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V36ekncToH — Kesaxkaru
OylOK JaBJjart.

Heaom Kapumos

CY3 BOLUH

Kutob6xoH sbTHOOpHra Xaposia KuaMHaérraH Maskyp «Osuit Martema-
THKa» JAPCAUIHHHHT GEeLUHHYM KHJIAMra YHHHI MareMaTHK ¢H3MKa TeHr-
JlamMaJslapH, OriepallHoH Xuco6 Ba acocHd COHIHM  ycyvap Kabu Maxcyc
6o6napd KHPHTHIIAH.

JIapc/IMKHUHT GelUMHYH XKUJIAHHY €3HIla XaM OJHH YKYB IOPT/IapH-
HHHI MYXaHINC- TEXHHK Ba KHLIOK X{2KalHK MYTaXacCHCIHKJApH YYyH
MateMaTuK GaHJapHUHT aMasfard  «[lactypeuga Ky3ja TyTuwiaras Ba
coar/iapy MebépJaHran Mmaxcyc 6006,1apu yuyH TaBCHA KHAHWHTAH — acocHi
Ba KViuuMua ajabuériapiaH xamaa V36eK THAHAA YON STHJITAH AAPCIHK
Ba VKYB KVJ.1aHMaJapuian KeHr (oRAaJIaHWITH.

Myanind papcaukHH TyauiLjaa, YHHHT Maxcyc GoGnapuHu  €3umiga
Gepran MacsaxaTsiapH Ba épaamnapi yuyH TOLIKEHT apXUTEKTYpa-KypH/IHIL
HHCTHTYTH ¢Osiuil Ba aMaJmil MareMaTHKa» KadeapacH YKHTYBYHJIapHTa
V3 MHMHHaTAOPYHIMIHHH OHJIAMpaZH.

V3bexucron DA HHHT XaKHKMA ab3ocH, (M3MKa- MaTeMaTHKa Qanna-
pu moktopH, mpodeccop B. K. KoGyJOBHHHT papc/MKKa KHPHTHIraH
Maxcyc 6o6sapia KenTHPHIraH MaB3yJapHH TaKOMHJAJALUTHPHJITaH XosAa
6aén kil Gopacuga OepraH TaHKMAMA UKD Ba MyJ0XasaslapHHH
Myalsud Kaapradau Ba yHra YaMHHMHT MHMHHATJOPUYHJIMTHHH OHJAMPAiH.

Myassmd xomMcoHa Takpu3, TaHKHA Ba Japc/IMKHH €3uiuga Hya Ky-
HHJITaH KaMUWJHKJIApDHH Kypcatraniaapu yuyH TollKeHT KHULIOK Xi»ka-
JIMTHHH MEeXaHH3aUuslalll Ba WppHralusJall HHCTHTYTH «XucoGmalr Ma-
TeMaTHKacH Ba MaTeMaTHK MOJesUIaluTHpul KadeapacH VKHTYBUHJApHTa
BA YHUHT MyaupH mnpodeccop X. DwMaToBra, TOWKEHT TYKAMAuw/ivK Ba
€HTHJI CaHOaT WHCTHTYTH «AMalufi MaTeMATHKa» KadeapacH yKUTyBYHAa-
pura Ba YHHHr myauMpd pouednt H. MykumoBra, TaxpHp XaHbaTHHHHT
awv3onapu fouentaap: E. M. Xycan6oes, P. )K. Ucomos, A. OMoHoB-
Jlapra ¥3 TallakKypPHHH H3XOp KHJaJH.

Afinnkca, papeiMKHHHr ¢MaTemaTHK (pM3MKa TEHIVIaMaJsiapH» Maxcyc
6o6unn ésuiga pounest H. M. KuaupboeBunnr GeMmuHHaT €piamHHH
Mya/utHd 3bTHPOD STHIUHH V3UHHHT Gypuu ae6 GuaamH.

Japcavk Xakujard TaHKuAuR GUKp Ba MyJioxasanapHHH Guagupras
Gapua KHTOGXOHJIapra Myannd ONAMHAAH Y3 TalLaKKYpPHHH OHJAHpanH.

Myanrrugh
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MATEMATHK ®H3HKA TEHIJVIAMAJIAPH

A. HABAPHA MAB3VYJAP

1-§. Acocuit ¢pu3HK Kapa€Hiap Ba yJapHHHT TeHrJamaJapH.
YMymuii Tywyn4anap

Kynunnuk ¢usuk xapaéHiap MateMatHk (DU3WKAHUHT aCOCHH TeHT-
JlamaJIapiHH YPraHuil 3apypaTvra o.jHO KeJHLUIMHH MHCOMJapAa Kypca-
TaMH3.

1.1 Uccuknukauur Tapkaaniux Ba Auddysus. lapuyasannunm aud-
¢y3us sa 3anxup peakuuaga Audpysus. MHMsorpon xucv Gepuaran
OyJICHH: U — KHCM TeMIepaTypacH, 0 — YHHHT 3HYJIHCH, Y — COMMIITHP-
Ma HMCCHKJIHK CHFMMY; [ — HCCHUKJ/MK MaHOAJapDHHHUHT HHTEHCHBJHIH, STbHH
XaXM OHpJMrMAaH BakT OHpJHIHAa aXKpaldafuraH HCCHKJIHK MHKJOPH.

JKUCMHHHT X2XXMHHH TYJIAMPraH 3appaJjlapudHHC BakT OHpaUruiard
HCCHKJMK GanaHcHHH XHcoGuaiink. TaxkpuOa HaTtHXKazlapura MOC KeJafH-
rag Oypbe runoresacura acocaH V xaxmra AS cHPT 3/eMEHTH OpKaJH
KeJIaIuraH HCCHKJIHK MHKIOPH &

AQ=—£k2% AS
on

tdopmyJsia GunaH aHukAaHag, Oy epaa k — MycOaT NpONOPLHOHAIHK
(M, TaHOCHOMMK) KO3(DDHLHEHTH OV/IHG, UCCUKAUK GMKQ3y84aHAuK Koag-
puyuenmu neb atanagn. Jdemak, V ra S CHPT OpKaqH KeJyBUH HCCHK-

Jauk mukgopd Ocrporpaiickuii dopmysacura (2- XKHAAra KapaHr) acoca)

4
ra TeHr O6Vaagu, Oy epia V& —umy & QYHKUMSHHHC rpajueHTH. V ra
KeJIaJuraH »KaMu HCCHKJNK MHKIOPH

Q1:=:5,VU divi(k vu) dit + SV,YSfd;rJ

TEHIVIHK OW/aH aHWKJ/IaHagH, Oy epia TEHIVIMKHMHT YHT KUCMMAATH HK-
KHHYH KYIUMTYBYH — MaHGanap XHcoOnra KesaJMraH HCCHKJIMK MHKJIOPH.

XaXMHUHT d T 3/eMeHTH TeMnepaTypacuHd Af BakT Huuia du MHK-
Jopra OLIMpHUI YYYH

— ij ke 2as ={[f divevid]

vydupdt =9yp %‘- At-dr
HCCHKJHK MHKIOpPH Kepak GyJiamu.

JKHcMHHHT V' XaXKMHH 3rajuvlarad 3appaJiapd TeMIepaTypacHHH OLLH-
puwra capd GyiaguraH KaMH HCCHKAMK MHKIOPH BakT OHpJIMIH HYMAA

4
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" Jdu
Q= 5‘5 L dt
ra TeHr 6ynamu. Q, = Q, Recak, xyiuparura sra 6yJamus:
. ou
div(k v dt = —dn.
w [div (e Vi) + fld= SV_va . dr

V coxa mxTHépuil SKaHJAWTHHM Xucobra osu6, Vypra KHAMar XakHaard
Teopemara acocaH

div(kvu)—vp%=— (1.1)

HH Xocua Kusamus, (1.1) TeHMIHMK HCCUKJIMKHHMHT GHD JKHHCIH 6ysiMaraH
XucMaa Tapkaauiud auddepeHunan Tenrnamacupan ubopar. Myxur Gup
XuHeon 6yuarad xonja 6y TeHrsaama

Au__l. ﬂ.:_L,az L (12)
a? ot k ve

KYPUHHIUAA €3u/1afH Ba MaTeMaTHK (HU3HKaHHHT acoCHH TeHrJaMacH —

uccusauk jmeasysianaux  meneaamacuy jne6 aranmagu. XycycaH, arap

HCCHKJ/IMK OKHMH CTalMOHap, #bHH BakIra OoF/dK Gy/iMaca, y XoJja Oy

[lyaccon Tenrsamach, Ba arap GyHza HcCHKJIHK MaHGanapu Hyk 6yica,

y xoaza Jlanjac TenrsiamacH Gynapu.

Bupop MyxuT ras GuiaH HOTEKHC TYJIMPHAraH €ku 3pHiMa OHJIaH
TYJIHPHJIraH XaXKMJa SPUTHJTaH MOAJA HOTEKHC TAKCHMJAHraH GYJICHH.
By xoanapna ras €kH MOJJAHMHT 3WYJHK KaTTa GysiraH »KoHaapiaH 3H4-
JIMK KH4HK Oyaran xo#tsapra aiddysusicH coaup 6ynau, 6yHna KOHUEH-
Tpauus Aefusrasaa

_
dt

¢yHKUMA TylIyHUAaaM, 6y epna dQ —ra3 éku sputMa GHaaH TYAAMpHI-
raH XaXXMHHHT dT 3/MeMEHTHJAAarH MojAja €KH ras MHKJOpH.

HapHcTHHHT 3KcnepuMeHTan KoHyHHra acocan V xaxwmpaaH BaxT GHp-
JIITH HYHZa cHpT 3neMeHTH A S opkann auddysussaHyBuH ras €kd
MOZNa MHKJOPH

AQ=—D—AS

dopmysa opxanH aHuxJaHaau, 6y epaa 'D — nuddysus KodbpdHUnEHTH
ne6G atajJajuraH Myc6ar NpONOpLUHOHAMIHK Ko3bduuuent. Hemak, V
XaXMra BakT 6MpJIHI‘M HYMJa KeJaJuraH KaMH Mojja €KH ras MHKAOTM
yer
— ( Das+ _”Slfdt — fﬁ (div (& vu)HfTdx.

6ynapd, 6y epla TEHIVIHKHMHT Yan TOMOHMAArH HKKHHYH KVIUHJIYBYH
maHGanap XucoOura KelaguraH Mojja €KW ras MHKJopH; f — 6y man6a-
JIADHHHT HMHTEHCHBJMIH. dT XaXM 3xemeHTHAa Af BaKT HYMZAA KOHIIEH-
TPaUHAHHHT du MHKJOpra y3rapHuli Y4YyH
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cdudt =crg—‘:Atd-r

MHMKAOpAA MoOAja €Ku raz Tanal KuauHag, Oy epla ¢— Fo8aKAuk
Kospguyuenmu ne6 aranaaurad Myc0ar TNPONOPUHOHAMIMK  KO3IPDH-
LLHEHTH.

V Xaxmpaars KOHUEHTpAalMsIHH BakT OHpJHMIHAA Y3rapTHpHII YYyH
capp 6ynapuraH KaMH MoAa €KH ras MHKAOPH

. ou
5: S c Ed T
6ynanu. DHAM MOAJAHHHI' CAKJIARHII KOHYHMIa acocaH
gv[f [diviDyuw) + fldt = j‘fvf C% dv

ra sra 6ynamus. By epaan, roxkopuaaru xabu, Gup [MHHCAH Gy/Marau
Myxu1aa auddysus TeHIaMacH

div(Dvu)—c%’ti=—f (1.3)

HH XOcu/ KuJamu3. Bup »xuscanm myxur 6ysiran xoana Oy TeHrJama
_ 4t ou ___f -1/ D 4
Au = 5 6y epaa a VT (1.4)

KYPHHHIUHK OJafii Ba Y MCCHKJHK VTKa3yBYaHJHK TeHIVaMacH OuJiaH
yct™a- yer Tywand. Bab3u rasnapauHr (MacasiaH, pajMHHHHE 3MaHaLHs-
cuja) nuddysuananuiudaa 6y rasnap MoJeKyJaJlapHHHHT  HapyaJiaHHil
peakiuuscy copup Oysiamu. llapuanaHuii peakUHMsICHHHHT TE3JIHTHHH ras-
HUHT KOHLEHTpAaLHACHIa TporopluoHan ae6 osuin Ttabuuit 6y/agH, wmy
ca6abimu (1.4) mupdysia Teir1aMachi NapyaIaHulu MaBxKyA Oysradaa yu-
6y KYDHHHIUHH O/3JH:

Au—-L 2li——“—u:——f—, (1.5)
a? at D D
6y epma P — mychar nponopukxonaliuk Kodpduunenty 6yau6, napyana-
HHII peaKkUMACHHHHT Teamirnnd Tapcudiaiian. Bynra (1.4) TeHrnamana
MaH6aslap HHTEHCHBAUrH f uuHr ypuura (f P u) Hu KYHHO, OCOH HIlun4
XOCHJ Kuauw MyMkuH. CrauuoHap nuddysus 6yaraH xoaga (1.5) TeHr-
JaMa ywby KYpHHHILJATH TeHrJaMara KeJTHpHJau:

— iy =L _ ‘/F
Au—FKu 5 k=V & (1.6)

«3aHXHp peaKuusiiap» MaBXya Oyiran audpysust kapaéHJapH Kat-
Ta KM3HKHII YHFOTafH. 3aHXKHD peaKlua/Japra Xoc Hapca WIYKH, Jud-
¢dysusnaHaéTrad ras €KH MOAAA 3appajapH aTpog- MyXHT OusaH peak-
uMAra KHpHIUKHG (Tabcup/anub) «kynasgumaap». Macasad, HeATpOH ypaH-
HHUHT «aKTHB» iApoJapH GuiaH TYKHAIUraHaa fAAPOJIAPHHHr  GYJ/IMHHII
peakuusanapy copup Gynn6, OyHAa sHrH HeHTpoHJap naiino 6yhaiy,
yJap sca §3 HaBbaTHAA aKTHB saposap OH/aH peaKLHsra KHpHUIagd Ba

6
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SIHTH HeHTPOHMapHHHT Maiifo 6yauinHra oaub Kenapw, Oy KapaeH aca 1wy
Taprii6ia naBoM 37aau. Arap TaecudnanraH Gy ykapaéHHH «audxbysus»
HYKTal Ha3apHiaH Kapajca, peakUHs Te3JHTH KOHLEHTPauusra (HeHTpoH-
Jlap 3HYJMrura) nponopuxonai ae6 oaunca, (M3 manOaJjap HHTEHCHBJIH-
ruH (f + Pu) ra Tedr ne6 oaMLIMMH3 Kepak, Oy epAa u — KOHLEHTpa-
uus, P — 3aHKHpP peaKklusl TE3MHUTHHH XapakrepaaiauraH Myc6Gar mnpo-
nopUHOHANJHK Kodduunentd. lllyHaait kunu6, (1.4) puddysus tenraa-
Macl 3aHXHp peakumsi GyJraH XoJaa

1 ou B
Au—— 24 By
a? 0t+ D

. 1.7
5 (1.7)
KYPHHHUILHH OJafH.

Arap zanxup peakunsnin auddysus KapaéHHHH cTauHoHap ae6 XH-
cobaanca, y xospa (1.7) Tenrsama ywiOy KVpHHHIIra KeJajH.

Au- g2 =_%, k= %, (1.8)

I-scaarwma. (1.5) Teurnama (1.7) Teursiama ka6 HOMAbaIYyM QYHKUHSHH Of-
Iuft atMawTHpHI AYJH GHJIaH HCCHKJMK §TKA3yBUYAHIMK TEHI1aMacHra KeJTRPHIajH.
XakukataH xam, arap
1 Jdu

I
Au__a_z_' -a—t_{_cu:—T(a, ¢ — const)

—a2 v
TenrnaMana v = ue * ¢! pe6 oauxca, y XonAa 6y TenrJama ym6y KypPHHHIUILALN He-
CHKJIHK YTKa3yBUaHAHK TeHIVIaMacHra ahyananu:

1 ov —at
Ag —— 2% =____f_ e atct
a? ot k
1.2. CHXuIMaRAMraH CylOKJIHKHUHI MOTEHUHAJ OKHMH. Y3JYKCH3JHMK
—_—

TEHIJIAMACH. U —-CYIOK/IHK 3appanapH XapakaTHHHHT X, Y, 2, { HHHC
(byHKuHsACH cHbaTHIA KapaslaiuraH Te3JIHK BeKTOPH, U,, U,, U, — YHHHT
MOC paBHIJA X, Y, 2 — YKaap HyHamuuM 6YAHYA KOMIIOHEHTJapH; p —
CYIOKJIHK 3MWINTH, f— MaHGanap MHTEHCHBJIHMIH, S'hbHH OHPJHK BAKT HyH-
Ja OHpJHK XaXMIAH axKpaJajurad CyIOKJIMK MHKJOPH OVJICHH,

V xaxwmra man6anapaaH S cHpPT opKaJiH BakT OGMPJIMIM HuHAa Kesa-
IHTaH XaMH CYIOKJIHK MHKJOPH

Q= [ ev,as+ [ffav = [[{li—diveo)+nas
v v
6ynapd. d T XaXXM 3JeMEHTHJArH CYIOKJIHK 3HWIMIHHH A{ BakT Huuja
dp MHKIOpra Op1THpHIU YuyH dpdT =%Atd1: CYIOKJIHK  MHKJOpH

Kepak Oynaa, V Xammaar# cyioxJHK MHKIOPHHM BaKT OHPJIHTH HYHAA
OLUMPHII YYYH KepaK 6ysajura CYIOKJHK MHKJOpH 3ca

e

6ynann.
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By cyloknuk muKAOpHHH, 1OKOpHEArH KabH Q ra Tenrsa6, Y3ryk-
Cusauk metzramacu neb aTanagurau

Z—f +div(po) =f (1.9)

TEHIJIAMaHH XOCHJI KHJIaMH3.

By yanykcuanuk TeHrJamacH XapakartiaHaéTraH CYIOKJIMKHHHT —KaH-
Aainup Xycycui xoccasapura GOFMK GyuiMail, y yMymaH Xapakataa
GyJIraH MCTaNraH MyXMT Y4YH VPHHIHIHD.

Y3MyKCHa/IHK TEHrJIaMacHHH 0, = % y U, = %, v, = 2 renr-
JIHKJ/Iapra acocad OyHJai KYpHHHLIZA XaM €3HMII MYMKHH:
d .
f—}—pdwv =f. (1.10)
Xycycan, arap cyioKJHK cHKuaMaiinuran 6yaca (p — const), y XoJaaa
-
divo=L. (1.11)
P
Horenunan cyiokuk okumu 6yaran xonga
—
= —_— V u
€KH ounb €3usica,
v — ou N du v — — Ou
X - ax » y - ay 1 2z - az ’

Oy epla u —wy x, y, z apryMeHTJapHHHT (GYHKUMACH OYaub, OKuM-
HuHe nomenyuanr yukyuacu pe6 aranagun. CYHCTH TeHTVIHKJAPHH
XHcolra o/iraH XOJHa Y3/IYKCH3JMK TeHIJaMacHAaH CHKHJMAEHraH
CYIOKJIHKHHHT YOy MOTEHUHaJ OKHM TEHFJAMACHHH XOCHJ KHJIaMH3:

Au=—L. (1.12)
P

By Ilyaccon tenrsamac, f=0 6ynranpa sca Jlanaac TeHrJaMacH-
JHp.

1.3. Haean CyioKJHK rHAPOAHHAMHKACH TeHrJaMaJjapH. I/ol,uean
CYIOK/HK JiefiHJraHia 3appasiiapd opacHaa HLIKAJaHHII KydJapH u6y.nma-
raH, Gollkauya a#Tranfa, ENHWKOXJIHK KydylapH MaBxyd 6OyJmaraH

—

CYIOK/IMKHH TyWlyHWJagd. v, P Ba f-— 1.2-Ganjauard KaTTasiHKJap,
—

p —GocuM, F —wMacca Kyud, SIBHH CYIOKJHKHHHT Macca GHpJIHrura
TALUKAPHAAH KYAMJITaH Kyy, MacasaHd, OFHPJHK KydH. BaK,THH“Hr t“MO-
MeHTHIA V XaXMHHM TYJAHpajuraH CyIOKJHK 3appalapHHH TaHHH/IAAMH3
Ba Oy 3appaJjap TymJaMHra XapakaT MHKJAOPHHHHT ¥3rapil _ KOHYHHHH
TaTOMK 3TaMH3: cucmemanure xapaxam murxdopudar éaxm Oyjluta 0AUH-
2aH XocUNQ MAuKL KYYAQPHUHZ mMeH2 madlup IMmyeuucueq mewe.
MatemaTuka THIHZa 6y KOHYH Iy 3appajiap TynJiamura HHcGaTaH yuw6y
KypHHHLITa 3ra Gysagu:
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mpvdr f) npdS- le"d'r

.
By epra V xaxmra S cuptra yTKasuaraH n HopMaa HyHasuwM Gy#u-
Yya KYAWIT4H KyuJapHH XHcobJalja OH3 HZEeal CYIOKJHKAA YpHHMA
KyWIaHHWIAp luapTra Kypa 103ara KeNIMacJHrHAaH KaTbHH paBHILAA
¢dofinanauauk. pd T KaTTaJHK MOJJAHHHT Cak/aHHIl KOHYHHIa acocaH
BaKTra GOFAMK 3Mac, wy ca6abau

%m p?dr=j'ﬂé§ pdr.

2-scnatma. By Tenrnamanuur MakGysuIMrd InynAakd, yeaa ¢ - Af BaKT MO-
MeHTHAA XaxM G6YfiHua HHTErpas/iall y3rapyBudWIapHH aJMAITHPHIU EpAaMuAa XaXM
6ylivya muTerpanialura KesJTHpHJIalM.

Kyhuarura sramus:

l' l . _y; ’d , S—»d ]_
- — W\ Todr!| =
aro At UJ‘” pav S P
|44 v
—» —
= lim S —H-pdtv
At—-0

-_—
6y epaa V', v’,p’,dr’ nap mcc paewuina V,v, p. dv nap xa6u 6ynu6, dakar yaap
¢ BaKT MOMeHTHIA sMac, Ganku ¢ -+ Al BaKT MOMEHTHAA OJIMHTaH.

Ouau Octparpaackuil GopMmysacura acocaH
— er_;pd8= SLSSApdr
S

ra sramus. LIy cababGmu xapakaT MHMKAOPHHHHT Y3rapHil KOHYHHHU

fij %pdtz"Sij‘ApdT—FSé‘S.pﬁit

KYDHHHIIZA €3HIl MYMKHH.
By epnan V HMHT HXTHEpHAIHIHra acocaH
—
dv _vr
dt

+F (1.13)

HH XOcHN1 KuJamu3. By Jidnepnune xapaxam menzaamacu ne6 atanapu-

ras TeHrJamagup.
Arap cyloKJHK cHKHAMaiauran 6yaca, y Xoaga (1.11) yanykcusmuk

TeHrJlamMacH Ba (1.13) DAnepHuHr XapakaT TeHrJamacH Huead CHKHI-

MafJHraH CyIOKJMHK THAPORMHAMHKACHHHHI TyJa CHCTEMacHHH XOCHA

-—
Kkunagu. By epna HoMabiym ¢yHKuMsiiap v BA p AP, TeHIJamagap
COHH 3CH TYpTTa.
CHKuJIaJMran CYIOKJHK GyaraH xoJjja Haean CYIOK/IHK THAPOXHHA-
MHKacHHUHT AuddepeHnHa] TeHIVIaMajapH TyJja cucremacH (1,10) ys-
JYKCH3JHK TeHIVIaMacH, (1.13) DiinepHuHr XapakaT TeHrJlamacH Xamaa

9
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xoram meHesamacu e artanajgurad Ba HoMawayMm ¢yHKUHAJAp: p Go-
CHM Ba @ 3HWIHK opacuiard OepuJraH [GOFJAaHHIUHH HpoAaJalAHraH

p=®(p) (1.14)

TEHr/aMajaH €KH HoMabayM ¢yHKuusizap: p GochM, p 3Huauk Ba T
aficomor Temnepatypa opacuiarH GepuisiraH GOFNAHHWHK HboAaJalaHran

TeHrJaMazaH ubopat 6y./1aju.

1.4. ['a3 aMHAMHKACH BAa aKyCTHKa TeHraamasapu. a3 xapakatu
uiean CYIOKJHK XapakaTH Kabu xapajajd, wy OunaH 6upra OyHua ra3s
MaHbasapH HYK, Macca Kyuiapd 3ca HoJra 1err Ae6 xHcob6snanagu. Ias
XapaKaTHHHHT Ka1ta TeajHkjaapuia (coatura 300 — 400 kKM paH oOpTHK
6yarania) ras CHKWIHIIMHH Xuco0ra OJIMII 3apypaTH nahao 6ivai.
Illy caGabsu ras xapakatH TeHIV1aMaJapH Ty/ja CHCTEMacHHH XOCHJ
KHJIHL YYYH Y3JAYKCH3JIHK TeHIVIaMacH Ba JiiNepHHHr XapaKaT TeHrJia-
MaJlapH KATOpHra ras XoJaTH TEHIVIAMacHHH XaM Xajab KHJIHII 3apyp.
Byunail ras xosnaTH TeHrJaMacH XapakaTJiaHaéTraH rasja KeTaérrad
»Kapa€HJapHUHT KaTTa Te3KOpJHrH cababJH YHHHT aaHabaTHKJHIH XaKH-
Jard THMOTe3aHH KYluMMua KHiuHragja [lyaccomHuur ymby a;iuabata
TeHrJaMacH

£ —¢ = const, x=2

pr Cy
JaH ubopat Gysanu, Oy epia p Ba p — 1.3-Ganpggaru KaGH KaTTaJMK
Jap, ¢, Ba ¢, — TasHHHT y3rapmac GocuMaard Ba VarapMac XaxMJar
HCCHKJIMK CHFHMJIapH (XaBo YuyH y = 1,41).

3-3cnarma. T'a3 xonaTh TeHriamacHHH KViM4a noMawaysm cudatufia T ab-
COJIIOT TeMnepaTypaHH K4pHTHO, O6OlIKaya KypuHHiila @é3nw xaM MymMkHH. By xoaaa
ras xoanatu TeHrJjamacd [lyaccon aamabata TenraamacH Ba KaaneidlpoH TeHrsiamac-
Ray nbopar GyJald:

p = pRT.
6y epla R — a6conmor ras RonMuiicH,

lynpaét kU6, rasHMHr Karia Te3JHKJapia aauabaTHK —XapakaT
1eHrJiaMajapi yuby

%L fdivpu) =0, 4_ -,
P =c¢=const, x= C_p (1.16)
P ‘v

KYpHHHUIAA €3H1anu, Oy TeHrJaMajap ea3 JuHamikacu mexeiamarapu
myaa cucmemacu HoMH OujaH Mawxypaup. a3 XapakaTHHHHr  KHYMK
TE3/IMKJIADHAA YHH CHKHJMaHAuraH ujeal CYIOKJIHK cHbaTiga Kapauw
MYMKHH Ba 6y X0JJa TEerHULIH TEHIJIaMalap CHCTEMAacH — a3poMeXaHH-
KaHHHT TEHrJlamajapH TyJa cucremacH l.3-6anapard xysaocasapra aco-
caH ywly KypHHHWIA €3uanu:
— —
divo =0, 4¥ = Y2 (1.17)
dt e
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®a3o0ga TOBYIU TV/KHHJIAPHHUHT TApKaJ UMIUHHH Ta3 3appallapHHHHT Y3
MYBO3aHAaT BasUATH aTPopHAA TOBYLI TYJKHHJIAPHHHHT TapKajuw HyHa-
JUIIHAA aanabaTHK GViiama TeGpaHHLMAp cH(ATHAA TaJKHH STHII Ta-
GHHRAHD. p, Ba P, IOKOpHHarH p Ba p JaH dapkad Vaapok, TeOpaHa-
€TraH rasHuur 60cHMH Ba 3uujurd OyacudH. TeOpaHHIIIap YacToTacH-

HHHT €Tap/Hya KarTaJHrH ca6aGJH a3 KOHJEHCALMscH s=p——;p°,
0
—> —_ -
TeSTHK BeKTOpH U, Ba wWyHHHIZek —o» 90U, 9¢
pH U, y % By’ 35 Ba VS Jap erapau-

Ya KHuHK 6ysagu, 6y MukjopJapra HHcGaTan IOKOPH KHUHMKJIMK TapTH-
Oujars MHKIOpJApHH Xucofra O/MaciMKHM IAapT/almkG onamus. DBy

wapTia p = py(l +-5) TeHrauk Ba amuaGara TenrJamacH p = po(l + s)*
ra acocat

Ppo(l4%s), Vo =pox(l+s" yvspexvs,

© -
& _ 03
. dt ot

ra sra GyJamu3 Ba 3HAM DHNEPHHHT XapakaT TeHrJamacH ymly Kypu-
HHIIHK OJIaJH:

9 _ e — X Po
5 a’vs, a or

-—
Illynra acocaH, v BSKTOPHH BAKTHHHI GOIUAHFHY MOMEHTHIA NOTEH-
HHaJ, SBHH

U|l=0 = - V(D(xv Y, Z)
ne6 xucobnab,

g -
U =

¢
—vu, u=0(x, y, )L alsdt,
0
1 du
§=——
a® ot
HH XOCHJ KHJaMH3,
Y3nyKCH3/MHK TeHrJamacH

divp v = pdiv?—i—?;vp =p, (1 - s)di\'5>+
-— -
+pvyspdivy
TEHIVIHK/apra acocad yIGy KypHHHIUAA €3Msafiu:
%: +divy =0. (1.18)

By epnan u noreHunan dyHKuMs akycmuka menesamaci 1e6 atana-
IHra

1 %
_— L = = LP
Au = o 0, a T: (1.19)

TEHIJIaMaHH, bHH MAaTeMaTHK (JH3MKAHHHT acOCHH TeHrJamasapH—TyJIKHH
TEHIJIaMacHHH KaHoalJaHTHpagy. Dy TeHrsaMaHM fHa ra3 KoHJeHca-
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uusicH, GOCHMH Ba 3HU/IMIH XaM KAHOAT/JaHTHDPAaAH, YyHKH yJap MoTeH-
uHaJa yHKUMA OpKa/aH KyHHAAarHya ocoH HdonasaHagu:

o 1o
S=— 5P po<l+a3 at)’ (1.20)
d
p=po(l+%‘ a—l;)

4-3carma. Ulynn Kalll KHIaMH3KH, Macca KyuaapH MaBxkyl Gy.sraufa, ywa
IOKOpHAa KHJAHHTaH ¢apasaapAa

gv a? F
— =ty ]
5 Vs +
— t_’
v=—vyu- Yth
0
6ynamu Ba (1.19) Tenraama (1.18) ra acocan yw6y Tenrama GHaan aMAWHMHAAH:

¢
1 o
Ay—— —=di t.
u = o iv j.Fd

1.5. IneKTPOCTAaTHKA Ba Y3rapMmac 3J€KTp TOKH TeHIJaManapk Du.
pOp MYZXHTAA — OH3JIEKTPHKAA GepHIraH 3JeKTp 3apARJIAPH XOCHI K.
—>

raH DOMMHEt 31eKTp MainoH Gepuarad GyiacuH, 6yHia E —anektp Maii-
IOH KYWIAHTaHJHIH, P — 3apajnap 3u4IHIH, & — JAM3JEKTPHK y3rapMac.
Arap MyxuT 6up XuHCaH, AbHM € == const 6yica, y xoaza Ky.sou

-—

KOHYHWra acocad HyKTaBHH 3J1eKTp03apsii HHTEHCHBIMTH e ywmly

- e
e=—e=—v(—)
e r

—

KYY/]aHHIUIK MOTEHUHAN 3JeKTp MafIOH XOCHa Kuaaad, Oy epaa r —

(a3oHHHT e 3apsA] TypraH HYKTAaCHHH YHMHT HXTHEpHA HyKTacH GHJaH

TYTAWTHPYBYH BEKTOp, r — Oy BEKTOPHHHI Y3YHAUTH. 3apafuH ypab
-

OJITaH HCTaJraH €nuK S cHpT OpKadu YTyBUH BEKTOp OKHMH €€ YUYH
ywby TeHrJaHKAap YpuHau Gyiajgu:

'U ee, ds = SSS (rz) eds = 4 me,

6y epaa S, — Mapkasu 3apsR TypraH Hykrajga 6yaran cdepa. dt Xaxwm
SJIEMEHTHra JKOWIAITHPWIraH pdv 3apsiHH HyKTaBHH 3apsj cudartHna,

GepwiraH 3/eKTp MafoH KyunaHrawaurd E HH 3ca HyKTaBul 3apsif
KYLIMJAHIMAAH Xocka 6y/raH Maiiion cudatuia kapail MyMmKHH. Bynra
—

acocaH E BeKTOp MOTEHUHA MAfJOHIAPHHHHT KYMIMJHIUK cudaTHaa no-
—
TeHUHaJ MafiioH Gysaagu, AwHH £ = —vu, Oy 3ca

[ Eds=0 (1.21)
S
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Inup Ba, OyRAAH TAaLIKApH,

_SSSeEndS=4n j§j pdt (1.22)

TeHMIHK §punau 6ynany.

Myxur 6up xuHcau GVsmaran xonija, sibHH €s<const ma (1.21) Ba
(1.22) Tenrymkaap GeBocHTa 3KCNEPUMEHT OpKa/ld aHHKJIAHAnH, yJap-
Kyaon xonynunune ymymrawumacu cnbatipa kapanaduu Mymkud. Hasa-
puft xuxataaH (1.2]) TEHTIMKHH SHEpPrHs Cak/JaHULI NPHHLUMHHUHT Ha-
THXKacH cudaTHIA Kapall MYMKHH, UYYHKH Oy TEHIVIHKHHHT 4Yall KHCMH
MycbaT GHP/IMK 3apAiHHHT €MHK KOH1YpHHM ailaHub yruuwmaard Gaxkap-
rag v Ae6 Kapajuli MyMKHH, Oy Hill 3ca GepwiaraH 3/eK1p MaH[IoH-
HUHT y3rapMacsiurura acocaH HoJjaH (apkau 6yia onMaizgd.

-

(1.22) TeHryMK 3ca BeKTOp OKMMH € £ HHUHI CakJaHHII KOHYHH CH-
tdatHAa TaJNKUH STHNHMIIM MyMKHH.

(1.21) Ba (1.22) tenrauxnapun Crokc Ba OcTporpaickuil ¢opMyJa-
Jlapura acocan (2- XuJara Kapaur)

E.ds = E).do, (({div(eE)dT= d
isds _gj(rot ), do 55\ iv (eE)dT 4n5§§p‘r

Kypunuga €316, V Ba 0 HHHTr HXTHEDUAJIHIWCA acocaH 3JAaeKkmpocma-
muxka menzaamarapu cucmemacu 1€ aTaaaguran

rot E =0, div (¢ E) = 4mp (1.23)
CHCTEMAHH XOCHJ KHJIaMH3.

—

By cucreMagan wy Hapca KesH6 unkanuk, (axatruHa £ BeKTop
noTeHuHas, aspHH E = — Au GyaubruHa koamachaH, GaJkH u MOTeH-
unan GYHKUHA XaM  3/EKTPOCTaTHKA TeHrJamacH aed atanaaurall

div (evu) = — 4np (1.24)

TEHIVIAMaHH KaHOaTJaHTHPajH.
CyHrru TeHrjaMa GHp JKHHCAH MYXHT 6yarad xoapa I[1yaccon mere-

aramacudan, sapapiap fAyx Gyaranga sca Jlanaac menesamacudan 1n6o-
par GyJanu.

—

Bup KuHCIH 3/1€KTp YTKa3yBYH MYXHTRA XaXKMHH sHuwanru j(x, y, 2)
Gy/raH cTaumHOHap 3JEKTp TOKH MaBXyJA OyJcHH. Arap MyXHTAZ Xax-
MuH TOK MaHOanapu 6yJaMaca, y x0J1a

div ] =0. (1.25)

-
E snexTp MafiioH TOK 3uuaMr opxaiu Auddeperunan maxagaru Om
KOHYHH

—
-

E = (1.26)

L
A
Ian auuKJaHagd, Oy epAa A — MyXMT YTKasyBYaHJHTH. OJEKTP TOKH
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—p
6ynran xoama E BeKTOp noreHuuan 6ymapu, sieHH wywpad Ju(x, y, 2)’
(PyHKUMSI MaBXyJaKH,

-_—
E=—vu
6ynand. Byru xucoSra oau6, (1.26) maH yarapmac fanextp froxu rtemr-
JlamacH
au =0,
_e e, @
Ox? day* 02?
HH XOCHJI Kusiamu3, By Tenrnama JlamjacHuur y4 V/NOBJIH TeHrJaMacH
6u/JaH ycTMa- ycr TYLIa[H.
2.6 MaxkcBean rteHrnamacH. Bupop Myxuraa Bakrra GOFJIMK paBHLi-
Ba V3rapyBuH MAarHuT Ma#haond, Oy MarHHT MaHIOHHHHI KYyWJIaHHLIH
-—

H, nuaneTpHK/NK JOMMHICH €, MYXHTIArH MArHHT VTYBYaHJHK KO3D-

unuentn y Gepuaran 6yicHd. PapamedHuHr Taxpubajap OpKadH OJIHH-

FaH KOHYHHra MYBO(pHK MarHHT MaOOHHHHMHI Y3rapHilli 3JeKTp MaifoH
—

KYYIaHHIIHHH HHAYKTHBAAHAH. E — y3rapmac 3/7eKTp MaHaoHHTra HHOYK-
THBJIAHTAH 9J/IEKTP MaHIOHHHHHI KVIUMJHIUH HATHMKAcHIATH SJIeKTp Maii-
JOHHHHT KywJaHHWH 6ysacuH (arap §ysrapMac 3JeKTp MaiaoHx Oyima-

—
ca, E ¢dakat HHAYKTHBJaHraH Ma#foH KydJaHHWH 1e6 KapasaagH).
Qdapageit KOHYHHHHHI MaTeMaTHK H(omacH KyHumarudua é3umajm:
1
SE ds = ——-7 Hp.H do. (1.27)

c

—_—

By tenrmuk Crokc ¢opmyJsacHra kipa E m A BEKTOpJIap KaHOaT-
JIAHTHpaZHraH TeHrJaMaJapiaH GHpHHH €3uira HMKOH Gepapu:
1 owH)

c ot

— —
E Ba H napHM aHMKJAIl YYyH MKKHHYH TeHrJama cHdatupga, tabu-
HHKH, MarHHTOCTATHKAHUHT OHPHHYY TEHrJIAMaCHHH OJIHLI MYMKHH:

rot E = — (1.28)

- 4m > . _ PPN
ot H =— j, div( H)=0- {(i.29)
— — ¢ .
By epma j — E BekTop Xxycobura naitno 6y1aauran yTkasyBYyaHIUK TOKH-
-—

HHHT 3HYJIHTH, Y X0JJa BEeKTOp aHaausHuHr ymymuit divrot H =0
-—

¢dopmynacura kypa div j =0 6yanwn Kepak. YMyMmuH Xosgia 6yHHHI‘

A MYMKHH 3MAC, UyHKH Y3JYKCHSIHK TeHIJaMacHra MYBO(hHK, ]
Ao

BEKTOp VYYH d1v j=——= (p — BaKHHHr QYyHKUMACH 6yJran sapsp/iap

34uaury) ra srammua. By 3H1{JIHKHH Aygoruit yuyH (1.29) TeHrsnamanH,
Varapran yuby

rot B = 473 (T—i— ]T:M)
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-

wakaga onamus, by eppa j—rokopuaa Kvpcatuarai yTKasyBYaHAMK TOKH,

jew 3ca OynmaH OyeH cuamuui moku feb atalyBuH, X03HpHa HOMAaBJIyM

KYIWHayByd. BusHuHr Maxcagumiuz (1.29) TeHraukaaru sHAOHATHH HYKO-

THII OY/Iranaura cababmay, Oy CHVDKMII TOKHM WIYHAAH TaHJaHHMLIK Ke-

— —_

pakkH, div (j + j,) =0 6ysmwm nosum. By Tanabra MyBobHK Y3nyk-
CH3NHK TEHrV1aMacHJaH CHIXKHII TOKHHH aHWKJAIl Y4YYH

e dp

div j,, ==

-
IUAPTHH XOCHN KHJamu3. JlekHH, € E BeKTOp OKHMHHHT Y3JYKCH3JIHK

-
teHrsamMacura kypa div (e E) = 4np ra sramus. llly caGabau cumxuil
TOKHHH aHHKJALl Y4yH XOCH/J KWJIMHTaH 1LapT

1 ad .. s
— - —div (e E)
in; oOf
KypuuHuaa ésusagy. By wapTtHH sroHa GyaMaraH ycyasap Gunad Ka-
HOATJIaHTHPHII MYMKHH. JlekuH TaiinH audxbepeHumas TeHr/amara sra
6y/HMIL YYYH CH/IXKHLI TOKHHH Taénm"mn

- 1

== 2 E)
M 4n ot
TEHTVIHK OHJIaH aHHKJall MabKyJl,
Ilynma#kt kuauob,

div _j:M =

1

4n T

rotH—— —%—?—(eE) (1.30)

JuddepeHLHal TeHrsamara ara GyJaMmus,
By epma j ¥TKasyBuaHnHK TOKH G6yau6, OM KOHYHHra MYyBODHK

-
j =MAE TeHravk OuwjiaH aHHKJAH3MH, A — MYXHTHHHT YTKa3yBUaHJIHK
kosbduumentu. (1.28) ra (1.30) TeHrsamanap 3JeKTPOAHHAMHKaHHHI
Maxceéean menzrarmarapu ne6 atajqyBud TYJHK TeHIJIaMasap cecTema-
CHAMD.

1.7. Cumaapparn 3pkHH aJeKTp TeGpaHMiujap TeHrnamagaapn. Yek-
CH3 Y3YH TYFPH YM3HKJH VYTKasrHugaH TOK VTraHHAa 3JeKTPOMArHHT
TeOpaHHIUJIaD XHCOOGHra TecKapH V3HHAYKLMSA 3JeKTp IOPHTYBYUM KydJa-
pu naiigo 6yaagu. AfTtainpk, yTkasrudy Ox yxu Oyisiab HyHanraH Ba
YTKasTHYHHHT MOC PaBHLUJA CHFHMH, OMHK KapLUMJIHIH, HHAYKIHBJIHIH,
H30JIAUMA CHPKHIIMHM TaBcudsafiurad Ba JTKA3TNYHHHT Y3YHAHK OHp-
JMTH yuyH Xucobmauwran C, R, L, G napameTpiap x HHHT Y3JYKCH3
¢byukuusaapu 6yicud. Arap 6y napamertpaap GepuaraH ne6 XucoGaaH-
ca, y XoJ4a i Ba v HOMabiym GYHKUHANAD (TOK Kydll [ BAa U KyWIAHHILH)
yuyH mudxpepeHLHan TeHI/IaMaJapHH 3JIEKTPOAUHAMHKA YMYMHH TeHrJa-
Manapu (1.28) Ba (1.30) paH doinanaHmacaaH GeBOCHTA TY3HIU MYMKHH.

Xakukatad XaMm, OM KOHYHHra acocaH YTKasTHUHHHT dX 3/eMeHTH-
Ja KYulaHHII KaMalHIM 371€KTp IOPHTYBYUH KyuJap HUFHHAMCHIA TEHT,
ABHH:
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o o, . oi
_.a:dx_szx—}—Lde. (1.31)

Bakr GupJird MuMja YTKA3THYHHHT dX 3JEMEHTHra KeJafuraH 37eKTp
MHKJIOpH
. . i
i|,—1 - ——dx
X4 lx+dx- dx
6ynand, Wy BakT HuHia dx 3/eMeHTAa capdJiaHraH 3JeKTP MHKAOpH

3ca
Cvadx-i-G vdx

6ynamu, Uy ca6Gabau ajekTp cax/aHHWI KOHyHHra acocal Kyiduaarura
ara 6yJaaMus:
— % 4k = C% dx + G vdx (1.32)
Ox ot ’ )
(1.31) Ba (1.32) TeHIVIMK/aplaH meAaeepap meHSAaMaANapU CUCMEeMaAcU
neb atajagura

+C -I—GU—O
(1.33)

+L~—+RL—O

CHCTEMaHH XOCHJI Kn.naMus.

5-scaartua. By menecramarap sasexmpomaznum MaI00K ymymul Haapuscu
Ryxmau naapudar maxpubuiddup, 4yuku yrap 6as3u Kjuwmia Gu-uxk eunomesarap
acocuda Maxceean Ymymuwld men2AAManiapuian XoCUA KUAUHUWL MYMKUH, 4YHOHYU
6y xo0a0a yaap ygmkasaud napamempaapurunz bepuatuiuza mMysopur Keaaou.

Xycycan, 6y cHcreManuHr Kosdpuuuentnapu yarapMac G6ysrasga

6HpHH'lH TeHrJiamara a—- onepaTopHH, HKKHHYH TEHIrJ/Iamara 3sca — C =5

OnepaTopHH TaTOWK 3THO, ! PyHKUMAIAD Y4yH ymby TEHIJaMaHH XOCHJI
KHJIaMH3:

0—1‘ of .
ax2 —LC —(RC + LG)E —RGi =0.
v yHKUMAAAD YuyH ym6y TeHIVIaMa/jap XaM IUYHra YXmwaul XOCHJ
KHJIHHAH:

%—LC——-——(RC+LG)——-RGU=O

By jneran cys3, [ Ba v dyHKUuAJapHHAr Xap OHpH Teserpad TeHIJaMa-
CHHH KaH)aTJaHTHpanu:

Ly by —cu=0, a l (1.34)

u , = —,
xx a2 4 t VLC
6y epra b = RC + LG, ¢ = RG. By tenrnamMa sHrH HOMabjyM (yHK-

—t

s W = ue > HH KHPHTHLI O6HsaH
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1 2 — -1
@ —— v, +kRRw=0 a= Vic (1.35)
TeHr/aMara KelTHpHianW, 6y epaa
R R TC R — 1 RC-LG
B = 1 —10), k=3 T (1.36)

1.8. Top TeHrnamacH Ba mMemOpaHA TeHraamacH. AfTalauk, x, u
TEKHC/HKAA TOp, ABHH OYKWJIMIUra KapUIWIMTH HYK HHTHYKA HI X YKH
OWaH ycTMa- ycT Tyllaaurad V3 BasHATH atpoduaa KHYMK KYHAAJaHT
Te6paHHLIIap KHJaétraH GyJicHH. T — MIHHHT TapaHrJurd, p — YHHHT
YUSHMKJH 3HWIMIH, [ —Macca Kyud, SIbHH TOpra neprneHiHKYJsp KHJHO,
YHHHT OHMpJHK MaccacHra KyHuiraH kydy. Top HYKTaJapMHHHT MyBO3a-
HaT Xo/aTHAaH OFMIIMHH HdojanakiauraH u = u(x, f) GYHKUHA YYyH

v u
TeHrJama TysHIlga TeGpaHHIIAp KHYMK OyJraHaurd cab6absau o ra
X

HHcOaTaH I0KOPH TapTHO/IH KHYMKJHMKJAArH MHKJAOpJapHH Tawiab to6o-
pHILra KeJHIIaMH3.

ABBaJIo, WyHH KaHJ 3TAaMH3KHM, MYBO3aHaT Xo0JarHAa TabCHP Ba
aKCTABCHPHHHT TEHIJIMK KOHYHMra acocaH T  TapaHr/uk ysrapmac 6yna-
Ad. CYHrpa TOPHHHT MyBO3aHAT XOJaTHAAa TYPraH dx 3/JeMeHTH MYBO-

3aHaT XoJlaTHAaH oFraHja ds = dx Vl—}— ((—;ﬁ) (1.1- waka) ysyHJHK-
X
Ka sra 6yiagu Ba, Jemak, A =Zi— 1 ~0 ysaiiuw onagu. {By zeran
X

cy3, I'yk KoHyHura acocaH TapaHr-
JHK XaMMa BaKT JOHMHH KoJajH.
Topuuur  ds sjeMeHTHra KyHuJIraH
Gapya Ky4wIapHHHT 4 YKKA MpOEKLHs-

—
\*-\
i

JIapHHH xHcobjaidiMus Ba [lamamGep d
NpPHHIMIIMTA acocaH HoJra TeHrJaii- -
MH3. X dx HYKTaJard TapaHIJIMK ldS |
TIPOEKIHSCH [ t
u

T sin a =T —= o~ 0 B A

x-+-dx 1’ 14~ ui x+dx L :Il+d13

~T ou
0% |etde 1.1- waka

6y1any, ds smemeHTra wJHWJIraH TapaHIIHK Ky4JapH TeHI TabCHp
STYBYUHCHHHHT TNDOEKUHACH 3ca

ou

__ p 0%
ox =T —

2
x ox

—7

» ~ dx, (0< 0<,l).

x--0dx

.o 2
Bynra ds ra gyiunran Ba f pdx ra Temr KYUYHH XaMJa —-%ti:— pdx uHep-

UM KyuuHH KywHb, [JanaMGep NpHHLMOMra acoca
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0%u
Ox? x4-8dx

By renramuknan, dx ra kuckapTupu6 Ba dx—0 na aumutra §THG, TOp-
HHHT KMUMK K{HAa/JaHr TeGpaHHLJIADH TEHTJaMacH

cu
dx + pfdx— > pdx = 0.

Gu _p Fu_ P
at T op Tf (1.37)

HH XOCHJI KHJIaMH3.
XycycaH, Top OHp XHHCJH 6y/ranga, swHH p = const na 6y TeHr-
JaMa yby KYpHHHIIHH OJaju:

Lo _ Lo, )YL (1.38)

By Tenrnama 6utra (hacoBuit KoopAuHaTa 6yJraH X0 YUYH TYJKHH
TeHrJjaMacH GHIaH YCTMa- yCT Tywajd Ba OfaTAa mop meHzaamacd 1e6
azaJjgaiy.

x, Yy, z dasofa meM6paHa, ABHH OYKHJIHIUrA KAPIIHJIMTH HYK 1ONKa
MJIEHKA X, Y TEKHC/JHK GHJIaH YCTMa- YCT TYIIYBYH ¥3 MYBO3aHAT XoJja-
TH atpoduaa ¢4 YK HYHaNMIIKAA KHYHK KYHAanadr rebGpanuuiiap Ga-
KapcuH. Afrtaiiimk, T — meMOpaHaHHHT TapaurJIMIH, SbHH MeMOpaHa
KeCHMHHHHT OMDJHMK y3yHJWrura Gy KecuMra MNeprieHIHKYJAp KHIHG
KyHuIran Ba MeMOpaHAHMHT YpHHMA TEKHC/HTHIAA €TajuraH Kyd4, p —
MeMOpPaHaHHHT CHPT 3HWIHTH,[ — MeMGpPaHAHHHT Macca GHPJIHTHIA KYHHJ-
raH Ba yHra neprneHiHkyJsp Kyd. Mem6paHa HyKTa/JlapHHHHT MyBO3a-
HAaT XOJIaTHAAH OFHMLIMHHM Gepajvran u =u (x, Y, 2, ) QyHKUMSHH TY-

u u
3u1aa T66paHHU.[JIapHHHI‘ KHUYHKJIHTHra acocCaH -a—- Ba 0— ra Hucbarau
x y

IOKOpH TapTHOMH KHYMKJHKIATH MHKIOpJApHH TallIab ro6Gopuilra KeJu-
K6 oMaluK.,

SHr aBBaJlo, TABCHPHUHT AKC TAbCHPra TEHIVIHTH KOHYHHHH MeM6pa-
HAaHHHT MYBO3aHAT X0/aTAA YeKCH3 TOpP TYFPH TYPT OYPUAKIH KHUHK
KHCMJIapHra TatGHK 31aMu3. Dy KMcMJapHH aBBaJo x VKHra napaJJe,
KeHHH 3ca y ykura napannen ne6 xumco6nab, myso3aHat xojatia T Ta-
PaHIJIMK X Ba y ra OoFJHK 3Mac Je6 xXynoca uukapamus. CYHrpa meMo-
paHaHHHT MYBO3aHAT XOJATHAATH Xap KaHmalh ds UH3HK/IH 3JIEMEHTH
MYBO3aHAT XO0JIaTJAH YHKHLUAA Yy3yHJnLn

ds' = ds ]/1+(i’;—s)2

6ysraH sieMeHTra ytagH Ba

HUCOH# ya3afiMu osmagu. DBy 3ca TI'yk koHyHura MyBoduk paBumpa T
TapaHIVIHK XaMMa BakT AOMMHH KOJIMIUWHM aHrjatagd. Afitadmk C' —
MeMmG6paHaHuHr GHpop G6ynaru D’ wu uerapana6 Typran Koutyp, C Ba
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D — ynapHuHr x Ba y YKJapura TPOEKHHAJAPH '6§JICH”H. D"+ C’ ra
KVHMIraH Ky4wIapHHHT TEHT TabCHP STYBYW/IAPHHH U YKKA NPOEKUHS-
AaitMu3, C’ ra Ky#uaraH TapaHr/MK Ky4JapHHMHT TEHT TabCHD STYBYH-
CHHHHT TPOEKLHACH

&S. sin a C_S‘ Vl_*—(%:_)z

6ysaas, 6y epaa n pekTop C KOHTypra yTKaswirad wuku nopman (1.2-
wakJ). By eppa Mavaym [pun QopmyJackra acoca (2- xungra xa-
paHr):

Q=\\ T div v udS= %}
) M
={{ T, +u,ds. (1.39) 3
5 /—{a\
’ vy | R R
By karramukka D’ ra xyiuarad mac- 3 T
ca KyWwIapHHHHT TEHI TabCHp 3TYyB- , ,
YHCH 1 |
(f oras | by
5 *
HH Ba MeM6paHa OysnarH D’ Huur p\" 9
WHEDHHS KyuapH TEHI TabcHp 3TyB- X
YHUCH 1.2 - waxa
r0%u
JJ (=ei)es
D
HH KYLIHG,
Fo?
5‘5 [T (,+u,)+of—p 3}] dS=0 (1.40)

D

TEHIVIHKHH XOCHJ KHJaMu3. Dy TeHraukaaH D HHHr  MXTUEpHAMMIHra
acoca ypra KHiiMaT Xakumards TeopeMa Gyfiuua MeMOPaHAHHHI KHYHK
KYHJaMaHr TeGpaHHILIapH TEeHrJIaMacH

32 2 2 .
A A S (141
o o T op T
HH XOCHJ KHJIAMH3.
MeMmGpaHa Gup uHcaH 69aradH Xosga, ssHH p = const ga MeMGpa-
Ha TEHrJ/1aMacH

19

www.ziyouz.com kutubxonasi



u ou 1 du f V T
—_—t—_——— —=—L g= — 1.42
ox? + oy? a® o2 a? P ( )

HH OepajH, y MKKMTa (ha3oBHii KOOpAMHATaJH TYJKHH TEHTJIaMacHIaH
n6opart.

1.9. Hnruuka cTepkeHHHHr GyWaama TeGpaHuwnapi. Muruuka crep-
KeH yauHuHr Ox VKM GuJlaH MoC TYUYBYH MYBO3aHATHra HucOaTaH
6y#1ama TeGpaHHll XosaTHAa Gy/cuH. ByHpa Te6GpaHuMw LuyHYasnHK KH-
YHKKH, cTepKeHHHHr Ox VKHra neprieHIHKYJsD sICCH KECHMJIapH $ICCH-
JINTHYa KOJHO, OWp- GHpJapura napasfen 6yJraH xoaga ¢axatr Ox ykH
6yinab cumkniiau, £ — crepxken Martepuand yuyH IOur momynaw, s —
YHHHI KYHHQNaHT KeCHUMM 103H, P — YU3UKJAM 3uWIHrd. T — crepiKeH-
HHHT TapaHravK Kyud, f—Ox yku #yHaIuM GYiHHua TaBCHP KHJYBYH
Macca Kyud, u(x, f) — CTepXXeHHHHI MYBO3aHAaT XoJaiuaa x abcuuccara
sra Gy/JraH KeCHMHHHHI CHJKHLI XapaKaTHHH HQOAAJOBYH HOMAbJyM
¢pyskumua Gyacus.

Crep:<eHHHHr MYBO3aHaT Xo/aTia X Ba X + dx HyKrajdapiard Ke-
CHMJIapDH OpacHra XKOMJaluraH 3/eMeHTHHH KapaiMua.

i du
X HYKTaJard CHJKHW u, X + dx HYKTajard CH/IKHW 3ca u -+ > dx
X

6ynamy, wy cababiau abcuuccacH X GY/raH HyKTaga CTEDMEHHHHT HHC-
6uit ysafuium Z—ul MHKJIOp OHJaH aHuKJaHaaW, 6y HYKTagaru TapaHr-
x X

JvK, I'yk KoHynura mysoduk, T = Es?— MyHocabaT GH/IaH aHHKJa-
X

X

Hajau. CTep)KeHHHHF x -+ dx abcuuccasu KecHMHAArH TapaHIVIHK KY4H
du

Es —
ox x+dx

3JIeMeHTHra TeHr Ta'bCHp STYBYH TapaHIVIHK KYy4H

Es % _Es =2-(Es%)
. Ox ox
6ysanu.

ax x+dx 0x
By Mukjaopra crep:eHHHHr abcliMccalapd x Ba X + dx GyJaraH Ke-
CHMJIapH OpacHIArH 3JIeMeHTHra TabCHp KuJjaérraH GOIUKA KY4YJapHHHT
1€HI TablHp FTyBHhviapnHn, nbHi Malld Kydddpn pa/'u'w Ba  HMHEPUMA

Ky4u (-— ps %:i dx) HH Kywavus. Cyurpa [anambep npHHUMDHTrA

ra TeHr OysH6, CTepXeHHHHT dX Y3YHJMKKAa 3ra Gysras

dx, (0<6<1)
x+0dx

acocaH Gapya Kyu/iap HUFHHAMCHHH HOJra TeHrJab
0 ou
—( Es —
ox ox
MYHOCA0aTHH XOCHJ KHJAMH3,

By tenrmukpa dx— 0 na qumuTra YTHO, CTepiKeHHHHr GyfiaMa TeG-
PaHHLIVIAPH TEHIVIAMaCHHH XOCHJ KH/IaMH3:

dx+psfdx—ps%dx=0 (1.43)

x+0dx

a ou 2y
a—x(Esg)—ps 5——psf- (1.44)
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Arap Es = const pefnsca, TeHriama

d’u p Ju p

—_——— == 1.45

ox? E o E ! ( )
KVPHHHIUHH oJlaaH. Arap cTepxKeH GHp XXHHCAH 6yJica, OXHPTH TeHIJa-
Ma TYJKHH TeHrJamacd GHJIaH MoC TyLUaju:

Fu_ 1 Pu_ ] a.__-]/%. (1.46)

ox @@ on a’
YMyMH# TywyH4anaap

Xycycuti xocuraru Oughdeperyuan menerama 1e6, GUP HeYTa 3PKJIH
y3rapyBYM/IaDHHHT HOMabJayM (YHKUHACH Ba YHMHT XyCYCHH XOCHJaJa-
pH opacupard GOFJAHHIUHH H(POAATOBUH

9 ou & a*
F(x,. X,, X = = - ”)=0}

’

u ——
m ok, 0xm  0x’ ox*,

(1.47)
TeHrJiamMara aiTHJIajH.

HomabayM GyHKUHSIHHHT TEHIJIaMajard 3HT 1OKOPH TapTHOMH XOCH-
JIACHHHHT TapTHOH R —XYCYCHH XOCHJ/IaJIH meHeAaManuie mapmuby nein-
JaH.

Arap TeHrsiamMa HoMab/yM (YHKLUHS Ba YHAHF 6apya XYCyCHit XO-
cuJlanapura HucGaTaH UM3HKJAH 6yJca, Y HU3UKAU Xycycul Xocuraau
meHeaama JeAnJagH.

Bupunyn TapTHOIH, XyCyCHH XOCH/Ia/H, YH3HMKJ/H TEHIJaMaHHHT
YMYMHH KYPHHHIUH Ky#njardua GyJjanu:

du du

A (x), X, x,) - + A, (x, x,, x,) o + +

(1.48)
0

+ A4, (x;, x, x,) a‘&‘ + A, %, x,) =0,

6y epaa 4,, , A, Gepunran QyHKuMAnap, u (X, x,, X,) Ho-
MabayM OYHKLHSA.

Arap (1.48) Tenrnamana A, " (X x,, x,) =0 6yica, y b6up

suncau xycycul xocuraru Ougpgepenyuan menerama, A, (x), x,
, X,) %= 0 6ysica, 6up xuncau 6jjamazan mexesama nednnany.
Bup xKuHCAH GY/IMaraH TeHIJIaMaBHHT €4HMHHH O (X, Xg, ) X, W)=
=C KypHHMWJA H3/1a6, OHP KHHC/H TEHI/IamMa KYDHHMILHra KeJTHpH-
ilIMMH3 MyMKHH. XaKHKaTaH XaM,
_@_
ou _ _ 9£L, i=1n
ox; v
ou
xocuaanapuy (1.48) Tenrsiamara Kyiicak, KyiHparura sra 6yJamus:
21
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A b Xy, X,) ai:l + 4,(x, x, X,) 2 + +

Oxa
ov Jv
+ An (xl' Xgs xn) E - Arl+l (xl' Xg x/x) 5; =0.

IllyHuHr yuyH GyHaaH Keiud daxat GUp >KuHCAM Gyarad TCHrJaMaJgap
Kapanagu. Dynnait Tenrnamanunr eunmu U (x;, X, x,) Ky#uparu
oaanit auddepeHuUHas TeHIJiamagaap CHCTeMacH

oy _de 45 (1.49)

A, A, An

HHHI' HHTErpaJiu

u(x, x,

x,) =c 1(1.50)
6ynagu Ba, akcuudya, (1.50) cuctemamwnr usTerpasu Gyuica, u(x;, X,
X,) 6Up MHHCAH XycycHH XocHianu Au¢dtepeHLHa TeHIaMaHHHT
e4yumMH GyJ1aau.
Yy

d d
A, x) o=+ A, x) = =0 (151)

Xycycu#t Xocusaanu audxpepenunan Teursiama GepuaraH GivcuH. (1.51)
TEHIVIAMAHHHT €YHMH U (X;, X,) Gyuica,

dy _dn (1.52)
A A '
TEHTVIaMaHHHT HHTerpasu
u(xlr x2) =
6ynanu.
Xakuxaran xaM, (1.52) cHcTemMa eYHMMHHHHT TYJHK AuQdepeHIHaM

g 7]
du (xy, x,) = ou dx; + L dx,
Ox, Ox,

6ynagu. By udomapa, (1.52) fra acocan, dx;, JapHH y#apra nponop-
wiona 6yarad A, Jap OuJaH aaMmaluTHpamu3, fbHH dx,= A A, (( =
= 1.2) (6y epna A — NponopLHOHALIHK KoxdbutiuenTH):

23

du (x;, x;) = )»(Al o + A, ﬂ-).
0xy 0x,
u (xy, xy) (1.51) TenrnamauuHr euuMH G6yaraHaury cababau du(x;, X)) =
= (0 allHUATHH OJaMH3.

(1.52) cucremanunr euuMu «(x,, x,) HH oxupru udopara xyHras/u-
rHMH3 cababian y x; HHHT QYHKUOMACH GYJaid Ba YHHHT AHgdepeHIH-
ajH, JAeMaK, XOCH/IacH XaM HoJara TeHr OyJaad, sIbHM Y yarapmac
COH 3KaH.

(1.52) cucreManuur uurerpasu (1.51) Xycycuil XocHJaJH TeHrJama-
HHHC eYdMH OVJIHIUM XaM XyAAM WyHAafl KypcaTHaajH.

Mucoa. Kyiugarn xycyeuit xocusianu paudepenudan TeHrsama-
HUHT €YHMMHH TOTHHT:
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a " 2
xyo—‘:—-<x-+y-)a—y =0.

Bynzaa
A, y) =xy, Ay(x, y) = — (& +y?).
[evak, moc oaaui auddepeHuHas TeHrJamaslap CHCTEMACH
dx dy
o et
6ynaau. By Tenrsiamaza x SpKJH yarapyBuH, Y YHHHI GYHKUHACH el
Kapa6 OHp >XKHHC/IH OAIMH AH(pOepeHNHa] TeHIJIAMaHH eyaMHus:

d x24yr
dy __ B4y o dy_ Xy
dx xy de Y x

d dv
L — v ne6 omu6, y =vx Ba d—y =0v-+ x - B TONAaMH3 Ba TeHr.Jaa-
X >4 X

Mara Kyamuas:

2
v+ x@ = ——l—v éKH x@ = 1+ ,
dx v dx v
v dv = — .‘if,
14-2¢% X
1 da+2®  dx
4 1 4 2¢2 x’
| . 1
— I (+20¥)=In|—}|
4 ( + ) Cx
1
14207 = .
+ (Cx)t
1-{—2'LZ=—1 , —1—=c,z1ecaK,
Xt Cix? CH,

u(x, y) = x*+ 2x%y2.
®u3HK MacasMaJapHUHT' KYNYUJIMTH HKKHHYM TapTHOAH YH3HKJH Xy-
CycHH XocHsaJi auddepeHusas TeHrJamanapra KeliupHaanH. Mkkunuu
TAPTHOJH YH3HKJIH XYCYCHH XOCHJaJIi TeHrJjaManap yMyMHH Xoaaa

0 0u ou ou ou _
N 2B axay-{—C—b}—{- D——}—Ea—y—}—Fu—f(x, Y)

dx
(1.53)

KypunHwra sra 6yau6, 6y epma A, B, C, D, E, F xosgpduluueHtIap
X Ba Yy Y3rapyBYHJApDHHHF Y3JyKcH3 (YHKUHAIapH, U (¥, y) — HOMab-
aym ¢ynkums, f(x, y)— GepuaraH ¢GyHKUHS.

Arap reHrsama Ko3dHUMEHTIAPH 3pKJH Y3rapyBM x, y Japra
6orsHK GV.iMaca, y Xoaja Y f3zapmac Kosgguyuenmau meHaaama
nefinnagy. Arap (1.53) tedrsamaga f(x, y)=0 6yaca, y 6up scuncau
xycycud yocuraau Ougphepenyuan menerama, fix, y) %= 0 6yaca, bup
JCUHCAU Bfamazan meHeaa ma JeHnnany.
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(1.53) xycycuii xocuraru CugghepeHyiar meH2AAMANAPHUHE eHUMU
2e6, reHrjaMara KyHuJAraHja yHH adHMATra aH/laHTHpajuraH x Ba y
HHHT uxTuépui u(x, y) (yHKUMACHra alTHIAnH.

Marematuk H3MKaHHHr acocuil TeHrJamanapH

I. Tynkuu Tesrnamacs:

u _ p % (1.54)
or? ox?

TopHuHr KyHpanaur TeGpaHHILH, CTep:KeHHHUHT Gyiiama TeGpaHHLIH,
CHMZArd 3/eKTp TeOpaHHILApH, alJaHYBUH LMJIHHIDRATH afifiaHMa Tel-
paHMILiIap, THAPORMHAMHKA, Ta3ofMHAMHKAa Ba AKYCTHKaHMHT TeGpaHHMII
6unan GOFJIMK jKapa€HJapHHH TafKHK 3THII IUYHAAH TeHrJjamara oJHO
KesaJiu.

II. Mccukauk TapkKaauw TeHraaMmacH éku Dypse
TeHrJaMacH:

o _ 2% (1.55)
ot ox3

HCCHK/TMKHUHT GHp MKHHCAH MYXHMTIA TapKaaHILM, Auddysus xonu-
cajap, ¢HUJIbTpaUHs MacasiaflapH, XTUMOJJIap HAa3apHACHHHET 6ab3H Ma-
canaJiapi IUyHAAaH TeHr/iamara KeJTHPHUJAHG ypraHHJajy.

III. JTananac TeHraamacu:

%u u
= +a—y2 =0. (1.56)

DJIeKTp Ba MarHHT MaWIOHJIapH XaKHAAarH MacaJajJiapHH, CTaLuoHap
HCCHKJIHK XOJIaTH XAKHIarH MacafialJlapHH, THAPOAHHAMHKAHHHT CHKHA-
MaliuraH CyIOKJTHKHHHT MOTEHUMaJ] XapaKaTH Ba CTALMOHAD HCCHKJHK
MaHjoHapHIa TErHIJIM MacafanapHu ey Jlanjac TeHrJjiamacura Kell-
THPHJILH.

Kyn COHJM {3rapyBUMJapHHHT (QYHKUMSJIapH YYYH XaM  TeTHUUTH
TewrvaMaJlap KapaJHlUH MyMKHH. Macasan, arap uanaHaérrad QyHKUHS
yuTa 3pKJW YarapyBuura GorJiHK 6yJica, TYJKHH TeHIJIaMacH

Pu o Ou | Pu) (1 BAN
B - , 1 ) \2:ay
at \ oxz ay )
HCCHKJIMK TapKAJIMUI TEeHTJIaMacH
ou o f Ou u ,
= =a— 4+=—}, 1.55
ot (0.\:2 + dy? ) ( )
Jlansac TenrJaamacu
Fu 4 Fu , Fu (1.56')

o | oap | a2

KypuHHLIAE GyJanu.

IOxopuaa KenTHpu/iraH mateMaTuk GH3MKAHMHT acocuil TeHrJamaJa-
pH TErHLIM MacaJaHHHT (H3HK MOXHMATH, MacaJaHHHT KYHHJIMIUHM Ba
eunnum yeaybaapu OusaH Gup- Gupiapuaad (apkaaHagy.
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2- §. UkknHuM TApTHOAH MKKH Y3rapyBUHJIM XyCYCHHl XOCHJAJH
axpdepeHuMan TeHTAaMaJapHUHT TYPAapH Ba KaHOHHK
KYPHHHLILIAPH

(1.53) Tenraamanu

E=%(x y), n=n(, Y (2.1)
aNMaluTHPHLIIAD EpJaMHAA COANApPOK KypHUHHILTA KEeNTHPHII MYMKHH.
Anvawrtupuw Gaxapunabétran Gupop D coxama E(x, y) Ba n(x, y)
GbyHKLMAMAp y3MyKCH3, HKKH Mapta audxpepeHLHasIaHyBYH Ba SIKOGHaH

DEn _|E E,
= %y |5£0 2.2
D(x, y) n, "My (2.2)
6yiwK Kepak. (2.2) wapt TecKapu aJMalUTHPHIL
x=xE W, y=y& (2.3)

MaBKYJJIMTHHHHT 3apypuil Ba eTtapau lwapruaup. Suru  §arapyBuusiap
Oyiuya XocHaJMapHH TOMaMu3:

u, =u§§x+unnx‘ uy = uggy—l_unny'
uxx = u§§ E’i + ug Exx + ugn Ex nx + urm Tl,% + un nxx +
+ u'n& T‘x Ex = uE§ Ei + 2"5\1 Ex rlx + unn ng_ﬂ& Exx + un nxx’
uxy = uéﬁgx Ey + % gxy + Uen §x My + Unn MMy + UMM, +

+ uEn N, Eyv
Uy, =g 8+ 2ug &y + ug M ue Sy, +ougn,, (2.4)
(2.4) uu (1.53) ra Kyiu6, KyHHOATH TEHIJIAMAHH XOCHJ KHJIaMH3:
ay Uy + 2a,u,, +aju + F@E, n, u, Uy, u) =0, 1(2.5)

6y epma
a, € m=AE:+2BEE +CEL
‘a €, M) =An2+2Bn.n,+Cn,
a,,& =A%, +BE,n, +&n)+CEm, (2.6)

(2.6) ma E(x, y) Ba M(x, y) OYHKUMATApHH LWIYHAAH TaHMAHMH3KH, Ha-
THXaja a,,, a;; KOpdulHeHTIap HOra alylaHCHH €KH

AE+2BEE, + CE=0,

An§+28nxny+Cn§=O (2.7
6yqcun. By Tenrnamamapuu %—' pa X Japra HucOaTaH euycak,
y My
& _ =BxVF—AC e _—BxVE_AC ©.8)
Ey A Ny A
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npoaaapHH Xocua KHJamu3. Jlemak, (2.7) uur xap OHp TeHrJamacu
Xycychii Xocusaanu GHPHHYH TapTHOM UYHSHKJIH

AL+ (B—VE—AOY, =0, An + B+ VB —A0)n, =0
(2.9)

TeHrsaaMajapra axpaJiany. Bywnafi Tewrsawanap osansri mnaparpacra
acocaH MOC paBHILAA

de _ dy pa ¥ Y
A B—} B—AC A B} B—AC

'reHr.namanapra 3KBHBAJIEHT KM
Ady —(B—V B* —AC)dx =0, (2.10)
{Ady —(B+VBE— AC)dx =0.

(2.10) pan KypHHaAMKH, HKKaJa TeHIV1aMaHu OHTTa TEHIJaMa K§pHHu-
KA €3ull MyMKHH

Ady* —2Bdxdy + Cdx® = 0. @.11)

2.10) Hunr yMymuii unterpaanapu @ (x, y) = C,, ¥v(x, y) =C, 6ya-
cud. By xosana ysap (1.53) HHHT HKKHTAa 3TPH YH3HKJap OHJIACHHH Talll-
KHJ KHAHOG, menesamarHure xapakmepucmukaasapu fedusagd. (2.11)
TeHrsaMa sca (1.53) teHrnaMa xapaxmepucmuxarapurure Ouggeper-
yuaa meneaamacy JeAHNANM.

(2.10) Tenrsnama wurterpannapuHuHr Kauga# Gyummd Ba (1.53) Teur-
JIaMaHMHT cOAja KYpHHHWIra KeatupHauwu A = B* — AC puckpumu-
HaHTHHHHT Huwopacura OoraHK Gy/1aju.

JluckpuMuHAHT wuiiMathapura Gorauk, paeuwga (1.53) TeHrnamanu
KYAMAAarn TypJapra aKpaTHII MYMKHH:

1) Arap D coxaga A >0 6ysica, GepuiraH TeHrJama Iy coxaaa
2unepb0aux Typparu TeHrJama AeHHJanH,

2) Arap D coxapa A<<0 6{sca, GepuaraH TeHrsaama wy coXaja
3aAunMUK TYPAATH TEHrJiamMa JeRu/afH.

3) Arap D coxapa A = 0 GyJca, GepuiraH TeHrJaMa iy coxaja
napaboauxk TypAard TeHrJama AeHHJajH.

Kypcaruiran typaappard Xap GMp TeHrJaMmaslapHHHI y3japura xoc
KaHOHHK KYPHHHILJIapH MaBXKYA. YJapHH KeaTHpHO uyHKapuw yuyH (1.53)
HH KeITHpW/IraH Typaap OVHHYa ajoxuia- aJoXpja COopfaJaliTHPaMH3.

1. A= B*—AC > 0 Gyairan xon. By xonpa (2.7) ra acocan (2.6)
had ay,, =0, a3, =0 Ba a,, 70 3kanauru Kenauwb uukagu. IyHuHr
yuyH (2.5) Hu 2a,, ra 6yau6

Ugn =FE 0, u, Uy, Ug) (2.12)

TEHIVIaMaHH Xocus1 kuaamus. By eppa F = — F/2a,,. (2.12) runepGo-
JIMK 1ypJard TEHIJIaMaHMHT KAHOHHK KYDHHHULIH JeHHJaAH.

Arap (2.12) ja E=a+B, n =0 —a anrmawrupuwsu Gaxapcak,

rUnepbo/IHK TYpAard TEHIVIAMaHHHT HKKHHYHM COAJA KYDHHHILMIa 3ra
6ynamus
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Upy —Upg = Fi(a, B, u, u,, Up). (2.13)

2. A =B — AC<0. by xospa (2.9) éku (2.10) vuHr Ko3¢dbunueHT-
JapH BA YMyMK HHTerpaja/apH KoMmJeKc Kattaiauknaap OGyaaan. Lly-
HHHT YYYH 3/JIHIITHK TYPJArH TEHIJaMaJap XakHKHH XapaKTepHCTHKa-
Japra sra 6jsimaian. Komnzekc euumaap kywuma 63.r6,

E=p+iy, n=0¢—iy (2.14)
Kypunuwaa 6Vaagu; @(x, y) Ba P(x, y) OQyHKUHAIAp XAKHKHA (yHK-
UHATapAHP.
(2.14) uu (2.7) ra kyHub, XaKHKUH Ba MaBXyM KHCMJIADHHHM aXKpa-
TaMH3:

Al +iv ) +2Bl@+iv)(e,+iv)+Cle,+ i) =0,
Agt — Ay +2Bg 9, — 2By, + Co2—Cy2+
+il2Aeh, —2B@p,+ b, 0)+2Co,0,] =0,

Komnekc ¢yHKuMAap xoccaiapura acocad
A¢l+2Bog,+Ciol = A2+ 2By, + CyZ,
Aoy, +Ble b, +v.9)+Cop, =0
TEHIVIHKJap Kesn6G uukaau. Dy epaman (2.6) ra acocawn,
ay =05, a3 =0.
By xonga (2.5) uu a,; ra 6yau6
g +u, =F & nou o, u) (2.15)
FF
TEHIVIAMaHH XOCHJ KuJamu3. F;, = — — Dy 3/JIHNTHK TypAarH TeHr-
a
JIAMaHHHT KaHOHHK KYPHHHIUHAHD. "
3. A =B* — AC =0 6yacui. By xoapa (2.10) HHHF yMyMuH IH-
Terpajylapd XaxWkui Ba TeHr Oysand. Mkku tenrsiama Gup Xxua Gy.uG,
6uTTa TeHrJamara a#JaHajgH:

9% | g2& _
A P + B Y =0. (2.16)
(2.16) HuHr eunmu
E=0(, y) =C (2.17)
6yaanu.
D(E n)

7 (¥, ) yuyHAKOGHaHH 5= 0 6yaraH HKKH Mapta auddepeH-

D(x, ¥)
nMajJlaHyB4H HMXTHEpuH OyHKnuMAHH onamus. DBy Xoama (2.6) nan
an =0, a;, =0 6yiHmH Keau6 unkagu.

(2.5) uu a,5 ra GyaH6, nNapaGoMHK TypAarH TEHIJIAMAaHHHI KAHOHHK
KYpHHHLIHra 3ra Gynamus:

uqn =F1(§v n u, ugv un)v :(218)
6y epaa
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Fl=—-’_1':"

Xycycuit xocuaanu auodepeHuHan TeHrsiaMajJapHH KJacCHHKaLHA-
JallHH 3PKJM Y3rapyBuHJap yuta Ba YHIAAaH OpTHK OysraHia xaMm KeJ-
THpHW MyMKHH. IOKopuaa KentupuiraH Kaaccudukauusnawra Kapab,
LWIYHAAH XyJ0ca YHKAPHII MYMKHH,

1-§ narn TYJIKHH TeHrsamacH

0?u 2 0%u
—_— :a" —_—
or? Ox?
runepbO/IMK TypAary TeHrJama, HCCHKJHK TapKaJHll TEeHr/aMacH
du d*u

=q% —

ot ox?
napaboJHK Typaard TeHrJama, JlanJac TeHrJiamacH
Ox? dy*
3JJIMNTHK TYpAAr# TeHrsama GVyJjanu.
Mucoa. Yuwby

2 g% + 2y Ou 2 0%u Ju ou 0

Ty =+tx—=+y—=
dx dy y ay? ox Y dy
TEHIJIAMAHH KaHOHHK KYPHHHIUTA KeJNTHDHHT.

Eunw. Bepuaras tenriama yuyH

A=x* B=uxy, C=y?
A=B"—AC = (xyp —xy* =0

Ilemax, TeHrsaMa napaGoJvK KYpHHHLIJATH TEHI/IaMa 3KaH. YHHHC

X3paKTEPHUCTHK TeHIVIaMaJlapH

x¥dy? — 2 xy dx dy + y*dx* =0

€Kn
(xdy —ydx)® =0,
xdy —ydx =0
Kypunumina 6yaaan. Ulynpah xunuG xapakTepHcTHKasapiaaH GHpH
Y _cC
X

YH3HKJaH HOopaT. YsrapyBuM/apHH KYMHAArdua aJjMallTHpaMHa:

t=L, n=y
X

(MKKHHYH y3rapyBuMHMHT uXTHépHiiHruiad dofinananauk). Ternuwuiu

XOCHJaJIapHH  XHCoGaitMu3:
Fu _Pu g 0 2y

ox? 0k xt 08 i3

1
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0u Ru y d°u Y ou 114

oxoy  OE 8  0dEan & JE 2
o _Fu ) w1 ou
dyr  O0E x* | aEdnm x  on
Bynapuu 6epusran Tedrsamara KyiuG,
Pu L _g
an*  m dn

Kg’pHHPlIUIlaI‘H KaHOHHK TEHIJIAMaHH XOCHJ KHJIaMH3.

3-§. Kow macanacu, 4erapaBH¥ Macanajap, apadaml MacanajapHuHr
KYHHIHLLH

Dusnx xKapaéHsapHH MateMaTHK HdoAanailga MacaJaHHHI TeTHULIH
wapraap 6uaH KYHHJIHILH MyXHM axaMHsiTra 3rajgHp.

Mavaymkn, opmuit Ba xycycHit xocunanu audxpepeHIMas] TeHIJama-
Jap, yMyMmad adTraHja, 4yekcus eyumJsapra ara. bupop ¢usnk macana-
HUHT IrOHA €YHMHHH TOMMIU KapaéHHH udofasoBuH audepenunads
TeHIrJlaMaslap 6HJlaH OWpraJjHKga KapaJafurad KylulumMuya LapTJAapHHHT
aHHK TaHJaHHWMra GOFJMHKAHpP. MacanaHuHr KyHuauiiura wapa6 Gy
waptiiap GOWIAHFHY, YerapaBui, apafjail ge6 HoMJIaHraH typJapra 6y-
JIMHA[H.,

3.1. Kown macanacu. TeHrsiamanapHuHT TypJapura Kapa6, Kyuinmya
WapTJap XaM TypJuua Kyduaagu. Arap TeHrsamMa OHPHHUM  TapTHOJH
6ysca, 6y Xo/ija TeHrsaMa euMMHHH HGoaOBYH (PYHKUHFAHHHT apry-
MEHTHHHT OGOLIaHFHY KHHAMATHra Moc KeJqyBuH KHiMatH Gepuiagu. Arap
TEHIr/1aMa WKKHHYH TapTHOJAM 6YJca, y Xojaa QyHKUMA Ba YHHHT y3ra-
pyill Te3nurH (GMPUHUM TAapTHOGAH XOCHJA) HHHT apryMeHTHHHr GoLIaH-
FMY KHAMaTHra Moc KeJyBun KuiiMatiapu Gepusagd. PakaT OGOULIaHFHY
wapTiapH Gu/aaH Gepuaran macana Koww macairacu JeHHJIAIH.

TyakuH TeHr/1amMajapd yuyH GOWIAHFMY LUAPTJIM MacasJaHHHI KYHH-
JIMIIMHY KYpalsiMK. Y3yHJMIH yerapalaHMarad TOPHHHT 3DKHH TeGpaHHLL
TeHrJamacu

Fu _ 2% (L xw<x<oo, t >0) @.1)
o2 x?

6yaagu. Top HyKTaIapuHHHT BakTra GOFJHK GY/raH XOJATHHH aHHKJaLI
VYYH BAaKTHHHT { = 0 GolIaHFHY NAdTHAA YHHHT Xap GHp HyKTacCHHHHT

o U
afcuucca YKHAAH OFHLIM U HH BAa GOLIJIAHFHY TE3JIHTH ~ GHJIHL

3apyp. [lemak, macaflaHMHI KVAWJMIIM KyiHlaruia TabpHbIaHafH: HK-
KHHYH TapTHOMH xycycHid Xocusiand (3.1) muddepeHumasas TeHrNaMaHHHT

u(x, 0) = f(x), M’;t—‘”— —F(x) (—oo<x<oo) (3.2

OOULTaHFHY LIAPTJAPHH KAHOATJIAaHTHPYBYM eYdMH TonuicHH. [lynusr-
I€K, Ky ysrapysuu/apra GOrJHK Oy/raH TYJIKHH TEHIJIAMAacH, HCCHKe
JIHK TapKaJuil TeHrjamajapd yuyH Kollu MacajacHHH KeJTHpHLI
MYMKHH:
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1) MKKHHYH *TapTHOMH XYCYCHH XOCHJAJH
0%u 3 ( d%u %u
—_— =g — + ___)

or Oz Ay*
AnddepeHiHal TeHIJaMaHHHT — oo < x<<oo, —oo<y< oo, (<< 0
coxajla aHHKJaHTaH Ba
tou (x, y, 0)
u(x, g, 0)=f(x ), —=F= =F(x, y)

GolLIaHFHY LIAPT/IADHH KAHOATJAHTHPYBYH U (X, Y, {) €UHMH TOIHJICHH;
n: 2) MKKuHuH TapTHOJIM XycCycHH XocHJamu

ﬂza?(ﬂ_*.ﬂ_}_ﬂ)

ot ox2 ay? or
AuddepeHIHas TEHrIaMaHHHT — 00 <X < 00, — 00 <Y <00, — 00 <
< 2z<oo, {>0 coxana aHHKJaHraH Ba
du(x, ¥, z,0)

u(xv Y, 2, 0) =f(x1 Y, Z), ot =F(x1 Y, Z)
GoLIaHFHY LUApIJIapDHH KAHOATJAHTHPYBYH u (X, y, 2, f) €dHMH TONHJ-
CHH;

3) MKKMHYM TApTHOJH XYCYCHH XOCHJaJIH

ou s 0%
—_— a' ———
ot Ox*
HCCHKJIMK TAPKAJIHLI TeHIVIAMACHHHHT — oco< X< oo, ¢>0 coXala aHHK-
JIaHTaH Ba
u(x, 0) =f(x) (—oo <x<o0)
folUIaHFHY LIADTHH KAHOAT/IAHTUPYBUM U (X, !) €UHMH TOMHJICHH.

3.2. YerapaBuit macananap. bBupop coxama Jlannac Tenrna-
MacHHH KAHOATJIAHTHPYBYH Ba WKKHHYH TapTHO/H XYCYCHH  XOCH-
Jlanapy OH/laH OHprajiikAa ysJjyKcus Gyusiran yHKUMA Wy coxala eap-
MOHUK pyHkyua nefinnann. Kyn dusuk MacanajapHd KypHirauga yuaap-
HHHT CTalHOHAD XOJIaTHHH, AbHU (PH3HK MKAPaéHJIADHUHT Y3TapHIlH BaKTra
GOF/iHK O§/IMAraH XOMATHHH 1eKWUpHIai. Acocan OGyHfall MacaJsajap
3MMMOTHK TYDAATH TeHrsamasap opkaid HpopanaHapu. Ilyaudr yuyH
6y »Kapa€HJApHUHI CTAlUHOHAp XOMaTil hakaT coXa uerapacHpia KyduJ-
rai wapriapra Goriuk Gyaagd. Kyhujga 3JMMNTHK TCHrJamazjap Y4yH
KYHHJafMrad 4yerapaBHii MacajajapHH Kypamus.

1) Bupop D coxanuHr Humja

gu L% g (3.3)
Ox? —= gy?
Jlansac TeHr/laMacHHM JKAaHOAT/JAHTHPYBYH Ba COXAa UerapacH S 4YH3HK
ycTHAa GepuiraH

u'ls =f(x, ¥) (3.4)
KMIAMATHH KabyJ KHIYBUH u(x, y) rapMoHuK GyHKUMA 10muaACHH. DyH-
za u(x, y) sa f(x, y) yanykcus dpynkuuanap. by macana Hupexaenune
uuku Macaracu €K Gupundu ueeapasud macara jedndanu.  Arappa
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u(x, y) dynkuna S verapanusr Tawkapucaa usianca (6y epma D coxa
yekct3 Gysaan) 6yunall macasa [IMpex/eHHHHT TAlIKH MacajacH Jefu-
Jam.

2) (3.3) Jlansiac Tenr.1amMacHHW KaHOATJAHTHPYBYH Ba COXa yerapacu
S uynsuk ycTHAa HopMasa Oyiuya XocuJacH GepuJral

2| =f 9 (3.5)
on s
KMAMaTHH KaGy/ KWIYBYH 4 (X, y) TapMOHHK (YHKUHR TOmMJICHH. DBy
Mmacana Hedsan macaracuy (BKM MKKMHUM verapaBHit Macana) gefnJajy.
3.3. Apanaw macananap. bynjait macananap uerapajiaHraH XHcM-
Japaa coaup 6yJanurad (PU3MK Kapa€HJADHH TEKLIMPHILAA yJapra Moc
TeHr/1aMasapHuHr Gepu/rad GolIaHFHY Ba 4erapaBHH LWIAPT/IApHH KaHO-
aT/IAaHTHPYBYH eYHMJIAPHHH TOMHLIAA KYHHJAAH.
1) TyaxuH TewrsiamMacH ydyH apajail MacalaHH Y4 VJIYOBJM TeHIJa-
Ma yuyH €3avu3 (6Hp Ba MKKH YJUOBJIM TEHrJamajnap YYyH Iy Tap3ia
é3unagn).
HIKKHHUH TapTHGMH XycycHH XOCHJasH
do'u o [ Ou u u
a2 a4 (Dx'l + oy* + 623) (3.6)
auddepentran tenriaMaudr (x, y, )€V, ¢ >0 coxacuga aHHHKJAHTaH
Ba

Uy =f(x y, 2), (3.7)
ou o
E f=0_ (P(xv !/. Z)

GolTaHFHY LIAPTJIADHH Xamia
I' uls =p’(xv Y, 2, t)v

ou
L—| = , 3.8
IL =) nix, y, 2, 1) 3.8)

(2 g =ntn v 20
\.0n s
yerapaBuii 1apTJapAaH OMpHHH KaHOATJAaHTHPafHIaH eyuMH TOINHJICHH.
By epna S —V coxanuHr cuptH, u Ba f ¢yHKUHAJMap S cHPTAA ABHK-
JIaHTaH Y3AyKcH3 QyHKIHAAAPAHP. a—u — CHPT HyKTacuja HopMai GViu-
n
Yya OJIHHraH XOCHJa.
2) Mkxkunun TaprHGaH XycycHil XOcHJ/ajH
O a0 Fu 04 3.9
a (ax2+ay2+az=) (3.9)
IuddepeHunan teHraaMaHuHr (x, y, 2)€EV, t>0 coxama aHHKJaHraH
Ul = fx 4, 2) (3.10)

GolaHFHY IIapTHH Xampa (3.8) derapaBuit wapraapiaH OHUPHHH KaHO-
aTJIAHTHPAJHraH eYUMH TOMHJICHH.
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IOKopHaa MacasajlapHUHT KYHHJHIIMIAH KYPAHKKH, (DU3HK IKapaéH-
JIapHH ugojanafayraH TEHIJaMaJlapHHHT eYuMJapH GOHIIAHFHY Ba Yera-
pasuil 1wapraapra GOFIHK GyJamy.

Babau xonnapaa 6y lapT/iapHHHr O3THHA — Y3rapHLUMra E€YHMHHHT
JXyJa Karra yarapuius Moc Kequ6 koJHM MyMmKud. DBy aca  dusuk
JKapa€HHH YpraHuilia KaTTa XaToJMKJapra oqu6 kenagu. Euum Typrywu
Jefiuiranfa KyHuiarad wWapT/JapHHHT O3rHHA V3rapuiliMra eyMMHHHT 03-
THHZ y3rapHill MOC KeJHLUH TYLUYHHJIAH.

Arap macanaHuHT eyuMH MaBXKyj, SiITOHA Bd TYpPFYH 6yJca, y XoJ-
Ja Gynuaii macasa (KOppeKT) TYrpd KyWHJraH JeHHJagu.

4e§, Bup YA4Y0BAH TYAKHH TeHINAMACHHH
Hanambep ycyau GuaaH euuul.
HAbloaMenb npUHUHNH

1. Bup xuucan (3.1) rtenrsamanunr (3.2) GolwiaHrWy 1IApTJI2pAa
Hanambep ycynu GH/IaH €UMIHIIMHH KYpHO uYHMKamu3. TeHramaHuHr
YMyMHH euuMH HKKHTa MXTHEpHil (yHKUMANAp HUFMHIHCH cudaTHaa
KHAHPHJIAIH:

ulx, ) =ox—at)+ v(x+ ad. 4.1

By @ Ba"p tyHKUMANADHHHT HKKHHYM TapTHOJM XOCHJAJapH MaBXyA
6y/cHH. Y BaKTOa, KeTMa-KeT XOcHJaJap oJcak,

u, =@ (x—at) + ¢ (x + at),
u,, =" (x—at) + " (x + at),
u,=—aq (x—at)+ay’ (x - af),
U, = a®@"(x —at) +a*§" (x + af)
Jap Xochs 6yau6, Hatka (3.1) TeHrsiamaHH KaHoaTJlaHTHpagd. emak,

(4.1) dyuxkuns ymymu# euyuM Gyaaau. (3.2) GolwiaHrHd apriapiaaH
¢doiigananub, ¢ Ba P HOMabAyM (GYHKUHANAPHH TOTaMH3:

® (%) + P (x) = f (%), c
t—0a [ O e () 2 F (o (42)

cucreMara kenamus. Mkxunum rtenrsaamann 0 JdH X Traya ﬁy.ﬂl‘aﬂ opa-
JIMKAd HHTerpaJsjacak,

—ale()— @ O)] +alh(x) —p(0)] = IF(x) dx

€KH
—w(x)+w(x)=aijF(x)dx+C (4.3)
0

KypHHuiugary udogara xenamus. By epma C = — @ (0) + ¥ (0) yarapmac
coH. (4.2) Ba (4.3) Tenrsamanapaas ¢ (x), P (x) HoMabIyM BYHKHHUSVIAPHH
aHUKJalMH3:
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00 = 71— 5= [ Fear—7,
0

1P(x)=%f(x)+5%j1’(x)dx+% (4.9)
0

By ¢opmy/nanapaa apryment x HH x —af Ba X --at Japra ajamaii-
THpu6, (4.1) dopMynara gyiicak, w(x, f) GyHKUMA TONHJALM:

x—at
1 1 (
u(x, t)=;f(x—at)—27_s F(x)dx+—]2-f(x+at)+

0

T fr—a b fetay | 1T

_ X —a X a
+-§;0j F(x)dx = ] + f F(x)dx. (4.5)
x—at

By (4.5) ¢opmyna Top TeGpaHuw TeHrJamacH yuyH Kowu macara-
cunune Harambep ycyau buran monuscarn edumu Jefinaany.

OusnHral (4.5) euuMHHUHr (DH3HK MabHOCHHH aHrJam yuyyH u(x, 1)
eyuMra KupraH @ (x —at) Ba @ (x - af) yHkuuaIapEy  aJoXuaa- ano-
XHAa TEKIHpamMu3. ¢ (x —af) OYHKUMAHH oaub, ¢ ra =1y, ¢ =1,
t =1, BA XOKa3o yCyBuM KHHMat/napuu Gepu6, yHUHT rpadurHHu scaii-
mu3 (1.3-1wakn).

[laknnaH KYpUHAAHKH, HK-

KHHYH rpacduK GHPHHUMCHIA HHC- u

Gatat af; MHKJIOpra, YYHHYHCH t=t,

al, Ba XOKaso MHKAoOpra yHr

TOMOHra cypujiraH. Arap Oy

rpadHKJIApHHHT N POEKLIHS1aPHHH 7 Y

HaB6aT GuNlaH 3KpaHra TYLUHP-
CaK, ryé yJapHHHT IOKOpHJAru
GUpUHYHCH VHT TOMOHTA «UO-
nu6» yraérranpek 6ynapn. Top-
HUHT GyHAal YeTNaHHIIN MyAKUH

Je6 aranagu. N
Tenrnamamary a = V—E— ]

KoxpduHeHT 3ca  TYJKHHJAp-
HHHT TapKaJHIl TE3JIHCH JAeHH-
dagu. upu P (x+ af) yHK-
LUHAHH KYpalyuK. ¢ raf, <<
<t, KuiiMarnapuu Gepcak, 1.3- it
lwaKJgary rpaduxnapaa OGHpHH-
YucH nactaarucH 6yaub, TYa-
KHH VHTJaH Yanra a Te3ivK Ou- g x
JaH Tapkanaad. Sumu Janam-

6ep dopmynacu (4.5) épnamuaa

OJIMHTaH EYHMHHM TeKIHMDaMH3. 1.3- waka
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Ukkn xoqHM Kypamus. DHpHHYHCHAA TOp HYKTa/NapHHHUHT GOLLJAHFHY
Te3JUrd HoJra TeHr 6y/aub6, TOp OGOLUIIAHFMY YeTJaTdll XHcobura Tel-
paHcuH, AbHH F(x) =0 pe6 oscak, (4.5) opMyaagaH KyHHAard eyum-
HH XOCHJ  KHJaMu3:

f(x—at)—QJ—[(x+at) ) (4.6)

u(x, t) =

By epma f(x) Gepuiran ¢ynkuuagup. PopMynajaH KypUHAZHKH,
eunM u (x, f) HKKHTa TYJIKUH HAHFHHAHCHAAH HGOpaT: GHPHHYH 0 f(x —at)

o . ! o
TYJIKHH @ TeaJMK OHMJaH YHL TOMOHIra, WKKHHUH 3f(x—}— at) TYJAKHH
I0y Te3NMK Gu/aH 4Yanm TOMOHTa TapKalafHraR TYJIKHHJApAHD.

1 o o 1 .
?f (x —at) TYFpH TYJIKHH, Y f(x+af) sca freckapn TYaKHH lne6

artanajy.

Bowmtanrny f{ =0 MOMEHTAa MKKana TY/JKHH TIPODHJH yCTMa- yCT
Tyluagu. Papas xH/Iamu3, GolIaHFHY MoMeHTHa f(x) dyHkuusa (—I, )
OpaJiHKJa HoAra TeHr OyJMacMH XaMaa Xypr OyHKUHA GyJICcHH,

1 v
1.4- waknpary Yan yCTyHAA Y f(x 4 af) TYAKHHHHUHT yYam TOMOHra Tap-
KaJHLIH, YHT YCTYHJA 3Ca BaKTHHUHT TYPJH MOMEHTJapuiaa % f(x —at)

TYJKHHHHAT VHI TOMOHra TapkajHulM, YpTajard YCTYHAA 3ca TYJ-
KHHJIAp HHFHHAMCH, SIBHH TOP HYKTAa/JapH yMyMHil YeTJIaHHIUH KypcaTHJ-

rai. {<< — MOMeHTAA HKKa/Ja TyJKHHAap Gup- 6HpH OGHMaH yCTMa- yCT
a

Tywamy; = L MOMeHT]aH Golna6 6y TYJAKHHJAAD YCTMa- yCT TYLU-
u

Maitny Ba TYpJIH TOMOHra KapaG y30KJallUajH.
DHAM MKKHHYM XOJHH Kypamu3. TOpHHHr GOLNIAHFHY YeT/aHHIUH

HOJIb 6yJICHH Ba GOLIJAHFWY MOMEHTJa TOp HyKraJsapH OOLJIAaHFHY Tes-
JUK OJIMIUM HaTHXacuua teGpaHcHH. DBy xomma Top GyHna6 ummyJbc
TYJKHHJAp TapkanagH. (4.5) ¢opmynara f(x) =0 mu KViu6, u(x, f)
GyHKUHA yuyH KyHuaard udopaHH osaMH3:

xtat
u(x, t)=510-jF(x)dx=(‘D(x+at)——(D(x——at), 4.7)
x—at
6y epaa
D(x) = 2175 F(x)dx (4.8)
——m 0
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0 o
K‘-
TN / WAAN
) [] x ! 0 7 x ;70 [
Fi g u
P
~' 7 2
/\\ 1‘4\’\ / N\ .
g x a1y 3¢ X ¢ ’
2 2
p J u
22t
(% a TN\
7 7 DIV ¢ g
% 4
i 4 u
-4
0 x 4 2~ a x
4 1 o
I\ <
0 ¥ gl-f+at l+otx 4 o
1.4- waka
By dopmynanan kypunaguxu, eunm u(x, !) 1oKopumarH Ka6w, TYFpH
uy = — O (x —at) Ba Teckapu u, = O (x + at) TYJKHHJApNaH H6opaT
3KaH. Bomwanriy £ =0 MomeHTna Uy =—0x), u,=0(x) 6ym6

u(x, 0) =0 6ynanu. A”rap F(x) (—1, 1) opanukna AHHMKJIaHTaH GYJIHO,
F(x) = v, GomwanFny yarapmac TesmMKKa sra 6yaca, y Baktaa @ (x) =

1 v o
=2—aj‘vodx=2—‘;x 6ymm6, Oy epaa —I<x <! 6ynamu. x >!
0
—1

o 1 vo L h
Kuumarnana®x=—§v I = 2% — & _ i
P. *) 2 od. 2, =5 B *>—l Kuitvatiappa

m ='L =—£i- —,__.i Y _vl o
=) Py yvodx g — g 0vmamu. By epra h == 6y,
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NIl

©x)

@ (x) ysnykcus Ba Tok byHRUuS-
Adp (1.5-wakn). Suan u (x, f)
CUHMHHHT ¢ HHHT TYpau Kuii-
Mar/apHiard rpadurHHEH - gcaii-

0
b
2

~

1.5- waka

¥

MH3. 1.6-wakaga 4Yan ycryuma
TeCKdpH TVIKHH U, = @ (x+ af)
HHHT TYPJIH MOMEHTJArH X0JaTH,
YHT YCTYHAQ TYFPH TYIKHH u, =
= @(x—at) HuHr rpadury,
ypra ycTyHza sca Top HykTasda-

PH YMyMHH UeTJaHHWH Tpauri KeATHDWJraH. BupHHun xonman dapx-
Jau yaapok, ¢ = 0 na u(x, 0) =0 6yau6, ¢ KarTaJalHwy GuAaH HYKTa
IOKOpHra KyTaph/aiH, uyHKu (4.7) dopmynanary HHTerpaajain opaJieH

{ -
KeHrasgu. ¢ = — G6yJaranja
a

u u 2y u
NN
d
/ " —
4 / x EYADY. NN 4 x /l,\l ’
- N~
ho g1t u
u ujz “Za
- —_ —_—— H
A . A2 A N
- - -t 0 x
G SR 2
uph L
u N t=a u
z
R 45 — -
A AN AN
z -1 o] x
A1 8ol 1 x __/,{0 /\\2_1 # \\
u uyh t-f.é "
g 2@
S, - — B PR NG
/_ 4//- N _\
y P - 7 N\
_/-f 9 7 x L ! o ! \\X !/ 0 x
a ujh t=‘;’<é u
LT 2N, T
7 1 7 x 7t N N
1.6- makan
! 1 :
Uyl
u0,-=——fvodx= S =h
a 2a, a
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XocHa GyJaanu. t>—;— 6yiranaa xam u{0, ) =h G6ynagu, uYyHKH
(—!{, ) nan rtamxapuga F(x) Honra teHr. IllyuuHr yuyH uerJiaruuin
¢yukunscy 4(0, f) wakaga Ysrapmac 6ysm6 KosnaaH. Mucon  yuyH

o, "
X, = Py 6yacuH. VY xonma { HHHI 7a JaH KHYMK KuilMatJapyja Tec-

KapH Ba TYFPH TYJKHHJAPHHHT OHprajJuKAa TabCHPH HaTHXKacHia HyKTa
" ] o
Kytapuau6 Gopagu. t>2— MOMEHTA2 TeCcKapH TYJKHH 4erjatmiH Gy
a

HyKTajza Joumuil —; ra TeHr GYyJHG, HyKTa TYFpH TYJKHH TabCHpHIA

o 31 o
IOKOpHra KYTapHJHWHH NaBOM 3TajH. t>?; MOMEHTJa HKKaJa TVJ-

o !
KHUHHHHT YeTJaHHLLIH % ra TeHr GyJamd Ba u (3 , t) [dyHKUMAHHHTD

KuiiMaty h ra TeHr GVyJanu.
Iynpat kU6, u(x, {) GyHKUMSHUHT rpadurd { HUHT Typad KHi-
MaTJapuja Kyhuparumya O6ysap 9kaH: ¢ =0 ga u =0 — TYFpH 4H3HK;

O<i< L 2a YH3HK NpodHIH Tpaneuus IIaKJIuga 6Ymau6, YHHHT 1OKO-
a
PH 4acOCH KYTApHJHG, KATTaJaurH Kamasgu: | = L Ja mpodua yubyp-
a

{ v o
Yak Ba {>— Ja npounu KeHrasguraH Tpaneuust KypuHHIIMAa OyJa-
a

a1 (1.6-wakn). Uyupail kuan6, Topra Gepuirad (— I, I) opanukaaru
GOLINIAHFHY Te3NaHHLI HaTHXKacuia Top 1e6paHu6, h GalaHAIHKKa KyTa-
pWJagd Ba BakT yTHWM Gusian Wy GalaHAJIHKAA KOJafH (CHIKHUIMHHHT
KoAaueH). Oxt TeKHCJMIHHM OJM6, x—af = 1 pa x+at = 1 —
XapaKTEPHUCTHK TYFPH YH3HKJAPHH IOKOPH SIPHM TEKHC/IMKAA YH3aMH3
(1.7- wakJ1). @ (x) yskuuanunr udofackaan dofianaHcak, Teckaps TyJ-
kuH D(x+ af) nunr 11, IV Ba VI 3oHanapparu yeTJiaHMIIM y3rapMacra

L

reat=-{ x+al=1 A-al=-{  y.pt-t
¢fx+at)a§’

“EiA-0b):

b
2

tDz’x+a£)=-§’
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TeHriurH Kenu6 uukagu. III, V a VI sonanapaa Tyrpu  TysiKun
— M (x — af) HUHT YeTJAHHIIH XaM g ra Ttenr. Ilynuar yuyn VI

30Ha CH/KHII KOJJHFHAAH ubopar 6y/u6, 6y 30Hara Moc KeqaraH ¢yHK-
wuamu3 u (x, §) = @ (x+ at) — @ (x —al) = h 6yaagu. 1V 3oHaga TVr-

- h
PH TYJKHH HETIAHHWH — — Ta TeHr; WYHaKa HeT/aHHW V 30Hana

TecKapy TyaxkHHAA MaBXyA. [lynuur yuyu IV Ba V 3oHanap top HykTa-
JapH y4YyH COKHH 30Ha/ap GyJsaau. Hykra tekucaukuuur 1V 30Hacupan

o o o h h
VI zonacura yTraHaa TYFpH TYJNKHHHHHT YeT/IAHHIIH — o Aat — raua

o

yarapaiy.
llly mynoxasanapaan ¢o#igananub, x,>! 6yaranga u(x,, t) ¢yrk-

UMAHUHT Ky#uzgard HQogacHHH €3aMHs3:
(

0, 0<i< ozt
a

(1_,\'0—at)’ xo—l<t<xo+l ,
a a

2. Oupn Koww MacajacHHH OHp KUHCAH GyJsiMaraH TeHIViamaJap
yuyH Kypamu3. Bup xkunciau GysmMaran

Pu g & fx, § (4.9)

or? ox?
TYJKHH TEHIIAMacHHUHT — oo < X << oo, { > 0 coxaja aHHK/JaHTaH Ba

u|t=0=(p(x),%ut =¥ (—w<x<e)  (410)

GOLIaHFHY LAPTJIAPHH KAHOATJAHTHPYBYH €YWMH TomuscuH. By Macana-
Ja Xocua 6yarai 1e6paHHIIHE HKKH TeOPAHHIIHHHT HHFMHIMCH LUAKJIH-
la Kapaiimu3. BupunuwcH, GOLIAHFHY OFHLINAH XOCHJA GyaraH TeGpaHHMLU
(Tallkh Ky4 TabCHPHCH3), HKKHHYHCH 3ca (aKar TallKH Kyd TabCHPHAA
03 fepran TeApanum (FONMIAHFMY OFHIL XHcoGra oJuHMaiinu). By xou-
Ja

ulx, ) =u(x, )+ wlx, 8 (4.11)
6yau6, v (x, ¢) GyHKUHA
Po _ g O 4.12
w4 o (412)
TEHTJIAMaHUHT — oo < X < oo, { > 0 coxaja
o] =e@ Z| =y (4.13)
=0 ot [t=0

OOLIaHFHY LIAPT/IAPHH KAHOATJAHTHPYBYM ednMH, W (x, f) ¢yHKUMA 3ca
38
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o

Fo _ g %2 +Fx, 1) (4.14)

o
TEeHIVIaMaHHHIT — oo << X << oo, { >0 coxaja
[ =0, o =0 (4.15)
1=0 ot [t=0

GoLTaHFMY IApTJapHH KaHOAT/aHTHPYBUH euuMH Gynamu. (4.12), (4.13)
Maca/laHHHT €YHMH MabJyMKH,
x+at

u(x, f) = “’"‘“”’)j“"*+“’)+2%5 vdx  (4.16)

x—at

KypuHuwaa 6yaaau. (4.14), (4.15) HHHT €YMMHHM TOMHII Y4YyH KyHHZa-
IH KYIUHMYa MacaJlaHi eqyaMH3:

Fo _ p 20 4.17)
or Ox?
TeHIJIaMaHHHT
ol =o, QL"\ = 1) (4.18)
(=T of \t==

(v— napamerp) GolLIaHFHY 1UAPTAAPHH KAHOATJAHTHPYBYH €YHMH TOMH/I-
cud. By Macana yuyn Gowvsanruy moment = 0 GysMacaaH, 6aku t= 7
6yaagu. Y xoana (4.16) anambep cdopmynacu
x4a (I—7T)
o t—1 =7 [ & vat (4.19)
a
x—a (t—1)

Kypunnwaa ésunagu. (4.19) eunM amnk 6yaca, (4.14) wunr (4.15) nm
KaHOAT/IAaHTHPYBUH €YHMH

w(x, t) =‘\!co(x, t—1)dr (4.20)
0

6yaann. (4.20) HMUBr XaKMKAaTaH eudM 3KauauruHu (4.14) ra xyiu6 Tek-
wHpamus. (4.20) nu ¢ G6yitnua audpepeHumanaiMua:

!
w,(x, f) =o|_,+ | o t—1)d7
0
(4.18) wapTHHHr GHPHHYM KUCMMTa acoCaH:
¢
w,(x, ) ={ o, (x, t —T)dT. (4.21)
b
(4.20) Ba (4.21) nan KypuHaguku, w(x, f) ¢yHkuus (4.18) GownanrFuy
wapTJapud KanoarJantvpagd. (4.21) Hu sHa f Gyitmua audpepenuHan-
Jacak, (4.18) ApTHHHT HKKHMHYM KHCMHTra acocaH

]
W, (x, 1) =0, + j o, (x, t—T1)dT=
0
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= f(x, t)+,f’ w,(x, t—7)dt (4.22)
0

KeJHO YHKaju.

(4.20) Ba (4.22) ra acocan KypuHuG Typu6aukH, w (X, {) DyHKLUHS
(4.14) Tenrnamanunr (4.15) OOLITAHFHY IUAPTHH KAHOATJIAHTHPYBYH
euuMH Gysanu. [emak,

| t x+4a(t—1)
o 0= | [ 1& vat]ar (4.23)
0 x—al(l—7)
By xonna (4.9) uumr (4.10) GowaFuy WAPTJAPHH KAHOATJIAHTHPYBYH
€YHMH

r4-at
ulr, = RE=ALokrd | L [ weaart
x—at
, t  rta(t—1)
+ES [ 5 fE 'r)dﬁ]dr (4.24)

0 x—a(t—1)
Kypurnwga 6ynamu. (4.23) Ba (4.24) Howamero npunyunuwn wupona-
Jaigu.
Mucoua. Kyfingarn 6up xusciu 6ysiMaran
0*u 0%u

T{JIKUH TEeHTrJIaMaCHHHHT
Ul =sinx ou =X
t=0 "ot e=o
6OLIIaHFHY LUAPT/IApHH KAHOAT/IaHTHPYBYH eyuMuHH JIbloaMelb INpHH-
LUnugad QpoijanaHud TOMMHT.
Euum. a=1 ga
flx, ) =x, @(x)=sinx, Px)=x
¢yHKuusanap yuyn [ploamesnp NpHHLMNHAAH (oiifajaHaMH3:

. . x-i;i
u(x, f) = snn(x—t)—;—sxn(x—i—t)_*_%j xdx +

x—t
el s

Xap kaficH KYLUHAYBYHHH asioxuja- anoxuia xucobraiiMus:
sin (x — ) +sin(x +¢)

u,(x, t) = 5 = sin xcos ¢,
1 x-H ] 5 x+l ( + t)a ( t)z
‘ x° x =X —
uz(X. t)=_2‘.s xdx=—2---—2—x_t= p =
x—t
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_x2+2xt+l?—x2+2.xt—f3
o 4

= xt,

t x4t—t

¢
_ 1y (x+t—t)'=—(x—t+t)2] T —
xdx]d'c— > 5 [ 5 d

|
Uy (x, f) = '2_
3 x—I+T

t
_ 1 x?+f3+12+2xt—2x1'——2l1:—x2——t'3—172+2Xf—2x‘l'+2tfdt:
_25 2
0

t

2 2 2
=j(xt—xt)dr=xtt L X
0

—_x —
2 o

1
0

JleMak, MacaslaHUHT €UYHMH
. xt?
u(x, t) =sinxcost + xt + <
6Ynap 3KaH.

5-§. Yu yauoBau TYiKHH TeHrnamacH ydydH Kowm macajacs.
Myaccon ¢opmynack. oreHC NPHHUKAH

Yu ya4oBiH
Pu_ o (Fu Pu | P 5.1
aw° (ax21 oy=+az2) (8-
TYJKHH TEHIIAMaCHHHHT
du
ul =9y 2, —| =%y, 2 (5.2)
t=0 ot |t=0

GolLaHFHY LIApTJapHH KAHOATMAHTHPYBUH U (X, Y, 2, [) €YHMHHH TO-
NHIW MacanacHHH Kypamu3. By epaa ¢ (x, vy, 2) byHKuua yuuHuM Tap-
THOrada, P (x, y, 2) QyHKIMA HKKHHYUH TapTHOraia Xycychit xocHjaana-
JapH 6uJaH Gupraiukaa (asoHHHr 6apua HyKTaJlapHAa y3nyKcu3 ¢byHK-
uusnap 6ysicuH ge6 xucobnaitmus. (5.1) Ba (5.2) MacanaHH eunin yuyH
Kyfunary épnamud Macanand Kypaiauk. (5.1) TeHrsamawuHr Xycycil
XoJ1aard

— 6u, —
=0 S, =y (5.3)

GOLINAHFHY LUAPT/IAPHH KAaHOAT/IAHTHPYBUH (X, Y, 2, ) €YUMH TOMHUI-
CHH.

Ug

auf _
T—v(x, Y, 2, 1)

necak, y xoaga (5.3) ra acocan
UI[:() = f(xv y' Z),

v 6214/ 63uf a’uf a?uf
— = o = — — O
ot =0 or |t=0  9x3 + a3 t 0z
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WwapT/iapHd KaHoaTJantupaau. lllyHuur yuyw, arap u; ¢yHKOHs y4uH-
uy TapTHOGraya ysJykKch3 Xocuaandapra ra Gyaca, (5.1) wuur (5.2) uu
KaHOAT/IaHTHPYBYH €UHMH

ulx, 4, z, t) = a"’ +u, (5.4)

topMyaa opkaad uboganaHaLH. Ilemax, (5.1) rteHrnama yuyn Koum
MacasacH U, (YHKLMHAHH aHHKJalra KeJaTHpunagd. DBy ¢yuxuusuu

_ 1 *fE Y
(%, 9, 2, t)—“mﬁ -2 do, (5.5)
Sr
Kypnruiiga é3amu3. By unterpan (5.1) TenrsiamaHHHr Mapkasu M(x, y, 2)
HyKTaga 6ynub, pajuycH r=af 6yaran S, cdepa cuprd Gyinua
O/IMHTaH eynMH Gysuimuuu kypcatamus. f(§, M, ¢)— uXTHépHH y3nykcus
¢yukuua, do, chepadHuHr 103 3neMeHTH. (5.5) AaH

ls‘j‘f@n@do dnr

6VraHaury yuyH t—>0 Aa u;—0 6ysm6, (5.5) wapriapRHr GHPHHUH

KHCMHHH KaHoaT/JaHTHpaad. WKKMHUM KHCMHHH  KaHOATJaHTHPHILMHH
TEKLUHPHI YYYH

< max If]

§=X+ﬁ1f, n=y+52rv Q=Z+ﬁaf (5'6)
aJMallTHPHLLIapHH GaxapHb, KyHHAAarHHH XOCHJ KHJaMH3:
w= e {1k by, y+ By, 2+ Bondoy. BT)

By eppa 3+ P2+ p=1, do, = dr‘:’ 6ynu6, unterpan S, OupaHK

ctepaHnHr Gapya TalMHJaHraH X, y, 2 HyKTaJapHia XHCOGJaHajH.
(5.7) uu ¢ 6)"/17mqa anddepenunaniacak,

2= ES F+Byr, y+Bar, 2+ B doy +
+ Z:Tt—z jj‘ (51 A + 52 + Bs—~ ) do, (5.8)

S1
G6ynapu. (5.8) nan ¢t —0 na %—» [ (x, y, 2) 3KaHJUrH KeJH6 uyuKa-

. dupu, 4y GyHKuuAHUHT (5.1) HH KAHOATIAHTHPHIUHHK HCOOT KHJIHIL
Knugosaup. (5.7) pan

62uf alu/ 63uf — 55 f af) i
dx2 + Ayt + 923 4na (6§z an? T a¢?

o + 2N da,. 5.9
4nar‘g.5(6§‘ anf’- 09:2) o ©-9)
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‘%’iﬁ uonann xHcobaam yuyn (5.8) Hu Kyfmaaruua €3amus:
I

ot t

=‘:_f+4—;—,‘m(a§{+ % & )dzdndg ”f+;4’—fﬁ"r, (5 10)

Vr

f(t)=5”(a£,+ Lk A acz)d&dn de,
Vr

V, —mapkasu (x, y, 2) Hyktaja GYyJn6, paguycH r = at GyJraH Iuap.
(5.10) nan:

6y epaa

Pup _ _ up 1 oup 0l ® S A )

on R T ina ina
_wp w10 L el LW _ 1 alg

?+ I J'_4:rtal2 + 4nat ot 4na? 4dnat A

ol ()
ot
Y146, do, = r*sinBd0 d{ sKaHaMruHM XHcobra oJcak,

%ﬂ =a§”(% +aa:1f* * a?)da’

r

udogaHn XucoGaami yuyH chepHK KoopAMHATasap CHCTeMacHra

TEHIJVIMKHH OJIaMH3. J_'[emaK

a;;/ 4nt j‘j‘( 0“. gcf) do, (5-11)

6ynanu. (5.11) Ba (5.9) Hu coamwrHpcak, (5.5) OpKa/H  HpogasaHT aH
us(x, y, z, t) bynkuua xakuxataH Xxam (5.1) TYJIKMH TeHrJaMacHHH
KaHoaTJauTHpaa. ¢(x, y, z) Ba \P(x, y, 2z) OYHKUMATAp TYFPHCHAArH
Mmy.10xaszanap Ba (5.4) ra acocan KouwmM MacalaCHHHHT yMyMJallraH

€UYHUMH
u(x, y, 2, t) =4_:lm{ai; [” AL A (E.rn.C) dor] +
+ g‘l’_@rﬂ_m dc,} (5.12)

KypuHuiza Hoonanavaau. (5.12) uu Ilyaccon dopmynacu meitnnanu.
®azona Ilyaccon dopMynacu opkanu ubomalaHraH TYJIKHH —Tapka-

JIMIIHHUHT (DU3UK MOXHATHHH KypalyuK. Bouinanruy TeGpaHuIl dYerapacu

S uuskkian uéopar G6yaran Gupop D coxama comaup GyacuH. DBy coxa-
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1.8- waka

HUHT TalKaphcuaa ¢ Ba P QyHKUHANAD HOJra TEHr (MYKH HyKTaslapja
Hosllau Qapknu). Myxut xosaTuHuHr Vsrapuimnd D coxa talkapucuaa
€TyBuH Taiinunanran M HykrajzaH Kysataiuuk (1.8-wakm). M uykrapan
S cuptraya GyuraH 3Hr sikhH Macoa dy, 3Hr y30K Macoda d, GVJCHH.
Mapxkasn M nyxraga G6ynu6, papuycH r =at 6yaran S, coepa

i< %- raktia D coxara etn6 keaMaiipu. Iysunr yuyn cohepa nyk-

TaJapuma @ Ba P Jiap Hoab 6yau6, (5.12) ra acocan u(x, y, z, ) =0

6ynaan éku ¢ = — paxTaa S, cdepa S cHpT GuJaH TYKHaulapW, €Ku
a

TYJIKMHHUHT OAHHTH GpontH M nyktajzan V1agu. Onguard  ¢pout S
CHPTHHHT Xap Gup HyKTacumaH paauycH r =at 6yaran chepanapuuur
Vypamacuzan ubopar Gynagu ([iofrenc npuruunu), = —% pa f= 4

a a
BakT/1ap opacHaa S, chepa D coxauu xecn6d yramu. Ilywuur yuyn 6y
opanukaa, (5.12) ra acocan, u(x, y, 2, )= 0. t>ﬂ BakTaa S, cde-

a

pa D coxaun %3 yuura onagu Ba yJap yMyMuH Hykrara sra 6y.Jmaii-
au. llynunr yuyn 6y Bakiga, (5.12) ra acocaH, u(x, y, 2z, ) =0 6y.za-
Au €k Gouwlanruy Te6paHuin M HykTajan YTu6 Gysiagu. By peran

o
<

N d -
cy3, { = —- BaKT TYJKHHHUHT OpKa (GPOHTHHHHI M HykTagaH VTuiM-
a

HH aHuKJaiau. JleMak, onuurd ¢poHT TeGpaHHII e1M6 KeJMaran Hyk-
TaJlapiH aXXpaTM6 TYpYERUH UYH3HK, Opka GPOHT 3ca TeGpaHMLINAH TyX-
Tanrad (OCOMHIUTANaUIraH) HyKTajapiaH Te6paHaéTraH HyKTalapHH ax-
pa146 TYPYBYH HH3HK GyJaiM.

6-§. Mxku Ba y4 yauoBAH TYAKHH TeHraamacd ydyn Kowu Macanach .
Hacaimin (Tymwmm) ycynu. Macananu e4HUIHHHr

Hbloamenb NpHHLANK

Ouaaunry naparpadgaa KYpuaraH MacalaHMHT XYCYCHM XOJIMHHM €KH
[ dyHkuua z ra GorsMK GyJMarad XoauHd Kypaiiuk. By xoama (5.5)
ra acocaH 4 GYHKUMS XaM 2 ra GOFJHK GYJMaliili Ba MKKH YJ/IYOBJH
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Pu g (P P
a ((w -+ ay‘-’) 6.1)

TYJAKHH TEHIJ/IaMacHHH

u

—owr o) 2| =y 6.2)

=0 o |t=0
GouaHFUY LIAPT/apia KaHOATJAHTHPAfH.

XHco6/alapHd OCOHMALITHPHIL YYyH 5-§ aard (5.1) HUHT eunmu-
1 xOy Texucauruga udopanaiimus. ByHunr yuyn S, cdepaHHHr 10Ko-
pH Ba MacTKH KHCMJIApHHH YHHUHTr xQOy TeKHCIAHKIArd MapkasH M (x, y)
HyKraga Gyiran kKarra C, joupacura npoekuusnaimus (1.9-waks). By
X0J/11a

z
P
4o,
- - ~
4 ¥ N
° ——__f—i[_
6
M )
xX
1.9- wakn
dc,
d 6, = (TS?. (63)
6ysm6, (5.5) uHTerpan Ky#Hmaruua €3unanu:
1 , dc,
. r r cos y
r Cr
Maknnan:
cos Y =£Pll — Ve — [PMP — yrt—(x—§))2 — ¥ —m)y
IMP| r r
lysudr yuys:
f(g‘ﬂ-ﬁ)dc _ f(E1. M) dErdn,
r )YV e—tr =
S, c; '
Hemak, 6y anMawrrHpuiuiapra uuc6atan (5.12) Hu
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ul 4 2) = 2slw {% [C” e —qf'—ng))zdg—d;;—n)z J +

r

+j;;fyfr'3 YE ndidy } (6.4)

— (=8 —w—n)

KYPHHHLIAA €3HII MYMKHH. By HKKH JJYOBJM TYJKHH TeHTJaMacu YUyH
Iyaccon QopmyJ/acuanp. ¥ ¢asona oJiuHrH GpoHTH GOp, OpKa (pOHTH
iy (CloreHc MpHHUMNM GaXXapuMaijn), UATHHADHK 1YIKHHIApHE HDO-
panaiiqu. [y Tapuka, arap [ ¢yHkuus dakatr x ra GOFIMK 6Viaca, u
¢yHruMst XaM Xx ra Goraak GYJauG, GHp Y/4OBJH

Pu_ o B
at'.! a ax2 (6.5)
TYJIKHH TEHTJIAMaCHHUHT
ou
u |¢=o = ¢(x), ol A P(x) (6.6)

GoulaHFUY LIAPTJIAPHHH KAHOATJAHTHPYBYH euuMu Gyiaau. By xomaa

x+-at
_ 1 fGE 0 _ 1
uf(x’ y» z, t)_ 4na S\S‘\s‘ I‘" dof - %24 j‘ f(g)dg

x—at

(5.5) kypunnpa 6yaanu (do, = 2nrdE). Llywuur yuyH, Gup yadoBau
TYJAKHH TEHrJaMacHHHHT (6.6) IIapT/IapHH KaHOATJAHTHDYBYH €YHMH
Kyfnparuya ésuJaju:
) d X+f11 x——nat
ues, =5 (5] | o@dz|+ | vorae} -

2q ( dt

x—al x—at
x--at

=€P(x+al)-:tp(x—at) +2_1a_ 5‘ Y(E)dE 6.7)

x—at

By Hanam6ep ¢opMyaaciaup.
IOkopupary, (5.1)—(5.2) Kown Macanacauar (5.12) eunumunau

(6.1)—(6.2) Ba (6.5)—(6.6) Kowm mMacananapuiunr (6.4) Ba (6.7)

€YHMJIAPHHH KeNTHPHO YMKapHIll YCYJH TNacaiivil (Tymmm) ycyau aedu-

JajH.
SHau y4 YJI4OBJAH GHp KHMHCAH GyJMaraH

2u o2u 0%u du
?=a2(¥+‘6_y2+¥)+f(x» Y, 2, t) (68)

TeHrJaMaHuir — oo <X, Y, 2<<oo, ¢t > 0 coxana
u(x, 4, 2 D), =0 y. 2),
ou(x,y, 218
LN R 6.
22| = g 2 (6.9)
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6olIIaHFHY IAPTJIaDHH KAHOATJIAHTHPYBYH €UUMH— Y31YKCH3 u (X, ¥, 2, 1)
&YHKUMAHY  TOomHW  GWiaH  luyFyJtaHamu3. Dynpait macana ToByi
TapKaJIMLl Ha3apHACH, 3JeKTPOMAarHUT TYJKHHJIADHHUHT TapKa/lHll Hasa-
pusich Ba (husHMKaHUHT OolIKAa coXasapuia (yHAaMeHTasl axaMusTra sra.
(6.8) — (6.9) HuHr eunmH, GHD >KHHC/IH

Po gy P @
o (axz T T 62‘3) (6.10)

TeHrJlaMaHUHT

v
(4] = X , —
Lo o(x, y,2) ”

=¥(x 4, 2) (6.11)
=0

GolINaHFUY WapTJapHH KAHOAT/MAHTHPYBYH U (X, Y, 2, f) euumu OH.aaH
6epunral (6.8) KypuHHILAaru

Fw _ o (fw  Cw 0w ,
w° (ax'2 + ay? o )+f(x’ &l (612

TE€HIVIaMaHHHT

ow
w| =0 % \t=0 0 (6.13)
GollIaHFHY 1IAPT/IaPHH KAHOATIAHTHPYBUM W (X, Y, 2, !) e4dMH HHFUHIH-
cHaaH H6opart 6ynamy, fAbHH U = v + w©,

(6.10) — (6.11) Kowm macanacuuuur euumu 5-§ ma Ilyaccon ¢opmy-
JlaCH OpKaJli TOTHJITAH 30H.

(6.12) —(6.13) Kowm macanacHHHHT eunMuuu 3ca Jlploamesb npHH-
uunuaaH ¢oinaJaHié 10naMus.

BupHinunzas,

ot? +

ox? ay? 0z

Fo _ a? (ﬁ oy i“_’) (6.14)

TEHTJIAMaHHHT { > T yuyH (T — NapaMeTp)

—o0 X
=1 ot
GOlLIAHFHY LIAPTJIaPHH KAHOATJIAHTHPYBYH €UHMHHH TOMAaMH3.

(6.14)— (6.15) macananunr eunmu [lyaccon cdopmynacH opkaan udo-
nananagu. ®akat dopmysagard ¢ ypHura f—T HM KUl Kepak, udyl-
KH 6y epaa Gowanriy MoMeHT ¢ = T. By xonma (5.7) xy#mparu

oy, y, 2, £, T)

=f(x, y, 2z, 1) (6.15)

=1

o y 2z, ="

Z [ re+p at—0, y+pat—,

St
2+ Bsa(t —1)dx (6.16)
KYpHHHLIAAQ 6yJaaid. DHAH,
t
(x, ¥, 2,-)=[w(x, y, 2 t, T)do, 6.17)
0
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bynkuna (6.12) — (6.13) MacanaHHHr €YHMH 3SKaHJIHMTHHH KYypcaTaMus.
(6.17) nu ¢t Gyinya muddepenuuasnaiiMus:
ow

_ (%
5 )% dtjt+o(x, y, 2, t, T) — (6.18)

(6.15) HuHr 6upuHuM LuapThra acocad (6.18) mar¥ HKKHHYM 'KYLIMIyBYM

HOJITA T€HT, LUYHHHI YUYYH
!

@: iﬂ
=) dr. (6.19)

(6.17) Ba (6.19) dopmynanaH KypuHanuku, w(x, ¥, 2, ¢) ¢yskuua (6.13)
GOLIaHFHY WApPTJapHU KaHoaTJaHTHpaau. (6.19) Hu sHa { 6yiuya aud-
(epeHIHaNNAHM H3:

¢
Fw 2w
3 —GY ot o (6.20)
(6.15) ra acocan:
!
Pw [ 00
o2 _5‘ o dT+f(x’ !/, 2, t)' (6.21)

By epna o ¢ynkuuscu (6.14) TeHrJavaHH KAHOATJIAHTHDHUIMHH  XHCOG-
ra onacak, (6,17) sa (6.21) napra acocaH, w GyHRUMSHHHT (6.12) uu
KaHOATJIaHTHPHIIH KeJsHG '-lHKallH Hemak,

{w(r, y, )-——(‘—)d filx—Pyalt-—1),
wx, y, 2, t ! OYt T t”][x Bya(t-—T

y+[Byalt—1), 2+ ﬁaa(tj —W) djo,. (6.22)

(6.22) na r = a(t —7) Gearunaw Kuputub, & =x-+f,r, N =y + .7,
¢ =2z + B, dopmynanap opganu chepHk KoopaHHaTaJap cHcTeMacHra
VTCaK,

(r=Vu—+G—+e—e" MHB+HE+HE=1,

wx, y, 2, t)—4na_ \H (g " )dgdnds'[(ﬁ.zs)

dopMysaHu XocH1 Kuaamus. By epma V,—wMapkasu (x, y, 2) Hykrajna,
pamuycu r =at 6yaran wap. (6.23) ubona KeunkyBuH noreHuuaa aeHu-

JajiH.
Mlyuunraex, JIploamens NpHHIMNHM épAaMHMAA HKKH VJIHOBJH

Pu_ o (Puy Tu
e ( =+ ay,)+f(x, ¥ 1) (6.24)
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TEHrJaMaHHHT

0
u| =el y), | =b Yy (6.25)
t=0 ot Ji=0
GOLIAHFMY 1IapT/IapHH KaHOAT/IAHTHPYBYH U (X, Y, f) Y3NYKCH3 E€UHMHHH
TOMHUI MYMKHH.
(6.24) — (6.25) Kowmn MacajlacCHHHHT €YHMH, GHP MKHHCJIH

Fu o (Fu oy T
=a (axz + 6!/2) (6.26)
TE€HIJlaMaHHuHr
d
o, =& 0 5| =¥ 9 (6.27)

GOLINAHFHY 1NAPTJIapHH KAHOATJAaHTHPYBYA v (X, Y, f) eduMH OuJaH

l’azw — 2 2w . Pw -] 28
il bR R () 16.28)
TEeHrJIaMaHHHT
wl I=0, &| =o0 (6.29)
§=0 at lt=o0

GOLVIAHFHY 1IapT/IapHd KAHOATJAHTHPYBYH w (X, Y, [) e4uMH HHPHHAHCH-
JaH Hoopar 6y/amgn: u = v+ w.

(6.26) — (6.27) Macasnanunr euumu (6.4) dopmyna opkanu Hponana-
Hagu. IOgopuna kestupuaranunex, (6.28) — (6.29) Maca/IaHHHT €YUMHUHH

!
w=|ok y Odr (6.30)
0
KypHHHLIAa Tonamus. By epra wl(x, y, f)
J'w g [ 0 630))
— a — -
or? ( 0x? oy*

TEHI'VJaMaHHHT
—0, 2| Mo Ty 0 (6.31)

=1 :0! =<

13

o

GOLLTaHFHY LIAPT/IAPHH KaHOATJAHTHPYBYH eyuMHIup. Dy eunm
0%, ¥, H)= —— 5 [ ) Y M——i“_“]dr (6.32)
2na S

Sat (t—T)t—r?
0 r<ga(i—1) K ¢

KypuHHLIAZ HbojajaHaiH.

7-§. Jlannac Ba MNyaccon Tenrmamanapu. [puu dopmyaacu.
VpTa KuilMaT xaKujaru Teopema Ba rapMmoMMK (YHKUHSNAD y4yH
MaKCHMYM NPHHIHITN

Typnu crauyoHap ¢H3MK Mapa€HAapHH, MKyMJajaH, HCCHKJHK YyTKa-
3HII HAa3apHsied, SJEKTPOETATMKa, FHAPOAMENAMMKA Macafia/lapHMH ypra-
HHWAA KyHHaard Auddapentinal Temramara KeJlaMHs:
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Ru d*u

+ — =0 ékn Au=0. .
ox? dy? 022 (7.1)
By renrnama Jlanaac meneaamacu peiimnagu. TeHrsaMaHHHr 4am TOMO-
HHZard Hpola 4 GOYHKUMAHMHT JanjacHaud, A Gearn Jlanaac onepa-
mopu IeRuiiaju.
bup xuhcau 6GyaMaraH
du d0°u o’u
— + — + — =[x Z) ékn Au = 7.2
Tt = v D f (7.2)
TeHrsaama [Tyaccon mexearamacu peitunagy.
By Tenrnamanapuu TeKiudpuwga [pun  dopMynacH Ba  rapMOHHK
GyHKUMsANAp TYLWIYHYacH KaTTa axamHsATra sra.
T'pun opmyaracu. BekTop MailnoH/Iap HasapHACHIAH MabJyMKH, BeK-
TOp MaMIOHHHHT XaXM OYHHYa TapKaMHIIH (IMBEPreHLUsICH) XaXKMHH
yerapaJoBYH ENMHK CHPT OpKaJH MaiJoH OKHMHra TeHI', S'bHH

”SdindV= f S[ a,dS (7.3)

Arap u(x, y, 2) Ba v(x, y, 2) QyHKUMAAap €nHK V coXaza y3myKcH3
Ba MKKMHUM TapTHG/IHM Y3JYKCH3 XYCYCHH Xocuaajapra sra (QyHKUHsIap
6y.116,

a —ui} Qa —u@ a _ua—v
x ox’ y ay’ z oz

6ysca, y xoJia

dive =2y foy g Sy (2 T o)+
ox dy oz ox? oy® 0z*
404 By Oudu ﬁ‘@—uAv—}—gradu grad v, a, —uZ
0\' dx Oy oy 0z 92 on

-
Gynagu, 6yHna n — V coXaHwHr S cHpTMra YTKasWjraH TallKH HOp-
Mman. (7.3) ra acocdn

j” urv dV = ﬁu—ds--jvﬁ grad u grad vdV
" jﬁ orud V = “ v — ds—ﬁj grad v - grad udV.

By MKKHM TeHrVIMKHH GHp- OMpHAaH afHpcak,

jﬁ(um—mudv ”(u—— )ds (7.4)

OpMYJIaHH XOCHJI KHJIaMH3. (7.4) npoma [ pun ¢opmysracu pehnnagy.
VKKK yauoBiu u(x, y) Ba v(x, y) oyukuuasap yuyyn C 3rpH -
3UK GusIaH dYerapajadHraH S coXafa ['pun QopmysacH

éK
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Sjv (uAv—vAu)ds=5<ua£—v%)dl (7.5)
) dn oan
s c
kypurHaa udopananagy. By epna ds = dx dy, dl —C srpu unsmx éi
3JIEMEHTH.

lapMonHK byHKuMaaap KyAujaard Xoccasnapra sra:

l-teopema. Aeap u pynxyua C 3sepu wusux 6usrax 4eaparav-
2an coxala eapmoHuK ¢hyrkyus biaca, y x040a

j 5 % 4s = 0 (7.6)
on
5
6yaadu.

HUc6or. Arap (74) na u =1 pecak, Av =0 TeHrJMKKa acocad
(7.6) TeHrqMK Keau6 YHKajH.

2-teopeMa (byHKUHSHHHT YpTa KuiiMatin Xakwja). Aeap u ¢pynk-
yus 6upop M, Hyskmanu §3 uuuea orean 6upop V coxada eapMOHUK
pynkyus bgaca, y xosrda PynkyuanuHe wy Hyxmalaeu Kuldmamu
maprasu M, nyxmada 6grcan waprune S cupmu 6jtiuda oauHeaH
Kudmamaaputune jpma apugpmemuzuca mene 6y§aradu, AvHU

1
UMy = — i [ s,
R —-chepa paduycu.

HUc6orT. u(x, y, 2) dynkuua T + S, coxaga OHPHHYH TapTHGIH
XOCHJIaJapH OnsiaH GHprajiikAa y3/JyKCH3 TrapMOHHK (QYHKUHA OVJcHH.
S, —T coxanu yerapanoBus cupr. Mxrnépuit M(x, y, 2) nykra (1.10-
wakn) D =T —V coxaga €ragu. V —paauycu p 6yaran wap, S,—

my IapHUHr cHptH. M, (X, y, 2) HyKra V IIapHHHT MapKash. v =1
r

GYHKIUMSHH KYpalauk, 6y epra r =V (x—x) + (y—yof + (z—2,) —

(1)

1,10- magn
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M Ba M, uykranap opacujard macoda. v ¢yskuus M = M, uykrana
yaugpwra sra 6yaranaurn yuve T coxaja u Ba v beHKuHﬂJIapI‘a I'pun

dopmynacunn Kyanab G6Vamaitnu. Jlekun D coxama v = —  yHKuuA
r
yerapasianras. lynunr yuyn Oy coxaja 4 Ba v= L GbyHKUHAMAp YYYH
r

(7.4) dopmynanu KyanadMus:
I (s = rowjor = S luge(7) =7 Sl
+ﬂ n(7) ‘Y s (2.1)

D cOXaHHMHT' TAalUKH HOpMaJH GViuua xocuﬂa K&THAIUraH OXHUPrH HKKH-
Ta KYIIHJYBYHHH XHCOGJafiMH3:

SO ==Ly =4
on \r So or\r/l—p 0°
6yaranauru y'-IYH

SS ( ) s = —jjuds —4;192 u(Mp)= 4nu (Mp), (7.8)

6y epp,a M, — S, cupiparu nxrnepuu Hykra, llyHra yxwaru

du (M
r on o g on P on

Sp P

(7.9)

[ ou(M
=4npl 4 (My) ]

du
D coxana A (l) = () 3KaHJMIHHH XHcobra oaub (7.8) Ba (7.9) uu (7.7)
r
ra Kysmus:
1 d (1 1 odv
JJ(=7)say = [J ez () =7 &ilee+

du (M) ]
— . (7.10)

+ 4nu (Mp)—4np[

p—0 pa M,— M, 6yaranaury yuyH
o= [] [ 2o (g ] o
(7.10%)

6vaamu. By epna
52

www.ziyouz.com kutubxonasi



. M
lim 4mp _Ou (Mo)
p—0 on

=0

3KaHJIMT'HHH )gucoéra oJICaK,

1
u(Mo)__lng [u agz)_i a_u] ds_,,(b”ATuA” (7.11)

r dn
r

KEeJIH6 YHMKaAu. U — rapMoHnK yHkuus GyJaranaurd yuyd Au = 0. [e-
Mak, (7.11) nau
1
9 (7) 1 du

U(My) =— ” [u———— —]ds (7.12)

4n on r on|

r

6Vaanu. Xycycu#t xonaa (7.12) uu Mapkasu M, HykTaza, painycH R
6yaran cepara kyanaimus (¢ ¢ynkuus chepaga Ba yHHHT S , CHpTH-

Ja OHpHHUM TapTHOIH XocuJaanapH OujaH OGUpraJMkia y3JyKcu3 Ba
—_—
rapMoHHK (yHkuus). Tawku n  Hopmaa chepa pagHycHra MoC KeJagM.

LyHHHT yuyH:
1 1
7))

on  l_p or r—R R:
HeMak,
1 du | 13
u(M)__ S§ [R On] —Zt..gsu(_RT)ds'
SR
(9.6) Hu xHCOGra oncak,
1
u(My) = ;n—Rz( { uds (7.13)
SR

(bopMyJlaHH XOCHJ1 KHJIaMH3.

3-Teopema (MakcumyM npuHuunu). Yezapasramean 1' coxaruwe
uuda eapMmonux 6yrean 6a S,+ 1" énux coxada y3ayxcus 6jrean u
Pyrkyua (u = const) fauruHz H2 Kamma 6a 3IHE Kuduk Kulimamaia-
puea gaxkam coxanu 4ezapanrosuu cupmda 3puuiadu.

Hc6or. llaprra kypa uconst. Papas xunafuuk, u cyskuna T
COXAHHHT Huufarn M, HyKTaja MakcuUMyM KHHMatra sra GY/CHH, fibHH

Uy = w(My)=u (M). (7.14)

Uy = u(M) skanauruau Kypcatamus, G6yHma M — coXxaHHHr HXTHEpHH
HykTacH. Mapkasu M, HyxkTajga, paguycu p Gyaran Ba T coxa Huuza
éryBun S, cdepanu osamus. (7.13) dopmynaga QyHKUMSHH SHT Karia
KuiMary OuJaH a/MaluTHpaMHa3:
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u(My) = e g J’ u(M) ds.
I}
Yp1a guitvat xakuparu Teopemara acocaH,

u(M,) = u(M) 4np* = u(M,).
M, —S, cupraaru meeplm HykTa. By Tenrnuk Ba (7.14) pau

Uy = u(M). (7.15)
Uy rapuxa (7.15) TeHriMKHHHr T cOXaHHHr Gapua HykraJjapuia Gaxka-
PUJHMILHMHH MCGOTNIAIl MYMKHH (Xap raj KeHHHIH OJMHraH HYKTaja YHH
MapKas KH/HMO Illap 4H3aMH3 Ba IOKOpHIAard MyJoxasajaH ¢ofinanana-
Mu3; Oy Kapa€H OXHpPIH wap S, cHpT GHJaH ypUHTaHWraya [aBoM 3Ta-
IH).

8-§. I'pHH (yHKUHACH. YHHHr Yerapasuil mMacanasJapHH
eynmwaa kyanauwavwK, Joupa Ba wap ydyH Ilyaccou
dhopmyaanapn

HOubdepeHuuan TeHrJamasnap yyyH uerapaBHd MacajaJlapHH eyHilzia
I'pue dyHKUMSACH yCYJH KYn KyJJaHWIagurad ycyJajapAaH xucoGsaHa-
I{. YHHHT MOXHATH Kyliujarupad dGopat: aBBajo OGepuaraH macajiara
yXiuaur MacaflaHHHT Maxcyc euMMH TONWJagu Ba y épiaMuaa Gepuirad
Maca/JlaHHHT €YHMH HHTerpaj OpKa/iH XHCOOJaHafH.

Ipun QyHkuuAcH KyAHparvda auuxJ/Jasapv. 7-§ ga T + S, coxana

OMpHHYUM TapTMGAH XOcHJalapu GunaH Gupraiukia Ys/iyKch3 OyaraH Ba
T coXa WuWJa HKKHHYM TapTHO/IM XOcHJara 3ra Oy/raH u QyHKUMsCH
yuyH I'pHHHUHC HHTerpa/n ¢opMy/aacH

aMy) =+ ml_@_ ‘9(7)] LU e

r on an

VPHHJIM 3KaHJIUrH ucGoTnaHrad. Arap v(x, y, 2) émuk D coxana rap-

MOHHK QYHKUHA GyJca,
B O
SiS(uAv—uAu)dV—!\ (uan van)ds (8.2)

r

dopMyJ/1aHH €3MIU MYMKHH. U — FapMOHHK (YHKUHMS OYJ/IraHJurd yuyH
Ay =0. Jemax,

0=_”(03—Z——u—)ds—j‘SSUAu dv. (8.3)

(8.1) Ba (8.3) napuu Kyramus:
u(M,) = ” [ (4m + v)—u % (4—:;——}—0)] ds —
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—Hf( Au—— —}—v)dV (8.4)

A 4nr
D

Arap
GM, M) = r— +v, r=VE—xf TG4 T2 (85)

ne6 Gesruaacak,

u(Mo)_“’ [G"—"— an]ds— S\\ GAudV (8.6)

on

6ynanu. (8.5) maH Kypuuaauku, G (byHKuuﬂHu aHukgaw ydyH Ay =0

TEHI/IaMaHHHT Maxcyc vl = —E yerapaBHi HIApTHH KAHOATJaHTH-
sf
PYBYH €4MMH U HH TOMnil KHPOARMP.

(8.5) xVpunuwparu G(M, M,) ¢yHkuns KyHuaard 1waptiap é€paa-
MiJa aHWKJaHanH:

1) GM, M) dyHkuua M HyKTaHHHr GyHKOMSICH cHbaTtHia aHHK-
JaHn6, TalHHNaHraH M, HykTaJaH GOlUKA HYKTajJapAa TapMOHHK (YHK-
uus €xu Jlansiac TeHrJaMacHHH KaHoaTJaHTHPaZH.

2) GM, M,) dyskuna M = M, HyKTala 4YeKCH3JIMKKa aiylaHajH.

3) G(M, M,) dyHKuus coxaHH yerapasioBud S, CHPT YCTHAA HoJara

TEHI:
GM, M)=0, MES,. (8.7)

IOKopunaru wapraap épaamuna annkaanran G(M, M) yHkumus Au =
=0 Jlansmac teHrsiamacu YuYyH OWpHHYM uyerapaBWil Macasauuur ([du-
pexne Macanacuuudr) Ipun dynryuscu pefinnaau. (9.6) aa Au =0,

u‘ = f(M) 6yaca, 6y copmyna
Sr

u(M°)=—SSu—ds — jf—ds (8.8)

KypuHuaa 6yaub, daxart G(M, My beHKuHﬂl‘a Gornnk, Gynanu (6M-

PHHYH uerapaBui Macanaja uI =, 3 I =0 Ba HKKHHuM uerapa-
Sy nls,

Buil Macanaga u| =0, ou = f(M)). (8.8) popmyna OupHHuH uera-
s, on s,
paBuil MacanaHuHT, SibHH [lupexJie Maca/lacCHHHHT €YMMHAHD.

pun dyukuusacu HefiMaH MacallaCHHHHI eYdMHMHM Ba YYHHYM yera-
paBHH MacallaHMHT €YMMJIapUHH TOMHILAA XaM KyJaaaHWiaagu. Ky#huza
Upun dyukuuacu épaamuaa euumJapH TOMHJAAQMraH HKKHTa MacajlaHH

KVpaMH3.
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Mlap yuyn upexJe MacalacHHHHT e€YHUMH. Mapkasu
M, nykraza Gyqu6, panuycu r Ba {S, cdepa \6unaH uyerapajaHran V
—_— . . . i

lapHH Kypal/auK. n — TallkH HopmaJ, M, — cdepanaru, M — cdepa
TalllKapUCHIATH HXTHEpuA Hykrasap 6yiu6, M M uusukuarn N Hykra
MN - MM =r TeHTIHKHH KaHoatsaHtupaiu (l.11-wakn). N nykrara

1.11- wakn

OGUPJIHK 3apaj kohnamtupamusz. (8.7) iapt Gaxapu/auwd y4vH M Hyk-
Tara WyHAa¥# OWPJAHK 3apsii JKOHJAIITHPULI KepakkH, cdepaja yJaap
Gup- 6MpuHH RyKoTciiH. Arap S, chepaja uxtHépuil M| HyKTaHH oJICaK,
AMMN & AMMM 6Ynamu, UyHKH Yy HMKKaJacH YYyH yMymuit Gyp-
yak Ba 6y Gypuyak 10MOHJApit nponopuxoHad, [lemak,

MN MMy gy T D (8.9)
MOM| MoM r r ra
By epaa r, =0 ry 0§16, v =— - rapvMoHMK (yHKLHMA cdepaga
r rore

1 .
4 = — rapMoHMK (YHKUMSA Kalya Kuarad KuHmaraapHd odapu. M
s

o r
HyKTara »XOHJalUTHPHUJraH 3apsij NoTeHUHaln — — jaH ubopar. [lemak,
7o
puH QyHKUHACH MKKHTa 3apffl NOCHJ KHJFaH MaHdQoH NOTEHHHAJH.
t 11 r
G(M,, N) = —[— — —] (8.10)

£ role

Kypunuwnaa rdogananagu. IOkopuma keatupuarangek, [upexse maca-
JIACHHUHT eYyuMH

u(My=— [ FM) %2 ds, u| =f (8.11)
Sy

Sr
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-

K{punuwaa 6yaaan. Chepara yTKasuaraw Tallky HOpMasa n HHHr  HY-
HaJHIIK pafnyc HyHamwm Ouaad ycTMa- yer rymagd. [lywusr yuye

9 bl ' =
P cos (1, r). Hdemak,
,

on
0G _ 1 fo(ty_.~ i(L] i(‘_)=
n " an [an(rs) ro on r;,)' on \r3
__‘/\
=— —:2— c0s (ras 1), (8.12)
3
1
6(—) r 1 -/
I il — cos(ry,n) (8.13)
rp On o
A
AMMN pau r§=r® +ri— 2rry cos (ry, 'n ),
A
AMMM pau 12 =r*>+rl—2rr,cos (r,, n),
€KH
=" 2 —f—r'° —r?
cos(rs,n)=# (8.19)
2rry
—+A—> re r2—— 2
cos (o, )= 20 (8.15)
2rry
I’y r .
ry = —%, r,= — TeHIJIMKJapra acoca:
o "o
9.2
r r’ry
L, Pt
cos (rg, n =) g ¢ =
73
2r. =
ro
. rzrg — ,2,§ rg— r? -f—rg
o 2r%r, T oy,
Supu (8.10), (8.12), (8.13), (8.14), (8.15) dopmynanapra Kypa
3G _i[ A Pt A—n o T A=
on " 4n r 2rry ro rar 2r3 1o ] o
r
2
1 =1
- 8.16
dnr 13 ( )
Jlemak,
M) = - FM il (8.16")
u( o)—ZE;SS M,) rg :
r
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6Vsann. by dopmynann cbepux KoopauHatanap cHctemacHza H¢ona-
naitmus. Chepa mapkasu M, HykTapa, (r, 0, ¢) — M, HyKTAHHHT KOOpAH-
HataJsapH, (ro, 6y, @) 3ca N HykTa KoopiuHaTalapH, Yy — MyM; Ba MN
paanyc—BeKTOp/lap opacuaary Gypyak GYJcHH. ri=r*-+r}— 2rr, cos v,
anMalITHpHl sko6uann / = r2 sin O 6yarananry  yuyn (10.16”) dop-
MyJa

r—r

2
u(re, 8o @p) = ;%[55 g T f®, ¢) sin 8d0dy (8.17)
S

ro(rr— rg — 2rry cos y) °

Kypunnga 6ynagu. By dopmvaa [Tyaccon opmyracu pefinnanu.
Houpa yuyu dupexne macanacuHUHT edyuMH. Mapkasu
M, Hykraga 6ysu6, paguych r Ba C aiiylaHa O6uJjaH uverapasaHran D
-
JoMpanu KypaH/iuk (12- wakn) n — tawkd sHopMmana, M, ailnanajaru, M
aliflaHa TallKapHCHAArH Hyktajtap 6yaub, MM unsuxpard N BykTa
MN MM =r® éku rory =1r* (8.18)

WApTHH KaHoaTJanTHpaiH. A M(NM, 6unar A MMM napuuHr yxuwai-
JIMTHJaH:

1.12- waka

rra . ror
r, === @KH ry= =2, (8.19)
o r

Hemak, okopuaa Kaha Kuaunranuiek [pud dyHKuuscu

G (M, N)=2inlnri+v &ku G(M,, N) =
K

| 1 1 r
—In———In —
2n ry 2n rors

(8.20)

I 1
= ——In—. Jlanuac

Kypunuwaa Gynagu. By eppan G' =0, v
c c 2n rs

TEHIVIAaMAaCHHHHT €YUMH
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u(Ny = — (f(M ) o= S gs (8.21)

¢
KypuHuWga 6y/1anu. Bv epaa
S A A
0G 0G 1 g 1 -
——=——cos(n r) ———cos(n r)+——cos(n rs).
on or 21 ry 2 r,
MM N pa MMM yubypuaknapaaH
- - ridrd — 2 - rtrl — 7
cos (n R r3) — —si' Ccos (n, r2) — —21
2rry 2rry
OyJraH/uKIapH y4yH
3G —l_/l rH—r%—rﬁ 1 r3+r§—rf
on | 25 \ry 2rrg re 2rry )
(8.18) Ba (8.19) ra acocau
G 1 P
'O—n c T omr rg

6ynamy. (r, ¢)— M, HyKra KyTO KoopaMHaTa/apH, (r,, @,)— N HykTa
KYT6 KoopAuHatanapu Gyaca, MyM,N yubypuakpan r2=r? -+ r2—

— 2rry cos (@ — @y) Gy/raHAMrH YuyH
IO
c 2nr A rg — 2rry cos (§—@q)

6yaub, u IC-—- f(p) Ba ds = rdd 3KaHAMrHHH XHcOGra 0J/CaK, eynuM

2n

» r—r?
u(¥) = ;- | ° f(@)do (8.22)
0

2+ rg — 2rrg cos (9p—y)

Kypunuiiga Gysapu. By ¢opmyna doupa yayn Ilyaccon gopmyaracu
Aeluaany,

9-§. Hccukaux Tapkaauw TeHraamacu. Kow macanach,
Apajsaw macana. MakcumyMm npHHUMNH.

Hccukank Tapkagiuwd, Audxbysuss Ba €MHILKOK CYIOKJIMK/IAapHHHT Xa-
paKaTtH jxapaéHJapuHM YpraHuil Macasnasiapd napabo/uK TypAard
u L (Pu | Fu | Pu
ot (0x2 ay 622)

9.1)

TEHIVIaMa/IapHH TEeKLUMPUILTA Ke/JTHPHIAMIN.

MakcHMyM NpHHUMOH XakKkuparu rteopema (Hcb6ort-
cu3). D coxa iokopupan H Kecva, €H Ba mnact TOMOHZaH I GHJaH
yerapa/iaHraH TYFpH TypT6ypuyak Gy.icuH. HMccukank tapkamum (9.1)
TeHr/JlaMacHHHHT D coxaja yanykcua 6yJraH Xxap kaHjai edumu yau-
HHHI SHI' KaTTa Ba SHI KHYHK Ku#iMatira I fa spHiuaju.

59

www.ziyouz.com kutubxonasi



Apanaw macana. DBynpali Macana tehrsama euumunmdr { =0
Jla KaHOATJMaHTHPHIUKM Kepak GV/raH GOILJIAHFMY LIApPT Ba COXa uerapa-
CHa KAHOAT/NAHTHPHLIM Kepak 6y/raH uerapaBHil WIAPTJIADHHHT KyHHIIH-
wHaaH Hbopar Gyaamn (3-§.).

YerapanaHraH crepxeHJa HCCHKJHK TapKaJulll MacaslacHHH Kypaii-
JHK. VIKKHHYM TapTHO6M XycycHH XocHs1aln GHp MHHCIH GysmaraH

2
S —a 4 Y (9.2)
Juddepenunan tenrnamaHuir 0 <x <1, ¢ >0 coxaga aHHKJIaHraH Ba
u L=0 =u(x, 0) = @(x) (9.3)
6oLUIaHFUY WAPT XamJa
u e u(0, t) =9, (), 9.9
u =l=u(l, y=9,()

x=1

yerapaBHi WApT/IApHH KaHOAT/IaHTHPYBUH u(x, f) €YHMH TOIMHJICHH.
f(x, t) byHkuus crepxeH Gyiaab TalUKH HCCHKJHK MaHGACHHHHT TabCH-
puHH Hoaatafau.

EunMHH HKKHTa v Ba @ GYHKUHSVIApHUHE HUFHHAHCH, SIBHH U=0-1W
wakaaa ubonanaiimnz. By epaa v dyHkuuA

& 2% 9.5)
ot Ox?
6up KHHCIN TeHIvIaMaHHHT v (x, 0) = ¢ (x) GolLIaHFHY LIApPT Ba
o =% v| =% (0 (9.6)
yerapaBHH lUApTJIAPHH KAHOATJIAHTHPYBUHM euHMH, @ (GYHKUHUS 3ca
0w , Pw
—_— = — .7
2 =t 1) 9.7
6up KHUHCJIM 6YsIMaraH TeHIJIAMaHHHT
w ‘ =0 9.8)

wl =0, w| =0 9.9)

yerapaBHil lIAapT/1apHH KaHOATNAHTHPYBYHM euumH 6Vaann. Xap OHp TeHr-
JaMaHH aJioxiHja- anoxuja edamus. (9.5) — (9.6) MacanaHHHT euHMHHH

knx

' a, (f) sin e (9.10)
1

Yos

vixt) =

[
{l

KVpuHHIIAA u3naiimus. By epaa
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2
L)

Oy -

v (x, t) sin 1_ dx.

(9.11) nu ukku mapra 6leaK./186 MHTerpaJljia HMus:

1 v(x, &) =u, ﬂdx=du
2 . knx Jx
N fv(x, f) sin - dx =

k
sin £dx—dv v=——icos
{ kn
k ! : k
— 2 —_ v_(x’_t)[. cos _nf_ + L aU cos ﬁ. dx
) 214 ) kno 6x !
ALUR = u, Fv dx = du
_ ox Ox? __ 2, 1)(___
k .k k
cosﬂdxzdv, v=—[ sin T
l kn {
2v (0, ) 2 1 v ! l l k
v (0, ¢ v (x, 1) sin nx
+ kn + 7 [kn dx " kn S

=2 —(— 1) —
=0 —(= N v, Bl——— ) 5
(9.5) Ba (9.6) ra acocaH:

]
21 dv . knx

2 k
a, ()= pos [$; (&) —(— 1) ¥, ()] T e ; ot !

(9.11) nu ¢ G6yitnua auddeperuHaNIaAAMH3:

t
oy _ 2 (%0 o brx gy
dt ) ot !
0
(9.12) Ba (9.13) man uuTerpaMHu HyKoTHO, a, ra HHcGaTaH
da k2 2k

L = 2 [ () — (— 1 9, ()
TEHIJIaMaHH XOCHJ KHJaMH3. (9.14) HUHI yMYMHH euuMH
_( kit \ * t (k“_“

l)t[C 2kna ‘S‘e

a, () =e "
0

— (— D () 1),
6y epaa C, = a,(0). (9.5) ra acocan:
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— sin —dx.

(9.11)

.k
SQ—U sm%dx

(9.12)

(9.13)

(9.14)

) o0 —

(9.15)
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v{x, 0)= i a,(0) sin k’;—x = @ (x).
k=1

JleMak,
1

a,0=C, = 13 \\p(x) sin k:;—xdx
d
6yn0, eunM

kna \2

© Tt [}
vix, ) = kgle( ) [72§¢(x) sin k?—xdx +

2kna® : (k’;_") * k
+22 (e b (1) — (— 1) 2 (DN ) (9.16)
0
KypuHuAa Gysany.
(9.7) —(9.9) macananusar eunmunn xam (9.10) KypuHHWIZa w3sail-
MH3:

e, B = Z o0 sin B5, 9.17)
6y epaa
1
£t = % f F(x, £) sin 2% gy (9.18)
0
élinaMann xHcobra onrad xoaga (9.7) nau
d 5
260+ fay ()=, (0 9.19)

kna .
TEHIJIaMaHH XOCHJ1 Kuslamus. By epaa o, == (9.8) ra acocan:

4
a,(f) = je—“’z =1 f, (1) dr.

0

Tonunran upopann eummra, (9.18) HH xucobra osraH Xxonfga Kyi-
CaK,

t 1
w(x, )= Hc(x, E, t—1)f(E 1) dtdr (9.20)
00
HofaHH XOCHJ KHJIaMH3.

By epna
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N\ 2 .k
G, t—1)= f— S e= 9 U=71) gin ——k?x sill i

k=1
6yimn6, y I'pun ynkyuscu nednnaiu.
Hemak, (9.12)—(9.13) apanaw MacalaHHHT e€4YHUMH
kg |3 ]
)

u(x, t)=2 e_(_ [% jcp(x) sin k:;—x dx +
k=1 0
s ()
+ 2 () ) —(— a0l de sin 222

0
t 1

+ ({6 & =[G ndidr (9.21)
00

KypHHHLIZA 6Yiamu.

10-§. Wrypm — Jinysuaa macanack. Xoc QyHKUHA Ba Xoc
KuiimaTaap. Acocuit xoccaJjapu
Oppnit auddepeHumal TeHrnamajgap HasapuschHaa
[px)y' ] —qgx)y +Apx)y=10 (10.1)
KypuHuugary tedrnamara Umypm — Jluyeunra menearamacu peitnnans,
By epaa @(x), q(x), p(x) dyrkuusnap [a, b] KecMaga y3nyKcH3 GYHK-

nusaaap 63an6, ¢(x) >0, g{x) >0, p(x)>=0 G6yaagu. A-— Tenrsama
napaMetpu. (10.1) TeHrsamaHMHr HoMaH GapKJIH €YUMHHHM TOIIHIL

YuyH (pyHKLHS
oy (@) + a,y' (@) = 0,
By (b) + Boy’ () =0 (10.2)
yerapaBuil lIAPTJIAPHH KaHOATJAHTHPHIUH 3apyp.
bus gyiinna mareMatHk ¢pH3HKa TeHIJIaMaJIapHHH euHllga Kym Kyi-

Januagurad (10.1) HHHC XvceycuH XOMHHM K{paMH3.
A NapaMeTpHHHT WIYHAAll KHIMAT/apyd TOMHJCHHKH, Oy KuMMarJjapaa

X' x)+AXx)=0 (10.3)
Indbdepennyan TeHTJIaMaHHHT
X0)=0 XMH=0 (10.4)

yerapaBuil LAPTJIaPHH KAaHOATJAHTHPYBYH HOMAaH GapKau €uYHUMH MaB-
Kyn 6yncun. By macana Imypm — JTuysusrn macaracu peiusany.
A >0 6yacud. By xonma (10.3) HUHT euumu

Xx)=C, cos VA x+C, sin VA x (10.5)

KypuHnaa G6ynanu. (10.4) yerapaBuit wapT/iapra acoca:
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C,-14+C,-0=0,
Cycos VAL+C, sin VAL=0.

By epra C;, =0, C,sin VAl =0 6yaamu. C,+0 G6yacun (akc
xomga X (x) = 0):

sinVAl=0, Vii=kn, k€Z, V;T=’311,

Mlyupait kuau6, (10.3) —(10.4) macananuar HoifaH Qapkad edusMH
bt \2
=) (10.6)
\ !
KuiiMaTJapaa MaBXya Gynamu. By kufiMataap macanmanuur xoc kuiMat-
JIapH, yJapra Moc Kenajurad Houzad [dapkiu
knx

X, (x) = sin e (10.7)

€UHMJIap MacaJlaHHHT X0C QyrKyussiapu JeHHNanH.
(10.6) nanm KypuHaJHKM, XOC KMHMAaT/Jap COHH YeKCH3, MaHQuii 3Mac
Ba yerapanaHMaras

X (%), X,(x), X (%), X, (%), (10.8)

KeTMa- KeTJIHKHH TaIUKHJ KuJalH,

Xoc ¢yHknuaAnap Kyhuaarn XxoccaJjapra ara.

1. Xap 6up xoc xutimamea akam Gumma xoc PYHKYuUs MOC Ke-
Aa0u (Y3rapmac KynaiTHpYBYHrauya aHHKJIMK GH/IaH).

Hc6ort. bBurra A, = A xoc KufimaTra HKKHTa Xoc ¢yHkuus X, (x)

Ba X, (x) Moc Keacud. Bapua xoc dynkuusmap (10.2) werapasuii wapt-
JIaPHH KaHOAT/IAHTHpajH. YJapHHHT GHpHHUHMCHIAH
a X, (0)+a,X, (0)=0, a X,(0) +aX, (0)=0 (10.9)
KeJH6 YHKAAW. o, Ba Oy Jidp OHP BAKTAA HOJLA TEHI' 3M4C, LWYHHHD
yuyH (10.9) wuHr BpoHCKHl 1€TepMHHaHTH HoJra TeHr Gymamu:Rj
wlX,0), X, OM=X,10X O—¥X_ (O%X,©) =0.

Hemak, X, (x) Ba X, (x) dyHKUMANAp YH3HKJIH GOPMHK GYJub, A =
=\, Gyaranna 6uTTa GOFJIMKMac Xoc (QYHKLUMSA MaBXKyA Gyaaiu, AbHH
X, (x)=CX,(x), (C = const).

2. Xap xua A, 6a A, A, x0C Kuimamaapea MOC KeA2aH UKKU-
ma X, (x) ea X, (x) xoc ¢pyuxyusrap [a, b] xecmada opmozorardup
éKu

fxm(x) X, (0 d(®)=0. (10.10)
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3. Xap xua A, 6a A, xoc Kulimamaapea MOC Kerean UKKUmMQ
X, (x) 6a X, (x) xoc ¢pynkyusrap p(x) easnau opmozonar Ogaca, Y
xoa0a

me(x) X,(x) p(x)dx =0, (m=*n) (10.11)

6ijaadu.
BupuHuM xoccaza Kada 3THAraH yarapMac KynalTyBYMHH IOyHARaH
TaHJaHMH3KH,

6VacuH. By wapTHH KaHoaT/nanTHpYBYH xoc (QYHKHUANAD HOpMaAraH-
2aH pednaagy.

Arap ¢ynkumsinap cuctemact (10.10) Ba (10.12) mwapriapus Ka-
HOaTJlaHTHpca, ¥ xoaaa la, b) kecmapa oOpmoHOpMarraHeaH cucmema
nednnanu:

X, |2= fp(x)x’;’,,(x)dx=1 (10.12)

0, arap mn,

[P X0 - X, () dx=
1. arap m=n.

a

(10.13)

11-§. Yerapapuit MacananapHH eyMiga yarapyBuunapHH
aXpaTHIl YCYJIH. YHHHT TaTOHKUHHHr YMyMH#l CXeMacCH

MatemaTk (H3HKajga KeHr KVJJaHMNanHraH ycyalapaH OupH ys3-
rapyBuUMJIapHH axKpatHil ycyaH éku Pypwe ycyam xucobaaHaid.

Afinukca, 6y ycys runepGonMK Ba NapaGoO/MK TYpAard TeHrJamaJap
yudyH €mMK COXajarH uerapaBuii MacaflajapHH euHllfa KYyJUIaHHJaIH.
Babau xonnapna 3MMHNTHK TypAard TEHr/aManapHH eqHMILAA XaM KyJl-
JaHunagd. Xap GHp TypAard TeHrJaMasap yuyH GuTTafaH MacajaJfiapHH
K{paH./HK.

11.1. YerapanaHraH TopHUHr TeOpaHuiM. DBus HMKKM TOMOHMAAH
MaxKaMJlaHTaH TOPHHHT 3pKHH TeOpaHHILl TeHrJaMacH

u _ o Fu
rraiaibewrs (11.1)
Huur OOLWJIAHFHY 1lapTaap
ou
u =/, — = 2
|{=0 f(x) s F(%) (11.2)
Ba YerapaBud LuapTJap
ul| =0, u|l =0 (11.3)
x=0 x=I

GepuiraHfard XycycH# eunmuHd Tonamus. Byuusr yuyn ®ypee ycyauaad
(rofinananamus. (11.1) Tenrnamanunr (altHan 0 ra TeHr 6y/amaran) Xycycui
eydMuHH ukkuTa X (x) Ba T (f) pyHKuMANap KynadHTMacH IUAaKJHAa KH-
IHpaMH3:
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ulx, H=Xx) - T . (11.4)
Bynnan ternutnu xocunanaphu tonu6, (11.1) Tenrmamara Kyiu6, Kyiti-
JaTHHH XOCH/ KMJ/1aMH3:
Xx)-T"W=a*X" ()T ()
Ba Oy TeHrVIMKHHHT XxamjaapuhH a® X-T ra 6yau6

T _ X' (%
aT (¢) X (x) (11.5)

TeHTVIHKHH XOCHJ KHJ1aMu3. By TeHrsuK y3rapmac coHra TeHr 6yJraH-
JardHa VYpuHiaH Oyaagd. YHu — A Gunad Genruaadimus., Ilynpah xu-

JIu0,

T =x = *

By TenrauknapaaH MKKMTa TeHrJiaMa XOocHJ GyJafu:
X"+ 12X =0, (11.6)
T + a®*AT = 0. (11.7)

By TeHrnamanapHuHr yMyMuii eunMsapMHH TomaMH3. XapaKTepHCTHK
TEeHIVIAMAHHHT MJIRM3/IapH KOMIJIEKC GYJITaHJIMTH Y4yH

X(x)=A cos VAx+B sin VA x, (11.8)
T({#) =Ccos a VAt+D sina VAt (11.9)

eunmsiapra sra Gyiamus. Byunpa A, B, C, D —uxtuépuit ysrapmac
cousap. X(x) Ba T(¢f) nap yuyH Ttonusrad wudoganapun (11.4) Teur-
JIMKKa KYAMH3:

u(x, t)=(A cos VA x+B sin YAx)(cos a VAt+
+ Dsin a VA ). (11.10)
Sumu A Ba B yarapMac cosdapuu (11.3) mapraapian ¢oigananué To-
namu3. (11.8) ra x =0 Ba x =/ KuiimatiapHu Kyicak,
0=A-1+B-0, 0=Acos VAIl+B sin V!

TeHIVaMajap Xocul G6yauG, OGupunuucHaaH A = 0, HKKHHUHCHAAH

B sinV Al =0 skanaurd Keru6 uukagu. B%0, uyHKM aKc Xoaja
X =0 6yau6, u=0 6ysu6 Kotapu. By waprra 3ug. Ulyauar yuyn

sin YA l=0

6y Kepak, Gynman VA = % (n=1,2, 3,
HH TOmaMH3. Y.Japra Moc KeJaauraH Xoc (yHKuusIap

.) Xoc KuiMaraap-

X = B sin '%x (11.11)
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TEHIHK GHiaH ugoganasagu. Tonmiran VA uuar udomacuun (11.9)
ra Ky#cak, y

T()=C cos ﬂ {+ D sin —t n=12.) (11.12)

KYPHHHIUHH OJIaJi. 1 HHHT Xap OHD KHHMaTH y4yyH TonuaraH udona-
Japun  (11.4) ra Ky#u6, uerapaBuili WapT/apHH KaHOATJAHTHPYBYH
u,(x, f) eyuMJIapHH XOCH.T KHJIAMH3:

u, (x, t)—(C cosﬂt+D sm-—t) n—l-x

Tenrnama uMsuk/IM Ba GHP KHHCAM GYJIraHd yYyH €UHMJAPHUHT HHEHH-
JIHCH XaM eunM GyJiain Ba IUYHHHT YYYH.

u(x, t)=i(c cosgt—i—D sm—l—t)sn . * (11.13)

n=1

KaTop Ousan €snnarad ¢yHkuua xaM (11.1) TeHrjamaHuMHr euMMH GyJa-
an. C, Ba D, ysrapmac COH/MapHH aHHMKJ/awl y4yyH Oowwanrny (11.2)

waptaad ¢oiganaHamus. ¢ = 0 6ysiranna

jeo =3 C, sin " (11.14)
n=]

6ymu6, f(x) dyukunauuar (0, /) opanuxnua JPypve Kalopura &fuMacH
MaBXyJ 1e6 dapas Kujcak,

ﬁ%jf(x) sin == xdx r(11.15)

ra TeHr Gymamu. (11.13) Tenraukma ¢t Gyiinya Xocuna Jonu6, ¢ =0 na

Fx)= D Ml—n sin —l- x

n=l

TEHTVIHKHH XOCH1 KusiaMus. By xaropuunr Pypre jkoaduunentnapunn
aHHKJafMu3:

[
D ? f—SIF(x) sin ﬁ—xdx

n
€KH

l
D =2—YF(x) sinﬁlE xdx. (11.16)
i
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Iyupait kumu6, 6uz C, ba D, xkodpdHUHEHTIADHH aHUKJANHK, HeMak,
yerapaBuii Ba GOLUJaHFUY LUAPT/IapHH KaHoat/JaHtupyedu (11.1) TeHrna-
MaHHHr euuMH GyJrad u(x, f) YHKUHAHH aHUKJIaguk. DPypoe ycyau
MarteMaTHK (DM3HKAHHHT KyN Maca/lalapHHH eudHIUJa 3Kyfa KyJ KeJaaH.
HM3ox: Arap 1okopuia — A ypuura -+ A = k* udonanu oJfcak,
TeHr/IaMaHUHT yMyMHH eunmu (11.8):
X = Ae** + Be~kx

6yau6, (11.2) yerapaBuii LiapT/IapHH KaHOAT/aHTHPMaliaH.
Xoc ¢yHKmuaHH u, (X, t) = (Cn cos akl—n t+ D, sin a’j—n t) sin ?—I;—x

KYPHHHILAA XOCHJ KW/IraH 3[HK. YHH LIaKJaH y3rapTHpcak,

4y (%, ) = F, sin 2 sin (’#Hcpk) (11.17)
KYPHHHIUTa KeJsaJH.
~2 e C
By epaa F,,=VCZ +D} ratg o, =é

(11.17) dopMmynaaH KYpHHaAuKH, TOpHHHT ©Oapya HyKTaJjapH GHp
XHA ©, =_£l“1_ yac1oTa Ba @, $asa OunaH rapMOHHMK TeOpaHap 3KaH.
Tebpanuw amnautysacu F, sin /i:-;x— ra TeHr 6yJu6, y x ra GOFIHK

IKaH, k= | Gyaranga (11.17) dopmynanaH OHpPHHYH TrapMOHHKa YYYH
d€y(x, ) =F, sin _nl_x_ sin (-I%t-% (pl)
dopMynaHu XocHa Kuiamus., x =0 Ba x =/ 6yJraHia Kysrajimac HyK-
TaJ1ap TOPHHHT 4YeT/apH 6§/m46,§_x:=l? Ja TOPHHHT YeTJIaHWIUM 3HT KaT-
ta 6yau6, F, ra teur 6ynaau,(1.13- wakn). £ = 2 6yaranma
u,(x, t) =F, sin -2%( sin (2%' t+ (p,)

6yu6, KysraaMac HykTa ydra GyJaau:

1.13- wakn
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x =0, x=-;—, x =1

- !
AMHJ]HTy}.Ia 3HI KaTtTa KHHMalura HKKHTa X = :‘ Ba x = r HyKTaJla

.k -
spuwaan (1.14-waka). YMymaH sin —’;—x = 0 TeHIJIaMaHHHT HJIAH3JIapH

1.14- wakn

Kanya 6yaca, [0, /] KecMaza uiyHya ky3Fajmac HyKradap GyJaau (ynap
myeyH HykTajap Aefimnaan). TyryH HyKTajJap opacHia liyHAaal G6HTTa
HYKTa MaBKyj OyJanuky, 6y HyKTajla ueTJaHHII MaKCHMyMra 3pHIUAajH;
Gynaai HyKTanap «mymamaux» Hykranapu jefiunaad. TOpPHHHr 3HP KH-
YHK {3 yacToTacH

0, =2 =2)L (11.18)
i { [
ra teir Gynamn, 6yHaa T — TOp TapaHIJIMCH, P — 3HYJHTH.

(11.18) dopmynapan Kypunanuku, Tapanrauk T KaHua Karra GY.uG,
TOp KaHya enrua (I Ba p Jap KHuHK) GyJca, OBO3 LyHYa 10KopH 6yJap
skad. Kosiran @, wacroranapra moc Kejiran oBosnap o6epmon éku 20p-
MOHUKarap JeAnaju.

Miucoan. Yernapn x =0 Ba x = MaxKkamnaurai Ttop GepHJ/iraH
6Yn6, TOp HyKTaJapHHUHT GOILJIAHFMY Te3JMrH HoJAra TeHr. DowJah-
FUY YeTJlaHHWM YuH (¢, h) HykTaja G6yaraH yubypuyak wakanaa GyJca
(1.15- wak.), TopuuHr Te6paHuiuMHKM TOMHHT. (Tg — TapaHI/IHK, P — 3HY-

T,
JHK Ba @ = V—” Jlap GepHJraH).
[

Eunm. uL_o = f(x) JyuKuns-

| U
HUHI' 3HaJUTHK H¢opacH Gepuiaran
( 1.15- wakn): A
|
%o<x<e 'h
fx) = 1 -
h(I—x),chgL Q c t x

|—c
1.15- maka
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Macananuur waptu 6yitnua F (x) =% =0, memax, (11 16) ra aco-
(=0
caH eyumaa Gapuya D, Kospouumuentaap uoira TeHr. C, Ko3hdHIHEHT-

aapuu (11.15) ¢opmy.a éppamnia Tonammus:

1
Ck=—2[-jf(x) sin Im[—xdxrlz[—ﬁ'Y x sin k%dx—{—
0
t
h N .. kax
+z—c 5(!—)») sin —l—dx].
g

Xap OUp uHTerpaJHH Gynakiab HHTerpa/iiaiiMu3 Ba YywlOy HaTHXKara
KeJlaMH3:

c < c
. kn 2 .k
stm T dx = — 2 cos == +l sin 2| =
! k22 !
0
! k 1 k
=—2 cos T+ gin £,
kn { ki l
4
knx lL({(l—o) knc 2 ke
| — x) sin — dx —
5( ) { T kin? {

Ilynpait kuauo,
_ 2hl* . kmne

kT prpec (1 —o) !

SKaHHHHM aHMKJafuK. C, HuHr ndogacunu (11.13) ¢opmynara Kysmu3
Ba ywly eudHMHH OJIaMH3:

2 = knat
_E N L sin ke sin forx cos =2
e ([ —c) k2 l l {
1

u(x, 1) —
. " l L. knc
Arap TOpHHHT ypTacupaH Topru/ran Gyaca, s’IbHH € = P 6yuca, =

—’% 6yau6, k HuHr Gapya XybT KuiiMaT/iapuia IE HYKTa Ky3FaaMac
Hykta Gysanu. LIyHHHT yyyH euumia TOK rapMoHHKa/ap OyJiajH, SbHH:

N d (21 + 1)? { l

n=0

oY (— t
u(x, t)=8h N (— D" sin 2n + 1) nx . COS @n 4+ 1) ma .

11.2. Yerapananrau cTepxeHRa MCCHKHKHHHr Tapkaauwd. Hccnk-
JIHK TapKaJlHIlLK
0 _ g0 %4 (11.19)
ot dx?
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TEHrJIaMa CHHHHT
u| =u(x, 0) =¢(x) (11.20)
=0
GolviaHFUY LUApTHH Ba

u| O=u(0,t)=0,u|_l=u(l, H=0 (11.21)

yerapaBuil IUapTIapHH KaHoaTMaHTHpyBdn O< x<<1, £ >0 coxana
u(x, ¢y euumu tonuacud. (11.21) yerapasuil 1wapTiap GHp KHHCJIH 6YJI-
Tauauru yuyyH Pypbe ycysMuHH Ky/laml MyMKHH. u(x, {) QYHKUHAHHHT
(0, 0) Ba (0, /) Hykranapma y3aykcu3 6yaumm yuyH @ (0)=o¢() =0
6ysmun wapt. Byspan Tamkapu ¢ (x) ¢yHKuMs yanaykcH3 GHPHHYM Tap-
THGMH Xocusara 3sra GyJcud. (11.19) TenrsaMaHHHT €YHMHMHH

ux, ) =X@ T (11.22)
Kypunmuaa uanabimus. (11.22) v (11.19) ra xyamua:
X)T" W) =a* X" ()T ().

By epnan
TO X6 _
a3 T () X (x) ‘
€KH
T"O+a*AT @) =0, (11.23)
X'x)+ArAXx)=0 (11.24)
HKKHTAa TeHIJIaMaHH Xocual Kunamus, (13.23) uerapaBmil 1mapriapiaH
X0=0 X()=0 (11.25)

TEHIVIHKJ2PHH XOCHJ KHJaMH3,
(11.24) —(11.25) wmacana Wrypm — JluyBunn Macanack 6376,
yHHHr eynMH 10-§ na ypraHuwirad Ba

A, = (k_l”)’ X, (x) = sin ’”l‘_" keZ (11.26)

KypHHHILAA 6Ys1aau. A, HMHr kuiMathHH (10.5) ra Kyiu6,

T (z)+(5’[‘i)“r(t)=o

TEHIJIAMAaHH XOCHJ KHJaMus. YHHHT eunMH

- (=)
T({t)=a,e
6ynapu. [Hemak, (11.19) Hunr (11.21) HH KaHOATAAHTHPYBUH €YHMH
— (ke
u,(x, 1) =a,e ( g ) sin Enx (11.27)

)
6ysianu. BownanFiy mwapTHH KaHOATJaHTHPEMI YuyH
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kma \ 2
o — (ke
uir, )= a.e () sinklﬂ‘ (11.28)
k=l
KaTopHu Ty3amu3. (11.20) ra acocan:
[ o]
ur, )= a,sin 2 =¢(), 0<x<L
k=1 !
Arap
!
ak=q>k=—f-j‘q>(x) sin E;'idx (11.29)
0
Ba
v . knx
?1‘1 P, sin —— =o(x)

KaTopJiap abCosIOT Ba TeKHC fKHHJalica, 6y TEHIVIHK YpHHAH OyJand.
(1129 uu (11.28) ra Kyitu6 MacaAaHHHT €YHMUHH TOMAMH3:

kita \?
® —_— t
u(x, )= Z 9,8 ( ! ) sin (11.30)
=1 g

By eunm macaslaHMHr Gapya ILApTJapHHH KAHOATJIAHTHPHLIMHH TEKILH-
pHb KVpHII KHHAHH 3Mac.

11.3. lupexne macanacHHH joupa yuyH ednw. x' -+ y* = R nomupa
Gepunrad 6yau6, YHHHr alaadacuga Oupop f(@) ¢yHkuus OepuAran
6y/1cHH (¢ — KyT6 Gypuaru).

Jlannac TeHraamacHHH KyTG KOOpAMHaTaJdapiiia C34Mi3:

o0tu i du, 1 du
o “;‘a—rTr—aEIPT:O. (11. 31)
QDYHKUHMAHUHT [OHpA al/NaHACHAATH xUHMATH OepU/ITaH:
u’ = f (). (11. 32)
r=R
Eunmuu
u==0() - R(r (11. 33)

ne6 ¢apas kuau6, Pypoe ycyaugan doitnananamus. Xocusaanap o0Ju0,
(11. 31) TeHrnamara Kysmusz:

r’®(@)R"(r)+r @) (@) R/ (r) + D7 (9) R(r) = 0.

Y 3rapyBunaspHE a)kpaTamH3:

Q@ _ RO RE) e (11. 34)

® (9) R(n

ByHpaH HKkHTa TeHrJama XocHaI G6y.Jaju:
O (9) + £ D (g) =0, (11. 35)

72

www.ziyouz.com kutubxonasi



r:R'(r) + rR' ()— kR (r)= 0. (11. 36)
Bupununr (11. 35) TeHr/amaHuHT yMyMHil euHMu:
@ (p) = A cos kg + B sin ke. (11.37)

Hkkunuu (11. 36) TenrsamaHuur euumunu R (r) =r" KypHHHILZA H3Maii-

mu3. By epma m uu TonMw kepak. r ™ uu (11.36) Tenrsamara
KYHHO, yIOyHU XOCHJ KHJIaMH3:

Prmm—1)r"" +rmr " — k" =0
éKH
mﬂ_k? =0

Bynpan m = + k& skaun kypuHagu. Xycycuit euumsap r*ar* 6y-
JHO, yMymuil eyum:

R=Cr*+ Dr™* (11. 38)

6ynagu. (11.27) Ba (11. 38) napuu (11. 31) dopmynara Kyitcak, yuue
6y xocua 6ysagu:

u,=(A,cosko+ B, sirkq) (Cyr *+ D, r=%), (11.39)

Bu3 noupana ysaykcus Ba yeksu eunMHH HanaiiMu3. r =0 G6yaranua
(11. 39) dopmynapa D, =0 Cjauwu kepak. Arap k=0 O6y.ca,
(11.35), (11. 36) Tenrnamanapaan:

@ (¢) =0, rR" () +R'(r) =0.
Bynapun unierpansafivus Ba

Uy = (Ag+ By@) (Co+ Dy Inr)
HH XOCHJ KHJ1amu3. 4y Hu (11. 39) 6unan k& = 0 ga comuwtupub, By=0,
D, = 0 s3KkaHuHH TomaMmu3. ¥ BaKTAA Y, =% 6ynagu. By epaa %’ =
= A,C, ne6 Gearunaguk. k=1, 2, , 1, . MycGaT KHilmataap

Gusan uerapasiaHamMus. Eunmnap #uruHzucH sHa y3  HaBGatHza eduM
6yJarand yuyH

u(r, (p)—_—_.g"_-{-zan(cosn(p—{—bnsinnq;)r" (11. 40)
n=1
By epna a,=[C,-A,, b,=C, B, ne6 Genruaaur KHPHTAHK. IHAH
uxTuépuit a, Ba b, ysrapmacnapuu uvetku (l1.32) waprian Tonamus.
r = R pa (11. 40) pan:

f(q>)=-;—°—+2(ancosn(p—i—bnsinn(p)R". (11. 41
n=l

By tenrauknau
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k11
g f(2) cosntdt, b, = ]n
aR

i ;

1
aR"”

a =—
n

(11. 42)

Ko3(pHuuHenTIapas aHukaa6, (11. 40) ra kyaMu3 Ba Gab3H TPUTOHOMET-
PHK a.nmaurmpumﬂu 6Gaxxapuob, yulﬁyﬂu XOCHJl KHJIAMH3:

u(r, ¢) = —j Fydt+ L ij(z)cos,z (t—-(p)dt( . ) _
n=1]=mx
=T]; Jff(z) 1+2n21< )"cosn(t——(p) dt =
T r = ei"(1—¢)+e—irt(t—(p) ’ n
= 21“ fu, b (— ) di =

o

- L E ol 1+ Y ""m i )+2(

n=1| n=1
;= L, it—o
n ,
xe 'OV gt = —— | oy 1+ B +
_'7[ 1_—r—ei(’—¢)
T =it =) n
R 1
L am—t | 10
| g —ilt—9) 2n Yy
R
/o \2
1_(12) i
r r\? =
1—2?(1—¢)+<7)
1 g ? — R?
2 R2
=— . .43
2n Sf(l) R* — 2Rr cos (t — @) + r* dt (11 )
R 13

JupexneHuHr noupa yuyH KYHWJAraH MacaJaCHHMHT u(r, ¢) €uHMH
Ilyaccon uurerpanura keagu. by dopmyna (12. 31) TeHriamaHH KaHo-
aT/iaHTHpaju Xamfia r— R pa u(r, @)~ f ((p) SABHH eyuM GyJajH.

1.4, Yarapynqu.napuﬂ aKpaTHWHHHT ymymuit cxemacn. Pypre ycy.au-
HHHI FOSiCM KyHuparuya: Oup Heura Yy3rapysumsapra GorJHK GVJraH Hs-
JlaHaétraH (yHKUHS Xap GHpH anoxuaa Oup ysrapyBuura GOFJHK G-
rad QyHKUMAJApHUHF KynaHTMacH Luak/Juja uWanaHagu. Dy kynaiitmanu
GepusiraH TeHrJamara KyHu6, O6up Heuta audepepeHLHan TeHrIaMasapH
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XOCHI xusamu3, Bynapnaan Gawsunapu IHtypm ~— JInyBuas macanacHuH
TALUKHJ KHJagH.

a() %‘ + ¢ (%) 327”2+d(t) %:i—i—e(x) j—:-l—[fl(t)—i—fz(x)]u —0

(11. 44)

KypuHMILAary rHnepCoJMK TyplarH TeHrJamanu Kypaiiuk. By a, ¢, d, e,
f1, fz ko3¢duumentaap 0 <x <1 Ba O0<¢{<T coxama Yy3a/tyKcus
¢yuxkunsaap 6ysub,

a(t) >a, >0, c(x)< ¢,< 0.
Bepunran coxana yamykcus GynmG (11. 44) vy Ba
du (x, 0)

@, 0 =0,0), —— =® (11.45)
GolLTaHFUY LIAPTAapHH Xamza
oy (0, 1)+ o "“(‘3—‘1” —0,
Buu(l, )+ B, =0, (1. 46)

@3-+ % 0, B+ P 0

6Hp XHHC/IM YerapaBuH IDApT/ApHH KAHOATJAHTHPYBUH U (X, f) eUHMHH
TONMaH/HK.
Apgasio, onauHru naparpadna kypraHumusgex, (11.44) HuHr HoJjaH
hapKJIH eYHMHHH
ulx, ) =T X (v (11. 47)

KYpHHHLIAA W3fafimu3 Ba Oy euum (11. 46) (wapTyiapHu KaHOAT/IAHTH-

PHIUHHH TaJlab KUJIaMH3:

a@)T" X x) +c)TOX" )+ dOT @)X (h+ex)T () X' (x)+
HAWOALMITE Xx) =0

€Ku
TOT O+dOT O+HOTO __ @ X @+e X () +h X0 _
T X (1)
= —A.
By epaau

a®)T"O+dOT O+ OFAMTE =0, (11.48)
cx) X" () + e X )+ f, )+ A X(x)=0 (11. 49)

TeHrJlaMaslapHH Xocusl Kunamus. T (f) %= 0 6yarannurd  yuyn (11. 47)
ui (11. 46) ra xyiu6, T (¢f) ra KUCKapTHpcaK, 4erapaBuHl apT

X (0) + ., X (0) = 0,
P XD+ B X' () =0 (11. 50)
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Kypuunipa Gynamu. (11. 49) wnnr (11. 50) uerapasuii 1waprTJsiapHH KaHo-
aTJAHTHPYBYH HOMAaH Gdapkau eunmuu tonuw Lltypm — JlnyBuan Mma-
cajsacuzup. By macana onpunru naparpagna xapaarad. IWlynuar yuyn
X0oC KHHMart/iap Ba XOC (DYHKUNsJap aHUKJadraH, ne6 ¢apas KHJaMH3,
By Xonpa (11.48)
a7’ )+dOT O+ FO+AITEH=0  (11.5])
KypHuuwra Kenagd. By 1enrnamanunr ymymuii ewnmu T, (f) HMKKHTa
uu3MKAH GoFMK Gyamaran T(() Ba TP (f) xycycuil euuMIapHHHT u#-
3HKJAM KoM6HHauMsicnjaH u6opat 6YyaagH €ku
T, (t) = C\PTO () + Co TD (8). (11.52)
C ¥ Ba C'P nap uxTnépnit yarapMacaap. ¥YaapHH WyHAal TaHIaHMH3KH,
t=0ga
TH©) =1, TP(@O) =0, T (0)=0, T (0)=1. (11. 53)
WMynpait kuau6, (11. 44) nunr (11. 46) HE KAHOATJIAHTHPYBUH €UUMH
u, (x, 8) =fICHT () 4-CP TO (1) X, (x), k=1, 2, (11. 54)

Kypuuninga 6yaamu. (11.45) GouwlavrFuy 1UApT/IAapHH KAHOAT/IAHTHPHILH
YYYH EYHMHH

M (x, 1) =§][c:$’*’r,§" )+ C BT O] X, (x) (11. 55)

KYPHHHLUAAry Katop opkaad Hdopanaiimus. (11.55) uu (11.45) ra Ky-
in6, (11.53) Hn xucobra oncak,

k}:llAk X, () = 9y (), (11.56)
é]l By X, () = 2 (x) (11.57)

TEHIVIMKJaDHH XOCHN Kujamu3. DBy epaa
A, =CITH (0) + CWT @:(0), B, = CIMTY (0) +.CHTEY (0). (11.58)

(11.56) Ba (11. 57) xkaTopiapuu TekHc sixMHAawad ‘A5 Gipa3 KUAHG,
A, Ba B, xospduuueHTNapHH aHuKAaw MyMKHH. TeHrIMKAapHHHT HK-

Kana TOMOHHHH p (x)-X (x) ra xynaiitnpn6, 0 maH 1 raua HHTerpajJa-
cak Ba (10. 10), (10. 12) napnu xucobra oJcak,

1 !
A, = f ()9 (X 9 ()X, (X dx, B, = f 0(x) 0 (1) X, () dx
0 0
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ftnanu. By kuitmataapun (11.58) ra kyim6 C{¥ pa C{® napun auuy,-
JafMH3.

®ypoe ycyaHHH Y3rapyBuuJap cOHH GHp HedTa GysiraHjga Xam KyJa-
Jalll MYMKHH.

12- §. Witypm — JInyBuan MacanacHHHHr XoC (yHKUHSNADH CHCTEMacH-
HUHT TYnaaurd Ba énukaurd. EfiMw xakuparn Teopema. Ypraua sKuH-
NaLuHW

Xoc yHKUMANADHUHT 4YeKcH2 (yJap HYMZa afiHaH HoAra TeHr G6Va-
raH ¢yHKuuANap HAYK)
Xl (X), X2 (X), Xm (x)- X,, (X), (121)

KeTMa- KeT/JurH Gepuarad GyJcHH. By KeTMma- KeTJHK GepuaraH opasuk-
Aa y3JyKCH3 €KH YeKNH COHJAarH GHpHHYH TYp Y3W/IHII HYyKTaJjapura

sra 6Yaran f(x) GyHKuus maBKys Gyacud. X, (x) ¢yHKUUANADHHHT
uxtuépuit C, KoadpuuHeHTAapaa

S0 =CXy(9+  +CX, (x)= Ecmxm )
m=|

(12. 9)

YH3HKJIH KOMOHHaUMAJMAapAaH LIyHAAR¥ TOMWJACHHKH, Y f(x) dynkuusra
ypTa KBajlpaTHA YETJaHHIUAA SKHHJALICHH €KH

5, = j [f () — S, (1 dx

KATTAaJHK SUF KHYMK KuitMatra sra 6yacud. (12. 2) nan

frw— Y X de= {F@Fac—2 Y Cox
) m=1 'a m=1

b

X ff(x) X, (x) dx+2 C2, S X2 (x)dx,
) m=] a

a

Y m
a

g_)_(f"(x)dx=7\.m, Cpp = ;v Sf(x)Xm(x)dx

ne6 Gearunacak,

an=§ [f(x)]’]dx—22km ¢,Co+ Exmcg,,

a m=| m =]
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6y epra oxupru HKKH HGOAAHH Ty/a KBaJparra TYAAMpPCAK,

5 = 5 7 (x) dx — zxm c2, + mi:l‘x,,, Cp—c

Gynapu, 6yHaaH KypuHanukH, o, udoxa C, =c, 6GyaraHia SHI KHUYHK
KHiiMaTtra sra Gysaau. [lemak,

5 — 2 — nﬂ — e — 2 . .3
\ if(x)dx %‘x,,,czm 100 —8, (01 dr. (12,9

a

By tenrnuk Beccerv menzaueu petiwnapu. (14.3) pan n— o ga
2 s
Z AC: < jfl (%) dx (12. 4)
m=1 a

TEHICH3JINTHHH XOcHJ KWJaMu3. DBy Tenrcusnuk bBecceas meHacusaueu
Aefinnagu. (12. 3) nan Kypunapuky, S, (x) GyHKUMAHHHT [ (x) QyHKUHs-
ra ypraya SIKMHJALIALIA YYYH

2 A, C2 = jbfﬁ(x) dx (12. 5)
m=1 a

TEHIVIMK GaKapuaumu Kepak. Dy TeHrsmk Xap Oup y3aykcus f(x)
OGyHkuHs y4yH Gaxapuica, (12. 1) cucreMa énux pefinaand.

Arap [a, b] coxama HoajaH ¢apkJIdH GyHKUIMAJAAD MaBXyA 6YJu6,
(12. 1) cucrema ¢yHKuusiiapura oproroHan 6yJca, y xonga 6y cucrema
mgaa RednNafu.

YumymaH, (12. 1) cHcTeMaHHHT TY/MalMWK Ba ENHK/AMK TYUIYHYaJapH
TEHT KywIH Ma’bHOra ara.

CtexaoB TeopemacH. [a, b] kecmada ukkuniu mapmubea-
ua xocunrarapu 6uran bupea yaayxcus 6facan uxmuépud F (x) pyux-
yus (11, 50) wapmaapru xavoamaarmupca, (12, 1) cucmensa 6iiuda
®ypve xamopuea éturadu a 6y xKamop mexuc ea abcoarom AKUHAG-
wadu:

Fe = ¥ CXA0. %5 (12. 6)
g k

€® M c6or. By Karop Tekic sxuHalyBys 6yacut, C, KosddHuHeHTIapHH

aHMKJIALI YYYH YHUHT HKKa/Ja TOMOHHHH p (x)- X, (x) ({—uxTuépuit HoMEp)

ubonara kynaftupn6, HaTHKaHu [a, b] Kecma GyiiuMya MHTerpaJiaiMu3.
Teknc SIKHHJIAINYBYM KATOPHH XaAna6 HHTerpa//all MyMKHH GYJraHJu-
rHjad
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i p (x) F(x) X, (x)dx =Eckyp(x) X, () X, (x) dx (12.7)

k=1 a

TEHIJIMKHH XocHa Kuaamu3, (10. 11) ra acocan yHr Tomonza ¢akar
k =1 6%aran xannap konaad. HIyHuur yuyH

foe Fv X, 00 dx
C,=F, =2 (12. §)

S P (x) Xz (x) dx

6yaanu. [lemak,

Fx) = EFka ), (12. 9)
k=1

y epra F,— @ypbe KosbppHUHEHTIADH.

13- §. Beccean TeHrnamacu. Beccenb GyHKuManapH Ba yJapHMHT aCoCHI
xoccaaapu. AcHMnNTOTHKajap

Marematuk (DU3HKaHMHT KN MacanajiapuHd eduwiga
2y +'xy’ + (¥ —v?) y = 0, (v— const) (13. 1

KYpUHMILZATH UM3HKJM  AuddepeHUHas  TEHrJaManapra  KeauHaJu.
By tedrnama bBecceab menzaamacu peitunanu. (13. 1) Tenriiama x = 0
Ja Maxcyc Hykrara sra. [UyHuHr yuyH TeHT/IaMaHHHT €YHMHHH

y ='5" (a,+ ayx + ax* + ) (@ 0) (13.2)
JapaXkali Katop Kypuuiuuaa uanahimus. (13. 2)mu (13. 1) ra kyitug,
p KypcaTKHuH# Ba a, (R =1, 2, .) JapHH aHHKJ/IAAMH3:

g = ps" 7 (@y+ ayx + agx® + J4+x P +2ax+ )
YV =pp—Dx @+ ax+ax+ .)+px" (@, + 2+
+ + P a + 20+ )+ 57 (20, + 3-2ax+ ).

X HHHT GMp XuJ Jjapa)ka/japH ojdHgardH KoshdHLUHEHTapHH TeHrJall-
THpaMH3:

p—+t =0,
[(p+ 1 —+*a, =0,
[(p+2P? —~ a,+ay =0,
(p—3—@2++)]a,+a =0,
o v a e G,
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BupHHUM TEHrJaMajiaH p, =V Ba P, = —V JIapDHH aHHKJaAMM3. p; =
=v JaH

— _= B
a =0, 4 2@v—2) '
%2 (k=234 )
G k(2v+ k)

ay 1 =0 (k=012 ).
Kydr uugekcnn KosdxpHuHeHTIapHH KYHHIArHya aHUKJIall MYMKHH:

, , (13.3)

- __ 8 a4 = L)
&= YT 2 (v ]) (v 2) -2

2t (v+ 1) 1
k=1, 2,38, ..)

ae

k
Oy =(—1) 2 O+ (v AR

a, K03} HuneHT MXTHEpHH OYJIraHJHIH YYYH YHH
1
Gy = —— 13.4
2T (w4 ) (1349

(F (v + 1) — ramMma — ¢pyHKUHA) KYpHHHIUEA TaHJaliMu3. DBy epaa

T'(v+ l)=vI‘(v)=v.f " ~l4x, T(n+ 1) =nl. (13.5)
0
(13. 3), (13. 4) Ba (13. 5) TenrymkaapaaH:
(=Db*
2#HY P (k+v+ )T (k+ 1)

Gy

dy 4, Ba a,, Ko3hduuMeHTIap KHAMAaT/IapHHH (13. .2) xaropra KY-

iu6, (13.1) HHHr eudMHHH XOCHJ  KHJIaMH3. by euum v- Tapru6au I
myp becceav pynxyugsapu neinnazu Ba J (x) opkaian GenrunaHagu

o o[ X 2%k — v
rw=¥3 ) (13.6)

A= T (k+1) T (k+v+1) ’

py = — v KHHMaT yuyH

2 -1 k( )21.—\;
(13.7)

b Tk+1) + T (h—v+1)

6ynanu. J, (x) Ba J_,(x) Xyeycuii eqHMJIap YH3HKJIK GOFJIHK GYJIMaraHIHri
yUYyH YMYMHH €4HM

J=ClJ,(®)+Cy_, (¥ (13.8)
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KVPHHHIIAQ GVianH.
Arap v =n (n — 6yTyH coH) Gy.Jca,

J o) =(=D",(x

6y/u6, QyHKUMANAp YH3HKJH Gorank G6ynamu Ba (13.1) HHHT yMyMui
eYHMHHH TONHLI MYMKHH 3Mmac. By Xonja TeHriaMaHHHr XycycHil eunMH
Tapukachga J, (x) ¢yHKUuA GuiaH 4M3HKJIH Gy/iMara

J, () cosAm—J_, (x)

— . N ) — . v
N, () ;l‘l-»nr’zl v IATH sinvn

¢yHkuus onuHagu. N, (x) dynkunsa Hedman gpynxyuscu pefinnanu Ba
YMYMHH €UHM

y=CJ,(0)+C.N, ()
KypuHuinza 6yianu.

Beceesib yHKUMAJIAPHHHHT KyHuAars XoccasapuHH Kypamus: 1) Bec-
ceJib QYHKUHANApPH YYYH

dR,, (x)
dx

+ —R, |, W— 2R, (13.9)
Ryt W="2R,W—R, _, (% (13.10)

PEKKypeHT MyHocaGat/ap YpHHJH. By epma R, (x) — uctaaran Beccenb
¢dyHkuusAcHEu nosanaiim.
2) (13.6) Ba (13. 7) naH

o=V Esine, 0=V Z sz (3. 11)
2

-1
2
acCHMNTOTHK ¢opMyJasap KeJH6 uHKagu. YMyMmaH
=1 2 yn = —1
J, (%) V_nx_ [cos(x 5 4)—}-O(x )].
3) Y6y
2y +xy + Bx*—v)y =0 (13.12)
TEHIVIaMaHHHI' e4nMH y = J, (kx) KypuHHIIAAa HoopanaHaan. DBy euum

Q(x) = x Ba3H Ounan [0, 1] opanHKAa OpTOroOHaMIMK XycycHsaTra 3ra
€KH

]
Joa, (B—x)t, (Bs)ax =0, 12 (813
0

W, Ba p; map J, (x) =0 TeHrnamaHuHr Myc6ar HJguanapH. Arap { = j
6ynca, (13. 13) HHHr VHr TOMOHH
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2
Y ) v>—1
6ynany.

14- §. Xanken QyHKUMSIAPH Ba YAaPHHHT ACOCHH XCCCanapH.
AuJIMa TYFPHCHIArH Teopema

(13. 1) tenrnamannnr J,(x) Ba N, (x) dyHKuusIapiaH Ty3uara
HD =J ()+iN,(x), HY =J,(x) —i N, (x) (14. 1)

YH3MKJM KOMOMHALMSAJAPH XaM YHHHT XYCycuil euumaapH O6YJand.
By dyuxkuusanap Xauxer ¢ynxyusrapu pedinany.

Xankesn QyHKUUATADHHM OHDHHYH TYp UHMJHHADHK (QYHKUHANAD
(Beccen ¢yHkuusAnapu) opkanH KyHuiaarnda ngojanail MyMKHH:

HY = ) i~ v @) I e TR
’ ’ simva isinvr (14.2)
HO =J, (9 —i Jy (x) cosx.'n—J_\, (x) =—J_v(,\‘:)-.}-eivn Jv (%)
sin v i sinva

By dopmynanap v 6yTyH con GysmaraH xosiapAarHHa ypHHIHIHD;
v 6YTYH COH, ABHH v = n OyJca, 6y MyHOCA0aT/JapHHHT VHT TOMOHH

0 "
— WIaKJAAard aHHKMAacJ/JIHKKa auJlanaju. v—-n Jie6, Jlonuran Koyaa-

cugad ¢ofnanann6 JuUMHTra yTCax,

j oJ
HO @) =1 .09 + _{[_‘_’] " [af_vm ] ]
T v v=n av ven

; X a0 (x
HO () = ] ()— -;—Ha’;v( )} —(—1) [ —;‘v’ ] }

Japra 3ra GyJamua.
v GYTYH COHHHHT fipMHra TeHr Gy.raH xoJJjapaa Xaukest (yHKLHS-
JlapH sJeMeHTap ¢YHKUHAJAap OpKaJu HponafaHa[d, XycycaH :

H () (x) = 2 e
L oo
2
‘ o ix
H(l) % =V 2 e
__‘_() X
2
H(2) v = — 2 e—tx‘
1 () nx

2 1
HOW=) I o
__1,() nx
2
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Arap (14.2) pa v Hu — v ra anmawrHpcak (v — HXTHEpHH),

HY () = Jy () =" _y(x) pivn () —e —iVE 1)
-V —isinvm isinvn
@ —Jy @) 4e =TT (%) —ivn —J_y )€V (%)
H?P (x) = — =é€ —
-V —iSin vt 1SIN vIU
Japra €kH

i (1 .
HO 0 =e""H 7 (o)
H® () =e ~"MH? ()
Japra dra Gysamu3. Arap v = n 6yJca,
M. (2
HO @ (x) = (= 1)"H, P ().

XaHKes ¢YHKUMSJIApHHH aHpkJabianran (14, 1) unsukau KomGHHa-
uHaIapaaH
eiVx Je — v
CoSVY = —
2

ivx — W
—e ivx

(2i

sinvy = —
Sinep ¢opmynanapura yXwamw yméy
I =TOLHVO
2
HM () — HP ()
2

N,(x) =

TEHIVIMKJIapHH KEeJNTHPHUG YHKApHII MYMKHH.
Xanken ¢yHkuuanapu xam Beccenb dyHKuHMANapy KaGu Xxoccasapra
sra:

(1), (2) 0
1) dﬁ,d—(x)= —H ‘(’1_)|_ (12) (x) + -:—H M. @ ),
X
dHD- @) s
"_dx(’i =H 93'_(12> (x)———% HD @),
2 »
Hs,l;.- {2) (x) = x—vHi'l)’ 2 (x) —H (vl?_ (12) (x),
dHQ). @)(x) "

2 —H, ,— ) H,, .

dx
(14. 3) dopMynana v =0 ne6 oJecax,
Hy(®) = — H, (1)
6Vnanu.
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2) Xanken @yHKUHAJADH KyAHJAIH KYPHHHIIZALH AaCHMITOTHK ¢op-
MyJaJjapra 3ra:
Rz 14

X — = -

Hg"<x>=l/—i_;ei( ’ *)u+o<x">1,

HOW =1 Ze () [1+0(x7H1,
Hp =1 Ze™e * ‘l+0(7Y),
i ai

HP (ix) = ]/% efe ? "l+0x -1,

Ouau uxthépui f(x) dynkuuanunr Beccesb GyHKUHANTADH OpKAJIH Ka-
Topra €imnumuHM Kypahauk. By éynkuusauu (0, /) opanankia teKHc
SIKHHJIALL Y BYH

fx) = 2‘. c,,Jv(’i} x) (14.5)

KaTop KYpHHHILKAA Hpofasall MyMKHH GyiacuH. By epna 0 < &, < k, <
< < k, aap J,(x) GyHKUMSAHHHT WIAH3NapH, v > — 1 Xaku-

KHiH COHJaap.
(14.5) nu x J, (5? x) ra kymaiitupamus, Oy epaa m Gupop O6yTyH

coH. Xocun Gyaran kynalitManu O faH [ raya MHTerpasanMus:

\: xfx) J, (kT'"x)dx =§ Cnéf xJ, (#x) J, (%x) dx

!
éku (13.13) mn ma (9% (L2 x) dx =2 2, (k) skawmrunn xpcos-
. I3 v+l
ra oscak, °

! 1

5 xf () J (Ex>dx =C foﬁ (.fl‘x)dx=c £ 22 (k)

0 YA me Y\ my Yyt Bp
ra sra 6ynamus. by epnan

2 l
Cn= BI3L (o) OS xf) J, (k_l'" x) dx, (my=1, 2, .) (14.6)

By dopmyna 6unan Pypee — Becceav xamopu pe6 aranysud (14.5)
KAaTOPHHHr 6apya Ko3pdUIHEHTIapH aHHKJ/IaHalH.
Oyukuuauun Pypbe-Beccenb xaropura &funuil WAPTHHH aHHKJIOBYH

TeopeMaHH HCGOTCH3 KeJITHpaMH3: arap
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[

17 o) a

0
MHTErpa] MaBXya O6y.u6, Gysakiu y3aykcus f(x) ¢yHKuEs o< a<
< b<< ! WapTHH XaHoaT/MaHTHpPYBuH (@, b) opa/lMKAa Y3rapuilH yerapa-
JaHrad ¢yHKuua 6yica, y xonna ®Pypbe—DBeccesb KaTopH fKMHJ/IALYBYH

6y1H6, —;— [f(x—0)+ f(x+ 0)] furunpura 3sra Oy;aagd, SIBHH KATOp

[ (x) dyHKunaxH yHHHr Gapua yaayKkcH3 HyKTajapuaa HooRanaiaH.
Arap [f(x) dyuknusa (@, b) opamukHH @ = X;< X; < X, < L <
< X,_, < x,=0b Hykranap Gunan HXTHEpHH paBuILfa OYsaknapra G3.i-

rasja

.}; F () — F ()

fwrnnan  x, (0 << m<< n) HyKTa MXTHépHil fransanranga n ra GOF/IHK

6ysmMaran M aHWK 10KOpH yerapara 3ra Oyica, y Xoaaa 6y ¢yHKuwis
(a, b) opanukaa yaeapuwiu 4ecaparanean GyHKyus Ae6 atanapn.

15-§. LlHaHMHAPHK cOXaga TYAKKH TEHrJaMacH.
Apanail MacajJaHHHr e4HMH

Huansppuk (r, ¢, 2) XoopauHatanap CHCTEMacHia TYJKHH TeHIJa-
MacH

2 2
Pop low 1 ou,du_1 2 (15.1)
ar? r or rr a2 02 at o
KypHHHIIaa Gyaaau, OyHAalt TeHrJaManapra JOHpaBuii MemGpaHaHHHT
Te6paHHILH, YeKCH3- KYBYpAa rasHHHT pajuas TeGpaHHIUH Ba X0Ka3o Ma-
canaiap Kenaau. lllynapnan amanuértna Kynm yupafinurah paauycH [
6yaraH aiinaHa yerapach OyHHMua MaxKamJ/aHraH MeMGpaHaHHHT Te(pa-
HHIUWHK KypaHiuk. By macana;

Fu "l Ou 1 Pu 1 0%u
w Ty T AT (15.2)
TEeHIJIaMaHHHT
ul_, =0 (15.3)
yerapaBuil lIapTHH Ba
ou
u lt=0 = (9(71 (P)» 7,(_'1:0 = ‘p(r' (P) (15-4)
GOLIaHFHY  1JApTJapHH KaHOATJIAHTHPYBYH u (r, @. {) E€UHMMHHHM TOMHI
MacaslacHaup.
Eunmun @ypbe ycyan 6Yitnya

lu(r, o, ) =T @O0 (r, @) (15.5)
KypurHUAa n3naimus. (17.5) vu (17.2) ra xViiu6
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T" () + a®A*T (¢) = 0, (15.6)
Po o Law 1B g,
pyr s + = o + AMv =0. (15.7)
TEeHIJ/IaMaJlapHH XocHa KuJamua. (15.6) HHHT yMyMH# ednMH
T (t) = C, cosaht + Cy sinakt (15.8)
KypuHumiga Gynapu. (15.7) Hu ‘esutunu  v|,_, = 0 uyerapaBuié LIapTHH

KaHOAT/IaHTHPYBYH Xoc (VHKUMAAAPHH TOMHIL MacanacHra KeJTHPAHK.
v Gydkuus r = 0 HykTaga vderapajadraH O6y/iu6, paBpH 2m Oyarad
GYHKUHARHD. MacallaHHHT E€YHMHHH

v(r, 9) = R(r) D(9) (15.9)
KypuHHWAa u3nalivu3. (15.9) vu (15.7) ra kyiiu6
D" () + p*@(¢) =0, (15.10)
D (9) = O(9 + 27m), O'(9) = D (p + 2n), (16 11)
R+ - RO+(®—Z) R=0, (15.12)
R({) =0, (15.13)

R(0) —ueksin kaTTanmk, TeHrJamanapHH XocHa Kuilamus. (15.10) —
—(15.11) macananuHr HosjaH ¢apk/IH A4aBPHA GYAraH e4uMH p = n
6yaraHaa MaBXyLIHD.
(15.12) uunr ymymuii eynmu p = n 6yarasga _
R.()=D,J (hr)+ EN_ ()
KypuHHinaa 6ysanu. (15.13) waprra acocan
J,AM)=0 &u J (n) =0 (15.14)

TEHIVIaMa YeKCH3 Kyn

n (n)

p’l( )v p2 -,

eunmsiapra sra. By xonga A, =

u(m
m o (m=1 2 n=0, 1,
{

2, ). By xoc kwufimarra

P«(")
R, (=], ( ;" r).
xoc ¢ynknuanap moc kenagu. Lywusr yuyw (15.9) ra acocau
pim

U 9) =7, (T”‘ r) [4, , cosn@ + B, ,sinngl.

€YHMHH XOCHJ KuJamu3. [leMmak,

m

C p‘:r,ll) a C . pa ¢
Unm (r’ P, t) = inm COS ! t+ 2nm SN ! X
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. My
X [4,,, cosn¢p + B, .sinn (p]Jn( r )

(15.4) GOLMAHFUY IIAPT/APHH KAHOATJAHTHPHIIH YYyH KyHHAarHn Karop-
HH TY3aMH3:

[+ <] oo (n p,(")
u(r,e,t)= E [(AU) cos 2% 44 A® sin "‘l {ycosn@ +
n=0 m—l

() 4 (n) (n)
+ (B,g})mcos Hm t+ B®_sin pl : t) sinngJ, (p r) (15.15)
(15.4) Gouwranrny waprtiapaau, (13.23), (14.2) pau doipananub, ymy-
MHil eYHMHH €3aMH3:

p.(’1) /

Nl n)
ur, o, )= \ \ M I, ( ’) sin(ng + ¥, sin(

n= 0m--0 /
+vnm)'
By epaa M., ¥, V., 2ap AD  A@  BO - BE - xospduuuent-
Jap opkajH HQoAasaHalH.

+

b. AMAJIUA MAALWIFYJOTJIAP

1- §. BHpHHYH TApTHOAH MKKM V3rapysuHaH XyCyCHil XOCHJaJH
Argppepenunan TewraamaJgap

Yw6y naparpadsa GupHHYH TapTHOIH HKKH \-3rapyBuUHAH XycycHH
Xocusanu auddepeHuHa] TEHIVIaMaJapHUHT YMYMHH €YHMJIapDHHH TOMHLI-
ra JOHp MHCOJJap KapaJsajH.

74
l-Mucoua. Pl I TeHrnramaHu KAQHOATJIAHTHPYBUH 2 = Z (X, Y) QYHK-_
X

NHUSAHH TOIHHT.
Eunw. Bepuaran Tenrsnamanu nHrerpasiaiiMi3 Ba
z2=x+o(y

¢yHkuuara sra 6ys1amus, 6y epaa ¢ (y) — uxruépuit ynkuua. Xaxuka-
TaH XaMm TonuJraH z(x, y) QyHKuus GepuaraH TeHIVIaMaHH KaHOATJ/aH-
THPYBYH (PYHKUHAZUP.
2-Mucouml
0z gz
X ox +y ay = z

TEHrJIaMaHUHT YMYMHH HMH1€TpajHH TOTHHT.
Eunuwr.

—_—rm = == —

CHCTEMAHH K‘apafmns .
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dx d “ dx dz
Z =% renrnamanu eun6, L = C, ra sra 6Gy1amMH3. — = — TeHI/IaMa-
x ] X x z

r4 ©
HH euH6, — = C, ra sra 6Ysamus. lyHuur yuyn
P

cb(l, i)=o fku = = ‘F(‘i)

X X X X

TEHIJIaMaHWHT yMyMmHH HHTerpaiuaup. By epaa @ sa W uxrtuépuit pyHk-
uusIap.
0.

3-mucoa. (x4 y?) a—z + 2xy Z—z =0 TeHr1aMaHHHT YMYMHH HH-
x Y
TerpajiHHH TOMHHT.

Euum. Kyitugaru cHcreMaHu Kapaimua:
dx dy dz

_dx _dy
44 2xy
de+dy dx—dy

¥4yt 4 2xy Ayt — 2y

I1ponopuusHuur xoccackman (oiaasnaHuo, TEHTJIaMaHH

€KH
dix+y _d(x—Y
x4y (x—y)-

KypuaHiIga é3u6 onamus,
IOxopHparu TeHrJaMan4 HHTErpanag,
1 ! 1 I
TR A e T
TCHIVIHKKa 3ra Gyaamu3, DBy Teurankpan

2 . y
I —C éku - =C,
3 — 2 0 —g

SKaHHHH TOMAMH3,
CucteMaHHMHT HKKMHYM TeHrnaMacufaH dz = 0 éku 2 = C, 3KaHH Ke-
46 yukag. LIyHuHr yuyH yMymHil HHTerpat

-—y- —]} e —] y
(D(x’-’-—yz' z) 0 éku 2 W(xz_y-z)

Kypunuwaa 6Viamu. IOxopuparupek @ pa W — uxtuépuit dyHKuusiap.

1- Gapcxona monwupukaapu

Ky#unary Gupuuun TtapTHGiaH Xycycuil xocHlann pmuddepeHuxan
TEHIJ/IaMaJlapt HHT YMyMH#l HHTEerpai/apuHH TOMHHI?
0z 0z
I, yz—4xz2 = = —2xy.
ox dy
?
XK x? -{—z?= P (x® —y?).
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0z . 0z .
2. Z sing + & siny = sinz.
Ox oy

y
tg 5
M tO' i = i . —2.
K tg(3) = te(3) v WX
€72
1-mycmaxkua uw monwupuxrapu

Kyiuparu Gupunun Tapru6au Xxycycuit Xocuaand aucddepeHunan
TEHIVIaMaJIaPHHHT YMYMHA HHTErpaJaNapdHH  TOMHHI:

0z 0z
l. yz ax—i-xz — = xy.

oy
Ke 2% = x% 4 (y2— x2).
0z 0z
2. y— —x — =
y dx * oy

Ke z =1+ 7).

2-§. Hxkn Y3rapyBuuaH HKKHHYH TapTHGAH XyCycHM XOCHAaad nudupe-
PeHUHA/I TeHrJaMasiapHH KaHOHHK KYPHHHIUra KeATHpHW. XapaKTepHc-
THK TEHrAaMa

Hkku ysrapyaqnnn MKKHHYH TapTHO/IM XYCYCHH XOCHJIaH YOy

Al 9) S+ 2B y) o+ Cley) ToF(xg,0 572)

TEHIJIaMaHH KaHOHHK LHAKJAra KeJTHPHIL Y4YYH
Ady—(B+VB*—AC) dx=0
Ady— (B — VBt —AC) dx =
TeHrJ1aMaJiapra ampaJiyBin
A(dy)? — 2Bdxdy + C (dx)* =

XapaKTepPHCTHK TEHrJaMa 1y3HAu0, YJapHHHT yMyMH# HHTerpaJ/apu TO-
NHAaH.

l-Mucon. Ywby x* a—"—y 2 X% _ ) TemrnamamH KaHOHHK KypH-
ox3 oy?

HHLUra KEJATHPHHT.

Eunw. A=x% B=0, C=—y? A =B2— AC = x*y*>>> 0. [e-
Mak, Oy mnep6onm< TeHrJ1aMagup.

XapaKTepHCTHK TEeHI/IaMaHH Ty3aMH3:

x*(dyP —y*(dxf =0
éKH
(xdy + ydx) (xdy — ydx) =
By xyfingaru auddepenunan TeHramanapra axpasiain:
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xdy - ydx = 0.)
xdy —ydx=10 |

Byaapuu wnnterpanana6, xy, = Cy, L= C, TeHrjnKJapra Kejfamus. DBe-
X

pHATaH TEHI1aMaHH KaHOHMK KYpHHHIUTA KeJTHpHw yuyH & = xy Ba
n=2< auru {arapyBunJlapid  KHpuTamn3. YaapnaaH doiinananu6, re-
X

THIIJIK XOCHJIAJIaDHHH TONAaMH3:

w_ou o g
ox 0§ am x
w_ou w1
dy 9% o x’
i“=22_”y2_2ﬂy_2_+0_2‘.‘.y_2 2‘7_”.1_,
oxz Qo dkan x* o x* on x3
2 2 2 2
Pu_ g Pu g0 1P
o2 oE? d9kan 2 gn?

IOxopunarniaapun Gepuaran TeHraamara KVHHG, coajafaliTHpcak
(o2
Pu a4 0% ¥ _g

9t on
€KH
Pu I ou 1 _
gk 2 an xy
€KH
Puo 1 du
okon* 2Eom

KAHOHHK KYpUHHLIra 3ra GynaMu3.
Pz ., . 0%z 0 022
2-Mucoa. — sin?x 2ysinx — + 42— =0
ox? 0xdy ay?
TEHrJJaMaHH KaHOHMK KYPHHHIUrA KEJTHPHHT.
Eunw. A =sin%, B = — ysinx, C = y* 6yaranu yuyH

A ='B? — AC = y*sin®x— y?sin?x = 0.
Jemak, IOKopuaard TeHrJaMa napaGosuK TeHrJaMagHp.

sin?x (dy)? + 2y sinxdxdy + y*(dx)* =0
éxu

(sinxdy + ydx)* =0

GepusiraH TeHrJIaMaHWHT XapaKTEPHCTHK TeHIJaMacHAup.
sinxdy + ydx =0 TeHrJamaHd HHTErpasnab,

Iny + Intg 2i = InC éku ytg % =C

HH XOCHJ KHJIaMHu3.
90
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Bepuiran TeHr/naMaHH KaHOHHK IUAKJra KeJTHPHII YYyH
X
g = t - ’
yig 2
n=y

ajMallTHpHLIApaH (oHfaIaHHG, TerHWIH XOCHJaJapHH TOMaMH3:

P2 _ 10

!
C —

ox® 4 ok 2 27 a 2,
)

0% |1 (0% x 0%z X 1 0z x
— = —[— tg = + == ) ysec? =+ — = sec? —.
oxdy 2 ( S 2 + ogan) y T 2

Tonuaran xycycuii xocusajapHH TeHr/amara Kyiuo,

1 oz x x . 92z 0z X . -
— — ysec? = tg = sin?xl4+'yt— — = ysec? — sinx =0
y > B 1y Pl .

TEHIVIHKKa 3ra 6y/aMus.

sinx = ————, g

l t 2 —

+ig'
6y/iranunn 3bTHOOpPra oJcaK, TeHr/1ama

0%z 28 0z

e Bt a
WaKAJarH KaHOHHK KYpHHHIUra KesafH
3-MucoJaI.
Fz__g 92 9% _9
0x? ox0y ay?
TEHT/IaMaHH KaHOHHK KYPHHHIUra Ke/NTHPHHT.
Eyyw. A=1, B=—1,C=2,A=B*—AC=1—1. 2=—
— 1 < 0 6yirany yuyyH IOKOpHAarH TeHr/ama 3JUIHOTHK TEHI/IaMagHP.
SHAH XapaKTEePHCTHK TeHTJIaMaHH Ty3aMH3:

(dy)? + 2dxdy + 2(dx)* = 0,
o1
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GyHpaH (y')° + 2y'+2=0 ékn y'= —1 & i Hu xocun Kuiaamus. [emak,
y+x—ix=C 1,}
y+x+ix=0C,
XapaK 1epHCTEPHCTHK TeHrJamasapra sra 6ynamus. Y6y
E=y+x
n=x
fINTH y3rapyBuHsapHH Kuputamns. Bysappan doinananu6é xycycuit xocu-
JajJlapHH TOTaMH3:
o _d2, 0 02 _
ox ot on dy oF
2z 9% 0%z *z
ox* 9k ok om?
2z 0%z gz Pz

oxdy O ' otdn oyt ot
Bynapuu GepuiraH Tenr/amara KVHHG cofjaslaliTHpCaK, TeHIJaMa

L
173 on?

KaHOHHK KYPHHHIUTa Kesaju.

2- Japcxona monwupukiapu
Ky#nnary TeHrnamanapHH KaHOHHK KYPHHHIIr2 KeJTHPHHI:

32 Pz d%z
1. x2 — —_— 2 — =0(.
* Ox? + 20 0x0y Ty 0

dy?
cE=Y g, P2
)K-E xy Tl y7 01‘2 0
2. &2 _ 4 2 _ 3% o2 6%
ox? Oxdy dy* 0x dy
li 4 0z
M = , =3 ,-——-——-—=0
KeE=x+y, n=3x+y som  of
L
“x? g $© oy
K E=y% n=1x2
o o 2 (§0§ nOJ

2- Mycmaxua uw monuLupuKaapy
Ky#ngary TenrsiaManapHi KaHOHHK K{PHHHIUra KeJNTHPHHI:

2y 2 yPu 0
1. (1+x)ax2+(l+y)ay_‘+x ax—*—y % 0.

Ke B=lnx+V1+2), n=In@+VIi+H,
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o0& on?
2
2. sinzxa—u——stinx Fu_ 4 2%y,
ox? Oydx oy?
LT 28 du

. — t _X_’ =Yy ———_— = O
Ko E=ytg—-, n=y op  BLw ot

&u otu . u ou
3. 2% _9cosx —(3 n’x) — —y—=0.

0x? 0xdy (8+ sin’x) oy? y dy 0

K: E=2x+sinx+y,
N =2x—sinx—y,
TN E
afom 32 \ok dn

3- §. Bup KuHCAH TYJAKHH TeHrnamacm yyyH Koumik macanacuun [Jla-
Jambep dopmynack Gunau euuil

o%u o 0%
=a —
o Ox3?
6Up MKHHCJH TYMKUH TEHTJIAMAaCHHHHT
du
ux, 0) =@k, — = ¥ (x)
t li=o

GOLL/IAHFHY LAPT/IAPHH KAHOATMaHTHPYBYHM eyuMuHd (KoM Macasacuuu)
tonuuia JanamGepHunr gyitugard ¢opMynacuian ¢oligaNaHHIaau:

{ x + at
u(x' t)= q>(f‘f—at)+‘-?(x+at) _{____ 5‘ 1|J(x)dx.
2 2a
x—at
I-Mucou.
Pu_ o
o Ox2
TeHIJIAMAHHHT
u (x, O)=x’Baa—” =0
ot |i—o

GOLU/IaHFMY [IAPTJIAPHH KAHOATJIAHTHPYBYH €YHMHHH TOTIHHT.
Euuw: a =1, ¢(x) = x? Ba P (x) = 0 3kaHJIMrUHU 3BTHEOPra OJIHE,
Hanambep QopMyacura 6HHOAH €YHMHH TOMAMHA:

ux, t) =—;((x—t,‘)2 + (x+ t)z) —;—xfo-dx =

x—t
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2-MHuCOS.

0u o O2u
or ax®
TEHTJIAMaHHHT
. 7]
u (x, 0) =sin 2x, ﬁ = COS X

t=0
n
GOLINIZHFHY LIAPT/IAPHH KAHOATJAaHTHPYBYN €UHMHMHHHL { = - BaKTJard

KUAMaTHHA XHCOGMaHr,
Euum. a =3, ¢(x) =sin2x, P (x) = cos x 3KaHJIUTHHH 3BTHGOPTa

osub, HanamGep dopMmy.aacHiaH QolifanaHaMus:

. . x4 3t
ux, t) —dn2(x — 3 25“12 (x + 39 + 2?3 j‘ cos xdx =
x—3t

__2sin 2x cos 6¢

5 + —:3— (sin (x 4 3f) —siii(x — 3f)) = sin 2x cos 6¢ +

+ —; sin 3¢ cos 2x.

n o vy
Tonuaran u (x, f) ra t = Y KHAMaTHH KYHHO, €UHMHH XOCHI KHJA-

MH3, SABHU
u (x, 1) =sin 2x cos 6-— + L sin 3- X cos 2x = — sin 2x —
2 2 3 e
1
— — cos 2x.
3
3- Oapcxona monwiupukaapu
2 ai
1. Fu _, 49 Tenraamanuur ¥ (x, 0) =0 Ba i‘ = x 6oliaH-
ar ox? o |0
FMY LIAPTJIADHH KAHOATJIAHTUPYBYH €YHMHHH TOMMHT.
Kiulx, t) =xt.
2 2
2. Pu_ a? Pu TeHIJIaMaHHHT
onr ox?
u(r, ) =08 2| =cosx
o 4=y

GollnauFHy IapTJIapHH KAHOATJIAHTHPYBYH €YHMHHH TOIMHF.

Kiux, f)= % cos xsinat.
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d2u » 021
— =g —

. TEHTJIaMaHHHT
or ax?
. du
u(x, 0) =sinx pa — =]
ot t=0

a4
GOULTaHFHY LIAPTJIADHH KAHOATJIAHTHPYBYH €YUMHHMHT { = 5,  BaKmaard
a

KMAMaTHHH XHCOBJAHT.,
T s
K u(x, —) =

2a) 2a
3- mycmaxua uwi monwupuxapu

a2

- TE€Hr TaMaHHHT
0x*

odu _
-3 “
u(x, 0)=sinx Ba %l =0

t=0

GOLILTaHFHY WAPTIAPHH KAHOATIAHTHPYBYH €UHMHHH TOTHHT.
Keoux, b —-smx cos t.
0%u 3y
2. — = 25— TeHrJIaMaHHHT
o1 o0x2

umm=0m%f = 30sin x

t=0

GolLTaHFHY miapTJyiapHHu KAaHOAT/JIAHTHPYBYH €YHUMHHH TOIHHT.
X ul(x, t) =6sinx sin 5¢.

0% 6u
3. — = — TeHIJ1aMaHuHT
o ox2
X du .
ux, 0)= Ba — =sinx
1+ x2 0 |s=0

GOINAHFUY  WIAPTNAPHH KAHOATJIAHTHUPYBYM EUMMHHHHT { = m BaKTAaru
KHAMaTHHY XUCOGNIAHT.
1 I x+4=n x—1
K: u(x, n)= —[ ]
(& = I+ @x4+m 14 (x—n)?

2

4- § Bup yauosau Gup MuHCAM GyAMaraH TYJAKHH TeHrJaMalapH y4yH
Kowu macanacuuu [btoamenb dopmynacupan dofigananu6é eduin
Bup xuncau Gynmaran

a u 2 a u
x, t
=a 4y
TYJKHH TEHIJIAMaCHHUHT — o0 << X << + o, ¢ >0 aa aHUKJAaHTaH Ba
ou

u |‘¢=o = ¢ (x), x t—-0=\p(x)

GOLTaHFUY LIAPTJIAPHH KaHoaTJaHTHPYBYH euumuuu (Komm Macanacu) To-
NHI y4yH KyHAuparu [pioavens opmyaacufan oitganaHunaiu:

95

www.ziyouz.com kutubxonasi



x 4+ at

u(x, t)= p(x—a) +@x+a) _*_2_]‘1 s \p(x)dx+

2

x — at
tr x4a(t—r1)

1
+5 | j P& vdE |a.

Ol x—a (l—7)

Mucoa. Kyiinnaru 6up HHCIH 6GYJMaraH

ou
or
TYJIKHH TeHIJIaMaCHHHHT
ou
u =x?, — =CO0sx
1=0 ot

6OLUJIaHFHY  LUAPTJIapHH KaHOAaTJaHTHPYBYH eYHMHHH [ploamesb QopMy-
JachpaH (¢oinaNaHHG TOIHHT,
Eynw. a =2 pe6 o6, [bioamens GopMylacHHH KyaJafiMua:

x4 2t
(x — 202+ 2(x + 2)* + _i_ cos xdx -+

LY
X2t

u(x, )=

i Irx4+2¢—n1)
+ TS f dx | dv = uy(x, )+ my(x, )+ uy (%, 9).
0} x— i (t—7)
Xap kalcH KYLWHAYBYMHH aJoxHia XHcoOJaaiMus:
x° —4xt + 42 4 x2 + 4xt 4 42

u(x, t)y= > = x1+ 412,
Ix+2( l Py
u,(x, 1) =— S €os xdx = —sin x =
4 4 x—2:
x—2 v
1. . .
=T(sm(x+2t)—sm(x—21))=?]51r12tcosx.
| trx+2(—1 { ! x+2( —21)
U (x, f)=~;5 2xdxg =T§ x? dt =
0 _x—z(t“—r) 0 A 2 —)

t
= [t 2 —20p (e — 21 + 292 1de =
0

H t
— %52&(4t—4t)dt=2x S(t-r)dr:
[1] 0

= Of? — xf? = xi*.
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Tonuaran u, (x, £), us(x,?), us(x,f) napun wHoGaTra oJMG, Macana-

HMHT E€YHMHHH €3aMH3:

u(xt)-—x2+t2+xt"’+? sin 2¢ cos x.

4- dapcxoHa monwupuKaapu

1. Bup XuHcau GyamaraH

0?u Bu
L i
ore ox? -
TYJIKUH TEHIJIaMaCHHHHT
u| =¢f, N =x
t=0 ot

GolunaHFHY LUAPT/IapHH KAHOATJaHTHPYBYM eydMuHH [{ptoamens ¢opmy-

JlacnjaH qmﬁnanaﬂu6 TOIIHHT.
x4+3 . ,x-—=3t

Ko uly, f)=—-== +at+

2. Bip xuscau 6)"mmaraﬂ

6
az° =1 —I-t

Ty’ﬂKHH TEHIVIaMaCHHHUHT

u|' —e o =3
=0 [y at {0

GOLUAZHFHY LUAPTJIApHH KAHOAT/IaHTHPYBUH euumuHM Jlbioaveab
Jacufiad oiaanaHu6 TOMMHT.

—xtat o, —x—dt _ "
HKe ulx, 1) = £ ; + 5xt + ’;—--

4- mycmaxua uw monuupuKsapu

1. Bup kuncau 6Vamaran

Pu _ o
o Ix2
TYJKHE TeHIJaMacH y4yH
u| = sin x, gu =2

Gopmy -

GolINaHFKY 1ApPTIapHH KaHOAT/IaHTHPYBUH eunMunH Jlbloamenb (bopmyna-

chnad doiiganann6 tonunr. XK u(x, f) =sinx cost + 2¢ + -
2. Bup xuHcym Gysamaran
7—2928
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0u d%u

=4 — 4 xt
or ox +
TYJIKHH TeHrJaMacH YuyH
u| = 2cos 5x, ou = 8x
t=20 ot =0

GOLLIIAHFHY IUApT/IapHH 1{@HOATJIAHTHPYBYM eynuMuHH [lbtoamesns opmy-

" 3

Jacupal ¢oliganann6 tonuur. XK u(x, ) = 2cos 5xcos 10¢ +8xt+%.
5- §. Jlannac TenrnamacHHMHr 6ab3H COAAA e4dMJapH

Ky#upga Jlannac teHrjamacH ydyH GHp HedyTa COAJA HYKH 4erapasHii
MacasiaJIapHUHT €YHMJIapH OW/aH TaHMILHG YMKaMH3,

lI-macana.
d*u d*u
—4+—==0
0x? oy?
Jlannac TeHryiaMacHHHHT
Ul popoe=4

WIAPTHH KAHOAT/IAHTHPYBuM X° - y* < a* JoMpajard €UHMMHH TOIHHT.

Eunw. u= A, 9yHkn

Ba
u(x, y)l xl+y2[=a!=Alx’+y2<a2=A'

2- MacaJaa. Jlanaac TeHr/JaMacHHHMHI

_ Ax
ul x4yt <at -
LapTHH XaHOaTJIaHTHPYBYH
x? + y‘.’. < a2
JoHpajaru €4HMHHH TOTHHT.
Ax
Eunw. u(x, y)|x,+y,=a, ==, YYHKH
ou _ A
ox a'’
Pu _ Pu _ Ou
ox oy oy !
Ax
u(x, y) lorpca = 4

3- MmacaJaa. Jlansac TeHrJiaMacHHUHT
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Ay? Bx?
o™ @ T
[UaPTHH KAHOATJAHTHDYBYH,
x2 + y2 < a’.’
AOHpaaard €4HMHHH TOIMHHT.
A4+B  B—A
T 2q*

Euvw. v(x, y)= (x*— )

(OYHKUHAHH ONlaMM3. X =a cOs@, Y = a Sin@ Jecak, 4erapaBHH WwiapT
U| yogyra,= A sin*e +B cos? ¢

KYPHMHHLLUHY oJafH. v (x, y) dyHKuma 3ca ywly v(x, y) = '42LB
+ BQ—ZA (a® cos® ¢ —a? sin*p) =A sin® ¢+B cos? @ KYPHHHWIra Keslalu.
a
Hemak, v (x, y) yerapaBui IAPTHH KAaHOATMAHTHPaAM. OSHAH Xycy-
cHil XocHsanapHH Xucob/aiMus:

ov B—A
52 a? o
0 _ BA
ox: @
v __ B—A4
o9 T T a Y,
v A—B

dyr a

IOkopHaaH MabAyMKH, v (x, y) 1€HrJamMaHu XaM KaHoaTJaHTHpaau. [e-
MaK, v (X, y) eudM 3KaH.

5- dapcxona monwupuxiapu

JlanJac TeHrJamacHHHHT
Loty o =Axy

éxu
B
2. u) x,+yz=a2=A+—a—y

IIAPTHH KaHOATJAHTHPYBYH
x2 _l,__ y2 < a2
JOMpajard eYHMHH TONMHI.
Ke 1. u(x, y) = Axy.
B
2. ulx, y)=A+—y.
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5- mycmarunr ww monwupuruy

Jlannac TeHrfiamMacHHHHP
u[x,_i_y,:_a: = A+ By

IUAPTHH KAaHOATJAHTHPYBYH

AOHpaZarH eYHMHHH TONMHT,
XK: u(x, yy=A-+ By.

6- §. Jlannac TeHrnamacuHM TYFpPH TYpTOGYpuakla Y3rapyB4HJapHH
aXPpaTHUI YCyaH OHJIAH edHil

Pu_ 4 Pu g
ox? dy?
Jlannac remaamacunn 0 <x <a, 0 <y <b 1irpu 1{p16ypuaria
uf oo =Ff0, u| _  =o@,

u| =v@ 4, ,=x®

x=0

yerapaBuif LIAPTJIADHH KAHOATJAHTHPYBYM €UMMHHM (3rapYBUH.TAapHH axke
paTHLl YCyJH GHJIaH euHIifa (Tonuiuaa)
F0)=9(0), f(a)=1x(0),
(b)) =), ¢(0)=p()
wapraap YpuraH GYJHILH Kepak.
Arap kyfuarad Gy wapriap Gaxapuica, MacaJaHHHT 'eduMu  {3ra-
PYBUMNApHH aMpaTulll YCYJH OWJAH TOMHAAAM Ba Y KVAHIATHTG TeHr
nn

c:ao1 _Sh;y '
ulx, y)=uy(x, y) - o Pn an T
n=1 Sh— b
a
nn , nn
. sh;(b—y)l o 7 h Y -
' —— {sh 2 ' +
"rf,, sh:-[—n- b a + shﬂa
a
sh-n—q( —%
L= b h nn
' ¥a nin b ur
sh —a
b
By epna:
Uy (x, yy=A-+ Bx+ Cy+ Dxy,
100
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- _ fa=lo
A=[(0), B=—2—0,

C—¥O—%O
b
D= P(a) — g (0) —f(a) +/(0)
ab ’
f— 2 q .
fa=— S (f (x)-— uy(x, 0)) sin r:' xdx,
0
Gn= ’:21' \ (p(x) —uy (x, b)) sin ::ln xdx,
‘D
- 9 )
%= | 1) — 4000, 1)) sin —= ydly,
0
¥, = — | 06— (0. ) sin Z—ydy.
0

Mucoa. Jlannac tenraamacHiHar 0< x<1, 0<y< 2 TyrpH
TYpT6ypuUaKa

u | =xu|,. ,=xt2

y=20
U| ymo =Y 4| oy =14+
IIapT/1apHH KaHOAT/IAHTHPYBUM €UHMHHH TOTIMHT.
Eunw. fx)=x, o(x)= x4+ 2,
Y@=y, xW) =14y,
a=1, b=2

3KaHJIMTMHH XHco6ra osu6, I0KOPHAATH WapTJIAPHHHT YPHHJIH GYAHILHHH
TeKLIHPaMH3:

f0)=0, $(0)=0,

f(y=1, x@©) =1,

x(2) =3, o(1)=3,

(0 =2, $(2=2

JeMmak, Ternuun wapraap GaxapHJiu.
Sumu A, B, C, D xosbduumentIapHn auukaiiMua:
A=[(0)=0,
B 1@—=FO _ 1 -1,
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C=\b(2)—w(0) ~2—=0 _ 1,
2 2
PM—@— /MO _
9 = V.

D=

Hlyupa#t KuiH6,
uy(x, PH=1x-+y.

Ternuwm uHrerpainapud xucobnad, ¢, = f, = y, =y, =0 3kaH-

JIMCHrA MIUOHY XOCHJ KHJIHII MYyMKHH. [lemak, euum u(x, y) =x+y
naH u6opat GysafH.

6- Gapcxona monwupuKiapu

d2u o0%u
. = 0 Jlannac tenrmamacHunir 0 <x <3, 0 <y <
Ox2 oy
< 5 Tyrpu TYp16YypUaKLary
u(x, 0)=0, u(x, 5) =0,
u(0, y) = Ay (5 —y),
u@, y=0

LapT/IapHH KAHOAT/IAHTHPYBYH €UHMMHHH TOTIHHT.

, 2n + 1)y
® @r4+1) B—2n _@nthny
200 A ch é st 5
: @n + 1) 3@t
5

X:oux, y) = ~
n=20

02u , 0t
. — 4 — =0 Jlansac Tenraamaciuir 0 <x<n. 0 <y <n
oxt gy
TYFpPU TypTOypYakAaru
u(x, 0)=0, u(x, n) =0,
u(0, y) = Ay (n—1y),

u(@, y)=0
mapT.napHH K_aHOaTJlaHTprB‘{H €4YUMHHH TOITHHT.
[+ 0]
X _ 8A Ysh(2n +-1)(n—x) sin@n+1Dy
Ko u(x 9) n L sh@n + 1) n @2n+1s
n=0

6- MYCMaxua uul MonuupUKAGpU

N

1. Ou 4 O 0 Jlansac tenrdamacuuuir 0 <x <10, 0
Ox2 oy?
< 20 Tyrpu TYpTOYypUaKmard
u(x, 0)=0, u(x, 20)=0,
u (0, y) =30y (20—y),
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(10, y)=0
LWapTNapHH KaHOATJIaHTHPYBUH €UHMMHHH TOINHHT.
2n+1) (10 —x)n

[+
96000 W\ 20
K u(x, =
w9 e 4)-‘ (2n 4 1y
n==0
9
sinGrt Dy +2]0) 1Y
X 5 l
sh —————( n—D=x
2
d%u 0% .
™ -+ 072 = 0 Jlannac tedraamacunuir 0 < x <1, 0 <y <2n

TYFpH TYpTOypyaKjaru

u(x, 00=0, u(x, 2n)=20,
u@©, y) =ny(2x — y),
u(l, yy=20

UJapTJ]apHH KaHO&T.’IaHTprB‘IH €4HMHHH TOMHHT.
@n+DHd—x  (@n+1y
sh——"——— sin —
2 2

2n 4+ 1

L~

Ko u(x, y)=32

(2n -+ 1) -sh

n=2>0

7- §. YerapanaHraH TOPHHHr 3pKHH BAa MaxOypuii TeOpaHull TeHrJa-
MANapPHHK Y3rapyBUHJADHH AJMALUTHDHIL YCYIH GHJIAH evHI

UerapanaHrai TOPHHHT 3DKHH TeGpaHHIIM TeHIJ/1aMacH

Pu _ 292
o o ox3
HH ywby GolIaHFuy Liap1Jap
U, _o = 9x),
du
— = X
A ¥ (x)
Ba
u\x: 0 = 0'
u| =0

x =l

yerapaBui LAPT/IaDHH KAHOATJIAHTHPYBUM XYCYCHH €UMMMHH Y3rapyBuM-
JIaDHH a/MalUTHpPULI ycyauaaH doijasaHu6 Toncak, y
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s

2 .
Byuu swrubopra oacak, C, = — fcos x sin nxdx =

L]
0
2
» fL— TOK,
a(n+1)
= 2
.‘It(n_]) '”—my(i)'l‘
14
D,= 2 Y?cosxsinnxdx= 4_ I =
an o P
4
, N — TOK,
ann (n+1)
= 4
lm-"—myqﬂ.
JeMak,
\ 1
u(x. t)=2(—n(k—_*——l)—cosa (Qk—l) t -+
k=1
2 . -
m—sma(zk—l)t)smak_ )x+
Q
{ 2 4’ ' '
-+ lk 2k —1) cos 20kt+m sin Qth)sln %kx.
k=

Onau uerapa/iaHraH TOPHHHT Ma)KOypuH TCOpaHHIU TEHIJaMacH

6'~’u_ 2@

L om A
HH ylly

0 v
ull=0 = (p(X), a_tu =49 x)
t=0

6oiL/IaHFHY Ba

u ,_o =0, 4 ,.,=0

yerapasuil WAPT/IaDHH KAHOATJIAHTHPYBYM XYCYCHil €UHMHMHH TOMNaMH3.
EuuMun ymby KypHHuILAAZ H3JAaiMus:
ux, )=vx H+w o).
By epnarn v(x, ¢) dyHKuusHM IyHAal TaHNAAMUSKH, Y GHpP KHHCJH
0% g 0%

or2 dx2
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TeHrJIaMaHH

v,t=0 =(P(X), 0_0

o =ve

=0
GolJIaHFHY Ba
=0

yerapaBHil LLAPTJApiA KAHOATJMAHTHPCHH. w© (X, ) PyHKUHA 3ca

v|,_0=010

x =1

02w » 02w
~—=a —+f(x 1
o1 ox? f ( )
TeHI'JlaMaHH
a a
w | r=0=0, 2 =
a |-
6olllIaHFHY Ba
w | =0, w | =0

x=0 x=1!"

yerapaBuii apTJapAa KaHOATJIAHTHPCHH.

Yerapanairai TOPHHHT 3pKHH TeGpaHHII TEeHrJaMacHHHHT

ymby w(x, f) AUFMHAM KYPUHHINKAA TONMJIAJU:

_ N . krnx
w (x, t)—‘;yk(t) sin T

6y epna
H
_ r . lema(t—r1)
¥, (O e jgk(t) sin Y————d,
0
9 i
g (t)=7Sf(x, B sin 475 dx.
0
7- OapcxoHa monuwiupuxiapu
otu 0%u
— = ~— TeHIJIaMaHHHT
o O0x2

u(x, 0) =0, H|=o0
ot |t=0

6olnaBFy XaMaa

u@©, H)=0,u(, )=Asinot

€YHMH

YerapaBHil ILIApTIapHH KaHOATIAHTHPYBYH XYCYCHH €YHMHHH TOIHHT,
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Asinwx siny sinw ¢

Ke ux, t)y= : +
sin ol
240 N (—nn—t! . onn! . pmx
+ E sin sin
) R nzn? ) {
n=1] w ———[2
02 02
9 &% 4+ 5x (x— 1) TeHrJaMaHHHT
ot Ox2
du
ux, 0)=0 — =0
a|i_p

6olITaHFHY XaMJa
u@©, =0, u(l, H)=0
yerapaBHi IUAPTJIAPHH KAHOAT/IAHTHPYBYH XYCYCHH €YHMMHH TOIIHHT.

K ou(x, t)=——152—x(x3—2x2+ D+

_{_i Oo1 cos (2n 4+ 1) ot sin (2n + 1) nux
ne L (2n + 1)8

n=20

7- Mycmakua uul monuiupuxiapu

u
. TEHITAMaHHHT

ou

— =0
0t [¢=o

u(x, 0)=0,

GolustaHFud Xamja
w(@, =0, u(x, f)=sin —21—1

Llel"cf‘lli).?]Blrﬂ';l lapt/japHi KaHOaTJaHTHPYBUYH XyCyCHﬁ €4YHMHHH TOMHHL.

x LYY=t
HKe u(x, t)=sin7 si.1—2—+— 2 T sin nt + sin nx
T _—

n=1 4 nz
2 2
9 Qu_ a—u-{— X (x— 1) £* TeHrMIaMaHHHT
ot ox?
u(x, 0)=0, %1 =0
ot |,_¢

6olyaHFHY Xamja
u@©, =0, u(, )=0
yerapasuit WApTJIapHH KAHOATIaHTHPYBYH XYCYCHH €YHMHHH TOIHHT.
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o
. 82 Y sin(@@2n+ 1) nx
tu(x, f)=—
Heula 1) o L @n + 1)s +

n=4y0
16 R in (2n4-1)
sin n nx
+ a? E (2n +1)7
n=10_
X0
16 XY

__16 sin (2n 4 1) ax cos (2n - 1) at
N7 ed @n 1)

8- §. HccHKaHK YTKasMl TeHraamacHuu Pypbe aiMalITHPHULIADH
ycyan Guaan eunur

By naparpadpa uerapananmaran €kH GHp TOMOHIAH YerapaJsaHraH

CTep:KeH/apAa HCCHKJHK TapKa/ull TedrJaMma/apHHunr ®ypbe aaMawird-
pHLLIapH OHJIaH EYHJHILH kapalaiu.

8. 1. YerapasaHMaraH CTepKeHAA HCCHKJIMK TapKaJHIIH,
Yumby
o0%u
aﬁ=a2 —, — o< X<+ o
0 ox2
HCCHKJIHK TapKaJsHLl TeHIJIaMaCHHHHT
u l =0 =¢ (x)
GOLUJIaHFKY 1IADTHH KaHOAT/JIaHTHPYBYH euumn Pypbe ycyan GHiaH  TO-
nujraHga KynHparu
_(E—x)s
I'l
u (x, t) — —dat dE
2a } ni

[Tyaccon unTerpaJunu XucobJalira TprH KeJlafH.
Mucoa. Yuby

0%u %u
—=a"—, — o< X<+
ot 0x3
HCCHKJIMK TapKa/HIll TeHTJaMacHHHHT
ux, 0)=x

GOMIIAHFMY 1IAPTHH KAHOATJIAHTHPYBYH €UHMHHH TOIHHT.
Eunw. Ilyaccon ¢opMynacHra GUHOAH e4HM

4 ® _E—x
u(x, ) =———— | Ee W dF
2af nt
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E—

2a;t

6Vaanu. MurerpanHu xucobaail yuyH = 1] SIHCH Y3rapyBYHHH
KHpUTaMH3. ¥ Xospa:

u(x, t)y= ! +§w (x+2an Vi)ye ""dn=

—
/

y

Va VR
o +
11=j e~ "dn, I,= j ne~ " dy.

_— T
/ ) ! Tlyaccon uHTerpaiu Ba xe~ *  TOK (VHKULS 3KaHJIKIHIaH I, =
=V a Bal,=0. [lemak, euum u(x, {) = x 3KaH.

8. 2. bup TomoHZaH YerapanaHraH ClepXeHAa HCCHKAMK TapKa-
AULIH,

Yty
ai — a’ ———-—(?2“
ot ox2

0<X<-—,—oo

HCCHRXJANR TapraJHIl TeHIVIaMaCHHHHT
u(x, 0)=q()
GoluslaHFHY LUADTHH XamAaa
u(, ) =pn @)

uerapaauﬁ 11apTHH KaHOAT JIaHTHPYBYH €UHMH d)ypbe yeym 6HaaH TOMUIU
19'»"111,131‘14 HHTErpa/HH )gnco6namra KeJITHPH IS

| +‘=a _ §F—x° _('é-'-x)’
wr, =———=—\ oG) Jo m —e s +
20} n ¢
0
! -3 e
: 2 t — 1)
+———*:—'sp(t)(t——'c) e "
2ay )

8- Oapcxona monwupurrapt

ou 0%u
—_—_——— s < X< - ®

ot ox?’
HCCHRJIHK Tapxa.num TeHrJIaMaCHHHHT
I.u(x, )=¢"%
€KH
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= [l <1,
2. u(x, 0)= {O, ['jc" o

GoLNaHFHY 1LAPTJIapHH $aHOAT/IAHTHPYBYM €YHMHHH TOMHHT,
+ (x — 1)
1 » — ( 14 )
loux, )= B
K 1. ux, t) V_je dr.
_— 0

n

+ w 2
2 7 sinw —
2. u(x, t)=—) CoOsS® x e do
- )
0

(O]

8- mycmaruar ww monwupuKiapu

ou 0%u
—_— =, —o< X< + oo
ot Ox2
HCCH'JIHK TapKaJHII TeHTJIAMACHHHHT
1.u(x, 0)=e~ "™ &ku
2. u@x 0)=[(% HW<L
0 =10 =1
GOLAHFHY IUAPTIAPHH KAHOAT/AHTHPYBYH €YHMHHH TOMHHT.
-
X: 1 t I d
Plouln )= — S o1 cosoxda.
0
-]

, — w3

+
2 ,
2. u(x, ) =— Y (S”‘“’ —cosm)sinw-—e—dw.
"0 W (0]

9-§. Ha3sopat wwn
1. KyAujarn MKKH Vy3rapyBUHWJIM HKKHHYH TapTHGIH TeHrJaMaJllapHH
KaHOHHK KY{DHHIILUrQ KEJTHPHHT:

1. T8 5 0 4 4%

ox? 0x dy dy?*
0*u 0%u 0u ou ou
1.2. —+14 4 —+4+3—+4+6— =0.
Ox? + ox 0y+ dy? + ox + oY
1.3 2 _g % 3%
ox? 0x 0y oy?
1.4 y2ﬂ—2xy o +2 2 =0
o ox? ox dy oy?
. 0 . 0% d
1.5. y* o — x? 2"——2x Z —o.
ox* dy? ox
16. 2L g (x >0 coxapa).
Ox? oy?
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0%u ou

u
1.7. — —3 — — — =
o +2 dx dy 3 oy + 2 + 6 =0
d%u d2u 0%u Ou du
1.8. — 5 — — — =
ax? +4 ax 6y+ Oy > ox dy 0
d 0*u ou ou
l-9- o 7 —_— —_ =
Ox2 0x Gy + + + 9 dy +u=0
d*u 6 u
10, — — =
1.1 ax2+ 5% 9 + 1 +10u 0.
L, 2oy 2 9— —5% 9
T oxr oxay ox '
12, T4 490 %4 _ —” ~ 0.
Ox? dx dy oy?
02u 0u u u
1.13. — + 20 —10 — 4+ —=0
ox? ox dy oy? ox
Lig, 3 g5 B U g0
ox? ox 0y 0y’ 0.‘/
.15, u g
1.1 Py + P + Y 0.
d*u du
16, — —12 =
L1 Ox? Gx 6_1/
1.17. 8 &4 24 +5—‘—=0.
ox® 0x 0y oy?
1.8, 10 T4 9 Zu g Tu
ox? Ox dy oy?
119, 95 T8 _ du | P
oxt ox 0Y Y2
o-u d*u ou
20, 8 — 33—+ —=0.
120 0x‘3+1 0x0y+ y>
121, 24 g0 g TH
Ox Ox dy ay*
lo2, S8y g B g%
Ox? doy? y*
0%u ’u
23, — 2 — =0
1.2 Ox? oy*
124, T4 gy Th 4 T8 g
T o2 oxdy oy
2 u du
25, T g 2u g g
1.25 ox? - dx dy dy*
du u 0%
26. 24 18 Zu_o
1.26 o 3% 99 + o7
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127, ——140 1l — =0.
Ox? 0x dy +11 oy? 0
du 0%u 0*u
1.28. — — 18 — =
0x® T 0x dy y? 0
120, £4 419 P4 _ g9 O _
o dx dy dy?
2 2
130, 24 __1g Fu 5% _
ox? Jdx dy oy*
2 ﬂ' = 612 ﬂt— TOp TebOpaHHU TEHIrJIaMaCHHHHT
T ox? P p
[ou
u =@x), — = P(x
=0 ° () ot |t=0 112( )

GOLNIaHFHY IAPTJIAPHH KAHOATJIAHTHPYBYH €uuMHHH [lanamGep copmy-
JacujaH oiganaHub TONMHT:

2.1. a=4, p(x)=x%, P(x)=-cos2x.

22, a=4, px)=x3 P(x) =sin2x.

23. a=4, ¢(x)=x* P(x)=rcosx.

24, a=4, ex)=x* VP(x)=sinx.

25, a=9, px)=1x, Y(x)=cos3x.

26, a=9, ¢p(x)=1x% YPx)=sin3x.

27. a=9, ¢(x)=x% YP(x) =cos4x.

28. a=29, px)=x% P(x) =sindx.

2.9. a=16, ¢(x)=sindx, p(x) =cos2x.
2,10. a= 16, @p(x)=sindx, P(x)=sin2x.
2.11. a=16, ¢(x) =sindx, P(x) =cosx.
2.12, a =16, ¢(x) =sin4x, P(x) =sinx.
213. a=4, ¢(x)=rcosdx, P(x)=cos2x.
2.14. a =14, @(x) =cosdx, P(x)=-sin2x.
2.15. a =4, p(x)=cos4dx, P(x)=cosx.
2.16. a=4, ¢(x)=cos4x, P(x)=sinx.
217. a =9, ¢(x) =cosb5x, P(x)=¢".
2.18. a=9, @(x)=sindx, P(x) =~e5"
219. a=9, p(x)=cosdx, Pp(x)=-¢e".
2.20. @ =9, ¢(x)=sindx, P(x) ="
2.21. a=16, ¢(x) = cos3x, P (x)= .
2.22, a =16, ¢(x)=sin3x, p(x)=e"".
2.23. a =16, @(x) =e"", P(x) = cos 2.
2.24, a=16, ¢(x)=e", P(x) = sin 2x.
2.25. a =4, ¢(¥)=¢"", P(x) = sin'3x.
2.26. a=4, @(x)=¢ >, P(x) = cos 2x.
227 a=4, p(x)=e ", P(x) =cos3x.
228, g =4, ¢(x) =", P(x) =sin4x.
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2.29. a}=9, p(x) =€, P(x) =sinx 1 cos x.
2.30. a =9, ¢(x) =e"", P(x) = cos3x.

10-§. Litypm — Jlnysunn macanacu.) Jlexauap kynxapaaapu

10.1 [a, b] kecuama (k(x)y' (x))' —q(¥)y (¥) + A (x)y (x) =0 Tenr-
JIaMauH

y@=0, y(b =0,
y@=0, y' (b) =0,
y@=0, y® =0,
y@=0, 4y =0
wapr.JapiaH GHPHHI KaHOATJaHTIPYBYH Y (X) GYHKLMSHM TOMHLI Maca-
jgacuny Ilrypm — JLiryuaan  Macasnac  pefinnagd, OyHia k(x), ¢q(x),
B(x) — [a; b] kecmapa yanykcus ¢yukuussap ea k(x) >0, g(x) > 0,
p(x) > 0. bapua A snap vuyn rypm—JIuyBuasa macanacHHuur y(x) =0
€UHMH JIOMMO MaBXyn GyJnaBepMaiiiu. y(x) =0 euuM MaBxKyn 6yarad
A* TeHr.JaMaHUHT XOC COHMU Ba yHra Moc y* (X) euuMm TEHIVIaMaHHHT X0C
Qyrryuscu aefiunany.
Mucoa. [0; /] na
Y —M,=0, y(0)=y()=0
WMtypm — JIuyBHa1 MacajacHHHHT XOC COHH Ba XOC (DYHKUHSA/JIapHHH TO-
TIHHT.
Euynm. k*— A =0 XapaKrepuctHk TEHTJIaMaHH Ty3aMu3.
VIKKH XoaHH KapaiiMuz: a) A >0; 6) A< 0. _
a) k=M ékn ky,=+ VA Ba y=CeV* x4 Ce=V4~*
y(0) =0 Ba y(!) =0 waptaapaan
{ CI + Cl = 0 -
Ce 't s Ce™t =0
ékn Cy = Cy =0 3kann ke unkagu. By epaan y(x)]=0 6yau6,
Maca/JlaHHHT eudMH HYK.
6) *—A=0, A=—p?
kz_*_pz =0' kl,2= =+ l"lir
y=Cycosux+ C,sinpx.
y(0) =0, y(!) = 0 waptaapaau
{Cl +C,-0=0
Cycosul+-C,sinpl=0
€K1
{Cl =0,
nwl==kxn
3KaHM KeJu6 unKamu. [eMaK, Xoc COH Ba XoC QYHKUHMAJNAp MOC paBHLI-
na
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A= _(_.)2 y () =sin =% x

ra TeHr 3KaH.
10.2. Y6y

L (St V|
27! dx™
Podpuca gopmyaacu opkanu aHHKMaHTaH Kynxapnap Jlexwandp kgnxad-
Aapu neduJany.
XycycaH,

P (x)=

Py(x)=1,
Py (x) =1x,

Py () =—@% 1),

Py (x) = o (55 = 32)
P, (x) = % (35 x* — 30 x2 + 3),

P,(x) = 1?(63x5—~70x3-|— 15), ..

Jlexxanap Kynxapiapu yuyH kyiuaard xoccadap YPHHJHIHP:
1. By k¥nxapnrap (—-1; 1) opajukga oproroHan Kymxaaiapadp,
SIBHU

jl P (x)P,(x)dx=3,,
s

[ m =
, m=n,
min
lO, ms=n.
2. Jlexxanap Kynxapaapu XydT n nap yuyH XydT (YHKLIHA, TOK
n Jap y4yH 3ca TOK (yHKLHAAHD.
3. P(1)=18Ba P (—1)=(—1D"
4. By kynxaanap JlexaHIpHHHT
(1—x)y)Y +nin+ 1hy=0
Juddepeniial TEHrJaMacHHH KaHoaTJaHTHpalH.
10- Oapcxona monwupuxaapu

1. Kyitngaru [rypm — JIHyBHAN MacajJacHHHHT XOC COH Ba XoC
(YHKUMSIIADUHH TOIMHL:

y"—hy=0,y(0)=0, y =0

k2
Ke dy =0, 4o =1, 7~k=—(1—1)

Gy epaa &
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Yy, (x) =cosanx, k=1, 2,

2. JlexaHpp kVnxaamaapH yuyH
Py = [£e]
n! ar - =0

3KaHHHH ucbotaaur, Gy epia

|

[0 <]
P 9= X P = e

n=0
10- mycmaxua uw monwupuxiapu
1. Kyiinparn 1ltypM — JInyBH/A1 MacallaCHHHHT XOC COH Ba XOC

GYHKLUHANAPHHH TOMHHT:
y,/___}"y =0, yr<0) :0, y’([) = 0.

‘R

: = == A, = = ——

Ki ho =0, o) =1, by = —(F)
yk(x)zcosanx, k=1, 2,

2. JlexaHap,Kynxannapi yuyH KyHHZarn pPeKyppeHT ¢opMmyJa TyrpH
SKAH/HTHHH HCOGOTJAAHT:

(n+ 1)Pn+](x)-—(2n—{- DxP,(x)+nP,_ (x)=0,
n=1, 2, 3,

11-§. Jlannac TeHrIaMacHHH JOHpajarH YerapaBuil wapt Gunax
eUHILA V3rapyBUHJAPHH aJMAIITHPHW YCYJH

KyTt6 KoopauHaTanapuia Gepn.araH
0*u I Ou I du 0

2

or* r or rt 0
Jlannac TeHrsaMacHHHMHT
u(r, o) |r=R = f(9)

qerapaBMﬁ LIapTHH KAHOATJAHTHPYBUH AOHpA HUHAard €YHMHHH TOMHILAA

[Tyacconnuur

n
(R? —r?) dt

1
ulr, @) = 2n j Fe R — 2Rr cos (t — @) +-r2
-2
(opmyJacuaan oifanaHuIaLu.
Mucoa. IOkopugaru Jlanaac TeHrJaMacHHHHT
u(r, ©) = = 2sing

yerapaBHil IUIAPTHH KAHOATJIAHTHPYBYH r < 1 JoHpa HYMAArd eUHMHHH
TOTIHHT.

115

www.ziyouz.com kutubxonasi



Eunw. Ilyaccon ¢opmysacura Kypa:

n n
wr, (P)=217 g‘l 22(|—f’)5mfdl = l—r’j‘ sin (( —@) + @] df
S reos(t— @) +r n 1—2rcos(t —@)+r?

—=

n
_ (I—=rcosg g sin (! — @) dt j
n J 1 —2rcos(t —q) +r

I
+(1 — ?)sing {° cos ( — @) dt
j l—2cos(t—¢q) + 72

19
-

_(1—=r? s @, a—r sintplz.
T n

Ouau /; Ba /, uHTerpasjapHH XHCOGJAiiMH3.
Arap I, nHTerpaija cypaT Ba MaxpaKHW 2r ra KymaHTHpcak, MH-

Terpasl ocoH XucobsaHaiu:

X
_ 1 { _2rsin¢—oqd _ L _ el
Il—2’.§ 1—2rcos(t—eq) =r2  2r In(1—2rcos({—¢) = r)_ﬂ
—x

1 . L] ]
=5 (In(1 — 2rcos(m — @) + r*) — In (1 —2r cos (— 1 —¢) + r*))=0.

r

I, wATerpanHy xucofiamja aBBasl HHTErpait OCTH  (QYHKIHSCHHU
— 2r ra kynaittupu6 6ys1amu3, Keiiud cyparra 1 -+ r? uu KywuG aiiu-
paMu3, Wy OHiad Oupra

.
I dx b

_) a4 2abcos x — bt o la* — &Y
H

3KaHHH¥ 3bTHOOPra O.1caK:

LS
1 (1—2rcos(f—@+r2—(1 —-rt di =

ly=—— ;
2r 1 —2rcos(¢t— @) - r2
—n
N R 19
__ v dt_!_l—!—r-g‘ dt .
2r 2 J1—2rcos(t—¢@)~r? r
—a —n
172 2n T n(l +r7)
- 2r 1—r2 r+r(l—~r2)'
Jlemak,

u(r, §) = —=sing+ =2 siug =2 rsing.

Ilynpaft Kuiau6, MacajaHuHr eduMmu u(r, @) = 2rsin @ Gynanu.
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11- dapcxona monwupukrapu
L O .
or2 r o or 2 J¢?

Jlansac TeHrJaMacHHHHT GepHJraH yerapaBHi ILApTHH KaHOATJIaHTHDYB-
yn ponpa qJuugard eunmunu Ilyaccon ¢opmysacupan  ¢oilnanasné  To-
TIMHT: |
— <ins
. u|,_, =sin*q.

K ulr, (p)=%rsin(p—4(;—)asin3(p.
2. u|_;=2sin¢+ 8|
K u(r, ¢) =8-1'—%rsin(p—8<5L)ssin’(p.

11- mycmaxua uwl monwupuKkIapu
Pu 1 ou 1 0w _

“ort r or 2 og¢?

Jlannac TeHrsiamacuuuHr GepuiraH uyerapaBHil 1LapTHH KaHOAaTJaHTHPYB-
Y Jovpa WuHjard eunmunn [IlyaccoH dopmyaacHgan coiaanannG To-
MHHT:

l. u|,_,=5sing.
XK u(r, cp)=-2§rsincp.

2. u|,_, =sin®q.
X. u(r, ¢) =3sinp —4r3sin3q.

12§, Moupaparu uerapasuii wapt 6unan Gepuaran [flyaccon
TeHrJ1aMacHHH euHIl

Y6y
0%u o0
— — = x’
e T 1% )
[TyaccoH TeHrnamacHuuHr

u lx'+y’=R' =0

!.UapTHH K&HO&!’I‘JI&HTHPYB'—IH e4YUMHU
ulx, yy=o(x y)+w(x, y)

KypuHHIIZa Kuaupuaamu. By epaa v(x, y) ‘dynkuust IlyaccoH TeHraa-
MaCHHHHT XyCycH#l euHMH Ba W (x, Y)

02w Pw 0
ox? day?
Jlannac tenryiamMacHHUHT
@lenpyrps = 70 g yamps
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yerapaBHil 1IAPTHY KaHOAT/JAHTHPYBYH E€UHMHIHUP.
o%u 0%u
Mucoun. ey + Fyiiaien 4 TlyaccoH TeHrnamMacHHHHT
Y
Ulseyyemg =0
yerapaBHil 1LAPTHH KaHOATJAHTHDYBYH EUYHMIIHH TOMHHI
TeHrnamaHuHr Xycycu# edyumH
. ) 5
vix, Y =—x—y*
6ynanyu, YvHKH

Jdv ov % 0w .
. =—2x, —=—2y, prraalil’s a—y2=—
Suau
02w ow
oz dy* -
Jlanyjac TeHr/iaMacHHHHT
Wlaapypme = = U lagyime = 00+ ) g yrg =9

yerapapui LIAPTHH KaHOATJaHTHPYBYH E€UMMHHH TONamu3. Dy eunmuu
TOMHILJA
=rcosp, Yy=rsing
ne6 o/inb, KyTO KOOpAMHAaTa/MapHra yTaMu3, y xouaaa w(x, )
o L Fw 1 dw

or? r or? rr de
JTan.nac TeHrJIaMacHHUHT

wlr=9 =9

LIAPTHH KAHOAT/IAaHTHPYBYM euumn G6yiagu. w(x, y) uu tTonuuaa [lyac-
coH doyMmynacHaaH Q)oﬁnanaﬂamua, ABHHU:

1 9—r2
w(r, ¢)=— 5 dt =
2n 9—6rcos(t —o@) -+ r2
-7
- 9 (9 —r2) dt
9—6rcos(f — @) +r2
a
Supu “ dx == 3KaHHHH 3bTHGOpra OoJcaK,
a®+ 2abcosx + b2 (a2 — b?)
9(9—r?) 2n
w r, = — —— 9
. @) 2n 9—r2
€KH
w(x, y)y=29.
118

www.ziyouz.com kutubxonasi



Hemak, u(x, ) =v(x, y) +wlx, y) =9 — x> — y* 3Kan.
12- dapcxona monuiupuFu

J2u J*u

W dy*

[TyaccoH TeHrJiaMacHHHHT
u ’.r‘+y’=16 =0

yerapaBHil WAPTHH KaHOATJAaHTHPYBUH eunvuun x* + y* < 16 poupa
MYHZA TOTIHHT.

i+ 16 (16 — r2)sin2 { dt

K u(r, 9 =——=sin2¢ + —

24 n 16 — 8 rcos (t — @) + r2

-5

Kypcarma. (x; y) Jekapr xoopauHatanap cHcremacugad (r; )
KYT6 KOOpAMHATaJlapura V1HHT.

12- my jcma;gu/z U monwupuru

J0%u a
— + = [2(x* — y?
P (* — %)
Ilyaccon TeHr/iamacHHHHF | <r < 2 xajakala
u I!=] =u I!=2 = 0

LapTJapHH KaHOaTJaHTHPYBYH €UHMHHH TOIIHHT.

X: u(r, (P)=(l7r 12972 + ”2) coslfcp

13-§. Tyrpu 'ryp1'6ypt|a|( IWAKAHAArd meMOpaHaHMHr 3IPKHH TeGpaHHW
MacanacuHH Y3rapyB4MJapHH axpaTHW ycyau GHaaH edHwt

Tyrpu Typréypuak (0 < x < [, 0 < y < m) wakIngary MeM6paHaHHHT
SPKHH TEOPAHHII TEHIJIaMaCHHH
ou ., (0% | d%u
i = (Gat o)

J— pa——t] — —
- ulx_—_l - u.y:o - uly.—:m - O

yerapaBuil WapTyapia €ddl] YuyH V3rapyBYMIapHM aJMallTHPHIL YCyJu-
Ran doiiganannnagy. By eunm

u(x, y,t)——z \ ( N ncosnal/—(—)z_i_—()z—t{—

k=1 n__
+ B, ,sinna l/(ﬁ_)2+(£)z t) sin % in ¢
l m ! m

KypuHuuiaa 69au6,

ul

x=0

4 nky nnz
A = — ¢ (v, 2)sin — sin— dudz,
k.n lﬂl . P( ) [ m

o — 3
O
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4 m

Bk. n= /' R n\y
nalml (7)2_{_(;) GS‘
dopMyJsanap 6yiinua XucobG/aHazu.

]
[ ¥ 2sin nl—’wsin ™ dudz
0

Miucoua. IOkopuparn Macanann @(x, y) =sin —= 3z

% sin 81y Ba
m

P (x,y) =0 6yArad xXosua €uHHT.

Euynw: ¢(x, y =0 6yaranugau B, , =0(k, n€N) 6jnamm.

Suau Ak. a HH XHCOGIaMMH3:

m I
A, = 2 5 ( sin 370 cin 8% sin ¥%.sin ™ gudz,
* Im § ¢ [ m 4 m
Arap k3, ns 8 6yaca, A, , = 0. Wynunr yuyn Ay yq HH XHCOG-
JafMu3:
4 m
Ay ==

1
=[—:n b\'(l—-cos m) dv- 3 (1——cos 16—M)dz

1 ( 6mv l]l m . l6mz]m
=— |v—{sin = .|2— — sin —
lm[ l)ﬁn [ 0

0 167t m

=— [I—0]-[m—0] =1.
im

JeMmak,
.8
u(x, y, t) = A, s cosna V 9 64tsm 3% sin 87¢
l m |
éxu
8
u(x, y,') = cosna ]/3 _}-E‘ tsin 3 sin 2%
{ m
18- 0apcxona monwupuru
MewmGpanaHuur
g (2 2
o dx2  dy?
SPKHH TeGpaHHIU TeHTJIAMaCHHUHT
Upso = Uy = uy:-o = y=1 = 0'
u (xv Y, 0) = xy(l —x) (l —y)v
Ou =0
0! J(x: 4:0)
yerapaBui ILApT/IapHH KAHOATJIAHTHPYBYH E€YMMMHH TOMHHI
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o0 0
K u(x, v, t)=i—: }_ 2cos V@m+ 12+ (203 1) nat X

m=0 n=0
sin (2m - 1)x sin (2n 4 1y
T @em 13 @2n +1)3
113- mycmarua ww monwupury

MemGpaHaHHHT
0%u ‘A 0%u
— g2 =L
o2 \ax Ay
3PKHH TeGpaHHIL TEHIVIAMaciHH yerapaBuil 1apTJap)

[t mo = tt]ymp = 4]y oy = Uy =0,
u(x, y,0)=0,
ou

=xy (1 —x(1—y)

(x4, 0)
6y/rangard eYMMHHH TOTHHT,

ot

16 {‘ {\ sini2m 1) x sin(2n+l)yx
na ew oaw o Om13 0 (@n--1)3

LsinmatV (2m + 1) 4 (2n + 1)?
CoVemeni @i

He ux, y, t) =

www.ziyouz.com kutubxonasi
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A3

ONEPALIHOH XHUCObB

Hasapu#t maB3ynap sa amajuii MalurFyJoTaap

Onepauxon x1co6 MaTeMATHKaHHHT MY XHM GV.iuMaapuiaH  GHPHAHD.
®usnKa, MeXaHHKa, anTOMAaTHKa, TeleMeXaHHKa Ba 3/eKTPOTeXHHKaHHHT
K¥TITHHAa MacasianapHHH eyHIlja OnepalHoH XHCOOHHHT YCYJIIapuaaH ¢of-
Jdanannnaay. Kyiuaa onepauyoH XHCOGHMHT ACOCHH TyllyHYaJlapH Ba
YHHHT 6ab3n AudrdepeHUHan TeHrJamasapHH euuiura TtatOHKjAapu GHJaH
TaHHILACH3.

1-§. Jlanmac aamawTtnpuwu. QpHrHHaA Ba TacBHp.
r copla GYHKUHAJAPHHHT TacBHpPJApH

®apa3z kuaahauk, >0 xakukuii Vy3rapyBunHHHT [(f) KOMMJEKc
dyukumacy Gepuaran O6yJicuH. babzan f(f) GyHKuHAHH uekcns (— o,
+ o) opanukaa aHHkJAaHraH, JekHH (<<0 jpa f(f) =0 pe6 Xxucob-
JIalMH3.

f () dyuxumsuunr Jansac armawmupuwuu 1e6, p=s-+ it(s > 0,
T —- XaKHKHI Y3rapyEunsap) KOMIJEKC {3rapyPYHHIHT

\ F(p) = If(t)e—”’ dt (1.1)

dopmyna GunaH aHukJaHaaurad F(p) ¢yHkuusira aéitHaany.

(1.1) TeyraMKHHHT VHT TOMOHMAAru xocMvac uHrerpaa Jlanaac un-
mezparu ne6 atanagu. By uuterpan skuHmawypyn 6Yyau6, Gupop F(p)
bYHKLHAHY aHukJal yuyd f(f) ¢yHKUHA KyHujary LUApTJIapHH KaHoaT-
JaHTHpaiH ne6 ¢dapa3 KHIamus:

a) f(f) bynkunsa yanykcus €xu ¢ >0 paru UXTHEpHH uyeKJH opa-
JIMKJA YeKJH COHHArH I Typ ysW/HL HYKTaJapura ara;

6) ¢ HUHr MaHbuil KuHMmatiapuma  Hoira TeHr, AbHH [<<0 na
[({)=0;

B) wyHga# M > 0 Ba s, = 0 yarapMac cOHJap MaBXKYAKH,
If@)] <Me*

6ynamu. s, coH f(f) dyHKUMAHHHT fouww Kifpcamku4y ne6 atalaii.

B) luapthu Oapua uerapaiaHrad ¢yHKUMANAp, Macajal, sinf Ba
cos? Jap KaHoATJAHTHpaAH, ynap yuvH =0, |f(x)| =M pe6 ommum
MYMKHH.
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[y waptuuur {auui Gapua £%(k > 0) mapaxkanu QyHKUMAIAD Xam
KaHOATJIAHTHDAAN, YYHKH y.JapHHHT Xap Gupi e’ (s, = 1)  KVpcaTKnuu
yHKUMALAH CEKHHPOK Vcaiu.

t<0 ga f(f) =0 1anab WYHHHT yuyH XaMm KHPHTHIAAUKH, HU3HKA
Ba TeXHWKAHHHT K{NMYHUJNK Macajanapuaa { aprymeHt BakT cHdatHia
KapaJjaan Ba wy cababad BakTHUHr Oupop OOLLIAHFHY MOMEHTHrauya
f(t) byukuus V3MHU KauAall TYTHIUMHHHT aXaMHATH HYK.

a), 6), B) WApT.I8pHH KAHOAT/IAaHTHPaAHraH HcTaqrad yHKUUA opu-
ruHan (éku mpooOpas) ae6 arananu- K1.1) dopmyna GuiaH aHHKJIaHALH-
rad F(p) dyukuns f(f) ¢pynryuarune maceupu (Exku obpasu) ne6 ara-
Aanu. f(f) opuruHasHuHr TacBupH F(p) 6y.ica, GyHpalt €3usagu:

F(p)—~f() éu F(p)=L{f(®)}.
f(¢) opurnsan F(p) Taceupra sra 6V.ca, Gynjail ésnnagn:
[ (&)< F (p).

(«—» Oesry XamMMma BaKT OpHrHHa.ira Kapa® M Ha/ras.)
Arap ¢yskuus a), 6), B) wapT/JapHHHrT Xe4 Gy/maraHga GHTTacHHH

o N 1
KAaHOAT/IAHTHpMAca, Y OpHruHal1 6yamaiai. MacanaH, - Ba tgt yuk-

UMANAp OpHIHHa] GY/aMaiiay, UyHKH yJap ydyH a) waprt Oy3uJagu: HK-
Kana bynxuus xam H typ ysuimw HykTaJjapura sra.
e (YHKUMS XaM OPHIHHAJ GYJHIIM MyMKHH 3Mac, quKu yHHH[‘ yUyH
B) wwapT Oysuiagu: {—-oo ga y uctanra M Ba s, na Me™ " yHKups-
JlaH Te3poK Ycaau. '
(1.1) 1appudaan doiganannb, XxakHkHH {3rapyBUMHHHT OHp Katop
aneMeHTap (QYyHKUMANAPHHUHT TaCBHPHHH TONAaMH3.
l-mucon. Xesucaily OUPAHK (YHKUHACH
n() = {0, arap t <0 6yuca,
1, arap { =0 Gyaca

HHHT TacBHPHHH TONHHT.

Euyuw. Xepucaitn yHKUHACHHUHT rpadmry 2.1- 1ak/aja TacBHpJaH-
rai. n(f) QyHKIHS OPUCHHAJNHHHT FOKOPHAAFH [IAPT/IADHHH KaHoaT.JaH-
THpaaH, YHHHT TacBupuhu (1.1) dopmyna 6jinua Tonamus:

o
F(p)= [ e f(nat = 1(t)
0
®
=J e dt =
0 1
I i g
ST Y — —t
Rep = s >0 nan t > oo 1a t<o 0 t>o
e "',

2.1- waka
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Xakukatan xam, arap |e”” ’l = le_s"'"" . e_is'[ e_"' ~lcosrt +

!
+ |sinrt| =~ (cos?rt + sin%rf) =¢~* 6yaca, y xoama t—-oco Ba
S=Rep> 0 nan t - oo Gysirauga e~ —0 ra sra Gynavus. Ulysnait
KHIHG, 1(¢) XeBucaiin GUpAUK (pyHKUMACHHUHT Rep =s > 0 ga Jlanuac

! o
HHTErpaNH AKMHJAllaa# Ba YHUHr F(p) tacBupn — oyHKOHA 6VJany,
P

1
AbHH 1) (f) < — éKH 1<——
4
2-mucoa. Yuby Kypcamuqm; (YHKUHMAHHHT TACBUPHMHH TOTHHI:

F)= 0, arap, ¢t <0 6yca,
{e"“ arap, ¢ >0 6y.ca,

6y epaa o — KOMILJIEKC COH.
Euynw. Bepuarain ¢dyHKUMA OpHrHMHAIHUHT IOKOPHAArH (LApPTIapHHH
KaHOaT/IaHTHpaAH. YHuHT TacBupHHH (1.1) dopmysa 6u1aH TOmaMH3:

o @
Fipy= | e et = [ e 4s =
0 0

T —p—awlo
Hemax, Gepwiran ¢yHKUHSI yYyH

=1 (Re(p —a)>0).

o—(p—a) | o
p—a

1
ew‘—p—_—a(Rep") Rea)

ra sramu3. [ynra yxmain,
1
e« —— (Rep > Re(— a)).
pra

3-mucon. Y6y QyHKUHAHHHT TACBUPHHH TOMHHT:

f() = 0, arap t <0 6yuca,
coswi, arap ¢ =0 6yuca,

6y epra ® — XaKHKHil COH.
Eunw. Bepunrad ¢hyHKIHS OPHFHHAMHHHT OKOPHAATH LIapTJapUHH
KaHOATJIaHTHpaAu. YHHHr TacBupunH (1,1) ra acocaH TomaMmua:

© @
F(p)=)fWye™dt=) e "coswtdt =
¢ 0
ot 1 b, —ilof _ 1% (p—ia)t
=[St dt = [ e T ar
b

[+ o]
5‘ g trtw) di—l ! 11 .
F p— 2 ptie

N | —
+
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luTerpaniaim HatHXacHHH COAAAJIALUTHPHO,

P
p2 +w2

CcoSW ¢ <

uu xocua kuaavus. Ilynra {xwam, ymGyHH XOCHI KH.1aMH3:

sinw{ <— .
p2 + w?

4-Mucon. Y6y yHKUHAHHHT [OPHTHHANHHU TOTIHHI:
) = {0, arap t<0 Gynca,
sho{, arap ¢ =0 6¥ca,
6y epla ®)— XaKHKHi COH.
Eynw). Mabaymky, sho = % (€ — e,

Iy caGabay TacBupHM Ywdy ¢opmy.ia OVilHua XHcob.JaiiMis:

> R V% e ,
Fp)=) e_"'f(l)dt=_5 e " shotdl = ;‘f:e_ (e” —e ) dt =
) ] Q
° (p—o)t LY ooy 1 1
Je =gt —— Ve Tt =
0 [*]

! .
5 kp — m) (Re p,>Re w).

|-

lynaai Kuauo,
sh of <= —2— (Rep > |Rew)).
p2 —w?

Mlynra Vxwau,
chol«——2— (Rep > [Re wl).

p2_m2

B-MHco.d. Yy napaXajdu QVHKUMAHHHT OPHTCHHATHHH TOMHHI:
) = {0,'l arap t <0 ﬁcha,
", arap t >0 6iaca.
Euunr. (1.1) dopmynara acocan

o«

Fipy=[ et

ot

0
n Mapta Gyaakma6 uuterpaiiab] Ba Rep >0 ma limt*e ™ =0 (k=
t—>

=], n) 3KaHHHU XHcobra OJHG,

% n!
n —pt p— -
'\ t e dt pn-rl
0
HH XocH1 Kunamu3. llyHma#h xumuo,
n ‘n!
- .
prl-rl
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Xycycan, n =0 6yaranaa
1«2

r
v 1 s
ra, n =1 6yaranpga t<——z ra 3ra 6ysnamus.
D

[TupoBapnuma F(p) TacBHp YM3MKJHJMK XOCC4CHIA 3ra 3KaHJIHTHHH

alTb jTamua, SbHI:
a) arap C—const Ba f(f)<« F(p) 6¥aca, y xo.11a

C )< CF (p); (1.2)
6) arap f, (1)< F,(p) Ba [, ({)« F,{p) Giaca, y xo1aa
L@+ f ()< £y (p) + Fy (p).
by myHocabatnappan ywly Hatinpka Keinb unkapu:
Cifi i+ Cof () + +C. [, O0<CFi(m+CF,(p)+ ...
+ C,F.(p).

Ynankammk xoccacH (1.1) naH Ba MHTErpasHHHT YH3HKJIHJIHK Xocca-
CHIaH KyHHZArH Keau® uuKai:

| ciwye™d=c \ fwe™ dt = CF(p),
i 0

6yHaan (1.2) copmyaann XOCHA KiJIaMH3:
C ()<~ CF(p).

AcocHil OpHIHHA1J1ap Ba TacBHpPJap >KaaBaJH: ]
Jb-xasaada.

Ne [ (t) opurusan F (p) Taceup
!
1 1 -
P
n !
2 t 7—_1
3 o !
p—oL
) ®
4 sin wl o
p\
5 cos f pw?
[0}
6 sh of i
P
7 ch w¢ I
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I1- dapcxona monwupuxaapu

1. f(t) =e* sin of QyHKUMAHUHT TacBUPHHH TabpudpaH oiinana-
HHG XHCOO.1aHT.

w
X F(p)= ——.
(P) (p— )2 +0?
2. Uusux/uauk XoccacH Ba TacBHpJiap XKaiBaqHAaH ¢ofifa/laHKb,
Ky#uaard QyHKUHAJAPHHHT TACBHPJAAPHHH TOMHHT:

a) f() =4 r) f(t) = 42 — 2t + 3¢
6) [(t) = 4 — Se?; 1) f(#) =cos® .
B) f(f) =2 sin 2t + 3 sh 2t
mmF@=—Lﬂ®FW=i—54ﬁ

p—Ina p p—2
B Fp=-——+ & nFp=2.-242

T4 p*—4 p pl p

2
| p 4 p
F — — )
B F(p) = " mw+3 i

I- mycmagua uw monulupuxaapu

1) f(f) =e* cos f GYHKUMAHHHT TACBHPHHH TabpHdra Kypa TO-
TIHHT.

p—a
K F(p) = 22—

2. Uu3HKJIMJIHK XOoccacH Ba TacBUpJap ajsaiuiaH ¢oiizasnaHuob,
KyHugard GyHKUHSVIADHHHE TacBUPJAapHHH TOIHHI:

®ﬂ0=%ﬁ+4mwn

6Hm=%ﬁn&—&

B) f(f) = cos? f;
r) f@) = cos 2f- sin 3.

31 4p 1 3 5
F —_ 1 9 P . — _.9.
e F ) =1 p* p2+4' 0 Fip) =3 p+9  p’
1 25
B F() =5+ 3 . ”F@‘2Cu4+qu

2-§. OnepaliHoH XHMCOGHHHI acOCHH TeopeMmaJiapH

1-§ na 6u3 TacBUp/MApHHHT YM3HK/JIMAHK XoccacH GuJiaH TaHHIIIMK.
By naparpadbaa sca 6u3 Jlanjac aiMalUTHPHILMHHHT acOCHH XoccasapH
6u/IaH TaHHLUIMIIHH JABOM 3TTHPAMH3.

I. Yxwawauk TeopeMmacH (3pK/JH y3rapyBud MacLUTAGHHHHT
yarapuwn). Aeap f(f) < F(p) 6yjaca, y xorda o >0 6ijreanda

Nmﬁ=$F(£}
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HcGoru. Jlannac aaMawThphi Tabpudura Kypa:

(o) < T flod)e=?" dt.
0

dz o
By uHTerpanpa af =2z, dit=— ne6, KyHHEATHHH XOCILT KHJIAMH3:
a

-]
1 v 1 /
fa)«< =\ f@)e * dz =—F(£).
a J a a
0
MlyHmalt KuaHG, OpHrHHAN apryMEHTHHHHT o Myc6aT coHra Kymai-
THPHJHIUH TacBHPHH Ba YHHHI apryMeHTHHH Iy Q COHra OYJIHHHIIHra

oMb Keaaj.
2. Keunkuuw (ékn cwkH) reopeMacH. Aeap

f&)«F(p)
6yaca, y xoada T >0 6yreanda

f(t —1)<e~4% F(p)

64.1a0u.
Hc6oTu. Jlanaac aqavawrnpiun Tabpudura Kypa
f(t——T)<—S e-? f(t—n)dt.
0
By uuterpanga t —tv =z, df =dz 1e6 0.6, KyHHZATHHH XOCHJ KH-
JIAMH3 :

x
&

fE—T) < | e 2D ()dz =
» 1]
= ¢—Pt \ e f(z)dz = Pt | e=P? f(2)dz +

-1 —T

+e=PT | e~P:f(2)dz = e~P" F(p),
i
0
YYHKH Gupunun unterpan | e~ f(2)dz =0 (z< 0 ma j(2) =0).

.

-—T

JleMaK, opurHHan apryMeHTHHHHT T Myc0aT MHKIOpra' KeunKHLL
TacBUPHHHT e—”' ra KyMmaHTHPHJHLINTA O.1HG KelafH.
l-mucoa. f(f) =(¢t —1)* opHrHHAMHUHT TacCBHPHHH TOIMHHT.
Eunm. TacBpiap *ajsaiujad Iapaxkaid G¢yHKUMSA yuyH n =2
6yaranga R
£ =
o
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ra sramus. Y Xo/Ja KeUWKHW TeopeMacHra acocaH o = | 6y.rauza
@@Z—1—- —2 e—"P
P8

3. Cuaxuw (8ku cyunw) Teopemacu. Aeap f(t)<F (p) 6jaca,
y xoar0a ucmaiean o da

a” f(t)<~F(p — a).
Hc6oTu. Xakikatan xam,

e f(f) < j e et F (Y dt = I e~ PN r@)dt = F (p —a).
0 0

. ! o .
Ulynaai KuIHG, OpHrUHAMHEHT ™ (yHKuHsIra KYNafTHPHWIMIIH P 3PKJH
y3rapyBUHHHHT 0 Ia CH/DKHILHra oJau6 KeJafi.
atl .
2-MHuCcOJ. [(f) =€ siNw! OPHrHHATHHUHT TACBHPHHH TOIHHT.
Eunm. )Xagsannau
Sinw <«

p? 4 @

r: 3ramus, y XxoJpaa

e sinofe —2
(p—a)? 4 w?
IMysra yxmau,

p—a

(p— ©)? +?
4 4. [lapamerp 6yfinua aAuddepenuuanaam reopemacHu.
zap

(+73
e Cosmi<«—

[, x)<F(p, x)
6gaca, y xoarda
. x _ OF(p x)
ox o0x
Hc6o1u. Xakukatan xam,

F(p, )= | e™f(t, xat
0

GyJaraHJurd ydyH HHTerpaJHH x napamerp Oyfinua andepenunasnab,

OF (t. %) _ °s° P A
ox dx

0
HH XOCHJ KHWJaMus, GyHAaH,
of (¢, x) - oF (p, x)
ox Ox
By xocca kynm coHIaru TacBMpJapHH XOCHJ KHJIHII HMKOHHHHM GepanH.
3-mucoa. f()=1=" e OPHT'HHAJIHHHT TAGBHPHHH TOIIHHT.
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MOC/IHKHHHT HKKaJa TOMOHHHH Q. TlapaMmeTrp

Eunm. <
p—a
6yitnua puddepenunannab, KyHHIarHAapHH XOCHJ KHJIaMH3:

¢ eat<_ o eat_(__ 2 ;
(p—a) (p—ap
tseat - 3! : tn eat - n! .
(p—a)t (p— )"t

4-mucon. f(f)=tcoswt Ba f(f) =¢sinw¢ opUrdHafMapHHHT Tac-
BHDJ/IAPHHH TOTIHHT.

Eyuw. sinot «
p? 4+ w? p?+ w?
HKKaJla TOMOHHHH ® TnapaMeTp 6yiinya auddepeHunannab,

'MOCJIHK1apHHHT

teoswf < P2TOI—20t fsinef« 4 —2P9
(P2 + w32 (p* + )2

JIapHH XOCHJ KHJIaMu3.
5. OpuruHagauu fudpdepeHuunanyamw teopemacH. Aaap

f @) < F (p) 6yaub, ' (t) opucunaa 6yaca, y xo040a
' ®)«p F(p)—f(0)

6jraou.
Hco6oTu. f'(f) xocuna yuyn Jlanjac anmauITHpHIIHHE €3aMu3:

Fay<f e ™t
0

Bysakna6 uuTerpaana6 Ba 4 =e Cdu=— pe P'dt, dv =f (Hdt,
= f(f) ne6 o.mb,
FO—fOe™l +p] fO dt @.1)

HH XocHJ KunAamus. f(f) yuyn 1-§ maru B) waprra acocad
f) < Me™'
ra sramus, 1y caGabmau, arap Re p >s, G6yaca, y xoama {—-oo Ja
\F @ e—ml < Mebe—ReP t ¢

Harmxkana (2.1) mociukia 6upuHuM xyumayeuuaa — f(0) kosaau Ba
(2.1) myHOCa6aT y3u/I- Kecudl VIUGY KYPHHHLIHH OJIajH:

' &)< pF(p)—f(0). (2.2)
Xycycan, arap f(0) =0 6ynca, y xonma
f &)< pF (p)]
TeopeMann Takpop TaTOMK 3THG, KyAMZAArulapHH XOCH/ KHJIaMH3:
" )< ppF (p) — (01— (0) = p*F (p)— pf (0) — [ (0),
" (&)< p [p*F (p) — pf (0) — [ (O)) — [" (0) = p°F (p) —
—p*f(0) — pf' () — " (0).
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(2.2) popmynanu n— 1 mapra TatéuK 3THO, KYyHMmArd yMyMHH
¢hopMyJ/IaHH XOCHJ KHJIaMH3:

[P F () —p"" O —F [0 —
=" O = =70 (2.3).
Xycycuit Xoaja GYHKUMAHHHT Ba YHHHT  XOCHJaJlapUHHHT  Gapua
GolnanFruy KHHAMatT/lapH Hojra TeHr 6yJrasjia
@)« p"F (p)
HH XOCHJ KHJIaMH3.

Hlyupait Kuau6, GolaHFHY KHAMataap HOJb GY/raHaa OpUTHHAJHH

n-Kappa auddepeHnHaniall YHHHT TacBHpHHH p ra KynadTHpHLUra KeJi-
THPHJIa1H.

6. OpuruHanHH HHTErpanJamwl XaKHAarH reopema.
Aeap

f(®) < F(p)
6yaca, y xo010a

)
‘f(t)dt<——(pp— (2.4)
¢
Hc6ot1u. luddepenunannar teopeMacuiu S f () dt oprunanra Tar-
0
6HK 3TaMu3 Ba

t
(/B dt<G(p)
0
ne6 GesaruaaiMus.

t ’
(gfanﬂ) +—pc<m——ff<odt ©.5)

(f f@® dt), =f(!) Ba i) f(@®)dt =0 6yaranauru yuyn (2.5) ¢opmy-
0

0
Ja KyHuAard KYpHHHIUHH OJaju:

f @) < pG(p). (2.6)
Bupok waptra xypa
f@&)<F(p). (2.7)
(2.6) Ba (2.7) HH Takkoc/1a6, KYHHAATHHH XOCHJ KHJIaMM3.
pG(p) = F(p),
6ynnan
Gp =112, 28)
p
ALHH
jf(t) it
P
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Hemak, opuruHanuy O jaH ¢ raya MHTerpasliall TacBHpHH p ra Gy.uiu-

ra KeJTHpunanu.
7. Taceupuu puddepenunansamwr rteopemacu Aeap

f (&)< F(p) 6jaca, y xo010a
—tf ()< F'(p). 2.9
Hcb6oTH. (2.9) dopMynaHd XocHJ KHJHLI YUyH

F(p)=T fye " at
0

¢yHKuMA p mapaMeTp Gyinda anddepeHunananaiu:
F'(p)={ f)(—ne™dt,
0

Gy aca —tf(f)< F’ (p) sxannurunu auraaragu. Llyupait kuau6, Tac-
BHPHH JutdepeHlHanall OPHTHHAMHH —¢ ra KynaHTHpHIUra KeJjTH-
pHJaIH.

Macanan, (2.9) dopmynanu

1+—L

P
MOCJ/IHKKA KeTMa- KeT TaTOHK 3THO, KyMHAarHiapHH XOCHJI KHJIAMH3:]
1 1
—t<——, AbHU [ > —;
p2 p?
2 2 2 2
— <« —, ABHH *<—-—= Ba X. K.
3 p3

n n
ymymaﬂ t *—T_l'

8 TacBuHpHH HHTerpaJJiall Te opeMacH. AeapT F(2)dz
P

HHTerpasl sKuHnauyBud Ba [ (f) < F(p) Gyuaca, y xonna

t ®
f—i—) <—_\' F (2)dz,

P
SbHH TACBHDHH p JaH 00 raya HHTerpaJsialll OPHTHHAJMHH { ra GyJuil-
ra Moc KeJajd.
sin ¢
5-mucoda. f(f) = —, OPHTHHATHHHI TaCBHPHHH TOIHHT,

Eyum. sinf< Ba
Pl
j’ dz_ _ __ arcctgz| =-— arcctg oo 4 arcctgp = arcctgp
2241 P
p
6yraHJHry yuyH
sin?

<« arcctg p. (2.10)

Arap (2.10) dopMysnara opurHHaJIHH HHTerpaJJall XakujarH Teope-
Ma TatOHK 3THJICA,
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t

sint

g—dt<————
R t

0

MabaymKi, yan TOMOHAA TYpraH MHTErpas 3JeMeHTap ¢dhyBKUHAIED
opKaH HojanaHMaiiiu Ba saementap Oyaimaran Sit (uurerpas CHHYC)
(OYHKUHSAHH aHHKJaIH. )

Keamnpunaran xoccanapaad oinanannG, TacBUpJAapHUHT  TyJlapoK
3KaJIBaJJHHH KeJITHPaMK3,

2.2-KakBaa

Ne f (1) opuranan F (p) TacBup
1
2 1 —
) P
1
2 " .
pn+]
3 o 1
p—a
®
4 sinw? o
D
5 cos © ¢ o
©
6 shwt um—
pﬂ — 2
P
7 chwt o
—a
8 e cos wt —p=x
(P — @) 4 o?
®
9 (+7 !
e* sinw ___—-—(p v
n!
10 tn eat o
(p— a)™t!
2 _ 3
11 €0s e -
(P + 032
2
12 Isinot PO
(P + w?)?
13 sin (t — o) g—ap L
P+t
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Jlasomu

Ne f (t) opurunan P (p) TacBup
—ap _ P
14 cos(t —a e S
( ) P+l
sint
15 arcctg p
t
[3
j‘ sint arcctg p
16 t p
0

OnepanuoH XHCOOHHHI acOCHE XoccaJlapHHH (TeopemaslapHHi) XKamJab

KeJITUPaHJIHK:
1. Ynsukaunuk xoccach: C,f, () 4 Cofy () < CiF1 (p) + C.F, (p).

G 0N

. < Lp(r
Vxwamuk Teopemach: f( f) - F (a ) .

Keunkuur Teopemacu: f(t —1)<—F(p) e "

Cumxum Teopemack: €' f(f) < F (p — o).

[lapamerp Gyinua auddeperuHannaw Teopeglacu: oF
arap f (¢, x)<F(p, x) Gynrca, y Xonna 72 ~
OpuruHaniy augdepeHiHaliall TeopeMac:

f &)<pF(p)—F(0),

()< p" F(p) — p" ' 1(0) — - £ (0).

‘ 1
. OpuryHa/MHU WHTerpan/all TeopemacH: S f(t)dt<——; F(p).

0
TacBupun audepepennuanai teopemack: — t f ()< F' (n).
-]

TacBHpHH MHTErpaifiall TeopeMacH: —f%)- -« g F(2)dz.
b
2- dapcxona monwiipusrapu

Kyitnparn ¢QyHKUHAIADHHHT TaCBHUPNApHHH TOMHHT:

_5¢ . 5
1. e ’shb5¢. XK PRI
t 1
2. _gsmtdt. X: SEED
—1eet! . 2 eP
3. t—1e K 5 — 1)
—T7t . p—7 .
4, ¢ "ch7t. K: (p+7)2—49
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6p
(;r—9)2
[4 2 2 02
6. ([ cos?widi. : L—.
5 (P* + 4 w?) p?
2- MyCmaKua uli monuupuxiapu

5 tsh3t. XK

Kyiinaarn ¢yHKUHAMADHHHT TacBHPJapHHH TOMHHT:

1. sin3({—92). K: &2 523+ -

2. tfcoscotdt. : pzi}—mz'

3. tcost. : (Tp:_:—:)a'
t_

4_etI )K:lnpp_l.
1_—;92 JK: In ——‘/p2+l .

3-§. OpurHHa/HH TacBup GyiH4a TOMHW YCYMIAPH

Onepauion XHco6aa OPHIHHAJHH MabJyM TacBHpH Gyiinua wuaJjam
yuyH éiHin TeopemaJsapH ne0 aTaJaiMraH TeopemasapiaH XaMAa TacBHp-
Jlap KajpaJijaH ¢oinanaHunany.

Eituw teopemacu. Aeap usranaémean f(f) ¢pynxyusnune F(p)

1 . .
maceupunu - Hune Oaparxcarapu 6glduda Oapaxcaru xamopea éliuw

MyMrun 6ijaca, AvHU

Foy=22424 400y 3.1
p—p p2 pﬂ+1 (')

6ijaub, y ﬁ<R Oa F(p) ea axuusawca, y xorda opucunar Kyiuda-
p
au opmyra Ggiuwa monuradu:
2 "
fO=atay+a st e+ (3.9)

By xamop t > 0 xulimamaap yayn axunsawadu éa t<<0 da f(£) =0
0e6 oaunadu.

Hc6oru. Teopemanu nc6or/iall yuyH KyHHAard yurta IIApTJapHHHT
6axkapH/IHIIMHH KYPCATHLI €TapJHAHP :

a) (3.2) TEHrIMKHHHT YHI' TOMOHMAArH Katop Gapua { Japfa SIKHH-
Jaluaju;

6) YHHHT f(f) AMFUHIHCH OPHTHMHAJHHHI 6) wWapTH

FOl < Me!
HH KaHOaTJaHTHpajH;
B) f(f) Ba F(p) dpynruusasap opacuaa
'f(t)<F (p)
ONepauHoOH MOCJAHK MaBXYA.
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(3.1) xarop F(p) o¢yukuua yuyH JlopaH kaTopd JKaHJWrH Ba
1
y lp|> 3 Ja SIKHHJAALIYBYWIHTH cabab/iH SKHHJALIMII COXACHAArH He-
TaJraH p Aa AKHHJALUKIUHHHT 3apYpUHJIMK a/ioMarHra acocaH
a
nre |pI*t!

Bupok, 6y Xonna KaTOpHHHT 6apqa xalJapH
|

_ > —
Pl > >7%
TEHT CH3J/IUKHH KaHoaTnaHTupannraH HCTaraH p yuyyH y3 HaBOaTuja
< | RT < (3.3)

lp |"+‘
TEHICH3/IHKHH KAHOAT/MaHTHPULIM Jo3uM, Oy epaa M > 0 — y3rapmac
coH. (3.3) Tenrcuanukian (3.1) katop KO3(PHUHEHTAAPHHUHT MOAYJapH
YuyH

la) < Rn—H

Gaxon Tomamus, cyHrpa R, HH R ra ucrajraHya fiKMHH KHJHG TakJall
MYMKHH G6yaraHauru caba6au, 6y epaaH

M
6axo Keqnb uMkaau. J[leMak, opurHHaJHH aHHkJaiaurad (3.2) karop
XaJJlapHHUHT a6CcoJIoT }gm”mamapn (t=>0 pa)

M n

|a SR

i nl
6aXoHH KaHoaT/IaHTHpaaH. Bupok,
NM Mo Lty
i RUEL 1 R it \R

n=0 n=0

!
Katop Gapya { Jap yuyH SIKHHJALIAjH Ba YHHHT HHFHHIHCH —g—eR ra

teHr. By sca (3.2) katop Xam Gapua ¢ Jap yuyH SKUHJIALUMIIHHH Ba
YHHHT f(f) AurnMHIHCH a6COMIOT KHiMaTH GVyitHya Ma)KopaHT Karop
MWFIIHAWCIIaH OPTHK GYJIMacAHMTHHH HCOOT/IalIH, SIbHH

t

POl < et (35)

Ilynna#i KuauG, a) Ba 6) wapTiap HCOOT/AaHAM, B) LUAPTHUHT GaXkapH-
JHIMHH KypcaTuml yuyH Jlanjac aJMalUTHPHIUHHHHT — YM3HKJHIHCHAAH
Kequb YHKajuraH HeradraH k jJa TYFpu GOyJrad

R k

3 ;’; -3 o & (3.6)

n=0 P a=0 ol
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onepauHOH MyHocaGaTHH €3amu3. Arap 6y onepaunoH MyHocaGaTia
1
|l > 3 Ie6 ONMHMHCA, MKKa/la JapaKaji KATOPHHHT TEKHC SIKMHJAIlYB-

YaHJMrHra acocaH k—-oo Aa JMMHTTa VTHID MyMKHH Ba 1y OuJaH
YYMHYH 1UAPT B) HHHT TYFPHWJHTHIA HILOHY XOCHJ KHJIHHAJH:

F(p) < f(t). (3.7
E#nm Teopemacu uc€oTJaHAH,

1
I-mucoa. F(p) =L 7 TACBHD YYYH OPUTHHAJIHH TOTIHHI.
Euuw. F(p) dyrkuusann p(p = 0) Komnjaekc Y3rapyBYHHHHT GyTYH

TeKHcauruaa yioby JlopaH KatopHra €amus:

1
Foyete Poy 00 L Ly ]
— e -_ =

EfiunMa 6UpHHUM TeopeMaHHHT 1IAPTJapHHH KaHOATJAHTHPTAHJMIH Ca-
6aban 6V QyHKUHAHHHT opurm-la.nu KyHuparmya Gyaapm: |

vy 1] '

-1 . u»t - il
0] z (=0 2 == e 3

n=0

(3.8)

By xaTopHHHr BHFHHMMCH HOMb HHAeKcaH 1 Typ Becceab dynrumsicn op-
KasH uoonanaHann. beccesb GyHKIMACHHHHT 2 HHHT JapaXanapH Gyinya
Karopra €fHJamMacy KyHupard K§’pnﬂumnannp:

2n
. )
1) 2) = Z (=" 7 (3.9)
Xakukaran xam, (3.9) xatop z = 2Vt 6ysaranna (3.8) karopra aitna-
Hanu. Illynpail guavA _

fl=12Vt)

Ba OHM3 KyliHiarH onepalHOH MyHOcaGaTHH XOCHJI KHJaMM3:
) 1

1@V —e *

SHIM p HHUHI' Kacp, pauroHal (YHKIMSACH GY/raH TacBHPHWHT, SbHH
[*X(2)
F(p) =
P(p)

HHUHT Q(p) Ba P(p) p ra wuucGaTaH Moc paBHIIJA m Ba N Japaxaini
(m <n) KynXaanap OpPHrHHAJHHK TOMHLI YCYJAHHH KypcaTaMH3.

Arap P(p) MaXpaKHHHT Gapya WIH3NapH MawiyMm GyJca, y Xonaa
YHH 3HT COAJA KynalTyBuHJapra €Ml MyMKHH:

Pp)y=(p—p)*(p—p)*  (p—p)*

6y epaa
ki+k,+ + k. =n.

137

www.ziyouz.com kutubxonasi



Mazvaymkn, 6y xonna F(p) GYHKUHSHH KyAHEArH KYPHHHIUAArH 3SHT
cojjla KacpJap HHFHHAMCHra €HHL MYMKHH:

AjS

(p—p)*i =t
Oy epna j uHpekc 1 paH r rava 6yJ1raH 6apua KuiimMaTiapHH, S HHIEKC

3ca 1 nam k; rada Gyarau 6apqa x\uumamapﬂu lgaéy.n KHJaaH.
ynpai KHJIHﬁ F(p) uu gkyHunaru KypuHuiiga €3aMmua:

r ki .
Fipy= X E—A’— (3.10)

sl
i=1 s=| (0 — p)H—t

By éfinnManunr Gapua Koaq:dauuueumapuﬂu

' ; i F 3.11
s (s—l)' v dp— 1[(p pJ) ) 3.11)

dopMyJia GyiiMda aHHKJAEL MYMKHH.

A;; Ko3pHUHeHTIapHH aHMKJaw YuyH (3.11) popmysanuHF {pHHra
UHTerpaJ xucobfa palMoHaJ KacpJiapHH HHTerpaJJaiija  KyJJaHunaiu-
rai sJeMeHTap ycyJajapiaH ¢ofpajaHuil MyMKuH. XycycaH, 6y yCYJHH
Kyanaw P(p) MaxpaKHHHT Gapua uagusnapH Ty6 Ba XKy(t- Kypru Ou-
JaH KyluMa 6yarasja Makcaara MyBOQHKIHD.

Arap P(p) nunr Gapya unnuaiapu Ty6, SbHH

P(p)=(p —p)p—p))  (p—p,), Oy eppai*k nmap,+#p,
6ysca, éinnma coananaluagu:

n

A Q)
F(p)= & 6y epma A; = —2, 3.12
() E”"’f y epra 4; = 508 (3.12)
F(p) nunr y €ku 6y ycys GuaaH Ty6 Kacp/japra €fHJMacHHH TV3HILJA
f(f) opurnnan gyiuparu Qop™ysanap GyHHya H3naHamu:
a) P(p) MaxpaxHuHr Ty6 WJAM3NapH 6Y/rad xoJpa:

< Q(Pj) Pt
H = SVl et
f( ) = P (Pj) (313)

6) P(p) MaxpaxHHuHr KappaJm HafH3IapH 6yaraH xoJgja:

r

f@&)= 2 2 A/S (k,—s)! (3.14)

=] s=]
p

X . F(p)=
2-mucoa. F(p) pramyyy:

(OYHKUHSHHHT OPHTHHAJMHH TO-

TIHHT.

Euvm. p, =2+ 2i Ba p,=2—2i G6yaraHd YyuyH, TacBHPHH
OpHIrHHAJ/VIapH MabJayM OyJraH SHT COMia Kacpjap HHMFMHAHCH 1UaKJH-
Jary €fHJIMacHHH TOMMII YYyH, 3JeMeHTap ycy/lapaaH ¢oHnajaHaMuz:
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p _—=2+2 _p—2 2

pP—ap+8 (p—20+4 (p—27+4  (p—2244
2.2- xapsannuur 8 Ba 9- popmyJanapura Kypa:
p—2 2t . 2
—— — <« e"cos2f ——
p—2y+4 (p—2)2 +4
Uly ca6a6au

2 .
«— e“"sin 2t.

_ p 2 .
F(p) ramry—"y <~ ¢ (cos2¢-+sin2i).

3-Mucon. F(p) =ﬁ OYHKUHAHHHT OPHTHHAJIHHH TOTMHT.

Euynw. fHa uHTErpan Xuco6aaH MabayM GyaraH Kacpaap €HH/IMa-
CHHH TOMHIUHHHT 3/eMeHTap Yycy/apuian dofiananamus. KacpHuHr
Maxpaxu OUTTa P, = 2 XaKHKHH HWJAU3 Ba HKKHTa KyumMma p, = — 1 4
+iV3, p,=1—iV'3 komnaekc wuagu3ra sra GVJTAaHAHTH YuyH
(py Ba p; unpuanapra p®+ 2p -+ 4 yuxal Moc KesanH) GepuaraH Kacp
3HI coAja KacpJjapra OyHpail €dunanu:

1 A Bp+C

P—8 p—2  pr2ptd
A, B, C ko3hpHUUEHTIapHH TOMMII YYyH KyHuHAard alfHHATra STraMH3:
1=A@P*+2p+4)+(p—2Bp+0).

1
p=2 ne6, 1 =12A uu Tonamus, GyngaH A = ;T
p? onpupard KosdhHUHEHTJapHH HOJMra Ba 0307 XaAHH OHpra TeHr-

7126, KYHHUAATH GHCTEMaHH XOCHJ KHJIaMH3:

A+B=0,

4A—2C=1.

Byugan B = — A =——21 , C=2A-——%= ——%. Ulyupait KuaHG,
vt _e4e Lt
pP—8 12 p—2 12 pi42p44 12 p—2

_ 1 _e+v+3
12 (p+1)24(/3)0

Jemak,

Fpl=——--L L __+ _ »pHl
pP—8 12 p—2 12 (pH+I1p+(/3IN

V3 V5
2 e+ 4+@3n
2.2-xansannarn 3, 8, 9- dopmynanapuan ¢oiinanancak,

O =-e—L e os V3 4+ VT sinV T 0.

pPP4+p+1
ppr—1)

4-Mmucon. F(p)= TacBHPHHHI' OPHTHHAJHHH TOMMHY.
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Eunm.. TacBupauur Maxpaxu p; =0, p,=1, p,=—1, p,=1,

ps = — i 1y6 Wanuanapra sra. By xoapa F(p) ¢yHKuusAHHHT EinMacH
(3.12) kypunuuina 6ynanu:
— A A, A As As
2 p + p—1 + p+1 + p—i + p+i’
A, A,, A, A, xosdduumneHTIap
= Q)
TP p)

d)opmzna 6unan auukaanagd, 6y epaa Q(p)=p*+p+1, P'(p)=
=5pt—1:

A IR P S A (N W R A o)
P’ (0) P (1) 4 P (=) 4
A4, =00 L, _ Q=) __ ¢
PGy 4T P (= 4"
Auan (3.13) dopmysa GyiiMya OpHrHHAJAHH TONAMH3:
FO=—1e" 43 4L L L o e

_ it __ g—it _ l_ ¢ —t 1_ .
+e )——;_T. l+4(3e +e) 5 sint.
In?

2 __ )3

Euum. P(p) =(p? —1)® = (0 — 1)*(p + 1)® ra sramusz, wmy caGaG-
JH F(p) HuHr €HHAMacH KyHHAArH KYpHHUIUra 3ra:

5-Mucoa. F(p) = 1aCBHPHHHT OPHTHHAJHHH TOTIHHT,

F — p? — All + A)z + Al:{ + A21 A22
O T = o= "= =1 ot ot
’AZS
p+1°

(3.11) dopmynanap Gyiuuya €finavaHuHr A].S KO3(piIHEHTIaPHHH ToMa-
MH3:

Ay =g; lim [(p— 1y

]=lim P =i;
— 1) p—>1 (p+1)3 8

1 d p? 2p 3p2 1.

A=t nm-[ ]= [
1l ps1dp|(p+1)® p—>llp+1P@ (p+1)* 16

A= L lim — d? [ P ]=;— lim [ 2 __ 1% + 120

21 ot dpt | (o 1P pall) [Py TrR ITTRL AT
1.
——L
=1 3 =1 P__ 1.
An =gy Nim, [(p +h 1)3] i p—1p 8

Aza—l—lim d[ i ]=lim[ __ 3¢ ]_—‘L;
I ops—1dpl(e—1P] po—tl(p—12 (p— 1) 16
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1 . d2 2 1 5. 2 12 12 1

Ay =— I1m—[ P }=—hm{ — P P ]=—.

21 po—1dp?{(p—1)3 2 p>—1ip—1p® (p—D*  (p— 1) 16
Bepunran TacBHpHHHT €iuiMacH ysuwi-Kecu1 KyHHaariya Gynanu:
p2 1 ! 1 1 11 1 1

(Pr—1p 8 (p—1p 16 (p—13 16 p—1 8 (p+1p

1 1 1 |
T ;T

SHau opurkHaaud (3.14) ¢opmynanan (€ku 2.2- xagmpanjaH) QoiganaHub
TOMNAMH3:

[ =

I 2 ¢ 1, ¢ 1 ¢ | R - I, —t | G
——e+—fe——e ——-—e¢ —te 4+ —e
SCRRT 16 s 2% TRY Th
€KH
2 12— 1 ¢
F(p)=—L — sht 4+ — chi.
V)=~ Shit g che

3- Gapcxona monwupukrapu

1. Kyfnparu tacBUp/lapHUHT OpHTHHAJIADMHH GHPHHYM €HHLU TeopeMacH-

JaH ¢oinaJaHHu6G TOMHHr:
1

1

a) F(p) = ; mF@=;a”

1
p(l +pY)
N fAn !
K a) [0 = 2 gy (=D

\02 n f2n
Of=a 1 5y
n=0
2. Kyfingary TacBHpJapHHHT OpHTHHAAJIAPHHH HKKHHUM Efuiu TeopeMa-
cHiaH ¢oHjasNaHHO TOMMHT:

a) F(p)= P :
) F @) (P2 +1)(p2 +2p--2)
1
6) Fp)= ———
) £p) (p—1) (12 —4)
g) F(p) = P2—1
) £ ) p(p® + 42

X: a) f(H)= ;— (cost + 2sint ——51 e~ (cost + 3sint);

N St ST 1 o,
6) (&)= setge o

B) f(f) = % (cos2t -+ 5¢ sin2 — 1).
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3- mycmaxua Uw monuwupuUKIGpU

1. Kyitunarn tacBHp/IapHHH OpHIHHAJIapUHH GHDHHYM SHHIU Teope-
MacHaad QoipganaHuG TOTHHT:

a) F(p)=p—sin 17;

6) F(p)=pln(l +,,1?)

t2n+1

K: a) f(f) = 2 = 1o T

n=0

t?n

0 [0=2 1 crhay

2. Ky#iunary TacBHPJIapHHHI' ODHTHHAJIIAPHHH HKKHHUM &MLl Teop2
MacugaH (oitganaHuG TOMHHI:

a) F =_'p+—3_;

) F(p) p(p?—4p+3)
1 .

p (ot —5pt 4 4)’

—_Ptp+l
B F) = ey

e a) f(8) =1 —é¥ + &, o) f(t)=fl——% cht+]—12 chat;

6) F(p) =

B) f(t) = Eﬂ—4_—l—e’+ 1— (sint 4 cost).

4-§. OpMruHaanap ypamacd, YHHHr xoccajapH. Ypamauuur Jlanaac
aJMaLITHPHILIAPH

Jacrnaé ypama ne6 arasmagurad TywyH4Yd GHildH TdHHILIAMHS.
f(¢) Ba g(f) dynkumanapuuur ypamacu ne6

i
f fG gt—r)dt 4.1)
0

MHTerpaira afthiagu. Ypama HHTErpal OCTH H}OJAcHra KHpYBYM Ba
(4.1) HHTErpa/HHHT I0KODH Yerapa ysrapyBuHCH GYaraH { HMHT (DYHKUHA-

CHAHP.
DyHKIMAMAPHUHT ypaMacH
t
fre=| f@et—dt,
0

KabH GeJrHIaHafH.
PaMaHHHT MYXHM XOCCaJJaDHHH KeJITHPaMHa3:
a) Ypama f(f) Ba g(f) ¢yuxuuanapra Huc6aTaH KOMMYTaTHBRMD,

ABHH
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f*g=g*f.
XakHKaTaH XaM, g*f YYVH HHTerpanja Kyiupard ypHura Kyfuwuu Ga-
KapaMua:
t—t=T7,dt=—dr; T=0pm T,=¢Ba T=¢ 1a 1 =0,
y xon1a
t

0
g*f= S g ft—ddi=—{ gt—=) f)dr, =

t
=§ [ gt —m)dy = frg.

Hemak, g+f=f*g
6) Arap f(¢) Ba g(t) opHruHHasap 6V.ca, y Xoama f*g #iuFMa Xam
OpHruHaJs 6y/1aau.

XakHukaraH Xam, f(x) Ba g(x) opurunaasap 6yJca, y Xonga f*g yuyu
OPHIHHAJHHHT GUPUHYH Ba MKKMHYH IuaptiapH a), 6) HH (1-§) Tekmu-
PHII OCOH, B) LIAPTHH TEKLIMpHII YYyH Kydujaruman &oigaianamus:
WyHJak o, Ba o, COHJAp MAaBKYAKH, yJap y4yH

I () < Mye™ Ba [3(t)] SMye™

6yJsanH. o, Ba @, COHJAPHHHT SHT KaTTACHHH o GHW/aH GeJaruaadMus. Y
Xouja (4.1) ypamana uurerpan ocrugard f(t) g(ft— t) ubona uxruépuit
(0 < t<<f)t nap yuyH KYHHEATH TEHTCH3JMKHH KaHOATJaHTHpaJH:

() gt — 7)) < Mye™ Mye™ =% = Me™,

6ynna M= M,-M,, Unrerpanuu Gaxosall Xakujaru Teopemara acocaH
Feel =1 ] 1@ gt —madl < Me™ -t < Me™HY,
0

4yyHKH Gapua ! Japia f<e

Mlynpaét kuau6, ypaMa OpPHIHHAJMHHHT B) IMAPTHHH XaM KaHoatJaH-
THpajJW, ABHH arap Gepuwirad f(f) Ba g(f) ¢yHKumMsIap opHTHHAN Gyuca,
Yy X0J1a ypaMa opurHHan Gynaju.

1-Mucoa. f(fy=¢ Ba g(f) =¢ QYHKUHANADHMHT VpaMacHHH To-
TIHHT.

Euum: Mkkuta ¢yHkuuaHUHT ypaMacH TabpuHra Kypa;
t

t
fre=[1@et—a=] - =

{u=t—t, du =—

dt < ,
 |dv =edr, v=¢" }—e ¢ ==+

t
+fedr=—t4eh=—tte+1.
0
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Hlynpait kumm6, e+t =e’ —¢ 1.
pamanuHr Jlansac aJ/IMAIUTHPHIUKHK TOMHIIrA YTaMu3:
. TacBupnapuu KynakiTHpHIm TeopeMacH (OPHIHHALIAPHHHT
ypamacH Xakupard teopeMma). Aeap f(f)< F(p), g(t)< G(p) 6iaca, y,
x0a0a ¢y5¢m4uﬂ/tapuuua [ *g Ypamacuea maceupaaprune Kynaimmacu
MOC Keaadu:

[*g<F(p)-G(p). (4.3)

Ypama yuyn Jlana.c HHTErpa;JHHH €3aMii3:
o 4
fre || [ I0ge—va] ear (4.9
oto

By nurerpanun 2.2-waknna tacenpianrad D uekcuz coxa Gyitnua ouHH-
ral HKKH Kappa/lH HHTerpal cupatvia kapaiiMus. Tawku unrerpanga ¢
yarapysun O gaH oo raya, HYKH MHTErpasia sca = Varapysun O jaH f ra-
Ya ysrapagH. (4.4) HKKH KappaJu HHTerpajlja HHTIErpaiall TapTHOHHH
y3rapTHpamHs, S'bHH TalKH WHTErpafH¥ < yarapysur Gifiuua 0 nau
©o raya, HYKH HHTErPajJHH 3ca ! Y3rapyBun 6yiiHya T JaH oo raua

0OJ1aMH3:

q A
! Jat| gt —e™at=
0 0
4 =
N ={d | gt —9ear.
S { 0 1
D
2.2- mwaka
Yur Tomonsarn nuku wnterpamua f — < =1¢,, dt =dt, ypHMra KyitHiHu

Gaxapamus, xamna f(f) Ba e ”* Kynailtysuunap ¢, MHTerpaJiam ara-
pyBuHcHra 6oFJIHK Gy/IMaraHaurd YuyH yJapHH HUKH HHTErpaJ GeJrHcHaaH
TalKAPHIa YHKapaMu3. ¥ Xo/ja KyHHIarn WKKH Kappa/ii HHTerpajHH

XOCHJI KHJIaMH3:

frg= § F2) e‘”’dcdf g (e~ dt,.

By 3ca uHrerpasHuHr KymaiiTMacHmaH HGOpaT, YyHKH HUKH HHTErpan ©
ra GorauK sMac, By uurerpassapHunHr GHpuHuncu F (p), HKKHHYHCH 3ca
G(p) nan uGopar, 6y 3ca

f*g<F(p)G(p)

SKaHJIMTHHH GHJIAMpajH.
Hlynnait KuaHO, HKKHTA ODHPMHAJ YPaMaCHHHHI TacBHPH YJIapHHHT

TaeBHPJIaDH KyNaHTMacHra TeRr.
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(4.3) dopmynagaH KynuHya GepHIraH TacBUPHH OPHTHHANIAPH Mab-
JayM 6yarad KynaiTyBynsapra akKpaTHil MYMKHH GyuaraH xonja ¢oiiga-
JIaHHJI1aZH.

2-mucoa. F (p)=(—2:—2)£ ($YHKUMA OpHIMHaJHHH VpaMa xa-

p
KHIarn teopeMajaH (poifanaHuG TOMHHF.
Eunw. F(p) uu K)"maﬁma K?puﬂumuna udonasaiMua:

F(p)= pror u)2 m = Fy(p) F.(p).
Taceup/ap Kaapanunal c¢ofijanaHaMus:
B
Fl(p) —|p2+mz
Hly caGabmu Fip) = F,(p) F,(p) > f*g, fbHM:

t

t
l .
F(p)—> j sinw¢-cosw (f —=)di= 75 J [sinmt +sin(Qut—wf)dv =
0 0

(0] . —
—coswt = f(f);, Fy(p) = m—>51nmt g

=—; [tsinmt _2_1(0 cos (2w~ — (ot)] |;= 5 Isinwt— L [cos (wt) —
— COS (—(Dt)] — tsmu)t.
2
Mynpatt Kuau6,
(,D) - tsinw ¢
(p? + ﬂﬂ) i2
HH XOCHJ KHJIHK.
3-mycon. Taceupu F(p) = (pz’: T ¢opMyJia 6usaH GepuiraH opH-

THHaJIHH ypaMa Xakuiard reopeMajad (ofifananu6 TOMMHT.
Euum, F(p) TacenpHH

—_P_._»
o) pP+1 p+1

KynaiT™™a KypuHHuIMaa HdopanaiMua, GHPOK 2p| 1—->cost, my ca6abun
P T

f () = cost Ba g(f) = cost.
Jlemak, u3naHaéraH opurHHan
t t

*g = f costcos (f —)dt = % g [cost -+ cos (2t — )1 dx =

0

1 t 1. A
=5 [rcosH— — sin(2=< —-t)”o= ?(t eost + Py sint + 3 smt)—

;— (f cost, + sint).
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Mlynpait kUaIHG,

__nr L e
F(p) = T >3 (f cost,+ sini).

4- dapcxoHa monwupukaapu

1. OYHKIHANAPHHHUT YpaMacHHH TOMMHI:

a) f()=1¢ Ba g(f) = cost; 6) f(t)=1 Ba g(f) =sint.

JK: a) t*cost = | —cost; 6) t*sint = ¢ —sint.

2. Ypama TeopemacHmaH (OHfaNaHuG, a) MHCONHHHI OPHTHHAJIHHH
TOMHHT, KOJIraH MHCOMJIaDHHHT ODUIMHa/IMMM  OpHTHHan Oyindya auc-
GepeniiHa/iall €KY HHTErpalJalll TeopeManapuaaH (oHIaNaHHG TOMMHI:

) FO=—Fo: 0 F) =

6) F(P)=F;l_—l-

X: a) f(2) =—; (cht— cost); B) f(l)=% (cht 4 cosjt — 2);

6) f(&)= 2l (sht — sint).

4- mycmarua uwi monwupuxsapu

Xap Gup TomuMpHKAa GepusiraH MHCOJUIAPHHHT OHPHHYHCH @) HHHT
OPHTHHAJIHHH OpHTHHAJJIADHUHT YypamacH Xakulard TteopeMazan ¢o#na-
Jauu6 TonuHr. KosraH MHCO/TADHHUHT OPHTHHAJIADHHH LIy a) HUHT OpH-
ruHasmu Gyfinya opuruHasiuu JudepeHunansamn €kl HHTerpaJall Teo-
pemacuaas ¢ofifanaHub TOMHHL:

1
1. a) F(p) = —————;
2 Fe) (P—Dp*+1)
1

plp—1 (p2+1)
X: a) f(2) =% (e' — sint — cost); 6) f(?) =% (€' + sint — cost);

6) F(p) = —F .
) F) p—1+1)

B) F(p) =

B) f(H) = % (€ + cost — sinf—2).
l -
(p+ 1) +2p+2)

1
B) F(p) = .
) £ ) pp+ 1) P2+ 2p+2)

K a) f@) = e_'( 1 — cost); 6) f(f) = e (sint + cost — 1);
B) f() = ;— e (cost — sint — 2)+—;—.

2. a) F(p) = 6) F (p) P

T+ 242
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5- §. NuddepeHynan TeHrnamanap Ba YJAApPHHHT CHCTEMAJapHHH
ONepaUHOH XHCOO yCyJaHM OHJaH eudil.

Suau  Jlaniac aamawTHpaiiMHH - AHddepeHnUanT TeHrsaMasnap Ba
YAApHHHT CHCTEMaJIapHHH eYnlira TaTOHKHHH KYpHG 4YHKaMH3.

5.1 Kyfingary unsukad auddepeHLHal TeHrJiaMaHH KypaMmus:
LO+a O+ ta, KO Faxt) =F@) (5.1)

6y epna ay, , d,_p, a,—Oepuaran XxakukHi couaap, f(f) —wmab-
aym ¢yskuus. Msnanaérran x(f) dyHKUMS, YHHHr Kapasaérran Gapua

Xocunanapu Ba f(¢f) GyHKumMa opuruHaniap 6y/cuH ne6 dapas KuIaiivk.
Kowm macanacuuu euuur, (5.1) TeHr/1aMaHHHT

’ ’ —1 —1
x(0) =0, x'(0) = x;, £ ) = 5,0 (5.2)
GolLaHFHy 1ApT/apHH KaHOAaTJaHTHPAAHTaH €UHMHHH TOMHWIAAaH ubopart,
. —1
6y epna x, X, xo(" )——6epm1raH COHJIAp.

x(t)« X(p) Ba [(t)— F(p)

6yacud. OpurnnHanuy  auddepeHunadanall xaxugaru teopema Ba (5.2)
luapT/apra acocaH KyHuparujapra sra Gynamua:
x' ()< pX (p) — X,
x" () < pEX (p) — pxy — x4

£ )<~ pn_] X(p) — Pn—2 Xy — p"_3 Xo—. — xo(n—z)’
X" X)) =p" ", —p = A=Y

TaceupaiapHuHr 4H3uKaWAMruian  doigananamus |Ba (5.1) TeHrsaMaza
TACBHpJIapra yTaMua:

E" X =" = = =5 e (0" X () —
-_;pn—2xo: __!xo(n—2)) +£n X(P) = F(p)
(5.1) Tenrsiamara Moc TacBHpJapAarH TeHIVIaMaHH XOCHJ KWJIAHMK. YHH
meneramanute onepamopu ne6 ataiimui. By X (p) ra uuc6GaraH GHpHHYH
Japaxaau aare6paHk TeHraMavagup. Y HU OyHnal é3amua:

Q.(p) X (p) = F(p) + R,_, (p), (5.2)
6y epaa Q,(p) Ba R, ,(p)—Moc  paBumga n-Ba n— l- japaxaiu
xynxaanapanp, Q,(p) ="+ ayp"'+  +a, p+a,—(5.1) Tenr-
JIAMaHUHT XapaKTepHCTHK TeHrJamacd, R, (p) 3ca 6GolwiaHFHY LapT./iap-
ra GorFJMK Kynxana. (5.2) TeHrsaMajaH,

F (p) +R,_; (p)
Q. (P

(5.3)
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5KaHH Keau6 unkamd. Bus (5.1) audibepeHuuan TteHrJamMaHHHr omnepa-
TOP/IH TEHIVIAMACHHH XOCHJI KMJILHK. (5.3) dyHKumMs TacBHpH GyJaaura
x(f) opurunan (5.1) TeHrnamauunr (5.2) GOLUNAHFUY IUAPT/NAPHH KaHOAT-
JIQHTHpaJHraH H3MaHaéTraH eunMu Gynaiu.

Xycycau, arap 6apya GOlIaHFHY LIAPTJAp HOJra TEHT, SbHH

xo = x(; == = ’to(n‘l)‘] =:O
6yaca, y xonpa R, ((p) =0 Ba

i ()
X (p) % (5.9
(5.3) ea (5.4) bopmyJsasapaa TacBHpJapidaH OpHIHHA/MJapra YTHO, H3na-
HaéTraH x(f) euMMHH XOCHJ KHJaMH3.

Uuzuku guddepenniyan TeHTJaMalapHH ONEpalHoH ycys1 GHaaH HH-
Terpa/IallHUET KJACCHK yCYJJIapAaH YCTYHJHIH IUYHAAKH, 6u3 6y X0J-
Ja puddepeHLUHaN TeHrJaMaHUHT GepuiraH GOLWIAHFUY ILUAPTJAPHH Ka-
HOAQTJIAHTHPAJHraH €UMMMHHM HapXoJ, (VMyMHH €YHMHHM XOCHJ KHJIHIUHH
yetsab YTHG) TOMaAMu3,

Ulynpa#t kuau6, Kown MacaiacHHM eudll KyHuaarH cxema GViHua

amaJjira OLHpHJIaaH:

Juddepenunan TeHrnama
- GowwianFyy 1wapTnap Koum ng‘z:;:[.r}]lacuuunr
(Kowu Macanach)
Onepatopin  aareGpank ——— Onepartopan aare6pank
TeHIJaama - TEHIVIAMaHHHT €UHMH

. 3t
I-mucoa. Arap x(0)=0, x'(0) =0 6yaca, x"—2x' —3x =e
TEHI/IAMAHHHT €YUMHHH 1OTIHHT.
Euyw. Bepuiran TeHr/naMajaH OnepaTopJH TeHr/jaMara yTaMmH3:

x(t) <A (p),

y Xonaa)
x' () < pX (p), x" ()<~ p*X (p).

3, 1
TacBupnap kanBannaas e'<———é HH TOMaMH3.
p_
Onepatopsn TeHr/1aMa KyHHAard KYpHHHIIAA Gy/anH:

P*X (p) — 2pX (p) — 3X (p) = ,,—_‘—3

€KH
1
2 _— 4 = e—
(p* —2p =3 X(p) = ~—,
6yHaaH:
i
X(p)=———.
P = e mern
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PallnoHas 1 KacpHH SHT COAJA KacpJapra ésMH3:
J A , B c

p—3re+) (-3 p—38 p+1
1=A(p+1)+BpE—-¥)pE+1)+Cp—3*

A, B, C xo3pbuilueHTapHy Kyiuard .TeHrJamajnap CHCTeMacHIaH
TONaMH3:

p=—1]|1=16C,
p=-+3[1=44,
D 0=B+C.
Jemak,
L el g-_1
4 4’ ¢ 16" * 16°
lynaaint KHIHG,
1 1 1
X = — .
®) 4(p—3)° 16(p—3)+16(p+1)

Taceupnap Xagpasuaan ¢oiifananié XycycHii eUHMHH (OpHTHHAJIHH) TO-
TIaMH3:
1, 3t 1 3t 1
x{f)=—1te ——¢ — e

( ) 4 16 + 16

2-Mucod. x”—3x" + 2x = te Tenrnamanu x(0) = 1, x'(0) = — 2
6OoILNaHFHY [DapT/iapAa HHTErpaJljiaHr.

Eunmw. x(f)< X (p) nefimus, y xoija OepuaraH GOLMIAHFHY ILApPT-
Japra acocaH

X' () «—pX(p)—1,
() «pX(p)—p+2.

TacBupnap XaABa/MZaH TEHIVIAMAHMHI OHDHHYH KHUCMHHHHT TacBHPHUHH
TONaMH3:
' 1
Py «

(p—1)2

Bepunran Tenrsiamaza Gapua GyHKUHsJIApHH YJapHHHT TacBHpJapH
6usaH aJaMaluTHpH6, KyHMJardH OnepaTop/H TEHIVIaMaHH XOCWJ KH/JIaMM3:

P*X(P)—p+2—3(PX(p)—1)+2X(p) = (p._l. 1)2

te

1

X(p)Yp*—3p+2)—p+5= .
(p— 1)

By tenrnamanan X (p) HM aHuKJaiMH3:

X — »p—5 1
2 pr—3p+2 +(p—1)2(p2—3p+2)

€KH
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X(p) = pP=7pr41lp—4
(p—13{(p—2)
X (p) HHHT OpHIHMHA/JMHM MKKHHYH &HHII TeopeMmacHfaH (oitdanaHuG
aHuKJaimMu3. BynuHr yuyn gactnab panHoHasn KacpHH SHr cojja Kacp-
Jlapra €3aMu3:

— All ! A12 Al3 A2l
X =t i Ty
Ay Ay, Ay Ay Kodbpuumentaapuu (3.11) cdopmyna Gyiiuua xuco6-
JlaiMu3:

A, = L lim (p— l)ps'_m2+ Hp—4 _ |im p3—7p2+”p_4=—1.
0! pal (p—1P(p—2) p—1 p—2
Ay = tim (BT ) g (S Mp
! p—1 p—2 £—1 p—2
_ p3—7pz+llp—4)=_~1
(p—2) '
A13=—l lim (3p2—14p+|1_p3—7p2+llp—4)'=
2! psl p—2 (p—2)2
1 tim (6p—14 _3pr—l4p 11
2 p>1\ p—2 p—2
_jML—Mp+ll*_2wL—ML+Hp—0)=3’
(p—2n (p—2y
1, pP—Tpr+1lp—4 . pPP—Tp2+1lp—d4
Ay =—lim (p-—2 = lim = —2.
S TR (b—2 P—1P(p—2)  p>2 (p— 1)¥
Illynpaét xuiauo,
1 1 3 2
X(p) = —- — 4 — )
?) b—1® (p—1* p—1 p—2

TacBupnap xanpanupan (oiifanaHuG, TEHrJAMaHHHT €UMMHHH XOCHJ
KHJ1aMH3:

x(t)=—%e’~te' |- 3! — 2¢2 &ku x (f) = e (3—1—%)—2@'.
3-mucoa. x”-4 4x=2sin2¢ tenrnamanu x(0)=—1, x'(0)=0

GollJIaHFHY LapT/apia HHTerpasliaHr.
Eyum. TacBupnap kaasanura Kypa

2sin2¢ <«
p:+4
X (f) < X (p) necak, GoumiaHFMY LiapT/Iapra acocaH:j
X ()< pX(p) + 1, ¥ () < pX (p) + p.

yl.U6y onepaTropJsH TeHrJlaMaHH Ty3aMH3:

4
PX(P)+ P+ 4X () = ——.
KU
4
X(p)(p2+4)+p—p,+4-
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Byunau
4 I
X(p) = ———.
(P? +4) P+ 4
EunMHH TOnMIL yuyH 6y TEHIVIMKHHHT VHT TOMOHHHH VMYMHH Max-

paxra KeJITHpH6 yTHpMaiMH3, YYHKH HKKHHYH KYLUHJYBYH YYYH OPHIHHAA
MaBbayM:

szH — COSQt,

OHpPHHYH KYIUMJAYBYHHH OPHTMHA/INAPHHHT HUFMHIHCH XaKHAarH Teopema-
daH ¢oiinanaHub Tonammus:
2 .
—— —-sin2¢.
pr+4
My ca6aban
=2 —»f in2< sin2 (¢ — 9
= : sin2z sin2(f — t)d~.
(242 P44 prrdy )

CyHITH HHTErpajdHH XHCOGAalMH3:

{ t
1
{ sin2esing (¢ — ) dv = 5 | (cos (45 — 2) — cos2f) dv =
0 0

1

1 . sin2 ¢
=5 (T sin (4= — 21) — < cos2f) o= —"

— —cos2¢
2

Byhnan ysua-kecun

X D)= x(t) = sin2¢ t

— — cos2t — cos2f.
4 2

Llyupait kuauG, Gepu/raH TeHrJaMaHHHT €YMMH KyHuaarhuya Gysagm:
x(f) = —i sin2t —3‘ (t + 2) cos2t.

4-mucoa. x"+ 2x'+ 5x =1te' TeHrAaMaHHHT YMYMHH EUHMHHH
TOMHHT.

Eyunin. YMymMuii eyuMHH Tonull y4yH KyHuaard HXTHépuii GolinaH-
FHY 1UAPTJIapPHH OJIaMH3:

x(0) =C,, x'(0) =|C.
x()« X (p) ne6 onub, GolULTaHFHY WIAPTIAPHHHT HXTHEPUHIHTHra acocaH
X ()< pX(p)—C,, x" {t)<p*X(p) —Cyp —C,
HU Tonamu3. TacBHp/ap »kajBainiaH:

tef «—

(p—1y
Ky#iuparu onepatopiu TeHI/JaMaHH Ty3aMHs:
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PX()—Ci—Cot 20 X () — 26, +5X () = —
€KkH
(7 + 20+ 5) X (1) — Cy (p+2) — C, =

b4

(p—1)3
6yHaaH
pPP+2p+5  p2+2p4+5  (p—1)% (P2 +2p+5)
Taceupnap xkapeanupan toiinananu6, Gup Heya aifiHUM aJIMAILTHPHLI=
JIapiaH CYHT OGHPHHYH HKKH KYIIHJYBUHHHHT OPMTHHA/JHHH TOMaMH3:

2 1 | 1 1 2
1L=C1M=C1( pl 41 )_>
Rt t5 ot et P+lp+2 2 (p+Ipto
> C, (¢ "cos2t + 3‘ e7'sin2t) = C,e(cos2t -+ lsinzt);

. l =C, ! =G 2 - & e~ Ysinot,
p*+2p+5 (p - 1)24-22 2 (p+ 1)2-|-22 2
CyHITH KYIUMTYBYMHUHT OPWTHHAJMHH M3/all YYYH YHH MHTErpaj XHcoG-
Jia palHOHall Kacp/lapHM MHTerpaialiia KyJJIaHHAaJHTaH ONaTAarH KOH-
Aanap GyiMMua SHT cojla Kacpinapra €amus:

] __A + B Co+D
(P— 12 (242045 (p—1)2 p—1 p242P+5
6yHaaH
1=A(p*+2p+ 5+ plp—1)(p* + 2p;+ 5) -+ (Cp+ D) (p— 1)%
Y6y

p=+1]|1=84,
3 0=B+C,
p? 0=A—B+2B+D—2C,
p° 1=54—5B+D,
TeHrJlaManap cucteMacHgad A, B, C, D xoa¢duuuentaapHi Tonamns
A=l p=—_L1 ¢c=Lp=1L
8 16 16 16
Mlynpait xkunuo,
1 1 L1 1 _p41

=1 L
(p—1) (p2+2p 49 8(—12 16p—1 16(p+1)2+4

1 RV
— —-te! —— '+ —e ! cos2t.

8 16 16

Bapya KyLIM/IyBYHJADHHHT OpHrHHANADHHH KaMaa6, Cepuiran audde-
PeHLHaJ TeHTJIaMaHHHI eYHMHHH XOCHJ KHJIaMH3:

x) =T (O g cos2t + 212

sin2¢.
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éKH

x(t) = 3’1%' et -+ e~ (Cycos2! + C, sin20),

€y epla

E,=c,+'—,52=9%cﬁ.

Bup katop meXaHuka Ba (H3MKa MacaslaNapuHHHT ONepaLMOH XHCOO
yCy/1apH GHIaH eYHJIHLUMHM KeJTUPAHJIHK.

5.1. 1. Tapmonnk tebGpanma xapakat. Orupsaurn P 6yaran 10K
THHY TypraH XoJlaTHHard y3yHaurd [ OyaraH BepTHKaN TNpyXKHHara
ocuirad. IOk Gupo3 nacrra Toptund6, KeHud Ky#HuG toGopusiaau. [lpy-
JKHHa MaccacH Ba XaBO KapLUMJAMTHHM XHcoOra osmai, IOKHHHT Xapa-
KaT KOHYHHHH TOIHHT.

Eunw. Ox yKHH 10K OCHIraH HyKta Opka/ju NacTra BepTHKana #y-
HaitHpamu3. Koopautatanap Gown O Hu 10K MyBO3aHatga Oyjrad Xo-
JlaTia, SibHH IOKHHHT OFHDJIMTH TIDYXKHMHAHHHT peaKklUHsl Ky4d OujaH My-
BO3aHaTJ/alurad HyKTajza ojJamu3 (2.3-wiaxJ).

A — npyHHaHMHr alHM nalTaaru
ysafiHlUIH, A, 3Ca CTATHK y3afiMIl, ABLHH T
yy3uaIMaraH TIPYXKHHA OXHpPMAaH MyBO3a-

HaT XoJlaTHraya Oy/rad KaTtTaquk, Y xod d 4 W
Ja A=MA.:+x EKH A— A.r = x.

X.apakaTHHHT AuddepeHUHa TEHrAa- 1
MacHHH HbIOTOHHHHT HKKHHYH  KOHYHH
—_—

q8—>

~
2 <
Q
N

AAANAA
VWAV

F=ma pnan Tonamms, Oy epaa m =

P - 12
= — —OK MaccacH, @ — XapaKkaT Te3- l

g . *
JaHHK, F — I10KKa Kyituirad Kyuaap- ]
HMHF TeHT TabCHp 3TyBYHCcH. Kypunaérran
X0JJa TEHT TAabCHP 3TYBUH KYY NPYXKH-
HaHMHT TapaHIVIHK Kyud Ba OFMPJIHK KY-
uy HHFHHAMCILIAH 10opar.

I'yk KOHyHHra GHHOAH NpPYMKHHAHHHT
TapaHrJMK KyYH YHHHT y3ailMllMra NponoplUHOHAJ, SILHH —CA ra TeHr,
6yHga ¢ — y3rapmac NponopUHOHAMIMK KO3(DHLHEHTH, Yy NpyxHHa-
HUHI' OHKDJIHTH AeHHJIafl.

IIynuHr yuyH xapakar au¢¢epeHuHas TEHIJIaMacH Kyfugaru Kypu-
Huwaa 6ynaau:

2.3- wWaka

d2x
mm =cA+p.

MyBo3aHaT XoJaTHAA NPYKHHAHHHT TapaHIVIHK KYYH OFHPJHK Kyud
Ou/aH MyBO3aHaTJ/allraHH yuyH P = cA., 6ynagu, dudxpepeHuuan TeHr-
Jamara P uuHr ndonacHuu xKyHu6 Ba A — A., HH X OuiaH Gesruaat,
TEHIJIAMaHH
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o . [ 2
KypuHHLIZa éku — = k% opkaau GearuaaG,
m

d%x
— kz_x =
de +

KYPHHHLIra KeJTHpaMHu3.

By TeHrsiama roxnunez spxun meGpanma xapaxamu mexaaamact €Ku
2ap MOHUK OCUUAASMOPHUHE mernzramacu Jefunann. By kosdduuuentaapu
¥arapmac GY/iraH MKKHHUYH TapTHO/MM YH3HKJH OHD JKMHCIH AMddepen-
uHaJ TeHrsaaMa. KeATHpUATraH TeHI/1aMaHH ONepauMoH ycyJa OunaH eyaid-
JuK. Bowwnanrnu mapthap

x(0) = xo, x'(0) = v,

KYpuHHLIIA GYJICHH.
Onepartop TeHrJama

[P2X (p) — (xop — vl + K2X (p) =0
KYpHHHIUAA, YHHHI OMepaTop e4dMH 3ca

X(p): x0p+v0 =y p +U 1
R R N
Kypunnwaa Gynazu. Mananaérran XycycHil eynm

x(t),= x4 cos kt - % sin kt
€xu
x(f) = Asin(kt + a)
JaH ubopat; 6vHIa

_ 1/ 2 Up \2 ok
A—]/ xo—{-(T"), a—arctd(vo)
Arap v, =0 6Vsca, x(f) = x,coskt ékn x(f) = x,sin (kt_+ %) 6y-

JafH.
5.1.2. Cynyeuu mebparnma xapaxam. IOkuunr 5.1-Macanajgaru
LIApT/1apAa XapaKaT KOHYHHWHH TOTHHT, Oy epfla XapaKaT Te3JHrura
NPONOPLUHOHA GY/IraH XaBO KAPLIMJIHTHHM XHCOGra OJIMHT.
Eyuw. By ep,ua IOKKa TabCHp aTajuran quJlap xga'ropura XaBOHHHT

KAPLIKIUK Ky4H R = —pv (manduit Hmopa R Ky4 v TecKapu HyHas-
TaHJMCHHE OWIIMpanu) Kywmaaay, XdpakatHudr audipepeHuHan TeHr-
naMacHHUHr Ox YKKa TMpOeKUHMACH KyHHAard KypHHuiura sra GyJanu:

#x _ e,
de ”dt’

ékn — = k2, B =9, neo,
m m
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d2x dx | poy
o +2ndt + k=0
TEHIJIaMaHH XOCHJ Ku/amu3. Dolunauruy waptiap
x(0) =x, ' (0) =y,
JapAan Hbopart.
Onepatop TeHrJama
[P2X (p) — (xop + vp)) + 2n [pX (p)— x,] + B2 X (p) =0
KYpHHHLIJA, YHHHT ONepaTop eyHMH 3ca
X ___Xop+vo+2"xo= P
?) sl A ot | (0 + 205
KypHHHLIAa 6V/anH.
ky =V k* —n? Gearunawr Kuputu6, (k* —n?)>0 fa H3MaHaéTraH
XycycuH euHMHH é3aMH3:

x(t) =xe ™™ (cosklt — kisinklt) + we“"'sinklt =

1 S48

1
p? + 2np+-k®

—e (x., coskyt + 9"—*’;"& sinklt).

2

Ky#nnaru
= Up —+ NXg \2 = t .L.kl.
A ng+ (_k2 ),a arctg —=-

GeJIrHJIallHY  KHDHTHG, €YHMHH
x(¢) = Ae”"sin (kyt + @)
KYPHHHLIAA €3HII MY MKHH.
Arap (k* —n?)<< 0 6yaca, y xonga h = V n* —k? ne6 euumun

x(t) = e~ (x,ch (h) + ﬁ% sh (ht))

KYPHHHLIAA XOCHJ KMJIaMH3.
Arap x* —n?® =0 6yaca, y xonma oneparop eduM ywoly KypHHHIL-
HH ojaju:
1 p+n—n
X (p) =x P+ (v, + 2nx)- =Xy —— +
) =% i+ Vo Gt
+ vy + 2nx, —_* _l_vo+nxo

(e+n2  p+n  (p4n?
OyHAaH OpHrHHaAra yrcak,

X () = xg™ + (v + nxdte™™ = e " [xy + (vo + nxeY]

HH XOCHJI KHJIaMH3.

5.1.3.Myxumnune Kapuuauzu xucobea osunmazaroazu MaxcOypud
mebpanma xapaxkam. Y3yHJaurd | 6yaran npysKuHara P OFHp/AMKAArH 10K
ocuiral. lOKKa KysraTyBuH Qsino! maBpuii Kyd4 TabCHp KHJIaAH, GyHAa
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Q Ba p — ysrapmacniap. [Ipy>KHHaHHHT MacCcacHHH Ba MYXHTHHMHT KapLUIu-
JIMTHHM XHCcOOra O/iMail IOKHHHT XapaKaT KOHYHHHH TOMHHT
Euwum 5.1- Muconparura yxwam KyHHaary TeHr/aMalii XOCHJ KH-

JIaMHu3:

d2x A
m=— =—cx -+ Qsinnt.
de
Q Genrunauliap KHpHTCAK, TEHIJIAMaHH
m
d2x

E+k2x=qsinmt

KypunuLa é3a onamus. By Ttenrsama {srapmac ko3(dHUHEHTH HKKHH-
uy TapTHOAM GHp MMHCJAN Gy/JMaraH 4M3HKJIH TeHraamanup. DBotnanruy
waptaap
x(0) = xp, x"(0) = v,
JapaaH nbopar OVJCHH.
Onepatop TeHraama

1P X (p) — (P — vl + KX (p) = ——
pi—o
KypHHHLLAA, OMepaToOp eYnMH 3ca
qo L XoP + Yo

X(p)= |
P) (P + 42) (P + w?) P+ R
KypHHHlAa 6yaanu.
OpuruHasnapra yTHIa KyHHAard MKKH XOJHH KYpaMHs:
I-xon. @ =Fk% By xoaaa

— qa I . 1 . Ug .. _
x(t) = pramp (; smcot——z smkt) -+ x,coskt +7 sinkt =

== q i 92 —_— —qm—— 1 =
o o Sin of + x, coskt + (k Pyrey mﬂ)) sinkt

. q . 1 __gw .
== sin of 4 x, coskt + - (vo prom mﬂ) sinkt.

Kyiinparn

Xok
A= V 2 1/ 90__ V¥, o =arctg — 2
%+ k2 Y% k2 — @2 g vy — g (k2 — @?)

GenruauliapHH KHPHTHO, €YHMHH

x(t) = —1— sin ot + Asin (bt + )

k2 — @2

KYPHHHLIZA €3HL1 MYMKHH,
2-x041. @* = k% DBy xonna onepatop eunM Kyiuparuua GyJapu:

X — q Xop + Vg
P = Grmp T e
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xycycm"i e4YuM 3Ca
__. 49 1 q :
X(t) = — _Qk t coskt + XOCOSkt + _k (Uo + 2_k) sinkt,

KypuHHlLga Gyaanu.
Arap

p k 2xk2
A= L 9V, o =arct %% — arctg X7
V st g (oo ) T T,

GesirH/Ialll KHPHTCAK, XYCYCHH e4HMHH KyHHAaru KypHHHIIZA €3HW MyM-
KHH:

x(@t) =— 2—1 tcoskt + Asin(kt + o).

Y .5.1.4. Inexmp 3aunmupudaeu mebparuuirap xaxudaeu Macaaq.
DneKTp IOpPHTYBUH Kyuu e(f) ra Tedr OyJaraH maHOara KeTMa-Ker
yJaHraH L HHAYKTHBJHK Faitard, R, kapwuauk Ba C cHrumaaH u6o-

paT KOHTYp y.JaHraH. Arap GoulaHFHY MaHTAa KOHTYpJAarH TOK Ba KOH-
JeHcaTop 3apsiaM HoJara TeHr OyJca, 3aHXKHMpZArH { TOKHH ! BAKTHHHT
¢byHKUusAcH cudbatuga TOMHHT (2.4- Wak.a).

Eunm. Kupxrod xony- L
HHra GHHOQH 3aHXKHpJArH ———” VY
3/1eKTP IOPHTYBYH KyY HHAYK-
THBJIMKJArH,  KaplH/JIHKAArd
Ba CHFUMJArH KyyJaHHILLIap
nacaiMild HHFHHAMCHTA TEHT:

0=, + bty Q el []¢
yaap i ToKk 6H/aH KyluHgaru
MyHocabar/iap opka/au GOF/iaH-
ras: .

2.4- waka

di 1 ¢
u =L—’u =3 [ U= — [T T.
L a* YR =R de = L (0d

ScaaTtMma. By €plla OXHPrH TEHIVIHK TOK Ba KOHJEHCATOp 3apaau opa-
¢

CHAa TH MyHOcabaTlaH TOMUJAaLH: ’=%, Oynaan g={i(v)d T -+qy; cyur-
o0

9 _. A 9o
pa uc=— Oyaranu yuyH u;= —[i@mdt+ — Gepurai Mmaca-
0

Jajia waptra Kypa g, =0.
Ulynnait Kuau6, Ky#upark TeHraama XOCHJ 6YJ/1ajiu:

i 1t
e(?) =L—d; +Rz+? gz(t)d‘c.
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By unterpo- nuddpepenuyan TeHrJaMagHp, y TEHIVIAMAJApHMHT 3HT
MypaKkab TypJapuaaH Gupura MaHcy6aup. JIeKHH Maskyp Xoana yHH ¢
6yitnua auddepenunannad, ysrapmac KOPOhUIHEHTIH HKKHHUM TapTHOMH
onaHil puddepeHLHas TeHr/1aMara YTHL MYMKHH:

d2 du | . _ de
L TR T =4
Vkku XOJHH Kypamus.
1. e(?) = E = const. by Xoana %3 =0 Ba OXHprH TeHIVlama OHp

2KITHCJIH
] R di .
dt: + L dt T Lc

TeHrJlamara afinanagu. By auddepenuuan teHrsaMa TOK YYyH MeXaHHK
TeGpaHHILTAPHHHT MYXHTHHHT KapLUMJIMIHHH XHcOOra OJIMHTaHAard TeHr-
JaMacura yxwaiad. YHu

=0, i (O)="7

GOlLuNaHFHY LiapTJapAa OMepalHoH ycyJ €pAaMHia edai/uK.
Onepatop TeHrJsama

2 — _E _1 X _1 =
[p 1(p) }+ pl(p)+ I{p)=0,
onepaTop €4HuM 3aca

E 1

1(p) = L

R 1
ey
KypHHHIIAa 6ynagu.

7= 20 ne6 GearunaG, Kyiumard yd4 XOJHH KypaiJIHK:

1 R? .
1-x0a. e T in w;>0. By xonma TacBHpAaH opuruHaira

YTHO i(f) TOK YuyH CyHYBYH 3/eKTp TeGpaHHLIapHH HDOAAJOBUH KYHH-
Jaru

. E _8 .
if)=——e no
@® oL sin w,¢
eYHMHH XOCHJI KHJIaMH3.
R3 1
2-x04. — — — =p2>0. By xoa1a
X s e P y %o

i(9) = EET e~ sinp t.

[ TOK JlaBpHii GysMaiiiy Ba 3aHXKHpAA Xed KaHfail 1e6paHMULIap COOHUp
6yamaiinu.
1

R?
3-xo0.. ih I 0. By xonna onepatop ewnm
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E 1
1 (p) ==
) L (p+6)

’

JeMak,
con . E ot
i) = T te” ",
AbHU Oy Xonja XaM i (f) Tok jpaBpuii Gysmafi, 3JeKTp TebGpaHHIINap
GyJ/IMahH.
II. e() = Esinot. By xonaa Z—: = E wcosw? Ba KyAHHard 4M3HK-

JIH MKKHHYH TapTHOIH OHP XKHHCJH Gy/JMaraH TeHrJama XocHa Gysajgu:

Bounanruy waptaap KyHHaaruua:
i0=0, i"(0)=0

6§s1cHH, —LIC —f—z = >0 6Ysaran xonHu Kypainruk. Oneparop TeHr-
Jlama
R 1 Eo p
?I _ —_— = —
pp)+ 7 Pl + -z 1(P) Tl

ofepaTop €4uM 3ca

E
=T
(p‘+-ljp+lf)(p’+m2)

Ky#uparu
1

= =85 —
2L LC
GearuiallliapHH KHPHTHG, TacBHpA3H OpPHTHHA/Ara yTcak:

) =L . L =8 10?2 —
i)= T G—) T iow {e [(w ®3) Cos o ¢

= w2 @ = o2 — 82
= 02, 0} =03—>5

—%l(m2+co§)sinm1t] —(0? —w))cosot + 26msincot} .

fIHa xy#uparu

oC
2 R? 2 2
(wz_mg)2+46202=_‘z_’02+_z_2 W= 2)—’(62+R2)=% . 72,

W= — =2 (gL )=2g, C=al—-,
I L L oC

2t =G>+ R,
T —d L =@ LI = L
©? + @2 (o-{-LC L(mL-I-QC) LG°’ G, mL+mC
GeArHMIalLIapHH KHDHTCAK, Y X044
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—o¢ 8
z(t)— — {e [L GCOS(DJ—;!T G, smco,t]

—%Gcosmt—}—%msinmt}:

_E(e—él
o Z’l W,

SHaH

[0 Geosw, t—8G,ysinw, t] —Gcoswt— R sin (olt}

—R—ZCOSY i:sin
z Tz Y

(O3] G . 6 Go
TS———————— —=3in , e
V &2 G + 62 G2 L VT G2

JeMaK, y xoJaja

= cos y,,

— EV O
i) = V ot +868 e sin (0 — 7))+ — sm(mlt—y)

w;2?

Kyituparu
V oG+ 8G°
Z

TEHIJIHK YPHHJM 3SKaHHWHU KypcaTaMu3, XakUKaTaH XaM, WIAH3 OCTHAArH
nbonann KyiHaarmpya yarapTHpCak,
0}G? + 8°G2 = (0 — 61 G* + 8 G2 = 07 G* +

+ 8 (G — GY) = wiG* + & (G, + G) (Gy— G) =

:mo

oG+ B 9oL 2 2G4 L g
= o} — .20l — =0 — R =
ey oC IC

=3(G* + RY) =@ 22
=0

1
HH XOCHJ KH/aMH3, HYHKM —-—

JHemak,

Vm%6+6203 Wy Z
—Z =77 T

IOkopunarunapHu bTHGOpra oG y3uJ- KeCH KyHHEarun
. Ewy, —ot . E .
i=—"le sin (@, ¢ —y,) + —sin(at —v)
0, Z VA
HH XOCHJI KHJaMH3.

5.2. Yarapmac Ko3hGbHUHEHTIH YHSHKJAH JH(depeHUMan TeHr/ama-
JIAPHH EYHIUHHHT OflepallHOH ycyJ/JlapHHH GYHpiaH TeHrJamajap cHcreMa-
JIADHHH eunlira XaM TatOHK Kuam MymkuH. Qapk  IyHmaH H6OpaTKH,
6HTTa OmepaTop TeHIJamMa YpHHra H3naHaéTraH (QyHKIHAJADHHHT Tac-
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BHp/MapHra HHcGaTaH YH3MKJHN ajre6paHK omnepaTop TeHIJamaJjap CHCTe-
MacH Xocua 6ysaad. DyHpali  Gepuaran auddepeHuHans TeHrsamanap
CHCTEMacEHH OJHHJAH Y3rapTHpHO oHMilra 3apypaT KOAMaWaH, MacaJaH,
yJapHH HOpMaJ LIaKATa KeNTHpHW 3apyp 3Mac. bBepusiran Xap kawpa#i
CHCTeMaHH, y Kanjai GepusraH GyJca, Wy KYPHHHILIJA ONEpalHoOH yCyJ
€pllaMHlia eYHII MYMKHH.

Bupunyn TapTHGAM TeHrJaManap cHcTeMacH GepuaraH GYJ/CHH:

£ (0)+ é. a, %, () = f1 (),

50+ ay s @) =F0,
= (5.5)

X0+ %l @ %y () = . (0).

Ky#uparn
50 =2z, (k=1n (5.6)

GOolUMIaHFHY 1UAPTJIapHH KaHOAT/NAHTHPYBYH XYCYCHH €UHWMHH TOMHIU Ta-
na6 KuJIHHCHH, OyHJa

L{f}=F,(p), L{x, @} =X,(p).
Oneparop TeHrJaMasap CHCTEMacH KyMuaaru

pX,(p) + 21 ay, X, (p) = F(p) + x40,
k=

PX,(0) + 3 ay X, (0) = Fa(p) + Xs0:
k=]
(5.7

an(p)+ Elankxk(p) = F,,(P) +xnov
=

Kypunuaa 6ynamu. (5.7) anreGpauk YH3HKJH TeHIJaMaJap CHCTEMacHHH
X,(p) TacBupnapra HHc6aTaH eunb, CYHrpa TOMWJTaH TacBHpJapiaH
x,(f) opuruHannapra yTHII KepaK, yJaap GHpranmkia (5.5) auddepen-

HMaJ TeHr/amajap cHcteMacHHHHT (5.6) GolIaHFHY LNApTJapHH KaHoaT-
JIQHTHPYBYH XYCYCHH euUMMHHH Gepaju.

arapMac KO3D(hHMUMEHTIH YH3HKIM JAupdepeHuHal TeHrJamanaap

CHCTEMaJIaDHHH oOflepallioH XHco6 yCyJilapH €pAaMHfia €uHllira MHCOJIap
KypaMu3.

5-MHcoJa. Ywby
x +3x—4y=9¢,
2x+y —3y =3e",
wonk/In AmpgepeNnnaa TeHrjamajap cHeTeMacHmM
11—2928 161
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x0)=2, y(0)=0
GoLIIaFHY LUAPT/IAPAA EUHHT.

Eunw. Ky#iunarura sramus:

1
e?t —

p—2

x ()< X (), y({) <Y (p) ne6 onamus. Bouwraneny 1wapriapra acocan
XO=pXpP)—2, ¥y <Y (p)

OIepaTopsil TEHIVIaManap CHCTEMAacHHH TY3aMH3:

pX(p)—2+3X(0)—4Y (p) = ﬁ

2X(p)+ pY () —3Y (p) = ——

p—2
€KH
X(E)p+3)—4Y () —2=——,
2X(P)+Y (p)p—3) = ——
pP—2
€KH
2p +5

[xo0+9—4v () =224,
[2X(p>+¥(p>(p—3)=3—
p—2

By cucremann X (p) Ba Y (p) ra nucGatan eyu6, KyHHIarMHH XOCHJ
KHTaMH3;

2pt—p—3 p+1
X = —_— Y = —_
O = e TP Gne—y
€KH
2p—3 1
X(p=—22=3  yp-———out
P =ohe—a YO="%he—9

Tonuaran TacBupilapHu SHT COAZa Kacp/apra €iu6, KyHHEaruwu Torma-
Mu3:

=1 L =t _ 1
Tacsupnap »kaasanupau:
x(t) = + €%,
y(t) =et.—e2t

6-MucoJ. Yuby
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X +2x+y =0,
3x' —y"+2y=0
GUp KHHCJIH CHC1€MaHHHT YMYMHH €UHMHHH TOMHHI.
Eunm. CHcTeMaHHHT yMyMHH €YMMHHH TOTHIU Tanab 3THIaETraHH-
TH YuyH GOILIAHFHY IUAPTJIADHH KYHHIATH KypHHHIIAA OJIaMH3:

x(0) =Cy, X' (0) =G, y(0) =Cy 4y’ (0)=C,

x()<—X(p), y()<Y (p) ne6 onub, OGolNaHFHY ILAPTJIAPra acocaH
KyHHJATHJIapHH TOMAaMH3:

X (O<pX(p)—Cy, y @&)<pY (p)—C,,
x"(t) < p*X(p)—C,p—C,, y" ()~ p*Y (p))— Csp —C,.
OnepaTtopsH TeHIJlaMaJap cHcTeMacHra YTcak:
{(p2 +2)X(p)+pY (p) =Cip+ C, + C,
3pX(p)—(p*—2)Y(p)=—Cyp + 3C,—C,.
By cucremany eun6, KyAHarunapHH XOCHI KHJIaMH3:
X(p) — (p3 + p) Cl +(p2_‘2) Cz—zc:t—PC4
pE—1D (P +49)
Y (p) = —6Cy 4 3pCo+(p*+ 5p)C; +(p2+2) C,
(P2 — 1) (p2 +4)
DHAH OpHrHHaMIapHH TomaMu3. Kyimparura sramus:
1 (p2+4)—(p2—1)=L( 1 1 )

1
P_D(E+4) 5 Dty s\p—i my4)
—»—l(sht—lsith)
5 2

DyunaH, opuriHaqui audpdepeHuMananall KOMJacHra Kypa, KeTMa-Ker
KyHuJarniapHi TONaMH3:

.__p____ —)-_1_ (Cht_‘COS2t),
(P2 —1 (pr 4 9) 5
. 1 .
(p2 — 1) (p2 + 4) > 5 (sht + 2sin 2%),
_r 1
P—Dptra 5 (cht+ 4cos2t).

Yan tomonnapaa f(0) kypunuwparu xywmayeuuaap, f(0) =0 6ya-
TaHJUCH YYyH, naifo Gyamaiigy. XocHa KWIMHraH (opMyJanappad ¢oii-
Jananu6, X(p) Ba Y (p) HHHT 10KOpHIA KeTHPHJIraH Hpofanapu GViinua
Gepu/iraH CHCTEMaHHHT YMyMHH €YHMHHH TONaMu3:

Jc(t)=2C‘5_C‘I cht—cr'_s2 C"’sht—}—3C‘;—C‘I cos 2¢ +
3C, +-Cy
5

+

sin 2,
y() = Eﬁfﬂcht—g @C,—Cpsht—
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——;—(302+C3)c052t+ ;—(3C1+C4)sin2t.

HHrerpa/iaiifa oflepallHOH YCYJ/IaPHUHT KJIAaCCHK YCYJIapAaH YCTYHJIHK
TOMOH/IADHHH TabKHA/A0 yTaMHu3:

a) yMymHH eYHMHH TONMMai TYpHO, XyCYCHH €4HMHH TOIMHI HMKOHHATH
6op (5- mucon),

6) CHCTEMaHHHT YMyMH# eyHMH WyHAaH KyJsad yeyata é3unauKy,
6epm1raﬂ HcTanraH OOLLIaHFHY LIapT/1apHH GeBOCHTa, TYFPHAAH- TYFpH
VypuHura Kyiu6, KepakJH XYCYCHH €UUMHH aXKpaTHO OJHII MyMKHH
(6- MHcon).

5.2.1. 3anicupru 3ieKmp ropumysiu Kydu jzeap Mac Gjrzan maw-
6aca yaaw. L vHpyktuauk C curum Ba R KapLIHIIHK 2.5- waxkaga Tac-
BHDJIaHTaH cxeMa GyiH4a y/iaHraH. 3aHXup yarapMac 3/eKTD IOpHIYBYH

Kyud E ra teHr 6V.raH Mau-

L Gara yaaHaau, SyHma yaa-
. /A HHWra Kajap 3aHXHpaa ToK
T Ba 3apan 6yamaiau. Y auu-
l 1 AYKUHS FalTarijaH yTaauras

2

[ TOKHH [ BaKTHHHT (YHK-

@ L UHSACH KYPHHHILAA TOIHHT.
C+ E

'3 yuw. YHr KOHTYpJar

TOKJIapHH {, Ba i, OpKa/u

Gearunab, Kupxrop kouyuu

acocHAa MacasiaHHHT TeHr/a-

MaJlap CHCTEMacHHH TY3aMH3:

2.5- waka

di 1 b,
L— 4= f(i—i)dt=E
@ Cqo (5.8)

['(i—il)dr=0,

1
Ri, — —
1 s

6yHaa {— i, =I,.
Bownanryuy wapriap

i0)=:0=0
6yacu, Oneparop TeHr/aMaJlap CHCTeMacH

L,,l(p>+c—_‘p [1(p>—11<p)=ij,

RI, (p) —C%p () — (o)) =0
KU
1
(L 5—)/@)——/@)——

C‘— () — (R+E;)11(p)=o
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KyphuHiuaa 6yaanu.

By asre6panx cHcTeMaHMHT HKKHHYH TeHrJamacHiad [ (p) wu Tona-
mu3. /(p) nunr 6y ndopacHun anre6paHK CHCTEMaHMHIr GHPHHUH TeHIJia-
MacHra KyHcak,

1

ey
p(p“+ ®= Pt LC)

E
] =-Z_
1(p) LCR

HKKH XoaHH K{paMus.

]
lI-x0a1, — — l
LC 4 C2R2
yTHO, KYHHAArHHH TONAaMH3:

= 0?>0 6yacuH, 6y X0Nja OpHI'HHAJJapra

!

_ E I T 2RC 1
i(t = _l_[l—e (coscolt+2C—lesin(o1t)]=
cL
-t
EL 2RC 1 :
=== [1 —e (cosmlH— 7CRa, SN mlt)]

IOKopHuna kentnpuiran /(p) Hunr onepatop TeHrJamacuuH, I, (p)
ndonach H ¢oiaanannb, KyHHAarH KYpHHHILAA €3MIL MYMKHH:
E 1 1
1(p) =— |CR - ]
P) =1z [ P P/CR L 1/LC | pls FpICR A 1 1/IC
By ndonanan opurnnasra yTu6, KyiMgardHp Tonamms:
! t

ity= £ {CR L, 2R sinw,t -+ LC [l —e 2Re (cosmlH—
LCR Wy

[

sin @,¢ )]} = %{1 —e *F€ [coscolt-}-

& = E)ene]

iy (f) TOKHHHr KMHMaTHHH YHHHT i(f)— i, (f) afiupmara TeHrJurH ugo-
JacHiaH TONMHJALH.

+

2CRw,

4(_12R2 —l% =f2>0 6yacud. DBy xoapa opuruHaanapra

¥TH6, KyHHaarH nhOJAHH TOMAMM3:

2-x0.4.

L
2RC(

il(t)=i—L[1——e

chst+2C‘Rﬁ shﬁt)]

i (f) yuyH XaM yHHHT omepatop TeHIVlaMacujad ¢oiifananub, Ky#Anaaru
ndoiaHH €3I MYMKHH:
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t
{1 e (o
i(t) = 1l e chpli+ — s \2aC . chpt

52.2. H m?yxmue boraanean ukkuma KoHmypoan ubopam 3aHHiCup-
HU yaaui. DNeKTp IOpPHTYBYM Kyun E y3rapvac 6y.iran man6ara 2.6-
LIaKJ/la TACBHPJaHraH MHAYKTHB GOFJIaHraH MKKHTa KOHTYypAaH H6opaT
3aHXKHp yJaHajad. Arap saHHpra yJauwl HoJb GOWJaHFHY IDapT/apia
amaJjira olWHpHica, Wy GniaH Gupra L,L,5=M* Gynca, Xap HKKaja
KOHTYDAArH [y Ba [, TOKJAapHH ! BAaKTHUHT $YHKUHACH CH(pATHAA TOIMHHI.

Eunm. Kupxrop KOHYHHra acocaH MacaslaHHHT auddepeHiHan
TEHIVIaMaJlapH CHCTeMacH KyHHAard KypuHuia Gynamu:

R, M R,

2.6- wakn

d‘l+R11+Md‘2 ,
(5.9)
d12 + R2l2—|—Md[l =0.

BounanFuy wapraap
5 (0) =iy (0) =0

JaH ubopar.
Onepartop TeHrJamanap cucreMacH

Lypl, (p) + Ryl (p) + Mpl, (p) = % ,
Lypls (p) + Roly (p) + Mply (p) =0

6KH

p
Mply(p) + (Lop+ R)) L, (p) =0
Kypuauinfia Gyiasu.
OX'HpI‘H TEHrJamaJjJap CHCTEMACHHHHI HKKHHYH TeHrJlaMacHaaH
Mp
1 = —— ]
2 (p) Lyp +R, ! (p)
HH Tonamu3. DyHH cHCTeMaHMHT GHpHHYM TeHrJlamacHra KyHu6,

(Lip+ R 1, (p) + Mpl,y (p) = =, ’
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€KH

LR
! LyL, — M2 o LiRs + LRy p RyRy )
P, —me P LM
LR
_ E PT L
- L (1 Mz R, R, RiR,
11— —=
L1Lz) Ly, L LyL,
p(p"+ e + e
! LiL, o LyL,

Ky#ugary GenrunalunapHd KHPHTaMH3:

M2 R, oy + o
=k, R\L,=2a, =% =2a, =g,
LyL, Rily Yo, AT
y Xo0J1a
E 1
1, (p) =
4
R 1 ]
L 4o,
z p(p2+20p+lle:

SHau o? —% = fB2>0 6ysnrany yuyH TacBMpJapiaH OpHTHHAJ-

Japra yTH6, KyHuaard uboAaHH TOMAaMM3:

iy (f) = 5{1+e‘°’[—°‘%shﬁt—chﬁt]}.

R, Pl —k2)
DcnatTMa. B— XaKUKHI COH, UyHKH
o — A% _ (@ + o) 4ok
1 — &2 (1 — k2)2 1 — &2
_ a?—2a1a2+a§+4alazk2 _ (o —ag)? - 4aa, k2 >0

(1 — &2y (I — &2
i5(f) HUHr HORACHHM TOMMIU YYyH AacTAal omepaTop TeHrJaMaJjap
cucteMacunan /,(p) onepatop eyMMHH TOMMIN 3apyp Ba YHAAH CYHP
TacBHpJIapAaH OpHTHHaJTapra YTHLI Kepak.
5- Oapcxora monwupuksapu

1. Bepunran nuddepenuuan TeHrJaMaJapHHHT Gepuarad GOLLTAHFHY
LIapT/IapHH KaHOAT/IAHTHPYBYH €YMMJIApPHHH TOIMHT:

167

www.ziyouz.com kutubxonasi



a) x"+2x +x=e"", x(0)=1, x'(0)=0;
6) x"+4x=cos3¢t, x(0)=2, £ (0)= —2:
B) X"—9x =sht, x(0)=1 x (0)=3.

K: a) x(f) =(1 4 ’?’)e-’
6) x(f) = —151— cos 2¢ ——; cos 3¢+ sin 2¢;
- _ L

B) x(t)—24 sh3t—ch3t 5 sht.

2. Depunran audibeperunan TeHrJIaMaqapHUHT YMYMHA €YHMJIapHHH
TOMHHT:

a) x"4+9x=cos3¢;

6) x" +2x" =te*

XK: a) x() = C,cos 3t+C,sin 3¢ + % sin3¢;

6) x(t) =C, + (cz — %ﬂ) =2t

3. Depuaran auddepeHina TeHrJaManap CHCTEMAIAPUHHHL eYHMJlde
pHHH OepuJsirad GOLIIAHFMY IUADPTJApHd TOTIMHI:

a) (2x" +x —y = —3sin¢, — o0y — —0
{rroy m oSk x0=0, ¥ @ =140 =0

’ _ 2t
O[22 i0 =140 =5

HK: a) x(f) =tcost, y(f)=—¢tsint,
6) x(t) =e*, y(t) =3¢

4. Bepuiran nuddepeHuHan TeHr/1ama/lap CHCTEMACHHHHT YMYMHH
€UHMHHH TOTHHI:

x"+ y =cht—sint,
y" 4+ x' =cht-— cost.
K: x(f) =Cy+ C,sht 4 Cycht,
y()=C,—Cysht—Cycht+cht+cost.

5- mycmaxun ww monwupuxrapu

1. Bepusran audbeperitias Teur/iaMaJapHHHT €UHMJIADUHH Gepuira
GOlLMaHFUY ILapT/apia TOIMHHT:

a) x"+4x=sin2¢f, x(0)=1, x'(0)=—2;
6) x/rl _xn = e‘ x(o) — 1’ xl (0) — xll (0) — 0

X: a) x(t)=cos2t—%sin2t—%cos2t;
6) x() =3+t+(t—2¢

2. x"+x" =e 'sint mubepeHHal TeHIVIAMAHHHT YMyMHH euH-
MHHH TOIIHHT.
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K x(t) =C,+ Cpe™" + % e~ (cos t — sin f).

3. Bepuaran auddepenunan TeHrnama/ap CHCTEMasapHHHHT edHMJa-
puHH GepuaraH GOLUWIaHFHY IIApT/apAa TOMHHI:

x"—y =0, x(O) =y’ (0)
{x —y" = 2cost X 0)=y(@©

K x(t)=smt+sht, y () =cost+cht.
4. Bepunran llmptbepeﬂuna.n [ TeHr/IaMaap CHCTEMACHHHHI  yMYMHIt
€YHMHHH TOTIHHI:

{x +y ZO

y”
X: x(f) =C,+ Cysint + Cycost,
2
y() =Cy+ Cysint —C,cost + %

6- §. Hbioamesb HHTerpaiH, YHHHT TaTOHKH

By naparpadna 6us fiurMa Ba TacBHpJapHH KyMaHTHPHILI TeopeMacH
Cu/1aH TAHHUILHWIUHH AaBOM 3TTHPaMH3.

1. f())<F(p) Ba g(t)<-G(p) 6yncun, y xonma f(¢) B3 g(¢) Pyuk-
UMAJIaDHHHT HHFMAacH

t
f*g=[f(Mgt—)dv
0
uHTerpaa 6ynanu. TacBupaapHH KVNaHTHPHLLI TeOpPEMAcHra acocaH:
4
F(OG(p) ~[ f() gt — D) d}r.
0

By epnaun opuruHannapuu angdepeHUHanall TeopeMacHra acocaH

!
PE() G~ [ Fmew—ndr, 6.1)
YYHKH °
(,gf(f)g(t— 'r)dr) =ff;(r)g(t|—r)dr =0.
0

(6.1) gopMy.1aHHHT YHI TOMOHHAArH WHTErpaJl yu4yH ! napaMeIpaup, Ly
Gunan OMpra yHra HMHTerpaj oCTHAArd QYHKUHA XaM, HHTErpaJJallHHHT
IOKOpH yYerapacH xam GOFJIHK.
MareMaTHK aHa/H3 KYpCHAAH aHHK HHTErPaJHUHT MapaMmeTp Gyiinya
IAnddepelHaVIALIHUHAT KYHHAATH KOHAACH MabayM:
d xy(f) d x5(4) d
o | owndr=00u 0% —aln, ) T-+ [ Fax
xy(¢) x1(8)

Bynu (6.1) dopmysaHHHT YHr TOMOHHMra TaTOMK 3TCaK:

=0
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pF(p)G(p)—>l°(t)g(0)+(f(T)g,(t—T)dt (6.2)

By dopmynanunr yur toMoHH Herwoamers unmezpaiu 1e6 atajaf.
VurManuur ymoéy

f*g = g+f.
€KH

[ gt -vdt =(g@ f(t—vdr
0 0

KOMMYTaTHBJIMK Xoccacura acocaH (6.2) gopmysanHd OyHAall KailTa €3uw
MYMKHH:

?
pF(p) G(p)—g(® F(0) + _gg(‘f) fe ¢ —T)de. (6.3)

I-MuCcON. — TacBHp y4YyH opuruHajaHn [lpioamens ¢op-
(p2+1p3
MYJIaCHHH TaTOHMK 3THO TOMHHT.
Euwnw. Bepunran ncdopaHu xefinHru xucoGmawviap kynaaid 6yJanu-
raH LIaKJra KeJTHPaMH3:

1 1
=p

{p? + 1)p? pP+1 p
Hdonanapun GenrunaiimMus:
1
F(p) = G(p) = e

p? + 1’
Taceupaap xagBanufaH doitnanann6, KyHujgarura sra Gynamus:

Flp) == ~sint =/ @),

G(p) = =~ — g

l

ByHpan:
g0 =0 g@®==

Suan bloaMens dopMyJaciira Kvpa Ky#iuaarura sra 6y/1amus:
!

—sint 0—!——; jsint(t—T)dr.
0

1

F(p) G(p) = —1
pF (p) G(p) PRy

Fkku Mapra Gysakna6 uHTerpannal, MacajlaHHHT €YHMHHM XOCHJ KHJa-
MH3:

1
(p2+1)pd
2-Mucon. vloamens ¢opMyJiacHHH TaTOMK 3THO,

_>’_2’+cost—1.
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-
=P+

TaCBUPHUHT OPHTHHAJWHH TOMHHT.
Euuw. by epaa

s =), —— e =g (). fO = =1, [()=¢
p—1 p+1
6yarananry yuyH (6.3) Ibioamenn dopmysacu 6¥fivua KyHnparura sra

6y namus:

PF(R Gp)=p —— —— e l+fe"' ¢ Tdt =
p—1 p+I

— _ — 1 ¢ —or |t —t I, —o
=e’+e‘j‘e2‘dr=e'—?e ez'] e —1)=

0

= l(2e_' —e 't ) =L (e' + ¢ =cht.
2 2
2. Jlpioamens MHTerpanuiaH JupdepeHunan TeHIVIaMaJapHH HHTEr-
pannawaa cdoiinananum MyMkuH., BowsanFuu waptnapH HOMb  GyJIrad
yarapMac Kos(pGuIHeHTIH un3uKAH AuddepeHUran TeHr1aMa ydyH Koum
MacanacH JInioamenb opMyJiacH épamuia YHr TOMOHH 1 ra TeHr Gyii-
rai €pAamMyd TeHrJiama y4yyH Vyuia MacaJjlaHH eydiura KeJITHpHIaaH.
V3arapmac koabHLHEHTIH

4" e, ¥ tax=[( (6.4)
YH3HKAH JH(depeHHan TeHrJaMaHHHT
x(0) = x' (0) = = £ 0) =0

GoluNaHFHY LIAPIVIapHH  KAHOATVIAHTHPAAMIaH eYHMMHH TOMMIN TaJjab
sTwicHH. By TeHrsama 6unaH Guprannkja uyan TOMOHH LIy TEHIJIama-
HUHT y3H, VHT TOMOHM 3ca | ra TeHr Ky{uJarH TEHrJaMaHH XaM Ka-
paiJIHK:

2 4 g2 4 +a, 2 +az=1. (6.5)

By T1enrsnamanunr xam
2(0)=2'(0)= =2"""0) =0

€olnanruy WapTJapHH KaHoaTJ/aHTHpaJauraH €YUMHHH HalafiMu3. SHaH

X (@)=~ x@),, Z(@p) >z, F@—f@) —‘p—»l

ne6 onu6, (6.4) Ba (6.5) TeHrsaManapra Moc onepaTtopJiM TeHr/aManapra
yTamus:

"X +ar" X+ +a,_pX(0)+a, X(p)=F(p),
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PZP)+ap T Zp)+  +a,_pZp)+aZ(p)=—,

p
6y TEHr‘JlaMa.napHHHr‘ elmMJlapHHH TONaMHs:
X =—2 ()= —o (6.6)
= w ' ‘Y~ % y

6y epia Q,(p)=p"+a,p" '+ +a,_,p+a,. (6.6) myHocaGatiapaan

X(p) = pF(p) Z(p).
(6.2) éxu (6.3) wakagaru MpioaMens opmyaacHHH Tat6uk 3tHG, (6.4)

auddepeHna TEHIIaMaHHHT €YMMHHH KyilMjard LUakJja XOocHJa KHja-
MH3:

PFOIZ() =X ()~ x0)= /() 2/ (t—)d T =

=z() [0+ ifZ(t) f@¢—vdr. 6.7)

By dopmyaanap yarapmac KodbduuHeRTAH uH3HKAH audbepeHIHan
TEHIVIAMAHHHT OOLTAHFHY IIApT/IapH HOMb GYJraHiard euMMHHH 6y TeHr-
JIaMaHHHT YHr Tomonujard f(f) QyHKUMSAHHHr TacBHPHHH TOIMacAaH
TypH6 aHHMKJalra HMKOH GepaiH.

Ulynpait xuan6, (6.4) pucdepeHinan TeHrIaMaHHHT HOJb GOLLIAHFHY
1IapTJIapHH KaHOaT/JaHTHpaAHraR x(f) eYUMHHH, arap 4am TOMOHH VllaH-
zaP, VHr ToMoHH 3ca 1 ra TeHr (6.5) TeHrnaMaHMHr HOJIb GOLUJIAHFHY
HIapTJapHH KaHOATJaHTHpaAHTraH Z(f) euumH MabayMm Oyaca, KBajpartypa
IUaKAHAA TOMMIUra WMKOH Gepaad. lploames HMHTErpajiMHMHT 4an To-
MOHJIapH 6Hp XWJ, YHr TOMOHJAapH 3ca Typ/auya GyiraH 6Hp Heua Aud-
cdepeHnHaN TeHIJaMaJlapHi JugdepeHuHannamaa TaToHK 3THII  aHHHKca
doiinanuaup.

3-MHcoa. x" —5x' 4+ 6x — sin? auddepeHuHan  TeHrJaMaHW
x(0) =x"(0) = 0 GownanFuy mmapTiapaa JlploaMeab MHTErpaiMHH TaT-
6MK 9THO €uMHr.

Eunm. Jactaab épaamuu

2"—524+62=1

TeHraManuur 2(0) = 2’ (0) = 0 GowunaHFuy LWAPTJIApHH KaHOATJIAHTHpa -
JIMFaH eYHMHHH Tonamu3. Moc

P*Z(p)—5pZ(p)+6Z(p) = %

OnepaTopJH TeHrJama
1 _ 1

Z(p) = ;— =
Ip(p*—5p+6) pp—2)(p—3)
eyuMra sra. PanmoHan kacpHM 3HT cojia Kacpjapra €sMH3:
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1 A B c
=—+4+ —+ ,
plp—2)(p—3) p p—2 p—3

6yuna
1=A(p—-2(p—3)+ Bp(p—3)+Cr(p—2).
A, B, C xoadbuumentnapHu KyHHIarH cHCTeMajaH XHCOGJIaHMH3:

p=0]|1=6A4,
p=2(1=—2B8B,
p=3|1=3C.
Bynpan:
A=L1, Bp=—_1 =L
6 2 3
Ilysna#t Kuiuo,
1 1 I
Z(p) = — —
D= -5 T3e_9

Iy ca6a6nu TacBHpsiap >kaaBajuaaH ¢oinanaHHo,

1 1 2t 1 3t
2)=— —— e — e
O = 5 + 3

HH XOCWI Kusiamu3, GyHIaH:

7)) =—e'+ ¢
Bepuiran TenrsiaMaHuHr eyuMHHM H3Jall yuyH (6.7) HUHr GupHHuH (op-
MyJacupaH ¢oinananamus. Busnudr xoapa f(f) = sint, Aemak,

t
@) =[ f(z (¢t —vdv=[sint( " —"")d1 =
0 0

¢ !
=¥ {e’sr sintdt — ¢ e sintdT. (6.8)
0 0

Hikkn Mapra 6yJak/1a6 uHTerpansiab, KyHMZATHHH XOCHJ KHJAME3:

t

= e g (4= dimadar)

0 dv=sintdt, v=—C0S1T

4 t !

+afe*costdr=1—e*cost+a[e* costdT =
0 0

=—¢"cost

0

={u=e°” du=0ae*"dt
dv=costdt, v=sinT

1

} = 1—e*cost+ a(e* sinT)
0

! t
. ! { . .
—aj'e'"sm'tdr =1—e"cost+ o™ sint —a? [ e* sintdr,
(i} 0
GyHnaH

I=1—ecost+ ae®sint —al,
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[emak,

¢

. 1 t .
= | e**sintdt = ——(1 —e*cost + ae™sin ).
l 4 a2

0
By natuxaunu (6.8) dopmysara Kyiin6, o = —2 Ba @ = — 3 6y.iran-
Ja MacaflaHHHI Y6V EeUYHMHHH XOCHT KHJIaMH3:

—af
cos ¢ —

x(;):ﬁi’_o_(l-—-e_ cost—3e ¥sinf)= — 2
_Qe—Q’Sim):-l]—O(e“— 2e" —cost —3sint + 2cost 4
+ 4sinf) = % €' —2¢e” + cost + sin f).

4-mucoa. [Oeioameian cdopmynaacuzad ¢oliganannb, x" -4 x =e
renryaamMand x(0) = x’ (0) = O GolunaHrFHy WAPT/ApAa €YHHT.
Eunw. 2"+ 2z =1 épaamuu tenrnamanu z(0) =z’ (0) = 0 Gouwnau-

FHY LIApTJapia KapalMH3. YHHHT
2 1~
P*Z(p)+ Z(p) — >

onepaTop/iH TeHrJamacH
1 1 p
2= = ——
p p(p2+1) p pr+1
euuMHH Oepann, GyHaaH z(f) =1 —cost HH XOcHa kunamus. (6.7) ¢op-
Mynara kypa 2'(f) =sint, f(f) —e™ 1a nacTIabKn TeHr/MaMaHMHT H3-
JIaHAa€ITaH eYHMHHH XOCHJ KH/1aMH3:

x(t)=f f@zZ(¢t—rdt = _\geats’n(t—-'c)dt =
b 0
I

o +1
5-mucoJ, Y6y Komn macanacuuu Hptoamennb dopmynacuaan ¢oi-
JajaHHb €4HHT:

€ - ccot  asind).

x"+ x=cost, x{(0)=x"(0)=0.

Eunw. By TeHrnaMaHyHr 4anm TOMOHH OJIMHTH MHCOJIlaTH TeHIJia-
MaHUHT Yyan TOMOHH GHaaH OHp Xua GYJTraHJHTH YYyH €plaMud TeHrJa-
MaHHHT e4iMH siHa Yua QYHKUHAHHHT Y3u 6yianu:

2(f)=1—cost, 2'(¢)=sint.

(6.7) dopmyna 6yiimua f(f) = cost GynraHaa OepwiraH TeHIJIaMaHHHT
X(¢) eUHMHHH XOCHJ KHJaMH3:

I} !
x(2) =j costsin(t—1)dT =_:,l>'f(si"t"‘Si“(t'"QT»dT =
0 0
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1 rsint 4 - cos(t— 27 ' = L (¢sin £+ -1 cos ¢ —
-2(rsmt+2cos(t 21))\0 2(tsmt—l—2c05t

1 1, .
——cost)=—1smt.
2 2

7-§. Jlanjac Ba Pypbe anMalITHPHIAPUHHHT GOFJIAHUILY

Onepaunon xuco6 Jlanjac anMalutupuiud GHAaH  GOFMHHMK — GYJHG,
y XaKHKMH y3rapyBuUMHHHT [(f) QyHKUMSICHTA KOMIMJIEKC {3rapyBUHHHHT
F (p) $yHKUMSICHHH

o

Fipy={ e™f@at (7.1)
0

MyHocabar €paaMHuAa Moc Kyaiau.

IOkopuaa afTraHuMH3ieK, ONepalMCH XHcoGJa OpHTHHaanap Jie6
aTanagurad Ba a), 6) Ba B) waptaapuk (l-§ ra Kapanr) KaHoatTNaHTH-
papguran f(f) dyHkumssap xapaJjagH.

TapMoHHK aHa/n3 QYHKUMANAPHH TPHIOHOMETPHK KarTopJapra €ii
XaKHaard rymyHda 6yan6, ®Pypbe ajmawtupviniapura 6orauK. Mate-
MaTHK aHa/lu3daH MabayMkH, Pypbe aamamtupum f(f) dynxuns F(o)
(PyHKUMSAHH

+o
F)= |ie " adt (7.2)
—
MyHocabaT €piamMuja Moc KYsau.

®ypre anmalTHpuiuy Gapya aGcoslOT MHTErpaJJaHyBuH (yHKUHAAap

VUyH aHHKJ/AHraH, SbHH YHHHT MaBXyad GVJIMIIH yuyH

+ oo
BRI

MHTETpaJIHUHT SKHHJAALIYBYM OyinmM Tanab stunaau. Byniaw tawxapn,
OPHIHHaNJIap KaHOaT/JaHTHpajuraH GupuHuM wwapt Pypve anamawrupuiuib-
JarH MocC 1apT OGWJaH yCTMa-yeT Tywand. Jlanaac Ba ®ypue anmawti-
pHILJIapH OpacHiard GOFJIaHHILHH aHMKJaHMu3. Bup TtoMmonnama Pypue
aJMaIUTHPHLLIHK Kapalauk. By anmawrtupuwga f(f) oyHkuns (<< 0 ga
HoJIra TeHr ne6 XHcobsaHaau. ¥ xodapa (7.2) dopmyna yiuby KypHHiiL-
HH oJajH:

F(0) = ?f;(t) e dt.
J

Arap (7.1) Jlannac anMawTHpHIUKAa p = (@ Je6 OsHHCA, ABHH p
KOMINJIEKC COHHH co) MaBXyM COoH Je6 XHcobnaHca, F (@) HUBRT YHT
toMonn wmy (7.1) Jlansac uunrterpaiu GusiaH aHHK YCTMa-yCcT TYIUauH.
Bupok Jlannac aaMaluTHpUIUM $iHA B) ILapT

)] < Me™
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HH XaM KaHOAQTJIaHTHPYBYH (QYHKLUHSIAD YYyH KV/JAHHWHHH Ha3apfa
TYTHII JIO3#M, LIy GuaaH 6up Baktaa Pypbe GHp TOMOH/IAMa aJMalUTH-
PHLIMHHAT MaBXy], OYJHIIN YUyH

Tiroa &)

HHTErpaj/IHHHT SKMHJAIMIIH Tana6 KHaHHAZH. f(f) QyHKUMAra YHHHT
VCHII Te3JHIH (B) 1UapT) IAPTHAAH XaM aHya KAaTbHH YeKJauwiap Kys-
AH. Xatio copja Ba te3-Te3 yupaG TvpaaMraH 1 (f) 6upJaHK QyHKIHA
sint, cost, t, t, ¢dyHKuMATap yYyH XaM (7.3) HHTerpan YaoKJa-
myByn GyJIanH.

Ilynpaii kuan6, Jlanaac amMawrupumiga f(¢) opurHHan KyjmmMua
paenmiaa (7.3) HETErpajHHMHI SIKMHJALIYBYAHJHTH 1UAPTHHH XaM KaHoar-
JIAHTHpCa, Y XoJja YHHHT yuyH Pypbe aaMalITHpHLIN XaM MaBXKyj Ba
6y aJMalTHPUIIHHAT Gapya Xoccanapu JlamJac a/MAlUTHPHILUHHMHT XOC-
CajlapHiaH P KOMILIEKC Y3rapyBYHHH [® cod MaBXyM yarapyBuHMra aj-
MalUTHPHIL GHJIaM XOCHA OGysamH.

6- dapcxona monwupursapu

1. Depuaran tacBupiap yuyyH opHrHHaanapHu [Iptoamens copMy.Jia-
cHaaH ¢oRnasaHHb TOMHHT:

2
a) —
P—D@+ 1)
pB
6)

P2 +4) (02 +9)
X: a) —;(et + cost +sint);

6) —;—ch t + cos ).

2. Ilboamens Qopmyiacugad ¢ofinananu6, Kowm MacanacHHHHT
€YUMHHH TOIHHI:

a) x" —3x' +2c=€",  x(0) =x'(0)=0;
6) x' —2x' +x=sht, x(0)=x"(0)=0;

B) X"+ x =¢ " x(0) =x"(0) =0;
" _ ] — (N — (-

r) x +x_——2+cott , x(0)=x"(0)=0;
" —.—-] =y’ —

0N x" +x= T x(0)=x"(0) =0.

K: a) x() =e' — &+ te¥;

t 1
6) x(f) = 1 e ——;-te‘ - sht;

’ 2
B x(t) = | e " sintd1— 6y MHTErpan 3JeMeHTap (QyHKUHANAp

opxais HdojanaNManiiu;
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r) x(t)=sint(t-— % arctg( ))+costln 2+cost ,
14

R) x(t)‘—“';—(e' —1—te )+sht-]n

6- Mycmaxkua uw monwupuKiapu
1. Bepunran

P
(=1 (p*+ 1)
TAaCBHP YYyH OPHTHHAJHH TONHHF.

X: —15-(3sin3t—2sin2t).

2. Ko macanacusuHr eunMuHM [bloaMenb ¢opMmynacHpaH ¢olifa-
JIaHH6 TONHMT:

a) x"—x = te' x(0)=x"(0) =
6) ¥ +x =€  x(0)=x0)=x©=

B) X" —x' = x(0)=x"(0)=

1

1+e’
X: a) x(t)=(’—;—t+1)e‘—1;
6) x(t)=(—’21—t+1>e‘ —1

B) x() =€ —1—(@+ M2+ 1)+ (+1)in(e' + 1).
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COHJIN YCYJUJIAP

XO3HPrH 3aMOH TEXHHKAa Ba TEXHOMOTHSCHHHHI TapakKKHETH Marema-
THK YCIYGNapHHHT MYyXaHAMCJHK Tal<HKOTJIAapHra KeHr MHKEciard Tar-
OukH OMIaH TascHpaHagy. Xa/lK XYKaJUCHHUHT KYNTHHA — WJIMHIL -
TeXHHKaBHA MacaJaJapHHUHT MyBagdakHATIH eunmMu XM JlapHHHT OMUJ-
KOpAWK OHJaH kyJuaHuivra GoriuK 6Yuu6, Oy MakCaJHWHT amaJra
OIUMPH/IMILIK YYyH MaTeMAaTHKAHWHI TEerHllIH COHJIM  YCyJJIapH HULIa6
YHKUJITaH.

Ta6uuit - wiMHH  MyaMMoOJapHH XHMCOGJalll MaTeMAaTHKAacH BOCHTasapH
OM1aH TaiKHK KHJMII MaTeMaTHK MOJENAIUTHPHILAAH GolJiaHaaH, »Ka-
pa€H YekJiaHTaH aHMKJHKAa aarebpauk, audpepeHunans Exku HHrerpan
TeHrJamanap €pjamuaa tacBupiaHaad. Opmataa, 6y TeHrsamasjap acocuit
(H3HK MHKJIODJAapHHHT — DHEPrHA, XapaKaT MHKJIODH Ba XOKa3OJapHUHT
caKJIaHHL] KOHyHJapuHH ndofaiaify. MaTeMaTHK MOAEJ/ALUTHPHIN aMasl-
ra OlIMpHJIaéTraHAa a/n6arTa MacaJaHHHT TYFPH KYAWAraHaurd, GolljaH-
FHY MabJyMOTJIADHHHI €Tap/HJIHIH, KVHWIraH Macalla €YHMHHHHT MaB-
KYNJIUTH Ba ATOHAJMTH TEeKIWHPUAALH.

Kynruna xoJiapia 3HI coAna MofesJiap YYYH XaM €UMMHH aHAJHTHK
akaga oané 6vamaiiau. Afraliuk, Macata ymiby

2x —cos3x =0

OHp V3rapyBUW/IM TEHrJIaMaHH eudilra KeJartHpuirad 6yicuu. By TeHr.a-
MaHHHT HJJHM3JapHHH aHaJHTHK ycyajap OuaaH tonu6 Gyamadau. I'pa-
¢GUK ycyasiap GusaH XaM TeTHILIH aHUKJIHKAACH €YHMHH OJIHIL  KHHHH,
Bynpait xossapiia WAOU3JApHH TOMHI MMKOHMHH GepaHraH COHJH
veydaanapaan  QoiiasaHinann.

Bapua connu ycyanap yuyH Gup ymymuilauk 6ynu6, y Xxam Gy.ca
MaTeMaTHK MacaJlaHd YeKJW {J4aMJH Macaflara KenTHpuanungup. Ky-
AHJraH Macasa JHCKPETJAAlUTHPHIAAY, S'BHH V3JAYKCH3 (YHKUHMSTapAaH
Y3JYKJIH, JUCKpeT (pyHKUMANapra VTHJIALH.

Connu ycyagap OuaH OJMHaZMraH e4nuM KYHHJIraH MacaJlaHHHT Tax-
pubHi eunmu Oynagn. Macana €4HMHHHHT YMYMHH XaToauri OHp Heda
TAalUKHJ 3TYBYMJapAaH ubopar 6VyH6, yJjapiaH OMPHHUYHMCH TafKHK KHJIH-
HaéTraH XKapaéHHH Y3HHHHI MaTeMaTHK MOJEJHra KaHYaJHK MYyBOGHKJIH-
rd Gunan Gearunanagd. Ofatga MacajaHHHr GOLUJIAHFHY Ba YerapaBHH
lLIapTJiapH, TeHrJlaMaJapHHHT KO3(MDHUHEHTJIapH, VHI TOMOHJapH JOMMO
MabayM GHp XaToJMK OuiaH Gepuiaad. HatwKaHMHr aHMKJHTH gactiiad-
KH MabJYMOTJIaDHHHT aHHKJHIHra GOFJIHK 6YJalH.

Bupop Macananuur amuk eunmu R 6yacuH. MozpemjamtHpuinG ypra-
HHJIA8TraH KapaéHHH Y3HHMHT MaTeMaTHK MOJEJIHra TYJMK MYyBOGHK Ke-
JIOJIMACJIMTH Ba AACT/abKH MabJyMOTJaplard aHHKCH3JHMKJ/AD HaTHXKAECH-
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Ia aHHK euyHM VpHHra Gowka R; euum onuHamH. Xocksi GVJajuran A, =
= R — R, XaTo/HKJaH MacaJaHH eydul JaBoMuja oJM6 GopuJaiHras
XHCOOJalIap XapaGHHAA KYTYJHII HJIOXKH HVWJIUrH cabGab6an  Gynpait
XaToJuK gyKomuamac xamoaux peiinnagy. Tagkuakotun Oy xato-
JIMKJIAPHUHT KaTTaJHCHHH OMJIMILK Ba IUYHra Kapa® HaTHXaHHHT #HYKo-
THJIMAC XaTOCHHH 6axoJallM Kepak.

Macanauu eunuira KHpHIUHJap 3KaH GHpOp ycyJ TaHJaHagu (Maca-
JiaH, COHJIH yCyJ) Ba XHcoGJauwiapHd Gowlamacaan R, eunm Vphura R,
eynMra oMb KeslyBUH SIHTH XaTOMHKKA HyJa KyHunagn. A, = Ri— R,
XaToOJHK YCYA xamo.auzu [edunaju.

Ba HuxoaT XHcoGaall XKapa@Huiaru opaJjHK HaTH:Kajapia Kyn Xo-
Ha/lH COHJAp XOCHWI 6V/lagd Ba yJapHH fXJHMTJIA6 OJMUIra TYFPH KesajiH
(Macana DXMza eunnranna xam coHnap sxauriaasand). Llynpait Kuiu6,
MacajlaHH eyHllja XMcoOJlallHH aHHK o6 GOpMaraHJHrHMH3 HaTHXKa-
CHAA XaM XaTtoJHMKKa Hyn xyAwnanu Ba R, eunMpaH ¢apkin R, euum
XocHa 6VaagH. A; = R, — R, XaToJHK Xuco6aaue xamoauzn neiu-
JIAGH.

TYyrux xamoauk wxopyaa alThé VTHAraH Xa1o.aHKJaap HUFHHIM-
cHaaH ubopar 6Vnaiu:

A=0M+7+2=R—R +R, —R,+R, —R; =R—R,.

Macana eyMMHHHHT aHHKJIMrH GopacHja TacaBBVpra sra 6°JHMII Y4yH
XaTOJNMKHHHT 6apya TYpJapH TYJHK TAXJIHJI KHJIHHHIIM Kepak.

fA. HA3APHA MAB3YJIAP

1-§. XaToaukJap Ha3apHACHHHHT 3JeMeHTIapH

1.1. Bupop MHUKAOpHHHI aHHMK KuiMatH X, 6y MHKJIODHHHT TaKpH-
6uit KuiAMatH a GYJICHH.

X aHUK COH OW/aH YHMHI @ TakpuHOHBl KHHMATH OpacHAard x—a
afiupMa X MHUKJIODHHMT TaKpHOWH KHAMAaTH @ HUHT Xa@rmoauzu ned ara-
JIaH.

Arap x —a >0, abHu a<Z x OyJaca, y Xoila a COH X ra Kamu
6uran sxunsawnw, arap x—a << 0, 9pHu x< a GyJjca, y Xojja
a COH X ra opmuru Gusan sAKuRAquiuw 1e6 atanagu. Macanai,
Ve yuyH 1,41 coun Kamu GusaH TagpHGuil xuilMar, 1,42_ COHH 3ca
OPTHFH GMNaH TakpuGHil KuiiMaT Gyianu, uymku 1,41< V2 < 1,41
3,14 conu ; COHH YYyH Kamu OuJiaH TakpuGui KuiiMaT Gy/1afH, HYYHKH
nt >3,14; 2,72 coHH € COHMHHHT ODTHFH OUJaH TakpHOHA KuAmaTtH GV-
JajH, YyHKH e << 2,72,

Arap a COH aHHMK X COHHHHI TaKpHOMH KuiiMaTH 6VJica, 6y O6yHaal
é3unagy: a =~ x. Macanan, ﬁz 1,41 éku V2 ~ 1,42, n & 3,14;
e~ 2,72

Bupop x aHHK coH TakpuGuii kuHMaTH a HUHT abcoarom xamoauzu
1e6, yJap opacHiard aiMpMaHHHr a6coJIOT KHilmat |x —a| ra aiitu-
JajH.

X HHHT aHHK KHAMaTH HOMabJayM/ury cababmu |x — a| aGeomor Xa-
TOJMK XaM HOMabayM G6yuanu. JlekHH a6COMOT XaTOHHMHI {3rapHim ue-
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rapajapHid KypcaTdil MymkuH. LIlyHuHr ydyH Xam a6coJlIOT XaTOJHK
YpuHra #ezapasui abcorrOm XamoOAUK TyluyHYaCH KHPHTHJAZH.
l-Tabpud. a maxpubul coHHuHe 4Yecapasuii abcomom xamoauzu
0e6, by conHune abcoaiom xamoaucudan Kuuuk Ojamazan A conea ai-
muaadu:
lx —a] <A.

Byupan GyéH «yerapaBuil» CY3HHH TYIUHPHG KOJIAHpaMH3.

CYHITH TEeHrcU3NHKAaH X aHHK COH KYHHIArW opajuKaa ETHIH Ke-
JIHG 4YHKadH:

a—A<x<a+tA
JleMak, @ —A COH X COHHHHI KaMH OHWJaH fIKMHJIALUMIUH, a -+ A 3ca
OPTHFH OHJaH AKHHJAAILHWKAHD. KHcwaluK Mavcaavaa KyHMAary €syBiaH
¢oiigananunau:
x=a+ A.

I- MHCOJ. m COHHHHM anMawTHpajuraH Takpuouit a = 3,14 coHu-
HHHT YerapaBHH a0COJ/IOT XaTOJMTHHH TOIHHT.

Eunw. 3,14< n< 3,15 TEHTCH3JHK YDHHJH OV/AraHJHTH YYYH
|n—a|< 0,01 6yaapu. Idemak, A = 0,01 HH yerapaBuH aGCOMIOT XaTo-
JHK YYYH Kaby/J KHJHLI MYMKHH.

maanétaa kynuuda «0,01 raya aHuKJIHMK OMJaH», «l cM radya aHHK-
JMK OWJaH» Ba X0Ka30 Mdojasnap kyanaHunagu. Dy Hapca aGeosor xa-
To1HK Moc paBuiga 0,01; 1 cM ra TeHIVIMTHHH OMJJHMpagH Ba XOKas3o.

TaxpuOuii COHHHHr aGCOMIOT XaTOJHTH X AHHK COHHHM YHHHI 4@ TaK-
PHOHH KHHIMAaTH GHJIAH AKHHJAWMI CHGATHHH erap/H4Ya TaBcHO/aH oJ-
maiinn. Macanan, A = 0,5 M a6CcOJIOT XaTONHK XOHAHUHT GYHHHH Yuyain-
Ja XajjaH TaWKapH Karra, yil KypHIl Y4yH ep MaHAOHHHH aXXparHlija
Y1 KyAWIHIDH MYMKHH, LUaxapJap opacHIard MacodaHH yJyawga 3ca
Ce3H/IMalJH XaM.

YVnuaw 8k xucoGnall HATHMACH aHHMKJMIHBMHI XaKHKHil KYPCaTKHYH
VHHHT HUCOUL xamoauuoup.

a TaKkpuGHM COHHHHT HHCOHH XaTOJHIH fe6

[x—al
|4l
HHcbatra aHTuIafH.

2-1abpud. a maxpubuii coHHuHe 4e2apasuli Hucbuild xamoaueu

0eb, Hucbuli xamoauxOan kuuuk Gfjamazan 8 coHra adTunag, SBbHH

2= <5 exn 6=—2
|} la|

Byupan
A=|a-8
HHCOHIH XaTOIMK KYMHHYa npoueHT (pou3) napaa neogaianans. Macaan,
3,14 COHM N COHMHHHT TaipHOHMil KuiiMaTH. YHuHr xatoquru 0,00159
. Ta TeHr; yerapaBuil abco/or xaToquk A = 0,0016 ra Tedr, uerapa-
BHH HHMCOMA XaTOJMHK 3ca
8 = —— =0,00051 = 0,05 %

]

ra Temr ne6 xucoGaalll MYMKHH.
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1.2. Arap a rakpuGHii COHHHHI a6CoO1 XaTOJHIH 6Y COH OXHpPrH
paKaMH XOHacHHHHT GHp GHpJNTHAAH (ApMHIaH) OPTHK Gy.aMaca, y Xo.1-
Jla a COHHHHr Gapua pakamnapH KeHe MadHOOa uwoHdAU (mop MABHO-
O0a wwon4au) paxamaap pe6 artanajgH.

Taxpu6Guit coHsapHH (dakaT HIIOHYIM pakaMJapHH caKJaraH XoJja
€3uill J103uM. Macanan, @ = 52400 CcOHMHHHT a6COMIOT XaTOJHTH A =
= 100 6Vsca, y xonpa 6y COHHH KyHHIarH KVYPHHHIIAZ €3HLI Kepak:
a = 524-10* ékun 5,24-10°%.

Mwonunu pakamaapu 6uian éswaran 37 10; 370; 370,0; 370,00
TAKpHGHI1 COHMAp Typ/Hua aHMKJHK Japax{acura 3ra, YJIAapHHHT uYera-
paBuii abcomot xatoukaapun 10; 1; 0,1, 0,01 ra tenr.

Takpubuit COHHHHT XaTOJIMTHHH, Y HEYTa HLIOHYIM KHAMATJIH paKamra
3ra 3KaHJHTHHH KypcaThil GusaH Gaxonall MyMKHH. Kuiimartan paxawm-
JIapHH caHaluja GHpHHYHM HoJAaH ¢apx/M pakamjaH Yanja TypraH HoJ-
Jap xucobra onxHMaiai. COHHHHI OXHpHJA TypraH HoJI1ap AOHMO KHHMar-
JH pakamnapaHp (akc xosaa yJjapHd €sunmaiian). Macana, KuiiMatau
pakamiap 6uaaH €3maran a = 0,002080 coHH TypTTa KHMAMATJH pakaMm,
asin 2, 0, 8, 0 ra sra.

TakpnOH COHHHHI HHUCOMH XaTOIMTH KMiMa1/aH paKamJapH COHH
6uJslad GOFJHKIHD.

Arap a coH n Ta HIUOHYIH KHMMAaT/IH pakamra 3ra GyJca, y Xosaa
YHHHT O HHCOHH XaTOJHMIH |

< (1)
8 < — (- 0) (1. 1)
TEHICH3/IHKHH KaHoaT/laHTHpaaH, Oy epia k 1y G COHHHHT GHpHH-
yu pakamH. Ba akcuHua, HHCOMH XartosurH O 6yJraH a COHHHHT N Ta
pakaMH HIIOHWIH 6V.jca, y XoJaa n ywby

(1+k)6<(ﬁl))

n-1

TEHICHTIMKHH KAHOQTJIaHTHPaJHI'aH SHT KaTTa Ty6 COHAMD.

2- mucoa. Arap a = 47,542 TarpHGHii COHHHHT HerapaBHéi HHCOHi
xaromurn 8 = 0,1 % 6y.ca, YHHHT HIIOHYIH paKaM/IapH COHHHH aHHK-
JIaHT.

Euu &u . (1. 1) TeHrcuanukHu Tysamus: 6y epra k=4, 8 =0,1% =

1 1

0=t =5 1 <(5)”

Papianku, n — 1 = 2 éku n = 3. lemak, a = 47,542 coHH yuT1a HINOHY-
JH pakam: 4, 7 Ba b ra ara.

Mabaym Gup MabHoaa GyHpaH XxucoGranml MYMKHH: ¢akaT OHTTa
HILOHYIH paKaMHHHr Gopaurd 10 % Tapru6Haa HHCOHMA XaTOJIHKKA,
HKKHTa HIUOHYIH pakaMHHHT Gopsird 1 % Ttaprubupa HHMCOHMI XaTOsHMK-
Ka, yuTa MIIOHYIH pakaMHMHT 6opaurn 0,1 % TapTH6HAa HHCOHE XxaTo-
JIHKKa MOC KeJIafiH Ba XOKa3o.
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MatematHk »KajBa/iapia Oapuya COHJIAp HILOHYIH paKaM/aapH GHJaH
6epuiagu. Macanan, xansaapa Ig 2 =0,3010 Gepuaran 6y.aca, y xoana

=0,0001, 6 =10,03 %.

1.3. Arap Takpu6uii consap oprHkua (CKH MILOHYCH3) pakamjapra
3ra 0yJ/ica, YHH AXJAHT/IAL JIO3MM. SXAuTAalnga Gakat HILOHWIH paKamJap
caxsaaHaai. OpTHkua pakamnap Talwiab toGopuiagd, 1wy OuwaaH Gupra
OupuHYM Tawsab loGopuiaérrad pakam 4 gaH Katra 6yaca, y Xoana
caxaab KoIHHalTraH OXHpPrH pakam OHTTa OpPTTHpHJaiH. Arap Tallia6
1o6opHnaérran kHcM (akar 6uTra 5 pakamHaaH €kH 5 Ba KoarausiapH
HoJs1apAaH HGopaT GVJsca, Yy X013 OAaTia OXHPrH caxJal KOJHHAAHUraH
paxam KydT coH 6yJiafiMraH KHIHG AXJIHTJIaHaOH.

3- Mmucos CoHaapHH GepH/IraH aHUKJIHKAA SIXJHT/IAHC:

a) a =10,547 un 10 72 = 0,01 = A raua aHHKJHKAA TYPTTa HILOHY-
JH pakaMm OusaH;

6) a =5,1997 w1 10 7® = 0,001 = A raua aHHK/IMKAA TYPTTa HILOHY-
JH pakaM OwJaH,

B) a =3,855 Hu 1072 =0,01 = A raya aHHK/HKAA YyuTa HIUGHUJH
pakam OunaH.

Eunw. a) a = 10,5474 = 10,55 opturu Gunan;

6) a =315,1997 =~ 5,200 — opTHFH GunaH;
B) a = 3,88 & 3,88 — kamu GunaH.

1.4. AGcomoT Ba HHCGHH XaTOJMKJAPHHHT acocHit xoccasapu. Kyiu-
Jard MKKMTa MacajaHd KapafJHK: apryMeHTHHHr a6co/lioT  XaTO/IHIH
6yAnua QyHKUMAHHHT abCOJMIOT XaTOJIHCH TOMHJICHH; 2) (PYHKUHSIHHHT
Ay Ky#unagurad abco/moT XaTOJHIH MabayvM Oy/ca, apryMEHTHHHT HHC-
6uil XaTONIHIY TOMHJCHH (TecKapH Mmacana).

By MacasnanapHu xan 3THllja KyHHaard acocHit TeopeMajiaH co#aa-
JaHuIafH:

Teopema yukyusnune weeapasul abcoarom xamoaueu apey-
Mmenm wezapasuti abcomom xamoaueuru Oy pynkyua xocuracurure
abcomom kutimamu 6usan Kynadmmacuea mesa:

p=call (%], (1.2
6y epla a — Iy X apryMEHTHHHI YerapaBHii 20COMOT XaToaHTH, fb 3ca

y = f(x) GYHKUHAHUHT Yeraparuil abCOJIOT XaTOJIHTH.
Arap x aprymeHTHHHr uerapaBuii HMCOMH XaTonuruuu 8, opkas,

Y = [ (x) QynKUMAHHHT yerapaBuii HUCOMIl Xarosuruuu 8, opkamu Gea-

runacak, y xosnga (1.2) tenrymkaad oliganann6, KyHMEArHHH XOCHJ
KHJ/1aMH3:

5. (1.3)

X

‘(1)

6 = |x-f (x

y f(x)

4- Mucon. y =In X QYHKUHAHHHT yerapaBHii aGCOJIOT XaTO/IMIHHH
TOTIHHT.

Eunw. y =Inx dynkuus yuyn (1. 2) dopmyaanan ¢oiinanaHamus:
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Y xoaaa
p=a|r|=-—2 =5
X 1x] )

Jemak, sorapudMHHHT yerapaBHii aGCOMOT XaTOMHMTH [5, APTyMEHTHMHT
yerapaBui HHcOMil Xatonurd 6 ra Temr.

5- MHCOJd. y=Xx" OYHKUHSAHHHT yerapaBuii HHCOMH XaTOMHIHHHM

TOTHHT,
Eunw. y =nx 6ysarapaury  yuyHn (1.3) dopmynara acocan
KYHHIATHHH XOCHJ KHJIaMH3:
5 =

y

n—1

nx "1

Xll

X 8, =|n| 4,

Jlemax, napaaHWHr uerapaBuii HHCOMH XaTonurd O, acOCHHHT yerapa-
BHI HuCOHH XaTonHrH 8, HH JapaXka KYpCaTKHYHHHT a6CoMoT  KHiMa-

THra KYNaHTHPWIraHHra TEHT.

XycycaH, moHpa IO3HHHHT yerapaBHH HHCOHH XaTOJNHTH pajHYyCHHHT
yerapaBuil HHCGHH XaToJMIHA@H 2 Mapra Kartia, uyHKH S = mr? Gyara-
HH y4yH:

S’ 2nr
6. = f—s-' 6, = lf'

S

8, =28,
nre

Hkku ysrapyBunan u = f(x, y) OGyHKUMAHMHT YerapaBHH HHCOHi
XaToquruuy Gaxosawpa (1.2) TeHraukka yxwaw yw6y QGopMy/aHH Xo-
CH KHJIaMH3:

du du
B: — ax+ —
ox ay
6y epla «,— y3rapyBuH X HHHT YerapaBHi aGCOJIOT XaTOJIMTH;
0, — Y3rapyBuH Y HMHI' yerapaBuit aGCOJIOT XaTOJMHTH
f—3ca u = f(x, y) QyHKUHAHHHT yerapaBHil a6CONIOT XaTo-

(Zy,

JIUTH.
Oxupru TEHIVIMK HCTaJraH COHJArH apryMeHT/ap QYHKLHACH YYyH
YMYMJALUTHPWIHIIN MYMKHH. Macanay, u=x+y-+2z-+ +t
GyHKUMA YuyH
Ouf  |0u| _ |0u]| _ _|ou) 1
ox| oy 9z at ’

IYHUHT YUYYH

p=a, ta,+a,+ +a,

JeMaK, HMFHHAMHMHT YerapaBHii aGCOJIOT XaTOJHTH b KYIIHIYBYHIAPHHHT
yerapaBHit abCcoMOT XaTONMKJApH o, @ , O, o, HHHT HHFHHOH-
CHTa TeHT.

VIuFuHIMHUKT yerapaBuit HHCOMI XaTONHTHHH aHHKJAlIA YIIGY HKKH
XOJIHH aXKpaTHIll Kepak:

1) Bapua KymmavByniap GMp XUJ (aHHMKJHK Yy4yH— MycGaT) HiLopa-
7M. VIMFHHAMHUHT yerapaBuil HHCOHMil XaTOJIMIH

5= ax—}—ay—}-...-i-a,

xty+
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ra teur. 6,, 6 6, — moc pasumza x, y, { HHHr yerapa-
BHI HHCOMI XaToaKnapu 6yacuH. ¥ xonma o,=8,-x, a, =8, -y,
o, =8¢ 8, Bad , opkam b, 8, , 0, counapHHHr HuHpa

3HT KATTacH Ba 3HI KHYHTHHH Ge/qruaafiMus. Y Xouaaa
6, x+6yy+ +6,-t<(x+y+ o) Oax P

6 = max*

x4y + +¢ x+ty +¢
HH Xocua kunamus. Ilynpait

n

éku 6< & .. [vera yxwaw, 8§ >0,
KHJIHG,
6min< 6< 6max‘

emak, GHp XW/a HIIOpa/H KVIUHAYBYH/IAp HHFHHAMCHHHHT YerapaBHH HHC-
61t XaTOJHTH KVWHAYBYHNAPHUHT SHT KHYHK Ba 3HI KaTTa 4erapaBHH
HHCOHI XaToNMK/IapH opacuia €raau.
2) KywuayBuunap Typad HulopaiH, Macaldad, arap 4 =x —y Gyi-
€a, Y X0/Aa YHHHr YerapaBHH HHCOHIl XaTOJIHFH
a, +2 v
Ix—yl

ra Tetr. HeMmak, x Ba y coHnap OHp-Gupura sikHH Gysica, y XonAa x
Ba Y COHJAPHHHI 4e€rapaBHH HHCOMH XaTOMHKJADH, XaTTo KyJAa KHYHK
6yaranza xam, yJjap afHpMacHHHHI yerapaBHH HHCOGHH XaTONIHTH IKyJa
Karra GVJMWH MYMKHH. MacanaH, HIIOHWIM pakamsiap OuiaH €3uirad
x =1,245 Ba y = 1,235 coHsiapu yuvH KyHuaarura sra Gyiamus:

«, =0,001, ay =0,001; 6, =0,08%; 6, = 0,08%;

6=%@-100% —20%.

2-§. OyHKUHUANAPHHHT KUAMATAAPHHU XHCOGnall.
Kynxaanap yuyn Fophep cxemacu

2.1. Xucobnaw amanuéruaa KynuH4a GHPOp PYHKUMSHUHT GepH/IraH
HYKTaJariH KHHMAaTHHHM XucoGJjalra TYFpH Kenafu. Dynja wydu Hazap-
Jla TYTHII KepakKH, MaTeMaTHK 3KBHBaJeHT 6YaraH upojajap y/aapHHHT
KHAMAaT/IapyHH XHcoGnall y4yyH 3apyp OyaraH amanjap COHH MabHOCHZA
XaMMa BAaKT XaM TeHT Kyusnd Gy.1aBepmaiiin. Macanan,

a® + 2ab}+ b* =(a + b)Y

alHHATHUHT Yan KHCMHHH XHcoGJalufa TypiTa KYNMaHTHPHII aMa/lHHH Ba
HKKHTa KYIUMII aMasMHH GaX<apull 3apyp. ¥ HF KHCMHHH XHCoOJ/all y4yH
3ca Gop-#yiil Ourra KM Ba OHTTa KYMaHTHpHIL amanuHH GaXcapHil
3apyp.

DyHKUHANAPHHHT KHIAMaT/aapHHH Xucobsall ojatiaa 3/emeHTap apHd-
MeTHK aMa/lap KeTMa-KeTJIHTHra KeaTHpuwiagH. Dy amannapuu takpop-
JIaHYBYH LHKJJIapra 6Y/iu0, yJapHHHF COHHHY KaMaHTHpHLI MabKYJAHP.
Mucon Tapukacuaa I'opHep cxeMacHHH KYpHO YHKaHJHK.
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2.2. TopHep cxemacu — 6y Kyn XalHH HKKH Xafara OYy/uuifa TyJMK-
Mac OYJHHMA Ba KOJNAHKHH TOMHIL YCYJUIHUD.
Hapaxkaau kKyn xan ne6, ywu6y

P (x) =aex" + a X" + +a, x+a, @.1n
Kypunuwiaary udosara aiitunaa, Gy epaa a,ay, y @, KoapuuH-
eHTJIap— XaKHKUA COHJap, 1wy 6uaaH Gupra a, # 0; a, — KynxaaHHHT
0304 Xand neb aTajaiH.

(2.1) kynxaguuHr x =§ HyKTajarH kuiMaTHHH XHcoGsaur Tanab
KHJTHHCHH,

P, (x) un (x —E) ra Gynamus, y xoanza
ap" +a " +a, xta, =" F b -+
+b,_)x—5+b,
ra sra 6yaamu3. By tenraukpa x ypuura & Hu gyiicak,
b, =P,
KeqHb YMKaaH.

Hemak P, () nu xucoGraw ydyH b, Hi TONHW erapiH 3KaH. (2.2)

TEHIVIHKAA X HHMHTr OMp XWJ JapaaJsapd oJauAard Koxpguiinentaaphu
TEHTIALUTHPHO,

a, = bn - bn—lg
MyHocaGat/apra sra Gysamu3. By TeHraukmapaaii

8. = Qg
8, =
by = a; + b, (2.3)

HH XOCHJ KHJIaMH3.
XucoGnaur xapaénuna (2.3) TeHraHKaapHH yLuby

aay, a; a;. a,, a, |§
bt biE Bf by o8 b, &
by by by by by_| bp9=P, ®

JKajBa/l 1UaKJKAA JKOM/IALUTHPHIN XMCOG/All HIIAPHHH €HTHJNALITHDA-
ad. by epna b, = a, 6y.1u6, oxupru Karopaard GOlIKAa COHJIADHHHT Xap
GMpH YHHHT YCTHAA TypraH MKKMTa COMHMHT HuFMHAHcHra TeHr. Kearu-
puiran ycysa Ioprep cxemacu ne6 atanaju.

Arap daxar b, = P, (§) Hu xucobaaw tanab Kunuuca, y xoama Top-
Hep CXeMacHHU
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P®=(. (@t+ta)i+a)+  +a,_)Ei+a, (24

KypuhHIga €3u6 oauw MyMkuH. DBy ycyn kynxan kuiiMaTHHH XHcoG-
Jalia XakHKaTaH XaM camapand ycyaaup. Uynku (2.4) ¢opmyna épaa-
muga P, (E) nu xucobnaérranna 6us ¢akar n Mapta Kynadtupuul ama-

JUHH Gaxkapamus. Opnuii By Guaan xucoGaarawpa sca &2, BB, g
lapaxalapHu xucobaall yuyH (n— 1) Mapra KynaATHpHII aMaJHHH Ba

0 . w .. ;
at", a8, a,_;E KynaiiTManapHu XOCH1 KHMaéTravia siHa n Ta

KYMalTHpHII aMaslHHH, XaMmMach 6yJn6, 2n— 1 Ta KynaATupHIl aMalHHH
GaxkapHillra TVFpH KeJiap 314.

I-Mucon. Py(x) = x5+ 3x* — 2x3 + x* — x 4+ 1 kynxaguuur x=3
Jard Kuiimatunu [ophep cxemacupan ¢ofiganannG XucoGnaHr.

Euynw By kvnxan yuyn Iopuep cxemacHHH TysaMmus:

1 3 —2 1 —1 1 |3
3 18 48 147 438
1 6 16 49 146 439

Wlynpait xuan6, Py (3) = 439.
Bus I'opHep cxemacn 6yiinua xucoGaawap GakapranuMmusia dakat
b, =P, (E) nu xuco6sabruHa xoamaciaH, Gaiku P, (x) Kynxaguu x —§
MKKH Xaara OV/uaaH xocua 6ynaaurad TyaHkmac 6V/iuHMa GYaMuLL
Q,_, (x) xynxaguuur Ko3pQHUHEHTIADHHH XaM aHHK/I4AMH3. XaKHKaTaH
Xam
Qi) =P\ BT+ B, (2.5)
Ba
Px)=Q,_,(xNx—8+B, (2.6)
6yacuH, wy Gunan Oupra DBesy reopemachra acocaH (1-xuag, 267-caxu-
Gara kapanr) 6Vaumpark B, konauk P (E) ra tewr, sbhu f, ———Pn(‘é).
(2.5) Ba (2.6) dopmynanapaan

PO)=@x""1+ B+ 4B )x—BH+B,
HH XOCHA KHaaMu3. KaBcrapHu oum6, yXiam XajAJlapHH HXYaMJacak,
P (x) =PBox" + By — BB + (B, — BiE)x" " + +
+ (ﬁn_l - ﬂn_gg)x + (ﬁ,. - ﬁ,,‘l)g

ra sra Gynamn3. DBy TeHIVIHKHHHr 4an Ba YHT TOMOHJapuiarud Xx yara-
PYBUHHHHT GHp XHJ Japa)KasapH OJfHgard KopdhHUMeHTJapHH TaKKoc-
N1a6, KYHHJArMHH XOCHJ KHJ/aMH3:

ay = ﬁo:

a, = P; — Bk,

a; = Pg— P15,

a, = ﬁn—-l - ﬁn—2§'
a, = ﬁn—ﬁn—lg :
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Byupan:

o = 4o 7b0;_

By =a, + ﬁo’-' = blv

B, =a, +B.E =b,,
ﬁn—] a,_ I+Bn 2’——0 1
ﬁnzalx'*-ﬁrx—P: [;

Ana wynu uncbotsamt Tasab 3THATAH 3.IH.

IWMyunnait kuau6, (2.3) dopmyaa, Ba pemak, [opHep cxemacH XaM,
6ynuwHK GaxapMacian Typu6, Q, ,(x) GyaHHMAHHHT Ko3ddHUHeHTa-
puuu Ba P, (E) KOJAMKHH TONHUI HMKOHHHH GepajH.

2-mucoa P, (x) = 12x* 4 1943 — 4 xi¥nxaauuur & = — 2 HykTa-

Jard KuiiMatHAd xucobnaur Ba P,(x) HH x4 2 ukkd xagra Gyidiugan
yuKaguraH Q,(x) GyauHMa KYNXaaHUHT KOhHULHEHTAAPHHH AHHKJIAHT.

Euunm. By kynxax yuyH FopHep cxemaciHu Ty3aMu3:

12 19 0 0 —4 [—2
—24 10 —2 40
12 —5 10 —20 36 = P(— 2) — KOJNAHK.

lyunait kuaub, Py(—2) =36 Ba Q,(x) = 12x% —5x* 4 10x — 20 —
P,(x) nu x4 2 6yymmpan uukagurad 6YMHMA Kynxan.
2.3. Topuep cxemacuzan ¢oiifanann6, OGepuaran P, (x) KynXagHuur

XaKHKHH HIAM3Map derapanapiHy TOMHIL MyMKHH. AfiTafimuk x = B (B>
> 0) na I'opuep cxemacuaarn Gapua b, Ko3bouuuentiap MaHdHiiMac

wy 6unaH Gupra O6HpuHYM Ko3dpuuueHT mycGar OVJICHH, ABHH
by =0,>08a b, =0 (=1, n),

y Xonaa P, (x) k¥nxaauuur Gapya x, XawkukHit ungusnapu P jan yanpa
JOHJIAIUraH, SAbHU
x<Bk=1,m m<n)

6yaann. Xakukatall Xawm,
P, (x) = (bx" '+ +b,_)x—B)+0,

6yJITaHauCH yYyH McTadraH x > 1a 10Kopuia KeJTHpHAraH LiapTaap-
ra acocad P,(x) >0 6ynanu, siehu f gaH Karra uctaaradH cou P, (x)
KYNXaAHHHT Xey KayoH WAgu3u Gysa onmaiiau. Illywpa#t kuau6, Kyn-
Xa[HHHT X, XaKHKHH HIQU3JapHHH IOKOPHAAH GaXosajiHK.

X, WIAH3NApHH Kyiuzan Gaxosall y4yH

Q,(x) = (— 1" P(— x)= apx" —a, X"~ + +(—1)'a,

KyNxaAHd Ty3amu3. By sHru kynxaa yuyH wydpail x = o(a > 0) cou-
HH TONAMM3KH, Moc ['opHep cxeMacHAaru GUPHHYH Ko3(HLHEHTAaH Tall-
Kapu Gapya koapuuHeHTIap MaHbHIAMAc 6YicHH, GHPHHYH KO3(DdHLHEHT
3ca paBLIaHKH, MycOat Gysmagd. IOkopuparura Vyxiuam My.0xasa lopH-
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™6, Q,(x) KynXanuuur x, (k =1, m) XakuKHH Hn,unanapnuyqy'u —x, <
< o TEHICH3/HKHH XOCH] KHiaMu3. JleMak, x, > — o KVIXaJHHHT Xa-
KHKH WIAK3J1apH YUYH KyAH Yerapasd XOCHI1 KHJIHK. [Uynpai Knm«lg,
P, (x) xynxaauuur Gapya XaKuKkHil naaustapH [—x, P] Kecmama Xo#-
nawran (3.1- waka).
3-mucoua. P4(x)=vx4—
=X _ox343x+4x—1 xynxan-
HHHT XaKHKHMH HJRM3JapH uyerapa-
JIapHHH TOMHHT.

- X, 0 Xm ﬁ
3.1- waka

Eunw. P,(x) kynxaguuer, MacanaH, x =2 Jard KHAMaTHHH XH-
cobnaiimu3. T'opHep cxeMacHHM Ty3aMH3.

1 —2 3 4 -1 P2
2 0 6 2
T 0 3 10 19=P(.

bapua ko3apduumuentap MaHpuiiMac 6Varanaurn yuyH P,(x) Kyn-
XaJHUHT XaKHKHA WIAH3JapH, arap yJap MaBxys Oy.jca, X, << 2 TeHr-
CH3/IHKHH KaHoaTJaHTHpaaH. [leMak, XaKHKHE WIQH3NIAapHHHT IOKOPH Ye-
rapacH TOIMWJIIH.

Kyiin yerapanu Gaxonaw yuyH sIHTH KyNXaJHH Ty3aMHa:

Qi) =(—1)"Py(—x) = x4+ 2x3+ 3x —4x — 1.

YHHHT KHAMaTHHH, MacanaH, x = 1 ga xuco6naiimu3. I'opHep cxemacHHH
Ty3aMH3.

1 2 3 —4 -1 ]l
1 3 6 2
1 3 6 2 1
Bapua kosgppunmentap myc6ar, nemak, —x, <1, abhu x,> — 1.

[Mynpait kuHG, XaKHKHE HIRH3NAPHHHT Ky#H derapacH Tonusau. e-
Mak, Gepuiarad P,(x) KynXaJHHHT Gapya XakMKui uaguanapu [—1, 2]
KeCMaHHHT HYHJA >KOKJalMraH.
2.4. KynxaAna y3rapyBYHHH aaMmawTHpHul. Y6y
P, (x) = agX" + ax" + +a,
Kynxamfa x ysrapyBYHHH
x=y+§

dopmysa GyHHua aaMaiuthpuii 3apyp G6yacuH, Oy epla y AHrH y3rapys-
yy, £ —TalinH cOH. YpHHra kyHrangan CYHr yHra HucGaTaH fIHTH

Py+8H=Ay"+Ay"" + +A4,
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KVIXaAHH XOCHA KMJIaMH3. DHIH KYHUAArHjIapHH KypCaTHLl MYMKHH:
A =P, 5.

A, =P, (€), 6y epna P, ,(x) —Gepuaran P, (x) Kynxamuu (x —

— &) ra 6yinwaaH 4YHKKaH OyauHva;
A, ,=P, ,), 6y epua P,_,(x) —P,_ (x) uu x — & ra 6yuuinan

YyHKKaH G6Y/aHHMa;
Ao= b,,(g), 6y epAa P;, ()'c) — my i’" '(x)' HH X — {5, ra 69nnmnaﬂ YHK-
KaH 6y/uHMa.

P.(),P, ), P._,(, , Py(E) KuitmMaT/rapHH xHcoGaaluaa ywby
ymymiauirad ['opHep cxemacHiaH poiinanaHuaanH:
Q a; QG a an a €

bk bE bE b ETb
ay=0by by by b, b, b,=P. (5= A,
Cok €18 ¢k cn72§
by=c, €, Cs C4 ¢ =P, =4,

4-Mucon. P,(x) =x*—8x®+5x*+ 2x —7 Kkynxagaa Yysrapyp-
YHHHHT YYHHYH JapaMKacHHH HYKOTHII Y4yH X = y -+ 2 1e6 oJHHr Ba

a/JMalUTHPHIraH KYNXaJAHH TOIHHT.
Eynw. ¥Ymymnauwran TopHep cxemacHHH TatOHK 3Tamus (§ = 2 ga):

1 -8 5 2 7 E=2
2 —12 —14 —24
[ —6 —7 —12 —31=4,
2 —8 —30
I —4 —15 —42 = A4,
2 —4
2
l 0=A1
l———Ao

Jemak, P(y+ 2) =y* — 19y* — 42y — 31.
3-§. PyHKUMANAPHH ANNPOKCHMALHAAALY

3.1. OyHKUMANapHH aNNpoOKCHMALMsIAIIAH KYMrHHA ama/iuit Maca-
JalapHH XaJ 3THwAa QoAaanaHHIalH.

Bupop 3KCnepHMeHTHH YTKa3HII XKapaéHHaa GepHAraH Xy, Xy, . X,
HyKTaaapaa y = f(x) GyHKUHAHHHT
Yo =F(x) y1="F(x) y Yo =[(x,)
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KHAMaT/IapH XOCHT KHWJIMHIaH 6Yanb, OGowka x = x,(i = (rn) HyKTaJap-
Ja f(x) ¢yHKUMSHH THKAAW Tanal KHIHHCHH,

AnnpokcuMauMsAalIHHHT GOlUKA KeHT TapkaJjraH macafjasapujaH Gu-
pu Gepunran y, = f(x)(i = o, n) xuiiMatnap GViinua f'(x) XocHiaHu Ba

&

Y f(x)dx wHTerpanHu anmkJalwaal HGopaTaHp.

a

By kabu MacajiaflapHn XaJl STHILAA KJAcCHK €HIOILYB VCYJH  LIYH-
JaH n6opaTkH, f(x) PyHKUMS Xakuaa MaBXKyl MablyMoTAaH QoitfasaH-
rai xoaga f(x) ra Gupop MabHOAa SIKHH Gysiran 6Gowxa @ (X) dyHKUHUS
Kapa/iaiu Ba @(x) yCTHAA TerHuUuM amaqiuu Saxkapu6, OyHjail amMaluti-
PHLU XaTOJMMTHHH OJIMLI HMKOHH OYyJajH.

Bynpali éngowyBHH aMasra owdphuiaa ywby TYpPTTa MacasaHH Ky-
pub UHMKHII Kepak.

1. [(x) GyHKUUAHHHT OepHIMWI lUAKJAM Xakuaard Macana. By eppa
HKKHUTa acocHi X041 OYJHIIH MyMKHH. QyHKuHS € aHaMHTHK ycyJjla, €Ku
»Kajsaa ycyaupa OepunraH. QyHKUMAHHHT rpadHK ycy/na GepHIHLIHHH
anuK Macajara OOF/MK paBHLIAR € OUPHHUM XOJra, €KH UKKHHYM XO0Jra
Kuputhiaaad. ByHpan keduH 6u3 [a, b] KecMaja V3MHHHT eTapad Tap-
THOraua Xocu/ajaph OH/aH y3nyKcH3 6yarad Ba x; (6yHla a<< x, < b Ba

i =1, n) Tyryuiapia y3HHHHT Y, = [ (x,) kuiiMaTiapy OujaH aHHKJIaHraH
[ (x) byHKuHsHN Kapalmus.

2. AnnpoxcHMauMssoBYH (pyHKUMAIAp cHHH, AbHH f(x) dyHKUMA
Kauzail @ (x) ¢pynxkunsnap 6ujaH annpokCHMaLMAJAHUIIM XdaKHAATH Mmaca-
Ja. Bynaa ywby Hkku (aktopra aMan iuiuHagd. BupnHunaaH, annpokcH-
MalHs/IoBUH (QYHKLHA anTpoKCHMAalUHAAHYBUH (DYHKUHSHHHT V3Hra xoc
XYCYCHATNAPHHH aKC STTHPCHH, MKKUHYMAZH, YHHHT YCTHAA TETHULIH aMasl-
JapHu GaxKapull KyJad OVJCHH.

CoHIM aHalM3Ja Y4 TYpYyX arnmnpoKCHMalHAIoBYH (QYHKLHUAIAp KEeHT
wyeliaHuwiaay. Dupunun rypyx —6y 1, x, x?, x" KypHHHIIAATH
byHxunanap 6ymi6, yNapHHHT YH3HK/AM KOMOMHauusJapy €phamHpa jJa-
pakacH n JaH lokopH GysimaraH 6apya Kyn Xagnap CHHHHH XOCHJ KH-
JIHL MYMKHH.

Hkkuuun rypyxuu ®@ypoe katopsnapy Ba Pypbe HHTerpaiuHH XOCHJ
KHJajurai singx Ba €osaX QYHKUHSIAD XOCHJ KHJafH.

Yuunun rypyx % skcnonenuuan gyHkuusIapaaH H6opar.

Kyfnaa 6M3 kynxagiap Gusan anmnpokcHMauusiall yctHia Garad-
CHJIPOK TVYXTa/JaMH3, S'bHH annpOKCHMalMsAIOBYH (yHKLHS YCTHAa GHpOp
n- Japaxani KYNXalHH KapaHMH3.

3. AnnpokcHmalHs/IOBYH Ba annpoKCHMallslaHafuran (yHKUusiap-
HHHT SIKHHJMCH MacasiacH, fbHH @(x) QYHKLHSA KAHOATJAHTHPHLIH JIO3HM
6yaraH MyBohHK/JAHK ME30HHHM TaHJAll XakHAar{ MacaJa.

MyBotbHKJIHK ME30HH XaKHAaru Macaja IlnyHAaH H6opaTKH, 6YHAa 6Hpop
iy OuiaH annpoKCHMalHAIaHYBH Ba annpOKCHMAIHANOBYH QYHKIHsIAp
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opacufard «bapKJaHHLI» aHHKJAAHAOH, KelHH 3ca 6apia anmpoKCHMallHs-
JIOBUH (DYHKUHANAD cHUDHAAH Oy «papKIaHHW»HUHT 3HT KHYHK OYJIMLIH-
HH TabMHHJANIHraH GYHKIMA TadJaHajiH.

Kenr Tapkairan MyBODHK/IHK Me3oHsapufan GupH Yebuiues mezonu
6y, yHaa «apKIaHHLUD TYWyH4acH X; TYryHJaapaa @.(x) QyHKUHAHHHT
f(x) GyHKUMAZAH YeTMALMUIMHUHT MaKCHMal MHKAOPH 1e6 Kapajuiiura
acocsiaHau:

A = max [f (x) — ¢ (x)].
By epna annpokcumauussioBud ¢yHrRUHA yuyH A = 0 Gysmaguras xoa
SHI KaTTa aXaMufitra sra. Dy Kky#uparuuu GWIAupaju: Y3HHHHT Yy, =
= f(x;) kuhiMatnapu Guaan Gepwiaran y = f(x) dynkuua yuyn (3.1-xap-
BaJ) X, TYryHaapAa 1y Y = f(x) QyHKUMSAHHHI KHHMaTJapH GunaH GHp
3.1-xanrBan

x Xy Xy x,

y=Ff(x) Yo Y1 Yn

XWI, fABHH @(x) =y, OyiraH annpoKCHMaUMANOBYH @ (X) GYHKUHSHH
TY3MW Tanab KuaHHAL 1. f(x) Ba @(x) (YHKUHAIAPHHHT X; TyryHaapia
64p xua GY/HII Me3OHHra acocjaHraH OyHAal annpoKcuManus/aul ycy-
JIH urmepnoasyuiiaus (EKH URmepnosayusd) ne6 arajaju.
MyBothuK/IHK Me3oHHra siHa GuUp MHCON KedarHpaiyiuk. QOyHKUuusnap
opacuaard «papkJaHHIL» TYUIYHYaCHHH X, TYTYH HyKTaJapja yJaap ueTJa-
HHITAaDHHH KBaJpaTsapd HHFUHAMCH cudaTHia OyHAall KHPUTAMHU3:

= iz.:.) [f (%) — @ (x )%

SHAH annpoKcHMaUHAA0BYH (YHKUMA cudatuga Oy o MHHMMaa Gymagu-
raH HyKTaHH TaH/aiMH3. By Me3olaaH yHYa 10KOpH GV/IMaraH aHHKJ/HMKAA
6epu/IraH KaTra MHKIOpJAArd MawbjayMor/ap GepHiaraH xosJapaa goiina-
JaHHW Makcafra MyBoduxaup. By MesoHra acocsaHraH anmpoKCHMAHUs-
Jall yCyJaH KVIHHYA IHZ KUHUK Keadpamaap ycyau 1eb atanagu
(2-xuan, 336-caxudara KapaHr).

4. Xocun KWIMHIaH eYMMHHHT aHHKJMK MacajacH Kym KHXaTaaH
acocHil Macanaaup. By epma TakpuGuit eunM aHHK eyHMAaH GepHJraH e
JaH opTHK (apx KHIMacaury JiosuM. DBy f(x) dyHKuUMAHM HcTanraHua
JlapaXajla aHuK SIKHHJIALITHpHIL MacaJjaci 6Y/u6, y loKkopuaa caHab yTui-
raH «napameTpiapra» (x, Tyryusiap, @(x) c¢yskuusiap cuudu, f(x) Ba
@ (x) HHHr MYBOQUKJHMK Me30HH) GOFMHMK 6V.IMG, yMYMHH X0Jja OUYMKJ/IH-
rHYa KoJaau Ba Xap GUp TalluH anmnpoOKCHMalMs/ialll ykapaéHujaa asloxuia
TajKHK KHJIMHALIA Kepak.

3.2 Bupop Tynsampa y31apHHUHT Xocunasapd GusaH GHpranHxia
YalyKcH3 Gyuira

P (%), @,(%), '@, (%)
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GyHKuHMaIap cHcTeMacH Gepuiarad 6yacHH. By dyHkuussap cucTeMacHHH
acoculi cucmexma ne6 atanamh. Yuiey

Q) =a®®+ ae W+  +a,9,(
KVpHHHIAArH (yHKUMS n- mapmuoan ymymaawzan PBYRKUUR
ne6 atanaad, 6y epaa ay, a, , @, ¥y3arapMac Ko3pduIHeHTaap.

Xycycuit Xon1a, acocHi cHCTeMa X  y3rapyBYHHMHT 6YTYH MaHdHi-
Mac JAapakalapufiaH ubopaT, AbHH
G (¥) =1, @, (x) =x, §,(x) = x?, e, %) = x"
6yaca, y X0/a1a OfaTAard n- Aapakaju
Q, (x) = ag + ayx + a,x* + + ax"

Kynxaara sra 6yJamu3. Arapna
Qo (¥) =1, @, (x)}=cosx, @,(x) = sinx, ®,,_,(x) = cosnx,

P, (0)]= sinnx

6yJca, y xonna n- TapTHO/H
Q, (¥) = a, + a,cosx + a,sinx;+ + a,,_cosnx + a,,sinnx

TPHTOHOMETPHK Kynxaara sra 6YyJaMus.

llynpait KuaHG, GyHKUHAJAPHH aNNPOKCHMAUMAAAN! MacalacH KyHH-
Iarmya KyHunanu: Oepuarad f(x) (yHKUHSAHH OepHAraH 7- TapTHOIH
Q,(x) ymymnawran ¢ (x) = Q,(x) Kynxan OulaH IyHAaH aJIMalITHPHLI
KepakkH, f(x) dyHkuuanudr Q,(x) KynxaazaH (MabayM MabHOMA) Kyp-
caTHAraH TynJamia (apkJaHHILM SHT KHYHK 6YJcHd. ¢ (x) = Q,(x) Kyn-
Xall yMymul x020a annpoKCUMayusnosdu Kynxal Ae6 aTanaju.

Arap kypcaTuiraH TynjiaM a/oxuaa

1
Xoy Xy L, X,

HyKTajlapiaH uGopar 6y/ca, Yy XoJja annpokcuMmauussiall Hyxmasudl
SKuH atumupud 1c6 atanagd. Aiap 6y 1Vniam a < x € b kecmMa 6ya-
ca, Y X0J1a aNnpoKCHMaLMaNall ukmezpas AKuLsaumupul 1e6 ataaagH.

Amanuéraa ¢QyHKUMAJAPHH ONJHHA Ba TPHTOHOMETDHK KynxajJap GH-
JaH anMpoKCHMalMA/All KYAAa MYyXHUM aXaMHATra sra.

«MKruTa QYHKUHAHHHT GapKJaHHILUHY aTaMacHra KeJicak, y BasHATra
Kapa6 Typauua TywyHuaagd. llyHra MyBodHK annpoxcHMail HANALHHHT
Typ/HYa Macanagapura sra 6ysaMu3: ypTaua KBaipaTHK SIKHHJALITHPHIL,
TEKHC AKHHJAAIUTHPHIL Ba XOKaso.

4- § 3Hr AXwH HYKTaBHA Ba HHTerpaa ypraua
KBaJpATHK AKHHJAIIHLIIAD

f(x) dysrunsHn @(x) ¢yHKUMA OWaH SHF KHUHK KBaApaTJap ycy-
JH épAaMHia annpoKCHMAUMANAll HaTHXKacHaa 6y GyHKUHsJIap opacHAa-
TH ¢apKJaHHil YJIYOBH ypTacHla HYKTaBHH AKHHJAIOKILASD YYYH,

p= %‘.l (Fx) — @ (x)),
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MHTErpaJ SIKHHJALITHPHLIJIAP YYyH 3ca

o={ () — o Coprdx

OJNMHANH Ba y ypmada keadpamuxk axuHiquiuws ped artanapy.

a) HykraBuii skunnawuw. Afpum X, X,, » X, HyKTanapparu
Y Yo + Yo KuHMaTiapu MabayM GyuiraH y = f(x) dynkuusiuunr
anmnpoKcHMalHsanaiauran

y= (P(xv ay, Qy, a,,)
QYHKUMSAHY TOTHII Tanal KWIHHCHH. DHT KHYHK KBajpatjap ycyau 6Y-
fvua @ (x, ay, a,,) GOyHKUHAHHA

p= gl (f().”) — 9 (x[))g' 6YHIl3 f(x[) = yi,

MHKAOD 3HI KHYMK Gysaaurad KWIHO TaHJaHagd. @ MHKIOPHHHT Gapya
a;, a, a,, y3rapyBuusiap 6YiiHua XycycHH XOCH/IaJapMHH TONaMH3.
By xXycycu# XocunanapHu Hoara TeHraab, a,, 4, »y @, HOMAabjyM-
JIapHH TOMHII yuyH ymby m Ta HOMaBJAYMJH M Ta

Y _ o, % _jo, v % -

da; da, T dan,

TEHI/IaMaJnap CHCTEMacHHH XCOCHJ Khaamus. By TeHrsiamanap cucreMacu-
HU euub, a,, a,, , @, JapHn Tonamn3. By xoadpuumentaapra sra
Gyaran y = @(x, a,, a,, , G,) YHKHOHA 3HI KHMYHK ypraia KBajg-
PaTHK YeTJIaHHW Pp, Ta 3ra 6ysiain.
Xycycuit xonza
y=o(x, a b)=ax+b

KYpHHHMILZArH YH3HKJAM OOFJIaHHIL M3jaHaérrad 6yaca, a Ba b Koaddu-
HHeHTIap Y6y YM3MKJAN TeHrJlamaJjap CHCTeMacHJaH TOMHJaiu:

n n n
) !
adx;+0¥ =3 xy,

=1 i=n i=1

ale.—i—b‘n:E y;.
i=]

i=]

“4.D

Arap y=o(x, a b c)=ax* +bx+c

KYpHHHILAArH ypraua KBaZpaTHK YeTJaHHII HajlaHaérran GyJca, y XoJ-

1a a, b, ¢ xoapduuHeHTap yw6y YM3HKAM TeHIJaMaJap CHCTeMacHJaH
TONMHIAJH:

n n n n
aX A +o N+ N = N,
=1 i=1 i=1

=1

=]

n n n n
aYyx, +b3 x5+ X=Xy, (4.2)
i=1 i= =l
n n n
a2 +bo¥x,+en=3uy,
= = =1
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6) Murerpan sxusaawmmm. Mananaérran y = f(x) dyukuuauu [a, b]
KecMajla annpoKCHMAUHAIOBYH ¥ =@ (X, a,, Gy, . , Q,) (DYHKUHAHH
9HT KHYMK KBajipaT/ap ycyJu OyfiMua ToOnmHW Tanab KWJIHHCHH. ¢ (x, a,,
ay, ag, ., Q) QYHKUHAHH H3NaHa€TraH y = f(x) QyHKUMANAH dapkK-
JIaHHW YJYoBH cHdarHia

—

p=\[fx)—pXx)*dx

KabyJ KWIMHAgH., OHT SAXIIH Ypraya KBajgpaTHK aNMpoKCHMalHs/alliia
O MHKIOp 3HT KHYMK KHHMaT KabyJ KuJlamH.
a) Ganpnaruy Kabu

]

o _ o 9 _ o _
da, " da, ’ da,,
TEHrJlaMaJlap CHCTEMACHHH XOCHJ KHJIaMH3 Ba OyHH edHb, a;, a,, .

, 4, HOMabJYMJapHUHT O MHHHMa/l Gy/aguran KHHMaTJapuHH To-
namus.

Onartaa annpoxcHMalHs/IoBYH GYHKIHA cudaThaa KyNXal TaHJIaHauH.

HHTerpaaiu annpokcuMauus/alila aHWK HHTErpaJjapHH XHcoGaalu-
ra TYrpd Kenagy, yJap KyjAa MypakkalG OY/HIIH €kH anemeHTap dyHK-
nusiap OpKaJd yMyMmaH HdojanaHMacaurd xaM MyMmkuH. Iy caGa6au
HYKTaBHH annpoKCcHMAlHa/Iall ycyau ad3aspoKaup.

Mucoa. y=3" dyukuusnn [— I; 1] KecMaja yudHUM Hapa<aiu
Kynxan GuaH ypTaua KBaApaTHK anlpPOKCHMALUHSJIAHT.
Euynw. M3ananaérran ¢yHkunsuu
Qs (x) = ap+ ayx + a,x* + ax®
KYyNXaj KYPHHHIUMAA TaHJaiMHu3. Y6y
1
p= (8" —a,—ax—ax® —a,x%4dx
ha|

MUKJOPHHHT 3HI' KHUHK KHHMaTHHH

0p _~ :__ 3
E—O. l—0,3

IIapT/apAaH ToMamu3. YOy TeHr/aMaJap CHCTEMAcHHH XOCHT KHJIaMus:

0 L ok
S A

1
o0 _ —9 5 (8" —ay—ax —a,x* —axd) xdx = 0,

001 -t

dp Lot
—_ =—9 [ (3" —a, —a,x —a,x* — a;x%)x’dx =0,
aa’ ;f[( 0 1 2 3 )

1
R — 9 [ (3" —ay—ax —ax* — ag)xdx = 0.
day =1
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1 (0, n ToK Gy.araHpa,
\' x”dx = 2 6"
4 s n Xyt 6yaranga

SKaHJHTHHH Xucofra oaHG, KydAujarura sra Oy/1amus:

1
2a0—i—-§a2 = ( 3"dx.
=1

2 2 !

?al%— gas=_J] x3" dx,
2 2 1 ox
—3—ao+—5 az=;fl x*3" dx,
2 2 L
ga,+—7a3=;ilx33 dx

€kH
6a, + 2a, == 7,2819;
2a, + 1,2a; = 2,4739;
2a,+ 1,20, = 2,7779;
2,8a, + 2a, = 3,5366
CHCTEMaHH eyaMmHs:

a, = 0,9944; q, = 1,1000, a, = 0,6576; a; = 0,2335.
Mlynpa#t kuanG, nananaérran gyHKUHS

Q; (x) = 0,9944 + 1,1000x +- 0,6576x* 4- 0,2335x®
KYPHHHUILTA 3ra GyJaiu.

5-§. PyHkunanapra asreGpamk kynxagnaap GHnaH
9HI SXIUH TEKHC AKHHJIALIMIL

f(x) dyHkuuARH @(x) QYyHKUHA GMIaH SAKHHJAIITHPHILAA 6y GYyHK-
uuaaap opacujard (apk/aHui V4o cHbaTHaa

A =max |f(x) — ¢ (x) |

MHKAOp KalyJs KuiMHca, OyHAaH AKHHJIAILHIL TeKHC AxuUHiquuu  1e6
atanajgu.

SIkunaamwmm 3Hr AXwM Gyauwu  yuyd 6y MuEKAop [a, b] kecMapa
6olika ¢yHKUMANapra HHCO6AaTaH HT KHMYMK OVJHLIM Tana6 KHJIMHAIH.

fi(x) dynkunann Q,(x) anrebpauk Kynxaanap O6uJaH ammnpoKcHMa-
uusnaw yyyH ym6y Befepiurpacc teopemacn ypunam: aeap f(x) dyHx-
yusa [a, b] xecmada ysaykcus 6gaca, y xo0r0a ucmaneanda Kudux € > 0
YyuyH emapauda kamma m-Oapaxars wyrdald Q,,(x) xfnxad monu-
Aa0uUKU, YHUHZ Y4yH

() — Q) <ce
64 radu.
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Ay = max [f (x) — Qp (x)|
xe[a. 8]

MHKIOpPra 3HI KHYHK KHiMaT Oepaguran OyHpad Q, (x) kynxan f(x)
dyuxknusra [a, b] KecMaja SHr SXIIH TeKHC SIKUH.IAWIYBYH KYnxaj €KH
f(x) dynkuusgan [a, b] kecmaga sne kam ¢papx.aanaduean Gyukyus

le6 aTanag.
mina, = £,

SHI' KUYHK ¢apkaanui [a, b] kecmaja f(x) HUHr 9ne Kuuux apxara-
Huww pe6 atanagd.

Ky#uzarn teopema ypuHauaup: énux ueeaparanean myniamoa (Gy
[a, b] KecMa €KH YeKJH COHHArH X, X,, , X, HyKTajlap CHCTeMacu

OVJIMILIH MYMKHH) yaaykcus Ogrecan ucmanear [ (x) ¢yuxyus ea ucman-
2aH m Hamypar cox ydyM Oapaxcacu m Oax opmuk Ogfaimazan éa He
kuuux E, ¢apxranuwea sea 6yrean Q, (x) Kynxad masxcyo, wy 6u-
san 6upea 6yndat Kynxad szoHadup.

Q. (x) kKynxagra Gab3aH KylUHMYa YeKJalllap KWIMHAAH, MacaJa,

a,, = 1 neb6 onunagw, 6y xospa
Qn®) =as+ax+ + X"

ra sra GyJaMHs3:
Xycycan, f(x)=0 Gyaca, y xonma

Pm = max |Q, (x)]
x¢ [a]
MHKJOpra 3HI KHYMK KuiiMaT Gepapgurar Q,(x) kynxax [a, b] kecmaja
Hondan 3H2 Kam (papxraHaduean Kgnxad ne6 atanaad. AHa IyHpai

xoccara UeGuwes Kynxapnapu sra Gysnb, yJap COHJH yCyJJap Hasa-
PHSICH Ba aMaJIMéTHAa KaTTa axaMHsTra sra.

6- §. YeOGuwes kynxanaapu

YeGnuier kynxamiaapun [—1, 1] kecmama
T, (x) = cos (m arccosx), m =0 6.1)

¢dopMmysia GusiaH GepusafH.
Arap m =0 Ba m =1 6y.ca,

i To(x)=18Ba T,(x)=x
ra sra 6ysnamu3. CyHIpa
cos(m— 1)@ +cos(m+ 1)p =2cospcosm ¢
€KH
cos(m=+ 1)p =2cospcosm@ —cos(m—1)o
aliHuATAaH Qolifanauné Ba ¢ = arccos x Ae6 oaub, (6.1) ra acocan
T () =2xT,(x)—T,_ () 6.2
HH XOCHJl KHJIaMH3, 6y epfa m =1, 2, ..
Byryn Ox con ykupa Ty(x) = 1, T,(x) =x ne6 Ba (6.2) peKyppeHT
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dopmynann 6ytyn Ox ykura é€in6, 6y ¢opmyna 6yilmya Kerma-Ker
KyHAHJarujaapHi Tonamus:
Tyx) =2xT,(x)+ To(x) =2x* —1,
T,(x) =2xT,(x)+ T(x) = 4x*—3x,
Ti(x) =2xT,(x)+ Ty (x) =8x* — 8x% 46,
To(x) =2xT (x)+ T3(x) =16x°—20x3+5x.

Ye6umer KynxalJapHHHHT XOccaJgaph:

1. Uebnmes kynxannapu m xkydrt coH 6yaranpa xkydr, m TOK COH
6ysranza Tok yHKUHAJAPAUP.

2. m>1 pa T, (x) KyIXagHHHT IOKOPH KO3hGhHUHEHTH 2™ ra
TeHT.

3. m>1 pa T, (x) xynxan (— 1, 1) opajnkia m T1a TYpJH XaKi-
KHMH MJau3ra sra Ba yJap

2k — 1 n, k=1m
2m

X, = COS
dopmysa GuaaH aHHKJaHaIH.
4. T, (x), m >0 kynxan wmopyiunuur [— 1, 1] KecMajaru SHP
KaTta xudMaTH 1 ra TeHr, S’bHH
max T (x)] = 1.
xe[—1,1)
nn . 3 {3
wy Gunan Gupra x, =cos— , n=0,m ga T,(x) =(—1)

m
Bynnan 6apua x€[— 1, 1] yuyH
T, <1
Gy paBluaH.
T, (x) opkanu tokopu KodhduumentH 1 ra Tenr GysiraH UeGHies
Kynxainny GenrunaiimMua:

— —
T =2" T,
Y X0J1la, paBLIAHKH,

max |T = ol-m
xe[-1, 1] I m (JC),

5. m- napaxanu (m > 1) Tm (x) Ue6nwes xynxagy m(m>>1) napa-
KaJH Ba 10KOpH KoadduunentH 6up 6yaraH Goika am (x) kynxaara xa-
parasfia HoAJ@aH 3Hr KHYHK ¢apk KHIagd, SBbHH manlxl 'T,,, W <

_ xe[—1, 1]
< max |Qm(x)|. By xyinnarunn anraatangu: m- japaxaiH Ba IOKOpH

xe[—1, 1] _
Koaduuuentn 6up 6yaran ucranran Q. (x) xynxaa yuyH

max |Q,, (%) > gl—m
xe[—1,1]
TEHICHU3IMK VDHHJIH.
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ByHaan tawkapn f(x) =x", m>1 ¢yHKuus yuyn [—1,1] kec-
Majla 3HI' AXWH AKHHJAWYBYH (m — 1)- fapaxann Q,_,(x) = ay+ a,x +

+ +a,_, P Kynxan
Qu () =x"—T, (¥ 6.2

6ynanu, 6y epaa Tm(x) IoKOpH Ko3thpuurentH Oupra teHr 6yaran Ye-
6HLIeB KYnXajH.
XaKpKaTaH xaM,

f)—Q, =x"—a _x""'— —ax—a,

afiHpMa Macaia MabHocHra Kypa [— 1, 1] KecMaja HoalaH 3HT KHIK
bapkaaHaaurad Kynxanaup, seii y T p,(x) UebnieB kynxaauaan uéopar.
by epaan (6.3) dopmyna kenu6 uukag.

5-xoccagaH ¢oiinanann6, uxtHépwil [a, b] KecMaga HOMJAH 3HT KH-
UMK ¢hapkJaHajuraH m- japa)kaqi Ba OKOPH KosgduuueHtH 1 ra Tewr
6ysran T, (x) KynxagHH Ty3uwl MYMKHH. XaKHKaTaH XaM,

a+tb b—a
X=—— 1T —
2 + 2

aJqMalWTHpHL @ < X < b KecMann — 1 <{f < | Kecmara asiMaluTHpajH,
b—a\m
Wy 6unan Oupra {* OJAMAATH IOKOPH KOS(MQHLHMEHT ( 2 a) ra

t

TeHr. By eppaH KyHuaaruHu Xocua KuiaaMmuas:
b+a

T‘m(x)=(”2““>’"Tm(t)=(”‘2“)'" T % (6.4)

2

(6.4) dopmysagan T, (x) KYNXaJ{HUHT HOJJAH OFHIIH
n a m
E..( a)21 m_2(b a)
2 4
ra TEHINIMIH Kenu YHKafH.
Mucoua. f(x) =x* ¢oyuxunsuuar [0, 1] KecMaga GHpUHUM Japax<a-
Jau Q, (x) = Ax + B xynxag épAaMuia 3HT SIXIIH TeKHC SKHHJAMUIHHH
TONHHT.
Euynm A pa B xosdpdiuueHTnapHu
E, = max |x* —Q, (x)|
xe[0; 1]
MHKJAOP 3HI' KHuWK Gy/iagurad KuiIHO TaHjakimu3. [emak,

Q,(x) =x*—Ax—B

kynxan [0,1] kecmaga HOMJAH 3HT KHYMK OFadH.
a =0, b =1 kuiiMaTaapun ypHura Kyiiu6, (6.4) gopmynanan Kyi u-
JATHIapHH XOCHJ KHJIaMH3:

198

www.ziyouz.com kutubxonasi



2
82 —8x+ 1) =x2—x+— =x2—(x—%).
)2

1
8 ?

N

Byspan @, (x) = x ——, wy Guaan Gupra E, = 2(

LB (4) -2 0=

1
8
1

8 2

o

Q.(0)=

I 1
wy ca6aban E, = ry OFMII yuTa HyKTaja: x; =0, x, = 5 x=1 ga

pyit Gepann. DBy sHr sXwM AKUHJAAWHIU  KYNXaJAJapHUHT Vaura Xoc
XYCYCHATHIHP.

I'eomeTpuK HyKTan HasapaaH y =@, (x) bynkuusasuar rpaduru A (0, 0)
Ba B(l, 1) HyKraznap opkanu yTyBuM Barap GunaH Gy BaTapra napaJiJies
ypHHMa YpTacHjaH yJapra napajajen O6yaHO6 YTraH TYFPH YH3UKIHP,
OyHAa 3rpH 4M3HK y=x> QYHKUHAHUHT rpacduruaad noopar (3.2- mak.i).

7- §. dyHKUMANAPHH HHTEPNIOAAUMAAALL,
XaTtoaukuu GaxoJaiu

7.1. Wntepnonsaunanay aedu-
raiga GbyHKUHAHHHT >KajBasl ycy-
Juja GepuaHUIHAAH aHANHTHK yCyJI-
Ja GepuiuluMra YTHIUHH TYIIYHH- A
JIajH.

SHr copna MHTEpNOJSILMAJALL 1 B
Mmacajsact Ky#umarugan — ubopart: iy 1
la, b) xecmada unmepnoaayua my- 7, A
eynaapu Je6 atanagvradi n+ 1 Ta 4= m‘%‘,/ /’: } )

X0y Xy, Xa, Xn / / |
HykTa Ba 6y Hykrasapaa Gupop / 4 i
Yy = f(x) GYyHKUMAHUHT / Y= x> |
Yo=l0 9 =F(x), o= 47 f
=) v=fE) o
KuiiMatiapH Gepuarad. By manay- e
MOT/Iap KajpaJ MaKJHAa E3WJraH
6yacun (3.2- xansan). 3.2- waka
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3.2-xagsan

1 % ]| A ] = | .

y | Yo , Y1 | Y, l | Yn

Mabaym cundra Ternuwiy GyJraH Ba  HHTEpNOMSUMA TYTYHJapHaa
y = [(x) bynkuua kabyn kuiaaurad kuimatnapHi KabyJ KHJajIMraH,
A'LHH

F(xg) = yoo F(x)) =y1, Flxy) =1y, Fx)=uy,

6yaran y = F (x) GyHKuusHM (aNMPOKCHMALHAIOBYH (YHKUMAHH) TOMHLU
Tanab KUIMHaau. ['eoMeTpHK HYKTaH HaszapaaH Oy Oepuirad

My (%o, Yo), My(xy, 1), Ma(xa, Y), M, (x, y,)

HyKTalapJaH YTaguraH MabJyM THNAATH 3IDH YH3HKHH TOTHIU JIO3HM-
JIMTHHU aHrviaTagd (3.3- 1aK.)

Y
!
| 'l |
| | ~ [
LJ'! léql %7-! LJS| "Jn| —
Q Lo T Iz :r‘3 .Tn
3.3- wakn

Macana 6yHaait ymyMmnil KyHuIraHia 4eKcHs Kym equmJiap TYmiamu-
ra sra Gy/HUIM €KH MYT/IaKO €4uMra 3ra Gy/iMac/iurd MyMKuH. Bupog
uxtuépuit F(x) ¢yHKuua yphura

P, (%)) = Yo P,(x) =y, P,(x)) =y, - P (x,) =Y,

IUapTJIapHH  KaHOAT/aHTHPAafMraH JapaacH n JaH OpTHK GyJmaraH
P,(x) xynxan usnaHapuraH Gy;ca, Macana Gup [KuiiMatin eunnangu. By

maptyaapaai ¢oijlanainb, HoMabayM d,, Q,, d,, » @, KO3pHLHEHT-

JIADHH aHHKJIaWl y4yH Kydugard (n+ 1) Ta Homamaymau (n—+ 1) Ta
TeHIJIaMaJlap CHCTEMacHHH XOCHJ KHJaMH3:

ay+a,xg + ayxi+ +a, xt =y,
Gy + a;%, + axx3 + + a, x{ =Y,

ay + ayx, + a2+ +a,xt=y,.
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Arap x,, Xy, X,, , X, KuiiMaTap OWp- GupupaH capy/an 6yJca, cHc-
TeMa SirOHa €uYWMra 3ra 3KaHJHrHHH aHTH6 Ytamus. By cHctemaHu euu6,
ag ap, a,, @, KO3pQHUHEHTNIAaPHHHT KHHMAaT/apHHH aHHKJaHMH3
Ba KYHH/IraH MacalaHHHr euuMHHH Gepajurad P,(X) HHTEPNONALHOH
KYNXaAHH XOCHJ KHJIaMH3.

I-Mmucoa. Ywby xagpan (3.3- xaznsan).

3.3-xxanBan

x | o | 1 | 2

y S ’ 3

Guaan Gepuarad f(x) QYHKUMS yuyyH MHTEPTOJAUHOH KYNXaAHUHT Hapa-
JKacHHH Ba Y3HHH TOMHHT.
Eunw. TyryHaap coHd Ba napametpjap coHH n+1=3 wy ca-
6a6si, MHTE " OIAUMOH KYNXaJHHHT fAapaxacu n = 2 Gynagu. P.(x) Hm
P, (x) = ay+ a;x + a,x*)
KypHHHILA €3aMH3 Ba XKa[Ba/Jard MabjJyMOT/ap Gyiuua ymby 4H3HKJIH
TEHT/IaMasiap CHCTEMacHHH TY3aMH3:

ay+a,-0+a;-0=1,

g+ a,-14a,-12=1,

ao+ a1'2+a2'22 = 3.

By cuctemanu eun6, ay =1, g, =—1, a; =1 HM TOmamms, JeMak,
HHTEPNOJIALNOH Kynxazd OyHAal KypuHuiuja Gyaamu:

Py(x)=1—x+ x2

Y_Kyiinaran wWapT/apHd KAHOAT/IAHTHPHIIHHH aHHKJAll KHHHH 3Mac. —
7.2. Vinrepnonsuusialuija MyBopHKAMK Me3oHH cHdatuaa f(x) sa
P, (x) GyHKUMANADHHHT HHTEPNOJSUMS TYryHJIapuia yCTMa-yCT TYIUHIUIH
WapTH Kabys KHJAHHALH. _
f(x) GYyHKUMAHHHT GHpOp X ¥ Xx; HyKTafaTH KHHMaTHHH XHcoGnalu

3apyp 6GysraH XoJ1a HHTePNOJsAUMS XaToqurd A ne6, aHMK Ba TakpH-
6uit KHiMaTap opacHiarH

R,(x) = |f (x) — P, (0|
aiiupmara afitunag, 6y epaa R, (x) — uurepmonsnus HOpMyJIaCHHUHT
XaToJIHTH.

TafiuH x HyKTa Y4yH XaTOMHMK Y6y TEHICH3MHKHH KaHOAT/aHTH-
PHIUMHH KCGOT/IAl MYMKHH:

R, < jﬁ; - Lo, (1), (7.1)
6y epna
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0, (x) = 1 (x—x)=(x—x)Ex—x) (x—x)
i=0

=max | " (0)].
xela, b]
la, bl kecmana f(x) dynkuusnu P (x) Kynxan GuJaH HHTePHOJALHAIAL

Mn—H

HaTHXKAcHAA XOcHJ OyJaiuTaH XaToMmik KyiujgarH MyHocabaT oOpKaJH
aHHKIaHa

Mn+1
IR, (%)} = max |[f(x) — P, (x)] < \ T max | @)
xe(a, b) xefa, b]
6y ep a

W —

A (x—x).

0
2-mucoJ. Harepnoaauus Tyryuaapu cHdaruaa

X, =100, x, =121, x, =144

HH Taunab, y =V'x oynkuus YuyH HHTEpPMOJSLUHOH Kynxal épAamuia
V' 117 nu xaumait aHuxaMKAa XucoGJalll MyMKHH?

Eunm. Dur apean M, = max |(J/x)”| M anukjaitvus. Byuunr
x€e[100, M4]

=

YUYH KYHHAAr#JapHH TOMaMH3:

” 1 —3m e 3 —5p
= —— x . == —_— x .
Yy Yy )

=1
Y 2
Byuman:

My =100 =210"°
8 8

(7.1) myHocabaTra acocaH:
IR, (117)] < z— 1075|117 — 100) (117,~— 121) (117 —
— 144)|~ 0,12 1072

8-§. JlarpaHxk Ba HblOTOHHHHr HHTEDMOAAUMOH KYNXaAJapH

P (x) uHTepnoNAUHOH KYNXaAHUHP a, KO3DGHUHEHTIAPHHH  XHCOG-
Jlalll IOKOpH 1apTHOJH TeHIJIaMajap CHCTeMacHHH euuwr O6uiaH GOFJIHK,
Iy ca6aban amamuii MacanajapHH XaJj STHIIAA HHTEPNOJSLHOH K-
XaAHHHT Maxcyc TypJapH GHJIaH HIU KYpHJajH.

8.1. JlarpaHKHHHF HHTeprnONAUHOH (opMysacH ne6 yuwoby
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Ln ()C) = E (x — xg) (x — xy) (x—x_ ) (x—x4) (x—x,)
= (—xo) (5 — X (g ) (xp —xgy) -( —xy)

Y
HHTEpNoJAUHOH Kynxaara adétunagd. KaepHHHr cypar Ba MaXpaKHHH
(¥ —x;) ra kynafitHpu6 Xamaa
(Du (x) = (x— xO) (x - xl) (x— xn)v
m,; (xi) = (x,‘ — Xg) (x[ —X,) (xz — X )(x[- - xi+1) (xl —X,)

JlapHH XHcobra oqu6, (8.2) JlarpauK HHTepHOIAUMOH KYyNXaaunu OyH-
Jai KYpHHHWIAA €3ULI MYMKHH:

e 0, (9
Ln (‘x) = z y,'

i=0

“® Ny (. 8.3
e ‘;Oy,,(x) (8.3)

®, (x)

Y, nap onauza 1ypran [ (x) = i=0,n Ko3ppuuHEHT-

(x—xo) 0 () .
aap Jlazpaus Kgnaimyeuusrapu ne6 atanaau. YJaap YYyH KYHHZArd
TEHIVIHK VpHHJIH:

N L =1

=0

3-MucoJ. f(x) dynkuus 3.4-xamean GuiaH GepHIraH.

34-Kaasan

x|0|l|2|6

y |—1 ‘—3 | 3 |1187

Yuudr x =4 Hykrajgard KuiMataiu JlarpaHs HHTEpPNONALMOH Kym-
XajuaaH Qoinananub xucobialir.
Euumw. (7.3) dopmynara x; Ba y, HHHT KHAMAT/IapHHH KYHUG,

n=3 B x=,4 fa KyHUJarHHH XOCHJ KHJIaMH3:
LU=DU=2@—6 4 4-4—2(4—6
(=D (=2)(—6) 1-(1—2)(1—6)

4(4— 1) (4 —6) 4(A—N(—-2) _
trene—s T I Ge g — 25

Ly4=—1 +

Opatna xucobnawiap Kysaail Gyauiud ydyH yw6y €paaMud Kajsan
Tysunagu (3.5- xkaapasn):
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3.5-xansanxa

X — X I Xo— X3 l Xo— Xy l Xo—X, I ko

X — X, | x—x; I Xp— Xy I l X —x, I 2

Xy — Xp | Xy — X1 I X — X | Xy — X, I ky

X, — X l X, —x , X, — X, | x—x, ' k,
by epra x4, %y, X, y X, — MMTEPNOJISALHA TYTyHJAapd, X — apry-

MEHTHHHT KMiMarH GYJMG, YHHHT yuyH JlarpamX HHTEpMOJISHMOH KVII-
XaJ{HHUHT KHAMATH aHMKJ/aHaiH. [-caTp 3JEeMEHTIapH KyMmaHTMa/jlapHHH

k (i=0, n) opkaau Gearmiaimus:

ko = (x — Xo) (xp — %y) (xg'— x,),
oy = (X — Xp) (x — xy) (%4 —'_x,,),
k,, = (x, — %) (x, — xy) (x, — Xx3) (x—x,).
ky, ky, ks, k, coHNapHM XaJBaJHHHI YHLJ@H OXHPTH YCTYHHra

JKofawTHpamMu3, Kyunmua paBuilga Goll Auaronanja TypraH 3JeMeHT-
Jap KynaiTMacHHH XHcoO/aalMH3:

0,0 = —r)(x—x)  (F—x,)
Sunu (8.3) Jlarpamx uHTEpNoOAALHOH Kynxafuuu GyHiai K {pHHHLIAA
€31 MYMKHH:
n
Ln=0,0 Y 2. (8.4)

<l .
=0 k‘

4-mucoa. 3-muconnn (8.4) dopmyianan doitnanaHulé eUHHr:
Eyum. )Xagsan tysamus (3.6- xansan):

3.6-xkagBan

4—0 , 0—1 0—2 0—6 |k0=—48
1—0 ‘ 4—1 1—2 1—6 | ky =15

2—0 | 2-! 4—2 |42—6_ |k=—16
6—0 I 6—1 | 6—2 | 4—6 |k3-————240

(8.3) dopmyJsiara Ba XajBajara acocaH:
0y (4) =4(4—1)(¢4 —2) (4 — 6) = —48.
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OYHKLUMAHHHT X = 4 HyKTajard TaKpHOMH KHAMarTuHH, AbHH f(4)~
~ L,(4) nu ymby dopmysa Gyinua XncoGraHMu3:

Ly(4) = oy (x)

v

i
<o

Y; —1 —3 3 1187
k, 8(—48 T T e T —240) 295.

H

8.2, Dur Kyn Ky/aHWIaAHraH HHTEpNOJSLHUANAIL MacaJacH TeHr
Y30KJ/HKAArH TYTYHJIH HHTEPNOJsUMANAll Macailacuuup. By xomma wum-
TeproSIALLHOH KYNXaJJlapHUHT LIGK/JIHTHHA 3Mac, GajJKH Xucob/ali xapa-
SHUMHHHT ¥3H XaM HXYaMJallajgH.

Tenr ysokJAHKAary TYTYHIH UHTEPNOJALUHOH KYNMXailapHH Tysuuiia
d4eKk au atiupmasap 1e6 arajajurad MHKAOpJaapiaaH GoifanaHuaagu.

Yy = [(x) QyHRUHMA TEHT Y3OKMHKAArH TYTYHJH XajBas GHJiaH GepHi
ran GyscuH (3.7-xaznsas):

3.7-xansaa

X ‘ Xp | X1 l Xg | , xn
y l Yo l 91 I Y2 ' l Yy
By eprma x,—Xo=X—% = =Xx,—x, =h—const, h —kKa-

dam pne6 artasiaju,

Bupunuu mapmubau wekau atiupma 1e6, GYHKLUMSAHHHT TYTyHAdrs
Ba YHJaH OJIAMHTH TYryHIard KMAMAalJapH opacHiard akupMara aiiTh-
Jajy, SbHH:

Ayy =Yy — Y,
Aypy=y,— b,
Ay, =y — Y

Ayn—l = yn _“yn—l‘

HKKuHuM TapTHOIM 4ekJH aflupMa Aeb, TYryHIarM Ba YHAaH OJIOMHTH
TYTYHAArH OHPHHYM TapTHOJM YeKNM aHupMasjap opacugarH aiupmara
aliTunaau, ABHA:

A’yy=Ay,—Ay,
Ay, =Ay,—Ay,,
Azyn—l =4 Yn1— Ayn—Q'

HxTuépuit k- TapTH6/M yek/H aHuMpMasap XaM IIyHra yXuall aHHK/JaHa-
AH, SBHH:

Akyo _ Ak_]yl . Ak—lyo,
—1 k—1
Aty = Ay, = Ay,
Ba X0Ka30.
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Yeknu afiupMaJlapHy jKajBa/l wWakiauia €3uw KyJail 6yaammn (3. 8- xkan-
BaJ):
3.8-xkxazmBana

i x y Ay Aty A%y
3y =A2y. —
0 Xo Yo AYy=y1—Yy, 2yo=Ayz—Ay1’ A%ho=0%
Azy,
3. —A2y. —
1 X1 Y1 Ayr=y,—y, |A21=Ay,—Ay, A yl_ fzyylz
3y.—A2¢y.—
2 %y vo |Ap=sa—y, |At=8g—ay | SUTE
Y2
4= A2y —
3 X3 Ys Ays =ys— Yy [Ays=Ay,— A .‘/3‘ 4 gl AAz.g;
AYp | =Yp—
n—1 X
n—1 Yn—1 —Ya
n x, Yn

5- MHcoa. y =x>+ 3x*—x — 1 ¢yHKuusHuHr X, =0 JaH Gou-
Ja6 h =1 KagaM GusiaH 4- TapTHOIMraya 4YeK/iH afupMaJapd KajB aji-
HH TY3MHT.

Eunw. Bepuaraunapra acocan n =35 Ba x,=1, x, =1, ,
=25 na y=x3+3x —x—1 yHKUMSAHHHT MOC KMAMATJapHHil TO-
namMu3 Ba XajBajira KHputamus. YUek.n afiupManapuu GeBocHTa XKajBaj-
Ja xucobnaimus (3. 9- xangaJ):

3.9-xkaaBan

i x y Ay Ay A3y Aty
0 0 -1 [2—(—=1=3[15—3=12 6 0
1 1 2 [17—2=15[33—15=18 6 0
2 2 17 |50 — 17 =133|57 —33 =24 6

3 3 50 107—50="57 |87 — 57 = 30
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oasosMu

i lox oy b Ay oA L A | Ay
4 4 107 |194—IO7=87
..
]

IOkopuaaru xajpa/inal KYpHHHO TYpPHOAMKH, YYHHUM TapTHOJIH Yek-
Jau atiupManap V3rapmac. By f(x) dyHkuust yuunue TapTHOMM KinXapg
3KaHJUrH GWJIAH TYLWIYHTHPHJIAAH. YUMHYM TapTHOAH YeK/JIH afHpManu

A" P (x) =nlah" dopmyna Gyitnua XHucobaall XaM MyMKHH Sl
8.3. Tenr ysoksuKAard x; = x,+ ih(i = 0, n)kagamaap yuyr L (x)

JlarpamK kynxagd HblOTOH HHTepNOALHOH KYMXalAd 1WaKJAHAd €3W/MILIK
MYMKHH:

P, =yt "t (r—x)+ TR —x) (x—x)+

21 p2
An
FIR E—x)E—x)  —x, ) (8. 5)
6y epaa Ay, A%Y, A%Y,, A"y, — TypaH TapTHOAM uexkaH  ainp-
manap.
SHau

X — X,

=1
n
1e6, (8. 5) HoploTon HHTepHOMALHOH KYNXaZAHHH YIIOY KYpHINIIAA €301u
MYMKHH:
— 1,
Pn(X)=yo+quo+"-("2—,—A-yo+ +

+ glg—1 -.n-! (g—n—+1) A" Y, (8. ¢)

(8. 5) éku (8. 6) Huioton dopmynacuna h =1 1e6 o/ud, VIIGY 4n3uKAl
HHTeproJAuuaaam GopMy/JacCHHH XOCHA KW.JIaMH3:

Py =yo+qay, &u Py =yo+ - (x—x) @7

n = 2 Oyiranja KBaJpaTHK HHTEpNOJALHSA (bopmyﬂacu XOocHa G-
Janu:

Pz(x)=yo+qA!/o+q‘M2;l)A2yo
€KkH )
Py (1) =go+ L (x—x) + LTI (i x) (r—x). (88)

(8. 5) Ba (8. 6) ¢opmyna.nap Hetomonnune 6upundu uHmMepnorayuoH
d;opMy/la/tapu ne6 atanagd. YaapHu [x,; x,] ZJa HMHTeprnonsanusaallia
KyanaHunagM. [x, _,, X,] fa unTepnossumusamfa HbtoToHHuar ymey
MKKHHYH HHTEpPIOJIALHOH KynxajaJapuiaH (oifanaHHIanH:
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AY, _, A%y ,_o
P09 =y AL ()b I k) )
+ +—A’%‘(x—xn) (k—x,_)...k—x) (8.9
éxH
X-—xn __t
h

GerunaluHA KHpHTHOG, (8. 9) HH ymlOy KYpHHHWIA €3aMu3:

P =yt g, i+ S Aty

+ ti¢41) ..t.ﬂ(l'-i—n—l) A,nyo- (8. 10)

6-Mucon. )Kagsan Gunan Gepuiran y = 3* QysKUMSHHHT X, =

= 0,63 Ba x, = 1,35 HyKranapaaru KuiiMar/iapuHd HbloToH Kynxapnia-

pu €pramupa (TypTTa MINOHYIM pakaMm GuaaH) xHcobraanr (3. 10- xapn-
BaJ):

3.10-xanBan

x | 0,50 0,75 1,00 1,25 1,50

y 1,732 2,280 3,000 3,948 5,196

Eunw. Yeknu afiupmanap xanBanuuu Tysamus (3.11- »xaznsan):

3.1l- xaasau

i x y Ay A2y A3y Aty
0 0,50 1,732 0,548 0,172 0,56 0,16
1 0,75 | 2,280 0,720 0,228 0,72

2 1,00 3,000 0,948 0,300

3 1,25 3,948 1,248

4 1,50 [ 5,196
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Cyurpa x, = 0,63 kagsanuuur Gowmaa, X, = 1,35 3ca  oxupima
oiamragaury yayH f (0,63) Hu xucoGnawga HetoToHHHHT  GupHHYH
MHTeproJIsILHOH Kynxaaunad, f (1,35) Hu Xucobnalja 3ca HKKHHYH HH-
TepNoJIAUHOH KynxaaulaH ¢oiiaaHHlll JO3HM.

Ulynpait kuau6, x, = 0,5 1e6 oanb, g HH XHcoGIaHMu3:

VX — 1, _ 06305 g
h 0,25 ’

q:

g HuHr 6y KMAMaTHHH HblOTOH OHpHHYH MHTEpMOJSUHOH KYyMXamH-
HuHr (8.6) ndonacura Kyiu6 Ba uyekau adupManapaad: oiananub Kyiin-
jardra sra 6y/1aMmus:

£(0,63) ~ P, (0,52) = 1,732 + 9?“‘—8 .0,52 + ‘% .0,52 (— 0,48) -
+ O—‘QE'— .0,52(— 0.48) (— 1,48)+ %‘,i(— 0,48)(— 1,48)(— 2,48j~
=~ 1,999

(TypTTa HIUOHYIM pakaMHH KOJAMPHO, KOJraH pakaMJapHH sIXJHTJali-
mu3). Ulynra yxwmam, x; = 1,50 ne6,

X —x, _ 1.35—050
h 0.25

t= = —0,60
HH XHcoOsaiiMu3 Ba HBIOTOHHHHI HKKHHYH HHTEPNOJIALHOH KynXaiu
ndpopacu (8.10) aaH dofinanaHub, KyiAHJACHHH XOCHJI KH/JIaMH3:

7(1,35) ~ P, (— 0,60) = 5,196 - ‘—2—14,i (— 0,60)+

230 (—0,60)-(0,40) 1+ 2% (—60)-(0,40)-(1,40)+

0,16
+

4!

+
(—0,60)-(0,40) (1,40)-(2,40) =~ 4,407,

9- §. Cnnafinnap GMAAH WHTEPHOAAUHUTALL

[a, b] kecma n Ta Tenr [x, X, 1l KHCMHH KecMasapra GYJIHHraH
b—a

6yncuu, 6y eppa x, =a+ih, i=0,n, x,=b, h= -

Cnaaiin pe6, 6yTyH [a, b] kecMaja GHp Heya XocuiatapH GuaaH
y3JyKcH3, Xap 6HMp KHCMHIl KecMafia 3ca aJioxuaa 6upop aiareGpavk Kym-
XaanaH ubopar GyJaraH ¢yHKIusra adTHIALH.

Bapua kucmuil kecManap Gyfinua KynxaQJlapHHHT JapaxaslapuHHHT
3HI' KaTTacH cnAadHHuHe Ogpaxcacu, CIIAMHHHHT Japaykacd GusaH [a, b]
Jia Y3IYKCH3 XOCHJa/lapHHHT 3HI KarTa TapTtHbH opacHaaru aiihpma
cnaatinnune Oegpexmnu ne6 atanaan. MacanaH, yanykcus Gyuakiay —
yH3uKJIH YHKUMA (CHHHK 4M3MK) AedekTH Gupra TeHr GysaraH GHpHHYH
Japaxamd CnJalHAHP, YYHKH ¢akaT GQYHKUMSAHHHT V3H (HOMHHYM Tap-
THOMH XOCHJIa) y3JyKCH3, GHPHHYM XOCHJa 3ca Y3AYKJIH GYaamH.
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Amanuéraa la, b] na yanykch3 MKKHMHYH XOCHJara sra GVJ/raH yuiH-
yu JapaXkasaH CNyafiHJap KeHr TapkajraH. By cnuadiHnap ky6uk cnaatin-
aap Le6 atanagu Ba S (x) opkasu GearnjaHajii.

Cnnaiinsap BOCHTacKHAa HHTeproslusJall GephiraH X, HyKkTaJapaa
Gepuarad y, = f (x,), i =0, n xuiimMaTiapuu KabyJ KuJafuraH Ba Ky-
IUMMYa LUAPTJIaDHH WAHOATJAHTHPAAHTAH HHTEPNOJIALKOH KYNXalHH Ty-
3dHM aHrJaTagd. Macanan, [a, b] ma Oup HeyTa KYnXajgnapaaH «yJaat»
TY3UJITAaH Ba Y3JYKCH3 HKKHHYH XOCHJara 3ra 6yaran S, (x) Ky6HK
cryiaii yuyH ywlby liapriap KyHuaaau:

Ss(x)=y,i=0,n 9.1)
S, (xH_o) =S8, (x,_o) i =1, n—1;
Sy (o) =S5 (1) i =1, n—1 85 (%) = S;(x,) = 0.

JeMak, Xap 6up KVIUHH TYryHaap XKYGTH OpasiuFHAa HHTEPNOJSALHOH
GbyHKUHA yYdHYH Japaxanau Kynxas O6yau6, yHu OyHiail KypHHHLUAQ
é3u6 o/l KyJaH 6ysanu:

S;() =a,+b,(x—x,_)+c(x—x,_ ) +di (x—x_,)p,

X, <x<x; (=1, n

XocuaanapHH TONaMH3:
S, () =b+2;(x—x,_)+3d; (x— x,_,)? } ©. 9
S, (%) = 2¢, + 6d,(x— x,_,). ’

(8. 11) waptaapud Ty3u6, a,, b;, ¢, d;, i = 1, n napuu TOMHII yuyH
UM3HKJH TEHIVIaMa CHCTEMAaCHHH XOCHJ KWjaMu3. Macasau, n =2 6ya-
raHja TeHT Y3OKJIMKIArH yura X,, X;, X, TYTYH HYKTaJapra Ba (YHK-
UHSAHHHT yJapra MoC Yo, Yy, Yp KHAMataapu yuyd (3.4- waka) [x,, x,]
KecMajia

y Ss (JC) =a1+b1 (x—x0)+cl(x_
l — %) + d, (x — x0)3
Kynxagra, [x,, %] kecMaja 3ca

Ss() =ay+by, (x—x)+ cy(x —
— %)+ dy (x—x,)
— Kynxaara sra Gyaamus.
- (9.1) nu xucobra oacak, (9.2)
waptaap 6yHaail KYPHHHIIHK oJia-
3.4- waka An:

Yo=2ay,, Y =a,,
Yy =ay + boh -+ c,i’ + d,h3,
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Yy, =a,+ bh+c i +d,he,
b‘.! = bl + 2C1h + 3d1h2,
cd=c,+ 3dsh, 2, =0, c,+ d;h =0.

By 8 nomabiymnn 8 Ta TeHrmamanap cucreMacHHH eyub, Xap GHp Kec-
Mazard S; (x) XynxajHH TOnamus.

10- §. YusMKIH TeHrJaMa/ap CHCTeMAJapPHHH €UHLI YCYMIApH

Uuauk/u TeHTr/1aManap CHCTeMallapHHU eYHUI yCyJulapH aHHK ycyJiap
(Kpamep xouaac, I'ayCCHHHr HOMabJyMJ/apHH 4HKapuul ycyau, [aycc—
JKopAaHHHHT sIXIIM/IAaHTaH YCYJH) B3 MTepalMoH ycyJ aap (V4 AMaroHaJ-
JI1 cHCTeMaJlapra TaTOMK 3TWJafMraH «MpOroHKa» YCYJH, OANMi HTepa-
uua ycyau, 3edijens ycyau Ba GowKasap) ra Gy.dHam.

Wrepaunon ycysnaap (TakpuGHil ycy/n/ap) CHCTEMAHHHT €YHMHHH Ge-
puirai aHHK/AMKAA XOCHJ KHJHII HMKOHHHH Gepaau,

11- §. Taycc —)opaan ycyas. MaTpHuanapHd anmawTipuul sa je-
TEPMHHAHTJAAPHH XHcoOaal

11.1. Osmit MaTeMaTHKaHHHT YMyMHH KYPCHIAH MabAyMKH, UYH3IHKJH
TeHr/1aMaJjap cHcTematapudn Tayce ycyau 6uilan ewnwaa 6y  cuctema
yu6ypyaK/H CHCTeMa ILakjaura geJatHpunaad. HovavaymaapHunr xuiimar-
NapuHu GeBocHTa TONHIUra MMKOH Gepaguran T'aycc—)Koppan sixwmaan-
raH yCyJIHHH KYpHO YHKAMH3.

Y6y HXTHEDHil YH3HK/H TEHI/aMa/ap CHCTeMacH GepHaraH GYJICHH:

Ay Xy + @yaXs + +ay, X, =by,
Ay X, + Qg Xy + +a,, x, =b,, (11.1)
a % -+ a, X + +a,, x,=b,

(11. 1) cucreMaHHHr KeHTaATHPUIraH MATPHUACHHH KapalHMu3:

Qyy Ay a,, b
B— Qsy Aoy @, b,
am, am, Amn bm

B matpuuaga HoigaH GapkiH g, 3JEMEHTHH TaHJalMu3. YHH xyas

amyedu remedm 1e6 ataiMu3;, MaTPHUAHHHT [- CATPHHH Xan 3Smyeuu
camp, k- yCTYHHHH 3ca xaa amysiu ycmyrn Ne6 araitmus. B matpuua yc-
THAA 3JEeMEeHTap ajMaluTHpuuuiap 6axapu6, 6y MaTpHliara SKBHBAJIEHT
Ba k- Xa/n 3TYBYM YCTyHHIA a, AaH Gouika Gapya 3JieMEHTJIapH HOJLIap
6yJaraH SIHTH MaTpHUaHH XocHa kuilamu3. Ulyepa#h kuau6, catpaap yc-
THAA JIEMEHTap aJMAIUTHpHULIAp épAaMHAA, XaJ 3TYBYH 3JIEMEHT CH-
datiaa GHp XHJ HOMEPJH caTp Ba YCTYHJAPHHHT KeCHIUraH XXoHJaapHaa
TypraH 3J€MeHTVIapHH TaH/all #YaH GunaH B Martpuua yw6y KypHHHLI-
ra KeJTHPH/IHLIH MyMKHH:
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Q
sw
Qe

10 Oa;_,_l_l
01 Oa,‘;_,+l a,, b;
B~loo val  a |y
00 0 0 0 , (11.2)
00 0 0 o |p"

(6ynna crctema MaTpHUAcH paHTH r < n).
(11.2) MaTpuua ywoby CHCTEMaHHHT KeHealimupui2at MaTpHIACHAUp:

X1+ai_ r+1 xr+l+ +ainxn —__b"l,
x2+02. r+lxr+1+ +a2n xn=b2 4
. . — 11.3
xr+ar.r+lxr+l+ +amxn_br ( )
0=b,+]
0="t,

6y cucrema sca (11. 1) cucreMara SKBHBaJEHTIHD.

1) Arap b, ,, b,, consapaaH Xeu GyJMaraHia GHTTacH HOJI-
laH ¢apkau 6yaca, y xonma (11. 3) cucrema, Ba, aemak, (11.1) cucte-
Ma XaMm Gupraaukia smac.

2) Arap b, | = =b, =0 6yaca, y xonna

a) r< n 6yaraHja cucTeMa GHPra/MKia Ba YeKCH3 KYI euuMJap Tyn-
samura ara xamaa (11.3) ¢opmynanap x;, X, , X, 6ab3H HOMABIYM-
JapHUHT X, ), X, 5, X, 030]1 HOMabJyMJIaD OpKa/lH OLIKOp H(o-

JallapuHu GepanH
6) r = n GysaraHaa Oy CHCTEMaHMHT €YHMJIapH SITOHAAHp.

1- Mucosi. Y6y TeHrJaMa/ap CHCTEMACHHH EUMHF:

6x, — 5x, + Tx5+ 8x, =3,
3x1 + 11x2 + 2X3+ 4x4 =6,
3%+ 2x, 4 3xg +4x, =1,
X+ x4+ x=0.

Euyumr. Cuctemanu GyHnail xa#ita €36 oJlaMHu3:
X +x+x,=0,
3x, + 11x, + 2x4 + 4x, =6,
3x, + 2%, - x5+ 4x, =1,
6x, — 5x, + 7x5+ 8x,= 3.
KeHrafiTHpH/IraH MaTpHlaHH Ty3aMH3:
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[1]1 1 0 jo0
g_| 3 112 4 |6
3 23 4 |1
6-5 7 8 |3

XaJ 3TyBuM 3JeMeHT cudathia @y, = | HU (GMPHHYH CATPHHHT OHPHHYH
3/1EMEHTHHH) OJIaMu3:

Oagun yuuHud caTtpHH (— 1) ra Kynafitupu6, MKKHHUM Ba YYHHUYH caTp-
JIADHHHT YPHHJIAPHHH a/MalUTHPaMH3:

1 1 1 0 0
T1] 0 —4)—1

B~|® 11l
0 8 —1 4 6
0—11 1 8 3

Xan sTyBun sjemeHT cubaTHAa @y, = 1 (2- caTpHUHr 2- SJEMEHTH)HH
0JIaMH3:

10 1 411 1 01 4 1
g0 1 o —4-1 01 0 —4 (—1}
~“1o 0 —1 36|14) V0o oj11—3 |—l4

00 1 -—3|-8 0 0 1 —3 |I—38

100 40 15
010 —4 —1
~loo1 —36 —14
000 O 6

Cucrema Gupranmukaa smac (a) xod).
2-MHcoJs. Y6y TeHIVaMaJap CHCTEMACHHH €YHHI:
Xy, — X+ 2x,+5x,=0,
3x, + x, — x4 = —1,
4x, —x,+x;4+x%x, =6,
2x,— 3%y +x,—2x, = 8.

Eunm. KenraiiTupuiran MatpuuiHd TysaMH3 Ba 3j€MeHTap ajMail-
THpHILAap GaXkapamua:

1, —1 2 5] o0 1—1 2 5| 0
B=l 3 1—1 o|=1]_]0 4—7—15|—1}_
4 —1 1 1| 6 0 3—7—19] 6
2 —3 1—2| 38 0 —1—3—12] 8
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I —1 2 5

0 2 5 0
0—1—3—12 8

6

1

I'1 3 12)—8

-1
Al

~ "~

0 3 —7 —19 3 —7—19 6
0 4 —7 —15]|— 4 —7 —15|—1

I -
0
0
0
10 5 17| —8 10 5 17| —8
01 3 12| —8 01 3 12/ —8

~{00—16 —55| 30 00'”15‘"? ~
00 —19 —63[ 3l 0019 63[—3I
100 3 L]
16 8
010 27 19 100 — 3/16 11/8
16 Y 010 27/16| — 19/8
~ ~1001 55/16 — 15/8 } ~
001 B[ 18 all
16| 8 000 1] |—2
000 -3 37
16 8
1000 I
. 0100 1
0010 5
0001[—2
Cucrema Gupranukaa Ba yuiby siroHa eyumra ara:
n=1x=1 x=5 x=—2]

3-muco.1. TeHrnamMaJap CHCTEMAacHHH €YHHI:

x1+2x2+x3—{—x4i~5
x2+x3+xl,—3
Xy | Xy 2.

Eunm. KeHraliTupunran maTpullaHH Ty3aMH3 Ba 3/1eMEHTap ajamall-

THPHULIIApHH 6aXkapaMHs:
INEARYER 12 11 5
B=<3_111 3)~(°LU : ll 3>~
1 100 |2 0 -1 —1—1|—-3
—1
3
)

10 —1—1
~|01 1 1
60 0 O

Cucrema 6upranukaa, HKKMT2 napamerp (n—r =4-—2=2)x; Ba X,
ra GoriHK OyaraH ymby 4YeKCH3 KyMm eduMJap TymsaMura sra:

x1=x3+x4'— ],
Xy =3 —X;— X.
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11.2, Snemenrtap anMaluTHpHwiapin 6a)kapud, TeckapH MaTpHLaHHi
TomHw MYyMKHH. Bynunr yuyn Gepuaraw n-tapruénu A keagpar marpu-
a yuyH 6y MaTpHUAHHHT éuura Vur Tomonjan Viwangai Taptuban £
6upMK MaTpuuanH €3ub, n X 2n ymuammn (A/E) TVFpn  TYpTOGYpuaK
Matpuua Ty3uwiaaad. Arap A wMarpiiia Maxcvce MarpHua 6yJca, catp-
Jap ycTHIa 3heMeHTap aJMaluTHpuliap OaxapHb, TY3HWaraH MaTpHLaHH
xap gouM (E/B) KypuHHIUra KeATHPHII MyMKHH. ¥ Xoaja B maTpuua
A MaTpuua yuyH meckapu mampuya 6ynagH, svHu B = A7

9

4-mucoa. A={2 1 ——2) MaTpHlla YUyH TecKapH MaTpHLaH{

2 -2 1
3/IeMeHTap aJMalUTHpHILap ycyJauiaH ¢oiifanaHuG TOMMHT.
Eunmw. Huru (A/E) matpuua TysaMus Ba YHHHT YCTHAA 9JIeMEHTap

anMawTHpHmsiap Gaxcapamua:
1] 2 2100 T2 2 100
001 0 —6 —3/—201

5 —92 1
221t 0 0\ 15 _9i—y3 93 0
293 —1/3 0|~
9 9 —]

— 1
~lo[Tl 2|23—5 of~fo1 2
06 3|2 o0—1/ 009

10 —2{—1/3 2/3 0°
~(01_2 2/3 — 1/3 o)~
00 [11] 929 —2/9 1/9

100(1/9 2/9 2/9
~1010/29 1/9 —2/9
001(2/9—-29 1/9

Hemak, Teckapu MaTpHua:

179 2/9 2/9
A = (2/9 1/9 — 2/9)
2/9 —2/9 1/9,
Hetepmutantiapun xucobnawaa GyHra YXwam — aIMalITHPHILJIAPLAH
6ol AMaroHanjaH TalKapHaa €TauraH 6apua 3/MeMeHTJapHH HoJra aii-

JIAHTHPHW YYyH pofAaNaHuIl MYMKHH.
5-MHucoJ. JleTepMHHAHTHH XMCOGJIAHT:

11 —2 0
36 —-2 5
10 6 4
23 5—1|
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Eyum. Kapanran ycyJHn Maskyp JNEeTeDMHHaHTIa TaTOHK 3TaMH3.
Ywby xoccapad ¢offanaHamus: arap JeTepMHHAHTHHHT GHpOp caTpH
asemeHT/Iapura COLUKaA caTp 3MeMeHT/IapH KYIuica (€KH aiiupuiica) fetep-
MHHaHT y3rapmaiju:

f1it—2 0 1 1 —2 0 1'1—-2 0
36—2 5(_|0 3 4 s5{__[0[1] 9—1|_
1 0 6 4| |0—1 8 4 0—18 4
2 3 5—1f |0 1 9 —1 0 34 5
110 —11 1 100  40/17 10 00
01 9 —I 010 —44/17 01 00
==lo0 [17] 3= "|o017 3 |[|=—|oo0170 =
00 —21 8 000 240/17 00 0 240/17
=(—1)-1-17- %70 = —240. /lemak, OepuiraH jaeTepMuHaHr — 240
ra TEHT.

12-§. Yu jauaroHaJiM CHCTEMANapHH eUYHILHKHT <«NPOrOHKA» YCYJH

Kyfiugars Maxcyc KYpHHHILJArH UHMSHKJ/IH ajreGpaMk TeHIJamaJap
CHCTEMacHHH KYpaiJHK:

{
— byxy + 1%, =d,,
Ay Xy — byXy + CyXg =d,,
{ a;x, — bgxy+ cex, =d,,
a4x3 — b4x4 + C4x5 = d4, (12' l)
l ApXa_y _bnxn = dn )
6y epaa X;, Xy, X, X, — HOMabaymnaap, a, b, d, ¢, aap Mab-

JYM COHJAP.
(12.1) cucreManHHr A MaTpHUACHHH TY3aMH3:

—b, ¢, 0O 0 0 00 O
a,—b, ¢ 0 0 00 O
0 ag —b; ¢ O 00 O
A= 0 0 a—bc, 00 O

00 0 00 0a—b
Yu AHaroHaJ/UIH MaTpHUAHH XOCHJI KHWJIAHK, YHHHT 6oLu JAHaroHaJin

Ba YHra KyIDHH MKKHTA JMaroHanuja érmaiuraH Gapya 3JEMEHTJIapH
HOJITA TEHT.

(12.1) TeHrnamanap uxkun4u mapmubau 'aliupmass meHearaManap
€KY y4 Hyxmaau menzpraMasap ne6 atanand.
Arap yw6y

[bf = latl + |Ci|
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wapt Gaxapuica, y xoaaa (12.1) cucrema siroHa eduMra 3ra Ba YHH «1po-
20HKa» yCysH €plaMHia TOMHLI MYMKHH.
YeyauuHr MoxusaTH KyHuparuya: (12.1) cHCT€MaHHHT OHDHHYH TEHI-
JIaMacHHH X, Ta HHc6aTaH euyHo,
- dy . _
X = T Xe— = CKH X = o3+ By (12.2)
lby b
HH XOCHJI KHJ2Mu3, 6y epra
(4
a;==-—+- Ba B, = : (12.3)
bl bl

(12.2) nu (12.1) cHcteMaHWHT GHPHHYM TeHIJlamachra KyHHO Ba YHH X,
ra HucbaTaH euub,

Xy = g X3+ Py (12.9)
HH XOCHJ KHaamu3, Oy epna
oy = C2 , ‘52:“251_112
by —a, by —ay oy

X, yuyH Ttonuarad (12.4) udomanu (12.1) cHcTeMaHHHT HaBGaTOard TeHr-
Jamacudra Kyiu6, x; Ba x, HH GOFJIOBYM TEHIVIaMaHH XOCHJ KH/IaMH3 Ba
XOKa30. DHAH

X =o,%.+B, (12.5)
udopa tomuaran ne6 dapas kunahauk, 6y epaa
c —d
o, = 3 . B, = @ Br_1—de (12.6)
by —a, by —ap %

Ulyunait xumm6 x,, x,,,, k=1,n—1 KyWwH4 Kuimatiapad GorJos4H
(12.5) TenraamanapHHHr KoapduuHeHTapuHH [o,, Ba B, (12.3) ma Ho-
MabiayM Gyaraniaurd  yuyH] (12.6) pekyppeHT MyHocaGaTaapiaaH k =
=2,n—1 a TOMHUI MYMKHH.

(12.1) cucTeMaHHHT CYHITH TeHrJamachra X, HuHr [(12.5) dopmysa-
JaH k =n—1 yuyH] ubonacuuu Kyiuo,

— ﬂn +an ﬁn—l (12 7)
n l—o, o, '
HH XOCHM KWsamus, Gy epaal
an dﬂ
=" . 12.8
an bn ’ ﬁn bn ( )

Cyurpa (12.5) ¢opmyna Gyfinua ymby KeTMa-KeTIHKAAH KOJTaH X, |,
Xy o , X; HOMabAyMJIapHH TOMAaMH3.

a, B, k =1, n xosdpuuuentaapuu (12.6) dopmynanap Gyiimua Xu-
cobJlalll »KapaéHH «MPOroHKa» HHHT myFpu Gyau, X, HOMab/yMJapHH
(12.5) Ba (12.7) dopmynasap GYHHua TOMHMILI 3Ca «NPOTOHKA» HMHT fmec-
Kapu ymuw diau ne6 atajand.
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Mucoua. «[Tporowka» ycym 6uian ymSy TeHriamaznap cHcTema-
CHHH EYHHT:

= 3x; -+ X, = —35,
J X, —4x, — X = 8§,
2%y, —5x3+ x, = —6,

X3—3x, =—8.

Euunu. Kospouunentaapaau xansan tysamus (3.12- xaznsan):
3.12-xaasan

a b c d
| 3 1 —5
2 1 4 —1 8
3] 2 5 1 —6
4 1 3 —8

oy = — =, = =
L) 3 B by 3
o = C2 _ 3. B az B, —dp ____E
, = - = P —o _
> bp—ayay 1’ R a0y 1’
ot = s _ 1. B a3B; — d; 28
3 bhy—aya, 1" k—aya, 61
1 d 8
a4=&=—’ 64=___i.__
b4 3 b4 3

Teckapn «nporonka» #ynu x, HoMabaymnaapuu (12.5) Ba (12.7) ¢opmy-
Janap 6yiuya TomuiaaH uHbopat:

—_a . .
X, = B, 1B =3
1 — o0y
X3 =ag,+f; =1
X, =ay %+ p =1
VkknHuM TapTH6AH AudipepeHUMan TeHr/aMajap Y4YyH y4 HYKTa/H
alupMaMH cxeMa Y4 AHAroHaJ/IH YH3UKJH CHcTeMasapra oJM6 Kesajd.

13- §. TenrnamanapHHu euUMIIHMHI HTepauHs YCyaJapH.
Ky3raamac HyKTa xakuparH Teopema. Htepaumus
HAPAEHHHHHT AKHHAAILHILH

13.1. Anre6pank TeHIJIaMaHH €4HIIHHHT 3Hr MyXHM YcyJulapuiaH
6HpH HTepallusi yCyJM €KHM KeTMa-KeT AKMHJaHwW ycyauaup. by yeys-
HHHT acocHi adsajsuru Xap 6Hp Kajamaa GaXkapHaaaurad onepallusiiap
6Hp XHJJHTH 6Ynu6, DXM Jap y4yyH uTepaTHB aJropuTMJapra acoc-
JlaHraH JacTypJsap TY3HII HIUMHH XYyJa OCOHJALUTHDAIH.
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YCyJHHHT MOXHATH KyHuaaruaaH ubopat. Y6y TeHrnama GepHJraH
6yacun:

f(x) =0, (13.1)

6y epaa f(x) —yanvkcn3 GYHKLUHS. Y HHHT XaKUKHH HWJAM3/JapHHH  TO-
nuw TanaG kuausaau. Bepuarad (13.1) TeHrsaMalin yHra TeHT Kyu4/H

X =9 (x). (13.2)

TeHrjama GujaH anmawTHpamus, Bupop ycys GuiaH Gy TeHrJlaMaHHHT
WAAH3H fIKKanaHraH [a, b] opa/iuk (AbHH Oy TeHrJaMaHMHT ¢axaT GUT-
Ta WIAH3HHH §3 HUdra oJITaH OpaJiHK) a)KpaTuirad O6yaub, x, Oy opa-
JIHKHHHT HCTa/iraH HyKTacH OVJICHH. YHHM HJJHSHHHT HOAUHHU AKUHAG-
wuwu pe6 aralimus. HapGataaru x; AIKHHJAAUIMIOHM Tonuin yuyH (13.2)
TEHIJIAMAHHHT YHT TOMOHHIA X HHHT YPHHMra X, KHHUMaTHH KysMH3, STbHH

X, = @ (x).

KelinHry sixuHnamiIap ywly KeTma- KeTMK Gyiuua amadra OLIHpH-
Jaju:

X, =@ (x,),
x3 = (P(xZ)r [(13 3)
%, = (%, ). '

l-teopema. Aaap ¢ (x) pynxyus yaaryrcus ea (13.3) kemma- Kem-
AUK axunaauiyswu bgaca, y xoada yHuue aumumu (13.2) menanama-
HuHz urdusu 6jradu.

HMc6oru. Teopema wapTura kypa {x,} KeTMa- KeT/IMK SKHHJALUAMH,

JeMaK, n—- oo Ja YHHHT JIHMHTH [MaBXYJ, YHH X OpKaJH OGearunai-
MHu3:

lim x, = x. (13.4)

(13.3) myHocabaTaapuu xucobra oaus, (13.4) TEHIVIMKHH

x = lim o(x,_)
n>®
KypHHHIIZA €3aMH3.
¢ (¥) dyHKUHA y3nyKcH3 Gyaranauru cababau 6y Ttenrankaa ¢yik-

UMAHHHT Ba JIMMHTHHHT @ Ba lim CHMBOJIIApHHHHT YPHHJIADHHH aJMalll-
THPHII MYMKHH, SBbHH:

x= e (lim x,_)),

Ay
6y eppa (13.4) uu apTHOOpra OJCAK,
X =o(x)

ra sra 6ysnamus. lllyuu ncboTsawl Tanab THIraH 3jH.
13.2. 3uau (13.3) nrepauns xapaéHu KaHpa#l 1lapTaapia sIKHHJIa-
LI MIMHY KYPHO YHKAH/HK.
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2-teopema. Aeap ¢(x) ¢pynxyus [a, bl xecmada anuxranean ea
Ougppeperyuarnanysuu 6ijaudb, wy 6uran bupea yrune 6apua Kuimam-

sapu [a, b) ea meeuwau 6a a < x<<b da
o' () <g<l (13.5)

6iaca, y xoada (13.8) umepayua wxapaénu ucmaread xy€la, b] da

AKuHAquyeun Gijaadu.
g con cutaruga Xxocuna mMopyau |¢’ (x)) mHuur 0 <x < b paru sur

KartTa KuiMatuiu (KM IOKOpH YerapacHHH) OJIHII MYMKHH.
Mc6oTH. [a, b] Kecma ¥ = ¢ (X) TeHr/IaMa WJIAH3HHHHT sIKKaJaHH-

M opanurd Gyam6 @ (x) ¢yHkuna auddepeHuHannaHyBud GYJICHH Ba
VHHHT XOCHJIaCH TeopeMma LUApTHHH KaHOATJAaHTHPCHH. X, € [a, b] KecMa-

HHHT HCTa/lraH HYKTacH Ba X, = @ (x,) OHPHHUM SKHHJAWMII GYJICHH.
Arap x 6y TeHIVIaMaHHHr aHHK HJAM3H 6yJca, Y XoJja, Jlarpawx teo-
pemacHra Kypa,

;‘-—'x1 = (P(x_)“"(P(xo) = (x — X)) 9" (%)
HH XOCHJ KHIaMH3, Oy epia X, HyKTa X Ba x, HyKTaJap opacuja
(avHH [a, b] opanukna) éraau. (13.5) TeHrcHsaHMkKa acocaH,

lx — x,} =|x“"xo"|(P’ ()l < glx—x,.

MyHra yxwaw, x, = @(x;) HKKHHYH SKHHJAIIMID y4yH  (TeopeMma

IIapTHra Kypa X, Hykra [a, b] ra reruum)

X—X, =0 (X)—@x;) =(x—x)¢ (x,)
ra sra 6yaamus, 6y epaa x, fHa a Ba b opacupa étapu. OJIAMHIH TeHT-
CH3/IMKHH TaTOMK 3THO,

[ x — x,| <q2|x—x0|

6axoHH aHuknaiMH3. By mapaéuuu naBoM 3TTHPHG,

I; —xnl <qnl/?_-"t(ﬂ (13'6)
HH XOCHJ Kuaamus. (13.5) ra acocan g <1 6yirauiuru yuys n-—- oo
aa ¢"—0. duan (13.6) TERrCHIMKAA JHMHTTA VTHG,
lim(x —x)=0

n—-
HH XOCHJl KHJIaMH3, SbHH
limx =x
>0 ° ’
WyHH HC6OTMal Tana6 KUJMHTAH 37H.
_ Myxpait KHJIPlﬁ; HTepalsl XKapaéHHHHHT SIKMHJALIMIIM YYYH Kapana-
érran opanukaa o’ (x)l <1 6yauwum eTapJHaHP.
1§.3. 2-TeopeMa HEGOTHHHHT acocHia €TafiuraH FOSIaH HTepalyst
¥apa€HHla SPHIIMIraH aHHKJMKHH 6Gaxosaul yuyH ¢oiiialaHHIl MYMKHH.
I/I“JIAHE!HHH[‘ aHHK Ba TakpHOHA KHIMaTJapu opacHAard adHpMaHH
KapalaHK:
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X —x) = |o(x) —(x,_) | <qlx—x, | =
=ql(x—x)+ (x, — x,_) <qlx—x) + qlx, —x,_|.

Bynpan xyfinnarura sra 6ysamus:

|% — x| sl%q b, — x,_| (13.7)
6KH

p— n

¥ —xl< s a—xl (13.8)

(13.8) myHocabatr OWHpHHYH HTepaUHsfaH KEHMHOK WAH3HM OepHirad
€ aHUKJHKAZ Xucobaall yuyyH 3apyp OYyJIraH MTepalVsiiapHUHT SHT KaT-
Ta conn N (g) HU TOMUII HMKOHHHH Gepagu. XakHKaTaH XaM,

|x—x)<ce
TEHICH3JIHK GaXKapuiaHuLH y4yH
qll
— e, — x| <e
6y etapauayp, OyHaaH

e(l—q

N >—Lt=xl,
lgq

qg< 31 6yaranpa (13.7) xaToiuk GaxocH cojjajalliagy Ba Yoy

KYDHHHILHH OJIafiy:

[ x—x) < |x,—x,_| <e. (13.9)

Ymymuit  xo/11a HTepalis Xapa8HHHH HKKHTa KerMa- KeT SIKHHJIALHHII
yuyH
| —

¢ (13.10)

|xn_xn—ll‘§

TEHrCH3/IMK 6a)KapuiMaryHra xKajap AaBOM 3TTHPHUI JO3HM, Oy epla €
X WIQM3HHHT Gepuirad yerapaBHil aGCOJIOT XaToJIHIH Ba @ (x)| <g<<l.
Y xompa (13.7) dopmynara acocan ywly TEHrCH3/JIMKKA 3ra GysnaMus:

|x —x| <e,

SIbHH X = x, +e.
13.4. Hrepauus xapaéHHHUHT SKHHJAALUMIIH YYYH TeHIJIaMaHH
x=p(x)
IaKJa €3MIHIIM XaM MablyM aXaMHsaTra 9ra, YyHKH |9’ (x)| aitpum

X0M/1apAa H3JlaHa€TraH MIJM3HMHET aTpoduiapHia KMUMK Gy.idid, OGoLuka
6Hp Xo/ulapaa sca Karra Oyauiid mMymikuH. Iy ca6abau f(x) =0 Tenr-
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namanu x = @(x) kypunuira |9’ () < g<1 wapr Gaxapuragurad Ku-
JAu6 KeJATHpHLI YYYH YHH yby

x=x~+ Af(x) (13.11)
SKBHBAJICHT KYpHHHILJA €3H06 ojamu3, 6y epda A COHHHH

o’ (Wl <1
TEHICH3JUK Oakapunaauran KuauG Tanjdaw JosuM. (13.11) dopmyna-
AaH
@) =x+Af(x) (13.12)

GyauIuM Keu6 YMKAaLH. A TapaMeTPHH HTepallusi YKAPACHUHHHT SIKHHJIa-
MM YYyH eTapsaH Gyara (13.5) waprtiaH aHMKJAll MYMKHH:

o' ) =114+Af () <I. (13.13)
Arap
14+ Af (%) =0
166 o/MHCA, HOJHHYH SKHHJAWHW x = X, aTpobuia (13.12) TeHrcuamuk
Gaxapuianu Ba OyHaaH [’ (x,) = 0 6yaranga
1

A= — 13.14
F (xo) ( )

HH XOCHA KHJIaMH3.

13.5. IlupoBapanna urepauust >KapaéHHHHHT TeOMETPHK MAabHOCHHH
Ba MTepaus apa€Hu sKHHJAalaguraH (13.15) wapTHH KYpH6 uMkaMua.

f(x) =0 Ttenrnama 6epuiran GynacuH. By Tenrnamanu x = ¢ (x)
KYpHHHLIra KeITHPAaMH3 Xamiad y =x Ba Y = @(x) OYHKUMANAPHHHT
rpadukapuny yusamu3 (3.5- wak.). By ¢ynkuuanap rpaduknapu kecu-
LMW HYKTacCHHHMHT x abcuuccacd Gepu/iraH TEHTJIaMaHWHT WJIM3H G-
Jagu. MyMmkuH 6y/rad TYpT XOJHH KypHO UMKaMM3.

v /
} \):”9 \’Q
a
B, 4
B,
o
B, i
M 1,
A
0
= —— T
TX* X, I I,
3.5- waxa
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1) Arap @' (x) >0, |9'(x)| <1 6yaca, y Xonna KapaéH sKHHJaLLA-
Iv (TIOFOHABUH SIKMHJAWIBLL). X, Xy, X, , KeTMa- KeT sIKUHJalLHLI-
Jap MOHOTOH Kamasau, AyB,A4,B,A, CHHUK UH3HK, «IOFOHABHEl»
wakaga 6yaanu.

2) Arap ¢’ (x)<0, \¢’' (x)] <1 6ynca, xapaéH aguHAAALH («CITH-
paq» OyiHda SKHHAALWMIL). Xo, Xy, Xy, SIKMHJIALUMLJIAp X WAgU3
arpoupa tebpanann. Ay8,4,8B,4,, CHHHK 4YHM3HK «CMHpa/» 1UaK-
auga Gynapu (3.6- waka).

4}
Ay Yy==%
A, B2
as /(B4
k \ ’11‘ ,
B, . Ao
0 . i "5=j’(x)x
TETTI L, L, e -

3.6- waka

Iynpa#h KuauG, arap @' (x) XOCHIAHMHF HUIOpacH GHP XHJ CaK/aH-
ca Ba |9’ (x| < q< 1 Tenrcusauk Gaxapuiaca, VY XOMAa KeTMa- KeT
AKUHJalMIIap @’ (x)>0 aa WiaM3ra MOHOTOH sikMHJawany Ba ¢’ (x) <0
Ja Hanus a'rpoq)nz[a Te6paHu6 AKHHJIAaAH.

3) Arap ¢’ (x)>0 Ba ¢'(x)> 1 6y1ca, y xonna KapaéH y3okJalla-
. Slkunaaummiapy ¥ wigusgad A B A, B,A, «[IOFOHa» GyHuua
y3okJalany (3.7- wakJ).

4
Y _ f Y=y
E‘T(I —(1: 341 52
Az 9= 5
A By M,
Ao By 8 4
4 3
M B Az
0 0 o
P Ao
'E I, T, X, Z T, L, xZI, X,
3.7- waxn 3.8- wakn
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4) Arap ¢’ (x)<0 Ba |@’ (x)|>1 6Yaca XxaM »xapaéH y3oKJallagu,
«Skunnawmapy x uagusaan A,B,A,B,4, «crupa» 6yiiHya y3ok-
Jawagd (3.8- wak).

Mucoa. 2x— Inx—4 = 0 TeHrJIaMaHHHT KaTTa HIAH3HHK & = 0,01
raya aHMK/IHKAA XHCOGJIAHT.

Euum. By tenrnamann 2x —4 =Inx Kypunumuga €su6 ousu6,
y=2x—4 pa y = Inx dyHxuuanapuuar rpadHkJaapuHH OHTTa YM3Ma-
ra yuscak, KaTTa WIAM3 2 Ba 3 COHJapH OpacHIa ETHUIHHH KypaMmH3
(3.9-waky). Maausra HOMMHYH SIKMHJAWHIL cHdaThaa X, = 3 HH oJa-
mu3. Bepunran Tenrsamanu, 6y epia f(x) =2x —Inx —4 sKkauunu
xucobra o6, (13.11) Kypunuga €3u6 o/aMH3:

4
//
Y=22 -4
0 % =tha
1{f1/2 3 & ~=—2I
2
3
-4
3.9- waka
x=x+A2x—Inx—4). (13.15)
A napamerpnu (13.14) wapraan Tomamus:
x:-__'_l = — ll =—-0,6.
" (xo) 0o L
b4 xo=3
Xucobnauwiap Kynaii 6yauiun yuyd A = —0,5 1e6 osaMmus, GyHAa XaM
*apa€H AKMHJALIMIUKMHHAT eTapaunuk waptd (13.13) Gaxapuiamu. Xa-
KHKataH, A = —0,5 guiimatau (13.14) ra Kyicak, Ky#AMAaTHHH XOCHJ
KHJIaMH3:
x=—;—lnx+2, (13.16)

wy 6usan Gupra
® (x) =—; Inx+ 2,
9’ (x)=2—1 Ba [2, 3] kecmaza o’ (x) <1.
X

Dupu urepauus xapaéuuuu [(13.15) copmyna Gyfimua x =3 na
GeJrunaimMus:
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In3 4 2 = 2,549,

ll

1
2
;—1n2549+2—2467
;—ln2467+2 — 2,451,

X =—2 In 2,451 -+ 2 = 2,448,

Xy = L?_ In2,448 42 = 2,447.

TYpTHHYH AKHHJALMIIHAHE a6GCOJIOT XaTOJHIH
q-—max|q> (x)]—max Li=l<l
<x<3 2 x 4 2
HH XHcobra oJsMHHG, (13.9) Ba (13.10) dopmynanap Gyiinua GaxosaHaau:
| x —x,) < |, — %) =0,003< 0,01.
Ulynpa#t kuau6, 0,001 raua aHHKJIHKIA HIJH3

X~ x, = 2,448 ~ 2,45

ra sra Oy.10UK.

14-§. TeHrnamanap CHCTeMaJapHHH EYHLIHHHr HTEpaLHsl YCYJapH.
Onpnnit HTepauua ycymm. SKHHMAWHIIHUHE eTAPAHJIMK WApTIapH

14.1. Utepauus ycy/nuny, yMy™maH aMHTraHna, 4MsHk/IH Gy/aMaraH

TeHrJamMajap CHCTeMaslapHHHM eyHlura TaTOMK 3THII MyMKuH. Kyimparu

TeHI/1aMmaJjiap cHcteMacH OepuuraH OVJCHH, COANa/HK V4yH, ¢akaT HKKH-
Ta TeHTJaMa OHJaH uYeKJaHaMH3:

1\ =0,
{;28‘5 Z;]= 0. (14.1)

By CHCTEMaHHMHI €UHMHHHM GepHraH aHHK/JHKIa XHcobjail Tajga6 3THJa-
IH, Xy Yo—(14.1) cicTeMa €UUMHMHHHT HOMHHYM SIKMHJAIUHILH  GYJICHH,
yHH rpadHK ycya 6HiaH TomHil MyMKHH. (14.1) cucremanu

X =9,(x, y),
i b 1.2

1ak/jajga €3u6 osn6, HTepalMs KapaéHMHH TaTOHK 3TaMH3, Y MabjyM
lnapTJapia MAAH3JApHHHT GepHaraH KHHMart/iapiHH aHHKJAALITHPHIL HM-
KOHUHH Gepann. Bynunur yuyn (14.2) cucreMa TeHrJIaMaslaDHHHHT YHT
TOMOHJIADHIa X Ba Y HHHT VYPHHUra HOJMHYM SIKMHJAIUHID KHAMaTJIapH
Xy, Yo HM KYAIMH3 Ba OHPHHYH SIKHHJIALIMIUHM XOCHJI KHJ/IAMH3:

X3 = @y (X, Yo) Y1 = 92 (X, Yo)-
VIKKHHUM sIKMHJALIMILIAD XaM IDYHra yXIail XOCHJ KHJIHHHG,
X, =@y (%1, Y1) Y2 = Palxy, yl)
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B2, YMyMaH, A- AKHHJAIIHILIIAD XaM Wy Taprubga XdcobnaHaiu:

xn =P (xn—l' yn—l)’ yn =P, (xn—l’ yn—l)‘

Arap @,(x, y) Ba @, (%, y) pyHKIMsNap y3nyKcua Xampa {x,} Ba {y,}
SIKMHJ/IALLIHILIIAD KETMa- KeTJIHKJapH SIKHHJaWyBuH GyJica, y XoJia yJap-
HUHT JumuTaapd (14.2) cucreManuur, Ba gemak, (14.1) cHcTeMaHHHT
XaM eyuMH Oy/MUIMHM HcOOTaall ocoH. DBy Xonma wurepaumus xapaéuu
SIKUHJAIIAAN Jefinaany, sSbHH

limx, =x, limy, =y,

nN-—»0 n—-w
6y epia X, y — Gepu/iraH CHCTEMAHHHI EYHMH.

Arap uTepauusl xKapa€HH ysokJallica, Y Xo/ga YHIaH QoHiasaHHIl

MYMKHH 3Mac.
14.2. IOxopHpa TaBcH(JIaHraH HTepalus KapatHH SKHHJALIYBYH

GY/IMIIMHUHT €TapJIWJIHK IUapTJapHHH TaBCH(JIaiMu3.

Ja<x<b, .
Teopema. Aeap 1) R'{c <y<d énux coxada (14.2) cucmema

HuHz 6umma ea (akam bumma x =X, Yy =y ewuMu Maex#yo,
2) 9,(x, y) 6a @, (x, y) Pynryuasap x =a, x=5b, y=c, y=d
myrpu wusurrap buran wezaparanear mgrpu mypmbypuaKda anugiar-

2aH 8a yanyxcus Ouppeperyuarranyeiu:
3) Xy, Yo Oownarrus axunrquiu a Keduweu Oapua X, Yy, AKUH-

rawuwnap R mgrpu mgpmbypiakka meeuwau 6a 6y mijrpu mgpm-
6ypuarxda

a—;ﬁ 0% <g <],

X ox (14.3)
0@ 4 0|, ~ )
ay'—!— » <g, <l

TEHTCH3/IMK/ap Gaxapuica, y Xo/ia HTepauus xKapaéud (14.2) cucrema-
HMHr X, Yy €UHMHra SKHHJallajH, AbHH

limx, = x, lim Yn =y.
n—-w

n—>ow

Arap (14.3) waptaH

d 7]

aq: |<;pyl|<q‘<l’

29 20 (14.4)
L+ <g <1

ox dy

iuapT Gu/iaH aJMalUTHpHJICA XaM, Teopema TYFpH Oy/1aBepajH,
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(S -y

{Tn,yn)

B

Cp—- %///4% i (Ty)=0
9_1 a f2(xy)=0 é )

3.10- wakn

(Teopemanuur reomerpuk TalKkuHe (3. 10- wakaga TacBupJaHran).
Mucoun. Hrepauns yeyan 6unan

filx, ) =x+43lgx —y? =0,
{f;(X, Y=2x*—xy—85x+1=0 (14.5)

CHCTEMaHHHT WJIAM3NAPHHH TYpT-

Ta KUAMATJH pakam/iapH Guian Y ‘ 212_19_51;4,1:0
TOIHHT,
Eunw. Tpaduk yeynga sr-
PH UHBHKJIADHUHI KeCHIUHIU HyK- 2
Tasapuun Tonamus (3.11- waxa).
YJaap HKKHTa HyKTa 6ys1a1u. 1

Ynapaan myc6ar KoopaHHaTa-
J1apra sra Gy/raH HyKTawn Ka-
paiimus. Miaausuuur sikkananum

3<r<4, I+3 eg:z:—g%.o
2<y<?25 -2
TYFPH TYPTOYPYAKHH oMM MyM-
KHH. 3JHIM cHCTeMaHH (14.2)
KYpHHHILTA KeaTnpamus. Byun -4
TYpIH ycyanap GunaH amanra
OLUHpHII MYMKHH. Macajyan:

coxacH cudatHaa R: {

3.11- wakn
[x =¥ —3lgx, y xoma g, (x, y) = ¥*— 3lgx,
[y =2x + XL—S, Y Xoana @, (x, y) = 2)5—}-;l —5.
Xycvenit XOCHJIANIaDHH ToNaMua:
W _Sleeony o dey_, %: _ 0,

ox X dy ox x2’ dy

Bynapnan kypuiue TYPHOAUKH, KapanaéTran Tyrpu T9pr6ypuax
TEHICH3MHKJAAD §puHIn: ap YFPH TypTGypyakaa yuw6y

227

www.ziyouz.com kutubxonasi



a;pl %‘ >1 lacpl
ox ox |
By 3ca CHCTEMA 6yHJ.IaH Kypnﬂuuw;a 6y-f11"aHPU.Ia HTEpaLud )Kapaelm

Y3OKJALHIIHHE KypcaTanH.
Oumm x HH (14.5) cHCTEMaHMHT HKKMHYM TeHrJaMacHiaH, y HH 3ca

6y CHCTEMaHHHT 6HpHH’~lH TeHr/laMacHJaH aHHKJIal‘l‘\dH&

laQ’z

‘>1

—1/*6+y—1 3 -}/ x6+y—1.
x ]// 0=y voua qung) = | AL
=V 3lgx + x, y xoma ¢, (x,'y) =V 3lgx + x.

By epaa

0, _ 1 54y LO0pr 1 x

ox  2V2 VPxbty—1 oy 2V2 ST T

3lge
| o ——
0p: L x .0y

3<x <4,
A<y<25
Ja
221 a‘P- acPl a%
ox + ox ‘ +l

waptiap Gaxapuaagd. [lemak, urepaums »kapaéuu AkuHaawagd. Houaun-
YH SAKUHJAWMI cudaTHia, MacanaH, X, = 3, 4; Ba Yy, = 2,2 HU oJamus,
KOJITaH SIKHHJIALIHILJIZDHH

x, = V *n_| (S+yp_y) — l'
2

i Vxn__,+ 3 Igx,_,

dopmynanap Gyitnua xucobnaiiMua. XucobJal HaTHXanapuuu 3.13- xag-
BaJra 63aMua:

3.13-xaxasax.

n l X, l Yn

0 3,4 2,2

1 3,426 2,243
2 3,451 2,2505
3 3,466 2,255
4 3,475 2,258
5 3,480 2,259
6 3,483 2,260

Ilynnaft kw6, x = 3,483, y = 2,260 1e6 oMM MYMKHH.
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15- §. UM3MKAH CHCTeMasapHH e4YMIUIHWHI OAAHiH
uTepauus Ba 3elifienb ycyanapH

15.1. Homannymnap coun Karta GyJaraHja YH3UKJH ,TeHrsiamaJiap
CHCTeMaJslapuhH edillja 6abaaH TakpuOMii COHJM ycy/apiaH doiinana-
HHII KyJaipoK 6ysaau. Bynap xKymjacHra oinuil Htepauus ycyJu, 3ei-
JeJb ycyau Ba Gowkajap XOCIHMD.

rn Ta HOMAbJYMJH 1 TA YM3HKJAM TEHrJama CHCTeMacH OepHJIraH
6yJcun:

a5, %y + @pXy + +a,x,=b,
Q1% + Qypx, + + a4, X, = by, (15.1)
a, x + a,x, + +a,x,=b,
Ywby MartpHuajapHi KHPHTAMH3:
ayy Gy a, X1 by
Q33 Qo a ) b,
A = 2n , x = s b =
Q, Qo ap, *n R b"
Oupu (15.1) cucreMaHu MaTpuLanu TeHrJaMma lLaKJuga €3aMH3:
Ax =0b. (15.2)
Q1 Ay, a,, AMaroHa/ 3/eMeHT/Iap HOJAra TeHr 3Mac, Ae6 XucoG-

N1a6, (15.1) cucTeMaHMHT GHPHHYH TEHIVIAMacHHHM X, ra HucbataH, HK-
KHHUH TeHrJIaMacHHH X, ra Huc6aTaH eyaMH3 Ba XoKazo. Hatmxkaga
KYAHIATH 3KBHBAJIEHT CHCTEMAHH XOCHJ KHJaMH3:

lxl =Py + 0%, + ctyaxs + + oy, X,

Xy =Py + otay g + otggx; + + o X (15.3)
X = Bn + ! + CpaXa + + Gy n—1 *a_1,
6y epna
b; al..
B, =—, i%] 6yaranga a; = =
4 Q=
B4

i=j(i, j =1, n) 6yaranga a,=0.
Y6y MarpullasapHu KHPHTaMHs:

0 Qi Oy o, By
o 0 o o

o= 21 23 P Ba 6 — ﬁﬁ ,
anl anz ana 0 Bn
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6y epna o MaTPHUAHHHT 6ol JHAroHa/JH 3JEMEHT/apH HOJra TeHr.
(15.3) cucremanu

x =B ax. (15.4)

MaTpHLA/IM TeHIVIaMa WaKAHAZ E€3MLl MYMKHH.

Xocun GVaran (15.4) cucTeMaHM KeTMa-KeT SIKMHJALUMLLIAD YCYJIH
6unan eyamn3. HosnuHu sikuHJawum cudarvaa, MacataH; 0304 Xap/iap
YCTYHH

x(o) =ﬁ
un odamus. x'¥ um (15.4) HUHT VHr TOMOHHMra xyiug,
x(‘) — ﬁ 4 ax(U)

1 . .
GMDHHYM SKMHJAIMIEH oJaMu3. X Wi (15.4) HuHr VHI TOMOHHra Ky-
A6, MKKHHYH SIKHHJIALIMIUHK osamu3. JKapaéHHu Takpop.sa6,

x(o)’ x(l)' x(k)

AKHHJALIKL KeTMa-KeTJIMCHHH XOCHJ KHaamu3, 6y ‘epaa HcradraH k-
AKHHJIALUKLI

£ =B 4o £* (15.5)
dopmyna Gyimua xuco6managn. Arap {x'®} TAKMHIAWMIIIAD KeTMa-KeT-
JIUTH

lim x("_), =x
k—ap

ra sra 6ysca, y xonma Gy maumut (15.3) cucreMaHuHr eyumu GyJaamu.

(15.5) dopmyna OujaH aHHKJIaHaJMraH KeTMa-KeT SKHHJALIMIIIAP
yeyau o0durd umepayus ycyasu 1e6 aTadanu.

Arap o MaTpHUaHHHT 3JeMeHTJiapH a6CoMOT KuiiMat/apu Gyiiuya Ku-
yyK GyJica, y Xo/ja uTepallusl XKapa€HH AXIUH SAKHHJAWagH, sbHH (15.1)
CHCTEMaHHHT eYHMHHH GepuiraH aHHKJIMKAA XOCHA KHJHUI YY4YH 3apyp
6yJsrad sIKMHJALIHULIAP COHH KaTTa Gy/aMaiau. Doilikauya cy3 6MaaH aiiT-
raHja, HTepauusi »KapaéHuHH MyBabdakuaT OwiaH KyanaHull y4dyH A
MaTpHua GOl JHaroHa/ld 3JeMEHTJIapMHHHT MoAyJJsapH 6y MaTpHLAHHHT
ly JuaroHaJuAaH TallkapHaard sJeMeHT/apHra HHcOaTaH KaTTa GYJIMILH
JIO3HM.

Hrtepauus xapaéHUHHUHT SIKMHJANIMIL IUAPTHHH MCGOTCH3 KeTHPaMHS3.

Teopema. Aeap (15.3) cucmema yuyn

n n
El o) < 1(i=1,n) &n X ol <1, (=1, n)
i= =l

wapmaapoan xed 6yjamazanda bummacu 6axcapusca, y x0rda umepa-

YUA HapaéHu GOLLAGHFUY AKUHAQUILWHUKE maniqruwiuea BoFaux 64a-

Maean pasuwida Oy cucmemaruHe A20HQ edumuza AKUKAAULAOU.
Hatuxa. (15.1) cucrema yuys
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la) > el i=1,n (15.6)
|F
TEHTCH3/HK/ap Gaxapu/ica, SbHH (15.1) cucTeMaHHHr Xxap OHp TeHr.Ja-
MacH yuyH 60l AMaroHasnjard KosdpuLHEHTIAp MOAYJH KOJraH 6ouika
Gapua Ko3tduunenTIap (0304 XaAJapHH Xucobra OJIMaraHfia) MopyJulapH
BUFHHAMCHAAH KaTTa 6%Jica, HTepallus KapaéHH sKMHJIalyBYH GyJafH.
MucoJ. Yusukau TeHrsiavanap CHCTEMacHHH HTepallus  yCyJH
6uJaH €UHHT:

4x, + 0,24x, — 0,08x; = 8,
0,091x, + 3x, — 0,15x; =9,
0,04x, — 0,08x, + 4x; = 20.

Eunmw. By cucremana Gow auaroHangaru 4, 3, 4, xoabduineHt-
Jap (xap GMp TeHr/amajard) HoMabJymzaap OJAMJArH KoadduunenTtaap-
HHHT a6COJIOT KHiiMaT/aph iupMuaucnaan Katra. IOxkopuua tasphoian-
raH HaTHXKara acocal HTepalusi XKapaéHu sikuujamypun Gynamu. Cucre-
mauu (15.3) KypHHHLIra KeJTHPaMH3:

x, = 2 —0,06x, + 0,02x,.
x, =3 —0,03x, - 0,05x;,, (15.7)
\x; =5 — 0,01x; + 0,02x,.

By cHcremann MmaTpuua wakmauaa GyHaadl €3ull MYMKHH:

%\ /2 0 —0,06 0,02 [x)
X, =(3 +|—003 0 005 x2)
xa 5 '—'0101 0102 0 xﬂ

BepHJII‘aH CHCTEeMa €YHMHra HOJIMHYH AKHHJALIHLI CH(baTHILa
0 0 0
xl( ) = 2, !x2( ) = 3, x3( ) = 5

KHHMaTJIapHH OJIaMH3.
By kuiiMatnapun (15.7) TeHrJaMaJapHHHT VHT TOMOHJapHra KYiHG,
GMPHHYH SIKHHJIALIMIIHKE XOCHJ KHJaMH3:

%" =2-—0,06-3+0,02-5=1,92,
%, =3-—0,03-240,05-5 = 3,19,
%) =5—0,01-20+0,02-3 = 5,04.

Cynrpa 6y TonuJraH sikHHJAamMiiapHu (15.7) TeHrjaMasnapHUHT YHT TO-
MOHJIapura KyHHO, eunMJ/lapra HKKHHUYH SIKHHJALUHLJIAPHH TOMaMH3:

A =1,9094; 5 = 3,1944; x{ = 5,0446.

Sluru ypHura KYHMIAaH CYHT YYMHYM SIKHHJAlIMUOLIapra sra 6yJa-
mMHu3. Hartikanapun »kappasira &szamus (3.14- xaapasn):
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3.14-xxansan

k (3 k
k x(l ) xé) xg )
0 2 3 5
1 1,92 3,19 5,04
2 1,9094 3,1944 5,0446
3 1,90923 3,19495 5,04485

15.3. 3efigenb ycyJad ONOMH HTepauMss YCYJIHHHHT MORH(HKALHACH-
JaH HbopaT 6YiHb, X,(i > 1) HOMawBJAYMHHHr (R + 1) - AKHHJIALIHIIHHH
Xucobnawga x,, X, X,_, HOMabJyMJapHHHT (k- 1) -AKHBAAWH-

UIHAard TONHJATaH KHAMartjapH Xucobra oJdHazd. (15.3) kearupuiaraH
TeHr/amaJap cucreMacH GepwiraH 6yicud. TaunaHraxn

0 0 0
20, 180, LX)

HOJIMHYM  sAIKMHMAWHWIHA  (15.3) cHcTeMaHMHr  OMPHHYM TeHIJIaMacHra
KYHHO, x(V GHPHHUM AKMHJIAIUHIUHE XOCH/ KHJIAMH3.
(15.3) cHcTeMaHHHT HKK HHYH TEHIJIaMacHra

(1 (] (0 (0
xl)) x?v x3)! ,xn)

HR KyaMu3 Ba x{) GHPHHUM AKMHJALIMUIHE XOCHI KHAaMH3. CHCTEMaHHHT
YUYHHYH TeHIJlamacHra

(1 (1 (0 (0

xl)'xz).'xs ). ,xn)

HHM KyAMH3 Xamjia ng GHpPHHYH SAKUHJALUIHIUHH XOCHJ KHJIaMH3 Ba XOKa-
30, x’g" HH XOCHT KHJIHHTYHTa Kajap L1y »KapaéH JaBOM STTHPHJIafH.

MkkuHuM, YUHHYH Ba XOKa30 wWTepauHsUlapHH IOYHTa yXwaii Gaxa-
pamus.

Onmuit Hrepalusi yuyH SIKHHJAIMW TeopeMacH 3eHfenib yCysH yUyH
XaM YpuHAH Gynafu.
16- §. Yuaukan GYamaraH CHCTeMaJapHH €HHLIHMHT
HoloToH ycyau

Unankau GyMaraH CHCTEMaJapHH EYHIUHMHT siHa GHD YCYJHHH KY-
pH6 urkamu3. MIKKHTa HOMabJYMJIH HKKHTA TeHr/aMa cHcTeMacH GyJIra
XOJIHH TaxXJHJI KHIaMH3 :

14 =0, .
(R 5= as.D

By cucreMa eYHMHHHHT (X, Y,) AKMHIALIMILJADHHM MabayM He6 Xu-
coBnaimu3. Teruwu aHUKJIMKKA 3ra Oyamarad Oy KHAMaTtJjapra Tys3ar-

MaslapuH h Ba k opkalM Ge/iruiab, yJaapHu uanaiimus. EqumHMHT X Ba
Y aHHK KMAMATJIAPHHH

;=xo+h: :I;=y0+k
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kypunuaa €3amus. LlyHpait xkwm6, (16.1) chucrema ypHura
{fl(x0+hv Yo+ k) =0,
folxo+h, Yo+ k=0
ra sra 6ysamus. f,(x) Ba f,(x) pyHKuuanapHn h pa k HUHT Hapa)KajapH
6vitnua Teiinop kaTtopura €AMH3:
filxo+ R, Yo+ R) = 1 (xo, Yo) + hfy, (o, Yo) + kf]’y (*or Yoh+ Oy (h, k)
oo+ b, yo + k) = [o (X0, yo) + hf;, (%o, Yo+ kfg;y (x0r Yo) + Oz (1, R).
By epna O, (h, k) BaO,(h, k) nap h Ba k ra HucGaTaH HOKOPH TapTHG-
JH KHYMK Xaj/lapHH V3 Huura oJaad. By xapnapHu svruGopra osmac-
IaH, sibHH h Ba k Karta 3Mac e6 kaGy.n kuanb, h Ba k TysarManap-

HHHT TAaKpHOMH KHAMAaT/apHHH aHMKJaWl Y4yH YWOY YH3HK/H TEHI/aMa-
JIap CHCTEMacHHH XOCHI KHJAMH3:

fr (xo, Yo) + Afj, (%o, Yo) + kf]’y!.(x()' Yo) =0,
fa (%o, Yo) + Af5, (xo. Yo) -+ kf?’y (xo Yo) = 0.

(16.2) cucremanan Tysatmanap yuyd (Kpamep dopmy.tanapu 6yAnya) xy-
MHAAarH/IapHH XOCHJ KU/IaMH3:

(16.2)

— 1 (X0, Yo) f{y(xo- Yo
b — f2 (%, Yo) f2’y(x0' Yo ‘
o fi %o, Yo) fl’y(xov Yo)
Fax (%or Yo f2y (%0, Yo)
Fie (o 90) —F (2, ) (169
by = Fox %04 Yo) —Fa (X0, Yo)
f1x (%o, Ho) fly (%o, Yo)

[} féx(xo’ yo) fQIy (x01 yo)
Ilynpait KHIHG, HAQH3NADHHHT (Xo, Yo) ra KaparaHia aHHKpOK yLIGY
KuilMaT/apH XocHJ Gynanu:
X, = Xxo+ Ay,
Yy = Yo+ ky.
Xyanu wy #ys Gunan X,, Yy, NapHHHT TaKpHOH €YUMJIMTHHH HHOGAT-
ra oJub, KeHHHTH Ty3aTMaJapHH XOCHA KHIHUI MYMKHH. DaéH KuauH-

ran ycyn Hetomon ycyau pe6 aTanany.
Mucouan. 14-§ garn Muconga KeNTHpHIraH

x+ 3lgx —y* =0,
2x2—xy —5x+1=0.

TeHrJaManap cucreMacHHd HbloToH ycysau 6unaH eyHHr.
Eunm  14-§ paru muconpan x, = 3,4 Ba y,= 2,2 ra sramus.
Cynrpa
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, . 3 . _
Fie(x, ) =1+ ——=; i, %, 9) 2y,

forlX, y) =4x—y —5 [ (x, y) = —x.
fi(x y), f.(x, y) DyHKUMANADHUHT KHAMATHHH Ba YJAapHUHT XOCHJa-
JIADHHUHT KHAMAaTHHU (X,, Y,) HyKTaja XicobGaaiMus:
f1 (3, 4, 2,2) =0,1545; [,(3,4; 2,2) = —0,3600,
fi.(3,4, 2,2)=1,383, [,,(3,4; 2,2)= 6,400;
fi, (3,4 2,2) = —4,400; [, (3,4 2,2) = — 3,400.

Mlyupat kw6, (16.2) TeHrsamanap cucremacH yw6y Kypunuiipa Gyaa-
au:
0,1545 4 1,383h, — 4,4k, = 0,
— 0,36 + 6,4h, — 3,4k, =0.
(16.3) Kpamep dopmynanapu h, = 0,089, k, = 0.063 [eunmMuu Gepaan.
IIyHHHT yuYyH eYUMJIADHHHT GUPHHYH FKHHJALLHILH
xy = 3,44 0,089 = 3,483;
¥ = 2,24 0,063 = 2,263
ra tenr. YInausnapHUHr XOCHJI KHJIMHTaH KHAMATJapHHH OOLULIaHFHY KHB-
Mmataap cubatiaa onub, siHa GHp KaJaM aHHKJAIITHPHII MYMKHH:
f1(3,489; 2,263) = —0,0041, f,(3.489; 2,263) = 0,0056;
f1.(3,489; 2,263) = — 1,3734, f, (3,489; 2,263) = 66930;
f1,(3,489; 2,263) = —4,526; [, (3,489; 2,263) = 3,489.

Tonunaran guiivataapuu (16,3) dopmynanapra xyiu3,
h, = —0,0016, k, = —0,0014
HH XOCHJ KuJaaMu3, OyHpaH :
x, = 3,489 — 0,0016 = 3,4874,
Yy, = 2,263 — 0,0014 = 2,2616.

Arap 6y MKKMHYH SIKMHJIAUIMIL. Y4yH W1y HUIapHU fiHA TaKpopJacak,
TYPTHHYM paKaMJaH KHYMK Gy/iraH Ty3aTMalapHH OJIaMH3.

17-§. Conom pudrhepenuuanaa

17.1. Kynruda amanuéi macananapHd Xal STHIIAA XKajBasl IIAKJH-
Ja €KH Mypakka6 aHaluTHK HM(oAa lakauaa OGepuaraH y = f(x) pyHk-
UMSIHHHT TYPJH TapTHO/MH XOCHJANaDHHUHT KHHMA1JapHHH  XHcoOJalura
TYFpH Kesag. Dynpaii Xonnapaa puddepeHuuan Xuco6 ycyJlapuHH Ge-
BOCHTA TaTOGHK STHIUHHHT € HJIOXKH GyimaiiH, €ku 6y XyAa KuiiHH 6y-
Japu. LyHuHr yuyH yaapra maxpubuil coHau Ougpeperyuarnraw ycya-
Aapu KyJanaHuaagu.

Connn auddepenimaniair  hopMy/iajapiHi KeJITHPHO YHKapHll Y4yH
apBan Gepunran f(x) ¢ynkuuaun 6upop [a, b] xecmama P, (x) xynxan
OMJIaH HHTEpronAUMAJIaHalH, KeMHH 3ca
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['(x) = P, (x)

Je6 ONMHAOH.
Arap P, (x) unTepriofiauns KynxXamu y4yyH

R,(¥) =f(x)—P,(x)
6Vaca, y xoama P, (x) XOCHJaHHHT 1, (X) XaTOJHIH

ra(0) =f x)—Py(x) = R, (x)

¢dopmysa GuiaH TOMHMAAAM (SbHH HHTEPHOJAUHMA KYMXaAH XOCHJACHHHHT
XaToJIUry Oy KYNXaj XaTOJNMTHHHHT XOCH/IacHra TeHT).

Connmu pudrpepeHUHaMIALI HHTEPNONAUHUAIAILAAH KYpa KaMPOK aHHK-
JIHKKa 3ra 6yJsirad omepauusigup, sibHH [a, b] Kecmaja y = f(x) ea y=
= P, (x) 5rpy UH3MKJAD OpAHHATA/JapPHHHHT OHp-OHpHra SKHHJHCH 6y
KecMaia ynapHuHr f'(x) Ba P, (x) Xocu/iaJapHHHHT GUp-GHpura sxuH Gy-
Juunurura kagoaar 6yga oaManzgH.

17.2. y = f(x) DyHKUMAHUHT KuiiMaTaapH [a, ] Kecmaza TeHT Y30K-
JHKIATH Xg, Xy, X, X, Tyrynnapaa GepujraH GYJCHH:

Yo = [(x0), 4 = F(xy), Yo = F(x).
[a, b] kecmana y = f'(x), y” = f"(x) Ba XOKa30 Xocu/a/JapHH TOMHLI

yuyH Y OYHKUHAHH [y TYTYH HYKTaJap CHCTEMacH Y4YyH TY3HJrax
(8.6) HuloToH HHTepnoJALMHOH KynXaad GuJaH aJMalITHPaMH3.

—1 —1N)(g—2
yzyo+quo+q(42! )A2y0+q(q ;!(q )A’yo-l-

+ glg—1) (4—4!) {g—3) Aty

Xo

6y epia ¢ = x_—;_

(g— 1) xypuHHIWIAary GHHOMJIAPHH KymMadTHPHO, KYHHEATHHH XOCHJ
KHJIaMH3:

Ba h=xl~+|—.xiy L=0,n

2_gq 3_ 392 4-2
Y= Yo+ qay,+I57 A-yo+"——iﬁ—"A’yo+

4 _6g3 4+ 11g2—6
+ @ 6442-4147 4A4y0+

Cyurpa

6ynranaury yuyH

’ 1 29— 1 392 —6 23
Yy z;[Ayo+ q2 Ay, + q—:——t—Asyo'l"

293 — 9 —_
+ T ey, ] (17.1)
4
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Hlynra yxwam

6y/IraHJIMry y4yH

Y 9 2 — -+
y'=h‘7[A-yo+(q— Dadg, + L= gy, o ] (17.2)
Y = [(x) GyHKUMAHHHT HcTadraH TapTHOJH XOCHJAQJapHHH XaM WIyHra
yXwam Xuco6Jall MYMKHH.

TaiiuH x HyxTamarH XocujalapHH TONMMILAAZ X, CHpATHIA APryMEHT-
HHHT KajBaJjard Wy X, ra 3HT SKHH KHAMAaTHHH TaHJall JO3HM.

JKanpanjard x, HyKTa/lapjard XOCHJaJapHH TOMHIIAA COHMH Augipe-
peHLHaJall yCyJiapd cojanalliai{, YYHKH KajBaJjarH xap GHp KHH-
MaTHH GOLUJIAHFHY KHHMar cupaTHIa OJHII MYMKHH GYJIraHJHrH YYyH
x=x, q=0 geiimMu3, y xXoaga (17.1) Ba (17.2) paH Ky#umaruHu Xo-
CHJT KHJIaMH3:

) mr L Aty Ay TA%y Ay 7
O R S ) a73)

” 1 11 5
Y (xy) = P (A2y0 — A3y, + ]—2A"y0 —% Ay — ) (17.4)

Ilynra yxmaiu, yyuHud, TYPTHHYM Ba X. K. TAPTHOAH XOCHJIanap Y4YyH
TerHUIN opMyJlaslapHH XOCHJ KWJIHII MYMKHH:

1 1 3 .
¥ () =~ h;(Asyo— ;A?o‘l‘ ) (17.5)
y“’(xo)zh—ll B — ). (17.6)
h xuuuk Gysaranna ywly Takpu6uit QopMyJsasapHH XOCHT KHJIaMH3:
’ A /) AZ " /\3
O O i s

By ¢opmysnanap xocunanapHH Terwluid TapTHOMM Yek/H aliupManap G-
Jan Gornaiay.

Bupunun xocuna yuyH Xarosnuk ywby ¢opmyna GViinua XucoOsaHH-
IWIHHH afTHG yTamus:

1
R’ (1) & (=D A%y
2 o) R{n+1)
I-Mucoua. 3.15-kanBan 6unad GepuiraH y = lgx GYHKUMAHHHT
y' (50) XOCH/JIaCHHH TOMHHT.
3.15-xkaABan

x ’ 50 55 60 ‘ 65

Igx ’ 1,6990 1,7404 1,7782 ‘ 1,8129
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Eunw. By epaa h = 5-x = 50 HyKTa MHTEPIOJSILHA TYTYHH X =
= 50 GuaaH ycTMa-ycT TyWIMOKZA. XoOcHlaHd XucoGsamn yyyH (17.3)
tdopmynagan doffananamus. ABBaJ uekJIH aHMpMaJsap ajBajHHH Ty3a-
Mu3 (3.16- xanBan).

3.16-xxaasaa.

X lgx Ay Ay Ady
50 1,6990 0,0414 —0,0036 0,0005
55 1,7404 0,0378 —0,0031 —
60 1,7782 0,0347 — —
65 1,8129 —_ — —

WyHnait kuau6, (17.3) naH KYHHAATHHH XOCHJ KHJIaMH3:
¥(50)~ (00414 — =222 + BTR) = - (0,0414 40,0018 +

+ 0,0002) = 0,0087.
2-MHcoN.y = f(x) pyukuust 3.17-xaxBan GulaH GepHJraH.

3.17-xlazxBan

4 5 6

Y 0 2 10 30 68 130 | 222

{’ (3,5) Ba f" (3,5) napHu XHCOGJIAHT.
Eunm. By epra A =1. Yekau aflupmanap KaJBaIUHH Ty3aMH3
(3. 18- xanan):

3.18-xaaBanxn

i l x ' y Ay | A2y | A3y | Ady
0 0 0 2 6 6 0
1 1 2 8 12 6 0
2 2 10 20 18 6 0
3 3 30 38 24 6
4 4 68 62 30 —
5 5 130 92
6 6 222
35—3

Xo YUYH Xx=3,5 ra 3HT SIKHH X,=23 HH OJHO6, ¢= 1 =0,5 ra

sra Gyaamus (17. 1) Ba (17. 2) dopmysnanapuu TaTGHK 3THG, XOCHIaNapHH
XHucobnaimus:
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7 (3.5) ~ %(38_'_ 205—1 24+ 3-0.52-:0,5 42 -6) —37.75:
6%0,5)2 — 18-0,5 + 11
12

17.3. Takpubuii nuddeperunasnam  ¢opmynanapuad  HplOTOHHHHT
HKKHHYM HHTEpronauua (OpPMYJaCHAAH XaM XOCHJI KHJIHUI MYMKHH:

f”(3,5)zF (24+(0,5—1)-6+ .0) = 21.

t(t 1 e+1)@¢+2
YRyt by gt Sy, EEEED gy
6y epaa
t= \’—xn ’
h

. 241, 32 - 6¢+ 2
YR bt T s+ T | (1)

y”zgﬁyn_ﬁ(w D aty, g+ (17.8)

Ba XO0Kaso.
3- MHcoJ. y = f(x) dynkuust 3. 19- xkanBan 6Gunan Gepunran (b =
= 0,1 xagamsan):

3.19- xaasan

x 0,6 0,7 0,8 i 0,9 1,0 1,1 . 1,2

L) 1,8221 | 2,0138 2,2255

2,4596 | 2,7183 | 3,0042 | 3,3201

f' (1,06) HH XucoGaaHTr.
Eunm. Yekan afiupmasiap xapBajaued Ty3aMHu3 (3. 20- xxajgBaJ):

3.20- xaasan

i x y=F(x Ay Azy A3y
0 0,6 1,8221 0,1917 0,0200 0,0024
1 0,7 2,0138 0,2117 0,0224 0,0022
2 0,8 2,2255 0,2341 0,0246 0,0026
3 0,9 2,4596 0,2587 0,0272 0.0028
4 1,0 2,7183 0,2859 0.0300

5 1,1 3,0042 0,3159 — —
6 1,2 3,3201 — —
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Ougt x = 1,06 yu4yH XOCHIAHMHT KHEMaTHHHM aHHMKJall Tajab KH/H-
Haérrannurn TyQaiinn (17.7) dopmynann TaTOMK Kuaamus, GyHla x,

yuyn x = 1,06 ra 3ur skud 1,1 HH osnramus:

F T _L0B—ll 004 oy,

t:
h 0,1 0,!

Ba HUXOAT,

, . 1
' (1,08) = — ( 0,2859 +

—042+1 0,0272 +

+ 3-0.16—:-0'4 +2 .0,0026 ) = 2,8865.

18 - §. Conau uuterpaiaw. Tyrpu TypTOypuaknap, Tpaneuusiap,
Cumncod ycyanapH.

18.1. Y6y

'f(x) dx

a

aHWK WHTErpajqHH XucoGJall Tasnab sTujaérrad 6yicuH. MarteMaTuk aHa-
JIH3 KypcHIaH MabiyMKH, [a, D] kecMaja y3nykcus [ (x) QyHKUHSA y4VH
Oy HHTerpas MaBXVi Ba y f(x) yuyH GowaHrFuy GyHKuMsa F (X) HHHT
b Ba a HykTajapiard KuHMatnapH aiHpMacHMra TeHr:

Sf(x) dx = F(x)| = F(®)— F(a),

6y epra F’' (x) =f (x).

Bupok Kynuuiank amannii Maeasajapia Oy Gowwiansuy GyHKUHSIAD-
HH 3jleMeHTap (DYHKUMS/MAp OpKa/tH HPOJANAIIHUHT MJIOXKH GyaMaia,
Bynnan rawkaps, f(x) dyHKUHA KYNHHYA apryMEHTHHHT MabjavM KHil-
Matjaapy OViiMua V3UHMHT KuBMaTJiapd JKaJBaJH OpKadH OGepHiajiH.
By Xoanap sca uuTerpaiuu TakpuOuit XHcobGaaiwl ycyJuaapura Gyarad
3XTHEXKHH 103ara KeJTHpaid xamja Oy ycy/nap 1IapTJIH paBHWJA aHa-
JIHTHK Ba COHJIH yCyJuiapra axpanaid. QyHKUHAMapHH, COHJIH HHTErpaJ-
NAlIHHHT afpUM yCyanapHHH KYpHO YMKaMIMK. YJap HHTerpasHHHT COH-
JIH KMMaTHHH GEBOCHTA MHTerpaj OCTHAArH (QYHKUHUSHHHT TYryHJap ne6
aTafa€Trad HykTajapaard GepuiaraH KufiMaTJapura acocaHuG xucob.alu
HUMKOHHHH Gepajy.

Hurerpanuyn connu anukaall Xkapaéuu Keadparmypa, Teruiwd dop-
MyJanap 3ca xeadpamypa opmyrarapu ne6 atanapu.

b

Conan MHTerpaJJiall S [ (x) dx unTerpanuu
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[fwax~ S 4fx)
a =

KBajpaTypa (opmynacu Gyiivda Tonuupan uéopaT Oyau6, Oy <pAa X,
HyKTanap gopmyra myzysrapu neG atanagn Ba ynaap [a, b] Kecmara
TeTHULH, A, XaKHKHH COHJIAp 6asHaap €KH 6asnud  Kosggpuuuenmaap
1e6 aranany. PopMyJaHHHT VHr TOMOHHJA TypraH HHFMHAHHHHT KYpH-
HHIIH HHTerpaJ/iall ycyJHHH,

R,=|Fde— 3 A7)

i=l

afiupMa 3ca YCYAHUHZ XamoAu2uru aHukiIab Gepanu.

Ksagpatypa ¢opmysanapn Typ/iH Me30HJap acocHAa TY3W/IafH: HHTEr-
paJiHH MHTerpa/jl HHFMHIHM KYpHHHIIMAA udodasialll, HHTerpajJ OCTHAATH
(GYHKLUHAHH annpoKcuMauuaiab €KH HHTepnossauuaaad, KeHHH HHTerpaJ-
Jaul Ba X. K.

18.2. Ouuit MateMaTHKa KypcuaaH MabiayMm GyJraH 3Hr cogma KBaj-
parypa dopMyaanapuHd éxra onaiank. y = f(x) dyHkuus [a, b] xec-
Majza KHMAMAaTJap KajBaJH OuiaH GepH/raH 6yJcuH (3. 21-kansan):

3.21- xaawvan

x a=x, Xy X %, X, =b
y=Ff Yo Hh N Yy, ‘ Yp=2
By epaa x;, —x, =x, —x, = =X—X_= =X —x,_,=h;

b—a
h = —— — pHrerpasnai KajgamH.
n
a)j‘i (x) dx uurerpajHH XucoGJall Y4yH yan TYFpH TYypTOypyak/ap
a

topMy.iacu

b_ n—1

s Wt tu )=k 3,

}f(x)dxz

KYpHHHIIAA, VHT TYFpH.TYpTGypuakaap ¢opMy.acH
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n—1

ff(x)dxz”—“n—"(ynLynL +4.)=h ¥ y,

i=0

KYpHHHILKAA GYyJaaiu. By dopMvianapHHHT HOMJIapH HHTErpasHHHT reo-
METpHK MabHocH GHJiaH Gorink. Arap Oxy Tekuc/MKiaa Y = f (x) 3rpu
Yu3uKHH 4H3MO [a, b] KecMaHM X, HyKrajlap OuJaH n Ta TeHr GYJIakka
6ynuHca, y X0J4a uan TYFpH TYpTOypyakjap QopMysacH HHTerpasHHHF
TakpuOHil KuiiMaTh cudatuga 3. 12- wakagary WITPHXJaHTaH TYFPH TYPT-
Oypuak/aap toafapu HfuFuHAMCHHH Gepalu, VHT TYFPH TYpTOYypuakaap ¢op-
MyJacH 3ca 3. 13- IuakJaard IWITPHUXJAHraH TYFpU TYPTOYpPYAK 10371apH
HUFHHIMCHHY GepaiH.

J 1)

7N -5

7

/A - / /
a=x, L, T Tn= b Yo J/‘J}ly/qb

7
a=%, Ty Xi I

NN

Yn
)

3.12- wak1 3.13- waka

-]
6) 5f (x) dx uHTerpaiHu XucoGiaur y4yH TpameLussnap QopMmyaacu
a

ywby KypuHHIuAa 6yJafu:

}f(x) dx ~ fb%a (yo +2y,, + Uy, + + yn—l).

['eomeTpuk HyKTau HasapiaH y MHTETpPaJIHMHC TakpuGHil ‘uiiMaTH cHda-
THAa 3. 14- WaK/ja WTPHXJA6 KypeaTHaraH TVEpH GypuyaKJH Tpamneums-
Jlap 1037apH HHFHHIMCHHH 6epajii.

Yyl

16—2928 ' 241

www.ziyouz.com kutubxonasi



B) jf (x)dx wuHTerpajHM Xucobnaw yuyH CumricoH dopMmyJiacy ywoy
[ ]
KypHHHILAA 6ysagu:
b

“f(x)dxz

v
a

o=

(yo+--y2n+4(y1+ya+ +y2.1_1)+

+2(yz+y4+ +y2,,_2)],

6y epaa [a, b] kecmMa 2n Ta TeHr Gy/akka GY/HHraH Ba
h=2=2
2n
Cumncon copmysacHHH GollKaua mnapaGoMuK mpaneyussap Gopmy-
aacu 1e6 xam aragaiM, GyHra cabab LIyKH, YHH KeJTHPHG YHKapHIIAA
ynkumusnunr [a, b] xecMajaru rpadHLH Yo, ., Yo | Y, KuiiMaT-
Jap 6yfinya ficairaH napa6ona GHIaH TaKpHOHH aaMaWTHpWIagH (MHTEp-

NoOJALHANaHAIH).
CumncoH ¢opMy/acH I0KOPH aHHKJIHMKKA 3ra.
1

Mucon. j‘VH-x" dx uHTerpajHu [TYFpH TYpTOypuakJap, Tpa-
0

neuuanap Ba CuMmncoH copmyJanapu GyHnua xucobmaanr. Hartnxkanapuu
HHTETDA/IHUHT aHUK KHAMAarH GMJaH TaKKOCJ/aHT.

Eunw. [0, 1] kecMann 10 Ta TeHr 6Vaiakka 6yiamus. y =V 1412
(OYHKIHAHHHT GYJIMHMII HYKTaJapHAarTH KHAMaT/AapH KaABaqHHH Ty3aMH3
(. 22- xagBaa)

3.22- xanBan

i 0 1 2 3 4 5 6 7 8 9 10

x 0 |o0,0]02)03)]04}05)]06]0,7]0,81]0,9]0,10

y; |1,000(1,005(1,020{ 1,044 (1,077 |1,118{1,166(1,2211,2811,345]|1,414

a) Tyrpu TypTOypuakaap copmynacu:

h=ﬂ=0,l;
10

1
le+x2dx=O,l (1,000 + 1,005 + 1,020 + +1,345) ~ 1,128
0
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(uan Tyrpu TYprOypuakaap, 3. 12- mak.J);
XV 14+x? dx = 0,1 (1,005 4 1,020 + -+ 1,414) = 1,169 (yHr TyF-
0

pu TYpr6ypuaksap, 3. 13- waka);

6) Tpaneuusnap cdopmyaack: h =0,1.
1
5.V1+x2 dx=~0,1

0

(u00_+21& 41,055+ -+ 1.345) = 1,158

B) Cumncon dopmyJach:
h=0—0_or1,
10

1
le T2 dia -Oé—l(l,OOO+ 1,414 4 2 (1,005 + 1,044 + 1,118+
0

+ 1,221 + 1,345) + 4 (1,020 + 1,077 +- 1,166 + 1,281)) = 1,1478.
I) aHHK EYHM:

1 —
§V1+xﬂ dx =% +]2—ln V2 +1) =1,147.
0

Vurrerpannunr Cumncon QopMysack 6yinua  xucob/anraH KHHMaTH
YHHHT aHHK KHHMaTHra SHr SKHHIMD.

18.3. Tyrpu TYprGypuakJap, Tpaneuusnsap Ba CHMNCOH ¢opmyJaJa-
PHHUHT YHT TOMOHJIADM TeTHIWIH HHTerpaifiaH R, XaTo/qHMKKa ¢apk KH-
Jagd. By muknop ywby TeHrcusnukaap 6usiaH TaBcHGJaHa[H.

Tyrpu TyprOypyak/aap ycyiu ydyH:

R, < %(b —a) M,, 6y epaa M, = {nax] l f (%) | (18.1)

Tpaneuusinap ycyJau yuys:

R, < 1= (b —a) My, Oy epra M, —max |I; | (8.2

CuMmncoH ycynu yuyh:
R, <% (b —a)M,, 6y epna M, = max | f“v’(x), (18.3)

Arap f(x) GyHKuuAHH, m- NapaXaJH HXTHEpHA a/are6pauk Kynxap OH-
JIaH aJIMaLITHPUITaHAA

[fwar~ 3 4f @) (18.4)

i=1
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TaKpHOHH TEeHIVIMK aHHK TeHIVIHKKa alllaHca, y Xoaja Oy KBajparypa
dopmynacH m- fapaxadu Kynxaaaap YUyH auuk gopmysa j1e6 atanai.

Konauk, xapnapuuunr (18. 1), (18.2), (18. 3) udonanapuman kypu-
HHO TypHOAMKH, TYFpH TYpTOypuakaap ¢opMyJacH HOJAMHYH JapaKa/id
KYNxal yuyH, Tpaneuusiap ¢opmyJiack GHPUHUH JapaaJ/id KYnxan y4yH,
CuMncoH ¢opMmyJiacH ca yYHHYH JapaXkaqu Kynxaj Y4yH aHHK (opMy-
Jalapavp, YYHKH yJap VUyH KOJAMY, Xaj HOJTa TEHT.

Bynpaii macana 1o3ara kemagu: (18. 4) xBaapaTypa <hopMyJaanapH
OpacHjaH n Ta X, TyryHHH la, b] KecMaja wyHna# XoimamTHpull Ba 4,
BasHJIapHH LIYHJal TOMULI KepakKH, yJapra Moc KBaapatypa (opMyJiacH
MakcuMaJsl japakaji ajrebpauk Kynxaajaap YYyH YPHHAH OYJ/ICHH.

19- §. Tayccuunr kBaApatypa dopmyaacu
19.1. Dusra JlexkaHapHUHr KYynXaiJapH Xakuja Gab3H MabJayMOTJap
Kepak GVaamu. ymﬁy
d" 2 _D1? = 9
P =—— S [ —DI", n=0, 1, 2
KYypUHULIAary kynxaanap Jlexandp kynxadaapu ne6 aranaid.
Acocu#t xoccanmapu:

a) P,()=1, P,(—1)=(—1)"% n=0, 1, 2,
1
i6) j P, (x) Q,(x)dx =0, k>0 Gyarausa, Gy epa Q, () — japa-
=1
XacH n JaH KHYHK 6}"'J1ra-H HCTaJTaH Kynxaxn..
k) P, (x) (n =0, I, .) Jlexaunap kynxagu (—I, 1) Opa/uKAa_n
8

Ta TYP/IH XaKUKMH WIAMsra sra.
JlexaHJpHUHT GHPHHYM GeluTa KYNXaAWHH Ba  yJIapHUHT rpadmx.na-

puHH Kentupamu3 (3. 15- maka):.

ll
L
i e (1)
ll\\\ P3(x) Q\\{SJ / ‘
\
| ‘ |
1 g // | -— T
1 {
] P (T)
(T
-1
3.15- waka
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Po (X) = ], Pl (x) = X; P2 (JC) — _; (3x2 _ l),
Py (x) = —-(5+° — 3x), P, (x) = — (36x' — 30x* + ).

19.2. TayccHHHr KBajpaTypa (OpPMyJIaCHHH KEITHPHO —YHKAPHLL
ABBan [— 1, 1] xecMama Gepwiran y = f (¢) GyHKUHSHH KapaHMHu3. YMy-
MH# xoapard [a, b] KecMaHM GM3HHHT XOJTa 3PKJH Y3rapyBUHHH UYH3HK:
JH anMaluTHpHLl HYy/JH OHIaH KeJTHPHLI MYMKHH.

Macananu Gynpafi wyamua: f; Tyrynaap Ba A, xo3buuueHTIapHH
IIyHJa# TaHJall KEepakKH,

[ fydt= N A, ft) (19. 1)

Y i=1

KBaJpatypa (bOpMyJiacH MYMKHH 6VJAraH 3HT IOKOpH m- Japa)anH Kyn-
Xaaniap yuyH auuk GyvsicHH. DusnuHr uxtuépumusga 2nta £, Ba A, ({ =

=1, n) yarapMacnap 6yau6, (2n — 1)- napaxka1u Kynxam sca 2n Ta
KO3(puuHeHTIap 6UaaH aHHKJIAHTAHJHTH yuyH, 6y 3HT IOKOpH Japaxa
yMyMHii Xonma (2n — 1) ra TeHr GyJmMiuM paBLuaH,

(19. 1) TeHryIMK KaHOATNAHTHPHJIHIIH YYyH

fO=1,1¢ 8 ¢!
TEHIVIHK/Iap YPHHAH GYJIHIIH 3apyp Ba eTapJHAHD.
XaKuKaraH,
t"dt = At k=0,2n—1 (19,2)
f p
Ba
2n —1 .
fo=Y3 C.t
E=0

1e6, KyHuparura sra GyJaMus:

2n—1 2n—1

Ef(t)df— EC jtkdt— N ¢ sz =

(=1

=343 z" )
i=1 k=0 =

[lyHpait kuau6,
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1 (k! 2 .
*dt = M_ N e k XKyoT 6yaranga,
k41 +
=1 0, k Ttox 6yaranja
MYHoC20aTHH XHcobra oJicak, KyAW/IraH maca/iaiu edull yuyH f, Ba A,

JapHH ywby 2n Ta TeHr/JaMa CHCTeMAacHJaH aHHKJall eTapJHAHp, AEraH
XyJocara Kesnamus:

(19 3)

. ;
o —

$a =y

Py 2n—1

n

~ 2n—1 __
> AT =0

li= 1
(19. 3) cucreMa YM3HKJM 3Mac Ba YHM ofaTiaru iy OWlaH euull KaTTa)
MaTeMaTHK KHAMHYHJHKJap OuiaH GoriuK. Jlekun Oy epaa ymly CyHBHH
YCVJIHH KYJJall MYMKHH.
Ywby kynxannapHu KapainMua:
Fy=4t"P, (5 k=0, n—1,
6y epaa P, (t) Jlexxanap kyaxaanapu.
By kynxaanapHuHr papaajapu (2n—- 1) faH OpTHK GY/IMaraHJHry
yuyr (19. 3) cucremara acocaH yaap yuyH (19. 1) Ba

‘\_ AP (), k=0,n—1 (19. 4)

i=1

I
5 t* P_ (1) dt —
g |

topmyna Ypunan Gyaumu kepak. Mkkuaun tomoHmaH, Jlexauap kymn-
XaJJIapUHHHT OPTOTOHAJIJIMTHra acocaH (6) Xocca)
1

k<n na 5 thp (tydt =0
—1

TEHIVIMKJap OGaXcapuiaiH, IWYHHHT YYyH
n
2 AP, (t)=0, k=0, n—1. (19.5)
i=1

(19. 5) Tenrnukaap, arap
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P (t)=0,i=1n (19.6)

Jne6 oJsHca, Xey cyacn3 Gaxapunand, fwHu (19. 1) kBagpatypa (opmy-
JIacH 3HT IOKOPH aHMKJHKAA GIVIHIK yyyH f{, HyKTajap CHpaTHaa Teriiu-

Jau JlexaHap KYnxajJapHHHHT HOJMIAPHHH OJIHII eTapauaup. Mabaym-
K4, [B) xocca], 6y HOJMIap XakHKHi COHJap, Typan Ba (— 1, 1) opa-
JHKJa XKoHnawraH. ¢; abcuuccanaphu Guiran xoaga (19. 3) cuctemaHHHr

GUDHHYM 71 Ta YM3MKJH TeHramacupaH A, i =1, n  KoadduuneHtap-
HH TOMHII oCOH. Dy cHcTemanmnr jactiabku /1 Ta TeHI/JIaMacHHHHT Je-
TepMHHAHTH BanaepMOHA AeTepMitHaHTHAHP:

11 11
7 T

n
A= B 8 6 | =Il¢e,—t)=0
gpl ot et g
Hemak, A, nap 6up Kuiimatau anukJganaau. (19. 1) dopmyaa
Taycc ksadpamypa opmyracu ne6 atanu6, yupa t, nap P, (t) Jle-

¥aulp KynxaJIuHHHT HOJI1apH Ba Ai, i=1, n nap (19.3) cucremanau

aHHUKJIaHATH.
1- MHcoa. n =3 yuyH 'aycc XBagpaTypa GOpMyJacHHH KesaTHPHO
YHKapHHT.
Euypwm. Yuunuu papaxanu (n = 3) Jlexangp kynxaau Gynpait 6y-
Jaju:

Py (t) = % (563 — 31).
By kynxaauu HoJra TeHrJiab, HAAH3/AapHHH TOMAMM3:
_ 3 o .
h=—1 3 ~—0,774597;
t, =0;
t, = g ~ 0,774597

A,, A, A; xoxbbuuuentaapuu anukaamw yuyH, (19.3) ra acocaH,
ymby TeHrJaMallap cHcTeMacura 3ra 6yJamus:

At A+ A, =2,
_1/3 T4 _
Via+l $a=o

3 3 2
34, +34 =2,
5 1_}-5 87 3

5
6yHpan A, = A, = 3’ A, =% HH OJlaMu?2.
Hemak,
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._flli(t)dt =55 (=VI)+sro+5 () I)|

laycc kBagpatypa (POpPMYNaCHHHHT HOKVJAHJHTH IUYHNAKH, £, TYTyHJap
Ba A, BasHJap, yMyMaH afTraHja, HppalMOHaJ COHJapaup. Jlexannp
KYNXafuHUHT uaausnapy { = 0 HykTara HucGaTaH CUMMETPHK JKOHJallUraH,
A, Ba3nJap 3ca Myc6aT Ba UCTaNraH 1 ia CHMMETPHK TYTyHJapAa ycTMa-ycT
Tywanu. n =1, 4 yuyn Taycc dopmynacunaru f, Tyrynnap sa A, BasH-
JIApHUHT KHHMATJlapH KaJBaNHHH KeaTHpamu3 (3.23-xazapan):

'3.23-xkxanean

n i 4 | 4
1 1 0 2
2 1,2 =+ 0,57735027 i
3 1,3 077459667 5
5 RIS 2 0,555 555 56
4 1,4 = 0,86113631 g
2.3 T 0.33998104 & _ o008 808 89
0,34785484
0.65214516

19.3. 3uau T'aycc KBagpaTypa (opMy.1acHHH

-3
§ Oadx
a
MHTErpa/IHd XMcOGJaIlra Kyanainuk. ¥arapypunnu GyHjait
b4+a , b—a
X = ¢
‘2 + 2
anMaluTHPHO, KYHUAATHHH XOCHI KHJAMHA:

b 1 )
[ Far =270 ] 5+

By unterpanra (19.1) Faycc kBagpatypa ¢opMyJiacHHH TaTGHK KHJHO,

b b—a n
if(x)dx = YA (19.7)
i=1
ra sra 6ynamus, Gy epaa
o ="F4 =0 i =Tn (19.8)

t; nap P, (1) Jlexanap KynxajiuHuHr HoJvlapH, svhu P, (¢) =0.
n ta Tyrynau (19.7) Taycc dopMmyRacuHHHr KOJIIMK Xaau GyHpai
upopanaHagu:
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(b — a)*? T (a))" (2n)
S @@ relol |76 (19.9)

6y epmaH KyHUAarWIapHH XOCHI KHJaMH3:

1 b—a\d
R <—( ) max | fTx) [,
LNET 2 xe[a.b]lf ‘()l

1 t—a\7 :
Rg—( )max ©)(x)|,
85750 \ 2 xE[a,b]lf @)
1 b—a

Ry < e (75 max £ (o

3472875 xe[a, 6]

Ba XOKas3o0.
1
2-mucoa. [ V14 2xdx unterpanuy [aycc ¢opmyJacHHH TaTGHK

0
3TH6 XHcoGJaaHr (n = 3).

Eynw. a=0Ba =1 ra sramus. (19.8) dopmysa Ba KeJTHpHJ-
TaH XajBa/ira acocal x; 1yryunap (Gewra kHAMatiu pakamraua) ywoGy

KHilMaT/iapra sra 63Jianu:
| 1

| |
X3 = 2— + ? t2 = 0,50000,
| I
= —+ — {; =0,88730.
Xq 5 + 5 t, = 0,88730
(19.7) dopmynaparu moc KospdHUMEHTJap OH3HMHT Koaja GyHaail Gy-
Jafiu:

o, =2=24 =L.5_5_97778
2 2 9 18

Ca=b_a a=-l_£=i=0,44444,
2 2 9 9

G=2"24=L.5_3_0.27778
2 2 9 18

Keftnuru XHcoGaalapuy Xasasra ésamus (3.24- xanpan):

3.24-xalaBadn

{ I x; ,y_‘» ==V1+2xl| < | ¢y

| ,
1 0,11270 1,10698 0,27778 0,30747
2 0,60000 1,41421 0,44444 0, 62853
3 0,88730 1,66571 0,27778 0,46270
3 | | | 1,39870

Jemak,
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| 3
(V' 1T+ 2¢dx = Xc,y, = 1,39870.
0 i—1

XaTo/HKHH Gaxodaw yuyH y = f(x) =}/ 1+ 2x OyHKUMSHHHT oOJ-
THHYH TapTHOIH XOCHJACHHH TOMaMH3:
1l

F® (x) = — 945 (1 - 2x)
By epnaHu:

max | f(s)(x)| = 045,
xel0, 1]

Hemak, dopmynanudr aGconior XatosurH GyHiaH Kuimatra sra 6y-

JajH:
1 b—a 6 M5 (1Y 1
Siam 1) 20 = s (3) ~
15750 \ 2 xe[a b] 15750 2000

CoMHUITHPHII yYYH HHTETpaJHUHT aHHK KHAMATHHH KeJTHpaMH3:

1 -
[VT+2xdr =V 35—~ 1,39872.
0

20- §. Monrte-Kapao ycyau

20.1. Macananapun TacogMduit MHKJOpJapAaH Qoiaananub ewnm
ycyJiapd yMyMuil Hom Gunian Monme-Kapao ycyau ne6 aTanagi. YJaap-
HuHr HomH MonTe-Kapsio maxpy HoMH GuJaH GOFJHK.

Monte-Kapsio ycyTHHHHT MOXHATH KyiHAarujaH uéopar: GHpop ypra-
HHJIAE€TraH MHKJAOPHHHT @ KMHMATHHH TOMHIU Taja® KHJHHAIH, OYHHHT
yU4YH MaTeMaTHK KYTHJHIUH a ra TeHr GyJaraH X MHKJAOpPHH TaHJ/aHalH:

M(X)=a.
Amanpa 3ca Oyvaall #YJ 1yTHAAgw: A Ta CHHOB YTKasuiajgH, GYHIHT
HaTWXacHia X HHHT 7 Ta MyMKHH OyJaraH KuiiMaTH OJIMHHG, YJIADHHHT
ypTa apupMmeTHK KHUHAMAaTH
n
2 X,

1
noi=y

XHco6MaHaay Ba X HH H3/aHaéTraH @ COHHMHT a 6axocH (TaKpHOui KHil-
MartH) cHdaTHIa KaGysn KHJIHHaiM:

ax~a=X.

Monure-Kapio ycynu Kynm coHzarM CHHOBIAp VTKa3HJMIUHHH Taslab 3T-
FaHJIMTH YYYH YHH KYNMHHYZ cmamucmuk cuHosaap ycyau aeb aranaid.
By ycyn Hazapusicupa X TacoaudHit MHKIODHM KaHJaH KWIHG 3HT Mak-
cagra MyBOBHK paPHILf@ TaHJall, YHUHT MYMKHH GyJaraH KHAMatTJapHnu
KaHJall KHIHG TOMMIU KypcaTHIajH.
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20.2. X Tacoauuit MMKAOP MaTeMAaTHK KYTHIMIUH @ HHMHT 6aXOCHHH
XOCH KWJ/MLI YYyH 7 Ta 3PKJAM CHHOB VTKasuaraH Ba yJaap Gyiinua X
TAHJAHMAHHHI {pTa KuiMarti Tonuarad 6ynu6, y HanaHaéTraH Gaxo CH-
cdaTtHaa KabyJa KHJAMHTaH 6YJCHH: a =X.

Arap cuHOB Takpopnanaiurah 6ysca, y xonga X HuHr GOIUKAa MyM-
KHH 6yJirad xHMiiMaT/apH OJIMHMIIM DaBLUaH, ’bHU GOLIKA VYpTaua KuiMart,
Ba, lleMak, 6olKa a Gaxo xocua 6Oynaau. Dyniaan mMatemaTHk KyTHiWi-
HHHT aHHK 6aXOCHHHM XOCHJ KWJIHMII MyMKHH 3MAac/HTH KeuG unkanu. Vyu
KYHAUIHWK MyMKHH GV/iral XaToJIMK XaKH[ary MacaJa to3ara kenaid. bus
(hakat GepuaraH Y 3XTHMOJLIHK (MILOHWIHINK) OuaaH Hya KYAHIHLIH MyM-
KHH XaTOJIMKHHHT IOKOPH Yerapacd O HH u3nail 6H/IaH YeKJaHaMH3;

P(IX—a <=1

BusHH KH3HKTHPAETraH XaTONMKHUHI IOKODH YerapacH 8 MaTeMaTHK Ky-
THWIHLIHK TaHJaHMa YpTa KWAMaTH 6YiAHya HUIOHWIHJIHK OpafuKJapH ép-
JamMuia Gaxonauijup.

Ounit MatemMaTHKa yMyMmuil Kypcli (3XTHMOJIIHK Ha3aapHfCH) HaTHXKa-
JapHfian ¢oiinananu6, ymby yd XoJHH K{pHO UHKAMHS:

a) X Tacoancuil MHKIOp HOpPMAJI TaKCHMJ/IAHTAH Ba YHHHT YpTa KBajpa-
THK YeTJIaHHIUH Mabiym. By xoaja y HIIOHYIHAHK GHJAH IOKOPH Yerapa

_ 8
b= (20.1)

ra tedr, Oy epma n — CHHOBJIap coHH; f{— Jlanjac QyHKUHMSICH apry-
MeHTHHHHT D ({) =;—’ Gynapdran KuiiMatH, 8 —wmy X HHHI MabJayMm

V¥pTa KBaApaTHK YeTJIaHHLLH.

l-Mucoa. Ypra keagpaTuk uerTqandwu 0,5 ra TEHCJIHTH MabayM
6ysaran X HopMa/a MHKIOPHHHT MaTeMaTHK KYTHIHUIMHH 6axoJaul vuyH
100 Ta cuHoB yTKasuiraH 6ysca, & XaTONHKHHHT IOKOPH YerapacHHH
0,95 HWOHYIHAHK GHUMaH TOMUHT.

Euynw. By epaa n =100, 6 =0,5, y = 0,95, (D(t)—————=

= 0,475. Jlannac ¢yurumsici xkapsaaupad £ = 1,96 uu Ttomamur Xa-
TOJIMKHHUHT H3/1aHAETraH I0KOPH llerapacn'

6 =196 —=— V 00 =0,098.
6) X tacoguduit MHKIOP HOpMa/a TakCHMJaHTaH, Wy OuiaH Oupra
YHHHT ypTa KBAaJpaTHK YeTJaHWIIM O HoMabJayM. Dy Xosna y Hiuonu-
JIHHK OW/IaH XaTOJIMKHHHT IOKODH l1erapacn

b=t — V‘n_ (20.2)
ra TeHr, Gy epia n — CHHOBJap COHH, S — TaHJaHMa ¥pTa KBaJpaTHK
YeT/IaHHIIH, ¢, — XajBallaH TONHJafH.

2-mucoa. Arap HopMmas TakcuMaaHraH X TacoauHit MHKJODHHHT Ma-
TeMaTHK KyTHJIHIUMHH GaXoJawl yuyH yHHHr ycthaa 100 Ta cHHOB yTKasu-
Jub, yaap 6yiuya S=0,5 TannauMa ypTa KBaApaTHK UYETJAHHLI TOMHJIraH
6yJ1ca, XaTOJHKHHHT I0KOpH yerapaciid 0,95 HILOHWIHIHK GHJaH TOMMHT.
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Eynw. Ulaprra xypa S = 0,5, ;3 =0,95 Ba n = 100. Llyuunr

YuyH £, = 1,984 XaTONMKHHHT H3/1aHAa€TraH IOKOPH Yerapac:
6 =1,984- 22 —0,099,
y 100

B) X Tacomupuii MHKAOp HOpMaJ TaKCHMOTAaH GapK/aH TaKCHMOTTra
sra. By xompa X racommdmuii MHKAODHHHT YpTa KBajipaTHK YeTJaHHILH
8 mManaym 6y.aca, cuHOB1ap coHH eTapauua Katta (n > 30) G6iarau:
XaTOTMKHHHT KOKOpH yerapacHHH 7y Huonutuank (20.1) dopmyaacy 6yin-
Ya XucoGJall MyMKHH, arapaa & HoMawayw 63uca, (20.1) dopmyanara Tan-
Jlanma Vpra KBajpaTHK uyeTJaHnm S HU kVium MyMmkuH €k (20.2) dop-
MyJnafai ¢ofifanaHiIl MyMKHH.

Arap n xanya kaTta 6V.jca, HKKaJa ¢opmysa GepaiuraH HaTH»Kajap
opacHaaru ¢apk LIVHYAIHK KHYHK OVJMIIHHM afiTH6 YTamHu3. XycycaH
(I Ba 2-mucoanapaa), n = 100 pa X = 0,95 6yaranga XaTOJIMKHHHT IOKO-
pyu yerapacu (20.1) dopmyna 6yitmua 0,098 ra Ba (20.2) popmyna 6yiiu-
ya 0,098 ra TeHr, Kypu6 TyYpHOMH3KH, ¢hapK YHYaJHK KarTa 3Mac.

XaToOMHKHHHT OJIMHAAH GepuaraH & I0KopH yerapacHHH TabMHMH 3Ta-
JMraH AT KHYHK COHJAaru CHHOBJAp COHHHM aHHKJaw yuyyH n Hu (20.1)
Ba (20.2) dopmynanapaaH TonMw Kepak:

2 o2
2§ 58 .

T

Macanan, 8 = 0,098, t, = 1,96, 0 = 0,5 6ysca, xatosukHuur 0,088 nan
OPTMaCJIHTHHH TabMHH 3T4JINTaH CHHOBJApP COHH

1,062-0,52
— 1,9620.%% 100
0,0982

20.3. IOxopupa 20.1-6anpna 6u3 Monre—Kapao yeyan tacopuduit
COHJIADHM TaTOMK 3THIUrA A4COCJAHTaH/JMTHHH alTHG YTAMK. SHAu 6y
COHJIApHH TabpHPaaiMu3.

Tacoauduit connap ne6, (0,1) opasnkia Tekuc TakcHMJaHraH R Ta-
COMMGbHA MHKIODHUHT MYMKHH 6VJraH r KHHAMATJAPHHW afitMJIafH.

Acnupa sca MyMKuH 6yiraH KuiiMatsiap, yMyMaH aiTraHia, Yekcus
COHarH pakamJ/apra 3sra Oy/raH TeKHC TakcuMJaHrain R Tacoandui
MHKAODAAH 3Mac, 6aJKM MYMKMH G6yJraH KuAMaTJIapH YE€KJH COHAArH
pakamjapaaH H6opaT GyaraH R* kpasu TekKHC Tacognuil MHKAOpAAH
doiinananunany. R HH R* ra aJMmaWTHpull HaTHXKAacHAa MHKIOP aHHK
TaKCHMOTra 3Mac, GajKu TakpuOWH TakcumoTra ara 6yJaji.

20.4. Yanykcnz X tacomubmil MHUKAOPHHHT f(X) TaKCHMOT 3HYJIHTH-
HH OWJITaH XO/a YHMHT MyMKHH 6yaran X, (i =1, 2, )} kuiimar.a-
PH KETMa-KETJIMTHHH TOMHIL Tanab KHIAMHAETraH OYJCHH.

X ycTMaa CHHOB VTKa3HWl KOWJACHHH KeJTHpamu3: f(x) TaKCHMOT
3UYIHTH MabJyM OyJrad yanykcHs X Taconnduil MHKIOPHMHI' MyMKHH
Gysirad X; KMAMaTHHH TOMHIU YYYH r, TaCOAH(pMA COHHM TaHJall Ba

X; X;
{ f@)dx =r, Tenrnamanu éku [ Flx)dx =r,
—00 c
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TeHIVIaMaHH X, ra HucOGaTaH eydr Jo3uM, Oy epaa ¢ —my X Taconu-
¢GHi MHKIOPHHHI MYMKHH GY/AraH 3HT KHYHK KHHMATH.
3-Mucoa. ¥Yarykcus X Tacoguduii MUKIOp
f)=ae ™ x>0

KYPCaTKHWIH KOHYH Gyifinua TakcumJaHraH X HHHT MYMKHH GVaraH Kuii
MarJ/apHHH OJMHII Y4YyH OWIKOp (hOpMYJaHH TOMMHT.
Euuw. Kentupunran kougara MyBoduk
X; N
AMleMdx=r,
0
TeHr/aMaHH é3amu3. Hurerpanna6,
e—AX,- =1]—r {

HM XOcHa-KMnamu3. By Tenrnamanu X, ra HucGaTaH edamus:
1t

X,= Mn(l—r)

[

r, Tacomucuit coH (0,1) opanukka TerdiuH, nemak, 1 —r, Xam Taco-
auduit con Ba (0,1) opannkka ternuw, Bomkaua afitranza R Ba 1 — R
MHKZOpaap 6Hp Xua Takcumsanrad. Iy ca6a6mau X, HH H3mawl yyyH siHa

XaM CcoA1apoK

X =—2Xnr
i A’- ¢

tdopMynagan doigananamua. Macanan, arap A =5 6ymub, r, =0,73
TaHJaHraH 6yjaca, y xonga MyMKHH GyaraH X, KuAMarT GyHiait Gynamu:

X,=— % 1n0,73 =0,2-0,31 = 0,062,

Hopman tacopucuii MHKIOPHHHT MYMKHH 6yJiraH KHAMAT/JapHHH TOMHIL
KOHJAaCHHH KeaTHpamus: @ = 0 Ba 0 = 1 napameTpsaH HopMaa X Tacomu-
¢uil MUKIOPHHHT MYMKWH 6YaraH X; KuitMaTHHH TOMHII y4yyH 12 Ta 3pk-
JH Tacofudu#i COHNMApHH KYLuHIE Ba Xocul 6ysiraH fMFMHAUAAH 6 HH
alhpuLl N03HM:
12
X, =3 r,—6.

k=1

4-mucon. a=0, 0 =1 napaverpau HopMan X Tacomuduit MUK-
JODHHHT MYMKHH GyJIran KMHMaTHHH TOMHUHI.

Eunw. Tacoguduit connap xapgsamugaH 12 Ta COHHH TaH/IaHMH3,
yJapHH KVIIaMH3 Ba XOCHJ GYy/araH HUFHHAHZAH 6 HM alHpaMu3.

X, =(0,1040,09 + +40,67) —6 = 5,01 — 6 = —0,99.
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Arap a0 Ba 651 napameTpaH HOpMasn TacOAM(HH MHKAOPHHHT
MYMKHH 6y/iran Z; KHAMaTHHH TOMHIU Tajab KuJuHaéTraH 6y./ca, y XoJ-

Ja Wy GaHagard cYHrH Kouja O6yiduya MyMKHH 6y/iraH KHHMaTHH Tonmuo,
KelHH M3JaHaéTraH MYMKHH 6yJraH KHAMAaTHH

Z,=cX,ta
dopmysa Gyinua Tonamus.
20.5. Anpk unterpannapii Mounte — Kapsio ycyan 6Viimua Xuco6-

JAlWHHHT KYMaa6 ycyJuiapy spaTwirad. | YmapiaH GupHHM — HHTerpas
OCTHAArH (PYHKUHSHHHT VpTa KMAMATHHH TOMHIU YCYJHHH KEeJTHPaMH3.
-]

Yuby J'(p(x)dx aHHK HHTerpaqHH XucoGaaii Tanal STHAAETTaH GYJICHH.
a

1
(a, b) unTerpamnaw opanuruna f(x) = T a 3HYJIHK OWJIaH TEKHC TaK-
—a

cumjadrad X TacogubHH MHKJOpHH KapaiMu3. ¥ Xoaja MaTeMaTHK Ky-
THJIHLL

MIe (0] = o0 (dx = | p(dx.
ByHnnan
[ 9@ dx = (b — a) M (X)].

M [p(X)] MaTeMaTHK KYTHIHIIHKA YHHHT GaXOCH, ibHH TaHJaHMa yp-
Ta KMAMaTH GuJaH alMaliTHpHO, M3JaHa€TTad HHTerpasa y4yH yuby Tak-
pHOMH TEHTVIMKHH XOCHJ KHJ/IaMH3:

. T o) 90.3
fexdr=~b—a=l (20.3)

n
6y epna X,—wy X Tacomuduii MHKIOPHHHT MYMKHH GyJraH KuiiMat .
X Mugnop (a, b) opanugna f(x) = b; 3UYJHK OWJIaH TEKHC TaKCHM-
—u

JIaHTaHJurH y4yH X; HM ywby dopmyna 6y#uya TonusamH:
X; X

f f(x)dx =b_1a [de=r,

Byunan
X, =at+@b—a)r; (20.4)

6y epna r, — TacOmU(HA COH.
Xucobnall HaTHXKaJdapH JKafBaJjra €3uiagH.
3

S5-MHCOJ if (x + 1)dx unterpannun Monte — Kapso ycysu 6Gunan

XUCOO/IAHT: a) XHCOOG/AIIHHHT a6Co/IOT XaTOMUIHHH TOMMHTI; 6) XaTOJ/IHK-
HUHT t0KOpH uerapacH ¢ = 0,1 6yanuman y = 0,1 HILIOHWIM/IMK GusaH
TabMHH/IA6 GepajuraH CHHOBJIAPHHHT 3HI KHYHMK COHHMHHM TOIHHT.
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Eunw. Ywéy
3 b— a

Jx+dx~—

n
i n %lcp(xi)
tdopmynagaH goiinanaHamus, 6y epaa a =1, b =3, ¢ (x) = x+ 1. Coa-
JAMHK YYYH CHHOBJAp CoHHHH n = l0 ne6 oJjamu3. ¥ Xodaja
3
1

[ e+ Dax~ ;gl (X, + 1),

6y epaa X; HHHT MYMKHH 6Varad kuHmatiapu yw6y cdopmyaa Gyiuua
TOMHJIALH:
X,=a+(b—a)r, &ku X, =1+ 2r,

r, COHNap TacoAuHd COHIAD »KajBaMHAaH Bepry/faH KeflHH yura
pakam OuJjiaH OJIHHIaH.
YHTa CcHHOB HaTHXacH XKapBa/ija KeJartupuirad (3.25- xazean). Kaz-
Ba/laH KYpHHHG TYPHOMIIKH,
10 10

Elcp (X) = zl(x‘ + 1) =29,834.

JleMak, H3naHaéTraH HHTErpaJ.

3
1
[ (x+ 1)dx ~ 729,834 =5,967.
i
a) MiHterpaqHHHT aHHK KHAMATH:
3
o + 12 3
J (x+ 1)dx =%— =
i 1
[IIyHHHT YuyH abCOJIIOT XaTOJTHK:

6— 5,967 = 0,033.
6) XaTonukHUHT 1OkopH uwerapacH 6 =0,1 6yaumuuan y = 0,95
HILIOHWIH/IMK GHJaH TabMHHJAAHAMraH 3HF KHYHK CHHOBJIAp COHHHH
2§
I

dbopmyna 6yiuua xucobaaiimus. ¢ connnn D (f) =% =0,75 dopmyaa

6yitnya Jlanjac QyHKUMsCH KaaBaiufaH Tomamus: ¢ = 1,96.
X tacomuduit mMugmop (1,3) opaiukga TEKHC TaKCHMJAHTAHJIMIH Ba
YHHHT JHCTIEPCHSACH

(b—ap _ 1
12 6

D(X)=o0%=

ra TEHIVIMTHHH XHco6ra oau6, ypra KuiiMaTd Tonuiaguran @ (x) =x -+ 1
GOYHKIMAHHHT JHCNEPCHACHHH K TOMAaMH3:
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3.25-kanBauda

i r; 2r, X = 1421, |9(X )=X;+1
1 0,100 0,200 1,200 2,200
2 0,973 1,946 2,946 3,946
3 0,253 0.506 1,506 2,506
4 0,376 0 752 1,752 2,752
5 0,520 1,040 2,040 2,040
6 0,135 0,270 1,270 2,270
7 0,863 1.726 2,726 3,726
8 0,467 0,934 1,934 2934
9 0,354 0,708 1,708 2,708
10 0,876 1,752 2,752 3,752
$ ’ ’ 29,834
a—

o? =D (X+ l;=D(X)=;—.

SHJIH H3JaHaéTraH HT KHUYHK CHHOBJAap COHHHH TOMAaMH3:

1
. 1,962(—)
2 0,1

21-§. Bupraun TapTHGAM opAHi AuddepeHUHan TeHrJamManapHH
Jitnep ycyan GuaaH euML

21.1. Bupunuu TapTHGIH

y =[xy

IuddepeniHan TeHrJIaMa TeKHCJHKAA IVHAMILLIAD MaiiOHHHH, sBHH
TeKHCIHKHHHT [ (X, ) dyHKUUA MaBxyh GyaraH xap Gup Hykracuia Oy
HYKTa ODKAJIH YTYBYH HHTErpas 3TPH YH3HKHHHT HYHAMMIUMHHM aHHKJaH-
au. Kowu Macanacuid euuwt, anHH gy’ = f(x, y) TeHrIaMaHuHr y (xp) =
=y, OOIAHFHY WIAPTUHH KAHOATAAHTHPAJUraH €YUMHHH TOMHII Tasal
3THJIAéTraH OVJICHH.

Xarro 3Hr coana aucbdepeHUHan TeHrIaMa YUYyH Xam Oy IIapTjap HH
KaHOaT/JaHTHpaJuraH €YHMHH YeKJH COHAArd MaTeMaTHK amaJiap épia-
MHJa TOMMIL, YMyMaH, MyMKHH 3Mac. By Hapca puddepenunan tenra-
MaJlapHH TaKpHOHH EUHLIHHHT TYDPJH COHJHM YCY/WIAPHHUHT SpATHJIHILHCA
oMb Kesaau. By ycyasapHH yJapHHHT eddMJIapHHH KaHpja#l laksaja Ge-
puaHilHra Kapab acocaH y4 rypyxra 6y/HII MyMKHH:

a) aHaNUTHK ycyJap, AubdepeHUHan TeHrIaMaHHHT TakpHOUH euu-
MHHH aHaJHTHK H}poJa lakJuaa Gepaau,

6) rpaduk ycymrap TakpuGHii eunMHM rpadHK KypuHHLIMAa Gepany;

B) COHJIM yCYJIap TakpHOHil edMMHH Kajpaa LIaKJauja Gepaiu
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ByHpait TaBcugp mManaym MabHOAa wApTAM SKAHIMCHHH  aBTHG yTamus.
Macasian, Jiinep cHHK uH3MKMapH rpadMKk YCYJaH GHp BakTAa dudge-
PEHUHaN TeHIVIAMAaHHHT COHJIH €YHMHHH XaM OepajH.

21.2. y(xy) = y, GoumanFny wWapt 6UaH GepuiraH GHPHHYH TapTHOMH

¥y =f(xy)

Auddepentinan tenrnamann (Kowu Macajack) TakpuGuii HHTErpasami-
HUHT Jilep yCYJIHHH KYpHG YMKaMus.

X — X,

[xo, X] kecMmany, = h pe6 oaub, x,, X,, -y X, = X HyKTajap

Guaan n Ta Gyiakka GyJamu3, 6y epfia N — uHTerpassiall KaJamH.

Y' OYHKUMA GHDHHYI KECMaHWHT HMMAA X, faH X, raua [ (X, Y, V3-
rapmMac KHAMaTHH cakJaind, Je6 ¢apas KAIaMmHs, Y XOJIla HHTerpas 3r-
pu uusukHK 6y 6Vaakia yHra Mg(x,, Yo) HyKTaga VTKasuaraH ypuHMa
6nsan  aaMaTHpHG,

Y1 = Yo+ hf (xo, Yo)

HH XOCHJI KMJaMu3, 6y epla y, — H3NaHaéTraH (QYHKUMSHHHT X, = X, +
+ h narn xuiimath. [OkopuiariHu Takpop/ia6, H3naHaéTraH |eYHMHHHT
KeTMa-KeT KHHMATJapHHH XOCHJ KHJaMH3:

Y2 = Yy + hf (x; yy),
Ys =Y, + hf (x,, y,),

Yip1 = Y + i (x, u).

[lyunaii kuauG, uHTerpanm srpu umsuk yunapu M,(x, y,) HykTanapna
6ysiraH CHHHK uYM3HKAaH uGopar Gyianu, 6y epaa

X =%+ h, yi+l=yl.+h'f(x‘., Y. (21.1)

By ycyn Siasep cunux wusuxsap ycyau éku opuuiiruna Sidaep ycyau
neb6 aranaju.

Siinep CHHHK YM3HFHHH XOCHJ Kuiuw yuyd P (— 1, 0) KyrOuu TaH-
JafiMus Ba opAuHaranap Ykuaa OA, = f (x,, Y,) KecMaHu Kyamus. Pas-
waukH, PA, HypHuHT Gypuak KoadduuueHTH f(X,, Y,) I'a TeHr, LIyHHHT
yuyH Dislep CHHHMK UYHM3UFMHHHT GHPHHYM GVFMHHHM XOCHJ KHJHMII YYyH
M, (x,, Yo) HykTanan MM, Tyrpu uusukuu PA, ra mnapaanesa KHauo,
X =X, TYFpU uu3HK Gunan Gupop M, (x;, y,) HyKTaja KecHIITyHra Ka-
Jap yTkasuw erapauaup. CyHrpa M, (xy, y,) HyKTaHH OGOLLTAaHFHY HYK-
ta KWm6 onmub, opauHatanap ykuaa OA, = f, (x;, y,) KecMaHH KyaMus
Ba M; Hykra opkaiu MM, || PA, TYFpH YH3HKHH X = X, TYFPH UYH3HK
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3.16- waka

6ulaH M, HyKTaJa KecHIIryHra Kajap YTkasamHs Ba Xxoka3o (3.16-
1IaKJI).
Diinep ycyau AuddepeHiHas TeHIJIaMaHH SHT COAJA COHJIM  HHTEr-

pasjiaill yCYJIHIHD.
1- mucon. y(0) = 1 GowiaHFHY 1UAPTHH KAHOAT/IAHTHDPAJHTaH

Xy

!/=—2'

auddepennnan teHrsnama uHTerpaauHuur {0, 1] kecmaparm Kuiimarsiapu
JaJiBalHHH, DHsep ycyauiaH ¢oinananub, Tysuur. A =0,1 ne6 oJHHT.
Eupm. ApryMeHTHHHT KeTMa- KeT KHAMAT/IapHHH Ty3amu3: X, =0,
x =01 x =02 ; %10 = 1. M3nanaérran ¢yHKUHAHMAT MOC KHii-
Matsiapunu (21. 1) dopmyna
Y=Y, Th . y)

6yitnua xucoGnaimMus, 6y epna
= ﬂ/—-
Fx, o) =2

Xuco6naml HaTWXalapu KalBalja KenTupuarad (3. 26- xxapsasn),
Xt

YKazBaJIHHHT CYHITH YCTYHHZA ¥ = e * aHHK EUMMHHMHT KMiMATJIapH TaKe
KOCJIall Y4YyH KeJTHpH/IraH.

JKanBanpaH KypHHHO TYDUOIHMKH, Y;o KHAMATHHHT aGCOJIIOT XaTOJIHMIH

1,2840 — 1,2479 = 0,0361,

HHCOMH XaToOJIMIH 3ca Takpu6aH 3 % ra TeHr. DiJiep YCY/JHHHHT, YMYy-
MaH afiTraHfia, aHHK/JMTH XaM Ba XaTOJHK MabHOCHAA HHCOATAH KOHH-
KApJH HaTHXaJapHd A xajaM KHYMK GyJraHjardHa GepajH. DH/epHHHT
6ab3H GHP TAKOMHJUIALUTHPHITaH YCYJJIAaPHHH KYPHO YHKAMHS3,

21.3.

y =f(x y)
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3.26- xaaBaa

LA Iy y=e x2/4
x y FOy=34 BF6 9 | 2 emm
0 0 1 0 0 1
| 0,1 1 0,005 0,005 1,0025
2 0,2 1,005 0,1005 0,0101 1,0100
3 0,3 1,0151 0,1523 0,0152 1,0227
4 0,4 1,0303 0,2067 0,0206 1,0408
5 0,5 1,0509 0,2627 0,0263 1,0645
6 0,6 1,0772 0,3232 0,0323 1,0942
7 0,7 1,1095 0,3883 0,0388 1,1303
8 0,8 1,1483 0,4593 0,0459 1,1735
9 0,9 1,1942 0,5374 0,0537 1,2244
10 1,0 1,2479 1,2840

AxddepeHHa TEHT/IaMaHH

Y (X0) = Yo
GoiusaHFHy 1HApT GM1aH euHll Tana6 KHAMHCHH. R KajaMHH TaHJa6,
Siisiep ycyJMra acocaH H3/aHaéTraH eYHMHHHT KeTMa-KeT KHAMaTJapHHH
x;,=xy+ih, i=0, n nap yuyu

yi+| = y,+ hf(xi; y[)

TakpuOuit opmyna G6VilHua XucobaaiMus.
TakoMH/IalUTHPHAITaH Dilep CHHHK YH3HKJAPH YCYJHHUHT aHHKJIHIH
IOKOpHpOK, 6V.116, 6yHAa aBBaJ

h
x =xl+?t

. 1
l+_5

=y + 2%, 5
yi+_l2,—yl 9 i y[

OpasHK KHAMaTsap XHCOGJIaHaAH Ba MHTErpasj SrpH UYM3HKJAp HyHaJMIL-

Jlap MaJIOHHHHHT KHHMaTH (x | , Y y ) Ypra HyxTaja TOmMJIamM,
4 — i+ —

2
SIBbHH

f (x 1, 4, 1 )
i e
XHcoGJ/1aHaK, KeHHH 3ca GyHJaH oJIMHajgu:

!/t+1=!/,+hf(x‘+%, yi+1_). (21.2)
2
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(3. 17- waksra xapanr).

3.17- makn

21.4. SiinepHuHr GOIIKA TaKOMHJ/JIAIITHPUWATaH YyCYyJUIapHAaH GupH
Sitnep — Ko yeysm 6yu6, 6ysaa aBBaJ eYHMHHHT JAcT/I1a6KH SKHH-
JALNIIH aHWKJ/1aHalHd, SBHH

y_(+1 =yi+h (x,-v y,-).

GyHiaH ¢ofizanaHu6, HHTerpaJj 3rpH YH3HKJAp HYHAIUILIApH MaiaoHH
TONHJIaJH:

f (%4 -.’/—q_l )-
Cjurpa
= L -
yl+1 _yi + ) (f(xp y,‘)+f(x[+1v yi-H) (213)

6yHuya TakpuOuH euyHM XHcoGnaHaau (3.18- wak.ara KapaHr).

| Y
// 9'(-»1
—_ 4 —
0 UL gioé—
| I
T Ty Tiat
I t
p— g —
3.18- maxa
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2- mucoa DBouwnanrny waptaapu y(0) = 1 6yaran

oy %

tenrsamand [0, 1] kecMaga h = 0,2 KajaM GuilaH SHJAEPHHHT GHPHHUM
Ba MKKHHUYH TaKOMHJIALUTHPHITAH YcyJJapd GWJiaH HHTErpajli1aHr.

Euuw. By epaa 2 =0,2; f(x, y) =y—£. By TeHrsamMaHuHr

TAKOMHJIJIALUTHPHJITAH CHHHK uYH3HKJap ycyJau (21 2)
Y17 Y,; +hf(xi+ L yi+-.l_)
2 2

OuJIaH XHCOGJAHTaH HHTerpa/siall HaThxadapd 3. 27-xkagpanja Gepui-
rau.

3.27-xaaBaa

h hf(x, 1t
i X Y; _2'f(xir!/,') x,-.*_L y1+1 [+1‘2 ’
2 Yig 2
0 0 1,0 0,1 0,1 I,1 0,1836
1 0,2 1,1836 0,0846 0,3 1,2682 0,1590
2 0,4 1,3426 0,0747 0,5 1,4173 0,1424
3 0,6 1,4850 0,0677 0,7 1,5527 0,1302
4 0,8 1,6152 0,0625 0,9 1,6777 0,1210
5 1,0 1,7362

3. 28- xanpanza GepwiraH TeHrJama HHTerpaiuun itnep — Ko -
HHHT TaKOMHJJIALUTHPHATAH YCYJH GUiaH xucoGaalll HaTHXaJjapH Kel-
THpUJIraH, 6YHAa KajaMm apBairujek, h = 0,2 neG oJHHraH.

3.28- xaasafn

h h
i X; Y; %f (xi Y ) x‘.+1 yi+l 2f(xl+1 ’ 9 (,(xn yl.) i
y,-+1) +f(x,_H, yi+i))

0 0 |1,0 0,1 0,2 | 1,2 0,0867 0,1867
] 0,2 |1,1867] 0,0850 0,4 | 1,3566 0,0767 0,1617
2 0,4 (1,3484| 10,0755 0,6 | 1,4993 0,0699 0,1454
3 | 0,6 [1,4938 0,0690 0,8 | 1,6318 0,0651 0,1341
4 { 0,8 [1,6279] 0,0645 1,0 | 1,7569 0,0618 0,1263
5 1,0 |1,7542

Tagkocaau yuyH

y=Vox+1

aHMK €YHMHH KeJTHpamHu3, OyHAaH:
y (1) =13 =~ 1,73205.
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21.5. Xap 6up y, xkuiiMaTiiapHu HTepauusiiab Iitnep — KowHuuar

TaKOMHJIJIaUJTHpH.HI‘aH YCYJHHHUHI dHUKJIUTHHH OIIIHpHLIl MYMKHH. ABBaJT
ywoéy

Y, =y, + hf (x, 4) (21.4)
JACTIa0KH SIKHHJALLHLI TaHnaHazm, CyHrpa ywoy
ym | =y, + - {f (5 90+ T s 04| 1. 5)

HTepallHsl XKapaénH TYSHMaIH.
Vitepauus >xapa@Hunu GHpOp HKKM KeTMa- keT y{T) Ba 4{It" sKun-

JIAWKIIHK  XMcoG/all yuYyH KepaKJ/H pakamJapraya ycTtMa- YCT TYIUTYH-
ra Kajap nasoMm strupiaagd. lllynnan keitun

—(m)

yH-l =~ Yiyl

ne6 OJIHHAH, 6y epma ¢} wy y'% Ba y{my " SIKHHJIA LLIMLIIAPHUHT
YMYMHH KHCMH.

Arap /i HHHT TaHMaHraH KHAMATHAA YY-TYPT HTepalHsIallfaH CYHT
Kepak/i pakamJlap ycrma-ycT Tylimaca, y xoaga h xucoGJall kajamu-
HH KHYPaHTHPHLI JIO3HM.

3- Mucoa. Urepauusiiaw ycyauaad ¢oiaatanué y (0) = 1,5 Gow-
JIaHFHY WapT GunaH Gepuirad Y = y—x AuddepeHlUHas TeHrIama
uuTerpaiuHuHr y (1,5) KHAMATHHH TYPTTa VHJHK PaKAMHHHT YCTMa- YCT
TYWHU AHHKJHTHAR TOIHHT.

Eynw Kagamuu h = 0,25 ne6 tanna6 sa (21. 4), (21.5) urepa-
LHA KapaHH

458 =y, +hf(x, y)
vy =yt [f(x,, Y) + [ ey y,""")]

HH TaTOHK 3THO, KeTMa- KET XHCOO/aiMH3:
YO = yo + hf (%0, o) = 1,5+ 0,375 = 1,8750;
Y0 = ot 2ty )+ (11, 4P) = 1,5+ 0,125-(1,5 + 1,8750 —
—0,25) = 1,89062;
Y =4+ % (F (%or 90) + (x2, ¥1)) = 1,5+ 0,125 (1,5 + 18962 —
—0,25) = 1,89258;
¥O = ot o (F (5o, %) + Flr yf)) = 1,5+ 0,125 (15 +
+ 1,89258 — 0,25) = 1,89282.
U =gt 5 G 9+ F (rry 4)) =15 +0,125 (15 +
+ 1,89282— 0,25) = 1,89285.
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CyHITH MKKH SIKMHJAlLMLIAR TYPTTAa paKaM YcTMa- YCT — TYLUMOKJA.
[Iynusr yuyH AXJuT/a6,

Yy, ~ 1,8929

J1e6 onuill MyMKHH. .
fna (21.4) Ba (21.5) dopmynanapaan doitnananub, KyHHAarujJapHH
XucobmaimMu3:

g =y, + hf (x;, y;) = 1,8929 + 0,25(1,8929 — 0,25) = 2,3036,
yP =y, + % (F (er, y)) + 1 (xy y®)) =1,892940,125 (1,6429 +
+ 2,3036 — 0,5) = 2,3237,
Y = +% (F O 1)+ (xe 5§")) = 1,8929 + 0,125 (1,6429 +
-+ 2,3237 — 0,5) = 2,32622
U = o+ o (F Oy )+ F (x, 4§9) = 1,89294+0,125(1,6129 +
+ 2,32622 — 0,5) = 2,32654,
B0 =yt 5 (PG )+ f 0, 49)) = 1,8920+ 0,125 (1,6429 +

+ 2,32654 — 0,5) = 2,32658.
Mrepauusuy TyxTaThH Ba
Y, = 2,3266

e kabyJa KUJIHID MYMKHH.

(21. 4) Ba (21. 5) dopmysanapHH KVaMalllH¥ 1aBOM 3TTHPHO, GepuJran
TeHIIAMaHHHT €YHMHHH XOCHA KHaaMu3. XucoGnail HatwXanapuuu 3.29-
XajJBa/ara Ko#JaluTHpaMH3.

3.29-xkxaagBaa

. 1 3

J X Yi y(i?i)-l ySJll ’ 9&1 yf'-ﬁl !/i(-f-)l Y41
0 0 1,5000[1,875 1,89062 | 1,89258 | 1,89282 | 1,89285 | 1,8929
1 0,25 |1,8929|2,3036 | 2,3237 | 2,32622 | 2,32654 | 2,32658 | 2,3266
2 0,50 {2,3266|2,78325| 2,80908 | 2,81231 | 2,81271 | 2,81276 | 2,8128
3 0,75 |2,8128/3,3285 | 3,36171 | 3,36586 | 3,3664 3,36645 | 3,3664
4 1,00 |3,3664|3,9580 | 4,0007 | 4,00603 | 4,0067 4,00679 | 4,0068
2 1,25 |4,0068{4 ,6960 | 4,7509 | 4,75776 | 4,75870 | 4,75872 | 4,7587

1,50 {1,7587

22- §. Pynre — Kyrt ycymu

Jiiep ycynu GolunaHFMY 1UapT/iapH Ounan Gepuarad audxpepeHuHan
TeHryaman (Kown Macaslach) COHJIM €YHIUHHHT SHF COAJa Ba  GHPHHYM
TapTHOJH aHMKJAHKJArH YCYJHAHP.
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Pynre — KyTT ycy/M 10KOpH aHHKJHKZAarH ycy/ulapaaH Gupuaup.
[x,, x] xecmana

y (%) =4, (22.1)
GolTaHFHY 1IapTapd GuiaH GepuJraH
y =F(x p) (22.2)
TEHTJIAMAHHHT COHJ/IH €YMMHHH TOIMHIU Ta/1ab KH/HHCHH.
By kecManu
x, =x,+ih,

Xo

(6y epma i=1, n Ba h="""0 yurerpamiaw KazamH),
n

Hykrajap OH/laH n Ta Tenr Gy/iakka 6yJaMH3.
Pyure — KyTT ycy HHHHT MOXWATH M3/aHa@TraH y, ., KuAMatJapHH

q
Y=Y + E Ak
s=1
KYpUHHLIAA H3JsalljaH ubopar 6ysub, 6y epaa
ki = hf(x; y,),
k; = hf (x,- + a,h; Y, + fh),
ki =hf (x;+ash; y; + Basks + Basks),
ki =hf (x; +ah; y, + Baky + Pagks + Bssky)s

K = hf (x;+ ah y, + Bk, + + B, g1 kot
Ay, A, A, a, o, Ba B,. ¢—1 — OHpOp Tapamerp-
Jap.

Pynre — Kyrt ycynn éppamuaa Typau TapTHOIH aHMKJIHKAArH cxe-
MaJiapiiH Ty3uw Mymkin., Macanau, ¢ — 1, A =1 ga ywby

.’/H_[ =Y, + hi (x,'; !/t)

OupHHuM TapTHOMM aHHKAHKRarH Pydre — KyTt ycynura sra 6yJamus.
By ycyn 6usra DflepHHHT CHHHK YH3HKJAp YCVJIH HOMHU GHJIaH Mab-
aym [(21. 1) ¢opmyna). Ilyura yxwai

|
q=2' A1=A2=?r a’2=lrﬁ21=l

Aa HKKHHYH TapTHOJH aHuKJIHKAarH Pynre —Kyrr ycyaura sra 6yaa-
MH3, SIBHH

Yopr =95+ o (F (5 9) +F (s 9)+HF (5 9))

By 3ca 6usra ditiep — KOWHHHHT TaKOMWIIALUTHPHITAH YCYJIH HOMHM
6unan Mabaym [(21. 3) dopmy.a].
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Ilynaait kuaub, ¢ HY Ba MapaMmeTplapHH TanJaw #yau OHaaH Typ/au
aHHKJMKArH Xucobaawl GopMyJiajlapHHEs XOCHT KWIHII MYMKHH:
Pyure — KyTtHunr yw6y

hH=yr+%%ﬂ+2%+2%+kni=0J%—l (22. 3)

TYPTUHUM TapTHOIM aHMKJMKZArH CXeMacH KeHr Kyasiauunagd, Oy epaa
k{ =hf (x, y)

B = (x4 50 0,
& =hi(x + 5 ot 3 (22.4)

K= hf (R, g, + k)

ki, ks, ki, K. connap reoMeTpHk MabHOra ra.

Adratank 3. 19- wakagary M, CM; uusug (22. 1) GomanrH4 mapt-
an (22, 2) nuddepeHuHan TeHI/IaMaHHHT edHMHHH udopanacuu. By 3rpH
unaukHHHT C HyKracH Oy ykka napaJsen 6yarau Ba [x,, ¥,.,] KecMma-

HH TEHI HKKHra GyslaguraH TYFpH un3ukia €éragu, B pa L 3ca 3rpu
yusukka M, Hykrana ytkasuwiaraH ypuumanuur AC Ba NyM, opaHHATa-
nap GH/laH KecWIUHWI HyKTanapu. Y Xoaga k, con M, Hykraga M,CM,
3TPH UYH3HKKA YTKASHAraH YPHHMAHHWHr A KymaiTyBUH Kajap aHHUKJHK-
zary Gypuak KospuuMeHTH, abHH K| = hy, = hf (x,, y,).

A s
e

ﬁdu
13
M
D / T
¢ ICY d
M, ol 1
0 NO ﬁ l .‘
x; el T, =Lk
3.19- wakn
B HykTa
_ h
ky
y=y; Y

KoopAHHaTaJjaapra 3ra, fibHH
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h k
B ( X+ =, y —L.
ity Y 2
Ilemak, k, coH MHTerpan 3rpu unsukka B HyKTaja yTKasu/iraH ypHHMa-
HUHT h KynalTyBYH aHHKJHrMAarH Oypuak koabouuuentn (BF — 6y
YPHHMAHHHT KecMacH).
M, nykra opxaan BF kecMmara napaJjsien TVFPH UM3HK VTKasHJIajH,

h k,
y Xoama D Hykra x=x, + > y=y,+ ?" KOOpJiHaTaJapra sra
6ynagu, abHU:

D(xi+—’21-.y,~+kgi).

Hemaxk, ki coH unterpan srpu umsukka D HyxTaja YTKasuiran ypHH-
MaHHHT ki KynalTyBuM aHuk/JMruaard Oypuak Kospduuuentd (DR, —
6y YPHHMaHHMHT KecMacH),

Huxost, M, uykra opkann DR, ra napajsesn TYFpu UM3MK yTKasa-
MH3, Y MiN; nasomuuu R, (x,+h, y,+ ki) Hykrajma kecwb yrtanm.
Y Xoama ki coH uHTerpasn 3rpu uMaHKKa R, HyKTaja yTKasH/IraH ypHH-
MaHHHT h KynalTyBuM aHuk/urugard 6ypuak KosdduuuentH 6ynanu.

3. 19-wakapa ay, a,, o, @, Wy ki, ki, ki, ki Gypyak KoxppuIH-
€HTJlapra Moc GypyakJap.

Pynre —Kyrr ycyau 6yilrua xucobnainy ywy cxemara KoHJali-

THPHO amaJra olwMpuil Kynah Gyaamu (3. 30- xappad).
3.30-xanBax

i x y | & =niwy Ay
X9 Yo kl(o) kﬁo’
h LI
oty | bt £ 24
0
h k{2 0 (o
xo-i-? yo+2— k§) 2k3,
X0+ h Yo+ k§°’ kio) k4(0)
Ly_a
6 =AY
1 x1 v &0 k(D

Mucoua. y(0) =1 Gownanruu 1wapT GunaH Gepuiras
[ X+ y

auddeperunan Tenraamanuur [0,05) kecmapmary kuiiMmatiad b =0,1 pe6
osu6, PyHre — KyTT ycyan GunadH XucoGnaHr.

Euuur Xucobaaw xapaéHHHHHT GOLVIAHMILMHM KYpcaTaMMs. Y, HH
xHcobnaiimMus. Kerma- KeT xyiuaarusapra sra 6yJamus:
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kY =hf(x, y) =0,1(00+1)=0,1L

B =h(x0t 5 st 2 =01 {04+ %+ 1+ %) =011,
B =hf(xt 5. vt ) =01 (0+ %+ 14+ 0] = 01105

RO =hf(xy+h, y°+ k) =0,1(0+0,1+ 1+ 0,1105) =0,12105.

3.3l-xkxaasan

{ x Yy k=0,(x+y) Ay

0 0 ] 0,1 0,1000
0,05 1,05 0,11 0,2200
0,05 1,055 0,1105 0,2210
0,1 1,1105 0,1210 0,1210

BL' 0,6620 =0,1103

1 0,1 1,1103 0,1210 0,1210
0,15 1,1708 0,1321 0,2642
0,15 1,1763 0,1326 0,2652
0,2 1,2429 0,1443 0,1443

-:5—~ 0,7947 =0,1324

2 0,2 1,2427 0,1443 0,1443
0,25 1,3149 0,1565 0,3130
0,25 1,3209 0,1571 0,3142
0,3 1,3998 0,1700 0, 1700
1
r .0,9415 = 0, 1569
3 0,3 1,3996 0,1700 0,17001
0,35 1,4846 0,1835 0,3670
0,35 1,4904 0,1840 0,3680
0,4 1,5836 0,1984 0,1984)
]
e 1,1034 =0, 1840
4 0.4 1,5836 0,1984 0,1984
0,45 1,6828 0,2133 0,4266
0,45 1,6902 0,2140 0,4280
0,5 1,7976 0,2298 0,2298
]
e 1,2828 = 0,2138
5 0,5 1,7974
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By epaan:
Ayy = -25-(0,1 40,114 0,1105 + 0,12105) = 0,1103.
Jemak,
Yy = Yo+ Ay, =1-+0,1103 = 1,1103.
Kefiunru xucobmam HatHxasnapu 267- 6eraarn 3.31- »KapBanga KeaTHpHUJ-
rad. llynpa#t kuiau6,
y(0,5) = 1,7974.
CosmTnpui yuyH
y=2e"—x—1
aHHK €YHUMHH KeJITHpaMu3, GyHIaH
y(0,5)=2Ve — 1,5 =1,79744

Pyure — Kyt ycyau, y3uHMHr cepmexHataurura kapamacias, aude-
peHLMan TenrJamasapHH OXMza COHMIM eydlza KeHr KYJJIaHHJaJH .

23-§. MkxuHun Ttapru6au opaui audipepeHuuan TeHraama yuyH
YH3HKJH YerapaBHil MacasJaHH eYMIUHHHI <«NPOroHKa»,
KoaiokauMsi Ba FanepkuH ycyanapu

23.1. Yerapasuii Macanaga, opauit auddepeHlHan TeHryiama Y4YyH
KowH Macasacuaan ¢apkiad y/iapok, u3naHaéTtraH (QVHKUMAHHHT KHH Ma-
TH (BKM QYHKLHUA Ba YHUHT XOCHJAcH KOMOGHHALMSICHHHHT KHiiMaTH)
Gurta HyKTaja 3Mac, GaJKH €YHMHH aHHKJall Tanab sTnaaéTraH KecMa-
HH yerapajiab TypraH HKKHTa HyKTaja GepHJafH.

HKkHHUH TapTHGIH

Fix, 4,9, 4)=0 (23.1)
oinuit aubdepeHUHan TeHrJaMa yYyH yerapaBuil MacaJaHH euHIUHH K-
pH6 unkaMu3. (23.1) Tenryiama yyyn SHT COjJla MKKH HYKTaJH uerapa-
BHil Macasia Kyduparuua xyiuaagu: [a, b] xecmaH nHr numpa (23.1) TeHr-
JlaMaHH, KeCMaHHHT OXupJaphifa 3ca

¢ (y(a), y'(a) =0, 23
(6o, o6y =0 232
yerapaBHil IIAPTJIAPHH KAHOAT/IAHTHPYBUH ¥ = Y (¥) YHKUMAHH TONHLU
tanab stuaagM, (23.1) TeHrama yuyyH HKKH HYKTaJd Yerapasuil MacaJa-
HUHT 6ab3H TypJapHHH KYpHG YHKAMH3.
Macanan, ukkuHYH TapTHOJH
y' =i v ) (23.3)
anddepeHuran TeHraaMa y(a) = A, y(b) = B (a < 6) uerapaeuil wapr-
Jap OujaH GepHaraH, s’bHH H3JaHaéTradH y = y(x) QyHKUHsHUHT [a, D]
KeCMaHHHT X =a Ba X = b derapaBHil HyKTa/JapHaard KuAMaT/apH Mab-
JayMm 6yscud. By xosmma (23.3) TeHrnamaHHHT e4HMMH reOMETPHK HYKTaH
HasappiaH GepuaraH M(a, A) Ba N (b, B) nyxranapaan yTyBuH y = y(x)
MHTErpaJl STpH uMsuKAaH HGopaT Oyyaau (3.20- wakJj).
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Sumn (23.3) TeHrnama Yu4yH
H31aHaéTraH QYHKUMSA XOCHJIACH- Y * N
HHHI KHAMat/apH yerapaBHH HYK-

Tanapia MabJyM OYJCHH, SbHH N
y' (@) = A,, v’ (b) = B,. By xo11- M N
Ia (23.3) reoMeTpHK HyKTaH Ha- B
3aplaH TEeHIVIAMAHHHT eUHMH X=a A l

Ba X = b TYFpH 4YH3HKJApHH MOC 0
paBuja o =arctg 4,, p=arctgB, a b
Gypyaksap,OcTHAa KecHG YTyBuM

HHTErpaJ 3TPH UM3HKIAaH HOopaT 3.20- waka
6ynapu (3.21- wakJ).

3.21- waka

Huxosr, (23.3) tenrnama yuys 6up uerapaeuit HyKraja M3nanaéTra
GYHKUMAHMHT KuitMaTH y(a) = A, MKKMHYM YerapaBHil HYKTafa 6y (VHK-
UHA XocuJaacHHHHT KuiMatu y' (B)=B, Mabaym 6yacuH. ByHnnuail macara
aparaws wezapasuil macara ne6 aranapu. By xosma (23.3) Tenraamanunr
€UHMH reOMeTpHK HYKTaH HasapAaH M(a, A) uykTajan yragurad ea x=b
TYFpH YH3UKHM B = arctg B, 6ypuak ocTHaa xecaguran y = y(x) Huie-
Tpan srpu uHsHKAaH HGopaT Gy.iapu (3.22- waka). Arap puddepenuuan

q i
M |
/A peancly b
Y=y(x l
A
0 | -
a
3.22- maka
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TEHIJIaMa Ba YHMHI uerapaBHi LUapTJiapH 4M3HKJM GYyJca, y Xoaja GyH-
Jall Macasa wusuKau dezapasuli macara ne6 atanagu xamzaa (23.1) aug-
depennuan TeHrJama Ba (23.2) werapaBui 1uapTsap Kyiujaruua €susau:

¥ +pAy + ¢y =f (23.4)
Yy (@) + o,y (@) =y,
{ﬁf g6 + By () =1 (23.5)

6y epaa p(x), g(x), f(x) —wy [a, b] kecMana Mavaym Gyaran Y3JyK-
cH3 yHkuuaaap; o, oy, Bo, By, vy v — Oepuaran Varapmac COHJIap,
uty GuiaH Gupra

Jool + foa| 7 O Ba [Bo] + [B,] = 0.

Arap a <x <b pa f(x) =0 6yuca, Teurnama 6up suncau, axc XxoJ-
na 6up ocurcau bGgamaearn TeHraama 1e6 artanaji.

Arap v, =0 Ba y, =0 6§sca, y xon1ma Moc yerapaBuil luapt Gup
HuHCAUAUK wapmu 1e0 atalaiu.

Arapna mudpdepeHuHas TeHrJaMa XaM, yerapaBuil lapTiap XaM Gup
JKHHCaH Gyaica, Y XOJ1Aa yerapaBuil Macajla 6up scuucau macara  pe6
artajagi.

23.2. (23.4) unsukan auddepenuran TenraaMa (23.5) HKKM HYKTasu
YH3HKJ/M uerapaBHi liapTsap OH/aH 6epuiaraH GyJCHH.

By uerapaBuii Maca/laHH €YMLUHMHT 3HT COAJA YCY/JIapHAaH GHpH
VHH yekJH alHpManH TeHIJlaMaJap CHCTeMachra KeJTHpHLIZaH HGopat
(4exkJsH ailiupMmasiap ycysH). Bynunr yuyu [a, b] kecManm h yayHaukparu

n Ta TeHr 6ynakka GYynamus, 6y epaa h = b—a — Kajam.

Byauuum HyKranapu x,=a, x,=b, x,= x4+ ih(i = 0, n ) abeutucea-

Japra sra. y = y(x) QyHKUHSHHHT Ba YHHHT Y =y’ (x), y" = y"(x)
XOCHJIaJJapHHUHT X; GYJIHHHLI HYKTaJapHIard KHAMaT/IapiHH MOC paBHIl-
na yyl=y) y:=y (x)y, =y"(x) opxanu Gearnjaiimus. $ua
p,=p(x), g;=q(x), f, = f(x,) Gearunauiapuu xaMm Kupuramus. [a, b)
KeCMaHHHT Xap GHp X, HUKM HykTacHia y’ (x) Ba y”(x) XocHianaphH
TakpHbaH

. Yipo 241+ y; (23.6)

s Y1 Y
y; = h Y; h2

YeK/M afiMpMaiH HucGatyiap OGMIaH a/MaulTHpaMH3, yerapaBuii X, =a
Ba x, = b HyKTa/Jap yuyH 3ca

., h—Y% , Yp — Yp_
Yo=—% . _h"l_ (23.7)

ne6 onamus. (23.6) Ba (23.7) dopmynanappan ¢oiipananu6, (23.6) reur-
JamaHH Ba (23.6) yerapaBuii mwapTiapHH yw6y TeHrJaMastap CHCTEMacH
6uNaH TakpHOMit anMallTHpaMHs3:
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(Yipo—2Y; 10+ yi Yig1— %
7 Ch—— tav="
(%Yo + oy Jr” Y
(G T S V1, (23.8)
Yn — Yn_
Bo Yo -+ By nh—nl = Vs

Iynpait kuau6, n+ 1 Ta HoMawayMian n+ 1 Ta aareGpauk TeHrJa-
Ma cHcTeMacHra Keqauk. ByHpa#l cucTeMaHH eyl HATHXKACHIA M3/]aHaéT-
rai QYHKUHAHHHT TaKpHUOMH KHAMAT/IapH KaJBaJHHH XOCHI KHUJIAMH3.
Arap y'(x) Ba y"(x) Hu

s Y1 — Y% Y —2y +9i
Y:=—2n 4= h?

MapKa3sHil YeK/H aifiupManap GHiaH a/MalUTHPHJICA, Y X0J[a $iHa XaM

aHHKpOK opMy.aJlapHH XOCHJI KHJHIU MYMKHH. XOCH/Ja/jap y4yH uera-

paBuil HyKranapaa (23.7) dopmyaanapnan ¢oifanaHdm MymguH. DBy
xo/ia ylly CHCTeMaHH XOCHJ KHJaMH3:

(yip1— 2y + 94 Yip1— Y1
[ +0, —— +tq4, =1,
Toao + @y LF =1y, (23.9)
Yn — Yn_ . —_—
tﬁoyn‘*‘ﬁth—l‘:Yg, {i=0,n—1.

I-Mucoa. Ywby yerapaBuil MacalaHHHI €YHMHHH YeKJH afiupmanap
ycyau 6uad 0,001 raua aHHKJIMKRA TOTHHL:

Yy —xy +2y=x+1,
y(0,9)—0,54"(0,9) =2,
y(1,2)=1.
Eunw. [0,9; 1,2) kecmann h = 0,1 kagam GuaaH kHcmaapra 6yaz-
mu3. Y xodaza
%=09 x=10 x=11, x=12
abcuuccaly TYPTTa HYKTa XOCHJI KHJIHHAOM.
Bepunran tenrnamanu x, = 1,0 Ba x, = 1,1 H4YKM HyKTaJjapaa

!/i+1—2hi,- +y.-__1_ —x, y[+12;!/i—1 +2y,=x+1, (i=1,2) (23.10)

YeKJu aliupmaiu TeHrJlaMa GunaH anMaluTHpamus. Yerapasuit waptiapian
$olinanaHuG, 4yerapaBuil HyKTajapia YeKJH ailHpMaJi

Y1— Yo —
o +05 "= =2, ©23.11)

Ys=1
TEHI/IaMaJlapHH XOCHJ KHJIaMH3.
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Vxuau XaJJIapHH ux4yamiaab Ba £ = 0,1 uu Xuco6ra oau6, (23.10)
Ba (23.11) TenrylaMasapHu MoOC paBHga Kyiugardya €3u6 oJ1aMH3:
Y;42+0,1x) —4y,(1-—0,00)+y,,,(2—01x) =0,02x,
1,2 yp—y, = 0,4,
Yy =1, i= 1, 2.
Bepuaran macana
1,24y —y, = 0,4,
2,14,—3,96y,+ 1,9y, = 0,04,
2,11y, — 3,96 y, + 1,89y, = 0,042

TCHI/IaMaJlap CHCTEMaCHHH €4HWra KeJTHPHA3aAH. CucremaHnu eyuob,

Yo = 1,406; y,= 1,287; y, = 1,149; Jy =] 1,000

HH XOCHJI KHJIaMH3.

23.3. UKKHHYKM TapTHO/H YH3HKJAH AHbdepeHLHan TeHrJaMalgap yuyH
yerapaBHil MacaJlajapra Y€K/ aidlMpManap YCyJHHH TarGHK STHJTaHAa
y4 XaJii UM3HKJH ajrepauKk TEHr/aMaJjap CHCTeMacH XocHa1 6V.aub,
yJapHHHT ¥ap GHpH yyTa KYIIHM HOMa®mJyMHH V3 HuMra onafd. ByHpuafi
CHCTEMaHH eYHII YUyH «IPOTOHKa» YCyJH Je0 HOMJAHYBYH MAaXCyc YCyJ
MaBKYA.

(23.9) ueksH- aitupMaJid TeHIVlaMaslap CHCTE€MacH TETHIIH a/MallTH-
pHlLIapAaH CYHT

Yoo + My, + g, =Fh, (23.12)
Y, — Y
laoyo + oy © = Y1,
(23.13)
Yn — Yn_ . —_—
Iﬁoyn+ﬁn ——h—l =v,i=1n—1
KYPHHHULLEA KedrHpHaaiu, Oy epia
2 —q, b -2 i
e L ¥
1 [3 { {
—+ 2_h Lk L h
(23.12) — (23.13) uMaukaH cucTeMa Yo, Yy, , Y, HOMabJymJapra

HucbataH (n+-1) Ta GHpHHYM RapaXkaJu TeHIVIaMaaaH ubopat. By cucrema-
HH oJiaTharH ycy/ulap GW/jaH XaM eydil MYMKHH, amMmo O6u3 Oy epaa
«MPOrOHKa» YCyJiH OMNaH euyHIHH Kypcatamus. (23.12) TeHriamaHH y,

ra HHCOATaH eucak,
Ty 1 n,
b=m W= i~ Y (23.15)
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ra sra 6ynamus. (23.12) — (23.13) Tymmk cucrema épaamupa (23.15)
cHcTeMajaH Y, _, HOMabayM HykoTwirad, Ae6 ¢apa3 Kuaaimk Y Xoana
6y TeHrJiama

y,=c¢d;,—y. ) (23.16)
KYpUHHIIHH onajH, Gy epa C, d,, i = 1, n—1 — 6Hpop Kosdduunent-
nap. Bynpan

Yy, =¢_,d_y—y)
SKQHJHTH paBlLaH.
By ubonann (23.12) ra xyihcak,
Yo+ iy, ey d_y, —y)=1h,

Ba, JeMakK,

_ Uik=nig_y di_)—Yipy

i

(23.17)

m)—m Ci——i

(23.16) Ba (23.17) dopmysanapuu Takkocsab, ¢; Ba d, Kos(pdHuneHTaap-

HH aHHKJAW y4yyH ywly ¢opMynaNapHH XOCHA KHJAMH3 :
1

= e = Fh*—n,c_d,_,(i=1,n—1). (23.18)
AHan ¢, Ba d, HU aHMKMaiMu3. Bupunuu yerapasuit wapt (23.13) aau
-
HH XocHa KuaMu3. MkkuHuu TomouaaH, [ =0 6yaranga (23.16) aan
Yo = Co(dy — 1) (23.19)
ra ara 6ysamus. CYHITH HKKH TEHIVIHKHHM TakkocJal,
a2, dy= (23.20)

Hu Tomamus. (23.18), (23.20) dopmynanapra acocad ¢;, d;, i =1,n—I

Koa(puLMenTaap ¢, , Ba d,_, raya (ynap xaM KHpajH) KeTMa- KET TO-
nunagu (Tyepu Hya).
Teckapu #ya y, HH aHMKJawAaH GomwtaHagd. (23.13) Aaru HKKHHYH

yerapaBHi IIapTAaH Ba (23.16) ¢opmynagan i =n— 1 ge6, yw6y Tenr-
JaManap CHCTEMAcHHH XOCHJ KHJIaMH3:

Yn — yn_

L=
Boyo + ﬁl h YZ! (2321)
Yny = Cpy (dn—l - yn)‘
Bynu y, ra HucGaran eycak,
18—2928 273
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gy = Yo b+ Piy_ydy_y
" BBy + D

(23.22)

ra sra 6y/amus.

unu (23.16) dopMyna Gyiimua KeTMa- KeT y,_,, Yp_on s Yo Jap-
HH TOMaMH3.

Hasopat xuanil Makcanuaa GHpHHYM YerapaBuil LIAPTHHHT GaXKapu-
JIMIUMHH TEKIUHPHO KYpHIU MYMKHH.

XHcobsall/iapHH JKajiBa/l KYPHHHIUMAA KOHIALITHPHIL KyJaH CyJaaau
(3.32- xxaxBan).

3.32-xxagBan

i 0 1 2 n—2 n—1 n
i h (12121.1 N G2 Cp—2 Cn_y

4 | PG | 4| . R

X Xo=2a x; E Xy_o 4 Xp=b
Yi Yo Y1 Ya Yn_sg Yn—i Yn 512;:22)

2-MucoJa. Ywby
Yy =x+y, (23.23)
y(©0)=0, y(1)=0 (23.24)

yerapaBuil MacaJlaHH «NPOTOHKa» YCYJIH OH/IaH €UHHT.

Eunm ay=1, ¢; =0, fp=1, , =0, vy =%, =0 napra sra-
mus. A = 0,1 ne6 onamus xampa (23.23) Tenrnama Ba (23.24) uerapa-
BHH 1UapTJapAaH TETHLLIH

Ypr Ty + 0y =fh, i=1 n—1
%=0, 4, =0
yekJu- allUpMaJld  TeHrJaMajiapra Yramps, Oy epga m, = —=2-—Hh?,
n,=1, [?L.=xl. = {h.
(23.20) Ba (23.18) topMmysanapra acocaH
o =0, Cody = V1,
GyHAaH

¢, =L = 0498 dy =Th —nyy, = 0,001

(23.18) dopmysanap GH3HHHT X0Jja
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] —_—

. T L
Ci__——2_h2“ci_1’ d,=ih ¢, 4d;y, i=19

HH OGepand. .
¢; Ba d,({ = 1,9 HuHT TOMM/ITaH KHiAMAT/IapH }KaJBaJHHHT GHPHHUYH
HKKHTa catpuaa é3unagd. Cyurpa (23.16) dopmyanan Ba Mab/ayMm

Y10 = 0 guiiMataad goiaananub, y,, Ys, Y, HH XHCOG/IaHMH3.
o - 2
Takkocnam — MakcaAnia XaJBaJIHHHT CYHITH caTpyga y = 8251 X

Xsh x — x aHMK euHMHHHT KufiMatnapu Gepuurad (3.33- xkanean).

3.33-xkaaBaa

i 0] 1 2 3 4 5 6 7 8 9 10
¢; |0 |—0498|—0,662]—0.878)-0,890|—0,900| —0,908| —0,915| —0,921 —0,926| —
d; | — | ooor} o002{ o004 o0.008| 0,012 0016} 0022] 0,028 0,035 -
y; |0 |—0.025[—0.049|— 0072 —0,078 | —0,08}| —0,078} —0,070| —0,055| 0,032 ©
y; | 0 |—0015]|—0.029) —0,041{ —0,050( —0,057 0,058| —0,054| —0,044] —0,026| 0

23.4. Yerapasuit MacanaHMHr TakpuOHit KHAMAaTHHH aHAMHTHK Hdoxa
WAKJMIA TOTHII MMKOHHHH GepajuraH ycyJs GHJIaH TaHHIIAMK3.
Y6y 4H3MKJIH

Liyi=y"+r0)y +90y =f(x (23.25)
nuddepeHinan TeHr1aMaHH Ba
Tolyl =ayy(a) + o, y'(@) =1y,
=80+ by 6 — (23.26)

6ynaa ety + |ty %0, IBy] + Bl = 0 umsukau uerapasuit mapraapun
KaHOATJIaHTHPafHraH y == y (x) (yHKUHSHH aHHKJall Tana6 3THAaéTraH
GYJICHH.

IllyHnail KUIHG GUpOpP UYH3HKJIM SPKJIH

uo (x)’ ul (X), un (X) (23.27)
¢yHkuuaaap (6asuc GyHKUMANAp) TYMJIAMHHH TaH/AafMH3KH, yJapiaH

U, (x) dyHKUMS GUp MHHCIM Gy/IMaraH 4erapaBuil LapT/IapHH KaHOaT -
JIAHTHPCHH, SABHH

l-‘a {u) = Y1 Fb [ua] =Y (2328)

6y/m6, xosiraH u,(x), { = 1,n ¢yHkuuanap sca Moc GHp MKHHCJH yera-
paBuil 1IApT/IapHH KaHOATJIaHTHPCHH:
T

T, (4] =0, T,[t] =0, i=T,n. (23.29)

Arap (23.26) uerapasuil waptiap Gup XutcaH (y, =y, = 0) 6y.ca,
y Xonaa u,(x)=0 ne6 oaub,
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ux), i=1,n

Y HKLHAIAp CHCTEMACHHHTHHA Kapall MYMKHH.
(23.25) — (23.26) uerapaBuil MacaJaHMHI €YHUMHHH (asuc OQyHKIHsA-
JapHHHT YH3HKJIH KOMOGHHALHACH

y=1u,x)+ i c; u,; (x) (23.30)
i=1

Wwakandga nanaivu3. By Xonna y ¢yskuusa paslwakH, (23.26) yerapasuit
IIapT/1apHH KAHOATJAHTHpAAH. XaKHKATaH Xam, yerapaBHil ILapT/apHHHT
YH3HUKJIH IKAHJHTHCA acOCaH,

T =T, [u°]+i ¢, T lu]l=mv ‘*“Z ¢ 0=m

=1 1
ra sra G6ysamus. llynra yxwaw, T, [y] =v,.

(23.30) udonanu (23.25) Tenrsiamara KyiHG, yuryn 6gamazan Pyrk-
yus ne6 arajyBYH

R(xv Cl’ C2v Cn) = L [!/] _f(x) =
=L [u] —f () + i c;Lla], (23.31)

i=1
¢yHKUHAra sra 6yJamus.
Arap c,;(i =1, n) napHuHr GHpOp TaHJaHHILHAA

a<x<b na R(x, ¢, ¢, c)=0

TEHIVIMK GaXkapunaca, y ¢yHkuus (23.25) — (23.26) uerapaBuit MacaJa-
HHHT aHHK eYHMH G6yJaiH.

Bupok ¢; xospduunentiapan 6yuaai MysabhakHaT OuJaH TaHJall,
yMyMaH aiiTraHpa, MymrHH sMmac. lly ca6abau GyHpa#i HatHxa OuJaH
ueknaHuMagM: R (x, ¢;, ¢, , ;) ®yuxuus [a, b] paru GepusraH erap-
JIHYa 3MY HyKTa/lap CHCTEMAcH X;, X, » X, (KOJIJIOKalHA HyKTaslapH)
Ja HoJra aiylaHuilM Tana6 KuIHHamd, Oy HykTajnapia, WyHAal KHJHO,
(23.25) nuddepeHuHan TeHIIaMa aHHK KaHOATJAHTHPHIAAH; KOJJIOKA-
IHA HYKTaJapH cHaTHja, Macaniad, [a, b] Kecmanu TeHr G6yJakJjapra
6y 1yBUM HYKTaJap TaHJaHHIM MyMKHH. HaTixkaga ywoy

R(xlv ST Cn) = 0,
. (23.32)
R(x, ¢, ¢, , cn)‘_=' 0
YH3HKJIH TEHIVIaMaJ/lap CHCTEMacCHHH XOCH/ KHJIaMH3.
(23.32) cucrema Guprasmukpa Gy/raH Xoapa ¢, C, ¢, Ko3gibu-

UHEHTJIapHH ojaTiarH ycyJaJap 6u/JaH aHHKJ/alll MyMKHH, IUyHIAH CYHT
Kapa/Ja€TraH yerapaBHH MacaJlaHHHT TakpuOuil eunmu (23.22) dopmyna
6uJlaH TOMHJaH.
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Uusukau verapsBiil Macanani OyHIaH eudm ycyJH KoAl0Kauus ycy-
Au ne6 aTtagani.
3-MHucoa. Ywby yerapaBuil MacajlaHH KOJJIOKalHs YCyJH OuJaH

CUHHT:

"+ (1+x)y+1=0,
{z(l) =0, y(— 1) =0. (23.33)

Euynw, Basuc dyukunsanap cudarnna
n—2
u,)=x" "(1—x*), n=1, 2.
KYNXanjapHH TaHaa#Mu3, yJap uerapaBHH 1LApTJapHH KaHOATJIAHTHPHIIH

paBlLaH:
u, (=0, u (—1)=0.

Kosnokauusa HykTasapH cicaruaa

1

1
2 =TT
JapHH TaHjaimu3. Mikkuta Gasuc QyHrUMS 6UnaH ueKaHHG,
y=c (x—x)+c(x" —x%)
ne6 onamus. Bynu (23.33) auddeperuman TeHrnamara KysaMus:
Rx)=—2c¢c,4¢c,(2—12x) + (1 + %% [, (1 — x?) +
Fo(—x)+1l=1—c(1+x)+c,(2—11x*—x5. (25.34)
Konnokauuss nykranapu

X =0 x_=

] 1
xo—O, x+—'2—, x_——?
2a R(x))=0, R(x,)=0, R(x_) =0. Bynpan, (23.34) dopmynanan ¢oit-
laJaHub, ¢; Ba ¢, KOIDODULUMEHTIAPHH aHHKJAUl YYYH YOGy 4YH3HKJIH
TEHIVIaMaJlap CHCTEMAacHHH XOCHJ KWJIaMH3:

l—c,+2¢,=0,
23.35
PNLLAPE PR (23,39
16 64

By cucremann eun6,
¢ =0,957, ¢, =—0,022
HH TOMaMH3, AeMak, yuby
y = 0,957 (1 — x*) — 0,022 (x* — x*) = 0,957 — 0,979 x* + 0,022 x*

TaKpuOHit euumra sra Gysnamus.
XycycaHn, y(0) =0,957.
23.5. TanépkuH ycyau
Y6y

Liyl=y"+px)y +q)y =[x (23.36)
YH3NKJH AuddepeHiHan TeHrnamMa Ba
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Lllyl=a y(@) +oy (@)=, T,ly] =P,y () +Bry’ ©) =, (23.37)

Gepwirat, GyHa la,| + |a,| == 0 Ba I, + IB,| = 0.
Bupop Tysa cucTeMaHMHr KHCMH GyaraH 6asuc  GYHKUHSJIAPHHHT
YeKJIM CHCTeMacH

u, (x), u, (%), y U, ()
HH TaHaalmu3, 6yHaa u,(x) dyHKUKS OHp KHHC/IH GyJMaraH yerapaBHi
waptaap I'; [u)=v,, T, [ue] =7, uu, u, (x), u, (x) dyHkuusnap 3ca

Polul=Tlu), i=1n

OMp KHHCJIH YyerapaBHH IAPTJApDHH KaHOAT/JaHTHPCHH.
UerapaBuii MacaJlaHHHI €YHMHHU flHa

Yy =u,(x)+ i c;u;(x) (23.38)
=1

Kypunnuta usnaiimus. By y dyukuus u, Gasuc yHKUMANAPHUHT TaH-
JlaHHwAra kypa (23.37) yerapasuit wapTaapHH ¢, KO3QQUUHEHTIAD HX-

THEpHH TaHJaHraHa XaM KaHoar/auTHpaid. (23.38) udopann (23.36)
TeHrJaMara Ky#cax,

R(x, ¢, G ¢)=Liul+3 ¢l —F(x)
=1

OFUWIHH Gepagu. Anuk euuMm y yuyH R==0. AHHK euHMra sikuH GyJraH
TAKPHOHA eUHMHH TOMMLI YyyH €, KO3(DHUHEHTIapHH LUyHJai TaHJIaAMH3-

KH, R ¢yHkuusa 6Hpop MabHOAa KHUMK GyJicuH. [anépkus ycyaura kypa
R mu u,(x), i =1, n 6Gasuc ¢yHKUMsIapra OpTOroHas] GY/HMILHHH 1a/1a0

kunamus. By sca u,(x), i =1, n QyHKumuaAnap conu erapaHya KaTTa

Gynranaa R OPHIUHMHT ypraya KHYMK OYJIHIIHHH TabMHHJAAQH, OGHPOK
Gy epla TakpHOMH eYlMINHT AHHK €YMMId K4HYaJHK SIKHH SKAHJHIH
MacaJ/laCH OYHK KOJajH.

€y, C, , ¢, Kos{duuHeHTNapHH TONMII YYyH R Ba u, (x),
i =1, n QyHKUHATaPHHHT OpTOrOHa/MruaaH ¢oiaanann6, yuwly uH-

3HKJIH TEHIJlaMaJlap CHCTEeMacHHH TY3aMH3:

b
j ul (X) R(x, Clv C!v ] C,‘) dx = 0’

lf () Rx, ¢, &, ¢)dx =0,

a

? u, (X) R(x, ¢ ¢), , ¢)dx =0,

éku Garageunpok €3uica,
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(%

i= pt

‘\_: c‘j' u, (X)L [u)dx = \'ui (0 If(x) — L [u,] ] dx, i=1,n

4-mucoa. y(0) =1, y (1) =0 yerapaBuit WapTAapHH KaHOATJaH-
THpaJHraH

y' txy +y=2x
TEHIJIAaMaHWHT TaKpHOUH euuMuHH [anépkHH ycyad OWJIaH TOMMHT.

Eunw. Ywby ysxkuuasapuy 6a3uc ¢yHKUHsaap cudaTHia TaH-
JIaHMH3:

uy,(x) =1-—x,

y (1) = x (1 — ),
u'.’.(x) =x2(l —x)v
Uy (x) = x*(1 — x).

MacanaHHHr TakpHOHH e4HMHHH
=1 —x)+ ox (1 — 0) + 23 (1 — ) + c2° (1 — )

Kynxaj waxJufa Hajaiimu3. Dynn Gepuaran 1audepepenunan Tenrnama-
HHHT Yan TOMOHHra KyHu6, ylby OFHMIIHH XOCHJ KHJaMH3:

R (x, ¢,, ¢y, v €)= (1 —4x)+ ¢, (— 24 2x —3xH) +
4+ ¢,(2 —6x 4 3x* — 4x3) + ¢, (6x — 12x% 4 4x3 — 5x%).

R dyskuMAnMHr u,, U,, U, QyHKUHsAJapra OPTOTOHA/JIMK LIApPTHAAH
doinananub, ywby cHCTEMaHH XOCHJ KHJlaMH3:

—

(X—‘x2) R (xv Cy, Gy C3) dx = Oo

.

#**— xR (x, ¢, €y C5) dx =0,

e e e ©

(—x*+ X R(x, ¢;, €y, ¢g) dx =0.

o

By cucremara R (x) HuHr kuiiMatHHH KyAHG Ba HHTerpanna6, yuwbyra
sra GyJamus:

133¢, + 63¢c, + 36cg = — 70,
140c, + 108¢, + 79c, = — 98,
264c¢, + 252¢, 4 211¢; = — 210.

Bynu eun6, ¢, =—0,2090, ¢, = —0,7894, c; = 0,2090 Hu XocHa KH-
Jdamus, Iy caGa6an umanaHaérran euum

y=(1—x)(1 —0,2090 x —0,7894x% + 0,2090x3)
6ynanu.
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24- §. MatemaTnk (QM3HKAHHHT YerapaBHA MAcalaNapUHH €YHILUHHHT

Typaap ycyau. duddepesunan onepaTopJapHH aKpManu annpokcuma-

uusajail. CXemMaHMHr TYPFyHJAHMrH XakHAA TywyHya. Owkop Ba oOlIKOp-
mac cxemaJjap

24.1. 'MabayMKH, KHTOOHMHT «MateMaTHk (H3HKA TeHrJiaMajiapH»
6Yy/MMHA KapaJraH TVJIKHH TeHIJaMacH €KH Top TeOpaHHIlU TeHIJIaMacH
(1.54), uccukauK YTKazyBuaHaHK (Pypbe) Tenramacy, Jlansac TeHrsa-
manapy (1.56) HHHI eUMMIADHHH OMp KMHMAaTJIH aHMKJAll Y4VH GOuAaH-
Fu4 Ba dezapasuti wapmiap 1e6 aTalyBuM KYIUMMYa WAPTJIAPHHHT XaM
GepunuuIM 03UM. JIeKHH, KYNTHHa TeHIJamaJjap eYHMJapHHH aHAIHTHK
WAKJJa OJMIIHHHT MJOXKHK HYKJAWTH cababnu yJapHH euuilga TakKpHOHi
€KH COHJIH yCyJJIapra MypoKaaT KHJIMINra TYTPH KesaiH.

bus xocunanapHu alHpmasH annpoKCHMMalUMAJailra acocsaHraH CoH-
JH ycy/sapHH KypHO unkamus. DyHpait €npaiumir afiupma ycyau, €ku
YeKJIH alipMa YyCyJH €KH TypJap ycyaH he6 aranagd.

24.2. Typnap yCyJMHHHT MOXHMATH KyHuparuda. Afupmain cxeMmaHH
TY3WllAa ONAHH Oepu/raH TeHIJIaMa apryMeHTJIAPHHHUHT Y31YKCH3 Y3rapuil
coxach G HH YJIAPHUHT JMCKPET yarapuil coxacH G, typau coxa (€xu
onauii aliTranaa Typ) OWaaH, AbHH myp myeyraapu 1e6 aranafura
(¥, y ;) HyKranap Tynaamu GuilaH aamawthpuiagu. Typ coxa Keazpar,
TYFpH TYpTOypyak, yu$Oypuak Ba XOKa30 KaTakJjapjaH uCopaT OGy/uILH
MyMKHH. Typau coxanu Tawjaranaa, yHusr I', xoutypu Gepuaran G co-
xaHuHr I' KOHTypHHH HN0XH 6OpHYa AXIUM anmpoKcHMauusA/Ialiaurat 6y-
JIMIIK Kepak.

Mucon cudatuaa i1 kagam OGuIaH KBagpaT TVp Ty3aMu3:

x; = X, + ih, y].=yo+jh; i, j==+x1, £2,

6yHaa TYPHHUHT (X, y.) TyryHnaph € G coxara TerHuLM €KdH YHMHT 4e-

© rapacuaai kb faH KWudK GyJraH
Macodana éramu. TYp TyryHaa-
pH ywby Kypuauiiapaa 6y-
JIHLINApH MYMKHH: KVLIHH, HY-
KH Ba Yerapasuil TyryHJap.

Ky1unu Tyrynaap 6up- 6upu-
JaH KOOpAMHaTa VKJapu #HyHa-
Jauwyk GyAuya TYp Kaaamu h ra
TeHr Macodaga €ragu.

Hukn 1yryunap G coxara,
yaapra KymHe 6yarad TyprTa
TYIYH 3Ca Typra TerdilyiH, akc
X0Jjla yJapHH verapaBuit TYT'yH-
nap ne6 aranagu. Bynna uera-
D paBuit TYryH 6y TYPHHHT KYyuI-
HH HYKM TyryHura sra 6y.ca,

3.23- wakn y I myp weeapasui myeyn 1ne6
atanany; akc xoaga Il myp weeapaswi TyryHra sra 6ynamus. 3.23-
IIaK/11a WYKH TYTYHJap OYMK JOHpauasiap GunaH, I Typ uerapaBuit HyK-

280

www.ziyouz.com kutubxonasi



Talap Kopa Joupadanap Ousan 6Genrwnavrad; A, B, C, D tyryunap
II Typ uverapaBuit Tyryunapaup. HMukm Tyryenap sa I Typ uerapaBmit
TYTYHJapHH xucofaau myeynaapu 1e6 ataiMu3. SHAH H3NaHaeTraH U=
=u(x, y) dyHkuusasuar (x, y/.) TYTyHAArH KHAMaTHHH W, = u (x,, )
OPKaJIH Ge/Iruaaimus.

24.3. AilupManu cXeMaHH Tysuwiga HaB6ataard kaaam L [u] audpe-
peHLlHan omnepaTopHH Gupop aiupMaqau Hdofa GuraH aJMALITHPHLUAAH
ubopar. By oneparopaapuu 24. 1-6aunna 3caaTH6 YTHITaH TelrJama-
Jlap YYyH KeJTHpaMHs:

a) ywby

dJu , J%u

-0
ox?  Jy*

.ﬂan.nac TE€HIrJlaMacHra MOC YeKJIH- aﬁupmaml TEHIVIAaMAHH XOCHJI KHJ/HUI
YYyH

02u

oy’

Juddepenlivas onepatopia XycycHH XocuiajapHd ywoy QopMyaanap
6ViiMya a/MalITHDHII Kepak:

=%
L[ul=ax,+

d%u 1

P iadTy (4, _y =20 +u )
0% 1
ayzzhz (u‘.' i—1 —-211‘.’. +ui.i+l)'

Y xonna Jlanaac andepenunan TenrsamacH Xap 6up (x;, y;) HyKTaaa
ueK/IH- alupMaJsii

1
LuEiF_(u"_l-/' +ui»i—l +ui+l.i+ui,i+1—4u ',)=0 (24.1)

TeHrViaMa GHJaH annpokcHMauusiaHanu. ByHpad u,; napHuHT Kuiimatia-
PHHH XOCHJI KHJIaMH3:
1

“zi=7(”1—1.i+”i+ Lt ot ) (242)
6y epaa (¥, ¥; 41) — XHcoGJall HyKTalapH.
Arap Gepusiran Macana yuyH
(x, y)ET na u (x, y) =0 (x, y)

yerapaBHi 1uapT Gepwsrad OyJica, y xonaga TYpHuHr I Typ uerapasuit
HyKTacHzaa

u, ;=u (x, y) =9 y)

pe6 onamus, 6yuaa (¢, y) wy I' werapanunr (x,, y,) yerapaBuit HyKTara
3HT SAKHH HYKTACH.
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Xocua xuauHraH (24. 1) wliupMany TeHrjamajap uanaHaérraH ¢yHK-
UMSHHHT TYPHUHT alpHM TYTYHJAapHAATH KHAMATJIAPHHUHT UH3HKJIH KOM-
6unanuscuial ubopat. ARuMpMaan cXemaHH Ty3ull yuyyH dolganaHuia-
IHrad TYTYHJapHUHT OyHAa# KOHGMHUrypauMsicH «Kosuny (wabaoH) ne6
atanajy. DusHHHT Xo/iRa «KOJHMy Geluta TyryHra sra (Gelll HyKTaJH KO-
Jum»). Bynpail «konun» «xou» (kpect) Ae6 HomsaHagu (3. 24- wakn).

Mlyupai kuau6, (24. 1) uH3HKAM

- Oup KMHCIM 6y/IMaraH TeHIJamaJap
L, j+1 CHCTEMACHHH XOCHJ KHJIaMH3, YHAa
HOMabJyMJiap COHH TeHIJIaMaJslap COHH-

ra (AbHH TYPHUHT HYKH TYTyHJapH

conura) TeHr. DyHnpali cucrema xap

, — — . AOMM OMpraJHKAa Ba GHpPruHa euumra
-1, ) L L“:J sra. Yuu eun6, wuanaHaéTraH u =
= u(x, y) pyuxkunsuusr G, Typ co-

Xa TyTyHJapHAar# e4HMJIapHHH XOCHJ

. KHJIaMH3.
L’) ! I-Mucoua.
Pu Fu_g
3.24- waxa oxt P

.Hannac TEeHIJIaMacH YYyH

G={0<x< 1, 0< y< 1} kBagpatna dupuxe MacaiacHHH Kyiil-
Jlary derapaBuil wWapTyiap GMJIaH €YMHT:
{0, arap x=038a 0 <y <1 6yuca;
\0, arap y =0 Ba 0 <x <1 6uica;

1
—y(y+1), arap x =1 Ba 0 <y <1 63uca,

ulx, y) =2
1
?x(x—k 1), arap y =1 Ba 0 < x <1 6yaca.
\
1
Eunw. A =-; Kazam Gunan G, TYpAH CcOXaHH Ty3aMu3: X, =
= ;—, y;,= -]3—, i, i=0,3. 0, A B, C ryrynnapaan Tawmkapu 6ap-
Ya TYryHJap XucoGJall TYryHJIapHaHp
Y] (3. 25- waka). Jlanaac — TeHrsaMacH
{ c . B yuyH YekJH ailiupMmanu (24. 2)
1
& wy == Wy g+
é © A +u; i1 + U . ) Oy epaai, j=
0 -
i 2 = 1,2 cuctemara sramu3. | Typ uera-
paBHil HYKTaJlap/Ja 4yerapaBsHii wiapTaap
. 3.95. ma K ywby kypuHHmna Oyaanu:
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Uy = Uy =0, arap x =0, O0<y<lBay=0, 0<x< 1 6yica,
_ G+

3 2.32
i +3)

Uis 2.32

6y epna [, j=1, 2.

Pauransik Y4YyH yYerapaBuil lapT/iap BAa HOMabAyM KHHMATJIaDHHHT
(xHcobuiall TyryHaapnaa) GOLWNaHFUY 3KaBa/iMHH Ty3aMu3 (3.34- xaBa).

u , arap x = [, 0 < y < | Gyaca,

,arap y = I, 0 <x< 1 6ynca,

3.34- xazxsaan

c Uy, = 0222 | ugy = 0,556 B
Ugo = Uy Ugy uy, = 0,556
gy =0 Uy, Ugy 51 —= 0,222
0 up =20 Ugg =0 A

By xagpaiaan Ba «xou» KoMHMMAaH ¢oiifananu6, gpactiabku (24. 2)

TEHrJ/aMaJjap CHCTEMaCHHH €3aMu3:

fugy = = O 4t + 0+ 1y),

Uy, = —; (0 + tyy + 1+ 0,222)

iy, =% (yy + 0,222 + 1,y + 0),

" =%(u12+0556—|—u21+0556)

Typr1a HOMabLAYMAH TYPTTAa YH3HK/AH OUD XKHHCAH GYyJIMaraH TeHr-
JlaMasiap CHCTEMAacHHH XOCHJ KHIAHK (ABbHH HOMAbJAYMJAp COHH HYKH
Tyryanap coHura Tedr). By cucremanu eunt,

u,, = 0,084, uy, =ty = 0,166, 4y = 0,362

HH XOCHJI KHJIaMH3,
6) Mccukiank yTKasyBYaHIHK TEHIJ1aMmacH

Ou _ o 0u
Lo Tt fx o

ra Moc YeKJH- afilipMaJ/li TEHIJIaMaHH XOCH/I KWIHII y4yyH COAJA/allTH-
puw Makcaauaa @ = | je6 onamu3 Ba
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ot dx2

JuddepeHLHan ONepaTOPHH KHPHTAMH3 Ba YHJA XYCYCHH XOCHJ1aJapHH
ywoby dopmyaanap 6yinya uek/H afinpmajap GuiaH aaMalliTHPaMM3:

u 1

~

2 ST W Yy

€KH
ou ]
w T ),
9%u ]
S G T M ),

6y epaa h — TYpHUHI X KoopauHaTa GyiiHya KagaMM, T— TYDHHHT f KO-
opavHaTa Oyitnua kajamu. DyHpal annpokcumauusira MyBodHk paBHILAA
HCCHKJIMK VTKa3yBYaHJIMK TEHIVIaMacH VYyH ywly HKKHTa aiupMaju
cXeMa Ty3aMM3:

1 1
LuET(ui' i —u,.,.)—’; ,_y ;=2 +u, )=F,; (243
€KH
]
Lu=—(u; —u, ;,_) — ,,T(ui—l- = 2wyt ) =Fy (249

By epaa f; =f (x,, t) wy Ownan Gupra xynuuua (24.3) cxema yuyH
P =Fx, &+ %), (24.4) cxema yuyu 3ca [, =[x, ¢ —%) o/1u-

HajH.

XOCHN KM/MHTaH 6y aiiMpMaJi, CXeMaHH TYPT HYKTaJH <¢KOJHMAa»
TacBupJaaiiMus. (24. 3) cxeMa owkop cxema (3. 26-wakn), (24. 4) cxema
sca owKkopmac cxema (3. 27- wakn) pe6 atanapd. bByHma#fi ne6 Homaa-
HUWH Iy cababaanky, (24.3) cxema u (x, ) GYHKUMAHHHT HaBOaTiaru
(j + 1)- kaTam HyxTanapuaard KUAMAaT.JapHHH  (PYHKUHAHHHT  OJJMHTH
j- KaTJaMaaru KuHMaT.apH OpKaJH OLKop aHukjaiaH. TYp katnamu ge-
ranja GMpop ropu3oHTan (EKM BepTHKaJ) TYFPH YH3HKAA E€TYBUH TYryH-
Jap TynJamu Tywynuaaau. llyspail kuan6, ywoy

Wy =r@_ytu, )+ =21y, (24.5)

dopmysa GViiHua KeTMa- KeT HCTaJraH U ;i KMAMATJapHn XOCHJ KH-

JHLW MYMKHH [(24. 3) xesu6 umkapu], 6y epja
. L
-1 L)+t

P B I

3.26- waka L- 11A L L+, J
3.27- maka
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(24. 4) cxema H3naHaéTral QpyHKUMAHHHT KHAMAaTJapHHH OLIKOpMac
K{pHHHILA —- TeHIJIaMa/lap CHCTEMacH OpKa/lH OepaiH.
B) TopHuHT TeGpanHLl TEHrJ/aMacH

d%u o%u

ot O0x? f( )
ra Moc YeKJH- aiHpMand TeHI/JaMaHH XOCHJ KHJHLI YYYH
d%u d%u
Lu=24_ 09"
o ox2

IudcepeniHal ONMEpaTopHd KHPHTAMU3 Ba YHAArd XOCH/MAJapHH  ywoey
cxemanap GyHHua uexk/H afiHpMmajap Gu/aH AJMaliTHPaMH3:
0%u 1

61_2~ 1;_2 (ll[‘ i—1 —2u‘.i +ui'i+l),
oz |
ﬁ%';z—‘\ui_l'i ——2u[.i+ul.+l' l)

Top Te6paHHII TeHI/aMAaCHHHHT alMpMasd aNMpOKCHMauuAcH Yy
KYDHHHIUHH OJajH’
1

Lu-Eg'(u‘.’I_l —-2u‘.i+u,-','+.)—

_L(u

g2y ) = (24.6)
By aiipmanu cxema Gell HyKTaqH «XOu» CKOJHM» HAA aHHKJAHraH
(3. 28- waxa) Ba u3naHaérraH oGyHKkuusaHuur (j -+ 1)- Karlamiard K-
MaTJIapUHH YHHHT OJIAMHTH j- KaTJlaMHaard KHMMaTJapH OpKalH aHHK-
Jaiinurad owkop cxeMaaup. kanaHaérran ¢yHKUMAHHHT 4, ., | KHHMaT-
JapHHH ywby dopMysna Gyfimya KerMa- ker XOCHJI KRW/IHII MYMKHH
[ (24. 6) naH Keaub uukans): i_,jﬂ

Wi = — U i F¥ Uyt
+u, )20 —vV)u,+vf

-1, iy i
6y epaa vy =—;‘, u, _; (=0 na) coxra ’A J
HOMabJyM 6Y/H6, YHH GOLLIAHFMY ILAapTJIapAaH Lyj-t
aHuk/1ab, KefinH (24. 6) TeHrsamara Kyhuil
MYMKHH. 3.98. makn

. 24.4. YerapaBuit MacanajiapHH Typ ycynd GUIaH eudluaa YeKJH-
aiupMaJ/Iii CXEeMaHHHI TYPFYHJMIH XakHJArH MacaJja lo3ara KeJjajd.
Arap AudxpepeHiiHa ONepaTopHH ammnpoxcHMalMsiall Ba XHcoGJall-
Jap KapaéHuja HyJ KYHHNTaH KHYMK XAaTOJHKJAp MOPHH KATJIAMHHHT
TAPTHO PaKkaMH uyeKJaHMaraH XoJiia OpTTaHHja HyKoJHG keTca EKH KH-
YHMKJHTHYa Kosca, GyHAaH YeKJaM afiMpMand cxeMa mypryx cxema Jeb
atajagy. AKc X0J1a CXeMaHH MYyprysMac cxema 1e6 aTalMus.

285

www.ziyouz.com kutubxonasi



AfiupMany cxemanap Hasapuscuua, Macanad, Jlansac TeHriamacH
yuyH 63 KYpu6 uukkaH «Inpuxse MmacajacHrra Tyswiaral (24.2) «xou»
CXEMaHHHT TYPFYH CXeMa SKAHJHTH HCOOT/IaHAJM.

(24. 3) atiupmanu omKop cxema r =hl2< % 6yranga GHpruHa eyHM-

ra sra Ba TYPFyHEHUD, 7 > % Ja 3ca TypryHMmacaup. (24.4) ainpmanu

OLIKOpMac CXeMa OHprHHa €YuMra 3ra Ba MXTHEPHEH r YYyH TVPFYHIHD.

Taxsuanap WyHH KypcaTaAMKH, TOPHHHI TeGpaHMIU TaHIJIaMacH Y4yH

tysuarad {(24.7) admpMamn cxema y? = (L)z << 1 _1’_ , €> 0 1a Typ-
12

h
FYHAHP.

BE. AMAJIHA MALIFY/JIO TJIAP

1- § Taxkpubuit connap 6uran amaanap Gamapuul.
XHcobaamnapaary xaToaukaapHH GaxoJaai

1.1. Muconnapaa a6costioT Ba HHCGME XAaTOJIMKJIAp, HIUOHUYIH pakaM-
Jap TyllyHuYajapuiaH (oHiaJaHHIUHH, TaKpUOHH COHJAPHHHT E3WJIHILH-
HH, yJap ycTHla amasajap 6aKapHIHLIHHH KypcaTHO yTamus.

l-mucon. Arap Takpubuii COHHMHI E€3MJAIMILMAA OHTTA HILOHYIM
pakaMu Oysica, YHHHr HucOMit xatocH 10 % aaH opTMac/aMTHHH Kypca-
THHI.

Euynw. Hcbornaw yuyn (1. 1) ¢popmynanan doipananamus (n = 1;
1 <k<9):

§<—— ékn 6= -.100% = 10 %.
9 10

XakHkaraH, GHTTa HMILOHYIH pakamaa (n = 1 pma) HucGuit xato 10 %
JaH OpTMaHuH.

2- Mmucoua. Takpubuii coHHH YHHHT 6apya HLUOHYIH paKaMJIapHHH
cakJarall Xoaaa €3uHT:

a) 2566 + 3; 6) 40203 + 0,01.

Euniw. a) TagpuGuit coHHuHr uerapaBHit a6CcoJIOT XaTocH A =
=3 >1, wy caGaGnu Gepuiaran TakpuGu# COHHHHI OXHPTH paxkamu 6
HILOHYCH3, VHH AXJIMTJALI Kepak,

Kvhuparunapra sramus:

2566 ~ 257 10 éku cTaHuapT ILAKIAA

2666 ~ 2,57 10°.

CoOHHHMHI HLIOHYIH paKamaapH: 2, 5 Ba 7.

6) TakpuGuii cOHHMHT MerapaBui a6comor xarocH A = 0,01, sAbHH
OXHPrd CaKJaHaJMraH DakaMHMHI OHpJIHrura TeHr GYJ/IMUIK Kepak.

Ilynra kypa 40203 =~ 40203,00 éku craupapr mwakaga 40203 =~
=~ 4,0203- 10%.

3- Mucos. Eswiran pakaMlapiHHHT XaMMacu HIUOHYIH GyJiraH
yuby a, = 25,3 Ba a; =4,12 TaKpubuil COHJIapHHMHT KynaHTMAcHHH
TOMUHT.
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UerapaBuit HHCOHH XaTOHH Ba MLIOHY/IH PaKamaap COHMHH GaXoMaHT.

Eunw. a, = 25,3 COHHHUHT HILOHWIH pakamJapH 3 Ta, ly ca6a6-
ad (1. 1) dpopmyna 6yiiuya 6, HucOuit xaTtomukHH n =3, k=2 ga ToO-
namus:

a, Ba @, TaKpHOMH COHJIADHHHT KynaHTMacH
a =a;-a, = 104,236;
YHHMHT HHCOMH XaTocH 3ca:

6=6,+62=2]R+;-:)6=0,0075.

(1. 1) dopmynara kypa k=1 Ba 8§ =0,0075 na

1/ 1\*!
0,0075< — (—)
1 \10
OGyHna n— 1 =2 €kn n =3 Dy 3ca %apobga 3 Ta HWOHYIH paKaM
CaKJ/IaHHUIH KePaKJHTHHH, KOJTaH pakaMJapHH AXJMT/all 3apypJiHTHHH
6uamupamy. UlyHpait xuau6, kamu Gunad a = 25,3-4,12 = 104.

1.2. KaM wMuxjaopjard xucoGiawl HILIApHHH Gaxapu6, eTapJ/uya
aHHKJIMKHH OJIML] HMKOHWHH GepajuraH pakamyapHH XucobJjall Kouja-
JIADHHH KeJITHPaMH3.

1. TakpuGuit MablyMOT/IapHH yJapAa HLIOHYWIH pakKaMJapHHTHHa Ba
aKa/au 6uTTa TYJa HLIOHYH Gy/iMaraH pakaMHH cakJaraH XoJia fXJIuT-
Jaul Kepak.

2. Tapubuil cOHMapHH KYyIIMII Ba alMpUIL HATHXKacKHAaa XocHJa1 GyJa-
IMraH cOHfa YHJHM XOHajJapd 3Hr Kam G6yJjraH TakpuOHH coHAa yJaap
Heura GyJica LIyHYa YHIH XOHa/MapHH carJjJa® KoM Kepak. (COHHHHT
VHJAH XoHaslapH He6 Kacp GeJrHcH— BepryJ/iaH VHTCAA TypraH pakam-
Jlapra aiTH/agH.)

3. Takpubuit consapHH KynmadTHpuiu Ba GyJMII HaTHXacHAa XOCHJ
6Vylafuran ceHjpa KHiMaTJH pakam/Japd SHT KaM GyJaraH CoHja Heyrta
KuiMaT/IH pakaM GyJica, LUYHYa KMHMATJIH pakaM KOJAHPHLU Kepak.

4. Takpubuil COHHH KBAfpaT Ba KyOra KyTapulll HaTH¥KacHia XOCHJ
6yaraH coHfa JapaXkara KyTapH/aéTraH COHAA HedTa KHHMaTJM pakaM
6ysica, WyH4Ya KHAMAT/IM pakaM KoJapupull Kepak (6yHAa KBaipaTHHHT
Ba ailHHKca KYOHHHT OXHPTH paKaMH, acOCHMHT OKHPIH paKaMHra xapa-
raHja HIUOHWIMJIHMTH KaM 6yJanu).

5. Takpubuii conpaH KBajpaT Ba KyG MJAM3 YMKApHII HATHXKacHa
KOcH/1 GyJraH COHAA WJAH3 OCTHAArd TakpuHOHH COHJA He4yTa KHMMAT/H
pakaM 6y.Jca, LIyHYa KHMMaT/JH pakaM oJuil Kepak (6yHAa KBajpar,
aliHuKca, KyOHMH3HHHT OXHPrH paKaMHEAH HJOH3 OCTHAAr¥ COHHHHT
OXHPTH paKaMH HIUOHYIHPOKAHD).
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6. OpannK Hatuxanaphu XucoSaallja IOKODHIATH KoMzaJappa aii-
THIraHHJaH GHTTa XOHA ODPTHK OJHLI Kepak. OXHpPrH HaTMXaja Gy 3a-
XHpa pakam Tawmiat o6opuiajH.

4- mucoun. Esuiran pakamiapd HIIOHWIH GyaraH TaKpHOHH COH-
JIADHH KYUIMHT:

215,21 + 14,182 4+ 21,4.

Eunm. 2- goupann Kyana6, KYWHWI HaTHXKAcHIAa XOCHJ 6yaran
COHa GHTTA YHJH HIIOPAHH KOJAHPHO, KOJTaHJNapHHH SXJAHTJIAHMH3:

215,21 + 14,182 + 21,4 = 250,792 =~ 250,8 (opTHFH 6unan).

5- Mucoa. Esuiran pakamiapu MIUOHYAH 6yaraH TaKpHOHUH COH-
JIapHH K{TMaUTHPHHT:

25,3-4,12.

Eunw. 3- xouzann Kyaa6, KynafTHpHLI HATHXKACHAA XOCHJ G-
raH cOHa 3 Ta HUIOHYAH PaKaM KOJIHPHG, KOJTaHJapHHH SXJHTal-
MH3:

25,3:4,12 = 104,236 ~ 104 (kamu Gusan)’

I- Gapcxona monwupursapu

1. Kyfinzary consiapHi GepHJIraH aHHKJIMKAA SIXJIMTJIAHT:

a) 1,5 783 um 0,001 raua; 6) 23,4997 uu 0,001 raua; B) 0,07964
HH 0,001 raua; r) 15 9734 un 10° raua; n) 471,2583 un 10 2 rava.

X: a) 1,578, 6) 23,500; B) 0,080; r) 160-10° =1,60-10°%
n) 471,26.

2. TaxpuOuii COHHM, YHHHT XaMMa HUIOHYJ/IM paKaMJapHHH cakJara
XOJa €3HHT:

a) 2684 = 3; 6) 39804 = 0,1; B) 94,86 = 0,1.

JK: a) 268-10 = 2,68-10% 6) 39804,0; B) 94,9.

3. Nmonuan pakamnapu GuilaH €3HIraH COHJMIapHHHT YerapaBMH HHC-
6uit XaTOJapHHH TOMHHT:

a) 2; 6) 0,02; ) 0,2.

JK: a) 50 %; 6) 50 %; B) 50 %.

4. VioHuan pakamaapH OWJaH €3HIraH Ka¥CH TEHTVIHK aHHMKPOK :

V46 =6,78 Mu éku _175 = 0,54 mu?

JK : GMpHHYHCH, YYHKH
0,01 0,01 52

612—- —_—

6,76 0,54

5. TakpuGuii COHJIADHHHT HIUOHYIM paKamJapH COHHHH aHHKJaHT
BAa YJIapPHHHT E&3MJIHIIADHHH KYPCATHHI

a) 37,542 vn 3 % M aBUKIHKAA;

6) 14,9360 uu 1 % JM aHHKJIHKAA.

JK: a) 6urra; 4-10; 6) ukkura, 15.

6, Takpu6uit connap HHFMHIMCHHH TOTMHT :

a, = 12,5784 + 0,00005; a, = 37,54 + 0,003 Ba a; = 2,3 = 0,02.
VluFHHAHHHHT YerapaBuil aGCosIOT XaTOCHHH GaxoJaHr.

XK 52,4; 0,02305.
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7. Nwonunn pakamnapu GHIaH €3uJIraH COHJAp YCTHIA aMasllapHH
BaXkapuHr:

a) 1,038 + 12,5 -+ 2,34 9845;
6) 2,34-0,027, B) 173:24,567,

r) 0,4158% ) V2,715.
X: a) 15,9; 6) 6,3-10 % B) 7,04; r) 0,1729; n) 1,648.

1- mycmaxua ww monwiupuxrapu

1. Connapuu Gepuiran aHMKJHKAA SIXJHTJIAHT:

a) 4,761 nu 0,01 raua; 6) 31,009 uu 0,01 raua;

B) 28,34 un 10® raua; r) 0,00025 uu 0,001 rauva.

K. a) 4,76; 6) 31,01; B) 0; r) 0,000.

2. Vwonum pakamaapy GuiiaH €34/1raH COHJNAPHHHI 4erapaBuii abco-
JIOT Ba HHCGHHA XaTOJIapHHH TOIHHT:

a) 38,5; 6) 62,215; B) 3,71.

JK: a) 0.1; 0,26 %; 6) 0,001; 0,0016 %; B) 0,01; 0,27 %.

3. Mwonunu pakamnapu 6Hl1aH €3usraH COHJMAp YUYYH KaliCH TeHr-
JIHKHHHT aHHKJIHTH FOKODHPOK:

a) sin 15° = 0,259 mu &u |/ 17 = 4,12 mu?
6) 1g31 = 1,49 mu ékn tg% =0,414 Mu?

B) In87 = 4,466 Mu &n cos —’; = 0,87 mu?

JK: a) MKKHHYNCH; 6) HKKHHYHCH; B) GHPHHUHCH.

4. TakpuOHil COHJIADHHHT HLIOHYWIH paKaMJ/apH COHHHHM aHHKJaHT Ba
YJapPHHHT €3HJMLIVIApHHH KYPCAaTHHT:

a) 48361 uu 1% Ju asuKAMK]Aa;

6) 592,8 HH 2% JHM aHHKJIHKIA.

JK: a) nkxuta; 48-10%; 6) 6urta; 6-102. .

5. KBagpar TomOHHM KYymoa yuyaHraHga a =~ 12 cm 6yaan. Keaapar-
HHHT 103MHH XHcobiamiga:

a) uerapaBuit abcomor xato 0.5 cm? naH;

6) uerapaBuit HHCOMH xaro 1% JjaH ouwIMachurH ydyH YHHHT TOMO-
HHM Y3YHJIHTHHH KaHJaH aHHKJHMKAa V.a4all Kepak?

JK: a) 0,021 cM; 6) 0,06 cm.

6. Mwonunn pakamnapH GuiaH €3WiraH COHJap YCTHAZ aMalllapHH
6axxapHHr:

a) 25,386+ 0,49 + 3,10 +0,5;

6) 3,49-8,6; B) 0,144:1,2;

r) 65,25 n) V8I,1.

XK: a) 29,5; 6) 30,0; B) 0,120; r) 277-10%, a) 9,006.
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2-§. Kynxannapuunr gufimataapunu xuco6aaw. Iopep
CXeMacH. JHT KHYHK KBAApATNAp YCyAH GUAAH SMMIMPHK
thopmynanap Ty3uw

2.1. Topuep cxemacu — nxTvépHit fapaxanu P (x) Kynxaguu yu-
3UKJM HKKHXajra GYJHII ycyan O6Van6, y X = o Ja KYNXaAHHHT KHi-
MaTHHH Te3 XMcob/all Ba KYNXald HIAU3/JAPHHHHT YerapaJlapHHH TOMHIL
HMKOHHHH Gepamu (2-§).

l-Mucoa. x=-—15 ga Py(x) = — x5+ 2x* — x34- 3x2 — 421
KYyNxafHHHT KHAMaTHHH XHCOOJIaHT.

Euunw. Bepuiran kynxan ydyH I'opHep cxeMacHHH Ty3aMu3:

-1 2 —1 3 —4 1]—m

1,5 —5,25 —9,375 — 18,5625 33,84375
—1 35 —6,25 12,375 — 22,5625 34,84375 = P, (—1,5)

Ulyupait kuau6, Py (— 1,5) = 34,84375.

2-Mucoua. Py(x) = x° — 3x3 - 5x* — 4 KynOXagHHHr X = 2 HYKTa-
Jard KafiMaTHHH XHcoGaaHr. Pg(x) kKynxaguu x — 2 HKKuxaiara G6y.iuii-
naH uHkkaH GyauHMa — Q,(¥) KYnNXanHWHT KOS(hhUUHEHTIaPHHH aHHK-
JiaHr,

Eunm. Bepuaran kynxan yuyH I'opHep cXemacHHH Ty3aMu3:

1 0 —3 5 0 —4 |2
2 4 2 14 28
1 2 1 7 14 24 =P, (2)

Idyunait kumd, Pg(x) Kynxaguudr x =2 paru guitMath Py (2) =

= 24 KOJIHKKA TeHr, H3/MaHaérraH Kymnxaj — OyJHHMA:
Qu(x) =x+ 243+ x* -+ Tx + 14,

3-MucoJa. 2-mucongari Py (x) =x% —3x3 4+ 5¢* —4 Ky XaaHUHT
XaKUKHH HANH3JapHHHHT YerapaslapiHH TOTHHT.

Eunm. Bepunran xynxan yuyw 2-mMucosga Ttysuwirad IopHep cxe-
MacufiaH ¢oifananavus. TopHep cxemacuga b, KO3DPHIHEHTIAPHUHT
XaMMacH MycGat Gysiranu caGabau (2-§ uuur 3-6aHaura KapaHr) Kym-
XaJl XaKHKHA HJILU3/JapHHHHT I0KOpH derapacH B = 2 GynaiM.

Ky#tn yerapanu GaxoJaiu yuyH sIHCH KYNXaj Ty3amus:

Qs(x) =(— 1P P;(—x) =x% —3x® —5x* — 4.

Bynunr, macanan, ¢ =3 paru kuiimMaTHHH XucoGaaiimu3. T[ophep cxe-
MacHHH Ty3aMH3:

1 0 —3 —5 0 —4 3
18 39 117
1 3 6 13 39 113
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TopHep cxemachza b, KO3((HUHEHTIADHMHT XaMMacH Myc6aT, WIYHHHT
yuyH Pg(x) KyNxal XakHKHH H/AM3JIaDHHHHT KyHH yerapacH — o ==—3
COHMAAH HbOpart.

[lynpat Kuu6, Gepuaran Pg (x) KynxaiHHHr Gapya XakWKHA wJ-
Iauanapu [—3; 2] KecMaHHHT HuHpa €raiH.

4-mucoJ. I'opHep cxemacupaH Qoipananu6

P (x) =12x*+ 10x®3—5
Kynxaana x = y — 1 dopmyna 6yinya fIHrH y Y3rapyBuMra YTHHT.

Euuniw. Macanann eunmn yuyH & = — 1 na T'opHepHHHT ymymuil
CXEMAaCHHH Ty3aMH3 (2- § HHHTr 4- 6aHaMra Kapasr):
12 10 0 0 —5 —1
— 12 2 =2 2
12 —2 2 —2 —=3P-1=A4
— 12 14 —16
12 — 14 16 —I18 P (—1)=A4,
—12 26
12 —26 42 P,(—1)=4,
— 12
12 —38 Py (—1) =4,
12 = 4,

Ay Ay, A, A, A, KHAMaTJap H3JaHa€TraH KynXagHHHT Ko3ddwu-
IHEHT/IapHAHP:

P,(y— 1) = 12y* — 38y® + 42y> — 18y — 3
€KH
P(x)=12(x+ 1) —38(x+ 1)®+ 42 (x+ 1)2 —
—18(x+1)—3.

2.2, Taxpubajgan xKajasaa ¢KH rpapHK KYpUHHIUHAA OJHHTaH QVHK-
UMOHAJ GOFJIaHMILIAPHH TAacBHPJIOBYH (OpMyJalap SMnupux @Gopmyia-
aap peimnapd. Bepuaran f(x) dyHKUuMSIHM TakpuGHit TacBHpJalll y4yH
¢ (x) anmpokcHManuanopuH GYHKLMS TaHJaHajH. ANNpPOKCHMAaLHUAIALI-
HH aMmajra OIIMPHII ycyJJapHAaH GMpH SHr KHYMK KBaipatiap YCyJiu-
aup (4-§).

5-MHCOJ. 3HT KHUMK KBajparsiap ycy/u GuiaH KuiiMataapH 3-35-
XajaBajjga OepHaraH (yHKIMSHH  annpOKCUMALMSIOBYH Yy = a—+ bx
(OYHKUMSHH TOITHHT.

3.35-xanBaa

x 1 3 4 5

y 1 2,5 2 3
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Euum. a Ba b napaMerpiap KyHuIarH cucTeMajaH aHHK/AaHALH:

n n n
a 3 a2+b > xi=2 Xy,
i=1 =1 i=1
n n
a Yy +bn=y.
i=1 =i

n n n n

2
$u 3 o S
=1 =1 i=1 =1

AWPHHIMIADHM TONHII YYYH 7 =4 Ja Kyduaru >KajBaJlHH Ty3aMH3
(3.36- xxaggan):

3.36-xanBan

i x; Y X x; Y
1 1 1 1 1

2 3 2,5 9 7,5
3 4 2 16 8

4 5 3 25 15
n

W 13 8,5 51 31,5
=1

ynpa# KHIHO, UYHM3MKJ/M TEHIVIaMa/ap CHCTEMAcCH KYHHIArd Kyphe
HHLUHH OJaJH:

a-514+05-13 =31,5,
a-134b-4 =8,5.
By cucremann Kpamep ycyau 6uaad eunb, a =0,44 Ba b = 0,69
sKaHMHH TomaMua. [deMaK, HaiaHaérraH QyHKuus
y = 0,44x + 0,69,
2- dapcxora monuwiupuxiapu
1. x=§ pma P,(x) xynxan xuiMatuuu TopHep cxemacupan coina-
JIaRUG TOIHHT:
a) Py(x) =3x8 —2x* 4 x*—2, E=3;
6) Pg(x) = 2x%+ 3x5 —4x3 —2x2+5, =4,
JK: a) 592; 6) 10981.
2. P,(x) kynxansu (x —o) MKKHXafra Gy/MIl HaTHXKacHAa YHKa-
muran Q,_, (x) 6ymmnma Ba R xoanukuu TopHep cXeMacuaaH ¢oiinana-
HHO TOIHHT:
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a) Py(x) = 24> — 6x' — 3x* + 4x Hu (x— 3) ra;

6) Py(x) = 10x* — 3x2 + 2x—5 nu (x+ 2) ra.

K: a) Qu(x) =2x*—3x—5; R=—15;

6) Q,(x) = 10x® — 23x% + 46x —90; R = 175.

3. Pg(x) = 2x% — x* — 5 KYNXagHHHT XaKHKHH WJIAH3JapH yerapa-
Japunn 'ophep cxemacunan ¢oifizananu6é TOTHHT.

X [—1; 2.

4. Topuep cxemacunan oigananu6, P, (x) kynxaguu (x— 3) HHHTD
JapaxaJsapH GViiHua €3uHr:

a) Py(x) = 2x% — 18x% -+ 108;

6) P,(x) = x* —6x3 4 18x% — 54x +- 84.

XK: a) Py(x) =2(x— 3P —54(x—3);

6) Py(x) =(x—3)*+6(x —3)°+ 18(x—3)*+ 3.

5. Ywby xaasasn 6ujaH GepuiraH GyHKUMAHHHT SHT SIXIUH annpok-
CHMaUHANAPHHH (YH3HKJIH Ba KBAJAPaTHK) SHI KHYHK KBajpat/ap YCyJH-
JaH ¢oHaananu6 TOMHHF:

3.37-xalBaa

x 0,5 1 1,5 2 2,5

Y 0,70 0,58 0,82 0,48 0,50

2- Mycmaxua ul monuiupuKAapU
1. Topuep cxemacunan ¢oitaananu6, P, (x) KynxagHuer x =§ naru
KHAMATJIapHHH XHCOGJIAHT:
a) P(x) =2x® —4xt —x*+41, E =17,
6) P(x) =x° — 38 +5x+7, E= —%.
XK: a) 23962; 6) '%9

2. Topuep cxemacunan cobiaananu, P, (x) KynxagHH (x — o) HKKH-
Xanra 6ymuunaH uukapuran Q. , (x) GyiuHManH Ba R KOMIHMKHH TO-
TIHHF:

a) Pg(x) =5x® —26x2 4 25x — 4, (x— 5),

6) Pj(x) = x°+ 3x* — 20x® — 48x* ++ 64x, (x -+ 5).

XK a) Q(2) =5x* —x+20;, R=96;

6) Qu(x) =x*—2x3 — 1042+ 2x+54; R = — 270.

3. Py(x) = 5x% — 4x? -+ 3x — 2 KYNXaQHHHT XaKHKHIl MJIAH3apH
qerz;%an[apmlm ll‘ opHep cxemacuaaH ¢oiaasaHHG TOIMHHT.

cf—1; 1.

4. P, (x) kynxanun, Topuep cxemachaan coiinananu6, (x + 2) HuHP
JapaxanapH Gyiimua €3uHr:

a) Pg(x) = 2x3 4 3x? — 2x — 3;

6) P;(x) =x*— 10x2+ 9.
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XK:a) Py(x) =2(x+4 2 —9(x+ 224+ 10(x+2)—3;
6) Py(x) =(x+2'—8(x+ 22+ 14 (x + 2>+ 8(x+2) — 15.
5. Y6y xkaaBan Guian Gepuirad (GYHKUMSHHHT amnfipOKCHMAaLlHsl-
JIApHHH 3HI KHYMK KBajpat/ap ycyJujaH (poifasaHHO TOIHHT:

3.38-xagBan

« | 1 | 2 3 4‘5

Y 0,60 0,97 0,84 0,52 l 0,69

a) y = ax 4 b— yusukan QyHKUHA GHJaH;
6) y = ax® + bx -+ ¢ —xBagpatdk QyHKUUA GUIaH.

3-§. UHTepnonsyHoH KYnxapaapHu TY3Hw. Yu3ukaH
Ba KBaAPAaTHK HHTEPNOJALHMSJIAL
DyHKUMANAPDHH anirefpavK Kynxannap OulaH HHTEpNOALUSJIALI
ABHU X, X|, X,, X, MHTepHoJAUHAIAI TYTYHAapuaa y, = P, (x,)
i=0n KHAMaT/IapHH KaGys KHJIYBUH jJapaxacH <n G6Varan P, (x)
KyNXalHH Ty3HLIFa AOHP MHCOJJJapHH KYPHO UHKAHJHK.

l-mucoa. 3.39- xaneanm opxanu GepuiaraH QYHKUHAHHHT HHTepIIO-
JAUHOH KYNXaJHHU TOMHHI:

3.39-kxaaBax

|x|012

’ y I 2 0 2

Euuw. HMurepnonsiupon Tyrysaap coHd 3 ra Tedr, ury ca6aG.u
M3J1aHAa€TraH HHTEPNOMALMOH KYNXaAHHHT JAapaxacH n = 2 OyJajH.
P, (x) HH Kyfupard KypuHHUIAAQ €3aMH3:

P, (x) = a, +a;x + a,x*.
P, (x) =y, ({ =2) waprun Tysamus. Bepuaran xaisanuan ¢oiina-
JaHH6, KyHHZArd YM3HKTH TeHIVIaMajap CHCTeMacura sra 6yJamus:
a+a,-0+a,-0° =2,
ay+a,-1+a,-12 =0,
ay+a,-2+a,-2*=
By TeHryiamanap cucreMacuuu euu6, a, = 2, a, = — 3, a, = | 3KaHUHH
TOMaMHU3:

Ulyspait KWIM6 M3NaHAGTraH WMHTEPNOJAUMOH KYMXal KyHHarH Kypu-
HHIIra aIra:

P,(x) =2 — 3x+ x2

2-Mucoua. 3.40-:Kafpan 6uiaH Gepuirad GpyHkuus yuyH JlarpaHxk-
HUHT HHTPENONALMOH KYTIXaAHHH TY3HHT.
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3.40-xkxaxsan

Eunw. Jlarpanx Kynxaauuu Tysuw yuys (8.4) dopmynanan ¢oi-
JalaHaMu3 :
n
L=0,(0 % 2,
= &
6yHaa o, (x) — 6ol AuaroHanga >koiuaiuraH (yJapHHHF Tarura YH3ui-
ran) sJieMeHTJap KynadtvacH, k, sca 8- §, l-Ganmua KeatHpuaraH €p-
JaMuH KalBaJjard I-catp 1eMeHTJIApH KyMmaHTMacH.
Bepusran Macana yuys épaamuu >xajeasa Tysamus (3.41- xapsau):

3.4l-xkxanBaua

x—1 1—3 1—6 ko = (—2) (—5) (x—1) =10 (x — 1)
3—1 x—3 3—6 ky=2(—=3)(x—3)= —6 (x—3)
6—1 6—3 x—6 ky =53 (x—6) = 15(x —6)

0y (1) = (x— 1) (x—3) (x—6)

IOkopuna kentupuaran gopmysna 6yimua Jlarpanx KynxafuHH Ty3aMH3:

% U 10 16
L =00 2 =6—06—36—6(5as T ez
4

+i5ag) =6 AE—6—F x—DE—6+

+1—"5(x—1)(x—3) — (22 —9x + 18) —%(x2—~7x+6)+115 (2 —

—4x+ 3) = 2,84 8,6x — 1,4x2.

3-Mucoa, x, =1 GowaasFHy KuiMaT GYilMua HHTepnoasAuMs Kaja-

MuHH h = 0,2 ne6 oau6,
y=x*—3x+2
KYNXal ydyH YeK/JM aiiupMajiap >aJBaJHHH TY3HHT.

Eunw. 8-§, 2-6anama kearupuiran cdopMynagan ¢oiifananamus.
=1 x=1,2 i X30=23 fe6 onu6, ¢YHKUUAHUHT TETHIIH
KHAMAT/IapHHH TOMAaMH3 Ba )KajBaira €3aMH3, [y epHHHT V3HAa YeKJH
ailupManapHu Xucobaaimus (3.42- xansad).
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3.42-xansan

x ¥ Ay Ay A’y
0 1 [0,00] —0,16—0,00=—0,16 0,08 0
1 1,2 |—0,16] —0,24 —(—0,16) = — 0,08 0,08 0
2 1,4 |—0,24f —0,24 —(—0,24) = 0,00 0,08 0
3 | 1,6 |—0,24f —0,16 —(—0,24)=0,08 0,08 0
4 1,8 |—0,16| 0,00 —(—0,16) =0,16 0,08 0
5 { 2,0 (0,00| 0,24—0,00=0,24 0,08 0
6 | 2,210,24} 0,56—0,24=0,32 0,08 0
7 (2,4]0,5| 0,96—0,56=0,40 0,08 0
8 [:2,63/0,96| 1,44—0,96=0,48 0,08 —
9 | 2,81,44] 2,00—1,44=0,56 — —
10 | 3,06 2,00 - —

4-MucoJ. HbloToHHHHr HHTEpNOMSAUMOH KyNXamulaH ofifanaHut,
KyHHzary xkansan MawiyMorJapd Oyiinya sin 26°15 a4 TOmMHr:
sin 26° = 0,43837,;
sin 27° = 0,45399;
sin 28° = 0,46947.

Eunm. Ongun uekiM aiiMpManap JKajpaiMHH Tysamu3 (3.43- xan-
Bal):
3.43-xansaax

i x y Ay A%y

0 26° 0,43837 0,01562 | —0,00014
1 27° 0,45399 0,01548 —

2 28° 0,46947 — —

296

www.ziyouz.com kutubxonasi



Byupa x = 26°15" 6yau6, xaasan Gowmuaard KHiiMaTtra SIKHH, LIy ca-
6a6nu HblOTOHHHHT GHpHHYH HHTepnoOJAUMOH Kymxaau (8.6) HH KyJuiaii-
MH3:

P, (%) =yo+quo+"("2—T" Ayy+  +
+ gg—=n .2 (g—n41

n!
X =26 h=1°=60", x =26°15" ne6 onu6 XucoGaimus:

(q_x—xo _26°15" —26° _ 15’ 1

A”yOs

‘h 60 60" 4

| 1
(5= _
St (—0,00014)=0,44225.

Sunu

sin26°15’ = 0,43837 -+ % .0,01562 +

3- Oapcxona monwupuraapu

1. 3.44, 3.45-:kagBannap 6unaH OepHiraH (GyHKUMATAp,yYyH HHTEp-
NOJIAHOH KYNXai/MapHH TOMHHT.

3.44-xanean 3.45-xkanBan
a) 6)
x 2] { 1 2 X 0 1 3 l 4
y 1 \ 1 I 2 y l 0 2 0 ‘ 1
XK:a) 1 —0,5x+ 0,5x% 6) 142 x——g— x‘*’—]—1—52 X3,

2. DupuHun Tonmiuupukaard 6) Xon yuvH JlarpaHx HHTeprOJSIUHOH
GYHKUHMACHHH TY3MHT Ba X = 2 2 YHHHI KHMaTHHH XHCOGJaHT.
5 13 11 1
D= X ——= X —x =,
K g 37 T2 3

3. x Ba y MHKJOpJIapHHHT KHiiMaTJapu ajpaiu (3.46-xansan) Ge-
pHJITaH.

3.46-xalBaa

Yeksn afinpMajiap KaJBaJIHHH TY3HHT.
4.3. 47-xanBaa Gepuira.
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347-xanBan

'x’1‘2‘3!4

0,699

0,477'0,602

0,000‘0,301

l lgx

1g1,7; 1g2,5; 133,1; Ba 1g4,6 cCOHNapHH YH3HKJH HHTEPIOJSLHATALL

6usan TomuHr,
XK: 0,211; 0,389; 0,490, 0,660.
5.3.48- xagpan Gunan Gepuiran ¢yHRuus yyyH HbIOTOHHHHT GHPHH-

YH HHTEPNOJALHOH K§1nxanHHH TY3HHT.
3.48-xalBan

®Pynkunaad x = 1,5 1a xHcobaanr.
K 14 x4 22+ x% 8,125,
6. ®yukunsa 3.49- xagsan Gunad GepuaraH. x = 5,5 ma yHHHr Kui-

MaTHHH HBlOTOH Kynxagu €plamMuja TOIHHF.
3.49-xanaBaa

x2416‘810

1y 3 11'27'50 83'

K. 22,
3- mycmakua uw monuwiupuxiapu
1.3.50- xxanBan GuaaH GepunraH GYHKUHA YYYH HHTEPNOJALHOH

KYNXaJAHH TONHHT.
3.50-KaxBaa

x | O ]‘2

0 8

1 -2

y

2. l-tonumpuk yuyd JlarpamXHHHr HHTEpNOJNAUHOH KYNXaldHH

€3HHT.
1033 389 109

Pl = x4+ = ¥ — =i
X 168 + 112 336

3. Oynruua 3.51-kamsan GHiaH Gepuira,
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3.5l-xagBan

25 —8 | —I15| —23

Jlarpanx kynxaauue Tysuur Ba x =0 ga ¢yHKIHA KHAMATHHH TOIMHI.
K x2—10x+1; 0.

4. Oyukuusa 3. 52- xkanpan GunaH GepuJrad.

3.52-x%aApan

y 1 —3 25 129 | 381

Oynkuus kufimatiin x = 0,5 Ba x =2 pa:
a) UM3HKJIM HHTeprnoJsiluA/all épiaMHAa;

6) Jlanrpax dopmynacu éppamuna XHcoGJIaHT.
XK. a) —1; 11; 6) —i—z; —3.

5. 3. 53- xkapsan GepuaraH.

3.53-xanBan

x 1000 | 1010 | 1020 | 1030 | 1040 | 1050

lgx |3,000(3,0043,009]|3,013[3,017 3,021

Hbioton dopmynacupan c¢oigananné, 1g 1014, sa Ig 1044 uu xu-
cO6JIaHT.

JK: 3,006; 3,019.

4-§. Taycc— )Kopaan ycyan. YuGypuaxkam, CHCTeMAaHM <«NPOrOHKA»
yCy/iH GHMAaH euHL

YUusuk/aH TeHrylaMajap cHucTeMasapu eunmiapiHu [aycc — JKopaau
Ba «NPOFOHKa» yCyJJapH GHJIaH TOMHIUra JOMP MHCOJJIAp KypaMHus.

I-MHucon. Y6y YH3HKAH TeHrNamanap cucreMacuHH [aycc—)Kop-
JaH ycyJH Ou/laH euHHr:

3%, —xg + 26— 4x, = —17,
X, + 2xy — x5+ 3x, = 8§,

2%, — 3, F 3 —x, = —1;
Xy — Xt X3 —x, =—2,
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Euunm. By cucremann eurinja 3neMeHTap a/JMalUTHPHLILIAPAaH (o#-
Jajanuaagd. DupHHuM Ba CYHITH TeHrJaMaJapHHHC YPHUHJADHHM aJMaul-
THpHO, B KeHraliTHpuJraH MaTpHUAHH Ty3aMmH3:

=1 -1 1 —1 |—2

gl 1 2 —1 3 8

2 —3 1 —1 |—1

. 3 —1 2 —4 7
Xan KuiyBuM 3/eMeHT cudartnia GHPHHYHM caTpiard GHPHHUYH 3JEMEHT-
HH oJlaMH3. {IHrH 3KBHBaJleHT cHcTeMara GUpHHYM (XaJ KHJYBYH) CaTPHH
yarapTupMaclaH KY4HpuO €3u6, GHDHHUM (XaJ KHJyBuM) YCTYHAArH XaJ
KWJIYBYH 3JIEMEHTJaH TallkapH Gapya 3/1€MEHT/IapHH HoJsiap OuJaH adj-

MaWTHpaMH3. SIHTM MaTpPHUAHHHT KOJITaH 3JIEMeHTJapHUHH «TYFpPH TYpT-
6ypuak KouiacH» AaH (poHpasanub xucobnaiimus:

1 —1 1 —1| -2 1 —1 1 —1|—=2

0 3 —2 4| 10 0 —1 —1 1| 3
B~lo —1 —1 1| 3]™\lo 3 —2 4| 10|
0 2 —1 —1]—1 0 2 —1 —1|—1
1 —1 1 —1 {—2
o1 — -3
0 3—2 4] 10
0 2— —1 -1

XaJl KHAYBYH 3JIEMEHT YYYH MKKHHYH CaTpard HKKHHYHM 3J/1€MEHTHH
0446, 6y MaTpHLAHH XaM a/MallTHPaMH3:

170 2 —2 |—5
01 1 —1 |-3
B~lo o= 7 | 19
00 =3 I 5

Xasn KuayBuM 3/1eMeHT cHaTHIA YYHHUH caTpAatyYWHYH VpHHAA TYp-
raH 3MEMEHTHH O/M6, KYHHZATHHH XOCHJ KHJIaMH3:
1 0 0 4/5 13/5
0 1 0 2/5 4/5
0 0 —5 7 19
00 0 —16/56 | —32/5

TypTuRYH caTpAa TypraH TYPTHHYM 3JEMEHTHH XaJj KWIYBYH SJIEMEHT
cudatHaa oyMb, KYHHIATHHH KOCHJ KHJ/IAMH3:

B~

100 0 1 10001
0100 0 0100]| 0
B~lo 050 5 ~lo0 0 1 0}1
0 0 0 —16/5| —32/5 000 1| 2
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JeMak, cucTeMa GHpra/iukia Ba y ywGy sroHa eyumra sra: x, = 1,
=0, x=—1, x, =2. .

dcaatma «TyFpu TYpTOYpUaK KOWAACHHH» 3cnatn6 yramus (3.29-
uiakJ):
a; a,-k -_ a,-k -aim

im a ’ Qi ) ) (11!,.

6y epna a, — Xal KHTYBYH S/EMEHT, .

4, o — a/IMALITHPHIHILIH KepaK 6Vi1- O ® -
rai B MaTpHLAHHHT 3J1eMeHTH; a, - « Qjm
Q;,, — @IMAlUTHPW/ITaH SHTH MaTpH- '
LAHHHT 3JIEMEHTH. 3.29- waka

2-MHcoJs. YWy UYH3HKJAH TeHr/Jamanap cucreMacuHn Iaycc —
Kopaan ycynu GuiaH eyuHr:
%y — 2%, 4 3x3 — x, = 2,
3%y T X3 — Xy — 2x;, = 3,
2%y + 3x, — dx;— x, =1,
X+ 5x, —Txg = — 1.

Eunm. Bepunran cucreManunr B KeHrailTHpU/IraH MaTpHLACHHH

Ty3aMH3 Ba YHHHT CaTpJIapH YCTHAA 3jeMeHrap aJMaluTHpHUIap GaKa-
pamus:

1] —2 3 —1] 2 I =2 3 —1p 2
=l 3 1—-1—-2| 3 0 7] —10 1j=3}
2 3 —4 —1 1 0 7 —10 1{—3
1 5 —7 0]—1 0 7 —10 1/—3
1 0 17 —5/7] 87 1 0 17 —5/7| 87
0 7—10 1{—3 \ 0 1 —10/7 17| —3/7
~“lo o o of o ;7 lo o 0 0 0

00 0 0 0/ 0 0 0 0 0

CucreMa 6upranukia Ba Yy ywly KYpHHHIUAA €3HJafuraH YeKcHs
KN eunmJsap TYmJamura sra:
8 1

5
x=___._x‘_}__x’
1 7 7 b 7 4

3,10 1
Xy = — — 4 = X3 —— X,.
2 7+7 37 ™

By epna x,, x,— 6asuc HOMabiymaap, Xz, X;— 3PKJIH HOMabJyM-
Jap.
3-Mucos. Y6y 4H3UK/AM TeHIVIamaJsap cHcreMacHuu Iayce — YKop-
JaH ycyJsiu OHJIaH €YHHT:

301

www.ziyouz.com kutubxonasi



X, —2x, +x,=—2,
Xy — Xy + 3x; —x, = 1,
2%y + x, — x5+ 2%, = 2,
Xy + 3%, — x4 x;, = 3.

Eunw. Bepuaran cicreManuur B keHraHTHpPHJTaH MaTpHLIaCH YCTH-
Ja 3MeMeHTap aJMalUTHpHLLIap Ga)KapaMus:

[1]—2 0 o0]—2 1 =2 0 1;—=2
|1 —1 3—1| 1}y (o0 I 3—=2) 3]
2 1 —1 2| 2 0 5 —1 0| 6
1 3—1 1| 3 0 5 —1 0| 5
10 6 —3 4 10 0 11/3|—=2
01 3 -2 3 01 0 43| 0
~“lo oj=9 10|—9 00—9 1 |[—9]~
00 —9 10/—10 00 00 |[—I1
100 11/3]|—2
010 43| 0
~lo o1 —109]| 1
000 0 |-1

Cucrema Guprajnkaa smac. i
4-Mucou. Yuby uM3UKJIH TEHr/1aManap ] CHCTEMaCHHH «NPOTrOHKa»
yCyau OWJaH eyHHr:

3%, — X, = 5,
Xy — 4x, + X4 = 6,
2XQ ——5x3—x4 = 10,

X3+ dx,— x5 =—1,
x,+ 5% = 11.

Eunmw. Kosappuunentnap xappanuuu tysamus (3.54- xkaapan).

3.54-xkanBan

i a b c d

1 0 —3 | —1 5

2 ] 4 1 6

3 2 5 T 10

4 l —4 1 —1
5 |1 |-s| 0| n

CucreMa eynmra 3ra, YyHKH
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16,1=1a,|+|c|

lwaptH Gaxapuamokna. Tyepu «nporonka» Hysaunu Gaxapamus (12-§)
(12.2), (12.3), (12.6) Ba (12.8) dopmyanap Oyiuua a, Ba P, K03(dH-
LIHEHTJapHH XHCoGMaiMH3:

c 1 o 5
al = _1 = - Bl = — __1. = -
A 3 B1 3
o, = Co _. 3. R _afi—a 13
2 by — a0y 1’ by — a0 i
c 11 ap, — 136
Gy —— = — o, ﬁa_b_«u =%
3 — d3%g 3 — Q3%g 49
49 aP; — 87
oy = - s = Bi= Pz — 24 :
s — 40y 185 by — a0, 185
a, 1 Qg 1
Qe == — — — , = — —— —
57 b 5 s by 5

Teckapu «nporoHka» HYJIH X5, X,, X3, X3, X; HOMabiaymJapHH (12.5)
Ba (12.7) ¢opmyaanap Gyiiuya TonuuiaH HGOpaT:

—a
xs — ﬂﬁ bﬂd —_ 2,
| —aga,

X, =ax+f =1,
X3 =X, + Py = —3,
X, =agXy+f, = —2,
X=ax+p =1

4- Gapcxona monwupuraapu

1. Unsukau TeHrnamasap cucreMacudu I'aycc — )KopiaH ycyan Gu-
JIaH E4HHT:

a) ( Xy — 3%y + X3+ x, =5, 6) (x,+4x,— x;=17,
2%, + x,— 4x3 4 x, = 13, 2 — 3y +x3= — 1T,
X+ 2%+ X3 — 3%, = —9; X, + 5x, — 2x, = 6;
X, — 2%, + 3%y —x, =~ 5;

B) (2x; — Xy + 3x3+ 2x, = 1, r) (% —3%+2x,—x, =1,
X1+ X, —2x3—x, =3, 3xy + 2%, — x3 4+ 3x, = 2,
Xy — 2%, + 5x3+ 3x, = — 2, 2x, + 5x, — 3%, + 4x,=5,
3%, 4+ %+ x, =4 X+ x,— %, =—1.

XKia) =1, x,=—2, x3=—3, x, =1;
6)  =—1, 5, =3, 53=4

B) YEKCH3 KyIN euHMJap TyIJIaMH:
fy= g (=t —x), % == (5 + Ty + 4x);

303

www.ziyouz.com kutubxonasi



r) cucreMa GHprajMKia aMac.
2. Uusuk/M TeHrJIaMa/ap CHCTEMACHHH <«MPOTOHKa» YCy JJH OuJaH

€UHHT:
a) (— 4x, 4+ x, =

Xy + 5x, — x5 =

2%, + 5x3 + x, = — 5,

X3 — 3%, + x; =— 10,

Xy + 3x; = 6;
6) (3x, —x, =9,
X, —4x, — x4 = —11,

2%, — 5x;+- x:= — 12,
Xg—4x, = 5.
XKioa)yxy=—1,6=2 x=—2 x,=3, x,=1;
6) =2, X, =—3, x3=1, x, = — 1.
4- Mycmagua uw MonuiLpuKIapY
1. Unsukmu tenrsaManap cuctemacunu I'aycc — )Kopaan ycyau 6u-

JIaH eyuHr:
a) [ x,—5x%,+3x;+x,=2" 6) ( x,—3x,—x3-F+x,=—1,

X+ X — X3+ 2x,= 12, 2y + X, —A4xy —x, = 2,
2%y — 3%, — 2%+ x,= 17, Xy + 2%, + x5+ 2x,= 3,
3%y + 24, + x5 — x, =—3; 3%, — 2x, — 31,4 =25.

Xia) xy, =2, x4=—1, x,=—3, x,=4;
6) cucrema Ouprajgukia 3Mac.
2. UusHK/IM TeHIVIaMa/lap CHCTEMAacHHH <«MpOFOHKa» YCyJH GHJaH

€UHHI

a) (4x, —x, = 13,
x, + 5x, — 2x, = —86,
x2—4x3+4\;4 —‘_‘11,
2%5 + 6xy — %3 =—9,
Xy —4x, = —6:
6) [(—3x, —x, = 8§,
%y 4 3%, - x4 =2,
2%, —5x3 + x, = —9,
xXy+ 3%, = — 1.

x{: a) x1=3’ x2='—l’ x3=2’ x4=—2’ x5=1;
6) xl=_3v x2=lv x3=2y x4=—1.

5-§. TeHrnaMajapHH euHIIHHHI HTepaLHA YCYJH

f(x) =0 anre6panKk TeHrJaMaHH eyl GOCKMMAADHHH, SBHH SKKa-
Jialll OpaJIRFHHH aXKpaTHII Ba YHH HTepauus ycyJH GHIaH TopaRTHpHUI-

HH MNECOJIIapla KypcaTaMus.
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l-MHcoa. x3—3x — 6 =0 TeHrJIaMaHHHT HJAH3HHH AXKPAaTHHT.

Eynwm. y =x3—3x—6 =f(x) dysxunann xypaiiimk. x =0 1a
y=—6<«<0ra, x=3 pasca y=12 >0 ra sramus, ssau [0; 3]
KecMaja TeHIVIAMAaHHHT WIOH3H MaBXYA, YYHKH SKKaJaHHLI OpaJjHFH-
HHHT MabJyM OHDHHYHM 1UapTH GaXKapHIMOKJa:

fO)fB8) =—6-3=—12<0.

y =3x* —3 xocuna (—oo; —1) U (I; + o0) coxana MycGar
(y’ >0), (—1; 1) coxana manduit (y’' < 0). Bupok Tonuiran [0; 3]
KecMa xed Gupura TyJlaJuriya terHmd smac. YHH [1; 3] kecmaraua
TopaiiTHpaMu3, YyHKH X =1 ga y = — 8 < 0 Ba GupuHuH LiapT OGaxa-
pumokaa: f(1)-f(3)< 0, 6ynma ¥y’ >0, AvHH GupuHud Xocaaa [l; 3]
KecMaJla MLIOPacHHH cakJ/aliH, IWYHHHT YYYH $KKa/all OpaJHFHHHHT
HKKHHYH WapTH %aMm Oaxapuimokia. MKkHHUM XocHiaHu XHcoGuaaldMu3;
y'' =6x, y KypcaTuiraH opanvkia MycOaT (MIIOpacHHH cakJaian).
Hlyupait ka6, [1; 3] opainkja yyana wapr XaM GaXkapuiMOKAa, HIy-
HHHT YUYH Y HAOHM3HH fIKKa/Jall OpaJIHFHAHp, OepuiraH TeHIJlaMaHHHT
WIH3H 11y OpaJHKKA TETHIIH.

2-MHeo0J. 2x cos X —sinx =0 TeHrJaMaHHHT 3HF KWYHK MycOaT
WILH3HHH aXXPaTHHT.

Eunm. TenrnamaHn KyHAuaard 3KBHBaJIeHT LuakJjga €316 OJaMH3:

2x=1g x.

Burta unsMaga y = 2x Ba y = tg X QyHKuMAnapHHUHT rpaduk/apH-
HH unzamu3 (3.30- waka).
YusmajgaH KYpuHHO TYPHOIHKH, y

- T
H3J/IaHaeTraH (0, —2-) sIKKaJialll opa-

JHFH GurTa Ba (haaT OHTTA S3HT l

KHYMK Myc6aT WIMH3HH V3 HYHra 2 Y=2x

oJIaJH. |
3-mucoa. 5x* —20x +3 = L y=tgz

= 0 rtenriamanuur [0; 1] kecmMaaa

&TraH HJAJU3HHH HTepalHs YCyJH

6unan e = 0,000]1 rada aHHKJHKZAA pe

TOTIHHT, T
_Eunm. Bepuaran TeHriaMaHu

I
L
T

|
!
I
!
z —

x=q(x) 3.30- waka

KYpHHHIIra KeaATHpHG onamu3s, Bynu 6up Heya ycysiap GuiaH GaxapHiu
MYMKHH, MacalaH,

x = x 4+ (5x® —20x_+ 3)
Jecak, y Xomma @y (x) =5x%—19x 4 3;

=2—10(5x3+ 3)

Jecak, Yy Xoaja
20—2928 805
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@, (1) = 5 (65 + 3)

KerMa- KeT SIKMHJIAWHIIAPHH XHcOOMall y4yH XOCHA KHJHHTaH @ (x)
dyHKUMSAIApHUHT KalicH GHpuiaH (oHfaNaHHII JIO3UMJHTHHH aHHKJaH-
MH3.

Arap @(x) dysruus [a; b] xecmaza
lo" (0] <g<1
(13.5) HU KaHOaT/IAaHTHpCA, MTEpallHsl YKapaéHH AKUHMALLIAIH.
[0; 1] kecmana | ¢, (x)] =\ 15x2 — 19| > 1;
3
[0; 1] kecmaga | @, (x)] _56 x? =

Hemak, @,(x) dyHxuusgan ¢olifananuil Ba KeTMa- KeT SKHHJALIHILIAp-
HH HTepalust ycyJad GunaH

X< 1.

1
— 2
X, = '2— (5x 1 + 3)
¢opmysa Gyiinya H3jall MYMKHH,

Hosnnun akupnammm cudarupa [0; 1] kecmara Ttermmiau GyJaras
Xo = 0,75 xuAMaTHH oOJ1aMu3.

Sugu

g = max [¢’ (x)| = max Se=2_07
0<x<l1 0<x<l 4 4

HH xucobra onraH xoaja 6epusirad € = 0,0001 aHMK/AMKKA 3PHLIMIHILH
YUYYH HKKHTA KeTMa- KeT SIKMHJIAlUHLl opacujard aiupMa KaHfAail 6yun-
1K Kepaxkauruhy (13.10) naH aHHKJalMH3:

<! ;" e = 0,00003.

'xn - xn—l I
IlyHpaét KuAKRG, WKKHTa KeTMa- KeT AIKMHJAIIHIN  OpacHArH afnpma
0,00003 naH opTHK G6ysMaraHMAa HTepalUMs MKapaéHHHH TYXTaTHII Ba
6epuiraH aHHK/AMKKA spHWHALM Ae6 XHcobsall MyMKHH. XHco6aauniap-
HH Y6y Xansan lwakauaa oau6 Gopuin kysaiaup (3.55- :xanpan):

3.55-xkxaapaa

n X, xﬁ' X 1=9 (n)
0 0,75 0,42188 0,25547

1 0,2555 0,016777 | 0,154144
2 0,1541 0,005652 | 0,151413
3 0,1514 0,005443 | 0,151361

4 0,15136 0,005442 | 0,151361

Mana wy epna urepauusi KapaéHuHM TyxTatHm ea € = 0,0001 raua
aHHKJIHKAA
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x=0,1514
ae6 xHco6aall MYMKHH,

5- dapcxona monwwupurrapu

1. X —9x* - 18x — 1 =0 TeHrIaMaHHHT XaKHKHH HJIH3IapHHH
fIKKaJ1all OpajIMKJapHHH rpadMK ycysja TOMMHT,

K (05 1); (25 3); (65 7).

2. Tenrnamanapuu 0,01 raua asuk/JIMKAA HTepalus yCy/au GHIaH
€UHHT:

a) x3—12x—5=0;

 6) X2 —2x* —d4x — 7 =0;

B) 4x =cos x.

)K: a) 0,42; 6) 3,62; B) 0,24.

5- mycmarun ww monwupuxrapu

1. x¥*—12x 41 =0 TeHIIaMaHUHT XAKHUKHI MJIAU3NAPHHH SIKKa-
Jall OpaJINK/JapHHu rpaduk ycyJ GuiaH TOMHMHT.

K (—4 —3); (0; 1) (3; 4).

2. TeHrsamanapHuHT WIM3.1apHHH urepauus ycyau O6uiaad 0,01 ra-
Ya aHHKJHKIA TOMHHI:

a) x*—5x-+4+0,1=0;

6) x¥*—x—2=0.

XK a) 0,02; 6) 1,27.

6-§. TeHrnamanap cHCTeMaJIApUHH eYMINHHHI
HTepauHsl YCyJAJapH

vITepalust YCYJHHH TeHIJiaMasap eqyMMHHH JaHHKTATHPHUITA TaTOHK
3TaMu3.

Mucoun. {x2 +y*—1=0,

B—y=0

TeHIVIaMajap cucreMacHHH (15.2) kVpunuwra kenrupudr Ba ynu 0,01
raia aHHKJ/UKAA HTepalWs YCYJAM GHIaH eUHHT.

Eunw. Bomnanrny skuHaAawmw cudatuga x, = 0,8, y, = 0,55 mm
onamu3 (yJapHH rpadHK ycy/ma TOMMIN MYMKHH).

Bepuaran cucremanu (14.1) dopmysaa 6uaan Takkocsaat,

{fl(x’ y) =x2‘+y2_" lo
falx, y) =x*—y,
ra sra 6ysamMu3. By cucremann (14.3) wapriapra pHos KH/IraH Xosaja
(14.2) xypHHHIUra KeJNTHPHW Y4YyH 6yHmail ¥yn1 Tyramus. Bepuaran cuc-
TeMara 3KBHBAJIEHT YIUJY TeHI/IaMajlap CHCTEMacHHHM Ty3aMH3:
x=x+af,(x, y) +pf.(x y)=0,(x, y),
y=y+vhH(x 9+ v)=9,(x y).

o, B, vy, 6 nmapamerpiapHM IIyHAaH TaHJAaMMH3KH, ¢, (¥, y) Ba
@, (x, y) dyHKIUANApHUHT XyCYCHH XOCH/IajapH HOJIMHYH SIKMHJALIMLIAA
HOJITAa TEHr KH YHra sIKHH GY/ICHH, SbHH a, B, v, 6 JapHH ywoly TeHr-
JlaMaJlap CHCTEMAaCHHMHI TaKpHOHH eyuMH cH(aTHIa TOMaMH3:
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a ’ ,
_0% =1+ aflx (xm yo) + ﬂi2x (x(,o yo) =0,

0 . ’
B — af, (0 Yo +8Fs, K Yo =0;

dy

0 , ,

% = Yf[xr(xo’ yo) -+ afgx (xo' yo) =0,

a , ,

al; = 1+ vf1, (% Y + 0F;, (4 1) = 0.

Busuunr xosna
fi, (0,8; 0,55) ={2-0,8 = 1,6;
fi,(0,8; 0,55) =2-0,55 = 1,1;
f2. (0,8; 0,55) = 3-0,8® = 1,92;
fs, (0,8; 0,55) = — 1,

Bepuiaran cucremMara SKBHBa/eHT CHCTeMaHH ywi6y KypHHMIIAA €3a-
MH3:
x=x+oa(xX*+y*—1)+px®—y),
y=y+v&+y*—1)+8x>—y).
a, B, vy, 6 Huar Moc Kuiimatnapu cuparuaa yweéy
14 1,6a+4 1,928 =0,
l,la —p =0.
1,6 9+1,926 =0,
1+1,1y—6=0

TEBrJiaMajlap CHCTeMACHHHHI €YHMJAPHHH TaHJaHMH3, AbHH
a~—03 Bp=—03; yv=—05 =04,

¥ xonaa GepusiraH cHCTeMara SKBMBaJeHT GyJaraH ymey

x=x—03("4+y*—1)—0,3(x*—1y),
y=y—05(x*4+y?— 1)+ 0,4 (x> —y)
TeHrJaManap cucreMacH (14.2) kypunumga 6yaagd, wy Gunan Gupra
X, =0,8, y, = 0,55 HyKTaHHHT eTapiuya KHuHK aTpoduma (14.3) mwapr

6axkapuajii.
BupuHuM, WKKHHYM Ba KOJTraH AKMHJALIHIIAPHH, TOKH HKKHTa Kyll-

HY fKMHJalHm opacHiard tapk 0,01 gaH KuyuK G6ysiMmaryHya, TOMMHI-
ra KHpHMLIaMu3. XHcOG/all HaTHKalapuHH XKaipaJira €3amu3 (3.56- xan-

BaJ).
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3.56-xkKaaABan

nj| x, Yn x;'; Xy ygl X%—’,—yg x?l ylzx—] xfl_yl‘l Ax Ay
0|o,8 | 0,55|o,e40,512!o,325‘ 0,9425 l _0,0575|—0.038 | 0,029 0,014
T0,829: 0,564]0,687'0,569'0,318' 1,005 0,005 | 0,005 |-0,003| —0,0005
2 0,826;0,5635( | \ I

Ilynpait Kuau6, tenrjamaiap cucreMacHHuHr edyuMM 0,01 raya aHuk-
JIHKAA

T ~0,83 y=056
6}"I.na11_111. CucreMma (palg_aT Hlwopacu 6unaH apk KHIaJHTrad eddMra Xxam
sra; x ~—0,83;, y=~ —0,56.

6- dapcxoHa monwupuru

Ywby TeHrsamanap cucTeMacHHuHr eunMuHd 0,01 ra auux/MKIa
uTepauus ycyJd OuaH XucoGJaHr, GyHAa OOLWIAHFMY SIKMHJALIHLIHHK
rpapuk ycyJja TOTHHI:

a) xﬁ +!/ —4 = Ov

y—lgx—1=0
6) 20x* = 1 — 2x3 - 4%,
10y =5+ 2x* — 3y?
(HonMHYM AKMHAAUMW YuyH Xy = 0,3, y, = 0,5 HU oauHr).
K:a) x =167, y=1,22
6) x =0,26, y =0,48.

6- mycmaxua ww monwiupury
TenrsnaManap cucremacH euumund 0,01 raya aHMK/IMKAA HTepalHs
ycyJu GH/IaH TONHHE:

sinx —y = 1,32,

x—cosy = 0,85
(HO/MHYH AIKHHJIALMI cHdaTHaa xg = 1, Yy, ==0 HH OJMHI).
Kex =179, y=—034
7-§. Ynaukau TeHrnaManap CHCTeMANADHHH ONAUA HTepPauus

ycyan Ba 3eiifies b ycyan OGHJIAH eydil

Hrepauus ycynu pa 3efifieslb YCYNHHUHT YH3HKJH TEHrJaMmasiap CHC-
TEMaJIapHHU €YHUITa TarOHK STH/HILMCAa OHA MHCOJJIAp KypaMH3.

l-MHcon. Ywby uu3nkau TeHraamanap cucremachud (0,1 raua
aHYKJHMKAA) OALHA HTEepalua ycysd GHIaH eUMHT:
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8x, + x, + x; = 26,
X+ Ox,—x; =7,
X, — X, + 5%, =7.

Eyuw. Bepuiran cucremann maxcyc (15.3) kypuHHWIra KeaTHpa-
MH3:

X, = 1,4 —0,2x, + 0,2x,,

x; = 3,256 —0,125x, — 0,125 x,,
‘x_,, = 1,4 — 0,2x, -+ 0,2x,.

Yw6y MaTpHuUaapHH Ty3aMH3:

0 —0,125 —0,125 3,25 Xy
o = —0,2 0 0,2 , ﬁ = 1,4 Y x = x2 .
0 1,4 x4

—0,2 0,2

Ketma- ket AKHHJIAIIHI/IaDHH amaJira OlUWPaMHs. Honanyuu AKHH/a-

0
waw cuparuga x =P omunau:)

X0 3,25
X 0 B ( Xéo) ) = (1;4 .
xP 1,4

. \

BupHHYH AKWHALIKLL: M= B+ax©:
A\ (3,25 0 —0,125 —0,125) (3,25
x”)=(x§”) =(1,4 )+(—0.2 0 0,2 ) (1,4 \,
) \1,4 —0.2 0,2 o /J \l4
2,9
=[ 1,03 |
(1,03)

2 1
VIKKMHUH SKMHJIAILHLI : = p-+o x

fo) 3,25 0 —0,125 —0,125 2,9
D= ) =l14 |+|—02 O 0,2 1,03 | =
0 1,03

X 1,4 —0,2 0,2 )
'9,992
={ 1,026 |
1,026
YUHHUE SIKHHJALLMLL:
2 3,25° 0 —0,125 —0,125\ /2,992
9= o \=|14 |+|{—02 o0 0,2 1,026 | =
G ’ 026
X 1,4 —0,2 0,2 0 1,
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2,99
=(1,01 :
1,01

Ulynpait wuiu6, ¥ =299 x5 =101 x =1,01 a0,1 raua
aHukaukaa x, = 3,0, x, = 1,0, x; = 1,0 HH XOCHJ KHJIamH3.
2-MucoJa. Ywby tenrgamanap cucreMacuHd 0,001 raua aHUKJIMK-
nNa 3edinenb ycy/aH OHJAH €YHHT :
10x, 4 x, + x5 = 12,
2x, 4 10x, + x; = 13,
2%y + 2x, + 10x,= 14.

Bunw. Urepauus »apaéHu sikMHJIAlIAAH, UYHKH yLOy

|ays] = 10 > laysl + [ay5] = 2.
|852| = 10 > |ay| + |ag| =3,
lazsl =10 > lag,| + las,| = 4
(15.6) wapr Gaxapuaagu.
Bepuiran cucremanu (15. 3) KypHHHIUTA KeNTHPaMH3:

[xl =1,2—0,1x, —0,lx,,

x, = 1.3—0,2x, —0,1x,,
x3=14—0,2x; —0,2x,.
Houmnun sikudsmaumm cudartuaa
=12 xN =13 x =14
euHMJ/IapHHH osiamH3. 3eiifiesb KapaéuuHu (15- §) keTma- ket Kyuuab,
KYyHAHJAArHIapDHH KeTMa- KeT XOCHJ KHIaMH3:
M =12-0,1-1,3—0,1-1,4 =0,93;
[ x4V =13-.0,2:093—0,1 1,4 =0,974
x{) =1,4—-0,2-0,93—0,2-0,974 = 1,0192;
x?=1,2-—0,1-0,974 —0,1-1,092 = 1,0007,
x@ =1,3 —0,2-1,0007 —0,1 1,0192 = 0,9979,
‘ xD = 1,4 —0,2-1,0007 — 0,2-0,9979 = 1,0003;
x®»=1,2-—0,1.0,9979—0,1 1,0003 = 1,0002,
[ x» =1,3—0,2-1,0002 — 0,1 1,0003 = 0,9999,
x» =1,4—0,2-1,0002 — 0,2-0,9999 = 1,0000.
TenrnaManap cHCTEMaCHHHMHT €YHMM CH(ATHAA YUHHYH SAKMHJAIIHLIIHH
Kaby.1 KHJIaMH3:
x = 1,0002; x,=0,9999; x,=1,0000.
0,001 raua aHMKJIHKAA €4uM
x, =1,000; x,=1,000; x;=1,000
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GVsaan. Takkorsiall yuyH CHCTEMAHHHT aHHK €UMMHHH KEJITHDPAMH3 :
=1L =1 x=1.

7- 0apcxoHa monuupuKiapy

1. BepuaraHn Yu3HK/IH TeHr/JaMaJiap CHCTEMACHHMHT €YMMHHH ORAHMH
urepauua ycysau 6unad 0,001 raya aHUKAMKAA TOTHHT:
7,6x; +0,5x, + 2,4x, = 1,9,
2,2x; +9,1x, + 4,4x, = 9,7,
— 1,3x, 4- 0,2x, + 5,8x, = — 1,4,
X x, =0,236; x,=1,103; x;, = —0,214.

2. Uusuk/u TeHIVIaManap cHcreMacHHH 3efigenb ycynu OGudaan [0,001
raya aHHKJHK[A €YHHT:

2%, — %, + 2x\=1,
— X, +3x, =1,
2%, +4dx, = —2.

XKiox, =4,83;, x,=194; x;=—29I,

7- MYycmaKuaA uwL MOnwupuKAapu

1. Yusukau TeHryiaMajap CHCTEMAacHHH OfAuil | utepauust ycyau Gu-
Jgad 0,01 raua aHHKJHKOA €UHHT:
8,3x, —0,1x, + 0,2x, = 16,1,
0,3x, +4,5x, —0,1x; = — 3,6,
[O 4x, — 0,2x, + 5,5x;= —15,5.
XK: anuk eunm x, =2, x,= — 1, x, = — 3.

2. Yusnkau Teuramanap cucremacHiu 3eiigeqb ycyan Gunan 0,01
raya aHHKJMKJA EeYHHT:

4,3%) —xy + 2x, = 13,6, _

X, +5,1x, =—13,3,

0,3x; — 2,1x, + 6,2x3 = 13, 1.5
JK: anug eunm: x, =12, x,=—3, x3=1.

8-§ CoHau uHTerpasnaw. Tyrpu TYpTGYypuakaap, Tpaneuusaap,
Cumncon dopmynanapu. Faycc KeaapaTypacH

Typau dopmynanappan ¢ofianaHn6, COHJIM HHTerpaJJialira OHI MH-
coJ1ap KypaMHus.
2
I-mucoua. f]/x dx uuterpannd (1, 2] wecvann 10 fra Teur
I
KHeMra 6yau6, TYFpH TYpTOypuakJjap, Tfaneuussap, CHMNcoH ¢opMyina-
Japu Gyiinya XHcOGJaHTr. XaTOAMKHH GaXOJaHr.
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aru ¢opMynanapaad dgoiiganaHamus. BHsHHHT X0u1-

Eunw. 18 § g
—L o1 MHrerpaniaw TyryHaapu:

10

l\D

na n = 10, h—

xx=1x=L1L1x=12 X =19 x,=2.

y =V x OyHKUMAHHHT TerHUIMH KMHAMaT/apH XaJBajJuHH Ty3amus (3.57-

XKansad):
3.57-xaaBsauna
il 0 1 2 3 4 5 6 7 8 9 10
:1_,0 1,1 1,2 1,31 1,4 1,5 1,6 | 1,7 1,8 1,9 1 2,0
ZT 1,049(1,095|1,140]1,183)1,225{1,265]|1,304;1,342|1,378{1,414

a) Tyrpu TypTOypuaksiap ¢opMynacufiaH (poifanaHaMu3, uam TYFpH

TypTOyp4ak/aap yuyH:
2
fl/? dx ~ 0,1 (1 + 1,049 + 1,095 4 1,140 + 1,183 + 1,225 4-

+ 1,265 4 1,304 + 1,342 4 1,378) =0,1-11,981 ~ 1,20;
yHr TYFpH TYpTOypHaK/ap Y4YyH:
2
" V'x dx = 0,1 (1,049 + 1,095 + 1,140 + 1,183 + 1,225 + 1,265 +

+ 1,304 + 1,342 + 1,378 + 1,414) = 0,1- 12,395 = 1,240.
Xatoaukuu (18. 1) dopmyna Gyiuya Gaxonaimus:

R, < ——(b—-a\ M,. 6y epra M, = max|f’ (x)|.

xe[a sl
f(x) =Vx dyskuusuunr xocur. cu: f' (x) = 5 l/ . Xocuaa [0; 1]

KecMala 3HI KarTa KuiiM 1ca x = 1 6yaraHaa spHiuajy.
Myupait Kumuo,

1
M,=max |[f (x)| =—.
1= ma 2lIf ™) | 2

ABCOMOT XaToJHK :

0,! 1 _

JeMak, uanky TYFpH TYpTOypHak/ap popMy.acH yuyH :
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[V dx~ 1,20 + 0,025
"l

ra, YHr TYFpH TYpTOypuakJap y4yH
2
[+x de~ 1,240 + 0,025
"l

ra 3ramus.
6) Tpaneuussap dopMmyaacHiaH ¢ofiaasaHaMus :
2
[V dem 0,1 (755 41,049 + 1,095+ 1,140 + 1,183 +
1

+ 1,225 4 1,265 + 1,304 + 1,342 + 1,371) = 1,2188.

Xarosmkun (18. 2) popmyna 6yiuua GaxoJaiMH3 :

2
R, < il (b —a) M,, 6y epna M, =max |f'" (x)|.
12 xgla; 0]
r? 1
x) =— —
A ) 49/ 53
Xocuiiara srami3. MIKKHHUH XOcHsia 3HI KaTTa KuiMmatWra x =1 6yu-
ranja spuwanu, wy cababi M, =max | f' (x) | = —;—. Mynnai KAaHG,
xell: 2

a6coIioT XaTOJMHK YUYYH:

0,12 1
R, < == 1- - =0,0002.

2
Ilemak, SV; dx ~ 1,2188 = 0,0002 ra sra 6yamuk.3
1

B) CumncoH dopmyaacHaad doliaanaHaMus:

2
(Vrar~ OTI ((1 4 1,414) -+ 4 (1,049 + 1,140 - 1,225 + 1,304 +
i

+1,378) +2 (1,095 + 1,183 + 1,265 + 1,342) ) = %-36,568 =
= 1,2189333.
Xatonuknu (18. 3) dopmyna 6yitnua GaxoaiMH3 :

R

n

< (b —a) M,, 6y epna M, = max |f' (x)].
180 xela: o]

Ky#uparunapan xucofinaiMus:

7 (@) = % 1 15 1

v,
Ve T s
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15

M, = max \ Fry (x) |= =

xel; 2]
AGCOMOT XaTOMHKHHM XHCOG/aiiMu3:

R, <2X 1 B —0,0000005.

180 16
Hemak,

2

Y V% dxa 1,218933 £ 0,0000005.
1

r) Takkocsall MaxcasMia HHTerpaiHi HbluToH — JIeHGHHL (popMya-
cu Gyinua xucobsaiMu3s:

2

[ 2 -
\Vx dx———?x]/x
1

MIyHpalt KuIub, MHTETPAJIHUHT aHHK KHHAMATH XaKUKaTaH XaM a),
6), B) GaHanapia TONWITaH opadukjaapia €ragd. HHTerpajHuHT aHHK
kuiMatura CuMrcoH ¢dopMyaacH GyiiMda XucofiiaHraH KHHMAT 3HT SIKHH-
JHp.

2 2 —
| = 2V 2 —1) = 1,2189513.

2
2- MHcoOJ. fo_dx uHTerpaauu [aycc dopmyaacHiy n =3 lIa
1

Kysnab, XxucobsaHr.
Eunw. Taycc dopmynacu 19- § ga 6aéu stuaran. By epaa a =1,
b = 2 ra sramus. Tyryujapuu yw6y cdopMysianap 6yiiHua Tonamus:
__b+a b—a . T
X = + 5 t,i=13
19- § naru xaapan Mabaymoraapuiad n =3 Aa ¢oiifananub, Kyiu-
JaruiapHid XOCHJ KHJaMH3:

% = % +2; Ly = _;'_ +% (— 0,77459667) ~ 1,11270;
%y =+ ty = + 50 =1,50000;]
X, = % +oty= % +% (0,77459667) = 1,88730.

Hurterpaan Cayce kBagpatypa copmyJiacH 6yiiMya XucobsaaHaiH :

[tTwa 23" T4t =X € fx).
a i=1 i=1

By dopmyaanarn ternuiu A; KoahhHUHMEHTIapHUHT KuilMaT/aputn 19- §
Jard KakpaajaH OJaMH3:
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oo
it
©o |
n
o
=
e
5=
=8
e

Keftunru xucobaawnapun 3. 58- xanpanra €3amus.

3.58-xaaBaa

X %=V, G Ciy;
1 1,11270 1,05485 0,27778 0,29301
2 1,50000 1,22474 0,44444 0,54431
3 1,88730 1,37379 0,27778 0,38161
S C, g, =121893
e vax,

“/x dx — :’c y, = 1,21893,

Xatomuknu (18.13) ¢opmyaanapaa n = 3 ne6 Gaxonaimus :

1 b —a\?
R <—( ) max IV (%) |[.
315750\ 2 xgla; 6] I ( ) l

y=7f(x) =V x OYHKUMAHHHT ONTHHYH TAPTHGIM XOCHJIACHHH XH-
cobniaiMus:

H
2
yv1=_l.3.258-7 9x =f‘”(x),
max l fV'(x =9i85z14,7.

xell; 2
SHau abCOMOT XaTONHKHH XHCOGJaHMHU3:

1 (L)’- 945 -~ 0,0000078 < 0,00001 .
15750 \ 2

Takkocnalr Makcanuaa MHTErpajHHHT aHHK KHIMaTH
2
fVrax =1,2180513
1

HH KeJATHpaMH3.
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Anug Kuiimatra skuH Hatka CuMmncoH opmynacH Gyimua [1- B)
mucont] n = 10 aa, Taycc dopvynacn Gyiinua n =3 aa oauupu.

8- Oapcxora monwupuxrapu

HHTerpainu BepryJjnaH KeHHHTH MKKHTAa PAKaMHTaua XHCOGJIAHT:

1
L. fe—”' dx — tpaneuns c¢opmysaacH Gyiuua, n =3 peG OaMHT.

0
0
2 Inx
f dx— Cumncon dopmy.nac Gyitnya, n =4 ne6 oJunr.
X

!

0

: dx

f— Taycc ¢opmynacu 6yiuua, n = 3 ge6 onuMHr. AHHK KHii-
1

x

MaT GHWJIaH COJHIUTHDHHL.

8- mycmaxua uw monwupury

il dx
j T WHTETDAMHH XHCOGIAHT Ba HATHXalapHH TaKKOCIZHT
0

(tyrpu TYpTOypuaksap, Tpaneuwussiap Ba Cumncon Qopmysanapu Gyinua,
n =38 ne6 osuur Ba I'aycc dopMyaacu Gyimdua n = 3 pe6 omnr), Xarto-
JHKJapHH 6aXo/laHT Ba AHHK HATIKa GHJIaH COJIMLITHPHHT.

9- §. Monrte — Kapao ycyau.
Monte — Kap/io yCyJiMHH HHTErpa/ulapHH XMCOGJALIra KY/IalIuK.
2
Mucoua. 5‘ (2x 4 1) dx uurterpanHn Moure — Kapio ycynau 6uiaan
1

XHCOO/aHT:

a) XHcOGJaILHHHT aGCOMOT XaTONUTHHH TOIMHHT;

6) XaTONMKHMHr lOKopH uerapacit © =0,1 6yauwund, y = 0,95
HIIOHYIHK OHJIaH TabMHUHJIAHAUTaH CHHOBJIADHMHI 3HI KHUYHK COHHHH

TOMHHT.
Euyunm. (20.3) dopmy.a

4 b—a

[@@d~2=2 3 o)

v ? e
a i=1

naH doiinanaHamns. BusnuHr xonma a=1, b=2, ¢(x)=2x+1ra
sramu3. n = 10 pe6 onamus. Y Xoaga
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1—1

2

y 2% 4 1)dx ~ — E (2x, + 1

1
HH XOCHJI Kn1amu3, Gy epaa MyMKkud GyiraH x; Kuiimataaphu (20. 4)
tdopmyaa

x;,=at+b—a)r,
IaH TonaMu3, GU3HHHT XOJAa
x,=1+r,

6y epia r, coHnap TacopHuil COHJap ajBaJjHaH Bepry/jaH CyHT yura
pakam OuJaH OJIHHAJH.
VYura cuHoB matHmacunn 3. 59- XajBajia KeNTHPaMH3.

3.59- xaaABan

. x; )=
i r? x; =147, 12¢; =242r; 1(2;i)+l
I 0,100 1,100 2,200 3,200
2 0,973 1,973 3,946 4,945
3 0,253 1,253 2,506 3.506
4 0,376 1,376 2,752 3,752
5 0,520 1,520 3,040 4.040
6 0,135 1,135 2,270 3,270
7 0.863 1,863 3,726 4,726
8 0,467 1,467 2,934 3,934
9 0,354 1,354 2,708 3,708
10| 0,876 1,876 3,752 4752
10
Zl(p(x) = 39,834
i=

10
yKansainan 2 @ (x;) = 39,834. [lemak, uanaHaérraH uuTerpan
i=1
- 1
[ (2x+ 1) dx ~ 39,834 = 3,9834,
1
a) [{HTerpa/HUHT aHHK KHAMAaTH:
2 ' 2
5‘(2x+1)dx='(2"_1‘lﬁ -4
! 1
Hly ca6aban XucoGalIHHET a6COMOT XaTOJHMIH
4 — 3,9834 = 0,0166
6yanu.
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6) XaTo/qHKHHHT I10KOpH d4erapach O =0,1 6yuuwxHH y = 0,95
MIIOHWIMINK OH/IaH TabMHH/IAHAMraH CHHOBJADHHHT 3HT KHYHK COHH 7l

HH (20. 1) dopmyaa

_ 2t
&
6yinya xucobnaitMus. By dopmyananaru ¢ connu @ (f) = %— = 0,475

TeHruKAaH Jlansac dyskuuAcd xKaasaiu Gyfuya Ttomamus: ¢ = 1,96.
Bynga 6 HuHr guitvatuau X tacomudmit Mukiop [1; 2] opanukaa Texwuc
TaKCHMJ/IaHraH [eraH IaprijaH Tomamus, Wy ca6abad YHAHT ZHCTIEPCHSICH
KyHHAarura TeHr:

Ouau P (X) =2X + 1 OYyHKUHSAHUHT AUCMIEPCHACHHH TOTIAMH3 :

_ N R
D(2X + 1) =4D (X) =4-— = —.
Ilemak, 8 =D (2X - 1) = —;—

Mlyupait kKuAKO, M31aHAETraH CAHOBMAD 3HT KHYHK COHHHM XHcoG/ai-
MH3 :
I
(1.96)2- —
2. 52
n=20 _ 3 —198.
Ve 0.1)2

9- Oapcxona monwupukiapy
1
1. f(l — x*) dx anuk unterpanHu Moure — KapJo ycyan épnamuza
o
XHcOOMaHr, 6yHAa TacoaMGHit coHJap XafBaiMiaH KertMma- Ket 30 Ta

KMAMAaTHH BepryJ/ilaH KeflHHrH yuyra pakaMd OWaaH OJHHT. AGCOJIOT Ba
HHCOMil XaTOJIMKJIaDHH TOTHHF.

X 2’0,685; 0,018; 2,7 %.

2. fln xdx auux uuterpanuH Mounte — Kapsio ycynu €piamuga XxH-
1

cobJiadr, 6yHaa racogubuil connap agamupaH 10 Ta KuéiMaTHH Bep-
Ty/ljaH KeHHHIH ydyra pakaMH GHJIaH OMMHr. AGCOMIOT Ba HHCOMA XaTo-
JIMKJIADHH TOMHHT.

X: 0,371; 0,015; 3,9 %.

9- mycmaxus wur monwupuxaapi

1. Moure — Kapno ycynmupad toitaanasu6,
3

RN

2
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HHTerpajii xucobranr, OyHaa Tacoauduit coHslap aasaaujad 20 Ta
KHiAMaTHH o/MBr. AGCOMOT Ba HHCOHI XaTO/NMKJADHH TOMHHT.
JK: 21,894; 0,689; 3,1 %.
2. Monrte — KapJio ycyanaan ¢ofinananu6,
1

dx
yl+x

0

HHTEFpasiH¥ XHucoGaaHr, O6yHla Tacoiudud coHaap »kaasanuian 10 Ta
KHAMAaTHH O/HHT. AGCOMIOT Ba HHCOHI XaTONMK/AA4pHH TOIMHT.
JK: 0,6968; 0,0037; 0,5 %.

10-§. Opnuii anddepenunan Tenrnama yuyH Kowm macanacHuu
iinep ycysu OHJaH eudil

Oiiiep ycymm 6unan Kown Maca/lacHHH eyHINra MHCOJIAp KYpaHJHK.
l-MucoJ. Diinep ycyamaad doiaasaHus, |
r_Yy—=x

EY

IJudepeninan TeHraamauur y (0) = 1 GOLIaHFHY 1UAPTHH KaHOATJIaH-
THPYBYH Y (YHKUHUSCHHHHI KHMAMATJapHHH XucoOJaHT, Kajamuu h =0,1
Re6 ONMHT. YHUHr GHPHHYH TYPTTa KHHMAarHHH TONHW GHJIaH 4eKJa-
HHHT.

Eunm. ApryMeHTHHHr KeTMa- KeT KHAMATJapPHHH TOIAMHS :
% =0 x,=01, x,=0,2; x,=0,3: x, =0,4.
Hananaérran ¢yHKUusHHHT Moc KuiMaTjapuud (21.1) dopMyna
yi‘H = yl + hf (xi' yl)
6yitma xucobnaimus, 6y epra i = 0,3 , h=0,1, f(r, y) = L==

y+=x
Xucobnaw HaTixanapuuu 3.60- xazpasira KoillalITHpaMua.

3.60-xaxsaa

Yy—x

i x —x x X, y) = h-f(x, y)
Yy Yy y+x [f(x ) P flxy

0 0 1,000 1,000 1,000 1,000 0,1000

1 0,1 1,100 1,000 1,200 1,833 0,083

2 0,2 1,183 0,983 1,383 0,711 0,071

3 0,3 1,254 0,954 1,554 0,614 0,061

4 0,4 1,315 — — —

2-M¥ cOJ. DilsepHHHr OHPHHYH Ba MKKHHYM TaKOMHJ/LIALLTHPHJraH
ycyJsiapuaan ¢oiifananHo,

’ y—x

A
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Anddepenunan TeHrsaMaHuur y (0) = 1 GowJiaHFMY IIAPTHH KaHOATJaH-
THPYBUH Y (QYHKUMSCHHHHT KuiMaT/apusu Tonuur, h =0,1. Bupnxuu
TYPTTa KHAMaTHH TOMHII GHJIAH YeKJIaHHHT.

Eunw. By epra h=0,1, f(x, y) = y+x
y
By TeHrniama HHTErpajHHH CHHMK YH3HKJAap TaKOMH/IAWTHPHIraH
ycyax dopmyaack (21.2)

— X

y1+1 = y[ + h'f(xH_ é' y,‘+ _:)!
6y epaa x,, t =x, + i)
i+ ] i 2
1 h
.UH. - - yi + ;f(xp y,)
6usaH xMco6JaHraH HaTHxKasjapH 3.61-3Kalpasifia KeJTHPHJTaH :

3.6l-xazxgBaa

h
i Xy ‘ Y ‘ PRA L xi-}-% l !/z+__; h ("i+,1_,' Yig 7’)
0 0 1,000 0,050 0,05 1,050 0,091
1 0,1 1,091 0,042 0,15 1,133 0,077
2 0,2 1,168 0,035 0,25 1,203 0,066
3 0,3 1,234 0,031 0,35 1,265 0,057
4 0,4 1,291 — — — —

HanGarpars xaapanga (3.62- >kagpan) GepwiraH TeHIVIAMaHHHT HH-
terpaauuy Siinep — Kown takomusnawrupuarad ycyan (21.3) ¢opmy-
JlacH

h -~
Yy =Y, T > (F (e 9+ [ Xy gs Yipy))s

(6y epna !;r 11 =Y+ hf(x, y)) 6Yiinua XucoGnal HaTHKanapH KelTH-
PHJITaH.

3.62-xxangBan

h
. h h =
il x Yoo (= POy St | Vit | 5 F Gigps Gign | 2 o9 +
+ F Fopyr i)
0|0 1,000 0,050 0,1 |1,100 0,042 0,092
1]10,1 1,092 0,042 0,2 11,176 0,036 0,078
21 0,2 1,170 0,035 0,3 |1,240 0,031 0,066
3{ 0,3 1,236 0,031 0,4 11,298 0,027 0,058
41 0,4 1,294 — — — — —
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3-Mucoda. Yy =2x—y TeHrnama yuyH Yy(0) = — 1 GowlanrFuy
waptau Kol MacalacHHH ODHJIEPHHHT HTepalus yCyJaM GHJaH euHHT.
Kagavun h =0,2 ne6 oamnr. Eummuy yyra yHAHK pakamiap ycTMa-
YCT TYWITYHra Kajap AABOM STTHDHHT.

Eunw. By epna =02, f(x, y)=2x—y. Mabaym (21.4)
yﬁ’,}1 =y, + hf(x, y,) dopmynara kypa { =0 6y.iraHia Ky#Hnpard Ho-
JUHYM SIKHHJAlWHLIra sra 6ysamus:

YO = hf(x, yo) = —1+0,2(2-0+ 1) = —0,800.
Y, Hu (21.5) dopmyna
Y =y o 90+ e 4]
6yimia mepaummaumus'
i =y, + [f(x,,, Yo+, yM)=—1+40,11142-0,2 —
— (—0,800)] = —0,780;
9P = g+ [ (o 90 +F Gy g0 = — 140,111 +2:02~
—(—0,780)] = —0,782;
Y9 = go+ 5 [ (5 o)+ (11, 4] =

=—1+4+0,1[14+2-0,2 —(—0,782)] = — 0,782,
Y, = — 0,782 un xocu1 kuigeK. (21.4) dQopmyna Gyimya y{» HuHr
KHiMaTHHH XHCOG/IalMH3 :

y© = gy + hf (xy, 1) =—0,782+0,2(0,2- 2+
+0,782) = — 0,546.
ys HU (21.5) dopmyna Gyfiuua HTepalHANAliMH3:

B0 = g+ - ey 90) 1 (s 9] =
=—0,782+0,1[2:0,2 + 0,782 4 2.0,4 — (— 0,546)] = —0,529;

Y = yr+ o Gy 92)+ e g0 =
=—0,78240,1[2-0,2 + O 782 4- 2.0,4— (— 0,529)] = —0,531;

yP = — [f (e, 91) + ey g2 =

— —0,782+0,1[2-0,2 + 0,782 + 2.0,4— (— 0,531)] = —0,531.

Yy = — 0,531 uu xocun gungk. Llynra yxwam Xuco61al, Ys, Ys
Y HH Tomamu3 (3.63- kapBa).
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3.63-xkanBaan

J Xy L yf‘l,’l y}+1 yfi’i yt(i)i

0 0 —1 —0,800 —0,780 —0,782 —0,782
1 0,2 | —0,782 —0,546 —0,529 —0,531 —0,531
2 0,4 | —0,531 —0,265 —0,252 —0,253 —0,253
3 0,6 { —0,253 0,038 0,048 0,047 0,047
4 0,8 0,047 0,358 0,365 0,366 0,366
5 1,0 0,366 — —_ — —_

Tonuaran y, guitmatiaap
= " +2x—2

xycycuit eunMuuHr [0; 1] xecMaHHMHT MoC HYKTa/japuiiard KHHAMaT/apH
6unaH 0,01 raua aHMKIMKAA YCTMa- yCT TYIUHIUHHM TEKWMPHO KYpHLU
KHAHH 3Mac.

10- Oapcxona monwupukaapu
1. dfinep ycyau Gunad
r o ety —xy)
x4+ 2y
TeHr1aMaHHHT ¥ (0) = | Gowwnanrny maptyu coHau eunmuuu [0; 1] kec-
Maga Ttonuur, i = 0,2 ne6 oJMHT.

XK: y(l) =127
2. Siinep ycyin Guian

y

y=x+y

TeHr/J1aManuHT y (0) = | GoulaHFMY WAapTHH KAaHOATNAHTHPYBUYH €UHMHHH
h =0,] Kanam GuJaH TYpTTa HyKTaza XHCOGJAHT.

A y(0,4) = 1,52.

3.2-macananu ywby y4 ycyJ GHIaH EUHHT:

a) CHHHK YHM3HKJap TaKOMH/VIALUTHPHALAH YCYJIH,

6) Siitep — Kolx TakOMH/IIAIUTHPHATAH YCYJIH;

B) HTepalusl YCYJH.

10- mycrmaxua ww monwupuxiapu

1. Diistep ycyau Guaau
X
a+y?
Tenr/iamanuHr y (0) = 1 GownaHruy wapTau coHau euumund [0; 1] kec-

Maja tonuur, A = 0,2 1e6 OJMHT.
XK y(1)=1,328.

2. y(2) =4 Gownanrny waprm y = yt 4+ L TenrnamaHMHT eunMu-

y' =

HH B =0,]1 Kajam GuaaH TYpTTa KHAMaTHHH ym6y yeyaiap GujiaH  TO-
TIHHT

a) Dinep ycyau;

) P yey 393
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6) CHHHK YH3HK/IAD TAKOMHJVIAIUTHPHJTAH YCYJIH;
B) Silnep— KoUK TakOMHJLIAIUTHPHATAH YCYJIH;
I) HTepalus YCYJH.
K: a) y(2,4) = 54,86.
11-§. Conan auddepesunannawt. KOKopH aHHKJIMKEATH COHJIHM
audpepeHuHaM2 il dopmynanapu
Counn puddeperunaiialira OHp HeYTa MHCOMIIAD KYpailiuk.
l-mucoa. Cunycnap kameasin h =0,2 Kagam 6uian Gepirad.
x=0,6 HyKkTaja OMPHHYH Ba HKKHUUH TapTHOIH XOCHJIAaJIdPHH TOMMHI
(3.64- xxanBan)
3.64-xanBan

i x y=F[f(x)=sinx| i x y=f(x)=sinx
0 0 0 5 1,0 0,84147
1 0,2 0,19867 6 1,2 0,93204
2 0,4 0,38942 7 1,4 0,98545
3 0,6 0,56464 8 1,6 0,99957
4 0,8 0,71736 9 1,8 0,97385

Euwnm. Yekau aliupmanap Xajsanunu Tysamus (3.65-2xagBau).
3.65-xkaaBaan

il x |y=sinx Ay ‘ AY Aly Aty ' Asy ’ Aby
0 '0 0 0,19867|—0,00792,—0,00761| 0,00064 | 0,00022 0,00010
1'0,2(0,19867 | 0,19075/—0,01553 —0,00967| 0,00086| 0,00032 |—0,0019
210,4]0,38942 | 0,17522{—0,2250 |[—0,00611| 0,00118 | 0,00013 { 0,00005
310,6|0,56464 0,15272—0,02861|—0,00493 0,00131{ 0,00018 |—0,00009
40,8{0,71736 | 0,12411]—0,03354!—0,00362, 0,00149! 0,00009 —
511,0]0,84147 0,09057|—0,03716'—0,00213| 0,00158 — —

6 [1,210,93204 ( 0,05341{—0,03929 —0,00055 —
71(1,4]0,98545 ( 0,01412(—0,03984 — -
811,6]0,99957 {—0,02572 — — — — _
911,8)0,97385 — — — —

X = X3 = 0,6 ne6 oau6, (17.3) Ba (17.4) cdopvynanap Gyiiuua XocH-
JlaJlapHH XHCOOJIalMH3 ©

’/ ~ _l V O — _l_ —_ L —_— —_
P08~ 55 ]'0,15_72 5 (—0.02861) + —(—0,0493)
——l 0,00131 + —; . 0,00018 — TI (— 0,00009) l — 0,82540;

” ~ l_. _— —_— _ll. . —_—
" (6) ~ 0‘2'[ 0,2861 — (—0,00493) + —- - 0,00131

S 137 J p—
= + 0,00018 + =+ (— 0,00009) | 0,56742.

2-mucon Oyakuua 3.66-xansas Ounan Gepuiarad.
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3.66-xaaBana

X

O‘I 2}3)4

y |_5 ~—1 19 ‘ 73 ‘179 lass'

x =1,5 Ba x = 4,2 HyxkTanapia OHPHHYH Ba HKKHHYH TAPTHOIH X0-
CHJIaJIapHH TOTIHHT.
Eunm. Yekan aliupmanap >KaasaiuHu Tysamu3 (3.67- xxanpan).

3.67-xangBaa

i x Y Ay | A%y | A3y | AdY
0 0 —5 4 16 18 0
1 1 —1 20 34 18 0
2 2 19 54 52 18 —
3 3 73 106 70 — —
4 4 179 176 — — —
5 5 355 — — — —

a) (17.1) sa (17.2) dopmynanapnan doiinananamus. YKansanara xipa
h =1. Xocunanapun x = 1,5 HykTaja Xxucobiall yuyH X, = | ne6 osa-
MH3, Y X0ala g = x_hx" = 1'5]—1 =0,5;

2.0,5—1
2

3-0,52—6-0,54-2

34+ S

['(1,5)~ :—(20 + 18) — 19,95;

7 (1,5) ~ liz (34 + (0,5 — 1)18) = 25.

6) (17.7) Ba (17.8) qopMysanapaan doiinanasamns. x = 4,2 HyKTaja

(y VHr oxupura SKMHPOK) XOCHNaJapHH XucoGiall yuyH X, =4 2e6
OJlaMH3, Yy XOJza

¢ X=X _ 4,2 -4

=0,2;
h 1
i (4,2)z+[106+2'°’2"’+‘ .52 4 3'°'Q’+:‘°’2+2 18] — 152,36:

(4,9 ~ '11? 152 4 (0,2 + 1)- 18] = 73,6.

11- dapcxona monwupuxrapu

1. y =f(x) dynkuua xanpan 6Gunan 6epuarad. (3.68; 3.69; 3.70-
*ajBasinap). XOCH/IaHHHT KHAMAaTHHH KypCaTHJraH X, Ba X, HyKTajapia
TOINHHT :
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3.68-xaaBauxa

a)
x 1,8 1,9 2,0 2,1 2,2 2,3 2,4 2,5 \
‘ y |1,44013(1,54722|1,67302(1,81973]1,98970| 2,18547 | 2,40978 | 2,66537
x; = 2,03 Ba x, =2,22,
3.69-xanBaa
6)
X 1,0 1,1 1,2 1,3 1,4 ' 1,5 1,6 I 1,7
| Y 1,0083 1,1134‘1,2208 1,33101 11,4449 1,5634 1,6876 ' 1,8186
x, =1,14 Ba x, = 1,42.
3.70- xaaBana
B)
X 2,8 2,9 3,0 3,1 3,2 3,3 3,4 3,9
Yy 13,92847|4,41016]4,938285,51744|6,15213| 6,84782 | 7,61045 | 8,44671
= 3,02 Ba x, = 3,31.
K:a) [ (2,03) =1,42249; [ (2,22) = 1,87640
6) f (1,14) — 1,0704; F (1,42) = 1,1698;
B) ' (3,02) =5,63133; f'(3,31) = 7,34833.

2. y = f (x) gynkuus 3. 71- xansan Guian Gepunras. f' (x) Ba f'’ (x)
XOCHJIa/IADHHHT KHiMaT/apHik X = 2 HyKTafia XHMcoG/aHr,

XK: f(2)
326
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- 1
11- mycmaxus uw monwupurrapu)

1. y = f(x) dynkuna 3. 72; 3. 73- anBan GuaaH Gepuiran. Xocu-
JIAaHHHF KHAMaTHHH K{pCcaTHAraH X, Ba X, lIyKTajapiia XHCOGMaHT.

3.72-xanBan

a)
X 0,75 0,80 0,85 | 0,90 | 0,95 1,00 1,05 \ 1,10
y 0,280310,318610,3592)0,402110,4472| 0,4945 0,5438 ‘ 0,5952
x, = 0,82 Ba x,=1,03.
3.73-xxaABan
a)
x 1,1 1,2 1,3 | 1,4 1,5 1,6 1,7 1,8
Y l0,8802 0,91030,9340]0,9523]0,9661 | 0,9764 0,9838 0,9891
xy = 1,34 Ba x, = 1,65.
XK: a) [ (0,82) =0,8077, [ (1,03) = 0,9914;
6) f'(1,34) =0,1873; [ (1,65) = 0,0741.
2. ¥ =[(x) dynkumna 3.74- xapsan Ounan Gepuirad. [ (x) Ba
[" (x) XocunanaphuHr KuAMaTlapunu x = 2,5 HvKTaja XHcoGaaHr.
3.74-xkxaxABax
X 0 1 2 3 4 ’ 5
Y 1 3 19 85 261 ' 631

K: f/(2,5) =635 [(2,5) = 75.

12- §. Mxknnun TapTuGam opamii AndwpepeHUHAN TeHraama yuyH
YH3MKJ/H YerapaBuii MacajlaHH euHil

Uerapaeuit Macaflaapiy eynwra 6uTTa MHCOJ KypaHaHK.
Mucon. y" 4 x*y +2 =0 gudipepeHupan TeHrIama yuyH
y(=1)=0, y(1)=0
GOLUNAaHFHY IAPT/IH Yerapaeuii MacajaHH [— 1; 1] Kecmaja ueKaH afiHp-
Maiap ycynn Guaan eyunr. By kecManu Typrra TeHr GysakKa OYJIMHT.

Eunw. [—1; 1} kecmaun h = 0,5 KagaM Ouaad TYpTTa TeHr Y-
Jakka (n = 4) 6ynamus:
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Yo, =—1, % =—05 x,=0; x;=0,5 x,=1.
Bynna y,=y(--1)=0 Ba y,=y(l) =0 kuiimaTsiap MabIYM.
Ywby yura Kmmanm XHCOGJAlLl JIO3HM
=y (—=05) y,=y0) y;=y(0,5).
(23.9) cpopMy.naJlapna i =1, 3 1e6, Yy, Y, Ys KHAMATNAapHH XH-
cobJialll y4yH TEHIJIaMasap CHCTEMacHHH TY3aMHs:
(Y2 — 24 + 4o 22y +2=10

h2
Ys—2y: Ty
.’M#+x§y2+2=0‘
| 2ys + 42 _
—’12'—4- 343 +2=0,
yO—Ov
Yy =0.

h =0,5 Hu ypuura Kyiu6 Ba CHCTEMaHH coxfaNaiTHpub, KyHHIa-
THHH XOCHJ KHJIZMH3:

16y, — 31y, + 16y, = —8,
2y, — 4y, + 2y, =—1,
16_1/2-—-31y3 + 16y, = —38,
yO =0)
Yy =0.

By epnan:
Yo=0;, y, =0,8; y,=1,05;, y, =0,8; y, =0.

12- dapcxoHa monwupusaapu

Bepunran kecmanu n Ta Tedr Gysakka 6yau6, audxpepeHuman TeHr-
JaMaHH KypcaTH/raH yerapaBuif lUapT/iapia 4ekJd aHHpmanap ycyJH
6HJIaH eyuHr,

1. x%y" —xy’' = 3x%,

y()=2: y@2) =9 [1; 2], n=A4.
1y, =2,953; y, = 4,375; y, = 6,359.
2. ¥y + x4 —y = X%
y(H)=1333;, y¥ 3 =3, [I; 3, n=T.
Koy, =1 926 Yy, = 2,593; y, = 3,333,
Yy = 4, 148; Ys = 5,037; Ye = 6.
3. " +(x— 1Dy + 3,125y = 4x;
y(0) =1, y(l) =1,368; [0; 1}; n=10.
Yy, = LI1T; y2—13l y; = 1,42; y, = 1,560, ys = 1,64;
Ys = 1,66; y; = 1,63; ys = 1,58; y, = 1,49.

12- mycmaxua uw monwipuxaapu
Bepmlrau KecMaHH n Ta TeHr 6y/akka 6YJHO, uu@doepenuuan TeHT-
JlaMaHH KypcaTH/IraH 4erapaBHil IuapT/apia 4Yek/u aiiupMmanap YCy/aH

GHJIaH eYHHT.
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1. xy"—2y =0;
y()—2y"(1) =0, y(2) =4,5 [I; 2], n=5.
X: yo=2 y, =2,273; y,=2,674; y, = 3,185; y, = 3,796.
2. y"+xy' +y=2x
y0 =1, y(1)=0: [0; 1]; n=10.
X: y, =0,874; y, =0,743; y, = 0,611, y, = 0,482; ys; = 0,362;
ys = 0,253; y, =0,161; y, = 0,087, y, = 0,033.

13- § «llporonka» Ba KosnckauMs yCyaIapH

«[lporoHka» Ba KOJ/VIOKAUMA ycyJJapH OunaH GHp HeuTa MHCOJJIap-
HHHT €UHMJIApHHH KeJITHpaJHK.

1- Mucoa. «dlporoHka» ycynad GHaaH
y'+xy=—2 y(=1)=0 y1)=0

yerapaBuil Macananu (12- § naru 1- mucon) [— 1; 1] KecmaHH TeHr TYpT
6y1akka OYJHG euMHr.

Eunm. n=4; h =0,5 x, =x,+ ih ra sramus. Yerapapuii wapr-

Japu Ouian GepwiraH Macananad Moc (23. 12) Ba (23. 13) ueksu aiinp-
MaJu TeHrJamanapra ytamus. Eunnaérran macanaga

pi=px)=0 g =qx)=x% f =Ffx)=—2
a,=—1,f,=1 v,=0,
a, =0, 8,=0, v,=0,
Yo=y(—1) =0, 4,=y(1)=0.
m, n, [, nap yuyr (23. 14) dopmynanapuu Ty3amHs:
m,=qh*—2=025x% n,=1, f=—2.
Euumuu (23. 16) popmyna 6yitnua Tonamus:

Yy, = d—yn) i=13,
Gy epna ¢, =0, d, =0 (23. 20)
1
0,25+ —2 —¢, _,
d,=—05—c,_,-d_,, i =13 (23.18)

Ci=

Kanganuu tyapupuwra yramus (3. 75- xaasan).

AsBan c,, d; napuu, keitun (23. 16) dopmynanap Oyimya y, i =

=1, 3 JnapHu XucobnakMus (Teckapu ity.).
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3.75-xaAaeaa

i 0 1 2 3 4
¢ 0 | —0,516 | —0,674 | —0,791 | —
.| — | =05 | —0,788 | —1,011 | —
y | =1 |—05 — 0,5 1
Y, 0 0,799 | 1,049 | 0,799 | 0

2- Mucoa 1- Mucoajaru yerapaBHil MacaslaHH KOJJIOKAUHS YCYJIH
OHJIaH eYHHT.

Eunw. Kyliuparura sramus:

Y + Xy =—2,
y(=D=y1)=0.

Basuc dymkumsnap cuparuma u, (x) = x>

KyNXalJapHu OJIaMH3.
Uerapapuii 1wapT/iapHi KaHOATJIaHTHPYBYH YIIGY HKKHTa

(1 —x%,n=12,...

Uy (x) = 1—x%, uy(x) =% — x4

6a3uc ¢GyHKUHA GHITaH YeKJaHaMH3,

Y xouama

y==c; (1 —x%) +c, (x* — x%).
Byuu muddepenunan Tenrnamara kyiraHuMusgaH CYHT,
Rix) =c, (0 —xt—2) 4 (x? —x8 — 124 +2) + 2
dapken onamus. Kosutokauus HyxTanapu cudaruaa
1 1

x1=-—-—2-, x2=0’x3=?

HH ojcak, 6y HyKTajapja
1

R (:I: ?) =0, R(0) =0.

lyupafi Kumb, ¢, Ba ¢, KOXPOHUUHEHTIApHH aHMKJALI YuyH
cg—c— 1 =0,
29 61 _
B a + e 2=0
TeHIJIaMaJlap CHCTeMacHHH XocHn Kuiamu3. By epman ¢, = 1,068 Ba
¢, = 0,068. Lllynnait Kuu6, ywby TaKpHOHA €UHMHH XOCHJ KHJIIHK :
y =~ 1,068 (1 — x?) + 0,068 (x* — x*) = 1,068 — x* — 0,068x*.
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13- dapcxona monwupuxsapu

1. «lporoHka» ycynu GujaH yerapaBHil MacasaslapHH €UMHT:
a) Yy —2xy —2y = —4x
y(0)—y (0)=0, y(1) =3,718, n=10;
6) y'+y=—x
y(0)=0, y(1)=0;, n=4.

X:a) y, =—0,025, y,=—0,049; ys=—0,072;

Yy = —0,078; y5 =—0, 081 yg = —0,078;
6) y, = 0,039; y2—0063 y; =0, 055
2. Kosokauusa ycyau GunaH ywby yerapaBuil MacaslaHH €YHHT:

y” y‘=_x,
y(0) =0, y(1) =0, n=4.

Haruxkann 1 (6)- Macaia eyuMH Ba anMK €YnM GHJIaH TaKKOC/aHI.

13- mycmaxun uw monwupuru

«I'IporoHKa» Ba KOJIJIOKalUus YCYJIH 6uaaH

” =x’
y(—1)=0,y()=0

yerapaBuii Macasia® eudHr. HaTuxkajapHu anMK euHM OHJaH TaKKoc-
JIaHr.

14- §. Jlannac TeHriamacu yuyH TYpJap ycyau

Typaap ycynu TaTOGMKMHM GMTTa Macasia €4ulll MHCOJMAA Kypcarait-
JIHK.
Mucouda. Jlannac Tenraamacu

02u | d%u

oxz oy
HHHT OMpJIMK KBaJpaTAarH
0, arap 0 < x <1, y =0 6ynca,
% y (64y% — 60y - 29), arap x =0, 0 <y < 1 6yaca,

ulx, y)= % (1 —x) (64x* —68x 4-3), arap 0 <'x <1, y =1 6Yaca,

0, arap x =1, 0 <y <1 Gyaca

uerapaBHii wWapmyiap 6yiHYa eUUMMHM TOTMHT,
Edum. A =0,25 ne6 oaub,

G={0<x<], O0<y<l}
KBafpaThHu x; =ih, y, =jh (i, j =0, 4) Tyrpu uusuknap Ounrau G,
TYpJIH COXara a/iMallTHPaMH3.
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3. 31- makaparn A, B, C, O Tyrynnaphan Tawkapn 6apya TyryHaap
XHcobnal TVIyHJapHAHNP .

¥ {L x =ih, y = jh anmaiuTupHiuan
le CYHr, yerapaBuil l1apTiap GHPHHYH
i B Typ yerapasuiél TyryHaapja (Iuak.J-
] Jard Kopa joupayanap) yweéy Ky-
O——H— PHHHLUHH OJajH :
éﬁ o—9 =0, u,=00 =113
' f & g = hoj (64 () —60(hy ) +
g i T 2j
r + 29) ==L (47 — 15] +
+ 29 (=1 3)
3.31- makn
u, =~ (1—h) 64 (h)* —68h, + 33) =

(4—i)(16i2 —68i +132). (i=1, 3)

=1
6
Uerapapuii LiapT/iap Ba HOMab/ayM KHiiMaT/ap (Xuco6/all TYTyHJapH-
Ia — Wwaksaaa 6ysiamarad jovpauanap) >KalBajJHHM Kesatupamua (3. 76-
XKalBaJg):
3.76-xalBau

c uyg =40 gy =20 Ugy = 12 B
Uog = 40 Uyg Uy Uaa Uy =20
Upy = 20 Uy Ugg Uyo ugp =0
up =10 Uy Uay Uy uy =0

o o =20 1y =0 tgg=0 A

AitnpMann cxemanu (24. 2) dopMyna GViivua Ty3aMus:

1
Ui =7 @yt U 000
6y epaa (x;,, ¥ ) — XucoOnaul TyryHJapH.

Kentupuaran xajpa/ipaH Ba Geln HyKraau «xow (3.28- wakJara K.)
€KOJIMN» HAAH QoHlananu6, ywby aiMpMand cXeMaHH TY3aMHs:

332

www.ziyouz.com kutubxonasi



Uy, =—£—(12+uql+u,2+0)
Uy = —l— (g + Ug + Uy +0),
ual—%(u21+0+u32+0)
U =IT(20+””+u“+u‘3)
U, =%(u12+u32+ Ugy + Usyy),
tyy = - (tga 0+t + t1),
Uy, =%(40+u23+40+u12)
= % (Uyg + gy + 20 +12y,),
Ugg -i—(u23+0+un+uaz)

CHMMeTpHKJIHK Xoccacura acocaH:
Uy =Ugg, Uy = Uy, Uy = Uy,

Ly caba6au XocHA KMAHHTAH alUpMalid cXema COAJaJatiafu:

Uy = (12 + uy, + up),
= % () + gy +tyy),
Uy, = —;-( 01 T+ Ugy) = u,l,
Uy, = l— (20 4 tyy + 1y -+ ),
Uz % (Uye + gy + Upy -+ thy) = — (u12 +un),

hyy %(40 Tty + Uy - 40) =20 +

By cucremann opnmit utepauus ycyaun Ba 3efiienb  ycyad Gunan
euamus (15- §).

Honunuu skuumawmmiigy yerapaBuit kHiMariap GVHHYA UM3HKAH HH-
Tepnonauuaaail épaamuaa (8. 7) dopmyaa (carprap Gyitnua)

0 — — L
u; _u0i+(uii uy) .

OpKaJli XHCOO/IafiMH3.
j =1 6Yarauzga
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uo, = 12+(o_12)7’=12(1— f)

ra sra 6ynamus, Oy epga i =1, 3 uu yaraprupu6,
0 — 0 — 0 —
u1=9, u) =6, u)=3
HH XOCHN KHJIaMH3.
CHMMeTPHK/IHKHH XHco6ra oJsn6
0 — 5,0 — 0 — 40—
Ugp =Uy =6, ug=u); =9

neiimu3. u% Ba w,) HU XMcoGnawa (8. 7) YH3MK/IM HHTEpNOJSLHS  dop-
MyJacHilaH j =2 j1a Ba Tomujrad 43, kuiiMariaH doitnananamus:

U = Uoy + (U — Ugp) ’é =
—3 —_— L _— _— l [
20 +(6 —20)— 20(1 =i )

Bynpan =1, 2 Hu y3raptupub,
u, = 15,33; u,, = 10,66
HH XOCHJ Kuiamu3. CHMMETPHKJHKHH XHcoGra oJHo,
32% =ug=1533
1e6 oJlaMH3,
Cynrru w3 guiiMatHu j = 3 caTp y4YyH YH3HKJIH HHTEpnoJsauHs dop-

MyJlacH Gyfinda XHcoGnaiiMu3 Ba OyHAa TONMWJraH 4, KuiiMataaH dgofina-
JIaHaM H3

Uy = Uy + (1 — Usy) ';— =40 + (15,33 —40)3%,

GyHnaH} i =1 na ul = 27,67 HH XOCH KHJIaMH3.

Tonuaran HOMMHYA AKUHAAWAWHA K811 IIAKJAHA2 E3UW MYMKUH
(8. 77- xaggan):

3.77- kxalABauxa

ud =27,67 | u)=15,33| us3 =9
9 =15,33 | u,9=10,66| uj, =6
ud=19 Upy =6 u)=3
1 21 31

Xocun GyJsiraH TeHrJama/ap CHCTEMacHHH EUHUIHH HKKH YCyJ: Of-
zuil urepauua (15.2- §) Ba 3eiinenb ycyadapu (15. 3-§) Gunan amanra
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olMpaMH3. XHCOOJAIHH TO MKKHTa K€TMa- KeT euuM Xap Gup Vyarapys-
ui Oyfimua 0,1 raya aHHK/AMKAA YCTMa- YCT TYIUIYHYa NaBOM 3YTTHPaMH3,

Onnuft urepauua ycyau Gyinua Xucobaawaa TypTTa HTepauus, 3eii-
Jesb ycyauza sca 3 Ta urepallus Tanab stuaad. Eunmmniap Kapsaniapna
keatupuaran (3.78; 3. 79- xaapaniap).

3.78-xagBan 3.79-xkansaua
40 20 12 40 20 12
40 | 28,5| 17,0 8,6 0 40 28,6 | 17,0 | 8,6 0
20 17,0 | 11,3 | 5,6 0 20 17,0 | 11,4 | 5,7 0
12 8,6 5,6 (2,8 0 12 86| 5,7|2,8 0
0 0 0 0 0 0
Oppuit Mrepallus yCyJ/in 3efinenb ycyau

14- dapcxona morwuupuru

?—L: % =0 Jlansiac TEHr/IAMACHHUHT TaKpHOMA €YHMHHH KBajpaT
x Y
YUyH KypcaTHJraH YerapaBHil 1apTJiapAa euHHT:

a) 16,18 38,63 6) 17,98 39,02

0,00@ ° e 050,00 0,000 o e ¢ 50,00
0,000 O O 30,10 0,008 O O © 30,10
0,00e O O 12,38 0,008 O O ®]12,38

0,00 ] o 043] 0,008 o ° 4 3]
26,15 29,34 29,05 29,63
3.80-xanBan 3.8l-xaasaa

XK

0,00 | 16,18| 38,63| 50,00 6) 0,00 { 17,98 39,92] 50,0
0,00 | 14,12]| 26,09 30,10 0,00 | 15,18 36,39( 30,10
0,00 { 15,20{ 20,53| 12,38 0,00 | 16,37| 21,26 12,38
0,00 | 26,15{ 29,34{ 4,31 0,00 | 29,05| 29,63| 4,31

14- mycmaxusr uw wonwiupury
dJ%u 0%u .
Jlanjac TeHrsamacu Fwy + P 0 HuHr TakpHOMH eyuMHHHM B =
X Y
1 .
ry KajlaM OHJIaH KBaJpaT YYyH KypcaTH/raH LIAPT/iapAa €YHHI:
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9,81 19,78 29,12 40,16 42,31

0,00e ® ) ) ) ° ® 50,00
0,00® Cc O o O O ® 40,16
0,006 O O o C O e 3311
0,00 o C o O O ® 1914
0,006 C O Cc O C e 130
0,006 O O Cc C O e 6,98
0,00e ) ) )] ) ) e 431
17,28 31,96 40,00 30,50 17,28

3.82-xanBaa

0,00 | 9,81 | 19,78| 29,12| 40,16/ 42,31| 50,00

0,00 | 8,97 | 17,58| 25,36| 32,18 36,11] 40,16

0,00 | 8,68 | 16,0 | 22,29 26,86 29,69 33,11

0,00 | 8,36 | 15,59| 20,71| 23,05 22,62| 19,11

0,00 | 9,43 | 17,22{ 21,71| 21,85 18,55 13,00

0,00 | 12,20] 22,09 26,96| 24,01} 16,70| 6,98

0,00 | 17,28} 31,96/ 40,00 30,50| 17,28) 4,31

15-§. HccHkauk yTka3yBUaHJHK Ba Top TeGpaHHw
TeHrJaMaXapH y4yH Typaap ycymau

HccukmMk yTKasyBYAHIHK Ba TOp TeGpaHHII TeHIJaMaJapHHH Typ-
Jap ycy/u GHJiaH eyullra MHCOJIap KYpaHJIHK.

I-Mucoua.

HCCHKJIHK S'/TKaBYB‘{aHJlHK TE€HIrJIaMacH Y4yH
Gi0<x<10<t< 0,1}

TVFpH TYpT6ypuakga O0<x <1 na u(x, 0) =x(1—x) Gomwaanrnu
waptaap Ba 0 < ¢ <0,1 na

u(0, =0, u(l, =0

yerapaBHH LIapTaap 6uiaH Gepu/raH MacalaHH €YHHT.

Eunm. G coxana x koopauHata 6yiinua h = % KalaMan Ba { KO-
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opauHaTa GyiiHua T = —%11— KaJaMJIH TYFpH TYpTOYpUYaKJIH TEKHC TYp KH-

putamus: x, = ih (i =0,N); ¢, =yt (v = 0,m). h=0,25(N=4) ne6
T 1 o
<— 06y

onamu3. OIKop cxemMa TypryH GOYJIHIUH yuyH (24-§) r = yrie

JHIIHHY Tanab Kuaamus3, GyHlaH
1 < 0,03.

Bysumnap coun M GyryH coH 6Vimmm yuyn T = 0,025 ne6 rau-
naiimuz (M = 4) (3.32 wakn).

Y

91

0,025

3.32- waka

Xucobnaiimus: r = h% =0,4.

(24.3) owKop cxema LWak/a anMalWTHpUuLiapAaH cyHr (24.5) Rypu-
HHULIHH OJaJH:

Uy j =rl_y ;+u,y )+ 0 —=2ru, +f .
Busnuir xonna r =0,4; f,; =0 6yaranauru yuyn
U; i =04 W, iUy, )1+0.2u,.
BowanFuy Ba uerapaBHit LuapTJapAaH:

_ ol B\ _ i¢—0)
Uy =1 (x, 0)+ ih(1 — ih) 4(1 4) =
Uy =u(0, jt) =0, u, =u(l, jvy=0(=0,3; i=0, 3).
By ¢opmynanap 6yinya HanaHaérraH ¢yHKUHSHHHT j =0 Aa Ho-
JIHHYH KatiaMiard KHiAMatapiuH (6ouiaHFuy WapTJjap) XHCoGJaaiMH3:
_l-¢-1)

ugg = 1) — 0,1875;
up =24 =2 _ 0 2500
16
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34 —3)
ligy =LE_ =0, 1875.

Typiu G, coxa CXeMaCHHH KeJITHPaMH3 (cxeMaja H3aHa€TraH HO-
MabilyM KHiMaTaap GysaMaran aoupauanap OWiaH OeJruJaHraH (3.33-

1aKJ)).
o——0
0,0 @ @ ¢ 60
0,0 & g 0,0
0,0 @ & 0,0
0,0 0,0

0,875 0,2500 G,1875

3.33- makn

Nananaérran GyHKUMSHHHT KHAMAT/IapHHM Hasbatgard [ =1 63a-

rad Kamiamia TYpT HYKTalH <KOJHM» JaH ¢oiinajanu6 Xucobiawra yra-
M3 (3.33- wakara x).

Uy, = 0,4 (ttgg -+ tg) + 0,2, = 0,4 (0 -+ 0,2500) +
+0,2"- 0,1875 = 0,1375;
tyy = 0,4 (Uy, + Usg) + 0,21, = 0,4 (0,1875 + 0,1875) +
+0,2-70,2500 = 0,2000;
gy = 0,4 (tyo + tsg) + 0,2 -z = 0,4 (0,2500 - 0) -+
+0,2-0,1875 = 0,1375"

dynkuusHuur napdaraar 1 ; = 2,4 6y/raH KaTJaMmiard KefiMariapH
XaM 1yHdra yxwau xucoGananH (3.83- kansan).

3.83-xkansan

u

'i i l uoj u 1 ll2l- u3l‘ u4/
0 0 0,1876 0,2500 0,1875 0
1 0 0,1375 0,2000 0,1375 0
2 0 0,1075 0,1500 0,1075 0
3 0 0,0815 0,1160 0,0815 0
4 0 0,0627 0,0884 0,0627 0
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d2u 0%u

2-MHucouJ. S om =0 TOpHHHT TeGpaHHLIM TEHIr/IaMacH YYyH
X
G{0<x< 1,0< t< 0,6} Tyrpn TYpT6ypUaK
0<x<1i1a u 0=x(1—x), u =0
I P

GolllanFHY 1lapTJjap Ba
0<¢<0,6 nau(0)=0, u(l, x=0
yerapaBHil 1apriap GuJaH GepHAraH MacajlaHH €YHHT.
Eunw, G coxawy x, = ih, t,=j-T(i= LN, j=1,M) T1jp Gu-
nad gonnaiimMus. B =0,25 ne6 osmamus, y xoama t<< 0,25. [0; 0,6]

kecMaHuHT y3ynyurd 0,6 6yaradn yuyn T =0,2 HH TaH/IalMU3, YYHKH
M 6yTyH coH Gyauun kepak (3.34- waka).

(24.7). XucoSnaw opmyaacu-

IaH
o (T2 1
f;=01Ba ¥ —(;) =
=064, u; ;. =—u ;, + 0,6
+ 0,64 (ul—l. i — U, ,') 40,72 u;
(=13 j=02). 0,2
BouwtanFxy Ba yerapapuil lapT- .
Jap GyHpuail €3Hnaju: ol o2 n > L
u,_o=u(xl, O)=xi(l—xl)= ]
= ih(l —ih) =—i-(1 —‘—) = 3.34- maka
4 4
— 4 (a__: — T3
=% 44—, (=13),
I Tl = PR o
a 02 =0G=13)

u0i=u(0’ ]T) =0, u“ =u(1a ]T)=0(] = m

M3naHaéTraH YHKUHAHHHT HOJIHHYH KAaT/IaMAard KHAMAaTJapHHH XH-
coGJaiiMH3 (GOLIIAHFHY LUAPTJIap):

s ‘(41;” =0,188;
gy = 2‘4;2) = 0,250;
gy = 3“:; 3 —0,188
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G, Typan coxa 3.35- WaKaAa TACBHpJAHraH.

[t 7 D o\ U
)

JD___.G

Y, 0 4 # 4 0,0
8,0 & ® & 6,0
0,0 0,0

0188 0,250  0,i88

3.35- waka

OHaM u3naHaéTraH QYHKLHAHKHT HaBGaTlarH KatiaMjarH KuiMaTt-
Japued ¥ = 0 Oa «xow koauny GyfiHya XucoG/aHMH3, JIEKMH aBBaJ
u;, _,(j=0) coxta xuiiMaT/iaphH COLLIaHFHY LWapT/iapiaH GymAail aHHK-

J1ab oJlaMH3:
U 1= Uy
IHynpa#t Kuaub, GUpHHYM Kalamia
Uy = — Uy + 0,64 o +u, o) +0,72u,
ra sra GVaamus. By epaan
u, =032 (u,_, , U o) + 0,364,
i =1 6ynranga
Uy = 0,32 (g + Uye) + 0,364, = 0,32 (0 + 0,250) +
+0,36-0,188 = 0, 148;
i =2 6yaranna
Uy, = 0,32 (o + go) + 0,364u,, = 0,32 (0,188 +- 0,188) +
+0,36-0,250 = 0,210;
i =3 Gyaranga
g, = 0,32 (ugy + t40) + 0,36u,, = 0,32 (0,250 +- 0) 4
+0,36-0,188 = 0,148,

Mananaérran yHKUHAHUHT KUAMATJADHHH HKKHEYH Kagamaa ((j= 1
Jla) XaM LIyHra VXWanl XOCHJ KHJaMH3:

U= —thy +0,64(,_y | +u,y ) +072u,,
6y eplaH Kyiujarura sra GyJaMus:

Uy = — Uy + 0,64 (Ug +uy) + 0,724, =
= —0,188 + 0,64 (0 + 0,210) + 0,72-0,148 = 0,053;

340

www.ziyouz.com kutubxonasi



Uy, = — Uy + 0,64 (u,; +15,) +0,72-1,, =
= — 0,250 -+ 0,64 (0,148 4 0,148) +0.72-0,210 = 0,091.
Ug, = u,, = 0,053.
CuMMETPHKJIHKHY XHcoOra ofcak, Xucobaauiap KeHHHTH Kafamsapia

(=2 Ba | =3 ma) xaM XyaaM liyHaai GaxkapunaiH. Xucobaall HaTH-
JKaJapuHy Xajsaira é3amus (3.84- xkanpaa).

3.84-xaaBan

Uyj . U, U Uy U,
; Hoj )j 2 3j 4
0 0 0,188 0,250 0,188 0
1 0 0,148 0,210 0,148 0
2 0 0,033 0,091 0,053 0
3 0 —0,052 —0,077 —0,052 0
15- 0apcxona monwupuru
du du -
5% g MCCHKIMK YTKA3YBYAHTHK TEHIJIaMaCHHHHT

ulx, 0) =(1,1x + 1,1) sin nx,
u(0, ) =0, u(l, t) =0
luapT/apHH KaHOaTJaHTHpaauraH Takpubuil eunvuny 0 <t < 0,02 yuyu
TOMHHT. X aprymeHt Gyiuua kafamuu A =0,1 Ba r =% Je6 OJHHT.

X

3.85-xkaaBsaa

p 4
\ 1,0 | 0,2 ’0,3 lo,4 ’o,s 0,6 |0.7 0,8 0,9
¢
0,000 0,343| 0,672| 0,970 1,213} 1,375 1,423| 1,237 1,062 0,618
0,005 0,336] 0,656| 0,943 1,172| 1,318 1,351} 1,243| 0,973 0,53t
0,010 0,328 0,639| 0,914 1,131} 1,262 1,28t| 1,162 0,887 0,486
0,015 0,320[ 0,621| 0,885/ 1,088| 1,206) 1,2121 1,084 0,824 0,443
0,020 0,311} 0,602 0,855 1,045| 1,150{ 1,145f 1,018/ 0,764 0,412
15- mycmarua wu monwupurapu
ou 02u "
> =F HCCHKJIHK YTKa3YyBYaHJ/MK TEHIJIAaMaCHHHHT
X

u(x, 0) =(1,1x* 4 2,3)e—*, u(0, ) =2,3 Ba u(l, f) =3,4¢!
WapT/iapHH KaHoaTJlaHTHpaauran Takpu6uil eunmunn 0<C £<C0,01 xuimar-
Jap YYyH TOMNMHI. X apryMeHT Gyiimya kagamuu h =0,1 Ba r=—
Ze6 OJIHHT.
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XK 3.86- xaABaa

X\O,l 0,2 10,3 0.4 (0,5 0,6 |0,7 0,8 0,9
{

0,000 | 2,091 1,919 1,777| 1,660f 1,562 1,480 1,410] 1,350 1,297
0,0017 | 2,097 1,924] 1,781} 1,663 1,564] 1,482 1,411} 1,351 1,298
0,0033 | 2,102{ 1,929 1,785 1,666| 1,567 1,484} 1,413] 1,352 1,299
0,0050 | 2,106| 1,934 1,789| 1,670| 1,570| 1,486 1,415] 1,354 1,300
0,0067 | 2,110} 1,939| 1,794] 1,673| 1,572} 1,488 1,416 1,355 1,301

2. Ywby
o d%u 1
ot ox? - 2
TOp TeOpaHHLI TeHrJaMacHHHHT
G={0<x<2 0<t<l}

tx?

coxajaru
u(x, 0) = x?, ou = sin x,
o |i—g
u@©, f)=e*' —1, u(2,) =4 cos ¢
LIAPT/IapHA KaHOATJAHTHpaJHraH TaKpHOHH €UHMHHH TONHHI. X apry-
MeHT Oyiuua xapamHu h = 0,002, ¢ apryMeHnT O6yilH4a KaJaMHH 5ca
T =0,001 ne6 oaunr.

) 6

3.87-xanxBan

\ 0,00 | 0,40 | 0,80 | 1,20 | 1,60 | 2,00
I

0,0 0,0 |[0,l1610,64 (1,44 2,56 | 4,00
0,2 0,22)10,2810,8)1,67]2,8 | 3,98
0,4 0,490,481 1,081 1,9 | 3,10 | 3,68
0,6 0,8210,92| 1,41 (2,333,191 3,30
0,8 1,23 11,42 (1,82 2,76 | 3,11 | 2,79
1,0 1,72 11,97 { 2,46 | 2,97 ] 2,88 | 2,16

ibockuu (kype) num

TanaGanap Tomonngan XM na Mycrakua GaXkapuaaguraH GOCKHY
HLIHHUET MaB3ycH: MCCHKJMK yTKa3yBYaHJHMK TeHIJiaMacH y4yH apaJaiu
macananu eduw. Ouikop Ba owkKopMmac cxemanap.

Basuda. Macananu eyumn yuyH JacTyp TYy3ull Ba YHH CHHalL.
Kanamuu Tanmaw. Xuco6 winiapuuu Gaxapuii, OJMHTaH HaTHXKaJapHH
Tax/IHJI KHJHLL,

342

www.ziyouz.com kutubxonasi



UJIOBAJIAP
1-unoBa

Ig(u) =0 Ba I, (1) O xapakTepHCTHK TcHI.:aMalapPHHHT HARH3NApH

| fo (0)=0 Teuraa-| /; (n) =0 Tenraa-
n | MBHHNT HAIM3IAPH | MAHHHT HJLIH31apH
1 2,4048 3,8317
2 5,5201 7,0156
3 8,6537 10,1735
4 11,7915 13,3237
5 14,9309 16,4706
6 18,0711 19,6159
7 21,2116 22,7601
8 24,3525 25,9037
9 27,4935 29,0468
10 30,6346 32,1897
2-uaoBa
I, g0 |
= — |l XapaKTePHUCTHK TEHrNAMAHHHI HJIH3NapPH
1 (n) lh
lh=n 131 123 W3 g M3 Mg

-

LN NEWN—— 00000000000 OOOOO

A — —
oo

0,0000 | 3,8317 | 7,0156 | 10,1735 | 13,3237 16,4706

COCOOOOUIQOVENDUBWNN——000000

1,1490 | 4,0325 | 7,1282 | 10,2519 | 13,3835 16,5191
1,2048 | 4,0562 | 7,1421 | 10,2613 | 13,3910 16,5251
1,2558 | 4,0795 | 7,1558 | 10,2710 | 13,3984 16,5312
1,4569 | 4,1902 | 7,2223 | 10,3188 | 13,4353 16,5612
1,5994 | 4,2910 | 7,2884 | 10,3658 | 13,4719 16,5910
1,7887 | 4,4634 | 7,4103 | 10,4566 | 13,5434 16,6499
1,9081 | 4,6018 { 7,5201 | 10,5423 | 13,6125 16,7073
1,9898 | 4,7131 | 7,6177 | 10,6233 | 13,6786 16,7630
2,0490 | 4,8033 | 7,7039 | 10,6964 | 13,7414 16,8168
2,0937 | 4,8772 | 7,7797 | 10,7646 | 13,8008 16,8684
2,1286 | 4,9384 | 7,8464 | 10,8271 | 13,8566 16,9179
2,1566 | 4,9897 | 7,9051 | 10,8842 | 13,9090 16,9650
2,1795 | 5,0332 | 7,9569 | 10,9363 | 13,9580 17,0099
2,2509 | 5,1733 | 8,1422 | 11,1367 | 14,1576 17,2008
2,2880 | 5,2568 | 8,2534 | 11,2677 | 14,2983 17,3442
2,3261 | 5,3410 | 8,3771 | 11,4221 | 14,4748 17,5348

1 0,1412 | 3,8343 | 7,0170 | 10,1745 | 13,3244 16,4712
2 0,1995 | 3,8369 | 7,0184 | 10,1754 | 13,3252 16,4718
3 0,2814 | 3,8421 7,0213 | 10,1774 | 13,3267 16,4731
6 0,3438 | 3,8473 | 7,024l (10,1794 | 13,3282 16,4743
8 0,3960 | 3,825 | 7,0270 | 10,1813 | 13,3297 16,4755
0 0,4417 |} 3,8577 | 7,0298 | 10,1833 | 13,3312 16,4767
5 0,5376 | 3.8706 | 7,0369 | 10,1882 | 13,3349 16,4797
0 0,6970 | 3,8835 | 7,0440 | 10,1931 | 13,3387 16,4828
0 0,7465 | 3,9091 7,0682 | 10,2029 | 13,3462 16,4888
0 0,8516 | 3,9344 | 7,0723 | 10,2127 | 13,3537 16,4949
0 0,9408 | 3,9594 | 7,0864 | 10,2225 | 13,3611 16,5010
0 1,0184 | 3,9841 7,1004 | 10,2322 | 13,3686 16,5070
0 1,0873 | 4,0085 | 7,1143 | 10,2419 | 13,3761 16,5131
0

0

0

cooo©
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Ih=n Hy L2 Mg My s Ug

40,0 2,3455 5,3846 8,4432 11,5081 | 14,5774 17,6508
50,0 2,3572 5,4112 8,4840 11,5621 | 14,6433 17,7272
60,0 2,3651 5,4291 8,5116 11,5990 | 14,6889 17,7807
80,0 2,3750 5,4516 8,5466 | 11,6461 | 14,7475 17,8502

100,0 2,3809 5,4652 8,5678 11,6747 | 14,7834 17,8931
00 g 2,4048 5,5201 8,6537 L 11,7915 1 14,9309 18,0711

3-unoBa

To () No (Rp) — Ny (p) /o (kp) =0 xapakTepHCTHK TeHrJIaMaHUMI |, HAQH3JapH

n [ 31 153 s Uy K5
1,2 15,7014 31,4126 47,1217 62,8304 78,5385
1,5 6,2702 12,5598 18,8451 25,1294 31,4133
2,0 3,1230 6,2734 9,4182 12,5614 15,7040
2,5 2,0732 4,1773 6,2754 8,3717 10,4672
3,0 1,5485 3,1291 4,7038 6,2767 7,8487
3,5 1,2339 2,5002 3,7608 5,0196 6,2776
4,0 1,0244 2,0809 3,1322 4,1816 5,2306

4-uaosa
tgp=— XapaKTepHCTHK TEHIAMaHHHT HJAAH3NApH

h 81 Lo Mg 1y Us We

0 1,5708 4,7124 7.8540 10,9956 | 14,1372 17,2788
0,1 1,6320 4.,7335 7,8667 11,0047 | 14,1443 17,2845
0,2 1,6887 4,7544 7.8794 11,0137 | 14,1513 17,2903
0,3 1,7414 4,7751 7,8920 11,0228 | 14,1584 17,2961
0,4 1,7906 4,7956 7,9046 11,0318 | 14,1654 17,3019
0,5 1,8366 4,8158 7.,9171 11,0409 [ 14,1724 17,3076
0,6 1,8798 4,8358 7,9295 11,0498 | 14,1795 17,3134
0,7 1,9203 | 4,8556 | 7,9419 | 11,0588 | 14,1865 17,3192
0,8 1,9586 4,8751 7,9542 11,0677 | 14,1935 17,3249
0,9 1,9947 4,8943 7,9665 11,0767 | 14,2005 17,3306
1,0 2,0288 4,9132 7,9787 | 11,0856 | 14,2075 17,3364
1,5 2,1746 5,0037 8,0382 | 11,1296 | 14,2421 17,3649
2,0 2,2889 5,0870 8,0965 11,1727 | 14,2764 17,3932
3,0 2,4557 5,2329 8,2045 | 11,2560 | 14,3434 17,4490
4,0 2,5704 5,3540 8,3029 11,3349 | 14,4080 17,5034
5,0 2,6537 | 5,4544 | 8,3914 | 11,4086 | 14,4699 17,5562
6,0 2,7165 5,5378 8,4703 | 11,4773 | 14,5288 17,6072
7,0 2,7654 | 5,6078 | 8,5406 | 11,5408 | 14,5847 17,6562
8,0 2,8044 5,6669 8,6031 11,5994 | 14,6374 17,7032
9,0 2,8363 5,7172 8,6587 11,6532 | 14,6860 17,7481
10,0 2,8628 | 5,7606 ' 8,7083 ! 11,7027 ! 14,7335 17,7908
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h 151 223 ’ Ma ‘ M ‘ Hs Qs
15,0 2,9476 5,9080 8,8898 | 11,8959 | 14,9251 17,9742
20,0 2,9930 5,9921 9,0019 | 12,0250 | 15,0652 18,1136
30,0 3,0406 6,0831 9,1294 | 12,1807 | 15,2380 18,3018
40,0 3,0651 6,1311 9,1986 | 12,2688 | 15,3417 18,4180
50,0 3,0801 6,1606 9,2420 | 12,3247 | 15,4090 18,4953
60,0 3,090l 6,1805 9,2715 | 12,3632 | 15,4559 18,5497
80,0 3,1028 | 6,2058 9,3089 | 12,4124 | 15,5164 18,6209

100,0 3,1105 6,2211 9,3317 | 12,4426 | 15,5537 18,6650

o0 3,1416 6,2832 9,4248 | 12,5664 | 15,7080 18,8496

www.ziyouz.com kutubxonasi




———
M—0®© ® N O ikw N —

—_—
O~ A W

N -
[= e}

346

AILABUET N

.Bbaxsanos H. C., Kuakos H Il., Ka6easkos T. ﬂy‘-lucne}mue Me-

Tomel, M., «Hayka», 1987.

.Bbynak B. M., Camapckufi A. A., Tuxonon A. H. C6opHnk 3alau no

MmaremaTHyecKol ¢usnke, M. , «Hayka», 1972.

. Boaxkos E. A. Uncrennnie Metone, M. , «Hayka», 1982.

F'oayunos C. K. YpaBuenus matemathueckolt ¢uaukd, M. , «Hayxa», 1979.

.Tyrtep P.C., OBuunckuii B. B. DneMeHTH 4MCJIEHHOTO aHaAM3a M MAaTeMa-

THYeckoli o6paGoTKH pesyqaptaToB onbita, M. , «Hayxka», 1970.
Hemuagosuu B.IL , Mapon M. A. OCHOBH BLIYHC/IHTENBHOA MaTEMATHKH.
M. |, «Hayka», 1970.

. Odemunosuny B.II., Mapou U A. IllysaaoBa 3. 3. UYncreunsie me-

TOAH aHanu3a, M., «Hayka», 1967.

. dutkun B. A., Ipyauukos A. Il. UuterpansHrie npeoGpasoBaHusi u one-

pauxoHHoe HcuHcaeHHe, M. , «Hayxa», 1974.

.Ucponnos M. Xucobnaw meromnapu, T. , «¥guryBuns, 1988.

. Kanutrxun H. H. UYnciennole Merops, M. , «Hayka», 1978.

. Kysuneuos I C. CneuuancHete ¢ynkuun, M. , «Bucwas wxona», 1965.
.ITonoxuit T. H YpasHenusn matematiueckodl ¢usuxd, M. , «Bbicwas wkonas,

1964.

.Coatos E. ¥. Omit matematuxa, l-xung, T. «Vgurysum», 1992.
.Coaros E. ¥. Oauit matemertuxa, 2- xuna, T., «Vkutysuuwr, 1994,
.Coatos E. VY. Omi maremaruka, 3- xuazn, T., «V36exkucrons, 1996.

. CoatoB E. Y. Omfi Matematuka, 4- xuan, T. , «VgutyBun», 1997,

. Tewa6oena H. Marematuk ¢u3auxa Metopnapu, T., «¥xurysum», 1980.
.Tuxouos A.H. , Camapckuit A. A, YpaBHenus MaTeMaTHuecKOR (U3HKH.

M., «Hayka», 1972.

. TpukomMmu ®. Jlexuun no ypaBHeHHIM B uacTHBIX Npom3Bogueix, M., Hsa- Bo

HHOCTP. JHTEPaTYpHl, 1957,

.Ko6ynonr B. K. dynkunonan ananns Ba xucoGaraw matematukacd, T., «¥xu-

TyBun», 1976.

www.ziyouz.com kutubxonasi



APHXA "7,
MYH] X \\ o

Cy3 Goum N

1-§.

2-§

3-§.

4§

5-§.

6-§.

MaTtematuk ¢H3HKa TeHrnamanapH

A. Hazapu#t MmaB3ynap

Acockfi pU3HK KApaGHap BA YNAPHUHT TEHIVIaMANapH. YMyMHA TyUIYH-
yasnap . . . .

HKKkHHYH TAPTHOAH HKKH y3rapy5qunu XYCYCH XOCHJIa/H nmb(pepeﬂuuan
TEH[/IAMAapPHHHT TYPAapH Ba KAaHOHHK KYPHHHLULIAPH

Kow macamacu, yerapaBuii Macananap, apajaul MacalanapHHHT K,yuu-
JHWH

Bup yavoBau 'rymgm-l TeHIJIaMacHHH Ilanamdep ycyau OHJIaH euwHL,
Heloamens npUHIMNH . .

Yu yauoBny TYaxus Teuraamacy yuyn Kou macanacH. Ilyaccon ¢op-
mysack. [ioreHc npuHIunH . .
Hkkn Ba y4u yauoBaH TYAKUH Tenrnamacu yuyn Kowwm macanack. TIla-
cafiuu (tymuw) ycyad. Macananu ewnwHunr IlbioaMesib NpHKIMIH

. Jlannac Ba Ilyaccon Temrnamanapu. 'pun dopmynacu. ¥pra xuilMatr xa-

KHAArH TeopeMa Ba TapMOHHK (PYHKLHMAJIAP YYYH MAKCHMVM MPHHIHUIK

. Tpur byHKUHKACH. YHHHT yerapaBuffl MacanaiapHH euHIIAd KV LTAHAIHWH.

Houpa Ba wap yuyn Ilyaccon ¢opmynaiapu

. Hccuxauk rtapxkanumw tewrsnavacu., Kouwm macasacu. Apatawr  macaaa.

MakciuMyM npuHUHnH | .

10- §- ITypm — Jinyeuan MmacasacH. Xoc ¢yHKUHS Ba XOC humwamap Aco-

11-§.

CHit xoccajapu . .
UYerapaBuft Macananapuy  eunwiia yarapynqunapuu axpaTHIl  YCYJIH.
YHHHT TAaTOMKHHHHT YMYMHE CXeMacu .

12-§. Iltypm — JluyBHAn MacalacHHMHr XOC (YHKUHANAPH CHCTEMACHHHHT TV-

13-§.

Janury Ba énukaurd. Efmw xauaars Teopema. ¥praua sKuHiammm |
Beccent Tenrnamacu. Becceab ¢yHKuusnapu Ba yJapHUHT acOCHi xocca-
JapH. AcHMnTOTHKanap ..

14-§. Xanken QyHKUMANADH Ba YJApPHUHT acOCHit xocca.napu Emmma TYFpH-

15-§.

cullary TeopemMa . .
LunMuApHK coxalla TYJAKHH TeHTJaMacH. Apa.nam MacajaHHHT eyuMy
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. Uerapa:tanran T0

B. AMaauh MawrFyaoTaap

. BupuHun TapTHO.IH MKKH {arapyByHM XyCYCHH XOCH.1a.TH AnddepeHunan

TeHr.1amanap

. VIKKH y3rapyBuM.iM MKKHHYH TapTHGJH Xycycuit xocunann Auepeniuan

TenrJaMalapHy KanoHHK xypuHumra KeJTHPHLI. XapaKTepHCTHK TEHT-

JlamMa

. Bup KuHCIM TY.IKHH TEHTJaMmacH V4yH Koum MacajacHHH JlanaMGep ¢op-

MyJacH G6HaaH euMll

. Bup VuoBau 6up KHHCIH 6yaMaran TYJKHH TeHIJaManapH yuyH Kowmn

Macanac‘;mu Jluoamenb dopmyaacuian ¢oiiaaiaunb euHll

- §. Jlanaac -renma\aauQmur 6aL3n COANA eyHMJIapH
. Jlannac Te|

anaeum( T)rpu TYPTGypUakAa yarapyBuWIapHH axpariul

ycyan Gunan 75
m%p}mn Ba MaxOyphuit Te6paHHIll TeHr.1aMalapHHH

Y3rapyByn1apHH a1 ULl YCY.TH GH1aH euHW
-§. Hccnkux yTKasuw Te "mac,unu ®ypbe anMalITHPHULIAPH YCYIH -~
eunt e -
. Hazopat wumm RS .

. OItypm — JlnyBuaan macanach. J'fe)xamlp Kynxainapx
-§. Jlannac Tenrnavacuuy IOMpadarH yerapaBui WApPT GH1aH eyHwAa )ara-

PYBUMJIAPHH aJMALITHPHII YCYJH

. Houpaiaru uerapaBuii wapt OuiaH Gepuarad I'lyaccon TeHTJIAMacHHH

eunu .

. TYFpu TYPTGYpuaK IIAKJMIATH MeMGDAHAHWHT 3PKHH TeGpaHHIl Macasa-

CHHH Y3rapyBUHJIaDHH aXXPaTHW ycyjaH OHJaH euHll

Onepauuon xucob

Hasapu#t MmaB3yJaap Ba aMaJdufi MAWFYJAOTaAAP

. Jlanaac aamawrrupuwin. Opurusan Ba TacBHP. IHr COANa  (YHKUHSLIAp-

HHHT TACBHPJAPH

. OnepalHoH XHCOGHMHT acocufi Teopema.iapH
. OpuruHanuu TacBHp 6yfiHya TOMMII yCY.1apH
. OpHruaaniap ypamacH, yHMHr xoccanapu. ¥ pamanunr Jlanmac ammam-

THDHILIAPH .

. nddepennunan tenrnamanap Ba yJAPHHHT CHCTEMARapPHHH ONEPALHOH

xucob ycyau Gu1aH eyHi

. Jploavens HHTErpanH, YHHHT TaTOHKH
. Jlanaac Ba Qypbe anMaWTHPHULIADHHUHT GOFJIAHHLLIM

Conan ycyanap

A. Hasapuii maBayanrap

. XaTOHK.1ap Ha3aPUSCHHURT 31€MEeHT/IapH
. OVHKUMSIaPHHET KHAMaTiapuud  Xucobnaw. Kymxaiap YUYH I'opHep

cXeMacH

. OYHKLUMAIaPHN ann POKCHMALUSIAL

4-§. Our axwm HyKTaBuH Ba MWTErpan ypraua KBaApaTHK AKHHIALMLLIAD
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89

93

95
98

100

103

108
110
113
115
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119

121
127
135

142
147

169
175

179

184
189
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. OyHKuusaapra anre6panK Kynxainap GuaaH SHC AXIIH  TEKH

. Tayce —

. TenrniaMaiap CHCTeManapyHu EUHLUHHHT HTepauus ycyJlnapH.

Jlapu :
§. Unsugas 6V/Marad CHCTeManapHu euuun-uf{.

. ConaH Iuddepenuuaiiail ) )
-§. Counu unterpaniaw. TyFpu  TYp16ypua S

. Tayccuunr kBagpatypa ¢opMyJ/iacH
§. Moute — Kapao ycyn
-§. Bupunur TaptH6an olluit AncddepeHusan TeHIIaMala

C SAKHHAA-

1L

. YeGuwes kinxaAnapH

QyHKUHAIAPHA HHTEPNIOAAUKANALL. XaToankuH GaxoJail

. Jlarpanx Ba HbIOTOHHHHT WHTEPMO.TALHOH Kynxalnapu

. Cnaafiunap GMnaH HHTEPNOAALHMAJ AL
. Unayk1i TeHraManap CHCTeManapuHi edHil ycyanapu

YKopiau ycyau. MarpuuanapHy anMaiITHPHIL BA HAeTePMHHAHT-

JapHd  XucoGaawn

-§. Yy QMATOHAJIH CHCTEMANapHH EYHLHKHT «NPOTOHKA» yCYJH
-§. TenrnaMasiapHi EUHLIHHHT HTEPALHA YCyJJI3pH. Ky3raqMac HYKTa XaKH.

Zarn TeopeMa. MTepauds Xapa€HHHHHT SKHH/AWHILH .
Onauft ure-

paums ycy.TH. SIKMHAAWHWRKHE eTApJHAMK  WLapPTIApH

. UH3HK M CHCTEMANapHH EUHLIHHNT olnuil uTepauusi Ba 3efdenb ycyJ-

TOH YCYJaH

neuus1ap, CHMNOCOH

ycyaiapH

6unaH euul

Pynre — Ky1r yCyau . .
Hkkrnun TapTHOIH ofdui Auddepenunan .'reng'naMa YUYH 4H3
PaBHA MacalaHM €WHUIHHHT «TPOTOHKa», Kojuiokauust Ba afepkun ycya-
JIapH . .. . .
MarteMaTHK (PHSHKAHMHT YerapaBHii MacalafapHHH EuHLIHHHT TYpaap ycy-
an. Ouddepenuna onepatopaaphy affipManH annpokcuMauusal. Cxe-
MaHUHT TYDFYHJMCH Xaguia Tywynda. OWKOp Ba OWIKOPMAC CxeMaiap.

s

B. AMaauit MamFynoTtaap

. TaxpmOuit connap Guian amamnap Gaxapuil. XucoGnauwiapRard Xarto-

JHKNAapHH Gaxonatl .

. Kynxamrapuuer kufimaTiaapunn xucoGnaw. [opuep cxemacu. é)Hr KHYHK

KBalpaTiap ycy/aH GH.1aH SMNHPHK (OpMysanap TYa3uil

. HMurepnonsiunon kynxalnapuu tysuw. Uuaukau Ba KBalpaTHK HHTep-

noJjauusaaa

. Tayce — )Kopaan ycysH. Y4bypuakiu CHCTEMaHH «NPOTOHKa» YCYJIH Gu

JIaH eydln .,

. TeHrnamanapHH eyMLIHHHT HTEpaLUs YCYyJH
. Tenrnamanap CHCTEMaNapHHH €UHIUHHHT HTEpalHus YCyJau
. Unsug/n  TewrJamMaaap CHCTEMasapuHd OAAMA HMTepauus yCyJaH Ba

eftlesb ycysu GulaR eyHIn

. Connn  wurerpaniam. Tyrpu TYpr6ypuaknap, Tpaneuusaap. C".umncou

tdopmynanapu. [aycc xBalpaTypacH
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256
263

268

280

286
290
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9-§. Monte — Kapso ycysm

10- §. Onanit AudxpepeHuHaN TeHIIamMa yuyH Koum MacaJacHHH Su.nep ycyJH
6unaH  eyuul

11-§. Conm audpepenunannai. }OKopu AHHKJMKAArH COHJH numepeuuua.n-
Jaw dopMmyaanapu

12-§. Hkxkunun TapTu6iu oiaui nuq)qnepeuuuan TEHrJ1aMa  yuYYH YH3HKJIM uera-
PaBHi MacajaHH euHI

13- §. «[lporonka» Ba KOJIOKALUMA YCYJJapH

14-§. Jlanaac TeHrnamac yuyH TYpaap ycyJH

15-§. Hccukauxk yTkasyBuaniauk Ba TOP TEGPAHMII TEHIaManapH yuyH 'ryp.nap
ycym .

Bockua (kypc) wmm

Hnosanap

Ana6uér
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