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KHUPHUII

MartemaTuka Ba (pU3MKaHUHT OUp KaTOp MyXUM HYHaJIUIIJIAPUHUHT PUBO-
»nanumura Htypm-JInysunn

—y"+q(x)y = Ay, (0<x<7x)
y'(0)—hy(0) =0, y'(x)+Hy(r)=0

yerapaBui macanacu Ba LlItypm-JInysuin oneparopu

d? 1
L=——5+0q(x), xeR
dx

CIIEKTpaJl Ha3apHACHHUHT yCyJulapH KaTta xucca Kynym. Onatna ((X) - dyHKus

[ 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 XOC (PYHKIUSIJIApU MYXUM POJb YiHammHu kypcatub 6epau. Hatmwxkana, 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
ornepatopu yuyH Oy Hazapus I'. Beiin [4] Tamornaan ymymnamtupuiaaa. Keitna-
ganuk Oy Macamara E.U.Tutumapm [14], H.JleBuacon [7], b.M.Jleutan [8],
B.A.Mapuenxko [11], M.I'.Kpeiin [6] Ba Oormika oJiumiiap Y3WHUHT YJIKaH XUccalia-
PUHHU KyLIAJIAP.

bepunran norenuman Oyitmua IlTypMm-JInyBuIIn OnepaTOpUHUHT CHEKTPal
XapaKTepUCTUKAJIAPUHU TOMHII Macajacura CreKTpall aHaJIU3HUHT TYFpU Macaa-

CH Ba aKCHHYA, CIIEKTpas XapakTepuctukanap oyinga lltypm-JInyBuin oneparo-
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PUHM THKJIAIl MAacajacura CHEKTpal aHAJIM3HUHI TECKapu Macajacu JIeUuiIaau.
Typau xun derapaBuil IapTiaplard CIEKTpJap, CHeKTpan (QYHKIHUS, COUMIUII
HA3apUACUHUHT OepWIraHjapd Ba IIyHTa YXIIall XapaKTepUCTUKaIap CIEKTpas
XapakTepucTUKanap 0ysa OJHUIIN MyMKHH.

Teckapu crniekTpan macanajgapHu ypranuim XX acp Oomnuiapuja OolIaHTaH
O0ynmu6, Oy HYHAJIMIIHUHT PUBOKUTa MYXUM TYpTKH OYiraH wik HaTwka 1929
nunma B.A. AmOapuymsH [1] TomMoHHMmaH oJiMHTaH: AMOApIyMSHHUHT Oy
HATHMKACU MYXHM OJKaHiurura ovpunuum OYnubO mBen matematuru [.bopr [2]
ypTHOOp Oepau. YMyman onradja Lltypm-JInyBwin onepatopuHu OUTTa CHEKTP
ArOHA PABUIIA aHUKJAW OJIMACIUTMHU Ba AMOapIyMsH HaTHKacu YMyMHUM KO-
WJIaJlaH MCTUCHO AKaHWHM Kypcatau. Y 1945 Wmnaa mkkuTa yerapaBuil IiaprTra
Moc kemaaurad crekrpaap [rypm-JImyBwim omnepaTopuHHM SITOHA paBHILIA
aHUKJIAIMHU ucOoTnaau. bopr ymoy uimga TeHrIaMaHu UKKUTa CIIEKTp €paMu-

Jla Kypull aJrOpUTMHHH XaM Oepau, aMMo A, Ba g COHJIAp CHEKTp Oynagura

[typm-JInyBumn oneparopu Mapxyn OyicuH ae6 dapas3 kuwigu. boprHuHr Oy
WIIWIaH KeMHH TECKapy Macaiajiap coXacuaa MyXuM uzinaHunuiap JIleBuHcoH To-
MOHUIaH 0110 OOpuIIIM Ba OMp KaHYa HATHXKalap Kyjiara KUPUTUIIIH.

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 omepaTopvHHM THKIAIl Macajlacu J0J3apo
oynmu. by macana 1951 #tmnma U.M.I'enbpang Ba b.M. JleBuran [5] TomoHMIaH
eumnau. Cynrpa b.M. Jleutan Ba M.I'. I'aceiMOB [9] TOMOHHMIaH MykamMmaJ-
JAIITUPUIIN.

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
XUCCAIAPUHU KYILJIAJIAP.

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 siHaga opTau. bynmait amanuii 6ornanuniap Ltypm-JInyBumn onepa-
TopunaH Oomika auddepeHIman onepaTopIapHUHT XaM CIEKTpal Ha3apUsSCUHU
VpraHuil aloxuga axaMusaTra sra 3KaHJIWTMHA Kypcatan. Maskyp umpga Lltypm-
JlnyBUIII ONEPATOPUHUHT TECKAapU Macajajlapyd y4yH SITOHAJIMK Ba MAaBXKYIJIUK
TeopeMajapu Xamja pPeasSTUBUCTUK (PU3MKAHMHT MYyXUM TEHIVIamajiapuaaH Oupu
Oynran Maxcyc KypuHuigaru Jupak cucteMacu y4yH siITOHaJMK Te€opeMacu ypra-
HUJITAaH Ba YMyMUN KypuHunaaru Jlupak cucrtemacu yuyyH Oy TeopeMa YpUHIU

OMacCJIMI'NHHU KS"pC&TYBLII/I MHUCOJIIap KCIITHUPUIITaH.

Juccepranusga 60a:kapujral MILJIAPHUHT KACKA4a 0aéHu.

Kyhunnarn yerapasuii Macanara lltypm-JInyBuin derapaBuil macasiacu
Jerunaau
Ly=-y"+q(X)y =1y, xe[0,x], (0.1)
{y(O)COSa +y'(0)sina =0,
y(zr)cosf+ y'(x)sin g =0.

by epna q(x) € C[0, 7] xakukuii y3iaykcus ¢yHKius 0ynub, « Ba [ Oepuiran

(0.2)

XaKUKU# conmapaup, A sca komiuieke mapametrp. ((X) ¢yukuumsara (0.1)+(0.2)

[ITypMm-JInyBriul MacanraCHHUHT TOTCHIIUAIN JCUNIIAIH.

Tabpud. A nmapamerpuunr (0.1)+(0.2) gerapaBuii Macana HoJgaH GapKiIn
eunMra sra OyianuraH KuiiMaTiapura Xoc KuWMartiap Aeiunaau. by xoc Kuii-
Matjiapra Moc KeJayBYM HOJAaH (GapKiu edumiiapra sca, Xxoc GyHKIusIap aenusa-

JH.



(0.1)+(0.2) ITypm-JInyBriIn MacaTacCHHUHT Oap4a XOC KHMaTIapuIaH Ty-
suirad Tymiamra (0.1)+(0.2) MmacaaHuHT CIIEKTpH JICHHATIAIH.
Teopema 1. A, 4,...,4,,... 1ap opkasin ymoy
-y +q(X)y=4y,(0<x<7)
y'(0)=y'(z)=0
yerapaBuid ~ MacajJaHUHI  XOC  KuiMarjmapuHu  Oenrunaiimu3.  ByHna
q(x) eC[0,7]. Arap A =n?, n=012,...6ynca, y xoaaa q(x) =0 6ynanu.
AMOapIyMsTHHUHT Oy HaTH)KacH MYXHM DKaHJIUTUTAa OMPUHYHM OYIUO 1IBe
matematuru [.bopr [2] apTb0p O6epau. Ymyman onranga [ltypm-Jlnysumr ome-
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. A, 4,,...,A4,,... Jap opkanu ymoy
Y +a()y =4y, (0<x<7)
y'(0)-hy(0)=0
y'(7)+Hy(r)=0, h,HeR
yerapaBuil MacaJaHMHI XOC KHHMAaTJIapUHU OCNrMIaMM3. Ly, L, fhy---
Jap OpKaju
ymoy
—yY"+q(X)y=4y,(0<x<7)
y'(0)~hy(0)=0
y'(z)+Hy(z)=0, h,H eR' h=h
YyerapaBuil MacaJlaHUHI XOC KUMMaTiapuHu OenrmnaidmMu3. A, Ba 4, COHJIAp KeT-
Ma-kemimru Q(X) moreHmmanan xamaa h,h,H conmapHm srona pasumina
aHUKJIaNIu.
bopr ymi0y wmmaa TeHrIaMaHu UKKWATA CHOEKTP EpJlaMujia KypHIll ajarOpHT-

MUHHU XaMm Oepau, aMMo A Ba u, connap crekrtp Oynaauran Ltypm-JInyBumn

orepaTropu MaBxkyJ OyicuH ned ¢apa3 Kuigu. bopruuHr Oy ummaaH KeWHWH Tec-
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Kapu Macaiajap coxacuaa MyXuUM u3aHunniap JISBUHCOH ToMOHHIaH 01u0 00-
puIu Ba OMp KaHYa HATHKAJIap Kyjira KUPUTUIIIH.
Arap (X) moreHuHai I Xg(X)dx < oo mIapTHH KaHOATJIAHTHpCA, Y XOJa

0

ymoy
Ly=—y"+q(x)y =k’y, 0<X<o

y(0)=0

TEHIJIAMAHUHT KyHHJard aCCUMIITOTUKAra
u(x,k) ~e ™ +S(k)e*, x—ow

ora OYJIraH €4MMH MaBXyJl JKaHIUTHHU Kypcatuml MyMkuH. by epmarm S(K)

¢ynkuusira Ltypm-JInyBUml onepaTOPUHUHT COUYMIMIN (DYHKIUSCU ASHHIIaIu.

Arap llItypMm-JInyBuin onepaTopu Xoc Kuiimatiapra sra Oymimaca, yauar  S(K)-
couruin QyHKIpsicH  ((X) -IIOTCHIMAIHN STOHA aHWKJIAIM MYMKHHIUTH 1949

nunga Jleeuncon Tomonunan ucootnanau. Keinnuanuk lItypm-JInyBuin onepa-

Topu MaH(puUH Xoc KuiiMaTiapra sra Oyica, yHuHr S(K)-counmmmin ¢yHKIusACH
g(X) -oTeHIMAIHN SITOHA aHMKJIAH oJMaciurura baprmMan Oup KaHYa MHCOJUIAP

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

yyKyp Taxymil KuinmHad. Hatwxana, Mapuenko Ltypm-JInyBunn onepaTtopuHH

ArOHa aHuKIanl yayH, yuar  S(K)-counmmm Qpynkuuscunu, A; =— ;(jz, J=1N-

xoc kuimatiaapuu Ba M;, ] =1, N -HopmamnoBun y3rapmacnapHu Oumuin 3apyp-

JuruHA Kypcatn® Oepau. By HaTmka X03Upru KyHJa COUMIIUIN HA3apUSICUHUHT
SATOHAJIUK TeOpeMacH J1e0 FIOpUTUIIA IH.

Teckapu Macanamap Hazapusicuaa sHa Oup MyxuMm Kagam 1950 #iumnna
B.A.Mapuenko[11] Tomonunan kyuunau. Y OupuHuM OYIUO aqMaIrITHPHUIN Olle-
paTOPUHU TECKapW CHEKTpal MacajlajJapHH ypraHWITra TaaOWK KWW Ba CICK-
tpan ¢ysakiusa [Itypm-JInyBuiin onepatopuHu STOHA PaBUINJIA AHUKJIAIAHA HC-
00T Kunumra myBoddax 6yiau:

Teopema 3. p (1) dynxus ymoy

Y +q()y =4y, (0<x <o)
7



y'(0)-hy(0) =0
HItypm-JlnyBuin MacaJacMHMHI OMpoOpTa criekTpal (GyHKuuscH, p,(A) byHkuus
sca ymoy

=Y+ ()Y =4y, (0<x<0)

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

[typm-JInyBuimt MacamacCHHUHT OMpPOpPTA CIIEKTpall (GyHKIHSICH OVIHo,
p,(A)=cp,(2)
TEHIVIMK Oaxxapuica, y xonaa ¢, (X)=d,(X) ea h, =h, Tenrnuk ypunnu 6ynaau.
by epna q,(x),q,(x) e C[0, 7], h,,h,-xakukuii connap.
Yoy

B-%+Q(x)y:ﬂy, x e (0,7), (0.3)

Jlnpak cucTeMacuHU Kyuuaaru

(0.4)

y,(0)cosa + Y, (0)sina =0
{yl(”)COSﬁJr y,(7)sin g =0

. . . 3 01 ax) vix)+u 0
yerapaBui 1miapTaa KapanumMums. epaa = ) = )
P pTa Kap YA 10 0 v(X)-u

_(m@)
y_

j, v(x) eC[0, 7], u>0.
Y, (%)

Teopema 5. p(A) éa p(1) cnexkmpan pynyusnap
v(X), i, a0, B ea V(X), i, &, ,E jaapea moc cnekmpan yuxyusnap o6yicun. Aeap
5(A) = p(A), AR 6yuca, y xonda V(X)=v(X), Zi=u, t9&=tga, tg B =tgps
oynaou.

Sronanuk TeopemManapu Oy3WJIHIINATA JOUP MHUCOJI.

Ymby yerapaBuii MacajgaHu KapanMus:



( 0 1) " J{IO(X) q(X)j(ylj:/{yl} Y < (0,7) (0.5)
-1 0 Y, ax) —px) A Y, Y,

y,(0)cose + y,(0)sinax =0 0.6)
yi()cos B +y,(x)sin f=0. -
p(x) =0, q(x)=0 6yncun. by xomna (0.5)+(0.6) macananu xoc kHMaTIapH,

X0C (PyHKIMsIapy Ba HOPMAJUIOBYM y3rapMaciapyd MOC paBUIlla Kyluaruiuapra

TEHT OYJ1a/iu:

ﬂnzﬂ_a+n, nez,

T

y (0= (—sin(/lnx+a)]’ ez

Cos(A, X+ )

an:\/;, ne’Z.

Ounu (0.5) Tenrnamanu ymoy

{yl(O) cosa, + Y,(0)sina, =0 ©.7)
y,(m)cosp, +Y,(r)sin B =0.
yerapaBuil maptaa kapaimus. (0.5)+(0.7) yerapaBuii MacajaHUHT XOC KHIMAaTJa-
pH, X0C QYHKIUSTIAPH Ba HOPMAJUIOBYH Y3rapMaciiapiHid MOC PaBHIIIA /Tn , V(%)

Ba «,, NeZ nap opkamu Oenrunaiimus. Arap o, Ba [, napHu yumoy

p—o=p-«c TEHIJINKHU KaHOATJIAHTUPAJUTaH KWINO TaHJIacaK

_~

A=A,neZ, a,=a,NeZ Oyrmagm, sSbHE  cHeKTpad  (QyHKIUsIAP

p(A) = p(A), A€ R" yerma-yer Tymaau, ammo (0.5)+(0.6) Ba (0.5)+(0.7) uerapa-
BHUI Macajiajap alHaH yCTMa-yCT TyIIMAanIu.

Maskyp unmaunr [1-600u1a Kyitnaaru TeopeManap ypraHuiraH:

Yoy
—y"+q(x)y=2y, xe0x] (0.8)



{y'(O) —hy(0)=0 (0.9)

y'(zr)+Hy(z)=0, hHeR’
gyerapaBuil MacallaHu Kapaiimu3. bynna ((X) dysknus [0,72'] Ja UHTerpasia-

HyBuM xakukui Gpyakmws. (0.8) TeHrmamaHuUHT

y(©)=1,y(0)=h (0.10)
OOINJTAaHFUY IIAPTIIAPHMHU KAHOATIAHTUPYBYM €4MMHHH ¢@(X,A) opkamu Oenru-
nmaimms. Ay, A, A,... connap (0.8)+(0.9) werapaBmii MacamaHUHT XOC KHMMaTiIapH
oyncun. YV xomma ¢(x,4,) (n=012..)  ¢yskuusmap OepuiraH yerapasuii

MacaJaHUHT XO0C PYHKIUsTIapH OYiau.

Yoy
f 2
a, = j 0 (x, 4. )dx (0.12)
0

COHJIapra HOPMAJIJIOBUM COHJIAp JCHUIIA/IN. {ﬂn} Ba {an} COHJIapra
(0.8)+(0.9) yerapaBuii MacaJlaHMHT CIEKTpal XapaKTepUCTHUKaIapu Jeiuiia-

nn.Teopema 2.1. .07, ma {a,} , commap xeTma-kerturu ymo

-y'"+q(xX)y=4y, 0<x<r«
y'(0)—hy(0)=0
y'(z) + 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) \/Tn:n+%+6(%),n—)oo

@:%J(%),n_)oo (0.12)

2) A, #A, arap n=zKk
a,>0,n=012,... (0.13)
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3)F(x,t)= icos\//Toxcos\/)Tot _1y Z{icos\/fnxcos\/fnt - Ecosnxcosnt}
a, T a1 | Xo T

(0.14)

(G YHKITUSHUHT [0,7r]><[0,7z] coxara mM+1 TapTUOIM XOCHUJIAaCH MAaBXKY]I.

Teopema 2.2. Arap {/1n }:;O Ba {an }::O COHJIap KETMa-KEeTJIMKIApU YUYH

ymoy
1) \/Tn:n+@+%+9(i4), n— oo, (a, =const)
n n® =n
="+ o) nse (0.15)
2 n° =n

2) A, #A arap n=KkK
a,>0, n=012,... (0.16)

maptiap Oaxapuica, y Xojjaa [O,7z] KecMmana abcaiioT y3lykcu3 Oyirax

o0

g(x) ¢yHkmus TOMMINO {/In }n=0 Ba {an }:;0 COHJIAp KETMa-KETJIMKIIApU
g(x) morenumasm Oupop IlrypMm-JImyBWwim — dYerapaBuii MacajlaHHMHT XOC
KUiiMaT/iapy Ba HOPMAJUIOBYM COHJIApH OViIajiu.
Teopema 2.3. {/1,1 }:;0 Ba {an }::0 COHJIap KeTMa-KETJIMKIIApHU YOy
-yY'+q(x)y=4y, 0<x<rx
y'(0) —hy(0)=0 (0.17)
y'(m)+Hy(7)=0, q"(x)eL(0,7)
KYPUHHUILJIATH MACAJIAHUHT XO0C KHMaTiapu Ba HOPMAJIOBUW COHJIapu  OYiu-

M y4yH KyHUJard maptiiap Oaxapwiviid 3apyp Ba €Tapidaup:

& , & 7
1)JA, =n+—2+ L 420
A n n® n

T b, 7
a =§+—°+—” , Oy epma a,=const, b, =const.
n> n

2) i]/§<oo, ir§>oo
n=1 n=1
A %4 (N#£K) Ba a,>0,n=012,..

11



Yoy
{—y”+q(x)y:/1y, 0<X<w
y'(0) = hy(0), q(x) € C"[0,0)

[lItypm-JInyBunn macajgacuHH KapauMUs.

(0.18)

Teopema 2.3. Bupop monoton ycyBuun p(A) dyakums (6.1) kypuHHAIIHAATH

typm-JInyBuin yerapaBuii MacalaCUHUHT CHEKTpal (QYHKIUSACH OYIUININA YIyH

yi0y UKKHATA
N
l. @, (X) = [cos/Axdo(A)

TEHIJIMK OWJIaH aHUKJIaHaauraH (QyHKOusuIap ketMma-keraurn N — oo jma ompop

®(x) € C"(0,0) dynxumsra uutunam. By epaa

2
o(h) = p(/l)—;ﬁ, 1>0

p(A), A<0;

Il. Vxtuépuii f(X) € L?(0,00) y3nykcus bunuT GyHKIHS yIyH KyiHaara
[E2(2)dp(2) =0
tenrimk ypurim 6yica, f(X) =0 6ymagu. By epaa
E(1) = Of f (x) cos/Axdx.
0

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()y =2y (1.1)
y'(0)=y'(7)=0 (1.2)
YyerapaBuil MacaJlaHUHI Xoc KuimartiapuHu A, A,,...,A .... Jap opkamu Oen-

rtaiimMus. bysaga q(X) EC[O,7Z']. Arap A, =n? n=012,... Oynca, y xoJima
q(x)=0, VXE[OJZ’] oynanu.

HUcbor. buszra onauHaadn Mabiym OViraH ymoOy acHMITOTHK

\/Tn=n+&+ﬁ éku ﬂn:n2+a0+9(i2), (1.3)
n n ='n

y, —>0arap n—>w. a, :ijq(t)dt,
27

dopmynara xypa, arap A =n’, n=012.. Oynxca [q(t)dt=0 (1.4)
0

Oynaau. VKKMHYM TOMOHJAH XOC KHMMMATJIAPHUHT 3KCTpeMall Xoccacura Kypa

(1.1)+(1.2) macananunr OupuHun A, =0 Xxoc KuiimMatu

[y2(x )dx=1 Ba y(0)=y'(z)=0

AbHU

D={y(x):y'(0)=y'(z)=0, [y(x)=1}

byakuusanap cuHpuma ymoy

(Ly.y) = [(y? +a(x)y?Jox

13



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

yO(X)=% byukmus D ra xwumpamu,  xamua (1.4) Hm XumcoOra oJcak

(Ly,Y,)=0 Oymamu, Oymmanm 3ca Y,(X :i yHKIUsA A, =0 ma (1.1) Ten-
0,70 0 \/; 0
rIaMaHd  KaHOATIAHTUPAIW, SbHU
Ly, =0 = q(x)i—
’ Jr

ByHnan 3ca TeopeMa ucbotu kenub uynkaam, spHu ((X) =0, VXxe [O, 7[].

by meopemanune b6owka ucbomunu Kermupamus.

HcHoT. A, ra MOC KemyBUM XOC GYHKUMSIHH  y,(X) Ownan Oenru-

nmaiimu3. Ocuwmsnus Teopemacura kypa Y, (x) =0, XE[0,7Z'].

OZT(MJ'dX:Tyg(X)yo(X)—yaz(x) —Iyo T(yo(x)j
o\Ye(¥)) 0 V() 1,00 v

00— 4] o0 4 H(¥00) 7 HEAC
- 1 22 ax = [qdx —[| Y222 | g,
{ yo(x) !(yo(x)j x=[a0ax !(yo(x)j .
j()ylo—ggj dx = [ q(x)dx (1.5)

(1.3)-acumnToTHKara Kkypa, arap A, = n?, n=0.12,... Oyaca Iq(t)dt =0
0

oynamu. (1.5) ra kypa
o, 2
{@Z—Egj dx =0.
Bbynnan aca Y,(X)=0 = y,(x)=C=0. Arap C=00¥ca, sroHanuK TeopeMa-
cura kypa Y,(X)=0 O6ynmamu. By aca Y,(X) HUHT XOC QYHKIHS dKAHIUTHUTa 3H]I-
muap. lynunr yayn Y,(X) =C #0. byan tenrnamara kyiicax,
0+q(x)-C=0-C = q(x)=0, vxelo,z].

kenub ynkaau. TeopemMa ucOOTIAHIHU.
14



§2. bopr firoHaJIMK TeopeMacH.

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

S(h,H,q) opkamu Oenrmnaiimu3. byauma h,H Ba Q(X) - Xakukuii 6yau0,
q(x) e C[0,7]. (1.6) Tenrnama OwiaH Oupra ymoy
o"+(A-r(X)p=0, 0<x<r, r(x) eClo, ] (1.9)
teHriamanu  Kapamui. (1.9)+(1.7)+(1.8) wuyerapaBuii MacajaHUHT CHEKTPUHU
S(h,H,r) opkamu OGenrmnaiimus. (1.6)+(1.7)+(1.8) uerapaBuit macanaga H HuH,
ra Y3rapTUpHII HaTHXKacHa XOCWJI OVJIraH derapaBuil MacaJlaHMHT CIICKTPHHH
S(h,H,,q) opkanu GenrumaitMus.
Teopema 2.1 (bopr). ArapH #H, yuyn

S(h,H,q)=S(h,H,r)

S(h,H,,q)=S(h,H,,r)
6ynca, y xomma q(x)=r(x), Vxe[0,7] 6ymamm.

Hcéor. S(h,H,q) tymnam snementmapuan A, A,,...,A, ... opkamu Oen-

runaiivus. Teopema maptura kypa S(h,H,q)=S(h,H,r). 6yiranu yayn ymoy

TEHIJIMKJIAp YPUIK:

V' (% 4,) + (4, —a(x))-y(x,4,) =0 (1.10)
y'(0,4,)-h-y(0,4,)=0 (1.11)
y'(z,A,)+H-y(r,A,)=0 (1.12)
o"(X,A4)+ (A, —r(X)) - o(x,4,)=0 (1.13)
»'(0,4,)—h-9(0,4,)=0 (1.14)

@' (7, A,)+H -p(r,4,)=0. (1.15)

15



(1.10) Tenrnmmamm  @(X,4,) ¢ynkousra, (1.13) tenrmamanm  Yy(X,4,) ra
kynaiTupuo, (1)- TeHrmKaan (2)-TeHrMKHY aiinpamus Ba (0, 7) opaiaukaa uHTE-

rpaJutaiMu3

(Y'-@=9"-y)+(r(x) —a(x))- y(x, 4,) - 9(x, 4,) =0

]T(y’ p—¢@'-y) dx+ ][[r(x) —q(x)1y(x, 4,)-@(x, 4,)dx =0

(Y (%, A) - (%, A) = @' (%, A) - Y (X, A +
+ T [r(x)—a(x)]- y(x,4,)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:
JIr() =a0ly(x, 4, )e(x,4,)dx =0 (1.16)
0

Xynmm wrynra  yxmam  terrmk S(h,H;,Q) Tymuam snemeHTIapu yuyH Xam

VpUHIM, Y XoJaa yuioy {y(x,ﬂ,n)go(x,/ln)}f:1 ¢ynkmusutap cucremacu L (0, 7)
dasoma TYyma cucTeMa TAIIKWI KWITAHIWTH Y9yH KyWHIard TEHIJIMK YPHHIIH
oymamu: r(x)—q(x)=0, Vxe [O,;z]. Teopema ucoot 0yaam.

Arap h=H Ba q(z-t)=q(t), r(z-t)=r(t) (1.17)
oynca, y xonma ((t) Ba r(t) vuar (0,7) ma ycTMa-ycT TYHMIMINA Y4yH OHWTTa
CIEKTPHUHT  yCTMA-yCT TYIIMIIW €Tapjd, SbHA TMOTCHIHMAT  CHMMETPHK
Oyica, y Xxoyiga OWTTa CHEKTp MOTCHIMATHUA STOHA aHWKJIANIHN:

Teopema 2.2. H =h 6ymu6, q(7z—-t)=q(t), r(z—t)=r(t)6yncun. Arap
S(h,h,q) =S(h,h,r) 6ynca, yxomma q(t)=r(t), Vxe [0,7[] Oynanu.
Teopema ucboTuman oaAWH yHIOY JEMMaHM HCOOTCH3 KEITUPUO YTamus.

Jlemma. ¢, (t,4,) opkamu ymoy

y" +{4, —a(t)}y =0 (1.18)
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y'(0)—hy(0)=0
y'(7) + hy(z) =0.

yerapaBuil MacaJaHUHT XoC (QyHKuusutapuau Oenrmnaimus. Arap q(z —t) =q(t)

(1.19)

6yica, y xomaa ¢ (t,4,) dynxmusiap cucremacu (0, 7) opamukna f(z —t) = f (t)
mrapTHu KaHoamnantupysun f(t) dyHkuwsiap ¢asocuma Tyiaa cuctemMa XOCHII
KUJIaIu.
Teopema ucbotmam naBoMm Kunaupamus. @, (t,4,) n=123,... byHkuu-
smap (1.18)+(1.19) auar xoc QyHkmUMsIapu Oyiaca, y Xoima ymoy
o, (r-t,A)=a.0,t,A1,) (1.20)

MyHocabar ypummd. Bynna o, =(-1)"" . (1.16),(1.17) Ba(1.20) nan

T

[[r® - a®]- o(t, 4,)y(t, 4,)dt =

0

O N | N

[r(®) = a)]- ¢(t. 4,)y(t. A, )dt + [[r0) - a®)]- p(t, 4,)y(t, 2,)dlt =

2

[r) —a(t)]- o(t.2,)y(t,4,)dt + T[r(z—t) —q(r -] o(t, ,)y(t, 4,)dt =

O N | N

2
=2[[r(t) - q(V)]- o(t. 2,)y(t, 4, )dt =0.
0
[0’%} ma  {y(t,A4,)e(t,A,)}, dyEKuusmap cuctemacw TYnma cHcTEMa TaUIKHI

KAJITaHU YIyH rit)—q(t)=0, Vte [O,%} kemu6 umkamu. (1.17) ra kypa

rit)—q)=0, vte [O,?Z'] oynanu. Teopema 2.2 uc60T 6yaau.
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§3. Anmamrrupuin oneparopu. Map4eHKO SITOHAJMK TeOpPeMAaCH.

Kytinnaru ltypm-JInyBuiin yerapaBuii MacaiaciHu KYpUO YMKAMM3:

{— V' +9(X)y =4y, (0<x<oo)
y'(0) = hy(0),

oy epna g(X) ¢ynxuus [0,00) opamukna y3nykcus Oyiran xakMkuid GyHkous, h

(1.21)

UXTUEPUI XaKUKHUH COH Ba A XaKUKHi mapaMmeTp aed Kapaiaju.

Yoy
—y'+a(x)y=2y, (0<x<o)
y(0) =1 (1.22)
y'(0)=nh

Ko macanacuauar eqnmunn @(X, A) opkaam GenruiaimMus.

Teopema (I".Beun, 1910 1.). (1.21) gerapaBuii Macaia y4yyH OyTyH YyKia

aHWKJIaHraH, ycyBuH, danmad y3nykcus, ©(—0) =0 mapr Ounan HopmaiuiaHrad
mynnait p(1) dyskuus masxyakn, 6yrna L (0,00) dasoman onuHraH HXTHEPHIA

f (X) dyskus yayn
T f2(x)dx = T F*(1)dp(A) (1.23)
0 —0

Tenruk 6axapunanu. by epna F(A) dynkuus
F.(1) = I f (X)o(x, 1)dx
0

2
KeTMa-KETJIUKHUHT L (1) (—o0,40) (azomaru TMMUTHHHE OUITIUPAIH.

(1.23) Tenrnukka spum ykna oepwiran Ltypm-JInyBunn wmacanacu yuyn Ilap-

ceBa TeHrauru aeimnanu, P(A) oyskumsra (1.21) MacanaHuHI CHEKTPA
¢ynkuusicn  nevvnagu, F(A) oyskumsra sca f(X) ¢yuxuusaunr @(Xx, A1)

eunmiiap O6yiinya €3unrad @ypbe aaMalITUPHUIIHM ISHUIIAIN Ba Y

F(1) = T f (X)p(x, 4)dx
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kabu OenruiaHaan.

H3ox: CrekTpant pyHKIMsS yMyMaH OJIraH/a sroHa smac.

Taspud. Arap p(A) ciekrpan GyHKuMs OUpop A, HyKTaHHHT KHYUK aTpoduaa
y3rapmac Oynca, A, Hykra (1.21) MacamaHuHT peryJsip HyKTacH jaeinnany. Pe-
ryssip OynMaran Hykraiap Tymiaamura (1.21) macalaHuHT CleKTPH JeHIIaay Ba y
E xapdu Ounan Oenrunanagu. Crekrpand (YHKIUSHUHT Y3WJIHMII HYKTaJIapura
(1.21) macanaHuHT XOC KMiMatTiaapu nevunanad. CIeKTPHUHT aXpairaH HyKraja-
pu TYIUIaMHUIra CIEKTPHUHT TUCKPET KUCMH JCUUIIAMIH.

E nHopmamnanran umsukimm ¢azo 6ymmo, A Ba B ynunr E;, E, xucm dazo-
Japuia aHUKJIaHTaH YU3HMKIIN orepaTopap OYJICHH.

Tawpud. V3u Ba Teckapucu E dasona ysnykcns 6yiran,

XA=BX éxun A=X"BX
mapTe KaHoarinantupysun X ! E, — E, umsuxmm oneparopra A Ba B omepa-
TOpJIAp YUYH aJIMAIITHPHUII OTIEPaTOpU ACHUIIA TN,

Jlemma 1. Arap ¢ € E; Bektop A onepatopHuHT A XOC KMHMaTHra Moc Ke-
JyBYM XOC BekTopH Oyica, i = X¢ Bektop B omepatopuunr xymau nry A xoc
KUAMAaTUTa MOC KeJIyBYHM XOC BEKTOpH Oyaiu.

Hcoor.By = BXp = XAp = XAp = IX¢p = Ay .

JlemMma 1 ucooTaanam.

Jlemma 2. A, B, C omneparopnap moc pasumna E dazonunr E, E,, E; kuem
dazomapuga aHHKIaHraH omepatopiap O0ymub6, A Ba B omeparopmap yuyn an-
mamrrupuin ornepatopu X, B Ba C omeparopiap ydyH alMaIlITHPHIN OTIEPATOPH
Y 6¥yica, A Ba C oneparopiap ydyH alMainTHpHIn onepatopu YX Oyaamu.

MUcboT. AnMamntupuin —onepatopuHuHr Tabpudura kypa XA = BX,

YB =CY o6ynmagn. Ukkunun TeHrnukaad B =Y 'CY wum TONMUO, OMPUHYKCHUTA
Kyiicak, ymGy XA =Y "CYX temmukka sra Gymamus, sern  (YX)A = C(YX)
TEHIJIUK Keano unkaan. Jlemma 2 mcooTIaHaM.

Ouau sipuM yxaa oepunran Ltypm-JInyBusin oneparopu yuyH aaMaliTHPHUII

OMEPATOPUHUHT KYPUHUIIIMHYA TONUII OUJIaH IIYFyJUIAaHAMU3.
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E = C'[0,0) 6y1m6, A Ba B omeparopmap Kyitnmarn

2
A:—:—2+ql(x), 0<X<o0, (1.24)

X

d2
Bz—d—2+q2(x), 0<x<o (1.25)

X

Kypunuira sra 6yiacun. By epna @, (X), g, (X) dynxuumsnap [0,00) opanukna Ge-
pWITaH y31yKcu3 QyHKIUSIIapIup.

E, opkamu E daszomaru f'(0) =h, f(0), (k=12) wmaprau xaHoatiau-
TUPYBYM, UKKH MapTa y3JIyKcu3 nuddepeHnmnannanyBun QyHKIUUIAP TYTITIAMUHU
Genrunaitiuk, Ny Ba N, cormap nxTuépuii Yekim xakukuii Connap GyICHH.

Teopema 1. A Ba B omeparopyiap yuyH aJIMaIITHPHUII OMEPATOPH MABXKY/I

Oynu0, y y4yH KyWHJlard TaCBUpP YPUHIIH:

XE(x) = f(x)+ [ K(x,t) f (t)dt. (1.26)
0
by epna K(X,t) sapo kyiugaru
0°K 0°K
o2 _Q2(X)K = ot _Q1(t)K (1.27)
TCHIJIaMaHU Ba
1 X
K(x,x)=h, —h, + > [la,(s) - a,(s)]ds, (1.28)
0
oK
(Ef_mK)MZO (1.29)

mapmiapay Kanoarnantupagd. Axcunua, K(X,t) ¢ynkuus (1.27) TeHrnamManuur

(1.28), (1.29) maptinapHu KaHOATIAHTUPYBUYM euuMHu OyJica, (1.26) TeHrnuk Ouian
Oepunran X omeparop A Ba B um3ukim omeparopiap ydyH aJMaIlTHPHUII OIle-
paropu Oynaau.

Ucbor. 1. Xf(X) € E, 6yaranu yuyn

(Xf)'

xeo= Ny (Xf )‘ x=0" hz( F(x) + jﬁ K(x,t) f (t)dtj‘ o=, T(0)
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TEHITUK YpuHiu Oynaau. Mkkunuu tomonaas, (1.26) TeHrnmMKAaH Xocuia oiuo,

yioy

(XF) = £/(x) + K(x x) f (X) +faa—§ f (t)dt (1.30)

tearaukaa X =0 gecak, Kyitumarn

(Xf )" o = F'(0)+K(0,0)f(0)=h,f(0)+K(0,0)f(0) =

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

ubona xocun 6ynamu. f € E; dyHkumsiHuHr uxtrépuii skaHMruaas ymoy
K(0,0)=h, —h, (1.31)

TEHTJIMK KeJIMO YMKaIu.

Oumu B(Xf) = X(Af) mapran wnwraramus. (1.30) TeHrmMKIaH Xocuia

01110,
(Xf)" = f"(x)+ f(x)di K(x, X) + K(x,x) f'(x)+
X
oK x0°K
+— | FT(X)+ f (t)dt
ymoy

B(Xf) =—(Xf)"+q, (X)(Xf) =—1"(x) - f(X)% K(X,x) —
oK £ ( 52K (1.32)
- K(x, X)f’(X)—a—\t_x - f(X)+q2(X)f(X)—I(—2—q2(X)K}f(t)dt
X o\ OX

tenraukau xocua Kunamus. X (Af) udonana xyiumgarn
I K(x,t) f"(t)dt = _[ K(x,t)df'(t) = K(x, x) f'(x) — K(x,0) f'(0) —
0 0

oK (x,1)

‘t=x f(x)+

_ f KOG 4 1y =K (x, %) £ 1(x) = h K (x,0) F (0) —

oK ( 0K (x,1)

X, t) :
+ o ‘t:Of(O)_'_.([ v f (t)dt

Oynaknad MHTErpaUIallHU UIIJIATCaK, YOy
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X(Af) =[= 700 +a, (0 f (x)]+ I K(x, )= (1) +a,(t) f (1) ot =

=—f"(X) + 0, (%) f(x) + (th(X,t) = %j‘t:o f(0) -
K% x) F/(X) + aKg’t)\t 00— ( (t)Kjf(t)dt (1.33)

TEHTJIUK KEJIUO YUK,

(1.32) Ba (1.33) udonanapuu Oup-oupura TeHriad, ymoy

- 1005 K- T2 00+ a,00 700 -
T( (x)K]f(t)dt KO, 4 g, 0 F (0 +
+(h1K(x,t) oK, t’j\t L f O] [a—K —m(t)KJf (t)dt (1.34)

TEHIJIMKKA ora 0YVinamu3. (1.34) TeHrnukaa Kyinaaru
dK(x,x) oK(x,t) oK (x,1)
= ‘t—x + ‘t:x
dx ot

dopmynanan Ba f(X) QyHKUMSHUHT UXTHEPHI SKaHIMIHAaH (oigaTaHcaK, Xam-

na K(0,0)=h, —h, renrmukan ospTHOOpra omcak (1.27), (1.28), (1.29)

TEHTJIMKJIAp KeJIUO YMKaIH.

buz A Ba B uumsuknm oneparopiap yuyH anmamrupuin orneparopu (1.26)
KypHHHIIIA u3faHca, yHUHT sjapocu (1.27), (1.28), (1.29) maptiapHu KaHOATIaH-
TUPHUIITMHA UCOOTIIATUK.

K(x,t) ¢yukuus (1.27), (1.28), (1.29) mapriapHu KaHOATJIaHTUPHIIKIAH

(1.26) tenrnuk Owmman Oepumagurad omepatop A Ba B omeparopmapHuHT a-
MAIITUPUII ONEPATOPU OYIHMIMIUHK KYpCAaTHII y4yH KWJIMHTAH WIUIAPHUA TECKapH
TapTHO/1a OakapwuIll eTapiiu.

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

WKKUHYM XoccacujiaH Qoinanannd, Oy Macajia VpHUTa COJJAPOK MacajaHu
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Kapaimus, sbHH yMyMHIIHKHN Oy3marad xoiga (,(X) =0, hy =0 éxu h, =0

ne6 XxucoOan MyMKHH SKaHUHU KypcaTaMus3:
d? d? d?
A=——+09(x), B=—, C=——+r(X
dx? 900 dx? dx? ()

63116,
E,={f(x)eE| f'(0)=hf(0)},
E,={f(x) eE| f'(0)=0},
E,={f(x) eE| f'(0)=h,f(0)}
6yncun. Byman Tamxapu A Ba B omeparopiap yHyH alMAIITHDHII ONEpaTOpH

ymoy
Xf(x) = f(x)+ j K, (x,t) f (t)dt, (1.35)
0
kypunuiiga, B Ba C omeparopiap ydyH aaIMaIITHPHII OIEpaTOPH Kyiuaarnda
Yf (x) = f(x)+ j K, (x,t) f (t)dt (1.36)
0

kypunuiga 6yiacud. Y xonga A Ba C omeparopriap yduyH ajJMalITHPHUII OIepa-

TOpH yiOy

YX) f (x) :Y{f(x)+le(x,t)f(t)dt}: f(x)+TKl(x,s)f(s)ds+
+TKz(x,t){f(t)+jKl(t,s)f(s)ds}dt: f(X) +

+ T{Kl(x,t) + Ky (1) + j Kz(x,s)Kl(s,t)ds} f (t)dt =

=f(X)+ J K, (x,t) f (t)dt,
0
KypuHuiaa 6ynamu. by epna

K;(x,t) = K (X, 1) + K, (X,t) + T K, (X, S)K,(s,t)ds.
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3 I[eMaK,(l ;27)4(1.28)+(1.29) macaanu Tekumpuinad (, (X) =0 Ba h, éku
h, Homra Tenr Gynran xomma onuG Gopumn erapmu. bus h, =0 6yaran xomHn

Kypub unkamun3, N, = 0 Gynran xomma xaMm Xyiu IyHAa#H Oy namm.

0°K  9°K
= —q(t)K, 3
o q(t) (1.37)
Khﬂ=-4*-1TQGﬂB, (1.38)
2%
(8K§(,t) _ hK(X,t)]‘ =0 (1.39)

Macaljia CHMMH MABXXYIJIMTUHA Ba ATOHAJIUTHHHU Kg’pCElTPIIHHMPI?; KCpakK.

Arap 0y macamama ymoy & =X+1, 7=X-—t anmamrupumnu OGaxapcak,
KyWujaru
K=K +K,,
K =(K: +K,)): +(K; +K,), =K. +2K, +K,_,
Ki=K:-K,,
Ky =(K;=-K,)): = (K. =K,), =K, -2K, +K

dbopmynanapaas, ymoy

1 (&+7
K. =—=q 27 |k
o 4‘{ 2 )
£
12
K|, =—h —Ej'q(s)ds,
0

(K, —K, —hK)|,_, =0
TEHIJIMKIIAPHHA XOCUJI KAJIAMM3.
OHJM 3ca OXUPIH Macajara 3KBUBAJICHT OYJIraH MHTErpaj TeHIIama Ty3aMHu3.
byHHHT y4yH OXUpru macanaaa Kynuaaru

_wlstn §—mn)_
K(x,t)_K( > j—A(é,n)

OenruianHg KUpUTHO, YHU
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A = —ECI(Q i ﬂ)A, (1.40)

47 2
12
A(a,0) = —h — > [a(s)ds, (1.41)
0
(A, — A, —hA)|,_, =0 (1.42)

kypununiga é3ud omauo, (1.40) renrmukau [0,77] opanmmkna £ Gyiinda wHTErpaj-

JTAaMU3;

A, (a,7) - A, (2,0) = 4? (“*ﬂ

0

)A( ,P0)dg. (1.43)

(1.41) tenrnukka acocan A («,0) = —%q( 2) OyJraHu yqdyH yIioy
11 +
A, (a7) = ——q(“] . q(“ 5 / jA(a, p)dp (1.44)
0

TeHruK Ypurmm 0ynaau. (1.44) reurnukuu [77, £] opanukna o Gyiinua uHTErpa-

na0, ymoy

¢ n
A(f,n)—A(n,n)=—%Iq(%j ——f{j (aJrﬂjA(a,ﬁ)dﬂ}da (1.45)

aliHUsITTa ora 0yIamMus.

Oumu A(77,77) wu xucobnaiiMus. (1.42) TeHIIIMKKa Kypa yIuoy

2Aa‘ﬂ=a =(A, + Aa)‘ﬂ:a = Aa‘ﬂza + Aa‘ﬂza = Aa‘ﬁza +

dA(a, @) N
da

+hA(a, ) =e ™ (" Ala, @)’ (1.46)

+ (A, + hA)\ sew = (A, + A, + hA)\ e =

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

(eh“A(Of,a))’——%eh“{( j IQ(

dbopmyna kenub ynkaau. (1.47) aliHUSITHHA [O, 77] opanukaa o Oyinya WHTETpa-

jA(a ﬂ)dﬂ} (1.47)

naitmus Ba (1.41) maptaan ¢oiinananu6, Kylinmaru
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A(n,n):—he‘“”—%e‘“”} {( j | q( jA(a ﬂ)dﬂ}da (1.48)

0

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

1% (a 1 7 a
AE,n) =-he™ —=[qg = |da—=e ™" [e" (—)d —
&7 4Jq(2)a ) £ g, |da

—Ee“”je““{jq( ZﬁjA(a ,B)dﬂ}da— (1.49)

-7 {T [“ﬂ ]A(a,ﬁ)dﬂ}da

aiinusTra sra Oynamus, seHu A(a, ) oyukuus (1.49) uHTErpan TeHrIaMaHu

KaHoaTianTupap skaH. Akcunua, A(a, ) oyuakius (1.49) uaTerpan TeHrIaMaHu
Kanoatnantupca Ba ((X) ¢yHkuus ysnykcns muddepeHimanianysun Oyiica,
(1.49) WHTErpaji TEHIJIaMaJlaH doitnananud Ala, p) byHKIMS
(1.40)+(1.41)+(1.42) macalaHUHT €YUMU OYIUIIMHU TYFPUAAH-TYFPU TEKIIUPUO
KYpHUII MyMKHH.

(1.49) Ttenrnama Bonreppa Typuaard MHTErpaj TeHIrJama OYJIraHu Yy4yyH
YHUHT €YUMH MaBXXyJ Ba ATOHAAWP. byHW KeTMa-KeT SKUHJIAIUILIAp yCyau Ou-
JIaH KYPCATHUIIl MyMKHH.

q(X) ¢yukuus ysnykcus auddepeHnuamIanyBIn OyiIMaca, YHU Y3JIyKCU3
nmuddepenimaianysun  (,(X) ¢yrkmmsiap Ownan skumnamupud, Ko (X, t)
byHKIUSIIap KETMA-KETJIMTUHA XOCWJI KWJaMu3, 0y KeTMa-KEeTJIMKHUHT JIMMUTH
K(X,t) anmamrupuimn onepaTopuHuHr sapocu 0ynaau. Teopema 1 ucooraanau.

M3ox. [llynu aiitn6 yrum kepakku, K(X,t) sgpo A mapamerpra Gornuk
amMac.

Mucoa 1. Arap teopema 1 nunr maptuga A Ba B omepartopnap kyiumaru

Ba
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d2
BZ—W-FC](X), h2 =h

KYpuHUIIIa Oepuiirad 6yica, amMalTUPUIL OTIEPATOpH YOy
X
XF (x) = f(x) + [K(x,t) f (©)dt
0

kypunuinaa 6ynaau. by epna K(X,t) sapo ymoy

’Kxx —Q(X)K = Ktt
SK(X,X)=h+ %jq(s)ds (1.50)
0
Kt‘t:O =0

MacCaJIaHMHI' CHUMUOUP.

@(X,A) Ba @, (X, A) opkaau MOc paBHIIIa KyHHIaTH

-y'+q(x)y = Ay -y'=y
y(0) =1 Ba y(0) =1
y'(0) =h y'(0)=0

Komm wmacananapyHuHT  eyuMjapuHu  Oenrwiaiimmk. busra  mMabiaymku
@ (X, A) = COS~/AX Gynaan. AJIMAIITHPHII ONIEPATOPUHHIHT XOCCACHTa Kypa yui-

Oy

@(X, A) = cos/AX + j K (x,t) cos~/Atdt (1.51)
0

TEHIJIMK YPUHIU OYIaau.

Muco. 2. Arap teopema 1 Hunr maptuga A Ba B omeparopmap ymoy

d2
A:—d7+q(X), hl :h

Ba
d2
dx®

KYpUHUIIIA Oepriirad OVIICHH JIecak, aIMAIITUPHII OTIEPATOPH KyHuaaru

B= h,=0
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XF (x) = f(X)+ j H(x,t) f (t)dt

kypunuinaa 6ynamu. by epna H(X,t) sapo ymoy
Hxx = Htt - q(t)H

.

H(x,x) = —h—%jq(s)ds (1.52)
0

\(Ht _hH)‘tzo =0

MacCaJIaHMHI' CHUMUOUP.

AJIMaIITUPHUII OTIEPATOPUHUHT XOCCacHura Kypa yioy
X
cosVAX = p(x, A) + [ H (X, De(t, A)dt (1.53)
0

TEHIJIUK Oa)Kapuiaiau.

H3ox. By epna xam H (X,t) sapo 4 mapamerpra GorIHK SMac.

Yoy
q(x) = 2 AR, %) , (1.54)
dx
q(x) = _pdH(x,x) (1.55)
dx
Ba
h = K(0,0) = —-H (0,0) (1.56)
OOFIIAHUIIIIAP TECKAPU MacaJla €4l MyXUM aXaMUsT KacO dTaju.
Teopema 3.1 (B.A.Mapuenko, 19501.). p,(A) dyskums ymoby
—y" X)y = Ay, 0<x
{ Y +q,(X)y =2y, (0<x<wx) 157)
y'(0) = h,y(0)

[ITypM-JInyBHILIT MacalaCHHUHT GUpopTa CrieKTpan GyHKiuscu, O, (A1) byHkims
sca ymoy

{— y'+d,(x)y =4y,  (0<x<wx) (158)

y'(0) = h,y(0)
[ typm-JInyBuin MacanacuHUHT OMpOpTA crieKTpall GyHKUIUsICH OYIuo,
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p,(14) =Cp, (1), C =const
TeHrK Oaxapmica, y xoima ,(X) =q,(X) Ba h, =h, rearmuxnap ypuamm
oynamun. by epma (,(X) Ba Q,(X) oyakumsmap [0,00) opamukma y3mykcus
xakukuii Qyukmsiiap, h,h, sca xakukuit coxmap.

Ucor. p(X,A) opkamn  —Y"+0,(X)y = Ay TeHrnamaHuHr KyiAugaru
9(0,.2)=1  ¢'(0.2)=h
OOlUIAHFUY NIAPTHH KAHOATJIAHTHPYBYM eunuMubd, W(X,A) Owman o5ca
—Y"+0,(X)y = Ay TeHrmamaHuHT Kyiugara
w(0,4)=1  v'(0,2)=h,
OOLUTaHFUY IIAPTIAPHUA KAHOATIAHTUPYBUM €YUMUHU OenrminaimMus. Y xomnaa

AIMAIIITUPHUIIT ONIEPATOPUHUHT XOCcCacura Kypa ymoy
w(%,4) = p(x,2) + [K(x. et A)dt (1.59)
0

TeHrnuk ypurau Oynamu. b €[0,00) wuxtuépuit con Oyncun Ba f(X) dynxius

X > b 6Ynaranga Hosra ailaHyBuM UXTUEPHI y3ayKcu3 GpyHKIuUS OYacund. YV xonaa

f (X) dynakuusausar (X, A) ednmiap 6yiinya Oypre aIMamTHPUIINT
F(A) = ? f (X)w(x, 4)dx (1.60)
0
MaBxyn 0ynuo6, [TapceBan TeHrUru ymoy
[ 2000k~ [F2(0)dp, (1) = € [F2 (Ao, (2 (1.6)
0 -0 —0

kypununiga 6ynaau. (1.60) rearmukna (X, A) ypuura yauar (3.39) TeHrnvuk 6u-

JaH AaHUWKJIAHraH KUWMAaTHUHM KyWnO, WHTErpajiaiml TapTUHOMHM Y3rapTupcak,

Kyuuaru
b
F(4) = [ 9()e(x, 2)dx (1.62)
0

TEHIJIMKKa ora 0yiamu3, 0y epaa
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g(x) = f(x)+TK(t,x)f(t)dt.

Kypuun6 typubmuku, g(X) dbynkmus xam X > b Gyiranma Houra aiiaHasim.
(1.62) tenrmuknarn F (A1) dyakius g(X) ¢pyuxmusauar @(X, 1) eaumiap Gyiiu-

ya &3wirad Oypee anmaiurupuy 0ynanu. Lllynunr yayn [lapceBan TeHrnuruian

Ba (1.61) TeHrMMKIaH KyHuaaru
¢ 2 T2 152 1° 2
[9°000x= [F*(Ddp,(2) = < [F* (D)o, (2) = < | £ (0
0 —o0 o0 0
TEHIJIMKJIapra 3ra 0yinamu3. byHnaH aca ymoy
b b
Clg?(x)dx = [ f?(x)dx
0 0
TEHIIMK Keau0 unkaau. LIlyHuHT yuyH KyiAugara

Af :\/E{f(x)JrTK(t,x)f(t)dt}

omeparop L*(0,b) ¢asoma ymurap 6ymamm. A yHHTap omepaTop ydyH 3ca
(A")' = A rennmk Ypurmm Gynamu, 6y epma A omeparop A omeparopra

KyIImMa Oyran oneparop, s’bHH yIioy
b b
[ Af (x)-h(x)dx = [ f (x) A"h(x)dx
0 0

IIAPTHUA KaHOATIAHTUPYBYHU OTIEPATOPIHP.

fAf (x) - h(x)dx = TJE { f(X)+ T K(t, x)f (t)dt}h(x)dx -

=.JC ﬁ f (X)h(x)dx + T h(x)T K(t, ) f (t)dtdx} -

I
O T

JC {h(x) + j K (X, s)h(s)ds} f (x)dx,

A*h(x) =-/C [h(x) + j K (X, s)h(s)dsj (1.63)
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oynanu.
A" onepatop Bonreppa Typumaru onepatop 6yiranu yays (A*) ™' omepatop
MaBXyJ Bay XaMm Boareppa Typunaru omepatop Oyianu:
1
Jc

Y6y (A*)™" = A tenrmukka Kypa

(A")h(x) = {h(x) + j H (x,t)h(t)dt}. (1.64)

L

N (h(x) + { H (x,t)h(t)dtj = \/E(h(x) + j K(t, x)h(t)dtJ

h(x) + j H (x, )h(t)dt = C(h(x) + T K(t, x)h(t)dtj (1.65)

alHUAT KenO YMKaau. X HyKTaHu Taiumiaad, t < X xuiimatnap yayn h(t) ¢ysk-

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

CaH KyhuJarua
C(h(x) 4 T K(x,t)h(t)dtJ — h(x) (1.66)

TEHIIMKKa ora 0yiamus. byana X =D necak Ba h(D) mubr nxtuépuii skanmuruau

spTHbOOpra oscak, C =1 keaub unkamu.

Jlemak,
T K (x,t)h(t)dt = 0 (1.67)

6ymap skan. Arap oxupru tenrmmkaa h(t) = K(x,t) necak, K(x,t) =0 6ymummu-
HU kypamus. (3.39) bopmynara acocan
p(x,2) =y (X 4)

TEHITIMKKA 5ra Oynamu3. Bomnutamrud maptiapaan Ny =h, Ttenmmk kenn6
yukany. (3.37) Ba (3.38) macananapaaru nuddepeniman TeHriaManapaan

"+, (X)p = Ag

9" +0,(N)p = A
xocui 6ynaau, SbHU
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[ql (X) -4, (X)](P(X’ A4)=0
oymap oskan. ;(X) Ba Q,(X) GyHKUMSTApHHMHT y3TyKCH3IMTHHE Ba @(X, A)
(GyHKUHMS HOJUTAPUHHUHT a)XpalraHIMTHHA dbTHOOpra oiub, q,(X) =(,(X) aiinu-

ATHH KenTupu6 ynkapamu3. Teopema 3.1 ucOoTnangu.

Mapuenxo meopemacuoan ¢houdananub 2§ oa kenmupunean bope meo-

pemacuHune 60m;§aqa ucoomunu Keimupamus.

Yoy
9" +{A-q(t)jp=0 (1.68)
¢'(0) —hg(0) =0 (1.69)
¢'(7)+Hp(z) =0 (1.70)

gyerapaBuii MacallaHMHT Xoc KuiMmatimap tymiamuau S =S(Q,h,H) opkamu

OenrnnanMus.
@' +{2-rt)}p=0 (L.71)
¢'(0) —h*p(0)=0 (1.72)
¢'(r)+H*p(7r)=0 (1.73)

YyerapaBuii MacaJaHUHT Xoc Kuiimariap tymiamuan 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*06ymnca, y xonma h=h*, H=H* H =H>* q)=r()

oynanu.

Hcoor. S(h,H,q)=S(h*H*r) TYIUIAMHUHT  3JIEMEHTJIApHU KeTMa-
KETJIUTHHU Ay Ay OopKau  OenrmiIaiMus. Arap o(t,4,)
(3.48)+(3.49)+(1.70) MacajJaHUHT  XOC byHKIUSIIApH, w(t,A,)

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

mm=2ﬁ¢¢%m%, d@=25#¢4m%

An<A A<A 0
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oynanu. Ulynunr yayn 6us I¢2 (t,4,)dt :CI¢2 (t,4)dt n=12,... (1.75)
0 0

DKAHJIUTUHU HCOOT KWJICak, y Xojga Mapuenko teopemacura kypa bopr

TeOpeMacUHUHT HcOOTH KemmO uukamu. ¢@(t,4) opkam (1.68) TeHrIaMaHUHT

p(0)=1 ¢'(0)=h (1.76)
mapTiapHd  KaHOATJIAHTHPYBYM €4MMUHHK Oenrmnaiimu3. (1.68) TeHrmamana

A HA g Ta anMalTHUpUO KyWHAAaruHu XOCUJI KUJIaMU3:
@' (t 1) + = a® Jot, 1) =0. (1.77)
(1.68) Tenrnamann  ¢(t, 1) ra xymaitupamus, (1.77) tenrnamann @(t,A) ra
KynaTupamMu3 Ba OWpUIAaH MKKUHYUCHHHM alupuOd, KyWhujaarura sra Oyinamus:
[t 2) plt. 1)~ 06, 2) - 9'(t, )] = (1= Dot oot ).
Oxupru  TEHIrJIamMaHU (0,7) opanukiaa wuHTerpauiaimmu3. Hartmxkana

Kyhugarura sra Oyiamus:

o7, A) - (7, 1) — (7, A) - @l (7, 1) % |
) =[o(t.2)- ot ).

by tenrnukna g — A na auMuTra yTamus, HaTHXKaaa

(02t A)dt =g (2, 2) - @, (. 2) — (2, 2) - @, (7, 2) (1.78)

Oynamu. Xap Oup ¢ukcupnanran t nma ¢@(t,A) Ba o/ (t,A) map OyTyH
¢yukumsutap  Oymagu.  Ulynwmnr yuyn  ¢/(7,A) + Ho(r, 1) byHKIHS
KyWlHaarnda
o (7, A)+Hp(z,A)=C, - H(l— %) =C,- @, (1) C, =const (1.79)
n=1

YeKkcH3 KymaiiTyBumra &immamu. Xymam mysmai, arap {u }=S(h,H,,q)

Oyica, y xoJsa

n=1

ol (7, A) + Hp(r, 1) =C, -ﬁ(l— ij =C, -@,(1) , C,=const (1.80)

n

oynmamu. (1.79)-(1.80) cucremanapau euuoO,
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r_ chlcpl B CzHCDZ

1.81
¢ H _H (1.81)
Co, -C,D
T A)=—t1t 22 1.82
olm A==~ H, (1.82)
JapHU  TOIAMU3. by Ttenrmamamapam A Oyiimua  nuddepeHnnaniad
Kydnujaarugapra sra Oyinamus:
C, o -C, 2,
(r A)="21——22 1.83
@, (7, A) H—H, ( )
o, (m,A) = A,C% = RGP, | (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:

[ (t, A)dt = GC, (DD, — D,D)). (1.85)
0 Hl - H
XycycaH, A=A, ydyH
[ (t, A)dt = GG, D (A)D, (1) (1.86)
0 H - Hl

ypunmu. Arap S(h,H,q) =S(h*,H*,r) 06ynca, y xoima KyHdumard TEHIJIMKHH
YPUHIIA SKaHUHU KYPCATUII MYMKHH.

C,*C,*

H*—H,*

[47(t,2,)dt = DL(2,)P, (A) (1.87)

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

Arap (1.68) tenrnmamana ((X) xo3ddunmeHT

[ @+ x)|adx < oo
0
IIapTHU KAHOATJIAHTUPCA, Y X0Ja Yoy
-y +aq(X)y =4y (1.88)
y(0)cosa + y'(0)sina =0 (1.89)
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M typm-JInyBunn macanacu 4ekiauTa MaH(pui Xoc KuiimaTiapra sra 6ynuo, 4 >0

yUYyH CHEKTp y3JIyKcu3 Oymanu, spHu cnektpain p(A) dyakmus A >0 ga y3myk-

cu3z OYynaau. Kyinnarnya JA =s Genrmmam KApUTaMu3. Yoy

o0

M, (s) =isina — °5% + Lqe =g, (t, A)at
s sy

¢ynxuusHu Kapaiimus. bynma ¢ (t,4) bynakmus  (1.88) TeHrmamaHuHT

(1.89) mapTvHM KaHOATIAHTUPYBYM E€UHMH.

M (S) dyHKIMSA Kyiiu spUM TEKHCIMKAA aHAIUTHK OYyInO, XaKWKWH YKKa y3-
JyKcu3 naBoM Kuiaau. ¢ >0 Ba t—>oo yuyH
0, (t.2) =M, (s)sin(st - 5, (s)) +0(D).
by epna o, (s)=argM_(s), J,(s) oynkuusra (1.88) TeHryIiaMaHUHT COYH-

JINIIT

bynkuusacu neimnaan. p(A)  GyHKUMS Kydumara

Z{T(p;(t,xk)dt} 1<0

<4 0

T N 17 du
a(t,lk)dt} Fo—HE a0
Z{f o] M)

/?“k <A

p(A) = (1.90)

dbopmyna Oyiinya aHWKJIAHAIH.

Teopema (Jlesuncon). o,,(S) counnmmim pynkuumscu, A, =— ;(jz, j=123,...
X0C KuimaTiap Ba M, = I *(t,A)dt, k =1n HOPMAJUTOBYHM  Y3rapmaciap
0

(1.88) Tenrmamanu Ba (1.89) yerapaBuii mapTHU STOHA AHUKJIAWIIU.

Hcbor. Mapuenko Teopemacura Kypa A;, m; d, (s)map p(A) byHKIUAHN
ArOHA aHWKJIAMMWHW Kypcatum etapiu. A <0 yuyH Oy ¥3-y3umaH paBIias.
Oumn  A2>0 yuyn kypcaramu3. byHunr yuyn J,(S) coummmm QyHKOuACH
M_(S) Hu Xakukuil S napga OWp KUMMAaTIIM aHUKJIAIIUHHA KYPCATHII ETapIIu.
bu3 kynuparura sramus:

INM,, (s)=In|M_ (s)| +iargM (s)
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Xaxkukuit ykga  argM _(s)=0,(s) mabaym. Ulynnait kw6 InM_(S) ananu-

TUK (PYHKUUSHUHT MaBXyM KUCMHU XAKUKHH YKIa MabiayM. YOy

In Ma(s):1 Mdr
T, S-T

dbopmynara kypa aHATUTUK QYHKIUSHUHT MaBXyM KUCMH Oyinya (QyHKIHSHUHT

¥3u xam TukiaaHaau. by popmynanan Xxakukuii S=o nap yuyH Kydugaru

M, 9 == | %D g, (1.91)

T O-T
ek Ypuniu. [lynnait kunué M (o) QyHKIMA XaKuKuil o jap ydyyH cO4HU-
i azacu Oyiinua Oup KuiiMaTiiv aHukjIaHaau. by sca Teopema uc6orunu Gepa-

hiy78
§4. Ilupak cucreMacu y4YyH SITOHAJIMK TEOPEeMACH.

Ymby Jlupak cucTeMacuHU

~UJ+(V(X) - @)U, = 2U,, xe(0,7) |
KyWHIard 4erapaBui IIapTaa
U,(0)cosa +U,(0)sina=0 (1.93)
U,(7)cosp+U,(x)sin =0 (1.94)

kapaiimu3. by epaa V(X) e C[O,7Z'], 1>0, AeC. (1.92) renrmamanu Kyiugara

KYPHUHUILA XaM €311 MYMKHH:

01\(U!) (V(X)+u—A 0 \U,) (0
93 AN (ol

E€KU

B-Q+Q(x)y:ﬁy,
dx
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(01 (U)) dy (Ui (V+u 0
e B_(—loj’ y_(uzj’ dx_(ugj’ Q(X)_L 0 V(X)—ﬂj'

(1.92)-(1.94) macananuHr crnekTpaid (QYHKIUACH KyWHIardn KypHHHIIA OYyja-

hivz8
> iz A>0
0<n<2 &,
p(A) = . (1.95)
- > —5, 4<0
A<I<0 O,
OyHJ1a
2 ”[ 2 2
a, =[U, (x,4,)+U, (x,ﬂ,n)]dx, neZ.
0
U,(x,2)
bynkuus  (1.92) TeHrmamaHuHT
U, (% A)
U,(0,4) =sin
1(0.4) =sina (1.96)
U,(0,4) =-cosax
v, (0,1) ;
IIAPTHU KAHOATJIAHTUPYBYH  CUHMHU. m(A1) :W TEHTIIUK EpramMuia
v, (0,

Vv, (X, 4)
V, (X, 1)
v,(m,A)=sinp, V,(r,A)=—-C0Sp. (1.97)

M QYHKIUSHUA KUPUTaAMU3. Bsz[a( ) byHKIIUA KyHugaru

HIapTJIApHU KaHOATIAHTHUPYBYH (PYHKIIKS.
Teopema4.1. p(1) Ba p (1) cnexrpan ¢ynxmusnap V(X),u,a,3 Ba
V *(X),1*,o*, f* napra moc crnektpan (QpyHKmusuiap OyjacuH. Arap
p*(A)=p(1) 1eR
Ooynca, y xomma V *(X)=V(X), u*=u, tgf*=tgpl, tga*=tga Oynaam.
Hcoor. buzra (1.92)-(1.94) macananuur I'pun matpunia (yHKIUACH Ke-

pak. Y KyWuaarnda aHUKJIaHAIu:

A% (1.98)

n
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Oy epaa
U U Uyv, Uy © N
U=| ¢! ’ U.v = 1 (Vl,V) 11 1v2 , p-V'Z=|—imZan-
U, U, U,v, U,v, = No=T{
(1.98) kaTop xap Oup (X,y) HyKTaga SKHHJIAIIYBYH OynuO, SKHHJIAIIAIL X =Y

JMOTaHalaH TalllKapuJa JIOKaJI TeKUC  sKuHiamyB4yu Oynaau. LllyHuHr yuyn

['pur matpumnia QyHKIUACH X<y Ba X>Y Jap ydyH y3IyKcu3 Oyrnaau Ba

YHUHT MUTUHIMCUHA ~KyWHJarnda €E3Wll MyMKHH.

1
———U(XA) v (y,4), x<y
G(x,y,4) = W) (1.99)

v(x,A)-U"(y,1), y<X

CW(A)

Vl]Ba W(A) =U, (X, )v,(X,A) —U, (X, )v,(x, 1) W dynaknus

2

Oy epna v :(

X ra OOINHK 3Mac.
W, =Uv, -Uv, +Uv, -Uy/ =V -m-A)U,v, - (1 -V -mU,v, +
+(A-V-mUy, -V -m-A)U,v, =0.
Jlemma 4.1
sina

. 2 dp(t) .
G.,(0,0,4)=sina-p-v.[ =2 =sinacosa — _ . OyHIma
u(00.4) P [O/l—t m(A)sin & + cosa .

_(Guxy.4) Gp(xy,4) dp(t) % dp(t)
Gx y’l)_(Gﬂ(x,y,l) G,, (X, y,/i)j a Py I !LJ A-t’

Hcoor. YOy aiimpmanu  kapaitmus: G, (0,0+0,4) —G,,(0,0,4). Tabpudra

Kypa
U, (y, 4)
Gy,(0,y,4)=sina-p-V - Z A
Ymby acuMITOTHK
\Im/l\
U,(x,1) = sm{/ix jV(t)dt+a}+O( 7 ), (1.100)
[ImA|x
U, (X, ﬂ)——cos{/lx jV(t)dt+a}+O(e‘ 7 ),|A| = o (1.101)
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a’ =n+0(i), a’(A-1)=—m+0 (1.102)
= 1+|n| =

dbopmynamapra kypa ymoOy HUFHHIHA

sin( 4.y — fv (t)dt + a)

sina- pV.), (1.103)

n=0 — 7
KaHJal cakpamra sra 0ynca, G,; Xam Xyaau OIyHAal cakpaimra sra oynanu
(4yHKH aiiupMma y3IIyKCU3IUD).

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

y
A=n+ Y0, v=p-y+ V(D (1.104)
T —1+\n\ 0

Kyhujgarura 3ra Oyiaamus.
. Y . 1
sin(4,y — [V (t)dt + ) =sin< ny + a(y) + 0(-—-)
. =1+|n|

V y
a(y)=—y—|[Vdt+a.
T 0

Hemak (1.103) dyskmus ymoy Sinap-V - ZSin(ny —;na(y)) (1.105)
N0 -
dbyHKIMsS Oup XWJ cakpaiira 3ra 0ynaau.
sinap-V - ;sin(nz ;na(y)) =sina -cosa - a(y) - _27[ : gsinnny (1.106)
Mabnymku i sinny katop  (0,27) na Gepunran %y GYHKITUSTHUHT
hl

dypre karopuaump. by dyakums y =0 HYKTaI[a% cakpamra osra. [lynpai

k6o (1.106) pyukius  —SinaCOSar  cakpamira sra. Ilyauar yuyn (1.103)

naH ymly TEeHIJIMKKa 3ra Oyiamwus.
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G,,(0,0,4) -G,,(0,0+0,4) =sinx cosx

G,,(0,0,4) —sin acosa——TU 1(0,4)-v,(0,4) =
B sine - v, (0,4) . sina -v,(0,1) B
~ U,(0,4)-v,(0,4)-U,(0,4)-v,(0,2)  sina-v,(0,4)+cosa-V,(0,4)
—sina

“sina - m(A) + cosA

JlemMa ucOoT/IaHAH.
Jlemma 4.2 Yumly TEeHIJIMK YpUHIU

m(A)cosa
m(A)sin a + cosa

G,(0,0,2)=cos’a- p-v | % =—sinacosa +

Ucoor. Xynau okopugaruaek (GUkpiaml opuTamMus.
G,,(0,0+0,1)-G,,(0,0,1) cakpamau Tomamm3. Tabpudra kypa

U (0/1) U, (v, 4,)
G,(0,y,4)=p-V- Z 2 (A1) , A#A, SbHU

22(0 y,A)=—cosap-V - Z%

(1.101)+(1.102) acumnToTHK (popMynanapra Kypa ymoy WAFUHIU

cos(4,y — TV (Hdt + &)

cosa - p-V ZO _Om (1.107)

KaHmai cakpamra sra Oymnca, G,,(0,y,A) Xam Xyamu mryHzmai —cakparira

sra OYnaau.(1.104) acumnroTkara kypa

cos(4,y — TV Odt+ a) = cos{ny +a(y) + Q( 1 ]} :
0 =(1+|n|

Hemak (1.107) iturunau ymoy

cosar- p-V ZCOS(”y;a(y”
n=0 -

byHKIMs OuiaH OMp XWJI cakpailra 3ra Oyaaam.
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> cos(ny +a(y)) _cosa -sina(y) .Eisin ny

n=0 — 7N ZTnaa N

cosa-p-V -

bynnma cakpam SN COSa Ta TeHrmru kenwO umkamu. Lllyanai kumuo

cosa -V, (0,4) _ m(A)cosa
sina -v,(0,4) + cosa -v,(0,4) m(A)sine +cosa

G,,(0,0,4) +sinacosa =

Jlemma ucOOTIAH/IH.
Haruxka 4.1.
A) Arap Sina=0 Oynca, yxomga

p.V.Twzctga_ 1 . 1
A-t sina m(A)sina + cosax

—00

B) Arap cosa=#0 Oynca, y xonaa

p.V.TM:_tga+ 1 . m(ﬂ')
LAt cosa m(A)sina + cosa

O

D-v- ]" dp(t)  m(A)cosa —sina
S A-t m()sina+cosa

Haru:xka 4.2.

Cnektpan ¢ynkmus tgae Ba mM(A) ¢yHKOMAHU OWp KUWMATIM aHUKIANIN
Ba akcuHua M(A) ¢yHknus Ba tga crnektpan (QYHKIUSHH OWUp KUHAMATIH
AHUKJIANIH.

HMcoor. Cnekrpan GyHKIUS o HU OUp KUMMATIM aHUKIAWAW , SbHU tQor HH
Oup  KuiiMaTiu aHuKmadgu . 4.1 ¢) Hartwkara kypa M(A) HE Xam OHp
KuiMaTiau aHukiaaian . m(A) Ba tgoa

© do(t)
p-v- | o

aIMAIITUPUIITHN OUp KUWMATIM aHUKIAWId Ba CTUJIBTEC TecKapu aj-
mamntupunirgad o(t) Hu Oup KUHAMATAM aHUKIAIIKd KEJITUO YHMKaIu.
Teopema 4.1 ucoorunu aaBom Kuaaupamu3. Yerapapuii maptamn o =0 1a
KapaiimMus, y xonna 4.1 B) HaTmkara Kypa
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< dp(t)
i

mA)=p-v-

Ctunprec TeCKapu alIMaIllTHPUIIMHUA kymiad p(A) au Tomamus. p(A)
oyitmua V (Xx)Ba tgf uu tomamus. Teopema 4.1 ucooTIaHIN.

SAronanauk TeopeMasiapu Oy3WIMIINTA JOUP MHUCOJI.

Ymby yerapaBuii MacajiaHu KapaiMus:

[ 0 1) o +[I0(X) q(x)jﬁyllzﬂiyl} ‘e (0.) (L.108)
-10 Y, ax) —p(x)AY, Y,
{yl(O) cosa +Y, (0)sir_1 a=0 (1.109)
yi(7)cosp+y,(x)sin g =0.

p(x)=0, q(x)=0 6yncun. by xomaa (1.108)+(1.109) macaiganu Xoc KHiiMatJa-
pH, X0C PYHKIHUIAPH Ba HOPMAJIJIOBYH y3rapMaciiapd MOC PaBHIIIA KyHHIaru-

Japra TeHT OYyiau:

A :ﬂ_a+n, neZ,

n
T

yn(X):L_Sin(inX+a)], nez, an=\/;, neZ.

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

y,(0)cosa, +¥,(0)sina, =0 o
{yl(”)COSﬂl +y,(7)sin g, =0. (1.110)

yerapaBuii maptaa kapaitmus. (1.108)+(1.110) derapaBuii MacaaHUHT XOC KHM-
MaTiapy, Xo¢ (QYHKIUSUIAPH Ba HOPMAJUIOBUM y3rapMacllapuH{ MOC PaBHIIAA Zn :
y.(X) Ba «a,, NeZ nap opkanu Oenrminaiimu3. Arap @, Ba f3, JapHHU ymioy
B-—a=p-c TEHIJINKHU KaHOATJIAHTUPAIUT aH KHIINO TaHJIacaK
A, = Zn, neZ, a,=a,NeZ Oymamgk, SbHA  CIEKTpad  (QYHKIHsIIAP
p(A) = p(A), A € R* yerma-yet Tymanum, ammo (1.108)+(1.109) Ba (1.108)+(1.110)

yerapaBuy Macajajlap aiHaH yCTMA-yCT TyILIManIu.
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II. BOb

HItypm-JInyBu/Li1 OIEePATOPUHUHT TECKAPU MACAJIAIAPH

YUYH MaB:Ky/UIUK TeopeMaJapu.

§2.1. {1} Ba {a,} comnap kerma-keTJuru GyiiM4a Teckapu MacaJaHHHT

MaB/KYIJIUTHA.

Ymby naparpadnaa {ﬂ,n} Ba {an} COHJIap KETMAa-KETJIMTUHUHT  CIEKTpall Xa-

pakTepucTUKaIap OyauIIM y4YyH 3apyp Ba €Tapiid IIapTiap KeaTHpuO

YUKApWITaH. Yoy

—y"+q(x)y=2y, xe0x] (2.1)

y'(0) —hy(0)=0 (2.2)
y'(7)+Hy(x)=0, hHeR’ '

yerapaBuii MacajgaHd Kapaiimms. byHma Q(X) ¢yskus [0,72'] Jla WHTerpasia-

HYyBYM XakKuKuW GyHkuus. (2.1.1) TeHrmamManuHr

y(0)=1,y'(0)=h (2.3)
OONLIaHFUY MIAPTIIAPDHHU KAHOATIAHTUPYBYM euyuMHUHHA ¢@(X,A) opkamu Oenru-
naimus. A,, A, A,... cornap (2.1.1)+(2.2) dverapaBuii MacaJaHWUHT XOC KMHMatia-
pu 6yncun. Y xomma ¢(x,A4) (n=012...) dyskumsnap Oepuiran gerapa-

BUI MacaJaHUHT X0C PyHKUMsIapu OViaau.

Yoy
a, :j’(pz(x,ﬂ,n)dx (2.4)
0
COHJIApTa HOPMAJUIOBYM COHJIAp JCHUIIAIN. {A,} Ba la,}  commapra
(2.1.1)+(2.2) dyerapaBuii  MacaJlaHHHT CTIEKTpald  XapaKTepUCTHKAIAPH
Jeunaau.
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Ymlby maparpadaa onguHAaH OepwiiraH {/ln} Ba {an} COHJIAp  KeTMa-
kemnard (2.1.1)+(2.2) kypurummgarn Oupopra dYerapaBUil MacCaJaHUHT CIICK-
TpaJl XapaKTepUCTUKAJIapH OVIMIIN Y4yH 3apypuidl Ba e€Tapiu IapTiap KelaTH-
pHUIIAIH.

busra teopema umcboTMaa Kepak OYymamuraH ymoOy acUMITOTHK (opmyanap-
HM ucboTCH3 KenTupu® yTamms. McGotu 6unan [..] wm wmmosacmna Tammmm-

IMWHTU3 MYMKHWH.

Arap q™(x)eL (0,7) 6ynca, y xomia

a m
\/Tn=n+%+...+ H g (2.5)
n 2{9}1 2{%}1
n n
b m
\/07,1:£+b—°+...+ [ri} + Tn’] (2.6)

oynanu. by epna

1 17
a, :;{h+ H +E!q(t)dt} 2.7)

2

al,...,a{m} Ba bl,...,b{m} y3rapmac coHJap, [X] Oenru X COHUHUHT Oy-
2

TYH KUCMUHU OWIIUPAJIH.
= =1
Arap m xydr con Oyica,y xomma y,=0(1) Ba 7, :0(—j Exun
n

Srico  ma Y(O)<o  Em y,=00) 7, =0
n=0 n - n B

n=0

oynanu.

n

Arap m Tok coH Oynca, y xomma p, :8(1) BA T :6(1) Exu
n

C (Vny2 S 2 i} 1 1. .
M) <00 Ba T~ <o EKH =0(—), r7,=0(=) Oynamu.
2. 2 70 =005) 0() Gyman

n=0
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Teopema 2.1. 0o, Ba {a,}., comnap xerma-keruru ymoy

y'+q(xX)y=4y, 0<x<rx
y'(0) —hy(0)=0
y'(7) +Hy(7)=0, q"(x)eL(0,7)

KYPUHUIINIATH MacajJaHUHT XOC KUMMATiapyd Ba HOPMAJUIOBYM y3rapmaciapu

OyIuIIM y4yH KyHugaru maptiap OakapWIvMIIM 3apyp Ba €Tapiauiup.

1) \/Tn:n+%+(=)(%),n—>oo

@:%J(%),n oo (2.8)

2) A, #A arap n=zKk
a,>0,n=012,... (2.9)

3)F(x,t)= iCosw//l0 XCOS,/ Ayt — 1
%y T
+Z{icosw//1nx008\/int —Ecosnxcosnt} (2.10)
=1 | %o T

dyuxmusnar  [0,7]x[0,7] coxama m+1 TapTmGmM XocHiacH MaBxKyil.
HUcodot. 3apypuiirueu.

{ﬂ,n} Ba {an} comylapHuHT Tabpudaapu xamuaa (2.5)Ba (2.6)acumnroTuk ¢op-
Myjajapra acocaH 3apypUJIMK ~ KACMUHM HCOOT Kwmnm yuyH  F(X,1)

byakuuss mM+1 tapTubnu xocuiara sra OVIMIIMHM KYPCATHII JIO3UM.
t<x ned xwucoOmarimus. (2.8) Ba (2.9) acumnToTHK (hopmynanmapra Kypa

(2.10) xarop Oapua X=#t kKuiiMartnapaa skuHiamyBuu Oymanu. LIyHUHT yuyH
Xt Xt
”F(u,v)dudv—i” os\//Toucos\//TOvdudv—X—t+
00 Qo0
© %t C0S\/A,ucos\/A,V
+>f j{ VAucos Ay 2 }dudv
00

——cosnucosnv

n=1 n T
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6ymamn. Ymby  coSvAX=g(x,A)+ I H(x,t)p(t,A)dt TacBupman ¢oiinana-
0

HUO OXMPrU TEHIVIMKHU KyWuaaruda &3m0 ojaMus.

T T n=1 n

by epna IlapceBan TEHINIMIMHHA MCOOTIACAK,

O ) <

jF(u,v)dudv = Tduj H(s,u)ds + jdui H (s,u)ds +
4—jdsifi(u,s)duj}i(v,s)dv.

a 2
oxot

kenmnbd uymkamu. OXUpru TEHIVIMKHUHT HMKKaja TOMOHHTAa XaM

omnepa-
TOpPHU KYiU1a0
t
F(xt)=H(xt) + [H(x,s)H(t,s)ds (2.11)
0

TEHIJIMKHA XOCWJI Kwiamu3. bynma t<x ga H(t,X)=0 OyaumuHu 3bTH-
oopra ommuk. H(X,t) ¢yuakuus m+1  taptubiam Xxocuiara sra OyiraHuja,
(2.10)ra xypa F(xt) ¢yukuus xam mM+1 tapTubau xocuaara sra OYIuIIN
KennO YnKaau. 3apypJanuK KUCMH HCOOTIAH/IH.

Ucoor. Emaprunueu. Avtaiinuk Ousra (2.8) Ba (2.9) acMMITOTHKaIapHH
KaHOTJIAaHTUPYBYM Typiuda Oyiarad A,,A,,... COHIap Ba «,,Q,,... MycOar coHap
oepuiran O0yicun. (2.10) hopmyna Epnamuna anvkiaanrad F(X,t) ¢yaxmms m+1
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tapTuOMm Xocwiaigapra sra OymcuH. (0<t<Xx<7x) Xymau rokopugaru kabwu

K(Xx,t) sapo yuayH
F(t) +K(xt)+ [K(x,s)F(st)dt=0, 0<t<x<z (2.12)
0

TEHIJIaMaHU KeNTUpUO ynkapuin MyMkuH (t< X ma K(x,t)=0)

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

®penroasm TeopeMacura Kypa Kylnjaaru Oup *KUHCIH TEHIIamMma
g(t) + [F(s,)g(s)ds =0 (2.13)
0

¢dakaT HOJIb euuMra sra OynuIMHU Kypcatuin etapiu. (2.13) ternrmama  g(t) =0
euynmra sra OyincuH ne0 ¢apas kuwnaiimk. (2.13) tenrmamanun  g(t) ra

KyTauTupuo [O,X] OpaJIMK/J1a UHTETpaJIaiMU3.

ng(t)dt + ﬁ F(s,t)g(s)g(t)dsdt =0 .

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

Y ([a(t)cos A tdt)? =0
0o & n |
bapua ¢, >0 Gyiranu yuyH
[g(t)cos /2, tdt=0, n=12,.. (2.14)
0

oynau.
(2.8) acumntotuk popmynanapaan JIeBUHCOH Teopemacura MyBO(DHUK {COSW//Int }

dynkmusmap cucremacu L, (0,7) dazona tyna Ba yM3uKIM SpKIU Oynamy.
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[] kapanr. llyauar yayn (2.14) tenrmmknapnan g(t)=0 Oymumm kenub
YUKAIH.
by aca ¢dapazumusra 3ugaup.

Xynau [] uIgara kabu ymoy

@(X, ) = COSN/AX + j K (x,t)cos~/Atdt (2.15)
0
QyHKIUA ~ Kyimmarun
" +[A-q(x)]p=0 (2.16)
TEHIVIAMaHU Ba yIoy
9(0,x)=1 ¢'(0,4)=K(0,0)=-F(0,0)=h (2.17)

OOlIJTaHFUY MIAPTIAPHU KAHOATIAHTUPUINK Kypcatwianu. by epaa

dK (x,x)

a(x)=2—~

(2.18)

0y1uo, q™(x)eL,(0,7).
Oumu  @(X,4,) N=012,...byHKIuIMH3 OpTaraHaJUIMTUHU KypcaTUIl Ba 7T

HYKTaJard 4erapaBuil IIapTHUA TEHIJIAl KOJIIU XOJIOC.

Xynau [] nyugary kabu IlapceBan TEHIJUTH KENTUPUO UYMKAPUIIAIU:

Uxtuépmii  f(x),9(X) e L, (0,7) ¢dbyHkumsumap yayH ymoy

j f (x)g(x)dx:iai j f (X)(x, 2)dx j g(®)e(t, 2)dt (2.19)

alHUAT Oa)kapuiaiu.

(2.19) IMapceBan Tenrmurugan Goigananuo,

n=0 n

Z[ai 1 (t)qo(t,zn)dt]w,zn) (2.20)

KaTop [0,72'] KecMa/ia SKUHJIANIYBYM OYJraH Xojjaa ymoy

0= .0 4,) 2.21)
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TaCBUp YPUHIM OYMUIIMHUA KEATHPUO YHKapuil MyMKHH. by epna

c :Llff(t)gp(t,zn)dt (2.22)

n
no

Xycycan, ['pun aliHuATH Ba «,, A, KETMa-KETIUKIAPHUHI ACHMIITOTHKAaCH-

n

man  f(X)=¢(x,4,), k=012,... oynaran xomma (2.20) katop  abcourot

Ba TCKUC SKWHJIAITWIIH Keano YUKaaHu. I_HYHI/IHF Y4YH
0 l T
o(%A) = ZL— | w(t,ﬂn)qo(t,zudt}(p(x,zn) (2.23)
n=0 no

xocui Oynaau.
{COS\//Tn X} byHKIUAIAp CcUCTEMacCH L, [0,7[] dazona YUBHUKIU DPKIH
6ymranmman  (2.15) ¢opmymara acocan {@(x,A )} dyHKIHAMAap CcHCTeMacH

xam L, [0,7[] dazona ym3zukKaM Ipkiau Oynumum kenuO® yukaau. Llynunr yuyn

T 0,n=Kk
Jott 2ot a)dt=1 """ 7 (2.24)
0 o

by aca (2.19) IlapceBas TeHrnurm OwiaH Oupra {p(x,4)} cucrema

L,[0,7] ¢asoma Tyna oproromam cucremMa SKAHIMTMHM OWITHpAIH. 7 HyKTa-
Jard 4erapaBuil IIApTHU YHKApUII y4yH YHIOY

¢ (% 2) +[A - a()}p(x, 2,) =0

0"(x. ) + A4 —a(x)p(x, 24,) =0
TEHTJIMKIapJaH (QoiiaJaHaMus.

bupnnun Ttenrmamanu @(X, 4, )ra Ba MKKMHYM  TeHrnamanu — @(X, 4 )ra

KYTalTUupuO Xocusl OYNraH TEHIVIMKJIApHU OWp-OupHiaH anupcax

[0/ (%, 2,) p(X, 4) — @' (X, A) @(X, A,)] = (A = 4,)9(X, A,) (X, )
altHUAT KenuO uyukanu. by aifHUSATHU [0,7[] opanukaa uHTerpamiad, (2.24)

OpTOTAaHAJUIMK MmapTiapu Ba (2.17) 6onuianFuy mapTIapHU XHCOOra OJIcak

¢'(m, 4) (. A) = ¢'(m, 4) (7, 4,) =0,

ABbHU
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97, 4,) _¢'(m4)
oz, 4,) o, A)

Kenu0 4YuKagu.

[lynpait  xkuimb M HucObar N ra OoFauK sMac, yHM H Owian
o(7,4,)
OenrnmianmMus:
g _ Pz 4)
p(7,A,)

Teopema 2.1 Ty1a ucéoTIanaM.

Teopema 2.2. Arap {/1n }::0 Ba {an }:zo COHJIap KETMa-KEeTJIMKIIAPU YUYH

ymoy
1) \/Tn:n+%+%+g(n—l4), n— oo, (@, =const)
an=z+b—g+0(i3),n—>oo (2.25)
2 n° =n

2) A, #A, arap n=KkK
a,>0, n=012,... (2.26)

mapmiap Oaxapwica, y XoJaa [0,7:] KecMmajza abcairoT y3Jaykcu3 OyiraH

o0

e8]
*, Ba {a,f , coHmap KeTMa-KETIMKIApH

q(x) ¢yHkums TOMMINO {ﬂ.n}
g(x) morenummasm Oupop IlIrypm-JImyBwin  dverapaBuii MacallaHUHT XOC

KMAMaTiIapyu Ba HOPMAJUIOBYM COHJIApH OYiaiu.

Hcoor. Teopema 2.1ra acocan ymoy
F(xt)= icos\/ﬂ,T,xcos\//Tot N
a, /4

» | C0S,/A, COoS\ At 2
z{ ucos }

— —cosnxcosnt

n T

dynkums  [0,7]x[0,7] coxana Gupumum TapTMOmM abcomoT y3myKCH3 XO-

cuianapra sra OynumuHu Kypcatuil Kudos. ByHMHr ydyH 3ca ymly
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a(x) = i{i oS /A, X — Ecosnx}
n=1 | &, T

byukmusas 0<X<27 opamukga OUpUHYM TapTUOIM aOCOJIOT Y3IYKCHU3 XO-
cuiiara sra OYIMIIMHU Kypcatui etapiau. Arap (2.25) Ba (2.26) acMMOTOTHK
dopmynamapan  a(x) yuyH &3mnraH  udopacwra KyhWcak OUPHHYH TO-
MOHJAH, WKKH MapTta xamiad muddepeHnmamianyBdd  Katopiaap axpaiud
yuKkaad. UyHKM HKKA MapTa Xajiad Xocuja OJMIIN HaTMKacHa

L,(0,7) da3onunr HopMacu Oyiinua SIKMHIAIIYBYM KaTOpJIAp XOCHJ OYaiu.

=, sinnx
VIKKMHYM TOMOHZAH, Ou3 ymly .
n=1

KaTOPHUHT QopMan Xocuiaiapu

éplamMusia Ty3WIraH KaToOpJIapHU aKpaTuo OJIaMI/IS.([...])

© sinNXx —X
Ymby Y, > =z
n=1 n

, O<x<2x TEHIJIMKKa acocaH Oy Kartop dopman

XOCHJIaJlapura OpajiMKAa Y3JIyKcu3 OynraH (yHKUHsIIAp MOC Kellau.

Teopema 2.2 ucOOTIAHIN.

Teopema 2.3. Y, Ba  {a,}, coumap kerma-keTmHKIApH YHIGY

-y"+q(x)y=ry, 0<x<7x
y'(0) —hy(0)=0 (2.27)
y'(m)+Hy(7)=0, 9" (x) e L,(0,7)

KYPUHUIIIATH MacajJaHUHT XO0C KUWMAaTiapy Ba HOPMAJIOBYM COHJapu  OYyiu-

M y4yH KyHuJard maptiap Oaxapwiuilid 3apyp Ba €Tapiauaup:

& , & 7
1)JA, =n+—2>+ L 420
A n n® n

T b, T
a =§+—°+—” , Oy epma a,=const, b, =const.
n> n

2) i]/r?<oo, ir§>oo
n=1 n=1
A, =4 (h#Kk) Ba «,>0,n=012,...

Ucodor. 3apypuiinux Kucmu.

(2.5) Ba (2.6) acumnToTHK (opmysamapaaH Keiaud IH/IKa)lH.([...] KapaHr)
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Etapmunuruan ucOOTIaiMHU3.

Bu3ra TEOpeMaHMHT eTapiMIMK MAPTIAPMHH KAHOATIAHTHpYBYH (A | Ba

{an} comnap Oepwiran OyicuH. (2.27) Ba (2.28) acumnroTuk (opmysaiapHHu
F(x,t) dynkmusauar udomacura xyiicak, F(Xt) GYHKIUSHUHT  yIYyHUYU
xocunanapu L, (0,7) daszora Terunum OYmuIIM KypuHaTu. ByHmaH ymap
L (0,7) ¢da3ora xapamm O6ymumm xenud unkaau. lyauar yayn Tteopema 2.1

narv pukpiam Oy Xojaaa XaM YpUHIM Oyimaniu.

dK(x,x)

a0=2= "

(GYHKIUSHAHT WKKUHYH TapTHOIM xocmnacu L, (0,7) ra termnum Oymumm []

Ja KCJITUPHIITaH.

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

Yoy

Fy (X, 1) = Tcos JAxcosvAtdo(A) (2.28)

dopmyna épmamuna F (X,1) ¢yHkuusmap KerMa-KeTIMTHHH —aHHKJIAAMHES.
Fy (X,1) dyHKUMsLIAp KeTMA-KETIUTH MaBXKy/l, YyHKH Oy XOJia CIIEKTp KyiuaaH
yerapaJlaHranyiuru cabadmu (5.1) uaTerpan yekyiv opaiuk Oyitnya oJIMHAIN.
Tabpud. Xap Oup Ttaiinananran (X,t) xybraukna skurmtanryBan Ba (X, t)
TEKUCIMKHUHT Xap Oup derapanaHrad coxacuia derapananran Fy (X,1) dbynkm-

sUlap KEeTMa-KeTJIMTUTa YerapanaHu® SKUHIAIyBYd (YHKIHSIAp KeTMAa-KeTIUIH
JennIaau.
Jlemma 1. q(X) byHKIHSHAHT [O, o0) opanmuKaa N- TapTHOIMraya XOCHIAA-

pu MaBxKyZ 0ynu0, ynap Xap Oup 4eKiu OpalluKaa KaMJIaHyBYM OYJICHMH. Y Xoijaa

ymoy
D, (X) = T’cos Jaxdo (1) (2.29)

¢ynkumsap kerma-keraurn D(X) = H(X,0) ¢yukiusara gerapananu6 skumia-
maau, xamaa D(X) ¢ynkus (N +1) - TapTrbimraya xocunanapy MasxKy1 6yauo0,
yJap Xap Oup 4eKii OpajuK/ia *KaMIaHyBuU Oyiau.

HUc6ot. Assanio @ (X) keTma-KeTMKHE yIOY
0 N
@, (x) = [cos~Axdp(4) + [cos+/Axdo(A) (2.30)
—o0 0
kypuHuaa &3ub omamu3. CyHrpa X y3rapyBUMHUHT UXTUEPUN KUMMaTIapuaa

Tcos Jaxdp(A) (2.31)

MHTErpajl MaBKy/l SKAaHJIUTUHU UCOOTIANMU3.

Yoy
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cosvAX = o(x, 1) + j H (X, t)e(t, A)dt (2.32)

teurmukan (0, X) opanukaa WHTErpaiad, HHTErpaUIall TaApTUOWHH ¥3rapTUpCaK,

KyWujaru

sin \/_X Jx‘{lJer(s,t)ds}(ﬁ(tﬂ)dt

0

sin VAx

aitHusITra ora 6ynamus. Kypunub typubauku, 7 byHKIUSA

0(t) = 1+IH(s,t)ds, t<x

0, t> X
yuxustauar @(t, A) eunm 6yitnua é3mran Oypee anMamrtupuinu 6ynaau. [y-

HUHT yuyH [lapceBan TeHrmurura kypa

I(sm \/_X
S VA

TEHIVIMK YpuHiIu Oynanu. by TeHrnukaan ymoy

T (sin\/gx] dp(A)

—00
WUTETPAHUHT X Y3rapyBUMHHMHI UXTHUEPUN KUMMATIIApUIA MaBXKyJ DKAHJINIU Ke-

j dpo(4) _[g (t)dt

16 unkanu. bynman oca, (2.31) uHTerpan MaBxya Oyauiny KypuHaau. Arap
@(X, 1) = cos/AxX + T K (x,t) cos/Atdt
0
TEHIJIMKHU YbTHOOpra OJICAK,
w(x,N) = T-(p(x,i)dp(ﬂ,) (2.33)

MHTErpai MaBxymraan kypamus. @(X, N) oyukuumsra HItypm-JTunyBunt maca-

JIACHHMHT CIIEKTpal siiipocu aeinnanu. @, (X, N) dyukuus ymoy

-y"=4y, y'(0)-hy0)=0
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MacaJaHUuHI CIIEKTpai sapocu OyicuH. Mabaymkn, h >0 Oynranma (commaank

yUyH IIyHaai 1e0 xucobnainMus)

dA (2.34)

@y (X, N) :ET{cosﬂx+hSin \/Ex} A
7T o

Jai | h?+2A

oOynamu. boimika ToMOHAaH, X Y3rapyBUMHUHT UXTHEPHUN YEKIW Y3rapuil opa-

JUFKUIa KyWHUard acCMMOTOTUK popMyiia YpuHiIu 0ynaau:

(% N) = @, (%, N) +0(1), (N —>o0). (2.35)
[ITynuHr yuyH
T H(x,t)a(t, N)dt = j H (x,t)a@, (t, N)dt + o(1), (N — o) (2.36)

TEHIJIUK YPUHIIN.

(2.35) Ba (2.36) Tenrnukimapau Oup-Oupura kymicak Ba @(X, N) (yHKUUSHHHD

(2.33) Tenrmkaaru uoaacHHU 3THOOPTA OJICAK,
N X N
To(x )dp(2) + | H (m){ ot /I)dp(ﬂ)}dt _

= @y (X, N) + j H (X, )a, (t, N)dt + 0o(1), (N —> =)

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

Tcosﬂxdp(/l) = w, (%, N) +

+ [H(x,t)ap (t,N)dt +0(1), (N — o0) (2.37)
0
TEHTJIMKKa 3ra O0yinaMu3. By TEHITMKHUHT Xap MKKaJla TOMOHU/IaH

Tcos Jaxdp, (1)

GyHKIUSIHA alnpCak,
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D () = jcosf xdo(A) = g (X, N) - = feosax,,

Ty A (2.38)
+ j H(x,t)a, (t, N)dt +0(1), (N — )
0
TEHIJIMKKa 9ra 0yimamus. (2.34) Ba (2.38) popmynanapaan ymoy
B (X) = 1y () += JH( t)s'”“_t
+.|X.H(X,t);(N (t)dt + 0(2), (N — o) (2.39)
0
TEHIJIUK Kenuo unkaau. by epaa
1% n? N sin \/_ AX 4
7o () === [————cos/AxdA + — (2.40)
" 75 (h + VA I
Kyinnarn
U(x) = 0 x>0 (2.41)
“|=h, x=0 '

Genrunamnay kuputaimuk. ¥y (X) dyuxous N — oo ga U(X) ¢yskumsra gera-

pananu0 sKuHIamaan. Xakukataan xam, arap X > 0 6yica, N — oo na

1N K2 sm\/_x
X)=—— cos~/AxdA +
Zn(X) ng(hzwl)\/— ﬂih 2
—> —he™ —ie‘hX =0.
dx

Arap X =0 6¥yuca, gy (0) > —h 6ynamn.

Zn (X) OyHKUMSHUHT YerapanaHTaHIuId KyWUIard

IN o YN 92
Ism\/_xM 2J,usmyx =2_[Sln'uxd,u+‘[%d,u+0($j
Ja M

2

h*+ A +u W M

OaxoJianad KeJInuo YuKaIu.

OHIHN
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sm\/—t

—jH( 1)

2 tH(x,t)—H(x,0)
_I t

T o

2.42
S|n\/—t ( )

sin Nidt + 2 H( 0)j

HHTETpaIHu Kapaiimus. By éiinnmanan, 0 < X < b < oo kuitmariapaa ymoy

smx/_t H(x,t) — H(x,0)|

dt| < dt +
t |

‘IH( 1)

—\H( 0) j @dt@(b)

TeHrcu3 K kenub uukamu. by epma C(b) — y3rapmacau Onmaupaim.
Jlemak, X y3rapyBUMHHHT UXTUEpHUid dyekn Y3rapuimn opamuruaa V (X) dyHkim-
sJlap KeTMa-KeTJIUTY Yerapayiara 0ymnaau. Arap
< sin s
I
TEHTJIMKHU YbTHOOpTa oJicak, (2.42) TacBupIaH

H(x,0), x>0

Iim V, (xX) =
Jm Vi () {O, Xx=0

TEHTJIUK XOCHJI OYIIau.
xn (X) Ba V| (X) byHKuMsIap KeTMa-KETIIMIY YerapaiaHu® sSKAHIIAIIHIIH-
nan (2.39) tenrnukka acocad @ (X) QyHKuMsnap KeTMa-KETIMIM YerapanaHutd

AKWHJIAIIUIITHN Keano quKaau xamMjaa

H(x,0), x#0
—h, x=0.

H(0,0) = -

lim @, (x) ={

skanuHK dpTHOOpra oncak, @, (X) dynkuusnap kerma-ketmru H(x,0) dynk-

ousra qerapanaHI/I6 SAKUHJIAIIUIIMTUHA TOIIaMU3.

JlemMma 1 ucootaanam.
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Jlemma 2. X HuHTr Xap Oup TadimHmanran kKuiimatuaa tamryBuucu (0, X) mHTEp-

BasiIa Oyaran uxtuépuit ynykens puaut pyakmus J(t) yayn

hIlimj F\ (X, t)g(t)dt +T K(x,t)g(t)dt+

+ hllimjg(t){f K(X,s)F, (s,t)ds}dt =0 (2.43)

TEHIJIMK YPUHIIN.

HUcoor. Eitunva xakunaru teopemara acocad ¢(t) guuur ¢pynkuus 6yiaran-

JIUTH YYyH yIIoy

y@wzg(t){i(/)(x, Dt z)dp(z)}dt =9()=0
TEHIJIUK YpUHIU OYnanu. Yoy
cosvAt = p(t, 1) + j H (t,s)o(s, A)ds
0
dbopmynanan goitnanannod, Kyiugara JUMUTHU XUCOOIaliMU3:

hIliToo T g (t){ T’ (X, 1) cos ﬁtdp(ﬂ.)}dt =

= A@j G(t){ [o(x, Vet /‘t)dp(;t)}dt +

—00

+ lim | g(t){j HIt, s){ To(x Ao(s. A)dp(l)}ds}dt _

=0+ hlj@j{of g(tH(t, s)dtH Tgp(x, o (s, A)dp(ﬂ)}ds =

= [gOH (¢, x)dt =0,
gynku t > X kuitmaraap yayn ¢(t) = 0.
X
Kyitmmarn (X, A) = cosJAx + [ K(x,s) cos+/Asds
0

dbopmynanan goiigananuo, ymoy
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Tgp(x, A)cos~/ Atdp(A) = Tcos JAxcos~/Atdp(A) +

+ T K (X, s){ Tcos JAxcos ﬁsdp(ﬂ)}dp(/l) - Tcos JAxcos~/Atdp, (A) +
+ Tcos JAxcosv/Atdo (L) +T K (X, s){ Tcos JAtcos~/Asdp, (1)}ds +

+ T K(x, s){ Tcos Jtcos ﬂsda(ﬁ)}ds

alHUATHY KeaTupuO unkapamus. Yau () ¢yHKmsra kymaidtupamus Ba [O, oo)

opanukaa t 0yiingya naterpamiad, N — co 1a quMuTra yramus:

0=9g(x)+ HT@TQ('[)FN (x,t)dt + T K(x,s)g(s)ds +
’ ’ (2.44)

' mj g (t){f K (X, S)F, (s,t)ds}dt.

By tenrmukaa g(X) = 0 skamnmuruam strbopra ojcak (2.43) aifHusT xocua Oyiia-

m. Jlemma 2 ucooTJIaHIM.

Teopema 1. Anmanrrupui oneparopunusr sapocu K (X,t) ymoy
K(x,t) + F(x,t) + _)f K(x,s)F(s,t)ds, (0<t<x) (2.45)
0
MHTETpaN TEHTJIaMaHu KaHoatnantupaan. by epaa F(X,t) sapo
Fy (X, 1) = Tcos Jaxcos/Atdo (1) (2.46)

KeTMa-KEeTIIMKHUHT N —> 00 J1aru JIMMUTHHH OWJITHPAId Ba

p(z)—gﬂ A>0
T

o(l) = (2.47)

o(A) A<0

TEHTJIUK OMJIaH aHUKIaHAIN.
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Arap q(X) dbynkiws [O, o0) opamuKaa N MapTa y3myKcus auddepeHuana-
HyBun O0yiaca, F(X,t) dyskmus 0 <t < X tymramma N+1 mapra y3mykcu3s aud-
dbepeHIamIanyBun OV Iaam.

Hcoo1. Teopemanuur OUpUHUM KUCMU jJjemMMa 2 J1aH kenu6 uukaau. dudde-
pCHIMAIaHYBYAHIUTHHU KCOOT KUJIMII KOJIaId XO0JIOC.

Anmamrtupuin onepatopunu yprauranumusaa, A(E,77) yuya ésmnran Boareppa
Typuaarn uHTerpan tenriamanad ((X) dyakmus N mapra ysiaykeus muddepen-
mmaanysun O0yinca, K(X,t) saponunrX >t tymmamma n+1 mapra y3mykcus

muddepeHInaIanyBYH OYTUIIN KeTMO YUKaIH.

Oumn enbpang-JleBuran wunHTerpan tenraamacuaa K(X,t) ¢yHkms mabiym
ne6, 6y tenrmamann F(X,t) ¢ynknusra mucbatan kKapaiimms. Y xonma Oy TeH-

riama BonTeppa Typumaru MHTErpai TeHTJiamMa Oyiaau Ba IIYHUHT y4yH YHTa
KeTMa-KeT SKUHJIAIIMIUIAD YCYJWHU KyJUlall MyMKUH OYymanu. By Hyn Owian
XOCHJI KHJIMHTaH KaTopHu N+ 1 mapra xamnad auddepennmaniam MyMKIUH OyJia-
nu. Teopema 1 ucootTaangm.

M3ox. Kyiiniaru 6enrunamniapHu
N
(DN@):jaBszﬂl)<DU):Hm<DNU)
prubopra onmub, 0 <t < X kuiimarnap yuyH

F(x,t) = %[CD(xH) +D(x—t)] (2.48)

me=%@Qm+®mﬂ (2.49)

TEHIJIMKJIAp YPUHIN OYIUIINHYU KYPULLI MyMKHH.

(2.49) tenrnukka xypa, arap F(X,t) ¢ymkunus X >t 6yaramma n+1 rap-
THOJIM y3IyKCH3 XOcuitanapra sra 6yiica, y xomma ®(X) dyskius X > 0 6ynranga

N+1 taptubau y3mykcu3 Xocuianapra sra oynaanu. (2.48) ¢opmymnanan sca, ak-

cuaua D(X) ¢yHKIMa KaHya MapTa y3aykcu3 auddepeHnmanianysun Oyica,
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F(X,t) o&yakmus xam myHda Mapta y3aykcu3 anddepeHnaianyBIl Oy Inim
KeTu0 YMKaIH.
busra keiinHuanuk crnexkTpan (YHKIUSHUHT KyHuZard OAOuil XOoccacu Kepak
oynasu.

Teopema 2. f(X) e L*(0,0) uxruépuii ysmykcns GuHHT QyHKIHS OYIu0,

Kyuuaru
E(A) = [ f(x)cos~/Axdx
0
TEeHIJIUK YPUHIU OYJICUH. Arap ymoy

[E2(2)dp(2) =0 (2.50)

teuruk 6axapuica, f(X) =0 6ynanu.

Hcoort. Kyiinagaru

E(A) = T f (X)[(o(x, 2)+ j H (x, D)o (t, /l)dt}dx -

= T f (X)p(x, A)dx + T{T f (X)H (x,)o(t, /I)dt}dx

TCHIJIMKHUHT S'/'Hl" TOMOHHAArn MKKMHYHW MHTErpajiga HHTCTpajiall TapTI/I6I/IHI/I 5’13-

rapTUpaMms:

E(1) = T f ()(t, A)dt + T{T f (X)H (X,t)dx}go(t, 2)dt =

_ T{ f)+ [ F(0H (x,t)dx}(p(t, A)dt = [ g Ot A)dt.

t
Hemak, E(A) dynxnus g(t) ¢yakumsaunr (X, A) eunmnap 6yiinua

®ypbe anmamThupuiny 3kaH. [lapceBan TeHrnurura kypa ymoy

[g2®dt = [E2(A)dp(2)
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TEHTJIMK YpuHin Oynranu yuyH (2.50) maprtra OMHOaH KyHumaru
[g?(t)ydt=0
0
TeHTJIUK Ypuran 6yaaau. byrman sca ((t) = 0 sxkanmuru kenub YuKaau, SbHU
f )+ [ f()H(x,t)dx=0 (2.51)
t

aiiauaT  Oaxapwiaan. f(X) duaur Qyskums  Oyarammuru  yuyd  (2.51)

TEHTJIMKJATH WHTETpal YeKJIM OpAMK/Ia OJIMHAIH, ITyHUHT yayH (2.51) TeHrimama

Boareppa Typuaari uHTErpan Tenriama oymaau, oOyugan sca f(X) =0 skammuru

kennb ynkaau. Teopema 2 ucOoTIaHIM.

Onaunru naparpadaa ymoy
—yv'+g(xX)y=12y, 0<x<
{ ’y q(x)y = Ay oo .
y'(0) = hy(0), q(x) € C'[0, )

HItypm-JInyBuiT ~ MacamacHHUHT crektpan ¢yaknusicu p(A) ydyH Ky#iummard

MKKHUTA IapT OaKapuiIun KYypCaTUiau:
N
1 @, (X) = [cos/Axdo(A)

TEHTJIMK OWJIaH aHWKJIaHAIUTaH QYHKIMsUIap ketMma-ketauru N — oo ma Gupop

d(x) e C"(0, oo) ¢yukiusra uatuaaad. by epna

2
o(1) = |PA = VA A0

p(A), A<0;

Il. Wxruépuii f(X) € L?(0,0) y3nykcus bunuT QYHKIHS YIYH KyiiHmara

J E*(1)dp(1) =0
Tenrmk ypurin 6yica, f(X) =0 6ynanu. By epna

E(1) = T f (x) cos/AxdX.
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Duau, 6upop MoHoTOH YcyBun p(A) dyHkuus yuayn rokopuaaru | Ba |l maptmap
Oaxapuica, y oupop Oup Lltypm-JlnyBunn yerapaBuii MacaJaCUHUHT CHEKTPAal
ynxmuscu 6Ym6, q(X) € C"[0,00) 6ynummaM KypcaTamus.

Yoy

F(x,1) = %[CD(X +1) + D(x —1)]
TEHIJIMK EpJlamuia F (X, t) (byHKuHHHI/I AHUKJIAMMU3 Ba KyHHaru
K(x,t)+ F(x,t) + [K(x,5)F(s,t)ds =0, (0<t<x <o) (2.53)
0

UHTErpaj TeHIJIaMaHu Ty3aMu3.

Teopema 1. Xap Oup tarimmnanran X > 0 yuyHn (2.53) uHTErpan teHriama-
HUHT CUUMH MaBXKy/l Ba STOHAIMP.

Hcoor. (2.53) naTerpan TeHIaMaHUHT €UMMHU MaBXy/l Ba SITOHA SKaHIUTHHH
Kypcatui yayH @pearosibM TeopemMacura Kypa X mapaMeTpHHHT Xap OUp TaluH-

JaHTaH MycOaT KuiMaTuaa, yuoy

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

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

Teckapucunau ¢apasz Kuaaiauk, spHu (2.54) TeHrIaMaHu KaHOATIAHTUPYBYH
Honman ¢apkm ysnykens ¢(t) € L*(0,0) dyukums Masxyn ge6 hapas Kumaii-
mik. (2.54) tenrnmukan ¢(t) ¢pynkumsra kynaiitupuo6, (0, X) opamukaa { 6yiinua

WHTETpaIaiMu3:

[g?@®dt+[[F(s,t)g(s)g(t)dsdt = 0. (2.55)
0 00
F(s,t) pyrkuusauar udomacunu (2.55) TeHrmKka Kyind, MHTErpauial TapTH-
OuHHU y3rapTupcak, ymoy

T g2 (t)dt + T {ﬁ g(s)g(t)cos~/Ascos \/thsdt}dp(;t) —

00

—00
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- T {ﬁ g(s)g(t)cos+/Ascos \/thsdt}d (E \/Ej =0 (2.56)

alHUAT XOcuJ Oynanu. YHU KyHujaaru

[g? (dt+ T{fg(t) cos ﬂtdt} dp(2) -
° 0 (2.57)

- T {Tg(t)cosﬂtdt} d(gﬁj 0

KypUHHIIA E3UIT MyMKHH.
[TapceBan TeHrnuruaan Qonganancak, ymoy

0

J {T g(t)cos \/ztdt} dp(2) =0

TeHruK Xocwt 6ymanu. |l maprra kypa 6y xon ¢akar g(t) =0 6ynranma 6axa-

pwiaau. apa3zuMu3 HOTYFpU 3KaH, ssbHU (2.54) TeHrinaMa ¢akar HOJ e4nMra Jra.
Teopema 1 ucéornanam.

Ienbdang-JleBuran wHTerpan tenrnamacuman, F(X,t) dynkmus t 6yitnya xaH-
vya xocmiara sra 6ymnca, K(X,t) ¢yakmms xam t Oyiinua nryHdya xocuiara sra

OynuIM KypuHaau. XaKUuKaTaH xaM, yioy
K(x,t) ==F(x,t) - [K(x,5)F(s,)ds=0, (0<t<X)
0

TEHTJIUK VHT ToMoHM [ y3rapyBum Oyiimva KaH4a Mapta auddepeHnaianyBuIn
Oynca yHUHT VHT ToMOHM XaMm U ¥3rapyBum OVitnmua mrynda mapra auddepeHin-
aJTaHyBYH OVIaiu.

K(X,t) ¢yukmusauar X Gyiinua auddepeHimanianyBYaHInIiHA TEKIIN-
pHUII KyHHIary JJEMMAara acocjIaHau.

Jlemma 1. YOy

(X 1)+ [HXt )yt p)dt = f(x, 1) (2.58)

MHTETpa TeHriaama Oepuiaran 6yau6, yauar H(X,t, 4) sapocu Ba f (X, 1) o301

Xaau f TapaMeTpra Ba X y3rapyBuura HucOaTtaH y3nykcu3 OYicuH. Y Xonna,
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arap OMp KMHCIIM TEHIJIaMa // NapaMeTpHUHI [, KuiMmaruja (pakaT HOJI euuMmra

sra Oyica, [, HyKTaHUHT Oupop arpoduna (2.58) uHTerpan TeHrJIaMaHUHT €4UMU
X Ba u ra HucOaraH y3mykcu3 QyHkuus 6ymamm. Arap H(Xt, ) Ba f(X, 1)
byHkIMsIap M MapTa 1 Oyiinda y3nykcus quddepeHnuamianyBuu oyiica, (2.58)
TEHIJIAMaHUHT €YMMHU XaM L OVitmua M mapTta y3nykceus nuddepeHnnaiianyBIn
oynasu.
Hco6or. 1. (2.58) tenrmamanunr H(X,t, 1) sapocu y3iaykcus OYiraHiurua
y4yH, YHU KyHHaarnJa
H(x,t, 1) = H(X%t, 20) + H(X,t, 1) = Hy + H
KypuHHIIa €3u0 onamus. by epna g mapaMeTpHUHT [, HyKTa aTpoduiaru Kui-
MaTJIapH YIyH
Ht p)| <&
TEHrcu3IMK Oaxapunaau. Kynaitnik yuyn (2.58) Tenrnamanu ymoy
v+ Hw+ I:Iw =f
CUMBOJIMK  KypuHHIIAa €30 omamu3. @DpenroapbM  Teopemacura Kypa
(I +H,) omepatop mamxkyn. Oxumpru Temrmaxka (1 +H,)™ omeparopuu
TabCUP KIIIUPAMHU3:
w+(+H,) " Hy=f(+H,)? (2.59)
(I+Hy)™ H OIepaTop HOPMACHHH XOXJIaraH4a KHYPaUTHII MyMKHH OYJIraHiIu-

ru yuyH (2.59) TeHriamara KeTMa-KeT SKUHJIAIINILIAD YCYJIUHU KyJIam MyMKHH,

OyHman oca (X, () €IUMHHHT 4, HYKTaJa Y3IYKCU3JIUTH KeJTHO YnKa .

2. Tuddepennmaanypuanmuruan ucoomiam yayun H(X,t, 1) dyakuusaun

H=H_+ H KypuHuiaa é3ub onamus. bynua

oH
Hm - H(X’t’ﬂ0)+a‘ﬂ—ﬂ0 (ﬂ_#0)+"'+a

by epna p mapameTpHUHI [, HyKTa aTpoduaard KuiiMariapu y4yH
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HOGH )| <[ = pto] - €
TeHTcH3IMK Oaxapunaau. Jlemma WCOOTMHMHT OWpPUHYM KHCMHTa Kypa
(I +H_ )™ oneparop mapxyx. [lemak, ymo6y
w—(I+H ) *Hy =f(1+H,)"
TEHramara KeTMa-KeT SKWHJAIIWILIAp YCYJIMHHW KyJam MyMKuH. ByHman sca
w(X, i) edanmHuHr 4 Oyitnua M, HykTa arpoduma M mapra auddepeHnaLia-
HYBUMJIMTU Kenuo ynkagu. Jlemma 1 ucooraanam.

Kentupuiran nemmanu ['enbdann-JleButan uHTErpaji TeHriaMacura KyijaanmMus.

byHuHT yuyH
K(x,t) + F(x,t)+ [K(x,5)F(s,t)ds=0, (0<t<x)
0

MHTErpaji TeHraamaga X = 4, S= U Ba U= ur anmamrupum 6axxapaMus:

K, put) + F(u, pur) + j‘ K(u, pu)pF(neu, ur)du=0, (0<7<1). (2.60)
0

Arap, Kyiiujgaru

w(r, 1) = K(u, ur),

H(z,u, u) = uF(uu, pr),

f(z, 1) = —F(u, pr)
Oenruianuiapau kupurcak, (2.60) renrnama (2.58) kypunnimau onagu. H (7, U, )
aapo Ba (7, 4) 0304 Xan y3lyKCcu3 SKaHJIMTHAaH FOKOPUIArd JieMMara Kypa

w(z, 1) dyskims y3nykcus 6y kenu6 ynkand. Jemak, K(X,t) dyrxmms X

OyiinJa y3JIyKCHU3 dKaH.

Xynau my nemmara acocad F(X,t) ¢yukius X Oiinua N+1 mapra qudde-
pennnamianyBun skammuruaad K (X,t) ¢yskuusauar X Oyiimua N+1 mapra

nudpepeHnnanIaHyBUUIUTH KEIUO YUKAIH.
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XVJOCA
Maskyp Ooutupys umu lrypm-JlnyBunn Ba J{upak oneparopiapu ydyH Siro-
HQJIMK 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 lITypMm-JImyBWIIT OmepaTopuHU sSTOHA aHUKJIANIN Ypra-
HUJITaH.
3) Cnexrpan ¢pynkuus ltypm-JInyBriuT onepaTopuHu SITOHA aHUKJIAIN Ypra-
HUJITaH.
4) Ymymuii kypunuiaru Jlupak omepatopu yuayH bopr Teopemacu ypuHIN
AOMACIIMTUHU KypCaTyB4Yl MUCOJI KYypCATUIITaH.
NkxuHun 6061a MaBKXyAJIUK TeOpeMaiapy YpraHuiras:

1) {ln} Ba {an} COHJIap KETMa-KETJIUTUHUHT CIIEKTpaJl XapaKTepUCTUKaIap

OYIUIIM y4yH 3apyp Ba €Tapiid IapTiiap KeATUPUO YUKAPUIITaH.

2) Cnektpan ¢yHKIHs OyHUYa TeCKapu Macaiaa MaBXyJIUTH KYPCaTUIITaH.
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