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Kumsaman omasmu une
xomupacuea OQFrliliaumar

BUPUHUHU HALWIPUTA CY3 BOIUU

OyHKUHOHAT aHAMM3 XO3UPTH 3aMOH n«aremar%aéuqmr
MYXUM COXalapHAAH Oupuaup. Y MITEMITHKaHHHT OHp He ya
coxanapd (KyM1ajaH, MITeMITHK auam3, & HKUUATap Ha3a-
pHACH, MHTErpan Ba Aupdepenuuan TEHrJaMAdap HaA3apHACH,
BapHalLMOH XHCOD) uerapacHal, YJAPHHHT TyUIYHYaJapH B&
METONJIADMHH YMYMIAWITHPHAKIK HaTmxkiacuaa XX acp 6otuaa-
pHAa AHTH Ba MyCTaKH coXxa CuITHAZ BYKYATa KEAIH.

Cyurru, TaxMHHaH, sipUM acp MolaiHuAa QyHKUHOHAT aHa-
JH3 FOAT 4YKYP Ba KeHr puBox Tonjad. By pusoxiaHuml ai-
HH BaKTAA XaM [4BOM 3TMO(A1. XO3HP-H KyHA1 QyHKUHOHAT
anamI3 MaTeMATHKAHUHI KYN TapMOXJIH COX21apdiad Oupura

‘als1anu6, MaTeMaTka Ba QU3MKAHUHT Typad OYauMIapuil KeHr
TaTOMK KM HHMOKZXA.

DYHKUHOHAT 3HAMMIHUHT MyXHM XMCIATAapUIaH Oupu My -
pakxKal pynKuuonan ¢asonapuu (HyKTaiapH ¢ yHKUUAIIPAAH:
ubopar ¢asonapun) MeTpuKa, HOPMA Ba CKalflp Kymait™Mia €p-,
A?MHAA COJAapoX, AXWM VpraHuirad ¢i3olnapra, MicajaH,
TYFPH 4H3MKKa KyJsali Tap3aa akc 3TTHpHd 0.0, ypraHuuijan
uOoparaup. By Fof acpuMu3HuHr GoluJapuia amaara OuIHpU-
M0, KearycuAa KeHr pHsox Tonid. By rosara 6u3 xav Mas-
Kyp kutoOaa erapau A3paxkia 3bpTHOOp Oepmuk. PyHkuuoHaX
ananu3na, oaataa, Qpyukiuuonan ¢asonap 6up Heua y3apo y3sHit
GOoFJaHraH TypJaH MAaTeMaTHK CTPyKTypanap (MacanaH, anreG-

&
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paHK amaniap, MeTpHKa, uo;ima, CKanAp KynaiTMa, KucMau
TapTHO) KIPHTHATAH X048 KYpWIaaR. dyukunonan hazonap-
HHC Oy Tap3Aa KypuIuwH QYHKUHOHAT aHaM3Ja Typiau me-
TOATAPHH, aHHIKCA, aHAMHTHK. BAa TOMOMOTHK METOANapHI KY.i-
nauvit HMKOHuHE Oepajn.

BYHKUHOHAT aHAMM3HHHT 2COCHH#  Ma3MyHH  (pYHKILHOHAN
a30MEPHIL BA YJ1ApAA AHHKJAHTAH ONEPATOPJIAPHH ¥PraHu i Aup.

Byura kypa Ou3 KMTOOHH KVHHAArH HKKW KHCMra OV.amiu-
Hil JIO3UM TONIHK:

I kucM. Acocuit ¢asonap.

Il xnem. Oneparopaap Ha3apHsCH.

DuprHuy KucMHM QYHKWIOHAN aHANM3HHHT acocHé nofije-
BOPH, HKKUHYM KHCMHHY 3ca Oy no#aesopra Kypw/iraH HHUIOOT
2e6 Kapalll MYMKHH. )

Maskyp kuro0 YHHBEPCHTETIApP B4 NEJarorHka HHCTHTYT-
JIADHHHHT MaTeMarHka, (M3HKa-MaTeMaTHKa, MeXaHuKa-MareMa-
THKA Ba aMaJuil MaTeMaTuka QakyJapTeTapura MymKaliaHrad
Oyan0, Oynaa OM3 MaBXKYI IPOrpaMMaTIapHH Ha3apAa TyTraH
X0a44 GYHKIHOHAT AUAIM3HMHT 3HI acocuit Ba MyxmMm 0006-
Japuny éputuin OMAaH uerapataHiuk.

Knuro6aa Maxcyc Kypcaapra My/mkamianran naparpadnap
XaM ¥3 VpHHHM TONJIM. ‘

XaKHKHH y3rapyBudHiHI (YHKUMANADH HA33PHACHTA OH
MabayMoraap Oy KuTOOA2 KeaTHpuaMagn. Bywpaft Mabaymor-
Jap astopuuur 1968 #nixa Hawp 3THAraH |, XakukmRil y3ra-
PYBUMHHHT QYHKUHAJIADH Ha3apHACH" KHTOOMAA KeJTHPWIrau
6yan0, 6y xuTOOHH TeKCcTAAa Kuckaya |[XYPH| 6unan 6Gea-
THAAMIK.

Kurobuu é3uwga OH3 pyC THMHIATH Qapeadkaap, Kyanag- -
Manap Ba MOHOrpausapAan GoALaTaHINK; yJapHUHT PYHXaTH
KHTOOHHHT OXMPHIA K eJTHPH.IMaH.

* Kurobaa teopemanapaan doiilananuin Taptubu Kyiinaariaya;
Ma3Kyp rnaparpapiarud TeopeMalapHHHI (aKaT HOMepH Kypcd-
THaaly; Gomka naparpadiary TeopeMatapiin doiganaHHTaH -
A3 naparpapuuur HOMepH Xxam kVypcatunaau (Macanan, 9.1-§,
4- TeopeMma).
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KutoGuuur Kya é3Mmacuun Taképnamaa Tow Y ¢yhxk-
LLHOHAA aHamu3 KadeapacHHMHT XOAHMJApH, aitHikca, npod.
K. Xoxues, dou. L. A. Awnos Ba P. H. Fanuxymxaes
YPTOKJap FKHHAAH E€pAaM Oepausap. YapHHUHr XaMmmasjapura
caMuMpil TawaKKyp Ousaupama.

Asmop

UKKHHYM HAUIPUTA CY3 BOLIU

Maskyp KHTOOHMHT Ompunuu Hawpn 1980 imnma ungkau
snd. By opaza xkuTo0 Tapxanub, YHHHI KaiTa 4on 3THAUUINCA
axTHéx Byxkviara keqad. Ulynm Hasapaa TytuO, kurtobra
jesipad Y3rapTAlnjap KHputMad, Oupruna ,Bapuaunon xuco6
3jeMeRTaapH“ OOOHHH KVIUAMK, YYHKH MareMarHkaHuHr Oy
COXacH MYXHMMJIMTCHMIAH TaulkapH, Kyrn.coxamapia TaTOMKHH
axamvuarra sragup. llyHu Xam afiTHwr KepakkH, BapHALHOH
xuco6 yHHBepcuTeTdapaa kyn Huaap MmolOailHuAa ar0XHAA
kypc cubatnaa Yxmunamu. byuaad ramikapw OupUHUM HAwpaa
iayn gyhAnaran 06ab3d KaMUMTHKJAD TY3aTHJIRM.

Jlapc/MKHUHT OUPHHUM HalllPHAA ABTOPHHHT , XaKHKHA ¥3-
rapyBUMHHHr QyHKUUANAPH Ha3apHsacH" KHTOOMAAru MaBAYMOT-
napra TasHWAraH 34M. DY KUTOOGHMHT #HCH Ty3aTHATaH BAa
Kaiita Wuyanran Hawpd 1982 #isnga yuxad. IUyHuur yuye
Ma3Kyp R4pCAMKAA KHTOOHMHT SIHTM HaUIPHAArd Mab1yMoTJap-
ra MypoXaaT KHJHH/H.

KuroGun Hawpra rafiépaawaa aou. P. Fauuxyxkae ¢zon
KarHaw . Yura ¥3 MUHHATACPUMJIHIUMHU OHJAJHpaMaH.

Asmop

www.ziyouz.com kutubxonasi



ACOCHH ®A3O0JIAP
l 606

BEKTOP ®A30JIAP

1.1-§. » yavamau BexrTop ¢aso

leomeTprsa, Mexanika Ba (H3uKaja wyHAalh oO6BEKT/IAp
yupaladku, yaap OMp €xd OHP HeYa XaKkWKHil COHHHMHI Tap-
THOJIAHT2H CcucTeMack OHnan auHgJ/Janagu. Macanad, TeKHCIHK-
Xary Xap Kaplad HyKTa Y3uHMHI MKKYM KOODAMHATacH OWIaH,
Xap KaHAah BEKTOp Y3MHUHI' HKKH KGMNOHEHTacH OWAaH aHHK-
Janagn. TeKMCHMKAaru BEKTOPHHHT 3HT COJMa yMYyMaalll THPH-
NI A YAYEMIH BEKTOP TYIIYHYaCHAUP.

Tabpud. Taprué Ownan €3wIrad n Ta XaKUKKHA COH
CHCTEMACH, ABHH

‘ a-==((21, ag, .o sy a,,)
. Yavaman gekmop peinaanm. bysna a,, a,, . .., @, con-
J1ap BEKTOPHUHT KOOPOUHAMAAAPI AeAWIafH.
n ynueMan a=(a,, @, ..., a,) Ba b=(b,, by, ..., byn)
BEKTOPJAapHUHIT MOC KOOPAHHATANAapH TeHT, SBHU @, =0,, Q,==
=b, . .., Q,=b, 6yJca, Oy BekTopJap TEeHT AelG Xucod-

nadaau. Dywazn sxHa Oup 00p Kypuuu® TYypHOAHKH, BEKTOp
Oy n Ta Xakukuil COH TynJjaMp OyiauOruHa KoJamad, Oanku
JIEMEHTN&PH TapTHOMZHT GH CUCTeMA XaMaup. HbHH Oepuaras
BEKTOPJIAPHUHI KOOpAWHaTanapuHH Oowmka TaptnOaa €3cak,
YMyMHH xoJsga 6u3 OOmKa BEKTOPHH XOCHA Kujaamp3. Maca-
JlaH, y4 VaueMmian ¢adona a=(l, 2, 3) Ba b=(2, 1, 3) Bex-
TOpJap Oup-Oupura TEHr aMac.

Mucoanap. 1. Texkucaukaarn BeKTOpJap HKKH V/yaM-
¥ vexKTopra, pean ¢u3auk dasomaru BeKTOpIap (Ky4, TE3NHK
xa6:1ap) yu YJIuaMId BeKTOpra MucoJ GVyJaafu.

bup y3rapyepunnn (n—1)-gapaxanu f(x)=a,4a,x}-
+...+ Qp X"V kynxangHu n yauamam a=(a,, Qg .. -,
Qa1 ) BEKTOp CHaTHAA Kapaul MYMKHH,

3
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Ouau OH3 7 Jauamad BexTop.Jap ycmna amaanap Kupw-
ramu3. MIKKH

a.—:(a,, a‘g, ¢ o e an) B4 b—:(bl’ bg, “ e ey bn)
ReKTOPHHHT HUFHHAMCH KYHuIArH4a aHHKJIAHAJM:
a"%“b-——(al“"‘b“ a-2+b2, ce. 4y Qp ",L'bn).

Con/IapHH KYWHII aMLTH KOMMYTaTHB BA aCCOLMATHB O6yarann
yuyH BEKTODJApHHHI HHFMHIMCH XaM Wy Xoccamapra Ira,
SABHH

1) a+b=>0+a (KOMMYyTaTHBIHK XOCCACH);

2) a +(h+4-c)=(a+b) +-c (acco (MATHITUK XOICacH).

XaMMa KOODIMHATATADH HOMAH HOODAT BEKTOP K06 BEK-

mop peiwnamm Ba 8=(0, 0, » 0) opgamt &suramu. Hos
BEKTOP BEKTODJAD 0pacaa coxmap Ty NAaMuAICH HOIb POJIHHH
yinadna. [apyakukar, nxtuépuit ¢ =(2,, @, ... , @) BeK-
TOp VUYH
a-§-6=(a|+0, (12+0, v 0.y an+0)=
=(ay,Qy, - .., Qn)=a.
Y by
_(I:(-‘al, —02, Y _an)

BEKTOP @ BeKTOpra xapaua-xapuid gexmop aeintaau. Pas-
wanky, ¢+ (—a)="0. JeMik, kupuruaras Kyiuuur aMiaura
HuCOaTaH M yJauaM/Id BEKTODJAD KOMMYTAaTH8 Trpyfnna Xocua
KHTAu.

Bexropnap yctuga A41 Odp aMaT KHPUTAMH3. @ BEKTOp-
HUHT A XaKkuKui coHra KynanrMicuiy Kyiuairuya auuKaaiMus;

)»(L:()\al, ‘Aag, e ey }\an )-

XaKnKHA  COHMAPHU  KYMAATUPAW  aAMITHHAAT X0 CATAPHAAH
KUDUTHATAH aMATdMdr KYAUZarK Xoccanapy kel uuKanu:

3) a+b)=la-|-1b;

4) (r+pla=ta+pa;

5) (wa=(sa); .
6) 0.a=06;

7) 1-a=a.

By epma a, b, 6—sekropaap, ), u, 0, 1—xaxuxuit CcoHMap.
Bepmran n HATYPAM COH Y4YH XamMm1 7 {ayam/Id Bek-
TOpAAp TYnAaMu (KHPHTWIraH aManiap OuiaH OMpraankaa) n
y.fzttcmxzu gexmop ¢Pa3o neﬁmau,u Ba R* Onnaw GeJarwunaua-
H. Xycycan, n=2 Ba #=23 O}Iraui1 OKOPHI1 KHPH THAraH

9
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(1) wapTHH KaHOATNAHTHPYBYH HKKH KETMA-KeTVIHKHHHT
fMFHHAMCH XaM LYy IUapTHR KaHOATJIaHTHPHIIH KyAngarg copaa
T eHFCH3JHKAAH Keaub uHKalu:

2
(a1+a,)' < 2a}4 2.

Iynra yxwaw [, KOMDJEKC (pasOHH KHPHTHLI MYMKHH.

7. m &a30. YHUHT S/NEMEHTVIADH uerapaaHraH COHJH
kerMa-keraukaapaup. by ¢asoma xywxwm Ba CoHra Kynaitu-
puin amamtapi 6- MHCOJlArHAEK KHMPHTHJIAnu.

8. s ¢azo. MxTHEépuHA xaknmkuii COHIM KeTMa-KeTIHKJap
Tynaami 6, 7- MucossapAiary aManjiap OMJlaH OMUHCA, Y S BeK-
TOp ¢a30 XOCHA KHJIAIH.

9. [a, b] opanukAa aHHKMAHTaH Y3JAYKCH3 XAaKHKUH (EKu
KOMIJIEKC) YHKUMSAAD TYynidaMH GYHKUHAJapHH OJ4TAArH
KVIUHID Ba COHra KynadTupuul amaniapura HucOatan C |a,
b] BexkTOp ¢a3o xocun Kuiapu. By ¢dyukuuowan ¢aso Mare-
MaTHK aHalH3Ja KarTa aXxaMusTra 3ra.

1.3- §. Ynsnkan Goraannm, Yayam

Tavbpud. V Bextop ¢ascpa x, ¥, ..., @ 3leMEHTIAp
Gepunran OyJscuy. Arap wyspadl «, 8, . .., A cOHNaAp TOMNAMJI-
CaKH, YJapHUHT KaMuja Oupu nosjan Qapkaum 6ynub, ywmby

ax--By+...+iw=0 (1)

MyHocabar Oaxapuwiaca, X, y, ..., W NeMEHTIap YU3UKAL
Ooraux pedunany. Akc xoaga Oy 3JeMeHT AP YU3UK.Al
IPKAL JedwaajH, ABHM X, ¥, ..., W 3aementaap yuyn (1)
MyHocabar dakat o =f=.., =k=0 couwnap yuyHruua Oa-
XKapuaca, X, ¥, ..., W 3JeMEHTJIap UMUK 3pKJH OVaaau.
Macanan, C [a, 6] da3oga xyhmparu

x (=1, y ()=2¢, z (=214t
GYHKUHANAD YH3UKAH OOFAMK, YYHKHU
2-x(£)4-2- y(£)—1-2(£)=0.
Akcunua, wy dasona HXTHépHE 7 yuyH ymGy
x(O)=1, x,()=¢, x,(t)= ¢, ..., x,({)=t"

Gy HKUHSAD YHBHKJAM 3DKAM. XaKHKATaH,
%o Xo(f)+ . . . Fa,x,(£)=0, avHu a5+ ... +a,"=0

MYHOCA04T/IAPHA KAHOATJIAaHTHPYBYH &g, ..., &, COHJAP MaR-
KYA Reb dapas kunaliimk. [lemak, [a, b] paru uxTuépuii ¢
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cou 0V KV IXaRHHUHT WIAH3H. AnreOGpaHuHr acocufi TeopemMa-
cura OHHOAH 7-IADAXKANH KYNXaJHHHT HIIM3JaDH COHM 7 Ta-
jaH Kyn smac. [ynuur yuyn ag+af4- ... +a,f® Kynxan-
HUHT XaMMa KOI(UUHMEHT/IADH HOra TEHT, SABHH dp=0=
— . ..=0,=0. [leMak, tavpudra acocau x,(f), x,(¢), ...,
xn(f) ¢ YHKLHATAD YH3HKIH 3PKJIH. _

V sexkTop (a3ona 3AEMEHTNAPUHHHI COHH 4yekcu3 OyJarax
CHCTEMAHHHT Xap KaHAaH YeKJM COHJArM 3/IeMEHT/IApPH UM3MK-
au apKaH Oyaca, y Xonma Gepuiiran CHCTeMA 4U3uUKAL 3PKAL
pefmaan. Macanan, C [a, b] ¢da3ona

xoxl, x‘=t’ x2=t?‘ e 0y xn=tn‘ o & o

yeKCH3 CHCTEMA YH3HKJAW 3pKJM. Dy Xam, loxopugarura yx-
gaiy, anreGpaHHHr acoCHMH TeopeMacHAaH Keand uyuKaau.

Tavpud. Arap V BexTop $asofa 72 Ta YM3HKJIH 3SPKJH
gneMeHT TOMWaMO, Xap Kauja# n-+1 Ta 3neMeHT 4H3uKJIH OOF-
auK Gyaca, V @aso n yanamaun sexmop @as3o nehnann.

JNeMeHTAAPAHHHT COHH MXTHEpHE OVJraH 4H3HKJIH 3SPKJH
cucTeMa Mapxyn OyJuca, BeKTop ¢a30 #exkcus yadamau, akc
X042 yeKkJH YJayeMau Jeduwsiaau. Macanau, 1.2-§ garu 1-,
2-, 4- muco/iapnaru $asonap uyexkqm Yyauamau, 6—9- mucon-
aapaarn QyHKUHoHan ¢asonap 3ca 4eKcH3 yJayaMid. XyCycaH,
9- mucoanaru C [a, &) dasonudr yekcus yauamammure 1, ¢, £2,
«.., % ... 4EKCH3 CHCTEMaHHHT UYHU3HK/JAU 3PKJH 3KaH/HTH-
JaH keaud uHKagu.

Tavpud. n yruaman sektop dasona Xxap Kawaad n Ta
anemenTtAaH uGopar OYJraH YH3HKJAH 3pKJAH cucreMa Oasuc
NeHnTaaH.

byykuyoHan awanusja YpraHwiaguraH BekTop ¢asosap
acocan ¢QyHxKuHoHasn ¢pasonap Oyaub, ynap ofaTAa UeKcH3
Y Iy aMIHAKD.

U xTtuépuil BexTop (asona xam 6a3uc TYIYHYACHHH KHPH-
THUI MYMKHH.

V Bektop dasona I'={x, } uusuxau spknn cucrema OGepus-
ray Oysacuu. Arap uxTuépuit x€V s7eMeHT YuyH myHAafl X,
Xag « .., X« &' BexTOpnap Ba A, %,, ..., A, COHNAp TO-

nHacaku, x ywoby
XEMX 4.0 A,

Kypunuina é3umaca, [ tymnam V BekTtop dpasonunr Xamens
6asucu peimnagu. Mxtuépuit pextop ¢aso Xamean Gasucara
STa 3KaHJHMrHHU KYDPCATHIL MyMKHH.
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1.4- §. BeKTOp KHCM ¢a30. KaBapux tynaamaap

Tawspu¢. V BexkrTop (asOHHHT L KHCM TYDIJIaMHHHHT ¥ 3H
xaM V @ aHMKJAHT2H BEKTODNGPHH KYWHW BAa BEKTOPHH
coHra KymaiiTHpuil aMajiiapira HucGaTay BekTop ¢aszo Gy.ica,
L ¢azo V BexTOp Qa3sOHMHT BEKTOP KUCAM gasocu (6ab3aH 3ca
MUIUKAL KINXUARLK) DEHANALH. .

Sumn V wpar A Ba B KneM Tynjaamaapu yamaa K malnoH
YUyH

A+ B ={a-+b:a€cA, beBY,
K-A= {pa:peK, acA)

Ge r WIAIAPHH KHDHTaMKU3.
A+ B 1ynnaM A Ba B TYraaMiapHWHT Gexmop AQuruH-
0 ucu pefinnany. Bynneit Genrwnap épazmmupa V paru L ryn-
JaMHUHT BEKTOp KHCM ¢a3o OyaHm wapTaapd Kyfngaruua
é3unan:
‘a)y L+L=L, 6) KhclL.

Hapxakukar, 6y waptra k{pa L T§nasM wOoab BeKTopra
sra Oy/aju, YyHKH arap @ BeKTop L ra Tteruwasum 6yJca,
y xoafa L ra 0-a=0 BexTtop XxaM rterminau 6ysamu. Cyurpa
L y3uHuHr uXTHEpHit @ BeKTOpH OwJan Oupra sina O) maprra
Kypa yHra KapaMa-xapuwu Oyaran—a = (—1)-a Bekrtopra xaM
sra Oyaagu. Cyur a) Ba 6) wapTaapra K¥pa Xap Kaupail uk-
KH BEKTOPHHHI HHFUHIHCH XéM, X&D KdaHAGH BEKTOPHHHI HX-
THEPUI CoHra KyneWtMac XéM L ra ternwaun OYnaau.

SHI KUYHK BEKTOp KHCM ¢a30 HOIbL 3JeMenTAaH ubopar
Gyaran {0} dasomnp.

Besocura KypHUI MYMKHHKH, UXTHEPHH BEKTOp KHCM da-
30.1ap CHCTEMACHHHHI KeCHLLMZCH (KYNaHTMacH) XaMm BekTop
KMCM ¢a30aup. '

V Bekrtop ¢azona wuxtuépuil O6yuwr OGfsMaran S Tynaam
Oepuiran OVACHH. S TYNJAaMHM ¥3 MUHMra OJTdH 3HT KHYMK
BEKTOp KHCM (ha30 S TYNNEMAaH XOCUA KUAUH2AH 6eKmop
kucs gaso pedwnaid. Bynpaft Bektop KMcM dazo S Tynaam-
HMH ¥3 HYHI2 ONYBYH X&MMAa BEKTOp KHCM (ha3CJapHHHT Ke-
CHIIMaCHTa TEHTAMp. S M&8H XOCHJI KWJMHIaH [ BEenTOp KHCM
¢a3o ailnaH KYHHMAArH KYPUHHLLAArH SNEMEHTAapAaH HOOpaTAHD:

n
x=za1aiw

6y epaa «; €K, a; €S, 1<<i<n, n—uxTuépnit (x ra 60rauK)
HaTypan CoH. Daw3an, 8 Tynaampaan ByXKyara xentupuaran L
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peKTOp KHCM (a30 S HHHT 4lu3ufau KOOuruw JeHuiann €Ku
S rynaaM L Hu 8yscyoea weamupysiu cucmema AeHurand
ga L = [S| xkypunnina Genrdnanand.

Mucoanap. 1.V BekTop ¢$aso, X yHHUHT HOMIAH (hapKIH
gneMeHTH OYJIcHH. {*x, €K} snementsiap Tynaamu 6up ya4yam-
an (azo Yocun xuaamu. by aso V nunr sextop Kuem ¢aso-
cuaup. Arap V. ouwHer  yagamu Ouprad  karra Gyaca, {hx,
LEK}FV.

2. 1.2-§ na xypuwawran 9- mucongarn C [a, ] Bekrop

4303 XamMma kynxamnap tynjame P [a, 6] Hu onaiiuk.
Papwanky, P [a, 6] tynaam C [a, 6] na sexkTop KucM ¢a-
30 xocua xuaamt. C [a, b] kabu P [a, b] xam uekcu3 y.a-
yamangup. V3 nasbatuna, C [a, b] dasonu [a, b] opamukaa
ayukaaHrad 0apua (Y3/AyKcH3 Ba y3WAyBYH) (DYHKLHAIAD BeK-
Top pa30CHHHHI KHCM (a3ocH cudaTHaa Kapall MYyMKHH.

3. 1.2-§ nmaru /s, m, S Bekrop pasonapra Kailtcak
(6—8- mucomiap), 6y epma [, $a3o m GA3OHUHT BEKTOP KUCM
¢azocu, m 3ca y3 HaBOaTHAA S HHHI KHCM (DA30CHIHP.

Tavpudg. V Bextop dasoza uxtuépuit A Tyniam Gepu.i-
ray Oyacun. Arap Atp=1, A>0, p>0, wmapriapHd Kanoart-
JAHTHPYBUH MUXTHEDHI A, @ COHJAD yuyH YwWwOy

MA+prAcA (1

Mynocabar ypuna OVyaca, A wasapux mynaan Refiwnany.
Arap |+|<1 uIapTHH KAHOATIAHTHPYBYH MXTHEDHH A yuyH
rAc A Mynocalbar Gaxapuica, A mysodanamoiazi myniam
nefinnagn. KaBapuk Ba MyBO3aHaTAaru Tynaam abcoawom ka-
sapux mynaiam JeHnnany.

PaBwanku, arap A Kasapuk TyniaMm 6yJica, HXTHEpHi
x <V Ba »€K yuyn x+4)A XaMm Kasapuy Tyrutamgup. A6co-
Mot Kasapuk A, B tynaamaap yuyn A+28B pa rA  Tynnam-
Jlap XaMm alCoMIOT KaBapHKIHD.

I-neMma. A abcomot KaBapux TymiaM GyacHH. Y Xxo/1a

K nau ommmran uxtuépuit X, p (|M] N Ay, hey o e n, Ry
COHnap yvyys ywOy MyHocabatjiap ypuUHAHAUD:
1) rAcuA,
2) X A= I ) A.
1<i<n I<i<n

~

Mc6oT. 1) arap p=0 6yaca, y xomma rA=pA={8}.
Arap ps£0 Ba XA 6ynca, A HMHT MyBO3aHAaTAA/IMCHAAH
'2{5—1”‘6‘4' ALHA AXEpA, neMak, MAcpA MyHocabar kemtd

Kany, '
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2) n=2 G6yraH XoA YuyH, fibHit ywoy
LA--pA= (M4 Iu)A

Myﬂocaﬁd'rﬁn uc6ornaiMua. 4 = pu=0 O6ymca, xamMMacu paamau.
L éxu p noapan Qapxmi Oyaca, y xonaja

’

W*MA+ IM+MACA

abn M4 pAc (W +u)A Mynocabar §puHAH. AMMQ
(N-+FB)ASHALRASIA+pA. -

Jemax,
LA+ v A= (A1) A.

YMymuit xoa upaykuusa €paamuaa HCOOTJAHAIM. ,

2- neMMa., Mxtnépudt Kapapuk (abcomoT KaBapuk) TyI-
JaMAED CHCTEMACHHHHT KECHIEMAcH XaM KaBapuKAHD (abCOMGT
'KaBapHK Up).

Mc6ot. I' uxtuépuit Tynaam, (A, ,cl’) kasapux T§niam-
nap cucreMacu 6yacun. A=) A. Tynnamumnr nxtaépuit aq,

acl
a, 3JeMeHTapuuy onaMu3. Mxtuépuli « yuyn a,, a.£4., ne-
MaK, A-p=1, 4>0, p=>0 connap YU4YH }a,+pa.A, ; o Hx-
THEPHI OYairann yuyn ha,4-pa,c(l A. =A, avun tA+pAcC A.
acl

AOGCOMIOT KaBapuK TYNJEMJap OMHHTEH Xonda XéM HcCoT
WYHra ¥ XUIAWAKD. ,

A TYnJIMEH §3 Humra onrég Ocpua xapapuk (aGcodoT
KaB2pHK) TYPNEMNZD -KeCHIEMaCH XeM KaBapHK (a0conioT Kapa-
PHK) TVyna:M 6yiu0, y A Bunr Kxasapur (abcoawm xasa-
purx) rKoCuru pehnnepu. Kapapuk (abCoJilGT KaBapHK) Ko-

n

GuK 2 by Xy KYPUHHHUIAATH 3neMenTaapiad ubopar, Oy epaa
i==1

n n
x; €A, & >0, Z)\ =] (Zp\;lgl, n~uXTHEPHI COH).

{e=1 =1

Arap uxtnépuii x€V anement yuyw mymaci A3 0 con
MaBxKyn Oyacekn, xgpA MyHOCzGear HATHEDRH p (Ipl>/) COH
yuyH ypunin Gjica, A TyraeM romyequ Aehinnaan. Papuian-
K ¥, HXTHEPHHA 1GTYBUM TYINiMAAD 4E€KJH CHCTEMACHHMHI Ke-
C MLiM2CH X2M IOTYBUMAKD.
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1.5-§. PaxkTop dasonap Ba daszonapuuHr KynmaATMacH

V BekTop ¢ha3o, V' yHHHr BekTOp KucM asocH OFacHu.
Arap X, y €V aneMenTiap yuyn x—y 3jement V' ra teruu-
au 6YJCa, X Ba Yy HA 9K6UBA.1eHM JEHMH3 Ba GYHH X~V
kypuHHwaa ¢€samu3, Oy MyHocabar (AbHH IKBUBAICHT/INK)
KyHHAAr xoccanapra sra:

a) peieKCHBJIHK XOCCaCH: Xap Kaufai a 3neMeHT ¥3-
y3ura S5KBHBANIEHT; |

6) CMMMETPHK/JHK Xoccacu: arap a~?b Oyica, y xonma

b~a, :
B) TPaH3HTUBJHMK Xoccacu: a~b, b~c¢ 6yaca, y xonia
a~c. Wynr yuyn 6y Mynocabat V TynaeMun cupgpaapra
6yaamn ([XYPH], 1 666 ). bynuai cundazp tyniamunn V
uuur V7 OViwua gexmop gasocu pe6 aranapy Ba ViV’ ky-
PUHMILJA €3WIEAH. Xap Kanjall ¢akTop ¢asoNa KYIHOI BA
COHra KYMNalTUPHII &éMallapH KYHMIarnya KHPUTHIaAH.

t Ba v, cunguap V/V’ wuuur sneMmeHTIapn OYAraH HKKH
cung Oyacun. Xap Onp cHHppa OWTTajaH X Ba Y BaKWI TaH-
na6 oaud, & Ba v cungVap duruxducu neb6 x-+y 3N€eMEHTHH
{3 MuMra OATEH CUH(HH afTeMH3. & cuuduuur a comra Ky-
naagmmacu 1e6, ax SN€MEHTHH ¥3 MuHra oarai cuugra ai-
teMu3. PaBlapku, 6y aMaijap HaTHxacH § Ba v cuudmapiaru
Bakw/apra 6orauK 3sMac. Macanan, x'€ %, y'€xn Oomxa Oup
Bakwwap Oyaca, y xoraa '

(x-+y)— (X' +y)=(x—x")+ (y—y)EV",

sLHH X--y Ba X'y’ 3anementiap OHp cuudra Terui.
Ulynspaft xunu6, €us V;V’ daktop (hasoHHHT 3MEMEHTIEDH yC-
"THAAa aMaiaap kepuTAuk. By aMamnzp pekTop (azomaru amadn-
Jap DIaPTAapMHH  KaHOATJAZHTHPHLIN OCOHAMKYA TEKLIMPHTIAZLM.
Illynpait kuaub, xap kanpah ¢artop ¢azo BexkTOp (hasonmp.

Tabvpud. V/V' daktop ¢asonuur yauamu V' ¢asosunr
KoYawamu (KYwumva yagamu) peiunagy pa codim V’ op- -
Kanyu Oenrunianany.

Mucoanap. 1. V=R? pa, apHd Tekucamkaa V'’ ne6
Yy=0 Tyrpu uuankuu (5pUH X YKuHH) oncMH3. Arap a=(a,,
@), b=(b,, b,) sneMeHTNapHH ONCaK, a—bEV’ 6}aMIIK YuyH
Qy=b, wmapt 3apyp Ba Kndosaup. [leMak, a=(a,, a;) Bek-
Top ViV’ ¢asonunr kadficn cukgura Ternwsn 6§auwn dakar
@, ra COFMHK. SibHH Y=y, TYFPH UM3HKHUHT X&EMMA SE€MEHT-
Japr OMp CHHGra TerdwaBaMp Ba, 2KCHHYaA, Xap Gup ciug R?
TehHC/iuKkna Gufop y =y, TYFfH uu3nKuu apuksaian. Lynsunr
Yuyn V, V' ¢ezonnnr areventepuen Ox Yxka napamuien 6ya-
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ral TYFpH uyM3HKJap Ae6 kapaw MymxHH. Depocura kypuuud
Typubauxy, codim V/=1.

2. V= C |a, b] ¢psonu xypaiamx. KniiMataapy a sa b
HYKTanapia HoAra TeHr OyAraH y3aykcH3 ¢yHkuusiiap tyn-
Jamu V/ 6y (a3ofa BeKTOp KHCM (a3ofup. DHAH 1Y BEKTOP
KHCM ¢ha3ora HuCOaTaH IKBHBAICHTIMK MyHoCaGaTHHI KHpuTa-
mu3. Bynaa f Ba g GyHkuuAnap 3KBHBANEHT OVIHWH YuyH
fla)=g(a), f(b)= g(b) 6w 3apyp Ba Kuposaup. Hemax,
3KBuBaNeHTARK Chndaapu, avuyd V;V’ dasonunr asnemenrtaapH
a Ba b HyKTanapaard kuiMaraapuy Owian awugaananu. lHy-
uunr yuyH V,;V’ dasonuur snemenrtaapuun K? ¢asonunr ane-
MeuTaapu cudarsaa kapaw MymeiH. Xycycad, codim V/=2.

Bbupop V Bextop dasoaa V,, V, kucM asonapuu oaaMu3,
Arap uxTHépuii X € V BeKTOpHH AroHa paBHIIAA

X=X,+X5 X6V, X6V,

KypuHuiuaa éinm Mymkud Oyaca, y xonga V daso V, sa V,

KucM dazonapruHr myrFpu  Gurunducu Aehnwiaan Ba V=

=V,5V, kypuuuwiaa GearuaaHagn. :
Macanan, V = R? Bektop $a3o V3HHUHT

Vt = {(O’ ?)v EGR} Ba V, = {(av 0)’ QER}

KucM ($a30JapUHHHT TYFPH THFHHAHCHIMP.

OHAH BeKTOp (a30JapHHHT TYFpH KYnafT™MacH Tyl yHua-
CHHU KupuTaMu3. Bynuur yuyn BexTop ¢pasosap cucremacy
{V.,}.,€ un onamus, 6y epaa [ — uxtuépuil KysBaTAH T NJaM,
By ¢asonapuunr [Hexapr (Tyepu) kynafitMack ([XYPH],
1 606) O6yarau V =I1V, Tynaamaa Bextop ¢a3onapra Xoc

€1
O6yaran onepauusiap kupuraMud. Arap x = (x),6/, y=(y)€
V' HHHT HKKH 37eMenTd OyJca, y Xoaaa Ky aMand ywoy

X4y =(xX;+y)E 1
KypunHiuga, A €K conra Kynaltapuur aMany 3ca
M = ()€ 1

KYPHHHIIZA anukfiananu. Xap Oup V, sexrtop daso Gyaranu-
Aan Gohnanauud, KMPUTHIraH aMamiap V TyniaMud BeKTOp
¢a3ora aflaHTHPHIIH OCOH/JMKYA HCOOTIaHagu. Xocuna Oyarax
V' Bektop ¢aso V; dasotapuuur myrpu kynaimmacu Aeiu-
aane Ba {1V, ékn XV, xypunuiunapaa e€3unanu. Xycycas,
1 €1 1€
xamMa V;=F O6yaca (F — rafiudianran sextop ¢aso), y
xonga Xocua OyJarad TYFpu kynaiitMa F!/ Ouwnan GenrunaHagu.
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Arap [ t¥naaM uekan O6§aub, n Ta 3nemenTAaH HGopar Gy.-
ca, F' Yypuura F* €3unaiu.

Macanan, R" ¢adonn R' BexkTop $a30aapHUHT TYFPH KY-
nafitMacH cugaruAa kapaws MyMkuH. 1.2- § gard s Qas’oHu
(8- mucon) RN cudatnaa kapaw mymud (6ynga N — narypan
coHNAp TYTJIaMH).

1.6- §. YU3uKAK aKC 3TTHpHLIAAP

E Bexktop da3onn F Bexkrtop ¢pasora Gupop u: E-F akc
sTTHpHy Oepwiran Oy.cuH.
Tawvpud. Arap xap xaHmafi x, y€L£ Ba a, B €K yuyu

u(ax - 8y) = au(x) + fu(y)

MyHOCabaT ¥ pHHJIH O6yaca, & 4u3uKau aKc smmupuut €xku
quanKau onepamop neuuntagu. Xycycald, F da3o cudaruaa
K MaliloH oJjuHca, OVHAAH aKkc 3TTUPHIL 4u3uKau gopma
KU HUBUKAN PYNHUUOHQAA NeHHNAIH.

PaBuwialki, x&p KaHAaH & uu3ugid onepatop £ HuHT OH-
pop E, xucM (asocHnM £ HMHT KMCM (a3ocura akc 3TTHPaau,
sipi U(E,) TVoaaM F oauarT KueM ¢asocuaup. Arap Fy tynazm
F uuur xucM dasocu 6Vaca, v xonna F, HuHT acau Oyarax
u-YF,) rtVyonaam £ HuHr BekTtop KHCM ¢azocu 6Yyaaan. Jlap-
XaKHKaT, arap X, y €u—(f,), aveu u(x), u(y)eF, 6yaca, y
xonaa F, Bextop KucM ¢azo 6yaranu yuyn u(x) -+ u(y)ef,.
AmMo  u(x) -+ w(y)=u(x 4 y)eF,, avun x - yeu—\(F,).

Lilynra yxwawm rxcu—'(F;) xam ucOornaHagu. Xycyca,
arap Fo= {0} 6Ynca, u~'(0) xkucM (aso UU3UKAM aKC ITTH-
PHIUHKHET gdpocu pedvaanu Ba keru Ounan OeqruiaHaju.

Typau BexkTopiapHu TYPJIH BEKTOPAapra akKCJAaHTHPYBRYH
ABHH X == Y yuyH u(x)= u(y) OyaraH akC 3TTHPHLI MOHO-
MOpPu3M Reliuaann.

1-teopema. u: E—>F wusuxau axc smmupuul Mo-
HOMOpPussm 6Yauwu yiyn keru = {0} 6yauwu 3apyp sa
Kugonoup.

Mc6or. 3apypauru. Arap x € keru 6yaca, y xoana
u(x) = 6 = u(6). Mkkun4yu TOMOHIAH, X MOHOMOp(H3M Oy.-
raun yuyn x =6, awvun keru = {6).

Kudosauru. keru={0}) 6yacun. Arap u(x)=u(y)
MYyHocabar Gaxkapunca, spHM #(x — y)=10 6Vnca, y xonaa
X —y € keru,t’ JleMak, x —y =0, spHU X =Y.,

CArap u:E-F umsukau akc sTTHpumt yuyH u(E)=F
Gynca, 6y akc STTMpHIL SnUMOPGUIM AEHHNANM. U UHBHKIH
onepatop Gup BakTAa MOEOMOTGH3M XeMAa 3anuMopguam GyJica,
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YV X0A1a U30MOpPUIM EKH YUUKAL N30MODPUIM NelnNaiH.
By xonuaa £ Ba F ¢asoaap u3omopg ¢aso.rap neiuaagu sa
6y MyHocabar ExF xypunuiuga €3uraau.

Mucoaanap.

1. R*(n>1) dazouuur x =(x,, X3, ..., Xp) JIEMEHTHra
[t aKc ITTHpHUWI X, COHHH MOC KV#ca, AbHM U(X) = x, OyJca,
y xonga & : R"—>R' uusHuKIn onepatopanp (aHHKPOFH, YH3HK -
an byHkuHoHan)., Papiuianky, & — anuMopdH3M. AMMO 1 MOHO-
mopduam 3Mac. Jlapxaxukar, Oy onepatop yuyu keru = {x=
=(0, Xy, X3, ..., Xn )i X, €ER, i=2, ..., my5={0}. demak,
1- Teopemara acocan y MOHOMOp(UH3M 3Mac.

2. Uxtuépuit V' BexkTOop asoHHHT Vy KHCM (a3oCuHH
omb, u:Vy-V akc aTTupuiuHd u(X) =X ped® aHMKAacaK,
PaBLIAHKH, YM3UKJ/AH ONEPaTop XOCHA OVJadu. YHUHT sapocu
0 anementTaanH wOopaTt, ABHH & — MOHOMOpdu3M. Jlexuu V,5=

%V xoana # 3nuMopdHIM 3MAC.
3. E=R"* F =P"(x) (P"}x)— papaxacu n — 1 jau

karra OysMarad kynxaanap ¢asocm) Oyaca, u: E—~F onepa-
TOPDHH KYy#ilaruya aHukJaiMu3:
Il(((ll Ayy vy QAn )) =a, + a, X + s e _il" anxri—l.

# 4u3uKJIu oneparopaup. apxakukar, a =(a,, a,, ...,
, @n), b=(by, b ..., by) uxtuipuit BextOpsaap Gijaca,
y X011a
ua + b)y=ufa,-+b,, as+by,..., a,-4-b,)=a,4- b, +
+ @+ b)x+... 4 (@, Fo)x " =(a,-+ax+... +

+ @ux"=) 4 (by 4 byx 4. .. - b, x"1) = u(a) -} u(b).
lynra yxwai

u(ha) == hu(a).

By epaa u snumopbusMaup. Xagugarad, P"—I(x) dasona

HXTHEPHH
fx) =a,+axx 4+ ... 4 ax"!

KYNXaiHa oacak, y ywoy (a,, @y, ..., @,) ER” BEeKTOPHHHT

TACBHPH, S'BHH U (24, Qg ..., &,) = f(X).
IHy Ounan Oupra u MOHOMODPODH3MIAMP, UYYHKH K(Q) ==
=u((a,, a; ..., a,))=10, asuu a, +a,x -. ..+ a,x"!

a#HaH HOAra TeHT KynXam 6yJca, aareGpaHHHI acOCHHA Teope-
Macura OMHOAH YHUHI XaMMd KO3pdUUHEHTA3pPM HOATA TEHT:
a,=a,=...=a,=0. Jemak, keru=(8}. lUyunait xumuo,
1L H30MOPGHH3IMIUD.

Xap KaHAaH HUKKH YM3HKJAH (£ Ba U ONepaTtop YYyH yJap-
HUHT HMFHHIAMCH Je0 artajaaurad i --v oneparop Ba i one-
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aTOpHM A coHra KkymnafitMacn fe6 aralyBuH Aw Oneparop
KyWHIarHya ‘aRHK/HAAH!

(1 + D)(x) = u(x) + v (x), () (x) =)a(x).

Ulynnait kwmb, £ nu F ra akc 3TTHPYBUYH oneparopaap
rynaamy Oy amasnapra HucOaTan BeKTOp a3o xocHa KHJI2]IH.
By sexktop daso Z (£, F) Ounan Gearmnanam. Arap £ = K
6yaca, Z(E, K) dazo £* KYPHHHIUAA C3HJANH Ba YHH L ra
an2e0paux Kyuma $as3o Leianiai.

SuAK 4 YH3MKAH aKce 3TTUpHwHK OyTyH F ¢asoxa smac,
 Ganxku ynuHr L BekTop KuCM (a3ocuia aHukaanran ne6 da-
pa3 KHAaliHK. YHA2 L TynJaM & 4MSHKAH 8KC STTHPHIUHHMHT
apUKJAHNII cOXacn Jledmnagd Ba dom u Ounan Gearusauazu.
1L UMBHKJH aKC STTHLUWHUHT (L) kuAMaTtaapu coxacunu lmu
6unan  GenrunaiMu3 Ba K UH3HKJAM 2KC STTHPHUIHHMHI Mmac-
gupit €KH axcu J1efiMuU3.

Ouan 6u3 14 4KC STTHPUIWIHHHT Tpaduru TYIUYHYACHHH
kuputamu3. EXF kynafitmannnr (x, 4 (x)) (Oy epaa x asne-
mMentT dom u TVMAaMaa V3rapagu) KYpHHHIIJAArH HyKTajap
TYMJAMHHH 4 HWHT 2paduei nedMu3 Ba gr u Ownan Genrn-
Jaimu3. Pasluanku, arap # YH3HKJK akc 3TTHpHIm O6yaca, y
xomaa gr u tynnaM EXF BekTop (asoHMHI BEeKTOp KHCM
dasocu OFaamy. .

EXF xyuaiirmana G tynnam Oepuwirad 6yacun. ¥'3-y3u-
naH OyHaait caBosl TYFWIaAW: Kaujaad wapraap Oaxapuica,
G tynaam E upur Oupop xHcM $pa3ocHia aHHKJIAHTAH Ba Kuil-
matiapu £ pa Oyaran Oupop # aKc STTUPHMUIHMHT TpadHrH
O6ynaau? Papuwanky, arap G O6Wpop U aKc 3TTHPHIUHUHL rpa-
¢urn OyJca, y xoana gydwjaary wapt Oaxapuiaiu: Xap KaH-
Aafl XCE aneMeHT YUYH Kynu Oujaan Ourra YEF 3NeMeHT
MaBXYAkH, (x, V)EC.

Axcunya, G £XF tynnam yuyH i0Kopuja €3iiran apt
Gaxkapuiica, y xoJ3a G OHpPOp 4 aKC STTHPHILHUHT Tpadury
6Ynann. Dy akc STTHPMIIHMHT AHMKJauuwW coXacH OVJran
dom u Tynaam wynpa XCE aneMentiapgaH HOOparkH, X
YuyH Kamuna Ourta (Jemak, iwaprra OuHoau ¢akat OuTTa)
VEF 35eMeHT MaBKYAKH, (X, y) €G. By xonpa y = u(x) 6y-
Jlanu.

Arap G ra gywumua waprt KyiuG, G tynaamuu E£XF
HHHT BeKTOp KHCM (a30CH jecak, Y Xoaaa Xocua OyJran u
4KC¢ STTHPHIN uyu3hKau OVJagu. By Myaoxasdanapaan Ky#upary
Teopema Kean® yMKajH.

2-teopema. EXF gexmop ¢pasoda 6epuazan G myn-
Aam E oa anuxaanzam, xuimamaapu F za meezuwau
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OUpOp W HUBUKAL AKC IMMUPLUIKUHE 2p1Pun OYauuu
VYK Kyidudazu ukkn wapm 3apyp 6a xugosdup:
(1) G mynaanm EXF gexkmop gasonune sucs gasocu;
(2) azap (8, y) v.aemenm G mynaawza mezuwan 6)'.4-

ca, y xoada y _9
Duau OM4H3NKAR AKC STTHDHIU BA GuuM3NKTH  hopMa 'ry-

wyHuanapura YTaMH3.
E, F, G sexrtop ¢a3omap 6§aud, w: EXF -G OGupop
akc a1Tupuw Oyscun. Arap uxtudpuil y3rapmac e € £ yuynu
Ba lr 2 E l(’ fh f2 E F yqyu
“ue, Lfy 4 why) =hule, fi) +nule, fo)
xaMga yarapmac f vuyn Ba A, peK, e,, e.€E yuyn
u(rey + wey, f) = hu(e, f) -+ pu(es,f)

MyHocabaraap - 0axapuica, y XoJaga i fuqusuxan akc 3m-
mupuw, Aewwlagun. bowxaua xuamd aitranga, « (e, /) akc
TTHpHII OHp V3rapyB4YHHH TalMHAa0 o0Jrania, HKKHHUYH ¥3-
rapyBuura HUCOaTaH UH3HKIH aKC STTHpHUL OYjamu.

Ulynaalt knmud, u: EXF—-G Onuusugan akc STTHPH L

Oyaca, y xoaga uxtuépuit e,€£ yuyn
u(ey,.): F-G
Ba uxTHépuit f,€F yuyH
u(-y fo) s E-G

UM3HKJH aKC 3TTHpHIuJIap OyJaau.
Xycyeuit G =K xoana
usExXF->K

OHUM3HKJM aKC 3TTHPHL Ounusur.an Popuma éxu Ouvusuxau
PYHELUOHAL NehnnaaH.

Mucoanaap. 1. V==Cla, 6] 6yiacau. u:VXV->V akc
STTHPHIUHN KYHWIaruda aHuKIAAMHU3:

iy ll(fg) fg’ f,gQC[a, b]'
4 OHUM3MKAM aKC STTUPUII, UYHKM

u(hfy + !‘fzg) ‘“("fx I "‘kf:g"r nf.g =
= hlt ( 1 g)’l'P‘u f..v g

ynra §xwaw
u(.fv)‘gl + P‘g‘l) = }‘u (fvgl) + t"‘u(f, g?)-
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2. V=R" 6yacun a u: VX V—>R' akc sTmHpuin Ky#iu-
Jariua aHHKJIaHCHH: :

n
u(a, b) = a; b,
i=1
6y epla a == (ay, Qy, ..., 4,), b=(b, b,,..., b,
1t OHUM3MKIH SKAHJIHIH OCOHJIMKYA HCOOT/IaHAAU (TeKuiupub
K)”!pHHl‘).

.

MAWKJJAP

1. Q pauponan connap Maigoum Oyacun. Mxtuépuit r
pallHOHal COHHHHT « XaKUKHA COHra KynaiTmacH ogaTaaruaek
6yacut. R ¢a3o Q MaiIoH ycTuaa BeKTOp ¢a3o OyJamumu?

2. UxTuépuit xoMmnjekc BeKTOp ¢$a30 XaKHKUH BEKTOp
¢a30 cudatnia KapasiHiIM MYMKHHJMTHHH HCOOTJIAHT.

3. C KOMMJEKC COHJap MaHROHMHH XaKHKHH BeKTop (a3o
cubatuaa onamus. by dasoma 1 Ba [ 3j€MEHTVIaD YH3HKJIH
3PKJAR SKAHJIUTHHH KYPCATHHT. By QasoHHHT Y/I4aMHHH TOTMHT.

4, n yJayaman KOMILIeKC BEKTOp (ha3oHH XaKHKUH BEKTOD
¢a3o cudaTHia Kapaiacd, YHHHT YJA4yaMd HMUMara TeHr OyJaau?

5. Cla, b] BexTop ()a3OHHHT Y/AyaMH YEKCH3 3IKAHJHTHHU
HCOOTNAHT.

6. R" Bextop ¢azofa yumoy

V=I{x=(a,, a,..., a,):a,=a,}

TYILIaM BEKTOP KHCM (a30 3KaHJIMTHHH HCOOTIAHT, YHUHT
V/IYaMUHI TOTIHHT.

7. Cla, b] ¢azoma 1, x, x*, ..., x", ... pyHKUHAIID
TYIJIAaMUHH OJIaMK3. By TYn/IaMHUHT YH3UKAH KOOUFHHH TO-
TIHHT.

8. I, dasopa {x,}> , 31EMEHTIAp CHCTEMACHHH.KY AHRArH-

n=1
4a aHUKMaHMH3:
xn=(0,0‘.-., O, 1, 0,0’ 'C.)
———  ————

n~—1
By TynaaMuuar yusuxau KOOHFHHH TOTMHHT. Y [, ra TeHrMu?
9. Ymoy [+ [pl <1 TEHrCH3IHKHH KAHOAT/IAHTHPYBYH
HXTHEpHHA 'A, p COHJAD YYYH

M 4-pAc A

MYHOCa6aTHHHT Gamapumimd A TYRJIAMHMHT ab6CcOMOT Kapa-
PuK O6yamiun yuyn 3apyp Ba Kudosaup. Mc6oraanr.
10. Kyimparn teopemanu wuc6orhanr: V' BekTOp ¢asona
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a6comot KaBapuK OyJran A Tynaam 10TyBYH OVJIHWMK YYYH,
ywoy
V= G_IZA

n=1
MyHocabaT 3apyp Ba Kugoaiup.

11. R" $pa3on1 OMDHHYH KOOPAMHATANIIPH HOMra TeHr GyJ-
rag BekTtopaapaan udopar V, xucMm ¢asoun omaums. RV,
(dhakTOp (ha3OHM AHHKIAHT.

12. Moc pasuwaa # Ba m ya1avmag O6yaran R" sa R™
(a3onapHi OJIaMH3.

T=(ay) i=1,n j=1, m

n CaTpaH, M YCTYHAHW Matpuua OyJacuH. R* Pa3oHHHT X =
= (X Xoy v .y Xp) JEMEHTHra Tx = Y2 -+ oy Y )ER™
BEKTOPHH KYHMAArHYa MOC KVHMHU3:

n

-4 —

yi= Za'ijxh J=1,m.
=1

T HUHr YH3HKJAM OTEPaTOp 3KAHAUTHHHM HCOOTAAHT. AKCHHYA,
uxtuépuit T ¢ R"—+R™ uM3HKIH OnepaTop wyHAal «{puHuiLAa,
STBHH Matpuua €paMuaa E3HIHIWHHI KV DPCATHHT .

13. V Bexrop d3011 uxtuépuit V, Bextop xuiM ¢isouu
0/md, KyAUAArd HU30oMOpIH3IMHH HCIOTAAHT:

VVyXV,=V.
14. ut E~F un3ugaa onepatop 6y.ca,
E'ker u=Im u
H30MOpPpUIMHH HCOOTIAHT .
15. V Bekrop ¢130 y3uamar V, Ba V, kuxm $aso napu-

HHHT TYFPH AUFHHIMZH OYicud, sivhn V =V, PV,. Kybhugaru
H30MOPPH3IMHH HCOOTJIAHT:

v’ g V‘.“‘ V2
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I 606

METPUK PA30JIAP .

2.1- §. Metpuk ¢asoaap

MareMaTHK aHAMM3HHHT ACOCHH aMamapuiaH OMDH JIHM UT-
ra YTHIU Tylw yHyacuaup. By amamuu TYFpH 4H3HK HYKTalapu-
faH MOOpaT TYnJaaMia Xopuil 3THWAA OH3 MKKKH HYKTa OpacH-
pard Macoda TylIyH4HacHAAH JouMo GoHianannd KearaH 3uK.
AMMO JMMUTra YTHIL MacaftacH KeHrpox Kapanaauran OyJica,
acoCHil MasMYH OAMHTAH TYNJ&EM  3JeMeHTAAPHHHHT TaOuuit
TY3HIMWHAA 5Mac, OaIKH YHWUHI HKKH 3/€MEeHTH opacuia Ma-
coba TywyHuacHHH xkuputa Ouamwaanup. by mynoxasa ¢pan-
ny3 Matematuru M. Ppewenn 1906 #Huaga Merpuxk  ¢aso
TYLWYHYacHra oaul Keaju.

Tabpud. Arap 6upop X TynjaMHUHT Y3HHH ¥3ura TYrpu
(exapr) kynafitMacn XXX Hu Ry = [0,00] Tynaamra akc
STTHPYBUM p(X, y) GyrKuma Oepunran Oymub, y KyHuiard
apTaapHi (MeTpuKa aKCHOMAMAPHHH) KaHOaT/aHTHpca, X TyIi-
JaM Mempurx @aso neintaiu:

1% 0 (x, ¥)>0; ¢ (x, y)=0 mynocabar x=y 6yarania-
ruHa Oakapu/iaju;

2% o (x, y)==p (Y, X) (CUMMETPUKIUK ZKCHOMACH);

3% p(x, y)<p(x, 2)+p (2, y) (yubypuak axcuoMacu).

p (x, ¥) dyukuus mempura pehuntaau. Ofaraa, p MeTpu-
Katy X Metpuk daso (X, p) Ouaan OGearunaHanu.

Mucoamap. 1. X uxtuépuft Tynaam OyJjcus; yuiby

(x,y) = {1, arap X =y Oyaca,
PAXNY)I=1 0, arap x =y GVaca,
byukuua Merpux a3o aKCHOMATAPHHU KaHOAT/IaHTHPaH.

Xaétnan Oynjafi MeTpHKara MMCOJ Kearupamu3. X Ty nJ/am
cudatuaa Gupop TpaMsalt MaplIpyTHHHHr GeKartaapu TV rJ1aMu-

HH oJlaMu3. p (x, y) OpKanH X Oekatjad y Oekarraua Gopuul
YUYYH TyJaHaguraH XakHd OearnnaMu3. Y xoaaa

X, y) = 3 Tuiun, arap X # y O6y.ca,
P, ¥) =1 ¢ THHMH, arap X =1y Oyaca,
2. 1 Yayamnm R* BexTtop (a3043 HKKH X = (X;, X,,

cevy X,) Ba Y =(Y,, Y2, ..., ¥,) BEKTOp opacuaaru Macoda
yuoby

" RN
o, ) =(3 =y
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rd

KYPHHHUIAA KHPHTHICA, ¥ Xoa1a R” MeTpuK (a30HH TaulKum
sragn. 1° Ba 2" akcuoManapHuHr Oa’KapuiMiLUH y3-y¥3MAaH paB-
waH. bu3 6y Macopa yuyH yuOypuak aKCHOMacCHHH HCOOT-
AaiMp3. by akcnoMajgart TeHTCH3JHK

X =(x11 x'lv ey xn)’y =(y1' y2y s ey yn)r -4 2(311‘221 LR azn)
JEMERTNap YUYyH KYyHulard KypuHuiira sra 6yJanu:

/‘ n , n n
l/ E(xi — Y )2<l//2(xt — z1)* + l/z(zt — yi)*.
i=1 i=1 =1
(1)

Yuby OGearunauiapHy KUPHTaMH3:
X1 —2y=a;, 2 —¥1=0b;, Oyupan x; — y; =a; + b,

Y Xoana (1) TEHrCH3MHK KYHHEArH TEHICH3JHKKA KENTHPH-
BENTH

n /' ) n
1/;: (@ + 0 < l/ gaf -+ ;bi (2)
Yoy
n 2 n n n n
( 'a; b, ) =t o1 1 ¥ Wab;—ba)
{= / {==1 =1 =1 j=1 :

aiHuaTAaH Kydnaarun Kot — DyHAKOBCKHH TEHICH3/MIH Ke-
Jub yHKaaH:

n 2 n n
( s‘a;b;) <Ea’;’ Vb%
=1

by Tenrcusaukaan: .
n n

n n .
E(a, + bi)? =Ea';‘ - 22(1,1;, + Eb‘;’<

i=] i=l1 i= I==1

i=1 =1 =1 =1 * =1

Rt
- 2
Y zb,).
bynnaun 3ca kepak Gyaran (2) TeHrcuanux, neMak, (1) renr-
CH3/MK Keaub uyuxanu.
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3. I, Xakuguit ¢daso. 1.2- §, 6- mucoagarn [, ¢dasouuur
51eMEHTJIapH :

on
¢ S‘ 2
. o] lezl < 00
n=1
{1APTHH KAHOATJIAHTHPYBUK XaKHKHH COHJHM KeTMa-KeT/HKJap
sa. By ¢asona macoa KyhHuaaruya KHPHTHIAAM:

ln
/4

oo 2
p(x, y) = [E (xi — yi)? ] .
) =1

MeTpukanuHr OHpPHHUM Ba HKKHHYH AKCHOMAMIAPHHUHT
YPUHAWIATH DaBIUaH, yuybypuaK aKCHOMACHHHHI Oa)Kapuiuiiu-
i Kypcaramn3, Jlapxakuxkar, UXTHEpHH /2 HATYpa'l CoH Ba
{a}€ly, {b)€l, yuyn

v

n 2 n Yo n by

N ;2 N 42 .

S| <(Xa)« (X4)

k=1 k=1 k=1

TEHrcH3MMK YpuHauaup |2- Muconaary (2) rtenrcusauk]. By

TEHrCU3JIMKHUHT YHT TOMOHWJAArd XaANapHHHT Xap OHpH n-—-oo

ma JuMHTra 3ra, uyHen (@;)6ly, sa {hi}els. JleMik, van TO-

Monaard wdoia kamaiMaliiuray Ba yerapajanras OVJraHu

Y4yH JHMHTra 3ra Ba

1 o0 1 oo 1

\ . \2 Yoo\ T o \T

Saeoy < BaH{Ia ) o
k=1

==1 k=1

o]

Ouau [, ¢asopan yuta

X=(Xyy Xayo ooy Xpoo o)y Y=ty Yor - ooy Yuo o o)
Z2=(2y, Zar e vur Bpy .. )

HYKTaNapH{ OaMH3 Ba 2- Musoafard xadu Kyiuairu OGenaru-
JIALLIAPHKE KUPHTAMHU3: '

Ap=Xp— 24, Oy =24, — Yus
PaBuiaHky,

Xp—Yp=0ay+ b,

IOKopugaru (3) Tenrcusnuxkzan doiganrannd, KyHuMaaru Teur-
CH3/IMKHY KeTUPHO UMKapaMu3:

1 1
oo '2" oo Y
p(x, y) = L}:Zl(xk-—yk)’ } =L§l(ak -+ bp)? J2<
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1 1 1
= AT (& N\ [ T
< (2_}1“’?‘) + (k‘ébz) = [ >-41(7‘7k"‘f3’/e)2 ] +

1

92

-

+[z§1 (2p — ¥Y&)* ] =ux, 2) +p (2, ¥).

4, m ¢aszo. by ¢daso xamma uerapanaHrad XaKuKHd COH-
Ji Kema-xemnmamau ubopar 3Ad. Arap YHHHI HKKHTA
X=(Q, A2, ..., Cyy...),¥y=(by, bgy ..., by, ...) HyKTa-
CH YYyH Macoda

p (X, y)=sup la; — b; |

TeHr UK Ounan awukJaHca, m ($a3o MeTpuk ¢asora afinaHajiu.
Japxakukar, yuOypyak akCHOMACH KYHUAArH4Ya TEKIUPHIANH o

la: — e I<lar — bi] 4 1 — Ci|<Ssupla; — bi |+
'i' Suplbi — cl' =P (x’ Y) —+ P()’, 2'),
i

6y epaa 2 =(¢y, €3, - . .). DyHnzan
supla; — i | =p (£, ) < (X, )+ 0 (9, 2).

Ko/dran axCuoMaJapHHHI YPHHJWIHTH PaBUIaH.
9. X tymaam XaMMi AKHHJIAUIYBYH COHIH KeTMa-KeTJAHK-
Japaan ubopat OVACHH, ABHU

={x:1x=(ay, a,...); 3 lima,).

Paswanku, X< m, awin X HHHr Xap OHp 31eMeHTH M YUyYH
XaM 3aemenT. Jemak, X Aa m jarn Macoda KupuTwica, y
XaM MeTpuk (asona Xocua1 3tagu. by (azo ¢ Ouaan 6enrp-
JIAHANH.

6. s $a3o. X 3neMeHTIapH XaKWKHA COHMM KeTMAa-KeTauK-
Japiaan ubopar TynaaMm OVJCHH, SIBHH

={xX:i1xXx=(a, a, ...)}.

By tynaamaa uxkkn X =(ay, @, ...) Ba y=(b,, b, ...)
HYKTa opacuiaru Macodanu KyHuaarnya KHPHTAMH3:

N — k— Op
X )] = —
P ) 020 T+ lan—b,l . @)
Yuybypuak akcuoMacu ywby
ia -{- bl la, -
ErETS L+ || (%)
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TEHTCH3AHKAAH KeHO uduKamW, WYHHHT yuyH (5) HH ucbor
graMu3. @ Ba b HHHr uuiopastapp OMp Xun e apa3 xuiai-
AuK, Macanan, a> 0, b >0 0yacux, y Xoaaa
la+8 = a+b . a 4. b —
Tfjla+b] l+a+d lHa+bd ' t+a+bdb ™
a b
< | -+a + 146"
Quuu @ Owiad & HHHC HLOpafapH Tyfmma Ba, MacanaH,
lal > |6] 6Fncun. ¥ Xoama [a +- 6] < |al.
X -
uan fix) =1 — (x 5% —1) pyHKUMSIHM KapacaK, y yCyB-
yu OVaany, YyHKH
1

]WCX)==-TTj;f;F':>(l

JleMak,
la+5] la) |a] + l&]

1+la+b] = 1+]a) ~ 1+]a) 1+]6]" )
SIHa 6Hp 2=(Cy, Cay -+ » Cpy - -.) IIEMEHTHH oOJCaK, ()
ra MyBoduK,

< | |ar —cp o | jap—by + br—cg]

2 =S1,-—-‘. R k = Y — k k k R

P(x, 0) k:-l2k 1+ |ap—ckl| ;1 2k | + lar — br 4 bp—chl

LI . ;:_l_ |6 —chl __

=20 T Aep—bel 20 1 by —cl
= p(x, y) -+ p(y, 2),
ibHH yuOypuak axcmoMacu ucGoTnanajd.

7. Cla, b] dazo. [a, b] opaiuKaa aHHK/AAHTaH Y3JyKCH3
XaKkukuit gyuxuusnap tynaamn Cla, O] pa MeTpHKaHH KYHH-
Aaruya KUpuTaMu3:

p (x, y) = max| x(f) — y(9) 1.
alt<y .
MeTpuka akcHoManapHHHHT OCAKADHAHINHMHHM KYPCATHLI KHAHH
SMac. Macanan, yuOypuak axcoMacuuy ucOotTnaimik. Mxrta-
€pHH ¢ € |a, b] uykTta Ba X (f), ¥ (f), 2 () bysKuusap
YuyH ywby mynocabar OzyKapuiaau:
X -y =I[x@O)—z2O]+[zO—y D] <
S kO =) +lz () — y(O) s max|x () — 2 (O] +

5 +max |z()) —y (=0 (x, 2) +p (2, ¥).
YHAAH ast<hd

p(x, y)<p (%, 2) +p (2, ).

i 1 Iak—btzl

-l_.

<
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8. X tynaam [a, b] cerMeHTAA AHHKJIAHraH Xamma yJa4oB-
au Gyukuusiapaad ubopaT OYacHH. Arap HKKH GYHKUHA
dapKk KuJIaauMran HyKTanapaaH uOopaT TYMJIaMHHHT Y/A4Y0BH
HoJdra teHr OVjca, 6y (QyHKUHANap TeHr XucoOJaHaau.

Mkxkn x (¢) Ba y (t) (yHKUMS opaCcBAAry Macoqsamt yuioy
dopmyaa OulaH aHHKJIAHMH3:

b

N 1x@®) =y )]
P = )T m —yoi (©)

By xoa1 yuyH XaM yu0ypyak axKCHOMacCHHUHI OaapUIHILK
6- Mucosdary Kabu ucOOT/MaHA K, KOJAraH HKKH AaKCHOMAHWHT
Vpunauwaury paswan. by daso S [a, 6] opkamn Oearsianaiy.
Ulynn xam alHTHIW Kepakky, Oepwiarad TynJjamia MeTpuka-
HH TYpAHYa KUPHUTHL MYMKHH.
Macanan, (X, p) Merpux ¢a3o 6yacuu. X Tynaamga ky iu-
Aarn YHKUHSAIAD XaM METPHKAHH aHUKJanau:

a) py(x, y)=mir11{1, p(x,(y)};)>0 ‘
_ |1, arap p (X, y

6) p2 (%, ¥) =10 arap p (x, y) = 0, Gyaca

B) ps (X, ¥)=f (p (x,y)), Oy epaa
S0, 4 00) - [0, -+ 00) — y3ayKCcu3 K4BapHK Ba
f(@) =0 <> a=0 wapTHu KaHOATJAHTHPYBYH AXTUEPHIT
GyHKUMS;

) pg (X, ) =p (¢(x), @ (y)), Oy epaa
¢ X — X — OHeKTUB aKCJaHTHPHIU.

2.2-§. Metpux ¢azona sKHHIAWMW TYIWIYHYacH

Tavpud. (X, p) metpuk cdasopa Gupop {x,} KeTMa-ker-
auk Oepuiaran Oyacku. Arap n— oo na ¢ (x,, x)->0 O6y.ica,
6y kerMa-KeTaHK X (Da3OHHHT X 3IEMEHTHTA HKUHAQULYSEHIL
aefwaagu Ba X,—Xx €xu lim x,=x opkasu OGearuaaHaiu.

=00

By x uykra {x,}) xeTMa-KeTIHUKHHHI .2uyumu aefuiany.

l-teopema. Xap Oup AKUKRAQULYEHIL KemMa-KeMAUK
Oupuna aursumeza 32q.

Mcoor. [lapxakukar, X,—Xx Ba X,—y Oyacuy. Y xoi-
Xa yubypuak akcuomacura Mygodwg,

0o (x, Y)<p (%, x,) 40 (x,, V).

AMMO Oy TEHUCH3JMKHHHT - ¥HE TOMOHIL # —-00 Ja HOJra HH-
THZAH, AeMak, p (x, y)=0, spHu Xx=y.,
2-teopeMa. p (x, y) xacoda x éa y Iaemenmaap-

30
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WiLHE Y3AYKCU3 BYHKNUACE, ABHIL QAP X,—X 8Q Y,—>Y
6yaca, y X0-10a _
p (xm yn)—*p (x’ y)°

Mc6or. UxTuépuit Ttyprra x, v, 2, £ €EX HyKTa yuyH

o (x, ¥) —p (2, WI<p (x, 2) +0 (v, ¥) (1)

TEHICH3JHK YPHHAM. XaKukaraH xadm, yuyOypuak aKcuoMAacH-
aan ¢oinananud,

o (X, V) <p(x, 2 +p(2 Y)<elx, 2)+o (2 u)+p (1, y) (2)
TeHTCU3JHKAADHH €3uuMH3 MyMkuH. Byuaan

p(x, ¥)—p (2, )<p (x, 2)+p (¥, »).

By TeHrCH3JHKAZ X, Y OWIaH MOC PaBuWAd 2, K HHHI' YpuH-
JapHHH aMMall THPUACA,

oz W) —p(x, <X, D+, v (3

TEHrCH3NMK Xocut 6¥aamd. (2) sa (3) xan (1) kel yukaaq.
(1) nan (2 Ba u HM MOC paBHIIAA X, BAa Y, OWIaH aIMawTH-
pwica, TEOpeMaHHHI LWApTHra Kypa ’

lp (Xp ¥a)—p (X, V<< p(Xp X)+p (Voo ¥)—-0.
byHaan

P (Xn Ya)p (X, V)i

Kyfiuparu aanBo ¥3-y3ullaH paBlUaH.

3-teopema. Azap {x,} Kremma-xemaux x Hykmaza
AKUKAQUICA, Y X040a 0y KEeMMa-KEeMmAUKHUKE UXMUEpu i
{xne} KUCH Kemma-xemauzw Xam wy HYKMa20 AKUHAQ-
uaou.,

4-teopeMma. {x,| Kemma-cemauk X Hykmaza SKUH.
Aauca, 8a x,€ X anux 6up wyxma 6yaca, y xoa0a {p (x,,
Xo)} conaap mynaamu wezaparanzar 0yaaou.

Mc6or. {p(x,, X)} sKuHIAmyBYH COHMH KETMa-KeTJHK
OyJarasnury yuyn y verapanaurad OVJaiW; YHHHI IOKODH ye=
rapacunu M Ounan Oearwiacak, y Xoaga yuOypuax akcwoMa-
cura Kypa

P (Xn X)) <P (X X) 40 (X, X)SM +0(x, x0) = My,

SuAn Gab3u MeTpUK (ha30/1apAa AKHHAAWIMUI TYIDYHYACH-
HHHT MaBHOCUHM KYpHO YHKaMu3.
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1. 1-mucoagarn ¢asofad oaBHraH OHPOP KeTMI-KeTauy
AKHHJaWyBYd Oyauwu yuyyH Oupop noMmepaan Oowaabd GOy
KeTMa-KeTJUKHHHT XaMMa sneMeHTapu Oup-Oupura TeHr Oy -
JHLIN  Kepak,

2. R" ¢asofian OJMHTaH [X,} KETMa-KeTIHKHHHT X 3Je-
MEHTra SKHHJAWHILH YUYH X, BEKTOP KOOPAMHATAJMAPUHUHT
MOC paBuilfia X BEKTOP KOODAWHATAMNADHIA SIKMHJALUHILUH 3a-
pyp Ba Kugosl. ,llaplxaxuxar, arap R" pa p(xp X)=

F) (k)

(E (a ﬁk’ —a; ) ) — 0 (k- 00) 6¥aca, y Xon3a a; —ay,
1=1

=1,2 ..., n(k >oo) Ba, aKCHHua.
3. {x, (1)) xetma-xetank C |a, b] dasonunr sneMenTaapu-
IaH Ty3uwiarag Ba X, (f)—x ({) € C |a, b} 6yacun, apum

p(x, x)= max|x, () —x()| -0, n > oo.
ast<b

bynpan, uxtuéput ¢ >0 yduyyH wyHAal n, -no(e) HaTypan
COH MaBXVAKW, t€ |a, b] Gyaranga

max [x.(f) — x ()| <e.

agtgd

JleMak, t€[a, b] HuHr xamMa KHAMATAapH YUYH n>n, Gya-
rasja

|, (8) — x (D <e.

by 3ca {x,(f)} xer™Ma-KeTauKHUHT X (f) rd TeKHC SKUHJIAUIH-
WHHUAT XVAAR V3u. PaBwanky, akcuyua, |x, (f)} Kerma-xer-
mix [a, b] cerMentaa x (f) ra TeKHC SKMHAAWCA, ¥ XOMLa
p(x, x)—0. Hemax, C |a, b] da3sona MeTpuka MaBHOCHAA
SKHHAWML MABAYM TEeKHC SAKHHIAUIBT TYyiIyHyacd OwiaH
YCTMa-yCT TylIaju.

4, L,|a, b] ¢asoma ([XYPH], VI 606) axunsamnmnm

p- 6apa.7/(a/zu ypma MasnHOOQ AKUHAQWUW Odeliuaadu,
SbHE

5\

b
p (Xn %)= (j" | xat) — X(1)]° )7dt + O(n> ), p>1

p =2 GYJaranfa xeadpamur Ypma MasHO0Q AKUHAQULILUL
ned ranupuIagd.

5. {X;} KEeTMI-KETIHK m (DA3OHMHT TeMEHT/ApPHAAH Ty3HJ-
ran Ba X, —>Xx&m(k— 0o) Gyacuu, sAbHH p (X, X)=
= supla"”—-a; | -0, 6y epra ‘

=(@fa®, ...,ap ), x=(a, ..., Q ...).
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JleMaK, Xap Kaupail e>0 yuyH WyHIAH n,=r(e) HaTypan
cOH MaBXVAKHS k>n, Oyaradia .

p(xg, X) =suplal®) —a; | <e.
4

Byuaan, { HAHT XaMMa KWAMATA2pH YuyH k > n, GyJrauaa
al®) —a; | <e.

AKCHHYA, B>, OYAranaa { HHHC XaMM1 KHAMATJapH YUYH
lal®) — a; |<e

6ysca, Y XONAA PaBINAHKH, k- 00 Ha p(x,, x)—0. [eMak,
m ¢a3ofa MeTPHKA MabHOCHAR FKHHJALIKW KOOPAHMH ataiap
6viinua TeKMC SIKMHIawHwHu Oepagu.

" 6. s (a3ola METPHKA MABHOCHIA SIKHHAALIMIE KOODAHHA-
tanap Gyitua AKMHMAWHWHY Gepain (yMyMaw aiitranga, Te-

kuc smacl) Japxakuxar, xp=(a{"), af, ..., x=(a,, a,,...}
Ba X,->X(k—o00) OyicuH. ¥ xoaia
O ’

E ot 14| alF—ay| <& k> ).

-
—

Byunan xap Kauiafl [ yuyH XaM k> n(e) Oyarauna
1 jad® —q

—_— 7 <:\
20 1l —ay

Jlexun 6y TeHrCHATUKHUAT YA TOMOHHAL [ HH TaHHHIAG KV HuG,
k Oyfinya auMuTra YTHACA, KYHMAATH Mynocabar Xocuan G6y-
Jaju:
k
I(l(g ) - a; 1->0, k-»o00,

Akcunua, [ HuHT Xap Oup KuiMatd yuyH k-> oo pa [a(®) —
—a; | >0 6yacun. €0 Hu HXTHEpUH Kb 01ub, k HaTy-
pan coHHM WyHASH Taunal OJaMU3KH,

v |

\1 B €
O < 9

5 , I=k+1

Gyacun. ¥V xosma

oo k o
_N L el 1 laf—al

P(.Xn, -7‘) : ol m‘zf:? I+ la“")—ail +1=‘;‘+12l X
o al™ — a ol 'at(n) — 4yl €
AT el < ¥ TR T g

3—239 3
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VHr ToMoHAarn MHFHHAMAA XaMJADHHHC COHN uekau GyJaraH-
JNMrH yuyH k nu Talunaal K§iu6, 72, =n,() M wy Kaaap
warra Kuanb osamusku, n>n, OyJjraHia

k

1 la{™ — ay] €
- 27 T < 3
TeHICH3THK Gaxapuncud. Hatwxana n>n, Ofarania
?’(xm X)(E.

2.3-§. MeTtpuk ¢a3zonapra y3iyKCH3 akC ITTHPHLIAAPD
B2 (PyHKLHOHANAAD

MareMaTk ananmM3Aa GYHKLHAAGPHUHT Y 3JYKCH3JIUTHAAH
KeHr ¢olanaHuiany. SHaH OM3 Y3JAYKCH3LHK TYIYHYaCHHH
MXTHEpHH METPHK (Da301apHHHI 2KC ITTHPHUGDPH YYYH KH-
puTaMu3.

Tabvpud. X, ¥ metpux dazonzp 6§anb, X Hunr D gucM
TynazmMuuK Y ra axc 3TTupyBuH T onepartop Gepuiran GYaCuHH.

Arep D TynaaMpary X, HyKTara siKMaaamysuu Oyiran
uxTHépui {x,) C D KeTMa-KeTIuK YuVH YyIuOby

Tx,~>Tx,

MyHocabar Oaxapuica, Y xohja T onepaTop X, HyKTala y3-
AYKCU3 AeHunanu.

Arap 7 §3unuul aHHKJAHHII COXACHHHHT Xap OHp HVKTa-
cupa  y3aykcus Gynca, y xonna T y3.ayrcu3 onepamop
JAeHHIall.

bus T akc STTHPHIUHUET Y3JYKCH3SGHK TabPHPHHH KeTMa-
KeTAuKJALDp Tuauaa Gepauk. by TebPRGRu W€— 6% THAHKA X&M
Gepuw MyMxuy. Arap HXTREpm e>Q yuyH wynaaft 8 >0
MaB Ky Gyacaky, py (X, X,) < G IAPTHH KaHOGTJAHTHPYBYH
UXTUEpUHl X VYuyH

poATx, Txy)<<e

Mynocabar Gaxapuiaca, 1 onepatop X, HYKMAoa yY3ayKci3
nepunamy.

Dy ®KKM Tabphd TEHT KYUJH - 9KAHIMIW MGTEMATHK aHa-
ausga QYHKURAGEP YuyH uWcCOTIaHMIUMra yXwam KypcaTu-
Jaaan.

Tabpud. Xycyeuit ¥V'=~R' xoama y3aykcu3 oneparop
y3aykcu3 QYHKLUOHAA AeBUNaiH.

Mucoaaap. | ¥3aykcu3 akC STTUPULIHMHT MYXHM Xy-
Cycuil XOiH OJ/IrGH H3OMETpHA TYIIYHY2CHHH KHPHTEMH3.
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x, o1 ) (V5 02) MeTpHK ¢aszoaap 6ymd, X Hu Y HHHT  yc-
'r[u;a aKC/MAHTHPYBYH V3apo OHp KHAMATIH @ aKC ITTUPHIL
Gepuarad Gy ICHH. Arap yudly

po(p(X1), @(x.))=p1 (X1, X4)

Myuocaﬁa'r X Ga3oHHHT uxmépgﬁ X1, X, JEeMEHTVIapH YUVH
GAKAPUICE, ¢ U30Mempis Aeiuraju. 5
Bepocnta Kypuuu® TypuGAMKH, arap ¢ H30MeTpusi Gy.ca,
y X0712 @ XaM, ¢~ xaM y3aykcu3 OVaanu. _
2. X ¢asona pr Ba py MeTpuxanap Oepuarad GyacuH. Arap
wyHAai ¢, B MycOar coHnap Tonuicakd, yuly

a0y (X, ¥) < po(x, ¥)<Por (X, V)

.

Mvyocafat xacMMa X, y € X aaemeHTaap yuvH VYpuuim Gya-
ca, py~Ba py IKEUBAACHM MempuKkaiap Aelinnany. .

DHAX 1, Py OSKBHBATEHRT Merpuxasap Oyacun. (X, pp)
metpuk asond (X, p,) MeTpHK ¢asora xyiMaariada akc 3T
THPAMH3:

Tx=x.

Papwanky, T y3apo Oup KHIM3TAM aKC ITTHpHLI. OKBH-
BaNeHTMK Tabpudura acocaH

PQ(T'xv T,V) = ?’91 ’(Xv }').

AeMax, T—y3aykcen3 ake arrupuui. Yiwby

-1 -1
awr (Tx, Ty)splx, ¥)

TCHTCH3HKAEH T ! 8KC STTHPHIIHHHT Y3JYKCH3JIHLH KeauG
UHK2]H. .

Arap p; Ba p, MeTpUKIAP Xap Xua OVaca, T akC 35TTH-
PHUW H30MeTpHst GY.Malad.

3. Arap X 2.1-§ huur |- mHcomiiaty MeTpHK ¢230 Oy~
€3, ¥y xoana X nu uxmuipuit ¥ Mertpux $aszora akc 3TTHpYB-
9 nxruepuit T oneparop ysnykcus Oysaan. By xocca wy
METPUK (13044rM AKMHIAWHMI MABHOCHASH O2BOCHTa Keus
HHUKan.

4. 1, asonn R' pasora KyiHaaru4a akc ITTHPAMM3:

X ={a; } = szementra f(x) = l//

o
oL .
Za ; COHHH MOC KV
i1
MES. By awc srmapuwr (Pymxuvoran) [, (asonunr MeTpixa-
CHFa kucOatan yanykcua. JlapxakuKar, arap X = (2;, a,, ...)

3
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y={(b1, by ...) Oynca, v xonga 2.1-§ naru (2) Teurcus-
JHKKa Kypa

if(x)—f(y)|=l1/ Sa_ )/ s

< ]/ g(ae —b: ) =op(x, y).

Dy wmynocabatiian JfHuUHT Y3AYKCH3ANTH KYpHHHO Typubaw.

Awmmo [, da3zofa S (hA30HHHT METpHKACHHM KYpcak, f y3-
JyKcH3 Oyamadas. Xakukaraw, S thazosaru Merpixa 0Vyituua
AKHHJALWHIW MabHOCHra acocad (2.2-§), ywoy

X, =(0,0,...,1,0,...)

KeTMa-KeTIHK nofra sixkuHjaawysun 6ysanin. Ammo f(x,) =1
HOJMTa SIKMHJAAWMalAY, NeMak, Wy MeTpHKaga f V3ayKIHAND.

2.4- §. Merpuk (asoaa oudx Ba €nuK Tynaamaap

duau (X, p) MeTpuk (asofa Gab3u OHP reoMeTpHK Ty U1y H-
yasaap KupuTamu3, bupop X, € X nykrta Ba r >0 con Gepunrax
OVacuH., Yoy

S(xo, 7)) ={x € X:p(x, x;)<<r}
tynaam X dasonard o4uk wap Ba ‘
Sxo )= {XEX10(x, x)<r}

TYnaeM €nuK wap ReHMNEIM. X, HVKTA IHAPHHHI MAPKQA3L,
¥ COH uapHuMHT paouycu aeiuaain. Ywoy {x € X :po(x, x,)=
e=r} TYNJaM MapkasH X, HYKTaje, paudycu r oyJarayg cgepa
nefiunand. S (x,, &) OuHK W&p X, HYKTaHUHr arpodu (AHUKEO-
¥H, - ampodu) neHunanu.

(X, p) merpuk d¢asogaru M TynaeM Oupop wap HYHAA
wobnawran OyJjca, Oy TVuJaaM #ezapa.tarHzan AEHHIALRH.

Tavpud. (X, ¢) Merpuk ¢da3ona Oupop M Tyuiam Ge-
puarai OYJaCHH. Arap X, € X HYKT:HHHT MXTHEpuH arpoduia
M TYOneMHHHT KaMua OHTTA JE€MEHTH MarKyld OyJca, sibHH
Xap Kanla#l € >0 yuyH

S(xOv E) n M?& @

“
ypuuau 6yaca, X, Hykta M HHHT ypuruw Hyxmacw peiiu-.
Janad. By Tywynuara gKHH OGyJAraH JHMHT HYKTa TyLIYHYa-
CHHH KHPUTaMH3,

36
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Tabpu®. Arap x, € X HyKTaHHHI HXTHEDHA aTpoduia M
CYOTAMHIHT X JAaH $apau SJeMEHTH MABXKY A 6y.aca, Xy HYK~
ga M HHHT 2UMUM HYKMACU NEHAT2IH. o

Tabpudpaapian  GeBocura Kypuxud UTypu6zun<u, HXTH PHIY
AHMHT HYKT} YPHHUUI HYKTacH XaM OyJiagn. AMMO  ypuHHW
HYKTaCH JIMHT HYKTa Oyiin wapT sMac. MacanaH, Xaku-
kuit cownap (R, p), ela, b)=|a -?I MeTpuk ¢asocuta (0,1)
opaTMK Ba ,2 HYKTallaH XOCW1 OyaraH TynmaaM yuvH 32“
HyKTa YPMHHUW HYKTacH, aMMO JMMUT HyKTa smac. Lly Tyn-
nam yuyH |0, 1] cerMentHunr Xap Oup HYKTAaCH JHMHT HYK-
TalHp. —_—

M TYRJAAMHEHT YPHHHUI HYKTajJapu Tynjamu M Ouiar
GgearuwaaHaa Ba M HuHr énuamacu penwnann.

l-teopemMa. Mxmuéputt M, My sa M, mynaramaap
yayH xyaudazuw myrocabamaap ypAHAUOUp:

1) McM,

) M =M,

3) arap My <M, Gynca, y xoma M c?ﬁg

4y My yMy=M, J M,. -

Mcobor. bupiaun xocca pasuad. MKkuHUKH XoCCaHH HC-
boraitmi3. Bupiuu xoccara acoczaw Mc=M. [LlyHUHT yuyR

Mc M myuocaGatnu ucBoraaw etapmuaup. x € M 6yacad.

Y xonna Oy HyKTaHuHT HXTHEpHil e-aTpodula M ra Terwim
X1 HYKTA TOTMWAAIM; CYHT X; HYKTaHUHC & =€ — p(X, X1 )=
0 6yaran ¢, - atpopuHn onamus. Arap 2 € S(x, , & ) 6y.aca,
AbHY p(2, X) )<<le; Oaapwica, y X0J1a

2, X)<<p(z, X)) +p(x1, X) <er + (5 —e& ) =gk,

STBHU
z € S(x, ).

[yunait kiomd, S(xp, & )=S(x, ). Ammo X €M, nemak,
X1 HUHTr € -aTpodHaa M ra TerHmnaH X, HyKTa MasxyA. Uly-
HUHD  yuyH Xy €S(x1, & )= S(x, €). Jlekun S(x, ) map x
HYKTaHUHT HUXTHEPHIl e- atpohi 6Yarann yuyH x € M. Y unHuR
Xocca y3-Y3uiaaH paBwiad. TYpTHHYH XocCaHH HCOOTIaHUMU3.
XEM, yM, 6yachy, vy Xoada X HyKTaHHHT uxTudpHil S(X, €)
atpoduaa M; UM, ra Terduz x; 31€MeHT MaBxyd. Arap
XEM, Ba x€M, 6yaca, y Xonma X Huur wynnai S(x, € )
Ba S(x, e,) atpodaapu MaBKyAKH, Gy aTpopilap MOC PABHILAR
M, Ba M, Tynaamnap Gunan kecHuMaiiin, sbHH S(x, € )
ﬂM,. = Ba S(x, &)M,=¢. DHAH & COHHA & =
==min (e, e,) KHLWMG 0JICAK, Y X042 X HYKTAHHAT S(X, &) aTpo-~
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g M; UM, t§naaM Guian kecHwMaiiurad G6yJan3, 3uuusy
NOCHA Oyaamn. [lemax, OyHAuH Keqan0 uYMKaMIKH, X HYKTa
My €kn M, tynnaMaapaad Kamuga OGuTracHra  Terdulng,
ABHH

M, U My My M.

Teckapu MynocabatHuHr Ypuuauwaurn M, <M, UM, Ba M,=
=M, [y M, MyHocabarnapflaH XaMla Yy4YHHuUH XOCCadaH KeJHuO
YHKAH. ,

Tawvpud. (X, p) MeTpuk asoga M tynaam y3 &énua-
Macura teHr- (apHn M = M) 6Vyaca, y xonga M énux myn-
J2AM JeHWIalN.

1- Teopemapary yulHup xoccara OwHOaH M TV nJaMHHHT
€nuaMacH M H¥ §¥3 HuHMra oJyBuH 3HT KMYHK €nHK TYMjiam-
JHp.

Muconaap.

1. (R, ¢), p(a, b)=|a—b| tyrpn un3ukia uxtuepuii
[a, b] cerment énux TV naamaup. .

2. (X, p) vetpuk d¢asona uxTUEpHA S (X,, r) €nuk wiap
énuk Tyna:manp. Xycycan, Cla, b] merpuk dasona | )<<
<< K(f€]|a, &]) TeHrCH3AHKHH KaHOATAGHTHPY BYH () VHKLHSIAD
TY &M é NHKAUD.

3. Cla, 6] ¢asoma |f(t)|<<K(t € |a, b]) Tenrcuamukmu
KAHOATJIZHTHPYBYH (PYHKUMAAAP TYMJIeMH (OYHK 11ap) €nMy
smac. ¥Yuuar €énwimacu { f€C|a, b]: S (D) <<K, ¢ € |a, b]}
TV nJaamaup.

4. M xmuépuit (X, p) Merpuk ¢adosa X Ba J TYMjaamiap
STHKAHP.

5. Merpuk (a3zofa Xap KaHla# yekJad TYnJaaM EnuKAup.

2-TeopeMa. @) COHuL HeKAll €nux Mmyn.1amMiaprine
dururducu sIHQ énuroup;

6) conu uxmuépuir 6ya2an €nux mMYNAAMAAPHUHZ
Kynaammacu énuxoup.

McGoT. a) 6y xoccaHH MKKH €nuK TYMJIaM yuyH HCOOT
KuauHiwy kudos F,, F, énug TynaaMmaap OyJcun, fbHA

-F_l:‘ Flo F—2 = F:h
y xonda 1-teopeMamarn 4) xoccara Ouuoan
F:UF2=F—1UF_2=F1UF2~
Tavpudra acocan F,F, énuxaup.
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6) {Fa}s« €a €OHK TYONAMIAD CHCTEMACH Ba X yJdap K¥-
nailTMACHHKHE, SBHH F = (] Fa TYIJIaMHHHT YDHHHII HYKTacH
a

6y JACHH. Y Xoama x HuHr uxtuépuii e-atpobmna F HuHr Ka-
mila OHTTa, Macajlad, X, 3J€MeHTH MABXKYH Ba, AeMaK, o HHHT"
xaMMa  KufiMariapy yuyn Xx,CF, . [lemax, HXTHEpHE @ yuyH
x€F.=F., aemt x€NF. =F. Jlemak, F énug tynaam.,

Tabpud. Arap x nyxramuur M tynaamaa OyTyuaai
sofinamrad arpodu Mapkys OFiaca, X uykKra M TynaaMuuHr
peky Myxmacy aeinaalu. Arap M TynJIaMHHHr XaMMa HyK-
taflap HUKH OYuca, y owux mynaay nefiniaiu. byw TtVn-
JaM XaM OuMK Ael xucoOjaaHanu.

Mucoaaanp.

6. R tyrpu umsuxaa (a, b) wuuTEepBaM OUUK TYMJIaMAHP.
Xakukaran X €(a, &) Oyaca, y xonaa e=min(x —a, b — x)

VUyH

.

S(x, ) < (a, b).

7. (X, p) Merpux azona nxtudpuit S(x, r) ouny wap
ouMK TYNJaMAMp. XakukaraH, arap y € S(x, r) 6yaca, y xon-
12 e=r —p(x, ¥y) yuyn S(y, )= S(x, r). Xycycan,. 3- Mu-~
coagaru {f€Cla, b]:|f()|<K, t€la, b]} trynnam Cla, b}
MeTpux (pa3ona OYMK TYNAaMIup.

3-Teopema. G(=X) mynaamnune o4y Oyl Y1yH
yuune myadupyssucu F= X\ G mynaamnure énux 06y-
aumn 3apyp 8a  Kugosaoup.

McbGor. a) 3apypanru. G ouHK Oyacud, y Xoilla
xap 6up x€G nyxta Oyrynaait G ga xoHtawraH atpodra
sra. [eMak, 6y arpop F Guiadn kecuiumaigd. DByuaaH, pas-
WwaHkH, F HHHr GHpOpTA XaM YPHHUW HYKTacH G ra KupMaH-
Au, SbHM F €nuk TynaaM.

6) kudoaauru. F=X G énug Oyiacus, y Xoana G
AaH onHuraH MXTHEPHA HyKTa F OunaH KeCHiUMaHauraH, 1eMax
G na OGyryunafi xolnawrau atpodra sra, awhn G — ouuy
TYnaaMm.

_ Haruxa @ 6yw Tynram sa X $a3o xaMm ouux, Xam
E€NHY TynMaMapanp.

Uyun xam aiitu6 yTmw kepakkd, MeTpuk ¢asona OuHK
XaM Oysmaran, énux XaM G6yaMaran TYOJaMaap MaBxyd OY-
MWK Mymkun. Macanan, (RY, p)(e(x,y) =|x—y|) Xakukuf
COH.:ap merpuk ¢asocHaa A = [a, b) TynIamun onamu3. Pas-
WaHKy, A &nuk TynaaM 3Mac, uyHkH A = |a, b]#A. A tyn-
1aM oum Xam 3mac, [lapxakukaT, @ HYKTaHHHT Xed KaHAzA
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z-atpodu (@—¢, a+¢) A Tyraamaa OyTyhaal koiiawa o

mMaiian, Jlemak, A TynnaM ouuy XaM 3Mac, EénMK xaM sMac.
4-teopema. Conu uxmuépult 0yazan o4ux mynaam-

JAPHUHS QUFUHONCE 80 COHIE 4eKau O0YyA2an OYUK myrn-

AAMAQPHUNZ KYRAAMMACH 041K mynaasmaap Hyaaou.
TeopeManuHr HCOOTH KYHHAATI

=

NNG) = X\(UG:). YK \G)=XN([1Gr)

b

TeHIJIMKAAPHY Ha3apAa TYTCaK, 2- Ba 3- TeopeMaltapdaH OCOH-
JIHKYa Kenud 4HKalH..,

2.5-§. Cenapaben wmeTpuk (pasonap

__Tawvpud. (X, p) Metpur dazoga M, N tynaamiap yuyu
M D N 6Vaca, M TynaaM N Tynaamaa suu gednnaan.  Xy-
cycaH, M tyraam X ga3uy Oyica, v xoaga M Tynaam
xXamMua epoa 3ux myn.aas AeHAnIaaM.

Tavppud. Arap M Ttyuaam xeu Oup 1wapga 3u4y 06y.a-
Maca, y xoana M tynnam xe4 xaepda 3ue 3mac jNeduwia-
A4, SpHu arap uxtuépuit S wapHuar nuwaa M otynnam Gu-
Jah KecuwMahguran S wap tornuaca, M rTynaaMm xeu Kaep-
Ja 3H4 3Mac,

Tavpudp. Arap (X, p) MeTpux Ga3oHHHT XaMMa epuila
IHy OyJran CaHOKAH €KM uYeKJaH TynaaM Masxkyja 6V.ca, y
xoapa X cenapabesn ¢a3o pehunand.

Cenapabenmik  xoccacH HyKTan Haszapujan 2.1-§ gaaru
MHCOJ/II2PHMU3Ta KalTaMi3.

Macanan, 2-muconparn R" cenapabea dasoaup, Jlapxagu-
Kar, K? da3oa KOOPAMHATANAPH PaulOHAX CouJdapaan ubopar
OfaraH HYKTAM2p TYNJaMi CaHokaH Oyaud, R" HuHr XaMmMa
2pUAA 3i4.

Cla, b] ¢daso xam cenapabeagup. [Hapxakukat ko3ddu-
UHEHTA4DH pallkoH2] COHJapAaH HOOpaT XaMMa Kynxausaap
TynaaMe P, caHoxau OVauG, Yy XaMmMa Kynxaaap TynJaamit
P na 3uu, P sca MareMaTHK aHaau3jard Mawmiym Bedepwr-
pacc Teopemacura acocan Cla, b] nunr xamma epupa 3ud
Oyaamm. [emak, P, = Cla, b].

m ¢azo cenapaGea smac. by ¢asona xy#uzaru Ttynaam-
M OJIaMH3:

Q={x:1x=(@,a, ...,a, ...), ;=0 éxu 1}.
Papwanky, Q KonTHHYYM Kyssatra sra ([XY®H], 1 603).
10
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Arap QQ A3H HXKHTA TYpAH X Ba Yy 3JeMeHT OJHHCa, YyJap
;Jpac;mam Macoda

p(x, y)=suplar — b= L.

pyupad QoigataHul, m cenapaben sSMacaHrHHH HCOOT 3ra-

13, DYHHHT YUyH TECKApHCHHM, SIbBHH M HUHT XamMa epHia

auy OyJaraH caHoka A TynaaM Mapxya 1e0 dapad Kujaamma.
1

A HuHr Xdp OHp 3AeMEHTH aTpodujia paAHyCH e= 5 ra Tewr

'mapmf oJaMu3. ¥ XxoJaa Oy inapiJapHHHr HHFUHAHCHAA m (a-
30HHHT XaMMa 3JeMeHT/Iapu »xofl1awran Oyaagy. AmMo ruap-
JAPHHHT COHH KYnH OHJaH CAHOK/H OYJrand yuyH yJapHHHC
xey Gyamaranfa OUTTACHHUHI H4MAa (Q HHHI KaMHIA HKKHTA
TYpaM X, Y 3AeMEHTH xolnawraw Oynamu. Iy ukku X Bay
9JE€MEHT KHPrad LUAPHHHI Mapkasu X, HyKraga Oyacuh. ByH-

JaH ymoy
1 1 2
L=p(x, )<plx, X) +elxo <5+ 35=73

3uauaT KeaHO uyukaan. by 3uaauar sca Kwiaran QapasHmus
HaTHxacuaa xocua oyann. [JeMak, m cenapafen ¢a3o smac.
l-teopema. (X, p) cenapabea mempux Pa3oHuHZ
uxmuépuls X, gucs mynaasmu xasm p mempuxaza rucoéa-
max cenapafer mempur @Ha3ooup.
McboT. Ywby

EI,EQ’ LRI ) Em LRI (1)

catokd tynaam X da3oHunHr xamMa epuaa 3uv OYJCHH.
Ywby Gearunain KupHTaMu3;

a,=1Inf &, x), n=1,2 3, ....
x€ X,

Wxtuépuit n, m warypan comnmap yuyn inf nuur xocca-
J1apHra acoca wynnad X, ,, € X, HyKTa TONHIARHKH, ¢ (3,4, X, )<<
o . 1 >
<a,+ - Bupop ¢ >0 counn onaiimik Ba m coH — < =
Wapthy Kawoatawtupchd. (1) Tymaam X mUAr XamMMa epuaa
344 GYirann cababini UxTH3pUIl X, € X, YUYH wyHAQl 7 To-

UMKy,

€
0(En X< 3.
Hema,

' I I | 2
{(E’l’ xn-m)<an + Tn<P(§m x0)+ r_n.<%+% = ?35
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Y xonnma
> 2
P (Xor Xnam) <0 (%o &)+ 0Cny Xm)<g +F=¢

[Hynpafi Kb, HXTHEPHH X, € Xy HYKTAHHHT UXTHEPUH € ar-
popupa X, ,, €X, KYDHHHIIAArH HYKTa MaBXYl, SbHH
{Xn. m}nm €N TYUNAM X, (a30HHHI XaMMa €pHAa 3UY Ba, paB-
INAHKH, caHokJaM tynaaMm. [emak, X, cenmapaGen Metpuk Qda-
3o1up*.

2.6- §. Tyaa metpux da3soaap

MaremMaTUK aHAMTH3HMAT  YMYMHA KYPCHAAH MabJyMKH,
COHJIN KeTMa-KeTIMK sIKHHJamysuu OyJaHwH yuyH Kouwn
IIAPTHHH KaHOATMaHTHPHIUN 3apyp Ba kudos. By xocca mare-
MaTHK 4HaJM3AAa KATTa axamuArra sra 0Vaul, Xakukui couap
TYNJAMHHUHT , TYAAMHTHHKRY Ky DPCaTagy.

SDHAM XaKuKuil conlap ftynnamuHmHr Oy XxoccacH Xap
Kanfad MeTpHK ¢Aa30 y4YyH XaM YpHHIMMH N€eraH caBoa KV-
AW MyMkuH. Macananu aHMkpoK uoA3d KHAMul YUYH KYHH-
Jarg TabpHpHH KUPHUTaMH3.

Tabpud. Arap (X, ¢) MeTpux ¢a3ofnan oJHHrag {X,}
KeTMa-KeTIuK Kolin WapTUHH KaHOAT/aHTHPCA, SBHH HXTH-
épuit € >0 yuyH wmyRAaH :4/ HaTypal COH MaBxkya Oyaub,
p(x, Xp)<e TEHTCH3IHK 7 Ba M COHJADHHUHT /?2( JaH Karra
Oyaran Xamma KuliMariapy yuyyH Oaxapuica, y xoaga {x,}
dynoamenmanr Kemsma-Kemaux ReHnnaiy. '

Arap X ¢asdona xap xasiail byHIAAMEHTAT KETMa-KeTIHK
sKuHIalyBun OyJjca, y ¢aso myaa peinian.

PaBluaHkd, Xap KaHAall SIKHHJIAWYBYH  KeTMa-KeT/HK
dyugamentan. IOkopugarn caBoaHM 3HAR KyHujaruua udoaa
KWIHLII MYMKHH: Xap Kanjah MeTpuk ¢paso tynramu? By casoa-
ra 6epunaauran xapo0O xap LouM HxoOui 3Mac.

Mucoaaap. .

1. XamMa paunonan cownepaan ubopar X Tyniamia Macoda
p(ry, ro)=|r; —r,| dopmyna Gunan annkiraHcuH. Papinankw,
X wmetpux $azo; ammo Oy da3o Tyaa smac, UYYHKH, MacaflaH,

1 \n
{r,l = ( 1 -f,-—n-) } pPaLlMOHAM COHJMAp KEeTMA-KeTIHrH ¢yHIaMeH-

tat 0ynu0, wy X ¢asoAa sKuHJIALIYBYM 3Mac, fBHH y Xed
KaHNai pPALMOHAN COHra AKHHJIAINMaHAH.

2. [a@, b] cerMentAa aHMK/NAaHTaH XaMMa Y3JAYKCH3 XaKH-
Kuit QyHKUHANapAar uOopar TYMaaMuM o0, yYHAa Macodanii
KYyiniaruiya anukaaiMus:

b 14

o, y) =| [ @y —yyyat ) .

a

42

www.ziyouz.com kutubxonasi



. meTpuk p3oun C?[a, b] 6unan Gearuradimu3. Komun —
Svﬂmmacxnﬁ TEHTCH3/IMIHAAH doiizananud, 6}5 macorpa yuyH
qOVpYAK AKCHOMACHHHHT  YPHHAM/IMCHHH KYpPCaTHIN  KHAHH
omac. METPHKAHHHT KO/raH MKKH aKCHOMAaCH y3-y3miaw pas-
mait. JeMak, Oy MeTpuk ¢i3o. by daso T¥aa smac, uyHkH
6y METPHKAAd Y3IYKCH3 (yHKUMAJIAp KeTMa-KeTJUTH siHa
3NYKCH3 (PYHKUMArA  SKHHAAWMUIN  WapT 3Mac. Konkper
MUCONT KEeJTHPAMH3. Macanasn,

moo<t<l,
‘pn(”)={1. I <t<?

wcetma-ketank  C*{0, 2] ¢wona ¢yanrammearar. Xaxux arad,
yXTH3pHI 7, M HATYpad COHJM4P YUyH

& (% ) = 05 [9n () — 00 (8) 2t = (4" — 1™y dt =
0
1 2 ' ]

— 0.

T+l  mt+n+1 VU %m
AMMO Oy , KeTMa-KeTJMK Xeu Kauiah yaiayKcu3 QyHKIHAra

AkHHIamMaiay. Byrn ucOGoraauwl yuyH KYHHAArH y3JdYKIH
DYHKUHAHH K paMu3:

0,
S = {1,
Hxruépuit ¢ € C* [0, 2] GyHKUMA YuyH paBLIAHKH,

}."
N -

2 s
| e(f, ¢)= Lj (J(1) — ¢(¢) ydt ] >0.

Hemaxk,
0<Lep(f, P)<<p(/i9,) +0(90 @)

Uly Guaan Gupra
2 : 1l ',
p(f, mn)=[j{f(t)-%(f) ]’dt] = “t?ﬂdtj o=
0 0

. 1
’/211—}-1_’0'

Wynunr YUYH p (9,, ¢) xeu xaugai ¢ € C?[0, 2] yuyyn Hoara
HHTH Maliy.
2. 1-§ na mucon cabarusa KeJTHPUIraH XaMMa MeTpHK

¢§3°“"3P TYyAa. Y/apHUAT .6ab3WIAPUHUHT TYJAAUIMCHHE Ky AMAQ
KypcaTtamus.

Y
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3. Cla,b] daszouunr tynaauru By dasona {x,(!)}
dyHaaMeHTal KeTMa-KeTAHK OYJCHH, SiBHK

p(Xy Xpm) —0, 1, Mm— oo,

2.2-§ na Cla, b] ¢asogaru sxuHIAWHLI DYHKUMAIAPHHHT
TeKMC SKHHAQWHKIIMIA SKBHBAICHT 3KaHAHIHHH KYpCaTran
37HK.

Xap O6up Gepuiaran uxtHépnit £€[a, b] nyxrtama ywby
{x,(f)} conm kerMa-kerauk Kowuu wWapTHHH KaHOATJAHTHD-
rand yuyH Oy KeTMa-KeTIHK SAKHHJAWYBYH OVaans. Y HuHD
JUMATHHE Xo(f) OnaaH OGearunaiMus. {x,(f)} KeTMa-KeTauk
Xo(f) OyHKUMATA TEKHC SKMHJALIYBYHM OYJranu vqyu Xo(0)
dynkuns y3aykcus O6ynaau. Hatuxaga

P (X X)) =0, x5()€C][a, b]

Ba, aemak, C[a, 6] dazo Tyuaa.
4. I, pasounHr Tyaaauru. by ¢asonan ommuran {x,}

o0 \
(. = (@™, af®, ..., &, ...), 3 (@) <o)
=1

KeTMa-KeTHK (yHaaMenran 6vacuy. Mxtuépuit £>0 yuyn
IWYHAAR 7, HATypaJl COH MaBXYIKH, yJap YUYyH
o

P2 (X X )—i.a(a‘"’ a™y <z, n, m>n, (1)

Dyraan, xap Kaunail & yuywn
(a%”’ —alMy}<e, n, m>n,,
sbHH xap Owp £ yuyH {a-fg")} COHJIH KeTMa-KeTJHK SKHHJA-

myBYH. By KeTMa-KeTIMKHHHT JIHMHTHHH @, GulaH Gearunad,
X =(ai, ay, ...) SIEMEHTHH XOCHJ KHJIaMH3. Arap

v 2
2 a;< - oo Ba

Hm p(x,, x)=

n-—»o0

MYHOCa0aTIapHHHT YPHHAMIMIH KYpcaTuica, /, Ga3oHMHT Tyna-
JArd HCOOT 3TUAraH 6yna;m
(1) TeHrcu3mMKHM KyHuiarn KypuHHwaa €3aMu3:

14
(‘ (n) (m))2 = Y (n) {m) 2
a; a — a +
1— ( Qi 1211( 4 i )
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+ 2 (@ —ai™) <k,
I=p+1
6y €3 p —HXTMEpUA Hatypal coH. Byngau uxtuépuit p

yqu' ’w (n) (m}
?_{(a’l — ay )2 S €,

axu p OWIBH /M HH Tainn1ab Kyiuub, n 6Gyidnya JauMmuTra
JTHIC, ywoy

& (m)

2 (a—aT)<e

Teyrcu3MHK Keaud uuKaiu. DBy TeHrcHs/auk MXTHEDHH p YUYH
YpHHJH; WIYHUHT Y4YyH Oyupa p GyiuH4a JUMHTra YTHIU MyM-
KHH, Y XOJAa

oc

Y (@i —alm)? e, (2)

i=l -

Byuaan Ba Z (az'"))"’<oo xamaa a; < 2(a@™) + 2(a; —

ai™, (L—-—] ,« . .) MyHOCa0aTAaH Kyfuaaru TEHrCH3MMK
ermﬁ YHKau:

Jemax, x = (@, a, ..., .. .)€l Cyurpa e>0 uxtu-
€puit Gyaranaury yuyH (2) lxau

limp(x,, x)=0.
n—+oo \

9. m ¢asoHuHr T{dammru. {x,) KerMa-KeT MK ¢QyHAaMeH-
Tan 6yacun. x,=(al”, a¥”, ... YE€m 6yarawnurn Tydain
myngan {(M,} Kewa KeTJINK Mcm)xymm YHHHT yUYH la!™] <
<M, (i=1, . .) Ypunau -Ba . uxTHEPUi ¢ >0 yuyH wys-
Aait Il. HaTpr cou MABXKYAKH,

P(xny xp) {6, A, P >J10

EKt AL
n RN LI <. \._‘:'
sup |ai” — <5 ik, p St
Bynaay T -

M —alfl<e, Cnop>ngl 3)

MyHocabaruunr i ra HucOaTan TeKHC 6a>xappmumn Keau6
9uKaan. [lemak, mxtulpuit ¢ yuyn {a”} keTMa-KeTnuk 7

|af
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’»

Oyfinya sKHHJAIWYBYH OVyJadM; YHURU JHMHTHHH @; GWilan
Gearua a0,
X =(a,, a,, ...)

3MeMeHTHH XOCH1 KHWJaMH3.

Auan ywby x€m Ba p(x,, X)— 0 MYHOCABATAZPHH UC-
GornaiMus. (3) aa p ra nHcOaTaH JMMHTra YTHICR, XaMMa
! nap yuyyn ypunan OGy.arau

ot —a, |<<e, n>n, (4)
TEHICH3JHK KeJH6 uukaan. ByHaan
la) < |at" ) — a)) + e, D | <et Mppy
TEHICU3JHKHH XaMMa {°Jap Y4yH XOCHJA . KWIHLI MYMKHH,

ABHM X = (A1, Qg ...)EM MyHocabaT keau6 uugaid. (4)
NaH

(n _
sup laf” —a|<e, n>n, ~

éxn o(x, x)<e, n=n,. ¢ wTUCpER CYNTEHIHIN YUYH
6ynaan

(X, X)—0 éxn X,~— x (1 — o0)
MyHnocabar xern0® unkazu. Hemak, m — TVaa daso.

SBAH METpuMK (azofapHuHr Tynarurura oul 6ab3M xocca-
JIADHH KE/iTHPaMH3.

1-T eopema. (X, {) myaa sempux ¢aszoda {S, =
= S,(aq,, ¢,)} €nux wapaap remma-xkemaueu OepuazaH
O0yaub, Oyaap yuyw gyauoau wapmaap 0QraucapuACUH:

_S,,Hc S,(n=12,...) Ban— o pace,—0.
Y xoada 6y wapraprune YMYMui xucmu Oupzuna Hyx-
madax ubopam Oyaaou.

N c6or1. S, weprapuupur MapkasnappAsH ubopat Oyaran
KYAuAargy KeTMa-KeTAHKHH TYy3aMH3:

A1, Agyoovy Qpy oo o . (5

TeopeMa w:pTra Kypa @n €9, (p=1, 2,...). Wyuunar
yayH
P (Qnyps an) < e, €Ku P(qﬂ"\fﬂ’ an) — 0, #— oo.

Hemak, (5) ketMa-xetauk ¢ynfamentan. X Tyaa ¢aso
Oyaranaury yuyn Oy keiMma-keTsHK OBpop ‘@ € X 3/eMeHTra

SIKMHAAW YBYH OYAanH.
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Cynrpa, uxmépuit Sp €MUK 1apHK  ONiaMu3 (m — Talikn
ﬁa’l'\’pa-TI COH); y xomxa aebmv LIyHKﬂ [am, am—}-l,- . }/ HyK~
pagap KeTMa-KeTIHrd (5) HMHF KMCM KeTMa-Keraurd OyaraHu
yuyH @ Id_ SKHHIAUTYBUH, Oy KeTMa-KETHKHHHE  Xap Gup
SAeMEHTH S, Ta KHpaaH Ba S, énug Oyaranauru yuyH

acS,, m=1,2, ... .

w ————
N S..
TleMax, Em(_l Sm

-

m S -
um NS, ra @ HyKragaH Goiwika AHa Oupop b sneMeHT

m=1 .
XaM TerAuJIH O6yncun el ¢apa3 Kuaamus. Y xoapa, Oup
TOMOHAAH, X3P KaHaad /1 YuyH

O < p((l, b) g p-(d, arz) + P(am b) <:- 25.’1

myHocabat YDHH/IM, HKKHHUM TOMOHAAH, N—oo Aa &,— ()
oyaraHd yuyH p(@, 6) =0, SbHH @ = b.4

2-teopema. Azap (X, o) mempux gazooa I- meope-
MAHUNHZ WAPMAGPUHIL KAHOAMAARMUPAOUZAK XApD KAH-
oal énur wapaap kKemma-gKemauzik 0VuL 0amazan ymy-
MUl Kucxea 3za 6yaca, y xoada X gpazo myaa 6yraou.

Mcobor. |{x,} ¢ynaamenran kerma-KeTIHKHH oaud, 7,
HATYPA COHHM IWVHA4H Tanaad oNaMu3KH, UXTHEpHil p Hary-
pan coH YUYH KYHHIAard TEHTCU3JMK YDHHAM OYJICHH:

<o oo 1
yl.LlO}/ P(xnk+p’ xrzk) <Z

— P [ \

S,=S§ {\xnk’ ?;‘m) énuy WwapaapHH  Kypamd3d.  Arap
X€8s41 6¥aca, y xomua

I 1 l
P(X, xnk) < P (xv xnkJ_.l) ‘I"P(xnk+1, xnk) < Q‘E‘ PF ZT = ‘2'?_"1' ’
AbHI X €S, eMak, Spp1=S,. Teopema iwnaprura kypa Gy
COHK 1uapaap y/aapHUHT XaMMacHra TerHUlId X, 3J1eMeHTra

3ra. Arap {x,) KeTMI-KeTIHKHHHI X, 4 AKHHIAWHIH Kyp- -
Catinca, néopamua ucbor sTharan Gyaany. (Xp,} KHCM KeTMas

KETMMK X, ra sxMHMALANA, UYHKH
o
p(x,,k, xO) = 9k—1 - 0.
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y xoima OyTyH {X,} KeTMa-KeTJIHK X&M X, ra sKHHIaulaau,
YyHKH ywoy

g (xm xo)é? (xm xnk) _{" P(xnk’ xo)

TEHICH3JIMKHUHT VHT TOMOHH 7 Ba 1, €TapyiH Katra Gy.arasia
HCTANraH4a KHUHK KHJIHHHLWIH MYMKHH. .

Tyna wmeTpHK pasosap Hasapuscula KYHHIArH TeopeMa
" KarTa axamusTra ara.

3-teopema. (bap Teopemacn). (X, p) myaa mem-
pUK BA30KIL XA0AAPUNUHZ COHUL CAHOKANL 84 Xe€i Kaepoa
31y OYyAMA2AH MYNAAMAQPHUKE GUFUHOUCH KYPUHUMLLOQ
ugodaaalb 6yamaioun.

oo
Uc6or. Teckapucnun ¢apas kuaailmk, asun X= |J M,
n==1

Ba M, snap xeu Kaepaa 3uu OysmaraH Tyniemiazp OyacuH.
Sy panuycu 1 ra Tenr Oyaras UXTHEpHA €nuK wap OYJACHH.
M, Xxeu KcepAa 3Mu 3Mac, XycycaH S, Aaa xaM 3uu OyiMa-

1 .
Fahd YYyH PajuyCH - JaH KHYMK Sy €nHK Wap TONHIAQHKH,

SicSeBa SN M =g. M, rynaam S; wapaa sny 6ya-
Maraw¥ YyuyH Si HHHI HuMAa wydgaail S, 1ap TONWIAARKH
1 !

YHHHT pajuycH & AaH KHumK Ba S, [] My = @ Ba X0Ka3o0.

[lly rap3ga aaBoM 3THO, Ky#HuOard 1LapTjapHH K4aHOAT/IaHTH-
pyBuu {S,) €nMK wmapiap CHCTEMACHHH XOCHN KUJIAMH3:
NS>8 > ... 5,o...,
2) S, A M,=@,
3) S, HMHF PajiHyCH n—»>00 J2 HOJra VHTHJAIH.

o
1- Teopemara Ounoan [} S, ra rerHuwm x € X HYKTa MaB-

n=|

WyMaHp. S, aapuunr 2) xoccacura kypa -X€M,, n=1, 2,
..., A X€U M,=2X. By smumuataan X+ M,

n==1 n=1
KeMub YMKaaH.,

2,7-§. Tyaaupysun ¢a3o XaKuiaru teopema

by naparpagna dyukuuoHan aHaTM3ZArd MYyXuM TeopeMa-
Napaan Oupx OyJaran TYsaupyBYH (220 XaKHAarH TeopeMaHi
HcOoTaalMu3.

Tabpud. Arap X merpux (aso yuyn wyngai X* mer-
puK a30 MaBxkYA Oyicakn, X ¢a3o X* muHr XeMMa epuaa
3y Oyaub, X* da3o 1yna 6yica, y xonga X* Metpuk ¢aso
X &a3onuHr myadupyeducu REeHEUNAH.

48

www.ziyouz.com kutubxonasi



TeopeMa. Fixmuépui X mempux @azo myadupys-
quza 92a. Tyaoupysiu ga3o X HUHZ IAeMeRMAQPUHU
§3 jpruoa KOAOupyeiu uzomempus anuKgLL buaan
a20HA0UD, ABHU XAD KAHOQUL UKKU myaoupyswis gaso-
wiHe OUpUNI UKKUH4ucuza axkc smmupysiu sa X gaso-
wuH? Xap Oup HYKMacuwu §$3 YpHUOQ KOAOUPYSLU U30-
wempusi 0ouM Masxcyooup.

Mc6oT1. J[acrasaj, arap TyaadpyBud ¢aso MaBxyi
6yJ1ca, YHWHT STOHATHIHHH HcOOTJafiMu3. (X¥, p1 ) Ba (X**, p,)
dasonap (X, ¢)  (as’oHMHI TYJARUPYBUHAAPH “Gyncmq aeod
hapa3 KHIaliMK. BH3HMHM MaKCamuMu3 yuyH KyHHjars xocca-
napra sra OyjaraH @ X*—X** aKC STTHPHUIHHHT MaBxyJ-
JIMFHHH K {PCaTHII KHOs:

1) @ — usomerpus,

2) uxtuépuit x € X yuyH @(X)=X.

ByHaail ¢~4130MeTPHsIHH KYHHlariya aHuKJaiMu3. x* € X*
uxTHépuil HyKTa Oyacud. Tyaanpysun ¢a3onunr Ttabpudura
acocaH X* ra sKuHAawypuW Ba X HUHID 3J/CMERTAapuIaH
Ty3WAraH {X,} KeTMa-KeTiHK MapxyA. by kerma-xeTank X**
¢asora xam TerHwaupup. X** Tyja OyAraHaHrM YuyH {X,}
oupop x** € X** yykrara siKunaamysun OYaamu. ¥ 3-y3ugaH
paBuIaHKH, X** HyKTa {X,} KeTMa-KeTIHKHH FaHIawra GoFJIHK
sMac, #BHH arap {X } KeTMa-KeTaMK X* ra SsIKHHJALIYBYH
Gomka Oup KeTMa-keT/uK O¥nca, y Xosaa X** ¢asoma {x}
XaM x** ra gxuuiawysuyd Oyaaad. AKC STTHpuIInK @(x*)=
= X** k{punuinfa anukAaiMu3. PaBwaHkH, HUXTHEpHA X € X
YuYH ¢(x) = x. Jduau dapas guianuk, {x,} Ba {y,} nap X
¢asofard ¢yuaaMeHTasn KeTMa-keraukaap Oyaub, yaap X*
¢asona moc paemiuaa x* Ba y* uykranapra, X** (pasona
3ca x*¥ pa y** pyxranapra sxvuaawysuu OYJcun. ¥ xomua

p1 (x*, y¥)=I1lmp, (x,, y,) = limp(x,, v,),

Nn-s 0 n-—»
fa (x**v y**) = lim), (xm yn) = ”m? (xm yn)’
n- o0 n—o

ABbHH
p1 (X*, y*)=p,(x**, y*¥).

Wynna# xumm6, ¢ 6u3 wanaran H3OMETPHAIHD.

SHAM TYANHPYBUMHMHT MaBXKYAMHIHEH UCOOT KWIamua.
X Metpuk asona {x,} Ba {x } dyHAaMeHTAT KeE€TMa-KeT/IUK-
Map yuyn limg(x,, x) =0 Gaxapuica, GM3 yJapHu IK8U-

N-e®

Sarenm peimus Ba {x)) ~ {x,} kypunuwaa GenrnnaiimMus.
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V3-y3unan pasirankd, Oy MyHocabart pepnekcHs, CHMMET-
PHK Ba TPaH3HTH AUP, ABHH 3SKBHBAICHTIHK My;{oca()a'r[mup.
Hemax, X daszogarn QyHAAMEHTAT KETMa-KEeTIHKAAD TV IaaMu
y3apo 3KBHBaJeHT OYyJaran KeTMa- KETIMK2p cuxapura
axpanagd. Ouau Ou3 (X*, p) asonu anukaalivus. X* uunr
anemeHTAapu Ae0 ¥3apo 3KBHUBAICHT Gyaran quIamema,q
KeTMa-KeTJHK/Iap cuHrapura aitami3. Arap x*, y* € X* ukku
cuud OyJca, Ou3 yaapHuHT Xap OHMpHIaH MocC pasuuma Ourra-
pan {x,} Ba {y,} ¢ysaaMeHTal KeTMa-KeTJuKJapHH O0J14Mu3
Ba X* ¢dasona METpPHKaHH

pla®, y*) = limp(x,, y,) (1)

- 0

KYPAHUINAA aHHKAaUW  MYMKHH SKaHIurHHM  HcGOTAaNMU3,
sibHH (1) HHHC VHT TOMOHMAArH JIMMAT MAaBXKy[ Ba {X,}Ex*,

{V,} Ey* Bakuaniapra OOFIUK SMAC/HIHHH Kypcatamus., 2.2- §
Aaru (1) TeHrcu3JaMKKa acocad

o (Xns ¥0) =0 (X Y) | <0 (X0 X3) F0 (Vo Vo) (D)

dua {x,}, {V,} KeTMa-KeTIHKJAPHHHT (GYHIIMEHTAT IKAHIU-
rugy Xucobra oacak, erapiut Aapaxajga Karra Oyaran n, m
HaTypal COHA3p YuYyH

'p(xm y") —?(xm' ym)l e

MyHO cabaT KeauO umkagu. fbHU S, =p(X,, ¥,) Xakugui
COBAap KeTMa-keTaurn yuydH Kouww wapra Gaxapitiugy, sa
AeMak, lim s, maBxyA. Dy aumut x* Ba y* HUHC Bakua-

> R
Japura Ooramk 3mac. Jlapxakukar, x* cuudnay {(x,}, (x;l}
BaKiJIapHH, y* cundpan {y,), {y,} Bakwiiapuu oau6, yaap
YuyH (2) TeHrcHzaukka yxwaw ywmoy

lo G yu) =0 (o Y <o (Kny )00 ¥))
TEHT CH3MMKHY E3MunMA3 MyMkuH. CYur (X} ~ (X}, (¥} ~
~{y } O6Yaraun yuyH
limp(x,, y,)=limp(x, y,).

Jemak, o(x¥, y*) con MaBXKYL Ba X*, y* cnndmapmmr Ba-
KW Aapra 601‘.:';45 3Mac. Suiau Ou3 p(x y*) YuyH MeTpHK4
aKCHOMaMapuHy TeKWUpnO YnKaMus.

1) axcuoMa p(x", V*) HHHT TabpuduAaH Keub uuKaiu;
2) aKkcHoMa Y3-y3uaaH paBulaH.
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Y uOypuaK aKCHOMACHHH nucﬁor.rlaﬁmus. X dasona 6y axcu-
PUHJIH SKAHMUCHAAH doigananuo,

P (xn.’ yn) é P(xn’ zﬂ) + p (ZIU yfl)
geHrCH3INMKHH €32MH3. Cynrpa n Oyinua JMHTra yTCak,

limp (X, yo)<limo(x,, 2,) 4 Hmo(z,, y,),

a0 n—»oo n—+00

oMa Y

fAbHH . ‘ .
p(x*, y¥)Cp(x® z%) +p(2% ¥*)

TEHTCH3AMK KeHO uHKaau.
Juan X Hx X* suHr KucM dasocun ge6 xucobaaml MyM-

KM HEE KypcateMus. MIxTuépuii x€X anemexTra iy ane-
MEHTFa sSIKHHMamyBud OYAraH (QYHAGNEHTa] KeTMa-KEeTJHKJap
cuHpHHKM MOC KysaMu3. by cuHgp O6yui 3Mac, YyHKH Yy CTalu-
oHap OYJran (sbHH XaMMa X, 3JE€MEeHTapu X ra TeHr OF.-
rai) KeTMa-kKeTJUKHH V3 Hudra onaiy. Arap X =lim x,,

Nn-+ 0

y = lim y, Gyaca, y xoala

-H—+ 0

p(x, y)=limp (x,, y,).
- 0o
LUly rTapapa xep Oup X € X 3n€MEHTra KOKOpPHAa AadTHICaH
CHHHH MOoc KYHCcak, X HU X* ra H3OMETDHK aKC 3TTHPHLL
xocua O6Vaaau. LLlynuur yuyH X HA yHMHr X* Jdard TacBHpH

Ouran afiHan Oup e XucoOJanMH3.
X Hu X* HHHT XaMMa epuia 3u4 SKaHMrHHH Hc6GoThad-

MH3. X* € X* uxTuépuit 3nemeHT Ba € > O OyJacun. x* cuudra
Terdman 6yaran Oupop {x,} € x¥* dyHAMEHTAT KeTMa-KeT/HK-
HH ojiamu3. N HaTypad COH WYyHAaH OYJCHHKH, ywOly

p(Xn Xp) <€

TEHTCH3MMK UXTHEPHH m, n > N Conaap yuyH OaxapwiCHH.
Y xoaga m Gyimua uMmutra yTcax,
p (X, x¥)=1im p(x,, X,) <e
m-+&0
TEHrCH3AMK MXTHEpUE 77 > N yuyH Oaxapwiaau. [lemak, x*
HYKTaHHHr HMITHEPHA artpodHia X HUHT 31EMEHTH MABXKYA,

ABHH X Huur €énuaMacH X~ ra TeHr.
Huxosr, X* wunr Tyna skeHaurysn ucbotaziMp3. Appan

WyHn afimmu  Kepakkd, X® HMHT TubpiHra Kypa X HUHT
SJACMEHTNapHAaH XOCHA OYAraH HXTHELKA X1, Xy, . .., Xy, o -
byngamentan KeTMa-keTnmk  X*  HMHr  OGupop X* 3ne-
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MEHTUra SAKHHIALAAM, AHUKPOFH, WY KeTMA-KeTIHKHH Y3
HYMTa OJAYBUH CHH(p OWIaH aHMKJAAHTaH X* 3/JeMeHTra sIKHH-
damand. X ¢dazo X¥ ¢asoaa 3uq 6yarann tydaitmt X* ane-
MeHTJapUAaH TYy3uaran HXTHEPHH

#* * *
xl, xz’ ¢ s 9 xn, ¢ o o

" (DyHAGMEHTa! KeTMa-KeTIMK Y4YYH YHTa JKBMBAJEHT G63y.ran
Ba X HUHI 3J€MEHTJapHAaH Ty3uAraH

xj,x:z, n..,xn’ e = o

KETMa-KeTAHK MaBXyA. Dyuu kypcatmwn yuyH X, cudarusa
X HuHr ywoy

* 1
P ('xll’ xn) < 7

TEHT CH3JIHKHH KaHOATIAHTHPaAUraH HXTHEPHH 3JIEMEHTHUHH Oty
MYMKHH. XOCHT Oyaran {x,} ketma-kerauk X ja pyniamen-
Tal, Ba AeMak, Oupop Xx* snemeHTra SIKuHAalyBuH OyJaamu.
Jlexun 6y xonza {X;} KeTMa-KeTIHK XaM X ra AKHHAAWAIM. .

Muncoanap. 1. Paunonad couaap dasocu ¢ (x, y)=
= |x — y| metpuxaga Ty1a smac. MaTematik aHaIM3ilaH Mab-
AyMKH, Oy Ga3ouuHr TYMAMPYBUHCH XaKMKHH CoHAap ¢asocu-
AUp.

P 2. 2.6- § pa xypcatnaranugexk, C* [0, 2] da3o T¥na 3mMac.
By ¢asonnur tyaaupysunck L]0, 2] ¢dasoanp. Xaxr<{aTaH,
Oywep TeopeMacura acocad ([XYPH], VI 606) L]0, 2]
daso Tyaa. C*[0, 2] dasonunr L? [0, 2] ¢asosarn 3uuiurd

Jlysun teopemackgen ([XV®H], VI Go6) ocowmkua Keamb
HHK AL,

2.8- §. MeTpuxk ¢a30aa KOMHAKT Tymjiamaap

Tyrpn uM3HKHUHT axoiub XoccafapugaH OHPH LIYKH,
VHAarH uerapaiaHrad Xzp Kasjah uvexKcu3 TYmiaM KaMuja
6urTa MMMHT HyKTara sra. By daxt DBoabuano — Befiepur-
pacc TeopeMacufia ¥3 wndogacunu Tonrad. JlexuH HXTUEpHI
METPHK (adofla Oywaall coafta HaTInKa, yMyMaH afiTransa,
ypunm sMac. Wynunr yuyu gyiizars casosuvur KyHHIH-
wu Taburid. MeTpux dazona kanga#h Tynaamaap CHHOH YUuYH
bBoabuano — Beepuitpace TeopeMacHHNHT Ma3MYyHH CaKM2HAH?
Mana 1wy capodl MyHocabuTH CHlaH KyHuaari MyXum Tabpud-
HH KHPHTaMU3,

Tavpup. X Metpuk ¢azoparn M TYHJIaMHUHT 3JeMeHT-
JlapHliaH TY3WIraH UXTHEPHH KeTMa-KeTJukjaan Oupop x(EX)
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sAeMEHTrd SKHHAAWYBUH KHCM  KETMJ-KeTHKHH axpaTHoO
omiiy MyMkHH G6yaca, M tynaeM X na nucbui kKomnaxm
peiaani; €nHK HHCOHM KOMNAKT TYnaaM Komnaxm gefinaann').

BoabuaHo — BelepwiTpacc TeopeMaCHra acocan TYFPH 4YH-
sukla Xap Kanlall 4erapaiauran (ENMHK Ba uerapasaHraH)
Ty niaM HHCOMIT KOMMAKTAMD (KOMNAaKTAMP). _

PaBiuaHKH, HHCOHH KOMNAKT TYIJAMHHHI HXTHEDHH KHCM
TynJaMi iHa HHCOMH KOMMNAKT TYniamaup.

1-teopema. Hucbuia romnaxm mynaiam 4e2apaian-
zan Oyaadu.

Mc6or. A(< X) HrcOui KOMmakT tyniaM Oyaud, uera-
patanrad OynMacuu ne6 dapad KulaMu3. A JaH HXTHEPUH
X1 HYKTanH 070, paguycu ry =1 ra tenr S(xi,r1) wapHu
Kypamn3. A uerapalanMaranaurd yuyH y Oy wapfa TyJacu-
ya woilawran Oyamafiau. A tynaamasdar S(x;,r; ) 1wapra
KupMarad GHpop X, 3JE€MEHTHH OlaMu3. ¥ X0ala p(X1, X»)>7; .
Cyur paauycu r, = p(Xx1, X,)+1 ra tenr S(x1,r,) wapnd
Kypu6, A rtyuaamuuur 6y wapra KupmaraH OHpop X; 3.e-
MEHTHHH OJaMi3; OYHAaH 37MeMEeHT MaBXKYJH, YyHkH A uyerapa-
JAaHMalaH TynJaaM Ba p(X1, X3) > ry. CyHrpa paamyce r3 =
=p(x1, X3) + 1 raTteur S(x,, r;) wapuu Kypamu3. By npo-
1eccHH, A TYNJaaM uerapalaHMAaraHJuIKn y