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Cy3 0omm

Pecnnyonukamuzna TabauM TyFpucuiard KOHYHHUHT KaOyll KUJIMHUIIH,
KaJipiap Tau€piallHUHT MWUIMKA JacTypHd 3aMOH Tajlabjapura >kaBoO Oepaaurax
MYTaXaCCUCIIApHU TanEPIIOBUU OJIUH VKYB IOPTJIApHUra, alHUKCa
YHUBEPCUTETIIApra KaTTa Mab-CyJUAT OKIaau. [laBiar TabiMM cTaHIapTiapH,
VKYB AacTypJlapyu acocujaa JapCiHKiap, YKyB KyJUIaHMallapHU spaTHII MacaJlacH
103ara KeJiau.

JlaBnat TabauM cTaHmapTiapu Oapua ¢aHiapaaH, >KymiaJaH MaTeMaTHK
aHanu3 Oyln4ya MaBXyJ AapCiIMK Ba KyJUlaHManapra sHruYa HyKTau HazaplaH
KApAIIHKU TaKO30 JTaJu.

MareMaTuk aHanu3 OJIM MaTEMaTUKAHWHT (yHAAMEHTan OYIuMiapuaaH
Oyn0, MaTeMaTHKAHUHT MOWIEBOPH XHUCOOIIa-HATH.

MabnymMKH, MaTEMAaTHK aHalv3 KypCcH JaBOMHUJA KYNIMHA TyUIyHYa Ba
TaCIUKJIAP, INYHUHTIEK YIAPHUHT TaTOMKIApH KEITUPUIIAIN.

K¥yn onuit YKyB ropTiapu TajmabajapyuHUHT YKUII TaBOMUA Ay4 KeJaauraH
Kuaui Gannapaan Oupu xaMm MaTeMaTUK aHATU3IUD.

Marematuk aHanu3 (aHUHUHT acocuid Bazudacu my (aHHUHT TyIIyHYA,
TacouKJIap Ba  OOIIKa MaTeMaTHK  MabIyMOT-JIap  MaXmyacu  OwuliaH
TaHUIITUPUINTHHA OVimaciaH, Oanku TajnabajapHd MAHTHKUM (uUKpJaiira,
MaTeMaTUK yCyJUIApHM aMajud MacajajapHu €4YWINra KyJUIAIIHW YpraHWIIIaH
ubopar.

Maskyp VKyB Ky/UlaHMa, MyauTM(IapHUHT Ky WAJUIMK Taxpuobanapu
acocuza, 3aMOHaBUN TayabajmapHW XucoOra ojiraH Xojga &3miaraH OymmO, y
Mabpy3anap makiauaa 0a€H stwirad. Map3ynapHu Mabpysanap Oyiinua 0aéH
STUJIMIIN TajabalapHU MaB3y Ma3MyHU Ba MOXUSTUHHM YYKyppOK aHTIJaira épaam
oepanu ned yinanmus.

Myannudnap xap Oup Mabpy3aHUHI Ma3MyHU PaBOH, MaTEMaTUK KaTbHM,
¥3 HaBOaTua Tanada TOMOHU/IAH TYLIyHAPIK OYJIMIIUIa XapakaT KHJIauiap.

VKyB KyIUTaHMa UKKH KHCMaH ubopat. Maskyp 6upunun kucm 11-6061an
nbopar 6ynu6, 54 Ta Mabpy3ara aXpaTwirad. YHJa XaKuKUil COHJIap Ha3apHsCH,
GyHKUMST TUMUTH Ba Y3JIYKCH3IUTH, QYHKIUSHUHT OudQepeHiran Ba HHTErpai
XMCOOU Xam/ia COHJIM KaTopiap MaB3yJiapu 0aéH 3TUIITaH.

Mabpy3anapHUHT  MaHTUKHM  KeTMa-KeTNIWKaa, Oup-Oupura  y3BHi
OOFNMKINK/IA, TYITyHYAJIADHU PABOH aUTHIIMIINATA, TACAUKIAP UCOOTIApUHA aHUK,
WIMHIIAKKA acoCliaHTaH OYnmuImMra 3bTHOOp KapaTwiaraH. Xap Owp Mabpysa
CYHruJa Ha3apuil Ba amMaluid axaMusTra sra OyJiraH Mamikjaap KEeJITHPHII-TaH.
S"ﬁnaﬁMnsKH, OyHmaii mamkjap TamabamapHU MYCTaKWJI HIUIAINTa, MaHTUKHUHA
¢bukpnamra yprataau.

«MaTteMaTuK aHaJdu3aH Mabpy3ajlap» MaTreMaThka Ba MeXaHUKa
nyHamunuiapu OViinua OakayaBpiiap Tauépiaiml YKyB pekacura MOCHAIITHPHUO
&3miran Oyicana, yHIaH MaTeMaTHKa KeHIPOK YKUTUIaAUTaH OJIUK YKyB IOpTIIapu
Tanabanapu xam QoigaraHUILIApU MyMKHH.



Kuto6 myammduapn, my coxa MyTaxaccuciapH, Y30ekucToH Mumii
YHUBEpCUTETHAA KyI HWwmap wMobOaHuAa MasKyp Kypc Oyiinmya VKuraH
Mabpy3ajiapAaH ¢oinananauiap.

Kutobna marematuk OenrunapaaH KeHr Qoipgananuin OuiaaH Oup Karopaa
TacIUKJIap MCOOTHMHHHI OOINUIAHTaHJIUTHHH «<€» OCNrH, TyraraHjaura 3ca «p»
oenru opkanu udoasaHraH.

Kuto6 kynésmacunu cUHUMKIA0 VKUO 4YWMKUO, YHH WIMHNA Ba METOJUK
KUXATAAH SXITWIAHWUIINATA Y3 XHCCAJIAPUHU KYIITaH-Tapu Y4yH Mpodeccopap
P.Amypos, P.Fanuxykaesnapra myan-audiap MUHHATIOPYMINK OUIIupanumiap.

ynunraex kutoOHM Hampra Taiépiamaa katHamran [loumkynos b.b ra
V3 TalmakKypuMU3HU UCXOP ITaMH3.



1-bOb
JACTJTABKU MABJIYMOTJIAP

1-manpy3a
Tynnamaap. Tymiaamiap ycruaa amasiap

1°, Tynaam tymyn4dacu. Tyminam MaTeMaTHKaHUHT OOUUIaH-FUY, allHU
naitoa Myxum TylryHYajnapuaaH Oupu. YHU uXTuépuil TabMatiu HapcalapHUHT
(mpenmeTnapHUHT) Mabiaym Oenrmiap Oyiimua Oupnammacu — (MakmyacH)
cudaruaa TymyHuwiagd. Macanas, )kaBOHIArd KUTOOJIAp TYIIaMu, OUp HyKTaJaH

YTYBUM TYFpU UM3HKIAp TYIIaMu, X2 —5X+6=0 TeHITaMaHUHT MIN3IAPH
TYIUIAaMH JEUWJIUIINA MYMKHUH.

TynnamMHu TalIKWI 3TraH Hapcajap YHUHT 3JIEMEHTJIApH AcHuaau.

Marematukana tymamuap Oom xapduap OunaH, YJIapHUHT 3JE€MEHTIapH
aca K4k xapduiap Owian Oenrwianamu. Macaman, A,B,C - tymramnap, a,b,c -
TYIJIAMHUHT 3JIEMEHTIIApHU.

bab3aH TynnamMiap yJapHUHT 3J€MEHTIapUHU KYpcaTuIll OusiaH €31IaIn;

A={ 2,4,6,810,12},
N{ 1,2,3,..n,..}
z={.. ,-2,-1,01,2,..}.

Arap a Oupop A TYrIaMHMHT 3JeMeHTH Oynca, all A xabu &3unaau Ba «
a sneMeHT A Tymiamra Teruuuiy » ae0 ykunaau. Arap a ury Tymiamra TerHIiIu
O0ynmaca, yau all A xabu €3unaau Ba « @ 3JIeMEHT A Tymjiamra TeTUILUIU SMac »
ne6 ykunaau. Macanas, rokopuaarn A tymmamaa 100 A, 1500 A.

Arap A 4eKkJId COHJIAru >JIEMEHTIApJaH TallKWJ TomraH Oyica, y 4eKJun
TYIUIAM, aKC X0J11a YeKCcH3 Tymjam jaecinnaau. Macanan, A={2, 4,6,8,10,12}
YEeKJIM TYTu1aM, Oup HyKTaJaH YTyBUYM Oapya TYFpU YU3UKIAp TYIUIAMU 3Ca YEKCHU3
Tymiam 6yiaau.

1-tabpu¢. A Ba B Tymnammapu Gepunran 6ynu0, A TymimamHuHr Oapua
syieMeHTIapu B Tymiamra terumniu 0yiaca, A TymiamM B HHHT KMcM# (KHCMHIii
TYIUIaM) JIeHIIa i Ba

AB (éxku BO A)

Kabu E3umnaau.
A TYIUIaMHHHT 3JIeMEHTIapu opacuaa oupop xycycusitra (0y XyCyCUSITHU
P Ownan OenrmmaiiMu3) osra Oynamurannapu Oyiaumy MyMKuH. byHnmai
XYCYCHUSTIIN DIIEMEHTIApIaH Ty3WITaH TYIUIaM Kyiuarnda
{xOA|P}
Oenrunanaau. PaBiianky,
{xDoA|P}O A
oynaau.
Arap A Tynnam snemeHTiIapu opacuga P XycycusTim 3nemeHTiIap
oynMaca, y XxoJiaa
{xOA| P}



OuTTa XaM dJEMEHTra 3ra OyJMarad Tyrmiaam Oyiaul0, yHu Oyl TymiaaMm Jerusiaiu.
bym tymmam [ kabu Oenrunananu. Macanas, X2+ x+1=0 TeHIIaMaHUHT
XaKUKWAW Wiau3iiapyuian uoopat A OV Tymiam OViaau.
0={x0A X +x+1=(},
Xap KaHjgai A TymiaMm yuayH
AUOA, OOA

neb Kapanasiy.

Opatna, A TynnamMHUHT Oapya KUCMHUN TYIuiamiapujaaH uOopaT TyIuiaMm
F(A) xa6u 6errnnanana. Macanan, A={a,b,c} 1ymiam yayn

F(A)={{a} {0}.{c}.{a,b}.{a,q}.{b.c}.{ab,c}.00}

oynau.
2-tappu¢d. A Ba B Tynmamnapu 6epuiran 0ynuo,
AOB,BUOA
oynca, A Ba B Oup Oupura TeHr TynjaamJjap aelniiaag Ba
A=B

Kabu é3uIaau.

Hemak, A=B tenrmuk A Ba B tymmammapHuHr Oup Xuj sjaeMeHTIapaaH
TAITKWJI TONITAHIUTHHY OUJIIUPATIH.

2°. Tynaamaap ycrupa amasnaap. Ukku A Ba B tymmammap Oepunran
OyncuH.

3-tabpud. A Ba B rtynmnammapHuHr Oapua 3JNE€MEHTIApUIaH TaIIKHII
tornrad E tymimam A Ba B Tymiamuap iimruHaucu (OMpJiammMacu) aeinsaag Ba
AY B xabu Oenrnnanamu:

E=AYB.

Hemak, 0y xonga all AY B nan alJA, €ku allB, éku oup Bakrna allA,
allB oynumm kenub YuKaau.

4-tabpud. A Ba B T1ynmnamnapHuHr Gapua ymMymuil sieMeHTIApUIaH
tamkui tonrad F tymmam A Ba B Tymanamaap kymaiitmMacu (kecummmacu)
nevwinany Ba Al B xabu Oenruimanamu:

F=AIl B.

Jllemak, Oy xonga allAl B mam 6up Baktoa allA, allB O6ymumu kenud
YUKAJH.

S-tappu¢d. A tymmamauar B 1ymmamra termnuim O6ynamaraH Gapua
aneMeHTNIapuAaH Tamkuil tonran G tyminam A Tymiamaan B tynaaMHuHT
aiitmpmacu neiivianu Ba A\ B xabu Oenrunananu:

G=A\B.
Hemak, all A\ B nan all A, allB 6ynumm kenub ynkaiu.
6-Tabpud. A  tymnamuuar B ra Ternnum  Oynmaran  Gapua

aieMeHTIapuAaH Ba B Tymmamamar A ra Ttermnum Oynamaran  Oapua
JIEMEHTIIapuAaH Ty3wiran tymiam A Ba B Tymiaamuiap-HHHr CMMMeETPHK
aitupmacu netinnaan Ba AAB kabu Oenrua-Haau:
AAB=(A\B)Y(B\A).

Hemak, allAAB 6ynummpnan allA, allB éxu allB, alJA Oymumm
KennO YuKaau.

7-tabpud. Anraiinuk, allA, allB 6yncun. bapua taptubnanran (a,b)
KYpUHUIIMAATH KyPTIUKIapJaH Ty3wiran tymiam A Ba B TyminamumapHuHr
AeKapT kKynaiitMacu aeiimnany Ba Ax B kabu Oenrunanaau. Jlemax,



AxB={(a,b)|alA,bOB}.

Xycycan, A=B oOynranga AX A= A? 11e6 KapaJiaJu.
8-tabpud. Awitaiinuk, S Ba A Tymnammap Oepunran 6ynu6, AU S
oyncuH. Yoy
S\A

Tymnam A tymiamMHM S ra TyaauMpyBuM Tymiaam aedimnagn Ba CA €ku CgA
kabu OenruiaHaan:
CA=S\A.
Tynnammap yctuga OaxapuiaauraH aMaUIapHUHT 0ab3u XOCCATapUHU
KEJITUPaMU3.
A,B Ba D tynnamnapu 6epwiran 0yicuH.
1) AOB,BOD 6ynca, ALl D 6ynamu;
2)AY A=A, Al A=A oynanu;
3)A B 6ynca, AY B=B, Al B=A 6ynanu;
4)AYB=BY A, Al B=BI A 6ynaau;
5 (AYB)YD=AY(BYD),(Al B)l D=AI (Bl D) 6ynanu;
6)A0 S 6ynca, Al CA=0;
7) C(AY B)=CAIl CB,o6yama ALIS,BUOS;
8) C(Al B)=CAYCB,oynna AOS,BOS.
By xoccamapHuHT UCOOTH IOKOpHIA KEATHPWITaH TabpuQ-IapaaH Keauo
YUKAIH.
1-mucoa. Yoy
(A\B)Y(B\A) =(AYB)\(Al B) (1)
TEHTJIUK NCOOTIIAHCHH.
« all(A\B) Y (B\ A) 6yucun. Y xonaa
all(A\B):allA, allB
€K1
all(B\A): allB, allA
oynanu. bynnan sca
all(AY B), all(Al B)
oyuo0,
all(AYB)\(Al B)
oy kenub yukanu. Jlemak,
(A\B)Y(B\A) O(AY B)\(AI B). (2)
Aitraitmnk, al(AY B)\(Al B) 6yncun.
VY xonna
al(AY B): alA éxu alB,
al(Al B):aOA aOdBéxualA alB éu alA alB
oynay.
bynnan sca
allA\B éxu allB\ A

oyuo0,
all(A\B)Y (B\ A
oynmumm kenub uynkaau. Jlemak,
(AYB)\ (Al B)O(A\B)Y(B\A). (3)
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(2) Ba (3) mynocabatnapaan (1) TEHMIMKHUHT YPUHIIA OYJIUINN TOMUIa . P

Tymnammap yctuaa  Oaxapunaaurad  amMaigapHd  0aéH  JTUIAA
TYIIIaMJIapHUHT KaHJal TaOuaTid JJIEMEHTJIApAaH Ty3WI-TaHIUTHTa JBHTHOOD
KWJIAHMA/TH.

Acnuna, KeITUpWITaH aMajuiap Oupop yHUBEpcan TyIuiam 1e0 aTalyBud
TYIUIIAaMHUHT KHCMHN TYTIJIaMJIapu yCTHAa Oaxkapu-naau ned kapamaau. Macanas,
HaTypaJl COHJIap TYTJIaMiIapu yCTHAa amaiyap Oakapuiaguran 0yica, yHUBepcal
TymnaM cudaruna Oapua HaTtypan conjapaaH ubopar N TYmiamMHU OJMII
MYMKHH.

3°. MaremaTuk Oearmaap. Matemartukaja Te3-Te3 yupauiu-raH cy3 Ba cy3
OupukManapu ypHuUIa Maxcyc Oenruiap WIUIATU-TAaau. YJapaaH MyXHMJIapuHU
KENTHUPaAMU3:

1) «arap ... 6ynca, y xonma ... Oymaam» ubopacu «=>» OENTH OpKaJH
E3MIaau,

2) MKKY HOOpaHUHT SKBUBAICHTIIMTH YIIOY « < » OCITH OpKaIH €3MIIa/Iu;

3) «ap KaHgan», <UXTHEPHI», <«Oapyach y4dyH» cy3mapu ypHura «[I»
Oenru uIIaTUIa Iy,

4) «MaBXKYIKU», «TOMHUIAIUKI» CY371apu YpHUTA «[» MaBKy/UIHK OEJITHCH
UILTATHIA]TH.

Mamkiap

1. Vmiby
(AYB)\D=(A\D)Y (B\D)

TEHIJIMK UCOOTIaHCHUH.

2. Arap A Ba B uexnu tymmamnap 0ynu0, ymapHUHT 3J€MEHTIapU COHU
moc pasummia N(A), n(B) 6yuca,

n(AY B) =n(A) + n(B) - n(Al B)

OYuIy NCOOTIAHCHH.

3. Arap A dexiu Ty1uiam 060, YHUHT 3JIEMEHTIAPUHUHT COHU N ra TEHT
Oynca, Oy TymiaMHUHT Oapya KUCMHUN TYIIaMjapu TYTUIaMu F(A) HUHT

9JICMCHTIIaAPHU COHH 2” ra TeHT SKaHH UCOOTJIAHCHH.



2-Mabpy3a
AKCJAHTHPUIIIAP Ba YJIAPHUHT TypJapu

1°. AkcranTupum Tymynyacn. E Ba F tymiammnap Gepuiran 6yicun.
1-tabpud. Arap E tymuiamaan onmaran xap 6up X snemenrt-ra oupop f
Kouja €KUM KOHyHra kypa F TymnamMHMHr OuTTa Y 3JI€MEHTH (yD F) MOC

Kyiwiran Oynca, E Tymimamum F  Tymiamra akcaaHTMpuin OepuiraH

neuniIaau Ba
f
fE - F éux-y, (xOE yOF)

kabu Oenrunanamu. byrama E Tymmam f  akcnmaHTHpUINHUHT aHMKJIAHUII

TYIUIAMM JICUUIIA]IN.
1-mucoa. Ymoy N ={ 1,2,3,...} Ba N'= {1,%,% ,} TYTIIaMIIap

Oepuirad OYICHH.

1) xap Oup Harypam n (nl] N) COHra 1 (ED N'j COHHM MOC KYyMCaK,
n

n
yH7A
f
f-N-N',n-> 1
n
aKCIAHTUPHUII Xocui OYnanu. Yuau f(n) =% Kabu xaMm €3naau.
1 1 .
2) xap Oup Harypaia CoH N (nD N) coura — | — UN"|corn moc
n n
KYyWCak, yHaa
¢ 1
¢:N >N, n- —
n
. 1
aKcIaHTupuuira sra 6ynamus: @ (n) =—-.
n

3) xap Oup HaTypai N (nD N) conra 1 (10N') commHH MOC KyHuII
HaTIKacH1a
g
g:N-> N, n-1
aKCIaHTHPUII Xocua Oymamu: g(n) =1.

AWTAIINK,
f:E-F

akciantupuin o6epwiran 6yiacud. X[ E snementra moc kyiunran y U F anement
X HUHT akcu (o0pa3u) neiinnaam Ba y = f (X) KaOu Oenruia”amgu.

OHau yUF osnemenTHun onainuk. E  TYninaMHUHrT myHgad o X
SJIEMEHTJIApUHU Kapaimu3ku, f (X) =y Oyncun. byanait X[JE snementnap Yy E

HUHT acau (mpoodpasu) neiinnamy Ba f *(y) Kabu GenrunaHagu:



f ™ (y)={xOE| f(x) = y}.
Arap AU E 6yxca, ymOy
{f)|x0A

TymaM A TymiaMHHHI F f1aru akcum nenniiany Ba f(A) kaOu Oenrviaanamgm:
f(A)={f(x)| xOA}.
Arap B [0 F 6yinca, ymoOy
{xOE]| f(x)UB}
tymiam B Tymimamuauar E naru acam neinianu Ba f _1(8) KaOu OenruaaHaIv:
f(B)={x0E| f(x)OB}.
2-mucoa. ®apa3 kunaiuk, N ={1,2,3,...,n,...} sa M{-1+1} tymmamuap

Oepuiran 0ynuo, ymoy
f:N-M

aKCIIAHTUPHILI KyWUAaru
f(n)=(-1"
KYpUHHUIIAA OYIICHH.

Papmanku, S5ON  muar axcu f(5)=-1; 10M wmer acmu oca
f1M)={246,..} 6ymamu. Iysunraex, A={3,4} ON TymiaMHHHT aKcH
f(A={-L,3=M, B={-1} M TyuraMHHAHT aciii 3ca

f*(B)={135,..}
oynanm.

®apa3 kunaiimmk, A Ba B T1ymnammapm F TYymuiaMHMHr  KMCMUI
tymnamiapu 6yncun: AL F, BOF . Yana

f (A1 B)=f7(A)l f7(B) (1)
oynaau.

< Aiiraitmuk, X0 f (Al B) 6yncun. Yuma f(x)OAl B 636, f(x)0A
Ba f(X)UB Oynamu. Keiimarn wmyHocabatmapman X[ f _1(A), xO f _1(B)
Oynumu keaud yukaau. Jdemax, X[ f _1(A)I f _1(B). Bynman sca

f (Al B)O fH(A) I f(B) (2)
OYIUIIIMHYN TOTIAMMA3.

Aitraiimuk, xOf H(A) | f (B) 6yncun. Yuma xO f (A) Ba xOf (B)
oymo, f(X)UA f(X)UB O6Yymamu. Hatmwxacu f(X)OAI B 06ymmb, yHman
xO f (Al B) 6ynummnn tomamus. By sca

fHA)I f1(B)Df (Al B) (3)
OYIUIIMHYA OUITUpaAIH.
(2) Ba (3) mynocabamimapman (1) TEHMIMKHUHT YPUHJIA OYIHMINNA KearO

YyuKagu. P>
FOkopunaruzex,



fHAYB)=f (A Y f (B),
f(AYB)=f(AY f(B)

TEHTJIMKJIAPHUHT YPUHIIN OYIuIy NcOOTIaHAIH.

2°, AKCJIAHTHPUIIHMHT TypJaapu. ANTalluK,

fiE-F (4)
akciaantupuin oepunran 6yauo, f(E) sca E TyrmuiaMHUHT akcH OYIJICHH:
f(E)={ f (x)|xDOE}.
2-tabpud. Arap (4) akcaaHTHPHUIIIA

f(E)OF
oynca, (4) akcnantupuin E  1ymiaMHn F TYmiiaMHUHT MYHTa aKCJIaHTHPHII
neuuiIaau.
Macamnan,
11
N=1{123..}, N =1=-,=,...
1.2.3..) {1 X }
TYIUTAMJIapU YYyH YIIOY
f
f:N-> N, n- 1
3n

akcmantupuir N tymmamMad N’ TYIUIaMHUHT H9MTra aKCITaHTHPHIN OY1a 1u.
3-Tabpud. Arap (4) akcaaHTHPHIIIA
f(E)=F
oynca, (4) akcnantupum E Tymiaamam F TYIIaMHHHT yCTHra aKcJIaHTHPHII
(CrOpbEeKTHB aKCJIAHTHPHIN) JTeHHIaIH.
Macamnan,

N={1,23..},M={-11
TYIJIaMJIapU y4yH
f
n-(=1"
akcnantupuil N TymamMH M TYNIIaMHUHT ycTUTa akCIaHTUPUIL OYIIaau.
4-tabpud. Arap (4) ycrura akcmantupum OynuO, Oy akcmantupum E
TYIJIAMHAHT TypJiH DJIEMEHTIApuHU F  Tymmam-HUHT Typim 3lieMeHTIapura
aKciIaHTHpca, (4) HHbEKTHB aKCJIAH-THPHIN JICHUTIa IH.
5-taspud. Arap (4) yctura akcnaHTHpHIN OYIHO, y HHBEKTUB aKCIAHTUPII
xam Oyiica, (4) y3apo Oup KUHMATIN aKCIAaHTHPHUII (MOCIHNK) JTeHNIa IH.
Macanas,
.11
N={123..}, N {l 2,3,...}
TYIIamiap yuyH yuoy
f
f:N-N,n- 1
n
aKCIAHTUPUII Y3apo OMp KUUMATIM aKCIaHTUPUIL OYiau.
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6-taspud. f:E - F akcmantupum ¥y3apo Oup KUMATIH aKCIAHTHPHII
oyacun. F Tymnamuaunr xap oup Yy, (YO F) snementura E TynmamMHuHr OMTTa X
aneMenTuHH (X[ E) Moc KysiauraH Ba

9(y) = g(f(x)) =x
MyHOca0aT OMJIaH aHUKJIAHAIUTaH
g:F - E
akcinantupuin f :E - F ra mucOaraH TeckapM aKCJIaHTHPHMIN jaciiniaaau Ba f*
kalbu OenruaaHaan:
f*:F - E.

Hemak, f:E — F rarteckapu akcnaHTHpHII MaBxKy]l OVIIHIIH yUyH:

a) f ycrura akcimaHTHpHIIL,

0) F tymamman onuHTaH Xap OuMp y 2JieMeHTHUHT E Tymn-mamparu acim

f 7 y)= 7 (F () =x

sroHa OVJIMIIN Kepak.

3°. DkBuBajeHT Tymiamiaap. Canokaum Tymiaamiap. Kyn xonga
TYIJIaMJIapHU  YJIapPHUHT TalIKWI JTraH »JJIEeMEHTJIapu COoHU Oyinuya ¥3apo
CONMIITUPHUINTA TYFpU Kedaau. Yeknaw Tymiamiaap COJUINTHPWITaHAa Oup
TYIUIAMHHAHT 3JIEMEHTJIADW COHM WMKKMHYMCHAAH KyN, €KM KaMm, €KUM YJIApHUHT
3IIEMEHTIAPUHUHT COHHM Oup-Oupura TeHr JAeraH Xyjuocara kenuHaau. by xomna
3JIEMEHTJIApU COHU KYT OVJIraH TYIIaMHH «KyBBaTH» KYIIPOK JEHHUII MyMKHH.

Yekcus TYIUIaMIapHy COMMIITUPHUIIAA Ba3UAT OOIIKauapok Oymanu. Yekcus
TyIJIaMJIap 3KBUBAJIEHTIMK TYLIyHYACH EpAaMu-Aa COJUILTUPUIALN.

7-tabpud. Arap f:E - F y3apo Oup KuiimMaTin akciaaHTH-pHIl (MOCIIHK)

oynca, E Ba F sxkBuBajeHT TymiaamJap neiiwiaau Ba E ~ F kabu Oenrunanaay.
Hemak, E Ba F TymmammapHuHr skBuBaneHTiMru E~F  ymapHuHT
3IIEMEHTIApH ¥3apo OUp KUUMATIM MOCIUK/IA SKaHIUTHHU OUJIIUPaIH.
Macanas,
N={1234..}, N, ={2468,..}
TyIJIaMiap y4yH
f
n-2n, (nON, 2nON,)
aKCIAHTUPHII y3apo Oup KuitMaTiu. bunobapus,
N ~ N,
oynamu. (By xonma N « 2N kabu &3unann).
Aitraitnuk A, B,D tymamnap 6epunran 6yiacuH. YHa
1) A~A,
2) A~B=B~ A,
3) A~B,B~D= A~D
Oynanu. By xoccamapHUHT HMCOOTH IOKOpHAA KENTHpWIraH TabpudiaH Keiuod
YUKAIH.
Nxkkun A Ba B tynmmammapu ¥y3apo skBuBajeHT Oyica, yaapHU OUp XU
KyBBaTJIM TyTUIamiap 1e0 Kapanaiu.
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Jlemax, KyBBaTHU DKBUBAJICHT TYIIJIAaMJIAPHUHT MUKIOPHN
XapakTepuCcTUKacH cudatuia TyIIyHUII MyMKHUH.

Yeknu TYIUIaMJIapHUHT y3ap0O SKBUBAJICHTJIMIY YJIAPHHUHI TAlIKWJ JTraH
AJIEMEHTJIAPUHUHT COHUHU OUp-OMpura TEHIVINTUHU OUJIINpaIH.

Ymyman, A Ba B yexnu TYyrimaMiIapHUHT ¥3apo SKBUBAJICHT OVIIUIIN yUyH
YJIAPHUHT 3JIEMEHTJIAPU COHU OMp Xujl OYJIMIIM 3apyp Ba €Tapiiu:

A~B « n(A)=n(B),

6ynna N(G)—-G TYmIaMHUHT SIEMEHTIAPH COHH.

8-tabpud. Harypan connap tymiamu N ra skBuBaJieHT OyaraH xap
KaHJ1al TYIUIaM CAHOKJIM TYIJIaM JICHAJIA/IN.
MacanaHs, ymoy
N, = {2,4,6,8,...,2n,...},

N, = {182764,...,n°,...},
11 1
N, ={L,—,—,....— ...
s ={L5 37 }
TYIIIaMyIap CaHOKJIW TyTuiamiap OViaaau, 9yHKU

N 2n, N~Ng;

non® N~N,;
1

n o —, N -~ N .
n 3

Hatypan commap tymnamu N ra skBuBaneHT Oynran Oapua Tyriamuiap
CaHOKJIM TYTUIamjiap CUH()UHM TallKkui 3Taau. by cund TyminammapuHUHT KyBBaTU
Ooup xwi1 Oynaau.

PaBmanku,

N, ON, N, ON, N; OON
Oynanu. AWHM maiTaa, FOKOpUIa KYPAUKKH,
N~N;,N~N,,N~Nj.

Bynnaii BaszusaT (TYIIIaMHHHT KUCMH y3WTa SKBHBAJICHT OYnumm) Qaxart
YeKCHU3 TYIUlaMmiIapAaruia cogup Oynamau.

MaremaTuk aHaau3 Kypcuaa taimH E Ba F  rtymuamiaap yuyn

f:E - F akcianTHpuuiap Ba yJapHUHI X0CCAJapH YpraHuiIaan.

JlacTaBBan rokopuaaru Tyrmiamiap cudaruaa XakuKuid COHJap TYTUIAMUHU
0JIaMH3 Ba YHUHT XOCCAJIApUHU YpraHamus.

Mamkap

1. Arap A= {a, b} , B= {a, ,B,y} oynca, A tymiamHuar B Ttymmamra
aKCIaHTHpUILIApU COHU 9 ra TeHr OYnuim ucOOTIaHCHH.

2. Auraitnuk, A caHokiu Tymiam Oymu6, XU A Oyncun. Y xonaa
AY {x} ~ A 6ymumn ncGornancu.
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3-Mabpy3a
XaKuKHH COHJIAp

CoH TymryH4acH y30K YyTMHIIIAH MabiyM. Onamiap caHall Tako30CcH OuiiaH
nactnab 1, 2, 3, ... -Harypaad CoHJapHuU Kyia-rannap. CyHrpa mMaHgui coH,
palroHal COH Ba HUXOAT, XaKUKUI COH TYIIyHYacH KUPUTHIITAaH Ba YpraHuira.

bu3z yxyBuura ypra mMakTad, KOJUIeK Ba JHIEHIapaa MaTeMaTiKa KypcuaaH
HaTypaJs, OyTyH, pallMOHal COHJIAPHH, ylap ycTujaa OakapuiaJuraH aMajulapHH,
aMaJIADHUHT  XOCCAJapWHW, IIyHWHTACK TYFpU 4YM3WKAa (COHyap YKuaa)
TreOMETPHUK H(OTATAaHUTITNHU MabJIyM 1e0 XucoOIanmMus.

XaKuKAi COHJIADHUHT MAaTeMAaTHK aHallu3 Kypcuaa MYyXHMJIUTUHU
»pTHOOPTA 0O, yIap XaKuaard MabIyMOTIapHU Tajnad napaxacuma 0a€H sTamus.

1°. Paumonan COHJIApP Ba YEKCHU3 JaBpUil YHIIH KacpJiap.

®dapa3 KUJIAWIUK, P oupop wmycOar paruoHan coH OyicuH. bynum
q

Koujacuaad doigananu6 P OyTyH coHHU ( ra Oymamus. Arap P HU ( ra Oyl
xapaéHuga Oupop KagaMaaH KeMHMH KOJJIWK HOJIra TEHT Oyica, y Xojaa Oymuin

xapa€H TyxTao, P Kacp YHmu kacpra aimanaau. Onmatna, OyHmall VHIM Kacp

YEeKJIM YHJIM Kacp Jernnanu. MacanaH, 2—2 kacpaa 59 uu 40ra 6ynu6, yau 1,475

OYIUIINHYU TOMIAMMU3!

59
— =1475.
40 t

Arap p HM Q ra Oynuuml >kapaéHu 4EKCH3 JaBOM 3TCa, MabIyM KaJlaMiaH
KeWHH IOKOpUAa alTWiraH KOJJUKJIapJaH Oupu sHa Oup Mapra ydpailaum, cyHr
YHJIaH OJIAMHTY paKamiiap MOC TapTUO/1a TaKpOpJIaHaIu.

Opmatna OyHpail kacp ueKcM3 JaBpud YHIM  Kacp  Jeduiaiu.
Takpopnanaguran pakamiap (pakamiap OupiamIMacH) YHIM KAaCpHHUHT JaBpH
oynaau.

Macaiman, :—13 kacpaa 1 vHu 3ra 6ynu6, 0,333.. 0y IuimmHu TomamMus;

1 0,333..
3

Yoy
0,333..., 1,4777..., 2,131313...
Kacpjap YeKCU3 JaBpuUil YHIU Kacpiapaup. YJapHHUHT JlaBpu MOC paBuija 3, 7,
13 6ynanu Ba Oy yekcHu3 AaBpUid YHIIU Kacpiap Kyhduaarnya
0,(3), 1,4(7), 2,(13)
e€3UIaau,

0,(3)=0,333..
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1,4(7.=1,4777..
2,(13)=2,131313. .
[Ilynn TabkuamalkMu3ke, NaBpud 9 ra TeHr OYiaraH 4eKkcu3 AaBpUi VHIIU
KAaCpHU YEKJIU YHITH Kacp KUiIuO E3umaam.
Macanas,
0,4999..=0,4(9 =0,t,
2,71999.=2,71(9 =2,7=.

Xap KaHJal 4YeKIM YHJIM KacpHU HOJUIap OWJIaH JaBOM JTTUPUO UYEKCHU3
JIABPUM YHIIM Kacp KYPUHUILIKAA E3UII MyMKHH.
Macamnan,
1,4=1,4000..=1,4(0;

0,7£=0,75000. =0,75(0 .
[emak, xap KaHzau P palMoHan COH YEKCU3 JaBpUM VHIU Kacp

KypuHuIuaa udoaanaHaad. AKCUHYA, Xap KaHJal 4eKCU3 JaBpUi VHIW KacpHU

P

— KYPUHUIIUIA €3UII MYMKHH.

MacanaHn, ymoy
0,(3)=0,333.., 7,31(06 =7,3106060...
YEKCHU3 JJaBpUM YHIIM KaCpJIApHU Kapauiauk. ABBaJO yJapHU

0’(3):0+§+i+i+.__ ,

10 10*? 10°
7,31(06)=7+§+ 12 + 64 + 66
10 10° 10" 10
KypuHHUIga €310, CYHT YEeKCH3 KaMarBYU T€OMETPUK MPOrpec-Cus WUFUHIUCH
dbopmynacuaan dhoiganaHud TonaMus:

3
10 _3.0_1

o =032.= 10 =i
10
1
731(06) = 7,31060606.= o+ 10° 731, 1 6 _
100 ,_ 1 100 100 99
107

L a1e 2)- 28
100 33) 132

Jlemak, MXTUEpUN palMOHA] COH YEKCHU3 JaBpUM YHIIM Kacp OpKaJIM Ba
AKCUHYa, WXTUEPUM UYEKCU3 JaBpUM VYHJIM Kacp pauuoHal COH OpKajlu
udorananamu.

2°. XaKuKuil coH TymyH4yacu. Yekcus naBpuil OyimaraH YHIU Kacpiap
xaM OYynanu. by kecMaiiapau ydani skapa€Hujia r3ara KeJIuIIuHA KypcaTaMus.

14



dapa3 kunainmk, Oupop J kecMa Xxamja Ya4oB OUpPIUTH, MacalaH METp
oepwiran 0yycuH. J KECMaHMHT Y3YHJIMTHHUA XHUCOOIall Tajiad dTUJICHH.
Antaiinuk, 1 metp J kecmana 5 maprta OyTyH >KOWJaImnO, KECMaHUHT J;

KucMHU opTHO KosicuH. PaBmanku J; HUHTr y3yHiuru 1 metpaan kam Oynanu. by

X0J/1a J KeCMaHWHT Y3YHJIMTHHU TaXMUHAH 5 M. Ta TeHT 7e0 0JIMII MyMKHH:
J y3yHnmura =5 M.

Arap Oy aHUKJIUK eTapiu Oyiamaca, YI40oB OUPIUTHHUHT 10 KHUCMHUHH, SIbHU

1 am. HU onu0, yHU J; Kecmara xoinam-tupamus. Airtaiiuk, 1 oM. J; kecmana /
Mmapra OyTyHnail »xoinamu6, J;, kecMaHuHr J, Kucmu optud KosncuH. bynaa J,

HUHT y3yHauru 1 M. naH kuuuk Oynmamu. By xomma J KeCMaHWHT y3YHJIMTH
TaxMUHaH 5,7M ra TeHT 1e0 OJIMHUIIN MyMKHH:
Jy3ynnuru =5,7wm.
By >xapaéHHHM 1aBOM ATTHpA OOPHUII HATHKACHIA UKKH X0JIra Iy4 KeJIaMus3.
1) Oupop KamamaaH KeWnH, MacamaH N+1 kagamaaH KeHWduH ViI4oB

1 G
6I/IpJII/IFI/IHI/IHFE KucMu J,, kecmara @, MapTa OyTyHiail xoinamanu. by xonaa

YI140B Kapa€HU TYXTaTHINO,
J y3yHmuru = 5,_7|_ 5 @n
Nnrta pakam
OYIUIIH TOTTUIIAIH.
2) ymuam xkapa&Hu TYXTOBCH3 aBOM (Y4eKcH3 JaBoM) 3Taau. by xonna J

KECMaHUHT Y3YHJIUTUHUHT aHUK KUMUMaTHu A1e0 ymoy
S57.4, ...

YEKCHU3 YHIIU Kacp OJIMHAIU:
J y3ynmuru = 5/7.4,...

Avitaitnmuk, TVFpu uymsukaa Oupop O Hykra (KoopauHata OOIIM) Xam7a
¥14oB OMpaWry TaiuHIaHraH OyiacuH. Y xomna O HyKTalaH YHrja >Koijaliran
xap 6up P mnykrara, OP kecmaHu ymyam HaTWkacuaa XOCHJI OYiraH ymioy
Qy,0,0,.. Q... YeKCU3 YHIIM KaCPHU MOC KyWHIll MyMKUH. byHna

a,UNY{0}, a,00 {0,1,234,56,7,89} n=1

By mocnuk y3apo Oup KuitmMatiau Mociuk Oynanu. PaBiianku, rokopuparu
YeKCcHU3 VHIIM KacpJiap opacuaa YeKCcu3 JaBpui YHIM Kacpiap 6ynuo, ynap Manuii
Oynmaran panuoHan consap OVmanu. Konran kacpiap 3ca panuoHall COHJIAp
OyIMaiiiu.

1-tabpudg. Yoy

a=a,0q,0a,.4a,...,
KYPUHHUILINUJIATA YE€KCU3 YHIIM Kacp MaH(uii 0yaMaran XakMKuil COH Jennanu,
oyama a, N Y{0}, o, {0,1,2,34,56,7,89}, n=1.

Arap Ln=0;a, >0 6yaca, y mycOaT XaKMKHI1 COH JIeHUIa M.

MaHpwuii XaKuKuii COHHUHT «—>» HIIIOpa OWJIaH OJWHTaHW MycOaT XaKUKUAN
coH cudaruaa TabpuduaHagm.
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Bbapua xakukuii connapaan ubopat tymiam R xapdu 6unan 6enrunaHaau.
bapua Hatypan comnap tymiamu N, pamuonan cowmap Tymiamu Q,

xakukuii cornap tymiamMu R yayn N U Q U R 6ymagu.
2-tappud. Yoy
R\Q

TYTIJIaM 3JIEMEHTH (COH) MPPAIMOHAJ COH JICHIIIAIH.
bu3z rokopuna, naBpu «9» ra TeHr OYiraH 4YeKCHU3 JaBpUN YHIIM KacpHHU
YEeKJIM VHIM Kacp KUJIMO OJMHUIIMHYM alTraH 31uK. byHuHTr okubatujga OUTTa COH

MKKU KYPUHUIIITa, MacaJlaH, > COHU
=0,5000..

=0,4999..

NIRN|R

KYpHUHHUIIUTApTa 3ra 0ynub Kojaaau.

Ymyman, a,,a,,0,,...0, (an Z O) parmoHas CoH ymioy,

1) @y, 0,0, ,...0, (a, —1)999..,

2) a,,0,,0,,..0,000..., UKKH KYpUHHUIIAA E3WIMIIN MYMKHH. XaKUKHA
COHJIAPHH COJIMIITHPUIIIA PALIMOHAII COHHMHT 1)- KYpUHHUIIKMIAH (ol1amaHaMus.

HNkkuta manduit 6yamaran
a=a,a,0,.4,...,

b= 5,888,

XaKUKWH coHJIap Oepuiiran OyJICHH.
3-tabpu¢. Arap In>0 na a, = S, ,9pH1

ay =By, =By, 0y = B0y = By
oynca, a Ba b connmap tenr nevinnanu Ba a =b kabu €3mnanm.
4-tabpud. Arap
ay =By, =By, 0y = Bo s 0y = By
TeHIJIUMKIADHUHT Xed OyiaMaraHjga Outracu OaxkapuiMaca Ba OUPHHYH
OakapuiMaran TeHrIMK N = K ja comup Oyiica, y Xoa:
a, > [, Oynranna a conm b commman karra neiimnanu Ba a>b kabu

OenruiaaHaay.
a, < By Oynranna a conu b commnan kuumk aevimnaau Ba a<b kabu

OenrniaaHaaun.

AWTalnuK, TYFpu YM3WK, yHAA TainH ojguHran O Hykra (KoopauHaTa
Oor1K) Ba YII40B OUPIUTH Oepuiran OyJICHH.

Xakukui coHyap TymiamMu R OuiaH TYFpU YM3UK HYKTaJlapyd Opacujaru
Oup KUUMaTIIA MOCIIUK YPHATUII MyMKHUH:

O wykragman yHrma skounamran P Hykrara OP kecmaHuHT y3yHIHMTHTA
TEHT X COHHU MOC Kyhminaan (X coH P HyKTaAaHMHT KOOPAMHATACH JICHUIIaIN);

O HykrazaH uanga >xoinamradn Q Hykrara QO KkecMaHUHT y3yHJIUTHra

TCHI' X COHMHMHI MUHYC HIIIOpacu OuJIaH OJIMHTaH — X COHHU MOC KS’/I‘/’II/IJIaI[I/I;
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O HyKTara HOJ COHH MOC KyHHIau.
Apxumen akcuoMacu. HVXTu€puii 4ekiM XaKUKUKA a COHM y4YyH IIyHIai
HaTypas M COHU TOMUIIATUKH,
m>a
oynaau.
4 AliTaliiuk,
a=a,a0,.4a,.>0,

oynacun. m=a,+1, mMUN neb onunca, ynaa 3-tabpud 6uHOaH a<m Oynaau
>
Kypc naBomuna Te3-te3 yupal TypaauraH XakKUuKHil COHIap TYTUIaMJIapUHU
KEJITUPaMU3.
Anraiimuk, allR, bR, a<b 6yncun:
[a, b] ={xOR]a< x< b} —cermenT nerinnamu,
(a, b) ={x0OR]a<x<b} —unTepBan acitnnam,
[a, b) ={xOR|a< x<b} —sapum unrepBan aciumagm,
(a, b] ={xOR|a<x<b} —sapum uaTEpBaI. ACHHIAIH.
byanga a Ba b cownmap [a, b], (a, b), [a, b), (a, b] JApHUHT 4Yerapayiapu
neuniIaau.
[ITynuHraex,
la,+0) ={xOR|x2a},
(-w,a)={x0R|x<a},
(o) = R
neb Kapaimus.
dapa3 Kunalank, a Ba b uxtuépuit Xakukui connap 0yimo6, a <b OyiacuH.
VY xomnna
(a,b)# 0
oynaau.
<« XakuKaTaaH XaM,
a=a,,a,0,..0,.20
b= Ly, BB By
o6ymm0, m=0 yuyn
0’0 = ,80,0'1 = ﬂli"am—l = IBm—l Ba am < IBm
OyncuH. Arap K HaTypajd COH M JaH KaTTa COHJIap WYWJa DHT KHYUTH OYIica,
(0 <9) yuma
=00, 010y OO g +1)
parpoHai coH yuyH a <r <b Oynanu. Jlemak, (a, b) 0 »

MamkJjap
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1. Y6y X? =3 TeHIIHKHH KaHOATIAHTUPYBYH PALHOHAT COHHUHT MaBiKy/l
IMACITUTY UCOOTIAHCHH.
2. Arap r 0Q,a OR\Q 06yica, a +r OR\Q Oyauim KypcaTui-CHH.
3. HalR,Ub0R,UcR connapu yuyn
a>bb>c=a>c
OyuIy nCOOTITAaHCHH.

4-mabpy3a
XaKUKHU COHJIAP TYIUIAMMHUHI Yerapajapu

XAaKUKUM COHJIAP TYIUIAMWHHHI YETAPAJAHTAHIIWIH, TYIUIAM-HUHT AHHUK
yerapaJapy TyLIyHYAJIapA MATEMATUK aHAIU3 KypCH-11a MyXUM POJI YUHAWUIHN.
1°. Connap TYynaaMMHHMHr aHMK uerapaiapu. bupop E R tymiam

Oepwiiran OYJICHH.
1-tappud. Arap E rtymmamamHr myHmaih X, onementd (X, U E)
TonwiIcaku, E TymmaMHUHT uXTHEPUN X dJIEMEHTIApH YIyH
X< X
TEHICU3JIUK Oa)xkapuiica, IbHU
[xX, UE, OxOE: x=<X,
Oynca, X, coHn E TYmiaMHUHT 3HT KaTTa 3JIeMeHTH Jeiniaaym Ba
X, = maxE
Kabu OearniaaHaIun.
2-tabpu¢. Arap E TtymmamHMHr myHnmaii X, snementn (X, U E)
Tonwicaku, E TymmaMHUHT uXTUEpUN X dIEMEHTIapH YIyH
X2 Xg
TEHICU3JIUK Oa)xkapuiica, IbHU
[x, UE, OXUE: X=X,
Oynca, X, coHu E TYynnaMHUHr 3HI KMYHK 3JIeMEHTH Jeiiniaan Ba

Xo =MIinE
kaOu Oenrnia”amgu.
Macamnas,
max{l 1, } - 1 , } =1
2 3 n
min{123...,n,.} =1
oynaay.

3-tabpud. Arap mynmaii M coun (M OR) tommncaku, E TynmamHuHT
UXTHEPUN X DJIEMEHTIIAPU YUyH
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xX<M
TEHTCU3JIUK Oaxkapuica, SbHU
(MUR, OxUOE: x<M
oynca, E TymiaMm oKopuaaH YerapaJjaHraH jaeiwiaau, M coHu TYmIaMHUHT
IOKOPH Yerapacu JcHuiaiu.
4-tabppud. Arap myngaii m conn (MO R) Ttommicaku, E TymmamMHuHT
UXTHEPUNA X DJIEMEHTIIAPU YUYH
X2m
TEHTCU3JIMK Oaxkapuica, S’bHU
LmUR, OxUOE: x=m
oynca, E tynnam KyilimgaH 4derapajaHraH aedujaaad, M COHU TYTUIAMHHHT
KYiM yerapacu JIevuiaam.

PaBumianku, Tymiam IOKOpUJAH uerapajaHraH Oyiica, YHUHT OKOpU
gyerapajiapy 4YeKcu3 KT, IIYHUHTJEK KyiuaaH yerapanaH-raH Oyica, yHUHT KyWld
yerapajiapy YeKkcu3 Ky Oymaau.

S-tappud. Arap EL R T1ymimam xam KylugaH, Xam IOKOpHAaH
yerapajanrat Oyinca, E 4yerapasanran Tymiam aeinmianu.

6-Tabpud. Arap mxtuépuii M comm (M JR) onmHranma xam IryHmau
X, dnemenTH (X, [ E) Tommicaku,

Xg>M
TEHTCU3JIMK Oaxkapuica, SbHU
UM UR, X, UE: X, >M
oyinca, E TymiaMm lokopuaaH yerapajaHMaraH Jenuiiau.

7-tabpud. Arap uxtué€puit m coun (MO R) onmHranga xam myHman X,

sanemenTH (X, U E) Tommmcakw,
X, <M
TEHICU3JIUK Oa)xkapuiica, IbHU
UmUOR, X, UE: X, <m
oynca, E Tymmam KylinjaH yerapajaHMaras Jciiiau.

Macanas,

1) E, ={..., =2, -1 0} Tymuiam roKOpHIaH YerapajaHra;

2) E, = {1, 2,3 ...} Tymnam KylinaaH yerapajgaHras,

11 o

3) E; = {ZL E’ :—3 , } TYTUIaM YerapajiaHTaH,

4) E, = {X OR ‘ X > 0} TYILIaM FOKOPHUJAH YerapajlaHMaras;

5) E; = {X OR ‘ X < O} TYIIIaM KyWuaH yerapajaHMaran Oyiaau.

DHJIM COHJIap TYIUJIAMUHUHT aHUK IOKOPM XaMJa aHWK KyHu uerapanapu
TyIIYHYQJIApPUHU KEeJITUPAMU3.

Atraitnuk, E [J R Tynam Ba alJR conu 6epuiiran 6yiicuH.

8-tabpud. Arap

1) a conn E TymnamMHHMHT FOKOpPH yerapacu Oyica,
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2) E tymnamauHT nxTuépuit 1okopu yerapacu M yuyH @< M TEHTCHU3IHUK
Oaxkapuiica, @ cCoOHM E TyminamMHMHI aHUK IOKOpM derapacu jaennnanu Ba SULE

kabu OenruaaHaan:
a=sufkE.

JHlemak, E TynnamMHWHT aHMK FOKOPH 4erapacH, YHUHT IOKOpPH derapayiapu
opacua SHT KUYUTH OYIaau.

9-rabpud. Papas kunainuk, E [0 R tymiam Ba b [0 R conn 6epuiran
oyncuH. Arap

1) b con E tyrmiaMHuHT Kyiiu yerapacu Oyica,

2) E tynnamMuuHr uxTHEpUR Kyiu derapacd M ydyH b= M TeHrCcHU3IMK
Oaxapwica, b conn E TynnamMHMHT aHHMK Kyiim derapacu neiimnanu Ba inf E
kalbu OenruiaHaan:

b=inf E.

Hemak, E TynnaMHuHr aHMK KyiM dYerapacu, YHUHI KyWH derapajiapu
opacuja 3HT KaTrTtacu Oyiaau.

“sup” Ba “Inf” map mormrwa “supremum” Ba “infimum” c¥y3mapunan
onuMHTaH OYynuO, ynmap MOC paBHIIa SHT IOKOPH, SHT KyHH JeraH MabHOJapHU
aHTJIaTaIu.

1-teopema. dapa3 kunaiinuk, E R tymmam Ba allR conu Oepuiran
OyncuH. aconn E TymIaMHUHT aHUK FOKOpY Yerapacu OYIuIIM yuyH

1) a conu E TymimaMHHHT FOKOpH 4Yerapacw,

2) a coHumgaH kuuuk Oynran uxtuépuit @ (@ <a) yuyn E tymnamnaa

X>(@ TEHTCU3JIMKHU KAHOATJIAHTUPYBUYM X COHUHUHT TONWIUIIN 3apyp Ba
eTapJIu.

<« 3apypauru. AiiTailuk,

a=sufk
oyncuH. 8-Tabpudra OMHOAH:

1) OXOE yuyn X< a, spHU @ cOHM E TYIIaMHUHT FOKOpU Yerapacu;

2) a COHM IOKOpH 4erapanap opacujaa SHr KWuurd. buHoOapuH, a naH
KHYUK @ COHM YUyH X >@ OVnran X[ E conu Tonunamu.

Etrapauauru. TeopeMaHMHr uWKKaja maptd OaxapuicuH. by xomnna,
paBIIaHKK, @ <a WIapTHU KaHOATJIAHTUPYBYM Xap KaHmaii a conu E
TYIJIAaMHUHT IOKOpW derapacu OymonMaiau. Jlemak, a- TYIUIAaMHUHT IOKOpU
yerapajiapy Opacuia SHT KUYUTH. Y HJa Tabpudra kypa

a=surk
oynagu. P

Xyaau mryHra yXiman Kyiugara reopemMa ncOoTIaHa Iu.

2-teopema. @Papa3 kwraiimuk, E 0 R tymnam Ba bR conm Gepunran
OyincuH. b conn E TyruraMHUHT aHUK KyHW derapacu OVIMIIM ydyH

1) b conn E TynmaMHUHT Kyiiu yerapacu,

2) b conmpman karra Oynran wxtuépuii [ (L >Db) yuyn E Ttynnamnaa

X< [ TCHICHU3IUKHMA KAHOATJIAHTUPYBYM X COHHHHHI TOIWIHIIU 3apyp Ba

eTapJIu.
Jcaarma. Arap E U R Tynnam rokopuaan yerapajanmaras 06ymica, y xonija
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SUFE =+ |
KyHUJaH yerapajaHMaran 0yica, y xoaa
inf E =—co0

e oJIUMHAIH.

2°. Anuk yerapajJapHUHT MaBKY/IJHUTH.

AWNTAIINK,

a=a,00,..4,..
MycOaT XakuKui CoH OYiicuH, OyHIa
a,UNY{0}, a,0N;={01 2 3 4,56, 7,89}, n=1

Yoy
a =a,a,a,.a. =a,+2+92 4 4+
n 0 ™1™~ 2*n 0 10 102 1On1
a, «a a, +1
b =a,,a,a,..(a,+)=a, +—+—2+..+"
n 0 10,...(an +]) 0770 102 10"

panMoHall COHJIAp YYYH
a,<a<b,
oynay.

Jlemak, UXTUEPUM XAKUKHAM COH OJIMHTAaHJA IIYHJAl MKKWATA PallMOHAJI COH
TONMWJIAJNKY, yJapJiaH OupH 11y XaKUKUN COH/IaH KMYMK KU TEHT, UKKHHYUCH 3Ca
KaTTa Oyamau.

OHJM COHJIAp TYIJIAMUHUHI QHUK YeTapaJIApUHUHT MaBKYIJINTH XaKHUJaru
TEOpEeMaJIapHU KEJITUPAMU3.

3-Teopema. Arap Oy OyiamaraH TyIulaM IOKOpHJAH yerapanaHran Oyica,
YHHUHT aHUK IOKOPH Yerapacu MaBxXya Oynmaiu.

by Teopemanu

EO[0, +x), E#0
TYIJIaM y4yH ucOOTIaiMus.
<« E 1ymuaM 10KOpuaH yerapaiaHrad OyJICHH:
(M UOR, OXUOE: x<M.
Apxumen akcuomacunu ybptubopra onud, M N neitnim MyMKuH.

Ouau E tynnam
a=a,a,0,.. (a0 E)
3JIEMEHTIIApUHUHT OyTYH KUCMJIapuaH, ’bHU O JapuaaH ubopat TymiaamHu F,
JEHINK:
F, ={a, ONY{0} |, a =a,,a,a,..0E} .

by tymnam xam toxkopugaH M coHu OwmnaH uerapanaHran Ba F, # L.
PaBmianku, Fy [0 N Y{O}. bynnan F, TynmamMHUHT 9eKJU SKaHJIMTHHU TOMIAMM3.
Hemak, F, TynnaMHUHT 3HT KaTTa 3JIEMEHTH MaBXyA. YHU C, JEHIHK!

maxk, =c, (1)
E tymiamHuHr
Co, 0,0 5.
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KypuHUIIgary 6apua 3neMeHTIapuias noopat Tymiamau E, 1e6 onamus:
E, ={c,, a,a,...0E}.
Pasmanku, Ey O E, Ey # 0.
Oumu E, tymnam
Cor A
3JIEMEHTJIAPUHUHT @ JlapuiaH uoopar TyImiaMHu oaud, yuu F, neinux:
F, ={a, 0 {012...9} | ¢y, o, ...0Ey}.
by uexkmu tymnam 0ynu6, F, # [ O6ynaau. LUIyHUHT ydyH YHUHT 3HT KaTTa
3JIEMEHTH MaBXyA. YHU C; 1e0 onaMus:
maxF, = ¢, (2)
E, TymnamMauHT
Co, 1055
KYpuHHILAAry 6apya aneMeHTiaapuaad uoopar TymiamMau E; neb onamwus:
E, ={cy.ca,a;..0E.}.
Pasmanxku, E, UE,, E #0.
Oumu E; tynnam
Co,C10,05...

3JIEMEHTIAPUHUHT O, JapuaaH ubopar tymiamMuu oiud, yuu F, meitnuk:

F, ={a,0 {012,...9}|c,,c,,a,...0E}.

by tynnam xam uyexin Ba F, #[] OYynmO, yHUHI BHr KaTTa 3JEMEHTH

MaBXKY/I:
maxF, =c, (3)
E, TynnamMHuHT
Cy,C1Co05..
KYpUHHILLAAru 6apya saneMeHTiaapuaad uoopar tyminamau E, ned onamus:
E, ={c,,c,c,a;..0E}
By >xapaénuu naBom 3TTHpa OOpUIl HaTHXKAcHIIA
a=Cy,CiCp--Cpe--

XaKUKUIA COH XOCHJI OYmau.

Ouan E tynnam Ba Oy @ coH yuyH l-TeopeMaHUHI MKKaja MIapTIapuHU
OaKapWIUIIIMHA KypCaTaMu3:

1) IOkopunaru (1) myHocabatra xypa U a,,a,0,05...0E yuyn a,<c
oynanm.

Arap a, <c, OYnca,y xonma a,,a,q,...< a Oynaau.

Arap a, =c¢, Oynca, y xonma C,,a,a,...0E, 6ymb, (2) mynoca-6arra
Kypa a, < ¢, 6ynanu.

Arap a; <c, 6yncay xonzna a,,Q,a,...<a Oymagu.
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Arap a, =c¢, 6ynca, y xonna Cy,c,d,....0 E; 6ymm6, (3) myHocabatra kypa
a, < c, o6ynaau.

By >xapaéHHu 1aBOM STTUPHIL HATHXKACKUa UKKU X0Jra Ayd KeJIaMu3!

a) myHgaii N =0 TonmwIaauKy,

o =Co, A1 =Cpy... g =Cny, O <Gy

oymmo, a,,a,0,...<a oynaau.

0) uxtuépuit N20 na a, =c, 6ymmod, a,,a,0,...= a 6ynaan.

Hlemak, xap 1oum Q,,a,Q,...< & MyHoca0ar ypuHiu Oynaau;

2) @ COHJaH KHYUK OYIIraH UXTHEPHIA

B =By, BiBs--LBn-
Bo, BiBo- - <Cy,C1Cp..Cp-n

VYHna mysaaai N = 0 Tonuiaauku,
Bo=C, Bi=¢C,.. Biy=Cos B, <C,
oynanu. Ulynu sptubopra omu0, [Ix U E,, U E yuyn

X> By, BBy

XaKUKAU COHHH OJIANJIUK.

OYTUIIIMHY TOTIAMMA3.

[ynaait kumub Teopemana kenrtupwiran E Tymmam Ba @ conu yuyH 1-
TEOPEMAHUHT MKKaja IMAPTUHUHT Oa)xxapwiviiu KypcaTwiau. YHaa l-reopemara
MyBOGUK E TYNmaMHUHT aHUK IOKOpU Yerapacu MaBxKyjl Ba

a=sufk
oynumy kenub yukagu. »

Xyaau myHra yxiam Kydujaara TeopemMa ucOoTIaHaIu.

4-teopema. Arap Oym Oynmarad TyrjiaM KyWHJaH yerapajaHrad Oyiica,
YHHUHT aHUK KyIH uerapacu MaBxyJ Oyiaau.

Jdcaarma. TYIIIaMHUHT aHUK KyWH XamJa aHUK FOKOpH dYerapajapu Iy
TYIUTaMra TEeTHIILTNA OYITUIIN XaM MyMKHH, TETHUIIUIA OYJIMAaCITUTH XaM MyMKHH.

Mamkiap

1. Arap A Ba B tymmammapu (AUR, BOR) derapamanran 06yimo0,

Al B 6¥yinca,
sufA<surB, inf AZinf B
OymuIy nCOOTITAHCHH.
2. Arap IxUA (AUR) yuyn x<a (aUR) 6ynca, SUfA<a Oymuimm
UCOOTIAaHCHH.
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S5-mabpy3a
XaKUKHH COHJIAP YCTUIA aMaJlIap

0 w L (v (v (v
1. Uxkku XakKMKHMi COHJIAp WMFHUHIMCH, aiMpMacH, KymaiT-Macu Ba
HUCOATH. ABBaJ alTraHUMU3JIEK, PALIMOHAJ COHJIAp YCTU/A, XyCyCaH YeKIIU YHIU
Kacpjap ycruja OaxxapuiiaguraH aMajuiap Ba yJApHUHT Xoccajlapd MabiayM Jie0

XUCOOIaiMu3.
AWTalIMK, UKKATa MycOar
a=da,,aq,0,.4,..
b= L5y, 5.0,.. L
XaKUKWAW coHnap Oepuiran 0yiacud. YHaa n=0 Oynaranga ymoy

— — a1 a2 an
a, — ao,alaz...an - ao +E+F+...+ lOn

a, +1
a, = a,,,a,...(a, +1) = a, +f—(1)+1222 +..+ 1”On

palroHa CoHIap yuyH

a,<ac<a,,
INYHWHI'ACK,
_ b, B B
=B, BBy =By + 16+102 +. +10” ,
- _ B, B By +1
bn —ﬂOr,Bl,Bz---(,Bn +1) —,30 16 102 +...+t— 10"
paroHan COHIap yUyH
b, <b<b,

oynanm.
Oumu (1) Ba (2) TEHrCHU3NUKIAPHW KAHOATIIAHTUPYBYHU

(1)

(2)

pammoHan

COHJIApHUHT WUFUHAUCH &, +Db, mapman ubopat {a, +b,} Tynmmaman KapaiimMus.
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PaBmianku, Oy Tymiam [OKOpUIaH uerapajaHrad. YHAa 4-mMabpy3ajgaru 3-
Teopemara kypa { a, +b,} TyIIaMHMHT aHUK FOKOpH Yerapacy MaBxKy. 6yiam.

1-tabpud. { a, +b,} TymnaMEMHT aHUK rOKOpH Yerapacu @ Ba b XakuKmii
COHJIAp WHMIMHAMCH Jielimiaam Ba a+b kabu OenrunaHauu:
a+b=sufda, +b }.
n=0
(1) Ba (2) TeHrcu3NMKIAPHW KAHOATIIAHTHPYBUM PpAIMOHAT COHJIAPHHHT

kymaiitmacu @, (b, mapnas ubopar {a, [b,} Tymmameu kapaiivuz. By Tymmam
IOKOpUJaH uerapananran Oyiamu. [IIyHUHT ydyH YHUHT aHUK FOKOPH uerapacu
MaBXXy/J1 OYJ1aiu.

2-tabpud. { a, (b} TYnIaMHMHT aHMK IOKOpH dYerapacu a Ba b Xakukwmii
COHJIAp KymaiiTMacH Jeiinnanu Ba alb xabu Oenrunanany.

a=suda, [b,}.
n=0
(1) Ba (2) TeHrcusIUKIApHA KAaHOATIAHTHUPYBYM pPallMOHAT COHJIAPHUHT

a a . .
HHCOaTH —+ JlapJaH uoopaT < — » TYIJIaM FOKOPHIaH Jerapajianrat 0yia .

n n
a, .
3-Tappud. <{—- TYIUIAMHUHT aHUK IOKOpW dYerapacd a COHHHHMHT D

n

. a
COHHMIa HHUCOATH JcHUIIaaN Ba B kabu OeJrviaHamgu.

a ap,
— =SUp —+r.
b n=0 b

n

Atitaiinuk a Ba b mycOar xakukuii connap 6ynuo, a>b oyacus.

A-tanpud. {a, —b } TYIIAMHHMHT aHWMK IOKOPH derapacu a COHHAaH b
COHWMHMHT aiiupMacw jaeciinnaam Ba a—b kabu Oenrmianagy.

a-b=suda, -b}.
n=0

Dcaarma. 1) Xakukuii CcoHiap ycTHaa OakapuilaJuraH — KyIIHWII,
KYTTAaUTUPUIL, alUpUIl Ba OYJIMII aMaJJTApUHU TYTUIaM-HUHT aHUK KyWu derapacu
OpKaju XaMm Tabpudian MyMKHUH.

Macaman, a Ba Db xakukumii CcoHmap HUFMHIUCH  KyWHaarada
TabpudIaHaan;

a+b=inf{a +b}.
n=0

XaKuKui COHJIapJa, IOKOpUJAa KUPUTWITAH amajiap ypra MakTad
MaTeMaTHKa Kypcujaa YpraHuiraH aMmajulapHUHT 0apya Xoccaiapra ara.

2°, XaKUKUii COHHUHT Japaxacu. ABBajl Xakukui coHHUHr O-xamma n-
napaxanmapu (NN ) kyiingarnya
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a® =1
a" =qlilsgh, (NON)

AHWKJTAHWITUHN TabKUTAiMU3.
Teopema (ucborcus). Papa3 kwmainuk, a >0 Ba NN Oyncun. Y xomma
IIyHai STOHa MycOaT X COHH TOIWJIAIUKH,

x"=a
oynau.
S-tabpud. MycbaT XakuKuii 8 COHUHHMHT N Japa)kajiu Wiau3u 1e6 ymoy
x"=a

TCHITIMKHA KAaHOATJIaHTUPYBYM sIroHa X COHHUTIa aﬁTHHaI[H Ba

1
x=Ra=an
kalbu OenruaaHaau.
A¥WiTaiinuk, @ MycOaT XakuKuil CoH, I' 3ca MycOaT parroHas COH OYJICHH:

a> 0, r=m, m NN .
n

by Xonmma a COHMHUHT I - Tapakacu Kyrujgaruda

aHWKJTaHATH.

6-tabpud. Papa3 xunaimuk, a>1 b >0 xakukuii conmapu Oepuiran
OyicuH, a coHuHMHT D —gapaxacu ne0 ymoy {ab”} TYIUIAMHUHT aHWK FOKOPHU
qyerapacura auTuIaIu:

a® =suda®} Gynna b, = By, BBy By 0= Bos BB

n=0

3°, XaKuKuid COHHHHI a0coaroT Kuiimatu. Antaiimmk X[ R coH

oepwiran 6yycuH. Yoy
_ | X, arap x =0 6yca,
‘X‘ {— x, arap x <0 6¥ynca,

MUKIOpP X COHMHUHT a0COJIOT KUMMAaTH JIeHIaiu.

XaKUKUH COHHUHT a0COJTIOT KMMMaTH KyHuaaru xoccajgapra ara.

1) xR con yuyH

M20, [Y=|-x, xs|x, -xs|X
MyHOca0aTiap YpuHIIH,

2)|{<a - -a<x<a,
X<a < —asx<a, (a>0)
3) xUR, yUR connap yuyn
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X+ y <) +]y)
x= vz =],
XY = X Oyl
x| _ IX

—{=— (yz0)
yl |y

oynanm.

By xoccamapuunr wucOoTm OeBOCHMTa COHHUHT a0CONIOT KUHMAaTH
Tabpudumaad Kenud dYuKaau. YiaapjiaH OWpUHHU,  MacajiaH ‘X + y\ < M + \y\
OYIMIIMHU UCOOTIANMMU3.

4 AliTaiinuk, X+y>0 Oyacun. VYHaa ‘X + y\ =X+y Oymamu.
X< ‘Xl, y< M OYAUIIMHU >bTUOOPTA 0JIUO TOMAMU3:

Xy =x+ys<|q+y]

O X+ Yy <0 6yncuH.

Yuaa \x+y‘=—(x+ y)=(—Xx) +(-y) Oynanu. —XSM, —ySM
OYIMIIMHYA YbTUOOPTa 0JIMO TOIMaMU3:

=0+ () <+l
1-mucon. Yy
Bx -1 <[2x -1 +|¥ (3)
TEHICU3JIMK X HUHT KaHJal KuiMaTiaapuaa YpuHiIu Oymaan?
<« CoHHMHT a0COMIOT KUMMATH X0occacuiad Gpoigamanuod TormamMus:

3x-1=|@x~1) + ¥ <[2x~1 +|x.
Hemak, (3) rearcusnuk uxtuépuit X R yuyH ypunnu 6ynanu. P
bapua wmanduii Oynmaran Xxakukuii connap TymiamuHu R, Ounan
oenrunainuk. Papmanku, R, [ R.
Xap oup X[ R xakukuii cCoHra yHUHT aOCOJIFOT KUHMAaTH ‘X‘ HU MOC KYHUII
OwnaH ymoy
fix - |x (f:R-R,)
aKCJIaHTUpPHILTA 3ra OYIaMus.
Jlemak Xakukuii COHHUHT a0comoT Kuitmatn R Tymnamuum R, Tymmamra
aKCIAHTUPHII Je0 Kapaauilyd MyMKHH.
Nxtuépuit X UR, yUR connapuu onaitnuk. Yoy
x=y
MHUKJIOp X Ba Y HyKTajJap opacuaard macoda neiimmamu Ba d(X,y) xabu
OenruiaHaIu:
d(x y)=|x-y.
Macoda xyiugaru xoccaiapra ara.
1) d(x,y)=0 Ba d(X,y)=0 = x=Yy,
2) d(x,y) =d(y,x),
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3)d(x,2) <d(x,y)+d(y,2), (zUOR).

4. bepuy/uin Ttenrcusauru. Heroron ounomu gopmynacu. Hxtuépuit
x2-1 (xUR) xamna uxtuépuit N[N yuyn ymoOy

@A+ x)" =1+ nx (4)

TEHTCU3JIUK YPHUHITH.

<« By TeHIrCH3IMKHA MaTeMaTHUK WHAYKIHS YCYIU €paamMuia ucooTmainmMus.

PaBmanku, N =1 na (4) renrcusvk (Tacauk) YpuHIN Oyaaau

1+x=1+Xx.
Oymu NUON npa (4) mynocabar ypurmu ned, yHu N+1 ydyH xam VpuHIH
OynmumuHu Kypcatamu3. (4) TEHICU3IUKHUHT Xap WKKA TOMOHMHM 1+ X ra
KynaiTupub Tonamus:
A+x)"™ > @+nx) QL+ X) =1+ (n+D)x+nx? 21+ (n+)x.

MatemaTiK MHAYKIMS ycynura ouHoaH (4) myHocabar mxtuépuii NN
y4yH VpuHau 0ynaau.

(4) renrcu3nuk BepHyJJIM TeHICH3JINTH JICHIIIAIN.

Ouau HeroTon 6uHOMU (OpMYNIaCHHU KEITUPAMU3.

Maswiymku, allR, bOR na

(a+b)? =a’ +2ab+b?,
(a+b)*=a® +3a’b +3ab? +b?
Oynanu. YMmyman, uxtuépuii nON 1a
(a+b)"=C’@"+Cla" b+..+CK @ b* +..+

n-1 n-1 n n 4 k 4 n-kk (5)
+Clab" +C " => Cra"" b

k=0
Oymanu, OyHna
Cp =1
Cg;“(“'l)'"f:'(k'l)), K=1[2(8.k, k=12..n

(5) TeHTNIMK XaM MaTeMaTHK WHIYKITUS YCyIU EpaMuaa ncOOTIaHaIH.

<« PaBmanku, N =1 na ClO (& + Cl1 [b=a+bh. Iemak, 0y xonaa (5) TeHruK
ypunau. Duau (5) TeHrauk N yudyH Ypuriud OyiacuH ae0, yuu N+1 ydyH Xam
YpuHIM OYnuIuMHN Kypcatamu3. (5) TCHIVIMKHUHT Xap MKKA TOMOHMHHM a+b ra
KynainTupub Tonamus:

(a+ b) n+l _ al’l+1 + i(crlj + Crl](_l) ml’ﬁl—k [ﬂ)k + bn+1.

PaBnianku, -
Crlf + Crlf_l _ n(n—l)...(l:; -(k-2) (n=(k=1) +K) =
_N+H((n+)-1)..(+)-(k-D) _ «
kl n+1
Jlemak,

28



n n+1l
(a+ b) n+l _ aI’1+1 + zCrl;l @I’Hl—k [bk + bn+1 =zCrl:+1 @I’Hl—k [bk
k=1 k=0
oynanu. By sca (5) renrnuk N +1 6ynranaa Xxam OakapuIIMIIMHU KypcaTaau. P
Opnatna (5) rearnuk HeroTon 6unomu gopmysiacu aein-Jiaim.
5°. Muma-u4 KoilJamran cerMeHT/JIap NpuHOMNM. MabiyM-Ku, yuioy

{xOR: asx<b}=|a, b]
TYIJIaM CErMEHT J1e0 aTanaiu.
Airaiinuk, [a;, b ] Ba [a,, b,] cermenTnap 6epunran 6yncuH. Arap

[a, b] Ua,, b,]
oynca, [a,, b] cerment [a,, b,] cerMeHTHMHTr MYHMra KoiJamran aeduIaan.
by xonma a, <a, <b, <b, 06ynamu.

/-Tabpug. Arap

[al’ b1]1 [az’ bz]"---’[an’ bn]!'" (6)

CerMeHTJIap KeTMa-KETJINTH KyHHIaru
[a,, b]O[a,, b,]0...0][a,, b,] C...
MyHocabataa, spHu NN 1a
[an, by] U [an., Pl

oyica, (6) numMa-u4 JKOMIAIITAH CErMeHTJIap KeTMAa-KeTJIUTH JCHIIIaIN.
Teopema. AliTalinuk,

(3, bil, [y, byl ....[@y, by ]
CerMeHTJIap KeTMa-KeTJIMTH KyWHJaru mapTiapHu Oa’KapCcHH:

l) OnON: [an’ bn] [ [an+1’ bn+1]!

2) Oe>0, ngON, n>n,: b, —a, <& Gyncun.
VY xonpma mynmaii ¢ JR wmaexyn Oymamuku, cU[a,,b,], (n=2123,...) 6ymud,
OyHJ1aii C siroHa OYmaau.

4 Teopemana KapasaéTraH CErMEHTJIAp KETMAa-KeTJIMIM  HMuYMa-u4
YKOWMJTAIIITaH CETMEHTIIAp KeTMa-KeTiaurn Oynanu. PaBmanku, Oy xonna ymoy

y<a,<a<..<a,<b,<b,_,<..<b,<Db

MyHOca0at Gakapuiaau.

OHau a,, 8, ,...,a,, COHJIapUaH TAIlKWJI TOIraH

E={a,a,, .. a}

TYIUIAMHA ~ KapauMu3. by TyImlaMHMHI IOKOpHJAH d4erapajaHraH-JIMTHHH
KypcaTaMus.

Wxtuépuii HaTypas M COHUHU 0O, YHU TalWHIANMHU3.

Arap n<m 6ynca, [a,, b,] O[a,, b,] 6ymb, a,<a,<b,<b,, spHu
a, <b,, Oynmanu.

Arap n>m 06¥ynca, [a,, b,] U[a,, b,] 6ymo, a, <a, <b,<b,, spuu
a, <b,, Oynmanu.

AHMK IOKOpH Yerapa xakujarv reopeMmara Kypa
SUfE=c (cOR)
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MaBXyJ Oyianu.

TynnaMHUHT aHUK IOKOPH Yerapac Tabpudura OMHOaH

OnON naa,<cBa UmON na c< b, 6ynanu.
Jlemak,
OnON ma cOfa, , b,].

Arap mry Hykragan (apkiau Ba 0Oapya CerMeHTIapra  TeTHIUIH

c' (c'Ula,, b,], OnON) mapxyn ned kapanaguran 0yica, yHaa
b, -a, =|c-c|>0

0yn10, Oy TeOpeMaHUHT 2-IapTUra 3u] OyIaau.
Hemak, c=c' p.

Opnatnga Oy Teopema WYMa-uy KOIIalral CerMeHTIap NMPUHIUIH AeHuuno,
y XaKUKAA COHJAp TYIUIAMUHUHT  Y3JIYKCU3IHK  (TYJIHMKIUK) XOCCACHHH
udonanaiu.

MamkJjap

1. Uxtuépuii Xy, X,, ..., X, XaKUKH COHJIAp YUyH
X+ Xp F ot X S|+ X+t X
oYUy NCOOTIAHCHH.

2. Ikku XaKkukKui coH MuruHaucu tTabpuduman ¢oigana-aHuo ymoy
a+b=b+a, a+a=2a

TCHIJIMKIIAap MCOOTIaHCHH.

2-bOb
COHJUIAP KETMA-KETJIMT'U YUYYH
JIMMUTJIIAP HASAPUSACHU

6-Mabpy3a
Connap keTMa-KeTJINTU Ba YJIAPHUHT JUMHUTH

0 .
1". Connap keTMa-KeTJMIu TymyH4acu. busz Oupunum 6001a UXTUEpUI
E tymiamuu F Tyniamra akciaHTUpUIIL:
f:E-F

TyIIyHYacH OWJIaH TaHUIITaH J/IHK.
OHIM E=N, F=R [1€0, xap Oup HaTypas N coHra OUpop XakukKuil X,
COHMHHU MOC KYIOBYH
f:n-x,, (nN=2123..) (1)

aKCITAHTUPHUIIIHA Kapanmmus.
1-tabpud. 1-akCIaHTUPHUITHUHT aKCIapuaaH noopat ymuoy
X1y Xoy Xgy weey Xy oo (2)
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TYIUIaM COHJIAp KeTMa-KeTJIUru neiimnamu. Yau {X,} ¢€xu X, Kabu

n
OenrviaaHaau.
X,(n=123...) commap (2) KeTMa-KeTIMKHMHI XaJJapH Jeiuamu.
Macanas,
1 .11 1
1) X, e La,é, SRSERE
2) X, =(-)":-1,2, -1, ..., (-D",...
3) x, =VYn:1 V2, %3, ...,%n,...
4) xn=1:111,..,1..
5) 03,033 0333...; 033833; ...

n Tta

Jap COHJIAP KeTMa-KeTIUKIAPUIND.
Bbupop {X,} kerma-kernuk 6epunran 6yiacuH.

2-tappud. Arap mysgai yzrapmac M coHu MaBxyj OYcaku, UXTHUEPUA
X,(n=123...) YUyH X, <M TEHI'CH3JINK Oakapuiica (apHM

CM, OnON: x, <M 6¥ynca), {X,} KeTMa-KeTIMK IOKOPHIAH YerapajJaHra

neuniaam.
3-tabpud. Arap myHgaid y3rapmac M COHM MaBXyJ OYyicaku, UXTUEPUM
X,(n=123..) yayH X, =M TEHT'CU3IUK Oaxxapuica (1pHHU,

Cm, OnON:x,=2m 6yaca), {X,} KeTMa-KeTIuK KyHHIaH 4YerapajJaHra
neuniIaau.

4-tabpu(. Arap {X,} KeTMa-KeTIMK XaM IOKOpHJIAH, XaM KyHumaH
yerapananrad O0yica (spHE [Lm, M, OnON: m<x, <M o06ynca), {X,} xerma-
KETJIMK YerapajaHraH JIchuuiaju.

1-mucon. Ymoly

n
4+n

KeTMa-KeTJIMKHUHT YeTrapalaHTaHITH HCOOTIaHCHH.

<« PaBmanku, NN yuyH

X (n=123,..)

n 2

n
X, = > >0
4+n
oynanu. Jlemak, Kapana€TraH KeTMa-KeTJIWK KyHu1aH yerapajgaH-raH.
Mabaymku,

0<(n-2%=n’-4n+4
6ymu6, yanan 4n< 4+ n? sbHy,
n
4+n?
Oymuim kenu0 unkaau. By aca  OepwiaraH  KeTMa-KeTIIMKHUHT  IOKOpHUaH
YyerapajlaHraHIUTuHY Owupaan.  Jlemak, keTMa-KeT-JIHK YerapajiaHrad P

1
<=
4
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S-tabpud. Arap {X,} KeTMa-KeTIuK y4yH
OMOR, Cng ON: x, >M

Oy7nca, KeTMa-KeTJIUK IKOPHAAH 4YerapajaHMaraH JICHuIau.

2°, Conyap KeTMa-KeTJIUTHHUHT JUMUTH. AuTainuk, a JR con Xxampaa
UXTUEpU MycOaT £ COH OepuiiraH OYJICHH.

6-tabpud. Ymoy

U,(@={xOR a-e<x<a+e}=(a-¢ a+¢)

TyIJIaM @ HYKTAHUHI € - aTpoM Ievnnanu.

dapa3 kunainuk {X,} kerma-keTmk Ba all R conm 6epui-ran OyicuH.

7-Tappug. Arap uxtuépuii £ >0 coH OIMHraHAa XaM UIyHAaill N, HaTypal
COHHU MaBXyJ OYicaku, N> N, TEHICU3JIMKHU KaHOATJIAHTUPYBUYM Oapya HaTypal
COHJIAp Y4yH

x, —a/<e (3)
TEHTCU3JIHMK Oakapuiica, (SbHU
Oe>0, IngON,On>ny 1 |x, —al<e
Oynca), a con {X,} KeTMa-KeTJIUMKHUHT JUMHTH JCHIIaU Ba
a=limx, éku N - o ma X, - a

n-ooo
kalbu OenruiaHaau.
PaBmanku, rokopuaaru (3) TEHICU3JIMK YUyH
|X, —al<ké = a-e<x,<a+é¢
spaH, X, U (a), (n>n,) 6ynamu. llynu spTnd0pra onud, KeTMa-KeTIMKHUHT

JTMMHTUHY Kyiuaarunda taspudiaaca 6ymamu.
8-tabpu¢. Arap a mykranusr mxtuépuii U ,(a) atpodu onmHranga xam

{X,} kerma-keTIMKHUHr OMpOp XamuaaH KeimHru Oapua Xamiapu nry arpodra
TeruIUM Oyiica, a coH {X,} KeTMa-KeTIIMKHUHT JIUMUATH JeHNITaIH.

FOkopuna kentupuiran tabpudiapjad KYpUHAAUKA £ UXTHEPUA MycOaT
COH Oynu0, HaTypall N, COHM 3ca £ ra Ba Kapaja€TraH KeTMa-KEeTIMKKa OOFIIUK

paBuIIIa TOMUIAIHN.
2-MucoJ. Yoy
X,=Cc (cOR, n=123..)
KEeTMa-KETIMKHUHT JIMIMHUTH C T'a TSHT OYJaau.
<4 Xakukaran xaMm, 0y xonna U £ >0 ra kypa n, =1 geitniica, yaaa LIn>n,

yUyH ‘Xn —C‘ =0<¢ 6ynamu. lemak, lim x,=Ilimc=c »

n- o n- oo

3-Mucoa. Yuidy
xn=% (n=123....)
KeTMa-KeTIUKHUHT TUMUTH O ra TeHr OYnuim ucOOTIaHCHH:
jim = =0.
n-

<« PaBmranku,
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o

0yuo, 1 <£(6>0) Tenrcuznuk Oapua N>
n

1
ng=|—1|+1
L]

neivimnca, ([a] —a coHmman karta OyiMaraH yHMHT OyTyH KucMmH), yHaa [n>n,
yayH

1

—-0<e¢

n

im<=0.»

n—oo n

oynranna ypuH-imu. by xonma

M| S5

oynanu. Tavpudra 6uHOaH

4-mucoa. Antannuk, allR, ‘d >1 O6Yncun. Y xonaa
.1
lim —=0
n-oo an
OyuI nCOOTTAHCHH.
< ‘d =1+ neiymk. YHma O =‘d —1>0 Ba bepHy/uM TEHIrCHU3-JIUTUTA

Kypa
@+9)" =1+nd>nd
oymu6, [INLON na

oynamu. Jlemax,

a
TEHTCU3IUK Oapua
1
n>—
£O0
Oynranga ypunau. Arap
1
£0

Jeiwniica, paBmanky, [In>n, yuyH

oynamu. [lemak,
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im-< =0 »

noo g"
5-mucox. Yuby x, =—— (n=123..)
" n+1

KeTMa-KeTJIMKHUHT JUMHUTH 1 ra TeHr 6yiaumy ncOOTIaHCHH.
<« UxTtuépuit € >0 con onamusz. CyHT ymoy

‘Xn ‘]4 <€
TEHICU3JIMKHU KapauMu3. PaBiianky,

YHa I0KOpUJaru TeHT CU3JINK
- <E£
n+1
KypUHHIITA Keyaan. KEMMHIrM TEeHrCu3nuKaan

n>£—l
£

Oymumm kenu® uwmkagu. Jlemak, numuT Tabpudumarn Ny LN cudatuna

Ny = [% —1} +1 ommaca (£>0 ra xypa nyUON Tommmmb), [n>n, yuyH

‘Xn —1 <& o6ynamu. by aca

Im——=1
n.on+1
oynuHu Ounaupau. P
6-mucoJ. Papa3 kunanmk, allR, ‘d >1 Ba a IR 6yncun. Y xonaa

oYUy NCOOTIAHCHH.
1

<« [lynpaii Hatypan K connu onmamusku K= g +1 0yncun. Duam |a |E >1
1 1

OyaummHn dbTHOOpra onmud, |alk=1+9, seaun Jd =|a|* -1>0 naeiimus. Yuua

bepnynnu TeHrcusnurura Kypa
n

lalk=(1+d)" 21+nd >nd
oymu6, LINnUN na

n*t 1
<

a"  noX

oynanu. by xonna
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NEE R

na na nk—l
—=0= < <&
lal® |n]"

neiwica, Ll n>n, yudyH

a

oynamu. Jlemak, lim n . 0.»

n-o g
7-muco. Yoy
lim — lgn _
nee
TEHIJIMK UCOOTIaHCHUH.
<« Papmanku, J£>08a UnNUN yuyn

n

Oslg—n<£ = lgn<ng = n<10™ <1
n (106‘ ) n
6ynamu. Arap 10° >1 6ynummuan spTHOOpra ojicak, 6-Mucosnra Kypa
n
n—-o na
@o%)"
SKaHUHU Tonmamu3. YHa Tabpudra kypa 1 conu yuyH
Ong ON, On>ng: ——
o)
Ign Ilgn
oynamu. Ilysnait kumm6, [ n>n, yuyn — < & Oynanu. emak, lim—=—=0. »
n neeo

8-mucou. Yoy

—_ n —_
X, =(-D"  (n=123..)
KEeTMA-KCTJIUKHUHT JTUMUTHU MaB)Ky,Z[ OMACIIUuTHu I/IC6OTJ'IaHCI/IH.

<« Teckapucunu ¢apa3 KWiIaiauk. by KeTMa-KeTIMK a JHUMHTra Jra
oyncuH. YHIa Tabpudra OnHoaH,

Og>0, (hyON, On>n,: |(-)" -al<e
oynanu.
PaBmanku, N xydt Oynranna ‘1— d <&, N TOK OynraHga ‘(— l) - a\ <g,
ABHU ‘1+ a\ < & 6ynanu. by Tenrcuznuknapaan goiga-maHuO Tomamus:
2=|(l-a)+(1l+a)kll-a|+|1-a 2¢.
by TeHnrcuzmmk £>1 OynarangaruHa YpuHiu. byHpgald  BasusT
&>0 conuHuHT nXTUEpuUi Oynumwura 3ua. Jlemak, KeTMa-KeTJIMK JIMMHUTIra Sra

amac. »
Teopema. Arap { Xn} KeTMa-KeTJIHK JINMUTIa 3ra 0yica, y siroHa Oynaau.

<« Teckapucunu ¢apa3 kwiaiimik. {X,} kerma-keTmuk ukkuta a Ba b
(a#b) mumurnapra sra 6yncus:
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limx, =a, Ilimx,=Db (azb)

n-o n_oo
JIuMUTHUHT Tabpudura Kypa
Oe>0, [ny,ON, On>n,: |X, —ake¢,
Oe>0, [h,ON, On>ny: |x, -bl<e
oynanm.
Arap N, Ba N, COHIAPMHMHT KaTTaCHHK N jecak, yana [n>N ma
|x,—a|<e&, |x,-b|<e
oyno6
| x, —a|+[x, —b|<2¢
oynanm.
Papuwankuy, |a-b|=|a-x, +x, —b|<|x, —a|+|x, -b|.
Hemak, J&>0 na ‘ a- b‘ <2& OymuO, yaaan a =b 6ymmmm kenub unkaau. P

Mamxkiap

1. KeTma-keTnuk TMMUTH Tabpuduaad goigananuod ymoy
X, =/n+2-+n+1
KETMa-KEeTJIMKHUHT JIMMUTH TOTTUJICHH.
2.Arap lim x, =a, limy,=a O6¥ynca,yxonna ymoy

Nn- oo Nn-oo

X1 Y10 X2 Yo rea Xqs Yoo
KETMa-KeTJIMKHHUHT JIMMUTH XaM a ra TeHT OYJIUIIN KCOOTIaHCHH.
3. Arap lim x, =a 06yca, y xonna

Nn— oo

X X, Fa X
lim =22 n=-g

n- o n

oYUy NCOOTIAHCHH.
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7-mabpy3a
SIKUHIANTYBYH KeTMA-KeTJIMKJIAPHUHT X0ccaaapu

{ xn} COHJIAp KETMAa-KETJIUIU Oepuiral OyJCHH.

1-tabpud. Arap {Xn} KeTMa-KeTJIMK YeKJIW JIMMUTra Jra Oynca, y
SKMHJIAIYBYM KeTMa-KeTJIHK Jeinaau.

1°, SIKMHJIAIIYyBYH KeTMa-KeTJIMKHUHT YerapajJaHraHJIury.
Tenrcuznukiaapaa JUMHTIA YTULL.

1-Teopema. {Xn} KeTMa-KeTJIMK SKUHJIANIYyBYM OyJiica, y derapajaHTaH
oynaau.

4 AliTaliiiuk,

lim x, =a (aR)

N o
oyncuH. Jlumut Taspudura kypa
Oe>0, CnyON, On>ny; |x,—alké
oynanu. lemak, N> n, y4yH
a-g<x,<a+e
oynamu. Arap
=M

max{ja-g, [a+el, x| %] oo
nenuica, y Xxoiaa, On0ON yuyH

Xn0

X, [<M
TCHI'CU3JIUK 6a)KapHHaI[H. By 3Ca {Xn} KCTMA-KCTIIMKHUHT YCTrapajlaHIaHJIMT MHU

ownnupanu. »
2-Teopema. Arap { Xn} KEeTMa-KETJIMK SKWHJIAITYBYH Ba

lim x, =a
n—- oo
6ymi6, a>p (a<q) 6ymca, y xomma mymmaii n,0ON tomumamuxu, [In>n,
oynranaa
% >p (x,<q)
oynaau.

4 AWTainuk,
imx,=a, a>p (pUR)

n- o

oyncun. € > 0 conmnmHr wuxTUépUnHrugaH Gorgamannd, £<a-—p ned
Kapanmus.
Kerma-keTnuk numutu Tabpudura OuHoaH, [1£>0 yuyH, KymiiaaaH,

O<&<a-—- p yuyH, myHgail ng N tonunaauxu, [N >n, 6ynaranaa
|x,—a|<& < —&£<Xx,—-a<e&
oynanu. PaBmanku,
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O<e<a-p=p<a-g,
—£<X,—a<&E=>a-£<X,.
By tenrcuznuknapaan LIn > n, Oynranaa
X > P
oynumy kenub yukaau. »
(a<(Q xoy yuyH XaM TeopeMa I0KOpUIAruaeK HCOOT STUITA]TH).
3-treopema. Arap { x, } Ba {y, } xerma-ketuk sxuHnamyBun 6y1u6,
1) limx,=a, limy, =b;

n- oo n- oo
2) UnON yayn X, <y, (X,2VY,)
oynca, yxomma a<b (a=b) 6yrann.
<« [Ilaptra kypa
limx, =a, limy,=Db.

n- o n-oo
KeTMa-KeTauK TUMHUTH TabpU(pHUra OnHOAaH:
Oe>0, yON, On>ny: |x, —d<e,

Oe>0, yON, On>n, |y, -bl<e
oynanu.
Arap n, =max{n,, Ny} aeitunca, yuga 0n > n, yayu Gup #yna
‘Xn —d<£, ‘yn _b‘<£
TEHTCU3JIMKIIAp Oa)kapHIIaiu.

PaBmiankn,
X, —d<e = a-e<x,<a+e,
ly,—b<e = b-e<y,<b+e.
By TeHrcu3muknapaaH Xamaa TEOpEMaHWHT 2-mapTtuaad (oinananud
TOIaMU3:
a—-&<X,<y,<b+e¢.
KeiliuHru TeHrcu3nukiapaH
a-e<b+e, a-b<2e
Ba [1€ >0 Oynranu yuyn a—b<0, spaun a<b Oyiumm kenub ynkamy.
Xynmn mydra yxmam, limx,=a, limy,=b xamma UOnON yuyn

n-oo n—- oo

X, 2 Y, Oymumuaan a=b TeHrcusnuk Kenub YUKUIIM KypcaTunaad. »
4-teopema. Arap { x, } Ba { z,} xerma-xeTmMK sKUMENAIYBUN GF1HG,
1lim x, =a, Ilimz,=a

n- o n-oo
2)OnON yuyn X, <Y, <z,
6yca, y xonma { Y, } KeTMa-KeTIHK SKHHIAITYBUH BA
limy, =a

n— oo

oynay.
<« Ilaprra xypa
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lim x, =a, Ilimz, =a.

Nn— oo Nn-oo

Jlumut tabpudura OuHOAH:

Oe>0, (hyON, On>ny: |x,—d <€,
Oe>0, 0, ON, On>n, |z,-a<¢

6ymamu. Arap n, = max{n,, n,} aeiimnca, yaga 0n > n, yayn
a—-&<x,, Z,<at¢
TeHTrcu3nukIiap Oaxapunanu. Teopemanunr 1-maptuaan ¢oina-nmanud Tonamus:
a—-€E<x,sy,sZ,<ate¢.

Keliuaru TeHrcusnukiapaan

a—-&<y,<até¢& , dbHU \yn —d<£
Oy kenmub ynkaau. Jlemax,

limy, =a.

n- oo

lynu ncbotnam tanad KWJIUMHTaH 3a4. P>

1-mucoa. Yoy
lim Yn
n- oo
JMMHUT TOTHJICUH.
<« PaBmanku, 6apua N= 2 Oynranaa

Un>1
Oynanu. AWTaMINK,
Wn=1+a,
oyncuH. YHIa
Un=(@+a, ) (1)

Ba +/n = (1+a, )2 Oynanu.
bepHyu TeHrcuznuruaan Goinananud TomaMus:

Jn=(@+a,)" 21+nlr, >nia,. 2)
(1) Ba (2) myHocabatnapan

1
a <

nﬁ!

Ba

]

TEHTCU3JIMKIIAp Kennud unkaau. Arap

1 2
lim1+—| =1
n_.oo[ ,/nj

AKaHWHU YBTUOOpra oJcak, yHaa 4-reopemara Kypa
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limYn=1

n- oo

OyumuHN TOonaMu3. P>

2-MucoJ. Yoy

. \/ 1 1 1
limol+—+—+..+=
n- oo 2 3 n

JIUMUT TOIIWJICHUH.

<4PaBmranky,
1+1+1+...+1>£+1+£+...+£=nDl=1
2 3 n n n n n n
1+£+1+...+1<1+1+1+...+1=n.
2 n
Jlemak,

1<r{/1+£+}+___+1 <n.
2 3 n

4-teopeMazan (oiganaHud Tonamus:

lim Q/l+l+1'+...+1=1. >
2 3

n-oo n

2°. SAKUHIAIYBYM KeTMA-KeTJIMKIap yeruaa amasuiap. ®@apas
xumaitmuk, { X, } xamma { y, } xerma-kernuknap 6epunran 6yncus:

{Xo ) X, Xoy Xgy eey Xy geee

{yn}: Yir Yoiu Y35 -0 Ynoees

Kyiinnaru
Xty Xt Yo XgtYs o Xgt Y
X7 Y X7 Y2, X3 7Yz o Xy T Yo
X LYy, X 1Yo, X3 [Yg X, LY, e
X Ko K (yo#£0 n=123..)

T
Yi Y2 Y3 Yn
KETMa-KEeTJIMKJIAp MOC paBUIIAA {Xn} Ba {yn} KeTMa-KeTJIMK-JIAPHUHT
WMFUHANCH, AUMPMACH, KYNAWTMAacH XaMaa HUcOaTH JeiniIaay Ba yiap
X

{Xn + yn}’ {Xn - yn}’ {Xn |:B/ﬂ}’ {y_n}

n
KaOu OesrunaHauy.
5-teopema. Aiiraitmuk { X, } Ba { 'y, } xerma-xeTmminapu Gepunran 63m6,

limx, =a, Ilimy,=b, (allR, bOR)

n- oo n-oo

oyncuH. Y xoima N — o n1a (C[Xn) - cla;
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X, +y, - a+b; x 0y, »ab 5 2 (b=0), seunm

a
Yo b

a) UcOR ma lim(cix,)=cllimXx,;

n- oo n-oo
0) lim(x, +y,)=Ilimx, +limy,;
n- oo n- o n- oo
B) lim(x,[y,)=Ilimx,[limy,;
n- o n— o

n-oo
% limx,
r) lim-—=022_" (b%0)
oYy limy,
oynanu.
TeopemanuHr TtacauMkiIapuaaH OWPUHM, MacajlaH B)-HUHT HMCOOTHHHU
KEJITHPaMHU3.
<« TeopeMaHUHT IapTUra Kypa,
limx,=a, limy,=b.

n- oo n-oo

PaBmanku,

|Xn A _ad :|Xn 0y, —alby, +aly, —dS
<[, =& Oy | + el tyn —B

{Yn} KeTMa-KeTJIUK SIKMHJIAIyBYM OYynranmuru cababmu y l-reopemara kypa

3)

yerapajgaHrad Oynaau:
(M >0, OnON: |y|<sM.

Kerma-keTnuk nmumute Tabpuduaad poiigananud Tonamus:
£ . o
[Je >0 Oepwiran xampaa W ra kypa mwyHnaid Ny N  tonunaguky,

[n> n;, Y4YH

£

‘Xn g <

2M

oynanu.

E " "
[IyHuHTIEK, ra kypa myaaaii N, N tomwraguku, LN > N, yuyH
y 21+‘a‘ yp y 0 0 y y

&

)
oynau.

Arap n, = max{n,, N,} xeiiunca, yaga 0On>n, yays Gup itya
&

£
- _— - 4
X0 -2l oM’ Yo =Bl < 2(L+4) “
oynanu.

(3) Ba (4) myHOCabatnapan

41



&

&
‘Xn Eyn_ab(<ﬂ|j\/l +‘al|:‘lm<g

oy kenub yukanu. by aca
lim x, [y, =ab

n—- oo
OynmuiuHu Ounaupaau. »
3°. Yekcn3 KMYMK XaMJa YeKCH3 KATTa MUKAopJaap. Papa3 KWWK,
{a,} xerma-kernmk Gepunran 6yncuy.

2-tabpud. Arap { a, } KETMa-KETJIMKHUHT JIAMUTU HOJITA TEHT, SbHU
lima, =0

n-oo

oynca, {an } - YeKCH3 KHYMK MHUKIOP JCHNIIaIu.

Macamnan,
a, =% Ba a,=0", (q<)
KEeTMa-KeTJIMKJIAp YEKCU3 KHUMK MUKIOopap Oynaau.
AWTaluK, {Xn} KETMa-KeTJIMK SKUHJIAIIYyBYM OYIMO, YHUHT JIMMUTH ara
TEHT OYJICUH:
lim x,, = a.

n— oo
VY xonnma a, = X, —a 4eKcu3 KMUUK MUKJIop OYnanu. KeliuHru TeHrnukaan
Tomamus. X, =a+a,.byHnaH oca Kylingaru MyxuM XyJioca KeJauo 4uKaiu:
{ X, } ketMa-keTmukHUHT @ (AlJR) nwumwrra osra  Oynmumm  y4yH
Q,, = X, —a HUHI YEKCHU3 KMYUK MUKAODP OYJIHIIY 3apyp Ba €Tapiiu.

Kerma-keTIMKHUHT JUMHUTH Tabpudunan ¢oiinanann® KyHdugarn MKKUTA
J€MMaHU UcOOTIall KUMKH SMac.
1-nemma. Yekiin coHAarn 4eKCHU3 KUYMK MUKIOpPJIAP MUTMHINCU YEKCHU3
KHYUK MUKIOp OYmamu.
2-nemma. Yerapananrad MUKIOp OMJIaH YEKCU3 KMUMK MHUKIOP KynaiTMmacu
YEeKCU3 KUYMK MUKIOp Oyiaau.
3-Tabppu¢. Arap xap kanzaii M coHu oiMHraHAa xam HIyHAal HaTypal N,
COHHM TONWJICaKH, Oapua N >N, y4dyH
%[> M
TEHICU3JIMK Oa)kapuica, { X, } KETMa-KETJIMKHUHT JJUMUTH YeKCU3 JEHNIIaau Ba
lim x, =

n- oo
kaOu Oenrniaa”amgu.
Arap {Xn} KeTMa-KCTJIMKHUHT JIMMUTH 4eKcHu3 O¥ica, {Xn} YEeKCH3 KaTTa

MHUKJIOP ACUHIIAIN.
Macanas,

X, =(-)"
KCTMaA-KCTJIMK YCKCHU3 KaTTa MUKIO0P 63'/.]18,,[[1/1.
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OHAM YeKCU3 KMYMK Ba YEKCH3 KaTTa MUKIOpJap opacujaaru OOFIaHUIIHU
1(01aT0BUN TACAUKIIAPHU KEITHPaMU3!

1
1) Arap { Xn} YEKCU3 KUIMK MUKIOP (Xn Z O) Oyica, y Xxonaa { } YEeKCHU3
Xn
KaTTa MUKAOP OyIaam.

. 1
2) Arap {Xn} YeKCH3 KaTTa MUKAOp Oyica, y xoiaa YEKCU3 KHUYUK

n
MUKIO0p OYnanu.

MamkJjap
1. Arap
lim x, =a, a>0
n- oo

oyica, y xonaa

[no N, Un>ny: x,>0
OymuIy nCOOTITAHCHH.

2. Ymby
) 2n n+1
lim CcoS
n-eo 2n2 -1 2n-1
JIUMHAUT XI/ICO6J’IaHCI/IH.
3. Yoy
. 2n
hm—T=Q (n'=1C2CBLL..[N)
n-o

JUMUT MyHOca0aT UCOOTIAHCHH.
4. Arap {x,} Ba{y,} KeTMa-keTIHMKIAp SKUHIAITYBYU OYIHO,
l)yglxn-a,yylyn-—b,

2) OnON yuyn X, <Y,

oynca, y xomaa a <b 6ymagumu? Mucosiiap KeATHPIICHH.

43



8-Mabpy3a
MoOHOTOH KeTMa-KeTJIUKJIAP Ba YJAPHHUHT JUMHUTH

1°. MoHOTOH KeTMa-KeTIHK TylyHuacu. Afiraiinmmk, {X }:
X1y X yeeey Xy g ee (1)
KeTMa-KeTJIHK Oepuirad OYICHH.
1-tabpud. Arap (1) kerma-kermukaa [INON yuyH X, < X,; TEHICHU3JIHK
Oaxapuica, {X,} YcyBum Kerma-keramk jaedwnaau. Arap (1) kerma-keTimkna
OnON yuyn X, <X,,, TEHrcHU3IHMK Oaxapuica, {X,} KaTbuii ycyBunm KeTma-

KeTJHK JeHUUIIagau.
2-tabpud. Arap (1) kerma-xkermukaa [ONON yayH X, 2 X,,; TEHTCHU3JIHK

Oaxapuica, {X,} KamMalOB4YM KeTMa-KeTJMK jeimna-qu. Arap (1) xerma-
ketmukaa  ONON yayn X, >X,,, TeHrcusnwk Oaxapuica, {X,} KaTbmii

KaMalB4YH KeTMa-KeTJUK JeHIIa .
1-mucon. Ymily
n+l 2 3 4
Xo == —, =, =,
n 1 2 3
KETMa-KETJIMK KaThUi KaMarOBUM KETMAa-KEeTJIUK OYiIaau.
<« XakuKaTAaH xaM, OepuiiraH KeTMa-KeTIUK yuyH
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X_n+1 « _n+2
n n’ n+l n+1

oymmo, LINUN yuyn

_h+2 n+l1 -1
n+l n n(n +1)
oynanu. YHIa X, < X, Oynumum keaud yukaau. »

Xns1 — X, <0

FOxopunaru Tabpudnapaan Kylnaaru xyiocaigap Keauod YuKaau:

1) arap {X,} kerma-xkerTnuk ¥ycyBum O¥ica, y KyHuAaH derapajaHraH
oynanu:

2) arap {X,} KeTMa-KeTIMK KaMaroBuu OYyIica, y FOKOPHIAH YerapaiaHTraH
oynanm.

VeyBun xama KaMaroB4M KeTMA-KETJIMKIAP yMyMHi HOM GMIaH MOHOTOH
KETMA-KETIIUKIIAp JACHUIIAIN.

2-mucoJ. Yoy

= (1=123.)

KETMa-KeTIMKHUHT KaThUW YCyBUM IKAHIIUTH UCOOTIAHCHH.
<« by keTma-keTiiukHHHT N—Xamzaa (N +1) —xamamapu yayH
2
n 1
= =1- ,
AR R ]
_ e 1
(n+1)%+1 (n+D?+1

+1

oynanu. PaBmanku,

.t
(n+D)? n?*’
1y TeHrCU3IMKHU 3bTUOOPTa 0JIN0, TOMAMU3!
1 1

- >1- =X..
(n+1D?+1 el

Hemaxk, LINUN yuyH X, <X.,;. By 5ca KapajaéTtran keTMa-KETJIUKHUHI KaTbUH

Xpag =1

ycyBumM OyauIuHU Ounaupaau. »

2°. MOHOTOH KeTMa-KeTIMKHHHIIT JUMHTH. Kyiiiia MOHO-TOH KeTMa-
KETJIMKJIAQPHUHT JIUMUTHU XaKUJard TeopeMallapHi KeITHPaMHU3.

1-teopema. Arap {X,} KeTMa-KeTIUK

1) ycyBum,

2) IOKOpHU/IaH YerapayiaHTaH Oyiica, y YeKIM JJUMHUTTa dra Oynanu.

<« Aifraiink, {X,} KeTMa-KeTIMK TEOPEMaHMHI HKKala IIapTIapUHU

OaxxapcuH. by KeTMma-keTJIMKHUHT Oapya Xaiiapu-aaH uOopar TymiamMmHu E
OwuJiaH OeJIrnIaiMu3;
E={X, X5,y Xy, ---}.
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PaBmianku, E roxopuaan werapamanran Tymiaam Oynub, Ez0 . YHOa
TYIUIAMHUHT aHMK YE€TrapacMHUHI MaBXYJIUTH XaKuUJard TeopeMara MYyBOQUK,
sufr E mamxyna 6Vnaau. YHu a Owinad Oenruianiuk:

suf E =a.

Nxtnépunt € >0 COHMHMU ONAMIMK. TYIUIAMHUHI aHUK FOKOPU Yerapacu

Tabpudura OUHOAH:

1YInON yuyn X, < a

2Yx, UE, Xp, >~ E
Oymann. Aium maiitma  Un>ng yayH X, 2 X, TeHICH3IMK Oaxapu-iuo,
X, >a-—& oynaau.

Hatmwxkana [Nn>n, yayH a—-£<X,<a+& SbHU \a - Xn‘ <& OYAU-LIMHU
TONIAMU3.

Jemak {X,} KeTMa-KETIHMK YEKJIM JIMMHUTIA 3Ta Ba

lim x, =a=supE. »

n- oo
2-Teopema. Arap {X,} keTMa-KeTIHK
1) kamaroBYH,
2) KyliuJaH yerapajaHrad 0yica, y 4YeKIJIM JIMMUTTa 3ra Oy aiu.
By Teopema Iokopuga KeATHpPWITaH TEOPEMAHUHI UCOOTH  Kabu
UCcOOTIaHAIH.
3-mucou. Yoy

KeTMa-KeTJIMKHUHT JTUMHUTU TOTTHIICHH.
<« Pamanku, [Nn=1 yuyn X, >0 6ynagu. by kerMa-KeTMKHUHT X ,, Ba

X, XaJJapUHUHT HUCOATUHU KapalMus3:

0 8 et (0
X, (n+l)n+1 n" (n+1)n+1

n+1

Hemak, X, <X,. byHman sca Oepwiran KeTMa-KeTJIMKHUHI KaMarOBYU

DKAHJIUTH KeJNO YIKAIH.
Avnau naiitna [(Un=1 na
0<Xx, <X

MyHocabaT Vpuniau Oymaau. Jlemak OepwiraH KeTMa-KeTJWK derapajanras. 1-
Teopemara kypa {X,} KeTMa-KeTJIMK 4YEeKIM JUMHUTTa d3ra. YHH a Owunax
OenrunaimMms:

. nl

lim—=a. (a=0)

n-on"

OHgu ymly X, — X, allupManu Kapaiimus. by aitupma yuyH
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n +N\" ="
nGn =Xn(n D" —n >
(n+1)" (n+1)"

n

Xn = Xnep = X =X

n"-n" n
SRAE = Xn+1
(n+1)" (n+1"
oynu0, yH1aH
Xn = 2Xn+1
oymumm kenmub umkaau. KednHru MmyHOocabaTiapaH TOITaMHM3.
lim x, = 2lim x a = 2a. PaBmanku, Oy xonma a = 0 6ynanm.

Nn— oo n- oo

n+1’

Jlemaxk,

|
lim -~ =0.p»

Nn— oo nn

3°. e conn. Yoy

X, =(1+%)n, (n=123...) (1)

KETMa-KEeTJIINKHU Kapanmus.
Tacauk. (1) keTmMa-kKeTJIMK YCyBUH OYmamy.
<« bepwiran KeTMa-KeTIMKHUAHT X, ,, XamJa X, XaJIApUHUHT HUCOATHHH

TOIIaMU3.

+1 +
ﬂ=(l+—l )n 3(1+£)n= (n+2)™ " =
X, n+1 n (N+D)™ Qn+1"

_ n2+2n n+1d"|+l: ) l n+1|ﬂ1;1
(n+1)? n (n+1)° n

bepnynnu TeHrcusnmrura Kypa:

n+l
+
{l L } >1 n+tl _n oynanm.

(n+1)2 (n+1)2 n+1
Harmwxana LN N yuyn

X 5, N En+1:1
X n+l n

n

ABHU, X, > X, Oymumm kenub yukanu. P
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Tacauk. (1) KeTMa-KeTIIMK Yerapaianrad Oyiaau.
« Papmanku, K =1 yuyn

k!=12BO.0k-1) k=2@2@20.2=2""

oynanm.
Ouau Hetoton 6uHoMu popmynacuaad Goigananud Tonamus:
n
(1+1] =1+C; thz G£+ +C G£+ +Cy IZ-I£ 2+ Z ck
n

—os Z15[1(n 1). n(kn k+1) _ Cos k2kl[€1__j( __j'(nT_l)S

1
<2+ z 2k—1 2!’1—1

I[eMaK, NN yuyn 0<x, <3 Oynagu.
MOHOTOH KeTMa-KETIMKHUHT JIMMUTH XaKHUJIard TeopemMara Kypa

n
1
=1+=
n
KETMa-KETIUK YE€KJIM JUMHTra dra. p
3-tabpud. (1) keTMa-KeTIMKHUHT TUMHUTH € COHU JCHHIIAIN:

n
Iim(l+ 1) =e.
n- o n

by € conu upparmonan cod 6yauo,
€=2,7182818285904K

<3

oynaay.

MamkJjap

n+l
e
n

KeTMa-KeTJIMKHUHT KaMarOBYH SKaHJIUTH UCOOTIIAHCHH.
2. Ymby

1. Vmiby

JUMHT XUCOOTAHCHH.
3. Yoy

J2, \J2+4/2, \/2+— V2+42, ...

KCTMA-KCTJIMKHUHI AKUHJIaAIlyBYaHINTH MCOOTIAHCUH Ba JUMUTH TOITHJICHH.
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9-mabpy3a
dynaamenTaa kerMa-keraukiaap. Komu reopemacu

1°. Kucemmii KeTMa-KeTJIMKiIap. boabuano- Beiepuurpace Teopemacu.
AWTaiuk,

{X.} X Xoy Xgyeeny Xy pee (1)

KeTMa-KeTIuK Oepuiran O0yincuH. By (1) keTMa-KeTIIMKHUHT OUpop N, HOMEpPIH

X

n, XammHu onamu3. CYHIrpa HOMEpH n, JaH Karra OyiaraH N, HOMepPIH X,

xaauHu osiamus. llly ycyn Ounan Xn,» X, B2 X.K. XaJIapHH Tamwiad oJaMus.

Harmxana Homepnapu
n<n,<n;<.<n<..
TEHI'CH3JIMKJIAPHH KaHOATIaHTUPYBUH (1) KeTMa-KEeTIIMKHUHT XaJjIapHu YOy
Xy s Xnyveees Xnoo oo (2)

KETMa-KETIUKHH XOCHJI KHJIaIH.
(2) ketma-keTHK (1) KeTMa-KETIIMKHUHT KACMHUH KeTMa-KEeTJIUTH JTeHUIaan
Ba {Xnk} KaOu OenruaaHaIm.

Macamnan,
2,4,6,8, ...,
135 7,...,
1 4,916,...
KeTMa-KeTJIUKIap 1 2 3 4,..,n, ... KETMa-KETJIMKHUHAT KACMHUH  KeTMa-
KETIUKIIAPH,
1,11..,1 ..,
-1,-1..,-1..
kerMma-kemmkimap 1 —21,1 -1, ..., (-1 Nl . KeTMa-KeTIMKHHHI KUCMMI KeTMa-

KETJUKIIapu OYiaau.

Kentupwiran TymyH4a Ba MUCOJUIapAaH OUTTa KETMa-KETJIUKHUHT TYpPJU
KHCMHI KeTMa-KEeTIUKIApU OYIUIIM MyMKUH-JIUTH KYPUHAIH.

1-teopema. Arap {X,} KeTMa-KeTIMK JUMHUTra dSra OYyiica, YHUHT Xap

KaHJall KHCMUI KeTMa-KeTJIMTH XaM Iy JTUMUTIa 3ra 0ynaau.
<« by TeopeMaHUHT UCOOTH KETMa-KETJIMK JUMUTH TabpHU-pugaH keiand
yukaga. »
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Jciaarma. KeTMa-KeTnMK KUCMUN KeTMAa-KETIUKJIAPUHUHT JIMMUATHA MaBXKY/]I
Oynumuaan Oepuiarad KeTMa-KeTIUKHUHT JIMMUTH MaBXy 1 OVIIUIIN Xap IOUM XaM
KeJn0 YhKaBepMaiiu.

Macanan, 1, -11 -1 ..., (-] Ml . KeTMa-KEeTJMKHUHI KHUCMHUH KeTMa-
KeTJIUKIIapy
111 ..,% ..,
-1-1..,-1..

JApHUHT JIMMUATH OYNTaH XOoJija KeTMa-KeTIIMKHUHT Y3WHUHT JIMMHUTH MaBXYy.l
ImMac.

2-teopema (boabnano-Beiiepmrpace Teopemacu). Xap KaH-/1au
yerapaJlaHraH KeTMa-KeTJIMKIaH YEKIH COHra MHTUIYBUYM KUCMUN KETMa-KEeTJIHK
KpaTHUII MyMKHH.

<« {X,} xerma-keTnuK O6epuiran 6ynuo, y yerapananran 0yincuH: by xonna

{x,} kerma-keTIMKHUHT Oapua xaIapu [a, b] Jla JKoitaimras 1e0 Kapail MyMKHH:

X,U[a, b, n=123..
2 2

[a, b] cermenTHH
CerMeHTNapra axparammus. {X,} KeTMa-KeTIMKHHHI YeKCH3 KYyI Xaajiapu

b-a

Kolnamranuau [&,, by] aelimu3. PaBmanku, [a,, D] HUHT y3yHmurun ra

teHr Oynanu. FOkopuaarura yxmam [a,, b,] cermenTHn
a, a th a, th b
2 2
CerMEHTIapra axparamu3. bepuiraH KeTMa-KeTJIMKHUHI YEKCH3 KYI COHIaru

xamiapu Oynranwsu [a,, b,] neiimus. bynna [a,, b,] HUHT y3yHmuru ra

22
TEHT OYJ1a/iu.
By »apaéHHu 1aBOM STTUPHUII HaTHXKAacuAa Yoy

[, bi] [a,, by] ooy [&, B e

CerMEeHTJap KeTMa-KeTJIUTU XOCHI Oynanu. by cermeHT/Iap KeTMa-KeTJIUTH YayH

[a,, b]O[a,, b,] O ...0O[a, b ] O ... 6y1m6, k - o na

oynaau.
Numa-n4 )KoMIalrad CErMEHTIIAP MPUHIMIINTA Kypa
lima, =limb, =C (COR)

k - o Kk - o0
oynau.
Oumu {X,} Kerma-keTaMkHuHT [&y, b ] narn Gupopra X, xanuuu, [a,, b,]

paru Gupopra X, XamuHu Ba XK. [&, b ] marm Gupopra X, xanuHn Ba X.K.
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xamapuan onmamm3. Hartmkama {X,} KeTMa-KeTIUKHUHT XaJUlapulaH TaIIKHII
TONTaH YOy

Xy Xny s e Xn s oes (n,<n,<..<n <..)

KHUCMHUN KETMa-KETJIMK XOCHI OViaau. by keTMa-KeTIuK ydyH
Qy < X, <b, (k=12..)

oymuO, yaman K — oo ma X, — C gbHHM IiIYJO X, = C Oynumm xennbd 9uKaam.
>

2°. dynpamenTtan kerma-keraukiaap. Komm Teopemacu. {X } kerma-

KETJIHMK Oepuirad OYICHH.
1-tabpud. Arap xap kangaii € >0 onuHrasjga xam IIyHJIail Hatypai N

COHHM TONMJICAKH, Oapya N >N, Ba M>N, yuyH

| Xn = X 3
TEHT'CU3IUK Oaxxapuica (1pHU He>0, LnyUN, On>n,,
Om>ng @ | X, = X, |< & 6ynca), {X,} dyHaamMeHTan KeTMa-KEeTIHK ACUNIIAIH.
Macanas,
n
X, =—— n=1212,...
o (F12.)

dbyHIaMEHTAI KETMa-KETJIMK OYIaam.
4 XakuKataad xaM, OepuiiraH KeTMa-KeTIUK y4yH

_\n+1 m+]J nm n m

oymmo, L& >0 raxkypa ny = [E} +1 peitmica, LIn>n,, Um>m, Oynranaa
£

1 1
|Xn ~ Xm |<_+_<£
o Mo
oynamu. »
3-Teopema. (Komm Teopemacu). KeTMma-KeTIMKHHHT SIKUHJIA-IIYBYU
OynuIIY y4yyH YHUHT (yHIaMEHTaN OYIUIIN 3apyp Ba €TapJ.
<3apypauru. {X,} KeTMa-KeTNMK sKMHIamryBunm OYmud, lim X, =a

n- oo

oyncuH. Jlumut Tabpudura OuHOAH

Oe>0, Thy ON, Dn>no:|xn—a|<§.

& o
[lyauHTAEK, Om>n, [ X, —al< 5 oynanm. Hartmxana

[n>n,, 0Om>n, yuyn
Xy = X El Xy —@+2= X, [<] %, —al+|x, —ale
Oymuimm kenu6 unkanu. Jemak, {X,} ¢yHmamenTan kermMa-KeTIuK.
Erapaniauru. {X,} dyHzaMmeHTan keTMa-KeTJIMK OYIICHH:
Oe>0, CnyON, On>ny, Om>n, @ | X, — X, [<E.
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Arap m> N, mapTHU KaHOATIAHTUPYBYH M TaHWHIIAHCA, YHAA
| X, =X, |[<E = X, —E<X, <X, +E&
6}”/J1H6, {Xn} KETMa-KCTIUKHUHT YerapajlaHraHInIu Keuo YuKagau.

Bosbiano-Bediepipacc  TeopeMacura OuHOaH Oy  KeTMa-KETIUKIAH
SIKUHITAIIYBYA KUCMAH { X, } KeTMa-KeTIMKHM akpaTuul MymMkus:  lim X, =a.
n- o

Jlemak,
Oe>0, Lky UN, Ok>ky: [x, —al<e

oynau.
Arap m=n, geiwnca, yaaa
1% =Xy, <€
Ooynanu. KelnHru MKKM TEHTCH3JIUKIIApIaH
| X, —aFl X, X T X, —alg]x, ~ Xn | +1 X —al<2e
Oy xenu6 uukanu. emak, lim x, =a. »

Nn— oo

3°. KeTMa-KeTIMKHUHT KYiH XaMIa I0KOPH JHMHT/IApH. {x,} xerma-

KeTIuK Oepunran OyincuH. By KeTMa-KeTIMKHUHT KUCMHI KeTMa-KeTJIUTHHUHT
JTAMUTH { X,} HUHT KHCMHH JTUMHUTH JICHATIa N,
2-tabpu@. {X,} KeTMa-KeTIMK KHCMHUHA JHMHUTIAPUHUHT OSHT KaTTacu
Oepwiran KeTMa-KeTJIMKHUHT KOPH JUMUTH JAeiniaau Ba
!]IETJO X,
kaOu Oenrnia”amgu.
{X,} xeTMa-KeTIMK KMCMHI JTUMHUTIAPUHUHT SHT KHYUTH OepuiiraH KeTMma-

KeTJMKHUHI KyWU JUMUTH JICHWIAAN Ba
lim x,

n- oo

Kabu OenrniIaHaIun.
Macanan, ymoy {X, }:1, 2,312 31 2 3,... keTMa-KETIMKHIUHT FOKOPH

JIMMHUTHU
lim x, =3,

n— oo
KyWH JIMMUTH 3Ca
lim x, =1

n— oo

Oymamu. Ymyman, {X,} KeTMa-KeTIMKHUHI KyHH XaMaa IOKOPH JHUMHTIApH

KyHugarnda xaM KUPUTUIUIIA  MyMKHH.
Aitraiinuk, {X,} xerma-kernuk Oepwiran 0ynmmO, A Oy KeTMa-KeTIIMKHUHT

KUCMUN JIUMUTIapUAaH ubopaT Tymiam OyicuH. YHAa 0y KeTMa-KeTIUKHHHT
KYWH JUMHUTUHU
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lim x, = liminf x, =

n- oo n- oo
—oo; {X.} Kylinmman yerapamanmarad Oyica ,
=inf A {X,} kyiiunan uerapananran Ba 4 #{+w},
+oo; A ={+o0} G¥ica
ne0 OJIUII MYMKHH.
{X,} xeTma-KeTIMKHUHT IOKOPH JIUMHUTHUHH 3Ca

limx, = lim supx, =

n—-oo n—- oo

+o00; {X,} roxopuman derapaigaHMmaraH Oyica ,
= {SUpA; {X,}rokopuian yerapamanran Ba A Z# { - 00} oynca ,
—o0; A ={—00} Oynca

ned Kapail MyMKHH.
DOHIM KyHU Xxama I0KOpH JIMMUTIAPHUHT XOCCAIApUHU KEITUPAMMU3.

bupop {X,} kerMa-keTnHMK y4yH Wxn =a Oyncun. Y xonma [e>0
n_ oo

OJIMHTAHJIa XaM:
1) myngaii Ny ON Tonmnamuku, [ON>n, na X, <a+é&
2) On, ON yuyn & Ba N, mapra OOFJIMK LIyHZalk N >0, TOMWIAJUKH,
X, >a— & oynaau.
By xoccanap kyhunarunapuu anrnataau: € >0 Ttaiiun onranga, OMpuHYH
xocca { X,} KeTMa-KeTJIMKHUHT (paKaTruHa YeKJIM COHJIaTy X JapuruHa
X, <a+&
TEHTCU3JINKHY KAaHOATIAHTUPHINNHU, NKKHHYHU X0cca 3ca Oy KeTMa-KeTIIMKHIHT
X,>a—¢
TEHTCU3JIMKHN KAHOATIAHTUPYBYH Xa/UIADMHUHT COHHM YEKCHU3 KYI OYIUIIUHU
udonanaian.
<«dArap {X,} HHUHT 4ekcu3 KyII COHIaru xajiapu a+ & naH karra Oyica, y
xonga a+ & coHugad kuuuk Oynmaran b (b= a+ &) ra uatunysun {X,} xerma-

KeTJIMKHUHT KICMHUI KeTMa-KeTJIMTH MaBxXyZ Ba Oy |lim X, =a ra 3un.

n— oo
Jllemak, a+ & nmaH YHTAa KETMA-KeTIUKHUHT Ky OWJIaH YEKIM COHAAru
XaJJlapy €Taiu.
Mongomuku,
limx, =a
Nn— oo
9KaH, yHaa { X} HUHT KHCMUH TUMHTIapHIaH OUpH a ra TeHT:

limx, =a
k - o K
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Jlumut Tabpudura kypa 6y {X,} KerMa-KeTIMKHHUHT, AeMaK, {X,} HHUHT

XaM YeKCH3 KYTI COHJIaTM XaJIaph a — £ JIaH KaTTa Oyiaau. P
DcaaTma. bupop a COHHM FOKOpHIArW MKKW IIAPTHU KaHOAT-TAHTHpCA, Y
{X,} KeTMa-KeTIMKHUHT IOKOPH JIUMUTH OYynanu.

dapa3 kunaiimk, oupop { X} KeTMa-KeTIHK yuyH
lim x, =b

n_ oo
oyncun. Y xonga [1€ >0 onuHTranma xam:

1') mrynpait Ny UN Tonmnmamuku, [In>n, ma X, >b-&

2)0On,ON yuyn &£ Ba n, mapra OOFIMK HIyHZa N' >0, TOMWIAJUKH,
Xy <b+ & 6ynanm.

Kyitn muMuTHUHT Oy X0Ccacu IOKOpHIAruIeK HCOOTIaHa IH.

KerMa-keTIMKHUHT KyHH XamJa IOKOpH JUMUTIApH XOcCca-JapuIaH
doinananu0, Kyiuaaru TeopemMany ucOoTiam KHiUH dMac:

4-teopema. {X,} xerma-kernuk C nuMuTra sra OyiuImm yqayH

lim x, =lim x, =C

n- oo n— o

OynuIIuM 3apyp Ba eTapIuaup.
Mamkiap

1. Xap KaHAaii MOHOTOH KeTMa-KeTIUK (akaT OMTTa KUCMHUU JIMMHTTa Ta
oYUy NCOOTIaHCHH.
2. Komm teopemacuaan ¢oigananuo, ymoy
X, =a +a,+..+a,

xerma-kemmkauar (8, OR, |a, [€9%; 0<q<1; k=12..) auvurra sra

oYUy NCOOTIaHCHH.
3. Yoy
lim(x, +y,)<limx, +limy,
n— o n- o n- oo

TEHI'CU3JIUK UCOOTIaHCHH.
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3-bOb
OYHKIUA BA YHUHI IUMUTHU

10-mabpy3a
DYyHKUUA TYILYHYACH

1°. @Oyuknusa Tabpudu, Oepuaum ycyuiapu. buz 2-mampyzaga E

TYIUIaMHU F Tymiamra akCiaaHTUPUII
f: E-F
HU ypraHras UK.
Oumu E=F, F =R ne6 onamus. YHna xap Oup Xakukuii X coHra Oupop
XAaKUKHAW Y COHHU MOC KYIHOBUYHU
f
frF-R (X-vY)
aKclaHTUpHInra kenamus. by aca Gpynkuus tyurynuacura onud Keiaaau.

@OyHKIMS TyIIyHYacH YKyBUMra ypTa MakTad MaTeMaTHKa KypCUIaH
mabiyM. lllynu spTubopra onud QyHKIMS Xakuaaru JacTiiadKd MabIyMOTIapHU
KHCKapoK 0a€H 3TUIIHU JIOZUM TOIAMK.

Anraimuk, X UOR,YOR tymnammap  Oepwiran 06ynub, X Ba Y

y3rapyBuuiap MOC paBuIlia 1y Tymiamiaapaa y3rapeun: XX, yUY.
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1-tabpud. Arap X tyruramaaru xap oup X conra ompop f Kowmmara xypa
Y tymnamaan Outra Y COH MocC Kydunran Oynca, X Ttymiamaa (GyHKOust
OepuiraH (AaHWKJIAHTaH) JCHIIIaIN Ba

fix—y ékuy=f(x)

kabu OenrwiaHaau. byHna X - GyHKIMSHUHT aHUKJIaHAI Tymiamu (Coxacu),
Y - d¢ysHkuusHuUHr Y3rapum Tymiaamu (Coxacu) Aeiiwiaaam. X- JIPKIH
y3rapyBuM €Ky (PYHKLIUSI apIYMEHTH, Y 5Ca IPKCU3 y3rapyBuM €ku (PyHKUIUSA
JenIaan.

Muconnap. 1. X =(-o,+o),Y=(0,+)6ym6, f xouna

fixoy=x?+1
6yncun. By xomna xap 6up XX ra 6urra x> +10Y moc Kyiiumm6,
y=x*+1

dbyHKIHMATa 3ra 0yInamus.

2. Xap Oup parmonan conra 1 Hu, xap Oup upparumonan conra O HU Moc
Kyhum HaTtwxkacuaa GyHkius xocun Oymamnu. Onatna, Oy Jdupuxie GyHKUHACH
nennnuo, y D(X) Kabu OenrniaHaIn.

D(x :{l ,arap X paiuoHal coH O¥ica,

O, arap X wuppanuoHan coH Oyica
[lynnait kumub, Yy = f(X) bynkmus  yura: X TymiaM, Y TYIaM Ba Xap Oup
xOX ra ourra YUY Hu Moc kyoBum f KowmmaHwHT Oepwiuimm OWIaH

aHWKJIaHAp JKaH.
dapa3 KuIalIuK, Yy = f(X) byukusa X R tymmamaa Oepunran OYicuH.

Xo X Hykrara moc kemyBunm Y, Mukgop Y= (X) (QYHKIHUAHUHT X = X,
HYKTaJara Xycycuii KnitmaTu aeiinnanu Ba f (XO) =Y, Kabu OenrunaHaay.

Texucnukaa AeKapT KOOpAMHATANAP CUCTEMACHHH OJlaMu3. TeKHCIIMKIAru
(X, f (X)) HyKTajap/iaH noopar ymoy

{10 ={(x t(x)) xO X, F(x)OY ]
Tymam Y = f (X) byHKusSHUHT rpaduru nevnnanu. Macanas,
y=x*-1 (xOX=[-22])
byHkusHUHT Tpaduru 1-un3mana TacBUpIaHTaH.
) oA

S\

1-qu3ma.
®Oynknusa tabpudumarn f Komna Typiauda OYIUNIE MyMKHH.
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a) Kynmuaua X Ba Yy ¥3rapyBumiap opacuaard OofiaHuil Qopmyiaiap
épaamunga udonanaHaau. by (YHKIUUSHMHT aHAJIM-THK YCYyJIa OepWIMIIU

nevnnaau. MacaiaHs,
y= ¥
(GYHKIUS aHATMTUK ycynaa 6epuirad 0yiau0, YHUHT aHUKJIaHUIT TYTUIaMA
X ={x0OR| -1 x=1}=[-11]
oynau.
X Ba Y ¥y3rapyBumiap opacuaard OOFJaHUII  Kyiunaru ¢opmyranap
Epnamua 6epunrad OVIICHH:

y=t(x= {— 1, arap X <0 6¥ca.
by ¢yHkuuMsHMHT aHUKIaHUII TymIamMu X = R\{ 0} Oynuo, Kuiimatiap
TymamMu aca Y ={ - 1,1} Oynamu. Opmatnma Oy QyHkmus Y =SIgrx kabwu
OeJruIaHaay.
0) bav3m xommapma xU X, yUOY ¥3rapyBumiap opacumaru OOFJIAHHII

KaZBaj OpKalu OYiauImM MyMKUH. MacanaH, KyH JaBOMHAa XaBO XapOpaTUHU
Ky3aTraHMMM3/a, t; BakTAa XaBo xapoparu I, t, BakTia XxaBo xapoparu T, Ba X.K.
oyncun. Hatukana Kyiiuaaru xajBai XoCu1 Oynaau.

1, arap x>0 G¥uca,

t—Bakr t; t, ts t,

T —xapopar T T, T, . T

n

by xanmBan t BakT OwiaH xaBo Xapopath T opacuaard OOFJaHHII-HU
udonanaiinu, 6ynaa t-apryment, T sca t HuHT QyHKUMACH OYIaau.

B) X Ba Y ¥y3rapyBumwiap opacuiard OOFJIaHWII TEKHCIHKAA OMpOp Arpu
YH3HK OPKAIU XaM H(OaIaHUIIN MyMKHH (2-9413Ma).

2-yu3Ma.

Macanan, 2-uu3maaa TacBupiaHran L srpu um3uk Oepui-raH OYIICHH.
AWTaluK, [a,b] CEerMEHT/AAru Xap Oup HyKTaJaH yTKa3uiraH nepneHauKkysp L

YU3UKHU (pakaT OUTTa HYKTaja KECCHH. DXD[a,b] HYKTaJaH TEPHEHIUKYISP

YyuKapuO, YyHUHT L um3mk OwiiaH KecHIuIn HyKTacuHU Tomamu3. ONMHTaH X
HYKTa-Ta KECUILIHNII HYKTACUHUHT OpJIMHATaCH Y HU MOC Kysamu3. Hatmxkana xap
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oup XD[a,b] ra 6urra Yy moc KynunmO, pyHkius xocui 6ynaau. bynna X Ounan
Yy opacuaaru OofnaHUIIHK Oepui-rad L arpu unsuk Oaxapaau.

AliTainuk, fl(X) ¢ynkuua X, U R tymamaa, fz(x) ¢ynkuus aca X, UR
TYTIaM/a aHUKJ1aHTaH OYJICHH.

Arap
1) X=X,
2) OxOX, ma f,(x)=f,(x)
6yaca, f,(x)xamma f,(x) dymxumsap y3apo tenr geitmmamm Ba f,(x)= f,(x)
Kabu OearniIaHaIu.
2°. DOYHKIUAHUHT YerapajaHraHJIury. f(X) byukmus X U R tymiamaa

Oepuirad OVIJICHH.
2-tabpud. Arap myngait yrapmac M conm tommicaku, XU X yuyH

f(x)s M Ttenrcusnuk Oaxkapuica, f(x) ¢pyakuua X Tymwiamaa HOKOPHAAH
yerapajJiaHras jaevinianu. Arap myHjaai yrapmac M conu Tonmicaku, X[ X
YUYyH f(x)z M TEHTCU3UK Oakapuiica, f(X) Gynknusa X Tymiamaa KyMuaaH
yerapaJiaH-rad JeUnIaau.

3-tabpug. Arap f(X) byakmus X TymiaMga XaMm OKOpUAAH, Xam

KyHHJIaH dYerapajianral Oyica, f(X) bynknusa X Tymiamaa 4derapaJjaHraH

NeUnIaau.
2

+
1-mucon. Yuoy f(X) :i X bynkusHu Kapannuk. by ¢ynknus R ga
+

X4
yerapajiaHrad Oyiasim.

1+ x°
1+ x*

Hemak, Oeprmiiran gynkuust R na Kyinnan yerapajaHraH.
Avinu naiitna, f (X) byHKIUS yIyH

« Papumranku, OXOR ma f(X) = > 0.

1 X2 2
f(x)= + <1+
) 1+x*  1+x* 1+ x*
oynmaau. DHAM
2
0s(xX?*-1)?=x"-2x*+1 = 2x°<x*+1 = i( <1
X*+1 2

OynumuHU 3bTHOOpra oaud, Tomamus: f(X) <1+ > = >
By sca f(X) dyHKUMSHMHT FOKOpHIAH YerapanaHraHIUrHHA OHaEpand. Jlemax,

oepunran GpyHkius R na werapamanras. P
4-tappud. Arap xap kaugaii M >0 coH onuHrasjga xam mysgai X, X

HYKTa TOIIUJICAKH,

f(x,)>M
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TEHICU3JIUK  Oakapuica, f(X) ¢pyskmus X TymulamMaa  IOKOPHMIAH
yerapajaHMaraH Jeinsiaiy.
3°. JMaspmii pynxuusaap. Kyt Ba ToK (yHKuusiap. f(X) byHKIHS
X O R tynnamaa 6epunran OYJCcHH.
S-tabpud. Arap myHmail y3rapmac T (T z O) COH MaBXyj OYyicakw,
OxOX yuyn
1) x-TOX, x+TOX
2) f(x+T)=f(x)
oynca, f (X) naBpuii pynkums neiivnanu, T conaca f (X) (pYHKUMAHUHT 1aBpH
JNEHNITIaN.
MacaunaH, f(x)=sinx, f(X)=COSX GbyHKIUsIap JaBpuil  (QYHKIHMSIIAP
Oyim0, ynapaunr naspu 271 ra, f (X) =tgx, f (X) = CtgX (GyHKUUSITADHUHT JaBpH
3ca 71 ra TEHT.

JaBpuii pyHKUMsIIap KyHHAaru xoccajapra ara.
a) Arap f(x) naBpuil pyHKums OYauO, YHUHT naBpu [ (T 7 O) oynca, y

Xonaa
T.=nT (n=21,+2,)
COHJIAp XaMm 11y (PyHKUMSHUHT AaBpU OYIaau.
©) Arap T, Ba T, coumap f(X) GyHKIUSHUHT AaBpu Oyica, y Xoiga
T,+T,#20 xamma T, T, (T1 ¢T2) COHJIAp XaM f(x) (YHKUMA-HUHT J1aBpU
oynanm.
B) Arap f(X) xamja g(X) Jap AaBpuil GyHKIMsuap O0Ynuo, ylapHUHT Xap

OUPUHUHT TaBpU T (T Z O) Oynca, y Xxonaa

f(+ax). f(9-ax), f(X)a(x). % (g(x)#0)

byHkusanap xam aaBpuil QyHkuusuiap O6ynuO, T COH yJapHUHT XaM JaBpu
oynaau.
2-mucou. Uxtuépuit T (T Z 0) pauuoHai con Jlupuxie QyHKIUICH
D(X) = 1, arap X pamuoHayicoH Oyica,
0, arap X wppanuoHaI CoH OYyIca

HUHT JaBpU OYIUIIN KYPCATUIICHH.
<« Airaiimuk, T(T #0) pammonan con 6yncun. Papmanku, [ XxOR

upparuoHanl CoH yuyH X+ T — uppaumonan coH, [J X[R pamuonan con ydyH
X +T pammonan con 6ymaau. Jlemax,
1, arap X pamuoHaicoH OViica,
D(x+T) ={ p* p g

[Mynaait kumu6, [ XOR, T - parmuonan con 6ynaranga
D(x+T)=D(x)

O, arap X wuppanmoHan coH Oyica

oynamu. »
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Masbnymku, [ X[ X (X [ R) yayH — X[ X 6ynca, X tymmam O HykTara

HUCOATaH CUMMETPHK TYIJIaM JeHnIaIn.
Anitaitniuk, O HykTara HucOaTaH cUMMETpUK Oynran X Tyrmiamia f(x)

byHKIUs 6epuirad OVCHH.

6-rabpud. Arap 0 xOX yuyn f(-x)= f(x) tenrmux 6axapui-ca, f(x)
Kypr Pynkumus gevimnmamu. Arap O xOX yuyn f (— X) =—f (X) TEHTIIUK
Oaxapwuica, f (X) TOK (PyHKUMSA TCHUIAIN.

Macamnan, f (X) =x?+1 xybr byukums, f (X) =x>+ X 3ca TOK (yHKIHS
oynamu. Ymoy f (X) = x? = X yHKIM Ky T XaM 3Mac, TOK XaM 3Mac.

Arap f (X) Ba O (X) KypT GyHKIUsIIAap O6yica, y Xonaaa

(ol 1ol (ol 3 (s9=0)

byHKImsIap XaM Kyt 6ynanu.

Arap f (X) Ba g(x) TOK (hyHKIHsIap OYica, y Xoaa

() +g(x), f(x)-g(x)

F(x)1g(x), % (g(x)#0)

byHKIMsIIap TOK Oynaau,

byHKIMsAIap 3ca xypT oynaau.

Kydr dynkumssauar  rpaduru  opauHaTaimap VKUra Huc-0aTaH, TOK
GYHKIUSHUAT Tpaduru sca KopJauHaTanap Oommura HUcOATaH CUMMETPUK
YKoMamran oyiaau.

4°. MoHoTtoH pynkuusiiap. dapaz KWIANIHK, f(X) byukmus X O R

Tymamaa Oepuirad OyIcuH.

7-tabpud. Arap Ox,%0X yayn X <X, 6ymramma f(x)< f(x,)
TEHICU3JIMK OakapuJica, f(X) Gynknua X Tymiamaa ycyBuUM Jeumiaau. Arap
0 %,%0X yayn X <X, 6ymranna f(x )< f(x,) Tenrcusmx 6axapuica, f(x)
Gynknusa X Tymiamaa KaTbu# YCyBYM JeUnIagu.

8-rabpud. Arap O x,%0X yuyn X <X, 6ymramma f(x)= f(x,)
TEHTCU3JIMK Oakapuica, f(X) ¢pyskmuss X Tymiaamaa KamMawB4YH JCHWIaIu.
Arap U X, % U X yuyn X <X, Oynranaa f(Xl)> f(XZ) TEHI'CU3JIMK Oa)kapuiica,
f (X) Gynkuusa X Tymiamaa KaTbUil KAMAIOBYM JCHNTIA]N.

VeyBun Xamja KamaroBu (YHKIMANAD yMyMHi HOM OWIAaH MOHOTOH
Gynkuusiiap gevunanau.

X
1+ x°
KaMarOB4M SKaHJIUTY UCOOTIAHCHH.

< [1,+) na uxtuépmii X Ba X, HYKTAalapHH OMHO, X, <X, OyiIcHH

byakuustHIAT - X =[1,+00) TyI-1aMaa

3-mucoa. Ymoy f(X)=

nelnuK. YHIa
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2 2
Xz _ X tXX =X = XX _

X
f(x) = f(x)=—5- -
(%) = T(xz) 163 1452 L+ x2)(1+ x2)

X T X X I (% = X)) _ (X~ %)A X [X)
L+ X)L+ X3) L+ X)L+ X3)
oynaau. Keitmaru TeHrmmKaa

X —% <0, 1-x[X<0
OYuIIHA YbTHOOPTA 0JTHO,
f(x)-f(x,)>0
senn, f(x)> f(x,) oxanumu Tonamus. lemax,
x<x, = f(x)>f(x,).»

AWTaluK, f(X) Ba g(x) byakmustap X R tymnamaa  ycyBuu
(xamaroBun) 6ynu6, C =const 6yacun. Y xoiaa

a) f (X) + C ¢yHkius ycyBun (kaMaroBun) OViiaau.

6) C>0 6ymranna CI[ f(x) ycysun, C <0 Gyuranma C[f(x) kamaroBun
oynay.

B) f (X) + g(x) byHKIMA YeyBuM (KamMaroB4H) OYau.

5°. Teckapu dynkuus. Mypakka6 ¢yHkumsiap. Y= f(X) byHKIHS
X OR tynnamna Oepunran 0Yiau0, Oy (QYHKIUMSHUHT KUWMaTiIapuaadH uoopar

TyIUIaM
Ye ={ £() | xO X}
OyncuH.
dapa3 kunaitnuk, 6upop Kouzgara kypa Y; , TYIUIaMJaH OJMHTaH Xap oup Y
ra X Tymnamaaru OuTra X Moc Kyhwiarad OyncuH. Bynmait Mmocnuk Hatuxkacuaa
bynkus xocun 6ymanu. Opatna, Oy QyHKums Y= f(X) ra HUcOaTaH TecKapH

¢ynkuus nevivraay Ba X = f _l(y) kaOu Oenrvia”amgu.

1
Macanan, Y= > X+1 (¢yskuusara HucOataH — Teckapu — (PyHKUHA

X =2y -1 6ynanu.
IOxkopuna aiitunrannapaas Y= f(X) 1a X apryment, y s5ca X HHHT
dynkunmsicu, teckapy X=f “Y(y) dyHKumsga Y apryMentT, X 3ca Y HHUHT

byHKIUsACH OVIUIIN KYPUHAH.
Kynaiinuk yqayH Teckapu QyHKIUS apryMEHTH XaM X, YHUHT (QYHKITUSCH Y

Ownan OenrmmaHamud. Y = g(X).
y= f(X) ra HUcOaTaH TeCKapu g(x) byukiusa rpaduru f(x) byHKIUSA

rpadurunn | Ba |l wopakmap 6uccexrpucacu atpodun-na 180 ra aitmantupuin
HaTIKacuaa XOCHII OyIaiu.
Avtannuk, Y; tymiamupa U= F(y) ¢bynkus Oepuiran Oyncun. Hatwxkana

X TyriaMJaH oJIMHIaH Xap oup X ra Y; Tymiampa ourra y:
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fFix—y (y=1(x)
Ba Y; Tyruamaaru OyHjaail Yy cosra OuTTa U:

Fiy-u (u=F(y)
COH Moc Kyiunmaau. Jlemak, X TymjaamaaH OJMHraH xap Oup X coHra ourtra U
COH MOC KYWWiuO, ssHTU (PyHKITUS XOCWI Oymaam: U = F( f(X)). Opnatna OyHnai
byHKIUsAIap Mypakkad GyHKuus Jeriniaiu.

MamkJjap

1. f(X) ¢yaxmusauar X U R Ttynmampga Kyiugan derapajaH-MaraHJIdTH

Tabpu(U KEIATUPUIICHH.

2. O wnykrara HucOaran cummeTpuk Oynran X [ R Tynmnampga Oepuiran
Xap KaHmau f(x) byHKIUS KyPT Ba TOK QYHKIUSIAp WHFUHANCUA KYpPUHUIIHIA
udogaaHuII UCOOTIAHCHH.

3. Ymoy f(X)= GyHKIUSHUHT X =[O,+00) TYIIaMaa KaMaroBYH

X% +1
YKAHU UCOOTJIAHCHH.

4. Arap f(X) =1i oynca, f(f(f(x)) Tommncus.
- X

11-mabpy3a
duemeHTap QyHKIMAIAP

OnemeHTap (QyHKIMsUIap KUTOOXOHTa ypra MakTad MaTeMaTHKa KypCHAaH
MabiiyM. buz Kyhiuaa snemenTap QyHKIUSIIAp XaKUAard acoCuil MabJIyMOTIapHU
0aéH aTamMu3.

1°, BytyH panuonan ¢pyukuusiap.

Yoy

y=a,+ax+ax’ +..+a_ x""+ax"
KypuHuIgaru GyHkuus OyTyH paunonan GyHkuus aeinnanu. bynna a,, ay,...,a,—
y3rapmac consiap, NLJN. By pyHkiust R = (-, +o0) 1a aHUKJIaHTaH.
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byTyH pannonan GyHKIUSHUHT 0abh3u XyCyCHUN XOJUIapH:
a) Umsukiau pynkuus. by pyHkms
y=ax+b (a#0)

KypuHuIlTa ora, OyHna a, b y3rapmac connap.

Umsukan ¢yHkius (—co, +00) nga aHukiganran a >0 Oyiaranga ycyBuH,
a <0 6ynranaa KamMaroBYM: Tpauru TEKUCIUKAATH TYFPU YU3UKIAH HOOpaT.

0) KBaapart ¢pynkuus. by pyaxmms

y=ar?+bx+c (a#0)

KYpHHHIITA 3Ta, OyHaa a, b, ¢ —¥3rapmac conmap.

KBangpar ¢ynkuus R na anuknanran O0ynu0, yHUHT rpaduru napaboiaHu
udoaanany.

PaBmanku,

2
y=ax’ +bx+c=a(x+£j _ b’ dac —4ac
4a

2a
[TapabonaHUHT TEKHCIMKAA SKOWIAIMIIM a xamaa D = b2 - 4ac JApHHUHT
umopacura 6ornuk Oynaau. Macanan, a>0, D>0 Ba a<0, D<0 6ynranna
YHHUHT Tpaduru 3-4u3Maja TacBUpJIaHTaH napaboanap KypuHuUInaa 6yiaau.

¥ a ¥ oa
=) <)

WA VAN
S A -

3-yu3mMma.

2°. Kacp paumonan ¢pyuxuusiiap. Yoy
a, +ax+a,x* +..+a x"
b, +bXx+b,x* +...+ b, x"

y:

KypuHuIgaru GyHKIMs Kacp pauuoHan ¢GyHkuus nedwiaau. bynna ag, ag ,...,a,
Ba by, b, ...,b,, map y3rapmac conmap NLJN, mUN. By ¢dynkuuns

X = (=00, +0) \ {x]|b, +bx+...+b, x™ =0}
TYIUIaMJa AHUKJIAHTaH.

Kacp panmonan GyHKIIUSHUHT 6ab3HU XyCYCUH XOJUIapH:
a) Teckapu mponopuoHaJ GOFJaHuII. Y

=2 (x#0 a =const)
X

Kypunuira sra. by QyHkums
X =(=0,0) Y (0,+) =R\ {0}
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TYIaamaa aHuKIaHraH, TOK (GYHKIHS, & HHHT HIIOpacura kapad (QyHKIHS
(=, 0) Ba (0, + ) opanuKJIapHUHT Xap OMpHIa KaMaloB-4d €KW YCyBUM OYaaau

(4-anzma).

a2 <)

=

0 ",-} of,—;

4-qu3ma

0) Kacp unmsukim pynkuusi. Y yuoy
_ax+thb

Cox+d

KypuHuiira sra. by gyHkums

X =R\{—9} (c#0)
C

TYIUIaMJa AHWUKJIAHTaH:

PaBmianku,

ax+b bc-ad _ 1 a

= = 5 B d+—.

cx +d c 49 c

C
Jlemaxk,

y= a +y (a:bc_ad IB:E y:é)
x+ﬁ ] C2 ] C; C.

a ..
VYHuunr rpadurunu 'y = — ¢yHkuus rpadurd €paaMmuaa Yu3uil MyMKHUH.
X

3°. lapaxanu pynkuusi. Yoy
y=x%, (x=0)
KYpUHHIIAArH QYHKIHS Hapakand QYHKIHS JTeHUIaIu.

By GQyHKIUSHUHT aHUKJIAHUII TYTUIaMH & ra O0oriuk. [lapaxkanm QyHKus
a>0, 6ynranna (0, + o) ma ycyBumn, a <0 Oynranga kamaroBuu Oymamu. y = x*
dbyukIusa rpadUrd TeKUCIUK-HUHT (0,0) Ba (1,1) HyKTaJlapuJaH YTaau.

4. Kypcarknuin pynxkuus. Yoy

y=a
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KypuHHIIAard QyHKIUS KypcaTkuwin ¢yHkius aeviunanu. bynna alUR, a>0,
azl. Kypcarkuumu (ynkuus (—oo, +00) anuk-nanrad, [x[(OR ma a*>0; a>1
oynranna ycyBun; 0<a <1 6ynranma kamaroBuu OYJau.

XycycaH, a=€ O0yica, MaTeMaTHKaZa MyXUM pOJ YHHaWgu-raH y =e*
byHKIU X0CHI OVIaau.

K¥ypcarknunu ¢pynkuusauar rpadpurn OX YKUIaH IOKOpUIA KOWIAIITaH Ba
TEKUCIIUKHUHT ( O,l) HYKTaCHJIaH yTa/H.

5°. Torapudmuk GpyHKumms. Yoy

y=log, X

KypuHuiaara GyHkiuys Jorapudmuk Gyskius aerdunaau. bynnga a>0, a# 1.

Jlorapupmuk ¢yuakmus (0, + ) 1ga aHuKIaHraH, y =a’ QyHK-IUATA
HucOataH Teckapu, a>1 Oynranga ycyBun, 0<a<1l Oynaranga kKaMarOBYH
oynau.

Jlorapupmuk ¢GyukiusauHr rpadurn Oy  YKUHUHT YHT TOMOHHUIA
JKOMJIAITaH Ba TEKUCIUKHUHT ( 0,1) HYKTaCHUJIaH yTaJu.

6°. TpuroHomerpux GyHKIusaap. Yoy

y=SinX, y=cosx, y=tgx, Yy =ctgx,
y =SecxX, Y =COSecx

(GyHKIUSIIap TPUTOHOMETPUK (QyHKUMSATIAp ASHHUIaIH.

y=s8inX, y=cosx ¢ynakausmap R=(-c, +) nma aHukimaHraH, 271
naBpau Gyukuusuiap xR na

—1<sinx<l1l, -1<cosx<l
oynanu. Yoy
y =1tgx,

byHKIIHS

X = R\{XD R|x=(2k+1)g; k=0 +1 + 2}

TYIIaMaa aHuKJIaHraH 71 jgaBpiau (yHKIus, ClQX, Sex, coseX QyHKuusiap
SinX, COX, tgx jap opkaimu Kyiumaruda ugoaana-Hau:

1 1 1
Ctgx=—, SecXx=———, COSecXx=——.
tgx COSX sinx

7. I'unep6oauk pynkousnap. Kypcarkuunu y =€ QyHk-nus épaaMuaa

Ty3WIraH yioy
e*—e ef+e ™t - e+e
2 2 ef+e™ X -
GyHKIMsATap TUNEpPOOTUK (MOC paBUIIIAa TUNEPOOJHK CHHYC, THIEPOOJIHK
KOCHHYC, THIEpPOOJHK TAHreHC, THNepOoJHK KaTaHrenc) QyHkusuap

Jevnnaau Ba yjaap Kymujaaruda
X =X X —-X X —-X X =X
e —e e +e e’ —e e +e
ShX:T, ChX:T, thx=—— cthx =

X

X -X! X -X
e +e e —e
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OenruiaHaIn.
8°. Teckapu TpuUroHoMeTpuk GQyHKOHsIap. MabiymMkd, Y =SIiNX

dbyaknus R ma aHWKTaHTaH Ba YHUHT KUAMATIapH TYTIJIaMU
Y: =[-1 1]
oynaau.

m 7 m
A xO|-=, —=| 6¥nca, X=-=, = Y, =[-1 1
rap [ 5 2} yica, y XxoJjjaa { 5 2} Ba Y; =[-1 1]

TYIIIaMJIapHUHT 3JIEMEHTIapy y3apo Oup KuiMaTiIivd MOCIUKIa OYiaau.
y =sinX ¢yHkusara HucOaTaH TecKkapy QyHKIHS
y =arcsinx
Kabu OenrniIaHaIun.
ynra yxmam Y=C0sX, Y =tgx, y=Ctgx ¢yHkuusiapra HuUc-OaTaH

TeCKapu (PYHKIHIIap MOC paBHILLAA
y =arcco'x, y=arctgx, y=arcctgx,
KaOu OeTuIaHa N,
Ymby y=arcsinx, y=arccosx, y=arctgx, y=arcctgx ¢yHKIusI-I1ap
TEeCKapu TPUTOHOMETPUK QYHKIUSTIAD JCHIIIaIN.

Mamkiap
1. y=x* ¢yukiuus rpadurura xypa y=ax’+bx+C GyHKuHs-HEHT
rpaduru Yu3UICHH.
1
2. Yy =— ¢yukius rpadurura Kypa
X

:ax+b
cx+d

GYHKIUSHUHT Tpaduru Yn3uiCcuH.
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12-mabpy3a
DyHKUMA JUMUTH

1°. TYnIaMHMHT JUMHT HyKTacH. Ajiraitmnk, 6upop X O R Tymmam Ba
X, [ R HyKTa 6epuiran OyJcuH.

1-tabpud. Arap X, HyKTaHUHT UXTUEPHIL
U, ()= —& X +&) (De>0)
arpopuna X TYIUIAMHUHI X, HyKTajaH ¢apkiu kaMmuaa OuTTa HyKracu Oyica,
SBHU
Oe>0, IxOX, XZX,: | X=X |<&
Oynca, X, Hykta X TYIJIAMHUHT JIMAMHMT HYKTACH JIeHHIaau.
Mucoaaap. 1. X =[0, 1] TyruraMHuHT Xap OMp HYKTACH Iy TYIUIAMHUHT
JUMUT HyKTacu Oyiaau.
2. X =(0,2) tynnamuuar xap O6up Hykracu Ba X =0, X =1 HykTamap mry
TYIJIAMHUHT JUMHUT HyKTauapu Oymaau.

3. X ={ %, %, %, } TYIUIAMHUHT JJUMUT HyKTacu X, = 0 Oymnaau.
4. X=N={12, 3 ...} TymiaMm JUMHUT HyKTara sra smac.

2-Tappu(. Arap X, HyKTaHUHT UXTUEPUN
U (%) = (X0, %o +6) U, (%) =(% =& X)) (LUe>0)

yHr atpoduaa (vam atpoduaa) X TYIUIaMHHHT Kamuaa OMTTa HyKTacu Oyica, X,
HykTa X TYIUIAMHHUHT YHT (4am) JUMHT HYKTacH JeHuIa .

3-tabpud. Arap uxtuépuiit ¢ R yuyn

U, (+0) ={xOR| x>

Tymnamaa X TYIUIAMHUHT KaMuga OUTTa HyKTacHw Oyinca, "+o" X TymmaMHUHT
JUMHUT «HYKTa»CH JICUHIIa]IN.
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Arap uxtuépuiit cJR yuyn
U, (=) ={xOR| x<¢}

TymnaMaa X TYIUIAMHUHT KaMyjla OuTTa HyKTacu Oyica, "— oo" X TYIJIaMHUHT
JUMUT «HYKTa»CH JeHUIaIq.

Kentupunran tabpud Ba MuUcoIapAaH KYpUHAAUKHU, TYTJIAMHUHT JTUMHT
HYKTacH WIy TYIjamra Teruiuid OYIuInm xaMm, OYIMaciauru XaM MyMKHH 3KaH.

1-teopema. Arap X, [JR Hykra X [J R TynnamMHUHT JTUMHUT HyKTacu Oyica,
y X0J11a X, HyKTaHUHT Xap KaHJaau

U () =(X%—& X +¢&) (0e>0)

atpoduaa X TYIUIAMHUHT YEKCU3 KYTI HyKTaJlapy OYiaiu.

dAiftaiinuk, X, Hykra X TYIUIAMHUHT JIUMMUT HyKTacu OyicuH. Teopema
TaCAMFUHUHI TECKapUCHHK (apa3 KWIalimMK: X, HyKranuar 6upop U s (Xo)
atpopuna X TYIUIAMHUHT YE€KIM COHJArud X, X, ,..., X, HYKTaJapUruHa
oyncun. Y xonma

min{[ Xo =X |, [Xg = X3 |, -os [Xo =X, |, O} =0

ne6 omuHca, X, HykTaHuHT U 5(X,) arpoduma X TymimamMHUHT X, AaH (apkin
outTa XaM HyKracu Oyimaiau. by aca X, Hykta X TYIJIaMHUHT JUMHUT HyKTacu

oOymummra 3uaaup. P
2-teopeMa. Arap X, Hykta X U R TymiamMHMHr JIUMUT HyKTa-cu Oyica, y

XOJa UIyH1ail COHIap KeTMa-KeTIuTH { X,} Tommia-1nKy,

1) OnON ma x, O X, X, # X,

2) N> oo ga X, - X,
oynanm.

dAjitaiiiuk, X, UR nykra X R TYImIaMHUHT JIMMUT HYKTacu OYJICHH.
VYHna 1-tabpudra 6uHoan

Oe>0, Ix, OX, X, ZXy: |X, =X |<&
oynanu. XKymmnanasx,
E=1 yayn DX OX, X, ZXy: | X =% [<1,

g:% yuyn [X, X, X, #X;: |x2—x0|<%,

£=%yqu (X, X, X3 ZXg: |X3—X0|<%,

oynaau.
Hatmwkana kapanaérraH TeopeMaHMHT 1) IIapTHHU KaHOAT-JTaHTUPYBYH
{x,} xerma-keriuk xocumn Oynu6, ymuar yuyn [OnON ma | X, =X, [<1/n
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TEeHrcu3iaMK ypuniau Oynanu. KelmHru myHoca-6atnaH sca N — o ga X, — X
Kenub yukagu. P
lyan TabKUJIAIT JIO3UMKH, 2-TeopeMaHuHT apTIapuHu
KaHOATJIAHTUPYBYH KETMa-KETIIMKIIAP KYTIIad TOIHIIAIH.
2°. ®yuxuns aumutn Tabpudaapn. Papas kumaitmik, f(X) QyHKs
X OR tynnamaa 6epunran 6ynud, X, HykTa X TYIUIAM-HUHT JIMMUT HYKTacH
OVJICUH. X, HyKTara MHTUJIYBYU UXTUEPUIL { Xn}:
Xy Xoy ey Xy gee (x, OX, X, %X%,)
KeTMa-KeTIUKHH 0nu0, pyHKIMs Kuitmatiaapuaan uoopat { f(x,)}:
f(x), f(X), ..., F(X,), -
KeTMa-KeTIIMKHU XOCHJI KAJIaMH3.
3-tabpu¢d. (leiine). Arap n-o ma X, - X, (X, 0OX, X, #Xg)
Oynamuran uxtuépuit { X} kerma-keTmK yuyH N — o ga f(X,) — b 6ynca, b
ra f(X) QyHKUMSIHMHI X, HYKTaJaru JUMHTH JIeiniagm Ba X —» X, Ja
f(X) > b éku
lim f(x)=b
X=X
Kabu OearniaaHaIun.
Jdcaarma. Arap N - o n1a
Xn = Xo (XnDX’ Xnixo) Ba Y, — X (ynDX’ ynixo)
Oynmaguran  Typiu {x.}, {y,} xerma-xernmkmap y4yH N o na
f(x,) - b, f(y,) - b, 6ymm6, b #b, 6ynca f(X) Pymkmus X - X, 1a
JMMHTTA 3Ta 3Mac JIeHIIaIu.
1-mucoa. Ymly
2
F(x) = x2 -16
X< —4x
(GYHKUMSAHUHT X, = 4 HyKTagaru JUMUTH TOTUJICHH.
« Kyiingaru { X}
limx, =4 (x,#4, n=12..)

n— oo

KeTMa-KEeTJIUKHH OJIaMJIUK. YHIa
2
X5-16 x, +4
f(x,)= n =1
" X% - 4x X
n n n
oymo, N — o ga f(X,) - 2 6ynanu. [emak,
. x?-16
lim > =
n-e X —4X

2.»
2-mucoJ1. Yoy
f(x) = sin1
X

GYHKIUSIHUHT X — O 1ard TUMUTH MaBXKy1 OYJIMaciIury Kypca-THJICHH.
<« PaBmanku, N —» o 1ga
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' 2 " 2
X, =—— -0, Xx,=———-0
@4n-1)rmr @4n+1)mr
oynay.

by kerma-keTnukIap yuyH

: in-1
f(x,)=

In+1
2

m=-1 f(x,)= m=1

oymu6, N — o na

oynanu. [lemak, 6epunran QyHkius X, =0 HyKTama numutra ara sMac. b

4-tappud. (Komm). Arap [Je>0 coH onuHraHga Xxam MIyHZai
0 =0(&) >0 ronmncaxu, XL X 1 (U 5(X) \ {X,}) yuayn
| f(x)-bl<e

TeHrcH3IUK Oaxapwica, b conn f(X) GyHKUUSHHHT X, HYKTa-Aard JUMHUTH
JeUnnaan:

lim f(x)=Db.

X=X

By TappudHu KuCcKava Kyinaarnda XxaMm auTUIl MyMKHH:
Oe>0, Lo=0()>0, OxUXT UsX)\{x}H: [f(X)-b|<e
oynaca, lim f(x)=Db.
X=X

3-mucoa. f(x)=C=cons (COR) oyncun. by pyHkuus yayH
lim f(x)=C
X=X

oynaay.

x% -1

4-mucog. Yoy f(x)= (GYHKUMSHUHT X, =1 HyKTajgaru JUMHUTU 2

ra TEHT SKaHH KYpCaTUJICHH.
4 [e>0 conura xkypa 0 =& naeb oncak, y xonma |X—1|<do (x#1)

TEHICU3JIMKHYU KAHOATJIAHTUPYBYH UXTHEPHHA X 1a

x* -1

x—-1

—%=M+1—H=M—ﬂ<5=£

2

oynamu. Jlemak, lim X _l= 2.
x-x% X—1

5-mucoa. @apa3 kwnaimuk, X = R\{0} na f(X) = SInx oyncun. by
X

GyHKIUS yIyH
. sinX
lim——=1
x-0 X

oynau.
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4Mabiaymku, X[ (0, z—z-[j YUYH

1. 1 1
=sinx <= Xx<-=tgx
2 2 2

oynanu. by TeHrcuznukinapaaH, GyHKIUSIAPHUHT Ky(QTIUuruHu xucoOra oJuo,

7l
0<|x|<— na
2
sinx
cosx<—~<1
X
OymuimHan Tonamu3. KeMnHrY TeHrcu3aMKIapaad 3ca
: 2 2
sinx . X X
0<1-MX 1 _cosx=2sin? X< =X
X 2 4 2

oYUM Kenub YuKaIu.
Oumu e >0 mm ommb, O=min{&; 1} newinwnca, yama [X, |x|<9d, x#O0
Y4yH
sinXx
O<l-—x<¢
X

oynamnu. Jlemak,

. sinx

im——=1. »

x-0 X

6-muco. Yoy
f(x)=a*, a>0, xOR, x,=0

byHKIUS yIyH
lima* =1

X-0

OyuI nCOOTITAaHCHH.

<« a>1 6ynran xomHu Kapaimk. By xonna f(X) dbyHkums karsuit ycyBun
oynanu:

. X X
Ox, X, OR, X <%, = f(x)<f(x,): a*<a™.
[J€ >0 connu onainuk. MabliyMKu, N — o0 1a
1 1
an -1, a"->1
O0y110, KeTMa-KeTJIMK JTUMUTH Tabpu(ura OMHOaH
1
[ UON, On>n: a" <l+eg,

[h, ON, On>n,: a

. 1 .
Oynamu. DHmm N, =max{n,, n,}, O =— neinica, yHaa
Ny

O, [x-0]<d = —1<x<i
n No
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oynranma
1 1
a®<a*<a" = 1l-g<a’<l+e - |a¥-1<e¢

oynamu. Jemaxk, lima* =1.
x-0
O<a<l Oymragma lima* =1 O6ymumuHM wucboTiaml YKyBYMIa XaBoJia
x-0

sTwianu. P
5-rabpud. Arap [e>0 con oinuHranma xam InyHgaii O >0 coH
tomicakd, OXO X (U s(X) \{X,}) yuyr f(X)>¢& tenrcuzmuk Oaxapwuica,

f (X) GyHKUMSHUHT X, HyKTaJard JUMUTH +oo 110 aTanaau Ba

lim f(x)=+c0
X=X
kaOu Oenrvia”amgu.
Macanas,
()=, (x#0)
X
byHKIUS yIyH
.1
Im-— =4+
X-0 ¥
oynau.

Avtraiimuk, f(X) ¢ynxmus X O R tymmamna Gepunran 0yiamb, X, =+ oo
HYKTa X TYIUIAMHUHT JUMHUT HyKTacu OYJICHH.
6-Tabpud. Arap € >0 con onmHraHga xam myHmaid O >0 TomuiIcakw,
[OxOX, X>0 yuyH
| f(x)-blke
TeHrcu3nuK Oaxkapwica, b connm f(X) GyHKUMSHHHI X, =+c0 garu JUMHTH
neuniIaau Ba

lim f(x)=b

X - +0oo

Kabu OearniIaHaIun.
. 1 _.
7-mucoa. Airaitnuk, X = (0, +), X, =+00, f(X) == 6yncun. Y xonma
X

lim 1=O

X > +00 X
oynaau.
<« Xakukatan xam, [1€ >0 connnu onainuk. Pasmanku, [IX>0 yayH

1 1 1
T-0="<Eg o xX>Z.
X X &

Jllemak, O =£ aeinica, yaaa [IX >0 yuyn

£
1 o( 1 1
- =—<—=£
X X O
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8-mucou. Papa3 KUk,

Xm
f(x)=—x, a>1 mON, X=R
a

oyncuH. YHIa

m
. X
lim —=0
X—> +oo a
OyuImuHN KCOOTIANMU3.
<« £ >0 connu onaiinuk. MabiymMkn, N — © ga

+1\™
()" g
a
oynaau. YHaa
+ m
Le>0, [hy, Un>n;,: (n nl) <&
a

oynanm.
Arap C =n, geiiunca, yuaa Ox>C y4yH

X" g x" ()
a* a” al!

6ymamn ([X]2n, =C). Jlemak, lim >—=0. »

X— +oo a

. 1)
lim (1+ ~| =e
X — + 0o X
MyHOcabaT uCOOTIAHCHH.
<« [J¢ >0 connu onamus. MabliyMKH, N — o 1a

9-mmucoa. Yuidy

Jlumut tabpudura OUHOAH,
He>0, [ny N, Un>ny:

n n+1
e—£<(1+i) , (1+1) <e+e&
n+1 n
oynaay.

Ouau C =n, gecak, yuaa Ux >C yuyH

[x] X [x]+1
e—&<|1+ 1 <(1+1) < J_+i <e+¢
[X]+1 X [X]

oyuo0,




oynamnu. Jlemax,

X — 00 X
3°. DyHKUMSA JTUMHTH TABPHIAPHHHHT YIKBHBAJEHTINIH.
3-Tteopema. Dyuxius numuTuHUHT Komm xampa [eiiHe Tabpudnapu
OKBUBAJICHT TabpHUQIapaAnp.
dKomwm Tavpudura xypa b conm f(X) QyHKUMSHMHT X, HyKTamaru
JUMUTH OVJICUH:

X
Iim(1+lj =e. p

lim f(x)=b
X=X
Yuna
Oe>0,Lo0>0 OxOX, [ X=X, <9, XZ X,
oynranaa

| f(x)-bl<e (1)
Oymamu. X, HykTa X TYIJIAMHUHT JUMUT HyKTacu. YHna 2-reopemara kypa { X,}
KETMA-KeTIINK TONHIAMMKH, N —» 0 1a X, — X, (X, %Xy, N=12,K ) 6ynamm.
Kerma-keTnuk 1uMuTu Tabpudura 6MHOaH
0>0, [nyON, On>ny:|x, =% |<0 , (2)
oynamu. (1)Ba (2) myHocabatnapgan [In>n, yuyH
‘ f(x,)— b‘ <¢&

oymumm kemn6® umkamu. by sca b commnm TeitHe Tavpudm Oyitmua f(X)
(YHKIUSHUHT X, HYKTaJard JJMMUTH SKaHUHHU OHIIIUPATIH.

Oumu b conm ['eiine Tabpudu Oyiinua f(X) GyHKUMSHHHT X, HyKTauarua

JUMUTH OVJICUH.
Teckapucunu dapa3 xkuwnamus, ssbHU f (X) QYHKIUSHUHT X, HYKTaJard JUMUTH

[eiine Tappudu Oyitmua b ra tenr 6ynca xam, Komm tabpudu O0yiinva mumMutu
OynmmacuH. YHnma Oupop &, >0 yuyH uxtuépuit 0 >0 CcoH onuHraHza Xam

0<|X =X, |< O Hu KaHOATIAHTHPYBYHU OHpOp X na
| f(X')-blz¢g,
oynau.
Honra naTHIYBYH MycOaT COHNIap KeTMa-KeTiauru { O,} HH OJaiINK:

n- oo Ja 6n_’0 (6n>0, n=12K )

VY xonna
0<|X =% [< 0, = [f(x;)-bl2& 3)
oymamu. Ammo O, — 0, ma X, — X,, 1emak, ['eiine Tappudura acocan
f(x,) - b

oynamu. By (3) ra summaup. [demak, b conu Kommu tanpudu Oyiinua xam, f(X)
(YHKUMSHUHT X, HyKTaJaru JUMUATU Oynaau. B

4°. OyHKUMSHUHT VHTC Ba 4anm JuMHATIapH. Affraiimk, f(X) QyHKous
X U R tynnamaa 6epuwirat, X, HyKTa X HUHT 4all JUMUT HyKTacu 0yiuo,

(X% =V %)0X (y>0)
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OyncuH.
7-Tabpud. Arap
Oe>0,L0>0 OxO(Xy =0, X): | f(X)-ble
oynca, b con f(X) pyHKUUSHUHT X, HYKTaJaru 4am JUMUTH JCHWIAIN Ba

b= lim f(x)=f(x, —0)

X— Xg—0

Kabu OearniIaHaIun.

®apa3 kunaitmuk, f(X) ¢yakmus X O R tymnmampa Oepuiran, X, HyKra
X HUHT YHT JUMHT HyKTacH 0ymiuo,

(X0, % +y) O X (y>0)

OYJICHH.

8-tabpud. Arap

Oe>0,L0>0 OxO(Xy, X, +9): | f(X)—bl|<e

oynca, b con f(X) QyHKUMAHUHT X, HyKTagaru yHr JIUMHUTHU JAeHUIANU Ba

b= lim f(x)=f(x, +0)
X - Xg+0

Kabu OearniIaHaIun.
Macanan,

1, arap x>0 06yca,
f(xX) =4 0, arap x=0 6¥ca,
—1, arap x<0 6yica
dbyukiusauar O HyKTagard YHT JTUMUTH 1, gan aumuth -1 6ynanu.

MamkJjap
1. Yoy
lim f(X)=+c, lim f(X)=+c, lim f(X)=—oo,
X — +00 X — —00 X — too
lim f(X)=—oco,

X — —00

JMMUTIAPHUHT TabpudIapy KeITHPHUIICHH.
. Tl
2. Ymoy f(X)=sin— ¢ynkuus X, =0 HyKTaga quMUTTa 3ra SMaciuru
X
UCOOTIIAHCHH.

. .1 o
3. Jlumut tabpuduman poiigananud, lim 1 =00 OYIUIIN UCOOTIAHCHH.
X—»l X -

4. f(X) ¢yHkmus a Hykraga b gumuTra sra OYIWINM YYyH YHHHT Iy
HYKTaJard YHT Ba Jarl JUMUTIapH MaBxy 0yuo,
f(@a+0)=f(@a-0)=b

TEHTJIUKIIAp YPUHIN OYIUIIH 3apyp Ba eTapiau OYIuiy ncOOTIaHCHH.
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13-mabpy3a
Jlumutra sra 0yjaran QyHKUMSJIADHUHT XOCCATIAPH.
JIMMUTHUHT MaBKYAJTUTH

1°. JIumutra sra OyJarad pyHKUMSJIADHUHT XoccajJapu. Yekin aumMuTra
sra Oynran (QyHKUMAIAp XaM SKUHJIAIIYBYM KETMAa-KETJIMK CHHrapu Karop
xoccajapra ara.

®apa3 xuwnavmuk, f(X) ¢ymkmms X OR tymnmampa Oepwiran 0ymuo,
X, UR Hykra X HUHI JUMUT HyKTacu OYJICHH.

1-xocca. Arap X — X, ma f(X) ¢ynkmus mumutra sra Oynca, y sroHa
oynau.

<«4by X0CCaHUHT UCOOTH JUMUT TabpU(IAPUHUHT SKBUBAJICHTIUTH XaMmJia
KeTMa-KeTJIMK JIAIMATUHUHT TOHATUTUIAH KeMuo aukaay. »

2-xocca. Arap
lim f(x)=b, (b—4exnm con)
X - Xg

Oynca, y xonga X, HykranuHr myHgai U ;(X,) (0>0) arpodu Tonmmanukwu,

Oy arpodma f(X) GyHkums derapayanrad Oyiaau.
4 AliTallJIuK,

lim f(x) =b
X=X

oynacun. OyHKUMA TUMUTH Tabpudra OMHOAH
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He>0, Lo>0, IxOX T (Us(Xy) \{X}) ma |f(x)—-blke
spHn b—&e<f(X)<b+& OYymamu. Kedimarn rtenrcusnmukmapaan T (X)
GyHKIMSHUHT X, HyKTanuHT U 5(X,) aTpodmma wyerapamaHraH-TUrd Kenuo
yukaga. »
3-xocca. Arap
lim f(x)=b
X=X
oymub, b<p Oynca, y xomma X, HykranuHr wmyHmaii U s(X,) arpodwu
TonuIaauku, Oy aTpodaa
f(x)<p
oynanm.
<«4Iaptra kypa
lim f(x)=Db.
X=X
OyHKIUSHUHT JIUMATH Tabpudura kypa €= P—-0b>0 yayn mynmaii 0 >0 con
tormwtaguku, U X X, ‘X— XO‘ <0, X% X, YUyH
| f(x)-b|<e = f(x)<b+e=p
oymamu. By aca U xUU 5(X,) ma f(X) < p 6ynmummzn 6unaupagu. »
dapas xkunaitmuk, f(X) Ba g(X) dyakuusaap X O R tymiam-na 6epuiaran
o0ymu6, X, R HykTa X TYIUIaMHUHT JIMMUT HyKTacu OYJICHH.
4-xocca. Arap
lim f(x)=b;, lim g(x)=b,
X=X X=X
oymuo, OxOX ma f(X) < g(x) TEHICH3IIUK Oaxkapuica, y xonaa b, <b,, span
lim f(x)< lim g(x)
X=X X=X
oynaau.
4 AliTaliiiuk,

lim f(x)=b,, lim g(x)=Db,
X X X Xg
OYJICHH.
OyHKIMA TUMUTHHUHT ['eliHe Tabpudura kypa X, ra MHTUIYBYU UXTUEPUNA

Xn = Xo (XnDX’ Xn¢X0)
KETMa-KEeTJIUK YIyH
n — c na f(Xn) - bl’ g(Xn) - b2 (1)

oynaau.

Pasmrauku, LI NN na

F(x,) = 9(x,) (2)

SIKMHIaIyBYM KETMa-KETIIMKHUHT Xoccanapuaan ¢oigananno, (1) Ba (2)

MyHOca0ataapiaH )!in)ﬂ(o f(x,) < )!in)ﬂ(0 g(x,) , spHU b, <b, OYynMmMHM TOmamus.

>
5-xocca. dapa3 KHIIalIuK,
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lim f(x)=b, Ilimg(x)=b,, (b,b,OR)
X— Xg X - Xg
JUMUTIAp MaBxXyz OViacuH. Y xoiaa
a) UcOR ma lim(clf(xX)=cllim f(x);
X - Xg X=X
0) lim(f(x)+g(x)=Ilim f(x)+ lim g(x);
X = Xg X - Xg X - Xg
B) Iim (f(x)[g(x))=Ilim f(x)[lim g(x);
X - Xg X - Xg X - Xg

(%) )!im f(x)

r) Arap b, #0 6ynca, lim ==
=% g(x)  lim g(x)

X=X

oynaau.
By TacaukiapHUHT MCOOTH COHJIAP KETMa-KEeTIUKIApHU YCTHAA apH(PMETHK
amMaJiiap OaKapHIIAIIH XaKHIArH MabIyMOT-JapJaH KeJIH0 YHKaIH.
1-mucon. Yy
X+x2+x3+..+x"-n

lim
JIMMHUT XUCOOJIAHCYH.
<« by TMMUTHH FOKOpHUJIAary Xoccaap/ad (oiigananubd xucoomanmus:

x X 00n_ (D HE DD+ D)

lim
¥ 1 x=1 x-1 x-1
i XD+ (x+2)+ (2 +x+ 1)+ .+ (X7 + X2 4 X+ 1]
X-1 x=1
n(n+1)

=1+2+3+...+n= »

2-MucoJ. Yoy

1-cosx
2

lim
JJUMUT XI/ICO6JIaHCI/IH.

. X
<« Mabaymku, 1— COSX = 2sin? E . llynu xucobra oaub Tonamus:

2sin® = sin>
1-cosx e 2 _
| 5 =lim 5 =lim —£| =
x-0 X x-0 ¥ x-02 5
2
sm§ sin§
= Liim—20m— 2= »
2 | x-0 5 X0 E 2
2 2



2°, DyHKIUST JUMHTHHUHT MaBkyaaura. @®apas xwunaimk, f (X)
byukus X U R tymmamaa 6epuiran 6ynuo, (XO -V, %X ) [ X 6yncun (y > O).
PaBmanku, X, IR HykTa X TYmJIaMHMHT JUMHUT HyKTacu Oyiaiau.

1-teopema. Arap f (X) dbyukiua X Tymiamaa yeyBuu O0Yiau0, y IOKOpUaaH
yerapajaHrat 0yica, QyHKIMs X, HyKTaaa

lim f(x)

X-X—0
JUMUTTa 3ra OyIaam.
< f(x) GyHKIMSA KuiiMaTinapuaaln uoopar 6ynran ymoy

F={f(x)| xOX n{x<x,}}
TymIaMHu Kapaiimu3. TeopemaHwHr maptura kypa Oy TymiaM OKOpUAaH
yerapajlaHran Oynanu. Y Xonja TYMJIaMHUHT aHUK YEeTapaCHHUHT MaBKyIJIUTU
XaKuaara TeopeMara kypa F Tymiam aHuK FOKOpHW derapara sra. YHu D Owmnan
OenrunanmMus:
sufF =b.

Ouma, lim f(x)=b G6ymumumum wuc6oTmaiiMM3. AHMK IOKOpH uerapa
X— X—0

Tabpudura Kypa:
1) OxOX n{x<x,} yayn f(x)<b;

2)0x"0X n{x<x}, x’<x: f(x)>b-¢&, (0&>0)6ynamm.
Arap 5=XO—XD>OzLeI‘/iHHca,sz[a DXD(XO—é,XO)n(XO—y,XO)yqu
b-e<f(x’)< f(x)sb<b+e

oymmo,
| f(x)-b|<e
TEHTCU3JIKMK Oaxapuianu. by sca
lim f(x)=b
X - Xy—0

AKaHUHU OMAupaau. P

Xynaau nryHra yxXmam KyHuaa KeNTUpIIagurad TeopemMa ncOoTIaHa Iu.

AMTalnuk, f(X) byukiuas X R Tynnmampa Oepunran 0ynu0,
(X0,% +¥)O X 6yncun (y>0). PaBmanku, X, JR Hykta X Tymiam-HEHT
JUMHT HyKTacu Oyimaau.

2-Teopema. Arap f(X) byukusa X Tymwiamjaa KaMmaroBuM — OYnuO, y
KyluJaH yerapanaHras Oyica, QyHKIus X, HyKraja

lim f(x)

X - Xg+0
JUMUTTa 3ra OyIaam.
OHau GYHKIUS TUMUTHHUHT MaBXKYJUTUTH XaKUJAard YMy-MHH TeOpeMaHU
KEJITUPaMU3.
®dapa3 KuiailuK, f(X) ¢ynkmus X U R tynnamaa Oepunran  6ymuo0,
Xo R HyKTa X TYmiamMHMHT JIMMUT HYKTacHu OYJICHH.

1-tabpud. Arap e >0 onunranma xam myHaaid 0 >0 coH TOMHUIICAKH,
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OxOX 0 (Us()\{%}), OyOX n (Us(x)\{%})

| £(x) - f(y)|<e (1)

Jap y4yH

TEHTCU3IUK Oa)kapuiica, f(X) yu4yH X, HykKraga Kommu mapru Oaskapuiagu
neuniIaau.

3-Mucos. Yoy f(X):XSin1 ¢yHkuua yuyH X, =0 Hykrama Komm
X

niapTy Gaxkapuiaau.

. & .
<4 Xakukaran xaM, [1£ >0 conra kypa O = E nenunsca, y xosiaa

OxO X1 (UE(O)\{O}), OyOX | (UE(O)\{O})
2 2
nap y4yH (spHU ‘X‘ <0, M <0 yuYyH)

1 £09 = F ()] = | Xsint —ysin® | < [xsin® [+] ysin® | <
X X y

<|x| +ly| <5+ =
- 2 2

oynanm.
3-Teopema (Kommn). f(X) (GyHKIMA X, HYKTaJa 4YeKId JIMMUT-ra 3ra
Oymumm yuyH Oy (yHKUusA X, Hykraga Komwn mapTuHUHT Oa)kapuiuu 3apyp Ba

eTapJH.
<« 3apypiurn. f (X) (GyHKIMSA X, HyKTa/a 4eKJIU JJUMUTTa 3ra OYJICHH:
lim f(x)=Db.
X=X

Jlumut tabpudura OUHOAH:
Oe>0, £6>0,0x0X n (Us(x )\{x,}) yayn

£
[T =b)I<7 (2)
oynamu. Ilynuarmek, yOX | (Us(Xo) \ {X0}) yayH Xxam

13
1) =b)I<5 3)

oynamu. (2) Ba (3) myHocabatTiapaan
| £(x)- f(y)|<| f(x)-b|+jo—f(y)<e
oYUy Kenub YuKaIu.
Erapanimru. AiTaitnuk f(X) ¢bynkius yuyH (1) mapt GakapuiicuH. X,

HYKTara I/IHTI/IHYBLH/I HUKKUTA
X, — X% (X, %, n=12,K ), x,0X,
Yo = % (Yo %%, N=12,K ), y,OX,
KETMa-KEeTJIMKJIapHU oJlaMu3. By kerma-keTnukinapaad ¢oiigananub, ymoy
X Y1 Xos Youeen Xya Yoo e
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KETMAa-KeTJIUKHU XOCWJI KWiIaMu3. YHM Z, OunaH Oenrunaiimus. PaBmanku, Zz,
KeTMa-KeTJIUK YUyH
z, > X% (z,%2%, n=12,K ), z,O0X
oynamu. Teopema maptura 6mHoan [1€ >0 conura kypa O >0 coHHH oOJlamMu3.
Mopomuks, N — © na z, — X, 3KaH, yHAa JJUMHUT Tabpudura kypa:
>0, LNy ON, On>nyi|z, — % |<&
oynanu. Yuga Um>n, , LIn>n, yuyH
‘ f (Zm)_ f (Zn)‘ <&
TeHrcH3nuK Gaxapumanu. bymman f(z,) xerma-kermukHuHr (dyHameHran
sxaumury kenu6 unkagm. Jemax f(z,) xerma-keTnuk sxusmamysan:
n-om f(z,)-b.
Yuna
f() -0, fly,) b

oymu6, pyukius mumuTuHUHT ['eitHe Tappudura 6mHOAH
lim f(x)=b.
X=X
oynamgu. P
3°. UYekcus kaTTa Ba uYeKcH3 KMUMK (yHKumsiap. Afraiimk, a(x)
Xxamja ,B(X) ¢ysxuusap X U R tynnampa 6epunran 6ynmub, X, UR nykra X
TYIUJIAMHUHT JTUMHUT HYKTacu OYIJICHH.
2-tabpud. Arap
lim a(x) =0
X=X
oyca, a(x) GYHKIUSA X — X, Aa YeKCU3 KUYMK (PYHKIMSA 1ehn-1aau.
Macanag, X - 0 ma a (X) =SIiNX QYHKIUSA YeKCH3 KHIHUK (YHKIUS OVIray.
3-tabpud. Arap
lim B(X) = o
X=X
oyca, ,B(X) GYHKIHA X — X, /1a YeKCU3 KaTTa pyHKIus Aedu-Iaau.
Macaimas, X - 0 ma S(X) =% dbYyHKIUS YeKcu3 KatTta QYHKIUS OYIamam.

Yekcus KMYMK Xamja 4eKcu3 Karta (QYHKIUsAIap YeKCH3 KHYHMK Xamja
YEeKCU3 KaTTa MUKIOPIaP Kabu xoccanapra sra 6ymanu:

1) Yekau COHAArd YEKCH3 KMYUK (PYHKIUSAIAP WUFUHIAMCUA YEKCU3 KHYHK
byHkIus 6ynanu;

2) UYerapamanrad (QYHKOASHAHT YEKCH3 ~ KUYMK  (QYHKOUS ~— OwWiIaH
KynaiTMacu 4eKcu3 KMuuK QyHKuus 6ynanu;

3) Arap a(x) (a(x)#0) uexcus xmunk dysxims 6yica, YEKCH3

a(x)
karTa QyHKIMA 6yIaam.
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4) Arap ,B(X) yekcu3 Katta GyHKus Oyiica, YEeKCU3 KUYUK (OYHKIHS

oynau.
MamkJjap
1. Ymoy
n
e

JUMUT OWIaH AHUKJIaHaIUT'aH q)yHKHI/I}I TOIINUJICHUH.

2. Yoy

lim sin(/n? +1)

n— oo

JIMMUT XHUCOOJIAHCHH.

14-mabpy3a
DOYHKUUATAPHEA TAKKOCIALI

1°. «O» Ba «0O» oesqrumjiap, yJaapHuHr xoccanapu. Papa3 kunaiimk, f (X)
Ba g(x) ¢ynkuusanapu X R Ttynnampa Oepunran 6ynaub, X, Hykra X

TYIIJIAMHUHT JJAMUT HYKTacu OYJICHH.
1-tappud. Arap mynmaii y3rapmac C >0 conu Ba myHmaii O >0 con
tormicakd, CIXO X T (U 5(Xy) \ {X,}) yuyn

[T = Cla(x)|
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TEHTCU3JIUK Oaxkapuica, SbHU
[CUR,, Lo>0, IxOXT UsXx)\{x}) ;1 TX)ClagXx)]|
oynca, X - X, na f(X) byHKIUSA g(x) (dbyHKIMATa HUCOATaH 4YerapajaHraH
neiunama Ba f(x)=0(g(x)) xabu 6enrnnanamm.
Arap
[COR, LdOR,, Ox, [x|>d: | f(X)|<C|g(X)]
oynca, X - Xy =0 na f(X) byHKIISA g(x) ¢yHKIuATa HUCOATaH YerapajJaHraH
JeinIaay Ba rokopuaaruaek f (X) = O( g(x)) Kabu Oenrvia”Haan.

Macanan, X — 0 1a X2 =O(X) Oynanu, 9yHKU XD(— 1,1) a ‘Xz‘ S‘X‘

Arap f(X) (GyHKLIUs X, HyKTa aTpoduua yerapanaHrad Oynaca, X — X, Aa
f(x)=0(1) xabu &3mnamm.
«O » HHHT X0CCAJIApPH:
1) Arap
lim —— 1) _
x=% g(X)
6yuca, X — X, ma f(x)=0(g(x)) 6ynamm.
2) Arap X - X, ma f(x)=0(g(x)) Ba g(x)=0(h(x)) 6ynca, y xonma
X~ % 1a f(x)=0(h(x)) 6ynamu. Hemax, x - %, 12 O(O(h(x)))=0(h(x)).

3) Arap X —» %, na f(x)=0(g(x)) sa h(x)=0(g(x)) 6ynca, y xonma
X - % 1a f(x)+h(x)=0(g(x)) 6ynamm.

4) Arap X - % 1a f,(x)=0(8,(x)) sa f,(x)=0(g,(x)) 6ynca, y xonna
X — %o ma fi(x)0f,(x)=0(g,(x)0g,(x)) 6¥nam.

2-tappud. Arap xap kannaii £ >0 coH onuHranga xam mryHaad 0 >0 con
TOITHJICAKH,

OxOX 1 (U 5(X) \ {%})
yIyH
[ T(¥)[=<elg(x)]
TEHICU3JIMK Oakapuiica, SbHH
Oe>0, Lo>0, OxO X1 (Us(X) \{X}) :| F(X)[g £]9(x)|6¥nca,

X - X, Ja f(X) byHKIIS g(X) byHKIUATa HUCOATaH HKOPU TAPTHOJIN YeKCH3
KH4YuK QyHKIus gelinnany Ba f (X) = 0( g(x)) ek f = 0(g) Kabu OenruiaHaau.

«0>» HUHT X0CCAJIAPH:

1) Arap X — X, 1a f =0(g) 6yxuca, y xonma X — X, na f =0(g) 6ynamm.

2) Arap X — X, na f =O(g), g =O(h) Oyinca, y xonna X — X, ga f =0(h)
6ynamm. demax, o o(h))=o(h).

3) Arap X — X, na f1=0(g), f, =O(g) Oynca, y xomma X — X, -a
f, + f, =o(g) 6ymanu.
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4) Arap X » %, na f,=0(g,), f,=0(g,) 6¥mca, y xomma X - X, ma
f, [ f,=0(g,g,) 6ynanu. lemax, o(g;)(0(g,)=0(g, [g,).

2°. OyHKUUSIAPHHHT IKBHBAJEHTINIH. AMTailuk, f(X) Ba Q(X)
¢yskmusmapy X U R Ttynnampa Oepwiran O0ynuO, X, HykTa X TYIJIaMHUHT
JUMHUT HyKTacu OYIICHH.

3-Tabpud. X - X, na f (X) Ba g(X) bynkusnap (X £ X, 1a g(x);t 0) yuyn

oynca, X - X, na f(X) Ba g(x) JKBUBAJIEHT (PYHKUUAIAP [OEWMU-JIaIA Ba
f(x)~g(x) (x - x,) xabu Genrunanamm.
Macanan, X - 0 nga f(x)=sinx Ba g(X)=x QyHkiusnap dKBHBaNeHT
byHKIMsIap Oymaau:  SiNX ~ X (X - O).
1-teopema. X — X, n1a f(X) Ba g(x) Gynkumsuap (X# X, na g(x);tO)
HKBUBAJICHT OYIIMIIN yUyH
g(x) - f(x)=0(g(x))

TEHTJIMKHUHT YPUHIIN OVIIHIIY 3apyp Ba €Tapiiu.
<43apypauru. X - X, na f (X) ~ g( ) oyncun. Tavpudra OuHoaH
) _

[im

=% g(X)
oynu0, yHaaH
”m{ ()} i 909 F(9 _
=%l g(x) ] *x=x%  g(X)

6y mimm kenu6 unkamu. Jemax, g(x)— f(x)=o( g(x)).
Etapammnrn. X — X, 1a g(x)— f(x)=o0( g(x)) 6yncun. ¥ xonma x - X,

na
_F9 _ 909 - (¥ _o(g(x)
g(x) g(x) 9(x)
Ooymuo, yaaaH
im {1—ﬂ} = jim 900~ 1) _
=%l g | % g(X)

oynuimu kenub yukaau. by aca

spHU | (X) ~ g(X) SKaHWHM Ounaupanu. »

« [0» HUHT Xoccajapu:

1) X - X ma f(x)~g(x) « lim—="2=1,



2) Xap Kanaai QyHKIHS y9yH X — X, Ja f(X) ~ f(X) oynanu.

3) Arap X - X, ma f(x)~g(x), g(x)~h(x) 6ymnca, x - x, ma f(x)~h(x)
oynanu.

4) Arap X - % ma Fi(x)~gi(x), fo(x)~g,(x) Gymca, x - % na
f,00 1,0 ~ 91(x) L g,(x) 65 mamm.

3°, DOYHKIUAHUHT ACUMIITOTUK éHMIMacu. ANTaNIuK,

lim 1) =c, =constZ0
x=% gy (X)

6ymcun. VHaa X — X, a f(x)~cg,(x) 6ym6,

f(x)=c,0,(x) + 0( g(x))
oynanu. by xonna Clgl(x) GyHKIUSA X — X, Aa f(X) (GYHKIUSHUHT OO KMCMU
JeUnIaan.
dapas  Kwiaimk, X —» X, Jga  C,g,(x) (c, =const#0)  Qymxius
f (X) - Clgl(x) HUHT 0ol KucMu OyicuH. Y xonaa X — X, 1a

f(x) — c,0,(x) ~ ¢,9,()
6ynuo0,
(%)= c1,(x) + c,9,(x) + o( g,(x))

oynau.

By sxapaéHHM N MapTa Takpopmad, X — X, ma f(x) dysk-musHn
Kyiuaaruga €3uil MyMKHUH:

F(%) =616+ €20, (X) +A + €40, (%) + 0( g, (x)) (1)
Ooynaa c, #0 Ba
Gia(X)=0(g;(x)) (i=12K ,n).

Onmatna, (1) dopmyma X — X, ma f(X) GyHKUMAHMHI ACHMI-TOTHK
éinJIMacH aeiniaay.

4°. DKBUBAJEHTIMKIAH (oiitananné, GyHKUHSAIAPHUHT JTUMHTHHH
TONMIN. ODHAA  (QYHKIVSUIADHUHT  3KBUBAJICHTIUIWIa acoClaHraH  XoJjja
GYHKIUSUTADHUHT  JTUMUTHHM ~ XucoOnamiga — (oiinanaHunagural TeopeMaHu
KEITHUPaAMU3.

2-Teopema. Arap X — X, 1a f,(X)~ f,(x), 9,(x) ~ g,(x) 65106, ym6y

jim 1)

x=% gy (X)
JUMUT MaBXKyJ Oyiica, y xoaa

jim 2>

x=% g, (X)

JIMMHUT XaM MaBXy Ba
jim 1209 _ iy 110
x=% g, (X) 0:1(X)
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oynanm.
< Ajiraitiuk, X - X, 12 §(X)~ £,(x), g,(x)~ 9,(x) 6ymcun. Yuma

paBIIaHKH, X — X, Aa
fo(x)= f,(x) + o ,(x)),
92(x)=g:(x) + o( g,(x))

6ynanu. By myHocabatnapaan ¢poiizananud ronamus:
jim 239 = iy 1) *0(R09) _ ()
=% 0,00 =% g0 +0(g; (X)) =% g (¥)

Mucoa. Yuly
. COSX — C0S2X
lim
JIMMHUT XYMCOOJIAHCYH.
<« PaBiranky,
. 3X . X
2sin— [$In—
. COSX—CO0S2X _ .. 2
lim =lim
Xx-0 x2 X-0 x2

OHau Sin3—2X = 3—2X +0(X) Ba Sing =§ + 0(X) OymuImmHEN  3BbTHOOPTa  OJINO,

TOIIaMU3.
3 1
2sin>X in (2X+0(X))(2X+0(X)) 3y +o(x2) 3

lim—2 2 =2jim =2lim 4 =2
x-0 X X0 x? X-0 x? 2
Jlemak,

. Ccosx—-sin2x _ 3

N e 2%

MamkJjap

1. Aittaitmuk, nUN: a;,a,,K ,a, R 6yiacun. Y xonna X — +o nga
n n-1 n-2 - n
X' +aXxX “t+ax “+A a_Xx+a, —O(x )
OymuIy nCOOTITAaHCHH.
2. Arap X - X, n1a

oynca, X - X, na

OYuIy NCOOTIAHCHH.
3.Arap X - X, 1a



oynca, X - X, na
f,(x) + ()~ g, (x) + 9,(x),
f,(x) = (%)~ 9, (%) - 9,(x),

MyHOca0aTaap YpuHIU OYy1aiumMu?

4-BOb
OYHKIUAHUHI Y3JIYKCHU3JINTU BA TEKUC
Y3JIYKCHU3JIMT'A

15-mabpy3a
@OYHKUMSAHUHT Y3JIYKCH3JIUTH TYIIYHYACH

1°. DyHKIMAHUHAT y3MyKenm3anrn Tabpuduapu. Papas kuainak, f(X)
¢ynkmus X U R tymmampa 6epunran 6ynub, X,U X Hykra X TynjgaMHUHT

JUMHT HyKTacu OYIJICHH.
1-tabspud. Arap
lim f(x)=f(xp) (1)
X=X

oynca, f(X) pynkuus X, HyKTaga y3ayKcH3 Ieiunanu.
Jlemax, f(X) GYHKUMSHHHT X, HYKTaaa y3JTyKCH3IUTH YIIOY

1) lim f(X) =b HuHT MaBxymIUTH,
X=X

2) b= f (X, )oymumm
MIapTIAAPUHUHT Oakapuiuiny Ounan udoaaianau.
Mucosap. 1. YOy
f(x)=x*+x*+1
¢ynkuua X, UR nykrana yzmykcus Oynaau, 4yHKH
lim f(x)=lim (x* +x% +1) = xg + x5 +1= f(x,).

X-Xo X=Xo

2. Yoy

X # 0 Oyica,
f(X)= (Sigr1>()2 = 1 arap yaca
0, arap x=0 6yica,
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Gynkmusan  Kapaiiuk. PaBmanku, [X, R mykraga |im f(x)=1 o6ynmaan.
XX

Hemak, kapanaérran ¢ynkuus [X,UR, X, #0 Hykraga y3mykcus Oynanu.
Ammo f(0) =0 oynrannuru cabadiu

Iim0 f(x)# f (0)

X —

oynanu. [lemak, f(X) dynkumsa X, = O HykTana y3mykcus Oyn-maiiau.

Oynkius  gumutuHUHT  [eitne Ba  Komm  Tabpudumapura OuHOaH
(YHKUMSHUHT X, HYKTaJard y3JIyKCU3IUTMHU KyHuaaruda Tabpuduai MyMKHH.

2-tabpud. Arap

N-o nma X, - X, (x, X, n=12..)
Oynmaauran uxtTuépuil {X,} KeTMa-KeTINK y4yH
o ma f(x,) - f(x)
oynca, f(X) ¢yHKuMSA X, HyKTaaa y3ayKcu3 AeHUIaIN.
3-Tabpud. Arap >0 con onmnranma xam myHmaii 0 =0(£)>0 con
TOTIUJICAKH,
OxOX 1T U 5(X)
ydyH
1100 - f(x)l<é
TeHrcH3MuK Oaxkapuica, f(X) dyHkuus X, HyKTaga y3imyKcu3 Ieiunany.

Onatna, X-—X, aiimpma apryment optrrupmacu, f(X)— f(x,) oca
¢yHKIHMA opTTHpPMAcH Iedwmb, ymap moc paBumga AX Ba Af xabwm
OenrniIaHaau.

AX =X = Xy, Af=1(X)— (X)) ="TF(Xg+Ax)— F(Xp).
Vuna pyHknus y3nmykcunuruauar 1-raspudunaru (1) mynocabat ymoy
lim Af =0 (2)

Ax-0
KYPUHUIIITa KeJIau.
Hemaxk, (2) myHocabaTHM (QYHKIUSHUHT X, HYKTaJa Y3JIYKCU3JIHTH Tabpudu

cudaruga Kapam MyMKHUH.
Aitraitmuk, f(X) ¢ysxkmmas X O R tymnampa Gepunran 6ymm6, X, [ X

HykTa X TYIJIaMHHUHT YHT (4am) JUMAT HYKTacu OYJICHH.
4-tabpud. Arap
lim f(x)=f(x,) ( lim f(x)=1f(xp))
X—Xy+0 X—X;—0
oynca, f(x) pynkuus X, HyKTaga yHraax (4angaH) y3JayKcu3 AeiHuIaam.
Hemaxk, f(X) ¢yHkums X, HykTama yHroaH (4ammaH) y3iayk-cu3 OynraHaa
(GYHKIUSHAHT YHT (9am) TMMUTH YHUHT X, HyKTa-Jard KiiMaThra TeHr Oynaau:
f(% +0)=f(xo) (f(x—0)=1(X)).
Kentupwnran tabpuduapaan, f(x) dbyHkums X, Hykraga xam YHTAaH, XaM

yarnjaH Oup BakTia y3Jykcu3 Oyica, GyHKIUA 11y HyKTaaa y3dyKCu3 OYJIUIIUHUA
TOMAMMU3.
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Ymyman, f(X) dyskumsHuHr X, HyKTaga y3mykcw3 Oymwmmm, [1€>0

Oepuiranaa xam yHra kypa mynaaii 0 = 9(€) >0 Tonuuo,
IXOUs (X)) O X =  f(x)OU_(f(Xp))

OYJIUIIMHYA OUIIUPaAIH.

5-rabpud. Arap f(x) dbyaxmus X 0 R TymimaMHUHT Xap OMp HyKTacuaa
y3imykcus 0ynca, f(X) ynkuus X Tymmamaa y3myKcu3 JeHuIaum.

6-rappud. X UR tynnmamaa y3nykeus Oyiaran QyHKOusap-1aH uoopar
TYmiam y3iykeus GyHkuusiiap tymiamu aernaanan Ba C(X) kabu Oelruinanaiu.

Macaman, f(x)UC[a, b] Oymumu, f(X) dyHKIUIHAHT [a, b]
CETMEHTUHUHT Xap OWp HyKTacuaa y3JIyKCu3, SbHH f(x) byHKIISA (a, b)

WHTEPBAIHUHT Xap OWp HyKTacwIa y3IMyKCHW3, a HyKTaja VHTIaH, b Hykrama sca
qarnaaH y3JIyKcu3 OYIUIINHI OUIIUpaIu.

2°, Yiaykens ¢QyHkuusiiap yeruga amasuiap. Mucosuiap. VYisinykceus
(GYHKIUATAPHUHT WUFUHINCH, KYyATMacu Ba HUCOA-THHUHT Y3IYKCHU3 (YHKIHS
OYIUIIH XaKUIard TacIUKIApUHU KEITHPAMU3.

1-teopema. f(x) Ba Qg(X) ¢ymkumsulapm X O R tymmampa Oepuniran
o0ymmo, X, X Hykrana y3mykcu3s OyiacuH. Y xonnaa

a) UcUR ma clf(X) ynkmus X, HyKTaga y3mykcus Oymaim;

0) f(x)+ g(x) pyHkus X, HyKTaaa y3nmykcus Oymaim;

B) f(X)[g(X) dynkuus X, HyKTana y3mykcus Oynany;

f(x)

r) ﬁ (9(x) #0) ¢yHKuMsA X, HyKTazna y3i1ykcu3 Oymaau.
(019,

«dTeopeMaHUHT TacAWKIAPH Y3JIYKCH3IHK Tabpudu Xamjia JUMHUTTA dra
Oynran QyHKIUsAIap ycTtuaa apudMETUK amasuiap XakuJard TeopeMagaH Keimuo
quKaau. MacaiaH, TCOPEMaHHMHT B) TaCTUFH KyHuaarnda ucOOTiIaHaIH:

lim f(x)=f(X,), limgX)=9g(x,) =
X— Xg X—Xo

= lim (f(x)[g(x))=Ilim f(x)[lim g(x)= f(X,) [g(Xy).-»
X - X X=X X = Xg

1-mucoa. f(X)=c, cOR oyacun. Yuma f(x)C(R) 6ynann.
<« XakukataH xaM, [1€ >0 rakypa O =& neiwnica, y Xoiaa
X, [X=Xg|<0: |f(X)—f(X,)|=|c—c|=0<¢&
oynanu. »
2-mucoa. f(x)=x, XOR 6¥ynca, y xonga f(x)JC(R) 6ynanm.
« XakukataH xaM, [1€ >0 rakypa O =& neiwnica, y Xoiaa
X, [X=Xg|<O: [f(X)—F(X)|=|Xx—X%,|<O0=¢
oynagu. P
3-mucoa. f(x)=a,x"+ax™ +..+a, x+a,; mON, a,a,.,a,0R
oyacun. Y xonga f(x)OC(R) 6ynamu.
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<« by tacaukuuHr ucbotu 1l- Ba 2-mucosuiap xamaa l-reopemanan KeiauO
yukagu.
[ynra yxmam ymoy
(0= a X" +ax™ +. +a, x+a,
by X" + b X"t +...+b  X+b,
¢ynkmusan, Oyama m, nON; a,, a,,...,a,,, by, 0, ,...,.0, OR)
{xOR\ byx" +bx" " +...+b _,x+b =0}
TYIIaM/a y3ayKeu3 OYIIUIIN KYpCaTHIaIn.
4-mucoa. f(x)=sinx 6ynacun. Y xonna f(x)JC(R) 6ynanm.
4 X, UR nykranu om0, e >0 rakypa O =& neimms.
Yuama OX, [X—X,[<O:

. . X+Xy . X
lsinx —sinx, |=2|cos 5 % [$in

_ZXO |<|Xx-X,|<0=¢
oynaau. P

Xynoun mrydra yxmam  f(X) =cosx ¢ynkmus R ma, f(X) =tgx Ba
f(X) =ctgx ¢dyHKUMSUTApHUHT 3ca V3 aHUKIAHWII TYIUITAMJIApPH-/a Y3IyKCH3
OynuIIM KypcaTUiIaIu.

5-mucoa. f(x)=a*, a>0 6yacun. VY xonma f(x)C(R) 6ynam.

<« PaBmrankmy,

lim (¥ -1)=0.

X=Xg -0
YHaa
0= lim (@ -1 = lim a*°@™-a*)=0 =«
X=Xg -0 X=Xg -0
= a® lim@ -a*°)=0 - lima*=a"
X - Xo X Xg
oynaau. P

6-MHCoJ1. ATalIINK,
-1, arap X <0 6¥ca,
f (X) =<0, arap X =0 0yca,
1, arap x>0 Gyica
oyncun. by pyHkuus yayH
f(+0)=13 f(-0)=-1
0ynu0, oepuiran pyukmus X = R\{0} tymiamuaa y3nykcus Oyiamu.
3. ®ynkuusauar yswuommm. Airaimmk, f(X) ¢yskmms (@, b) na
(—o<a<b<+ow) Gepunran 6ymb, X, U(a, b) 6yncus.
Maswnymkn, f(X) QyHKOMAHUHT X, HyKTagard YHT Ba 4ar JUMUTIApU
f(Xg+0), f(x,—0)
3

MaBxxyJ1 0yuo,
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F(% =0)=1(X)=1(X +0) 4)
TEHIJIMK YpuHiK Oyica, y xonga f(X) dyHkuus X, HyKTaza y3nykcu3s Oymap su.
Arap f(X) ¢ynkuums X, HyKTaza y3imykcus Oynmaca, yHIa X, Hykra f(X)

(YHKIUSHAHT Y3UJIHI HYKTACH JICHNITa M.
7-tappud. Arap (3) aumuTiap MaBXKyq Ba uekiu Oyimb,  (4)
TeHIVIMKJIAPHUHT OMpopTacu YpuHiIM Oynmaca, X, Hykta f(X) dyHKIMSHUHT

OMPHHYM TYP Y3WIHII HYKTACH JICHIIIA/IH.
bynna
f(Xg +0)— f(x,—0)
anupMa QyHKIUMSHUHT X, HYKTAaJaru caKkpamu Jeiniaam.
Macanan, f(X)=[X] ¢ynkuus Xx=p (pUZ) HyKraga OupwHYM TYp
Y3WIUIITA 3Ta, YyHKU
f(p+0)=p, f(p-0)=p-1
oyuo0,
f(p+0)# f(p, —0)
oynanm.
Arap xeu Oynmaranaa (3) TMMHUTIAPHUHT OUPOPTACH MaBXKy[a OyiMaca €Kku
gyekcns Oynca, X, HykTa f(X) QyHKIMA-HUHT MKKMHYH TYP Y3WJIHII HYKTACH

neuniIaau.
Macainas, ymoy

1
sin—, arap X# 0 OVica,

0, arap x=0 06¥ynca
bynkus X =0 HyKTaga HWKKUHYH Typ Yy3Wiauiira sra Oynaau, 4YyHKH Oy

GyukmustHEHT X = 0 HyKTaJard YHT Ba Yal JUMUATIAPYA MaBKy/l dMac.
4°. Mypakka6 pyHKoustHEHT y3aykensaurn. ®apas kutaitk, y = f(X)

¢ynkmus X O R tymnampna, u=F(y) dbynkmous sca Y; Tymuiamaa aHUKJIaHTaH
oymmo6, ynap épmamuna U = F(f (X)) mypakkab ¢pyHkuus Ty3uiaran OYIiIcuH.

2-teopema. Arap Y= f(X) dynkuus X, X nykrama, u=F(y) dbyHkuus
aca Yo UY; mykrama (Y, =f(X,)) y3nykcu3 ©O¥ynca, F(f(X)) dynxmma X,
HYKTaJa y3JIyKcu3 Oyianu.

<4 U=F(y) dynakmusa Yy, Y, nmykramna (Y, = f(X,)) y3nykcu3 Oynranu
YayH

Ue>0, Lo>0,0y, |[y-Yol<o: [F(y)-F(Yo)l<e (5)

apad, |F(f(X))—F(f(X,))| <& Oymamm.

Hlaptra xypa y= f(X) dynkumsa X, X Hykraga y3nykcus. Y xonjaa

tokopunaru 0 > 0 ra kypa
LO>0, UX, |[X=X%,|<O: |[f(X)—f(X)|I<o

ABHU,

ly=Yol<o (6)
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oynanm.

(5) Ba (6) myHOCabatnapan

Oe>0, LO>0, Ux, |X=X,|<d: |[F(f(X)—-F(f(x))|<é&

oy kenu6 unkanu. Jemak, F(f (X)) dynkuus X, HykTama y3iaykcus. »

5°. MoHOTOH (DYHKIHsI Y3MIHII HYKTACHHHHT XapaKTepH.

3-Teopema. [a, b] R na monoton Oynran f(X) ¢yskuus mry [a, b] HUHT
UCTaJraH HyKTacuaa €KW y3JIyKcu3 Oymamu, €ku OUpPHH-YM Typ Y3WIHIIra Sra
oynau.

« f(X) byHKIUSI [a, b] na yCyBuM OYJICUH. AWTaMIINK,

%, O[a,b], (%, =3, x, +J)O[a,b] (5>0)
OyyicuH. MOHOTOH (DYHKIMSHUHT JIMIMUTH XaKUJIarkd Teopemara Kypa
lim f(x)="f(x, —0)<f(xp),

X— Xg—0

lim f(x)=f(x, +0)=f(X,)
X - Xg+0

oynamu. Arap
(% =0)= () = f (%, +0)
oynca, f(x) ¢yHkums X, HyKraga y3nmykcus, arap
f(Xg—0)<f(x,+0)
oynca, f(x) dyHkums X, HykTama OMpUHYM Typ y3WIUIIUTA dra Oymamu. Xyaau
mryara yxmam  f(X) yaknums [a, b] Ja KamaroB4YM OYyiraHna XaMm TacaHK
ucbotnanaau. P

MamkJjap

1. Ymby

f(x)= SiNX, arap x—palMoHal COH Oyica,
s _{ O ,arap x—wupparmoHai coH O6yica
¢yukmusauaT X, = K71 (KO Z) HykTanapuna y3iaykcu3 OYIUIIN HCOOTIAHCHH.
2. Ymby
D(x)= {1, arap x—panoHan coH 6yca,
0, arap x—wupparoHasn coH Oyica

Hupuxne ¢ynkuusicu R HuHr xap Oup HyKTacuaa Y3WIMIITa 3Ta SKaHIUTU

UCOOTIIAHCHH.
3. Ymby
f(x)=[x][sin/x (xOR)

¢ynkuus yayn f(x) UC(R) Oynmumm xypcaTuicus.
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16-mabpy3a
Y3ayken3 QyHKUMSVIAPHUHT X0CCAIapu

1°. Hykraga y3iaykcu3 Oyjaran (YHKOHMAHHHT Xoccajapu (JIOKaj
xoccanapu). Mucosiap. ®apas kunainuk, f(X) ¢yskmus X O R tymiamuaa

Oepuiran 6ymub, X, X Oyiacus.

1. Arap f(X) ynxmms X, X Hykrama y3mykcus Oyica, y Xoima IIyHIau
0>0 Ba M >0 connmapu Ttommmaauku, XL X | Us(X,) ma [ f(X)|<M 6ynamu,
span T (X) Qynxmmus X, Hykranuar U ;5(X,) arpoduna yerapamanran 0ymasim.

2. Arap f(x) dynkumsa X, 0 X nHykTanma yzmykcus 6ymmo, f(X,)# 0 6yica,
y xomma mmyHmaii o0>0 com Tommmaamku, [XOX1 Ujz(X,) nma
sign f (x) =sign f (x,) 6ynamu, sseum f (X) dysk-tusauHr U 5(X,) naru ummopacu
f (X,) HHUHT nmopacu Kabu O6ymaau.
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by rtacmuknapHuHr wuc6oTH JNMMUTra 3ra  OyiAraH  (QyHK-LIHUSHUHT
xoccanapuad Keauo YuKaiu.
3. Antraitnuk, Y= f(X) dynkums X, Hykrana
lim f(x)=b (bOR) (1)
X=X

ra sra 0yau0, g(y) byakusa Y tymnamaa Oepwirad { f (X)|xO X} Y{b} OY Ba
y =b HykTana yznykcus Oyicud. Y xoiaa

lim g(f(x)) = g(b),
X=X

ABHU

lim g(f(x)) =g(lim f(x )) (2)
X - Xg X - Xg

oynanm.
4 n-oom X, - X (X, OX, X, %Xy, n=12,...) 6ynaguran uxruépuii
{x,} xerma- kernukHu onainuk. YHaa (1) myHocabarra kypa
n-o g f(x,)-Db
oynanu. [llaptra xypa g( f (X)) ¢byukiusa b Hykraga yznykcus. Jlemak,
n- o ma g(f(x,)) - g(b)
oynanu. Keiinaru MmyHocabataan (2) TEHIIIMKHUT YPUHIIA OVIIMIIN KeJTHO YHKaJIH.

>
1-mucoa. Yoy

=log,e (a>0, azl (3)
X-0 X

MyHOca0aT UCOOTIAaHCHH.
<« (2) myHocabaTnaH ¢oiinanaHud Tomamms.

1 1
lim 10g.d+%) = Iirr})loga L+x)* = Iog{lirr%(h X) X} =log, e
X X— X

X-0
_ +
XycycaH, a =€ Oynranua IIrTE)In(l X) =1 6ynagu. »
X >
2-MucoJ. Yoy
X —

im®"1-ha (a>0
X-0 X

MyHOca0aT uCOOTIAaHCHH.

<« Kenmvpuiran TEHIIMKHA KcOoTnam yuyn a* —1=t ne6 onamus. Yuua
X->0 ma t- 0 O6ymamu. lllyan xamma (3) myHocabaTHM 3BTHOOpra OJHO
TOTIAMMU3!

at-1_ t 1
lim =lim = =lna. »
x-0 x  t-0log,@+t) log,e
3-MucoJ. Yuidy
+Xx)7 -
im0 oR)
Xx-0 X
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MyHOca0aT ucOOTIaHCHH
<« Pasmanku,

L1+ X)a — @ In@+x)
Ba X - 0 ma In(l+X) - O 6ynmaan. Yuna
@A+x)7 -1 (€M) 1) On(l+ x) &
X Ca [(n(1+ x) X

oynu0, yH1aH
. +x)\9 — . aln(@+x) _ . +
Ilm(lx—)1=llme 1III|m Ind X)By=a
x-0 X x-0 gln(l+x) x-0 X
oynumy kenub yukagu. »

2°. Cermentaa y3JYKCH3 0yJIraH (pyHKOUsJIApHUHT Xocca-japu (riiooasn
xoccaJjap). Airaiinuk, f(X) dyaknus [a, b] cermentna Gepunran 6YyicuH.

Maswiymku, f(X) dyakmus (a, b) ma ysmykcus, @ Hykrama YHraax, b
HyKTaja 4angaH y3iykcus Oyiaca, f(X) ¢yukums [a, b] cermentma y3mykcus
oynanm.

DHAM CEerMEHTAA Y3JIyKcu3 OyiraH (GYHKIHSJIAPHUHT —XO0CCa-JIapHHU
KeJIThpaMu3. Yiap TeopemManiap opkaiu udoaaaaHau.

1-teopema. (BeiiepimirpacCHUHT OHMpPHUHYM TeopemacH). Arap f(X)

¢dynkmus [@, b] cermentaa y3nykcus, spau f (X) C[a, b] 6yica, dynknus [a, b]
Ja yerapayiaHrad Oy1a iu.
4 Mawaymkn, f(X) ¢yukuusauar [a, b] ma yerapanaHraH-muru

KYWUUJAaruHA
CM 0(0,4), OxO[a, b]: |f(x)|<M
aHTJIaTa Iu.
Teckapucunan dapas kwranvk, spHE f (X)L C[a, b] 6ynca xam QyHKIus
[a, b] ma yerapamanmaran OyiacuH. Y xonaa
OnON, x,UO[a b]: [f(x,))]>n (n=12..) 4)
Oymagu. A¥WHM malTaa, Xocwn Oymamuran {X,} KeTMa-KeTIUK Y4yH
X,O[a, b] (n=1212...) Oynarannurun cabGabnm y derapamanran Oymamu. YHzaa
bonbiano-Beliepmitpacc  Teopemacura kypa Oy {X,} KeTMa-keTIHMKIaH
AKMHJIAIYBYM KUCMUH { X, } KeTMa-KeTIMK aXpaThIl MyMKHH!
K - o fma Xp, = Xo (X, U[a, b]).
laptra xypa f(X) dyuxums [a, b] ma y3aykcus. bunobapus,

k - 1a F(x,) ~ f(x) (5)
oynamu. by (5) MmyHocabaT roxkopuja KWivHTaH ¢apasra 3umaup (ayHkH, dapas
oyiinua

lim f(x, )=+

Koo

Oynumu o3uMm 3au). Jemak, f(X) dyukuus [a, b] na uerapanan-ran 6ynagu. »
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Avntraitmuk, f(X) ¢ynakmus X U R tymnamuaa 6epuiran 6yi-cuH.
Taspug. Arap X tymnamaa myHnail X, U X Hykra tonwmi-caku, [IX[ X
YIyH
FOI=t(x)  (T(X)21(x))
TeHrcu3nuK Oaxapmica, f(X) ¢yHKmusi X, HyKTaga Hr Karra (QHI KHYHUK)
KUIMATra 3puiaam Jeininaam Ba
f(xp)=maxf (9 (f(x,)=min f ()

kalbu OenruaaHaau.
2-Teopema. (BeliepmrpaccHuHT nKKkuHYM Teopemacu). Arap f(x) C[a, b]
oynca, Oy dyukuus [@, b] cermenTna sHr karra Xamaa SHI KHYMK KUHMaTiiapra
SPHUIIAIH, SHHU
Lc, Ofa, b], [OxOfa, b]: f(x)< f(c),
Cc, Ula, b], OxUla, b]: f(x)= f(c,)
oynaau.
<« Avraitmuk, f(X)0C[a, b] 0yncun. Beitepmrpaccaunr l-reopemacura
kypa f(X) ¢ynkums [a, b] cermentna derapananraH, ssbHH yIIoy
{f(x) | xU[a, b]}
TYIUIaM dYerapajaHraH Oynmaau. YHIa TYIUIAMHUHT aHUK dYerapacu Xakujaru
TeopeMara Kypa
sup f(x)=M (M OR)
xa, b]
MaBXXy/J1 OYJ1aiu.
TYymaMHHHT aHUK FOKOPH Yerapacu Tabpudura MyBopHK:
OxO[a, b]:  f(X)<M,
Oe>0, Ix(e)O[a, b]: f(x(&)>M —¢
oynanu. KeiuHru TeHrCcu3ImKaa

11 1
&= N B EE R
- 2 3 n
neb olMHaauraH oyrica,
X, = x(lj Ola, b
n
KETMa-KETJIUK XOCHJI OYI1O, YHUHT y4yH
f(x,)>M - 1
n

TEHTCHU3IIMK Oakapuianu. Jlemak, OnON ma
1
M-=—<f(x,)<M
n
oynanu. by MyHnocabatnan

lim f(x,)=M (6)

Nn— oo

Oynuiy Kenub YuKaau.
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IOkopuna xocwn KwinmHran {X,} KeTMa-KeTIMK YerapajiaH-TaH. YHIaH
SIKUHJTALIYBYN KACMAN KETMA-KETJIMKHU @&XPATULI MyMKHH. YHH {X, } AeHnnK:
k-0 nax, -c¢ (¢qU[a b]).
bepunran f(X) QyHKIMUSHUHT y3JIyKCU3IUTUAaH GorganaHiO TOaMm3:
kK - o0 ma f(x,) - fe).
Paswanky, { f (X, )} xerma-ketmuk { f(X,)} xkerma-keTmMk-HUHT KucMHH
KeTMa-KeTJIUTH.
Jlemak (6) myHocabatra kypa
k - o na f(x,)-M
oymuo, f(c,)=M Oymumm xenmu® uwkaau. Xyaau myHra yxmram, f(X)
(YHKIMSHUHT SHT KHYMK KMAMATra SpUIIHINY KypcaTtu-iaaa. P

3-Teopema. ®Papa3 kwiannuk, f(X) dynknus [a, b] cermentna Gepunran
O0ynn0, Kyluaaru mapTiiapHu 0a)KapCuH:

1) f(x)0C[a, b];

2) CerMEHTHHHI YeTKM HyKTaJapu a Ba D japaa xap Xua wuimopaiu
KMMMAaTJapra 3ra, SbHA

f(a)<0< f(b) éxu f(a)>0> f(b)
OycuH.

VY xonna (@, b) na mynnaii X, Hykra (&< X, <b) Tomunaguku, f(x,)=0
oynanm.

« Airaiimuk, f(X)0C[a, b] o6yau6, f(a)<0< f(b) o6yncun. [a, b]
cerMeHTHUHT f(X) QyHkumsara manpuil Kuiimatiap OepaauraH HyKTajlapuiaH
nbopar TymiamMuan E neinuk:

E={x0[a, b] | f(x)<0}.
PaBmanku, allE, E [a, b]. demak, E tymiam uerapamanran a E # [.

TyrIaMHUHT aHUK FOKOPH Yerapacu XaKuJIard Teopemara Kypa

SUpPE=%, (X, U(a, b))
MaBXyJ Oyianu.
AHUK 10KOpH uerapa Tabpudura OuHOaH,

OnON, X, 0OE: x0—£<xn<x0
n

oynamu. Jlemak,
f(x,)<O0. (n=1223..)
f (X) dynkuusHuHT [@, b] ma y3mykcus 6ynranmuruau 3pTHOOpPTa 0JIMO TOTAMUS3:
N o ma X, - X, 0ymuo, f(x,) - f(X).
bup TomoHaH
lim f(x,)<0,

n- oo

HWKKMHYY TOMOHAAaH

97



lim f(x,)=f(Xy)
OynuIvaaH
f(x)<0 (7)

OyuIy Kenub YuKaIu.
PaBmanku, X > X, na X E. buno6apus, f(x)=0. HlyHunr yayH

lim f(x)=0
X Xg+0
oyuo0,
f(Xy)= lim . f(x)=0 (8)
X Xg+

oynamu. (7) Ba (8) mynocabatnapman f(X,) =0 Oymumm kenub uynkanu. Xyamu
mynra yxmam, f(X)JC[a, b] Ba f(a)>0> f(b) Oyaram xomma Teopema

ucbotnanaau. P
4-teopema. Arap f(x)UC[a, b] 6ynca, y xonna gerapanapu f(a) Ba
f (b) 6ynran cermentra Teruiuid uXTuépuii | conun onauH-ranaa [a, b] ma mynmait
X, HykTa Tommnanuky, f(X,) =1 6ymaan.
« f(a)< f(b) ne6, f(a)<!|< f(b)uu onaiinuk. PaBmranku, f(a)=1 éxu
f (b) =1 6ynran xommaa TeopeMa UCOOTIIAHTaH XUCOO-TaHA Y.
Oumu f(a) <l < f(b) 6yacun. Yoy
g(x)=f(x) -1 (xU[a, b])
byHKIUSHY onainuk. by pyHKIus y4ayH:
1) 9(xUC[a, b];
2) g(a)<0<g(b)
Oynanu. Yuna 3-reopemara kypa myHaaii X, LI (a, b) tonmmagukw,
9(%y) =0,
SBHH,
f (%) =1
oynanu. »
Ymly mabpy3aHUHT nupoBapauaa Oepwirad (yHKIusra Teckapu OYyiraH

(YHKIHUSHUHT MaBXYIJIUTH XaKUIATd TOepeMa-Hi UCOOTCH3 KEITUPAMUS.
5-teopema (teckapu GYHKUMSHUHT MaBxyumrn). Arap f(X) ¢yskmus

X O R opnukaa y3aykcu3 Ba KaThHil ycyBuM (KaThHil KaMaloBun) OyJica, y XoJiaa
Y, ={ f(X)|[xOX} opamuxma teckapu f '(y) dymkuus maexyn 6ymué, y

y3JIYKCH3 KaThHii YCyBun (KaThHUil KAMarOBYH) OYJIa Iu.
MamkJjap
1. Vmiby

x[&* =1
terrnama (0, 1) ma xed Oyamaranja OUTTa HIIAM3Ta 3Ta SKAHIUTH NCOOTIIAHCHH.
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2. Yoy
- x%+1, arap —1<Xx<0 6¥nca,
f(x) = 0, arap x=0 6¥ca,
x> -1, arap 0<x<1 Gyumca
¢ynkus [—1, 1] xa 9HT KaTTa Ba 9HT KHYUK KHUMAaTIapura SPHIIaIAMK?
3. Yoy
fx)=x*-x (xOR)
byHKIUSA KuiiMaTinap TyiaMu R 6yaumm ucOoTIaHCHH.
4. AWTaluK, f(X) GyHKIUS TEKUCIUKAAr OMpop aiiylaHaaa OepuiraH Ba

y3iIykcu3 OYiacuH. Y Xoija ailnaHazna JuamMeTpaib- KapaMa-Kapiiu sKoilalraH a
Ba b mykranmap Tomam6, f(a)= f(b) 6ymumu ncbornancun.

17-mabpy3a
@OYHKUUSTHUHT Tekuc Y3aykeudauru. Kanrop reopemacu
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1°, DYHKIUUAHUHT TEKUC Y3ayKeu3auru tymyndyacu. dapa3 Kunaiimk
f(x) dyakmus X O R Tymnamaa 6epuiaran OyICHH.
1-taspud. Arap uxtuépuii € >0 coH onuHraHAa XaM MmyHAai O >0 coH
TOITHJICAKH,
|x'=x"|<0O
TEHICU3IMKHU KaHoaTIaHTUPYBUM uxtuépuit X', X''LJ X yuyn
[f(x") - T (x")|<e
TEHTCHU3JIUK Oakapuca, SbHU
HOe>0, Lo>0, Ox', x"'OX, [x=x"|<o:
[F(x") - T (x")|<e
oynca, f(X) dynkums X TYuiamaa TeKHC Y3JIYKCH3 JeHUIaIu.
Kentupunran Taspudaan:
1) 0 >0 connwmnr ¢akar £ >0 ra GOFIHMKINTH,
2) f(x) dymkmms X pma Tekuc Y3nykcu3 Oyica, Y my X Tymiamjaa
Y3IYKCHU3 OYJIMIIN KETUO YUKAH.
1-mucoa. f(X)=x, XOR Oyncun. By dbyukius R ma Tekuc Y3iaykcus

oynanm.

<« Arap e >0 ra kypa 0 =& naeb onmrca, yaga [IX', X' X, |X'=X"|<0O
na

[ f(x) - f(X")|=[x"-x"[<d=¢

oynamnu. »

2-mucoa. f(x)=sinx, XOR 6yncun. By ¢dynknus R ma texuc y3mykcus
oynanm.

<« Arap ¢ >0 rakypa, 0 = & aeitmica, yaga X', X"'OR, |X'—=X"|<Jd na

sinx’ = sinx" =2‘cos% [‘Binx ;X <X -X'|<d=¢

oynamu. »

3-mucoa. f(X) zl, xOX =(0,1] o6yncun. by ¢yskmus X =(0,1] na
X
TEKHUC Y3IyKcHu3 OyImaiau.
4[] >0 connu, Mmacaiia, & =% ne6 onuo, X' Ba X' HYKTanap cudaruaa

1 1

==, X'=—— (nON)
n n+1
ne0 onuHca, Yy Xxonaa |x'—Xx''| aiupma Kyiugarnda
I n 1 1 | 1
| X' = X" |=|=— =

n n +JJ B n(n+1)
Oynamu. byaman (|X'—=X'"'|<d) 0 Hm xap KaH4Ya KUYMK KUIHO OJMII MYMKHH
oynca xam
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1

1 1 1
XI n

=|n—(n+1)|=1>5=£

| F(x) = f(X)| =

oynamu. Jlemak, f(X) 1 ¢yakmus X =(0, 1] ma texuc y3nykcus smac. »>
X

2°. 1-teopema (Kaurtop Teopemacu). Arap f(x)0C[a, b] 6yuca, y xomnza
f (X) dyskmus [@, b] ma Texuc y3nykcus Oynaam.

<« Airaiimuk, f(X)OCJ[a, b] 0ynaca xam ¢yukums [, b] ma  Tekuc
y3nykcu3 OyiamacwH. YHaa Ooupop € >0 Ba mxtuépuii 0 >0 yuayn [a, b] nma
myHaa X' Ba X' HYKTaJIap TONMWJIAIUKH,

X' =X"|[<d = |f(X)-f(X")|=¢

Oymagn. N -+ ma 0, -0 (J,>0, n=1 2 ...) 6ynaguran uxtuépuii {0,}
KETMa-KeTJIMKHH 0JIaMu3. Y HJa

X —x| <o =|f(x)-f(x)|ze
X, = X| <0, = | F(x3) = F(X3)| 2 &,
X, —Xn| <J, = |f(x,) - f(x) =€,

oynanm.
PaBmanky, {X.} yays x, O[a, b] (n=1,2, 3, ...) 6y1m6, yanan
k -+ nma X;k - X, (X, U[a, b])
Oynmaauran KUCMHUIM KeTMa-KEeTJIMK aKPaTUII MyMKUH. ATHN maiTaa, X;k Y4YH XaM
k- +o max, - X
oynamu. f(x)0C[a, b] oynmummaan
kK - +00 nma f(x;}k) — f(Xy), f(X;k) - f(X,) Oymuo, ynapman K — +c na
f (X;k) - f (X;k) - 0 Oymumm kenu6 yukagu. by aca NN yayn

1100) - T¢I 2 ¢
ne0 onunran dapasra 3ug. Jdemak f(x) dynkuus [a, b] ma Tekuc y3nykcus. P
2-tabpud. Papa3 xwiaimk f(X) ¢yskmus X O R Tymmamma Gepunran

oyicuH. Yoy
supf (x) —inf f(x)
xOX

xOXxX
aitmpMa f(X) pyHKIUAHEHT X TYmjiaMaard TeOPaHMINM Jehuia-au Ba Y G

OPKaau OCNrUIaHaIx:
a=a(f; X)=sup f(x)—-inf f(x).
xOX xOX
f (X) dysKUsHUAT X TYIUIaMIard TeOPaHUIIN KYHHIarnda

w= sup{|f(x)-f(x")}

X, X'OX
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XaM TabPUQIIAHATITN MYMKHH.

Harmxka. Arap f(x)C[a, b] 6ynca, y xonmna g >0 yayn mynnpaii 0 >0
TOMWIAAWKH, [@, D] cermMeHT VY3yHmukimapum O JaH KHYUK Oynmakiapra
aXpatunranma xap omp Oymakmaru (QYHKIUS-HUHT TEOPaHWIIA £ JaH KUYHUK
oynau.

« I[laprra kypa f(x)0CJ[a, b]. Jlemak, Kantop Teopemacura kypa Yy
[a, b] ma Texuc y3nykcus. YHaa tabpudra OnHOAH

Oe>0, L6>0, Ox', x"'U[a, b], |x—=x"[<d: |f(x")—-f(X")]|<é&
oynanm.

Ouau [a, b] cermenTHH Y3YHIUTH O JaH KHYUK OYJTaH

[Xeo Xl (X <X <X <..<Xq, X9 =8, X, =h)
Oynakiapra axxapataMmu3. Y Hja
X', X"O[ Xy Xeaqds [X=X"|]<O0: [ F(X)-f(X")|<&
oynamu. [lemak,
a= sup  {|f(X)-f(xX")|}=se
X', x"D[xk, xk+1]
oynagu.p
3°. ®yukumsHuHr Y3aykemsamk wmomyam. f(X) ¢yskmms X OR
TymamMaa 6epuiran 6yiauo, Y mry Tymaamaa Y3nykceus OYiIcuH. JHau
0o>0, Ix', x'0OX, |[X-X"|<d
y4ayH
| £(x) = f(x")] 1)
alPMaHu Kapanmus.
3-tabpud. (1)alinpMaHuHT aHUK FOKOPH derapacu
sup{| f (x) = T(x") [}
f(x) dpynxkousaauar X [0 R Tymmamaard Y3JayKCH3JIHK MOIYJH JeHWIaad Ba
a(0) xabu OenruaaHaIu:
a(@)= sup{f(x)= ).

Hemak, f(X) ¢yaxkumssarHr X TYIIamaard Y3i1YKCH3IHK MOAYIM O HUHT

MaH(puii 6ynmarad GyHKIUsACH OYnaau.

DOHIU Y3TYKCU3IUK MOIYJIMHUHT 0abh3U XOCCATAPUHH KEJITHPAMHM3:

1) OYHKIUSHUHT Y3TYKCH3JIMK MOAYIM O HHUHT YCYBYM (QYHKIUACH
oynaau.

<« Atraitmuk, 0, >0, 9, >0Ba 9, > 09, Oyacun. Y xonaa

X, x"OX: |x=-x|<d}, X, x'OX:|x-x|<d,}
TyIiamiap ydyH
X, x"OX: |x =x|<d,} O{x, x"OX: |x = x"<d,}
oynuo, yHaaH
a(9,) = a(4,)

Oymumm kemu6 unkanu. Jemak, 0, >0, = a(Jd;)=2a(J,).»
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VY3IYKCU3IMK MOJTYJIMHUHT KEHMHTY XOCCAaCHHHU HCOOTCH3 KEJITHPAMM3.
2) OYHKIMSHAHT Y3TYKCU3IUK MOAYIH YaYH Yoy
a(A0) <1+ A)[a(d)
MYHOca0at ypuriau 0ynaau, OyHaa A —mycOaT COH.
4-mucoa. Ymoy f(x)=ax+b (a,b0R) dynkuusauar X =[a, B] naru
Y3JIYKCH3JIMK MOJIYJTH TOITUJICHH.
<« Tabpudra 6mHOAH,
aw(d) = sup |(ax' +b) - (ax" +b)|= sup |a(x' -
IX-x"[<d |X-x"|<d
oynanu. Jlemak, «.(0) =|a|ld. »
2-teopema. f(X) dynkums X Tymamma TEKUC Y3IYKCU3 OYIUIIN YaYH
lim «(0)=0

J0-+0
TEHTJIMKHUHT YPUHIH OYuig 3apypP Ba eTapiu.
<« 3apypaurn. f(X) ¢pyskmus X Tymiamaa TeKuc Y3irykcus OYIICHH:

) =l

Oe>0, o, >0, Ox', xX'OUX, [X=X"|<o,:|f(X)- f(x”)|<§.

VY xonna 0< 9 <9, TeHIrCH3MUKIAPHN KaHOATIAHTUPYBUU UXTHEPUN & YdYH

sup {\f(x)—f(x")}< sup {f(x) - f(x")

X -X"|<o |x-x"|<dg

oynuo, yunaa a(J0) < &, abHU

<<

lim «(0)=0
J0-+0
oYUM Kennb YuKaIu.
Erapanauru. Ymoy
}lmoa(é) 0

MyHoca0aT ypuriu 0yicuH. Jlemak, 0 — +0 na

w(d)= sup {f(x)- f(x")

|X'-x"|<d

=

VY xomnna
OX, X"OX, |X=X"|sd<d,: |[f(X)-f(X")<e
oynamu. Jlemak, f(X) pynkums X tymiamaa TeKuc Y3nykcus Oymaau. P

OYHKIUSHAHT Y3TYKCU3IIUK MOAYIH QYHKIUSUTAPHU CcHH(IIapra axpaTuii
MMKOHUHHU OePaau. MacanaH, Y31YKCHU3-JIMK MOAYJIH YOy

wW(d) <M D7
(oynma M =const, 0<@a <1) TeHICH3JIMKHH KaHOATJIAHTUPYBYH (GYHKIUIAP
TyIutaMu @ Taptuomum Jlunmmn cuadu neinnanu Ba Lipy, @ kabu Genrninanaau.

MamkJjap
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1.Arap f(x) Ba g(X) ¢dymkuusmapaunar xap oupm [, b] O R na Texwnc
y3nykeu3 0yica, y xomna f(x) [§(X) dynkmus xam [a, b] O R ma tekuc y3mykcus
oYUy NCOOTIAHCHH.

2. f(X)=x ¢yskuusauar [0, +©) ga TekWc Y3IYKCU3  dMac-JIUTd
KY[PCaTHJICHH.

3. Yoy
f(x)=x?+1
¢byukmusauar X =[0, 1] cermeHTaru Y3ayKCU3IMK MOIYJIH TOIHAJICHH.
4. Arap f (X) ¢ynkmus (0,1) na Texuc y3inykens Oyiica, ymoy
lim f(x)

X-+0
JUMUT MaBXy OViaaaumMu?

18-mabpy3a
Kommnakr tymiiam. KoMmnakr tymiaamaa y3iaykcu3 QyHKIMsIAP

1°. Kommakt TYIUIaM TYHIIyHYacH. ABBajJO OYMK Ba €MUK TYyIUIamiiap
TYILIYHYQJIADUHU KEATUPAMU3.
®apa3z kunainuk, X U R tymnam 6epunran 6ymu6, X, L X 6ynacuH.

1-tabpud. Arap X, HyKTaHMHI LIyHOal
U,;(X) ={XOR: X, —0<x<X,+0} (0>0)
arpodu Mmamxyn Oymcaku, yHuHr yuyH U (X,) U X 6ynca, X, Hykra X
TYIUNIAMHUHT HYKH HYKTACH JICUUIIAIN.

1
Macanan, X, = > Hykra X =[0,1] TynnamMHUHT WYKH HyKTacH OYIau.

1 1 1 1 1 1 1 1

Uynku, Oy HYKTaHUHT (E 2 E+Zj atpodu ydyH (E 2 E+:JD [0, 1]
oynmamu. X=0, X=1 HyKrasap my TYIUIAaMHUHT WYKH HYyKTaJapu OViamainmu,
gyHKH, MacayiaH, X =0 HykTaHwHr xe4 KaHmai (—0; 0) arpodm X =[0,]]
cermeHtra Tterunum OynMmaigu. (By arpoduurr (-9, 0) xumemm [0, ]
CEeTMEHTHUHT TallIKapHCH/IA JKOMITAIITaH).

2-tabppud. Arap X TYynmamMHUHT Xap OUp HYKTacH YHUHT MYKH HYKTacu
Oynca, X OYMK TYIJiam JIeHuIaaf.

Macaman, X =(0,1), X=(0,1Y (24) rtymiamnap OYMK TYIUIaM-JIap
oynaau.
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3-tabpud. Arap X TYmIaMHUHT O6apya JUMUT HyKTajJapu OIy TYIiamra
TEeruuuIy 6ynaca, X €nuK TymiaMm Jerriaau.

Macanan, X =[0, 1] cermeHT EnUK TYIIaMaup.

Jcaarma. Jlumut Hykrara sra OynmaraH Tymiam Tabpudra kypa Enuk
Tymiam ne6 xucoOmamamu. Macanan, E={1,2,34,5 Ttymiam &nmk TtyIuiam
oynau.

4-tabpu(. Arap X TYMIaMHUHT HyKTaJlapuaaH Ty3WIraH Xap KaHgai { X }
KeTMa-KeTJIMKAAH Iy TYIUIAMHUHT HYKTacUra SKHHJIAITYBYH {Xnk} KHUCMUH

KeTMa-KeTJIMK aKpaTUIll MyMKHH Oyiica, X KOMHNAKT TYIUIaM JeWnIaIu.
Mmucosmap. 1. X =[a,b] cerMeHTHHHr KOMIAKT TYyIuiaM OYJIUIIH

Bbonbano- Beliepmtpacc Teopemacuaan Kenuo YMKaIu.
2. X =[a;, b]Y[a,, b,]Y...Y[a,, b,] T¥ynmnam komnakt Tymnam 6ymam.
3. X =(0, 1) uaTEepBan KOMIAKT TYIUIaM OYIMalaH, 9yHKH

1
=—[ O,l oy 6, n- X, - 00 X.
200D oym6, n-w m x,

Teopema. X KOMMAKT TYIjiaM OYJIMIIM YYyH YHUHT Yerapa-JiaHraH Ba €MUK
TY1I1aM OYJIUIIN 3apyp Ba €TapJu.
<« 3apypiauru. X KOMIIAKT TYmiaM OYJICUH. YHUHT yerapa-jaHTraHJIuruHA
kypcaramu3s. Teckapucunu dapas3 Kuilaliuk, sbHU X — KOMIAKT TYIIaM OyJica
XaM y yerapajgaHmarat OyicuH. Y xoija
[X,, X, OX, n=123...: |x,[>n

Oymanu. PaBmanku Oy {X,} KeTMa-KeTIMKIAH SKUHJIAIIYBYM KHCMHHA KeTMa-

X

n

KeTJIMK aXpatubd OynMmaiinu. by aca X HUHT KOMOakT Tyruiamiuruara 3uji. Jlemak,
X — derapajaHraH TyIulaMm.
O X HUHT €nMK Tymiam OYynumuHM KypcaTamus. ®apas KuIaliank X,

HyKTa X TYIUIAMHUHT JIHIMHUT HyKTacu OYJIcHH. Y XoJaa

[X,, X, UX, n=123...:n-+0 ga X, - X
6ynanu. by {X,} kerma-kerTnuxHMHI Xap Kaupa#l {X, } Kucmuii KeTMa-KeTIMIu

yayH
lim x, =X,

M
K- + o0
Oynanu. X KOMHIAkT TymiaM Oyiraninuru cababmu X, X Oymamu. [lemak, X

ENUK TYTUJIaM.
Erapaunuru. X —yerapajlanraH Ba €nuK Tyrmuiam OVicuH. bonbiiaHo-
Beiiepmitpacc Teopemacura kypa xap KaHmaid {X } KeTMa-KeTIMKIaH X, ra

SIKMHJIAITyBYN {Xnk} KHCMUH KETMa-KeTJIMK aXpaTHIl MyMKHH: K — +oo j1a

Xnk - Xo.
PaBmanku, X, HykKra X TYIUIJAaMHUHI JIAIMHAT HyKTacu Oyna-au. AiHU
nantaa, X é€nuk TymiaMm Oynranu yuyH X, X Oynamu. [lemak X —KoMmIakr

TyIiam. p
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DHIM KOMITaKT TYTJIAMHUHT MYXUM XOCCaJapUHU KEITH-PAMU3.
dapa3 kumaitnuk, X Tymiam Ba xap OWp 3JeMEHTH MHTEpBalIaH moopar
S ={0} untepBamnap cucremacu Oepuirad OyJICHH.

S-tabpu¢. Arap X TYIIaMHUHT Xap Oup X HyKTacu yuyyH S cucTeMajaa
Iy HyKTaHH Y3 MYWTra OJIyBYM O WHTEpBaJ TONMIICA, Y XO0Ja S={ o } cucTemMa

X TYIIaMHM KOILUIAWaH AeHnIIaIu.
Macaman, X = ( O,l) oyncun. Kyiunaru

(1 §j (1 §j (L i)
2°2) \4"4) 2020 )
HHTCpPBaJJIap CUTCMAaCHUHA OJIAWJIHK.

PaBmanku, X = ( O,l) TYIJIAMHUHT Xap OWp HyKTacu Oy HWHTepBaJIap
CHUCTEMACHHUHT KaMHJ1a OUTTa MHTEpBAJIUTa TeTUIl-n Oymanu. Jlemaxk,

) ]

cucrema X =(0,1) TyruiaMHu KOMUIai Iy,

DHJiM OUTTa TACIUKHU UCOOTCU3 KEATHUPAMMU3.
I'eiine-bopeab JemMacu. Arap yerapajaHrad €nuKk X TYIUIaM YEKCHU3
WHTEpBAJUIAP CUCTEMACH {0} OwslaH KoIutaHrad Oyiica, y xosjaa {0} cucrtemMazaH

X TYminaMHM KOIUIOBYH YEKIH {0y, O, ..., 0} CUCTEMaHU aKpaTHUII MyMKHH.

2°. KommakT Tymiamaa GepwiraH y3JayKcH3 (YHKIMSIAP-HHHT
xoccanapu. Papa3 KuIalIuk f(x) byukiua X KOMMOAKT TYIIaMjia (X [ R)

Ooepwiran OyncuH. by Ttymnamaa f(X) byHkImMs y3mykcu3 Oynca, y KaTop

Xoccanapra sra oynaau:
1. Arap f(x) byHkIuss X KOMIIAKT TYIUlamaa y3JIykKcu3 Oyica, y

yerapajiaHra Oynasiu.
2. Arap f(X) byakus X KOMIAKT Tymiiamja y3iaykcus3 Oyica, pyHkuus

my TyIUlaMJa Y3UHUHI aHWK 4erapajapura J3puliaav. SbHA LIyHAau
X X, X, X HyKranap TONuiIaauky,

f (%) =supf (x), f(x,)= igf( f(X)

XOX
oynaau.
3. Arap f(X) ¢byakuss X KOMIIAKT TyIjlamjaa y3nykcu3 Oyica, pyHKuus

X' 1a TeKuc y3iayKcu3 Oyiaau.
4. Arap f(X) byukiusa X KOMIAKT TYIjIaMaa Y3JIyKcus Oyica, mry X

TYIJIAMHUHT aKCH { f (X)} KOMIIAKT TyIUIaM OYy1aju.

By xoccamapaunr Oupunu, macanas, 1-xoccaHuHT HCOOTUHU KEITUPAMU3.
<« Avitaiiiuk, X [ R xommnakT Tymiam 6ynu0, Oy Tyriamia f(X) byHKIUSA

y3nyken3 OyncuH. Yuma [UXU X HyKraHuHr myHgail kuuuk atpodu U (X)
Tonuiaaauku, Oy arpodaa f(X) byHkius yerapananran O0ynmaau. Bynmait Hykra
atpo¢apu U (X) MHTEpBAJUIApAAH S CUCTEMaHU XOCUJ KHJIaMU3:
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S={U(x): xOX}.

PaBmianku, S cuctema X TtymiamMHM Korwiaaud. X KOMOAKT TYIUIam
oynrannuru cababmnu, I'eitne-bopens nemmacura acocan Oy cuctemagaH X
TYTIIAMHU KOTUTOBYH YESKIIH

s'={U;.U,.K U, }
CUCTEMaHU aXPaTUII MyMKUH.

Xap oup U, (k=12...,n) atpodaa f(X) byHKIUs Yyerapa-jaHraH, SbHU
myHgaii m, M, (m =const, M, =const, k=12,...,n) conmap TOmMIaaAWKH,
[xOU, na

m<f(x)<M, (k=12123...,n)

oynanm.

Arap m;, m,, ..., M, COHJAPUHUHI 3HI KuuuruHu M, M., M,, ..., M|
COHJIQPHUHT SHr KarracuHu M necak, y xomma [xOX ga m< f(X)<M
oynanm.

Jlemax, f(X) byakus X Tymiamja yerapaianrad. P>

MamkJjap

1. Yexnu coHpard OYMK TYIIaMjap WUFUHAUCH OYHUK TYIJIaM OYJIWIIN

UCOOTIIAHCHH.
2. Arap f(x) dyHKIMa X KOMIAKT TYIIaMJa Yy3JIyKcu3 Oyica, QyHKIus

X' 1a TeKHUC y3IyKCU3 OYIHIIM NCOOTIAHCHH.

5-bOb
OYHKIOUAHUHI XOCHUJIA BA
JANPOPEPEHIINAJIJIAPH
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19-mabpy3a
OYHKIMAHUHT XO0CHJIACH

1°. DyHKUMA XOCWJIACMHUHI Tabpupu. Mucosnap. Papa3 KUIAWINK,
f(x) dynxums (a,b)IR na Gepuwmran 6ymi6, x,0(a,b), x, +Ax0(a,b)

OyncuH.
MabiymMku ymoy

AF (x5) = 1 (% + %) = 1)
aitnpma f (X) GyHKIMAHHHT X, HyKTagarn OpTTHPMACH JeHnIam.
1-tabpud. Arap ymoy
f (% +4X) = f(X)

[im
Ax-0 AX
JMMHT MaBXKyJ Ba 4ekiu Oynca, y f (X) (QYHKIUSAHUHT X, HYKTaJaru X0CUJIacu

f
df (%) , €xku f'(X,), éxu (f (X)), xabu Oenrunananu. [Jlemax,
e Y = 1 (X +AX) = (%)
00) = m, H0 0100
Arap X, + AX=X pgeiunca, yana AX=X—X, Ba AX — 0 ga X - X, 6y1u0,
(1) myHOCabaT Kyinaaru

neuniIaau Ba

(1)

(%) = lim 9= T (%)
X=X X=X,

(2)

KYpPUHHILTA KEJIaIu.
1-mucoa. f (X) =X, X,UR 6yncun. by pynkuus yuyH

FO) = T (%) _X=% _
X=X, X = Xq

1

oymmo,
T )
X=X X=X,
oymanu. Temak, f'(X) =(X)' =1.
2-MHCOJL. f(x)=‘x‘ , XUR 6yncun.
Arap x>0 6¥uca, y xonma f(x)=x 6ym6, f'(x)=16ymamm.
Arap x<0 6¥yuca, y xonga f (X) =-X 6yau6, f'(X) =-106ymagu.

6ymu0, X — 0 ma Oy HUCOATIApHUHT

Arap X, =0 6yca, y xomma 09 =Xl
X —

X
JUMUTH MaBxkyn Oynmaiau. Jlemak, Oepuiran gyHkuus X, = 0 HykTaga xocuiara
ara OyIMaiu.
3-mucou. f (X) = X‘x‘ , XOR, X,0R 6¥yncus.
a) X,>0,x>0, X# X, yuyH
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FO) = F (%) _ XIXI=% % | _ X2 =%5
= = :)(+)(0
X=X, X=X, X = X,

oymmo,
X=X X=X,

=2Xy = 2| X, |

oynanm.
0) X, <0, x<0, X#X, yuyH

F() = f(x) _ —X2+%5 _

==X~ X,
X=X, X=X,
0yuo0,
. (X)) - f
jim 4~ (%) =—2X, = 2| %, |
X=X X=X,
oynau.
B) X, =0, X# X, yuyH
FO) = F(%) _ xIx|_
= = x|
x—0 X
oymmo,
Hnljlzl:—i§94=0
X=X x—-0

oymanu. Temak, OOXOR ga f'(X) = (x| x|)' = 2] x].
4-mucoJ1. AUTalIuK,

1
X[$in—, arap X#0 Oyica,

0, arap x=0 6ynca
o0ymuo, X, =0 6yncun. YHaa
x&mé—o
F0)- ) XM 01
X=X, x—-0 X
O0ymmO, yuuar X — O maru numuTH MaBXKyZ 3Mmac. [lemak, Oepui-raH (QyHKIUS
X, =0 HyKTama xocuiara sra smac.

2°. DOYyHKUMAHUHT YHI Ba 4an Xocuiaajgapu. dapa3 KWIAWINK, f(x)
¢ynkmus X O R tymnamaa 6epuiran 6ymuo, (X, —9, X,) U X (0>0) 6yncun.
2-tabpud. Arap ymoy
i T 1)
X=%=0 X=X,
JUMHUT MaBxyja Oyica, Oy JIHUMHUT f(X) (QYHKUMSAHUHT X, HYKTaJaru Yar

xocuaacu nevinnanu Ba f'(X, —0) kabu Oenrunananu:
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: _ i 10 F(%)
% 0)_x|~|r><?-0 X=X,
AWTainuk, f(X) ¢yukmus X R rtymmampa  Oepuniran  6ymuo,
(X9, %o +0) 0O X (0 >0) 6yncun.
3-Ttabpud. Arap ymoy

1091 0)
X = Xg+0 X=X,
JUMHAT MaBxXyJn Oyica, Oy JIUMHUT f(X) (QYHKUMAHUHI X, HYKTagaru yHr
xocuaacu nevinnanu Ba f'(X, +0) kabu Oenrunananu:
Fi(xg +0) = lim -~ T(0)
X=%*0 X=X,
Macanan, f(X)=|x| ¢ynkmusauar X, =0 HyKTamarn YHr XOCHJIacH
f'(+0) =1, yan xocumacu f'(-0) = -1 6ynanu.
IOkopuma kenTupwiraH TabpuQUIapAaH KyHuaard xyjocajap Keiauo

YHKAIH:
1. Arap f(X) yukus X, Hykraga f'(X,) xocumara sra 6yica, y xosnaa 0y

GyHkuMs xo HykTama yur f'(x, +0) xamma gan f'(X,—0) Xocumamapra sra Ba
f'%, —0)=f'(X,) = f'(X, +0) Tenrnukmnap ypunau 6yaaam.

2. Arap f(x) bynkums X, Hykraga yar f'(x, +0) xamuma gan ' (X, —0)
xocunanapra sra 6ymu6, f'(X, —0) = f'(X, + 0) 6y1ca, y xonna f (X) byHKIUSA X,
Hykraga f'(X,) xocmmara sra Ba f'(x,—0)= f'(x,) = f'(X, +0) Tenriuknap
YpuHau Oynaau.

3°. XoCHIAaHHHI TeOMeTPHK XaMAa MeXaHHMK MabHotapu. (Dapas
xunaitmmk, f(x) ¢ynxuus (a,b) na Gepunran 6ym6, X, 0(a,b) mykrama f'(x,)
xocuara sra 6yiacun. By f(X) bynkums-nuur rpadurn S-umsmana TacBUpIaHraH

I 3rpu 4n3uKHU U(OIaTACHH:

Jl.y

0 X xptiha x
£

5-yu3ma.

by [I' uusukna MO(XO,yO), M(X,y) HyKTaJapHU OJUO, ynap OpKaiu

yTyBuH | KecyBUMHH Kapaimus.
Mo( %, T(x%))07, M(x,f(x))O07, M -~ M, na | kecyBum mumur

xonat [’ un3ukka M, HyKTajga yTkasuiIral ypuHMa JciuiIanay.
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PaBmanku, ¢ Oypuak AX ra Oohmuk: ¢ = ¢(AX) f(X) GYHKIUSHUHT
rpadurura M, HyKTana yTKazwiraH ypuHMaHUHT MaBxXyJl OVINIIN yuyH
i, 9 =a
HUHT MaBxyna Oymumm no3uM. bynna a—ypunmanunr OX VYKu-HUHT MycOat
HyHanmuIm OMiIaH TalllKWII 3TTaH Oypyax.
M MP yuOypuaknan:

tgd(AX) = MP _ f(x,+AX) - f(X,)

M,P AX

oymuo, yaaaH
f (X +AX) = f(Xo)
AX
oymumy kenub ynkaau. OyHKIUS Y3JIyKCU3IUTHIaH poiinananu®d TornaMms:
f(Xo +AX) = f(X;) _
AX

}z arctgf '(x,)-

@(AX) = arctg

l AX) = i
Jim,#(0) = i, arci

= arctg{ lim 0%+ 8% = 1)
Ax-0 AX
Hemak, AX —» 0 na ¢(AX) HUHT JIIMUATH MaBXYy/]l Ba
a = arctgf '(x,) .
KelinHru TeHTIMKIaH
f'(x,) =tga
OyuImM Kenub YuKaIu.

Jlemak, GyHKUMSHUHT X, HyKragarum f'(X,) Xocwimacm ypuH-MaHUHT

Oypuak ko3 dunenTran udoaanaiiau. bynaa ypuHMaHUHT TEHTJIaMacu
y=f(%)+ f'(X)(X=%)
KYpUHUIILIA OY1aau.

Atnitaiinuk, P mykTta TY¥hpm umsuk Oyinab S=S(t) koHyH OwWiaH XapakaT
KWICHH, OyHna t—BakT, S—yTuiran iyn. Arap BaktHuer t; Ba 1, (i <t,)
KuiiMaTiapunara yruirad uyn S(t;), s(t,) 6ynca, ynaa ymoOy Hucoat

s(t,) —s(ty)
-4
[t,, t,] BakT opamuhunaru ypraya Te3nukHN npoganaiIm.
Kyinnaru
lim s(t,) —s(ty)
t2-11+0 t2 - tl
JMMUT XapaKaTaaru HyKTaHUHT 1, BaKTOaru OHUM Te3MUTUHU OWIIupaIn.

Jlemak, xapakataaru P wykranuHr t BakTaard onwid Te3nuru V(t), yTumran

S(t) HymHUHT XOCHIacHIaH HOopaT OyIaiau:

v(t) = s'(t).
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4°. Xocumara 9ra OyJarad QYHKUUSIHUHT y3Jykcu3auru. Papas
kunaimuk, f(X) ¢yukous (a, b) 0 R ma 6epuiran OyicuH.

Teopema. Arap f(x) oyukuus X,0(a, b) wykrama uexmu f'(X,)
xocuiara sra 6ynca, y xonga f(X) dynkuus X, HykTama y3mykcus Oymanu.

« Ajiraitnuk, f(x) oynkuus X, 0(a, b) nykraga vekmu f'(X,) xocumara
sra 6yncus. Tabpudra OuHoaH

B (%) _ o 0+ = 1)

f (XO) :AILrPO AX £x -0 AX
SIBHU
f
AX—»OI[aAA(:O) N f’(XO)
oynau.
DHIn
AF (%) ¢
a=——"=-f
A (%)

ned GenrwianMus.
PaBmianku,
Ax - 0 aa a — 0.
KelnHru TeHrMKIapiad TOmaMu3;
Af (%) = T'(Xy) [AX + alx.
Opnatna, Oy TeHTIIMK (PyHKIHS OPTTUPMACUHUHT (pOpMyJacH Aernianu. YHIaH
lim A f(x,)=0

Ax-0
oymumu kenmn6 unkagu. by f(X) dyHkumsHuHr X, HyKTaza y3imyKcW3 SKaHWHH
ownnupanu. »

Acaarma. OYHKIUSAHUHT OUPOpP HYKTAJa y3IIyKCU3 OVIIMIIM-IaH YHUHT Iy
HYKTaJa 4YeKJIM XOCujara sra OYJIWINKM Xap JOMM XaM KeiauO uYuKaBepMaiuu.
Macanan, f(X)=|x| ¢yukuuss x =0 Hykraga y3JayKCH3, aMMO y Iy HYyKTajaa
XOCHJIara sra amac.

MamkJjap

1. ®dynkuus xocuinacu Tabpuduaan dorgananud, Kyiuaaru
f(x)=xJx, f(xX)=3"sinx
GYHKIUSITADHUHT XOCHIIATIAPH TOMUJICHH.
2. Ymby

2 .
X“, arap x —painuoHaja coH Oyiica,
£(x) ={ p p y

— X°, arap Xx — HpparoHall COH O¥yJca
byakuussaHEHT X = 0 HyKTama X0oCwiiacu MaBxyJ[ Oyumm ncOOTIIaHCHH.
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20-mabpy3a
XocwiaHn XucoOJam KouJajaapu

1°. Hkkn ¢Gyukuus ubhunaucu, aWupmacu, KynmawTrMacu Ba
HHCOATHHHHI XocHiaacu. Anraiuk, f(X) Ba g(X) dbyHKIuAIapH (a,b) OR na

Gepuran 6ymu6, X, 1(a,b) uykrana f'(X,) Ba g'(X,) Xocumanapra sra 6yiCHH.

Xocuia tabpudura Kypa

F9=106) _ ()

lim
X Xo X=Xo
Imem—gua:gx%)

X=% X=X
oynanm.
1) f(X)£ g(x) byHKIHS Xo HyKTaja Xocuiara sra 0ymmo,
(F()x9(x)y, = ' (%) £ 9'(%)
oynanm.
<« F(x)=f(x) £ g(x) ne6 Tomamus:

F() = F (%) _ T(x) = 1(%) , 9() ~9(*)

X=X X=X, X=X
by Tenrmukna X - X, [Ja JuMuTra YTHO, FOKOpUAArH
MyHOca0aTIapHu >bTHOOpPTra oJicak, yH/a

i FO-FOg) _ T+ 0q)

X=X X=X X=Xy X=Xy
90 -90%) _ :

£ | =f'(x) %
LR (%) £ 9'(%))

oy kenub ynkaau. Jlemax,

F'(%) =(f(¥) £9(X))s, = F'(%) £ 9'(xp) P>
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2) T(x) [g(x) (GyHKLIMA X, HyKTaja Xxocujaara sra 0ymauo,
(F() LX), = /(%) [a(X0) = f(X5) [9'(X)
oynanm.
4 O(x)=f(X)[g(x) ned
P(x) — (%)
X=X

HUCOATHM KyHujgaruda
B(X) = (%) _ f(x) = (%)

o(x) + 3 7900) (¢
X = X, X=X X=X,
€310 onamus. CYyHI X — X, Ja JUMHTIra yTHO TOIaMus:
lim 2 =P) _ o i T IO i IR 7006) 4
X-% X=X X=X X=Xy X=X X=X,
= (%) [a(Xo) + F (%) [9(Xp).
Jlemak,
®'(%) = ( (}) [909) 5 = F'(%) (%) + f (%) ['(¥p) P>
3) % dynxums (g(X,) #0) X, HyKTama xocwiara sra 0yiuo0,
(igqlsz%ﬂbMﬂ—ﬂ%ﬂde
g(x)) 9% (%)
oynaau.

4 Mopomuku, g(X,)#Z 0 akaH, yHAa X, HyKTaHHHT Oupop aTpodumaru X
napna g(x) # 0 6ynaau. [llynu spTHROOpTa 0IMO TOMAMM3!

T _ )
9(¥  90%) _ F(¥)L800) — () [00) + T (00) [H06) — T 00) LX) _
X=X 9(X) (%) X —x,)
_ 1 f(x) = f(xp) _ EQ(X) = g(Xy)
g(¥) Eg(xo){ X = Xq B06) = (%) X=Xy |

By TeHrnukaa X — X, Aa aumutra ytuo, ymoy

[qu':fK%wad-deﬂﬂ%)
g(X) Xg gz(XO)

TCHIJIMKKA KejlaMu3. P
1-naTmeka. Arap f(x) Gynkuus X, Hykraga f'(X,) Xocumiara sra Oyica,

cl f(x) dbynkmus (C = Const) X, HyKTaJia xocuiiara sra 6yiuo,

(cTF () % =CcTF (%)
OVmamy, SBPHM y3rapMac COHHM XOCHJIA WIIOPACHAAaH TallKapura YHKApHUII
MYMKHH.
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2-natmka. Arap f(X), f,(X),..., f,(X) oynkumsmap X, HykTaga
Xocuianapra sra 0yiuo, ¢;, ¢,, ..., C, y3rapMac conmap Oyica, y Xonaa

(€2f100 +C, 1,00+t €, T (X) % =€4F1 (%) +C, T (%) ...+, Fo (%)
oynay.
2°. Mypakkad QyHKOUSAHUHT Xocwiaacu. Dapa3 Kuwiawiauk, Y= f(x)

¢ynkmus X U R Tymnamna, g(y) byHKIISA {f(X)|XD X} Tymnamaa Oepuirad
oymb, X,U0X wykraga f'(X,) Xocwunara, Yo D{f (x)| xO X} HyKTaaa
(y0 = f(xo)) g'(yo) xocujaara Jra OyiacuH. Y Xxonga g( f(X)) MypaKkab
(GYHKIUS X, HyKTaja Xxocuiara sra 6ymauo,

(9(F (), =9'(f (%)) OF (%)

oynanm.
< g(y) GyHKIMSHUHT Y, HyKTana g'(Y,) Xocuiara sra OynraHiuruaan

a(y) = 9(Yo) = 9'(Yo) L(Y ~ Yo) + @ L(Y ~ Yo)
oynuiy kenub yukaau, OyHaa
y=1(x), Yo=1(X) Ba y - yona a - 0.
KelMHIY TEHINIMKHUHT Xap UKKA TOMOHHHU X — X, Ta 0yJIn0 Tonamus:
IR0 _ oy FOF0) , , TRI=T00)
X=X, X=X, X— X,
bynnan X - X, na numutra yTuo,

(9(f (), = 9'(F (%)) CF (%)

TEHTJIMKKA KenaMus. P
3°. Teckapn (QyHKUMSIHHHT XocHaacH. Ajfitailink, Y= f(x) byHKIUSA

(a,b) na Oepwirad, Y3IyKCH3 Ba KaTbuUd YCyBUYM (KaThUll KamMaroBud) OYmuO,
XOI](a,b) Hykrana f'(X,) (f'(Xy)#0) xocmmara sra OyncuH. Y Xoija

x=f (y) dynkuus y, (y0 =f (XO)) HyKTaJia Xocujara sra Ba

[+ 2] =

1
(%)
oynanm.
<«4PaBmanky,
F(¥) = f(%) = £/(%)(X= %) + a(X=X,)
o0ymm0, X - X, 1a @ — 0 Oynagu. By TeHrnukaaxn
Y= Yo = PO ) - £ ye)] - alf 2y) - 1y =
=[f2(y)~ £ (o) (%) + 4
udonara kenamus. byHnan sca
Ay -fy,) . 1
Y~ Yo f'(%) +a

OyuImM Kenub YuKaIu.
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Keiltunru TeHriukaa y — Y, Aa JUMHUTra YTHO TOaMus3:

[0l =4

. >
(%)

4°. Mucosnap. 1-mucoa. (X“) =ax®* 6ynamu, a0R, x>0.

« Ajitaiiiuk, X >0 Oyiacun. Yama f (X) = X7 QyHKIMSA yuyH

a
a a 1+ij _1
(Xx+Ax)" —x _ ya- X

AX AX

X

6ymu6, AX - 0 na (X”) =ax?? 6ymamm. P

2-MHCOJI. (ax) =a”*Ina 6ynamu, a>0, xOR.
« f(X) =a* pyukuus yuyn

ax+Ax _ ax JAVS -1
-~ =a* ﬁ
AX AX

6ym6, AX - 0 na (ax) =a”*lna 6ynamu. »

3-wmcoa. (sinx) =cosx, (cosx) =-sinx 6¥mam, xOIR.
< f(X) =SiNX QyHKIUI y4yH

. . sin—
+ —_—
Sin(x + &%) SmX:ZEILEtinA—Xco x+A—X = 2 co x+%
AX AX 2 2 AX 2
2
oynuo, AX - 0 nma (sinx) =CcosX Oymaau. Xy[aM [IyHra yxIami (COSX) = —-sinXx
oynuiy Tonuaagy P>

4-mucoa. (log, X)'=Ii oynmamu, a>0, a1, x>0.
xIna

« f(X) =log, X QyHKIMS yuyH
X

log, (x+Ax) —log,(x) 1 Oga(“gj:l ( Ax)Ax
X

“log.| 1+ —
AX X 9a X

oymmo, AX - 0 na
1

xlna

(log, X)'= l log, e=
X

oynamu. Xycycan, (In X)'=1 oynanu. P
X

5-Mmucour. (arctgx)'=1 1 Oynamu.
+

X2
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dTeckapu (QyHKIHMS XOCHJIACHMHM XucoOnam (¢opMynacura acocaH

(y =arctgx, x=tgy)

1 1
'=(arctgx)'=———=cos’ y = =
Y= 0= gy TTlegly 160
oynanm.
Xy niyHra yxiar,
(arcsing)=———  (xO(=11)),
1-xX
(arccox)'= - 1 (xd(-112),

V1-x°

(arcctgx)'=-— 1
1+ X

2

oynamau.»
6-mucon. Papas KuIaniuk,

y=[ue"™ ) >0)
oynu0, u'(x) Ba v'(X) map MaBxyna OyiacuH. Y xoiaa

(0l =[ueo] Eﬁv ()Inu(x) + E gu (x)}

oynau.
< Yoy y = [u( )] HU Jorapugmiao,
Iny=v(x)Inu(x),
CYHT Mypakka® (GYHKIMSHUHT XOCWJIACHMHHM XucoOJam KowmacunaH (oigananud
TOTIAMU3!

: y'=v'(xX) Onu(x) + v(x) gi [w'(x),
y u(x)
y'= y{v'(x) [n u(x) + v(X) g‘@ m-(x)} —
u(x)

_ v(x) V(X)
=[u(x)] Eﬁv (oInu() + o (x)}

by,

(u")' =u' Onu¥+vm'™* . (3)
TeHrnukaad, Y =U' (QyHKUMS XOCUIACHMHU XMCOOJANIHMHI KyHHIard KOUJACH
Kenmub 4MKamu: Y =U'(QYHKUMSHMHI XOCHMJIaCH MKKM KYIIWIYBYMIAH uOOpar

0Ynub, OMpUHYM KymuwIyBYd U’ HH KypcaTKMwid (yHKIMSA 1e0 OJMHIraH
xocuiacura (OyHzma acoc U(X) y3rapmac ne0 Kapanaan) UKKHHYH KYIIFITYBYH 3Ca

u’ Hu mapaxanu QyHkus ne6 onuHran xocuinacura (OyHga gapaxka KypcaTKuy
V(X) y3rapmac ae0 Kapayiaau) TeHT OYI1asu.
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7-muco. Yoy
f(x)=x*, g(x)=x*
(GYHKIUSUTAPHUHT XOCHITaTapd TOIHJICHH.
<« (3) bopmynanan doiiraaaHud TOMaMuU3:

fr(x) = (xx)' =x*On x+ xK* ! =x*(Inx+1),
9'(x) =(XxX)' :(xf(x))' = x O O xOF "(x) + £ (x) Ok 91 =
=x* Onxx*(Inx+1) + x* x* *=
=X (xIn x(In x+1) +1). >

5, Xocuaanap xkaasaam. Kyiinga coana GyHKIUSUTapHUHT XOCUIAIapUHA

udonanouu GopMynagapHU KEITHPAMU3:
1. (O)'=0, C=const.

2. (x")=a X", aOR, x>0.
(x")y=nx"?, nON, xOR.

3. (@")'=a*Ina, a>0, a1, xOR
(e*)=¢e*, xOR.

4. (log, x) = L as0 az1 x>0
xIlna

('09a|><|)'=i, a>0 azl x#0.

xIna
!
I ==, 0
(Inx) x>
1
I ==, z0
(In1x|) o X

5. (sinx)'=cosx, xOR.
6. (cosx)'=-sinx, xOR.

7. (tg)'=———, x¢g+nn, ntZ.

COo<™ X

8. (ctgx)'=-— X#nm, nOZ.

sin? x’
N 1
9. (arcsinx)'= . x]<1
1- x?
, 1
10. (arccox)'=-— = | x|<1

11. (arctgx)'= !
1+
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12. (arcctgx)'=— ! > XUR

1+ X
13. (shx)'=chx, xOR.
14. (chx)'=shx, xOR.

1
15. (thx)'=———, xOR
() ch?x

16. (cthy)'=-——, x#0.

X

MamkJjap

1. Aitaimuk, f(X) ¢yskmus (—a, a) [ R ma 6epunran Ba f '(X) xocuiara
sra Oyncun. Arap f(X) xydr dyskmus Oymca, f'(X) xam xkydprt dyHKIHSA
OyuIy nCOOTITAHCHH.

2. f(X) dynkuus R ga Oepwnran 6ymu6, f'(X) xocmiara sra OYJCHH.

Kannait nykranapaa | f (X) | dbysakius xocunara sra 0ymaan?

3. Ymby
¢(g(f))

Mypakkad GyHKIHS XOCUIACHHHU XUCOOJIaI KOUAACH TOIUIICHH.

21-mabpy3a
Acocuii TeopemaJjiap
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1°. Xocmnara sra Gyiran (yHKOMsIap XakHarm Teopemaiap. by
Teopemiap QyHKIUSUIAPHHU TEKIIUPUILIA MyXUM poJI YHHANWIu.
1-teopema (®Pepma Tteopemacu). f(X) ¢yukmus X OR r1ymiamaa

Oepuiiras. X, O X HYKTaHUHT atpodu YUYH
Us(X)=(X =9, X, +0)O X (0>0) 0yuo, Ky#iuaru HrapTiap
OaKapuIICHH:

1) DXOU 5 (%) 12 f(0< F(%)  (F002 (%)),
2) '(X,)MaBxy Ba 4eKiu OYICHH.
V xonma f'(X,) =0 6ynann.
<« Aitraitmuk, UXOU 5(X,) na f(X) < f(X,) 6yncun. PaBmanku, 6y xonna
f(x)— f(x,)<0

oynanm.
Iaprra xypa f(X) bynkmus X, Hykrama wekmu f'(X,) Xocmmara sra.
[IIyHuHr yuyH
F(x) = lim 7100 T=F00) gy FO=T00)

X=X X=X, X=Xt0 X=X, X=%=0 X=X,
Oynanu. Aty naiitaa, X > X, Oynarannaa

T =1%) _, im f(X)‘f(Xo):f.(X)<o
X=X, X=X%t0 X=X, 0T

X < X, Oynranna
X =1%) ., im f(X)_f(XO)Zf'(XO)ZO

X = X, x=%=0 X=X,
oymumuman  f '(X,) = O sxanu xenu6 ynkagu. P

2-teopema (Posutb Teopemacu). ®apa3 kunaiuk, f(X) yuakuus [a, b]
na Oepuiirad 0ynu0, Kyduaaru mapTiapHu OaxapCuH:

1) f(x)0Cla, b],

2) OxO(a, b) na f'(X) maBxyn Ba uekin,

3) f(a)=f(b) 6yncun.

V xonaa myHaai X, 0(a, b)aykra ronmnaauku, f'(X,) = 0 0ynanu.

4 [aprra kypa f(x)0C[a, b]. Yuma BeliepmrpacCHUHI HKKHHYA
teopemacura kypa f(X) ¢ynkmus [a, b] ma y3umHHMHT SHT KaTTa Ba SHI KHYUK
KUHMaTiapra JSpuWIlagd, sSbHH IOyHAad c¢;, C,  HyKramap (C;, C, U[a, b])
TOTHUJIAIUKH,

f(c,) =max{f(x) | xU[a, b]},
f(c,)=min{ f(x) | xO[a, b]}
oynanu.

Arap f(c,)=1f(c,) Oynca, ynna [a,b] ma f(x)=const 0ynuoO,
[X, U (a, b) ma f'(x,) =0 6ymamm.

120



Arap f(c))> f(c,) 6ynca, yuna f(a)= f(b) Oynranmuru ca6abmu f(X)
¢ynkmuss  f(c;) xamma f(C,) xumiimarTmapHuHr kamupma Owutrtacura [a, bj
CeTMEHTHHHT MYKH X, (&< X, <b) nHykracmma spumamun. depma Teopemacura
ounoan f'(X,) =0 O6ymagu. »

3-Teopema (Jlarpan:k Teopemacu). Papa3 kwiaimk, f(X) dyHknus
[a, b] ma Gepuiran 0yiamO, Kyiuaard mapTiapHd OaKapCHH:

1) f(x)0C[a, b],

2) OxO(a, b) ma f'(X) xocuna MaBKy/1 Ba 4eKIH OYJICHH.

VY xonna mysgaii ¢ [(a, b) Hykra Tonmuaauky,
f(b)-f(a)=f'(c)(b-a)
oynau.

<« Yuby

FO= - f@ -0 Px-a) (1)

byukiusaau Kapaimus. by dyukius Ponne TeopeMacMHUHT Oapya IIapTiapyuHU
KaHOATJAHTUPaAu. AWHU NTalTAQ, YHUHT XOCUJIACH

Fr(x) = (-2 1@)
b-a
oynanm.
Poyuts Teopemacura 6uHoaH, myHnai € (cJ(a, b)) Hykra TONMIaauKH,
F'(c)=0 2)
oynanm.

(1) Ba (2) myHOCabatnapan
f'(c) - f)-1(@) _ 0
b-a

SBHH
f(b)-f(a) = f'(c)(b-a)

oynumuy kenub yukagu.

1-narmxka. Airaiiuk, f(X) dyaxuus (a, b) ma f'(X) xocumara sra 6y1mo0,
OxO(a, b) ma f'(X) =0 6yacun. Y xomma [Ix[(a, b) na f(X)=const 6yaamu.

« X, X,U(a, b) Hn omuOb, yekkamapu X Ba X, Oynran cermentna f(X)
¢ynkmusra Jlarpamx Tteopemacunm Kymiab f(X) = f(x,) =const OymummHM
Tonamus. P

2-matmwka. f(X) Ba Q(X) ¢ymkumsmapu (a,b) ma f'(X), g'(x)
xocunamapra osra Oymm6, [xO(a,b) ma f'(X)=g'(xX) Oyacun. VY xomaa
[Ox[(a, b) ma f(x)=g(x)+const 6ymagm.

<« by narmwxkanunr ucootu f(X) — g(X) dbyHkmusara nucObaran 1-HaTHKaHU

KyJutai OvIan Kenuo auKaau. P>
4-teopema (Komm Teopemacm). Aiiraitmuk, f(X) Ba g(X) dynkmmsuiap

KyHuJard mapTiiapHu OakapCuH.

121



1) f(x)Cl[a, b], g(x)IC[a, b],
2) OxO(a, b) na f'(X) Ba g'(X) xocumanap MaBxy/ Ba YEKIIH;
3) Ox[(a, b) ma g'(x) #0 6yncun.
VY xonna myngaii ¢ [1(a, b) Hykra Tonunaauky,
f(b)y-f(a) _ f'(c)
g -g(@ g'(c

oynaau.

<« AsBasio g(b) # g(@) O6yaummuu Tapkuanad yramus, uynku g(b) = g(a)
Oynamuran OVyica, yHma Pomms Teopemacura kypa mysmai cl(a, b) Hykra
toruiap 3auku, g'(C) = 0 6ynap sau. by 3)-maprra 3u.

Kyinnaru

2= ()~ 1@ -2 g0 gay) (xfa, b
g9(b) - g(a)

GyHKIMsaHU Kapaiimus. by ¢ynkuus Pomibe TeopemacHHUHT Oapya mIapTiapyuHUA
KaHOATIaHTUpaau. YHAa Posute Teopemacura OuHoan miynmai cll(a, b) Hykra

TOTNUJIAIUKH,
@'(c)=0 (3
oynay.
PaBnianku,
Y — g f(o)-f(a) .
D' (x)=f -—— = 4
(x)=1(x (0= a(a) 9'(x) 4)
(3) Ba (4) myHOCabatnapaH
: f(b)-1f(a) .
f'(c)-——— =0
O 40) - 9@ ¢

ABHHAU
f(b)-f(a) _ f'(c)
g(b)-g(@ d'(c)

Oy xkenub yukaau. P

1-mmcoa. [, xX"OR yuyrm |[sinx'—sinx"|<|x-=X"| TteHrcusmmk
UCOOTIAaHCHH.

« Aijiraiink, X'< X' oymcun. f(X)=sinx ra [X', X''] nma Jlarpamk
TEOpEeMacuHM KyJutaiiMu3. YHIa myraaid ¢ (X', X'') HyKTa TONMIaINKH,

|sinx'=sinx'" | = |cosc|(x""—x")
oynamu. Arap OtJR nma |cost | <1 skanunam 3bTHOOpra OJIcaK, yHaa IOKOpUIArd
MyHOca0aTaaH
|sinx'=sinx'" | < | x'—x"| (Ox', x"OR)

Ooymumm kenub yukaau. P

2-MucoJ. Yoy

e*>1+x
TEHT'CU3JIUK UCOOTJIAHCHH.
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<« Ajiraitiuk, x>0 6yncun. Yama f(t)=€' d¢ynxmmsara [0, X] 1a

Jlarpanx TeopeMacuHu Kyiad Tomnamus:
e*-e’=e°(x-0). cO(0 x)

Arap ¢ >0 na €° >1 GynummMHM Y5THOOPra 0JICAK, YHIA KEMUHIH MyHOCAa0aTIaH
€* =1+ X OynuIuyu Kenub YNKaIH.

Arap x<O0 6ymca, yuga f(t)=€' dynkumsara [x, 0] ma Jlarpamxk
TEOpEeMaCHHH KYJIIao,

e -e’=e°(0-x)

Hu Ba —X>0, €°<1 OYyaummuu sbTHOOpra onub, €* =1+ X JKaHJIUIUHH
TOTaMU3.

Papmanku, X =0 ma € =1. Hemak, OXOR na €* =1+x. »
3-mucou. Yoy

a-b a a-»b
<ln=«<
a b

(O<b<a)

TEHI'CU3JIUK UCOOTIAHCHH.
« [b, a] cermentna f(X)=In(x) dynkmusan kapaiimus. by dyHkIusa 1y

, 1
cermeHTna y3nykcu3s Ba (b, @) ma f'(X) == xocwmara sra. Yuma Jlarpamk
X

Teopemacura kypa mynaaii ¢ (b<c<a) mykra Tonunaaukw,

Ina-Inb 1
v (5)
a-b C
oynaau.
PaBmnianku,
b<c<a = £<1<1. (6)
a c b

(5) Ba (6) MmyHOCabatnapIaH

a-b a a-»b
<ln=«<
a b b

Oymumm kenub yukaau. P

2°. dyHKkuMs XOCHJIACHHMT y3miaminu xakmaa. ®apas kumaimnk, f(X)
¢Gyukuus (a, b) HUHT X, HyKTacuaaH Oomika 6apya HykTamapuga f'(X) xocumara
sra 0ynno, QyHKIUS X, HyKTaaa y3JIyKCU3 OYIICHH.

Arap lim 0f'(X) =b mumur MaBxkyn Oyica, y xonma f(x) GyHKOusS X,
X Xg—

Hykraaa gan xocuna f'(X, —0) rasra 6ymu6, f'(x,—0) =b 6ynaim.

Arap lim . f'(x) =d aumur maBxyn O6yica, y xonga f(X) dynkums X,
X Xo+

HykTana yur xocwia f'(X, +0) rasra 6ymuo6, f'(x, +0) =d Oynamu.
<« Ajiraitmuk, AX # 0 Ba X, + AXU(a, b) 6yncun. Jlarpamxk Teopemacunan
doiinanann0 Tonamus:

123



T+ &)= T00) _ 1y vomax), (0<6<1).
AX
OHau
lim f'(x)=Db
X—Xg—0
MaBXyJ OYJICUH neinuK. YHaa
Jm 002, im | £160=Jim 06+ =b
oyuo0,
AX - —0 ma f'(x,+6[AX) - b,
STBHU
f (%o +A%) = f(X)
AX -
oymamu. [Jemak, f'(X,—0)=b. Ilynra yxmam, f'(X,+0)=d O6yaumm

b

AX - —0 na

Kypcatunaau. »
Avtraiinuk, f(X) dyHkums X, Hykraga xocuiara dra OyiacuH. YHOa,

paBIIIaHKH,
(% =0) = f'(x +0) = £(X,)
Oynanu. AiiHM nmaiTaa,
lim f'(x), lim f'(x)
X—Xg—0 X - Xg+0
JUMUTIAPHAT MaBXKYy/I Ba YCKJIA Oy IUITUIaH

lim f'(x)= lim f'(x)=f'(x,)
X - %—0 X-X+0

oynumuy kenub yukagu. »
bynnan kyiugarn xyjioca kenu0 uyukamu. arap f(X) dywkuus (@, b) na
f'(X) xocunara sra 6yica, y xonma 6y f'(X) xocuina GHpUHYHM Typ y3HIMINTA dra
oymonmanu.
bomkaua aiitranma xap oump X, (@, b) mykrama f'(X) ¢yskxuus éxu
y3IIyKCHU3 OYmaau, €Ki UKKUHYK Typ Y3WIHIITra 3ra Oymaau. P
4-mucou. Yoy
F(x) = XZSini, arap X# 0 6¥yca,
0, arap X=0 6ynca
(GYHKIUSHI Kapanink.
« x # 0 6ynranma
f'(x) = 2xsinl - cos1
X X
oymaau.
X = 0 6ynranna, xocwia Tabpudura Kypa

.1
x?sin=

f'(0) = lim X=0
x-0 X
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oynanm.
Hemak, f'(X) ¢pyukums R ga anuknanrad Ba X # 0 ga ysaykcus 6ymamm. f'(X)
xocuia X =0 HyKTaja MKKUHYH Typ y3WIHIITa ora Oynaau, yyHku X — O nma
f'(x) = 2xsin1 - cos1
X X
GyHKIUS TMMUTra 3ra sMac. P

Mamkiap

1. Arap f(x) ¢dyuknus (@, b) na gexmm f'(X) xocmiara sra 6yica, yHuHT
ury (@, b) ma Texuc y3nmykcus Oyauinm ncOOTIaHCHH.
2. Arap f(xX) Ba Q(X) dysxmmamap X=X, Oa 4YEKIH Xocuiajiap:
f'(X), 9'(X) ra sra 6yamo0,
f(%)=9(%), x>% ma f'(x)>g(x)
o¥ynca, y xonga X > X, aa f(x)>g(x) Oymumm ncboTnancu.
3. Ix>-1 yuyn

len(1+ X) £ X
1+ X

TEHTCU3TUKIAPHUHT YPUHIIA OY TN UCOOTIAHCHUH.
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22-mabpy3a
DOYHKUUAHUHT Ju(pPepeHuuanu

1°. ®yuxuns auddepenmuann tymyHuacun. Papas Kwraimk, f(X)
¢ynkmus (a, b) ma 6epunran 6ymmo, X, U (a,b), X, +Ax(a,b) 6yncun.

Masbnymkn, A f(X,) = f(X, +Ax) — f(X,) aiiupma f(X) yHKUMSHUHT X,
HYKTaJard OpTTHPMAacH JAeHUIa Iu.

1-tabpud. Arap A f (X,) Hu ymoy

A T(X,) = A[AX+ alx

kypununna wudomamamm MymkuH Oynca, f(X) ¢yHkums X, Hykra-ma
muddepennmanianyBun neiunaam, oyama A=const, AX - 0, naa - 0.

Teopema. f(xX) ¢yuxuus X[ (a, b) wykrama auddepeHnman-nanysun
OynuiM yuyH yHUHT 11y Hykrazga deknn f'(X) xocwmara sra Gysmimm 3apyp Ba
eTapJIN.

« Bapypaurn. f(X) Jynxkuuas x0O(a,b) wykrama nuddepen-

nuautanyBuu O0yncuH. Tabpudra 6mHOAH,
A f(x) = ALAX + alx

oynanu, Oyama A=const, Ax - 0, 1a a - O.

by Tenrnuknan ¢goigananud Tonamus:
A f(X)

= A+a,
AX

im 270 _ i (av )= A

Mx-0  AX Ax-0

Hemak, f'(X) maBxynsa f'(X)=A.
Erapaniauru. f(X) ¢yaxuums xO(a, b) ma gexmm f'(X) xocmma-ra sra
oyncun. Tavpudra kypa
£/(x) = lim f(x+Ax) - f(X) _ im A f(X)

Ax-0 X Ax-0  AX

oynmanu. Arap
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A f(x)
AX

-f'(X)=a
Jernica, yHaaH
A f(X) = f'(X) [AX+ alAx
Oynumu kenuO umkamau, Oynma AX - 0 ga a — 0. Jlemak, f(X) dyHkus

nuddepeHnamIanyByn. P
2-tabpu¢. Dynkuus oprrupmacugarm (X)) [AX  udoma  f(X)

GyHKIUSHUHT X, HyKTragarum auddepenumanu nevimmagum Ba  df (X,) kabu
OenruinaHaau:

df (x) = f'(Xy) [AX.
Anraiimuk, X[(a,b) Hykraga nuddepeHIraIaHyBIH f(X)
GYHKIUSHUHT Tpadury 6-4nM3Majia TacBUpJIaHTaH 3TPU YN3UKHHU U(OJaIacuH:

6-yn3mMma.
Kentupunran yu3maaan KYpuHaIUKH,
DC
— =1tga
AC

oym6, DC =tga [ AC = f'(X) [AX 6ynmanm.

Hemak, f(x) QyHKUMSHMHT X HyKTagard auddepeHIrany QyHKIHS
rpadurura (X, f(X)) Hykrama yTkasuwiaran ypuama optrupmack DC  Hu
udoganap KaH.

dapaz  Kuiailuk, f(x)=x, xUR OyicuH. by  ¢dynkuus
muddepenrmamianypun  0yau6, df (X)=(X)' [AX=AX, spEm dx =Ax Oyiaamu.
Jlemax, (a, b) na  auddepeHnraiaHyBuIn f(X) (G YHKITUS-HIHT
nuddepeHuanIuamn

df (x) = f'(x) [dx
KYpuHUIIIa ndoaanai MyMKHH.
OHnu coasia QyHKIMSUTApHUHT Au(depeHInaiiapuii KeTUPaMu3:

1. d(x*)=ax™dx, (x>0);
2. d(@)=a*lnalilx, (a>0, a=#l);

127



d(log, ¥) =<log, edx, (x>0, a>0, a%1)
X

d(sinx) = cosxdx;
d(cosx) = —sinxdx;

o ok W

d(tg) = ———dx  (x#2+km, k=0,£1 ..);
CO<” X 2

7. d(ctgx) = -

——dx, (x#zkm k=011 ..);
sin“ x

1
V1-x?

! dx, (-1l<x<l;
1-x?

dx;

8. d(arcsinx) =

dx, (-1<x<1);

9. d(arccox) = -

1
10. d(arctgx) =
(arctgx) i

dx;

11. d(arcctgx) = - 1 5
1+X

12. d(shx) = chxdx;
13. d(chx) = shxdx;

14. d(thx) = dx;

ch®x
15. d(cthx)=- L

sh?x

dx (x=0)

2°, Oynkuua gAuddepeHUaIUHUHT coaaa Kouaagapu. Oapas Kulaiuk,
f(x) Ba g(x) ¢yukmusutapu (@, b) nga Gepunaran 6ymu6, X[(a, b) Hykrama

muddepennmauianysun Oyncun. Y xomma XU (a, b) na
1) d(cl f(x)) =cdf (x), c=const;
2) d(f(x)+9g(x)) = df (x) +dg(x);
3) d(f(x)g(x)) = g(x)df (x) + f(x)dg(x);
N d( f (x)j _ 90U 0= 10090 o9
9(x) 9°(x)

oynaau.
By Tacauknapaan OupuHu, Macajgad 3)-CHHU UCOOTIIaMU3.

4 MabaymKu,
d(f (x)9(x)) = (f (x)g(x))"dx.

(F(9(x))" = F'(x)9(x) + F(X)g'(x)
OYIMIIMHY 3bTHOOpra OJICaK, YHAA KyWHJIard TeHTJTUKKA KeJaMu3:
d(f(x)g(x) = (f'(x)g(x) + f (x)g'(x))dx =
= g(x) f'(x)dx + f(x)g'(x)dx = g(x)df (x) +  (x)dg(x) .»>

Arap
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dapa3 xkuwnaiimk, Y = f(X) dyakmus X O R tymramna, g(y) dysknus
Y O{f(x): xOX} tymramaa 6epunran 6yau6, f'(X) Ba g'(y) xocunamapra sra
oyncun. Y xonma
d(g(f(x))) = g'(f (x)) Ldf (x)
oynanm.
4 Mypakka0 (QYHKUMSHUHT XOCWJIACMHU  XHCOOJaml  KOWJIacHJIaH
doiinanann0 Tonamus:

d(g(f (9) =[a(f (9] dx=g'(f () TF'(9dx=g'(f () (). >

1-mucoa. Tabpubman doiinamann6, ymby f(X)=X—3x* QyHKIHIHAHAT
Xo = 2 HyKTajaru quddepeHnyany TONUJICHH.
<« by QyHKUMSHUHT X, = 2 HyKTaJard OpTTUPMACHHH TONAMU3.

Af(R=Ff@R+Mx)-f(2)=2+Ax-32+AX)°-2+12=
= —110Dx - 3Ax? = 110X + (-3AX) [DX.

Hemak, d f(2) =-11(dx. »

3. Oyukuusa auppepennuanu Ba takpuouii gpopmynanap. OyHKuA
nuddepennnanu épaamuaa Takpuouii hopmysianap ro3ara Keilaiu.

Aitraiinuk, f(X) ¢dynkuus (@, b) ma 6epunran 6ymm6, X, [ (a, b) Hykrama
uyexmu f'(X,) xocunmara (f'(X,) # 0) ara 6yncun. Y xonga AX — 0 ma

AT (%) = T'(Xy) [AX + 0(AX)

oynau.

Aitan maiitna, f(X) dyskumsa X, Hykraga auddepennuan-manyBun 6ymmo,
yHUHT audpepeHimanu

d f (%) = (%) [AX

oynaau.

PaBmiankn,

A T (X)) —df (X,) = 0(AX)

oym6, AX — O na

A (%) = df (%)

0
AX
oynanu. Hatmwxkana
A (%) =df (%),
ABHU
f(Xo +AX) = f(Xy)+ f'(Xy) [AX (1)

TakpuOuii  popmyna xocmn Oymamm. (1) dopmynma X, [(a, b) Hykra-ma
maddepennmamnanysun f (X) dyHkuusHuHT X, HykKTagarud oprrapmacu A f (X))
HU YyHUHT 11y HyKragarn auddepennmamm df (X,) Owman ammamTupumn

MYMKUHJIUTUHY KypcaTaan. by anMamTupuiItHuHT MOXUATHA (QYHKIUS OPTTUPMACH
apryMEHT OpPTTUPMACHHUHT, yMyMaH alTranga Mypakka® (QyHKIusicu OynraH
xonna, (ysakums mauddepeHmanm 3ca apryMeHT OPTTHUPMACHUHHUHT UYW3HKIN
byHKIUACH OV AATUD.
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(1) popmynama AX = X — X, Aeinica, yHaa
F(X) = f(x) + (%) (X~ X%) (2)
oynanm.
2-mucoa. Ymoy Sin 29° MUKJIOP TaKpUOW XUCOOIAHCHH.
<« Arap f(x)=sinx, x,=30° neitmca, sz[a (2) popmymara kypa
V3 2

sin2? =sin3@ +cos3d (29 -307) E—l—(o 05—7 EI?R =~ 0484¢

oynamu. »

Maswnymkn, X, U(a, b) nykrama muddepenunamnanypun f(X) ¢yHxmms
rpadurura (X,, f(X,)) Hykrama yTka3uiaran ypuHMa-HUHT TEHIJIaMacH KyHuIaru
KYypUHHUIIIA €3WITAIN:

y=1(%)+ F'(%)(X=%)-
Hemak, (2) takpubuii gopmyna reomeTpuk HykTam HaszapaaH, f(X) dyHkus
udoanarad 3pu YU3UKHU X, HYKTAHUHT €Tapiu KUYMK aTpoduaa nry GyHKIus
rpadurura (X,, f(X,)) HyKraga yTkaswnaran ypuHMa OWJIaH AIMAIITHPHINIIN
MYMKHUHJIUTUHH OWIIHPAIH.
2) hpopmynana X, = 0 peitunca, y ymoy
f(x)= f(0)+ f'(0O)x (3)

KYpUHUILTA KEeJa/Iu.

f(X) ¢ymxkums cudparmma @L+X)7, Ji1+x, €, Inl+Xx), sinx, tgx
¢ynkuusmapau onud, ymapra (3) dbopMynaHM KyJUtaml HaTWXKacHaa KyHumard
Takpuouii popmynanap xocun Oymanu:

@+x)“ :1+ax,

V1+ X 1+ x

e* ~1+x,
In(1+ x) = X,
SinX = X,
tgx = X.

Mamkiap

1. Avitaiinuk, U Ba Viap auddepeHnuamuianyBun QyHKus-map 0ynuo,
ynapHuHr auddepennnamiapy du Ba dv O0yicuH. YHaa ymoy

u
y =arctg— + Invu? +v?
v

GbyHKIUSHUHAT TuddepeHnnaiu TOMUIICHH.
2. Yoy
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1
xarctg—, arap X#0 0Vica,
f= @9 AP Y

0, arap X=0 0Oyica
¢ynkuusa X, =0 HykTana nuddepeHunamaHyBun OyaagumMu’?

3. Yoy
J12, /102, /1,002

MUKIOPJAPHUHT TAaKpUOUM KUWMATH TOIHJICHH.

23-mabpy3a
DOYHKIUAHUHT IOKOPHU TapTHOJIH Xo0cuia Ba auddepenunaiapu

1°. DOYHKUUSAHUHT OKOpH TapTuOam xocuijaanapu. dapa3 Kuinaiiuk,

f(X) dysakmus (a, b) ma 6epunran 6ymu6, [OxO(a, b) ma f'(X) xocumara sra
oyncun. by f'(X) yukuusan g(X) opkamu GenruaaimMus:
9(x)=f'(x (xO(ab)).

1-rabpud. Arap X, (a, b) nykrama g(x) ¢ynkuus g'(X,) xocumara sra

Oynca, Oy xocuna f(X) (yHKUMSHUHT X, HYKTagard WKKWHYMA TapTUOIH

“f (%)

xocunacu nevinnanu Ba f''(X,) éxku ol Kabu OenrnaaHaIm.
X
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Xymau mynra yxmam, f(X) wuar 3-rapru6ma f"(x), 4-rapruom ' ()
Ba X.K. TapTUOIM XOCUJIaIapu TabpuQIiaHaIn.

Vumyman, f(X) ¢yHkuusHMEr N-TapTeOmm xocmmack T (W (X) HHHT
xocunacu f(X) ¢yukmusauHr (N+1) — TapTHOIM XOCUIacH JeHHIaIH:

£ () = (£ ().

Opatna, f(X) dyskmusauar f''(x), f''(X), ... Xocuaamapu yHUHT FOKOpH
TapTUOIN xocwinanapu aevmnaan. [llyan Ttaskmmnam  so3umku,  f(X)
byukmusauar - X (a, b) ga N-—Taptubim XOCHIIACHHUHI MAaBXYyIJIUTH Oy
GyHKIUSAHUHT 11y HyKTa atpodmma 1-, 2—, ..., (n—1) —taprubmm xocunamapu
MaBXYJIUTMHU Tako3a JTajd. AMMO Oy XOCHJIQJAPHUHT MaBXyIUTHIaH
N —TapTHOJIM XOCHIIa MaBXKY/UIUTH, yMyMaH alTranjia, Kejau0 dnKaBepMaiiiu.

Macamnan,

f(x)=%

byuakusauar xocuaacu f '(X) =| x| 6ynu6, Oy pyukmus x =0 HyKTama xocuiara
ara sMmac, sbHM Oepwirad QyHKIusHUHT X =0 ma OupuHYM TapTUONIHM XOCHIIACH
MaBKy/I, MKKHHYHM TapTHOIU XOCHIACH 3Ca MaBXKy I dMac.

1-mucon. f(x)=a* 6yucun, a>0, xOR. By pyaxuus yuyn
(a¥)' =a*Ina,
(@) =(a*Ina) =a*(Ina)?,
yMyMaH
@)™ =a*(na)" (1)
oymagu. (1) MyHOCAOATHMHT YPUHIIN OVIIMIIK MaTeMaTHK WHIYKIHMS YCYIH OuIaH

ucOoTIaHau.
2-mucoa. f(x)=sinx 6yucun. by pyHnkuus yuyH

(sinx)' =cosx = sin(x + gj
T

(sinx)" = (cosx)' = —sinx = sin(x + sz

Ymymas,
(sinx)™ = sin(x + ngj

oynaau.
[IIynra yxmar,

(cosx)™ = co{x + ngj

oynaau.
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3-mucoua. f(x)=x? 6yncun, x>0, aUR.By QpyHkuusa yuyn
(x7) =ax",
(x")" = (ax* ™) =a(a -)x*?,
yMyMaH,
x =g(@-D(a-2)...a-n+1x*™"
oynanm.

Xycycan, f(X)= l, (x>0) dbynkuus yayH
X
N\ _(-n"n
v Tountl

X X

oymuo, yaaaH

(In X)(n) — (_1) n_l(n _1)'

OYIUIIIMHY TOTIAMH3.
dapas kwrarinuk, f(Xx) Ba g(X) dynxkuusmap (a, b) ma 6epunran 6ymuo,

OxO(a, b) ma ™ (x) Ba g™ (X) xocmmamapra sra 6yncun. Y xomnza;
1) (cOf (x))™ =cOf ™(x), c=const;
2) (F()2g())™ = £ () £ g™ (x);

3) (F () )™ = >.CF 9 (x) ™ (x) e
k=0
(Cﬁ _ n(n—1)..i.<(!n— k +1)j, FO(x) = £ (x)
oynaau.

<« by Tacnukiapaan 3)-CHHUHT MCOOTHHM KeaTupamus. Papmankm, N =1
na (2) mynocabat ypuriu Oynaau. Autaitiuk, (2) myHocabar N—1 nga ypurnu
OYJICUH:

n-1
(FOY )™ =Y Ca QWM ().
k=0
Keiivaru TeHTIMKHA XaMia
CratCa =Cy

OYUIIMHYU >bTUOOPTA 0JINO, TOMAMU3!

I

(F0 )™ =((F 9 00y [ZCf ) g™+ (x)j -
=S (F 0 (gm0 (0 + £ 19 (g™ (00)=C2, F (g (9 +
k=0

n-1
+3(CEL +CE) TR (g™ () +CET M () g(x) =
k=0
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n
=Y Crf 09g™ () »
k=0
Onatna, (2) Jleiionun opmynacu aeinnaiu.
4-mucoa. Yoy

y = x% c0s2X
(YHKIUSHUHT N —TapTUOJIM XOCUJIACH TOIMJICHH.
leiitGuun dopmynacuma f(X) =cos2x, g(x) =x* ne6 onamus. Yuaa 6y
dopMynara kypa, aitan naiitaa  g(X) =x° ¢yskuus yays K > 2 6ynranga
g =(x>"=0 (k>2)
OYIMIIMHYA YbTUOOPTa 0JIMO TOIMaMU3:
(x* cos2x)™ = Cx*(cos2x)™ +C(x?)' [cos2x) "™ +C7(x?)"(cos2x) "™

PaBmanku,

(cos2x)™ = 2" co{Zx +n %j
(cos2x) ™Y =2t co{Zx +(n-1) 7—9 = 2”‘1sin(2x + ngj ,

(cos2x)("™2 =22 co{Zx +(n-2) 7—27) = -2t co{Zx + nZ—ZTj .

Jlemaxk,

(X2 COQX)(n) =2" (XZ _nin 4_]))00’{2X+ ngj +2" nxsin(2x+ ngj >

2°, @YHKUMSAHUHT OKOpH TapTuoaum audpdepenunanaapu. Dapas
kunaimk, f(X) ¢yskmus (@, b) ma Oepwiran O0ynu6, [x[(a,b) wHykrama
f"(X) xocumara sra 6yacun. Pasmanku, f(X) dyukuusauar guddepennnanm

df (x) = f'(xX)dx (3)
O0ynu0, Oynma dx = AX QyHKIHS apryMEHTHUHT UXTUEPHA OPTTHPMACH.

2-tabpud. f(X) obysxuusauar x[(a, b) Hykragarn aud-depeHimanu
df (x) suar muddepenmmanu  f (X) pynxkumsauar X [ (a, b) Hykranarn nkxkuHun
tTapTHOIHM quddepeHnrany aein-iaam sa d 2 f (X) xaOu OearumaHaIu:

d?f(x) = d(df (x)).

Xymau mysra yxuram, f(X) ¢dysxupsauar yapaan d°f(X), TYpraHUK
d*f (X) Ba x.k. TapTHGHATK TUPEpPEHIMAIIAPH TaAbPUDIAHAIH.

Vmyman, f(X) Qpyakuusauar n—raptuomm quddepermmanu d" f (X) auar
mupdepentmamu  f(X) dyskumsauar  (N+1) —Taptubmum  auddepeHmanm
nelniIaan.

d™f(x) =d(d"f(x)).
S-MucoJ. Yoy
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f(X) = xe™
(GYHKIUSHUHT UKKUHYY TapTUOIN AuddepeHnani TONUICHH.
4 bepunran (QyHKUMAHUHT HMKKMHYH TapTUOIM AuddepeH-uuainia
Tabpudura Kypa Tonamus:

d?f (X) =d(df(X))=d(d(xe™))=d(xde* +&*d® ==d(-xe*dx+e ™ dy =
= —d(xe™*)dx + (de™)dx = —(xde™ + e ™ dx)dx — e *(dx)? = xe *(dx)? -
= x[@™(dx)* —e™(dx)? —e ¥ (dx)? = (x—2)e*(dx)>. »
Hudbdepennmannam kougacuaad ¢oiganannd TomaMms:
d?f (X =d(df () =d(f'(X)c) =axXd(f' (X)) =dxF"(X)cx= f"(X) @X?, (4)
d3f(x) =d(d?f(x)) = f"(x)(dx)°,

d"f(x) = f ™ (x)(dx)"

MacasaH, 10KOpH1a KeATHPUITaH MUCOJ YIYH
d?(xe™) = (xe ™)"(dx)? = (e —xe™)'(dx)? =
= (e —e™* = xe™*)(dx)? = (x - 2)e *(dx)?

oynay.

Anraimuk, f(X) Ba Q(X) dyskunusiap (@, b) nma Oepuiaran OYimoO,
[Ix [ (a, b) HykTraga n—raptubdimm muddepeHnmamiapra sra 0yicud. Y xomja:

) d"(cF(x))=cld"f(x), c=congt;

2) d"(f(x)xg(x)=d"f(x)£d"g(x);

3) d"(f()G()) =d"f () G(x) +Crd"™ f (X) [elg(x) +

+..+CKd"* () [ g(X) +...+ F(xX) [ "g(X)

oynanm.

by mynocabatnapuaunr 1), 2) —mapHuHT HCOOTH paBmiaH. 3) —MyHOCa0aTHH

ucoommamaa (2) bopmynanan GpoiraiaHUIAIH.
3°. InddepeHunal MAKIMHAHT WHBAPHAHTIHIH. Afftaiimk, y = f(X)

byukus (a, b) na nuddepennmannanyBun 0ynub, X y3rapyBud Y3 HaBOaTHIA
oupop t y3rapysumnusr [a, B] na mudpdepeHnmamianyBun GyHKIHUICH OYIICHH:

x=¢(t) (tU[a, A, x=¢(1)0[a, b]).
y=1(x) = f(4(1)

oynanu. by dyHkusauHT 1uddepeHnranm
dy = (f(a(1))"dt = f'((1)) [#'(t)dt = {'((t)) [de(t) = f'(X)dx

oymu0, y (3) kypunwuiira sra 6ynaau. [lyngai kummo6, y = f(X) dbyskuusga X

Hatmxkana

y3rapyBuM 3pkid OynraH xojaa Xam, y Oupop t ¥y3rapyBumra Oolnuk Oynran
xoiaa xam Yy = f(X) ¢yukuus quddepeHunaInHIAT KYPUHHUIINA OUp XU Oy aaau.
Opnatna Oy xycycusT auddepeHnman MakInHIHT WHBAPUAHTINTY JeHIIaIn.
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y=f(¢(t)) byHkumsHUHT WUKKUHYKM ~ TapTHOmM  auddepen-mmanm
Kyhuaaruua 0ynaau:
d?y =d(df ) = d(f'(x)dx) = df "(x) [elx + f'(x) [dl (dx) =
= f"(x) Qdx)? + f'(x)d?x.
By myHocabatHu (4) myHocabaT OwiaH CONMMINITHPUO MKKUH-YM TapTHOIH
mudpdepennmamiapaa  auddepeHnman MAKIUHUHT HWHBAPUAHTIUTH ~ XOCCACH

(V)

YPUHIM SMACIUTUHU TOTIAMU3.
MamkJjap

1. Yoy
() =%

bynkiusa X =0 HyKTaja yduHYH TapTUOAAru Xocujiara 3ra 0yiaaumMu?

2. Yoy

f(x) = (x=-D?sinxsin(x-1)

(YHKIHUSHUHT N —TapTUOIM XOocHaacu TomwicuH (N> 2).

3.Arap y = f(X) yukumus Nn-—TapTuOIM Xocuiara 3ra Oyica,

d"f(ax+b)=a"f " (ax+b) [dx)"

oYUy NCOOTIaHCHH.
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24-mabpy3a
Tenop ¢popmyJiacu

1°. Kynxax yuyH Teiiop dpopmyaacu. Yoy
P(X) = by +by (X = X,) +b, (X = Xg)? +... 4B, (X = X,)" (1)
Gyukusan (N - mapaxkanu KymxaaHu) Kapailiauk, OyHna X, IR Ba by,by,....b, -
Xakukuii connap. by b,,b,...,b, map Kyiimnaruua xam aHuUKIaHUIIN MyMKHH:
(1) Tenrnukma X = X, neiuica,
by = P(X)
oynanm;
P(X) dbyaknusan nuddepenimanmiad,
P'(x) =10, + 2, [{X— X,) +...+ N (Xx—Xx,)"™"
Ba Oy TEHITHMKIAa X = X, 1€e0
P'(%o)

b =—,

OYIHMIIMHU TOTIAMU3.
P(X) ¢byHkuusau ukku Mapta quddepenimaniad

P"(x) = 20, +...+ n(n—1) b, (X — ;)"
Ba Oy TEHIIIMKAA X = X, 1e0 Tonamus:

b _ P"(XO)
2 o
By xapaéunu gaBom srtupa 6opud, [k =0 na
b - PY00)
“ K

OYTUIIIMHYN TOTIAMMA3.
Hatmwxkana P(X) kynxan Kydugaru KypyUHHINTA KSJIaH:

P P =
PY=POO+ D o)+ D (xpf ot Dl (2)
Hemak, P(X) kymxam Y3WHHHT Xamjaa XOCWIAJAPUHUHT OUpOp HYKTAaCHIArd
KUMaT OWjaH TYJIMK aHUKJIaHap dKaH. (2) dopmymna P(X) kynxaxg yuyH
Teitnop dhopmynacu aeinnau.

2°, Nxtuépuin pysxkuusasHuur Teinop dopmyaacu Ba YHHHI KOJAMK
xagiaapu. @apas kuwnaitmuk, f(x) dyskuus (a,b) ga Gepunran 6ymuod, X, U(a,b)

OyicuH. by QyHKIMS X, HyKTaHUHT

Ys5(%)=(X -0, %+d)U(@ab) >0
arpoduna  '(X), f"(X),...,f W (x), f ™ (x) xocmmamapra sra 6yiacun. OyHKIHS
xocuianapuaad ¢oinasanuo, ymoy
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( ) ( ) £ (Xo)

P(f;X)=f(%)+—
KYIIXaTHA Ty3aMu3.
Arap f(X) pyHkums n—ngapaxanu Kymnxan 0yica, paBIIaHKH,

F(x) =R (f:x)

(x=0) +—— (X)X =)'

oynau.
Arap f(X) ¢yukmus kynxan 6yimMaca,
F(x) # P, (f:x)
O6ynmuo0, ymap opacunaru ¢apk ro3ara kenaad. YHU R (X) opKainu Oenruiaimms:
R,(x) = f(x) — R, (f;%).
Hatmxana ymoy
£ = P,(F;%)+R, ()
SBHH,

£(0) = £ (%) + (X")(x Xo) + ..t (n)(XO)(x ) R (3)

dopmynara kenamus. by (3) cpopMyna f(x) cpyHKuH;{HI/IHr Teitnop dhopmynacu
nevimnaan. (3) dopmynamaru R (X) sca Teimop GopMylacHHUHT KOJNIHMK Xaau
JenIaan.

Oumm Kommuk xan R, (X) HM aHmknaiimMu3. X, HyKTaouHT Y 5 (X))

atpoduaard X HU TaluHIA0, Yoy

' " (n)
F(t)=f()-f(t)- flft)(x—t)—%(x—t)zt.ﬁ f n!(t)(x—t)”

bynxumsann [Xy, X] Y 5(X,) Exu [X, %] 0Y 5(X,)) na kapaiimus.
by dyHkius [XO,X] CerMeHTAa y3nykcu3 0ymmo, (X,,X) Oa Xxocuiara sra

Ft)=-f'0)- [ f(t)} [f ) (x-y2 - f“’(x t)}

B R O U A () U I el ()
{T(X t) (n—1)!(X g } n

oynanu:

f'(®

(x=t)".
Jlemak,
P = ® gy,
n!

DHau [XO,X] na ysmykcu3, (X,,X) ma ueknu (Honra TeHTr OYynmaraH)
xocunara sra ¢(X) ¢yakmusau onmmO, F(X) Ba ¢(X) dynkumsmapra [XO,X] na
Komm TeopeMacunu Kymuiaitmu3. Hatmxkana Kyitugaru

F(0-F (%) _ F'(c)
Ax) - %)  P(c)

TEHIJIMKKA Kenamu3, OyHma c¢ =X, +68(X—%,) (0<8<1]).

(4)

PaBmiankn,
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f (n+) (C)

F(®)=0 F(x)=R,(¥, F(©=- (x=c)".

VYupa (4) TeHraukaaH
o0~ 006) 0 oy
@(c)

R,(x) = (5)

OYIUIINMHYI TOTIAMMU3.
a) Ko xypunnmmaarn Koaauk xaaiu Teitaop popmyiacu.
Atitaiinuk, ¢(t) = Xx—t Oyicun. YHaa

¢(X) =0, (X)) =%X—X%5, ¢(c)=-1

0ynu0, (5) TeHINIMK Kyhiuaaru
f™Q  ~(x=x%)
= E
e e

_f™@ n
O

KypuHHIITA Kenaau. by xomnaa
F()=f(x)+——
f " (Xo)

MY
(x-0=— O -eix-x]" fx-x,)=

( 0) (Xo)

(X= %) + =07 (X = %) * +...+

(n+1)
T) oy ! “(x %)™ (L= )"

dbopmyna xocua 6Yiauo, yHI/I GYHKUMSTHUHT Komn KYPUHUILNIArU KOJAUK Xa1JIn
Tetinop Gopmynacu nenunaiu.
0) Jlarpan:x KYpuHMIIHAATH KOJIUK Xaaamn Teisop dpopmyaacu.
Ajitaitmuk, @(t) = (x—-t)""* 6yncun. Yuuna

#)=Q glxy) =(x—x)™,
PO =-(n+)(x-0" (C=x%+AxX—X))

0ynu0, (5) TeHrIMK Kyhiuaaru

f (D) (C) —(x- Xo)n+1 (n+1)( 0) (x

R00= n —( +)(x—c)" -0 = (n+1)! %)
KypuHHIITa Kenaau. by xonna
£ f @
09=T00)+ - )+ O g Doy g,

=% +6’(>< X0); 0<9<J)
dopmyna xocun OynuO, yau f(X) ¢yHkumsHuHT JlarpaHk KYpUHHIIHIATH
KOJIuK Xanau Teinop popmynacu aerinnagu.
B) [leaHo kypuHummuaarn Koaauk xaaiu Teitaop popmystacu.
IOxopunaru (6) popmynanan doiigananud Tonamus:
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(0= 100)+ 09 (x=xp) + 08 ()2 4.

0 (%) n-1
W( —Xp) t+ _
(C=X%,+0(x—X%,), 0<8<1.
fM(X) dymxums X, Hykraga ysmykcus. Jlemak, X — X, A2 C — X,
0ynuo0,
f™(c) - F7(x).
lynu apTHOOpPra 0amod, X — X, Aa

(760 oy yr = wwa

(X=%)" +0((x=%)")

OYIHMIIMHYU TOTIAMU3.
Hatmwxkana ymoy

f()=f(%)+
f(n) (Xo)

U)oy + L0 (o7 o4
00 ) o(x-x)), (k- %)

dbopmyia XoCcuI 6yJ1azu/1. by ¢hopmyna f(X) byakiusauar [leaHo KypuHHUIINAIATHA

KoUK xaanu Teiinop ¢popMynacu aednmianu.
3°. Bab3n pynxuusiapuunr Teiiaop dpopmyaanapu. f(X) GyHKIMAHAHT

[Teano kypuHUIIUAATH KOJAUK Xaaiau Tenmop (bopMyJIaCI/IHI/I OJIaMM3!

um-u%w-(°kxxa+ “”u Xo)?2 ..t

(n)
i ““u X)) +O((X= %)™, (X = %)

by tenrnukna X, =0 z[e6, yioy

f'I(O) fgo)%+...+f(r:1(o)><’+a(>0), (x -0 (7)

dopmynara kenamus. (7) dpopmyna f(X) ¢yHkumsauar Makimoper dopmyrnacu

neuniIaau.
1) f(X) =€e* 6yacun. By dpynkius yays f (0)=1, ™ (0) =1 6ym0,
x> X X"
e =1+x+—+—+.+—+0(x"), x-0
2 3 n!
oynaau.

2) f(X)=@+x)?, adR 6yacun. By Qynkius yuyn
f0 =1 f™O0)=a(@-2..a-n+l)
oymmo,
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AL+ %) = Z”: ala-1...a-k+1 N

+0o(x"), x-0

k=0 K
oynau.
Xycycas,
1 — L k n
E—ZX +0(x"), x-0
—X k=0
1 L K K
Trx =Y (-)*x“+0o(x"), x>0
X k=0
oynanm.

3) f(x) =In(d+ x) 6yncun. by pynkuus yayH
f0) =0 f®0)=(-D"k-1)!

oymmo,
N (—1\K vk
n@+x =YX o0, x -0
k=1
oynanm.
[ITyHuHraex,
n k
InL-x) ==Y 2 +0(x"), X -0
k=1 K
oynau.

4) f(x)=sinx 6yuacun. by dynkmus yayn f(0)=0, @& (©0)=(-1*

oyuo0,
2k+1

n X
sinx=Y (-DK—=—— +0(x*"*?), x- 0
kZ:;)( ) (2k +1)! ( )

oynanm.
5) f(x)=cosx Oymcun. by ¢ymkums yayr f(0)=1 f @) (0)=(-D*

oymmo,
2k

0 X
cosx= Y (- +o(x*™), x>0
=
oynaau.
Mucoa. Yuly
1

f(x)=
) 3x+2

¢ynkuusauHTr Teiinop (MakiopeH) Gpopmynacu €3UICHH.
<« by ¢pyskuusHu Kyiingaruda

fg =L 1

Sx+2 2(1+§x)

€310, cyHT
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L oS o), x -0

1+X o
oymumuaan Qoinananud Tonamms:
I3, k3 ko ion
= -1 X" +o(x"), x- 0.»
312 é)( ) e (x7)
MamkJjap

1. Acumnrotuk popmynanapaan goinananud, ymoy

X2

. e 2 —cosx
|Im3—_
x-0  X“sSInX
JIUMHAUT XI/ICO6JIaHCI/IH.
2. Yoy

f(x)=e
byukusauHr Teitnop (Makiopen) ¢hopMynacu €3UICHH.

6-bOb
OYHKIUA XOCUNJIAJTAPUHHUHI' BADB3U BUP TATBUKJIAPU

25-Mabpy3a
@OYHKUUSTHUHT MOHOTOHJIUTH. @YHKIHUSIHUHT IKCTPEMYMJIapH

1°. dynxuusauar monotonamru. Papaz kuwiaimk,  f(X) OyHKIMA
(a, b) ma (- <a<b< +w) 6epunran 6ycuH.

Mabnymku,

T, % 0@ D), yayn 4 <x, = f()<T06) (FO)<f(x)) 63ca,
f(x) ¢yskums (a, b) nma ycyBum (karpmit ycyBum), (X, X, 0(a, b) yuyn
<X, = f(x)=2f(x,) (f(x)>f(x,)) Oynca, f(x) dynkums (a, b) na
KaMaroBuH (KaThbUil KAMarOBYM) ICHHIIAIN.
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1-teopema. Aiitaiinuk, f(X) ¢yukuus (@, b) ma OGepunran 6ynuoO,
OxO(a, b) na f'(X) xocunara sra 6yicuH.
f (X) dyaxuusauaTr (@, b) ma ycyBum Oymmmm yayn [Ix [ (a, b) na
f'(x)=0
OVyuIIM 3apyp Ba €TapIIH.
<« 3apypauru. f(x) dbynkuus (@, b) ma ycyBum Oyncun. Yuma Ax >0
oynranma
f(x+Ax)—f(x)=0
oynanu. Xocuna tappudunan GorgarHd TonaMus:
()= fi(x+0) = lim JXF=T0) 4
AX - +0 AX
Erapauiauru. Anraiimuk, OxO(a,b) ma f'(X) maexyn 6yau0,
f'(X) 2 06yncun. [X, X,] ma (X, X, O(a, b), X, <X,) f(x) dynkumsra Jlarpamxk
TEOPEMACHHU KYJU1a0 TOaMus3:
f(%) = (%) =f'(c) (X, —%)=0.
Hemak, X <X, = f(x)<f(x,), f(X) ycyBuu. »
Xyaau nryHra yxiani, Kyduaara TeopeMa ucooTaaHau.
2-teopema. Dapa3 kwraiinuk, f(x) ¢ynkums (a, b) ma 6epunran 6ymumo,

OxO(a,b) ma f'(X) xocumara sra Oymcun. f(X) dyakmus (@, b) ma xamaroBuu
oy yayn [Ix [ (a,b) ma
f'(x)<0

OynuILuM 3apyp Ba €TapJIu.

yHuHraex Kyiuaara TeopemManapHu ucooTiam KUiMH sMac.

3-Teopema. f(x) ¢ynkmus (a, b) ma Oepunran 6ymm6, [Ox[I(a,b) nma
f'(X) xocwmara sra OyncuH. f(X) ¢Qynkumsaunr (a, b) ma kaTeuiéi ycyBum
oYUy yuyH

1)0OxO(a,b) ma f'(x)=0.

2)OxO(a,B) nma f'(X)=0 rtenrmuk Oaxapunamuran (a,f) O (a,b)
WHTEPBATHUHT MaBXKy/]l OYIMaCIIMK MapTAApUHUHT OaKapHIIHIIHU 3apyp Ba €TapJIH.

4-teopema. f(x) dynkuus (a, b) ma 6epunram 6ynu6, [Ix[(a,b) na
f'(X) xocunara sra Oyncun. f(X) ynkuusHusar (@, b) ma kareuii kamaroBUM
oYUM yuyH

1) OxO(a,b) ma f'(x)<0,

2) OxO(a,B) na f'(x)=0
TeHMK Oaxapunaauran (a,f) U (a,b) wunTEepBadHMHT MaBXyn OYIMacIUru
HIAPTIIAPUHUHT OKaAPWIIMIIH 3apyp Ba €Tapiiu.

Hemaxk, (a, b) na

f'(xX)20 = f(X) ycyun = f'(X) =0,

f'(X)<0 = f(xX) kamatoBun = f'(x) <0,

f'(X) >0 = f(x) xarpumii ycyBun = f'(X) =0,
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f'(X) <0 = f(x) karbuii kamatoBun = f'(X) <0
oynau.

1-mucon. Yy
2

f0="5
(GYHKIMSHUHT YCYBUM, KAMAIOBYH OYJIHII OpaIuKIapy TOIMJICHH.
<4PaBmanky,
f'(x)=x27*(2-xIn2)
oynanm.
Ymoy f'(x)>0, x27*(2-xIn2)>0 TeHrcusimuk XD(O, éj na

YpuHIH oynagu. Jemak, f(X) dyHkuus XD(O, %) Ja  YCyBuYH,
n

(-0, 0)Y (% +00) ma KamaroB4M OYymaau. P
n

2°. ®@yuxkunsinunr dxcrpemymiaapu. dapas Kuraiimk, f(X) GyHKIus
X O R tynnamaa Gepunran 0ynub, X, U X 6yncun.

1-tabpud. Arap IyHIa1 0>0 COH TOIMUJICAKH,

XOU 5(Xg) = (X — 9, X, +9) O X Hykramapna

F< ) (FO92f(x))
TeHrcH3nuK Oaxapmica, f(X) GyHKIusS X, HyKTaza Makcumymra (MUHMMyMra)
SpUILIAAN ACUWIaan, X, HykTara oca f(X) GyHKUUS-HUHT MakcUMyM (MHHAMYM)
HYKTAaCH JICUUIIaIu.

2-tappu¢d. Arap mynmait 0>0 con tommiacaku, [IXOU s(X)\{ Xy}

(U 5(Xo) O X) HyKTajap/a

F<fio)  (FO9>T(x)
TeHrcH3uK Oaxapuica, f(X) QyHkums X, HykTaga KaTbuil MakcuMmymra (KaTbuid
MUHUMYMTa) SPUIIAIU TeHNIaIH,

OYHKIUSHAHT MaKCUMyM XamjJa MHHAMYMH YMyMHI HOM OWJIaH YHUHT
DKCTPEMYMIIAPH, MAKCHUMYM XaMJla MUHAMYM HYKTajJapy 3Ca YHUHT SKCTPEMyM
HyKTaJaapu JCUUIaan.

S5-teopema. dapa3z kunaitnuk, f(X) dynxkuua X 0 R tymiamaa Gepuiran
0ymm0, X, 1 X HykTaza skcTpeMyMra 3puIICHH.

Arap f(x) dynkuus X, aykrama f'(X,) xocuiara sra 6yica, y xosaa

/(%) =0
oynaau.
dAiitaiiink, f(X) QyHkuums X, HyKTaga MakCUMyMmra »>puluoO, Iy

HYKTaJla Xxocuiara sra OyJcus. Y xoijaa
[O>0: DxOUg(x) O X ma f(X)< f(X)
oynanm.
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(xg =0, xy+0) wunrepBanma f(x) ¢ynkouara depma TeopemMacuHH

KYJ1a0 Tomamus:
f'(x,) =0.»

3-Tabpud. OyHKUMS XOCHIACHMHU HOJIra alJaHTHUpPAIUraH HyKTa YHUHT
CTaHIMOHAP (KPUTHK) HYKTACH JICHUIIAIH.

Acaarma. Arap f(X) dyHkius Oupop HyKTaga dKCTpe-MyMra 3pHUIlca, y
Iy HyKTaJla Xocuiara 3ra OYJIMIIy mapT sMac.

Macaman, f(X)= ‘X‘ GyHkms X, =0 HyKTaga MHHUMYyMIa 3pHIIaIH,
OMpOK y Iy HyKTa/la Xocuiara 3ra amac.

Hemak, f(X) GYHKIUSHUHT SKCTpEMyM HYKTajlapyd YHUHT CTallMOHAp
Xam/ia XOCHJIacu MaBxXKyJl Oyamaran HyKTajJapu OYJIMIIN MyMKHH.

4-tappud. Arap myagaii O >0 COH TONMMIICAKH,
OxO (X, — 9, X,) ma g(x) >0 &xm
OxO(X, =9, X,) ma g(x)<O0
oynca, g(X) ¢pyHKIUSA X, HYKTaHHUHT Yall TOMOHH/Ia UIIOpa CaKJIalau JeHuIaau.
Arap miynnait 0 >0 coH Tonuicakw,

[IXO (Xg, Xg +O) ma g(X) >0 é&xm
OXO (%, % +0) ma g(x) <0
oynca, g(X) GyHKIMS X, HYKTaHUHT YHI TOMOHU/1a UIIOpa CakjIaiiau aerunanu.
6-teopema. Aitaiinuk, f(Xx) dynknus X [0 R tymmamaa Oepunran 6yiuo0,

KyHUIary mapTiapHu OakapCuH:
1) Lo>0, IxOU4(x) O X ma f'(X) xocuna maBxyx;
2) £'(%)=0;
3) f'(X) xocuna X, HyKTaHHHT YHT Ba YaIl TOMOHJIapH/a UIIOPa CaKJIaCHH.
Arap f'(X) xocmma X, HyKTaHW YTUIIJa WIIOpacWHU Yy3raprtupca, f(X)
(GYHKIHUS X, HYKTaJa SKCTPEMyMTIa pHUILIa/Iu.
Arap f'(X) xocmna X, HyKTaHH YTHIIA HIIOpPACUHH Y3raptupmaca, f(X)
GyHKIMSA X, HYKTa/a SKCTpEMyMra dpUII-Maiau.
4 ANTalllluK,
OxO(Xy — 0, %) ma f'(x)>0,
OxO(X,, Xy +0) ma f'(x)<0
oyncun. Y xomma OxO(X, =9, X,), f'(X)>0 = f(X) ycyBun, sbHK
f(X)<T(X), OxO(Xy, X +t9), f'(X)<0 = f(X)kamaroBum, STHHU
f(X) < f(X,) 6ymu6, XU (X, =0, Xy +0) ma f(X)<f(X,) OYymamu. [demax, Oy
xonga f(X) pyHKuus X, HyKTaja MaKCUMyMTa SpULIa IH.
AWTalnuk,
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OxO(xg =3, %) ma f'(x)<0,
OxO(Xy, Xg+9) ma f'(x)>0
oyacun. Y xomma OxO(X, -0, X,), f'(X)<0 = f(x)kamaroBuu, sbHU
f(x) > f(Xp), OxO(Xy, X +9), f'(X)>0 = f(x) VycyBun, sbHH
f(X) > f(X,) 6ymu0, XL (X, =9, X, +0) ma f(x)> f(x,) 6ynanm.

Hemak, Oy xonga f(x) QyHKOHS X, HyKTaJa MUHIMYMTa SPHUILIAIH.

Arap OxO(X, =9, X) ma f'(X)>0, OxO(Xy, X +J) ma f'(x)>0
ek OXO(X, — 9, %) ma f'(X)<0, OxO(X,y, X, +9) ma f'(x) <0 6ynca, ynna
f(X) pynxmus (X, —90,% +0) na ycyBunm €xu (X, — O, X, +0) na KamMarOBYH
oymmob f (X) pyHkuMs X, HyKTaja sKCTpeMyMra dpuiiManu. »

7-teopema. f(X) ¢dynkums X 0 R tymmampa Oepunran 0ynu0, Kyiumaru
mapTJiapHu O0a)KapCuH:

1) () 0CX);

2) Lo >0, OxOU (%) \ {X,} ma f'(X) xocmna MaBxy Ba 4eKIIH;

3) f'(X) xocmma X, HYKTaHUHI YHT Ba 4Yalm TOMOHJApHIa HIIOpa
CaKJIaHCHH.

Arap f'(X) xocwna X, HyKTaHM YTHIIJa WIIopacuHd ysraprtupca, f(X)
(GYHKIHMS X, HYKTaJa SKCTPEMyMTa pHUIIa/Iu.

Arap f'(X) xocuna X, HyKTaHM yTHIIIA HIIOpAcHHHU Y3rap-tupmaca, f (X)
(GYHKIHUS X, HYKTaJa SKCTPEMYyMTIa SpUIIMai i,

by Teopema rokopuaaru 6-reopema kabu uCOOTIaHAIN.
8-Teopema. ®apa3 xunaiimuk f(x) ¢pynknus X [0 R Tymiamma Gepuiran

Ba MUN, m=2, X,U0X 0ynu0, Kyiiuaaru mapmiapHu OaxxapCuH:

1) 00 >0, OxOU5(%,) O X na f (M (X) xocuna MaBxy;

2) ™ (x,) xocuma MaBxKyx;

3) f(%) = f"(x)=...= £1™I(x) =0, f™(x)#0.

Y xomnna m=2k, KON oOymranma f(x) ¢yaxous X, HyKTaga
skerpemymra  opuum6, f (M (X)) <O Oynaranga X, HyKTaJa MaKCHUMYyMTIa,
f (M (x,) >0 1a MUHUMyMra SpHIIAIH.

Arap m=2k+1, kON 6¥ynca, f(X) dyHkmus X, HyKTaga sKCTpeMyMmra

PULLIMANIN.
<« f (X) pyHkuusHUHr X, HyKTagaru Teinop ¢popmynacu

n f£(n)
f(x)=;)%(x—xo)k+o((x—xo)”), X %

HU oslaMu3. by popmyina TeopemaHuHT mapTuaa ymoy

(m)
109 = 10) + 2 (=) +0l(x= 1)), % = %,
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KypuHULIra Kenaau. bynnan oca x # x;, na

(m) _ m
- ) = (x-)7] 100 ol X°)m),
m (X=%o)

X = %

OyuImM Kenub YuKaIu.

1
el

«O»  HHHT  Tappudura  Kypa fM(x,)>P0 com  yuym

[S>0, OxOU 5(x) \ {X,} HykTanmapaa
‘0((x—xo)m)
‘ (X=%)™
oymamu. [lemak, X U 5(X)) \ {X,} yayn
f™00), o)) ™)

}ﬁ\f(m’ (%)

ml (x=%)" ml
MUKIOpIap oup xwi umopanu 0ynanu. byrnan aca X JU 5(X) \ {X,} na
f ™ (x
( O) (x _ xo) m
m!

HuHr wmopacu f(X) — f(X,) alimpmanuHr Wmopacu OwiaH Oup Xua OYIUIIN
KeJINO YMKaIH.
Arap m=2k, kKON 6ym6, f™(x,)>0 6ynca, yama f(x)— f(x,)>0,
s f(X) > f(X,) OYymamu. f(X) dyHKIMSA X, HyKTaga MUHAMYMTa 3pHUILIA/IN.
Arap m=2k, kKON 6ym6, f(™(x,) <0 6¥ynca, yuma f(X)— f(x,) <O,
s T (X) < f(X,) Oymagu. f(X) dyHKIUSA X, HyKTaza MaKCUMyMTa 3pHUILIA/IN.
Arap m=2k+1, KON o6ynca, f(x)— f(X,) aliupma umopa caxiamaiu.
By xonma pyHKIHS X, HyKTaJa dKCTpeMyMra dpHIIMaim. P
XycycaH, arap X, Hykra f(X) QyHKUMSHMHI cTaloHap HyKTacu Oynuo0,
f(x) dynkuus X, vykraga sekmn f''(X,) # 0 xocumara sra 6yiica, nry HyKTaaa
f(x) dbynkums f'"(X,) <O Oynranma makcumymra, f'"(X,) > O muHEMMYyMra ora

oynanu.
2-MucoJ. Yoy

f(x)=28/x° -53/x? +1
(YHKITUS SKCTPEMyMTa TeKITUPUIICHH.
4 by ¢yHkmus R =(—oo;+c0) aHuWKIaHTaH OYyIMO, y Wy TyIuiamuaa
Y3JIyKCU3. Y HUHT XOCHJIACUHH TOTIAMU3:

f(x)_zﬂgtx 5%5( T (1)

PaBmianku, ¢yHKuMsHUHT Xxocwiack X, =1 Hykramga Honra anaHaau:
f'(1) =0; X, =0 mykraga sca GYHKIUSTHUHT XOCHIIACH MaBXKyJ dMac.
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Xocuna udonacu (1) man xypHaaukw, X =1 HyKTaHUHT Yar TOMOHHIATH
nykraigapaa f'(X) <0 yHr Tomonmparum mykramapaa  f'(x) >0 Oymagm. [emak,
Oepwiran ¢yHKIus X =1 HyKTajga MHHUMyMra SpHUIIaad Ba Min f(X) = f(l) =-2
oynanm.

Slna xocuwna udomacu (1) nman xypuHamuku, X =0 HYKTaHUHT yar
tomoHunaru Hykramapaa f'(x)>0, yur Tomommmarm Hyktamapga f'(x) <O
oynanm.

Hemak, f(X) ¢ynkuus X=0 HyKraga MakCUMyMra JSpuUIIaad Ba
max f (x) = f (0)=1 6ynazu. »

Mamkiap

1. f(X) QyHKUMSHMHT XOCHUJAacH HOJITa TEHT OynraH HykTaaa (QyHKIUS

AKCTPEMYMTa SPUILIHUIIN MAPT SMACTUTH UCOOTIAHCHH.
2. Yoy

1
f(x)=1€ X arap X#0 6ynca
0, arap X=0 6¥ica
(GYHKIHS SKCTPEMyMIa TEKITHPUIICHH.
3. Atrainmuk, f(x)O C[a, b] oyiacun. By (yHKuMSHUHT [a, b] Jard SHT
KaTTa Ba YHI KHYMK KMHMATIapy KaH1ail TOmUiIaan?

26-Mabpy3a
@OYHKUUSTHUHT KABAPUKJIUTH, ITHJIMII HYKTAJApH Ba aCUMIITOTAJIapH
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1°, OYHKIUSHUHT KaBapuKJIUru Ba 0otukauru. dapas kunavinuk, f(X)
¢yukuust (a, b) na 6epunran 6ymud, X, X, U(a, b) yuyn X, <X, O¥icuH.

f(x) ¢ynxuus rpadurumamar (X, f(x)), (X5, f(X;)) Hykra-napunan
VYTyBUM TYFpu un3ukHu Y =|(X) necak, y Kyiujgaruda

X, = X X=X
1(x) == ;f(xz)
1

F(x)+

Xo =X X5

oynaau.

1-rabpud. Arap xap kaumait opamuk (X, X,) [ (a, b) ma xoiinamran
Ox O (X, X,) yuyH

FO)=<I1(x)  (f(x)<1(x))

oynca, f(x) dynknus (a, b) na 6otuk (kaTbuit 00THK) QyHKIHS JSHIITAIN.

2-tabpud. Arap xap kaumgaii opamuk (X, X,) U (a,b) ma sxoitnamran
[x U(xy, x5) yuyn

f(021(9) (f(9>1()

oynca, f(x) dynknus (a, b) ma xkaBapuk (kaTbuii KaBapuK) QYHKIHS JeHUITIATH.

botuk xamaa KaBapuk ~(QYHKUUSJIApHUHT Tpadukiapu 7-uyu3Maja
TaCBUpJIAHTaH:

J )

i)

7-qyu3Mma.

Awraiimuk, a,20, a,20, a,+a, =16ymmo6, Ux,, x,(a, b) 6yacun.
OYHKUUSHUHT OOTHKJIMIU XaMa KaBapHKIMIMHU Kyinaarudya tabpuduiam xam
MYMKWH.

3-tabpud. Arap
flaox tasx;) s a fi(x) +a,f(x;)
(f (@ +a,%,) <ayf (%) +a,f (%))
oymnca, f(x) dyakmus (a, b) 1a 60THK (KaThHii OOTHK) MeHIIIAIH.
4-tabpud. Arap
flayx tayx)za,f(x) +a,f(x;)
(f (a3 +a,%,) > a, f (%) +a, (%))
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oynca, f(x) ¢pynkmus (a, b) na kaBapuk (KaTbuii KaBapuK) JCHHATIAIH.
1-mucoa. Yoy
f(x) = x?
byukius R na katbuit 60THK QyHKIUS OViaaau.
<« 3-rappudaan poitganaHud Tomamus:
o +0,%) =(a0% +0,%)° =(ap%)* +2ma%X, +(a%)° <
<A (% + %) + X =04 (O +a) + A (ay +ay) =
=aq +ay% =a f () +a,f(x,) »
1-teopema. ®apa3z kunainuk, f(x) ¢yakuus (a, b) ma 6epunran 6ymumo,
yaga f'(X) xocmmara sra Oyicun. f(X) ¢ynkuusaunr (@, b) ma 6otuk (Karbuii
0otuk) Oymumu yuyn f'(X)munr (a,b) na ycysum (karwbuit ycyBum) Oymumiu
3apyp Ba eTapJu.
« apypiauru. f(X)byskmus (a,b) ma OGotux Oymcun. VYV Xomma
[x, X, O(a, b), X <X,, OXO(X}, X,) yuyH

()< 22 f(x) + o (%)
2~ 27X
Ooymuo, yaaaH
FO)—-T00) _ T(%) - (X
X=% X, —X

OynuiM Kenmud YuKaIH. ((X2 - Xl) =X, =X)+(X=%) nmeimnau). Keiiunru
TEHICU3JIUKIA X — X, CYHT X — X, J1a IUMUTra yTuo,
fl(xl) < f (X?_) - f (Xl) ’
X, =X
f I(XZ) > f (XZ) - f (Xl)

Xo =%

oymumman Tomamm3. Yuman (%) < f'(X,) Oymumm kenu6 umkamu. Jlemax,
f'(X) dynkuus (a,b)na ycysum.
f (X) dynknus (@, b) na xkatpuit 60THK OyicHH. Y X01a
f09- f (%) _ f(x)- F()
X=X, X, — X
O0ynanu. Jlarpanx Teopemacura MyBo(pUK

fFO)-f(x) _ . .
X—%, =f'(c), x<¢<Xx

f(x)=f(x)_ .,
=f'(c,), Xx<c,<X
X, — X (c,) 2 2

6ymm6, yuman f'(x) < f'(X,) 6ymumm xenub dnkamu.
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Erapanauru. f'(X) dynkuus (a, b) na ycyBum (kateuit ycyBum) OyiacuH:
[x, X, O(a, b), X, <X, na
)< F06)  (F/00) < F(%)).
Jlarpanx Teopemacuaan Qoiiananud Tonamus:

f(x)_f(xl)Zf'(Cl), X1<C1<X;

X=X
F(x) - _ ¢
=f'(c,), X<c,<X,.
X, — X (c,) 2 2
PaBruanku, X, <C <X<C,<X, = C <C,. [Hemax, f'(c)<f'(c,)

(f'(c) < f'(c,)) 6y1u6, roKOpHIarK MyHOCAOATIAPIAH

F09 = 104) _ F(%) = F(X) (f(x)—f(xl)g(xz)—f(x)]

X=X X, = X X =% Xy = X

Oymumm kenmu6 ywmkanu. by sca f(X) dbyHkumsaunr (a,b) na 6oTuk (KaTbuii
OOTHK) SKaHUHH OMIanpaan. P

Xyaau mryHra yXIimari, KyHuaara TeopemMa xaM ucOOTIaHaIH.

2-teopema. f(x) ¢dynkuus (a,b) nma Oepwiran 6ynu0, ynma f'(X)
xocujara sra OyJICcHH.

f(X) ¢yHkmusHuHT (@, b) n1a KaBapuwk (KaThUil KaBapuK) OYIUIIM YIyH
f'(X) aunr (a, b) na kamaroBuM (KaThuil KaMarOBYM) OVIIMIIM 3apyp Ba €TapIIH.

Antaitnuk, f(X) ¢ynkmus (a, b) ga Gepunran 6ynub, y mry mHTEpBasiga
f"(X) xocumara sra 6yicun. bynaan tamkapu (@, b) nHTepBaNHUHT Xap KaHmai
(a, B) ((a, ) O (a, b)) kucmuna f"(X) aliHan HoJTa TEHT OYJIMACHH.

3-Teopema. f(X) dynkmus (a, b) mHTepBanma O00THK (KaBapuk) OYwIIm
yuyH (a, b) na

f'"(xX)=0 (f"(x)<0)

OymuIIM 3apyp Ba €Tapiu.

By TeopemanuHr wucOoTH OKOpHmard xamja GyHKIUSHAHT MOHOTOHJIUTH
XaKUJIary TeopemMaap/aH Keaud duKaam.

2-MucoJ1. Yuioy

f(x)=Inx (x>0)

byHKIHS KaBapuK Oyaau.

4by dyHKuuA yuyH

f"(x) = —i2<o
X

Oynmagu. 2-reopemara kypa Oepunran f(x) =Inx dynkmus (0,+ 00) 7a KaTbHi
KaBapuk Oyiagu. »>

2°. @yukuusHuHr Srm wykragapn. Oapas kuiaimk, f(X) GyHKIus
X OR Ttymmampa Oepunran 6ymu6, X, U X, (X, -0, X, +9)I X, 6>0
OYJICHH.
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S-tabpu¢. Arap f(x) dynkuusa (X, -0, X,) na Ootuk (KaBapuk),
(X9, Xo +O) nma xaBapuk (0oTuk) Oyica, X, Hykra f(X) QYHKIUSHUHT ITHIAII
HYKTACH JICHUIIA]IA.

Aviraitmuk, f(X) ¢oyakmms (X, =9, X, +0) ma f"(X) xocmmara sra
oyncun. Arap OxO(x, =9, xy) ma f"(xX)=20 (f"(x)<0),

OxO(xq, xo +0,) ma f"(x)<0 (f"(x)=0),
oynca, f'(X) dyHkums X, HykKrama SKCTpeMymra spuinaau Ba aemak, f"(X,) =0
oymamu. Jlemak, f(x) dynkuus sruaum Hykracu-ga  f"(X) = 0 6ymaaw.

3-mucoua. Yuoly

f(x)=x3

¢yHkmsa X, = 0 HyKTaaa sruaaau.

by dbyHK1UsS yUyH

f"(x) = 6x
o0ynuo,
Ox0(=9,0) na f"(x)<0
Ox0(0, d,) na f"(x)>0 (60>0)

oynanu. »

3. ®ynkuus rpaduruaunar acumnroranapu. Papas kumaimnk, f(X)
¢ynkmus X O R tynnampa 6epunran 0ynub, X, HykTa X TYIUIAMHUHT JIMMUT

HYKTacH OYJICHH.
6-tabpud. Arap ymoy
lim f(x), Ilim f(x)
0 X-X—-0

X Xg+
JTUMUTIApAaH OMpu €KW MKKalach XaM 4eKcu3 Oyica, X =X, Tyrpu um3uk f (X)
GyHKIUS TpaUTHHUHT BEPTUKAT ACUMIT-TOTACH ACHHUIIAIN.

Macanan, f(X) 1 ¢bynkius rpapurn yayn X =0 TYFpu UYM3HK BEpTUKAI
X

acummToTa Oymaau.
Aitraitmuk, f(X) Gyaxmus (X,, + o) 1a aHUKIaHTaH OYJICHH.
7-tabpud. Arap mynaait K Ba b conmapu tomuicaku,
f(X)=kx+b+a(x) (X > +o0o ga a(x) - 0)
oynca, y=kx+b tyrpu umsuxk f(X) dbyHknus rpaguruHEAT OFMa acCUMIITOTACH
neuniIaau.
4-teopema. f(X) ¢ynkmus rpapurun y =kx+b orma acumnrTorara sra
oYUM yuyH
lim w:k, lim (f(x)—kx) =b
Xo+o X X - +00
OynuILIM 3apyp Ba €TapJIu.
<« 3apypiuru. Yy =kx+b 1t¥rpu unsuk f(X) dynkuus rpapuruHuHr oFmMa

acUMIITOTacH OVJICUH. YHJa
f(X)=kx+b+a(x)
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oymo, X » +o nma a(X) - 0 6ynaau. by TeHrmUKHU YpTHOOPTA OJIUO TOTTAMM3:
(x) : kx +b+ ax

lim =k;
X — +00 X x_,+oo x
lim (f(x)—kx) = Ilm (b+a(x)) b.
Erapauauru. YmoOy
lim &: k, lim (f(x)-kx)=b
X — + 00 X X > +o00

MyHocabatnap ypuniu 0yncuH. by MyHocabaTtnapaan
(fF(X)-kx)-b=a(x) - 0 = f(x)=kx+b+a(x)

Oymumm kenub yukaau. P>
3

X
(x-1)
<« by ¢pynkuusa yuyH

4-mucoa. f(x) = > OYHKUMSHUHT OFMa aCMMITOTACH TOIUIICHH.

LIC NS S

k= lim =1;
Xo+o X x_.+oo(X 1)

b= lim (f ()~ kx)-hm( ng—szz

v (x=1
Oynanu. Jlemak, y = X+2 TyFpu uu3ukK Oepuiran QyHKUUA TpaUruHUHT OFMa

acuMIroracu oyiaaau.p»

MamkJjap

1. Vmiby
| x—1

0=

GYHKIUSTHIHT OOTHK XaMm/ia KaBapuK OYJaguTraH OpaJIMK/Iapy TOTIHIICHH.

2. Yoy
2
+ —_
£(x) = 2X°+X—-2
x—-1
GyHKIUS TpaUTHHUHT OFMa aCUMIITOTACH TOTIUJICHH.
3. Ymby

a) f(x)=x*¥e,
0) f(x)=x+ 2arcctc,
B) f(X)=

TEKIIUPHUIICUH, TpaduKIapy YU3UIICHH.

- ﬂ byHKIUsIapHU  Xocwianmap — €praMuia  TYJIHMK
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2/-mabpy3a
Jlonurajab Kouaagapu

Mabnym maptinapaa  (QyHKUOUS — JIMMATAHEA ~ XHCOOJAIl — KOWJalapH
ypranwnras 3au. Kyn xonnapaa 6ynaail maptiap 6axkapuiMaraiaa, SbHH
f (X) (Oj

X - Xy 1a f(x) - 0, g(X) - 0: ——" HUHT JIUMHUTH
(00]

X - Xy ma f(X) - +oo, g(X) —» +oo: 09 HUHT JIAMHUTH (—j,
(00]

X - Xy ma f(X) - +oo, g(X) - +o0: f(X)— g(X) HUHT TUMUTH (00—00),

X - X, ma f(x) - 0, g(x) - 0: (f (X))g(x) HUHT JIAMUTH [00),

X - X ma f(x) - 1 g(x) - +oo: (f(X))g(X)HHHF JTUMHUTH [1°°j

XX ga f(X)-o,g(X) >0 f(X)g(X) Bm muvutn oo°HE TOmHMIINA
(YHKUMSIHUHT XOCHJIaJlapura acocllaHraH KoMjiara Kypa xucoosan Kyjaai Oymaau.

bynpaii ycyn OwiaH QyHKUMS JHUMHTHHM Tonuil Jlomuranas Kouaajdapu

neuniIaau.
o O © .
1°. — Ba — KYPUMHUIIKAATH X0JJIap.
[00)
1-teopema. @apa3 kwmaimuk, f(X) Ba g(X) dyaknusnap (a, b) na
oepwiran 0ynu0, Kyluaaru mapTiapHu OakapCcHH:
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1) lim f()=0, lim g(x)=0

X—b-0
2) OxO(a, b) n1a f'(X) Ba g'(X) Xocumanap MaBxKyn;
3) OxO(a, b) na g'(x) #0;

() S G
4) Ymoy Xllrglo g =A, AOR) wMaBxyn. VY xomnmga Xllrp_o (%) =A

oynanm.
«4 f(b)=0, g(b)=0 neb6 onmamms3. Yuga f(x) Ba g(X) dyakuusIap

(b—-9, b] na (0 >0) yznykcus 0yaub Konaau. TeopeMaHuHr 4-apTura Kypa:

Ne>0, (>0, OxO(b-4, b): - —# <
9'(x)
oynanu.
Oumu (b -9, b] na Komm Teopemacunan ¢oiinananud TomaMus:
‘f(x)_#z f(b)—f(x)_#z f'(c)_%%g
9(x) g(b) - g(x) g9'(c)
(cO(x, b) O[b-0, b]).
Jlemak,
lim w =
=00 g (x)
ynu ncbotnam tanad KWJIUMHTaH 3a4. P>
1-mucon. Ymly
X B
(Inx)? - () ~
lim e -a-h
x-e X—e €

MyHOCa0aT UCOOTIIAaHCHH.
B
« f(xX)=(Inx)? —(zj ,  0(X) =x-e dyukuusinapu yuyn (1, €) ma 1-
e

TEOPEMaHUHT Oapya mapTiiapu Oakapuiaiu:
B
1) lim f(x) =lim[ ((Inx)“ —(fj =0,
X—>e X->e e

limg(x) =lim(x—-¢e) =0;

B
2) (% :a(lnx)“'li—ﬁ(f} (=L
X e\e

3)g'(x)=1#£0;
-1
, alnxye it -B X)
2y tim & —jim x ele) _a-p
xweg(x)  x-e 1 €

Jlemak,

155



2-teopema. Anraimmk, f(X) Ba g(X) dynkumsnap (a, + o) ma Gepuiran

O0ynu0, Kyluaaru mapTiiapHu 0a)KapCuH:
D lim f(x)=0, Ilim g(x)=0;
X — +0o

2) OxO(a, +) ga f'(X), g'(X) xocunanap MaBxy;
3) OxO(a, + ) ma g'(x) Z0;

4) Yoy
im (%) F'(x) _
x-e g'(X)
maxyn (AOR). V xomma
lim ——= f (X)
x= g(X)

oynaau.

4a>0 neo, t 21 aeimu3. Yuaa t [ (0, 1) Oymub, X — +co ma t - +0.
X a

Oumu F(t) Ba G(t) dyHKIMsITApHU KyiHIarnda
F)=f@, Gt)=9@F)

AaHUKJIauMA3. YHIa
t-+0ma F(t) -0, G() - 0

Fit)=f'() m—tiz), Gt =g® Ea—tizx

F'(t) = f,(%) S A (t — +O)
G'(t) d'@)
oymu0, 1-reopemara kypa, t - +0 na
FQO
G(t)
oynanu. Keitmaru myHocabataa 3ca
() _
lim
5 (¥
oynuiy kenub yukaau P
2-mucou. Yoy
1
e -1
lim

x-+o 2arctg® — 77
JJUMHUTHH XI/ICO6JIaHF.

1
dArap f(X)=e” -1 g(X)=2arctgx’* -7 neiimnca, ymap yuyH 2-
TEOPEMaHUHT Oapya MmapTiiapu Oakapuiaau, KyMmiiaaaH
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1
2 2
f'(x)=-—e",
(X) w
oymmo,
1
f! _23eX2 4
TR G SN N it S
X—’+°°g(X) X — 400 4 X — 400 2X 2
1+ x4

Oynmamu. 2-reopeMara Kypa

jim ) = jim L) iy 1 -
x=+0 g'(X)  x-+= g(X) x~+°<>2arctg< -7

oynaau. P

Kyhnmarn teopeManap xam IOKOPHAA KEITUPWITaH TeOopeMajlapra yxXImaml
ucOOTIaHAIH.

3-Teopema. Dapa3 kunavinuk, f(x) Ba g(x) dyskumsuap (a, b) na
oepwiran 0ynub, Kyluaaru mapTiapHu OaxapcuH:

1) Xlirglo f(X) = oo, Iirpog(x) = 00;

2) OxO(a, b) ma f'(x), g'(X) xocunanap MaBxXy;
3) OxO(a,b) ma g'(x)#0;

4) Yoy lim ﬁ =A, (AOR) maBxyn. Y xomnma
x~b-0 g'(x)
lim w =
x-b-0 g(X)
oynanm.

4-teopema. Dapa3 kwmaiinmuk, f(X) Ba Q(X) dysknusmap (a, +©) na
oepwiran 0ynub, Kyluaaru mapriapHu OaxapcuH:
1) lim f(X) = oo, Ilm g(X) = oo;

2) Ox0O(a, + o) na f '(X), 9'(X) xocunamap MaBXy;
3) OxO(a, +») ma g'(x)Z0;

4) Ymoy lim fEX; =N, (AOR) wMaBxya. VY xomma lim ()

x—+o g'(X x—+ g(X)
oynanm.
2°. 0o, 0 —o0, 17, 0° KYpPUHMIOUAATY XoJu1ap. by xypunum-garu
0 o .
aHUKMAaCJIUKJIIap 0w XoJulapra KeJITUpWInO, CYHT IOKOpHAArd Teopemalap
(00]
KYJUTAaHUJIAIU.

1) X - X, ma f(x) - 0, g(x) » oo Oynranma f(x)[g(x) byHKUUIHUHT
JMMUTUHY TOMHII YIYH YHH
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_ (0 _9(x)
F) (g =— 0 =92
9(x) (X
ne0, cyHr 1-&ku 2-Teopemanap KyJIaHUIATH.
2) X-X ma f(X) - 4o, g(x) - o Oymranga f(x) —g(x)
(YHKITUSTHUHT TUMUTHHA TOTTHII YIyH YHH

11
f(0-gpg =90 T
Bl el
(0 909

ne0, cyur 1-TeopeMa KyiaHMIaIu.
3) X- X na f(x) -0, g(x) -0 XamMaa X - X na
f(X) > 1 g(x) > +o OYynranga (f (X))g(x) GYHKIMSHAHT JTAMATHHA TOIIHIII
y4YH aBBaJlo
y = (f(x)°
GyHKIHS JorapudMIaHaan, CYHT FOKOPHIArd TeopeManap KyJIaHuIaiH.
3-MucoJa. Yuidy

1
JIMMUAT XHUCOOJIAHCHH.
1

. (sinx\x®

lim| ——

x-0 X
sinx

2
dABBajio Yy = Iim(—jx ne6 onamus. PaBuianku, X — O ma
Xx-0 X

f(0=""%_1  g=; -+
X X

Conna xucobmanuiap épaaMmuia TOraMms3.:

i sinx
- sinx (m ]

!

_ . . X
liminy =lim—2X*— =lim :
X-0 X-0 X X-0 (XZ)
X COSX — SinX
AN tec
_ lim SINX X _
X-0 2X
1, xcosx-sinx _1,. (xcosx-sinx)
==lim ==lim - =
2x-0 X3 2 x-0 ( 3)
X
1, Xsinx 1
=-_lim——=—.
2x-0 3x 6
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1

. (sinx\x -
Jlemaxk, IIm(—j =e
X-0

X

ol

>

MamkJjap

1. Uxtuépuit a llRnpa ymoy
(ﬂ arctg)? -1 5

. a
lim £ =
x-1 In x Vi

TEHTJIMKHUHT YPUHIN Oy UCOOTIAHCHH.

2. Yoy
lim x(ﬁ —arct)
X — +00 2

JIUMAT XHUCOOJIaHCHH.
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7-bOb
AHUKMAC UHTEI'PAJI

28-mabpy3a
Bouutanruy ¢pyHKImMs Ba aHUKMAac HHTerpaj TylyH4YaJdapu

1° bomwitanruy  Qynkums Tymynuacn. Papas kumaiimk, f(X)Ba F(X)
¢byukusutapu (a,b) 0 R umuTepBanga (0y mHTerpand yekin EKM YEeKCH3 OYIIMIIN
MyMKHH)  Oepmwiran  O6ymm6, F(X) dysxkmus my (a,b)0R  na
nuddepeHnnanIanyBun OYICHH.

1-tabpud. Arap (a,b) mmrepsanma F'(X) = f(x) (xO(a,b)) 6Yymuca, (a,b) ma
F(X) dyakmus f(X) HEHT OonmIaHFUY (QYHKITHSACH JISHUITA N,

Macainas, f(X) = 1 dbyskusHUHT (0,+00) na Oonmanruy GpyHkmsacu F(X) = In x
X

oymamu, uynku (0,+00) ma F'(x) =(Inx)" = 1 f(X).
X

Antainuk, f(X) Ba F(X) dyakuusiaapu [a,b] cermentna 6epuiran 6ymuo, F(X)
¢ynkuus mry [a,b] na nuddepennman-nanyBun 6yicuH.

2-tappud. Arap (a,b) mmrepsanma F'(X) = f(x) (xO(a,b)) 6yau6, a Ba b
HyKTaJlapja 3ca

F'(a+0)=f(a), F'(b-0)= f(b)

TEeHTIMKIap Ypuniau Oynca, [a,b] cermentna F(X) ¢yskmus f(X) HuHT
OomnanFud GyHKIUSACH JeHUIIa N,

1-teopema. Arap (a,b) unrepBanga F(X) Ba ®(X) QyHKUMA-JIApHUHT Xap OUPH
f(X) ¢ynkumsHUHr Oomutanrwd ¢yHKImscu Oynca, y xomma F(X) Ba P(X)
byukusuiap (a,b) ma oup-6upuaan y3rapmac conra Gapk Kujaaau:

d(x) - F(x) =C. (C =const)

<« [laprra xypa (a,b) ma P'(x) = f(x), F'(x) = f(x) .

Hemak, (a,b) ma P'(X)=F'(X). ¥V xomma 21- mabpy3aga KEITHpUJIMIaH 2-
HaTHXara Kypa

®(x) = F(x)+C. (C =const)

oynagu. P

by Teopemanan Kyiuaara HaTuKa KeJIu0d YMKaIu.

Hatmxka. Arap (a,b) ma F(X) o¢yskmus f(X) HuHT OMpop OONUTaHFHY

bynkusacu 6yica, y xonga f(x) pyukiusauar (a,b) marum uxtuépuii OomuiaHFruy
dynknusacn P(X) yayH
®d(x) =F(x)+C. (C=const)
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oynanm.
1-Dcaarma. (@,b) na 6epuaran xap Kangai QyHKIUS XaM OOILIaHFUY (QYHKIUATA
sra 6ynaBepMainiu.
1-mucod. (—1,1) naTepBasiIa ymoy

—1 arap -1<x<0 06Y¥ca,
f(X)=4 O,arap x=0 0yica,

1, arap 0<x<1 6ynca

(GYHKIUSHI KapanivK.
by dynkmusauar (—-1,1) wHTEepBasma OonutaHFMY (YHKOHATA dTra OYIMATHTH

UCOOTIIAHCHH.
dTeckapucunu (apas KuIaiank, spHu Oepuiaran ¢yukius (—1,1) ma Oornutanruy

¢dyukus F(X) rasra 6yncun: F'(X) = f(X) (xO(-11).
PaBmiankn,
FO=f0=0 1)

oynanu.
by F(X) ¢bynkumsra [0, X] cermenTna (0 < x<1) Jlarpamxk TeopemMa-cuHU KYyiiad
TOTIAMH3!

F(X)-F@O)=F'(c)[x=f(c)[x=x (cO(0,x)).
KelnHru TeHTIIMKaaH
FOO-FO _; m FO-FO _,

X X-+0 X
6ymu6, F'(+0) =1 6ymumm kenub unkaau. by aca (1) myrocabarra 3umaup.
Hemak, kapanaétran f(X) ¢yskuums (-11) nga Oommianrus QyHKIUsAra sra
oynmaiinu. »
2-Teopema. Arap f(x)0C(a,b) 6ynca, y xomma f(x) dymxums (a,b) ma
OomnanFuy GyHKIMATA 3ra OVIaau.
by TeopemanuHr ucbotn 34-Mabpy3ajia KEATHPUIAIN.
2°. OyHKUMSAHHHT AaHUKMAC WHTerpann. VIHTerpajHHHr  XoCCAIAPH.
Antaiinuk, (a,b) ma f(X) dyskmus Oepuiaran O0ynu0, F(X) ¢yHkmms yHuHT
oupop OonutanFuy GyHKIUACH OYICHH:
F'(x) = f(x) (xO(a,b)).
VY xonnga 6epunran f (X) GyHKUMSHUHT HXTUEpUH OONUTaHFUY (DYHKITAACH
F(x)+C (C =const)
KypuHUIIIa ndoaaraHam.
3-tabpud. Ymoy
F(x)+C (xO(a,b))
udpona f(X) GyHKIUSHUHT aHUKMAC UHTETPAIU JeHIIaIN Ba
[ £(dx
kabu Oenrunananu. byHma I - uHTerpan Oenrucu, f(X) mHTErpanm octumaru

bynkius, f(X)dx uarerpan octumaru udoaa aeHuIaIu.
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JleMak,

jf(x)dx= F(x)+C (C =const)

lynnait kumuo6, (a,b) waTepBanma f(X) QyHKUMSHUHT aHWKMAac WHTETPaIH
(a,b) nma xocwmacu my f(X) ra Tenr OYyiraH QYHKIHS-HAHT yMYyMHH

KYPUHUIIUHYU UoJanap KaH.
2-MucoJj. Yoy

[xCdx
WHTETrpaJl TOMUJICHH.
<« AHuKMac uHTerpan tabpudura kypa, mynmaid F(X) (yHKIUS —TONWIMIIN

kepakku, F'(X) = x® 63ncun. Arap
1 4
F(X) ==X
(x) 4
neiinica, papmanku, F'(X) = x3 oynamu. [lemak,
jx3dx=%x4 +C (C=const). »

3-Mucoa. Yuidy
I xdx

V1+x?

aHUKMAaC UHTETpaJl TOIHJICHH.
<« Pasmiauku,

F(X) =V1+x?
byHKIUSA yIyH

F'() = W1+ x?) =— 2% a

2W1+x2 14X

oynamnu. Jlemax,

xdx >
Im—\/l+x +C. »

DHAM aHUKMAaC MHTETPATHMHT XOCCalapuHU KeaThpamu3. byHnan OyéH aHMKMac
MHTErpaj XaKuaa ram OopraHjga yHH KapanaéTraH opajukia MaBxynd 1e0, SAbHH
UHTErpaj ocTuaarn QyHKIUsS KapaaaéTraH opajvKaa OOUUIaHFUY (YHKIHUATa dra
neb KapaiiMu3 Ba OpaTMKHU KypcaTud yTupManMus.

1) Yoy

d(j f (X)dx) = f(x)dx

MyHOCa0aT YPUHIIH.

« Ajitaiiuk, F(X) ¢dyakius f(X) HEHT OonmiaHFuy (GYHKITUSICH OYIICHH:

F'(x) = f(x).

VY xonna,

[f(9dx=F(x)+C (C = const)

oynanu. by TeHrnukka quddepeHiyan aMaaiHu Kyjuiad TormaMus.
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d(j f(x)dx) =d(F(x) +C) =dF(x) = F'(x)dx = f (x)dx »

by xocca aBBan auddepeniman oenrucu d, cyHrpa uHTErpana Oenarucu j Kenuo,
ynap €HMa-€H Typraujia y3apo Oup-OupruHu HYKOTUIIMHY Udoanaiam.

2) Yoy

[dF(x) =F(x)+C (C = const)

MyHOCa0aT YpUHIH.

<« Aitraiinuk, F(X) dyakous f(X) auar Oonutanrmy yHKIUsCH OVIICHH:

F'(x)=f(x).

VY xonna,

j f(x)dx=F(x)+C (C =const)

Oynanau. AiiHU maiTa,

[ £(9dx = [F'(x)dx = [ dF (x)

0ynn0, Oy TeHrIuKIIapaH

[dF(x)=F(x)+C

oynumy kenub yukagu. »

By xocca aBBan unTEerpan 6enrucu I , CyHrpa muddepen-uuan o6enrucu d kenwmo,
ynap éHMa-€H Typrasja y3apo Oup- OMpHUHH HWYKOTHINMHU aHrjiataad Ba F(X) ra

y3rapmac C HU KYIINO KYHHII KEPAKIUTUHU KYpcaTau.
3) Ymby

JIF 9+ g0olax=  (xdx + [ g(x)dx 2
TEHTJIUK YPUHIN OYIaiau.
« Avirtaiiiuk, F(X) Ba ®P(X) dynknusaap moc papumga f(x) Ba g(X) mapHuUHT
OomnuanFuy GyHKIUsIaApU OYICUH

Fi(x)=1(9, ®'(x)=9(x).

VY xonma
[f(Xdx=F(x)+Cy, [g(x)dx=d(x)+C,
0ynuo0,
[ £(9dx+[g(x)dx = F(x) + ®(x) +C, +C, (3)
oynanm.

A¥inu naitnaa,

[FOo+ o] = f()+9(x)
oynrannuru cababmu
[ [f00+g00)dx=F (x) + ®(x) + C, (4)
oynanu. (3) Ba (4) mynocabarnapaan, ynapaaru C,,C, Ba C; nmapHuHr nuxtuépuii
yy3rapMac SKaHJIATHHA YbTHOOpra 00 TOmaMm3:
JIf 00 +g09ldx = [ f (x)dx+[ g(x)dx.»

By xocca aHMKMAac MHTETPATHUHT aITATHBIINK XOCCACH JICHHIa IH.
4) Yoy
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[k () = k[ f (x)clx (5)

TEHTJIMK YpuHin 0ynanu, Oynna K y3rapmac con Ba kzO.

By xocca rokopuaaru 3)- xocca kKaOu HCOOTIIaHATH.

2-9cnarma. (2) Ba (5) TeHrmuKIapHM VHI Ba 4Yam TOMOHJApHIard HdQoaanap

opacuIaru aMpma ysrapMac coHra OapoOapiuru mabHocuaaru (Y3rapMac COH

AHWKJIATUTH) TSHTIUK-JIap 1e0 Kapaiau.

4-mucoa. Yoy

=10
1+x

WHTETPaJI TOIHJICUH .

<4 Anvk uHTEerpaHUHT 3)-Ba 4)-XoccanapuaaH (oigaiaH-cak, yHIa

—3sinx)dx

5 . 1 .
—3sinx)dx =5 dx — 3| sin xdx
.[(1_'_ X2 ) .[1_'_ X2 .[
Oyuiy Kenub YuKaau.
DHIn
(-cosx)' =sinx, (arctx)’ = 1 5
+ X

OYIMIIMHYA YbTUOOPTa 0JIMO TOIMaMU3:

5 l_|_L2dx - 3jsinxdx =barctgx + 3cosx + C.
X

Jlemaxk,
J =bharctx +3cosx+C . »

3°. Acocumii anuKMac HHTErpajiap skaJBaJjiu.

DOnemeHTap (QYHKUMSIAPHUHT XOCWJIAJIapy JKaIBAIA XaMma aHUKMAac HWHTETpal
tabpudumaan Qoitmananud, comna (yHKIUS-TAPHUHT aHUKMAC HHTETpauiapu
TOMHMJIAAM. Y TapHU jkaMia0, KaIBall KypUHUIIHNTa KeITHPaAMU3.

1) [0lx=C, C=const.
2) [10ex = x+C.

a+l

X
3) [x%dx =
)j a+l

+C, (a#-).

4) j%:m‘xhc, (x#0).

X

[a*dx= & +c, (a>0 azl).
5) Ina
[e*dx=e* +C.

6) [sinxdx = —cosx+C.

7) [ cosxdx = sinx +C.
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8) | o —tgx+C (xz 2L+ m, n02).
cos? 2

9 | dx =—ctgx+C, (x#m,n02Z).
sin? x

arcsinx+ C,

10) jq/ ) {— arccox+C.

(1< x<1].

arctgx + C,

11 =
) j4/1+ X2 {— arcctg + C.

12) [ shxdx = chx +C.
13) [ chxdx=shx +C.

=—-chx+C, (x#0).

4°. TnddepeHunaniaim Ba HHTErpaLianl aMalapu xakuaa. Airaimx, f(X)
¢bynkius (a,b) 0 R ma 6epunran OyicuH.

Omatna, f(X) dbyHkuusHuHT Xocuiaacuau Tonuin yHu naud-depenmuamiam ( f (X)
dyHkuusra nuddepeHmaian aMaaui Kysuian) aedmiaaa. f (X) GyHKkuusHuHr
(a,b) marm Oommanruy ¢GyHKIMACHHU Tomwil, sbHU f(X) HHHr aHWKMac
uHTerpaauHd Tonuin yHu wuHTerpawiam ( f(X)dyHkuusra WHTErpal amaiuHU
KYJUIaI) ACHIIaIu.

JuddepeHnmramuiam Ba HHTErpaulall TyIOIyHYaJIapyd MareMa-THKa Ba YHUHT
TaTOMKJIapUIa MyXUM POJIb YHHANIH.

MatemaTuk aHaJIM3HUHT AuQQepeHuramianm TyllyH4a-cugaH Oup KaH4da
MacajajapHu, KyMJIaJaH XapakaT KOHYHHTa Kypa HYKTa XapaKaTUHUHT OHUU
TE3JUTHHU TOIUIIIA, STPU YM3HWK MabiIyM OYJraH XoJjia yHra YpUHMA YTKa3HIII
MacaJa-JTapuHu Xaj dTUuliIa GoiaraHuIaam.

Kyn xommapma xapakatnarm HyKTaHUHT Xap OWp BaKT MOMEHTAArd TE3JUTU
MabJIyM OYyIraH/ia XapakaT KOHYHHHHU TOIUII, 3TPH YU3UKHUHT YpUHMAacHUra Kypa
Y3WHU aHMKJIAIl Macajlaiapy ro3ara Kenaau. by xonaa QyHKIUSHUHT XOCHIIacUTa
Kypa V3MHM TOMMII JIO3UM OYymanu. By rokopuma scnald yTuiaran macajnajgapra
Teckapu 0ynu0, ynap GyHKIUSUTApHU HHTETPAJUIAII aMaii €pJlaMua eUnIau.
Hemak, ¢yHkuusuiapau nud@epeHnuaniam Ba HWHTErpai-jail aMauiapu y3apo
TeCKapH amajuiap O0yiaau.

Masbnymkn, osnemeHTap GyHKIpsuapHuHT (OyHZa, pammoHan —(QyHKIUIIAD;
JTapakand, KYpcaTKUWId Ba Jorapu@Muk (GyHK-IUSUIAp, TPUTOHOMETPHK Ba
TECKapu TPUTOHOMETPUK (YHKIUSA-JIAp, YJIAPHUHT WUFHHIUCH, alHWpMacH,
KymmaWTMacu, HUCOATH XaM 4YeKJIM MapTa CyNepHo3ulusIapAaH Ty3WIraH
GyHKOMSIAp TYIMIHU-HIIAAH) XOCHIAIAPH sSTHA dJIeMeHTap QyHKIHsIIap Oymau.
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AMMO xamMMa dieMeHTap  (DYHKIMSUIADHUHT  WHTErpajulapu  dJIEMEHTap
byukIusnap 6ynaBepmaiiam.
Macainas, ymoy

f(x) =sinx?, f(x)=cosx?, f(x)=e* (xOR), f(x)=i)r:x (x> 0).

GYHKIUSUTADHUHT aHWUKMAC WHTETpaIapu MaBXKyJ] Oylica xaMm yiap d3JIeMEHTap
byHKIUsAIap OYIMaiIu.

MamkJjap

1. f (X) = M GYHKIUSHUHT OONUIaHFUY (DYHKITUSCH TOITUIICHH.
2. AWTallliuK, f(x) byHKIUSA (—00,+00) na Oepuirad ToK QyHKIMs O0yiuo, F(X)
byHKIUS 3ca YHUHT OonuianFud (QyHKUUACH OYIJICHH. F(X) Kypt PyHKIHS

OyuIy nCOOTITAHCHH.
3. Yoy,

_ dx
=l

HHTCTpal XI/ICO6JI8,HCI/IH.
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29-mabpy3a
HNuTerpamnam ycyanapu. Cogia kacpjapHu HHTerpajiam

1°. ¥3rapyBunMHM aAMAIITHPHO HHTErPaLIAIT YCYJIH.
®apaz kunanuk, f(x) QyHKIUSHUHT aHUKMAaC UHTETpaln

j f (X)dx (1)
oepunran 0ynm0,yHH XUCcoOIal Tainad dTUICHH.

Kynunua, y3rapyBunm X HHM MabiyM Koujara Kypa OoIlKa y3rapyBuura
AIMAIITUPUII HATIKACHUa OCpUJITaH MHTETPAN COJJIa MHTErpajra Keinaad Ba YHU
xucobJain ocoH Oyaau.

Atitaiinuk, (1) uaTerpangaru y3rapyBun X sSHTHY y3rapyBun t OuiaH ymoy

t=¢(x)
MyHoca0aTaa 0yaud, Kyiiuaaru mapriaap 0asKapujicHH:

1) ¢(x) dynxuus nuddepenunamianHysdu OYICHH;

2) g(t) dynkmus 6ounanrud pyHkms G(t) ra sra, SpHU

G'()=g). [o®)dt=G()+C; (2)
3) f(X) dyukuus Kyiingarnya

f(X) =9(@(x) [4'((¥) (3)
ndogamaHCHH.
VY xomnna
[ £09dx= glp(x))¢'(x)ax=G(¢(x)) +C
oynanm.

4Mypakkad (QYHKIMSHUHT  XOCHJIACMHM  XHCOOJaml  KOWJa-CHJIaH
doitnananu0, (2) Ba (3) MyHocabaTiapHu YpTHOOpra 010 TOMAMU3!

[G(@(x) +C] =G (#(x) B'(x) = 9B B'(¥) = £ (x).

bynnan
[ f(dx=G(#(x)) +C

oynumy kenub yukagu. »

Iy #yn Owmnan (1) wHTErpadHd XHcoOJall Y3rapyBUYHMHH aJIMaIlTHPUO
WHTETpaJJIaIl yCYIH JeHUIa IH.

By ycynga, ysrapyBuMHW Xyaa kyn MyHocabaT GunaH anmaliTMpuL UMKOHUSTY
6ynraH lonaa ynap opacuaH lapanaétraH UHTerpanHu cogaa, ucobnal yyyH lynaii lonra
KenTupaguraHuHu TaHnab onuw myimmamp.

1-mucoa. Yoy
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jsin5xdx

UHTETpasl XUCOOJIaHCHH.
by uHTETpaTHN Y3rapyBUNCUHHN AJIMAMITUPUO XUCOOTaiMU3:

j sinbxdx=

5x=t
:}jsirtdt:—}cost +C:—}co§x+C. >
Sdx=df 5 5 5

2-mMucoJ. Yoy

=50
€" +e
WHTErpajl XUCOOTAHCHH.
<4 ABBasio Oepuiran HHTErpaJiHu Kyiuaaruia
dx ¢ e'dx
jeX +e™* _Iezx +1
€310 onamu3. By HHTErpanHM Y3rapyBUMHHN aIMAIITHPUII YCYIU-TaH (oiaananuo
XUCOOJIaUMU3:

e*dx e =t dt
=[——= = [—— =arctgt+C=arctge +C »
e +1 |e¥dx=dl -1+t
3-MucoJ. Yoy
X
J=] d
COSX
WHTETrpal XUCOOJTAHCHH.
<« PaBmranky,
1 _ cosx _ cosX
cosx co?x 1-sin®x
YHna
f dx _I cosxdx _| sinx=t _J. dt
cosx “1-sin’x |cosxdx=dt| “1-t?
oymmo,

1 _ 1 _1) 1 N 1
1-t2  (@1-t)@a+t) 2| @+t) (@-1)
oynrannuru cababmu

_1 dt d@a+t) .d@-t 1+t
s I3 ) 1D = +
@+t) ‘@-t) @+t) a-t° 2 1-t
oynaay.
Arap
1+t _1+sinx X 7
=" +D)
1-t 1-sinx 2 2
OyUMIIMHYU >bTUOOpPTA OJICAK, YH/A
_dx Intg(— —)+c:
COSX

SKaHWHU TOIaMu3. P>
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4-mucou. Yoy
dx

J=|
Vx?+a
WHTErPal XUCOOIAHCHH.

<dlHTerpanaa y3rapyBunHM KyilHaarnya aiMaliTHpamMus:

X++4/x%+a=t.

dt =d(x+~/x2 +a) = (1+ ——)dx =

x% +a

(az0, aldR)

Yuna

Vx2+a+x

t
= dx = dx
Vx?+a Vx?+a

dx dt

JZ+a t

oymuo, yaaaH

OyuImM Kenub YuKaIu.
Hatmwxana

J:j%zln\tHC:In‘xh/xz+a‘+C (4)

OyuImMHN TonaMus. P>
2°. Bynakna6 umaterpaanam ycyaum. ®apas kumaimmk, U(X) Ba V(X)
byukuusaap ysnykeus U'(X), V'(X) xocuaamapra sra OyJICHH.
PaBmanku,
(U(x) [v(x))" =u'(X) [v(X) + u(x) [V'(X)
oynamnu. Jlemak,
F(x) =u(x) [v(x)
byHKIUA
f(X) =u'(X) [v(X) +u(x) [V'(X)
GbyHKIUSHUHAT OonutanFud QyHKusacu 6ynaau. bynnan
J[ur () () +u(x) ' (x)Jdx = u(x) (x) + C
Oyuiy Kenub YuKaIu.
AHuKMac naTerpaiHuHr 3)- Ba 4)- xoccanapaaH (oiga-a1aHu0
Ju() v () dx =u(x) (x) = [u'(x) W(x)dx (5)
OYIMIIMHYU TOTIAMU3.
(5) popmynanu Kyiugarnya
Ju(x) Cev(x) =u(x) (x) = [v(x)du(x) (5%o)
XaM €3Ull MYMKHH.

By (5%o) dbopmyna Oynakiad muTerpamiain GopMysiacu aeduinaad. YHUHT
épnamua
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Ju(x) ¥ (x)dx
UHTETPAIHU XHCOoOIaml
Ju'(x) W(x)dx
MHTErPaJHi XHCOO/IAIra KeJITHPUIIA/IM.

5-muco.r.
j X COSXdX

UHTETpasl XUCOOJIaHCHH.
4 bynaknab uarerpaam Gopmynacunan oiigaaaHud TOmaMus;
u=x, du=dx

= xsinx —jsinxdx:
cosxdx=dv V=sin

= Xxsinx+cosx+C. »

J =j\/x2 + adx

j XCOSXdx=

6-mucou. Yoy

WHTETpaJI XUCOOJIaHCHH.
<« Kapanaérran unrerpaiia

u=+vx®+a, dv=dx

Jennica, yuaa
X

Vx*+a

oynanu. bynakiad nHTerpasianmi q)opMyJIaCI/IILaH (I)oﬁz[anaHH6 TOTIAMU3:

J=xVx*+a- jmdx X\ X2 +a—jx\/%a

=xx/x2+a—jx/x2+adx+aji=
X% +a
=xJx%+a-

du = dx, v=x

J+a
IVX +a
J=xWx*+a-J+a
jx/x +a
J=£{xx/x2+a+aji]
2 +a

X2

Jlemak,

Masaymxn, (1° naru 4-MI/ICOJI)

‘x+x/x +a‘+C

x+a

J :jx/x2+adx=§x/x2+a+gln‘x+x/x2+a‘+c

oynuimy kenub yukagu. »

Hatmxkana
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7-MucoJ. Yoy

dx
== NUN,allR, a#0
n .[(XZ + a2)n ( )
WHTErpajl TOMUJICHH.
<« by uHTerpanua
1

u= m ) dv = dx
ne0 oJicak, yHaa
du=— 2nxadx _
oevay T
oynamu. (5) popmynanan doinanaHud TomaMums:
2
Jy = (X2 + az)n + 2n.[ (X2 + a2)n+l dx =

X a2
= +2n
(XZ +a2)n |:.[ (X +a ) .[(X +a )n+1
Hatmwxana
X 2
Jy,=————+2nlJ, -2na” ],
(X2 +a2)n

oynanu. by TeHrnukaan

1 X 2n-11
3. = ML 6
™ ona? (x*+a®)" 2n a? " (©)

Oy kenub yukaau. P
Opnatna, (6) MyHOCabat peKKypeHT hopmysia Jerunam.
Papmranku, n =1 6ynranma

X
d(>)
3 =I 2dX 2:1 ?( :larctg§+c
X" +a a 1+ (7)2 a a
oynanm.
N =2 6ynaranna moc J, uHTerpayuiap (6) pekkypeHt gpopmyina épramuaa
TOTIHJIAIH.
Macanas,
1 X 1 1 X 1 X
J, = = +—0), = +—arctg+C
? J‘(Xz +a?)? 28 x+a’ 2 by ¢ +a) 2a° a
oynamu. »
3°. Conna kacpaapuu mHTerpasianr. Yoy

(xza Bx+C
(x-a)" (X + px+q)"”
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KYPUHHUIIIATH byHKIMsIap conaa Kacpiap nennnany, OyHna

mON; A,B,C,a,p,q — xakukuii conmap Oymauo0, x2+px+q KBaJpaT yuxaj
2

P

XaKUKUU WINA3ra 3ra 3Mac, SbHU ( _T >0.

m =1 6ynranaa coaaa KacpJIapHUHT UHTETpaiapu

jidx’ sz)(—-i-CdX
X—a X~ + px+q
Jap Kyhdugaruda XucoOjaaHau:
A _ . rd(x-a) _ _
[———dx=A] = Aln|x-4 +C;
X—a X—a
.[ZBX+C dx=j Bx+C 2dx=
X+ px+q

(x+ 27 +@-")

_ P™_ 2
dx = dt, -—=a
a 4
tdt Bp,, dt
=B +(C-— =
j'[2+a2 ( 2)jt2+a2

=Eln(t2 +a’)+(C —%)larctg£ +C* =
2 2" a a

p
2C - Bp X,

:Eln(x2 Q)+ arctgiz2 +C*,
2 2 q_pi q_pi
\ 4 \ 4

Avitaiimuk, MO N, m>1 6yncun. by Xonma cogma acpiapHUHT

UHTEerpaiapu
.[ A dx .[ Bx+C

(x-a)" (x* + px+qg)"
Jap Kyduaarnda XucoOaHau:
A _ A
dx=A|(x-a) "d(x-a) =- +C,
J(x—a)rn J( ) dx=3) (m-D(x-a)™*
x+2=t x=t-P
Bx+C _ 2 2 | _
j(x2+px+q)”‘dx_ p2 _ o
dx = dit, q—Tza2
_B 22tdt2 +(C——pB)j' dt _
2 (t +a )m 2 (t2 +a2)m
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_ B 1
Y 2 N = ).[ m’
2(m-1(t° +a°) 2 (t? +a)
Keitunru myHnocabataaru

J- dt
(t 2 + a2) m*
HHTErpan (6 )pCKyppCHT (bopMyJIa Cp,[[aMI/I,Z[a TOIINJIAIHA.

MamkJjap

1. Yoy
dx
/ ver+1

WHTETpaJI XUCOOJIAHCHH.
2. Yoy

j e coshxdx

HHTCTpal XI/ICO6J'I8,HCI/IH.

. dx . )
3. Kyitnnaru j — UWHTerpanHu 0ynakiaad WHTErpaial HaTHXKACH !
X

du = dx, v=1

jd_;(z X . ZXG}E—.[ ( iz]dx 1+j

X
u=Xx, dv=-=
X

Oymumm kenub YuKaau. XaTOJIUK TOMUJICHH.

30-manpy3a
Panmonan xamjaa TPUroHOMeTPUK (PYHKIUSJIAPHU HHTErpasiiai

1°. AJireOpaHMHT 0ab3M MAabJIYMOTJIAPH BA TACAUKJIIAPH.
buz kyitmpa anreOpa Kypcuaa ypraHunaauraH Oab3W TyIHIyHYa-JApHU Xamza
TacHuKIapHu (MCOOTCU3) KeNTUpaMu3. YiapaaH panuoHan QYHKIHsIaApHH
UHTerpaamga Gogananuiaim.

AWTanmmK,

P.(X)=a, +aXx+a,x* +..+a,x" (1)

kynxan Oepwiran OyncuH, Oynma g [UR k= 012...n, nUN sca xynmxamHuHr
Japa)kacul.
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Arap al0R yuyn P,(a)=0 06ynca, @ con P,(X) KynxagHuHT WIau3u

nevimnanau. by xonga P, (X) xynxan X —a ra 0ynuHMO, y Kylngarinda
P, () = (X~ 2)Q(X)
kypunuiaa ndogananaam, oynaa Q(x) — (n—1) — napaxkanu Kymxa.

Arap P (x) xymxag (x—a) (KON) ra 6ymunca, @ con P,(X) HuHT

K —kappamm unansu 6ynaau. By xonma P, (X) ymoy
P.(X) = (x—@)“R(x)
kypunuiaa ndoxananaamn,0ynaa R(X) —(n—Kk) mapaxanu xynxa.

Arap z=qg+if xommiekc coH P,(X) xymxagHuHr winusu Oyica,
Z=a-if xam P,(X) mHunr wigusu Oynanu. llynunarnex, z=a +if con P,(X)
HuHT K Kkappamm wnamsu Oynca, Z=a —if con xam my P,(X) xymxagaunr k
Kappamu winusu o0ynamu. Y xonna P, (X) kynxagHuHr ndopacuna Kyniuaarn

(x=2)(x=2) =[x~ (@ +iB)|[x- (@ -iB)] =
=x*+px+q (p=-2a, q=a’+p%)
KBaJpaT yuxaj KynauTyBuu OViIuO KaTHAIIAIN.
dapa3 KWIANIKK,
Q.(X) =a, +ax+a,x* +..+a,x" (2)
Kynxan 6epuiran 6ynmo, a,,q,,...,a, Xakukuii connap Q,(X) HHHT MOC paBHIIIA
A Ay, A Kappanu wnausnapy, Zj,Z,,...,Zg KOMIUIeKC conmap 3ca Q(X) HuHT
MOC PaBUIIARA Vi, Vy,...,Vs Kappanu Wign3napu OYIcuH.
1-Teopema. Xap kanaai N— gapaxanu
Q.(X) =a, +ax+a,x* +..+a,x"
kynxan (a,0R,m= 012,..,n, a,#0) ymOy
Qu(X) = (x= @)™ (x= @) ... (x = @ )x™ [(x* + px +

00" (X + X+ Gp) 2 (X7 + pox+ )
KypuHuiaa ndoaananaam, OyHaa
MtAt t A2y ty, +oty)=n,

3)

0y uo, X2 + px+q (= 12,..,S) kBaapar yuxaa XaKMKU{ HIIN3ra 3Ta 3Mac.
Mabaymku,
P,(X) =a, +a,x+a,x* +..+a,x", (nON)
Q.(X) =b, +bx+b,x* +...+b.x%,  (sON)
kynxamtap (a OR, bj OR;i=012,....n; j= 0,1,2,...,S) Hucbatu
P.(X) _a,+ax+a,x’+..+ax"
Qs(X) by +bx+b,x* +...+b.x°

Kacp pauuoHan QyHKIuUs nedmimob, n< sOynranaa y TYFpu Kacp Jeduiap du.
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P, (X
2-Teopema. Arap L TYFpu Kacp Maxpaxkuaaru Q (X) kynxax ymoy
X

S
Q. (x) =(x—a)™Q(x) (mON)
kypunuiaa 6ymuo, Q(X) kymnxamx X—a ra 6yauHMmaca, y xoJiia
PO A, An A LPX
QA (x-a)"  (x-a)™* x—a Q(x)
oynmamu, 6ynna A OR,i =1,2,..., m; P(X)- xkymxan.

P, (X
3-Teopema. Arap L TYFpu Kacp Maxpakunaru Q(X) xymxan ymoy
X

Q(x)=(x*+px+q)"Q(x)  (MIN)

KYpuHHUIIIa 6yiuo, (X2 + pX + QKBaapar yuxaja XaKdKHi WJIH3ra ara smac),

Q(X) kymxam X* + pXx+( ra GymuHMAaca, y XoJ1aa
Pn (X) - Bmx + Cm + Bm—lx + Cm—l + + le + C1 + P(X)
Q) (F+px+q™ (G+px+a)™ X+ px+q Q(X)
Oynagm, Oyama B OR, C OR i=12..m P(X)-KyIXa.
IOxopuna kentupmiran 2- 3-TeopeManiap UXTHEPUH TYFPHU Kacp Xap oupu
Xaau yuoy

A
(x-a)"

Bx+C
(X" + px+ )"

p? - 4g<0, mON)

KYPHMHMIIAATH KacpjapAaH, SbHU COJAa KacpJapAaH udopar 0yjaran

WMFUHAM OpKaJu upogaJaHUIIMHE KYypcaTtaau. bynaaii xouaa Tyrpu kacp
CO/JIa KacpJapra éimnjiaam JeHuiaau.

, (a0R, AOR, mIN);

, (BOR COR, pORqOR

ANTaNINK,
F.(X)
Qs(X)

TYFpU Kacp Oepunrad OyncuH. AManuéraa Oy Kacp cojia Kacp-japra Kyhnaaruia
ENMIIaIn:
1) Kacpuunr maxpaxu Qg (X) xynxan (3)xypunumina é3nmna-nu,

(nON, sON),n<y)

2) 2- 3-teopemainapaan GoiinanaHuo,
R
Qs(X)
HHU COJIJIa Kacpjapra ENHIaam,
3) By &iimnmaHuHT YHT TOMOHHMIArU COAJA Kacpiap WUFHH-IUCH YMYMHUUH
Maxpakra KeITUPUIIaIx,
4) Hatmxkaga XoCHII OYJran
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P.(¥) _ Ry(¥)
QM) Q¥

SBHH,
R0 =R, (X)
TEHTJIMKHUHT Xap MKKA TOMOHHMJArd X HUHT OMp XWi Japaxa-lapu OJAUJard
KO3 GUIIEHTIApHU TEHIJIAIITHPUO, HOMAbIyM KO3(D(PHUIIEHTIApHU TOMHUII YYYH
TEHTJIaMalap CHCTEMAacH XOCHJI KUJIMHA/IH.
1-mucon. Yy

3x* +8
X3 +4x2 + 4x

TYFPHU Kacp COAJa KacpJiiapra EMUJICUH.
<« by KaCpHUHI Maxpaxxu
X3 +4x2 +4x = X(X? + 4x+4) = x(x + 2)?
OynraHu yuyH 2-Teopemara Kypa
x+8 _A, B, C
A2 +Ax X X+2  (x+2)2

oynanu. YHu
3x*+8  _ A(x+2)% +x(x+2)B+Cx
3+ 42 +4x X(X +2)?
KypuHHUIIa €310, yuoy
3x2+8= A(x+2)?+Bx(x+2)+Cx =
=(A+B)x?*+ (4A+2B+C)x+4A
TEHTJIMKKA Kemamu3. IKku KymXaJHUHT TeHTIMTHAaH ¢oiinana-auo, ymoy
A+B=3
4A+2B+C =0
4A=8

CUCTEMAHM XOCUJI KWJIaMU3 Ba YHU €4n0
A=2, B=1 C=-1C

oOynumHu ToramMus. Jlemax,

3x2 +8 2 1 -10
=—+ +

x3+4x2+4x_; X+2 (X+2)2'

2-mucoJ1. Yoy
X3 +4x% -2x+1
x* +x

TYFPU Kacp cojiia Kacpiapra EHUICHH.
<«4PaBmranky,

x* +x = x(x+1) (x* - x+1).
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Yuaa
x’+4x°-2x+1 _A B  Cx+D
X(x+D)(x*-x+1) x x+1 x?-x+1

oynau.
Keinaru teHrnmuknan

X2 +4x% = 2x+1= A +1) + BX(X* —=x+1) +(Cx+ D)(X* +X) =
=(A+B+C)x* +(C+D-B)x* +(B+D)x+ A
OynuImy Keaud YMKaau. Y TCHIIIMKHUHT Xap UKKH TOMOHUJATH X HUHT OHp XHJI
napaxkanapu onauaara kodhdunuentinapau TeHr-namrupud, A, B,C,D napam
TOTHII YYyH KyHUIaru

(A+B+C =1,
C+D-B=4
B+D=-2
A=1

CHUCTEMaHH XOCHJI KHJaMH3. YHHU e4r0 TOmaMus3;
A=l B=-2, C=2 D=0.
Jlemaxk,
X3 +4x% -2x+1 _ 1, -2, 2
x4+ x T x x+1 x?—x+1
2°. Paumonan ¢ysxkumsuiapan mHrerpamiam. ®Papas xwiaii-muk, f(X)

>

parmonast GyHKus 6VIr0, yHUHT HHTETPAIMHA XUCO0-J1anr Tajaad STUIICHH.
Attraitmuk, f(X) OyryH panmoHan GyHKIus

— 2 n
f(X) =a, +aX+a,x" +...+a,X
oyncuH. YHIa

[fd= (@ +a x+a, X +..+3,X") dx=a, x+ai)§ +a2);3 +...+anxr;1 +C

oynanm.
Avraitmuk, f(X) xacp pammonan QyHKIHs
a, +ax+a,x’ +..+ax" _ P (X
by +bx+0,x2 +..+b X" Q,(X)
(nON, mON)

OyncuH. Arap N2> m 6yica, yana P, (X) kymxamaun Q,(X) xymxaara Oymum
R (X)

m
Xamjia TYFpu Kacp HUFUHANCH KYpUHUIIUAA U(oaanad oJuHaau:

f(x) =

ounan f(X) = HUHT OYTYH KHCMUHH aXpaTHO, OyTYH palioHan QyHKIIUs

LR _ s B

f 7
%)= 5.0 Qn(¥)

PaBmiankn,
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P (x)
f(X)dx = d —rd
[ f(dx=[R(x) X+ij(x) X

Jlemak,

Qm(X)
paunoHan GYHKIUSHA HWHTETpajUlall TYFPU KacpHU HWHTErpaji-jlamra Kejaaiau.
TY¥pu KacpiapHu UHTErpajliall YIyH aBBaJIO yHU 1°. 1a KenTupuirad ycys OuiiaH
coama kacpnapra €nunanu. Coana KacpiapHH WHTerpaiam sca 29-Mabpysana

Oatadcus 6aéH dTUITAH.
3-Mucoua. Yuidy

(n>m)

dx

| 3x* +8
x3 + 4x% + 4x
WHTErpajl XUCOOJIAHCHH.

<« VHTerpan octuaaru paruoHas GyHKIMSHU COJIIa Kacp-Jiapra EsMus.

3x*+8 _2, 1 _ 10
XCHAXZ +4x X X+2  (x+2)?2

Jlemak,
2
J. 33x :8 dx=2j'%+ dx _10] dx =
X* +4x° +4x X “X+2 (x+2)
=2In|| +In|x+2 + 10 ,cr
X+2

4-mucoa. Yoy
J.xs +2x% +2x% -1

dx
X(x? +1)2

WHTETrpal XUCOOJIAHCHH.
<« Uurerpan octuaard QyHKOMs-panoHan QyHkuus OYnubd, y HOTYFpu
kacpaup. By kacprunr cypati x° +2x* + 2x? —1 xym-xagHu mMaxpaxu X(xZ +1)2
Kynxaara 0ynu6, yHUHT OYyTyH KUCMH-HU a)XpaTaMus3:
x® +2x* + 252 —J‘ X%+ 2% 4 x

x® +2x% 4+ 42

X
x2 -1
Jlemak,
x®+2x* +2x% -1 x? -1
=X+— =
X(x? +1)? X(x? +1)?
DHIn
x? -1
x(x2 +1)2



TYFPH KaCpHU COAAA Kacpiapra EImMus:
x*-1 _A_ Bx+C Dx+E
X(x>+1D? x  x*+1 (x®2+1)?
x> —=1= A(x* +1)? + (Bx+ C) x(x* +1) + (Dx + E) x =
=(A+B)x* +Cx® + 2A+ B+ D)x* + (C + E)x + A.
KelnHru TeHrIMKaaH

A=-1 B=1 C=0, D=2 E=0

OYIUIIIMHY TOTIAMMA3.

Jlemak,
x? -1 _-l, x . 2x
2 2 2"
x(x2+1) X x°+1 (x2+1)
Hatmxkana,
xX+2x*+2x2-1_ 1 x 2X
= x—=+ +
X(x? +1)? X x%+1 (x2+1)2
oymmo,
IX6+2X4+2X2_1=J-XdX_J-%+J' dX+
x(x2+1)2 +1
2X x? 1 d(x +1)  d(x* +1) _
+|———dx=— -1
J-(XZ +1)2 n‘X‘ J- X +1 J-(X +1)
x2 1
— - —I 1 - C
5 n|x + n(x? +1) 2 +1+
oynamu. »

3’ Ukkn Y3rapyBYMHMHI pauMoHaj pyHKuusAcH xakuaa. Mkku U Ba V
y3rapyBuunap Oepuiran 6ynuo, Oy y3rapyBuuiap €paamuaa yuoy

u"vm (n=012,.; m=012,..)
KynaitManu ty3amu3. Kyingaru
— 2 2
P(U,V) =ay, + aou + ag,V +a,0u” +a,,uv+ay,ve +...
n n-1, n-1 n
+aU” A U VLt UV 8y v
dbyHKuMs U Ba V y3rapyBUMJIApPHUHT KYIXaau Aedunanu, OyHua
Qg0 gy Agys---18g, — XAKUKUH COHIIAP.
Avtraitmuk, P(u,v) xamma Q(u,v) map U Ba V ¥y3rapyBUU-JIAPHUHT

KyTnxajajaapu OyiacuH. Yoy

P(u,v)
m (Q(u,v) % 0)

HUCOAT U Ba V y3rapyBUYWIAPHUHT pardoHan (QyHKOusch neru-naau Ba R(U,V)
Kabu OenrniaHaan:
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Pluv) (Q.Y) £ 0)
Q(u,v)
dapa3z Kunaik, U Ba V. y3rapyBUYHUIApHUHT Xap OupH y3 HaBOaTHaa X
y3rapyBUMHUHT
u=g(x),

v=¢(X)
¢yakmusutapu  Oyimcna. Y o xomga  R(U,v) dymkmms  @(X)  Ba  Y(X)
GYHKIUSTIAPHUHT pariioHan QyHKIMICH OYIau.
Macanas,

R(u,v) =

x—23/x%-1+1

Jx +3x% -1

u=+/x, v=3¥x?-1
JIAPHUHT palioHan QyHKUMsICH OYIaau, YyHKH
u?-2v+1
u+v
Xycycan, @(X) Ba (Y(X) nmapHuHr Xap OWpuU X Y3rapyBUYMHHHI pPalHOHAI

f(x)=

byHKIIAS

R(u,v) =

bynkusiapu 6yica, y Xxonaa
R(u,v) = R{g(x).¢/(x))
GyHKIUS 1y X Y3rapyBUMHHU panoHan GyHKUuscH Oyiaaau.
Oumu R(U,V) panmoHasn QyHKITUSHUHT COMIJIA XOCCATAPHHH KEJITUPAMHU3:
1) Arap
R(-u,v) = R(u,v)
oyica, y xonaa Oy panroHan QyHKIUs Yoy
R(u,v) = R (U?,v)
KYpUHHUILTA Kenaau, Oynaa R xam panuonan QpyHKus.
2) Arap
R(-u,v) = -R(u,v)
Oynca, y Xxonma Oy panoHan QyHKIUS yiiOy
R(u,v) = R, (u%,v)u
KYpuHHUILITA Kenaau, OyHaa R, panuonan gyHKOus.
3) Arap
R(-u,-v) = R(u,v)
oynca, y Xxonma Oy panioHan QyHKIUS yiioy

mezgeyﬁ

KypuHHUILITA Kenaau, OyHaa R, panuonan GyHKIus.
A, TpuroHoMeTrpuxk pyHKUHAJIAPHA HHTErPaJlJIaLLl.
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AWTainuk, R(u,v) UKKH Y3rapyBUMHUHT panoHan (pyHKUUA-CU OYJICHH.

Yoy
[ R(sinx, cosx) dx

MHTETpalIHU Kapanmus. by narerpanaa

X
t=tg—
g 2
aMaIITUPUIITHU OakapamMu3. YHIa
X _ 25
SINX = X_ > COSX = X_ 7
1+tg? > 1+t 1+tg2 X 1+t
2 2
2dt
X =2arctgt, dx=
J 1+t2
oyuo0,
. 2t 1-t2
R(sinx,cosx)dx = 2 ,
IR ) IR{1+t2 1+t2J1+t2
oynau.
PaBmiankn,

2t 1-t2) 1
1+t2 ' 1+1% J1+t2

udosaa t HUHT panuoHa GYHKIIUSACHIHUP.
Jlemak, (4) uHTErpajIHK XUCOOIAII

X
t=tg—-
g2

aJIMallTUPUII Ouan paluoHall q)YHKHI/I}IHI/I HHTCTpauialra Kejiaiau.

S5-mucou. Yoy
dx
j 1+sinx
UHTETpasl XUCOOJIaHCHH.
<« by uHrerpanga

X
t=1g-
alMamTHpuUII 0axapud Tornamus:
2dt
J-dX =J-1+t2=J-dt =_2=_
1+sinx 1+2t2 Q+t)2 1+t 1+1g>
1+t 2

Atipum xoiiapaa t =cos<x, t=sinx, t =tgX aamamrtupuiiap Kyjiai 0yiamm.

Avraitmuk, R(uU,V) pannonan QyHKIus yayH
R(-u,v) = -R(u,Vv)
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oyncun. by xonma
[ R(sinx,cosx) dx = [ R, (sin” x,cosx)sinxdx =
)J =-[R,@-t% t)dt

t = cosx
dt = —sinxd

oynanm.
Avraitmuk, R(uU,V) pannonan QyHKIus yayH
R(u,-v) = -R(u,v)
oyncun. by xonna
[ R(sinx,cosx) dx = [ Ry(sinx,cos’ x) cosxdx =
)J =[Ry(t.1-t%)dt

t =sinXx
dt =cosxd

oynau.
Avraitmuk, R(U,V) pannonan QyHKIus yayH
R(-u,-v) = R(u,V)
oyncun. by xonma
[ R(sinx,cosx) dx = | R, (tgx,cos’ X) dx =

t = 1tgx L1
= = [Ry(t,——
dx=— IRl 1?10
1+t

oynanm.

6-MucoJ. Yoy

[sin® xcos' xdx

UHTErpal XUCOOJaHCHH,

4 Unrerpan octugarn ¢yuknms yuyn R(-u,v) =-R(u,v) Oymamu.
Hlynunr yayH COSX =t peiimica, yaaa —Sinxdx = dt 6yim0,

, t" t° 1 1

[sin®xcos*xdx=| (t* ~Dt*dt=— —— +C=Zcos'x-=cos’x+C
7 5 7 5

oynagu. P

MamkJjap

1. Ymby
x* +1
x>+ x*—x3-x2
TYFPH Kacp COJIa Kacpliapra aXpaTUJICHH.
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2. Ymoy
'[ X3 - 3
x4 +10x% + 25
HHTCFpaJI XI/ICO6J’IaHCI/IH.

31-manpy3a
bab3u uppanuonan pyHKuMsJIapHA HHTErpajianl

+
1°. jR(x, n/ax+§)dx KYPUHMIIMAATH WHTErpa/uIapHA  XHCOO0-JIalll.
CX

dapa3 xwnaiinnk, R(U,V) WKKK Y3rapyBYMHHHT panuoHan (QyHKuscu OYmuo,
a,b,c,d nap xakukuii cornap, NN Oyacun.
Yoy
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jR(x,n ax+b
cx+d

)dx , ad-bc#0,

KYpUHHUIIMJIATH HWHTErpajulapHd  KapauMu3. by wuHTErpan  y3rapyB-4WHU
AIMAIITAPUII EpJaMuia paiuoHal GyHKITUSHUHT WHTETpaIuTa Kela Iu:

ax+b _t Xzb—t”d
ax+b ex+d 0 ct"-a
+d)dx d-b -
(a C)ntn—ldt
(a-ct")?

n_ n-1
=ﬂ{m EJdMI@m i

a—ct (a—ct")?

[R(x,n

1-mucon. Yy

+
J' 1+x EI— dx
1 X 1-X
WHTErpajl XUCOOJIAHCHH.
by unHTerpanaa
{= 1+X
1-x

aMaIITUPUIITHU OakapamMu3. YHIa
t? -1 4tcit

1241 (12 +1)?2
oyuo0,
T 2
I 1 XG d —2j t“dt
oynanm.
PaBmnianku,
2
tedt
=t-arctg +C.
t2+1 d
Jlemak,

j1+XG——d_2J 2arctg| X +C»
1-X 1-x

2°, J.R(X,\/ax +bx+c )dx KYPUHHMIIMIATH MHTErPAJLUIAPHM XHCOOJIALL.

By unTerpanga a,b,C-xakukuii connap 6y1u6, ax? +bx +C kBagpar yuxam TeHr
WITM3JIapra 3ra aMac.
Kapanaérran

[ R(x,v'ax? +bx + c)dx (1)

MHTErpaj Kyiuaara yura ajJMalTupu épIaMuia painonai GpyHKuus
MHTErpajura KeJau.
a) a>0 oyacun.
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(1) maTerpanma ymoy

t=+ax+vax? +bx+c  @xu t=-vax+ax?+bx+c)

aJIMaIITHPUIIHK Oaskapamus. Y XoJ1a
ax? +bx+c=t? -2Jaxt + ax?,

_ tP—c i = 2(\/5t2+bt+0x/_)
2Jat+b (2v/at +b)? ’
Jax +hxro= Yo rbtroia
2./at +b
oynanm.
Hatwxana

[R(x,vax® +bx +c)dx =

Ny t2-c  Jat?+bt+cVa L2(\/5t2+bt+c\/_)
2Jat +b’  2Jat+b (2J/at +b)?

oynanm.
2-MucoJ. Yoy
dx

Ix+x/x2 +X+1

I/IHTCI‘paJ'I XI/ICO6HaHCI/IH.
<« by unrerpania
t=x+Ux2+x+1
aHMaHITI/IpI/IHIHI/I 6a>1<apaMI/13. HaTI/I}KaI[a
t?2 -1 t2+t+1
= dx=2——dt

1+2t 1L+ 2t)2
oynuo0,
2
I dx =2f t +t+21dt
X+ X2 +x+1 @+2t)°t
oynaau.
Arap
2t°+t+) 2 3 3

(L+20)2  t 1+2t  (L+21)2
OYIuIHYA 3bTUOOPTa OJICaK, YHIA

I dx :IKE_ 3 3 Jdt:
x+x2+x+1 S\t 1+2t @+2t)2

3
201+ 2t)

=2In\t\—gln\l+2t\+ +C=
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:2In‘x+x/x2 +x+1‘—§|n‘1+2x+2 X2 +x+4+

3
+ +C
21+ 2x + 24 %% + x +1)

Oy kenub yukaau. P
0) ¢ >0 oyacun. by xosna (1) uarerpanma ymoy

=%(x/ax2 +bx+c -+/c)

€K1
=i(x/ax2 +bx+c +\/E)

X

AIMaINTUPUTITHA OakapaMu3. YHIa
2Jct-b Jet? -bt++/ca
= —2 , dX = 2 dt ’
a-—t (a+t)
2
—-bt +
Jax? rberg = YO Bl
a

0ynu0, (1) uHTerpan paruonan GyHKIUSIHUHT HHTETpaInra KeJau:

[R(x,vax? +bx +c)dx =
:jF{Zx/Et—b \/Etz—bt+a\/6](\/_ t+\/5a}

a-t> ' a-—t? (a+1)?

B) ax’+Dbx+C KBagpar yuxax TypJH X, Ba X, XaKHKHil WIIH3ra 3ra

OyJICHH:
ax® +bx+c=a(x—x) [x—X,).
by xonga (1) uHTerpanma ymoy
t=— 1 Jax +bx+c
X=X,
anMamTHpPHUIIHE Oaxxapamus. Hatmkaza

2
—ax, + xt / a(X; =X
XZA , ax2+bx+0:M

t?-a t?-a
dx = 2205 7%t oy
(t°-a)
oyuo0,
[R(x, Vax® +bx+c)dx =
_J' ax2+x1t2 a(x - Xz) Eza(xl X )t ot

t>-a " t?-a (t? —a)?

oynanm.

3-MucoJ. Yuidy
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X—+/ X2 +3x+2

| =] dx

X+/X% +3x+2

WHTErpajl XUCOOJIAHCHH.
<« PaBmranky,

X2 +3x+2=(x+1) [x+2).
[IIynu apTHOOpTa 0M0 Oepuiirad UHTETpaiaa

tzi\/x2+3x+2

x+1
aMaIITUPUIITHU Oakapamus. Y xoJa
_2-1? I s
= : dx=-—"
t2 -1 (t? -1
oyuo0,

Ix—x/x2+3x+2dxzj -2t2 -4t it
X+ X2 +3x+2 t-2)Qt-nt+1°

oynanm.
DHIU
3 L6 17 5 1

-2*-4  _ 4 27 108, 18 , 3
-2Q-DU+D° -1 t-2 t+l (+17 (+3
OYIMIIMHYA YbTUOOPTa 0JIMO TOIMaMU3:

_ —-2t% -4t dt 16 dt
|_j =20 -
(t—2)|]t—1)|]t+1)3 4't-1 277t-2
a s j =3int-1-
108’ t+1 18 (t+1) (t+1) 4
\—J———Htﬂ——— ot ocw

18 t+ 1 6 (t+1)2
3°. Bunomuan quddepenunaann HHTerpasIan. Yoy
x™(a+bx")" dx
upoma OwHomman auddepennuan gevmnaan, Oymma allR,bOR,mn,p-

paroHan CoHap.
bunomuan nuddepeHmaTHUHT HHTErpaId

[ x™(a+bx")" dx (2)
HU Kapaimu3. by uHTerpas Kyuuaaru xo/uiapaa panuoHaa GyHKUNsIHUHT

MHTErpaJiura KeJaajau:
1) p-0yTyH coH. By X012 M Ba N paruoHall COHIAp MaXpaKJIapUHHUHT HT

KAYMK YMYMUH KappaJlMCUHU O OpKaiu Oenrmiad, (2) uaTerpanaa
x=t°
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anmMamTupui Oakapuica, (2) HWHTETrpal panuoHal (YHKIUS-HHHT WHTETpajiira
KeJau.
4-mmco. Yoy
= IL ax
1+3/%)?
WHTErpajl XUCOOIAHCHH.
<« by uHTerpajgHu Kyiuaarnya
Jx 1 1
[— =5 dx= jx2(1+ x3) 2 dx
1+3/%)?
€3u0, OyHaa P = —2 OYIUIIUHU aHUKJIAHMHU3.
HNnTerpanma
x=t°
anMarmTupuin 6axapud
{8
| =6 L) dt
OYIUIINHYI TOIIAMMU3.

PaBnianku,
8
t—=t4—2t2+3— 4 + 1
1+1t2)? t2+1 (t? +1)?
Jlemak,
t® > 2° 1
[—gdt=— - +3~ 4arctgt +- IZ-I—+ arctgt +C
(L+t°) 5 3 +1 2
oyuo0,
|_—\/7 4/x +1&/x - 21arctg§fx+ e
oynamau. P

+
2) m+l_ OyTyH coH. by xonna (2) wumHTerpamma
n

X=tn
aMaIITUPUIITHU Oakapuo

jxm(a+bx”)pdlej(a+bt)IO 1% dt
n

OYJIUIIMHYA TOTIaMU3, OyH/Ia
_m+1

n

-1

CyHr P HUHT MaxpaxuHu S 1eb
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1
z=(a+bt)s
anmMaITHPUINHKA Oakapamu3. Hatmwkana (2) wHTerpan pamuoHan (QyHKIUSHHHT
WHTETpaJINra KeJIau.
S-MucoJ. Yoy

I xdx
/1 + 3/X2
WHTETrpajl XUCOOJTAHCHH.

<« by uHTerpania
2 1

X(L+x3) 2dx

IFJ

1
m=1 n= —, =——
3 P 2
oyuo0,
+
m+1_ 3
n
oynau.
Mynu spTHOOpPra 0aubd, Gepuirad HHTErpasia,
2 1
t=(1+x3)2

ANIMAIITUPUIITHY Oakapamus3. YHIa
2 3

1
1+x3 =t? | x=(t*-D2 , dng(tz—l)z [Ptdt

oymmo,
2

21 1:5
+t34C, t=\1+x3

£ 2 t7
XL+ x3)2dx=3[ (t* - *t°dt=3— -6—
[x@+x3) [ (% -0 - ~6¢
oynaau. P
1
3) ptqg - OyryH coH. Mabaymku, (2) mHterpan X =t" anMami-THpHII

OwnaH ymoy
m+L

bbbt p
}f(a+bt)p il ldt=}I(a+bt)p [ﬂth=}f(—a+bt) [@P™dt
n n n t

KYPUHUIITa KEeJIaIu.

Arap KeHMHIM HHTErpaiia
1

_(a+bt)s
Z=
t

anmMamtupui 6axapuica (S COHM P HUHT Maxpaku), Y paluoHan QYHKIUSHUHT

WHTETpaJIUTra KeIaIu.
6-mucou. Yoy
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I dx
x4/ 2 +3x°?

WHTErpajl XUCOOJTAHCHH.

<« PaBmanky,
1

d B [y
= @) B
Jlemak,

m=-2,n=2, p=—i, m+1
2 n

+p=-1

o0y, p+ q-0yTyH coH O6ynanu.
bepunran unTerpania

(23 -2

anMmarTupui 6axapuo,

(= N2 o N2t
t2-3 J&®-3)?°

!
1= B/W =[x7?(2+3x%) 2dx=
X

OYJIMIIMHYA TOTIaMU3. P>

MamkJjap

1. Ymoy
dx

I (2x+1)°V4x? + 4x+5

WHTETrpajl XUCOOJTAHCHH.
2. Ymoy
I dx
2SiNX — cosX
WHTETrPal XUCOOJIAHCHH.
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8-bOb
AHUK UHTEI'PAJI

32-mabpy3a
AHMK HHTerpaJj TyIIyH4acH

1°. CermenTnu 6ynakaam. bupop [a,b] O R cermenT Geprui-ran 6y7IcHH.

by cerMeHTHUHT Kynuaaru
A=Xy <X <X, <X, <X, =D
MyHocabaTaa OynaraHn
Xor X5 Xgye Xy Xp (1)

HyKTaJapyu TYIJIAMUHU OJIAWJIUK.

PaBmanku, (1) tymam [a,b] cermentHn

B, =[X0, %], By =[x, X, ],y By =[%, X, ]

Oymaxmapra axparaim.

1-tabpud. Ymoy

A=Xy <X <Xy <Xy <X,=Db
MyHOcabataa 6yiran
Xos Xp» XoyerXnigy X
HyKTajap Tyruiamu [a,b] cermenTHu Oynakmam neiniaam Ba
P={Xo: X0, X5, X111, Xy}

Kabu OenrniIaHaIun.

bynnma xap 6up X (k= 012,...,n) vykra [a,b] cermenTHHHr OymyBUM
HYKTacH, [Xy,Xq] (k=1012,...,n-1) cerment »5ca P OynakiamHuHT
OpaJiufu NCHUIIAIN.

Kyitnnaru
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Ap =max{ix} DXy = Xieag ~ X
Mukgop P OVnakmamHuHT JuaMeTpu Jednsiau.
Macamnas, [a,b] =[0,]] 6ynrannga Kyiumaru
2 4 6 8 10_
10’ 10’ 10’ 10’ 10
1l 4 5 6 10_,
10" 10" 10" 10" 10

HykTanap cucremacu [01] cerMeHTHUHT

p=log 2,4 6 8,10
10 10 10 10

P2= 01 is is E’E’l
10 10 10 10

OynaximanuIapuHu XOCHII KUIaau. Y JIapHUHT JHAMETPJIapu MOC PaBHIIIA
1 2
A :g o Ay, :g
oynau.

Okopunarn kentupwiran Tabpud Ba MUCOUIApIAH KYpHHA-AMKH, [a,Db]
CErMEHTHHUHT TYpJIM ycyjap OWJaH HMCTaldraH COHAArd OyiaKialUIapuHU TY3HII
MyMmkuH. by 6ynaknamnapaan nbopar TyniaamMHu  Ousad Oeiaruiaimus:

P ={pP}.

2°. Jlapby xamma wMHTerpai | ruupunap. f(X) oynkums [a,b] na

aHWKJIAHTaH Ba YerapajaHraH OyicuH. YHIa
CmOR, CMOR, OxO[ab] : m<f(x)<sM
oynaau.
ANTANINK,
P ={Xg, Xys Xpreeer X gy X, }

[a,b] cermenTHHMHr Oupop OYynaknamm OyiacuH. Y xoiiga Oy OyJaak-JAlIHHUHT Xap
oup [X , %] (k= 0,1,2,...,n—-1) opanuruna

m =inf{f (9}, XO[X Xl k=012, ....n—1)
My =sud f (O}, XO[X X

MaBXxyJ1 0y10

inf {f(x)}<m, <M, <sudf(x)} 2)
x[a,b] x{a,b]
oynaay.
2-tabpud. Yoy
n-1
s=> m, [Ax,
k=0

vurnamu f (X) yaxkuusauar [@,D] cermentHunr P Gynaknammra HucOaTaH
JapOyHUHT Kyilu WHFUHIUCH TSI N,
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PaBmanku, Oy iturnaau  f (X) ¢pyskmusara xamaa [a,b] auar P
Oynakammura OOFIUK OYaau:
s=g(f;P) .
3-Ttabpud. Yuody
S= niM k LD
k=0
vurnagn  f(X) ¢ynkuusauar [a,b] cermenTHmHr P Oynaknamnra HucOaTaH
JlapOyHUHT FOKOPY WMFUHINCH JCHIITA IN.

by viuruamn  f (X) dyskmusra xamaa [a,b] auar P 6ymak-nammra G0FImK
oynanu:

S=5(f;P) .

DHau xap Oup kI]{ 012,....,n —]} HUHT Kuiimatuaa [X.,X.,] cermeHTna
nxtuépuit ¢, Hykranum Tadmnmanmms. ¢ U[X,%.,] (k=0,1,2,..,n-1).
Hatmwxkana [@,b] auar P O6ynaknammra HucbaTaH

{€o) €1:6200nréna}
HyKTajap TyruiamMu xocuna Oynaau. by vykranapaaru f (X) dyHKuusHUHT
f () (k=012,...,n-1)

KuiiMatiaapu €paamuaa ymoy
n-1
> (&) @,
k=0

WWAFUHIVNHA Ty3aMU3.
4-taspud. Kyitnnaru

n-1
o=> (&) DX,
k=0

vuruagn  f(X) ¢ynkuusauar [a,b] cermenTHmHr P Oynaknaminra HucOaTaH
VHTETPA UMFUHIVCH ICHUIIA]IA.
Wurerpan wwrmaam, f(X) dysknusra, P Oymakmamra Xxamaga xap Oup
[ X s Xs1] 1@ onmmHTaH € HyKTanapra OOFIMK Oyimaim:
o=0o(f;P;¢é,).
PaBmanku, &, O[X, , X,] yayH
m, < f(é) <M,
Oynu0, aliHM manTaa
s(f;P)<sa(f;P;é,)=<S(f;P) (3)
TEHTCU3JIMKIIAP Oa)kKapHIIaIu.
1-mucoa. Yuily

F(9)=|x

¢yakmusaUAT [—1, 1] cermeHTna Kyiumaru

p={-1->-2-2 o2 1
4 2 4 4 2

Mlw

.
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Oynaxnamra Hucoaran lapOy WuFHHIUIApU XaM/ia
& = X (k=021,2,...,7)
ne0, MHTerpas HUFUHAN TOMUIICHH.
« bepwiran f(X) = ‘X‘ ¢ynkuus yayH [-1, 1] cermeHTHUHT

4 2" 4 7"4'2'4
Oynakmammaa
I S B
mo 4’ rn]_ 21 2 41 rn3 ’
m=0 m=t mol -3
4 My 2’ Mg > m, 4
3 1 1
Ma=1, M, =— M, ==, M, =—,
0 17 275 374
1 1 3
xXamaa
3 1 1
_1’ = T -7, -7,
H=l6=-0 &= 065
1 1 3
O D - :_’
=062, &=2.& £
3 1
f(&)=1, f(&)=—, (52)‘ , (&) ==,
4 4
3
f(&,) =0, f(fs)‘ f(fe)‘ f(<‘7)‘z
oynaau.

Oumn AX, =% (k=01,2,...,7) OynuIMHA YTHOOPra OJUO TOAMM3:

s(f;P)= (§+;+£11+0+0+1+1+§)G]—' 3

4 2 44 4
S(f; P)—(1+3+1+1+1+1+3+1)Dl 5
4 2 4 4

a(fPEk)-(l+i+;+Lll+0+1 1 3)@ 1y

3°. Anuk unTerpan Tabpudu. dapas Kumaiiuk, f (x) (byHKuH;{ [a,b] ma
Oepwiran Ba yerapajanraH OyicwH. YHma [a,b] opamukHuHr Xap kanmain P
Oynmaxmamm xamaa xap kaumait &, (& U[X% %], k=0212,..,n-1) napna
rokopuaara (2) Ba (3) myHocabatnap ypuHau 0Yimo,
(b-a) [[igz]{f(x)}ss(f;P)sa(f;P;Ek)s
< S(f;P) < (b-a) Bud f ()} )

[a,b]
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oynanm.

Duau [a,b] cermMeHTHHMHr Oynakiamniap TYIiaMu ={P} Qunr xap Gup
PO 6ynaknam$h aucoatan f(X) ¢ynxuusaunr Hap6y inrunmunapu  S(f,P)
Ba S(f;P) Hu Ty3uO , ymoy

{s(f;P)} , {S(f;P)}

TymamiapHu Kapaimu3. by tymmammap (4) MyHocabaTtra Kypa yerapajaHra
oynanm.

S-tabpud. {S(f ; P)} TYIJIAMHAHT ~aHUK fokopu uerapacu  f(X)
GbyHKIUsHUHT [a,0] opamukaaru Ky HHTErpaiiv AeHuiaaun Ba

b
[ £(x)dx

a
Kabu OenrniaaHaIun.
Jlemaxk,

b
[ f(x)dx =suds(f;P)}.
d P
a
6-Tabpud. {S(f ; P)} TYIULIAMHUHT ~ aHUK Kyiu derapacu  f(X)
GYHKIUSHUHT [a,0] opanvknara oKOpyU HHTETpa Jeiniaay Ba

f (x)dx

QD — | T

kaOu Oenrvia”amgu.
Jlemak,

b
[ f()dx= inf{s(f:P).

7-tappud. Arap f(X) QyHKIMSHHHT Kyiim Xamaa FOKOPH HHTErpajuiapu

Oup-Oupura TeHT
b

f(x)dx = [ f (x)dx

QD | ——T

oynca, f(x) dyukuus [a,b] opanuk Oyiimua wunTerpasanyBun (Puman
MabHOCH/Ia MHTETPAIIAHYBYH) TCHUITAIH.

Bynna kyiu xamzga IOKOpH HHTerpalapHUHT ymymuii  kuiimate  f (X)
byHkiusauHr  [@,b] opanuk OViinua anuk wuHTerpanu (PumaH uHTerpann)
neuniIaau Ba

b
[ £()dx
a

kaOu Oenrvia”amgu.

Jlemak,
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b b b
[ £0gdx = [ f(x)dx = [ f(x)dx

a COH MHTETPAJHHUHT KyWH yerapacd, b coH 3ca MHTErpaJHUHT FOKOPU Yerapac,
[@,b] cermenT nHTErpanIam opaauru AU TN,

Acaarma. HOkopupma kentupwiran f(X) QyHKOMSHUHT HHTETpaivd
Tabpudura OMHOAH WHTETpaj

b
[ £(x)dx

y3rapmac coHHM udopanaiau. buHOOApWH, WHTErpaa OCTHAA Y3rapyBUMHHUHT
KaHaal é3unuiura O0FauK OV ImManu:

b b
[ f()dx = (t)ct .

a
2-mucoa. f(x)=C , COR, xU[a,b] 6yacus.
By QyHKIUAHUHT HHTErpalIaHyBYaHIUTH aHUKTaHCHH.
<« [a,b] cermeHTHHHT UXTUEPHIA

P ={Xg, X0, Xg 0 Xgs X}
oynakmamuHu ou0, yHra Hucoatan JlapOy HUFUHIUIAPUHN TOTIAMU3!

s(C;P)=nZ_1CD3x=CEQb—a),

k=0
S(C;P) = nz_lC [Ax, =C[{b-a).
bynnan “
Sup{s(C;P)}=CIl(b-a),
irzf{S(C; P)}=Cl(b-a)
oyuo0,

b b
[ C Leix = [ C Leix
- a

OyuImM Kenub YuKaIu.
Hemak, f(x)=C ¢yukuus [a,b] na unaterpannanysuu Ba

b
[Cclix=C[b-a).
Xycycan , f(x) =1 o0yaranga
b
[dx=b-a
a

oynaau. P
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3-mucoa. f(x)=D(x) , xU[0]] 6ynacun. by Hupuxie ¢yHK-UMICHUHU
[0]] na nHTEerpayUIaHyBUMIMKKA TEKITUPUIICHH.

« [0]] cermentHuHr uxtuépuii P Oynaknamura Hucbaran [lupuxie
byskuscuHUHT JlapOy HuFuHAMIApU

n-1
s(D;P) = > m, [Ax, =0 ,
k=0
n-1
k=0

oyuo0,
Sup{s(D;P)} =0 irg)f{S(D; P)}=b-a

oynanm . Jlemak,

D(x)dx =0, D(X)dx=b-a |,

O | Y=
ot—I

}D(x)dx # [ D(x)dx.
- 0

0
Jupuxie GpyHKIUSACH HHTETpaJUIaHyBYU dMac. P>
4°. Murerpan iinFunpuauar auvurn. dapas kumaink, f(X) GyHKgs

[a,b] cermentna Oepwiran 6yim0, y 11y cerMeHT/Ia Yerapajianrad OyJICUH.
[a,b] cermenTHH Gupop
P ={Xg: Xys Xp1re X1, X0 }
OYaKIanImHu OJIaMU3.
Mabnymku, f(X) ¢ynkuusauar Oy Oynaknamra HUCOAaTaH HMHTErpail

WUUFUHINCH
n-1
a(f;P;é) =2 (&) X,
k=0

oynanm.
8-Ttabpud. Arap [le>0 con onunranga xam 1myHmad O >0 con
tonuiacakd, [a,b] cermentHn auamerpu Ap <O OYynran xap kaHmaii P

Oynaxmamm yuyH ty3uiran o( f;P; ¢, ) nurnanm uxtué-puit , HyKramapaa
n-1
k=0

TeHrcu3nukHu O6axapca, J con O(f;P;¢,) iuruaaunuar Ay — O maru nmumuTi

lo(f;P;&)-J|= <¢

neuniIaaun Ba
lim o(f;P;¢,)=J

Ap -0
Kabu OenrniIaHaIun.
by Tavpudnu Kyliugarnya xam aniTHII MyMKUH:
Arap
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Oe>0 , C6>0 , OPOp , A <d ,0é,
YayH
o(f;P;&)-J|<e¢
oynca, y xonaa
lim o(f;P;é,)=1J

Ap 0
JeUnIaan.

O-tabpu¢d. Arap Ap - 0 ga f(X) QyHKUMSHUHT WHTErpan HHUFHHIUCH
o(f;P;¢,) dexkmm J nmmutra sra Oymca, f(x) ¢ynkuus [a,b] cermentna
uHTerpaianyBun (PuMmaH MabHOCHIA WHTErpaj-JIaHyBUM) Jelniand, J COHHTa
aca f(X) dynknusauHT [a@,0] cermeHT OVitnya aHWK MHTETpaIu AeHUIaau. Y HH

b
[ £(x)dx
a
Kabu OenrniIaHaIun.
Jlemak,
b n-1
I f()dx=1im > f (&) DX,
; 1-0{20
4-mucoa. f(x)=x , x0O[a,b] Oyncun. by OQYHKIUSHUHT aHUK

WHTETPaJIA TOITHAJICHH.
<« [a,b] cerMmeHTHUHT UXTHEPUI

P :{XO’Xl!XZ""!Xn—l’ Xn}
OynakmammHau  onuO yHra HucObatan f(X)=X QYHKUUSHUHT UWHTEr-pa
WUFUHANCUHY TY3aMU3.

n-1

a(f;Pé) = I(Z;,fk AX,
OyH1a

DAXy =Xy =% 5 X <é <X (k=012,..,n-1.
OHu
X S 6k S Xy

TeHrcuzaukiapan AX, > 0 ra xynaiitupu6, xocui 6yiran

X [AX, < &, [AX, < X g [AX,

Tenrcu3aukinapad K muar 0,1,2, ...,n -1 kuiiMaTiapu 6yiindya xaga-1a6 Kymmo
n-1 n-1 n-1
> X, DX < D& X €D X DX,
k=0 k=0 k=0
ABHA
n-1 n-1
2% % So(F;P16) < D X (DX (3)
k=0 k=0

OYIUIIMHYI TOMIAMMU3.
By TeHrcuznukinapaaru
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n-1 n-1

DX X D X A

k=0 k=0
ﬁHfHHz[HnapHH AX, nap OpKaJII/I H(bozlanaﬁMHB'

1 n-1
ZXk LA, Zxk (X1 =% ) = 2%0‘1«1 Xk = ZO(Xkﬂ _Xk)z =

1 b*-a® 1%t
=E(X _Xo)_ ZA k2= 5 ZAk ,
n-1
D XX, Z(xk + AX, ) (DX, —z X, DX, + ZAXk =
k=0 k=0

2 _ n-1
_b a’ L1 z AxZ.
2
Hatmxkana (3) TeHrcusaukiap ymoy
b*-a’ 1 -a’ 1

5 o’ st P&y <

KypuHHuIra kenaau. by MyHoca6aTzLaH

o(f;P;é) -

2 2%
k—O

b? - a? S

ZAX

2 2k0

OyuIM Kenub YuKaIu.
PaBmanku,

n-1 n-1 —
EZAxk2 SAPEZAxk :u)lp :
2k:O 2k:0 2

Hemak, [1e >0 conra xypa O :bﬁ pednica, y xonga A, < 0 Oyiran

uxtuépuii P Oymaknam Ba uxtuépuii &, napna

b2 _ a2 n-1 b2 _ a2
a(xP;éy) - =2 & [ = <&
2 k=0 2
oynanu. by aca
2 _ g2 2 _ .2
lim o(x; P;Ek)=b = I|m ZEK _b"-a
p—0 ~0x=0 2
OynmuimHu Ounaupaau. Jlemaxk,
b b2 — 52
[ xdx = >
a

[Myngait  xkumu6, f(X) QYHKOUSHUHT aHWUK WHTETPald  MKKU  XUJ
tabpudaanaau. by Taspuduap sxBuBasieHT Tabpudaap 0ynaau. (Kapaicus, [1] 9-
000)

Opnatna, [a,b] cermenT OVitmua mHTerpaymiaHyBud (yHKIUS-JIAp TYTUTAMA
R([a,b]) xabu 6enrunanamu:

f(x)OR([a,b]) = f(X) pynkums [a,b] ma naTerpamanyByu.
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MamkJjap

1. f(X) GYHKIUSHAHT [a, b] Ja dJerapajaHTaHIUId YHUHT [a, b] na

MHTErpaulaHyB4X OYIMIIUHUHT 3apypHid IIAPTU SKaHU UCOOT-TaHCHUH.
2. Aiitaimk, f(x) Ba g(x) ¢ysxmmsmap [a,b] na Gepwiram Ba

yerapajiianran 0ynu6, P oca [a, b] HUHT UXTUEpUN OYynakmamm OYicuH. Arap
OxO[a,b] ma f(x)< g(x) 6ynca,

oYUy NCOOTIAHCHH.

33-mabpy3a
DYHKIMSTHUHT HHTErPAJIAHY BYMITHK
Me30HHU (KpUTEpHiicH)
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1°. Hapby imrumgmaapuuunr xoccamapu. f(X) dymkums [a,b]
cerMeHT/Ia Oepuiran Ba 4erapajaHran 0ymmo,
P ={X0, X0, X3 y-ss X1, X0}
[a,b] auHaT Oupop OYmaknamm GyicuH. PaBmanku, Oy xonma f(X) GyHKIUSHUHT

HMapOy WuruHanIapu
n-1

s(f,P)=>m, DX, ,
k=0

S(f;P) = nlek [AX,
k=0
MaBXXyJ 0Yyianu, OyHaa
m=inf{ FOO} . XOD4 Xl
My =sup{f(x)}, XU[X Xl
DXy = X =X k=012...,n-1.
1) [a,b] cermenTHHHT uxTHépHA P Oynakianmra HUCOATaH Ty3WJIraH
f (x) pynxkuustaunr JapOy MuFuHANIAPH YIyH
(b-a) [[iglklj]{ f(X)}<s(f;P)<S(f;P)<(b-a)lsud f(x)}

[a,b]
oynanm.
<« by myHocabar 32-mabpy3anaru (3) TEHICU3IUKIAPAaH KenuO Yukagm. »
ANTaNIuK,

P ={X0, X0, Xz y-es X1, X}
[a,b] cermenTHUHTr Oupop Oynaknamm OyncuH. by OynmaknmamHuHT OYIyBUH
Hykramapu X, (K= 0,1,2,...,n) xatopura sHTU OYnyBYM HYKTAIapHU KYIIHO,
[a,b] cermenTHuHT Gomika P’ Oymaxmamman xocun Kuiaamus. Yau P O P’ kabu

OenrunanmMms.
2) [a,b] cermenTnHuHr MxTHEépuit P Ba P’ Oynaxmanuapu (P O P')

yIyH
s(f;P)<s(f;P) ,
S(f;P)=S(f;P")
MyHOcabatnap YpuHiau Oynaau.
<« [a,b] cerMmeHTHUHT UXTHEPHIA
P ={X0, X0, X3 -1y X1, X0}
Oynaxmamuau onaauk. Copnanuk yayn P’ Oynakmam P HuHr O0apua OyiayBuu
HyKTaJap¥ XamJa Kymumda Ourra X HyKTaJaH ro3ara keiaran Oyiacud. By X
HYKTa X, Xamjaa X,,, HyKTajap opacujaa >KOMIaiCuH:
X <X < Xiyq -
Jlemak,
PT={Xg, X4, %o 10 X X, Xiag s o gy X} -
by 6ynaknannapra nuc6atan JapOyHUHT Kyiin HHFUHAWIAPUHU €3aMU3.
S(f; P) = mAx, + mAX +...+ mAX, +...+ m _,AX,
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S(f; P) =myAx, + mAx, +...
ot [mﬁ ¢ = %) + My WX~ Xl)J to+my IAX,
OyHna,
me =inf{ f(x)} , xO[x.,Xx],
mt =inf{ £ ()} , XO[X, Xeiq] -
Duau M, =M, , M, =M, 6YIuIHHEE YbTHO0PTa 0TH6 TOMAMH3:
S(f;P) = s(f:P)=m (X = %) + M (Xeg = X) -
-mAx, =2 m, (X' =X, )+ M, (X4, — X) —mAx, =0.
Keitnaru myHnocabarnan
s(f;P)<s(f;P)
OynuIy Kenub YuKaIu.
Xynau MIyHra yxiiarni,
S(f;P)=S(f;P)
oynuu ncootiaHagu. »
3) [a,b] wunr mxtuépuit B, Ba P, (RO PO ¥ O6ynaknam-napra
Hucbaran lapOy HuruHaUIapu YIyH
s(f;R)<S(f;P,)
TEHTCU3JIMK YPUHIHU OYiaau.
<« P, Ba P, 6ynaknanuiapaunr 6apya 0ynyBuM HyKTajgapu épnamuaa [a,b]
auHr P’ OymaknamiHn XoCHI KuiiaMu3. PaBiianky,
PROP, ROP
oynanm.
FOxopuna kentupuiaran 1) Ba 2) xoccanapaan (oiiganraHud TOmamus:
s(f;R)<s(f;P)<S(f;P)<S(f;R,).»
Haruxka. [a,b] cermentna yerapananran uxtuépuit f (x) Qynkuus yayn
b

f()dx< [ f(x)dx

Q| ——y T

oynanm.
<« [Ilaptra xypa f(x) dynkuus [a,b] na gerapamanran. Jlemax,

? f(x)dx=sud s(f;P)},

D —y T

f ok =inf{S(f; P)}

UHTETpaliap MaBxKy/Il.
FOkopunaru 3) xocca XxaMmza aHUK derapa tTabpudaapuaan
b

f()dx< [ f(x)dx

Q| —y T

Oymumm kenub yukaau. P
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2°.  VIHTerpa/uIaHyBUMJIMK Me30HH (kputepmiicu). Ouau [a,b]
cerMeHTia Oepwiran Ba yerapaysianran f (X) dyHKIUSHUHT aHUK UHTETPATMHUHT
MaBXy/JINT MacaJlaCHHU KapaiMus.

1-teopema. f(X) ¢yukums [a,b] na uHTerpammanyBud OYIM-IIN YUyH
[Je >0 con onuaranma xam [a,b] cermenTHHHT myHgait P 6ymaxmamm Tomuiauo,
yHra Hucbarau

S(f;P)-s(f;P)<e
TEHTCU3JIMKHUHT Oa>KapHUIIUIIH 3apyp Ba €Tapiu.

By Teopema kylingarnya xam udoaJaHUIIA MyMKHH:

f(x)OR([a,b]) = Oe>0, CPO{P}: S(f;P)-s(f;P)<¢.

<« 3apypaurn. Ataiinuk, f(x)0R([a,b]) 6¥ncun. Taspudra 6uHoan
b

f()dx= [ f(x)dx= T f (x)dx

Q| —y T

oynau.
Uxtuépuii wmycbaT & COHHM ONailMK. VYHAA KyWd Ba IOKOpPH
WHTErpAJUTAPHUHT Tabpudiapura kypa

R, 0{P} -

Q| ey T

f(x)dx—s(f;F’1)<§ :

b
®,0{F} : S(f;R,)-]| f(x)dx<§

oynaau.

Oumu [a,b] cermentHunr P, Ba P, OymaknanuiapHuHr Oapua OyiyBun
HyKTajapuaaH [a,b] Huar P OynakimammHu XOCHIT KHJIaMH3.

Pagmanku, P, U P, P, UP 6ynamu. JapOy #uruagunapuaunar 1) Ba 2)
xoccanapuaad Qoiinananud P 6ynakmam yayH

Tf(x)dx—§<s(f;Pl)ss(f;P)sS(f;P)sS(f;P2)<

b
<]f(x)dx+g

OYIUIIIMHY TOTIAMMA3.
Kelinnru myHocabatnapaan
S(f;P)-s(f;P)<e¢
OyuImM Kenub YuKaIu.
Erapaunuru. AUTaiuk,
Oe>0, CPO{P}: S(f;P)-s(f;P)<¢
OyicuH. YHAA I0KOpUIA KENTUPUIITaH HaTHKara Kypa

b _
[ £ (dx <[] f (x)cx
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oymmo,
s(f;P) < ? f(x)dxsj:f(x)dxs S(f;P)
Oynanu. by TeHrcusnukiapaan )
Osj:f (x)dx—? f(X)dx< S(f;P)—s(f;P)
OynuIy Kenub YuKaau. )

Jlemak,
b

- b
Oe>0: 0< [ f(x)dx—[ f(x)dx<e
a a
KelinHarn TEATCU3IMKIAH TOIIAMM3.

f(dx = [°f (x)dx.

Q| — T

Hemak, f(x)OR([a,b]) »
(AHMK MHTETpaJTHHHT MaBXYIUTH XaKUAJIard TeOpeMaHu KyHuaa-rTuda Xam anTca
oynanu:

f (X) byHKIUSA [a, b] Ja UHTerpauiaHyBuu Oymumm yuyH [€>0
oJIMHTaHJa XaM myHaaid 0 >0 coH Tonwmo, [a, b] CEerMEHTHH JTHaMETPHU Ap <0

oynran xap kangai P Oynakiaiira HucOaTaH
S(f;p)-s(f;p)<e
TEHTCH3JINKHY OaKapWJIHIIY 3apyp Ba €TapIIH)
AsBanruaex f(x) ¢yHkumsHuHr [X,X,,] (K= 012,...,n-1) opa-nuknaru
TEOpAaHUIIMHU G, OpKaJIu Oeiaruiaaimus.

VY xomnga
n-1 n-1
S(f;P)=s(f;P) =3 (M, —m) (DX, = > & AX,
k=0 k=0

oymu0, 1-reopeMa Kyinaarnda udoaaiaHaam.
f(X) ¢ymkmus [a,b] ma waTerpammanyBum Oymumm yuyH [€ >0 con
oNlMHTaHAa xaMm [a,b] cermMeHTHUHTr wwyHAai P Oynaknamm tonmwiub, yHra

HucOarau
n-1
> w X, <&
k=0
TEHTCU3TUKHUHT O KapUITUIIIH 3apyp Ba €TapJiu.
Jlemak,

5

() OR(ab]) - 000, PO{P: S o [Ax, <&
0

~
1

Mamkiap
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1.[a,b] cermenTHUHT UXTHEPHUE OYTaKIANN YIyH
s(af(xX)+B;P)=a s(f;P)+B(b-a),
S(af(xX)+B;P)=a S(f;P)+ L(b-a)
Oymumm ucobotmancun, Oynna a,SU0R
2. Arap f(x)0Cla,b] 6¥mca, y xomma [a,b] wunr uxtuépuii 6ynaxmamm
yuyH JlapOyHUMHT Kyiin Ba rOKOpW HuruHawiapu f (X) (GYHKIUSTHUHT HHTErpal
HurnHaUIapu Oy ucOOTIaHCHH.

34-manpy3a
HMurerpanianysun pyHkuusjiap cunpu

1°, V3ayken3 GyHKUMAJIADHUHT MHTErPA/UIAHYBYMWJIMIN.  AWTAlINK,
f (X) dykus [a,b] opanukna anukTanran OyICHH.

1-teopema. Arap f(x) ¢ykums [a,b] ma y3nykcus 6ynca, y my [a,b] nma
WHTETpAJIaHYBYH, SIbHA

Cla,b] U R([a,b])
oynaay.

4 Mogomuku, f(Xx)OC[a,b] axan, y Kantop teopemacura kypa [a,Db]
OpalMKAa TEKUC Y3IyKcu3 Oynmaau. KaHTOp TeopeMacHMHMHI HaTWXachra Kypa,
(e >0 omuuranga xam myHzgaii O >0 con Tomwmagukd, [a,b] opanukHH
Y3YHJIMKJIapH O JaH KMYHWK OyiraH Oyaakimapra axkpajirasjga xap oup Oyiakmaru
GYKIUSHUHAT TeOpaHuIITn

aw, < £
“ b-a
Oynamu. Yumga [a,b] opamukau guamerpu Ap <O Oymran xap kanmaid P
Oynakmarnia
n-1 & n-1
S(f;P)—s(f;P)= 2 wlx, < PIWAV R
k=0 b—-ak=0

oynaau. [lemak, f(x)JR([a,b]). ™
2°. MoHOTOH (pyKUHMSIAPHHHT HHTEIPALIAHYBYHIHIH.
2-teopema. Arap f(xX) ¢ykmus [a,b] cermerna derapanaH-raH Ba

MOHOTOH 0¥Jica, y Iy CerMeHTAa UHTerpajulaHyBYu OYaau.
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<« Aitraiimuk, f(x) dykmus [a,b] cermentna ycysum 6ynu6, f(a) < f(b)

OYJICHH.
[Je >0 connu onub, yura kypa O >0 Hu
_ &
f(b)-f(a)
JIEeUMU3.

V xonpa [a,b] cermentHunr auamerpu Ap <O Oynran uxtuépuii P
Oynakan y4yH

S(1:P)=S(f:P) = XM, ~m,) %, = S[f (5,) = F(x)] % <

sApg[f<xk+1)—f(xk)]=ApEﬁf(b)—f<a)] f(b—tﬁfm)—f(a)] £
oynaau. [lemak, f(x)JR([a,b]). ™

3°. Vauaaauran GpyKuusIapHHHT HHTErPaLIaHyBYH/INIH.
3-Teopema. Arap f(X) dykuus [a,b] cermenTna uerapaman-ran Ba mry

CEeTMEHTHUHT YEeKJHM COHAArd HyKTajapuja y3wiuira sra O0ynm0, KoiraH Oapua
HyKTanapjaa y3nykcus Oyica, pykmus [a,b] na unrerpamianyBun 6ynaam.

« f (X) dykuus [a,b] na gerapananran 6yicuH. Jlemaxk,

CCOR, OxO[ab]: [f(x)<C (C>0)

oynay.

Copmamuk  yuyH, f(X) ¢ynkuus [a,b] cermentHunr ¢dakar Outra
x” (x"O[a,b]) Hykracuga y3unmimra sra Oymu6, KoaraH Gapua HyKTalapaa
y3nykcus 0yiacun. [1€ >0 connu onu0, yara kypa 0 >0 coHHm

JNEUMM3.
x" wykranuar 0 arpodu (X~ -, X"+ ) Hu onub, ymoy
[a,b]\ (x" -3, x" +J)
TymnaMHu Kapaimus. by tymmampa f(x) Qynkums ysnykcus 6ynu0, Kantop
TeopeMacura OWHOAH y TEKHC y3iIykcu3 Oymamu. Y xonaa myHmaid ) >0 coH
TOIUJIA/IAKY,
Ox', x" O [a, X" - JJ, (Dx’, X" 0 |_XD +0, bJ)
nap y4ayH ‘X' - X"‘ < y OymummuIaH

£ (X) = f(x")| <

2(b a)
Oyuiy Kenub YuKaau.

Ouau [a,b] cermentHn muamerpu A, <MIN(S,y) Oynran uxtuépuit P
OynaxnamuHu 0110, yHra HucOaTaH
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n-1
5 @
WUFUHIUHYA Ty3aMU3.
by #wmruamuHMHT Xap Omp Xamuma [ X, X,.;] (k=012K ,n-1
OpAIMKJIAPHUHT y3YHIUKIapu AX, Jap KaTHaIIaIH.
(1) iuFruHAMHUHT yIIOY
[Xe s Xear] ! (X7 =3, x7+0) =0
MyHOca0aT Oaxxapuiaguras [ X, , X,,,] ra MOC XaJUTlapuJaH Ty3WIraH HUFUHITHHA
Zk’ o, LAX
OunaH, Kojran Oapya xasuapaan (OyHmaii xaaaap yayH
[ X, Xieag]! (X7=3,x7+0) %0

€KHn

[X Xa] 1 {X" =0} 20
€KH

[X Xl 1 {X"+ 3} 20
Oyamu) TalKkuiI TONTaH WHFHHINHA
> "oy [AX
k

OwJiaH OerniIaMms.
Harmxkana

n-1
g)a& LDX, =Zk:'a4< LDX, "'Zk‘,"% LAX,

OYnMO, TEHMTMKHUHT YHT TOMOHJArW KYIIUTyBUYHIIAp YYYH

& E £
'), (DX, < TAX, < b-a)=2,
2 B <y BTN S 5y T
2" DlkaZCDZ"mxkszu:‘mJ:scgf_ng
k k

oynamu. Jlemak,
S Dx, <Z+E
X, <—+—=¢.
S NS5 TS

by aca f(X) ¢yknusHuHr [a,b] na nHTErpaiIaHyBYM KaHU-HUA OMIITUPATIH.

Mamkiap

1. AviTaiiiuk,
.1
sin—, arap 0<x<l1
FO=1"" P
0, arap X=0
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oyncun. f(x) JR([0,1]) 6ymumm ncOoTIaHCHH.

2. y= f(x) byHKIUA [a, b] Ja WHTErpaylaHyBYd OYIuO, YHUHT
KUMMaTIapu [C,d] ra TErulUIM OyJcuH. Arap CD(y) byHKIUSA [C,d] 1a y3IIyKCHU3
Oynca, y xoyiga Mypakkad (QyHKIus ¢(f(x)) HUHT [a, b] Jla UHTETpaJyIaHyBYH

OynuIy NCOOTIAHCHUH.

35-Mabpy3a
AHUK MHTETrPAJUIAPHUHT X0CcaJIapu

1°. MHTerpa IHHHT YM3MKIMINK XaM/Ia a[UIHTHBINK X0CCAIAPH.
1-xocca. Arap f(X)OR([a,b]) Ba CUOR 06ymca, vy

(Clf(x))OR([a,b]) 6ymuo,
TC [ (X)dx = CT f (x)dx

oynau.

xXoJraa

« f(x) O R([a,b]) Ba CUR 6yncun. Anuk unterpan trabpudura xypa

b
lim a(f,P.&) :£ f (x)dx

oynaau.
PaBmankn,
o(CLf(xP;&))=Ca(f;P;&,),
JirPOU(C [f(xP;é))=C [Jl@oa(f P, é).
Hemak,
(CLf(x))UR([a,b])
Ba

TC Of (x)dx = CT f (x)dx.»

2-xocca. Arap
f(x)UR([a,b]) , g(x) D R([a,b])

Oyica, y xonaa
(f(x)+g(x)) UR([a,b])
oymmo,

b b b
J(F () +g0)dx =] f (x)dx + [ g(x)dx

OVmanu (aaTUTHBIMK XOCCACH)
<« AHUK MHTeTpaj Tabpudura Kypa
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b
Jirpoa(f P& = £ f (X)dx,

b
fim o, P.&) =] 909
oynaau.

PaBnianku,

o(f +9,P.¢) =0(f,P.&) +0(9,P.4y).
Jlumutra sra Oynran ¢Qykuusgap Xakuaa TeopemanaH —Qoiigananuo,
(f()+ 9(x))OR(a,b)) »a

b b b
[(£() +g(x))dx =] f (x)dx + [ g(x)dx

OYJIUIIMHYA TOTIaMH3. P>
3-xocca.Arap

fF)UOR(a.c]), f(x) UR([c,b])

oyica, y xonaa
f (x) O R([a,b])

oymmo,
b C b
[ £(9dx =[ f(x)dx+ [ g(x)dx

oynanm.

« Atitaitmuk,a < c<b 6yau6, f(x)dR([a,c]) Ba f(X) O R([c,b]) 6¥acus.
VY xomma [ >0 con onmHranga xam [a,C] OpamMKHUHT )IP1 <9, 6ynran B
Oymakiammy TONIaAuKH

S(1:R) - S(fiR) <7, (1)
WyHUHTIeK [C, 0] opanukauHr Ap <0, Oyiran P, Oynaxnaim TonuIa nkH,
S(11P) = S(T1P) <
oynaau.

Ounu [ab] opamukHuHT uamerpu Ay <d=ming,,d,) Oynran uxTuépuit P
Oynaknammeu onamus. by Py Oynaknammsuer 6yayBunm HyKTanapu KaTopura c
Hykranu Kymm6 [a,b] #mar sarm P 6ynmaxkmammem xocun xumamms. Vera
HucOaran f(X) dykuus-uunr JapOy WuruHanIapu

S(f;P),  s(f;P)

OYJICHH.
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P 6ynaxnammunr [a,c] Ba [c,b] maru 6yayBum HyKTamapu MOC paBHILA

!

I I
ynapHuHr P, xamaa P, OynaknamuiapuHu ro3ara kentupaau. PaBmanku, 0y P

Ba PZ' Oynaxnanuiapra HucOaTaH KyWuaaru TeHICU3JIUKIIAp YpUHIM OVaau:

S(FiR) - S(TiR) <7,

I I g
S(f;R,) —s(f;P,) <

AN naurtnaa,

S(f:P)=S(f;P)+S(f:P,),

s(f:P)=s(f:P,)+s(f:P,)
oynagu. by myHocabarnapman

S(f;P)-s(f;P)=(S(f:P) - s(F:P))+

+S(f;P,) —s(f;Pz'))<g+§=e
oymumm kenu6 yukanu. Jemaxk, f(x) [ R([a,b]).

f(x) dyxumsHunar [a,b], [a,c], [c,b] opanukmap OYyitmua P OYymaknamira
HUCOATaH MHTETPaAT UMFUHIUIApU

[aZk:)] f (&) [AX, [i] f (&) 1A%,

2 16,
oyuo0,

[azé)] f (&) [AX, = [aZE;] f (&) [AX, +[02t:)] f (&) [AX,

oynamu. Uaterpan rabpuduaan dorgananud TonaMus.

T f (x)dx =T f (x)dx+? f (X)dx.

[Mynra yxmam c<a<b, a<b<c O6yaran xoiiapaa XxaM XOCCAaHUHT VPHUHIU
Oymumm ucOoTianaau. P>

4-xocca. Arap f(x)OR([a,b]),

g(x) OR([a,b]) ©Oynca, y xonma
f(x)[g(x) OR([a,b]) 6ymamu.

4 Mopomuku, f(X) Ba g(X) dykuusinap [a,b] na uHTEerpan-iaHnyB4H KaH,
yHIa

. _ . 3 1 —
S(f;P) S(f’P)<2M’ (M'" =sup f(x),x0[ab])

E
S(9;P)-s(g;P) NEYY; (M =supg(x), xU[a,b])
oynaau.
Avraiimuk, [x[[a,b]

na
DX O[X; Xeaa] yayH

f(x)=20, g(x)=0 Oynacun. VY xonga

osm < f(X)<sM,, m =inf f(x), M, =supf (X);
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O<sm. <g(x)<M,, m =inf g(x), M, =supg(x)
oynu0, ynapaax
osm Im < f(X)lg(x)<sM, [M,,
oynumm kenub yukaau. AWHU ManTaa,
me =inf{f (x) 00} MY =sud f (x) (0}
Jap y4yH
m O <m <M. <M, M,
oyu0,
Mo -mP <M, M, -m, On, =
=M (M, -m)+m, (M, —m,)
oynanm.
Ot M =M, , M' =M, skaHuHH >THOOPTA OJINO, TONIAMH3;
n-1

S(f (5 P) - s(f [B;P) = X (M? ~m?)<

k=0
n-1

<M’ Dknz;jz(Mk -m, ) D, +M Dkgo(l\/l'k -m)=
=M (S(F;P) ~(F;P)+ M'(S(g; P) - S(g: P)) <

£ MEE<e
2M' 2M

Hemak, 0y xonma f(x)[g(x) O R([a,b]) .
Anraitnuk, f(x) Ba g(X) ¢ykuusuiap [@,b] na uxtuépuii HHTErpaIaHyBYH
bykuusiaap 6YicuH.
Pasmankn, [x [ [a, b] na
f(x)—inf f(x)=f(xX)-m=0,
g(x) —inf g(x) = g(x) -m' =0

<M’

oynanm.
Oumn f(X)[g(X) dyknusau Kyhingarnda €3u0 oamMms.
£ 1g(¥) = (f () =m)(g(x) = m')+mg(x) +mif (x) - .

By TeHrnukHuUHT YHr TOMOHHMAarm xap Oup KymmiayBuu [a,b] 1ga
UHTETpaIaHyBuu  Oynramnmmru  cabadbmm  f(x)[g(x) xam [a,b] na
MHTETpaulaHyBuu Oynaau. P

Haruxka. Arap f(x) OR([a,b]) 6ymnca, y xonza [ f(X)]" O R([a,b])
oynamnu, Oynma NN .

2°. IHTerpaaHHHI TeHrCH3IHKIAP GHIAH GOFJIAHTAH X0CCATAPH.

1-xocca. Arap f(x)JR([a,b]) 6ymu6, [x[[a,b] ma f(x) =0 O6ynca, y
X0J/1a

Jqf(x)dxzo
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oynanm.
<« VuterpanHuHr Tabpudura kypa

Jo -0 a :ng(fk)mxk _if(x)dx
oynamu. Y xonna, [x[[a,b] ma f(x) =0 6}"/JII/IHH/Iz[aHa
kz; £(E,) DX, 20
oynu0, yHaaH
T f(x)dx=0
a

Oymumm kenub yukaau. P
1-natuxka. Arap f(x)JR([a,b]), g(x) OR([a,b]) 6ymu6, [x[[a,b] na

f(x) < g(x) 6Yynca,y xonmaa
b b
[ f(9dx <[ g(x)dx

oynanm.
<« PaBmranky,
f (%) UR([a,b]) ,9(x) UR([a,b]) = (g(x) = f(x)) D R([a,b])
oyuo0,

g(x) — f(x)= O:?(g(x) - f(x))dx= O:>'T g(x)dx—'T f(X)dx =
> 0:>T f (x)dxs? g(x)dx

oynamu. »
2-narmka. Arap f(X)O R([a, b]), g(x) OR([a,b]) 6Yyca, y xonaa

b b b
[ f (x)g(x)dx‘ < \/I f 2(x)dx %/jgz(x)dx (2)

oynaau.
« Uxtuépuit a R yuyn
b

[(f(¥) -am(x)*dx=0
oymmo, ’
b b b
a’[g*(¥)dx—2a| f (x)g(x)dx+ [ f*(x)dx=0

oynanu. KBagpar yuxaJHUHT TUCKPUMUHAHTH MycOaT Oyamaran-nuru cadbadnu

2
(T f (x)g(x)de —kj) f 2(x)dx Ejb g2 (x)dx <0,
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S'bHH,

T f (x)g(x)dx‘ < \/T f 2(x)dx R/T g%(x)dx

oynamgu. P
(2) renrcuznuk Komm-ByHSIKOBCKHN TEHICU3IIUTH JeHU-TIAIH.

2-xocca. Arap f(x) OR([a,b]) 6ynca, |f(x)|0R([a,b]) 6ym6,

b b
jf(x)dx‘sﬂf(x)\dx

oynaau.

« f(x)OR([a,b]) 6yncun. NHTerpannanyBuniauk Me3onura kypa, L€ >0
OJIMHTaHJa XaM [a,b] cerMeHTHUHT myHAal P Oynaknamuy TONMWIAIUKW, YHra
HUcOaTaH

n-1
S(f;P)-s(f;P)=> wix, <&
k=0

oynanu, 6ynna a, — f(X) pyHkmusHAAT [ X, , X, ;] Jaru TeOpaHuIIH.
Papmanku, (X', x"[[a,b] yayn
|G =[F )] <] £(x) = F(x)]
oynu0, yHaaH
sup| f (x)] =] f(x")| < supf (x) = f(x")
OyuIy Kenub YuKaIu.
Jlemak,

W < @
6ymanu, OyHna —\f(x)\ GyHKIUSHUHT [X,, X, ;] marm teOpanummu. Hlymapan
bTHOOpra oo,

n-1 n-1
S(\f\;P)—s(\f\;P):kai( DX, skz% DX, <&
=0 =0

OynumuHU Tonamus. Jlemak, ‘ f (X)‘ OR([a,b]).

f (X) Ba ‘ f (X)‘ GYHKIMSTIApHUHT HHTErpajl HHFHHIWIAPY YIyH

n-1 n-1
> (&M% < X[ (6)] D%
k=0 k=0

o0yuo0, Ap — 0 ma nuMuTra YTUI HaTWXKacuaa

b b
[ f (x)dx‘ < [|f (/e

Oymumm xkennb yukanu. P>

3°. Vpra kmiiMaT xakmaarm Teopemaiap. Airaimuk, f(X) GyHKIus
[a,b] na Oepunran Ba yerapajaHraH OycuH. vy X0JI1a
m=inf{ f (X)}, M =sup{f (x)} (xO[a,b]) maBxyx Ba [Ix[[a,b] yayn
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m< f(x) <M
TEHTCU3JIMKIIAp YPUHIU OYiaau.
1-teopema. Arap f (X) OR([a,b]) O6¥ynca, y xonmma mryHmaii y3rapmac
U(m< 4 <M) CoH MaBXKYJIKH,

Tf(x)dxz/,/EQb—a)

oynanm.
<« PaBmranky,

b b b
m< f(X)<M = [mdx< [ f(X)dx < [Mdx=
a a a

:»m(b—a)sff(x)dxslvl(b—a).

KelnHrn TEHrcu3nMKIapaan

b
j f (x)dx
m<2——<M
b-a
OyuIy Kenub YuKaau.
Arap
b
[ £(dx
— a
H b-a

Jernica, yHaaH
b
[f(X)dx=pb-a)

OYIUIIMHA ToTIaMu3. P>
3-natmxa. Arap f(x)UC[a,b] O¥ymnca, y xonmma myHnmai 60[ab]
TOTIHJIA VK,

Tf(x)dxz f(6) b - a)

oynanm.

<« by Tacauk IOKOpUAArd TeopeMa Ba Y3IMyKCU3 (PYHKIHSI-HUHT XOCCACHAaH
Kenuo ankagy. P

2-teopema. Arap f(x)UR([a,b]), g(x) O R([a,b]) 6ymu0, [a,b] na g(x)
byHKIIUA  ¥3 UIIOpacHMHU  y3raptupMaca, Yy Xojja IIyHJal Y3rapmac
U(M< 4 <M) CoH MaBXKYJIKH,

b b
J £ (99090 = 4 g(x)ax 3)

oynanm.
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<« Ainraitmuk, [x[[a,b] na g(x) = 0 6yncun. YHIA paBIIaHkH,
m< f(x) <M = mg(x) < f(x)[g(x) < Mg(x)
oynanm.
By wmyHocabatman xamaa aHWK WHTETpan Xoccalapuaan Goigananud
TOTTAMH3!

b b b
m[ g(x)dx < | f (x)g(x)dx < M [ g(x)dx.
b
a) j g(x)dx = 0 6yacun. Y xomama

b
[f(9g(x)dx =0
a
oymmo, uxtuépuit y(M< u<M) na (3) ypurnm Oynaam.

b
0) j g(x)dx >0 OyicuH. Y xoiaa

f (X)g(x)dx

Q =T

m< <M

b
[9(x)dx
oymmo,
b
[ £ () g(x)dx

H=2y
[ g(x)dx

Jennica, yHaaH
b b
J (990(9dx = uf g(x)aix

Oy xkenub yukaau. P
4-natmeka. Arap f(x)JC[a,b] 6ynu6, g(x) I R([a,b]) Ba g(X) dynkius
[a,b] ma ¥3 umopacunu y3raptupmaca, y xonaa mysgai 6 [1[a,b] Tommmanuku,

b b
J £()g9()dx = f(6)] g(x)dx

oynanm.

MamkJjap

1. Ymby
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V1+ cos xdx ﬂa/é

T
4 8

TEHT'CU3JIUK UCOOTJIAHCHH.
2. Ymby

(¥ ox=p-1a

TEHTJIMK I/IC60TJ’IaHCI/IH.
3. f(x)OC((~o0,+00)) 6ymu6, y T (T #0) naspmu bynxuus 6yncun. Y

xonna [l allR yuyn
a+T

j f(X)dx = j f (x)dx

OYuIy NCOOTIaHCHH.

36-mabpy3a
Yerapasapu y3rapyBuu 0yJran aHuK MHTErpajiap

1°. Baw3n mabiaymoriaap. Kyiugarnnapuu Ttabpud Xamaa KeNnuInyB

cudaTtuaa Kapaimus:
1) Uxtuépuii f (X) GyHkus yayH

'T f (X)dx =0.
2) f(x)OR([a,b]) Ba a<b g}”fﬂraﬂna

T f(X)dx = —T f (x)dx
b a

oynanm.
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1-teopema. Arap f(x) [ R([a,b]) 6Vnca, y xonaa uxtuépuii [a, ] U [a,b]
yuyn f(x) O R([a,f]) 6ynanu.

4 f(X)OR([a,b]) 6ymub, [a,B]0[ab] OyncuH. MHTErpaysiaHyB-IHINK
Me3oHura kypa, [1€ >0 con ommeranga xam [a,b] opamuk-wuar myspgaii P
Oynaxmaiy TOMWIAIuKH, yHra HucOaTaH

S(f;P)-s(f;P)<e¢
oynaau.
P OynaxnamHUHT OYIIyBUM HYKTanapu Xg, Xy, X, , ..., Xy, X, KaTopu- ra @ Ba [
HyKTaJapHu Kymmo, [a,b] opanmukauHr sHTM P’ OYnakianivHu XOCHIT KUJIaMU3.
PaBmanku, P [0 P' 6ynamu.
JapOy WMFUHAWIApUHUHT XOCcacura Kypa
s(f;P)<s(f;P"),
S(f:P)> S(f:P")
0ynuo0,
S(f;P)-s(f;P)<e¢
oynanm.

P' oynaxmamuubr [@,] naru OYIyBUM HYKTaJapuHHU Iy OPAJTUKHUHT
Oy1yBuM HyKTanapu cudaruaa Kapao, [a : ,8] OpaJIUK-HUHI B OYnakmaniHu Xocui
kunamu3. by 6ynaxnamra aucbatan f (X) ¢ynkuusauar HapOy WuFruHAMIAPUHA
Ty3aMu3:

S(f;R) s(f;R)
Hatwxana

s(t;p')-s{f:p')= 2 (M, -m ),

[a.b]

S(f;py)-s(f; p1)=[a2/3](l\/lk - m, )X,

oynmuo, ymapaan
S(f;P) —s(f;R) < S(f;P) —s(f;P)
oynmumuy kenub uynkaau. Jlemax,
S(f;R)-s(f;P) <&

oynamu. by aca f(X) OR([a, []) >xanunu ounmgupagu. P

2°. Yerapanapu  y3rapyBuM aHMK  MHTerpaiap. AMWTalIuK,
f(X)OR([a,b]) Oyncun. Y xomma IOKOpHAa KENTHPWITaH Teopemara Kypa
f(X)OR([a,x]), a<x<b 0ymb, Qyuxuusauar [a,X] opamuk Oyinuua aHUK
WHTETpaau X ra OOFJuK Oyiaau:

F(x):ff(t)dt (xO[ab] , F(a)=0)

2-teopema. Arap f(x) [ R([a,b]) 6ynca, F(x)JC[a,b] 6ymamu.
< f(X)OR([a,b]) 6yncun. [a,b] opamuknan nxtuépwmii X', X' HyKTagapHH
0JIHo0,

217



F(X) - F(X’)
alMpMaHu KapaiMu3. PaBiianku,

FUO—FWU=THO&—THO&=Tfmm.

by Tenrnuknan Tonamus:

F(X) - F(x") = <[|f @)t =
< supf (t) [‘Jj d] = supf (1) x-x]
[a,b] X" [a,b]
Jemak, 0e>0 ra xypa, O =m neitunca, y xonma |X—X|<o
[a,b]

TEHICU3NIMKHY KaHoatnantupysuu [X , X'[J[a,b] yuyn
IF(X)=F(x")|= squ ()| L[ x—x| <supf (t)|[d =
a,b] [a,b]

=supf (1) Gsum o ¢

[a,b]

o6ynamu. by aca F(X) ynkumsauar [a,b] ma y3mykcu3 OYmummHA OWIIUpaIu.
Hemak, F(x)OC[a,b]. »

3-Tteopema. Arap f(x)C[a,b] 6ynca, y xonma F(Xx) dynkuusa [a,b] na
xocuiara sra 6yiuo,

F'(x) = f(x)

oynanm.

4 Anraiimmk, f(x)OC[a,b] 6ymu6, x[[ab], x+Ax[[ab] 6yn-cun.
AHUK WHTETpATHUHT XOCCallapHIaH (I)OI‘/’I,Z[aJIaHI/I(S TOTIAMU3!

F(x+AX) - F(¥) _ 1|7 XX
f(t)dt - f dt =— | f(t)dt.
= T od il = L TH
S"pTa KHIMaT XaKuJ1aru TeopeMajial (I)OI/I,Z[aJIaHI/I6, ym6y

F(x+Ax) — F(X)
AX

= f (x+ 8 [1X) 0<6<)

TEHTJINKKA KEJIaMHU3.

Keitnaru tenrmukaa, AX — O ga numutra yTud

F'(x) = f(x)

OyuImuHN TOonaMu3. P>

Harueka. Arap f(x)JC[a,b] 6ynca, y xonma f(X) dbyHkmms 6onutanFuy
dbyHkIusra ra 6yiaau.

« by rtacnuk rokopumarn 3-teopeManaH kenubO umkaaw. bynama  f(X)
GYHKIUSHUHT OOUUIaHFUY (QYHKIUSCH
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F(x) =f f (t)dt

oynamu. »
dapa3 KWJIAWIIVK, f(x) OR([a,b]) OycuH. v X0JI1a

f(X)OR([x,b]), a<x<b o0ymmb, ¢yskmusauHr [XB oOpamuk OYiinya aHHK
UHTETpaiu X ra OOFJuK Oyiaau:

D(X) :T f(t)ydt (xO[ab], @(b)=0).
AHWK UHTETpaj xoccacmarn dorinananu0 TonaMus:
T f(x)dx = T f(t)dt + ? f(t)dt =F(x) + @(x) (xO[a,h]).
By remrmmciar X
D(X) = T f (X)dx— F(X)

OymuIy Kenub YuKaau.
Keitunru tenrmuk, @(X) ¢ynxuusHuHr Xoccanmapunu f(X) xamma F(X)

(GYHKIUSUTAPHUHT XOCCATApU OPKAIHM YPraHUIl MyMKAHJIUTHHA KYpCcaTaJiH.
Kymnanan, f(x)C[a,b] 6ynca, y xonna
D'(x) =-f(x)
oynau.

<« XaKuKaTaH Xxam

I I

cp'(x)z[ff(t)dtJ =[Tf(t)dt—F(x)J =—F'(x) =—f(x) »

MamkJjap

1. Arap
F(X) = fsin xdx, xO[-11]
-1

oynca, y xonma F(x) dyakuusauar X =0 HyKTaza XOCHIacH MaBXyZ SMAaCIUTU

UCOOTIIAaHCHH.
2. Yby numMur

X
lim 1 tarctgt
x_’+°°XO 1+t

dt

XUCOOJIaHCHH.
(K¥pcarma, Jlonmuranb KougacuaH (o 1aaHIHT)
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37-mabpy3a
AHMK MHTErpajuIapHu XuCoO0J a1

1°. Amnk HHTerpa/uiapHu Tabpudra kKypa xucodgam. ANTANWIUK,
f (x) OR([a,b]) 6yncun. Yuna uarerpan tabpudura Kypa

im nf f (& )AX, = T f (x)dx

|
Ap~0k=0

oynanm.
1-Mmucoa. Yy

b
[sinx dx
a
UHTErpaj XUCOOIaHCHH.
<« Papmanku, f(x)=sinxOC[a,b]. Hemak, f(x)OR([a,b]). [a,b]
OpaMKHU yIIOY
a,ata,,a+2a,,.,a+ka,,..,a+tna, =b

.. a o o
HyKTajap €épaamuia, Oynaa a, = ——, N Ta TeHr Oynakka 0yiu0, xap Oup
n

[a+ka,,a+(k+Da,] (k=012,...n-1)
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Oynakna &, HyKTaHM Kyingaruda
ée=at+t(k+Da, (k=012,..,n-1
tannmaiivMus. Y xomga  f(X) =SiNX QyHKIUSHUHT WHTETpal  WUFUHINACU

Kyuugarnya

n-1 n-1

o= )Y sina+k+1a,) &, =a,> sin@+(k+Da,)

k=0 k=0

KYpHUHHUILTA 3Ta OYIaau.
Masbnymky,
sin@+(k+da,) = Zsina—znsin(a+(k +1a,) =
2sin—"
=L costr (s D) -cosa+ (k+ )|
. a, 2 2
2sin—-
2
oynaau.
Hatwxkana uHTErpan HUFUHIN y9yH Y10y
n-1
o=—9_ 3| cost+(k+1)a,)-cost+ (k +§)an)} -
H n k=0 2 2
2sin—-
an
2

1 1
=—2_(cos@+-a,)-cosb+-a,))
. ay, 2 2
SIN—
2
TEHIJINKKA KEIaMu3.
Keitnaru tearmukaa Ap = AX, = a,, — 0 ga aumuTra yTu6 Tomamus:

b
jsinxdx = cosa-—cosh. »
a

2°. Huloton-Jleiionnn dopmyaacn. Ajiraitmk, f(X) dysk-mas [a,b]
cerMeHTAa OepwiraH Ba IIy CerMeHTAa Yy3iaykcw3 OyncuH. Y xomma f(X)
oommanrud GyHKIHUS

F(x) = j f (t)dt

ra ara Oymaau.

PaBmanku, ®(x) ¢ynkmus f(X) HUHT UXTUEPUN OONTIAaHFUY (QYHKIIUSACH
oyica, y xonaa

D(X)=F(x)+C (C = const)

oynanm.

By Tenrnukzaa, aBBanm X =a nebd

D(a) =C,

cyurpa X =b ne6
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b
@D(b) = I f(x)dx+C
OynuuHA ToramMus. Jlemax, ’
b
j f (xX)dx = @(b) - @(a). (1)

(1) popmysa HeroToH-JIeiOHuUI hopMyIacu aeHnIaIm.
b

kabu &3mnanu. [lemak,
a

T f (X)dx = @(X)

Onmatrna, @(b) —@(a) aiiupma @(X)

= @(b) - d(a).

b
a

Macanas,
"1 b b
j—dlenx{ =Inb-Ina=In—. (a>0,b>0)
2 X a a
3. Virapypunaapuan aamamrupum  gopmyaacu. dapas Kumaimuk,

f (x) OC[a,b] 6yncun. PaBmanku, Oy xonmaa
b
[ f(x)dx

MHTETpaj MaBxyJ Oymaau.
Alinn maittna, Oy ¢ysukuus [a,b] na Oommanruu @(X) ¢yHKUuMsAra sra

oymmo,
b
j f (X)dx = @(b) - @(a)
a
oynaau.
AWTalMK, aHUK UHTETpaia X y3rapyBuu ymioy

x = ¢(t)
dopmyna OwnaH anMmamtupuiaran Oynu0, Oynnma ¢@(t) byHkuus Kyhdugarua
HmapTiaapHu O0axapcHH:
1) ¢(t)OC[a, f] 6yaub, ¢(t) byHkuusauHr Oapua Kuitmat-iapu [a,b] ra
TETUIILIH,
2) p(a) =a, ¢(B)=b;

3) ¢(t) dyukuus [a, [] na yznykcus @'(t) xocuiara sra OYJICHH.

VY xonna
b B
J £O9dx= [ (1)) ' (t)ct (2)
oynau.
<« Pasmanku, @(@(t)) mypakkad dyskius [a,[] cerMeHTna Y3ITyKCHU3
oymmo,
(@(p(1)) =D (p(V) L#'()
oynanm.
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Arap @'(X) = f (X) sxaHuHH >bTHOOPTA OJICAK, YHIA
(@(p()) = f (o) [&'(t)
OymummHn Tomamu3. by aca @(@(t)) oyskums [a,B] na f(P(t))[@'(t)

GyHKIUSTHUAT OOonUTaHFud (YHKIUACH SKaHWHHM Ownmupanu. Heroton-JlenOHUMIY
dbopmynacura kypa

8
[ (@) B (0)dt = 2((B)) - 2(g(a)) =P(b) -P(a)  (3)

oynaau.
(2) Ba (3) myHocabatnapan

b 8
J fOyax=[f(g) @' (t)ct (4)

oynuiy kenub yukagu. »

(4) dbopmyna aHuK HHTErpasaa y3rapyBUMHU aJIMAIITHPHII (GOPMYJIacH
JIennIagu.

2-MucoJj. Yoy

}\/1— x2 dx
0

WHTETrpajl XUCOOTAHCHH.
<« bepwiran unterpanaa X = Sint anmamrupuiHu 6axapa-mMu3. YHaa

I\J\:]

X = [+1-sin tcostdt-jcosztdt-

2
lcosZt)dt = (—t+ 1S|n2t) =7
2 4 4

0

O'—nH

o

G+

l\)lH

o—aN Iy

oynamu. »
4°. Byaakna6 waTerpaaiam dopmyaacu. Airaimmk , u(x) Ba V(X)

dyHkumsapauEr xap oupu  [a,b] cermentma ysmykems u'(x) Ba V' (X)
XocHiaiapra sra OyjicuH. Y xoijia

b b
JuGav(x) = (u(x) ¥(x)) - Jv(ddu(x) (5)

oynanm.
<« Xocwianu XucoOmant Konjacura Kypa

() V(x)" = u’ (x) W(x) +u(x) V' (x)
oynaau. JeMmax, u(x) [v(x) byHKIUA [a,b] opanuKaa
u’ (x) W(x) + u(x) ¥ (X) dyrkuusauar Gonnanruy GpyHKmusicH 6ynanu. HploToH-
JleitOnun popmynacuaan oigananud TonamMus:
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b

a

T(U’ () D¥(X) +u(x) V' (x))dx = (u(x) ¥(x))

KelnHru TeHrIMKaaH
b
a

- Tv(x)du(x)

b
Ju(yav(x) = (u(x) ¥(x))

Oymumm kenub yukaau. P
(5) dopmyna anuk uHTerpamiapaa Oynmakinad WHTerpaviam Qopmyracu

JeuuIagu.
3-mucou. Yoy
2
[ xIn xdx
1
WHTErpajl XUCOOTAHCHH.
2
<« By unrepsanma u(x)=Inx,dv(x)=x ne6 du(x)= %dx, v(x) = X?

Oynumuuu Tonamus. Yuaa (5) bopmynara kypa:
2 X2 G 12 3
[xInxdx=("=Inx) -[=— =+ dx=2In 2-=[xdx=2In2-= Gynanu. »

1 2 1 12 X 27 4

4-mmco. Yoy

T
2
J, = [sin" xdx (n=012,...)
0
MHTETpaj XUCOOIaHCHH.
<« Pasmanku,
m n 2
2 T 2
Jo=[dx== , J =sinxdx=(-cosx) =1.
0 2 0
0
N= 2 6ynranga OepuiiraH UHTETPaIHU
T T

2 2
J, = [sin" xdx = [sin"™ xd(-cosx)
0 0
Kypunummaa €3u0, yHra Oymakna® uHTerpamuiam (GopMmyJIacHHH KYIUTalMus3.

Harmxkana
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m

T 2
J =(-sin"tx E:osx)‘g +(n -1 [sin"? xcos’ xdx =
0

n n

/s
2
=(n-1)[sin"?x(1-sin® x)dx =(n - 1)j3|n”2xdx (n- 1)jsm xdx =
0
= (n _1)‘Jn—2 - (n _1)‘Jn
o0ynu0, yHaaH ymoy
n-1
‘]n :T‘]n—z

Oynranma

peKkyppeHT popMya Keaud YuKaau.
by ¢dopmyna €pmammupa Oepwiran uuterpasind N=123

KeTMa-KeT XUcoOaIl MyMKHUH.
Auitaitnuk, N = 2mM- xxypT coH O6yicuH. YHaa

5 (2m-p!

Fm, =

] =2m—152m—3 _B§ 7. =
™ om 2m-2"""6 4 2 em! 2

oynaay.
Alitaiiuk, N =2m+ 1- Tox con O6yacuH. YHIa
2m m-2 6 4 _(@mn
I =2 _gm=2 tdm,-
2m+1 2m-1 3 (2m+1)!!
oymamgu. (M! cumMBO M gaH KarTa 6}”/J1MaraH Bay 6HJIaH Oup Xui Ky(PTIMKKa 3ra

OyiraH HaTypall COHJIAPHHUHT KyTTaiTMacuHu Owiaupanm.) P

5. Bamummce popmyaacu. Mabnymky, 0 < X < P oynranaa

2l x <sin® x < sin (n=123..)

sin
TEeHrcu3nukinap ypunnu Oynamu. By rtenrcusmukiapuu [0,—] opamuk Oyitnua
uHTerpaao,
T T T
2 2 2
jsinz”+1 xdx < jsin xdx < jsmzn 1 xdx,
0 0
cynrpa 4° na keatupriran Gopmynagapaan $poiianaHub TomamMms
I =Nl I
(2m!! < (2n-!! ﬂ (2n-2)!
(2n+1)! @il 2 @n-i°
By TeHrcusnukiapaan
2 2
I I
(2ni E 1 T (2n)! Ell
@n-nit) 2n+1 2 @n-plt) 2n

Oyuiy Kenub YuKaau.
KelrHI1 TeHrCU3IUKIIapaaH TONaMu3
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7 .1 [ e 7T
— =lim :
2 n-w=2n+1| (2n-D!!

(6) bopmyna Bamnuce popmynacu nevnnany.

Mamkiap
1.Arap f(x)UJR([0,1]) G¥ica,

lim } f (x)dxzi f (X)dx
1 0

n-o
n

TEHIJIMK UCOOTJIAHCHUH.

2. YOy uHTerpant
1007

j' J1-cos2xdx
0

XUCOOJaHCHUH.
3. Yuly TeHrImK

dx
1+x

1 dx
]

1+ x° (x>0)

2

R —X |

UCOOTJIAHCHH.
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38-manbpy3a
AHUK HUHTErpaJIHi TAKPUOU Xuco0aamn

Opnatna, anuk wuHTerpamiap Heroron-Jlewonun ¢opmynacu Epnamuaa
xucobmanaau. by dopmyna Oouuianrud  QyHKuOMsTa acociaHagd. AMMO
OouuTaHFUY (PYHKIUSHU TOMMII Macajacu JIOMM OCOHTHMHa Xai OYiiaBepMaiiiu.
Arap uHTerpan octujgaru GyHKUUS Mypakkad Oyica, TETUIUIM aHUK MHTETPaHU
TaKpuOuil Xpcobamira TYFpy KeJiaIu.

1°. Tyrpu TypToypuakaap dopmyaacu. Papas kumaiimuk, f(x) QyHKIMS
[a,b] cermentna 6Gepunran Ba y3nykceu3 6yncun. Jlemak, f(x) O R([a,b]).

b

Macana J f (X)dX uaTerpanHu Takpubuii Xucobmamgad noopar.
a

[a,b] OpaJINKHU a= Xgy Xy XgyeeesXpog, Xy =D HyKTajap
(%o <X <X,<..<X,) épmammma N Ta TeHr Oymakka Oyaub, xap Oup
[Xe s Xisq] (k= 012,...,n—1) Oyitnua uHTErpaHN KyHuaarnda
X +1 X, + X —_
I o= 1) s =) =2 2 (x )
% 2 n k+=
TaKkpuoOuil XxucobaaimMus, OyHaa
- +
X, —ark22 X =% K
n k+§ 2

=a+(k+—;>b—;a, X X =b_;a (k=012,...n-1).

AHMK HHTerpaJj xoccacuaan goiaaaianud Tonamms:
Xg+1

?f(x)dx=lef(x)dx+xff(x)dx+...+ jf(x)dx+...
a Xo X Xk
b-a f(xl)+b_a f(x1+1)+b_a

b-a b-a b-a
f(Xk+1)+---+ F(x 1)=——[f(x;)+
2 " n 2

+f(x )+..+F(x )+ +1(x )]
1+5 k+E n—E

Xn
ot [ F(X)dx=
Xn-1

f(x 1)+

oLt

Hartmxkana
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b

[ f(x)dx

a
UHTErPaIHA TaKpHOUi XUCOOIAI yuyH Kyﬁm[am

b — an-1
[ f(odx="-2

Zlf(X 1) (1)

dbopMynara Kenamus.
(1) popmyma Tyrpu TYpTOYpuakaap hopMmyiacu ACHHUIAIM.
Ouau (1) TakpuOwuii GopMyTaHUHT XaTOJIUTUHHA aHUKJIAi-MU3.

(1) bopMynaHWHT XaTOTUTUHU
o b-ant!
Ry =[f(Xdx——=> f(x ;) (2)
a n oo k+ 2
JEUITUK.
Ajtraiinuk, f(X) dynkuus [a,b] cermentna y3nykeus f''(X) xocumara sra
OYJICHH.
ABBano R, HM Kylinnaruya €3u0 onamus:

n-1 Xk +1 n-1 Xk +1

R, = ZI f(x)dx——Zf( 1) > [ f(x)dx-
k= OXk k= Oxk
AL (x )dx:nfj[f(x)— f(x )l
k= OXk k=0 2

Teitnop dhopmynacugan (I)Oﬁz[anaHH6 TONAMU3:
I 1 n
FO)=f(x )=f'(x )x=x ;)+=f"(E)Mx=x ,)°
< ks ey 2 <
(6ynnma &, coH X Ba Xk . conmap opacuna). Hatmwkana

n=1%k+1

R, = Zj(f (X 1)EQX X 1)+—f”(fk)EQX X l) Yax =

k=0 x,

X +1 Xk +1

‘Z(f (X 1) I(X X 1)dX+—If"(fk)EQX X 1) )dx
oynaau.

Xic+1
PaBmanku, j [X - Xk 1 ]dx =0.
" 1

Jlemax, R, __§XT1 f"(&, EE +1]dx.

2i=0 &,
VYpra kuiiMat Xxakuaaru Teopemara OMHOaH
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X1 Xe+1

[£"(E)Mx=x ;)%dx=f"(&) [(x=x ;)%dx=
X k2 X k*2

a=%)% o e (0-3)° .y,
e A B S ARCA RAE)

oynanm.
Hlynnait kumuo0, R, yuyH ymoy

1 (b- a) " (b-a)° 1.,
Ri=5 2 (6= E S 1)

udomara xemamus.
PaBmanku,

18 gy - 6 6

MUKIOP (qﬂ: O[a,b], k=012,...,n-1) f"(X) wunr [a,b] opanukmaru 3HT KHYUK
m'" xampma sHr karra M"' kuiimatiap opacua,

1n—1 .
m'<s=Y (&)< M
N k=0

Ooynanm.
[laptra kypa f''(X) dynkums [a,b] na y3nykcus. Y3nykcus QyHKIMSHUHT

xoccacura MmyBoduk (a,b) ma mynnait { HyKTa TOTHIAIUKH,
1 n-1

f”(Z)— an(gk
oynaau.
Hatmwxkana R, yuyH Kyiiunaru
(b-a)® .,
= f
R, = oan? )
TEHIVIMKKA KeJaMu3.
Jlemaxk,
b b-aut (b—-a)?
f(dx=—-> f(x )+——fF"
J1O0dx== 50 10 )+ e 1)
oynanm.

Hlynnait kuuo, [a,b] opanukna nKKUHYM TapTHOIH Y3ITYKCU3 XOCHIIara sra
oynran f(X) QyHKIUSIHUHT

b
[ £(x)dx

uaterpanuan (1) Tyrpu TYpTOypuakiaap — ¢opmynacud €EpaamMuaa TaKpUOMi
xucobiianca, Oy TakpuOuii XucoOaam XaToJIUuTru KyHuaaru

b-a)° .,
Rn—(zj‘z) ') (¢ O(@ab))
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dbopmya Ounan udogaranau.
2°. Tpaneuusinap popmy.aacu. f(X) QyHKIHSHHHT

b
[ £(x)dx

WHTETPAIMHU TaKpuOuii Xucobmam yayH, aBBaio [a,b] cermenTHH

a=Xg, Xy XpyeesXpgs Xy =D
HyKTamap ¢&paamuga N ta TeHr Oymakka Oynunaau. CyHr xap Owup
[ X Xesq] (K= 012,...,n—1) 6yitnua nHTETpaNnHu KylHugaruda

Xk +1
J' f (X)dX ~ f (Xk) +2f (Xk+l)
Xk

Takpuouit xucodnanaau. Hatmwkana ymoy

th f(X)dx = Tf(x)dx+}2f(x)dx+...+ Xjnf(x)dxz
a X0

X Xn-1

L F00)+ F(x)

Xy — %) (k=012,...,n-1)

- f (%) + f(x)

5 (% = X%o) 5 (Xp = %) +...
f(x)+ (%), (_b-a; f(X)+f(x,)
- 2 (X2 = %) = 5 [ 5 +

F100) + F (%) ot F(X0a) |

dbopmynara kemamus. Jlemaxk,

; _b-a f(x)+ f(x,)
{f(x)dx~ . [ 5 + 3

+100) + F0OG) +o+ T (X))

(3) dbopmyna Tpaneuusap Gopmysacu aeHuIaIu.
By Takpubuii ¢dopmynanunr xaromurn R, f(X) dyskuus [a,b] na

y3nykeu3 f''(X) xocuiara sra OyiaMIg mapTuaa

R=-C210) oED)
oynau.
Jlemak,
[ oax=L3p 0D F00) gy,
" n 2
F )+t F ]~ ),
2n

3°. Cumncon dopmyaacu. by xonna f (X) GyHKIMSIHAHT

b
[ £(x)dx
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UHTErpaJTuHu TaKpuOui Xucooant YUYH [a,b] CErMEHTHU
8= %o, Xio s Xoks Xokats  Xoksz s Xanzs Xonas Xon = b HyKTanap &pammma 2N ra
TeHr Oynakka 6ymmo, xap oup [X,, Xoro] (K= 012,...,n—1) 6yitnya uaTerpannun

Kyuugarnya
Xok+2

[ 1000 = 22 21 () + 41 () + 1 (a0 =

X2k

_b;r'la[f(X2k)+4f(X2k+1)+ f(Xar2)]  (k=0L...,n-1)

TaKpUOUii XI/ICO6JIaHaI[I/I HaTmKazLa
jf(x)dx jf(x)dx+J'f(x)dx+ + jnf(x)dx~

_b-a

+1(Xg)) ot (F (X)) 41 (Xony) + T (X)) =

= 2RI () + F(0)) + A(F () + £ () +

et F(Xon)) +2(F (%) + (X)) +oF T (Xon-2))]-
xocw Oynaau. Jlemak,

b b-a
f(x)dx =
[ F0ga==o

[F (%) + f(X0) +4(F(x) + F(x5) +...

et F0Gn)) + 20 () + (%) +.o+ T (Xon-0))]- (4)
(4) bopmyna CumricoH Gopmyacu TeHnIIaIn.
By takpubmii ¢opmynanunar xartomuru R, f(x) ¢yskums [a,b] na

yanykens ™) (X) xocunara sra 6ymmmm mapriaa,

"n_ _ (b a) (iv)
RI= = g T (@) (€0(@b)

oynamnu. Jlemax,

b —
I f(x)dx=b6—n""[f<xo) + 1 (ko) + A(F (%) + £ (X5) +oot F (Ko 0)) +

P21 0x5) + )+t (i N1~ £ 00,
* - 288(n*
Mmucoa. YOy
1 2
Ie_x dx
0

WHTETpall TYFpu TypTOypuakmap, Tpanerusiap Ba Cummncod dopmynanapu
EpraMuia TAKpUOMit XMCOOTAHCHH.

231



«4 [01] cermentHu 5 Ta TeHr Oynakka Oynamu3. bynna OymuHHMII
HyKTajapu
Xo =0, % =02, x, =04, x; =06, x, =08, x; =10
oymuo, Oy wuykramapma f(X)= e (GYHKIUSHUHT KHAMaTIIapu KyHumarmda
oynanu:
f(X,) =1,00000
f(x)=096079 ,
f(x,)=085214
f(x3) =069768
f(x,) =052729
f(xs) = 036788
Xap Oup OynakHUHT YpTacuHU U(OAATIOBUN HYKTaJIap
X; =01, X3=03, %X;=05, X, =07, Xg =09
2 2 2 2 2
0ynmu0, Oy HyKTanapaaru QyHKUUSHUHT KUMMaTIapyu Kyhuaaruya Oymaau:
f(x;)=099005 ,
2
f(x3)=091393 ,
2
f(xs) =0,77680 |,
2
f(x;)=061263 ,
5
f(xy) =0,44486 .

5

a) Tyrpu TypTOypuakaap popmyacu 6yiinua
1 2
je_x dx 2% (0,99005+ 091393+ 0,77680+
0

+0,61263+ 0,44486 =% [B,74027= 0,74805
oyuo0,

R /st =T =0003

~ 1225 30C

oynau.
0) Tpanenusijiap popmyJiacu oyitnua
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1 (ZLOOOOO+ 0,36788

~c 5 +0,9607%+ 0,85214+

1 2
j e dx
0

+0,69768+ 052729 :é (0,68394+ 303790 =

=% [B,72184=0,74437
oyuo0,
R, < L :i = 0,006
625 15C
oynaau.

B) Cumricon gopmyJaacu 6yiinua

1 2
[edx= 3—10 [(LOO00O+ 0,36788 + 4(0,99005+
0

+0,91393+ 0,77680+ 0,61263+ 0,44480 + 2(0,96079+
+0,85214+ 0,69768+ 0,52729] = 3—10 (136788+ 4[B74027 +

+2[B0379Q = 3—]6 (L,36788+ 6,07580+ 1496109 = 0,74682

oyuo0,
11 12 -5
<—=0,7110
i 288( [5*
oynaau.
MamkJjap

1. Tpaneuusiiap hopMynacUHU XaTOIUTH

R,

12n° ()

oYUy NCOOTIAaHCHH.
2. CuMIicoH popMyIaCHHH XaTOJIUTH

=_(b_a)5 v
A 288(n4f (€)

OyuIy nCOOTITAHCHH.
3. Yuby unTerpan

1 dx
]

n=1C
o x ( )

TaKpUOWi XUCOOJaHCHH.

233



9-bOb
AHUK UHTEI'PAJIHUHI" BAB3U
TATBUKJIAPHA

39-manpy3a
Texuc wiaknnune 103u 6a yHu Xucoonauw

1°. Texknc WAKIHMHT 103M TymyH4acH. Mabnymrn, (X,Y) KyQIiuk,
(xOR,yOR), Tekucnukna HyKTaHu U oaaIanIu.

Koopnunaranapu ymoy
as<x<hb c<ys<d (aURbOR,cUOR,dOR)

TEHICU3JIMKJIAPHUA KaHOATIAHTUPYBYM TEKUCIIMK HyKTajJapuaaH Xocui oynran D,
TYILJIAM :

D, ={(x,y);xUla,b], y[c,d]}
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TYFpu TYpTOypUaK neitrnaan (8-un3ma)

e
7 F-

[ I

o] o E;.-"x

S-amsna
by Tyfpu TYpTOypUakHUHT TOMOHJAapW (Werapamsapw) MOC paBHIIAA
KOOpAMHATajIap YKura napauien oyiaau.
D, T¥¥pu TYpTOYpUaKHUHT (031 10 (YHUHT YerapacHHUHT, ShHH

X=a , X=b (csy<d),

y=c , y=d (asx<bh)
TYFpU YM3UK KecMamapuHuHr D, ra termmmm Oymumm  €KM  TETHIUIA
OyIMaciIuruiaH KaTbuid Hazap) ymoy

H(Dy) = (b-a)[(d -c)
MUKJIOpTa alTUIaau.
AWTaliIMK, TEKUCIUK HyKTajdapuman mbopat oupop Q Ttymiam Oepuiraxn

OYJICUH.
Arap mynnaii D, TyFpu TYpTOypYaK TOIUIICAKH,
QO D,
oyinca, Q uerapanaHras TYIiaMm JICHHIIaIN.
Xap KaHaai derapajaHraH TEKHUCIUK HyKTajdapuaaH uOopar TYIUIaM TEKUC
MIaKJI JeHHUIIaaH.
Arap TeKMC IIAaKJI  YEKJIM  COHJArd  KeCUIIMaWauraH  TYFpu

TYpTOypUaKiIapHUHT OupnammMacu cudatuaa udoaananca, yHu TYFpU KynoOypuak
neimus. (9-un3ma)

O-qr13nMa

Bynpaili Tyrpu KynOypYakHMHI 103M €0, YHM TAIUIKHWJ JITraH TYFPH
TYPTOYpUYAKJIAP 032J1aPpU UUFUHAUCUTA aAWITHIIATH.
Tyrpu kynOypuak 1031 Kyiiiaara xoccajnapra ara.
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1) Tyrpu xynOypyak 103u xap goum Manduit oynmaiiau: (D) = O;

2) Kecummaiinuran wkku D; Ba D, Tyrpum kxynOypuakmap-gaH TamIKui
ToNraH TYrpu Kynoyp4yak to3u D; Ba D, napHuHT 103&01apu HUFUHAMCHTA TEHT:

H(D, UD,) = pu(Dy) + 1(Dy)

3) Arap D, Ba D, Tyrpu xynOypuaknap yuayH

D, 0D,
oyica, y xonaa
H(D;) = pu(D,)
oynau.

Texucnukaa 6upop yerapananrad Q maki 6epuirad O0yicuH. by makmHuHT
nuura A tyrpu kynoypuak (A Q), cyarpa Q makiHu ¥3 uuura ojrad B Tyrpu
kynoypuak (Q [0 B) map ym3amus. YnapHuHT to3mapu mMoc paBumiga L(A) Ba
H(B) 6yncuH.

PaBmianku, OyHpmaii TyFpu KynOypuakimap Kyn OynuO, yJaapHHUHT
ro3anapuaan uoopar { 4(A)} Ba { 1(B)} tymiamiap xocun 6ymaau.

AiiHu maiitna, Oy COHIM TyTUIamiap dyerapajanran Oymaau. buHoOGapuH, yJIapHUHT
aHUK Yyerapaiapu

sup{u(A)}, inf{ u(B)}
Jap MaBXyA.
1-tabpud. Arap
sup{u(A)} = inf{ (B)}
oynca, Q maki ro3ara sra Aerunaaau. Y IapHUHT YMyMUAM KuiMaTd Q IIaKJIHUHT
1031 neiinnany Ba ((Q) kabu OelrmIaHaIu:

H(Q) = sup{u(A)} = inf{ (B)}
1-teopema. Texuc maki Q ro3ara ara Oynwm yayH [1€ >0 coH onuHranma
xam myHgan A (A0 Q) Ba B (QU B) tyrpu kynOypuakiap TONUIMO, yiap
Y4yH
H(B) - u(A)<e
TEHTCU3JTUKHUHT O KapUJTUIIH 3apyp Ba eTapJIu.
<« 3apypauru. Aurtainuk, Q maka ro3ara sra OyJicuH. YHAa Tabpudra
OuHOaH
sup{u(A)} = inf{ 4(B)} = 4(Q)
oynau.
MoaomMmuxu,
sup{u(A)} = 1(Q),
inf{ 1(B)} = 1(Q)
sKkaH, yaaa [J€ >0 ommaranga xam myHgai tyrpu kynoypuak A(A O Q) xamma
mryHaai Tyrpu kynoypuak B(Q U B) tonmnamukwy,
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mm—mw<§,

B -uQ <

oynanu. by TeHrcuznukIapaaH
H(B) - u(A)<e
OyuIy Kenub YuKaIu.
Erapauwauru. Antaitnuk, A (AU Q) Ba B (Q U B) 1yrpu xynbOypuakiap
yuyH U(B)— y(A) < & TeHrcuznuru 6axxapuiCHH.
PaBmanku,

HU(A) < sup{u(A)}

H(B) zinf{ u(B) }.
by myHocabarnapan
inf{ £(B)} —sup{u(A)} < u(B) - u(A)<e
OYIUIIIMHYN TOTTAMH3.
& -uxTuépuiit Mycoat cCoH OyIraHIuruIaH
sup{u(A)} =inf{ u(B)}
oymumu kenub uynkaau. Jlemak, Q maxni ro3ara sra. P

[Ilynra yxmram Kyiuaaru teopeMa ucOoTaaHaIu.
2-teopema. Texkuc makn Q ro3ara sra Oymumm yuyn [1€>0 con

OJIMHTAaHJa XaM UIyHJall (o3ara sra Tekuc Mmakmwiap P Ba S Jap
(POQ , QU &) Tonunuo, ynap yayH
H(E) - u(P)<e

TEHTCU3TUKHUHT OQKapUITUIIIH 3apyp Ba €TapJiu.

2°.3rpu YM3HK/IM TpameUUsIHUHT 103MHH Xucobaam. dapa3 KUIANINK,
f (x) OC[a,b] 6ynu6, [Ox[a,b] ma f(x) =0 6yncun.

FOxopunan f(x) ¢ynkuus rpaduru, €H TOMOHNapaaH X=a,X=b
BEPTHKAJ YM3MKJIAp XaMm/la MacTAaH aduucca YKy OminaH yerapananrad Q IIakiHu

Wdl. .

/!
%
:/:
D CI:';| xz
104uszma

Opatma, Oy ImaKkya STpU YMBHKIW Tpamerus nedunaau. [a,b] cermenTHUM
UXTUEPUI

Kapaitmmk. (10€u3ma)

),

n

P={Xg, X, X5,-.,X,} (@=Xy <X <X, <..<X, =b)
Oynaxmaniau onamu3. by OynakmanHuHr Xap oup [ X, , X,,,] opamuruna
inf{ f(X)} =m,, sup{f(X)} =M, (k=012,...n-1)
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MaBXXy/J1 OYJ1aiu.

Ouau acocu AX, = X, — X, O6amanmmuru m, 6yaran (k =012,....n-1)
TYFpH TYPTOypUYaKIApPHUHT OUpIalIMachIaH Tall-KWI TONTaH TYFpU KynOypuakHu
A JTenukK.

Hlynunraek, acocu  AX, = X3 — X, Oamanpmurm M, Oyuran
(k=012,...n-1) T1yrpu TYpTOYpUAKIAPHUHT OUpIAIIMACHJIAH TAIIKWJI TOMNIaH

TYFpu KynOypuakuu B neiinuk. PaBmankw,
AUQ, QUB

Oynu0, yIapHUHT 103aJ1apu
n-1 n-1
H(A) = 2 my [AX,, 4(B) =3 M, [Dx,
k=0 k=0

oynay.
by #wurunaunapaun - f (X) ¢byskusHuHT  [a,b] cermenTHHHMHrT P

Oynaknamura HucOaran JlapOyHUHT KyiHu XamJa IOKOpY WHFUHIWJIAPU SKaHUHU
naykall KUMUH 3Mac.

u(A) =<(t:P) -, u(B)=S(F;P).

f(x) 0 C[a,b] 6ynranu yuyn f(x) dynkuus [a,b] na unaterpanna-nyBun Oymaau.
YHAa WMHTErpajulaHyBYWIMK Me3oHura kypa, [€>0 onunranma xam [a,b]
CEerMEHTHHMHT IIyHjal P Oynaknamy TonuaaaukH,

S(f;P)-s(f;P)<¢
oynanu. bupobapun, ymoy
H(B) - u(A) <e
TeHrcu3Jnk 0axxapwiaau. By aca, 1-teopemara MmyBoduK, Kapajaaérran 3srpu
YM3HMKJIN TPaNeUMSHUHT 103ara 3ra 0y IMIIuHN Ouiaupanu. YHaa rTabpudra
Kypa
sup{u(A)} = inf{ u(B)}
oynanm.
AN naurtnaa,

b
sup{u(A)} = [ T (x)a,

inf{ u(B)} = T f (X)dx

Oynrannuru cabadau Q 3rpu YU3UKIU TPANCHUSHUHT 103U

b
H(Q) = [ f(x)dx 1)
a
ra TeHT Oyiaau.
1-mucoa. Texucnukaa ymoy

x2 2

2t =1

a- b
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AIITUTIC OWiaH yerapaianrad Q IIaKIHWHT 103U TOTHJICHH.
4 Dmnc ounan yerapananrad Q makiaHuHT 103 OX Ba OY koopauHaTa

VKJIapu xamza
52
f(x)=Db 1—¥ : O<x<a

YH3MKJIAp OWJIaH YerapajiaHraH 3TrpHU YM3WKJIM Tpamnelus H03u-HUHT 4 Tacura TeHT
oynmamu. (1lumsma ).

F 3

-
N

| 1-q11311a

¥

o

Yuna (1) popmynanan doiigananud Tonamus:

4(Q) = 4jb1/1— d ——jx/a - x%dx =

X =asint ,

= 0<t<

NN

dx = acostdt |,

n

_ 4o @chos2 tdt = 4ab£ abr. »

a
Aviraiimuk, f,(X) 0C[a,b] , fz(X)DC[a,b] 6yJII/I6, OxO[a,b] na
0< f,(x) < f,(X)
OyncuH.
Texkucnuknarn Q maki Kyiujaaru

y="f( , y=1(x , Xx=a , X=b

qU3WKJIap OWIaH derapajianrad makiau udoaanacus (12au3ma)
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»=Filx)

.

T =)

| 2113114

by makJIHUHT 1031
b b b
H(Q) = [ Fp(x)dx— [ f,(x)ax = [[£,(x) = f,(x)Jox

oynau.
2-mucou. Texucnmukaa ymoy

y=4-x> , y=x>-2x

qu3ukiap (mapadosanap) Ousad yerapansanrad Q MIAKTHWHT Y03 TOTIHJICHH.

<« [TapabonanapHUHT TeHIIaMalapu
y=4-x* |
y = x? —2x
HM OMprajavkaa e4n0, YIapHUHT KECHIIHII HYKTaJlapUHN TOIAMHM3;
4-x* =x*-2x ,
=-1, % =2;y,=3,y,=0: A-13), B(20).
(13 umsma).

— i 5 K Ll
=5t -2z

¥

| 3-qm131n1a
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By makaauHT 103unu (2) popmynanan ¢oiganannd xucoo-naiimms:
2 2 2 2
4(Q) = j[(4— x%) = (X% - 2x)}jx = j(4+ 2X — 2x2)dx = (4x+ X? —§x3) =9.»
e} -1 -1
Acaarma. Arap f(x)0C[a,b] dynkmus [a,b] ma mmopa caknamaca, (1)
WHTETpaj JTPH YM3HKIW Tpalenusuiap Io3ajapu-HUHT HUFUHAWCUAAH wuOopar
oynanu. bynna OX VKUHUHT IOKOpU-CHAArd ro3a mycOar umopa Ouian, OX
YKUHUHT MACTAary 103a MaH(uid uopa OuiaH oJMHAIH.
Macanan, OX ¥Vxku xamma f(x)=sinx , 0<x<2n ¢yakaus rpaduru
OuyaH yerapajaHTaH MIAKIHUHT 03U

T 2ir

H(Q) = ljrsin X +(—2j”sin xdx) = (—cosx)] —(-cosx) =4
0 T 0

T
oynanm.

3. Orpy YM3UKJIN CeKTOPHUHI I03UHM XHCOOJam. AWTaluK, AB Arpu
YU3UK KyTO KOOpAMHATANap cucTeMacuaa yuoy

p=p0O , a<f<pf (@UR,LUR)

TeHrjaamMa Ousian 6epuirad 0yiacuH. byHna

p@)U0C[a,[], UO60[a,B] na p6)=0.
Texucnukna Alé arpu un3ukK xamaa OA Ba OB pamuyc-BekTopiiap OuiaH
yerapajganran Q MIakJIHA KapalMmu3. (14 4u3ma).

14-4gyu3zma

[a, 5] cermenTHH UXTHEPHIA
P={6,,6,..6)} (a=6,<6<..<6,=p)
Oynaxmammuu onamu3. O Hykragan xap Oump KytO Oypuarm 6, ra moc OA,
panuyc-BekTop yTkazamus. Hatmwkana OAB -3rpu 4M3HK-ITU CEKTOD
OAA., (k=012..,n-1 ; A)=A, A =B)

STPH YM3UKJIM CEKTOpYAaIapra axpanain.
PaBmanku, p = p(6) OC[a, 5]

oynranmuru yuyH [6, ,6,,,] na (k=012,...n-1)
m, =inf{ o(6)} , M, =sup{o(6)}
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Jap MaBXy/I.
Oumu xap oup [6,,6,.,] CerMEeHT y4yH paauyc-BeKTOpJIapH MOC paBHIIIA
m, xampa M, Oynran [noupaBUil CEKTOpJapHU XOCWI Kwiamu3. bynpai

JIOMPABUI ceKTopiap ro3ara 3ra 0yiuo, yJIapHUHT 034 MOC PaBHIIIA

%mlf DG, %Mkzumgk (AG, =6~ 6)

oynau.

Pamnyc-Bextopmapu m, (k= 012,....,n—1) Oynran Oapua moupaBHii
cekTopyiap OupiammacugaH xocun Oynaran maxiHu Q, gmecak, ynga Q, UQ
OY10, YHUHT 103U

n-1
U(Q) =3 2 (2, ©
k=0

oynau.

Hlynunraek, pamuyc-sekropmapy M, (k= 012,...,n—1) 6yn-ran Gapua
JIOUpaBUH ceKTopiap OupriamMacuJaH Xocui OyiraH makiaHu Q, necak, yHAaa
Q U Q, Oynub, yHUHT 103U

n-1
UQ)=5 M D6, @
k=0

oynanm.

(3) Ba (4) HuruHIUIAp % 0%(0) dyrkumsianar JapOy HEFHHIMIAPH

1
Oynanu. AWiHU malTAa, Epz (6) byakuus [a, ] na y3nykcu3 Oyiranu y4yH y

uaTerpaianyBuuaup. Jemak, [1€ >0 omnunranma xam [a,f] cerMeHTHHHT
myHaa P Oymaknaim Tonuiaauku,

sgpz(e);P) —s(%pz(e); P)<e

oynanu. bunobapus, ymoy
H(Qy) — (@) <¢
TEHICU3NIMK Oaxapunaau. by sca, 2-reopemara MyBOQUK, KapalaéTraH 3rpu
YM3UKJIM CEKTOPHUHT 103ara 3ra OyIMIIMHY Ounaupaau. YHaa tabpudra kypa
SUF{/U(Ql)} =inf {,U(Qz )}
oynaau.
AViHM manTna,

p*(6)dé,

QY — [ R

Sudﬂ(Ql)}

inf{x(Q,)} = [ p*(6)dé
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Oynranu cababmu Q 3rpu YM3HKIM CEKTOPHUHT F03U

18
H(Q) =§Ip (6)d6

ra TeHr Oymaau.
3-mucou. Yoy
p=p6) =ald-cob) (alUR, 0<8<2n)
dbyHKIMs Tpadurn OWIIaH YerapajaHTaH MIAKITHUHT 1031 TOTIHJICHH.

4 by o¢yaknus rtpadurn kapauommanu udopamainu. MabiayMKH,
KapAuouaa paauycu I Ta TEHT OYnraH allaHaHUHT Iy PaJUyCId WKKUHYA
Ky3FajMac aiyaHa Oyiiyia0 Xapakatu (CUpITaHMacaaH JyMajallld) HaTHXacHIa
OMpHUHYM alijlaHa UXTUEPUN HYKTAaCUHHUHT Yyu3rad yn3uruaup. (15uun3ma).

| 3-qm3ma

Kapauouaa kyr0d ykura HucOATaH CHMMETPHUK OVJIraHjauru cadaduu
IOKOPH SIPUM TEKHCJIUKIArd IMAKJIHUHT 03MHU TONHO, CyHrpa yHu 2 ra
KyNaiTHPCaK, U3JIAaHAETraH 1032 KeJIu0 YUKAIN.

6 ¥y3rapysum [0,71] nma y3rapranma O paauyc-BEKTOp KapAUOHWIAHWHT
IOKOPH SIPUM TEKUCIUKIArd KUCMUHU un3aau. [IlyHuHT yuyH

14(Q) = Z%Ipz(ﬁ)dﬁ = [ (L- cosf) *d6 =
0 0
_ 273 1 _
—a j[——20059+—00529}d9—
112 2

T
3
2

- 2?6 2sing+ L Esin20)
2 2 5N

oynanu. »
Mamkiap

1. A¥iTalinuK, TEKUCIHKAA AB ATPU YMBHK X = ¢(t), y :l/J(t) (ast<pB)
TEeHrjJamMajgap OuJjlaH TapaMeTpuK XxoJjija Oepwiran OYicuH, OyHAa X = ¢(t)
byHKIUA [a,,B] Ia  y3JIyKCH3 ¢'(t) XOocuiara — ora, ¢'(X)2 0O Ba
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¢(a)= a, ¢(,8)= b, y=t//(t) byHKIHs [a, b] 1a y3JIyK-CU3 Ba g[/(t)z 0. VY xonna
IOKOpHIaH AB STPH YU3UK, EH TOMOH-JTapHaaru X =a, X =D Beprukan uyusukiap,
nacTaaH [a, b] KecMa OWJIaH YerapajaHraH MAaKIHUHT 1031

s={wt) )t

OyuImrHN KCOOTIIAHCHH.
2. Ymoy

2

&Y=

YHN3UK OunaH qgcrapaJlanraH MIAaKJIHUHI FO3W TOIIUJICHH.

40-mabpy3a
Eii y3ynauru Ba yuu xuco@.1am

1°. Bii y3ynmuru Tymynuacn. MablyMKH, TeKHCIHKIATH HKKH A(X, Y1)
Ba B(X,,Y,) HyKTamapHu OMpIAIITHPYBYH TYFPH UMUK KECMacH |, y3yHJIHMKKa

ATa Ba YHUHT Y3YHJIUTH

ully) = \/(Xz B X1)2 +(y, - Y1)2

ra TeHT Oyaau.
Adiraitmuk, texucmukgard | oumsuk A W), ACLH) - A(X, V)

Hykragapau (N N)  OupuH-KeTHH  TYFpU  YM3UK  KecMmalapu  OwWjiaH
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OupnamTupumuaaH Xxocun oynran 6yncuH. Onataa, OyHAal YM3UK CHHUK YH3HK
JIennIamgu.

CUHUK 9M3UK y3yHIUTH (IEpUMETpH) Je0, YHU TAIIKWI 3TraH TYFPH YU3UK
KecMajapy y3yHJIMKIAPUHUHT WAFUHIMCUTA alTUIIA TN

u(l) = gmﬂ 22 + (Vi — Yo )P

Papa3 KUIAWINK, TEKUCIUKIATH Alé STpU yn3uru (yHH Alé éiin ned xam
araiiMu3) ymoy

y = f(x) (asx<h)
TeHrama ounan Oepwiran 0yicuH, Oyana f(x) [ Cla,b].

F &

0 a ’;1 : ;ck :’-’m1 b x
16-ar131M10
[a,b] cermenTHUHT UXTHEPHIL
P={Xg, X, s X, } (a=%, <X <..<x,=Db
Oynmakmaman omu6, OymyBum X, (K= 012,...,n) mykramap opkaim OY ykura

napajuien TYFpU YU3UKIAp YTKa3zamu3. by TYFpu YM3UKIAPHUHT AB &itu Gunan
KECUIITaH HyKTajapu

A (%, F(X)) (k=012,...n; A=A, A, =B)

oynanm.

AB éiimmaru Oy A (X, f (X)) Hykramapau Oup-Oupu OnnaH TYFpH YU3UK
KecManiapu €paamuaa Oupnamthpud, | CHHUK 4YM3UKHU Xocwn Kwiamus. (16-
YKr3Ma)

Opnatna, | cuHMK 4M3uK Aé élura YM3uiral CUHHUK 4YU3UK Jeuminagu. Y
y3yHJIMKKa 3ra 0Yim0, y3yunuruau (nepumerpunun) (1) neinuk.

Arap P, Ba P, nap [a,b] cermentnunr nkkura 6ynaknmamu 6ymm6, P, O P,
Oynca, y xonaa Oy Oynmakianuiapra Moc AB &itura quswiran CHHUK 4m3¥K |, , |,
JIAPHUHT TIEPUMETPIIAPH YUYH

H(ly) < u(ly)
oynanm.
<[a,b] cermenTHuHr P, Oynakmamm Kyinaaru
B ={Xgs X 1o s Xic s Xigagsee s X, }
(a=X%Xy <X <...<X <Xy <...<X, =D)
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Kypunuaa Oynu6, P, Oynmaknmam sca P, OynaknamHuHr Oapua OyiyBun
HyKTaJapu Xxamja Kyrmumda Ourra X [ [a,b] HykTaHM KM HATHOXKACHA XOCHIT
6ynaran Oymakmam GyncuH. By X HykTa X, Xamga X,,, HyKTajap opacuja
KOMIAICHE: X, < X~ < X, . JleMak,
Py ={Xgs Xp yeeer X » Xy Xpeag seeer Xy }
(a=X%Xy <X <...<X <XL< Xy <...<X,=b )
Pasmanku, P, U P, Oynaan.
Alé ¢iinra um3wiran P, Oynakmamra mMoc CMHUK 4u3uK |, mry &iira

ymsuiarad P, Oymakmamra moc cuHMK um3uK |, man ¢akarrmna O6utra Oymaru
OwnanruHa ¢apk kwnaau: |, na A A, Oymak Oynran xonna |, na nkkura AkA*
xamma A A ., Oynaknap Oynaau.

AmMo A A, TYFpu um3MK KecMacHHUHT y3ymmurH U(AA..), AA
xamaa A A, kecmamap ysymmukmapu U(AA) , (A A,,) HuFuEIMCHIAH

Xap AOWM KarTa OYJIMaraHiury, ssbHu

H(AAG) < HIAR) + (A Ay)
yayH
plly) < plly )

oynagu. P

Hemak, P OynaknamHUHT OYi1yBUM HYKTaJapu COHUHM OpTTUpa OOpuiica,
AB &itnra umswiran yjlapra MOC CHHUK YHM3MKJIap MHEpUMETpiapy XaM OpTHO
oopanu.

1-rabpu¢. Arap A, - 0 na AB &itmra umsmiran CUHUK YHW3UK

nepUMETpU

u(l) = :g':J(xkﬂ —x0)? +[f (%) — F (6]

YEeKJIM TUMUTTA 3ra OyJca, Alé €1 y3yHJIMKKA 3ra JICHUIaIN.
Yoy
lim p(1) = (AB)
JIUMUT Aé EUMHUHT Y3YHJIUTU JTEUUIIA/IN.

Macanas, arap
f(x)=kx+C (asx<hb)

oynca, yHna AB muHr Y3YHJIUTH
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/U(Aé) = )|“mo nz_l\/(xkﬂ = X)2 + K2 Xy = %) =

P~Yk=0
n-1
=JM%Zhﬂ+k2HXHf—&)=Vl+k2Hb—@
p~ ¥ k=0

oynau.
AMTainuk, AB ATPU YM3HK YIIOY
{X = ¢(t) (
y=¢(t)
TEHrJaMajiap cucTeMacu Ouiian Oepuirad OYJICHH.
(by xosma Srpu YM3MK MapaMEeTpUK KYpUHUINIA OepuiraH JeHuiIaju).

a<t<p)

bynna:
1) e 0OCa.B] . @M UC[a.b];
2) Ot.t,00a,8] , t,#t, yuyn (1)
A, Y1) = APt), ¢(t))
A (X%, ,Y2) = A(9(t,) , (1))

HyKTaJap TypJjuya ;
3) t=a ra A Hykra, t =L ra B Hykra MOC KeJICHH.
[a, B] cerMeHTHHUHT HXTUEPHIA
P={ty,t;,....t;} (=t <t <..<t,=p

Oynakmamau onmod, Oy Oymakmamuuar O0ynysum t, (k= 012,...,n) HyKramapura
moc kenran AB eiimarm A, = A (X, Vi) (X = o) Yy =¢(ty); k=0,..,n)

HyKTaJJapHU OMp-Oupu OWJIaH TYFpU YM3UK KecMaylapu €paamuia OupiamTupuo,

AB &iira unsmiran cuHuK yn3KK | Hu xocua kuiaamus.  (17uu3ma).
L Y

A (ol ) w @)

wity)

0 ple) plte) P(F)
| 7-am3ma

By cuHUK 4M3MK IepUMeTpu

u(l) = gﬁﬂtm) ~ Pt )] + W () (0]

oynau.
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2-tabpud. Arap A, - 0 na AB &itura unsuiran CUHUK YW3UK [IEPUMETPU

L(]) dexnu numuTra sra Oyca, AB i y3yHJIMKKa 3ra JIeHnIaIu.
Yoy

lim_ (1) = u(AB)

p
JIUMUT Aé EUMHUHT Y3YHJIUTH JEUUIIAIN.
FOxopuaa keJTHpWIran Tabpudiapaan éi y3ynauruauur (arapy
MaB:Ky/ 0yJica ) MycOaT OYIuIIM KeJnd YNKa/Iu.
OHJM €M y3yHJIIMTMHUHT UKKUTA XOCCACUHU UCOOTCU3 KEITUPAMU3.

1) Arap AB &itu Y3YHJIMKKA 3ra 0yimo, y AB éinaru HykTanzap épaamujia
n ta AkAkﬂ ¢imapra (k=012,....n ; Ay=A,B=A,,) axpanran 0yica, y xonaa

xap oup A, Akﬂ €1 y3yHJIMKKa 3ra Ba

umé=ém&&a

oynanm.

2) Arap AB & n ta AkAkﬂ €iinapra axxpaiarad 0ynau0, xap Oup AkAkﬂ
&1 y3yHJIMKKa sra Oyca, y xonaa AB &iiu XaM y3yHJIMKKa 3ra O0yau.

2°.  y=1f(X) Tenrnama OmiaH GepMJITaH IPH YM3MK Y3YHJIMTHMHH

xucoOaam. dapa3 KuIaniuk, Aé ATPU YU3HK YIIOY
y=1f(x) , asx<b

TeHrnama OwiaH Oepuiran Oyiacud. bynga f(X) dysknus [a,b] cermentna
y3imykcu3 Ba y3nykcu3 f'(X) xocwmiara sra.
[a,b] cermenTHHMHT HXTUEPHIA
P={Xy,X,-»X,} (@=X%,<Xx <..<X,=b)
OymaknamuHu oMb, yHra Moc AB &itura wnsmiran | CHHWK YM3HKHH XOCHIT
KujaaMu3. By CHHUK YM3UMKHUHT IEPUMETPH

/An=§;kaﬂ—mJLwamn—fuuF

oynanm.
Xap Oup [X,X] cermentna f(x) dynkuumsra Jlarpamk TeopemacuHu
KYJ1a0 Tomamus:

u(l) = :Z_:_:\/(Xkﬂ = %)% +[ (7)) Woar = %17 =

nl ————— n-1

6YHI[a Z-k |][Xk’xrﬂ]'

By TeHrumkzard HuruHAHHAUHT 1+ f'?(X) QYHKIMSHEHT HHTErpan
iurMHIUCHIaH (apky Iykw, uwHTerpan HwruHmuna & U[X,X,,] Hykra
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uxXTUEpuil OynaraH xojna IOKoOpuIaru HuruHIuMAga d3ca 7, Hykra Jlarpanx

TeopeMacura MyBoMOHK ONMHTaH TAlMH HYKTa Oymummaaaup. AMmo 1+ f'2(X)
(GyHKIMS ~ WHTErpajllaHyBuM Oynramiurd cababmu ¢, =7, [ned OJMHUIIN

u(l) = :Z:z\/l"' £2(6,) I,

MyMKHUH. Hatnxana

Ooymuo, yaaaH
n-1 b
/llimo’u(l) = Jimo D1+ f 'Z(Ek) [AX, = J. 1+ f'?(x)dx
p~ P~ k=0 a
OyuIy Kenub YuKaIu.
Jlemax, AB &ituHuET Y3YHIIUTH

b
,LI(Aé)=I 1+ f'2(x)dx (2)
a
oynagu. by dopmyna €pmamuna i y3yHIUTH XUCOOIaHAIH.

1-mucon. Yy
X X

f(x)=%(ea+e_a) (@a>0, —-asx<a)

TeHTJama Ousad Oepuiran AB ATPU YA3UFUHUHT y3YHJIUTHU TOIWIICHH.
By Tenrnama OunaH aHUKJIAHAAWTAH YM3HK 3aHXXUP YU3UFU JCHUIaIH.

<« Pasmanku,
X X

1 = ==
f'(x)==(e*-e?) ,
09 =2 )

12 1 > _52
1+ f (x)=z(ea+ea) :

1+ f123(x =%(ea +e_5)

oynamu. (2) dopmynagan ¢oiigananuO, 3aHXAP YHW3HFUHUHT  y3YHJIUTHHU

TOIIaAMU3.
X X X X | a

a - _n - -
,u(Alg) = jl(ea +e a)dx=§(ea —e ) =a(e—1). >
22 2 . e
3°. IMapamMeTpuk KypHHHMIIAA OepHIraH >IPH UYM3HK y3YH-JTMTHMHH
XHcoO0J1aII.

dapaz KuIaniIuK, AB ATPU YU3HK YIIOY

x=g(t),
{yzw(t) (@<t<p)
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TEHTrJIaMasap cucreMacu Owian oepuiran 0ynu0, (1) mapTiap-HUHT OaskapHITUIIN
omnan Oupra @(t),¢/(t) pyukuusmapu [a,f] na y3nykcus  @'(t) xammaa

' (t) xocunanapra sra OYJICHH.
[a, B] cerMeHTHUHT UXTHEPUI
P={ty,t;,..t,} (a=t, <t <..<t =p)

OynmakmamuHu  onub, ymapra  MocC AB  &itnmnr A=A (X, Vi)

(X =@(ty), Y =¢(t,)) HyKranapunu Oup-Oupu OMJIAH TYFPU YH3HK KECMAacCH

Epaamuaa OUPIAIITUPHUIIIAH XOCKI OYran | CHHUK YM3UK IEpUMETpH

u(l) = :Z_:\/[¢(tk+l) ~ Pt + [ (ter) ~ W)

HU KapanMus.
Jlarpanx TeopeMacuaan doiganaHud Tomamus:

)= 8700 B~ #9760 M 1) =

=:Z_(1)\/¢'2(Tk)+l//'2(ek) LAt (At =t -t,)

OyH1a
Ty Ot b O Oty tea -
KeituHnru TeHrMuKHY Kyiugaruda €310 onamus:

u(l) = :zzwz(fk) F (&) D, +

* :Z_:_;[\/¢,2(Tk) "2 (6,) —8'7 (&) + 02 (60 Y,

OyHJa,
fk |][tk’tkﬂ]-
MoaomMmuxu,

J#2 M) + g2 (1) OCla, B]
DKaH sz[a

J#'2®) +¢'2(t) ORa, B]
oyuo0,

n-1 B
im X960 +4 (60 b = [ 20 +¢ 7 Ock

oynanm.

Wxtuépuit a, b, ¢, d xakukuii COHIap y4yH yIioy
Va? +b7 ~\c? +d?|<[a-d+[b-d|

TEHTCU3JIMK YPUHIU OYiaau.
<« XakKuKaTaH xam,
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Waz +b? —/c? +d2‘ :‘(az —c?)+ (0 _d2)|s\a—c{|]
Va? +b? +c? +d?)
b+d|

B <
\/a2+b2 +\/Cz+d2

a+c
Va2 +b? ++/c? +d?
<la-d+[b-d|. »

By Tenrcusnuknan ¢oiigananub Tonamus:

+|o~-d|

:Z_:_i[\/¢'2(rk) Y2 (B) — P 2(E) +9 (&) 1Dt <

< z P(1,) - 9'(E) Dt + z W6 - (&), <

<3 a@) D+ T a @)D
#O0Ra.A,  ¥'®0Ra A

oynrannuru cababmu

tim 390 +4/%(6) - @

~J82(E) W)L, =0

oynay.
(3) Ba (4) mynocabarnapuu ssTubopra omub, A, — 0 ma (*) Tenrmukna

JIMMUTTA YTCaK, y X0J1a AB &iinmunr Y3YHJIUTH YYYH
B
u(AB) = [ 90+ ©
a

oy kenub ynkanu. by dopmyna épaamuaa €t y3yHIUTH XUCOOTaHAIH.
2-MucoJ. Yoy

x = a(t —sint)
y =a(l-cod) O<t<n)

TEHTJIaMaJIap CUCTeMacu OujiaH OepuiraH AB STPU YM3UKHUHT ([IUKJIOMTAHUHT)
Y3YHJIUTH TOTIUJICHH.
<« Pasmanku,
X(t)=a@dl-cos) , y'(t) =asint

X'2(t) + y'?(t) =a® (- cost)? + a’sin’t =a®2(1- cog) ,
XA+ y2(t) =ay/2(L- cost)

oynamu. (5)dopmynara kypa uznaHaéTrad Srpu YU3UKHUHT Y3YHIIHTH

2 2r
,u(AIg) = [ay/2(1- cost)dt = 2ajsin£2dt =-4a E(cosiz)g” =8a
0 0
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oynagu. P
4°, KyT6 KOOpIAMHATAJAD CHCTEMACHIA OEPHIraH JIPH UM3HKHHHT
Y3YHJIMTMHH XHCOOJIamI.

dapa3 KuJIaWIUK, Alé ATPpU YM3UK KYTO KOOpJWHATajlap CHUCTeMacujia
Kyuuaru

r=p(0), (asb<p)
TeHriaama Ownan Oepunran Oyncwn. bynma p(6) UC[a, ] 6ynu0, y y3mykcu3
p'(6) xocumara sra OYIICuH.
Kyt0 xoopaunaranzapu (0,6) nan Jlekapt koopauHaTtanapu (X,Y) ra yTuii
dbopmyrnacura OuHoOaH
X=p(6)[cosb,
y = p(6) [$ind (<8< p)
oynanu. Hatmwxkana AB IapaMeTpUK KypUHUILIA
@(6) = p(6)[cosl ,
YO = p(0) 3Nl (<8< p)
Oepuiran >rpu un3uK cudaruia udoaatananu, oyuaa @(6), 1,0(9) GyHKIMSIIApH
3° 1a KeATHPHIIraH MWAPTIAPHA Gakapaguran GpyHKIHSIAP OYIam.
(5) popmynanan doitmananud AB ATPU YU3UKHUHT Y3YHJIU-TUHU TOMIAMMU3:

8
ﬂ(Aé) = [\(0(8) [Eost)'? + (p(6) $in6) 2d6 =

B
= [{0’*(6)+ p*(6)d.

By dbopmyna €pmamuia srpu YN3UKHUHT Y3YHIUTH XUCOO-TaHAIH.
3-mucou. Yoy

Y
=al@n®=
P 3

TEHrIamMa OuiiaH OepuiIraH 3rpy YN3UKHHUHT Y3YHJIUTH TOMUJICHH.
<« @ y3rapyBuu O man 371 raya y3raprangan (0,6) nykra  18umsmana
TaCBUPJIAHTaH | 3rpy YM3UKHU YU3U0 YUKAIH:

"4 S

|
|
|
b
|
|
|
|
|
|

\__'_\g

18-um3nIa

(2) popmynanan doitnananud | YN3UKHUHT Y3YHIUTHHA TOTTAMU3:
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_3” . 30,12 . 360\2
u(l) = j\/(asm g) + (asin 5) da =

0

T

3
= j\/a2 E‘ain“gcoszg +a?sin® gdﬁ =
! 37 3 3

3
=asin’ 946=3"
o 3 2
5°. Kii muddepenumann. AiTaiiTik, TeKHCIHKIATH AB ATPU YH3HK YUIOY
x=9(t),
(a<st<p)
y=¢@)

TEHTJIaMajap cucreMacu OwiaH Oepwiran Oynmu0O, Oynma ¢@(t) xamma ()

byukuusiapu [a, f] na ynykcus @'(t) xamma ¢¢'(t) xocuiaamapra sra GYacHH
(19-un3ma)

19-qm3n1a

Masbnymku, t y3rapyBuMHHMHr t =@ Kulmartura AB arpu uM3ukKaa A
HYKTa MOC KE€Ja/H.

Oumun wxtuépuit tU[a,F] vu onmmb, yHra moc Aé OTPU UYMBHUKIATH
HyKTaHu C OusaH OeNruiaiiivk:

Clp(®) .@(1) ast<p.

Papmrankw, AC &itumumr y3ywsmrn C HyKTaHUHT AB STPU YHM3UKIATU
XoJlaTura Kapab y3rapaau Ba aiiHu maitna t HUHT xap Oup TalWH KuiiMaTuaa
arona AC  &iumuHT y3yHJaurura sra Oynamu3. bunoOapuH AC  Giimmunr
Y3YHJIUTH ,u(Aé) t y3rapyB-uMHUHT QyHKUMICH OYIaau:

u(AC) (a<tsp)

(5) bopmynanan doitnanaHud Tomammus:

ut(Aé) = [\ 2 )+ (t)ck.

Moaomukw, \/¢'2 (t)+¢'*(t) OC[a, B] sxaH, yHma K, (AC\,) byHKIHS
xocuiara sra 6ynuo,

(4 (AQ) =/p2() +2 (1)

oynanm.

KelnHTY TeHTIIMKHUHT KBaapaTuau Ot % ra KYTTauTupuo, ymoy
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(14 (AC))? Cit? = ¢ (V)ctt? + ' (H)ckt?,
SHHU
d(i4 (AC))'2 = o +dy?

MyHocabatra kenamu3. by MyHocabar &€ nuddepeHUUaTMHUAT KBaJIpaTUHU
upomanaiinn.  emak, & nmuddepenumamn  dy, (Aé) IOKOpUIATH
x=¢(t) ,y=¢@{t) dysxmusnapauar muddepenmuman-mapu dx xamma dy nap
opkanmu udonananamu. burnodapuH, (5) popmyna, y3mykcu3 xocuiara sra OyiaraH
X(t), y(t) odyskumsnap €pmamMmama STpU YM3UK EHMHUHT TYpid YCyJuiapnaa
rnapamMeTpiaall-TUPUIIAA Y3 KYPUHUILIUHYA CaKJIaUIu.

MamxJjap
1. Yoy
x=i&282dz, y=iL22dz
(13 t< g TEHIJ1amManap OuiiaH OepuiiraH 3rpu YU3UKHUHT Y3YHJIUTY TOMWICHH.
2. Ymoy

x2+y2:2, y:\/M

YU3UKIap OWIaH 4YerapajaHraH »3rpd YH3UKIUM YYOYpPUaKHHHT TEPUMETPH
TOIMJICUH.

41-mabpy3a
AlJIaHMA CHPTHUHTI I03M Ba YHHM XHCOOJ1a1I

1°. Aitranma CHPT BAa YHHMHI O3M TYWIYHYAcH. MabiIyMKH, TYFpU YU3UK
KeCMacHHU OMpop VK aTpoduua aiIaHTHPUIIIAH WJIUHIPHK, KOHYC (KECHK
KOHYC) cuUpTiap Xocwi Oynaau. By cupTimap ro3ara sra Ba yjaap MablyM
dbopmynanap €pramMuia TOTUIAIN.
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Anraimuk, f(X)C[a,b] o6ymm6, UxO[a,b] na f(x)=>0 oOyacun. by

byHKIUsA rpaduru AB &iiumu tacBupiacul (20<uu3ma )

F
@ B
A

20-an3na

AB &itiu OX Vku arpodua ailmaHTUPUIIAAH XOCUJI OYJIraH cupT aijlaHMa
cupt Acvnnanu. Yuu I1 neinuk. [a,b] cermenTHH HXTHEPUI

P:{XO’X]_l’Xn} (a:XO<X1<< Xn:b)
OynaxnamHu onaitnuk. by 6ynaknamHuHr Xap 6up
X (k=0L12,...,n)

OynyBun HykTamapu opkanu Oy Vykura mapaimien TYFpyd YH3UKIAp YTKa3uo,
yJIaPHUHT AB &t GuiaH Kecuimuim Hykramapuan A, = A (X, (X)) Owunan
oenmrmnaitmuk. (A, = A, A, =B; k=012,....n) by Hykramapau ¥y3apo TYFpH
YU3UK KecMajiapu OmiiaH Oupiam-Tupuo, AB &itnra L CUHUK YM3HUK YU3aMHU3.

AB &itnrm OX yKu aTtpoduaa aitnanTupuil ounad Oupra L CUHMK YU3UKHU
xaMm 1y YK atpoduaa aitnantupamu3. Hatmkaga KeCcMK KOHYC CHPTIAPUHUHT
Oupnammacuaan Tamkui ronran K cupt xocun 6ynanu. by K cupt ro3ara sra Ba
YHUHT 1031

) =2 <) Gt =) )T ()~ 1T

ra Tenr. (bynaa kecMK KOHYCHHHT éH CHPTHHUHI KO3WHH TOIHII
(dopmyaacunan doiiranaHuIaN).
PaBmanku, K cupr, 6unoOGapun yawmer 1o3m L(K) [a,b] cermentHHMHT

Oynakmanuiapura OoFaIuK OViaau.
1-tappud. Arap [0e>0 con onunranga xam myHmaad O >0 con
Tonuicaky, [a,b] cermentHmmr auamerpu A, <9 Oynaran wnxtnépumii P

Oynakiamm yqyH
lu(K)-S<e (SOR)
TeHrcusnuk 6axapuica, S con U(K) nunr A, — 0 garu numuTy nediunanm:
Al :)njo'u(K) =S
2-tabpud. Arap A, - 0 na p(K) ¥inrunam yexknm S numuTra sra 6yica,
1] aiinanma CHpT r03ara 3ra ACUUIaau.

bynna S con I/ aiinaHMa CUPTHUHT 1034 JEeHUIIA N
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S = u(I).

Jlemak,

= lim 275 O T0e) X0 4T ) - TR

2°. AM.JIaHMa cupT 103uHU xucodjam. Dapas kunainuk, f(x)C[a,b]

oynu0, y [a,b] cermentna y3mykcus f'(X) xocumara sra OYyIicHH.

by ¢ysakuus rpaduru AB &iinnn OX VKU atpoduaa alIaHTHPHUIIIAH
xocus OVirad /] aitlaHMa CUPTHUHT F03WHU TOTIAMM3.
<« [a,b] cermenTHHHT uxTHEpHA P OynaknammHu 0110, FOKOPUIATHIEK

U(K)=2 zf(xk) F0%1) s =% 2 1 (%) - F (%12

WUFUHAVHU Ty3aMU3.
Jlarpanx Teopemacura Kypa

f (Xear) = F(X) = F(E D Kiar = %) = (6 ) [AX,
oynanu, Oynna &, U[X,, X,.,]. HaTmwxkana

(K) 27T Z f(Xk) + f (Xk+1)

2

1+ f'2(&, ) DX,

oynau.
KeituHru TeHrMMKHY Kyiugaruda €310 onamus:

4(K) =2n:z:: FEL+ T2 (60, + n{:z:;[(f(xk) -
HED) +(F (%) — TENNLT T2 (0%

f'(x) OC[a,b] 6yarammmru cababim

f(x)y1+ f'? (x) OR[a,b]

(1)

oynamu. Jlemak, /]p - O nma

2ﬂ§f({k)1/1+ f'2(&)AX, — Zﬂjtzf(x) 1+ f'2(x)dx (2)
k=0 a

J1+ f'2(x)OCJa,b].

Hemak, Oy dyHknus [a,b] ma y3uHHHT MakcMMyM KuiiMaTura sra Oyimasmy.

VYau M peiinux:
M = maxy/1+ f'?(X).

asx<b

PaBmanku,

f(X) dynkums [a,b] cermentna Tekuc y3nmykens. Yuna [l€ >0 onuHTraHza Xam,

£
———— rakypawyaaai O >0 cod Tronmwinaauku, A <0 OVarasaa
Mb—a) " TP 0 y

|f(xk) f(fk)| |f( Xes) ~ (Ek)|

2M (b 2M (b a)
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oynamu. lllynapau 3pTrOOpra 0JM0 TOMAMM3!

{g[(f (%) = F(EN) +(f (%) = F(ENNLH F2(&) mxk} <

< kzn (%) = F (6 +|F () — FEJIH F2(6) Bk <

<M{ £ }ETZAXk £ .

2M (b-a) 2M(b a)

Bbynnan /1p -~ 0 na

g[mxk) HEN+(F k) ~ FEN G+ T2 (E) D% =0 (3)

OyuIy Keaub YuKaau.
Ap -0 ma (1) renrmukna smmumrra ymub, (Oynma (2) Ba  (3)

MyHOcabaTaapHu 5TUOOpra 0yiub) aillaHMa CUPTHUHT F03M y4yH
b
p(IT) = 271 £ (X)4/1+ £'2(X) dx (4)
a

OYJIMIIMHYA TOTIaMU3. P>
1-mucoa. Yoy
X =X

f(x)=%(ea +e2), a>0, 0<x<a

3amxkup um3uruHu OX VK arpoduja aiIaHTHPUINJIAH XOCHJ OyiraH anjgaHMa

CUPTHHUHI 031 TOIIUJICHH.

<« Pasmanku,
X —X

f'(X) ——(ea -e?)

(4) bopmynanan ¢oiigananu0, u3naHaéTrad aiiJlaHMa CHPTHUHT FO3UHH TOITAMU3:

ag X _X\/ 1 X
1) =2m| —(e2 +e 2),|1+=(e2 —e 3)“ dx =
H(IT) {2( ) 4( )

ma X X ma -
=—[(e* +e 2)’dx=""[(e? +2+e 2)dx=
2 0 2 0

m|a > a =
=—|-e? +2x-—e @

2
=B (?-e2+4) »
2 4

0
AWTaluK, AB TP YU3UK IOKOPHU SIPUM TEKHCIUK/A dKOWnamrad 0ymuo, y

ymoy
X=g(t)
{y=lﬂ(t) (a<st< f)
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napaMeTpUK TeHIJIaMajap cucTemMacu OwmiaH Oepwiran Oyiacud. bynma @(t), ¢(t)
byukuusiapu [@, (] na ysnykcus Ba y3nykeus @' (t),('(t) xocunamapra sra. By

arpu ym3nkau OX VKU aTpodupa almaHTUpHILIAH XOCWUJ OYynaran aiiaHMa
CUPTHUHT 1031

B
(IT) = 272 () @2 (1) + 2 (1) ot (5)

oynaau.
2-mucoJ. Yoy
x*+(y-2)%=1
aitnananu OX yku aTpoduaa amaHTUPUIIAAH XOCUT OYiraH aiiaHMa CUPTHHHT
(TOpHUHT) 103U TOTHJICHH.
<« AilinaHaHWHT TEHTJIAMacHHH KyHuaarnda
X =@(t) = cost
y =¢(t) =2+sint
IapaMeTpUK KypUHULIIA €3aMU3.
W3nanaérran aiyianMa CUpTHUHT 1034, (5) hopmyiara kypa

(O<t<2n)

u(Il) = 2n2jn(2+ sint)y/(cost)’? + (2 +sint)'2 dt =

2
=277 [ (2+sint)dt =87
0
oynagu. P
MamkJjap

1. Auitainuk, AB ATPU UMUK X = ¢(t), y :lﬂ(t) (a <t< ,8) TEHTJIaMasiap
Oounan OGepunran 0ynuo, ¢(t) Ba lﬂ(t) byHKIUsIap [a,,B] Ja y3JIyKCH3 ¢'(t) Ba
lﬂ'(t) xocwnayapra o3ra OViacuH. by oarpum umsukau OX Vku artpoduaa
AlJIaHTUPHIIAAH XOCUJI OYraH aijaHa CHPTHHHHT 103U

B
P=27[p(Ng*(t)+¢* (Mot (wl)=0)

oYUy NCOOTIaHCHH.
2. Ymoy

2ay = x% - a2 (Os X < 2\/§a)
napabosann  OY Vku arpoduia alIaHTUPHUIIIAH XOCWJI OyiraH aiiyiaHa
CUPTUHUHT FO31 TOIMJICHH.
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42-mabpy3a
AHMK MHTErPAJIHHHI MeXaHUKA Ba (U3UKAra TaToMKIapu

1°. Winepumsi mMomeHTH. MexaHWKaga MOIIMH HyKTa XapaKaTH MyXHM
TyIIyHUYanapJaH Oupu XUCoOIaHaIu.

Opnataa, yauamu eTapiu qapakaaa KMYMK Ba Maccara 3ra 0yJjaran
JKHCM MOIHIi HyKTa /1e0 Kapajaau.

AWTaliIMK, TEKUCIUKIA M Maccara sra Oynran A Mojiuii HyKTa OepuiraHn
o0ymm0, Oy nykraman Oupop | Vkkaua (6km O HykTarawa) OynraH macoda I ra
TEHT OYJICHH.

Yoy

J=mr?
MuKAOp A mommuii HykTaHuHT | ykka (O Hykrara) HucOaTaH MHEPLUS MOMEHTH
neuuiIaau.

Macanan, A= A(X,y) Moaauii HyKTaHHHI KOOpJIMHATa YKJIapura Xamja
KOOpJMHATa OOIIUTa HUCOAaTaH WHEPIIUS MOMEHTIIAPH MOC PaBHIIIIA

‘Jx:my2 , ‘Jy:mX2 ’ ‘J0=|”\/X2+y2

oynaau.
Texucnukaa, xap OMpu MOC paBHILIA
my,m,m,,....,m 4
maccara sra Oyaran MOAIui HyKTajap CUCTEMacH
1A AL Ay s A

HuHT OMpop | Ykka (O HykTara) HECOATaH HHEPIUS MOMEHTH YIIOY
n-1
_ 2
‘Jn - z M I
k=0
iuruHIM OnnaH Tabpuduanany, Oynna r, — A Hykranan | ykkada (O Hykraraua)

oynran macoda (k =0,1,2,...,.n-1).
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dapa3s kunaitmuk, Yy = f(X) srpu unsuK éin AB Oyinua 3pywmrn P =1 ra
TEHI' Macca Tapkatuiran 0ynuo, oynama f(x) ¢pyukuus [@,b] cermentna y3mykcus
xamaa y3nykens f'(X) xocuiara sra 6yicuH.

PaBmanku, Oy xoJsina Macca € y3yHJIMUrura TeHr Oyau:

b
m= [y1+ f'?(x) dx.

[a,b] cermenTHHMHT HXTUEPHIA
P={X, X .. X} (=X, <X <..<X,=Db)
OynaxmamuHu onamu3. by 6ynakmam AB &itrn
A= A (%) (k=012,..,n-1)
HyKTajap OwiaH N Ta AkAkﬂ (A=A A_ =B) Oymakka axparanu. bynna
AkAkﬂ OYJIaKHUHT Maccacu

Xic+1
m = [ y1+f?() dx (k=012..,n-1)
X

oynau. S"pTa KUMaT XaKuaaru TeopemMasan (oiiananud TonamMms:

m, =1+ f'2(&) X,

i HIXer Xieaa ] A%y = Xyeaq = X

OyHJa,

Masbnymky,
(¢, F(¢)) k=0,12,...n-1

MO/IUI HYKTAHUHT KOOPAMHATA YKJapura xamjaa KopJuHaTa 0omura
HUCOATAH MHEPIUSI MOMEHTJIAPU MOC PaBHILAA

Jy =m Lf (&)= fz(fk)g/]-"' f'2(&) (X,
3, =m, 2 = & Ofir £2(8,) D,

Jo =M (& + F2(&)) = (& + FA(E) QL1+ £72(&) I
oynanu. Yuaa ymoy
{($o: F(S0))s (G2 F(S2)snns (ogs T (S}

MO,Z[I[I/Iﬁ HyKTaJIap CHCTECMACUHHUHI MHCPUUA MOMCHTJIapHU MOC paBHUIIAA

210 =¥ 28, )afie 128 mx,,
k=0
20 =S 2l 12(6,) i,
k=0
n-1
3 =58 + 1260 e £2(E) @,
k=0

TEHTJIUMKJIap OuiaH udoaaaaHaIu.
Arap P OynakjmaniHUHT JTuaMeTpu /1p HOJITAa MHTHIIA Oopca, yHIa xap Oup

A Akﬂ EMHUHT y3yHJIUTH XaM HOJIra MHTUIa 60pu0, FOKOpUaaru
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J)((n) J(n)’ J(()n)’

WUFUHAWIAPDHUHT JIUMUTHHU Maccara dsra OyiraH Alé STPU YU3UKHHUHT MOC
paBHIIIa KOOpAWHATA OOIIM XaMjla KOOpJMHATa YKJjapura HuUcOaTaH WHEPIUS
MOMEHTJIapyuHU Udoaanaam 1ed Kapail MyMKHH.

AN naurtnaa,

I|m Jm = jf Xh/1+ f'2(x) dx ,

lim J = sz 1+ f'2(x) dx ,

Ap-0 Y

b
JimoJé”) = [(<* + £2(x))J1+ f'2(x) dx
P a

oynanm.
Jlemak, Maccara sra Oyiras AB STPU YM3MKHHUHI KOOpJAHWHATAa YKJIApWra
Xamja KoopAuHaTa Oolura HucOaTaH MHEPLUS MOMEHTIApH aHUK WHTErpasiap

épaaMuia TONMUIALU:
J. =

X

f2(x)h1+ F'2(x)dx

D —— T

1+ f'3(x)dx ,

(]
<
Q"—:U

b

j(x + f2(X))y1+ f'2(X)dx.

2°. VarapyBum KyuHuHT 6a>1capraH umm. bupop xxucmuu OX yku Oyitnab,
my VK dyHammmmnga Oynran F = F(X) kyd Tabcupu octmma a HykragaH b
HykTara (a <b) yTka3um yuyH Oakapuii-TaH HIITHHU TOTHII JIO3UM OYJICHH.

PaBmanku, )xucmra TabCup 3TYBUH Kyd y3rapMac, SbHU

F(x) = C —const
Oyica, yHIa )KHCMHU 8 HYKTaJaH D HyKrara yTKasull yuyH Oa)kapuiraH Wil
A=CIl(b-a)

ra TeHT Oyiaau.

AWTalinuk, )Kucmra tabcup 3TyBud Kyu X ra (X[[a,b]) Oormuk 6ymuo, y
[a,b] na y3mykcu3s 6yncuH:

F =F(x)UC[a,b].
[a,b] cermenTHHUHT HXTEPHIA
P={Xy, X yoou X;} (@=X, <X <..<X,=h)
OynakimamuHu 010, Oy OYIakIalTHUHT Xap Oup
Xy X] (k= 012,...n~1)

Oynaxuacuma uxtépuit ¢, & U[X, %], (k= 012...,n—-1) HykTa Omamus.
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Arap xap Oup [X,,X,,,] Aa )KucMmra TabCHp 3TyBUM Ky4HH y3rapmac Ba y
F(é,) ra Tenr neimica, y xomma [X.,X..;] opamukma Oaxapuiran wm (Kyd
TabCHPHIA XUCMHH X, HYKTalaH X,,, HyKTara yTKa3wll ydyH OakapuiraH WIi)
TaXMUHaH

F($1) T(Xa1 = %)
dopmyna omnal, [a,b] opanukna 6axkapwiran uir 3ca , TAXMHHAH

n-1 n-1
A= 2 F (&) X = %) =2, F (&) IX, 1)
k=0 k=0
dbopmyna Ounan udogananaau.
P Oynaknammudr amametpu A, Honra wHTMIA GopraHia HOKOpUIaru

WUFUHIMHWUAT KAWMATH UW3JaHAaéTraH Wl MHKIOPMHHA TOOOpa aHUKPOK
udonanaiinu. by xom A b — 0 na (1) UFUHAU-HUHT Y€K JUMUTHHA Oa’KapuiiraH

Il JCHMJIMIITN MyMKHHIIU-TUHH KYpCaTaIH.
Jlemak,
o ont
A= lim > F(&,) [Dx,.
Ap~0y=p
Monomuxku, F(x) 0C[a,b] skan,
I
Ap~0k=0

n-1 b
im > F (&) [, = [F(Xdx

oynaau.
lynpai kuauo, y3rapyBun F(X) kyununr [a,b] maru Oaxkapran viiu

A= f F (x)dx (2)

dbopmyna Ounan udogananau.
Mucos. BUHTCHMOH TIpYy)KHHAHUHT OMp y4M MyCTaxKaMJIaH-TaH, UKKAHYH
yuura aca F = F(X) ky4 tabcup 3110, npyxuHa kucwiran (21umsma)

QLY

N

Flx)

214gusma

Arap TpyXWHaHMHT KHCWIMIIM yHTa Tabcup odtaérran  F(X) kyura
NpONOPIMOHAN OYJca, MpyXHHAaHM @ Oupiukka Kucuiml yayH F(X) KydHuHT
OakapraH WIIW TOTHJICHH.
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4 Arap F(X) Ky4 Tabcupuia NPYKUHAHUHT KUCWIIMIT MHUKIOPHHH X
OpKayiu OeNruiacak, y xosua
F(x) = kx
Oynamu, Oyama K-mpormopuuoHauiik KO3PGUITUEHTH (KHCHUITUIT KO3PPUITUSHTH).
(2) bopmynara xypa Oaxkapuirad Ui

a 2
A= [kxdx = ka”
0
oynamgu. P
Mamkiap

1. YuOypuak acocura HucCOaTaH MHEPIIUS MOMEHTHHHU TOITHJICHH.
2. AcocunuHr paamycu R, Oamammmurm H  Oynram mapabo-ioua
IIaKIUAard KO30H 1aH, YH/Iard CyBHU YMKAPHINTa cap@iaH-raH Uil XUCOOJaHCHH.

10-6Ob
XOCMAC UHTETPAJIJIAP

43-mabpy3a
Yerapanapu 4eKcH3 XocMac HHTerpasiap

OyHkiusHUHT  aHWK uHTerpamn (PuMaH WHTErpanu) TYyIIyH-4YacHHU
KUPUTHILA UHTETpaJliall OPAIMFUHUHT YEeKJIM OYJIHUIIN Tanad 3TUJIraH d/Iu.
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Ouaun  4ekcns opamuknaa  ([@,t); (—o,a]; (—o0,+0)  opamukiap-aa)
Oepwiran GYHKIUSHUAHT Iy OpalIvK OYin4a MHTETpal TYIIyHYaCUHHU KEJITHPAMHU3
Ba ypraHaMus.

1° Yerapanapn 4exch3 xocMac MHTerpaj Tymywdach. f(X) byHKius

[@,+0) opanmukna (allR) Oepuiran 60ynu0, mxtuépuii [a,t] ma (@<t <+ow)
uaTerpamianysuu oyincun: f(X) O R([a,t]).
Yoy

F(t) =j f (x)dx

OeNTuIalHi KUPUTAMU3.
1-tappud. Arap t —» +o ga F(t) GyHKIUSHUHT JTUMUTH MaBXyJ OViica,

Oy muvutu f(X) QyHKOUSHUHT [a,+0) YekcH3 oOpaluK Oyinua Xocmac
WHTETpaIy AeUuiaam Ba

[ £(dx
a
Kabu OenrniIaHaIu.
+o00 t
j f(x)dx = tIim F(t) = tIim J' f (x)dx. (1)
a — 400 - +00 a

(1) uaTerpanHM Yerapacu Y€KCU3 XOCMac MHTETPall XaM J1e0 IOpUTHIIAIH.

Kynaiinuk y4yH, OyHIaH KelMH “derapacd 4YeKCH3 XOCMac HHTerpan
JEHUII YpHUTA “UHTErpasl’ JeHMU3.

2-Tappud. Arap t — +oo na F(t) GyHKUMSHUHT TUMUTH MaBXKyJ] Ba YEKIIU
Oyca, (1) vHTErpaN IKUHIIAITYBYY JISHHIIA N,

Arap t — +oo nma F(t) dyHKUMSHUHT TUMHTH YeKcH3 KM MaBXKy1 OyimMaca,
(1) mHTErpan y30KIanIyBId JIeHUITa N,

1-mucoa. Yoy

I e "dx
0
WHTETpaJIHU Kapauiuk. by xonna
t
F(t)=[e™dx=-e" +1
0

oymmo,
lim F(t) =1

t - +oo
oynanm.
Jlemak, Oepriirad HHTETpajl SIKAUHIANTYBYN Ba

J-e_xdx =1
0
2-mucoJ. Yoy
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— (a>0, a>0)
X

UHTErpall yu4yH
-ji [l e o
e t a

, arap a #16ynca ’

-a+l —-a+1l
oymo, t —» +oo ma
al—a
F(t) - (a>1),
a -
F(t) - +oo (<)
oynanu.
Jemak,
" dx

XO’

a

uHTEerpan a >1 6ynranaa sKMHIamyBud, @ <1 Oynranja y3okia-mryB4 Oyiaaau.
3-Mucou. Yoy

+o00

J' cosxdx
0
MHTETpaj y30KIalryB4yu Oynaan, 9yHku t — +oo na

t
F(t) = [ cosxdx = sint
0

GYHKIUSTHIHT TUMUTH MaBXKYy]I dYMac.
FOxopunaruzex,

T f (x)dx, Tf (x)dx

XOCMac UHTerpajjiap Ba YyJIApHUHT SKUHJIANIYBUYMIMTH, Y30KJIa-IIyBUUIUTU
TabpudIaHaIN:

T f(x)dxztlirp Tf(x)dx :

+00 u
[£09dx = lim [ f(x)dx .
U — +oo
oo u-rey
2°. SIKMHJIAIIYBYH XOCMAC MHTErpaJHHHI COIIA Xoccajapu. Xocmac
WMHTETPATHUHT Typyin Xoccanapuuu f(X) yHkuusHUHT [8,+0) opanuk Oyiinda

OJIMHI'aH
[ £(dx
a

MHTErpaiu yuyH 0aéH stamu3. by xoccanapuu
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T f (x)dx, Tf (X)dx

WHTETPaUIap yYyH KENTUPUIIHU YKyBUUIa XaBOJIA dTAMM3.

+00

1-xocca. Arap J' f (X)dx wHTErpan sKuHIaIyBuH Oyiica, y Xoiaa
a

+J?of(x)dx (a<b)
b

MHTETpaJl XaM SKUHJIAITyBYM OyiIaau Ba akcuH4a . bynna

T f (x)dx=? f (x)dx ++fof (X)dx (2)
a a b

TEHTJIMK Oa’KapuIiaJiu.
<« PaBmranky,

j f (x)dx =T f (x)dx+j f(x)dx . (a<b<t)
a a b

+00

AWTaluK, j f (X)dX uHTErpan IKMHIAITYBYH OYIICHH.
a

Jlemaxk,

lim j f (x)dx

t - +oo

MaB:Ky/I Ba YeKIIU OYIaau:
t +00
lim [ f(x)dx= [ f(x)dx,
Loy a
(2) renrnuknan doinananuob, t » +oo 1a
t +00 b
lim [ f(x)dx= [ f(qdx—] f(x)dx
Lot a a

+o00
OymumuHN TonaMus. [[emax, I f (X)dx mHTErpan SKWHJIAIYBYH Ba
b

T f(x)dx = Tf (x)dx —T f (x)dx
b a a

oynanm.

+00

AlTalnuk, J' f (X)dx mHTErpaN IKUHIANTYBYH OYJICHH,
b
Jlemak,

t +00
lim [f0gdx = [ f(x)dx
—>+oob b

YeKIu Oymaam.
(2) renrnukagan, t — +oo na
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lim j f (x)dx = tj) f (x)dx ++f°f (X)dx
Loty a b

+o00

oy kenub ynkaau. Jlemaxk, I f (X)dx mHTETpasT SKMHIIAITYBYH Ba
a

T f(x)dx = T f (x)dx +Tf (X)dx
a a b

oynamu. »

+00

2-xocca. Arap If(x)dx UHTErpal SAKUHJAIIyBYd OVyica, y XoJjjaa
a

IC Of (X)dx xam (C = const) siKMHJIAITYBYH OYIIHO,
a

TC Of (x)dx = CTf (x)dx

oynau.

3-xocca. Arap I f (X)dx wmaTerpan sxuHmanryBum O0ynmmoO, [Ix[l[a,+o) na
a

f (x) = 0 Gyiica, y xonma
[f(9dx=0
a
oynaau.
4-xocca. Arap j f (x)dx Ba jg(x)dx UHTErpaiap SKUHIA-IIyBYH OYIica, y
a a

X0Jia j (f(X) £ g(X))dx uHTErpan xaM SIKWHJIA-IIyBYH OYIHO,

a
+00

j(f (X) £ g(x))dx = fo f(x)dx ng(x)dx

a a a
oynanm.
5-xocca. Arap OxO[a,+0) na f(x) < g(x) 6ymu6, [ f(x)dx Ba [g(x)dx
a a
WHTErpajuiap sKMHIANyBYH OVIica, y X0Ja

Tf (X)dx < +Jsog(x)dx

oynanm.
2)- 5)- XxoccasapHMHT HCOOTM XOCMac HWHTErpal Ba  YHUHT
SAKUHJIAITYBUYMINTY TabpudiaapuaaH 0€BOCUTA KeIMO YNKAIH.
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dapas kunaimmk, f(x) Ba g(X) ¢yHkmusutap [a,+o0) na Gepwiran 0yimo,
f(X) dynkuus gerapananran (M< f(x) <M, xO[a,+o)), g(X) dbyHKIusg 3¢ca ¥3
uiopacunu y3raptupmacun ([Ix [I[a,+o0) mga xap moumm g(x) =0 €éxu g(x)<0).

6-xocca. Arap j f(X)[g(x)dx Ba jg(x)dx UHTErpajljiap SKUH-JIaIlyBYH
Oyica, y xoiaa myHaai y3rapmac 4(m< 4 < M) Tonuiaauky,
J (9 TB(dx = p [g(x)ax (3)
a a

oynanm.
« Ajitaiinuk, [x[[a,+) na g(X) = 0 6yncun. YHoa

mig(x) < f(x)g(x) < Mg(x)
oyuo0,

t t t
m[ g(x)dx < | f (x)g(x)dx < M [ g(x)dx
a a a
oynanu. by Tenrcusnuknapaad, t —» +oo ga IMMHUTra yTCak yHaa
m| g(x)dx< [ f(x)g(x)dx< M [g(x)dx
a a a

OyuImM Kenub YuKaIu.
PaBmanku,

+fog(x)dx =0

oynranaa (3) TCHIIHMK OaKapHIIaIn.

AWTaiuk,
[9(x)dx>0
a
oyncun. by xonma
[ £(9g(x)dx
ms< -2 <M
[ g(x)dx
a
oynaau. Arap
[ f(9g(x)dx
H=-=
[ 9(x)dx

neb onuHca, yuaga m< 4 <M 6ynuo,
J 109 Te9x = 0] g(x)elx
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oynanm.
[OxO[a,+) nma g(x)<0 oOyaranga (3) TEHNIMKHUHT Oa)kKapu-JIUIIH

IOKOpUJATUIeK ucooTanaam. P
Opnatna, Oy xocca ypTa KHMaT XaKuaard TeopemMa JTeHniiaam.
3°. XocMac HMHTerpaJHMHI SIKMHJIAIYBYHIMIM. Afraiimk, f(X)

byHKIM [@,+00) opanukaa Oepuirad OyJICHH.
Masbnymky,

[ f(x)dx
a
XOCMAC MHTETPATHUHT SIKUHJIAITYBYMIUTH YIIOY
t
FO) =[f(ax  (t>a)
a

(GYHKIUSHUHT t — +co J1a YSKJIM JJUMHUTTA 3ra Oy IuIuaad noopar.
13-mabpy3ana GyHKIUSHUHT YSKIH JIMMUTHTA 3ra Oyauiym Xakuaaru Komm
teopemacH, spHH F(t) GyHKIUSHUHT t - +00 1Ma YEKIHM JIMMUTra 3ra OYJIuId

yayH
Oe>0, [Cty>a, Ot >t,, Ot" >t :

IF(t") - F(t)
TCHI'CU3JIUKHUHT 6a)l<apI/IJII/IIHI/I sapyp Ba eTame DKAHU KCJITHpHJIFaH U.
by TymyHua Ba TacauKIaH

<&

f f (x)dx (4)

X0CMAC HHTErPATHUHT AKMHJIAIIYBYNJIUIMHA HoaaJaliIuran Kyiuaaru
TeopeMara KeJamu3.
Teopema (Komu Teopemacu). (4) HHTCTpAIHUHT SKUHJIA-IITYBYH OYIHIIN
yuyH 1€ >0 con onmunranga xam myHmaii ty0OR (f, >@) TonmwmmO, uxTuépuit

t'>t,, t" >t, 6ynranma

t”

j f(X) dx‘ <&
’
TEHTCU3TMKHUHT OaKapUITUIIN 3apyp Ba €TapJiu.

MamkJjap

1. Ymoy

+o00

[ xsinxdx
0
X0CMac MHTErpall SIKUHJIAIIYBYH OYIaguMu’?
2. Ymoy
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+o00

XIn x dxz—l

3
0 (1+ X2) 3
TEHTJIMK UCOOTJIAHCHUH.

44-mabpy3a
Maundmuii 6y iMarad yHKIUAHUHT XO0CMAC HHTErPaJLIapH.
NHTerpajHuHr a6Co0T SKUHIANTY BYMJININTH

1°.  Maunduii 6yamaran  GyHKOMS ~ XOCMAC  MHTErpaJMHUHT
SIKMHJIAITY BYMJTUTH.

Anitaiimuk, f(X) ¢pyHkmus [a,+) opanukma 6epuiran 6yau6, [Ix[1[a,+o)
na f(x)=0 oyacun. by dbyukuusau [a,t] ma (a<t<+ow) uHTErpayiaHyBUd
neimk: f (x) O R([a,t]) . By xonma

F(t) =j f (X)dx

bynkius (a,+0) opanukaa ycyBuu Oyiaau.
< XakuKaTtnaH xam, a<t; <t, <+ow na

F(t,) = th f(x)dx = tf f (X)dx +th f(x)dx=F(t) +tj2 f (x)dx

oyuo0,

oynrannuru cababmu
F(t;) 2 F(t,)
oynamu. [lemak, [ t;,t, [ (a,+o) yuayH
t, <t,= F()<F(t,).»
1-teopema. Mandwuii 6ynmaran f (X) ¢yHKIHS XOcMac HHTETPAIH
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+fcf(x)dx (f(x)=0, x>a) (1)

HUHT SKUHJIANTyBYd Oyiumy yayH F (1) GyHKIUSHUHT FOKOpHIaH YerapajjaHraH,
SbHU
[COR,Ot>a: F(t)<C
OynuIIM 3apyp Ba eTapiu.
<43apypaurn. Anitaiuk, (1) uHTerpan sKuHaamyBun OyiacuH. Tabpudra

OnHOaH
lim F(t)

t - 4oo

MaBxyJ Ba uekiu Oyiaanau. Yaaa, CLCOR, [t >a na F(t) <C 6ynaam.

Erapauwnuru. Ajraiimnk, F(t) ¢yskous  (@,+0) 1ga  ooxopuma-tu
yerapajaHran oyiacuH. Aiinu maiitna, F(t) ycyBum pyukmms. demak, t — +oo na
F(t) ¢yskums deknmu mmmutra sra. by osca (1) wHTErpanHu SKUHIANTYBYA
OynumHu Ounaupaau. »

By Teopemaian Kyiuaara HaTuxa KeJauo 4uKau.

Harmxka. Arap F(t) ¢oyakmus (t0(a,+0)) rokopumaH uerapa-JaHMara

oynca, y xonaa
[ £(x)dx
a

MHTETpal y30KIallyBYH OYIaau.

2°. Takkociam Teopemanapu. Vikknta (QyHKIHS MabiyM MyHocabatia
Oynranga OWPUHHMHT XOCMAC WHTETPATMHHUHT SKUHJIANTYBYH (y30KJIAIIyBYH)
OynMMImuIaH WKKUHYUCHHUHT XaM SIKMHJIAmyBud (Y30KJAllyBud) OYIHINTNHH
n(oaanoBun TeopeMa-iapHu kentupamus. OnaTaa, ynap TakKocaall TeopeManapu
neuniIaau.

2-teopema. Dapaz kumaiauk, f(X) Ba Q(X) dyHkuusaap [a@,+0)
opaymkna oepunran 6yim6, [Ix[[a,+o) na

0s f(x) = g(x) )

OYJICHH.

+00 +oo
Arap j g(X)dXx sxuHmamyBun Oyiica, y xoaa j f (X)dX xam sIKMHJIAITYBYH
a a

oynaau.

+00 +o00

Arap j f (X)dx y3oxmamyBum Oyica, y xonaa jg(x)dx XaM y30KJalllyBYH
a a

oynaay.

+00
< Aijiraiinuk, (2) myHocabar YpuHin 0yiu0, jg(x)dx SKUHJIAITYBYU
a
oyncuH. YHna 1l-reopemara kypa
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t
G(t) = [g(x)dx<C
a
Oynmaau. AifHU MalT/a,
t
F(t) = J. f (X)dx < G(t)
a

+00

Oynrannuru cababnu spHU 1-Teopemara OMHOAH j f (X)dX sikuHIa-1IyBUM OYmasm.

a
+00

Atitaiinuk, (2) MyHocabaT YpuHIU O0YIHO, j f (X)dx y3okia-myBun OYJICHH.
a
VYH/1a 10KOpUIa KeITHPUITaH HATHKA Ba
F(t) < G(t)
+00
TEHICU3JIMK/IaH j g(X)dX MHTErpaJHUHT y30KJIAITyBYUIUTH KeInO yukaam. »
a

3-teopema. dapa3 kunaitiuk, f(X) Ba g(X) ¢yHkmusulap  [@,+o0) na
f(x)=0 g(x)=0 6y1mo,

im X = 0<k <)
x=+ g(X)

OyncuH.

+00 +00

Arap Kk <+co 6ym0, j g(X)dx sixkuuamnryBuu Oyica, y xoiiaa j f (X)dx xam
a a
SKMHJIAIIyBYH OYJIaIu.
+00 +oo
Arap k>0 6y1u0, j g(X)dx y3oxmamyBun Oyica, y xoiaa j f (X)dx xam
a a

y30KJIaIIyB4YH Oyanu.
<4 AWTalJIuK,
lim w =k < +o00
x=+2 g(X)
0ynuo0, j g(X)dx sikuanamryBum OyicuH. Jlumut Tavpudura OuHOAH
a

Oe >0, [ty >a, Ot>t,

na
F(x) <(k+£)g(x) 3
Oynanu. SIKUHIANTYBYM UHTETPATHUHT XOCcacura Kypa
j(k +£)g(x)dx

SKUHJIAIIYBYU OYIaau.
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+00
(3) myHocabar Ba 2-TeopemanaH Qoigananuo, jf(x)dx WHTETPATHUHT
a
SIKMHJIAIYBYH OYITUIIIMHA TOIIAMH3.
AWTaiuk,

F(¥) _

lim —==k>0
v g(x)

+00
0yuo, jg(x)dx y3oknamyBun OyncuH. By xomma k com (k>k >0) yuyn
a

wyHaai ty >a romuwnaauku, (X >t; na
(.,
a(x)

ABHU

9(%) <ki f (%) )
oynanm.

+00

(4) mynocabar Ba 2-reopeMajgaH (oiiganaHnuo jf(x)dx MHTETPATHUHT
a

Y30KJIallyBUM OYJIMIIMHYA TOIaMU3. P
Haruxa. Arap

lim w =
x=+ g(x)

oym6, O0<k <+co G¥yica, y xoyiga j f (xX)dx Ba j g(X)dx wHTerpamiap Oup
a a

BaKT/a €KW SKUHJIANTYBYH, €KUM Y30KJIANTyBYN OYIaIu.
Kyn xommapma Oupop XocMmac WHTETPATHUHT —SKUHJIANTYBUU-TUTHHU — EKU
Y30KJIallyBUWINTUHU aHMUKJIAaIIga aBBaJIIaH SIKWHJIA-ITyBUUJIUTH EeKH
Y30KJIAIyBYMIIUTH MabliyM OYJraH WHTErpajl OWIaH Takkociad (roKopuaa
KeATUpWIraH Teopemanapaan  (Qoiganann®) KapamaéTraH  HMHTErPaJTHHHT
SKUHJIAITYBYU €KUM Y30KJIAITyBYH OYIIUIIN TOTUIAIH.

Macamnan,

Tf (X)dx

WUHTETPaHA
+o00 dX
a
a X
MHTErpaj OWiaH TakKocaal, KyWnaard HaTuxkara KeJlaMus3:
Harwmxka. Aiitaiinuk, oupop C (0<C<+w) Ba @ >0 connap yuyH X — +oo

(a>0,a>0)

Ja
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f(x)~ =

X
SIbHU
lim x Of (x) =C
oyncuH. YHIa
[ £(x)dx
a

uHTerpan @ >1 Oynranna skuHIamyB4y, @ <1 Oynranna y30Kma-nryBuu Oymaau.

3°. 1-mucou. Yoy

* cos x
[ 20 Xox
o 1+X

I/IHTeraJI HKI/IHHaIHYB‘-II/IJ'II/IKKa T CKIHI/IpI/IJ'ICI/IH.

< Arap
cos’ X 1
f(x) = , X) =
(0=""5 . 909=

neiwiica, yaga [Ix[[0,+o0)
0< f(X)<9(x)
oynanm.
PaBmanku,
T’ dx
o 1+ x?
WUHTETpaJI SKUHJIANIYBYU. 2-TeopeMara Kypa Oepwiran XocMmac
SIKWHJIANTYBYH Oyasau. P

2-mucoJ. Yoy
+00
2
[ e dx
1
WHTErpaJl SKWHJIAITYBYMIIMKKA TEKIITUPUIICHH.
4 [x=>1 na
2 _
f(x)=e™, gx)=¢e*

byHKIUAIApH YUYH
0< f(X)<g(x)

oynanu. Kylinnaru

+00

[e™dx

1
WHTETPATHUHT SIKWHJIAITYBUYMIUTH paBiiaH. Jlemaxk,

+00 2
[ e dx
1
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WHTErpall SKUHJIANTYBYH OVianm. P
3-mucou. Yoy

[e™ Inxdx

1
MHTErpaJl SKUHJIAIlyBYNIMKKA TEKITUPUIICHH.

4 [x>1 na
Inx < x
6ymm6, f(X)=e *Inx, g(x)=xe™ QpyHKumsiap yuyH
0< f(X)<9(x)

Oynanu. Duau

T g(x)dx = T xe " dx
1 1

HHTETrPAJTHUHI SIKMHJIAIIYBYMJIUTMHH 9bTHOOPra 0140, 2-TeopeMa-aaH

¢poiinanannd, Oepuiaran

+00
[e™ Inxdx
1
WHTETPATHUHT SKHHJTANTYBUYMIUTHHA TOMaMu3. P
4-mucoa. Yuidy

T’ dx
1 xB/x% +1
HHTeraH ﬂKI/IHHaIHYBLH/IHHKKa TeKHII/IpI/IJICI/IH.

< uTerpan octuaaru
1

f = -
) xB/x% +1

byHKIHS YIyH

lim x3f(x)— lim x3El#— IlmEl# 1

X — 400 X — 400 + X — +00 1
xAx? +1 XG31+
X
oynaau.

PaBmianku,

15

‘o_
OO\U"I

UHTETpaJl sIKUHIalryByu. [lemak, 6epunran HHTerpan SAKUHIIA-IIyBYH OYyiaau. P
4°. XocMac MHTErpaJTHHHT aGCOMIOT SIKHHIANIYBYWINIH. AfTaiinmk,
f(X) ¢ynkuums [a,+o0) opammkna Oepwnran OyncuH. bynma, Ux[[a,+o0) yuyH

f (x) = 0 6ymumm mapr smac

Tabvpug. Arap
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ﬂf(x)\dx

+00

UHTETpall SKHHIIAIIYBYH OVica, jf(x)dx UHTErpal a0COIIOT SKUHJIAIIYBYH
a

neuniaau.
+00 +oo
Arap jf(x)dx SKUHJIAIIYBYH OYIIHO0, ﬂf(x)‘dx y30KJIallyBuUn Oyica, y
a a

+00
X0J1/1a j f (X)dX mapTiau SKUHIANyBYd HHTETPpal ACHIIAIM.
a
4-teopemMa. Arap MHTETpaJl a0COJIOT SKUHJIANIYBYH OVIica, y SIKUHJIAITYBYH
oynaau.
4 AUTaliuK,

+00

[If (9|dx

a

UHTEerpal sKuHIamyBud OyiacuH. bepuiaran f(X) Ba ‘f(x)‘ byHK-1IHsIap
Epnamua ymoy
1
¢(x)=§(f(x)+|f(x)|) :

w(x):%(—f(x)+|f(x)|)

(GYHKIUSITApHU Ty3aMU3.
by ¢ynkuumsnap yuays, Ux [[a,+) na
1) p(x)20 , ¢(x)=0
2) () <[f(x)| () =[F (%)
3) p(X)-yw(x)=T(x)
oynanu. FOxopuna kentupuiran 2-reopemaaan ¢oinananud, Kyinaaru

f¢(x)dx, fw(x)dx

HWHTCTPAJI AKHHJIAITYBYAJINTUHU TOIIAMUA3.

VYHna
[ (@(x) w(x))dx
a
WHTETpaJl XaM sIKWHJIANTyBun Oymamu. Jlemax,
[ f(x)dx
a
SIKWHJIANTYBYH Oyasau. P
Mamksiap

1. Yy unrerpan
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+00 _12 _b72
2 2
j e x —e X |dx
0

HHTCTpalI AKHMHJIAITYBYHUIJIINKKA TCKIIUPUIICHH.

2. K HuHT KaHmald KuiMatTiapuaa

o X+sinx
X
1 X-—sinx

WHTETpas SKUHJIAIIYBUU OYiIaaun?

dx (k<1)

45-mabpy3a
WHTerpaHUHT SKHHIAIIYBYMINTH ajloMaTiapy. HTerpaaHuHr 601
KUUMaTH
1°. Tupuxae anomarn. Papa3 xmmaimuk, f(X) Ba g(X) dyHKupsUIAp

[@,+0) opamukaa Gepuirad OYICHH.
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1-teopema (dupuxse amomatu). f(X) Ba Q(X) yHkumsmap Kyhdumaru
HIAPTIAPHU KaHOATIAHTUPCHUH:

1) f(X) ¢ynkums [a,+0) ga y3IyKCH3 Ba YHHHT Iy OpPaJHKIArH
oomuranrua F(X) (F'(X) = f(X)) ¢yukuuscu yerapa-ianrasy;

2) 9(X) dyskus [a,+0) ga ysaykens ¢'(X) xocuiara sra ;

3) 9(X) dyHkmus [a,+) 1a KaMarOBYH;

4) lim g(x) =0.

X — +o0

VYV xonpga
[ f(9g(x)dx

WHTETrpall SKMHJIANTYBYH OYIIa Iu.
<« PaBranky,

fF(x)0C([a,+)), g(x) UC([a,+x)) = f(x)g(x) UC([a,+))
oynamu. bunobapun, f(X)[g(x) odynxkuus [a,t] (@<t<+ow) opasmkna
UHTeTpalaHyBun OVmanu. bynakna® wHTerpammam ¢opMylacu-IaH Xamja
TeopeMaHuHr 1)- Ba 2)- maptiapuaan ¢oinaaaHu0 TomaMus:

J F(g(dx=[g(¥dF(x) =g F(¥)| [ f(¥)g'(x)dx. (1)

a a

DHIn

9O F®[<Mgt) (M =supF(t)| < +e)
OynuIIMHYU >bTHOOPra oJcak, yHaaH t — +oo na
g F() -0

OymuIH Kenubd YHKAIH.

bepwmmmra xypa, Q(x) ¢ynkums [a,+) opamuKga  y3ITyK-CH3
muddepeHMauIaHyBUl  XaMa M1y OpajuKia KamaiooBuu (QyHKuus. J[lemak,
[Ox O[a,+0) na

g'(x)<0

oynaau. lllyan spTubOpra oambd Tonamus:

[IFCY g (x)dx < M [|g' (¥[dx = —M [ g’ (x)x =

a

=M(g(a)-g())<Mg(a) (9(t)=0).

VHna 44 -mabpy3agaru 2 -teopemaaad ¢oiinananuo
[F(X) g'(x)dx
a

XOCMAaC MHTETPATHUHT SKUHIIAIYBYN SKAHINTUHU aHUKTaiMHM3.
(1) renrnukaa t — +oo ga mumuTra yTHO, Yoy

t|in+noj f(x)g(x) dx
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+00
JUMUTHUHT MaBXyj Ba 4dekyim OyiaummeaM Tomamu3. by sca '[ f (X) g(x) dx
a

WHTETPATHUHT SIKUHJIAITYBYN OYIUIINHA OUIIAHpaIy. P
MucoJ. Yoy

400 _:
sinx
J= [ = "dx (a >0)
a
1 X
I/IHTeraHHI/I HKI/IHHaIHYBLH/IHI/IKKa TeKIHI/IpI/IHCI/IH.

<« bepwiran uHTErpaiHu Kyiuaarnya

J=| sinxiadx (a>0)
1 X

. 1
€3ub, f(X)=sinx, g(x) =— neiimus. by dyHkumsnap rokopuna KeNTHPUIraH
X

TEOpPEMaHMHT Oapya MmapTIapuHU KAHOATIAHTH-PAIH.
1) f(x)=sinx ¢yukuus [1+c0) opanukiaa y3ayKCU3 Ba YHHHT OOIUIAHFHY
¢ynknmsacu F(X) = —cosx dynkmus [1,+00) ma yerapa-naHrasx,

2) g(x) =Xia (@>0) Qymxmms [L+o) xa

, a
X) =-—

XOCHJIara 3ra Ba y y3JIyKCH3;

3) g(x) =ia (a >0) bysakus [1,+0) 1a KaMarOBYH;
X

4) lim g(x) = lim ia:o. (a>0)
X—too Y

X — 00
Yupa [upuxie amoMmarura Kypa

T’ sinx
1 X7

UHTErpaj SKHHIAIlyBYn Oyiaau. P
2°. AGean ajomary. dapas kunaitmuk, f(X) Ba g(X) dyukuusaap [a,+o0)

dx (a >0)

opaJiuKaa 6epuiirad OyicuH.
2-teopema (Abeabp amomarm). f(X) Ba Q(X) ¢yHKIUMsIIap Kydugarua

HIAPTIAPHU KAaHOATIAHTUPCHUH:
1) f(x) dyskmus [a,+) nga y3mykcu3 OYiauo, If(x) dXx  wmHTerpai
a

SIKMHJIAIyBYH,;
2) g(x) ¢bynkuus [a,to) ma ysaykcu3 ¢'(X) xocuiara sra Ba Oy Xocuia

[@,+0) ma V3 uiopacuHu cakjaacHH;
3) 9(X) dyHkmus [a,+o) na yerapajaHTaH.
Y xomnna
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ff (X)g(x) dx

MHTETpaJl SKUHJIAIIYBYH OYiaau.

+00
<« PaBmanku, j f (X) dX wmHTerpamHUHr SKuHIanryBYn Oymu-mmmad f(X)
a
GyHKIUSAHUHT [8,+0) opanukna yerapananrad F(X) Oommianrud (yHKImsATa Sra

Oyuiy Kenub YuKaau.
Teopemanunr 2)- Ba 3)- mapTiapuaaH Xamjaa MOHOTOH (YHKIUSHUHT
JUMUTH XaKuJard Teopemaaan ¢oigananuod ymoy
lim g(x)

X — +00
JJUMHUTHHUHT MaBXy/l Ba YCKJIN 65’/JII/IHII/IHI/I TOIIaAMU3.

lim g(x) =b.

X — +0o

g (x)=g(x)-b

q)YHKI_II/IH X — +00 1a MOHOTOH paBHI A HOJII'a MHTHUJIAIA.
lim g,(x) =0.

X — +0o

Hlynmait kw6  f(x) Ba ;(X) odynkumsmapn Jupuxne amomaru

Yuna

KEeJITUpUJITAH Oapya mapTiapHu KaHoaTIaHTupaau. lupuxiie amomarura Kypa
+00
[ ()9 (x)ax
a

MHTErpall SKMHJIAUTYBYH OYIau.

AliHn naurtnaa,
f(x)g(x) = f(x)b+ f(x)g,(X)

oynranauru cabadnu,
[ £09 g(x)dx

WHTETpas XaM sSIKUHJIalyBYu Oymaau. P

3’ Xocmac HHTErPAJIHUHT 001 KUIIMATH.

®apa3z xwmainmk, f(X) ¢yakous (—oo,+0) na Oepuiran OYymub, Oy
opamMKHUHT wuctanran [t',t] (-0 <t'<t<+w) KucMHIAa HHTErpaIaHyBUU
OYJICUH:

t
F(',t) = j f (x) dx.
’
Masbnymku, yuoy
t
lim F(t',t) =t'|im If(x)dx
—>—00t

t'— —o0,
t o +o0 t o +o0
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aumut f (X) dyHKIESHUHT (—00,+00) OpanuK Oyitmua XxocMac MHTErpaIn AeHnino,
y 4eKJu Oyica,

t +00
lim [£09dx= [ f(x)dx
to+oo U ®
XOCMAac MHTErpa SIKUHJIAIIYBYN JECUHIIap dAU.
bynna t' Ba t y3rapyBuUmIapHUHT UXTUEPUM paBUIIIA
t'> —o0, t - 400
ra MHTWIWIIY Ky3/1a TYTHJIAIN.

+00

XycycaH, j f (X)dx xocmac uHTErpai IKUHIAyBUn OyJica,

t 0
lim [ f(q)dx= [ f(x)dx
tg+m_t e

oynau.
bupok

Fa:ozjf(@dx

+00
bynkius, t'=-t 0ynmuob, t —» +co ma YeKIM JUMHUTra 3ra OYIUINHIaH j f (x)dx

—00
XOCMacC MHTETPATHUHT SKHHIAITYBYH OVIIAIIN KeIHO YUKaBEpManIu.
Macanas, ymoy

t
F(t',t) = [sinxdx
!
uHTerpen yuyH t'= -t 6yica,

t
[sinxdx=0 (Ot >0)
-t

oymmo,

t - 400

t
lim jsinxdx =0
t

oynmaau. bupok

+00

j'sinxdx

X0CMac UHTErpall SKMHJIAIIYBYH 3Mac.
Tabpug. Arap t'=-t 6ymuob, t - +o00 na

F@nzjumm

+o00

(GYHKIUSHUHT JIMMUATH MaBKy/ Ba 4ekiu Oyiica, J' f (X)dx xocmac mHTETpan 6o
—00

KHIMaT MabHOCH A STKHHJIANTYBYH JTEUHITHO,
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t
lim [ f(x)dx
t - +o0 t

+o00
JUMUT 3ca J' f (X) dx xocmac uHTErpaTHUHT Oom KuiimMaTH ned atamamu. OnaTia,
—00

+00
j f (X) dx xocmac HHTErpaTHUHT OOII KMHMAaTH

v.p. [ f(x)dx
kabu Oenrmnananu. [lemak,
+c0 t
v.p. | f(x)dx = lim [ (9 dx
o _.+oo_t

bynma v.p Oenru ¢dpaniysua "valeur principiale’- "6om kuiimaT" CY3IapUHHHT
nactiabku xaphaapuau udoaananim.

+o00

Mynnait kuuo, J' f (X) dx xocmac wHTerpan sIKUHIANIyBun Oyica, y Oormr
+00

KHHMaT MabHOCHAA XaM SKHHJAIIyBYM Oyiaau. BHpOK, jf(x) dx xocmac

—00
UHTETPAIHUHT  OOml KuUHWMAar MabHOCHIA SIKMHJIAIIYBYM OYIWIIWIAH YHHUHT
SIKAHJIANTYBYH OYJIUIIIN Xap TOUM XaM KeIuO YnKaBepMaiiin.

Mamkiap

1. Jdupuxiue anomaruaad ¢oiigananud
+00 ¢ 2
Sln(X + X )
78X g (a5 0)
a
0 X
UHTETPAIHU SKUHJIAITYBYH OYIUIIN UCOOTIAHCHH.

2. YOy unrerpai

fS'—T( arctgxdx  (a >0)
5 X

SAKAHJIIAITYBYWIIMKKA TCKINUPHUIICUH.
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46-mabpy3a
XocMac MHTEerpauIapHu Xucoo0J1am

1°. Hploton-JleiiGuun dgopmy.aacu. Vuidy
[ £(x)dx

X0CMac MHTEerpal sIKUHJIAIYBYH OYn0, yHU XucoOJIalll Tajaad dTHUICHH.
Atvitaitmuk, f(X) yHkous [@,+o0) opamukna 6onutanrua F(X) yHknusra
sraBa X — +oo na F(X) QyHKIMS YSKIM TUMUTH MaBXKya OYJICHH:
lim F(X) = F(+0).

X — +o0o

YHpaa
f (x)dx= lim | f(X)dx=
£ X*+°°£ (1)
= lim (F (1) - F(a)) =F(+o9) ~F(8) =F(x)] 2"
oynanm.

(1) bopmyna Hetoron-JleitOuur popmynacu neivnaim.
1-mucoa. Yuily,

| iz sin= dx
2 X
Vs
WHTETrPajl XUCOOJIAHCHH.
1 2 1 .1
<« Papuanky, F(X)=c0s- ¢dynkuus [—,+o) opamikna f(X)=—sin—
X 71 X X
GYHKIUSHUHT OonuTanFud QyHKUUACH OYIaau.
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(1) dopmynanman doiigananud Tonamms:
e 1 1
[ =sin=dx=cos-|5" =1.»
2 X X X p
T
2°. Byaaknaé wumrerpamnam. ®apas kwiaimmk, f(X) Ba  g(X)

Gyukumsmap [a,+o) opanukma y3aykcu3 Ba ysnykem3, f'(X) Ba  g'(X)
Xocuanapra sra OyJCHH.
Arap

1) T f (x) [g'(x)dx (Tf '(X)g(X)dX) uHTErpan SKMHJIANIYBYH,

2) ymoy Xlirpoo(f (X)g(X)) nmuMuT MaBXKy[ Ba YeKsn Oyica, y xoaa

—

JH)mmegdx (] f()g'(x)dx)
a a
WHTETrpall SKMHJIANTYBYH OYHO0,

fwf (TG(x)dx= lim (f()g(x))~ (A L9(@) - Ioo fFg(dx (2

Uf(X)g'(X)dX=X|1fpm(f(X)Q(X))— f(a)o(a) - ff'(x)g(x)dX]

oynau.
<« PaBmrankmy,

J £/ () g0)dx =] g(x)df (x) =f (x)g(x)

L -] F(0dg(x) =

= f(t)g(t) - f(@)g(a) - | f (x)g'(x)dx.
Keitunru TeHrnukaa, t —» +oo J1a JUMHUTTA YTUO TOaMuU3:
If'(X)g(X)dX=X|[fpm(f(t)g(t))— f(@g@ - [ f(x)g'(x)dx.»

(2) popmysaa 6ynakiad uHTErpaLIam GopMyJIacu IeHn-JIaIu.
2-mucou . Yoy

+00
j xe *dx
0
I/IHTCrpaH XI/ICO6HaHCI/IH.

< Arap g(X) =%, f'(X)=e* neb oncak, ynna

g(x)=1 f(x)=-e~
oynuo, (2) popmynara kypa (a =0)
t+oo

[xe™dx =lim(-te™) -0+ [e™dx =1
0 0
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oynagu. P
3°. VarapyBumiapuu aaMamTupné HHTErpasLIam.
Yoy

Tf (X)dx

XOCMac UHTETpajHM KapaiimMu3. by wuHTerpamma X =¢@(z)  anMani-TUPUIIHA
Oaxapamu3. bynna X = ¢(2) dbyHKums Kyiinnara mapT-JapHi KaHOATIAHTHPCHH:
1) #(2) pyukuus [a,+to) opanukKaa Y3IyKCH3 Ba Y3IyKCH3 ?'(2)
XOCHJIara ara;
2) ¢(z) dyskmus [@,+) na KaTbuil YCyBYH;

3) p(a) =a, P(+o)= lerpm P(2) = +oo.

Arap
[ f(#(2) @' (2)dz
XOCMac MHTETpaJl SKUHIIAITYBYH 6}"fj1ca, y XoJaa
T f (x)dx
a

WHTETpaj XaM sSIKUHJIAIyBYX OYIuo,
[f(dx= [ f((2)) ®'(2)dz

oynaau.

4 Uxtuépuit z(q <z2<+w) HU o0aub, yHra moc @(z) =t HyKTa-HH
TOIIAMU3.

PaBmanku, rokopuaaru maptiapaa [a,t) ma 37-mabpy3anaru (2)

dbopmynara kypa

oynaau.
Keiinnary TeHrmukma t — +oo ga (Oynma z=¢@ *(t) — +o0) muMut-ra yTub
TOIIAMU3;

[ f(dx= [ f(4(2) @'(2)dz
a a
By aca kentupunran TaciukHU UCOOTHa M. P>
3-MucoJa. Yuidy
=
o 1+ X

WHTErpajl XUCOOJIAHCHH.
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<« by unrerpanua X =¥ anMaluTupuiIHu 6axxapamus. Hatukana

° 1 1 20t
J=| ——(-=>)dt =
+.[°1+1 t2 J(;1+t4
t4
oymmo,
+00 2
J _1 j 1+ X4 dx
251+x

oYUM Kenub YuKaIu.

. 1
Keitunru unrerpanmga X —— = Z 1e0, TonaMus:
X

J:l”" dz = 1 arctgi +°°:_ﬂ
2.2+72 22 J2I™ 22
Jlemak,
T dx T
= . >
£ 1+x* 22

4° Xocmac MHTerpaIapHH TAKPHOMii XucoGaam,
Atnitaitmuk, f(X) ¢pyHKIus [@,+00) opanukia y3aykcu3 0yiauo, ymoy

Tf (X)dx

X0cMac UHTerpa sKuHiamyByu 0yiacud. Tavpudra ouHoan

+00 t
£ f(X)dx = tllrpmg1 f(X)dx |

SbHU
Ue>0, Lty>a, Ut>t,:
+o00 t
I f (X)dx—j f(x)dx‘ <&
oynaau.
PaBmiankn,
+00 t +oo
[FOdx=[F(x)= [ f(x)dx .
a a t
Jlemaxk,
[f(dx<e.
t
Hatmwxkana ymoy
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Tf (X)dx = j’ f (X)dx (5)

TakpuOuil hopmymara KenamMu3. Y HUHT XaTOJIUTH

jw f (x)d><‘ <e

oynanm.
4-mucou. Yuidy

o 2
J' e ¥ dx
0

XOCMac MHTETPaJI TAKpUOUH XUCOOTaHCHH.
<« (5) popmynara kypa, OepuiaraH WHTETPATHA TaKpUOWH XHUCOOAIl yIyH

ymoy
+o00 5 a 2
[ e dx=[e™ dx (a>0)
0 0
(dopMyITaHu XOCHIT KWJIaMU3. Y HUHT XaTOJIUTH
+o00
| e dx
a
ra TeHr Oynanu. by XaTonuKHU I0KOpUIaH 0axomaiMus:
+00 2 1 +00 2 1 +00 2 ) 1 2t 1 2
[e™dxs= [ xe™dx=—-[eXd(x")= (- )" =—e7.
a as 2a 3 2a 2a
Atnitaitnuk, a =1 6yncun. by xonna
+00 1
| e dx= je‘xz dx
a 0
0ynu0, Oy TakpuOuilt GopMyITaHUHT XaTOJIUTH YUYH

[ e dx< 01839
1

oynanm.
Autaitnuk, a = 2 6yncun. by xonaa

+00 5 2 5

[ e dx=[e™ dx

a 0
0ynu0, Oy TakpuOuilt GpopMyITaHUHT XaTOJIUTH YUYH

[ € dx < 000458
2

oynaau.
Attaitnuk, a =3 Oyncun . by xonna

+00 2 3 2
j e X dx= je‘x dx
a 0

o0ymu0, Oy TakpuOuil HGOPMYJIAHUHT XaTOJIUTH YUYH
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[ €™ dx < 0,00002
3

oynagu. P
Mamkiap
1. Ymoy
7 Inx
| - dx
o 1+ X
UHTErpal XUCOOIaHCUH,
2. Yoy
v dx _arcsim

(a>0)

{ (x2 ~a?lx* -1 a1-a?

TEHIJIMK UCOOTJIAHCHUH.

47-mabpy3a

Yerapajanmaran pyHKIMSHUHT X0CMAC HHTErpajjiapu
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1°. Maxcyc Hykra. Ajraitmuk, f(X) dyrxuus X O R Tymiam-na 6epuiran

oyncuH. X, U R HyKTaHUHT ymioy
W (%) ={XOR; X —d < X< Xy +J; XZ X}

aTpoduaa KapaiiMus, OyHaa O MXTUEPHIA MycOaT COH.

1-tabpud. Arap f(X) pyHkuus

X1 Es(x)# 0

TYIUTaM/Ia yerapananmaras Oynca, X, Hykra f(X) QyHKUMSHUHT Maxcyc HyKTacu
JeUnIaan.

Macamnas, [a,b) na 6epunran f(X) =bi byHKIUSA yayH X, =b Maxcyc
—X

nykra; R\{-10;} rtymiamna Oepmiran f(X)= GYHKIUS  YYyH
X

1
(x* -1)

Xo =1, X =0, X, =1 HyKTanap Maxcyc HyKrauap 0ynaau.
2° YerapananMaran (QYHKIMSHHHT XOCMAC HHTErpajid TYIIYHYACH.
dapa3 kumainuk, f(X) dyakuus [a,b) ma Oepwiran OynauO, b HykTa 1y
GYHKIUSHUHT Maxcyc HyKracu Oyiacud. by ¢yHkmus wuxtuépmii [a,t] na
(a<t<Db) wunrerpamnmanyBum OyncuH. PaBmanku, Oy wmHTerpam t ra OOFIHK

oynanu:
t
F(t)=jf(x)dx (a<t<b).
a
2-tabpud. Arap t - b—0 ga F(t) GyHKUUSHUHT TUMUTH MaBxKy Oyica,

Oy simmut yerapasianmaran f (X) ¢pyHkmusauHTr [a,b) OYyiirua XocMac MHTErpaiu
neuniIaaun Ba

b
[ £(dx
a
KaOu OeTruIaHa N ;
b t
J;f(x)dxztllmoF(x) =tllmoi f (x)dx. (1)

3-Tappud. Arap t - b-0 nma F(t) PyHKuusSHUHT TUMUTH MaBXyn Ba

yekiu O0yiica, (1) xocMac nHTerpa SKHHIAIYBYH JSHIIa IH.
Arap t - b-0 ga F(t) QGYyHKUUSHUHT JMMHTH YEeKCH3 EKH MaBXKy/

oymmaca, (1) xocmac MHTETpal Y30KJIallyBuu IEeHUITAIH.

f(X) ¢ynkumsa (a,b] ma Oepunran 6ymud, X, =& HyKTa YHHHT Maxcyc
Hykracu; f(X) ¢bynkums (a,b) na Oepunran 6ymmb, X, =a, X, =b Hykramap
YHHUHT Maxcyc HyKranapu OynraH xonnga my (yskuusauar (a,b] xamma (a,b)
Oyiinya  XocMac  WHTETpaJUIapH,  YJIAPHUHT  SIKUHJIAIIYBYMIIMTH  XaMa
Y30KJIaITyBYIUTY FOKOPHIA-THICK TabpU(IIaHAIN:

b b
[ f(dx= lim F(t)= lim [ f(x)dx;
a t-a+0 t_>a+0t
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jf(x)dx— lim F(t 1) = lim jf(x)dx
t b0 t b b
Avraimuk, f(X) dynxmus (a,b)\{c} tymiamma (a<c<b) Oepwiran
oymb, X, =a ,X =b,X, =C HyKramap yHMHT Maxcyc HyKrajapu OYyicuH. by
GYHKIUSIHUHT KYWHIard

Jt'f(x)dx=¢(t’,t) , (a<t' <t<c)

Tf(x)dx=1//(u',u) : (c<u' <u<b)

MHTErpauiapy MaBxy[ Oy IJICHH.
4-tappud. Arap t' > a+0, t - c-0 xamma U - c+0, u->b-0 na

@(t',t) +¢(U',u) GYyHKUMSHUHT TUMHTH

Jim [4(t',0) +@(u',u)] = lim [jf(x)dx+jf(x)dx]

t c 0 t c 0
u' -c+0 u' -c+0
u-b-0 u-b-0

MaBxyq OVyica, Oy aumuT yerapamanMarad f(X) ¢yunkuusauar (a,b) OVitnua
XOCMAC UHTETpali JeUniIaau Ba

b
[ £(dx
a
kabm Oenruinanaau. Jlemak,
jf(x)dx— lim [jf(x)dx +J' f (x)dx] (2)
uiccgo
u-b-0

5-tappu¢. Arap t' - a+0, t - c-0 xamma U' - c+0, u-b-0 nma
@g(t',t) +¢(u',u) GYHKUMSHUHT JTHMUTH MaBXyJI Ba 4ekiu Oyica, (2) mHTerpan
SIKMHJTAITYBYY JI€HUIIAIH.

1-mucon. Ymily
} dx
o/X
MHTETpaj SKHHJIAITYBYMINKKA TEKITUPUIICHH.
1
<« PaBmanku, X, =0 mykra f(X)= T GYHKIUSHUHT Maxcyc HYKTacCH.
X

Hemak, kapana€Tran HHTETpa dyerapajianMarad (QyHK-IUSTHUHT X0CMac WHTETpaIn
oynau.
Tabpudra 6uHoan
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}d = lim X tI|r£1 2(1- \/_) 2

t+0\/_

Oynanu. Jlemak, Oepriran XocMac HHTETpajl SIKWHJIAIyBYH Ba y 2 Ta TeHT. P>
2-MucoJj. Yoy

Tdx
o X

X0CMac MHTErpall y30KIallyBun Oyaaau, 4yHKA
1

dx
lim|— = I|m (In X){ = +oo.
t-+07 X

3-MucoJa. Yuidy

} dx
0/ X@A—X)
HHTCTPAJI AKHMHJIAINTYBYHUIINKKA TCKITUPUIICHUH.

<« Uuterpan octuaru
1

f(X) = —

) XA - X)
¢yHkuua yuyH X, =0, X =1 HyKramap maxcyc Hykramap OYymaau. Xocmac
WHTETpai TabpuduaaH q)oﬁz[aﬂaHH6 TOMAMM3:

= I|m [arcsmex D]y =

dx
gw/x(l—x) {~1+0j1/x(1 X) t-*0
n

= Ilmo[arcstt 1) —arcsingt’ _1)]_E+E=ﬂ
t ﬁltO

I[eMaK, I/IHTeraJI ﬂKI/IHHaIHYB‘-II/I Ba
j dx
0y X@=X)

4-mucoa. Yuidy
b b
dx dx
Ji = .[ a Jp = .[ a
a(X-a) a(b—x)
UHTETpaJIap SKHHJIAITYBYMINKKA TCKITHPUIICHH.
<« Tavpudnan dorigamannd Tonamus:
b b _ N\ 1-a
j—dx = lim j—dx = lim (X2 e
a(x—a)a t—a+0 (X—a)a t-a+t0 1-¢qg
= lim —[(b a) 7 -(t-a], (az)) .

t- a+0

(@>0)
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by numut a ra 6ormuk 6ynu0, a <1 6ynaranaa uyeknu, nemMak J,; xocmac
UHTETpaJl sIKMHIamyBun, @ >1 6ynranna sca yekcus 6yaud, J, xocmac uHTEerpa

Y30KJIAITyBUH OYIa Iu.
a =1 6ynranga
b d b
X : dx :
[——=lim [—— = lim (In(x-a));
ax—a taa+0t X—a t-at0

0ynu6, J; MHTErpa y30KJallyByH.

Jlemak,
b
d
3 =] ﬁ (a>0)

uHTerpan @ <1 Oynranaa SKUHIANIYBUM, @ =1 OYnranaa y3okia-uryBud OViaau.
Xynau mIyHra yxmam KypcaThil MyMKHH,

b
X
J 5 = I d—a (0’ > 0)
a(b=X)
uHTerpan a <1 Oynranna skuHIamryBud, @ =1 O6ynaranga y3okia-mryBud OYiaau.

>

IOxkopuna kentupwiran Tabpud Ba MUCOUIApAAH uerapa-JaHMarat
GYHKIIMSHUHT  XocMac MHTerpanu Xam 43-46- wmabpy-3anapnaa  Oatadeun
YpraHuirad yerapajapy 4yekcu3 (YeKcu3 opaiuk Oyiinda) XxocMac MHTErpall KaOu
DKAHJINTUHU KypaMus3.

Myaun  »bpTHOOpra onub, dYerapajanMaran (QYKOUSHUHT — XOC-Mac
UHTETpAIapu XaKuJard TyIIyHYa Ba TACAUKIAPHH KEJNTU-PUII OWUJIaHTHHA
kudosutanamu3. bynna [a,b) ma Oepunran Ba X =D yHHHT Maxcyc HyKTacH

b

oyaran f(X) QyHKIMSHMHT XOCMac MHTErPajIH j f (X)dx Hu KapaliMu3.
a

0
3. SIkMHJIalIyBYH X0CMAC HHTETPAJTHUHT COIIA X0CCATAPH.

b
1) Arap j f (X)dx uHTErpan sKuHIaIyBuH Oyiica, y Xoiaa
a

IJqf(x)dx (a<c<b)
MHTErpajl XaM SKHHJIAIyBUH 6}"/J1£z[1/1 Ba akcuH4a. bynma
T f(X)dx = j f (X)dx +T f (X)dx
TEHIJIUK YPUHIIW OY1aiu. a a C
2) Arap T f (X)dXx mHTEerpas sKMHIAIIYBYH Oyica, y XoJaa Jtch (X)dx xam
a a

(c —const) xam sKUHIIAITyBYd OYIIHO,
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b b
fedf (dx=c f(x)dx  (c-const)
a a
oynanm.
b
3) Arap I f (X)dx waTerpai skuHnanrysuu 0yimo, [Ix[[a,b) ma f(x)=0
a

oynca, y xonaa

b
[f(9dx=0
a
oynanm.
b b
4) Arap J' f (xX)dx Ba I g(X)dX wHTEeTrpaiIIap SKUHJIANIYBYH OYjca, y Xoj1a
a a

b
j (f(X) £ g(X))dx uHTErpan XxaM AKHHJIAITYBYH OYIHO,

b b b
[(f () £ g(x)dx = f (x)dx £ [ g(x)dx
oynaau.
b b
5) Arap j f(X)dx Ba j g(X)dX wmHTerpajmiap SKWUHIAIIYBYd OYIHO,

[OxO[a,b) na f(x)<g(X) 6yuca, y xonma

? f (x)dx < T g(x)dx

oynaay.

4°. Xocmac UHTErPAJHUHI AKUHJIAIYBYMIMIH. Papa3 KWIAWINK,
f (X) pynkuusa [a,b) na Gepwiranm 6ymmub, b HykTa 1y (QYHKIUSHUHT Maxcyc
HYKTacH OYJICHH.

1-teopema (Komm Teopemacn). Yoy

b
[ £(x)dx

WUHTErPATHUHT SKUHIAIIYBYK Oyiumm yuyH, (1€ >0 coH oluHranga xam, IryHjai
0>0 con Ttomwmb, b-Jd<t'<b, b-9Jd<t'<b TEHT CU3JIMKIIAPHH

KAHOATJIAHTUPYBYH UXTUEPUH t' 6a t” Jap yuyH

<&

tf f (x)dx

TEHICH3JIUK Oa)XapHUJIMIIK 3apyp Ba €TapJIH.

5°. Manduii 6yaMaran QGYHKUMSIHHHT XOCMAC MHTerpaji-JapH.
Atraitmuk, f(X) ¢ynkuus [a,b) na 6epunran (b HyKTa 1ty QyHKIMSHUHT Maxcyc
HykTacu) 0yau0, [Ix[[a,b) na f(x)=0 Oyncus.

2-TeopeMa. Yily
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b
[ £(x)dx
a
X0CMac MHTeTpal sKuHnanryBun oynwmu yayH Ut U (a,b) ma
t
F(t) = j f(x)dx<C (C = const)
a

TEHICU3JIMKHUHT  OKapWiIWIlU,  STbHU F(t) GYHKIUSHUHT — FOKOpHUJIaH
yerapalianran OVIIHIIM 3apyp Ba €TapJid.

t
Hatmxa. Arap F(t) = j f(x)dx (OtO(a,b)) roxopuman yerapanraHMara
a

b
Oyica, y Xxoaaa j f (X)dx xocmac nHTErpaj y30KIalryBuu Oyiaiau.
a
6°. Takkocaam Teopemamapu. @apas kmmaimuk, f(X) Ba g(X)

¢ysakmusutap [a,b) ma Gepunran 6ynamO, b HykTa 1y QyHKIMSUTApHUHT Maxcyc
HYKTajapu OYJICUH.

b
3-reopema. Arap [OxO[a,b) ma O0<f(x)<g(x) 6ym6, [g(x)dx
a

b b
SKUHJIANTyBUnd  OYiica, J. f(X)dx xam sKuHIamyBuUM — OYIaiM, j f (x)dx
a a
b
y30KJIalryBuu 0yrca, J'g(x) dx xam y3okJanryBuu Oymau.

a
4-teopema. Anitaiink, f(X)=0 , g(X)=0) x[ab) byaknusnapu yays

OYJICHH.

b b
Arap k<+oco 0ynu6 j g(X)dx skuHamyBum OViica, j f(X)dx xam
a a

SAKAHJIAITYBYN OY1a/Iu,
b b
Arap k >0 6yau0 jg(x)dx y30KJIallyBun O¥Jica, j f (X)dx xam
a a

y30KJIAITyBUH OYI1a Iu.

Harwmxa. FOxkopunaru 4-reopemanunr mapruga 0 < k < +oo 0yiica, y xomaa
b b
j f(x)dx Ba j g(X)dx wmHTerpammap Oup BakTaa EKM SKUHJIAIIYBYH  EKH
a a
y30KJIaITyBUH OYI1a]Iu.

Hartmka. Arap X y3rapyBUYMHHUHT D ra eTapinya sKWMH KHAMaTIapuia

__#(
=" @0

Oynca, y xomnzaa:
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b
1) p(X) <C <+ Ba a <1 O6ynranma J' f (X)dx wHTErpas SKUHJIAITYBYH,
a

b
2) p(x)=C>0 Ba a=1 Gyiranma j f (X)dx wmHTErpanm y30KJIalryB4YH
a
oynanm.
S-MucoJ. Yoy

}co§xdx
0 4\/1_ X

HHTCTPAJT AKHMHJIAINTYBYHUINKKA TCKITUPUIICHUH.

<« Hurerpan octuaaru GyHKIUS

oymuo, (X [1[0,1) yayn
#(x) =cos x<1 , ¢7=%<1

Oynamu. FOkopumarm HartwkagaH (Qoigananu® OepwiraH HMHTETPATHUHT
SKUHJIAITYBYU OYJIUIIUHY TOITamMus3. P
6-muco. Yoy

1 xdx
i

V1-x°

MHTETrpaT SIKMHJIAITyBUYMIIUKKA TEKITUPUIICHH.
<« PaBmianku, Kyuaaru

} dx
0 1 - X
XO0CMAC UHT erpan HKI/IHJIaIIIYB‘H/II[I/Ip .
OHAM ymoy
X
: 1-x2
lim
X - 1_0 1
1-X
JIUMUATHU XUCOOTIaiMU3:
X
. —x? . 1-x 1
lim 1-X = lim x =—
X-1-0 1 X-1-0 1- X2 \/E
1-x

VYHaa okopuard Hatwkara Kypa OepuiraH XocMac HWHTETPaTHUHT
SKUHJIAIIYBYU YKaHUHU TONaMu3. P>
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7°. Xocmac HHTETPAJIHUHI a0CONIOT SAKWUHJIAIIYBYMJIMIU. AWTaWIuK,
f(x) ¢yukuus [a,b) ma Oepunran 6ynu0O, b HykTa 1y (QYHKIHSHHHT Maxcyc
Hykracu Oyicus. (bynna [x[I[a,b) na f(X)z O OynuImyM mapt 3mac)

Papmranku, ymoy

b
ﬂ f (x)|olx

uHTerpan Manpuil 6ynmaran GyHKIUSHUHT XOCMac HHTEerpaiu Oyiaau.
b

S5-Teopema. Arap j ‘f(X)‘dX UHTErpall SKUHJIAUIyBUM Oyica, y Xojjaa

a
b

j f (X)dx mHTErpas XaM SKWHJIAITYBYH OYITa Iu.
a

b b
6-Tabpudg. Arap ﬂf(x)‘dx UHTErpal SKUHJIAIyBUd OVica, j f (x)dx
a a

a0COJIIOT SIKMHJIAITYBYM MHTETpaJl JeHUIIaIH.
b

b
Arap j ‘f(x)‘dx UHTETpall y30KJallyBYu OYiuoO, jf(x)dx SKUHJIAITYBYH
a

a
b

oyica, j f (X)dX 1mapTim AKMHIAIIYBYH HHTETPasl JeHnIaIu.
a
8°. Xocmac mHTerpatapau xucodaam. Papas kunaiimuk, f(X) GyHKIus

[a,b) ma y3mykcns 6ynu6, yaunr conutanrud ¢yHkmusacu F(X) X - b—0 na gexmu
JIUMUTTA 3ra OYIICHH:
Xllrp_o F(xX) =F(b).
VY xonna
b t
£ f(x)dx = Xllrkl)’l_O£1 f(x)dx = xllrglo[F(t) -F(a)] =

“F(O)-F@) =F (|

a
oynaau.
by Heroron-Jleitonun dpopmynacu aeiunagu.
Atitainuk, U(x) Ba V(X) ¢yukumsuiapu [a,b) na Oepuiran Ba Iy opaaukia

y3nykcus  U'(X) Ba V(X) xocmmamapra sra 6ymm0, b mykra V(X)[u'(X) xamma
u(x) [V'(X) pyHKIHSATIapHUHT Maxcyc HyKTajgapu OYICHH.
Arap:
b

1) j V(X)du(X) mHTETpaN IKUHJIAITYBYH |
a
2) Yuoy
Iirp_ou(t) [v(t)
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b
JUMUTHU MaBXYy]I Ba 4eKJin Oyiica, y Xoiaa j u(x)dv(X) wHTErpa SKUHJIAITYBYH Ba
a

b b b
Ju()dv(x) =u(v(x)| = [v(x)du(x) (3)

oynanu, OyHaa
u(b) [v(b) = Iirkl)ﬂ_ou(t) [v(t).

7-MucoJ. Yuioy

WHTErpajl XUCOOIAHCHH.
<« by uHTerpanua

u(x) = x+1, dv(x) = 1 dx
J(x-1)?
1
n1e6 omumca, yaa du(x)=dx, v(x)=3(x-1)3 Ba
1 1
=(x+1) B(x-1)°

0

1

u(x) V(x)

0
4

IV(X)dU(x) j3(x 1)3dx——(x 1)3l=_9

oynmo, (3) (bopMyJIara Kypa

ju(x)mv(x) J.(x l)dx 9 21

=3-(—-—-)=—"

I (x+1)dx 21

03/(x-1)2 4

b
[ £()dx

oynamnu. Jlemax,
.

Kyinnaru

xocMac uHTerpanaa (b-maxcyc HykTa) X = ¢(2) anmamrupuin Oaxapamus, OyHIa
@¢(2) byukuus [a, ) opamukaa y3nykcus @'(z) >0 xocuiara sra xamzaa

pla)=a, §(B)= lim ¢(2)=b.
Arap

8
| f(#(2))¢'(2)0z
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b
MHTETpasl SKUHJANIyBYM OVyica, y Xojjaa j f (X)dX wmHTEeTrpanm xam SIKUHJIAIIYBYA
a

oymmo,
b B
[ f(9dx = [ f(4(2)¢'(2)dz

oynanm.
8-Mucou. Yoy

1
Jarow x)f
WHTETrpajl XUCOOTAHCHH.
<« By unterpanma X = ¢(z) = z? anmarntupuim 6axapamus. Papianku, 6y
x=2% ¢ynxums (0] opammkga X'=2z>0 xocuiara sra Ba y y3JIyKCH3 6Yiu0,
@(0) =0, ¢(2) =1 6ynaamu.

Yuna
1

} } 20z =2arctgz =
o @+ X)\/_ o1+ 2z 0
oynanu. »

9°. Yerapananmarad GyHKIHUA XOCMAC HHTETPAJTMHUHT 0011 KMHMATH.

dapa3 kwmainuk, f(X) dyakmnus [a,b]\{c} ma Gepunran 6yimb, C HyKTa
(a<c<Db) my QyHKIUSIHUHT MaxCyC HyKTacH OYJICHH.

Masbnymku, yuoy

Ilm{j f (x)dx + jf(x)dx}

.0 a cta’

N
ENGIN

’_T
2

auMuT derapananMarad f (X) QyHKIUSHUHT XOCMac HHTETPAIH IeHIITNO, y YSKITH
oynca

Ilm{ [ fOgdx+ jf(x)dx} = [ f(x)dx
-0 a c+a'

XOCMac HMHTerpain sSIKMHJAIIyBUM aevunap 3au. byHnma @ Ba @' y3rapyBumiap

UXTUEPUHN paBHUILIJIa HOJITAa UHTHJIAAM J1e0 KapayiaJiu.
b

XycycaH, J' f (X)dx xocmac uHTErpan SKMHIIAITYBYX OyIIca,
a

Lirﬁrg){cr f (x)dx + JIq f(x)dx} :j’. f (X)dx

a cta a

OUMPOK,
F(a,a') = j f (x)dx + jf(x)dx

c+a'
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b
byakuust, @ =q@' 6ynmu6, @ —» 0 ma dexnmm TUMUTra 3ra OyIHIIIaH j f (x)dx
a
XOCMacC MHTETPATHUHT SKUHJIANTYBYN OYJIMIIN KEeIUO YMKaBEPMaiiIu.
Macanas,

e dx B dx

Fla,a')= | —+ (a<c<b)

yayH O = Q' Gyica,

oynaau. bupok,
c-a b —
F(a’al)zj'i_i_ dX :Inb C+|n£|
L X—C Xx-¢c c-a a
oymu6, a - 0, a' - 0 na yHWHT TUMUTH MaBXKyJ dMac, SbHU
P dx
S X—C
XOCMacC MHTETpaJl SKMHJIAITYBYH 3Mac.
7-rabpud. Arap @ =0Q 6ymu6, a - 0 ga
c-a b
F(a,a')= [f(x)dx+ [f(x)dx
a

c+a'

c+a'

(a<c<b)

b

GYHKIUSHUHT JTUMUTH MaBKyJ Ba YeKiId Oyjica, y XoJaa If(x)dx XocMac
a

MHTErpa 0OLI KMAMAT MabHOCU/IA IKMHJIAIIYBYH AeHUIHNO,
c-a b
Iim{ [ fOgdx+ | f (x)dx}
a-0
a cta

b
JUMHT 3ca j f (X)dx xocmac MHTErpaaTHUHT OOII KHHMATH JeHu-JIaau. Y HU
a

b
V.P.[ f(x)dx
a
kabu OenrunaHaan. Jlemak,

V .P.T f (x)dx = Limo{cja f(x)dx + ? f (x)dx} :

c+a

MamkJjap
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WHTErpajl XUCOOJTAHCHH.
2. Yuiby

In sin xdx

o—aN Yy

WHTETPATHUHT SIKWHJIAITYBUMIIUTH UCOOTIAHCHH, KHMAaTH TOTTHJICHH.
3. Ymly unrerpan

} dx
5/ X +arctgx

SAKAHJIIAITYBYUIIMKKA TCKINUPHUIICUH.

48-mabpy3a
Xocmac unmezpaniapuunz yMymuii Xoau

1°, Yerapajanmaran QyHKUMSAHMHI YeKCH3 OpaJHK Oyiim4a xocmac
uHTerpasm tymyH4dacu. Papas xwiaimmk, f(X) dbysxmus (a,+ ) opammkaa
oepwiran 6ynub, @ HyKTa YHUHT MaxCyc HyKTa-CH OVJICHH.

Aiinu maiithna, 0y ¢yHKImsa ucraiarad yekiau [t,7] (a<t <7 <+ow) opanukiaa
WUHTETPAJUIaHyBYH, SHHU
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jf(x)dxz F(t,7)

UHTETpaJl MaBxXyJl OYJICHH.
Masbnymku, t — a+0 na F(1,7) dyHKUSSHUHT TUMUTH MaBXyxa Oyica, yHHA

yerapajgaHMarad (yHKIUSIHUHT XOCMac UHTErpaiu Aermiuo,

[ £(x)dx
Kabu OenruiaHap /1.
j f(x)dx= lim F(,7) = lim j f (x)dx. (1)
" t-a+0 t—»a+0t

Avitaiinuk, f(X) ¢yakuusauar (@,7] opanuk Oyilmua xocmac MHTETpaiu

T
f f (X)dx maBxyn 0yicuH. PaBiianku, Oy uHTerpan I ra OOFIMK OYiaau.
a

4
Arap 7 - +o na If(x)dX HUHT JJUMUATH MaBXyxa Oyica, Oy sumut f(X)
a
GyHKIUSHUHT (@, + ) opanuk OVilmya XocMmac HHTEr-pajd AeWuiand, yHU

+00

j f (X)dX xabu Genrumanap >au:

+00 T
j f(X)dx = lim j f (x)dx. (2)
(1) Ba (2) myHocabaTiapaaH TOIaMH3:

+00 T

'[f(x)dX: lim lim j f (X)dx. (3)
a T >+oot —>a+0t

by (3) myHocabar derapajganmarad (YyHKIUSHUHT Y€KCH3 OpaMK Oyihnda

X0CcMac MHTerpanHu udoaanaiim.

+00

2°. f x*' e ™*dX mHTerpal Ba YHHHI SIKHHJIALIYBYAHINIHU. PaBianku, Oy
0

uHTerpan a ra Oormuk. a<1 Oymranma, X=0 HyKra uHTErpam ocTHUIATU

GYHKIUSHUHT Maxcyc HyKTacu 0ynaau. Jlemax,
+o0

[x* " e™dx
0
UHTETpaJl yerapanaHnMarad (QYHKIUSHUHT 4YEKCHU3 OpaluK Oyiinua xocmac
UHTETPaJIH.
Kapamaétran mHTErpanHu KynWuaarnda

+00 1 +00

j x3le™dx = j x3 e dx + j x3te™dx

0 0 1

€310, TEHIJIMKHUHT YHT TOMOHH/IATH HHTErPAJJIAPHUHT Xap GUpPHHH
aAJoOXMIAa-ajJaoxmaa ﬂKHH.HaHIquI/LHHKKa TeKmeaMH3.
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Yoy

1

j x2 e X dx

0
HHTErpajia, MHTErpal OCTUAArd (QyHKIUS YIyH

O<x<))

TEHTCU3JIUKIIAp YPUHIU OYiaau.
Mabnaymku,
L dx
5 Xl—a
unterpan 1—a<l, spam a>0 Oynranma skuHmamyBuyd, 1—a=1, spam a<0
OynraHja y30KJIalyByH.
Jlemak,

1 1 d
1 X

jxa le™dx Ba j —

0 o X

MHTErpaiapa

1d

o o X

oymu6, a>0 oOynranma jﬂ WHTETpal SIKMHJIAIIYBYW. YHJA TaKKOCaIl
X
0

XaKuaru Teopemara kypa a >0 oynranma
1
[x* e ™ dx
0

UHTETpall SIKWHJIAITYBYH OYI1au.
DHIN
+00
[x*e™ dx
1
WHTETPAJTHU SKWHJIAITYBYMIIMKKA TEKIIHPaMU3.
Yoy

+00 +oo 1
j x®le™Xdx Ba j —ax
1 1 X

+00

WHTETPAJUIAPHA Kapauiuk. PaBiianky, I —0x HHTErpan sKWHJIa-IIyBYH. AWHU
X
1

nanTaa,
Xa—le—x Xa+1
Im — = Iim =0
X — +00 1 X — +00 X
- e
2
X

oynraHnuru cababnu, 44-mabpy3aaa kKenTupunrad Tacauia Kypa
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+o00
[ x*e™dx
0
WHTETpaj 8 HUHT UXTUEPUN KUHMMaTIIapu/a SKUHIAITYBYH OYIau.
Jemak, 6epuiirad MHTErpal

+o00
[ x*e™dx
0

a>0 oyarana SIKUHJIAIYBYH Oy 1AM,

1
3. J x®1(1- x)° ' dx mHTerpan Ba yHHHT SIKMHIALIYBYHJINIH.

0
By uHTErpangaru uHTErpas octTuaaru GyHKIUsS yIyH:

a) a<l1, b=>=106yaranga X =0 maxcyc HyKTa,

0) a=1 b<l1o6ynranma X =1 maxcyc HyKTa,

B) a<l, b<l Oyaranma x=0, X=1 HyKTajap Maxcyc HyKTajap

oynanm.

bepunran uaTeTpaNHN Kylingarnda €3u0 oJamMus:
1

1 2 1
[x =% dx =[x (L= %) dx + [ x¥ (L= %) dx.
0 0 1

2

PaBnianku,
. Xa—l 1_ X b-1
[im ( ) =1,
X-0 xa—l
@ l— bt
lim (€= x) =1
X1 (1_ X) a-1
VHna 47-mabpy3ana KeATUPUITaH TacAUKra Kypa
1 1
2 -1 b-1 2 -1
'[Xa (L-x)""dx Ounan jxa dx,
0 0

1 1
'[ x*T1-x)""dx Guian j @-x)""dx
1 1

2 2
WHTerpannap bup BalTaa ku sMHNawaau, kv yaolnawaau.
Maswaymku, a >0 O6ynranga

x3 Tdx

O—N |k

UHTErpaj AKWUHIAlIlyBYH, b>0 6}”/J1raHzLa
1
[@=x""dx
1
2
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WHTETpaJT SKHHJIAITYBYH OYI1au.
Jlemak, a >0 6ynranma

N

[x*H@=-%)""dx

o

MHTErpai sKuHaanryBun oynagu, b >0 6ynranga
1
[ x5 @=x)""dx
1

2
WHTETpaJl SKHHJIAITYBYH OYamu.
[lyHnnait Kuaub 6epusiran

1
[x*@=x)"dx
0

xocmac uaTerpai a>0 Ba b >0 6ynranma skuHIamyBYu 0yau.

Mamkiap

1. Yuly unrerpan

SAKUHJIAITYBYMINKKA TEKITUPUIICHH.
2. Ymly unrerpai

SAKAHJIIAITYBYUIIMKKA TCKITUPHUIICUH.
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11-bOb
COHJIA KATOPJIAP

49-mabpy3a
Connu Katopiap Ba yJIapHHUHT SSKUHJIAITYBYMINTH. SIKUHIATyBUN
KaTOpHHUHT Xoccaiapu. Komm Teopemacu

1°. Consn KarTop TymryHyacu. apas KWIANIIUK,
{a,}:a,8,,a;,....8, ,...
XaKUKUN COHJIap KeTMa-KeTJIUTu Oepriirad OyyicuH. Yiap épaa-muaa ymoy
a,ta,taz+..+a, +... (1)
udonanu xocwn Kuamu3. (1) ndoma coHIM Katop, KUCKaya KaTtop AeHuIaam Ba y

> a, kabu GenrniaHaum:
n=0
dYa,=a ta,ta; t...+ta, +...
n=1
bynna a ,a,,8s,...,&, ,... COHJAap KATOPHHHT XaJJlapu, &, 3ca KaTOPHUHT
ymMmyMuid Xaau (€ku N-Xaau) nerunany.
Kyinnaru
S, =q ta,+..+a, (n=123..))

viurnHU (1) KaTOpHHHT N-KUCMWN HAFHHIUCH JICHHTIa]IH.
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Hemak, (1) xarop OepwiraHga Xap JouM Oy KATOPHUHT  KUCMHM
WUFUHIUIApUIaH Hoopat yoy {Sn}

S .S LSS

KETMa-KEeTJIMKHUA XOCHJI KUJTUII MyMKHH.
Macanas,

1 1 1
—+——+ ..+

+
12 203 n(n+1)
KATOPHUHT N—KUCMHUN WUFUHIUCH

1 1 1 1
= + + +...+ =
1[?. 2[3 3|]ﬂr n(n+1)
1 1 1
—a-hyed bAoAy
=(@- 2) ( ) ( ) (n n+1)
= _L—L
n+l n+1
Oynu0, ynapjaan Ty3uaraH {Sn} KETMa-KETJIUK
1 2 3 n

2 374" 'n+1
oynay.
1-tabpudg. Arap N - © fa {Sn} kerMa-keTMk S ra (SOR) skunnaica,
(1) kaTop SKWHIANTYBYN ACHHIAAN, S YHUHT HUFHH-IUCH JCHUITA N
imS, =S, S= Za
n- o
Arap {Sn} KEeTMa-KeTJIMK YeKJIM JMMHTra 3ra Oyiamaca (JIMMHT MaBiKy]l

oynmaca éku yekcus Oyica), (1) KaTop y30KJIanTyBYH JCHHTIaIH.
1-mucoa. Yoy

> 1 1 1
> + +...+ +
n=1 n(n 1 1[2 2[38 n(n+1)

1

Karop yuyH S =1——— 0OViuo,
P YIYH S, 1en y

lim S, =Ilim (1——) 1

n— oo n- oo n
oynanu. Jlemak, Oepuiran KaTop sSIKUHJIANTYBYM Ba YHUHT WUFUH-IUCH 1 ra TEHT:
2 1

2

n=1 n(n _1) )

2-mucoJ. Kyiinnarun

> n=1+2+3+...+n+..
n=1
KaTop y30KJIallyBUX Oynaau, YyHKH

S, =1+2+3+..+n=""*D
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YayH
lim S, =+ .

n- o

3-MucoJ. Yuidy

i(—l)”+1 =1-1+1-1+.. .+ ()" +...
m=1
KaTop Y4yH
S,=1-1+1-1+..+(-)™ = 0, arap n=sxy¢r con
1, arap N—TOK COH
Oymmb y N — 00 m1a TUMUTra 3ra dMac.

Jlemak, Oepriirad Katop y30KJIallyByH.

4-mucou. Yoy
Yagq"t =a+aq+ag®+..+aq"" +... (a0OR,qOR)
n=1

KAaToOp SIKWHJIAITYBUYMINKKA TCKITUPHIICHH.
<« Opatna, Oy reoMeTpuK KaTop J1e0 IOpUTHIIAIN.
bepunran kaTop yuyH

4 _a-aq"
Sn:a+aq+aq2+...+aqn1: 1 g (q#1)
—q
0yuo, \q\ <1 6ynranga
limS, = 2
n-oo q—
Oynamu. Jlemak, Oy XojJ1a TECOMETPHUK KAaTOp SKUHJIAIIYBYM BAa YHUHI WHFHHIACH
ra TEeHr .
1-q
Arap q>1 6¥ica,
limS, = ,
n_ oo

g =1 6yca,
lim S, =limna=oo

n- oo noo
0ynu0, Oy xoimapaa Oepuiirad KaTop y30KJIalryBuu Oyiaau.
g < -1 6ynranna sca {Sn KeTMa-KeTJIMK JUMUTTA 3ra sMac. [Jemak, Oy xonaa xam
KAaTop Y30KJIalryB4YH OYiaau.
[lynnait Kuanb, reoMeTpUK KaTop \q\ <1 Oynranma SKWHIA-ITYyBYH, \q\ >1
Oynranma y3oKjanryBuu Oymamau. P>
2°. SIKMHIAIYBYM KATOPJIAPHMHT Xoccanapu. Afitaiinmix, 6upop

T taytta, . (1)
n=1
KaTop Oepriiran OYJCcHH.
Yoy
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DA, T T, - (2)

n=m+1
karop (OyHma M-—TaliuHIaHTad HaTypaji coH) (1) KaTOpHUHT KOJIUFU JACHIIIAIHN.
1-xocca. Arap (1) xarop skuHmamyBun Oyica, (2) karop Xam

SIKUHJIAITyBYW OYI1amu Ba akcuH4Ya; (2) KAaTOPHUHT sIKWHIA-1yBYn OYymmuman (1)
KATOPHUHT SIKAHJIAITYBYMIUTY KETHO YUKAIH.
<« (1) KaTOpHHHT KHCMUH HHFUHIUCH
S, =a +ta,+..+a,
(2) KaTOpHUHT KUCMUI HUFUHIUCH

M™ =a_,+a.,,+..+a

m+1 m+2 m+k
Jap y9yH
Sm+n = Sm + M |£m) ! (3)
oynau.
Ajiraitnuk, (1) katop skuHIanryBun OyiacuH. YHAa K — 0 nma S, dekiou

(m)
k

auMuTra sra 6yam6, (3) mynocabarra kypa K — o0 ga M’ xaMm 4eKJId JTUMHTIa

sra Oynanu. Jlemak, (2) kaTop SIKMHJIAIITYBYH.
Aviraiinuk, (2) katop skuHIamyBuu OyacuH. Yuamaa K — o q1a M ém) YEKIIN
numutra sra 6ymanu. Slua (3) myHocabatra kypa K — o ma S, XaM 4eKin

aumuTra sra oynanu. Jlemak, (1)kaTop sikuuiamryBum. P
2-xocca. Arap

dYa,=a ta,+..+ta, +..
=1
KaTop SKUHJIANIYBYH OYIM0, YHUHT HUFUHINCK S ra TeHr Oyica, y xoiaa

dcla, =cly +cla, +..+cla, +...

n=1
KaTop XaM sSKHHJIAITYBYM Ba YHUHT WuruHAMCH C[S ra teHr 6ymanu, Oynaa € # 0
OyiraH y3rapMac COH.

3-xocca. Arap

Yay=agta tota,t,
n=1
> b,=b +b, +..+b, +...
n=1
KaTopJiap SKMHJAIyBun OYnu0, yJIapHUHT MMFUHANCU MOC paBHIlga S Ba S, ra

TeHr O¥Jica, y XoJaa
Z(an + bn) = (al + bl) + (aZ +b2) +...t (an +bn) *...
n=1

KaTop XaM SIKUHJIAIIYBYM Ba YHUHT HMFUHAUCH S + S, ra TeHr Oynaau.

2) Ba 3)- XOCCATapHMHI HMCOOTM COHJIM Karopjap Ba YJIapHUHT
SKUHJIAITYBYMIATH TabpUpUIaH OEBOCUTA KETUO YUKATIH.
4-xocca. Arap
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Zan  +ta, +..ta, +,
n=
KaTop SIKMHJIAIIYBYM O¥jca, N — © na a, HOJIra HHTHJIAIH:

lima,=0.

n- oo

<« Aifraitnuk, ) a, Karop SAKUHIAIIYBYH OYIMO, YHHHI HHFMHIACH S ra
n=1
TeHr OyicuH: Tabpudra OMHOAH
th-mm@ﬁ%+ +a,)=S.

n- o

PaBmanku,

= Sh - Sn—l
oynanu. KeMuHru TEHTIIMKIaH TOaMu3.
Ima-ﬁm@ -S,4,)=S-S=0.p»

Nn—oo

Jdcaarma. KatopHuHr ymymui Xagu @, HUHI N — © 71a HOdra

WHTWINIINAAH YHUHT SKUHJIAITYBUM OVJIMINNM Xap JOWM KeIud 4YMKaBepMailiu.
Macainas, ymoy
> 1 1 1 1
= +...

N RN N

1 _.
T Oymub, y N — o nma HOJTA MHTWIAIA. AMMO
n

KAaTOPHUHI YMyMUU Xaiu a, =

Oy KaTop y30KJIalllyB4YH , YyHKH

Sn=1+—+—+ izn

1
2 BT
KETMa-KETJINK N — o jga +00 ra NHTUJIAIU.

limS, =

n- o
Okopuna kentupwiran 4)- xocca Karop SKUHJIAIIYBYMA OYJITUIIMHUHT
3apypuid mapTuHU udoaananaim.
5-xocca. Aiitaiinuk,

=Jn

Za B, +a, +. . (1)

KaTop Oepuiran 6yiacuH. by KaTOpHUHT XaajapuHu TypyxJiad Kyluaaru

(g ta, +..+a,) +(ay g Tay, t.ta,)+.. (4)

KaTOPHHU XOCHJI KuiiamMu3, OyHaa
n <n, <
oymuo, {N,} KeTMa-KeTNMK HATypaj COHJAp KeTMa-KeTiurd {N} HUHT KUCMUI

KEeTMa-KeTJIUTH.
Arap (1) karop sIKMHIAaNTyBYU OYINO, YHHHT HHFUHIUCH S Ta TEHT OyJca, y
xoina (4) karop XaM SIKWHJIANTYBYH Ba HUFUHANCH S Oynanu.
<« (1) xaTop AKUHIANTYBYM OYINO, HUTHHAWCH S Tra TeHT OyJcHuH. Y Xoi1a
n-o ma § =a+a,+..+ta, - S
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oynanm.
Atitaiinuk, (4) KATOPHUHT KUCMHUEM HWHFUHIXIApUIAH HOOpaT KeTMa-KETINK
{Snk} oyncun (k =1,2,3,...). PaBmanku, Oy keTMa-KeTINK {Sq} KE€TMa-KETJIUKHUHT

KHUCMHI KeTMa-KeThauru O0ymanau. Mabiym Teopemara Kypa
— 00 —
Kk ma S, - S

oymamu. Jlemak, (4) KaTop SKWHIANTYBYN Ba YHHHT WAFHHIUCH S ra TEHT. P
3. Karopuunr sxuninamysyuiauru. Komu reopemacu.
dapa3 KHWIaAnIuK,

dYa,=a ta,+..+ta, +..
=1

KaTop Oepuiran 6yiacud. Mabiymku, Oy KATOPHUHT SIKMHJIAITYB-UUIIUTH YIIOY
S, =a, ta, +..+a, (n=123,...)
KEeTMa-KeTJIMKHUHT N — 00 [a YeKJIM JJUMUTTA 3ra OYIuiuaan noopar.
O9-mabpy3aza COHJAP KETMa-KeTJIMTMHUHT YEKJIM JUMUTra s3ra Oymuim
xakuga Komm Teopemacu, sSbHH {Sn} KeTMa-KeTJIMKHUHT N — 00 J1a YeKIH

JUMHUTTA 3Tra OYIUIIN y9yH
Oe>0 ,[nyON ,On>ny, OMON na  |S,m — Si|<€

TEHTCU3TUKHUHT OKapUITUIIN 3apyp Ba €TapJid SKaHU KEJITU-PUIITAH HJIH.
[e]
By TymyH4a Ba TacAMKIaH ) a8, Karop  SKHHJIAILIYBYWIHTHHH
=1

udoganaiuran Kyiuaara reopemMa Keinubd duKau.

Teopema (Komm Teopemacu). Y @, KaTop SKMHJIALIYBYHM OYJIMIIM ydyH
n=1

[Je >0 con onmunranaa xam mysaaid Ny N  tommmmO, [In>n, Ba m=123,...
oynranma
‘Sn+m_sn‘:‘an+1+an+2+""+an+m <& (5)

TEHTCU3TMKHUHT OaKapUITUIIN 3apyp Ba €TapJiu.

Jcmarma. Arap Y a, xatop yuyH (5) mapr 6axapruimaca, sibHH
n=1

L&o>0 ,0UkON, Cn=2k, CmON
@1 T Bap Fet B 2 & (6)

Oyica, y Xo1a Y@, Karop y30KJIallyBun Oyai.
n=1

S5-mucou. Yoy

> sinn _ sinl | sin2 sinn
> = T+t
a1 2" 2 2 2"
KaTop SKWHJIAITYBYMINKKA TCKITHPUIICHH.

<« by xarop yuyn Kommu Teopemacumaru (5) mapTHUHT OakapHIUIIHHA

TEKIIUpaMU3 !

+...
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sin(n +1) LSin+2) | sin+m)|

2n+1 2n+2 2n+m
1
1 1 1 o 1
< + +...+ < =—
2n+1 2n+2 2n+m 1_1 2n
2

Arap Ueg >0 conra xypa n, =[—log, £] +1 nebd omunca, y xonma  [In>n,
Ba M=123,... nap yuyH
sin(n +1) LSinn+2) ; sin(h+m)| _ .
‘ 2n+1 2n+2 2n+m

Oynanu. Jlemak, Oepuiran Katop SKHHJIAIIYBYH. P>
6-MucoJ. Yoy

Slogelely 1 (7)
e N 2 3 n

KaTop AKHMHJIAITYBUYHNJINKKA TCKIITUPUIICHH.

< &, :% Ba uxtuépuit KON yuyn n=k, m=Kk Oynranaa

1 1 1 |_ 1 1
—+ +...+ = +
N+l n+2 n+m k+1 k+2

+i>i|](:1:go

2k 2k 2

oynaau.

(6) maptra xypa (7) KaTop y30KjaamryB4u Oyiaaa. P

Onatna, (7) KaTop rapMOHUK KaTop jAevminamu. Jlemak, rapMOHHMK KaTop
y30KJIAIIyBYH KaTOpP.

Mamkiap
1. Ymby
2n—l
2 X
Y (x # +1)
2ﬂ
n=11— X
KATOPHUHT SKUHJIAITYBYUIUTH UCOOTIIAHCUH, HMUFUHIUCH TOTTUJICHH.
2. Arap

> a, (a,=0, n=123..)
n=1
KaTop SIKWHJIAITYBUH OYIica, y XoJiaa
.8,
n=1

KATOPHUHT XaM SIKMHJIALTYyBYM OYJIMIIN UCOOTIIAHCHH.
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50-mabpy3a
MycoOar xaaam KaTopJjaap

1°, MycOaT XaJJii KaTOpJiap Ba YJIAPHUHT AKUHJIAITYB-YUJIUTH.
dapa3 KWIANIKK,

dYa,=a ta,+..+a, +.. (1)
=1

Katop Oepuiran OyJICHH.
Arap Oy karopma a,=0 (OnON) oOynca, (1) mycbatr Xammum KaTop
neuniIaau.
Myc6at xamu Katopiapjaa, YJIapHUHT KUCMUM WUFUHAU-JIapUJiaH uoopat
{Sn} KETMa-KETJIMK YCYBYM KETMa-KETJIMK OYaan. XaKuKaTaH XaMm,
Sn+1 =8 +a2 +"'+an +an+1 = Sn +an+1 2 Sn )
1-Teopema. Myc6at xamm

dYa, =g ta,+..+a, +..
=1

KATOPHUHT SKUHJIAIIYBYU OYIUIIN YUyH

{s.}={a,+a, +..+a,} (n=123...)
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KETMa-KETJIMKHUHT IOKOPH/IAH YerapajianTad OVIHIg 3apyp Ba €Tapiu.
<« 3apypiuru. (1) xKaTop SKUHJIAIIYBYM OYJIcMH. YHAa N — o0 1a {Sn}
KETMa-KETJIMK YEKJIM JIMMUTra 3ra Oynaau. SIKWHIamyBYM KeTMa-KEeTIUKHUHT
xoccacura Kypa {%} JyerapajaHTaH, )KyMmiiaJaH IOKOpUJIaH derapajiaHraH Oyiaam.
Erapaunauru. {Sn} KeTMa-KeTJIMK IOKOPHUIAaH uerapansanraH OyJicwH. YHIa
MOHOTOH KETMa-KeTJIMKHUHT JUMHUTH XaKuJaru Teopemara Kypa {Sn} KeTMa-
KEeTJIMK N — 00 J1a Yekiu JuMHTra 3ra oymamau. [lemaxk, (1) Katop SIKWHIIAIIYBYH.

>
dcaarMma. Arap

dYa,=a ta,+..+ta, +..
=1

MycOaT Xaaiu KaTtopjaa, YHUHT KUCMHA WUFUHAWIApUIAH uOOpaT {Sn} KeTMa-
KETJIMK FOKOPHJIaH YerapajanMaraHn Oyica, y XoJ1a KaTop y30KjIalryBuu Oyiaau.

20.MycﬁaT XaUIM KAaTOPJIapAa TaKKOCJ/Iall TeopeMaJiapH.
Hxkura

dYa,=a ta,+t..+ta, +..
n=1

> b,=b +b, +..+b, +...
=1
MycOart xaum KaTopiap Oepuiran OyICcuH.

2-teopema. ®apa3s Kunailiik Y @, Ba » b, karopmap yayn OnON na

n=1 n=1
a, <b, (2)
TEHTCU3JIMK 0aKapUIICHH.
VY xounna:

1) >'b, karop skumHnamryBum Gyica, » a, KarToOp XaM SKHHJIA-IIyBYH
n=1 n=1

oynanm,

2) Y.a, Karop y3okuamryBum Oynca, » b, Katop xam y30K/JIa-IIyBYHd
=1 n=1
oynaau.

<« Y a, Ba ) b, KaTOpIAPHUHT KHCMUH HUFUHAMIAPH MOC PaBUIIA
n=l n=1
S, =a,+a, +...+a,,
S.,=b +b, +...+b,
oyncun. Y xonaa (2) MmyHocabaTra Kypa
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S 3)

oynaau.

(o]
Afitaiimak, > b, Kartop sKuHIauryBuu 6yiacun. Yuaa l-teopemara Gumoan {S',}
n=1
KeTMa-KeTJIMK IOKOpHUJIaH derapajganran Oymanu. AiHu maiitaa, (3) MyHOcabaTHH
ypTHOOpra omub, {S,} KeTMa-KeTIMKHMHT XaM IOKODHIAH derapajiaHras

OymuumaN Tonamus. SIHa 1-reopemara kypa Y a, KaTop SKHHJIALIYBYH OYIaI.
n=1

Afraiinuk, Y @, Katop y3okmamyBun OyiacuH. YHaa (3) myHo-cabar Ba
n=1

(o¢]
sciaaTManad doiinananud, » b, KaTOPHHMHT y30KJIaIlyB-4d OYIIMIIMHA TONAMM3.
n=1

>
1-mucoa. Yoy

- . I /4 /i /i
D sin— =sin_+sin— +..+sin—+...
=l 2 2 2 2
KaTOp SKWHJIANIYBYMINKKA TeKIIUPUICHH.
<« Papmanku, Oy KaTop Xauiapu y4yH

/i 7l
O<S|n;<; (n: 1,2,3,)

TEHTCU3JIMK YPUHIU OYiaau.

1

HaTI/DKaI[a 6epI/IJIFaH KaTOPHUHI Xap 6I/Ip Xaau SKWHJIa-ITyBYH z—n
n=1

KaTOpHHUHT (FCOMCTpI/IK KaTopHI/IHF) MOC XaIuldaH KHUYHUK. 2-TCOpCMaFa MYBO(I)I/IK

Oepwiral KaTop SKWHJIAITyBYU OYynaau. P

3-teopema. dapa3 KuIailimk, Mycbar xamm ».a, Ba Y b, karopmapHuHT
n=1 n=1
YMYMHH XaUIapi yIyH

lim 20 = (b, >0, n=12,.)
bn
oyncun. Y xonna:

1) K<+ 6ymub, Y b, karop sKuHIamyBuu Oyica, » a, Kartop Xam
n=1 n=1
SAKMHIIALTYBYH O J1a/I1.

2) K >0 6y1m6, Y b, karop y3okiauryBuu 6yiica, Y a, Karop xam
n=1 n=1
Y30KJIAITyBUH OYIIa Iu.
<« Ajiraitik, K < +oo 6¥mu0, Y b, Karop sKuHIANIyBYH OYIICHH.
n=1

PaBmiankn,
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. a
im—=K= [0&>0 [hyON, On>n,:

n- oo

& _k

n

<& = (K-¢&b,<a,<(K+e&)b,.

Bynpan aca, Y (K +&)b, karop skuHauryBun GyiaraHu yqayH 2-Teopemara Kypa
n=1

z a, KaTOPpHUHI" AKUHJIAITYBYWUJIATH Keano YUKUIIWMHHA TOIIMamu3.

n=1

Aitraitmnk, K >0 6ymu6, Y b, xarop y3okmamryBuu 6yicuH.
n=1

. a
Papuranku, lim—"=K Ba 0<K,<K o6ymummaas On>n, N yuyn

n-o

a, 1 . .

b > K, sapHH b, <K—an Oymuim kenud 4ukagu. 2-reopeManaH (oiinanaHuob
h 1

[oe]
z an KaTOPHUHI' Y30KJ/IallyBYH 6S'IJII/I-H_II/IHI/I Tonamus. P>
n=1

Harmka. Myc6ar xaun Y a, Ba th KaTopJjap y4yyH
n=1 n=1

im21 =K .,  (0<K < +w)
n

n- oo

oyica, y xonma ».a, Ba » b, karopiap 6up BakTaa EKM SKUHIAIIYBYH OYiiau
n=1 n=1
€K1 y30KJIalTyBUn OYIaau.
2-MucoJ. Yoy
> 1
1

n=1 1+
n n

KaTop AKHMHJIAITYBUYHNJINKKA TCKIIWPUIICHH.

<« bepwiran Karop GuiaH Gupra y30KJIAllyBYMINTH MabiyM Oyiran » —

n=1 n
rapMOHUK KaTOpPHM KapaiMmu3. by KaTopiapHUr yMyMun Xaajiapyu y4yH
1
1

1+~
: no_ . n .1
lim 1— = lim = lim—=1
N- o n-w 141 n-wl/p

- n

n n

oynanu. Jlemak, Oepuiran KaTop y30KJamryBuu. P

4-teopema. Aiitaiinuk, Mmycbar xammu Y. a, Ba Y.b, Kartop-map y4yH
n=1 n=1
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A4 < bn+l

a, b
oyncun (a, >0, b, >0, n=123..)
VY xonna:
1) ibn KaTop SKMHJALIyBYM OYyica, » @, Karop XaM SIKHHIAIIyBYH
n=1 n=1
oynanm,
2) > a, Karop y3oKmamyB4d Oyica, » b, Karop XaMm y30KIaIryB4u
n=1 n=1
oynaau.
« ®apa3 kwmaiimk, ».a,, » b, karopmap (a,>0b,>0, n=123..)
n=1 n=1
Y4YyH
a b
—ntl o Zhil (n=123,...)
a b

n n

TEeHrcU3NuKIap Oaxxapuwicud. by maprtnan Kyiugaru MyHocadaT Keiaubd YuKau:

B p? BBy o
& a a8 b b b

KelinHru TEATCU3IMKIAH TOIIAMM3.

& _
a<dp . (n=123.)
b,

Afiraiinuk, Y b, Karop sikummanryBum OyicuH. PaBruaHkw, zﬁbn KaTop
n=1 n=1

XaM SKUHJAIIyBYd OYymaau. 2-reopemanaH (dorinana-Huo, Zan KaTOPHUHT
n=1

0]
SAKUHJIATYyBUN OVIHMIIUHU TOMAaMH3. Xymau myHra yxmam » @, KaTOPHHHT
n=1

%

Y30KJIalyBun Oyiaummaad » b,  KaTOPHUHT y30KJTAUIyBYH OYIHMIIA Keauo
n=1

YUKUIIY Kypca-Tuiaau. »

FOxopuna kenTupwiran TeopeMa Ba MUCOJUIAPAAH KYpUHA-IAWKH, MycOar
Xa/JId KATOPHUHT SIKUHJIAIIYBYWIMIK €KW Y30KJa-IIyBYWIMIUHU OWJITaH XOJja,
Xauiapu Oy Katop Xa/uiapu OWiiaH MabiyM MyHocabaTna OyiraH (TaKKOCJIaHTaH)
UKKUHYU MycOaT Xa/Jid KaTOPHUHT SIKMHJIAITYBYMIIUTH €KH Y30KJIAIyBYMIMTUHA
aHUKJIAIl MyMKUH OyJap dKaH.

M3o0x. FOKopuaa kenTupuiarad reopeManap N HUHT Oupop N, KuiMaTUAAH

Oonuiad Oaxxapuiaranja XaM YpuHiIu Oynaau.

MamkJjap
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1. Yoy
i In®n
n=2 n’
KATOPHHHT SIKAHJIAIITYBYH OYIMIIN HCOOTIIAHCHH.
2. Ymoy
> 1
2

= (In)ln Inn

KaTOPHUHI' AKWHJIAIYBYX SKaHU MCOOTIAHCHH.

00 1 ..
3. I'apMOHHK KaTop Y — HHUHI KUCMHIl HUKHHIUCH S, ydyH ymoby
n=1

0<S, -In(n+1)<1 (n=2)

TEHI'CHU3J1ap YPUHIIM DKaHU KYPCATUIICUH.

S1l-mabpy3a
MycoaT xaaiau KaTopJapaa SKMHJIANIAI AJIOMATIapH

MycbOaTr Xammu Kartopiaap MaB3ycuga Oa€H OSTWIraH TakKKOC-Jaml
TeopeMasiapuaad Gpoiiananuo, SKUHIANINII aTOMATIAPHHN KEITHPAMHA3.
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1°. Ko ajomaru. Arap Mmycbat xaaiu

dYa,=a ta,+..+ta, +.. (1)
n=1
Karopaa 6apua N=1 yuyn
na, <q<1 2)

oynca, (1) karop sIKuHIANTYBYH OYIany,

Na, =21 (3)
oynca, (1) kKaTop y30KJIalryBuu OViaau.
<« Atiraitmuk, (1) katop Xamiapu yayH

rfa, <q<1

oyncuH. PaBmianku, Oy TEHICHU3IMKIAH

oYUM Kenub YuKaIu.

Jlemak, OepuiraH KaTOPHHHT Xap OWp XaaW SKUHIAIIYBYM TCOMETPHUK
KaTOPHHUHT MOC XaJIuaaH Karta amMac. YHaa S0-mawpysagaru 2-reopemara kypa (1)
KaTop SIKUHJIAIIYBYH OY1aIu.

Attainuk, (1) katop xaamapu yayH

Q/a721, apHU @, =1

oyncun. by MmyHocabat Gepuirad KaTOpHUHT Xap OUp XaJIUHH Y30KJIalTyBUH

D 1=1+1+...+1+...
n=1
KaTOPHUHT MOC XaJuJaH KUYMUK 3MAacIUTMHU Kypcatagu. by xonnma sna yma 2-
Teopemara kypa (1) karop y3okiamryBun Oymaau. P
Kynuaua Komm amomMaTHHHUHT KyHHIAa KEITHUPUIITAH JIMMUT KypPUHUIIUAATH
TacAuFuAaH porganaHuIaIu.
dapa3 kunainuk, mycoat xaamm (1) karopna

lim nfa, =k

MaBxya OyicuH. Y xomja :
1) k <1 6ynranna (1) katop ssKUHIANTYBYH OYaau,
2) k>1 o6ynranga (1) katop y30KIamryBuu Oyiaau.

2
i n+1)"
n=1 n + 2
KaTOp SIKUHJIAIIYBYMINKKA TEKIIUPUIICHH.
<« by KaTOpHUHT yMyMUH Xa1

1-mucoa. Yuily

2

( ]]n
Eln
n } 2
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@+-)"
n
oynanu. PaBmanku,
e+
lim 2 ==,
s ©
n

Jlemak, k = } <1, OepunraH Katop SKUHJIAITyBUH. P>
€

1-3cmatma. Komu anomatumaru (2) Ba (3) TeHrcusiaukiaap N HUHT OHPOP
Ny KuiimMatuaad 6onuiad 6akapuiaraiia xaMm TacAuK YpUHIN OYnaiau.

2-3caatma. Koy anoMaTuHUHT JTUMUT KypuHUIIUmard npogacuma K =1
oyica, y xonaa (1) KaTop SKHHJIAITYBYM XaM, Y30KJIaITyBYd XaM OYIIUIIN MyMKHH.

2°. lanamGep anomarth. Arap MycOat xaiu

ian:a1+a2+...+an+... (1)

KaTopja 6apua N =1 yayn "
2ﬂsq<1 (@, >0,n=12.) (4)

oyica, (1) kaTop SIKUHJIANTYBYH 652nazu/1;
i?lzl (a,>0,n=12.) (5)

n
oynca, (1) kKaTop y30KJIaIryBuu Oyiiaau.

« Ajitaiinuk, (1) KaTop Xamaiapu yayH
an +1

a

<qg<l1
n
oyicuH. by TeHrcu3IMKHM KyHuaarnya

n+l
a'n+1 < q - (q <1)
a, q

€311 MyMKHH.
PaBmianku,

>aq"  (0<g<]
n=1

katop (reoMeTpuk Karop) skuHiaamryBud. 5S0-Mabpy3aga KeNTH-PHITaH —3-
TeopeMagaH (Qoinanannd, OepuiaraH KATOPHUHT SKWH-JIAITYBYM OYJIUIIUHUA
TOTIAMH3.

(1) xatop xammapu yayH
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an+1 >1
a
oynranaa (1) KATOPHUHT Y30KJIAIIyBYH OYIMITHHN aHUKJIAII KUHUH SMac. P>
JanamOep aJOMAaTUHUHT KyHUJard JIUMUT KYPUHUILIHUJATA TaCAUKUAAH
doitnananunagm.
dapa3 kunainmk, mycoar xamm (1) katopaa

n

lim s _
n- o an
JUMHT MaBxXy OyJcuH. Y xonna :
1) d <1 6yaranaa (1) kaTop SKMHIAITYBYX OYIIaau,
2) d >1 6ynranga (1) KaTop y30KIalIyB4Yu Oy am.
2-mucoJ. Yoy

> nl
nz=1 n"
KaTop SKUHJIAIIYBYMINKKA TeKITUPUIICHH.
<« bepwirad Karop y4yH
Q= n _ (n+1)!
n n" ! n+l (n+1) n+1
oyuo0,
a,., _ (n+D)m" 1

a, (n+)™m 4+ by
n

oynaau. PaBirankw,

. 1 1
lim :—1 =—.
Nn—- oo (1+7)n

n

Hemak, d = } <1, Gepuniran Katop sSIKMHJIAIIyBYH. P>
€

3-3caarma. Jlamambep anomarunaru (4) Ba (5) TeHrcusmuk-gap N HUHT
oupop N, KuiimMaTuaaH Oonuiad OaxkapuiiraHjia XaM TacAuK YpUHIM Oyinanu.

4-3catma. J[anamOep anoMaTUHUHT JTUMUT KYpUHHIIMIArK udoaacuia
d =1 6¥ynca, y xonga (1) Karop SKHHIAIIYBYH XaM, y30KIAIIyBYH XaM OYJIHIIN
MYMKHH.

3°, HNurerpan anomar. ®apa3z Kuiaiimk, MycoaT Xaaiu

dYa,=a ta, +..+ta, +..
n=1
Karop Oepwiran OyicuH. AiHEM maiitna, [l,+o) opamukna Oepun-ran f(X)
GYyHKIUS KyWHraard mapTiapHd KaHOATJIaHTUPCHH:
1) f(X) bysakuus [1,+0) na y3iayKcus,
2) f(X) dynkuus [1,+0) na kKamaroBuH,
3) OxO[1,+») ma f(x)=0,
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4) f(n)=a, ((=123..).
bynna Gepuiran karop yuoy

2%=§um

KYpPUHUIITa KeJIaIu.

FOxkopunaru maptinapaan doigananub, n<x<n+1 (nN) 6ynranna

f(nN=2f(x)2f(n+1), s a, 2 f(X)2a,,
opaIMK  Oyinya

OymumHu  Toramu3. KeWuHTM TeHrCU3IuKHU [N, N+1]

HWHTCTpAJIJIall HaTHXKacuJa
n+l

a,, < [f(Xdx<a,
n

OyuImM Kenub YuKaIu.
Ouau Oepunraxn

2%=§um

KaTop OuiaH oupra ymoy

oo N+l

> [ f(x)dx
n=l n
KaTOpPHU KapanMu3. by KAaTOpHUHT KUCMHUN WUFUHIUCH
n k+1 n+1
> [ f(x)dx= [ f(x)dx
k=l k 1

oynanm.
Avitaiinmuk, F(X) dyakaus [1,+o] opamukma f(X)

oonutanruy ¢yakiusacu oyicun: F'(X) = f(X).
YHu Kynugarnya

F=[f@t)dt , F@=0
1
I/I(I)O,Z[aﬂalﬂ MYMKUH. HaTI/I}KaI[a
n k+1
> [ f(x)dx=F(n+1)
k=1 k

oynau.

(6)

(7)

GyHKIUS-HAHT

Arap n - o ga F(n+1) yeknu conra uaTmica, (0y xonma (7) KaTOpHUHT

KACMUI WAFHHIUCH YeKIJIM JIMMUTTa 3ra Oynaan) yaaa (7)KaTtop sKHHJIAITYBYH.

n
bunobapus, j f (X)dx (n=123,..) KETMa-KETINK IOKOPHJIaH
1

yerapajganran Oymaau. (6) myHocabarra kypa OepwiraH KaTop-HUHT KHCMUIA
HuFIHAWIApUAaH NOOpaT KeTMa-KeTJIWK IOKOPUAAH Yerapaianran 0ymmo, mycoar
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Xaaau KAaTOPJIAPHUHT SIKHHJIAIIYB-YWJIMTH XaKWJaru Teopemara MYyBO(UK

oepwiiran Zan KaTop SAKUHJIAITYBYH OYJIau.
n=1
Arap N - o ga F(n+1) - o Oynca, Oepunran KaTop Y30KJa-IITyBUU
oynau.
[lynnait Kuaub, Kyidugara HHTErpal aioMaTra KeJlaMus.

HMuTerpan asomar. Arap
lim F(x) =b

X — +00

6ymub, b ueknm con Gyica, Y a, KaTop sKMHmamyBuw Gymaam, b=co Gyica,
n=1

D a, Karop y30KJIalryBuu Oynaam.
n=1

3-mucou. Yoy

e 1 _ +i+i+___+i+... (a>0)
a a

KaTop SKWHJIAITYBYMINKKA TCKITHPUIICHH.
« Arap f(x)= 1 (a >0) nevinnca, yuna Oy GyHkuus [1,+00) opanukna

UHTErpaJl ajomara KeJITI/IpI/IJ'IFaH Oapua IIapTIapHU  KaHOATJIaHTHpadu. by
GYHKIUSHUHT OOLUTaHFUY (byHKuI/IHCH

F(x) = jf(t)dt . 1

-1) (a#)

Ooynanm.
PaBmanku,

lim F(x) = 1

X — +0o X— 00

i , arap a >1 6ynca,
=1ia-1

o ,arap a <1 6ynca,

-1 =

o6ymu6, a =1 6ynranma
lim F(x) = lim j—

X - +oo X — 0

oynau.
Jlemak, nHTErpall ajoMarra Kypa

z_

n=1 n
Katop @ >1 O6ynranna skuHaamyBud, @ <1 Oynaranaa y3okjaanyB4yu oynamu. P

00 1 .
Opnarna, Z—a KaTop yMyMJIallifaH TapMOHUK KaTop JAeHHU-JIa/Iu.
n=1
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4°. Paabe ajiomMar. Arap mycOat Xxaamm

dYa,=a ta,+..+ta, +.. (1)
n=1
katopaa NU N wuaT 6upop Ny(N, =21) kuiiMatuaan 6omad, N> N, yayH

a
nl-—")>r>1
n
oyunca, (1) karop sIKuHIANTYBYH OYnamy,

a
nl-—"%)<1
n
oynca, (1) kaTop y30KJIanryB4u OViay.
< Aiiraiink, (1)karop Xamiapu yudyH

n(l—h)2r>1

n
oyncuH. by TeHrcu3nukaan

%<1_

a

r
— (8)
n n

OyuImM Kenub YuKaIu.

DHIM [ > @ >1 TeHrCU3JIMKHE KAaHOATIAHTHPYBYM O COHHHH OJIMO, YHH
1
1--)"-1
_ n
a=Ilim————
n-oo 1

n
~ [ ~ I
kabu udonanaitmus. Jlumut xoccacura kypa, myHpail ng N tonmmiagukw,

Oap4a N >N, Jap yuayH

ABHU
(1—%)” >1-1 )

TEHTCU3JIMK YPUHIHU OYiaau.
(8) Ba (9) mynocabatnapaan 6apua N>n, (N, = max{no, nb}) Jap y4yH

1

ﬂg (1_£)a __n°

a, n 1
(n-1)°

OyuImM Kenub YuKaIu.
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. > 1
By  rtemrcmsnmkmm  Ba @ >1  Oymramma ) ——  KATOPHMHT
n=1 n

SAKUHJIAITYBUMJINTUHU 3bTHOOpra ommO, cyHr SO0-mabpysanaru 4-reopeMajan

doiinanann®, Gepriran Y @, KaTOPHHUHI SIKUHIIA-IIYBYN OYITHIIHHA TOMAMUS.
n=1
Oumn (1) KaTOpHUHT Xaanuapu yayH N> N, Oyiranga

a
nl-—"%)<1
n
OyicuH. By TeHrCU3IMKHYU Kyiuaarnya:

€311 MyMKUH.

00
Ey TCHI'CU3JIMKHU Ba z— KaTPOHHWHI' Y30KJ/IallyBUHNJINT'H BLTI/I60pFa 0JII/I6,
n=1

sHa 50-mabpysagarn 4-reopemanan Qoinana-au6, Gepuiarad » @, KaTOPHUHT
n=1

Y30KJIAIlyBYM OYTUIIMHA TOTIaMU3. P>
Kyn xommapga Paabe anomMaTHHMHr KyWWJaru JUMUT KYpU-HUIIUIAH

doitnananunagm:
dapa3 kuainuk, mycoat xaum (1) kaTop Xaaaapu yuayH
. a
limn@l- 2% = p
n- o a

n

MapxXyJ OyycuH. Y xonjaa:
1) p>16yaranuaa (1) kaTop SKUHIAIyBUN OYiIaau,
2) p <1 oynranuaa (1) kaTop y30KIamIyBuu Oyiau.

4-mucoa. Yoy

—(1+}+...+i)

Z a 2 n-1 (a > O)
n=2

KaTop AKMHJIAITYBUYHNJINKKA TCKIIUPUIICHH.

<« by KaTop yuyH
—(1+}+...+})
2 n

a a
ne-"y={1-% —|=n1-a
n —(+=+
a 2 n-1

o0yuo0,
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. a . anh-1
limnl-—"%) =lim ———=Ina
n- oo an n- oo _

1
n

S5

oynaau.
Arap Ina>1, spHN @ > € O¥ca, Oepuirad KaTop SKUHJIA-ITyBYH OYIIa IH.
Arap Ina<1, apan a <€ G6yica, Oepriiran KaTop y30KJa-IIyBud Oy1aau
Arap a =€ 0yinca, Paabe anomatu 6epuirad KATOPHUHT SKMHIIAITYBYMIATH
EKM Y30KJIalTyBUMJINIY XaKHa Xyjinoca Kuioamaiau. »

MamkJjap
1. Ymby
n
52 oo
n=1 an

KaTop SKMHJIANIYBYWIMKKA TEKIIUPWICHH, OyHna {a,} KeTMa-KeTIMKHUHT Xap
oup xaau mycoat 6yiuo0, rI]IETJ0 a,=a (aD R).

2. Ymoy

Sy

KaTop AKMHJIAITYBUYNJINKKA TCKITUPUIICHH.
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52-mabpy3a
AOCOJIIOT Ba IAPTJIM AIKUHJIANIYBYH KATOPJIAp

1°. AGcoaroT Ba APTJIM SKHHJIANIYBYM KATOPJIAP TYUIYHYACH.
dapa3 KWIANIKK,

dYa,=a ta,+..+a, +.. (1)
=1

Katop Oepunran OyncuH. By KaTOpHUHT xap Oup Xaau HUXTUEPUN HIIOpaANU
XaKukuii comnmapaan umbopar. (Omatma, OyHmald Katop MXTUEPHHA XaiJid KaTtop
JeHuIaan.)

(1) kaTop XamIapUHUHT aOCOFOT KMHMAaTIapyIaH ymoy

> lan| =lag] +|a,| + ...+ [an ] + ... (2)
n=1
KaTOPHH Ty3aMH3.
1-teoema. Arap (2) xarop sKuHIamyBuu Oyica, y xoima (1) karop xam
SKUHJIALTYBYX OYTaiu.
4 Aijraiimuk, (2) Katop SAKHHJANIyBYM OYJICHMH. YHIa Karop
SIKUHJTAITYBUMJINTH XaKuaard Ko Teopemacura kypa
Ue>0, LngON, On>n, m=123.. na

‘an+1‘ + ‘an+2‘ tot ‘an+m‘ <€
oynanu. PaBmankwu,
|@ns F8nip Tt Al S B Flan| et
Kelinnru ukku mynocabataan
Oe>0, CnyUN,0On>n,, m=123... na
‘an+1 + An+2 ot an+m‘ <&

Oymumu kenu6d yukamu. Komm teopemacura myBoduk (1) Katop sSKHHJIANTYBYH
oynagu. P

n+m‘ .

1-tabpud. Arap Z‘an‘ KaTop SIKMHIIALIYBYM Oyiica, » @, Karop abCoroT
n=1 n=1
SIKAHJIANTYBYW KATOP NCHHIIAIN.
MacanaHn, ymoy
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_n\n1
Z—( Hmt i+i—i+_“+( LA
1 20’ 30’ 40’ na
Katop a >1 6ynranga abcooT ;IKHHJIamquH KaTop OYyaau, YyHKH

g_( o 1 1 1

=1+ —+— -+ A+ —+..
yMyMJIAIlITaH TApMOHUK KaTop @ >1 OynraHaa sSIKWHJIAITYBYH.

2 3 L n”

2-tabpud. Arap > @, Karop SAKHHIANIYBYH OYiuO, Z‘an‘ KaTop
n=1 n=1

y30KJIanryBun 6yica, Y. a, Karop MapTiIH SIKHHIAIIYBYH KaTOp JeHnIa/.
n=1
Mucoa. Yuily

_n\n1
Z ( )" g Lt 1, OG0T
i 2 3 4 n

KaTop MIAPTIIH SIKUHJIANTYBYN KaTop OViaam.
<« PaBmanku, Oepriirad KATOPHUHT KUCMHUH HUFUHIACH

1 1 1 (-p*t

S, =1-+>-=+..+ 3
) 2 3 4 n ©)
oynay.
Masbaymku, In(l+Xx) dyakuusauar MakiopeH ¢opmyriacura Kypa
ENnIIMacu
2 3 4 n-1 n
X° X X (-n"
INA+x)=X-—+—-——+..+———+R 4(X
d+Xx) >t 37 - R (X)),
oymuo, 0< x <1 G6ynranga
X
‘Rn+1( )‘ n+ 1

oymap sau. (kapancun [1], 6-600, 7-8)
XycycaH, X =1 6ynranna
n-1
n2=1-1+1-1, L0 1)
2 3 4

+R.. O
‘Rn+1 M < n—+1 (4)

oynaau.
(3) Ba (4) myHocabatnapaan
IN2=S, +R,. (1)
Ba YH/IaH
1

S, —In2<
n+1

Oymuiy Kenub YuKaau.
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Hemak, N — o na S, — In2. By 3ca Kapanaérran KATOPHUHT SKHHJIALTYBYH
HKaHUHU OUJIIUpaIH.
Aiinu nmaiitaa, Oepuiirad KaTop XaAJapuHUHT a0COIIOT KMMMaT-IapuaaH Ty3ujran
KaTop

(o]

2

n=1

_n\n-1
(e i VT S SO

n 2 3 n
TapMOHHUK KaTtop OYnu0, YHUHT Y30KJIAlIyBUIIMTH MabiyMm. [lemak, Oepunran
KaTop MIapTIH SKUHJIAITYBYU KaTop. P

DHIn

Z‘i‘an‘ =|ay|+|ay| +...+[a,| + ..
n=

o
KaTOPHUHT MycOaT Xaqiu KaTop SKaHWHH YbTHOOpra oJamo, Zan KaTOPHUHT
n=1
aOCOJIIOT  SKUHJAITYBUYWJIMIMHM  WM(OJaTOBYM  ajoMaT-JapHU  KEJITUPAMM3.
VYnapuunr uc6otu S1-mabpysana 6aéH sTUiITaH ajoMaTiap/iaH Keaud YMKaIu.
Hanambep anomaru. apa3 Kunaniuk ,

dYa,=a ta,+..+a, +.. (a,#0, n=12,..)
=1
KaTop Xaljlapu y4yH
. |la
im 2l - g
n-e [ay|

JUMHT MaBxXyz1 OyJcuH. Y xonna:

1) d <1 6ynranma, Y a, Karop abCONIOT SKUHIAIIYBYH OYnaan,
n=1

2) d >16ynranna, Y @, Karop y30KIauryBuu Oynaim.
n=1
Komu anomaru. @apa3 Kunamnuk,

dYa,=a ta,t..+ta, +..
=1

KaTop XaJJlapu YYyH
im gfen] =K

JUMHUT MaBXya OVJICuH. Y XoJja:

1) K <1 6ynranaa, Zan KaTop aOCOJIIOT SIKUHJIAITYBUM OViaau.
n=1

2) K >1 6ynranna, Y @, Katop y30KIauryBuu OYyraim.

n=1
0
2°. ADCOJIIOT AKMHJIAIYBYH KATOPJAPHUHT X0CCAJIAPH.
AOCOIIOT SIKUHJIAITYBYM KATOPJIAPHUHT XOCCATAPUHU KEATHUPAMHU3.
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1) Arap xarop aOcCodIOT SKMHJAIIyBuYHM Oyiica, y xoiga Oy Katop
SKUHJTAITYBYU OYIa/IH.

<« by xoccanuHr ucootu l-reopemanan keaubd ynkaiu.»

2) Arap

Ya,=a ta,+..+a, +.. (1)
n=1
KaTop abCOIOT SKUHIANTYBYH OYIHO, {bn} COHJIAp KETMA-KETJIUIU YerapajlaHraH

oyica, y xomnaa
> ab, =ab +ab, +..+ab, +... (5)
n=1
KaTop a0COMIOT SKMHJIANTYBYH OYII1a Iu.
<« [Ilaptra kypa {bn} COHJIAp KETMA-KETJIUTY Yerapajanrad./lemax,

CM >0, OnON ma |b|sM (6)

oynanm.
(1) xkarop abcomor skuHIamyBud. YHAa Komm teopemacura kypa [1€ >0

£ o o
COH OJIMHTAHJa XaM M ra kypa myHgaii Ny N rtonmmagukm, [n>n, Ba
m=1,2,3,...0ynranna

Bl ] By < )

oynaay.
(6) Ba (7) myHOCabatnapan ¢oiaaaHuO TOTaMMU3:
‘an+1bn+1‘ + ‘an+2bn+2‘ Tt ‘an+mbn+m‘ <

< M (@] +|Bnsa| + oo F [Agam] ) < &

(o)
Slua Komm Tteopemacuman Qoiinanann6, » ab, KaropHHHr aOCOIIOT
n=1
SIKMHJIAIIYBYU KaHUHU Tonlamus. P
3) dapa3 KuIauK,

dYa,=a ta,+..+a, +.. (1)
=1
KaTop XaJJapUHUHT YPUHIAPUHU aIMAIITHPUII HATHXKACUAA YILIOY
Yay=ajra,t.ta . (8)
j=1

KATOP XOCHJI KHJIHHTaH OYJICHH.
Papmanku, (8) karopuunr xap 6up a'; xamm (j =12,...) (1) xaropuunr

TaliuH OUp ak]_ XaIUHUHT aiiHaH y3uaup, sean L] O N, [K j O N,ak]_ =a j Ooynanm.

Arap (1) katop aOCOIOT SKUHJIANITYBYN OYJIUO,yHUHT HHFUHANCH S Tra TeHT
Oynca, y xonaa Oy Karop Xa/JIapUHUHT VPUHJIAPUHU UXTUEPUN paBUIIIA
aMAIITUPUIIIaH Xocua Oynran (8) kaTtop aOCOIOT SIKMHJIAINYBYM Ba YHHUHT
WUFUHINCH XaM S Ta TeHT OyJiau.
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<« Atiraiinuk, (1) kaTop aOCONIOT SKUHJIANTYBYU OYIUO, YHUHT HUFUHIUCH
S ra TeHr OyJCHH.

(o]
(8) xarop xammapuHMHr  aOCOJIOT KUHMATIapHaaH Ty3WJIraH Z‘a'j‘
j=1
KaTOPHUHI KUCMUI WHFUHAUCHUHU O OWJIaH OeNrvIaiivK:

n
a‘n=2‘a'j‘. @,=a)
=

Arap Nn'=maxk; neiinica, ynna N’z n sa NN 6ynranma
I<j<n

o
O-In = Z‘ak‘
k=1
oynanm.

(1) xarop aOCONIOT SIKMHJIAIIYBYM OyiaraHu ca®aObiM yHHHT  KHCMHU
HUFUHANIApH KETMa-KeTJIMTU IOKOPHIAH derapajaH-ranaup. buHoOapuH, O,

WUFUHIM XaM IOKOpHUaH derapajaHraH Oyiaau. YHIa mycOaT XaJiud KaTOPHHUHT

(o]
SIKMHJIAIIYBYMIINTA XaKUAAru Teopemara Kypa Z‘a'j‘ KaTop Ba aWHU ManuTaa
j=1

Zla'j KaTop XaM SKUHJamyBun Oymamu. Jlemak, Zla'j KaTtop alCoioT
j= =

SIKWHJIANTYBYW. Y HUHT WHFUHIUCUHA S' ICHITHK.

o¢]
OHiu Gepuiira Y @, Karop XaJITapHHUHT YPUHIAPHHH HXTHEPHIA paBUIIIIA
n=1
AIMAIITUPUIIIAH XOCHII OYIiran
o]
Y a', =a ta,t..ta +..
n=1
KAaTop MUFUHIUCUHA S Ta TeHT dSKaHWHHM ucOoTnaimu3. bynunr yuyn [1€ >0 ra

Kypa LyHaan nON o6, On>n na

n

> —5{ <& (9)
k=1

OYJIMIIIMHYA KYpCaTHIIl eTapiiy OYaau.

o]
Uxtnépuii mycbar £ coHHHM TailMHIab omamu3. MoIOMHKH, ) &, KaTop
k=1
abCONIOT SIKMHJIANIYBYHM dKaH, yHAa Komm teopema-cura 6unoan onmurad & >0
COHra Kypa IIyHJai N, HOMEp TONWIAINKH,
np+m

3 \ak\<§ (m=123,..) (10)

k_no +1
ITYHUHT/ICK, KATOPHUHT AKUHJIAIIUII Tabpudura Kypa

>a, —s{ <£ (11)
=)

2
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oynanm.

FOKopuaar Hatypan COH N HH IIyHAA# KarTa KWiHO OomaMu3Kd, Y. &',

a=1

KaTOPHUHT N JaH KaTTa Oyaran N HOMEPJIU UXTUEPUIM KUCMUI HHFUHIUCU
n o)
S n= za k Aa z a
k=1 k=1

KaTOpHUHTI Oapya AacTiabku N, Ta XaJau KaTHAIICHH.
PaBmanku,

n n No Mo
2a=S=|1 a2 a [t 2a -S|
k=1 k=1 k=1 k=1
Ketinaru myHocabatian Ba (11) TeHrcH3JIMKHE YbTHOOpTa 0JIM0 TOITaMu3.

n Ny Mo n Mo
Za'k_#g CORDI-NRADIN:D _#< 2> "'% (12)
k=l k=1 k=1 k=1

k=1
Mabaymku, N>N  Gyaranaa > a', katopma Y., KaTOpHHHI Oapua
k=1 k=1

nactinaOku N, Ta Xaau KatHamaau. bunoGapuH,

n o
2 23
k=1 k=1

n

2

k=1

+

altnpma Zak KaTOPHUHT, Xap OMp XaJMHUHT HOMEPHU N, aH KarTa oyiaran N-—n,
k=1
Ta XaJWHUHT WHFUHIMCHIaH HOOparT.
OHau HaTypal M COHHM WIyHJAal Karra KWiuO ojlaMu3ku, OyHIa Ny +m

COH OKOpHzAa alTwiran Oapua N—N, Ta XaJUIApHUHT HOMEpJIapUJaH KaTTa

OYJICHH.
Yuna
n Ng Ng+m
2. A& =2 < Z‘ak‘ (13)
k=1 k=1 k=ny+1
oynaau.

(12), (13) Ba (10) myHocabatnapnan ¢oiinananuO, (9) TEHICU3TUKHUHT,
SABHH

n
2a—§<e
k=1
TCHI' CU3JIMKHUHT 6a>KapI/IJII/IHJI/IHI/I Tolamus. P

Mamkiap

AWTaiuk,
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2.a, (*)
n=1
UXTUEPUHN XaJI1 KaTop OViIuo,

a,,a, 20, v = -a,, a, <0,
0, a,<0 " 10, a,20

n

OyncuH.

1. Arap (*) karop aGcoioT sKMHIAIIYBYM Oyica, y xonpa Y U,, DV,
n=1 n=1
KaTopJap SAKMHIAIIYBYH Ba

[o0) [00] [o0) [00] [o0) [0]
Zan = Un‘an’ Z‘an‘zzun+zvn
n=1 n=1 n=1 n=1 n=1 n=1

OyuI nCOOTIAHCHH.
2. Arap (*) xarop wapTaM SKMHIAUIyBYM Oynca, y xomma Y Uy, DV,
=1 n=1

KATOPJIAPHUHT Y30KJIAIIyBYM OYIUIIM UCOOTIIAHCHH.

53-Mabpy3a
NxTuépuid Xa1Ju KaTopJjapaa AKHHJIANMI aJIOMATJIapH

1°. Jleit6rum amomaTu. Yoy

> ()", =0 Gt mCy () e+ (1)
n=1
KaTOpHU Kapaiimms, Oynna ¢, >0 (n=123,...).
Opnatna, OyHIai KaTop XaJJapuHUHT UIlopajiapy HaBOaT OusiaH y3rapuo
KEJIaINTaH KaTop ACHUNIIaIN.
PaBmanku, (1) KaTop MXTUEPHIA XaJTH KATOPHUHT OUTTA XOJIUIUP.
MacanaHs, ymoy

(9™ E =1-

1+1—1+...+(—1)”‘11+...

2 3 4 n

KaTop XaJJIapUHUHT WIIopajiapu HaBOaT Owiad V3rapu0 Kejlaau-TaH KaTop
oynaau.
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1-teopema (JIeliOHMI] amomMaTH). Arap XaJIAPHHUHT WIIOpa-Japu HaBOaT
ounan y3rapu0 kenaauran (1) katopaa:
1) Cu<C,,  (1=123..)
2) limc, =0

No oo
oynca, y xonaa (1) karop sKUHIAITYBYH OVIIau.
<« (1) xaropuunr gactiadbku 2m ta (MO N) xaguman uOoOpar KHCMHN
WAFUHINCHU
Som =€ =€, +C3 =C4 +...+ Cypy ~Copy
HU OJIAMJINK. YHIA Sy.) YIYH

S2(m+1) = SZm + (CZm+1 - C2m+2)
OYIu0, Cypp < Coryq OVITaHIMTH Cababmu (OyHIA Chryq — Copn > O OYimamm)

Sy > Sem (M=123,..)
oynamu. Jlemak, {SZm} KETMa-KEeTJIMK YCYBYH.
OHmu S, UMFUHAMHU Kyliuaaruda €3amus:
Sm =€ —(C; =C3) = (€4 =C5) =...=(Com-2 = Com1) ~ Com-
By TeHrnmMKHUHT YHTr TOMOHMAaru udoaana KaTHAIITaH KaBC WYHIArd
allupMasap-HUHT, IIYHUHTJIEK C,,, HUHT MycOaT OyIumuHu pTHOOpra oiumo,

SZm < C1
6S7JII/IIHI/IHI/I TOIIaMH3. I[CMaK, {SZm} KE€TMa-KCTIUK IOKOPpHUaH YCrapajaHrat.
MOHOTOH KeTMa-KETIUKHUHAT JUMUTHA XaKpJgaru reopemara Kypa

limS,, =S (S —uekiu con) (2)

m-— oo
MaBXKYy/I.
Oumu (1) xaropuuar nmactiabku 2m-—1 ta (MON) commaru XaauaaH
ndopart ymoy
Sm1=C"CtC—Cp .+ Copy
KUCMUIM MUFUHINCUHY OJIAalINK. PaBmankuy,
S2m—1 = SZm + C2m'
Teopemanunr N — o ga ¢, — 0 6ynmumm maptu xamna (2) mMyHocabataaH
doitnanann® Tomamus:
rLImw S2m—1 = rlem(SZm + CZm) =S.
Mynmaii kummb, Oepuiaran (1) KaTOpHUHI KHCMUN HWHFUHAM-JIapUIaH
nOOpaT KeTMa-KeTIMK YEKIIU JIMMHUTTra 3ra 3kanu kypcatwiau. Jlemak, (1) katop

SIKUHJIAIyBYU. P>
Macanas,

_1\n1
1—£+}—£+...+&+... (3)

2 3 4 n
KaTop  Xa[ulapu  KEJITUPWITaH  TEOPEMaHMHI  0apya  [IapTIapUHU
KaHoaTnantupagu. Teopemara kypa (3) karop sxummamryBuu Oyaaau ((3)

KATOPHUHT SIKUHJIAIIYBY Ba HHFMHIUCH IN 2 Ta TCHT OYJIMIIM KYpCaTUITaH 3/1H).
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2°, Jupuxie-Adenn anomatu. ®apa3 KUK,
&, a,85,.4

n o1t

b ,b, ,b;,...b,.
UXTUEPUN XaKUKUH COHJIAp KeTMa-KeTJIuKIapu 0yiuo,

S, = ta, +..+a,
oyacun. ¥ xonga UOnON , OmON yuyn

n+m n+m-1

Zakbk = ZS((bk _bk—l) + Sn+m n+m n 1bn (4)
k=n k=n

MyHOca0at ypuHiIu Oynaau.
Omatna, (4)myHocabat AOeib alHUATH IeHUIIa N,
<« PaBmanky, a, =S, — S, _; Oynagu. Yana

n+m

2. ab,
k=n
HuFuHIU ymly KypuHUIIra
n+m n+m n+m
2ab =2 Sb - > Sb (5)
k=n k=n k=n
Kenaau. by TEeHMMKHUHT YHT TOMOHUAAru OUpUHYY KYIIMITyB-UWHU Kyiuaaruya:
n+m n+m-1

ZSKbk Z%bk + Sn+m n+m

HUKKHUHYAU KS’IHI/IJIYB‘-II/IHI/I oCa KYI/II/II[aFI/I‘-Ia

n+m n+m-1 n+m-1
kZ Scaby = kZ 1Skb|<+1_S h-10n + Z Scbysa

€310 onamus.
Hatmxkana (5) reHrmk Kydngarnda:

n+m n+m-1 n+m-1
I(zskbk = kz S(bk + Sn+m n+m z S(bk+1 S —1b
=n =n
n+m-1

Z Sk (bk bk+1) n+m n+m - Sn—1bn

oynagu. P
2-teopema ([upuxe-Adesan ajjomaTu). AWTaliuK,

gakbk =ap, +ab, +..+ab, +.. (6)

KaTop Oepuiiran OViacuH. Arap:
1) {bk} KeTMa-KeTJIMK KaMalOBUW Ba y YEKCU3 KHUUK MUKIIOP,

[o0]
2) Zak KATOPHUHT KUCMUW WUFUHIWIAPU KETMA-KETIINTA  YerapajaHra
k=1

oyica, (6) KaTop SIKUHJIAIIYBYH OYIau.

[e¢]
<« Arap Zak KATOPHUHT KUCMUN WMFUHIUCUHU
k=1
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S,=a, +ta, +...+a,
Jiecak, yHJia TCOpEMaHUHT mapTura kKypa, mysgaii M >0 con tonunaauku, 6apya
NN yuyn
‘Sn‘ <M (7)

oynanm.
[TapTra xypa {bk} KETMa-KETJIMK KaMarB4YM BAa Yy YEKCU3 KUYUK MHUKIOD.

Vuna Ue >0 ra xypa mynnait Ny N tonunaauku, [In>n, na

E
O<b,<— 8
"< or ®)
oynau.
DHIn
n+m
> by
k=n
nuruHaura AGens alHUSITHHY KYJIIaiMu3.
n+m n+m-1
Z akbk = Z S< (bk _bk+1) + Sn+mbn+m - Sn—1bn'
k=n k=n
Hatmwxana
n+m n+m-1
Zakbk = Z|S<(bk _bk+1)| + |Sn+mbn+m| + |Sn—1Q1| =
k=n k=n
n+m-1
= Z|S<| Kbk _bk+1) + |Sw+m|bn+m +|Sn—1| |]Jn
k=n
oynanm.

(7) renrcu3nmukaan GoitnanaHuO TOMaMuU3:

n+m-1
< M|: Z(bk - bk+1) + bn+m:| + M |:ﬂ)n
k=n

n+m

z ak bk
k=n

Arap

nHm-l

g(bK e ) o =0~ ) H(Bha =Bz )+ - HBhna =) o =00,

OyMIIMHYU >bTUOOpPTA OJICAK, YH/A
n+m

> aby

k=n

< 2M [b,

o0ynmo, (8) myHocabatra kypa

n+m

> by
k=n

n+m
6S7J1aILI/I. Bsz[aH Koim T€oOpEeMacura KS”pa Zakbk KaTOPHUHI' AKUHJIAIIyBYNJIUT U
k=n

<&

Kenuo unkagu. »
Mucoa. Yuily
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2, cOSkx _ COSX = C0S2x coskx
> = + +...+ +...
a=1 k 1 2 k
KaTop SKUHIIAITYBYMINKKA TEKITUPUIICUH, 6sz[a X —TaMWHJIAaHTaH XAKWUKWUU COH.
<« Arap X =2n 6ynca, 6epwiran Katop
2 coskx & cos2rlk &1

kzzl k ‘kzzl k =k

rapMOHHK KaTop OVIH0, y y30KJIauyBYu OYaiu.
AWTainmuk, X # 271 6yiacuH. bepuiran karopaa
1

a, =coskx , b, :E

oenrunanuiapHu 6axxapamus.

1
PaBIHaHKI/I, {bk} = {E KE€TMAa-KCTJIWK KaMarOBYM Ba YCKCHU3 KHYHUK MUKIOP

oynamu (K - o na % - 0).

0] (o¢]
OHIM Y a, =Y COSKX KaTOPHUHT KUCMHUI HHFHHINCH S, HU TOMAMU3:
=

4 1 &, .. X
S, =Y coskx=————> 2sin—Ccoskx =

— . Xz
k=1 2sin> k=1

: 1 . X
sin(h+>)x—sin—
2 2

I S D N o I
——XZ{squE)x sink 2)x}—

X & %
2sin= k=t 2sin=

Kelinaru myHocabataan, 271 ra kappainu OyiMaraH X jap y4yH

1
sis b

sin—
2

Oymuim kenub unkanu. Jemak, {S,} keTma-KeTnuk uerapajganraH. YHaa
Oepwiran KaTop 2-Teopemara Kypa sKuHJIanryBuu oynanu. »

Mamkiap
1. Ymby
In2=1—£+}—1+...: 1+£+}+£+... -2 1+1+... =
2 3 4 2 3 4 2 4

= 1+£+}+£+,_, — 1+1+l+£+,__ =0
2 3 4 2 3 4

MyHOcabataa 2N XaTOJUK TOMHUJICHH.
2. Ymoy
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nri
COS—

(o]

S nealtta)

KaTop AKMHJIAITYBUYHNJINKKA TCKIIUPUIICHH.

54-mabpy3a
Yexcus kynairmajiap

1°. Yexcens kynaiitma tymyHdacu. ®apa3z kunaitnuk, 6upop
{c,}:c,C,C,.0C e
XaKUKWAN COHJIap KeTMa-KeTJIUTu Oepuiiran 0yyicuH. Yiap épaamua ymoy
¢ lc, legl...lc, ... (1)
u(poIaHu Ty3aMH3.

(1) udona yexcus kymanT™Ma aeUnIaIN Ba Y |_| C, Kabu OenrunaHaam:

n=1
(o]
[]Cn =c1le, g LI, ...
n=1

bynma ¢;,c,,...,C,... COHIApD YEKCU3 KyNaWTMaHUHI Xamiapd, C, 5ca

KYNaWTMAaHUHT YMYMHUH €KA N-Xaau JeUUJIaIu.

Kyitnnaru

P,=clc,..c, (n=123..)

kynaiiTMa, (1) 9ekcu3 KynaiTMaHUHT N-KUCMUN KyanT™MacH JCHHIIaIN.

Hemak, (1) dekcu3 kymaiiTmMa Oepwiranna Xap JOWM YHHHT KUCMHA
KynmaiT™Manapuaan noopat ymoy {P,}:

PP, PPy

KETMA-KETIUKHUA XOCUJI KUJTUII MYMKHH.

Macanas,

D) e

YEKCHU3 KYITAUTMAaHUHT N-KUCMUK KYITAaUuTMacH

i)

124d. A g (n= 234...)
2233 n n
Oymuo, ynapnan ty3uirat { P,} xerma-xeTmmx
3253 1 du
4'3'8'5" n
oynanm.
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1-tabpud. Arap N - o ga {P,} kerma-kemmk HoiMaH Qapkiu yekau P

conra mHTWiIca (sKuHmamica), (1) yekcu3 KymaiTMma sSKMHJIAIIyBYM Acvunanu, P
3Ca YHUHT KHMMAaTH IeUUIIaIu:

Nn— oo

limP, =P, P=[]P.
n=1

Arap {P,} xerma-xernuk nmmutra sra Oyiamaca (€xu yHuHr mumuta O

oynca), (1) yexcus KymanT™Ma y30KJIaNTyBYd JICHHIIA/IH.
MacanaH, FOKOpHIa KENTUPUIITAH

o 1
1-=)
rDz n?
YEKCHU3 KYyITauTMa yuyH

lim P, —Ilmldq—1 1

n- oo n_>oo

2 1
oynanu. Jlemak, |_| (1——2) YEKCHU3 KyNaWTMa SKWHJIAIIYBYM BAa YHUHI KUKWMAaTH
n=2 n

— Ta TCHI.

0 o (v w (V)
2. SIkMHJIalyBYH YeKCH3 KYyNaiiTMAHMHT Xoccajapu. Aiitailinuk, Oupop

[]¢n = e, Loy LL.IE, L. (1)
n=1
YeKcu3 KymaiTma Oepuiirad OYJICUH.
Yoy
Cr = Cna B':m+2 L. (2)
n=m+1

yekcu3 Kymadtva (OyHma M-taiimdianrad  Hatypaan coH) (1) 4ek-cu3
KYNaUTMaHUHT KOJIIUFU JICHUIIA N,

1) Arap (1) yekcu3 KymaiT™a SIKAHHJIAmyBun Oyica, (2) 4ekcu3 KymaiTMa
XaM SIKHHJIAITyBYW OyiIaay Ba akCHHYA.

<« (1) yekcu3 KynaTMaHUHT KUCMUIA KS'IHaP'ITMaCH

R =¢lc..c,,
(2) YCKCHU3 KS'/HaﬁTMaHHHF KUCMHUMN Kyr[aI/ITMaCI/I
(m)
= Cmu mm+2 L. B[:m+k
Jap y4yH
P, =P, @™
n m k

(bynma, n=m+Kk) Oynamu. by myHocabatman, N — o ga P, HUHr 4Yekin
JMMHKTIa 3ra Oymumumgan K — o mga Q&m) HUHI XaM Y9eKJId JTUMHUTTa 5ra OYIInIIH,

mryHMHrAeK, K —» o na ngm) HUHT YEKJIU JIMMUTTa 3ra Oynummaan, N — o na P,

HUHT XaM YeKJIM JJUMUTTa 3ra OYIuiim kenaubd yukaau. »
2) Arap (1) yexcus KymaiT™a ;{KHHnamquH oynca, y xonaa

lim (Cm+1 [Cm+2 L. Crk - ) 1

m-— oo
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oynanm.
« Ajitaiinuk, (1) yekcu3 KymaiTMa SIKMHJIAIIyBYH OYJINO, YHUHI KHAMAaTH

P 6yncun. Yaaa
P

m

[Cruq [Crio [ [Crryg ... = P

m+1 m+2

Oymu0, yHman M — o na

Criy L€

m+1 m+2 m+k T

Ll..[e _'fi —
Pm

Tl
11
I

oynumu kenub yukagu. »
3) Arap (1)uekcu3s kynaiiTMa SKUHIAIIYyBUM OyJjica, y X0Ja
limc, =1

n_ oo
oynau.
<« Ajiraiinuk, (1) yekcu3 KymaiTMa SIKMHJIAIIyBYH OYJINO, YHUHI KHAMAaTH
P 6yncun:
lim B, =lim(c, [c, [...[c,) =P.
n- o N- oo

Vupa P, =P _, [C,, sbHE C,, = 5 o 6ynuo,
n-1
P
limc, = lim—" :Ezl
n-co n-co Pn—l P

oynamu. »
IOkopuaa keaTHpHJIrad Xxoccajapaad Kyiuaaru xXyJioca-JapHu
YMKAPUII MYMKHH:
Yekcus KYyNnanTMaJIaPHUHT SKHUHJIAINNIIAAA, YIAPDHUHT JaCT-J1a0Ku
YeKJIM COHJATH XAAJAPUHUHT TabCUPH OYJIMANIN.
Arap uekcus KynaitMa sKuHIamryBuu Oyica, yHaga N —» o nma C, - 1

OynraHaury cababiu, yHUHT OMpop XaauaaH Oonuiad KeHWHTY XajlapuHu MycOat
ne0 oJIUIII MyMKHUH OY1aiu.

By xoccanap sKyHIANTyBYM YEKCU3 KyMalTMmanapjaa yjJap-HUHT XaJjlapyuHu
MycOaT Ae0 OJuIll UMKOHUHU Oepaiu.

3°. Yekcus Kynaurmajgap OWJaH KarTopJjap opacuaaru OOFJIaHMII.
dapa3 KWIANIKK,

[1cn = ¢ Le, LLLLE,... (c,>0,n=12,..)
n=1
yekcu3 Kynarma oOepwiran 0yjacun. by yekcus kynaurmMa xaJjiapuHUHT
Jorapumiapuaad ymoy
YInc, =Inc, +Inc, +...+Inc, +... (3)
n=1
KATOPHHU XOCHJI KUJIaMU3.
1-teopema. (1) yekcus KynmaNTMaHWHT SKHHJAITYBUM Oyiwmmu ydayH (3)
KaTOPHUHT SIKUHJIAITYBUM OYJIUININ 3apyp Ba €TapJH.

<« 3apypaurn. Alitaiinuk, (1) gekcus kymaiTMa sIKAHIA-IITyBYd OVIICHH:
lim B, =lim(c [c,[...[c,)=P. (P —uexmu con)
n- o n- oo
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VYuna (3) KaTOpHUHT KUCMUI WAFHHINCH YIyH

n
S, =Y. Inc,=Inc, +Inc, +...+Inc, =In(c, ¢, [..[¢,)
k=1
oymmo,
limS, =limin(c, [c, [...[c,)=InP
Nn— oo

n- oo
oymamu. Jlemak, (3) KaTop SKMHJIANTYBYH.
Erapaunauru. Airaiinuk, (3) KaTop SKHHJIANTyBYd OYIICHH:
n
limS, =1lim> Inc =limin(c, (¢, [I..[¢,) =S.
n_oo

n—oo n—>ook:l K

Vuna (1) yekcu3s KymaiTMaHUHT KUCMHWA KYTIaWTMacH y4yH

Pn =G B:z L. B:n = eln(clzﬂ.cn)
0y1uo,

n- oo n- oo

oynamu. Jlemak, (1) uekcu3s KynmaiTMa sKMHIAITYBYH. P>

[ee]

Kynunua, |_| C,, YEKCHU3 KylNaWTMaHU ypraHullaa, YHUHI YMyMUH Xagu C,

n=1
HU KyWHujaaruda
c, =1l+a,
udoaanair Kynait 6ynaau. Y xonmga (1) uekcu3 kymantMma
Ma+a,) .
n=1
YEKCH3 KaTop 3ca
Sina+a,)
n=1

KYpUHHUIILJIapTa 3ra 0y1aau.
dapa3 kunaitnuk, N HUHT (N N) erapiauya katTa KuMar-iapuaa

a,>0 (éxu a,<0)
OYJICHH.

2-TeopeMa. Yily
[10+a,)
n=1
YeKCU3 KYMaUTMaHUHT SKUHJIAIIYBYH OYIIUIIHN YIyH
2.2,
n=1
KAaTOPHUHT SIKUHJIAIYBUYM OYJIMILN 3apyp Ba €TApIIH.
<« Papmankn, [](@+a,) dwekcus KkymaiitMa Ba > a, KaropHH
=1 =1

SKUHJIAIIYBYU OYIIUIIM YUyH aBBaJIO
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lima, =0

n-oo
oymumm kepak. [y myHocabat GakapuiiCcHH.
Kentupunran TeopeManuHr UCOOTH

. InQ+a
lim M =1
n-oo an
MyHOcabat xamza 1-TeopeMaHuHT KYJUIaHUIIMIAaH Kend  yuKagu. P
Macainas, Oy Teopemaaan doigananuo, ymoy

® 1 1 1 1
1+ —)=1+) [1+—) [{1+—)...aA+—)...
Dl( n“) @+ 2L,)E( 3“) ( n“)
YeKcu3 KymalWTmMaHuHr @ >1 Oynrannma skuHiamyBud OynmumwHA — (4yHKH,

inia (a >1) sxunnanryBuu),
rl:ll (1+E) =@+ L+ 2) L+ 3)___(1+ n)

(o¢]
YeKCH3 KYIATMaHUHT 3¢a y30KNIaIlyBYn OYIMIIMHA (4yHKH, Y — y30KJIaIlyBYN)
n=1

TOIIaMH3.

MamkJjap

1. Ymoy

Me+e)  (x<1)

n=1
YCKCHU3 KS,/HaI\;ITMaHI/IHF SAKUHITAITYBYNIIATU KslfpcaTI/IJICI/IH Ba KMMMAaTH TOIMUJICHH.

2. Kyitnnaru

TEHTJIMK UCOOTIaHCHH, OyHIa

(Oitnep y3rapmacn).
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Mynoapuiica

C¥3 6omm

1-6006. /lacTiabkn MabJIymMoTIap
1-mabpy3a. Tymnammnap. Tynnamnap yctuaa amaiap
2-Mabpy3a. AKCIaHTUPUILLIIAP Ba YIAPHUHT TypiapH
3-Mabpy3a. XaKUKUNA COHJIAp
4-mabpy3a. XaKUKUM COHJIAp TYTUIAMUHUHT Yerapajiapu
S-Mabpy3a. XaKUKHUIl COHJIap YCTUAAa amaliap

2-600. CoHJIap KeTMAa-KeTJIUTH YUYYH
JMMHTJIAP HA3aAPUACH
6-Mabpy3a. CoHnap KeTMa-KETIUTH Ba YIAPHUHT JUMHUTU
7-Mabpy3a. SIKMHIANIyBYH KETMa-KETIUKIAPHUHT XOcca-Iapu

8-Mabpy3a. MOHOTOH KeTMa-KETIUKIIAP Ba YIAPHUHT JTUMUTH

9-mabpy3a. yngamenTtan kerMa-keriaukiap. Komm treopemacu

3-000. PyHKIUSA Ba YHUHT JUMHUTH
10-mabpy3a. OyHKIMS TyHIyHYACH
11-mabpy3a. DnemenTtap QyHKIUIAP
12-mvabpy3a. OyHKIHS TUMUTH
13-Mabpy3a. Jlumutra osra Oynran QyHKUMSJIAPHUHT XOCCaJapHu.
JIMMUTHUHT MaBXYIJIUTH
14-mabpy3a. DyHKIUATAPHA TAKKOCTALL

4-600. OYHKIUAHUHT y3JIYKCH3JIUTU B
TEKHUC Y3JIyKCH3JIUTH
15-mabpy3a. DYHKIUSHUHT Y3IYKCU3IUTH TYIIyHYaCH
16-mabpy3a. Y3nykcu3 QyHKIUSIIADHUHT X0ccanapu
17-vabpy3a. DYHKIUSHUHT TEKUC Y3ayKcus3nuru. Kantop treopemacu

18wmabpy3a. Kommakt Ttymmam. Kommakt Tymnamaa —y3myKcHu3
byHKIMsIap

5-000. PYHKIUSTHUHT X0CHJIA Ba
au¢ppepeHuraIAPU
19-mabpy3a. OYHKIIUSHUHT XOCUTIACH
20Mabpy3a. XOCHJIaHH XHCOOIall Koujaalapu
21-mabpy3a. Acocuil Teopemanap
22-Mabpy3a. OyHKIUIHUHT TUddhepeHimaim
23Mabpy3a. DyHKUUSHUHT  OKOPUM  TapTUONM  XOCHJIa  Ba
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mud depennuamiapu
24-manpy3a. Tenop ¢popmynacu

6-000. DyHKIMSI XOCWIATAPUHUHT 0ab3H
Ooup TaTouKJIapu

25-mabpy3a. OyHKIUUSHUHT MOHOTOHJINTH. QOyHKIHSA-HUHT
DKCTpEMYMJIApU
26-mabpy3a. OYHKIUSHUHT KABAPUKIUTH, OSTUJIMII HyKTaJapu Ba
aCUMIITOTAJIapU

27-mabpy3a. Jlonurans Kouganapu

7-000. AHMKMAac HHTerpaJ
28-mabpy3a. bomanfud  ¢QyHKIUS < Ba  aHMKMAac ~ HMHTEr-pail
TyUIyHYaaapu
29-vabpy3a. UnTerpamnam ycymapu. Conia KacpiapHu HHTETpasliall
30-mabpy3a. Panuonan xamaa TpUTaHOMETPUK (YHK-LUSIIAPHU
MHTETpasuiall
31-mabpy3a. bab3u uppanuonan GpyHKIMSAIAPHU HHTET-pasliaml

8-600. AHMK HHTerpaJiap
32-mabpy3a. AHUK HHTErapai TylyH4acu
33-mabpy3a.  DyHKUUSHUHT  UHTETPAUIAaHYBUMIIMTU  ME30-HH
(kpuTepuiicn)
34-mabpy3a. Unterpannanysun GyHKIusIap CuHGU
35-mabpy3a. AHUK UHTETPaJUIapHUHT XOCcaTapu
36-mabpy3a. Uerapanapu y3rapyBuu OYJIraH aHUK HHTErpajiap

37Mabpy3a. AHMK UHTETpAJUIApHU XHCOOIAII
38-Mabpy3a. AHUK UHTETpaUIapHU TaKpuOUi Xucooarl

9-000. AHUK MHTEIrPAJTHUHT 0ab3U TATOUKJIAPHU
39-Mabpy3a. Tekuc MaKIHUHT F03U Ba YHH XUCOOJIaIIT
40-vabpysa. Eif y3yrnuru Ba yHu xuco6mam
41-mabpy3a. AiilaHMa CHPTHUHT 103U Ba YHUHT XUCOOIaIl

42-mabpy3a. AHUK HHTETPATHUHT MEXaHUKa Ba (PU3UKa-Ta TaTOUKIapu
10-600. XocMac uHTErpasjiap

43-mabpy3a. Uerapanapu 4eKCcu3 XocMac HHTETpaiap

44-vabpy3a. Manduii 6Vamaran GyHKIIUSHUHT XOCMac UHTETpajuiapu

45-mabpy3a. UHTerpaHUHT SKUHIAIIYBYMWINIY aJlOMaT-JIapu

46-mabpy3a. XocMac HHTETPATHU XUCOOIaIT
47-mabpy3a. Uerapamanmarad GyHKIIUSTHIHT XOCMAac HHTETPpaJUIapu
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48-mabpy3a. XocMac MHTETPAJUIAPHUHT YMYMUHN XOIH

11-606. Consu KaTopJap

49mabpy3a. CoHnu KaTopiap Ba YJIAPHUHT SKUHJIAIIYB-YWJIHIH.

ﬂKI/IHHaHIYB‘H/I KaTOPHHUHI' XOCCaJlapH. Komm TEOpEMaCH

50-Mabpy3a. MycOat xam Katopiap
S51-mabpy3a. MycOat xaaiu KaTopiapaa SKHHIIAIINII aloMaTIapy

52-mabpy3a. AGCOIIOT Ba MIAPTIIM AKUHIIANIYBYH KaTopiaap
53-mabpy3a. UxTuépuit xanam kaTopiapaa SKHHIAIINII alloMaTIapH
S54-mabpy3a. Uekcus kymantmanap

Anaduérnap
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