpaaud OyiraHugaH —o,

a+p €ku — B, a+ B OUp XU UILIOpara rajup.

Arap (~o)(a+B)>0 Gynca, (—a)a+(a+B)a=((-a)+(a+B))a=pa.

- - - -

Arap (—B)(a+B)>0 Gyica, (—B)a+(oc+[3)az((—B)+(a+B))a=aa.

- - -
Wkku x071a XaM (oc+B)a:oca+Ba. aff=0 < a=0 éku =0 Oyaran xoiaa

TCHI'NIMK OCOHTMHA TCKIIHUPHWJIaAAM.

6) xoccaHM HCOOTIAIl YYyH a(ﬁgj Ba (aB)g BCKTOPJIAPHHHT

Y3YHJIMKJIApU TEHT Ba OUp XWJI HyHaAITaH OYIUIINHY YPHATHUII KEPAK.

o pal

- —
dapaz Kuwiamus, akc Xojaa OC(B aj =(a[3)a TEHIJIMKHUHI UKKaJla TOMOHH XaM

> o

1. Ba a a a0, B0, a#0 1c6

=[]

=18

=|op

:‘(aﬁ)g .

0 BeKTOpOUD.

1) a>0 Ba B>0 Gyncmn. YV xonma af>0 6ym6, al(ap)a Gyramm.
a™Mpa sa pa ™t a(ﬁgj —a ™ a(gé) Tlemax, oc(ng TT(aB)g.

2) o<0 Ba B>0 6¥acun. Y xonna of <0 656, a Ty (ap)a. a™ pa sa
Ba ™l oc(ng Satl a(ng. Temax, a(ng M (ap)a.

3) a>0 Ba B<0 Gyncun. Y xonna, o <0 6516, a M (ap)a. a T pa sa

Bg (i O‘(ng Satl a(Bg). Jlemak, (X[ng ™ (aB)g.
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4) a.<0 Ba B<0 6yncun. Y xonma off >0 6y1mo, gTT(aB)g. g'N«Bg Ba
Bg T oc(ng. [IyHUHT yuyH, gTT a(ng. Jlemak, a(ng ™ (ocB)g.

6) xocca TYIUK HUCOOTIaH/IM.
-
8) xoccama a BEKTOpHH | cOHWTA KYMAWUTHPWITAHIA, WYHAIUIIH XaM,

-> o
Y3YHIIUTH Xam y3rapmanau. [lemak, 1l-a=a.
7) xoccanu ucoornanmMus. a =MN OyicuH. N HyKTagan b = NP BEKTOpHU

KysMU3. YHJIa a+b=MP Oynmaau. MN TYFpU YHU3UKKA MT\llzag BEKTOPHU
KysiMu3 Ba N, HyKTa opKaiu NP TYFpu YM3UKKa napawien Kwimb, MP TVFpu
YM3UK, OWjaH P, HyKTaJa KEeCHIIAaIuTaH TYFpU YM3UKHH YTkazamu3 (8-pacm).
YMymuit M yura Ba N Ba N, yunapra TeHr )xypTt Oypuakiapra sra 0ynran MNP

Ba MN,P, yuOypuaknap yxmaniaup. Jlemaxk,

I _[vR|_|NRI
IMN|  [MP| |NP|

—

_— — - d
bynnan aca N,P,=ob Ba MP,=aa+ab nu xocun Kumamus. Hatmxana

ymoy oc(a+ bj =MP, =MN, + N,P, =aa+ab tenrmukka sra 6ymamus.

)
N
<0

5.1 Teopema TYIUK MCOOTIAHMIM.
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5.2 3caaTma. Yxmam yuOypyakiap XxaKuaard TeOpeMaHuHT KAThbUi UCOOTH
Oypyak TOMOHJIApDMHM TMapajuiel TYFPH UYM3MKJIap OWiaH Kecuirasaa
KECMaJJapHUHT  MPOTNOPIMOHAJUIMTH XaKUJard TteopeMara TasHaau (OU3HHHT

Oenrunanuiapaa % :%). Oxwupru Mminapaa Maktad reoMeTpust Kypcuaa 0y

TeopeMa ucOOTIaHMalWgu. YHHHT ucbotu Panec TeopeMacuiaH OCOHTHHA
KEeJITUPWINO YMKapHIIaIu:

“Arap Oypuak TOMOHJApPUHU KECYBUM Mapajien TYFpU YU3MKJIap Oypuak
TOMOHJIAPUHUHT OMpHIa TEHT KecMmalap axkparca, y Xoijaa OypYakHUHT WKKUHYA
TOMOHHJA XaM TEHT KecMajap axkpaTajau.”

5.3 3caarma. Moaudukanuss KuiauHTraH (LIaKIU Y3rapTUPUITaH) OBKIUA
akcuoMaTukacura TasHUO Ou3 BeKTOpHU Tabpudiaauk Ba 1)—8) xoccamapHu
TeKmupauk. By XoccamapHu BekTopiap (a3oCHHHMHT aKcHOMallapu cudaTuia
OJIMII MYMKHUH Ba Oy akcMoMalapAaH kenuOd 4yukKuO (akcuomanapra acocyiaHuO)
TE€OMETPUSHU KYypHUII MYMKHUH.

5.4 Tabpud. V -ayemeHTiIapu BeKTOpaap Ae0 aTajiraH, yJapHUHT TaOuaTu
uxTuépuii 6ynran O6mpop Tyriam Ba K Oupop maiimoH OyiacuH (KMUTOOXOH

xo3upya OynHma K Hm R Oapua XaKuKuii comiap Tymiamu ae0 XpcoOJaii

- > - >

MyMKuH). @apa3 Kwriainuk, a,b €V oynran uxtu€puii UKKUTa a,0 BekTopiap

-> - - -
yayH a+b cuMBon OwiaH OCNTWIIaHyBYM Xamjaa a Ba b BekTopiapHUHT
WufuHAMCH €0 aTadyBYd YYMHYM BEKTOp AaHUKJaHraH OyincuH. byHnan

_)
tTamkKapu, (apa3 Kuwinainuk, uxtTuépuii o€ R con yuyH Ba uxtuépuii a eV

- -
BCKTOp YYyH ald CHMBOJI OomiaH 6CJ'II‘I/IJ'IaHYBIH/I XamMaa a BCEKTOpPHHMHI « COHIa

KynaiiTMacu 1e0 ataidyBud BEKTOp AaHUKJIAHraH OyicuH. Arapaa umry OuiiaH
oupra (5.1 Teopemamaru) 1) — 8) xoccamap Oaxapuica, y xonaa V TymiaMHU
K wMaiimon ycrumarn Bektop (€ku  um3uKim) ¢azo ae0 artamaau. 1) — 8)

XOccaJlapHU BEKTOP (YM3HKJH) (DAa30OHUHT aKCHOMaJIapH J1e0 aTaiaju.
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5.1 TeopeManu mIyHAal KaiTa udoganan MyMKHH:

OBkiauA  (azoma OGapua HJpKUH BEKTOpiap TYIUIAMH XAKUKHM COHJIap
MalJJOHU YCTHAArd BEKTOp (pa30HU TAIIKUI 3TA]H.

butTa 351eMEHT HOJI BEKTOpJaH Tamkui tonradn V tymnam uxtuépuin K
MaiJIoH ycTtuaaru 6omka (coaaa) BeKTop dazora MUCOJ OYIIaIu.

Kyiinna stHa BekTOp (ha3oHMHT 0ab3u MHCOJUIApU OWJIaH TaHUIIAMH3.

5.5 acnarma. ®azona iyHanraH KecManmapHU Kapa® BEKTOpJapHU COHra
KYMaUTUPUII aMaJJIapuHU Tabpudiaaguk. AMMO OU3 TEKUCIHUKAAru €Ku TYFpu
YU3UKJArd BEKTOpJiap OuWjaH YerapajlaHdIll MYMKUHHIUTHHH [oKopuja (4.5-
JcIaTMa) Kailj KuWiarad SAuK. BekTopiapHM KYIIMII Ba BEKTOPJIAPHU COHra
KyMaWTupum  aMauiapu OepuiraH TeKHCIHK (EKku OepwiraH TYFPU YH3UK)
yerapacujaH  TallKapura ynkapMmaiinu.  lyHunraex,  Kapajna€rran
“KUYUKIAITUPWITaH BEKTOpJap TyIulamuaa Oy amamiap yayH 1)-8) xoccamap
Vpuniu Oymaepanu. Illynnmait Kunub, TYFpu  YM3UKIArd, TEKUCIUKIATH,
(dazogarv 3pKMH BEKTOPJIAP TYIJIAMU BEKTOPJIADHU KYUIMII XaMJla BEKTOPJIApHU
COHTa KYMaWTUPUII aMajilapu OuilaH XaKUKHM COHJIap MalJOHH YCTHA BEKTOD

dazo Tamkua 3tagu. Moc paBuila yjaapHH Vect(l), VeCt(Z), Vect(3) OpKaJIn

oermwiainmMmns.
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6§. TYFPU UN3UKJIA BEKTOPJIAP

Hypnapuunr  Oup xun #yHanrannuk taspudumad, 2.9 Ba  2.10
KymilajmapaH TYFPU YU3UKJIA HYpJApHUHT (PaKaT MKKUTA UYHAIMUIIN OOpJIUTU
kenu6 unkaau. UIyHUHT ydyH, BEKTOpJApPHUHT WKKHU HYHaIUIINA OOPIUTU Keluo
yuKaay. Jlemak, TYFpu uyn3uKaard 6apuya HOJIMAac BEKTOpJIap OUp XWiI WyHaJraH
BEKTOpJap/laH TalllKWJI TONTaH HMKKUTa SKBUBAJIEHT CHH(Iapra axpanaau. by

cuH(apiad oupugard BeKTOpJiapHU MycOar WyHanraH ne0 3bJI0H KWinl, TYFpU

yu3uKJa MycOat WyHamumHau kuputamu3 (arap MN  BekTop mycOaT WyHairan
oynca, y xonna M wykragan N HyKrara Kapad KWIMHTaH XapakaT WyHaJIUIIN

mycOaraup). llyHnaai Kuaub TYFpU 4M3HMKIA OpHEHTaIus OepraH Oymamus. |

- -
TYFpPU YM3UKHU YHJA TaHJIAHTaH HOJIMAc € BEKTOp OWiIaH Oupraiukia (I, ej VK

ne6 ataiiMuz. YKIa MycOaT WyHanmuII € BeKTOp OuiiaH aHMKJIaHA]IH. (I, ej VKIa

- - -

Xap Kaiicu a BEeKTOp a=0.€ KYpuHUIIJa Oup KUUMaTId E3WIUIIH MYMKUH.

Xakukatan Xam, € BekropHH Oupop O el mHyKraman Oommald Kysmus. € =00,

oyncun. llly O HyKraman Oommad a BEKTOpPHH XaMm Kysimu3, a =0M OyncuH.
-

Arap M =0 06ynca, y xonga a=0-e. Arap a Hoiamac BekTop Oyiica, y Xoiaa

— - — -
aT™ e éxu all e. Yuga Bexkropuu conra Kymaiitupum Tabpudura MyBohuK,

__. |OM| - OM 00, . OM 00,
oupunun Xonma OM =——00,, uyHKH ——=r—2 €KH =—=.
0o om| |00 oM] oo
VKKuHYE ~ XONAa  dca OM :_W(Tol, YYHKH O_M =— O_Ol EKn
00| om|  |0o|
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OM 00, 2> > § . S .
=—7——=. d=0€ TCHIJIUK YPHUHIIA 6YJIaI[I/II‘aH o COHUHHU a BCKTOPHHHI' e
oM oo

N

BEeKTOpJaru anrebpank KuiimaTu 1e0 aTaiiMu3 Ba o = (aqﬁ aj Kabu &3amus.
JleMak,
a:(aq%aj-e : @)
6.1 :xymuia. AnreOpavik KuiMaT KyWHaard xoccajgapra sra:
1) (aqj» aj = k(aqﬁ aj ,
2) (aqﬁ a+ bj = (aq% aj +(aqﬁ bj ;
UcGor. (aqju Sj .e =((7) ta kypa)=ra=((7) ra k¥pa)= x((aqﬁ a)- e] _

-\ -
=(BekTop (Ha3oHMHT 6) akcuoMacura ra K}”lpa):(%aq% aj- e, Oynman (1)
e
TEHIJIMKHU XOCWJI KnjlaMu3. XyAaU IIyHIau,

(aqﬁ (g+ BD : g = g+ B = (aqﬁ gj : g+ (aq% B) . g =(BekTOop  ¢azoHUHT 7)

-

- -
akcuomacura kypa)= (aq% a+aq, b)- e, OyHaaH (2) TEHTJTUKHU XOCUJT KUJIaMU3.
e e

6.1 >KyMJIaHUHT UKKHHYYA KUCMHUHH Kyhuaaruda udoasan MyMKUH:
6.2. llans gemmacu. Tyfpu umsukmaru M, N, P HyKTaJapHUHT

UXTUEPUH KOWIAHUIINAA KyUUJaru TEHIVINK YPUHIIN:
(aqﬁW) =(aqﬁm)+(aqﬁﬁl5).
e e e
6.3 tabpud. bupop K maiigon yctuga V, W ukkurta Bektop ¢azo Oepunran

oyncun. f:V —>W akcmanTupum Kyidujgard MKKATa XOCCaHW KaHOATJIAHTHPCA, Y

YU3HUKJIN aKCIaHTHUPHUII ,Z[€6 aTajlaau.
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1) f(&B):f(S)H(B), VabeV yuy
2) VaekK Ba VgeV yayH f(agj:ocf (gj

V' Ba W Bektop ¢azomap opacuma f:V ->W dum3uKim akciaHTHPHUII
ouektuB OVynca, y V Ba W dazomap m3omopdusmu ned artamamu. by xonma

f7:W >V  Teckapu aKCIaHTHPUII XaM UM3HKIM aKCIAHTUPHII OYmaju.

- >

XakukaTtan XaM, uxtuépmii  a',\b'eW Bexrtopmap onmamus. bynma f — Oueknus

- >

OynranumaH, y CIOpbeKIMs OyIaau Ba IIyHUHT YYyH IIyHAai a,b €V BekTopiap

MaBXYJIKH, E;': f(gj, l:_;'z f(gj Oynamu. ByHnan g: f‘l(g'j, Bz f‘ltg') Ba
fl(§'+t7'j: fl(f(§j+ i (BD: fl(f (Z+BD:§+B: fl(&} fl(l;')

Jlemak, uXTHEpUI g’,g'eW yUyH f‘l(g'+g'j f l( j ( j oynanu.

NxTuépuit aekK Ba

f—l(a;-j: f—{af @jz f—l(f(agj}:agzaf— ( ;@m

6.5. Mucoa. bapua xakukuii comnap Tymiamu R, Kymuin Ba KynadTHpHII

‘eW Y4yH

amayutapura HucOatan R Maiigon yctuaa yusukim BekTop (a3o OYIHMIIMHA

KypcaTulll MyMKHH.

- -

N
6.6-Teopema. (I,ej VKIaru xap Kaiicu a BeKTopra € BEeKTOpJard YHHHT

anreOpank Kuiimatuau Moc KyroBum T :Vect(l) »>[] akciaaHTHpHII BEKTOD

dazonapHuHT U30MOpPU3MHU OYIaTu.
By akcnaHTUPUITHUHT YU3UKIAIUTH 6.1-)Kymianad, OMEKTHBINTA BEKTOPHU

coHra kynautupuii Tabpuduaan xamaa Ill; akcuomanan kenubd ynKau.
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IR
(I, ej VKIa aBBiIaH TaliuHianran O HYKTaHU OJIaMH3. VHna

f :Vect(l) >l  akcnmantupu f, ( M ) =f (W) = aqﬁO—M TEHTJIMK  OWiaH

fo:1 =[] akcnanTHpuIIHM aHUKIaiau. 4.2-)xymnara kypa, | TYFpu YN3MKHUHT
xap O6up M HyKracura oM BEKTOPHU MOC KYHHO, HYKTajJlap Ba BEKTOpJIAp
opacuga Oup KUHMaTId MOCIMKHM  Xocun Kwiamus. lllynpait xummo, fg
aKCJIAaHTUPHUII | TeoMeTpUK TYFpU YM3MK OWiaH XaKUKHI COHJIAp, S’IbHU COHJIM
TYFpU YM3MK HyKTajapu opacuparu Ouekumsaup. f, axcmantupum | TyFpu
YH3UKKa COHJIU TYIIaMaaru oop TapTUOHU KY4HpAJIN:

M<N< 1, (M )< fo ( N ) . By TapTu6 Kyitnmaru xoccara sra:

Arap M <N Ba (I\/IPN ) oynca, y xonga M <P <N . Jlemak, Tyfpu un3uKia

5
HOJIMAC € BEKTOPJAa OPUEHTAUUSACUHHU KUPUTHO, YHUHI HYKTajap TYIUIAMUHU

N
TapThONaitmMu3. Arap e— Oupiuk BekTop Oynca, y Xonma f, akciaanTupum

HyKTajap opacujaaru MacodaHu cakjaiau.
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XVYJOCA

Ma3kyp wumga BEKTOpJIap aIreOpacHMHH IUIAHUMETPUS aKCHOMaJapH
acocuJia Kypull MacallaCM ypranwiarai. by 53ca HMIOHUHT y3ura Xoc
xycycustinapuaan oupuaup. Kysmanran makcaa Taptud Ba KYHUII akCHOMaJlapy
éplaMua KecMa, SIpUM TYFpU UM3UK, SpUM TEKHCIUK Ba sSpuM (a3o
TyLIyHYaJapUHU aHUKJIAIIJa Ba YIApPHUHT 0ab3U XOCCATApUHU YpraHuiga SKKol
KYpUHA/IH.

Ma3zkyp umi, MakTad reoMeTpus KypcH Ba aHAJIUTHUK TEOMETpPUS KypCU
ypracuna 3apypuid “kynpuk’ BazudacuHu Oakapaau, Ba IIYHUHIAECK, MakKTaod
reoMeTpus Kypcuga OaéH KWIMHTaH aKCHOMAaTUK MabIyMOTJIapHH TYia

TYHIYHTUPHUO Oepajau leraH YMUJIJIaMU3.
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