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KHUPHUII

MatemaTuka Ba (PM3MKaHUHT OUpP KaTOp MyXUM HYHAJIUIUIAPUHUHT PUBOXK-
nanumura Ltypm-Jlnysunn

-y +a(x)y = 4y, (0<x<7)

y'(0)—hy (0)=0, y'(z)+Hy(z)=0

yerapaBui macanacu Ba LlItypm-JInysuin oneparopu

2
1

L =

—d2+q(x), xeR
X

CIEKTpas Ha3apUSCUHUHT yCyJUIapu KarTa Xucca Kymau. Onartaa q(x) - QyHKIus

[ typm-JInyBusu1 onepaTOPUHUHT MOTEHIIMATH 1€0 IOPUTUIIA]IH.

bynnait onepatopnapuu yprauuimra bepuymnu Ba Ditnepuunr 6ynnan 200
Wun unrapu €3ral Malxyp uuuiapu acoc 6ynnu. bepuymnu, lanamOep Ba Ditnep-
Jap TOMOHHUJAH TOp TEOpaHMII TEHIIAMACUHU HWHTErpaJUIAIHUHT Oup HedTa
ycyiapu Takiud stunau. Kelinnuanuk @ypbe UCCUKIIUK TapKaIUII TEHIJIaMacu-
HU UHTEerpajiam Macanacuaa typm-JInyBuiu onepaTOpUHHUHT XOC KUMMATIIApU
Ba X0C (PYHKIUSITIApU MYXUM POJb YiHammHau kypcatub 6epau. Hatmwkana, nud-
(bepeHIman onepaTopiapHUHT X0C KUUMATIapUHU (CIIEKTPUHU), XOC (PyHKUHUAIA-
pUHU TONHUINI Ba Oepwirad uXTuépuit PyHKIusHU X0C GyHKIMsap Oyitnua dypne
KaTopura €WuIll Macasiajapura Oyaran KU3MKUIl opTa Oop/iu.

bupunun 6ynmm6, B.A.CTekyioB yekiiu opajivkaa Oepuirad yerapaBuii maca-
JAHUHT XOC (PYHKIUSIIapUJiaH Ty3WITaH CHUCTEMa TYJia CUCTEMa JKAHJIUTMHHHT
MyKaMMall ucOoTuHU Oepau. Yekcus mnrepBauiapaa oepunran typm-JInysumn
oreparopu yuyH Oy Hazapus ['. Beiin [4] Tamonuaan ymymnamrupuian. Keitna-
yamuk Oy macamara E.Y.Tutumapm [14], H.Jleuncon [7], b.M.JleButan [8§],
B.A.Mapuenxko [11], M.I'.Kpeiin [6] Ba Oormika oJiumiiap Y3WHUHT YJIKaH XUccalia-
PUHHU KyLIAJIAP.

bepunran norenuman Oyitmua IlTypMm-JInyBuIIn OnepaTOpUHUHT CHEKTPal
XapaKTEePUCTUKATAPUHU TOMHII Macajacura CreKTpajl aHAJIM3HUHT TYFpU Macaiia-

CH Ba aKCHHYA, CIIEKTpas XapakTepuctukanap oyinga lltypm-JInyBuin oneparo-
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PUHM THKJIAIl Macajacura CHeKTpall aHaJU3HUHT TeCKapu macajacu ACHHIIaIH.
Typnu xun yerapaBuil mapTiapaard CreKkTpiap, CuekTpan GyHKIUs, COUMIUII Ha-
3apUACUHUHT OepuIIraHjapy Ba IIyHTa YXIIaml XapakTepUCTUKalap CHeKTpal Xa-
paKkTepuCTUKAJIap OyJia OJUIIN MyMKHH.

Teckapu crniekTpan macanajgapHu ypranuim XX acp Oomnuiapuja OolIaHTaH
O0ynmu6, Oy HYHAJIMIIHUHT PUBOKUTa MYXUM TYpTKH OYiraH wik HaTwka 1929
nunna B.A. AmGapuymsia [1] TomoHugaH onuHrad: AMOapiyMsSIHHUHT Oy HaTH-
YKacl MYXUM dKaHurura oupuHuu 0ynmmob mBsen matrematuru I'.bopr [2] abTHOOD
oepau. Ymyman onranaa Ltypm-JInyBusn onepatopunu OUTTa CIIEKTP SATOHA pa-
BUIIIJIA AaHWKJIAl OJIMACIMTUHU Ba AMOapIyMsiH HaTHKAaCH YMyMUN KOWJadaH HC-
TUCHO PKaHUHU KypcaTau. Y 1945 linnjga MKKuTa yerapaBuil mapTra MOC Kelaau-
rad cnektpiap LTypm-JInyBrIn omepaTopuHA SITOHA PAaBHUINIA AHUKJIAIAHA HC-
o6otnaau. bopr ymOy uima TeHrIaMaHu UKKUATA COEKTp EpJlaMujia KypHIll ajiro-

PUTMHUHU XaM Oepau, aMMO A Ba u conjap crekrp Oymanuran Lltypm-JlnyBusmn

orepaTopu MaBxkyJ OYicuH ned dapa3 Kuiau. boprauHr Oy uimmaaH KeWuH Tec-
Kapy Macajajap CoXacHuaa MyXuM u3jlaHunuiap JIEeBUHCOH TOMOHUIAH 0Jub 00-
pWIIM Ba OMp KaH4a HAaTIKalap KYyJra KUPUTHIIN.

Teckapu Macanmanap Hazapusicuia sHa Oup Myxum Kagam 1950 iunna
B.A.Mapuenko[11] Tomonunan kyuunau. Y OupuHYHM OYIMO amMaIlITHPHII OTie-
paTOPUHU TECKapU CIEKTpasl MacajajlapHu YpraHUWIra TajaOWuK KWJIAU Ba CIEK-
Tpan QyHkuus Itypm-JInyBUIIT ONEpaTOpUHU STOHA PAaBUILIA AHUKJIAIMHUA HC-
60T Kunuira myBoddax 6yau.

B.A.MapueHKO AroHaJuK TEOpEMacu YbJIOH KWJIMHIAHJAH KEWHH CIIEKTpall
bynkuus OVitmua IlTypMm-JInyBwiin omepaTopyHM THKJIAIl Macajlacu J0J3apo
oynmu. by macana 1951 #iunna U.M.I'ensann Ba b.M. JleButan [5] ToMmoHUAaH
eunnau. Cynrpa b.M. JleBuran Ba M.I'. ['acbiMOB [9] TOMOHMIaH MyKamMMaJLIaI-
TUPUIIIN.

By coxanunr keitmnru pusoxura JI.A. Uynos [17], B.A.Mapuenko [12],
M.I'.Kpeiin [6], FO.M. bepezanckuii [3], U.M. TI'enbdann, b.M.Jleputan [5],



JL.®annees [16], M.I'. I'aceimoB [9] Ba Oomka onmmiiap Y3JapUHUHT YIKaH
XHCCaNapuHU Kylauiap.

Xo03Upru KyHja, Oy COXaHUHI' KBaHT (pU3MKAcHUra, YM3UKIU Ba HOUM3UKIH
XYCyCH XOCHWJIaM TEHIJamanap HazapHsICcHura, KpucTamaorpadusra, reojoro-
pa3Be/ika mMacajajapura MyXUM TaJ0UKJIapu TONUTAHJIUTH Oouc Oy MaB3y J0J-
3apOnuru stHaga opTau. bynmait amanuii 6ornanuniap Ltypm-JInyBumn onepa-
TopunaH Oomika auddepeHIman onepaTopIapHUHT XaM CIEKTpal Ha3apUsSCUHU
VpraHuil aloxuga axaMusaTra sra 3KaHJIWTMHA Kypcatan. Maskyp umpga Lltypm-
JInyBWIT ONEPAaTOPUHHUHI TECKApU Macajlajapy y4yH SITOHAJIMK Ba MaBXKYIUIHK
TeopeMallapy XamJla PeITUBUCTUK (PU3UKAHUHI MYXUM TEHIJamMajapujian Oupu
Oynran maxcyc KypuHumigaru Jupak cuUCTeMacu y4yH STOHAJIMK TeopemMacH
ypranuiaran Ba ymymud kypunuuigara [upak cucremacu ydyyH Oy Teopema

VPUHIIA AYMACIUTUHUA KYpPCaTyBYM MUCOJIIAp KEJITUPUIITaH.

Juccepranusga 60a:kapujral MILJIAPHUHT KACKA4a 0aéHu.

Kyinpnarn dyerapaBuit macanara llrypm-JInyBuin derapaBuii macanacu
nennaaau
ly =-y"+q(x)y =2y, xel0,x], (0.1)
(y(0)cos a + y'(0)sin a = 0, (0.2)
ly(z)cos g+ y'(z)sin g =0.
By epna q(x) e C[0,7#] XaKuKuil y3mykcu3 QyHKIus OYynub, « Ba p Oepuiran

XaKUKAH COHIapAup, A d5ca KoMmIuieke mapametrp. q(x) ¢yukuumsara (0.1)+(0.2)

ITypm-JInyBUIIIT MacaTaCUHUHT TTOTEHIIUAIN JECUNIIAIN.

Tabpud. 2 nmapamerpuunr (0.1)+(0.2) verapaBuii Macana HoygaH GapKiIn
eunMra ofra Oynagurad KuiiMaTiapura XocC KuhMmatriap pAeiiunaau. by xoc
KUMaTiapra MoC KeJIyBUM HOJIJIaH (hapKJu edumiiapra 3ca, Xoc QyHKIUsIap aeiu-

WJIAJIH.



(0.1)+(0.2) ITypm-JInyBriIn MacaTacCHHUHT Oap4a XOC KHMaTIapuIaH Ty-
suirad Tymiamra (0.1)+(0.2) MacaaHuHT CIIEKTpH JICHHTIA/IH.

Teopemal. 2, 4,,., 4

10 nre

Jap opKaJM yuioy
—y'+a(x)y =4y, (0 < x<7)
y'(0) = y'(r)=0

yerapaBuid ~ MacajJaHUHI  XOC  KuiMarjmapuHu  Oenrunaiimu3.  ByHna

2

q(x)e C[0,7z]. Arap A_=n", n=012,. Oyica,yxonga q(x)=0 Oymagu.
AMOapIyMsTHHUHT Oy HaTH)KacH MYXHM DKaHJIUTUTAa OMPUHYHM OYIUO 1IBe
marematuru I'.bopr [2] apTubOO0p Oepau. Ymyman onranga typm-JIlnyBun omne-
paTopuHU OUTTA CHEKTpP SITOHA paBUIIIA AHUKJAl OJIMACIUTMHA Ba AMOapIyMsH
HaTW)Kacl YMYMHI KOUJIaJlaH UCTUCHO dKaHUHU Kypcatau. Y 1945 innna ukkurta
yerapaBuyd IapTra Moc Kenaauran crekrtpiap Ltypm-JInyBumn onepatopuHH
SATOHA PaBUIIIA AHUKJIAITUHU UCOOTIaIH:
Teopema.2. 1 ,4,,., A, .. Jap OpKaiIu yumoly
-y'+a(x)y =4y, (0 < x<7)
y'(0) —hy (0) =0
y'(z)+Hy (z)=0, h,H eR'
yerapaBuil MacaJaHMHI XOC KHHMATIAPUHU OCNTUIAMMU3.  fy, i vy M, o
Jap OpKaJd
ymoy
-y +a(x)y =4y, (0 < x<7)
y'(0) —h,y(0) =0
y'(z)+ Hy (z) =0, h,H e R',h=h,

yerapaBuil MacajdaHUHI XOC KUHMaTjiapuHU OelruiaimMu3. A Ba u COHJIAP KeT-

Ma-KETJIMTH q(Xx)  MNOTEHUWAJHW XamJa h,h,H COHJApHU STrOHA paBHILIA
aHUKJIaNIu.
bopr ymi0y wmmaa TeHrIaMaHu UKKWATA CHOEKTP EpJlaMujia KypHIll ajarOpHT-
MUHU XaM Oepau, aMMo A, Ba u, coHnap crnektp Oynmaguran typm-JlnysBumn
orepaTropu MaBxkyJ OyicuH ned ¢apa3 Kuigu. bopruuHr Oy uMimaaH KeWWH Tec-
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Kapu Macajajgap coxXacuaa MyXUM H3laHunuiap JleBuHcon TtomoHuaaH oiaubd 6o-

pUJIIM Ba OMP KaH4Ya HATWXKaJap KyJara KUPUTUIIIH.

©

Arap q(x) TOTEHIHMAN [ xq(x)dx < oo INAPTHH KAHOATJIAHTHPCA, Y XOJIa
0

ymoy
Ly =-y"+q(x)y=k’y, 0< X<
y(0)=10
TEHIJIAMAaHUHT KYWHUJard aCCUMIITOTUKAra

ikx

u(x,k) ~e ™ +sk)e"™, x-—o »

ra OyiraH €4uMu MaBXKyJ SKAHJIWTMHU KypcaTHIl MyMKUH. By epmaru S (k)

¢ynkuusira Ltypm-JInyBUml onepaTOPUHUHT COUYMIMIN (DYHKIUSCU ASHHIIaIu.

Arap ltypm-JInyBumn oneparopu Xoc KuiiMmatiapra sra Oyiamaca, yHUHT S (k) -
COUMJIUII (PYHKIMSICU q(x) -MIOTEHUIHMAIHU SITOHA aHUKJIAIM MyMKUHIUTH 1949

nunga Jleeuncon Tomonuan ucootnanau. Keinnuanuk lItypm-JInyBun onepa-

Topu MaHpuUN XOoc KuilmMaTiapra sra Oyica, YHUHT S (k) -COUMIIHUIN (PYHKIUACH
q(x) -MOTEHIIUATIHU SITOHA aHWKJal oimacnurura baprman Oup KaHua mMucosiap

Ty3ad. baprMan ToMoHuJaH Ty3uiaraH wmucosuiap B.A.MapueHKO TOMOHUIAH

yyKyp Taxymil KuinmHad. Hatwxana, Mapuenko Ltypm-JInyBunn onepaTtopuHH

2 .

ATOHA AHUKJIAII Y9yH, YHUHT S (k) -COUMIMII QYHKIUMACUHH, A, = -z, j=1,N -

XOC KUMMatTiapHu Ba m,, j=1,N -HOPMAJUIOBYM Y3rapmaciiapHd OWIMII 3apyp-

JuruHA Kypcatn® Oepau. By HaTmka X03Upru KyHJa COUMIIUIN HA3apUSICUHUHT
SATOHAJIMK TeopeMacH J1e0 FOpUTHIIAIH.

Teckapu Macanamap Hazapusicuaa stHa Oup MyxuMm Kamam 1950 #imnma
B.A.Mapuenko[11] Tomornnan kyuunan. Y OupuHuM OYIUO aaMaIrITHPHUIN Olle-
paTOPUHU TECKapW CHEKTpal MacajlajJapHH ypraHWITra TaaOWK KWW Ba CICK-
tpan ¢ynakiusa [Itypm-JInyBuin onepatopuHu STOHA PaBUINIA AHUKJIAIAHA HC-
00T Kunumra myBoddax 6yiau:

Teopema 3. p (1) dyHKIMS yHIOY

- ¥+ 04, (x)y =4y, (0 < x <o)
7



y'(0) —h,y(0)=0
MtypMm-JInyBuian mMacaqsacCHHUHT OUpOpTa CeKTpaid GYHKIUACH, p,(4) QyHKINA
sca ymoy

-y + g, (x)y =4y, (0 < x <)

y'(0) - h,y(0)=0

[typm-JInyBuiut MacamacCHHUHT OMpOpPTA CIIEKTpall GyHKIHSICH OVIHo,
p,(2)=cp, (1)

TEHIJIMK Oa)kapuica, y Xoiaa q,(x) = q,(x) e h, = h, TEHIVIUK YpuUHIU OYraau.
by epna q,(x), q,(x) e C[0,#],  h,, h, -XaKUKUH COHJIAP.

Yoy

B-dl+Q(x)y=/1y, xe(0,7), (0.3)
dx

Jlnpak cucTeMacuHU Kyuuaaru

[y,(0)cos a + y,(0)sin o =0 (0.4)

LY,(z)cos B+ y,(x)sin g =0

o o 01 v(ix)+u 0
yerapaBui maptia kapaimus. by epna B = { ] Q(x) = ( ]
10 0 V(X)) — u

(yl(x)J
y = , v(x)eC[O, 7], # >0 .
Y, (%)

TeopeMa 5. p (1) sa p (L) cnekmpan QpyHyusiap
V(X), i, a.f ea V(X), i, a,p aapea Moc cnekmpan yukyusaap Gyncun. Aeap
p(A)=p(A) 2 eR' Gca, yyonoa V(x)=v(x), f=u, W9 =tga, tg f =198
oynaou.

Sronanuk TeopemManapu Oy3WJIHIINATA JOUP MHUCOJI.

Ymby yerapaBuii MacajgaHu KapanMus:



0 1 ,
Y LA T LAY (o) ROy s 05
-1 0 ' q(x) - p(x))Ly, Y,

\Y: )

[y,(0)cos o + y,(0)sin o =0 (0.6)
|y, (z)cos B+ y,(z)sin g =0,
p(x)=0, q(x)=0 0yncun. by xomna (0.5)+(0.6) macananu xoc KHMaTIapH,
xoc¢ (GYHKIUSIApY Ba HOPMAJLIOBYH Y3rapMaciiapd MOC PaBHINa KyWHIaruiapra

TEHT OYJ1a/iu:

—sin( 1 X+ a)
yn(X)=[ ] nez,

cos( A X+ a)

o, = \/;, ne Z.
Ounu (0.5) Tenrnamanu ymoy

(y,(0)cos a, + y,(0)sin a, =0 0
y,(z)cos B, +y,(z)sin B, =0.

yerapaBuii maptaa kapaimus.  (0.5)+(0.7) dgerapaBuii MacajdaHMHT  XOC

KuiiMaTiiapu, Xoc GyHKIUSIIApH Ba HOPMAJUIOBUM y3rapMaciapuH{d MOC PaBHIIIA

A, ¥,(x) Ba a, , neZ nap opkanu Oenrunaiimus. Arap «, Ba B, JapHU yIlI-

1

oy B, -a,=pf -« TEHINIMKHU KaHOATIAHTHpPAIUTaH KWiIKNO TaHIacak

A

n

A,neZ, a =a,nel Oymagu, ABHU  CHEKTpan  (QyHKOUAIAP

p(2) = p(A), 2 e R yecrma-ycr tymanu, ammo (0.5)+(0.6) Ba (0.5)+(0.7) ugerapa-
BHI Macasaiap aiHaH yCTMa-ycT TYLIMaWlIH.

Maskyp unrnaunr [1-606uaa Kyliugaru Teopemanap YpraHuiras:

Yoy

—y"+a(x)y = 4y, xel0,r] (0.8)



[y'(0) - hy(0)=0

(0.9)
ly'(z) + Hy () =0, h,H e R’
yerapaBuil MmacanaHu Kapaiimu3. bynga q(x) ¢yHkuus [0,7] ma mHTErpaiia-

HyBuM xakukui Gpyakmws. (0.8) TeHrmamaHuUHT

y(0)=1 ,y’(0)=h (0.10)
OOIUIaHFUY IIAPTIAPUHU KAHOATIAHTHPYBYH CUMMHUHHU ¢ (X,A) OpKadu OenrH-
JauMu3. A,, 4., A,.. comnap (0.8)+(0.9) verapaBuii mMacaJaHMHT XOC KMHMaTJIapH
oyncun. Y xomma ¢(x,4,) (n=01.2.) byHKuusiap OepuiiraH yerapaBuid

MacaJaHUHT XO0C PYHKIUsTIapH OYiau.

Yoy

T

a, =I¢2(x,ln)dx (0.11)

0

COHJIapra HOPMAaJUIOBYU COHJIAp Aemnamu. {41 |} Ba {a } COHIapra
(0.8)+(0.9) yerapaBuii MacaJlaHHUHT CIEKTpal XapaKTepUCTHUKaIapu Jeiuiia-
au. Teopema 2.1. {4,}., Ba {a, |  COHIAp KETMa-KETJIMIH YIIO

[—y"+q(x)y = Ay, 0<x<rx

y'(0) —hy (0)=0
[y’(ﬂ) +Hy (z)=0, q"(x)eL,(0,7)

KYpPUHUIIMArd MacCajlaHUHI XOC KUMMATJIIApU Ba HOPMAJUJIOBYHU y3rapmaciiapu

OyIuIIM y4yH KyHugaru maptiap Oa)kapWIMIIU 3apyp Ba €Tapiuaup.

1) \/Z:n+?—°+g(%),n—>oo

\/Z= Zy 0(3), n— o (0.12)
n

2

2) A, # A, arap n=k

@, >0,n=012,. (0.13)
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3)F(x t)_—cos rxcos \/>t——+Z[ c0S \/Zxcos \/Zt—icos nx cos nt}
T

(0.14)

GYHKIUSHUAT  [0,7 |x [0,7] coxama m +1 TapTUOJM XOCHJIAcCH MaBXYI.

Teopema 2.2. Arap {4,}' Ba {a,} ,  COHJIAp KETMa-KETIUKIAPU YUyH

ymoy

a a 1
1) JA, =N+ —=+—+0(—), n—> =, (a, = const )
n n

n

R g (0.15)
2 n® =n

2) A # A, arap n =k

@, >0, n=0.1.2,. (0.16)
maptiap Oaxkapuica, y Xoiaa [0,7] KecMmaga alcaiioT Yy3JIyKcu3 Oyiran
a(x) ¢yHkuus tommnmub {4, } . Ba {a,} , COHJAp KeTMa-KETJIUKIAPU
q(x) moreHmmamm Oupop Irypm-JluyBumn  derapaBuii MacajJaHUHT XOC

KUiiMaT/Iapy Ba HOPMAJUIOBYM COHJIApH OViiaju.

Teopema 2.3. {2,}"., Ba {a,} , COHIap KeTMa-KeTIMKJIApH Yoy
[—y"+q(x)y = Ay, 0<x<rx
1y -y 0) =0 (0.17)
[y'(ﬂ)+Hy (7)=0, q"(x)eL,(0,7)

KYpUHUIIJArd  MACaJaHUHI XOC KHMMAaTIIapy Ba  HOPMAJOBYM COHJIApU

OyIuIIM y4yH Kyldugaru maptiap Oa)kapwidily 3apyp Ba €TapiuIup:

— a, a, 7,
1) ﬂ’n - nO ; 3!

n n

, Oy epma a, =const , b, = const

0

o0 o0
2) Zy:<oo, Zz’nz>oo
n=1 n=1

A, #4, (n#k) Ba a,>0,n=0,1,2,.

k

11



Yoy

[—y"+a(x)y =4y, 0<x<ow
I - (0.18)
Ly'(0) = hy (0), q(x) e C [0,x)

[lItypm-JInyBunn macajgacuHH KapauMUs.
Teopema 2.3. bupop mMoHOTOH VcyBuu p (A1) GyHkmus (6.1) KypuUHHIIUAATH

typm-JInyBuin yerapaBuii MacalaCUHUHT CHEKTpal (QYHKIUSACH OYIUININA YIyH

yi0y UKKHATA
N
l. ®  (x) = [cos Vixdo (1)

TEHIJIMK OMJIaH AdHUKJIaHaIHUT'aH (bYHKHI/IHJIap KETMa-KETIUTIU N — oo Ja 6I/Ip0p

®(x) e C"7(0,0) Qpynkuusra uatunagu. by epaa

qu)—iﬂ, A0
ya

[p(2), <0

o(4) =

Il. Mxtuépuii f (x) e L*(0,) y3nykcus GUHAT QYHKIUS yIyH KyHUIard

[E*(A)dp(4) =0

TEHIJIMK YpuHiu Oyica, f (x) = 0 Oynanu. by epna

E(2) = [ f(x)cos 2 xdx .

MIAPTHUHT OQXKapUITUIIN 3apyp Ba €Tapiiu.
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I-bOBb.
HItypm-JInyBuU/Lj1 OIEPATOPUHUHT TECKAPU MacajJaIapu

YUYH SITOHAJIUK TeopeMaJjiapH.

§1.1. B.A A AMOapuyMsiH SITOHAJIMK TEOpPeMAacCH.

Teopema (AmOapuymsin 1929). Yoy

- y"+a(x)y =4y (1.1)
y'(0)=y'(z)=0 (1.2)
yerapaBuili MacajlaHMHI XOC KUWMAaTIapuHu A, , A, .., 4 ... Jlap OpKajiu Oe-

runaiimus. bynana q(x)e c[o,#] Arap 4 _=n”, n=012,. Oyuca, y xoina
q(x)=0, vxel0,7] Oymamu.

HUcbor. buszra onauHaadn Mabiym OViraH ymoOy acHMITOTHK

\/Z— %o, Lo gku /1n=n2+ao+g(i2), (1.3)
n n - n
1 T
y, > 0arapn—ow. a,=—/[q(t)dt,
2 0
dopmynara kypa, arap A _=n’, n=012,..  OYymca [q(t)dt =0 (1.4)

Oynaau. VKKMHYM TOMOHJAH XOC KHMMMATJIAPHUHT 3KCTpeMall Xoccacura Kypa

(1.1)+(1.2) macanaHuHr OUpPUHYM A, = 0 XOC KUHUMaTH

[y'(x,2)dx =1 Ba y'(0)=y'(x)=0

AbHU

(YO0 y @ = y(m) =0, [y =1}

byakuusanap cuHpuma ymoy

V.4

(Ly.y)= [y +q(x)y”)dx

0
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(GYHKIIMOHATHUHT ~ 3HT KHYUK  KUWMaTth OWJaH YCTMa-ycT Tymagau. Yoy

1
yO(X):T byHKIIMA D Ta KHUpaJIH, xamaa (1.4) au  xucoOra oJcak
T

(Ly,y,) =0 Oymamu, OyHmam sca vy, (x)= % ¢ynkmus 4, =0 ga (1.1) Tenr-
T

JJaMaHH KaHOaTJIaHTUpaau, SbHU

1
Ly =0 = q(x)——=
’ Jr
bynnan aca TeopeMa uc60otu Kenub yukaau, SbHU q(x) =0, Vxe [0,7].
by meopemanune 6owxa ucoomunu Kenmupamus.

Hcodor. 2, ra MOC KeIyBUM XOC (PYHKUUSHH  y,(x) OuiaH Oenru-

naitmu3. Ocumyuisius Teopemacura Kypa y, (x)#0, xe[0,7]

!

“(y! (%) BHOIAO RS A IR HO PR R ¢ 2
= —_— = - - dX =
I[ J I y o () I (x) £[yo(x)]

—

[90) = 2,1y, (0 —I{y b (x >J & - [a(x)dx _J[yg(x)] o
0 Y, (X) Y, (X) 0 0

}(M] dx =7f[q(x)dx (1.5)

yo(X) 0

(1.3)-acumnToTHKara Kypa,arap A =n°, n=0.1.2,. Oyuca [q(t)dt =0

0

oynamu. (1.5) ra kypa

j[M} dx = 0.
0 yo(x)

byngan sca y,(x)=0 = y, (x)=C =#0. Arap C =00yica, srOHaJuK Teopema-
cura kypa y,(x) =0 Oynmaau. by aca y, (x) HUHT XOC (DYHKIIMSI KaHJIUTUra 3U]I-
aup. HlyHuHr yayH vy, (x) = C = 0. byHM TeHriiamara Kyicax,

0+q(x)-C=0-C = q(x)=0, vVxel0,z].

kenub ynkaau. TeopemMa ucOOTIAHIHU.
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§2. bopr sAiroHaJAMK TeopeMacH.

Yoy
y'+ (A -q(x)y=0, 0<x<ux (1.6)
y'(0) - hy (0)=0 (1.7)
y'(z)+ Hy () =0 (1.8)
yerapaBun MAaCaJJaHMHI ~ XOC KUUMATJIAp  TYIUIAMUHU, SBHU CIIEKTPUHU

S(h,H,q) opkamu OenrmnaiimMu3. byHma  h,H  Ba q(x) - Xakukuil OYimoO,
q(x)e C[0,z]. (1.6) Tenrmama OwusaH Oupra ymoy

"+ (A -r(x)p=0, 0<x<rx, r(x)eclo,z] (1.9)
teHriamanu  Kapamui. (1.9)+(1.7)+(1.8) wuyerapaBuii MacajaHUHT CHEKTPUHU
S(h,H,r) opkanu Oenrunaimus. (1.6)+(1.7)+(1.8) uerapaBuii macanana H HUH

ra Yy3rapTUpUII HATWXKACHUJA XOCWJ OYJraH uyerapaBuUil MacaJlaHMHT CHEKTPUHU

S(h,H,,q) OpKanu OeNTruIaiMus.
Teopema 2.1 (bopr). ArapH = H, y4yH
S(h,H,q)=S(h,H,r)
S(h,H,,q)=S(h,H_r)
Oynaca, y xomma q(x)=r(x), Vxe [0,z] Oymamgu.
Hcdor. S(h,H,q) TYmIaM sleMEHTJIApUHU A, A, .., A, .. OpKamu Oel-
runaiimus. Teopema maptura kypa S(h,H,q) = S(h,H ,r). Oyarana y4yH ymoy

TEHIJIMKJIAp YPUIK:

Y6 2) + (A, = q(x) - y(x,4,) =0 (1.10)
y'(0.4,)=h-y(0,2,) =0 (1.11)
y'(z.2,)+H -y(z,2,)=0 (1.12)

P (X, 2,) + (A, — T(X)) @(x,2,)=0 (1.13)
2'(0,2,)-h-9(0,4,)=0 (1.14)
p'(z,A)+H -p(z,4,)=0. (1.15)

15



(1.10) Tenrnmamm ¢ (x,4,) ¢ynknusra, (1.13) Tenrmamanm  y(x,4, ) Ta
Kynautupuo, (1)- TeHrnukaan (2)-TEHIVIMKHYU aliupaMu3 Ba (0,7 ) OpajuKJa UHTE-

rpaJutaiMu3

(Y- " y)+(r(x)—a(x)) - y(x,4,)-0(x,4,)=0

[y @ =g -y)ydx+[[r(x) = a1y (x, 4,) - @(x,2,)dx =0

(V' (0200 (X 2,) = 0" (x,2) -y, 2, ) [+
+ [Ir(x) = a()]-y(x,2,)e(x, 4, )dx =0

by tenrnmuknarun Oupunun wuruHam (1.11),(1.12),(1.14),(1.15) napra xypa HojITa

TeHr. byHra kypa Oy TEHINIMK Kyhduaaruda €3uiaiau:
[Ir(x) = a1 y(x,2,)e(x,4,)dx =0 (1.16)

Xynau IIyHra YXmam TeHTIUK S (h,H,,q) TYIUIaM 3JIeMEHTJIApH yYyH XaM

Ypunnu, y xomga ymly {y(x,i, )e(x,4,)} dyHKumsmap cucremacu L(0,7)
dazoma TYIa cMcTeMa TAIIKWI KWITAHIWTH YYyH KyHUAard TCHTJUK YPUHIIH
Oynmamm: r(x)-q(x)=0, vxe[0,z]. Teopema mcooT 0yaan.

Arap h=H Ba q(z —t)=q(t), r(z —t)=r(t) (1.17)
Oynca, y xosma q(t) Ba r(t) HUHT (0,7) Ja YCTMa-yCcT TYIIWIIUW Y4yH OHUTTa
CHEKTPHUHT  yCTMA-yCT TYIIWIIW €Tapiid, SbHU TMOTEHIHMATl  CHUMMETPUK
Oynca, y xoijga OWUTTAa CHEKTp MOTCHIUATHU STOHA aHUKJIAWIN:

Teopema 2.2. H =h Oynub, q(z -t)=q(t), r(z —t)=r(t)Oyacun. Arap
S(h,h,q) =S (h,h,r) OVnca, yxonma q(t)=r(t), Vxe[0,7] OYmamu.
Teopema ucboTuman oaAWH yHIOY JEMMaHM HCOOTCH3 KEITUPUO YTamus.

JlemMma. ¢, (t,4 ) opKaJi ymioy

y"+{A, —a()}y =0 (1.18)
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y'(0) - hy (0)=0

1.19
y'(z)+hy(z)=0. ( )

yerapaBuil MacaJaHWHT XOC (QYHKIMSUTApUHU OenrumiaiMus.Arap q(z - t) = q(t)
Oynca, y Xonma ¢ (t,2,) GyHKOUsUIap cucteMacu (0,7) opalMkia f (z —t) = f(t)
IIAPTHU KAHOATIAHTUPYBUYHW f (1) QyHKOusutap ¢asocuaa Tyina CUCTeMa XOCHII
KUJIQ/IH.

Teopema HCOOTMHM JaBOM KWJIAMpPaMH3. ¢ (t,4,) n=1,2,3,. byHK-
musap  (1.18)+(1.19) auar Xoc dyHkmmsutapu 6ynaca, y xonma ymoy

0, (r —t2)=a,p,(t4,) (1.20)

MyHocabatr ypurin. byHma o =(-1)"" . (1.16),(1.17) Ba (1.20) nan

T

[Ir) —a®]-¢(t,2,)y(t,4,)dt =

0

[r(t) —a®] ot 1)y, 2,)dt + [[r(t) —a®)]-o(t,2,)y(t,2,)dt =

o t— N[N

2

|~

Il
o — N[N

[r() —a®]- et 2 )y, 2)dt + [[r(z —t) —a(z - )]-0(t,2,)y(t, 2,)dt =

2[[r(t) - a(O] 0 (t,2,)y(t,2,)dt = 0.

o — NN

0
o

N[N

} na {y(t,A)e(t,A,)}  GyHKIMAIAp CUCTEMACH TYJa CHCTEMa TaIIKHII

KWITaHH Y4YyH r(t)-q()=0, Vte[o,z} kenmu6 uywmkamu. (1.17) ra kypa
2

r(t)-q()=0, vte [0,7] 6Yynanu. Teopema 2.2 ucoot 6yaam.
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§3. Anmamrrupuin oneparopu. Map4eHKO SITOHAJMK TeOpPeMAaCH.

Kytinnaru ltypm-JInyBuiin yerapaBuii MacaiaciHu KYpUO YMKAMM3:

[-y"+a(x)y =2y, (0<x<ox) (1.21)
L y'(0) = hy(0),
Oy epma q(x) GyHKIHS [0,0) OpaluKIa y3ITyKCU3 OYITaH XaKMKUH (QyHKIHS, h
UXTUEPUIN XaKUKUW COH Ba 4 XaKUKUW mapaMmeTp 1e0 Kapanau.
Yoy
[(-y"+a(x)y =2y, (0<x<wx)
y(0) =1 (1.22)
[ y@=h
Koiiin MacanaCHHUHT €4UMUHU ¢ (X, 1) OpKajdu OeNruiaiMus.
Teopema (I".Beun, 1910 1.). (1.21) gerapaBuii Macaia y4yyH OyTyH YyKia

aHUKJIAHTaH, YCYBYM, YallaH y3JIyKCu3, p(—0) = 0 mapT OwjiaH HOpMaJlJIaHTaH
myHJaan p (1) (yHKUHS MaBXyJIKH, OyHIa L® (0, ) (dazoaH OJIMHIaH UXTUEPHIA

f (x) QyHKIHS yUIyH

0 0

[1°(x)dx = [F*(4)dp(4) (1.23)

0 -0
TEeHIJIMK Oaxkapuianu. by epna F (1) QyHkius

F, (1) = J' f(X)e(x,4)dx
0
KETMa-KEeTJIIMKHUHT Li( 4y (=0 ,+0 ) (hasonarv TMMUTUHYM OUIAUPANIN.
(1.23) Tenrnukka spum ykna oepwiran Ltypm-JInyBunn wmacanacu yuyn Ilap-
ceBaJl TEHIVIMIM Jnedunanu, o (A1) ¢ysakuusra (1.21) macanaHuHT cHeKTpas

byukumsicn geitmnaau, F (1) ¢yHkumsara sca f (x) (QYHKUMSHUHT ¢ (X, A)

eunmiiap O6yiinya €3unrad @ypbe aaMalITUPHUIIHM ISHUIIAIN Ba Y

F(1) = J' f(x)p(x,A)dx

0
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kabu OenruiaHaan.

M3o0x: Crnektpan QpyHKIHS yMyMaH OJITaH/Ia sITOHA dMac.
Tabpud. Arap p (1) cnexrpan QyHKimMa OMpop A, HYKTaHMHI KHYMK arpoduaa
y3rapmac 0ynca, A1, Hykra (1.21) macamaHuHr peryJssip HyKracu jciivanu. Pe-
ryssip OynMaran Hykraiap Tymiaamura (1.21) macalaHuHT CleKTPH JeHIIaay Ba y
E xapdu Ounan Oenrmmanamu. CrnekTpan QYHKUUSHUHT Y3WIHII HyKTajapura
(1.21) wmacanmanuHr xoc KuiMaTiapu JAeiimnand. CHEKTpHUHT —a)XpalraH
HYKTaJdapu TYIUIAMHUIa CHEKTPHUHI JUCKPET KHCMH JIEHUIIAIHN.

E HOpMaJulaHraH 4u3uKiM (aso 0yaub, A Ba B yHuHr E ,E, KucMm (aso-

Japuaa aHUuKJIaHI'aH YU3UKIIN OIICpaTopIap 6S'IJICI/IH.

Tawspud. V3u Ba Teckapucu E (asofa y3IyKcu3s OyIraH,

XA = BX &ku A = X 'BX
IIaPTHU KAHOATJIAHTUPYBYM X : E, — E, YM3UKJIM Oleparopra A Ba B omepa-
TOPJIAp YYYH aJIMALITUPHUIL ONIEPATOPH JICUNIIA]IH.

Jlemma 1. Arap ¢ € E, BEKTOp A OINEPATOPHUHI A XOC KMMMAaTUIa MOC Ke-
JYBYM XOC BEKTOpH OyJca, y = X¢ BEKTOp B ONEPATOPHUHT XYAJIU LIy A XOC
KHIIMaTUra MOC KeJTyBYHM XOC BEKTOPH OYiIaiu.

HcooT.By = BX 90 = XA ¢ = XAp = AX¢p = Ay .

JlemMma 1 ucooTaanam.

Jlemma 2. A, B,C oneparopnap Moc pasumaa E ¢asonunr E,, E,, E, KucMm
(dazosiapuia aHUKJIAHTaH onepaTopJiap 0ynub, A Ba B omepaTopiap y4yH ajaMarlil-
TUPUII omnepaTopu X , B Ba C omepaTopiap YYyH adMallTUPUII ONepaTopu Y
Oynca, A Ba C omeparopiiap YUyH aJMaIlITUPHII OTIEpaTopu YX Oynaau.

McGor. AnMamTupuil ONEPATOPUHMHI Tabpudura kKypa XA = BX ,
YB = CY Oynaagu. UKKMHYM TEHTJIMKIAH B = Y “'cY HH TOMHO, OupuHYKMCHUTA
Kyiicak, ymOy XA =Y 'CYX TeHIMKKA 5ra Oynamus, sbHH (YX )A = C (YX )
TEHIVIUK Keano unkaau. Jlemma 2 ucOOTIaHIH.

Ouau sipuM yxaa oepunran Ltypm-JInyBusin oneparopu yuyH aaMariTHPHUII

OMEPATOPUHUHT KYPUHUIIIMHYA TONUII OUJIaH IIYFyJUIAaHAMU3.
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E = C'[0,0) OViub, A Ba B omeparopiap Kyluaaru

2

A=-—+0,(x), 0< X< oo, (1.24)
dx
d2

B=-—1+4,(x), 0< X< (1.25)
dx

Kypunumira sra 0yicun. by epaa q,(x), g, (x) dynkuusiap [0,) opamukna Oe-
pWITaH y31yKcu3 QyHKIUSIIapIup.

E, opkayu E daszomaru f’'(0) = h, f(0), (k =1,2) IIapTHU KaHOATJaH-
TUPYBYH, UKKH MapTa y3JIyKcu3 AuddepeHnnauianyBun QyHKIUIIAp TYTUIAMAHA

OeNruIaiiuK, h, Ba h, COHJIAap MXTUEPHUI YEKIIM XaKUKUI COHIap OYIICHH.

Teopema 1. A Ba B omnepartopiap y4yH JIMAIITHUPUII ONEPATOPUA MABKYH

Oynu0, y y4yH KyWHJlard TaCBUpP YPUHIIH:

Xt (x) = f(x)+ [K(x,t)f(t)dt. (1.26)

0
by epma K (x,t) sapo KyWuaaru

2 2

d°K d°K
——0q,()K = ——-q,()K (1.27)
oX ot
TCHI'JIaMaHHU Ba
K (x,x) = h2—h1+£j[q2(s)—ql(s)]ds, (1.28)
2 0
(%_ thNtoz 0 (1-29)
\ ot )

miapTiaapHU KaHoaTiaHThupagu. AkcuHua, K (x,t) ¢ynkuus (1.27) TeHriaMmaHuHr

(1.28), (1.29) mapTinapHu KaHOATIAHTUPYBUM euuMHu Oyica, (1.26) TeHrnuk Ounax
Oepwiran X omepaTop A Ba B YH3MKIM ONEpaToOpiap YUyH aJIMAaIITHPHUII OIle-
paropu Oynaau.

Hcoor. 1. Xf (x) e E, OynaraHu yuyH

(Xt )|, _,=h,(Xf)

,=h,f(0)

X=

=0 = hz( f(x)+] K(X,t)f(t)dt}

0
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TEHITUK YpuHiu Oynaau. Mkkunuu tomonaas, (1.26) TeHrnmMKAaH Xocuia oiuo,

ymoy

(Xf ) = f'(x)+ K(x,x)f(x)+ ja—K f (t)dt (1.30)
o OX

TCHIIIUKAa x = 0 OCCakK, KYﬁHHaFH

(Xf )
= (h, + K (0,0))f (0)

o = F'(0)+ K(0,0)f(0)=nh f(0)+ K(0,0)f(0)=

udona xocun 6ynagu. f e E, QyHKUMAHMHT UXTUEPUI DKAHIMIHIAH yIIOY
K (0,0) = h, —h, (1.31)

TEHIJIUK Keanuo YHUKaIHu.

DHmU B (Xf ) = X (Af ) maptau wunuiatamus. (1.30) TEHMIHMKIaH Xocuia

01110,

(Xf)"' = f"(x)+ f(x)d—K(x,x)+ K(x,x)f'(x)+
dx

2

oK “0°K
| PO+ [— f ()t
oX o OX

ymoy

B(Xf)=—(Xt )" +q,(x)(Xf)=-1"(x)- f(x)d—K(x,x)—
dx

(1.32)

oK (%K
_K(x,x)f'(x)_—‘tX.f(x)+q2(x)f(x)—j(a ; —qz(x)KJf(t)dt
X

OX 0

TEHIJIUKHYU XOCHUJI Krutamu3. X (Af ) udomana Kyhnmaru

X X

[ K (x,t) fr(t)dt = [ K (x,t)df "(t) = K (x,%) f'(x) - K(x,0) f'(0) -

oK (x,t) 0K (x,1)
[ () =K (%, %) £/(x) = K (%,0) f (0) - ————|_ f(x)+
.ot ot
+ —aK(X’t)\t:O f(0) + j—a K(zx’t) f(t)dt
ot ot

Oynaknad MHTErpaUIallHU UIIJIATCaK, YOy
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X (AF) = [ £"(x) +a, () F )]+ [KOGO[= F7() + g, (1) f(t)]dt =

= — (X)) + g (x) F(x) + (th(x,t) - Mﬂtzo f(0) -
\ ot )

— K (x,x)f'(x)+ M\H f(x) - j[a « ql(t)KJf(t)dt (1.33)
ot ot

0
TEHTJIMK KEeJTNO YNKA/IH.
(1.32) Ba (1.33) udonanapuu Oup-oupura TeHriad, ymoy

- f(x)d—K(x,x) _okxb (X’t)\

iy T(X)+4a,(x)f(x)-
dx OX

“(a°K oK (X, 1)
—j[ —qz(x)K]f(t)dt=—‘txf(x)+ql(x)f(x)+

ox ot
oK (X, t) (82K

+ (th (x,t) - —Nt_o £(0) - [| —— - a9, (DK |f(t)dt (1.34)

\ ot ) b
TEHIJIMKKA ora 0YVinamu3. (1.34) TeHrnukaa Kyinaaru
dK (x, x) 8K(x,t)‘ 6K(x,t)‘

= =X + t=x
dx oX - ot

dopmynaman Ba f(x) QYHKIUSHUHT HUXTUEPUN OHKaHIUTHIAH (oganaHcak,

xamga K (0,0) = h, — h, TeHrmukHE 3bTHOOpra oncak (1.27), (1.28), (1.29)

1
TEHTJIMKJIAp KeJIUO YMKaIH.

buz A Ba B YM3MKIM omepaTopiiap ydyH amMarnrtupuin onepatopu (1.26)
KypHHHIIAa Wu3daHca, yHuHr sapocu  (1.27), (1.28), (1.29) maptiapau
KaHOATIAHTUPUIINHNA UCOOTIIA/IHK.

K (x,t) ¢ynkuusa (1.27), (1.28), (1.29) maptiapHu KaHOATIAHTUPHIIUIAH

(1.26) Tenrnuk OwuiaH OepuiIaauraH ornepaTrop A Ba B omepaTopJapHUHT aJMalll-
TUPHUII ONepaTOpH OYIUIIMHU KYpCaTHIN YUyH KWIMHTAH WIUIAPHUA TECKapU Tap-
THOa OaXKapuIl eTapIi.

2. Dumu aca, (1.27)+(1.28)+(1.29) macana €YMMUHUHT MaBXYyMJUTHHU Ba
STOHAIMTHHA MCOOTIaliMu3. ByHUHT ydyH aBBaJO ajlMAalITHPHII ONEPATOPHHUHT

WKKUHYM XoccacujiaH Qoinanannd, Oy Macajia VpHUTa COJJAPOK MacajaHu
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KapaiMu3, ShbHU YMYMHUWIMKHE Oy3Maran xoJijaa q,(x)=0, hy =0 €ku h, =0

ned xucobman MyMKHH 9KaHUHU KYpcaTaMu3:

2 2 2

~——+q(x), B=-——, C=-——+r1(x)
dx dx dx

A =

oyuo,
E,={f(x)e E| (0)=h,f(0)},
E, ={f(x)e E| f'(0) =0},
E, = {f(x)e E| f'(0)=h,f(0)}
OyncuH. byHaan Tamkapu A Ba B orepaTopiap YYyH aJMallITHPUILI ONepaTopu

ymoy
Xt (x) = f(x)+ [K, (xt)f(t)dt, (1.35)

0

KYpUHHUILA, B Ba C omepaTtopiap y4yH alMalITUPHUII ONEpaTOpu KyHuaarnya

X

YE(x) = f(x)+ [K,(x,t)f(t)dt (1.36)

KypuHHUIIa OyncuH. Y xoinga A Ba C omeparopiap yuyyH ajJMallTHPHII omepa-
TOpH yiOy
[ " ] "
(YX ) F(x) =Y F(x)+ [K (x,t) F(t)dt} = f(x)+ [K, (x,5)f(s)ds +
0 J 0

X t

[ 1
+IKZ(x,t)Lf(tHjKl(t,s)f(s)dstt = f(x)+

xl’ X ‘|
+ J[Kl(x,t)+ Kz(x,t)+IKZ(X,S)Kl(s,t)dSJf(t)dt =

= F(x)+ [K (x,1) f(D)dt,

KypuHuiaa 6ynamu. by epna

K,(x,t) = K, (x,t) + Kz(x,t)+sz(x,s)Kl(s,t)ds .

t
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3. I[eMaK, (1.27)%(1.28)+(1.29) MacaJlaHi TEKIIMPHUIIHY ¢, (x) = 0 Ba h, €xu

h, Hoira TeHr Oynran xosga oaub Oopumn erapau. bus h, = 0 Oyiaran XoaHM

2

KypHO 4yMKaMu3, h, = 0 OyiraH xojjaa XaM Xy U IIyHIal Oyiaau.

L8 Gk, (1.37)
oX ot

1 X
K‘tzxz—h—;jq(s)ds, (1.38)
(M— hK (x,t))‘tzo -0 (1.39)
\ ot )

Macaljia CHMMH MABXXYIJIMTUHA Ba ATOHAJIUTHHHU Kg’pC&THHIHMPI?; KCpakK.

Arap Oy macamaga ymOy ¢ =x+t, 7 = x-—t aIMalITHPUIIHU Oa)kapcak,

KyWujaru

K =K.+ K _,
X 9 n

K, =(K§+Kq)§+(K§+Kn)U=K¥ + 2K, + K,

an(Ké—Kﬂ)é—(Kg—Kn) =K, -2K_, +K_

dbopmynanapaas, ymoy

s
12

= —h - >[a(s)ds,
20

(K, —Kn—hK)‘H 0
TEHIJIMKIIAPHHA XOCUJI KAJIAMM3.
DHJIM 3ca OXUPTrY Macajara 3KBUBAJICHT OYJIraH MHTErpall TEHIJIaMa Ty3aMu3.
byHHHT y4yH OXUpru macanaaa Kynuaaru

K (x,t) = K(§+n,§_ﬂ= A(S.m)
2 2 )

\

OenruianHg KUpUTHO, YHU
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1 a+ p
A =-— A, 1.40
y 4«{ : } (1.40)
l;
A(a,0) = —h — —[q(s)ds, (1.41)
2O
(A, - A, - hA)‘ﬁ:a =0 (1.42)

kypunuiga €3uo onuo, (1.40) Tenrnukuu [0,7] opalukaa B Oyilmya uHTErpa-

JTAaMU3;

a+ p
2

177
Aa(a,n)—Aa(a,O)z—ZIq( JA(a,ﬂ)dﬁ. (1.43)

| |

1
(1.41) Tenrnukka acocan A (a,0) = - —q(
4 2

} Oynranu y4yH ymoy

Aa(a,n)=—£q(ﬂ—£}q(a+ﬂ
4 (2) 4, \

TEHIVIMK YpuHiu 0ynanu. (1.44) TeHrukHY [, ] opanukia « OYilmdya MHTEerpai-

}A(a,ﬁ)dﬂ (1.44)

na0, ymoy

1° («a 1°(" (a ]
A(E,n) - Aln,n) = ——IQ(—Wda ——HIQ( . ﬂWA(a,ﬁ)dﬂ%da (1.45)
4, \2) 4,10 U 2 ) J

aliHUsITTa ora 0yIamMus.

OHu A(n,n) HH xucobmaiiMus. (1.42) TeHrIUKKa Kypa yoy

28, |, = (A, + A, = A

a | f=a + Aa P=a = Aa P=a +
dA (a,a)
S (A, )|, = (A, A [, =
da
+hA(a,a)=¢e " (" A(a,a))’ (1.46)

aitnusT 6axkapunaau. (1.44) Ba (1.46) TeHrnuKIapaan Kyliuaaru

a+ B

2

(" Ala,a)) = —%e““{[q{%}zq( }A(a,ﬂ)dﬁ} (1.47)

dopmyia keanb unkaau. (1.47) aiiHuatau [0,7] opanukna o Oyiindya WHTErpaj-

naitmus Ba (1.41) maptaan ¢oiinananu6, Kylinmaru
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~h 1 7h;777 ha( a ‘ a ]
A(7,mn)=-he " ——e " [e %Q(—WJrIQ( +ﬂ)A(a,ﬂ)dl3%da (1.48)
2 o L\2) v U 2 ) J

TEHIJTMKHU KenTupu6 unkapamm3i. (1.48) udomann (1.45) TeHrnukka Kyno, ymoy

aem = e Lol Clae - Lo Ter o L oa -
4, l2) 2 L2)

n 0

1 . ! ha [ (a+,8) ]

- —e "fe q A(a,p)dp lda - 1.49
2 { <£ v 2 ) J% (1:49)
(T (ot B ]

-9 Q( )A(Of,ﬂ)dﬂFda
4£L£ \ 2 ) J

aliHugTra sra Oymamms, sbHU A(a, ) (yHkuus (1.49) uHTErpan TeHIIaMaHU
KaHOATJIAaHTUpAp dKaH. AKcHUHYA, A(a, f) GyHkuus (1.49) uaTerpan TeHrIaMaHu
KaHOoaTJIaHTUpca Ba q(x) QYHKIusA y3nykcu3 auddepeHmamiianyBuu Oyca,
(1.49) WHTErpaji TEHIJIaMaJlaH doitnananud Aa, pB) byHKIUSA

(1.40)+(1.41)+(1.42) macalaHUHT €YUMU OYIUIIUHU TYFPUAAH-TYFPU TEKIIUPUO
KYpHUII MyMKHH.

(1.49) Ttenrnama Bonreppa Typumard MHTErpaj TEHIrJiama OYJIraHu Yy4YyH
YHUHT €YUMH MaBXXyJ Ba ATOHAAWP. byHW KeTMa-KeT SKUHJIAIUILIAp yCyau Ou-
JIaH KYPCATHUIIl MyMKHH.

q(x) ¢yukmus y3nykceuz nuddepeHnuanimanyBun O0yiMaca, YHH Y3ITyKCHU3
maddepennmamianyBud  q (x) OQyHKOUAnap OWIaH SKUHIAIITHPUO, K (X, t)

(1)YHKI_[I/IHJ'Iap KCTMa-KCTIIMTMHU XOCHJ KHUJIaMU3, 6y KCTMA-KCTJIMKHHUHIT JIMMHUTHU

K (x,t) aaMalITHpUII ONepaTOPUHUHT sigpocu Oynaau. Teopema 1 ucooraanam.
N3ox. llynu aiftu® yTum kepakku, K (x,t) sSapo A mapaMmerpra OOFJIUK

oMac.

Mucoa 1. Arap teopema | HUHT mapTuga A Ba B omeparopiap Kylujgaru

h, =0

Ba
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2

B =- 2+q(x), h, =h
dx

KYpuHUIIIa Oepuiirad 6yica, amMalTUPUIL OTIEPATOpH YOy

X

Xt (x) = f(x)+ [K(xt)f(t)dt

0

KypuHuIa 6ynamu. by epna K (x,t) smpo ymoy

(K, —q(x)K = K,

t

X

K(x,x) =h+—[q(s)ds (1.50)
| 2%

th‘t:O =0

MacCaJIaHMHI' CHUMUOUP.

@ (x,2) Ba ¢ (x,A) OPKaJIX MOC paBULIJIA KyWHIaru
(- y"+a(x)y =4y (- y" =24y

y(0) =1 Ba Jy(O) 1

{y’(0)=h [y'(0)=o

Komm  wmacananapyuHUHT  €4UMMIIApUHU

Oenrmnaiiiuk.  buszra  MabayMKu

@,(x,4) = cos Vax Oynaau. AIMaImTUPUII ONIEPATOPUHUHT XOCcacura Kypa yii-

Oy

@ (x, 1) = cos \/Ix+jK(x,t)cos Vatdt (1.51)

TEHIJIMK YPUHIU OYIaau.

Mucoa 2. Arap Teopema | HUHT mapTuga A Ba B omepatopiap yuoy

2

A=—-——+0q(x), h, =h
dx
Ba
d2
B =- , h,=0
dx

KYpUHUIIIA Oepriirad OVIICHH JIecak, aIMAIITUPHII OTIEPATOPH KyHuaaru
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XE(x) = f(x)+ [H(x,t)f(t)dt

0

KypuHuIaa 6ynamu. by epna H (x,t) sapo ymoy

(H, =H,-q()H

XX

H(x,x) = —h—i}q(s)ds (1.52)
| 20
[(H, - hH)|_, =0
MaCaJlaHUHT CI—II/IMI/II[I/Ip.
AJIMAIITHPHIN OIEPaTOPHHUHT XOCCACUTA Kypa yIIOy

cos VAx = p(x,2) + [H (x,)p (t, 2)dt (1.53)

0
TEHIJIUK Oa)Kapuiaiau.

H3ox. by epna xam H (x,t) aapo A mapaMmerpra OOFJIMK dMac.

Yoy
dK (x,
q(x) = 2 LX) (1.54)
dx
dH (x,
q(x) = 2 200 (1.55)
dx
Ba
h =K(0,0)=-H (0,0) (1.56)
OOFIaHMIIUIAP TECKApH Macajla euHIlga MyXuM aXaMHsT KacO dTajIu.
Teopema 3.1 (B.A.Mapuenxo, 19501i.). p, (A1) dyHKUUS ymOy
—v"+ X = Ay, 0<Xx<w
[—y"+a,(x)y =24y, ( ) (157)

)

Ly'(0) = h,y(0)
Itypm-JInyBuin MacaaacHHEHT OMpopTa creKkTpan GyHKuuscH, p, (1) QyHKIHUA
sca ymoy

(- y"+0q,(x)y = 4y, (0 < x <)
Ly'(0) = h,y(0)

(1.58)

[ typm-JInyBuin MacanacuHUHT OMpOpTA crieKTpall GyHKUIUsICH OYIuo,
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p,(1)=Cp, (1) C = const

TEHIJIMK Oa)kapuica, y XoJjjaa q,(x) =9,(x) Ba h, =h, TCHITIHUKIAp YpuHIN

2
oynmamu. by epnma q,(x) Ba q,(x) QyHKumsuap [0,00) OpalMKIa Y3IIyKCH3
XaKUKUi QyHKIMANIAp, h , h, 5ca XaKUKUH COHJIap.

HcooT. ¢ (x, A1) OpKamm - y" + q,(x)y = Ay TEHIJIAMaHWHI KyAuIaru

¢(0,4) =1, @'(0,2) =h,
OOLUTAHFUY MIAPTHU KAHOATIAHTHPYBYM E€UUMHUHH, vy (X,1) OujaH 9dca
- y"+0,(x)y = Ay TEHINIAaMaHWHI KyWuJaru
w(0,1) =1, w'(0,1) = h,

OOLUTaHFUY IIAPTIAPHUA KAHOATIAHTUPYBUM €YUMUHU OenrminaimMus. Y xomnaa

AJIMalITUPUII OIICPATOPHUHUHIT XOCCaCHUI'a KS’/pa ym6y

X

v (X, 2) =@ (x,A) + [K(x,)e(t,2)dt (1.59)

0

TEHIJIUK YpuHIU OYnaau. b € [0,0) UXTUEpUU coH OVicuH Ba f (x) (QyHKUUS

x > b OYJaraHja HOJra aillaHyBUM UXTUEPHUN y3ayKcu3 QyHKIUs OVICUH. Y XoJiaa
f (x) QYHKUMSHUHT v (X, 2) ednmiiap Oyitnda dypbe alMaIITHPHIIN

F(2) =] f(X)w(x,2)dx (1.60)

0

MaBxkya 0ynu0, [lapceBan Tenrnuru ymoy

[0 = [F(2)dp,(2) = C [F (2)dp,(4) (1.61)

0 - -0
kypunuiiaa 6ynaau. (1.60) renrnukaa y (x, ) ypuura yHUHT (3.39) TeHrnuk ou-

JaH AaHUWKJIAHraH KUWMAaTUHM KyWnO, WHTerpajiaml TapTUOMHM Y3rapTupcak,

Kyuuaru

F (1) = [g(x)g(x,2)dx (1.62)

0

TEHIJIMKKa ora 0yiamu3, 0y epaa
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b

g(x) = f(x)+ [K(tx)f(t)dt.

X

Kypunu6 typubauku, g (x) GyHKIUS XxaM x > b Oynranjga HoJra aiiaHau.
(1.62) Tenrmukmaru F (1) yHKOUS g (x) QYHKIUSHUHT ¢ (X, 1) €4AMIap

oyiinya €3mnran @ypse anmamrrupuyn 0ynanu. Lllynunr yuyn I[lapceBan Tenrim-

rugaH Ba (1.61) TeHrIUKIaH Kyluaaru

b

2 N 2 1 N 2
Jof00dk = [F7()dp,(2) = — JF7(D)dp,(2) -

— 0 —

b
[ 7 (x)dx

O||—\

TEHIJIMKIapra 3ra 6ynamus. byHnan sca ymoy

b b

Clg”(x)dx = [ f*(x)dx
0 0
TeHIMK Kenu6 uynkaau. Lllynunr yuyH Kyiugaru

Af = \/E{(f(x)+jK(t,x)f(t)dt1}
\ x J

omeparop L’(0,b) ¢asona yHurap Oymaamud. A YHHTap ONEpaToOp YYyH 5ca

(A")' = A Tenrmuk Yypunmu Gymamu, 6y epma A" omeparop A omepaTopra
KyIImMa Oyran oneparop, s’bHH yIioy

b b

jAf (x)-h(x)dx = j f (x)A h(x)dx

0 0
IIAPTHA KAaHOATIIAHTUPYBYU OTIEPATOPIHD.

[ Af () - h(x)dx = j\/g[f(xpjK(t,x)f(t)dtJh(x)dx -

b

S \/E[j ()N (x)dx + [h(x)[ K (t,x) f (t)dtdx } =

_ j\/a(h(xnjK(x,s)h(s)dslf(x)dx ,
0 | 0 J
SABHHU

A*h(x)z\/E(h(x)+IK(x,s)h(s)ds] (1.63)

0
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oynanu.
A" omeparop Bonreppa Typuaaru omeparop 0yiranu yuyH (A°) " omeparop

MaBxKyJ Bay Xam Bounreppa typuaaru oneparop Oynanu:

(A*)_lh(x)z%{[h(x)+IH(x,t)h(t)dt}}. (1.64)

Ymoby (A°) ™ = A TEHITIMKKA Kypa

! [h(x) }H (x t)h(t)dtJ \/E[h(x) }K(t x)h(t)dt]
— + : = + :
Jo .

X

h(x) + [H (x,t)h(t)dt = C[h(x) + K(t,x)h(t)dt] (1.65)

alHUAT Kenub YMKaIu. X HYKTaHHW TaWuHIa0, t < x KuiMatiap ydyH h(t) GyHK-

ISl HOJITA TEHT Ba KOJITaH >KoWjapnaa uxTuépuii ne6 oncak, (1.65) altnusrra aco-

CaH KyhuJarua

C(h(x) +[K (x,t)h(t)dt] = h(x) (1.66)

X

TEHTJIMKKA 3ra 0ynamu3. byHaa x = b nmecak Ba h(b) HUHT UXTHEPUN SKAHIUTUHU

pTHOOpPTa OJIcaK, C = 1 KeIuO YMKaIH.

Jlemak,

}K(x,t)h(t)dt =0 (1.67)
Oymap »2KkaH. Arap OXHpPrd TEHIVIMKAAa h(t) = K (x,t) gecak, K (x,t) =0
oymummHN Kypamus. (3.39) dopmynara acocan

p(x,2) =y (x, 1)

TEHITIMKKa dra Oynamus. bomurtamrud maptinapiad h, = h, TEHIJIMK Kenuo
yukany. (3.37) Ba (3.38) macananapaaru nudQepeniman TeHriaManapaan

—9"+d,(X)g = ¢

—9"+4q,(X)¢ = 1o
xocui 6ynaau, SbHU
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[a,(x) =, ()] (x,2) = 0
Oymap oskaH. ¢,(x) Ba (,(x) QYHKUMAIAPHMHT Y3IYKCHU3JIMIMHH Ba ¢ (X, A)
GYHKIHUS HOJUTAPUHUHT QXPAJTaHIATHHU YBTHOOPTA 0H0, q,(x) =q,(x) alHU-

ATHH KenTupuo ynkapamu3. Teopema 3.1 ucOoTnanu.

Mapuenxo meopemacuoan ¢houdananub 2§ oa kenmupunean bope meo-

pemacuHune 60m;§alta ucoomunu Keimupamus.

Yoy
p"+ {4 -a(t)e =0 (1.68)
9'(0) ~hg(0)=0 (1.69)
p'(z)+ Hop(x)=0 (1.70)

yerapaBuid MAaCaJIAHMHT XOC KUMMAaTiap TYIUIAMHHM S = S(q,h,H)  OpKau

oenrunainMus.
0"+ {1 -r()}p =0 (1.71)
@'(0) —h*p(0)=0 (1.72)
o)+ H *p(x)=0 (1.73)

yerapaBuyd MAacCaJaHUHI XOC KMMMATJIap TYIUIAMUHUA S (h* H * r)

opKaiu OenruiaanMus.

Teopema 3.1. Arap S(h,H,q)=S(h*,H*r) Ba S(h,H_ q)=S(h* H_ *r)

H, #H, H*=H *0yinca, y xonga h=nh* H =HX* H. =H._* q(t) = r(t)

1 1 1

oynanu.

HUcooTr. S(h,H,q)=S(h* H*r) TYIUIAMHUHT  3JIEMEHTJIApU KETMa-
KETJIUTUHU Y I N OopKanu  Oenruaanmus. Arap o (t,2,)
(3.48)+(3.49)+(1.70) MacaJlaHMHT  XOC byHKIMSIapH, v (t,4,)

(1.71)+(1.72)+(1.73) macanaHuHr Xoc (yHKIUsJIapu Oyica, y xoijaa

", 1 ( 1
p(A)=3 {[¢ (La)aty o= 3 i (t2,)dt |

An<4d Lo A,<24 Lo
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6ynanu. LlynuHr yayn 6u3  [¢ (1,2 )dt =C [¢°(t,4,)dt  n=12,.. (1.75)

DKAHJIUTUHU HCOOT KWJICak, y Xojga Mapuenko teopemacura kypa bopr

TEOPEMACHHUHT HUCOOTH KenmuO 4YmKaiu. ¢ (t,4) opkamm (1.68) TeHrIaMaHnuHT
p(0)=1, ¢'(0)=h (1.76)
mapTiapHd  KaHOATJIAHTHPYBYM €4MMUHHK Oenrmnaiimu3. (1.68) TeHrmamana
A HA u Ta aIMalITUpUO KyWHJAaruHu XOCUJ KUJIaMU3:
o (t i) + {u - a(}p(t,u) =0, (1.77)
(1.68) Tenrnmamanu ¢ (t,x) Ta kymaitupamus, (1.77) TeHrmamadHu o (t,A) Ta

KynaTupamMu3 Ba OWpUIAaH MKKUHYUCHHHM alupuOd, KyWhujaarura sra Oyinamus:

!

[p'(t,A) @ (tu) —p(tA)-@'(t,u)] =(u - Ao, ) (t, u).
Oxupru TEHrjiamaHu (0,7) opaiukaa uHTerpamiaimmu3. Hatwmxkana
Kyhugarura sra Oyiaamus:

p (r,A) - o(x,u) -z, 1) @/ (7,u)

H = 0

by tenrimmkna g — A4 [Oa IMMUTra yTaMu3, HATHXKaIa

[’ @A)t =p/(x,2) -0, (x,2) = o(x,2) -0/, (x,2) (1.78)

0

oynmamu. Xap Oup Qukcupianran t Jga ¢(t,1) Ba p!(t,A) TJap OyTyH

bynkuusiap  Oynmagu.  IyHUHT yuyH  ¢/(7,4) + He (7, 1) byHKIUA
KyWlHaarnda
p/(r,A)+ Ho(x,1)=C, ﬁ [1— i} =C, @, (1) C, = const (1.79)

YEKCHU3 KYNaWTyBUHUTa EUUIIAIHN. Xynou myHpa, arap {u, }=S(h,H,.q)

Oyica, y xoJsa

pl(m,A)+ Hl(p(ﬁ,l)zCZ-ﬁ[l—ilzcz-@z(l) , C, = const (1.80)
Ha

n=1

oynmamu. (1.79)-(1.80) cucremanapau euuoO,
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HC® -C,HD,

Q! = (1.81)
H, - H
C —
p(r,a)= 22— 2% (1.82)
H - H,
JapHU  TOIAMU3. by Ttenrmamamapaum 4 Oyimua  nuddepeHunnaiad

KyHuparuwiapra sra Oynamus:

o (1) = 221 Ce (1.83)
H-H,

o (r.) = G2 m HC P, (1.84)
H, - H

(1.81), (1.82),(1.83) Ba (1.84) mapuu (1.78) ra kyiuO, comma Ak aJaMallTH-

pHUIIIaH KEeWHWH Kyiuaarura sra 0ymamus:

2 1

[t A)dt = ©.C (@@, -@,0)). (1.85)
H - H

XycycaH, 4 =4, Yy4yH
[@(t,4)dt = Lq>1'(/1n)<bz(/1n) (1.86)
g H - H

1

ypunmu. Arap S(h,H,q) = S(h* H* r) OVyica, y Xonma KyWuaard TEHIIUKHU

VPUHIIA SKaHWHU KYpCaTUIl MYMKHH.

o7t 4,)dt = ;CZ*@;(A")@Z(@") (1.87)
o H * H *

(1.86)-(1.87) nau (1.74) xenu6 unkanu. Teopema 3.2 uc6oTIaHIN.

Arap (1.68) renrnamana qx) Kod(phuImeHT
[(@+ x)ae) |ox < oo

IIapTHU KAHOATJIAHTUPCA, Y X0Ja Yoy
-y Ay = Ay (1.88)

y(0)cos a + y'(0)sin a =0 (1.89)
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M typm-JInyBunn macanacu 4ekiauTa MaH(puUH Xoc KuiimaTiapra sra 6ynmo, 4 > 0
YUYH CIIEKTP y3JIyKCU3 OYNaau, SbHU CIEKTpan p (1) GYyHKIUS A > 0 1a y3IyK-
cu3z O0ynamu. Kyitnnarnua Vi =s Genrmmam KApUTaMu3. Yoy

cos « st

M _(s)=isin a - +£jq(t)e @, (t,A)dt
SO

S

byHkusH Kapaiimu3.  bynma ¢ (t 1) bynakmus  (1.88) TeHrmamaHuHT
(1.89) mapTvHM KaHOATIAHTUPYBYM E€UHMH.

M (s) QyHKIHMS KyHU IpUM TEKUCIUKIAa aHAJUTUK OYiIHuO, XaKUKHUM YKKa y3-
JYKCU3 JaBOM KWJIQJH. ¢ >0 Ba t — o YUYYH

o, (L) =M, ()]s st -5, (s) + 0(1).

by epna 6, (s)=ag M _(s), &, (s) ¢ynkuusra (1.88) TeHrIiaMaHuHT COYH-
T
byHkusacu aedunanu. p (A1) QyHKIUA Kyduaaru

oc

f 1
> j(p (t,A)dt} ,1<0
Iﬂ J
p(A) = . (1.90)
| j 2 (t, 4, )dt ]; 1 A du 0
?, + — >
L“‘ o J ﬂof\Mw)\
dbopmyrna Oyiimya aHUKJIAHA]IH.
Teopema (Jlesuncon). s, (s) counnum QyHKUUACH, A =-y , j=1,2.3,.
X0C KuiMmariap Ba m, = | o (t,2,)dt, k = 1,n HOPMAJUIOBYUM  y3rapMmaciap

0
(1.88) Tenrmamanu Ba (1.89) yerapaBuii mapTHU STOHA AHUKJIAWIIH.

HMcbor. MapueHko teopemacura Kypa A, m & (s)Jap p(2)QyHKUUsIHA
ATOHA aHWKJIAIIMHN KYpCAaTUIN €Tapiid. A <0 Yy4dyH Oy ¥3-y3umaH paBIIa.
DHIM A >0 y4yyH KypcatamMu3. ByHHMHr ydyH &, (s) cCOUMIUII (QYHKUUACU
M _(s) HH XaKUKUA s JapAa Oup KUMMATIv aHMKJIAIIMHU KYpCcaTHI eTapiiu.
bu3 kynuparura sramus:

nM_(s)=h[M_(s)|+iag M (s)
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Xakukuii yxkaa arg M (s) =&, (s) MabayMm. lynnai kumud In M (s) aHaau-
TUK (DYHKIIUSIHUHT MaBXyM KUCMH XaKUKUU YKIa MablyM. Y110y

. Ma(s):i.[ 5, (7)

T S-7

—

dr

dbopmyrara Kypa aHATUTHK QYHKIMSTHUHT MaBXyM KHUCMU OViinda (QyHKITUSHUHT
V31 XaMm ThKIaHaau. by dopMynanan Xakukuii s = o Jap yudyH KyHujgaru

n|m ()= L | 2.0y, (1.91)
T _»

O -7
TeHTuK Ypurin. Llyamgaid kumubd M (o) QYHKOHS XaKUKHHA o Jap yYyH COYH-
i azacu Oyiinua Oup KuiiMaTiiv aHukjIaHaau. by sca Teopema uc6orunu Gepa-

hiy78
§4. Ilupak cucreMacu y4YyH SITOHAJIMK TEOPEeMACH.

Ymby Jlupak cucTeMacuHU

U, +((V(x)+u)u, =AU

4[ 1 (1.92)
|-U/+(V(X)-p)U,=2U,, xe (0,7)

KyWHIard 4erapaBui IIapTaa
U,(0)cos @ + U ,(0)sin @ =0 (1.93)
U, (z)cos B +U,(z)sin g =0 (1.94)

Kapaiimus. by epma V (x)e C[0,z], x>0, 2eC. (1.92) reHrnamanu Kyhumarua

KYPUHHUILIIA XaM €3I MyMKHH:

01)(U! V(X)+ u— A 0 u, 0
S 1 AR W

E€KU

dy
B-—+Q(x)y=24y,
dx
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OyHma B = .y = , — = , Q(x) = .
-10 u,/ dx (U, 0 V(x)-u

(1.92)-(1.94) m™acamaHuHr CHeKTpaJl (PYHKIHMICH KyWHIard  KYpHHHUIIA

oynasu.
( 1
> > A>0
0<4,<2 O
p(A)= J . (1.95)
| > - A<0
[ A< <00!n
OyHJ1a
an2 = I[U 12(x,/1n) +U 22(x,/1n)]dx, ne Z.
U,(x,4)
( J bynkuus  (1.92) TeHrmamaHuHT
U,(x,4)
U.(0,4) =si
4[ ,(0,2) =sin a (1.96)
|U,(0,4)=—cos a
v,(0,4) .
IAPTHU KaHOATJIAHTUPYBYH CUUMH. m(1) = TEeHIJIUK EpJaMuia
v,(0,1)
v, (X, 4) .
m (QYHKIHSHA KHPUTAMU3. Bsz[a( ] byHKIUS Kyhduaarua
v, (X, 4)
v(z,A)=sin B, Vv,(z,A)=-cos B . (1.97)

IapTiIapHU KAHOATIAHTUPYBUM (DYHKITHS.
Teopemad.l. p(1) Ba p (1) cmekrpanl QyHKOUsIAp V (x), u4,a,B Ba
V *(X), u* a* B * Japra Moc cHekTpan (QyHkuusnap OyiacuH. Arap
p*(A)=p(A) 2eR’
Oynca, y xomma Vv * (x) =V (x), u*=u, tgp*=tgp, tga*=tga OyNamn.
Ucoor. buzra (1.92)-(1.94) macananuur ['pun maTpuiia QyHKUIUSACH Ke-
pak. Y kyWuaaruya aHUKJIAHAIN:

G(x,y,z):p.v.iu(x’ﬂzn)u (v:2)
C» a, (1_,1n)

= A (1.98)
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Oy epaa

U U Uv U.v 0 N
U=[ 1}, U-VT=( 1J(V1,V2)=[ v ! ZJ, p-V-Z:Lim Zan.

U2 U2 U2v1 U2v2 N—owo
(1.98) xarop xap Oup (x,y) HyKTaja SKUHJIAIIYBYM OYJIWO, SKUHJIAIIUII X = y
JMOTaHalaH TalllKapuJa JIOKaJI TeKUC  sKuHiamyB4yu Oynaau. LllyHuHr yuyn

['puH matpunia QYHKIUACH x <y Ba x>y Jap Yy4yH Vy3IyKcu3 Oyrnaau Ba

YHUHT MUTUHIMCUHA ~KyWHJarnda €E3Wll MyMKHH.

U(X,A)-v (y,A), X<y

[
W (4
G(x,y,i)zj (+) (1.99)
| _ ! v(x,/l)-UT(y,A), y < X
[ w(2)
Oy epna v :[VlJBa W (1) =U (X, 2)v,(x,A) =U,(x,2)v,(x, 1) W QyHKIUSA
VZ

x ra OOIIMK 3Mac.

W'=Uv,-Uv +Uyv, -Uyv/ =V -m-A)U,v,-(4 -V -mU,v +
+(A-V -mUy, -(V -m-2A)U,r, =0.

JlemMma 4.1
Zdp(t sin
G,,(0,0,2) =sin 2a-p-v,j p()zsin a cos o — ¢ , 6sz[a
LAt m(A)sin a + cos «
G,(x,y,4) G,(x,y,4) " dp(t “dp(t
G(x,y,A)=| o Ba pu.| '0()=Iim [ '0().
G, (x,y,4) G, (x,y,4) LA -t Ro= 4t

Hcoor. Ymby aitupmanu  kapaiimus:G,, (0,0 + 0,4) - G, (0,0,2). Tabpudra

Kypa
Gll(O,y,i)zsina~p-V-zU;(y—’l")
a, (L-4,)
Ymby acuMITOTHK
X ‘Iml‘x
U,(x,4) = sin 4(/1x—jv (t)dt + a !+ O( ‘ ‘ ), (1.100)
0 ) A
( X 1 ‘Im&‘x
U,(x,4) = —cos { 2x — [V ()dt + & | + O A ) 4] - oo (1.101)
0 ) I,
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), a (A -2a)=-an+0 (1.102)

dbopmynamapra kypa ymoOy HUFHHIHA
sin(C 4.y — J'V (t)dt + a)
sin o - pV.Y : (1.103)

n#0 — 7n

KaHJal cakpamra sra Oynaca, G,  XaMm XyJJM IIyHAall cakpamra 3ra Oynaau
(4yHKH aiiupMma y3IIyKCU3IUD).

3HI[I/I XO0C KHﬁMaTHap ACHUMIITOTHKACHUIaH (bOﬁ,Z[aﬂchaK.

y

zn=n+i+g( ), V=g -7+ [V (t)dt (1.104)

b2 _l+‘n‘ 0

Kyhujgarura 3ra Oyiaamus.

’ [ |
sin( A,y — [V (1)dt + a)=sin {ny +a(y)+ 0( ! )b
: L 1+l

v
a(y)=—y - det +a.

T 0
Jemak (1.103 HKIUSL ymoy sin ap -V - s ny + a(y)) (1.105)
y ymoy 2 3
nz0 -7
dbyHKIMsS Oup XWJ cakpaiira 3ra 0ynaau.
sin ap -V -3 sin(_ny + a(y)) =sin a -cos a -a(y)- 2 gy (1.106)
n#0 —7zn — T qn=1 n

0

in n
Mabaymun Y KaTop  (0,2z) pda Oepuirad
n=1 n 2

GYHKIUSTHUHT

®ypre Karopuaup. by ¢yHKuMs y =0 HyKTanga z cakpawra osra. [lynnan
2

kb (1.106) pyHkust - sin @ cos « cakpamra 3ra. [lyaunr yuyn (1.103)

naH ymly TEeHIJIMKKa 3ra Oyiamwus.
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G,(0,0,2)-G,(0,0+0,4)=sin «cos a

G,,(0,0,4) —sin acos o =~ Uu,0,4)-v,(0,4)=

W (1)
sin a -v, (0,1) sin o -v, (0,4)

_Ul(O,/l) v, (0,4)-U,(0,4)-v,(0,4) ) sin a -v,(0,4) +cos a -v, (0,1) B

- sin a

sin @ -m(A4) + cos 4

JlemMa ucoorTIanan.

Jlemma 4.2 Yumly TEeHIJIMK YpUHIU

T dp(t m(A)cos a
GM(O,O,A):cosza-pwj p():—sin o Co0S a + (4)
S A=t m(A)sin a + cos a

Ucoor. Xynau okopugaruaek (GUkpiaml opuTamMus.

G, (0,0+0,4)-G,,(0,0,4) cakpamHu Tomamu3. Tabpudra kypa

»U,(0,4,)-U,(y,4,)

G, (0,y,2)=p-V-¥ A # A SAbHH

o anz(ﬂ—/ln)

© U ,l
G, (0, y.4) = —cos ap v -3 )
wa, (A -A4,)

(1.101)+(1.102) acumnToTHK (popMynanapra Kypa ymoy WAFUHIU
cos( A,y — jV (HHdt + )
cosa-p-V- Y : (2.107)

n#0 — zn

KaHAal cakpamra sra Oyica, G,,(0,y,4) XaMmM XyIJOud IIyHJal cakpaiira

sra OYnaau.(1.104) acumnroTkara kypa

0

cos( ﬂny—jV(t)dt+a)=cos{ny+a(y)+o{ 1 J}
=1+‘n‘

Hemak (1.107) iturunau ymoy

cos( ny + a(y))

cos a-p-V -3y
n=0 — zNn

byHKIMs OuiaH OMp XWJI cakpailra 3ra Oyaaam.
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cos( ny + a 2 *sin n
cos a-p-V -y (ny (y)):cosa-sin a(y) —>, y'
n#0 — 7N T n=1 n

bynna cakpam sin o cos @ Ta TeHrnuru kenu6 yukamu. lllyngait kumu6

] cos o -v,(0,4) m(1)cos «
G,,(0,0,4) +sin acos a = = .
sin « -v,(0,4)+cos o -v, (0,4) m(A)sin a + cos «

Jlemma ucOoTiIanu.
Harumxa 4.1.

A) Arap sin o 0 Oynca, yXxonga

“dp(t) 1 1
p.V.J' =ctg o — .
LAt sin @ m(Al)sih a + cos a

B) Arap cos @ #0 Oynca, y xoijaa

“dp(t) 1 m(A)
p.V.I =-tga + .
LAt cos ¢ m(A)sin a + cos «a

O

v-f

-0

dpo(t) m(A)cos a —sin «

A -t m(A)sin a + cos « .
Haruxka 4.2.

Cnexktpan ¢GyHKIUS tgae Ba m(1) GYHKIUSIHE OUp KUHUMATIW aHUKJIAWIU
Ba akCcMH4Ya m(1) (QyHKIOUS Ba tga cHekTpan (QYyHKUUSHU OUp KUWMATIU

AHUKIAHIH.

Hcoor. Cnekrpan QyHKIUSA o HA OMp KUMMATIM aHUKJIAWAW , SbHU tga HH
Oup  kuiimMaTiaM aHuknaWgum . 4.1 ¢) HaTwkara kKypa m(1) HH XaM Oup

KUAMATIN aHUKJIauauM . m(1) Ba tga

“dp(t)
p‘V.J .

—o

AIMAIITUPUIITHN OWUp KUHUMATIM aHWKIAWId Ba  CTHJIBTEC TECKapH ajaMalll-
THPUIIUJAH p(t) HU OMp KUHAMATIM aHUKIAIIA KEIHO YHKaIH.

Teopema 4.1 ncOoTuHM AaBOM KWJaupamm3. UerapaBuil MmapTHU o« =0 Ja
KapaiimMus, y xonna 4.1 B) HaTmkara Kypa
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“dp(t
m(A)=p-v- | i”(t)

CtunbpTec TeCKapyu aJIMallTUPUIINHU Kymnab p(A) HH TOmaMu3. p (A1)
Oyiinya V (x)Ba tgp HU Tomamu3. Teopema 4.1 ucooTaaHau.

SAronanauk TeopeMasiapu Oy3WIMIINTA JOUP MHUCOJI.

Ymby yerapaBuii MacajiaHu KapaiMus:

0 1 ’
[ ](yl L[p(x) q(x)J[yljz l[yl} ‘e (0.%) (1.108)
-1.0 U,) a(x) =PIy, Y,

[y,(0)cos & + y,(0)sih a =0 (1109
Y. (z)cos g +y,(z)sin B =0.
p(x)=0, q(x)=0 0yucun. by xonga (1.108)+(1.109) macananu xoc kuiiMaTia-

pH, Xoc¢ QYHKIMUIApH Ba HOPMAJIOBUHM Y3rapMaciiapd MOC paBHUIIIIA
KyHduarujaapra TeHr Oyiaau:

p -«

T

1 =

n

+n, neZ,

—sin( 4
yn(x):{ ot nx+a)} neZ,an=\/;,neZ.

cos( A X+ a)
Ouau (1.108) Tenrnamanu ymoy

[y,(0)cos e, + y,(0)sin o, =0 (1.110)
Y, (z)cos B, +y,(z)sin B, =0.

yerapaBuii maptaa Kapaiimuiz. (1.108)+(1.110) derapaBuii MacaJaHUHT XOC

KHiiMaTiiapu, Xoc (GyHKUMSIIapU Ba HOPMAJUIOBUM y3rapMaciapuHUd MOC PaBHILIA

A, ¥,(x) Ba a, , neZ nap opkanu Oenrunaiimus. Arap o, Ba A, JapHU ylI-

1

oy B, -a,=p -« TEHINIMKHU KaHOATIAHTHpPAIUTraH KWwiIKO TaHIacak

A

=A.neZ, a . =a.,nez Oymamu, sBHU  CHEKTpan  (QyHKUUsIAp

5(1) = p(1), 4 e R yeTMa-yer Tymasu, ammo (1.108)+(1.109) a (1.108)+(1.110)

yerapaBuil Macajajiap aiHaH yCTMa-yCT TYIIMaiIu.

II. BOb
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HItypm-JInyBU/1 OIEPATOPUHUHT TECKAPHU MaCAJIAIAPH

YYYH MaBKYIJIHUK TeOpeMaJapu.

§2.1. {#,} Ba {«¢_ | cOHJApP KeTMA-KeTJMIH OylH4a TeCKAPH MACAJAHUHT

MaB/KYy/IJINT'A.

Ymly maparpadga {4,} Ba {a,} COHJAp KETMa-KETIUTHHUHT CHEKTpall Xa-
paKTepHUCTUKAJIAp Oyiumm y4yH 3apyp Ba €Tapiid I[apTiap KeJITUPUO
YUKapuwiIrad. Yoy

-y "+ a(x)y = 4y, xel0, 7] (2.1)

[y'(0) —hy (0)=0

(2.2)
Ly'(;r)+ Hy () =0, h,H € R’
yerapaBuid MacajnaHu Kapaimui. byHna q(x) ¢yHkums [0,z ] Ja HUHTErpasia-

HYBYM XaKUKuW QyHkuus. (2.1.1) TeHriaMaHnuHr

y(0)=1 ,y'(0)=h (2.3)
OoIIIaHFUY MIAPTIAPUHN KaHOATIAHTUPYBUYM €YUMHUHH ¢ (X,1) OpKaIu OeTH-

JauMu3. A,,2,,4,.. comnap (2.1.1)+(2.2) derapaBuii = MacaJaHMHT  XOC

0 1 2

KuiimaTiiapu 0yncuH. Y xonga ¢ (x,4,) (n=01.2..) byHKUMsIap Oepuiiran

yerapaBuil MacaJlaHUHT XOC QyHKIUSIIapH OV Iaau.

Yoy

T

a, =I¢2(x,ln)dx (2.4)

0

COHJIapra HOPMAJUIOBYM COHJAP ACHUHIIAIN. {A.} Ba e } COHJIapra

(2.1.1)+(2.2) yerapaBuii MacaJaHMHT  CICKTpal XapaKTePUCTHUKAIapu CHu-

JIaH.
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Ymly mnaparpadpna onguuman Oepwiran {4} Ba {a, | COHJap KeTMa-
kemnard (2.1.1)+(2.2) kypurummgarn Oupopra dYerapaBUil MacCaJaHUHT CIICK-
TpaJl XapaKTepUCTUKAJIapH OVIMIIN Y4yH 3apypuidl Ba e€Tapiu IapTiap KelaTH-
puIaay.

busra teopema umcboTMaa Kepak OYymamuraH ymoOy acUMITOTHK (opmyanap-
HU ucOOTCH3 KenTupuO Yrtamus. Mcbotu Owimad [..] WII HMIIOBacHaa TaHUIIIH-
IIMHTU3 MYMKHH.

Arap q™(x)eL,(0,7z) O¥yaca, y xonna

Ay
a
A, =n+ —=+ ..+ 2l 7 (2.5)
n 2[1}1 2{1}1
nt’? n t?
b b’—ﬂ-\
T
1/ozn:£+—°+ + L2 + - (2.6)
2 n2 2{1}1 2{1}1
n 2 n 2
oynanu. by epna
il 1"
a,=—|h+H +—jq(t)dt| (2.7)
7| 2 |
a,.,a, ., Ba b,.,b . ysrapMac counap, [x] Oearm x COHMHHHI Oy-
l2] L 2]
TYH KUCMUHU OWIIUPAJIH.
o = (1 ..
Arap m xydrt con 6ynca,y xomma y =0(1) Ba 7 = 0(—} EéKHn
n
N 2 N Tn 2 . 1
Dy, < Ba Y () <= ¢k  y, =0(—) 7,=0(=)
n=0 n=0 n - n B n
oynanu.
o =1 = .
Arap m TOK coH Oynca, y xonga y =0(—) Ba ¢ =0(1) EéKH
n
- Vo2 i 2 . 1 1 o
() <o Ba Y7 <o EKH oy, =0() 7,=0() oynau.
n=0 n n=0 B n B n

44



Teopema 2.1. {4,}., Ba f{a | CcOHIAp KETMAa-KETJIUIH YOy
[—y"+q(x)y = 4y, 0<x<r~x
y'(0) - hy (0) =0
1y'(;r)+Hy (z)=0, q"(x)eL,(0,7)

KYPUHHUIINIArd MacalaHUHT XOC KUIMaTiapy Ba HOPMaJUIOBUYH y3rapMaciapy

OyIuIIM y4yH KyHugaru maptiap OakapWIvMIIM 3apyp Ba €Tapiauiup.

1) \/Z:n+an—°+(=)(%),n—>oo

\/Zzer 0(£),n—> 0 (2.8)
n

2
2) A, #A, arap n=k

@, >0,n=012,. (2.9)

1 1
3)F (x,t) = —c0s /A, XCOS /A, t — —
ao T

+ i L{icos \/Zxcos \/Zt - %cos X cos nt} (2.10)
1 L %o

GyHKIUSHUAT [0,z |x [0,7] coxama m +1 TapTUOJM XOCHUJIACH MaBXKYII.
HUcodot. 3apypuiirueu.
{2.} Ba {a } conmapuunr tabpudiaapu xamma (2.5)Ba (2.6)acumnroruk Qop-
Myliajapra acocaH 3apypHMJIMK  KUCMHUHHM HMCOOT KWUJUII Yy4yH  F (x,t)
byHKIHUS m +1 TapTUONM XOocwiara sra OVIMIIMHM KYPCATHII JIO3UM.
t<x nae0 xucoOmarimus.  (2.8) Ba (2.9) acumnToTHk (opmynanmapra Kypa

(2.10) xarop Oapua x =t KuiMarinapaa skuHiamyByu Oymanu. LIyHUHT yuyH
Xt 1 Xt Xt
HF(u,v)dudv :—”cos A A ucos /A vdudv - — +
00 X,oo 4
COS /A UCOS A/A, V 2

o Xt
+ Z” — —C0s nu cos nv ;dudv
00 o T
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oymamgu. Ymly  cos Vix= o(x,A) + J'H (x,t)p(t,A)dt  TacBupjaH (oriaana-

HUO OXMPrU TEHIVIMKHU KyWuaaruda &3m0 ojaMus.

X t © X t

” F(u,v)dudv =3 —ng(u, A e (v, 4, )dudv +

n:Oan 00

© X t u

+ > f¢>(x,/1n)dv -jdujH (u,s)p(s,4,)ds +

u v

w X t 1
Y '[dufdv{L”H (u,t,)H (v,tz)~¢7(tl,ln)-(p(tz,in)dtldtzJ}

n=0 g

xt 2 “ sin nx sin ny

2
T T n=1 n

by epna IlapceBan TEHINIMIMHHA MCOOTIACAK,

“F(u,v)dudv = jdu IH (s,u)ds + jdujH (s,u)ds +

+ jdst (u,s)dujH (v,s)adv.

0 S S

2

0
oxot

kenmnbd uymkamu. OXUpru TEHIVIMKHUHT HMKKaja TOMOHHUTAa XaM

onepa-

TOpPHU KYiU1a0

F(x,t)= H(x,t)+}H(x,s)H(t,s)ds (2.11)
0

TEHTJIMKHA XOCWJI KwiamMu3. byHma t<x ma H(t,x)=0 OVIMIIUHU IBTH-
oopra onmuk. H (x,t) GYHKOUS m + 1 TapTUOIM XOocujara sra OYnraHuia,
(2.110)ra xypa F(x,t) GYHKOHS XaM m +1 TaApTHOJW XOCHJara sra OYIuiin

KennO YnKaau. 3apypJanuK KUCMH HCOOTIAH/IH.
Ucoor. Emaprunueu. Avtaiinuk Ousra (2.8) Ba (2.9) acMMITOTHKaIapHH
KAHOTJIAHTUPYBYM Typauya OyniraH A,,4,.. COHJAp Ba a,,a,,.. MycOaT coHaap
oepunran O0yicun. (2.10) hopmyina EépnaMuaa aHUKIAHTaH F (x,t) QYHKIHS m + 1
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TapTUOMM XOcCwiamapra 3ra OVicWH. (0<t< x<r) XyIaud IOKOpUIard kKabu

K (x,t) SIOpO y4yH

X

FOot) + KOGt + [K(x,s)F(s,t)dt =0, 0<t<x<z (2.12)

0

TEHIJIaMaH! KEJITUPUO YMKAPHII MyMKHH (t < x J1a K (x,t) =0)

(2.12) TeHriamMaHu e€4MMHU MaBXKYJ Ba STOHAJIUTMHU UCOOTIaiMu3. ByHUHT yuyH

®penroasm TeopeMacura Kypa Kylnjaaru Oup *KUHCIH TEHIIamMma

X

g(t)+ [F(s,t)g(s)ds =0 (2.13)

0

(akaT HOJIb euUMIa dra OYIUIIMHU KypcaTuin etapiu. (2.13) TeHrimama g (t) # 0
eunmra sra OyicuH 1ed ¢apas kwiainuk. (2.13) TeHrmamanu g (t) ra

KyTalTupud6 [0, x] opalvKaa MHTETrpaIaiMu3.

X X

[g%(®)dt + [[F(s,t)g(s)g(t)dsdt =0 .

(2.10) udonara acocan OXUPry TEHITTMKHU KyHHIard Tap3aa €311 MyMKHH:

1

—([g(t)cos /2, tdt)" =0

)Y
A

Oapua «, > 0 OyAraHu y4yH

[g(t)cos \/tht =0, n=1,2,. (2.14)

oynau.
(2.8) acummroTHK (popMmynanapaas JIeBUHCOH TeopemMacura MyBO(HK | cos /4 t |

byHkuusuiap cucremacu L,(0,7) ¢a3zona Tyja Ba YU3UKIH SPKIU OYIaau.
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[...] xapanr. Ulynunr yuyn (2.14) teHrnmukmapmaH gt =0 Oyiumm keaud

YUKAIH.
by aca ¢dapazumusra 3ugaup.

Xynau [..] wumgarn kabu - ymoy
o(x, 1) = cos \JAx+ j K (x,t)cos /A tdt

HKOUS  KyWuaaru
y y

p"+[2-a(xX)]p =0

TEHIJIAMaHU Ba ylioy
0(0,x)=1, ¢'(0,1) =K (0,0)=—F (0,0)=h
OOlIJTaHFUY MIAPTIAPHU KAHOATIAHTUPUINK Kypcatwianu. by epaa

4(x) = 2 dK (x, x)
dx

0y1uo, 9™ (x)eL,(0,7).

(2.15)

(2.16)

(2.17)

(2.18)

OHIU ¢ (x,4,) n=0212,. QyHKIUSIMU3 OpTaraHAJUIMTUHU KYpCATHII Ba 7z

HYKTaJard 4erapaBuil IIapTHU TEHIJIAII KOJIAM XOJIOC.
Xynau [...] muumparn kabu IlapceBan TEHIJUTH KENTUPUO UYMKAPUIIAIU:
Uxtuépuii  f (x), g(x) e L,(0,7) (PyHKUUATIAD YUYH YOy

T

o0 1 s T
j F)g(x)dx =3 —I f (x)(p(x,/l)de'g(t)(p(t,ﬂ.)dt
=0 0[n 0

0

alHUAT Oa)kapuiaiu.

(2.19) IMapceBan TeHrmurugan Goigananuo,
w iﬂf(t) (t,2 )dt |p(x,2.)
nzo O[n _([ 4 'n » *n

Katop [0,7z] KecMana SIKHHJIAITYBYM OYyJIraH Xojjaa ymoy

f(x)= Z c.p(X,4,)

n=0
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TaCBUp YPUHIM OYMUIIMHUA KEATHPUO YHKapuil MyMKHH. by epna
1"
c, = —j f (e (t,4,)dt (2.22)
a,

XycycaHn, ['puH aWHMATH Ba «,, A, KETMAa-KETJIMKIAPHUHI ACHUMIITOTHUKACH-
daH  f(x)=¢(x,4,) k=0212,. oynaran xomma (2.20) katop  abcourot
Ba TEKHUC SKUHIAMUMU Keaud uukanu. [lyHuHT yuyH

= [ 1 1

P (2,0 =Y [ —[ot2)et2)d p(x,2,) (2.23)

o | @a % |
xocui Oyiamu.
{cos \/Z x|  QyHKIEATAp CcHCTEMacH L,[0,7] dazoga YMBHKIM APKIH
oymranuman  (2.15) dopmynmara acocaH {p(x,4,)} (QyHKOUsUIAp cHUCTEMacH

xaMm L,[0,z] ¢a3zoma um3uknam 3pkiau Oymumm kenu® uukagu. LyHusr yuyn

T

(0,n =Kk
[ota)e(t2,)d = (2.24)
g Lan,n:k
by »aca (2.19) IlapceBanm TeHriuru OwiaH Owupra {p(x,2,)} cucrema

L,[0,7] da3oma Tynma opToroHanm cucTeMa DJKAHJIUTMHU OWIAUpaId. 7«

HYKTaJaru 4erapaBuil IApTHU YUKAPUII YYyH yuIOy
p"(x,2,) +[2, —a(¥)]p(x,4,)=0
p"(x,.2) + 4, —a()]p(x,4,) =0

TEeHIIUKIapaaH ¢oiganaHaMus.

bupuHuM TEHrIaMaHM ¢(x,4,)Ta Ba HUKKHHYHA TCHIJAMaHW ¢ (x,1,)Ta
KYTIalTUpuO Xocwsl OYNTraH TEHIVIMKJIApHU OWp-OMpHIaH andupcax
[o'(x,2,) 0 (x,2,) - ¢)'(X,/1k)¢>(x,/1n)]’ = (4, —4)e(x4)e(x,4,)
aHUAT KenmuO umkanu. By afinusTHM [0,7z] opanukma uHTErpamiad, (2.24)
OpTOTAaHAJUIMK mapTiapu Ba (2.17) 6onutanFuy mapTIapHU XHCOoOra OJicak
p (7. A )e(x,. ) -9 (.2 )0 (x,24,)=0,

ABbHU
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(p’(ﬂ,in):(p'(ﬂ,lk)
p(r,2,) o(x,4,)

Kenu0 4YuKagu.

(7,2
[lynpait  xkuimb ol 4) HucOaT n ra OOFJIMK AMac, YHM H Owiad
p(m,2,)
OenrnmianmMus:
(7, A
H_? ( ) |
(7, 4,)

Teopema 2.1 Tyi1a ucOOTIAHIN.

Teopema 2.2. Arap {4,}'  Ba {a,} , COHIAp KETMa-KETIUKIAPU YUyH

ymoy
1) VA, ooy a—;+ 9(%)' n— o, (a, = const )
n n° =n
b
v = oy (2.25)
2 n N

2) A, # A, arap n=zKk

a >0, n=012,. (2.26)
mapmiap Oaxapwica, y Xoiaga [0,7] KecMaaa alcaiioT y3JIyKCu3 OYiraH
q(x) GyHkuusa tommnubO {4, } .  Ba {a,} , COHJAp KeTMa-KETJIUKIAPU
q(x) moreHuuamm Oupop IHrypm-JluyBumn  yerapaBuil MacajlaHUHT XOC

KMAMaTiIapyu Ba HOPMAJUIOBYM COHJIApH OYiaiu.

Hcoor. Teopema 2.1ra acocan ymoy

1 1
F(X,t) = —cos /A, ,XC0S /A t - —+
a, T

* | €0S 4[4 €OS A[A t 2
+ > — —CO0s nx cos nt
n=1 a n T
byHKIHS [0,7]x [0,7] coxaga OupwHYM TapTUONMM aOCOIOT Y3JIYKCH3

Xocuiiajapra 3ra OynumuHM Kypcatuml Kudos. ByHuUHr yuyH sca ymoy
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a(x) = i {[icos \/Zx - icos nx ]}
n=1L0!n T J

byHKIIUA  0< x <27 opalluKiaa OWpUHYU TapTUOIU abCOIOT Y3IyKCHU3
Xocuiara sra OYIMIIMHH Kypcatuin etapiu. Arap (2.25) Ba (2.26) acumrro-
TUK (opmynamapau a(x) yuyyH ¢&3wiraH wudomacura Kyihicak OupuHYU
TOMOHJIaH, WKKH MapTa Xamiad muddepeHnmamianyBdd KaTtopjap axpaiuo
yukaan. UyHKH WKKH MapTa Xaaiad XOCWiIa OJUIN  HaTWXacHhaa

L,(0,7) ¢a30HUHT HOpMacu OYiinya SKUHJAIIYBYM KATOpJap XOCHJI OYiaiu.

WxknHun TOMOHIAH, Ou3 ymoy Y KaTOPHUHT QopMan Xocuiaiapu

n=1 N

épaamuia Ty3WIraH KaTopiapHH axpatu0d osamus.([.])

*sinnx T — X
Ymboy Y = ,0<x<27 TEHIJIMKKa acocaH Oy katop (opman
n=1 n 2

XOCHJIaJlapura OpajIuKAa Y3JIyKCu3 OyiraH (yHKUUJIAp MOC KeJau.

Teopema 2.2 ucOOTIAHIN.

Teopema 2.3. {4,}., Ba {a } , COHJap KeTMa-KeTJIUKIAapH ymoy

(—y"+q(x)y=1y, 0<x<~x
y'(0) - hy (0) = 0 (2.27)

b’(ﬂ) +Hy (z)=0, 9" (x)e L, (0,7)
KYpUHUIIJArd  MAacaJaHUHI XOC KUUMamIapu Ba  HOPMAJOBYM COHJIAPH

OynuIIM y4yH Kyluaaru maptiap Oa)kapwiviiy 3apyp Ba e€Tapiuiup:

1)\, :n+an—°+ a—2+ }/2,

n n

4 bO z-n
e it e Oy epma a, = const , b, = const
n

a =
n 2

2 n

0

o) 0
2) 27/:<oo, Zz’nz>oo
n=1 n=1

A, #A, (nzk) Ba a« >0,n=01.2,.

Ucodor. 3apypuiinux Kucmu.

(2.5) Ba (2.6) acumnroTHk (opMmynanapaaH kenuO uukanu.([..] KapaHr)
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Etapmunuruan ucOOTIaiMHU3.

busra TeopeMaHUHI €TapIWIMK IIAPTIAPUHUA KAaHOATIAHTUPYBYM {4 | Ba

{a |} commap Oepwiran Oyncun. (2.27) Ba (2.28) acumnToTHK (GopMmyrnalapHU
F(x,t) ¢yakuusauHar udomacura Kyiicak, F(x,t) GYHKIUSHUHT  yUYyHUU
xocunanapu L, (0,7) ¢dazora Terunum OynuIIM KypuHaau. byHaaH ynap
L,(0,7) (a3ora kapamu 6ynumu kenud ynkaau. lynunr yayn teopema 2.1 na-
ra ukpram Oy Xoina XaM YpuHIU Oyianu.

4 = 2 dK(x,x)
dx

(GYHKUMSIHUHT UKKUHYM TapTUOJIM XOCUIacu L,(0,7) ra Teruuuid Oynumd |... ]
Jla KEITUPWITaH.

Teopema 2.3 ucoorianam.
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2.28§. Cnexkrpan GyHKuus GyiiH4a TeCKAPH MACAIa MABKY/IJIATH.

Yoy

Fy(x,t) = [cos V2 x cos \/;tda(/t) (2.28)

dopmyna épmammpa F (x,t) QyHKOMsUIap KeTMa-KETJIMIMHU aHUKIadMHU3.
F, (x,t) QyHKIMAIAp KETMa-KETJIUTU MaBKyJ, YyHKH Oy X0Ja CIEeKTp KyHuaaH
yerapaJlaHranyiuru cabadmu (5.1) uaTerpan yekyiv opaiuk Oyitnya oJIMHAIN.
Tabpud. Xap Oup TailmHmanran (x,t) XKy(QTIuKIa SIKWHJIANIYyBYd Ba (X,t)
TCKUCIMKHMHI Xap OMp dYerapajaHraH coxacwja 4derapaiganran F  (x,t) QyHK-

nuAiIap KCETMa-KCTJIMI'UI'a I-ICI’apaJIaHI/I6 SAKUHIAITyBYN Q)YHKI_[HHHap KCTMa-
KCTJIUTH HCﬁHH&HH.

Jlemma 1. q(x) QyHKIUSHUHT [0,00) OpalUKAa n- TapTUOIUTava

Xocujaiapu MaBxyJ OViau0, yiap Xxap Oup 4ekiIv OpaliuK/a >KaMmJIaHyBYU OYJICHH.

VY xonna ymoy
®, (x) = [cos Vixdo(4) (2.29)

byHKIUAIAp  KeTMa-KeTIMIH @ (x) = H (x,0)  QyHKOmMsra  derapaiaHud
SKUHJIAIIaau, Xamaa @ (x) GyHKOuS (n + 1) - TapTHOIMIrada X0oCHiajJapy MaBxKy/l
O0ynu0, ynap xap Oup 4eKJIM OpajuK/a KaMJIaHyBUW OYJIau.

Hc6oT. ABBano @  (x) KETMa-KETIIMKHU yIIOY
0 N
® , (x) = [cos Vaxdp(a)+ [cos Vaxdo(2) (2.30)
—w 0
kypuHuaa &3ub omamu3. CyHrpa x y3rapyBUMHUHT UXTUEPUN KUMMaTIapuaa
0
[ cos \/;Xdp(ﬂ) (2.31)

MHTErpajl MaBKy/l SKAaHJIUTUHU UCOOTIANMU3.

Yoy
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cos VAx = p(x,2) + [H (X, ) (t, 2)dt (2.32)

0

TEHTJIMKHU (0, Xx) OpaJIUK/Ja WHTErpauiad, HHTerpauianl TApTHOWMHY Y3rapTHpCaK,

KyWujaru

sin \/;X [ ) 1
= = [{1+ [H (s,1)ds Lot 2)at
J

N B
sin\/Ix

aitHusITra ora 6ynamus. Kypunub typubauku, 7 byHKIUSA
A

J1+IH(s,t)ds, t < X
g(t) = :

LO, t > X
GYHKUUSIHUHT ¢ (t, 1) euuM OViinya &3umnrad Oypbe anMamrupuiiu 6ynaau. Hly-

HUHT yuyH [lapceBan TeHrmurura kypa

}O sin VA X 2o| (1) j 2 (1) dt
—_— g g
N g 0

TEHIVIMK YpuHiu Oynanu. by TeHrnukaan ymoy

° (sin /4 x
1

WUTETPAIHUHT X Y3TapyBUMHHMHI UXTHUEPUN KUMMATIIApUIA MaBXKyJ DKAHINIU Ke-

} dp(4)

— 00

16 unkanu. bynman oca, (2.31) uHTerpan MaBxya Oyauiny KypuHaau. Arap
o (X,4) = cos \/;X + j K (x,t) cos x/;tdt
0

TEHIJIUKHU YbTHOOpra OJICAK,

o(x,N) = [p(x,2)dp(2) (2.33)

— 00

MHTErpajl MaBXyIJIUTMHU KypaMu3. o (x, N ) ¢dynkuusra Lrypm-JInyBunn maca-
JTACHHMHT CHEKTPAl SIIPOCH JeHnNIain. o , (X, N) QyHKIHs ymoy

-y"=2y, y'(0)-hy(0)=0
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MacCaJlaHUHT CIEKTpan siapocu OyncuH. Mabiaymku, h > 0 Oynranjga (commamuk

yUyH IIyHai 1e0 XxucobnainMus)

a)o(x,N)zij{(cos \/Ix+hsm \/;XW} V2, da (2.34)
T OL

\/; Jh2+/1

Oynaau. bomika TOMOHJAH, X Y3rapyBUMHUHT MXTUEPUM YEKIW Y3rapuil

opajuFujia KyHujaard aCUMOTOTUK popMyIia YpuHIM OYnaau:

o(X,N)=w (x,N)+0(), (N > o). (2.35)
[ITynuHr yuyH
[H(x Do (t,N)dt = [H(x,t)o,(t,N)dt + 0o(1), (N - =) (2.36)

0 0
TEHIJIUK YPUHIIN.
(2.35) Ba (2.36) TeHrnmuKIapHH OUpP-OMpHUTa KYIICaK Ba @ (X, N) (DYHKIHUSHUHT

(2.33) Tenrmkaaru uoaacHHU 3THOOPTA OJICAK,

N X N

1
o0 A)dp(2) [ H (0] [0t )dp(4) ot -

— 00 — o0 — o0

= o, (x,N)+ [H(x,)o, (t, N)dt + 0(1), (N - o)

0
TEHTJIMKKa 3ra 0yiaMus.
By TEHITMKHUHT dYan TOMOHMJA WHTETrpajUlalll TapTHOWHHU Y3rapTHpcaK
((2.33) mnTerpan MaBxyJ] OYNTaHIMTH y4yH Oy aMajiHH Oakapulll MyMKHH) Ba

(2.32) dopmynanu apTHOOpra OJICAK, YIIOY

jcos \/;xdp(/l)=a)o(x,N)+

+[H (x,)o,(t,N)dt +0(1), (N - =) (2.37)
0
TEHTJIMKKa 3ra O0yinaMu3. By TEHITMKHUHT Xap MKKaJla TOMOHU/IaH

jcos \/;xdpo(ﬂ)

GyHKIUSIHA alnpCak,
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(x) = jcos Jixdo(A) = o, (x,N) - jcos \/_X

o A

+IH(X,t)0)O(t,N)dt +0(), (N > =)

0

TEHIJIMKKa 9ra Oyimamus. (2.34) Ba (2.38) popmynanapaan ymoy

2 sin VNt
O (x)=x,(x)+ —jH (Xx,t) ———dt +
t

T o

+J-H(X1t)ZN(t)dt+O(]_),(N —)OO)

0

TEHIJIUK Kenuo unkaau. by epaa

1" h? sm\/_x

(X)) =-— cos\/_xd/1+—
“ r (s )a ﬁ{h )
Kyinnaru
(0, x>0
U (x) =4
L—h, Xx=0

+

(2.38)

(2.39)

(2.40)

(2.41)

OeJNTMIalIHU KHPUTAWIMK. y  (x) QyHKIUA N — o Ja U (x) (yHKIOUsAra 4era-

panaHu0 sKuHIamaau. XakuKaTaaH xaM, arap x > 0 0yica, N — o J1a

1N h? sin \/_x
Xy (X) = coS \/_xd/1+—
IR ETING I

hx d —hx

— —he & - —e = 0.
dx

Arap x = 0 6yiaca, y, (0) »> —h Oymann.

Z .y (X) (GYHKIUSHUHT YerapallaHTaHINTd KyHHIara

N 1 JIN . JIN . 1

J,smx/ XdﬁzzjuSInﬂxdyzszInux ﬂ+f d,quO( )
2 2 2

a h™+2 Gaht+u Ja M T H IN

OaxoJianad KeJInuo YuKaIu.

OHIHN
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X sin \/_t
vV, (X) = —IH(X)

2.42
ﬂ (242)

H(x,t) -

sm \/_tdt +—H(x O)j

2
T t

WHTETpaIHu Kapaiimu3. by élinnManan, 0 < x < b < o KHMMatiapjaa ymoy

2 in VNt 2 “IH (x,t) = H (x,0
—fH(x,t)sm—dt < —J (x.1) (x )|dt+
t T t ‘

N in ¢
+ —\H (x,0)] j ———dt| < C(b)
t
TEHICU3JIMK Kenub uukaau. by epaa C (b) — y3rapmMacHu OWIAUpaIn.

JleMak, x Y3rapyBUMHMHI MXTHEPHUN YEKIM y3rapum opayuruaa VvV (x) QyHK-

[UsIap KeTMa-KETJIUTY Yerapajiarad 0ymnaau. Arap

“sin s T
j ds = —
o S 2

TEHTJIMKHU YbTHOOpTa oJicak, (2.42) TacBupIaH

([H(x,0), x>0

lim VvV (x) =4
N 0, X =0
TEHTJIUK XOCHJI OYIIau.
Xy (X) Ba vV, (x) byHKIUsAIAp KETMa-KETJIUTH yerapajianuo

skuHnamumuaad (2.39) TeHraukka acocaH @ | (x) (yHKHMsUIAp KeTMa-KeTIUTU
yerapaJiaHuO sSIKMHJIAMINIINA KeTUO YMKaIu XaMmaa
([H(x,0), x=0
lim ®©  (x) =4
N |- h, x = 0.
H (0,0) = —h

DKaHWHHM 3bTHOOpra oncak, @  (x) (yHKIMAIAp KETMAa-KETIUTd H (x,0) (yHK-

ousra qerapanaHI/I6 SAKUHJIAIIUIIMTUHA TOIIaMU3.

JlemMma 1 ucootaanam.
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Jlemma 2. x HUHTr xap Oup TaliMHJIaHTaH KUWMaTuaa TallyBUYUCH (0, x) HMHTEp-

Bajia Oynran uxTuépuil y3nmykcu3 GUHUT QYHKIHS g (t) yIyH

X X

lim jFN (x,t)g(t)dt +j K (x,t)g (t)dt +

00 X

+ lim jg(t){(j K (x,s)F, (s,t)ds 1}dt =0 (2.43)
0 0 J

N > o

TEHIJIMK YPUHIIN.

Ucoor. Eiimnma xakumgaru Teopemara acocaH g¢(t) GUHHT QYHKIUS

OYNTaHIIUTU YYyH YIIOY

s N

]
lim g ()4 j(o(x,?t)co(t,l)dp(?t)J}dt =g(x)=0

N —> o
— 00

TEHIJIMK YpUHIM Oynanu. Yoy
t
cos VAt = g (t,2) + [H (t,5)p (s, 2)ds
0
dbopmynanan goitnanannod, Kyiugara JUMUTHU XUCOOIaliMU3:

lim jg(t){( [ 9 (x,2) cos ﬁtdp(z)ldt -
ey J

—©
N

_ ( |
- Nnmwjg(t)% I(P(X,l)q)(t,/i)dp(g)jdt N

— 0

© t N

. [ T
lim jg(t){ j H (t,s){ f(/)(x,/l)(p(s,ﬂ,)dp(/l)st Ldt =

N - _ J

+

0 0 N

. 1 )
0+ '\IllTw“ng(t)H (t,s)oltJHL jgp(x,/l)go(s,/”t)dp(/l)J}ds -

S — 0

[g(t)H (t, x)dt =0,

X

YyHKM t > X KAMMAaTiap y4yH g (t) = 0.
X

Kyimparu ¢ (x, 1) = cos \/;x + [ K (x,s)cos \/;sds
0

dbopmynanan goiigananuo, ymoy
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j(p(x,l)cos \/Itdp(ﬂ) = jcos \/;x cos \/Itdp(}t) +

+jK(x,s){( jcos \/Ix cos \/;Sdp(/t)w}dp(/t) = jcos \/;x cos \/;tdpo(/t) +
0 (g J o
+ jcos \/;x cos \/;tda(ﬂ,) +j K(x,s){( jcos \/;t cos \/;sdpo(ﬂ)]}ds +
e 0 e J

+ } K(x,s){( jcos \/;t cos \/;Sda(ﬂ,)]}ds
0 -« J

AHUATHU KeNTUPHO YMKapamu3. YHH ¢ (t) (yHKOmsra Kymaitupamus Ba [0, o )

opanukjaa t 6yiinua unrerpamiad, N — o Ja JUMUTra yTamus:

0 X

0 =g9g(x)+ lim Ig(t)FN (x,t)dt +jK(x,s)g(s)ds +

N - o

(2.44)

X

_ [ )
+ 'ilm fg(t)”K(x,s)FN(s,t)dsJ}dt.

By TeHrmukma g (x) = 0 JKaHJIMTHHH JTHOOpra ojcak (2.43) alHHAT XOCHII

oynamu. JlemMma 2 ucOoOT/IaHIM.

Teopema 1. AnMmamTupuIn onepaTOpUHUHT SAPOCH K (x,t) ymoy

X

K (x,t) + F(x,t) + [K(x,8)F (s,t)ds, (0 <t<x) (2.45)

0

MHTETPAJl TEHTJIAMAaHU KaHOAaTIaHTupaau. by epaa F (x,t) sapo
N
Fy(x,t) = [cos VA x cos \/;tda(/i) (2.46)

KETMa-KE€TIUKHUHT N — oo Jarvu JUMUTUHH 6I/IJ'II[I/IpaI[I/I Ba

Jp(ﬂ,)—ix/; A >0
T

| p(2) A<0

o(A) = (2.47)

TEHTJIUK OMJIaH aHUKIaHAIN.
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Arap q(x) ¢GyHKIUs [0, ) OpaTHKAA N MapTa y3Iykcu3 qudepeHimnaa-
HyBuUU Oynca, F (x,t) QyHKOMA 0 <t < x TYIIaMaa n + 1 Mapra y3iaykcus3 aud-
dbepeHmaianyBIu Oyiaam.

Hcoo1. Teopemanuur OUpUHUM KUCMU jJjemMMa 2 J1aH kenu6 uukaau. dudde-
pEeHIMAITIAHYBYaHIUTUHI HCOOT KHJTUII KOJIaJH XOJIO0C.

AnMamTUpPHILI ONEPAaTOPUHU YpraHTaHUMU3Ia, A(&E,n) ydyH €3unrad Boareppa
TypUJlaTd WHTErpaj TEHTJIaManaH q(x) GYHKOHS n MapTa y3nykcu3 auddepen-
UaJUTaHyBUM Oyiica, K (x,t) SIIPOHUHTX >t TYIulamMaa n +1 Mapra y3JIyKCu3

muepeHnramIaHyBuy OYIUIIM KeIud YuKaau.

Ounu [enbdann-JleBuran wuHTErpan TeHraamacuaa K (x,t) GyHKIHS MablIyM
ne6, Oy TeHrnamaHu F (x,t) dyHKUMara HucOataH kapaiimus. Y xosnjga Oy TEHT-

nama Bonreppa Typuaaru mHTErpai TeHriama O0yiiaau Ba IIYHUHT YYyH YHTA KeT-
Ma-KeT SKUHJAIIMIUIAP YCYJIUHH KyJUlall MyMKUH Oynanu. By Hyn Ounan xocui
KWIMHTAaH KaTOpHU n +1 Mapta Xamiad auddepeHnuamian MyMKUH OYlau.
Teopema 1 ucéorianau.

M3ox. Kyiiniaru 6enrunamnmiapau
N
® , (x) = [eos Nido (4), ®(x)= lim @ (x)
N - o
bTHOOPra 0Kod, 0 < t < x KHIMaTJIap y4yyH

F(x,t):i[CD(x+t)+<D(x—t)] (2.48)
2

F(x,x) = i[c1>(2x)+<1>(0)] (2.49)
2

TEHIJIMKJIAp YPUHIU OYITUIINHU KYPUILI MyMKHH.

(2.49) Tenrnukka Kypa, arap F (x,t) QyHKIUsS x > t OyiaraHaa n + 1 TapTHO-
JM y3IYKCH3 XOCHJanapra sra oynica, y xonna @ (x) ¢yHkuus x > 0 Oynrannaa

n +1 TapTUOIW Y3JIyKCH3 XOCHianapra sra Oymanu. (2.48) ¢opmymnanan sca, ak-

cuH4Ya @ (x) GyHKIOHS KaHua MapTa y3iaykcus auddepeHnuanmanyBun Oyiica,
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F(x,t) ¢yHKOUS XaMm IIyHYa MapTa y3inykKcu3 AuddepeHnnauianyBuu OYiuim
KeTu0 YMKaIH.
busra keiinHuanuk crnexkTpan (YHKIUSHUHT KyHuZard OAOuil XOoccacu Kepak
oynasu.

Teopema 2. f(x) e L°(0,00) uxTuépuil ysnykcus Guaut GyHxuus 6ynuo,

Kyuuaru
E(2) = [ f(x)cos /2 xdx
0
TEHIJIMK YPUHIU OYJICUH. Arap ymoy

[E*(2)dp(A) =0 (2.50)

TEeHrJIuK Oakapuica, f (x) = 0 Oymaau.

Hcoort. Kyiinagaru

X

E(4) = | f(x)[(p(x,ﬂ) +[H (x,t)(p(t,/l)dt}dx -

0 0 X

= j f(x)p(x,A1)dx + j{j f (x)H (x,t)(p(t,/l)dt]}dx
0 J

0 (o0
TCHIJIMKHUHT S’IHF TOMOHHMAAru WKKWMHYM HHTCTpAIla HHTCTpAJIIall TapTI/I6I/IHI/I

y3rapTupamus:

00 0 o0

E(2) = [ f (e (t, 2)dt + [{[ f(x)H (x,t)dxw}(p(t,ﬂ)dt -
0 J

0 t

(L) + j f (x)H (X,t)dx]}(p(t,i)dt = jg(t)(p(t,/l)dt.
t J 0

o —— 8
o I

Hemak, E (1) pyHkuus g (t) QYHKUUSHUHT ¢ (X, 1) edumiap oyiinda

®ypbe anmamThupuiny 3kaH. [lapceBan TeHrnurura kypa ymoy

[o Mdt = [E*(2)dp(2)
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TEHTJIMK YpuHin Oynranu yuyH (2.50) maprtra OMHOaH KyHumaru

[g”(t)ydt =0

0

TEeHIJIUK YpuHIu OYnanu. byHnan aca g (t) = 0 3KaHJIWUTY KeIUO YUKaIu, ShHU

F(x)+ [ f()H (x,t)dx =0 (2.51)

t

alfHuAT Oaxkapwinaan. f (x) ¢uHUT GyHKIMA Oynranmury yayH (2.51) TeHrimkna-

T'¥M MHTETpa YSKJIM OpavKa OJIMHAIH, IyHUHT yuyH (2.51) Tenriama Boareppa

TypuJaru MHTErpaj TeHriama Oymamu, OyHAaH 3ca f(x) = 0 SKAHJIUTH Keaud
yukanu. Teopema 2 ucootianam.
Onpunru naparpadaa ymoy
[—y"+a(x)y =1y, 0<Xx<o

n (2.52)
Ly'(0) = hy (0), q(x) e C"[0, )

[typm-JInyBuin  MacadaCMHUHT CHEKTpal (YHKUUACH p (A1) Y4yH Kyluaarua

MKKHTA IIapT Oa)KapUIMIIU KYPCaTUILIH:
N
l ®, (x) = [cos Vixdo(4)

TEHTJIMK OWIaH aHWKJaHATuTraH QYHKIMUIAp KETMa-KeTIuru N — o J1a Oupop

®(x) e C"7(0,) Qpynkuusra uatunagu. by epaa

Jp(z)—iﬂ, A >0
T

[p(2), A <0;

o(A) =

Il. Uxtuépuit f (x) e L*(0,») y3mykcus GUHAT QYHKIMS y9yH KyHHIaru
[E*(2)dp(a) =0

TEHIJIMK YpuHiu Oyica, f (x) = 0 Oynanu. by epna

E(2) = [ (x)cos V2 xdx .
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OHau, OUpOp MOHOTOH YCYBUH p (A1) (pyHkuusa ydyH rokopunaru | Ba Il maptmap
Oaxapuica, y oupop Oup Lltypm-JlnyBunn yerapaBuii MacaJaCUHUHT CHEKTPAal
dbysKImMsicH 6Y1m0, q(x) € C "[0,00) OYIMIIUHYU KypcaTamMu3.

Yoy
1

F(x,t) = —[@(x+1t)+ d(x-1)]
2

TEeHIJIUK €paamMuaa F (x,t) QYHKIUSHU aHUKJTAMMU3 Ba Kyluaaru

K(x,t) + F(x,t) + [K(x,8)F (s,t)ds =0, (0<t<x<ow) (2.53)

0
WHTETpajl TCHTJIaMaH! Ty3aMu3.
Teopema 1. Xap Oup Taiiuunanrad x > 0 yuyH (2.53) uHTerpan teHriama-
HUHT €UMMH MaBXXyJ] Ba TOHAINP.
Hcoor. (2.53) naTerpan TeHIaMaHUHT €UMMHU MaBKy 1 Ba SITOHA SKaHIUTHHH
Kypcatuin yuyH OpearoiabM TeopemMacura Kypa x MnapaMeTpHHUHT Xap Oup TaiiuH-

JaHTaH MycOaT KuiMaTuaa, yuoy

g(t) + [F(s,t)g(s)ds =0 (2.54)

0
OWp KUHCIIM HMHTErpall TeHrjama (pakaT HOJ e4umra sra OVJIMIIWHUA KYpCaTHIL
eTapiiu.

Teckapucunau ¢apasz Kuaaiauk, spHu (2.54) TeHrIaMaHu KaHOATIAHTUPYBYH
HOImaH (apKiau Yy3Iykcu3 g(t) e L°(0,0) Qynkums Mapxyn ne6 Qapas
Kuiaimk. (2.54) TeHrMKHA g (t) QyHKOUSATa KymanTupud, (0, x) opanukaa t

Oyiinya MHTerpauIaiMms:

X X

[o’(t)ydt + [[F(s,t)g(s)g(t)dsdt =0. (2.55)

00

F (s,t) pyskiusauar udomacuan (2.55) TeHravkka KyHuO, HHTErpaiall TapTH-

OuHHU y3rapTupcak, ymoy

[o?)dt + | {(”g(s)g(t)cos Vs cos \/Atdsdt 1}ol,o(/l) _
0 J

-0 L0O
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- }O {[}}g(s)g(t)cos Va's cos +/atdsdt W}d(E\/IJ =0 (2.56)
= Lo | \z

alHUAT XOcuJ Oynanu. YHU KyHujaaru
X , o0 (x ]2
[g”®dt + [ {[g(t)cos Vatdt | dp(2)-
i ol J (2.57)

B } ﬁg(t)cos \/Itdtl d(iﬁj= 0
% Lo )=

KypUHUIIIA E3UIT MyMKHH.

[TapceBan Tenrnuruaad oiganancak, ymoy

2

]j %[J)ig(t)COS \/;tdt 1} dp(1) =0
- Lo J

TeHrauK Xocun Ooynanu. |l maptra kypa Oy xon ¢akar g (t) = 0 Oynranga Oaxa-
pwiaau. apa3zuMu3 HOTYFpHU 3KaH, sibHU (2.54) TeHrinaMa ¢akar HOJ e4nMra Jra.

Teopema 1 ucéornanam.

I'enbdana-JleBuran uHTErpan TeHraamacugad, F (x,t) QyHkous t Oyiinya
KaH4Ya xocuiara sra 0yica, K (x,t) QyHkuus xaMm t Oyiinua mryHua Xocusiara ara

OynuIIM KypuHaau. XaKUKaTaH Xam, yiuoy

K (x,t) = —F(x,t)—jK(x,s)F(s,t)ds =0, (0<t<Xx)

0
TEHIJIMK YHT TOMOHHU t Yy3rapyBuu OVitmda KaHua Mapta auddepeHnuaniaHyBuu
Oynca yHMHI VHT TOMOHHM XaMm t y3rapyBuM Oyiinua mryHua Mapta AuddepeHuu-
aJTaHyBYH OVIaiu.

K (x,t) GyHKUMSHUHT x OYyitmua auddepeHnuamiaHyBYaHINTMHA TEKIIU-

PHILI KyHUIary JIeMMara acocyiaHau.

Jlemma 1. YOy

1

w (X, )+ [HOGE @)y (tg)dt = (X, 1) (2.58)

0

WHTETpaj TeHrjama OepuiaraH Oyau0, YHUHT H (x,t, #) sanpocu Ba f (x,u) 0301

Xaau u TlapaMeTpra Ba x Yy3rapyBuura HucOarTaH y3Jykcu3 OyicuH. Y XoJja,
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arap OMp >KMHCIIM TE€HIVIaMa u HAapaMETPHMHI 4, KUMMaTHaa QakaT HOJI e4uMra

ara 6yica, u, HyKTaHUHT 6upop arpoduna (2.58) uHTerpan TeHrIaMaHUHT €4UMU
X Ba u ra HUcOaraH y3nykcu3 GyHKOus Oymamu. Arap H (x,t,u) Ba f(x,u)
byHKIUsIap m MapTa p Oyinda y3nykcus quddepeHnmuamianyBuu Oyiica, (2.58)
TEHTJIAMAaHUHT €UYUMH XaM u Oyiinda m Mapra y3iaykcu3 auddepeHnraianyBIn
oynasu.

Hcoor. 1. (2.58) TtenrnmamanuHr H (X,t, ) SAPOCH Y3IIYKCU3 OYITaHIUTH
YUyH, YHU KyWHJ1arnda

H(x,t,u)=H(tu)+Htu)=H, +H

KypuHumga €3u6 onamus. By epra 4 mapaMeTpHUHI u, HyKTa aTpoduiaru

KUMUMAaTIIapy y4yH

‘l‘T(X,t,,u)‘< ¢

TEHrcu3IMK Oaxapunaau. Kynaitmuk yuyn (2.58) renrnamanu ymoy
v +H w + I-Ty/ = f
CUMBOJIMK  KypuHuiiaa ¢€3u06 onamuz. ODpenaronsM  Teopemacura  Kypa
(1 + H,) "omeparop MaBkyn. OXupru TeHramKka (1 + H,) ' omepatopHu
TabCUP KUJAUPAMU3:
w+(l+H,) " Hy = f(1+H,)" (2.59)

(r+H 0)’1 H Oneparop HOPMAaCHHM  XOXJaraHda KUHYPAUTUIL MYMKHUH
Oynrannuru yayH (2.59) TeHrnamara KeTMa-KeT SKUHJIAIIUIUIAP YCYJIMHA KYJUTaIn
MyMKHUH, OyHAaH 3ca y (X,u) EYUMHUHT x4, HYKTaJa Y3JIYKCU3JIUTU KeauO
YUKAJIH.

2. JluddepennuannanyBYaHIUTUHA UCOOTIA YIYH H (X,t, #) (QyHKIUSIHU
H=H_+ H KypuHuIaa €310 onamus. bynna

m

1 0"H .
(y_ﬂ°)+m+;aym g (= )

m H=Hg

oH
H, =H(Xtuy)+—
op

by epna ¢ mapamMeTpHUHT x4, HyKTa aTpoUAard KUMMATIapu ydyH
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‘H (x,t,,u)‘< ‘/1 - /uo‘.g
TeHrcu3nuKk Oaxkapunanud. Jlemma MCOOTHHMHT OWPUHYM KHCMHUTA Kypa

(I + H )" omeparop MaBxyn. [lemak, yuioy

-1

w—(l+H ) "Hy = f(l+H_)
TEHramara KeTMa-KeT SKMHJIAIIWIUIAp YCYJIWHU KYyJjaam MyMKuH. byHnan sca
w (X, 4) CUYUMHHUHI p Oyhuda p , HyKTa arpoduaa m mapra guddepeHumamia-
HYBUMJIMTU Kenuo ynkagu. Jlemma 1 ucooraanam.

Kentupuiran nemmanu ['enbdann-JleButan uHTErpaji TeHriaMacura KyijaanmMus.

byHuHT yuyH

K (x,t) + F(x,t)+IK(x,s)F(s,t)ds =0, (0<t<x)

0
MHTCrpal TCHIJlaMaaa X = x4, S= x4 U Ba t = yr aJIMAITHPUII 6a>KapaMH3:

1

K(u,ur) + F(y,yr)+IK(y,,uu)uF(yu,yr)du =0, (0<7<1). (2.60)

0

Arap, Kyiiuaaru
w(t,pu)=K(u, pu),
H(z,u,u)=pnF(uu, ur),
f(eopu)=-F(u,ur)
Oenrmnanuiapau kupurcak, (2.60) tenrinama (2.58) kypunuiinu ogamu. H (7, u, )
aapo Ba f (r,x) 0301 XaA Y3JIYKCH3 DKAHJIWTWIAH FOKOpHUAArd JieMmara Kypa
w (r, 1) QyHKIUS y3nykeu3 OVnumuy kenud yukanu. Jlemak, K (x,t) GyHKIUS X

Oyiinua y3JIyKCH3 JKaH.

Xynau mry jemmara acocaH F (x,t) QyHkuust x OWuua n + 1 mapta audde-
pPEHIIMAJUIAaHYBUM DKAHJIUTUIAH K (x,t) GYHKIUSHUHT X Oyinda n +1 Mapta

nudpepeHnnanIaHyBUUIUTH KEIUO YUKAIH.
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XVJOCA
Maskyp Outupys umm Lltypm-JInyBumnn Ba [upak oneparopiapu ydyH Aro-
HAJIMK Ba MaBXYMJIMK TEOpEMaJapUHU YpraHuira OaruvIlUIaHTaH. bUTuUpyB uIu
UKKUTa 60061aH nbopat 0ynud, bupuHuM 60012 KylHuIaru SITOHAIMK TeopeMalapu
YpraHuiraH:
1) AmOapiryMsiH TEOPEMAaCHHIHT HKKHTA HCOOTH KEITUPUIITaH.
2) Uxkura cnektp UItypm-JImyBwin omepaTopuHH STOHA  aHUKJIAIIA
YpraHuiras.
3) Cnexrpan ¢ynkmus Ltypm-JInyBriur orepatopuHU STOHA AHUKJIAIIN
YPTaHWIITaH.
4) Ymymuii kypunuiaru Jlupak omepatopu yuayH bopr Teopemacu ypuHIN
AOMACIIMTUHU KypCaTyB4Yl MUCOJI KYypCATUIITaH.
NkxuHun 6061a MaBKXyAJIUK TeOpeMaiapy YpraHuiras:

1) {2,} Ba {a, } cOHIAap KETMa-KETIUTMHUHT CICKTPAl XapaKTepUCTHKAJIAP

OYIUIIM y4yH 3apyp Ba €Tapiii IMapTiiap KeATUPUO YUKAPUIITaH.

2) Cnektpan ¢yHKIHs OyHUYa TECKapu Macaiaa MaBXyJIUTH KYPCaTUITaH.
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