





CY3 bBoWwwn

KUTo6X0OH 3bTMbOpuUra xasona KwuinmaéTraH Maskyp «Onuii
MaTtemaTuka» AapCAUrVHUHE UKKMHYN Xungura karopnap, ®ypbe
anMawTupuliapun, kKappaau uvuHTerpannap, arpym 4Ynsvkim Ba cupTt
niterpasinapu, BeKTopsiap aHaiM3u, mMaTtemaTukK (hun3vka TeHrnama-
napu, 3XTUMOJUIMK Hasapuscu Ba MaTeMaTuMK CTaTUCTMKa, acocuii
COHMH yCcynnap KUpUTUraH.

MycTakui eunl yyyH TaBCUS 3TWaraH MalKNapHUHI TapTHO
pakamnapu 9— 12-606nappa . H. bepmaHHUHr «C60OpHMK 3ajad
no Kypcy maremaTtuyeckoro aHanusa», M., Hayka, 1985 kuto6U-
OaH, 14-606pa aca «COOpPHMK 3ajady Mo MatemaTuke A8 BTY30B.
Teopusi BepoOATHOCTEN WM MaTCMaTMyeckaH cTaTucTuka» (nod pea.
A. B. Edpumomna), M., 1990 kuTOOHOAH KypcaTuraH.

JapCnHKHLHT MKKYHYM XUNaunn ésviaa Xam onnii YKyB opT-
NapuHULE MyX/IHOUC-TCXHVK Ba KULLMNOK XYXa/MK MyTaxacCUC/INK-
napv y4yyH MatematuK (aHnapHUHI amangarn «[acTtyp» uaa Tas-
cna KMNMHFaH acocuin Ba KywmMm4ya agabuétnapgan xampga y3bek
TMAMga 4von 3TuaraH Aapcank Ba YKYB  KynnaHManapugaH  KeHr
dhonganaHnngu.

Mas3kyp AapcnukHu «Onuii mMatemaTMka MWUCON Ba Macanianap-
Oa» yuyamuu Xunau Ba onvii matemaTtvka (QaHWUHUHE KeHrantupun-
raH Mabiym Kucmaapu (YN3MKIU anirebpa 3anemeHTNapH, XakuKuii
y3rapyBUMHUHI BEKTOP Ba KOMMAeKC yHKuuanapu, auddepeHnman
TeHrnamanap Hasapuscu anemeuTnapu, ®ypbe Katopnapw, napa-
Merpra 60fnnK 6ynram wuHTerpannap, ®ypbc anmawTupuLlnapw,
.MaiIcH Ha3apusCH, KOMIIEKC Y3rapyBumnu yuKLms Ha3apusicH,
ornepaumoH Xucob, mMaTemMaTuK (u3vka TeHrjamanapu, acocuii Xpy-
cobnaw ycynnapwu, aXTUMOJ/UIMK Halapusicn, MaTeMaTUK CTaTUCTMKa
anemMenTnapu, AUCKPET MaremaTuka acocnapu, onTumannawtTmpuil
ycynnapu, onepayusinap Taxaunam)Hu Y3 muura onaran «Onmin mare-
MaTMKagaH Maxcyc Mabpy3anap» xamga «MyxaHAncnvMkK macana-
pUHM MaTemaTMK Mogennaw Ba 3XMpaa Xucobytawl ycynnapH»
Knemnapmvgam néopart TYpTUHUM Ba Gel/THun' xxmnanapwm o6/TwrTy.F-
AHpHL Ky34a TyTWUAraH.

Myannudg [apcAnKHUHE Yoy XWAOWHW Ty3Wwnga Ba YHra Ki-
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PUTHAFaH alpuMm KuUcMapuHui c3vwaa bGepraH mMaciAx—! . apy Ba
époamnapy  yuyn TOLWKEHT MEeBbMOPYHAUK-Kypunulll» ; cTutyTtmn
«Onnii Ba amManMii  mMatemaTuka» KadegpacH SKHTYBY  sipur
anoxpga poueHT 3. J1. AldaneroBara, XO/MCOHa TaKpK3, .aHKUT,
YHM E3HWAa MWyn KynunaraH KamunamknapHW KypcaTraHnamk yudy
YpreHy paenatT YHHBEPCUTETU Hpodleccopu, (QH3HKa-mMaTemMatm _
hannapn poktopn L. HopumoBra, TOWKEHT KULWIAOK XY)KaSIMrMHU
vppuraymsanall  Ba MexaHusauuanaw  MyxaHamcnapu  UHCTUTYTH
«Onuihi maTematuka» Kadegpacu myampu, npodpeccop 3. ®. dain-
3160eBra, TOLIKEHT KAME-TEXHOMONHA UHCTUTYTU «Onnii marema-
Tuka» kadegpacu YKUTyBUMAapura Ba YHWUHI  MyAupwW, AOLEHT
H. C. PaxumoBara, Taxpup XalbaTUHWHI ab3onapu Aouentnap
A. OmoHOB, M. XypacB, E. M. XycaH60eB, A. A. XamgamoBrapra
Y3 MWUHHaTAOPYUAUTMHU  Bunanpagy.

AHVIKCa, [apPCANKHUHE «3XTUMOJI/IMK Ha3apuscu Ba MaTemaTuk
cTatucTmka» O06HHM é3nwpa JoueHTnap & . M. XycaH6oeB Ba
A. OMOHOBAAPHUHI 6eMHHHaT épaamMiapuvHH Myanandg 3bTMpod
STULIHN Y3UHUHI 6ypun ge6 6Gunagw.

Japcnuk cucatm Ba MasMyHUHW fHada TakoMuanawTupuwra
KapaTunraH TaHKnauii MKp Ba My/ioxasanap 6HnaupraH yptoknap-
ra myannug onavHaaH Y3 TallakKKypuUHH OuianpagH.



9-6 06
KATOPNMAP. ®YPbE ANMAWTUPUNLLUNTAPA

1-8 CoHnn KaTopnap. KaToOpHUHI SKUHMAWWWK Ba AWFUHAMCK

UekcH3 KaTtopnap MaTeMaTuK aHa/M3HUMHI MyXUM KUcMaapu-
OaH 6upngup. YnapgaH QyHKUMsanap KuimaTtiapuHu Takpubuii
XHCOGNaMNap, MHTerpaiap KuiMaTiapuHM Xxucobnawnap 6wunaH
60FNNK GYNraH Xap Xwn amasiHii MacananapHu eunwga KeHr doi-
JanaHHnagu.

Uekcns KaTopnap 6unaH 6GOFAMK acocuii TylwlyH4YanapHU Ka-
palira KHpHLamMun3.

dnemMeHTNapn coHnap (XakMKuUin €k KOMMIEKC) Ekn PyHKLUMA-
nap 6ynraH

/\2 ' *i> * )k
YEeKCU3 KeTMa-KeT/IMKHU KapanmMua.
1-rabpud. Ywoy
u, -frz+ m3-f ... -fua+ ... (11

noaga uekcus Katop EKn TYFpuAaH-TYFPU Katop genvnagn. (1.1)
Katopum 6enrmvnaw ydyyH OyHpgaii é3yBaaH honganannnagu:

o0

n—1

w'<u2 U3, .. WM ... KETMa-KET/IMKHUHI 3IEMEHT/IapU KaTOPHUHT
Xaonl.pn aeinnaan.

Arap KaTOpHUHr Xxannapu coHnapgaH (cbyHkuusnapgaH) H60-
pat 6ynca, KaTop COHAM KaTop (PyHKUMOHA.r KaTop) Aennnagwn; Ka-
TOPHUHI N-XaOVHWN YHUHT Y.MyMUA Xaan Aennnagu.

1-mucon. Ywby g +2—+ §+ .+ F+ ... KATOP COH/N Ka-
TOPOMP, YHUHT YMyMWUA Xaayu — ra TeHr; Oy KaTopHU Kuckada 6yHaan
n
@®

p3vw MyMKUH: V - .

™



2-mucon. yLu6y—Sl—rB(——’ S ,__sin3x b...H SiLL .. K-
712 23 34 nn-~1
TOp (hyHKUMOHaNT Katopavip, YHUHI YMyMUA Xaom W — % ra Tenr,
..... . sin/(x
6V KaTopHM KuCka OyHOAH ‘esull MyMKUH: > ——-=--
(A--1

X03upua COHMM KATOPMapHU Kapall 6WiaH YeknaHamms, (oyHKLYIOHas
KaTopriapHu aca 13-§8 gav 6owab Kapaivins.

Xap O6Hp KaTop Y4YyH KyhinnaguraH acocui caBonl 6y YHUHT
AKUHNALWHLWW Macasacuaup.

2-Tabpud. (11 kKaTtop pactnabkH N Ta XaAUHUHI WAAMMH-
avicu
Sn=+ U2+ U3+ ...+

Wy KaTOPHUHI n- Xycycuin wWwrmHaueu  penuvnagn. LWy  xycycwuid
MNFHHOHNAPHN KapanMus:
= «],
S2= Ul + «2

Sn= ut+ N>+ e—e+ Ur

PaBLlaHKK, Xycycuin mirmHgwiap Su S2 ..., Snh, ... YEeKCM3 CCH/IN
KETMa-KET/IMKHN XOCW1 KWIaJN.

3-Tabpud. Arap (11 KATOPHWUHI XyCycwi ArnHouiapuaaH moopar
KeTMa— KeET/MK St S2 ... , Sn, ... yeKnM MmMuTra ara 6ynca, 6y Karop

SAKWUHNAWyBYM KaTop Jeliwiagn. by nvMUTHUHT KuiiMatu 5 = lim Sn
M—Zcc
(1.1) KaTOpPHUHTI nFMHOMCK aelwiaan. by xonpa 6yHaai é3unnaap:
00
S=«j+un,+um3+ ...+ ... —" »m
n=I

4-Ta bpun . Arap (1.1) KATOPHUHI XYCYyCUiA AUFUHANNEPU
KeTMa-KeTIMru 4eknm nuMmTra ara 6ynmaca, 6y Katop y3ok/aulyB-
H/ KaTop Aelivnaguw.

CoHNM  Katopnap Ha3apUSACUHUHE MasMyHWU KaTOPHUHI SKUH-
nawyBun EKM Y30KNalyBYM 3KAHAUTVMHU aHUKNall Ba SKMHNALLyB-
U KaTtoprap WMFUHAUCUHWM Xmucobnawaan wmbopar.

9HI copma MUCON CcHatuaa reoMeTpyK HPOFPeccUsiHM  Kapaii-
MU3.

2-8. [eoMeT.puK Mporpeccus

Uekcuns reoMeTpukK nporpeccuma
a+ag+ag2+ ...+agn~l + ...
SHr cogpda, 3Hr Kymn yypanguraH katopnapgaH ovpuvgup. byHaa a
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MPOrPECCUSHHMT  GUPUHYM  XaaW, ¢ 3ca MPOrPecCUsHHHT  MaxXpaxu

OeHvnagn.
Mporpeccusi gactnabkym N Ta XaAuMHUHE AnFungucn Sn xynmpa-

rmra TeHr:
0. _ a-aan
" 1-9 -
6yHaa g=£\- q HUUI MYMKHH 6ynraH KuimaTiapuHW KaparMmH3:
1) Arap |</I< 1 6ynca, y xon,u,arljfir% gn—O Ba LWYHWHI Y4yH

lim Sn—Iim = -i-.
i) T 1—my 1—q

WyHaah kmb, |g| < ! ga YeKcus reoMeTpUK MPOrpeccus MAFUHOMCK

=14
BGyNraH SIKKHAALlyBYM KATOP XOCW1 KANaau.
2) Arap |Y] > 1 6Ynca, y xonga lim gn— -0 Ba WYHWHI Y4yH

lim Sn= lim Q mDO.

/i~ n=" 1 q
LWyHaan kw6, \g\> 1 ga 4Yekcu3 reoMeTpUK MPOrpeccus y30K/allyByn
KATOpP XOCW1 Kuiagw.

3) Arap g= | 6ynca, y xonga

a+a+a+ .. ,+a+ ...
Katop xocun 6ynaan, 6y KaTOpHUHI N-Xycycwuii MmFmHOMcM Sn= n a 6y*
naon.
PasLuaHKkw,

lim Sn= lim a n — oo,
B8

ABbHU KaTop y30K/alagw.
4) Arap q=—1 6ynca, y xonga

a—a-+a—...

Katop xocun 6ynagu. XydT n HOMepnAn Xap KaHaan Xycycuin -
MHOM SN Ho/Ara TeHr, TOK N HOMeEpAW Xycycuid unuFnHau S n 3ca

ra TeHr. lyHaani kunmb, 6y xonga Xycycuini MnFuHounap Ketma-
cababnu TebpaHyBYH 6YnMb, Xe4 KaHA4AW MMUATra UHTUAManau, Ly

a—a+a—...
KATOp Y30K/IalLlyBYW.

LLUyH'* H KUAMB, YeKcm3 reoMeTpuk nporpeccns |g\< 1 ga sikMHMa-
y um Ba \g\\ [Ja y30K/awyBus KaTop 3KaH.



B13 KATOPHMHI AKWUHNAWYBYM EKU Y30KMaAlYBYN 3KAHUHU SIKUH—
nawvwmmnr TaspudnigaH Ba M- XyCyCuii  MNFUHOANHUHT  Mab/yM
dopmynacugaH conganaHnb aHuknagmk. AMMO Xap AoUM Xam S,
YYYH Ba AeMakK, SN HUHF JIMMUTW YYyH XaM ux4yam copmyna Tonmo
6ynaesepmaiign. LWy cababnm Katop SKUHAAWMWWHU SKMHNAWWLW-
HHUT 6ab3n G6enrvnapu (anomatnapu) gaH doiiganaHmé aHuMknal
MyX1MAVP.

3-8 Katop SKMHAAWWIWMHUWT 3apypuii Wwaptn

KaTtop SAKUWHAAWMILIHHUHE 3apypuil  WapTumMnm KapanmMms, Sbun
WyHOar WapTHN aHMKNaiMuU3KM, Oy LapT GaxapuamaraHga Katop
y3oknawagn.

Teopema Arap Katop SIKMHMawyB4YM 6YNca, y Xonga Ka—
TOPHVHI YMYMWUIA XaaWn M YEKCU3 ycraHga Hosjra WHTUNagw.

Hcb6oTwn Ywo6y

«| + «2-f
KATOp SIKMHAawyBuM, sibHM lim Sn—5 nuvmit maBxyg 6yncuH, 6yHga
fl—00
5 — KATOPHWHI AUrMHAMCK (Yekn coH). AMMO 6y xonaa
lim S, _, =5,

n-.s0

YyHKMN N-+-00 Ja (n— 1) —=o0o0.
KaTOpHUHI YMyMUIA Xaay WM HA XyCcycuid vrvHgwiap Sn ea 5,. ,

ounaH mdoganalimms. PaBLUaHKW,

nn= 8§, S,_[.

Katop ymMymMunii XgOUHVHT JIIMATUHU XMUCOOTaiMIG:
iim wh= lim (Sn~ S,_,) =Ilim Sn—Iim S, _, =0.

A -+00 n—*co n-+ 00

LWyHoan kunmb, arap KAaTtop sikMHAawyBun 6yrnica, y Xonga nI_|+r(r)10 =0.

LUyHn mncbotnaw Tanab KWIMHraH sgw.
HaTtuxa. Arap KatOpHUHI YMyMWA Xaam S->-00 Ja HO/Ara UHTWI-

mMaca, y Xo/a Katop Ys3oK/alladu.

MacanaH,
1 2 3, s n
ERC AU = I
KATOP Y30K/1allyBuM, YyHKU
lim vn=lim —-=4-9 O.

n-+oo n-»co 2/i f- 1 2

lim va= 0 Teurnuk YpuHIM Gynaguran Xxap xawaain KATOP XaM SK/H-
nawyBun 6ynaBepmMaign. by WapTUMHI GaXapuivum  KaTop AKMHNaLy8

un BYIMWIM YyUYYyH 3apypHiA, aMMO €Tap/IM LAPT 3Mac, SbHU Katop ymy*
MU XgOVHVHE HOMITa UHTWILLM BWaH KAaTOPHUHE SSKUHAALLYBYN 3KaHMr

6ynagn, oyHpa K— TaliH COH.

OyHOaH:

K6 UMKaBEpPMAAOW, KATOp Y30K/allyBYM GYNMLIM XaM MyMKMH. Maca-
nan, rapMOHWK KaTtop Oe6 aTasyBum

1+ b+t3+ —+ h+---

KaTop Y4yH I1||__r|r_:1€)<<a= lim F_O GyMMra Kapamaii y — SIKMH/IaLLyBun

SMaC/IMMMHN UC6oTMariMN3. TapPMOHNK KATOPHUHI OACT/iabkm 6Up Heva X@-—
O/HA KyAnaarnaek rypyx/iab ésamms:

I+1 +(1+T)+(i+7 +7+1) +

+ (| +XK+TM+ 15+15+1F + 12+ T2)+ -'-

Xap KalCH KaBC MuMparn KyLWayBUYWIAPHU YNApHUHE Kuuurn 6unaH an-
Maurrvipamns. Hatwkaga

[ S+i+(T+i1)+(i+i+i+1)+

ra sra Gynamms.

Xap Kaicu KaBC unumgaru KywunyBumnap WWFHHOUCU  KNYMK-
naway Ba 1/2 ra TeHr 6ynan. OXuyprn Katop YeKcu3 Kymn Kascnap-
ra ara o6ynramnurm cababnu ynapHUHI WWFUHOMCU 4YEeKCU3TNKKA
WHTUNaAW. [emaK, rapMOHWK KaTOPHWMHI MArMHOMCK anbaTTa Yek-

CU3/IMKKa WHTUNagH. WyHaalh  kunm6, 6U3 rapMOHUK — KATOPHHHT
Yy30K/allyBYN 3SKaHJHTMHU UCGOTNaauK.

4-8 KaTtopnap yctuga cogga amanniap 6axapuul: COHra
Kynaintmpuiw, Kywuvw Ba anmpul

Katopnap yctHOAa amannap 6GaXapUWHUHI 6ab3v  Koudanapu
GHAaH TaHMLIaMK3.

1-TeopemMa (KaTOPHM COHra Kynamtmpuw Xxakupga). Arap

U + U2+ eee+ Un+ o=

(4-1)

6ynn6, i S 6vrca,
)'/-'-a)zgﬁ'qa'l"KMHnamqum YNnb, YHUHr WUFUHAOUCK ra TeHr 6ynca

WM+ ku2+ .. .-fXu_+ ...

4.2
KAaTop XaM SIKMHAalWyBuYM 6Ynagn Ba YHUHT WUFUHAMCU K S ra ToH<

NceoTn. (4.1) Ba (4.2) KATOPNAPHUHI M-XYyCYyCUi v pn

MOC paavilja Sn Ba on 6wiaH Genrvnadimms. Y Xonda Kyvmpgarura ara
6ynamms;:

an= \UIl+ Xiu+ ... + bun= ?,(«! + «2+ eee+ ‘O s k Sn’



lim ean= NT1(4-5«) = I-lim5n=h-S.

WyHaah kb, (4.2) Katop SKAUNaLlyBuu, YHUHT AnFuHaucK 2, Sra
TeHr. TeopemMa UCOOTaHAN.
2-TeopemMa (KaTop/lapH/ KyLIML Xakuaa). Arap

Ui + U2+ eom+ «,+Hee, 4-3

Vi+ V2+ eee+ VN+ oe-= (44)

KaTopnap SKUHAALWYBYX Ba YNAPHUHT WWFUHOWAAPU MOC paBlUMaa S
Ba S ra TeHr 6ynca, y xonga

(«i+y,)+ («3+ yj+ eeet+ (UN+ » )+ ... (4.5)

KaTop XaM SIKMHMAWYBYM Ba YHUHT WAFMHOMCK S+ S ra TeHr O6ynae

.|/|C6OTI/I. (4.3), (4.4) Ba (45) karoprapHuar m-Xycycuin mFnHo-
NapyvHM MOC paBuWwda sn, Sn ea an geb Genrvnaimvma. Y xonga

an= (“i+ ui)+ (“2+ yr) + ee e+ (MOn+ vn)- s, + S n-
byHOaH:
lim a, = lim (sn+ Sn =lim sn+Ilim S;i=s+ S.
n

-+ 00 11-1 00 tI-*0Q 11— ¥00
WyHpan kwmb, (4.5) Katop SKUHAAWYBYM Ba YHUHI WWFUHOMCU S -b s
ra TeHr.
3-Teopema (KaTOpMapHN alMpHLL Xakiag). Arap
M\+ N2+ “3+eee + ( +oe e 4-6

I'l + V2+ Y3+ <‘ e+ Vn+ *'e ™~'7)

KaTtopsap SKYHMAWyBYM Ba YMApPHUHI AMFUHOMCM MOC paBlUMaa sea S
ra TeHr 6y.rca, y xonga

(«!—u,) + (UL2— )+ eeet (‘| —IK)+ eee (4-8)
KaTop Xam SIKMHNaLWyBYM Ba YHUHI AWFMHOMCUM S— S ra TeHr 6yna-
au.
Mic6oTn. (4.7) KATOPHUKI Xap OUp XgavHM — 1 ra kynaitupamma
(1-Teopemara kypa Oy KATOp SKWHMALIYBYMA Ba YHUHI WAMFMHOMCUM — S ra
TeHr 6ynaau). YHu (4.6) katop xaoiapu 6uwnaH Kywammns sa (4.8) karopra
sra 6ynamus:

(“X— W)+ («x2—»r)+ eee+ (“ — U + eee

Oy KATOp 2-TeopemMara Kypa SIKMHAallyBYM Ba YHUHI WAFMHOMCKM S—5
ra TeHr. Teopema WUCOOTIaHON.

Okopuaary TeopemMarapdaH Kyrngary HaTvka Kenmoé udmkagu.
Arapj

th+ o2+ ... +vn+ ...



Karoprap SKUHMIALYBYA Ba YIAPHUHI MWFMHOWIAPU MOC paBuwda s Ba 5
[*a TeHr 6ynca, y xonga
X«i+ M) + W2+ AM) + eeet+ yn+ W) + mee

KaTop XaM SIKMHAALWYBUYA Ba YHHHI MFHHOMCK | s+ US ra TeHr, OyH-
Oa 9, p—TaliMH coHnap.

Wynpan knnmb, SIKMHMAAWYBUYM KATopiapum  xagnat  KyLiHL,
afiMpHW Ba y3rapmac COHra Kynamtmpuiwl MyMKWUH 3KaH.

AHa GHTTa MyXUM TeOpemMaHW WUCOOTNAMK3.

4-TeopemMa. Arap Katop siKkMHAawyBun 6Oynca, y xonga 6e-
pviraH Katopra Yeknu coHAaaru XaanapHu KywWull €KUM yHaa 4ek-
NN coHgarn XagnapHu Tawna6 rbopuwgaH Xxocun 6ynraH kKartop
XaMm sKMHNawyB4n 6ynagu.

McboTwn. Ywoy

u + 2+ ..+, + L (4.6)

KATOP SIKKH/ALWYBYM, YHUHI WmFMHOMCKM 5 ra TeHr 6yncvH. (4.6) katop
JacTnabky N Ta XaOWMHVHI AnFnHOMCnHW S n6uniaH 6enrmnaivms, k (k<n)

Ta Tawnab tbopuiraH Xamiap WwHOMCMHM SK 6unaH, KonraH n—Kk Ta
xaonap nenHoycvHn an_k 6unan 6enrmnaivms. Jemak, Sn= Sk+ an k
6yHga Sk— n ra 60FMK 6ynvaraH 4Yeknu COH, Ly cababnu:
lim Sn=lim {Sk+ an_ K = lim Sk+ lim on_k
n — =00 n-> 00 n —»SC n-fco
ByHpaH:
lim 5, = 5t+ lim on_k

n—»00 n-> 00

LWyrroain kmb, arap lim Sn maexyp, 6ynca (sbHU GepwiraH Katop

/t->00

AKHNAWY-BYM Bynca), y xonga lim on_k xam maexyg 6ynaam (fbHU Xap

n—*cc

KaH4Ya YeKIM COHOArN XanfapHM Tawwiab tbopvaaH XOCWT KWIMHIaH
KATOp XaM SKMHMalWRaayv). Yeknum coHAary XamjapHi KYLWMWAaH Xocwl
6YNraH KATOPHVHI SKMHALLYBUM GY/MLLM  HOKOPUAArMaEK  KYpcatunaow.
Feopeva mcboTaHaN.

5-8 Mycbat xaam kartopnap

Xamma xagnapu 6up xXun vwopanm 6ynraH karopnap ysrapmac
HWopann kKatopnap geHwnagu. AHUKAUK YdyyH 6u3 mMycbat xaav
~ TOPnapumn Kaparimus.

Wynn kaiig kniammsky, MycbaTr uvoparv karopda Gapya n > 1 rap
YUyH 5, > SN TEHrcn3nvK YpuHIW, SbHU XyCycuid nFnHowiap ycyBum
KeTMa- KETNIMK XOoCcW1 Kwiaan. byHaalh xonga n 00 [a UKKUTa UMKOHU-

MaBXyn 6ynagn: € Xxycycuii uFmHowiap Sn-2m+ 0o Ba 6y Xonga
B a? Y30KAAWAAMSEKN XYCYCU MFMHOWIAP KETMa-KET/IMM YerapasiaHraH

m “onh nuMUT MaBXysd 6ynagn, OeMak KATOp SKUH/ALLYBYW.

W yHOaR Knamb, mycbaT mwopanii KATOPSapHUHE  SKUHAQMLULLMHA - C—

n



GoTnaga Sn Xycycuii  MWFMHOWIEP KETMA-KET/MMMHUHE  Yerapasianrall,

9KaHVHM aHUKTALWHWHE Y31 eTapruayp. Myc6aT ulLopanii KaTopriap siKH;T
nalyBYH GYIMLLIMHUHE Xap XM anoMat/iapyHi, sbHU Sn ydyH  chopmyna

uMkapmali Ba SN HUHF JIMMUTUHU Xycobramali Typub KaTOPUMHE  SKHTa-

LYBYM EKM Y30K/MALLYBYM IKALILLW aHMK/AW WUMKOHWMHM GepaguraH  ycyn-
NapHN ypraHamms.

6-8. Takkocnall Teopemasiapu

Myc6aT umopav MKKuTa
w+ vi2+ .. .+ un+ ..

- (6.3
Y+ 2+ ...+ vn+ L. (6.2

Katopra ara 6ynainmk. bynap yuyH Kyihngaryn Teopemasap YpUHIN.

1-Teopema (AKMHNAWYBYAHINKHUHI €TapivM wapTtu). Arap
(6.1) KaTOpHWHI Xagsapu (6.2) KaTOPHWUHI MOC XagiapugaH Katta
6ynmaca, AbHU

un<vn (n= 1,2,3,...) (6.3

6ynca Ba (6.2) katop fKMHNawyBun 6ynca, y xonga (6.1) katop
XaM SIKMHawyBsun 6ynaau.

McboTn. (6.1) Ba (6.2) Katopriap Xycycun WWFMHOWIAPLLULL MOC
paBvLLaa SnBa an 6wiaH 6enrwnaivms. (6.3) TeHrcusnKiapdaH Sn< an
9KaHNUIN Kenmb umkaan. (6.2) KaTop SKUHMAWYBYM 3KaHUMH  Tydham
lim an—a mawxya. byHOa KATOPHUMHHE Xa4/iapy MycbaT umwopanm o6ynra-

TI-*00
HA yuyyH a(i<a TEHrcmsnvK YpuHmm, gemak, 5;)<ct. LWyngaii kunHo, (6.1)
MycbaT Xaam Katop Xycycuii MWFUHOWIaPU KeTMa-KeT/IMrn YerapaiaH-
raH Ba gemak, Oy Katop skuHnawysun. Ly 6GuiaH 6Gupra 0Oy Katop
nFrHOoMcK (6.2) Katop nFnHOMCWOaH KaTTa 6ynManaw.

2-Teopema (y3oKNallyBYaH/MKHHHI eTapan wapTtu). Arap
(6.2) KaTopHUHr Xaanapu (6.1) KATOPHUMHI MOC XaajapuiaH K-
4K B6ynmaca, AbHU

un<vn(n=1,2,3,...) (6.3

6ynca Ba (6.1 kaTop Yy3oKnawyBun 6ynca, y xonga (6.2) katop Xam
y30K/1alyBUNaMP.

Mcb6oTn. (6.1) Ba (6.2) KATOPNAPHMHI N-XYCYCUA AFHOAIAPA;LL
MOC paB/Wda Sn Ba an 6uiaH Genrvnaivms. (6.3) TeHrcusmMKnapaan
an> Sn 3kaHM Kemb umkaan. (6.1) KATOp Y30K/allyBuM Ba YHUHIXYCY™*

CUin MFMHOWIapU opTnb 6opraHy cababmm lim Sn= oo. by xonga lim am®

N->o03 /1—~Co©
= oa [Jemak, (6.2) katop y30Kiawlysun. Teopema UCOOTIaHOU
Mkkana Teopema (6.3) TeHrcmsnuknap 6apya n nap  yuyw.
amac, 6asnikH 6upop n=N pgaH 6ownab 6Gaxapwuica Xam YpPUHIN
6ynaeBepagn. by wy 606HUHI 4- 8§ mparn 4-TeopemMaaH KYpuUHUG
Typubauw.
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Vikkana TeopemaHM Kuckaya 6yHpaii mudoganall MyMKUH: K-
UMk 6ynmaraH XaaM KaTOPHUHI SIKMHAalyBYaH/IMIMAaH KartTa
6\ NMaraH Xagnm KaTOPHWHI SIKUHAALLYBYaHAUIU  Kenné  4ymkaau,
KaTTa 6ynmaraH Xaa/iM KATOPHUHI Y30KallyBUaHINTMAAaH KUYUK
6ynmaraH Xaan KaTOPHWHI y30K/allyBYaH/AUTN Kennoé Ynkagw.

1I-muncon. Ywby

1+ HE+TT+- . T +-
KaTop AKWUHMALWYBYWU, YYHKU Oy KATOPHUHI Xaaiapu

I +|I)l+(|)s+lll+(|)ll+ll_
KAaTOPHWHI MOC XaanapupaH katTa amMac. OXuvprm Katop SIKMHIa-
LWYBYM, YYHKU OY KATOPHUHI Xaasiapy Maxpau Q=2/3 ra TeHr,
MWFNHOWUCK 3Ca 2 ra TEeHr FreoMeTpUK UPOrpeccusiHU TallKua 3Tagpq.
Jdemak, 6epunraH kKarop Xam siKMHAawyBun 6Yynagu, wy 6wunaH
ovpra yHUHr AnFnHgMCKU 2 gad KatTa 6ynmangu.
2-MHCO Ywb6y

i+-4=r+ -+ ... + 4=+ ...
Y2 \3 yrn

KaTop Y30K/alyBuM, UYYHKU YHUHT Xagjapu, WKKUHYM Xaaudad
6oLunao,

1+ 1 +1 +. ,
4 0 n

rapMOHVK KaTOPHUHI MOC XajjlapuiaH KatTa, FrapMOHMK KaTtop 3ca,
Mab/lyMKW, Y30K/IallyBYnanp.

AManga Takkocnaw anomatugaH Kynugaru KypuHuwga coii-
JanaHHLW 3HT Kynaigup;

3-Teopema (TaKKOCNALUHWHI AUMUT anomatn). Arap —  HucCar-

] . . vn
HUHI NUMUTW MaBXyn, Oynca Ba Yy Hoara TeHr 6ynMaca, SbHU
™ =7~ Q@ 6ynca, y xonga (6.1) Ba (6.2) KAaTOpAapHWHI WKKa—

nacn é aknHnawagn, ékn ysoknawagy.
3-mucon. Yuwby

tgl + tg —2+ ... +tg

al

KaropHu
+1 + ...+ 1+ ...

rapMoitiiK Katop 6wiaH Takkoc/aliMmM3. e— HMCOATHN Ty3amm3 Ba YHUHT

*THVMITVHA  TOMaMuns;



lim”~3. Ilim —- =1>0,
M=o V/| M=o

YYHKM N-vV 00 A fg Flocﬁ.
WyHoan kunnb, GepunraH Katop Y30K/allyBuM, YYHKU rapmo-
HMK KATOp Y30K/allyBuMW.
4-Mm ncon. Ywoéy
1 1 i

sh L+ sThl-\eeer sTn-L-L |
2 22 2n

KaTopHU

J!l a1 L

2 T2 T 2n

KaTop 6GunaH TaKKoCMaliMmM3, OXMPru Katop SIKHHAALWYBYM, YYHKW
YHUHT XaZjlapy Maxpaxu g= 1/2 6ynraH reoMCTpuK Mnporpeccus
TalWKWn Kunagw.

—  HHCOatTHM Ty3amm3 Ba ViiiiHr AvMMTMHM TonmammM3: N 00 A
vn

sin — cc — 6ynraHu }/qu: lim— —Ilim -———- —1> 0. WyHpaii y+
2n " y vn = 2“"

M6, GepHIraH KATOP SKUHMALLYBYM.

Y3-y3UHU TeKWuMpuil ydyum casBonnap

1. CoHnn Katop Aeb6 HumMara anTunaan? KaTopHUHI yMymui Xaoy Huma?

2. KaTOpHVHI AKMHMALWYBYH Ba Y30K/alWyBYN GYNMLLIN TabpUIapuHN aiTuHT.
KaTopHUHT HnFnHaycn oeb HiMara antunagn?

3. FeoMeTpuK nporpeccust xagjapugaH Ty3uaranm KaTOPUMHE SKUHAaLLyBYaH-

JIIFTHHW TEKLUMPUWHT .

4. KaTop SIKMHMaWyBYM OYNUUMHWHE 3apypuii WapTH HUMagaH Hb6opat? By
LWwapT eTapan WwapT 6YIMacMrmHN KYpcaTyBYH MUCOS KENTUPHHT.

5. Katop ysoknawyBuM GYNIMIMHUHE 3HI COAAA €Tap/N LUAPTUHW KYPCATHHT.

6. SKHHNAWyBYN KATOPMapPHM KLU Xakugarn TeopemaHu ucboTnaHr.

7. AKMHNAWYBYN KATOP Xa4/lapuHM Y3rapmac COHra KynamTvpuw Xakuaarn
TeopemaHH HCOOoT/IaHr.

8. Katopra 4eknH coHaarn Xag/japHu Kyl €KH YHAA@ YeKIn CoHparn >gi-
napHn Tawnab 6opuwaAaH  KATOPUHHI SIKMHAAWWWH - Y3rapmacimrn  xakuaarii
TeopemMaHn UCOOTNaHT.

9. MycbaT Xad/lH MKKUTa KaTOPHW TakKkocnall Xakuaarn TeopemaHu Hjpooa-
NaHr Ba YHN UCO0TNaHT.

10. 2727-2759- macananapHn euuHr.

7-8. Janambep Ba Kowwn anomatnapu

Myc6aT Xa/iM KaTOpNapHUHI SKUHAAWuW Ba y3oknawwuw an®
MaTnapuHM ypraHuHW [AaBOM 3TTUpPaMU3.
1 [Odanamb6ep anomatu
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Xeopewma. Arap

Ul + 2"b U3"b emeTJ*' + eee (7.2)

tuceat Katopgda (N + I-xagHUHI N-Xgara HUcbatm n-> 00 Ja YeKn
| numwinra sra 6ynca, sbHU

lim = | (7.2)
6drca, y xonga: a) /< 1 da katop skuHnawaaw, 6) /> 1 da n-atop
y30K/1aaaun.

Nc6oTn. JMMUTUMHI Tabpudmaan Ba (7.2) MyHocabat[aH UXTUEPUiA
B> 0 COH yuyyH N HuHr 6Gmpop N HomepaaH 60Twiab Gapua Kumatiapm
YUyH, 6ollKaya aitraHga N A N yuyH

_ - ~1
______ /I<ee|(|/|—e<—un————/<e (7-3)

TEHICU3MNK YPUHAN GYIULLIN Kenub unkaan.
/< 1Ba /> 1 6ynraHOarn MKkKana XOoSHW Kapaivma.

a) /< 16yncuH, V xonga (7.3) TeHrcusmkaaH —/<e ém
“n

——< /Te 3KaHM Kenmb umkpan. TeHrcusnmk Gapya N N nap yuyyH

Gaxapuiagn. /-fe = q ged GenrwiaiMma. € HA  LWyHAAA KNYMK  KWinb
TaHNAAMM3KW, Q HUHI Kavamm /< 1 ga 1 gaH Kuauk  6Y.iciih, sbnm
()<<7<1 TeHrcmznun Gaxapwicum (1-wWwakn), OemMak,

“n+ 1
“vn
(7.4) TEHrcM3NMKHM YHra TeHr Ky4ysim 6ynraH

<% (74

Uun+\ < ? "Wn

TEHrcu3NMK 6mnaH anMawTupamH3. OXUPrn TEHICU3/IMKHU N HUHT
. fOaH 6ownab Typan KuAmMatnapum ydyyH, abHU NN nap ydyH
€3ro, Kynuparmnapra ara 6ynamus:
“HH <
UN+2 < 94v+i < Qua* (7.5)

WA'+3 < QUN+2<

VIKKMTa KaTOpHU Kapaiimums.

“L4+s+ —— + «A+ QpH + L. —————— §-8§———-
(7.1 0 nw~n4
Wi+ <+ . .. (7.6)
|- wakn.



(7.6) uvatopHunr xagnapu r/<]
Myc6aT Maxpaxnu reomeTpuK mMpor-

U
" peccuss TawKun  Kunagu. [emak,

E (7.6) katop sAKUHNawaan.
(7.5) TeHrcvznuknapgak (7.1) k-
2 _wakn. TOPHUHI  XgOflapy mA+L  gaH  6ouwiab

(7.6) KATOPHMHI MOC Xaf/iapuagH KUYMK
6-8 parm  1-Teopemara acocau Ba 4-8 parn 4-Teopemara acocaH Gepwt-

raH katop (7.1) sKMHNaLlyBYW.
6) I> 1 6yncuH. Y xonga (7.3) TeHrcmsnuknapgaH 6upop Ho-

Mep jV gaH 6ownab

+1
s e
T “n
aKaHIMrn Kkenmb uvkaan. l—z=q peb Genrnnanmms, e HU LWyHAAN

KHUYMK KUIM6 TaHnariMuskuy, HaTwkaga /> 1 aa  HUHF KaTTasuru
1 paH kaTta 6ynnb6 KonaBepCuH, AbHU /—e=<?>1 (2-wWwakKkn) Ba,
[eMak,

v (7.7)

(7.7) TEHrCU3IMKHW YHra TEeHr Ky4yau
UccH n>N

TEHrcM3nnK 6unaH anMawTMpammni. by KaTopHUHI Xagnapu (iV+1)
HOMepdaH 6ownab ycuwmHm obungupagn, wy cababnm KaTOPHUHI
YMYMUA Xaan Honra vHTunMamau. Katop AKUMHAAWUWWHWUHE 3apy-
pnii waptn 6axapwunmanaun, wy cababnu (7.1) katop y3oknawaau.

l-acnaTtma. Arap lim —— = 00 6ynca, y Xonga Katop Y3oKa-
M—»m

waan, YyHku 6y xonga - 1>1Ba U ,, > un, 96HM lim n®O (33py*
U, T n->00
pyiA WapT Gaxapwivaioy).

U T

2-acnatma. Arap lim MaBXy, Ba Oupra TeHr 6ynca e

ri->50 Un

MaBXypn, 6ynmaca, y Xxonga [danambep asioMaTy KaTOPHUHI SIKVMHNALLYBYN
€K Y30K/aLllyBUM 3KaHVHU anmK/all VIMKOHVHW GepMaiian. By MacanaHii

X1 KWW yyyH GOLIKa anomatgaH hoiiaanaHuil Kepak.
1-mucon. Kymaarn KatopHU SIKMHMALLYBYaUINKKA TEKLUMPUHT:

2 , 2 23 2]1 1]
o 2.+1
Eunw. ByHgaH vn——, urkx
(a+12
2n+|-n2
HM U,I‘L\ = lim ____I__ —21lim —_— 2> l’
o aeD + i/
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SPMaK  Kartop y30KMaLlyBul.
9-Mucon.” Kynnaarn KatopHU SKUHALLYBYAHIVMKKA TEKLUMPUHT:

1+ 3_+-5- + ...+ + ...
/2 (A )2 (/2)3 (/2)"
x—1 _ on#$1.
Eunw- byHpa vn- , e = Ny (.
n,1 2N+1) (72 1 2+l 1 .
i;m = lim —(———]) —_—— = lim-— =— <1
n-oD “=n «=*» (£ 2) 12 -7 21~ | (2

[EMaK, KaTop SIKMHALLYBYW.
3-Mucon. Kyiinasrn KatopHU SIKMHALLYBYAH/IMKKA TEKLLMPUHT:

|+|r T+ 'Iiz—yi—————rj%'————

bunmw. byHpa 1 “a+| = 3T 1
y Kk Sn+ *
lim— =Ilm -17- =Ilm 1/ — = 1(/= 1J.
n-*oo Ufi MN-+oo y rl~*oo F th— \

KaTopHHHT SIKMHMAWWILIN Xakuda [dana.m6ep asiomMaty acoev-

[a Xynoca uMkKapuwl MYMKWUH 3mac. Takkocnaw asioMaTUHW K-
nanmmns. Y3oknalysuu

1+i +7'b—+7*"-——-

rapMoOHMK KATOPMUHI Xa[sapu, UKKMHYN XaauaaH 6ownab, Gepwn-
raH KaTOPHMHI MOC Xaf/lapuiaH KU4uK, AemMak, 6-8 HUHr 1-Teope-
Macura 6rviaoaH 6epuiraH Katop y3oKnallyBuW.

2. Kowwn anomaru

Teopema Arap mycbart xaam

Ui + U2+ M3+ ..o+ “ + eee (7-8)
KaTop YYyH ~V~I MUKAOP M->-CO Aa YeKMM IMMWTra ara 6ynca, SbHu

IimvVunn=/ (7.9)

" n-»a
6ynca, y xonaa
a) | < 1 pa katop skMHAawaaw,
6) /> 1 pga kaTop y3ok/iawagw.

M c60T N JIMMUTHMHI TabpudmaaH Ba (7J'I$*»y>|<n ai o
V p /1 HOomepgaH 60pnad n HUHI Gapya Kuiimart. -bNr *i, bKKN
nX [JdaH 6ownab
2—2640

i te/



Inr — | n/-—
|Y un—ll<e ékn —e<v «, —/<e (7.10)

TCUICN3NNK ypuHan 6ynaam, 6yHga e>0 ongmHgaaH TaHnaHraH Ka-
UMK COH.

a) /< 1 6yncvH. Y xonga (7.10) TeHrcusnmkgaH ?’ mn —/<e

n/s
€k }F mn<1 — e sKkaHmrm kemob umkgon. TeHrcusvk 6vpop N gau
6ownad, sbHM Gapya s = iV nap yuyyH OGaxapwiagwn. —q Aocb Ger

rmnaiMmn3, € HA WyHOaH KUUYMK Kb TaHnaivmsky, /< 1 ga q mvkaop
1 gagH Knuvk 6ynnb KonaesepcuH, sbHU 0 </ + e= " < 1, Ba JeMak,
6apya N> N nfap yuyH

V un<q ckn vn< gn. (7.11)

VIKKnra KaropHu Kapaimmz:
U + U2+ eme+ «v + «¢q+1+ NI+ .. (7.8)
[/ + N+ 2+ (7-12)

(7.12) Katop AKWHMALYBYM, YYUKN YHUUT Xagfapy Maxpaxku q < 1
6ynraH reoMCTPMK MPOrPCCcUs XOCWT KuWiaaw.
(7.8) KATOPHUHI Xaa/iapy UN gaH 6owiab, (7.11) TeHrcmsnmukka

HXH, (7.12) KATOPHUHI Xaa/iapuopH KuuvK. [emak, (7.8) katop 6-8 m-
M 1-Teopema Ba 4-8 garu 1-Teopema acocuaa SKYHNALLYBUM.

6) /> 1 6yncvH. (7.10) TeHrcwaMKgaH Y un—/> —e &
nr

Y vn> | —e akaHmru kenmb umkagn. TeHrcusnuk oupop .V gaH 6o+

nab Gaxapunagn, SbHU Gapya N> N fap yyyH ypuHm. | —e”™q poeb
GenrunaiMms. e HM WyHAan KUYMK KWnb TaHnab onammskn, /> 1 0a q
MUKOOP | gdaH kaTTanmrmnya Konaeepagy, sbvlll /—e = q> | Ba pgemek,
ovpop N paH 60uw1ab

9r N> q=> 1 ékn SI/ vmn> 1

AMMO KapasiaéTraH KaTOpHUHI Gapya Xgauy, us, gaH 6ownad, 1 ggH kar-

Ta 6ynca, y Xonga Katop y3oknawaaW, YyHKU YHUHE YMYMWUIA Xaau HO+-
ra VHTWIMaigu.

dcnaTtma. [fanambep anomatugarn kabw, /=1 6ynraH xot+
Ja KOWH anomMaTu KylwmMmya TeKWWUpULIHKM Tanab Kuiagw.

4  Mwucon Kynimgarm KaTtOpHH SKWUHMNAWYBYAHIMKKA TeKu

PVHT:
I SRR U A iy

Eunw. byHpa

Katop akuHnawaaq.
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5-Mucon- Kyiimgary Katopum sKMHMALLYBYaH/IMKKA TEKLUMPUHT:

2+ w 4w ,+ --+T7T o+ =t
Eumnw. byHpa
Iim~ = Iim N ,> 1.
n Ny M-*x> \ n /

KaTtop y3oknaLiyBun.
8-8. Katop AKUHNAWMWLIHHWHI HHTEerpan ajomMaru

Teopema. Arap
«i -f «2+ ... + -H e=- (8-1)
KaTOPHUHT Xadlapu MycbaT Ba ycMmaliguraH Gynca, sbHU

ul=u2=...>Un=> ...

o6ynca ea f (X) doyHkumst yuyH f ) =u, /(@ =mn,, .. ., f(N)=un, ...
TEHINMUKNapP YpuHM 6ynca, y Xonga:

1) arap \f (X) dx xocmac wHTerpan sKuHNawca, KaTop SKUHIa-
I
LyBYN,

2) arap GD/ (X) dx xocmac uWHTerpas y3oknawyBum 6ynca, Kanrop
i
y30K/aLlyBun 6ynaau.

Mcb6oTun. OkopnaaH y — T (X) arpm 4msmkK GuiaH yerapasiaHraH, acoc-
flapn T— 1 gaH X m=N rada 6ynram, OyHOa N — UXTVEpUIA BGYTyH Myc-
6ar cori, arpy YM3NKIM TpaneuysiHA KapaiMm3 (3- wakn). by Tpaneypsra
acocnapu [1, 2J, [2, 3], ..., [4— 1, i\ KecManapgaH Moopar N4K1 B3 Tall-
KM 3/HaMNosCMOH TYPTOypYakiap umsammns3, oyHaa hyHKUMSHUHT



2~ f (2), «<3—/(3)....... «, = f (M)
KAAMATIapU NYKN YM3WIraH TypToypyakiapra,
=f(l), ©=1(2), -me «, ,=f(N— 1

KAMaT/iapy aca TalKy 4YMswiraH TypToypyaknapra 6anaHgmk 6ynm6 xs-

MaT KAIaou.
Kylinparn 6GenrwnaliapMm KApUTammus:  Sn— KATOPHUHE M- XyCycuin

AFUHOMCKY, SN— 3rpy YM3UKM TPaNeUYISHAHT to3n, S,, Y, St 4— MoC B
BMHIZA MYKA VA TallKW YM3WIraH 3MHAHOSICVMOH  LLIAKMIAPIIVHT - HORMapH,

— n
Sn= «, + «2+ ...+ «,, Sn= \f (X) dx skaw! panuwaH. LaknaaH
i

5,,u< S, <"y ®-2
SKaHMIMM Kenné unkaan, GyHaa
My = U2+ U3+ eee+ Un= Sn— Ul
Srd4= W\\+ @2+ ' o+ Un-\ = - ke
WyHaoan kwmb, (8.2) TEUrcU3MMKHW OyHOaA €31 MYMKUH:

5,—« <sn< sa—ua
EKn

S, —« < f f(X)dx< Sn—un.
i

ByHOoaH MKKUTa TEUrcu3Mkka ara 6Gynamus:

Sn<u{+ \ 7/ (X) dx, (8.3
i

Sn>Un+ | fW (84
1

n
f (%) dyHKuma mycbart, wy cababm n HANr optuwm owiaH | T (X) dx
i
W.ITerpan Xam kartanawmé 6opaay. VIKKM Xon 6ynmm MyMKUH:

) T f (X) dx xocmac u[»Terpan SKUHMAALLYBUN, SbHU

Lrrerpan Yeknn coHra TeHr 6yncuH. Y xpnga f f (X) dx <1 Ba (8.3;

1
TEHICU3/IMKOAH Xap KaHdai n ga Sn< «t+ / sKaHmrn Kenmé uvkgau.
WyHpahi kb, 6y xonaa Sn Xycycuin WFVHOWIaP KeTMa- KeT/IMrn uc-
rapasiaHraH Ba, gemMak, (8.1) Karop SKMHNawaaw.
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9) f /(v) dx xocmac mATerpan y3oknawlyBun GY/iCUH, AbbU
1 n
r /@) Mx=limf /(X £x= 4- 0o
) mf/

6yycnH (8.4) TenrcusivkaaH S, Xycycuini MWFUHOWIAP KeTMa- KeTmrm « t

raTTaHMaraHIMMM Kenvé unMkaoy Ba, Aemak, (8.1) KaTop y3ok/aluagw.
Mwucon. YMmymnawiraH rapMoHUK Katop Oe6 atanyBuu

KaTOPHVHI Y30K/allyBUM €KUM SIKMH/ALLYBYM 3KAHVHU aHVIK/IaHT .
Eunw. f(X) dyHKUUAHWHI JaH néopat/mrn paslliaH, byHoa p—

TallMHNaHraH COH. Y6y

1
dx L —— limx1lpj= —1lim (N1 p— 1), po \
P+ 1 1—P M0 | ~ P

XOC.MBC VHTErpasiHi xpycobnaimms. Arap p > 16ynca, y xonga lim ntp»
U—@

S0

=0B | — —————— sKMHNaWyYBUM; arap p< 1 6ynca, y xona™
I xXp p— 1 '
: [o0]
lim nl~p= oo Ba i — dx— y3oKnauyBun; arap p — 1 6Yn1ca, y Xp.-n
n-tm L xXp ! = \
i
[a J“ &= Inx \ = 00— y30KauwlyBuun. Ly cababnn ymymnawiraH raj

MOHMK KaTop p > 1 A3 SIKMHMAWyBYM Ba P < 1 a3 Y30K/allyBuW.

9-8. KaTop KONaurvHM wuHTerpan anomar éppammaa Gaxonatd
Axul)natysum
Ul+ U2+ ee—+ “/1+ eee (9.1,

KATOPHU  Kapaimm3.

Tabpud. KaTOpHUHI WAFMHOMCN 5 GUNaH YHUUM M-Xycycuii Mwmn!*
e Sn opacvaarn aivp.Mas KATOPKUHE M-Konauen peiiwiaay Ba R, OXi
naH GenrnnaHagw:

K =s-sn

TOUNNAH/MHT konanFn ~am Katop 6ynnb, y 6epunraH (9.1) kra
Tagu3ll gacTna™Ku N Ta XagHu Talnaw HaTmkacupa xocun 6yl

A, ~ «.H + eeet yn+17+ ...



By katop 4- § garn 4- Teopemara Kypa SIKMHMallyBuu, LIy Teopemara
Kypa akcumyacuHW Xam TacOuk/ialwl MyMKWH: arap KaTOpPUWHE KO-
O AKUHNaWwyBuYn 6Ynca, y Xonga KaTop SIKMHalWyBuYM Oynaju.

Katop KONAUFUHUHE Tabpudura Kypa

limRn=0

6ynun pasLUaH.

XakKukartaH xam,

lim Rn=1lim (S—SnN=S~ lim Sh=S—S =0.

n—oo I—»go ri-+oo
Ly cababm eTapnnya kKatta N fap yyyH
5«8Sn

TaKpUoOWUI) TEHINMKKa 3ra 6ynamms, N KaTTasiaraHu capyu Oy TeHr/ K-
HAVUI aunKInMI opTa Gopaaon. Katop MMFMHOMCKA S HU YHUHE XyCycwuid i
rmHOMcU Sn 6unaH anvawmupuiraHaari abconoT XaTo, paBLLaHKW, KaTop
KONAVFVHAUT MOZynura TeHr:

A =\S-Sn\=\Rn\

Wynpaih kwmb, arap Kartop MFMHOMCUMHM e > O rada aHvKMKaa To-
MW Tanab KWIMHCA, Y XOorda WyHdam N COHOarn Aactnabkui xgafap -
FUHOMCYHN ol Kepakky, |RIE] < e TeHrcmsnmk GakapwicyH. LyHra kg
pavaii Kyn xonnapda 6m3 Rn KoNgukym aHvK Tona onmMaivims. LUy -
6abrm 'KONMAMKHUHI MOoAynu GepwiraH € condaH KatTa GynMaiguraH Ko
OAKHVHT M HOMEPVHU KaHOalA TOMWLW KEPaKMMMMMM - aHUKIALLIMMNZ - KepaK.

Myc6aT uvwopann Katop KONAUFUUN WHTerpas anomar épaamn-
Oda 6axonawl xakpmgarm yuwby Tcopema alTwuiraH caBoJ/ira >XaBob
6epaau.

Teope ma. Arap mycbaTr xagim

m{xum.,-\-un+
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MHTerpan afloOMaTHUHI Tanabnapura >aBob6 6Gepca, y Xonga
KatQP N qJtFll /? kyingarn TEHICU3NINKNAPHU KaHoaT/aHImMpagu:

J /W dx< Rn< | /(A dx-
n-i-l n

M cboTn. 8-8 parm (MHTerpan anomargaru) LUak/iHW KahTta -
ammn3 (4-wakn). bupop N vomMepHuM TanuHnaimus. HOKopuaaH
3=/(x) yHKUua rpadurn 6GunaH YerapanaHraH, acocu X=n
YaH x-n +T rada 6ynraH arpy 4YM3MKNU TpaneumsHW Kaparnmus.

8-8 parHra yxwatu

S, 4< f f(x)dx<STI
n

&N Ul + eesrtHM< i /W dX <un+ eee+ yn+m—i TEHICU3MKNAP-
n
HU Ty3uLll MYMKUH. PaBLUaHKW, OXVPrN TEHITCU3IMKHU 5n, 5,1+m 5n+T1_,

Xycycuii nFnHowiap opkanv mcoganav] MyMKAK:
n-j-m
smm- Sn< f /(X)dx<S,+tm, - S, _,.
n

ByHOaH KyiiMaarm WKKATA TEHrCU3/MKKa ara Gynamma:

i /(X)rix<S,tm,- Sn,mj /(g dx>Satn—s,. (9.2)
n A

SAKVHNALLYBYN KATOp/ap YYyH M -Moo Aa (9.2) TeHrcuswiKnapaa /vi-
M/ATTa yTamus.

n+m

im i /(v dx= \ f(X) dx AkuHnawysun,
m -*g i
n n

lim Sntm_, ==S, lim Sntm= S,
m—x m —e0

(6yHOoa S — KATOp WWFHHAOMCK) 3KauMHW Xxucobra onmb  (9.2) H1  GyHAaain
€3LUH MyMKMH:

J /(X)dx< S —5§, _,,

A

f/(X)dx>S—S,

j /(X)dx</?,_,

(9.3
j /(X dx>
n
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(9.3)
ywoy
j fX)dx<Rnga f f(xX) dx>Rn

n+! n

TENrcus; nknapra ara 6ynamns. By TEHrCUM3MKNAPHW KYL TEHICU3 u,k
Wwaknmaa Gupnalmpmo,

f(X) dx<R,t<8 f (x) dx

nogara ara 6Gynamus. LLyHW ucboTnaw Tanab KWIMHIaH 3y
Mwucon. Ywoéy

S= 1+ [ S S
23
katop WnFmmnamcnHu 01 rava (bHU e€=0,1) aHUKAUKAA TOMVHI.
Eunw HAkmHnawysum  (ymymnawraH rapMoHuK, p=3>1)

Katopra aramus. KaTOpHUHI Xaaiapy MOHOTOH KamatoBuu
X<

QYHKUUAHMHT MOC KuimaTnapugaH wbopar. LWy cababnm Karop-
HUHI M~ KONAUFU

P = o
n (n+1))

YUyK yLWo6y 6axora aramus:

L s
(n+2)3 "

I
/A< ( — =
v(J 3 22
R,<<e ekm -+ < L
n 2 10
TEHICU3/IMKHN eunb, 2/,”2> 10éknm N> i 5» 2,24 TeHrcnsnkka ara 6/
navms. n = 3 pgeb kabyn kuiamms. LyHpaii kawnmo,

— Y- —«
23 33

By kuAMaTHN SxmMTnab Katop WAFUHOVCUKUHE Takpuouii KUAMaTUHU TO- ?
navms: 5 « 1,2.

53=1 116.

Y3-Y3UHU TeKWWUPULW YUYyH caBonnap

1 Adanambep aioMaTH HMMagaH ubopar? YHH ucbotnaHr. Muconnap kentH-
PUHT.

2. Kowwn anomatm HuMagaH ubopart? YHH UC60TNaHr. MUCOMnap kentupuHr.
3. NHTerpan anomar HUMagaH néopart? YHH UCOOT/IaHr.
4. Ywo6y

nP
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HMHF BMPUHYA TEHTCU3IMIOA N HUA N+ 1 6uiad anMawTupmu™

na ,KMMTawyBum Ba p<! Aa y30KnallyBYM 3KAHUHW auVK/IaHT.
KAT’TMyc6l T XaQnm KaTOPHUHI KONAWFH WHTErpan anomar 6unaH kKaHgan 6Ga-

JIO6 32754-2770- MacanasiapHN €UUHT.

10-8. Vwopanapn HaBb6GaTnawyBuu KaTtopnap

YANaOMHWHI uwWopanapu Xap Xwn 6YynraH KaTtopniapHH ypra-
'>Tavm3 OHI aBBa/sl uwWopanapu HasbaTnallyBun KaTopnap
"T™aTaTyBUM KaTopriapra Tyxtanammi. byHpali katopnapga xap ovp
réatxagnaH KCAMH MaHUi Xan Ba Xap 6up maHdwuii xaagaH
KelH mycbaT xad kenagu. Mwopanapu HaBb6aTnawyB4YM KaTOpPHWU
OyHAaM E3ULL MYMKUH:

U —um2+ un3 e+ (—1J 1),+1
............ M=l
6yHoa u, W, __ ", ...— MycbaT coHnap.
1 Viwopanapn Ha6aTnawyBuyn .KaToprap SKAWAAWWWWHUHT

eTap/H WapTUHM Y3 nuura ofraH Kyhnpgarn TeopemMaHn uc6oTnaii-

MU3. .
1-Teopema (JleibHML,

pv HaBbGaTalyBun

Teopemacu). Arap wvwopana-

Uj—1m2+ n3— ...+ (— 1)+ W+ .. . (10.1)
KaTopAa KaTtop XaanapuvHUHI abconoT KuiiMaTt/iapy KamatoB4W, SbHU
Uy>u2>uj>...>un> ... (10.2)

6p/ica, Wy 6unaH Gypra un yMyMUA Xag, HOMra MHTWUIICA:
lim un= 0, (10.3)

Y xonga (10.1) katop fkMHMawysun 6ynaaun, wy 6unaH 6upra YHUHr

AFHOMCN BUPVHYM XaamMdaH KaTTa Oynmaiam ca mycbaTt 6uiagu:
0<S < ut

McboTn. OngvH XyqpT MHAEKCAM S, m XyCycuii MMrmHowiap KeTvia-
KET/MIMHN Kapaimma, ynapH/ yuwoby KypuHiLga é3amms:

Sam- (Uj—wn,) + u{—ng + ..

O-kK. SSm>0 Ba S,m Xycycuii WwnHOoWIap KeTMa-KeTMIM YCyBYN.
wKa ™PTgaH ~aP 6Mp KaBCc mundarm UiodaHUHE MycbaTr akanu  Kenmo

.+ um_Xx—un,T1).

SHOM S, m Xycycuii AWFUHOWMHW OyHOAn Kyuympuo E3ammas:

S '-m (u2 U;0 (n, T—2 ~A2m -1)

4ynkP U pgaH xaP ®HP KaBc wumgarn udiogaHMHE Mycbat 3SKaHu  Kenmo
mm N cababnm 6y KaBCMapHW W. dan aivpull HaTwkacuga 6us ul
KY4MK COHra ara 6ynamus, SbHU

S, m< m

u2m-
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WyHaoan kuamb, S.2m Xycycuii nrmmauwiap KeTMa- Ketavrm T - Guiauy)
Ouprasvkaa YcyBUM Ba HOKOpWUO@H uderapasiaHraH. Jemak, y nvmmTra ara
ABHN

lim S,m= 5,
T-*00
wy 6unaH 6upra 0 < 5 < uv

SHOWM toi; MNaekcan S.2m j Xycycuii MnWFHOWIap XaMm 5 navMutra v

TWINLLMHL UCOOTNaMMKE. XaKMKaTaH Xam,

*A2m+l = *2m“b uim + |
OynraHn yuyH T 0 ma
lim S, = lim S2n+ HM u2mH = lim S,m= S

m-+00 T-+~b m— m-+00

ra ara 6ynavms, 6yHga (10.3) waprra kypa lim n,7+r= 0. Wy 6waH
T-b-C

613 XyqpT N flapda XaMm, TOK N fapdga Xam m8n= S 3KaHVHW mcbor—

nagyk. Acmak, (10.1) Katop AKMHMaWyBuM, Wy 6wiaH Gupra YHUHr -
FUHOMCKM MycbHaT Ba KATOPHUHI OMPVHYM XaoudaH KatTa Oynvangn, suupg

0< S <uv

2. Katop KonauFnHu 6Gaxpnaw. JlenbHUL, Teopemacu uLopaia-
py HaBb6aTnawyByYM KaTop KONAUFUHU 6Gaxonawl UMKOHMHWU 6cpaaw.
2-TeopeMma Arap miopaiapu HasGaTnallysuu

Ul-n2+ n3- .. .+ (- Y+1luvn+ ... (10.3)

KaTtop JlenbHuL, Teopemacu LWapTUHW KaHoaTnaHTupca, y Xonaa
YHUHT M- KONauFn R, abconiT KuiiMatu 6yiinya Tawnab rbopwi-
raH XaanapHWHr GUPUHYUCUHUHE MOAyNuAaH KaTTa O6yniManaun.

M c6 0T un Nwopanapn HaB6aTnawysym (10.1) kaTop JlelnbHULY,
Teopemacu LWapTIapyHN KaHOAaTNaHTUPraHy YYyH Y SIKUHaLLyBYW.
Y xonpa KaTOPHWHT M- KOAUrn

Rn= £ K+\—ut2+ -m9
HUHI Y31 uMwopanapyM HasbaTnawyByM KaTOPHWUHI WWFMHOUCK Gy
nagn. NenbHuy, Teopemacura kypa 6y WUFUHOM abCconMioT KuAmar
6yiinua Katop OMpUHYN Xaau MoAaynuAaaH KaTtTa 6Y/IMac/urH Kepak,
SABHU

IN < «nt, (H0-9

6YNMIIN Kepak.
[Jemak, KaTOpPHUMHI S WWFUHOUCMHU Sn Xycycuid inrumagn 6unaH

anMawTmpuwaa nWyn kynmnaguraH xarto abconoT KHiimatn 6yhinya

Tawnaé wbéopunraH XaalapHUHI GUpUMHYMCUOAH KaTTa O6ynmaigwn.

OXupru TEHrCU3NNKAAH KOMAVKHUHI MOy GepuiraH annkank £

AaH KaTTa 6ynmarguraH n HOMepHW Tonuwpaa doiganaHnnagH.
I-Mmunco n. Ywoéy

sl J_
2t @ + (-1 n+1)a
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NMHUHT AKUHNALWUILUHA TEKLLIVPHHT. -
Katopu. ~ KATOPHUHI Xaa/japu ab6CconoT KUHMaTH 6ylinya  Ka-

maiine OOPaAU:
J>—>... >}

2- 32 (n-fhy2

Ba )

!lm V|||_'I|— lim AT 0.

Ulv cababnH Katop SIKUHaLyBYn.
2-Mmucon. l-mucongarn Kartop HuFMHAMcuun t=0,01 rava

aKUKMKAA TOMWMHI. KaTOpPHUHI M- KoNausn

n = .(] L_ i \
n \(n-i-2*  (n+3)* * ")

YUyH yLiby 6axora aramma:
Ywoéy

TEHICU3MHKHU €46
(n-f2)2> 100 ékn n > 8
ra sra 6ynamms. n — 9 ne6 onamms.
LWyHaah kanmo,

SO0=~ ———— + — — ... + — «0,182.
e

By KuiimaTHW t034aH 6upnapradva axamtnab, katop MHFUHAWUCUHUHE
Takpuoull KuiimaTura ara 6ynammns:

S«0,18.

11-8. Y3rapyByaH wmiropanm katoprnap
Arap KaTOpHUWHI Xaaiapu opacuaa Mycbartnapu xam, MaHuia-
Top A2"SM N nica’ Y X°npa 6yHgaii Katop y3rapyByaH WLIOpPain Ka-

«i+ um+ ... —wumn+ ..

6yHOo4 b W, ..., WM, ... COHNAP MycbaT Xam, MaHJMIA Xam GynuLIn

Waoor®* (*0-8 darvppH dhapkin). OngyHrn naparpadyda  Kypué  yTwiraH
Xycyati™»OHaB " 3Tnawybun katOPrap Yy3rapyBy4aH MLLOPa/IN KATOP/TaPHUHI

1 AGCONIOT Ba LWAPTAM SKUHAALWYBYM KaTopsap. Y3rapyByaH
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VWOPaIN KAaTOPHUHI abCconioT Ba WAPTAN SIKMHNAWYyBU Ka5u \y
XUM TYLLIYHYasiapHM KUPUTaMU3.
1-Tabpud. YsrapyBuyaH wuwopaiu

ux + «g + e T T I ) . (11.1)
KaTtop xagnapu abconiT KuiimaTnapugaH Ty3uarad
[d] + pr\+ ... + Wik+ ... (112

Katop sfKuMHNawysBum 6ynca, (11.1) abcoMOT SKMHAAUTYBUYM KATOP
achinnagn.

2-Tab pud. Mirap y3rapysyaH nwopanu (11.1) kaTop SKMHMa-
WwyBuM 6YNnG, Oy KATOPHUHI Xaajapy abCconlT  KuWid.MaTnapHaaL,
Ty3nnraH (11.2) kKaTop Yy3okawyBuM 6Yynca, y xonga 6Gepwniray,
y3rapyByaH wuwopanu (11.1) katop wapT/iMm KM HOabCOMOT AKUH.
nawysym kKatop Achnnagw.

I-M wnco n. Vwopanapn Hasbatnawysuu

2t 3 (=T H g

KaTop LWapTNH SKUHNAWYBYN  KATOPAUP, YYHKU Y AKUHaLLyBYn
(NenbHUL anomaTtn 6Yyinya), YHUHI Xaanapu abCconiT KuiimMaria-
pvoaH Ty3unaraH

J+Y+--- + 7 + —

Katop 3ca ys3oknawysunaup (rapmMoHUK KaTtop).
2-Mucon WwopanapH uasbaTnallysyu

— - -—— + + ...
i > > JI‘?' L
KaTop abconoT SKUHNALWYBUYM KATOPAMP, UYYHKU Y AKUHAaly3umn™
avp (6yHM JleiibHuL, anomaTu 6yiMya TeKWUPUW  OCOH), YHWUHT
Xaanapu abconoT KuiimatnapuaaH Ty3uarax

1+ ) +J_+ ... +] +

2 2 m

KaTop Xam siKMHnawyBuu (KypcaTKnum p=2>1 6ynraH ymymnail-
raH rapMoOHUK Katop).

2. AGBCONMIOT  AKUHNAWYBYM  KATOPHUHI  SAKUHAALWNLIN  XaK]
Teopema. Y3rapyBuan HLIOpaM Karop SKUHAALWYBYAHINTVHUHT
MyXUM eTapan LWapTUHWU KenTupamms.

Teopewma. Arap y3rapyByaH uwopanu

ui + U2+ eee+ yn+ ... (1D
KaTop Xaanapu abconoT KuimaTnapugaH Ty3uaraH
jud+ LB+ ...+ un+ ... (112

KaTop sIKMHAallca, y Xonaa 6epunraH yarapyeyaH uvwopanu (11-2)
KaTop XaMm sikMHawagu.



Nc60Tu 5 Ba ar moc pasmwda (11.1) ea (11.2) KaToOpfapHUHI MN—
BnenHannapn 6yncuH. 5+ 6unaH Gapya Mycoar, ounan aca
Xycycvm _ o . o o
§ CUA MUFVHOMOANN Gapya MaHUA Mwopayiv Xga/1ap abcomnioT K-
v XYCVo -
MaTnapMVII/IFVIH,CI,VICVIHI/I Genriinaimmns. Y xonga
Sn=5+—S- an=SJ] + S~.

Laptra kypa (11.2) kaTop SKWHMAaWyBuM, LWy cababnm an niwFrHOM a
omvmrra sra. SrhBa Sn fap sca mycbaT Ba ycyBuu, LWy OwuiaH Ovp-

ra :.-UJC O Ba Sa < a,< 0 (YerapasaHran), AemMaK, ynap Xam /-

wnTa ara
lim St —5+, !lim S~ =S8*“.

.S~ MyHocabatgam Sn Xam MMATIa 3ra SKaHIurm Kenno un-

IimS, =IlimS+—1IlimS~'=S~ —S~.

[emak, y3rapyByaH uWOpan KaTop SKUHIalaaun.

AGCOMIOT AKMHAAWMW TywyH4Yacu épgammaa 6y Teopema Ky-
nuuya 6yHOa udoganaHaan: xXap KaHaa abconoT AKUHAaLlyByu
KaTop SKMHMAalyBYN KaTtopamvp.

3-MHCON. Y3rapysyaH uwlopanm

sin a sin 2a sin na
r 2
KATOPHUHI SIKMHAALWULINHU TEeKWUPUHE, 6yHAa a- UXTUEPUA XaKu-
KWIA COH.
Culi w. bepunraH katop 6unaH 6upra

(11.3)

sina sin 2a sin na
+ +

> (n.4)
KATOPHH KapaliMn3. By KaTopHM SIKUH/ALLYBYM
R aL9)

rapmMoHVK Katop 6unaH Takkocnaimms.*

KaT N KaTopHUHr xaanapH (11.5) KaTOpHUMHr Moc xadsapuaaH

TODTa ;*Mac>wy cababnm Takkocnaw anomaTtura kypa (11.4) ka-

caH S1"H'BAWYBUM- AMMO Yy X0nga, McboTnaHram Teopemara aco-
A6 KatoP Xam AKWHMallyBun.

xocca Ba_ LIAPT/IM AKUHNALLYBYM  KATOPMAPHUHT  Kyingaru
ANapuHK Kaiig Kunamms:

ToP xan” ~atoP abCconwT AKMHAAWYBYM 6GYnca, y xonga by Ka-

noT aku|apHVHT YP»W xaP KaH'la anmMawTMpuaraHga xamv y abco-
= falyBun 6ynn6 Konasepaau; 6yHAa KaTOPHUHI HAUFUHAOMCH
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YHUHT Xagnapu TapTubura 6o0ravkK oynmvanmgn (6y Xocca iuapT]]
AKMHNALWYBYM KaTopsiap YYyH caknavmangu);

0) arap Kartop wapTiv aKuHAawysuu 6ynca, y xonga 6y
TOP Xa[NTaPUHUHT YPUUIapUHN LIYHOAW anMalTUpHO Kyniuw Myv_
KVHKW, HaTmxaja YHUHT WWUFMHAUCK — Y3rapagun; OYyHUHI YCTup

anMall-rpuwgad KelimH Xxocun 6ynraH Katop Y3OKnallyBuYM KaTo»
6yNnM6 KoM MyMKUH.

Mwucon yuyyH wapTam SKUHMAWYyBYX
I- L+ £ +-1 _|-fl—~+ ...
2 37 4 5 76 7 8
KaTOPHU OflaMn3. YHUHI ANrMHOUCMHW S 6HNaH 6enrunanmMms. kKa

TOp XadnapuHm xap O6Hp MycbaT xagdaH KelnH WKKuTa MaHh®
Xag TypaguraH KWané anmMaliTupamms:

i— L l++—L 1+ ..
2 4 3 G 8

Xap 6up mMycbar XagHu yHOAH KeHVH Kenaguran MaHdHiA Xan Gy
nan Kylwamms:

HaTtmxaga xagnapun 6Gepunran Katop XagnapuHu 1/2 ra kynaimm-
puiagaH xocun 6ynram katopra ara 6ynamms. AmMmo 4-.8ad
1-Teopemara kKypa Oy KaTop SKUHAAWYBYM Ba YHUHI AAFMHOMCA

1-S ra venr. WyHpan knnnb, katop XaANapPUHVHE - XonawmLl

TapTUOMHN Y3rapTupul GunaHruna yHUHr ANFUHAUCUHU UKKH MNgR-
Ta KaManTupauk.

12-8. Komnnekc xagnu Kkatopnap

KaTopnap HasapusCUHMHI KYNruHa Mmacananapu aespam e
KaHOal Yy3rapuwiiapcus XagjlapyM KOMMJIEKC COHMapAaH —wbopa*
6ynraH katopnapra yTkasunagwu. LacTtnab

Ny 7Oy eee>7 e**

KOMH/IEKC COHMap KEeTMa-KEeT/IMFMHUHT NUMUTU TabpuduHn wpt
Tamuns, byHaa:

m=xn+ *Y» n=1,2,3,...

1-Tabpud. Arap xgp KaHoam e >0 yuyH wWwyHdan N Hatypan aH-
HM TaHnaw MyMKWH 6yncakH, Gapya n > A nap yuyH

Tnh— rol< e

TEHICU3NNK Gavkapwsca, y Xonga rO= a + ib KOMMJEKC COH zn= X
+ iya KOMI/IEKC COHMap KeTMa- KET/IMFMHUHI NUMUTU aginnaan.

zn— z0= (Xn— a) + i(yn— b) 6ynraHn yuyyH \n — zss**
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————rj-rriT~™W Wy cababrm lirn zn - zn AUMUTHUHI MaBXXy 4/ mrn
=] @m—a' |

XaKyK cOH 1

NO KeTMa- KET/IMMTMHUHI UKKUTa JIMMUTT  MaBXyL/imrmra TeHr

limx =a \\Ty,-b. (12.1)

np KaTop SIKHHAAWMWLIWMHHHE  TabpHWHH  KOMIJIEKC
atopra xe4 6up y3rapuwicus yTKasull WMKOHUHK Gepaaw.
Komnnekc COHMapaan mbopar.

+ wW24- . ee+ wn+ mme (12.2)

KatopHu Ty3amus, OyHOa
Kn=wun, +ivn, n=1 2, 3, ...

By KaTOpHMHIr dacTnabky N Ta XaoM WANHOMCVHA KapaliMma, YHU
5, 6iinaH GenruiaivMmns;

sn=8+ Wt+ ...+ wn,
S — KOMIVIEKC COH:
Sn=Ul+n,+ ... +wul)+ /»!'+ »*+ ... + vn. (12.3)

2-Tabpud. /rap (12.3) KATOPHUHI SN XyCyCUi WAFMHOWIAPU KeT-
MB- KET/IKTUHHHT  JTAMUTU
lim Sh=S =/1+iB

n—oo
MaBxXypn 6ynca, y xonga (12.3) KOMMAEKC Xaaanm Katop SKuHMa-
WYBYM KATOP, S 3ca YHHHI WUFMHOVCU Aelivnagn.
(12.1) ra acocaH (12.2) KATOPHUHI AKMHAALWYBYM 3KaHUOAH Xa-
KUKUIA KO3OMUNLIEHTIM KKNTA

A— +wmwy+ ... +«,+

B=vt+v,+ ...+ vn+

KaTOPLLLLF SIKUMIALWYBYA 3KaHW Kenb Ynkaau.
3-tabpud. Jirap lim Sn maBxyg 6ynmaca, y Xonga KOMMIEKC
[RE

Xaom (12.2) KATOpP Y3OK/IWMYBYM KLUMOP AeAniaan.

(12.2) KATOPHUHI AKUHMAWWWMUA TeKWwWHpUwaa yuwoby Teopema
Xyga Myxyumamp.

Teopema. Arap

™M+ Ur| + .= + |a3l+ eee

6yHaa |a» |= yr ul+ v Kanop sSiKMH.rawysum 6inca, iV xonga (12.2)

XM SAKMHMLLYBYM 6ynagwn.
TCc60TM. MycbaT Xxaom

INXF + + eme+ ®,+ m--
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KAaTOPHUMI SIKMH/aLLYBYaH/ MM Ba

K\<Vr‘h+w=ki. K\</ +J =K

LWapTMapaaH, Myc6aT XamiM KaTOp/lapHW  TakKoC/all arfioMaTH — aecest
(6-8 1-Teopema)

luj + Ju2l+ ===+ Wn\+
Ki+ |tg+ + K\ + M~ 4
KaTOpMapHUHI akuunalwysvyaHnnrn kennb uukagn. (12.4) karop.

NapHUHT sIKMHNaWMwunaaH 11-8 garn Teopema acocua

U+ W2+ ... +«,+ eee

Vi+ V% + eee+ VnN+ eee

KATOP/aPHUHI  SIKMHMTAWWLLK, Ba AEMak,

+ w3+ ... + +

KATOPHUHT XaM SKMHAAWWUIWIN Kennub uvMKaaum, LWyHU ucboTnawl Ta-
na6 KWIMHraH saw.

Mc6oTnaHraH TeopeMa KOMMJIEKC Xa[/M KaTOPMapHUMT  SkH-
NaWVWVHA TEKWNPULL YYyH Myc6aT Xad/v Katoprap SKUHAaLWWLWN-
HUHF 6apya eTap/UANK anoMaT/IapuvHU KYINaHUW UMKOHUHU Ge-
paaw.
4-Tab pud Arap KOMWIEKC Xad/IM KATOPHWUHI Xazaiapu M-
OynnapuaaH Ty3unraH Katop sKuMHAalwyBuu 6ynca, 6y KOMIMICKC
Xad/ M Katop abcosoT SKMHMAWyBYM KaTop Aelinnaaw.

Komnnekc Xaanm abCcosioT sKMHNaWyBUM KaToprap  XakyKuii
Xagm abconoT SAKMHMAWYBYM KaTOPMapHMHE XamMma Xoccanapura

ara.

cosl+ isinl , cos2 -|-isin2
1-mucon. Yuwbéy » 2|2 L.+

cosn+ isinn
[+
Xaoiapy MoaynapuaaH Ty3unarad

+ ... KaTop abCoMoT SIK/HMAWAAW, YYHKA  YHAHT

N + N7+ eee+ —+

KATOP SIKMHMALLYBYNANP.
Y3-Y3HHU TeKraupuw ydyH casonnap

1 Vwopanapy Has6aTnawyBus KaTop Ae6 kangaii katopra aiitunagn? Y3tpy®+*
YaH uvwopann Katop Ac6- un?

2. Vwopanapu HaBbaTnawyByl, Katop y4yyH JleinbHuu anomaTu rawagaH néop2'
McboTnaHr.

3. Nwopanapn HasbGaTnalwyByYM KaTop KONAWUFW KaHAal 6axonaHagn? Mucos-
nap KenINpUHr. n

4. Y3rapyByaH WLLIOPa/IM KATOP YUYYH AKUHNAWWILIHWHE eTap/vavK  WapTn HUu**
McboTnaHr.

5. AGCONIOT AKMHNAWYBYM Ba LWAPTAM AKUHAALWYBUYN  KATOPMAAPHUHE  Tabpn?>1B*
6epuHr. MHconnap KenTUpPWHT.

MeodaxXa AKUHAAWYBYH KATOPJIaPHHHI XOCCaCUHH qu)o,qanaHr.
7 ABEOMIOr AKMHMALYBUYM K.UTOPHHHI SIKHHMALWMLLIN XaKMOATH TeopemMaH McooT-

JaHr- ,MLW1eKC COHNap KeTMa- KETIMMUMHUHT IMMUTU TaboOU(UHN Ba KOMMAEKC Xa-
OKWHAaLyBYs LAToOp TabPHMHHH GepuHr.

NH g Komnnekc xgo/H katoprapH!LUM sknHNaWuWWH KaHgan TekwupHaagn?
iO 2790— 2801- macananapHn E4uHr.

13-8. dyHKUMOHaAN KaTopnap. fAKMHMNaWMLL coXacu

X3gnapun QyHKuusnapgaH H6opaT 6ynraH Kartoprnapum Kapaili-
ra yTamHs:
«i () + n2(V) + (13.1)

bynpain katopnap gyHKUMOHan katopnap genvnagun. n\(x), n2(x),
yHKLNANApPHUHT XaMmacu 6Mpop YekIn EKM YeKCU3 UHTCp3an-
[a aHWKNaHraH Ba Y3/YKCU3.
dyHKUMOHAN KATOPHUHI Xaau, XycycaH, y3rapmac 6yamwm xam
Mymkun. ByHaal xonga dyuKUuoHan Katop COHAM Katopra aiina-
Hagn. LyHpa knnmnb, coHnM Katop (MYHKLMOHAN KAaTOPHHHE Xycy-—
CHIA X0/ 3KaH.

. +«nW + .. m

(13.1) ucodana X yarapyesumra 6ab3v XQ Xu ... KUAMaTIapHU
6GepHb, y EKn By COHMH KaTtopra ara 6ynamus:
«1(*0) + 2W + eee+ unM + mee,
ui (*i) + Q) + ... + «,(X,) + (132

Ba X K.

a- Y3rapyBuYMHHHI onaguraH Kuiimatura kapa6 (13.2)
SIKMHMAWyBYM KN  y30KNallyBun 6ynaau.

v y3rapyBUMHUHI (13.2) cOHIM KaTop SIKMHMAALyBUYM GYnagHraH
kmumatn (13.1) (pyHKUMOHaN KATOPHUHI AKUHAAWWLW HyKTacu e
nianagn. X yarapyBumnuHr (13.2) coHnM KaTop y3oknawyBun O6y-

nagyrad kuinmatn (13.1) dyHKUMOHaN KATOPHMHE Y30KNauLil Hyk-
uiu genvnagH.

KaTop

nanwu/W X Y3raPYsumHuHr (13.2) KaTtop SKMHAALYBUM 6y
HHT- 3H Xamma Kuiimatnapn tynnamu (13.1) dyHKumonan Karop-
HAMI AKUHNALWKWLL coXacu ACANaaW.

mup aP X >3rapyBuvHMnL 10 kuiimatn (13.1) dyuMkyMoHan kKatop-

HHHP AKUHNAWHW eQX8EUFE Termwnm 6ynca, y xpnga 6y Katop-
0 HyKTagarn WUFUHOMCU XakuAa rarnuvupHLL MYMKUH:

5 A% = WL(X0)+ U2(X0) + ===+ «, (X0 +

1y

VE?FMBLIMHH H = OYHKHNOHaN Katop WWFUHOUCUHUHE KUiAMaTn X
TopHMNr MmNyl K¥Ml,marHra 6ofnmk. ILly cababnn gymkymoHan ka-
OYHKUMA,-1INOUCK YHUHT  SKMHAauN.W  coxacuaa .t HUHr  6Mpoo

" Ingfdb ) Hlibpa 5 W 6Hna« GenrnnaHaan.

1V

eee+ [+
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(hyHKUMOHaT KATOPHHHT Xg/lapM Maxpadkv ¢ =>X ra TeHr 6ynran ieo.
METPUK Mporpeccust Talkun Kwiaan. [lemMak, YUHE  SKUHJaWWLWN - Y4y,
<1 o6ymmum kepak Ba (— 1,1) vHTepBasiga KATOPHUHI  MFMHOMCK

T—x ra TeHr. WyHpan kb, (— 1, 1) vHTepBanga GepwiraH Karop

S(x) = |—Ix

YHKUMSHU aHUK1anay, Oy aca KATOPHWUHE AMFUHOMCUOMP, STbHU

= 14-XF£Xr+~ ... X
| —x
2-Mmucon. Yuwby
1 , 1
o+
2 + sinx BN X n-f | 4-sinx

(PYHKLUMOHa/T KAaTOp X HUHI Xap KaHgal kKuiimatmaa y3oK/allyByu.
XakukataH, 6apya X nap yyyH—INsin N1, WyHUHrOeK, Kaop-
HUHI xagnapu 6Gapya X nap yydyH myc6at. Wy ca6abnn mycéat
Xa4/IM KaTOPNapHUHI TakKKoc/aall aloMaTuHU  Kynnanmms, ecpun-
raH KaTopHu

I+ +1 +T + ———+ 7 + eee

rapMoOHHK KaTop 6unaH TakkKocnaMH3. bepuniraH KaTOpPHWUHT >@a-
napy rapMOHUK KATOPHWHI MOC XaaiapugaH (YYMHUM Xaamaau
6owab) KMYMK 3Mac, FapMOHHK KaTtop 3ca, Mab/lyMKU, Y30KTa-
wysun. Odemak, GepunraH Katop X HUHI Xap KaHgaii Kaivamoa
y30KnaulyByu, WyHU ucboTnaw tanadé KWAWHraH 3aw.

(13.1) KaTOPHWHI pactnabknm n t1a xaau WUFUHOUCUHWU S
6unaH Genrvnarmmi. Arap 0y KaTOp X HWHI GUMpOp  KuiMatuga
sSKMHNalWca, y Xonaa

S(*)«=S8,(x) + rn(x)
oynagn, 6yHaa 5 (X) — KATOPHUHI HAnFvHOMCHY,

rn(*) = Un+IW + Unt2W + eee

rn(x) Mmkoop (13.1) KaMOPHWHE KONAWFM Aelinnagn. X HUHE  Gepd
KUAMAT/Iapy YYyH KAaTOPHWHI SIKVIHALIMLL coXacuaa

lim Sn(x) = S (X

MyHOcabaT YpuHAW, wy cabadomm lim (S (o) — Sn(.v)) = 0 ékm lim rn(mf

= 0, SbTW SKUHMALYBYN KATOPHUHI KONAWFWM M oo [Ja Homra vH
an.
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14-8 Tekuc AkyHMawwu. BelicpwTpacc anomartu

13-8 B 6H3 akumnawm coxacuga lim rn(x) = O 3KaHWNW aHWKa-

Kv nxmmépuii knumk e > 0 coH y4yyn e Ba vV ra O6OFnK Lynaai

O\e X) coir Tonwwmb, Gapya N > N (e, X) Mapga fra(o| < e TeHrcusnHK
BaKaAPWILLMVHH  BunaMpagn. o]

dyHKMMOVan KaTopapUUHE LIYHAAW CUMd MaBXyaKu, Oy  Katopnap
VAVH 1oKopyaarn TEHRCU3/IMK  KATOPNVHE SIKMHNALWWLL coxacura  Teruwm
Gapya X nap yuym n AN 6ynmwm 6wiaHoK Gakapwiagy, 6y xonga N
dakar e Hr yaura 6ofFnk, sbHU N = N (). by katopnap Tekuc SKyH-
TallyBUM KaTopnap Oeb atanagp.

T abpug. Arap WUXTUEPWUIA UCTasraH4a KUYMK €>0 COH Y4yH
dakaT e ra 60ofnukK, wyHgahi N (e) coH Tonunmb, Gapya NN pga
KypcaTunraH coxara Tervwam X ap y4yH

M*)l<e
TEHICU3/INK Baxkapurica,
Ui (X) + n2(x)+ ... Fwun)-r ...
hyHKUMOHaN KaTtop KypcaTuiraH coxada TeKUC SIKMHNAalyBYW Ka-
TOp AeHWNaau.

KaTop TeKuc SKMHNAWWWWHUHE amanga Kynawm 6ynraH eTtapivi-
JINK a/loMaTUHN NCOO0TNaNMKS3.

BeliepwTpacc anomartwu Arap
“1(*) + «m(*)+ eee+yn(x)+ ... (14.1)

hyHKUMOHa KaTOPHUHI Xaanapun 6upop (a, b\ coxaga ab6contoT
Kuiimatn 6yiinya 6mpop sKMHialwyBYM Mycbat uwopasnm

cl+c2+ ...+cn+ ... 14.2)
KaTOPHUHI MOC XaanapvaaH kaTtTa 6ynmaca, SbHU
. jun(X)| < cn (14.3)
‘Wecatnn?n ‘'rf Y xonpga 6epunraH QyHKUMOHaN Katop
E T b\co*aga TeKUC UKMHMIaaaw.

Tu* (14.2) KaTOp WAFVHIOMCUKA O GUnaH GenrunaiiMms:

° = Al4+ C24 eee+ Ca+ ———o

KaTeme Qohﬂrﬁix],%lﬁﬁ' ‘n~ [T XYCOM iHrimpH, e, aca 6y

fl4 *n= cn-bi+ct+2+ ... (14.4)

lin ~aToP  «ypnvawlyBum 6ynraHvu ydyH lim on= a Ba, Jemak

*% ©

<) dymkUMonan Katop WArMHOMCUHA



SNV = Utx) + e®ee+ yn(x),

W = «,+H|() + «at2(x)+

(14.3) waptaaH
ke, ¥ ()1 ~ Q> MH201L N GHZ< s

BkaHu Kennb6 unuaan Ba Wy cababnu (14.4) paH  KapanactraH
COX@HWHI Hapya X fapu y4yH
K(xX\<ra
Tekrcnsnmk baxapunagn. by aca (14.1) katop [a, b\ pa TekHc
AKMHAAWHWWHN KypcaTtagu. LyHn wucbotnaw Tanab KuinHraH
3.
1-mucon. Ywbéy
sin 12x sm 22x . . sm nrx

_______ [ e®@j —— - [ @eoe

r 22 «2
QYHKUMOHaN KaTop X HUHI 6apya XakuKUin KniMatnapH yuyyH Te-
KHC fIKMHAawaawn, YyHKu 6apya X Ba n napga
sin N2x

yLiby
2 Tttt
KaTop 3ca, Mab/lyMKW, SIKMHNALWYBYW, UYYyHKM Oy KypcaTkuum
p=2>1 6ynraH ymymnawiraH rapMOHMK KaTtopaup.
Teknc AKMHNAWYBUYM (PYHKLMOHaN KaTtopnap Y4YyH yHKUps-
nap 4Yeknn NUFUMOUCU XOcCCaslapuHM TaTOUK KUNULW MYMKUH.

l-tTeopema. Arap
U X+ mnm2(x)+ ... +unx)+ ...

YHKUMOHaN KATOPHUHI Xap 6up xaaum [a, b] kecmapga ysnykceur
6ynn6, 6y dyHKumoHan katop [a, b) ga Tekuc akuHnawys4yn Oy
ca, y Xonga KaTOpPHUHI MnFnHAmMcK S(X) Xam uily KecMaja ysnyke
cn3 6ynaau .

2-TeopemMa (kaTtopnapHu xannabd uHTerpannawl Xakog)-
Arap

utxX) + ur (M + ...+ unXx) + . ..

QYHKLUMOHaN KAaTOPHUHI Xap 6up xagn [a, bj kecmaga y3ny”™3
6ynn6, 6y dyHKumoHan katop [a, fd ma Tekmuc sikmHnawyBum Gyt
ca, y Xonga

J «x(X)dx +J «2x)dx+ ... + ] vn(x)dx + ...
a a . a b

KaTop Xam fKWHAawyBuYn 6ynagy Ba YHUHI WnFuHamen J S(v)dx
a

TeHr 6ynaaw.
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IO Kopunpgarn TeopemMaiapHUHT ncboTUHN Ke.l'lTI/IpMaI7IMI/I3.

2-Mmuncon Ywoy
1— 2+ x*~ ...+ (- \)nmx2n+

AYHKUHOHaNn Katop {4 < 1 Aa TeKUC SIKUHMALYBUM Ba YHUHI  AWFUHOYEaM
(KaparnaérraH Katop Xanjapy reoMeTpyK MpPOrpeccus TallKU - KAaow)

5/N) = ——; 3KaHWHM KypuLl OCOH. bepuniraH katopHu O gaH 6upop
X< 1 raya xaa/iab VHTErpa//ianmma, matmxaga
w  *2H1
2/j+I1

Karopra ara 6ynamma, 6y katop | < 1 Aa TekMC SKMHMaWwaay Ba YKUHT
AFUHOMCN Kyngarnra TeHr:

JsW™*-Jr = arctgx.
UyHOoah kwmb, |m < 1 ga TeKUc SKMHIaLLyBUm
X3 XS
arctg.v—X 3"+ -5 ceet ( DJiTr+T + eee

Karopra ara 6ynauk.
3-Teopema (KatoprapHn xaanab auddepeHumanial xakuaa). Jirap

UX + mn2x)+ ... + Unx)+ ...

dyHKUMOHa.r katop 6upop \a, b] coxaga AKMHNawWwyBuYM Ba S(X)

9ra °Y nca’ LY 6uysiaH 6mpra yHUHr xagnapu Ly coxaga
Y3/1yKCU3 Xocunanapra ara 6ysca xamga

M\(*) + m2(x)+ ... +umnX) + ...

AkmMHAaLLYBUM 6ynnb, a (X) nnFuHgmra ara 6yn-
= o(Xx) 6ynaan KallICP mEKUC ™ mHnawyYBun 6ynagn Ba S' (X) =

NCGOTU»N Xam KenTupmalimns:
-. Wy naparpacgpgarn 2-MuUCONHU Kapaiimus:

=40r-4+ ...+ (_,)»

byHOa» a«+1'-"

(14.5)
2n +
9K3HL, Kenué 4mkan» r
WY katopHm van n6 nYu'k >H TOomMOHAa 6*ghop Katop Typubawn.
nagnaé gnddgepeHunannabd, KynmgarvHu Tonamus:
4 X3
2X 3 4 5_—_i\n @n+2)xenH
5 2TMr+T— b ==
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by katopra [anambep anomatuHun Kynnaimms:

2N+ 2 2+i
L H ; 2n+ 1 ; “ "
lim 1 lim —Im 2 + 12| X-
n—oc NP 2«  In-l n—-se ((2n >(21)2/‘I )
an-1

WyHaaii knnmb, katop abconT sakMHMawyBuM Ba Gapua |*|<i
nap ydyH aca TeKWUC SKUHalyBun 6ynaaw.

Jemak, xocunanapHuHr ésumnraH kartopu (14.5) katop wwFVH-
OVCMOaH OIMHITaH XOocHnara sikMHnawagu:

iil+ ...+ N@2n+2~H ~
i+ jfl 2«+ 1

by skyHnawuvw 6Gapya ( < 1 ga Tekvcavp.

arc tgx +

Y3-y3UHU TeKWWUpul YydyH caBonnap

1 KaHpaih uatop chyHKUMOHaN Katop AeriHnagwn?

2. dyHKUMOHAN KATOPHVHI AKMMNALHLL coxacu Aeb6 Humara antunagm?

3. KaHgali dyHKumMoHan Katop TekUC SKHHNalWyBYM KaTop Aennnaam?

4. OYHKUMOHa/T KATOPHUHI TEeKHC SAKHHNALWWLLWHWHE Beleplutpacc aiovarH
HUma?

5. TeKHC AKVHMaWyBYH KATOPMAPHWHI XOCCaapunun caHad UMKUHE. Mucomn.™»
KENTHPUHT.

6. 2802-2820- MacananapHu e4uHr.

15-8. Japaxkann Katopnap
Tabpud Adapaxann katop pAeb

ao+ ai(x— /70 + ar(x—*0)2+ eee+ M * —*0[ + eee (|5]l
KYpUHULLAArM yHKLIMOHaN KaTopra aimwiagy, 6yHaa ao, alt ,arn, . e
y3rapmac CoHMap Aapaxary KaTOPHUHI KeadhdmumeHnbrapy aeinnaan.
Xycycuii xonpga, arap x0=0 6ynca, y xonga 6u3 Xxagiapu *
HUHI gapaxanapwu 6yiinya xoinawraH

a0+ atx + arxr+ ... + anxn+ ... 152>

Japaxanu karopra ara 6ynamms. I

Bns 6yHgaH KelivmH (15.2) KypuHMwaarn gapaxanu karopnaP-
H/ ypraHamn3, 4YyHKW GyHAal Katop X'=X—X0 anMawTupHL 6uia9
(15.1) KYpuHUWAArH Katopra Kentupwuiagw.

Kynainvk yuyH amxii xgaHu, yHuHr (n + 1- ypuHga Typuwmra o-
pamMali, KaTOpHUHI M~ Xgau Aeivnaan. KaTtopHuHr o304, xgam a0 ugmd
HVHI HO/IMHYM Xaau [AeAwiaawn.

Japaxanu KaTOpHUHI SKMHAALIMLLI COXacu Xap AovM Gupop " m
TepBasigaH wvbopar, 6y WHTepBasl, Xycycuii xonga Hykrara
HUO6 KOMULIM MYMKMH. ByHra WLWOHY XOCHN KWW Yy4YyH nap3”
N KaTtopriap Hasapusicm YYyH MyXum 6YnraH Kyhiuparu Tcope»
HU ncboTnanmus.
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1L AGens, TEOPEMacw. Arap

a0-bax+ a2+ ... + anxn+ (15-2)

kKatop xO® O HykTaga skuHNawca, y xonga 6y katop X
Hapas-04 M j TeHrcas/IukHM KaHOaTMHTUpaauraH Gapya Kuiimatna-
Hioa a6conoT AkMHAawagw, avHM (— |, |a0)) vHTepBanga sAxkuHMa-

WyByn To T u. TeopemMaHUHI wWapTura kKypa
a0+ a,x0+ a2+ ... +arxkf+ ...

connu KaTOp SIKMHMALWYBYWM, WY cababsimi YHUHI yMyMUW Xaau HOM-
ra HHTUAAN:
lim anxf = 0,

N—*oo
lyHra Kypa 6y LA@TOPHUHI XaMMa Xaau yerapaaHrad, SibHU LyH—
Oav M >0 y3rapmac MaBxXyAku, 6apuya n napaa

\aixf\ <M (15.3)
TEHIrCU3NMK YpuHan 6ynagu.
(15.2) xaTopHu Kyhnpgarmya KypuHuwga €é3amms:
flo+ «i-Vo(fo + "0 (N )2+ eee + (~ )N+ eee <154
LyHOoaH kelivH 6y KATop Xa4/iapuHUHE abCcosoT KuAMaTiapuagH

roo+M -I- + ax@ m-'+ ...+ Naxf -f+ ... (15.5)
1*0 %0 *0l

KaTopV Ty3aMU3 Ba LLYHVHIAEK, XaOjapu Maxpaxu q= —I| Ba G/pyH-

un X M ra TeHr 6ynraH reomeTpuK nporpeocvamﬁr O'>g:;1qJ'|ap1/1p,aH
MoOopaT KATOPHU  Kapaiimmnz:

X 2
M+M’0+MX+..+MX+ (15.6)

X0 *()

~Tap q < 1éku W < Ivol 6ynca, y xonga (15.6) katop skuHna-

S~ aim Lif63"™ a6conoT kuiimatnapaad u6opat (15.5) katop xam
(15.6* hkuut,” yHku Yuunr xagnapu (15.3) Teurcusnuknap Tydaiinu
ekn (i~ O\ aWyBUYN KaTopHuHr mMoc xaanapugaH kuuuk. v xonga (15.4)

Wywnaalh ¢ °P ,|IHI ¥3M xam a6CconT sKUHNaWwaau.
6ynca, 6y karonl/Pdal?P | 18" KaTOp v = x0p O pda AKMHNawyBYH
Hcootanr 1! N X< YYYT abconoT akyHnawysun 6\nagn.  LyHu

637nc':_|a?Ty Px a, 'chamgvﬁga—l—b)aﬂglapamanm katop X = M) ga y3oknauwysuu
TEYGHA Xab Keun~=ka T® pUUHT Ml 4 wa WMYR3AKHN  KaHoaTnaH-
SMCcb60TN ‘KOH kMMatuga ysokiallyBun 6yrnaaw.

y xolaldr 6uvpop Al > Wwd pga akyvHiawysBumn aAch dapas kA
Nb Teopemacura o6unoaH y | < [\vj TEUrCcU3IMKHU
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KaHoaTIauTupyBuM X napda, XycycaH X —xO Oa, aoconioT SIKMHALLyB!.
Oy aca waptra 3ua. [Jemak, apasmm3 HOTYFpW, 6y 3ca uvamwkau™
TacouFn TYPPWINIMHA GUnavipagm.

1-acnatma. Komnnekc y3rapyBUMHUHI

a0+ axz + am2+ +

ta,1z

(15.7)
Japaxann katopy yuyyH Abenb Teopemacy TYFpUnMrnya Konagy, 6Gyum
a0 O, ..., a,, ... KOMIVIEKC COH/apP — KATOPHUHI KOo3chdmumeHTiap™

Abenb TeopemMacura kypa (15.7) KaTOpHWKr 6upop zO HyKTaga SKAEM
LYBYAKUIAAH YKUHT

IH< [
TEHICU3MKIapUA KaHOATIaHTUPYBYM Gapya z Napaa abcomioT — AkHMaLLp |
WM Kenmb umkaan.

Katop abconwoT
AKnHnawaam

5- wakn.

2. Xakykuii xaom Katopnap yyyH siKMHAawmw aovipacy, WHTen
N Ba paguycu. Japaxasin KATOPHWHE AKMHALIMLL COXaCVHN aH/KaLLra
Kpywamm3. Abesb TeopeMacy 0apaXkain KATOPHUHI SKUMHNALUMLL Ba Y3K-
nawmi MyKTanapyHUHE >KOMMaLLMLLIIapU Xakuaa My/ioxasa HopUTuLL VKO
HULK Gepaak. XakukataH, arap XO sikMHMaHLWW uyKracu 6ynca, Yy JepR
(—W, |d40) wr'TepEanHMHT XaMmacy abCcomior SKUHMAWWLL  HyKTamapA
ounaH Tyngupwirad. Arap ax HyKTa y3okiawmiw ‘HyKracu 6ynica, y Xam
Oa |Xi| paH yHrgary Yekcus spum TYFPU YMBUKHUHE Ba— IXJ OaH uerms
YEKCU3 SPUM TYFPU YMBMKHUHI XaMMacu y3oknawumi J1ykKracuaaH HomsT
6ynagn (5-wakn). bymaaH LyHaal R COH MaBxXys akaHmrn Ba H<W
[a abconot skyknawmw, 4 > R ga 3sca y3oKiawvw HyKrasapura Ja
oymMwmMMn3 Kennb unkaan. LWyHaalh Kwmnb, papakann KaTOPHUHE s
oM coXacn Mapkasy  KoopauHatasiap 6owmaa  6ynraH - vHTepnanidj
nbopar.

2-Tabpud. al+a, Xx+aX~+ .. .+a, /1 + ... gapaxaiv
TOPHUHI SIKMHNawnw. coxacn aeb wyHpgaih (—R, R) wunTepsaar2
anTHAaOMKKW, 6y MHTEPBA/THUHI MuMgaru xap KaHgal X Hykral,
KaTop fKWHMAawaaun Ba Wy 6wunaH 6upra abCconoT skunnawaf*
yHOaH Tawkapuia ETyBUM X HyKTanapga KkaTtop y3okiawaau- j
COHU JapaXann KATOPHWHI SIKMHAaWuW paguycu  peiivnagd 'y
wakn). A

MHTepBa/IHHHI YeTKN HyKTanapuga, abHH X=R Ba X——R H‘s
Tanapga 6epunraH KaTOPHUHI AKUHMAaWMwun  éku  y3oknawymy
Macanacu KaTop y4YyH anoxmaa Xan KHAVHaaW. n

Bab3u kKaropnap yuyH SKUHMAAWWLW WHTEpBa/iM HyKTara
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KsTop abCOMOT

AKHALBAN
6- Wwakrn.
HW6 Konaaw, V xonga R =0 6ynagu; 6ab3vnapu ydyH r

OX yKMHM Kampab onaan, asbHK /?=00 6ynagH.

YTYH
Japaxann katop skuHnawuw pagumycuHii suul,,,
Mysia umKapamus. AHa aHuKaw y4dyH cop-

ax - eee+ a xn+ (15.2)

KATOPHM KapaiiMni. YHUHr XagnapuHUHE abCoNT KuiMaTiapuaaH
KaTop Ty3aMms3:

laol + W\ix\+ \CL,X-1+ aX (15 8)
MycbaT xadsH Katopra ara 6ynammi. (15.8) KaTOPHWUHI SIKMHNaA
WMLWHHA aHuKNaw yyyH [Lanambep anomMaTUHWU'KYnnanMus

lim

= Ji an+ 1*"+1 .
am =i = lim ‘™1 _
a, X M+ WS /e
JVMMAT  maexyn — GOYNICUH. Y

xonga Janavbep anomatira  Kypa

15.8 op, /.M <
(15:8) Karop, arep /.l < 1, AabHU N < y 6ynca, SAKMHIawWyBumn, arap

/=U|>1, sbvHn | >y 6ynca, y3oknawysun GynagH.

Jdemvak, (15.2) katop Jd < + Oa abconoT skMHNawaan Bsa Jjd| > —
@ y3oKaliaon.

FOkopuaarn —————
Kop apra | ( | wHTepBan (15.2) KATOPHWHI  AKUHTA—

VHTEPBA/IM 3KaHN KEeNMG UMKaou, SbHU

R=—=Im
(15.9)
Jn+1

AKHHNAWNW WHTEPBA/IMHMA a@HMKAW YYyH LYHHHIAeK Kowwu
anomMaTHAaH Xam oiiganaHnw MyMKUH, Y Xonga

R

lim (15.10)

n-rb 0O

-3cnatma. (15.9) Ba (15.10) ‘ra aitnanmaiiguran

QSHH&BHAE{ &Wﬂmmﬁ 6%%%'6%\__1%%””'_” \_/4Vh polvigananmw

2 K\
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MYMKUH. Arap katop dakaT XydpT AapaxanapHu éku dakat To

JapaanapHu Y3 wuuura onca éku papaxanapum kKappaiuv 6y

ca Ba X K, Y Xonga SKUHMAWWW WHTEPBA/IMHU ToNuW YyuyyH 6es0

cuta Janambep ékm Kowwn anomatugaH, (15.9) éku (15.10) dos'

MynanapHu 4YHKapuwga KuanHrammaek donganaHul Kepak.
3-3acnatwma Ywo6y

ao+ Gi(*~ x0+ a2(x— M2+ ... +an(x—x0n+ ...

KYpUHULWLAArn fapaxanu Katopraap Y4YyH loKopuaa anTuiraHnas
HUHI XaMMacu Y3 Kyudmga Konagwm, 6yHaa dapk wwyHAaH mbopa
KW, 3HAOH fIKHHMAaWwuw Mapkasv /=0 HykTaga amac, 6anku v=T
HyKTaga €tagn. emak, SKuHaawuw wuHTepBain (VO—R, X0+,
MHTepBangaH ubopat 6Yynagn, 6yHoa R (15.9) ékm (15.10) dop
Mynanap 6yinya aHuKnaHagw, Wy 6unaH 6upra 2-3cnatma 6y
KaTtopaap y4yyH Y3 Kyuuaa konaaw.

4-3cnaTtma. HOkKopupa aiTunraHNapHUHI XaMMacu KO.MUVIEKC
y3rapyBunam

a0+ ax + a2+ ... +am+ ... (1511

Japaxanu Katop YYyH XaM Y3 Ky4YuMHW caknangu. By KATOpHHHT
aHVK/aHMLL COXacuM Z KOMIIEKC Y3rapyBumM TEKUCAUrungarn Mapka
31 KoopAauHaTanap 6owuga 6ynraH govipagaH mbopar. by gofa
AKMHAaWnW govpacu Aeinnagn. AkuHNawuvw govpacu wnaupa ér
raH HykTtanapga (15.11) katop abconioT sAkuHMaawagn. HAxkyHna
WAL AOVPACUHUHT paguycyu Aapakasv KaTOPHUHE SAKUHIAWWLW [
avycn  penvnagn. [emak, SIKMHAaWMWW copcack paguycu R 6y
raH govpajaH moopat 6ynagn: \2\ <R, 6yHaa (15.11) katop &
conmoT akuHnawaan (7- wakn).
1-mucon. [apaxannm KaTOPHUHI SKUHAAWWW WHTepBasB

TOMVHI:

2x _ Nex)2 | 2xr ___ oM jyi+l 2 )1 o
2 < 3 \ ~
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gunw- bykaa

, nnH 24 , iR 2'+’
+ *
jijy cababmm
= lim 2>L+i) =1 limlx j=1,
2= A 2
an+1
f L —\ VHTEPBa/T SKUHMAWWLL  UHTEpBa/M  Bynaguw.
Jemak, —2"' 2)
_J m]_ L-f-i- — ... katopra ara 6ynamu3, 6y katop Jlei6-
X 2 2 3
HAL, aoMatn Gyinya akMHMawyBun. X = —~ Ja— 1—j — | —

Karopra ara 6ynamms, Gy Katop rapMOHWK KaTop cudatuaa y3oKnallyBum.
2-MUCon. KATOPHUHI SKWHAWMWLL VHTEPBA/IMHA aHUK/IAHT:

x- 1 ) +(EZLiL +
12 - 2.2 3'23 L2
Eunw. BbyHpa an 1 1 i 6a6.
. BYH/[ hof > m (n+1)2 —TI , 1w Ccababnm
) L. - "
£ =1lim %= lim iy (n+ Jmo :2iim "t 1= 2.
[CIP n- "% n-2n =D

FAKMHNAWWLLI UHTEPB/IMHWHI Mapka3u V= 1 HyKraga, Ly cababnm
(— 1, 3) viHTEpPBa/yT KATOPHVHI SIKMHMALLULL UHTEpBayM GYriaan. X — — 1

oA ~ 1+ — | + 'eeeKaropra sra Oynamm3, 6y Katop JlelibHWL,
anomatra Kypa sikyHnawyesuM, v= 3 ga 1+ 1 + 1 + .. . karopra

3a @YnAvms, 6y KATOP rapMOHMK KaTop cvdiaTia y3OK/aLlyBuMl.
3-Mucon. KaTOpHUHI SIKHHMAAWWLW AOUPaCUHN TOMMHT:
r+r2+ ...+ 21+ ...

Eunmw. byHga an=\, an+I=\, R = \m
anwyen [? — n—a an+1
urviw govnsirn filvo33H KOOPA atanaP 6owmaga OynraH aovpa  SIKUHIE-

by movpgoa katan ! GHU N A 1 povPa APHMaLLmMLL aovpacu 6ynaan.
4-muco f KP abcOnoT skyHNawaaH (8-Luakn).
NaTOPHHHI AKMHMAWWLL AOVPACUHU TOTWHT:

= 1 [demak, pa-

1+ *n! 21 T oeeesf Tz | eee
«4HU ByHpa a = 1 1
" (n+ 3"
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R=Ilim AL =lim (-~

M—*oo | M-»00 n!

= lim (n + 1) = oo.

Jemak, fK/HMawmw pgovpac O6yTyH KOMIMIEKC TeKUC/TMKAAH
6ynagw.

16- 8. [Japaxanu KaTOPHUHI TeKUC SKUHNAWWULLM Xakuoa
TeopeMa. [lapaxanu KaTopfapHUHI Xoccanapu

AKMHAawmw paguycu R ra TeHr 6ynraH
5(v) = a0+ ax + ax2+ .+ amxn+ (i6 .

KATOpPHU KapaliMm3. by kaTopra HucbataH 11-8 garn  Hampkana;

KYNnaHuw yuyyH Kyhingarn TteopemMaHn ucboTnanmms.
Teopewma [apaxans katop SKUHAAWMWLW WHTepBaan WEH

éTraH xap kaHpai [—b, b] opanvkga Tekuc AKUHAaWyYBUNANP.
McHoT K X0 HykTaHn b<X9<R TEHICcU3MK YpuHIn 6o

raH kunnub6 TaHnanmuns (9-wakn). by HyKTa SiIKMHAawuw vHepl

BN ununga étaam, wy cababnm Abenb Teopemacura 6UHOaH

a0+ axo+ a0+ .+ arxf +

COH/IM KATOP abCoMoT  SKMHAawyBuM 6ynagn. Vixtmépuin x£[—b §
HyKTa YYyH [q < [XOLTeHrcmsnuk ypuHM, LiyHra kypa

\axn\< arx@ 1
AbHU nXTHEpuin VE [— b, B\ HykTa yuyH

¥, A < K xol
TEHrcmn3nnK ypuHn, Gollkava antraHaa, (i6.1) KaTOPHUHE Xaa/iapy sk
nawyBun MycbaT KATOPHUHI Xaa/iapuagH Kuuvk. [lemak, Beiiepnwi
TeopeMacura kypa (14-8) 6Gapya XE£ [—b, b] nap yuyH (16.1) ka!
Akuknawyeun. Ly Teopemara acocaH, LUYHUHIAEK, TEKUC SIKMHNaw™M

KATOPMapHUHI XOccanapura 6VHOaH [Oapaxkain  KATOPSIapHUHE  KynaSd

xoccanapn YpLULLN.

I. VIMFUHOWMHWHT y31yKCn3nurn. [apaxanun KaTopHuUr Ve
ANCU LY KaTOPHUHI SKUHNaWWLW MHTepsBanmaa y3yKcus.

2. Jdapaxanun katopnapHu wuHTerpannaw. Japaxanwu
Y3VHUUI AKUHMAWWW WHTepBanuia xagnab wvuterpaiaw  my*|
KVH.

+ ( arx:dx+

j 5(X)dx = f aOdx + f aydx + . ..
o o ‘0 6

op 1
+ s X
3. Japaxanu katopnapuunll"
hepeHymannaw. Japaxann Kl j
HU  Y3UHUHT  AKUHAAWNL

Ba/MAda UXTUEPUIA COH MapTa
na6é pguddepeHuvannaw My”™3

Qi
= ak+ drx1+ ...

9- wakn.
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moorml

,= B|-2nnr+3<7.,n- \ r—

= 2a2+ 3.2aX+

ceecex€(—/? /)
+n(n_ ]a/,n T

x £ (~R,R)

Ba X K. N
Y3-Y3UHU TeKWUpuw y4yyH casonnap
1 KaHpali katop fapaxanu katop AelivnanH?
2. A6enb TeopeMacuHH udpogdanaHr Ba ncboTiaHr
3. [apaxanH KaTOPHUHI SKHHAAWWW paguycH Ba HHTeMBd -

v

paD,'FC,,“" "« " i ro:

pagsaycH »a go.

6. JapaxanH KATOPHWHI TEKHC SKWHAAWWLIM  XaKHAArW
SGHF. XakKuJarH TeopemaHu uKc60T-

7. Dapaxann KATOPHHHI XOCCa/lapHHW aTHHT.
8. 2878—2889- Macana/ilapHH €YHHr.

17-8. Teinop katopu
3-606HMr 21-8 nga (Onuii mMatematuka, l1-xwng. 21-8.)n+1-

®) oy f
{agg ﬂg{ggﬁ a%&\%nﬁawﬁxocmnanapmra ara 6ynraH f(X) dyHKUMS YuyH

No (17.1)
Eggr‘%) a%ﬁ”yﬂ?%'( )y%&mm 3KaHWM Kypcatuiram agy, 6yHOa KONavkK Xag,

=N + *-1lT{a)+ mmm+{ r L f(n)(@) + Rn(x)

p Tr/<+x() (172)
gggpm;@,)ﬁyﬁmqa XycoGraHaay, 6y epoa a<s< X €kn X< £<a

Arap f (X) oyHKUMSi X —a HyKTa arpodmaa xamva TapTubnm  Xocu—
<a"gpra ara 6ynca, y xonga Telnop dopmynacuaa M COHUHU MCTa/TraHya
Karra KMo o MymKuH. KapanaétraH a

lim Rn(x) = o

L6 dapas. KWnainmk.

KATOPHL

KeefOPAR dra~éysanyyrata n->oo fa mMMUTra Y6, YHraa uvek-
abpuno. f(x) QyHKUMSHUHT

fW-/(«)++-"“r Q)+

+ J*Zj~MN /M (a)+ (17.3)
HiKr Telinnn w™°gacn 6Y  qoyHKUmMs-
Oxwprn  lam’Pu [Odeiivriaon.
Rn(x\~+pn EHFI'II/IK'qu'I—-fia—EgJAO na 0 £ N il
“onm yncarmHa — ypuHn. by ‘
Ml A katoP suna- ' a X

nFnHayen GepuniraH —
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f(X) dyHkgusira TeHr. LUyHM Kkypcatamna. XakukataH xawm, FtxA
= Pn(x) + Rn(x), 6yHOa

P,(" /7 («)+ T ' W+ eem+ ~"T"~[ (a).
AMMO LWapTra Kypa, I|_rq( Rn(x) =0, y xonga /(x) = I'|m Pn(x). bn
1" <

Rn(x) (17.3) KATOPHWHI T+ XYyCYCUA WWFMHOMCKY, YHWHT Aavmimn (17,
HUHr inFumayicura Teur. [demak, 0y (17.3) TeHrvK YpUHIN.
LWyHpan Kumo, Hﬁvan(X) = 0 6ynraHgarvHa Telnop Karopy Gepa
N

raH oyHKUMSHU mdodanaiiop.

1 Japaxanu katop EeWnIMacUHUHE SIrOHa/IMN  Xakuaarn T
pemMa. Xap KaHOan yHKuMs xam Telnop katopura éimna oGepwveii
On. AMMO (YHKUMAHM 6upop Aapaxann KaTopra éhiuw MymMKy,
6ynca, 6y énnnma Telnop katopu 6GYyiH4a érnnma 6ynaguw.

1-Tteopema. Arap

f(x) = a0+ al(x-a)+ .- -+ anx—an+ ... (g

6ynca, yHroa TypraH katop X£ [a—R, a+ R] nap yuyH f(X) dye
uusara skMHnawagW, wy cababnm 06y katop Tewiop kKatopu Gyna*
SbHU

r @
an =

6ynga n=0, 1, 2,....

McboTun. (17.4) TEHINUKKA papaxann KaTtopaapHu N Mg,
Xannab gucdepeHumaniaw xoccacHHM Kynnarmmni. HaTuwkaga r-
Mnpgarvnapra sra 6ynamms:

f'(x)=al+ 2a2(x—a)+ ...+ npnanx—amr'+ ...

f'(x)= \-2a2+ 3-2 a3(x—a)+ ...+ n(n~-\)an(x— a)mr2+

fn)(xX) = n\an-f ...

Arap 6y TeHrnnknapga x=a geb onuHca, y X0naa 6upuxuncs
JaH 6olwkKa xamma KYyLIHAyBuYMnap Honara alnaHagym sa 6u3

ff@= 2 an f(a) = 2! a2........ fn@ =n! an ...
Teurnvknapra ara 6ynamms, 6yHgaH n = 0, 1, 2, ... 6yaraHga
a 11?1)! (I75
TEHI/IMKKa 3ra 6Yyramus. _ .Ta
By TeopemamaH f (X) (OYHKUMSHUHI GUTTA COXAHHHI Y31aa ukk
f(x) = a0+ al(x—a)+ ... +anx—a)n+ .. m
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f(x) = b0+ bl (x—a) + mmm N(Xx—an+ ...

~Mecll 6rnca, y Xo. Oy WKKana karcp 6utta Tewop kKo
katopra €Llb - T cababnn ynap 6vMp Xun 6yIuLKn, SbHA

TOPUHWWI y3U Oy/ILL .
a0=bQ fli—blt ..=, 9, bn...

huh kennb unkaan.
9 OYHKUMSHUHT Telnop kartopura euuIUWUHUHE  eTapanmk

e "Tnapy OYHKUUSHUHI Telnop karopura ENUaNWLVHUHE Kyhnaa-
UePAroman! amanuii KynnaHuwnap yyyH Kynangup.
I 2-Teopema. Arap f(X) YHKUYS X=a HYKTaHUHIr 6upop ar-
odnaga abconoT KuiMmatu 6yinya aiHaH GUpP COHHWHI Y31 6unaH
yerapasiaHraH WcTasiraH4ya HKopu TapTubnm xocunanapra ara 6yn-
ca y xonga 6y hyHKUMs KypcatuaraH X =a HykTta atpodwmga Teinop
raropura EMnnnwm MyMKUH.

1 Ncb6oTun. bA3 X = a aTpopHUHr xavma HyKTasiapy ydyH 0 00 Ja
p konavK XaOHVHE HOMra MHTWIMLLIMHA UCO0TIalLMMM3 Kepak. Teope\ta-
IvHr waptira Kypa LWyHaaid mycbaT y3rapmac coii M > 0 MaBXyaKw,
KypcatwiraH atpodigarn Gapya g nap ydyH

I/(n+IlWI < M

TEHrC3IVK Gaxxapwiaan. Y xonda (17.2) wapt 6yinya f (X) dyHKUms-
HUHI Telinop éinnvacuaarn Rn(X) KonawFn ydyH yuwbyra ara 6ynamus:

(176)

ByHOaH, X—a arpodHUHr Gapya nyKTanapy YydyH lim [/Xi@)] = O,

yyHkn Aflirrl- - i_= o0, (im — — = 0 AKMHAallyBYN KATOPHWUHI
- («+ =)f n-x. (n+ 1 - YF

TaHO™ 1 g/l cmdamdp’ 15- § parm 4-mmconra KapaHr). Teopema ucbor-

BRSPS, SV 5 R BB 5 SRR

C=0 HH-"PHpaaH doliganaHwiaan. by xonga (17.3) dopmyrnaga
oMb, ylwby Katopra ara 6ynmHaaw:

f~fO)+~f' O+ ...+ A fNO + ... (18.1)

[e6 arangoH61"10™ kaTopunumir Xycycuii - xomavp, 'y Mak/iopeH  karopu

HTap hyHKUMANapLM MaksiopeH katopura éinHM Kypuiira yra-

= ex wH™ HKU/SHWHE X HUHP gapakanapu 6yninya éinnmvacu. f (x) =

N MaknopeH karopura éams. f'(x) = " (x) =
(X) —e 6ynraHn yuyyH X = O HyKraga
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NWopann KaTopUUHI abconioT Ba LWAPTAN SIKMHNAWyBU Kabu My
XUM TYLIYHYa/lapHU KAPUTaMU3.
1I-Tabpud. Y3srapyBuyaH wuLopasv

A+ M2+ . me+ YN+ eee (111
KaTop xaanapy abcontoT KuAMatiapHaaH Ty3uaraH
jul+ W+ ...+ Wi\+ ... (112

Katop fKuHMawyBuM 6ynca, (11.1) abCconoT AKUHAALWYBUYM Kalop
Acinnaguw.

2-Tab pu. Arap y3rapyByaH uwopanu (11.1) Katop SKKMHMNa-
WyBYN OYNMG, 6y KATOPHUHI Xagnapu abconoT  Kuimatnapugal,
Ty3unradH (11.2) Katop Yy3oKnawyBuu 6Yynca, y xonga 6epwnrad
y3rapyByaH wuwopann (11.1) katop wapT/M CKH HOabCONT SKYH-
naiwyBun Katop Aeivnaguq.

1-Mmwmncon. Vwopanapn HaBbatnawysBuu

T+T- oot (nirHy+ -

KaTop WapTnu SIKUHAAWYBYN  KATOPAUP, YYHKU Y SIKUHIALWYBYM
(Nebuny, anomatn 6Yyinya), YHUHI Xaanapuy abCconioT Kuimatia-
pyaH Ty3unaraH

1+ \é+ ece +~n+ oo o

KaTop aca ysoknawyesunaup (rapmoHMK KaTtop).
2-muncon. VNwopanapn Has6aTnallyBuun

——— + (- T+ -

! 2 N 2 n2
Katop abCconoT AKUHIALWYBYN KATOPAMP, YYHKU Y SKUHNALWyBYM-
anp  (byHn JleiibHuy, anomatu 6yiinya TeKWUpUW  OCOH), YHWHI
Xannapu abconiT KuiimatnapugaH Ty3uaraH

¥ 2™ 2 eew q2r ee-

KaTop XaM fIKMHAaWyBun (KypcaTKuum p=2> 1 6ynraH ymymiail-
raH rapMoHuK KaTop).

2. ABCONIOT UKMHMAAWYBYN  KATOPHUHI  UKUHNAWULWIW  xakupa
TeopemMa. YSrapyBLIaH NWLOP&/IN  KAarOp skuwunawyBYaHAUTUAUHT
MYyXUM eTapav LapTUHN KeTupamus.

Teopema. Arap y3rapysyaH ulopaiv

ui+ U2+ eem+ N+ eeoe (11-1)
KaTop xagnapu abCconwT KuimaTnapugaH Ty3uaraH
W+N + ...+ n+ ... 112

KaTop sKWHMawca, y xonga 6epwiraH ysrapyByaH uwopann (11-2)
KaTop XaMm sikuHnawaau.



Mc6oTu. Snh Ba an moc pasvuaa (11.1) ea (11.2) KaTOpAapHUHE N—
WA MnFsHOuUnapyn 6yncuH. Sn 6unaH Gapya Mycbar, S~ 6unaH 3ca

% xvcvenft VMFUHOMOANN Gapya MaHOMIA MWoparii Xaaniap abconoT KH-
far-Tapii IMFNHAMCUHL 6enrmnaivms. Y  Xonga

5,7-5,7, on= S+ + S~,
LspTtra kypa (M-2) Katop SkuHnawysun, Wy cababmm o,; WFnMHOW O
JuUMHTTA 3ra. Sn Ba S~ nfap aca Mycbar Ba ycyBuM, LWy OwlaH oup-

ra5+<(1.<0 Ba < a,< 0 (YerapasiaHraH), OemMaK, ynap Xam /-
MUTTa ara:

lim 5™ = lim S~ = S~.

rHa n—oo

$ 5 m 5 MyHocabatdaH Sn xaMm MMUTTa ara SKaHIMrM Kennmé -

Koy
lim Sn=Ilim SJ —Ilim S~ —S~ — 5~,
n—oo N—oo ri—oo

Jemak, y3rapyByaH WLWIOPa/IH KaToOp SKUHMalagH.

A6conoT AKUMHMaWUW TyuwlyH4yacn éppgammga 6y Teopema Ky-
NMHYa OyHOalr wdoganaHagn: xap Kavgar abconoT AKWUHAaWyBYM
KaTop SKMHAaLlyBUYM KaTopamp.

3-MHCOM. Y3rapysyaH uopan

sina . sin2a . sinna ,
p t T == 4—— ——t1 ... (11.3)

KATOPHUHI  SIKUHAALWULIMHU TEKWUPUHE, OyHAa a- UXTUEPUIA XaKH-
KVH COH.
Eunm w. bepHnraH katop 6unaH 6Hpra
sina i sinna
+ S'”éa G- e+ + .. (N.4)

KaTOpHH Kapaimus. By KaToOpHU sIKMHNALYBYU

-—, 1, (11.5)

T+ T=+ "+ N
rapMoOHUK Katop 6wunaH Takkocnammma.' NN XagnapWaH
(11.4) katopHuHr xagnapH (M.o) kat P _ (114) ka-
KaTTa amac, Wy cababnu Takkocnaiwl ajoma Teopemara aco-

TOp MKWHMawysun. AMMO Yy Xonga, ucootn
C\ ~ ~ TKf ~ I " a w Y4,, KaTOpNapHUHr KyhngarH

Xo“alr?a7 N AOX o I ;9kHHMawyByn 6?5ca m* « . « @



YHUHI Xannapu TtapTtubura 60fnuk 6ynmaliian (6y xocca wapT/ml
SAKUHAALYBUYN KaTopaap Y4YyH caknaHmanawn);

0) arap Katop wapT/im sKkuMHNawysum 6ynca, y xonga 6y |
TOp XaA/lapUHUHE YPUHNAPUHU LWYHOAA anMawTmput Kyinw mywm.
KVHKW, uvaTmxada YHUHI WuFmnamcu  y3rapaguv; OyHUHr yctura

anMalWTUPULLAAH KEMMH XOCUn 6YNraH Katop Y30K/allyBuM Karop
6yIM6 KoOAUWKN MYMKUH.

MMWCON YUyH WapTAN SKUHAAWYBYN

1— L.j._L_+* +J-_=+ + i — -+

2 3 4 5 6 7 8

KaTOPHN 0MaMu3. YHUMT AWFUHOMCMHM S 6unaH 6enrunaivMHi. Ka
TOp XadjlapuHu xap 6up MycbaT XagnaH KeliMH WKKUTa  MaHguid
Xan, TypaguraH Knnmé anmawTupamms:

1 | L J L L

2 4'r 3 .6 8

Xap OGHp MychaT XadHuW YHOAH KeWWH KenaguraH MaHguin xan G+
naH Kylamms:

— -+
2 4 G 8

MaTtwmwxkaga xagnapyn 6epwiraH Kartop XagnapuvHu 1/2 ra kyrnaitm-
puywaaH xocun 6ynranm kKatopra ara 6ynamui’. AMMO 4~ §aarun
1-Teopemara kypa 6y KaTtop SKWUHMAALYBYM Ba YHUHI WAFMHOMCK

+-S ra TeHr. WyHpan kuamb, kKaTop XaANapUHANE  XXOMNaLlmLL

TapTUOUHM Y3rapTupuw 6unaHrmHa YHUHT ANFUHAMCUHU VKKH Nep-
Ta KaMaiTnpguk.

12-8. Komnnekc Xaaiv katopnap

KaTtopnap HasapusCMHUHI KYMruHa wMacananapu gesapnm g
KaHgali y3rapuwnapcus xagniapyu  KOMIMEKC coHnapgan  uméopar
6ynraH katopnapra yTtkasunagu. factnaé

ZIr 72, *ee-,

KOMMEKC COHMap KeTMa-KeTAUTVHUHE NIUMUTU TabpUUHH K-
Tamuns, byHaa:

zn = xn + iy «= 1,2,3,...

1-Tabpud. Arap xgp KaHgaii e >0 yuyH WwyHaan N HaTypan ooil
HN TaHNaw MyMKWUH 6Yncaku, Gapya 1 > N flap yuyH

h— Z0< E
TEHrcmnsMK Gaxapusca, y xonga rO= a + ib komnnekc CoH zn= X,
+ iyn KOMNMKC COHMap KeTMa- KET/MMMHUHT NUMUTU Oeiniaan.

rM-—ro= (xn— a) + i(Yn~ b) 6ynraHn yuyyH \m— 2d



—ANTATAbF. LUv cababmm lim z = r,, IMMUTHUHT MaBXy4/HI
_*/ (n 1 n M-+00

r nanao xerma- KET/IMTUHUAT VKKUTA SIMMUN MaBXyamrura TeHr
XHKVKVH  COH.LLL

lim x,=a lim ya= b. (12.1)

M-+oo0

Tavoud KaToOp SAKUHAAWMWWUHUHE  TabpuUUHM  KOMMIEKC
atopra Xe4 Oup y3rapuucus yTKasuw WUMKOHWUHK OGepaauw.
~oMnneKkccoHnapgaH mnoopart.

wi+ g2+ ...+ ®,+ eee (12.2)

KATOPHN Ty3amu3, byHaa
wn= umn+ivn, n=1, 2,3, ...

By katopliur Aactnabkv N Ta XaoM WAFMHOMCUHA KapaliMma, YHU
S 6wiaH Genrnnaivmns:

Sn=a! —a2+ ... +

5 — KOMIVIEKC COH:

Sn= («! + 2+ eee+ 1) + L(Li + v2+ eme+ u) (=23

2-Tabpu. Arap (12.3) KATOPHUHI SN XyCycwii MWFMHOWIaPU KeT-
MB— KET/IMMHUHE  TUMATN
lim Sy=S =A+iB
MaBxXypn 6ynca, y xonga (12.3) KOMMJEKC Xadn Katop NKWHIa-
WyBYM KATOpP, S 3ca YHUHr WuFMHOUCK aelinnaawn.
(12.1) ra acocaH (12.2) KATOPHUHI AKWHNALWYBYM 3KaHUOAH Xa—
KUKNIA KO3OMPULIEHTIN NKKMTA

A= + m+ ... +«,+

” « ey

B —Vi+ "2+ eee+ Vn+ eome

KATOPHUHI SIKMWALLYBYM 3KaHN Kenmb umikaau.
3-Tabpud. Arap lim Sn maexyn 6ynmaca, y Xxonga KOMMiekc

MN—oo0
xaom (12.2) KATop Y30K/IWWYBYM KaTop Aeinian.
(12.2) KATOPHWUHI AKUMHAAWMWIWHK TeKwupuwaa ywoy Teopema
XY[da myxyumaup.
Teopema. Arap

Kl + u2+ ...+ |u|+ ...,

pyHoa |«y = y/~ y2 ~am(@p AkyHnawysum 6ynca, y xonga (12.2)
KAMBP Xam skuHniawysun 6ynagw.
c6oTu. Myc6aT Xxagm

K(+WA+ ...+ |Jag] +
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KATOPHUHI  AKUH/TallyBYaH/ 1M Ba

KI<V wm+vl =W . K\<V u +vn =K |

LapTapaaH, Mycbar Xaf/M KATOPMapHW TakKoc/nall aniomarty  acceua)l
(6-8, 1-Teopema)

l<il + 1“1l + eee 4+ \io\+
(12.4)

jori] + et + ...+ |t +
KaToOpJ/IapHUHT AKWMHNalyBYaH/INTU Kenmo ynkKaan. (124) Karop.
NapHUHT AKHNawuvwngaH 11-8 Aarn tTeopemMa acocmga

«l+ uz+ eee+ YN+ eoeoe)y

Ul+ ?2 + eee+ VN+ eeoe
KATOP/IAPHUHI  AKVHALWWLLIKM, Ba JeMak,
©l + w2+ ...+ wn+

KATOPHMHI XaM SKUHNAWULLIM- KeNné unmkagu, WyHW uncboTtnaw T
na6 KunuHrad agwy. %

Vic6oTnaHraH Teopema KOMIIEKC Xad/ M KATOPMAPHUHI SKAH-
NaWNLLINHN TEKWMPULL YYYH MycOaT Xaaim KaTopnap sKMHAalHLWN-
HUHI Gapya eTapnuanK asioMaT/apHHW KY//aHHW WUMKOHUHU G-
paaw.

4-Tab pud. Arap KOMMIEKC XaAM KaTOPHUHI Xaaiapu No-
aynnapuaad Ty3uaraH Katop SIKMHawyBum 6ynca, Gy KOM/IIEKC
XaA/IM Katop abCconioT SAKUHNALLIYBYM KATOP Aeinnaaun.

Komnnekc xagnn abconoT SKMHNALYBYM KaTop/ap  XaKuKui
XaamM abcosoT SKUHAAWYBYM KATOPMapPHUHE XaMMa xoccanapura
ara.

1 vi6 cosl4—isin1q. cos2 + isin2 i
-Mucon. Ywoby ----- A e S5
F— —n~!vn— b ... KATOPp abCcoONOT AKMHNAWRAAW, YYHKW  YHAUT

Xaonapy MofynnapuaaH Ty3unraH

—+ — + ... + — + eee
i 2% nr

KATOP SIKHALLYBYNANP.
Y3 y3MHM TeKWMpUW yyyH casonnap

1. Vwopanapy Has6atnallyBus katop Aeb6 kaHaali katopra aitunagH? Ysrapys*
YyaH Vopasn KaTop Ae6- un?

2. Vwopanapn Has6aTnallyB4yH Katop yyyH JIei6HHL, anomatu HHMadaH vbop2r-
Wcb6oTnaHr.

3. Vwopanapn HaBGaTnallyBuM KaTop KONAUFH KaHAal 6axonaHagn? Mucon-
nap KeNIVPHHT. ,

4. Y3rapyByaH VILLOPa/IN KATOP YYYH AKVHAALWMUMMHE €TapuvK LWapTyu Hava'
WcbotnaHr. .

5. AGCONIOT AKMHMALLYBYH Ba LIAPTIN AKWHAALIYBYM KATOPMAPHWHE  Tabprdues
6epyHr. Muconnap KesTUpUHY.
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JI6rTNioT" akMmnnallysuy KATOPSIAPHUHI XOCCACUHUN UCDOORVIAHT .
7 ?Neonor skHHnawysuu KATOPHUHI SKUHMALIMLLMA XaKUAAr TEOPCMIHW UCBOT-

JiaHr— iM|lieKC coHnap keTMa- KETIMIMIOLWN SIMMUTU TabpuULLL Ba KOMMJIEKC Xa-
aknunawysun KATOP TabpUGUHA 6€‘pHHr.
O KOWUMMEKC Xa/M KaTOp/apLUTHI SKWUHJALWMLLM KaHdau TeKwmpunaau?
10 27'X) — 2801- macanasiapH/ CUUNT.

13-8. dyHKUMOHaAN KaTopnap. AKUMHAALWWL COXAacu

Xapgnapu dyHkUmsinapgaH ubopaTr 6ynran KatopnapHU Kapatl-
ra ytamms:
«iW + u2@) + eee+u, W + eee (i3.1)

ByHpan katopnap (yHKUMOHan kKatopnap gehvnagn. mn\(x), m2(x),

QYHKUUSINAPHUHT XaMMacu GUPOP YEKNN EKU YEKCU3 UHTepBasl-
[a auvikfiaHraH Ba y3/TyKCU3.

OYHKLUMOHAT KATOPHUHI Xaau, XycycaH, y3rapmac 6ynuwm xawm
mymkuH. ByHAan xonga (yHKUMOHan KaTop COHMM Katopra anna-
Hagu. WyHaan kunnb, coHNM KaTop (hYHKLUMOHa/T KATOPHUHE Xycy-
CHIA xonun 3KaH.

(13.1) nogana .t ysrapyBumra 6ab3n XQ Xu ... KuAMaTIapHU
6epnb, y Ekn By COHMM Katopra ara 6ynamus;

«iW + W +.-m. .+ unx3d + ...,
ui (*i) + n2fo) + eee+ u,(vj + ... (13.2)

Ba % K.

X Y3rapyBUMHHHI ofaguraH KuH.mMatura kapa6 (13.2) katop
AKMHAAWYBYM €KX Y30K/alwyBumM 6ynaaw.

X y3rapyBuvHUUr (13.2) coHnn KaTop SIKMHAaWyBYM Gynaaurau
KuHMaTH (13.1) (hyHKUMOHaN KATOPHWUHI fKUHMAWWW HyKTacu ne-
HHMAaOW. X Y3rapyBUYMHUHI (13.2) cCOHAM KaTop Y3O0K/alyBun 6y-
napHraH_kuiimatn (13.1) yHKUMOH&T KAaTOPHUHT Y30Kaluil HyK-
TacL, aelivinaawn.
1an pu®- X y3rapyBUMHUHT (13.2) KaTOp SKWUHMAALWYBYH 6y-
* « " Xamma kuimatnapu tynnamu (13.1) dyHKUmMounan Karop-

1  sSKUMHIAWUW COXAacu Aennaau.

HW. [ aP X y3rapyBYMHHHI MO KuiimaTH (13.1) ¢yHKUHOHan KaTop-
HHHI S7Munawm coxacura Teruwnu 6ynca, y xonga 6y katop-
X~ X0 HyKTajiarm MUFHHAOMCUA Xakufa ranupuil MyMKUH:

NGO = n\(*Q + v2(m) + ee=+n, (xQ +

Yala,y” Aan Knnnb, yHKUMONan Katop WNFUUOMCUHUHE KUMaTu X
toruul,r VH/HT KuiimaTtura 6ofnuk. Ly cababnn yHKLHOHaN Ka-
OyHkUY, VAFMHOMCM YHUHT  SSKMHNAWWLW  coxacmaa X HUHE  6upop

1 9n 6ynagn Ba S (X) 6unaH G6enrvnavagm.
Muncon Ywbéy

1+ X w+ . .+ x +
260



hyHKUMOHAN KATOPHUHI Xa/iapy Maxpaku g = X ra Teur 6ynraH reo.
METPMK MPOrpeccus Tawkun Kunaay. [Jemak, YHUHI  AKUHAaWUWK - yuyy
M< 1 6ynmum kepak Ba (— 1,1) WHTCPBOA KATOPHVHI  AUMVHOKCLY

- ra TeHr. WyHaai kmmb, (— 1, 1) HHTepBayida GepwiraH Katop
|

1— IC

S(x) =

PYHKUMSHN aHUKIaiAgH, Oy 3ca KATOPHVHE WFMHOMCUOMP, STbHU

= 1+ J}+ + ...+ X + L.
1—X oz
2-Mmucon. Yuwby
1
AT . + e o+ )
2 —j-sin;; 3+sin.v /r-]- 1 meinjc

(hyHKLHOHa KATOp X HUHI X.ap KaHAaH KuiiMaTuga y3oK/allyBuM,
XakukataH, 6apya X nap yuyyH—INsin x|, WyHMHrOeK, Karop-
HHHI X.ag/lapy 6Gapya X flap ydyyH myc6at. Wy ca6abnn wmyc6ar
XaOnMm KaTOpPMapHUHI TaKKocnaw anoMaTuHU  Kynnaimus, 6epHi-
raH KatopHu

1+ 1 + 1 _
2 3 7+ n h

rapmMoHUK Katop 6HNaH Takkocnaimui. bepunraH KaTOpPHWUHI >@i-
napy rapMOHHK KATOPHWHI MOC XadiapHAaH (YYUMHYM XaauaaH
6owab) KMYMK 3Mac, FapMOHMK KaTop 3ca, Mab/lyMKWU, Y30K/a-
wyBun. [emak, GepunraH Katop X HUHI Xap KaHAal KyHMmammaa
y30K/allyBuM, LYHH ucboTnaw Tanabd KWIMHFaH 34M.

(13.1) KaTOPHUHT Aactnabku n Ta Xagn WWFUHOUCUHN S|
6unaH 6enrvnaimms. Arap 06y KaTtop X HWHI 6Mpop KuAMatuga
AKUHNalWca, y Xpaga

S (X) = Sn(x) + rn(x)

6ynagn, OyHaa S (x )— KATOPHWUHI AWFUHOMCK,

rMmw = Un+1W + Un+2W + eem
rm(x) mmkgop (13.1) KaMopHUHE KONOW-A gedinnagn. X HUHE  Gapx

KMAMATIapM YUYYH KATOPHUHI SIKUMHMALLMLL coxacuaa

lim sn(X) = 5 (X)

MyHOcabaT YypuHW, wy cababmm lim (S(.v) — Sn(x)) = 0 ékm HTr,,(*)
MN—oo MN—oo

= 0, bW SAKVMHMALYBUYM KATOPHUHI KOJAWFU N oo [J@ HOMra WHT
.



14-8. Tekuc sKMHMaWWLW. BeliepluTpacc asioMatu

13-8 [B @3 akuunawmnw coxacnaa lim rn(x) = O 3KaHWHW aHUK/a-

- Ov wxTnépuii Kmumk e > 0 coH yuyH fi Ba v ra 60fvK LIynaan

(e, x) coH Tonumb, Gapya N> N (e, v) Mapga \n(X)| < e TEeHrcusmnk
GaXXapWILLNVHW BUOMPaaW. _

oyHKHVOHaT KATOP/IapHUWM LYyHOaN CUHGM MaeXxyOku, Oy kartoprap
VAVH "tokopyaar TEHrCU3IVK KATOPHUHE AKMHMAW ™M coxacura  TCrLLv
Gapya X flap y4yyH n A N Oynmwm 6unaHok Gakapwiagy, 0y xonga N
dakar e mmr y3ura 6ofFnK, sbHH A = N (e). By KaTopnap Tekuc SIKH-
TawyBYyH Kartoprap Aeb atanagw.

Tabpud. Arap UXTHEPUH uUCTasranya KMYMK €>0 COH YuyH
(hakaT e ra 6of/mK, wWwyngai N (e) coH Tonmnmb, 6apya n~N pga
KypcaTwiraH coxara Tervwnm X nap y4yyH

K MlI<e
TEHICU3MIMK Gavkapwsica,
«i(*)+ m2(x)+ ... +unx) + ...
hyHKUMOHaN KaTop KypcaTuiraH coxada TeKUC SIKMHNAlWYBYU Ka-
TOp AeHWnagwn.
Katop Teknc SKUMHMAWWWIMHUHE amMangja Kynawu 6éynran etapiv-

JIK a/lIoMaTUHU NCOoTNanmMmns.
BelilepwTpacc anomartTwu Arap

™x) + n,(xX)+ ... +wunx) + ... (14.1)

hYHKUMOHANKATOPHMHI Xxaanapn 6upop [a, b} coxapga a6contoT
KMMmaTtn 6yimya 6Mpop aKUHAalwyBsyn MycbaTt miopanu

Ci+ c2+ ... +cn+ ... 14.2)
KAaTOPHVHI MOC XaAnapuiaH kKatTa 6ynmaca, SbHU
i In(*) | < (14.3)
Apcaniifn IJ XOlna 6epwunraH yHKUMOHA.r KaTtop

Mcent n1?07?7] COxgaa TEKUC YnHnawagn. .
W (*4.2) "'katop WnFnHAMCUW O Bwian Genrnnaimms:

a- + c2+ ...+ cn+ —

Xycycun mrukw- e " oy

> Karop SKUHNalWyBuYM OynraHW ydyH lim on= o Ba, [Aemak

*— O

4.1) hyHKUMOHaN KATOP MWFUHOMCUHA
H S (*) = SnXx) + rn(x)



snxX) = ul{xX)+ ... +unnK),

MX) = un X))+ n 2(x) + ...

(14.3) waptgaH
K+1WI A~ cn Mh+2 (A)l ~ On-f2' ===

9KaHH Kenub umkagm Ba wy cababnn (14.4) paH kapanaétray,
COXaHWHI H6apya X napu y4yyH

K () <

TEHrcu3nuk baxapunagn. by aca (14.1) katop [a, b)J ga TekHc
AKMHNaWMWHU  Kypcataan. LWyHn wucboTnaw Tanab KuaMHraH

30H.
1-mucon. Ywby
sinl2x . sin22x , sinn*x .
_/\+/\r_+ Hee|+ — +eoce

QYHKUMOHa/M KAaTOp X HUMHI 6apya Xakukuili Kniamatnapu yuyyH Te-
KHC SIKMHMalWaau, YyHkM 6apuya X Ba N sapaa
Isin rfix
Y e’

w6
M 11 |

_ﬁ_ }_Z——H eee 'L ﬂ+ L X

KaTop 3ca, Mab/lyMKU, SKUHAAWYBYM, UYHKU Oy KypcaTKuim
p=2>1 6ynraH ymymnawraH rapmMoHuK KaTtopavp.
Teknc sSKMHNaWYBYM (PYHKUMOHAN Katopnap Y4uyH yHKUWS-
nap 4eknu MUFUHAUCU XOCCanapuvHU TaTOUK KUANL MYMKUH.
l-Teopema. Arap

LX) + «2(MY ... + un,(x) +

hbyHKUMOHaN KAaTOPHUHI Xap 6up xagu [a, b] kecmaga ysnykcm3
6C/mmb, 6y (PyHKUMOHas1 KaTop [a, 6] Aa TeKUC AKMHAalWyB4Yn Oys—
ca, Y Xonga KaTOpHUHI AnMFUHAOMCK S(X) XaMm Ly KecMaja Y3yk-
cu3 bynagm .

2-Teopema (KatopnapHH Xxagniab wuHTerpainawl Xakog)-
Arap

M\(X) + n2 (X)+ ... + «,(*)+...

byHKUMOHaN KaTOpHUHI Xap 6up xaan [a, b\ kecmada ysnykcus
6ynn6, 6y yHKUMoHan katop [a, i} ga Tekmc siKMHMawysum 6yn'
ca, y Xpiga

J «iX)dx + jm2(x)dx+ ... + ) mnx)dx+ ...
a a a b

KaTop Xam sikMHAawyBun 6ynaan Ba YHUHr HuFvHaucn f S(<)dx r

a

TeHr OGynagwn.
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_ oouparn TeopemanapumMHr MCO60TUHU KeNTUpmMaimmns.
2-Mmuco n. Ywoéy
l-x2+a4-... + (-1)nv2n+ . ..

tovat katop W < 1 fa TeKUC SKUAMAWYBYM Ba YHUHE  AFHOVEN
(KapanaéTraH Katop Xa[/lapy reoMeTpuK Mporpeccus TalKun  Kuiaam)

Y J 3KaHUHN K\puL OcoH. bepunraH katopHu O gaH  GUpop

=W T ux2
X< 1 rava xaonab vHTerpa/vian.Mm13, batikaaa

- T R e L

KaTopra ara 6ynamus, 6y katop Uj < 1 ga TeKuC SKMHMawaau Ba YHUHT
MHFUHOMCKA Kynaarmra TeHr:
X n

j 5(X)dx = j = arctgx = arctg.t.

UyHoaH kmb, P < 1 ga TekUc AKUMHMALLyBUM
X3  xs » YA

arcfgx —x 3"+ -5 e+ ( D) ZT+ T+ o=
Katopra ara 6ynauvik.
3-Teopema (KatoprapHn xaanab avddepeHumaniall xakaga). Arap
UX + YUrx)+ ... +wun(n+ ...
oyHKUMOHa.r katop 6upop [a, b] coxapga skuHnawysum Ba S(X)
MurmHgpra sra 6ynca, wy 6wunaH 6upra yHUHI xXagnapu Wy coxaaa
y3nyKcu3 xocunanapra ara éynca xamaa
“iM + m2(x)+ ...+ mXx) +

Karop [«, 6] ga TeKUC sKMHAawyBun 6ynn6, a(x) imnmFmHaura sra 6yn-
c, Yy xonga bepuiraH Katcp TeKuc sikmHaawysun 6ynagn Ba S*(X) =
6ynaau.
By TeopemMaHVHI UCOOTUHU XaM KenTupMaiMmuns:
-Mmucon. Wy naparpadggarn 2- MUCONHU KapammMua:

ByHoaH

jair2
vearctgx=x2—y + ...+ (_!)» ETTT+ ... (34.5)

katom*? WKaau- byHaa YHr tomoHAa 6upop Katop Typuoaw.
IT,; pHu Nagnab pguddepeHunannad, KylingarMHyu Tonamms:

4*3  6)\b m- Q!1



By katopra [anambep anomMaTuvHU KynnaliMms:

L2
lim = lim 2n+lI lim 2(n+ 1) n A2 = x*
n-ioc 1| ri—*o0o 2N gn-1 n—s0 (2n+ 1)2n
2n—1

Wynpan kunub, katop abconoT AuMHMAalyBuYn Ba bapya Je- | j
nap ydyH 3ca TeKUC SKUHMalyBYH Oynaaw.

Jemak, XxocunanapHuHr ésunaraH katopu (14.5) katop WavH-
AVcnaaH ONMHraH Xocunara skuHnawagwn:

4x3 .

1 — 23ty (- 17 MUAT-N el

By skuHnawmw Gapya |q < 1 ga Tekicavp.

un+|

arctgf +

Y3-y3UHU TeKWUpULW ydyyum caBonnap

1 KaHpgaii katop chyHKUMOHan Katop Aelinnagwn?

2. DYHKHMOHAN KATOPHUHI SKWMHNAWWL coxacu AcO Huimara aniTHnagn?

3. KaHgali chyHKUMOHan KaTop TeKHC SKWHAalyBuM LaTop Aelvnagn?

4. OYHKUMOHaI KATOPHUHI TEeKHC SAKVHMALWHLLMHWHE Beleplutpacc aiomara
HM1ma?

5. TeKHC AKWHMALLYBYN KATOPMAPHUHI XOccaslapuvHU caHab YHKUHE. Mucon.”»»
KENTHPWHT .

6. 2802—2820- MacananapHH euYuHr.

15-8 [apaxann katopnap
Tabpud Adapaxann katop a6
a0+ at(x— M) + a2(x— a2+ ... +anx—x¥ + ... (151

KYpUHULLAArM oyHKLIMOHaN katopra aimwiaay, 6yHaa a0,  ......... an, ..
y3rapmMac COHMap Aapaxann KaTOPHUHI KCathduumeHTnapu oeiniaon.

Xycycumn xonpga, arap n0=0 6ynca, y Xonga 613 Xxagiapu
HUHI fapaxanapu 6ylinya xoinawraH

a0+ ax + ax-+ ... + anxn+ ... @52

dapaxanun katopra ara 6ynamms.

bns 6yHaoaH kelinH (15.2) kypuHUWAarH gapaxanu kartopnap
HA YpraHa\ws, 4yHKn 6ylgaii KaTop X'=X—XO0 anmalutupuil 6uias
(15.1) kypuHMWAOarn katopra kKentupunagu.

Kynanmk yuyH amxn xgaHu, yHuHr (n + 1 YpuHoa Typuwmra  Kd
pavaii, KaTOpHUHI M~ Xaau Aeiiniagn. KaTopHWHr 0304, Xpam ae waog'
HUHI HOMIMHYA Xaau Oeinnaan.

Japaxanu KaTOPHUHI SKMHAAWuL coxacun xap goum 6upop |H
TepBangaH wbopar, 6y WHTepBan, XyCcycuii Xonga HyKrara arisa
HW6 KOMUWM MYMKWH. ByHra WWOH4Y XOCWi Kunuw yyyH pgapa’
NN KaTopnap Hasapusicu ydyyH Myxum 6ynraH KyiHaaru Teopesl
HU ncboTnanmmns.
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Ab6enb Teopemacwu. Arap
a0+ aix+ aX"+ ... + anxn— (15.2)

n katop M0® O HykTada sAKuHNawica, y xonga 6y katop X \
fapo*: . <iV| TeHrcnanukHu KaHoaTnaHTMpaguraH Gapya Kuimatna-

H% a6cow n skunnawaau, SbHU (— |gd, jXj) wHTepBanga skyHMa-

uiyemdup-o T TeopeMaHuMnr wapTura Kypa

a0+ aixo+ alxo+ eee+ aX0+ e-m

COHNN KAaTOp AKWHMaWyBYuM, WY cababsv yHUHr yMyMUA Xaan Hot-
ra MHTUNagu:
lim anXg - o,

MN—s00
lWyHra Kypa 6y KATOPHWHI XamMMa Xaau yerapasiaHraH, sSbHU LiyH-
[aH Al> 0 y3rapmac mMaBXxyAku, 6apuya n napga

K*ol< M (15.3)

TEHICU3NUK YPUHAN Gynaawn.
(15.2) katopHWM Kyhmparmya KypuHuwga é3amus:

‘et + LT + me- + (t)"+ = (|59
LLyHOaaH KeliH 6y KaTop XaO/iapuMMHI abcomnioT KumatiapuaaH
X
rol + [l X 4 a3 - oA a0
i~ Uo axi [ e (15.5)

KATOPHM Ty3aMM3 Ba LUYHWHTAOEK, XaO/iapyM Maxpaxu q = j—j Ba G4vH-
*a

UH X3 M ra TeHr GYnraH reoMeTpVK NPOrPECCUSHUHF  XaayapvaaH
Moopar KATOPHW KapaliMm3:

MM = M Iooe e S, (15.6)

1xo 1\0 *0

~aP 4 *g”™ 1ékm M < IPd 6ynca, y xonga (15.6) Katop SKuHa-

abconot  KuhivatnapgaH wbopat (15.5) katop xav

(15.6) A1 ° /HKH YHHHr >xggmapn (15.3) TeHrcusnvkiap TydiaH.Tn

ékH (15 o1 nawyBun KaTopHUHr MOC X@[ylapuagH KUuuk. vy  Xxonga (15.4)
i »—IOPMNUHI Y31 Xam abCosoT SKMHIALLaAN.

6ynca, 6v karnnl/P’| ,0ePvnraH katop v= X0pO pga SAKUHNALLYBYN

ucooriam ., / M < Fol yuyyH abconoT sikmHnawysun 6ynagn.  LyHn

HaTtwnx A Wwra" sgn

6?/lca. Y \oi™ r P (152" papaxanH kartop /1= M0 da Y3OK/lallyBus

MPYBIM xan to  ¥,kal’P X wunr M > [M] TEeHrcmsnMkHM KaHoaT/laH-
McboTm ‘KN kumvatn3 y3oknawysum 6ynaan.

Jaiinmk, y xon. TTP 6uP°P Wil > kd [a skumnawysun paeb dapas Kt
J6ens Teopemacura OuHoan y jM < jv| TEHrcusnmkHM

D



by katopra [anambep anoMatuHU Kyananmma:

2Ny 2 2141

: i+l s 2n+ 1
lim 1" = lim
M-*oo M-+oo 2 n 2n—1 a-—-*00 (2 nA)—f— ])2 IC
2n~ 1

WyHgan knnnb, katop abcontoT siKMHAawyByYM Ba bGapuya
nap yyyH aca TeKuUC SAKUHMawysunM 6ynaaw.

Jdemak, xocunanapHuHr ésunraH katopu (14.5) katop WHvH-
OVCUOan ONMHraH Xocunara sKMHaawaaun:

arCtg*+ fx ir = 2xie—1° + ... +(— PP LR o
By akuHnawmw Gapya (4 < 1 ga Tekucavp.

Y3-Y3UHU TeKWWpULIl Y4yH caBonnap

1 KaHpgai katop (yHKLHOHan katop Aenvnagn?

2. DYyHKUMOHaN KATOPHHUI SIKMHAAWWLL COXacH Acb Humara aitunagn?

3. KaHgali yHKUMOHa/1 KATOP TEeKHC SKWHalyBYM KaTtop Aenvnagn?

4. OYHKUMOHaN KATOPHWUHI TEKUC SKMHNAWWWIMHHHE Beleplutpacc anomatH
HUma?

5. TEKHC SAKWHMALLYBYN KATOPMapUUHI XOccanapuHi caHab YHKUHE. Mucom»®"
KENTUPWHT .

6. 2802-2820- macananapHu euunHr.

15-8. Japaxkann Katopnap

Tabpud. dapaxanu karnop neb
A+ a™X —x0Q +a,(x—x02+ ... +an{x—xQr + ... (151

KypUHULLAArM (byHKLUMOHaN Katopra antuwiagn, yHaa a0, alt ,an, ..
y3rapMac CoH/lap Aapaka.r KaTOpHUHI Maddmupmellniapy aeinnaon.

Xycycuii xonpa, arap x0=0 6ynca, y xonga 6u3s xagnapu *
HUHI gapaxanapu 6yinya ownawraH

a0+ alx + a22+ ...+ anxn+ ... 152

Aapaxanu karopra ara 6ynamms.

B3z 6yupaH keivH (15.2) KypuHMLIAAru papaxanu katopnap-
HN ypraHammn3, 4YyHKkM 6yHpan kKatop X'=Xx—Xx0 anmawtunpuil 6uias
(15.1) kypuHUwAaaryn katopra Kentmpunagw.

Kynaiinuk yuyyH amxn xgoHu, YHUHr (0 + 1)- ypuHpoa Typywira K3
pamaii, KaTOPHWHI M- Xgoy Aeriniagn. KaTtopHuHr o304 xgaym a0 kg’
HVHI HOMMHYM Xaau AeAWiaaw.

Japaxann KaTOPHUHI fIKMHOawWuL coxacu xap goum 6upop 11
TepBangaH ubopar, 6y WHTepBas, XyCycuii Xonga HykTara aiina
HUO KOM-LM MYMKUH. ByHra WLWOHY XOCWI KWW YYyH Aapa#®
NN KaTopnap Hasapuscu yuyyH Myxum 6ynraH kKynugarm teopes
HX ncboTnaiMmms.



n6enb Teopemacwu.Arap

a0+ ay+ axz+ .e=+ anxn+ ... (15.2)

kaTOp xO0® O HykTada sSKuHMawica, ij xonga 6y kartop X
Japascii 'l e, TEHICU3NMKHU KaHoaT/laHTMpaguraH bapya Kuimatna-
Boa abcontoT akuHMawaan, avHU (— |ad, IxXd) nHTepBanga AxkvHNa-

Wye\u-To T n. TeopeMaHUHI wapTura kKypa
a0+ flilv0+ aZo+ eee+3g,X0+ oo

COHMN KATOP AKWHALWYBYM, WY cababnn YHUHT YMYMWUIA Xaam Hom-
ra VHTHIagu:
lim a,x' o,

WyHra kypa 6y KaTOPHUHI XamMMma Xaau yerapanaHraH, SbHU LyH-
ndan M>0 y3rapmac MaBXyaku, 6apya n napga

Kx B\<M (15.3)

TEHICU3NUK YPUHAN GynagH.
(15.2) kaTopHM Kyhunparnya KypuvHUWAaa €é3aMus:

a0+ + + (15.4)

LyHaaH KeliH 6y KaTop Xa4/lapUHVHE abCcomioT KuiMatnapuaaH
o I\llt); + a,x@ ee+ K*of -T+ ... (155

KATOPHM Ty3amm3 Ba LUYUWHTOEK, Xa4/1apy Maxpaxu = j—| Ba GvpuH-

U xgogm M ra TeHr 6YnraH reoMeTpUK MPOrpPecCUsHHHI  Xag/iapuagH
mbopar KaTopHU Kapaimms:

X X
M+ M + M 26 . +m X 4 (15.6)

*0 *0 X0
Arap q= '-;%' < 1én je| < |x0 6ynca, y xonga (15.6) katop sKuHIa-

cababnm abCcomnmoT KuiMatiapgaH wbopar (15.5) katop xam

(56~ T B UWHU YumHr xpagnapy (15.3) TeHrcusavknap Tydannm
€k /11 A\lUau-Bum MatopymHr MOC Xga/apuagH Knumk. Y xonga (15.4)
ITjMu * IaTOpriHr y3M Xam abComtoT sSIKMHaLLaaN.

oyfea Gv'I@ KIONN)* araP Gepyrad KatoP X = X0V A AkuHnalyBum
vcoornsan, Nal(lP W < W YUYH abcontoT sikyHiawysun 6Ynaan. LyHwn
Talab KWIMHraH 3gu.
6Ynca, y * * a [l rap 05.2) papaxaim katop A= .10 Ja Y30K/IaLyBuu
THPYBYH xsn 7* y . xator X HUHI P > |W] TEHrCcU3IMKHW KaHOAT/laH—
NcboTtmn |/"a KnHMaT! y30K/1allyBuM Gyrnaan.

JlaAvk v 6Mpopml£a > |\ A2 sknHnawyBum Ach  dapas k-

" Abenb Teopemacura 6uHoaH Yy |M < | TEHrcUsIMKHM
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KaHOAT/MIaHTMPYBYN X flapdp, XycycaH X = X0 Aa, abconoT AKUHMALLYBYL, §
Oy 3ca wapTtra 3ua. Jdemak, ¢apasMm3 HOTYFpU, 6y 3ca HaTMXKaHHM]
TacauFn TYFPWINITMHE OMnaypag.

I-acnatma. Komrekc y3rapyBUNHUHT

ao+ Az + AM2*r eee~hanzn+ eee (15.7)

Japaxasin Katopy y=y Abesb TeopeMacu TYyFpuwiMriva Konagy, o6yu”
a,, ah , an, ... KOMMAEeKC COHMapP — KATOPHUHI Ko3adhdpmLpmeHTnapy |

Abenb Teopemacura kypa (15.7) KaTOpHUHI 6GMpop Z0 HykKTaga SKUH.
LLYBYAHUTAAH YHVSIT

n < |z0|

TEHICU3/IMKIaPHN KaHOaT/laHTVPYBUM Gapya z fapda abcontoT  akuHnauy |
WK Kennb umkaon.

Katop aScomom
AKaH awaan

5- wakn.

2. XaKNKUii Xgm Katopnap yyyH SIKMHAAWWL A0OMpacy, VHTEPB
M Ba pagvycu. Japaxamm KaTOPHUHE AKWHALMLL COXACMHW aHVK/IaLra
(cvipywavz.  AGerb Teopemacy Japaka/iv KATOPHUHE SIKMHIALMLL Ba \ 3k
nawmil HyKranapLmmr Xonawmunapy xakaa Mysioxasa FopuUTUL MMKO
HUKN Gepaan. XarakaTaH, arap XO skMHiawmw nykracu 6ynca, y xonmg
(—W, |iJ) wHTepEanHWHI Xammacu abCcoMoT  SKUHAALIWULL  HyKTanapH
owiaH Tynampwirad. Arap X, HyKTa y3okjiawmw ‘Hyktacu 6ynca, y >Qt
Oa { gaH YHrpara yekcus spyM TYFPU YMSUMKUMMHE Ba— Ix ] JaH yargjars
UYEKCU3 APUM TYFPK YM3UKHUHI XaMMacy Y3OK/alluLL 'HyKTacuaaH voopar
6ynagn (5- wakn). byHaaH WyHOaM R COH MaBXyg, sKaHmrn Ba |} <R
Oa abconot akmatawml, fd] > R ga aca y3oknawml  HykKTanapura Ja
oynMwMMmM3 kermb unkaan. LyHpaih knnmb, gapakanii KaTOPHUHE - sikuia-f.
Nawmil coxacm Mspkasu  KoopavHatasiap 6owmaa  6ynraH - Lirrepsasiiail
néopar.

2-Tabpue. ab+alx+azx2+ ,. .+a,xn+ ... gapaxann K"
TOPHUHI AKMHMWMW coxacu aeb wyHgan (—R, R) wHTepBs.nra
anTunagmku, Oy HHTEPBa/IHMHI  MuMgarn xap kKaHgan x Hyura/l3
KaTop AKMHNaunan Ba Wy 6wunaH 6Gupra ab6conmoT siKMHAawaM
YHAAH TalwkapHaa éTyBuM X HyKTanapga KaTtop ysoknawaam- *
COHN papaxanE KaToOpHWHI SKUHAawuw paguycu Aevinnagn @
wakn).

VIHTEPBa/IHMAT YEeTKM HyKTanapupa, abHH X=R Ba X=—R HYF
Tanapaa 6epwiraH KaTOPHWHI SIKMHMAWWMWK - éKn y3oKnaw 1M
Macanacu Karop yUyH anoxmaa Xasi KUnnHagw.

Bab3n Katopnap y4yyH SIKMHMAWWLW WMHTEpBaM HykTara aitl
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KaTtop agconwoT
AKMHNaW ajga

6~ Wwakn.

M6 Konaaw, y xonga =0 6ynagn; 6ab3vnapu yuyH aca OyTyH
OX ykuHn Kampab onaan, SsbHU R = co 6ynagw.

Japaxanu katop KXMHAAWWW pPagHYCUHU aHuKiaw y4yyH dop-
Myna umkapamus. AHa

o0+aix + amxr+ ... famx"-r ... (15.2)

KaTopHW Kapaimus. YUVMHT XaA/JapUHUHT a6CconoT KuiimatnapuaaH
KaTop Ty3amus:

[aO\+ |aAd + [a2q+ ... + \axih+ ... (15.8)
MycbaT xagnu katopra ara 6ynamm3. (15.8) KaTOPHUHI SIKUHMAa-
WWWWHH aHuKnaw YydyyH [Janambep anomaTuHW Kynnanimus.

lim " oZ g R T110 Hmo AMTL ) mW

| “n A= an xn | an

JTHVWT  MaBkyn O6yncvH. Y  xonpga [Janambep anomatira  Kypa
(15.8) katop, arap 1w < I, AbHKU WX\< )7 oynca, AKUHNALLyBYM, arap

ZW > 1, sabHn U] >y 6ynca, y3oknawyBum 6ynagn.

Jemak, (15.2) katop |g] < — mga abconoT skMHNawaay sa | > —
[ y3oraawiaap.
okopnparniapogH j— yj wHTepBan (15.2) KATOPHWHI SIKMHTa—
L1 nHTEpBa/M 3KaHU KENUO UMKAOW, STbHU
(15.9)

e«H

sro AN MHTERBA/MIHI  AHMKAAW yMyH LIYHUHrOeK Kowu
aT»AaH Xam (QoHAaNaHU MYyMKUH, V XO/naa

1
lim, fn|

2-3C
1aPv \JTaTma“ Ba (15.10) chopmynanapaaH Karop xam-
Xn/la <'la’ sbHU KaTop KO3I(hPUUUCHTNApW Hofara — ainaHMaaHraH
mSf  gKMHAawuw paguycnapuHi Touumw  ydyH hoiganaHn

(15.10)



MYMKUH. Arap Katop akat XydpT AapaxanapHu ékm gakat ToN

JapaxanapHu {3 wuuura onca EKn papaxanapu kKappaaum 6yn-

ca Ba X K., Y Xonga sKMHAALWWW WHTEPBA/IMHU TOMWLI Y4YyH 6GeBO-

cnta Oanambep ékm Kowwu anomatmpaH, (15.9) éku (15.10) chop.

MynaslapHU uYukKapulga KUanHraHugek dorganaHull Kepak.
3-3acnaTtmMa. Ywoy

a0+ fli(* —*0) + M * —*0)2+ ee= + an(x~ *0)"+ e =

KYpUHULLAArN Aapaxanu kartopnap Y4YyH loKopuaa anTtuiaradnap.
HUHI XamMmmMacun Y3 Kyunga konagw, 6yHaa dapk wyHgaH wbopar—
KW, aHON SKMHNawunw mapkasm n=0 HyKTaga amac, 6ankm x=\Vq
HyKTaga €tagun. [emak, saKuMHNawuw uHTepBann (dO0—R, *0+#)
MHTepBangaH ubopat 6ynagn, 6yHaa R (15.9) éku (15.10) dop-
Mynanap 6yiunya aHuknaHagw, Wy 6wunaH 6upra 2-3cnatma 6y
KaTopnap y4yyH y3 Kyunga Konaaw.

4-3cnaTMa lOKopHOa aiTUNraHAapHUHE XamMMacu KOMMJIeKe
y3rapyB4YHN

ao+ aiz+ a2+ .ee+armn+ . .. (1511)

Lapaxann Katop yyyH Xam Y3 KyuyuMHU caknaiigu. by KaTOpHUHr
aHVKNaHULL COXAacu z KOMIJIEKC Y3rapyBuu TeKUCAMrngaru Mapka-
31 KoopauHaTanap 6owwuga 6ynraH gouvpagaH wmoéopar. by govpa
AKUHNAWHLI govpacu Aeinnagn. AkuUHAawmw govpacu mnunpa e
raH HykTanapga (15.11) katop abconioT AKUHAawagwu. SkMHNa-
WHL AOWPACUHUHT paguycu Aapakasiv KaTOPHUHE SAKUHAALWMWLW e
anycn  peiiHnagn. [emak, AKMHAawm coxacu paguycu R 6y
raH govpagaH wmbopart 6ynagn: \2\ <R, 6yHga ("15.11) kaTtop &-
comoT skMHnawagn (7-wakn).

1-muncon. [Lapaxanu KaTOPHUHI AKUHAAWWL WHTEepBa/IHA
TOMWHT:

X~ N+l @ xy -

2 3 |
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£funlll- F.ykpa

i , L2 r'x1
e, - ( — Jfl,,+,=(-1) m+-r
LWy cababm
/2= lim -Hm — L lim « = i. J.
%0  atH <P n-2n+l 2«® n 2
Jewmak, y) WHTEPBaN SKUHMAWWW WHTepBaM  Gynagwn.
Cmp -+ KaTopra ara 6ynamma, 6y katop Jleli6-
HAL anomatn 6yiinua SSIKUHAALWYBYN. X —— m — | — + —+

Katopra ara Oynamms, Oy KATOP FapMOHMK KaTop cudiatiaa ysoKnam
2-Mucon. KaTopHUHI SKUWIALWLL UUTEPBASIAM aHUK/IAHT

- 1j. (*~ a+ (*~ 13+ .._+ (x- D1+
1-2 2.2= 3-23 n-2n
Eunw. byHga an= — , anH = (r1+1)\n+l . LY cababnm
R = lim _A_! = lim ---————- =2lim «+1J] = 2.
‘n+i n-2"

AKMHNALLML UHTEPBMHUHT MapKasn v = 1 HyKTada, LWy cababmm

(— 1, 3) nHTEpBaVy1 KATOPHVHI SIKMHMALWMLL UHTEepBaSH 6Ynaan. X = — 1
m — 1+ —— —+ ... katopra sra 6ynamus, 6y katop JlelbHWL,
anovamra Kypa skaHnawyeum, X =3 pa 1+ —+ —+ .. . Karopra

ara 6ynamns, 6y KaTop FapMOHVK KaTop cudiaTMOA Y3OK/IalllyBuM.

3-Mucon. KATOPHWHI SIKUHMALWMLL AOMPACUHW TOMUHT:

l+2+mR2+ ...+ zn+
£unw. byHpa an= 1, anH = 1 R =1Ilim N»_ = 1 [Oemak, pa
anycum b . M-t0oo On+\

n 1>MWPKasn KoopayHaTanap Gowmpa  GynraH Aovpa  SKUHma-

BV 10poupacy 6Ynan- svHH YA < 1 fovpa SIKMHMaLWWLL Aovpacyl 6Ynaau.
Paoa Katop abcontoT skuHaawagy (8-Lwakn).

*MUCO/. KATOPHUHI SKUHMAWNL AOMPACUHA TOMWHT:

rer + A + L+ o+

Eum w-byHpga a, = -1, anH = — -m , wy cababm



M1+

Jdemak, sakwrnawmw govpac 6yTyH KOMIIEKC TekucamkgaH nGopjjl
oynagw.

16-8. Japaxannm KaTOPHUHI TEKUC SKUHAawWuwm Xakuaa
Teopema. [lapaxasu KaToOpJlapHUHI Xoccanapu

AKMHNaWHW paguycn R ra TeHr 6ynraH
S (X) = a0+ atx+ a2+ ... + amn+ ... (18]

KaTopyn Kapaivm3. by katopra HucbataH 11-8 garm  HaTwkanapu
KYynnaHuw ydyH Kyhingaru TeopemMaHu ucboTnammms.
Teopewma [Japaxanun katop AKUHMAAWWLW WHTEpBa/IN W4méa
8TraH xap KaHgaii \—b, b] opannkga Tekuc skuHnawysunamp.
McboTu. XQHyKTaHH b<X9<R TeHrcmsnuk ypuHnu 6ynam
raH Kknmnnub TaHnaimma (9-wakn). by HyKTa SKUMHMAaWWLW sHTEpP-
Ba/IN mnumpga €tagn, wy cababnH Ab6enb Teopemacura 6mHOaH

a0+ alxQ+ andA + ... + arx@+ ...

COH/IM KATOP abCoMoT  aKkMuiawyBun 6ynagn. WXtmépuii X 6[—b, A)
HyKTa yuyyH P4 < [xd TeHrcusnmk YpuHIH, LWyHra Kypa

ns71 < fc/o .
SbHH UxTnépuin VE [— b, b] Hykra yuyH

KJ< M o!

TEHrcM3NNK YpuHK, 6olikaya aitraHaa, (16.1) KaTOPHUHE Xad/iapn siw
nawyBuM MycbaT KATOPHUHI XaojiapuagH KuuvK.  [lemak, Belieplurpan!
TeopeMacura kypa (14-8 OGapya XE[—Db, bl nap yuyn (16.1) HI
AKMHAawysun. Ly Teopemara acocaH, LWYHVHIAEK, TEKUC SKVH/ALLyB* B
KATOPMapHVHI Xoccariapura OMHOaH [Japadkasii  KATOPSapHUHE  ky;:uaar»3
Xoccanapn ypunin. I

l. VNFUHOVHWKE Y3MTYKCU3AUTU. [apaxanH KaTOPHUHI i
ONCN WY KATOPHUHI SIKHHAAWWLW MHTepBasiHAA Y3/1YKCU3.

2. Aapaxann katopnapHu wHTerpaiaw. fapaxanun Karop

Y3VHUAT AKMHAAWWW HHTepBanda xXagiab wHTerpannaw  my*
KHH.

* X X X n
f5(dx=]" a0dx + f adx + ...+ [ ax dx+ . me—
0 0 0 0]

= a0+ -)x2+ ... + =44 XA 1+ .- .., BE(—R, R-

3. [Japaxanwu katopnapHug
pepeHymannaw. Aapaxanun KaT
HA  Y3VHUHI akuHnawuw 1019
Ba/IMaa WXTUEPUIA CcOH MapTa Vig
O LIaKA. naé pauddepeHuynannaw M>Mm



Yi'm=fli+ 2a,x+ 3ax+ ... + nax XE£(—R, R).
57(v) = 2fl2+ 3-2fI3v+ . e + n(n — \)arx ~2+ ...,
*€(-/?7, R)

Y3-y3UHM TeKWupuw ydyyH caBonnap

1 KaHgali kaTtop fgapaxanu katop aelivnagn?

2 Aeeib TeopemacvHn vdoganaHr Ba UCOOTAHT.

3 papaxanH KATOPHVHI SKMHAAWWW paguycu Ba HHTEPBaUIHHH aHHK/IaHT.
4" flapaxanu KATOPHUHI SIKHHAAWHL  paguycvHn  XHcobnall opMynacHHU

JMKa5 "komnneke y3rapyBun AdapaxanH KATOPUHHUI SKUHAAWWLW paguycu Ba A0-
Hoack KaHpalh aHHKNaHagH?
6. Napaxanu KATOPHUHI TEKUC AKHHNAWWLWLIM  XakHOArH TeopemaHu Hc6oT-

JYH7 [apaxanu KaTOPHUHI XOCCa/IapPHHH alATHHT.
8. 2878—2889-'MacasiaslapHN eUVHr.

17-8. Telinop Katopu

3-600kmHr 21-8mpa  (Onuin matematuka, 1-xwwig. 21-8.)n+1-
TapMo/Mrasa xaMvia xoewlanapura ara 6ynraH f(x) QyHKuus yuyH
X =a nyKra arpodmaa

f(x) = f(a) + X~rf (a) + mmm+i- f- r(a) + RnXx) (17.1)

Telinop chopMyracH YpUHAM 3KaHW KypcaTwiraH 3gyv, 6yHaa KONAuK Xaf,
[e6 atanyBuM Rn(X) xan,

A | . ag=""NnI]lr/ m+'«) 17.2)
ma_ 6yinua cobnaHaay, 6v e a< l<x ékmm x<\< a
m)_ Y xp oy poa

Ta, P~ &Yukumsa X = a HyKTa arpodumaa xavma TapTvbam  Xoon-
‘s p'a I+ 6ynca, y xonga Telnop copmynacuaa N COHVHW MCTasraHya
Knmb onvt MymkuH. KapanaétraH arpodiia

lim Rn(x) = 0
V\papas Knnaiinvk.
AN ES o _* - ~ -
oB _@Tﬁglrra |3 ra7 6ynqa)1M|7/|'\?fl.yna'£b n-*oo ga numutra ytmb, YyHraoa uek
bpud. /(X) QYHKUNSHUHT

K. fxAf(a)+ ~f'(a)+ .. +~A~fm@)+ ... A7.3

VKHr TelAnnn nd°pacH 6y dyHKumA-
Ownm  ~amoPu Jelivnaapn.
TEHIIMK M—t-o00 [Ja
\Gwa §Hr yncarmHa — ypuHin. by f 1 a
YatH gy TOMOHAArM Katop  SK/Ha-

naFnHaucn GepwiraH 10-wWwakn.



f(x) cdyHkupara TeHr. LyHW Kypcatamm3. XakukataH Xam, /M
= Pn(x) + Rn(x), 6yHOa

PR -/ (@) + A />)+eee + A= f- frj(a).

AmMMO wapTtra kKypa, lim Rn(xX) = 0, y xonga /(X) = lim Pn(x). b1

Rn(x) (17.3) KaTopHI/II:IF M- Xycycuii MWFUHOWCK, YHUHT amvntn (173, K-
HUHI AinFnHaycura TeHr. Aemak, 0y (17.3) TeHr/MK YpUHIN.
WyHaain kmb, lim Rn(x) = O 6ynraHgarnHa Teiinop Katopy Gepid.

n-+o00

raH QyHKUUsSHU mdhoganaiop.

1 Japaxann katop EWWIMacUMHUHI AroHanuru xakuparm Teo
.pema. Xap kanmpgaih yHKUHA xXam Telnop Katopura éinna Gepmvaii.
On. AMMO YHKUMSHM OGUpOp Aapaxann Katopra &M MyMKUH!
6ynca, 6y éhnnma Teinop katopw 6yMH4Ya énnnma 6ynagw.

1-Teopema. Arap

f()= a0+ at(x—a)+ ...+ an(x a)a+ ... 174

6ynca, yHrga TypraH katop X£ [a—R, a + /1] nap yuyH f(X) dyHe
upsAra sKkMHNawagu, wy cababnm 06y katop Teinop katopu Gyag,
SABHU

n - ~ (a>
n n

6ynga n=0, 1, 2,....

McboTu. (17.4) TeHrNMKKa papaxann kaTopnapHu n vepra
xannab andipepeHumannall xoccacumm Kynnanmms. Hatuxkana K-
Mmnparvnapra ara 6ynamms:

f(x)=al + 2a2(x—a)+ ... +nan(x—an 1+ ..

/"(*)= 1le2a2+ 3=2«ww3(x—a)+ ...+ n(n— Dan@—anJ+ =

MN(x) =n\an+ .. .

Arap Oy TEHINMUKNapha x = a Aeb 0/nvHCca, Y XON4a 6upuHunce-
OaH 6owka xamma KywuiyBuMmaap Hosra arvnaHagnm Ba 6u3

f@ =11 ab f'(a) = 2! a2........ fn@ =n! an, ...
TEeHI/MKNapra ara 6ynamus, 6yHgaH = 0, 1, 2, ... 6yiraHga
f n){a) 17.5)
m
TEHINKKa ara 6ynamma. ra

By TeopemamaH f(X) (OYHKLVSHUHI GMTTa COXAHUHI Y3MOA WKKU
f(x) = a0+ al(x—a)+ ... + an(x—a)n+



& f(x) = bO-rbAX — i) 4- = =— + bn(x—a)' +

éiinnvacH Oynca, y xonga 6y Mkkana katop 6utta Telop ka-
6ynHWKM Ba Wy cababm ynap 6vp xun 6ynmwmn, SbHU

a0 bo bit..., O b%...

TOPUHVHI

»3UM Kenmb uikagn. N
2 OYHKUMAHUHT Teunop Katopura euwIvILMHUHT  eTap/nvk

meaiapn. PYHKUUAHUHE Telnop karopura EMNMNUWUHUHE Kyhinaa-
ni anomatn amanuii KynnaHuwnap ydyH Kynanigup.

‘* 2-tcopema. Arap f(x) dyHKUMs v=a HyKTaHWUHr 6upop ar-
podmaa abcontoT KuiimaTtn 6yinya alHaH OUpP COHHWHE Y31 6unaH
urrapanadrad MCTasiraH4a OKOPW TapTuban xocunanapra ara 6yn-
ca y xonga 6y hyHKUMA KypcatunraH Xx—a HykTa atpodmaa Teiinop
katopura EANNNULL MYMKUH.

Mc6oTn. BU3 X = a aTpohHMHI Xamma HyKTasiapy y4yH n-*-00 fda
/2. KONOVK XaOHVHI HOMra MHTWIMLLMHW MCO0TNallmMMmn3 Kepak. Teopema—
HV/HM WapTuUra kypa WyHaai mycbat ysrapmac coH M > g MaexXyaku,
KypcatwiraH arpodygary 6apya a nap y4yH

(1WA M

TEHrCVMK Gaxxapwiagn. Y xonga (17.2) wapt 6yinya f (X) dyHKums-
HMHr Telnop éinmnvacuaarn Rn(x) Konavrm ydyH yweéyra ara 6ynamms:

_ . x—alnH
Rn(X) = (x—a) M+ 1 /ot 1) (17.6)
ByHopH, X = a arpodHMHr Gapya HyKrasiapyu YyuyH lim \Rn(x)] = O,
A-M 4
YyHKUW/NHWNA—"— = 0, (lith — — = 0 AKuMHMaLwyBumn TOPHUHI
y . (n+1)! )(,—*-* (n+1)! Y 'ﬁla Bl

J -mm xagam cncbatap, 15-8 parm 4-muiconra Kapadr). Teopema MchoT-

Xala o0 sinb, cosxmn (e+*). (1+"TOYHKUUANAPHU XHUHT Japa-
evi'im/ -YHHda ®hnw.  KynnHua  dyHKUMSNapHUHE X HUHE JapakasiapH

a=0 -,/ MvePyggH doipanaHwiaagy. By xonga (17.3) copmynaga
O °nmb, ywby katopra ara 6ymmHagw:

Eyr o [X=FA+ -t O+ ...+ £/<>0O+ (18-1)

D6 arargn)©VI0P  kaToPunuHr Xycycuii  xomayp, 'y MakiopeH  karopu
WB. MeHmap dyHKupsiapHH Maknopek Katopura éinHu Kypuidra yta—
= QYHKWMAHVHE X HUHI Japaxanapun yrnva éinnmacn. /(X) =

= (8.1 MaknopeH katopura éavHs. /' (1) = " (X) =
E( (X)~ e 6ynraHn yuyyH x = O HyKTaga
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fO=/7'0= ..a=T (0)=¢e'=1
TeHrNHKMapra aravms. [— N, N] opamvkHM Kapaiimm3, 6yHga N. t
TUEPUIA TaliMHMAHTaH COH. X HUHI 6y WHTepBasijari 6Gapua KuiAmar
y4yH
finx) = e*< eN—M > 0.
Jemak, 6y opamkaga XocWlallapHUHE [xaMvacn 6utta M = &  coHiia)r
y3n OuraH uyerapasiaHraH Ba UCOOT/IaHraH Teopemara Kypa
lim Rn(x) = 0.

M->co

AMMO duapasra Kypa N wuctasraH coH, gemak, /(v) = e dyHKUHA X
HUHI XavMma K/ivatiapnaa, sisHU OX YKVHUHE XaMvia epya Maknop®
Katopura éiniaan.

WyHaah kyuvo,
ex= 1+ x+ ...+ -N) + eee xf (— 00, 00). (182
2. sina: yHKUMSHW X HUHT dapaxanapu oynnua énnw. f(x) =

dyHKUpsHM (18.1) JNakopeH Katopura éavns.

/' (X) = cosX = sin |Xx + —),
FX)=—sinx=sinl* + 2 | |,

f"(X) = —cosx=sin + 3 =|j,
fnW =sin(* + n j

6ynraHn yuyyH X = O HyKTaga Kyhvgarwiapra sra 6ynamms:

/0)=0f0O)- 1MNM0=0 WO)=- 1, /¥0)=0
Ba X K.

XocunanapnuHr KaiiMat/iapy Takpop/iaHaay Ba
0,140 —20 2140 —1,...

TaKpopaHyBUM KETMA-KET/IMKHU XOCW1 Kunagn. Sin.v  dyHKUUAUAHT
Ta/ran Xocwiach xamva X fap yyyH abcomioT Kuimatn  Gyiinda
KatTa 6ynmanan, sbHU

A\ = [sinfx + n =—£) <1 Ba lim Rn(x) = 0.
2

n->00

Hdemak, /(X) = sinx hyHKUUsI connap TYFPU UYBUFUHUHE Xavvia WY
Tanapuoa MaknopeH Katopura éinnaou:

sin*- ,—-i+ ...+(-D)"+~rL+ ... »>e 43
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BrokkuHs Katopda Vv HUHI TOK Japaxaapy KartHalaau.
sinje Tok ©>" HKLU/AHM X HUHI JapaxanapH 6yinya énnw. by éamn-
3. QBMHKMUAHW KaTopra éivwaa KysyiaHwiram YCYNHUHE y3n G-
MBHM SinX VW MyMKAW. OMMO SinX (yHKUMSHUHE  (18.3)  élinnmMacu
naH X°cwl dphepeHHnasiiaHca, Cos.v (OYHKUMS  EAnIMacunM  OCOHPOK,

X3, » 73a0aXaN KaTOPMaPHUUN XOCCarapura acocaH):
yiiLl MymKL

(sin - ... +<-ir«(eS ity + '...
Jemvak
cosif= | - 2)

sV xxy®dT hyHKUMA, KATOpAA X MUHE XY(T Japaxanapy KaTHallaau.

4 1n(l ~X) OyHk.WwaHKM X HUHI Japaxanapy 6yhinda énimw. f(x) =
= 1INl +=*) dyHKaMAHM Mak/IopeH KaTopura inil yYyH YeKCH3 Ka.MarB-
w

1410 + o (=D "+ L., X€E(-1 ]

rEOMETPHK  MPOrPECCUSHUHI  MFMHOMCK  doopMyacuaaH — dooiiganiaHammz.
Japaxann katopnapH1 AKMHAALWNLL VHTEPBA/IMAA  UHTerpasyiall Xoccach-
[pH choHapaHaMMB:

X X X [X X
j dx — | xdx+ | xx— ... + (— DI ™xdx+ ...
o B 0 0
ByHOaH
h (I~ -, f+ f_ ... +(-D-+» _~ .+

+ eee  —vE(-Il, 1.

_ OYHKHVIAHH X HUWHP gapaxanapy 6ynnua évw. f (x) —
XaKK N OyHKUMAIV MaknopeH karopura éamus, byHaa ac— UXTUEPUIA
Kaft Q0T ™ epga N1X) KpAAVK XaoHu G6axonall 6upMyHYa Mypak-
Hyn 1 5t ~NGabnn GepuiraH YHKUMSHU énaa 6oLuKauapok
MB- M3 fW Py gyddbepenupaniaivma.  Kyinpgarmnnapra sra  6yna-

M(x) =a(\ + x)a~\
f')9= @(a— ) (1+

- W=a(a—1D ...a—n+ 1)1 +*)"“ "
2640
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X =0 pga

/0)= 1T 0=« I 0)=a(a- --—-——- r ') =
=a(@a—19d ... @a—n+ 1]
Napra ara 6ynamma. XocwiallapHUHI TONWwiraH KyiiMatnapuim (18.1) HA»

Mynara Kysamm3, Hatwkaga (1 + X)a (yHKUMSHUHT MakiiopeH  Karort!
ara 6ynamma: la

v+ & x+ AT P 4
a@a—10...a—n+1) « ,

By Katop 6vHOMMan Katop Aeinagn. LUy KATOPHUHI  SKMHMALWNLL Ke
TEpPBa/IMHM TOMaMU3:

] an . a(a—1...
R — lim = lim
[ > o SRSV V=ev n\a(a— 1) .. )
= jim 21 =
>a—n

Kypn6 Typnbmunskn, GuHomman katop (— 1, 1) mHTepBaniga aboarkar
AKUHMALLAP 3KaH.

Konguk xgoHu 6Gaxonawra kvpuwamms, 6yHoa 0 < x < 1 xon O6ued
yeknaHamn3. by wHTepeanga (1 +X) = -—< 1
n>a— 1nap y4yyH) Ba Ly cababnm
fjhDM\=Jla(a@a— 2 ...(a- M@+ xXa-n-\ < |Ja(a -
— 1 ...(a—9).
By epma dyHKUMsHKM Telinop karopura EMULLIHUHE eTapnn LLep-
TM Xakuparn TeopemagaH (17-8, 2-Teopcma) hoifanaHa oveii-

MU3, YYHKW XOcuna ydyH TonuaraH uverapa n ra 6ormvk. Wy &
6a6nn (17.6) TEHICU3IMKHU KYNNanmMuns:

a(a@a—1...(a—n) x+]

\RN(X)\< (1)1

TEeHrCU3MMKHMHE YHI ke Y < 1 ga skyHnawysun (18.4) papaanl
Katop (N + 1)-XaauHWHr abCcosoT KuiiMaTuaaH mbopatayp, atuiraH Kd
TOPHUHI  SKUMMAWNLLIMHA X03VprMHa toKopyaa Ucbotraavk. Jemak,

lim_ R =0.
im Rn(X) =0

WyHpai kumb, (18.4) euHomman katop (— 1, 1) ga (I +A"a dYHK
LMsSHU  udoganaiap:

(1+x)* =1 + —1|\—x+ ... +g(a-" l*(><~ n+ Dxn+ .. =
n!



X6(-1 17
TYpAn KuimMaTniapu yuyyH OMHOMUWan KaTtopnapHUHI 6up
a H'vevciift kKypuyHMWNaPuUHKM XoCUn Kunammns:

I—leLg)m 90 a = 4 6Yynca, y Xonga o6uvoMnan Kartop OyHaal ésunaau:

rap
L0 w21 -t'b3..... (2,-3)
YTHX 1+ - 2w 2-4-....2n
+ ... ,a€[—1; L

6) \rgp a = — 7" 6ynca, y xonga GuHoMMan Katop OyHpan éswna—

. _ .o
1-3- ... =(2n J)XI_H_

yTrrx ix+ £ xX----+(-"- 2-4- ... -2n

+ eee *6(— 1; 1.

Yy 3-Yy3MHU TeKWwnpuw yuyyH casonnap

1 f(x) ymkumaHUHr Telinop KatopH Ae6 Humara aHTunagH? Telnop karopu-
HM Konguk xagn neb vimara antunagH?

2. OYHKUHAHWHI dapaxanun kaTopra éMHAIMacUHWHI AroHanurn xakuparm Te-
opeMaHH MCOOTNaHT.

3. OYHKUHAUNHT Telnop KaTtopHra EMHAMacMHHUI eTap/HAVK LWapTH Xakuaa-
rii TeopeMaHn MCHOTNAHT.

4. e* QyUKUMSHN fapaxanu katopra éWnHr Ba KONAHK Xan épaamMmmuaa Xocun
6yNraH KaTOpHHHI 6epunaraH yHKUMAra SKMHNAWHWWHH UC6oTNaHr.

5. cos X (PyHKUMSHM [apaxanu katopra @WMHr Ba Xocun 6ynraH KaTOpPHHHI
GepwiraH (yHKUMAra SKUHNAWWUWIMHK KONAWK Xah épaamMuaa ucboTnaHr.

6. sin.v (PyHKUHAHW [apaxanH kartopra €WMHr Ba XOCWUn 6YnraH KaTOPHHHI
6epunraH PyHKUHAra AKUMHNAWHLWWHW KONAHK Xah épaamupa ucboTnaHr.

7. In(l+X) dYyHKUMASHM  fapaxann KaTtopnapHH HHTerpannaw xakugaru
TeopemMadan dolifanaHHb kaTopra EéAnHr.

8. (1-f.r)* uyHKUHAHH fapaxanu Katopra €MWHr Ba XOCHN 6ynraH KaTOpPHHHI
AKHHNALWNLL UHTEPBA/IMHN TOHUHT .

9. 2841—2868- macanasniapHu €4uHr.

19-8 OudpchepeHuman TeHrfamasiapHu euvwra gapaxanu
KaTtopsiapHy TaT6uK KuauL

OyHKUMANAPHN AapaXanu Katopnapra énnw  épgaMmmaa  xap
n o gdepeHuyan TeHrnamanapHu TakpubaH uHTerpasniiaw Mym-
e -Pakkab6 Hazapuii TacaBBypfnapra b6epunamacgaH, Xycycuii
MH/ TOMULLHVHIE UKKUTa YCY/IMHU KapanMuns.
aHVK p/Hu YOYN- OundochepeHuman TeHrnama Ba XyCyCUil eYMMHU
e ,Jlosu1 6ownaHfFuy wapTtnap 6epwiraH 6YNcuH. TeHrnamaHuHr
(*_fdHA 6ownaHrny waptnap GepwiradH g0 nykra artpodwmga
kHUL. O r [A3paxanapu 6yiinuya ownawraH katopra énnw mMym-

y Ma0+ ai(x—xQ + a2(x—02-- ... -fan(x —xQn+
<\'3ypua
MOMabiyM KO3(p(pHUMEHTIM By KATOPHU TEHrNaMaHUHT
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TapTMbn kKaHpgah 6ynca, wWyH4Ya MapTa AguddepeHumanianm
WyHaaH KelvH TeHrnamaga HOMabiyM (OYHKUMA Ba YHUHE Vi
nanapwv ypHura Tervuwnu KaTopaapHuU Kyimb, arHuaTra ara oyd
MU3, YHAAH KATOPHWHI HOMablyM KO3(PUUMEHTNAPUHN aH™1
naimmna. ByHAa KaTOpHUMNT AacTnabkm koadduumeHTnapH (yj$
HUHI COHM TeHrnamMa TapTuéura TeHr) O6owaHFuMy WwapTiap”
aHVKNaHagu. AMHUKCa 4YM3MKAN TeHrnamanapHu 6yHaan ycyn
NnaH eunww Kyna. v

1-mucon. WIKKuHuUM Taptmbnn umsukam y" = xy JdydcpepeHya)]
TeHrnamaHn y |»x=0— 1, y’ 0= 0 6owiaHFnd WapTiapaa eHVHr. ‘|

Eunw. A0= 0 6ynraHn y4dyyH €UMMHW JT HUHI Jdapaxaiapn GyHma
Ty3WIraH Katop KYpUHALLMOA W3MaiiMus:

y = an+ o, X+ a2xr 4- ... +anxn + ... 19.1)
By KaTtopHU WKKM MapTa AuddepeHunaniaimms:

y'=  + 2aX+ ...+ nax*-{+ ... (192
y" = 1222+ ... +n(n — \in xm-2+ . .. (193

bownaHfFny wapTtnapgaH doiiganaHn6, v=0 kuiimatHu (19.1) m
(19.2) KkaTopnapra Kyihinb, pactnabkm KoappuUMeHTNapHH Toe-
MU3:

00= 1, ar= 0.
WlynpaH kKelinH 6GepwnraH TeHrnamagarnm y Ba y" nap ypHura
ynapHuHr (19.1) Ba (19.3) élinnmanapuHu Kynunoé
1-2a2+ 2-3a31+ ... + n(n~ la@m-2+ ... =
=ak+ ...+ anx?H +

aHHMATra ara 6ynamMmm3. X HUHI GHP XWUN Aapaxanapu ongigarv
KoahpuumenTnapHn TeHrnab, Tonamms:

1l<ar= 0,
2 -3a3= 10,
3-4a4=

(n— JYnan=an 3

byHpoaH aO= 1, = 0 3KaHMHU Xxpcobra onvb, KynmaarHnapHu KyPvB
OCOH:
a2=aa=as= ...=a3, =0,
a\—ai=a,0= ... = a3r+l= 0,
b [
C3* 2-3 s+- 56"3-————- °3" (3«=1)3n - 2n- 3

bolwkaya antraHga (19.1) kartopaa
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b4 1.4.7- GBn-2
a=1 6!’

jiimmr konraH Ko3(h(MLIMEHT/IApW 3Ca HOJra_awiaHa .
v mT m - gH3 TeHrnamMaHWHr Katop KypuHuLInAaru edv-
YB

Nt jira 6ynaMmuna:
mira i 14 « , 1-4-7- *(3n — 2) x3n
1 é—p;3+ '%]'X + .+ - an

K HUHT Xap KaHdan KuiAmMatmga SKUHAAWYBYU 3KaHWUHU
BY "6ep anomatn épgammaa KypcaTuwl MyMKuH. LLUyHUW Kaig, k-
La- Kii Tenrnamanwuur TapTUOM YHN KaTOp épAamMua eyl ycy-
nws MY 6Mp TabCcup 3TMakguW.
VkknHun ycyn. Arap Tenrnama u4msvkam 6ynmaca, y xonga y
YpHHra yHUHI KaTtopra éimnmaciu

y=a0+ a{(x—x0+ ... +an(x—xQn + ... (19.1)

HH KYHULI HOMab/lyM KO3((UUMEHTNIAPHN aHMKNall Y4YyH Mypak-
kab TeHrnamanapra onH6 kenagu. byHpan xonnapga Kympgarmya
v Kypuw choiigann. TeHrnamaga y HU X HUHI pyHKumsacn neb ka-
pab, yHn 6up Heda MapTa auddepeHuvannaHagn. TeHrnamaHuHT
y31Oa Ba YHUHI XocHnanapuga X=x0 (M0 yuyyH 6ownavrmy LwapTt-
nap G6epwnraH) ge6 onmb Ba 6GownaHFM4y WapTAapnu MHobaTra
omraH xonaa (19.1) katop KoahuumeHTNapn KeTMma-KeT ToUnnagw.

2-MHCON. y' = X~+ y2 TeHrNamMa EUYMUHVHI Japaxan Karopra
EMMFacHVHr 6P Heya XaaovHM y\XNj = 1, y' Ix5 = 0 6owwiaHFny

LBpTBROR TOMVHT.
Hunwi. E4mmHM

Y=a0+ a,(x— D+ ... +an(x— Hn+ ...

KATOp KYpHHUWMAA wusnanmmnid. MabayMKu, 06y KaTOPHMHE KOo3(h-

dviuHeHTIapn Telnop  KoadduumMeHTAapuamp, ynap y QyHKUmsA-
WH =1 HyKTagarn xocunanapu opkanu kyhinaarn copmynanap
owlaH HpoganaHaawn:

<b-y(1), =y’ (i), a2=4 ? . eeeega, * — .o (19.4)
yang ylWey 6enrmnawnap kmpymwirad: /() =y |=L /(D) =y
, A Q)—Y(M)2xX™,, . . . bepuwniraH TeHrnamaHn 6yp neyda mMaprta -

AHFIPANA" MH3 Ba  XOCWIMIAPHUHE X = 1 HyKTagarn Kuimat/iapuHm
Tamws. WyHaaii kwimo:

y" = x2+ y\ Y()= 1,
y'U= X+ 2.y, y'()=o0,
™ — _ ” y"(D: ?
y 2+ -+ 2y, Yy )2,

/IND = @

yv=6y'y" + 2yy", Yx(1)-4



, irdiin

H

Ba X K.

XocunanapHWHI romwiraH KuiMaTnapuHM Katop Ko3guumeHT-
napnumHr  (19.4) dopmynanapura kKyammni. Kyimgarun Kanmatnap
Xocun bynagw:

_ —Bo=2= _2_1 6
an= a;=0o0=2=1%o0=5=72 q_ 47
|
ab= 30

LWyHpan kw6, TariamMaHuHr

y=\+ (X-D)*-i(x—D3+ 1 (x-D*+ L(x- )5+

KATOp KYpUHMLLHAArM esHwra sra 6ynamms. EYMWHWMHE By  YCy/vHN
Xap KaHOA TapTvbnm TeHrmavara Kyaniam onamus.

A8 Takpnbuin xmcobnaiunap

Takpnbunii xmcobnawiapga xam gapaxanu kartopnapgaH ooi-
pananmnagn. f(xX) \-Hym kmnmatmHn xX=x0 ga 6epunraH aHvK-
nukaa xucobnaw Taed KHAVHCUK, OelnnK. OyHKuuaHu (a—R,
a+R) wnHTepBanga Tewiop kKaTtopura énmw MyMKMH Ba X=XO Hyk-
Ta GepwnraH wHTepaanira Tervwnm peb dapas kunamui. Y Xonga
f(X) QYHKUHAHUHI 6y HyKTagarm aHuK Kuiimatu Tennop Katopu
6yiinya, Takpmbuin KMAMATM 3ca Wy KATOPHUHI XyCyCcwuii nFnHap-
cM 6ynya XMCOOMaHMLM MYMKUH, 60liKava aHTraHaa:

f(x0 » Sn(xQ.

N HUHM KaTTaiawmwum 6unaH 6y TEHrUKHUHE aHUKIUMK opTa
6opagn. by Takpuo'| TEHIIMKHUHE abCoMIOT XaToCn KaTtop Konam-
FUHWHT

f(x0 — Sn(xO\ = \rn(xO\

MOAynura TeHr.

Arap f(xO dyHeon kuimatumm e>0 aHUKIMKKada Xxucobnail
Tanab kunauuca, y tonga 6ms wyHgaW pactnabku xagnap WwnH-
OVICVHU ONULLIMMU3 CEpaKKU,

—s, (*o)H

TEHTCU3NNK YPUHINOY/ICUH.

Katop konaufu MycbaT wuWopanM KaTopfiapra Taannykau
(19.2) wHTerpan aoviar 6yiinya éxku UWWOpasiapy Has6aTnallysByu
katopnapra Taanuykm (10.4) JleibHUU, anomatn 6GYiiHYa 6Gaxona-
Haaw.

Maiipgo 6ynraH >amcH1 Teinop KaTOPVHWHE  KOAAMK Xaay GunaH &m
Xonaw MyMKVH. by pnga a6conor xaro, sbHU |/ (M) —Sn(xQ| Tei'

JIOP KATOPVHVHI KOTIVK X3OoM MOAy/NMra TeHr:
54

m(xO\ <e

< mo

1n<)- s.w - (KW I-1
(«+1)*
OyHOA ? KMAMaT a 6unam X opacuda Etaam
' KongukHu 6axonall ycynu aHuk Xonra Kapat kyniaHaap.
1-MNCOJT e coHnHm 0,001 rava aHuUK™MKga wncobraur.
E ynw. Mabnymkn, ~HUHI X gdapaxanapu Ma KaTopra
élinnmacn Kynuparmvya kKypuHuwra ara:

:1+X+§!+ + -
Oy '<go KaHdalh v yuyyH ypuHM. X — 1 ga
e= 1+ 1+§! + .+ =T+ ...
,El,aéTna6K|/| (n 1 Ta XaOHW oncak,
2+ —+ .
2! nl

TaKpPUOUM TEHI/IMKKA 3ra 6ynamuvs. FAKMHAaLWMLL XarocH/ .MaknopeH Ka-—
TopU KONAVK Xaam éppoavmnaa 6axonaimma.  f(n+i)(X) = €l 6ynraHn yuym
KONAvK Xa,

()m= Ly T

ra TeHr 6ynagn, 6yHga 0< \< x. x= 1 ga Rn(1) —(77[j” 6YHoa ™
<Il< 1

e <e <3 akaHWHM Xycobra oMb,

31

n+1
TEHICUM3MIMKKA 3ra 6ynamm3. Tanab KwWMHaETraH aHK |[lka FETEY
yayH N—=6 Aeb Onn erap/im 3KaHMHWU TEKLUMPULL O0OH STbHU KB( <
< 0,001.

WyHaan kb, 0,001 aHWK/IHKOArn

*(n< (

+ —+ —+
2 21 3! + 6

1KpUoMIA TEHTNNKKa 3ra 6ynamms. Bu3 Wyn KyiiraH xatora Kylim-
YBUMIapHU sSiXAUTNawga sHa XaTto KYLWUAMac/inri yuyH Xap Kaii-
KYLLUWYBYMHU OUTTafaH 3XTUET pakam Ounan E3amms:
1,0000+ 1,0000 + 0,5000 + 0,1667 + 0,0417-0,0083 +
+ 0,0014 = 2,7181.
Vs e 0,001 raua aHVKMKOa 2,718 ra TeHr, dbHu es*,2,718.
Ne*Mwncon. sin 18 Hu 0,0001 rava ammKIMKOA XYCOQMaHr.

X f,iumw - SINA YUYHAX HUHI X3P KaHdalh Kiviemaga TYrpy 6ynraH
Japaxanapn 6yinua ywby énnimvara sravHas:
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J2n—!

Sin X — ——————— h . (- "H 21!

18’ HM pagviaHnapda HdopanaivHz: a = +  [emak,

sin 18°= sh—= Mo
0 10 183
Xaonapy abconioT Kuivaty 6Gyiida KamatoBuM Ba yMyMUA Xaam Hor
VHTWNYBYM WLLIOpa/iapH HasbaTnawlyBuM Katopra ara 6ynguvik. illy cabab-
1, KATOPHUHI Konawn (10.4) HUHE Tawnab obopwiraH GUpUHYA XaaL,

[aH KatTa 6ynmvaiaw. 003 >0,0001, < 00001 6YynraHn cal

»—3! 10'-5!
6abm 0,0001 rayva aHUKIMKAOA
sin 18 « ——————
10 103-3l
TakpMoUin KMAMaTra ara OGynamMms. XUcobnalwiapHUHE  XaMMacuHN butra
OpTUK pakaMm GunaH Gaxapamns:
A «3,14159; n3- 31,00620,
3,14159 31,00820
10

sin 183 0.31416— 0,00517 «0,30899.

WyHpah kunmb, 0,0001 raya aHukAHKAa sin 18°«0,3090.
bab3aH papaxann karopnap épgamumga aHuK WHTerpaniapHv
xucobnaw MyMKWH, Oy WHTCrpasiiap KOpW YerapaHuHr ynk-
umacn  cudpatuga oxmp-okmbarna anemeHtTap  (pyHkumsnap 6unaH
ndoganaHvaigH. bup Hedta Mucon KapaiMms.
a

3-mucon. Ywoéy j e~xdx uHTerpanHn xucobraHr.
d
Eunmiw. e~x* HAHI GolnaHFY oyHKLMSCK 3neMeHTap yHKLMS aviac.
By WHTerpasiHM XucoGrall yYyH WHTerpan octugaru e~x (yHKUmUams
Katopra éavH3, € HuHr (18.2) éinamMacuga X HA (— X-) 6wiaH anvall-
TUpaMn3;
% i

17 2

By TEHIMMKHWMHI WKKana KAcMiHM O JaH a rada uyerapada MHTerpaniao,
KyngarvHi Tonamms:

Q fv 3 5 YN

e~X dX= ——=— + ————_ . + (— D" ———Zm—— h

JO Vi 13 25 \% e+ |)
Ml

N e re— 4-C -
113" 25 ‘m K WHF]

By TeHrK époaMmaa Xap KaHOal a ga G6epwiraH WHTErpasiHU wctanram
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13

_ . 8 xucobnaw MymMKuH. MacanaH, \ e~X dx nHterpan-
sP3Xaja aHNKINK* | 6 _
aHMK/IMKOA Xucobrall kepak. MnaHaeTraH WHTerpsn

kH O-00L ’\6aTnau1qu|/| KaTop MnFMHAVcUra TeHn
L Hpaiapn macm

1 1
f e~ dx~ j 113-33  215-35
b
<0.00U > 0,001 6ynraHu y4yH MLopa/iapy HaBGaT-
5.3 ! 3-1!3:
vm ivm Xatonmvknn  Gaxonawl  kompgacu acocvga 0,001 rava
Kb O.rr« ara 6ynamms:
(V** dv~* 0,3333 -0,0123 - 0,3210.
o] 0*d
LLyHAgi Ko, 3

f e-Xdx& 0,321

4-muncon. X dx HM xuycobGnaHr.

Eunw. WHTerpan octmgaru - (OYHKUMSIHN KaTopra éamuma.
) 3 vat
SlnX=—l'——3—[—... —fﬁ—l)m(—zf“‘
TEKI/MKOAH Gapya X fapda SKVHIaLlyBUmn
JIn—2
lilf =i __ ffl o (D) +HI-EZ T+
X 3 V 2n—2
~aropra ara 6ynammn3. Xagnab vHTerpaniad, Kynmnparmra sra 6ynamms:
sin x 2
(2/—D! (2t

|V*Top nurHHaucm Xap KaHfan a ga ucTajiraH aHuK/MKaa OCOH
~oonaHagH.

Y3-Y3UHN TeKWMUpUW Yy4yyH caBonnap

Yeyn!?? eMeHuyllan TeHrnamanapuv fapaxanH kKatopnap épgamua uHTerpas-
i._W\"HK,HMagaH H6opaT? Muconnap KenTUPUHT.
1 £ V18P KWiMaTnapniu katoprap epaamnaa Takpneuii xHcobnaw ycy-

3 VHTterm'H™ ~ ,con KenTUpUHr.
6aéH  Jlall K.| iMaTnapvHn  KaTopnap épgamuga TakpubHH Xxmcobnaw
KWNHHT. MUCON KeNTUPUHT.
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4. Katopnap éppamMuga yvkumanapHu umiterpasiiall ycyivHu 6GaéH
Mwncon KentTupuHr.

5. 2894—2914, 2920—2938, 4109—4116, 4246—4250-MacaniaiapHu e4HB

21-8. dypbe KaTtopu. Pypbe KOaIDULMEHTNAPU

ANAM amManHH haHIapHUHT Ba MaTeMaTUKaHWHT Typnm Nac B

napn KentupunaguraH karopnap CUHGHHW Tawkua 3TyBum ! i
KaTopaapnHn ypraHuwra Knpuwamuns.
Ywoy

N+ (] cosx+ b, sin M)+ . + (ancos nx+ bnsin nx) +

= + V  (ancos nx+ bn sin nx)
n=\

KYypuLILLAArY KATop TPUrOHOMETPUK KaTop Aeb atanaan, 6yHoa a,n
bu eee. am bn’ <« — y3rapmMac coHlap, Oynap KaTOPUMHI KoedX&
uneHTnapun aeiniagn.

TPUrOHOMETPUK KaTopsiap UKKMHYM MyXyM  yHKLMOHaUT Ka
TOopnap CUHMUHM TalKUN KWiagy (Aapaxanu kaTtopiap cuHgm @
pyHUM cund xucobnaHagw).

(21.1) Katop X ra kKappaim aprymeHT/IapHUHI CUHYyC/lap Ba
CUHYCMapUHN Y3 mnunra ONITaHUIN yuyH ynap 24 ra TeHr ywwmr
naBpra ara 6ynaaun. Arap 6y Katop SIKMHIALLYBYM KATop A6 de
pa3 KWIMHCa, y XOn4a YHWHI WUFUHOVUCK XaMm [aBpu 21 ra i
6ynraH gaepuii UyHKUWA 6ynagw.

Ywo6y MacanaHn KysaMus: gaBpu 271 ra TeHr 6ynraH GepiTH
f(X) YHKUHA yuYyH WYy YHKUHSAra SKUHAaWyBYM  TPUROHOMETPMK
KaTop TY3WHT.

OngnHgaH 6up Heua épgamun QOpMyaslapHM aHMKNab aevs.
Xap kaHgan n ® O pa Kymnparunapra aramus:

(21R

sSm nx

cos nxdx = = 0.
_n "
n (2n
. COS nx
\]smnxdx=— =0,
» jon
| cos2nxdx =—J (L + cos 2nx)dx = n,
—9 —n
A A
j sin2nxdx=-ij (1 —cos 2nx)dx = 7.
—A —A

TPUroLIOMETPUSHUHT Mab/lyM YLLBY
cosa cos P= (cos(a (@ + cos(a—(H),
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sin a Sin p=|(cos(a-P)-cos(a + P)).

sin a cos p=j (sin(* + P) + sin (a — p))

ra 6mHoaH, wWyHuWHrgek (21.2) Bsa (21.3) copmyna-
h’pmynanapul HAMEpMIAr MycbaTt N Ba T Jfap Y4YyH KynWugarmnap

epllwm 6ynaaun:
0, arap T ® n 6ynca,
f cosnxcosTXdX= jn, arap n—T 6ynca,

(21.4)
A (O, arap T ® n 6ynca,
I sin Nx sin mxdx—| arap I—n 6ynca,
-
4
I'sin nx cos Tx dx= 0.
-4

KyiiHnran macanara kanitamus.

JaBpH 21 ra TeHr 6ynran f (x) paeBpuii dyHKUMS y3Hra (— n,
N) VHTCpBa/iAa SKUHAALlYBYM TPUTOHOMETPUK KaTOp GunaH TacBup-
NaHagHraH 6YNnCWH, OeWnvK, Sbuu Wy TPUTOHOMETPUK KaTop in-
rMHOHCUOaH néopat 6yncuH, OennnK:

@
f(*)=j + 2 K o©os nx + bn sin nx)- (215)

n=1
by kgrop xd[—n, 4] nap y4yyH SKUMIalyBuYM B3 YHU Xag/1ab vHTe-
rpaall MyMKUH Oe6 diapas Kunalmk. byHgaH a0 KoathMUMEHTHN Xtt—

codral yuyH guoiipganaHavma. (21.5) TEHINIMKHUHE MKKana KUCMUHK — 11
[hH N rasa vHTerpasinaiimms:

J | « | 2|
j/(X)dx=— | a0dx + (an j cos nxdx + bn | sin nxdx).
—n n=I — —A

_ (212 dopmynanapra 6UHO3H AMrMHAY GeNrUcH OCcTUOArn UWHTerpan-
-P"wHr Xammack Homra TeHr. [emak,

n
Jf(xX)dx = naQ

OYHmeH

n
ao—~ j'/(*) dx. (21.6)

(215 1, HUT 6HP°P aHuK kuiMatuga ak KosthduIUMEHTHM  TOMWL YYyH

6)V’nrau, VpoVKAVH™ nKkk3na KuemyHn cos kX ra KyrnalTvpamms Ba XOCW
& N — N fan 1 radsa xgoiab UHTerpaiaimms:



8

A fa fa

| f(X) cos kx dx = 4O Fcos Axdx + (an J cos nx cos kx4

—A —A n=I —A

A
+ bn | sin nx cos kx dx).

Al
(21.2) Ba (21.4) chopmynanapHM 3bTMbGopra oricak, YHr Tomoudaun

KO3(OQMUMEHT/IN UHTErpasigaH B0LLKa XaMma WHTEerpasviapHUHE hoim
3KaHVHW Kypamua.
Jemak,
| A

( f(x) cos kx dx = ak fcos2 kx dx = akn,

OyHOaH

ak= 1 Tf(x) cos kx dx.
N X

bk koshdmupmeI nT TOonMWw yyyH (21.5) TEHIMKHUHE VIKKana K

H/ sin kx ra kynaitmpamm3 Ba Xocun 6YnraH TeHrIMKHU — N &,
rasa WHTerpasinaimms:
A |

| f(o sin kx dx =" | sin kx dx +

cc A

+ (an | cos nx sin kx dx + bn | sin nx sin kx dx). 1

—N A

(21.2) Ba (21.4) dhopMynanapHu Xucobra oscak, YHr TovoHdara

KO3(hMLIMEHTIM MHTerpasigaH G0LLKAa XaMMa VHTErpasviapHUHE Homra
3KaHUHU KYpamu3:
WyHpan ko,
A A

\f(X) sin kx dx = bk (' sin2 kx dx = bkn,

GyHOaH

b= — J (V) sin kx dx. (21
-9
(21.6), (21.7) Ba (21.8) dhopmynanap 6)7I7IVI‘-Ia aHWKnNaHraH
atppuumeHtTnap f(x) yHKUMAHUHT Pypbe KoathdmumeHTnapu A
nagn. WyHpaih kospuumeHTnn (21.1) TPUrOHOMETPUK KATop
f(X) DYHKUMAHUHT Pypbe KaTopu Aennnagu.
XOCcun KWIMHIFaH TPUroHOMETPUK Katop OGepunraH /(X)

60



— .4 Macasacu Xaiu aHuKNaHMaraHu yuyH 6us
a SAKASN3W M 5, . 4. EPOAAMHOA BYXYAFA KeNTUpUAraH

N\'0yPe kaTonoc f(x) yHKUuMa 6unaH y xocun kKunran ®ypbe
onamms. * 6ofnaHnWw byHaal 6enrnnaHagn:
KaTopH opacup,

/(*)~ - + (°’k cos kx + bk sin kx)’

k\
a0 2k<b na;fj (21.6), (21.7) Ba (21.8) dhopmynaniap 6Gyiinva >+
coaeeg1r NN hynkumsira YHr TomoHAa é3unraH dypbe Ka-
ByHaanMwnHurnHa oeungmpagn. bus KaTOPHUHI AKHHMAALIH-
TopN M "Hr MHFMHOMCn f(X) ra TEeHrMMrnmHuM ucboTiaraHMMmn3-
N'KeWMHrmMMa ~ 6enrvHn = 6enrH 6unaH anMawTHpUW  Mym-

KHBvV MacanaHn Xan KuaMwgaH OnguH «ypTaya sSiKMHAAWWUW» Ty-
LyHYacK 6unam TaHULWaMuns.

22-8. YpTaua sKuMHAawuw. oOypbe KoapUUUEHTNAPUHUHT
MUHUMaUT/IMK XOCCacH

Arap 6vpop (YyHKLMSA 4YEeKCU3 KaTtop LlWakiavaa TacBupiaHca, Yy
XONOa KATOpHW M- XaaMaa  y3ull  HaTwkKacuga Xocusa 6ynraH Yek-
M AnMFHOM éMnnaétraH (QyHKUMSHUHE Takpuouin undogacn aeim-
fa. M HUYHF eTap/anya KaTTa KUAMaTMHH TaHnaw WynH 6uniaH
YIMH UCTa/TraHuYa aHUKIMKAA XOCWU KAWL MYMKUH.

Oaepnt 2n ra TeHr f(xX) paBpuii oyHKUMSIHN

n

TnX) =~ + 7~ (ak cos kx + Pt sin kx)

J TapTnbnn TPUroHOMETPUK Kynxan, 6wunaH Takpuvbuii Tacsmpatl-
[ xaro yn4yoBn yuyH

Jt

br L ] (f(9~ Tn(x)2dx (22.)

—r
X “WiaH aHuKIaHyBuYM, ypTa KBagpaTuK 4eT/alvil aed atastyBuu
ONggai 31 X) OYHKLWHHMHT Tn(X) TpUroHOMETpUK Kynxagd, 6unaH
OHm ypTaya (Ekn ypTa MabHOARQ) SAKUHNAWWL AeiAniaan,
f 0 YyUyH 6;; ypTaua KBagpaTvkK YeTsiaumil onmHaam. baban

oy .,0LINHP HOMETPHK  kynxaaiap yyyH 6 kyda karta 6ynagn Ba
KYnXan, f(X) GyHKUMSHU Takpubuii Taceupralura spa-
XQ 'Hr 1311 Tn(X) nap yyyH Yy Xyga KAYMK 6ynagn. dHAN 6
** % oynaguraH Tn(X) TPUIOHOMETPUK KYMXaOHW v3fall Ne-

| wiagay, SbHUM Wy KynxgoHuHr a0, a, P,........ a,,



KO3(hdMUMEHTIapUHA Tonuwl Tarnab KwinHagyn. Macana 2n -1 Ta

Pi, eee a,, y3rapyBunra 60FMK 6ynraH 6* doyHkuma MAHH’,
H/ TONULIra Kemmpwiaaw.
By aKkcTpeMan Maca/laHVHI eYWIMLL  HaTWbKacu  Kyrmaary Teon
nbopar 6ynaau. *
Teopema. n-TapTubanm TPUTOHOMETPUK Kynxaanap (Al
(—n, a) wnTepBanga f(X) y3nykcms qyHKUMsIra 3HT AXLWN
AKMHNanww GepaguraHn tip%

Snx) =" Y (ak cos kx + bk sin *.v)
=
TPUTOHOMETPUK Kynxaaavp, oyHaa aQ ak, bk — dypbe koadpgnTl
napw.
PapluaHku, 6y Kynxan ®ypbe KATOPUHWHI M- XYCyCWuii FnHaypB L,
AHM wy Sn(X) kynxag f(X) yHKUMSAAH 3HF KNUYMK YpTada Ke3moimK
yeTnawmwra ara 6ynaau; 6y YeTNAMILMMHE KaTTanurn Kymigarira o)

3KaHVMHM ucboTnawl MYMKWH;
n > A

6t wok~1(f+S (“+Um  m

N KaTTasiawraHn capy 62 HAHF MUKZOpM Kamasi 6opagy, YyHKU YKK

(22.3) wdogacnaa aHMKM MaHGMA - KyLWIWnyBUMiap Kywmna 6opgan. Ne
cabab/mM N KaTTaiawraHn capy (22.2) Sn Kynxan KapanaétraH 'ji'
dyHKUMsira LWyH4Ya «ypTada» skuH 6opagy (6y (22.1) gaH kemmb yviw Jl

(22.3) TEHIMMKOAH MyXMM LUTUXKA Kemb  Ynkaaw. > 0 6yTen

YUyH Xap KaHaain n pa

@2

y +V (N +M)< i jr—-(x) dx (Ne
*=1 —A
By TEHICUM3/MKHUHI YHI KUCMM N Fa GOF/IMK 3Mac, [AeMaK, KaropH/HT

4 +2«+y> 1

*:i

Xycycuii AnFnHgMnapu M->00 fa 4yerapanaHraHamrunya konagH.J
Katop Myc6aTr uvwopann 6ynraHn yuyH Yy SKUHNAaWyBYMK
WyHpan knnmnb, ysnykcms QyHkuus Oypbc kKatopu kKoahdwi 1
napw Ksajpatnapu Xxap AOVMM AKUHNawyByn Katop xocun Klac ]
XycycaH, 6yHOaH N-=>00 fa Y3N1yKcu3 (yHKUMA yyyH goum K= |
parura aramus:

lim an 0, Ilim bn=0
HED N-* 0o

SHAM (22.4) TEHrCcM3IMKHU OyHOal E3U MyMKWH:
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*fl IV («@+K)<-(/'m W dx
2
ca6at £€CCeN& TEHrcu3nuru aenvnagu.

. S (oypbe TPUrOHOMETPUK KATOPMapPUHUHT ypTada
Hnawnww Ba HYKTaZa SKUHMAWWWK XaKuaa Teopemr

ftx) dyHKUMAHUHT Oypbe KATOpPWU AKHHNAWYBYH 6Y.
? IWATOOHWHI WWFUHOWCH aliHaH Wy yHKUMsara TCHr 6Y.
Ba i(\) dyHkuus KaHAalh xoccanapra ara 6YynMKn Kepak
yuyH 'AakngarH macanaHu Kapammus.
Anrr”  occanap KentupwiraH TeopeMaHVHr wnMoaacuHu 6aeH Ku-
inunaH onguH 6ab3n TabpudNapHU KUPHTaMU3.
Tabvpud. Arap XD uyktaga f(X) YyHKUMAHUHI Yan Ba YHr
numutnapu MaBXyn 6ynca-t0, (4EKIN COHMApP) aMMO Yy3apo TeHr
6ynmaca, SbHU

f(xo- °) * /(Xo+ °)> 6yBpa /(@d°— °) ™ /M-

0) = lim f(x)

HUKT' Y xonga xnuykta f(X) OyHKUMS yuyyH OGUPUHYM Typ Y3UWULL.
uwm gennnagn (1l-wakn).

CQH-iaVv b~ ~raP f(x) dyHkuma [a, b\ kecmaga hakat yeknm
OY»KUNS'MNMHIA Ty y3nnuw HykTanapHra ara 6ynca, y xonga f(x)
12— KecMapga 6ynaknum ysnykcus pyHKUMs peivnaaw.
™y, ™IKN0a TacBupnaHraH gyHKUuMA rpaurn UKKUTa OmpuHyn

3 "a_ . YKTacura sra-
nacn 6ujf H -~ ~rap f(x) dynkums [a,b\ kccmaga 6UpPHHUM XO-
wy kecmalsBH HPranmk[a y3nykcus 6ynca, y xonga 6y dyHkuma
NeoMeTM»KNTINN dyHkUua peiinnaan.
a6 CWDKMLI Hykram HasaPJaH 6y ypUHMaHWHI 3rpu 4YnsHK Oyii-
O3 YpPUHMaHVHI HYHanuwun cakpawnapcus Yy3nyKCH3

63



ynkumsa a b
Cun/inkmcc
dyHKLNA

13- wakrn.

y3rapuwmHmn eungmpagn. Cunnmnk qyHKUMa rpagpurn BGypyak
Tanapu 6ynmaraH Tekuc arpu umsmkgan méopaT (13-Lwwakn)

4-Tavpudg. Arap (a, b) wnHTepBaslHM 4eknn coHnarun 'L
MHTepBanapra 6ynmw MymMKun 6ynm6, 6y KWUCM MHTCPBasI/IaoH"?
Xap 6upnaga yHKUMA cunnuk gyHkumsa 6ynca, y xonga 6y
uns wy umHTepBaniga oynaknm cunnuk yHKUMsa genannagn.

BYynaknn cnnnuk hynKUMAHUHE rpadurn Yekim CoHAarn i
éinapgaH mnbopart Ba y YeK/IM COHAArn OUMPUHYN Typ Y3WIULL H»
Tanapura ara 6ynvwm MymkuH (14-wakn).

OYyHKUMAHN dypbe KaTopura ENULINUHE MYMKUHUTA XD~
r TeopemaHn mdogananmna.

YpTaya SKMHNawnmw xakumpgarm Teopema. (—n
MHTepBaniga 6ynaknu y3nykcus f(x) QyHKUMSHUHT  Oypbe
TOopu yHU ByXygra kentupraH f(x) dyHKUusra yprada sAKUHX
du, AbHU Oypbe KATOPUHWUHI

Snx) — 7 + (ak 003 kx + 'h sin bx)

Xycycuii nnmrnHgunapn n—*o paa f(xX) dyHkuusara i/praya
TUK YeTnauvw MabHocuaa UHTuNaam, byHaa



dopmYna”™ e w n b ITHrAUIM agin-

5« .'""=-"MOT
nag, r (by{)/be KoaphmumeHTnapm).
UMHAHVHE . AKMHNaWwWn w

HyKa ~eopema. (—ﬂ,ﬂ)

3\blfda 6 f(x
i?HTepBO—iTM ¥”a"”” CKMa{:Ir%VpI)KM &u&

DNHKA' S * HF xap 6up HyKTacupa
WHTePnwmBHM WY 6unaH 6upra,
TV Sw w yuyH O®dypbe Kato-

AM««r  AnFnHauen S(X) 6ynca,y 15-uakn.
PUH " rtiHKUU4  n3/lyKCn3  6y-
X'diraH HykranapHuHr xammacuga S(x)=f(x), | Typ y3unuwra

Trasy.rraw HYKTQTAPHUHI Xammacmuga aca
SX)=~ /&—0 + /(x+ 0).
ByHOaH Tawkapw
S(n)y=5(—a)=~ Ffn —0+ /(—n+ Q).

B\ Teopema [Aupuxne Teopemacu pgehinnagu. by TeopemMaHWHr
WapTm — YHKUHA 6YnaknH y3ayKcu3 6yauwm  Kepakavru yuwoy
HKKHTa WwapTra TeHr Kyunu: (yHKUMA 4YerapanaHraH Ba 6ynaknu
MOHOTOH 6yNuLN Kepak.

OXHpry wapT QyHKUMS KapanaéTtraH WHTepBa/iHU YEK/IN COH-
Jarv uHTepBannapra 6ynuw Ba 6y MHTepBa/lNapHUHI Xap 6upu-
[a (QyHKUMSE MOHOTOH OY/nWK KepakiMrmHu 6Hnavpagu.

WyHpah kunn6, arap f(X) cyHKuma (—n, n) wHTepBanga 6y-
naknu moiiotoh 6ynca, y xonga 6y yHKUMS YYyH HyKTaga SKUH-
nawHw Teopemacu ypuHau. by waptnap Aupuxie waptnapu ge-

MacanaH, y=X QyHKuua (—n,n) wuHTepBanga Aupuxne wapt-
*apVHH KaHoaTnaHTMpagu, YyHKW Yy 4erapanaHraH Ba MOHOIOH
OcyBYH) (15-wakn).

*§e OpTOHOPMaJ/INaHraH cucTemMa, CUCTEMaHWHI Tynaaurm
TywyH4anapu, Tyna cuctema 6yinnya éinw
1. b
Tabpudg. agrap *X)(pm (x)dx=0 (6yHga n ¢ m) 6ynca,
OYHITo Q
MW N~ANTPKMHT % W. PIW .......... <P,(X),... yekcn3 cuctemacu [a, b
Buz "™ OroHa+ cuc/meva peinnaaw.
rOHOMETPHK (QYHKUNANAPHUHT
cnere\1y;| (os'r’ sinwv......... cosnx, sinnx, ...
Man 1 ~ KypraH aguk, 6y cucrema [— n, N[ kKecmaga oprtc-
U 60



arap T® ti 6ynca, ~sin nx sin tnx dx= 0,
_H
n
arap T ® n 6ynca, \cos nx cos tnx dx = 0O,
-9
A
Xap KaHgaih T Ba N ydyyH \sin nx cos Tx dx= 0.
— A4
by (21.4) paH Kenmnb ukkaan. bBowKa TPUrOHOMETPUK  (yHKUMSTTAPHMHE
XaM OpPTOrOHA/VILLLL UCOOT/IaLL MYMKUH:

1 cos g, cos 2y, ..., cos nx, ... [0, n] kecMana,
sin X, sin 2, ..., sin nx, ... [0, n] kecmaga.
, COS” sinj, .... cos sin .. “[-/, N kecmapa.

2-Tavpud. Arap

form)dx = 1

a

6ynca, yHKUMAAaPHUHI

POX). O|W. eeeeda(X)- "=

yekcu3 cuctemacn [a, bl KecMaga HOpMannaHrl cuctema Aeiwigap.
OYHKUMSINAPHYHT Xap KaHdali OpTOroHasl CUCTEMACWHM  HOpMasialll My
KUK. BYHWHI MabHOCKM Kynpgarnaek: Xap goum uo, W, eee, fin.
y3rapmMac COH/TapHM

Voto (¥)e 1HPL ()= ' oo kdDA(X). ==
dyHKUMANap cucTtemMacu aBBaIrMAeK OPTOroHas, Wy 6unaH o6upra,
SHON HOpPMa/laHraH 6ynaguraH Kunub Taunaw MyMKUH.

XakukataH, arap |’ (X) dx= " (6yvga \ @ 0) 6ynca, y >id
a

U e i. UWyHaoaH kelvH

fu-K®de ITi (Hdei w=1

TEHrIMKKa ara 6ynamus. MUKOOPHM (a0 dYHKUMSIHUHE Hopmacu [,
araimms Ba Il @, I kKypuHuwaa GenrvnaiMms. LyHaar Kuivo,
b
o, 1 =v fore dx-
a



[rap cuctema HopmaiauraH 6ynca, y Xogp pEBwaHku, | = 1

3 Tab pud. Arap GyHKUMSTAPUUHT

40w DM — M . ..

YEeKCM3 CHUCTeMacu OPTOroHasl Ri HopmaviaHraH 6yrca, 6OLUKada aiTraH-

O, arap
fcp ()b ()</*= f?’ arap Tp N 6Ynca.
= J 'n m 1 araP n=m 6ynca

6\'nca, y xonga cuctema [a, B\ kecmaga OpTOHOpPMasiiaHraH cuctema
Ocivnagyn.  MacanaH,  dyHKumsinapumHr - 1, @sa’, s\nX,_ cos X,
sinrx, . . mcuctemacu [ N, /] KecMaga opTorovias, aMMoO HOpMasUiaHraH
3MVEC, YYHKMN

a A
| cos2nx dx = 1, fsin-nxdx= 1,
—9 —Aa

Oy xap KaHOoalh N ¥=0 pga (21.3) maH kenvb uikaau. by cuctemaHn Hopb
Masviall YYyH yHOArn (QYHKUUSANAPHUHE Xap 6upuHn 1/ ra 6ynuw ke
paKk. PYUKUMANAP CUCTEMAaCUHWUHE [— N, 1] KecMaga OpTOHOPMaslaHraH

~ s 4, -JLsin M......... ~ cos X, y”.sin nx,
cycTemacura ara Gynamms.
on N xTrepun 1 kecmara KaiTamm3. by kecmaga (hyHKUUSNIAPHUHE
Po(-\X D, (*), e=-, D, (X), ... (24.2)

oproroviasl cucteMacn 6epwiraH 6yncuH aelwmk. Makcagyumms [a, B\ kec-
anm aHviKNaHran / (@) yHKUHAHW (24.1) cicTema yHKUMsSapn  6yiinda
/W =.codQ(r) + CIb, M + eee+ cami(x)+ ... (24.2)
KypTWLWAarM kartopnapra éhlvwpaH wbopar. by  élnnMaHuHr - kosdchn-
aaeeT.TapUH auMKiawl yuyyH 6ms xycycmin xonga (21-8 psa) kwrain-
JPE-GUHAMaHVHI MKKana KUCMUHM <K(X) ra Kynamtmpmb, yHW Xan/iab
"HTerpayvianmMms:

UH 7~ 2 b oo b
j /M g*r(x)dx = v cn\dn(c)% (X) dx.
a N=0 a

=tan*rl)-Clictema °PTorowan 6ynraHniru ca6abnm, yHraarv vHTerpan-
- LWrracmgaH 6oLlwika xammacu Honlra TeHr 6ynagn sa

b

CH= — —————o i /W g () dx (24.3)
j B@m)dx a

°COHIMHa TonWIaaH.



Koapcpuumentnapn  (24.3) opmynanap 6yhinua  Ty3uarak
(24.2) katop 6GepunraH f(Xx) QYHKUMSHUHT yMymaawraH oypbe
KaTopun, KO3MPUUMNEHTNAPHUHT Y31 3ca PYHKUUANAPHUHT

®O(*). | (*). ===-. (*). mmm
cucTemMacura Hucbaram ymymialuraH ®ypbe KoathuLMeHTIapy  aeiinia-

an.
. (21.6), (21.7) Ba (21.8) gquepmynaniap (24.3) dopMyTafiapHUHE XyCy—
cviA Xornapy  xpycobriaHaan. OpTOHOpMaslaHraH cucteMa  xonuaa (24.3)
b

dopmynanap anmHuMkca copgga  6ynagn: | dE(x)dx = 1 6ynraaga, ck=

= ( f(x) 9A(X) dx 6y.ragw.

a

21-8 pary MynoxasanapHu Takpopsab, ymymnawraH ®oypbe
KaTopu YuyyH ypTauya KBaApaTuK ueTialunil Kyhnaaru KypuHALra
ara aKaHWHWU KypcaTull MyMKWH:

= fRndx- v dlio 12 (24.4)
‘a fc=0

By I/I(*Dp{;l, n Kartajarann capn 6;, MNKOOP MyC6aTI'IV|r|/I‘-|a KOI'II/I6,

anKaT KamaimLim MYMKVNH 3KaHWHW, AbHWU M HUHI OPTULLI 6unan dypbe

KaTOPLUMHI  Xycycuin  vinFnHonapn  f(X) yRKUMSHUHT - aHUKPOK Takou-
OW TacBUPUHM GEpPULLIMHN KypcaTagn. 6° > O 6ynraHn yuyH (24.4) ppH

V A\lgril2< fP (x) dx
fe=*0 a
n
9KaHs kennb umkgan. byHpga Voo o\ || piall * lurmHoyn N “wmoo ga Yveknn

k=0
b

JWIMUTTA 3ra, YyHKWU Y YHrgaH n ra 60FmMK 6ynvaraH | /2(x) dx MK-
a
[op O6wiaH JerapanaHraH. LUYyHUHr yuyH

(e 0)

=Q

KaTop AKMHNaLlyBYM Ba beccesb TeHrcusmrura ara 6}7]'IaMI/I3:

2 c Qdva"2<j f2(*) dx-

k=Q a

En3 6y TEHIFCU3INUKHUHI XYCYCUA XOnn 6ynraH (22.5) TeHrcusnukHm

XOCWU KUAraH 34uK. .
4-Tabpud. Aran ksagpaTty 6unaH MHTErpaiaHyBUM nxTtuép* 1t

f(X) dyHKUMA yyyH beccenb TeHrcusnuru ypHura



FPar) dx=y c* Yo 12 (24.5)
N *:0

TeHrmk f;<m 6ynca( [a, b] kecmMaga optoroHan OynraH

EOW- ZW* = o dr(x) ' == (24-6)

dyHKLpanr: cuctelicn Tyna  cuctema  geliwnegn. bByHpa ck— f(X)
dyHKMHAHN  dhypbe  koadhdmumeLTnapn ((24.3) dopmyna).

(24.5) eH/IHK (24.6) cuctemaHuHr Tynanmk waptn Ae6 ata-
nagn. by ~pxHu yHra TeHr Kyynu 6>>raH

Iiml]>Xdx—2 c\||] R)=0

n*boo \ a *=0

TEHr/MK Ob;, anvawmpavus. Arap (24.4) dopmyna xucobra 'ofkHca,
oX)dorn Tec «kHH Mwe™ — 0 KypuHULLAA E3ULL MYMKUH.

N—oo

WyHAA umnnb, (24.6) dyHKUHsANap cuctemacu [a, b] ga Tyna
6ynca, y ,lJga dypbe katopu f(x) ra ypTaya sAKuUHAawaan -
nnagn. 1

LUyHW ain, KMNHW  Kepakku, (24.6) dQyHKumanap cuctemacu
Tyna 6ynHara kKapamai, ®ypbe KaTOPUHMHI Y3UHW BYXyAra Kes-
TMpraH g\ —upra ogauii HyKTaBMiA SIKMHMAWNLWIN Xap OOHM YpUH-
m 6ynaBemaiign. LUyHra kapamaii, Tyna cuctemanap Y4YyH Yp-
Tauya SKMWBLMLL Xap OOUM YPUHAWU. BU3HMHI Tabknaummns yprava
AKHHMAWLW TYLWYHYACUHMHI ULLIOHYIM 3KaHWHU siHa 6yp MapTa

Kypcataam

Y3-y3MHM TeKWUpUW Y4YyH caBonnap

1 Kawu, SaTop TpUroHOMeTpUK KaTop AeHnaan?
dhopmy la TeHr pasPu™ yHKUMAHUHT ®ypbe KOIMULHEHTIAPN YUYH

3 YpTaunkvHNalHW HHMa? YpTada KBagpaTtuK yeTniawmil Hima?
NTW HHICA™ KMNMagnaPpaH KaicuHucn STIKUpsira aHr SXWH - SIKMHMa-

TpBroXBTPUK KaTOpMapHUHI sKHHNawuwKn (Yprava Ba HyKTada AKMHMa-
LLWH|) xaknan TeopemaviL, HoganaHr.
VHA-" OyHK-S;aPHHHr KaHOali cHcTemacu OpToroHan cucteMa AeHunagn? ®OyHk-
nNar, HHIH - 3. CHCTeMacy HopMasiiaHraH, KaHOa cHcTemacu OE)TOHO Mav1-
TIaHr Ly, ccTen Aenmnaain’
Bon J'_A)YHK- '1 °P loroHan cuctema 6yinya katopra éivl mMacasiacH HuMagaH
«6opal? Ein,, KO3hhHUHEHTNapN KaHOAH n3naHaam?
Tn., m®YHU*' PHUHr KaHpaail cuctemacy Tyna cHcTema AeinnagH? ®yHKLMAHU

CHCTeM. a Katopra EMHLHWHI XyCcycusTU HHMagaH wbopart?

» Cucte' ,aPHIHI OpTOroHa//IMIrMHU HCOOT/IAHT:

cosx: ~2x’ e*e»c’9n*, . .. HuHr |0, N] Kecmada,
Nnx, S< mm. smnx, ... HWHr [0, n] Kecmaga. *

LY c,|ctema. 11 ‘PTOHOpManNaHr.

«9



25-8. (—n, n) wnHTepBanga GepunraH >XydT Ba TOK  (YHKUMSANAPHH
dypbe TPUrOHOMETPUK KaTopsapura énmil

1 XydT Ba TOK hyHKumsanap. f(X) yHKUMA coHNap YKUHY
XamMmMa opuga Eéku KoopanHatanap 6owwura HucbataH CUMMETPUK
6ynraH 6uMpop WHTepBasiga aHuKIaHraH 6yncMH. ToK Ba XydT
qymkumsanap TabpudnapmHn acnatné yramms.

Arap kapanactraH xamma X nap yuyH f(—*)=/(*) Teurnuk
ypuHnn 6ynca, y xonga f(jc) dyHKkumnsa XydT dyHKuua aeiivnagw.

XydhT QYHKUUSHUMHI rpadgurn opavHatanap Yykura HuCoGartaH
cummeTpuk (16-wakn).

16-waks. 17-wakn.

Arap kapanaétraH KuhmaTnapHuHr xammacupa f(-x)=-"-f(x)
TEHrNUK ypuHnu 6ynca, f(x) dyHKUMa ToK yHKUUA Aelinnagu.

ToK (QYHKUMUSAHIAHT rpadurn KoopauHaTanap 6owwura HuebataH
cMMMeTpuK (17-wwakn).

VKKUTa XYPT PYHKUUAHUHT EKN UKKUTA TOK (DYHKLUUAHUHE Ky—
nanTmMacu XypT yHKUmMS, XydpT Ba TOK QYHKUMUSMAPHUHI KyrnauT-
Macu TOK (OyHKLUS.

Arap f(x) dyHKkuma [—a,a] Kecmaga VHTerpasinaHyBum 6ynca,
y Xonga

f f(X) dx= Cf(x)dx+ f(x) dx. (25.1)

AMMO X HM — X 6unaH anMawTMpuwaa YHr KicMmaaru 6upuHun
MHTerpan 6yHpgan ésunnagu:

fF(x) dx= FF(—x)d(— x) = — f f(—x)dx = | f(— X) dx.

ByHUMHr KumaTvHKM (25.1) ra Kyiicak,

XF(x)dx=\[f(x) + f(-x)]dx,

—a [}
6yHOaH
70



Xf(X)dx= 0 —TOK dynkumsiap yuyH,

“fe)dx**2\f(x)dx — ydT hyHKUUsINAp Y4yH.

atuxaran QPypbe KO3IPPUUMEHTIAPUHN Xucobnawga doii-
a),
2 1aMii3. B3 TOK ChyHKUMSMAp YuyH ®ypbe Katopu. /(.V) dymHk-
WA JlaBpH 2n- 1—31’ 3 kecmvaga [Oupuxe wapTnapuHn KaHeaT—-
naHT,loaguraH Xy®PT QYHKUMA O6YNCUMH. YHUHT dypbe KaToOpu KO-
a0d=>|,me,lnapn YuyH Kyhngaru chopmMynanapHM Tonamuns:

A A
ae= I fOx) dx™ ~ j f(X) dx,
—4 0
Aa a
ak=— ] /(n) coskxdx= — | /(.v) cos bcdx,
-Aq 0
Aa

4= — j/(Vv)sinkxdx = 0.

—9

LWy.HOaiA KUnmo, XydhT QyHKUMANMHT ®ypbC Katopuga CUHYCn
Xagnap Katunawmangn, XympT QyHKUMSHUHT dypbe Katopu dakart
KOcuMycriapHu Y3 wnuvira onagum Ba OyHAal KypuHuwpa 6ynaaw:

f(x)= -fy flAcosb, (25.2)
Tooan
byHaa
ao= | /(=
0]
2 A
a*= — pf(x) cos kx dx.
N BPH -a» | — n] kecvaga [Avpuxne WapT/iapuHA ive-
B T Mo DR 1aTop K-
w =~ \f(x)dx= 0,
-9
ak—— j /(V)cosfo:dx—0,



X n
JEahy —=f) A*)sin Ie.

WyHpan kunub, Tok MYHKUUSHUHT @y pbe KaTopuaa 0304 xasa Ba
KOCHHYC/M Xafjiap KaTHawmangyn. ToK (QYHKUMAHUHT ®ypbe Ka,

TOpH hakKaT CUHYCNM XaAnapHH Y3 nuuvra ORI &8 aH _
KHWAa 6ynaawn: BW'D' WW

f(x)=".bksinkx,
x)= i (25.3)

6yHaa

n

bk—— \f(x)s\nkxdx.

UnkapunraH dopmynanap, acnvpa xap KaHgan faspuii (yHK.
Lna xam XydhT €knm ToK (yHKUUA 6ynaBepMac/iHri pasllaH 6yn-
ca-fAg, XydT Ba TOK (yHKUUANAPHUHT dypbe KoadhduumneHTnapu-
HMU XMcob6nawHW coafanawTupull UMKOHUHW bGepaTu.

I-muncon. Oaspwu 2n 6ynraH

f(x) =
X- *E£(°- n)
yHKUMSHU dypbe kaTtopura EAnHr.

X~an (bynga n£Z) Hykranappa f(x) = 0 6ynagy, [A0e6 dapas K+
navH3 (18-wwakn).

PyHKLMS TOK, [vpuxne WepT/iapyHH KAHOAT/IAHTHP3AY  Wyura KYp3
(25.3) TEHIMMK acocuaa KyWmparura ara 6ynamms;

bk=— I'— sinkxdx = —j- ['sinkxdx = _ coskx
14 4 29

cos 0—cos nk _ (| _(__’])*) = IV " araP k TOM 637nCa,

t0. arap k sxycbT 6Ynca.

JAemak,
Yy &- 1, b, = o, =
Y -fIK) b*~o0,
1 1 = ViznaHaétraH érinva
-\ 0 3>\ 27i X
/() =sinn-f-L sin3x~b ... +
, 1 3

18- wakn. E£71Tisin(2n — *)*+ mee



a y
nea op R =5
1,y NN
4 '3 -2v 4 D r, 27, 3N
_(_i}“_fl 2”_1+ 19- wakn
2-mucosn. Oaspu 2n ra TeHr

r/n_ . . f—A araP XE&—J‘I, Q) 6ynca,
/W I'vl [ X, arap xg [0, a) 6ynca

dyHKUHSHM Oypbe KaTopura énnHr (19-wwakn).

PaBlaHky, f(X) dyHKUms XydT, Oupuxne WapT/iapuHi  KaHoaT/laH—

e, Wy cababmm (25.2) MyHocabatra acocaH

2 f
a0= — ['xdx= — 5 =N
n n !
- ) 0
«l
2 2 in £* kx \
a.= 2 [ xcoskxdx —-2 [ xSinEr__, caskx
* a3 1v = & )

= -~—L(cosnii - cosO)« A =((_ NDk_ De
q k- n K-

- arap  TOK 6ynca,
0, arap k xydt 6ynca.
Jevek, atZ—F ,a, =0, a3=;\l, a4=0, ...
VBnaHaétraH éinnmva wﬁm,qarm,u,aH mbopar:

/(X)= -=———- —]Jcosx + —cos 3x - .
8= 5w 3 "
H——— cos@2n— v+ ... V
(@n—Ips )
ByagaH, xycycuii xanga x=0 6YynraHaa Kylinaarn TEHrIMK Kennb Ynmkaou:
0= ————=MlH——j-+ . 4+-—1
2 no\ 3 (n—D* »

OYHmEpA
Sl=1i+-L + 1
8 2 1—r

BY PNTOP WFUHOMCUMHLA BWiraH xonga
S=1+ — + — + ... + — +
2x 3* n*
1Y Ton, L OCOH. XakukataH,

S = (I + -}-"‘ “.H__(EE'—_l)*_"' ..-}... (7* + 5t
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=?2L + £ (I + A+
(2<9» g 8 2\ 2% oL
=— +—S.
8 4

Jemak,

S=—+ —s

8

ByHOaH S = ———, AbHU

gn*: I+ 5+ b+

26-8. [—/, /] kecmapga GepunraH yHKUMSNapHN ®ypbe
Katopura éinnL

SHAN xTvépuii 2/ paspnn, Avpuyixnie WapTiapuHA - KaHOaT/IaHTpYBYA
f(X) ppBpuii oyHKUMSHM KapaliMm3. X = — / YpHUra Kynuw 6msHn 2n

naspn /(— / j dyHkumara ommb kenagn, 6y yHKUMsaHM dypbe  Klio-

pura éamms:
(€3]
)="T + V(Q~cos/?/+ bks\nkt),
A-l
A
6yHoa ae= — j f[~t jd/,
—9
A
| /( -/ )coskidt,
-9
A
bk= — | /(— /jsinktdt.
-9
Katopaa Ba ®ypbe KoathdmumeHTiapy doopMynaniapuaa aHr / yarapysus i 38
3CKN X y3rapyBuMra Kaitmé Ba /= ~j~xi dt = — /X aKarwmm xmco6rs

ovb, Kyhnpgarura ara 6yramma;
W= +V (aicos™+i,,sin5t), (5.0
*:I
6yHoa
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Koathdmuymentnapn (26.2) copmynanap 6wunaH aHuknaHagurad
(26.1) katop mxTnépwnii 21 paspnun f(x) dynkuma yuyyH dypbe Ka-
Topy Aeivnaan.

2/ ppBp XY(PT  (yHKUMA  YuyyH xauvmMa bk= 0 6ynagn, [Oemek,
dypbe KaTopy (hakaT KOCUHYCMapHW Y3 wmaura onaou:

N)y=r  + ]*i! °kcos'T (26 3)
ByHoa
ao= ~j-\ fa)dx' ak=~~{f(x)cos* dx-
0 0

21 paBp/n TOK COyHKUMSI YYyH 3ca XaMma ak= O ea a0= 0 6ynia-
OK, oemvak, dypbe Katopu hakaT CUHYCMapHW Y3 uuvra onau:

nkx

f(x)iiijSm~ ’ (26-49)

i
bk=-y- f f(x)s\n~dx.
0

KynuHua [0,/] kecmaga 6Gepwirad f(x) dyHKUMSHU cuHycnap
yUHYa EKM KOocuHycnap 6Ylhnua katopra énuw macanacu Tanab
sTwiaaw.

f(X) yHKUMAHM KOcuHycnap 6yinya kartopra Ennw yyyH yHK-
ma Xydtnurnya [0, /] kecmagaH [—/, O kecmara p[aBoM 3TTU-
Punagn (20-wakn). y Xonga «4aBoM 3TTUPUAraH» XyqpT yHK-
Ara yH ¢ YPbe kaTOPH ®dakaT KOCUHyCcnapHu Y3 unyura onagu.
Yy N OYHKUMIAHH katopra cuHycnap 6yinya éimiwHn mcracak,
nan’Nda oYHKU/AHA toknmrmnua [0, /] kecmagaH [—/, O] kecmara
wa-; attmpamm3, 6yHga f(0)—O0 pe6 onmwmmni kepak (21-

KaTc™;aBoM 3TTUPUAraH» TOK (YHKUMS yuyH Oypbe KaTopu de-
CHHycnapHu ¥3 wuuMra onagu. Ac/ivaa  KecMagaH Kecmara



20-LWaKs.

[aBOM 3TTUPMLLHM amaira owvpmaca Xam 6ynaau, YyHku oypbe
KO3hhUUMEHTNApHMN  XxmMcobnaw opmynanapmga XymdT EKnm Tox
dyHKuna xommpa f(x) dyHkuyaHumr [0,/] Kecmagarn kuiamatniapu
KaTHawaaun.

I-mucon. f(x)=x2 dyHkuuaHu [0,/] kKecmaga cuHycnap 6y-
inya kKatopra EnmHr.

f(xX) dyHkumaHn [—/, 0] Kecmara TOK OaBOM STTMPULL Ba YH-
OaH KeliMHrn paspuii faBoM 3TTUPULWL rpadnrH 22-waknga  Kyp-
caTuarau.

OyHKUMA TOK Ba y [upuxne wapTnapuHu KaHoaTnaHTupaau.
Ly cababnn Kyhnpgarmra aramms:

i

B— 2 Qxism I_'—kxdxz 2/ ———I—XECOSH—kX "

K ) | I \ nk / 10
HeZ2 5 oy KX 213 nkx N 27 1 A
(n£)2 I 10 (nA)3 0 T T NTTREOS!
23
— S = — — D* — * P

+ S (cosnfc J); | {/( *+l k(K3 ((-H)*=-1)

Vi3naHaéTraH érHva Kyhngarm KypuyHura ara:



/M - :k!Lv
n

A

2-mucon. f(x) = sinx gyHkuusiv | 0, -y| kecMaga  KOCUHycnap

6yiimua Karopra EAnHr.

YKyT [aBOM STTUPULL Ba YHAAH KeMWHIM  [aBpuiA  O43aBOM 3TTUPULL
6yiivua rpadmkim acanmms (23- wakn). OYyHKUMSA XydT yHKUms, u-

pkxfie LIAPTNapUHU KaHoatlaHTUpaaH. byHaoa /= — . LWy ca6abnu, (26.3)

ra 6uHoaH Kylngarura aramus:

2 C A/2

6192.2'—;I sin xdx = —:(—cosx)
0 o

/2 A/2
= sinxcos2kxdx= % j (sin(21 4 l)jc —

-sin(2fe- Ix)dx = x .= (_ _J_c O0S(2E+ \)x]+

+ - U cos(2- 1.,) 2= - 1(_"!_ = I
] ) 0 g U*+1 roo48—1
Jemvak,
/(*)— -——————cos2a+ -"-cosda + — cosba + \
n n \3 15 35 /
K =0 ga Kyhingarmra asramms:
o=—— -y —-

BYHan

1 + =+ 1 +
14*2-1 3 5 35
A

7



Y3-Y3MHN TeKWUpuUW Yy4YyH caBoniap

1 OYHKUMSUUHT 6GUpOp KoopauHaTasiap 6olwmra HucbataH CUMMETPUK —VH-
TepBanaaru XygTIvMK €K TOK/IMK Xoccacu HuMmazaH néopar?

2. (—a, 2] kecmapa Xyt GYHKUMAHUHT Pypbe KoadhumumeHTnapn yuyH op.
Mynanap YKapuHT.

3. [—a, 9] kecmaga TOK (QyHKUMAHUUT ®ypbe KOoshduLUmMeHTIapn yuyH dop-
Mynanap Y KapuHr.

4. 4372, 4376, 4378- macanaiapHN eUYnHr.

27-8. ®Oypbe uHTerpam

f(X) cyHKUns X £(—o00, 00) Aa MNaHWKIaHraH Ba LWy WHTepBaiga ab*
COMKOT UHTErpasiiaHyBuM GYNCUH, SbHN

\\F)\dx=0Q - (271

XOCMac WHTerpan maexynd 6yncuH. KapanaétraH ¢yHKUmA LyHOgn Gyn-
CUHKY, Yy uXTVépuii (— 1,1) oparimkga ®dypbe karopura EAWIcuH;

/W= + V la*cos™ f + bksin (27.2)
*—|
oyHaa ' '
ak ~Y J/0Oco3 dt bk=-j jfjt)sin~ dt (273
(arap ak HuHr chopmynacnaa k = 0 ge6 ormHca, aQ KO3dMLMEHT XOCWi
6ynagy). KosdpmumeHtnapyvHr  (27.3) wdoganapyHn - (27.2)  karopra
KYNNG, KyMMaarnHW Toramms:
| [¢l¢] /
/(0N + y V ( f/(/)cOS~Nd/jcOSN +
-1 1 =1 -1I

V(j msiny dj Siny = -i-Jf(t)dt+

n 1
H-— >X ?E{n _knt os—lin—x— \—smklt smkﬂ(\\d:

i ;zfi\, / i i
eKn
@ /
fx)— ~ (f(t)dt+ -~\] i f(l)coskri(t' X-dt. (27.4)
=i e I
HAM | HM Yekcu3 KaTTanawTmpamus Ba 6yHaa (27.4) dopmy-

Nna HuMMara YyTUWMHW TalnHnaHram xga Kapawmuns. LWy makcagn3
byHOan kunmb onamms:
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3{i Ov3HN KM3UKTVpaéTram (27.4) WAFMHOM Kyingarn KypUHULLHA

o

I ® |
/(*)=" [ f(dt+ f f{t)cosakt x)dt)Aak. (27.5)
—1 fd —1

By udofaHuHr YHI K/CMUOArM 6upnHuM Xaa | “moo ga Honra wHTWaow.
XakyikataH,

£ Twhnon
-

6yHOa /(—«) QPYHKUMAHUHT abCconT MHTerpannaHyBum GYANLUMHUHT
(27.1) waptnagaH coirganaHunran.
(27.5) wndopgaHUHT YHr KMCMUOArn UWKKUHYM Xan, a ra GOFnK
i
A f(t) cosa(t —) dt.
-/

yHKUMSHUHE [0, 00) opanMkga Ty3uaraH uHTerpan WMFUHOMCUHA
acnatgan. WyHWHr yuyH | “moo pa (27.5) WKKM Kappamim  WHTerpaara
YTULLMHA  KyTULL Tabunii:

/(*)=—l jda \f(t)cosa(t — x)dt.. (27.6)

~N) c
By dopmynaHuHr VHr kumcmupa typraH udoaa f(x) dyHKUMs yuyH
dypbe uHTerpann peivnaan. by TeHrnuk f(x) dyHKUMS y3nykcmus

Gy/lraH HyKTa/lapHMHI Xammacuaa YpUHAW. Y3unuw Hyktanapuga
xa

ao 00
Jda j/ (/)cosa(t —x)
0O —o

TEHIMK GaxkapwiaaW, SbHU YHUMAP 4Yan Ba YHr JUMUTULLLWIE YpTa apud-
METUK KuimMaTura TeHr 6Gynaaw.
Arap aliMpMaHuHI KOcuHYcu hopmyiacu

dt f(x+ 0+ f(x~0

cosa(t — V) = cosat cosa x +sin atsmax

donganaHunca, y xonga ®ypbeHuHr wuHTerpan dopmynacn (27.6)
Kyinoarn KYpUHWLLHL - Onaap:



f(x)= [ (a(a)cosa.v + b(a) sinax) da, (27.8)
o]

00 oc

a(@) = — (/()cosatdt, b(a) = — i/()sinaidt.

dypbe KaTopu 6UNaH yXWal/AMKHM naikaw OCOH: WUFUHAN
6enrmcn uHTerpan 6enrucyn 6wunaH anmawaw, 6yTyH coHnu k napa-
METp YypHUra y3nykcus y3rapyBum a napameTp kenaau, a(a) Ba
b(a) dyHkymnanap ®ypbe KoahpUUUEHTNAPUHN 3cnatagu.

f(xX) dyHKuMa XydT éknm TOK 6ynraH xonnapga (27.7) ®dypbe
VMHTEerpasl (QOPMY/IaCUHUHI XYyCYyCUIA  XonnapuHu  Kapaimms. f(x)
XydpT QyHKUMa 6yncuH, y xonga f(t)cosat xam XydT dyHKUmMS
6ynagn, /(/)sina/ aca TOX QyHKUMA, 6U3 KyWhWupgarura ara 6yna—
MU3:

®
| f() sinatdt=0,

%J

o "¢ ®
\ f (t) cosatdt = 2\ f (t) cosa tdt.
—O 0
(27.7) chopmyna XypT YyHKUMS yUYyH OyHOAA KYPUHWLLHW Ofiaau:
o "®
/ (X=—j (J f () cosatdt)cosa xda. (27.9
o O

SHan f (X) —ToK chyHKUMA 6yncvH. By xonga f (f) cosa/ — ToK
dyHkuma, / (/) sina / aca XyT dyHKUMa 6ynaan, 6m3 kyhnaarura 3ra
6ynamms;

iy /(Hcosa/dt=0, | /(Hsina/dt=2 ) /(/) sinatdt

—co * cn 0

ToK hyHKUMA yuyH (27.1) chopmyna GyHOan KYPUHWULLHW Ofaap:
() IN()]

fx)=—j |i /() sina/rf/j sinaxda. (27.10)
0O o
28- 8. dypbe WVHTErpayIMHMHI KOMIMJIEKC LUaKn

dypbe WVHTErpa/IMHH KOMMJEKC LWaknga wdgogananmms. (27.8)
opmynara kypa: o

f(X)— \(a (@) cosax+ b (a) sina.r) da, (28-0



6yHOa
()]

a(@= |j /() cosa/dt,
(28.2)

e
b(a) = ~-j f (t) sinat dt
—O

SiinepHUHr TPUTOHOMETPUK (YHKUMUSIAPHU KYpPCaTKUUIM (OYKK-
ulla 6unan 60FNOBYM MalLX.yp dopmynacHgaH coviganaHaMna:

ev=-costp+ isin r =—1
By ailwwmaaH OCOHMMK GuiaH
av +e-i<P €V _ei9
CoSth = —— | ————- , Sin = —— = ——

TeUrnMKnapmm XoCWn KUnuw MyMKuH. Ly cababmm [ByHpaidi €3u Mym-
KUH:

cosax =
sinax =
2
BynapHu (28.1) chopMynara Kynuwl KyinaarmHn epaom:
D/ iax, —iax Jax __ —iaxs
f(*):Jb (a(") — -g———— +b @) ------- e

=il) (@@- ib(a)e°’°x+ (a(a + ib(a)) e-lax) da. (28.3)
o]
ByHOali 6enrvnainvms:

c (a) = a (a (a) — ib (a)).
(28.2) dropmynanap 6yiivda a (a), b (a) nap yuyH

c(a)= /(/)(cosa/—4sina/)d/= | f(t)e~la,dt (28.4)

— COo

HA tonamuz. LyHAaH KelimH ¢ (a) KyluMa KOMPMIEKC COHHW TOMamMu3:

c(@ =a @@+ib@)=Ff /(NHe"“" .

Arap c (a) = c (—a) peb 6enrvnaHca, y xonga (28.4) dopmyna 6Gapya
a flapdp, SbHW MycbaT a fapfa XaMm, MaHgmiA a fapoa xam c (a) HA
30vknanan. ¢ (a) dyHKUMSHM (28.3) dypbe MHTErpanmra Kyiino, Kyhnpa-
MHA ToMamus:
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f(*)- *7,—\6\ (c(a)eie*+ c(-a)«-‘0x) 2n6f C(a)efe'rfa +
@ »
+ 7~ j c(—a)ciaxda —~ [c(a)etda+
‘0
| 00
+ | c(p)e*xd(—a)= j c(a)elotxda +
"0 Nno
+22 T CMr'” “a=2 JEW "' <xe
WyHpai knnb,
fM =~ j C(a) e ax da, (28.5)

GyHaa

c(a) =) f(t)e~ialdt
—
Oxvpnoa dypbe uvHTerpa;w 6yHaai KYpUHULIHW Onaau:

=2 (f eI} fwd) com (289

(28.5) Ba (28.6) chopmynaiapHUHr YHI KUCMIapy KOMIJIEKC UTKAZaru
dypbe UHTErpainapu aeniaan.

29-8. ®ypbe KaTOPUHUHT KOMMNEKC LWaKIu

dypbe KATOP/IapVHX KOMIJIEKC LWak14a TacsBupral xaMm ®dypbr v
Terpa/viapuH  TacBupriaraHaek amanra owmpwiagn. T (X) pyHKUMSHUHT
dypbe KaTopura ara 6ynannvk:

()]
/(*)——m+ V  (a* cos kx + bksinkx), (29.1)
*«l
6yHOa
-
ak——J f (X) cos kx dx,
—A
n (29.2)

bk= —J f (X) sin kx dx.



SlinepHUHI

copmynanapa OYMMHA aNMALLTUPULLIAPHW Oaxkapammn3. by xonaa (29.1)
6yngain é3rmma:

an i 'v'" / + <% L el x—e~"*x\ _
%«r/\ﬁj [°K 2 ‘ox 2/
l.
=1, +i, \ (el (ak~ ih] + .. . (a*+ Fi*»- (293)

Q= ak— jfet 6enrvnawmmn [kmputammns. Y (xonoa (29.2) dopmynanapra

c*'=—]| [/ (B (cos ftv— : sinAv) dx* J /W € "™rdx. (29.4)

m—n —9q

Arap (29.4) dopmyraga k HM — Kk 6wiaH agmalmmpwica, yHAaH

ck~ ak+ Ibk
KOMI/IEKC COH kennb umkpan. Ly cababmm 6yHpaaii 6enrvnall MyMKUH:
A
ct=c k= Ij' f (X)<gdkxdx. (29.5)

-
n

a0= —J f (X) dx 6ynraHu yuyyH yHn k= 0 ga ak HuHr (29.2) dopmy-

flacugpH Tonuw MyMKuH. Wy cababmm aO= cO geb é3m MyMKUH. Ku-
pUTWIraH arMaLLTUpULLIapHU Xpcobra ommb (29.3) KatopHU yLiby

/W—|c<+ f(k5d°’\+|*- )

«l

KN KMCKAPOK

KypyHULWLAA €3ul MyMKMH, 6yHaa ck= H-[ 'f (X) e Ixx dx. LUyHUHT y3n

dypbe KATOPUHWHI KOMIIEKC LLAKMAMP.
TonwiraH HaTkKaHW KOMM/eke wWakngarn ®ypbe wuHTErpaiH 6unaH
TaKKoenalimma. YHpaa ck coHnap
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c(*)=\/70 e "

—®

dt

qu OwiaH anvalmHagy, 6y (byHkumsa a 6wiaH OGupravkga  Yara-

Y. cj"

Fmoy aca Kyhvpgarw;

c(*)eta“ da

miterpan 6unaH anvialHaaH.
Komnnekc Lwakngarn vHTerpan

/|V|>>J ["‘J*f(l)e—ialdt] eiax d*
6KN KUCKa

/w=f c(a)eUxda,

|
24l

6yHaa c (a) =

nagn, y —oo OaH + oo raya xavva KaAMatiapHi - Kabyn  KwiaoH.

c(a)pyHKLMA cnekTpa.i 3n4IMK €k cnekTpan yHKuma aeb atanagw.

30-8 Odypbe aamawTUpuULLmn

f(t) dyHKUMA GepunraH 6yncmn.

(30.1)

yHkuma f(1) DyHKUMSHUHT ®ypbe anmMawTupuwin gelinnagn. Arap
f(X) hyHKUMA yyyH KOMMAEKC Laknpa o/MHraH ®yYpbCHUHI VHTEer—
pan gopmynacu YypuHan 6ynca, y xonga (28.6)ra 6uHoaH:

/M=
/2n ]

-

by cyHkumsa F (a) (yHKUMS yuyyH OYpbEHUHI Teckapu aimaliTu-

pywn 6ynaan. F(a) GYHKUMAHW (30.2) WHTErpasl teurnamauuHr

eyMmMH cudatnga Kapaw MymkuH (f(X) dyHkuua 6epwunraH, f(a)
PYHKUMS n3naHagu).

F(a)el*x da. (30.2)

84

C —
fW)e at dt, kabn énnagn. a TYKWUH COH Oei-
—Q@

1. MYPLEHNHT cMHYC Ba KBCUMHYC-anMawTupuwnapu.

(o0}

b@=j/*- f/0snatc (30.3)
(0]

GyHKUMAHW 7 (/) dyHKUMA yYyH OYPbEHMHI CUHYC- aniMaluTupuLinapm
aeivwra Kenuwmé onamma. (27.10) dopmynagaH

[e0)
fx)=1/7 1. ) ® (a) sinaxda, (30.4)
o]
abHN f(X) OyHKumA y3 HaBGatnga ®(a) ¢QYHKUMS YYyH CUHYC-
anMawTHpuWw 6ynaan. bowkavya aiTraHga / Ba ® dyHkumanap
y3apo cCuUHyc-anMawTnpuwnapamnp.
LyHra yxwauu,

co

F(a) =y I_ j / (t) cosatdt (30.5)

hyHKumaHN f(t) dyHKUMA y4yH PYPbEHUHI KOCHHYC-a/IMallTUPULLI-
napy peimns. Arap f(x) dyHKuua yuyyH OypbeHUHI HHTerpas
dopmynacu YpHHAWM 6ynca, y xonga (27.9) dopmynanaH:

— @
f(x)= |/~— | F (a) cosaxda, (30.6)
o]

abHU f(X) yHKUHA Y3 HaBbatupa ~(a) YYyH KOCUHYyC-a/iMallTu-
puw 6Ynagu. bowkava ainrraHga / Ba ¥ dyHKumsnap y3apo Kocu-
Hyc-anmMawtupuwnapaup. (30.3) dyHKuuaHu (30.4) uHTEerpan TeHr-
NamMaHuHI euyMMmH cudatnga kKapaw  MyMkuUH (f(x)— 6epunraH,
® (a)— H3naHagw), (30.5) yHKUMsaHH aca (30,6) MHTerpan TeHra-
MaHWHI eumn Aeb6 kKapaw MyMKuH (f(x)— 6epHnaran, F (a) —
n3naHagw).

2. dypbe anMawTUPUWNAPUHUHT XoccanapH. ®ypbe anmawiTn-
PyINapmHUHr 6Mp HeuyTa XOcCacuHU TabKHAMab YyTamus.

a) Arap f(x) dyHKkyms (—o00,00) opanukga abConiT WHTE-
rpannaHysTu 6ynca, y xonga f(x) dyHKUua 6Gapya X fap Y4yH
Y3nyKCH3 Ba |x|-voo [a HoAra WHTWAaOM.

6) Arap X*f(x) (nz=N) dyHKUna (—oo, oo) oOpamkaga abco-
NIOT MHTerpannaHyesum 6ynca, y xonga f (X) HUHI N mapTa Xocu-
=4acH MaBXynd, wy 6unaH 6upra

®

FiIR(m)= "~ f f()te-I<d, k=Nn
/2n 1]

—CC

63 By XocunarapHUHP Xammacu |4;|-*-00 ga Honra wuHTWiaaw.



B) Arap f (x) (yHKUMS (— 00, 00) Op3MKOA abCoMOT WHTErpasy
AyBUM O6ym6, |*|*~00 pa f f (t)dt O 6ynca, y xonga

9
t

| (\f(*)da)e-xdt=— F(x).

r) Arap f(x) dyHkumns ysnykcms Ba |*|-*-00 pga Honra wu
Tunca, f'(x) aca (—o00,00) opanmkga abCcooT WUHTErpasiaHy3um
6ynca, y xonga

~7=r N(He~itxdt= —r- F (X).
V2a ]

.OXuprun nkku dopmynagaH Kynnaarm XynocaHu uYmkapull Mym-
KVH:
f(X) QyHKUMAHM gudhbepeHumannaira yMuHr - aaMmawTupui-

raH F(X) QYHKUNACUHNHI— ra Kynamtmpuaramm xxaBso6 6epagw,

HHTEerpasinawra aca YHWUHr wy mMuKgopra O6ynnHraHm >xaBob Ge-
pagH.

Mwucon cugatnga dypbe anmaliTUpuLLIapuUHUA 6ab3n UHTErpan-
napHn xmucobnawra Kynnamnmuns.

I-mucon. / (@ =e~-mx (a> 0, nr>0) dyHKUUs GepwiraH GY/ICUH.
By dyHKums Gapya X > 0 nap yyyH WHTErpa/iiaHyBuYM Ba XaMmMa Xoraa
Xocunara ara. bynaknab uvHrerpaviaw  époammaa PypbeHUHE  CUHYC
Ba KOCWHYC-a/IMaLLTVPULLIAPUAA  TOMamMm3:

_X —
F#H=1 — le-aacostudu= 1f — — —,
\ a] Y a a*+fl
o]
_® _
GJ(O—{ — \e—usintudu—1/ — ——.
A Y na*+

Y xonga (30.6) Ba (30.4) chopmynanap KyhmaarunapHi 6epagu:

costx dt,X>6;
2 T tsintx
== —_——dt X>0.
ﬂé a+ /7



2-MWUCOJI.
1, O0<x<a YuyH,

/M= j, x=a YUyH,
0. YUyH

6yNCUH. PYPLEHUHI  KOCUHYC— a/IMALLTUPULLA - Kynaarn KypuHulra sra
3KaHW paBLLaH:

2 sinat

-
cos/« du
. V

6yHopH (30.6) ra GrHoaH
° 1, 0<x< a YuyH,
2 I sina/cos*/

t /))—?J dt = E,xza YUYH,
0, x>a YUYH.

w

XycycaH, X = a ma

a=-t ‘ne6é onvHca, 'y xorl,cl,aﬂ = [ sinf g4

Y3-y3UHN TeKWUupuw YyuyyH casonnap

dypbe uHTErpan ae6 Humara antTunagn?

. PynKUMAHN Pypbe umuTerpain 6mnaH TacBMpnawl LWapTUHW KypcaTuHr.
XydhT Ba TOK 'diyHKUMsinap yuyyH ®ypbe MHTerpanv kKaHgaii ésuvnagn?
dypbe WHTErPaIMHUHI KOMIM/IEKC LUAKINHN E3NHT.

. Komnnekc wakngarv ®ypbe KaTopuHW E3UHT.

. dypbe aMaWTUPULLIAPVHUHT TabpUNHN GEpUHT.

. ODypbeHUUT cumnyc- Ba KOCUHYC-a/IMalLTUpuLLLIapn Huma?

. dypbe anMalTUPULLIAPUHUHE XOCCaNapuH aiTuHT.

PNOGOAWNE



10-60606
KAPPNINIWN WHTEIFPANNAP

1-8. VIKKM YN4OBAW MHTErpan Ba YHUHI Xoccanapu

Bup Y3rapyBUMHMHI QYHKUUSICU AOMdepeHUnan XUcobmu TyLLyH-
Yanapu Ba ycynnapu 7-606pa wctanraH coHAarv y3rapyBUUMHUHT
PYHKLUMACU YUYYH XXOPUIA KUAWHFaH 3au. WIHTerpan XMCOBHMHI aco-
CMA FOSIMApUHM XaM Kyn Y3rapyBumnam yHKUuanapra Kyuympu
MYMKUH, 6y (hUKp 3Hr aBBa/l UHTErpa/HUHI aHuK Typaarun WwiH-
. AVHUHT JIMMUTH 3KaH/IHIU Xakujaru fosra TeruwnngaHp.

Oxy Tekucnukga L uusmk 6mnaH (Ekn O6Up Heva 4YM3HK OGuiaH)
yerapanaHraH émnmk D coxaHn Kaparimus. Ly coxaga y3nykcus

z—f(P) ém z=f(x,y)
QyHKUMA OGepunraH 6yncuH. Kynmpgarn amannapHu 6axapamus:
1 D coxaHH Xap KaHAal umamknap 6unaH (Xycycuii xonga 6
unsmknap Ox Ba Oy koopauHata yknapura napannen TyFPH
3HKAAP 6YNUWM MYMKUH) 0 UXTUEPUI KMcMra 6ynamuns:

6y KucMnapHu anemMBHTap todvanap Aeb aTaliMH3 Ba LWy CUMBOS-
NapHUHI Y31 6unaH TervuwnH to3vaiapHUHE 3n1apuHn  Genrnnaii-
MH3.

2) by A ST to3vanapHVHr xgp 6Hpuoa outTamaH Pt (X£ y) HykTa OF
MH3, Oy HyKTa to34ara TerHwIvM O6ynmwm wapTt. N Ta HykTara ara 6yna-
MH3 (24-wakn):

3) TaHnab onuHraH HyKrasapia
2=Ff(P)—Ff(X, ¥Y) dyHKUUS KA
MaT/lapuHH Xpcobnad, ywbyra ara 6y-
Namms:

f(Pi) = f(x» Ya, f(P*) =
=fx, n) .

24~ wakn.



ywbi KypuHiwgary kynaitmvadn tysamms:. /(PYASE= /(x-, 4 A St
4» * n n

. C.. KynatManapHu unramms: V f (p.) OSE= V /(*«* #i) ' ASt.

i=t

< inFnngnan z=F{P)=f(X,y) dyHKumna yuyH D co.xgoa uHterpan
.y vHOM ne6 atanmMmi. By HHTerpan wnFnHau 6up xun n ga D co-
“aHn AS; napra 6YnHW ycynHra Ba xap 6up KuUCM numga fA- Hyk-
T3HM TaHNawra GOFInNX,.

Wyngai kunmb, TaimHNaHraH n ga uHTerpan WnFMHOUNap Ket—
[(a-keTnurura ara 6ynamus. n-*-co ga [A5£ to3vanap AgumameTpna-
PUHUHT 3HI KaTTacu Hojara uHTunagu aeb dapas xunamus (ro3va-
auHr Yerapacmparm Hyxtasnap opacugarH macodanapgaH 3Hr Kar-
Tacn LY O34YaHUHI AnameTpu aeb atanagw). Kyhunparun Tacauk,

YpLHAN.
Teopema. Arap derapanaHraH énuk D coxapga z=f(P) =

=/(*.Y) ®yHKUMA Yy3nyKCcu3 6ynca, y xonga 6y coxaHu Kucmnapra
6ynu coHnHu AS £1034anap AnameTpriapyHUHE 3HI KaTTacu Hosra
wrTnnaguraH knnub kattanawTtuvpunraHga (ti-*-oo)

M M

V/(Pt)ASE==>;/(*,=, yt) A4S,

KAPUHNLLAArN UHTErpast MUFVHOWNAPHUHT NUMUTU MaBXxyn, 6ynaawn.
By TeopemaHun uncbotcm3 Kabyn umnamus.
By numnt D coxamm [, S- Kucwiapra 6ynuw ycyamra xam, Xap Kai-
M KMCM manda Pt HyKTall TaHnaw ycynura xam GofnnK  6ynvaiaw,
z=f(P) = f(X, y) dyHkumsgaH D coxa 6yinya onmmraH UKKU Yn4yoBsam
KHTErpan Aeinnagyn Ba OyHOan GenrvnaHaaw:
I\Nf(P)dS éku jj7(x, y)dS.
D D

LWyHaaii kuvb, Tabpudp Ba 6enrmnawnapra 6uHoaH ylibyra sramma:
n

fi/ (m y)ds =

D
n

ByHpa D wHTerpasiiall coxacu,
"(P)=f (X, y) wHTerpan octugarm
OyHkums, / (P) dS —f (X, y) dS wm+
E»pan octvgarm wdioga, X, y WHTe- o X
rPasiall y3rapyBumnapu, dS 13 ane-
NHTU oelinnaon. 25- wakn.



VKkn ynuoBnu uHTerpan D coxaHn KucMiapra 6ynuvw ycynura
NNK 6ynMaraHurm yuyyH yHW koopavHatanap yknapura napavien TyFK
umsmKiap GwiaH TomoHnapu AXxit [ & ra TeHr 6ynraH TyFpu TYypTA
Yaknapra 6ynmw MymMKuH (25— wakrn), byHaa

ASL= Axt Oy..

VIKKN YN4oBAN WHTErpasHUHE Tabpudmra GrHOaH:
ff /(X Y) dS— lim VvV / (xit i/9 Oxt Oyt.

I)] maxdiamJ, S/ —+0 Ifif

LUYHVHE YYyH WKKU YNYOBAN MHTErpasiHA

fFf/0, )~ dy

D
Kabu 6enrmnawl MyMKUH.
LyHoan kunno,
-
f Jf f (X,-y)dxdy= lim Y /(*, 9 Ox- O~

D maxdiam ,D,S{D -=0 i—[
axdy udoga H3HUHI AeKapT KoopauHatanapugaru anemMeHTn e
nagwn.

MKKN YNYOBAN MHTErpas/IHUHI FeOMETPUK MabHOCUHU aHuK/all
YUYyH KyhWngarm TyLyHYaHU KUPUTaMK3.

Tabpudg. D coxa, TeHrnamacn z=f(x,y) AaH méopar O cupT,
nyHantmpyeuncmn z xampga scosumnapu Oz yKka napannen 6ynrad
UWIMHAPUK CUMPT 6unaH yerapanaHraH XWUCM UWAVMHAOPUK XUCM Oe6
aTanagw.

Arap D coxapa f(x, y)” 0 6ynca, y xonga xap 6up

/=) DE, =/(*, YIAS,

KYyWnayBuUMHK acoc O5,- gaH, 6GanaHgmrn aca f(Pj) = Ax- /) mH
néopar KUYKMHA LWIMHOPUK KUCMHUHE XakKMK cudlataa FeoMETpHK Tac-
BMpnawl MymMKMH (26-wakn). by xonga

V/(P,.)A5(= V f(xit <) 45-
»71 L

VHTerpan nuFmnam KypcatmnraH UWIMHAPUK XUCMIAPHUHE Xaxm-
napn nMnFnHamMcupaH, 6olkava anTraHga, 6Mpop 3MHaNosiCMMOH WA
NVHAPUK XUCMHUHT XaxXmuaaH néopat 6ynagun. f(P)=f(x, y) dyHk-
umsaaH D coxa 6yiinya onmMHran WKKM YN4oBAW WMHTErpan Ky-inagH
D coxa 6unaH, tokopugaH aca z=f(P)=f(x, y) cmpt OunaH uera-
panaHraH VWIMHAPWK XUCMHUHT V XaXmMura TeHr 6ynaau:



X H3 D dXa 2=/(") =/<X )
ntiunr OXy TEKVC/MKOAr  Mpoek—
scianp- WIKKM  ynuoBnn  vmmerpan-
J TEOMETPUK MabHOCKM  LiyHAaH

&°flrap D coxada VHTerpan octv-

aun dyHkyma f(P)=f(x, y) =1
fiCica, ¥ xonga ukku ynyoenu
HHTErPa/THUHI KNAMATH COH YXUXAT-
MaH MHTerpannaw coxacu D HUHF
5 wo3ura TeHr 6ynagu:

5 frdS ékum S = [j dxdy.

(L1

Arap uvHTerpan octuaarn cyHk- 26- waKn.
m*J(P) =f(x, y) coxaga macca
TaKCUMAAHULLIMHHUT 3U4AMrn 6ynca, y Xonaa HKKA YNyoBW  UH-
Terpan D nnactuHkara »>xoknawraH MoAaga maccacu T Hu Be-

paa:

T= ff/(P)dS= ff f(x,y)dS. 1.2
'd. d
VIKKU Y4YOBAN WHTErpasiHUHI MeXaHMK MabHOCU LyHAaH Wbo-
par.
VIKKH YN4OBAW WHTEerpas aHuK WHTErpasHUHI XamMma Xocca-
fapHra ara, VKKU Y/I4OB/IH UHTErpasl aHWK WHTErpasiHUHI 6eBocuta
ymymnawmMacuamp. VIkkm  YnuoBniid  MHTerpaiap XoccanapuHUHE
McbOTU aHWK WMHTEerpajHUHI MOC XOcCaslapyHW ucboTnaraHaek 6Ga-
Xapunagn. LWy cababnu WKKK YNYOBAUM MHTErpasHUHE Xoccanapu-
HY, 6ab3n XonnapAa reoMeTpHK MHTepnpuTauusiaw 6munaH vekna-
HHO, NCO0TCU3 KenTupammns.
1-xocca. Y3rapmac KynaiTyBUMHWU WKKWA YAYOBAU WHTErpas
GenrvcngaH TalwKapura uYMkapuil MyMKWH, SibHM arap k — ysrap-
Mac COH 6ynca, y xoana:

f\ kf(x,y) dS =k ff/(x, y) dS.
'd 'd
2-xocca. bup Heya CYHKUUAHUHI anrebpavk hAnFnHancnaaH
‘AMUTaH UKKU YIHOBAN UHTErpasl KywuayBunnapgaH O/SIMHIaH VK-
Kn YnyoBnAM WMHTErpaiiapHUHI airebpavk WWFHHAMCUIA TeHr (MK-
KUTa KYLWWAYBYM OYnraH Xon 6wunaH 4YeksiaHamms):

| f1 (F (X, Y)£<P (X, y)) dS= [f/(g,y)dS = ff dp(x, y) dS.
WD D b
3-xocca. Arap D wuHTerpannaw coxacu 6Mp HedyTa Kucmra
OYnuHca, y xonga OyTyH coxa 6yiinya OfMHraH WKKW YA4O0BAU WH-
Terpan Xap KaWiCH KUCMAAH OJIMHFaH HKKW YN4YOBAW HHTerpasniap



MuFMHOMCHUra TeHr (MKKUTa KucL,
6ynraH xon 6unaH 4JeknaHamlB
27-wakn): 1

B, jj f(x, y)dS=j ff(x, y) dS f

+jj /(v,Y) ds.
X 4-xocca. Arap wvHrerpaviav]
coxacupa  VHTerpan  octudarn  dyHk-
27- wakin. uma Y3  MIIopacvHK  y3raptypmaca, 'y
XONAa VKK Y4oBAW  MHTerpan  ajy
MLLIOpaHW cakanay, 6olukada antraHga, arap D coxgmaf (X, y) = 0 6ynca,
y xonga fj f(x, y) dS > O; arap D coxgma f (x, y)™ O 6ynca, y xg=>

B
jj f(x, y)dS <O.

5-xocca. Arap uHTerpannaw coxacmaa WMKKMTa (yHKUMa Gr-
pop TEHrCU3NMKHU KaHoaT/naHTupca, y xonga 6y dyHKuusinapaaH
O/IMHFaH WKKW YN4YOBNW WHTErpasiap Xam Ly TEeHrCU3/IHKHU KaHC-
aTnaHTMpaau, 6owkava anitraHga, arap D coxaga /(x, y) ™ @(x.y)
6ynca, y xonga

N\ f(x, )YdS > jj o (x, y) dS.
D
YpTa Knunmat xakupa Teopema. Arap f(x,y) dyHk-

Y énuk yYerapasiaHraH D coxada y3nykcus 6ynca, y xonga 6y -
Xaga WyHOam Po(x0y0 HYKTA MaBXyOKW, D coxa 6yinya onmHraH
VKKU YN4YOB/IN MHTErpan MHTerpan octungarn yHKUUSHUHE tuy HyK*
Tagarn KUAMaTMHM D WHTerpasiall COXACMHWUHI 103K S ra Kynai-
TUPWATaHUra TeHr:

f(x, y)dS =f (xQ yJ-S.
H

By TeopeMaHWHI TreoMeTpUK WHTEPMPUTALMACU kyiliuparupa
nbopar: arap b coxaga f(x,y)” O 6ynca, y Xonga uununppuk
XUCMHUHT XaXMU LWyHOAW UWIVMHOPHUHE XaXMura TeHrku, 6y -
JMHOPHUHT aCOCH LUMANHAOPWK >XXUCMHWUHE acocH D ra, 6anaHanmrin
aca wuHTerpan octugarn f(x,y) QYHKUMSHUHT D COXaHUHr 6upop
PO(XQ Yo) Hykracugarmn f (x4 yQ kuiaMatura TeHr. OYHKUMAHWUHP

rrf(x,y)ds
f(x9yj = "— S

KuiMatn f(X, y) GYHKUMSHUHI D coxadarM ypra KaAMatn agiwaom
(28- wakn).
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MHTerpanHWHI yerapanaHraHnmru xakmaa Tteo-
ma. Arap f(x, y) dyHkumna énuk D coxapa y3nykws xamga M
PcC,r,— YHVMHr Wy coxafarn 3Hr KaTTa Ba 3HI KUYMK Kuimatnapu
r ica, ¥ xonga MKKM YN4OBAU WUHTErpan 3Hr KUYMK KUAMATHUHE D
Terpannaw COXACW S o3ura kynantmacu 6unaH aHr katTa Kuii-
‘MaTHMHr Wy to3ra kKynaintmacu opacvga étagn (SbHU  YHKLMA
uerapanaHraH OY/ica, WKKU Y/IHOBMW WHTErpan Xam uderapanaHraH-

[«P):

mm < fff(x y)dS<.N&.
'd

By TeopeMaHHHI TeOMETpPUK WHTepnpuTaumscH OyHAaH: arap
D coxama f(x, y)~"0 6ynca, y xonga UNWINHOPUK XUCMHUHE XaX-
M/ acocnapu Wy UHAVHAPUK XUCMHUHI acocn D ra, 6anaHavk-
napu aca moc paBuwaa D coxaga SHr KMYMK M Ba SHr KaTTa M
KuAMaTnapra TeHr 6ynraH UWIMHApMap Xaxmu opacHa éTtaauv
(29- wakn).

Muncon. Kyhnmgarm uKKuU YN4yoBNU WUHTErpasiHA 6GaxosaHr:

ff/T~x'--y* dS,

\D
6yHOoa wHTerpasiaw coxac D mapkasn KoopayHataniap 6owmpga 6ynmo,
Paonycn r — 1 ra TeHr povipagaH wmoopar. LUyHWHraeKk, uHTerpan octvi-
o 2=/ 1— j2—yr dyHKUMsHUHT D coxggary ypta KWAMATUHH To-
MUK

E uuw WHTerpan octmgarn (pyHKUMS MapkKasm KoopAaHHaTanap

o6owmnga, paguycu r= 1 6ynraH Kopu spum ccepa wakamga reo-
MeTpuk TacsupnaHagu. PaBwaHkn, 6y coxana J14=1 Ba m=Ora
sramu3. VHTerpannaw coxacu D pgouvpa 6ynn6, 6y AOVPaAHWHT 103K
«cr2=al1l*=n (KB. 6MpnnK). baxonaw xakuparu TeopemaHu
Kynnab, kyhingarvMHH Tonamus:



Jemak, VKKW Yn4oBNn  VHTErps»
HUHI KUAMATU 1

O<|[jy 1-n2—y2
"d

TEHICY/TMKHU  KaHOATlaHTUpaaW.

r==1—x2—y2 QyHKUMAHT*
ypTa KuAMatM Xakygarm - Macana™
eunLll yYyH OfavH Mapkasu KoopaLy»
Tanap 6Gowwuga, paguycn r = i o
raH D povipaga

30- wakI. fj j/'1—x2—yrds

VHTErpa/IHUHT KUAMaTUHM TOMaMus.
VKK yN4oBNW WHTErpa/IHUHI reOMEeTpPUK MabHocugaH Oy Wit

MaT paguycu r= 1 6ynraH HKOpU SIpUM CEPaHUHT XaKMUra TeHr,
wy ca6abnm

if] 1—x2—y2dS = —a (ky6. GUpnK).
d 3

SHAM YpTa KUAMAaT Xakuaarn TeopeMaHu Kynnad, hyHKUMSHUHE Ypora
KWAMATUHM TOMamms;

n

f(x0 yQ = “—

wl N

OyHKUMSA YpTa KuiAMaTnapura ara 6ynaguraH HyKTaslapHu To-
Nyl Xam KUinMH amac:

VI —x1—y2= —, 6yHOaH X2+ yr= —.
LWyHaaii kmb, oyHKUMA ypTa Kuimatura
9= ¥
alinaHa HyKTanapuga spviwagn (30-wwaks).

2-8. Yu YNUoOBAM WHTErpas Ba YHUHI Xoccanapu

e~ Y4 Y/NUYOBAM HHTErpas Xam MWKKH Y/4oBAM WHTerpanra y.xwa
aHUKNaHagn. 3HAM (Da3sOHUHT GUPOP LI coxXacuaa Ba Ly COXaHWHI
0 uyerapacumga aHuk/IaHraH yuyTa Y3rapyBUMHUHE Y3/TYKCU3  dyHK-
LHSCK
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M—T ékm n="~F(x vy, 2

—pams. KyhngarnnapHu Gaxapamma:
! *]) w coxaHn Xap Xun cuptnap (XycycaH Oy cupT/iap KoopauHatanap
Wrnvknapuira naparvienl TEKUC/MKNAP O6YMM  MyMKWH) OGunaH n Ta

TREPUIA YXHCMIa 6ynamms:

[Aco, Aw2, ... Aco™ ... Aun,

XYXCMIapHU 613 aeMeHTap Xaxmiap Aeb ataiMm3 Ba TErMLLIN XUCM-
TAPHHI X2KMIAPUHN XaM Xyaou LyHOan 6enrviaiMmns.

2) Xap ovp @ (i = 1, n) anemMeHTap xaxmaaH 6uttagaH PL (X{, yit

LyKTa o/mb, N Ta HyKrara ara Gynamus:

Pi (*i> Y\, zi)> Pr (xr, ¥ 2i), mme

pi (*i, ¥Yb Zi) oo pn (*«. ¥Yn, zr)-
3 Tannab onmHraH Hykrarapga u —f (P) = /7 (X, Y, 2) QyHKUMSHHHT
KHIAMETIapYHA  XMCOO1aiMIA3:
f(Pl)—f (xI, Yynu 2t), f (P9 = f(X=, Y2, Z9..........
f(Pi) = / (xi, Yb 2)....... /(P,) =/ (xn, ¥n, zj.

4) Ywoy
f(pi) Aw =/7(xf y£ z§ 04

KYPYHLLOAN  KyManTManapH/ Ty3amims.
5 by kynaATManapHVHI MWFUHOMCUHLA XOCWT KWIaMm3:

vV f(p.) p©. =V /(*;, /,2Z) 0okt

i=i i=i
Sy vnrnHoyHM o) coxgopa « = f (P) = f (X, ¥, 2) dyHKUMAmap YYyH W
Terpan AnFMHOW peb ataiivms. M HUHE TalinHiaHraH KuiMariapyuga 0y
VHTErpayT MWFUHOM © coxaHn [, kicwiapra 6ynumw ycynmra Ba  xgp
OHp OyHOA KM mumpa PE (Xit yr r§ HyKTaHM TaHnaw ycynura 6or-
v, WyHgait kWb, TalvHNaHraH M da WHTerpan MWFMHOWIaP KeTva-
Kevmrra sra 6ynamma. [ at anemMeHTap XaKwiap AMaMeTprapyHUHE SHP
kartacn (maxdiam Aco() n-»-00 fa Hoara vHTwiaayn feb ¢spas Kunamuns
(M0. X@DKMHUHI aOvameTpy Oeb YHVHE Yerapacuiary HyKtanap opacuiaru
NothaniapHUNT 3Hr KatTacura anmwiagn). Kyhimparn tacamk YpuHAW.

Teopema. Arap n=f(P)~ f (X, y, 2 yHKUUA EnVK uYerapasaH-

reH o1 coxgaa y3/nykcua 6ynca, y Xxonga Oy coxanHu [,a- Kicmiapra
UNUW COHWHMHI opTWuK Gunad (N ->00) 3MeMeHTap Xaxmiap avae
MESMPMapyHUHE 3HF KaTTacu Honara MHTUACA,

Y (P8 Oco, =V f(xPeyit Z) [co.
1=1 i=1
IGDVIHI/ILLI,EI,aI'I/I NHTEerpan VII/IFI/IH,CI,VU'I&pHI/IHF NMNMMUTN  MaBXy[, 6)”/na,u,m.



By numunt (0 coxaHn A W-Kucmiapra 6gamw ycyamra xam, Xap
KNCM mumgaH Pt HyKTaHM TaHnawra xam OOF/IMK 3Mac.

by numut =/ (P) =f (X, y, 2) dyHKunsaaH (0 coxa 6yiinya alH
raH y4y ynyoaTn vHTerpan geiwnagy Ba OyHaan GenrwiaHagw:

JIVL W A = 330705 %) <*«.
0 >,

LWyHaaih knnmb, Tabpudp Ba OGenrvnawviapra MOC paBuvwga  ywoynrpla

aramMmms: ©
ffff((P) do= lim v/ (P) A©
V3 max diani Om4 t=
eKkun
n
Jf(:f /(5 Y, 1) d(ozmaxdilln"ﬁqm,\fl /x5 T) Ad

bynga (0— mHterpannaw coxac, f (P) = f (X, y, z) — nHTerpan ocmi-
m dyHkuma, f (P) d(O= f (X, y, 2) dlo— nHTerpan octugary wudgoda, ds>
3ca XaKM 3MIeMeHTN Oeb aTariaaw.

Yu ynuoatn Virerpan @ coxaHu Kucwiapra 6ynvw ycynuira 6oFmvk
6yIMaraHn Y4yH YHW WKKW Y14oaTu VMHTerpanra yxwaw OyHgain G-
na xam MyMKUH:

JI T /(X Yy, 2 dxdy dz
©

6yHoa dxdy dz wdoga OekapT KoopAvHataiapudarii Xakm  aneveHta
Oeinnaan. Y4 YN4OBNW MHTErpan cogda TFeoMETPUK MabHOra ara avec.
AMMO wHTerpan octmgarm gyHkuma w coxgaa / (P)=f (X, y, 2» 1
oynca, y xonga y4 ynuoaty UHTErpa/HUHE KUAMATU (O COXAHUHE V Xk~
Mura TeHr 6ynagw:

V= ffl do ékm V = fJJ dxdydz. @
0 (€]

Arap wuHTerpan octugarn f(P) =f(x, y, z) dyHKUMa W coxaoa
Macca TakKCUMNAHULLMHUHE 3nuamrn 6ynca, y Xonga yd ynuosnii
uHTerpan V xaxmgarn moaaa maccacuHu 6Gepagu:

m=J K f{P)d*= JéJ f(x’ Y’ z) doy . (22}

Y4 YNuoBNU MHTErpa/IHUHI MeXaHUMK MabHOCU  LWYyHAAH w6opar-
OngunHru naparpadga VKKU YA40BAM UHTErpan yyyH autmb ymn-
raH xoccasiap y4 YN4oBAW VHTErpan yuyyH TYNa/Mruya wyuupunagm-

1-xocca. Y3rapmac KynamTyBYMHM yd Y/IHOBAW HHTerpan 6c-T
rmcugaH Tallkapura uukapuw  My.MKWH, SbHW K y3rapmac co»
6ynca, y xonga:



Jjj kZ (X y, 227da=klJJ] f (XY, 2 doo.
L ‘@
2-Xxocca. buMp Heua KYWHAYBUYHHUHT anre6bpavk WnFUHOUCUAAH
O/MHraH y4 YM4OBAW WHTErpan KylunyBuMmnapAaH OfvHraH ydy yn-

LOBMIH WHTerpannap anrebpavk WWFHHOMCUrA TeHr (MKKuTa Ky-
wunysun OYNraH xon 6GHNAH 4YekraHamu3s):

jE[gj fFXY, 22X Y, 2)do= \Q[\f x v, 2 d(ax
+JJJ) o (X, I, 2) d(O.

3-xo0cca Arap uHTerpasnaw coxacm @ 6up Heya Kucmra 6y-
NWHca, y xonga OyTyH coxa 6yiinya onuHraH yd y/4oBAN UHTErpasl
Xap Kalcu KUCM 6Yinya ONuHraH yd YnyoBAu WHTErpasiapHUHTE
MnFHOMCUra TeHr 6ynaan (MKKuTa KUCM 6YnraH Xon 6unaH Yek-
naHamms):

KJJ] /Z7(x>Y,z)dO=1JJ)j f(x,y,22da+JJ]]/7(XYy, 2 da
‘9 Q @
4-xocca. Arap urterpa/ijall ccxacuga VHTerpan octuaarn yHKums
Y3 MopacyH/ y3rapTypMaca, Y Xonga yd ynuoatu WHTerpan Xyaau Ly
WLDpaHA Ccak/aiay, YyHOH4M: arap @ coxgda / (X, y, r) > 0 6ynca, y
xonm J'(Lj’ f(X,y, z)do>0, arap o coxgaa 7/ (X, y, z) < 0 6ynca, y
Z

)q,‘l,caJ bJ / (x=¥>r1) d®< 0.

5-xocca. Arap MHTerpa/yiall coxacuaa VKKUTa qoyyvKLms G1pop TeKr—
CV3IMKHM KaHOoAaT/laHTMpCa, Y Xonda 6y qiyHKUMsinapgaH OfMHIaH ydu Y-
YOBMN VIHTEMpaUT Xam LY TEHrCU3IMKHW KaHoaT aHTUpady, [6olikaua air—
raHmp, arap @ coxgaa / (X, y, 2) > (X, y, z) 6ynca, y Xonga

JJJ /7 (X, Y, 2doi>1JJ] b(X Yy, 2 dm
(¢ g9

YpTa kuinmat xakumpgaru Teopema. Arap f(x y,z)
OyHKUMS EnWK 4YerapanaHraH @ coxada Y3/yKcus 6ynca, y Xonga
°Y coxaOa wyHpar P q(xQyQ zQ HyKTa MaBXyn O6Yynaguiku, @ coxa
oyinya ONMHraH y4 YNuoBNM WHTErpasl uHTerpan octmgarun yHk-
LsHWHr Wy HykTagarm ypTa KUAMaTvHU WHTerpasiiall coxacu 1o
MH V' XaXmura KynanTupuiraHmra TeHr:

JJJ / (x>¥>2 d(a—f (x0 yQ zQ-V.
NwynmaHmur

fxgY>z0=j Jfl /(X VY, 2 da

Wmatn 7 (X, y, 2) QYHKUUSHMHHT 0O COXgdarn yprna Kmimatu aeiniagu.
NHTEerpanHWHI YerapanaHraH/AUrn xakKkuna Teo-
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pema. Arap f (X, y, z) dyHKUMA ENWK 4YerapasaHraH W coxa$
y3nykcm3 xamga M Ba T nap (QYHKUMAHMHE Uiy coxaaarn 3Hr Kau
Ta Ba 9HI KMUYMK KuiimaTu 6ynca, y xonga yd Yn4yoBam uHTerpax
PYHKUMAHVUHE 3HT KUYUK KUAMATUHWUHE WHTErpasiiawl CoXacUHULL
V Xxaxmura kKynamtmacu' 6uniaH sHr katta KuiAMatuh M HUHE yTI
XaKXMra kynaitmacu opacmga €tagu (SbHU (QYHKLUUSA YerapasiaH-
raH 6ynca, y4 yn4oBNM WHTerpas xam uverapanaHraHauvp):

mw < \\j f(X,y,2 do< M /.
u(i)
Y3-yY3MHU TeKWUpuw y4dyyH caBonnap

1 BepwnraH yHKuMsgaH 6epunraH coxa 6ylinua ONMHHITH WKKU  Y4OBRMM
uHTerpan ae6 HuMara anTunaam? YHUHT reoMeTpKK Ba MeXaHVK MabHOMAapKHM Ty.

LLYHTUPWHT .

2. VIKKA YNYOBAW WHTErPasiHAHT  MaBXyA/IMIN Xauuaarn Teopema  H/ManaH
néopar?

3. fAccn wakn H3UHW MKKA YNYOBNW WHTErppn cpaamuaa XHcobnaw copmy.
NaCUHW acoC/aHr.

4. VIKKA YNUYOBNN WHTErPaNTHUHI XOCCaNapUHL aliTG GepHHT.

5. VIKKM YNUYOBNW MHTErpan yuyyH ypTa KuiimaT XakHOaru TeopemaHu Ba we-
rPa/HUHI YerapasiaHraHIMrH - xakugarn Teopemanapuv — udogananr,  yrapHUHD
reoMeTprK MabHOCUHM KYpPCaTUHT.

6. bepynraH dyHKUMsAaH 6cpunram coxa 6YiiHYa OnvMHraH ydv YnyoBnn vHe-
rpan Ae6 Humara aHTUnaan? YHUHI TeOMEeTPUK MabHOCUHW KYPCaTWHT.

7. Y4 YNUOBAM MWHTErPa/HUHI MaBXyA/IMIN XaxyaarH Teopema HUMazaH uo-

par? .
8. XXKHCM XaXXKMUMKN y4 YNUOBAWN MHTErpan GunaH xucobnail hopmynacvHH aooc-

NaHr.
9. Y4 yn4OBAM VHTErpasHUHI acocuii XoccasapyHu aiiTub GepuHr.

10. Y4 ynuoBnAn uHTErpas ydyyH ypra KuMar Xxakuparn Ba WHTErpaiHusr
yerapanaHraHIMrn xakugarn TeopeManapHi ngoganaHr.
11. 3466— 3476, 3513—3516-MacasiasilapHN eUuHr.

3-8. NKkkM ynuoBnu Ba y4 YN4OBMAM MHTErpasnsapHu KeTMa-keT
MHTerpannaw 6wunaH xucobnaw

VKKM Yn4oBAM Ba Y4 Y/HOBAW  WUHTErpasylapHUHTE  uHTerpasn
AMFNHOWNAPHUHT AMMUTAapu  cudpatnga OGepwunraH  Ttaspudnapu
Xucobnalwl ycynnapuvHm xam kypcaragu. AMMO 6y XapaéH nuxosT-
Aa y3yHAam-y30K Ba KynruHa KUANHYMAMKnap o6unan 6ofnnk. Vik-
KM YNYOBNM Ba y4 YNUOBAM MHTErpassapHM xmucobnaiwl macanacu
amanga MoC paBullAa WKKUTaA Ba yvTa aHWK UHTErpajiMn ketma-
KeT Xucobnawra kentupunaau.

1 VIKKM YN4yoBnu mHTerpanHu xmcobnaw. ONAMH WKKW §nuosn
VMHTErpasiHM xucobnawl macasiacuHU KapamMms:

£ f(x, Y) dxdy.
D

D coxaHun Kyimparnda aeb dapas kunamms: y y =y\,(x), Y"
=y2(X) (yHKUMAAAPHUHI rpadukiapn xamga Xx=a Ba X=Db ryrp
ynsmknap 6wnaH yerapanaHraH (31l-wakn). D COXAaHWHI uctanra
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UKH MykTacu opkanu Oy yKura napanien TyFpyU umsmkiap yTka-
samus. By TYFpPM unm3mk D coxaHuHr L yerapacuHn ukkuta P "Ba Q
-yKTaga kecmb ytagn. CPB uerapaHn kupuw, AQB uverapaHm aca
HUKWLL Yyerapacu Oenmmns.

TabpH(. Arap D coxa ywby WMKKM LIapTHU KaHoaTnaHTupca,
STbHN

a) YHUHI WYKM HyKTacupgaH yTyBum Oy YKKa napannen xap
kaugaii TYFPU UM3UK L KOHTYPHU WKKN HyKTaga Kecmb YTca,;
- 6) KHpMUL Ba YHKULI KOHTYPNAPUHHHI Xap 6upn anoxuaa TeHr-
nama 6unan 6epunca, 6y coxa Oy yKM WyHanuwun 6yinnya MyHTa-
3aM coxa geinnaan.

Oy VKH yHanuwmn 6yinya mMyHTasam OynraH coxa TeHrniamanap
cucteMacn 6unaH Kyhngarmya 6epunniiv MyMKUH:

31-waKn. 32-1waKn.
la< x < Db,
\t/i(x)<y< ¥Yr(X),
GyHma
Yro(X) < Y+ (X).

Ox yku WyHanmwnm 6yindya MyHTaszam 6yniraH coxaHu Xam
WyHra yxuwaw aHuknaw MyMKUH. ByHaanm coxa (32- wakn)

fc y<d,
Ixr (y) < x< x2(y)

TEHICM3NMKIap cuctemacu 6GunaH  6epuamin MyMKHH,  6yHAa

(Y)™x2(y).

Arap Tabpuchgarn wapTnapgaH akannu 6utracu 6ysunca, y
Xonga coxa y ékm 6y iyHanuwpga HOMyHTasam coxa Adeninnagw.
%HOoan xongoa coxaHu Oy éku Ox YkHra napannen TyFpu UYn3mnk-
_ bunaH xap 6vipn y ékn 6y WyHanmwra HucbataH MyHTasam
6YnaguraH Kucmapra axpatuil MyMKUWH.

33~ waknga Oy ykM WyHanmmwm 6yiinua HOMyHTa3aM coxa Mu-
CNN KEeNTUPW/ITraH, YYHKM 6yHaa OupuHuM wapT 6y3umnraH: 6yHga
COXa uyerapacuHu TypTTa HyKTaga kecagHraH Oy ykura napannen

YH3MK MaBXyn. by coxaHu Oy ykura napannen TyFpu un-
6unaH yyta Du D2 D3 myHTasam coxara Oyivw MyMKUH.
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A~ waknga Oy ykura HucbaTaH HOMyHTa3aM coxa MuUconu 6e.

pUnraH, 4Y4yHku OyHAA WKKUHYM LWapT Oy3unraH: YMKuW Yerapacu
MKKUTa TeHrnama 6unaH 6epunraH. Oy ykura napannen TypL,
Un3nMK 6unaH coxaHnm WKKuTa Dx Ba D2 MyHTasam coxara O6YNTL,
MYMKUH. Coxa 6ump IyHanuwpga MyHTas3am, HKKUHYM WyHanuwga
HOMyHTazam 6ynuwmM MYMKUH. Xap WKKW WyHanMwga MyHTasam
6ynraH coxa TyFpuaaH-TYFpU MyHTasam coxa Ageinnau.

SHAN UKKX YN4HOBMN
T/ (= y) dxdy

MHTerpasra kamtammi. D umHTerpannaw coxacn Oy VKU WYHanmm-
[a MyHTazam aeb gapas Kunamms. byHAaH Tawkapu UHTerpan ociv-
garn dyHkumsa f(x, y)> 0 ge6 gapa3 Kunamus. by MKKU  YN4HOBAM
VHTErPa/THUHT UWIMHAOPUK XUCMUUHE  XaXMU cudatugarm reover-
pVK Ma3MyHHAaH oiganaHuWw MMKOHUHWM 6epaay, SbHU

V=8 fY) dxdy

TeHrnMkgaH dohganaHvul UMKOHUHU 6epaau.

SHAN UWIMHOPUK XUCMHUHE V  X&XMUHW KYHOANaHT  KecuM-
nap ycynupaH (6-606, 21-8) doinnganaHn6 xucobnaimmns (H-
wakn).

KapanaétraH UMAMHAPUK XUCMHU OX YKUra nepnenpukynsap
6ynraH uxtnépuini X =const (a~Lx/"ib) TeKUCNMK OUNaH kecamus.
Kecumga MNQP arpy umsmknum Ttpaneuusara ara 6yn1amu3, yHUHT
S(.v) 1031 X Y3rapyBUMHUHI QYHKUMACUANP. XUCMHUHT  Xxaxmu,
Mab/yMKH,

b
V= f5 (x) dx
a
dopmyna 6unaH udoganaHagn. Wy dopmynaHn 6u3 umnnHapiK
XNCM X@KMUHU Xucobnaiwira KynnamMmns. -syHunr ydyH MNQP arpm
YM3NKIN TpaneuussHUHE 031 6ynMuw S () YHKUMA «ypunnw ns»
aHuKnaw konaan. Mabnymku, 6y H3HUM aHWK uHTerpan épgavu/i3

~Ncobnaw MYMKUH, 6y WHTerpan-
«HF MHTEerpas  octn yHKUmACKH

f(;t, y) cumpt 6unaH x=const
KecuwMwnaaH Xp-
cun 6ynraH MN um3nK TeHrnama-
cngaH mnéopaTt 6YynagH, wy 6wunaH
6upra Y y3rapyBum  Y3UHWUHI P
ayktagarn YX(X) Ba Q HyKTagaru
y2AX) Kuiimatnapu opacuga yara-

panyr

EKUWCNAHKHWUHT

yr (*)
Sx)= f
i(®
oy eppga f(x, y) 6up y3rapyBuum-
HAM hyHKUMSICUAMP, YyHKM X = const.
Xocun KunuHraH gopmyna UWANHAPUK XUCM  KYHOanaHTr Kecu-
MVHVHT 5 (X) H03UHU udodanaian. SHAN XUCMHUHT XaXMUHU TO-
ML MYMKUH:

F v=3Q fRY) d)de

Y'.(x)

f (x,y) dy,

AMMO WKKVHYA TOMOHAAH LWIMHAPUK >KUCMHUHE  X@XKMU  UKKA Y-
YoM mHTerpasra TeHr: V = \\ f (%, y) dxdy. LWy ca6abnm

»,W
fFIFXy) dxdy=] | fxy) dyj dx

eKn

jffy dcdy = fdxj /(X y) dy. (3.1)
w

AHa LWYHWHT Y31 WKKU Y/IHOBAW WHTErpasiHA Xucobnail yuyH
u3naHacTraH copMynagup. YHrga TypraH WHTerpas MKKU Kappanu
yHTErpan genvnaguy, wy 6unaH éupra

Y.<

f /(Y dy

Vi (*)
WKN MHTerpan ge6 artanagw, O6yHga X y3rapmac XxucobnaHa-
AW, HTerpannaw y 6ynunya onmbé 6Gopwunagu, MHTerpannaw yerapa-
flapy aca YMyMUIA xonga X HUHT ymkuusinapu 6ynagn (y3rapmac
&Ynuwnapyu xam MyMKWH). VUKW MHTErpasiHn Xmcobrall HaTuKacu
YmMYMUA Xonga X HUHP yHKUMsicn 6ynagu. by HaTuka TalKun vH-
lerpan yuyyH MHTErpas octm yHKUMsicn 6ynagwn, Talku UHTerpan X
Y3apyBun 6yiinuya a pgaH b rava uyerapanapga Xxucob6naHagu.

(3.1) dopmyna D coxapa Ha cdakat f(x, y)> 0 6ynraHgarviHa,



6ankn f(x,y)< 0 6ynraHga xam ékm f(x,y) D coxaga y3 wuwopa
CYHW y3rapTuypraHja Xam TYyFpuamrmya Konaaw.

l1-acnatma. Arap D wuHTerpannaw coxacu OX YKuU WyHasL,
WM 6Yyinya MyHTazam 6ynca, SbHU yHU

lc<y<d,
Ui (y) <*<x2(y)

TEHICU3NNKIAP CcUcTemMacn 6unaH G6epuwl MyMKUH 6ynca, y Xoda

VKKM YIHOBNW WHTErpasyiHM XMcobnaw ydyH Kynuaary dopmyniara
ara 6ynamma:

noooxy
\\ f (X, y)dxdy = fdyj f(y)dx (32
D c %, (y)

ByHAa WukM mMHTerpannawga y y3rapysun y3rapmac Aeb xycobra—
Hagn. by WHTerpaialHUHE HaTUXacu yMyMUA Xongaa y Y3rapyB-
YAHWHT yHKUMACK 6Ynaan, LWyHAaH KernH yHu ¢ gaH d rava .-
rapaga y 6yinua umHTerpannaw kepak.

2-3cnatma. TaWwkKu WHTErpasHUHI UUTerpaiiaHul Yerapa-
napu govim y3rapmac 6ynagw.

3-3cnatma. Arap D uvHTerpannaw coxacum HOMyHTasaMm Oy
ca, yHU 6up Heya MyHTasam coxanapra 6ynuw, 6y coxanapHUHP
Xap 6upuga UKKU YN4oBM WMHTErpasHy xucobnawl Ba LUyHOAH ke-
MWH HaTwkanapHu Xamnaw kKepak. Maskyp 606HUMHr 1-8 wnoamm
3- xoccara Kypa D coxa 6yiinuya OnvMHraH uHTerpaa wy nuwmHaura
TeHr 6ynagw.

4-3cnaTtma Arap wuHTerpannaw coxacu D

X"b,
c<y<d

TYFpu TypTOypuakgaH mbopat 6ynca, y xonga (3.1) Ba (3.2) dop-
Mynanap Kyhingarn KypUHWULINApHW onaju:

Jj f(x y)dxdy =) dxj' f (x, y) dy, E3
d b
\[f (X, Y)dxdy= j dyj /(x y) dx @4

1-mucon. Arap p 3UYWIUK MNNACTUHKAHUHI WUCTa/lraH KyKTta'
cnga p=x+y copmyna 6unaH 6epunraH 6ynca,

11 <je<2,

11<y<3
TEHrCcM3NMKNap cucremacu 6wunaH GepwiraH NNACTUHKaHWHI
MaccacuHN XMCOBNaHr. H

Eunmuw WVIKKM YN4yoBNM WHTErPa/THUHI MEXaHUK wmabHocuf
Kenné umkunca, 6y macana p AaH O/MHIaH WKKM ynyosnm iH
rpanra TteHr ((12) cdopmyna):
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tn- fi1 (x + ¥Y)dxdy,
D

6yHoa D — TOMOHMapU
Xjp=1, x=2,y= 1, y=3
JioraH TYFpPH TypTOypyak OHMaH Ye-
rapariaHran coxa.
0 HHTerpaniawl COXAaCWHH Tac-
Bypnaimm3, y OX VKM MNYHa/HLH
oylimia  xam, O/ YKy AyHanmwm
6ylivia XaMm MyHTasam. VHTerpan-
M xycobnaw yuyyH (3.3) copmy-
nawn  Kynnaimmna (36-wakn):
2 3
T =jj (X-hy) dxdy = fdx j (x + y) dy.
d i i
OnNoHH MYKU HHTEerpasiHM XucobnaMH3, yHaa * y3rapmac aet xuy-
cobnaHagy:

P fx+y)dy=] X+y)dXx+y)~j X+ yf
i

=~ (v+3)2- | (x+ )f=2(x + 2.

T=\ 22X+ 2) dx= (x+ 22| =42-32=T7.

BH3 (3.4) dopmynasiaH doliganaHraHuMmnsga xam LWyHAah Hatu-
xara spuviraun, 6ynapguk:
3 2
T =fdy j'"(x+vy) dx=7.
i i

2-mucon. Kyhmgarn cuptnap 6unaH uerapanaHraH >XUCM
\a>KWH/ TOMWHT:

Zz=X2+y2 z=0, y=Xx2 x=y2

Euynw. BepHaraH >XUCM UWIMHOPUK XUCM: Y OKOpUAaaH
zZNX2+y2 alinaHMa napab6onoug, KyhingaH z=0 koopaunaTtanap
Kucury, éH TOMoHnapAaH scoBuunapu Oz ykura napannen
Yfray, y=X2, X=Yy2 napabonuk UHAMHApnap O6HAaH YerapasaHraH.
HAHF Xaokmun V yby

V=J]f ey dxdy

AppMyna 6yinya xmucobnaHagw.
—"WCMHWN IOKOpHAaH 4YerapasioBin  CUPTHUHI  TEeHrnamacH
X -\y2 uHTerpan octu yHkuHAcKM 6ynagu. D wuHTerpannaw co-



xacm aca 2=0 TekucaMkadH
r/=x2 Ba x=y2 napa6onanap 91
NaH JerapanaHraH wakngaH mnoo!!
pat 6ynagn. LMAnHQpuK >XUcMmBA,
lOKOpugaH uverapanoBum z=jc24-"
napabonovugHNHI KUCMW Xyaau 1mv
coxara npoekumsnaHaam (37.
wakn).

D coxa MyHTaszam, YHWU Kyiiwn.
[arn TeHrcusnmknap cucremacun
naH 6epul MYMKWH:

O<x< 1,
y<\X M vy
LWyHpan kunmo,
V="Fff@+ yld dxdy
D

MHTerpasiHn xmcobnaw yyyH (3.1) Ba (3.2) dopmynagaH uvctaira-—
HUHM Kynnaw MyMKuH. (3.1) dopmynaHm Kynnaimus:

i vT
V=1fdx f (x2+yrn dy.
0] X
ONAuvH NYKN UHTErpasHn xucobnaiimmni, yHAa X y3rapmac aeb Xt
cobnaHaaw:

Yx Vx 5/2 1 32 . 1
J 2+ Y dy =[x+ j y3> =X + —3X —X4—?X».

Oemak, V= f (x5/2+ j K32—xX*— | Xs) dx =

= (— XTI+ — X5 i- X8 22 1 1=16
S{TX A B X T T s s

WyHOah Kuam3, 6rpsyraH >XUCMHUHT  Xaxmn: V. = > (ky6 6MPK).
(3.4) dhopmynapaH ha3panaHsiica xaMm LWy HaTvbkara apuvmw Mym



KA YN4OBAN WHTErpasiHN WMKKU Kappasin WHTerpaira KenTUpUHTK,
6yHda D = Y=XX+y=2 uynmsuknap 6unaH 4erapanaHraH

CAEumw. D wmHTerpannawl coxacuHu Ttacsumpnaimmi (38-wwakn).
gy OX yKM WyHanuwmpgarn MyHTasam coxa, YHU

II<
Y<xsn2 —y

TEHICU3/IMKIAP cucTcMacu 6unaH  Gepull MYMKWUH, Wy ca6a6nun
(32) dhopmynara 6uHOaH:

38- wakn. 30~ wakn.

2—Y
I=jdyj /7 (xy)dx
0 vt
Arap uvHTerpannaw TtapTubu y3rapTupunca, y Xonga HaTuka-
HA BUp MHTerpan KypuHuwuaa é3mé 6ynmanan, dymkm D coxa Oy
VK1 MyHanuwn 6yinya HomyHTasam coxa (OBA umkuw yerapacu
Xap Xun Kucmaga xap Xun TeHrnamara ara). D coxaHn ukkuta DiBa
A2 MyHTasam coxanapra 6ynammus (39- wakn):
(0<x<1, (1
Di:l0O<y<x- T D" \0<y <2 —Xx
Hatwkapa Kyhmparura ara Gynamus:
|~ f[ /7 Y)dxdy=jj /Xy dxdy+jj /(X y) dxdy =

d dl d,

=fdxf /Yy dy4Y4jdx\ /(% vy dy.
o] o] | 6
% MWCON MHTerpannaw TapTUbMHW TYFPU TaHNaw KaH4Yaink My-

XYM 3KaHMHW KypcaTagu.
2. Y4 YN4OBMN MHTErpasiHn Xucobawl. Y4 ynyosnm

JI1f7( vy, r dxdydz



VHTErpasiHn Xucobnaw ydyta aHa&

VHTEerpaslHn  KeTMa-KeT uHterpa’

nawra kentnpunagu. © wHTerpa®

naw coxacu nactgaH r=r,(n-, y\

cupT 6wunaH, tokopugaH aca’r”

=2z2(X, y) cupT 6unaH derapanal-

raH ge6 thapas kunamuns. by xucm

Oxy Tekucnukgarn D coxara npo-

ckymsanaHcnH. D coxa y=y\(x) Ba

y=y2(X) umsuknap 6unaH (6yHaa

Y\ (X)™y2(x) Ba X=a, X"b

(a=b) TyFpM unsmknap GuiaH

yerapasiaHraH 6YNCVH. 10 XXUCMHUHT VC-

20~ WAk Ta/ifaH UWYKM HyKTacnm opkanm Oz

YKHra napaancn TYyFPU YM3UK VT.

kazammn3 (40-wakn). Y 1t XKCM yerapacHHM MKKATa P Ba Q HykK.
Taga Kecmnb yTagn. Y4 YI4OBAN UHTErNPa/IHUHT KHAMATU

vr (X) ro(xy)
flj /(Y 2z dxdyaz= fdxj' dy f(x, y, 2 dz
Yi ) r, (x.y)

dopmyna 6yinya XUCobMaHULLIMHK MCOOoTNAWl MYMKUH.

YHrga TypraH WHTerpan yv Kappaau uvHTerpan pehvnagn. by
VHTErpasHu xucobnawl yuyyH OAANH WKKN WHTerpasHu, X Ba y
HU Yy3rapmac geb onvb, z y3rapyBum 6yiMya MHTerpannawl Kepak.
Xmncobnaw HaTmkacum X Ba y ra 60FnuK 6ynraH qyHkumsamp. by
byHKUMA ypTa WHTErpan yuyyH y 6yiinya mHTerpan octu qyHKUms-
cn 6ynagn, 6yHgaa X ysrapmac ge6 xucobnaHagn. HuXosT, WKKMH-
Y;: MHTerpannaw HaTHXacu akaT X ra O60FInK (yHKUMUS 6ynaaun.
YHn b gaH a rava verapaga WHTerpaiab, yd4 ynyoBAn WHTerpai-
HKHI KUAMaTWHH THoNamma.

4-Mmuncon. Ywoéy

| —fMN” X+ y+ 2) dxdydz

y4 YNUOBNM WHTErpasiHU XucobnaHr, 6yHaa @ -— KoopauHata Te-
KNCANKNapU Ba X+y-+z= 1 TeKUCNMK 6BunaH yerapanaHraH >XUCM.

E ynw. © uHTerpasiall COXacuHU Ba YHUHI OXy Tekucnukga-
m D npoekuusacuHn scaimunid (4l-wakn). to coxaga ywby TeHr-
Cu3nMKiapra ara 6ynamms:

O<nc<1,
O<y< 1—x,
0<2< 1—X—1y.
WyHaam kanmb, yd YnyucBAM MHTErpan y4 Kappaiy UHTerpaira
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XK 41-wakn.

| 1—x -y
Kr /= fdx f dy|[ x+y+z) dz
o] o]

chopMynia opKa Kemmpwiaan. VUK HHTerpaiHu XycobraiiMHs, yHaa z
WHTerpasinall y3rapyBumcu, X Ba y y3rapmac Ae6 XHcoGMaHaaH:

\-x-y —x—y
I by Hdz=g by a2

Il =\ X+Y+ \-x-yY-~_ (x+ijf=1 (1 — (m-b*2.
| Snan ypra wHTErpanHu xucobnaivHi, GyHaa y uHTerpasviaw ysrapyB'
YHCK, X 3ca y3rapmac Ae6 xucobnaHaaw:

I-X —x
(*+»)*)

<F+>-mCSF)-

S (TR {42 *joH it +f)

HUXOAT, TalKX HHTErpasHM XyUco6aiiMms:

1=

— (—B8—x+ =)dx=— |— xX4— - x2+
Joz\(/s X 3)X ZLJZX 2

+ 1 x)\' =

£ (1
3 /o 2V

L_ 1 + 1UJL.
2 2 3/ 8
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Y3-y3UHU TeKWUpULW YyuyyH caBonnap

1 KaHpaii coxa MyHTasam coxa Aevinnaam?

2. VIKKkn YNnyoBnn WHTErpasiHA MyHTa3aMm coxa 6ylinya MKKW Kappaau UHTerpa,
épaammpa xucobnatl opmyiacuHU YAKAPUHT .

3. HomyHTa3am coxa 6ynraHaa VKKM YN4OBAM WHTErpasl KaHaan Xpcobnaua.
an?

4. Y4 YNnyoBAN WHTErpP3/l y4 Kappain MHTerpan épgammaa kaugan xyicobnaHa-
an?

5. 3485—3497, 3506—3512, 3517—3524- macasianapHn e4nHr.

4- 8. VIKKM YN4OBAN UMHTerpanga yarapyBumiapHuW anmaluTupuLl

B3 aHuK uWHTerpannapHu xucobnawpaa ysrapyBumniapHu an-
MalWTUpULL YCYNU MyXUM 3KaHUHU 6unammni. Ly ycyn épaammaa
MHTCrpan ocTtHaaru wudogaHu 6OWKa OCOH  MHTerpannaHaguraH
ndona 6unaH anMawTMpUl MYMKWUH. WIKKWU YI4O0BAW WHTerpannap
YUYH LWyHAalh yeysHU KapanmMmus.

z=f(x, y) dyHKums 6umpop énuk uerapasaHraH D coxaga y3-
NyKCu3 6YncuH. byHpalh (yHKUMA YyYyH WKKW YI4OBNU

fff(x Y)dxdy 4.2

VHTEerpan masXyn,.
NHTerpanga

X=X (U,v), y=y ®n v 4.2

hopmynanap épgamuga sHrM W, v y3rapyeBumnapra yTamH3, (4.2)
opmynanapgaH W, Vv Yy3rapyBuuMsiapHM AroHa ycyn 6GuiaH TOMHLU
MYMKWUH GY/ICUH:

M=nxy), v=vlIxy). 4.3)
42- wakn.
4.3) opmynanap épgammga D coxaHuHr xap 6up P(X,Yy

HykTacura (Oxy KoopavHatanap TeKUCUTUHUHTE) SHIU
TYFPU Oypyaknu KoopAauHatanap oTcTemacugaH o6upop P(u,v)
HyKTa MOC Kentmpunagun. Xamma P(u,v) HyKTa/ITapHUHI Tynnamu

D énuk uerapanaHraH coxaHm Xocwun Kunagn (42-wakn). (4.2)
opmynanap KoopAguHaTanapHu anmMawTupuwl dopmynanapu, (4.3)
hopmMynanap aca Teckapu anMawTumpuwl gopmynanapu aenvnagun.
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Arap (4.2) dyHKymanap D coxaga y3nykcms GupuHUM TapTtubnm
~Aycycwii XOCHNasapra sra 6ynca Ba arap Wy coxaaa AeTepMUHaHT

ax o ox

/= m v dO 4.4)
ay  ny
M dv

6ynca, y xonga (4.1) wHTerpan yuyyH Y3rapyBuAiapHA a/iMaLLTypuLL
doopMyriacu  YpUHIN:

fff(x YY) dedy = ff f (X (u, v), y (u, v)) I/] dudv. 4.5)
D b

7 neTepMUHaHT X—xX(1, V) Ba y=Yy(#1, V) (PyHKUUANAPHUHT 1 Ba
ti y3rapysumnap 6yinya (yHKUMOHaN AOeTepMUHAHTU  Aelnnagw.
Y WYHUHIAEK HEMUC mMaTemaTurm Fkobu Homm 6unaH sikobmaH aeb
Xam atanagu.

I-mucon. Ywoy

ff @x—y) dx dy

VHTErpayiHn xucobnaHr, 6yHaa D ywCy
X+y= 1L, X+y =2 2X—y=1 2Xx—y =5>

TYFPU uM3mknap 6unaH yerapanaHraH coxa.

E ynw. WMHTerpannaw coxacuHun Kaparimus, y Ox YK WyHanmn-
wn 6yhnya xam, Oy YK WMyHanuwu 6yinya xam HOMYHTa3am Ccoxa.
LWy cababnn umHTErpaiHun xmcobnaw y3yHAaH Y30K 6ynagu, YyHKu
D coxaHu MyHTazaM KHcmiapra o6ynuw  (ynap ydta 6ynagwn),

CYHrpa aca LWyHra MOC yyTa MHTEerpasHM Xucobnaw kKepak o6ynagH.
Arap cagparvHa

4.6)

43- Wwak.



anMawTupuwnap 6axapwuaca, WHTErpaiHM Xmcobnall aH4ya OcoH
nawaan. byHpaa anmawTmpuw acocuga Xx+y= 1 Ba x+y=2 Typ?
py uMsnkKnap KoopAuHaTtanapHUHr sHru ONuv cuctemacnga n=1'Ba
U=2 TYFpU umsmknapra yrtagu, 2x—r/=1 Ba 2x—y =3 TyFpn ‘H
3uknap aca v—\ Ba v=3 TyFpu umsmknapra ytaau. D napanie-
norpamm D TyFpu TypTOypuak OunaH anmawagu, 6y 3aca cogda
VMHTerpannaw coxacu 6ynagan (43-wakn).

HAM | AkoGMaHHM Xucobnaw Konaau. ByHUMHr yyyH X Ba y
y3rapysumnapHu (4.5) dopmyna 6yiinuya mdoganaiimms:

X=~3 (u+v),

Y=\(2n v
M Ba V y3rapysuniap 6yiinda Xycycuii XocuianapHu Toramms:
X _ ax 1
m~ 3" jpgo-~ 1’
M. — EM. — L
an 3 dv 3

YNapHUHI KMAMAaTIapuHn 3ca (4.4) doopMynara Kysmuna:

| 3 3 =_ 1 2= 1
2__ 1 _ 9 9 _ 3
3 3
(4.5) dopmyna 6Yyiivua y3un-kecun Kyhugarmra ara 6ynamus:
2 3
Jj(2x—y) dxdy = | v~ dudv= | du j vdv =

du=-\ ©@—Ddu=T W\ =-.
i
KyT6 kKoopauHaTanapu. X Ba 'y [AeKapT KoopavHaraiapu
X = r cosd,
y =rsing

dopmynanap épgammaa KyTé KoopauHatanapu r Ba ¢ 6unaH ar
MallmMHaguraH XycyCui XONHW Kaparmmi, 6y amanuini  TaTouknsp

YUYH MyXumamp.
T Ba ¢ y3rapyBumiap 6yinya XycyCuii XOoCunasiapHM Tonam

2

it
31
i

L cos”, iy = — nasin
ar
Aan Sin o, 'Dﬂ = [cos oo,
ar doj
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44- wakKn.

ByHopH
cos —rsin g
= I . P Cb! rcos2( + rsin2<=r.
|sin & rcos ¢ i
(45 chopmyna kKynsgarm KYpUHWULLHW Onaaw:
J"\f (x>y) dxdy = j*| / (rcosd, rsin ¢y rdrd co. 4.7)
d - zr

rdrdy ndoga KyT6 KoopauHatanapugaru tos anemMeHTV pgeivnaaw.
4.7) cdopmyna kynuH4ya D coxa Mapkasu KoopauHaTanap 6omn-
Oa 6ynraH

X*+ y2< a

govipagaH _mbopat 6ynraHga Kynnanmnagm (44-waknga vanga).
by xonga D coxa KyhupaarH

0< r<a,
0<g <2n

TEHrcnsnuKnap 6unaH adHkknanagn. (4.7) VKKA YN4oBAW UHTerpai-
HA xmcobnaw r Ba ¢ y3rapyBumnap 6yinya MKKWU YN4YOBAN WHTE-
rpanHn Xucobnaiwira kentupunagun (44-waknga yHrga).

KyT6 KoopauHaTanap cucTtcMacupa KyTOHWHE >KoWnawmwmnra
OOF/IMK XOonaa WHTerpannaw 4verapasiapyHni XOWNawTupuw  Kom-
JacvHn kypcatamms.

a) 0 KyT6 p=a Ba (b= p Hypnap opacmga xownawraH D co-
™ éTmMacunH, byHaa @=const koopaunHata 4YM3nKIapu derapaHu
KKMta HykTaga kecmb YTcuH (45-wakn).

r9)

45- Wwakn. 46- WwaKn.



ARB Ba AQB arpu uusmkniap.
HUHIr KyTO6 TeHrnamanapu Moc pa.
BHWAa r=r\ (p)Ba r=r2(ch) 6Yn.
CVH. BbepunraH mHTerpannaw coxg—
CUN YUYYH VKKU YNYOBM WHTErpan-
HMU Xxucobnaw chopmynacu Kyhinaa.
M KYPUHULLHW ONagw:

fj /(rcosdh, Tsin ¢ rdrd =

47- . e @
e =Jdpj /(rcosd, rsind)rdr. (4.8
o r, (9
0) O kyT6 D wuHTerpannaw coxacu umumpaa €TtcuH Ba > =cons

KOOpAMHaTa 4YM3UKIapu YerapaHu 6uTTa HyKTaga Kecnb YTcuH.
YerapaHuHr KyT6 TeHrnamacu r=r(u>) 6yncuH (46- wakn). be-
pwiraH MHTerpannawl COXacu YYyH WKKU YNYOBAW WHTErpasHu Xt
cobnaw copmynacn Kynuaarn KYpUHULLHW Onagu:
Cr t/ - ; 2n r (o) ;
JI/(rcosdp, rsmaoprdrd o= | /(rcosd, rsin™)rdr. (4.9
0 0
0] KyT6 D uHTerpannawl COXaCUHUHI 4Jerapacura Terv
6yncuH, 6yHoa D coxa h=a Ba h=p Hypnap opacupa ETCuH
(47-wakn). lerapaHHHr KyT6 TeHrnamacu r=r(d) 6YnNcuH. be-
puaraH MHTerpaiall COXacu YYyH WKKU YNUOBAW WHTErPasiHUN X+
co6naw opmynacu Kyhngarn KYpUHULWHW Onagwu:

np/ . P f (@) .

jJ /(rcosth, rsingrdrddp= jddj /(rcose, rsin™)rdr. (4.10

D a o
N UYukapHnraH (4.8), (4.9), (4.10 dopmynanapia WYKA  UHTerpasviall
y3rapyBuncy r, Tawku VIHTerpasiHM Xycobrawl y3rapysumcy aca ¢

2-mucon. Yctkm spum oepa 2= Y\ —xz—y\ z= 0 TeKkncIuk
BA X +y- 2y —0 pJovpasuii uUWMHOP OwiaH uerapasiaHraH >XUCM
XKMUHN XHCOO/IaHT .

Eunw. XaKMUHM XHCOGMalW Kepak OY/nraH >XWUCMHU Ba Oy >KUCM
NpoeKUVsiaHaauraH UHTErpasiall CoOXackHU TacBupraimma (48-Lwakm). *



W3naHaétraH xaxu: V = 21|>_| Y4 —x2—y2 dxdy. By wHTerpanHu,

.jjh rcost 6wiaH, y HU rsin ¢ 6wiaH, dxdy H1 rdrd ¢p 6wiaH anval-
™mpno, (4.7) dopmyna Oyiinya KyT6 KoopauHaTasiapuaa €3amnz:

V=21Y 4—r2rdrdp

VHTerpaniaw ccxacm uerapacHHHr X2+ y2— 2y = O  TeHr/fiamacu
K\TO KoopauHatasiap cucteMacnaa r = 2sin @ KypyHUWHNM  onagn. KyTo

=0 Ba b= — Hyprapy opacvfa >XOWnawiraH WHTerpaiall coxacu-

HAAr 4Yerapacuia >KoinaliraHVHW nalikaraH xonga uwHTerpaira  (4.10)
doopmynaHn Kynnab Xucobnaimms:

a/2 2Sin ¢ w2 2sin 1
K=2j'dg> Y d4~p2rdr=—2ml j'dy j* (4—r22d(4—
0
2sin ¢ A2
- 3= réd—r3" dé=~y | [@—4sin2p) —4 Jc/p=
va-i
- f
38) 0
a/2 a/2 n2
B, .
3 (
0
2
— T » I‘_ %} =

6 /2_ n\=16 /a__2\
31\3 zJ_ 3 V2 3)"

WyHpat Kunmb, manaHaéTraH Xaokm: ~0l-l\72" — :}' (ky6. BGUPNK).

3-mucon. Ywbéy

x2+ y23=x4+ I/

UM3MK BWaH YerapasiaHraH LUaka ksv-
HA TOMWHT.

Eunw. 4Ymamk TeHrnamacuga X
HA rcosc 6wiaH, y HM rsind 6uiaH
anMalmpnb, KyTo KoopauHaTariapuaa
€3amu3:

= —|—1/3 + 0B40.
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Llly uMsnkK 6wian ucrapasiaHram COxaHH TacBupnaimMma (49- wakn). gv
COXaHUUI CUMMETPHKIMMIM Xamaa (11 hopmynara O6uMHOaH W3NaHaETras
t03 GyHaal rdodanaHaay:

KyT6 koopauHatanapuaa dxdy = rdrdy, cababnm:

/4 F /3 + cos4v
5=8fMdrdp=8jdnp] rdr =

WyHaoai kmnnb, wnsnaHaétraH 03 S = — (KB. OUP/KK).
4

5-8. Yu ynuoBimM uvHTErpanga y3rapyBUMMapHU asiMallrmupun

Y4 ynuoBnu uvHTErpasiga y3rapyBuMnapHu anmaliTUpULL  Xam
MKKW Y4OBAW WHTerpangarvgek amanra owupunagn. f(x,y,z)
PYHKUMA (Da3OHMHI GUPOP 4YerapanaHraH EnnkK w coxacmaa Y3nyk-
cn3 6yncuH. byHaan YyHKUUA YYyH Y4 Y14OBAU

W Hx, y, z) dxdydz 5.1

VHTErpasl MaBxyg. Yoy
X=X, v, w), y=yn, v, w), z= z(u, v, w) 5.2
thopmynanap épgamuga WHTerpanga sHr u, v, W y3rapyeBuwiap-
ra yrammns. (5.2) dopmynanapgaH W, Vv, W JapHW SroHa ycyn om-
NaH aHuKnaw MyMKUH GY/ICUH:
m=ulXx, vy, 2, v=v(x Y, 2, W=w(X, Y 2. (5.3)
(5.3) dhopmynanap épgammpa & CoOXaHuHr xap oup P(X,y,z)
HykTacura koopAauHatanapHuHr O {uvw cuctémacmgaH 6upop
P(u,v,w) HykKTa MOC Kyhiunagu. Xamma P(u,v,w) HyKTanapHWUHr
Tynnamm ¢asoHVHr 4yerapanaHraH EénuK L COXacUHU TalKua K-
nagn. (5.2) dopmynanap kKoopauvHataniapHM anmawTunpuw dopmy-
nanapwn, (5.3) dopmynanap asca Teckapu anmawTupuwl dqopmy-
nanapu peiivnagn. Wy dapasnapga ucbotnawl MyMKUHKU, arap

(5.2) dyHKUMANaAp oj coxaga OUPUHYM TapTUGNM Y3/YKCU3 XyCy-
CUli xocunanapra ara 6ynca Ba 6y coxada OeTepMUHAHT
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(5.4)
<z IO FE

én oV cW
ynca, y xonga (5.1) wuvHTerpan YyuyyH Yy3rapyBYH/AapHH aiMallTv-
piw chopmynacy ypuHau:
J ) 'y, 2dxdydz =

= ff¥/(X(«, v, w), y(n, V, w), z(n, v, w))-\I\dudvdw. (5.5)

/ petepMmHaHT  X=Xx(u,v, w), y=y(u, v,w), z=2z(u,v,w)
bYHKUMANAPHUHE U, V, W y3rapysunnap 6yiinya dyHKUMOHaN [Oe-
repMmHaHTL ékm akobuaH oeb atanagw.

1 UnnmHapuk kooppguHatanap. Oxyz kKoopAwuHaTanap cucte-
Macuga M HyKTaHu Kapaiimm3. P HykTa M HuHr OXy TeKucnukga-
M NpoeKuusicn GYNICMH. M HyKTaHHHr dha3ofaru XonatmHu P Hyk-
TaHVHI KyT6 KoopauHatanapuHm OXy Tekucnukga 6Gepuw Ba M
HYKTaHUUr 2 annaukatacuHH 6Gepuwl 6mnaH aHuKiaw MYMKUH. by
r,PBa z coHnap (yyta COH) M HyYKTaHVMHI UWIMHOPUK KOOpAvHa-
Tanapy geiivnagn. 50- wWakngaH HYKTaHUHT UWIMHAPWUK KOOpAHHAa-

Ta/lapyu YHVHI [AeKapT KoopAuHaTanapu 6unaH Kyhinaaru MyHO-
cabatnap 6wunaH 60fnaHraHu KypuHagu:

(5.6)

GyHoIa r>0,0< ¢ <2n, —cw<Z< oo. I, P Z O6yn4a Xycycui
XOCWa.'MpHH TOMamm3:

OyHaaH:
cos™ —rsin™ 0
sin g rcosp0 =r. M
0 01
(5.5) hopmyna Kymparn KypLULLLLIHN
‘nagwn:
IjJf(x,y, 2dxdydz = (5.7)

50- wakn.



1-Mucon. Y4 ynyoenu

LLI(x2+ vr)dxdydz »

9
VHTErpariHn  XycobnaHr, 6GyHaa i
coxa z= x2+ yr rapabonovg Pa
Zz= 1TeKUCNNK BwiaH YerapaanraLl.

Eunw. (0 vHTerpaviaw -
Xacn Ba YHUHr OXy TeKUCvKaaru
D npoekuyusicHn  scaiimmns (51—
LaKs).

WHTerpanga UuWwmHOPMK Koopay-
vaTanapra yTamus: WHTerpal oci-
pdamm f(x, y, 2) = xr + y- hyHKUps
/(r cos dy, r sin ¢, 2) = r 2 KYPUHULLHA
orlaay, @ CoXa YerapacuHNHE z=X2+
+y?2Ba 2=1 TeHrnavaniapn GyHaal
éwign: z=r2Ba 2= 1, D co@
yerapacunuHr X2+ y2= 1 TeHr/a-
Macn r = 1 6ynagn. LWyHpoanm
6, y4 YN4YOBAN WHTErPavyiHA L+
JWHOPVK  KoopAvHaTaiapfa  E3HL
Ba (5.7) 6yinya xucobnall MyMKUH:

jij R+ yadxdydz=
©

2 11 2 1 I
=jjj r2'rdrd<fdz= f dg>\ dr \r3lz = \ d(f \(M-z""dr =
9 0 (O 0 0
24 1 21
0O O 0
24 24
0 0

2. Coepuk koopauHataniap. OXxyz KoopAauHatanap cucremMacuga
M HyKTaHu Kapaimuns. M HyKTaHWHI ha3ogarn Xonatu YHUHI Koop-
OvHaTanap 6owwuvraya 6ynraH macodacu (M HykTa paguyc-Bek-
TOpU Y3YHNUrun), paguyc-sektop 6unaH Oz YK opacmgarn O 6yp-
YakK xama HyKTa paauyc-BeKTOpPUHUHI OXy YKKa npoekuuscn 6un-
naH Ox opacupgarn ¢ 6ypyak opkasim aHuknaHagu. by yuta r, ¢, O
COH M HyKTaHWHI cdepuk KoopauvHatanapH Aervnaan. 52- wakn-
OaH M HyKTaHUMHI chepuK KoopAuHaTanapu YHUHE X, Y, Z OekapT
KoopAuHaTanapy 6unaH Kyhvparnm myHocabatnap OpKaiu GofFnaH-
raHAMrnm KypuHmot Ttypuéan:

X = rsin Gcos”™,



y = rsin0sin ¢,
Z = r cosO,
GyHoar > 0,0< @< 21, 0< 6 <.
L IManrTpuLLL. SKoBUaHn
/ =r2sin0
3KaH/HN XMCOGMall MYMKWH, LY Ca-
6aom (5.5) chopmyna Kyimgarn Kypu-

JMUWHH ongaw:
jij f(x, ¥, z)dxdydz — 53- wakr.
0

= M \f(rsinOcoscp, rsinOsin”, rcos0)r2sin0a‘'rd”~do. (6.8)
W

2-mucon. Pagnycu R ra TeHr wap XaKMUHU XUCOGNaHr.

Euumw. (2.1) cdopmynara 6uHOaH Ba wu3naHaétraH Xaxumu V
ra TeHr YXUCMHWUHI CUMMETPUKAUTU Tydaninm Xaxm Kynuaaru dop-
Myna Gyinua XucobnaHagu:

V=8V=8jjjdxdydz=8j fj r2sin Odrdqd O,

OyHaoa V — Wap XaKMUHUHE Cakku3gaH ovp kycmm (53 wakn):

O0<r<R,
o< < —.
® 2
Jemak,
_n
2 2 R
V=8[dd¢dj dO fr2sin0dr =
O o
A A
X/2 2 n 2 2
=8j dipj*sinO-— dd=1jd 9jtf3sin0dO =
0 oo
_ 2 a/2=> 2/
=_A /Bfcose np=_ j (cos™---cosOjrf™ =
0 0 0
w2 q
=1/?3f dV=i-/?23.g>|2=1 a3
3 3 v L, 3

Wyuaaii kamb, pagnyct  ra TeHr Lap XakMmin
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V =1 nR3 (ky6 6upnmk)

[aH mbopar.
Y3-yY3nHN TeKWWUpPUW YUYYyH caBonnap

1. Ukkn ynuoBnn wHTerpanga ysrapysum kaHgali anMawtupunagun? Anvall
TMpULW SiKOBUaHN Huma?

2. KKk ynyoBnn wuHTerpan KyTo KoopavHaTanapuia kKaHgal wdgopanaHaas3
JekapT koopAnHaTaniapyHH KyTO KoopAHHaTanapura aiMaTupull skobuaHn Lg.
Mara TeHr?

3. KyT6 koopavHatanapHaa WKKA YN4YOBAM WHTErpan MKKU Kappanu WHTerpai
époaMnaa KaHaam xHcobnaHaau?

4. Y4 ynuoBnu uvHTerpanga yarapyBuwiap KaHAan anmawitmpunagH? Anmvail-
TUPULL SSIKOBHAHN HUMA?

5. Y4 YnyoBnH vHTerpan UWIMHAPYIK KoopauHaTaniapra kaHgaali anvalmHpuia—
an? [ekapT KoopAvHaTalapuHU LMIMHAPUK KOoopAnHaTanapra aiMallTUPULLL SKo-
6naHn nmmara TeHr?

6. Y4 ynyoBnu umHTErpan chepvk KoopavHatanapra kKaHgar anmMawirvpunaam?
JekapT koopavHaTanapu cgepuk KoopAauvHatanapra kaHgali anmawrvpunagH?
JekapT KoopAHHaTanapuvHM CepHK KoopAuHaTanapra ammawTHpULW SKoGmaHw
HUMara TeHr?

7. 3525—3540, 3547—3558- macasianapHH eynHr.



11-60 6

Arrnm 4Ym3smkKam WHTETrPANNAP BA CWUPT
MHTEFPANNAPU

1-8. 3rpu uMsUKNN WHTerpasnapra omb KenaguraH Macananap

VHTerpannaiwl coxacu 6uMpop arpyM 4M3nK Kecmack 6ynraH Xon
YYYH aHVK MHTEerpan TylWyH4YacMHU ymymnawitmpamms. by TypgarH
VHTErpa/iap arpu YM3ukKIn uHTerpannap geinnaan. Ynap marte-
MaTUKaHVHI Typau 6ynumnapuga  KyanaHunagu. 3rpyu YmMsmkam
WHTErpanfapHUHr MKKA Typu dapK KWIHHagu: OUpuMHUM Typaaru
Ba WKKWUHYX TypAarH arpy 4msukim uHTerpannap. by TywyHuyanap-
ra KenTMpyBuM MacanasiapHu Kapab unmkamus.

l. 3rpy YMBMKHMHI MacCacUHM XMcobrall Xakugarnm macana. dapas
KWialmK, 6upop AB siccu arpy umisvKaa Macca Y3/yKCu3 TaKCUMUTaHraH
O6ynicuH. Arap arpy YA3UKHUHE Xap 6vp M HyKTacuparm p 3vqimrm vab-
nym 6ynca, sieHn p= p(M) 6ynca (bynga p= p(M) — M HyKTaHUHI
GepwiraH y3nyKcus (yHKHUsCK), AB 3rpy YABMIKHUHI T MaccacuHU Tora—
M3, BYHUHT yuyH AB arpm uisnkinm Am A2 ..., N(,, 1 ..., An_t
KyKtanap 6uwiaH n Ta éira (kmemra) axparamm3  (54-wakn). AB arpH
UBVKHN Oy HaTwKacuaa Xocun 6ynraH € Y3yHIUTMHUHE SHI Kar-
TacuHn d 6unaH GenrvnaMma Ba OYNMHWULL OMaMETPU Ae6 ataiimma. Arap
ovovetp d-* 0 6ynea, y Xonga éinapra Oy COHM M-*- 00  GYyriaan.

Ac-iAj @NapHUHI Xgp Ovpuga wXTnépuii paBuiwaa 6uttagaH M {(xit y»
HyKTa TaH/iab onaMu3 Ba yHAA 3rpyv UMBUKHUHE 3UWIHIVHN XUCOOMaiiMm3:

p. = p(Af)=p(*. 7).

Arap arpy UMSUKHVHI XIP O6Mp KMCMUOArM Xavva HyKranapgda 3WIUrH
y3rapmac Ba YHUHI M & HyKTagarn kuiimatura TeHr 6ynaan ge6 dapas
KnwwmHea, y xonga xgp 6up  8AHWHK
T Maccacu TakpmbaH —Kyhunparura
TeHr 6ynaan:

mi~ P(magd = P(xh-~Ali,
oyHoa [ /& kattaimk ANAN BAHWHP

Y3yHAMrn. Xamma — EAnapHUHr - Macca—
~apuHA - KyWnG, AB arpy umM3nkK m
MaCCaCVHVHI  Takpuouii  KuiMatvHm
Xocwl KuUiaMms: 54- waks.



Tfa2 P(/N,)A/;=2P(xi’ YoAli- (@D}
1= i= 1

Arpy UMsuK KaHYa/MK KUUMKPOK 6Ynaknapra axpatwica, 0y TeHrmK
WyHYannK aHnK 6ynagn. Moaauii arpy UM3UKHUHE  Maccacu  GYIMHHLL
Onavetpy d Honra mHTwraHga (1.1) TEHMMK YHIT  KACMUHWHE  JiMUTAra
TEHr 6Ynaan, AbHU

T =1limSpM()AA=Im Y pxE y)as 12
d=Q[=1 d-*0 £-i

6yHOa
d = wax gA.

LWyHaai Kb, arpv Y/BMKHWHE  MaccacuHu  xucobnal  Macaniack  (1.2)
JMIMUTHN Xpcoball Macaracura o Kenunaw.

2. KyYHUHI 3arpy umsuk 6yinab GaxapraH vM Xakygarn macasnia.
®apa3 kunainnk, M mMogauin Hykta AB siccn arpu umsmk 6yinab xgpaxar—
flaHraHga KoopavHata yknapyaa Y3uHuHr P Ba Q npoekuusiiapn ouwialy
GepwiraH F = F (X, y) Ky4 Tabcupuaa, SbHU

F—F X y)=PX ¥)i+QXxyVY)] 13

Kyy Tabcvpuaa A xonatgaH B xonatra ytraH 6yncvH. £ KyyHuHr AB
Kyapuwaa GaxapraH W vvHM Tonamm3. AB arpy umsukHU A, AL
A2 ... At {, Ate..... An b B nykranap OwiaH fHa N Ta KycMra

(élira) 6ynaMu3. SHr Karta EMHWHr Y3yHIuMrMHu d 6unaH  GenrwiaiMms
Ba YHW OynnHWUW apaveTpy Oeb ataiimms. Xap Kaicu kuempaa (Eiga) mx-

™épnia M[ (Xit yj) HykTaHn TaHnamu3 Ba yHpoa F( = {Pit Qt} KyyaunHr
KWAMaTUHM Tonamma, byHaa

Fi =Fi(xi, Yo Fi = P (xi, Ya, Qi = Q(xi, Ya-

Kyu @MHMHI HyKranapuga y3rapmac Cak/3ugay Ba YHUHI Tabcvpsga
HyKTa & 6yinda amac, Gankn 6y EHWHr Batapy O,St = N fo/—{0%*;.
A ijj) 6ynnab kyvyagn Oeb drapas Kuwiamma. Xapoup éipar UWIHUHE Tak-
pvbuin KMiiMatu Kyd BekTopy Ft Ea Kyunw Brkropy O, St nuHr ckansp
KynaiTtmacura TeHr (55-Lwakn):

Wt=Fr ASt=P (x(, yDAOXi+Qfc, ~) AyL

Xocun KWIMHFaH KUCM UWWapHU Xamnab AB arpy umsuvk 6yiinad £ Kyd
GakapraH TY/IMK VLIHUHE Takpuouii KAAMATMHN XOCWUN KANaMU3;

W« V [P(IN) AXi + Q XIlyg Ay+ (1.4)
t=i



Moaanii HyKTaHU JIB arpu umsuk 6yiinab kyuvpuwaa f kyd GakapraH
nu yyyH d 6ynvHUW  avameTpy Hoara wiamwiraHga  (1.4) AurmHOumnHr
JUMUTVHU Kabyn KwWiamms, SbHU

n
w =1mYy [p(*, ) Axc+ Q  yt) Ayj\. (1.5)
d-*iTx
By epoa Xam Ky4yHWHr OakapraH WWMHW Xucobnaw mMacanacy (1.5) -
MUATHA XpMcobrallra Kengw.
KennHuanmk (1.2) Ba (1.5) dopmynanapHUHr YHr KucMmnapm
AB arpy umsmkK 6yinnab OGUpPUHYN Ba MKKUHUYU Typ 3rpyv YU3UKIN
MHTEerpannap skaHuHW Kypamus.

2-8. BUpUHUM Typ arpy 4YM3UKIN MHTEerpan

1 Tabpudm Ba acocuii xoccanapu. OXy TEKUCTMKAA Xgp 6Up HyKTacu—
Oa (X y) dyHKuma GepwiraH 61pop AB CUINIVK 3rpy YA3UKHN Kapab uika—
M3, By arpym uisnkHn A, A{, A2 . .. ,Ar_x At, ..., An_{, B Hykranap

owiaH N Ta 6Ynakka (Einapra) axparamm3 Ba Xgp Ovp éilga GutTagaH

X{, y;) Hykta TaHnab onamun3. by Hykranapga 6epwiraH f(x, y)
QYHKUMSHVHT  KWAMAT/IapUHNA XMCOGMaiMmM3 Ba Kymnparn WAFMHOMHA Ty-
3aMM3:

>/(/nOpl,. = v /N, Y08/ (2.7
i=i /4
6ysaa [/ kaTTanvk E/HWHT y3yHNMrn (56-wwakn). (2.1) KypUHULL-

Jam vnrvHgynap (X, y) yHKUMS yuyyH AB sccu arpy umsuk Gyiinab
O/WHIaH GUPVHUM Typ UWHTerpan WnFnHawnap Aeb atanaaw.

Tabpud BYyIMHUW KACMAAPUHUHE 3HF KaTTa [Alt y3yHauru
(ynu d gmnameTtp Ac6 artarMmms) Hoara UMHTUATaH waptga (2.1)
MHTErpasm MNFUHOAVUHWHT TUMUTU BUPUHYM TYP 3rpu YM3UKIN UHTEr-
Pan peivnagn (Eku & y3yHAUTM OGYAMYa arpu 4YM3UKIN UHTErpas
[eivnagn) Bsa

f />Y) dl
nBe



cabn GenrwiaHagn. LyHaai Ko,

ff(x, ¥)dl mlim Y f(xit y\) M it 2.2)
XB "

iy epoa AB arpy umsmkHU KOHTYP EKM WHTerpaiaw nynn pebd amai-
ras. Arap f(x, y) dyHKuma AB KOHTYPHUHI XaMMa HyKrasiapuag Y3myk-
n3 6ynca, 6y AUMuUT MaBxXypn, 6ynagn. BUpUHUA Typ 3rpyv YH3VKIN Nt
erpan AB umHTerpaniaw WynMHUHE yHanmwmnra 60FIvK 6yiMainan, YyH—
n A/t EAHWHr y3yHnurn J1,- , ékn At HyKrarapgaH kaiic ovpn EAHVHE
OlWN YYyH Ba KaicM OVpXU OXVPU YYYyH Kabyn KWIMHraHira OGOF/vK,
[Ynvaiigy, sibHM

ff(x, y) dl= \f(x, y)dl.
AB BA

(2.2) Ba (1.2) dopmynanapHu Takkocnab, 3uunurmn p(x,y) 6yn-
3H MoAauMiA AB arpy UYM3BMKHUMHE T Maccacu p (X, Y) 3U4InkgaH
B arpy uM3MK 6Yyinua ONUHraH GUPUHYM Typ 3rpu YN3UKIN VH-
erpasira TeHr, bHU

T= fPx, yd (2.3)
AB
YAUWWHH KypamMus.

Nrap AB KOHTYPHUHI Xamma HyKTanapuga uHTerpan octugarH
'V,y) 8 16ynca, y xonga ompunHun Typ (2.2) arpy UYM3UKIN UHTEr-
QHVHI  KMWAMaTM COH XHXaTtaaH AB arpy  UYM3WMKHUHE L y3yH-
urnra TeHr 6ynaau, sSbHU

L= fdl. 2.4)
AB

Arap AB arpy YM3MKNUHI Xap 6up HykKTacupa uvHTerpan octv-
arn yHkums f(x,y )™ 0 6ynca, y xonga (2.2) arpyu UMsmkin vH-
Tpan COH XuxatunpaH scoBunnapu Oz ykura napannen 6ynraH
rMHOPUK CUPT 6YnarnHWHr 5 to3ura TeHr 6ynagn. by cuptHunur
~HanTupyBuMcH AB KOHTYyp 6ynagwn, y wkopugaH z=f(x,y) cupt
TNnaH, nactgaH 2=0 TeKUCNUK 6wunaH verapanaHraH (57-wakn).
yHpan Kuavo,

S— f f(x, y)dl. (2.5)
AB
CCH AB arpu um3uk 6yiinya ONMHraH arpy YN3UK/AU wuterpanHuur
OMETPUK MabHOCKM aHa WyHAaH nbopar.

Arpy UM3MKAN WMHTErPasIHUHE acocuii XoccanapuHu 6u3 caHab
mAMV3 XOJI0C, YYHKW YNapHUHIK UCO60TV aHUK WHTErpaiHUHI MOC
TcanapH HCOOTHra yxwawanmp.

1-xocca. Ysrapmac KynamTyBUMHM 3rpU YU3UKAN unHTerpasn

vopacnaaH Tallkapucura Ynkapuil MYMKWUH, sbHU arap K y3rap-
ic coH 6Yynca,



57- wakn. 58- wakn.

f kf(x, ¥) dl=if f(x, y)dl.
AB \B
2-xo0cca. bup Heua QyHKUMSMHT anrebpavik WnFMHAUCUOAH
OfIMHraH 3arpy UYM3MKAN UHTerpan i WwnnyeBunnapaaH onvHraH (Mk-

KUTa KYyWM-TyBUM BMNaH YeknaHam3) 3rpy UYM3nKIW MHTerpaniap-
HUHI anrebpavk nnFnHaMcura TeHr

f[f(x, y) £ d(x, y)}diI= f(x, y)dI £ fd(x, y)dl.
AB AB AB
[ 3-xo0cca. Arap wvHterpannaw ¥nu AB 6mp Heua Kucmra 6Gy-
NNHCa, Yy xonga OyTyH MNyn 6yiind ONWHraH 3rpyv YM3MKAN UHTe-
rpan xap 6up KUcM 6yiinya (MKM KUCM OBwiaH 4YeknaHamus)
O/IMHFaH 3PV YM3UKAIN WHTErpasiap WWFMHAMCUra TeHr 6ynagu
(58- wakn).
f f(x, y)dl=* ff(x, )dI-f ff(x, y)dl.
AB AC CB
- TupoBapgupa WyHW Kaing KNAMU3KKW, arap AB casoBuin arpu
unsnk Ba yHpga f(X,y,z) QHKUM aHuKNaHraH 6ynca, y Xonga
ACCU  3rpu YM3MKKa yxiiawl Xxongaby pasoBuii arpu 4ymsuvk 6yiinab
OHPUHUA Typ 3rpyv  YM3UKIM UCETPTHM aHUKNawW MYMKUH, Y
Kyiunparnya 6enrvnaHagm:

ff(x,y,:)dl. (26)
AB

2. bupyHuM Typ arpm usnkam HTerpasiHn xmcobnaw. \f(x, y)dl
AB

APV YBVIKMIN MATETPa/THUA  XMCOBMALL HUK WHTErPa/iHA Xpcobralira  Kes-
pwiaon. apa3 Knnainmk, sicc cunsk AB arpy UAsMKHUHE MapameTpuK
TeHrnavacy

\x=x(t),

\y~y(©
KypyHULLAA 6YNICUH, Wy 6uiaH 6/pr X\, Y\ y31yKcu3 Xocunaniap MaB-
*Yn o6yncun. ®apas Kanainvk, t NsavMeTp a daH p rava ysrapaguraH
6yNCcuH, Wy OwiaH Gupra a < p. Y moopR éMHVHE  aydic])epeHuyiani

dl = dt.



Ba 9rpy UM3UK/IM MHTErpayl aHUK MHTErpasl CpKaiv

ffx, y)dl =; fx(), y()V xt2+ yt2dt (2.7
AB a
dhopmyna 6yiinua mdioganaHagn. Xymnagad, arap AB  cunnnnk  3rpH w
3K Yy = y(X) OWKOp TeHrn3ma 6wlaH 6epwiraH 6ynca (byHoa a < X sr
< b),
b

ff(x, y) dl = \f(x, y(x))V1+y'rdx (2.8
AB a
6ynaau.
(2.6) (hasoBUii arpy 4YM3MK OGYyinyYa ONIMHraH OMPUHYN Typ 3rpu

UM3UKN UHTErpasiHA Xpucobrall TeXHUKAcu [cCu arpyu YnsunkK Gyiin-
ya OfIMHraH WHTErpasiHu Xucobrall TexHMKacuAaH (apK Kuimaii-
On, XycycaH:

f/7Yy, 2dl=j /@,y rt)Vvx2+ y2+ zt2 dt, (2.9
AD a
6y epma x= X(t), y = y(t), z= z(t) TeHrnamanap AB arpy YM3UKHUHI
rnapamMeTpuK TeHrNamanapu, wy owiaH 6upra t napaverp a gaH @ rava
ysrapagm (a < p).
1-mucon. Ywoéy
f(x+y+ 2dl
AB

WHTErpayiHW  X1UCOG/aHr, GyHaa AB — Kylinaary napameTpyiK TeHr/iamanap
owiaH Gepwiran BUHT YM3UK YpamuvHuir &in:

X=cost y=:sint z—t 6yHoga 0 < /<

Eunw. (2.9) cdopmynara kypa KyngarnwiapHu TOMamms:

A/72
f X+ y+ z)dl= f (cos tlsin t+t) V (—sin /r ~-(cos dtn
A3 a

=V?2 (sin"— COoST - —V 2(sin 0—cos 0+ 0) =
2 2 8/

SA(> 4"+ 1)-V2(2+F).
2-MUCO. WHTerpanHu XycoG/aHr:

f *2dl,
AB

6yHoga JIB— 1< x <2 6ynraHga, y=\NX TEKNC 3rpy YA3UNKHUHI En.
Eunw. (2.8) chopmynagaH doiganakmb, XOCUn KlaMmns:
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- I3 B3R— 23 = 3 (/53—v 2 3.

3-8 VIKKMHUA Typ 9rpu UM3UKIM UHTErpasn

1 Tabpudun Ba acocuii xoccanapun. ®apas kunamnuk, Oxy Te-

KHCMKAA WyHantupunraH J1B cUNINK arpH 4YnMsuK GepunraH 6yn-
CHH, YyHOa YHUHI A 60own Ba B oxvpu xamga Ly arpv YM3HKOArH
pP(X,y) OYHKUHA KypcaTHAraH OYNCUMH. By 3arpu YH3MKHU

AL AL AN . Ay Vi B

HyKTasiap 6wiaH A daH B ra kgpab iyHanmwaa VUXTHEPHA  Y3yHNMKAArn
n Ta 6ynakka (éiira) 6ynammns (59-wakn). Xap 6up éiga (xh yL)
HyKTaHW TaHnab onamms. P(X, Y) YHKUMSHUHE WYy HyKraiapaarm K-
MaT/lapyHN  XMcobnaiMn3. Xap ovp & yuyH

P (<, y) AX

KynamTMaHu xucobnainmms, 6yHaa Ox— At {A; éiHuHr Ox ykaoarn mpo-
ekumsicn. EiMHMHr OX yKOoary npoekuysicy geraHaa 6y & sarapuHUHE OX
yK/garm npoekumsicn TyluyHWaan, sibHA

A

OyHOa Ba XL x— A{ BatapHyHr A{ oxvpmn Ba A(_{ GOMHMHI
abcumccanapn. Xocun KuWiMHraH KynaitMasiapHH Kyllamus:

Vp£E. y.)AX.. (3.1
i=1
(3.1) «kypuHuwpgarun nnFnHaM P(X,y) QyHKumMa yuyH AB arpm um-
31K Oylinya X KoopAauHatara HucbaTaH WKKUHYUN Typ UHTerpa
MuFHHOW pennnagn. NkkuHum T1yp (3.1) wHTerpan MMFUHONHUHT
onpuHUM Typ (2.1) wuHTerpasl MHFMHAMAAH (dapky LWyHAaH unbopat-
KW, Y epAa (YHKUUAHVHT KUAMath OYIMHULL KUCMUHWHE Y3YH/IU-
rmra kynamtmpunagwn, 6y cpga aca
6y KUMCMHUHI OX yKaaru npoek-
uusicmra kKynamtupunagu.
Tabpud IHr Katta 6ym-
HUW  KUCMWHUHI Y3YHNIUTU  HOMra
vHTUNraHga (3.1) vHTerpan nFnH-
OVHUHT TMMUTU UKKUHYA Typ 3rpu
UN3NKIN nHTerpan (EkU X koopau-
Hata 6Yyihnya arpu 4YM3NKAN WUHTEr-
pan) penvnagn Ba OyHpgan 6enrm-
NaHaau:



\ P(x, y) dx
AB

By epga /1B KOHTyp EéKn uHTerpaniaw mnynu geiivnagn Ba A Hyk—

Ta WYy KOHTYPHWHI 6ownaHfFny, B aca oxvpru HykTacu naeiivnagy,
(3.2) VMHTerpan MWAFUHOVHUHT Ty3UNUWWAAH WKKHHYWM Typ 3rpH

YN3UKAN UHTerpan y3 KuimMaTuHu AB wnHTerpannaw Hynm yarap.

raHga Kapama-kaplimcura anmaliTUpuLLnM  Kennmé unkaau, SbHU

(3.2)

(3.3)

XakvkataH XaMm, arap 3rpy YH3VIKHUHI AyHa/mMwm  y3raptmpwica, 'y Xo-
da (3.1) inrnngmparn Jg— NPOEKUMSIaPHUHT ULLopaiapy XaM  y3rapaaw.
Jemak, WAFVHOVHUHT Y31 Ba YHUHT (3.2) IMMUTU  MLLOPacUHN Y3rapTu-
pam.

y KoopAauHaTa 6yinya WKKMHYM Typ 3arpy  YU3UKIW  UHTerpanl
Xam LWyHra yxuwaw aHuknaHagu, y OyHpan 6enrvnaHagw:

(3.4)
AB

(3.2) Ba (3.4) arpy UYM3UKIN WHTErpannapHUHr WNFUHOUCU WK-
KUHYM Typ YMYyMWIA 3rpu 4YmM3uMkKIM MHTerpan (EkM KoopauHaTaniap
6yiinya arpm 4M3nKIM WUHTerpan) Aehvnagnm Ba OyHpOal 6Genrvna-
Haau:

AB (3-5)

Arap P(x,y) Ba Q(X,y)— FKy4YHUHI KoopAuHaTanap Vykuparu
npoekumsicn 6ynca, y xonga (1.5) mMyHocabaTAaH WKKUHYM Typ
YMYMUA 3rPU UYM3UKAN UHTErpan Wy KyyHUHr AB Wyngarv vwmnHuW
ndoganawin kennubd unkaan. VIKKMHYH Typ 3rpu 4Ymsvkam UHTerpan-
HUHI MeXaHWK MabHOCU LUyHAaH nbopar.

VIKKMHYM Typ arpy 4msukiInm uHTerpan OoumpuHYN Typ arpuv ui-
3UKIN UHTErpajHMHI Xamma Xoccanapura ara 6ynagu, 6yHOaH Ky-
Mmpgarm MycTacHO: MHTerpasiiall KOHTYpu WNyHanuwun y3arapraHga

mHTerpant (3.3) HUHI UWopa-
cn y3rapagu.
Arap KOHTYPHUHI OXvpru
B HykTacum OGownaHfuy A
HyKTacu 6unaH ycTma-ycTt
Tywica, AB arpm umsmk EénuviK
6ynagn (60-wakn). by xon-
ga (3.5 wumHTerpaniga AB
€NnuK KOHTYp Xap 40UM MycC-
6at WyHamwpaa — annaHuob
A ytunagm, 6yHaa LWy KOHTYyp
60- Lwak. numga ETyBUM coxa ariaHub



«?.TyBY4H HyKTara HucbataH uan TOMOHAA KonaaH pAeb xucobnari-
AH3. KOHTYpHWM aiinaHn6 YTULIHHHE Kapama-Kaplin WyHaUWnuHN
MaHuin MyHanuw pe6 ataimms.

3rpy UM3BMKAN WHTEerpanHu L énuk KOHTyp 6Yyiunya 6enruviai
Yy4yH
®P (x y)dx + Q(x y)dy (36)

6enrvaaH oiganaHnnagH.

MupoBapauaa, arap A B— ha3oBuii  arpy  uM3MK Ba yHAa
P(X, Yy, 2), Q(X, Yy, 2), R (X, y, z) thyHKumnsanap aHmknaHraH 6ysnca,
ACCU 3rpy 4YM3NK Xonura yxwaw 0y ¢asoBuii 3rpy UYM3HK OGyinua
OfIMHTaH WKKUHYN Typ 3rpU YM3UKAU UHTErpPa/iHA aHUK/Ial MyMKUH.

WHTerpan 6yHAan 6enrvnaHagH:

iP(Xy 2)dx+ QX Yy, 22dy+ R (X, y, z)dz /37?)

AB K*' "’
2. VIKKMHUM Typ arpyu 4YM3NKIN  UHTErpasHi - Xpycobnail. VIKKHKYK

TYP 9IPH YM3HK/H UHTErpa/ii XpMcobMall XaM aHHK — VHrFerpasiHi Xpycoo—

nawra KemvpHIaaw.
®apa3 Kuiainmk, AB cUNIMK ACCH 3rpy YA3UK,

(x =x(), =

\y = y(t)
napameTpak TEHrMamasriap OwnaH GepwiraH 6YncuH, OyHoa t napamerp-
HVHr a [aH p rada ysrapywmra arpy uYmsuvK 6yinnad GolunaHFnd A HyK-

TagaH OXvpr1 B HykKTara kapab Xxapakar Moc kefagn. by epoa a MUK-

[op p OgH KWUMK Oynnwm wapT amac. v Xonda \P(X, y) dX arpH umsunk-
AB

JIN HTEerpan

HEP (X y)dx=)p (X(t), y ())x'(t) dt (38)

dopmyna 6yinya aHUK uHTerpan 6unaH wudgogamaHaan. fQ (X, y) dy m+
AB

Terpan yuyym xam Xyaau LyHra yxwail opmyniaHu  XOCun Kuiamma.
LyHOain KWmmb, VKKMHUA Typ YMYMUIA Srpy YA3UKIWN  MHTErpasyl Kynaa—
rH copMynara Kypa aHWK MHTerpan owiaH wudoaaiaHaau:

\P(x, y) dx+Q (X, y) dy= [P (xv), y(0)x(t) +

+ Q(x(f), y(1)y'(t)]dt. (3.9)
Arap sfccu arpy 4nsuK yLiby
Y=¥Y(x), a~x”"b
OLUKOp TeHrNnama 6wiaH 6epwiraH 6ynca, y xonga (3.9) TeHrnmk
[P(x, y)dx+Q (x, y)dy=]| [P (x, y (X)) + Q(X,y (X)y'(x)\ dx (3.10)
AB a
127



KYPLWLWIWHW oraan, Oy epaa a Ba b kattamknap AB élMHVHT A Ba b
YWIapUHUHE - abcuyiccanapn.  VKKMHUM - Typ arpy Ymskkin - uHTerpal/il
(3.7) arpn umank Gyinua Xxmcobnall TeXHMKacK §icCU arpy umsnk eyng”
VHTErPayiHN  X1cobnall TeXHUKacuaaH giapK, KWIMaiiaw:

fP (X i/, z2)dX + Q(X, ¥, 22dy+ R (X, y, 2 dz = j [P(x(t), y(t), z(t)x'(t)+
AB a
+ QX(®), Y), 2Ny ' N+ R(X(), y(©), z()z (Nl dt, (311

6y epmga Xx= X(t), y = y(t), z—z (t)~ AB 3rpy UBNKHWHI MapPavETPUK
TeHrnamasapy, / napamMeTp @& OrH p rasa y3rapagn, 6y aca arpu umsvk
6yiinua A HyKTafaH B Hykraraua ryHamwra mMoc Kenagp.

1-mucon. VHTerpasHm XpUcob/aHr:

\(X + y)dx + (x— z)dy + (y + 2)dz
AB

Oy epga J1IB — TyFpy umsMKHUHT A (— 1; 2; 0) HykTagaH B(3; 1; 2
HyKTaraya Oopa/MKOary KecMacu.

Eumw. ABBan MKKM A Ba B HykTa cpkam YTyBUM TYFPU 4YM3MK
TEeHraMacuH1 Ty3amm3:

X+ 1 y—2_  _z
4 —1 2"

By arpy uvMsvMKHMar napameTpukK TeHrflamacu Kynimaarm KypuHuLra sra
OyNNLLIN  paBLUaH:

X=4t— 1Ly =—t+ 2, 2= 2/.
ByHOa A HyKra napaveTpHuHr /= 0 Kuiimatura Moc Kenaau, B HykTa
aca MapameTpHUHr /= 1 Kuimatra mMoc kenaguv. LWyHpaH cyHr X' (/) =

=4, y'(t)= — 1, z'(t) = 2 napra ara 6ynamus. (3.1) dopMyragaH ot
[anaHnb, KyingarvHi Tonamms:

[(*+ y)dXx+ (x—2)dy + (y + z)dz = T [4/—1—/+ 2)4 +

AB 0
1
W —1— 20— D+ (—/+ 2+ 2/) A\dt= j [/ + D4—
i °© 1
— @ — D+ (/+ 2)2ldt=j (12/+ 9dt = (6/2+ ) = 6+9= 15
o 0

2-MUCON. VIHTErpasiHU XMCOG/AHT:

[ xy2dx + x2 dy,
AB
6yHoa AB — y = x2 napabonaHuHr J1(1; 1) HykracngaH 5(2, 4) Hykra-
curava GynraH émapp.
Eumw. X HM nmapavetp yuyH Kabyn kwmb, (3.10) copmynara kypa
KyAnOarHn XocWi Kuiamms:
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2" i 2
3-muncon. Envk kontyp 6yiinua ofmvHraH Kyingary 3rpy umsvikiv
LirerpasiHH - XMcobnaHr:
rf (x2-f y'-)dy,
L

6yHoa L — yunapy /1(0; 0), B(2 0), C(2; 4), D (0; 4) HyKTariapaa >»oi-
fawran (HyKTanap ainaHmé YTy TapTnéuaa >XonaluTupuiraH) Typroyp-
YAKHUHI KOHTYpW.

Eunvw. L KOHTYpHU aiinaHnb yTul AyHanmwuv wWwaknga KypcatunraH
(61-wakn).

b VHTerpannaw KoHTypy L HM TYpPT KucMmra 6ynmb, KyinaaruHu xp-
TN KWIaMK3:

I =0+ if) dy = \(x2+ if) dy\+ f(x-+ if)dy + f(@2+ y*)dy +
-=B BC CD
+ j (¢ + y*)dy.
UA
Xocun 6ynraH mpofaHUHE YHI TOMOHMOArn Xap 6up WHTerpasHu Xucob-
fab uikammsz:  (x1+ if) di/ = O, uyHkn AB koHTypga y=0 Ba dy=0.

ns
BC KOHTYpHUAI TeHrnamacn X = 2 6ynagn, y napametp O pgau 4 rava
y3rapamy, LUYHWHT YYYH KyAngarmHu XOcwil Kuwiamma:
4
jxr+1f)dy =j @+ if)d,j = (4/+ £ y*) 6: 16 +
BC n

+

3 3

jxr+ y-)dy = 0, uyHkn CD koHTypaa y = 4 Ba dy = 0. DA KOHTyp-
CD

HHI TeHrnamacn x = 0 6ynagn, y napaveTp 4 pgaH O rava Y3rapagy,
LWYHVHI YUYYH KyWMOArMHA XOCWN KWITaMK3:
o]
1(?+ N =](0+ ~ = § 73
No . DA 4

LWyHaai kwmb, HaTwkada KyinaarHu XOoCUn Kunammas:

I socr Hydy=~ T = 16

MupoBapauaa, OMPUHYN Ba WUKKUHYM Typ 3rpyv UYU3UKIN UHTE-
rpannap opacugarn 60fFaHMULWLIHN KypamMn3s.

' AB arpu umamkka M (X,y) HyKTaga yTkasunraH yHantmpmn-
raH ypUHMaHWHI KoopAuHaTa Yyknapu 6unaH Xocun KunraH 6yp-
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61-LwaK. 62-wwakn.

YakfapHMm a Ba £ opkaam GenrvnaiMnd  (YpUHMaHUHI  Myc6ar
HYHa/ MWLM yYyH HYKTaHWHIT A pgaH B ra kapab arpy umsuk Gyt
na6 xapakaT WyHanaMwuHM Kabyn kunamus) (62-wakn).
WaknaaH
ax = cos a «<dl, dy — cos p mll

MyHOCabaTHU XOCW1 KWMaMU3. VIKKMHUANTYP 3rpyv YM3UKIN VHTErparviap-—
Oda dx Ba dfj HM onuHraH|myHocabatnap O6wiaH aaMawTMpu,  yriapHU
OMPVHYA TYP 3PV YM3VIK/IM MHTerpasviapra aMalLTpaMms;

1P(X, y)dx= \P(x, y)cosadl, \Q(x, y)dy = \Q(x, y)cosfidl,
AB AB AB nB

\P(X, y)dx + Q (X, y)dy = £ (P(X, y)cosa + Q(X, y)cospydl. (3.12

a'b ns

WyHpoan KunHG6, 6M3 GUMPUMHYN Ba WKKMHYMA Typ 3rpyv YM3NKIU
VHTerpannap opacugarn 60fnaHULLHN ndoaanosun hopmMynaiapHn
XOCU KUIANK.

AB as3oBuin arpy YH3MK 6GYNraH Xon yyyH Xam LWyHra yxiwatl
dopmyna ypuHan 6ynaaw:

JPOY, 2dx+ Q(X, y,22dy + R(X,y, 22dz= j [P(X, ¥y, z)cosa +

+ Q(X, ¥, 2 cosP + R(X, y, z)cosy\dI, 3.13

Oy epa3 a, p, v— AB arpy uMsukka YTKasuiraH AyHamTUpwiraH ypuH-
MaHVHI Koopaymata ykaapy 6unaH Talkun aTram Gypuakiapu.

Y3-Y3HHMU TeKWUpul YydyH caBonnap

1 3rpH YMBMKHWHI Maccacu KaHaan anunkiaHazm?

2. HyKTaHUHI Ky4 TabCMpHAA 3rpu 4M3HK 6ylinab xapakaTnaHuwmnga Gaka-
punaguraH v KaHaan aHvknaHagun?

3. bepwiraH 4nsnK 6yiinya GUpUUYM Typ 3rPH YH3UKAM UHTerpan aeb Humara
aliTHnaan?

4. BUPUHYA Typ 3rpy YM3HKIH WHTErpayIHHHI XOCCaUlapHHU caHab YTUHT.

5. WuTerpannawl KOHTYpU WyHanMWM GHPUUYH Typ 3rpu YM3WUKAM uHTerpan-
HUHI KaTTa/lHrura TabCup KUiagaHMu, TYLYHTUPUKT.

6. Arap HHTerpafall KOHTypW TeHrnamacu napameTpuK KYpUMULLAA 6epunraii
6ynca, OGUPHHYH Typ 3rpH YM3MKAM HHTerpan KaHaar xucobnaHagn? dopmynavv
KENTUPHHT .
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7 Arap vHTerpannaw KOHTYpu TeHrnamacu i/=y (.v) éknm x=x (y) Kyplwga

LKop GepwnraH 6ynca, GUPWMHYM Typ 3rpH YM3MKAM UHTErpan KaHaari Xucobna-
0 MHconnap KCATHPHHT.

HA g 3rpH uMsuk 6Yyiinab onMuraH WKKHHYH Typ 3rpy UYi3vKaM  uHTerpan aeb
«nuara anTunagn? .

9. MuTerpannall KOHTYpU WYHaMLIM HKKUHYM TYpP 3rpv UYM3UKIH WHTErpai-
auHr KaTTa/IMIHra KaHgali Tabcup KypcatagH?

10. VIHTerpannawl KOHTYpW CUMK GYynraH Xonga aiinaHvwé YTULWHWHE myc6at
ACHanuwn KaHgal 6enrvnaHagn?

11. Arap uHTerpaifiall KOHTYpH TeHr/lamacH napameTpuK KypuHuwaa 6epun-

r3H 6Y/ca, VKKHHUYM TP 3Py YM3HKIM WHTerpan KaHgaih xuyco6naHaan? ®opmy-
JIaCUHN KeNTUPHHT .

12. Arap uHTerpasiiawl KOHTYpWU TeHrnamacun y =y (X) CKHX=X (y) KypuHuwga

OWKOp GepHAraH 6ynca, VKKMHYM Typ arpyv Yv3MKIM HHTerpas KaHaawn xucobnaHa-
am? Muconnap KenTUpUHTK.

13 BMpuMuUM Ba WKKUHYM TYp 3rpu UYM3MKAWM HHTerpaiiap y3apo KaHgali GoF-
?

naHraH?
14. 3770—3799, 3806—3821, 3869—3875-MacanasiapHu €UmHr.

4-8. TpyH dopmynacu

By naparpacga énuk KOHTyp 6Yinya ONMHraH MKKUHYU Typ ar-
pL, YM3VKAWM MHTErpas xamja Ly KOHTyp 6unaH yerapanaHraH coxa
OylinMya ONMHraH WMKKN YN40BAWM WMHTErpasl opacmgarm 60rnaHuLHN
Kypamus.

Tcopema. Arap P(x,y) Ba Q(X,y) dyHkuuanap D coxaga
Y3NapVHWHI  GUPUHYN TapTubnmM Xycycuii Xxocunanapyn 6unaH ys-
nykcms 6ynca, y xonga

b PXy)dx+ QX y)dy=jj (f-_ dxdy 1Z)]

L D

dopmyna ypuHnu 6ynaamn, 6y eppa L — D coxaHuHr uerapacu (L)
6yinya wuHTerpannaw mycéar WyHaamwpga amanra owwupunagmn).
(4.1) dopmyna puH cdopmynacu gennnagu.

McboTn. dapas KunaHIMK, L KOHTyp 6uniaH verapanaHraH
D coxa mMyHTaszam 6ynicuH (10-606, 3-8). by coxa KyhingaH AMB
3rpu 4Yn3nK 6unaH (YHUHr teHrnamacu y=y\ (-v)) tokopmgaH ANB
arpy  UnM3nK 6unaH derapanaHraH (YHUHr TeHrnamacu y=y2(x))
OYncuH, wy 6unaH o6upra y\(x)"y2(x) Ba a<x”.b (63-wakn).
ByHpoai D coxaHu Kyimpgaru TEHICH3IMKNApP CUCTEMAcu KypuHN-
wuaa ndoganall MyMKUH:

j a<x<h
XyM <y <y-i(x)

Mkkana AMB Ba ANB arpu umsuknap OGuvpraivkga AMBNA énumk
KOHTYPHW TallKWA 3Taau.

mssan K& dxdy WKKM ynuoBAM MHTErpainmu  Kapab uMkamma Ba
D N
YHM 3rpy UMsuKIN LUTerpasira aManrrmpamy3. ByHUHE  yuyH  YHU UKKUK
Kappa/n MHTErpayl KypyHUWnga vdogaiaimms:
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YrM b
dx = | [P(x, yAx)) m

a

N t dxdj ~5 dxy.x(x) r«bly ~IPCY) yay

—P(x, ZixX)]dx = P (x, yt(X)) dx — f P(x, yr({)<ix 4.2

(4.2) HWUHI YHI K/UCMMOA TypraH WHTCTPVVIaPHVHE Xap  OUpY VKKYHYA
TYp 3rpy YM3VKAM WHTErpan 6ynmb, ynap Tervwnm srpy  umsunk Gyrinda
O;WHraH:

Srixy20dx= K P(x y)dx= — I P yydx,
ANB B.\'A

(P(x, y™MX))dx=\ P(x, y) dx.

a AMB
WyHpan kawmb, (4.2) wgogaHn GyHaan é3u MyMKUH:
ff dxdy--———-f P (X, y)dx+ fP(x,y)dxj=- f PtXx, y)dx,
]]JJ ay B.VA AMB RS!IAMH
TbHU
N ddxdy = -8P(x,y)dx. 4.3)
Ywo6y
fff-dxdy = (§)Q(x, y)dy (4.4
D L

hopmyna xam Xyaau LyHra yxwaw HcboTnaHagu. by epga L koH-
Typ 6unaH uerapanaHraH D coxa (64-wakn) Kynuparn TeHrcus-
nvKnap cuctemanapu 6unaH mudoganaHagu:

f c<y<d,

Uity X x< x2(y).

(4.4) TeHrnukgaH (4.3) TEHINUKHWU Xaama-xag, avpHO, W3naHaéT-

raH (4.1) dopmynaHu Xocun KHAaMU3.
MpuH dopmynacuHn mcboTnawpga 6m3 D coxaHn MyHTazam [Oeb6
thapa3s kunraH sgvik. by dopmyna 4Yeknn COHZarH MyHTas3aM COXa—
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Napra axpaTtuw MyMKWH 6ynraH xap kangai crnumk D coxa yuyH
Xam YpuHau 6ynné konagw.

MHcon. puH copmynacH épgamuaa Kynnparun arpym UHMsmkiIn
HHTErpasiHN XNCOGNAHT: 1

§ (Xx—y)dx + (x +y)dy,
L

OyHoa L — x2+ y2— R~ allnaHagvp.
Eunw. P{X,y) =x—y, QX Y) =X+ y dyHKuusinap Ba ynapHHr

= — 1, — = 1 xycycuii xocwianiapy 6yTy  TEKUCIMKOA Y3/YyKCU3,

,'awewlak, X'+ y2< R2 énuK govpaga Xam yanykemsgup. bunobapuH, mc-
BOTMiaHraH Teopemara Kypa lpun copmynacu 6epwiraH muterpanga Kymn-
naHunMwyn My.MKVH. LLYHMHT yuyyH Kylngarmra sra 6ynamma:

J x—=y)dx+ (x+y)dy = j f(I —(— D)dxdy =
L D

=2f(dxdy = 2-S = 2n1R2
D

uyHkn ffdxdy = 5, 6yHaa 5 — nHTerpaviall COXaCUHUHE 03U, BU3HUHT
D
xonga 6y govpaHvHr tosvavp: 5 = nRz
OnuHraH HatTwkaHun 6epunraH MHTErpasiHKM 6eBocuTa Xmcobnall
6unaH TEKLWMPULL MYMKUH. BYHUHT yuyyH alinaHaHWHI TeHriamacu-
HA (MHTerpanfaw KOHTYPUHM) napamMeTpuKk KypuHuwaa éE3amms:

X= Rcos/, y =R sint,

GyHop 0 < /< 2.
(3.9) chopmyna 6yiivya arpy YM3MKIM UHTEMPATIHU XMCOGTaAMUS;
2ji
™ —y)dx + (x+ y)dy = \ [(/?cost — R sin /) (— Rsmt) +

1 o
21

+ (Rcos/ + Rsint)R cost]dt = R* | (—costsint + sin2/ +

(o]
24

+ cos21+ sintcost)dt = R2j dt = 2n R2

5- 8. BbupuHuM Typ CUPT MHTerpanu

1. CUPTHUHI t03n. CupT unterpanm pgeb aTtanyByu TyWYHYaHWU
KUpUTUWAAH ONAWH O CUPTHUHI K3UHKM Xucobnaw Xakugarm maca-
eMaHn Xan Kuninamums.

dapa3 kwmainK, 0 cupt z = z(X, y) Tenrnama 6wiaH 6GepwiraH
6ynevH, yHMHr OXy TeKUCIMKOarm Npoekupsic a  coxa 6ynagn. by co-

Xaoa r = z(X, y) yHKumMA y3nykcH3 Ea zx(X, y), 2/(X, y) YyaTykcu3 Xy-
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65~ wakn. 66-LwaK.

Cycuii xocunanapra ara 6yncuMH. CYPTHUHE  HO3VHM anuk/all  YyYyH a
coxgHn mxviépuia O5(, i = 1,n 13 N Ta KcMra 6ynamms.
CypTHUHr OXy Tekucavkaarm npoekuusicn A 5¢6ynraH kemimin <

6uiaH Genrvnanimma (65-wakn). WyHaad kmmmb, o cupt xam n T1a Oy-
Nnakka 6ynvHraH 6ynagu. Xap 6uwp O6¢ Kicmpa OGuTTadaH  MXTUEPWIA

(& ¥Y/) HykTa TaHnab onamms3, a cvptga yura O/t(v(. y{, 27 HyKTa MoC
ke.wan, 6yHga zt—z(xit y(). M- HyKTa opkam cupTra ypyHMa Tekuc—
K yTKazamms (7- 606garm (9.4) dopmyna) (66-Luakn):

2, Vi) x —xi) + 2uXj, yi) (y — i) —@2—2j) = 0,

6yHaoa s, y, 2— TeKUCIMK UCTa.Tran HYKTaCUMUHI  KoOopavHaTaiapu,
X, y., 20=2X, ijj ) —ypyH/I HYKTaCUHWHI  KOOpAVHaTa/iapu,

tij = XX, yb, 24X, y{), — 1} Tekucnukka neprneHamKynsap BekTop (wy
TEKVUCNIMKHUHI HOpMan BekTopw). Arap Hopman n{ Bektop OwiaH Oz YK
opacugarn 6ypyakHU y( 6wiaH Genrnnacak, y Xonga Mab/lym chopmyiara
Kypa

HN XOoCWUN Kunamms (Cosy-=> 0, yymkn \\— YTKup O6ypuyak).
Mj HykTagarn ypunva TEKUC/TMKHUHI AS(- ia npoekusiaHaguran
KUCMUHVHE  103HHW [p( 6unaH Ge.(rmnaiimmns, 'y xornga

ASj — [o(-=cos V(.
6ynpgas

XOCUT KWIMHFaH 3. TapHN KYLLIMG, YpUHMA  TEKUC/TMKNAPHUHI XamMva
GynaKnapy TalUKW KWIFaH CUPTHUHE HO3VHN  XOCWT KWIaMM3:
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+ Xityt)f + j2Zy(xit y-j [2m\Sr G,

/=i
gv BUWFMHOUHM a cupTvMUr toTura TakpmbaH TeHr aeb  xucobnawl Mym—
KAH. O CVPT H3WMNMHI aHWK KWAMAaTX Y4YyH sica/iraH CUPTHUHE AS-

HO3YVTQPHUHI 3HI KatTa d guaverpy Homra uwHTwiraH waptgarn (5.1)
HO3VHUHT JIMMUTU O/MHaaW. Arap Oy HO3HUHI KaTTa/MrMHKM S OGunaH Gen-

rIacaK,

i=i
ra ara 6ynamms. SIMMUT GenrMcKu octiaa TypraH WAFHOM

Vi +lzx(x;y)]2+ [z, i/)i2

5= j fV 1+ X% y)f + @Ux, y)f dxdy. (5.2)
xy
LWyHoaii kb, (5.2) MyHocabaT z = z(X, y) TeHrniama OwiaH GepuiraH
CUPTHVHI 1031 XMcobnaHaauraH dopmynany udoganaian. by epoa oxy —
By CMPTHUHI OXy TEKMCIMKOAArn MpoeKUYsICU.
1-mucon. 3v+ 2y + 6z= 12 TEKACMKHHHI OUPUHYX OKTaHTAA
YOWMaLraH KUCMUHUHE HO3VHA  XMCOOaHT.
Eunw . Kyhnpgarvra sramm3 (67-wwakn):

67- Wwak.
=—I5(\2—3x—2y),
=_3 1
* 6 2

ory coxa Ox, Oy koopauHata ykraapu \ampa /= - - (12— 3X) TyFpu

usMK GuiaH YerapasiaHraH ydbypyakgaH moopar (68-wakn). ManaHaéT-
raH 5 to3Hn (5.2) dopmyna 6yinya XycobnaiimH3:

oV 1+ (- +f--Tjdxdd= 11 i dxdy=

Xy 4 Xy
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L(12-3x) g-(12-3%)

TAA - T.p* 1 drT dx =

-Tf(6-T'h =7T(%-T1T)c-T&A- D- U4

2. BMpUHUM Typ CUPT WHTErpayIMHUHI Tabpudy Ba acoCUii XOCCa-
napu. ®apas Kunaimk, cwimk o ciptda f(x, y, z) dynkumsa éepuiray,
OYNCUH (arap TEKMUCMIMKHMHE Xap 6Mp HyKTacuaa Ba3vAaTU HyKTadaH HyK—
Tara yTraHia y3/MyKCcu3 ysrapaauraH ypuuma TEKUCTMK  Maexyn, 6ynca,
CUPT CWIVK Adeiwiagy). by cupTHM to3napu Ao~ ra TeHr 6yaraH n 1a
MXTVOPUIA KMCMra Gynamma. Xap 61p KucM cuptaa nxtmnépunin A0t yL, zt)
HyKTaHN TaHnab onamu3 Ba WWFVHOVHW Ty3amuma:

n
Vv i(Xi, yL, 2.)40Q, 5.3
i=i
(5.3) kypuHnwpgarn wnFnHgn o cuptga f(X,y,z) QyHKyMa yuym
GUPUHYN TYp CUPT UHTerpanu nwuFnHaucKM  pennnagu.

T abp 1. O£ 034anapHUHT 3Hr KaTtTa d AnamMeTpPUHUHT Yy3yH-
aMrm Honra uvHTMAraHgaru (5.3) uHTerpan WWFMHAWHAHT IMMUTU
f(X, Yy, Z) (PYHKUMSHUHT O cupT 6YMMYa onNuHraH OGUPUHYM Typ
CUPT MHTErpanv fgenvnagn Ba OyHpal GenrmnaHagm:

f\f(x, ¥, z)do.

O6yHOa O — VIHTErpasviall COXaci.
Arap o cuptaga f(x,y,z)=\ 6ynca, y xonga

f\da =S
a

6ynagn, 6yHga S — O CUPTHWUHI 103U, AbHU OUPUHUM Typ CUpPT
VHTErpann épgamMmmaa CUPTIAPHUHE H031apuHM  Xucobnawl MyMKUH.

ByHoaH Tawkapw, ynap éphamuga  CUPTHUHI M MacCacuHU
aHMKMaw MYMKUH. Arap Mmacca TakKCUMAaHULLWUHUHE cupT 6Yyinya
pP=p(X, Y, Z) 3Munuru Mavnym 6ynca, y xonga

T~"Ux,y,r)1a.
o]

SHAN CUPT UHTErpasIMHMHE acocuii XoccallapuHU MUCBOTCU3 Kesl-
TMpamus.

1-xocca. Joumnii KynamTyBYMHW CUPT WUHTErpaan uwopacu-
HUAM Talwkapucura 4Ynkapul MYMKWUH, SbHU

j \k f(x, ¥, z)da —k \\f(x, y, z)da.



i 6ynpa k — y3rapmac cou. N e n
| 2-xo0cca. BbHp Heuta QyHKUMS- f

HUHI anrebpavik nWiFnHgMcngan onvH- r j
raH CHpPT WHTerpann kywunysuunap- f

C paH (UKKM KYWHAYBYM BunaH Yekna-  (
HamMun3) cnMpt  6yiinMya  onuHraH |V — — N y
VIHTErpailapHuUHI  anrebpank WAFUH- - e

e aucura TeHr: 69- was.

) If(x,y, 2% f(X,y, 2\do= jf f(x,y, 227dox ffoaury, 2do.
\% \%
3 X0occa Arap O MHTerpaanaw coxacm 6up Heua Kucmra 6y-
NWHCa, y Xonga O6yTyu cupT 6YyiMya ONMHraH CUpT UHTErpam xap

6vp KUCM b6yihinya onuHraH (MKKMTa KUcM 6unaH vyeknaHamus) cupTt
VHTerpaiiapm wnusmHamMcura TeHr 6ynagu (69-wakn):

j ff(x, Y, z)do= fff(x,y, 2do+ fff(x,y, z)do.

3. BMpUHUM Typ CUPT WHTErpaivHu Xucobrawl. Bupuvnan Typ cvpt
VIHTCTPa/IMHU XMCO0/alll YHN Kappasvi MHTerpanra Kemmvpumw 6uiaH amvarn-
ra cluvpwiagn. a cupT z = z(X,y) TeHrnama O6uian 6epwiraH GY/CYH,

OyHOa z(X, Y) OMHKUMSHUHT Y31 Ba YHUHI 2XX, V), ZY(X, Y) Xycycuii xo-
cwanapn oxy EnvkK coxada y3nykcua 6ynmb, 6y coxa a CcMpPTHUHE Oxy
Tekcnvkgarn npoekupsenamp. f(x, y, z) yHKUMs a cMpTHUHT  Xgp 6vp
HyKTacmaa y3nykcm3 6yncuH. by cuptHn AaG i = 1,0 10311 N Ta KICM-
ra 6ynamms. by 6ynTwwnapHn OXy TeKUCMKKa MNpoekuysiiaimma. Moc
X0nga 0¥y coXaHUHr ASG | — \, N KWK N Ta 6ynakka 6YMMHUWMHU X0-
cun knnavHa. (5.2) doopmyn ara Kypa CUPTHUHE Xgp Gup 6ynarmHiHr Aa-
K031 Kylinparvra TeHr:

Aa-=j \Y 1+ [2%, y)\2+ [zux, y)\2dxdy.

By Kappav vHTerpasra ypta KAAMaT Xakioar TeopemaHun  KyiaHuo,
YWOBYHU XOCU KWIaMm3:

(5.5)

oyyga AS— Aal cvpT KUCMUHUHE OXy TeKUCAMKOArn MPOEKUMACUHHT
to3n. Xr yL— AS( coxpaarn 6upopTta HykTa. Aa(- kucm cuptaarn X£ Vs
zt = Z( X, yt) koopaHHaTa/M HyKTaHu ML 6wiaH 6Genrwiaiimns, 6yHAaa
(xt& ”) (5.5) dopvynagarn HykTa. a cuptdga f(x,y, 2) dyHKums yuyH
VHTErpan WAFUHOVHA Ty3aMu3:



=~ f(xr Yrzxi’y$ | 1+k'Mi’Di)f+ K ixi' Yg)2ASi- (5.1)
t=i

By 1eHrNMUMKMMHr YbI K/MCMULA OKY COXaa YWYKCU3 6ynraH
f(X, Y, Z(X1 y))l T+ [Z )(X! y)]2+ [ZL(Xv y)\_

hyVKUMSAaN ONMHIaH Kappasiv UHTErpan yuyyH uuterpan  AarvHOM Xo'b
nawraH. WyHWHr yyyH (5.6) TeHrnama YHr KACMUHWUHE JUMUTUA OUP LLY
TYpP CYPT WHTErpasmra TeHr:

$$/(*, Y, z)do.
\%

BruHobGapuH (5.6) TeHrnmkga e Aviamvetpriapdan  SHr  KaTTaCUHMHE
n ira wimanraHgarn aumnTira Yyme, KyiugarmHu XoCcwil KWiawis:

Y, z)da =
= \\fX vy, zx y))| 1+ [2XX yY\* + [r1X, iwdxdy.
U

By dopmyna o cupT Gyinya CUPT WHTENPa/IMHUAHE O CUPTHUMNT OXYy Tekuc-
JINKKa axy Npoekuysicn Gyiinyda OnvHraH Kappasv WHTerpasl opkaw wjo-
AacHn Gepapp.

CT cVpT GyiiMYa O/IMHFaH WHTErpayiHW LWy cypuHr Oyz éxn Oxz Te-
KUCIVKapra ayz éky axt npoekupsiirapMm 6yiinya OfvHraH Kappavil WHTer—
paiap opkam uodanosun hopMynaniap Xam Xy4au LUyHra vxuiaiu xp-
cUn KWIHaaw.

2-Muncon. BUpMHUM Typ CUPT VHFErpayiuHA  XUCOOGMaHT:

(Y --dg

J | (r+r+ip’
o

Gynaa o cypT X + Yy + zZ= 1 TEKUC/IMKHHHI GMPUHYA OKTaHTAA XOMnaLl-
raH KUCcM.

Eunw. o cupt

z=1—XxX—Yy
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TeHrnama 6wnaH GepwiraH (70-wakn). bymaaH 2x= — I, Zy—— 1 ra
ara 6ynamms. Ox, Oy KoopavHata yknapyn Ba y — 1— X TYFpU  UU3MK
OUsiaH y3rapasiaHraH yyoypuak axy UHTerpasiall coxacu 6ynagm (71-1Hakn).
ViansHaéTran uHTerpanHm (5.7) copmyria 6yinua  Xmcobraiimms:

— - n —
JfJf (x +Cp+ N*- JfJ (jctl—l—jcf— —hl)f* axay J I(2—y)1
] axy Xy

| - 0 0 VBE)Ih\'bdX'“ Sb(ra -

K -T)i(“‘ wrh=¢« y« " Vil +- %

1 - f
3-mucon. A-p
2=x2+ j2 0<r<)
KOHYCCMMOH CUPTHUHI 3U4/IMMN P CUPTHHHE Xap OMp HykKTacuaa Oy HyK-—
TaMMHI KOHYC YKurada macodpacura nporiopupoHant 6ynca, LWy KOHycCu—
MOH CUPTHUHI MacCacHM TOMHHI (72— Wwak).
Eunmw . KoHycHUMHr wuctanraH M(XE y{) HyKTacMgaH YHWHI YyKuradsa
Macode
d=Vx- + y-
dopmyna Gyinya XmcobraHaay, WYHUHT YYYH P 3U4IMK
p=K\rx-fy-
KypyHULLAA é3vnaay, 6yHaa K — nporopumoHavinK  KO3hdMLMEHTN, a0
M/ COH.
LWyHaaii kumb, rokopugarm KOHYCCMMOH CUPTHUHE - Maccacu (5.4)
dhopmyna 6yrnya XpcobraHagw:
m= fj‘py, 2da=j fkVx2+ y-da.
‘av \%
cr KOHYCCUMOH CUpT

2= VX2+ Y2
TeTirnamva 6uwiaH GepwiraHn y4yH
z=—x. z=-—-Y —
X IXFHY* 4V A24R
ra sara 6ynsmma.
M3anaHaétraH wuHTerpan (5.7) dopmyna 6yinda XpycobnaHaan:

T =jj kVx- +ylda=fj kVx2+ yl] 1+ + Ntdxdy =
o] Xy

= Kk fAVX* + y2wW 2dxdy=kV2 f fVx2+ y2dxdy.



A
72- WwakKn. 73- wakn.

0y epda — pagnycH 1 ra TeHr 6ynraH govipa (73-wakn).

axy coxa 6yimya XoCcun KUWIMHIaH Kappasym MHTerpanga X HU I cos @
ra, y m rsing ra, dxdy Hu rdrdgi ra anvawmmpub, KyT6 Koopan—
viataniapuyra ytamma. LUyHaan Kunmb, KymmgarmHim XOocwun Kuiamma:

(o}

Y3-y3UHU TeKWUpPpULW Y4yH caBonnap

1 TpuH TeopemacuHu uoganaHr Ba UCOOTNAHT.

2. Kappanu wHTerpan épgaMuaa CUPTHUHE 103MHU Xucob6naw  chopmynaciiHm
KENTUPNO YNKAPUIHT.

3. BUpUHYM TYp CUPT MHTErPa/IMHUHT TabPUthUHN aATHHT.

4. BUpVHYM Typ CUPT UHTErPaIMHUHT XOCCANapUHH CaHab YTUHT.

5. BUpPHHYM TYp CUPT UHTErpasin KaHga xucobnaHagH?

6. 3626—3639, 3822—3825, 3876— 3886~ MacasiaslapHH EeYuHr.

6 8 WKKMHYM Typ CUPT WHTerpamm

1 Bup TOMOHNaMa Ba WKKW TOMOH/Mama cupTtnap. ABBasl CUMpPT-
HUHI TOMOHM TYLUYHYACUHW KUPUTaMMK3. O CUIJINK CUPTOA UXTUEPWI

M HyKTaHH oflaMM3 Ba yHAAH cupTra HopMasi KuaMb6 N BEKTOpuM
yTkazammns. M HyKTagaH YTyBUM Ba CUPTHWUHI Yerapanapu 6HiaH
YMyMUIA HyKTara ara 6ynmaraH GMpop EnvK KOHTYPHU Kapab umka-

Mn3. Arap M HyKTaHu LWy KOHTyp O6yiinya n BekTop 6mnaH 6upra
Oy BeKTop Cr cvpTra AouM HopMan 6ynaguraH kuamé (74-wwakn)
Y3/yKCU3 Kyumpunca, y xonga M HykTta 6owniaHrny BasmsaTura
HOPMa/IHVHI ylla NyHanuwmn 6unaH éku yHra kKapama-kaplimn iyHa-
NHWWN 6unaH KanTmb Kcnagw.
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BupmvHuM  Xonoa cvpT UKKU TO-
MioHmama CcupT, HKKUMHYM Xxonga Gup
TOMOHMaMa CHpPT Aeiwiagn.  Tekuc-
JUK, cdepa, anamncoHA, Ba YMyMaH,
r= z(x, y) TeHrnama 6wiaH HjoaaiaH-
raH (GyHoa z(x,y), 24X, y), z¥(x,y) —
Oxy TEKUCMKHUHT 6rpop D coxacu-
Oarn y3nyken3 doyHKumsiap)  uctan-
raH TEKUC/IMK UKKM TOMOH/laMa  cupT-
ra mvcon 6ynagw.

MEBHYC AanpoFun 6up TOMOHNa- 74-wakn.

Ma cuypTra aHr cogga mwucon 6y-

nagn. by cuptim xocun knnuw ysyyH ABCD TyFpu TYpTOypuyakaa
AB Ba CD TOMOHnapHH A Ba B Hyktanap moc pasuwpa, C sa D
HyKTanap 6wnaH ycTma-ycT TywaauraH Kuimb enumnaHagn (75-
wakn). JI\ebmnyc ANPOFUHHHI HOPMasi BEKTOPU YUWHE YpTa YM3HFU
6ynnab ainaHMb uyMkHWAA WYHaAUWIWMHH Kapama-kapliumcura ys-
rapTupagu.

ByHAaH KelnH 6U3 dhakaT MKKM TOMOH/amMa CUPTIAapPHUTMHA Ka-
paimn3. CUPTHUUT Mab/lyM TOMOHWHU TaHNall CUPTHW OpuUeHTaums
KMMMx Oennnagu. Arap cupT OpueHTauuscu TaHnaHraH 6ynca, y
X0nAa cUpT opueHTauuHNaHraH ageivnaawn.

CvpT YerapacvHUHI OpUEHTALMACU TYLIYHYACU CUPTHUHI TOMOHU
TylwyHYyacH 6unaH 60fnukK. Jirap o — L kouTyp 6unaH uYerapaiaH-
raH opueHTauuvsiaHraH, y3uHW Kecub yTaguraH HyKTanapu 6yn-
MaraH cupTt 6ynca (76-wakn), y Xonga 6y KOHTYPHU alnaHub um-
KAW AYHaMwnHM mycbat aeb xmcobnarimuni, arap 6y koutyp 6y-
KWuar xapakatjiaHuwaa o CcupT ainaHaéTraH HyKrara HuicbartaH
yan TOMOHAA KOJica, pull MyHanuwmnHM mycbat aeb xmucobnanmms

(byHOa N HOPMaSIHUHI OXMPWUAAH KOHTYPHW ainaHm6 yTuw coaTt
MunaMra  Kapwm — Kysatunagun). KOHTYpHU  ainaHu6  YTULIHWHE
Kapama-KaplH nWyHanuwm maHpuii MyHanuw aenvnagu.

2. Acocuii Tabpudiap Ba Xoccanap. ANy UKKMHUYM  Typ CupT
TErpa/MHUHI Taspudmra ytamms. dapas KWMalMK O — CWIINK Yerap3—
naHraH opvelTaypsnamradH cvpT 6yncuH. Arap Hopvaiap Oz ykyu G-
naH YTKUp Oypyaknap Tallkua 3Tca, Y Xonga CUPTHAME YCTKU TOMOHM
TawlaHraH OeiMmns3, arap yTmac Gypyakiap Tallkwuia 3Tca, CUPTLULIF OCT-

75— Wakn. 76- Wwakn.
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KA TOMOWW TaHnaHraH Jdeimuns. by
cvptaa R(X, y, Z) yeknaHraH doyHKUMS—
HN Kapaimmn3 (77- wakn). by cvpTHU
uxTnépuii N Ta [p- KMCMnapra awpa-
Tamm3 Ba Aot cupTHUHI OXy Tekve-
NUKAarv MpOeKUW/ACVHAT 03U 1

(4a-) 6wnaH GenrvnaimmMa. Xup 6up
AcE kacm  cuptoa wixtvépuin MO,
yit Zj) HykTaHn Genrunaiimmns, 6y Hyk-
Tanapga R(X, Y, 2) yHKUMSCUHUHT KH[-

77- wakn. MaTUHU  XucobnaiiMm3  3a  Kyhinaaru
ANMHOVMHA Ty3aMu13:

20K XL Yo i) (&aife (61)

6yHOa arap O CUPTHUHI YCTKM TOMOHUW TaHnaHraH 6ynca, (Oo/)/7
ugoada mycbat Hwopa 6HNAH ONUHaAW, arap CUPTHUHI OCTKUTOMO-
HH TaHnaHraH 6ynca, y xonga 6y Hgoga MaHMHIi uwopa 6unaH
onuHaan. (6.1) KYypuHHWAarn hnFMHon o cuptga R (X, Y, 2)
(PYHKLMA YUYYH MUKKUHYM Typ CUPT UHTerpann uusnHancn aeinna-
an. WKknHum T1yp (6.1) uHTerpan WWFUHOMHUHT 6upuHum Typ (5.3)
MHTerpan unWiurMHaHgaH dapky WwyHaakn, y epga QyHKUUAHUAT
KUAMaT KUCMWIA CUPTHUHI  lO3ura Kynamtmpunca, 6y epga aca
PYHKNUAHUHT KMAMaTN KUCMWUIA cUPT 103MHUHT OXYy Tekucamkgaru
MpoekuHscura (mycbat Ekm Mamduii mwopa 6unaH) Kynantupu-
nagw.

Tavpud. (6.1) wnHTerpan MWUITMHAWHWMHI [p- t03nap 9Hr K3TTa
d AnamMeTpUHUHI Y3yHAUTW HOATa WHTUATaHdarun AMMUTU O CUpPT-
HUHI TaH/aHraH TOMOHM 6Yyiinya i Ba Yy KoopAuHaTanap 6yhnuya
R (X, Y, 2) yHKUMSJAH ONIMHTaH WKKUHYM Typ CUPT WHTerpanv
aenvinagm xamaga 6yHaaii 6enrvnaHagu:

\{ R(x,y,z)dxdy. 6.2

[¢]
P (X, ¥, Z) dyHKUMiigaH y na z KoopAawHatanap 6yiuuya onnH-
raH Ba Q (X, Yy, Z) (yHKUHSAaH X Ba z KoopAuHaTanap 6yiinus

O/IMHFAH WKKWUHYA Typ CHPT WHTEerpaay LWyHra yxwaw aHukna-
Haau:

\\P (vy,2)dydz, \j Q(X, Y, z)dxdz. 6.3)
o)
By wvnTerpannapmr
jiP(X,y,2)dydz -fjj QX,y, 2)dzdx -fj j R(X,y, 2) dxdy
\Y 0] 0

AMpNHaycU KoopavHatanap 6yrnya WKKUHYM TYp YMYMUH CUPT UHTErpaim
nelivinagyn Ba 6y!’'main GenrvnaHaw:
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jiP (X, Y, z2)dydz+Q(X, y, z)dzdx +

+ R(X, y,z) dxdy. (6.9)

LWKKUHYH Typ Ciipr HHTerpasiH
OHPKHUM TYyp CUPT HHTerpam
3ra3 6ynraH xoccanapra ara, 6n-
poL, OGHPHHYH 'TYpP CUPT WHTEr-
panHaaH dhapkn pasnwga
CHPTHWHI TOMOHMU Y'3rapraH,rar
(AbHH OpHeHTaLHsa y3rapraHaa)
Yy VLWOpacuvHN y3rapTupagu.

3. VIKkKunun Typ CUPT UWHTer-
pasapuyHA XMCOBMLL. VIKKMHUYHTYP 8- wakn.
CUPT WHTITPIaPH Kapparin HKTer—
paviapra KentMpHAnMG XxycobrnaHaon. dapas KWIaliMK OpUEHTaHUS  KH-
JHHraH (YCTKM TOMOHWHH TaHiafi onammi) o cwimK cupr z = z(X, y)
TeHrnama O6wian wudoganiaHraH 6yTXuMH, 6y epda z(X,y) dyHKuma or
EMnVK, coxpaa anmkaHraH GY/cuMH, axy coxa O CUPTHUHI OXy TeKUC/NK-
Hdarn npoekupsacn, R(X,y, Z) aca Wy CUPTHUHI Xap 6Mp HyKTacugarn ys-
NyKeu3 doyHKUmMA (78— Lwakn).

G CHPTHWWIXTVEPWIA N Ta [T, KMCMra axparamus Ba 6y  GYMHULLHM

OXy TEKUCNMKKA MNpoekuusiiaiMm3. axy coxa Moc xonga AS{, i =1 'n
0311 N Ta KUeMmra 6ynuHagw. Kyhinparn vinmerpan AFMHOAAA  Ty3aMH3.

AR (X0t Y;, ZIASH,

i-1
6yHga ASj whoga— Aa{ HUHI OXy TEeKUCIMKOArn MPOEKUMSICUMVHE HO3U.
z,= z(xi, y{) 6ynraHn yuyH

N(Xj, Y, 2)A5-= v Rt (., z(xt, (/) 4,Si (6.5)
i=l i=l
6ynaawn.
(6.5) TEHINIMKHVHE  YHI K/CMMda O coxada  Y3/ykeu3  6ynraH

RU,y, z(X,¥)) yHKUMA Kappayi WHTEMPVTNVHE  WATITPaUT  AWFUHOMCA
xohnawraH. (6.5) ga d—y-0. pa numutra yTmné

ii R Y, 2dxdy —jj R(X,y, z(x)y)dxdy (66)

»Xy

hopMynaHH XOCHN Kunamus, 6y opmyna X Ba y KoopauHatanap
6YiiHY4a MKKHHYM Typ CHPT MHTErpasIMHH Kappain HHTerpana opka-
nn HhopanaHan. Arap CUPTHUHI MacTKM KUCMW TaHMaHca, (6.6)
HVHI YHI TOMOHMAAru HHTerpaa onguga MaHgHIiA mwopa Hango 6y-
nagmw.
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Kylingarn dopmynanapuuHr TYyFpUINIu Xam Xygaum wyHaam ue-
60TnaHagm:

ii P(x,y,2dydz”jj P(x(y,z),y, z)dy dz,
a Hr

i1 Q0 Y, nNdxdz=jj QX i (X 2), z)dxdz,
Y,

Oy epda a cypT Moc paBuwaa X = X (Y, 2) ékn y —y (v, 2) TeHrnama ot
NaH wudpopganaHraH; ay Ba axr— a cvptwr Oyz fa Oxz TeKUc/mKiap-
Jary NpoeKumsiapu.

1-Mmuncon. VHTerpanimm XmcoobsaHr:

f \(y2Jr 22dxdy,

6yHoa a wdoganapa z =\r \— x2 uwwmHgpHuHr 'y — 0 Ba /= 1 Teknc-
NKnap 6unaH Kecub OfIMHIaH YCTKU TOMOHU (79- Liakn).
Eunvw . BepHaraH a CUPTHUHI OXy TEKUC/TMKAAIN axy NPOEKUMSCU

79- Wwakn.

(—1<.v< 1,

o< /< 1
TEHrcU3NVKNap 6unaH aHMKNaHyBuN TYFpPU TYPTOypYak Gynaam (80~ wakrn).
(6.6) dhopmyna 6YyiMua KyinagarnnapHu Tornamms:

\J (Y2~r z2 dxdy— f f[yb+ (V 1—x221dxdy =
‘axy
(.
jj 2+ 1—X2dxdy=\dx f (y2+ 1—x9dy—
axy 1 0

-1 -1
2-Mucon. WVHTerpasHu X1co6aHr:

j |xdy dz + ydz dx + zdx dy.
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EyHoa a cupt x+z—1=0 TCKUC-
JEVNVHT y=0, y=A TeKUCcnHknap
JluiaH kecmb onNuHraH Ba OUPUH-
LH oktaHTaa éTraH KUCMWUHWUHT
yctku TOMOHM (81-Hlakn).

E ynui. Tabpudpra kypa

r.ffxdydz + ydzdx + zdxdy—

81~ wakrn.

—~~xdydz

+ 1fydzdx+ f\zdxdy.

o g

YWUr TOMOHZArV WHTErpa/iapuHr Xap GUpMHA Xucobraiimms (82, 83-
nekniap):

4
ffxdydz= ff(l —r)dtjdz =\dy f(l —z)dz = 2.
o] - v o o
82- wakn. 83- wak.
|j ydzdx = 0,
o
~YHKM a cvpT Oy yKkura napaniengup;
L i—X

Jjzdxdy= ji(l —x)dxdy=\dy{') 1 —x)dx = 2.
uxy 0
WyHpan  KWmb,  Kyhmgarm xocun
6ynaaw:

i fj xdydz+ ydxdz + zdxdy =
o]

=2+ 0+ 2=4
MypoBapanaa GUPMHUM Ba MKKMHYH
TYp CUpPT uuTerpasiapm opacmaa 6or—
NaHvW YpHaTamMm3.
84- wakngaH Aacosy KynaiTma
A0 103HMHI OXy TEKUCIMKOAT MpoeK-
Luacn skaHW, AbHU

Aa —Acrcos7 - Wwak.
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kenmb yHkgan. LUyHra yxwarl:
Aaxr = facosp, Aayr— [lacosa,

6y epga Aaxl, Aaxz, Aayr udogarap [a H34amwrm TEeruvw;T Koopan

HaTa Tekucaurvgarn npoekumsiapn. OnuuraH (6.4) dopmynanap acocu-

03 VKKMHUH Typ CUPT WHTEPVIMHA  6MpUHUA Typ CUpT  uHTErpa/u
LaKaa E3U MyMKUM:

JIP (X ij,2)dydz + Q(X, vy, 27dzdx+ R (X, Yy, 2 dxdy=

\f/\(P X,y,zycosa + Q(X,y,2)cosp+ R (XY, Dcos7)da. (6.7)

Y3-y3MHM TeKWUpUW ydyyH caBonniap

1 KaHpaii cvpT WKKU TOMOHAW cupT Aelinnaan? KaHpalinapyu 6HP TOMOH/K
cvpTnap AenHnagH? Muconnap KenTHPHHT.
. CHPTHVHI OpUEeHTaLHACK KaHaal aHuuaHagn?
VIKKMHYM Typ CUPT MHTErPayIMHUHE TabpUnHN aliTuHr. ,
. VIKKWHYH Typ CUpT MHTerpanv kaHgai xHcobnaHagn?

BUPVHYH Ba WKKHHYH Typ CUPT HHTErpasinapH y3apo kKaHgali 6ofnaHraH?
3887— 3893~ macasianapHn eyHHr.

SEGENIANN



12-6 06
BEKTOP AHAJTN3N
1-8. Ckansip MalifioH

dnsvkaga, MexaHuKajarm Kymrmma macanianapja ckansp Ba
BEKTOpP KaTTa/imkniap 6unam iivi KypHWra TyFpu Kenagw.

CKansp KaTTa/IMK Y3VHUHI COH KWiMaTH 6wnaH Tyna wudoga-—
naHagn (MacanaH, XaXM, Macca, 3UYINK, XapopaTr Ba XOKa3o-
nap).

p‘?’ab pundg. dazowwr 6upop KUCMU (EKM OBYTYH ()a3OHMHT)
Xap 6up M HyKTacuga 6Mpop WM CKanap MHKOOPLULWE COUM KuiiMaTtu
aHMKNaHraH 6ynca, 6y MUKOOPLWILIT CKansp MaigoHH 6epunraH
nelivnagn. MacanaH, Xapopat MauZoHW, 6Up XUUCIMMac MyXHTAa
3VUYNVMK MaHOOHW, Kyd MalifjloH moTeHumanu.

Nlrap n kaTTtanuk t BakTra 6ornukK 6ynmaca, 6y KatTa/MK cra-
UmMoHap (Eku 6apkapop) KaTTaluk geinnagn. AKC Xonga MaigoH
HOocTaumoHap (Ekn 6Gapkapop 6YynmaraH) MalgoH geinnagn. bus
hakar crtayHoHap MaHAOHMAapHM Kapab umkamuni. LWyHpgak KHAMG,
MU CKansap KaTTa/iMK t BakTra OOFIMK GYnmacgaH, 6ankH dakat M
HyKTawwr casogaru ypHura 60fnnK 6ynaaun, SbHU U KaTTanuk M
HYKTaHUHI  YHKUMACKM cudatupa  kKapanagn Ba u=wu(M) kypu-
HUWwga 6enrvnaHagn. by dyHKuMaHM MaigoH dyHKumscn  aeb
aTanmms.

Arap @asoga Oxyr KoopguHaTanap CuUCTEMacuHW KUPUTCaK,
y xonga xap 6up M HyKTa Mabiym X, Yy, Z KOoopAuHaTanapra ara
6Ynagn Ba U ckanap (yHKUMS WYy KoopAUHaTa/lapHUHE (YHKLUUSACK
6ynagu:

n=ux,y, 2.

WyHpan kM6, 6m3 yy y3rapyBumnm PYHKUHAHUHT (OU3KK Tan-
KUHUra Kenguik.

TEeKUCNUKHHHT Kncmupa (Eku OYTyH TeKHCNuKAa) aHukiaHaan-
raH ckanfp MalgoHHM XaM Kapab UMUMKW MYMKWH, YHUHI «ap
6up M HyKTacMra v ckansip KaTTa/IHKHHHI COH KWHMatu MOC kKe-
nagn, abHu*« =«(M).

Arap TeKUCIMKHMHI OXy KoopAuHaTasiap CUCTCMacu KUPUTWI-
ca, Yy xonga xap 6up M HykTa Mab/iyM X, Y KoopAuHaTanapra ara

6ynagn Ba W ckanap QyHKUMA WYy KoopAauHaTanapHUHI OyHKUMA—
cn 6ynagu:
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N ==X, y).

Ckansp MaligoHIapHUHE XOccanapuHM caTX CUpPTNapH Eéku carx
un3nkKNapu épgamuaa ypraHumw MyMKWH, ynap wy MaigoHNapHUHT
reoMeTpuK TacBMpu XmucobnaHagp.

1 Catx cumpTnapu.

Tabpud. Ckanap MalgOHHUHI ramx cuUpTU Oeb a3OHVHI
WyHOaM HykKTanapH Tyunnamura antunagukm, yHga MaigoH dyHK-
umsicn n=wn (v, y, z) yarapmac Kuiimatra ara 6ynagu.

by cupTtnap

nlx,y, z) —=C

TCHrnama 6unaH aHukKnaHuwmn pasliaH, 6yHaa C — y3rapmac COH.
C ra Typnu kuimatnap 6epu6, caTx CUpPTAapu OWIaCUHWU XOCUN
Kunammni. by cupTnapga ckansp (yHkums y3rapmac 6ynmb6  ko-
naamw.
Arap, macasiaH, MaHAOH
n=x-+ y_+ r-

dyHKUMa 6unaH wndoganaHraH 6ynca, y xonga Mapkasu KoopaH-
HaTtanap 6owwuga 6ynraH

X*+y-+z- C (C>0)

cpepa caTx cMpTM BasudlacuHu bakapagu.

2. Carx uMsmk/iapu. fccu ckanssp MalijloH reoMeTpuK XuxataaH
caTx, unsnknapu épgamMmaa TacBMpnaHagu.

Tab pud. fdccu ckanap MaOOHHUHI caTX UM3UFU Oeb Tekuc-
NVMKHWUHT  WyHAaW  HykKTanapH Tynnamura antmnaguku, yHaa
n=wn (X, y) MaligoH yHKUUsACK Yy3rapmac Kuiimatra a3ra 6y*
naawn.

by umsmnknap

nxy —C

TeHrnama 6wnaH aHuknaHagH, 6yHoa C — y3rapmac COH.

C ra Typnm KuHMatnap 6epmb, carx UYM3UKIAapU OHMACUHU Xo-
cun KHNamm3. by umsmknappa ckansp (QyHKUHA A0VMMUA 6Ynu6
kKonagH. Waknpa caTx 4YM3MKIapUHHHE BUp-6mpuaaH TeHr opaink-
‘NappaH KeMWH KeflagHraH W HUHE MablyM KuiiMatiapura mocna-
pUHM u4m3nw Kabyn KWAMHraH, MacanaH, M=10, «=15 mM=20,

u=25 «=30, u=35 (85-wakn).
CaTx umsuknapH 6up-6upura KaHya-
MK SIKMH KWNHG um3unraH 6ynca, m
wyHyaniik Te3 ycnb 6opaaw.

Arap, MacanaH, ckansp MaAaoH-
nap nU=xy ékn n=x2+y2 dgpyHkumsa-
nap 6wnaH 6GepunraH 6ynca, ynap
YYYyH CaTX UMU3UK/IApPWU BasudacuHm
MOC paBuLLAa runepbonanap Ba KoH-
LLeHTPUK alinaHanap ounacu 6axapa-
OH (86, 87-waknnap).
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2-8. bepwnraH nyHanuw 6yiinya xpcuna

Ckansp MalgoHUMHE MyxXuM TyllyH4Yacu OGepwunraH MWyHanuw
oyinua xocnnagup. ®apas Kunamnmk, ckanap MaigOHHUHE ajd-
epeHymannaHyBum GQyHKUMACM M=4 (X, Yy, Z) OGepwuniraH O6YNCUH.

By maiigoHgarn 6upop M (*, y, T) HyKTaHM Ba WYy HyKTagaH

YHKYBUYM OMpOp / HYpHU Kapaimuni. by HypHuHr Ox, Oy, Oz ykna-
‘PN 6GunaH TalKHA KuaraH 6ypuyaknapuvHm a, p, Vv opkanu 6Genrm-

naiimns (88-wakn). Arap 10 6upnmk BekTop 6y Hyp 6yiinua Wy-
HanraH 6ynca, y xonga kKyhnugarura ara 6ynammas:
= icosa + jcosfl+ kcosy.

O®apaz Kunainuk, 6upop W, (X + Of, y + L/, r+ AOr) uykra wy
Hypda étram 6yncun. M Ba M X HyKTaslap opacugarn macodsnn [/ o
naH Genrwnaliivmz: O/= \MMr\ Ckanap MaiAooH dyHKUmACK KuiMatiapu
avpMacyHA Ly OYHKUMSHUHT /O MyHanmMwaa Wy  Hykranaparu oprrvip-
Mack Oeb aiitamm3 Ba [/ 1 GunaH Genrvnaivivz. Y xonga

\u =u(Mr)—u(M)
e
AMn—nx+ Ax, y + Ly, z+
+ |D|Z)_ u (Xv yv Z)'
Tavpud. = u(x,y,z) dyHK-

NanapHunr | AyHanuw  6yinya
éx, Y, z,) HyKTagarm xoowiacu
[e

lim ~V
oo M
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MMATFA  aiirHnagy, 6y nMuT 5 Tarana GenrmnaHagy. LUyHaaH w

nne,
n ,. A/u
ﬂ slim -L—
di n/-o M

Arap M nykra TalnHmaHraH 6ynca, y Xonga XCCWIAHVHP  KaTTayHIL,
hakaT / VyPHUHI yHasmwmrarmHa 6ornvkK 6ynagw.

/ AyHannw 6yrnys Xocuna Xycycuin - xocunarapra yxwawl un dyHk
HHAHWHI MasKyp MyHanMwgarH y3rapull Te3/TMIMKU Xapakrepraign. Xp-
CWNAHHHT / WyHa/HW Oyinya abCoMmoT MUKOCPU j~  Te3MHKHMHM Ka—

TANUHA aHUKIanay, XOCWIaHUHE  Mopac 3ca U (OyHKHUS Y3rapiiim-
HUHI XapaKTepHHW aHHKanan: arap > 0 6ynca, y xonga dynkums

oy Wynammwga ycagw, arap =i < 0 6ynca, kamasgw.

BepunraH iiyHamll 6yiinuya xocwiaHn Xpcobnall  Kyinparn Teopeva
époaMyaa avasira OHrapwiaap.
Teopema. Arap u(X,y,z) ¢yHkuma andipepeHupaniaHysun Gy

ca, Y XOonda YHUHr uxTuépuii | iiyHanmw 6yinya  Xocwuiacu Maxy[,
ea Kyihvpgarura TeHr:
<n , an o,. an
M = = cosa ——5—cosp y--21 cosy,
dl ox ay 1 ar r’

6yHOa cosa, cosp, cosy — / BEKTOPHUMHI  MNYHaNTUPYBYM  KOCUHYC-
napw.

Mcb6oTU. 1 DYHKUMSA TeOpeMaHVHr LWapTura Kypa auddepeHuman-
NaHyBun 6ynca, y xonda ynvHr M (X, y, Z) HyKTagarn [V opTTupmacuHu

an—— Ax -f— O/+ --[0z+ e (2.2)
ax ay ar
KypUHMLLAA €34l MYMKUH, ByHOa e kaTTamk p= Y (AXT + (dr/)2+ (A"
ra HucbaraH HKOPU TapTUBM YEKCU3 KMUYMK MUKOOP, sbum lim — —O
p

(7- 606, 4-§ ra KapaHr).

Arap dyHKUHSA opTivpMac / BEKTOp WyHanmwmgarn Hyp 6yiinad

Kapanca, y xonga
An=Awun p= 14/,

Ax — [/cosa, Ay = [/ cosp, Az - A/ cosy
6ynwn paBwaH. Y xonda (2.1) TeHrnmk 6yHOal KYPUHWLLHW ayYagH:
AN —— [/cosa + — [/cosp+ — [/cosy+e.
I ay o

TEeHrNMMKHMNT uKkana kemmHn A/ ra 6ynamus Ba [/->-0 pa numntra
yTamms. Hatmwkaga



>0 A p»0 p
t— Xxycycuii xocunanap Ea iAyHantnpysum Kocumycriap A/ n
X7 d)_oar
VIOK.LLK  Bynvaigu. _
WyHaaii knmb, Teopema mucbotnanan. (2.2) dopmynagd, arap / iyvia—

IHU K'oP/Mvatanap ykmnuir nyvananapygan ovpn 6wiadH 6up  Xun
'Bynica, y xonga 6y ynanu 6yinya xocwia Teruuuin Xycycuin Xocwia—

ra TeHr, MacasiaH, arap /-=1i 6ynca, y xongaa - 0, p—y ='— Gyna-
o, WynHW y4yyH coscc— 1, cosP --co3v = 0 ai 6uHoGapuu,

Mmoo

dl X

(2.2) chopmynagaH KypuHagukn, / HyHasmwra  Kapamva-kapud |
MyHamw 6yinya xXocHna / MyHanmw  6yiiyda  Teckapy vwopy  GuiaH
QMINran X0CH/Tacura TeHr.

X.akHKaTtaH 6yHga, a, (, y Oypuyaknap £ ra y3rapuwu Kepak,
HaTwkaga KynuaarvmHu Xocun Kunamms:

— cos(n +a)+ — cos(n+ p)+ — cos(n Hy) =
ax ay cz

m o Y v
——Posa — - —-cosp " oY ———501—.

ax ay dz -

by MyHanuw kapama-kapliHcura ysrapravga u yHKUHAHUHT
y3rapuv Te3NUIFMHUHE abconlT MHKAOPN Yy3rapMaigH, YHUHr da-
Kar nynanuwn ysrapagu xonoc.

Arap, MacanaH, /WyHanuwaa yukuuvs yocca, Vo Xonaa  Kapavia—Kgp-
“n |I' MyHamwoa y Kamvasgw, B akcuHua.

Arap mMaiifoH Tekuc 6ynca, y xonga / HYpPHUHr AYHa/ AWM  YHUHT
abcuuccanap YKUra ofmw 6ypuarn a 6wiaH Tyna aHuvkiavagn. /  WyHa-
S 6yiinya Xocwnia ydyn ¢opmynaHM TeKUC MaliioH Xommpa (2.2) dop-
MYadgH oMW MyMKMH, OyHaa

§_I 4yt
H 2 2

Jie6 auvHagn. Y xonga
a_ 44 cosa—j—p'”—sm a.
dl ax ay

Mucon. n= xyz pyHKUYSHUHT M (— 1, 2, 4) HyKTaga, LWy HyKra-
Wn Aft(—3,4,5) MyKrHra TOMOH Wymanmgarn XOCUTacuHW TOM.LUT.



Eunmw. M ;Vf, BeKTOpHU TOramE-

MM[=(—3+ 1)7+ (4-2) 7+ (5-4)1- —27+ 2/ +7
Ba yHra MocC 6I/IpI'II/IK BEKTOPHN >a@M TOorNnamms:

T nw, —2t 3-lk

o “

T.
—_ 1"
(aw,] 1 .1

T
1

Rw N
oW

2
—
3
WyHoah kATvb, /D BEKTCP KWW MYHA.TIMPYBYM KOCUIyCrlapra ara.
2 i 2 [
cosa = — — a@Bp= —, COSV= — =

3H,CI,I/I Xyr prHKI'IVIFIHI/IHF xycer/lZ XocwnianapuH TornamMmns:
A 72, fr' = Xz, m =Xy
ar

ax ay

Pa ynapHu M (—1, 2, 4) byK@gm XUCobraHMU3:
Mo —g—i—_4 =—2
ox  Af IV i B T |

Xycycui XOCWUNaslapHUHT Ba WYHANTHPYBYH  KOCUHYCMApPHUHT
TOMHAraH KMHMaTnapuHu (2.2) hoopmynara KysMmuns:

f - 8(~f)—4T~2+ =f (-8-4-1)= — ||

« » uwopa 6epuaraH WyHaaMwaa u=Xyz QYHKUUSA Kamainwmn-
HU KypcaTagH.

3- 8 lkansip MaliooH rpaavieHT. paaVieHTHW VHBapMaHT aHvKaLl

Tabvpudg: n=ulx, vy, 20 gHbDbepeHumannaH\'Bun  QyHKUMA
6unaH GepwunraH ckansp MaluoHHVHr M(X, Yy, z) HykTagaru rpaop-
eHTn p[eb, gradu 6unaH 6GenrvnaHyBuM BeKTopra amTunuoé, YHWUHC
npoekuuvsinapy BasuacHi LWy (QYHKLUSHUHT XYCYCUIA Xocunanapuy
Kummatnapu 6axapagu, sibHU

gradu = N7~-l— T+ — /T 3N
ax ay oA

FpaguieHTHUHI npiekuysnapy, M (X, y z) HykTaHu TaHnawra 6of

nuK 6ynagn Ba WYy HyKTaHUHI KoopAuHaTtanapu y3rapuwim 6unas

y3rapagu. bnHo6apuH, n (X, y¥=z\ qy, Kuma 6unaH 6epunraH cNe

NP MavOoOHHUHI Xap OuMp HykKTacura mMabiym 6mp Bcktop — 1Y

QYHKUUSHUHI FpagHEeHTU MoC Kyrnnaam
MpaaVieHTHHHI TrepydmaaH doroarna™ o, | nynanu 6yiinua Xoc|*:
H« wndogaToBum (2.2) chopMynaHM KylngarH KypyHUWAA €3 My-
m y oo~ 32



OyHop D= cosa < + cospe/+ eosy .k — / iAyHanuwgarn 6uMpnaMK Bek—
Kp. Oemak, 6epwiraH | iyHanmw 6yinua xocwia yHKUMS  FpaavieeTn

OwiaH Wy u AyHaMWHKMHE /0 GUPAMK BeKTOopW Kynalitmacura TeHr. Cka-
AP KynanTma TabpHuagaH goigamsuHo, (3.2) dopmMynaHm

47 = Igradul /lcos e

K\prHnwoa ndoganawl MyMkyH, 6yHaa (f— 6upnvk Bektop /0 6wiaH rpa—
ave:T opacugarn 6ypyak (89- wakn). |/0] — 1 6ynraHu yyyH

— —lgrad nlcos® 3.3
p” grad unlcos 3.3)

6ynaan. bByHpoaH WyHanmw 6yinya xocwla cos = 1 6ynraHga, SbHU
d~ 0 M@ 9Hr KaTTta Kuimarra spuwiegn. Ly ©OwiaH 6upra 6y 3Hr Kar-
Ta Kimvar |grad n| ra TeHr, sibHU Oy Xonga

i )
UN\HOpin kwmb, |grad u| kaTTanvk %’: XocwiaHHr - M- LyKTajaru

MYMKMH 6ynraH 3Hr kKatta kuiMaTtu 6ynagw, grad v nuHr AyHauwm aca
M vyKragaH uvMKyBUM LIYNA@A HYPHUHP HyHauwm 6unaH Moc  Tyliaaw-
K1, y 6Yinabd yHKUMA XammacudaH Kypa Te3pokK Y3rapagn, s¥NHA Ipa—
OVEHTHVHT AYHa/IMLLIM (PYHKMUSAHUHE 3Ur Te3 opTuLMaarn  yHanmwmavp.
By tokcpyaa KentvpwiraH rpaovieHTUMHN - KoopavHaTanap cuctemMacuaaH
dholigaraHWIraH Taspudn ypHUra sHaoyM 60LLKa, KoopAvHataiap CcucTeMa-
CVHM TaHnawra 60FMK 6yiMaran  VHBapuanT TabpudnH Gepulira MMKOH
Gepam.

eTabpH®. U (X, Y, I) CKanap MaQOHHUHI rpaguMeHTn Oeob, 6y
MakAOH Y3rapuLLVHUHE 3HF KaTTa Te3nurunn udgoaanosun BekTopra
rHTUNAaN.

Arap cos = —1 (hb—n) 6ynca, y xonga nynanuw 6yiinua xo-
avia |grad v | ra TCOAr aHr KNYMK KuiimaTt 6ynaaun. by nyHanuwaa
(Kapama-Kaplmn nyHanmwpga) v \HKUNS XaMmmMacugaH Te3poK Ka-

Arap cosp=0 Il cp= % '| 6ynca, WyHaMw 6yninya xocwia HO-
j gredUu
U(X,V.Z)--Ua

89- wak. 90- wakK.



ra Teur. dHOMN CKa/iip MaiOdOHHYHI TPagyeHT MyHanHWH OGwiaH  carx
CUpPTIIapy op "o 6OrTaHUYLLIHN - YpraHamms.

N=un(X,y, z) OYHKUUSAHUHT MaiOOHHUHI Xap 6up HyxTtacmgaru
rPagVEeHTHHUHI MNYHa/MHWKW WYy HyKTagaH YTyBUYM CKansp Maiigou,
HHHI caTx Tekucaurnra yTkasunraH WOPMasiHUHI NYHa/HWH 6GHAay,
MOC TYLLULLMNHH NCO0TNANMU3. BYHUHT yuyH HXTHEpMN MO0, /Q T j
HYKTaHH TaHnat onamm3 (90- wakn). by HykTagaH VYTyBYH carx,
CUPTW TCHI/1amacu

n (X! y! Z) - n,

KypMHMWAa é3tiagn, 6yHaa vn = um (xXQ yO, rO.
<A\O(MQ y0O, ZQ HyKTafaH Ly TeKMCakka yTkasarraH HOPMITHUHI TeMr—

X — x0 y--y» _ —"0
an | an an |
ox  |ivio <y VIO o7 1,vfo
byHaaH,
o anl an |

~Fx WG gy \MJ arIMO

npoeKkuysnapra ara 6yiraH VOPMa/THUHE AynasTTUpyBUYM BEKTC.pM U(X,Y,Z)
dyHkumanuHr M QX0 y0, zQ HyKTagarn rpagveHtTn 6ynaau.

WyHpaii kwmb, Xrp 6up Hykragary rpaavieHT * 6epwiraH  HyKTagaH
YTyBUM caTX cupTUra YTKasHIrak ypuHMa TeKUC/IMKKa reprneHavkynsp
6ynagn, SbUH YHUMI TEKUC/IMKKA MNPCEeKUMscU Homra TeHr. [emak, Ge-
pwiraH HyKTafaH YTyBuM Car.X cuMpTUra ypuvHMa Gynram wuctaraH iywa-
MW 6yiinya xXocwia Homra Teur. AKKOUIMK YYyH OJIMHFaH  HaTvbkaHd
reoMETPUK XuxatdaH TacBupranmms (91-wakn). ByHuHr yuyH MO(XQ
Yo, r«) HykKTaga grad 1 BEeKTOpPHM Ba Oy BEKTOP AvaMeTp GynaamraH ofe-
paHn sicaivmz, MO Hykta —un (X, y, z2) 10 caTx cupT GwiaH YpyHWLL
HyKTacu. l1<yiipgarwiap pabLLaH:

grad ufcosdp - |[MOMN|;
® ~ 6ymraHga a O

YyHKM 6y xonga | MyHanmw catx  cup-
TMra VyTkaswiaraH YpUHMaHUATN iAyHanm-
wm 6wiaH mMoc TylaaH:

U(AA2)--U, i lgradn| 6yHpa ¢ = O,

YyHKU Oy xonga / WyHaMw  Hr-pman-
H/HI 6K caTX CcvpTUra  ytkasunaraum
grad U HVYHI WYHa/MLIMra Moc kenaau.
OYNKUVA TPaaNEHTUHUHE 6ab3H XOc-
91 LwaKs. canapyiHN  Kypcatamma;



1) gradCu —C grad u, 6yHga C — y3rapMac KaTTa/IUK.
2) grad (ut + ur) —grad «, + grad u,,,
.3) grad uL u, —uj grad u,, + u, grad
t 4) grad f(u) —f'(u) grad u
r By xoccanap (YMKUMSAHUHI XOCHMIaCMHM TOMHLWI Kouganapu 6u-
NaH MoC TYLWIWLIW pasLiaH.
| MHcon. n=YyY x1+ yl+ z- byHKUUSIHKIAT M (X, Yy, ) HyKTagaru

FP3OM-UTVHN XC00. TaHr.
| Eunw. ABBan Xycycuii XocwiasiapHU XMCOGaiMmn3;

an 9x X X
ox 2, X *y2~r- | M y-12 "
v 24 y y
ay 2] X- -y- 71 | a- y- i2 7]
an 2zr r
ar 2) mR-j-12 —j-r- | x2~y- -12 "

f (3.1) popmynara MyBOOUK UXTUEPUA M (X, Yy, z) HyKTagarH
rpagucHTHUHI HodacH Kylhinpgarnya 6ynaaw:

gadn=~ (+—/+— 21
n n n

CKanaAp MaloHHUHI caTX CHPTIapWu KOHLICHTPUK cthepanapaaH
néopar 6ynraHn yuyyH gradu YHUHI pagHycH 6Yyinab nyHanraH
6ynagH, wy 6mnaH 6upra

rad = i/ iL 3l =il - £ - — -
lgrad W= {7 if =yl =il - > a7t

AbHU U (PYHKUHS YCULIMHHHE 3HT KaTTa Te3Mrn 1 ra TeHr.

4- 8. BekTOp MaiigoHu

KynruHa macananapHu eunwga ckansp KaTtTaamknapgaH Tawl-
Kapn BeKTOp KaTTanukiapra Xam MypoXaaT Kunuwra TYFpu Ke-
NagH. Arap ckansip KaTtTaslHK Y3MHHHI COH Kuiimatn 6unaH Tyna
ydpoganaHca, BEKTOP KaTTa/IMK Y4YyyH Oy cTapnu 6ynmaingn. YHH
ngoganawl yyyH sfiHa Oy KaTTa/IMKHUHI WynanuwuvHu Xam (Maca-
NaH, Te3Nuk, Ky4y) 6unuw 3apyp. Ckanap MaHAOH TyllyH4YacHra yx-
Wall BEKTOP Mali[doH TYLUYHYacH XaMm KUpUTunagw.

Tabp . Xap 6up M HyKTacmra OGMpoOp a BEKTOP MOC KyWui-
ray, pasaHMHr 6Upop KUcMK (EKn GYTyH has3o) BEKTOP MaWaoH Oe-
MnnagH.

Kyy maiigoHm (OFMPNUK Kyuyn MaigoHW), 3NeKTP MaiAgoHu,
3MEeKTPOMarHnT MauAoH, OKaéTram CYHK/IHKHHHI Te3NuKnapu Mari-

[JoH» BekTOp MailigoHra mucon 6yna onaau. bus a Bektop hakat M
<'YKTaHNHr BasuaTMra 6o0rnukK 6ynaguraH Ba BaKTra 60rnvk 0Oyn-

Maignran a=a(M) cTayHOHap MaWAOHNapHH Kapabd YMKaMH3.



Arap asoga Oxyz KoopauHataniap CUCTeMacH KUpWUTWca, V
Xonga Xap 6vp M HykKTa MabiyMm X, Y, Z KOOpAHHaTalapra ara

6Ynagn Ba a BeKTOp Oy KoopAuMHaTalapHUHI (YHKUMACKM Gynaal,

AbHM a=a(X, Y, Z). a BCKTOPHMHI KoopAuHaTanap Ykuaarm npoek-
uvanapuHm P, Q, R 6unaH 6enrunaiimms. Ynap xam KoopavHata-
NapHUHI QyHKUKMANapn xucobnaHagun, sbH

P =P(X,y,2, Q=QKXY, 2, R =R(X,Y, 2.
WyHpat knmb, GyHOalh €3u MyMKUHP
a=a(M)= ax, y, 2 = Pi + Qj + Rk.

Arap P, Q, R — y3rapmac kaTttanmknap 6ynca, y xonga a Bek-
Top y3rapmac 6ynagn, 6yHOal BeKTOp MaWaoH Oup >XUHCIKN -
MnnagH, macanaH, OFUPAUK Ky4du MaigoHu 6up >XUHCAUOMP.

Arap MmaliloH TeKucnHkAa 6epunraH 6ynca, SbHW YHUHE PO~
ekuvsnapugaH 6upu Honra TeHr 6Ynmn6, KoJ/lraH npoekumsnapu aca
Tervwnu koopauHatara 60fnnkK 6ynmaca, y Xonga Tekuc (saccu)
MaliJlOHHM XOCUN KunaMus, MacaaH,

ax y) =P Xy i+t QX y).
BekTop uu3suknap. BekTop Haliuanapwu.

Tabpud. a(M) BekTop MaWAOHHMHI BEKTOpP 4u3uFM ach
WyHAaW Ynsmkka anTunaguku, YHUHr xap 6up Hyktacuga yprHwva-

HUHI MYHanMWKW Wy HykKTara Moc KcnraH a (M) BEKTOPHUHI iyHa-
nvmwmn 6unaH 6up xHA 6ynaawn.
AHUK MaigoHNapAa BEKTOp uYn3vkiap Mabaym (U3MK MabHora

ara 6ynagn. Arap a(M) OKaéTraH CYKK/IMKHUHI Te3NuKiapun wMai-
OOHU 6Ynca, y X0nAa BEKTOp 4YM3NKIap CYHKINKHUHE OKAL YA3UK-
napn 6ynagun, SbHU CYOKAUKHUHI 3appadanapu XapakaTnaHaéTraH
unsnknap 6ynagu.

Arap a(M) anekTp MaWgoH 6ynica, y X0n4a BeKTOp 4M3uKnap
Oy MaNOOHHMHI Ky4d um3suknapu 6ynagn (92- wakn).

o] CUPT O6YNarHHUHI HyKTanapum OpKaau YTyBYM Xamma BeKTop
un3vKNap TYynaamMu BEeKTOpP Haliuanapu aenvnagw.

BekTop uu3MKiap TeHrnamacuMHuU KenTupmé uYnmkapamus.

dapa3 Kunannmk, BeEKTop MaiigoH

y Pi+Q +Rk

PyHKUMA 6unaH aHuKIaHraH o6yn-
cvH, 6yHga P, Q, R nap X vy, 2
KOOpAUHaTANaPHUHE  (DyHKUMsNa-
pu. Arap BEKTOp 4M3uK YLIGy

X=x(t), y —y(t), z=z(t)
napamMeTpHK TeHrnamara sra Oyn-
92- waK1. ca, y Xxonga 6y uM3MKKa YTKa-



NAraH ypyHMaHuHE NYHaNTUPYBYM BEKTOPH npoekuumanapH X'(t),
'tf(t), z' (t) xocunanapra éku dx, dy, dz AHdGepeHymannapra
KponopuwnoHan 6ynagu.

a (M) BEKTOPHHHI Ba .BEKTOpP 4M3MKKA YpPUHMa Kunné wnyHan-
TpuaraH BEKTOPHWHI KOJIIEHEAP/NK LWAapTUHH &316, KyhnaarnHu
«OCUN KN1aMus:

— =— @1
P Q R’

(4.1) TeHrnamanap cuctemacu a(Af) MalJOHHUHI BEKTOp 4ni-
3HKNapu ounacu AuddepeHunan TeHrnamanapm cuctemMacuHm udgo-
nanaian.

Wynpaihi kunmb, a(M) MaNOOHHUHE BEKTOP 4YU3UKIAPUHU TO-
MW xakpaarn macana (4.1) cuctemagarn MHTerpaa arpyv Ynsmk-
NapHW TonuLira TeHr Ky4sn.

(4.1) TeHrnamanap a(M) MaligOHVMHI BeKTOpP u4u3vknapu amd-
depeHuan TeHrnamiiapu genvnagu.

Mwncon. MalgOHHVMHI BCKTOP YU3UKNAPUMN TOMWHT:

-t —»> =

a(M) =xi yj zk

E 4UH W BekTop uusMkNapHuWHr Auddpepenuman TeHrnamanapu
OyHOal KypuyHULWIra ara:
dx dy dz

X y z
€N
dx dij
X y '’
dx &z~
X r

By cuctemaHn uHTerpainabd, Xocun Kwiamms:
Inly1—In|x|+ InC,,
In|N\ —In|x] + 1nC2
OvnaH:
Y C% T1 =CX,
6yHoa C1( C2— mxTvépuii JoumMAAomp.
KoopauHatanap 6owungaH u4YukaétraH Hypsap BEKTOp YU3MK-

~3pu 6YyNuWM pasBllaH. By UM3MKNAPHUHT KOHOHWK TeHrnamasapu
OYHOa KYpUHMLLra ara:

Y3-Y3UHU TeKWWpULW YyUYyH caBonnaap

'm CKanap mMaigoH ne6 Humara aTunagu?
KaTtX cupTh, caTx umsuFni ae6 Humara aitunagn?
WyHanuw 6ylinya xocuna yuyyH hopmynaHn KenTupué YMKAPUHT.



. Cka.uap MaligoH rpagveHTHHUHI TabpuUdMHH KOOpAHHaTa LWakiHaa n.(om
NaHr. )
. NYHanuw 6yinya xocuna rpagvenT opkanu kKaHgal udoganaHagH?

. TPaOMEHTHUHT MHBapUaHT TabPHMHH alATUHT.

MPagHEHTHHHT XOCCalapuHN canab YTUHT. .

BekTop MaiioH Ae6 Humara aitunagH?

BekTop 4H3MK Oe6 Humara arTunagu? BekTop Halya Oeb HHmara a|7|TH/j|a

wENOGT A

10. BeKTOp 4M3MKNAPHUHT AydibepeHLHan TeHrnaManapuHH  Kentupmé  uuka
PVHF. o

11 3439—3444, 3451—3459, 4401—4404- macasiaiapHN eUHHr.

5 8 CupT opkaan yTaamraH BeKTOpP MaiaoH
OKVMW. YHUWHI Te3nuMknap MaigoHugaru usmk MabHOCU

dapas kunannmk, Oxyz pasoHNHI V coxacuaa

aM) =P XVYy, 2i+ QX v,2j+R(XY, z)h

BEKTOp Maligon GepwunraH 6yncuH, 6yHaa P(x, vy, z), Q(X, vy, 2),
R (X, Yy, Z)— Wwy coxana y3nykcus 6ynram cyHkumanap.
By coxaga opueHTMpnauraH O CUPTUM ONamMu3, YHUHE Xap 6Hp
HyKTacuga HOPMasHUHI mMyc6aTt AyHanmwm
- - —. -»
nn—cosa 'i + cosp j + cosy K

ONPNVUK BEKTOP OpKa/IM  aHUKMaHCWH, byHoa a, @ y — Hopman

AOHUHI KoopAuHaTanap Yyknapu 6unaH TawKuWa KuaraH Gypuak-
napw.

Tabpud a(M) BEKTOPHUHI O cuUpPT opkanu yTyBun I Ok
MU 0eb Kynngarm MKKAHYM Typ CUPT MHTerpaavira aitunagu:

M= f\P(x, 1, 2 aydz + Q(X, y, 2 dzdx + R(X, y, z)dxdy. (5.1)
o]

11-606garn (6.7) MyHocabatHM Xxpcobra onmb, (5.1) dopmyranm

= [fiP(x,y, Zcosa + Q(x, y, Z)cosp + R(x, y, Z)cosyjdo
'o

KypUHULLOA EKM aviada COAdapOK

= \ja mfda 62
0]

— .
Kypwiuaa ésu MyMKMH, Yymkun Pcosa + Qcosp + Rcosy  JTTIO-

Dy epoa da wndoga o evpt to3ummHE anemeHTW. (5.2) diopmynia a  Bex-

TOPHUHT T OK/MLLIN BEKTOP €3yBiaa vdopariaiam.
BekTop MailgoH OKAMWHUMHT (OU3NK MabMOCUHW anuknaiimus,

®apa3 Kunaamk, a(M) BEKTOp OKaéTraH C.yHKIMKHUHI Te3/INK-
NnapH MallIOHNHW a CUPT OpKaIM aHWUKNacHH. by Te3nuk Bektop!
Xap 6up M HyKTaga CylOKAVK 3appadacu unTunaétraH WyHanmul,
BEKTOP 4M3MKNAPU 3Ca CYWK/IVKHUHI OKUM u4u3vkiapu 6ynail
(93-wakn). 0 cMPT OpKaM BaKT OMPNAUIH MumMpa OKUG YTagurs»



93- wakn. A~ wak.

CYIOK/UK MUKAOPUHW XMcobnaliMH3. BYHUHT y4yH cHpTAa M Hyk-
TaHW Ba CUPTHWUHI da 3/ICMEHTUHWN Kala, Kuiamus.
BakT O6upmmrnga 0Oy 9/ICMEHT OpKanm OKMO yTraH CyrKIMK

MMKOOPW acocu da Ba HCOBUMCM a 6YnraH UUAVHAPHUHE XaXMH
GHMaH aHHKNaHaau. By UWMAMHAPHUHE 6anaHgfIrH  YHUHT  §iCOB-

UACUHM «O HOpMan GUPMHK BekTopura npoekuusnaw nynH 6wunaH
XOCW1T KUAHHaAW. LWYHHHT YYYH LHAVHOPHHHE XaXXMWU

anOda

KaTTa/IHKKa TCHr 6ynaau. BakT OMpPAHIM mnumga 6yTyH a cupTt 6y-
Mnya OKMG YTraH CYHOKAUKHUHE TYIUK XaKMU EKN CYIOKINK MHK-
JopH cr 6YyHHYa MHTerpasnaw HaTumxacuga Xocun 6ynaau:

Cy HatmxaHu (5.2) copmyna 6unam Takkocnab, OyHaoaH Xynoca

unKapamuni: O CHPT opKanu yTaéTraH a Te3NuK BCKTopu [ OKUMH
Hy cHpPT opkann BakT OWpPAUrM uUYyHOA CUPT OpUEHTaLHSANaHraH
MyHanuwaa OKHOG Y.TraH CYHOK/IHK MWUKOOPHAHP. BekTopnap okuMun-
YAHI (DM3MK MabHOCM aHa LWyHAaH Ho6opart. a CHPT (Pa3OHUHr 6u-
pOp COXACUHW YerapasioByYH EnuviK cUpT OYnraH Xon alHMKca KaTtta

Knsmknw yiiFoTagH. by xonga ro Hopman BEKTOPUHM AOHM (da3o-
HUHI TalWKW KWUCMHra WyHantTMpuwra wapTnawunbé onamH3 (4-
'nakn). Hopman TOMOHMra Kapab XxapakaT CUPTHUHI TeruwsiH
KoMda CYHOKMK 10 coOXafdaH OKWUO YMKHLLUHMH aHrnaraauv, Hopmai-
UYBHI Kapama-KapLly TOMOHHra kapab XxapakaT 3ca CYHK/IUK cupT-
HUHI TErHWM >Xouaa LWy coxara OKMG KUPULIWHW aHrnatagu. cr
en»K cupT 6yiinya oNnMHraH UHTErpasiHUHE Y31 aca

jT a ut\nu kupaen aH iyiui\jint4 wycum~ngcu u u;cun\nn ucpapgn.
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byHaa, arap /7=0 6ynca, 10 coxara yHAAH KaH4ya CYHKJ/THK OKM/M
UMKMG KeTCa, LUyHYa CYHKIUK OKHO KMpaaH.

Arap /7>0 6ynca, y xonga O) coxadaH YyHra oku6 kupaguraH
CYHOK/INKAAH KYMNPOK CyB OKNG 4nKagu.

Arap M < 0 6ynca, 6y X0on KypayM (CTOK)nap GOp/mrvHA Kypcaraap
STbHN CYIOKMK OK/MAAH y30K/allaamraH obinap 6opmrHi - Kypcartan.!

(macanaH, 6yrnaHagy). LlyHpaai ka6, ) panOda wHTerpan MaHGanap-

HUHI Ba KypAyMJapnuHT YMyMUIA KyBBaTUHU 6epag.

6-8. BekTOp MaWOOHHVHI EnuK cupT 6Yyiinuya
OKVMUHU XaXXM 6YinYa ONuHraH MHTerpaa opkaam
ngoganaw xakuaarn OCTpOrpagckuii Teopemacu

Ennk cupt 6yiinua onuHraH cupT WUHTerpasH (BEKTOpP MaiaoH
OKMMK) Xampa LWy cupT 6wunaH derapanaHraH asoBuii coxa Oy

inya onNuHraH y4 kKappaam uHTerpan opacuarH O6O0fAaHULLHN aHVK-
nanmus.
Teopema. Arap

aAH=P (x,y, 2i+ QX V¥, 2)j+ R(X, Yy, 2 k

BEKTOP MauAoH MPOeKUmusnapm 0> coxaaa Y3VUHUHE 6MpUHYM Tap-
TM6nn Xycycui xocwunacm 6unaH 6upra ysnykcus 6ynca, y xonga a

éNnK CUPT OpKan a BEKTOP OKVUMWHW uiy cupT 6unaH 4verapasiaH.
raH () xaxm 6ynnya y4 Kappanm WHTErpaHuM Kynmgarn gopmyna
6Yiinya wakn anmawTmpuil MyMKUH:

8f P (X,y, 2)dydz + Q(x, y, 2)dzdx + R(X, y, z2dxdy =

“L(r +% +r N dyil- B

Oy epfAa WHTerpannaw a cupT-
HUHI TalKkW TOMOHW 6Ylinya
amanra owwvpunagn (cunpTra yr-
KasuaraH HopMas  (ha3OHMHI
TalWKM KUCcMura myHanran).
(6.1) dopmyna oOctporpag-
CKMi hopmMynacu gennnagw.
Mcb6oTwn dapas «kunau-
nmk. D coxa — a CUPTHWUHT (Ba
M COXaHWHr) OXy cuprtaar*
npoekumacu 6yncuH, z=z\(x,y)»
Ba z= Z2(X, y) aca Ly
HUHT mactkm Ba 0, >K
puaoarn  KUCMIaPUHUHE TeH'; T
Macu 6yncuH (95-wakn). Y



dxdy dz
ar

% Kappan» WHTEerpasiHu CUPT HHTerpasivra aamaliTupaMms.

* _BYHHHI Yy4YyH YHU WKKH Kappaau WHTerpajra Kentmpamus Ba
/Wiinya vHTerpaniammMmH3. byHaaH:

dxdydz = | U J ~ dzjdvdy=|j(R(X, Y, 2 )ydxdy =
*E:] Ar 'd z,(x.if) 'D !
- =] (RXyY, 2(x y) dxdy— ] R(X, y, 24X, y)) dxdy.  (6.2)
LD ‘6

0 coxa xam Oi CUPTHUHI, Xam 02 CUPTHUHI OXy TeKUCIMKAaru
upockynsacu 6ynraHn ydyyH (6.2) dopmynagarm MKKH Kappanu vH-
TerpanapHu ynapra TeHr 6ynraH 11-6o6garH (6.6) cuUpT WHTe-
rpainapy 6unaH anMmawTupulwl MyMKUH. Hatwkaga KyhmaarvHu
XOCUN KU1aMun3:

wJJj dxdydz = | I™ (X' Y' 2dxdy—j j R(X, y, 2)dxdy.

b) aj G\

VIKKMnun kywmnnyesunga Oj CUPTHUMHI TalKyW TOMOHMHU  WYKM-
c/ra anMawTupub, KynngarmHH XOCua Kunamus:
1jjj dxdydz = jiR (X, y, z)dxdy+ || R(X, Yy, z)dxdy —
u ot 0,
=f R (XY, z)dxdy, (6.3)
*0

Oy epoa a EnvK CYPTUMHE TallkW TOMOHW O/IMHaaM.
Kyingsarm diopmynanap Xam Xyaau LyHra yxwiawl  Xocwl KWIMHaOW:

J i dxay dz = (j}(j) P(x, y, 2) dy dz, (6.4)
t0o (o]
jjiy dxdydz= cbd Q(v,y, z)dxdz. (6.5)

(6.3), (6.4), (6.5) TeHrnuknapHm Xxagma-xan Kywmnb, OcTpo-
PagockniHvHr (6.1) copmynacura Kenammus, LWyHW mncboTnaw Ta-

Ml KanvHran sgyn. By opMyna TeopeMauuHr LapTUHU KaHoaT-
TIMPYBUYM coxanapra 6ynuMw MyMKWUH Gynranm uctanraH W ¢iaso-

nwnc’s5aydyH TYrpH 6ynagn. by copmyna épgavHaa énuvk cupT-
M  Hya C/PT mHTerpannapuHu xucobnaw kynai 6ynagw.
, N ncon. VIHTerpasHm XucobnaHr:

c
Ll ¢ xdy dz + ydz dx + r dxdy,

lu
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6yHOa O KyHugaru
X—0, /=0, 1T—0, n+ /+r1"j
Tekucavknap 6unaH yerapanaHral
nUpaMMaaHVHr  TalKW  TOMOLL!
(96-wakn).

E ynmw. OcTporpagckHii dop.
MynacuaaH organaHmb, Kyhinna
rMHU XOCWU/1 KU1aMn3:

xdydz + ydzdx-\- zdxdy =

=fff(l + 1+ Jdxdydz=

(@
1 1* I-x-y 1 I-x
=3 dxdydz = 3\dx \dy \ dz=3)dx \z dy =
a o] o] o] o] o VU

| i-* i i

=3\dx (1—x—y)dy = 38(y—xy— ¥ )\0 *dx=

= 3f( 1I—A—x(I—)—FcUN) dx=3]((1 —x)2-&j?)dx =
' 0

3M 5f =3 +/ L
— 3]0 2 *3 2’

7- 8. BektOp MaliooH AMBepreHumscr
Oxyz hasoHunr @ coxacnaa

a(M) = P(x, vy, 2)i + Q(x,y,z)j + R(X, y,z)k
BEKTOP MaiiloH GepwiraH 6yncuH, yHaa P(X, vy, z), Q(X, vy, 2), R(x><z
dyHKUMsinap  anddepeHupaiiaHyBum  yHKUMsIap.
Tabpud. ~a(M) BeKTOp MalAOOHHUHI AmBepreHusicn (y3oK/ally™
umcy) geé M HyKTaHWHI ckanap Maigonuira aimnagn, y divo( W) ky
pyHVLWLaa é3unaan Ba

biv a(M)= A, R (7.D
a~coy 2
opmyna 6unaH aHuknaHagm, 6yHOa Xycycuii xocunanap ny
b 6 6 7 m
[a xucobnaHagw. dop

mBepreHumsgaH dorganaHmb, OcTporpagckumMHuUHT |
My/acVHM BEKTOP Llaknuaa Kaita E3ULll MyMKuH:

(b8 an0do= j ffj div a(M )d@
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~YHH 6yHpan undopanall MyMKUH: €rnHK CUpPT opkanu yTyBun (6y
d/pT Tawky N HOpMaIM MyHaMWInaa OpPUEHTUP/iaHraH) a BeKTop
MaAiloH OKFMW WYy CHPT 6unaH ycrapanaHraH Xaxm Oyhuya wmaii-
[OH AHBEpPreHuusicugaH O/IVHFaH y4 Kappanu MVHTerpaara TeHr.

T [HBepreHumsHM Xucobnawga kynunparun xoccanapgaH doiga-
va Hnagw.

1) div (riauy + b(VI)) —diva (W) + div b{M);
2) divC-a(M) = Cdiva (.VI), 6ynga C — y3rapmac con;
. 3 divu(@WwW-a(Al) u(Al)div a(M) + a(M) grad u(M),

OyHoa u(M) — ckanisip MalAIOHHH aHHK/OBYM CRYHKLVS.

|, AMBEPIrCHUVSHUHT  WMHBapuaHT Tabpudn. [OMBepreHuusHu
(7.1) cdopmyna éppgammga aHuMKNall KoopguHata YKMapuHW TaH-
Ziaiu 6unaH 60FIMK.  OcCTporpagackuiiHuHr (7.2) dopmMynacHaaH
donganaHnb, AMBEPreHUMaSHUUT KoopAauHaTanap YKNapuHuM TaHnail
OwiaH OOfNMK 6YnmMaraH 60LWKa TabpuUPUHU 6Gepull MYMKUH.

By ¢hopMynaHuWHI YHIr KUcMMaa yd Kappanu WHTerpan Typubaum.
YpTa KHAMAaT Xakyugarn mabnym Teopemara kypa (KO-606, 2-8) 6y
HHTerpasl V XaxXm 6unaH MHTerpas octv (YHKLUMSCUHUHE 10 COXa-
WHr 6upop M\ HykTacugarm KuiimaTu kKynartmacura TeHr. Ly-
HHHI yuyyn (7.2) OcTporpagckuii copmynacuHu Kyhingarmya ésu
MYMKMH:

| ~ando = V div a (m)
o]
EKkH

divan~/Vij) = Vv g a rtdo.

Arap (0 coxa M HykTara TopTunca éku V->0 6ynca, y xonga M\

HykTa M ra uHTMNaau. HatHxaga numuTra yTueé, KylinaarvHu xo-
CWI KNTaMm3:

lj i M® = lim -7 (f
I\/E’]’Mdlva( P V|_r>n0 y i)Jf)a ndo
(=] 0
fla ndo n
diva(M) =lim -—— =Ilim— = (7.3)
V=»0 \ V=0 V
SHOW™ AMBEPreHUMSHHHT KoopAvHata YKIapuvHW TaHnaw 6unaH
FAMK GY/iMaraH HHBapWaHT TabpU(IWHH OCPULL MYMKUH.
Je6’ 3bpH®. a, uyKraga BeKTOp MaligOHHUHT AUBEepreHuuscn
O’ M HykTaHu ypab onraH EénuK cUpT OpKaan YTyBUYM MaigoH
sucrL1-P CPT ®HNaH uyerapasiaHraH KUCMHUHI V XaXMHra

<IMNBTUHWHI X3KM HykTara TopTuaraHgaru, sbwHu |I7->0 garH
r »I»ra anTnnagH.
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2. AnBepreHuUns HUHr (u3nk mabHOcK. (7.3) [AHBepreHums tv
LWyH4yacura usnK TasiKuH GepamHs.
dapa3 Kunannuk, 0 coxaaa OKaETraH CYHKIVUKHUHI Te3/HKNa-

pn maligoHu a (M) 6epunraH 6YncHH. 5-8 ga a (M) BCKTOPHWHI
0 énuK cuUpT OpKanu TawkH Hopman WyHanuwumaaru I okMMn Ly
CMpT 6unaH 4YerapanaHraH BaKT OVpAUIH Munaa OKM6G Kupray, Ba
OKMO UYMKKAH CYHOKINMK MUKAOPJapH opacuparn arvpmadu udoga.
nawn aHuKAaHraH sgu.
Ywoéy
i $fa nda
M a
V ~ \%

HHCOAT XaXMm O6upnaurura OYnnHraH CYKINK MUKOOPWUHH aHUK-
*nangn, SbHU MaHbaHuHr (M>0 6ynraHga) ékn Kypaym (/7<o
6ynraHga) ypradya XaXMui KyBBaTUHW wndoganangn. by Hucbar-
HVHI INMUTH

®f anda
MPL — “ divt(M)

(7.3) pAomueepreHuus 6ynun6, y 6GepwunraH HyKTagaru CYHK/IHK cap-
QHHUHI XaXXM 6upmrura HUC6aTuHU mndoganaHglr.

Arap div a (M) > 0 6ynca, CylOKIMK capdm wmycbar, SbHU
M HyKTaHW ypab OfraH YeKCU3 KMUMK CUPT OPKa/IM TallKWY HopMan yHa-—
JMLINOA CYIOKNK OKMG KMpraHUaaH KYnpokK OKM6 umkmb ketagu. byHoa
M HykTa maHb6a 6Ynaaw.

Arap diva(Al)<O 6ynca, y xonga ‘M HykTa Kypaym 6ynagn.
diva(M) KaTTaMK MaHOGaHWHI EKN KypPAYMHUHI KyBBaTVHW udoopraian.

Arap div a(M) =0 6ynca, y xonga M HyKraga T MaHGa Ba A
Kypaym 6ynagn. (7.2) Bektop waknmga ésHnraH OCTpOrpaackHii Teope-
LICN OKAETraH CYIOK/IMKHUHI Te3MKIapn MaiooHMaa €nvk cypT OpkayH
OKYBUYM CYIOK/IMKHUHI OKMMW XavMMa MaHbGalap Ba Kypaymiap KyesaT-
JNAPUHUHT AMFVHOMCUTa TEHI OYIMLUMHW, SbHU  KapasiaéTraH CoxXgda BakT
OMpMrM vumMga nango GynagHraH CyRKAMK MUKAOpUra TEHr GY/IMLLIMHA
vipopanaiiop.

Y3-Yy3UHU TEKWUPULW YUYYH caBonnap

1 CuvpT opKa/iM YTyBUM BEKTOP OKMMH Aeb Humara antunanm?

2. CYIOK/IMKHUHI Te3MKIapu Maioonvaa BEKTOP OKUMWHHHE (3K Mab
KaHaain?

3. OcTporpafckwvii TEOpemMacuHn MHoJaNaHT Ba UCOOTIaHT.

4. BeKkTOp MalifioH AvBepreHuyscura KoopAuHaTa LakMaa Ta‘bpl/lq:) ocl

5. [vBepreHUMsSHNHI XoccasiapuH caHab YTUHT.

6. AvBepreHUMSHUHT 3K MabHOCU KaHaaw?

7. OQuBepreHuusara MHBapuaHT Tabpud GepHHr. ,

8. OcTporpajckuii TeopemMaCHHW BeKTOp Laknvaa udoganaHr Ba YHL sa
3HK MabHOCUHU KYPCATHHT.

9. 3896—2900, 4405—4408- macasia/lapHN eUUHTr.



8- 8. ConeHong/mM HaivyacuMOH MaiaoHap.
CorneHovg/M MaliJIOHHVHI Tabpud Ba acoCuii Xoccanapu

| 7-8 pa vctaraH a eektop MaiiooH diva épaavHaa ckansip MaiaoHHM
BYy=>Ky[ra KelTVpPULLN aHVK/IaHTaH 3.

Tabpud. a (.VI) BeKIT.p MaOOHHUHI OVBEPreHLHSIC 10 COXaHHHT Xap
OGHP HyKTacHOa Honra TeHr 6ysnca, sbnu

diva(M) =0

6yncn, 6y BEeKTOp MaHAOH LYy coxXada CconeHouan (EKn Havacu-
MOH) MalifoH felnnagw.

LUYHWUHT y4YyyH COMEHOHA/H MaHAOH yyyH OcTporpaackHii cop-
MynacHra Kypa

(8.1

o]
dopMynaHn Xocumn KHnamH3, 6yHga o — énuk cupT 6ynmnb, @ co-
XanH 4yerapanoByuM Tallky HOpMasl Wynanuwmaa OpUeHTUpaHraH.
By maigoHAa 6GHpPOpP G H034aHW OflaMM3 Ba YHHHI 4YerapacuHUHI
Xap GUp HyKTacuAaH BeKTOp uM3nknap ytkazammi (97-wakn). by
uMsnkKiap as’oHMHr BEeKTOp Hailya ae6 atanyBunm (12-606, 4-8)

KMeMinMn  Yerapanaion. Arap a(M) BekTOp  OKaéTraH CyHK/IUK-
HVHI Te3/IMKIapyu MaOHUHH TauMKHM 3Tca, Y X0n4a CYHK/UK
OK/LLN AaBomMMaa OyHAal Haluya 6Yyinab yHu Kecub yTmacgaH xa-
pakaTnaHaaH.

0o l03ya 6UpoOp Oi KecuMm Ba HaliYaHWHI O éH cUpTU 6uIaH Ye-
rapaiaHraH LWyHAaln HaliYaHUHT 6GUPOP KUCMUHU KYpPUO 4YMKaMus.
(8-1) TeHrnHK OyHpga €énukK CcuUpT Y4YyH Kynmgarn KYPUHULLHU
p  awv:

jjanOdo+ JjanQo+ jfa nOdo = O, 8.2
o]

% TR$lH HOpMAD QyliH4a nyganraH 6UPANK BEKTOP.
AAYAHUHT  én cHpTUOa Hop-

MI/Iap @ BCKTOp Maigouuvra nep-
MHAOHKYNAp 6ynraHn yyyH

a-n0=0

97- wakn.
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6yBaaH

4y p—=> non-+ -+

\an = — \\a-nOda

KeNMé YKaOW. O, K34afarr HOPMaHUHE  HYHa/ILLMHU TallKHAAH WYKUra
anMaLITupinG,

[ \anjLa = j\angda

w v,
MyHOcabaTHH X0ocwi Kunamm3. By coneHouaiv MaigoHAa BeKTop
HallYaHMHIr Xap 6up KccuMmMAaH YTKasuaraH BEKTOP UM3MK/Iap
MyHanuwHgarn BCKTOpNap OKUMu 6up xun 65'nagn, SbHM MaHGa-
cn3 Ba Kypaymcms mangoHaa (YyHku diva(iVf)=0) BekTop Haliva-
HANT Xap OMp KecumugaH 6up Xua MUKOOPAA CYHKIWK OKNG yTa-
an. ConeHomann mMangoHAarn BEKTOP 4YM3MKNap Xedy kaepaa Wykosn-
Maiau Ba SHIMUCKM Nakgo xam 6ymanaum.

9- 8 BekTOp MagoHAArM 4MsukaM uHterpan. Kyu maigoHn 6GaxapraH
VW. BekTop MaiAooHW UMpKynsumncm

dapa3 KMnannK, « coxgda BEKTOp MaidoH

a{M)—P(x,y, 2)i+ QX V,2j + R(x Yy, ztk

BEKTOP OpKa/IM XOcwn KuauHraH 6yncuH. by coxaga 6upop L wt+
3VKHM 0flaMM3 Ba YHAA Mab/iyM WYHIALWHU TaHNaiMus.
Tavpud. UyHanraH L umsmk Gyiinya OnvHraH yuiby

\P(X vy, 2dx+ Q(x VY, zdy + R (X, y, 2)dz
L
VKKVUHYA TYp 3rpy YM3UKIN VHTErpasl KM BEKrop Luaknmaarm

)adr
L

mHTerpan a (M) BEeKTOPHVHI L uM3nK 6ylinya ONvHraH Yn3nKaIN UHTer=
panv peinnaan (98-Lwakn).

Arap a (M) BeKTop Ky4 MaiiOOHM XOCWI KWICA, a BeKTOpHWUHr L 4t
3UK GYlivya usnKIn  MHTErpayiv Mabiym  yHammwga Looumsnk 6yumd
OavkapwiaauraH uvwira TeHr 6ynagu.

Tabpud. EnuK L KOHTYp oy-
Mnuya umsmkam uHTerpan BeKglt.
unpkynsymsacn geinnagn sa L
naH 6enrnnaHagn, sbHU

U =(ladr = ¢P(x, y, 2dx +

+ Q(Vv,y, 2)dy + R(X, <2 dz’



10- 8. CTOKC Teopemacu

11- 606garu cupT wHTerpaiiapm yudyyH (4.1) TpuH dopmynia-
cHra”yxwauw copmyna YypuHan 6ynm6, nHTerpaHu cr cnpt 6yiinda
Xycobnaw macasiaCuHM 6y CUPTHM 4yerapanoBun L KOHTyp 6yiunya
HKKVHYM Typ 3rpu UYM3UKAU UHTErpasHu xucobiawira kentmpuvwira
jimkom OGCpaaun.

Teopema. Arap P(x, Yy, z), Q(X, ¥y, z), R(X, Yy, z) hyHKU¥MA-
nap Y3NapuHWHE GUPUHYA TapTUGAN XYyCycuid Xocunanapu OGunaH
ovpra a coxaga y3nykcus 6ynca, y xonga Kynmgarn cgopmyna ypuH-
m 6ynaan:

|P (XY, 2dx+ Q(X Y, 2dy + R(X, Yy, 2dz =

€R_ EQ\cosa + & ———gg}cos é]+t
Ly ar \ar X K
P\
+(S ar [€0s 7 da. (10.1

Oy epoa cosa, cosf], cosv — 6GupMK BekTop MO HOPMa/MHUHE a cupTra
nynanTnpyBun KOCUHYyCnapn, L — 6y CUPTHUHI uYerapacu.

(10.1) dopmyna CTtokc copmynacu genvnagn (99-wakn). by
hopmynaga L KOHTYp 6yhuya uwHTerpannawl wWyHanuwm c cvpT-
HUHI TaH/aHraH TOMOHW 6unaH Kyhugarnm kouga 6yiuya mMocnall-
Tupunagm: N0 HOPMTHUHT OXUPUOAH KOHTYPHU ainaHmb yTuw co-
aT mMunura Kapwuy nyHanuwpga kKysatmnagu (ainaHué  YTULWHUHE
6yHOan MyHanMwn 11-6o06garn 6-8aa mycbaTt nyHanmw geb aran-
ran).‘

McboTu. a cnpT Xamma KoopauHata TeKucamknapura ouvp
XUAMAT/IN NPOEKUMANAUCUH. By CMPTHUHI TeHrnamacu

z=2z(%Y)

6Y epoa z(X, y) QyHKMUA £5 coxada AnddepeHumaniaHyBum hyHK-
yug 6ynmb, y 6 cMpTHUHI OXy Te-
KUCMHKAArn upoekumsicn eynaan.
D\ coxaHuHr yerapacuHu L\ 6u-
naH 6enrvnanMms, Wy 6mnaH éupra
i KOHTYp L HMHr OXy Tekucnuk-
[Jarn npoekumscn 6ynaau.
° EeUPTHUHI HKOPU TOMOHWHU
aHna6 onamuni, GyHra moc xonga
> [larn OpUEHTaUMATIL XaM TaHnab

‘namMmms.
Ywoéy
P (X, y, 2)dx
arpu -
YN3UKAN  UHTErpasiHA aBBasl 99- wak.
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L{ kOHTYyp Oyinua, kennH aca [puH opmynacngaH gonganaHno
Di coxa 6yiinya kappa/lH MHTerpajira aamalTupamm3 Ba HUXOAT,
O CUpT 6yiinya cupT nHTErpanura amMaliTupamms.

Uerapa o cupTra Ternwnm 6YynraHn yuyyH L KOHTyp HyKrania-
PVHHHI KOoOpAuHaTanapy z=2z(X, y) TeHrnamaHu XaHoaTt/iaHTupa.
On Ba 6UHOGapuH, P (X, Yy, z) YHKUMAHUHI L parn kuiimatnapu
P (X, ¥, Z (X, ¥)) (byHKUMAHUHT L\ garn mMoc KuHMaTtiapura TeHr.
L Ba L\ moc 6ynMHuwnapHMHr OX YyKuaarn npoeKkuusinapH Moc
Tywanun, gemak, L Ba L\ KOHTyp 6yinua WKKUHYN Typ arpu 4w
3UK/H WHTErpaiiap Y4yH WHTerpan WnWFMHAWNAP XaM Moc Tylla-
an. WYHWHT yuyH

P (X, ¥y, 22dx= P (X, y, z(X, y)) dx.
L L,

ByHUHr YHr kmcmumra 11-6o06parn  (4.1) TpuH  chopmynacunn
Ba Mypakkab yHKUUSHU AanddepeHunaniall  KougacuHn - Ky

nao,
3

H1 Tonamms. dxdy HM dxdy = cosy do copmyna 6yiiH4a d O CYPTHUHP
3IEMEHTN OpKa/IM - anvalTupmnb, DX coxa 6yinuya  Kappasim  UHTErpaiim
CUPT Gyinya UHTEerpasira Kenmpamma:

fP(X vy. + f (]o2>
o]
Mabnymku (7-606, 9-8),
Aoy 2]_ g
Ax ay
BEKTOP Z = Zz(X, Y) cvpTra neprneHavkynsp, Ba 6uHobGapuH, MO nopvert-
HUHI BGUPIMK BEKTopUra KoJvivHeap:

n0= cosa m -fcos@Ge/ -fcosy =k
LUYHVHr yuyH 6y BEKTOPSIAPHUHI KOMTUHEAP/IMK LIAPTN Gadkapuiniuv Ke-
pak:

cosct _ cosP __ cosy
ar ar — 1
ax ay
JAemak,
dz 0
— COSV = —Ccosp.
ay

by mymocabargaH corpanaHnb, (10.2) wogaHn 6yHaain  k\P1A1QLO,
Kalita é3aMu3:

\P( vy, 22dx = ff cosp “ cosy)da. ~ e

L au
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5 Kyiingarn dopmynianap wymra yxwawl XOCWn KAIMHaOp:

1) Q(X, y, z)dy = j*J( e’sy — ~ cosajda, (10.49)
K = L o]
\ R(X, y, z)dz= | ] cosa — cospjda. (10.5)
| o

i (10.3), (10.4), (10.5) dopmynanapHn Kywmnb, CTOKC opmynacura
Ke/laMui3:

I JPX Y, 2dx+Qx Yy, 2dy+R(x vy, 2dz=1J f[-|» —

cosa + (-¥- — ;
ar ) V ar ox

YHn kyimgarn kypuHilloa kaiita €3m MyMKUH:

cos0 + {’\— - cosYldo. (10.6)
ox J

ay)

8P(x, Y, z)dx + Q(x, y, z)dy + R(X, y, 2)dz = [j*(

Il -Bb)«*H%-T)*XH%-%)*"* (]07)

XycycaH, arap O coxa L KoHTyp 6unaH uyerapanaHraH Oxy Te-
KUCIMKHUHI cox.acu 6ynca, y xonga dzdx sa dydz 6yiinya uHTer-
pannap Honra annaHagnm Ba CTokc dopmynacu (11-6o06parun)
(4.1) T'puH chbopmynacura ytagH.

CToKc (hopMynacu 3rpu YM3MKAWN HHTErpasfapHH EnuvkK KOHTYp
6ylinya cMpT MHTerpaniapun épgamuga xucobnawira HMKOH Gepagpw.

M uncon. Ywoéy

a =xyi +yzj + xzk

BEKTOP MaMAOHHUHI 2X—3y+4z— 12=0 TEeKUCANKHWUHI KoopAnHa—

Ta TEKNCAUKApW OMNaH Kecuwull YH3uFM 6yiinya L unpkynsuusa-
CYHU XMCOBNaHr.

EuMw . O TEKUC/IMKHUHT HOKOPW TOMOHVHW  LUYHWHTOEK, LWy
TOMOHra Moc KenraH JIBCA 6epK KOHTYpPHW aiiaHM6G YMKULW yHa-
mMwnHKM - Kapab uymkamms  (100-wakn). Ywoéyra ara 6ynamms:

P=xy, Q=yz, R =xz
XYeYonin xocunanapLL? Tonamms:

Py=x, P’"=0, Q' =0, Q =y, a9 =z, Ry=o0.
Y wdoganapHn (10.7) CTokc diopmynacura Kysmums:
i ~ $ X¥dx +yzdy + xzdz = — \\ydy dz + zdxdz + xdxdy.

®®PT 6yiiMya ONMHraH HHTErpasiHM 6y CUPTHUUT KoopAuHaTta re-



100-L18Kn. 101-1eKn.

KUCMKNapuaarn npockuusnapu 6ynraH Kappaim uHTerpannap 6m

naH vndgoganaimms: 3 o] 3 0
ff»dydz - |j gdyiz =j * j ydy- ] f [i_1Irdz -
o B0 o 4r§JZ —
= 11 *— | e? I*
_ 11 g4 3
__AIENIill]|3= -——— «27 = — 8 (101-wakn).
9 3 o0 27
63
6 2 6 GCx
(Tzdxdz = — [~ Zdxdz = — \dx\ zdz = — \Z J~ dx=
0 _ OABO 0 © o -
1reé—ae . J (6~*)31I6 El = _9 (102-wakn).
2] 4 8 ¢ 3 lo" 8-3
0 6 O 6 O
Axdxdy = \ixdxdy= jdx | xdy = | Xy ax.;2 X =
AACO 0 2x-i2 3
3
100- wakn. 103~ waksn.
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i X221 2dXx=_ 1 j@m- \2x)dx=- i (]| X*- 6*2)

= -%(4-36-36-6) = 1-36 -2 = 24 (103-waK)

LWyHaain ko,
=—(—8—9+ 24)=—7.

11-8. BekTOp MaligoH yropmacwu

dapa3 Kunamnuk, Oxyz (asoHWUHI M coxacmga Kyhmagarm Bek-
Top MagoH 6epunraH GY/CUH:

a(M) =P(x, vy, 2)i Qx, vy, 2)j +R(x, vy, zjk.

Tabvpud. a(M) bektop MalAOHHWHI yrOpMacu (Eku poTopun) aeb
M wykraHuHr [rot a (M) 6unaH 6enrvnaHaguraH Ba
/ nP dR
iy ax Ax ay !
hopmyna OGunaH aHUKNaHaAuraH BEKTOpP MaligoHura aitunaam,
6yHoa Xycycuii xocunanapHu M (X, y, z) HyKTaga Tornamms.
Mwucon. Ywby
aM)=zi +xj +y3k

BEKTOP MAAOOHHUHI YIOPMAcWHM TOMUHT.

Eunw. P =22 Q=.v\ R =y2ra aramm3. XyCyCcuin XocwiafiapHH
TOMamH3;

= 2 x.

= 2 ~n =22, R AP
oy o S ax ax oy
Jemak,
roia = 2yi + 2zj + 2xk.
Yiopma TywyHyacumgaH domganaHn6, (10.7) CTokc ¢hopmynacHHU
BEKTOp Waknuaa Kata €3uwl MyMKWH:

N adr = \\n rotado (11.2)

6yHOan yopanall MyMKUH: & BEKTQRHUHI O m(BKyTﬂHMﬂcm
KOHTYPHU ainaHnG YnkNMUHUNE MycbaT MyHaauwmn ymmnya y

fot & BEKTOPHVHI LY CUPT OPKa/n S'/Taél,l/lraH ILNgpHiwr TyFpun
YiopMavnHr TabpuduaaH onganiaHnio, Kynua,

Kasura VILLIOVY XOCW KWL MYMKMH:
1) rot(a 4-b) = rota + rotb;

2) rot(CtT) = Crot BbyHOa C — y3rapmac cKansp.



3) rot(ua)=urota-r(gradu)xa, 6yHoa
u—u(M)» ckandap MaiIoHHN  aHVK/IOBYLY,
PYKKLUMA.

1 YIOpMaHWHI MHBapuaHT Tabpudn
YiopMaHUHI  tokopuaa 6GepunraH — Tib-
puc KoopaumaTanap cucTteMacuHL, raH-
nawira 60fIVK. SHAOH YIOpMasin MaiAooH-
ra HHBapuaHT Tabpug 6cpamns:

®apa3 Kunainnk, N — UXTNEpUA Genrv-
NaHraH 6vpnvk Bektop Ba D 3ca 11 Hyk-
104- wakn, TaHM y3 wuara onradH L yeraparm  sccv

L

wakn ©6ynmb, y N BekTopra nepreHamKynsp
oyncvH. (11.2) CToKc dhopMyacHn

d adr = \f rotnarfa
L "D

KypuH/LWAa é3amm3, YyHKWM N erota = rot,a (104-wakn).
YpTa KiimaT Xxakuoary Teopemara MyBOMK;:

j) ad~ = S rotrta (M™),
L

6yHOgaH rotra (MY = (8~adr, 6y epga S 103 — D COXaHVHI 33U,
L
Mr— 6y coxgaarn 61Mpop HyKTa.
Oxuprn TeHrnvkga D coxaFu M Hykrara Toptnb (Ekm 5 ==0 gg),
amvunTra yTamms, 6yHaa M r Hykta M HyKTara vHTWiaaw:

limrota (Wj) =Ilim — (f) adr
Mi-,M S*0 5 j

EKun

rot,,é’M) = lim

sS-0

1 t; adr = lim
S 6-0

ol

R
Tabpudg . Bcktop MaigoH ywpmacu Aeb, LWyHAAA sextopra
anTnnagukn, YHWHr 6upop WyHanuwra 6ynraH npoekuuscu Ly
MyHanuwra nepneHaukynsap 6ynraH D accy O3HUHE L KOHTYp r
inya BeKTOp MaWOOH UMPKYNAUUMACHHUHE S HO3HUHE KatTanuru
HuUcbatura TeHr, OGyHAa HO3HWHT Ynyamnapyu Hojara  VHTWMag4,
(S-y0), HO3HUHI ¥3K 3ca HyKTara TopTuiaaum. .
2. YIOpMaHUHI (13MK MabHOCW. BekTop MaidoH ywopmacu T VK
YaCUHVHI (MBVK TayIKMHUHW Gepamu3. KaTTUKDKUCMHUHE Ky3fanmac i .
Ta arpodmaarn xapakatmHu kapab unkamms. KuHematvkaga T1esn < A

MalAooOHN vV UCTa/lraH MOMEHTAA



V=20 XTr

K&myna 6wlaH aHvKmaHagy, OyHOa @

OHWH 6ypl4aK TE3/MUK, I — XUCMHUHIT NX-

TVepUin M HYKTaCUHWHI  paauyc— BEKTOpU
(105- Wwakn).
t*  Arap

r=xi+yj + zk,
0= <Ki+%j+ ak

aka(cu'mabnym Oynca, y Xonga Kynnga-
rmra = 6ynamns;

7 i k
V= = (bxr — <ay)i + (bB\X— oxz)j + (cOXJ— oyc) k.
J X y z'

3HAN rot tT BEKTOPHUHI MPOEKUMSIAPUHA TOMaMU3;

vpx(rotv) = ~ @xy —tOX)—~ K X~ ax) =% + X= 2ax,

np(, (rot7) = —qf(ioyz—tny)—~ (ay —oy) = &+ ay =2

npr(roto) = 9 (@rm—ax2) — — (@Zz—wz/) = a2+ ©r = 20z
Wynaain kumb,

roty = 2coN + 2co0y/ + 2c0zfe =2co
3KaHWHU XOCUN KWIAVIK.

Oemak, T Te3nnk MalAooHM ylopMacy KaTTUK KUCM  aANaHULLIMHVHE
OHUIA BypUaK TE3MIM BEKTOpUra KO/UIMHEAp BEKTOpAMP:

rotv = 20).

Y3-y3UHN TeKWWpuw yuyyH caBonnap

'e KaHaali mMaliooH coneHougv maiifioH aenvnann?
2. Conenovigiv MaiAOHHUUT XOCCacUHW nhodanaHr.
3. UM3HKIH HuTerpan ae6 Humara antunagu?
4. BEKTOPHVIHI UMpKynaumscy Aeb Hmara antunagn?
CTOKC TeopemacuHu ngofaniaHr Ba nucboTnaHr.
BekTop MalioH yOpMacvHW KoopAuHaTa Laknnga TabpudiiaHr.
BekTop MaliioH YIOPMACUHVHI TabpUMHN aATUHT.
CTOKC TeopemacvH1 BEKTOP Lwaknnaa HdomanaHr.

in 00TCP Mali[JoH YHOPMAaCUHUHI (hU3HK MabHOCK KaHaii?
*394—3895, 4450-4465- MmacanasiapHH E€YHHr.
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12-8. Ynsanknm wnHTerpaiunuHr mHTerpasnnaw
nynura 60FMK 6GYnMmacnuru waptnapu

bapas Kunanmnuk, Kymmgarnm BEKTOp MaigoH 6epwunran GYCHH;

~a=P(x, y, Z)T+Q(X, vy, Z)T+R(X, vy, z)k .

ByHoaH kelivH P, Q, R diyHKuwmsinap y3napHHUHI GUPUHYN TapTHO-
M Xycycuin xocunanapm 6wunaH 6upra ékm Oxyz (hasoHUHI Xam-
Macuga, €km asoHMHr 6mpop © coxacuga ysnykcus 6ynagn peb
hapa3 Kuiamus.

dapas Kunainmk A Ba B HyKTasap <« COXaHMHI WKKUTa Wx
TNEpPUA HykKTacu 6YncuH. © coxaga ETyBuMm Ba A Xamaa B Hykra-
napHu TyTawWTUPYBYM TypaAu 3rpy UYM3vKIapHM Kapab uvMkamus
(106-wakn). Arap

1P Yy, 2dx+ QX vy, 22dy-fR(X, y, 2dz
L
UN3UKAN UHTCrpan 6y WYNMapHUHT UXTUEPUACK 6yinya aliHn 6up
XUN Kuimatnap kKabyn Kwuaca, y uHterpannaw nynuvra 6ofnnk o6yn-
Manan paeinnaan.
UnsnkKam WHTErpasiHUHE MHTerpannaw wnynura 60fAnkK 6ynvac-
NVK WapTnapu Kynmgarn Teopemanap 6unaH 6epunagw.
lI-Tcopema. Ywéy

106- wakn. 107- wakn.
fPX Yy, 2)dx+ Q(X, vy, z)dy + R(Xx, y, 2)dz
L

UM3NKIN MHTerpan 6upop K coxada WHTerpannaw nynura 60FNunK
6ynmacnurn yuyyH 0Oy coxada €TraH ucrtaraH €nvK KOHTyp 6yiunya
OfINHraH WHTerpas Hoara TeHr GYNuLLIM 3apyp ea eTapauamp.

McboTwn ETapnununrun. dapas Kanainmk, oj coxana erys-
4 AcTaraH L énnkK KOHTyp Y4YyH

4P (X Y, 22dx+ QX VY, 2dy+ R(X, ¥, 22dz=10
L
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6yncvH. ¥ VKN uHTerpanuunr  umTerpannawl  wynura GOFInK

Xmacnmru” kypCatamms.
AaKlllta+> O Ba g HyKTanlap « coxara Teruwam 6ynraH Hyk-

Tanap 6),/0H By HykTanapHMm @ coxaga ETyBYM WKKUTa Typ/u
WA'Z1 1B 3rpH umsmknap 6unan TytawTtmpammid (107-wakn).

Kynmgarii[a 6YnmwmnHmn Kypcatammns:

| JpY, 2dx+ Q(x, Y, z)dy+ R(X, ¥y, 22az=[P (X, y, 2dx 4

m ATB AnB
+ QX vy, z)dy + R(X, vy, 2)dz
LANB Ba éiinap ATBNJ1 énvK KOHTYPHW XOCW Kwiaau. 3rpu wi

B-ﬂ-Bwq-lH XirerOa;,lanHHHT  XOCCANIapUHA XUcobra ofivG,  YLLIBYHW XOCWl K-
amm3:

I " P(xy, z)dx+ Q(X, y, z)dy + R(x, y, 2dz= 1P(x, y,z)dx +

WATBr.A ATE
I + QXL Ady + R(X vy, 22dz+ \P (X, ¥, 22dx+ Q(X vy, 2dy +
BnA
I +Pfc)y, 22dz=j P(x U, z)dx+ QX vy, z)dy + R(X, ¥, 22 dz—
. ATB
—J Px, ¥, zydx+ Q(x, ¥y, z)dy + R(X, y, 2)dz,
AnB
YyHKN

\ P(X, vy, 2)dx+Q(x, vy, z)dy + R(X, y, z)dz =
[BnA
= — \P(X, y, 2)dx + Q(Xx, y, z)dy + R(X, y, z)dz.
nnB
Brpok,
$ px vy, 2dx +Q(x, vy, z)dy + R(X, y, 2)dz=0
NTBnA
VHTErpan EnnK KoOHTyp Oyinya o/MHraH vHTerpanayp. [emak,

fAP(A Y, z)dx+Q(X, vy, z)dy +R(Xx, vy, z)dz— \ P(x, vy, z)dx +

AnB

+ Q(*. ¥, z)dy + R(X, y, z2)dz = 0.

A-nB

byHA.10
| P0Gy, 2)Jdx+ QX Yy, 2dy + R(X, vy, 2dz =

ATB

~J PR Y, 2)dx + Q(x, y, z)dy + R(X, y, z)dz

AnB

3KaH™NHM XOoCun Kunamms.
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WyHnpaih Kunub, UMUMKW VHTEr—
pan vHTerpannaw  hynura  6GOFMK
BYNMacIMruHn 1coTNaayK.

Sapypnuru. dapas Kunanmk
® coxana

\P(X, vy, z)dx+ Q(x, 11, z)d'j+
L
+ R(X, vy, z)dz

YN3UKIN WNHTerpan uWHTCrpannaw iy-
nura 60FNUK GYIMacuH.
Ly coxaga €TyBUH ucTaraH ErHk
KOHTYp 6yinya OfMHraH WHTErpas Hoara TeHr OYAMWHHW Kypca-
Tamms.

XaknkataH w coxaga ETyBYH UXTUEPUIA ENux KOHTYPHU Xapabd
ynkKaMmun3 Ba yHAA MKKUTa UXTUEPUA A Ba B HykTaHM onamu3 (108-
wakn). Y xonga

§P(x, y, 2dx+ Q(x, y, 2)dy + R(X, y, 2)dz = ] P(x, y, 2) dx+
ATBNA XTB

+ Q(X, ¥, z)dy + R(X, vy, z)dz + \ P(x, vy, z)dx +
BnA

+ Q(X, ¥, z)dy + R(X, vy, 2dz = f P(X, vy, z)dx + Q(X, y, z)dy +

ATB

+ R(X, vy, z)dz— fP(x, y, z)dx + Q(x, y, z)dy +
AnB
+ R(X, y, 2dz=0,
YYHKW LLapTra Kypa

f P(X, y, 2)dx + Q(x, y, z)dy + R(x, y, z)dz =
AnB
= 1P (x, y, 2)dx + Q(x, y, z)dy + R(x, y, z)dz.

AnB

WyHpanm xunmb, nctaraH EnuK KOHTYp 6Yiuya OonNuHraH WHTerpasn
Honra TeHr. TeopemMa UCH60TNAHAH.

Kylingarn Tteopema amanga KynnaHuw YYyH Kyna 6ynrad
wapTtnapHn 6Gepaan, 6y wapTnap O6axapwaraHga YH3VUKAWM UHTer-
pan nHTerpannaw mnynmra-6ofnvK 6ynmangn.

TeopemaHn wudoganawgaH onguvH gasoga 6up GoFnamnm coxa
TYLWYHYaCUHU KUPUTaMu3.

Tabpudog Arap ® coxaga ETyBUM MXTUEPUH L EnnK KOHTYp
YUYyH LWy coxada ETyBuM a CUpPT MaBxXys 6ynub, yHUHr yuyH L
KOHTYp u4erapa 6ynca, asOHUHI @ COXacH Oup 60FnamMnn coxa
aevimnagn. by xonga L KOHTypra o> coxara Tyna Tervwam 6ynaraH
a CUPTHW TOPTUL MYMKUH Aeivnaan. MacanaH, Ky6, wwap, 6yTyH
azo 6up 6GOFNaMNH coxa 6ynagu. TOPHUHI («TewKynya») uun
6up 60FNaman GynmaraH coxa xucobnaHgu.
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2- teopemMa a=PXV,2i +QX Y, 2] +RMXY 2k ex
Op- PYHKUMAHUHT

\P(x, vy, z)dx + Q(x, y, z)dy-YR(X, y, z)dz (12.1)
L

UMUK MHTErpanu 6mp 6ornaman @ coxaga MHTerpannaw wnynura
LWofFnuk 6ynmacnmru yuyyH 6y COXaHuWHI Xamma >xonuaa

rota = 0 (12.2)

6ynuwn 3apyp Ba etapivgup.
T ETapnmnnruHu ucbotnaw 6munaH yerapanaHamms.
ml/icboTUETaAapnnANrmn

| ®apa3 kunaimk, @ coxgaa rot a =0 6yncuH.
t (0 coxaga éTyBUM WUCTa/IraH L EUUK KOUTyp O6yinya OfIMHraH
ywby 4M3nKaIn MHTerpan Hojara TeHr GY/CUH:

fP(X vy, 2dx+ Q(X vy, z2)dy+ R(X, y, 22dz= 0.
L

0 coxgaa L KOHTyp 6unaH YerapanaHraH O CUPTHW Kaparimms
(coxaHuHr 6up 6ofnamnuaHru cababnu OyHOal coxa Aoum Tonu-
nagwv). CTokc gpopmMynacura Kypa

adr = \\n rota do
L \Y

@ coXgaa, >Kymnagau, a cvptaa roté( = 76 TEHINMK YpuHn Gyna-
an. WyHWHE jAyn

fjn rotada =0,
G

[evaK,

eKn

Il P(X, v, 22dx+ Q(X, ¥, 22dy+ R (X, ¥y, 2dz=0.
L

WyHpgai knnmb, © coxaga mctanirad L énukK KOHTYp 6yinya OnnH-
raH 4YM3uKIN MHTErpas Homra TeHr. 1-Teopemara acocaH YU3UK/IH
VMHTErpan wuHTerpannaw mynmra 60FINK 3Mac/IUIMHW  Xysoca K-
namus,

6yNraHn yyyH 2-TeopeMaHu Kyhngarnyda udoganall MyMKUH: yLIoy
JPX Yy 2)dx+ QX vy, z)dy+ R (X, y, 2)dz
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YN3UKIN UHTerpaa nup OO0fFNaMnn coxada WHTerpannaw ynura
60rnNMK 6YyNMac/imrn yuyyH Ly COXAHWHI Xap 6ump HykTacmga

dR_ dQ gP™ dR. Q"™ AP
ay ar’ooar ax o toooax ay
MyHOcabanr 6aXxapuauwim 3apyp Ba ermapiavp.
1-mucon. Ywoy

\2xy+ z9)dx-f 2+ z)dy + (y + 2xz)dz
L
YN3UKH UHTErpan wuHterpannaw iynura 60fFAnK 6ynuw-6ynmac-
JINTVHN TEKLWNPUHT.
Eunw. 2-TeopemaHuHr (12.2) éku (12.3) wapTnapuHn TCK-
wupammns. byHaaH Kyhinparura ara 6ynamuns:

P=2xy+ 2z, Q=x-+2 R=y+2xz

byHoaH
— =2X, N=2*, i* =2r.
ay ax ax
N=2r1, J* =1, «L-1i.
ar ar ay
BrHoGapyH
dR
ay ar ar ax ax ay
6ynaaH
rota = 0.

LUYHUHT yuyyH OGepwiraH 4YM3VKIM UHTerpas WHTerpannaw mnynura
6ofFNnK 6ynmaiian.
2-Mmuncon. Ywoéy

i ydx — xdy + zdz
YN3UKIN UHTErpan nHterpannaw nynvra 60fAnK 6ynnwmn éxku 6yn-

Mac/IMITMHN TEKLINPUHT.
Eunw. (12.2) ékm (12.3) wapTnapHm Tekwnpamuns. P =y,

Q= —X, R =z ra sramu3s. byHaaH:
ap _ dQ _ i drR 0
ay S T '
N =0 M- =0, = 0.
ar ar ay
BrHOGapVH,
dR_= dQ_= o =~ =0 aP N~ dQ
ay ar Tooar ax B \% ax

OyHOaH ywbyra ara 6ynamma;
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\ ax ay )

LUYHWUHT yuyyH 6epuiraH UYM3VKIW WHTErpan UHTerpannawl MynHra
6OFNNK 6Yynagu.

13-8. MNoTeHnman manacH. MoTeHUVaIMK LWapTiapu

Tavpud. Arap

a(M)—P(x, v, 2)i +QX VvV, 2] +R(X, vy, 2k

BEKTOP MalAOHHSAHI YIOpMacu O COXaHUUr Xamma HyKTanapHga
Ho/Mra TeHr 6ynca, 6y MaigoH Wy coxada noTeHuman (Eku rpagu-
ONeHTNN, EKM ylopMacus) MalgoH aennnagw.

MoTeHuMan ManOOHHUHI Tabpudura kKypa MakgOHHUHE Xap 6up
HyKTacu yuyH

' dR j P RV
rota=(d dQ_Vi+J'q d | —
i\ as j \ ar ax 1
P\ ~
+ idQ AR 2T (13.1)
ax ay )
SbHU KyWnaarn anHusTiap ypuHnm Gynaaw:

drR dqQ ap drR dQ P (13.2)

ay ar °ooar ax o ’oopx ay

WyHUHr yuyyH (13.2) alHUATNAPHUHI GaXKapuaulinu BeKTOP
MaiJOVIHVHI NOTEeHUVaNIMIi wapTtu 6ynagu.

llly alHuatnap (12.1) 4M3MKNU UHTErpaniHMHE L EnuK KOHTYp
Gyiiya HoMra annaHvuWK yyyH 3apyp Ba CTapavaup, LUYHUHIAEK,
YHUHT unTerpannaw iynura 60fFNnK 6YIMacnUrmHUHI 3apypuii Ba
eTapnu waptnavp.

Tabvpudg . NpagneHtn a (X, y, zZ) cCKansp MalOgOHHU BYXyAra
KENTUPYBYN WU(X, Y, Z) cKansp (yHKUMA LWy BEeKTOp MaligoHHUHI
noteHuman yHKUusAcK (EKn noTeHuuann) aehivnaan.

WyHaah kinnb, notemuman MaiAnoH

am ~T , mm m ~T

gradu== i+= 1+ Z-k=a
ax ay dz

MyHocabaT 6wiaH udoganaHagy, GyHaa
~a=PX, vy, 2~ +Q(X, Vv, 2] +R(X, Yy, 2k
6ynmMob, wy 6wnaH 6upra rota =0 ékn rot gradu = 0.
Mwncon. Ywby
a =Xx—2yz) m + (if —2xz) W +(z2— 2xy)k
MalAloH MOTeHUVan MaiioH 6ynuin ékn 6YNIMac/IMrMHA TEKLIUPUHT.



Euvw. P =X2—2yz, Q = ij-— 2/H, R = r2— 2/ 6ynraHn yuywy,
Oy epdpH XyCycuii XOCWa/iapHU TOMamma;
dR

~ =—22, — =-—2r, = -2//.
ay ax ax
-£=-2«, f- -2 ,. dR=—2X.
ay
Kyiivgarnnap pasLuaH,
N= N = 271 — =="-=—-2v -"N?="- 2r,
5v mr - * br Wt B ¢ 274

AbHM (13.2) wapT Gaxapwiagy, LWYHUHT YYyyH GepwiraH MaiAooH MoTeH—
upan MaAaoHAMP.

14-8. MoTeHuman MakgoH XoNMaa YN3NKIn
MHTEerpanHn xucobnail

Arap (0 chasoBuii coxa 6up GoFnamnu 6ynca, y Xonga MOTEH-
unan MangoHAarn 4YM3suKIW WHTCIpan WHTerpannaw imynHra 6oF-
UK 6ynMacgaH, 6ankym Wy MWYNHUHE 6owwnaHFny A Xamga oxXupriu
B HyKTallapuHUHI KoopAuHaTasiapHra 6ornMK 6ynagH Ba u (X,
Y, Z) QYHKUUSHUHI WYy HyKTanapgarH opTTMpmacura TeHr 6ynagw,
SABHU

fP(x, vy, 2)dx + Q(x, y, z)dy + R(x, y, z)dz =
AB
(g, ys, zZB)  wn(xn, yn, zA), (14.1)

6y epoa AB yn— A(x[M, yn, zA) HyktagaH B(xB, yB, zB) Hykraraua
UXTVépuii Witerpannaw wynu. Opatga 6ymnain nyn Tapavpa ACDB an-
HUK uM3nK onvHaay, yHuHr AC, CD Ba DB 6yfuHMapn koopavHatanap
ykura napannen (109-wakn). by xpnga noTeHuanHu Xxmcobrall  hopmy-—
nacn Kynungarn KypvHura ara 6ynagw:

B

nx, vy, z)=\ P(x, vy, z)dx + Q(X, y, z)dy + R(x, y, z)dz —
A

X Yy

= J P(X, Yo, zQdx+ |q(a-, y, zZOdy+
*0 w

+ \R(X, vy, 2 dz, (14.2)
D»
6yHOa
Nn(xg Yo' zQ0, C(x, yO 20,

D(x, v, 20, B (X, y, 2,
AC = (x—xQi, CD—(y—yo0j,
DB = (z— zQk.
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Arap noTeHUMan MalgoH Kyd MmaigoHum 6ynca, y xonga 6yHpaai
BmalijoHOa HyKTaHu Kyumpuvwiga 6axapwuiraH v MaigovHUHE 61p
A wnyKTacHAanm WKKAWMYM B HyKTacura Kyumpuw nynura 60fFnuK
oynmarign Ba (14.1) cdopmyna 6yiinya XMCOGNAHULIH MYMKUH.

A TloTeHuman BCKTOp MaigoHAa 6up 6ofnamam coxaga ETraH xap

* kangai L énuk arpu umsmk 6yiinya uumpkynauua Homara TeHr. Kyu
' MalOHH yyYyH Oy MalifoH KyuynapuyHWHE Xap KaHgai L énuk arpum
un3ukK 6yiinuya GaxapraH UWM HoMra TeHr 6ynaaw.

M ncon. Ywby

~a— (X2—2yz) i ~r(yr—2x2)j + (r2z—2xy) k

MalAOHHUHI NOTeHUMaNNHN TOHUHT.
Eunw . By BEeKTOpPUMUTI MalAOHM MOTEHUMaT 3KaHMHU KypcaT-
raH sguk (13-8 parm muconga).
n (X, y, z) noteHumanHn (14.2) dopmyna 6yinya TOonamms:
X y 2

UX, 11, 2) = j (x-— 2%oZc) dX + j (y2— 2xrQdy + j (r2— 2xy)dz =

X, il
=(j*s-2w) '+ () '

f- N2 X3+ NYy3+ -1 3)—2yNOX— 2Xr — 2xyr — XN +
3 3

+ 2y”™bx0 -iyl+ 2xz0/0—jz | + 2xyz0= - (x3+I1/3+

J—2xyzN—jj (X + y@+ 2\) — 2x/£0

Y3-y3MHM TEeKWHPUIW Y4YyH caBoninap

1 YH3MKAH WHTErpPa/HAHI uNTerpannaw ynHra 60FNnK GYNMaciHI HUMaHU
eunanpagn?

2. YH3HUAM HHTErpauiHAHI WHTEerpannaw nynura 60fFanK 6YNMac/iHIN YHHHT
HCTa/IraH KOHTYp 6Ylinya HoMra TeUrnMrnra 3KBHBAIEHT 3KaHWMHW KYPCaTHHT.

3. UMMk MHTErpasiHUHI WHTerpannaw MynHra 60FNMK GYNMaCIHIUHUHE 3a—
PypVH Ba €Tap/iv WapTu Xakuaarn teopemaHu udoganaHr Ba AcboTnaHr.

4. KaHgaii mMalifioH noTeHUman MaliioH aelivnagn?

5. A\aHZIOH MOTEHUMa/VTMIHHUHT LWapTiapu KaHaain?

6. MNoTeHuman Aeb Humara arTunagu? Y kKaHgam xmucobnaHaam?

7. 4430—4437-macananapHy eynHr.

15-8. MaMWILTOH oOrepaTopu
(Habna onepatopw)

Bektop aHammsHWHr grad, div, rot guddepenupan avaviapyHi - Cv-
BOMMK V BekTop épgammaa (Habna-Bektop —— MaMHALTOH — Oreparopu)

ndoganalll Kynaiayp:



By BekTOpHU y €kn Oy (ckansp €Ky BEKTOp) KaTTa/IMKKa Kyrnandil-
H/ ByHOalh TyLWIYHMOK Kepak: BeKTop anrebpa Kouganapura Kypa 0y Bek-
TOPHN GepwiraH KaTTa/IMKKa KynaluTUpULl aMa/MHA  Gaxkapuil  J1031M

o 0
cyrpa 2, — , 2 cumBOMEPHUHr By  KATTA/MKKA  KyMaviTVpHLLLuM
ax oy ar

TErNLIM XOCWIaHU TOMULL cidlaia Kapall Kcpak.

By nektop 6wiaH ama/viap Gaxapull KOUOaIapHA Kapab umMKamuns:

1 Vv Habrna BrKTOpHUHI M(M) ckansp yHKUmara Kynamtmacu Ly
QYHKUMSAHUHE  FPagyeHTVHN G6epaay:

aT ., 4 b1
— 1+—/+~Tk)w= i+
ay ax

%

+ -ig'.M_ Tl Al k —grad un.
ay ar

WyHpaii kHn6, v n —grad u.
2. v Haba-BeKTOPHUHI

aM)=P(x,y, 2i+Q(X VY, 2)] +R(X, vy, 2k

BEKTOP (OyHKUUMS 6unaH cKandp Kynatmacu Ly (QyHKUUSHUHE OyBepreH-

LWIACUHH  Bepaap:
V e = (-T; "+ I=(P(x, y, 2)7+

+QX, Y, 2i +R(X vy, 2K =
P o] dr
=4 A2 1 T diva.
ax ay ar
WyHpoah kb, v 0 —diva .
3. V Habna-BeKTOPHUHI

aM) =PX vy, 2i+ QKX Yy, 2] +R(x, y, 2k

BEKTOP (UyHKUMAra BeKTOp KynaihTmacu Wy QYHKUMSHUHT  YFOPMacuHH
6epaau:

i i k
VXa=z A8 4=

ox oy ar V ay ar)

P QR

i +

+(S: S)7+(E-5F-*«-
WyHpaii kumb, v X a = rota.

FpafHEeHT, AUBEPreHuMs, YpPMaHU ONull amMannapu OGupuHYM
TapTnMonH guddepeHuman BeEKTOp aMannapamp.



16-8. BekTop MaiAfOHUOATN VIKKUHYM
TapTMban amannap

BekTop MaiOOHUOANN MKKMHYM TapTHOMM avarviapHu Kypamums. LLyHu
anTné YTuw Kepakky, gradu, rota amasyiapyM BEKTOP MalAdOHMapHU By-

Xyara kemmvpagn, diva avanm aca CKanisip MaidoHMM BYXXyAra  Kemu-
pagn. KypcatmnraH amaviapHUHE Kyhuaary KoMOuHauvsiiapy  6ynuwmv

MmyMkuH: divgrad n, graddiva, rotrota, divrota, 6ynap WKK.LL4M Tap-
TMONM amMa/iap Aeiwiagn. YnapgaH 3HI MydMMIapyHU Kapab uYMKamuz.

1 divrota = 0.

XakukaTaH xawm, arap BEeKTop MaiidoH

a=PX,y,2 i+ QXVY,2j+R(XYVY2XK
Bynca, y Xonga UKKNHUYA TapTMGM apasiall XOCUNa/TapHUHE TEHIIMA YYyH

iivrot7=+ N - T + + + A ,dQ_dP
ax o \ay arl ay \ar 4X) ar o \ax ay,
d*R d*Q arP <R d*Q n-p

ax oy ax ar oy ar Aay ox ax ar arny
oynagn. LWy HaTwkKaHWHI Y3 Habna-oneparop

divrota = v (VXa)
époaMmMaa XaM oML MyMKWH, YyHKM Oy epfa yuTa BEKTOPHVHI apanall

KynamTMacuHu xocun kunamms: V. Vo Ba a, GylapHUHI MKKUTacu Gup Xur.
ByHaalh kynaTma Hosra TeHr Oynvwm paBLuaH.

2. rotgrad n —O0.

XakykartaH,

grad U= LAl e )
ax ay ar

OynraHn Y4YyH WKKUHYA Taptvb.'T apanall KynaTMaslapHUHE  TEHIIUIA
Tydhaii.n :

rotgradn=t [= (A")— & [AN\+ 1 TA

o ol an
ax Ay \ox)] -
an
ayar  aray/ \arax o a9+
+ ? AN 0.

\axay AyAx)

Wy HaTWwKaHUr Y3UHU Vv Habra-ornepaTtop épdaMuaa XaMm XOoCWn  KUIALL
MYMKWH:



UYYHKM OMP XM YEKTOPMapHUHI BEKTOP KyrnaiTMacy HOM BekTopra Tel-

8. Yivgrad v = = L

ayr ozl
XakuKaTaH Xam,
T ~
gradw = & Lo L 4 K
ax Ay ar
6ynraHn yuyH
divigrad« = — + (i“Ye
S ax \px) ay \ay) ar \ar)
=— + — + — (16.2)
ax3 ay* ar* v
oynaaw.
(16.1) TEHIIMKHUHI YHI TOMOHW CUMBOMMK Tap3aa OyHaal Genrwia-
Haaw:
Ov= AN g BNy A
ax- difi ar-
EKun
‘AU = . A A
V ox* ayr o)
byHAaa
A=— +N-+ — (16.2)

oxA oy arr

cumBon Jlaiviac onepatopu gOedvnagn. by onepatopHu y BeKTOpHWULL'

CKansp Keagpaty Tap3vda kapall Tabumiiomp.
XaKHKaTaH Xam

WyHWHr yuyH (16.2) TEHrnMK y ornepatop épaaMmaa
divgradu = v (Vu) = V2u
KypyHuwada éwiaan. LyHn ainmmb YTyl Kepakku,
An=20

TeHrnama Jlannac TeHrnamacu geinnagn.—-Auv = O WapTHN GaxapyB-
U u(x, y, ) ckanap MaigoH Jlannac MalifoHW EKM  rapMOHUMK
MaligoH gennnagy.

17-8. Nlannac oneparo.py, YHUHI UWINHAPUK
Ba chepuk koopaunHaTanapga wudoganaHuwmn

ABBanrm naparpapaa 6m3 Jlannac oOnepatopuHUHE  AeKapT
KoopAauHatanapugaru noaacuHu XOCua KuaraH 3auK:

=— + = + — . (17.2)
Ox- dif- dzt \



'Y OMCPaTOPHUHI LUWAVMHAPUK KoopAuHaTanapaarH MOoAacuHH To-
namms:
X=Tcosth, y =rsindg, z—z
BYHUHI yuyyH uU=wu(X, Yy, zZ) Mypakkab @QyHKUHAg4aH (6yHOa
= rcos9, y—rsitup, z—z) 3pKIK Yy3rapyBumnap 6yinya oOnNuHraH
OGHPVHYM Ba WKKHHYX TapTUO/IH XYCYCUIi XOCUNaslapHM TOMamMu3:

A B cosp+ 2 osindg a7.1)
or ax 4y
A= A rsmpu-- r cos, 17.2)
d(f Ax ay
2 M gy g+ A sinlpe 2EY cospawn, 17.3)
ar2 ax- ay2 Axny
AV = 9V (5 5igogy | r cosep — ' roos p—rsmch—
aAd2  Ax2 ay2 ax 4y
_ 2 %" rsin~cosA. 17.49)
axpy
(17.3) HM r2 ra kynaummpmb Ba (17.4) 6unaH Kywmo,
aowm o-n | on o\, , / o I 7 B \
Lot = S RAXopDr — h4--= sm ¢
A2 ad3 \ax2  di2j \ ax By f

t udpsgaHu xocwn Kwiamms, y aca (17.1) HA KynnaHwiraHggH ‘cyHr Kylu-
| marm KYpUHULLHKX oraau:
o N a2 roam _ r2(aax an\

a2 'opd8 ¢ oar | px2 - py2]j
eKun
o , & = cPn 1 gwn | 1 mm
oxl ~  py2 42 ' r2 a2 r o4
ByHAOaH,
4 _ v v v v j_m o, ) au o, g
oxr ~  py2 dz- ar2 r o ar r2 o3 dz2

KeNMG YMKMLLM paBlUaH. 3HAM Jlanjac oneparopyHv LUIMHOPWK Koopayi—
natanapaa E3vil MyMKUH:

A=A 41 — +— A (17.5)
ar2 roar r2 ade  dz2

Xyoau wyHra yxwaw Jlannac onepatopy yuyH ucogaHn  cdepmk
KoopAvHaTaniapaa Kemmpré UMKkapuLl MyMKUH:
X = rsin 9 cosd,
y = rsin 0 sind,
2 =rcosO.
u=u (X, y, Z) Mypakkab yHKUMsAaH 3pKIM Yy3rapyeBunnap 6y-]
inya 6UPUHYN Ba WKKUHYM TapTUBAM XYyCyCcuii XxocunanapHu To-
namua:
M =M smb cos ¢ -2 sin d'smo y=—22 cos 0 =
ar ax ay dz



13-606

MATEMATUK ®UN3NKA TEHT/TTAMAJTAPU

1s§. Marematuk duavka TeHrnamanapuHUHI
acocuii Typnapw

MatemaTnk (U3NKAHUHT WKKUHYN TapTu6am acocHn audide-
peHUMan TcHrnamanapu WKKU Y3rapyBumam HoOMabiym U(X, Yj
yHKLMA Ba YHUHI XYCyCUl Xxocunanapura HucbataH 4m3nkam oy-
nmé, 6yHAal TeHrnamanapHumr ymymMun KYpuUHULLK  KyAngaruda
6ynaau:

-gm , D gm |, ogm , aim , nam . cC t. 4 ,, .,

ALE +8B 3y tCAPb+D T +b Ty Ffu=fxY) (1)
6y epga A, B, C, D, E Ba F nap ymymaH X Ba Yy napra 60fnuK
6ynn6, xycycaH Yy3rapmaenapaup, f(x,y) 3ca 6epuiaran dyHKUMS.
Arap TeHrnamaHuHr yHr kmcmupgarn f(x,y) QYHKMUA HoMra TeHr
6ynca, y xonga 6y TeHrna.mMa WKKWHYN TapTuenm 6ump XMUHCIN uni-
3MKIN XYCYCU XOCUNasiv TeHrnama genunnagu:

AL E A A b A b M =8 @2
ax2 axay Ay2 ax ay
Arap (1.2) TeHrnamaHuHr GepunraH coxacma:

B2—4/1c>0 6ynca, (1.2) TeHrnama rnnepoosuK,

B2—4yac =0 6ynca, (1.2) TeHrnama napabonuk,

B2—4.4C<0 6ynca, (1.2) TeHrnama 3ANUUTUK Typra Teruwniuv
6ynaan.

TOPHHHI KYHAANaHr TebpaHulM, MeTasll CTePXEHHUHr Yy3yHa-
cura TebpaHulIH, cumMaary 3nekTp TebpaHuwnap, annaHyesuuM -
nmHApaarv annaHma TebpaHuvlinap, rasHUHr TebpaHuwnapu kabu
Macasianap runep6onvk Typaaru sHr coaga TYKWH TeHriamacu

des ox* (13
ra omb kenagw.
VICCUK/TMKHUHI TapKasHLL >kapaéHu, FOBaK MyxuUTAA CYHK/UK
Ba FasHWHI OKULIM Macanacu, 3XTUMOIap Ha3apUACUHUHI 6Gab3un
Macananapu napabonuk TypAarv 3Hr CoAAa WCCUK/UMK TapKasuvil
TeHrnamacn (Pypbe TeHrnamacwm)

— = a2 (149
dt ax* \%
ra onmb kenagw.
dNneKTp Ba MarHuMT MalgoHnapu Xakugaru macanasiapHu, Ccra-
LMOHap WMCCUKNUK XonaT Xakuaarun macananapHu, rmapogHHamMumka,
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npdy3na Ba WyHra yxwaw MacananapHH eyl 3AInMnTUK Typ-
rrn Jlannac TeHrnamacum

N+ NMN=0 (1.5)
XTI 0nmMb Kenagw.
bns (1.3), (1.4) Ba (1.5) TeHrnamanappa vusnaHaérraH (pyHKUUA

U MKKUTa y3rapyBumra OOFNUK OYAraH XonHWU Kentupauk. Arap

M3naHaéTraH QYHKUMS ydTa 3SpKIM y3rapyBumra OOFMHK 6Yyrca,
TYNIKUH TeHr1amMacu:

an o _  Smn g\ (1.3)
dt2 Uu=** * pgy-J’

PCCUKNK TapKUTNLL TEHT/TaMaci:
AM_ O B, A (1.4"
dt ~ [ " ay]

&lannac TeHrnamacu 3aca:
Anj A2, amo 0 (15

Ax- ' opyr ~ooarr
KYpHHUWAA 6ynagn. YMymMaH Kyn y3rapyBunan (yHKUUS yuyyH Te-
rMwamM 6ynraH TeHrnamanapHu Kapaw MyMKVH.

Kentupunran (1.3)— (1.5) TeHrnamanapra HucbataH Kyuiuna-
».Oyran MacanaslapHHHI Typnapu, YMyMUA Ba XyCyCuUid ednmiapu-
1HUHT (MaBXyANnUru, SIrOHaIUIM, YCTBOP/IUTU) XycycusTu, Gepuna-
f ouraH GowaHFUY Ba YerapaBuii LLAPTIAPHUHT MOXUSITNApU Kyiin-

[a KentTupwuaraH naparpadgnapga KypunaguraH wmacananap opka-
N TYLWYHTUPUAAAMW.

2-8. Top Te6paHuLWNapu TeHrnamacuHu KentTupuo
unkapuw. BownaHFMY Ba YETKU LlWapTnap

Y3yHnnrn | ra TeHr 6ynraH arujayB4YaH Ba 3nacTuK un (Top)
GepvnraH 6YnNn6, YHUHI yynapu TyFpu Oypyaknu [ekapT Koopav-
Hatanapuga or=0 Ba X=I| HyKTanapra o6upukTupwuaraH get dgapas
KunaMus. Arap TapaHr TopTu/araH TOpHM pfactnabku xonatunaaH
YeTNaWTUPHO, CYHrpa y3 xonartmra Kyino rbopcak KN YHUHT HyK-
Tanapura 6upop Te3nuk 6epcak, y Xonga TOPHUHI HyKTaslapy Xa—
pakaTra kenaau, sibHU TOp TebpaHa 6Gownaiigu. Bns HctasraH Mo-
MEHTAA TOp LWAaKIMHN aHUKMaWl XamJa TOPHUHI Xap 6up HyKTacH
/\BaKTra 60ornnK pasBuwAa KaHOa KOHYH 6unaH XapakaTtnaHULWWHU

manVKIall MacasiaCHU Kypamus.

Top HyKTanapu 60LwWnaHFny
BxonatmgaH KWUYMK  YeTNaHuL-
Pnapra ara geb kapab, TOp Hyk-
| TanapuHuHr xapakatm OX YKKa
KnepneHOHKynap Ba 6up TeKHC-
pnvkaa ByxXyara Kenagn, [Ane6
| thapaz kunamus. Y xonga Top-
~HUWHI TebpaHuLl XapaéHn 6uTTa

b(n', t) dyHKuMa opkaam wuncoaa

~NaTnnagH, 6yHaa X TOp HyKTa- 10- wakn.

~<Z



CVHVHI t MOMEHTAArN CUDKALW MUKAOPUHN BGHAAMPaan (110-wakn)
TOpHMHI 6apya HyKTanapuga TapaHriank 7 oup xun peb dapa3
Knnamus. TOPHUHT M M ' 3/1eMEHTWra TabCUp 3TYBYM  KYUIAPHUHT
Owu YKOarH npoeKuuscu:

Tsin ((f—O0p—Tsinth« Tig @-fO4P—T tgp=
o ix —AXx, t) m (X 1) . !I‘p _ez_n_g_?_gﬁ)_(,_t)_ Ax
ax axool ax2

« T A)(()Sy) dx, 0< 0< 1 \(/2%

(6y epma 6ypuyak b KMUMK 6GYNraHm yudyH tgcp”sin™ Ba KBagpaT
Kascdarn udpogara JlarpaHx TeopemMacuHu TaTouk 3aTAUK). Xapa-
KaT TEeHrNamMacmHW XOocun Kuamw yyyH MM' anemeuTtura Kyivnrad
TalWKH Kyuyun MHepuusa Kyuura TeHrnaw kKepak. TopnuHr MM' ane-
MeHTra t MOMeHTAa TeHr TabCuUp 3TYBYM KyM

F~gx )MM' gag (x t)dx. 22

By epma MM' X xX2— xr—adx, g (X, t)— Top 6yinab y3nyKCcm3 TakCuv-
naHraH, Ou ykuyra napannien Kydnap 3vamrid. TOPHUHE YA3UKIN 34NN

p 6ynca, MM' anemMeHTVHUHI Maccach pM M’ —pdx 6ynagn. dnemeHT-
HVHI Te3NaHnLLn % ra TeHr. [emak, Oanambep npuHUMNura kypa (2.1)

Ba (2.2) chopmynanapum xpycobra omb, yLwby Teursmkka ara Gynamus:

dXe— =T — dx+ t) dx
pxdfi px*xg\(/x’)

dx ra K/MckapTVpubG Ba TENMMKHUHE MKKana KACMUHU P ra 6Y1mMb xamoa
— = a2 peb 6enrnnab, XapakaTHUHI Kyingarn TeHr/lamacura Kenamms:

am 2 o2 , 1 , /n
I =a w +7 s(x’> 23>

By TeHrnama TOPHWHI MaXOypwuili TebpaHLM TeHrnamacu €eku 6mp
YNYoBNMN TYNKWUH TeHrnamacu genvnagu.

Arap g(x, 0=0 6ynca, (2.3) TeHrnama TalWKW Ky4 Tabcup
sTMaraHgaru O6Up >XUHCAU 3PKUH TebpaHuw TeHrnamacu aein-
naaw.

Opovin  andcpepeHuman TeHrnamanapga ymMyMuin ednmMaaH Xy-
CYyCUi euMMMapHU ONULW YYYH WUXTUEPUIA Y3rapmMaciapHU aHuKnall
Kepak 3gn. ByHWHr yuyyH 6ownaHrnd waptnapgaH doiganaHap
30VK. By eppa xam Top xapakaTuHW Tyna aHuKnaw y4yyH

di* o~ \Y
TEHI/TaMaHVHI Y3UrnHa eTapau smac. AHa KyluMMuya MKKHTa Yera-
paBuii (x=0 Ba X=1t) wapT xamga 6ownanfiy (“=0) MOMeHTOa-
M wapt Gepunuin Kepak. Yerapasuii Ba OownaHFU4Y WapTiap
Tynnamu 4eTku wapTnap Acb atanaan. MacanaH, x=0 Ba x=1pa
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TOPHUHI yynapu Kysfanmac 6yncuH. Y xpnga t kaHgain 6ynraHga
XaMm yLi6y TCHIAMKNap 6axapunuiin Kepak:
m@O 0=0 un(,t)=0. (2.5)

By TeHrnuknap macanaHWHr 4erapasvH LlapTnapuamp. bownaH-
f4 MOMeHT (/=0) pa Top MabnyM LWakara ara 6ynu6, yHUUr xap
GUP HyYKTacu Te3/IMMM aHuK/IaHraH GY/ICUMH, STbHU

K m(x 0)ran |1—o =f (¥,
ut (x,0)"™ 8 =F (X. (2.6)
dt t=o

by wapTnap TeHrnamaHwuHr 6ownaHrny wapTiapmngup.

3- 8. TOpHWHI TebpaHuL TeHrnamacuHu
Jdanambep ycynn 6unaH euyuil

Bu3 woKopuvaa TOPHWUHI yuynapu Ky3Fanmac Acb dapas KunraH
34MK, SbHW TOPHUHI Y3YHAUIMW 4YeknaHraH 3au. 3HAU  TOPUUHT
Y3YHAUTN XyAa KaTTta OYCMH. YHUHr ypTtacmgaH Oupop Te3nnk
bepcak, YHr Ba 4YaH TOMOHra TYnkKuHnaap NWyHanagu. HaTtmxapa
TOPHUHI yuynapura TYFpWU TYAKUHNAP 60punb, CYHr Teckapu Tyn-
KNHMap KalhTagn. Bu3 akcnaHraH Teckapu TYNKWHAapHU Xucobra
O/IMaiMun3, SbHW YeKcu3 6YynraH TOpPUMHI TebpaHul MacanacuHu
Kypamus. bup xuHcim (2.4) TeHrnamaHn (2.6) 6ownaHfny WapT-
nappga edamni. by eppga f(x) Ba F(x) cdyHkymsanap OyTyH coHnap
yknpa 6epunrad. n(x, t) yHKUMSA y4yH uderapasuii waptnap 6yn-
Maiign. Macanaga akat 6ownaHFuy wapTiap 6epwunca, 6yHaan
Macana Kowwn macanacu genunnagn. YHu [Lanambep ycynu 6unaH
cyamMuna. TeHrnamaHuHr yMyMUiA eUYNMUHU UKKUTA UXTUEPUIA  (OyHK-
uunsinap MnFMHOUcK cndatpa Kuampamms:

n(x t) = ¢ (jc— at) +'{."(* + at). (3.1

By ¢ Ba & yHKUMANAPHUHI HKKUHYM TapTUOAH Xocunanapwu
MaBXyn O6YncuMH. Y BakKTAa, KeTMa-KeT Xocuianap oscak,

mw=d¢" (v—at) + (X + at), mx= " x — at) -fij:" (g + at),
ut= —adg (x—at) +a (x + at),
utt = a2d" (x —at, + a- " (x + at)
nap xocun 6ynmb, Hatmxka (2.4) TeHrnamaHun KaHoaTnaHTUpaau.
Jdemak, (3.1) dyHKUna ymymnii euum 6ynagn. (2.6) 6owwnaHfFuy
wapTtnappaH conganaHnb, ¢ Ba HOMab/yM (YHKUUANAPHH To-

namms:
/= 0pa

¢ (X)) + @) =f @)
—ag @+ad ) =F



CHCTeMara Kenamus. WKKMHYM TeHrnamaHu O gaH X rava 6ynrad
opanvKaa uHTerpaniacak,

-—af - O]+al ¥-d O] = fF(X)dX
0

EKH

- d(X)+$X)=~\ F X)dx+ C (3.3)

KypHuwgarn Hopogara kenammi. by epgpa C= —d(0) +p(0) —
y3rapmac coH. (3.2) Ba (3.3) TeHrnamanapgaH ¢(.t), gp(x) Homab-
nyM QYHKLUWANApPHU aHUKIariMKn3:

X

* M -
0
X (3.4)
bX)=J f(Xx+ JF(X) dx+ -y.

By dhopmynanapaoa aprymeHT X HM X — at Ba X + at napra anmMaTpuo,
(3.1) chopmynara Kyiicak, u (X, t) yHKUMS Tonwnaaw:

“ X, 0=~ f(x—at)—

X—at

+ ( F(x)dx= )+

+ij ~Wdx- (35

X—at

by (3.5) dopmynara TOp TEOPaHWLL
TEHrNaMacu yyyH Kolum mMacanacuHUMr
Janambep ycynu OunaH ewniwmn
neinnagn.

OnvvraH (3.5)  eunMMnHr - o3k
MabHOCMpW  aHrnaw yyyH U (X, t)
euimMra KMpraH @ (x—'ai) nma ¢ (v—
at) dyHKUMSIIapHU  anoxmaa-asrioxpaa
Tekwmpamms. ¢ (X— at)  yHKUMSHN
owmb, trmt=t0 t=/j, t--12 Ba
XOKa30 YCyBuUM  KuAMaTnapHn GEpUO,
YHUHI rpaduriw scaivma (111-wwakn).



| UlakngaH kypuHagMKn, WIKKUHYMA rpadwk  GupuvHuMcuira  Hucbarad  atl
MMKOOPra, YYMHYHCM at2 Ba XO0Ka30 MMKAOpra YHr TOMOHra CypwiraH.
Arap 6y rpamKnapunHr MPOEKUMSIIapPUHNA HaBbaT OuiaH akpa™.ra TyLump-
' caK, Y& ynapHWHr toKcpugarn GUpYHYMCK YHI TOMOHra «4ormvb» YTaéT—
raHoek 6ynaan. TOPHWHI OyHAa uYeTnaHUWM TYNKWUH Oeb atanaan. TeHr-

Jnavagarn a = KO 3dhpmpmeTr aca TYNKUHAAPKUHE  TapkKanul

Tesnurn geivnagn. dHaM - (Xx+at) yHKUMsHM Kypaiinuvk. t ra t2<ti< to
KMAMaTapHn Gepcak, 111-wakngarn rprvkiapaa GupuHIMcK nactaarucu
6yNMb, TYNKUH YHrOaH yarnra a TesNuK 6unaH Tapkanagn. dHam Hdanam-
6ep dopmynacu (3.5) épgaMnaa OfMHIFAH €YMMHN TeKwmpamma. KKK Xor-
HN Kypamu3. BypuHUMCKaa TCP HYKTa/TapMHUHE GOLLIaHTY TE3/MA HoMra
TeHr 6Yn1b, Top 6OoLwIaHFUY YeTnaTULL Xycobura TebpaHcvH, sbHU F (X) =
= 0 peb6 oncak, (3.5) chopmynagaH Kyimgarm eYMHM XoCcWi KuWiaMus:

Mt = Mx-eO+Hx +aQ (3.6)

By epga f (x) 6epunrrH dyHkumagup. $dcpmynagaH KypuHaguKy, edm
n (X, ) UKKNa TYNKUH AnFnHOuCUOaH mnoopar: ovpuHun — f(x — at) Tyn-

K/H a Te3IMK OWnaH YHr TOMCHra, MKkMHuM § f (X + at) TynkmH wy

TE3NMK 6WIaH Yan TOMCHra TapKaiaauraH TYNKUHIapavp.
Y f (x— at) TYFpu TYNKWH, ?f (x + at) aca Teckapu TY/NKUH [Oe6
arariaan. bownaHFny t = O MOMEHTAA WKKaia TYNKWMH Npotwm  ycTva—

yCT Tywaan. ®apa3 kuiamms, 6owwianqFnd momeHtda f (X) doyHkums (— |,
I) vHTepBanga Honra TeHr 6ynMacvH Xxamga XydhT QyHKUMS  GYfICUH.

112-wakngarn Yan yctyHaa = / (X+at) TYAKMHHUHE Yan TOMOHra Tap-

f kawmwm, YHr ycTtyHga 3ca BaKTHUHI Typ/v MOMEHT/lapuaa f (x— at)
TYNKVHHUHE  YHI TOMOHra TapKa/vwiy, ypragarn ycTyHAa 3ca TYKUH-
nap MnFUHOMCK, SbHU TOP HyKTa/lapy YMyMUA YeTIAHULLX  KYpcaTuiraH.
t< = MOMEHTAA WKKana TyNKMHAap O6up-6rpn 6wiaH ycTMa-ycT Tylla—

m; t= = MOMEHTAaH 6owab 6y TYy/NKUHNap ycTMa-ycT TylwMaign Ba

TYpM TOMOHra Kapab y3oknallaau.

SHAN WKKUHYM XOMHU Kypamu3. TOPHUHr 6GolnaHfFny YeTniaHn-
wn Hon 6yncuH Ba 6GOWNaHFUY MOMEHTAA TOp HyKTanapu 060Lw-
NaHfn4 TE3/IMK ONMWKN HaTwkacuga TebpaHcuH. by xonga Top 6yin-
naé mmnynbC TYNKUHMAApP Tapkanagu. (3.5) dopmynara /(X)=0HWu
Kynmb, n(x, t) dyHKuma yuyyH Kyhngarn mgogaHn onamma:

X-\-at
U, = ~ | F(dx=a(x+ at)—d (x—af), (3.7)

xX—at
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-L ON /N4 / -|A o] | X
0 u
>
ro-l / /< \ /
n X 0 %1 51 / 0 X
u u
N3 &
r\
c X 0 X
uij -
r \ / ~\ /~-\1
X * 0 21* 0 X
u u U
1=>b
r\ r\ r\ / X -
X O0-l+ot L+atx = O X
112- wiakn.
6y epma X
© () =-"jF (X dx (3.8)
By doopmynagaH KYpUHaayikn, eunim u (X, t) toKopraaru Kadu, TYFPU HX=
¢ (x—at) Ba Teckapwu = ¢ (X + at) TynKuHMapgaH wbopar
9KaH. BowaHFny t = 0 mMomMeHTAa UX= — & (X), ur = ¢ (x) 6ynmo,

u 0) = O 6ynagn. Arap F (X) (— I, t) mHTepBanga aHWKaHraH o6y-
b, F(x) —)z/O OGoLNaHFNY  y3rapmMac Te3nnkka asra 6ynca, y Bakraa

d (x)7= o &vdez o X 6ynmb, 6y epma — /< x< | 6ynagw.

X > | kiimatnapga © (X) = -l-j vOdx =.&m =] Ba X < - 1 Kuiivar-



nepza
fgaf 6ynamn. By enma

h= Ul oynme, ¢ (X) ys3nykcus

Ba TOK (yHKumsamp (113-wakn).

114~ wakn.

Amay v (X, t) EYUMHUHT t HUHT TYpAu KMAMAaTIapmaary rpagrHn sicaii-
M3, 114-waknga Yan ycTyHAa Teckapu TYNKMH u2= ® (X + at) HUHr
TYP/M MOMEHTAArN Xoratu, YHI yCTyHAa TYFpU TYNKUH Ux= — © (x—at)
HUHI rpadumry, ypta ycTyHAa 3ca TOp HyKTalapy YMyMWUA  YeT/IaHuL
rpacomvr  kemmupunran.  BupyHun  xongaH  dapkm  Ynapok,
n(x, 0) =0 6ym6, t KaTTalawnIM OWIaH HyKTa lKopura KyTapuiaaw,

yyFKn (3.7) copmynagarm UHTErpaviall WHTepBaM KeHrasaun. t — —

6ynranga

113~ wakn.

*1 OV



XOCHN 6ynagn. t > — 6ynraHga xam u (0, t) = h 6ynagn, YyHKn (— /,
/) gaH Tawkapuaa F (X) Homra TeHr. LYyHMHr yuyyH veTnawmw  doyHKUM—
acm u (O, t) waknga y3rapmac 6ynmb6 xonagn. Mucon yuyH Xi—-~
OyncvH. Y xonga t MHr ~  OaH KNYMK KaAMaT/iapuaa Teckapuy Ba TyF-
py TYNKUHAaPHUHE GUprarikaa TabCupy  HaTwkacuga HyKTa  KyTapuivé
6opaan. t > > MOMeHTAa Teckapu TYNKMWL, YeTrawmm 6y HyKraga [ao-
a
UMUIA —ra TeHr 6ynmb, HyKTa TyFpu TYNKUH Tabcupuga tokopura Kf/)Ta—

¥ .
PWLLHMA OaBOM 3Tagy. t > —— MOMEHTAA UKKana TYNKUHHUHE YET/IaHMLLIN

ra TeHr 6ynagn Ba u | tj QYHKUMSHUHT KMiAMaTM h ra TeHr 6yna—

on. WyHpan kb, n (m, t) QyHKUMAHWHE rpadmirin t HUHE Typan K-
MaTfapuaa Kyrngarmya 6ynap skaH: / ==0ga n = 0— TYfpn uM3VK;

0 < /< — pa usvK npohwm Tpaneuyst Lwaknmaa 6ynmb, YHUHE HKOpU
a
acocn KyTapunmb, kaTtTanmrn kamasan; t = — ga npodun yubypyak Ba
t> — pa npodwm KeHrasgyraH Tpaneuys KypuHiwpaa 6ynagy (114-
a
t

A*at=-I X+at-L
y / A-at:-l x-at=t
N # -ctt)>0 <Pfx+at)=0
Vi
</N1T SMP(x-at)*-"
/ \ *tr*at)- £
~L
° 1 n
115- waksn.

wakn). WyHpan kwmb, Topra GepwiraH (— /, 1) wHTepsBangarn 6oLwiaH-
FUY TE3NaHMLW HaTwkacuga Top TebpaHub, h GanaHg/vMKka KyTapunaam
Ba BaKT YyTULUM OWaH WYy GanaHg/mKaa Kormaay (CWIDKULLMHUHE KOMONFN).
Oxt TekMCMrmHM oMb, X —ai = = | Ba x + at = = | — xapakrepuc-
TUK TYFPU UYYBUKIAPHN HOKOPU SpUM  Tekncvkaa umzamuns  (115- wakon).
® (X) doyHKUMSHUHT mdhodacuaaH oiiganaHnb, Teckapy TY.UKUMH @ (x+at)
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HuHE 11, 1V Ba VI 3cHanapgary YetnaHvwn — y3rapmacra TEeHr/mMrm ke-

b uikgan. 111, V Ba VI 30Hanmapga TYFpU TYNKMH — & (X — at) HUHP
UET/TAHMLLN XaM — Ta TeHr. LWyHUHr yuyyH VI 30Ha CWDKULL KO-

OaH wnbcpatr 6ynmb, 6y 3oHara Moc kenraH QyHKupsmms u (X, t) =
=0 X+ at)— & (x—ai) = /A 6ynagn. IV 30Hagoa TYFpPU TYNKUH YeT—

NaHUWN—— ra Tenr; LWyHaka 4YeT/aHul V 30Hada Teckapy TY/IKMHAOA

MaBxya. WyHIHr yuyH IV Ba V 3cHa/lap TOp HyKranapy Y4dyH COKUH
30Haiap 6ynaan. HykTa TekucMkHUHE |V 30HacuaaH V| 3oHacura yrraHga

- h h o
TYFPU  TYNKUHHUHT  YeTNaHULM — — [aH — rava y3rapagu.

Wy mynoxasanapgaH dciigananmo, x0=> | 6ynraHga u (XQ t) doyHK-
UMAMVHE  Kyinaarn udiodzcvHn E3aMm3;

0, 0< t< X!
a
x0—at  XO—I o+ |
«@@o= 211 L. . ot
h. t> Xo—t
1-mucon. ",J'm A TEHrnamMaHn u ad = 0 6ynraH
dt2 ax2 -

GOLLIaHFNY  LLIapT/Iapaa EYvHr:
Euvw. by epppa= 1, f () = x2 F (X) = 0 akaHnHK Ba (3.5) dop-
MynaHn xucobra onvé ésamms:
nx, i)= /"-0 +M~+j),

ammo f(x) = x2 6 ynraHmrn yuyH f(x —t) = (x— tf, f(x+t) —(x+ff
6ynm6, u (x, )= ~N =x2+ 1- 6ynagwn.

|
TeHIrlavaHn wn = 6, o = X WapTt-

ox2 .=0 dt 7=0

(3
E—MVICOJ'I .—'D'a/'i— =24
dt2

nlapAa eUvHr.
Eunw. By epga a=2, / (X)= 0, F (X) = X 3kaHUHM Xpcobra o/mo,
(3.5) mcpmynaH&+ééiaMM3:

u(x,t)=~\  zdz=-~ 2% ‘= I(x + 22— (x— 2t)3 = xt.
4 8 \x—2t 8
x-21
4-8. TOpPHUHI TebpaHULl TeHr/amMmacuHW Y3rapyBuniapHU
axpatuw ycynm (dypbe ycynm) 6unaH euu

Bn3 MKKM TOMOHHAAH MaxKam/jaHraH TOPHUHI 3pKUH Tebpa-
HULI TeHrnamacu
vy am
A 4.1
dt* ax2
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HUHI GOLWIaHFMY LWapTap

— N oan =
o= T G 57700 “2
Ba YeTKN LUapT/ap
m|_—0, «|™~-0 43
bepunraHgarn Xxycycui eunmMuimm Tonamui. ByHUHr yuyH ®ypbe
ycynungaH coganaHamni. (4.1) TeHrnamaHuHr (aHaH Hosra TCHr
6ynmaraH) Xycycuini eummmHu MKKnTa X(X) Ba T(t) dyHKUuunanap
KynanTMmacu waknimga Knanpamms:
n t)=x X T (b). 4.4
By kuiimaTnapgaH xocunanap onm6, (4.1) TcHrnamara Kyuuoé, yuu.
OYHU XOCWU KUiamuns:
XXr'O=a3x"x T (
Ba Oy TEHIIMKHWHI Xaa/aplil dX T ra 6yimo,
T () = X" (x) (4 5)
a2T (/) X (%)

TEHINIMKHU XOCcun Kunamui. By TeHrnuk y3rapmac COHra TeHr 6yn-
raHgarvHa ypuHnu 6ynagn. Shh — k 6unaH 6Genrvnaiimms. LUyH-

gai Kunmo, r, Xy
~&T ~ ~X
By TeHrMKnapfaH WKKWra TeHrnama Xxoewl 6ynagu:
X" + ?2iX = 0, (4.6)
T"+arbT = 0. @a.7)

By TeHrnamanapHWHr yMymMwuii euMMnapuHi Tonamus. XapakTepuc-
TUK TEHrNMamMaHWHT WNAN3M1apyu KOMIMIEKC GYNraHaurn yuyH

X (X)=Acos /% x+ B sin VK X, 4.8
T({®)=Ccosa}lkt +D sinaVk t 4.9

eunmnapra ara 6ynammi. byHga A, B, C, D — unxtmnépwuii yarapmac
COHnap. X(x) Ba T(t) nap ydyH TOonuaraH wudoganapHn (4.4)
TEHIINKKa KYAMN3:

M t)=(4cos>X x+ B sin /A, X) (CcosaV K t+

-fD sina»'K t).! (4.10)
Hon A 3n B ysrapmac co.wiapsn (4.3) waptiapazH JidoiganaHnb Tora-
Mn3. (4.8) ra x = 0 Ba X — | KuiimaTnapH4 Kyiicak,

O=Am+Bm O=AcosVXI|+Bsinr X |

TeHrnamarnap Xxorma, 6ynvo, 6apnHuvcenawl  [J1 = 0,  uxkuHuncuaaH

B siny X | = 0 akaHnmrn kennb yYkkagn. B ¢ O, uyHKmM akc xonga X~ O
6ynn6, a3 O O6ymmb konagn. by waptra 334, LUyHUHE yuyH



6ynuwn kepak, byHaaH y X = n=12 3,...) XOC KuAMaTIapH\

TonamMus. Yniapra Moc KenaauraH Xoc thyHKLMsiap
X =8 sinil x 4.12)

TEHIIMK 6wiaH udogariaHaan. TonmnraH V 5 HUHE udogacuHn (4.9) ra
Kyiicak, y
T (t) = Ccos 1+ D sin th=12..) 4.12)

KYPUHULLHN Oflady. N tir xgp 6up KyiAMaTt yuyH TonmaraH udooaaiiapHn
(4.4) ra Kyhnb, uerapaBuii LIAPT/IAPHU KaHOATMaHTUPYBYA un (X, t) eunm-
JNapHN X0CWT KWIaMU3:

.4 n asn , ., n - ana \ . 04 .
“ (> 0=" (C»CQS — o'SsmT ™

TeHrnava uYvsvMKIM Ba GUP XXMHCAWM BYNIraHn YYyH eYUMIAPHVHE ATVHOp-
CN XaM eunM 6ynaan Ba LUYHVHI Y4yH

U H=v (c ncos—1L Ay B s inSHL /a}sm LAy (4.1%3
N

KaTtop 6wiaH é3uraH yHKUMS xam (4.1) TeHrnamaHuHr edviMn  6ynagw.
C,, Ba Dn y3rapmMac COWIapHN aHuKalW yyyH OclunaHFny (4.2) wapTtaaH

donganaHamnz. t = O 6ynraHga

(4.14)
I"=I
o6ynmo, f (X) dyHkumaHuHr (0, O uwHTepBanga dypbe Karcpura énnimMacu
MaBxyn, 0eb thapas Kuicak,
i
Cn=—j f (x) sin -y- xdx (4.15)
o]
ra TeHr 6ynagn. (4.13) TeHrMkOoaH t Gylinda xccwna omb, t = 0 ga

F()= N D, 27 sin 0y

\ (= |
TEHITMKHU X0ocUn Kunammn3. By [KaTtcpHuur ®ypbe  KOsqhHLMEHTIAPMHA
AHVIK/TaAMH3:

\Jl r p()’() ‘sm —nln xdX



éxkn i
Dn=—— f F (X) sin — xdx. (4.16)
n ann J |
o]

WyHpoan kmnb, 6u3 Cn Ba Dn KoahdIUMsHIIapsn aHaKNaasK, OeMaK ye-

rapassai B3 OOLWIAHFUY LLAPT/IAPHN KanoaT/iaHrpysun  (4.1) TeHrnama-
HUHI eYUMH 6YraH u (X, t) QYHKUMSHU aHUKNaauK. ®ypbe ycynu Mere-
MaTVK hU3MKaHSHI KYM MacafiaflapyHH evnllaa Xyaa Kyn Kenagw.

MN30x. Arap rokopuga — X ypsura + X = k2 uagaHn oncak, TeHr-
NaMaHnHr ymymsan eusams (4.8):

X = Ae** +Be~kx
6ynnb, verapasann (4.2) WapT/iapHN KaHoaTNaHTApMaiiaun.
Xoc dyHkumsHM uk (X, t) = (Cncos t + Dn sin tj sin

KYpUMMLLAA XOCW KWraH SAMK. YHWU LU3KMaH Y3rapTupcak,

uk (X, t) = F ksin-~y--sln [~f- *+ 4.17)

n

KypuHuwra kenagn. by epma Fk= v'CB+ D\ Ba tg =— . (417
dapmynafaH KypsAWwAauKS, TOpH-LIE 6npy3 HykTanipi 6:0 xslcofc= ~ a
yacToTa Ba (A e3d, GwiaH FapVBTU< Tebpauap axaH. Trapayw amim-

Tygacn FKsin L?ﬁ(- ra TeHr 6ynH3, y X ra 6o?2nlK axan. k= 1 6yn-

raHoa (4.17) copmynagaH GMpUHYA FapMOHVKA YUYH

ur (X, t) = fFrsin sin 1+ g0
dopmyrnaHn xo;un kHnamm3. X = 0 Ba X = | 6ynraHaa KysfasiMac HyK-
Tanap TOPHUHI uYeTriapu 6ynmb, X = [a TOPHVHI YeT/IaHVLLIM SHI KaTTa

6ynn6, Ft ra TeHr 6ynagm (116-wakn). k = 2 6ynraHga
«r (/*. 0= sm —2?2( sm (Eia t+ qar\)

6yNnb, KysFanimMac HyKta ydyTta O6ynagw:

X=0 x=—, x=1 Awvnautyga 3Hr

|
KatTa KuMatnura WUKKUTa X = IBaX:

= L:/ HyKTaga spuwagn (117-wakn).

YmMymaH sin ' * =0 TeHriaMaHnHr

wigmsnapu karnva 6ynca, [0, /] kecva-
116-11aKn. [a WyHYa Ky3faiMac HykTanap 6ynagm
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117- wakn. 118- wakn.

(ynap. TyryH Hykranap geiwiaoy). TyryH HykKranap opacuga LiyHaamn
oUTTa HykKTa MaBxyd O6ynaavku, 6y HyKTaua 4YeT/laHu MaKCUMymra
spviwiaay; GyHOA HyKTanap «TyTaMMK» HyKTariapy aeinnaan. TopHUMr
SHI KUYMK Y3 vactoTacu

(4.18)

ra TeHr 6ynagmn, 6yHga T — TOp TapaHrAurn, p— 3NYaINrn.

(4.18) dopmynanaH KypuHaguku, TapaHrnvk T KaHuya KaTTa
6ynn6, Top KaHuya eHrun (/ Ba p nap KuU4mk) 6ysica, OBO3 LUyHYa
IOKOpM 6ynap 3kaH. KonraH vk yacTtoTasapra MOC KenraH OBO3-

nap o6epToH E€kM rapmMoHuKanap gennnaaw.

1-mucon. Yetnapy x =0 Ba X = | MaIxkamnaHraH Top OGepwiraH
O6yNnb, TOp HyKTa/lapUHUHI GOLLTaHFUY TE3NUIMA HOMra TeHr.  bownaHFuy
yeTraHMwm yun (c, h) Hykraga 6ynraH yubypyak wakimga 6ynca (118-
LWaK/), TOPHVHI TebpaHULWLMHWA ToauHr (T O— Tap3HIMK, P — 3UYINK BN

GepwiraH).

Eunw. /7{X) — QYHKUASAHUHT  aHa'MTUK  mdoogacn  GepuiraH
(118- wiakn):

A\acarnaHvHr wapm 6yinua F (x) = —(f 'lnza =0, pgemMak (4.16) ra aco-

caH ewmaa Gapya Dk koadhdmumeHTnap nomra TeHr. CK  koadimupmeHT—
napHn (4.15) dopmyna épgammaa Tonamms:



Xap 6vp uHTerpasHu 6ynaknab uHTerpanaliMm3 Ba ywby HaTwkara

namus:
r X S?n ‘_(Dz(dx’— __IX ﬁlxl + _I m_kﬂx
! i ksl [ o kB 7
Ic kac, 2 .. knc
COS—---- }-—--sin
kA / Nen2 /
jC sin knx 1(1—c) ~ knc+ 2 : knc
C
WyHaoan kunmo,
Ch= 2W2 knc

Sin ---—-
A*c(l— O /

9KaHVHM aHuKnaauK. CA HUHIr Hgiogacvan (4.13) chopmynara Kysmus Ba
YLIBY EY/MHM OflaMM3:

I/I{X IE): __2_/|£2__ V> _l SmEDE
v’ n2Z(/-c)»*2

/

sin XX g Knat

o / ., *ac
Arap TOPHWHI ypTacuaaH TopTwiraH 6ynca, skHM ¢ = — Bynica, —

/ *
= —2Tr 6ynnb, K HUHr Gapya Xy(hT KMMatTiapuga — HyKTa IW)3FaJ'IMElC
HO'KTa 6ynagn. LUYHUMHI yyyH eumaa TOK FapMOHuKariap 6yrnagn, SibHu

w <50=" 4Y"l-Dbin sin »1xJLh

f ,cos Q- + m)««'.
A )}J_(5n+l)* / |

2-mucon. HOkopugary 1-mMvcon LWapTMaa TCPHUHE GOLIaHMY - LLaK-
M napabona 6ynn6, y Top ypTacmy ra Hucbatam CUMMETPUK Ba Makcui-

Man yetnaHwm h ra TeHr (119- wakn). Top TebpaHULWLMHW aHWK/IaHTr.
E ynw. MapabonaHvHr TeHrnamacm

fx)= X{1-=X

6ynn6, (4.13) dopmynagaru
koappmumeHTnapgaH Dk=0, C k

aca Kyhmpgarm dopmyna épaa-
Mmnga xmcobnaHagw:

i
Bk=— \x {f—x) sThKDX iy
0]
By HHTerpanum HKkKH MapTa 6y-
nakna6é  uHTerpannaimMmms
119-u8KnN.

Ba
yweéy Harun<ara Kenamus:
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cr=n ([ - cosk*y
ByHoaH kypuHagukn k Xyt 6ynca, Ck= 0. k = 2n ~ \ TcK 6Yynca,

Cézl_"r'_; = (_ZnTI;?;;?s; g/ﬂ =0, 1,2,.. ).

Eunm aca KylHOArn KypuHuwira ara 6ynagH:

w (:C, t) 32h v > sin (2a+1) an: (2nY4-1)na/
"~ a3 "(2«+1)3 0 cos |
tt~0

5-8. TOpHWHI Maxbypuii TebpaHuLLn

HOkopnaa kypunraH ©®ypbe ycynm TOPHUHI Maxbypuin Tebpa-
HUW TeHrnamacu (2.3) HM Xam euunll YYyH Kynah 3KaHIUTMHU Ky-
pamMn3. TOPHMHI TalWkKu Ky4d Tabcupuga Maxobypuii TebpaHuwin ma-
canacn 6Up XUHCAM 6ynmaraH TebpaHMa XapakaT TeHrnamacura
onnb kenraH agn (2- 8):

a0 Ll {5.9)

alr ax2
Bv epma G (x, ) = — (X, f) 6enrmnawl KNpUTOVK.
P

BownaHFuy Ba uerapaBuii LApPTNapHU TOPHUHI 3PKUH Tebpa-
HUWMZarn kabm kabyn Kuiammas:

“lis =0
Ba

«U =*U =o

Unsmknm 6up XUHCIM 6Yynmaranm UKKUHYM TapTmbnmn ogawin amdihe-
peHuman TeHrnamanapHu euvwra yxwaul, (5.1) TeHr/laMaHVHI eyun-
MUHN MKKUTA (PYHKUUAHUHT AUFUHOUCKA KYPUHULWAA KUANPaMU3;

nx, t)=v(x t)-\-w (x t). (5.2)
By epparm v (X, t) yHKUMSHS WyHOAA TaHnab Onammskn, Yy OMp KUHC
d3v _ a-v = _ —
Nn-=--=aZ —““— TeHrNMamMaHn OOoWTaHfny Vv = f (X), =F (X
dt- ox2 d to

Ba uyerapaBuii V]x=0 = y|x=/ = 0 wWaptiapga KaHoat/laHTUPCUH. w (X, f)
OyHKUMS 3ca BMP XXMHCM 3mac.
= a”™ + G(x,f) (5.3)
dt* ,qx*
TenrnaMaHn Ba Kylngary GOLTaHFNY XaMaa YerapasBuii

) A —0 wl =wxt=0
j=0 dt /=0
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LapTiapHN KaHOAT/IaHTUPCUH. V(X. t) TOPHUHT 3PKMH TeGpaHULLMHK 1dioaa-
flaraHn yyym YHVHE TEeHr/laMacvHU Kopuaarn 6GouviaHFy Ba YerapaBui
WwapTiapuaa eyniuT 6aéH aTavK (4- 8 ra KapaHr). bus 6up xxuHcnm Gynva-
raH TeHrfaMagaH W(x, t) yHKUMSHN aHUKAaWHN KypcaTtamuns. W (X, t) doyHK-

UMSKA BV XXMHCAM Macaia eummmgarn xoc sin 1 - diyHKupsnap o6ynin-

ya KaTop KYpUHULLAA V3MaiMuz.

we=0= yk (0 sin - (5.4)

*=i

6y epaa yk(t) xosuvpya HoMabiym t ra 60rnvkK yHKumsA. w (X, t) doyHK-
UMs  uYerapaBuii  LWAPT/IapHM  KaHoaT/MaHTMpaaW. XakukataH, X —O0 pa
w@O, /)=0. x=1 g xaum w (/, t) = 0. bapua (5.4) gparm xoc dyHK-
umsnap Homra TeHr 6ynagw.

Arap (5.4) katopga yk (O) = 0 Ba yk (O) = O 6yncuH peb tanab wi-
NnHca, W (X, t) yHKUMA YyUYyH OGOoliaHFUY WapTiap xaMm Gaxapunagu.

(5.4) KatopdaH X Ba t nap Gyiivya UKKM MapTa Xycycuii xocuianap
o6, (5.3) TeHrnamara Kysmms. Hatmkaga

/A | N2 *no* / n /C C\

27 v )+ —fic A w sin — =Gx o 55
*"1

Hon G (X, t) byHkupsHn (0, /) mHTepBanga X aprymeHT/IM CUHycnap
Oylinua dypbe Karopura Eamma:

@®
G(x,t) ="'V g k(t)sm~™-X (5.6)
6y epma _
|
ek (0=7 G (xm0sin kY~ dx (5.7)

o]
(vHTerpanga t ysrapmac).
Arap G (x, f) = G (X) 6ynca, gk(t) dyHkums y3rapmac 6ynaan. Arap
G (1, t) = G (t) 6ynca,
4 o
ak® = 59 5in KX dx= ykn © O k—ToK Gynea, o D
o] 0, k— xydT 6Yynca.

(5.5) Ba (5.6) éWmnmaHMHr Xoc (yHKuusnapwu onguaarn Koaddu-
UVEHTNapUHMN TEeHrnawTupamMmmia Ba HoMabaym  yk(t) dyHKumuanap

YUYyH ywby TeHrnamanapra ara 6ynamms:
y; O+ -~-V*(0=A (0. (5.9
by TeHrnamaHu
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v¥0)=0, v;(0)=0 (5.10)

oownaHFny  Wwaptiapga edamns. (5.9) ra Moc kenraH 6vMp >KWUHC/IN  TeHr—
NaMaHVHI yMyMUIA  equMn

Akcosl(—”ﬁt——i— b sin <nat

i K i
Kypwwiwga 6ynagn. bup xuHcnn 6ynvaraH (5.9) TeHrnamaHWHr  Xycy-
cuii eunminHM gk (t) doyHKUmara kapab, TaHiab o/vll YCynu, STbHN aHUX-
Mac KoahmUMEHTIap yCyiM éKn y3rapMacHU Bapuaupsiall ycynu épop-
MR aHUKIaW MyMKMH. HaTukaga, GoLuiaHFuY WapTiapiaH dolinanaHmo,
ywoy eusmra ara 6ynamms:

Y*O=~~ Tgk(*) sin kaa«-J1 dx. (5.11)
KKa (l) |

TonwiraH yk (/) napHn (5.4) ra Kynnb, kuompwiaétraH w (X, t) doyHKUms-
HA aHVIK/TaAMK3.

1-muncon. OFUPANK Kyuu Tabcmpuaa TOPHUHI Maxobypuii Teb-
PaHULLINHU TOMWHT.

Eunw. by xonga G(x, t)~ — g 6ynub, macana cogpganailia-
an. (5.8) cdhopmynara kypa

I
28 C m KBy dx = - A (1 coska)
n

k= J SIn ~1

g r sin

6yHOaH
49
Svn 2l @n+ In
(5.9) TeHrnama UVKkura axpaiagu:
Xy T vHOeKcnap yuyH
. 2
vaa PPN M= 0, y2 0= 08a izl 0= 0.

TOK VHAEKCNap YuyH

. , (2a+1)»a«o0«
V2 + : YT+
tOkopuaarM TeHrnaMagaru

wap',lapgarm ewiMn aiiHaH Hon 6ynagn. WKknHum (5.12) TeHrnaMaHuHT
XyCyCUIA eumm

4o



ra TeHr 6ynan. (5.10) 6owiaHrvy LWapTiapgaH goiganaHnd, A2HX sa
B2H napHu "-rems:
A - ASP B =0
“onei (2n-f-)33a2 24+l
HaTi xapa (/) ywoy KYpUMULLIHW onaap:
[2n#+)_nat

Vini 0 - — (oq+1)393aM (5.13)

TormnraH (5 ) ndogaHn (5.4) opmMynara Kyicak, Maca/laH/HI aBo-
oura ara 6ynsag:

1 Ti r(2/j+1) nat @n+ ) nx
= Il_ —_— —_— —
Wik 0=~ 153, @3 L | sm |
=
Eummparn anpys uwopacn TebpaHUW GoliaHUWnMaa Top  HyKTanapw
nactra 4YeT/laBUMHN KypcaTaaq.

= I_ B3:k_—i fa
2 " a

sin 1+ _Nn .1 ;= (_ ly., cos “ =-1
r 2

SKaHMMLLW XKooora Of1CaK,

(- _ 8&li n3_ g»
‘e -.(f] )] -S| e@n+1n3 nsa2 2 4w
n=0

xocun 6ynagy TOpHUHE YpTacugaa t = — MOMEHTAA SHI KaTTa YeT/iaHuLL
a

o o 3
03 Gepap aka3. KeliwdIn sHr KatTta YetnaHiw Top Yypracuga t— —
a

MOMEHTA H03 3ePg|1 Ba XOKas0.
2- MuUcon 3nwink cyHkupscn g (X, 1) = Apsinot. X ra 60fnK

6ymMaraH (P—TOPHUHI YU3UKIN 3UYIMIN) TEKMC TakCUMIaHraH Kyd Top-

ra TabCcup araa. boLUTaHFUY CWDKULLCU3 Ba TE3MMKCU3 6GYnraH TopraHr

MaKOypuin  TEGAHMLLMHN TOMMHT.

Eum w. Gic t) = = Asinwt 6ymb6, yx ra GOFmK 6Yn-
p
MaraHmmrn yu\d (5.8) doopmynagaH ooiganaHamms, Y  Xonga

bv>=0, A ,+|(0 = _M _ Sin»<.

HOKkopuagan 6vpuun Mmcon kabm 6y epda xam yi (t)' = 0 6ynmb,
V2l (0 aca (5.11) chopmynara Kypa Kynngarura TeHr:

t

4 o (@2 —
Yo-u __ smoTsm en+Aag—m

— dr.
2n+ (2n + I)2n21(J) |
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1+
@— ———= a2 [e6 oenrwnall KpUTamMm3 Ba ulrrerpasiall aMasivHni
Gakapamma. Y B3KTAA

4a1 (@2n+ sinmf— asinM2n+l t
YTH - 2n+)aa - Ul uP

ucogara ara 6ynamm3. by epga Gapya N fap yyyH (02nH & w (pe3oHakc
XOnatH KaTHalmaiay) ae6 diapas knamma. v () HUHP TonuaraH mdo-
JacvHn ymymunin coopmyaa (5.4) ra Kyimb, macaria edvMura Kenlamms:

/ 4M V | 1 Lu2|'l+| sm®/—<BS|no)2n+| / . knx

W (x, t) = —— >, : — —  Sin —
n*a jauU (2n+1)3 UJ| 11 —(|)2 |
n—0

VnFvHoyHvHr 6vpop K kuiivatvaa uactotanap odeH =1 ra TeHr 6y-
M6 Konca, ywa xaoHu

2/Nn |/ cosco2ft+Hl/— sino)2ft+, t »
n*a 2k + 1)2 2*+1
2/M Yy
= (n<,*,|t—(n,,,toos<ot,,t)
" n3a2(2A+1)3 2 2041

Xan 6unaH anmawTUpULL  Kepak. MycTakui TeKLWUpU6 KYpULLHA
YKyBUMTa XaBOMa Kuiamums.

6- 8. Kapwunnuk KypcaTyBuM MyxmuTAa TOPHUHE
TebpaHmLLN

LWy BakTraya TOPHUHI TebpaHuWnAa aTpo-MYXUTHUHI KapLum-
NINFTHHM XMcobra onmacgaH KenraH sgvk. HaTtmkapga cyHmagurad
TebpaHuwWNap Xocun 6ynraH sgn. SHAW TOPHUHI KapLWAWMK Kyp-
caTyBuYM MyxmUTAarn TeGpaHULLMHW Kypannnk. Kaplwuavk Kyum Xa—
pakat Te3nmMrura nponopuuoHan aebé Kabyn Kunamus. Y BakTda
TOPHUMHIT MM' uekcn3 Kuuuk b6ynarura (2-8, 110-waknra KapaHr)
TabCUP 3TYBUYM KAPLIWIUK Kyuyn Kyhmgarn KypuHuwga 6ynagu:

$)
Oy epda a — NPONOPUMOHaIINK KoahduumeHTn. by epga xam (2.3)
TeHr/laMaHn Kentupmb umkapuwigarn MynoxasasapHu Takpopsab,

hakaT KapLwWuink KyuyMHU XapakaT iyHanmwura Teckapu iyHan-
raHnuUrvHK xmcobra onuné, yw by TeHrnamara Kesiamms:

AV _ B B Ay 1ok (6.2)
dt2 o2 dt P
By epga 2m = — (konraH Genrvnawnap (2.3) TeHrnaMagarHUHE - y3u-

p
Ovp). SpKMH TebpaHuWwap 6wiaH YerapasnaHcak, y xonda (6.2) TeHrna—
MaHVHI KYPUHWULLX KyiAnaarr Ya 6ynagw:
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VIKI]>

[o i R Ot axr
BownaHFy Ba YETKM LLAPT/Iap aBBa/ITM KypUMMLLAA KOnagy, SibHU
= f(x), U- —FXX), n =u
/=0 () 'a't /=0 () n=0 (6-1)

(6.3) TeHrnamaHuHr eunmuHm (6.4) wapTtiapga dypbe ycynu 6u-
naH kynaupammni. TeHrnaMaHuHr  edMMuHn U(X, t) =X(x) T(t) ky-
pyHMwga é3mb, 4-8 garm kabm amannapHu 6axapwub, ywoy TeHr-

JINKKa Kenamus:
11T +2mT \ X"
ai ( T ) X 76'5)

By epparm X(X) (QyHKUMS yduyL, YETKA LapTiap KapLUAINKCU3  MyXUTOa-
M Kabu y3rapuLicu3 KoiraHmry ydyyH (6.5) TeHrwvK ypyHam  6ynuiam

o t
MYMKWH, arap Wkku Tomomm — KR ra TeHr 6ynca, gemak = L (k=

= 1, 2, p.) xoc coHnapra mcc kenraH X Kx) xoc gyHkupsinap (4.11)
ra kypa (koadpdmupeHTtiap 6upra TeHr ae6 onvnau)]
X l(x)\: stkX (69

dopmyna 6unaH aHvKnaHagn. Tt YHKUMSHM  aHMKaWw  yYyH 'yuwioy
TEHrflamaHy XoCcwi Kuiamms:
Tk+2mTk+ (*~JTKk= 0. 6.7)

YHUHI XapaKTepUCTUK TeHr/iamacu

r& 2mr+ {~ =0

HUHr wnaysnapn r2= —m= |/m 2— j2 6ynagn. VwkanaHwLl

KO3h(PMLIMEHTN eTapMda KUK 6YnraHanrm yuyH (m<-y-j auckpuvn-

HaT MaHdw 6yrnaaw.
(k™ j — m2= o\ pgeb Genrunacak, rl 2= — m= igk6ynagn. ¥ Bakr-

Oa (6.7) TeHrnamMaHWHr ymymMuiA euMmn Kyrngarura TeHr:
TKt) = e~nt (akcos gk + bksin gk).
TormnraH X Kx) Ba Tk(t) napgaH Xycycuii eumnap Ty3amMus:
ukx, t) = e~nt(akcos g + bksin gkt) siny

ByHOaH KYpuHaaukn, Xap Ovp TYNKUH e~nt ra KynaitmpuiraHnmri yuyH
CYHyBYaH 6Yynagn. Xycycui eunwiap WFMHOMCH



J onamm3 Ba ak, bk koadumumenTnapHn 6GepwiraH (6.4) LWwapTiapaaH
doiimanaHnb aHvkaiMms. t = O 6ynraHga

ul ="'V alkem”=f(x)
<0 «P
6ynmb, 6y epapH

i ak=Y ff(x)sin Kf dx-

*

SHAM —  XocwiaHu Xucobnab, t ypHMra Hon KysMus:
dt
ou =V ( —TaKk+ b,g siny? = f()
a=
6ynm6, 6yHaaH

—mak+ bkgk= ™ j\F(x) sin kydx
o]
6ynagn Ea

b = 2 \E&%)sin 2 dx 4+ ™ fis.

Vo 1 %
Mwucon 4-8 pgary 1-MUCOMHA MYXUT KapLUWIMIMHKA  Xucobra onmé
a nar -~
eUHr. MmnconHu edraHga VWKaIaHUW KoapdmumeHT m = — < — oyf-

CUH-

E ynw. bownaHFny Te3nmk F(x) = O 659nraan|r|/| YUyH l1)k: — ak
“k

6ynagn. by epoa k= m2. dHAM atHn Xpcobnaimma;
ak= -y j f(x)s\nkjdx = j* sin7 ?2d* +
0 o]
-f— j (/—Xx)sm~dxj.

C

Bynaknab wHTerpasiaimmi. Hatmwkaga



2A/) =sin knc
& & (([— ¢ I
MacanaHuHI euMn Kyingarn'™KypuHWLL, ra ara 6ynagu:

00

v 2hl1 —t 1 _ knc . knx/ _
i ¥ s,n7 smr (“ W +i singj-

7-8. MeTan/ cTepXeHAa WCCUK.JIMK TapKamL TeHr/iamacu

YayHaurn | ra TeHr OMp XMHCATa MeTaul  CTepkeHHUM Kanai'
M3 (120-wwakn). MeTas/l CTEPXKEHHUHI €eH CUPTU TallKy MyXUTra Urcx
JK YTKasMaiign xamaa KyHOanaHr KeclMWMSIHT Gapya Hykrarapupa bt
CUKIMK 6Up xmn geb dispa3 KwiaMns. A3CLHCCa YKYHH M3Ta/l1  cTepxe:
YK 6yiinab nyHantmpamuns. Y  Xonga Mo UCCUKNIK X KOspauHarta Ba

BaAKTHUHI (pyHKUMACK 6Yragn. *—  Xyc-ycuid xocuna aca OXx  OyHAa;

MyHanraH WUCCUKIMKHWHE Y3rapuvil Te3taruHu 6unadpaon.  Abcusccanaps
XN Ba X2 (X2— xxX= AX) OynraH Kecumiap opacugari KuUuuK OynarvH i
Kypamn3. Xi kecumgaH At BakTda yTaamraH WCCUKIVK MUKOOPU:

i
Q ox X=4 (71

X2 abcuyiccarin KeCUMNYUYH Yia  MIKNOopUMnr y3 i
ag2= -k*L S At 2
v (72

6ynagn. by dopmyna Taxpuba ynu 6mnadH TonuaraH 6ynmnb, yHaa k—
VCCUK/IMK YTKa3yBYaHINK KOhUUMEHTN, S — KapasiaéTraH MeTauln Crep-
XEeH KyHOaaHr KecuMU Ho3u.

At "BaKToa MeTa/V1 CTEPXEHHUHI AX Gynarmra OKMG KMpraH MCCUK/IVK
Mukoopn AQX— AQ2 ra TeHr 6ynagn, SAbHU

_ = b SAt — [ SAt
AQX—AQ, TX X=X OX \X=X,
k— AXSAt (7.3
ox2
6y epma ﬂ"f:i] — & alipmara HucGaTaH JlarpaHX Teopeva—
\ X 1 x=x ax Ix—x,

CUHN  KYNNaavK). ’LIJy At BakKT vuda Merravl CTepkeH &X  Oynakdacu-
HUHI Yccnkurn An ra kytapunaan. VICCUKIMK OKUMU Kyinaarura TeHr:

AQx—AQ,=cp\xSAu
EKun
AQN — AQ2: :tPAXS — AL (7.4)

S ByHAa c—MeTa/ln CTepXXeH scaraH
MOAA.AHVHI UCCUK/INK CUFUMKA, p
120- waKn. METa/IN CTEPXKeH sAcaraH moa/3*
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bnnr 3umumrm  (PA XS = pAl/ — meTan1 CTEPXKEH NEMEHTUHWUHI] Mac—
Kacwu).

(7.3) Ba (7.4) dhcpmynanapHn TEHINATMPUO, YLLIOYHU XOCW1 KWIaMu3:
k — AXSAt = cpAXS — Ot
v p. pr 4

MMAH
u__ 2m (7.5)
dt ax2
by epma ar= — pge6 6GenrwiaHraH. (7.5) TeHrnava 6uvp XXMHCN

MeTasn CTepmer,:fbmcchnMKHMHr Tapka/ML  TeHrniamacy  aeivnaon. By
ATCHIMTAMaHVHI euMM TyNa aHuK 6y.Tmwm yuyH U(X, t) dyHKUMS Macarna—
1WHr M3MK WapPTArpMra Moc YeTKW LIapTIIapHN KaHOAWIaHTUPULLIM  Kepak.
1Y4eTkM WapTiap Typauya 6yMWM MyMKMH. MacanaH, O< t< T yuyH
! GOLTaHFNY  LLIAPT:

n(x, 0) = « |<H= f(x). (7.6)

f(x) — GepunraH QyHKUHA. YeTkun waNtnap x=0Ba x=! 6yn-
raHga MeTann CTepXeH yynapuja OOVIMUA Xapopart cak/iaHca:

mO,t)= n|,=0= 0 n|xd = ut (7.7)

6ynagn. «o Ba u( nap 6epwniraH coHnap. Arap MeTa/ll CTEPXKEH Y4—
napuga MyXuT 6unaH xapopar anmaluné Typca, YeTKM  LapT/iap
Kylingarmnya 6ynagm:

kAﬁE(\IX:O: h01 " !L’L=O_ I/IO] ,

I - *S L (79
6y epaa uo(t), U [(t)— TalWKn MyXUTHUHI GepuaraH xapopatnapu,
hO Ba hi—TawKkn UCCUKNMK anmawnHUW KoaddurumeHTnapn. ho—
METa/IN CTEPXEHHVHI Yan oxupuparu, h/— YHr oxmpugarn koachdgu-
umeHTNap.

Arap MeTann CTepXeHHHHr 6ab3n 6ynaknapuga VUCCUMKINK XOCUn
6Ynca €KUM HCCUK/HK KTWICA, Y X0nAa MeTa/ll CTepPXeH wuunga
UCCUKNMK MaHGau maBxypn 6ynagun. Vccnknuk xocmn 6ynuwn (Ekm
HRTUINWN)HN UCCUKTNK MaHBauHUHI 3ndanrn F(x, t) opkaan mdo-
Janawl MyMKWH, SbHU KMYMK AX 6ynarmgaH Kuumk At BakT opaiv-
fraa Kyhlingarm Mukaopaa UCCUKIUK axpannbd umkaau:

F(x, t) AXALt. (7.9)

(Arap F(x,t)< 0 6ynca, WCCHKNMK toTunagn). MacanaH, MeTann
CTEPXCHAAH AOUMWUIA 3NEeKTP TOKM YTKasuaraHga yHAaH WCCUK/IMK
axpanaan Ba 6y xonga F(x, t) =const=IR. byHpa |— TOK, R —
MeTasl1 CTEPXEH Y3YHNUK bupnuruparn Kapliunaunk.

WyHaan Kuamb, MCCHKAWK TapKaauw TeHrnaMacuHu Kentupuo



unkapuwga (7.9) udomaHn xam xmcobra osicak, KypunaétraH 6y-
nakga ccUxX/IMK 6anaHcu TeHrnamacu Kyhupgarnda 6ynagu ((7.5) ra
XapaHr):
k — AXSAt + F(x, t)AxAt = cpAxS— At.
ax* dt
TEeHIrMMKHUHT MKKana KucMunHu SAXAtL ra 6yncak,
A A

R}
+ -T F(x, t)
dt ax2 5

xocun 6ynagn. AHanM 6y TEHrMKHM cp ra 6ynmo, — F(x, )i =g o
cp

[e6 6enrvnacak, Gup XXMHCKM GyniMaraH

m agdﬁf - b ’LI
dt ~— ax*
r <
TeHrlamara kenamm3. by epga a = ] ® Xapopar  YTKasyBYaH/IMK

KoaduchmupeHTW.

8-8. UerapanaHmaraH MeTann cTepXeHAa WCCUKIUK
TapkKanuuwmu

MHruyka, €H cUMpTM WCCUKAAH WU30MAuMAnaHraH, etapnau gapa-
Xaga Y3yH, WCCUKIMK YTKa3yBUH MeTa/ll CTEPXEH TeHrnamacu,
WCCUKINK MaHbGanapucus 6ynraHpa, ywbéy KypuHuwra ara 6y-

nagw:

no= (8.7
dt axr

by TeHrnamaga cpakar GoLLMaHFMY LWapT G6epuiagu:
u\I=0 = f(x). (8.2)

f(x) dyHKUMs OYTYH CcCOHNap ykuaa (—oo0<jt<o0) aHuMKNaH-
raHaup. u(x, t) dyHKUMA Yy4YyH 4YeTKU wWwapT Kynnnmaingn. (8.1)
TeHrnamaHu (8.2) wapTaa eunw Macanacu Kowu macanacu ne-
Munagn éku 6ownaHrvud waptm 6epunraH macana gennnagw.

(8.1) TeHramaHu cogpanawTupamns. ByHUHr yuyH t YpHura
SHMN Y3rapyBUMHN KUPUTaAMU3:
T=aH. (8.3)
Y Xonga
m_ m dx . 2m
d o o 4]
6ynaan Ba (8.1) TeHrnama ywoy KypUHUALLKA Ofaaw:
A (8.4)
ab ax1
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_ TEHramMa MeTasl/l CTEePXEeHHHHI (PU3MK Xoccacura 6OFIMK amac.
t=0 6ynraHga T=0 6ynraHAurn ydyyH O6oLlNaHfu4.lIapT

mlo =/W (8.5)

6Ynagn. by TeHrnamaum euvil yyyH OypbeHUHr Yy3rapyBumMnapHU
axpaTtuil ycyim Ba XyCycuii eunmnap cynepnosvyuscugaH coipa-
naHamn3. By ycyn UKKM KucMpaH nbopaT. AsBan (8.4) TeHrnama-
HUHI euMmHM X (X) T(T) KYypuvHMWAa Kugmpamuid. by KynanTma-
OaH xocunanap onmb, (8.4) TeHrnamara Kyicak,

03 =1 y,0)

T X(x) 8 *
TEHI/IMK XOocun 6ynagun. TEeHINIMKHUHI YHT KUCMW T ra, 4an Kuc-
MM X ra 60fNuK GyimaraHun ydyyH Oy TEHIIMK y3rapmac C ra TeHr
eynraHg? ypuinn 6ynagu. Y xonga (8.6) TeHrnama Kyhugarm
MKKUTa TeHIr/lamara axpanagu:

w - C w = C /0 7N

T(T) n(x)~c- (87)
Bynapgan GUPUHYNCUHVHE YMYMUIA UMM
T(T) = Ce\

MeTann CcTepXeHHUHr 6upopta kecummnga wu(x, t) =X(x)-T (i)
UCCUKNUK YeKCU3ra MHTWIUWN (T-*°0 Aa) MYMKUH 3amac. LUyHUHT
yuYyH c= —X2 neb onamms:

T(T) = Ce~K\
VIKknHum X"(X) + NeX(X) = O TeHrnaMaHWHr yMyMuii edmmMn
X(x) = Acos kx + Bsin "kx.
Jemak, (8.4) TeHrnamaHvHr Xycycuii euimMn Kyhugarvra TeHr:

n = (acostac + fisin AnOe-*4 - (8.8)

By epga a=AC Ba fi=BC, | nap uxtmépuin ysrapmac COHMap.
(8.8) dopmyna A HUHr aBBangaH bGepuiraH xap O6up Kuiimatnga
(8.4) TeHrnamaHunr euimm 6ynagu. [emak, K HUHI Xap 6up Kuii-
MatMga Typan a Ba p NapHU aHuKNal MyMKWH, SSbHU a Ba p nap
A HUHT UXTUEpPUiA hyHKumanapu a =a(n), P=P(X) 6ynagn. Y xon-
Ja Xycycuil euMmiap ownacu yuwoy KYPUHULLIHW Onaawn:

nx(X, T) = [a(A) cos bx + P(?0 sin A(m)] e~xn

By epma X mapamerp —oo AaH +<x> rava KyimariapHu onagn. Ly ep-
Ja dypbe YCYMHKHI GMPUHYM KMCMW HUXoscura etaan.  dypbe  yecynm-
HUHI VIKKMHUYA KUCMW—XYCYCUIA eumwriap VK(X, T) cynepro3/IXuscn Kyhin-
JammpaH vbopar.

bepunraH (8.4) TeHrnama YMsMIKNN ' Ba OMP  JKUHC/W.  YHUHI YeKcu3
KYM Xycycuii eumwiapy MIBXyfd Ba Oy euamiap Y3nyKcu3 y3rapyBun n
rnapameTpra O6CF/MKK 3KaHWHW KKCpuaa KypcaTaviK.
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a}(X, T) — XyCyCuii e4YMMIapHUHI HHTErp3m xam (8.4) TeHrfamaHuLr
euvmn 6ynaaw.

[ee]

ux, T ) j kX 1) dX = j [aA)cos hx + R sin XX] é~kxdX. (8.10)

— 0o — 00

BownaHFny (8.5) waptgaH doiganawb, Homawdym a(X) Ba P(H) napeg
aHVKManMn3;

oc

7] JIT=0 = J\ [d(=) cos Xx + P(A.) sin Xx]dX = f(x). 8ar]

by epga 6epwiraH f(X) dyHkuusHM ByTyH OX YKyaa abCcomioT WHTerpasi-
naHyBum Ba T \f(X)\dx skuyHnawyB4yH Ars kKapaw MymkuH. (f(X) doynx-
LS — VICCUK/THKBUHT GOLLTAHFVY TAaKCVIMOTH.) VIKKMHUM Tanab xaMm YpuH-

N, YYHKW CTEPXEHHVHI WCCUK/IMK SHEPIVsiCM 4Yek/ivM, XOCMac WHrerpas
AKMHNawyeun. Y xonaa, f(X) dyHKUMSHUHE ®ypba UHTerpanu:

/(o)L jYX [fihQosx{l—x)dI~ f{(~ \fl)cosXIdiyosix+

— oo oo — 00

+ | me-f()sin  dlj sinXx j dX.

By reHrivkHn (8.11) 6unaH Takkociab, yWOyHU XOCwWi KuWiaMme:

aX)=n \f(l)cos\Idl
(8.12)
P(X) = on J| /(®) sin X1 db

f(X) — uerapanaHraH oynraHmru yuyH a{K) bj P(\) nap xaw uvera-
panaHraH:

®
\\m\di, \T\<~ jiT\ <=m
— o —®

(8.12) OaH TonunaraH a (X) Ba p(X) napHu (8.10) eunmra Ky
cak,(8.4)teHrnama Ba (8.5) 6OWNAHFUY WapTHM KaHoaTNaHTUPYB-
UM PYHKLUMAHN XOCUN KNNamms:

oc 00
ux, 1)= \dX | /(8)[cos Xxcos X1+ sin Xx sin X|] e-n’Td\ =
— COo — 00
@ @®
= — fdX \f()cosX(x—De-~dlI (8.13)
~0 "
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ljy 6unaH yerapanaHmaraH MeTa/l CTepXeHAa WCCUKAVUKHUHT Tap-
baTuw macanacu cumnagw.
AHan (8.13) mHTerpasviapga vibTerpasiiall  TapTUOMHU  y3rapTypamma;

B uxin=_L FffO{ f cos*(x-1)d a]dl.  (8.14)
® ®

Kana KaBC mumpgarn VIKrerpasyiHn xucconaimms: X= ~anmMaliTupul Ga-

fcapavms Ba y N = “  pgeb Genrvnialwl  KMputammns, Hatwkaga

LLI I coslUx—Ndl =y - _(S)ew“'cosa(Odo= /@

*kocwt 6ynagn. by epga

/©) = E{?e~° cos cnada
H? _@
@®_r _
\e °"do =V n —TyacccH wHTerparmaomp. Yoo doyHK-
wwaaaH xocmn;%).nmd WHTErpasiHK ©6ynaknab wHTerpa/viacak, Kylmaaru.
;- anddpepeHupan TeHrnamara kenamms: /(< =— ~ | (a). TeHrr1aMmaHuHr

(¢
KyMyMI/IVI euimn /(«) = Ce ra TeHr 6ynu6, mxmépuin /(0)=1"a=C \3-
LLL
rapMacHu Tonub, ypkura Kyiicak, /(@) =Vne 4 6ynagn. WHTerpan 3ca

6ynm6, /(0) =

| ? . P — AN~ gy
ie ccsUx—oil. = —/ o= | "'JL e 4r

B’ —a@ ~NT
ra Tebr 6ynagn. by KuiimrtHu (8.14) dicpmynara KysiMma:

- ux' ry= —7= ar dt (8.15)

—00

3HAN T = ad 3KaHTW Xxucobra orsicak,
] ux, t) = MF,\— EDf#)e d% (8.16)

6ynnb, GepwiraH — = a2— TeHlaMaHvVHr « j,=0= /(X) 6oLwnaHry
LWapTHM KaHcaTNaHTUPYBYM eunmmn Gynaaw.
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Arap |[x—Xx01< e kuiimatga fgx) = O y3rapmac, |g— x01> e [h
O ra TeHr 6ynca, SblM GOLLIAHFUY WUCCUKIVMK TakKCUMOTU WCCUKINK M-
nynscugaH moopar 6yrica, y Xonga Kyhimgarn uHterpan xocun 6yragyn ea
yHra ypra KuimMaT Xakgary TeopeMaHn Kynnab, yw3yra asra Oynamms:

*o+e  (x-D* u—£F
20 p A
7\ =
2al™nt X%~‘2 2avnt
(T-1)1
@ e 4" -
Spc 2a¥Ynt

By epma |l Xg—e < s< *0+e wuHTepBa/idarn UXTVEPHIA HykTa (2eu0 =

p— ra TeHr). Arap kbopwiraH UCCUKIMK MUkoopn Oe= Spc 6Yrca,
u—+$H1

1yr= <817)

e>0 ga |->n:08B3 (8.17) eunm HyKTa/IM UCCUKIYK MMMynbcura yra-

W, sbHM napaveTp £= X0 kuiMaTgary dyHOaMeHrasl euyvMra aiiaHaow:

(x—x0r

A 1 Aad
(14
“

W ,S~¢€

By (YHKUMAHMHI rpaurmHn t HUHI GepuniraH Typnam Myc6aT Kuni-
MaTnapuaa uuscak, [aycc arpym UM3uKIapuHU XOCWUA  Kuiamu3i

(u{x,t) QyHKUMS Ba YHMHI rpadurn axTUmMonnap Haslapuscuga
MyXUM pon yiiHanan).

1-mucon. WNCCUKNUKHUHI 6ownaHfFny TaKCUMOTHU!

f( u= f«o. arap xr < x < x 2 6ynca,
10, arap X<Xr ékm x > X2 6ynca
(121-wakn).

(8.16) chopmyragaH deiiganaHnb, MacaslaHVHT  eYMUHL E3aMK3:

®')=~2ATA 818>

By yHKUMSHU Kylinparn axTUMoriap

VHTErpayiv opkariv mdpoganaimmns (14~
6obra K.)-

0(z) = 7a \ e=*'d* (819)

1
121 waxn, Xawpiara, (8.18) ewamaa vy
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avaLmpuw 6axkapamns. d|= — 2aVtdn akaHWMHWM Xpcobra onmo, ywby-
ra ara Gynamus:

X—X, * ¢
2avl 2avt 2aVvl

X— Xl
2aVvt

~?[®(57?)-® (b*)]

®(r) yHKUMA YYyH Maxcyc Xaggan MaBXyd. YHUHr rpagurn 122

waknga GepwiraH.
2-muncon. VICCUKIVKHUHT BGOLTaHFUY  TaKCUMOT I

@8 20)

o) Oo<x</
('-f)"
/D= g2+f). — <0
o, 11>/ Ba |xj< — |
123~ wakn.

6yncvH (123-'wakn). Y xonga (8.16) dropmyranaH:

o] (*-E» ‘ (ar-a*
I N\eduy &
— u- e .
2yr [['+7)5 @ 2 f
é _VIT = p, d\ — —"2a\ftd\K anvawTpuiw 6axapamm3. Hatmwkaga eum
a

Kyliaarn KypuHULIra Kenagw:

X+l
2aYt 2ayt
u(x
x-1
2T 2av[
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X+t

2aVf 2ayt

-2 % VvVt tuTVvdp + 2-f-Vt
x|
2eV t 20V7
= 0 +7){oll ) - U "
(t+o» -
f 4a»l 4a‘/
e — e
x -1
S A+ Yo (r+ )@ (FiS f)-
- 2T oW - ("=-7")"» (N7 )} +
(ac+o» _n! (x-1Ip
ai r—/ Ip \alt—_ze 4a'/ +é'| 4a>/-\]/_
N uT7~f Arr J

9-8. ®asofa WCCUMKIHKHUHE TapKaivwu

Y4 ynyoBnn hasoga HOTEKUC KN3OMPWTaH XUCM 6cpuniraH 6yn-
CUH. YHUHI Xap 6Hp HyKTacuaarm WUCCUKMK t namtga uU(x, y, z, t)
QYHKUMA OpKanu aHuKNaHagk. Vccnknuk maiigoHn — ckansip Maii-
OOH 6ynn6, 613 aHaNM3ga YHUHI CTauuoHap MaligoH 6ynraH xonm-
HA KypraH 3AuvK, SbHU UCCUKIVK BakKTra 6OFNUK amMac 3gn. by epaa
ckansp MalgoH HocTauymoHap OynraH XoO/HW, SbHH t ra OGOFf/InK
6ynraH XonHu kKypamms. Arap /HKHI TalinH Kuiimatnga n(x, y, r, i)
VUCCUKINK BUP Xun KuAMaTnapHu Kabyn Kunaca, M30TEPMUK’ CUMpT
(oKcaknuk cupTn) Xxocun 6ynagun. by cupT BaKT y3rapuwmn om-
naH ysrapagn. WVICCMKNMK W HWHF SHI KaTTa Yy3rapuw Te3nuru
N QYHKUUA rpagueHTn MyHanuwunga 6ynagu:

gradn = A5 A5 A
ox ay dz
M30TepMUK CUPTHUHT Xap 6Mp HyKTacuaa rpagueHT LWy cupTra
yTKasnnraH Ba WCCUKIUKHUHI OpPTWMG 6opuvn TOMOHMra Kapab
WYyHanraH HoOpMas 6unak ycTMa-ycT Tylwaau Ba YHUHT  MoAaynm
Kynugarmra TeHr 6ynagw:

jgradun|= ~

on

. V|3OTepM|/|K CUPTHUHI  KNYUK 6ynar|/| .D'a OaH At BaKT numpga
yTaguraH UCCUK/IMK OKNMA

AO = Kk — -
Q k 'qn,D,O At (9])
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mbLopMyna 6unaH aHuknaHagu: 6yHaa A= const — kapanaétraH my—
EMXUTHUHT UCCUKNK YTKa3lyBYaHINUK KOIPMULUMEHTUN  (KUCMHU BUP
XXUHCNU Ba M30Tpon Ae6 XxucobnaiimH3). MaigoH HasapuscupaH
Mab/lyMKW, HOpPMasl BEKTOp WyHanuwm 6yinya ONAMHraH Xxocuna
i radu HWHIr LWy HOpMaara TyWUWPWUAraH MpPOeKUMscura TeHr, SbHH

— = grad nmn.
an

n — Hopman 6yinya iiyHanraH GUPAMK BEKTOP. —  HUHK  vdegacuHn
(9.1) dpspmynara Kyiimb, yLOYyHM XOCW KUMaMAS:
AQ = — knmgrad n/la JV. (9.2)

by copmynaga— kgradmn = A pge6 oncak, An= npnA = — kn gradn
6ynmMob, unccukanK okuMn AQ = /IaflaAt 6ynagn. Xucm S cupT GunaH

uerapanauraH O6ynca, YHOAH uYMKaeTraH WCCUKIMK OK/MM At BakTaa
Kylivgarura TeHr 6ynagw:

Q = At-,j4 Arda, ©3)
S

OyHOa AN A BEKTOPUVMHI Talky HopMasira npoekuusicn (124-wakn).

(9.3) dopmynagaru cmpT nHTerpanura OcTporpaackHii — Faycc
TEeopeMacuHn  Ky/inainmMmns:

jijAdas= ffjdiv/IdK.

By epgpaV S cHpPT OwiaH uerapanaHraH >XUCMHUHE Xakvmn Ba div A —

i= —I'(bli_vgra’du—IE An M}_ — kA A= A P A
\i1 *2 py— dx2 pay3 Aarr
—/lannac oTpaTopu geiHnaon.
K xaxmra KmpyByH Qi UCCUKINK MUKOOPWU By Xaxmaarn moana
XapopaTnHn kyTapuwra ketagn ((9.3) cdopmynagar Q HUHI ULWO-
pacura Teckapu 6ynagn) Ba ywbéyra TeHr 6ynaawm:

Qx= j'[j kAudV. (9.4)

dapa3 KHMalInK, XUucmaa WCCUKINK
MaHbGanapu MaBXypn OYNCUMH. YnNapHHHT
3Hunurm £ (X, y, z, t) 6YNCHH. ¥ Xxonaa
(/. t+At) opanvkha XUCMHUHI Kapania-
éTraH KHcMugaH Q2 mukagopda MCCUKIINK
axpanagn Ba 6y MCCUKINK (IOKOpWU Tap-
TUONN YEKCU3 KUUYMK MUKOOP aHUKINrn-
aa)

=Jklli £X' Y Z t)dv (9.5)
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hopmyna épgaMmmnaa aHuknaHagu. Y xonga AV xaxmparu j,

MUKAOOPH Qi + Q2 nFnHamnra TeHr 6Yynagn. by uccMKIMK QKUK
HMW 6owKava yn 6unaH, S cMpT GBunanm yerapanaHraH XuU~"~Pu-
Tacugarn UCCUKINKHUHE Y3rapulinHKM Xmucobra onraH Xosnaga M HYk-
nanMmmns. (X, Yy, z) HykTaga At BakKT opaimMFnaa WUCCUKIUK , Ycob-
M Mmmkgopra ysrapagu: "Yiimpa-

nx,y, zt-fFAt) —u(x, y, z,t) = "At.

AV anemMeHTap XaXMHW KapaiMm3. At BakTga HyKTaHWHr = .
da
— At ra kyTapwniraH 6ynca, 41/ anemMebT XapopatvHni Wy [apaxara K,
Tapvwra capd 6ynraH WCCUKIMK MUKACPU  Kyhnparura TeHr f
jpaBLLaH: i
CpAV— At,
P dt

GyHOa C — MOAOAAHWHI COMULLITUPMA WCCUKIUK CUFUMKU, p — 3Wdn
M. V xaxmaga xapopat Kytapunuwumra capd 6ynraH UCCUKALKHAN
yMyMUn mMukgopwn 6yHpal 6ynaau:

Q3=Atj\jcpNrdV =<+ <, (96)
*V
Aemak,
L gd dvAEN) K udviNe fix-y- - oV

byHoaH
jjf (cp~ —KA4Y4 —F)dV =0 9.7)

6ynmo,
cp —kAn—Ff =0 (9.8)

ot
TEHI/amMaHn XocW1 Kuwiamm3. VIKKM TOMOHMHU cp ra 6Yynné  toGopamus,
Y xonga

— =alAuv+ — F 9.9
dt cp
UN3UKNU BUP XKXMHCAK 6YNIMaraH UCCUKINK TapKaiulw TeHrnamacura
Kenamus. Arap Xucmaa WCCUKIVMK MaHbanapu wMaBxypn 6ynimaca,
F =0 6ynmb, TeHrnama 6Up >XWHCM TeHIrNamara arnaHagu:

= + — + =V \99.10)
dt \ ax* ay* Aar)
By epma a = ~ — Xapopar YTKalyBYaH/IMK  KoathdmumeHn. by

TEHrIAMaHVHI  BOLLNaHFNY LiapTn



nx, y, z 0)- ul=0=/7(x vy, 2, (9.11)

rapasaii w NP ™ _
— k— =h[u\v —un\. 9.12)
an T
e L Huwpa 6ynmMwum MyMKuH. by epaa [ — CUPTHUMHI 4erapacw,
ncenknak aMaWMHNLW  KOIPADULMEHTN, U — TallKU MYXUT Xa—

PALlrap XXWUCM WCCUKANKAAH wu3onsuusnaHraH 6ynca, h=0 6ynno,
.erapasuii wapT

o

= 0. © 13
an

Arap UCCUKAMK aIMallMHUW  KoahduumMeHTn Xyaa KatTa 6ynca
w m»6ynca), (9.12) dopmynanaH

ulr=1 9.19)
Kenné umkanun, SbHU XUCM Yerapacmgarm MCCUKANK Tallkyu MyXuT
Xapopatura TeHr 6ynaawn.

(9.10) TeHrnamapgaH xapopaT z ra 60fnnK 6ynmaca, TEKUCINK-
0a UCCUKNUK TapKanuwl TeHrnamMacu:

i =az2(<*L | *«\

dt \ ax* Ay*)
xocun 6ynagn. Arap n yHKUMA z ra xam, y ra xam 60fnukK 6yn-
Maca, MeTasll CTCPXeHAa WCCUKINK TapKaauw TeHrnamacu Xocwi
6ynagw:

10- 8. lannac TeHrnamacura kentnpunaguraH
Macananap. YeTku macananapHu wudopanaiu

by naparpadgpga
Im= 0 (10.1)
Nannac TeHrnamacura KentvpunaguraH 6ab3n macanasiap Kapana-

On. TeHrnamaHwHr AekapT, UMWIMHAPWUK Ba chepuk KoopauHatana-
pvgarn KYpUHULWLN Kynngarmya:

An=— + 2fi+ ~- =0, (10.2)
X ayr ar2
An==1 A fr~2\ + Li™ + ilii=o0, (10.2)
roar\ ar) r~ ad ax
~ dr \ ar) rsin0 a0\ AB )
1M (10.2")
T*sin30 a4
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Nannac TeHrnamacuMHW KaHoaT/aHTUPYBYM U (PYHKLUSIAp rapmo-
HUK pyHKumsanap neb atanagw.

l. Bup XMHCAM XUcCcMAa WUCCUKNUKHUHTI CcTaumno-
Hap TaKkCUMOTW Macasiacu. O CUPT GHNaH YerapanaHraH
OUP XMHCAN V XaKMIN XUCM GepunraH 6YycuH. XXUCMHUHT Typau
HyKTanlapuga WCCUKINK MaHbGanapu 6ynmaca, £ =0 6ynm6, (9.10)
TeHrnama

_am o, am'

dt \agx2 T ,ﬁiy,?a artjl
H/ XOCW1 KWiraH 3auK. Arap »apaéH crauyoHap (YpHawraH) 6yrca, sibHu
Xapopar BaKTra 60FMK 6yMacOaH, Ga/km XUCM  HYKTalTapUHUHE - KOOop-

OviHatanapura 6ofFnK 6ynca, y xonga g = 0 6ynagn Ba W Xapopar
Jlannac TeHrnamacu

ab n_+n.=0 (10.3)

VX~ oy oo o
HNW KaHoaTnaHTupagu. by (10.3) TeHrnamaHWHr 4YeTKM Macasiacuja
0 cypTAary Xapopar 6epu/HLIN Kepak:

| =/(M).
“b (M)

WyHgan knnmb, V xaxm unumpga (10.3) TeHrnamaHum KaHoaT/laH-
TUPYBYM Ba O CUPTHUHI Xap 6up M HykTacuga 6GepunraH

=/ (M) (10.4)

KUAMaTHN Kabyn KW.TYBUM U (X, Y, Z) QOYHKUMSHM TOMUW kepak. by maca-
na Oupuxne macanacy ékn (10.3) TeHrnama yuyyH OUPUHYM YeTKU Ma-
cctia peb aranagw.

Arap CYPTHUHT Xap G1p HyKTacuaa Xapopar 3mac, 6a/ikm UCCUK/IMK OKVIMMA
GepwiraH 6\'nm6, y p (Hopman BekTop MyHamMwigarn xocuia) ra npo-

n

nopuyoHan 6ynca, cvptga (10.4) YeTKn LWapT YpHUra Kyimgarn Laptra
ara 6ynamms:

A =g(M). m (10.5)

(10.3) TeHrnamaHuHr (10.5) 4YeTKM WAPTHM KaHOATAAHTUPYBYK
€YUMMUHH TOHMW MacanacH MerimaH macanacu €km MKKUHYN YETKU
Macana neb aranagwu.

Arap uvccUKIMK Tapkanuwun z ra 6ofnuk 6ynmaca, macana Te-
kncnukgarn Jlannac TeHrnamacura kenaaun. Yetku wapTtnap Tekuc-
nukaoaru KoHTypaa 6axapwunaaw.

1. CYWK/TNK EKW TasHWHI NOoTeHUuan OKUMMN.
Y3NYyKCU3NHK TeHrnamacu O cupT O6unaH 4verapanaHraH
Q XaXM munaa CyrK/IMK okaauraH OYNCUH. p — CYHOKJ/IUK 3UYIUTN
6YncrH. CylOKIUK TE3NMUTUHU

V=wxi + wi + vzk (10.6)
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'OUaH GenrmnaiiMmns, GyHaa VX, Yy, VZ— BEKTOP V HUHI KoopayHarta YK-
flapyaary KOMMoHeHTanapy. Q XakmaaH S CUpPT 6uiaH uerapasiaHraH K-
UK (0 XaoKM avkpatamus. Y xonga At BakKT mungarm S CYPTHUHE  X@p
ovp s anemeHTn opkayin &Q = pvnAs [t mvKOOpOA CYOKINK OKUb
|»xagn. CYIOKIMKHUHT yMyMniA Q MMKOOPW Kymngarn wHTerpan o6uwiaH
vchopariaHaayL:

Q= At\\pvds, (10.7)
ByHoa ds = nds 6ynmM6, N — TallkM HopMan 6Yyinua iAyHanraH GMpvK
BeKTOpAVP. VIKKMHUM TOMOHOAH t naitga @ Xaxmaarn CYHKINK MUKOO-
pn 6yHOaii 6ynaaw:

L soe-

At BaKT mumga CYyHKAVUK MUKOOPW, 3UYIMKHUHIE Y3rapuiimra 6uHo-
aH, Kylingarn mukgopra ysrapagu:
" Q=] jj Apdi=x 47| cco. (108
0 9

© xaxmga maHb6anap Myk oeb dapas kuncak, (10.7) Ba (10.8)
m/1odanapHN TeHrnaw MyMKUH. AOE ra Kuckaptupub, ywéyra sra

Vnammns: H

S <0

TEHIIMKHUHT  Yan KucMugarm cupT WUHTerpaiMHn  OCTporpasackuii
dopmynacura kypa anmawtupcak, (10.9) TeHrnMK 6yHpan Kypu-
HULIHK onagw:

C<® o

(S ]

-~- — div(pu))dco = 0.

-~-—div(py)=0 (10.10)
(o 4
oynmm6, div(p v) HM oumb Escak,
ap d(pvx) d(pvy) d(pvz) (10.10)
dt x ny o

CYKWIaaMIaH CYIOK/IMK OK/MUMHUHE Y3/TYKCU3MIMK TEHIaMac Xocw Gyrna-—
0. V HU Kyiigarmya Kabyn Kanamms:
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Vv = ———-gradp,
P
< Ap
6yHOoa p— 6ocnmM, k — YTKasyBYaHAINK KOShAMLMEHTN, it
\ = const. byHn (10.10) y3nyKCM3nMK TeHrnamacura Kyicak,

dt

dt ax \ ax) ay \ ay) ar \ ar)
HA XOocun Kunamma. Arap k Yy3rapmac coH 6yrca, TeHrnava

:__Ap
dt X !

KYPUHULLHW Oflgan. By UCCUKMK YTKasyBYaH/MK TeHrfaMacura  yxuwaii-
On. (10.10) TeHrnamaga CyHOKIMK CUKWIMaca, p = const Ba p =0 6y-

nb, TeHrnama
divu =0

KYPUHULLHKX Oonaan. Arap XapakaT noteHuuan 6ynca,

v = grad
6ynn6, (10.10) TeHrnama ywoy KYpUHULIHW Onadwu:
div gradcp = O
eKn
- AY =Q (10.12)

axs ' dif Aarr

SbHU vV TE3MMKHUHI (@ MoTeHUMan yHKumscK Jlannac — TeHramMacyiHm

KaHOAT/IaHTVPaD 3KaH. o
KynuHuya v TeatmkHn v = — k’gradp geb Kabyn KW MyMKMH,
6yHoa p — 6ocum, — y3rapmac coH. Y xonga p 6ocsMra HucbaraH

Nannac TeHrnamacu xocwun 6ynaaw:
AP L&p P Q (10.13)

axr ny2 arr
(10.12) ékm (10.13) TeHrnamanap Yy4yyH 4YeTKU LwapTnap Kynnga-

rmya 6epuInwn MyMKUH:
1 a cMpTAa u3NaHaétraH p (QYHKUUSHUHE  KuiimaTtiapu — 6o-

cumnap 6epunagn:
P I = fNe .
a

by [dupunxne mMacanacu.

2. a onptga p_ HOopMasl  Gynya  Xxocuna Kuamatnapu Gepwia—
an
OV— OKMM CUPT OpKan Gepwiaap:

A= gm).
an
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B\ HelivaH macanacw.

3. a CMPTHUHT BUp Kcvmaa p — 6ecevmnap, sna 6rp  KcMaa X
na — Gepwiagn. by Oupunxne — HelimaH macanacw.

an

Il CTayuoHap 3NeKTp TOKUUUN I nNoTeHuua nu bunpop V
XIKMHU TYIANPYBUA OUP XUHCIN MyXUTOaM Xap Oup HykKracuaarm 3vd-
mm t (X, Y, Z) BeKTOp bynraH anekTp Toku yTcmn. TOK 3U4IMrA BakKT-
ra GOFIMK 3aMac Ba V XaXMAa FOK MaHOaniapu MYK Oe6 duipas KuiaMus.

Y Baktaa / BEKTOPHWHI OK/MW HoMra TeHr 6ynaau:

T

j’1 7ds - o.

Tporpaackuin chopmynacuril Kynnao,
tlds — N (divildV —0 gaH divl O (10.14)
S \Y%
OeraH Xynocara kefamma. Arap My.UUTUMNT  YTKasyBYaWIMIMHU K A€,

3MeKTp KyumHn E pge6 Genrwiacak, TOK 3u4nrn ymymnawiraH Om kp-
HyHUra Kypa:
7 =af (10.15)

'6ynagn. XapaéH craupovap 6GynraHu yuyH BekToprap MaiinoHn £ yiop-
Macu3ovp, SbHU rotE = 0, gemak, BeKTopfiap MaiaoHu MoTeHuman Maii-
OoHoyp. Wynpgan ckansp yvkuma MaBXyaku, ywoly TeHIMK  YpuHm
6ynaow:

£ = gradfp. (10.16)
(10.15) ra (10.16) wudogann KysaMms:

/ = Xgradfp. (10.17)
(10.17) w1 (10.14) ra Kyuno,
Xdiv(gradff) =0

@b s dv (10.18)
i o

JlaHnac TeHrfiaMacuHM XOCW1 KWiaMu3. YHU 6epwiraH 4YeTku  LispTiapaa

eunb, fp ckanap dyHkuusHKM, cynrpa (10.16) gaH E Hn, (10.15) ggH | Hm
Tonamms.

eKn

11-8. Oupuxnie macanacuHu Xanka yyyH euuLl

kt: x2+y- = R\ Ba k,: X2+ y2= R2 aiinaHaniap 6wiaH yerapasiaHraH

D coxgoa (Xanikaaa) Jlannac TeHr. LUMacUHUHE YLLBy
U\ =«b 11.1
1 (11.1)
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ur U =%
yerapasuii LwapTnapu 6epunraHgary eyMMuum TonamH3, bymaa «,
Ba «2 — y3rapmac CoH/ap.
Nannac TeHrnamacuHMHIr UWIvHAPWUK KoopAauHatanapga c3uiraH
(10. 2" TeHrnamacHgaH z Ba ( napra 60fNMK 6ynmaraH Teurna-
MaHN é3aMmn3:

an _q
A
By TeHrnamaHu uHTerpariabd, yLbyHu Torammas:
n = c™r-\-c*. n.3)

(11.1) Ba (11.2) yerapaBuii WApPT/apda C, Ba Cr JlapHW TOMaMms:
(ny=CjInRi + c3

=c,InR2+ c,.
CuctemagaH cx”™ , = "I MR-~ - INR- flapHVHr KUAMaTVHN
, Rt , Ri
*T In
(11.3) ra Kyhn6, MacalaHUHI ednmMrall XOCLT Kuiamums:
r r

wInT —"i |nTT
(11.4)

THK
12- 8. Aupuxae MacanacUHH Aoupa YuyH euuw

X2-iy2=Rz govpa 6epwunraH 6ynub, yHUHI alinaHacupa 6upop
/() dyHKUuMs 6epunraH 6yncuH (h— KyT6 Oypuarm).

Nannac TeHrnamacnHu Kyt6 kKoopauHatanapHga '((10.2") ma
2=0 peb) ézamus:

i“+ L ~L =0 (12.2)
ar* r d- dq®
OYHKUMAHUHI govpa alinaHacuaarm Kyiimatn 6epunraH:
| = f(<P). 12.2
«l o= P (12.2)
EunmHM
« = ®(p)-/7(r) (12.3)

neb6 dapas knamb, dypbe ycynuanH dgoiganaHammi. Xocunanap
onnb, (12.1) TeHrnamara Kysmus:

e (OR"(r) +rd (@R’ () + d"(®)R(r) = 0.
)"’3rapyBL||/|napHV| axparamma:
(ORN(0)] I2R" () — rR’ (r) _ n (12 9
® () R (N
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ByndaH VKk/Ta TeHrnaMa xocun 6ynaaw;
®"(d) + A2d(<p) = O, (12.5)

r-R"(N+ri (- k?R(r) =0. (12.6)
BypyHuM (12.5) TeHr.YyamarmmvHr yMyMUii eurMu:

®(ip) = Acoskip + Bs'mk(f>, (12.7)

VKKMHUM (12.6) TeHrnaMaHHHI €4 MUHA R(r) = rm KypyHULLOA varaiimma.
By epga m HM TOnNMWw Kepak. r'n HM (12.6) TeHrnamara Kyiimb, ywoyHm
XOCWT KANaMK3:
ran(t — Hr'm+-2+ rmrm~-I — k-rm= 0
€Kn
m2 _k2=0
£ _e
ByHoaH T = =+ Kk 3kaHU KypuHaau. Xycycuid euimnap r  Ba r oy-
b, yMyMUIA e4nM:

R =Crk+Dr~k (12-8)
6ynagn. (12.7) Ba (12.8) napHn (12.3) <hopmyrara Kyiicak, ywby Xocw
6ynagH:

K = (Akcoskp + Bksin kd) (Ckk+ Dkr~K. (12.9)

Bu3 povpaga y3nykcu3 Ba YEKIWM eYMMHU u3namvivs. r — O 6ynraHaa

(12.9) dopmyriaar Dk=0 6ynmwm kepak. Arap k = 0 6ynca, (12.5), (12.6)
TeHrNamMasiapaaH:

®" (=0, rR"(r)+R"'(r)=0.

bynapHn uwHTerpaniaimms Ba MO= (/10+ BOdy) (CO+ DOInr) HM Xxocun

kwiamms, (12.9) 6uiaH k = 0 ga conmumupnb, BQ= 0, DO= 0 skanmmn

Tonamu3. Y Bakraa M0= 5 6ynagn. by epoa £ = NCACO pe6 Genrn-

nagnk. 6 =1, 2, ... ,0, ... Mycbar kuimMatnap 6wiaH Yerapaianamms.
Eummnap nFnHoucn sHa Y3 HaBbatuaga ed M 6yniraHu yyyH

u(r, @ = — + VvV (acosn™+fensinrt™M)r'l (12.10)
2 nwT
n=I
By epga an= Cn-An, bn= Cn Bn ge6 6Genrwiawl KAPUTOWK. SHON UX-
TVMépuii an Ba bn y3rapmacniapHn yetkn (12.2) waptgaH Tonamms3: r = R
Oa (12.10) mpH-
®

/fo)~* + V (a,cosrt™ + bnsinn”™)#\ (12.11)
7 n=1

by Teurnvkoan
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n «

a f(t)cosntdt, bn~-~— \f(t)sinntdt (12.12)
n  aRrR" ] , nR "' J

_]‘l
KoathhMUMEHTIAPHU aHWKab, (12.10) ra Kyamms. TPUrOHOMETPUK asiMalll-
TYPUWHX Gaxkapunb, YWOYHU XOCW1 KWiamma:

n ao N

Lur, =% f f(t)dt + 1 f /(/)cosn(/ _(f)d/(~-jn=

n=1—n

=271 [+ 20 (F) " @BIC_ )] - AT <O

y A_ - n _ = f,(0[, +
e
/i 2 2n L

+ S (~ -1 +S (7 ~ MT]ln-=

-i«-q)
- fjw ' ” o =
L. ——el-g 4 <p
R
f(t) ( dt =
1 2 s/ Ph+(~ )
= — f f(t) N ———— 7 /. (12.13)
2n] /f-— 2Rrcos(;— 1M+ r-
_}'l

by (12.13) dopmyna lMyaccoH WHTerpanu Aervnagn. Avpunxnie-
HUHI govipa Y4YyH KyAWUaFaH MacanacuMHuHr u(r, (o) eunmm [yaccoun
MHTerpasiHra kengH. by copmyna (12.1) TeHrnamaHum KaHoat/1aH-
TMpagn xampa r-+R pga u(r, cp)->f (), AbHU eunm 6Ynaaw.

Y3-y3MHN TeKWMpUW ydyH caBonnap

1 VIKKMHUYM TapTUOAM GMP >XXUUCIN XYCYCWUIA XOCWUNain TeHrnamanapHuHE Typ-
NapuHH aiTuHT.
bownaHrny Ba 4YeTkM LWapTnap HMMa?
. Janambep ycyvHN 6acH KUAVHT.
. dypbe YCY/THHU TYLWYHTUPUO GEpUHT.
. TeHrnama y4yH Kowm macanacvHu TyLWYyHTUPUG GEPUHT.
JunpHxne macanacuHy ndgoaanaHr.
Heliman macanacu KaHgai Kyinnaamn?
. TeHrnamaHH ®ypbe ycynn 6unaH evyHWAa eunM Kaugan kypuiiwga 6y-

O~NOUAWN

D

NaaH?



14-606

IXTUMONNNK HASAPUACKN BA MATEMATUK
CTATUCTUNKA

1-8. Xoaucanap anrebpacu

3XTUMONNVK HasapusacH acocuia MaTemMaTUKaHMHP 6oLlwka 6y-
numniapugarn kabu 6upop 6owniaHFuy TylwyH4Yanap Ba Tabpudnap
éTagn. YHOa wvwnaTwuiaguraH acocuH TyllyHuanapgaH 6Hpu Xoau—
cagup.

AXTUMOMINK Haszapusicmga xogmca Acb cMHOB (Takpub6a) Hatn-
xacuga, SbHM MabNym WapTiap Maxmyu amanra owuwm Hatu-
acuga pyin 6epuim MyMKUH 6ynraH xap KaHgar (akTHU aitu-
nagn. XopucanapHu opgatga A, B, C Ba Xx. k. xapdnapu 6GunaH
6enrnnaHagun.

Xogucanapra mvconnap:

1 TyngaH 6Mp mMapTa YK OTUWAa HULIOHra TEeKKU3ULW (TaKpu-
6a — yx OTULL, XoAuca — YXHUHI HULLIOHra TEruLin).

2. TaHraHn y4 MapTa Tawnawja WKKU Mapta repé Tywwmim
(Taxxpnba — TaHraHn y4 wmMapTa Tawalw, Xxoamca — MKKU MapTta
rep6 Tywmun).

3. Bupop ¢wm3vK KaTTanukKHW ynyawpa 6epunraH yerapanapga
ynyaw XaTtoMrvHWHE Hahngo 6ynuumn  (Taxpuba — UMK kaTta-
NHKHW Ynyaw, xoauca— 6epwiraH 4verapanapfa XaTtoauKUmMmMr 103
6epuLin).

BepunraH TaxpHb6aga pyi 6epulun MyMKUH 6YynraH 6apya xoom-
canap TYyHNamu Xxoaucanap MangoHu Oevvnagn. 5 ra siHa 06y
Taxpmnbaga Mykappap pyii 6epaguvraH U xoauca Ba 6y Taxpubana
pyii 6epuwn MyMKUH 6ynmaraH V xogmca Xam KuputunagH. Maca-
naH, 6uTTa yiMH cokkacuHM Tawnawga U kammpga 6Mp 0O4ko
unkmwK, V eTT OYKO UYMKULLIN.

Arap A xoauca pyin 6epraHuga B xoauca Mykappap pyi 6epca,
A xopnca B xogmcaHun sprawrvpagn ékm A paH B kennb uukaam
[eb aiitunagwn, 6y akt byHaan 6enrunaHagu:

AczB. 1.1)
Taxpuba 36 KapTanu pgactagaH 6uUTTa KapTaHu TopTUWAOaH
nbopar 6yncuvH. A xoamca «FULLITUH» KapTa, B xogmca sca Kuswn-

6enrunn  KapTaHWHr  uYnkmwmngaH nbéopat 6571cuH. Y Xxonga pas-
LaHkn, J1cB.
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Arap AaB Ba 6up BakTama Bcrf 6ynca, y xonga A Ba B xomi-
canap 3sKBMBaNEeHT €KUM TeHr Kyuin aeb atanagn. by dakt GyHAaaw
6enrnnaHagm:

A=B. (1.2)

A xoaucaHHHTr pyii 6epmacn|[rmgaH mbopat xoauca ywura Tec-
Kapu xoauca geb6 atanaar Ba A 6unaH 6enrvnaHagum. A 6unaH A
xo4ucanap kKapama-KapLun xoaucanap aeivnagw.

Kapama-uaplin xoaucanapra muconnap: YK ysuwga HULIOHra
TEKKM3ULWI Ba XaToO KeTKa3ul, acb06HMHI 6Mpop BaKT WHTEPBAIH
HUM4a WWAaH YMKULWIKXM Ba WY BaKT WHTepBanga 6ysunmacaH
vwnawu.

Xoaucanap maigoHmga KyWMWLW Ba anvpuvll amasniapu aHukIa-
Hagn. Mkknta A Ba B xoamcagaH kammpa GUTTAaCUHHHI pyii Gepu-
wmaaH néopar  xoauca yNapHHHT AWFMHOMCKM ne6 aTanaguM  Ba
A+B 6unaH 6enrnnaHagm.

A Ba B xopgucanapHuHr o6Gupranvkga pyn 6epuwivpaH wnéopar
xoauca ynapHUHr KynaiitMacun ne6 atanagm sa AB 6unan 6enrv-
nNaHaawn.

1-mucon. Taxpuba gactagaH 6uTTa KapTaum TOPTULL XOOu-
cacugaH mbopatr. A xoauca «aama» KapTacuHuHr, B xoauca sca
«YUNONH»  KApPTaCUHUHI 4YMKuwngaH wunoopaT 6YACcHH. Y xonga
C=A +B xoauca uMKKaH KapTa «[amMa» EKU «UUIANH» GYNULLVHH,
E=AB 3ca uMkkaH KapTa «unigauH gama» OYnilmnHW 6unampaau.

/) +B

125- wakn.

2-mucon (BbeHH pgunarpammacu). Taxpumba kBagpaTt (125-
wakn) wunungda TaBaKkanuMra HykKra TaHnawgaH ubopaT. A opkasH
«TanfaHraH HyKTa vangarv annaHa munga €tmeam»  XoOUCacuHW,
B opkanu aca «TaHnaHraH HyKTa yHrgaru annaHa muuga €tmegm»,

xoaucacvHH 6enrunanmus. Y xonga A, A, B, B, A+B Ba AB xomn-
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:canap TaHAaHraH HyKTaMHHT TerHwau waknnapgarH wrpuxnad-
raH coxanapra TYWWULWWNHWU 6ungupagn.

XogucanapHu Kywuw Ba Kynantupuw — amannapu Kynmgarm
Xxoccanapra ara:

1) A+ B =B-\-A\ AB =BA.

2) (A+B)+C=A+ (B + C); (AB)C =A (BO).
:3) A(B + C) = AB + AC;

4H)A+V=A AU=A

5 A+A=U; AA=V.

6) A+B =AB; AB=A +B.

WyHpan knnmb, xogucanap anrebpacHia Kywu Ba aivpuil-
HUHIr opatgarn 6Gapya Xxoccanapu 6Gaxapwunagwu, wy 6wunaH 6upra
Hon ponvHu V' Mymkun 6yniMaraH xoauca, 6up ponuHu aca U
Mykappap xoguca 6axapagw.

l1-Tabpud. S xopucanap MaigoHugarn A Ba B xoaucanap
yuyH AB=V, AbHW ynapHuUHTr 6up BakTAa pyil 6Gepulin MYyMKUH
6Yynmaca, ynap Oupranvkgamac xoaucanap neb artanagw.

Mwucon. Taxpuba YiiMH cokkacuHu TawnawaaH unéopat. A xo-
aouca 4 ouko umkmwun, B xoguca aca 3 ra kappanv oukonap UYMKu-
WK 6YNCHH. by XxoaucanapHHHI 6uprannkgamMacivru  pasllaH.

2-Tabpud. Arap At+ A2+ ...+ An= U, abHM 6y Taxpubaga
AnA,, ..., An xoavcanapgaH Xeu 6ynmaraHga 6GuTtacu pyii Gepca, 6y
Xoamucanap XoaucanapHUHE nryfa rypyxyuHu Xocwi Kunaau aelinniagw.

Xap UVKkntacm 6upranvkgamMac xoaucanap Tyna  rypyxuHu, SbHW
A, +An+ ... +An=U, A{A; =V(i ¢ j) TeHrnvknap 6unaH aHVK-

naHagyraH xoaycanap rypyxyvHW aHT KYN TeKwupura TyFpy Keaap.

2- 8. OXTUMOJIIMKHUHT KNacCuK Tabpuhu

AXTHMONNK Hazapusicnga xoaucanap rypyxugarn Xap 6up
A xogucara TalimH P(A) coH — 6y xoguca pyii 6epull  UMKO-
HUHVHI OGBEKTMB [AapaacMHW akc 3TTmpaguraH A xoguca axTn-
MO/I/IUIN MOC KYyinnagH. 3XTUMonnukniap S paH o6upraavkgamac
Ba TEHr HMKOHWUATAN A2 ..., A, xogucanap Tyna rypyxumm
axpaTtuw MyMKMH 6ynraH Ba KnaccuK cxema [fOeb aTtanagurad
Xonda 3Hr oaavii aHuknaHaan. TeHr UMKOHUATAWAMK LyHU 6ui-
avpagHku, Nb A2 ..., AN xoaucanapHUHr xed 6Gupu pyin 6epuwiaa
KonraHnapmgaH xe4y 6up 06bLEKTMB YCTYW/IMKKA 3ra aMac (MacanaH,
YANH COKKACUMHWHI CUMMETPUK Ba OUp XuHcimrmgan 1, 2, 3, 4, 5, 6
OYKOoMapAaH UCTAITAHVHUHT YUMKULLWU TEHT WUMKOHUSITIUIUTU Kenuno
unkgow). Avitunrad Alt A2 ..., Anxogucanap TakpuBaHUHT  afeveHTap
HaTxanapy (EKM UMKOHWSTNIapK, XOoriapwn) ae6 atanaaj.

AXTUMONNUKHUHT Knaccuk Tabpudun. A xommca ALY A2
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..., J1 nappgaH 6vpop T Tacn amMasnra owraHHga pyii 6epcvH. Y Xon-
A

P(A) - - (2.9

COH A XoAmMcaHVHI 3XTUMOINMA Ac6 aTanaaum. bolwkada alitraHga,

A X0ONCAHUHT 3XTUMO/IUTN TAXXPUBAHUHT Kynaiiimk 6¢CpyBUn HaTu-

XanapH COHWHM YUMHT 6apya HaTuXasapy COHUra HucGaTura TeHr.
By epgaH, XycycaH, uctanraH A xoguca y4yH

OsCP(/I)< 1 (2.2)
6ynmwn kennb umkaam Ba, OyHAaH Tallkapw,
P(U) =I; P(V)=Q. (2.3)

By xoccanapHWHI UCOOTMHH YKyBUMra Mawlk cudatmga Tascus
KWUnamHs.

1-mucon. WMkkuta YANH cOKKacu TawnaHagu. UYnkKkaH O4KO-
nap COHVIHVHI 7 ra TeHr 6Ynuil SXTUMOMINTU KaHuya?

E 4unw. YHAnMH cOKKacu ontuta Typau ycyn 6unaH TYLIMWH Mym-
KNH. YNapHUHI Xap 6UpUY MKKUHYM COKKa Tylwmwmaaru ontuta
ycyn 6unaH KombuHaumsnaHagu. LWyHpai Kuamb, xamu anemeHTap
HaTuXanap coHM 6-6=236 ra TeHr. A xoamcara (O4Konap CoHun 7 ra
TEHr) Ky/naHInK TyrgupyByM 37IeMeHTap HaTumxanap COHWHW caHai-
MU3. Arap GMPUHYM Ba MKKMHYM COKKanapaa Moc paBHWAa 1 Ba 6,
2Bab5 3Ba4 4Ba 3 5Ba 2 6Ba 1o4ykonap u4MKca, O4Konap
AMrHaMcn 7 ra TeHr 6ynaan, sibHM J1 XoaHcara Kynanuk TyFav-
pyBUM >Xamm 6 Ta HaTmxa 6op. Jemak, m3naHaétraH 3Xrumosi/ivK
Kylimpgarura Tenr: P(A) =6/36= 1/6.

2-muncon. TaHnaHMa Xakuga macana. N T1a 6ytompaH mbopat
naptusga M —a ctaHgapt 6ytom 6op. MapTusigaH TaBakkanura M
Ta 6yloMm onuHaan. by N Ta 6yloM uumga poca M Ta cTaHOapT
OYIOM GOPANTUHHHT 3XTUMOJIIUTUHUA TOUMHT .

E 4uw. TaxpmbaHUHI MyMKUH G3nraH anemMeHTap HaTwkanapwu
xamu N Ta 6ytomaaH N TacuHM O MYMKUH 6ynraH ycynnap

coHura, sibHM N Ta aneMeHTOaH N TadgaH rypyxjiawiap coHn C', ra

TeHr. TaBakkamra onvuvrad N Ta 6GylOM mumga M Ta ctaHOapT 6yoMm Wi
KWL X0OMCackHM A opkasm Genrvnaimm3. CrtaHgapT Gyto.miap M Ta 6yn-

raHmrn yyyH m Tta cTaHgapt 6ytomnn  onmw  yeynniapu coHn CWMra
Teur. KonraH nm— m Ta 6ylOM 3ca HOCTaHAapT 6ynuwmv fo3uM: n—m
Ta HonmaHAapT GytoMHM N — M Ta HOCTaHOapT OyroMiap wMungaH 3ca
C:~\M ycyn 6wiaH onvl MymMKuH. [demak, A Xoapycara Kynainmk TyF-

Ovpysun natwkanap conn C"j «CN™, ra Tenr. Lynunr yyyH wusnaHaét—
raH 3XTUMOSVINK Kyhnparura TeHr:

(2.4)
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3-8. FeOKNTPUK 3XTUMOJIINK

IXTHMONIMKHUHT  KAacCuUK Tabpuiuaa a1CMNHXap HaTumxanap
COHM 4Yeknn Oeb hapas KuanHaan. AManmnértga ac”™ KynuH4ya MyMKUH
6ynraH HaTmxanapum coum 4Yekcms 6ynraH Taxp»mbanap yupanawu.
byHpali xonnapga knaccuk TabpudHW KynnaHub 6ynmalian. bupok
oyHAaan xonnapga 6ab3aH 3XTUMOSIUKHU XUcobwialllHMHI 6oLuKava
ycynuaaH doiganaHmil MymMKuH 6ynm6, 6yHA Xam aBBairnaek
6ab3n XOOAMCANIAPHUHT  TEHI UMKOHUSIT/IMINK ~ >YLIYHYacu acoCui
axamusaTra ara 6ynué konaesepagu.

‘> OXTUMC//INKHUHI reoMeTpuK TabpHpn aeb a-ranaguraH ycyngax
Tacoauuii HyKTaHUHI OUPOP COXAaHWHI UCTasraH KUCMHra TyLUWLl
AXTUMO/IIUTUA By COX@HWHr YynuoBura  (y3yHnurural ro3ura, Xax-
Mura) nporopumoHan 6ynmé, YHUHI LWakaM Ba H<oWnawmmnra 6ofF-
nuK 6ynmaraH xonga donganaHuil MyMKAUH.

AHUKNIVMK Makcaauaa WKKM yndoBau xon CunaH 4veknaHamums.
Tekncnvkga t3u 5°ra TeHr 6mpop D coxa 6epHnraH 6ynu6, yHaa
to3n Sj ra TeHr d coxa xoWnawraH 6yncuH (12Q. wakn) . D coxara
TaBakkaura Hykra TawiaHaau. bByHaa 6y HykTaHuHr D coxaHuHr
UcTairaH KUcMmUra TyLWUW 3XTUMOJITHIN By COXNHUHI to3ura TYFpu
NPOMOPLUMOHa/T Ba YHUUT LUAKNW, XOoWnawuwmr”™ aca 60FIUK 3mMac
Oc6 dhapas kunmHagu. byHpalh xonga 6y HYKTaHMHr  Sa coxara
TN 3XTUMOJIIUTA

(3.1)

dhopmyna 6unaH aHuKNaHagw.

f l1-mncon. Ksagpatra WYKM JoHpa uyn”~unradH. Kesagpatra

TaBakkanura TaljiaHraH HyKTaHWHI govpa nmyura Tyl 3XTUMOS-
nrn KaHva?

EYHW. r opkam govipa paguycn Y3yHNUrHHM Cenrnaiivms. Y xai-
[ yHAMr toen S ,—ar2 ra, KBaapsTHUHr kM aca SKB -4r- ra TeHr.

M3naH3cTraH axTUMo/UIMK aca P —n/4 ra Tewr.

126- uryai
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2-mMuncon. YuypawyB Xxakugarn macana. /1 sa B knwwmnap
6upop xoiiga coaT 12 6unan coaT 13 opacua yypallyBra KemH-
LUMWAN. YupalyB Xohura KesraH KAWW LepuruHn 15 MUHYyTAaBO-
MUAa KyTagu, KelimH 3aca KeTub Konagu. Arap KypcatwuiaraH coart
JaBomMuia ynapfaH Xap OUPUHMHE KefHW naiTnapu Tacoamd;:n
Ba O6OfnMKMac 6ynca, SibHU OUPUHUHE KeNuw nanTM  MKKUNYUCU-
HUHI Kenvw umaiitura TabCup 3TMaca, Oy KHLIMMIAPHHHE yypalluuvi
SXTUMOIMTUHN TOMWHT.

Eunw. A KUWUHUHF KeJHW BaKTUHM X opkKanav, B knwuvummHr
Ke/HW BaKTUHW 3ca Y opkaan bGenrvnaimMmms.  Yypawys OYuvLLH

Y4YH
WY—xI < 15

6YNULIH 3apyp Ba Kudosaump. X Ba Y HU TeKUCIMKAA OeKapT Koop-
OvHaTanapu cugpatnga udogananmmnid (127-wakn), macwTad 6up-
nurn cuchatmaa 1 MUHYTHM TaHnanMmmi. bapya MyMKWMH 6Ynrad
naTmxanap TOMOHM 60 ra TeHr KBafpaTHUHI HyKTasiapy 6unak.
TacBMp/saHAW, yuypalwlyBra Kynauamk TyFAUPYBUYM HaTukanap aca
WTpUxaaHraH coxaga Xonnawaan. M3naHaétraH axXTUMOIMK 3ca
WTpUXIaHraH coxa l3MHUUE  BYyTyH KBagpaT to3ura HucbaTtura
TEHr, SbHU

go- 2-0.4-4)2 _ 0 4375
(502

4- 8. XoAucaHWHI HUCOWMIA yacToTacu

M Tta 6Mp Xun TaxXpubanap KeTMma-KeT yTKasunraH 6ynmé, ynap-
HUHI Xap 6upuaa A xoauca pyili GepraH €k pyii 6epmaraH GY/CUH.

Tab pud. A XpaucaHuHr GepuniraH Taxpubanap KeTMa-KeT/m-
rngarn HAC(BUIA yacToTac ge6 A xoamca pyli 6epraH Taxpubanap
COHUHVWHI yTKasunraH 6apuya Taxpubanap coHura Hucbatu antu-
naaw.

A XoAucaHMHI MUCOMIA YacToTackHN P*(J1) opkanm 6enrunacak,

P*(A) = " X (4.1)

6ynagn, 6y epga M— wy A xogucaHVHr N Ta Taxpubaga pyii Ge-
puvLll COHH, M — XamMWn Taxpubanap COHW.

Mwncon. Bylomnap cudatMHU HazopaT KAIUW YYyH MapTusaaH
TaBakkanura 100 Ta 6yloM onvHAMW, yniap ununga 4 1a 6yioM SpoK-
Cii3 uMKan. APOKCU3NUK HUCOWUIA YacTOTaCMHU TOMUHI.

Eunmw. A opKaim fpokcus 6Gylom umkuwmpaH uéopaT xoon-
caHn Genrunacak, Kyhwuparura ara 6ynammi: m=4, n=100 Ba

P* () =0,04.

Hncobuii yacToTaHUMHI 6Gab3n XOCCa/lapUHU UCOOTCU3 KeNTUpUG
yTamuns:

1) McTanraH XoAuCaHWHI  HUCOWIA vacToTacnm OupgaH OpPTUK

6ynmMaraH MaHduiimac coH, wy 6unaH 6upra P*(U) =1, P*(V) =0.



2) P* (A+B) =P*(A)+P* (B), 6y epga A Ba B — Gupraik-
Jamac xoaucanap.
XOAMCAHWUHT TaXpu6adaH OfauMH aHWKNaHaauraH SXTUMOIUMA-

naH hapknH ynapok XoAMCaHHHI HHCOui 4vacToTacum TaxpwubanaH
KeUVH TonnnagH.

5-8. 3XTUMOIIMKHUHI CTaTUCTUK Tabpudu

AliTannuk, 6upop Taxpuba ueknaHUWICU3 TakKpopnaHaau Ba
xap 6up TaxpubagaH CYHr KapanaéTraH XOAUCAaHVHI HUCOWH 4acTo-
TacH 6Gapuya YyTKasuiraH Taxpubanap cepusacu 6yimya xmcobna-
Hagn. byHaa ywby Hapca naikanagu: 6ownaa, yTKasmaraH Taxpu-
6anap 6ynraHnga, xap 6up TaxpubaHUHr Tacogmuii HatM<acu
Xxoauca HUCOWIA YacToTacMHU ce3wnapnn ysraptupagn. bupok Tax-
pubanap CoHM OpTMO Gopulin BUNaH Xap 6up SHrKM Taxpuba HaTu-
XXACUHUHI TabCupu Kamasi 6opagu. MacanaH, MHHIMHUM Taxpuba-
HUHI HaTmxacu HuUcbuH dvactoTaHu 0,001 gaH kamra y3sraptuvpaau.
XoOncaHMHI HUCOWiA YacToTacu ryé Tacogudumini 6Yynman Konagn sa
OUpop COH aTpodmaa TypFyHNawanu. AHa WYy COHHU KapasaéTraH
XOAMCaHUHI CTaTUCTUK 3XTUMONNUru aeb atanaaw.

MacanaH, arap 613 6up EKn OMP Heya owula Ba XarTo OGHpopP
KULLMOK axO/IUCUHU YpraHHW 6wunaH 4veknaHaguraH 6yncak, sHru
TYFUNTaH Yaka/loKNaprnuHr XWHCU 6YMHYa TakCUMOTU Xap KaHaal
oy MyMKHH. AXonucu kyn 6ynraH katta XyayAHH — ypraHv-
napuyraH 6ynca, HW 6yTyHnan 6owkaya 6ynagn. byHaa Ku3 Ba
yFnn 6onanap TYFUAULWIN HUCOWMIA YaCTOTACUHWUHE TYPFYHAUTN TYAUK
HaMOEH 6ynaan, wy 6unad éupra y Typam xyayanap yuyyH oup xun
6ynn6 unkaauw.

LiBen ctatuctumkacu wmabnymoTnapu 6yiivua 1935 hunpga Kus
6onanap TYFUAMWM HUCOWIA 4yacToTacu oiWnap 6yimua ywby >xad-
BaN4a KypcatuiraHugek TakKCUM/IaHraH.

By HHCOu uyacToTanap 0,482 coHu

TyfunraH
3 kus Gona- arpoupa TebpaHnb Typaawm. HOkopupa
O nap wuc- 6GaéH KunuHranura acocaH 0,482 COHVHWK
Guii uac- k3 Gonanap TYFWIULLM CTaTUCTUK 3XTU-
TOTaCH — monnurn pe6 xucobnail MyMKHH.
AHBap 0,486 6-8. AmManga MyMKUHMac xogucanap
..?\)AZ":)T” 8'338 Amvanga MyMKUHMac —xoguca Aeb6,
Anpen 0.471 IXTUMOJI/IUTN HOMra aHuK TeHr 6ynma-
Mai 0,482 raH, 6UpOK YyHra >ypga skuH 6ynraH
H*}g: 8%2 xoaucara antunagu.
Aarycr 0484 AmManga MyMKUHMac Xoaucanap a%-
CeHTsAGp 0,485  TWMO//MK Hasapuscufa KatTa axamu-
OKTA6p 0,491 AaTra ara, 6y haHHUHI 6apya amanuin Tar-
Hos6p 0482  Guknapu aHa Lynapra acocnaHaan, 6yH-
Aexabp 0478  na  amanuii WMIWOHY NPUHLUMNM  AeraH
fun Gyiinia 04826 Kowpara aman KWINMHWG, yHU OGyHaan

Tabpudpnal MyMKUK:
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Arap /1 xoamcaHWHIr 6cpunraH Taxpubaga 3IXTUMOAIUTU Xyaa
KN4nk 6ynca, y xonga 6y TaxpubaHu OMp MapTa YTKasuarruy,.
da N xoguca pyn 6Gepmarign Oeb amannii UIWOHY  XOCWM KWHLL
MYMKHW.

Bowkaua alTraHga, arap /1 XOAMCAUVIHE 3XTUMONAUTN Gepwi-
raH Taxpubaga Xyga Kuuumk 6\'nica, 6y TaxpumbaHm YTkasuwra
KMpuwacTtraHga ryé 6y xoguca ymyMaH  MYMKMHMAac fOe6, sibHu
YHUHI pyhn Gepuwnra Ky3 TyTMacgaH uw onmb 6Gopasepuil  ke-
pak.

AManuin MWOHY APUHUMAM  MaTemMaTuka BocuTaniapu 6GunaH
NcOOTNaHNLLM MYMKWUH 3MAacC; Y MHCOHUATHUHI BYTyH amanuii Taxpu-
facu 6unaH TacauknaHagH.

XoaucaHn amanga MyMKUMHMac Aeb xucobnall MyMKUH 6Yauuiun
YUYYH YHUHE 3XTUMOMIUIU KaH4YaluUK KWYMK OYNULLIM Kepak paerad
MacanaHu Xap 6Up anoxuaa Xonaa TaAKUKOTUMHUAT Y3U amanuii
MyfnoxasanapfaH Kenmé umknb xan Kunagu.

MacanaH, oTuwAa NOPTAATTUYHUHE HLWNaMan KOAWULW 3XTUMOJI-
nurn 0,01 6ynca, 613 NOPTNATITUYHUHT MwWNamMali KOAUWMHU aManga
MyMKUHMaC xoauca Oe6 xucobnawivMmi MyMKUH. BUpok cakpawpa
MapawloTHUHT OYU/IMalA KoM axXTuMmonurn xam 0,01 ra Tewr 6yn-
ca, 6u3 yHM amanga MyMKMHMAc Xxoauca Aeb  Kapamacimrumus
7103M Ba MNapallioTHU KaTTa WMLWOHYAM KUAUWra XapakaT Kuvwun-
MU3 3apyp.

Y3-y3unmnm TeKWUpuUW YuyyH casonnap

1 KaHpali xogucanap Tacogmduii. Myxappap Ba MyMKMHMac xoaucanap nAeb
aTanagu? byHpali xoaucanapra muconnap KentupuHr.

2. Xoaucanap Tyna rypyxu TabpuduHU alATMb 6GepuHr Ba MWUCONNTP <&t
TUPUHT.

3. XoaucanapHHHI 6uprannkgamacivnk TabpuuHU alTUHT Ba MUCONNap Ken-
TUPHHT .

4. KaHpali xoamcanap 3KBMBaneHT XoAHcanap Aeb atanagn?

5. XogHcanapHUHr AnrnHamcn Ba kynamtmacu aeb Humara antunagH? Mwucon-
nap KenTMpuHr.

6. BbeHn guarpamMmacHHH mdoganaiiguraH MUCONHU GaéH KUAUHT.

7. XoAHcanapHu KyLWul Ba KYNauTUPHLL amanfapuvHUHE acocuii XoccanapuHm
KypcaTHUT.

8. IXTUMO/UVIMKHUHT KNacCuK TabpudLlill anTné Gepunr. YHUHI acocuii Xxocca-
napvHu ndoganaHr.

9. TaHnaHmMa Xxakmaarv macanaHuur KYWHAMWUHW TabpudnaHr Ba 6y macana-
HUHI eyMnHN G6epaauraH opmynaHu E3uur.

10. TeoOMeTPUK 3XTUMONINK TabPUUHH aliTNG GEepUHr.

11. YypawyB Xakpmgarn macanaHun 6aéH KWAWHE Ba YHHHI €4YUNULW YCY/NHHH
KYPCaTHHT.

12, XogucaHUHr HUCOMIA yacToTacu Aeb Humara antunagu? Mucon KenTApUHT.

13. HMcbnit YaCTOTAHHHI XOCCanapuHW KypCaTuHT.

14. CTaTUCTUK 3XTUMOS/IHK TyllyHYacu KaHaah kuputunagn?

15. XoamucanapHHUr amanga MyMKUHMAC/IHK MPHHUHNM HHMagaH H6opat? M-
CO/M KENTHPUHT.

16. AManuii UWOHY APUHUMMNH HUMagaH néopat? MUCon KenTUPUHT.

17. 14.35— 14.41, 14.66— 14.159-macananapHnN eUnHr.
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7-8. bupranukgamac xogucanap Y4YyH 3XTUMOJUIMKHU KYLIWL
TeopemMacu

1-Teopema. WNKkuta 6Gupranvkgamac A Ba B xoamca nWFUH-

OVCVHUHE aXTUMONNnru 6y xogucanap 3XTUMONNIMKAApU WAFMHON-
cura TeHr, sibHU

P(A+B) =P(A) + P(B). (7.1)

By Teopemauu CUMHOBMAP CXemMacu Y4yH Muc6oTnaimms. Takpu-
—-GanHHr MYMKWH 6YyniraH HaTwkanapwu M Ta CUMHOBAA KeNTUPW/ICUH,

613 yNapHM SKKON OYMWH Y4yH M Ta HyKTa KypuHMLWIAa TacBup-
namimMmms:

m k—B

By n Ta xongaH m Tacu A xogucara, k Tacm B xopancara Kynaii-
NVK TYFOUPCUH. Y Xonaa

P(A)AN—, PB)~= —.

J1 Ba B xoaucanap 6upranvkgamacnuru cababnu, 6up BakTaa Jl
xoaucara xam, B xoaucara Xxam Kynawnmk TyFOMPYBUM  XOsap
Wyk. Jemak, A +B xogucara tn+k Ta Xon Kynauwnuk TyFaupagn Ba

P(A+B)~— &= —+ -~P(A) + P(B),
n n n
arra WwyHu uc6oTnaw Tanab aTuaraH agw.

1-mMmucon. Jirap kKabyn kunuw wapTnapura kypa 50 ta 6ytom-
'DIAH KYynNu 6unanm 6mutta 6ytoM SpoKCcM3 6ynravga Kadysn Kunuvuw
MYMKWUH 6ynca, numga 5 Ta Apokcmsm 6ynraH 100 Ta 6GyomMpgaH
TaBakkanura apmm onub TekwmpunraHga 6y napTUSHUHE Xammacu
Kabyn KUANHULL 3XTUMOA/IMTUHU TOMUUT.

Eunw. A opkam 50 Ta 6YylOMHW TeklmpuaraHga 6utra xam
APOKCU3 OYOM uYMKMaraHnuru xogucacumuv, B opkanm aca cakart
6uTTa SApPOKCU3 OBYIOM UMKKAHIUIM XoaucacuHn 6enrnnanmMmma.

Kabyn wapTnapura kypa, arap A +B xoguca 3 6epca, OytoM-
nap naptuacu kabyn kunuvHagu. J1 Ba B xoAaucanapHWHr 6Gupra-
nukKgamacnuruHn xamga (2.4) dopmynaHm xucobra oscak, Kyhnaa-
rMHU XOCWUT KWUTaMU3:

c® @0
P - P(A+ B)=P(A)+ P(B) - +-~0" =0,181.
i YoO

WyHpan Kkunmb, kKabyn wapTtnapu 6yiinua 6y Oytomiap nap-
Tuacyn 0,181 aXTUMOIIVK BUNaH Kabyn KUINHULLIKM MYMKMH.

KyWwniw TeopemacH WUXTUEPWIA cOHparH Gupranvkgamac xoavca-
nap 6ynraH xonra xam yMyMAalTHPWIULIN MYMKUH.



2-Teopema. Arap Ab Al, ..., AN XOOMCaMapHVHI Xap VKK
o/ Grpranmikaamyc 6ynca, y Xora ywy copmyna yprHim:
m+A+--. +tA=P(AJ+P(A3+ ... +/>(4). (7.2)

McboTun. Yuta 6upranvkgamac Au A2 A3 xoaucaHun xapaii-
K. 1-Teopemara kypa

PAIi+ A2+ N3 =P((N,+ N2+ N3 =P (Tt+ A +
+PN3=4A(N3+ 4N+ P(N3.
YMyMuUii xonga TeopemMa MaTeMaTukK WUHAYKUUA ycynu 6unad

NCOOTNAHNLLN MYMKUH.
1-HaTuxa. Arap Alt 12 .. ., AN xooucanap xap UKKUTacu 6rp-

ravkgaMac xogucanap Tyna TFypyXuMHU XOCWl Kuica, Yy Xonda ynap
AXTUMOSUMKNEPN ArvHamMcK 1 ra TeHr:

PAAY+P(A%+ ...+ P(AD =\ (7.3)
McboTun. Bup TOoMOHmaH, f1,, 12 ..., AN xommicarmap rypyxm
Tyna GynraHIMrn yyyH
P(Ar+A,+ ...+ /)= /) =1.

VIKKuHUM TomoHgdaH, Alt N12 . .. , AN XOOMCANapHUHT Xap WKKUTacK
Gupranvkgamacimrin - cababnm
PN+ 2+ ... +AD=PAdY+P(A3+ ... +P(AN.

By uWKkuTa hopMynaHn Takkocnaob,
PNY+PN2+ ...+4(4,)=T

HA XOCW/T KuiamMu3, WyHM wuc6oTnaw Tanab XuavMHraH saw.
2-HaTux a Kapama-xapwm xoaucanap 9SXTUMONINKIapK
AnFUHOUCU 1ra TeHr :

P(A)+ P(A)= 1 7-4)

By HaTtwka 1-HaTwaHWUHI XyCyCUIA XOnW, JapxXakvkar, J1 Ba J1 xoo/-
canap Tyna rypyx Xocun Kuiagu Ba bupraavkaamac.

AXTUMONINK Ha3apUSICMHUHI amManuii Tatbmknapuga 2-HaTmxa
MyXUM axamusaTra ara.

AmManunétga kKynuHya J1 XOOMCAHWHT 3XTUMOJUIMIUHU Xucoball-
OaH Kypa J1 X0AUCaHUHI 3XTUMOJI/IUTMHU XUCcOobnall OCOHPOK 6Yna-

on. by xonnapga P(A) HH xHco6naHaau Ba

P(T) =1-4(1) (7.5)
HU TONMWMNaawn.
2-MunUcoON. 7 Ta OK Ba 3 Ta KOopa Llap COMUHraH mauwiaaH Ta-
Bakkanura 5 Tta wap onuHagu. ONuHraH wapnap wnmuuga xed 6yn-
Maranga 6muTta Kopa wap O6ynuw 3XTUMOSIUIUHU TOMHHT.
Eunmw. A opkamm onvHraH 5 Ta wap nmumMga xed o6ynmaraHga

6uTTacK Kopa wap o6ynuumn xoaucacwil 6enrunammus. Y xonga J1
Xoauca oNuHran Lwapnap numga 6mTta Xam Kopa wap NyKImrumm
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okpampaan. P(J1) Hu Tonamus. Maexypn, LWapnap wuamgaH 5 Ta  LWapHW
(fD Ta ycyn GWwaH O.TMW My.MKMH. 7 Ta OK wWapdaH 5T1a wapHu Cs Ta
ycyn 6unaH QMU mymkmH. Ly ca6abnuv

P<A)= fnioz 0,083,

6yHgaH P (J) =1 — p (J1) = 0,917.

8-8. bupranukga xoAHcanap Y4YyH 3XTUMOJUIMKIAPHH KYLINLL
Teopemacu

Bupranukgamac x6aucanap yyyH — 3XTUMOJIMKIAPHH  KYLINLL
TeopemacuaaH hoHganaHn6, 6HpranHK4a xoaucanap yyyH 3XTUMOos-
NVKNapHU KyLIMW TEOPEMacuHM HCOOT/IaiMH3.

T eopema Nkkuta bupranvkgarn xoamcagaH xed o6ynmaraH-
Aa GUPVHWHT pyin 6epuiu aXTUMONUIK By xoaucanap 3XTUMONINK—
napmn WaFMHOUCMOAH YNapHUHT Gupranvkga pyin 6epull 3XTUMOs-
JNTVHN alAnpunraHura TeHr:

P(A+ B)=P(A) + P(B) —P(AB). (8.1

McboTtun. A, B Ba A+B xoaucanapHm Kyihngarnya 6upraimk-
Aamac xogucanap WMFUHOMCH KypuHuwmnga wdoganaimmna:

A=A(B+ B) =AB+ AB, B =B(A + A) = AB + AB,
A+B =AB + AB+AB.

Bupranvkgamac xoaucanap Y4YyH 3XTUMOJUIMKAAPHU KYWuLl TCO-
pemacura kypa

- P(A) =P(AB) + P(AB),
P(B) = P(AB) + P(AB),
P(A + B) = P (AB) + P(AB) + P (AB).
by yuta TeHrvkgaH (8.1) chopMynaHK OCOH XOCW KUiamma:
P(A+B) =P (AB) + P(AB) + P (AB) = P(AB) +P (16 »
+ P(AB) + P (AB) — P (AB) = P(A) + P(B) — P (AB).

Teopema mCOOT KWIMHOMN.
(8.1) doopwyria cogga  reoveTpl Ta-
KMHra ara (128-wwakrn).
Yuta 6upranvkgamac xoauca MFUH-
OVICUHUHE  3XTUMOJIIUTA - yLLBYy  doopMy—
na 6yinya xmcobnaHaaw:
P(A +B+C)=P(A)+ P(B) +
+ P(C)-P(AB) —P (JIC)— P(BC) +
+ P(ABC). 128- wwakn.
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9-8. IXTHMOANUKNAPHU KYynaATupuw Teopemacu

AXTUMONMNKNAPHN KYNalTUPHLW TeopemMacHHW 6aéH a3Tuwaa»
aBBanl 6ofnMKMac Ba OOFIMK Xxogucanap xakugaru ywoéy Myxum
TywyH4Yann 6aéH atamus.

I-tabpud. Arap A XO0OUCAHWHT 3IXTUMOAIUTH B XxoamcaHwHr
pyii 6epraH ékm pyi 6cpmaraHnurura 6ofnuk 6ynmaca, A xoauca
B xopgucara 6ofnukmac nerivnagu.

2-Tab pud. Arap A XoAnCaHWHI aXTUMONIUTN B XxopucaHwHr
pyii 6cpraH ékm 6epmaraHnurura 60fnNuK paBHWAa y3rapca, A Xo-
anca B xopgucara 60FnnkK gennnaaun.

1-mncon. Omb6oppga 500 goHa namna 6ynu6, ynapgaH 100
Tacm 6up 3aBogga Ba 400 Tacu 6Gowka 3aBoAda TaWépriaHraH.
BupuHumn 3aBogpa TaliépnaHraH namnanapHuUHr 80 ousm Mabiaym
CTaHAapTHW KaHOaTNaHTUPCWUH, UKKUHYM 3aBOJ, Maxcy/loTu YuyH 6y
60 choms 6YyncuH. A XoAucaHWHI — omb6opaaH Tacoauduii ONVHraH
6UT-Ta NamnaHWHI cTaHA4apT wWapTiapHHU KaHOoaTNaHTUPHLL  3XTN-
MOJITUTUHN TOMUNT.

CtaHgapT namnanap >amu conu 6upuHYM 3aBogja TanépnaH-
raH 80 Ta namnagaH Ba MKKMH4YM 3aBoafa TariépnaHraH 400-0,60=
=240 Ta namnagaH wub6opar, abHM 320 ra TeHr, gcmak, P(A) =
= 320 : 500 =0,64.

Xucobnawpaga onNuHraH namna Kalcu 3aBoj, MaxCynoTu 3KaH-
NI xakmparn xed kangam TaxMuH KunnHmagu. Arap 6y xungarm
TaxXMUH KWAMHCA, Yy X0n4a O6u3HM  KH3MKTMpaéTtran 3XTUMOJINK
y3rapagun. MacanaH, ONVHraH namna 6upuHYH 3aBoafa TalépnaH-
raH (B xopgwuca) pe6 cdapa3 kunainuk. By xonga ynuHr ctangapT
6yNHW axtumonnurn aHam 0,64 amac, 6anku 0,80 6ynagwn. ByHpgaH
A xoanca B xogucara 60fnunk oeb xynoca ymkapamus.

3Tabpud A xogmcaHumHr B xoauca pyn Gepan neraH wapT-
ha xucob6nanraH axTumonnurn A xoamcaHuHr B xoamca pyi 6eplum
Wwaptngarn wapTam axXTUMoaamrn ae6 atanaau sa P(A/B)  6unaH
6cnrunaHagu.

OonaunHrn muconga P (/) =0,64, P(A/B) =0,80.

A xoaucaHuHr B xopaucara O60FNMKMAc/AUK LWAPTUHU  YLWIGY

P(AIB)=P(A) 9.1)
hopmyna opkanu, GOFNMKIMNK WapTUHK 3ca

P(A/B)OP(A) 9.2)

hopmyna opKanim é3ul MyMKUU.

KynanTupuw Teopemacu A Ba B xoaucanap kynant-
MacUHWUHI 3XTUMONIUIM 6y xoaucanapgaH OVPUHWUHE 3XTUMONIN-
FTMHU WKKUHYM  XOAUCAHVHI 6GUpUHYM  xoguca pyii Gepam aeraH
WwapTaa WwapTam aXTUMONIUIura Kynaitmacura TeHr:

P(AB)=P(A)P(B/A). (9.3)
M cb6oTun TeopeMaHU KaccMK CxemMa YyuyyH WUc60T Kunamus.



Bus ynapHH Kyprasmanu O6YnuMwun yyyH wuWyKTasnap KypuHuwsaga
TaceMpnanmMmms.

X

4 xopucara T Ta xon, B xopucara aca k Ta xon Kynainuk
TyFAHpcuH. By A Ba B xogwcanap 6HpranHkga neb dapas kunaii-
nuK, gemak, ymymaH antraHpa, A xoaucara xam, B xogucara xam

; Kynainuk TyFoupaguraH xonnap 6op. byHpari xonnap conu | Ta
6yncuH. Y xonga
P(AB) P(A) ——.
H, n n

P(B/A) Hn, sbHM B xopgHcaHWHr A Xxoauca pyi 6Gepan perad
WwapTAarv wapTan 3XTUMOAIUTUHU Xucobnaimmns.

Arap A xoauca pyn 6epraH 6ynca, y xonga warapurm MyMKUH
6ynraH N Ta XongaH /1 xogucara KynamnHk TyFaupaguraH dakart
m Ta xon konagu. YnappaH / Ta xon B xogwucara kynainuk TyF-
AOHpaan. flemak,

P (B/A) - —.
T
3HAN TEOPEMAHUHT UCOOTUHU SIKYHNANMU3:
P(AB) - i- - — -L - P(A)P(B,A).
n n T

WyHn vcboTnaw Tanab KUAUHraH s3aw.
M 30x. AB—BA 3kaHuMHM Xxucobra oncak, (9.3) dopmynaHu
OyHAaH KYpUHMLWIAA E€3ULW XaM MYMKUWH:
P(AB) —P(B)P(AB). (9.4)

Kynatnpuw TeopemacugaH Kenué uuKaauraH HaTvKanapHu
KenTupamms.

l1-HaTuxa. Arap A xoaumca B xopgucara 6ofnuk 6Vimaca,
y xonga B xoguca xam A xogucara 6ornvk 6ynmangw.
McboTtu. (9.3) Ba (9.4) cdopmynanapHu Takkocnab,

P(A)P(B/A) = P(B)P(A B)
HU XOCWUT KNNaMH3.
P(A/B)=P(A) 3kaHMHM xucobra oncak, 6y epaaH

P(A) P(B/A) = P(B) P(A)
in xocmn kunamm3. by TeHrnmkpgaH P(A)p O peb (jwpia Kuamvo,
P(BjA) =P(B)

HMU xocun kunamma, 6y aca B xopguca A xogucara 60F1UK amaciv-
rvHM 6unaupagu.
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By HaTmxapaH xoAucanapHUHI 6GupranHkaa Ba Gupranvkaamac-
1rn y3apo 3KBUBANEHT 3KaHAUrM kenub umkaau. Wy mynocabar
6HNaH B6yHAan TabpUHU KNpUTaMmn3s.

4-Tabpuno Arap UKKHTaA XxoaucagaH OUPUHUHI pyiA Gepuwn
HKKMHYUCHHUHI  pyii  6CpULll  3XTUMOIUTUHK  Y3rapTupmaca, 0y
xoancanap 60fMKMac neb6 atanagu.

2- HaTwnx a. Mkknta 60fAInMKMac xoauca KynanTMacuHWUHE pyi
6epuvl 3XTHMONAUITM By xoAucanap 3XTUMOMNUKNAPHHUHT KynamnT-
Macura TEeHr:

P(AB)=P(A)P(B). (9.5)

Mc6otn. P(AB)=P(A)P(B/A)=P(A)P(B), wyHn wucboT-
naw Tanab KuaMHraH saw.

Arap A Ba B xoaucanap 6ofnukmac 6ynca, y xonga 3XTMMoOn-
NMKNapHN Kywuw ymyMuH koupacu (8-8 pgarm (8.1) cdopmyna) A
Ba B xoaucanapHUHr HAWFUHOWUCK 3XTUMOMAIUTUHWU 6eBocuTa A Ba B
XOAUCAIAPHNHT  3XTUMOJIINKNapn OpKan TOMHW  VMKOHWUHU
6epagu:

P(AN-B)=P{A)+P{B)—P(A)P(B). (9.6)

2-mncon. WNkkuta mMepraH 6up-6upura 60fnmMkKmMac pasuwwga
6UTTa HUWOHra kapaTta YK y3nwmokaa. HUWOHra TeKKU3UL 3XTU-
MO BUpUHUYM  MepraH  ydyyH P(A\) =0,9, WKKMHYH MepraH
yyyH P(/12)=0,8. Arap HUWOHHUHI SIKCOH KWIVHULWW Y4YyH 6UTTa
YKHUHT Teruwm Kuioa Kuaca, HUWOHHWUHE SIKCOH KW/INMHULL 3XTU-
MOJIIUTUNN TOMUHT .

Euunw. /4 Ba 12 xoaucanap (HUWOHHW OUPUHYN Ba WKKUHYH
mMepran ypuwmn) 60fIMKMAC, LWYHUHT YYYH W3naHaéTraH 3XTUMos-
nnkHM xmucobnawpa (9.6) dopmynaHn Kynnanmms:

P(N,+12 =0,9+0,8-0,9-0,8=0,98.

AXTUMONNUKNAPHM KynaiTupuw Teopemacu WcTanraH coHgaru
3XTUMONIMKNAP YUYYH YMYMAAWTUPUAULLIN MYMKUH, YYHOH4YM YLIGY
Teopema YpUHAN.

1-T eopema. Kylimgarn gopmyna ypuHnu

PO4A ... A)=P(AIP(AMP(A3A, A, ...
...P(A/AB2 ——-An ). 9.7)

TeopeMaHUHr ncboTM mMaTemMaTuK MHAOYKUUS ycynu 6unaH baxa-
punagw.

3-mucon. 100 Ta getangaH mbopaT rypyx TaHaaHma HasopaTt
KWNIHHMOKAA. BYTYH TFypPyXHUHI APOKCU3MVK WapTn TeKwmnpunaérraH
6cwTa geTangaH Xed 6ynmaraHga OGHTTAaCMHUHE APOKCU3 6ynmwmn-
ovp. Arap rypyxaa 5% sfApokcm3 getan 6op 6ynca, 6y rypyxHuHr
Kabyn KUWInHMacnmK 3XTUMONNUTN KaH4ya?

E uHw. [eTtannap rypyxum kabyn kunnHuwmganm mbopar kapa-
Ma-Kapwun A XOOWUCAHWHT 3XTUMOMIUTMHW Tonamm3. By  xoguca
6cwTa  XoAucaHUMHr kKynamtmacu  6Ynagun: A =A\A2ATAAAL, 6y
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eppa Ak (k= 1, 2, 3, 4, 5) TekwmpwuiraH k-pgetan cucdatim  dKaH-
NHrUHW 6ungupagu.

CyHrpa P(A\) =95/100 ra a3aramus, 4YyHKM 6apuya pgeTtannap
100 Ta, sipoknmnapm 3aca 95 Ta, A\ xopauca pyi 6GepraHupaH CyHr
99 Ta petan KonagH, ynap opacmga 94 Tacu ApPOK/N, LWWYHHHI
\'uyH P(AN/AL) = 94,99. LUyHra yxuwaw, KyhngarHnapHyu Tornamms:
P(AZA,AS=9398, P(AjANA]j 92/97 ‘pa P(AL/AtA2ATAY =

A Ay _ 95 94 93 92 91 _ p-
= Bs96. I9.'}) %OPMXHMaH Ig(VA)_— 0 -@ "% o -?6 = 5,7%.
M3naHaétraH axtumonmk: p —P(J1) — 1—P(A) = 0,23. 3HAu ywoy
TabpPUPHU KUPUTaAMU3:

5- Tabpwud bup Hcya xoaucanapfaH ucTanraH 6upu KonraH-.
NapHHHHT UCTa/raH TYMJaMUHWHI KYyHanTmMacura 60fnuK 6ynmaca,
6y xoaucanap oupranvkga 60fnvkMac aoe6 atanaju.

By TabpHdra acocaH (9.7) dopmynagaH ywby TeopemMaHu XOCun
Knnamns:

2-Teopema. Arap A\, A2 ..., A, xoaucanap Oupraamkga
6ofFMKMac 6ynca, y xonga 6y xoaucanap KynanWTMacMHWUHE 3XTU-
MONINTU yNnap 3XTUMOIMKNAPUHUHI KynaiTMmacura TeHr:

P(ALA2... A =P(AJP{A2 ...P(AN. (9.8)
Xycycunih xonga, .4,, A2 ... , AN xogucanap 6up Xun P 3XTUMOIMK-

ka ara 6ynraHpa (9.8) dopmyna KyhnparvHmi Gepagw:
P(AJAr...An = pn (9.9)

10- 8. Xeu 6ynmaraHga 6UTTa XoOUCaUVHI Pyl 6epull 3XTUMONINUTK

By axTumonnnkHu 613 acnvpa (8.2) cdopmyna opkanu xucobna-
WMMU3 MYMKWH. BUPOK Xoaucanap COHW Xanu yH4Ya KaTTa 6ynma-
raHgaék, 6y cdopmynagaH doligjanaHHWw KaTTa Xuco6naw uwnapu
6unaH 6ofnukK. Wy cababnm 6y 3XTUMOANMKHU Xucobnaw  yyyH
6owka copmynagaH doliganaHunagn.

Teopema. bupranmkga 6ofnmkmac 6ynraH A\, Ab ..., A,
XoAucanapHUHI xXe4y 6ynmaraHga 6UTTaCMHUHE pyii 6epuwiaaH néo-
pat A XOANCAHUHI 3XTUMOSINTA

PO) = A(J11+ na+ ... +AN=1— -=4n (10.1)
ra TeHr, 6yHaa gt = P (A8
Mcbotu. A=N!+/12+ ...+ AnobynraHnkrn yuyH A=JITAr... A,.

(7.5) Ba (9.8) chopmynanapgaH coliganaHub, KylmaarmHm xocun  Kuna\ms-
P(A)= 1- P(A)= 1- PAA\ Ar ... An= 1- P(A)P (7). . .P(N,)=

= 1— % g2 ... gn WyHn uncbotnaw Tanab KUIMHraH sgwn.
XycycaH, Ax A2 ... , An xogucanap p ra TeHr 6VMp Xwi 3XTUMOS-
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NnKKa ara 6ynca, y xonas ynupgas \eu Oynmasra iga 6 uttacun iHr pyii
6epuLLl SXTUMOINTU

P(A) 1—an(gq”™[—p) (10.2)
ra Teur.

1-mncon. Yuta Tynganm OTUWAA HULWOHra TEKMU3ULW 3IXTUMO-
nvru moc pasuwpa pi =04, /2=0,6, p3=0,7, HUWOH SKCOH KUIN-
UMW YYyH 6UTTa YXUMHI Tcrmwm Kudpoa kunaca, yuvana TtyngaH
6up nyna oTMWAa  HUWOHHUHE SKCOH KWIWMHWULW  3XTUMOIIUTUHN
TOMMWHT.

E yumw. Ai, J12 Ba A3 xoancanap HWWMOWHM MOC paBuwga 6u-
PVHYM, MKKMHYXN Ba YUYMHUYM TynnapgaH ypuwHW 6ungupcuH. by
xoaucanap 6upranvkga 6ofnMkKmMacnuru paswaH (xap 6up TyngaH
HULIOHIa TEKKU3ULW 3XTUMONIUIM 6owKa Tynnapgan OTULW HaTuxa-
napura 6oknukmac). CyHrpa (qi=I|l—pi=0,6, <72=1—p2=04,
g3=\—p3=0,3. M3naHaéTraH 3XTUMONAUKHM (10.1) opmynagaH
Tonamms:

P(A - 1—q,9.g3- 1—0.60,40,3 - 0,928.

2-mucon. Cwuctemaga Myxum Kypunama 6ynm6, y N Ta ane-
MeHTAaH MbopaT Ba YyNapHUHI Xap OUPUHUHI 6y3unimacgaH uwnaw
AXTUMONANTU (UWOHYAMANIK) P ra TeHr. Arap 6y anemeHTnapaaH
Xey 6ynmaraHga 6uTTacu Hwaca, KypHAMa uwnangu. by kKypun-
MaHWHT WUWOHYINAHIN GepunraH P gaH opTUK GYNUWH YUYYyH Yy Heu-
Ta 3fieMeHTra ara 6ynuwun kKepak?

Euyunw. By KypunmaHHHIr cakaT 6apya 3/eMeHTNapH uwaaH
UMKKaHUOarnHa YHWHr Oy3vnuwn pyn 6epagn. dneMeHTNapHUHT
MwaaH UYMKUWKMHKU 60ornunkmac xoaucanap p[eb, n ta 3NCMCHTHUUT

XaMMacVHU ULLAAH UMKMWLL  3XTUMOSIIATMHA Tomamuz: Yy (1 — P)M ra TeHr.
LWYHMHT  yYyH  KypWIMaHWHr  6y3uiMacfaH  uvwnaw  3XTUMOIUMK

1— (1 —p)nra Tenr. 3HaU Macana —(1 — p)n > P TeUrcmsnmkHu KaHoar-
naHTM)aguraH M COHHWM TOoMWWdaH mbopar, 6y TeHrcusnmK

ra TeHr Kyuynu. MacanaH, 3NeMeHTHUHI uwoH4Yauanrm p=0,8 ra, cuc-
TeMa KypwIMacUHWHI Tanab KuaMHaétraH WWOHYIUMANTU  3ca
P= 0,99 ra TeHr 6ynca, y xonga

lg 0.01 -2 :
1g0,2 — 0,699

WyHpali kunn6, 6y wWwapTnapia cucTtemMa yyTa 3/1eMeHTra ara
6ynnwmn Kudos.

Y3-Yy3MHU TEKWUPHLW Yy4YyyH caBonnap
1 BupranHkgamac xoaHeanap YyuyH 3S\THMOJUITHKNAPHH KYWWW TeopeMacuHu
Tabpugnab GepHHr.
2. Bupranukgamac xogucanap yvyyu 3XTHMO/UIMKNAPHU KYLIMLW TeOPeMacUHHHT

acocuii HaTHXanapuHH anTné GepuHr.
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3. bnpranukga xoaucanap YY4yH 3XTUMONNUKNAPHU KYWWL TeopcMaeuvHW Tab-
pucnab GepuHr.
F 4. XOANCaHVHI WapTnn axtumonnurn aeb Humara aritnnagH?

5. VIKKHTa XOAWCaHHHI OGOFINKMacIUIn TabpuHHU aiTM6 GepuHr. KaHpawn
XogHcanap 6upranvkaa 6ofnHkmac neb atanagH?

6. IXTUMONANKNAPHH KYMauTUPHL TeopeMacuHW anTnb 6epuHr.

7. KYnanTHpULW TeopeMacUHHHI HaTMXKAacWMHW alTHHI Ba MMWUCON KEeNTHPUWT.

8. Xeu 6ynmaraHga 6nNTTa XOAMCAHUHI Py 6epull 3XTUMOJIIUTUHH XMCO6IaL
XakHaarn teopemMaHu anTtHO6 6epuHr. MUCON KENTUPWUHT.
t 9. 14.160— 14.224-macanasiapHu eUnHr.

11-8. Tyna axTumonnm<dopmynacu

BHpop J1 Xxoauca 6GupravkgaMac XoAMCTapHUYHr Tyna  rypyXxuHs

xocun Kunagurad //,, H,.......... Hn xogHcanapHuHr (ynap rvHotesanap
[e6 atanagy) 6upn Gunan pyii G6epulm MyMKWH GYyncuH. By runote vi-
NApHUHI  F.YTUMOVMKNApU MabfiyM, sivHy P (/7,), P (//_), . .., P(Y ) 6e-

puiraH. by rHOoTe3anapHUHr Xxap 6vpy amanira owraHuga J1 xo4mnc3xmr
pyii GepHW LWapTAM 3XTUMATAMKNAPU XaM Mabiaym, sbHH  P(J1 /7)),
P(N/N,),..., P(JI/HN) axtumonnuknap 6epunraH. .4 XOAUCAH Uar 3XTU-

MO/IIUITMHU  Xpcobnaw Tanad KuImH3aM.
By xonga ywby copmyna YpHHAU 6YIULLVMH Y4 NCOOTIaiMAE:

P(N)~ P(IN)P(NN.-H,) + P(HDP(JT:H2 .. = P(HOP(UT H,). (ii.i)
Nceotm. Hwu II,........... Hn runotesanap tyna rypyx 6ynraHn-
m yuywyH A- AU - IHy+ H, +. ...+ //) - JIHr+ NH2+ ... +
+ JIHn. //,, /72, ..., //, rvnotesanap OUpraivkgamsc, LWYHWUHT Y4YH
NHw NH,, ..., AHN xogucanap xim 6upra.nkgaMm ic. bynapra KyHr..ur

TeopemMacy, KevH KynanTupu TeOpP3HCUH i Kynnab, KyhBOarvH i Xocu.T
Knnamms:

PUT) =P (IH,) + P (IHQ+ ... + P (JIH
A-P(H]DP(A;H,) + ... TP(H,)P(N /7,),

aHa wyun mncbotnaw Tanab KUAMHraH agw.

M ncon. UMTuxoH bunetnapu nunga Tanaba Gunmaingurannapu
xam 6op. Kaicu xonga Ttanaba yyyH y 6unaguraH 6WACTHW ONWULIH
IXTUMONINTX KaTTa 6ynaau: y 6unetHu 6mpuHum 6ynmub6 onraHgamu
EKN NKKUH4YN 6Ynnb onraHgammn?

E yunmw. n— Gapya 6unetnap coHn Ba k — Tanaba 6unaguraH
6unetnap coHu 6yncuH. A opkann Tanaba y3n 6unaguraH 6UNETHU
oM xoaucacuHu Genrvunarmmni. Arap Tanaba OUNETHH OGUPUHYK
6ynn6 onaguraH 6ynca, y xonga OU3HW KU3UKTUpaE&TraH 3XTUMOJ-
nuk P (A)—k/n ra TeHr.

Arap «BuU3HUHI» TanabamMH3 OUACTHM UKKUHYM 6YNn6 onaguraH
6ynca, 6H3 6y epga Tabumii ywby HKKUTa TFUNOTe3aHU KYyaMU3:

H,— 6upnHun Tanaba «b6U3HHHr» Tanaba 6unaauraH 6uNeTHU
onaw.
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#2 — OUpPUHYM Tanaba «6U3HUHI» Tanaba Guamainguram 6uneT-
uM onaw.

By rmnoTtcsanapHUHIr 3XTUMONNKAAPUHU TONaMN3:

PH)=\ PH>)=""X
n n

A xopncaHmHr HL Ba H, runortesanapgary waptnm axXTUMOINMKIap.!

rateunr. (11.1) dopmynara kypa A XOAWUCAHUHT Tyna 3XTUMOIUTUHN
Tonammn3s:
k k—1 , n—k k k

n n—1 n mn— 1 tl

WyHaan knnnb, 613NN KU3UKTUPaETraH 3IXTUMOJI/INK WKKana
Xonga xam 6iip Xun akaH.

12-8. TvinoTe3anap Teopemacu (beiliec dopmynanapw)

MacanaHuUHr Kynunnunwwn. bupranvkgamac Hu /= ..., Hnm
notesanap Tyna rypyxu OrpunraH. by runotesanapHUHr Xap OGUPUMHWUHE
axtumonmrn - P(Hj), P(H,), ..., P(HA) wmabnym. Taxpuba yTkasu-

fagn Ba YHUMT HaTux3cupa A xoauca pyii 6eps3gn, 6y XOoOAMCaHUHT Xap
6Up runotesa Gyiinua axtumonurn, sbHu  P(A/H,), P(A/H)), .
P(A/JHM) wmabnym. /1 xoguca pyii 6Gepywm MyHocabatn 6unaH m—

MoTe3a/TapHVIHI 3XTUMI/VIMKIapUMN - KaliTa Gaxorawl, 6ollkava aiTraHaa,
P(HJA), P(H,/A)........... P(HJA) wapTam 3xXTUMONIVMKNAPHN TOMWLL

Tanabd KAwwmHaon.

By kyiinnraH Mmacanara yw6y runoTtesanap Teopenacu xas3ob
6epaaun.

Fr'MmnoTte3anap Téopemacu. Macana wapTnapugarii cu-
HOBAAH KEMNHIM runotes3anap 3XTUMOANMKNapu ywby cdopmynanap
6yrinya xmcobnaHaaw:

(12.9)

ANP(HKP(AIH,)
Mcb6oTn. Kynmaintupuw TeoprmMacuiaH:
P(AH() = P(A)P(H{/A) 3a P(1//,-) = P(HLP (A/Ht).
By dopmynanapHn Takkocnab,
P(4)P(//tM) = P(WL)N/ ™)

HM XOCWUN Kunamms, 6yHAaH
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P(A) mm (11.2) Tyna axTuMm/IlWKK chopmyniack épaammaa udoaanab,
ucboTnaHaérrak hopmMmynaHm Xocun Kuiamms:

K P{H-JA) = P iHi )P{AIHi). (i= 1.2, ...,n).
VvV  p[HK) P(ATHK)

XycycaH, Taxpuba yTkasunmwmaaH onauH 6apua rvnotesasap TeHr
aXTUMONIMK, sibHU P(HX - P(tfd — ... = P(H1) 6Yynca, y xenga

(12.1) (opmyna ywiby KYPUHULLHW Ofnafp:

aur-my=. PAH

vV P (AtHK

B:' 4=1

M ncon. Tenesusopra ypHaTuaraH namna WKKuUTa naptuagaH
6upura pi=0,4 Ba p2= 0,6 aXTUMOJZINK 6GMNaH Ternwam G6YNCUH.
NamnaHuHr | coat pgasoMmaa HWwalw BakKTH 6y napTusiap y4yH
Moc pasumwpga 0,9 Ba 0,7 ra TeHr. Tenesmsopra ypHatuaraH namna
t coat 6ysunmacpgaH uvwnaraH 6ynca, YHUHr O6MPUMHYM napTusara
Ternwam 6ynuw sxXTUMONIUTUHN TOMUHT.

E 4 HwW. MKknTa runotesaHn kKapa{imms:

Ht— namna 6upuHYM naptuara Teruwnu,

112— namna MKKUHYM NapTmara Tervwin.

Taxpnbagak onguH 6y runoTesa.rapHUHr IXTUMOSIIUKIAPA:

P(HY = 04; P (//,) = 06.

Taxpnba HaTmxkacHga A xoguca pyin bepraH — namna t coat
6ysunmacgaH uwnaraH. A xoaucaHvHr f1, Ba H2 runotesanapgaru
WapTAN 3aXTUMONNMKNAPU KylAnaarura TeHr:

P (A/Hj) = 0,9; P (A1Hr) = 0,7.

(12.1) dopmynagaH HX rnnortesatwr TaxpubagaH KelnHIu
IXTUMOJITHIUHN TOHaMU3:

YY) P — = 0,462.
1 0,4-0,9 4-0,6-0,7

13- 8. BOf/MKMAc CUMHOBMAp KeTMa-KeTuru.
BepHynnn dopmynacu

Tabvpudg. TakpopnaHaguraH cuHoBnapgan Xap OHPUHUHE Yy
€k 6y HaTWXACUHMHI 3XTUMOMIMIH 6OWKa CcuHOBNapAa kaHaal
natmxanap 6ynraHnurura. 6oFnnk 6ynmaca, ynap 60fMKMac cv-
HOBNap KeTMa-KeT/IMMMHU XOCUN Kunaau aeinnagu.

MHcON. YiANH COKKacuHM Tawnawpgaun mbopar Taxpuba yTka-
3unMokada. Xap 6up Tawnawpga y ékm 6y coHga oOuykonap 4YmMKuML
axTMmMonnuMrun 6owka Tawnawnapga KaHgal OYKOo UYMKKaHAurura
60FTHKMac/IMrn paBwaH, 6uHOGapuH 6m3 6y eppa 60FIMKMac CUMHOB-
nap KeTMa-kKeTnMrura aramms.

dHAN Kyhnparmvya KyhunraH macanaHu kapawnamk: 6up xun wa-
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poutda YTkasunaguraH N Ta 60fF1w~mMac CUMHOBHUHE Xap 6upunga A
xoanca P(A)=p axtumonnuk 6unaH pyii Gepca, yHUHr 6y N Ta
CMHOBOA poca T MapTa pyi 6cpul 3XTUMOMNUTUHU TOMUHT.
M3TaHaETraH axTUMON.TUKHMU P,t(>n) 6unam  6Genrvnalimms.  MacanaH,
P.j(2) — 6cFrnnkmac 3 Ta cvHoBga A Xoauca poca 2 MapTa pyid 6epuiu
aXTUMOIMIMAYP. Liy aXTUMONIMKHM 6GeBocuTa XpycoGnall MyMKUN:

P,C2) = P(AAA+ AAA+AAA -P(AAA) + P(AAA)T1 P(AAA) - 3py
Ymymunii xonga Pr(T) axtumonnuk BepHynns dopmynacu ne6 aranagy-
raH ywoy dopmyna 6unam xyco3naHaou:

P,Un) = CT pT gn~m 13 1

6y cppa q= 1—p. by dopmynBHu ncboTnanmms.
n tTa 6ornukmac cuHoBga J1 xoaucaHMHE poca T MapTa Mab/ym
TapTMbaa, macanaH,

AA...AAA... A

T n—Tt

KOMGUHauusaa pyi 6epull aXTUMOMIUTUA GOFNIMKMAC XOAHCaapHU
Kynantmouws TeopemMacura kKypa p™gn T ra TeHr. PaswaHku, A
XOOMUCaHVHI fHa T MapTa, oMpokK 6o0wkavya TapTmbpa pyih 6epuw
3XTUMONNUIN  fiHA WyHAan 6ynaagn. A xoauca T MapTa Typau
TapTubpa ydpaiinuradH OyHra yxwaw Kom6uHauusnap COHW  TypyX-

fawnap CcoHuM CYjj ra TeHr. Bu3HM KU3MKTUpaéTraH B xoamca —

N1 xoamucaHuHr N Ta 6GOrMKMAac cvMHOBAa poca T MapTa pyii 6cpulum
axpanaguraH 6y  KOMCUHUHAN3PHUHI  XaMmacu 6GupranMkgamac
xoaucanapaup. LYHUHT yuYyH OHprasHKgamac XoAHcanapHu Ky-
wnw Teopcmacura Kypa

Pn(t) —P((B) Crtp'ng"-m
rHa wWwyHn mncCotnaw Tanab KWInHram sgw.

XycycaH, Pn(n) pa Ba P,(0) —q\ 6ynapun 6ornnkmac xoavcanap-
H/ KynaiTvpuw Teopemacura Kypn Xam 6eboc ra Xpcun KHAAW MyMKUH
3an.

l1-muncon. X.ap 6up AeTaHUHI cTaHA4apT 6Ynuw sxXTUMONAUrn
p=0,8 6ynca, TaBakkanura onuHraH 5 ta pgetangaH poca 2 Tacu-
HUHI cTaH4apT 6YNnW 3XTUMOAUIHHN TOUMUHT.

Muwnw. W3naHaéTraH 3XTUMOMIMKHM n=5 T =2, p=0,8 Ba
<= 0.2 pa bcpHynnun opmynacugaH tTornamms:

P,(2) Cr<8 <«0,2/1= — <0,00512 = 0,0512.
< ° 3:-2!

2-mwucon. AsTobGasza HoOpMas uvwialM y4dyyH Wynga kKammga
8 Ta aBTOMalIMHa puwK Kepak. baszapga 10 Ta mawunHa 60p. Xap
6Mp aBTOMALIMHAHWHI Wynra 4YnKMmacamk sxtumonnuru 0,1 ra TeHr.
ABTOGa3aHUHI 3pTara HoOpMas uwnaw 3IXTUMOI/INTUHN TOHUHT.

Euyunw. Arap nynra 8 ta mawuHa (A xogHca), €K TYKKu3Ta
mawHHa (B xopgwuca), ékm 10 Ta mawmHa (C xoagwuca) umkca, aBTO-
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6asza Hopman Hwnaign (E xopguca). 3XTUMOMIMKAAPHU  XYLWINLL
»eopemacura kypa P(E) =P (A+B +C) =P (A) +P(B) +P(C)i. Xap
6Up KYWWNNyBYMHU BepHynnH dopmynacu 6ymuya TonNmnb, Hatmxkaga
KyiAngarmHun Xocun Kuaamma:

P(M)-C»nm9=0, 12+ G"0<0,99<,1 +0,91 -

0,1937 + 0,3874 + 0,3487 - 0,9298.

3-Muncon. Bupop KopxoHaga GHTTA AETa/HUHT HYKCOHAN Gy-

nmw axtumonnuru 0,005 ra TcHr. 10000 Ta getangaH wubopaT nap-
Tuaga: a) poca 40 Ta MyKcoHnuM peTan; 6) kKynu 6mnaH 70 Ta HyK-
connn getan 6ynuw aXTUMOAINTMA KaH4ya?

BupuHun casonra Fesocuta P, (T) —C™pT q"~m dcpmyna  cpkam
Xapob Gepunagn Ba 6yHaa p —0,005, g - 0,995 n— 10000, T —
b= 40 pe6 onvHagy; Oemak, M3naHaétraH 3XTUMOJIINK

I PH -PuTH - ~ '"°Z r —<<550<0.0995>»~

NKKMHYKM caBofra xaBob 6epull yYyH 3XTUMONNUKIAPHU KYLLNLL
TeopemacHgaH oliganaHamus. M3naHaéTraH 3XTUMONIUK YyL6y
MMFMHAN 6unaH ndonanamagu:

PO<T <70=49(m O+ P(T =1)+ .+ P(T - 70 =
7 70
~Nodq, L« (*)»2C [ 3070.005MN- (0,995)i000
=0 o'*

WyHaanm kunnb, 6m3 mkkana caBosira xam Xasobunm onguk. bu-
pok 6v epga Tanab KunnHaguraH xucobnawniapHu amanga 6Gaxa-
pvwW Xyada KWiiMH. by Ba 6yHra yxwaw macananap MyaBp — JlaH-

NaCHVHI NoKasl Ba WHTerpan teopemanapuga 6epunaguraH dopmy-
nanap éppamupa eunnagn.

14-8. MyaBp — JlannacHUHI NUMUT Teopemanapu

MyaBp —J/lannacHWHT nokan Teopemacu. Arap
A XoOuCaHVHI pijii 6epul aXTUMONNUTN Xap 6up cuHoBAA Y3rap-
Mac ea p(O<p<1) ra TeHr 6ynca, y xonga etapnuya karta nnap
Y4yH

P(,,)«=-4= o), (14.1)
t'w
6y eppa

T\n/ ——--== ¢ , -

|y 2n I npg

/M\yaBp —/lannacHUHI wnerpan Teopemacu. Arap

A XogucaHvHr ti ma OOFMKMac CUHOBOA Py 6epull 3XTUMOJI-

nurn y3rapmac ea p(0O<p<\) ra TeHr 6ynca, y xonga etapnuya

Katntna n napga A XoOuCaHWHr m, TagaH T., Tarada pyn 6epull ax-
Tumonnurm P (1, T < T.,) TakpubaH
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Pfil<T <m)« & (*2— o (a)) 14 2
ra TeHr, 6y epga

X
O(x) S=—L_ 1 e L2dt, Vj= PRoiP xo== T2
vl - 1 npq

By vkkana TeopemaHu ucboTcus Kabyn Kuiamus.

1-H30X%. CuUHOBNap COHM KaH4YanuMk katta 6ynca, (14.1) Ba
(14.2) dopmynanap WyHYanMK AXWUPOK fAKUHNawuwnap 6epagw.

2-n3ox. <P(v) Ba ®(n-) dyHKUuManap ydyH xapapasnnap 6op,
NeKVH ynap akaT ap.ryMeHTHUHI myc6aTt KuimaTtnapu YYyH Ty3un-
raH, YyHKH g>(X) XydT1, ® (X) 3ca TOK DyHKUMSOUP.

Mwncon. (14.1) Ba (14.2) cdopmynanapgaH dgonganaHnb, on-
OVHIM naparpad 3- mmconuparn 3XTUMOJITIMKHU XUCOGNaHT.

E ymw. MacanaHuHr 6upuHUM KUcMU y4uyH: p = 0,005, q — 0,995,
n = 10000, T = 40 ra asramu3. LWy cababnun

Vnpg= V 100CO 0,005-0,995 = 7,05, v= -
i
40— 10000-0,005
7,05
®(-1,42) = db(1,42) = 0,1456.

— 143

WyHpan knnmo,

Noooo(40)=%"= 0,0206.
/,00

MacanaHMHr MKKMHYM Kucmm ydyyH p = 0,005, g = 0,995, n = 10000,
Ty=0, T2= 70 ra aravma. LUynKHI y4yH

- Vnpq = 7,05, X, = Tr~ rP = gz-Jg.000 0005 =
v npq 7,05

= — 7,09; = 2,84.
7,05
WyHpai kmb,
PO<T < 70)=Plow (0; 70) = ® (2,84) - & (- 7,09) =
=0 (2,84) + ¢ (7,09) = 0,4977 + 0,5 = 0,9977.

15- 8 lMonuHomman cxema

MonMHOMMas1 cxema 6LoMmMan  cxeMaHuHr (BEPHYNN  CXEMACUHUHT)
y.MymMialwmMacuamp. ArapbepHynu cxemacupga 2 Ta xoguca: A Ba /1 Kapan-
raH 6ynca, MonvMHOMMaT cxemafda M Ta Xoauca Kapaniaaq.

MacanaHuWHr Kynunnunwmn Taxpuba wWyHoaH nbopatku, Yysrap-
Mac LWwapouTnapga N Ta 60FIMKMac CUMHOB YTKasunaau Ba YNapHUHT Xap
Gupnpa Tyna rypyx xocun kunaguran k ra Alt 12 ..., Xoayca-

HHHr (JMKaT GuTTacm pyii Gepywm MyMKWH, OyHOa Oy XxoavcanapumHr
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BXTimonnvknapn mabnym: px= P(.4X%, p, = P(J1.3, , pn—P(AD.

At xoouca poca mx MapTta, Ar xoauca poca rn, mapra.......... Ak xoon-
ca poca mk mapta pyi 6epuw axrumonnurn Pn(mLb T.r, .... mK) Hu
TOMKHFr, 6ynpga /nx+ T.r+ ... + mk=n.

Eumw. A\ xoaunca /-cuHoBga (j = 1, 2, ... , n)At(i = 1,2, .. ,n)

;panca pyin  GepymHn BUNOMpPCUH. BU3HM  KM3MKTMpaéTraH S xoawca
ypam ycynnap 6unaH pyii 6epyun MymKuH. B XxogucaHuHr pyin 6epuiu
papviaHTiapuaaH 6upn, MacasnaH,

A\A\ ... ANAN + 1. ANHTS . L L N7 4T eeet TS,

B xoauca pyin 6GepuMHUHI Gapya BapuiaHTiapvHu 6y KOMOGUHauusaaH
Ky MnaekcnapHUHr G6apya MyMKWUH GynraH YpuvH aiMaluTUpULLIapyHA
6axapnb  XocMn  KAMW  MyMKMH. ByHpaih  komMbuHaumsnap  CoHu

T "o M@ TeHr, ynappaH xap GUPLLULLHT  3XTUMOJUIMIA  3ca  Ky-
rme.-Tr\. . .TK

nairHpyw TeopeMacura kypa 'p7lp"™r ... pkk ra TeHr. LUYHWHr yuyH

6|/|pranvu<,u,amac XOANCANaPHUHT  IXTUMOJ/ITMKNTapUNHA KS'/LIJI/ILIJ TeopemMacura
Kypa

Pn(Tb T,— ,mR = — — — p?*P?° m.. PKk. (15.1)
niy\m r . . . mk\

Xycycnini xonpa k = 2 6ynraHpa (13.1) diopmynaHu Xocun  Kwiamma.
Y3-Y3MHU TeKWUpPULWI Yy4YyH caBonnap

Tyna aXTUMONANKHW Xucobnawaa mMacalaHUHT KYWHAHWWHH GaéH KWUAWHT.
Tyna aXxTUMONANKHU Xucobnaw ydyH opmynaHu E3mHr. MUCoN KenTHPUHT.
. TunoTesanap TeopemMacu MacalaCUHWUHI KYAWMANLWIHHU 6aéH KUAWHT.
. TunoTe3anap 3SXTUMOJIHIHHH Xucobnaw ‘yyyH opmynaHu &3uHr. MHcon
KENTUPUHT.

5. TmnoTtesanap TeOPeMacCUHUHI HaTWXKAaCUHH anTné GepuHr.

6. BepHynnn copmMmynacHHU E3uHr. bepHynnH dopmynacH KaHgalh macananap-
HU eyHWwaa KynnaHunagn?

7. MyaBp — JlannacHWHI /I0Ka/n TeOpeMacuHH TabpudiaHr. by TeopemaHuHI
Basugacn HUMagaH méopart?

8. MyaBp — JlannaCHUHI MHTerpan TeopeMacHHW TabpudnaHr. YHUHI BasH(a-
cn HUMapaH néopat?

9. MNonnHomMunan cxemagarH MacalaHHHI KYAUNUWWHW GaéH KWAMHI Ba Tanab
KNANHaAHTaH 3XTUMOIMKHU XMcobnaw yuyyH hopMynaHu E3uHr.

10. 14.225—14.256, 14.312—14.316, 14.346— 14.351, 14.556-14.570- macana-
NapKN eyHHr.

PWNp

16- 8. Tacognumini MUKAOPHWUHI Tabpudmn

Tacogucunii MUKOOP TyWyHYacu 3SXTUMOIVUK Ha3apUSCUHUHT
Mapkasuii TylwyHYyanapugaH 6upugup.

Tabvpud. Taxpuba HaTuxacuga OnAUHAAH MablyM MYMKUH
6ynraH kuiimatnapgaH 6GUpPUHM Kabyn KunaguraH MuUKOOp Tacoau-
uii Mukaop ae6 atanagu.

Tacogucunii Mukgopnap opatga  JOTMH  andaBUTUHUHE  GOLL
xapdnapu X, Y, ... 6unaH, yflapHUHI MYMKWUH GYnraH Kuiimatnapu
aca Tervuwnu Ku4uk xapdnapu X, y, ... bunaH 6enrunaHagu.
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AmManuctga Ayd Kcaumvaguram Tacoguduii MyukgopnapgaaH i r
MKKWU XWIMHU aXpaTuwl MYMKUH: OUCKPeT Tacoanduii muka
Ba y3/1lyKCMU3 Tacoamdnii mmkaopnap.

AvckpcT Tacogudmii mukgop e6 MymKuH 6ynray, Kuimatnan
YEK/IM CKM YEKCH3 COHMN KeTMa-KeTnukaaH nbopaT mukgopra alir)
nagw.

OHckpeT Tacogudum MMKAOpapra Mucosiap Kentupamus

1 X TacogudHii mukoop— 100 Ta 6yrompaH ubonat rypy\garm
HYKCOH/IM 6ytloMMap COMH. By MUKAOPHMMI MYyMKWH 6ynradH KaAvar-
napu 6yHgan 6ynagm:

X, —0, @4;y= 1, X83—2.......... XI01 = 100.

2. Y Tacoaucuii MMKAOP TaHraHH TYpT MapTa TawaraHnaruv
rcp6aym TOMOHWU TYWWW HHCOGWIA YacToTanapm. YHMHI MYMKUH 6\i1-
raH Kuiimatnapu 6yHpam:

¥ -0, y, =025 y3=050, y, =075, vy, -1

3 Tacoanmin MMKOOP HULWIOHra OMPUMHYM MapTa TCKKMU3WULL-
raya 6ynraH yK ysuwnap coHuU. By cppa MyMKWH 6YnraH kuimat-
nap 4ekcm3 comanm KeTMa-KeT/IMK Xocun kunagu: zi=|1, 32=2,
2j=3........

Y3nykcu3 Tacogugumm mMukaop neb, MyMKuH 6ynram Kuimatnapwm
COH YKMHWUHI 6Upop (4eKIn EKM YeKCcu3) OpaIMIMHU O6yTyHnamn
TynampaguraH Mukgopra antunagu.

Kenrycupga 6u3 6y TabpudHM 6MpO3 aHUKIaAWITUPaAMUS.

Y3nykcu3 tacoguduii mmkgopnapra muconnap.

1. X Tacognduini MUKOOP — 6MPOp (H3UK KaTTaJMKHWU yadall
HaTmxacu.

2. T Tacogncpmm MuUKOOP — acbobHMMI Oy3unmacgaH uwniail
BaKTW.

3. Y Tacognuin MMKOOP — HULWOMHWHT MapkasngaH YK TekkaH
Xoiraya macoda.

17-8. AuckpeT Tacoaudunii MUKOOP 3XTUMONIVUKNAPUHWUHT
TaKCUMOT KOHYHU

OunckpeT Tacoguduii MHKAOPMU TaBcuciam! ydyyH 3Hr aBBaso
YHUHT 6apya MyMKUH 6ynraH KuimaTnapuHu KypcaTull f103UM.
Bupok X AuckpeT TacogH(Mii MUKAOP YYYH YHUHT hakaT MyMKUH

6ynraH kuiimatnapm XuM X2 ... UUITMHa 3mac, 6ankm X=XX X =X2,
. X0A4VCaNapHMHI 3XTUMOJI/INKNAPUHN XaM, SbHM
p. - P(X =x() (/= 12......... mn) (17.1)
HM KypcaTu NO3UM:
l1-Tabpud. Tacoauduii MUKOOPMMHI  Kuiimatnapu 6 :naH

YAapHUHI  3XTUMONAUKIapu opacugarn 60rnaHuWHN Tacopnd uit
MUKOOPHUHI TaKCMMOT KOHYHU [eb atanagu.

Tacoanduii MUKAOP TaKCMMOT KOHYHWHW wudoganam! ycynnapwu
Ba Waknnapm Typavya 6ynuwm MYMKUHAUTUHW aATub yTamms.



X puckpeT  Tacogudmii
MVBI0P TaKCMMOT  KOHYHU Ge-
PUAHWWHANT 3HI coAja Luak-
Kn[{ xapgBan 6ynn6, 6y MMK-
E-yr-vtur 6apya MyMKWUH 6Yn-
""raH Kuiimatnapu ésunran Ba
yAapra MOC 3XTUMOJIUKNap
‘nypcatunran 6ynagu:

oo (17.2)
W " I Pi Pi Pn -
Ai, X2 .. M, ... K4ivaTiap opatga opTm6  6Cp-.w TapTMGuaa

é3anaan. byvpai >xagan TacoaMdhHA MUKOOPHUHI TakCUMMOT Katopu HO-
Nt 6unaH  topyTuiagH XaaBalHWAT OKOPH caTpyga X  MUKOOPHWUHE Gap-
Ya MyMKUH 6ynrav KuimartnapH éswnraHauvru B3 X --.v((/—1,2, ..., n,..)
XCOVCANAPHVHT  Xap hkki Tacu Gupranvkgamac/ivrn cababmm pt + p2+
+ eee + P~

Ab6cumnccanap ykumpa Ttacognduii MUKOOPHUHI  MyMKun 6ynrad
Kniimatnapu, opgHHatTanap ykuga aca ynapra MoC 3XTUMOAInKNap-
HH kyiunagn. (xu p{, (X2 p23, ... HykKTanapHu kecmanap 6unaH
TyTawTupunagH. bymaa xocHn 6ynraH wakn TakCMMOT Kynbypuaru
ne6 atanagn (129- wakn).

AvckpeT Tacognduini MMKOOP Ba YHUHI TAKCMMOT KOHyHWUra goup
6HP HcYa MUCON Kypamus.

1-mncon. butta Taxpuba yTkasmnagu, ynga A XO0ONCAHUHT
pyii 6epHW 3XTUMOMN/HIH P ra TeHr, avHM P(A)=p. by A xoauca-
HUHI pyi 6epuwl coHmpan mbopaT X Tacoauuii MMKOOP Kapanagu.
YHWUHI TaKCUMOT KaTOPUHW TY3UHT.

Eunmw. X mukgop dakaT UKKMTa KuimaTt kabyn kunagwn: O Ba
1 A xoamca p aXTUMONNMK 6unau pyin bepraHnmrn yyym X Ttacogu-
uii MUKAoOp 1 ra TeHr KuiMaTHM Yywa 3XTUMONINK 6unaH kKabyn
Kunnagn. J1 xoguca Ba y 6wnaH 6upra (X —0) xoguca q — | — p axtu-
MOMMKKa ara. LUyHWHT yuyyH X MWUKOOPWUMHI TakCUMOT KOMyHU GyHaaH

6ynagu:
-

2- M Hcon anwpa 10 Ta wap 6op, ynapaaH 3 TacH ok. Nauw-
JaH TaBakkanura 3 Ta wap onuHagau. A Tacoguguii Mukaop
O/INHraH OK LWwapnap COHM. YHHHI TakCUMOT KBHYHUHWU E3UHT.

Eumw. X Tacogduini  MUKOOPHUUT MyMKMM 6Ynran  KuiiMartnapwm
Kyvmgarmya: Xt — 0, Xxr — 1, x3—2, x4 = 3. (2.4) copmynara acocaH
X =0, X =1 X =2 B3 X —3 XoAucanapHUHI 3XTUMOJIINKNAPUHN
Tonamms: .

C3C?, C\ C- 63.

P(X = 0)= 120 P(X- 1)- ,
Clo ( 3 10 120
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\—

ry m 3 1
SHAN X  MUKOOPHUHI TakCUMOT KAlOPMHU E3ULLMMNZ MYMKWH:
o 1 2 3
<= 35 63 21 1

120 120 120 120

= 35 63 21 |
Tekwupnw: — + — -f—hm
y 120 - 120 120 120

2-  Tabpug X Tacoauduii MUKOOPHUHI 3HT KaTTa 3XTHMOMINK

KNiiMaTu YHUHT MoJacu ae6 atanagu.
Bu3 kypraH 2- mucongaru tacoguguii MUKOAOPHUHT Mogacu 1ra
TEHT.

18- 8. [lnckpeT Tacoguguii Mmmkaopaap yctumpa amanniap

l1TacogudpHH MHKAOPHWHI yHKUMACKU X Takcu-
MOT KOHYHMU Mabnym 6ynraH Tacogudmii Mukaoop 6YacuH:

XN\ X2
Pi Pr mssm\Pn
Y -mf(X) aca 6y MUKOOPHUHI 6G3pya MYMKWUH 6YnraH KuimatnapH
éTaquraH coxafla avvikfiaHraH MOHOTOH (DYHKUMSA 6YncuH. Y xonga Y =
= f(X) sHrM guckpeT MUKAOP GYnaayn, YHUHT MYMKUH GynraH Kuiivar-
napn /(x,), f(x3, ... 6ynmb, wy 6knaH 6Gupra Y Tacoaudwmii MKOop-
HUHT T (Y KUAMaTHM Kabyn KunaguraH axtuMonnuru X Tacoaucmii MUK-
OOpHUHr X { KuiiMaTHM Kabyn KwnaguraH axtumonnaurura Teur. LUyHpal
knnb, Y = f(X) Tacogndmii MUKOOPHUHI TakKCMMOT KOHYHW OGyHOal 6y-
nanw:

X =

y=/(X)=|BA - (18.1)
| Pi \Pi mee P eee
1-Mmucon. Arap X Tacoaugmii  MUKOOPHUHI TaKCUMOT KOHYHH

—1 o1l 1 3 5
o1 02]03 015 0,25

6ynca, Y = 4X Tacoaudmii MUKOOPaVHI TaKCUMOT KOHYHUHW E3HHT.
Eunmw. (18.1) chopmynara acocan Kynnpgarmra aramus:

Veax—p-4 © 4112 20
101 0,2 0,3 10,15 0,25
Arap f(X) HOMOHOTOH (hyHKUMA 6Ynca, y xonga y X HUHF Typnu

50l PUOan /P, X1 kuiimatnaP K36y/s KHAUWW MYyMKUH. By
A A H (18'Y KYpuHuwmnpgarn éppamuun xkansan Ty3nb onm-
‘i, kemvH Y d ) Tacoamduini MUKOAOPHUHI GUP XU KuimaTnapH



yery H1apy 6upnawTTUpMNagH, G6yHaa MOC 3XTUMOMNUKAAP Kywun-

p'u'MZ—MVICOH. Arap X TaCO,EI,I/I(bI/II‘/'I MUXOO0PHUHT  TaKCUMOT KO-
BYH«

—3 —2 1 3

0,2 01 04 03

Nejca, Y=X2 TacogHhnii MUKOOPHUHT TaKCUMOT KOHYHWUHWU E3UHT.
- Euywuw. Y=X2yuyH éppgamMun >xagBan 6yHpaii 6ynagw:

X

! 9 1 4 9
f& 4 ! - dewk, Y =Xr=]-
f /\2 01 04 03 04 01 05
1

.M kknta Tacoawmu

Ba KYynawnwTmacu Ywby UKKUTa Tacogucpuii mmkoop 6cpunran
6YNCUH:

X = I_A'I _ g \M— Y\_l)’r yn
Pl Pr © <l 2

l1-Tabpud. A Ba Y Tacoaudmii MUKOOPNAPUUHE  AUFUHAMCK 06,
z::=X'j - KypuHuwparn kyiimatnapHm p(j = P (X = xit Y = yf) ax-
TWlonnuk 6unaH Kabyn kunaguraH Z Tacogudmini MMKZopra antuiagu.

ByHoa py = P(X =xlt Y = y9 nboga X wmukgop XL kuiamatun, Y
MUKACP 3ca YS KMAMATHU Kabyn KWAMW 3XTUMO/IMIMHW, EKn 6Golikada
aitTraHga, X = x- Ba Y = yf xogucanapHuir 6uprasvkga pyH 6Gepui
AXTUMOIINITVHN 1chodanaian.

WyHpah kunmb6, arap 6apya MyMKWUH O6ynraH kKuiimatnap Typ-
nunya 6ynca, y xonga Z=X+Y Tacognhunin Mukaop ywoéy KYypuUHuLI-
farn TakcumoTra ara 6ynagu:

Z=xX +y = XM X+ W n2+ Y\ Xi+ yA x2+ Yr (18.2)
Py Pn P-n PI3 \ Prr

Arap 6up xun kuimatam hnFmHgunap 6op 6ynca, y xonga (18.2)
KypuHnwaarn éppamMmun xagsan Ty3nb6 onvHagn Ba 6up Kuiimatnu
YCTYHM1ap MOC 3XTUMOANMKAAPHU KYwuw 6unaH 6upnawtupunagH.

Tacoandnii MHKAOPNAPHUHI  KynakTMacu Kywuwra yxwatl
aHHKNaHaawn, 6umpok O6yHaa (18.2) xafBalHUHI OKOpW caTtpuja
nMrmHgunap ypHmga moc Kynamtmanap Typaawu.

2-Tabpud. Arap X Ba' W Tacogugmii MMKOOpnap Yy4vywm wcTanraH
X =/-ca Y =y. xogucanap XyhTH OGOFNHKMac 6ynca, y xonga X Ba
Y 6ofnnkMac Tacoamdnii Mukaopnap ae6 atanaaw.

Y3nykcu3 X Ba Y Tacogudmii MUKAOPAAPHUHT GOFAMKMacAuUru
uctanraH X<a Ba Y<b xoaucanap XypTUHWHI GOrNIMKMacCIUTUHU
ennanpagw.

Arap AuvckpeT Tacoanduini mukgopnap 6ofnukmac 6ynca, y Xosn-
Ja axTyMonMknapHn KynanTmpuw Teopemacura acocaH pit = prg-, 6y
eppa p.=p =*) q.=P (Y =y
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3-mucon. U-X+Y Ba V=XY Tacoanhuin MnKAOPNAPHUHT
TaKCUMOT KOHYHNapuHu Ty3uHr, 6yHga A Ba K 6ofniikmac Ttaco-

parndya-MUK/T PlaP 6y/IM6° ynaPHUHI TakKCMMOT KOHYHMapu Kylin-

-1 y .11 12 3

04 106 ° (05 j 03 02
Euifw. MuruHam yuyH ywéy épaamun xaAsasiHu Ty3amms:
u= — bl -1+2 -1+43 43 1+2 | + 3

0,4 05 0,4-0.3 04 02 0,6-0,5 0,6-0,31

..... lyyiaa ycTyHnapHu oupnawtm-
pn6, na 6yHOAa MOC 3XTUMOJIIMKAAPHU  KYyWK6, ywoby TakcumoT
KOHYHUUWN XOCU/T KNNaMuns:

0,20 10,12 10,38 0,18 01
Tekiiinpleu: 0,20+ 0,12 + 0,38 4-0,18 + 0,12 = I.
KynanTma ydyyH Kynngarvra sramms:
- 1-2 -1-3 1-1 1-2 1-3
0,4-0,3 0,4-0,2 0,6 0,5 .06-03,0,6 0,2

BHp Xxun Kuiimatium kKynaiTmanap TypraH yCTyHAapHU Gupnail-

TpnM6 Ba 6yHAa MOC 3XTUMOIMKAAPHU KYlWKG, KyhnpoaruHu xo-
cun Kunamus:

V=XY=\ —3 —2 —1 | 2 3
0,08 0,12 0,20 0,30 0,18 0,12
Tekwunpunmuw: 0,C8-f0,22+ 0,20 +0,30 + 0,18 + 0,12 =1.

19-8. TakcumMOT YHKLMACU

Tacoondunin MUKAOPHUHI TaKCUMOT KOHYHU Xap govm xam (18.2)
Xansan 6unaH 6epunascpmacnuru MyMKuH. MacanaH, Y3/yKcu3
Tacoauduii MUKOOP YUYYH YHUHI 6Gapya MyMKun 6ynraH kKuiimar-
napuvHn caHab 4MKuUL MYMKWUH 3Mac.

l1-Tabpug. Xap 6up e ]—oo, +°0o[ yuyyH X Tacogucwnii

MUKOOPHUHT X OaH KUUYMK KaHganaup KuiimaT Kabyn KUIuL 3XTu-
MOJIIUTMHM 6CcpaguraH

F(X)=P{X<Xx) (219.2)
pyHKUMA X Tacoampuii MUKOOPHUHI TaKCMMOT (PYHKUUACK EKUN UH-
Terpan TakcMmoT (hyHKUMusscKn neb atanagw.

Arap X Tacogmduin MmkgopHu OX ykaa Taxpuba HaTmxacuaa
y éku 6y BasuWsATHM arannamguraH tacoguduii HyKTa ae6 Kapasnca,
y xonga F(X) Takcumor yYHKUMSCH X HUHI Xap 6uUp aHWuK Kuii-
MaTh y4yyH Taxpuba HaTmxacupa A Tacoauduii HYKTaHUHT X HyK-
TagaH YaHra Tywuw 3XTUMOAAUTUHU 6ungmpagn (130-wakn).
256

TabpudpaaH sHa TakCUMOT

hyHKUMACK Yy31yKCU3 Tacoauduii

MUKAOPAap Y4YyH Xam, AUCKPCT

Tacoguduii MHKAOPNap y4yH Xam

MaBXyO/IHI 1 Kenné 4mkagu. 130- wakn.

SHOM  y3nyKcu3  Tacoauduii
MUKAOPHUHI  @aHUK TabpuguHU
bepamuns.

2-Tab pud. Arap X Tacoguuii MUKOAOPHUHI TaKCUMOT (YHK
umsacu xamma epga y3nykcms, 6y (pyHKUUSHUHI XOCUNAcH 3ca UCTasl-
raH 4YekIu opanukgarm 4YekauM coHgaru HykKTaiapHuU WCTUCHO 3Jr-
raHga, 6apya HykTanapga ysnykcms 6ynca, X y3nyKcus tacogmdr.
MUKOOpP neb aTtanaau.

TakCcMMOT (PYHKLUUACUHUHT YMYMUIA XOcCanapuHW KYpPHO u4ukKa
MU3.

1-xocca. F(X) TakcumoT yHKUUsACM MaHpUAMac QyHKMa
6ynbG, YHHHI KuiimaTnapH Hon Ba 6Mp opacupa >KoWniawraH:

0sS/(.v:)sEl. (19.7)

By wucTtanraH X kuiimat yuyyH F(X) dyHKuna 6uUpop 3XTUMOSI-
NIVKHW aHuKhawungaH Kenub ynkaan.

2-xocca. X Tacoauduii MUKAOPHUHI [a, p[ opanukka TywuLl
AXTUMONIUTN TaKCUMOT (PYHKUUACUHUHT 6y opanukgarn oprrmpmMa-
cura TeHr, SbHU

P(a<X<p) = f(fi) ~/=m(). (19.3)

Mcb6oTnaw yuyyH ywby ydyTa XoOHcCaHM Kapalimus: Taxpuba Ha
Tmwxacnga X Tacoauduin mukgop (G AaH KMYMK KuiiMatHU  Kabyn
KunMwugaH mbopart, AbHU X<p 6YynraH A xoauca, X<a pgaH uvoo-
pat 6ynraH B xoguca, a~ X< p 6ynraH C xoguca.

B Ba C xogucanap 6upramkgamac Ba A = B + C skaHiurn pasua !
Kywuw Teopemacura kypa P(A)=P(B)+ P(C) ékm P(X <$) -
=P(X < a) + P(a< X< p). bByngaH KylimgarmHu XOoCWn KWIauus:
Pla<X<p=PX <p- P(X <a)=Ff(p)—F(a).

- HaTmxa. TakcumoT hyHKMMACK kamaimMaiiguraH yHkw!s, SbHH
Xx2> xt 6ynca, y xonga F (xr)™ ¥ (x). XakukartaH, (19.3) copmynagaH
F (X>— F (xf) —P(xt<s X2< Xr) akaHnurn kenué umkaau, OGyHOaH aca
F(x9— F (xt) >0 ékH F(xr) > F(xt).

2-HaT WX a. Y3nykcm3 Tacoauduini  MUKOOPHHHI TalWH Kali-
MaTHW Kabyn KUanw 3XTUMOINTUA HOMra TCH.

Nc6oTtn. P(X =a)= limd(a <X < P)= lim(F(P)—f(a)) =0,

P-»a P-»a

yyHKM F(X) yHKUMS a HyKTaga Y3nyKcus.
By HaTwxagaH Kyiivpaarn kennb uvkaip:

Pla<X <P)=Pla< X <p=Pa<X p=Pa<X<p)=
= F(p)-F(a). (19.4)
MacanaH, P(a <X < p)=P(a< X <P)+ P (X =P)= F(P)— F(n).
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3-xocca. TaKCHMOT (YHKLHSicM —ox ga O ra TeHr, +oo Jla
3ca 1ra TeHr, fAbHU
F(—ox) =0; F(+ o0) = |. (19.5)
XakumkaraH, X HyKTa 4anra TOMOH YEeKCH3 cumkuraHmga X Tacogu-
1A HYKTaHUHI X [aH Yanpokka TyLMWKM MyMKWUHMAaC xoauvcara aHiaHa-—
N, WYHUHr yyyH F (— oo) = lim F(x) = O.

X—— oc

WyHra yxwaw, X HyKTa YHrra TOMOH YeKCu3 cumkuranuga X Taco-
ONUIA HYKTaHUHT X daH Yarpokka TyLWWWWM Mykappap Xoaucara aina-
Hagn. LUyHWHr yuyH|/?(+ o0) =limF~) = 1

X*4-00

I-mucon. X Tacogmmii MUKAOP YWOY TaKCMMOT  dhyHKUmsicuUra
ara;
0, arap X < 0 6ynca,

~, arap 0 < X< 2 6ynca,

F(x) =
X ———%, arap 2<iar< — 6ynca,
n _.
1, arap X\ ", 6ynca.
a) YHHHI rpadmruHn scaHr; 6) X Tacoandnii  MUKOOPHUHI

[1,6; 3] opanukka TywuLll 3XTUMONUTUHN XNCOONAHT.
Eumw. F(X) QYHKUHSHUHT rpaduruHn scanmms (131-wakn).
M3nanaétraH sxXTUMOMNHKHK (19.4) dopmyna 6yiinya  Xxucob-

nanimmas:
/>(16 <X<3) =f(3)—F(l,6) = 1—(1,6)*/16 =0,84.

2-mucon. X AuckpeT Tacoamdmii MUKOOP

1 020503"

Xazpan 6unaH 6epunraH. YHWUHT TakCMMOT (OYHKUMSCUMHM  TOMMHE Ba
rpagUIrvHA - SICaHr.

Euynw. PaBwaHku, v a:£]- o00; — 1] yuyH F(X) -0, uyHku 06y
xaToa X < X xoguca Mymkum 6ynmaraH xogmca 6ynagn. — 1< X< 3
6yncuH. ¥ xonga V *€] — 1,31 yuyH F(X) = P(X <xX) =P(X = —1) =

= 0,2; 3< X< 5 6y.ncuH,
y xonga V a'€l 3; 5j yuyH
F(X) = P(X<X) = P(X =
= —1)+P (X =3) =
= 0,2+ 0,5 =0,7; x>5
6yncuH. Y xonga F(X) =
= P (X<a:) = 16ynagwy,
YYHKU Y X>5 yuyH
X < a xoguca Mykappap
Xoavca 6ynagH.

XL
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3 [ 6us £ (v) Takcumor r(r.)
PYHKUMACUHUHT  aHANNTUK  vCfto-
[acuHN  E3UMMU3  BA  YHWUHK
rpagmriHn - AcamMms  MyMKWH

(132- wakn). \

0, X< —1pma [

0,2, —1< x<3 ga, -/ 0] J b
fX)=- 07 3<v<s

1, *>5pa. 13- wakn.

Kypamusku, rpapmk noFoHaBmiA umaHkaaH mbopart. X y3rapyBum X
Yy3NyKAW MUKOOPHUHI MYMKWH 6ynraH kKuimatnapugaH 6upun op-
kanu ytmwuga F(x) QyHKUma cakpab y3rapagu, 6yHaa cakpall
KaTTanuru 6y KUAMaTHUHI 3XTUMOJIINTUTA TEHT.

20- 8. IXTUMOJUIUKHUHT TakKCUMOT 3UYNNTU

X y3nykcus tacogugunii Mmkaop 6ynicuH.
Tabpud X Tacogudmi MUKAOP 3IXTUMOIIUK TaKCUMOTUHUHT
andbepeHuman yHKuuacn neob,

f(x) = F'(x) (20.1)
dhopmyna 6unaH aHuknaHaguraH f(X) cyHknuara aitunagH.

(20.1) chopmynagaH
. . < < X -
Fx+&)—F @m _ Iim-P<X X < x-f Ox)
on At— n X
Kenmb umkaan. P(X < X < x+ SX) cypatr X Tacogudwmii mukaop [X, .t-f
+ [ xj opavkga €TraH KMAMaTHU Kabyn KUavW 3XTUMOUIMMN - «Macca-—
CYHW»  Bunampaau.
Jemak PX< n < X+ NIO) _ 3XTUMOAMKHMHT [v, X + AX] opammkaa-
) nx
m ypraya 3nuamrudm, \(X) - lim aca X Tacogu-
yp ) A o
A MUKOOPHMHE X HyKTagarn SXTUMO/IIN 3UWMIMHA 6ungmpagn. LWy
MyHocabaT 6unaH TakcMMoT gudxpepeHuman QyHKUUACUHA TakCUMOT 3U4-
JIMN, YHUHT TpadmrvH1 3ca TakCUMOT 3rpyv YMsWFM Oeniaan.
TakCUMOT 3UYIUTUHUHI acoCUA XOoccalapuHn KenTupamms.
I-xocca TakCMMOT 3UYINTH MaHduiimac, abHU
f(x) > 0. (20.2)
By xocca f(X) kamahmaiguraH F(X) TakKCUMOT QYHKUUACUHUHT
xocuiacu aKkaHaurungad kennb ynkaau.

2-xocca. F(xX) TakcumoT dyHKUMACU Mabaym 6ynraH f(x)
TaKCUMOT 3UYNUTMAAH

) mlim

F(x)= f f(t)dt (20.3)

dopmyna 6yinya TONMUANLLIM MYMKVH.
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XakmkaTaH xam, HbloTOH—/lelibHuY, diopMyniacmra acocau:

fHOdt=F (@) [+  f(x)- f (- o0o)= f(x).

3-xocca. Ywby dopmyna YpuHAK:

e
Pa< X <@®B= \f(xdx (20.4)
Mcb oTun. )
P a p
P(cc < v<P) = /') — F(a) —J f(X)dx—  f(x)dx= j f(x)dx.

WcboTnauraH 6y xocca, reoMeETPUK HyKTau Ha3ipgaH, X Tacoamdmii
MUKOOPHUHE [a, P| Kecmara Tywull axTUMonnmrin cost xmnxatgaH OX YK,
TaKCMMOT 3rpy UM3UFU Ba X = a, X — P TYfpu umsuknap 6unaH uerapa-
NaHraH 3rpy YM3UKIN Tpaneuys tsvra TeHMUMMHH 6unaHpaan (133-wakn).

4- xocca. Yw6y copmyna YpuHM:

40
\f(x)dx=1. (20.5)
Mc6oTu. HboTOH—/IelbHNL, ymymnalirad chopmynacura acocaH

+
\f(x)dx = F(x) r(+ o00)—f (— o00) = |,

aHa LWyHM nucboTnaw tanab KUIMHraH 3awv.

M3o0x. Arap X TacoguHN MUKAOPHHHI MYMKWH 6ynraH Kuii-
matnapu [a, b\ opanuk 6ynca, y xonga (20.5) dopmyna yweéy
KYPUHULIHWN oNnagu:

b
\f(X)dx= I. (20.6)

a

By dopmyna reomeTpuk HykTam HasapgaH OX VYK, TakCUMOT
arpy u4n3nFU Ba Ar=a, X—b TYyFpu uMsHKnap 6unaH 4yerapanaHraH
Arpyv YM3HKAM TPaHEUUAHWHI 103U 1 ra TEeHI/IHIMHW 6unavpaau.

M ncon: A TacogHOUii MUKOOPHUHT TaKCUMOT 3UYINTK

f(x) X’f—’—l
6YNCuH. a) /4 KoahpUUMEHTHN To-
MHHr;  6) A Tocagudumii  MHKOOP
JO; 5[ uHTepBangaH Kuinmart kKabyn
KUNULW 3XTUMOSIIUTUHWN TOMHHT.

Euymw. A koatpdmupmeHTHM (20.5)

Adx
wapTtgaH TonamMma: o+ 1

133- usa
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1/n.

by eppgan /larctgjfi® = nA —1

6) (20.4) chopmynara acocair:
5

PO<X<BH)=1——— =

. — arctgx ° = — arctg5 x 0,437.
j n@2-f ) n 0 n
n

Y3-Y3HHU TeKWMUpuUW yyyH caBonnap

1 [AuckpeT Tacognduii MMKAOP TabpuduHW 6epuHr. Muconnap KenTUpWHT.
2. Y3nyKcu3 TacoAHuUi MUKOOP TabpuduHu antmb GepuHr. Muconnap kentm-

PWHT.
3. OXTUMONNMK TakKCUMOT KOHyHW neb Humara antunagm? Mwuconnap Kentn-

puvnr.

4. TakcuMoT Kynéypuyaru Huma?

5. [HCKpeT TacogH(pHA MUKOOPHUHI (DYMKLHACU HMMAa Ba YHUHI TaKCUMOT KO-
HYHH KaHfan aHuknaHaan? Muconnap KenTHPUHT.

6. AncKpeT TaconupHN MUKOOPMap y4yyw KyWWW Ba aivpull amaniapu KaH-
far TabpH@naHaan? Muconnap KenTUpUHI.

7. TacogHuii MUKOOPNAPHUHT GOFNMKMAC/IHK Tabpuduum aiitné GepuHr.

8. IXTUMONNNK TAKCHMOTU (DYHKLMACU TabpHMUHN aliTUG GEPUHT.

9. TakCcMMOT (DYHKLMUACUMHUHI acoCUi XOcCanapuHu anTné GepuHr.

10. AunckpeT TacoAnHIi MUKOOP TakKCUMOT (DYHKLUMACU rpaduUrHHUHE Xycycua-

™ Humapaa?
11. AXTUMONNNK TaKCHMOTU 3nunmru neb HHmMara antunagn? TakCUMOT 3uH-

JNINTUHNHT MeXaHMK MabHOCK Ba XOoccaslapuHu anTné 6epuHr.

21-8. Tacoanduii MUKOOPHUHI COHMM XapakTepucTukanapu
XakKuaa TylwyH4Ya Ba YnapHUHI Basudacu

X Tacognnii MUKAOPHUHI TaKCMMOT KOHYHUHW GUANW 3XTUMOJI-
NVK HyKTanm HasapugaH X MUKOOP Xakuga TYynnmkK mabnymoTt 6Ge-
pagu. AMannértga aca KynumHya 6yHAaH aHya KaM HapcaHu 6unuuw
Knos KunagH, YyHOHYM TAKCHMOTHW TaBCcHnanguraH 6ab3u COH-
napHurnHa é6unuw kHdosamp, 6ynap Tacoandnii MUKAOPHUHE COHMU
XapakTepucTukanapwm neb aranagu Ba ynapHWHr Basudacum Tacoam-
Ui MUKOOPHUHE aHT MyXUM  XYCYCUATNAPUHMHI KHCKa Lwaknga
ndoganawnaHp.

22- 8. MaTtemMaTuK KyTuauw

I MaTeMaTnK KYTUAWWHWUHT TabpudpH Ba b6en
rmnaHHWM.
Ywo6y puckpeT Tacoauduini Mmkaop 6epHnraH 6YACuH:
Al ~n
Pl Pr Pn
I-Tabpu(j. X AUCKPeT Tacoanuii MUKOOPHUHI MaTeMaTuK Ky—
nwnwmm (W (X) ékn T X 6unan GenrvnaHaan) Aeb, X MUKOAOPHUHT MyM-
KUH 6ynraH KUAMaT.MpYHW MOC 3XTUMOJIIMKIapra KynanTmanapy HUMMH-
Oycura TeHr cOoHra aitunagun, SibHU
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M (X) = x,p, + XPr+ ...+ xapn= 2 (22-1)
~
X TacoguuH MUKOOPHUMHI MYMKHH 6YnraH KuHMaTnapH COHU
YeKCn3, abHU X MNKAO0P

Pl Pz 1mm'1pn
TakCHMOTra 3ra 6ynraH xonga YHUHr MaTeMaTtuK KyTUAuLn

M (X) =x1pl+ xrpr+ ..,+ xnpn+ ...=V xXkpk (22.2)

opmyna 6wunaH aHHKnaHagu. byHpa @ (22.2) katop a6conioT
AKMHNawaan aeb dapas kuamHagu. AKc xonga 6y tacognduini MHK-
[OOp MaTeMaTHK KyTuauwra ara é6ynmangw.

MaTemMaTuK KyTUAuw TacogudHii Mukaop 6wunaH 6up xun yn-
yobra ara 6ynuwWnHU aikiTn6 ytamus.

l1-Mmucon. Ywby tacoanduii MMKOOPHUHT MaTeMaTUK KyTH/H-
WWHH TOMHHT:

X -
10,3/0,2 0,5

Eunw. (22.1) dopmynara acocaH M (X) = —2 0,3+4 0,2 +
+ 6-0,5 = 3,2.

2-Mmcon. X — HuWOHra 6uMpuvHYM MapTa TeKKyHra Kkagap
oTunaguraH yknap coHu, 6yHAaH xap 6up YK y3uwga HULIOHra Tek-
KH3HL 3XTMMOMINTX y3rapmac Ba P ra TeHr. M(X)HW TONUHr.

Eunw. X Tacogndnii MUKOOPHUHI TaKCMMOT KOHYHUHW é3amun3:

f£1 2 3e==

I p PA pf === PAN
(22.2) chopmynara kypa

MX)=1p+ 2pg+ 3p-+ ...+ npg'~l+ ... =p@A+ 29+
+ 3gs+ ...+ nq" 1+ ..)=p+ g+ ...+ gn+ ...) =
= <_q_Y =pP- ]-_:cli—;q_p__l___:_l -
\1—q) 1—0 pi p

2-Tab pud MymMKUH 6YnraH kuiimatnapm (a, b) uHTepBanra
Termwnu 6ynraH X y3nykcm3 Tacoaunduii MUKOAOPHUHI MartemMaTuk
KyTunnwn peb
b
M (X)= | xf(x)dx (22.3)
a
aHVK WHTerpanra antunagu, 6ympa f(X)— TakcumoT 3munurun. by
dopmyna (22.1) chopmynaHUHT MHTerpaa waknuaunp.
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Arap X MUKOOPHUHI MYMKWUH 6ynraH kKuimatnapu 6yTtyH OX
YKHM Komnaca, y Xonga YHHHI mMartemMatuk KyTuaumwm ywbéy dop-
Myna 6unaH ngopanaHagn:

\ +»

M(X)= f x[(x)dx. (22.4)
_®
ByHOoa xocmac HHTerpasn a6conoT skuHnawaaun pAeb ¢dapas
KHAMHaAW. AKC xpnga X MWKOOP MaTemaTuK KyTuauwra ara 6yn-
Marngn.
3-mucon. X Tacogugumii mukgop [0,1] kecmaga f(x)=3x2
3HYNMK 6unaH  GepunraH, 6y KecmapaH Tawkapupga /(.v)=0.
M (X)H W TOMUHr.
Eunmw. (22.3) dpopmynara acocaH
i "
M (X)= fx «3xUx = 0,75 = 0,75.
o
Il. MaTemMaTUK KYTUNUWWHWUHT 3XTUMONNNUK Mab-
Hocu. X Tacogmduii MMKOOP ycTuaa M Ta CUHOB yTKasuaraH 6yn-
CHH. CMHOB HaTHXanapwu ywoy xagsanra KenTupuaraH:
* A3
'h «@

OKopn caTpga X MUKAOPHUHI Ky3aTWU/AraH KuiiMatnapu, nact-
KW caTpfa aca MOC KuiiMaTnapHUHI 4acToTaslapu KypcaTuiraH,
AbHM MacanaH, M, COH M, Ta cMHOBAA X MUKAOP X, ra TeHr Kuiimat
Kabyn KWUIraHaurvHu 6unavpagm Ba X.K.

X opKasH Ky3aTuaraH 6Gapya KHUAMaTnapHuHr yprta apudmeTtun-
rMHyu 6enrunannuk, y xonga

X Is-

— ‘it 22 Xb‘nb
X =
n
exn X = xtl + x2L 4o oo xkt = x4+ x2p24+ .. .4 xKpK,
n n n
6y epma p\, P’ -neen p\—noc pasuwga XIt Xr, . . ., XK KuiAMaTnapHUHD

HUCOWIA  uyacToTasiapn.  CMHOBMap COHM  eTapivya KarTa  6ynraHaa
. »m, p\~ PK 6ynagn. (by 33-8 pa wcbotnaHagn.) LUyHWHT

y4yH
X a M(X), (22.5)

AbHU X TacoAH(MUA MUKAOPHUHT MaTeMaTUK KYTUIULLIU YHUHT Ky3a-
Tunaguranm KuiMatnapH yprta apudmMeTvurvra TakpubaH TeHr.

IlM. MatTeMaTNK KYTUJTHWHHHI XoOoccanapwu

l-xocca. Yarap.mMac MUKAOPHUHI MaTCMaTUK KYTUAUWKW LWy
y3rapMacHUHI y3ura TeHr, SbHH

iM(C)=C. (22.6)
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McboTu. C y3rapmac MukKOOpHM AroHa C KHUMaTHW | ra TeHr
9XTUMONNUK 6unaH kabyn kunaguraH Tacogudwii Mmkaoop Aeb ka-
paw mMymkuH. Wy caba6bnm yN(C)=C1 =C.

2-xo0cca. Yeknm coHpgarm Tacoguduii Mukaopnap MHFMHAMCU-
HUHI MaTeMaTUK KYTUAUWK ynap MaTteMaTuK KyTUAUWNapUHUHT
ANFUHOMCUTa TEHT, AbHH

M (X, + A= M(X,))+ M XD+ ...+ M(XnD.(22.7)

3-xocca Yeknu coHgarn 6GOFNMKMac TacoaugHii MHKAopnap
KYynanTMacMHUHT MaTeMaTHK KyTUAUWW ynap mMaTemMaTuK KyTUauLL-
NapVHVHE  KynaikTMacura TeHF, SbHU

M(X,XT ... X0 = MXMMX.A ... M(XD. (22.8)
2-Ba 3-XOcCalapHM UCOOrCK3 Kabyn Kuiamus.
4- xocca. M(aX + b)=aM (X) + b. (22.9)

Mcb6oTun. XakukartaH, M(aX + b) —M (aX) + M(b) —M (a).U(X) +
+ bMaM (X)+b.
(22.9) chopmynapaH, XycycaH, KyWHAArVHW XOCW KUIaMms:

M(X—C)=M(X)—C (22.10)
Ba
M (X —,N(X))-0. (22.11)
X =X—M(X) Tacogucduini mmukagop X TacogugHii MUKAOPHU Y3NHUHT
MatemaTuK KyTunuwmaaH yeTnaHHWH (ofFnwun) peb aranagw.
WyHpan kHAMG, (22.11) dopmyna ywoby dakTHn udoganangn:
Tacogmdnii MUKOAOPHUHI Y3UMHHHI MaTCMaTuUK KyTUAHWUAan 4veTtna-
HHWMWHWHI MaremMaTukK KyTUIULWIW HOMra TEeHr.

23-8. Tacoauduii MUKOOPHUHT AUCMAEPCUSCU.
YpTaua KBagpaTuK 4YeT/laHuL

1.Tabpudg nap Ba 6enrm nawnap.

Kynumnmk xonnapga TacoaudH MUKAOPHUHT  Y3UHWU  GUAULL
YHW eTapnu pgapaxaga TaBcudiaw yyyH Kudos Kuamangu.

Mucon kentupamH3i. X Ba Y Tacoauduii mukgopnap ywoéy Tak-
CUMOT KOHYH/Mapu 6unaH 6epHNraH 6yncuH:

(-01 —001 O 0.0l 01 Y - 1- 20 —10 0 10 20
) 0,1 0,2 04 0.2]01 ) 03 01 0.201 0,3

M (X)=08Ba M(Y)=0 3kaHAUTMHK XucobGnaw OcoH. Bupokynap
TaKCUMOTNAPUHUHE  MOXMATH Typavuya: X MUKOAOPHUHI  MYMKWH
6ynraH KuimMatTnapu YHUUT MaTeMaTuK KyTuanwumgadH xam gapk
Kunagn, wy 6unaH 6up BakTAa Y MUKOOPHHHI KUWMaTNapH YHUHT
MaTemMaTUK KyTuauwmaaH xyga dapk kunagu. XymaagaH WKKA
Xohga 6up vn gaBoMHAA €KKaH EFUMHHUMHI ypTadya MHKAopu 6up
Xun 6ynraHnurngadH 6y >oinappgarn ukamm 6up xun peb antmnb
6ynmangn. LWyHra yxwaw, ypTaya MW XakH HOKOPH Ba Kam wuwW
Xaky onaguraH WWYMNapHUHE COHH Xakuaa (ukp puTull MMKO-



HUHM Bepmaigun. bowkaya alTraHga, MaTemMaTuk KyTUINWHW Buanw
YHOAH KaHAaan deTnaHuwnap 6ynnwm MyMKUHAUTU Xakuga Xykm
puTULWIra Xam HMKOH 6epmainau.

X Tacogundmnii Mukaoop KuiimatnapuHuHr M (X) maTtemaTuK KyTu-
v atpoguaa coumnuuwHm Xe=— M (X) alinpmanap Tascudpnangu.

Bupok ynapumnHr yprtada kumatm (22.11) dopmynara acocaH HoM-
ra TeHr. Wy cababnn 6y yeTnaHUWNAPHWHI KBagpaTtnapu kapana-
OW. YNnapHUHr ypTada Kuiimatu Tacoguduii MmKOop KuiMaTiapuHu
Y3VHMHI MaTeMaTukK KyTUAuwm atpodumga CcouMavull gapaxacuHu
TaBcudiawln pasLUaH.

l1-Tabpud. X Tacogmmii MUKOOPHUHI gucrniepcusicn (D (X)
ékn DX opkanu 6enrHnaHaaun) p[e6, YHUHr matemMaTtuk KyTUanwun-
[aH 4YeTNaHHWW KBaAPaTUHUMHI MaTeMaTuK KyTHAhWwWra antunagu,
AbHU

D(X) —M (X — M (X))2 (23.1)

AvckpeT TacoaudHin MUKAOp YyuyyH (23.1) dopmyna ywby Kypu-
HULWHN onagw:

ll

D(X) =V Xi —mxf ®i, (23.2)
/=i
D(X) =~ Xi-m xf Pi. (23.3)

i=i
Y3nykcu3 Tacoguduini MUKOOP YyYyH (23.1) dopmyna ywoy Ky-
PHHULWHW onaau:
b
D (X) | (x~m xff(x)dx. (23.4)

JANCHEPCUNHWNHT YN4Y0BM Tacoauduii MUKAOP KBagpaTWHUHE Y-
4yoBM BunaH 6up Xmn 6yNULLIN paBLUaH.

2-Tabpud. X Tacognpuin MUKOOPHUHI ypTada KBagpaTtuk uveT—
naHwvn (<t(X) ékn ax 6wiaH 6enrvnaHagn) ne6 aucnepcusgaH OfMHraH

KBrApaT WIANZHUHI apuMETVK KuiiMatura aAitunaay, sibHu
a(X) = \rD(X). (23.5)

1-mucon. Wy wnaparpadHUHr 6owmnaa kapanraH X Ba Y Ta-
coandmnii MUKAOPNAPHUHI  Aucrepcusiapu Ba ypTada KBaapaTtuk
yeTnannuwnapnHM TOMUHT.

E ynuw. (23.2) chopmynara acocaH,

D(X) =(-0,1 — 02,1 + (—0,01 — Of ®,2 + (0-0)- 0,4 +
+ (0,01 — 0)4-0,2 + (0,2—0)--0.1 =0,00204;
D(Y) = (—20— 0)2®,3 + (— 10— 0)- 0,1 + (0-0)- 9,2 +
+ (10—0)2 0,1 +(20—0)- 0,3 = 260.
(23.5) dhopmynara acocaH:
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a(X) — K0.00204 =0,04517, o(K)= 260 «16,12.

WyHoan knmnub, matemMaTtuk KyTuauwniap 6up xwun 6ynraHm xonga
N MUKOOPHUHI AucrnepcusacyM aHya Kuuuk, Y MHKOOPHUHE  aucnep-
CMAICK 3ca aHuya KaTTa. by wkKopuaa ynapHUHI TakCMMoTuaa KypuH-
raH apkHUHI HaTwXxacHAMp. YMyMui Konga, arap X Ttacoguduii
MUKOOPHUHI AWCHEPCUACU KUYMK 6ynca, y xonga (23.2) WWrHHAW-
HUHI 6apya xagnapyu maHuimac 6YynraHu yyyH ynapHUHE XamMmmacu
XaMm Kuuuk. Wy cababnu matemaTuk KyTuauwaaH xyga dapk
KunaguraH kunmatnap Masxypn 6ynca-ga, ynap KWYUK 3XTUMOSI-
nvukgup. Arap gucnepcus aH4ya kKatTa 6ynca, 6y Hapca TacogudHii
MUKAOPAVHI MaTeMaTUK KyTuauwaaH kKaTTta ueT/naHaguraH advya
KatTa 3XTUMONNNK KUAMaTNapH MasXyA/HTMHW KypcaTagu.

2-muncon. Arap A XOAUCAHUMHI Py Gepuw 3XTUMOAIUTK P ra
TeHr 6ynca, y xonga A XxogucaHVHr 6uTTa CcuUHOBOA pyi 6Gepuw
COHVMHWHI MaTeMaTuMK KYTHAWLWH, OMCNEePCUsCH Ba ypTaya Ksagpa-
THK YeTNaHULWWHN TOMUHT.

E yuunw. A Tacogundwnii mmkgop A xoaucaHuWHr 6y cuHoBOa pymn
6epuv COHH GYNCUH. Y X0nga YHUHI TakCMMOT KaTopu ywo6y Kypu-
HUWAa 6ynagn:

LUYHUHI yuyH
Af(X)= \.p+Q-q = p,
D(X) = \—pf p + (0~p)--q = g -f p-g = ap(q + p) = pq,
Oo(X) = Vpq.

Tacoandnii MUKAOPHHHI AUCNEPCUSCU YHUHT KBaapatu ynyo-
BUra, ypTaya KBaApaTuWK 4YeT/laHUWM 3ca Tacoguduii MHKOOPHUHT
ynyoBura ara 6ynnwunHu antmé ytamms.

24- 8. JvcnepcnaHn xucobnaw yyyH copmyna

OuncnepcusHu xmcobnaw yyyH KynuH4ya ywby dopmynagaH gon-
JanaHvw Kynain 6ynaaw.

D(X)=M (X2 — M2(X), (24.1)

AbHW pJucnepcus Tacoauduii MMKOOP KBagpaTu maTemaTuK KyTu-
MWK GunaH YHUHT  MaTeMaTuK KYTUAWWW KBajpaTu opacupgaru
aliMpmara TeHr.

McootTn. D(X) =M (X —M (X)f =M (X2— 2X <1 (X) -f
+ M2(X)) =M (X2— M (22X (X)) + M (- (X)) =M (X2 —
— 2eMr (X) + M2(X) = M (X2 — Mr (X).

McboTaa 643 mMaTemMaTnK KyTH/AWWHHHIE XOccanapHgaH Xamaa
M (X) Ba M2(X) Huur ysrapmac coHnap akaHnurupgaH doiiganaH-
OVIK.

Mwncon. X Tacognguin MUKOOPHUHI  gucnepcuscuHn (24.1)
opmyna 6yinya xmcobnaHr:
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— 2. 416
0,3 02105

Euvnw. M (A) —— 203+ 402+ 6 05—32,
M (A*) = 4-0,3+16-0,2+36-0,5 = 22.4,
D (X) - M (A2 — M2(A) = 22,4— 1024 = 12,16.
OncncpcusHUHT xoccanapwu.
1-xocca. Ys3rapmac MUKOOPHWHI [AWUCMEPCUSCA  MOAra TeHTr,
ABHU
D(C) =o0. (24.2)
Mcb6oTun. C y3rapmac MUKAOPHM 22-8 parn kabu C ra TeHr
AroHa KWMaTHW | ra TeHr 3XTUMOMIMK 6unaH kKabyn KunaguraH
Tacoanduii mMmkaop Aeb6 kKaparimMus. YHUHT MaTCMaTuK KyTUAMLIK
y3ura, sibHu C ra TcHr. Wy ca6a6num D(C) = (C — C)2-1=0.
2-xocca. Ysrapmac kynaiiTyBumHW KBagpaTtra kyTapu6 amc-
nepcma 6enrucnaaH Talwkapura YMKapHLW MYyMKUH, SbHU ywoy dop-
Myna YpHHANU:
D (k X) = NeD (A). (24.3)
Ncbotn: D(kX)=M (kX—M (kX)f =M (kX — kM (X)*=
=M KX—M (AN)2=M K-(X—M (A)-) = k-M (X — M (X))2=
= kW (X).
3-xocca. Yeknum coHpgaru 6oFnMKMac Tacoaudmii Mukaopnap
WUFUNANCUHWHT  OMCcnepcuscu ynap AUCNepCUsNapuHUHT  AUFUHAN-
cura TeHr:

DA, + A2+ ...+ A)=D(A)+DA,)+...+D (XN (24.4)

Mc6OTH U uKkMTa 6oFnmkmac X Ba Y Tacoauduii mmkaopnap
yuYyH yTkazamui. (24.1) dopmynara acocaH Ba MaTeMaTuUK KyTu-
JMLWHVHI XocoanapugaH doiiganaHnb, KyimgarmHm Xocun Kunamus:

DX+Y)=MX+Yf—M2(A+Y)=M (A-+ 2XY + Y2 —
— M (A)+ M ky2=M (A2+ 2M (X) M (Y) + M (Y-) — Mr (A) -
- M-Y)—2M (X)) M (Y)=(M (A2 — M2(A)) +
+ (M (Y2- Mr(vO)= D (X) + D (Y),

aHa wynun mncboTnaw Tanad KWIWHIaH 3au.

4-xocca. Bofamkmac Tacoguduii Mukaopnap annpmacuHWUHIE
avcrnepcuacu ynap AUCUepCUsNapuHUHE MNFHHOHCUIA TEHT, AbHU

D(A—Y)=D(X)+ D (). (24.5)
Mc6otTn. DX —Y)=D(X +(- DY)=DX)+D ((— DY)=
=D (X) +(— 2-D (Y) =D (A) + D (Y).

25- 8. BowWnaHrny Ba Mapkasvii MOMEHTNap

1-Tabpud. A rmacogtumini  MUKOOPHUHE  S-FNapTnénm 6oYbraHFnd
MOMEHTN ACO, XS MUKOOPHUMHI M3TEMATUK KyTUAULLIUIA alTUnaau, SibHU

as~ M (Xs). (25.1)
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[unckpeT Tacogudmii Mukgop yuywn 6y copmyna

0
(25.2)
1=
KYpUNuLLAa, Y3MyKCU3 Tacoaudmii MUKOOP YuyH 3ca
as= f x*f (x) dx (25.3)

KypuHULWaa 6ynagwn.
XycycaH, a, = M (X), a2= M (X2 Ba, pemak, (24.!) dopmynaHu
OyHOaN E3HLW MYyMKWM:

D (X) —a2— ap (25.4)
Mapkasuii MOMEHT TabpUPMHM GEPULLOAH ONAVH AU «MapKas/aHraH

TacoaMuii MUKOOP» TYLLIYHUACUHU KUPUTaMK3.
T K MaTeMaTuUK KyTuavwnm X Tacoaudmii MuKaop GepwiraH GYcuK.

o
X Tacoamdwmii MmMkgopra Moc MapkasnavraH X Tacoaudmii MyKOop AE6,
X MUKOOPHVHI Y3VMHWHI MaTeMaTuK KyTUIWLLIKAAH YeTN3HUWMMa aiTunagu,
SBbHN

X - (25.5)

M (X) = 0 skaHuHM Tabkngnab ytamms ((22.11) choopmynara Kapar).
2-TabpH(p. X Tacoandumii MUKOOPHUHI S-TapTUGNM MapKasuii

MOMeEHTU pfe6, MapkasnaHrau X Tacoauduii MUKOAOPHUHI  S-TapTHON
GOLLTaHFNY  MOMEHTUra aiiTunaay, sibHU

ps=M (Y —M (x —1x. (25.6)
JuckpeT Tacogudmii MUKOop y4yH Oy dopmyna

p=Vv - TWH (25.7)
i=i
KYPUHWMLLKN, Y3MYKCWU3 Tacoamdmii M KOOP YUyH aca

Ps =\ (X—T1X f(Xx)dx (25.8)

KYPUHUWHK onagn. XycycaH p, = 0, fij —D (x).

p3 Mapkasuii MOMEHT amanmérga acuMmeTpusaHW TasBcH AL
YUYH, p4 3ca TakKCUMOTHWUHI «KUSIUTUHWU» TaBcudiaw yyyH wwnia-
TMnaau.

BownaHfFHY Ba Mapkas3nii MOMeHTNapHH 6O0FNOBYM YLWIGY MyHO-
cabaTnapHn KenTupmbé YMKapuw KUiMH amac:

p2= a2— af,
P3= a3— 3a,a, +2af, (25 9)
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p4= a4— 3a3a, + 6a.2af— 3a].

By dopmynanapHu KenTmpmé 4YHKApULIHW MalwkK cudgatuga yKys-
ynra TaBcua KHIaMu3.

M 3 0% By naparpadga kapanraH MOMEHTNApPHU Ky3aTull Mab-
nymoTnapu 6yihnya xuco6naHraH MoMeHTAapAaH (ylapHU 3MIMpUK
MOMeHT/ap Aeb atanagwn) dapkiv ynapok Hasapuii MomeHTnap aebt
atanaau.

26- 8. buHoMMan TakcumoT

1. Arap X AHCKpeT Tacoanduii MUKZOPHWUHI TaKCUMOT KOHYHM
0 ., k n
1.1
(h npdu 1T . m \Chpkgnk

Kypunuwaa 6ynca, X O6UHOMMan KOHYH 6yinya TakKCHMIaHraH Aennnaau.
q +npql~l+ ...+ Cckpkgq" *+ ...+ pn=(p+ gn= 1 6YIULNHN
antno yramma.

BepHynnu cxemacnga X Tacogmdwmii MUKOOP Xap 6vpupoa A xoavca-
HUHI Py GepHLl 3XTUMOM/IUIN GUP XW1 Ba P ra TeHr 6ynraH N Ta 6ot —
JIMKMac CUHOBAA A XOAMCAHWHI Py Gepuvlnap COHWHWM uvdoganacun. by
Xpnga, wirapH kypcatmnraHmgek, P (X = K) = C* pkgnk sbHU X MUK-
[op 6MHOMMasT TakcUMOTra ara.

1-mucon. HuwoHra kapara yuyta YK yswnaun. butta YK ysuwuga Ha-
LWOHra TeKKH3UW axTumosurn p = 0,4. X Tacogmdmii MMKOOP — HULan-
ra Tervwnap COHW. YHWUHI TakCUMOT KOHYHWUHW E3UHT.

Euynmw X TacogHpHN MukKaop OGMHOMHan TaKcMMoTra 3ra Ba
YHUHT MYMKWUH 6ynraH KuinmatnapH O, 1, 2 Ba 3. LUyHUHI yuyH

(26.1)

P (X =Kk)= -(0,4)* (0,6)1fc.

AR
byHaaH
P(X -0 0216, P(X= 1)=0432 P (X = 2) =0,288;
P(X = 3) = 0,064.
X Tacogmdmii mukpoprunr TAKCUMOTU YLWIOY KypuHUWAa 6ynaawm:
1 3
»0,432 0,288 0,064

M. AcocnncoHnNn xapakTepucitmkanapwu. buHomnan
TakcumnaHraH X Ttacoauduii MUKOOPHU Xap 6upunga A XpancaHuHT
pyih 6epuv 3XTHMOMIUTWM P ra TeHr 6ynraH N Ta 60fnMKMac cu-
HoBAa pyn 6Gepuwnap coHu Aeb kKapaw MyMKUH OYAraHamrn yyyH
yHU 6ofnukmac Tacoamuii Mukgopnap WWFUMHAUCKM  KYypuHUwuaa
6yHOaH undopanaimms:

X =X, + X2+ ...+ X,,,
6y epoa X-— wy J1 xoaucaHuur i-cMHOBOA Py Gepum  COHW
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t—1 2, .. n). Wirapm 6H3 JO (JI')) = p, D (Xt) = py, GYNHWMHN
KypcatraH 3gvk. Ly ca6abnm
MX)=MX, + X2+ ...+ XD=M XX+ M (X,)+ ...+
+M (Xj=p+p+... + /=1/7
DX)-DX, +X,+...+X,)=DX,)+D X2+ ...+
+ D (XJ - pqg+pq+ ... + pg= npqt

o(X)=1 npq.

MupoBapavda KyWnaarmkH wmcbotcm3 Tabkugnab  ym™wms:  6HHOMMan
TakCMM.TaHraH Tacoamdnii MUKOOPHWHE 3HI 3XTUMOJSI/IaK COHW, arap np + p
6y.yH coH 6ynmaca, \i™“[np + p\ ra TeHr; arapga Nnp + p 6Yy.yH COH
6ynca, y xo0.Jpa X Tacoaudmii MMKOOP Kyhugarn WKKwa a3nr axrumaz-
NHK KuiAmatra (Mogara) ara: Uj =np + p ma w2 u,— I

.MacanaH, p —0,6 Ba N = 10 6ynca, y xonga nNp + p = 6,6, fi =
= [6,6] = 6. Arap p= 0,5 Ba N —9 6Yynca, y xongapn + p—>5. Wy
cababnm iit=5 Ba = 4.

27-8. TlyaccoH TaKCUMOTU
1 Arap X Tacogudmii Mukgop O, 1, 2, ... Kk ... KWAMAT/I3pHU
Pk=P (X=A=-£ e* (X>0) (27.1)

3AXTUMOIMKNAP GunaH Kabyn KWica, KbHU YHUHT TakCUMOTU

0 1 2 k...
X = =4 X -
e = e ,
2! K
KYpHHMWOa 6ynca, y llyacCoH KOHyHU 6yinua TakcuMmiaHraH pne6 ara-
nanw.
AXTUMONAMKNap WFMHOMCM 1 ra TeHIIMMUHA TeKWMPULL KWAMH 3Mac:
5 /2 Ne ) a2
4+ Xe-*+L T e * + | mr...—e n(l+ A-b— +
+ .+11 + .. \=e-xex i

k |

KylingarmHu unc6otnaw MyMKUH: arap bepHynnH cxemacuga
CMHOBNAp COHW M eTap/anya KaTTa, P 3IXTUMO/IMK 3ca  KUUYUX
(ps$0,1) 6ynca, y xonga yw6y Takpubuin dopmyna YpuHAW:

P (X =Kk)& Y e ', 6yHga X = np. (27.2)

WyHaan kunamb, 6uHomman TakCMMOT CMHOBNApP COHM KaTtTa 6yn-
raHga lNyaccoH TakcumoTuUra siKMHAawaau.
M Hcon. 800 Ta YPUYKHUHT Xap 6upuaga T BakT nunga WNHUHT
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yaunuw 3XTumonnHru 0,005 ra TeHr. KypcatuiraH BaKT unumpa poca
4 Ta vn Y3UNNLW 3IXTUMOJIIMTUHN TOMUHT.

E ynw. By macanaHu eunwpga (27.2) dopmynaHn kKynnaw Mym-
K/H: uyHkn A=800 coHnHn kaTTa, p= 0,005 3IXTUMOMIUKHN 3ca
KHUYMK aeb xmcobnaw MyMKuH. By dopmynagaH dgonpganaHn6 tona-
M/3, X—4p=800X 0,005 = 4;

44
NkO (4)  ~re*= «0,0183 = 01952,

AHuK chopmyna 6yiinuya xucobnaw 0,1959 Hu Gepaaw, gemak, Flvac-
COH hopMynacuHm KynnaHumwpgarn xatonuk 0,0007 6ynagn. lannac
nokan dopmynacu 6yrnya xpycobnaw 6unaH 3aca 0,2000 HM XOCWUN
Kunammna, aemak xatonmk 0,0051 6ynagwn, AvHu lMyaccoH copmyna-
cufaH oliganaHnnraHngaH kypa 6 maprta opTuk 6ynagw.

Il. LcoOcCHWCOHN U XapaKTepucTHKanapmu.

MX)=X P X -K= k ~-e~K= Xe-'kX — --
ra* H K-
= Xe hef =1,
M (X2 =\ k- p (x k) VvV  k2m— -
B ' H ri *1
k —ZL =Xe~>3X " ((k- 1)+ 1)
k A T (k—1I)!
- U->(V (*_ Dii"2 + _ =moivVo Ao +eld) -
4—~( (**—> E_F't'l)} I,—>14_21 )

= \e~} aex+ex) = X2+ X
DX)- M X-)- M*(X) =X+ X)- 1?7 =X, a(X)—iX.

WyHgaH kwmbe, M (X) =X, D (X) - X, o(X) =i T.
MyaccoH TakcuMoTuaa Tacoguduii MUKOOPHHHT  AMChepcuscy
YHUHT MaTeMaTHK KYTHAMLWINIA TEHT.

Y3-Y3MHMW TeKWMUpuUW YyuyH caBonnap

1 AnckpeT Tacogmdmii MUKAOP MaTtCMaTUK KyTUAUWWHUHE Tabpudiw 6epumr
Mwncon KenTupuHr.

2. Y3aykens Tacoguuii MUKAOP MaTeMaTuK KYTUAHLWWHUHE TabpHMUHN Ge-
PUHr. MUCON KENTUPWHT.

3. MaTtemMaTuK KYTUIULWHHHE 3XTUMO/IMK MabHOCUHWN aliTUG GepuHr.

4. MaTtcMaTuUK KYTUINLHWUHE acoCuii XoccanapuHu anTnb GepuiHr.

5. Tacoandmii MHKOOPHUHI aucnepcuacn aeb6 ummara anTHNagu? YHHHr Basv-
thacH HUMagaH Hb6opat?

6 [MCNepCcHSHHHT acocuii XoccaslapHHW aliTUG GEepHHT.

YpTaya KBaZpaTuK YeTnaHuw [e6 HHMara aitunagm?
8. OAcnepcusiHn xucobnaw GopmMyacHHU E3UHT.
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9. BHHOMMWaN TaUCHMOT KOHYHHHW C3HHI Ba YHUWHI aCOCHW COH/MIH XapaKTepuc-—
THKaNnapuHH XMCOo6NaHr.

10. KaHgait aXTUMONNHKNApP TakKCHMOTW yaccoH TakcumoTu ae6 atanagn Ba
YHUHT aCOCHI COH/IM XapaKTepHCTUKanapu HumagaH néopat?

11. 14.258— 14.268, 14.317— 14.326, 14.352— 14.355- macananapHu CUUHT.

28- 8. TcKuUC TakCcUMoOT

l. Tabpud. Teknc TakcumiaHraH X y3siyKCus Tacoauduii MMK-
Jop ae6 3umunurn 6Hpop (a, b\ kecmapa ysrapmac Ba \/(b— a) ra
TeHr, 6y KecMajaH Tawkapuja aca Honra TeHr, SbHU

0, arap X < a 6ynca,

/(M= - arap a < v< b 6ynca,

0, arap X > b 6ynca (134-wakn).
6ynraH Tacogudwmii MmMKgopra aitunagw.

"bee

\ f (X) dXx — 1 aKaHAUIMHX TEKWMPULLI OCOH. XakukKaTaH,
Ji /(X)dXx —1—— dx——— X b=-1- (b-a)-\.
b a b—a a b— a
Teknuc TakcumoT yuyH F () TaKCI/IMOTX(byHKLU/IﬂCI/IHI/IXTOI'IaMVIS. Arap

a<.Xx < fe 6ynca, y xonga F (,v)—J\ f () dt —J\b—l— dt =
— a

—30 a

1
b—a b— a
PaBwaHkn, x<a ga f X)) =0, x>b ga F (X) = |. WyHgaihi w-

6.
fl1*)

I

t—cr
X
134~ wakn. 135- wakn.

0, arap X < a 6Yynca,
F(x) = . arap a < v< b 6ynca,

1, arap Xx>b 6ynca (135-wakn).
Il. Acocuii COHNMH XapaKTep/icTUKanapu:
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az-+-ab 2
3

ya—b\
12

2,3

1. MupoBapanga aHTMG YyTamMuskm, 613 TEKNC TaKCMMOT 6unaH
ynyaw amanMétnga ynyaw HaTUXacMHW LWKaNnaHUHE 3HT AKUH Oy-
TYH 6YNMHMacura axnurnawga Ayd kenamms. Axnutnawgarm Xxarto-
NIMK TEKNO TakcumiaHraH tacoauduii Mmkaop 6ynm6, YHUHI MYMKWH
6ynram kumatnapu wkana 6ynMHmMacuHmHr —0,5 pgaH +0,5 raua
opanuirmnga xownawraH 6ynagu.

Tekuc TakcumoT sHa Tacogmduini  TebpaHuwnap dasacm yuyH
Xam xocaup. AManueTHUHr KynrmHa wmacananapupa Tacoaudui
amnanTyganu Ba asanm rapmMoumk TebpaHuwiapHM ypravuwra
Tyrpu kenagu. byHpain xonnapga asa TebpaHuw p[aBpu yerapa-
napuga TCKWUC TakCcumiaHraH Tacogudnii mukgop 6ynagw.

29- 8 KypcaTKuunu TakcumoT

I. Tab pud TakCHMOT 3M4NUrn
, arap X > 0 6ynca,
arap X < 0 6ynca
Kypummwga 6ynraH X Tacoamdmii  MvkOop KYypcaTkMuim TakcumoTra
sra peiivnagn, 6y epga =>— 6upop TalivH Myc6aTr coH (136- wwakn).

I f (X dx— 1 wapTHWUHI GaxkapuaMLLIMMMA TEKLUMPaMU3. XaKuKaTaH,

Cc

KYpCaTKMUNM TaKCUMOTHUHT WHTerpat (yHKUMSICU Kyhingary Kypuunaa
3KAH/IMIMHA TEKUNPULL OCOH:

*
\Xe~"*dt= 1—e~'X arap X > 0 6Ynca,
Fw= 0
"0, arap X<r O 6ynca (137-wwakn).

. Acocuii COHNMM XapaKTepsiCTMKa/Iapu: a) MaTemMaTuK KyTUWLLIHW To-
naums:
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F(x)

137- wakn.
4-oc
Jc.
D
Bynaknab wHTerpasiawl Komaacukym TaTtOHK 3rmb T U-- X, dg =
? dx pe6 onH6, KyMaarnHU XOCWUn Kuia.Mu3:
M (X) X (- e~kX I|+f’?— f*(- ') dv=
o
+ic
e dx=—e
WyHoain kmo,
M (X) = 14. (29.1)

6) [vcnepcusiHM Ba YpTaya KBaApaTUK YeTNalviiny TOM3MLL:

D (X) - W (X-) - - j 2 de—m)l(: —xe—'x\(—)ra:

X | | |
+ 2j xe dx—m»i(—=2~ —6r:Y2

WyHpan kunnb.
D (X)- 142 (29.2)
a (X) = »D (X) = 14, (29.3)

I1. BHpoOp KypuUAMaHWHI (3/ICMEHTHUHI) 6y3unnmMacgaH uvwnaw
BaKTHAAH ubopaT TacogndHi mMukgopHu T 6HNaH  6enrvnanmMmus.
Ywoéy

R(t)=P(T"t) (29.4)

hopmyna 6unaH aHuUknaHaguraH YHKUUA UWOHYINANK (PYHKLUACK
Ac6 atanagwn.

VNWOHYNHANK dynKkumsacu xap 6Hp t KMiAMaT yuyyH 3/1eMeHTHWUHT
t BakT gaBomMHAa 6y3unmMacgaH uvwnaw 3XTUMOANUTUHU GEPULLIHHMK
antTmé ytammns. XHu 6yHpgali  Hpopanaw  MyMKUHAUTU  paBliaH'
R(t) =\-P(T<t) éknu
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R(1) = \-F(i). (29.5)
Omannétga T Tacoauduu MHKOOP KYpcaTKMuiM TakcumoTra ara

6ynraH macananap xypaa kyn yupalign. By Xonga WLWOHYIWANK
PyHKUMACK ByHAa KYpHHUWAA 6Yynaau:

R®- 1—F@®= x(¢>0). (29.6)

Muncon. T Tacognduin MMKOOpP — OGUPOP 3/ICMEHTUUHT OBy3UN-
MacgaH umwnaw BaKTW KypcaTKU4Y/aM TakKcMMoTra ara 6yncuH. Arap
3N1IEMEUTHUHI ypTaya uwnaw BakTM 1000 coat 6ynca, yMUHI mniail
B3KTU 800 coatgaH Kam O6Y/Mac/iuK 3XTUMOMUIVMHWA TOMUWUT.

Eunw. Macana waptira kypl T Tacogmdminin MUKOOPHUHI MaTemMaTuK

-0.001/
KyTunuwm 1000 coaTra TeHr, gemak, X = 0,001, R () = e Ly-
HUHT YYyH MW3M1aHaéTraH 34YTUMOSIINK Kylnparura Tewr:

P (T > 800) = e- 0OOT'SD = € Ox = 0.45.

30- 8 Hopman TtakcumoT ([aycc TakcumMOTW)

1 'Tabvpud. X Tacoandmini MUKOOPHUHI TaKCUMOT 3uuamra
IX—*

f@)— ————1e (C=N0)] (30.1)
a>2n

KypuvHuwaa 6ynca, y HOpMas KOHYH O6yiuya TakcumiaHraH ne6
atanaau.

f(X) YHKUMAHWHT MycbaTnurH paswaH. (26.3) wWapTHUHT 6Ga-
XapUINLWKHU, AbHU

IX — o)*

dx - 1

TEHI/IMKHUHT TYFPUIMTMHU TeKwmpaMuz. by uHTerpanga yarapyBuvHU

t ne6 ysraptupamm3. Y xonga v—a/+ a, dx = adt
£y HOO-!= I — —
e dx = ! e 2 dt
Ba = 1 =
I 2n f *1*x
o
2

Hopman TtakcummnaHraH A Tacogudmii MUKOOPHUHI TakKCMMOT
3MYNUrKM UKKNTa nNapameTrp— a Ba a ra 6ofnuknurn (30.1) dopmy-
nagan KYpuuHo6 Typmnéau.

f(x) dynkumnsaHn a=0 6ynraHga kKapammus:

Cl 2n
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138- uaa 139- uexa

Ba YHUHI acocuili xoccanapuvHu aHuknammuns (138-wakn).

1 By dyHKUmMA OYTYH COH YKuMAa aHHKNauraH, y3/nlykKCcu3 Ba
myco6ar.

2. by cyHkuua xydT Ba, Acmak, Oy YKHra Hucbatan CUMMETPUK.

3. 0 pan + oo raya kKamawByH, - oo OaH O raya ycyBuu.

4. v—m+ oo pga rpadmrm OX YKKa acUMNTOTUK SKMHMaWaaw.

5. A=0 HykTaga dyHKuma 10\ 21 ra TeHr 6ynraH siroHa Mak-
CUMyMra 3ra. & HUHIr OpTHWW 6unaH MakKCUMMYMHUHI KUAMatun kama-
aan, 6y dyHkuua rpagHrn Ba abcuymccanap Yku 6unaH uverapanaH-
raH to3a 1ra TCHI 6YAraHAMrn yyyH O OPTHWW 6MNaH 3uU4nMK 3rpm
un3nFnM AccmnaHn6 6opagun, y acta-ceknH OX YKka AKuHaawagu, o
Kamanumwmn 6umnaH aca 3nYnukK arpH umsnenm OX YKHUHE KUYUK KUC-
Muaa Y3MHUHI MakcuMymu aTpodmga tokopura yysmnagu, KeiinH aca
yHra (OX ykKka) Te3 TopTunagu.

6. PyHKUMA Tpadmrm X = 0 BA X = — O Ja Oypwiiw HyKTanapura
ara 3KaHIUMVHN UKKUHYM XOcwna épfaMmaa aHWuKMall OCOH.
ad 0 o6ymraHgpa / (X) = — j— e~ a*~ 3MunmMK rpadmrn HKo-
oi 2n

puoa AcanraH rpadwikgaH, arap a > 0 6ynca, a kadap YHrra, arap a < 0
6ynca, |a| kagap yanra cypuil 6unaH XOCwui KWIMHaOW.

a—0 Ba a = | napameTpnM HOpMasT TaKCUMOT HOpMaslaHraH HopMa
TakcMMOT Aeb6 atanagn. YHWHT 3U4IUrH

/W =- L e-xXI2 (30.2)
y 21

ra TeHr. by (YHKUMSHUHI KHIAMaTnapH >ajBaslH Ty3H/raH.
. f(x) TakcumoT 3uunuru Ba h (X) TakCcUMOT (hyHKUMSICU oOpa-
cupgarn 6oFnNaHUWAAH Kyimaarnra aramms:
X

F(x)= —L— \ e (‘- al2v dt. (30.3)

o»2n ,

HopmanaHraH HopMan TakcuMoT yuyH F (X) dyHKkuus yw6éy [KypuHMLIra
ara:
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0
FOX) = —L. N e-,2dt= ~4=r\ e"'v2 dt

i2nl » 24l
WSOX ,
+ ' j’e-r2dt- 05+ o (x.
I 2ino
Ywoéy
® (X)- — Ne~'v-dt (30.4)
»2n)

dyHKUHA Jlannac yHKUuacK aeb atanagu.

K)ingarn xoccanapHu Kypcatuwl OcoH (139-wakn):

1) 6y yHKUMA BYTYH COH YKuAaa aHuWKNaHraH Ba Y3/YKCU3;

2) 6y (OyHKUMSA TOK, QAOeMaK, YWUUHI rpaduru kKoopauHaTanap
6owmra HucbataH CHMMETPUK;

3) dyHKUMs B6YTYH COH Yykuaa ycyBuu;

4) iim & (Gc) —0,5; Ilim ® (x) —— 0,5.

X~*-
® 1V) ddyHKUMS KnAMaTnapyn xansanv Ty3uarat.
1M Acocuii COHNM  XapaKTepuCTUKanapw.

M (X)=\ xf (x) dx = — X xe~{x-a/2 dx=
J ol 2n J_

— D

—|@—a)a=t, x=0t+ a, dx=odt|—

—— — 0ol (ot+a e dt— n—\ te ' *dt—
o>2n J—GD I2n._®
+@®
H— "~ \e~-"*2dt=—— (0 0+ai 2n)—a.
I 2n. 12n
UyHoaldi knnmo,
M (X) = a. (30.5)
CyHrpr
+.
D (X) =— X (1—af e~{x-a'r2** dx = o2 (30.6)
0>2.i

EKi 6y epga D (X)hh xucobnawHwm KentupmacgaH, yHU MycTa-
KU Mawk cudpatnga Konanpauvk.

CIiX) — V D(X) 6ynranHnurH yyyH o(X)=0, sibHM X HOpMan Taco-
OHDMA MUKOOPHUHT ypTaya KBagpaTWK YeT/aHUWH O HapameTprs
TEHT.
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IV. Hopman TtakcumnaHraH X Ttacogmduii MUKOOPHUHE |a, p|
MHTepBangarn KUAMaTtHU Kabyn Kuauw  3XTUMOJIIMTUHU  XMCO6-
nanmms:

P ®
P@a<X<p \NfKXxdx-— \e 2a dx=
- o, 2n
T8 { x=-at+o, dx a X P
t (a—a)/a (P - a)la
p—a
1 e~"2dt
,'2n
(a—o)/iT
, (pa)a <P-a)/0 (x—a)<T
Y--+ r eN-dtr-N f ot .
, 29 ] . 2n
Y3un-kecun Kynngarvra asramma:
P (a<X <p)=d(-5—£)_. (30.7)

oy epga (E(X)— (30.4) dopmyna 6unaH aHuknaHaguraH Jlannac
PYHKLUACK.

\'. bepuaraH 4YeTNaHUWHWUHI 3XTUMO/IUIMHN Xucobnrw Tanab
KWIVHCUH, SBbUM  HOpMasl TaKCcumnaawaH Ttacoanguin MUKOOPHUHT
MareMaTukK KyTuaMacHAaH u4eTnaHuwm abconT KHMmatn 6yiunua
Cupop mycbaT COHAaH KUYMKIUTU 3XTUMOMINTUHU XMcobnaw N03HM
6y NCUH.

(30.7) copmynapaH doiriganaHamus.

P(\X—a\<b) =P (a 6<A<a+6 o2 0—a
)
— o a—b—a OI-) +
a '’ a’l
WyHpan Ku.wo,
P(|X-a|<6)-20 (30.8)

6 at pe6 onammnz. Y xonga (30.8) copmynagan
P (X - a\<at) 20 ()
HK Xocun kynamm3. XycycaH t —3 6ynraHga
P (IX—a]< 3a)- 29 (3) - 2 0,49865 - 0,9973 (30.9)
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ra aramms, AbHW HOpPMasn TaKCHM/aHraH TacoguduvH MUKOOP YeT-
NaHUWWHWHI abconT KuimMaTu 6yhnya yuynaHraH ypradya Kesagpa-
TUK 4YeTNnaHuwWAaH KUYHK 6ynuw axtumonanrm 0,9973 ra TeHr. [e-
MaK, YyeTnaHuwWw abCconoT KUMMAaTUHHHE yynaHraH ypraya KeagpaTtuk
yeTnaHMwWAaH OpPTUK OYIHW 3xTHMonaurm 0,0027 ra TeHr. bByHpaii
xoaucanapHm KUYMK 3XTHMOJIIMK XOAUCAaNapHUHT MYMKWHMAacC/INK
MPUHUMMNHIA acocaH amanga MyMKHH 6ynmaraH xoaucanap neb
XHCO6Maw MyMKUH. bowkava anTraHga, arap Tacogudwii MnkOop
HOpMan TakcumnaaHraH 6ynca, y xonga 6utra CMHOB HaTmxacumpga
YHUHI YeTNaHUWMWHUHE abcaTioT KUHMaTu ypTaya KBagpaTuK uer-
NaHUWHWHT y4 6GapobapugaH OpTuK 6Yynmanan aed MwWoHuUW MyMm-
bpH. By Tacouk «y4 curma» kKoupgacu geb artanagw.

Y3-y3UHN TeKWUPULW YYyH caBonnap

1 Tekuc Ta”\cumnaHraH Ttacognuii MUKOOP TabpPHMUHU anTHO 6GEepuHr.

2. Tekuc TakCcMmnaHraH TacoauHA MHKOAOPHUHI acoCuii COHMWN  XapaKTepHC-
TUKanapu KuiiMatnapuHu KYpCaTWuHT.

3. TeKnc TakCUMaHraH Ttacoavduii MHKAOpMapra aManHii muconnap Kentu-
PHHT.

4. KaHpa TakCMMOT HopMman TakcuMoT aeb atanagH?

5. KypcaTKHUNH TaKCHMOTHHHI 3UY/IMK Ba TAKCHMOT (DYHKLHSNAPUHUHT rpa-
UKNAPUHN SiCaHT.

6. KypcaTkHUNM TakKCHMOTHWHI acCOCHA COHAWM XapakKTepucTukanapu kuimar-
NapuHN KYpCaTUHr.

7. 14.282— 14.307, 14.361— 14.377-macananapHu eYnHr.

8. VWOHYMHNHK (PYHKUMACU TabpHMHHH aiiTné 6epHHr. KypcaTKMunm Takcu-
MOTIMUT  UILLOHYANANK  (PYHKLMACUNH E3HHT.

9. KaHpal TakcMMOT HOpMasl TakcumoT Aeb atanagm?
10. Hopman TakKCUMOT 3HYIMTHHUHE FPatHrHHH AcaHr Ba 6y 3HUNHKHHHI aco-
cuii xoccanapHHM Kypcatné 6epuHr.

11. Hopman TakcMMnaHraH TacoAuduii MHKOOP acoCWuii COH/H XapaKTepucTH-
KanapuHWHI KUAMaTNapuHH KypcaTtné GepuHr.

12. Mopman TakKCHMNaHraH TacoAVMHI MUKOOPHWHI GepHNAraH HHTepsasira Ty-
LAMT 3XTUMOJITHFHHU XmMcobnall ydyyH (opMynaHu KYpcaTuHT.

13. BepunraH ueTnaHHLW 3.YTHMO/UIATLLL Xpycobnail yuyyH (hOpMynaHn E3uHT.

14. «Y4 curma» KOUOACUHUHT MOXMATU HHMagaH Ho6opat?

31-8. YebuweB TEHICU3IUTU

OmMaBuin Tacogmdunii xoaucanapHHHI TYPFYH/IMK XOCCacu MHCO-
HUATFa Xyga KagumgaH mMabiym. Y Kalcu coxafa HamoéH 6ynmMa-
CVH, Ma3MyHW Kyhnpgarmya: xap OHp alipHM XOAMCaHHHI aHUK
XycycusitTnapu 6yHAal xogucanap MaXMYUHUHT ypTaya HaTtuxacura
Oespnn Tabcup 3TMaWgH; ypTaya Hatwi<agaH Xap 6uUp anpum Xo-
Oncapa 6ynaguraH Tacoguduini yeTnaHvwniap ysapo wnykotunagw,
cnnnuknaHagun. AiHW Wy ypTada Hatwkanap TYPFYHUINH KEHI Mab-
Hofa TyWwyHUNaguraH ywoy «KaTTa COHMAap KOHYHU»HWUHI Masmy-
HUHW TalWKWN Kunagu: KaTTa coHgarn Tacoguduii  xopucanapga
YNapHUHI ypTaya HaTtuxacu TtacoauduinnuruHn nykoTagu Ba YHWU
KaTTa MyKappapauk 6unaH 6awopaTt KU MYMKUH.

3XTUMONNUK HasapusicHAa «KaTTa COHMap KOHYHU» aelunnraHna
TOp MabHOAa 6GUp KaTop MaTemMaTuMK Teopemanap TywyHunagu Ba



/napHuHr xap 6upupga KatTa COH-
r-£ "*[" £~ n parn Taxpubanap ypTada Xapak-
A TX P TepucTukanapuHmMHr 'y éku 6y
wapTtnapga 6vpop Mabaym ysrap-
Mac  Mukgopnapra  AKMHAawuL
140-uBKn. hakTn 6enruvnaHagwn.
KaTTa COHMap KOHYHU 3XTMMO-
NVK  Ha3apUACHHWHI  amanuétra
Tatonknapu yuyyH Hasapuii acoc 6ynagw.

UebuweB TeHrcusnHrm. Yeknu gucnepcusira ara 6yn-

raH uctasiraH X Tacoanduii MMKOOP YYyH Xap 6up e>0 Aa

P(\X —m\ >e)</\2' (31.1)
e

TEHrcm3nuK YpuHnm 6ynaaun.
McboTn. X Tacogudmii mukgop y3nykeus, f (X) yHWUHr TakcumoT
3nuamrn 6yncuH. Connap ykpnga AB — |[/«w—e, T X+ t{ opanvk axpara-

Mu3 (140- wakn). Y xonga

DX)=j (x- mxf f(x)dx - \ \X—mx]-/ (X) dx >

> j — mxf f (*) dxX

J
Ix—mx | e

6y epOa wHTerpasn octmgarn |n- T X|>e €3y wuHTerpasnaw AB kec-

MaHVHI TaWKky KucMK 6yinua GakapuinumHi 6unaupagn.  VHTerpan oc-
™aarm (X— T X) HH e ra a/IMalTUprG. KyNuaaruH1 XOCwi KANMaMma:

D(X)> f e2f (X)dx - e2 f f)dx-r PO\X —T1x\>¢),

Ix-mx | r, \x-'mx \ e

6y epAaH 3aca y3fnyKcu3 Tacoamduii MHKAOP y4YyH YebuwieB TeHr-
CU3NMNTUN KENNG6 YNKaOH.
[AHcKpeT Tacogncuii MHKAOOP YYYH MUC6OT wyHra yx!naw 6ynagw.
Mucon. MaTtemaTuk KyTuamwn T X Ba gucniepcunscn O- 6y.traH X
Tacogu(|»wii Mukgop 6GepwiraH 6yncuH. X MUKOOP Y3VUHWHI MaTeMaTuk KyTu-
MwWaaH Kammaa 3 0X ra YeTnaHuW 3XTUMAT/IMTUHA HoKOpUaaH GaxonaHr.

Eumvw. Yebuies TeHrcmsnurnga e - 30X ged onamms:

P (\'X - Tx\>3ox) <2 =1
90 9
Dy wmucongaH KYpuHU6 TypHOAWKK, YUCOHLIEB TEHICU3NUIM aHya
Kynon 6axo 6epraHnMru y4dyyH YHUHI aMaanét yuyyH axamusaTu
yeksiaHraH (Hopman TakKCMMOT Y4YyH OH3 loKkopuaa aHHK1araH
axTumonnumk acnmpa 0,003 ra TeHr, AbHWU XyAa KU4YUK).

UebuweB TEHICU3NNUTU 6owkaya Waknga — Kapama-kapum
xogucara HucbataH Xam E3MNnWKn MYMKUH: Tacoanguii MUKOOPHHHT
MaTeMaTHK KyTUAMWuAaaH YeT/NaHUWWHUHTE e>0 faH KUYUK 6ynuwiu
IXTUMOJSIINTIN



P(NX-,TxX\<r)> ¢ (31.2)

32-8. bofnmMkmac Tacoaudmnii MMKAOpnap YYyH KaTTa CoHap
KOHYHW. YebGuwieB Teopemacu

UebnweB TeopemMacuHU Kypub uuKuwpaH ongum yuwby Tabpud-
HN 6epamus.

Tab pud. Arap uctanram £>0 (XaTTO UcTanraHya KUYMK) yuymu
lim P \Xi ai<e—1 (32.1)
A
TEHI/MK YpuHAH 6ynca, X,, X., .. , X0, ... Tacomguc|vii MvKgopnap
KeTMa- KET/IMIM a y3rapmac MuKgopra aXTUMOJI/IMK GYiinya skuHNawaan
nelinnagn, abHU 6 > 0 COHHM KaHYa/IMK KUYMK KWANG ONMHMAcKH, LyH-
ban JT (e, 6) COH TONMWIAOAMKW, KeT.Ma- KETMKHUHI 6Gapuya n >N Homepm
Xaanapn: y4yH
P (|X,—al<e)> 1—6 (32.2)

TEHrcMaTnk Gaxapunagu.

YUebMWEBHNUHI yMymMmnawraH Teopemacu. Arap Xt X,,
..., XN, ... KeTMa-KeT/IMK Xap WKKWnacu 6ornvkMac 6ynraH Ttaco-
Ongmin MuKkaopnapgaH nbopat 6ynmb, ynapHUHT gUCTIEPCUSILLPU TEKINC
yerapanaHraH, sibHM wWyHgai C coH maBxygku, D (J1,) < C, D (X2 <

<C...,.DMXn<<cC, .. 6ynca y Xonga tacoouguii M1Kooprap
Y . XX~ est+ *n N N1 2 (32.3)
n n
(X9 - L =M(X,)

KETMa- KETNINTUN ——== -Z—————— ==Ll 2T “— COHra 3IXTUMWIIUK

n
6ifinya SKMHNawaam, SbHU

— .+ j)-f- -. .+
im p —A2+ XM X))-F-M (X1 M (X,)
n n
<e)—1 (32.4)

Bowkaua ailTtraHga, Teopcma OyHpali AabBO Kunagu: gucrnepcusa-
napu TeKMC yerapanaHraH eTap/auya KaTTa coHgarn 60f/mKMac
Tacoanuin Mukpopnap ydyH 6y tacogHduii Mmukpopnap ypTta apud-
METUTHHWHI yfnap MaTeMaTuK KyTuauwnapu ypTta apudmeTurmgaH
YeTNaHUWWHUHE abCconioT KuUAMaTM wuctaraHya KHUYMK OYAULWIKHK
amanga mMykappap xoguca feb xmcobnaw MyMKWH.

McboTu. bornukmac Ttacogucuin mmkgopnap NUFUHANCHHUHT
MatemMaTuK KyTUAMLWK Ba AUCHEPCUACUHW TOMMULW Kowupanapwu 6ynn-
Ya KyhnparnnapHu xocun Kunamus:

M (Y)=M( m- - A« (= + -e—+ M(X,)
n

X, Xa+ ...+ Xn\_ Dty DXo)4-... D <x,)
n2
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< C -C+

nr n
Uebuwes TenrcnsnHrimHM Y n Tacoamdm!) mukgopra Tatouk Kuivo.

P UYN—M (YnN]|<e)> 1-———

HU Xocun KuWidmms. by cpaa axTumo/ivk 1 gaH katTa 6yna  onmvac/m-
TMHW Nuncobra oscak
. Al - X2+ . .+ * M (Xt M (X2~
lim P (X1) (X2
| n n

6ynagn. Tcopema WCGOT KUIMHAW.

UebnweB ymymaaliraH TeOpeMacuMHUHI Tabpudgupga 613 Taco-
OHMIA MUKOOopnap, YMyMaH aiTraHga Typsm maTtcMaTuK KyTuauwra
ara geb TaxmMuUH KUNAukK. AmManga 3ca KynuHya, 6apya TacodHduin
MUKOOpAap 6up Xun mMaTemMaTUK KyTuauwra Ba TeKUc uyerapanaH-
raH AucHepcusnapra ara 6ynagu. Arap 6y mMukaopnapgaH — Xap
OUPUHUHI MaTeMaTUK KYTUIUWWHW a 6HnaH 6enrunacak, y Konaga
yAapHUNr MaTeMaTuK KyTUAUWAAPUHUHE YpTa apuMeTurn Xam,
paBlWaHKKN a ra TeHr 6ynagum. dHAM 6m3 xycycumH Yebuwes Teope-
MacuHn Tabpudnawmmms MyMKUH.

YUebunweB Teopemacu X,, X2.. Xn ... Xap WUKKATacu

6oFnMKMac 6ynraH tTacogmdnii MmKkaopiap KeTMma-KeTnuru 6ynné, evp-
ranvkga yerapanaHraH avcnepcmsiapra (uctaraH i yyyH D (X)) < C)
ea 6up xmn M (Xt) = a mMaTtemMaTuUK KyTunuwniapra ara GY/ncuMH. Y
Xonda k > 0 KaHgah 6ynmacuH

A, Xr-... Xn

lim P — a
M=o

TEHI K YPUHIN.

By Tcopema maxcyc MCO60THU Tanab KWAMaciamru pasluaH.

(32.5) hopmynaHMHI MOXUATU Kylnpgarmuya: Teopema LlapTtiapu
6axapunraHga eTapiuvuya kaTta coHgarun 6ofnukmac Tacoauduii
MUKOOPMAPHUHT ypTa apnmMeTnrn tTacoanduii MMKOOP XapakTepuHU
MykoTaau Ba «Aesapnn» HoTacogmduini mukgop 6ynmb kKonagw, YyHKU
y a ra HcTaraHya fIKMH KuiMaTnapHu MyKappap/uvkka SKUH 3XTu-
MOJIIMK 6unaH Kabyn kunaau.

Muposapanpa 6y Xxycycuin YebuweB TeOpeMacUHUHI amanuér
yUYyH aBkynogna MyXUMAMIMHW Tabkmgnaé ytamus: y ynuawnsp
HasapHsAcMga JAOMMO uvwnatunaguraH yprta apugmeTtmk Kuimart
Koungacura acoc 6ynagH. BYHWHI MabHOCUHW TywyuTupannuk. bu-
pop ur3nK KaTTa/IMKHUHT XakKUKWUi KuiAMatum a Hu (MacanaH, 6u-
pop AeTaNHWHI ynyamMumHKu) Tonuw Tanab KunanHaétraH O6YicuH.
BYHUHT yuyyH 6up katop 6up-6bupura 60fnMKMac ynuawnap yrka-
3amMmn3. Xap KaHgain ynyaw 6uMpop XaTonmMK 6unaH 6YynafgH. WyHUHT
YUYH Xap 6Up MYMKUH 6YnraH KuHmat X-(i — ynuaw unomepn)
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Weoanduini mukgopamp. Xap 6up ynuawpga cuctemaTuK XaTofvK-
T p WYK neb capas Kunamms, abHH a XaKUKuii KnimatgaH y €ku
?v TOMOHra 4cTNaHHLWAap TeHr axTumonnukaup. by xonga 6apua
V. TacoaudH MWKAOPAAPHHHI MaTeMaTHK KYTHAMWW 6up Xun Ba
a'ra TcHr, AbHH M(A'()=a. MHXx0fT, ynuawnap 6upop kadonarnu
aHUKNNK 6HNan yTkasunagH, geb cgapas kunammi. by 6apua ynuaw-
pap yuyH D(Xj)”.C pemakaup. WyHaah KunH6, Xycycuii Yebuwics
Teopemacu wapTtnapu 6axapwunagu, wy cababnu arap ynuawnap
coi! i eTapnnya kaTTta 6ynca, y xonga amanga MykKappapavk 6unaH
6yHOali TacauMknaw MYMKWH: yndaw HaTuxXanapuHWHE ypTa apvd-
METUK KUMMaTu a Xakukuii KuiimatgaH uctaraHdya kam — apk
Kunaaw.

33-8. . bepHynnau Teopemacu

A BepHynnuM TeopemMacu KaTTa COH/Map KOHYHWHUHT Xyha MyXum
Ba TapuxaH 6GUMPUHYM WaKIMAUpP. Y XOAUCaHUHT HUCOWIA yacToTacu
6unaH YHUHT 3XTUMOJIIUIM opacugary 60rfnaHuWHU aHuKnaigun.

BepHynnH Teopemacwu bup xun wapoutnapgarn 60F-
NIMKMac CUHOBMAp COHW 4YeKcu3 opTraHuga kapanaétraH J1 xogu-
CaHVHI p* HUCOMIA 4acToTacu YHUHr Xap Oup anpum cuHoBdaru
AXTUMONINTN P Ta AXTUMONNUK Byinya akuHnawann, sbHU

lim P \p*—p\ce)—1, (33.1)
H-»a0
Oy epoa p* = — Uiy A X04MCaAHWHI GUPWHYM N rna CUHOBOArN HUC-

a
6u yncnioTacu.

bowkaua ailitraHga, etapnvuya KaTta N napga KysatuaraH p*
KUAMaT P 3XTUMOJIUIMKHUHT TaKkpHOWIA KNAMaTUHM OKOpW Aapaxana
aHuVK HK 6unaH 6epagH, Aeb6 amanga VLWLOHULW MYMKHH.

McboTun Ywby Tacoauduii MuUkgopnapHM KUpUTamus:

A'i — kapanaétraH A xoAucaHuVHr 1l-cuHOBAa pyii 6epull COHW;

X2— kapanaétraH A XOOHCaHVHI 2-cuMHOBOA pyi 6epuwl coHwu
ca X K. by Tacoamtuin MukaopnapHMHr xammacu 6up Xun Takcu-
MOT KOHYHUra asra 6ynu6, y ywoéy kKaTop KypuHuwpga 6ynagu:

6Vepas q= 1—p.
YNapHUHT Xap OUPWMHHHI MaTemMaTWK KyTUAWwmM p ra TeHr, avcriep-
cuacn aca ( pg ra TeHr (23-8, 2-muconra K.). CyHrpa
pg=p@—p)=- (p--/7)=025— (p- 0.5- < 0,25,
?(?/Bg nscriepcvsinapn YerapanaHraH. Ulv cababnn Yebuwes Teopemacura

lim P
M—r.
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X X — ~X i
p* ——— —— —”~— —  3KaHWHW Xucobra oncak, lim P( |p*—p|<
A M-+oo0

<e—1
Tcopema MC60T KNANHAWN.

MyaccoH Teopewmacu BofFaMkKmMac cMHOBNap YTKasuMnaér-
raH 6yncnH Ba A XOAMCaHVHI i- CUHOBAA Py 6epull 3XTUMOIUTN
Pi ra TeHr 6YncumH. Y X0nga CMHOBMApP COHUM  Yekcu3 opTraHuaa

A XOAMCAHWHT HUCGWIA YacToTacu pu P2 ..., P, IXTUMOINUKIAP-

HUHI ypTa apudmeTurura sxTumoiMK 6yinnya skuHAawann, sbHu
ywoly TEHI MK YPUHIIU:

lim P lp* pl n P2 -+ Prt

ce ]I
«=00 n

BepHynnun Teopemacu YebuweB Xxycycuii TeopemacuaaH kaHpaw
KentTupmnb udmkapunraH 6ynca, lNMyaccoH Teopcmacu Yebuwes ymym-
nann aH TcopemMacugan wyHparn KentTupué unkapunagH.

Mapkasunuihi nMMuUT TeopeMma Mapkasuin NMMNT Teope-
Manap Tacoauduii Mukgopnap MAMKUHAWNapW KeTMa-KeT/IMKnapu-
HVHT KAa4YoOH HOpMan TakKcMMmoTra OYWCYHUWMHW aHukKnab 6epyBun
TeopemManapauvp. Ynap 6up-6HpnapugaH WUrMHAWHWM XOCUN Kunaauv-
raH Tacoguuii Mukgopnap TaKCHMOT KOHyHfnapura Kyilunaaurad
wapTtnap 6unaH dapk Kunaau.

By epgoa 613 mMapkasHii TUMUT TCOPEMaHWHI 3UT coAafa LakKANHM
TabpHNaiMns, y KyWwHAyBUMNap 6Mp XWA TaKkCUMAaHraH XOn Y4yH
xocamp.

Teopema. Arap X,, X2 ... X0 ~ 6OfMKMac Tacoamtmini MUK-
nopnap 6ynn6, mateMaTUK KyTUAuwWwK T Ba Agucrnepcuscu 2 6ynraH
6up >|<_I|/|n TaKCMMOT KOHyHUra ara 6ysca, y Xonga n Yekcus opTraHuga

\% ’AA—nrri

fermi g
———I—:——— HUHI TaKCUMMOT KOHYHM MaTeMaTuK KYyTU.wunn 0 Ba
no

avcnepeusicn / 6ynraH HopMa.r TakCumoTra siKMHnalaau.

MyaBp — JlannacHWHI fioKan Teopemacu 6y TCOpPeMaHUHI Xycy-
CUA XONN 3KaHWHW anTnb yTammus.

Mucon. Xap 6upH [0,4] KecmMaga TeKHC TakCumiaHraH 75 Ta
6ofnHKMac Tacoamuini Mukgopnap  kywwuiamokaa. by Tacogmdwnii
MUKgopNap WUFUHANUCUHUHT 3UYANTH YYyn Takpubuii ndogaHn E3mHr
Ba WMFMHAM 120 pan 160 raya opanukga 6ynvw  3XTUMONIUTUHU

TOMWUHT .
s

Eunmw. X V Xk 6yHaa Xk nap [0,4] opamkpoa TeKUC TaKCUM-

|
NaHraH Tacogmdwmii MHKOoprap. Y xonga

=2 ZXX) = — i
Mapkasri JIMMUT TEOPEMaHWHT wWapTnapu Gaxapunmokaa. Lly-
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HUHT YUYyH TacoAH(pUiA MUKAOP TakcumoT 3uunuru f(x) TakpH6aH
HOpMan TakKCHMOT 3U4iuMrnra TeHr 6ynagun, sbHH

P x)
2 0-
f(x) = — e
>) ax, 24
6y epma
]
mg M v XU « Vv M (Xi)= 75-2-150,
/=1 i-i
ai=DIVX(y~n75.-1°°
=1 >
B3, [AEMaK,
g B>
--------------- 200
fX)f*——— e
10v 2n

SHAN M3NaHaéTraH 3XTUMOSIIMKHH XMCO6MaiiMU3:
| P(120<X«.60)=¢g (~)-¢ (~) =
- ¢ (1) + & (3) = 0,3413 + 0,49865 w 0,84.

Y3-Yy3UHU TEKWHPUIW YYyH caBonnap

KaTtTa coHnap KOHYWHHHHI MOXWSTH HHMagaH néopart?
YeOHLIEB TEHICH3/MIHHH E3HHT.
AXTUMONANK BYlinya SIKMHAAWLWH TabpUPUHN alnTUG GEPHHT.
Yebuwes ymymawiraH TeopemMacumm antmé 6epuur. YHH MCOGOTNaHr.
YebHLWEB XyCcycuii TeopeMacHHWU aiTHO6 GepuHr Ba yWUUr amMasiMET yuyH das-
ynop,u,a MYXUMANTN HHMagaH nbopaTinrnHH KypcaTtH6 6epHur.

6. bepHynIn TeopeMacumm antTub GEpUHr. YHH mncbotnaur.

7. MyaccoH TeopemMacHHN aiTU6G BGEpHHT.

8. A\apKasHii NIMMHT TeopeMaHHHI Ma3MyHW HuMMaZaH H6opaT? YHUHI 3Hr cofd-
A3 WaKANHU anTn6 GepuHr.

9. 14.542-14.572- macananapHH €YHHr.

OrwON:-

34-8. Tacogudunii apryMeHTHUHI (YHKLUSACK

. 3XTMONNMKNap Ha3apHACUMHUHI 6up KaTop amanuii macana-

napHpa X TacogudHii Mukaop 6unaH 60fnaHraH
=iv(X)

Tacoguuii MHKAOPHM ypraHuwra TYFpu kenagu, 6y epga y=q(x)
6epunraH yHkuUmMa. MacanaH, aBTOMaTHK CUCTEMaHWHI YNKHLWMAArN
curHan 6y cHcTema 6upop HapameTpu Tacoauuini  KMAMaTUHWUHT
yHKUUACK, KBagpaTHUHI 031 Y =X2 (byHga X — kBagpaT TOMO-
HVUHM YiYaw HaTuxXacu) — Tacoanduii yHKuUs.

II. X — guckpeT Tacognduini MMKOoOp 6YNCUH:
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X1 4

Py Pr

Y xonga Y=@p(X) TacoanHH MUKAOPHHHI MaTeMaTHK KyTriHWN
Ba OWCHepcusacn yw6y dopmynanap 6GHAaH aHUKIaHagH:

Ty=M (10-V o (f) p.t
1=1
D(F)=M(Y-m/=V (® x4- m/ p-
i-i
A y3nykcm3 TacogHui MHKAOP 6ynraH xonga aca Y =¢(A)

Tacoanuii MUKOOPHUHT MaTeMaTuK KyTW/ULWIH Ba AUCNEPCUscU Y-
6y dhopmynanap 6wunaH aHuknaHagwu:

T.=M() j f@m/@d (34.3

D(Y)= f (b (v)—myf /7(x) dx (34.9)

I1. AMasIHETHUHI KYMNrvHa macananapumpa, anHukKca, MaTemMmaTuk

cTaTucTMkaga, Tacoguduii aprymeHT (YHKUUACUHUHI  MaTemaTuk
KYTUMHWM Ba AUCMEPCUACUHU TOMULWIHUMHI Y31  KYynNuH4Ya eTapau
6YNManaun, YHUHIr TaKCUMOT KOHYHUHW XaMm Tonuw 3apyp 6ynaau.
X aprymeHT AuckpeT Tacoguduini mMukaop 6ynraH xonHn 22-8 pga
KYpn6 yTraH 3guk.
By epma 6yHAaa macana Kyiunagu: TaKkCUMOT 3UYIUTU Mab/lym
Ba f(x) ra TeHr 6ynraH X Tacogudunii MHKOOp 6epunraH; 6owka V
Tacognunii Mmkgop y 6unaH Y=<p(X) dyHKUMOMan 6oFnaHuL
opkanu 6ofnaHrad, 6y cpga g>(X)— wy X MUKAOPHUHT 6apua Mym-
KWH 6YynraH Kuimatnapu xoiinawraH 6upop J]a, b[ opanukpa y3-
NyKcn3 yHkuua (a=—oo, b= +¢c
OYNULWIN UCTUCHO KUnnHmManagun) Y
Tacogmuii MUKAOPHUHT g(Y) Tak-
CAMOT  3UYIUTHHU  TOonNWwWw Tanab
KUINHaaW.

By MacanaHum xan aTvwaa VK-
KW XONHW Kapanmua:

1) MOHOTOH dhYyHKL,
6ynraH Xxon. AsBBan O>X)
hyHKUMS  oKopuaa KypcaTHAraH
opaniMkaa MOHOTOH YcyBuM Ba yura
eeckapn X=ip(y) yHKUuUs Tersw-
M opanvkha  MOHOTOH  YCyBuu,
y3/1yKCcn3 Ba AuddepeHUnannaHys-
un  pyHKUHA  6yncnH. Oy Yykaa
(y, y +/1ly) vHTepBanHu onamus Ba

141-uBKn. yHU X=ip(y) yHKuma épgamni3
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Ox yKKa akc.yaHTupamus: (X, g+ [OX) WHTepBasHA XOCW1 KUNamus
(141- wakn).

Ply<Y<y Oy b3 (X< X < X-£[040 Xoo/canap 3KBUBAJIEHT,
il P(y<Y<y-rAy)-=P(X<X<Xx + AX) B3, [evaK.

g((/f = lim PW<Y < #-Anw _*  PprsX< gt aa
i A

ny- ay 4*-»0 a
av—e
lirn 4 *) (.
An-0\ o x AV
n»-0

Nrap £ (/1) yHKUUS MOHOTOH KamaroBum 6Yynca, v Xonga tokopugary my-
noxasanap Kabwu

g) ~ i Y/H-H" ()

HU XOCW KWIaMH3. VKKana XonmM 6Mpnalltupavmns:
g™ =f(i &) \i'(y)l (345)
l-mucon. X Tacoaudmii MUKOoOp — VHTEPBASAA TEKUC TaK-

cumniaHrad. Y = sin X Tacoaudmii MUKOOPHUHE g (Y) TakCHMOT 3M4Inrv-
7N TOMWHT.
Eunw. X Tacogudmii MHKOOPHUHT f(x) 3NYIUTUHU Tonamms. X MUK-

oop — -] wHTepBasiga TeKUC TakKCMMIAHTaH, Lynuur yuyyu 6y uH-
TepB3naa
fx) = 1 |
() TanR—a2) n
q 4
6y WHTepBangaH Tawkapuga aca f (X) = 0. (/= sinx — T RL VHTEP—

BaiJa YCyBUH Ba, OeMaK, W3MaHaéTraH 3UY/IMKHW Tornuw yuyH (34.5) (Jiop-
MynaHu KynnaHuw MyMKuH. ¢ (Y) = arcsiny 6ynraHavrn yuym y)—=
—i1ll—y-. CyHrpa f (X) = /n 6ynraHn cababm f (4 (<))— L/n.
(34.5) dpopmynara acocad y £1 — 1, 1| vHTepBanga

g (y)= ¥a>1—y*
6y WHTepB3NdaH Tawkapuaa g (y) = O.

Tekwwupuw: | g (y) dy = —\ =— |- — =

«—— arcsin ) S — %

2) HoMOHOTOH dyHKUMSA 6Yynran xon. 3uunurn f(X) 6ynraH
Y3nykens X Tacoaudmii Mvkaop B3 Y = © (X) yHKUMA X MUKOOPHUHIP
Gapya MyMKMH 6YnraH Kuiimatniapu oinawraH \a, b[ opammkga apndpe-
peHuMannaHyBuM Ba 6Ynaknn-y3nykcus 6YIcuH.

la, arl, 1.v,, 4, ..., I, blwy ¢ (X) PYHKUMAHUHT MOHOTOH/INK Opa—



NHKNapy Ra Xfi (/) dyHKumsa q (X) dyHKumsra )a, .v,( opanvkaa Teckaply,
pyHKUMS, 32 (Y) pyHKuma (P (X) dyHKumara U, Xr[ opanmkaa  Teckapl,
(DyHkups 6YyncuMH Ba Xxokaso. Y xonga Y — @ (X) TacogHdwmiA  MvKaop-
HUHE 3U471rn

g - /@i y)Iti NI~ /(oY) ol
+ /(t,0/)IN(/1)] (34.6)

dopmyna 6GyriHYa XMCO6MaHULWLM MYMKUH. By pdabBOHM 613 MCOOTCUM3 Ka-
6yn Knnamms.

2-mucon. X Tacoaudmini MMKOOP T X Ba OX MapamMeTpiy HopMmas Tak-
cumiaHraH. Y = X 2 Tacognduvii MUKOOPHWUHT 3UYTUTVHA  TOMUHT.

Eunw. By xonga p(X) —x3 a = — 0o, &=+ oo. Yy —1t(,v)-r2
PyHKUMS ]— oo; + oo( Opa/MKOA MOHOTOH 3mac. Bupok ,vE |— oo, Of
opa/MkKOoa kamasan Ba (y) ~ — * ¥Y_Teckapu thyHKuusira ara, |0, oo[
opannkaa 3ca ycagu Ba W2 (Y) = | y TeckapH (yHKuUusira ara. X Taco-
Onhnic MUKOOPHWUHE  3U4NNTA

fV)=~=e 2
| 219

KYpyH/LWLAA 3KarMrvHKU xuycobra onmnb Ba (34.6) diopmMynaHu TaTouk 3Tmo,
KyAngarvHu Xocun Kunamms:

(- I yr
8 (y) e
= —=re -—e
y \2rf 2V7 121 21y
-——— e (y= 0).

35-8. Hopman TakcumiaHraH aprymeHT 4u3ukav
PYHKUMACUHWHI  XycycusaTiapu

X Tacoguchuii  MVKOOP

ix—mx )*
f(x)

3M4NuK 6unaH Hopmas TakcumnaHraH 6yncuH, Y Ttacoguduii - MUK-
bop aca y 6unaH Y=aX+b unmsmknm dyHkumoHan 6ofnaHunw 6mnaH
6ofnaHraH 6yncuH. Y Tacogmduini MHKAOPHWMHI TaKCMMOT KOHYHUHU
Tonuw Tanab astunagun. EunmHu ywoby >xagBanga MKKU yCcTyHAa
XonawTupamms: vangarn ycTyHAa macanaHuHI YMyMWuiA edrmMmuga
Kabyn KWAuHraH QyHkyuanap, yHrgarm ycTyHAa 3ca kapanaértram
Macanara Moc aHuK yHKUManap >XoinawTupunraH.
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IX-NMX )»

/() * 20°
axV2n B
y= %M y= ax+ b
=¢ i —y—b
X = ¢ iy) X S
1
° () A
1
1> (y) 1 "
1 202
g(y) = f e (y) 108 O\ 8 M= CPUED

g (y) udogaHm anmalTmpamms:

ly-i.amx +fc)l«
1 A°l
€ 0)— |yaxy2n ©
by 3aca
Ty—aTtx+b

°’y= \a\os (35.1)

napamcTp/an Hopman KOHYHHUHT y3uaup.

WyHaoan Kuamb, HOpmasl KOHyHra 6yncyHaguraH Tacoauduia
apryMeHTHUHT 4n3nKIn yHKUHACK Xam (35.1) cdopmynanap 6unaH
aHMKNaHaguraH Hopmana XOHyHra 6ynicyHaawn.

36-8. bofnukmac Tacoguduini Mukgopnap MNMFUHANCUHWUHT
TakcumMoTun

Mnrapn 6m3 wy 600HMHr 14- § nga nkkmta guckpet X Ba Y Ta-

coantnii MUKOOPHUHT
Z=X+Y

WMFUHOVCUHW YpraHnb, YHUHT TaKCUMMOT KOHYHWHW TOMraH 3auK.
Arap X Ba Y y3/1yKcm3 Ba OGOF/IMKMac Tacoguduii mukgopnap 6y-
b, ynapHUHI 3nunnknapy mMabaym Ba Moc pasuwpaa f{(x) Ba
/2(t/) ra TeHr 6ynca, y xonga Z=X +Y Tacoguduini MUKOOPHUHT
g(z) 3munuk yHKuuacu
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&3 Kool -ro0
g " J NN /rR@—X)dx ckm g (r)=j /Zi(r—y) /, ¢y du
e -X
dopmynanapHUHr uctanraH 6upugaH TONUAUWKM MYMKWUH. Arapga
X Ba Y Tacoguguii MUKAOPMAPHUHI MYMKWH 6ynraH Kuiimatnaps
MaHduiimac 6ynca, y xonga g(z)HH yw6y cdopmynanap opkanu
Tonunagu:
z z
gn=j /1X)ft(z—x)dx ékm g (r) = f/, r—1AH/72(y) dy
o o

Bofnnkmac Tacogmcumin Mukgopnap MUFUUOUCUHUHT TaKCUMOT 3M4-
NIUTUHH TaKCUMOT KOHYH/apu Komno3unuusacu paeb atanagH.

AXTUMONNKNAP TaKCMMOT KOHYHMapu KOMMO3MuMsacK fHa dakaT
napameTpnapu 6unaH dapknaHaguraH ywa KOHYHHUHI >Bu 6yrca,
6yHOai TaKCMMOT KOHYHU TYpPFyH TakcMmoOT ae6 atanagu. Hopman
KOHYH TYPFYH/IMK XOCCacura ara 3KaH/JAUTMHWU KypcaTull KUMWH amac:
HOPMasn KOHYH/ap KOMHO3MUMACKM fHa HOopMasa TakcumoTra ara 6y-
nagn (6y KOMMNO3UUWAHWMHI MaTeMaTHK KyTUAMWK Ba AUCnepcuacu
KYLWWAYBYMNAPHUHI MOC paBuwga MaTcMaTuK KyTuamwiapu Ba
avcriepcusnap nWnFMHgunapura TeHr). MacanaH, X Ba Y 6OFIMK-
Mac Tacogucumii mukgopnap 6ynu6, HopMan TakKCuMmaHraH Xxamaa
MaTemMaTuK KyTunuwnapu Ba Aucrnepcusnapyv Moc pasuwga a, =2,
a2=3, Di=1, £2=15 6ynca, y xonga 6y MWKOOPAAPHUHI KOMMO-
sanpmsacn (v Z=X+Y ANFUHOUHUUT TakKCUMOT 3UYIUTU) XaMm
HOpMasn TakcumnaHraH, 6yHga KOMMO3VULMSHUHI MaTeMaTuK KyTu-
nvwn Ba gucnepcusacu moc pasuwpga a=2+3=5 D= 1+ 15=25
6ynaau.

Mucon: X Ba Y 60ofnmkmac Tacogudwmii Mmmkagopnap Kypcart-
KN4 TaKCMMOT KOHYHNnapura ara:

0, o< v<Q(, O, —oo<y<0,
- N o<x< —+oo ~Y)=\le~-T,0"y< + o&
(4

By KOHYHMApHWHI KOMMNO3UUMACUHKU, sSibHU Z=X+Y Tacogudpuii

MUKOOPHUHI TaKCUMOT KOHYHUHWU E3UHT.
Eunw. X ka Y Tacogudmii Mvngqopnagonmr MYMKWH GYnraH Kui-

Matnapy MaHgmiimac. Wy ca6a6. vl g(z) — j fi(x)fz(z—Xx) dx =

o
=[xe1l.xe<>/<dx=]_eOf dx=e-® (j_ e-u»y
] 3 4 12 1
0 0
WyHpan knnvob,
A(r) = |0* °° <2< 0,
é{) 0<r<-+o0o0.

290



Y3-Y3MHH TeKWWpPHLW Y4YyH caBonnap

j. TacogudumH aprymeHTHUHIr hyHKUMAcMra Oovp Muconnap KenTUpUHT.

2. Tacogudnini aprymenT OyHKLHACUHUHI MaTeMaTuK KyTUAuwun Ba Aucnepcns-
1 K3ngan aHvknaHagu?

3. BHTTa Tacoamdwnini aprymcHT MOHOTOH (YHKUMACWLIHT TaKCHMOT 3M4/HIN
KaHaain TonunagH?,

4. buTTa TacogHpuii aprymenT MOMOHOTOW (DYHKLHACUMMHI TaKCMMOT 3UYIHIN-
HWN E€31HI

5. Hopman TakcumnaHraH aprymeHT 4M3uMKIM (QYHKUUACUHUUT TakCUMOT KO-
NyHN KaHpaii?

6. Vikknta 60fnMKmMac Tacoauduly, MUKAOP WWUFUHAUCUMWHE TakKCUMOT  3U4iv-
FHHN 83UHT.

7. 'TaKCHMOT KOHYHUHWHI TYPFYHAUK TabpUPUHN ainTu6 6epuHr.

8. 14.498— 14.511, 14.528— 14.536- macananapHu euuHr.

37- 8. Tacoouduin Mukpopnap cucrtemacum xakuga TylyHua.
VIKKM YN4OBIN AVCKPET Tacoauduii MUKAOP 3XTUMOJSUTUTUHUHT
TaKCUMOT KOHYHU

Wy BakTra kagap 6m3 xap 6upun 6mUTTa COH 6GUNaH aHUKNaHagn-
raH Ttacogucuii MuUkgopnapHu ypraHgvk. byHpan mukgopnap 6up
ynyoBnH [eb atanagH: HYKCOHAW OGyoMnap COHW, TCWMWK AnameTpu,
CHapAAHVHI YYlH Y30KIUTM Ba 6owkanap.

Bup ynuoBnH Tacogudwuii  MukLoprapgaH Tawkapwu, MYMKWUH
6ynraH kKuiimatnapu MKKUTa, yyTa, . . N Ta coHnap 6unaH aHukna-
HaguraH Tacoauduini MMKgopnap xam ypranHnagw. byHpan mukaop-
nap moc pasumwga MKKW, YY........ n ynyosnu tacogmnduini Mukaopnap
ne6 atanaauw.

VKKH YnuoBnu Tacoaudumii mukgop (X, Y) opkanu 6Genruvna-
Hagn. X Ba Y MUKOOPNAPHUHI Xap O6uvpu TawkHN 3TyByYunap (KOM-
HOHeHTNap) neb atanagu. by mkkana Tacoanduini Mmkgop 6up BakT-
[a KapanraHuga WKKuTa Tacogudnii MUKOOP CUCTEMAcumMm XOCWUn
kanagn. WyHra yxwaw, yd4 ynuosnm (X, Y, Z) Tacoaudmnii
Mukgop ydyta X, Y, Z Tacoguuii MMKOOP CUCTEMACUHW aHUK-
naHaw.

1- Mmncon. CraHokaa nynaTt Kylhimanap wTamHanaHagH. Arap
HasopaT KuiMHaguraH ynyamnap yHuHr 6ynm A Ba sHm K 6ynca, y
Xonga Hkkn ynyoenm (X, Y) TacoaudHii mMukgopra, arap 6yHra
Kywnmya Z 6anaHANMrn xam HasopaT KWIMHCa, Y Xonga y4y yn4oB-
<M (X, Y, Z) Tacogudumini mukagopra ara 6ynamus.

Nkkn ynuosnm (X, Y) Tacoguduii MUKOOPHM TeOMETPUK HyK-
Tan HasapgaH TekucnukgardH M (X, Y) Tacogucwuii HyKTa cudatmnaa,
AbHM KooOpAuHaTanapu Ttacoanuini HykTa cuatmga TankuH 3TUW
MYMKHH.

VIKKH YNn4yoBnu AuckpeT Tacoanduii MUKAOPHUHI TaKCUMOT KOHY-
HN Aeb, 6y MUKOAOPHUHr 6apya MYMKUH 6ynraH KuumaTtnapu Ba
ynapHuHr axtumonnapn pif =P(X =xt Y —y), i=\. 2, ..., n,j —

—1 .2 pyixatura antunagn. ‘TakcMMOT KOHYHW ofataa >kadBsa
Waknnoa GepunagH.
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X1 X2 X3 X
yi Pil p-l P31 Pnl
yr PI2 Pn P32 PR
YT P\T Pim P3T Prr
X=xitY=yt)i=1 2 M j=1 2 ..., m Xxogucanap

Xap VKKUTacU 6upravkaa GynMaraH XoAMCANapHUHE Tyfa TYPYXUHU XO-
CU KPJIFaHU YYyH

b PL=X
NKK1 YnuyoBnuM p[uckpeT Tacoauduii  MUKAOPHUHI  TaKCUMCT
KOHYHVHM 6GUAraH Xonga yHu TalWKui 3TYBUMNAPUHUHT Xap Gupu-
HUHT TaxCUMOT KOHYHHHWU TOMULI MYMKWH. XakKukaTaH,

X=*x Y=y], (X=XI;Y =y2,... ,(X=XIsY=y]j
xoaucanap 6upravkaoa 6ynMaraHauri yuyyH Kyl Teopemacura  Kypa
pxn=P(X =XI)=P(X =XN\Y =y +

+P(X=XI; Y =y2+ ... + P(X=XI, Y =y]j.
pXo), p(X3), ..., p(XN 3aXTUMONMKNIAPHM XaMm LUyHra yxuwail Xpucoo-
nanmma.
Y TalWKWUA 3TYBYNHUHT TaKCUMOT KOHYHM XaMm LyHra yxwar
Tonuiaau.

Mwncon. Ywb6y xansan 6unaH 6epunraH nkku yndosnu (X, Y)
Tacoauduii MUKOOPHUHT X TaWKUA 3TYBUUCUHUHT TaKCUMOT KOHY-
HUHWN TOMUHT:

lOkopuga aliTunraHnapra acocaH X Tacoauduii MUKOOPHWUHT Tak-
CUMOT KOHYHWM GyHpali 6ynaau:

X 1 4 7 8
Pi 0,22 0,20 0,27 0,31

Tekwmpuw: 0,22 *-0,20 {-0,27 +~0,31 = 1
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38-8. Wkknta Tacoguduii MMKOOP CUCTEMACUHUHI TakKCUMOT
hyHKUMACHK

Tavpudg. Wkkn ynuyosnm (A, Y) Tacoanpuini MUKOOPHUHI TaK-
cumot (PYHKUMACKM Oeb, y xap 6up (X, Y) coHnap XydTu yuyH X
Tacogudunii MHEOOP X OaH KUYMK KuiMaTHM Ba 6yHaa Y Tacoawudwmii
MUKOOP Y AaH KWYMK KUAMaTHW Kabyn KUAuw  3XTUMOAAUTUra
aitTunagn, AbHU

FX, Y)=P(X <x Y=<y . (38.1)

FeomeTpuK HykTanm HasapgaH, F (X, y) pyHKUHS Xap 6up (X, Y)
HyKTa yuyH (X, Y) Tacognumini MUKOOPHUMHI yun wy (X, y) HykTaga
6\ iraH HacTKM Yan KeBagpaHTra TywuwunHu éunaunpagn (142- wakn).

F(X, y) TakcumoT (PYHKLUUSCUHUHT acocuii XoccanapuHu Kentu-

pamu3.
l1-xocca. ONF(x, y,)™\.
By xocca F(X, y) ¢yHKUHA xap 6up (X, Y) HyKTa yuyyH 6upop
3XTUMOIIMKHU noganain, axXTuMonamk aca O sa 1 opacHaa 6ynu-

wirgaH Kennb Ynkaan.
2-xocca. F(X, y) (yHKUMA apryMeHTNapHUHI xap 6upu Gyin-

Ya KamalmamguraH QyHKUUSA, SbHU

F(xr, y)=Ff(xy, y), arap x2> XX 6ynca,

F(X, y2 = F (X, yn, arap yt > yr 6ynca.
By xocca reomeTpvK HyKTam HasapgaH yha aéH. XakukartaH, X
opTMwKn O6HMaH (KBagpaHT uycrapacuMHWHI YHIra cypunuwmn 6unaH)
KN Y HUHI opTuwn 6unaH (KBagpaHT YyerapacUHUHI toKopura cypuv-
mwn 6unan) (X, Y) Tacoaudnii HyKTaHWHI OyHAal KeagpaHTra
TyWuw axTuMonnurun, avHu P(X<X; Y<y) =F(X,y) axTumonnuk

Kamarimaingu.
3-xocca. Ywby TeHrnuknap ypuHu:

F(—o00 y)=0, F(Xx, —00)=0, F( 00, — oc)=0.
XakpkataH xam, F (— oo, y) =P(X < — 00, Y <y) = 0, UyHKM
(X < —o00) MymMKMM GynmaraH xoauca GynraHamurn cababnm (X < — oo,
Y < ¥Y) xoamca xaMm MyMKVH 6ynmaraH xpguca.
KonraH WKKW TEHFAWK Xam LWyHra yxwaw wncboTnaHaaw.
4-xocca Ywby TEHrNUK YPUHAK:

f (-f oo; + o00)= 1.

XakukataH, (X< + 00, K< + 00) My-
Kappap xoauvca, LWYHUHT y4yH

142- wakn.
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MUKOOP X TawKua 3TYBUYNCUHUHT Tak-
cuMoT dpyHKumsicu, F2y) aca Y Tawkun
STYBUNCUHUHI TakKCMMOT (OYyHKLMACK.
XakukataH xam, Y < + 00 Mykappap
xoamca. WyTwr yuyH
F(x, + 00) = P(X<x- Y < + o00) =
APIXAXINFAX).
tOkopuaarn TEHIINKNAPHUHT UKKUH-
yncm xam LWyHra yxuwaw ucboTtnaHagu.
143- wakn. 6-xocca. (X, Y) Tacogndpuii MuK-
OOPHUHIT X=a, X=b, y=c, y=d T1yfpu
unsmknap 6unaH derapanaHraH TYFpu
TYypTOypyakka (143-wakn) Tywuw 3XTUMOAIUTU

P@<X<b\c<Y<d=Fb d—F (@ d—
—F((b, o)+ f(a o (38.2)

hopMyna opKanu XUcoBAaHULLM MYMKUH.

39- 8. VKKK yN4yoBAW Y3/yKCU3 Tacoanpuini MUKOOPHUNT
TaKCUMOT 3U4INTU

TakcumoT yHKumnsacu F(X, y) 6ynran (X, Y) MKKu ynyosnu
y31yKCcu3 Tacoanduii MUKOOPHU Kapamnnuk.
Tabpud Ywoy

fix, yy=4aL"A =¥F" (X, y)
v ] axny Xy y

TEHrNMMK 6unaH aHuknaHaguran f(X, y) YHKUMS MKKW  YNUYOBAW  Y3/yK—
cn3 (X, Y) Tacogudmii  MMKOOP  GUpranmkgar TakCUMOTUHUHE 3UY/INMN
ékn (X, Y) cuctema TaKCUMOTUMUMHE 3UYNK PYHKUMACKM Oe6 atanagu.
ByHaoa F(X, y) dyHKUMA WKKMHUYA TapTnbnn apanaw FXy(X, y) xoom-
nara ara Ba 6y xocwia 6yTyH OXy TeKUCNMKA@, YeKIM coHparu arpuv
UM3UKIAPHM UCTUCUO 3TraHaa, Y3/yKcu3 Oeb giapas KuavHaaw.
NarpaHx TeopemacugaH ¢organaHmno,

f( lim F<x~ y—— bn) —F (X y-f- Ay) —F(x+ =X y)x£F(X,y)
[0 bxAy
Ay-=>0

9KaHWHW ncboTnaw KunH amac. LyHuHTr ydyH (38.2) ra acocaH

f(X, y) =lim gifE<t<*+/8 Y<I<Y+/A9-. (39.1)
Ax-Ay

=

WyHpah knnub, f(X, y) dyHKuma xap 6up (X, y) HyKTaga COH
xuxatngaH (X, Y) Tacoaudunii HYKTaHUHT  3nemMeHTap TYFpu TypT-
Gypuyakka TYWWL 3XTUMOS/IMTUHUHT YHWHF to3ura HucbaTtuHu 6y



N¥pn  TYpTOYpYak (X, y) HykTara
TopTunraHgarH NuUMHTUra Ttenr (144-

Lualzg)g_l) thopMmynagsaH KymngarmHi xoYEY

cHn kunamms: (X, Y) Tacoamnduii HyKTa- i |
HHHI yuH (M y) HykTaga Ba TOMOHNa- | I
L H Og, Ay 6ynraH asnemeHTap Tyfpu ) |
YypTbypuakka TYWHW  3XTUMOJI/IUIH

6yHaan E3HAUWN MYMKUH:

px< X<x+ ARXAyYy<Y<y+ ay)= 144~ Wwakn.
= (/= #) + «)bX-Jly, (39.2)
6y epopa A . v 0 Ba Ay-+0 pga e->0.
WyHWHT yuyH (X, Y) HykTaHuHr Oxy Tekucnmkparn 6upop D coxara
TYWNLW 3XTUMO/IUIU YLIWIBY TEeHrNUK 6unaH mdoaanaHaaw:

P ((X, Y)€ED) = ff(x, y) dxdy. (39.3)
D

(38.2) opmynagaH ¢oihiganaHn6 Ba F(X, y) QyHKUMa Xxap 6up
(*, y) HykTaga (X, Y) Tacoguduii HyKTaHUHT yun (X, y) HyKTaga
6YNraH nacTku Yan KBagpaHTra TYWULW 3XTUMOSIUTUHU GEPULLMHH
XHco6ra onm6, F(X, y) TakcumoT dyHKyusicuHu (f(X, y) TakcHMOT
3MYIUTN OpKanu GyHaar HgoaanawnMmus MyMKUN:

F(x, y)=1j f(u, v)dudv. (39.9)
— xj —OC
3HOM MKKMTa Tacoamduii MUKAOP cCUCTEMAcCU TaKCUMOT 3UYIN-
TMHUHT acocuii XoccanapuHu Kentupamms.
1-xocca. TakKCMMOT 3UYIUTM  MaHpuUiiMac QYHKLKWSA, SbHU
f(x, y)>0.

by (39.2) dopmynagaH aiHaH KypuHM6 Typmbamn, YyHkn A.v=>0,
Ny>0, e->0, TEHINUKHUHI 4YaH TOMOHW 3ca MaHduiimac.
2-xocca. TaKCUMOT 3MUYNUTUAAH OJIMHFaH WKKW Kappanu WH-
Terpan 6upra TeHr:
+a+>
j j f(x, y)dxdy = 1

XakukataH, (39.4) dopmynara acocaH, Kynugarmra sramms:

+« +
\ i f(x, y)dxdy = F(+ o0o; + o0) = 1
— —fr
Muncon. x-+ yr < 4 pgovpaga TakcumoT 3uuamrn /(r, y) = C (2 —
—n X* NO°PMYna 6unaH 6epunraH; aovpadaH Tawkapuaa f(x, y) —

—0- a) C y3rapmacHu TonuHr; 6) (X, Y) Tacoamdmii HyKTaHWHI Mapka-
31 KoopavHatanap 6owmpa 6ynraH paguycn 6upra TeHr pgorVa nuira
TYLWNLW 3XTUMONIMIUHA TOMWHT .

Eumw . r) 1akCcUMOT 3UYIUTUHUAT MKKUHUYM XOccacuiaH choiaanaHammns:
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f $C(2-YXx* + y* )dxdy= 1
XeHi<4

byHaaH
1

l @—ylxi+ y*)dxdy

* yvR<d
KyT6 KoopavHata.Tapra yTmb, KyinparvH:4 X0:Wa Kuiamus:

| 3

-n 2 8n
Vdo l@—p)p p
(0] o

WyHpan KunHo6,

— (2—VXxr+y2), x2+ k<4,
I3 + > 4.

6) Tacoguhnini HyKTaHUHT aiTunraH goupara (D coxa) Tywuw  axTm-
mMonmruin (38.3) chopmyna 6yrivya Tonamma:

P((X,Y)ED)=-+ jf(2-VF+T)dxdy.

KyT6 KoopavHatanapra YT, u3naHaétraH 3XTUMOJIIMKHU TOMamus:
2n I

b'd4>b <2— p>pdp- T

(X, Y) cucteMaHVHr TakCUMOT 3UYIUIMHU GunraH xongda Tawxiwl atys-
YUNAPHULS TakKCUMOT 3UYIUTMHL TOMWLW MYMKWH, YYHOHYM:
'KD -foo
x(*) =i f(x y)dy, fzly) =] fx y)ax
— 30 —o00

6y epga fA(X) — Tacoamaii X MUKAOPHUHI TaKCUMOT 3UYNNTS, (y) aca
TacoanpHii Y MUXOO0PHUHT TakKCMMOT 3UYSIUTA.
Kylinparura aramms:
X -j-co
FiX)=f(x, + 00)=j j f(u, v)dudy,

oyHoa}!
@

fix) = F[(x) =j f(x, v)da.

VIKKMHUYMN TEHIIUK XaMm LyHra yXLLIaLLI Tonmnnagw.
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Y3-Y3UHH TeKWUpuUW Yy4YyH caBonnap

1. Tacoguduin mMukgopnap cuctemacu TabpuduHM anTné 6GepuHr. Muconnap
KENTUPWVHT.

2. VIKKM YN4oBNU AHCKPET Tacoanduii MUKOOPHUHT TaKCUMOT KOHYHUUW E3UHT.
Tawkun aTyBYNNAPHUHT TaKCUMOT KOHYHNapH KaHaal é3unagH?

3. IKKH ynuyoBnu Ttacogndunii MUKAOPHUHT TakKCHMOT (YHKUUACK TabpuguHn
aiTUHr. Y reoMeTpuK HyKTau HasapgaH HUMaHW aHrnatagun?

4. TakCUMOT (PYHKLMSACUHUUT acoOCUMIA Xoccanapummn aiiTmé 6eprnHr. YnapHu Hc-
60TNaHr.

5. VIKKM YNnu4oBnu y3nyKcus Tacoandununm MUKOAOPHUHE TakKCMMOT 3UYIUTU KaH-
nan TabpudnaHagn?

6. Kk ynyonnm ysnykcms tacogudunini MUKAOPHWHI GepuaraH coxara Tywuil m
IXTUMONIIMINHN XMcobnatl (hopMynacuHN E3UHT.

7. TakCMMOT (DYHKUMACH 3MUNANK DYHKLUMACKM opKanu kKaHpan udopanaHaan?

8. IKKH ynyoBnn TacogudHii MUKOOP TaKCMMOT 3UUIUTUHMHE acocuii xocca-
napuun antTné GepuHr.

9. NKKNU YN4oBAW Y3NYKCU3 Tacoauduii MMKOOP TallKua 3TyBuMnapuaaH Xap
BGVPUHVHI 3VYINK TaKCMMOTU KaHAal aHuknaHagu?

10. 14.378— 14.382, 14.389— 14.399, 14.404— 14.413-macananapHn evuHr.

40-8. VIkkM YnuoBnM TacoamcmiAi MMKAOP TaLIKW 3TYBUMIAPUHUHE
WapTiM TakcUMoTiapu

a) (X, Y) TakcMMOT KOHYHW MabnyM 6YniraH HKKWU YN4oBAM OUCKPET
Tacoandmii MMKAOP GYCUH:
X
v Xx X. xn
vi Pn Pil Pnl
Y2 P12 P22 Pn2
yT PAT PIm PnT

AlTainInk, CMHOB HaTwkacuga X Tacogmdmini Mukgop X[ KuiAMaTHu
Kabyn kunraH 6yncvH; 6yHoa Y Tacoaudmii  MUKOOP  Y3MHUHE  MYMKUH

6ynraH yv y2 ..., YT KuiMatiapugaH WCTa/iraH 6upuHM 6Grpop axTm-
MO/UIMK 6UMaH Kabyn KUAMWKM MYMKWH. By 3aXTUMONAMK, YMyMaH aiiT-
raHoga, p(yt) = 'p(Y —y”™ (ByHga /=1, 2, ..., T) 3XTUMONIMKAAH
thapk  Kunaan.

Kynalitupmw Teopemacura kypa:
PU. ¥)=PX =xit Y =y)=P(X =X)P(Y = y\X =x() =
= P (*/) P (//1*1).

6yHoa p(X[j y.)—uwy X —Xi Ba Y = /-~ xogucaniapHUHr Guprainkaa
PYin Gepuw axtumonamrun, p (Y,\x$ aca Y = M, xoakcaHHHr X = xt xp-

avica KysaTuiraHgaru TapTivm axTumosvrn. By dopmynagaH — Kyiinpgarn-
HU XOCW KWIaMU3:
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P(xj mij)

P (y"i)
Ywoy
Y il yr ym
PY\X~Xi) P (i/il*,-) P LW Xi) P(ymxi)
Xagsan Y TawKun I3TYBUMHUHT X =  farM WapTiM  TakCcUmoTu
neb artanagwn.

WapTnm aXTUMONMKIAP WAFUHAMCA GUpra TEHITIMIVHA ailTnG yTamus:

POV + pliXif « m .. 4 plynbd) = POSD P

PXj.Y1) _ P ) t
P(d) P(x)
WyHra yxwaw, X MUKOOPHWHI TaluvHnaHraH Y = yt(j= 1,2, ...,T)
KuiMaTgarn LapTam TakCUMOT KOHYHIapVHM KapaliMn3 MyMKUH:
p(XI LY )
P \y ——————— l—.
\Sx' P(Y,)

1-mucon. Ukku ynuosnmn (X, Y) Tacoaudmii Mykaoop GepuiraH:

X Tawkun 3TyBUMHMHE Y Tawkun aTyBunm Y = 4 kuiiMat Kabyn Kungum
[JeraH LwapTaary WapTiv TaKCUMOT KOHYHVMHU TOMUHE.

Eunw. pyY3=pxe y3+p(2 y3+ p(x3 y3 + pl.. y3 =
= 0,05+ 0,03+ 0,07 + 0,10 = 0,25.

4 = 0,20,
RE(3) 0,28

(0 3 = P‘&" va = "R _0.12
v3) 0,25
( 3 3 _ pix3. ¥3) 0,07

X

P y P<Y3) 0,25
- f£xt, yq _ 0,10
py3 0.25

Tekwunpuw: 0,20+ 0,12+ 0,28 + 0,40 = 1
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XaBobu.

X [ [ 4 7 8
/>(XIK = 4 0,20 0,12 0,28 0,40

6) (X, Y) vUKikn YNYOBAH Y3YyKCU3 Tacoandmii MUKOOP 6YNCUH. YW 6y
fx/y) = lim Y<K<,,-"A/A
- A
iy :
thopmyna GwiaH aHuknaHaguraH f(x\y) dyHkuuaHM X Tawkun 3TyBUM-
HUHI GepwiraH Y —Y KuiMatgary Lwaptam 3uunurn aeb atanagn. YHUHT
cypatnga X Tacogmdmii MUKOOPHUHT Y Mukgop 1y, v + Ay[ opanvkgaH
KuiimMaT Kabyn kanau feraH waptga X, X + O X[ opanvkga kuiimaT Ka-
6y KAWL SXTUMOMIT Typroaw.
KynaTupuw TeopemMacura acocaH:

n lim P(X<X<x*x A%h<Y<yxM =
A—=0 AX
AN-»0
=lim pX<X<*—bx, y<Y<y+ Ay) _
L0 AvPy<Y<y+ 4y
Ay-0
_uT P(x<X<x+ xy<Y<¢+ 4y _ i /xy)
At Asny Py<sY<y-ry) hgQ
-0
by
WyHpaii umb
fm =- ' (40.1)
20)
LyHra yxuwauy,
fi<>

HU XOCWNn Kwiamms. By MKKu chopmynaaaH

/U, Y) =12y) £ (),

mi(x, y) = TAF(Y\x) (40.33)
MyHOca6aT/1apHU XOCU KUiamus.

WapTAm 3vMunuK WapTcu3 TakKCUMOT 3UUYUTUHUHE 6Gapua Xoc-
canapura ara, XycycaH,

fx\y) >0, j f(x\y)dx = 1
—®
+0

fy\>)-=>0, i /Ne)dy=I.

o)

By XOCCaNlapHUHT TYFPUANTUHN TEKWUPUG KYPULLIHU YKYBUMTa TaB-
cus KUnamuma.
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41-8. bofnukK Ba 60FNMKMac Tacoandmii MmKOopap

Taeognnini MUKAOPNAPHUHT GOFINKAUK Ba OGOFIUKMACIUK Ty-
WyHYanapn 3aXTUMOJINK Ha3apPUACUHUHE 3HT MyXUM TylyH4Yanapu-
naH énpugup.

Y3nykcu3 tacogudkii mukgopnap yuyyH Y HuHr A ra 6Ofiunk-
MacnuK wapTu uctanraH y ga

tm = h (y) (4i.1)
KYpuUHMwga é3mnuwm MyMKuH. Arapga Y Tacoguduin mukgop X
Tacogncunin mukgopra 6ornuk 6ynca, y xonga

fI/\X)¥=K(y).
Tacoandnii MUKAOPHUHI BGOFNKAUTN EKN BOFAMKMACINTN  AOMMO
y3aponuruHu, SbHM arap Y mukgop X ra 60fnuk 6ynmaca, y xonga
A mukgop Y mukgopra 6ofnmkmacnmrnHn  (40.3) dopmynanapgaH
onganaHnb Kypcatamus.

XakukataH, Y mukgop X ra 60fink 6ynmacuH. Y xonga (41.1)

TEHIIVK YpuHAU. WKKUHYM TOMOHAaH, (40.3) cdopmynanapra aco-
caH

FWFNyY) = L)F(y'A
6yHaaH, (41.1) HM abTMbopra orscak,
fo\y) = fi(x),

aHa wyHW uc6oTnaw Tanab KWIMHraH 3gw.

Tacoauduii Mukgoprnap 60FINKMAaC/IUIMHUHE coAAa anoMaTuHu
KentTupamus, y ywéy Teopema wWwaknuaa wudonanaHaau.

Teopema. X Ba Y Tacogudumini Mmkgoprap 6ofiMkmMac oynmmrn
yuyH (X, Y) cucTeMaHWHI TakKCUMOT 3UYAUTN TawiKua 3TYBUYM Taco-

Onchrii MUKOopnap 3WUYIUKNapUHWUHE  KynanTMmacura TeHr 6ynuiim
3apyp Ba eTapaiaup:

fx, ¥)=N(x)-W. (41.2)
McboTm. 3apypnauru. X Ba Y 60OFIMKMac Tacoaudmii MykOoop-
nap 6yncuH. Y xonga
fix, ¥) =7 ()N = 4 (x) s2(y).

Etapnunurun f(x, y) = fi(x) fr(y) 6yncuH. Y xonga (40.1) Ba
(40.2) TeHrnuknapgaH onganaHnbt KyinparmHu Xocun Kunamms:

A= 727 =/ U= - TN

Teopema ncboT KNANHAN.

HaTtwux a Arap /(X, y) TakCUMOT 3UYIUTUHU Oupu dakaTt
X ra 60fNNK, MKKMHYMCK 3ca (hakaT y ra 60FNMK UKKUTA (QYyHKUUS-
HUHI KYllahTMacu KYpuUHMWHAA undoganaw MyMKUH 6yrica, y Xonga
X Ba Y Ttacoguduin mukgopnap 6ofnnkmacoup.

McboTtun. f(x, y) —a(x)=p(y) 6YncuH. ¥ xonga
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+ 00 -f-oO -f-oC -f- 00

f o/, y)dxdij= | | a(x)P(y)dxdy =
o
= | a{x)dxm\ p(y)dy ==1,
-f-00 > .;a)
/IW = j  /(f. y)dy = \ a(x)$(y)dy =a(x) ' P(y)d\
—D —® —®

rOY=JT DN =7 aWpi)dx=PE)| a()dx

+ +D
Bywaan /j(x)-fily) = a()\  p(d/p)  a(x)dx =
=a(x)-Py) i a(X)dx-j p()cty = a(x)m(y) = f(x Y).

00 — a0
WyHpan kunnb, em3z / (X, y) = N(X) m2(y) HM xocun kunguk, 6y
aca X Ba Y TacogMhuii MUKOOPIAPHUHI  BOF/IMKMAC/UIVIHW - aHraraaw,

aHa LWyHW Mc6oTnaw Kepak 3ap.
2-mucon. Wkkn ynucenm (X, Y) Tacogudmii MyKOop ywoy

/(*> Y) =
( ) A2(L (- ** + #*+ X*Yr)

TakCMMOT 3nunurn 6unaH 6GepunraH. X Ba Y Ttacoamduii Mukaop-

NapHUHT 6OFNVK EKN BGOFNNKMAC/IUTUHU aHUK/aHT.
E ynmw. By TakCUMOT 3UY4IUTUHU Y6y KynaiTma KypuHuwua3

noaanawl MyMKUH:

f{X »z n(1+ x2 “h@akTy,) = L - LU -
Y xonga HaTwxara acocaH X Ba Y mukgopnap 6ofinkmac.
3-muncon. Wkkn ynuosnm pamckpet (X, Y) Tacoauduii mMukaop
6epuaraH:

. 2 4 5
y

1 0,03 0,07 0,10

3 0,20 0,10 0,50

X Ba Y Tacoguduini MUKOOPMAAPHUHT BGOFIUKMAaCIUTMHU KYpPCaTUHI -
Eunw X=2, X=4, X —5 xoaucanapHuUHr axTUMOIMKNapuHA

TOonamMmms:

P(X =2\Y=])= P(X~ 2 = oo = 0,15,
P(YZ= 1 0,03+ 0,07-f 0,10

301



P(X =Ay— 1= PX~Jy=0= — =0,35,
P (Y: 1) 0,03-1-0,07+0,10

P(X =65\Yy= 1= =5KN I}= —— ———————— = 0,50.
P(Y= 1 0,03+ 0,07+ 0,10

ONuHraH HaTwxanapHu yweéy xaasaira €samus:

X | 2 4 1 5
P(X = Xi) 0,23 0,17 0,60
PX=xi|Y=1 0,15 0,35 0,50

XagsanpgaH KypuHu6 Typmbaukm, P (X = x) & P(X =xt]Y = 1.

By aca X Ba V Tacogngwuin mukpopnap 60fnukK Oeb xynoca 4mka-
puvw yuyyH etapnuaup.

42- 8. KoppensiuMsa MOMEHTU Ba KOPPensuus KoahULNEHTU

Tavpudg. X Ba Y Tacoguhuii MUKOOpPNapHUHI KOppenauus
MOMEHTU (EKM KoBapuauusicn) neb, kylhingarnm coHra antunagu:

Kxy= M ((X -m J(Y -m u). (42.1)

AuckpeT X Ba Y Tacoauduin mukgopnap yyyH 6y cdopmyna yuw-
6y KYPUHUWLIHW Oonaawu:
Ky = = (3= TX0-- m) P
X Ba Y y3nyKcus Tacogumini  Mukgopnap y4yyH copmyna 6yHaai

6ynagn: Kxy= \ j X—T1X(y—TY) 7(X, y)dxdy.

— 00 — oo

Koppensyuus MOMeHTU udogacu MaTeMaTUK KyTUUL Xoccanapu
acocvpa 6yHpal anMalITUPUAMLWIN MYMKWH:

M((X—TXRY —TY)=MX-Y-MX-Y—TyX + TXTY =
=M(XY)- M(MXY) - M (TyX) <=M (TXmy) = M(X-Y) —
— T XM (Y)—Tyml (X)) + TXxry=M (XY)—M (X) M (Y) —

— M) (X)+ M (X)m (Y) =M (XY) —M (X) M (Y).
Wynaan knnvb,
Kxy= M (XY)— M (X) s (Y). (42.2)

K HWHr mabHOCK Ba BasudacuHu olhguHnawTMpamns. KXy kop-
pensymna MOMeHTH X Ba Y Tacoaudwmin Mmkaopnap opacugaru 6ofna-
HHLWHW TaBcndnawmHn Kypcatamuns. LWy makcagga ywby TeopemaHwu
ncboTnanmms.
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T copc™ma. boFaukmac Ttacoauguin MMKAOpAap y4yH Koppens-
LA MOMEHTU HOJra TEHr.

Mcb6oTn. BoFnnkmac tacoauduii mMHkoopnap yuyyH M (XY)—
=A1(X).M(Y) akaHAnruHm xucobra onaguraH 6yncak, Teopema-
HUHI ncbotn (42.2) dopmynagaH aapxon Kenmé 4yHkaau.

Kxy mukgop X Ba Y mukgopnapum udgopgananguraH — yi4os
oupnuknapura 60fnuK, Wy cababnu yHUHT y3u 6GOFnaHUW KypcaT-
Knun 6yna onmangun. Wy myHocabaT 6unaH Koppenaums MOMeHTU-
HUHr 6y MumKaopnap ypTaya KBagpaTwuk yeTnaHuwnapu kynantma-
cura HucbatmpaH wmbopar 6ynraH yndamcuma mukgopgaH coigana-
HUNaan:

By HucbaTt koppenauna koahuumeHTn ned atanagw.
Koppensuuna koadumumeHTn abconoT kuimatu 6ylinya 6mpgaH
OpTUK 6YIMacAUruHU, AbHU

- 1< <1 (42.4)

HMW MC6OTCU3 KeNTUPamms.

KoppensyHsa KO3(h(UUUCHTU TabpuduaaH Ba ONAUWHIU Teope-
MaZaH ywoby Teopema Kennoé uYnkagu.

Teopema. Arap X Ba Y Tacogudmii mukgopnap 6o0fnnkmac
6ynca, y xonga ynapHUHr Koppensuus KoaguUMeHTU HoMra TeHr.

Bupok 6yHra Teckapu Xysaoca KUAuW MYMKWH 3Mac/iUrnHu antmné
yTamun3: Mukgopnap xaTTo (yHKuMoHan 6o0fnaHraH 6ynaca  xawm,
NEeKVH YNapHUHT Koppensauus KoaOUUMEHTU HoAra TeHr 6ynuwun
MYMKWH. MacanaH, X MuKOOP TaKkCMMOTW opAauHaTanap ykura Huc-
6aTaH cCMMMETpPUK XoihnawraH 6yncuH, gemak, M (X) =0. CyHrpa
Y=X26yncuH. ¥ xonga X HWHI CUMMETPUKIUIATra acocaH,

M (YX) = M (X3 =0 = M(X)-M (Y)

Ba, JAemMak, Y MuMKOOP X HUMHI yHKUMUsicn 6ynuwimra  KapamaciaH,
KXy = 0 xampa Xy = 0.

Tabpwud. Koppensuma momeHTM (Ba, [Aemak, Koppensauyus
KO3h(pMLUMEHTM XaM) HoMra TeHr Tacoauduii Mmkaopiap Koppens-
umanaHmaraH Mmukaopnap aebé aranagu.

CyHrrn TeopemagaH KypuHaguku, Tacoguduii MUKOOPAAPHUHT
6ofMKMacnurugaH YynapHuUHr  KoppensuymanaHmaraHnmru  Kenuoé
YynkKaan, yHOaH KeWuH KenTUpuaraH MuconfaH aca Teckapu TacOuk-
HUHF, YMyMaH aiTraHga, TYFpu amacinrm Kenné umkaawu.

MupoBapanpa siHa 6Up TeopemMaHu KenTupamus, y Tacoaudumii
MUKOOpnap opacmgarn 6ofnaHUWHK - TaBcudnawpa Koppenauus
KOS((PULUVEHTUHNHI axXaMUATUHN fHa Xam 6Gatadcun onguHnaw-
THPUG Gepaau.

Teopema. Arap Y Tacoandmii Mmkaop X Ttaccaucuii MUKOOPHUHP
UMK yHKUmMAcK, sbHM Y = aX b 6ynca, y xonga arap a > 0
6ynca, rxy= \, arapga a< 0 6ynca, y xonga rxy = — 1 6ynaaw.



Mc6oTun. KylhiHparHra aramm3s: K =M (X —17X (Y — T )) =
=M((X- TX@X + b- atx—b) =aM {(X — mx) = aD{Xy *

D(Y) =D (aX + b) = a-D(X) = a2a;; cy= 'a eax.
By HatwxanapHu (42.3) cdopmynara Kynnob, KyinaarvHu onamma:
acN _ _f ) 1 a> 0 pga,
xy  ax °y [fi] ox i— a< 0pm,

Y3-Y3MHN TeKWwWpuw ydyyH casBonnap

1 WKKW YN4oBNM AUCKPET TacoAH(UIA MUKAOP TallKW 3TYBUUNAPUHUHI LLapT-

N1 TakcuMoTnapu KaHgan Tonunagn? Mucon KenTUpuHr.

2. IKKn Yn4oBAW y3nyKcuM3 Tacoaudnii  MUKOOP TalKua  3TYBYMIAPUHUHT
WwapTAn TakcuMoTnapu KaHgaalh tonunagun?

3. KaHpgali Tacoguduii mukgopnap 60fnvK, KaHganm Ttacoauduii mukaopnap
6ofnmKkmac neb atanagu?

4. ¥Y3nykcus tacogudmii Mukgopnap 60fNMKMaciUrMHUHE 3apypuii Ba eTapav-
NVK WapTUHW Ba yHAaH Kenub umkaguran HaTukaHu alnTné GepuHr.

5. Koppenaums MOMEHTU TabpuUpUHU aHTUG 6GepuHr. Koppenauns koaddpuum-
eHTV aeb Humara anTunagun?

6. boFnnkmac Tacogmduii MHKAOpNap Yy4YyH Koppensauus Ko3MUUNEHTU HU-
mara TeHr?

7. Koppenauna koauuneHTN Kalicn dverapanapga ysrapuwn MyMKUHAUTUHU
KypcaTuHr. YH3MKNH 6GOFNHK Tacoanduii mukaopnap ydyH koppensums Koaddun-
LHEHTN HMMara TeHr?

8. KaHpai Tacoguduii mukpopnap kKoppenauusnaHmaraH pge6 artanagu? Ta-
coannii MUKOOPMAAPHUHT KoppenauusnanMaraHnmrn 6unaH 60fNNMKMacivrn opacH-
Aa KaHgalh 60FnaHnW 60PANTHHU KYpPCaTUHT.

9. 14.389— 14.403, 14.416— 14.422-macananapHu euuHr.

43-8. MapKoB 3aHXWpiapH. YTUW 3XTUMOMUKIAPK

26- 8 pa 60fIMKMac CUMHOB/Ap KeTMa-KeTnuru, XycycaH bepHyn-
M cxemacu Ba MOJIMHOMHAa/I CXema KapanraH 3au.

dHAW 6OFNNK CUHOBMAP KeTMa-KeT/MKiapu 6GunaH TaHULWaMus.

EIf Et, ..., EK ... uognwunap Tynnamu 6GepunraH Ba xap 6vp Mo~

raEmE2 ..., Ek ... 6enrunu wapnap COAMHraH GYNCUH. /-uaui-
naH Ek 6enrvnH wapHu onuw sxtumonnmrn pjk 6yncuH.

BupuHuM cuHoBO@ 6UTTa MoV TaHnaHaau. Et navwHm TaHnaHuw ax-
TmMonmrn P{ ra TeHr. BUpWHYM TaHnaHraH wavWaaH Lwap Tacoaudmi
onvHaaw, arap 6y wap E} Genrmnm 6ynca, y Xxonga kehmHrn w?p Ej
WOVLWAAH OfIMHAAM Ba XOKaso.

PaBwaHku, (EK EkK ... EKkK) wnguwnap KeTMa- KETIMIMHUHT Naigo
6y 3XTUMONNNIN

pi(Ek,Ek mmeE Ki = pkt plkad pkiK . . . pkn_xkn (43.1)

By navw mogenmHn ymymnawtnpamus. CUHObBHWUHI MYMKWH 6YynraH Ha—
Txanapn Tynnamm Elt E, EK, ... T kapaiinnk. CuHOB 6owmaa
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£j, £r, ... ,Ek ... HaTWwKanapHUHI 3XTUMO/I/IHKIapM Moc paBiwaa py

pre....... PK mmmGYCUH.

Tabpudg bup XuHcnm MapKos 3aHXuMpu aeb, xap 6up Has-
6argarn eMHOBHUWHI  HaTwXkacu akaT yHAaH ONAVHIN CUHOBHWUHT
HaTuXacurarmHa 60FNVX O6YAraH CMHOBMAp KeTMa-KeTaurura avtu-
naaw.

WyHaah knmb, xap 6up cuHoBNap Xydtwn ER ra pik waptm
AXTUMONIMK MOC KenagW, AbHU 6rpop cuHoBaa E K HaTwkaHWHP  onguH-
m cuHoBda £ (HaTwka pyin bepay feraH waptia py GepULLMHMHE LIapT-
m axtumormrn pik ra TeHr.

Y xonga WMKKMTa, ydta, TYpTTa Ba XO0Ka3o CMHOBMApP MOC HaTu-
Xanap KeTMa-KeT/IMKIapUHUHT 3XTUMOIMKAapKU ywby cdopmynanap
6unaH Gepunagy:

P {(E[, EK = PiPiK

P{£- £, ER} = pipiiplk (43.2)
P{(E(, Ei>Ek Er) = PiPilPjk Pkr>
[ P {(Eit" Eii" Ei,” «=®e’ A jj} = Pi.Pi.il "' "' Pin-\.in

1-mucon. Tacoauduin kyunmwnap. TYFpu um3mkga uKkana To-
MOHra 4YekcuM3 pAasoOM 3aTagmraH OyTyH HyKTanap KeTMa-KeT/m-
m .—2 1 0 1 2,.. Aa KYYMWHN Kapamnuk. bup kagampa 3appa
akat KYWHWM OYTYH HyKTara Kyuynwm MyMKWH 6YncuH. ByHpan
Tacoancumin kKyunw MapkoB 3aHXupu 6ynagu, wy 6unaH 6upra
6yHgoa kIt=-\- 1 6ynca, pik= 0.

Arap £j, £r, ..., Ek ... Hatwkanap Tynnamm Tyna rypyx, Xocun
Kunca, y Xonga ouvpuHuM cuHoBga E K HUHP  pyii Gepul  aXTUMONIUIK
ywoéy wWapTHM KaHoaT/laHTUpPaaw:

2 Pk= 1, Pk>® 6apuya k nap yuyH. (43.3)
k
Arap 6upop cuHOoBOa £ F HaTuxa pyi GepraH 6ynca, y Xonga KenvH-
M cvHoBda £b £2 ... HaTWKaNlapHUHI UCTanraH OGupn pyn Gepuwm
MyMKVH,' gemak, pi{ + pi2-f m= 1* Pik > vcTasiram
t pa

MyMKuH 6yYnraH E K HaTwkanap oparga cuUCTE.MaHVHI MYMKWH GynraH
Xonatnapn ne6 atanagn. Arap n-cuHoB HaTwkacupga E K pyin 6epraH 6yn-
ca, y Xonga n-kagam E Kk xonatra kentvpau ne6 antunagy, pik axriman-
K £« gaH EK ra ymmw axtumonnurn aeinnagu.

VicTanraH HaTwkaniap KeTMa- KET/IMTMHUHE 3XTUMO/IUIMHU (43.2) diop-

Myna 6yinya xucobnawl yyyH 3XTUMOSUIMKIAPHUHE GOLWTaHFNY TaKCUMOTU
Pi napHn Ba £; xonataaH Ek xonatra ytuw axtumonnuknapu pjk napHu

onnuL NO3UM.
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pik axTmmonnvknap YTuw 3XTUMOMMKIapW ae6 ata.uagy Ba Yo\~
YTULW 3XTUMONIMKIIAPW MaT PULACUHLA XOCUN KAMaaw:

(43.4)

YT 3axXTUMONAUKNApU maTtpuuacu Keagpar marpuuyagup. by
MaTpuuaHuuMr snemMeHTnapuM MaHduimMac xamga xap 6up carpparuv
anemeHTnap huFnHpgucu (43.3) wapTra acocaH 1 ra TeHr.

dnemeHTnapm 6y wapTtnapumM KaHoaTnaHTupaauraH wmartpuua
cTOXacTukK mMartpuua neb atanagun. WctaraH cToxacTuK maTpuua
yTuw matpuuacu 6ynamé xmsmaTr KManwm MYMKUH.

2-Mmucon. Cuctema ukkmTa xonat: Et Ba E2 gaH dakaT o6ut-
TaCMHU ONUWKN MYMKUH 6YncuH. BN  xonatpaH E2 xonatra yTuw
axTUMoNnMru p ra Tedr, E2 xonatgan aca E xxonatra yTuil axTv-
MOMAUIN ( ra TeHr, Y Xonaa yTuwW 3axXTUMOMINKIapU MaTpulacu

KYprHMWAa 6ynaan, YyHKU xap 6up catpgaru anemMeHTnap MWFnH-
oncn lra TeHr 6ynnwmn Kepak.

Maskyp cxema ywo6y Tacoauduii kKyumwnap MoAenn opkanu
aManra oWnpuanWmn My;MKUH.

3appa 6upop TyFpu u4m3nk 6yiinab ysrapmac Te3nnkK 6unaH xa-
pakaTnaHagu, 6MpoK XxapakaT WyHanuwu TycatgaH ysrapuwm mym-
KWH, Wy 6unaH 6upra arap 3appa YHrra TOMOH XapakaTnaHaéTraH
6ynca, y xonga xapakar WyHaIUWUUMHE Y3rapuw axXTUMOAIUTN
BaKTHUHI Xap 6up MOMeHTMAa y3rapMac Ba P ra TeHr. Arap 3appa
yanra TOMOH XapakaTnaHaétraH 6ysnca, y xonga xapakaTr WyHanu-
WWHWHE Y3rapuw axXTUMO/INTU BaKTHUHI Xap 6up mMomeHTuMaa qra
TeHr. WyHra myBodMK, XapakaT WYHaNUWUHUHT caknaHWULW 3XTU-
MOMIINKNAPX YHI TOMOH Xapakatja 1—p ra, yanra tomoii Xapakar-
fa aca 1—q ra TCHr.

3-mucon. HTWwmwm Tacogudmii - Kyuumi. EN, ..

cucteMaHUMr Gapya MyMKUMH 6ynraH xonatnapu 6yncmH. EO Ba EN xp-
natnapfaH Tawkapu uctanraH E L xonatgaH € E i+l xonatra p axrmimon-
Nk 6unaH, ékn £(_, xomatra 1— p = q 3XTUMO/VIMK 6unaH yTuLl
MYMKWH.

Arap kd i + 1 6ynca, cuctema E{ xonatgaH Ek xonatru yTa on-
Maiaq.

Arap cuctema EO ékm EN xonatra TywraH 6ynca, y OoMMO Y3rap-
Mali Konagw.

By xonga yTuw axTMMONMKIapuM Matpuuacu Kyhvgarnusa 6ynagw:



10 00.
q0po0

0qo0
avp @35)

0O 00O q 0 pl
00O 00

ByHpai cxema 3appaHHUr [0, N] KecMaHUHr HyKTanapu 6ynHua
KYuYML MoAenv- opkanvn amasnra owupunagu, 6yHpa 3appa vucTtanraH
MYKN HyKTafaH 6uTTa kagampa dakaT KYWHM HyKTanapra Kyuyuwm
MYMKWH, KEeCMaHWHI oxmpnapuga 3ca 3appanuHr lTuauwm 3 bGe-
pagn. Arap 3appaHuHI Xxapakatun 6epHnraH k 6 [0, N\ HyKTaga
6ownaHca, y xonga 60wWwnaHFny 3XTUMONNNK TaKCMMOTN YW oby Kypu-
HUwaa 6ynagH:

Pk= 12 Pi="> 1 K-
Arap 6olwnaHFny XonaTt Tacoaudmii TamnaHca, Yy X0;Jma  6ownaHFuy

3XTUMO/IINK TAKCUMOTU PK— N+ 1 thopmyna GunaH Gepunaau.

44-8. JIMUT 3XTUMO/IINKIAP Xakuaarn Tteopema.
CraymoHap xonartnap

PL, aXTUMONIIMKIAP CUCTEMAHUHI' 6UTTa Kagampaa £t xonataaH E- xo-
narra yTuw  aXTUMO/MIMHW - Genrvnaiign.  CuctemaHuHr E-t xonatpaH
xonarra poca M Ta Kagamvaa YTyl 3XTUMO/UIUIUMH opkann Gen-
Banaimuns. Y xpnga pH) aXTUMOMNMK CUCTEMAHUHI GOLTaHFUY  X0naTu

. E1 6ynran waptmpa /t-kggavpa £ Xonatra  TYWTWWHSAHT AWapTIn ax-
rTMMonuanp.
IXTUMOJIINKNAPHN KYLWIMLW Teopemacura acoraH p\r) axTumonunk Eu

' paH Ej ra onmb 6GopaguraH Gapua M Ta Kagamau Aynnap 3aXTUMONINK—
napu nnFrHgycnraNTeHr. YyHoHuYm
P} = Pir
1*8 = P\ P\j + Pi2Pii + eem+ PikPki + P in Pni

N
= l%_\PikPkr
| MaTemaTuK UHAYKUWUS ycynu Gyiinua ywoy ymymnS (apmMynsHu — uc6ot
KU MYMKUH:

L

)= Y pik A - (44.2)
[Ar=l

AHa Wy MaTemaTVK VHAOYKUWS ycynuaaH siHa '6vp  mapTa  doliganaHue,

8 07



A<n+71)— V NN) AT)

Y 2d™k (44.2)

SKaH/IMIMHN UC6OTNall MYMKUH. By TEHIIMKHU  Oyugaii  TasllkMH 9L
MYMKWH: arap cucTemMa GUpVMHUM N Ta KadamaaH cYHr op3nuk E K xonat-

ra spuwraH 6ynca, y xonga EK xonataaH kelivHr £\ xonarra ytuw
axTumonurn  E K xonatra kaHgaih spumnraHnMrra 60FinK  smac.
Ywo6y matpuyua Xam CTOXacTUK MaTpvua Gynagw:

/ p\y pvio. .. \

P(n) (44.3)
Ptfi PNn2 e« PNl

(44.1), (44.2) Ba (44.3) reHrMKIapHM MaTpuua Wwaknmnga é3mb, Kyhinaa-

T’MHUN OnamMu3s:
Py =P,
P)=PP =P2

P(n+ )=p.p,=pitHt

P(n+ 1) = PTPNn= Pa+n.
WyHnaan kumb,

P(n) = Pn. (44.9)

1-Teopema. Arap O6upop nO gaH 6Gowiab Pr  MaTpuUL@HUHI

bapua pO0Od anemeHTnapu MycbaT 6Gynca, y Xobda yWwoy AvMutiap

MaBXy/:

lim pfft = U..
rHD (44.5)

(44.5) coHnap NUMUT 3XTUMOJIIMKIAP p[eb ataiaaw.
2-TeopeMa. UK AMMUT 3XTUMO//IMKAAP YLW6Y TeHrnamanap
cucTeMacvHU  KaHoaTnaHTupagw,
N
54=i.
k=
N
— —=I'N- (44.6)
i=l
I 3cnaTtma. (44.6) TeHrnamasiap mMatpvua wakmvga ywoy KypuHuL-
ra ara:
U=U P, 6y epga U = (1, n2 , UN), 44.7)

Tabpud. uf{, n2 ... , uN 3XTUMO/IMKIAP TaKCMMOTK CTaLMoHap
TakCUMOT peb atanagw.
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5-mucon. pv ..., pN 6ownaHrny 3axXTUMONIMK TaKCUMOTU OY/ICUH,
WSHH Pi — 1O0IVH cuboBaa £ HaTWKAHWHE - aXTUMO/MIA. Y Xonga
XACTEMaHUHI M-kagamaa E K xonatra YTULWWHWHE - WapTcu3  IXTUMOMINTA
TYyna axTMMo/NMK dhcpmynacura Kypa

rtn,= I}’,_ (448>

—i

ra TeHr.

JapaéH TalinHnaHraH £ (- xonatdaH 6clwnaHagn p[eb  xmcobnammma,
Y xonga Pi = 1, pk—0O, kdi. ¥ xonga (44.8) dopmynara acocaH
pin) = pfK N opTwm GuUnaH 6GOWNAHFUY TaKCUMOTHUHE TabCUpU Cycaino
BGOpVILLMHM Ce3MLl MYMKMH. XakukaTaH Xxam, l1-TeopemagaH ywo6y AvmiT-

JNAPHVHE MaBXyannrn Kennb unkaau:

lim p'r = lim pty = nk.
n—=00 ti—qc

Bupop wapTnapaa GowiaHrMy TakcUMOTAaH KaTby  Hasap E k xonaTHuHr
AXTUMOS/MIN VK Ta  VHTWIaOW.

WKKUHYA TomMcHAaH, arap 6oWiaHFuy  TakCUMOT — CTauyoHap, SbHU
Pk=wmk, k= 1, N 6ynca, y xonga (44.8) naH

Pk'= "k m PT = n*

oy Kenué 4YnKaaw.

CrauvioHap XapaéHHUHI (M3MK MabHOCMHM aHrnab onvw yuyyH 6up
Xun Typgarn Tacogudwmii kydagmraH N Ta 3appadaHn TacaBByp 3Tali/vK.
n-kaoampa [EK xonatpa 6ynagurrH 3appavanap yprtada coHn N-p”~  ra

TeHr. JlnmuT Tecpemara kypa N-*- <& ma
Np”™  Nuk

Arap BakTHuU guckpet Ba 0,12, ... , n, ... KuiAimarnapHu Kaéyn
Kunagn ne6é xucobnacak, y xonga y3okK BaKT YyTuwu 6unaH 3appa-
nap Tynnamm MyBO3aHaT xonaTtra Kenagu, abHU Xxap 6up anoxupa
Zappa AovMo Kyumb Typca-ga Ba Oy skka TapTubgarn xapaéH ydyn
MMUT TeopeMa Xey KaHgal HaTumxa 6cpmaca-paa, JIekKUH xap oup
JAMcKpeT BakKT MOMeHTU i pga E K xonaTnapHuHr xap 6upuga 6yn-

raH 3appanap CoHu amanga Yysrapmac 6ynagm Ba TakpubaH Nuk
ra TCHT.

6-Mmucon OTMAMWAN Tacoanduini  KYyYMLIHU Kapanmmi. YTuuw
axTUMoniapy matpuyacu ywoéy kypuHuwpaa 6ynagun (3-mucon):

/1 000... 00O\
gOpO... 00O

| />-(*,0,...0 00]j (L )

\0000...q0pl
\0O0OOO... 00V
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JINMUT TeoprMaHuMir KynnaHunuiw waptm //B=>> 0 HM TeKwwup.w xy”~a

KWinH. BUpoK. 6y KapanaéTraH Muconda CraupmoHap  3XTUMOIMKIaPH
TOonUW YyuyyH (44.6) TeHrnamMasiapHM OLWKOop K\-pyHMLLaA 'é3ul  MyMKWU.A
(44.7) copmynara acocaH U = U P, 6y epgma P — (44.9) warpuy’
Ywoy TeHrnamMasiap CUCTEMACUHU XOCWU/T KUNaMns:

«! = «! + qu2
ur—qu3
n3= pu2+ quit

UN =puN_ x+ uN.

N
V «t= 1 6ynraHaurn yuyyH 6y cuctema U = (n{, 0,0, ..., uN ewm
A=l

ra ara: u, Ba UN nap u, + uUN= 1 waptgam TaHnaHagn. LyHaaih k-
b, LTUANWINK Tacoamdunii Kyuuw anbatTa CTauyoHap Xxosartra ara 6y-
nagw.

Y3 Y3UHW TEKLWMPWLL Y4yH CaBoiap

BHP XWHCAM MapKoB 3aHXUpU Tabpu@Lw aiTné 6epuHr.
. YTUW 3XTUMONMKNApU MaTpuuacu Humara TeHr?
. BUp XMHCANM MapKOB 3aHXUpUra MUCOS KEeNTUPHUT.
. CToxacTuK MaTpHua KaHpai aHuknaHanm?
. £; xonatgaH N Ta kKagamaa xonatra yTuw wapTam  3XTUMOIUTMHU
xucobnawl yuyyH hopMynaHu KenTUPHHT.
6. JINMUT 3IXTHMONIMKNAPHHHT MaBXyA/NUrM XakuaarH TeopemaHu aiitub 6e-
PUHT.
7. KaHpali TakcMMOT cTauMoHap TakcumoT ae6 atanaan?
8. JIMMHT 3XTUMONNKIAPHN XHcOo6naw XakuaarH TeopemMaHu aHTUG GepHHr.
9. BUp XMHCAM MapKOB 3aHXUPHHWUHT 6Mp XOonaTtAaH UKKUHYM Xonatra 6Hp
KaZamaa YTHL 3XTUMOJIHKAAPH MaTpuLacH

ORWNPR

/0,2 0,3 0,5\
p= 03 02 05
v0o,5 0,3 0,2’

6ynca, yHm 6vMp XxonatgaH 2-xonatra 4 kagamga yTull aXTUMOJIIMKIapU MaTpuua—-
CUHH TOMWHT.

45-8. bow Tynnam. TaH/aHMa Ba yHUW XOCWUN KWW ycynnapwu

MaTtemaTnK cTaTucTMka — CTaTUCTUK MabaymMOT/apHU Tynnauw,
rypyxjiapra axpartuw (arap ynap Xyga KyH 6ynca), ynapHu
Tax/Ann KUauw ycynnapuvHm uwnab unmkuw Ba Wynap acocmpga xy*
nocanap uvkapuwgaH wuboparamp. Y ékm 6y xogucanapHu (Ska-
paéHnapHu) maTtcmaTtmk crtatlicTuka ycynnapum 6unaH ypraHuw
haH Ba TexHWKa warapu cypagurad Xxyga Kyn macananapHu Xxan
aTUwAa MyxHM omMun 6ynm6 xmsmaTt Kunagw.
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Bupop anomatmra kypa TeKWUPULW 03MM 6YNraH 6up >XKHHCAK
6beKTNapHMHI KaTTa 6up rypyxumHuM kapaiimMui. MacanaH, Mab-

TypAarn mMaxcynoT cTaHAapT/HKKa TeKWupuaantu. PaBliaHku,
Hasopat YYYH WYy TypAarn MaxCy/JOTHUHI XaMMacuHM cnnacura
Tekwupuw KYN Xxonnapga Makcaara MyBOMMK 3Mac, YyUKW Tek-
wupuw MaTmxKacHoa MaxcynoT mcpod 6Yynmwn Ekn SpoKcU3naHu-
ujii MyMKUH. bowka 6up mMucon cudatnga axonMHUHIE COHW, ynap-
HUHT éwn 6yinya TakKCUMIaHUWW, MUINWKA  Tapkubu TyFpucuga
Mab/lyMmoTnapHM Tanab KuayBuM WMXTUMOUA-UKTUCOOMA Tagobup-
NapHN pexanawTUpULHK ONW MYMKUH. By MabnymoTnapHu hnFuw
"vayH xap 10 nunga axonm pynxatra onvMHagu, AbHU SANN TeKHLW-
pyuw yTkasunagu, KparaH BakTaapha 3ca 3apyp  Mab/llyMOTHMU
MHFUW y4YyH TaHnaHma cyposnap YyTkasunagn. TeKWUpULWHUHL
6yHAal ycynu TaHnaHMa ycyn penvnagu.

TekwHpwunaéTraH anomaTt 6yinya ypraHunaguraH 6Gapya 06b-
ekTnap Tynnamu 6ow Tynnam peivmnagv. bow Tymnampgarm 06b-
eKTNap COHW YHUHI XaXMW geinnagn. bow TYNAaMHUUT XaXMu
YeKnn EKM YeKCcU3 6YNnwm MyMKUH.

TaHnaHMa Tynnam éku TaHNaHMa neb TeKWwupull Y4YyH OJIUH-
raH obbekTnap Tynnamuira antunagu. TaHnaHmagaru o6bekTnap
COHM YHUHI XaXMW genvnagu.

Arap TaHnaHmMa Tynnam 60w TYynAamMHUHI gespnn 6apua Xycy-
cuATNapvHM y3mpa caknaca, y xpnga 6yHpaii TaHnaHma perpeseH-
TaTuB (BakosaT/nn) TaHnaHMa gennaau.

KaTTa coHnap KOHyHWAaH TaHAaHMa penpeseHTatus 6yanwiun
YYyH y Tacogudwmii 6ynuwnmrn kennb umkagn. Arap TaHnaHMma
penpeseHTatmB 6ynmaca, y Xonga TaHnaHMa ycTuga uvYnmkapwuiraH
XyfnocaHn 6ow TyHNamra TaTtbukK KuUAMwWw HOTYFpPM Xynocara onm6
KENUWN MYMKWH.

TaHnaHManap Ty3nauwura Kypa WKKura 6ynmHagun: Takpopui
Ba HOTaKpopwuii TaHNaHmManap. Arap TaHJaHraH O6bLEeKT Ky3aTuw yT-
KasunraHgaH cyHr 6ow Tynjaamra KaliTapwuica, TaHnaHma Tak-
popuvii TaHNaHMa pgerivnaan. byHaa xap 6Up  TaHNaHraH OO6beKT
KEMMHIN TaHnawga Takpop WMWTUPOK 3TULLN MYMKWH.

Arap Ky3aTul Yy4YyH TaHnaHraH o06bekT 60w Tynnamra Kan-
Tapunmaca, TaHJaHMa HOTakpopwuii TaHNaHMa nelunnagw.

TaHnaw ycynnapura kypa TaHnaHma Tacoguduii, MexaHwuK, Tu-
NUK Ba cepuanu TaHnaHmanapra 6ynuHagwn.

Bow TynnampgaH o6bekTnap TaBakkanura 6uttanab onvHagu-
raH TaHnaHma TacoaMduii TaHnaHMa pelunnagun. ‘Tacoguduii TaH-
NaHMaHn Kyhunparmya Xocua KUAUW MYMKWH: arap 6ow TYHaam
XaXMn yeknu 6ynca, yHra KupyBuM o06bekTnap Homepnab umkm-
nagn. CyHrpa Homepnap €3uaraH Kaprtoukanap axwunab apanati-
TMpunagn, KelvH TaBakkanura 6uTTanab, nMra kapTouka oOnNnMHaaw.
ooW TYNAaMHWUHI TaHNaHraH HOMepau Xxagjapu Tacoanduini TaH-
NaHMaHW TawKua atagu.

HomepnaHraH N Ta KapToykaHW TaHnaw Y4YyH, WYHWHrOeK, Ta-
coandmini coHnap xagsanuparuv keTMa-ker kKenaguraH n ta COHAaH
*aMm oiiganaHnw MyMKUH.
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Bow TYynnampgarn ob6bekTnap mexaHwk pasuwga 6up  Heut
rypyxra 6ynnHu6, cyHrpa xap 6up rypyxgaH OuTTagaH OOGbEKT
O/ OpXann XOCUN XWIMHraH TaH/AaHMa MeXaHWK TaHnaHma ge
nnnagwn.

MexaHWK TaHnaHMa KynuHYya penpeseHTatus 6ynmangn. \\a.
canaH, TEXHONOMMK >XapaéHHWHI y3ura xocnamrn Ttydannm xap 6uvn
YHMHUYM peTanb 3Hr cudpatcns 6ynca, y xonga 6ow Tynnamgag,
onnHraH 10% nn MexaHWK TaHnaHMa Maskyp napTvsgarn Apok-
Cn3 pAeTannapHWUHC  aHux MPOMOPUUACMHU  HOTYFPWU  akc 3ITTi-
paau.

Bow Tynnamparv o6beKT/iap HaMyHaBuUi Y3apo Kecuwmamguran
«cepusanap»ra axpartunraH 6ynu6, xap 6up cepusagaH Tacoamnduin
TaHnaHMa onvHraH 6ynca, 6yHpaii TaHnaHMa HaMyHaBUIA TaHNaHMa
aevnnagn.

MacanaH, maxTta To3anaw 3asogura 100 Ta 6puragagaH naxrta
Kentupunagun. Arap KenTUpuaraH naxTaHUHE cugaTVHU TeKwupuL
YUyH Xap 6up 6puragaHuHr maxcynotmgaH TaBakkanura 5% paH
onnHca, 61M3 HamyHaBuWil TaHnaHmara ara 6ynamus.

Bow Tynnamparn o6bekTnap Yy3apo KecuwMainguraH «cepus-
Nap»ra axpartunraH 6ynm6, TaHnaHma 6up HeuTa cepusniap-
gaH unbopart 6ynca, yHAark TaHNaHMa Cepusv  TaHaHMa aein-
naaw.

MacanaH, lokopuaa KentupwunraH wmuconga 5% 6puraga TaH-
na6é onMHWG, ynapHWHI AANM MaxcynoTu Tekwwupunaca, 6yHOa ce-
puanun TaHnaHmara ara 6ynamus.

46-8. MaTemaTuK CTaTUCTUKaAHWHI acocuii Mmacananapu

AhTannuk, 6ow TynnamHuUHr X 6enrucnHu ypraHmw Tanab xpy-
NuHaétraH 6yncuH. by X 6enrm Tacogucumin  Mukgop cudgatnga
TankMH KuanHagu. Arap Mukoopuid 6enrm ypraHwunaértraH 6ynca,
X TacognuMH MUKOAOPHUHI KuAMatu 6enrn Kuiimatm 6unaH 6up
Xun 6ynagw, arap cudat 6enrvcu ypraHunaétraH 6ynca, X Taco-
ONdnii MUKOOPHUHT kKuimatn O Ba 1 kumaTnapHu Kabyn Kuamwm
MYMKWH, MacanaH:

Yy 1, arap «cupatnm» 6ynca,
~ {0, arap «cugpatcus» 6ynca,
dapa3 kynannmk, X 6enrvmm 60w TYNAaMHUHT  TakKCMMOT (PyHKUmUS—
cn F(X) 6yncnH. Y xpnga n yndoBnu (AN, X2, , X J Tacogmdwmin
BEKTOP M XXMM TaHnaHMa 6ynmnb, yHoa Xt Tacogmdnii  msakgopnap
(kynuHua) y3apo 6ofnmkmac Ba 6up xun F(X) TakcumoTtra aragyp. TaH-
NaHMaHWHI raxkpubaga KysatuiraH KuiMatvHu (X,, X2, ... , Xj 6unaH
6enrnnanmms.
dHON MaTeMaTUK CTaTUCTUKAHMHE acocuii  Macanianapy 6wunaH TaHu-
Wnb6 UMKamms.
1V, X2.......... X ] TaHNaHMaHVHI Kys3aTuiraH KuiAMaTtuaaH doli-



anawn6, X 6enruin 6ow TYNAaMHUHI HOMab/lyM TaKCUMOT  (PyHKLMS-

SiHH 6Gaxonaty.
MaTteMaTuK CTaTUCTUKaHMUT ylWwOy MacanaHu eunw 6unaH wy-

mpynnavysun 6YNIMMM HOMapameTpuK 6axonall Hasapusic ae6 ara-

naug. bapa3 kunanuk, X 6enrnnm 6ow  TYNAaMHWUHE  TakKCUMOT
OyHkumsacn k Ta HoOMabnym napameTpra GOFNMK GYNraH aHukK Ky-
pyHUWAarn QyHkuna 6yncuH. (Ab Xr, ...,XN) TaHNaHMaHWHI Ky-
satunran KuiMatugaH doliganannb, kK Ta Hobmanym napameTpnap-
HN 6axonall MaTemMaTuK CTaTUCTUKaHWHI HasbaTtgarnm macanacsagup.

MaTemMaTnk ctatuctukaga 6y macanaHm eumw 6unaH wyfynna-
HyBYM 6YIMM NapameTpuk 6axonawl Hasapusicu achuvnaaun.

3. dapa3 kunaihinumk, 6ab3v Mynoxasanapra acocnaHu6 X 6en-
mnm 6ow TYHNAMHUHI TakKCUMOT yHKUMacuHn F(x) peb xucob-
naw MyMKWH 6yncuH, wy F(X) QyHKUMA XakukaTaH Xam X 6en-
MM 6ow TYNNaMHWUHI TakCUMOT (YHKUUACUMMK EKM MNYKMU Aerad
CaBO/1 CTaTUCTUK rmMnoTesa xmcobnaHaaw.

Y éku 6y runotesaHn TeKWupuU YYyH TaHJaHMaHWHI Kys3a-
TwaraH (Xb X2 ... ,XN) Kuiimatugad coinganaHunaan. Arap onuvH'
raH mMabaymoT/ap XakuMkaTaH Xam Hasapuii xuxatgaH KyTuiarad
MabnymoTnap 6unaH MOC Kenca, Y BakTAa Vywa runoresaHn Kabyn
KWW yyyH acoc 6ynaaun, akc Xxonga runoresaHn Kabyn kunuwra
acoc 6ynmangu.

MaTteMaTMK CcTaTUCTUKaAHWHI Oy mMacanaHun eunw 6unaH Lwy-
fFynnaHyBYn 6ynnMmMm CTATUCTUK TUMoTe3anap Hasapuacu penvnagw.

47-8. BapmauuoH KaTop. OMMNUPUK TaKCUMOT YHKLUACK

®apa3 kunannuk, X 6enrmnm 6ow TYNAaMHUHE TakCUMOT (YHKLMSACK
F(x) 6ynm6, (jc,, X2 ... , xd) TynnampgaH onMHraH TaHMAHMaHWHI Ky3a-

TWiraH KyiiMatu 6yncuH. KysaTunraH - KuiiMatnap BapuiaHTanap aeiv-
nag. Ycnb 60pHL TapTvbuaa é3vnraH BapriaHTanap KeTMa-KeT/arv

M < x2< ...< Xn

BapvaLMoOH KaTtop Aeivniagu.
Arap Tau-TaHM3OA X, BapuaHTa /r, MapTa, X2 B3puaHTa N2 mMapTa,

., Xk BapmaHta nk mapta (6y epga n{+ n2+ ... + nk—n) kysa-
Tunrad 6ynca, y xongan,, n, ...,nkcoHnap yactotanap, W ~ — (i =
n
=1 2, ... , K) coHnap HUCOWIA yacToTanap Aeinnaan.

TaHnaHMaHWHI CTaTUCTUK EKN 3MMUPUK TakKCUMOTU ae6 Bapu-
aHTanap, ynapra Moc yactoTanap €ku HUCO6MI yacToTanap pynxa-
Tura anTunagu:

x X2 xk L xi X2 o
eKu

1r|‘ e WX
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1-mucon. TaHNaHMa 4YaCTOTIAPUHUHE  SMIMVPUK  TakCUMOTU 6ep|/|nraH—

Xi —1 0 1 2

ni 5 3 7 5

Hucbuin yactoTasiap SMMUPUK TaKCUMOTUHW TOMUHT.
Eunmw. n=nx+ n2+ n3+ n4=5+ 3+ 7+ 5= 20.

Wi = — =025 W2=— =015 W3=7- =035 W§=-2-=025
i 0 77 o0 20 20

* -1 0 1 2

Wi 025 0,15 0,35 0,25

Wy 6wunaH Gupra
0,25+ 0,15+ 0,35+ 0,25= 1
Tabpud. BapmaHTaapHUHI X COHOAH KWMUYMK GYNraH KuiMariapw
HUCOWIA YacToTacu

nx)=—

SMMUPUK TaKCUMOT (hyHKUMSICU peiivnagn, 6y eppa M — TaHNaHMaHuHE
XOKMU, MX— X OaH KWUMK GYnraH BapuaHTanap COHU.

2-Mucon. Kylimgarm aMnvpuk TakcMMOT GepuiraH:

* —1 0 1 2

wt 0,25 0,15 035 0,25

AMNUPUK TaKCMMOT (DYHKUMSACUHW TY3WHI Ba YHWUHI  FPadMrHA  YM3UHT.
Euynur
0, arap — 1 6ynca,
0,25, arap — 1C x < 0O, 6ynca,
nm#*=)= 025+ 0,15=0,4, arap 0<x< 1 6ynca,
0,25+ 0,15+ 0,35 = 0,75, arap 1< X < 2 6ynca,
0,25 + 0,15+ 0,35+ 0,25 = 1, arap X > 2 6ynca.
TonunraH KuiAmatiap acocuga rpadmkHu sicaiimma (145-1wakn).
AMNNPUK TakCUMOT (yHKUMACKU X 6enrvin 6o TYMAaMHUHE HoMab-
nym I'(X) TakCcUMOT (PYHKUMACUHUHI Takpubuii KuiiMatn cudatnaa Kapa-—
WA MYMKUH.
XakmkataH xam, bepHynnu Teopemacura Kypa
NT(P(\F-n(x)-F(x)\<r)=*1
9KaHH Kennb unkaaw.
AMMMPHK TakcUMOT (YHKLUMACKU, TakCUMOT YHKHHACMHUHI  Gap™a
Xcccanapura ara:

1LO<E*(*)< L
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L FL(X)

I 2T —

u0.25

145- wakn.

2. F* (X) MOHOTOH KamaimaliamraH yHKUUS.
3. Arap XX sur KMYMK BapuaHTa Ba XK 3HIr kaTTa BapuaHTa 6ysca,
y Xonga
p, [0, arap 1< Xn 6Ynca,
\ 1, arap x> Xk 6ynca
6ynagw.

48- 8. lMonuroH Ba rucrtorpaMma

YactoTanap nomroHn pe6 kecmanapH (X*, /M), (x2 n2, ...,
(i, MK HyKTanapHW TyTalwrvpyeum CUHWUK 4M3nKKa alitnnagu. YactoTa-
nap MOMMFOHVMHM ficall y4yyH abeuuvccanap YkHra X' fapHu, opa-
KaTanap YKura aca ynapra Moc nt uyactoranapHu Kysmus. CyHrpa (x‘,
n{) HyKTanapHU KeTMa-KeT TyTawrvpu3, uyacroranap M3/ MroHUHU XOCUs

KW1amms.
Hucbuin yactonanap MNOMMIOHM Ae6 Kecmanapu (X', w1, (X*, w2),

., (¢, WY HykTanapHuM TyTalWTUPYBYM CUHUK UM3UKKA alTunagw.
Huncbuin yactoTasiap MOMUIOHWHM Acall y4yH abcumccaniap ykura X- nap-
KW, opayHaTasiap yKura aca MOC paBuLaa Wt H 00U YacToTanapHu Kys-
Mmn3. CyHrpa (xf, W”) HykTanapHu KeTMa-KeT TyTawTupuoe, HUCOWIA vac-
TOTa/1ap MOIMIOHUNA XOCWU/T KUMaMH3.

1-mucon. Yw6y 3MNUPMK TaKCMMOTHUMHI HUCOWIA vacToTanap no-
JMFOHHHW AICaHT:

*

Xi —2 0 1 3
Wi 0,1 0,3 0,2 0,4
. Eunw. bBepwiraHnapra acocnaHué MO/MIOHHM  XOCW  KuWiamm3
U46- wakn).

KysaTuiuiap coHu KatTa 6ynraHga ékum X ysnykcus 6enrv 6ynraH-
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146- wakn.

[a rictorpaMmMa ficall mMakcaara MyF.OpHKaMp. ByHWHr yuyyH X 6enrH-
HUHI  Ky3aTUTLLAWIaH KuAMaTnapy TylwagHraH opanHK 6up xun h ysyH-
nmkgarH A- vHTepBayiiapra O6y/vHaaM Ba xap 6Mp WMHTEpBasT YYyH MC—
Ai HHTepBasira TylIraH BapuaHTasiap COHU TOMWIAAH.

YacTtoTasap rucrtorpammacu ne6 scocrapy h ysyHnukparn wHtep-

Ba/INapgaH, GanaH4mMKIapu aca hI , i — 1 K paH wnbopar 6ynraH TyT-

pv TYpTEypyaknapfaH Ty3WiraH MOFOHAaCUMMOH LiakKira aitunaau.

Huncbuii yactoTtanap rucrorpammacu aeb acocnapu h ysyHnmkaaru
Wm n -— "
VUHTepBasInapgaH, 6an?HoInKN3pu aca . = o t = 1, k pgaH mnéopar
6ynraH TyFpu TypTOypuyaknapgaH TY3WAr?H MOFCMAcMMOH Luakira ai-
Tmnagu.
2-Mucon. YWw6y TaHNaHMaHWHI 4YacToTanap Ba HUCOWIA YacTouanap
rMcTorpaMMacvHn SicaHr:

Ai J—20, -15) (-15; -10) (-10.-5) (-5;0 j (05 (5: 10 (10; 15
ni 2 8 17 24 26 13 10
wt 0,02 7,08 0,17 0,24 0,26 0,13 0,1

Eunw. h =5

(—20, -15) (-15; -10) (—10—5H (-5; 0 ©; 5 6; 19 (10, 19
JT\— 0,4 1,6 3,4 4,8 5,2 2,6 2
Wi

0,004 0,016 0,034 0,048 0,052 0,026 0,020

BepwnraH TaHnaHManap acocua YactoTanapHHHr (147-waks) Ba HUC-
6uiA yacToTaNapHUHr (148- wakn) rucTcrpaMMacuHN  XOCU Kuiamma.
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-2 45 +0 5 0 5 L0 5

147- wakn.

148~ wakn.

ti- Tabpudpra Kypa HUCOWIA yacToTaniap TFUCTOrPaMMacUHUHE 03U

k I 'E
N Von= La- s
i=i =i e 7=t

9KaHUHN Kypamus.

PaBlWwaHKn, arap HUCOMI yYacToTanap FMCTOrpamMacUHUHE yuyna-
PVHW CUNNK 4YM3UK BunaH TyTawTupmb uYmkcak, Oy UM3UK Takpu-
6aH X OGENrvMHWHI TakCUMOT (YHKUMACUTa MOC KefyBYM TakKCUMOT
3NYAUTUHVHT TpaurmHn akc 3aTTUPULLINHN KYpamuns.

Arap TaHnaHMa XaXMWHU OpTTMPWG, WHTepBannap Yy3yHAUrn

h HM HOoAra MHTUATUPCaK, TaKCUMOT 3UYSIMTUHUHT rpadurura 6opraH
capu siKMHMalwaMmus.
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Y3-Y3NHH TeKWWUpPULIW Y4YyH caBonnap

Bow tynnam Huma?

TaHnaHmara TabpHg 6GepuHr.

TaHnaHMaHWHT KaHgan TypnapuHu 6Hnacus?

BapHaLMOH KaTopra MMCO/ KeTUPUHT.

SMANPUK TAKCHMOT (hyHKLIHSACHTa Tabpud) GepuHr.

AMNUPUK TaKCUMOT (PYHKLUACUHUHT rpadumrn kaHgam kypuHuwra ara?
MonuroH Ba rucrorpamMma KaHpan scanagm?

15.1— 15.21-macananapHn euuHr.

VNI AWN

49-8. TakCMMOT QYHKUMACK NapaMeT.pfapuHUHI HyKTaBuii

6axonapwu
dapa3 kunanvk, X 6enrmnm 60w TYNAaMUUHE TaKCUMOT  (OYHKLNS—
cn F (X, i) 6ynm6, 9 — HOMabiyM napameTp 6yncuH. XIt X, .... Xr
Wwy 6ow Tynnamgan oOfWHraH TarniaHMa 6ynmné, Xum X2......... XM TaH-
NaHMaHVHI Ky3aTunraH KuiAmatn 6yncuH.
Tabpudg. TavnanmaHuvHr mxtmépuii L (Xb X2 ..., X1) dyHKUms-

cn CTaTUCTUKa aeinnagn.
Kylinga kyn yqpaﬁ,u,mrlalH cTaTUcTUKanapra Muconiap Kentumpamma.

1-mucon. — TaHNaHMaHVHI ypTa KuimMaTu.
i=i
2-Mmuncon. S-—— AXt—X) 2—mevrnavaHuHr aucnepeuscu.
n
=i
HykTtaBuii 6axonawaa Homabady.Mm O napaMerp Y4YyH  LWyHAawn
L(XIt Xn, ..., X0 crammcinka kuavpuwnagukn, L (XL X2 ..., X]j
H1 O nmapameTp YYyH Takpubwuin kuimaT p[eb onuHagn. By  xonga
L(X,, X2 ..., Xn ctatuctmka O mnapameTpHUHI 6Gaxocun paAelinnaan.
M
3-mMucon. X = — T* X; — TawiaHMaHuUHr ypTa Kuiimatn X 6en-
M Jm

=i
rmnn 6ow Tynnam marematvk Kytuamwmn a — M (X) HUHr 6axocu cudia-
™maa Kapajlllmmm MYMKUVH. By Xonga a HWHP Takpubuii KuimaTtn cudarmaa

- [V
X = — 2 iXi onvHaawn.
i=i
50- 8. baxo/lapHMHI acoCNUANIA Ba CU/MKMMaraHamru Tyrpucuga
TyLyHYanap
L(XItX2 ..., X J ctatuctnka Homabnym O napameTpHUHI 6axocn GYyn-

CWH. ByHOaH MabnyMmKu, HOMabilyM MapameTp YuYyH KynrmHa 6axonap
MaBXy[, 3KaH. by 6axonapgaH kavicu 6upn O napameTpra AKMHPOK 3KaHWHU
6unMw yyyn 6axonapHuHr aipyMm  TanabnapHu KaHoaTNaHTUPULLN  Tek-
LWMPUANLIA  NTO3UM.

1-tabvpud. Arap ML(XU ..., Xn)= 0 wapr 6akapwunca,
L(X,, ..., XJ 6Gaxo 9 napameTp yuYyH CWDKMMaraH 6ax0 nAeivnaaw.
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CumkmmaraH 6axo cucTeMaTwK XatonapfaH Xonu 6ynuvuira kacgonat
6epaaw.

n
1-Teopema. X= —I_IV’\.X; 6axo X 6enrnnm 6ow Tynaam marema—
i=1
TUK KYTWIULIVHVHE CUDKMMaraH 6axocuayp.
Mcb6oTm. M(X) = a 6yncuH. X It Xr, ..., XN nap y3apo 6GOFMK-

mc Ba OMP XWn TakcumaaHraHmru ydyyH M (Xj) =M (X3 = ... =
= M (Xn) = a 6ynagn.

MaTemMaTHK KYTWIMWHWHI XoccanapugaH doliganaHnt, Kyin-
garvra ara 6ynamms:

neElx,= £ ~ 171 )=#.na=a.

(=1 -1 =1
n

nemak, MTX) =a, sibHK X = — VX, 6axo a = M(X) yuyn cumxu-

MaraH 6axo 6ynagw.

CumknmaraH 6axo 6axonaHaéTraH napameTp Y4YyH Xap [A0ouM
XaM AXLWH sKUHNawuwnap 6epasepmaign. LWyHUHT yyyH 6axora,
WYHUHI4eK, acoC/UAMK Ba camapaiunuk Ttanabnapm xam Kyiu-

nagw.
2-Tabpud Arap L(XU X>, ..., X O napamMerp Y4YyH 6axo
6ynca Ba xgap KaHga e > 0 yuyH
lim P(]E£(XIt , X,)-01l<e) =1 (50.1)
r »C
1 TeHrNuK Gaxkapwunca, L (XItX 2, .., X 6axo O napameTp y4yH acoc/.
' 6ax0o geinnagn.
2-teopema. L(Xx ..., Xn 6axo O napame/npHVHr acocnm 6a-
XOcu 6YnmLIN YUyH
M (L(X, e Xn) =0, (50.2)
lim D (L(Xt.......... *)=20 (50.3)

Mn~-*oo
eynuwmn etapanamp
TeopeMaHVHI ncboTn YebULLIrB TeopeMacHZaH Kenvb uiKaau.

3-Teopema. X= — JMX,- 6axo a= M (X) yuyH acocm 6axo
(=i
r 6ynagw.
Mc6oTun. HOKopuaa I1- Teopemaga M (X) = a 6ynmwmMHM KypcaTtraH
[ sgvk. WyHpai kuamb, (50.2) wapTt 6axapwuiagn. CyHrpa, OUCNEepPCUSHUHT
! xoccanapygaH choiiganaHmne,



i=1 i=1

D(X)
=-71Y 4(™ = Tn°(X)
«=
HU XOCWT KUiamus.
n
3KaHM kenmé umkaan, abHM X = — \ N X £ 6axo a = M (X) yuyH acoc-
nn 6axoovip. !
3-Tabpud. Arap
lim M (L(XX........ X =
im M (L ( )
ypuHnm 6ynca, L (XIt ..., X1 6axo O napameTpHWHI aCUMNTOTUK CWi-
XmMaraH 6axocu aelinnagw.
4-Teopema. S2= — NT (X;— X)26axo X OGenrwm 60w TYyN-

i=i
NaMHVHI  OMCNepcuscn YYyH acMMNTOTUK CUhKnuMaraH 6axocvamp.
Mcbotm. Xwn X2,.. ., XN Tacogmuin MMKOopaap Yys3apo 3pkKn

Ba 6|/|p XN TaKCUMaHraH, AbHU
M (Xf)=a, 0 (X,.) =02 i=\,n
6yNraHN yuyyH xamoa MaTemMaTvk KyTUAWLW Ba OMCTIEPCUSIHUHE XOccasapyi-
[aH
n
M(-)=M (_L'V (Xt- X)A = 02-
1

\ n jiad
1=1

= 02 «-2=L (50.4)
n

n
3KaHWHW, AbHW S 2 02 AUCNEPCUS YYYH aCcUMNTOTUK CU/DKMMaraH 6ax0

limM (S2 = lim— 102= 02

tl—o00 t—=0Q tl
OYIMLIMHN  KypaMm3.
4-Tabpud. O NapamMeETPHUMHI WKKUTa cumkumaraH Lx(XIt ..., X )
Ba L2(X........... Xr) Gaxonapu GepwiraH 6ynvo,
D(LAX,,..., Xn)< D(L2(X,......... Xn)

TEHrcu3nuK Gaxapunca, Lx(Xr, .. ., X,) 6axo L2(XJ}t ..., X0 6Gaxo-
ra HucbaraH camapa/mMpok 6axo aelivnagu.
BepuaraH n xXaxMaM TaHNaHMaga SHI KWUUYUMK Auchnepcusira ara

6ynraH 6axo camapanu 6axo aennnagw.
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51-8. TaHnaHMaHWHI Ty3aTwiraH Avcrnepcuscu
M
OnavHrn naparpaHuHr 4- Teopemacuga 52= — (X.— X)2 6axo
i=i
6owWw Tynnam OuCrnepcusicn YYYH acuMiTOTUK CcubkumaraH 6axo akaHu
KypcatunraH 3au.

Y eppa
M (S3 = 02
n
hopmyna ucbotnaHraH saw.

Bow Tynnam Aucnepcusacu ydyH CcukumaraH 6axpHuU Xocun
Knnuwga Ty3aTuaraH TaHnaHMa Aucnepcusgad goliganaHnnanu:

S2 V (x & x)2 (51.2)
n—1
i=i
XakuykataH xav
M (S =wm m-L 2 (Xt X)2 =
V=1
MZ —5B9=— — -AM(S) = —N— =—
\rt—1 / rn—1 —1 n

6ynagn. LUyHMHr yuyyH S2 6ax0 02 mapamMeTrp Y4YyH CcuwDkumMaraH 6axo

6ynagn. Xyaan S2 6axo kabu 52 6axOHVMHI Xam a2 y4dyyH acocim 6axo
3KaHWHM KypcaTul MYMKUH.

Y3-Y3UHN TeKWWUpuUW Yy4yH casBonnap

HykTaBHI 6axora Tabpud) GepuiHr.

KaHpan 6axo cumkumaraH 6axo aeiinnaan.

CunxumaraH 6axora M1con KenTUPUHT.

Acocnn 6axora Tabpug GepuHr.

ACUMNTOTUK cumKMMaraH 6axora tabpnd GepuHr.

. Acocnn 6axora Mmcon KenTUPUHT.

TaHNaHMaHVHI Ty3aTuaraH Aucnepcuscy KaHpai aHuknaHagu?
15.24— 1554~ macananapHn euYnHr.

PN AWM

52- 8. MaTeMaTuK KyTWU/IMLW Ba AUCMEPCUs YYyH WLLIOHYIN
MHTepBaniap xakuaa TylwyHua

1 NwoHunn uvHTepBan TywyHYyacu. HyKTaBuil 6axo Teruwim

napaMeTpPHUHI TaHfaHMa Mab/lymMOoT/napura kKypa COHAN KuiiMaTH-
HU 6epagun, NEKUH Yy MasKyp 6axOHWHI aHWKAUTWA Ba WLIOHYINAUMH
TyFpucnpa (QUKp lpuUTULLIra UMKOH Gepmangun. LyHWHT yyyH 6axo-
HUHI WLWOHYINAUTU TYLWIYHYACMHW KUPUTULW MabHOra aragup.
(XIt X2 .. ., Xn) X 6enrnnn 60w TYTaMHWHI TaHNaHMacu 6ynne6,

YHUHI TakcumoTu 6upopta O napamveTpra 60fF1MK GYNICUH.
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Z(XItX2 ..., Xn O napaveTp yuyyH 6axo GY/ICUH.
Tabpud. Arap uctanraH a > 0 yuyyH wWyHgaii 6> O Tonuw Mym-
KWUH GYNicCaku, YHWHI Y4yH
PAZ(Xly X2 ... , XH—01l<6=1—a (52.1)

6ynca, y xonga | Z— 6, Z + 6] Tacogudwmii nHTepean O napameTpPHUHI
1—a WVWOHYIVIVK JapaXkaii UMIOHYIN WHTepBanu adeivnagm

1Z— 6, Z+ 6] NwoHYNM VHTepBas, LWYHUHIAEK, WWOHYIM 6axo Oeb
XaMm atanagn. 6 COH GaxOHUHI aHUKIUIM OeAnnaan.

1Z — 6, Z + 6[ nwoHum mHTepBann O napameTpHW' 1— a 3xTUmon
6unaH Konnakgn Oe6 anTunaaw.

BcpunraH a yuyyH 6 KaH4YanukK Knumk 6ynca, Z 6axo wWyHYanmk
aHUKPOK 6ynaan, a KaH4yanuK KuUuukK 6ynca, 6y 6axOHWHI MLIOHY-
AUANTY WYHYanuK katta 6ynagw.

2. MaTteMaTUK KyTUAULW & Yy4YYyH WWOH4YAM WHTepBan. X 6enrv-
C/M HOpMan TakcMmaaHraH 6ow TynnamHW kaparimus, 6y Takcu-
MOTHWHI 02 AUCMEepPCUACU MabiyMm 6YICuH.

By TaKkCMMOTHMHI MaTeMaTuK KyTUAMWKW a YYyH WWOHYIMN WH-
TepBa/iHW TOMamms. n

X 6enrv Hopmasn TakCcuMiaHraH 6ynaraHu ydyH X = Xam
i=i
HOpMa/1 TakCumMmiaHraH, wy 6wnaH 6upra, X y4yH napameTpriap Kyhnga-
rmya:

MOX\ = & D(X) = —

Hopman TakcumnaHraH Ttacogudmii MUKOOPHUHE  6epwiraH WHTep-
Ba/ira TyWWLW 3XTUMOAW Kyihngarn copmyna 6unaH udoganaHagu:

P\X —a\< 6) = 20(6/a).
By dopmynaHn X Tacogndwmii MuMKOOP YYyH Kynnab, Tonammas:

P(\X —a\<b)=20¢0~"jy=1y (52.2)
t = 6gn pelimms, y xonga 6= 6ynn6, (52.2) cl|opmyna

P(IX-al<~r) =20(0

I n
€Kun
p{'X — "= <a<X+-%=r\ =20(0 (52.3)
\ vn / nl
KYpPUHULLITa Kenaaw.
LWyHpar Kuamb, WLWOHYNM MHTEpBa
IX--£L, X + ~L\ (52.4)
J v n t7» L
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OdaH néopar 6ynagan. by epgaH ] X ——-X + -~ i Tacogndmin  vH-
J V n V « L
TepBasl a NapameTpw 1— a8 = 20 (i) 3axTMMon 6wnaH —+—- aHUKIMKAA

«
KoMawm Kenub 4MKaaw.

Xocun KunuHraH dopmynanap TaH/aHMa XaXmu opTuiwun 6u-
naH 6axonaw aHWKAUTM OWWWWHW Kypcataan. byHpa arap l—a
WWOHYINANK OpTTUpWUACa, HaTmxaga / napameTp opTagn Ba de-
MaK, 6axonawl aHUKAUTWM Kamasaau.

M ncon. Hopman TakcMmiaHraH 6ow TynnamAaH ofVMHraH TaH-
naHma 6epwunaraH, 6yHga a= 1

( Xi I xi i Xi i Xi

1 — 1,90 9 0,40 17 0,98 25 —0,32
2 1,37 10 0,69 18 — 1,38 26 —0,42
3 —0,89 1 -0,90 19 1,48 27 0,77
4 -0,13 12 0,15 20 -0,65 28 0,08
5 0,15 13 0,90 21 1,10 29 0,17
6 -0,79 14 0,82 22 0,30 30 0,87
7 —0,96 15 1,53 23 -0,13

8 1,55 16 —0,34 24 — 1,90

MaTtematnk kytumamw yuyyH a =0,04 uWWOHYNNAVK [Japaxanu
VLLOHY/TN WHTEPBASIHN TOMWHT.

Eunw. X —0,087 Hutonamms. 1— a = 2 (/) TeHrmkgaH (0 =
— 0,48 Hn xocun kynavmd. Xapgan Gynuvua: /= 2,06. Lywwirgek,
n=30 a=1, y xonga

6=-4L = 27~)- = 0,376.
vV n Y 30

WyHpahi kunnb, nwoHunm mHtepsan |—0,289; 0,463 [ paH mbo-
pat. Bby— napamMeTpHUHI XakKukuii Kmiimatu 0,96 axTumon 6unaH
XOCUN KHAWHrFaH WHTepBanga éTnwnHn 6ungupagu.

Arap 6ow TyniaM Hopmas TakcumoTra ara 6ynmaca (52.3)
dopmyna TYFpu 6ynmaii lﬁonap,m, 6MpOK N-voO ga MapKasui aumnT
Teopemara kypa X = 1 > (X- Tacogudmii MUKOOP TakKCUMOTU X ; HUHT

tl /AW

avcriepcuanapy yerapasiaHraH Ba 02 ra TeHr 6ynca, HOpmas TakcumoTra
WHTUNaan. by — n katta 6ynraHga (52.4) MWOHYAN WHTEpPBasT a MaremMa-
TUK KYTUAULW YYYH WWOHYIN MHTEPBA/HUHI  AKUHAAWWWN  6YnmM6 xus-
MaT KWWK MYMKUHAUTLWILW  OUiampaau.

Arap 02 Homabnym 6ynca, n katta 6ynraHga (52.3) cdopmyna-
napga 02 HM YHUMHI 6axocm S2 6unaH anMawTvMpuwl MYMKWH Ba
VULWOHYIN WHTEPBA/IHUHI AKMHNaWuwWm cudarnga

ML X\
vn Vn

323



VMHTEPBa/IHN Kapaw MyMKWH, 6y epga tn_la CTblogeHT TakCcumMoTUMUVHr
XaJsasmaaH onuHaaw.

53- 8§ Hasapuii TakCMMOTHW TaHsaw

TakCMMOT KOHYHM HOMabsym 6ynraH X 6enrmnm 6ow Tyniam-
HVHI eTapanya KatTa N XaXmau TaHnaHmacu 6epunraH GYnCcuH.

Busz X 6enrn 6mnaH 6up XMn TakcuMmaaHraH y3apo 60fnMKmac
KOMMOHeHTNapra ara 6ynraH tacogunduini BeKTOp cudatnga kapaia-
étraH (Xly Xr, ..., Xr) TaHnaHmMa Hasapuii TaKCUMOTHUHI MaTemMa-
TUK KYTUAUWWM Ba AWUCNEPCUSACM YUYyH 6axonap onuura MMKOH 6Ge-
pPUWWHK KypcaTraH 3guvK. YMyMui MynoxasanapgaH donganaHuo,
Hasapuii TaKCUMOTHUHI KYypuHUWUK TyFpucmga GUKP nango Kum-
WNMN3 Kepak.

Mapka3nii numuT Teopema X 6eNrMHWHI HOpMan TakcumoTra
6ylicyHuwn ydyyH 3apyp 6YnaguraH waptnapHu Tabpudnawra um-
KOH sipatagun, y Xpnga 6y KOHYHHM TOnuWw Macanacu HKKuMTa a Ba
O napameTpHM aHuknaw 6unaH eunnagun. by napameTpniap Y4yH
TaHMaHMaHWHT ypTa KUAMaTtTuHW Ba TaH/AaHMaHWHI Tys3aTwuaraH guvc-
NepCcUsACNHN Kabyn Kunanmw MyMKUWH.

Arap X 6enrm ¢akat mycbatr O6yTyH COH KHimMatnapHu kabyn
Kunca, TaHNaHMaHWHI ypTa KuUAMatu Ba TaHAaHMaHWHI TysaTui-
raH paucnepcusicu 6up-6bupugaH yHuya dapk Kuiamaca, X Tacogu-
dwvii Mukgop lyaccoH KOHyHW 6yinua TakcumiaHraH pneb dapas
KWINW MYMKUH, y 6utta X napameTp 6wiaH aHuknaHagu. by
xpnga X yyyH TaHNaHMaHWHr ypTa KuiMatu X HU ONuvll Kepak.

Benrn ysnykcu3 6ynraH xonga rucrtorpaMmmaHnm Acall  Kepak.
MabnyMKu, y TaKCUMOT 3HUYUIU 3rpyu YM3UFU TYFpuUcuaa TyLyH-
Ya 6epagwn. bab3aH rucrtorpamMmma Haszapuii TaKCUMOT Mabaym 6yn-
raH KOHYHNapHUHr 6upopTtacu 6unaH 6mp xun 6ynagn geb dapas
Kuauwra MMKoH 6epaau.

54- 8. AMNUPUK TakKCUMOTIAapPHW TeKucnaw

X 6eNrucCUHUHr TakCMMOTU HOMabayMm O6ynraH 6upop 6ow Tyn-
nampaH N Xaxmanm TaHnaHMa axpatamus. X Tacogudunii mukgop
6upop F (X) KOHYyH 6YiiMuya TakcumiaHraH pgelinwra acoc 6op Ae6

hapas Kuiamus.
m(- Hasapuii yactoTa ne6 X —Xi, i = 1, k xoaucaHunHr

PI =P (X = Xi)

IXTUMONNUK 6unaH N Ta 3pKAU CUHOBMapda pyi 6epull COHMHWHT
MaTeMaTuK KyTuanmwmra antunagu.
dpknu cuHoBnap (Taxpubanap) cxemacura Kypa Ttacoanguii
XOOUCAHUHI M Ta 3pPKAW CMHOBNapga pyi 6epuil COHU 6u-
HOMWaN KOHYH Oyiinya TakcuMamraH, YHWHI MaTeMaTuK KyTuaum-
WKW 3ca Kyihmagarnmra TeHr:
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mE= M (X) = nPi.
T,, hi2 ., MK yactoTatap Hasapuii €kum TEKMUC/OBYM YacToTanap

Jennnagn. o] w
X 6enrn ysnykcus 6ynraH xonga 6enrvuHMHI Kuumatnapu ysra-

pyW MHTEpBa/IN Y3apo Keculumaligurax

fmd P> t°2 » o Hle» » eeey o P

WHTepBasnapra GynmHagn. Moc Xxonga
Pt=P (e < X< P()
fe6 GenrvnaiiMus. TaHnaHMa ONAUHIMAATVAEK YeKAW Ba M XaKM-
ra ara 6ynraHu yudyH Hasapuii yactoTanapHu
T.=nPi=n( (PH—F (a,))

Kabn xpycobnanmma.
l-mncon. bow TYynnamHuUHr X 6enrMcm Hopmas TaKCUMIaH-

raH feb capas kunauwra acoc 6YnAcuMH. TekucrioBuMm mt uacToTa-

napHu TOonMWW Tanaé KUIMHagu.
E yunw. TabpHra kypa

mt = nPi =P @-< X < pj).
Hopman TakcMMOT Y4yH TacoAuguii MUKOOPHUHI 6epunraH WH-
TepBajsira Tywmnu 3axXTnmMonn
Pla, < X<8B)=0d (-")-dp(+ + )

hopmyna 6unaH xucobnaHagy, a Ba a MUKAOPIap HOMab/ym 6ynraHu

YUyH ynapHu Moc pasBuwaa X Ba 5 6Gaxonap 6wiaH —anmalmMpamms-
Hatwkaga ysun-kecun Kyiivpgarura ara 6ynaMus:

mt ¢4

Ha3zapuii uyactoTa mM{ fapHM TOMUW Y4YyH HOPMan TaKCUMOT-
HUHI 3MYNUTH opmynacugaH oiganaHuwl MyMKUH.

*-a1
_ 1 20*
/w= a\ 2n
Y XOnga
P (@i < X < P() = hf(x(,
6y epoa M — i~ MHTEpEa/HUHI ypTa HyKTacu. Y Xonga

< - 0)1
20*
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Oy epda a Ba @ NMapHM MOC paBvWda  YNapHUHT  TaHiaHma WW\I
X Ba 5! 6GunaH anMawTMpuOb, Kyhngarura ara 6ynammas:

nh;
™= —_ o(ut).

6y eppa
/4 | 2 a,+P«—2X
Y =F1Te U= 25—

2-Mucon. MuUHITa XOTUH-KMBHWHT 6yinra kypa Takcumotn 6e-
pyiraH:

ByiH (cm) XOTUH Ku3nap CoHu Byiin (cm) XOTUH Ku3nap COHU
134— 137 1 155-158 186

137— 140 4 158-161 11

140— 143 16 161— 164 53
143-146 53 164— 167 w

146— 149 121 167— 170

149-152 193 170-173 1

152— 155 229 Kamu 1000

TaKkCMMOTHUHI Has3apuil KOHYHWHW TaHNaHr, YHUHI napameTp-
NapvHN TOMWHI Ba YacTOTaNapHWHI Ha3apuil KaTOPMHW XMCOGNaHr.
E ynw. TakKCMMOTHUHI TFUcTorpammacuHu  ficaiimus  (149-

wakn).
BenrmHnHr KunmaTn yyyH WHTepBasNapHHHI ypTanapuHu onvo,
TaHNaHMaHUHI ypTaya KuiMaTuHU Xucobnanmms:

X = 1535; S2=28,1; S = 53.
ri/h

149- wakn.

BepunraH 6enrm Hopmasn KOHyH 6yiinya TakcumnaHraH neb Ha-
3apuii yactotanapHu xmcobnanmms:
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v i =X . o (V) m @ (<)
135,5 1 -18 —3.4 0,0012 1
138,5 4 —15 _ 2,83 0.0073 a
1415 6 —I —2.26 0,0310 17
144 5 53 -9 — 1,7 0,0940 53
1475 121 -6 -1,13 0,2107 119
150.5 198 -3 -0,57 0.3410 193
153.5 229 0 0 0.3989 226
156.5 186 3 0,57 0.3410 193
159,5 121 6 113 0,2107 119
162,5 53 9 17 0,0940 53
165,5 17 ) 226 0,0310 17
168,5 5 15 2.83 0.0073 4
1715 1 18 3.4 0,0012 1

3AMAMPUK HacToTanap MOAUFOHMHU Ba Hasapwuii Hopman arpu
YN3NKHU AcarMH3 (150-wakn).

KapanraH muconga 3aMnUpUK Ba Hasapwuii yacToTanapHUHI 6up
XV 3MAaC/NHIHHW Kypamus.

By 6up xmn 6YynMacnnknapHUHr Kaicu OGUPUHU MyXuUM, Kaicm-
napuHn myxum amac geb xucobnaw kepak?

ByHOa MOC Kenmacnuk Ky3aTull HaTwKanapuHUHE Tacoamtmin-
mrn ékn Hasapuii TaKCUMOTHUHE TaHaHuwwn 6unaH  TyWyHTUpu-
nagnmn? Hasapuii TakCUMOT KOHYHU TYFPW TaHNaHTaH/ANTUHU KaH-
Jai TeKwunpuw MyMKUH?

By caBonnapra kyinuga xaBo6 OGepuira xapakaT Kuiamus.

55- 8 MaTtemaTuk cTaTHCTuUKaga onpanaHunaguraH
TakcmMmoTnap

1. O304/MK papaxanapyn k 6ynraH X2 TakCcUMOT.
1 abpud. Arap k Ta y3apo 6CFIMKMac HopmanaHraH X Ttacogudmii
MUKOOPMap HOpMasi TakcMMoTra ara 6ynca, y Xonga YnapHWHP Keagpar—
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K

napy wnFMHaMcn x2= V X]j HUHI TakCUMOTM O0304/WK fOapakanapu k
1=i

6ynraH x3 TaKCUMOT Aeiniaan. X2 TaKCUMOTHUHE 3UUIUTU:

0, x< 0 pma
Pkw = 1 2 2
e X , 4> 0 mg

L2fR2T (W2)

6y epopa ' (Xx) = | f~ xe~* dt— ravma- dpyHKLMA.
0
A—=00 fa X2 TakCcUMOT Marema-.uK Kytunuwmn K Ba gucnrpeusicn 2k

6ynraH acUMNTOTMK Hopmanaup. K = — x2 Tacogudmii MAKOOPHUBI TaK-

2
cumoT K “m00 ga mMaTemMaTvk KyTWUMLWIM Ba Aucriepcusic — 6ynraH acum-

NTOTUK HopmManaup. Y =V 2X2 HUHr TakcumoTu fc-*eoc ga martemartuk

kytunmwm / 2k—1 Ba aucniepcusc 1 6ynraH acMMNTOTUK  HOPMasiamp.
X2 TakCcUMOTHLWII 0304/ MK Aapaxanapyn k < 30 6ynca, YHUHr Kuiivar-
napuv xafsangaH Tonunagw, arap 0304/ MK papaxanapy k> 30 6ynca,
YHU HOpMa/l KOHYH 6unaH eTap/ivya aHUKIMKAa aiMaliTupull MyMKUH.

2. CTblO4EeHT TakcMMOTU. X — HOpMajsiaHraH HoOpMan TakKCUM-
naHraH Tacoamdnii mmkaop, Y aca o3o4nuMK gapaxanapu kK 6ynrad
X2 TakcumoTra ara Tacogudmii mumkgop. Arap X Ba Y 60rnmkmac
6ynca, y xonga

V7?7

Tacoguguii Mukaop t-TakcumoT ( ékm Kk ozognuk papaxanu CTblo-
OEHT TakCcMMOTW) ra ara geiunagn. t TakCUMOT A->-00 Aa acuUMMTO-
TUK HOpManauvp. /- TaKCUMOTHUHI 3UYIUTU:

fcH
2
P,w _p + BL (1+7)
YV mkl k/2) \ k 1
3. duwep Takcu.motn, Arap X Ba Y — 60fAuKmac Tacoaudui

Mukgopnap 6ynu6, ynap k} sa k2 o3oanuk gapaxanu x2 KOHyH 6y-
inya TakcuMmnaHraH 6ynca, y xonga

f X/bi
YKl

Tacogudumini MHKaoop F TakcumoTtra (ékm K\ Ba k2 o3zomnvk papaxa-
o duwep TakcumoTura) ara geiunnagn. F TaKCUMOTHUHE 3UMUIUTUA:
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0, X< O,

(*)- 2)I2
K * > 0,
&1+ (" + )3

r PHr3 HLK12

6y epma X> 0 gaCO= YY) T (V)T

2= log V¥ Takcumot (ku kY osogmk papaxann z-TakCUMOT Oein-
napw.

56- 8. [ucnepcusi yuyyH WLWOHYIN WHTEPBa

Nintainuk, (X], X2 , Xn) X 6enrunnn 6ow TynnamgaH OfVH-
raH TaHnaHma 6ynuM6, HOmMabaym 02 AUCMIEPCUSIN HOpMan Takcu-
MOTra ara 6Yy/cuH.

Ywoéy

nS2

al

TacoamdHn mukgop (N— 1) o3o041ukK pgapaxanum X2 TakcuMoTra ara
3KauuHu, wy 6unaH 6mpra 6y TakcMmoT X TacoaAuduii MUKOOPHUHT
MareMaTuK KyTunaumwwura 60fnuK 6ynmacnurnmm mcbotnawl MyMKUH.

9HAM X2 TaKCUMOTHUHI >XagBannapu 6yhnya 6GepunraH a Ba
0304/MK gapaxanapu coHn N— 1 6yiinya wyHpan X' Ba X" napHu
TOMamMmu3Kn:

X2=

PfPr <x)=p nS2>x-)~f_ (56.1)
Y xonpa
P (V<"N-<x"j=1—ct (56.2)
CyHrpa Kyhivparuvra ara G6ynamus:
Qx' < p- < x"||- P %%S_ < a2< r:(S,ﬂ_\__
- < a<s I/I =1—a. (56.3)

(56.3) paH a napauvetp S v —,S ;_/4;/ VILLIOHYIN  MHTepBara
X B

ara 6ynvwumn kennb unkagn, 6y eppa X' Ba X" nap (56.1) TeHrNMKNapaaH
aHVKNaHaau.

Y3-y3MHU TeKWHPUW YYyH caBonnap

NWoHYAnNnK nHTepsanura Taspud 6epuHr.

. Nasapwuii TakcMMOT KaHAalh TaHnaHaan?

. Hasapwii yactoTtanap kaHgawm xucobnaHagmn?

MaTtemMaTuK KyTUANLL YUYYH WLIOHYIN UHTEPBA/IHU KYpCaTUur.

PON R
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5. Ancnepcus yyyH ULLIOHYH UHTEPBaIHU KYPCATUHT.
6. Haszapuii HopmMan arpH 4M3snk kKaHpar scanagw?
7. 15.151— 15.205- macasia/lapHH EYHHTr.

57-8. TvnoTesanapHn CTaTUCTUK TEKLWNPULL

KynuHua X 6enrunm 6ow TYN/JaMHUHT HOMab/lyM TaKCUMOT KO-
HYHVHW OHAMW Kcpak 6ynagu. Arap TakKCMMOT KOHYHM 6umpop Ta-
MnH F(X) KYypuHuwra ara ge6é TaxMWH Kunuwra acoc 6ynca, y
xonga kKyhWuparu runoTtesa wiarapu cypunagu: A 6enrnam 6ow Tyn-
nam aHuk F(X) KYpUHULWAM TaKCMMOT KOHyHWUra ara.

Arap TakCMMOT KOHYHWHUHI KYPUHULIKM Mabaym, amMmo yHAaa
HOMabnym napameTp 6ynca, Homabaym O napameTp TaiunH B
KuUiimMaTtra TeHr geraH runotesaHn Kynumw MymkuH. WyHpan kunmno,
6y rmnotesaga ran TakCMMOTHUHI HOMab/AyM napameTpy Xakuga
6opagu.

Ctatuctmk ruvnotesa ge6 HOMab/AyM TaKCUMOTHUHI KYPUHULLN
Xakmgarn €km MablyMm TakCMMOTHUHI HOMablyM napameTpiapu
xakmgarn runotesara atunagn. HonmHum (acocuin) rvnotesa ne6
unrapy cypunraH 90 ruHoTesara, KOHKypeHT (3upa) runotesa pae6
3ca HOAWHYM runoTesara 3ug 6ynraH #[ runoTtesara amTHRaawu.

Acocuii runoTtesa TYFPU EKN HOTYFPU OGYINLWIKM  MYMKUW.

CTaTUCTUK KpuUTepuin ae6 HonMuHuM (acocuii) runoTe3aHn Kabyn
Kunnw €ékn kabyn kKunmacnvk xakmgarm kowmpara antunagu.

By koupa kyhngarmgaH wnbéopar. ByHWHIr yuyyH KaHJangup
Z(Xj, ..., Xn)cTaTUCTUKa ONNHUG, YHUHI (QaHUK EKM Takpuouiny
TakCMMOTW acocuii runotesa ypuHAu 6ynraHpa Tonunagn. CyHrpa
CTaTUCTMKANMHI KuiAMatnap coxacu WKKira axpartvnagu. Arap
CTaTUCTUKaHWHI Ky3aTuaraH Z(Xt ... , XN) Kuiimatn 6y coxanap-
HUHI 6upuHumMcura Tywca, HO runoTtesa kabyn kuamHagw, arap Mk-
KnHuncmura Tywca HO ruvnote3a Kabyn KuanMHMaingn. BupuHum
coxa rmnoTe3aHVHr Kabysn KWIMHULL COXACU, MKKUHYMCU 3ca KPUTUK
coxa pevinnagw.

Z(XU ...,X,) cTaTUCTUKAHUHI Kabyn KUNUWWU MYMKWUH 6Ynrax
6apua Kunmatnapwm 6upop WHTepBanra Tervwnu 6ynagu. Wy ca-
6a6/11m KPUTUK COXa Ba TMMNOTE3aHMHI Kabyn KWIMHUL COXacu Xam
MHTCpBannap 6ynagan. YnapHwu HykTanap axpatub6 Typagu. by
HyKTanap KpPWUTUK HyKTanap pgervnagn sa Z K 6unaH 6Genruna-
Haaw.

Kpntuk coxanap kynmpgarmvya 6Ynuwn MYyMKWUH:

a) YHr ToMoHAama KpPUTUK COXa:

Z>ZKa

6) yan TOMOHNamMa KPUTUK COXA:
7 < 7 -

B) MKKM TOMOHMaMa KPUTUK COXA:
|1Z]|>ZKo
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Z (X,, X2 ... X1 cTaTUCTUKaHUHI KPUTMK coxara TyLunLl 3XTUMOSN

a YHUHT aHUKIWAWK Aapaxacu aenuvnagw.

F’MMoTesaHn CTAaTUCTUK TEKWUPULW HaTxKacuaa WKKU XU Xa-
Tora Myn Kymnuw MyMKWUH.

BuprvHuM Typ xato wykwu, 6yHOa TYFpu runotesa pag atvnagu.

MKKMHYM XaTo LWyKW, 6yHAa HOTYFpu runoTesa Kabyn Kuim-
Haaw.

KpnUTepniiHUHIr KyBBaTU [e6 KOHKYPEeHT runoTtesa YpuHAn 6y-
v waptnga Z KPUTEPUAHUHT KPUTUK coxara TYWWl 3XTUMO/U-
ra alitmnagn. KpuTepuMHWHI KyBBaTW KaH4a KaTTa 6Yfca, WKKUH-
yn Typ xaTtora nyn Kymuw 3SXTUMOMM LWyH4Ya KUYMK 6ynaau.

58-8. TIMPCOHHUHI MYBOUVKANK KPUTEPWUIACK Ba YHUHT
KYNnnaHunuwun

(Xn X2 ... , X,) TaHnaHma 6epwunraH 6Ynn6, YHUHI acocupa
6ow TynnamHUHr f (X) TakCUMOT (YHKUMUSCUHM aHUKNaW Kepak
6YNCUH.

MyBOOUKANK KpuTepuiicn aed TaKCUMOT (YHKLUACUHUHT yMy-
MR KYpuHMwK Xakuparn 90 runotesaHun Kabyn Kuaiw ek pag
3TMWIra WUMKOH 6epaguraH KpuTepuiira antunagw.

MyBOMKANK KpuTepuiinapmgaH o6mpu — MUPCOH KpUTepuiicuHm
Kypuw ydyyH X 6enrv KuiimaTnapuHUHI y3rapuw coxacuum b A2

. ., Ak unHTepBannapra 6ynamus.

Pi — Tacogndwmii Mukgop X HUHr [ MHTepBasra TYLWMWUWWHUHI Ha3a—

puii axtumonn 6yncuH: pt P (X £4(). By axtumon HB runotesagaH

KeNMM6G YMKKaH Xonga XucobnaHaau, sbHU X TacoaudHii mukaop £ (X)
TakCcUMoT yHKumAcura ara aeb apas KuavHagw.

n(— xaxmu 0 6ynraH (X,, X2....... X TaHnaHMaga X  GeNruHWHP
[ vHTepBanra TywraH KuiAMatnapuHunr coHu 6yncuH. Bympa
pN + p2+ pk—\,
+ M2+ ...+ nk=n.

MasKyp Xo/ga «m XOAMCAHVHI, arap YHWHr 3XTumonu pt ra TeHr
6ynca, N Ta CUMHCBOArN 4YacTOTaCUHU GUNOVPaaW. si(-MaTemMaTuK KyTuauwm
mp™ Ba avcnepcuscn npt G-= npL (1 — p-) 6ynraH 6GuHoMuan KoHywu 6yiin-
ya TaKCUMIaHraH.

Nirap TaHMaHMaHWHI XaxMu eTapauda katta (nN>30) 6ynca,

TaKCUMOTHM TakpubaH HOpMasn TaKCMMOT Aeb Onvw MYMKWUH.
Ywoéy

Tacognuin MUKgopnapHn Kapaimums.
By Tacoamcuini mMukgopnap acu.MATOTUK HOPMas TaKCUMMIaHraH
Ba Yy3apo Kyhmgaru myHocabaTr 6uniaH 6GOFnaHraH:
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k K
S '"E vp> vV =0.
= 1oogmp Im
Kyingarn teopemaHn MCGOT KWIHW MYMKLU:
TeopeM?(. Arap HO runotesa Tyfpu 6ynca Ba mp*>5 6ynca, y

xonga x2= c? Tacoancpuin mmkoop (k— 1) o30mmK gapaxann x2
i=i
TakCMMOT 6yiinya TakcumianraHaup.
M->00 Aa X2 TaKCUMOT acUMMTOTUK WUCPManamp.

3HAM TIMPCOHHUHT  MYBOUKINK  KPUTEPUIICUHK  Kylingaruya
Tabpudraw MyMKUH.

BepunraH a aHUKIMIM< [apaXacu Ba Y~ TakKCMMOT YYyH >Xaasaiiap-

JaH Xa HUHr
P (X2> *g) = <&

6ynaguraH KpuUTUK Kuimatnapu Tonwunagn. TaHnaHMa Mab/ymoT-
napura kypa X2 KpUTEPUMHUHI Ky3aTuaraH KuiimaTtu XxucobnaHa-
oW, arap y Kuiimat Kabyn KuMAuWw coxacura Tylwica, SAbHU %2< xa
6ynca, HO runotesa kabyn KuaMHagu Ba 6ow Tynnam f(X) Tak-
CUMOT (yHKUMsicura ara p[eb xucobnaHagu, arap x2>xa 6ynca, y
xonga HQrunoTesa pag atunagw.

Arap n>30 6’VVica, Xa KPUTUK KWUHMAT HOpMas TakcumoTaaH
doiganaHn6 TonunagH.

9cnaTtma. Arap Hasapuii yacToTanapHu xucobnawga a Ba
a2 ypHura ynapHuHr A Ba S2 6axonapugaH dchiganrHunagurad 6yn-
ca, y xonga

y2=V (It~ 'AR
Jred nPi
11

ctatuctuka TakpubaH (k—3) o0304MK papaxanu X2 TakcumoT
6ylivnua TakcumniaHagu.

59-8. Konmoropos Kputepwuiicu

X 6enrnnn 6ow Tynnam Ba XaXMu N ra TeHr 6ynrrdH (Xv X2 ...,
Xn) TaHnaHma GepwniraH GYNCUH.
F* amMnNnpmrK TakCMMOT (DYHKLMACK GYCKH.

#0 rmnotesa 6ow Tynnam F(X) TakcMmMOT yHKUMACUra 3ra
geraH runoTtesagaH wmbopart.
Kylingarn cratuctmkaHu kapaninumk:

Dn= rr;(ax IF (X) — Fn (x)].
A. H. KonmoropoB ucTanraH ysnykcus £ (X) (yHKUUS yuyH

lim P \Dh< - M =K (n)
«»®  \ yn!
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TEHIMK ypuHn 6YnwvHM K:60T Kwign, 6y epaa

K(X) = f)i%lK" (— \fe-2K\
k— — oc
Ko/sMoropoB Kputepuiicu Kyingarmya TaTOuK KWIMHaau:
1 K (A) yuyyH XapganinapfaH GepuiraH a aHUKIWAWK Japaxacura Moc
WwyHaawm TONUNaauMKN, YHUHr yuyyH K (x.3 = 1— a 6ynagn. CyHrpa

TaHMaHMa MabiymoT/iapura Kypsi Dn HUHF KuiiMaTy Tonuniaaw.

an
1

Arap Dn< L<3 6ynca, Ho runoTesa kKabyn KWIMH3OW.

Arap Dn> — 6ynca, ¥ (1 — 60w TYyNNamMHUHI TakKCMMOT doyHK—
>n
LUMsicn OeraH runoresa pag 3Twiagw.

Y3-Y3UHN TeKWUPULW YyuyyH caBonnap

1 Kputepuii TywyHyacura tabvpud 6Gepunr.

2. TunoTesanapHW TeKWwnpuw HUMagaH néopat?

3. TunoTesanapHH CTaTUCTMK TeKWupuwAaa KaHgan xatonapra Wyn Kynuw
MYMKWNH?

4. TIMPCOHHUHT MYBOUKINK KPHTEPUICU HUMagaH mnbopat?

5. KonMoropoB KpuTepHiicn KaHgaii TabpudnaHagn?

6. 15.296— 15.311-macananapHu euuHr.

60-8. ®yHKUMOHan Ba CTATUCTUK OOFfnaHuWwnap

34- § pa Tacoantuin Mukgopnap opacuparu QyHkumMoHan 60ofF-
NaHuW KapasnraH agw.

Amanga Tacoaudguini mMukOopnap opacuparuv Karbuii  OyHKLMO-
Han 6ofnaHuW Xygda kKamjaH-Kam Xxonnapga Kysatunagn, UYyHKu
Tacoauduin - MUKOOPNAPHUHI  KuiiMaTtiapym  KynrmHa  Ttacogudui
omunnapra 6ofAnkaup.

X Ba Y Tacogmucuii mmkgopnapra TabCup 3aTtaguraH tacoavudguii
omMunnap wanga ymymumii omunnap 6ynraH xonnap Te3-Te3 yupab
Typagu.

X — Tacogmdwmii ommnnap: z, 22, ... ZK, «, ... W JIQPHUMI (YHK-
Wikcen, V aca zr 23 ... ZK vy, ... vmTtacogucunii OMUNNAPHUHT (DYHK—
umacn 6YNCUH, SbHU

X=Ff(z,22 ...,z u, ..., uj
Y=g (I, M. & o, ... Vj.

ByHaalh xonpga X Ba Y Tacogucuii  mMukgopnap CTaTUCTUK (EKn
CTOXacTuK) OofnaHraH gelinnagu.

CTatncTnk 6OfnaHuwga Tacoauduini mmkaopnapgaH OUpPUHUHT
y3rapuwm 6o0uwka Tacoanduii MUKAOP TakKCUMMOT KOHYHWHUHI y3ra-
puwura onné kenagwn. Tacoanduii mmkgopnap opacuaarn cTaTUcTUK
6ofNnaHnWwNap KOppenauus Hasapusacu ycynnapu épgaMmuga ypra-
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Hunagn. Koppenayua Has3apuACUUMUHE WKKWTa acocuil  Macanaca
6op.

1 KoppenaumoH 60fnaHnl WaKAUHU aHUK/IaLl.

2. KoppensiuMoH O60FNaHULLIHUHE 3UYAUTMHU  (KYYMHWU)  aHUK.
nauwl.

XycycaH, X Tacogunduii MUKOOPHUWHI ypTada Kuiimatnapu Tak-
cuMOTMHKM 6Gowka Y Tacogucuii MUKAOpP KuiAMaTnapura 60fIuK,
paBMwaa ypraHvw anoxmyaa KUsuKuw yiFoTagu.

61-8. Perpeccus 4msuknapu

Wkkn ynuosnum (X, Y) Tacogmdmii MUKOOPHW Kapanmuni. bup
Tacognunini - MMKAOPHUHI 6GOWKa TacoAnguini MUKOOPHUHI  y3rapu-
Wwnra TabCUPUHN Tekwmpuw ydyyH X Tacogudunii MMKOOP TakCUMO-
TUHWHT WapTAn KOHyHuaTnapu Y Tacoanuii MUKOAOPHUHE TalivH-
naHraH Kuimatnapmga Ba akCuUHYa, Kapanaau.

(X, Y) pavckper Tacogudmin MUKOOP YOy TakCUMOT XXa[Bain Opka-
nn G6epunraH GYNCUH:

'y X n
X, X, xn Yor<

Y i=i

Yx PO\ vyi) P(Xi, Yoo . wmP (xn, bi) P (Yr)

yr P(*Xi. YO P (xr, Yr) m mP (X1, ) P (Y1)

vT P (xi, YT) P (2 ¥.,) == =P (X, ¥T) P (¥7)

T

V P (xt, ¥Yb) P (=<d) P =-. P ()

k=1

AroHa X kuiimatra moc p (iZjl x(), . .., p (YT |[x() waptim axm-

mMonnap Y HuHr X = Xt garv WapTaAn TMakcumoTu aeiinnagn.

ptel*i) - PV = yix=*b - ’\Hr\xig <6\

Ba
m

V P, yi=P(F). (61-2
t=i
LWapTnn TaKkCMMOTHUHI 3HI MyXUM XapaKTepuCTUKanapu TalMHiaHraH
X:, 1= 1, n ga waptm marematnk kKytuamw M (K| xt) Ba waptim gnc-
nepcua cr (K|x() avp.



Y xonga
M MN"\X{) = V ykP (yRx)t i = \' n,
KA
a- (Y\XXi) =M ((Y -M (N\Xi) fXi).

a' Kix-) ™ gaHa Y Hukr X ra konguk aucnepcuscn aeb xam arana-
an. y3rapywm 6unaH M (V=>1 xam ysrapagn, savHU Y (X) = M (Y\X)
QYyHKUMAHH Kapalwl MyMKWH, Oy epsa X aprymeHt Xv . .., XM KaAMar-
NapHA Kabys KUAUWKM MYMKUH.

By dyHkuma Y HuHr X 6yiinua perpeccus (DYHKUUACU  peiinnaan.
(61.1) Ba (61.2) dhopmynanapgaH coliganaHmo, Tomnamma:

m

Y YaP (X. yK)
YW = e - (61-3)

*@y) =M X|y)= - : (61.4)

Y3nykcmn3 TakcumoTtiap 6ynraH xonga (40.1) sa (40.2) copmynanap-
OaH doliganaHnb, Kynnaanm Xocun Kuiammns:

y®=M (Y\x)= [ yp Y\ dy =

0)
| vypxy)dy
e ) (615)
J P (*. y) dy
()]
| Xp (X, y) dx
XO) =M X\Y) = pommmmmee : (61.6)
iop(xy) dx
—®

62-8. PerpeccusHWHr acocuii xoccacu

~NeopeMa. Arap (X, Y )— Tacogudmii BekTop 6Yn1mn6, MY'2< oo
Y xonga 0,=M ((Y—n (X))AX) waptnnm ypTaya KBaapaTuk
YEFTIAHNLL XaKNKWIA y3NyKem3 U (X) dyHKUMsSinap cuHmMparn 3Hr Ku-
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UMK KUAMaTUHU K (X) = y (B 6ynraHaa kabyn Kuiagn Ba 6y 3HI Ki-
UMK KuiimaT 02 (Y|X) ra TeHr.
NcboT ywby aiHuATAaH Kenub YHKaOW:

M (Y- n(AX] =M [((Y- f(x)) +
+(y - n)HUX1=M [(¥Y-~] (x)f+

+2(—=y X)) (Y wnE)+y )—un)P)NX] =
=02\ + M [&(X)-u(x)F\X].

WyHaadi kunmb, A MuHMMymra u () =Yy (X) pba spuiwagn ga
02 (K|x) ra TeHr.

Arap y (X) Ba X (y) perpeccust oyHKLMsSNapu umaMkaum 6ynca, y xonga
X Ba Y Tacogudmii MUKAOpNap YM3MKAM KoppensuuvsiiaHraH aginiaan.

X Ba Y Tacogmduii Mukaopnap Un3nKu KcppenammsinaHraH-
MU-MYKMM AeraH macana Ba fHa YMyMUApoK y(X) ékm X(y) per-
peccusi PYHKUUSCUHUHT Kaiicu QyHKUMSNap CUHUra Teruwnamam-
MM KamfaH-Kam Xo/napfa aHuk KypcaTuianmwm MYMKUH.

XycycaH, Kyiugarn TeopeMaHW WUCGOT KUAULW MYMKUH:

Teopema Arap (X, Y) — 31unuk pyHKLMSCK

—5 QY
fH{X.,y) =
2n Cja2V p2
OdaH néopaT MKKM Y4oBAM HOpMast TaKCMMOTra ara Tacoandmin Mmkaop

oynca, y xongay (X) perpeccusi (OyHKUMACU UM3UKIM  PyHKUNS  Gy-
napw:

y (= a2+p — (x— aj.
By epma
~ X—"h2 . y—°D)2 o X—op y—a)
QU pe G o P

a,, a2— X Ba Y Tacogudmii MVKOOPMApPHUHI MaTeMaTuK  KyTWUULLIapW,

Clj, 02— ypTaua KBaapaTUK OFMLLIAP, P — KOPPEeSsUms KO3((ULIMEHTU.
Hazapuii Tekwvpull MyMKUH GynimMaraH Xo/napfaa TaHnaHMma ycynnap-

[aH Ba PErpeccUsHMHE 3MMUPUK YABUFUHM AcallaaH  dolianaHnil Kepak.

63-8. Un3mknu perpeccuss TaHNaHMa TeHr/amMacuHUHT
rnapamMeTp/apuHU 3HT KNYUK KeBagpartnap ycynm
6yirya Tonuw

X Ba Y 6enrvnvm MKKU ynyoanun 60w TynaamuaH M XaKMaM TaHmaH*
Ma oflaMms.
(Xj, YR xythTnapHUHr Ky3aTunraH KuiiMatnapyHM Teruwam 4actota-

napy 6unaH yweéy KOPPENsLUMOH XaZBasira Xohnawmnpamms:
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«l V, - - YT S Y (x)
X /
Xi "11 nir n\T Y (xi)
Xr n21 «22 nar nx, Y (x-i)
X1 nin n.2 - nim nx t ~¥ (xi)
2 nil ny. nv' T
x <y X (i) X yn T (Vj

Xagpanpgarn mMavaymotnap 6yiinua Oxy Tekucnmkga (X-, YK koop-
OnHaTann HyKTanapHu 6enrvnab TapKoKIMK auarpaMMacvHu Ty3uLl Mym-
KvH (151-wakn).

By avarpammaHun xap 6up HykTacupaa nik macca oiinawraH (Xit yR
HyKTanap Tynnamm neé Ta/lkH 3TUL MYMKWH.

Y xonpa

Y* nik
Y (<)
ik
HM X = Xi BepTMKasl TYFpu umsmkga xohnawraH Ba yk opguHartara ara
6ynraH nik MaccanapHUHI Mapkasu cudgiataa TalkUH 3TUW MyMKun. Bap-

ya (X[, vy (Xjj) HykTanapHu TyTawTmpmb, Y HUHI X ra pPerpeccusiCUHUHP

SMLWIUK UYMBUFUHU XOCWU/ KWMaMK3.

X HUMHr Y ra perpeccusicMHUHr 3MMUPUK YM3UFU XaM Xyaau LyHaain
Acanagn, GyHAA YHUHT Xap 6uMp HyKTacu y = yk ropusoHtan Tyfpu um-
3ukiapaa étmb, XL abcuuccara ara 6ynagw.

Wy Tap3ga perpeccua YmMsUFn-
HUHIT YMYMUIA  KYPUKULWIKN Xakuga
TacasByp XOCW/ KWUING, perpeccusi-
HUHT 3MNUPUK (DYHKLUACK TeHrna-
MacuHW 3HI KWYMK KBagparnap
ycynum 6unaH Tonuw MYMKWUH.

MacanaH, KyhWHOarn TapKOK/IWK
AvarpammanapvHmn kypahnuk (152-
wakn).

by eppma a) xonpa, paBslaH-
Ku>perpeccuss umsuFn napab6ona,
0) xonga TYFpM uUu3uK, B) Xpnga
3ca Koppensuus apTtunaaH mabxyn,
amac ge6 apas KUAUW MYMKUWH. 151-wwakn.
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152- wakn.

Y HuHr X ra perpeccusi (PYHKUUACU UYUBUKAU QPYHKLUA, ABHU
y{X)=ax+ b

neb apas kunuwra acoc 6YNCuH.

a Ba b koagpduymeHTnapum 3Hr KMUMK KBagpatnap ycynum 6y-
inya Tonamms.

OppguHata 6yiinua (Xit yK), i=1,m; k=\,| koopauHaTamm HykKTanap-
HUHI TYFPU 4YM3MKOArM MOC HyKTasllapAaH YeT/aHuvL KBaAapaTnapLulHr in-
FUHOWCVHN  KapaiMmz:

A@b=V (@xt+b—yy nx. 63.2)
=i 1

\(a, 6) HN VKKK Y3rapyBUMHUHI YHKLUMACK cudaTuaga Kapaob,
o Ba b yuyH wyHpali kuiimatnap Ttonamusku, A(a, b) HUHr Kniima-
TW 3HI KUYUK BYNCUH.

Bup Heua y3rapyBumnun GYHKUMA YUYYH ISKCTpeMyM MasXypn 6y-
NULWWHWHI 3apypuii WwapTnapu yHUHr 6apuya y3rapyBuuniap 6yiinya
XYCYCUI XOCWUNanapuvHWHE HoAra TeHr 6ynuwngaH uéopatgup. by
wapTHn A ra kynnaimus:

2(axE+ b —ffi)Xi nx, (63.3)
i
iA =Vv 2(xt+Db . 63.4
& ( Y (63.4)
=

Xap uWKKana TeHrnamaHu 2n ra 6ynm6 Ba a xavga b ra

ara xaanapHu rypyxnab, kyhnuparmra ara 6ynamms:



Busra mabnymku,

XJ nxi v Xi mxL
_—= = IR =1,
— yi rFi 2 Anx
—————— — =y, ——=*2 (63.6)
i — T ™y
’ S Vo T
n =i IZIJm 1«r
m | Y 2 xi YK niu
1 ftd o
Y xonga (63.5) TeHrnamasiap ywoéy KypuHULIra Kenagw:
ax_+b=y, (63.8)
.ax2+ bx = xy.
Xocun 6ynraH cucTemMaHu eunb, KymnaarmHu Xocwua Kuiamus:
y —y = Pyx{x—1), (63.9)
6y epma = Xy~* y— Y HuHr X ra perpeccusi KOagppuLmeHTn, ax—

TaHNaHMa ypraya KBagpaTuK 4YeT/iauniin.

(63.9) TeHrnama Y HuMHr X ra perpeccuscu TYFPU UYNIUFUHUHT
TaH/laHMa TeHrnamacu genvnagu.

X HuHr Y ra perpeccusicm TYfpu UYN3UFUHWUHT TaHNaHMa TeHr-
namMacuHu Xygau WyHra yxuwaw Kyhingarm KypuHuwaa XoCcun Ky-
NHW MYMKWH:

X—X=py {y—y), (63.10)

6y epoa p , =Xy—XYy ,a — TaHnaHMa ypraya KBaapaTtuK YeT/iaHuLIn.
& Yy ay

KYypamusku, TaHnaHma perpeccusi TyFpu umsmknapu {X, y) ko-
opAvHaTann HykKTagaH, AsbHW Maccanap MapkasugaH ytagum Ba per-
peccua KoapuuueHTnapu 6mp xXun mwopara ara, 6uHoGapuH, TaH-
naHMa perpeccua TYFpU 4YM3UKNApPUHUHE Bypyak  KOIULMNEHT-
napu 6vp xungaup.

Wnrapwn, koppenauua kKoaddwuumeHTura tabpud OGepwunraH saur
wyHaaH dQonganaHn6 TaHNaHMa Koppensaymsa KoadPUUMeHTU Ty-
WYHYACUHN KUPUTaMn3:



TaHnaHma koppensaums KopUUUIHTL T KOpPriasumn KoahgpuumsHT

M (XY)—M (A) M (K)
Xy

HUHI 6axocy BYNULLMHU NUCOOT KUAULI MYMKUH.
rT H1 (63.9) Ba (63.10) ra Kyiuno,

B =T = (63.11)

Ba
o f

r*is T -

& (63.12)

napHn Tonamus.
Y xonga TaHnaHMa pcrpeccus TYFpU 4n3nknapumuHr (63.11) Ba

(63.12) TeHrnamanapuum Kyhingarum CcUMMETPUK Waknga éeaumw
MYMKUWH:
ymyooo (63.13)
Ba
=mY Y (63.14)
Ox Oy
M uncon. Typpn TypTOypyak NAUTKaANapPHUHI  Y3yHAWKNapu

X(cm) Ba Mmaccanapu y{Kr) 6yiinya TakcumoTu KyihWuparu xapgpan-
na 6epunraH:

6 8 0 © u nx
30 2 17 9 3 3
35 - 10 17 9 — 36
40 — 3 24 16 13 56
45 - 6 24 12 42
50 — — 2 n 22 35
My 2 30 58 63 47 200

Perpeccusi TYFpU UYM3UKAAPUHUHI TaH/JaHMa TeHrnamanapuHu
TY3UHT.

Euunw. Arap dopmynanapga y3arapyBumnapHu Kyhupgarnya
anvawTmpcak, 6apuya KoOa(PUUUEHTNAPHUHT XUCO6NaHULWN aHya
cogpanawagu:

) X—Ci
Uv K Vi*=

C\ Ba C2— mocC paBuwga X Ba y y3rapyBuMiapHUHI Bapuaymou

KaTOpPHUHI TaxXMWHaH ypTacupga >XohnawraH Kuimartnapu;
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yi—Q

T

/it Ba h2— moc paBuwaa X Ba y Y3rapyBUMNapHUHT KYLWHU KUiA-
maTnapu opacmgarnm macoda.

C, =40, h[=5; C2=10, h2=2 pe6 onamns, HaTuxaga Kylhngaru
~cagBanra ara 6ynammas:

v 2 1 0 1 2
" mm
2 17 9 3 31
1:21 - 10 17 9 — 33
- 3 24 16 13 56
? - - 6 24 © a2
2 — — 2 un 22 35
I nL 2 30 58 63 47 200=n
XaaBan épaakuaa Kyknaarnnapum Xmcobranmms:
- - 2-31 — 1- -56 | 1-42+ 2-
P 3 36 [ 0-56 3520,07;
n 200
- 2w 2-2— 1.30+ 0-58+ 1-63-1- 2-47
V= ___ 0,62;
200
- nu —. S V*tl,
7 R— = 1,71, ir 3,16.
n n
) n2— (u)2= 1,3,
cv= 1 vv— (v)2= 1,67.
Y nuvuv AinFUHOMHW xuccbnall yuyyH ylby Xmucobnawl xaapaiviHi Ty-
3aMm3:
2 —1 0 1 2 a-Vv
1=1 I-17 - I_L
—2 2 17 3 — -18 36
-4 -34] =181 9 =6|
I-10 11 11
—1 — 0 17 — —1 1
-10) -171 =9-| 9
-3 L ne 1
0 — 3 24 13 39 0
o1 ot 416 o1
LL .1 124
1 — - 6 48 48
61 24124
5 lii a4
— — 2 - 22 55 110
4/ 2'2]1 441
M~ 2 unw —4 —44 -25 31 56 195
v-u 8 44 0 A 12 195
341



KoppensuuoH >xaasa.d xap 6vp KaTaruHWHL toKopygarn YHr oGypyarv-
ra VNnw KynamtmaHun €samu3. KaTakHWHI KyinM uvan Oypuarura unuwv Ky.
nanTMaHn €samma.

Bapua kaTakiapHUHr loKopugarm YHr 6ypuarmga Ba Kyhvgarm uan
Bypuarnga >koinawraH coHnapHu kynrmé, V =V vnw Ba U = Vunw

KvAMaTnapHn xocun kana.mms. Bapuya uV Ba vU kynaiTmasiapHu Xycob-
na6, HaTwkaiapHM KyllmMmua caTp Ba yCTyHra €samms, 6yHga V Vu=y Uv

KynamTMa HasopaT YYyH Xu3mar Kunaaum. Y xonga
\*nuvuv = *Vu = \\Uv.

Ywoéy dopmyna 6Yiinya TaHnaHMa Koppenauns KoshUUMEHTUHN X4~
cobnanimms:

2 nuvuv— na v 195— 200-0,07-0.062 _ 0.40
nAu av 200-1,3.1,67 Y

rT

SHOW perpeccust TYFPU UMBUKTAPVHUHE TCHITIaMaiap™H1 Ty3aMm3:

~V—y=rr z1 (x—X),

x
T —7 =r1Y- (y—W.
X Bay nap ydyyH X = uht+ C,, y = vh, + C2 copmynanapH/ OCOH-
rMHa XOCW KWIUL MYMKWH. LUYHWHT y4yH
7=0,07-5 + 40 = 40,35,
~-=0,62-2+ 10 = 11,24,
~x= hfiu= 6,5,
~a&y = haa0 =3,34.

Y xonga Y HuHr X ra TaHnaHMa perpeccusi TYFpU UM3WFU TeHr/Jamacu

3,34
y — 11,24 = 0,43 65 (x — 40,35)

(S ]

yx = 0,22x + 2,32

KypuHMLWLAE, X HUHF Y ra TaHJaHva perpeccus TYFPU UM3WFU TeHrnama-
cn aca

= 0,84y + 30,94
KYpyHULAa 6ynaau.
Y3-y3MHN TeKWuUpuUw YyyyH caBonnap
1 KaHpaii 6ofnaHuwnap gyHKuMoHan 6ofnaHuvwnap geinnagn?

2. KaHpgai 60fnaHuwnap ctaTUCTUK 6ornaHuvwnap gerinnagn?
3. Perpeccus Tyrpum umsmrn kKaHgawm ronwnagn?
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4. perpeccusHUHI acocuin xoccanapuvHu TabpudnaHr.
b JHr KMUMK KBagpaTtnap YCy/MHU 6aéH KHAWHT.
6' TaHnaHma perpeccus TYFPU UM3UrM KO3hpuUMeHTNapn KaHfan aHukKnaHa-

7. 15.322— 15.349-macananapHu eUuHr.

64-8. TaHnaHma koppenayunsa KOI(PPUUMEHTUHUHT GoFnaHuULW
3nunaurnra Tabcnpu

TaHnaHMa Koppensuus KoamUUUEHTU Kylinparn TeHrMK 6u-
NlaH aHuKnaHaau:

~nix Y/-nxy
rT (64.1)

n ox ay

6y eppa (-, ®) — 6enrvnapHuUHr KysatunraH kuiimatnapu, n{/— (xtyj)
XYMTHUHI yacToTacu, M— TaHnaHMa XaXMu, ax, ay — TaHlaHMa Yypraya

KBaApaTVK YeTnaHuwnapn, X, Y — TAHAaHMaHVHE ypTa KuiiMaTw.
(64.1), wyHunHrpgek, (63.11) Ba (63.12) napHuW 3abTMGOpra onuo,
YWOYHN XO0CUN Knnamuns:

Im= = VpyXPx{y m (64.2)

Teopema r. ==+ 1 WAPTHUHI Oaxapuanwun ypTada Ksagpa-
TUK perpeccus TYrpu 4Yn3vkKiapym ycTMa-ycT TyLWWLIK YYyH 3apyp
Ba eTap/maup.

Mcbotnm (63.13) Ba (63.14) TeHrnamanapHu KapawgaH Kenné
ynkKaau.

By TeHrnukgaH rT koadhpmumeHT =1 ra KaH4Yanauk SKuH 6Yynca,
X Ba Y ypTacmga YH3MKAM 6GOFNaHuW MaBXyanurugad pganonat
6epagp.

Arap rT=0 6ynca, X Ba Y opacmpgaru 4YM3MKIM OOFMaHUL NRYK-
mrm xakupa apas Kuauwra acoc 6ynaau.

lOkopupga arap X Ba Y nap 6ofnukmac 6ynca, y xonga r=0,
arap r==+ 1 6ynca, A Ba Y uM3uMKAM 6OFINK 6GYyNUWIKN UCOOT Ku-
NINHTaH 3aun.

TaHnaHMa Koppensuus koaddpuumeHTn rT Koppenaymna koadu-
LUMEeHTU I HWHI acocnnm 6axpcu 6ynca-pga, Koppensyus KosadhgHLmM-
EHTUHWHI HongaH dapkan 6ynuwmn 6ow Tynjaam KOoppenauus Ko-
3(PPULMEHTUHUHT  HOMZaH apknu 6ynuwmnHu eungmpmangn. ByH-
fan xonga TaHnaHma Koppenaumsa KO3ImMUUNEHTUHUHI KuiMmatin-
Mrnm  xakugaru runotesaHn TeKWwupub Kypull Kepak.

Arap Koppcnauna KOI(PUUMEHTUHUHI HOAra TeUrnmru xakuaa-
M runotesa papg atunca, y xonga X Ba Y MukLopnap Koppens-
UWMsanaHraH Ba TaHNaHMa Koppensauusa  kKoappuumeHtn X Ba Y
‘pacugarn 60fnaHuW YnyoBum 6Ynnb6 XmusmaT Kunagu.

Bupra sknH 6ynraH |r, | A Ba Y nap 3u4 60fFnaHUWINHU 6Un-
Aupca, O ra AkuH 6ynradH |rT| A Ba Y nap & xypa 6yw 60fna-
HUWWHK, € ByHAa 60rnaHUuWUNHE RYKAUTUHW 6ungupaguw.
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65- 8. Hopman TakcumnaHraH Ttacogndunii MUKOOPNAPHUHT
Koppensayuacu

AnTalinuk, nkkn ynyosnm (X, Y) 6ow Tynnam HOpMasl TakCUM/IaH-
raH 6yncuH. By TynnamgaH M XakKmaM TaHnaHma ofamm3 Ba TaHnaHMa
Koppenauus koadmumeHTn rT HH Xucobnaii.ums. by xonga rT koschdmum-
EHTHM (r , ar) na}pamng\nm (6y epoa rxy— Hasapwun KOpPPrisumsa KOsE-

J

UUMeHTn, ar = 4y | Hopman TaxcumnaHraH ae6 xucobnall MyMKUH.
vV n )

Hazapuii koppernsuysi KO3((ULIMEHTU Xy YUYYH WLLOHWINIVK AapaXa—-
cn % 6YnraH WILOHYAM WHTepBa/ Xyhvaarn KypuHUWra ara:

rT t < rxy <TT+t
q y aq

y n Vn
6y epda tq Hopman TakCUMOT XaAlavaaH Tonwiaau

rT HONgaH hapk 6YNNG YMKCUMH. I'T HUHF  KUAMaTAnAnra xaxygaru
rMnoTe3aHn TeKLWMpaMm3.

HonuHuM runotesa lgyﬁmp,armqa 6)7HCI/IHZ
HO:rxy = 0-

Y Xonga KOHKYpeHT rmnatesa Hx:rxy¢ O 6ynagn. Arap HOMMHYA W~
notesa pafg 3Twica, SbHUM KOHKYPEHT runotesa Kabyn KuavHraH 6ynca,
Oy TaHnaHMa Koppenauus Koag(sauMEHTU KuiMata wmrvHu X Ba Y opa—
cuaary YmsmkaM 6oFnaHnW 3MUIMrMHM - udoganati  MyMKUHANTHW Ban-
Ampann.

Arap HOMMHYM TUNOTE33 Kabyn KwnHca, y xonga X Ba Y u4M3nikIn
60fFNaHnW 6unaH 6GornanvaraH.

Arap HO:rxy = O rvnoTe3a ypuHnu 6ynca,

r = avn—2

TacoaMmini MUKAOP O304/MK Aapaacn M— 2 6ynraH  CTblOACHT Tak-
CMMOrM 6GunaH TakcUMMIaHraHaup.

BepunraH a aHUKAVK gapaxacu B3 0304/MK Aapaxanapn comm Kk =
= n— 2 6yiinya CTbIOAEHT TaKCUMOTU KpUIMK HyKTanapu >xagsaiv
épAaMmaa WUKKM TO.YOH/M KPUTMK coxa yuyH ta(a,k) Kpurmk HykTta TO-
nunagw.

Arap T\<ta 6ynca, HOMMHYA TUMNOTE3AHY pag, 3TUWIra a:o: NyK.

Arap \I\ > ta 6ynca, HOMMHYN rWrnoTe3a pag aTuiagun.

Mwucon. 63-8 parm wmvconga TonwuaraH TaHnaHva rT Kopprasaums
KO3(DUUMIHTUHMHT @ = 0,05 aHUKIVK dapak3cnga KNAMaTINAKIAIN TeK-
LIMpUT.

Eunw. 63- 8§ parm muconga TonunraH rT koppenauys Koaddpmum-
eHTn 0,43 ra Tewr.

KpUTEPUIAHWHI TaHNaHMa KUAMaTVHWA TOMamMus:



‘rvn — 2 0.43/198
~ = 6,72.
Vi~2~ V 1— 0,43

Bepunran a=0,05 aHMKIMK papaxacn Ba 6 = 198 6yiivua ta =

1,96 KpUTUK HYKTaHU TonamH3. T = ta6ynraHn yyyH HOMUHYA TUNO-
Te3a pag, aTunagwn.

Jemak, 6ow TynnaMHUHI Koppenauuyst Koagic()umeHTn rxy @ O akaH.

66-8. Um3smknm 6ynmaraH Koppensyms
Tacogudumii MuKgopnap opacmga 4YM3vMKiH 6ynmaraH Koppens-

uvoH OGOFNaHULWMIAP XaM MasXynd 6ynumn MyMKUH.
MNKk1UTa Tacoaudmnii MMKAOP opacuja uYM3uknu GynmaraH Kop-
pensuMoH 6GoFnaHuW MaBXyn 6ynraHaa uyvM3vMkKaM 6ynMaraH per-

peccna TeHrnamacum perpeccua TprVI YN3nKnapm TeHrnamMmacmMHu
n3naraHaek unsnaHaawu.

Mkkn ynuosnu (X, Y) 6ow TynnampgaH N XaXmauM TaHnaHma
ONIMHTaH 6YncnH. Xap 6up X( yyyH waptnm yptaya yL napHu xp-
cobnanmus (153-wakn).

X[, YD HykTanap TaxmuvHaH napa6ornaga >XohnawraH pAe6 capas k-
navms. Y HuHr X ra napabonvk ypraya KsagpaTuK TeHrnamacuHu

y (X) —ax3+ bx+ c
KYpuHMwaa usnanmms.

a, b, ¢ kKoahdmumeHTNapHN TOMWW Y4YyH 3HI KUUYMK KBagpatiap
ycynuaaH doiiganaHamms.

A(@ b,c)=2(axj + bxt + c— yVix. (66.1
i

. AA DA aA
6YNCcuH. [l HUHF 3KCTPEMYMUHM TOMUWLL YUYyH —  — Ba —  JIapHWA HOM-

pa ' do Aac
ra TeHrnaimus. lypyxnawnapgaH CYHr KyhuaarunapHu Xocwun Kunamus:

. n*i + bl x< + c . n*C
i i i i
. \ + b2 x\ +c2 xmr 2 n*i
i i i i
a2 "% + bs§ xtm*[+c2 ~\ =2 \ =

Xocun KUAMHraH 6y cucTemMaHu

eunb6, A(a, b, c) ueTnaHunwnap * U
KBaApaTNapuHUHE ANFUHONCUTA 3HT A

KNUnMK Kuimat 6GepaguraH a, b, c
Koa(hpuLUMeHTNapHN TonaMmus.
X Ba Y opacuparn 6GOfFnaHuL Ma—

canaH, y = > ékn y = ax' +bx2+
153- wakn.
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+ cxX + d dyHKymanap opkanv ucoganaHaam geniira acoc 6ynraH xorn-
napfa xam Xyoaum wyHganm nyn Tytunagw.

67- 8. Kop.pensunoH 6o0fnaHuW TyFpucumpa TywyHua
Unsmknu KoppenaunmoH O6OoFNauULLIHUHE  3U4IUTUHK  Gaxonall

YUYyH KOppenauus KoapuuMeHTU r  fAaH doiganaHunagu.

Unsmknu 6ynmaraH 60fnaHUW 3UUYNUTMHU Gaxonawl y4dyyH yuwoy
AHIN XapakKTepucTuKanapHu KuUpuTamms:

ryx— Y HuHr X ra KoOppensumoH myHocabaty Ba rj — X HUHr Y
ra KoppensumoH MyHocabaTtu.

By Kypcatkuunap perpeccusHiHr y(X) B3 X (y) arpy umsuknapu ar-
podmaa TaKCUMAAHULLHUHE 3UY4AUTMHN ndhoganainow.

Tabpudpra kypa

2= MO - A (67.1)

)%y= Mx@y) —M ¥)2 67.2)

Kyivgarn aiHuATHM UCO60T KUMULW MYyMKUH:
ol=ol&XK+ M (J(x)-M (y)?,

6y epoa oy— Y HuHr gucniepcuscy, agx = M (V — y (X)f waptin*gnc'

nepcysiNapHUHr yptadacu. Y xonga (67.1) Ba (67.2) wopanap Kyhinoa-
M KYpUHWULLra Kenagw:

tE =1-~1L. (67.3)
(67.3) Ba (67.4) TeHrnvKnapgaH KoppensumMoH MyHocabaT Kyuinpaaru

TEHICM3/IMKNapHn KaHoat/1iaHTUpuLLIn Kenuoé YMKaau:

0< NXy< 1,

o<

oy/x = 0 6ynraHga Ba chakat wyHaarnHa rfyx = 1 6ynagn, SvHU Oy-
TYH TakcumoT Y HUHP X ra perpeccusi arpu umsurmga TynnadHrad, Ba
wyHaahn kuamb, X Ba Y opacvga yHKUMOHa GOFIaHvW MaBXy[,.

CyHrpa, oyX= 0g 6ynraHga, svHn M (Y —y (X)f = M (Y—M(Y)f,
AbHM y(X) = M (Y) = const 6GynraHga Ba pakaT LWyHAarMHa Xrx= 0,
AbHM Y HUHr X ra perpeccus 4YM3UFn rakcMmoT MapkasugaH YTyBum
ropusoHTan TYrpu umsnkdaH moopatavp. by xonga X Ba Y koppensww-
NaHmaran aenvnagu.

N KOppensasoH MyHocabaTHUHI XOoccaiapu XaM  Xy4au  wyHpaaii
TeKwmpunagu.
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ri  Ba NyX KypcaTkmunap y3apo cogga MyHocabat 6unaH 6ofnaHMa-

Arap "y = "yx= 16ynca, y xonga Y HuHr X ra 6OFIaHULIMHN
apopanosun (PYHKUMA TECKapuiaHyBuM, Ba [AeMaK, MOHOTOHAvp. [Jowumo
\r 1< 3KaHMHM ncboTnaw MyMKuH. Arap Pyx~~0 6ynca, y xpnga
j2 ->0, 9bHM wWapTan gvcriepcns Hoara WHTUNaAW, gemak, Y HuHE X

6wiaH 6ornaHuWKM 3unynawmé 6opub, nyic= 1 ga yHKUMOHa GOFNaHWLLI-
ra ytagaw.

KoppenaumoH MyHocabaTHUHI Koppenauus  KoadduumeHTura
HucbataH ad3anmru wyHaaH mbéopaTtku, KOoppensaumoH MyHocabart
Xap KaHpaw, wy >XymnaagaH, 4Yn3vkin B6OFNaHULHWUHE 3UYUTUHN
6axpnanign.

Y3-y3MHN TeKWUpUIW YYyH caBonnap

1 TaHnaHma KoOppensikus KoadhuLMeHTn HUmMaHu ndoaananan?

2. TaHnaHMa Koppenauus KO3IMMULMEHTUHUHT XOCCalapuHN anTné GepuHr.

3. Hopman TtakcumnaHraH Tacoamcuii MUKAOP Koppenaumscu xakuaarn Teope-
MaHH 6aéH KWAWHT.

4. Ynsmknm 6ynmaraH Koppenauua TylwyHYacuHU TabpudnaHr.

5. KoppenaumoH myHocabaTt KaHAaal aHuknaHann?

6. KoppenaymoH myHocabaT HMMaHu udoganaiign?

7. 15.267— 15.273- macananiapHn eUnHr.

68-8. Perpeccus napameTpnapuvHu TaHaaHMa 6yiinya aHuKNaLW

Perpeccma macanacuHWHI kynunnmwmn. Y Tacogudunin MUK-
nop kTa xIt xr, XK y3rapyBunnapra 60fivK 6YncuH. Xb XT, . . ,,XK

y3rapyBunnap, ymymak anTraHga, Tacoaudmii MMKOopnap 6ynmain,  Ky-
3aTUWNAPHUHT Xap 6Mp cepuscuaa onavHAaH pexanawTUpuaraH aHuK
KUAMaTNapHU KaBysl KUIULLIApU MYMKUH.

Y Ttacogndwmii mukoop Xt x2 Xk napra 6ofnukK 6YynmaraH a2

avcnepena 6unaH HopMast TakcumiaHraH ne6 dapas KuaHaau.
Y Tacoaumini - MUKOOPHVHE  MaTeMaTuK  KyTuamwm XN X2, . ..

y3rapysuvMnapra UMsnkin GOFIMK, SbHU

M(Y) Y=a+PiXj+ ...+ xk (68.7)

[e6 apas KunvHaaw.
ByHaah xpnga y3rapysumnap Y HuM pakaT ypTaya aHukiaiigH neb
aitunagw.
1-muncon. TexHuKaga KynuHya
r =a+ plV/+ p,J2+ ... +P,/k+ z(/)

KypUH/LWAarn Tacoamdmii - Mmykgopnap yupaign, 6y epga t— BakT, z(t)
aca maremMatuk Kytuamwmn a = 0 Ba ypTaya KeagpaTuK YeTnaHuwm a
6ynraH HopMas rakcMMoTra ara Tacoaudmii dyHkuma. Y xonga X— ti,

i =1 k pe6 (68.1) Typaarn Tacoomgmii MUKOOPHW XOCWUM KUIaMus.
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2-mucon. KynruHa dwmsvk macananap yweéy KypuHuiwgarn Tacomm-
A MMKOOpNapHU YpraHuwra onvé Kenaauy:

Y = a + picos(kd + 9i) + ... + Ptcos(k(t + ,) + z(t),

6y epmat Ba z(t) nap 1- MUCONMHVHI  WIAPTIAPUHM  KaHOAT/IaHTUPaaH
K  d—— mabnym coHnap.

xt = cos (ktt + o) ge6, (68.1) Typgarm Tacogudmii  MMBAOPHU XO-

cun Kunamma. Perpeccusi macanacu n Ta (yh xu, x2i, ,Xki), i = ITn
6ornvkmac cuHosnap cepusiapy épgammga (68.!) MyHocabaTra KupyBym
HoMabnyMm a, Pi, ..., Pk napametrpnapHu 6axonawlfaH uéoparavp.

Arap napameTpnapHm 6axonaw macanacu xan atunca, X,, X2

, Xk Homabnymnap Vysrapuywm 6unaH Y Tacogucumii  MUKOop-
HUHI TaBCU(UHU OMPOP KLWOHYIUAUK 6unaH onguHaaH anTné 6Ge-
pvW MMKOHU naiigo 6ynaau.

MacanaH, M (Y) maTeMaTuK KyTUAWLW YYYH WLWOHYIM WHTepBas-
HN KypcaTuw MyMKuH 6ynagwu.

Jactnab 6utta omwunra 60raMK 6ynraH XonHW KapanmMus.

Y Tacoauduin  MMKOOP X aprymMeHTra «ypraya» UYU3UKAM 6GOF-
NNK OBYNICUH, STbHU

M(Y\x) = a + £x. (68.2)

X=X, XI, ..., XN pAe6 N Ta 3NKIM Ky3aruvwnap yTkasamus, Ha

eluDKkaaa KysarwiradH n T1a ys, yr, ..., YMNKiiAMaTnapH1 XOCua Kinamms.

UnsnknunukgaH oFvwnap Bt 62 . . ., 6t xatonuknap 6unaH Gepwiaon
[eb xpycobnab,

Y{=M(YXi)=a +Px(+ 6- (68.3)

Kabu ésa onamu3

Ynuyaw xatomvknapn 6= yt— a — p.r, yw6y wapTnapra 6yiicyHaam
[eb, hapas Kuiamms:

I M6=0, i'=1, n,

2) D6F=M 6 =0a2 i = 1, n (X ra 60ornvK amac),

3) 6( Tacoaucmnii MMKOOpIap Y3apo GOF/IMKMac Ba HOpPMasl TakCUM-
NaHraH.

Y xonga 6If §.......... 84 Tacogndmii  MMKOOPNap  CUCTEMAaCUHMHE
TaKCUMOT 3UYIUTN Kyngarn KypuHuiwaa 6ynaaw:

/ 1 \n 2»

yIZI'Ia 1"2na VZTa

Jemak, KysaTunraH MUKOOPNAPHUHI  TAKCUMOT 3MUYIUTU  Kyiinpaarura
TEHT.



a, p, 02 napameTpnapHu 6axonall yuyyH XakKuKaTra 3Hr kartTa
rxwawnauk ycynuaaH coliganaHamms.

Ycyn Homabnym napameTprapHu 6axonawl ydyyH 6y napameTp-
NapHUHI XakyMxatra yxwawanK PyHKLUUSICUHUHE (68.4) MakcUMyM-
ra apuwTMpaguraH KuiimatnapugaH dgoiganaHiwaaH wnéopartaup.

AbHM a2 GepuiraHga a Ba p nap yuyyH 6axoHu Tonuvwaa

ap
X

M 9

= 0,

(68.5)

CYCTEMaHUN euunll Kepak.
KypcaTknunu yHKUMs Hoira ainaHMaraHavru yuyyH Kyiivpaa-
rM TeHrjamanap CUCTEMACUHU XOCWU/ KU1amu3:

— 2 ) = °,
i= (68.6)
— 22 (Vi~a~ pxdxi =
By cucTeMaHVHI LIaKIvHU Y3rapTmpamuns:
=0,
i=1 i=1
n (68.7)
2 XiVi~a?2 = e
i=l =l

(68.7) cuctemaHn eunwpan™ xt = 0 geb, SbHM X HUHI  KuAMatnapu
f=i
cucteMacu MapkasnawraH aeb capas Kunamms.
Y Xonpa (68.7) TeHrnamanap Kyhivgarn KypuHULIra Kenagw:



2 *n & = p 2 _**
=1 t=i

By epmaH a Ba p napameTprapHUHIr  GaxonapyH1 - TOMamma:

x». -
a=""-_ %= n (68.8)
2 %

Arap V XE= O wapt 6axapwimaraH 6ynca, y xonga a Bap 6axpo-
i=I
nap yyyH aHya Mypakkab ucoanapHu XOCui Kuiammas:
2 T R \A
1=I i=l i=l (d )
a= P= (68.9)

CyHrpa TOonwuiraH a Ba p KuiMatnapZa O2HuHr 6axocn 53Hu Tonuw
yuyH (68.4) Hn a2 6ynnya audipepeHupannab, KynngaruHu XOCui KuiaMus:
nS2=V(r/i — a — px™\2

i=i
n
s2= —V (% — a -PICA*. (68.10)

t=i

eKn

6y epoa a Ba p nap (68.8) éku (68.9) dopmynaniap 6yinya aHVKIaHaau.
3HOM a, p Ba 02 napameTpnapHuHr (68.9) Ba (68.10) 6GaxonapUHUHE
aHNKNNTA I_llaa WLLIOHYIM/ITUHN  6axonaiMmns.

fAHa 2 Xxi = ® 6yncuH, y Xonga

~Ye = + N =na+ 2 §
i=l i=l 1=l

eKn
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bHU
a—a = 6~ (68.11)
> |

Xyaau wyHaai Tonammas:

(68.12)

X Xi
)

(68.11) Ba (68.12 TEHI/IMKNAPHWUHI YHI TOMOHIapU OUp XWI KOHYH
6ynya HopMasn TakCUM/IaHraH Tacoaydmii MUKOOPNAPHUHT YA3UKIN CyHK-

uvsnapuaaH uéopar, Ba AeMaK, a—a Ba p— P OFuWIap HopMas Tak-
CYMJ/TaHT aH.

69-8. PerpeccusHWHr ymymuii macanacwu

Y Tacogudmii mukpgop kK Ta XX Xr, . .., Xk napaveTtpra «ypraua»

BOF/INK BYNCUH, AbHU

M) =a + pIxl+ ... +PAXA (69.1)
a, Pj, p2 ..., ) napametpnap Yy4yyH 6axonapHu Tomamm3. Xlt
X2, ... , Xk aprymeHTnap KuiMatnapuHVHr M Ta CUCTEMacUHW OnamMu3:
AVt #9)* eee VDL
| 7t nug). P s lqu
X, 47), oooeeen... x$K

Xap 6up x¢), 4°. =.e=, 4° cuctema yuyyH Y = yt Tacogmcumini MUK-
JOPHVHI KUAMaTUHU  YNnyaiiMns.
Xuycobnawnapuu cogpaniawtypml yyyH (69.1) myHocabaTHM

Y —a + Pi(c—*,) + .+ P (Xk— XK (69.2)

KypyH/waa é3amuns, 6y eppa Xt = X" HAIMT MTa taxPu™a'

/4
gdarn ypra apumMeTVK KuimaTu.
OnavHrn naparpacdgary MynoxasanapaaH doiiganaHn6, a Ba p napa
METP/IaPHUHT 6ax0MapyHN  XOCUT KUTaMU3:

1V1
a= — =,

Y{=Y-

Kylinpgarnya 6enrnnaimma:
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/ =- v (@*>- 14 (*(>-A0( <r<s< k\

n jmn
=1
wy 6unaH 6upra
n
i=I
/n I» -ee hk
21 hi m mhk
K\ K2 = mlkk
6yncvH. Ls5— L paH s-ycTyHHu /ol 1Q@ . .., ik xagnap 6unam [(6y
n
epma /= — — #X41)— XS) anMaMnuMpuwgaH xocun  Gynrad

i=i
JeTepMyHaHT 6yncun. Y xonga P napavetp yu4yH
p=in
1
6ax0oHMN XOCW/ KU1amuns.
Y3-Y3MHN TeKWUpUW YyyYyH caBonnap

1 Perpeccus macanacuHH TabpucnaHr.

2. Ynsnknm perpeccus KaHgak aHHKnaHagm?

3. Taxpunba mabnymoTnapun 6ylnuya 4M3vMKIN perpeccus napameTprapuHu To-
NULL YCYIMHWN KYPCAaTUHT.

4. YMyMUI perpeccuss MacaiacuHU TabpHMAaHT.

5. 15.350-15.384- macananapHu e4uHr.
70-8. TaxpubaHu OpTOroHas1 pexanawTtupuw. VIKKM Ba y4 OMUIIN

TaXpubaHUHI pexa martpuuacu

AManuéTHMHI KynruHa macananapumga kapanaétraH aiomart
(6enrn)ra y ékm 6y omun (pakToOp)HUHI TabCUpU XaHYa/ MK My-
XUM 3KaHAUTU Macanacu kKaTta axamumaTra aragup.

Bup Heuta 6up Xun Typgaru CTaHOK Ba 6Mp Heuya TypAaru Xom
aweé 6op Aeb6 dapas kunamnmk. Typau CTaHOKIapPHWHI Ba Typau
napTHanapgarv xXom aweé cudaTtuHUHT nwnos bepwunaguraH getasni-
NapHWHI cudatura TabCuUpu  Cce3nnapamMm  Ekn MNYKMU 3KaHUHU
aHuknaw Tanab KunMHagw.

By xonga WKKUTa OMWA — CTAHOKNAPHUHI TabCUPWU Ba XOM
alWéHMHI TabCcupwu Tekwupwunaawu, wy 6wunaH 6Gupra OMWANAPHUHT
xap 6upn 6uUp HeuTa [apaxanapra ara (AbHU 6GUP HeyTa CTaHOK
Ba XOM aléHVHr Oup Heya napTuacu).

OMunnnapwwr TekKwwupunaétraH 6enrnra TabCUPUHU TeEKWUNpUL
Ba Oaxonaw ydyyH M Ta Ky3aTuw yTKaswiagu, yNnapHWUHI HaTmka-
napu KysaTuw maTtpuuacura és3mnagw.

T Qpapaxara ara 6ynraH 6mutta omun 6ynraH xonga ti ta ky-
3aTvuwnap HaTtuXxanapuHm Kynimgarm o>xkagsanra  xkohnawTtmpuil
MYMKWH:
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il ) 32)
])_’I: N* eeee _*20 1127 eexx

By, .

49

A
ny \)
X\
AR,
a2 ‘]ﬁ
Ar
49
Xap 6up (i, J)
Xonawtnpamms.

TeHr 6ynca, 6yupali KOMNAeKC OpTOroHanauvp.

x9)
khh, 3% . -,
n)
22
|
............. 13U

, %

Iy 12)
X\I" Alf> o e« *

In)
X \v

D 12)
a2ls 2V’ eee*

iLn)
X2V

JD  J2)
m'mry *rv>

x(n)
e ee>]n

auelikara N Ta KysaTuwiiap HaTuXanapuHm
Arap sdelikanapgarv KysaTuiwinap COHU Yy3apo

Yuta A, B, D omunn 6ynram xonga Kyhnparnm KysaTuwinap maT-
pPULLACUHM TY3UL MYMKUWH:

a2

x vl a1l X'2A

xivz ~ *212 X2v2
*

x\Vi x 21t X2Vt

Xap 6up (i, j, K) saueiikara xiikk MuKgopHW

A
B
Di -*1H
D a2 x 112
b, i<
e3amMn3.

23—2640

*ril

xn\2

xr\t

Ar

Bv

xrvl

xrv2

xXrvt

Ky3aTul matxanapuHn
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71-8. MaTeMaTuUK MOAENMHUHI alipMM TalwKua 3TYBUUMAPUHUHT
KNAMaTAUAUTMHU 6axonaly

BHp BakTha TabCclp KWAYBYM Typ/anya OMHANapra 6ofnuk 6yn-
raH KysaTuwnap HaTwKalapHHU Tax/aua KWW, 3HT MyXUM OMIA-
NapHW TaHfaw Ba YNapHUHI TabCUPUHU 6GaxoNawHWHE CTaTUCTUK
yCynn OWCNEPCUOH Tax/umn (aHanwus) pgenvnagun.

AncnepcmoH Tax/JIWAHUHE FOSicM Tacoaudnini MUKOOPHUHI  yMmy-
MUA ANCMEPCUACUHN Yy €K By OMHJHWUMF, CKW  YNapHWHI  y3apo
TabCUPUHN TacBMpPNoOBUYM OGOFNMKMAcC Tacoanduin Kywunnysymnapra
axpartuwaaH mnéoparaup.

A\acanaH, X — Tekwwupunaétran” tacoanduii mukaop, A sa B —
yHra TtabCcup 3ataguraH omunnap, X — XMUKAOPHWHI ypTaya Kuii«
MaTH 6YNCMH. X HUHI YeTNaHUWWHK Kynmngarmvya tacsupnaw Mym-
KNH GYNCUH:

X — A+ a-)-p + v, (71.1)
0y epga
a— J1 omun kentmpub umkapraH YeT/aHuLL,
p— B omun kKentmpub umkapraH 4YeTnaHWLL,
Y — 6owka cabab.'lwp KenTMpHO umkapraH Tacoaudmi YeTnaHuL.

a, p,y nap 6ofnukmac tacogmcmin mmkgopnap Oe6 apas  Kunamms.

X, a, p, Y NapHUHr OycnepcusiiapuHn Moc pasvwga &, o*, 02 a2
opkan 6enrunaiMmns. Y xonga

=<4+ °B+°2 (71.2)

‘@ °l naPmm °y 6unaH Takkocniab, A Ba B OMWINAPHHHT Tabcup
[apaxacvHu XMcobra OfiH.MaraH oMuniapra HucGataH aHuKiall MyMKUH.
‘a, ap napHu 6up-6upn 6unaH Takkocnab, A Ba B omwunnapnuHr X ra
TabCYPUHN TaKKocnaw MyMKUWH.

TakcMmoT Hopman ne6 hapas KuiMHraHaa AWCNepcuoH  raxinia TaH-
naHmanap acocuga a2, &\, 02 NapHUHI KWAMAaTUHW aHUKNawra, LWyHUHr-
OeK, Ternwnu kKputepuiinapgaH doiganaHnt, YNapumHr —TEKLWWPW.LLETraH
MUKZOOPra TabCUPVHHHT MYyXUMIUIMHW  6axonawira HMKOH Gepaap.

A Ba B omunnapra 60fnvkK X Tacogaumii MUKOOP YUYYH Kysatuwinap
MaTpuuacy MaBxyn 6YncuH. Copfanvk yvyyH Xap 6up sdelikaga
hakaT 6uUTTa Ky3aTuw O6yAraH Xo/nHU KapaliMmus:

Bi B2 emm B, . By X i*
X
Al XM X12 moxy ¢ ®Xv -
n= 21 x22 X4 X
) ; i 7.
A *jl Xil . o xij e XV [
1 xrl X2r n - Xr\ ® o Xrv X r>
7., Xe2 - e T., - X oV X
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Kysatuwnap maTpuuacunia r catp .4 OMUAHUHI I gapaxacura,
V YCTYH yca H oMWUAHHHT V pgapaxacura Moc kenagu. (r, j) suei-

kara A Ba B omwunnapum wMoc Xonga i- Ba j- papaxanapga
6Vp BakKTAa TeKWUpUWAA XOCW XWAMNMraH Kysatuwnap €su-
napn-

Xap KaHcu ycryH Ba caTp 6yiinya ypTa KuumaTr Ba yMyMui yp-
TayaHU xucobnammus. Aman ypta XuAMaTnapHUHE caTpnap 6ynnuya
TEHrNUIM Ba YpTa KUAMaTAapHUWHI yCTyHnap 6yiinya Tenrnmrmn xa-
Knaarn rmHoTesaHun TeKLupamua.

AHTaANNUK,

iva-. - ATy,
*«-=7¥gl ih Xu= r 2uxr
i—1
r V'

sz%iZ'Xr (71.3)
Al T

N xonga XU HUHF X [aH YeT/aHUW KBaApaTIapuLLLLIr AVFUMOUCUHK TO*

navmms, AbHU
r - r Vv

Q = (xi/ v)" = (Xij— ¥i- — x4 + x +
i=1 /—l i-=l /=1
\
+ v — X+ Xoor=X2=11v K.— TF +

i=1

r y
+ rv \% (Xit.-Xi.—7V+Xf:
/=i i=i /=i
~Qi+ Q2+ Q3 (71.4)

Qi Kywunnysum catpnap 6yiinya yprta kKuHmMatnap 6unaH ymymui
ypTa KuiiMaTiap opacugarv anmpmanapHUHIr KBagpaTtiapu HUFnH-
AncnpgaH mneopat 6ynm6, X 6enrvuHMHr A oMHA 6yinya y3rapuinHu
XapakTepnangu.
K«,Xyaan wYHra yxwaw, Q2 kywwunysunm X 6enrnHuHr B o.mmn
Oylinya gucmepcussicuHH Xxapaktepnangn. Q3 KYWUWUyBYM KBagpaT-
NapHWHT KONAWK WuruHoucyu paelinnagm  Ba  xucobra oOnHHMarau
‘MUNAPHUHT TabCUPUHWU TaBcudnaigun.

OucHepcua yuyH Kylingarnm 6axonapra aramus:



Q m ¢ __ 3
‘2 o— I 3 (r— IXp— 1) (71-5
Mabnymkn, arap X TacoauHi MUKAOP HOpMas TakKCUMAaHraH
6ynca, y xonga TaHaaHMa AUCNeEPCUsNAPHUHE Hucbatm £  Takcu-
MoTra ara 6ynaau.
WyHpah kKMNHG6, TaHNaHMa Mab/ymoTnapu 6yinya  xucobnab
S? sl
F.—— B FR= —
S3 S3

Xamaa TaHnaHraH @ aHHKAHK pgapaxacupga (Fao< Fr li(r_|)Xc_i)9 Ba
FB <Fa Ur_lw_Xgpaa) ypraua KuiAiMaTnapHUHI TEHFAUMM TyFpuciigarn
HO/IMHYM TUNOTEe3a pPaf, 3THAMAC/UIMHH Kypamm3, sbHM A Ba B omumnnap-
HUHI TeKwmnpunaétraH 6enrvra TabCcuMpu KaTTa amac.

MKkMTa omMmnnn AUCAEPCUOH TaxXJIUIHWUHE YMYMWA CXemMacu Ky-
Muparn xagsan KypuHuwunga 6epunniv MyMKUH:

AuvcnepcHannHr Ksagpatnap O304/1MK AapaxacH [INCMCPCUSHUHT 6aX0CH
KOMMOHeHTacun in rmHaucn COHM
C 6y ' r |
aTpnap 6ylinya . —
Ql = «o ~~ 0
S or-1
-7)2
\Y
YcTyHnap 6yiinua @=r2, (x,— V~ 1 .4 Q
=1 62 - v -1
XTI -
Konank &B- i (r— nN©— 1) - o
) 3~ (r— IX»— 1)
— XNM=Xj+X)*
Tynn =0 + —+ rv— 1 s*=
ynug Q=Qi+Q4+ B W Q

tOKkopuaa onuvHraH HaTwwkanap X 6eArMHUHT HopMana Takcu-
MOTra ara 6ynuwnHuU Tana6 KUAUWWHKU 3cAa TYTULW JI03MM.

Y3-y3MHN TeKWUpPpHLW Y4YyH caBonnap

TaxpnbaHn OpTOroHan pexanawTUpHLW KaHaalh amanra owunpunagun?
MKKUTa Ba yyTa OMWISIH Ky3aTULiap MaTpuLaCUHU TY3UHT.

. ANCnepcHOH Tax/nMn mMacanacHHH GaéH KHIWHT.

YMyMUii AUCNEPCUSHUHT TallKHA 3TyBUYMNapu KaHgah xHco6naHanun?
Xap 6vp omunHuir X 6Genrvra TabCcMpu KaHgai 6axonaHanH?

15.284— 15.291-macananapHu €UnHr.

PUAON L
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15-606

ACOCUW COHAWN YCYNNAP

1-8. MuKOOPNapHUHI Takpubuii Kuimatnapwm

1 XaTtonuknap. XaToNMKNapHUHI MaH6anapun. MukgopnapHUHT
COHNMM KuiiMaTnapww aunnknawpga KynuHya ynapnunr Takpubunii
KuiMaTnapuruma tonunagn. byHpa arap X COH 6epunraH MnKOop-
WMHI XaKUKWUIA KuiiMatu a ra sKMH 6ynca, X COH Wy a MUKAOPHUHT
Takpubuii Kuimatn Ekum skHHaawumwm p[eb artanagnm Ba 6yHpaai
é3nnagn: azzx.

MacanaH, n » 3,14159; e«2,71828; — «=0,3333. Knckanmnk

YUy MUKOOPHUHI Takpuouii KuiimaTu TaKkpuowuii COH, YHUHT Xaku-
K/MH KuiiMaTu 3ca aHWK coH neb aTtanagw.

Takpubuii coHnap ogatha Yeknn YHAUM  Kacpiap KypuHHWuaa
TacBupnaHagu.

AmManuin macananapHu Xxan aTvwppa naigo 6ynagmraH XaTonuvk-
napHuUNr Ba, ACMak, TaKkpubuii CcOoHNapHUHI ywo6y acocuii mMaHb6a-
napuun aiitTnb ytamms.

1 MoOACAHMHI  XaToNHru — moennawTvpunaérraH xpaucara
TabCcuMp 3TacTraH 6Gapuya omun (hakKToOp)NapHUHI eTapnuya Tyna
xpucobra OoNMHMacAurn. by omMuanapHMHr XamMmacuHW amanpa Xu-
cobra OMUWHUWHI WI0XW YK Ba Makcagra MyBOMUK XaM amac.
MacanaH, uM3uK xogmca 6ynaran xonga 6u3 6ab3aH ULKanaHuWL,
MYXUT KapLWINTUHW, XapopaTHW Ba LWYyHra yxuwalwnapHu 3bTU-
6opra onmaimms, Wy cababnam xam Moaesb Takpubuil XaToNuK-
nap 6unaH 6ynagwu.

2. bownaHfny MabaymoTnapgarv XaTonuknap — macana wap-
TUra KMpyeuMm mMukgopnap (napameTpnap)HUHI KuiAimaTnapuHu yn-
4aui HaTmxacupga xocun 6ynaau Ba, AeMak, Takpubuii xapakrtep-
gda 6ynagw.

3. Ycnybuii xatonuknap. by Kabyn KHAHHraH ynyaw ycnyébu
HaTmxacu 6ynnb, yHAoa ogatga Takpubuint copmynanapgaH
donpganaHnnagn.

4. AMan xartonuknapu — 6ynap doiganaHunaguraH xmcobnail
Bo'vTanapn 6unaH 60OfNMK, XycycaH, dXMnap 4eknu YHAU Kacp-
nap yctuga, AeMak, Takpubuii coHnap yctuga amannap baxapa-
An (MabnymoTnap Ba OpasMK a.mannap natmxkanapum saxnauvtnaHa-
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On. BYHVHr matmxkacupa y €k 0y fapaxaja XaTonvknap Tynna-
Haan).

TaHnH 6Gup MacanaHm eunwga y €km 6y xatonuknap 6ab3aH
6ynMacnurn ékn ynapHWHI TabCUPWU XaanaH 3uén KUYUK OYHLIM
MYMKWH. BUPOK XaTONMKNapHW Tyna Taxaua 3TULW YUYYH YNapHUHT
6apuya TypnapuHm Tyna Xxucobra onuwl 03UM.

2. AGCONIOT Ba HUCOWIA xaTtonuknap. TakKpWOHIA COHMAPMUHI

acocuii xapaktepucTukanapum abconT Ba HUCOUIA XaTtonuknapauvp
BUpOp MUKAOOPHMHI TakKpHOWI KuiimMatnm X, aHHK KuiMatn aca a
6YNCcuH.

1-Tab pud. a—x aiiHpMa X TaKpMOWIA COHHUHT SKMHALWLWIW
XaTonmru Ekn xatonuru Aebd atanagw.

Arap x<a 6ynca, M COH a COHHHHI kKamu 6unaH OfMHraH Tak-
pHOVIA Kuit.yaTn [e6 aTanagum Ba 6y Xxonga Xatonmk a—x=>0 6y-
naau.

Arap .v>a 6ynca, X COH a COHHUHI OPTWUFM GWIaH ONMHIaH Tak-
punbuin Kuiimatn neb6 atanagan Ba 6y Xonga XaToOfIHK a—.v<O 6y-
naawn.

1-muncon. ] 2 coHn yyyH 141 kamH OHMaH onvHraH, 1,42 aca
OpTUFN OWI3H ONMHraH Takpuouii KuiAMatnap 6ynagn, udyukn 141 <
< T 2< 142

Arap x<a 6ynca, X COH a COHHWHI Kamun 6wnaH OfIMHraH Tak-
pubuii kniimatn 6ynagu, YyHkm n>3,14.

3-MHCON. 2,72 COHN e COHUHWUHI OPTUrKM 6GUNaH ONIHHraH Tak-
pneunin KMiMaTn 6ynaun, YyHKn e<2,72.

2-Tab pud axx AKHHAQHWWHUHI abcontoT xatonurH [ geb,
XaTO/IMKHUHI abCconoT Kuimatura amtunaan, SbHU

A= lo—x].
ByHOaH a—x=A éKn a —x=—/[] 3KaH/IHIN Kennod 4nmkagm, sbHU
M=n'T A ékH a=x—_\ BbyHgail xonnapga Kyhugarvya €3unagu:
a=xx /[

N HUHI Takpubuii KMiAMaTu KynuH4Ya HOMablym OynraHamru ca-
6a6nn AKUMHMAAWULW XaTOMMIMHW BGaxonall ydyyH uerapasuii abco-
NIOT XaToNMK TyWyHYacu KUpUTUNaauW.

3-Tabpud. a kKX SKUHNAWWILIHWUHI YerapaBuii abCosoT  Xaro/mrn
[e0, WwyHaaii mycbat Aa coMHU aimwiaguky, [, abconmtoT XaTonmk yHOogH

katTa 6yna onmaiigy, SbHU
[ = X— a\ sS [la.
<Uerapasuii» Cy3n KynuH4ya Tylwmpmb konavpwiaon. by TeHrnvkaaH
X—Ha<a<x+ I
Oy. T Kennb umkagW, OemMak, X — Ja— kaMm OwiaH akuHnalmu.

X + [L— OpTWFN GUNaH SIKVUH/ALLVLL.
Arap uerapaBuini abconoT xatomk Oy, 6epwiraH 6ynca, y xonda v
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HA 9 HAN [a rada aHUKMKgarn Takpuouii kuiivatim geb  ataniagyn Ba
OyHOan éwtagn: a = X = [Ja.

Takpu6uii COHMAPHWU YAAPHUHI KYPUHULLKM abCoMoT XaTOoNMKHU
Kypcatné TypaguraH Kunué ésmw Kabyn KuAnHraH.

YHAN Kacp KypuHULLIMAA E3uiraH X Takp.MOui COHHUHI pakamu
a& X SKUHAAWWLWIHUHE [ abconioT xatonuru 6y pakam TypraH
xoHa 6upnurngaH optuk 6ynmaca, 6y pakam WWOHYAM pakam aeb
atanagu. AKC X0nga yHW wybxanu pakam aeiHnaan.

Bapua maTemaTuK XaaBannapa, (M3vMka Ba TexXHMKaga COH-
napnun akat WWoH4YAM pakamiapu 6unaH é3uwpgaH dorganaHn-
nagn (arap XaTonuk KypcaTtuamaraH 6ynca, wymaain Kenuwun-
raH). by Xxonga Takpuouii COHHWHI €3yBMAaH AKWHMAALIWLL XaTo-
JMMMHN aHUKNnaw MyMKnH. Macanaun, 3,1416 COHHWUHI €3yBU YHUHI
abcontot xatonuru 0,0001 paH OpTUKMacAUruHu kypcatagu. 370
COHM YYYH YHUHr abconioT xatonurn 1 gaH opTukK amac. Arapga
6y coH 0,01 gaH Kuumk abCconioT XaTo/MKKa 3ra 6y/ca, YHW 3HaM
6yHpain é3uw no3um: 370,00. WyHpan kmnmb, 370; 370,0; 370,00
Takpubuii coHnap Typau aHUK/IWK Oapaxacura ara; yNnapHuHr 4e-
rapasunii abcontoT xatonuknapu 1; 0,1; 0,01 ra TeHr.

Arap 6yTyH COH oxupuga Honnapra ara 6ynmb, ynap WLWOHYAN
pakamnap 6ynmaca, 6y HomnapHu 10" KynanTyBuu OmnaH anmall-
TMpwnaan, OyHAa n— wyHaal Homiap  coHu. MacanaH, EppaH
Kyéwrauya 6ynraH macoda 1495-105 kKM TakKpubuii CcoHn 6unaH
vucoganaHagn, 6y epga OGUPUMHYM TYPTTa pakaMm WLIOHYIM, KOMraH
Gapya Honnap 3ca Wy6xannm (y4erapaBuii  abcoMOT  XaTONINK
100 000 KMm).

Opatoa VWOHYIM  pakaman  Takpuobuii  COHNapHW  CTaHaapT
waknga 6yHaan ésunaan:

X =a”a” ...ak-10" 6y epgpa n£Z, 1<00< 10,
6y epaa N — COHHVHI TapTnbun aeb atanaaw.

MacanaH, [a= 100 6ynraH 40000 coHM CTaHAapT wWaknga OyHaan
&gy 4,00-104.

Takpubuii COHHUHI XaTONUIHHU Y HeyTa WLWOHYAN KUAMaTaop
pakamra ara/iurvHM Kypcatuwl Aynu 6unaH 6axonawl MyMKUH.

4-Tabpud. COHHUHI YHAUK é3yBuaarn HongaH apkin 6H-
pUHYM pakamaaH Yanga TypraH 6apya WWOHYAM pakamnap Kuii-
MaTaoop pakamnap Aeb atanagu.

Macanaun, WWOHYAM pakamnap 6wnaH ésvnradH 0,002080 coHw
TYprTa KUiimataop pakam; 2, O, 8, O ra ara; 1 awoiim =2,5400 cm
C’HM 6GewTa Kuiimatgop pakamra ara; 370,0 coHu TypTTa KuiAmar-
Hop pakamra ara, 3,7-102 COHM WKKUTaA KuiAMaTAoOp pakamra ara.

Arap Takpubuii cCOH Kyn MuKOOpAa KuiMataop pakamnapra
ara 6ynca, ynapHu axauTtnawl a03uMm.

COHHM AXAUTNaW — YHU KaMm MuUKOopAaru KuimaTaop pakam-
NaP 6unaH é3vnagmraH coHra anMalTupuL aemMakoup.

Takpunbuii CoHHM axnuTnawgpa ywoéy axautnaw — kougacura
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puosi KWIraH xonga opTuKya €K LWybxaim pakamaap Tawsiab
tobopunaam:

— arap Tawnab6 wbopwunaguraH pakamniapgaH ovpuHuicn 4
JaH KUYHK 6ynca, y Xonja OXVpru KonauvpHiaguraH pakam y3srap-
Tnpunamanaun.

— arap Tawna6b wbopunaguraH pakamnapgaH O6HpuHuMcK 5 ra
TCHr éKkM yHOaH kaTTa 6ynca, y Xonga KonavpunaguriiH OxXupriu
pakam 1 ra OpTTUPHAAAH.

— arap hakat 5 pakamm €ku 5 6mnaH Honnap Tawsnab bo-
punaguraH 6ynca, y Xonga KonaupunaguraH oxvupru pakam XygT
6ynca, ysraptupwimangun, arap y TOK 6ynca, 1 ra optrypunagw.

4-mucon. Arap Aa= 0,001 6ynca, x — 10,5478 HH 4 Ta WLLOHY-
NH pakamraya sxaMTiaHr.

Eunw. x= 10,548

5-mucon. Arap Aa= 0,01 6ynca, x = 3,875 HM 3 Ta WLLOHWIN B
KaMraya sx/IVT/IaHr.

E 4y wnw x=3,88.

ABCONIOT XaToNMK Xucobnaw aHUKAUIMHW TaBcudiaii onvaingun.
Xncobnawl HaTwkanapu aHUKIUTVHUHT XaKUKUA KYpPCaTKUUYu YHUHT
HUCOMIA XaToNUruamp.

5-Tabpud. BcpunraH MmKOOp X TakKpHOWH KUAMaTUHUHE 6
HUCOWIK xaTonurn Aed, 6y COH abCONKT XaTONMMIMHUHE X TakKpuoui
Kniimat Moaynura HucbaTuHu aitmnagam, asuu

X Takpubunii KMiamat a gaH Kam lapkK KWIraHanurm ydyyH ama—
nnétpa 6yHaan xXam ONnHaaH:

Hucbuin xatonuk 6epwiraH AKUHAAWUWHUHE cudiaTt KypcaTku-
un 6YNn6, YHM KymHH4Ya omsnapga wudoganaHagw.

6-TabpuU®. aXx X SKAHNAWMWIHUHE YerapaBuii - HHCOMA  XaTonmrn
[eb, 6 HUCOMIA xaToNMK KaTTa 6yna onmvaiguraH 6a myc6aT COHHW a-

Twiagy, sibHU
6=~“<6a, 6y epoa [ < Ga(xt
WyHaaih Knb, yerapaBuii HACOMIA XaTO/IMK YYyH
= Me
HA ONMW MYMKUH. [leMaK, a aHVK COHHU OyHOall C3UL MYyMKWH:
a=x=x= W 6.
6-Mncon. Ywby TeHrMKIapOaH Kaic GUPUHYHE aHUKUMA kaTTa.

x=146 =678 w1 &n y = —054mr
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Eunw.
X=1]"46 yuyyH Aa= 0,01, 6Ga= -1 = 0,0015(= 0,15%),
78

6,
Y=~ yuyn [Os=0,01. Ba = 0,019(= 1,9%).

0,15°0 < 1,9%. BMPUHYA TEHITIMKHUHI aHUKIUMY FOKOPW.

3. Takpubuin coHnap yctuga amannap. Takpubuii coHnap yc-
TMga amMasiiap HaTmkacu sHa Takpubuii coH 6ynaan. Hatwmxka-
HHHI XaToONMUry [actiabkyu Mab/yMOT/IapPHHHT XaTONMKNapu OpKa-
m ywby komganap épgamuga TOnUAnWM MYMKUH.

1 Anrcbpavk WWFMHOVHWHE YerapaBuii abCoONIOT XaTo/Urn Ky-
LWNIYBYNMIAPUVHE  Yerapasuii  abCcoNoT XaTonuknapu nvrnHgmcura
TEHT.

2. Anrebpank WWFUHOVHUHT HUCOWIA XaTOo/UIn  KyLWUyBUYMiap-
HUHI HHCOWI XaToNMKNapugaH SHr KaTTacufa TeHr (Kuiimatm 6up-
oupnra SIKMH OGYNraH COHMap aimpmacm OyHAAH MYCTacHO).

3. Kynantma Ba OYNMHMAHHHI HUCOMA  XaToNMIUM  KynanTyB-
YMMapHUHE KM MOC paBuwga O6YynuHyBUM Ba OY/IMHMAHWHI HUC-
OUii XaTonNuknapu MWNFUHANCUTA TEHT.

4. Takpubuii COH N-pgapaXaCUHUHI HUCOWIA XaTO/IMMN aCOCHUHT
HUCOWH XaTOMUIUHU TaKpUOWi COHHUHI Aapaxa KypcaTkmuura ky-
rnamTmacura TeHr.

MacanaH, Takpubuii coHnap kynaihtmacu: jc=25,3-4,12=
= 104,236; KynamTyBUM/TAPHUHI 4YerapaBuii abconloT XaTonukiapu
Moc paBuwaa 01 Ba 001 ra TeHr. KynanlTyBuMnapHWUHI 6Gapua
pakamnapu WWOHYAM geb oncak, yYerapaBuii HUCOWIA XaTONUK OyH-
dan 6ynaawn:

6u=AL +M i _ 00039 + 00024 = 0,0063.
“ 25,3 4,12
Y xonga KynanTMaHWHI YerapaBHi abCcoOMT XaTonurn Kymnugarmya:
Aa = 6lq = 0,0063 «104,236 = 0,657 < 1

Jemak, xaBobaa hakaT yyTa ULOHYAN pakamMHU KONAUPULL SIO3UM:
25,3-4.12=104.

AmManunérpga Takpubuii COoHMap yctuga OMMaBuiA Xucob6naw m-
napyaa yuwby connapok kKouaanapgaH donganaHnnaan; ynap W
XaKMUnn  KamMarTtmpub, eTapanya aHUKINKKA 3pULLNLL MMKOHUHU
6epaapn.

1 YHAM KacpnapHM Kywuw Ba anmpuwiga YHAWK 6enrmnapuv
SHI KaM 6ynraH coHga HeyTa YHAMK 6enrn 6ynca, Hatmkaga LyH-
La YHAMK 6enrn kongupunagn (COHHMHI YHAWK 6enrunapn Oeo,
BepryngaH yHrga TypraH 6apya pakamnapHu aituiagu).

2. ByTyH COHMAapHW KylIWW Ba aWvpuwpa ynapHu crtaHgapT
Waknga é3vnagm Ba YHHUHI SHI HOKOpU  AapaXacumn KascAaH
Talkapura u4mkapumb, tokopuagarn kouvganaH doiganaHuiaan.

3. Takpubuini coHNapHM Kynantmpuw Ba 6Yynuwga 3HI K-M4MK
OHAAa HeuyTa KuiAMaTtoop paka.M 6ynica, HaTwkaga LyHYa Kaimar-
JoP pakam KongupunagH.
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4. KBagpaTra Ba Kyb6ra KyTapuwga pgapaxa acocuga Heuta
KUAMaTAOpP pakaMm 6ynca, HaTuXkaga Xam LlyH4Ya KuAMaToop pa—
Kam Kongupunaau.

5. KBagpatr Ba Ky6 wnauM3 uvkapuwaa wngus octugaru mdo-
dada HeuyTa KMAMaTOOpP pakam 6ynca, HaTukaga Xam LyHYya K-
MaTAoOp pakam Konaupuiagw.

6. Opanuk xucobnawnapfa tokopvaarn kouganapaa Tascus
KnnraHngaH 6utTa OpTUK pakam Kongupunaau. AKyHUn HaTtuxaga
6y pakam AxnuTaaHagu.

7. Arap MabnymoTnap Typ/vM COHAarH YHAMK 6enrunapra sra
6ynca (Kywuw Ba aivpHWAa) €K Typam coHparn KuiiMmatgop
pakamnapra ara 6ynca (konraH amannapga), YNnapHH SHI KUYMK
aHVKNVKOArn CoHrada 6miTta KyllrMMmuya pakam 6unaH sxnavTiaHaau,
Oy pakam SKyHWI HaTuxXaga AxXanTnaHagw.

Y3-y3UHM TeKWMpuUw YyuyyH casonnap

XaTonHKNapHHHI KaHpar maHb6anapu 6op?

. Taupubuii coH neb Humara anTunagH?

. AKMHNawuw xatonurn aeb Humara antunagun?

. AKMHNAWNWHUHT abcontoT xaTtonurn aeb Humara antunagm?
AKUHNALWMWLIHUHT yerapasuii abcontoT xaTonvurH ae6 Humara antunagm?

6 AKMHNAWHWAAP CHMATUMKN YNapHUHT a6CconloT XiTonuknapu Oyhinua Tak-
Kocnaw MyMKUHMN?

7. Hncbuii xatonuk ae6 Humara aHTunagun?

8. Yerapasuii HUCGHIA XaTONHK Ae6 HMMara anTunaan?

9. Yw6y ynuaw HaTuxkanapugaH KalcUHWUCH aHuWKpok? 0,0025 M MU CKU
0,372 M Mmn?

10. KalicH sKAHMNawnw aHukpok: 2,56+0,01 mu ékH 376+1 mn?

11. Takpubuini COHHUHI KaHaal pakamu WWOHYNM pak3M [e6 atanagu'l Ly6-
Xanm pakam ae6-un?

12. COHHUWHT Kuii.mMaTgop pakamu neb Humara artunagm?

13. COHHUHI YHNMK pakamun ae6 Humara antunagm?

14. Takpnbuii coHnap Ka4yoH Ba KaHAawm axnutnaHagu?

15. Kyiimparn TakpHG6UiA COHNapHUHI é3yBuaa Heva YHNAMK 6enrH 6op: n=0,37;
6=0,04551; ¢=0,003072; d=0,056890? YnapHHHI Xap 6vMpuaa HeuTa KUAMaTAOP
pakam 60p?

16. YHNuMK 6enrunapu COHW: a) KuiimMataop pakamniapy COHUAAH OpPTHK;
6) Kuiimatoop pakamnapH COHMAAH KUYMK; B) KMAMaTOOp pakamaapu COHHra TeHr
6ynraH Takpubuin coHnapra muconnap KenTUpUHr.

17. bUTTa KHAMaTAOP pakamra, WKKuTa KUAMaTtoop pakamra, yyta kiimart-
[0p pakamra ara 6ynraH COHNAPHHHI 4YerapasvH HUCOMIA XaTONHKNapu KaH4ya 6y-
naaun?

A 18. 273,521, 0,03984, 1,0053 COHMapHHW: a) WKKUTaA KHIAMaTAop pakr:-<raya;
6) VKKUTa YHAUK GenrHrava SxAHTAaHr.

19. Kyiingarn COHNAPHHHI uerapasHil HUCGHH XaTOMHKNAPHHH TOMUHI: Q)

0,2; 0.02; 6) 17; 1,7, 0,17; B) 3,71; 37,1; 371.

ADWNpR

2-8. TeHrnamanapHu Takpubuii eunil
1 YMyMuin mabaymoTnap. Yweéy
/(*) =0 (2.D
TEHrNaMaHW eyHWw X apryMeHTHUHr (2.1) TeHrnamara kyiiun-
raHga yHu TYFpU TEHI/IMKKa ainaHTupaguraH 6apya kuiimatnapu-

HXN TOMULW AemMakaup. X apryMeHTHUHr 6y kuimatnapun (2.1) tewr-
NnamMaHMHr Hagmsnapn ékm f(x) QYHKUMSHUHT nngusnapH (Honna-
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Ipl/l) neb aTtanagu. byHpal TeHrnamanapHu eUULLIHUHE YWy y4
BYCYNU MaBXyf[: aHaMTUK Yycyn, rpaduk ycys Ba COHAWU YCYI.

AHanUTHK ycyn penvnraHga wyHaaii opMynaHuHr  MaBxyn-
M- TYWyHWnagukn, nsnaHaétraH wnamsnap YyHWHr épaamuga
(2.1) TEHrnamaHVHI 4YaH TOMOHWUra KupaauraH ysrapmac MMKOop-
nap (YnaP wapawmeTtpnap p[e6 atanagn) opkaam mdoganaHagu
(byHra HamyHaBWIA MWCON— KBagpaT TeHrnama WNAH3TapPUHUHT
mMabnym opmynacu). AHaNUTUK YCYJHUHT acOCWUi  YCTYHANTIN

PwyHaakn, mnnamsnap 6y kKypcatuaraH gopmyna opkKaam ucTasiraH
aHVKNVKO4a Xucobnanuinv MyMKHH. BUpoOK Myxanamcimk amasivé-
TMOa yypanguram xamma TeHrnamasiap Xam aHa/IMTHK ycynga edn-
nasepmaign. bab3aH (2.1) TeHrnamaHu €k fMa Xam  YMyMUIAPOK,

h (x)=f2(x) @2)
TeHrnamaHu euynw ydyH yuwbéy rpaduvk ycyngaH dqonganaHnnagn:
Tekucnmkga y —f\(x) Ba y—fi(~V) yHKUMSNAPHUHI TpadMKiapn
acanagu, Y Xonga Oy rpaduknap Kecuwmwl WyKTanapuHWHE abc-
unccaniapm aHa wWwy (2.2) TemrnamaHuHr wmngusnapu 6ynagn((2.1)
TeHrnama yuyH y =f2(x) qyHKunsHuUHr rpacdurn y =0 abcumccanap
yKn 6ynaan).

By YCYMHUMHI WXO6UA TOMOHW YHUHI YHUBEPCa//IUIX, UCTa/raH
TypAaru TeHrnamManiapra Kynnaé o6ynmwnamvrn Ba KyprasmanmrugaH
néopat 6ymMb6, canbuii TOMOHM 3ca aHya cepMexHaT WL Ba OfAaT-
Oa Xyha KaM aHuKNukKaa eynuwumnamp.

TeHrnamManapHM COHAM euynll ycynnapu WKKATa Xyda Myxum
WXO6MIA Xoccara ara: ynap rpadmk ycyn kabu yHuBepcasn Ba aHuK
(ABMK UNAN3NAPHU UCTa/IraHya HKOPWU aHUKIUMK 6unan Xocwun K-
nnw mvmkhh).

(2.2) TEHr/1aMmaHN COHIM eYMLL acoCUA YCynnapunumnr xap oeupwm
ywby nkknta 6ockuura 6ynuHagH:

a) vnamsnapHn fkkanaw, AbHU f(X) HUMHI aHUKAaHWLW Ccoxa-
cura KnmpaguraH xamga 6utta Ba (hakat ouTTa WAgU3HU Y3 unuura
onaguradH \a, p] KecmaHu axpaTtviw. byHaaln kecma WNANIHUUT
AKKanaMuLl opanurH aeb atanaaw;

6) wigusnapMm aHUKNaWTHPULL, AbHU WAOU3HW  UCTasraH4ya
IOKOPU aHUKUK 6MnaH XOCWI KUAULW YYyH SfIKKanaHWLl opasnuruHn
TOpanTUPULL.

Typnn coHnn ycynnap 6up-6upugaH WKKMHYM 6ockuuaa dapk
LnnagH, 6HpUHYM  6BOCKMY — UNAM3NapHU  fKKanaw 3ca 6Hapya
Yeynnap yuyyH ymymumnamp.

2. nomsnapHu fKkanaw. Y3nyKcn3 (QyUKUUSAapHUME  XOocca-
napypaH Kenué unmkaauku, O6yHOan YHKUMAHUHE \a, p] KccMmada
HNOM3W MaBsxXxypn, 6ynuun wapTtu

f(a)./(f}))<O0

Jay, AbnH  dymMKuMa  MwopacuMmur oV Kecmaga — y3rapuwimaad
néopar: 154-waknga  [gc, Bl kecma, 155-waknga  \a, ai] Ba
Kecmanap.



154~ wakn.

156- waki.

Bupok 06y wWwapT 3apypuii wapT 3amac. MacanaH, 156-waknga
wapT bakapunmangn, 6upok dyukums [u, p] Kkecmaga wnamsnapra
ara Ba Xxarro [a, at] kecmMaja WKKUTa wunausra ara. byHaaH Taw-
Kapy, 6y WapTHUHI Gaxapunuwm WIgU3HUHE Arovannrmra kado-
nat 6Gepmarign (157-wakngarn [a, p] kecma).

[a, @ kecma y3nykcmsa /(Xx) GYHKUMS WAOU3VHUHE  AKKaniall
OpaIFN BYNNWKN YyuyH tokopuda Kentupunrad f(a) m{($)<() wapT-
OaH Tawkapun 6y QYHKUMAHUHE [a, p] KecMaga MOHOTOH 6ynumil
Tanabun Gaxapwunuwu, abvHU guddepeHymnannaHysum f(x) gyHK-
UMa y4yH YHUHr xocunacu [a, [§ Kecmaga HLOpacuHW caknawu fo-
3um: 154-1luaknga [«, p] kKecma, 155-waknga [a, ai] Ba |pb P
Kecmanap.

Bupok wyHn anTtnb ytamuskm, 6y Tanabnap xap OovM xam Ga-
Xapunasepmanan: XydT Kappanm wngmsnap neb atanagurad
WwyHaanm wngusnap MaBxyaku  (156-wakngarn |3 kabun  wigms-
nap), ynap y4yyH lokopuga KentupuaraH ukkana tanab xam b6aka-
pyunvangn. MyxaHOUCNUK amManuétmaa XydpT Kappanu wngmsnap
Xyha Kam yupaHaw.

WyHpan kunmb, uWKKM MapTa AauddepeHuymannaHysum f(x)
QYHKUNSHUHT  WAOU3MapUHU  @KpaTULll YUYyH Kyiuaar wwnapwn
6akapul NO3NM:

a) [a, p] kecmaHn Tonuw (MacanaH, rpaduk ycyn 6unaH Eku
Kylinga kentupunaguraH CUHOB ycynu 6unaH);

6) f'(x) XxocunaHm Ba YHWUHI WAAU3NAPUHU  (XOCWUMAHWUHE uwo-
pa ysrapmacnvk opanukiapuHu) Tonuw. Arap [a, p] kKecma X
CHNaHVHI uwopa y3rapmacank opamrnga OyTyHMAalh xovwnaw raw
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6ynca, y xonga [a, f}| wnaM3HUHr akkanaHuw opaiuFn 6YnagH.
AKC X0n4a Opa/lHKHU TOopalTUpuLl 03UM.

SHON Takpuouii  NMNOWU3HUHE  XaTOMHrM  6axocuHn  6epamua.
[a,p] kecma f(x) =0 TeHrnama WNAVU3VHUHF SKKalaHWULI Opavru
O6YNcuH: g 6y TeHrnamaHwHr aHuK HAau3W, & 3ca TakpUOWH
Hnguan, Wy 6unaH Gupra f' (x) Ha /" (X) Y3 wuwWoOpacuHU
[a,PI kecmapma caknacuH xampa \f'(x)\*smt 6Y/iCUH (T X Y4yH
I'(X) HUMHr a”™~Xx”™(3 pgarn 3Hr KNYUK  KUAMaTtuHM onamus). by
wapTnapga ywoy 6axo YypuHau:

B I*-sl

By TEHrCIBAVKHUHI TYFPUWIUIMHW UCOOTMaW  YyyH JlarpavbkHuHr [X, t]
ékn [r, V[ KecMagarnm 4Yeknm opTTUpManiap dlopMynacm

f(x) —/(G)=/'(c)(x — £), 6ByHAA a- < c < |
HN TaToMK Kunamms. CyHrpa
I/W -/(1)1-1/(x)| =/71,17-7,
GyHAaH

Ir—t<w (2.3
m

6y epoa mt wy f’(X) XOCWIaHVHI [a, pP) Aarv 3Hr KUYMK KuAMaTu.
(2.3) chopmyna AKMHAAWNL aHUKAUTMHUHE GaxoCuHM Gepaap.
1-mncon. x3— 3a’'— 6 = O TeHrnava WiOysuHN axKpPaTuHT.
Eunw. y =A3 3x—6—/(@) yHKuMsaHN kapaiimm3. OCOHrvHa

Kypywl MyMKuHKK, /(0) = —6< 0, /(3) = 12> 0, sivum /(0) /(3) < O
o6ynraHmrn yuyH [0; 3] kecmaga wigm3 6op. XOCHIaHW Tomamms: y’ =
= 3X2— 3, YHUHIr wnam3napm = 1B = — 1 Kypuw OCOHKW,

n€(—1 Yy <0 Ba {(—oo, — U@ + °°)} ma y' >0
Tormnrad [0, 3] kecva 6y cOXalapnvHr Xey Ouvpura 6yTyHnanm Kpvai-
OA. YHU Topaiitmpamms: a — 1 ae6 onavms, y uvonpa /(1) = — 8 < 0 Ba
/(3) 12>0. |1, 3] kecma H3nManaétraH WIOM3HUHI SIKKaanmwl opaii-
f1, 6y epoa f'(x)> OBa /(1) 7(3) < 0.

2-Mucon. X Igx = 1 TeHrnama WIAMN3UHVHE SKKaNaHWL  OpasiiFUHA
TOMUHT.

E ynw. By TeHrnamMaHu yHra TeHr Kyunu
lgx = |
g X

TeHr/lamvara anvawmpamis xavga /= Igyv ea y = < YHKUMSTTAPHUHI
rpadwvknapunn sacaimms (158-Lwakn).

M3naHaéTraH WNAM3HUHI fKKanaHuw opaiusn [2, 3|.

e EHrflaMaHW TaKpUOUA EUYNULLIHHHT WKKHHYM 60ocKuumMra — Hi-
<VBHA aHUKNAWTUPULL, SKKa/TaHULW OpPa/IMrHHH  TopalTupHLIra
Ytamn3. CKMHOB Yycynu, BaTapfiap, ypuHManap Ba uTepaauvsnap
YeYnnapuHn Kypmob 4mkamus.



1583- wakr.

reHrnamMa 6Gepwiran 6ynmnb, [a, P]— WIOMSHAMI SKKanauuvill CpasiHFu,
abm /(a)-/(p) < 0 Ba /'(V) xocwia [a, p] JA WLLOP3CMMN  Cak.TacuH.
PaBLUaHKK, M3naHacTraH £ unays

a<|<p
TENrcunsIMKHN KaHoaT/laHTUpaan. WnamsHUHE GMPUHYA SKUHAAWALWLA oe—

JWKNAPHVHE KaliC GUPUHUHE oxvipriapuoa oyHKUMS  Kapama-KapLuy MLo-
panapra 3ra 6ynca, LYHUCVHMA OflaMn3. FHMM TOpPaTUPW.'HaH OpayMKHA
(yHn [a®, pj 6wiaH Genrunaiimms) sHa TEHr MKKUra 6ynamma, sibHU YHUHP
ypTacuHM ToMaMmu3 Ba >kapaéllll Ly Taptmbaa OasoM 3TTvpamm3. Bab3aH
KECManvHr ypracuuy aMac, 6aiky  WIAMSHUHE  SKKananul  OpasiFUHHHD
O/pOP NXTUEPUIA HYKTacUHU Onmwl  Ky.Tai Gyrnagn (yHu Tannawga /()
YHKUMAHUHE  XyCycuaTiiapy xucobra oivHaay). AHUKAIMK — 6axocn  yuyH
CllopMy.4a aBBITVHVHE Y31 GYnaaw:

je— |l < 1Wn,

6y epga m, — wy f'((V) HUHI 3HI KWYUK KuiAMaTKU, vV 3ca unauns

HUHI Takpuoui Kunmatu.
4. Batapnap ycynm (umsuknm

MHTepnonaymanaw ycynm). f(x) =0

TCHrAaMaHVHI WNAU3VHH  ApMUAaH

OYNMW YyCynn OHNaH aHuKNaWwTh-

puW YCYNIMHWUHT FOSicn ogawvii 6yn-

ca XaM, JIeKUH Yy MyXUM Kamuu-

/ NnKKa ara: etap/avya HKopu g

paxafa aHUK/INKKa 3pnwnLl yuym

aHuya KaTTa coHAaru kaaam tana6

aTunagn Ba Aemak, xucobnawl vm

159- LwaK. XXMM Xam KaTta O6ynaan. Ba-



Tapnap ycynuM aca ogarhAa aHya Kam coHaarv uaaamnapHu Tanat
STaan-

[eoMeTpUK HyKTan HasapfgH 6y ycyn y = /(X) QYHKUHSHUHT £ wi
avsudunr [a, Pj sKkanaHuw oparmFmagar  rpadgunur AB TYFpU  UmM3nK
OwiaH anvawmupuwgaH uoopar  (159wakn). AB  Batap TeHr/fiamMacuHu
N(«. /(*)) Ba 8 ®' /(P)) HyKTanap opkaiM ytaguraH TYFPU YM3NK TeHr—
namacn cudpiatnaa E3amms:

V— /@ x—a

/P)—/(a) P—a
| MNOVBHYHI GUPVHYM SKMNaWMLM oK»amoa a, HW— WB HUHT OX YK
OwiaH KecMwmM HyKTacu abcupccacvHn  onavmns. by (a,; 0) HyKTaHuHE
KoOpAVHaTaNapUHN TYFPH YM3MK, TeHrnamMa:mura Kysammas:

0— f(a) _ «i—a
/(P)—/(«) P—a’
GyHpaH
q, =a- f(«<HP-q)
MP)-/(a)

a =al0 Oa0O=ax—a0pge6 6Genrnwnabd, Oy TeEHrcmM3NMKHU GyHOai
Kalita €316 onamma;

O« 0= —
f(P)—f(aQ
Matxafa GUPMHYA SKMHAAWLULL Y4YH
«i =a0-f a0

doopmynaHn xocun kwiamma. [alt P) oplikka siHa Wy Batapnap ycyv-
HN KYIVTaHWO, 613 WIAMBKUHE  YLI6GY UKKAHUA  SIKUHMALLHLLIMHA - X0CW
KWlamms:

a, ~a™ + [a,, Ada, = ——
/P)—/(@)

BaTaprap ycy/MHM KeTMa- KeT N MapTa Takpop/sab, ywby SKHIalwvwiap

KETMA- KET/IMMHU XOCW1 KWIaMN3:

a0 a, ar, , ak, , an,
6y epoa
f(a* j)(P aft
=« i-fnat |, gat, = @-NF ath

VnovisumHr Takprbnii kmiiMatiiapuHi 6epwiraH € aHuUKInKaa Xuco6iatlHm
MKKUTa KYLUHW SIKMHAAWWLW  opacudarn  aivpmMa  modynm 6yiivua e gaH
°‘pPTUK GYyNMaraH 3axot, fbHU \an—ajl,| T e 6ynraH 3axoTy TyXTaTuLl

FRYMKVH.

5. YpuHmanap ycymim (HbtoTOH ycynm). f(X) = O TeHrnamMaHn ypuH-

vanap ycynu 6unaH euunil y4yyH £ WIAMSHUHI sikKalaHuw opanurun [a, pf
f(X) dhymKums ywby LWapTiapHN KAHOAT/IAHTHPULLMHN Tariab Kuiamms;



/(aW (P)<0;/4v) Ba f"(X) H.1H
VopanapH  y3rapMacaH Ko/cuH
CYHITH LWapT WIAMBHUHI  SiKKa/ia-
UMW oparmrnaa OyHKUMS rpedur-
HUHI OYKWUIWLW  HyKTasiapy mykn-
mMHn oungypagy (KaBapuKIMK  EKn
BOTUKMK  MYHATHLUMHWHE  Y3rap-
Macsmri).
YpyHvManap ycynu  reoMeTpuiK
HyKTan Haz3pgaH f(x) dyHKups ¢
WIOVBUHVHT  SKKa/laHULW  OpayivFn
[a, P pa yHWHr rpagmrHHn 6y
rpagmkk.; P abcumccanm  HyKTaaaH
yTKasuiraH ypuyHMa OwnaH anmawtupuwun 6Unampaom (160-waknga 6y
‘B HYKTa).
F)é)'iaT(bMKKa B (p, f$)) HyKTaga yTKaswiraH ypuHMa TeHrsiamMacvHn B
HyKTagaH YytaguradH Ba k — /' (P) 6ypuyak KO3thMUMEHTIN TYTPU  UM3UK
TEeHrnaMacu KypvHULLIMOa E3amns:

Y - 1 =T (P)x—P).
| MNAVBHUNT BMPUHYA SKUHMALWMLLW - cUdiaTUOA P,  HUA— YPUHMAHMHE

Ox YK 6wiaH KecumL HYKT/CK abcumccacnHn onamms. by (P,, 0) Hyk-
TaHVHI KOOPAUM3TaNIapUA YpUHMA TEHrlaMacura Kysimma:

o— /() =T (P)0i— 9

Bv epogH
ft Y

p @

ra sra 6ynamms. p - P, Oe6 6enrwnab, CYHrrv TEeHrKHW GyHoai kK-
Ta é3amm3:

P>

Mne)
Hatmxkaga OUpMHYA AKUHMAAWNLL YUYyH

APo =

Px = POH- [ Po

dhopmynaHn xocwn Kwiamus. [a, p,] opamkga siHa Wy YpUHMasiap Yycym-
HN TaToOMK KWwiamm3 Ba YLWOY WMKKUHYM SKMHNAWULLMA XOCWT KWIaMA3:

p,=p'+ Ap, Oy epma Ap*= —
YpuHManap YCy/MHU KeTMa-KeT N Mapra TaToukK Kumo, yliby skH-
lalvnap KeTMa- KET/IMrUnm Xocwuni KWwiaMna:
FO> Pi’ P> eee» 2*>eeey Y
0y epaa
i (P/t-)
:=P*i"b Pa- OyHoa APl j — .

k~i>



f'(t) >o

f H(*)<O
f(X)>0
f‘m>o0
f(fi)=0
f(di)<O
161- wakn.
f'M<0 f(M<0
FX)<0 (X)>0
f(4)<o0 f(p>=0
fM >0 fU)<o
163- wakJ. 164~ wak.

MnaysH1nr Takpubuii KMAMaTMHW  GepwiraH € aHUKIMKOAa — Xycoobrall-
HA VMKKUTA KYLIHW SKMHNAWMLW Opacudary aimpMaHuHE abCconioT Kuimat

e OaH KNYMK BynraH 3axotn, abHU |Pi— oynraHan TyxTaruvwl
MYMKVIH.
6. Batapnap Ba ypuHMasiap apanawl ycyim. f(x) = O TeHrnia.MaHvHr

M3naHaétraH i mnaymsm [a, P) sKkanaHWH opainga éTraH  Oy/icMH Ba
HOKOPUOA KEMTUPWITaH WIOMBHVHT  SIKK/TaHWLW  LiapT/iapy  GadkapuicyH,
sbHU f(a) Y (P) < O; f' (X) Ba f" (X) HMHI MWOpasiapn 6y oparvkada Yyarap-
Maay. y — f(X) OYHKLWILW OGUPUHYM Ba MIKKMHYM XOCWiasiapy mLLopanapu-
HVYHr 6apya MyMKWH 6ynraH KOMmOUHaumsnapuHu Kypmb unkamms (161 —
— 164-waknnap). 161 — 164- wakiapga 6yHgal, 6yéH P opkain sikka—
naHnw opanFnHnHr f(x) Ba " (X) OGup xun  wvwopara sra GynaguraH
OXVIpVHM Genrunaiivmns. by oxypga ypyHManap YCynMHU  Kynnammmns. by
xonga y = f(x) arpy uismkka Bdp, /dp)) HykKragarn ypuyHMa Ox YKHU
P HykTa 6wiaH £ wiau3 opacuaa kecub ytaaw, J1B Batap aca arpy W+
3MKHN a HyKTa 6unaH | wigms opacvaa kecvb yTaau. Batap Ba ypuHMa—
HYHIT Ox YK OwlaH KecuwMwW HyKTanapu a Ba f) napra KaparaHaa sx—
LLMPOK, SIKMHMaWVHWLK 6epaan. VIkkana yCy/HUHP  apanall  Mwnatuiamiim
wigmsra SKMHNaWMLLHL Te3poK, G6epaan. an Ba AKUHNAWNLLNGP  YYYH

xycobnaw chopMynanapn ywoby KypuHuwga 6ynagj:



Pn—P,_,
N G
XapaéH Huxosicura eTraHugaH CYHr t WNOMBHHHI KMAMATU cudatmaa six-
LUMCN CYHITU KWAMAT/IaPHHHE ypTa apuUMETVK KAAMATUHN ONALL No3VIM-
1

Mucon cudiatoa 1-mmconga na— 30— 6-"0 TeHrnama y4yH X0ocun
KWIMHraH WiaM3HA aHuKawmmpamms, abHu [1, 3] fkkanaHvw opayiiFvHA
TopanTpamns. LWyHpaaii kwmb, /(x) =x3— 3n—6, /(1)-=—8<0,
/(3) — 12>0 Ba 11, 3 sakkanaHuw opawmrmnoa /' (M = 3(+-— D> o
ana wy opawmkga f'(x) —6n1>0. fi cubampoa 5 3 HA onamma,  4YyH-
km /(3)> 0 Ba /"(n")> 0 6ynraH/mrn y4yyH Oy Ops/iHKOA YpUHMariap
YCYNIMHN  KYNMaHULW  MYMKWH.  XucobnauviapHu  HKOpUaa  KemmpuiraH
hopmyrnianap 6yiinya Gakapamns. HaTvdkanapHu >xagpasira ésamms.  Wn-
a3 0.001 rava aHUKIMKOA TONWMaaw.

f(x)—x" 3x —6 p_ a Aa- i oreo) 39
f (f}l(—) a-bfla
X -3 - « X X* 1
X f(x) <P A VAR
| 1 —3 8 2 0,8 18
po = 3 27 —9 2 20 - 0,5 9 8 24 25
[
.18 58320, & —5568 07 -1-05056 - 23066
pL 2,5 156230 S 21250 76030 —0,1349 6,25 5,25 15,75 23551
ar.2,3036 122720 - 0.9Irs|-0.6t78 00685 0,0484 — '2,3550
Pjj2.3651 132007 -7.095iij 01314 Q782 —0,0098 55037 49987 137811 |2,354
2,3550 000B

£ 2.3555

M3naHaétraH wians
2,3550 < £< 2,3555
MHTEpBa.'Joga ETaan. Xucobnaw iP3— a3 = 0,0005 < 0,001 G6ynrarmrm
cababnm TyxTatwiraH. Mnams 0,001 rava aHUKIMKOA Kynaarmra TeHr:
R,

7. UTepauma ycynu. TeHrnamanapHM COHAW  EUULIHUHE  3Mr
MyXUM ycynnapugaH 6vpu utepaums ycynm €Kum KeTMa-KeT SIKUH-
nawuwnap ycynugaH wuéopart. YCYSHUHT  MOXUSTU  kyliuaarHua.

1 Xuncob6naw dopmynacu. Ywby TeHrnama 6Gepwuirau
B6YNCUH:

/(*)=0, 2.9

6v eppa f(x) — y3nykcm3 QYHKUMA. By TeHrnamMaHuHIr xakukuii
WIOU3NHU TONUW Kepak. (2.4) TeHrnamMaHu yHra TeHr Kyunu
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*=0(*) (2.5)
Tewrnama OWIAH anmawTmpamui. BHpop-6up ycyn 6unaH wigms-

UMHr *0 Takpubnii KniimaTuHW TaHNanmH3, YyHU (2.5) TeHrnamaHuHr
XHI TOMOHUra Kyiicak, 6Hpop

*1=dp(*0)
COHHN XOCHN Kunamni. CyHrpa (2.5) TCHrnamaHuHr YHr TOMOHUra
O/MHraH si| COHHM Kylcak,

ma2= ')
COVHW XOCW/T KUMamH3. By XapacHHW [asoM 3TTUpuUG,
Xi= ¢p@o, Xr= o (Xj, .... X0= ¢px., .
COH/M KETMa- KET/IMKHU X0ewn Kuiamms. Arap 6y

K “ d(*n1)} (26)
KETMa-KET/IMK SKMHAaLyBUK, sibHM lim xn maexypn, 6yncsa, y xonga (2.6)

TEHrWIKOQ numutra YyTno  (ByHAa o (ar) YHKUMA  y3nyken3  aeb dapas
KwS),

limxn= dg(imxn_{ ém | —d()

n-*oo n—00
HH TonamH3. WyHpan kuamb, | (2.5) TeHrnamanuHr wunamsm 6yna-
. Y (2.6) dopmyna 6yiinya ucTanraH aHuKIMK4a TONuauwmn
MYMKWH.

2. FeoMCcCTpPpUK TankKkunH WTepauus ycyMHU reoMeTpHK
HyKTan Hasapgaun OyHAal TYLWYHTUPULL MYMKUH. OXy TeKucnmkaa
y=A Ba Y=o (X) PYHKUUANAPHUHI rpadukiapuHn acammmni. (2.5)
TEeHrnamaHmHr xap 6vp | wnamsn /=/(n) arpyu UYU3UKHUHT Yy —X
TYFPH 4M3MK 6GMNaH Kecuwunll HyKTacu M HUHP abcumccacn 6Gyna-
an. bupop AO(xQ yn) HyKTaHum TaHnab, AOB XA\B2A2 CUHUK 4
3UKHU («3UHaHWN») ficalMn3: YHUHI OyruHnapm Ox Ykka Ba Oy
YKKa napannen, AQ A\, A2 ..., yunapu y=(f(x) TYyFpun unsmnkga,
ANpN2 ... yuynapu aca y—x TYrpm umsvkaa ctagu. J1, saBb A2 Ba

165~ wakn. 166~ wakn.



167- wakn. 168- wakn.

B2 ... HyKTanapHuHr ymymmn aébcumccanapu aca g UAU3HUHT MOC
pasvwaa KeTMa-keT Xb X2, ... fKUHAawuwniapu 6ynaau.

165-waknga arpy umsuk 60TuK, SbHU |g'(n')|<1 Ba wuTcpayus
XapaéHu akuHnawaau.

CVHNK YN3UKHUHT GolKayvya KYPUHULLN —«CMINPas» YU3UK XaMm
6ynmwun MymkuH (166-Lwakn.)

YH3amagaH Kypuw ocoHku, cp'(.v)>0 6ynraHga (165-wakn)
euMM «3uHa» KypuHuwunga, o¢'(x)<() 6ynraHga 3ca (166-wiakn)
euMM «Cnupas» Lwaknmaga Xocun 6ynaau.

Arap | (jr) |> 1 6ynraH XonHu (TUK 3rpyu 4YmM3nK) Kapacak,
uTepaums XapaéHu y3oKawnwm MyMKWUH, 6y 167— 168-iaki-
napgaH KypuHut Typuoawn.

3. MTepauna XxapaéHUHNHT AKWUHMAaWyBYaunw
ru. Vtepaums yCylMHUHI amanga KynnaHuwanwm ydyu wutepaums
XapaéHn AKUHMAWUWINHUHTE eTapiwinK WapTnapuvHn Kentnpamms.

Teopema. (X) dyHkuus [0, /] kecmaga aHuKNaHraH ea audxpe-
peHunannaHyBum, uiy 6unaH 6upra YHUHr 6apya Kuiimanbwpu [a, b
ra TerMwnu 6YncvH. Y Xxonga wyHAah q nvjrpu  Kacp MaBXyAKu,
XZ [a, b] pa

Pv<g<l1 27

6ynca, y xonga:

axn—o&(/:, ), n- 1,2,... ntepayus xxapaéHun xO£[a, b] 6Goiu-
NaHFNY KMAMaT KaHgal GyyriummaaH KaTbWid Hasap sKuHaawaau.

6) c—limxn kuimat x = (((X) TeHrnamaHuHr [a, b] kecmagaru

n-» 00
AroHa wnausn Gynaaq.
1-3cnatma. g COH cuhataga Xocwia MOAY/MUMHE, sbHU & (V) HUHC

x£[a, b] AarM sHr KMYMK KUAMATUHWU EKN KyiW YerapacuHW OfnLL  Mym-
KUH.

2-3cnaTmMma Arap d(x) cyHkumnsa bapya .ve (—oo, + 00) yuyH
aHMKnaHraH Ba AuddepenunannaHysin Ha 6yHaa 6Gapya x nap
YuYyH (2.7) TeHrcmsnuk 6axapwunca, Teopema TYFpuamrmya Ko-

nagw.
3-acnaTtMa. Tcopema wapTiaonga utepaums ycynm M 6oL
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AaHFuy KMAMAT [a, b) gaH Xap KaHdal TaHnaHraHmga xam SAKHH-
nawagu, SbHM Xucobnawnappa Wyn kyvinnraH \a, b\ pgaH deTtra
UMKMaigHraH avpuM XaToONIMK SKYHUI HaTukara TabCHp 3TMaiaH,
UYHKM XaTO KUAMaTHH SHIM x0 6ownaHFny  kuiimaT aeb kKapald
MyMKWH, WY cababnn 06y ycyn Y3-Y3uHu TyFpunanguraH ycynaup.
ByHgoaH Y3-Y3UMHWU TYFpunaw ycynu utepauns  YCYJMHWUHE 3Hr
VWOHYIM  Xucobnaw ycynnapugaH o6upy  3KaHAUTMHW - Gunan-

4. AKMHAAWNW aHUKAUTMAOUHT 6axocu. Ywoy
TEHICU3NUK TYFPUINTUHU UcboTnaw MyMKUH:

A rc-Jg « T-,- k ,- v _ i, (2.8)

6y epoa s— (2.4) éku (2.5) TeHrnaMaHUHIr wiamsn, M) ,, XN 3ca UKKUTa
AKMHMaWMW, q aca |¢g (M| Huvnr [a, b] garm 3Hr KMumK Kyiavartu.

By TeHrcusnukgaH skuHnawuvwHu 6axonall yuyyH doliganaHa-
MU3.

Arap nngusnnm e aHUKIMKOa Xucobnaw Tanab 3Tusca, y Xonga
pasLUaHKu,

I]- xM\< e é&n -2— I* - xn_,|< e
\—q
OyHOaH
L IF«—*»_il<®* ** (2.9

HA X0oCUN Kwiamm3. [emak, vtepaums >xapaéHHN MKKUTa KETMa—KeT AKUH-
fawm xa_t Ba xn yuyyH (2.9) TeHrcusnvK GaxapunraHvra kKaopp [3Bom

aTvpuW fo3vM. XycycaH, q ~ 6ynca, y xonda YWi—xn ||<e.

Mwncon. Xd+ V— 1000 TeHrnamaHWHI 3HI KaTta Mycbatr wmnaysvHu
0,0001 raya aHVK/IVMKAOA TOMMHT.

Eumw. ABBan wu3naHaétraH S HNAM3 EragraH Opa/IKHU  TO-
nams. /(o) = xi+ x— 1000 geb Genrvnainmma Ba 0y YHKUMUSAHUHE K-
MaTUHU WKKUTa HyKnaga Xuycobnaimms: /(9) = — 262 < 0 Ba /(10) =
— 10>0. PaBwaHkn, wiam3 E£(9, 10) (bBy WHTEPBa/IHHHI Y3UHN OXy
Tekmcvkga y = x? Ba y — 1000— X  (OyHKUMSNAPHUHE  rpaduKiapyHnA
fcab XaMm Tonu MYyMKWH 3ay). bepunraH TeHrnamaHu yuwéy kypuHuWaa
YHra TeHr Ky4nun TeHrsamara ajivalimmpamus:

X = 1000— x3 = (p(X), €k x = —XZS———Xl = (X,
e
X = jl} 1000— x = g (X).
BupyHuM ndoganaHUL HOKynai, YyHKuM 6y xonga | 9\ = 3x2> 1
6ynnb, 6yHpaH Oupua X £(9, 10) yuyH ¢ '(Vv) = — 3.v2 6ynagn, 6y aca

UTEpaLIMS YKapaéHN Y30KTaWMLLMHW GUavpaan.
Oxvprn Mdpodanall Kynaiamp:
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I 1000 — st b (V).

1
uynkm 6y xonga <p(m) — 6y € 9, 10

3. (1000- 42 y epoaH ) mHTED-
Eanga Kyhngarvra aramus:

1P )l - b g<.

3, (1000- g= 3> 9002 300

Teopema wapTnapn Oaxapwuign, wy cababnm wtepauyst >ka—
paéHH siKMHNawysyn. KeTma-KeT SIKMHMalWnWAapHn

XM\ = 1000 xn
dopmyna 6yiinua GutTa Kjlmguvma Kr'IMaTaop pakamnu caki3t Xmcobnaimmna

yn  1000—xn, xn\ —i ijn ge6 6enrvnab, vaTwkanapHu kaasanra
€3amn3:

n *n yn

0 10 990

1 9,96655 990,03345

2 9.96666 990,03334

3 9,96.667

1 1
9= — oynranmrn  yuyH “Wwi— X, ,| <e ga e = 0,0001 radva
aHNKNKAA TEHr/TaMaHHE £ WiaysuHA
£= x3—0,96667 » 0,9667

[e6 o MyMKVH.
dcnatma. Ywby f(x) = 0 TeHrnamaHu (2.5) KypuHUWOArn

n'="d(x) (2.0
TeHrnamara KentTvpull ydyyH (2.4) TeHrnamMaHuHr 4an Ba YHr Kycm-
NapyvHM X03vpYa HOMab/lyM /1 COHra KynaTHpuW Ba Xocwun 6yn-
raH TEeHI/IMKHWHE 4an Ba YHr KuUcMaapura X HW kKywm6, (2.4)
TeHr/1laMaHu yHra 3KBUBa/IEHT

X--X + kf(x) (2.n)

wrknga cavw kfroa. SHaM u (X) - x  \f(x) pme6 o6, (2.10) pgaH
X —<f(x) ra ara 6ynamMu3. K napaverpHu (2.11) ¢QYyHKHUS wuTepaHus
YKAPABHVUHVHI AKUHNAWALIA YUYYH eTapin 6ynraH (2.8) LWwapTHU kaHoat-
NaHTVpagHraH KWiib, TOMML MYyMKVH:

AN = W+ \F(x)\<\. (2.12)

Arap 1+ kf(xQ pe6 ommvaguraH 6ynca, MO AKUMHNAWWLL atpoduaa
(2.12) TeHrcm3nuK y3-ysupan Gakapuiagn, 6y epm:H M(xOQd O 6ynraH-
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Y3-Y3UHM TeKWMpuw ydyn casonnap

1 TeHrnamaHu eyHLW HHMaHW Gungupaan?
2. TeHrnamaHwHr wnamsn aeé Humara anTunagn?
3. Cm3ra TeHrnaMasiapHu EYULLIHWHT KaHaall acocHi ycynnapu mabaym?
4. by yCynnapuuHr xap OGUPUHUHI ad3a/iIHK Ba KaM4YWU/IHK TOMOHapW HUMa-
nap,an néopar?
5. VINnOM3HWHT AKKanaHWw OpasiMrm HHMa Ba YHW KaHdain Tonunagun?

. CMHOB YyCY/NH HUMazaH néopar?

. Batapnap ycynn HumagaH H6opat?

. Batapnap yCynVHWHI CHHOB ycynuaH a3a/iimrin HuMagaH méopar?
YpuHManap ycynu HuMagaH néopar?

10 OYUKUMAHUHT UNAM3HHU TOMULAA ypuMManap YCynvHU Kynnaw MyMKuH
6YMLLIN YyUyH 6y (YHKLUMA YHHHT WIAH3WHH AKKaNaHHLL OpasHrMaa KaHaal LwapT—
J3ApHN K3HOATNaHTUPULLN N03UM?

11 Apanall YCynHWHr BaTap yCy/iuM Ba YpUHManap ycynuaaH adsasimrn Hi-
MagaH neopar?

12 Kynungarn TeHrnamasiap euumHHM e =001 raya avmMkIMKga CUHOB YCynu
6unaH eunHr:

a) sinx —.v-r 1—0; 6)lnar+ 7—2=0: B) Inx = sinx

©CoNOU

13, Yw6y TeHrnamanapHuHI Xakukuii unamsvim 0,01 raya aHMKAMKAA apanall
ycyn 6unaH TOMUHT:

a) 2x — Inx—4—0; 6)x1lna:— 14=0; B) 4x— cosat = O,
6yHaa asBan Oy WNAV3MAPHUHI SKKa/IaHLIH Opa/IMK/IapHHW  CHHOB ycynn 6unaH
EkM rpatHK ycynaa akpaTuHr.

14. Utepauma ycynm HiuMmasaH néopat?

15, UTepauHs >kapa€HUHHHT AKUHNAWNLW YYyH eTapavivK LwapTiapy Xaxku-
[arH TeopeMaHH aiTnG GepuHr.

16. tepauHa ycynuaa apuvinnagHraH aHnKIMKHW 6axonal yuyyH copmynaHm
E3UH.

17. EunnaéTtraH TeHrnamMaHu uTepauma XapaéHm anbatra AKMHNaWagHraH
KWIHG KanAal anmalutmpuil MyMKUH?

18 HOAHHYM AKMHNAWUWHKW rpadnK ycyn 6unaH Tonub, ywwby TeHrnamanap-
HUHI XaKWKHIA nnaH3napHHM e=0,01 raya aHKAIMKAA TOMUHT:

a) 13—2x 1=0;, 6 xInx— 15=0;

B) 3x — 5cosx — 0; r) ex+ x= 0.

3-8 Un3mknu TeHrnamanap cucTeManapuHM edyull Yycynnapu

1 Ymymnii mabnymoTtnap. Uusuknu  TeHrnamanap cucrema-
napuvn euynwl ycynnapuHM acocaH HKKU Typyxra axparuiw Mym-
KWH:

1) aHuK ycynnap — Oy ycynnapra onvii matemaTuka KypcHOaH
Mabnym 6ynraH Kpamep kowupgacu, laycc ycynu, Teckapu marpu-
Uanap ycynu kmpagu. by ycynnap cuctemMaslapHM eyHLl YYyH CuUc-
Tema KoapmumeHTnapura 60ramK 6ynraH opmynanapHu Xocun
KWL MMKOHWHH 6epaau;

2) HTepayuvoH ycynnap — ynap karopura wutcpaumsa  ycynwu,
=3egenb YCynm Ba Xo0Kaszonap kupagu. by ycynnap cuctemMaHuHr
bepunraH aHUKAUKAATH €YMMWHM TOMUL WUMKOHUHW 6Ccpaauw.

2. XoppnaHo— laycc ycynu. Yusmknu TeHrnamanap cucrema-
napyHu pgetepMuHaHTAap épaamuaa coHnH eunw (Kpamep kouga-
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CN) MKKW Ba ydyTa TeHrnama cucTteMalapuHu eunwaa  Kynanavp
KaTta coHpgary TeHrnamanap cucteMasapuvHu euvwaa aca Tavee
ycynuaaH oliganaHul aHya Kynanaup. Mabnymkum, 6y ycyn 'Ho-
MablyMMapHU KeTMa-KeT WyKoTuwaaH wnbopatavip.

XXopgaHo — lFayccumHr mogudukaumsinaHraH ycynu 6unaH Ta-
HUWamMn3. MynoxasanapHUHI YMyMUANUrnra 3apap eTkasmaraH

Xonga akat TYPT HOMabaymam TypTTa TeHrnama cucteMacuHu
Kapaw ©OunaH 4yeknaHammus:

aiix N122  aiaxa O = dlt
a21x 1 a2btx2 — arsxs '4a21mm4 -~ dv, 3
a.4l1A1 as32*2 + ~33-"3 + a34x4 ~ d3,
atIX| + ad2*2 1" ad43X3+ addx4“ A~V

Oy epaa Xv X5 x3, M— HOMab/lyM coHnap, aik(i = 1,4 Ba k = Tr4) —
cucteMa  koadpuupeHTnapy, dit d2 ¢3 dA— o304, xaanap.

Tavpudg. (3.1) cucTtemMaHUHr eunmn pAe6 HOMabAYMAAPUUHT
WyHOam KuiAMaTnapu TusMacura antunagmkni, YynapHH CcHcTema
TeHrnamanapura KkyiraHga TYFpU TeHrAuknap xocun 6ynagu.

(3.1) cucTeMaHVHI EYAMUHM OHULL YYyW  Kylvparnyda vl TyTammns.
Bupop aik ® O koadpmumeHTHW, MacasiaH, aa ® O MM TaHdaiMK3. YHM
Xan KunyBuM 3nemeHT Ae6 ataliMmi. (3.1) cucTeMaHUHT OUPUHYM  TeHr-
famMacvHu an ra 6ynmné, keiliMH xocun 6ynradH TenrfamMaHu KeTMa-KeT
afi (i =-2,4) napra kynaitmpmé Ba (3.1) cuctemarMHr MOC i- TEHIIMacu-
HA alimpub, GU3 BUPUHYN TeHrNaMadaH Tallkapu, Gapya TUHIaMasiapgan
d[ HomabnymHM iykoTammna. Hatwkaga (3.1) cuctemara TeHr Kyusiv Kyin-
Jdarn cuctemara ara Gynamms:

Airl + a\Xio apX34” a 14x4
N22*2 + ~N23*3 + a24X4 = dV
aiX2'"4 azaxw+ ~3a1 = dy

ad2x2+ 3 1 + ~14ra = *4

3.2

(3.2) cuctemaHuHr aik(i = 1,4) KO3ahMLET MAPUHMA  XOCWT KL
KLWOACKHN KEMMHPOK, KypcaTamus.

Arap ar=¢® 0 6ynca, y Xonda >xapaéH Takpop/faHaaw, HaTwkaga ov3
(4.2) cuctemanyHr GVpUHUM TeurnaMacugaH Tallkapu 6Gapua TeHravaia-
pUagH X, HOMab/lyMHU MYKOT™ M3 (KopZaHO YCYNMHUHE [ayCCHUHI NEb-
nym ycynuaaH ¢iapky xam  LWyHaan mbopar) Ba (3.2) cucTemara Tenr

Kyun Kyngarn cvctemara ara 6ynamma:
a(iX,+ ai3x3+ aux4—dlt

a22X2+ a21X3+ a24xXx4= d2' ,3 . 3)
a33X3+ a3d3»X4 ~ dy
adZ2x3+ adi = d4
(3.3) cucteMaHUHr AHMM KoahmumenTnapuHn Ba 0304, Xa4/1a—
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PUHA XOCWUN KWW KOWAACUHH naparpaHuHr oxupuaa 6acH Kuia—

‘N3 L <

il,apaeHHM (@B 0 b6ynca) wWyHra yxwaiwl OaBoM ITTUPUG, YYMHYK
TeHrnamacugad TallKapu Gapya TeHrNamMasiapaaH X3 HOMabiym yKoTWI-
MH TEHr/lamMasiap CUCTEMACKMHM XOCW1 KWIaMm3:

al\x\ + anxA= d\
ayx + aMdxr  ds
alsXx3 + am X4 =",

adixt= d4

Ba, HuxosiT, (3.4) CUCTEMAHVMHI TYPTUHYM TeHrnamacujaH Tall-
Kapn Gapya TeHrnaManapugaH X4 HOMab/lyMHU WYKOTUG Kyhngarm
cuctemara ara 6ynamus:

ttt jrrr

a.\?I’I3X3 lr(3*

a,x4=d4%4.
By cuctemMagaH xIt x2, x3 HOMab/lyM/TAPHVHI KuiMaTnapu Tonm-
nagn. TeHrnamanap CUCTEMAaCVMHW EUYULUHWHT HOMab/lyMAapHU Ker—
Ma-KeT MyKoTuwra acocnanraH 6aéH atuaran Maskyp ycynm XXop-
JaHo — laycc ycynu geb atanagw.

By ycynHm TeHrnamanap cuctemacura smac, 6anku Wy cucre-
MaHWHI 3/IeMeHTap a/MalTvpuwiap épdaMmpa gvaronan  Kypu-
HULUra KeslyBYUM KeHramTupuaraH marpuuacura KyniaHuw Kynai-
pokavp.

WyHaal KWnMb, CUCTEMAHUHI KCHraiTUpuaraH matpuuacu Ky-
nmgarn KypuHuwra ara 6yncuH:

fan 02 avs an dt\
anau arz a2 dA

I «31 fI2 ax3 °3i

V«l 0% am a0 d j

Xan kwiycum anemeT cudiatuaa 60w AviaroHanga TypraH 3MeMeHT Bv-
Hogy (an\ i — |,4). Xan Kuiynum 3..'[emMeHTga KecuyByM catp Ba YCTYH
MOC paBuLLaA Xan KuayBuM catnp Ba Xan KuyBuM YCTyH [Ae6 artanagH.

KeHrantupHnraH A maTpuuagaH 3KBMBa/IEHT Matpuuara ytuwl
(abHM (3.1) cuctemagaH (3.2) cucTemara yTuw) y4dyH

1) xan KWAyBYM 3NEMEHTHM TaHnaw (mMacanaH, an ® 0);

2) 3KBMBA/NIEHT MaTpuuaga Xan KWIyBUM caTpHU Y3rapulicus
Konavpwuiu;

3) 3sKkBMBa/IEHT MaTpuuaga Xai KWIyBYM YCTYHHU  (Xan K-
JNYBYT 3MeMEHTAAH Tallkapu) Honnap 6wunaH aaMalTupuL;

AN 3KBUB&/TEHT MaTPULLAHUHI KOJIFaH 3M1EMEHTNapUHN 3ca «TyF-
p1  TYpTOypuak» Kougacu Aeb atanyBuM KoHAAa OYyiinya KailTa ca-—
Halw Kepak.
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By Koumpa KyhnmpgarngaH noéopart: yumaa Xal KWUYBUU 3/1eMeHT
XOonawraH TyFpu TYpToypuyak Ty3amm3. Xasa KUIYBUM 3/1eMEeHTHL,
a 6wnaH, gactnabkm MaTpUUAHMHE anMalTUpUNaéTraH snemMeHTu-
HA a OunaH, Xa/l KWIyBuYM caTp Ba Xal KWIyBYM YCTynaa »obi-
nawiraH 3sfieMeHTNapHM b Ba ¢ 6wunan 6enrmnaimus. AHrn a' ane-

MEHTHH a, a, b, ¢ anemeHTnap 6yinya ToNML CXemacu Kylhinagarn-
yYa 6ynaawu:

a-a—c

MacanaH, ywoy

2 —2
Al 11— [7] ]
3 r -r

MaTpULRda Xan KUyBUYMA 3MeMeHr cudlataa an — 2 M oflamuns. Y xonga
a.,0 anemeHT a'2anemMeHTra Kyngarn dopmyrna 6yinya™avampuiagu:
2e5—4e3 —2

22

! 7
a@ anemMeHT aR— —"" T T T IieMeHTra a/iMannupuwiaau:
2

Arap Xa1 KWIyBuUM 3MeMeHT cudlatmaa axi= — 1 OMHCH, V. xonga
a2 NemMeHT azp= —"— 1 j > 1 m= 8 afieMeHTra anvalTmpwiagn
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1-Mmucon. Yusmknu TeHrnamanap cuctémacuHm XopaaHo —
faycc ycyam 6unaH €UUHr:

XX+ x2— 33 £2xt — 6.

', — 2x., — X4= — 6,
X2+ X9+ 3x4= 16,
2xt— 3n-2+ 2n:3 — 6.

Euyuuw KeHrsitupunraH A marpuuaHm Ty3amu3, Ba lokopuaa
6aén atwunraH kKowganapgaH goriganammb, catpnap yctmga anc-
MeHTap aMalTUpULLIapHN aMaira owmpamMns:

1 Xan KunyBuM anemMeHT cugpatupa am = 1="0 HM onamMu3. Xan
Kunysuu CaTpHW KakTa €é3aMn3, SHrM MaTpuLaHUHE Xan KuayBYH
ycTyHura 3ca (Xan KUIyBUYM 3/IeMEHTAaH Tallkapu) HOMIapHU Kys—

Mtz KonraH KoadpmumeHTNapHN «Tyrpym TYypTOypuak» Kouaacu
6yiinua anmallirmpamms:

11 1—3 2 6. /1 1—3 2 6
1 —2 0—1-61 0—3 3—3 —1
0 1 1 3 161 10 1 1 3 16
2 —3 2 0 6/ \0O—-5 8—4 —6

2) VIKKMHUM caTpHn (— 3) ra 6ynamma. Xan KWIyBYA  3/1EMEHT -
darHxa a2l = 10 M onamm3 Ba >XapaénHy TaKpop/aivms:

/A 1-3 2\ /10-21
oNTII—1 1 4 i 01—11
10 1 13 oo 22 21
‘0—5 8—4 -6 o0 31 f

2\

/10-2 i ¢ /100 3

14
. .—1i 4 1010 2 18\
100 ,, i 6 1001 1 6|~

\OO 3 i 14 \N0O0O0_2 -4/

00 3 14 f1000 8
010 2 101 10 10 O s
001 1 6 ~1l 0010 4

ocoo CLI!Z 00012

HaTmxaga cucTemMaHuHI Kylmupgarn edimmra ara 6ynamms:
At= 8, xr—6, d3 4, xt =2



XopgaHo — lFaycc ycynMHW OKOpU TapTUGnu AeTepMUHaHT-
napHM xucobnawira KynanaHuil MyMKWUH.

2-mMmucon. Xoppgavo— raycc ycynm Ba LIYHUHTOEK OETEPMU-
HaHTMap XoccacmaaH oiganaHné AeTePMUHAHTIIMG XUCOOIaHr:

1 3 24
—1 3 21
A= 4_2 35
0 1—13

Eunw. Xan kunysun anemeHT cudiatmga an = 1 HM onamms.

lizi 3 24 1 3 2 4
1 3 21 0 6 4 5
4-—2 35 0.-14 —5—1
o 1-13 0 1.1 3
(UKKHHUM Ba TYPruHUM caTp 3MEMEHTNAPHHUHI YPUHNAPUHU an-

MawTmpamns Ba (— 1) KynaniTyBUMHM Y4YMHUM caTpfaH Tawkapura
YyMkKapamma).

1 3 2 4 10 5—5
0;11—1 3 0 1—1 3
0O 14 51 0 0 QeI—&
0O 6 4 5 o 0 10 —13
10 o €0 10 0 O
19
26
63
°olo , 0lowo 1-1-19— =63.
o0 19 —3 00 19 o
oo o _ 1 00 o ©
i 1

XoppoaHo— laycc yCcynMHMW, LYHUMHrAEK, fHa A Xocmac
KBagpaT MaTpuuara Teckapy MaTpuuaHu Tonuwra kyanaw Mym-
K/H. ByHaa Kyhiuparn uvwnap 6axapunagu: A matpuuara Xyaam
wyHgarm Taptmbnu E 6MpAnK MaTpHUAaHW OUPUKTUpULWI 6GunaH Tyr-
py 6ypyakiv MaTpuuaHu Ty3amums:

(A\E\.

CaTtpnap yctuga anemeHTap anmMawtupuiinap 6axapul 6unaH Ty-
3unraH matpuuaHn  (E\B) KypuHuwra kentHpamui. Arap J1—
xocmac mMatpuua  6ynca  (AbHW  YHUHT  OeTepMUHAHTU  HOMrA,
TeHr 6ynmaca), 6yHM ama/sira owupuwl MYMKWUH. Y XOonga B -A

6ynagw.
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3-Mucon. bepunradH Matpuuara Teckapy MaTpULAHW TOMWHT:

12—1
31 O
45 —2
Eunm w. P4 = 3KaHMHN TEKLMPUWLL OCOH. Eppamun  matpyuaHm
Ty3amm3:
100
-3'10
—4 01
0 i 1 2
O I ( 10 5 5 5 c\
wH . . o1 I3 L
: 5
—4 — J
o 1 4 o \o O - n 1,

0.-1
vO 0 LLI 11—3 5

Jdemak, yLioy
2 1—1
6 —2 3
-1 —3 5
MaTpuvua 6epunrav

1 2—-1

A 3 1 0
4 5 -2

MaTpuuara Teckapu MaTpuua 3KaH.

3. UMsmknm TeHrnamanap CUCTEMACUHU  EYULLHUHT  UTepauust
Yeynn. Homabnaymniap coHuM kKatTa 6ynraHpaa [aycc ycynuHUWUC
aHNK eunmiap 6epyBUYM UMUMKW CUCTEMA CXEMacu >Xyaa Mypak-
kab 6Ynn6 konagu. ByHpalr xonnapga cuctemMa WNAM3IapUHA To-
nuw yyyH 6ab3aH Takpubuii coHnm ycynnapgaH doiganaHunwl Ky-
evaiigyp. WyHpaii ycynnapgaH ovpn utepauus ycynuaup.

AnTalinuk, Kyiinpgarn TeHrnamanap cucremacu bepunram 6YncuH:
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X} + 272 b &19B b -

&2IX1 + a22x2 + (123Xl + = Ay X, = bO
(3.5)

MIx1+ a2+ anfl + - - + afx, — b,

Kyiingard marpyuaiapHi KApUTamma:
a1 vz - Laj\ f / bi

o az2. , ,
A — 2 me°2n

ToX=,

amM an2 e eeann) \ %n \ b.

Y xonga (3.5) cuctema mMaTpuyua LWakivaa Kynnaarn KYpUUWLLHLA oriaap:
Ax = b.
AnaroHan KoathdmumeHTiap HondaH c|MpkM  (SbHM an, Q.2 .
a,r ~ 0) pe6 dapas kb, (5.1) CUCTEMAHMHI BUPUHYM  TEHIaMacHA

Xi ra HucbataH, WKKUHYMA TEHr/laMacuHM X2 ra HuchataH, YUYMHUMCUHK X3
ra HucbaraH edyamm3. HaTmwkaga (3.5) cuctemara Teur Kyuam Kyinoarm
cuctemara ara 6ynamma:

Xi =Pi+ 0+ al22+ alx3+ ... —alnxn,
2= 12+ a2x, -fO0 + aBB+ ...+ azwxn.
(3.6)
+ «2%2 + eeet * -1+ 0.
Ywo6y
al. ourin\
210 .. 1
a= Ba f)

ol a2 =--0 )1

MaTpuuanapHu Kuputuw 6unaH (3.6) TeHrnamanap CcuUcTemacuHu
MaTpuua Wwaknnaa KyiHaarnda ésuil MyMKUH:

x — fi-r-a-x. 37

(3.7) cucreMamn KeTMa-KeT SIKMHMawumwniap ycynm 6unaH ede
MU3. HONMHYM akuHAawumw cudatnaa, macanam, 03of4 xaanap yc-
TYHUHN Kaby/n Kuiamms.

MO = P-
¥0 HAN (3.7) HWHI YHI TOMOHUra Kynmob, jc(!) BUPUHUN skuHna-
wuvwra ara 6ynamus:

W) o p 4 gy @

Kchimn xIl) Hu (3.7) HWMHr YHr TOMOHUra Kynmo, M8 UKKUHYN akuH-
nawuwra ara 6ynammna:
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)KapaéHHM rakpopnab
x1-1'= p + a.x() (3-8)

hopmyna 6yihnya XOCWUN KUIHHYBYM  Kyhngaru SKMHAalwHwnap
KeTMa—-><CcT/mrura ara 6ynammas:

> XD.oveeeannn

By KeTMa-KeTAMKHUHI AUMUTW, arap Yy MaBxyn 6ynca, (3.5)
cucTCMaHUHT M3NlanactraH euyMMyn 6ynaguM. n HOMabaymMnau n Ta
TcHrnama CUCTEMACKU YYYH >XKapPa&HHUHI SIKUHAAWYBYN OYIULLIVHUHT
eTapnuwInK LWapTUHU UCOOTCU3 KeNTUpamuns:

Teopema. Arap kentupunraH (3.6) cuctema YyuyH ywoéy

B M
2fJoct] < 1(i = 1, n) ékm <1 (j= I,n)
/= /4

WwapTnapc)aH kammga 6utTtacu 6Gaxapunca, y xonga (3.8) wuTepa-
UMy XKapaeHu 6y CUCTEMAHUHI OGoLwNaHfFny AKMHNawmMnwn - 1aH-
nawra 6OI'ﬂI/IK 6)7]'IMal'aH AroHa e4dynMmura AKuMHMawagwu.

By wapTtnapgaH Kcambé uYMKKaH Xxonga yweéy HaTbkaHu XOoCcun
KU MYMKWH.

HaTunxa. Arap kKyhngarn TeHrcusnuknap 6axapwunica, (3.5)
TeHramMmasiap cuctemMacu yuyyH uTepauusi ycynu siKMHNawysum 6y-
naau:

| n

finl > ~ K/I.
I=|

a1 ,
> y laZH

AbHU  (3.5) CUCTeMaHMHI Xap 6Mp TeHrfamacu yuyyH [AuaroHan Ko-
athhmumeHrnap MoAynu, 0304, Xa[napnu xucobra ofiMaraHga, TeHr-

naMaHuWHI 6owkKa 6apya KoadphuumeHTnapu Moaynnapu NFMHON-
cugaH KaTTa.

M ncon. A4 HOMabAyMAU y4yTa TeHrnama CUCTEMACUHUHE edn-
MWUHW TOHWHT:
4%, +,0,24 xr— 0,08 x3— 8,
|0,09nrx +- 32— 0,151'3= 9, /394
'0,04\Mj— 0,08n, + 4.v3= 20. V'
E yunw. XapaéH SAKUHNaWyBYN OYIMWIUHUHE CYHITU WapTn
oaxapunagm:
Ifljil = 4 > |0,24] + - 0,081= 0,32,
fel = 3> ]0,09] + - 0151 = 0,24,

Va3l = 4> [004] + |— 0,08 = 0,12.



LYyHWHr y4yyH wuTepauusa xapaéHu sakumniawysum 6ynagu. (3.5)
CUCTEMaHW yura TeHr Ky4auM Kyhuparnm cuctema 6unam anmalitv-

pam3;

'x.= 2— 0,06 jf, + 0,02x3,
lv, = 3—0,03x, + 0+ 0,05x3 (3.10)
Ix, = 5—0,01xt+ 0,02X0+ O.

CucTeEMaHMHI MaTpuua waknmgarn é3yBu Kyiuaarmya:

(X% /2\ ¢ B8 —006 002\ (XI
x21= (3 +1 o003 O 0,05
xj \bv) v—oo1 002 0)

ékn x = P + ax, 6y epaa

(xN /2\ / 0 — 0,06 OO2N
x=U ,p- 3 ,0c= -0,03 0 0,05
\X.J \5/ V— 0,01 002 0

HonvHuM siKHHAaWIWH cudiatnaa KynigarvHi oflaMmns;
X=P=131én X)) -2, xf —3, xB =5

i"%P)
) H1 (3.10) cUCTEMAHMHI YUr TOMOHUra Kyime, x{’ = |

M.

pUHYA SKUHNaWMLWra ara 6ynamms:
== 2=-0\0®-& + 0,02-5= 1,92, /j 92
">="3—0,03=2+ 0,05-5—3,19, ékn x0) = 3J'I9
4 - - \5,04
N =5—001-2+ 0,02-3= 504

X@ H1 (3.10) cuUCTEMAHMHI YHI TOMOHMIa Kyiimb, WKKUHYM SIKMKIa-

WwMwra ara 6ynamms:

2> | oY

== L @ m /1,9094\
0 =304, e x| 31oM
\P>= 5,0446 50046/ -

x0) HU LWyHra yxwatl Tornamus:

r}= 190923 /1,90923 \
xf} = 3,19495, & *<§= 3,19495
x f =*5,04485 \5,04485 /

HaTwkanapHn Kyhivpaarn xagbaira €3amms:
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SKUHNALLMLLTAP A xt xi
0 2 3 5
i 1,92 3,19 5,04
2 1,9034 3,1944 5,0446
3 1,90923 3,19495 5,04485

LyHaai Kyunvo, uiavsnapHUHE Takpuowi KUAMAaTapn Kyinaarnnap akaH:
Xt = 1,90923; M2- 3,19495; \M3= 5,04485.

Y3-Yy3MHU TeKWUpuUwW yuyyH caBonnap

1 TeHrnamanap CUCTEMacUMHUHI euiMun Ae6 uimara aitunaan?

2. Yn3ukn TeHrnamanap CUCTEMacUHW edymIHUHE XopaaHo— laycc ycynmHu
6aéH 3TUHI.

3. Un3uknu TeHrnamanap CUCTEMaCUHW EUYULLIHWUHI  uUTepaums
OTUHT.

4. Ynsmknm cuctema wutepaums dkapaéHUHUAN  AKMHAALWMLW WapTH HUMagaH
néopar?

5. Kyhngaru cuctemaHu XopgaHo — Faycc ycynu 6unaH euuvHr:

yCynuHn 6aéH

?) Ixi-r xr— 283 6 6)

DX + 311*—7,56’—16 j4xr 42+ 5x3 - 5xt —0,

' 2xr - 3 X3— — 10,
Xt 4-2x2 :-43— 16 xx 9-x2— 5x3 — — 10,
. 3x2+ 2x3 -1
6. Kyhingarn OUTEPMUHAHTHU XUCOGMaHr:
a 3—2-—5 1 6) | 1—6—14
2—3 1 5 3—1—6—4
1 2 0— 14 2 3 9 2
1—1—4 9 3 2 3 8

7. Kyhinparn matpyuara Teckapy A 1 MaTpyuaHW TOMUHI:

/ 3— 10\ /3 2 2
a A— -2 II; A= 13 1
\ 2—14/ \5 3 4

8. Kyiimparn cuctemamm utepaums yCynm GuUnaH eUuHr:
Axx— 0,2 \2— 0,2 d3= 4,
0,2xx— 4xr+ 0,44~ — 8,

02xt 5x3— 0,1m =5,
0,4 p2— 0,1 xu— 5x4 — 15

4- 8. ViHTepnonsuymanaw

1 MacanaHuHI Kyuunmwmn. 3Hr coflga MHTepnonsauusnaw Ma-
canacu kyhnpgarvya mdofanaHaau:

[a, b\ KecMapga n + 1 Ta HyKTa GepwiraH:
X0 xn M2 ..., xt, ..., xn

Oy HyKTanap wuHtepnonsuyus TyryHnapu neb atanagn. bupop f(x)
YHKUMSHUHT By HyKTanapjaru Kuiimatm kyhngarmnap 6ynaaw:
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/(*0) = Yo> f(xi) = Yk f(x2) = y-i' emmef(xi)= %.eee. /(X,) = vh.

MabnyMm cuHdra Tervwnm 6ynraH Ba WHTepnonsumsa  TyryHnapyaa
/(X) hyHKUMS Kabyn KwiraH KAAMaTiapHW, SibHU

F (1B = Yo FiXi) ='/1, ™ (xi) = y2, , F(x9 F(xn) =yn

KUAMaTnapHu Kabyn KunayBum f(X) YyHKUMSHH (MHTepnonsumsna-
HYBUM (YHKLUHAHH) fcaw Tanab 3twnagu. [eoMeTpuK  uyKTam
HasapfaH 6y 6epwnraH HyKTaflapHUHI Kyhingarn Tuamacu OpKau
YyTyBUM 6GUpOp MabiyMm TypAaarn y =Ff(X) 3rpH UYU3MKHW TOMHLUHU
aHrnatagn (169-wakn):

169- wakn.

(xb, yO, Vi, M, (x2 y2, ..., Mi(Xit tli)......... M n(xn, ¥,).

MacanaHuHr 6yHAalh ymMyMuii Kynnmnuwm Yekcms Kyn ednmra ara
eynuwmn  (aiiTmb yTmnraH HykTasap OpPKa/M YeKCU3 Kyn arpu -
31K YTKasuw MyMKUH, 169- wakn) éknm ymymaH eumMmra sra 6yn-

Mac/iMru MyMKUH.
Bupok, arap uxmmépuin ¥ (x) yHKUMSA YpHUra Kylinparn waptnapHii
KaHOaT/MaHTMPYBUYM Ni-Aapaxann Pr(x) Kynxan vanaHca, 6y Macana 6Hp

KnAmMaTnn 6ynné Konaaw:
PUIxo)=Yo> Pn(xi)"Uu Pn(xr)=y2>eee—_pn(xa=Yi' Weeep n(xn)"l*

Xocnn KWMHraH —uHTeprnonaums  dopMynack  ogatga  6epwiraH /(=)
QYHKUMSHUHT X @pryMEHTHUHI  UHTEPronauHa  TyryHnapmuaan  depKi
KuiAMaTapuaarn KMiAmMatnapHi Takpuouii Xmcobnall yuyH KyriaHuiao/-
byHpali aman f(x) byHKUUsSHK mMHTepuonaumanaw (x £1x0, xdl 6ynrnnd3
Ba akcTpononauusinawl (X £ [jd0, 7y 6ynraHay) e aranagw.

2. Yeknn anmpmanap. WHTepnonaums dopmynanapuHu Tysull
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Xakygarn MacaiaHu Myxokama Kunuwira YTuwgaH onavH  Yeknn
anvpmanap TyHNyHYacu OHMaH TaHUWNG 4YMKamU3.

Alitannuk, y=f(x) — 6epunram QyHKUNS, aprymeHTHUHr Aad
opTTUpMacu— TaliMHAaHraH MUKOOP OGYNCUH.

]1-Tabpud. Ywéy

Ay = f(x + Ax)— [(X)

anmpma y="f(x) QYHKUMAHUHT O6uUpUHYM Yeknn anumpmacu (Eku
GUPUMHYM TapTu6aM ueknu alinpma) Oeb atanagum.

IOKopu TapTMGNM Yeknn aliMpmanap Xam LWyHra yxuwaw Tab-
pucnaHagwn:

Any = (4" 1), 6y eppan =2, 3, ...

1-mMucon. WVIKKMHYN TapTM6IM 4YeKIM  aHMPMaHu XUco6/iaHr:
E unmw. Tabpudra kKypa Kynungarura ara 6ynamms:

Ary = A(Ay) = A(f(x+ AX) —f(X)) = \f(x + AX + AX)~
—f(x+A X\— \f(x + Ax)~f (V] —f(x + 2AX) —
— 2f(x + Ax) + f(x).
WyHaain kunmb, UKKUHYM TapTUOGM Yeknu ampma yuyH Kyiin-
garn copmynara ara 6ynammn3s:
AFy = f(x -F2AX)— 2f (x + O x) + f(X).
YUMHUM TapTMbNM YekIM alipmaHu Xam LWyHra yxuwaw Xocun
KNAULW MYMKUWH:
A3y = /(x+ 34x)- 3f(x+ 20x)+ 3f(x + Ox)— f(X)
Ba XOKaso0.
2-mucon. P(x) = x3 yHKUMSI YYYH YeKIM aiipmasiapyn Ty3UHT,
6yHaoa Ox = 1 peb xpcobnaHr.
Eunmw. P (x) —x3 ra aravms, OyHaaH
OP(x) = P(x + AX) —P(X) — (X + O, \M3—x3= (x+ 1)3—
—x3=3x1+ 3x+ 1
A2P ()= B(x+ Ax) + 3(v+ Ajoy+ L—
— [Br*+ 3x+ Y =[8@+ N2+ 3(x+ D+ ]]— [Bjez+
+ 37+ ] =61+ 6
O3P ) - Bx+ Ox)+ 6] — [6Vv+ 6] = [6(x+ 1) + 6] —
— [61+ 6] =6.
[P (x) —O0 (6apya /i > 4 yuyH).
YunHum gapaxalln KYynxagHUHE YYMHUYN TapTU6aM 4Yeknu armpmacum
Xap goMm X ra O60fnuK 6ynimacinmrmHn Tabkngnab yrtamms. YUHH-
Ui gapaxanu kynxagnap ydyyH TapTHOM yygdaH  OKopu 6ynraH

Gapya uyekM aliMpmanap 3ca Honra TeHr. Ba ymymaH Kyhinparu
Tacauk YpPUHN:

Teopema. Arap Pn(x) n-papaxanun kynxag 6ynca, y Xo.rga yHUHT
n' YekIM anmpmacu y3rapmac Ba y Kyhugarmra TeHTr:
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AnPn(x) = a0 n\ (4x)n,

TapTmMbn n gdaH katTa 6apya YekIn avpMasiapH aca Hora TeHr
(6y eppa Ax — y3rapmac, aO— KynxafgHWHI 60w KO3(hpULMNEHTH
N — KYNXaQHWHI gapaxa KypcaTKuun).

2- Tab pud. 4 oprtmp.ma CHMBOMVHN y = f(X) YHKUHAHH YHUHT
Kynngarn uyeknm aivpma qyHKUUsicMra MoC KYKBUYM oOvepaTop i
thatmpa Kapawl MyMKUH:

Ay = f(x + Ax) — f(x),
6y epga Ax — y3rapmac.

Dy [l OHEpUTOPHVHI acoCWii XOCCa/lapyHA TEKLLMPULL OCOH:

ijAm vy=Aun+ Av,

2) O(Cun) —CAn, C— const.

3) AT (Ary) = AT+,y,
6y epma y, W, v— QyHKUMsAnap, T, N— HOMaHJwMiA coHnap, OGyHaa
A’y =y peb dapas KWmH3ON. )

3. Yeknn arivp.manap xaapanu. TeHr Macodhanapga €TyBun

Xn, xt, X. , Xit CXt

(6y epoa xx— Xx0= xr XI— ... =h—const, h 1 kagam p[eb6 arait
MM3) HyKranap ydyH yLiéy

Yo' W\' i< eee>U< Mee, YToeee
XaaBan Kuimatiap OwiaH GepwiraH y — f(x)  GYHKUMAHW  KapaHMm3,

6yHOa
/W ~ Yo
f(xt) = f(x0+ fi) = ylt

f(x9=f(x 0+ 2h) -=y2
f(xi) —/(*o HIA"' y»

Ueknn alivpManap Kyiugarn mMyHocabatnap 6unaH aHvKiaHaau:
AYo=Y¥x—Yo 02Yo= A(AYo) = A@Ji—yQ=Ay, —AyQ\
A3ya= A (02y0 = A(Ayr— Ay0Q = [2yt— [i-yO,
bYx=Yr—y< Oa*yi= 44y, ==40(Y4—y, = Ayt— Ayv
A3yr= A0-yn = A@Byr—Ayj = Ay, — [2r/,
Ay2=y3— Y\ Ari2= Ay3*- Ay2 A)yr = O2y3— Aryr,

AYe=Yun-y [2yi = Qyl+1— < 03y-= [2yh, — [yt

Bd xokazo A"y4(= O1- ¥~+l — 0" y{.

Typnn TapTU6IM 4YeKNn anmpManapHU MKKU XU KypuHULWLAaru
KagBannap wWaknHga kownawTupuw  Kyniai:  ainpmanapu  ro-
pH30HTan xagpannap (1 Ba 2-xajBannap) Ba anvpuwnapn aa-

roHan xapsannap (3-xagngsan).
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X y ay Oy oy &y

Xo Yo nlo 'Ef)/o n3 /o ~Yo
X\ ¥x Aar/, a2 nsif, nayl
x2 yr nyr A% na~ I oxy2
x3 v3 nis Nays n3«<, 1 Jl«y3
Xi y* AYx e ] n3'/4 Nnay4

XagBanHun Tynauvpull n-4Yeknu anvpmanap ysrapmacnap 6y-
NIHG6 KoNrynya €k ynap 6up-6HpupaH abconlT KuimMaTnapu 6y-
Mnya e gaH Xam KMYMK COoHra dapk KWiryHuya AasBoM 3TTUpuiaawn,
Oy epoa e — 6epwuniraH aHUKIVK.

3-Mucon Yuweéy

y = 2x? — 2x2-\-3x— 1

QYHKUMSHVHE Yeknn aiipvanap >kafBa/iMH1 - 6ouiaHFy x0= 0 KuiAmar
6yiinya Ba KagamHU h = 1 ge6 kabyn KUamMG TY3WHT.

E unw x0= 0, = 1 x2=2 pge6 dpaz KWMb, YHKLUMSHUHT
MOC KuiAiMaTnapyHy Tonamms: yOo— — 1, yx— 2, yr = 13 bepwiraH qiyHk—
U/ YYMHYM Japakann Kynxagd, 6y/nraHn yuYyyH YYMHYM YeKn aiimpma y3-
rapmac Ba A3/ = 2-3! h3 - 12 ra TeHr, HOKOp\ TapTuoam Gapya 4eknm
alivpManap 3ca Honra TeHr. Yeknm aivipMarap aaBa/IMHWU Ty3aMum3:

2-x apnsan

\% Sy \'y F1k% o
0 -1 2—(—1—3 11—3=8 12 0
1 2 B—2=1 20 | © 0
2 13 1| R 12
3 44 63 4
4 107 107
5 214

XapBanHn O6yHaaH Oyén TYyNAVPULLHW  3HOM  Kywuw  épaamuga
amasra owvpul MyMKUH.
Ty3unraH xagBajHW AuaroHan wWakaga XaMm €3ull MyMKUH:

3-Xapsan

* * An avy axy nay
0 -1

1 2 3 8

2 13 u 20 2 0
3 44 3l o 12 0
4 107 63 )

5 214 107



4. YMmymnawraH papaxa. Kenrycupga 6msra ymymnawraH fa-
paxa TywyH4acH 3apyp 6ynagu. Wy TywyHya 6unaH TaHMLLAMU3.
X Ba h 6epunraH 6YncuH.

3-Tab puE. X COHUHMHI yMyMm/awraH n- gapaxacun pageb om-
PVHYNCK X ra TEHr 6Ynn6, xap OGHP KEMWHIMCKU Y3ngaH ongumrucuaaH
h xagap Kuumk 6ynraH n Ta KYHalTyBUMHUHI KynahTmacura ai-
TUnagu:

£a*=*X(Xx — h)(x— 2h) ... (X— (n— \)h),

6y epma A1 ymymnawraH n-aapaxa. VL= 1 ge6 dlapas KWiMHaau.

h -0 6ynraHga ymymnaliraH Japaxa OfaTAarn fapaxara Moc ke-
nagy: mM'l—x .

OX = h peb dapaz kwmb, ymymialwiraH Jgapaxayap Yy4YyH uYekn
alivpmManiapH/  Xycooanmmns.

BypuHuM alivpmMa yuyu Kynnparmra aramms: y —x1*

Oy=[0E£n]=(x+hf]— §"1=(x+/i) x (x—h) (x—2h) ... (x—(n—2) h)—

— X(x—h)(x—= 2h) ... (x— (n— 2)h)(x— (n— \)h) =
= X(x— h)(x— 2h) ... x — (" —2)h)(x + h--x + (n— )h) =
= .~-1lnh,
AbHN & —n hx[n~1-

VIKKMHYH alipMann Xucobnab, Kyhnagarmra ara 6ynamma:
[2*T1= A(nh-"n~1]) = nhAXx?n~1] =
~nh(@n— Yhdn~-] = n(n— PH/Acl-"1
SBHU
A2x"1—n(n — \) h2™"~2
AvannapHn TakpopaH Gaxapub, Kyinaarm HaTwkKaHH OflaMus:
Ak’in]rhkn(n-\) ...(n-k+ 1af-"1-

XycycaH k - n 6ynranga A" M1 = n\ tiNk > n 6ynraHga [, a1 1=
= 0 6ynagn.

5. HbIOTOHHUHT  GMPUHYX  UHTEPMONSUMA  doopMynacu.  ARTalinuk,
y ~ f (X) QYHKUMSHVUHI 3pKNH Y3rapyBUMHWHI TEHr Y30KIMKOa ETyB4UM
X0, XN X2...... xn (byHga Xr = x0+ h, x2=xa+ 2h, ... xn= rn;

Ba h — uHTeprnonauuanall Kaoamuv) KUAMaTapy ydyn yuiby
Yoy YYy eesy,
KAMaTnapn GepwiraH GYNCUH. X- HyKTanapas
vi~ k (e=(*"=Ta (42)

KiiMaTiap Kabyn KWIyBYM Oapaxacn N faH Katta 6GyimvaraH Pn (<)
KynxaaHu Tal{naw Tanab atwiaaw.
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(4.1) wapT Kynparnra 3KBMbaSIEHT:
AmPn (x0 = o (T - On). 4.2
KynxagHin Kyiinparyu KypuHLLOA U3NaiMma;
Pn(x) - o«4-a, (Xx—xQ + ar (v— M) (Xx— xt) +
+a3(X—xQ X—x}) x—X9+ ...+an (x—x0Q (x—
— Xt) (X—x2 ... xX—xn\Y

YMyMnawraH gapaxafaH oiganaHnt (4.2) vdiogaHn byHaai é3amuns

PIW ~-ao+ ai (x— xQU] + a2(x— + a3 (x— xOt)] +
+ ..o+ fl, (x—x0 (4.3
Macana Pn (1) kynxagHuHr ag alt a,, ... an KO3OMHVEHTIapUHU TO—
nAWwdaH nbopar.

(4.3) Tenrvkga x —x0 geb dhapa3 KUMb, KyhngarHra ara 6ynamma:
P, (xQ = Ab= an, 6yHOaH a0O= yO.
a, KO3(MLMEHTHM TOUULL YUYYH P (X) KYMXaOHUHE GUIPHHYA YeKIn:
alvpMacHA  Ty3amn3;
(M =a/i+ a.,-2h (x— x01+ 3aji (x— x912] +
+ . ..+annh (x—x jn"].
by epga x -—=x, Oe6 dapas kb, Kyhngarmra ara Gynamms:

AP, (xXQ =At0=a/[ 6yHgaH at= n

a,, KO3;|XVHMEHTHU TOMULW YUYYH WMKKUHYM YeKn aipMaHn Ty3amns:
AOrPn(v) = a,-2! h1+ a3<3! oA~ (1— \JI'] + a4-4-3-/i- (1— xO'2 +
+ ...+ann(n- NDb?(x-xjn2L
X = xn geb dapas kumb, ywbyra ara 6ynamus:
X2Pn (xQ = Ax0= a2-2! h\ 6yHpaH a4= - ~f.

Z\ hi

YXapacHHM KeTMa-KeT Takpopnai 6opub, 613
a. — [T i =
LT (=0

3KaHVMHN TomamH3, 6y eppa O! = | Ba [°(/0= yO gelimms.
aQ ab ar, ... an Ko3pMUMEHTNAPHHVHI TOMWIraH KUiAMaTIapyHA

t4.3) nhogara Kyim6, HBIOTOHHULIN WHTEPMONAUMS KYMXaauvHU XOCWI K-
laMm3;

pn(x)= Y0+ ~ - (x - x]j 21 A* (X_ T
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+d F (r-*/n

4.9 KYyNxad, KynuiraH macafiaHvHr TasiabnapyHi 6yTyHNail KaHoar—
naHTpaay. HetoTorHuur (4.4) vHTepnonsuvs dopMynacun avania Kys.

naw yyyH y siHrm q—,u;ﬁx'! Y3rMPYBUYMHN KUPUTULL GUNaH Wakian at-
MaLLTUpWIraH KypuHiwaa évnagn. Y Xxonga
x— _ X—X1 x X h x—we 2h Xx—po-(i—1)/
hj h h h te h
=g@—1)(@Q—2...(g—i+ 1, 6y epma i = 0O,n.
by wudogaHn (4.4) ra Kyimb, Kyhmnparura ara 6Gynamma.
P, M - ft + A4 ft + 4'yn+ " AN+ .. .+

+

rt!

6y epma q— . X0 HyKTafaH UMKMG X HyKTara eTryHya 3apyp Oyr-

raH Kagawiap COHMHW mdhoganaian. (4.5) dopmyna HbHOTOHHUHE SIKyHWIA
OUPVHYM MHTepronauma doopmynacuamp. by copmynagaH dyHKUMAHN Goiu-
NaHrvy X0 KUAMATHUHI atpa)uda uHTeprnonsumsiawaa  oioanaHmw  Ky—-
naii. 6y epoa g— abconoT KkMaTy 6yinya KUYMK COH.

n — 1 6ynraHga uisvikiv MHTepnonsuysnawl doopmynacura ara  Gyna-
M/3;

N (*)=Yo+ 9A%-

n —2 6ynraHga napabomkK E€kn KeaapaTuK MHTeprnonsaumsiawl  dop-
Mynacura sra Gynamms;

P2(x) = yO+ gAyO+ 4 ~Yo-

4-mucon. Xagganga 6epwiraH y = /7 (*) dyHKUMs yuyyH HbHOTOH
doopMynacuHn E3nnr:

Xl 0 1 2 3 4 5

5.2 8 104 124 14,0 152

Eunw. Yeknn alipmanap »agpasiHy Ty3aMH3:

* * ay Oy Oy
Q 5.2 2,8 —0.4 0
1 8 2.4 ~0.,4 0
2 10,4 2 —<M 0
3 12.4 1.6 —0.4

4 14,0 1,2

5 15,2
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XagBanpaH coiiganaHne, HbHTOHHHHE (4.5) dhopMynacimn Ty3a.mms:
Pri(x)- 5,2+ 228+ Q(qz_\) (-0,4),

6y epma g - :I_O —a\ Hamxapga kyhnpgarvra sra 6ynamms:

* (*_ ])
Pn(x) —5,2 -f 2,8x - . 0,4.

VianaHaétraH (QyNKUMSHUHE SKYHUA KYPUHWULLH KyWlngaryya:
P, X) —52+ 31— 0,2x2
dcnatma. y = f (X) hyHKNMAHMAT X HyKTagarm KAAMaTuHW Takpu-
6aB .uicobnawl yyyH y N Pii (X) 0e6 dapas kwivHaaw, 6y epda X HykTa

M ra KUH Hykra.
6. HbIOTOHHUHI  WKKMHYM  umnTepronaums  dopmynacu.  HblOTOHHUHT

OVPVHUYH MHTEPNONAUMA opMy/iac (OyHKUUSHLA - 6olnyHFMY MO HyKTara
SKVH HyKTa/iapfa WHTEeprossuvHAall yuym Kynan, JIEKUH OXVPIA X HyK—

Tars SKUH HyKTanapaa aca Hokynainamp. ByHaali xonnapaa, oaataa, Heto-
FOHHVHT UKKUHYA VHTEPMONAUMS hopMy/iach Ky/TaHWiaau.
OYMKUMANUHT apPryMEHTHUNT Teur macodanapaa ETyBUm

X0, xt= x0+ h, x2= X0+ 2h, ..., xn—x0+ nh

(6y epoa h — wHTepnonsupsiall Kagamm) Kuimatiapy YYyH Kyimpgarn
KHAMAaT/Iapy cucteMacura ara Gynainmk:

Yo=/ (X0, Y\ =Ff (Xj....... yn=f (xn).
~ VIH reprnonsuusinaHybin  KynxaaHu Kynmaarn kKypyHULLOa é3amms:

pn (X) = ao+ ai(Xx —xn) + a2(x— xi) (X— ~,_,) + ... +
+an(x—xa) X—xn_{ ... (x—Xj. (4.6)
ONAVHIH 6anpparura YXWAaLl aMa/viapHA Takpopnad, a0, as, . . ., an

KO3(phHHUEHTNAPHN TonaMu3. (4.6) KYNXaOHWHT TonwiraH KoadpmupmeHT—
nap GHNaH SKYHWI E3UnmM Kyimngarn KypuHara ara

pp(x} Vv, + IT 4 (q'—xn.f] s (X_Xn—y I+

+ *E*= e {x- X fl+ ...+ {x_ xy 1_
e | o . @.7)
AHrm q = X_h)q y3rapyBuMHN Kvputammn3 Ba (4.4) ¢hopMynaHn Kaii-
Ta é3ams:
PIx)=Ya+ ~ g+ "f=7?q(<?+)+ a(a+ V@+
+2)+ ... &3+ n@+2+... +@+n—1. (48
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(4.8) dhopmyna HbHOTOHHUHT MKKMHYM UATEPNONAUMA KYMXaaHamp.
5-mucon. y = Igx QYHKUHAHUHT KWAMaTIapu  Xagsainm  Gepwi-
raH:

X 1000 1010 1020 1030 1010 | 10850

y 3,00000 3,00432 3.00860 3,01283 3,01703 3,02119

Ig 1044 H1 TOMWHF.
Eunw. Yeknn alivpmanap Xaa3aHHA Ty3aMus:

* - 4y Iy ay &Y 1 ey
1000 3,00000 0,00432 -0,00004 —0,00001 0,00003 —0,03006
1010 300432 0,00428 —0,00005 -r0,00002 —0,00003
1020 300860 0,00423 —0,00003 -0,00001
1030 301283 0,00420 —0,00004
1040 301703 000416
1050 3,02119

1044— 1050
- —0,6,
10
0,00004
y»3,02110 - (=06 (—08) (- 0,6+ J—
— —— -+ - -
000001 (700 ¢ 0’63 ) (-0.6 -2 . «3,01870.
7. JlarpaH)XHVHI  MHTEPnoNALMM (PopMyach. HbIOTOHHUHE  MHTEPAO-

naups doopMynanapy dhakaT TeHr macodiariapda ETyBUM MMTEProNs/Ls/IaLLl
TYryHIapu XOMM YUYyH Spok-Ti. VIXTVEpWIA paBulLyda GepwiraH UTepno-
nAwsnaw TyryHaapy yuyH JlarpaHxHUHT UHTepnonsumus dopmynach oeb

aTta/lyBuM aHyarvHa yMyMWIApOK Gynrc-H doopmynafaH oioanaHiiaan.
ANTaNVK, apryMeHTHUHIr n+ 1 Ta Typnu

Xqg, Xj, Xn, . m., Xn
KMAMaTiapu Ba / (X) yHKUMA ydyyn Mabiym 6ynraH yHra moc
fxQ=<Q fUi)=Yb f(xr)=Y> mmeef (xn) ¥Yn

KuiimvaTnap GepwiraH 6yncvH. [apakacu n AaH oKopy 6ynMaraH B3 0Ge-
pwiraH xt TyryH Hykranapga f (M) dyHKkums kabyn KwiraH Kuimatiapra
ara 6ynraH, SbHU

Ln(xi)-1'i (*=M
6ynraH Ln(X) KyNxagHW sicawl Tasiab aTwiagwn.
NarpalxHUHI mn3naHaétraH Ln (X) KYyNxgauMHH Kentmpub umkapmacaaH
Kabyn Kuiamus:
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4.9)
Arap WHTEprosAUMs TyryHnapu TeHr wMacodianiapga éTca, Yy  Xonga

NarpiHXHUHE (4.9) nHTepnonaums goopmMynac HbHOTOHHUHE - MHTEpnavs—
umsa chopmynacn 6unaH ycTva- yCT Tyliagw.

XycycaH, (4.9) dopmyna

n = 16ymraqaa [x () = yo =" + yx 2="2;

[y B A4 =+
<*o— A'i) (Ao — Xj) (xt— m0) (Xt— x,)
(x—x,) (@ -*0)
2 (x,—x0 (x2— M)
KYPUHWLLHW  Onaap.

8. NarpaHx KoagMUUCHTIapUHN Xucobrall. (4.4) dopMynaHn ooo-
JanalmpamMHs. byHgain 6enrvnall KMpUtamns:

nnH (X) = (X—x1Yy (X—X,)

.o (X—X]. (4.10)
XocuiaH TOmMamH3:
M w = (x— Xi) . B (X—X)+ (X — X0 (X—X2 ...X—xn) +
+ (X—m) (X—A) X—x3 ... x—x0+ ...
+ (n— N0 (V— x,) ... (n— (X — xi+l) .. . (X— X") +
+ ...+ X SO X—xt)...(Xx—m,).
By epma x =xit i = 0, n geb XxMcobnab, Kyhnaarvra ara 6ynamms:
K+1 (X)) = (X(— X0 (Xj X,) ... (@-— &._,) (- —
—XE]) - (X(— xn. 4.11)
(4.10) Ba (4.11) wdopanapHn (4.9) dropMynara Kysamma:
K (x)= \ nm\n_("xi_-)‘(ir) iz (4.12)
i—0

4.12)

dhopmynaparH y{ 'nap onaupar kosdmumeHTnap  JSlarpaHx
KO3thpMLIKEHTNApsA Ae6 aTtaniaaM Ba KyhuvparHya GenrviaHaau:

M n A\ K>~ Xi)
ByHaa JlarpaHXHuHr (4.12) dopMynacy Kyingarm KypuHuwra ara 6y-
Taow:



K (X)r-v y.Lf(x).
i—O
Narpamk copmynacumm Kynnaw yuyyH X(— xk aivpmanap >xaapanvaa

Ty3aKu3:

0 0 1 2 3 i n D ya y!D

0 X xaXi MR *xo—xi Xg X  Da Yo yu!Du
1 % x XXt xi~xr XI—=3x1 xi A xn  Di Ui yilD~
2 xr—x0x2 X| X—xr xr~x3 X Xi A2 xn D2 yr yr'or
3 x3xaxs—x1 x3—xr x—3 xj—xi X3 xn D3 ¥3 va'D3
i Xi—XOX~Xi X—a Xi—X3 x—x, Xi—Xn Di i yr'Di
n xn An Xn~X1Xr| )QXn—X:; Xn_xj X—xn Dn Dn yJDn

i
Xagsanga D,, DIt D2 .. Dn -MOC caTpiap KyrnaiTmacu:
D- - 0—Xx0 (XE—X) (XE—X,) ... (X =Xj ...(XE- xn).
Mn , (X) —ocTira Y swiraH guaroHan KynamtysBumnap KyrnanTmacu:

AmMl (M=Xx—x0 x—ma,) ... X—jc,) ... (X—Xj.

Jemak,
0 ==
L<n>(>g— 5= i O, n
Ba KoadupLULeHTiap ToNWAAW.
Jemak,
=i
Ln(xX)=nn+I(x )\ }£ '
i-0
6y epma \ DXE = Sl — XaaBa/IHVHI OXVIPIA YCTYHU HFrHAMCU. LLyH-
i-o
[aii knnno,

Ln(x) = n n+i(x)Sn+l.
6-mucon. f (X) QYHKUMSHUHT KuAMariapu >xaasann 63puiraH:

X 8l 85 87 88 89 90

y 0,012340 0,011765 0,011494 0,011364 0.011236 0,0111)1

f (84) Hn TOMWMHI.
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Eunw . >XXagsan Ty3amus.

<+ X X0 xixt x4 >t vi yt / Di
0 81 3 —4 -6 —7 -8 —9 —36288 0.12346 -0,340223-10-»
1 85 4 —1 =2 -3 -4 —5 —480 0,11765 —24,510416.10—
2 87 6 2 —3 —1 -2 --3 216 0,11494 53,21296- 10 -fi
3 88 7 3 1 —4 -1 -2 — 168 0,011364 -67,642857-10-6
4 89 8 4 2 1 —5 —1 320 0.011236 35,1125.10-6
5 90 9 5 o 1 — 1620 0.011111 -6,858642- 10-¢e
3
3~(— = (—3)~(—4)*(--5) {—s>— — 1080 Se= Vv

(Y]
= —11,036678-10-6

/ (84) « npS6= — 1030 (— 11,036676)-10" *« 0,011920.

9. VHTepnonauus dopmynanapy  XaTonuknapuHu  6axonatl. bus xo,
X,, X2, .. X HyKTaniapga oepwiraH o, i/, y2...... yn KuAMaTiapHu
Kabyn kunyBum (6yHga yoO=f (xQ, yt- f(xt), ... yn=f (xn) f (X
yHKHMS  yuyH JlarpaHXHUHE  Ln (X) WHTepnonsaumsa KynMxaaHHU Ty3-
k. Ty3unraH Kynxan KonraH Hykraiapga / (1) dyHKuysra KaHdaimk
AKMHAaWaan, AabHNM Rn (X) —f(X) — Ln (X) KONAWK Xa4 KaHyankK Katra?
by caconra kynngarn Teopema >aBoG 6Gepaaw.

Teopema. Arap y —f (X) QyHKUUA Y3UHUHT (N + D-TapTn6-
rada ((n + D-rmaptmbnucm xam) 6apya xocunanapu 6unaH  Gupra
Y31MKens 6uica, y Xonga JlarpaHXHUHT KONAVK Xaau Kyinparn Kypu-
HUWra ara 6ynagu:

KO ey ™ 413
Oy epoa | — xO Ba Jh HyKTa.Yap opacuia >koinawiraH HyKra,

M+l (X) = (x—x0 X—X,) ... X—xY

Arap (n0, .v,J kecMaga M —uwax f/(/IH (T)| peb Genrunacak, y o
Oa NarpaHXHUHE MHTepHOMAUMA C(KOPMY/TaCUHHHE abCO/IOT XaTronmrn yuyH
mKyinaarn G6axora ara 6yn1amHs:

M-n W
(a+
Nrap 0 Xj, A2....... XN MHTEepnonaumsnall TYryHIapH TeHr Maco-
b (iarapda koknawraH Ba 6yHOa — XF—h 6ynca, y xonga (4.13)

mchopmyn?aa n hA‘ = q 0eb dapa3z K6, HLIOTOHHUHE GUpUHYA chopmy-—

B TaCVHUHT  KOMAVK Xadura ara 6ynavHs;



Rn(x)- /r+'" "< -'\'n: ; r nL & I (?)

6y epoa MO< t <

WyHra yxwaw, (4.13) copmyraga q — 0e6  dapas  KWIHO,
HBIOTOHHUHT  MIKKMHYX OOPMY/IACUHVHE  KONOWIK XaaHra ara 6ynavHs:

Rnix) = An+12(~ ~ DfF " nm=>=T +,)(9.

McboTnawl MyMKWHKW, arap WHTepnoasuusnawiaa MHTeprnons-
uusnaw TyryHnapu v HUHP 3apyp KuiMatu atpodumga eTapnvua
314 TaHNaHca, y Xonga wuHTeprnonauusa dopmMynanapuaaH OfMHraH
Kuiimatiap, XaZBan Mab/lymMOT/ap Hcya XOHara ara 6ynca, uwyn-
Ya aHWK XOHa Gupnurura ara 6ynagu.

Y3-y3UHU TeKWUpPULW YUYyH caBonnap

WHTepuonauyusnaw macanacu HiMagavn néopar?

15 2-, n- TapTMGIM YekNn alivpma Aeb Himara anTunagm?

Yeknn arivpmanap >kafpann kaHgani Tysunagn?

YMmymnawraH gapaxa aged Humara antunagn?

HbtoToH chopmynanapw Ba JlarpaHx hopmynacu KavoH KynnaHunagam?

. HbIOTOHHMHI  GUMPUHYH  MHTepnoNAUMA (hOPMYNACUHUHI  XY/TOCACUHWN  KeTTn-
MHT .
P 7

O WNER

. Kyiingarn xagpan KypyHuwmga 6epunraH  (oyHKUHS YuyH HbHOTOHHUHE
MKKana umutepnonsuma KyuxaauHu Ba Jlarpawx KyuxaOuHu, Ty3uHr. KyHXxaanap-
HM TaKKOCNaHr:

X|0 12 x| 0134
Q 71113¢ H0201"

* 0 12 3
B —
) — 1-203
8. 7-casongarn 6) aAsan ydyH HbIOTOHHUHI VHTEPNOMAUMA KYMXaAHHU Ty

3UW MYMKUHMW?

»m8. BUPUHYM TapTnbnu opauii anddepeHUman TeHrnamanap
yuyyH Kowwn macanacuHm evvullHUHE Takpubwuii ycynnapu

1 MNacanavmmHr kKyninnuwn. bupmHum TapTmbnn ywoéy amdxpe-
pcHUVan TeHrnamaHn Kapaimuna:
y’'=Hx.,y). (5.0

By TeHrnamaHuHr euimm Acb, yHH TYFpU TEHIMKKa ainaHtu-
pyBUM UCTaraH y —Yy(x) QyHKUusAra anTuamwmMHm scnatmé yra-
MH3. By euMMHM Tonuw >XapaéHUHW AndepPeHUMan TeHrnamaHu
vHTerpasnaw ne6 araraH 3gvK. EYMMHUHE rpaduvrH uvHTerpan ar-
PH YM3HK 6Yynaguw.

TexHuKara ouvg KynrmHa macananap O6ownaHFuy wapTtiap aeb
aTtanyBum b6epwuaraH ywoy

Wx=X, = Yo ékn y(xQ = y0 (5.2



LWSPT/IAapHN KaHOAT/IaHTUPYBYM €YMM/IapHM TOMULW Kepak 6ynraH-
na (5.1) TeHrnama yuyyH Kowwm macanacvHu euunlura Kentupinagw.
FeomeTpuK HyKTanm HasapgaH 6y 6epunraH (X0, yO) HykTagaH yTyB-
UM /=@(T) WHTEerpas 3rpy UYM3UKHU TOMULL KEPAKIUTUMU aHrna-
Tagn. JIeKMH uxTucpuii  gudpcbepeHuman  TeHrna.MaumviHr  6yHaai
€UUMHMN TOMULIHUMT YMYMUIA YyCcynn MaBxynd rmac. Opataoa 6Gym-
Oaii eunwmn dakaT TeHrnamaHuHr 6ab3v Xycycus Xonnapu y4yH
(macanaH. 6u3ra Mab/iyM 6ynram YMsmknu, 6up XuHcM, bepHyn-
;’H Ba 6ab3nm 6OLWIKA TEeHrna.mManap ydyH) TOHMW MYMKUH 6Yynagw.
LUYHUHI yYyyH MyXaHOMCINK ama/iMéTuaa Kowu mMacanacmHu euvuil-
HUHI Takpubuii ycynnapura mypoxaat 3Tunagu.

YnapAaH acocuiiiapyHu MKKU Typyxra axpaTtuil MyMKWUH.

1) aHaNMMTUK AKMHAAWWW ycyniapun — 6yHOoa euMMm Takpubwuii
dopmMmyna KypuHuwmMga xocun 6ynagn (MacanaH, Katopnap épga-
Mnaa);

2) COHMM AKMHNAWUWLW ycynnapu — 6yHaa Xycycuii  eunmnap-
HUHI Takpubuii KuiimaTnapw xaasanu Ty3unaan (MacanaH, dunep
ycynn, PyHre — KyTTa ycynu).

dHANM 6y ycynnapHu 6atadcun 6aém atuwra yramms.

2. JuddepeHunan TeHrnamanapHm kartopnap épgamuga WH-
Terpannawl. AnTannuk, yweéy

t/-/(*,y) (5.3)
AnddepcHuman TeHrnaMaHuHr Kynimgarm

X=X, = Yo ékn Y(X0) - Yo (5.4)

'bolNaHFNY WapTAapHU KaHoaT/1anTUPYBYM €YMMUHK TOonuw Tanab
3TUNaétraH 6Y/CuH.

y —y(X) CYHM MaBXyn Ba X—XO HUHr gapaxanapu 6yrunya

XoWnawraH TeWnop Katopu KypuHuwunga wdofanaHraH ne6 dapas
KHNannK:

(5.5)

KaTopHHHI  KO3(|)dMUMEHTIapUMNA TOMULW yYyH OyHAal HLW TyTamma.

y(XOQ HuHr kuimatn 6usra (5.4) waptgaH Mabnym. y'(xa) HuM
Tonuw y4yyH (5.3) TCHraMaHMHI YHr TOMOHMZA X Ba Y HUKI Yp-
HUra ynapHuHr x=x0 6ynraHgaru KuimaTiapuHu KysamH3. Hatu-
Xaga Kyhunpgarumra ara 6ynamms: y (x0 =f(xc, y0).

y"(X0) mM ToNUWw Y4YyH pactnadé y HU /T HAHT PyHKUuuAcK acb
Kapab, (5.3) TeHrnaMaHWHI MKKana TOMOHWHM X y3rapyBun 6ynuua
anddepeHumannanmMmms:

KelnH aca xocun 6ynraH (5.6) ucogara y Ba y' HUHr x=Xx0 6yn-
raHaaru KuimatnapuvHu kysammi. Ly 6unaH y"(x0Q Tonmnaaw.
(5.6) TEHrMMKHM X 6Yyinya sHa 6up MapTa guddepeHumnanab

399



Ba Xocun 6ynraH udgogara y, y',y" napHuHr .r=.v0 6ynrangaruv
KuimaTtnapuHu kymmb, y'"(x0) HM TonamMmm3 Ba XOKaso. Xocunanap-
HUHI XOCW1 KWAWHFaH KuimatnapuHun TennopHuHr (5.5) katopura
UysMun3. Y X HUHr 6y Katop fAKMHAaWyBuM 6ynraH Kuiimatniapl,
yuyyH (5.1) TeHrnamMaHuWHr CUYMMUHW uchodanaigw.
By ycyn uctanraH TapTMbnu TeHrnamaHu takpubanm euuvil yyyH
APOKINANP.
Muncon Ywoéy
y'=xy2+ 1 5.7
TeHr/laMaHVHT
y(D=o0 (5.8
6OLNaHFNY  LIAPTHU KaHOATNaHTUPYBUM EUUMMUHU  TOMVHT.

Huywuw. By TeHrnamMaHWHr eyuMmHU Tennop Katopu KypuHU-
wnaa nsnanmMmns:

(5.9)

y(1) koahdmumeHT (5.8) 6GownaHFmMy LwapT 6unaH GepuaraH, Wk-
KMHUM y'( 1) KOIh(PUUMEHTHM Tomuw yyyH 6cpunram (5.7) TeHr-
NnamMaHuHI YHr Ba 4an ToMoHnapura x=\ Ba 1/(1) =0 kuimaTtnap-
HM kyamm3. Hatmxkaga y'(\) —1 ra ara 6ynamms. Konram Kpad-
duumeHTnapHn Tonuw YyyyH onauH (5.7) TeHrnamaHu X 6yhinua
6up Heya mapTa guddepeHUVanIaimMms:

y" = 2yyt + 2yt 4 2Xy- + 2xyy" = 4yy' + 2xy'- + 2xyy”,
yiV = 4ylr + 4yyll + 2yII_ + 4’>/IyllX _(_2ny| + 2>(ylyll + 2nylll =
= 6y'r+ 6yy" + 6xy'y" h2xyy"™ Ba X K.

SHaon 6y TeHruMkmapra y, y', y', y"' fapHuUHr X —=1 6ynrangaru
KWAMATIapUHA KeTMa-KeT Kyinb, Kyhmnparuniapra ara 6ynamms;

Y{)=0, y' (1) =2, i/N(1) = 6 Ba X0Ka30.

KoathdhmupieHTnapHUHE - Tonunrad  kiimatiapyHn (5.9)  katopra Kysi—
M3

2-mucon. Yuwoy
y" = 2xy' + 4y
TeHrTaMaHVHr
y(0)=0 y (0—1
6oLWNaHFNY  WapT/apHU KaHoaT/aHTUPYBUYM €UYMMUKU  TOMUHT.
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E 4mnw TeHrnamammHr eynMmHu MakiopeH KaTOpH KYPUHHLIU*
Aa vsnaimms (4yHkm xo=0):

KaTopHUHI gacTnabkm UKKUTa KOI(MIUUMEHTM OOLUMAHIHY LWapT-
napga 6cphnraH: y(0)=0, r/'(0) =1 YunH4yH y" (0) KOIpPLMEHT-
HA GepHaraH TeHrlama Ba OOWNaHrM4Y  WapTnapgaH  Tonamus:
y " (0)=0. KonraH koathduuneHTnapHu, 6GepunraH TeHrnamaHu os-
OVH 6yp Heya MapTa AudpepeHumannall 6wunaH Tonamms:

Y=y 2y Ay = 6y + 2
/IV= 6y" + 2xy" + 2y" -8y" + 2xy"\

t/ =8 '™ + 2y" + 2xyw = 10//" + 2xy'\

yY' - 10i/1v+ 2y iV+ 2xyv = 12i/v + 2xyv,

yVII =14 yV T 2xyVI Ba XOKW30.

Xocvnanap yyyH TonwiraH udoganapra y, y', y", y™, ... JApHUHT
X =0 6ynravgarn KuAMatTnapuyHu KysMmns. Hamkaga Kyhmvgarunapra
ara 6ynamus

y'™(0) —6; i/iV(0) - O; //(0) - 60: ra4(0) =G /" (0)-60- 14 Ba X, K.
TonHAran KosguMUMeHTIapHM MakiopeH Katopura  Kynuo, eunmra
ara 6ynamms;
3 - -/ XinH\
Y=x+ X +-2i+'|T+

3. dlinep ycynn. By yCynHMAr MOXUSTH Kyinparugan woeopar. b.
pwiraH [xO, xr kecMaga GupUrkmM TapTUGm

% x,Y) (5.10)
Oy X?peHnvian TeHramMmaHUHE

YxQ Yo (5.H)
WapTHU KaHOAT/IaHTHPYBYM EYHMUHM TOMHW Tanab aTtunaétraH
6YncnH. FeomeTpuK HykTaH HasapgaH 6y (5.10) agHddepcHUy-
an TeHrnama yyyH M(xQy0) HykTagaH yTyBuM Y=Y (X) uHTerpan
3rpy UMBMKHH ficall KepakIUrvHu adrnatagu. [xQX,] kecmaHu N
Ta TeHr kucmra 6ynammns (170-wakn), XOKX\<x2< ... <Xxn 6ynH-
HAW HyKTanapu 6yncuH. by HykTanap opkasim Oy ykura napan-
nen Tyrpy umsmknap yrtkaszammi. Mabvnymku, (5.10) TeHrnama
Oxy Tekucnukga iyHanuwnap MalioHVHM  aHUKNahngun, SbHU
(5.10) TeHrnamaHVHr Xap KaMCu WHTerpasl arpu  UYU3UFU  YHUHT
uctanraH Hykracmga Oypuak KoadhcmymeHtTn k 6ynraH ypHHMmara
ara. k HuUHr kuimatn f(x,y) QYHKUMAHUHT LWy HyKTagaru Kui-
MaTura TeHr, SbHU

k-f(x,y).
26—2640 401



LYHHHT y4YyH uW3M1aHaoTraH Xycycuii euMMra MOC KenyBuYu VH-
TCrpasl arpu 4YM3UKHU TakpHb6aH ficall ydyyH 6owwiaHFuy M (x0y0
HyKTa opkaam k=j(xQy0) 6ypyak KO3ahpUUMEeHTAN TYFPU UYN3UK
yTKazaMmna Ba YHU X=Xxt TYFpU 4UM3UK OuUNaH KeculuryHdya [JaBo.M
aTTMpamMmn3. Y xongda y\ opamHaTacvHu Kyhiuparm MyHocabaTiaH
TOMHLW MYMKWH 6ynraH M\ (grbyi) HykTara ara 6ynamms:

N — Yo = f (o- YO) (Xi — X0 (5 '2)

KeiriHH M\(X\, y\) HykTta opkaam k=f(X\,yi) 6ypuyak Koa-

PUUVEHTAN TYFPH 4UM3NK YTKasamMm3 Ba YNU X=X2 TYFPU UYU3UK

6unaH KecuwWryHya QngaBoM 3TTMpamu3. byHAaaH y2 opauHatacvHu

Kyingarm myHocabatgaH TOMWMW MYyMKUH 6ynraH M2(x2, y2) Hyk-—
Tara ara 6ynamus:

Yoo M= fXi=Y)(x2 i)- (5.13)
LWyHra yxwaw, M2 (X2 y2 HyKTaHHHI KOoopAuHaTanapuHuW oui-
raH xonga M3(x3y3 HyKTaHUHI KoopAauHaTanapuHm Ttornamm3 Ba
Xoka3o. LWyHaoan Kunmb, x Y3rapyBUMHUHE Xap OMp KUYMK Opa-
vkparm - ysrapywm TYFpU umn3nkK  (ypuHMa) Kecmacu OunaH an-
MawTupnnagm. Hatmxaga uvHTErpasi arpy 4mMsmkHW TakpubaH ali-
MalWTUPYBYN Ba JiAnep CUHUK 4n3uFn Oeb aTtanyBuM CUHUK YU3MK-
Ka ara 6ynamus.
dlinep cuHUWK umsurparn  uctanraH JI((x;, M) HyKTaHWHr - opost-

HatacuHn (5.12) Ba (5.15) MyHccabat/iapra yxuwail Yoy

Ui — Y-1= f(Xi—i» Vi-i)(xI — xt-1) (514)
MyHOcabaTdaH Tonuw MyMmKuH. [wn X(] kecma TeHr Kycwiapra axpartwi-
raHmrm yyyH x,—x0 -x2—xt= ... —{xt—x(_,)= h, 06y epma

h— 6/pop OOUMHIA COH. Y Xonaa M (xit i/,) HyKTaHUHI Xt abcupmccacH-
HA Kylingarn
Xi = xo+ ih (5.10)

thopmyna 6yinua, mM3naHaéTraH XyCyCWii €UMMHHHI yHra MOC TaK-
pneunin KniiMatTumm



U Y_i1+ /0,-1 Y, Dn (5.16)

dopmyna 6yinuya xmcobnawl MyMKUH.

HarwxanapHu >xapgsanra ésamn3. (5.15) Ba (5.16) myHocabat-
napparn h govmuii xapsan Kagdamum geb atanagu.

3-mMuncon Jinep ycynupgaH doganaHnb, ylioy

y'-=0,5xy (5.17)
TeHrnamaHumr [0,1] kecvaga h — 0,1 kagam 6unaH
y(0)-1

GoWwNaHfFNY  LWApTHN KaMoaTNnaHTUPYBUM  XYCYCUA  eYMMAapUHUHT
Takpubuin KuiimaTnapu XaasasiMHU TY3UHT.

Eumw. (5.15) Ba (5.16) dopmyna 6yinya x| =01 Ba y\=\
KUAMaTnapHH, KelinH X2 Ba y2 KMAMaTnapHU Ba XOKa3o Xpcobnaii-
MU3. Xucobnawnap HaTwkanapuHu Kyhngaru xagsanra €3amus:

1 Xi Vi fr=\i> h*i-y)h
0 0 | 0. 0
1 01 1 0,05 0,005
2 0,2 1,005 0.1005 0.0100
3 o023 1,0150 0,1522 0,0152
4 0,4 1,0303 0.2061 0,0206
5 0,5 1,0509 0.2627 0,0263
€ 06 1,0772 0.3232 0.0323
7 0,7 1.1095 0,3883 0,0388
8 0,8 1,1483 0,4593 0,0459
9 0,9 1,1942 0,5374 0,0537
10 1,0 1,2479

Wynpai kuamb, /(1) — 1,2479. Takkorjaw YuyyH aHuK eqYvMHA
XaM TOMuw KuiMH amac ((5.17) TeHrnama— Y/sUKIM TeHrnama): y —
Xr ]

—e* . by epggH y(1)~e 1 =-1,2840.

4. PyHre— KyTTa ycynu. 3inep ycynm Xucobnawl ydyH Xyaa
OCOH, NIEKMH KaM4MAMKKa 3ra: v HUHI ce3nnapnu ysrapuwnapuga
M HUHI Takpubuii KuiimaTnapu aHuk KuiimatgaH katTa gapk K-
WM MYMKUW, YYHKU XaToONMK Xap 6up Kanampaa optub 6opagn (170-
waknra kK.). diinep ycynmaa kynugarngaH méopart TeHrnawTupuil-
HN Kynna6, aHya axwy HaTukanapHu onmw MymMkuH. (5.16) dop-
MynaZa XucobnauraH yE£kuiimMaTum y = opkanm 6enrvnaimui Ba

6y KUAMaTHM Kyhmnpgarn copmyna 6yinya aHUKIaiMnN3:

Yr-Vv,,+y [/*=_ //,_)~f(Xr y™Milh. (5.18)

TonunraH kaiMatHM sHa (5.18) MyHocabaTtr?. yxiwaill Kyrngaru chopmyna
6yiinya annkiall MyMKMH.
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y't—uid + ~ Veionui-d + /e <A (5.9

3 xoka3o. by apaéuHH GepwiraH aHHKIHK uYerapanapHas WKKUTa KCT-
Mr-KeT Xucobraliap HaTvkanapy YCTMa-ycT TyliryH4a [aBoM aTTvpa-
M3, Kelivn wy ycyn 6wnaH M=, HH XpMcobnaiMm3 Ka XOKaso.

4- Mucon PyHre — KyTTa ycynugaH doiganaHmo, 3-Mmicon-
HN eunHr. XucobnawnapHu 0,0001 rada aHHKAWMK 6unaH Gaka-
PUHT.

Eunw. 3-mucongarn xaasangaH doiiganaHamus. Kyiingarn-
napra sra 6ynamua:

Yo= = f(xQ Yo “ 0,
<»'= 1 /Cxtf')- 0,51 1=0,05.
(5.18) dropmyna 6yinua KyingarHHM Toramms:

YC) ="Yo+ ~ I/(*«. Yo) + f(xi.N\)1mm —

- 1 +05(0-f0,05 01 = 1,0025.
KyhinparHHn  xHco6rnaimms: /(xun  y*™) = 0,5-0,1-1,0025 = 0,0501.
Y xonga (5 19) dopmynia 6yinya ywibyra ara 6ynamuns:
i3 - Yo+ 05 [/(MQyc) 4-f(r, tf)\h =
= 14-0,5(0 + 0,0501) 0,1 = 1,0025.
LWyHaai kHv6, 0,001 rava aHMKIMKaOA
M»=yf = 1,0025.

XHcob6nalnapH1 aBoM 3rMHC-M/B VA HaTHXalapHU KYHWOArH >xagganira
ErMun3:

i Xl yi Jy IV F

0 0 Yo= 1 0 0 1

1 0,1 W) = N3 = (/. - 1.0025 0,0501 0,0050 1,0025
2 0,2 = //>-=y2- 1,0100 0,1010 0,0101 1.0100
3 0.3 eA' =</32 = Y3= 1,0227 0,1534 0,0153 1,0227
4 0,4 y®)= .vV = /A= 1,0408 0,2661 0,0266 1,0645
5 0,5 <//>= = Jj= 1.0646 0,3283 0,0328 1,0942
0 0,6 y f = //f =-//«= 1.0943 0,3283 0,0328 1,0942
7 0,7 = /RB= <= 11305 0,3957 0,0396 1,1303
8 0,8 V;k) - ,"J(i1<) =//.= 11738 0,4695 ' 0,0470 1,1735
9 0,9 JT - N - y> - 12218 0,5512 0,0551 1,2244
10 1,0 1,2840

fio' ~ No=ym™ = 12845
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BepHnraH y' = 0,5xy TeHrNaMaHHWT aHWK KHIAMaTUMH Tonuw MyM-

KWH (Y3rapyBYH/Iapy aXpanraH TeHrnama). Y y —e* 4 KypuHHLIra ara, 6y
QYHKUVISIHHT  KWAMATIapn Ty3WUraH »XaaBa/IHUHI OXMPrH YCTYHUra dKOW-
naumpunirad. { HUHI WKKana »xaapangarH KuimMatiapunun (3inep vev-
nn Ba PyHre — KyTTa ycynu) Takkocnab, PyHre — Kvrra ycynn Jinep
ycynura kKaparaHfga sIXWMPOK HaTHXa ofviira UMKOH 6epagy, AeraH Xy-—
JloearM  KeamvHs.

Y3-y3UHU TeKWUpUW YyuyyH caBonniap

1 AudbbepeHuman TeHrnamMaHUHI eyHMn ae6 HHMara anTHNagH?

2. BypuHuUM T3pTHONM audibepeHunan TeHrnamanap ydyyH Kowwum macanacu
BUMagaH noéopar?

3. Jiinep ycynHHU GaéH STUHT.

4. PyHre — KyTTa ycy/MHU 6aé€H 3TUHT.

5. diinep Ba PyHre — KyTTa ycynnapHaaH ¢oHAanaHH6, KyHuaaru TeHrnava-
HUHr [0, |j kecmapgarn O1 kagam OHNaH XyCYCHIA €YHMIAapPHHHHT TaKpPHOHA K-
MaTnapH XaasasiHHN Ty3UHT:

ay =x*—03y*+ 1 y0)=0
(0,01 raya aHWKAIHK GHMaH);

6y ——2xyr,y Q=1
(0,001 rava aHVKIMK GunaH).
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. KaTop sSKHHMAWMLIMHUHT 3apypuii W apTu

. Myc6aT Xaanm uaTtopnaap....
. TakKocnalwl Teopemanapu

. Janambep Ba KowH anomatnapwu
. Katop AKVHNAWWLLIVHHHE UHTerpal aaomMmatu
. Katop KonaurvHn mvuterpan asiomart éppammga 6axonaltu

. Vwopanapy Hae6aTnallyBYH Karop.dap

. Y3rapyBuaH uLIopanM KaTtoprap

. Komunekc kaom katopnap

. Japaxanu katopnap

MYHAONPWXA

9-606. Katopnap. ®ypbe anmawtupuwinapwu

. COHMN KaTopnap. KaTOpHUHI AKUHMAWWWIK Ba AMFUHAUCH

FeomMeTpyK nporpeccus

Katopnap yctvaa cogna amannap 6axapuil: coHra Kynatmpuil, Ky-
MW Ba ainpHL

Y3-Y3MHM TeKwupul yuyyH casonnap

Y3-YauHM TeKWMpUW yuyyH casonnap

1 A6conoT Ba WApPT/IH SIKMHNAWYyBYH Katopnap (27) 2. Aécontot
AKMHNALLYBYA KATOPHUHI SKWHAAWWIWLM Xakuaa Teopema (28).

Y3-Y3UHN TEKLWUNPULL YUYH CABOIITAP cooeeerruniarininierierieeeeneaeeernnaans
PYHKUMOHaT KaTop/iap. AKUHAALHLL COXacH
Teknc sikMHNawmw. Beleplutpacc anomaTu

Y3-Y31HN TeKWwunpuw yuyyH caBonnap

1 AGenb Teopemacu (39). 2. XakuUKuii xaam Katopnap Y4yH SKUH-
Nawmw aovpacH, HTepeain Ba paguycu (40).

. Japaxann KaTOpHUHI TEKUC SIKVHMAWMILM Xakuaa Teopema. J[apa-

Xa/lH KaTopnapHUHI xoccanapu

Y3-Y3UHN TeKWwunpuw y4yyH casonnap

Telop KaTopMWU........ et
1 JapaxanH Katop EAWIMacHAMUI SroHaIMMH  Xakuaarn Teopema



18-8.

19-8.

20-8

21-8.
2-8

23-8.

-8

2%6- 8.

27-8.
28-8
29-8.
30-8.

3-8

. VIKKM YNUOBNU MHTErpan Ba yHUUr xoccanapwu
2-8

(46). 2. OYHKUMSAMHHT Telnop Katopura EWAILWLMHUHE  eTapanamk
wapTtnapH (47).

e'. siri g; cosx, In (1+n), Cl+n-)a QyHKUMANAPHH X HAMD AapmkanapH

OYIAMUA B T VI LLL .ot e et e e e et e e e e e e et e e e e ee e e eeaaanas

1 e* YHKUHAWLWN X HUHT gapaanapu 6yiiHya EiHAMacH. (47)

2. sin v (OyHKUHSHH X HHHI fJapaxanapu 6YiiHua éhiHwW (48).

3. cosv  yHKUMmHH v liiiiir  pgapaxanapH 6ylivua  ciinw  (49).
In (1449 hyHKUMAHN X HHHI Aapaxanapu 6yinya cHuw (49).

5 (A+m+)“ dyMKUMSHW v HVUHT fapaxanapH 6yiHuya éinw (49).

Y3-Y3VHN TEKWUPULL YUYH CAE O IITAP toeuieneneneinenrenseanaeaaneneeaeenenaenns

OuchdepeHuHan TeHrnaManapHy eunira fapaxann KaTtopriapHu Tar—
OV KU TTUILLL et e e e e ee e e e et e et e e e e e e e et e e et s e ee e eetaaean e e e eeeen
TaKPUOUIA XUCOBTTALLTIAD ceuneeeetnneaeetueeeeeeinaeeeenaeeeesnnaeeesnnaaaeeennaaaes

Y3-YauHU TEKWMPUW YyUYyH caBonnap

dypbe KaTopu. Pypbe KOIPPULHEHTNAPU . ..uuiiiiriieieiiieeaeeieeeeenaans
YpTava skumnawmil. ®ypbe KoaULMEHTNAPUHUHT MUHUMAUTIK XOC-
(o= N o OO PP PPPPRPPPPN
dypbe TPUrOHOMETPUK KATOPMAPUHWHE YpTaya SKUHAAWWLLIM Ba WYK-
Tafa SAKUHNAWMNIIN XAKNOA TEOPEM B .uuuuneeeeeererreriniinaaeeeeeeeeeeennennnnns
OpTOHOpMaNaHraH cuctema, CUCTEMaHWHI TYnanurn Tyllynyanapu,
TYNa CUCTEMA BOYIANHA C I M LU coveeiiiiieiiiieee ettt

$3-Y3MHN TEKIWMPULL YUYH CABOTITAP wruunaerrnnrernnnnieeerniiaeaennnnseeennanns

. (—n, 9) uwHTepBanga 6epwnraH >y(T Ba TOK (yHKUMANapHU Pypbe

TPUFOHOMETPUK KATOPNAPUIA € M M LU c.eeeeeiiiieeeeeeeeeeeeeeiiies e e eeeeeeenees

1 XydT Ba TOK hyHKUusnap (70). 2. XydT Ba TOK yHKUusANap
yyyH ®ypbe katopu (71).

[—I, \ kecmapga GepunraH chyHKumsanapHu ®ypbe KaTopura Enmi

Y3-Y3UHN TEKLIMPULL YUYH CABOIITAP cerreunaerinueeeiniieeeeeieeaaeennaneenens

dypbe nHTErpanu

dypbe WHTErPasIHHUHI KOMIM/IEKC LW aK/un

dypbe KATOPUHWHI KOMMJIEKC LW aK/un

dypbe anmawTUpuLLmn

1 dypbe cuMHyC Ba KOCUMHyc-anMawTHpuwnapun (85). 2. dypbe an-
MaLUTHPULLNAPUHUHE Xoccanapu (85).

V3-Y3UHU TEKLIMNPUL YUYH CABOTITAP teurenrunanaeninenaeneanenreennenaeasnnenes
10-606. Kappail MHTEIPASIITAP eeeuneeenaeenaeiiaeeeneeeanaeenaeeneennaeennas

Y4 YAUOBAN UHTETPT BA YHUHT XOCCAMAPM .eeviriaaiaiiiieaaaaaaiiieaaaaanees

Y3-Y3UHN TEKLWMPULL YUYH CABOJIITAP teeeuunenenrnennnerereeeeaeaaaaaaaaaaaanaaans

WKKM ynuyoBnn Ba y4 YN4OBAWN UHTErpasiiapHW KeTMa-KeT WHTerpasnatl
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