JIEKIUA 7
§3. n - peTTi CHI3BIKTHI TEHAEYJIep

3.1. XXoraprpl peTTi TEHICYJNEPiH €H KapamalbIMbl KOHE OHAW 3€PTTEJETiHI — CBHI3BIKTHI
TEHCYIIep.

benrici3 pyHKIUS MEH OHBIH TYBIHIBUIAPBIH ChI3BIKTHI TYPJIE OaiIaHBICTBIPATHIH TEHACYIEPIi
CBI3BIKTHI TCHJICYJICP JICT TATHIBI.

N - PETTi CBI3BIKTHI TEHCYIIH JKaJIIbI TYP1 ObLIai jKa3bLIaIbl:

2o ()Y ™ +ay (x)y" M + . +a,(x)y=q(x)

Mysnarst, g(x) (i=0,...,n),q(x)- byHKuusIaps! Keiidip (a,b) apanbIFblHIa aHBIKTATFaH HAKTHI
Y3IiKci3 QpyHKIusap.
Erep ay(x)#0,Vxe <a, b> 0oJca, oH/1a coraH 0ery apKbLIbl

YW+ )Y 4t py(x)y = F(X) oy

TeHAeyiH amambl3. COHFBI TypHeri TeHIEyMi TEHACYIIH KEeNTIpiAreH, He KaJIBIITHl TYpi Jerl
ataiinel. Mynnarel, f(x) ¢yHKIuscel 60c Myle aemn aTtanbiHaabl. Erep on Henre TeH Oonmaca,

(1) Tenmey OGipTEKCi3 CHI3BIKTHI TCHJECY JCI, all HeJIre TeH 0oJica, OIPTEKTi CBHI3BIKTHI TCHJECY e
atanbiHaabl. (1) TeHaeyaiH colikec GipTekTici ObLIai jkKa3blIaabl:

Y+ p ()Y 4t py(X)y =0 )

onerre, (1) TeHIeyIiH COM KaFbIH KBICKAPTHIT, ObLTail Oenriieii:

Lly]=y™ + p OOy "™+t po(X)y 3)
Conpa (1) xone (2) TeHaeynepai Oblnai ska3yra 00ab:

Lly]=f(x)
KOHEC

L[y]=0

Enrizinren (3) epHeKTi cbI3bIKTH AU dhepeHIHaNAbIK onepaTop Aen ataiabl. by oneparop
TuddepeHIraniay aMaJbIHbIH ChI3bIKTBIFBIHAH IIBIFATHIH TOMEHET1eH €Ki MapTThl
KaHaraTTaHbIpaJbl:

. Lcyl=cLly]

2. Ly +yo)=Llyi ]+ Llys)
bynapabiH cangapel peTiHe Tarbl Oip KaTbIHACTHI jKa3yFa 00Jabl:

byn maprrap nuddepeHunanabK onepaTopblH ChI3BIKTBIFBIH OUTAIpEI.

3.2. ChI3BIKTHI TEHACYJIEP/IiH OPTAK €Ki KACHETIH KeNTipeHiK.

1°. Toyencis aifHBIMANBIHBI KeitGip (c,d) apanbIFBIHIA aHBIKTAIFaH N peT Y3ZiKci3
muddepeHManaaHaTbIH, OIPIHILI TYBIHABICHI HOJTe TeH eMec (QYHKIUS apKbUIbl jKaHa TOyelci3
alfHBIMAJIBIMEH aJIMacThIPFaHHAH TEHACYAIH CBHI3BIKTBIFBI ©3repMeEiii.



IIsmbEaa na, x=¢(7),¢'(r)#0,V7e(c,d) anmacTepybin xacaiibik. Conza

_Oy_dydr 1 dy
dx drdx ¢'(z)dr’
L _dyd_ 14 1 d
dx drdx ¢ (r)drl\e'(z)dr
1 [ 1 dzy_(p"(r)d_y]

@)\ @(r)de? ?(r)dr
o (k) dy dzy dky ..
OCBIJ'IaI/I KE3 KCIIT'CH y -HbIH, CBbI3bIKTHI TYpI[e d—,d—z,...,d—k apKBIJ'IBI epHeKTeJ'IeTlHlH
T T T

kepemi3. Ochl KatbiHacTapasl (1) xkoHe (2) TeHaeylepre amapbin KOWcCakK, KaWTaJaH ChI3BIKTHI
TEHJCYyJep allaMbI3.

2% Benricis GyHKIUSHBI 6acKa Oip QYHKIIUSAMEH ChI3BIKTHI TYPJC AJIMACThIPFAaHHAH TCHICYTIH
CBI3BIKTBIFBI ©3TepPMEH/Ii.

[empHga  ga, adWTanblk, Yy=a(X)z+B(Xx),a(x)#0 TypiHAEe amMacThIpy IKaCAJICHIH.
Mysnarsl, o(Xx) xoHe A(Xx) GyHKumsuapbl (a,b) apaibFblHIA aHBIKTAIFAH N PET Y3AIKCi3

muddepeHrangaHaThiH QYHKIHIIAP OOJICHIH.
Conpa

Y =a(x)Z'+a'(x)z+ p'(x),
V'=a(x)2"+2a'(x)2'+a"(x)z+ B"(X),

vy = a(x)z2(" +na'(x)2" ™ + L+ oM (x)z+ M)

Ocsbl TybmHAbIIapAsl (1) TeHaeyre amapblin Koicak, KaiWTagaH OIpTEKCi3 CBI3BIKTBI TEHAEY
aJlaMBbI3.

An (2) Tenneyre amapbln Koicak, oHAa OIPTEKTI TeHJIEYiMi3 OIpPTEKCi3 CBI3BIKTHI TEHIEYTe
aliHasapl. BIpTEKTINIKTI cakTay YIIiH Y =q(X)z TypiHIeri O1pTeKTI aIMacThIpy ainy Kepek.

CBI3BIKTHI TEHICYNIEP/IiH Olp epeKILIeNiri — oJapblH 0aCTamnKbl MAPTTHl KAHAFATTaHIbIPATHIH
nrenrimMi 6ap 6011y yuiH O6ip-aK IapTThIH OPbIHAATYbI )KETKUTIKTI.

Jonipek aifTcak, MbIHaHAAN TYXKBIPBIM OPbIH aJlaJbl.

Teopema-1. Erep chI3bIKTBI TeHACYOiH KodddummentTepi Men 6oc mymreci keitGip (a,b)

apaJIbIFBIHIA AHBIKTAIFaH Y3AiKci3 (GyHKOusulap OoJica, OHAA OHBIH OacTamkbl MIAPTTHI
KaHaFaTTaH/bIPAThIH JKaJIFbI3 FaHA MICIIIMI OOJIaJbl KOHE OJI IIEIIIM <a,b> apaJibIFbIHBIH OH

OOMBIH/IA aHBIKTAJIA]IbI.
Bys TYKbIpbIMIBI 1971€N1ey KUBIHABIK TYFbI30aiibl.

§4. BipTekTi CHI3BIKTHI TeHAEYJIep

4.1. BipTeKTi ChI3bIKTHI TEHIEYA1H HIeIMIEePIHIH KacueTTepiH kentipeitik. Koaddunnentrepi
Keoip <a,b> apaIBIFBIH/IA Y31KC13 OOJIBIN KEIETIH MBIHA N-PETTI TEHEY/I1l KapacThIpalbIK:

Ly]=y™ + p(x)y "™+ py(x)y =0 )

EH angpiMeH eckepeTiH %ol — OIpTEKTi ChI3BIKTHI TEHACYAIH OapIbIK JKaFaaiaa HOJIbAIK MIeTIiMi
6ap. On mremrim



Y(%)=0,¥(%)=0,....y(" (%) =0 )

OacTankel MIAPTTHI KaHaraTTaHAbIpaThiH Ko ecebinin memriMi: y(X)=0. by menrim xanFbi3.
Teopema-1. Erep ¢,(X),...,¢,(Xx) ¢yHkuusiapel (1) Tenuneyniy <a,b> apaJIbIFbIHIAF bl
nrenriMaepi 0oJca, OHIa OJIAPABIH CHI3BIKTHI KOMOUHAITHSICHI

P(X) =@ (X)+ ...+ Pp(X) (3)

COJI TeHJICYTIIH <a,b> apaJIbIFBIHIAFBI IICTIIMI 001 1bl.

Haaeaneyi. lapt 6oiibiHmIa opOip ¢;(x) memim:
Llpi(x)]=0(i=1,...,m),¥x(a,b)

Enpi cei3bIKTH MU epeHITaIbIK OTIepaTOPAbIH KACUETIH Maiijalancak, OHIa

i=1

L{_ﬁlaiwi(x)} = Y aiL[pi(x)]=0, vxe(ab)

Teopema-2. Erep (1) Terueynin ¢ x)=u(x)+iv(x) TypiHaeri KoOMIUIeKc menrimi 6ap 6osca,
OHJIa OHBIH HAKTHI )KOHE )Kopamall 0eJIiKTepl 63 ajjiblHa COJl TeHIACYIIH IenIiMaepin oepei.
Jaaeaneyi. Hlapt GoiibiHIa

Lip(x)]= Lu(x)+iv(x)]=0,vx (a,b)
oTepaTOPAbIH KacueTi OOMbIHIIIA

L[u(x)+iv(x)]= L[u(x)]+iL[v(x)]=0

Ocpian L{u(x)]=0,L[v(x)]=0,vxe(a,b).
Amnpikrama-1. Erep (a,b) apaiibirbiiia aHbIKTaFaH

@1(X), ..., (X) byHKIMSIIAPHI YILiH O69pi Oipaeil Hesre TeH eMec aj, ...,&,, CaHAapbl TaObUIbII,
i (X)+ ..+ on(x)=0,Vxe(a,b) 4

TeHIri OpbIHIanca, oHxa OepiireH QyHKIMSIAD HKUBIHBI (8,b) apambIFbIHIA CHI3BIKTHI TOYeN
JIeTl aTanbHabl, al (4) TeHAIK g, ...,¢, CAaHAAPbIHBIH TEK HOJAIK MOHJEPIH/JE FaHA OPBIHAAJCA,
oH/a OepuireH QpyHKIuUsIap KUbIHBI <a,b> ApaIBIFBIH/IA CHI3BIKTHI TOYEJICI3 JIET aTaiaibl.

4.2. Autanek, ¢y(X),...,p,(x) ¢ysxumsuapsr (1) Teraeyain <a,b> apaJIbIFbIH/IA AHBIKTAJIFAH
HakThl mrenrimzaepi OonchiH. Ochl (QYHKUMSIAp MEH OJIapAbIH TYBIHJBUIAPBIHAH KYpPbUIFaH

TOMEHJIET1IEW N PETTi aHBIKTAYbIIII
pr(x) on(X)
P (X)) on(X)

=W [@y(X), s (X)] (5)




Bponckwii aHbIKTayBIIIbI fIeT aTaiaasl. Kpickaia, oHbl GyHKIUSIIApABIH BPOHCKUAHBI ek . by
aHBIKTAYBIIITHI KbIcKama, W(X) aen Genrineiai.

Teopema-3. Erep ¢,(x),...,0,(x) wmwemiMaepi <a,b> apaJbIFbIHIA CBI3BIKTHI TOyenai Oolica,

OHJIa OJIAp]IbIH BPOHCKUAHBI OCHI apaJIBIKTa HOJITE TeIe-TCH.
Janeageyi. Aubikrama 6olibiHIIa Oopi OipAel Hejre TeH eMec «y, ...,q, CaHIapbl YIIiH

apy(X)+ ..+ a, ¢,(x)=0,vxe(a,b) (6)
TEH/JIIT1 OpBIHIAIA]IbI.

Ocsl KaTeiHACTHI N—1 peT nuddepeHranaay apKbUIbl CHI3BIKThI ITEOPANTBIK KYHe KYpalbIK:
a1 (X)+ ..+, ¢,(x)=0

a1y (X)+ ...t 9 (X)=0

(1)

By GipTekTi CBI3BIKTHI anreOpaiblK KYWEHIH HOJIIK eMec menimi 0ap OOJybl YIIiH OHBIH
AHBIKTAYBIIIBI HOJTE TEH OOJYbl KEpEeK, all OJ aHBIKTAybIll BpPOHCKHI aHBIKTAYBIIIbI, SFHUA
W(x)=0.

Teopema-4. Erep ¢,(X),...,p,(X) memimzaepi (a,b) apanbirbinia ChI3BIKTEI TyeNCi3 Goca,
OHJIa OJIAPJIbIH BPOHCKUAHBI OCBI apaJIBIKTBIH Oip/ie-01p HYKTECIH/Ie HOJre aiiHAIManIbl.

Haneaneyi. Kepi sxopublk, keit0ip X, € <a, b> HykTeci yiiH W( X, )=0 6osncsin. (7) xxylieHi Oip
HYKTE YIIiH KaiiTa KypanbIK:

0‘1(/’1(X0)+ et Oy (Dn(XO ):0

1 (X )+ oot ty @y (X0 ) =0

-1 -1
10" (%) + oy 0 (%) =0
by xkyiieHiH anbIKTaybIbl W( X, )=0 OoIFaHABIKTaH, HOIre TEH eMec IIenliM oap:
0 0
Q=0 .., 0y =Cp
Ocpl cangap apKbUIbl KYpbUIFaH
0 0
P(x)=ay @i(X)+ ..+ an ¢a(X)

GyHKIUSHBI KapacTelpaiiblk. bynm KockiHabel (1) TeHaeyaiH memrimi OonatbiHbl 1-Teopemana
KOPCETUITeH KoHe 01 (2) GacTamkpl MapTTapasl KaHaraTTaHABIPhI Typ. COHIBIKTAH, IMIEIIMHIH
KaIFbI3IBIFBI OoMbIiHIIa @ X)=0. Jlemek,

aloqol(x)+...+ano @,(x)=0
Myngars;, a;°, .., 6opi Gipaeii menre TeH emec. COHFBI KATBIHAC ?1(X), .., 0, (X)
(GYHKIUSIAPBIHBIH CHI3BIKTHI TOYENIUIriH KepceTeai. An OyJl TeopeMaHbIH IIapThlHA KaWIIbl.
Connpixtan, W(x) Oipae-0ip HykTeae Henre TeH Ooymaiinbl. By mapt opi ®KeTKUIIKTI — erep
OepinreH miemiMIepaiH BPOHCKHAaHbI HeJre TeH OoimMaca, OHJAa ojap OepuireH apaybIKTa
CBI3BIKTHI TAYeEJICI3. ByJ TYKBIPBIMIIBI J]a Kepi sKOpY apKbLIbl OHAH Janeneyre 0oaibl.



4.3. AubikTama-2. ChI3bIKTHI OIPTEKTI TEHACYIIH K€3 KeITeH N ChI3BIKTHI TOYEJICI3 MIEHIMACD
XKyHeci ocbl TeHACYAH 0a3uchl Hemece (pyHaaMeHTalb eliMIep JKyieci Jer aTanaibl.

Teopema-5. BipTekTi CBI3BIKTBI TEHIACYAIH OepiireH apajblkra 0a3uchl opKamiaHjga Oap
Goustazbl xxoHE erep ¢y(X),...,@,(x) 6asuc Goica, OHAA TEHACYAIH KAJIbI MIENIIMI TOMEHAET1IeH

TYPAC Ka3blIadbI:
(p(X)=Cl(p1(X)+...+Cn (/)n(x) (8)

Janeageyi. Ke3 kenareH Hesire TeH eMec N peTTl aHBIKTAYBIII AJIbII, KEHOIp X, € <a,b>
HYKTeCl YIIiH

0i(%)=21,0; (%) =2,-0; " (%) =ay,(j=1,..n) 9)

WAPTHIH ~ KAHAFaTTaHABIPAThIH  @;(X), (j=1,..,n) IemiMAepiH Kypcak, OHIA OJap/IbIH
BPOHCKHAHBL  W(X) )=W[py(X ), ... 0n(%)]#0. An 6yn memimaepain (ab) apanerrbinaa

CBI3BIKTHI TOYEJCI3/IriH KepceTeai. MyHai aHbIKTaybIIITAPAbI MIEKCI3 KoM aja Oepyre 0onabl.
Enmi (8) KaThIHACTBIH KAl MIENIiM OOJIATBIHBIH KepceTelik. bipinmrigeH, Oyl KaThIHAC
HIEUTMIEPIiH CBI3BIKTBI KOMOMHanuscel Oomysl cebenti, C,,...,C, caHAapbIHBIH OapibIK

MoHJIepiHae memiM Oonanbl. ExiHmizeHn, oman ke3 keiareH Komm eceOiHiH memiMmiH amyra
Oosaspl. MpIHaHAal GacTanKel MAPT KOSUTBIK!

P(% )= yOv(P’(XO )= YOl’ e ¢(n71)(xo )= YOnfl (10)

Conpna typakrtsl Cy,...,C,, caHIapbIH Tady YLIIH ChI3BIKTHI aIreOpajblK O1pTeKci3 Kyiie amambl3:

Ci01( X9 )+ ...+ C 9,( X )= Yo
Ciy (%o )+ +Cp 9 (%)= Yo'

CLp " (% )+t Cr "V (%) = v

(11)

by sxyiieHiH aHbIKTaybIbl W (X, ) *oHe o1 Heure TeH emec. COHNbIKTaH, (11) xKyleHiH Kalrbl3

FaHa memimi 6ap: Cl0 I CnO . Ocsl TabbutFan MoHIEpai (8) KaTeiHacKa Koicak, (10) Gactanksl

MIapTThl KAHAFATTaHABIPATHIH JKAJIFbI3 JiepOec IIEIiM alaMbl3.
OzerTe, 6acTanKbl aHBIKTAYBIIITHIH MYLIenepl peTinae KpoHekep cMMBOJIBIH amyFa 0oabl:

a, =0 = L=k
=20, j 2k

OchbIraH coiikec 6acTanKpl MAPTTHI J1a MBIHA TYP/IE
((x)=64,(i=1,..,n k=1
0, (%) =6 (i=Lienik=1,..,10)
asicak, oHna W(x, )=1 6omnansl. byn xkarnaiina pyHnaMeHTans memimaep )Kyneci X, HYKTeciHae
HOpMaJlaHFaH (KaJIbIITAFaH) e aTanabl.

Teopema-6. bepinren ¢dyHmamentanp memimaep skyieci OoiibiHIIAa AudQepeHITnanIbK
TEHJIey KypyFa 00J1ajibl 5KOHE OJ1 KaJFbI3 O0abl.



Monenneyi. Aiitanbik, xeit6ip (a,b) apanbrbma ¢(X),...,p,(x) 6asuce Gepincin. Onna

13/1eT OThIpFaH TEHJACY/IH Ke3 KenreH memimi (8) Typae 6onateiabl Oenriai. Ocel (8) menrimMai

naiinanansin (N+1)- peTTi aHBIKTAYBIIITH KapaCThIPAUBIK:

R

R
Wlpy, ... 00, 0]="" "

PRLP G

(12)

byn aHbIKTaybIlll HOJTE TEH, OMTKEHI COHFBI OaraHaHBIH MyIenepi Oacka OaraHaJlapbIHBIH
MYIIENIEePiHiH ChI3BIKTH KOMOMHANMACH. COHFBI OaFaHa arbl MYIIEIESP/Il KaJIIb )KaFaaiaa y aer

Oeunrinen, ockl OaraHa OOWBIHINA KIKTEN Ka3CaK, N PETTi OIPTEKTI CBHI3BIKTHI TECHJIEY ajlaMbI3.

Mysa en sxoraprbl petTi y(") TybiHbICHHBIH Kodbbunuenti W, , ..., ¢, |-Fa Ten. An on (a,b)

apanbiFbiHaa  Honre TeH emec. COHIBIKTAH, JKiKTemymiH Mymenepin ocel Wlgy,...,o,]

AHBIKTAYBIIIBIHA 0OJICEK, N PETTI CHI3BIKTHI TEHJICY IIH KAJBINTHI TYPIH alaMbl3:

Y 4+ p ()Y L pa(x)y =0

4.4. YXorapseiia KeATIPIATeH KIKTeyIeH MIbIFaThH JInyBIILIH OPMYITAChIH KENTIpEeHiK.
Kypsutran Tenaeyain Oipinmi p;(x) koadduiuenTi 6putail aHbIKTaNaIbL:

i - P
i - Op
- -2
0" . o (2
o= o™ o™
' W (x)

(13)

AHBIKTAYBIIITHIH TYBIHIBICHIH Ta0y epexeciH ecke ancak, (13) KaThIHACTBIH ajJbIMbl OOIMIHIH

TYBIHABICHI OOJIBIIT LIBIF albl, SFHU
W'(x)
W(x)

py(X) =~

OchbI KaThIHACTBI HHTETPAIIACAK,
INW(x)|=—[ py(x)dx+InC

Terairia anamel3. Ocelnan
W(x)= Ce ! P10
HEMECE

X
- [ P1(x)0x
W(x) =W (xo)e *

Ocsl KaTbIHAcTHI JINyBUILIE (hOpMYyITachl €M aTaiibl.

(14)

JInyBuibs (opMyJachlH MaianaHbl Oip mmienriMi Oenrin eKiHmi peTTi OIpTEeKTI CHI3BIKTHI

TeHJEY1H JKaJIbl HIEIIMIH KypyFa 00Iaabl.



Erep X+ pi(t)x+ p,(t)x=0 TenueyiHiH x; =¢,(t) memimi 6enrin Ooinca, onga JlnyBumib
dbopmysacekl ObLTAN JKa3bIIAIbI:
%1

(2

— Cle‘f p1(t)dt

HEMECCC

° * ~[py(t)dt
P X=X @ =Cqe L
.1 o .
CoHFBI TEHAIKTI —5 (GYHKIUACBIHA KOOCHTIN MHTErpaiacak, OH/Ia
%1

’

[i) :clize—f py(t)dt

%1 2]
TEHITHEH
[ py(t)dt
(2] (2
Tenrairia anaMmel3. Ocelgan
= pa(t)dt
x(t)= Cz¢’1(t)+C1¢’1(t)I—2dt (15)
2
~[po(tyt L . .
Mynnarsl, @,(t)=ey(t )j ———dt QyHkumace TeraeyAiH eKiHmi gepOec menriMin Gepeni.
21

OraH — TeHaeyre KOMbIN K63 XKeTKizyre 0oiansl xkoHe Oy ¢ (t) skoHE ¢,(t) memiMaep e3apa
toyenci3. ConaplkTaH, (15) KaTbIHAC KAJIIBI HIEHIM 00JIajbl.



