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KPMLLU
P —aguK [AUHaMMK CuUCTeManap HasapuscuM AWMHAMWK CUCTeManap, Hasapuil r3uka,
COHMap Hazapusicu, anrebpamk reoMeTpus Ba HOapXvMme[ aHanu3 Jerapanapuga MHTEHCUB
PUBOXXNAHAETIaH SHIW AYHanMLW XmMcobnaHaau.
Opatuii aMHaMUK cucTemanapHn R —xakukuii coHnap maiigoHn Ba C —komnnekc
COHMap MainioHn ycTnaa ypraHunrad. byHaa aBBan AMHAMUK cucTeMasniap YeKu MaiiaoHnapaa
ypraHunraH Ba 6y W3naHUWNApAa COHMAP HazapusicudaH KeHr KynnaHunraH. P —aguk

AVHAMUKA MaBXys AUHAMUKAHA XYAAM P KONAUKHUHT MOAyn cuHdnapu maiigonn F ra

Tabunii ymymnalMacy cugarmnia KeHrauTupuaraH.

Anrebpank reoMeTpusfa Xakmkuii Ba KOMMIEKC COHNap MainfoHW Xan KunyBYn POSHU
yilHamaign. bapya reomMeTpuK CTpyKTypanap XyAau WyHAan HoapxuMe[ MainnioHnap yctuaa
XaM 6aKapuanLLIN MYMKUH: SbHU KYUn yubypyak TeHICU3InNIm

X+y|< max(]xHy\)

6axapunagura maiigoHnap ydyH. Q, — P —aguK COHMap MaiiloHn Xam Hoapxumes

oynuwnen - Takmgnab  ytamms.  LUyHWHr  ydyH  anrebpavk  reometpusi  6unaH
LWyFynnaHaétraHnap yyyH 6ab3n MaTemaTVK CTPYKTypaiapHW HOapxXumen xonatnapura
YMyMAAWTUPULWFa  YPUHULLMHM  Tabumii  X0Nn  cugatmga Kypuw  MyMKWH. Bab3aH
baxapunaéTraH KeHrantmpuwnap anrebpank reoMeTpus MagoHu CTPYKTypaiapuaaH Ymkno
KETMLM XaM MyMKUH. MacanaH, K Hoapxumes maigoHugary guHammka. By (anre6pavik
reomeTpvk) AvHamMuK okum M.FepmaH Ba J.C.Yoccoz [3] Hoapxmmepn maiifoHnapga Kuumk
oynysunnap Macanacura GafvwnaHraH — MakonacugaH —6ownaHgu. by  Hoapxuwmepg
AvHamuKanapra 6afuwwnadraH 6uprHYM Makona 6ynraH agu.

Hasapuii dmsvkaga P —agvk [OMHAMUK cucTeManapra Ky3vkyL Topnap Hasapuscuia
P —agvk mogennap Hasapuscu, P —afuK KBaHT MexaHuKacu Ba MaifoHin Hasapus (

B.C.Bnagnmupos, N.B.Bonosny, A.KO.XpeHHNKOB ) TAPHUHI PUBOXNaHULWK GunaH 60FINK

([1], [3D).

fAHa anTMG YTULWIMMMW3 XOU3KM [LUHAMUK CUCTEMaNapPHUHI HOapxXumen Hasapuscu Oy
Hoapxumeq aHanmsgary 1 K — K akcnaHTUpuLwHu Tagbukuaarv sHr Tabumnin MaidgoHamnp.

1997 unpa A.KO.XpeHHVKOB [3] aHrnaw >kapaéHnapuvHy Mogennawtupuwa P — aauk
OVHAMUK ~ CUCTeManapHW  TafbuK  KWIUWHWA  Takiug  Kungu. P —afuK  COHJapHM
KOrHMBUCTMKara tagbukuia Qp [a anreépank CTPYKTYpaHWHT 60panrn amac, 6ankm yHUHT
[apaxT cudar nepapxukK CTPYKTypacu acoCuid ponHu yiHauan. P —aauk LapaxTHUHT 6y

CTPYKTYpacy aKInii Mab/lyMOTNapHN MepapxuK KognawTvpuiuga doiganaHnnagn. by epaa
P —napameTp aHrfaw CUCUTEMATAPUHWUHT  KOA/I0BYM CUCTEMANApUHK  XapakTepnaiau.

LLYyHUHT yyyH GyHAal P —afuK aHrnaw mogennapuga P —TyO COH TaHMaHWLWN YHYa/IMK
XaM Tabumii amac. Buz wmxTuépuii P >1 HaTypan ydyH Xxam Qp P —afuK CoHnap

Xankacmaarn AVHaMUK CUCTeMasapHU TagbuK KUIMLLKMKM3 XaM MyMKWH. By xakga [5] ga
TYNapoK MabAyMmMoTra 3ra GY/ULIMHIM3 MYMKWH. LLIyHU Tabkugnab yTamusku, [P —aguk

AMHamuK cucTemanap acocaH C, HM Y3uHW-y3ura YTkasaguraH copja ( MacanaH
. X+a  ax’

"bx+¢ bx+1
YUyH P —aauK AMHaMUK cucTeManap ypraHuamara.

) yHKumManap y4yyH ypraHunradH. bynapgaH mypakkabpok (yHKUmsinap



Ywoéy nwpaa xosmprada ypraHuaraH P —aguk guHammk cuctemanap pedepaTviB Tax/aun

X+a+xAX)
KWIMHAAW Ba SIHIM f(X): KYPUHULLIKAArA (YHKLMS 6GUfaH  Kypuira

bx + ¢ + A(x)
P — aAyK AYHAMMK CUCTEMAHWHT KY3FasIMac HyKTanapy Ba TpaeKTopusiapy ypraHuan.




| 606. P —aauK coHnap Ba P —aguk aHanus.
1.1. ¥YnTpameTpuk hazonap. Hoapxmmen maigoHnap.

X -6y 6ynmaraH Tynnam 6YncuH. X HUHT aneMeHTNapupaH Tysunrad Gapya (X,Y)
TapTUGNAHTaH >KY(TAMKNAP Tynnamuaa aHvknanrad F(X,Y) dyHkums, arap Kyiugaru
LLIapT/IapPHN KaHOAT/IaHTMPCA,

1) r(x,y)>0 Ba r(x,y)=0 < x=y,

2) r(x,y)=r(y,x), ¥x,ye X
3)VzZ € X yuyH r(x, y)S r(x,z)+ r(z, y), (yubypuak TeHrcusnmrin),
y xonga r(X,y) dykuusHm X Tynnamgary MeTpuka Aeiivnagm sa (X, r) Xy(pT-nKKa

MeTpUK (ha3o gevimnagn. Arap 3) wWapT ypHUra yybypyak TeHrcusnmrura HucbataH Kyunu
oynraH

r(x, y)S max{r(x, Z), r(z, y)} (Ky4nu yubypyak TEHICU3NINTN) (1.1)
wapT Kyiunca, y xonga r(X,y) dykumsHn X Tynnamgary yntpameTpuka Aeiiunagn sa
(X , r) XY(PTIMKKA yNTpaMeTpuK (aso gennagu.

Teopema 1.1. YnTpameTpuK hasonapaa UXTUEPUIA yubypyak TeHr éHnuamp. HAbHu, X
yiTpamMeTpuk aso 6ymm6 a,b,ce X Ba r(a,b);t I’(b,C) 6ynca, y xonga
r(a,c)=max{r(a,b), r(b,c)} 6ynamm.

NcboT. YMymuinnukka 3uvéH eTkasmaraH Xonga r(a,b)< r(b,C) ne6 dapas
Knnamus. Y xonga Kyvivgarunapra ara 6ynamus

r(a,c)<max{r(a,b) r(b,c)}=r(b,c)

Ba

YYHKM r(a,b)< r(b,c). r(b,c)s max{r(a’b)’ r(aic)}: r(a,c)
BynapaaH r(a,c)=max{r(a,b), r(b,c)}.
Teopema ncboTnaHau.

Tabpudp 1.2 (X, r) MeTpuk hazo, ae€ X Ba reR 6yncuH. Y xonga
Ur(a) = {X e X: r(a, X) < r} TYynnam mapkasy @ HykTafa Ba paguycu I' ra TeHr ounk
wap,

V, (a): {X e X r(a, X)S r} Tynnam Mapkasu a HykTafa Ba pagunycu I' ra TeHr énuk
wap,

Sr(a): {X e X: r(a, X): r} Tynnam aca Mapkasu @ HykTaga Ba pagnycu I ra TeHr
cthepa gerinnaap.

Teopema 1.3. Arap (X,r) ynTpamMeTpuk aso 6ynca, y xonga Vr(a) LIAPHWHT
UXTWEPUIN HYKTacK Mapkas 6ynaap.

NceoT. beV, (a) 6yncuH. Teopemanu wuc6otnaw ydyH V ( ) (a) 3KaHUHY
Kypcatuw etapiu. X eVr(b) byncuH. Y xonpa r(x a)< max{ ( ,r( )}< r.
Byrnan V. (b)<= V. (a). Xyamm wy kaoun V. (a) <V, (b). femak V, (b)=V, (a) . Teopema
ncbotnaHaw.

Teopema 1.4. a,be X sa r,seR" , (0<s<r) 6yncun. ¥ xonga V, (a) sa V,(b)

Lwapnap éku Kecuwimanam éxkun V. (b) cV, (a) 6ynaam.



Nc6oT. V, () NV, (b) = @ 6yncun. ¥ xonma ¢ eV, (a) \V, (b) yuyn V. (c) =V, (a)
Ba V,(c)=V,(b) xamma V,(c)cV.(c) 6ynagn. Bynapman V. (b)cV,(a). Teopema
ncbotnaHau.
Tabpud 1.5. F - maiifoH 6YncuH. HH :F — R dyHkumnsa Hopma peiivnaaw, arap kyivgaru
WapTAapH1 kKaHoaTNaHTUpCa,
1) [x|>0,vxeF
2)[x|=0 < x=0
3) [y =[xyl vxyeF
Hlx+yl<x+y] vxyeF .
Arap |||| HOpMa Kyunm yubypyak TeHrCU3MNTHU KaHoaTNaHTupca, SbHY
&) [x+y|<max{ |x],|y| } vxyeF (1.2)
6ynca, y xonga | Hopma Hoapximes Hopmacy peiinaan.
Mwcon. TpuBman HopMa HoapxmMmeg Hopmacu 6ynaau.
1, arap x = 0 6ynca,
0, arap x=0 6ynca,
Teopema 1.6. F - maiigoH Ba HH F narv Hoapxumepg Hopmacy 6yncuH. Arap X,y € F nap
YUYH HXH * HyH oynca, y xonga HX + yH = max{ HXH,HyH } oynagm.
NcboT. YMymMMiNMKKa 3MEH eTKasMaraH xonga HXH > HyH ne6 onamms. Kyunm
y46ypyaK TEHrCM3mrnra Kypa,
I =lx+ )~ yl'< max{ix + iyl
IX| > |y| exarnrupan maxmx +| Hy”} =|x+y| Ba gemax |x| < |x +y].
Xampga HX + yH < max{ HXH,HyH } = HXH bynappgaH HXH = HX + yH . Teopema ncbotnaHau.

By epfa Tp1BMaN HOpMa Hx” = {

NxTnépnii F  maligoHpa HH HOpMa aHuKnaHraH 6ysnca r(x, y) = HX — yH Kabu
MEeTPMKa KUPUTHLL MYMKUH Ba Oy METPMKaHW LY HopMara Moc MeTpuka aeb ataimMms.
Bapua (X, r) MEeTPUK (hasonapia Kowwm KeTma-KeTIMKNapuH1 Tabpudiatl MyMKUH.

Tabpud 1.7. {Xj}, X; € X, ]=123,... — keTMa-KeT/mK 6epunrad 6yncuH. Arap
Ve >0 coH yuyH LyHAaait N(e) HOMep Tonuncaku, Gapya N,m > N(e) nap yuyH
r(xn,xm)<e TEeHrcu3NMK baxkapunca, y xonga {xj} KeTMa-KeT/MK Kol KeTMma-

KETNUIN aeiinnagm
F wmaiigoHpga aHuknaHraH {ai} Ba {bi} Kowwn KeTMa-KeTIMKnapy 3SKBMBANEHT

fevinnagm, arap | — oo aa Hai —b, H — 0 6Yynca.

F wmaiigoHpa aHvKnaHraH aKBUBaneHT KoLy KeTMa-KeTIMKNapyu cuHdnapy Tynnamm
F wmaiigoHHK HH HopMa 6Yyiinya Tynampmacyt aerinnagu.

Mwucon. Q paumoHan coHnap MaikfoHUHN H abcontoT Kyrmart 6yinnya TyngupMacu
R xakukuii coHnap MaliiloHnHK Gepaau.



F waligoHaa aHuknaHra HHl Ba HHZ Hopmanapra moc KoLy KeTMa-KeTaMKnapw

yCTMa-yCT TyLLca, H . Hl Ba H . H2 HopMasiap 3KBUBAIEHT feinnaam.

1.2. P —aguK coHnap MangoHu.

Busra 6upop P Ty6 coH Ba Q pauuoHan coHnap MailgoHun Gepunrad 6yacuH. N Ba M
OYTYH COHMAPHUHI 3Hr KaTTa YMYMWUA GYNyBUMCKHU (n, m) ounaH 6enrvnannuk.
ApPUPMETUKAHUHT (yHaaMeHTan Teopemacura kypa VX € Q \ {O} COHHU

m
x=pi® neN, g=g(x)mez, (mp)=(np)=1 (1.3)
n
KYPUHULLAA ATOHA YCynaa E3uLl MyMKUH. Kyiinaarya gyHKUUSHN KapaiiMia
X, p*™, arap x#0 6ynca
P 0, arap x=0 6ynca

Teopema 1.2.1. Hp yHKUMa Q maiigoHAa Hoapxumepg Hopmacy Gynaam.

(1.4)

WNc6oT. Kyingaru wapTiapHu Tekwmpamms
1) \x\p >0 VxeQ Ba \x\p =0 x=0.

2) \xy\p :\x\p\y\p, VX, y € Q.
3) |x+ y\p Smax{\x\p,\y\p}, VX, y €Q

1) Ba 2) wapTnapHN GaxapuUWMHN TEKWUPUW KUAWH 3mac. 3) LWapTHWU TeKwmpamus.

m m
VX, Yy € Q cornapHn (3) kabn x = ptW Ly = ptY 2 wpuHmwaa 3uw MyMKnH,

1 2
minig (x),g (y)} = g (x) 67ncum.
Y xonga
(y)-g(x)
_ o0 M My o MyN, +M,N, p°
o y p nl ' p n2 p nan |

NN, coH P ra 6yaunmaiign, MmN, +mn p*Y Y aca pora 6yauHMLK MymKuH.
LUyHUHT yuyH g (X + y)>g( )= mln{ (x),g(y)} BaGyHgan
x+y], = p 0 < max{p ), p~0 = maxix| .|y,
TEHICU3NNK Kennb unkaaun. Teopema nc60TNaHAN.
HaTw>ka 1.2.2. Arap ‘X‘p ;t‘y‘p 6ynca, y xonga ‘X+ y‘p :maxﬂx\p,\y\p}
oynagm.
HaTwka 1.2.3. p =2 6ynraH xonaa, ‘X‘z :Mz 6ynca, ‘X+ y‘z S%‘X‘z 6ynaau.

Tabpud 1.2.4. Q maiigoHaarm ‘ -‘p HopMa P —afiMK HopMa fennnagu.

Busra mabnymku Q paumoHan coHnap MaifioHWHM abCconoT KuiAimart H 6yiinya
Tyngupmacn R xakukuii coHnap MaiigoHuHN Gepaaun. Xyaau wy kaéu Q paumoHan coHnap

MaiJOHVHN Hp P —aauk Hopma 6yihunua TynaupMacu Qp P —aauk coHnap MaigoHVHM



bepagun. Tabunii caBon TyFunagun: PaumoHan coHnap MainfoHUAaH XOCUN KAIMHULIM MYMKUH
oynraH 6apya COHNMap MalfoOHWUHW TOMULLI MYMKMHMWU? BOlKaya KMnmnb antraHga paumoHan
COHNap MaifoHufa y3apo IKBMBaJIEHT Oy/nMaraH KaHya Hopma MaBxya? by caBonnapra
Kyingarn TeopeMa »kaBob 6epagu.

Teopema 1.2.5.(OcTpoBckuid) [2] Q MailgoH ycTmuaarn XTUEPUIA HOTPUBMAN HOPMA,

6upop P —Ty6 COH y4yH P —afnK Hopmara ékv abCcosioT KMimaTra aKBUBasIeHT bynaau.
Mabnymku, VY € R\ {O} XaKWKWIA COHHW Kyingarnda KaHOHUK éinnma 6unaH sroHa
ycynga ngoganawl MyMKrH
y=p" "y, +y,p+y,p " +...)
6yepsa Y;.0(y)eZ, 0<y;<p-1,y,>0,(j=012..).
Xyam wyHra yxwaw, VX € Q {O} P —aanK COHHM XaMm

X = pg(x)(xo+xl p1+x2p2+....), (1.5)
6yepaa X;,0(x)eZ, 0<x,<p-1, %, >0,(j=012,...).
KYPUHULLAArK KaHOHWK éinnmMa 6unaH aroHa ycynga ndoganal MyMKuH.

Jlemma 1.2.6. X e Qp COH pauuoHan CoH Bymmwm ydyH yHuHr (1.5) kypuHuwmgar
éninnmacnga X; ] =012,... coHnap 6upop HomepaaH 6owunab gaspuii 6YnuLLK 3apyp Ba
eTapm.

Mucon. —1=(p-1)+(p-1)p+(p-1)p° +...

1.3. P —aguK KOMMJIEKC COHNap MaigoHu.

Qp HUHTI anrebpamk KeHranTMacwm.

Tabpud 1.3.1. F maiigoH 6yncuH. Arap uxTuépuii F[X] KyNxafHWHI 6apya Honnapw

F wmaiigonra Teruwnm 6ynca, y xonga F - anre6pavk énuk aeiinnaawn, arap F maiifgoH 6upop
K MalijoHHWHT KeHraiiTmacy 6ynn6, anrebpank énuk 6ynca, y xonga F maiigon K HuHr

anreépauk énunmacy aeiivnaan Ba F = K ka6u 6enrvnaHaay.

R XaKuKuii cOHNap MaiifoHu anre6pavk énuk amac. AbHu, X> +1=0 TeHrnama R
fa eusmra ara amac. Ba i, (i =—1)coH Gyiinua R Xakukuii coHnap MaiigOHMHM
kenraiiTmacn C  KoMMAEKC COHNap MalifioHMHN xocun Kunagy. By xapaéH QP —aguk

COHMap MalifoHnaa yHuanuk ocod amac.  Q Hu, 6apua Qp[x] KynxagnapHuHr Q ra
Tervwnm 6ynmaraH Honnapyn 6yinya KeHraiTMacuHm Qp (X) Aeb 6enrnnaninuk.

Teopema 1.3.2. [2]. Q, (x) maiigon Tyna smac.

Qp(x) MaiJoHHN P —aAuK HopMma 6yinya Tyngumpmacu Cp P —aAnK KOMMeKe

COHJ1ap MalAOHNHN XOCU/T KUaaw.
Teopema 1.3.3. ( KpacHep) Cp P —afuK Komniekc coHnap manfoHu anrebpavk énuk

C, xakuga Kyiingarn xoccanapHin KenTMPULLMMN3 MyMKVH [2]:
1°. VxeC, yuyH Ir € Q masxygxn, ‘X‘p = p' 6ynagw.

2°. Cp MaiifioH - NOKan KOMMaKT Tyniam amac.



1.4. P —agnk aHanun3. AHANTUK PYHKLNA.

C, P —anuk KOMMNEKC COHNap MalijoHM GepunraH 6YNCUH.

{Xj }c C,, 1=123... xetma-ketmk X € C nykta 6epunraq 6¥m6, lim

| ‘x i~ x‘ =0
J—>o0 P
6ynca, {X j} KETMa-KeT/IMK X HyKTara skuHnawaau aeinnaau.

Tabpueh 1.4.1. D= C ounk Tynnam Ba X € D 6yncun. Arap Ve >0 coH yuyH
dd >0 con Tonuncakw, \y—x\p <d o6ynaguran Vy e D yuyH ‘f(y)— f(X){p <e
6ynca, y xonga f :D — C, dynkumsa X € D HykTapa ysnykeus aeiinagn

Tabpug 1.42. D = C, ounk Tynnamea f : D — C | chynkums 6epunran 6yncun. f

yHkuus X € D HykTaga xocunara ara geiivnagun, arap Kyiugarn nUMMT MaBXKyq 6ynca:

von o F(x+h)=f(x)
f'(x)=lim h .

h—0

Arap f'(X), D HuHr 6apua HykTacuaa mMasxyq 6ynca , y xonga T dyskums D pa
xocunara ara fenunagu.
Teopema 1.4.3. [3] AnemerTnapn C naq onuHras {an} KeTMa-KeT/IMK bepunraH

OYNCUH. Zan KaTOop SKUHAALYBYN 6YINLIN YUYH Iim‘ an‘p: 0 6ynuwum 3apyp Ba eTapu.
n=0 N—o0
f :Cp —>Cp (OYHKUMAHU aHUKNOBYM  Kyhmnparnya P —afuk Japaxany KaTtopHU

KapaimMun3

0

f(x)=> fx", f eC, (L.6)

n=0

Tabpudp 1.4.4. Arap (1.6) kaTop ‘X‘p <R pa skuHnawysun Ba ‘X‘p >R pa

y3oKknaiwysum 6ynaguradH R = R(f) COH MaB>Kyp 6ynca, y xonga 6y coH (1.6) KaTOPHUHT

SKMHNALLULL pagnycu aennnaam
Ba y Kyiingaru oopmyna unaH aHnMkKnaHaaum:
B 1
T 1/n
limf, [

Tabpug 1.4.5. U, (a) < C,, 6yncuH. Arap f:U, (a) — C, hyHKUMAHM

(=Y f,(x-a), f, eC, L.8)
n=0

KYpUHULWAAr kaTopra éin MyMKuH 6ynca, y xonga f(x) (hyHKLMS Ur(a) OuvnK Luapaa
aHaMTUK QyHKLMA feidnnagp.

(1.7)

11 606. p —agunkK gMHaMUK cuctTemanap.
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DcC, gaf:D — C aHanuTuK (yHKums GepunraH 6YncuH. (f , D) AVHAMUK
cucteManu ypranuw 6y- VX, € D Hykta yuyH X, = f”(xo), n=12,3,... KeTMa-KeTMK

NMMUTVHKN YpraHuwamp. by epaa f”(XO): fofo..o f(XO).
n Ta

2.1. Ky3fanmac HyKTa Ba YHUHT XapaKTepu.
Nwpa Kyinnaarn acocuii TywyH4YanapiaH oiganaHamus.

Tabpud 2.1.1. Arap X, € DHykTa yuyH f(xo): X, bynca, y xonga X, HyKTa
(f , D) AVHaMVK CUCTEMaHUHI Ky3FasiMac HyKTacy feivnaau.

Tabpudy 2.1.2. X, Kysranmac HyKTa 6YnCuH. Arap yHUHT LiyHAan Ur(xo) aTpodu
Tonmnme, VX € Ur(xo) YUYH IIgg f n(X): X, TeHrmMK Gaxkapunca, y xonga X, HyKTa

TOPTYBYM HYKTa Jeinna.ea
A(x,)={xeD: lim " (x)=x, f
TYnnamHu aca, X, HyKTaHUHI TOPTULLULL TYnnamu €K aTTpakTopu Aeinnagn.

Tabpudy 2.1.3. Arap X, Kysfanmac HykTa 6ynu6, YHUHT LyHAai Ur(xo) aTpodu
Tonuncakn, VX eU, (Xo) HyKTa yuyH ‘X — XO‘ ) < ‘ f (X)— XO‘ ) ypuHau 6ynca, y xonga X,
HyKTa uTapysun feinnagu.

Tabpud 2.1.4. X, € D, f(x) (DYHKUMSIHWHT Ky3Fanmac HykTacu 6yncuH. Arap D
pa éTysun U r(XO) lWwap MaB>xys 6ymm6, VI <r yuyH S (XO) ctpepa f(X) (PYHKLWSA YUyH
nHBapuaHT 6ynca , y xonga U, (XO) wap - 3uren AUCKU aeinnagm Ba X, HyKTa 3uren gUCKHu
mapkasu geimnagp.

D paru 6apya 3uren gucknapu Ba X, HykTa bupranvkga Makcuman 3uren gucku

peivnaay Ba Sl (XO) Kabu GenrunaHaam.
Teopema 2.1.5. X, HyKTa, f(x) (OYHKUMSHUHT KY3Fanmac HykTacu 6yncuH. Arap
‘f’(xo)(p <1 6ynca, X, HyKTa TOPTYBYM ; ‘f’(xo)(p =1 6ynca, X, HyKkTa GebTapad

Ba ‘f’(xo)(p >1 6ynca, X, HyKTa nTapysun bynagn.

Teopema 2.1.6. X, € D, f(x) aHaNMTUK (DYHKUMSHWUHT KY3Fanmac HyKTacu GYncuH.
Y xonga:
1°. Arap X, f(x) (OYHKUMS yuyH TOpTYyBuM HykTa Gynca Ba >0 coH Kyiimparu
TEHICU3NNKHN KaHoaTNnaHTupca

g = max

1<n<w

n! dx"

xamga U, (Xo)c D 6ynca, y xonga U, (X0 ) c A(XO) 6ynazm.

f (xo)‘ r"* <1 (2.1)

2° Arap Xx,, f (X) (hyHKUMS yuyH BebTapad HykTa 6ynca, y xonaa y 3uren AuckHn mapkasu
6ynagn. r > 0 CoH Kyiingary TeHIrCU3NMKHU KaHoaTaHTupca

f (XO){ <[ F(x, ) (2.2)

n! dx"

n

S =Mmax

2<n<w
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sa U, (X,) < D 6ynca, y xonaa U, (x, ) = SI(x, ) 6ynaam.

3°. Arap Xo s f(x) (DYHKUMA YYYH MTapyBuM HykTa 6ynca, y xonga y (f : D) AVHaMUK
cUCTEeMA YYyH UTapuinw HykTacy bynagu.
Teopema 2.1.7. [1](Teckapy (yHKUMA XaKmaarn Teopema)

f(x) dyrkuma V (x,) wapaa avamruk sa‘ f'(x,)=0, ‘f’(xo){p =p" 6yncuH. Y
xonga wyHaain V, (Xo), r <r wap Tonunaguku, yHn T dyHkuma VHn(yO), Y, = f(XO)
wapra y3apo 6up KuiAMaTaM akcnaHTupaau, g(y) Teckapn yHKUMs aca Vrm(yo) wapaa
aHanMTUK 6ynaau Ba Kyiinaary TeHIMMKNapHU KaHoaTNaH TUpagu:

1 :
g'(y,)= ek 9(y)= x|, =[9'(Ve )|y = Yo+ yEV,.0. (23)

2.2. P —aauK Kacp paumoHan QYHKUMSHUHT AMHAMUKACH.

DcC,Ba f:D—> C, dyHKUnA Kyiingary KypuHmwaa

f(x)= X rar XA(x)
bx +c+ A(X)’

bepunraH 6yncvH. by epaa A(X) NXTUEPUIA PYHKLMS Xamaa A(X) #-bx—c.
busra (2.4) PYHKUMSHUHT AMHAMUKACUHKW YPraHULL Macanacu KynmnraH 6yncuH.

1-c++/(c—1)° +4ab

b=0, ab,ceC, (2.4)

f ()= X Tenrnamany eun6, X, , = 2 (2.5)
KYpPUHULLAAr Ky3FanmMac HyKTanapra ara 6ynamms.
A(x) dyHkuns D pa xocunara sra 6yncuH. Y xonaa
/()= & ab + (1+¢)A(X)+ (bx? + (c —1)x — a)A'(x) + A*(x)
(ox + ¢ + A(x))’
Ba (2.5) maH
—ab+(1 A'(x. )+ A%(x.
f!(XJ):C a +( +C) (XJ)+ (XJ)’ J :12 (26)

(bx, +c+Alx,)f

Kyinaarmya 6enrunainap Kuputamms:

(c-1)° + 4ab
1 ,

q, = 2A(x,)+1+cC+t,

q, = 2A%(x, )+ 2tA(x, ) + 4ab — 4c — t,
d, =(1+c—t)A%(x,) - (2ab - 2c — t)A(x, )
Teopema 2.2.1. Arap X, Ba X, KysfaiMac HyKTanap YydyH A(X1)=j (A(Xz )) Ba

t? =

A(x,)=Yy (A(x, )) wapTnap 6axxapunca, y xonga
1. X; HyKTa (X, HyKTa) TOpTyBuM ByNnca, X,HyKTa (X, HyKTa) nTapysuu bynagu.
2. X, HyKTa bebTapad 6ynca, X,HyKkTa xam 6evTapad 6ynaau.
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:qz +‘\/q22 +4q1q3 , y(A(Xz))_qz B \/qz2 +4q1q3

5 (A
yepsa  J(A(x,)) % %

Ncb6oT. Teopema LiapTnapy bakapunraHga
f’(xl)f ,(Xz)zl (2.7)
TEHr MUK TYFPUANTMHN KypcaTULL TeopeMaHu NCO0TNaLL YUYH eTap/n.
Teopema LWapTUAaH Kynnaarv TeHr MK YPUHAN

qlAz(Xl)_qu(Xl)_qs =0 (2.8)
(2.8) TeHrnmnkaa coaaa anrebpavk anvawuTvpuinap 6axxapu6 (2.7) TEHrNNMKKa TEHTKYYIn
OynraH Kynnaarn TeHrMKKa ara 6ynamus:

[c—ab+(1+c)A(x, )+ A2(x)][(1+c—2t)+ 2A(x, ) =

=[c—ab+@+c)A(x, )+ A%(x, )@+ c + 2t) + 2A(x, )]
By aca TeopeMaHu ncboTtnanam.
SHAN A(X) = X 6YnraH xonHu Kypamus. by xonaa
2
f(x):%, b#0, ab,ceC, 2.9)
6ynagn. f (X) (OYHKUMAHUHT Ky3faiMac HyKTanapuHU Tonamua.

a
1-xon. b=1, c#1 6ynca, X, =——;
c-1
l1-c

+(c-17 +4a(b-1)
2(b-1) ’
3-xon. b=1, ¢ =1, a#0 6ynca kysranmac HyKTa MaBxy/ aMac.
1-xonHu ypraHamus. by xonga (2.9) pyHKUMS Kyingaru KYpuHuLLra Kenagu:
2
f(x):w. (2.10)
X+C

2-xon. b#1, c#16ynca, X, =

By epfa X # X =—C.
I1= {X € Cp :dneN, f ”(X): i} TynnamHn Kapaiimns. I1Tynnam kaiicuamp kagamaa X
ra Tywm6 KonaguraH HykTanap Tyniaamu. (f , CIo \H)—p,MHaMMK CUCTEMaHWN ypraHamus.

(2.10) paH xocvna onm6
2
X“+2cx+Cc—a
F(x)=

(x+cf
2
£ (x)= _1”n!ﬂ
W=yt o
TeHr/mMKnapra ara 6ynamus. ByHaaH X, = a 1 HyKTaga

X°+2CXx, +Cc—a a+c—1
F(x )=20 0 _
) X2 ema gt

(2.11)

6ynaan.
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1) ‘f’(xo)(p =1 6YncuH. Y xonga Teopema 2.1.5 ra kypa X, GeTapa Kysfanmac HykTa

6ynaav Ba Teopema 2.1.6 ra Kypa X, HyKTa 3Uresi AUCKUHUHT MapKasun 6ynaau.
Kyiingaruya 6enrmnall Kuputamus:
%, +¢| =d (2.12)
Teopema 2.2.2. Arap ‘f'(xo){p =1 6ynca, y xonga Sl (xo): C, \II 6jnagw.
Wc6oT. UxTunépnin r >0, re R coH yuyH
£(S. (%)= S, (%) (2.13)

3KaH/IMIVIHK KypcaTcak TeopeMa ncboTnaHaau.
ye Sr(xo) OYNCUH, AbHN Y = X, + 0, ‘g‘p =Tr.Y xonga (2.10) ra kypa

r

“(W_X‘:JgQ§+Zmo+c—a%gzwo+®| ' 214
T ore) gl +0) L
X, +C

)

p
By TEHIMKAaH, Teopema LUapTW Ba Ky4nu yu6ypuak TeHrcusnurugad r<d sa r>d
oynraHaa Kynnaarv TeHIIMKHU 0famns:

[f(y)=x|, =r.
ByraaH aca T(y)eS,(X,). Y HuHr uxtuépuitnurugan aca T (S, (x,))<S, ().
3nmn r=d 6ynranpa (S, (x,))<S,(X,) skaHmArMANM Kypcatiw KonaM. ByHUHT yuyH

Teopema 2.1.7 gaH (horganaHamus.
Teopema ncbotnaHam.

2) ‘f’(XoXp <1 6YNCcuH, SbHN
a+c-1

: <1 (2.15)
c2-c+a

p
Teopema 2.2.3. ‘f’(xo){p<1 6yncuH. Y xonga wuxTuépuit m>d  CcoH ydyH

f (Sm (XO ))C Sm (XO) 6)7na,u,v|.
Nc6oT. m>d pauxtnépuint y €S (XO) HU Kyhmngarnya ésnw MyMKUH:

y =X, +0, |g |p = m .Y xonga (2.14) TeHrnukgaH

F(y)=%|, = . (2.16)

SHAM Teopema LLapTHra Kypa

, g | _ b, _m
: (XO)(p<1’ ‘XO+C‘p_‘X0+C‘p - d o
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oynagn. Kyunu yybypyak TEHrcu3nurmgaH aca ‘f(Y)_Xo‘p:m- ByHgaH aca

f(y)eS,(X,). Yy HuHr uxtnépuitnurugan sca (Sm (%, ))C S, (x,). Teopema
ncbotnaHau.
Teopema 2.2.4. . |f ’(XO)(p <1 6ynenn. Y xonaa U, (X, ) = A(X, ) 6ynaan.

Nc6oT. Teopema 2.1.6 ra kypa, arap (2.15) wapT 6axapunca Ba I >0 Xxakukuii CoH
Kynugarun

= max

I<n<w

1d"f .
e (xo){ <1 (2.17)

TEHTCU3NMKHN  KaHoaTnanTupca, xamaa V, (X, )c C, 6ynca, y xonga V. (%)= Ax,)
6ynagun. demak,

c’-c+a
(Xo +C)n+1

n-1

d"f net
q=max|=——(x,) r"*=max
1<n<o|nl dx" 1<n<w
p

n-1

rn—1 —

e~ || 1

C —c+a‘ ‘X +C‘

|cz—c+a| | 1 |

”‘1:max|
(x, +¢) ‘ ‘x (%, +¢)"

1<n<ow

= Mmax

1<n<ow

p

n-1

c-c+a-a-c+1 r
c’-c+a \

=maX

1<n<wo n-1

n-1 n-1

= 1 f
Mmgx\ x )‘ \x +¢|

< max

1<n<oo

n-1 —

X+C

Arap r <d = ‘XO + C‘ ] 6ynca, y xonga (2.17) TeHrnMk 6axxapunaau.

Nemak, U, (x,) < A(X, ) . Teopema nc6otnanau.
Nemma 2.2.5. T S, (X, ).
Nc6oT. X eIT nykta S, (X, ) chepaga éTagm, sbHM
X =—C, ‘—C — Xo‘p =‘X0 + C‘p =d . Y xonga Teopema 2.2.3. Ba Teopema 2.2.4 napra

kypa [T S, (XO). Jlemma nc6oTnaHaw.
3nmn X € S, (X, )\ IT 6yncum,
Teopema 2.2.6. |f ’(XO)(p <lsa xeS,(x,)\IT 6yncuH. ¥ xonaa

f¥(x)e Sh (x,), keN, m >d.
Nc6oT. Teopema waptira kypa X e S, (X, )\TI, y xonpa ‘X_Xo‘p =d . ByHgaH

X=X, +X, ‘X‘p =d  pelnw mymkuH. (2.14)ra kypa



15

1+

X, +C|
Arap ‘f(X)— Xo‘p >d Gynca, y xonga wyHgaii m, >d MaBXygku, y YuyH

f (X) € Sml (XO) 6ynagun. by xon Teopema 2.2.3 ga MCOOTNaHraH.

Arap ‘f(X)— Xo‘p =d 6ynca,y xonga
i)+ T

f(x)—

2 ‘(X) XO‘P Xo +C p
[£2(x)=%| = T =
14 "%

X, +C

d2
\f(x)+c\p'

Byrna f(x)e S, (x,) skannurugan f(x)=x, +x/, x| , =d .Y xonma
2 2
‘ f 2(X)— XO‘ = d = d . 6ynagun. Kyunu yubypyak TeHrcus-nurngaH
P F () ) (X )

aca, ‘fz(x)—xo‘p >d .

Arap ‘fz(x)— Xo‘p >d 6ynca, wyHaaii m, >d con masxyakm, f2(x)e Sn, (%,)

oynaau.
Arap ‘fz(x)— Xo‘p =d 6Yynca, y xonga 1oKopuarn amainapHu Takpopiaimms Ba

X0Ka30. HaTukaza arap ‘ f k’1(x) — xo‘p =d 6ynca, y xonga (2.14) ra kypa

. , f**(x)-x
-k i) CER
100 =), = ; : =g
v 1+ 2 (x)-%, i (X)+C‘p
X, +C
Bynaa T '(x)e S, (X,) axanmurugan f*(x)=x, +x", X"  =d .Y xonga

a:
PO+ )7+ (x +c))

‘fk(x)_ xo‘p = ‘ 6ynagm. Kyunu  yubypyak

TEHICU3NMIMAAH 3Ca, ‘fk(x)— Xo‘p >d . Arap ‘fk(x)— Xo‘p >d 6ynca, wyngai m, >d
con Masxyaxn, T*(x)e Sh (x,) 6ynaan.
Arap ‘f “(x)- Xo‘p =d 6ynca, y xonga toKOpuzarn amanniapHu siHa Takpopnaimua.

BynapaaH Xynoca KUnm6 Kyiuaary HaTvkara Kenamms.
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f¥(x)e Sh (x,), keN, m _>d. Teopema ncéotnaxay.
Teopema 2.2.3., 2.2.4. Ba 2.2.6. xamfa nemma 2.2.5. napfaH Kyinuaarn Hatuxa 6esocmTa
Kenmo unkaau.
HaTwmka 2.2.7. ‘f’(XO){p <1 6yncun. Y xonpa A(x,)=U, (X, ) 6ynagm.

XYJTOCA

PetbepaTHUHI OGMpUHUM 606Maa YNTpameTpuk (aso TywyHdacu, Hoapxumen MaingoH
TyWyHYacu, P —afuK COHMap ManfoHM Ba P —afuWK KOMIMIEKC COHMap ManioHu
TyLWYHYaNapu KUpUTUANG, P —afuK aHa/IM3HUHT alpumM 3MeMEHTNapu, XymiagaH NIMMAT,

XOCWMa, COHNM KaTopfiap Ba YNapHUHI SIKUHMALLIMLLWMHW 3apyp Ba eTap/av LwapTu, gapaxan
KaTop Ba YHUHI AKUHMALIMLI PaguycvHN Xxucobnawl (opMynacu Ba aHaIMTUK (YHKLMSHW
TabpUn KenTrpuaraH.
PehepaTHUHT MKKUHYM 606K P —aguK AuHAMUK cucTeManapra GaruunaHraH 6ynu6,
YHUHT 2.1. KUCMUAa Ky3ranmac HyKTanap Ba ynapHu TypaapyHUHT Tabpudnapy KenTupungu.
2.2. KMCMAa P —aguK Kacp paumoHan (YHKUMSAHUHE  AVHaMWKacu YpraHwigw.
Ky3fanmac HykTasap TOnuamnb, YNapHWUHI Typau OYNULANK KPUTEPUIACKM KenTupuagu Ba
ncéotnaHan. by KpUTEpUIAHUHTE LapTiapu 6axapuiMaraH xonga P —afuK Kacp pauvoHas

(OYHKUMSHVHT KYPUHULLMHX TaHab onno, Wy QYHKUMSAHUHT AVHAMUKACK TYIUK YpraHuaan.
Kysfanmac HykTa 6etapad 6ynraH Xonga, 3uren AMCKHW KypuHAWKM Tonungu. TopTyBuwn
6YnraH xonga aca, aTTPAaKTOPHUHT KYPUHMLLIX TONWUAAN.
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