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4. KPAEBBIE 3AJTAYUN
AJIZd OBBIKHOBEHHBIX

JIN®PEPEHITMAJIBHBIX YPABHEHU
BTOPOTO ITOPAJIKA

MHOKeCTBO BCEX pelIeHuil JMHEHHOr0 OOBIKHOBEHHOrO Jud depeHnnaasHOr0 ypaBHEeHUsI 1IEPBOIr0 HOPSI/IKA Pe/i-
crapjsier co00it odnonapamempumeckoe cemeircro Gyuxumii. st pukcanum KOHKPETHOrO PEIIEHUs] U3 ITOr0 CeMeii-
CTBA 33JA10T 3HAUEHNE STOTO PEIIEHUs B HEKOTOPO#t ToUKe (HadaabHOe ycioBue). [Ipu 3ToM nostydaercs: pacCMOTPEHHAsT
pamee 3amada Kormm.

MHO?KeCTBO BCEX pelIeHHi CUCTEeMBI M3 IBYX JMHEHHBIX YPABHEHU IIepBOro NOpPsIKa IPeICTaBIIsieT co00i deyrna-
pamempureckoe CEMEHCTBO BeKTOP-(MYHKIWMIA, 1 (DUKCHPOBATH KOHKPETHOE DEIIeHne MOYKHO AByMsl criocobamu: jaubo
33aTb 060 DOIOIHUTEBHBIX YCIOBUS B 00HOU TOUKE, IIOy4nB yKe U3BeCTHYIO 331a4y Ko, mubo 3amars ux B deyz
pa3HbIX TOYKax. B nociennem ciydae 3a1a4a HA3bIBACTCS Kpaesol UIH 2PAHUYHOU.

AwnajioruyHo, a5 JTUHEHHOrNO ypaBHEHWsSI BTOPOrO TOPSIKA MOYXKHO MOCTABUTHL 3ajady Koinu, 3a1aB HavabHbIE
yCioBusl (3HAYEHWs] PEIIEHUs W €ro TePBOil NPOUW3BOAHON) B OJHON TOYKE, WM IIOCTABUTH KPAEBYIO 3334y, 33aB
JOIIOTHUTE/IbHBbIE YCJIOBUA B JIBYX TOYKaAX.

Mur HaMe€pPEeHbI OI'PDAaHUYUTHCA B 3TON TJIaBe JIMIIbh MOCTAHOBKOM HpOCTeﬁmHX KpPaeBbIX 3aJa49 U PAaCCMOTPEHUEM
AJITOPUTMOB MX PeIIeHrsi 0€3 TEXHOJOTMIECKUX MOAPOOHOCTEIH.

4.1. Ogua cogep>kaTejibHas 3aja4a

PaccMoTpuM 33789y 0 CMALUOHAPHOM TEILIOBOM DEKHUME B MOHKOM TPOBOIHUKE JIJIMHOM £, HArPEBAEMOM TIPOXOIsI-
HIAM 110 HEMY TOKOM. ByieM Ha3bIBATH IPOBOJIHUK TOHKHUM, €CJIM MOYKHO CYATATh, 9TO BO BCEX TOYKAX €ro IONEePEIHOrO
CedeHMs TEMIIEPATYPa OJMHAKOBA. BOKOBas MOBEPXHOCTH IPOBOHIKA HOKPBITA UICATbHON TepMon3oanueii. Ha kon-
UAX UCKYCCTBEHHO TOJIEPXKUBACTCS 334aHHas Temneparypa (puc.4.1).

To T,

Puc. 1: Tonxudi npOBOJHUK, HAIPEBAEMBINA TOKOM
Bymem cuutaTh, 9TO MPOBOAHUK COCTOUT W3 JEMEHTOB OIMHAKOBOM MuHbl (puc.4.2) U TeMmeparypa NOCTOSTHHA, B
IIpefiesIax KasKJIoro M3 JJIEMEHTOB.

r— Az T T+ Az

Puc. 2: K BbIBOAY ypaBHEHUsI TEILJIOBOIO OajaHCa

Haiinem npupamenune kosmvecrsa remna AQ) B 31€MeHTe NPOBOJAHUKA JUIMHON AZ ¢ HEHTPOM B TOYKE T 33 BPEMsi
At.

ITockonbKy GOKOBast MOBEPXHOCTE MPOBOJIHUKA TEILJION30JUPOBAHA, A() eCTh CYMMa TPEX CJIAraeMbIX:

1. Temmo, BbIOeeHHOE TOKOM. EC/IM TOK HOCTOSIHHBIN, 9TO TEILUIO MPOMOPIMOHAJIBHO BPEMEHH U OOBEMY KyCKa
[IPOBOTHHKA

AQ: =~-At-Az- .

3mech S — WIOMAIb CeYeHUsT TPOBOIHUKA, Y — KOHCTAHTA.
2. Temno, mocTynuBIIee U3 Npaeozo cocemuero demerTa. OHO IPONOPIUOHAIBLHO BPEMEHH, ILIOINAIN CEYEHHS IIPO-
BOJIHUKA, PA3HOCTH TEMIIEPATYP B TOUYKAX T+AT 1 T 1 06PATHO IPOHOPIMOHAILHO PACCTOSHUIO MEXK Iy STUMU TOUKAMU:

(z + Azx) — T'(x)

T
AO>=\-At-S-
Q2=A-At-S Ao

(4.1.1)

3neck A — K03 OUIMEHT TeIJIONPOBOLHOCTA MATEPHUAJIA IPOBOIHUAKA.
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3. Temwro, mocTynuBIIEe U3 4€6020 COCETHETO HTEMEHTA!

T(x — Az) — T(x) _

AQs=X-At-S- A

B CTaI_H/IOHapHOM pe}KI/IMe KOJIN4YECTBO TeEIlJia B JJIEMEHTE HpOBO,D;HI/IKa HE MerIeTCH, T.€.
AQ: + AQ» + AQs = 0, (4.1.2)

NJIN A A
z+ x)—T(x)_)\‘At‘S‘T(x)—T(x— x)
Az Az

Pazgenus ob6e wactu ypaBuenus: Ha At - Az - S, momyanm

)\-At-S-T(

+y-At-Az-S=0.

/\T(x + Az) — T(z)
_ Ax Az =7
Az ’

Mepeiina x npeneny (Az = 0), noay9uM KOHTHHYaJbHYIO MOJE/b 334a4u — OObIKHOBeHHOE auddepeHnuaibHoe
YPaBHEHHE BTOPOI'O MOPSIKA
-(A-T) =~
C JBYMsl KDA€BbIMU (TPAHUYHBIME) YCJIOBUSIMHU:

T(0) = To; T() =Ty

3ameyanue. Mbl CO3HATEILHO HE BbIHEC/IU 34 3HAK IIPOU3BOAHON KOI(D(MUIMEHT TEI0NPOBOAHOCTHY, TAK KaK, BOOOIIE
rOBOPsi, OH MOXKeT 3aBuceThb oT x. Kak BumHo u3 (4.1.1), dyukuus X - T umeer husnyueckuii CMBIC TEMJIOBOrO TIOTOKA,
uepes3 eIUHUILY TJIOMAIU JAHHOTO CEYeHUsl TPOBOJHUKA, B HAIpaBjenun "uajeso".

4.2. OcHOBHBIE ONIpPEAE/ICHUS]

Kpaesas 3amaua mist aunetinozo muddepeHnuaabHOro ypaBHEHNUsST 6MOP020 MOPSIKA, YaCTHBIM CIY9IaeM KOTOPOiA
sABJseTcs 331349 u3 m.4.1, hbopMmyaupyercs: Tax:

Haiitu npaxxap! HenpepsiBHO auddbepeHIppyeMyo Ha cerMeHTe [a, 8] GyHKIMIO ¥, KOTOpast yI0BJIETBOPSET yPaB-
HEHUIO

!
—y) +q-y=1, (4.2.1)
a Ha KOHIlaX CerMeHTa — KpaeBI)IM yC.TIOBI/IHM.

B ypasuenuu (4.2.1) p — nosmoxuTeIbHAs, HEMPEPHIBHO nudbdeperniypyemas Ha [a, §] GyHKIuMs; g, f — BemecTBeH-
Hble, HEMIPEPLIBHBIE Ha [, 8] dyskuun (B 3amave m3 n.d.l p=A >0, ¢=0, f=7).

Oyukiys [ HA3bIBAETCS CBODOMHBIM WIEHOM KpaeBoil 3amauu. Eciau f = 0, To kpaeBas 3a7a49a HA3BIBAECTCsST 00HO-
POOHOT.

Sameuanue. K Bumy (4.2.1) MoxkHO npuBecTu Jiiob0e JIUHERHOE yPABHEHUE BTOPOIO MOPSIIKA
y'=r-y +s5-y+g, (4.2.2)

rge r, S, g — HeIpepbIBHbIE Ha [, f] DyHKIMY.
HetictBuTensHo, cpaBauM (4.2.2) ¢ npeobpa3oBanubiM ypasuenueM (4.2.1)

!
y”:_g.yl_'_g.y_i‘
p p p
/
Bunno, yro dbyHKuMsS p €cTb OAHO W3 PEIIEHWl yPABHEHUS —% = r. Hampumep, MoxHO mosjoxkurh p(z) =

X
exp (— fr) . Janee, ¢ = s - p u, HaKOHeI, f = —¢ - P.
@

Yame BCero Ha KOHIIAX CEIMEHTA PACCMATPUBAIOT KPAEBbIE yCJIOBUSI OJHOIO M3 TPEX THUIIOB:

1. y(a) = 0 (xpaeBoe ycIoBEE NEPe020 POJIA; B 33]a49€ O TEIJIOBOM PEKUME ITO YCIOBUE O3HAIAET, YTO B TOUKE
UCKYCCTBEHHO IMO/IEPKUBAETCS HYJIEBAsl TEMIIEPATYPA);

2. y'(a) = 0 (kpaeBoe ycji0OBUE 6MOpPO20 POJA; B 33/a4e O TEIJIOBOM DEXKUME ITO yCJIOBHE O3HAYAET, YTO JIEBbIi
KOHEI[ MPOBO/THUKA, TEPMOU30JUPOBAH);
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3. y'(a) — po - y(la) = 0, ue > 0 (kpaeBoe ycioBue mpemvezo pofa; B 33Ja9€ O TEIJIOBOM PEXKUME 3TO YCJIOBUE
O3HAYAET, 9TO HA JIEBOM KOHIIE MPOBOTHUKA, 6biX00AUUL TETIOBOH TIOTOK MPONOPITAOHAJICH TEMIIEPATYPE).

Amasnornuno 3amaercsa Kpaesoe ycnosue B Touke 3. Ho B yC/ioBum Tperbero poja TakiKe pacCMATPUBACTCS GblLo-
dAwud TOTOK TEIIa, MOITOMY 3HAK mpu Koapdunuente p Mensercs: y'(8) + ug - y(8) =0, pg > 0.

Sameuanue. Eciiu kpaesbie ycioBust He 0010podtbie (B IPaBOil 4aCcTU CTOUT HE HYJIb), TO MOJCTAHOBKA Y = Y + Ps,
rae P, — moJIMHOM BTOPOrO MOPSIAKA C HEONPEIeJeHHBIMU KO(DMUIMEHTAME, JAeT BO3MOXKHOCTD MOJIYYUTh 33 CYET
BBIOOPA 3THX KOG DUIUEHTOB 00HopodHvie Kpaesbie ycaosus (mposepbre 31o!). TloaToMy MBI GyZeM paccMaTpuBaTh
TOJILKO 331849y C OJHOPOJHBIMYU KPAEBBbIMU yCIOBUSIMHU.

CepnesHoe npenymnpexaenve. B ormane ot 3ama4yu Ko, kpaeBast 3a7a4a MOXKET HE UMETH PEIIEHNST WU UMETh
OECKOHEYHO MHOI'O PEIeHuil JaXKe B MPOCTEHIINX CIydasX.

ITpumep. Paccmorpum kpaeByro 3amady

Ecm f(z) = 1, o y'(z) = —x + ¢, ¢ = const. I3 mepBoro kpaeBoro ycioBus moiaydaeMm ¢ = —1, a U3 BTOpOTO
¢ = 1, aro Heo3MOxkHO. C PU3NYIECKO TOYKM 3PEHHS 3TOT Pe3yJbTaT OYEBUICH: €CId B 3aade u3 m.4.1 mpoBom-
HUK TEIJIOU30JIMPOBAH, TO CTAMOHAPHOE PACHPEIEICHIE TEMIIEPATYPbI HEBO3MOXKHO — NOJ, JIEfCTBUEM TOKa, OH OyaeT
HArPEBATHCS HEOTPAHUYEHHO!

C apyroit croponsr, ecmu f(z) = x, 10 y' () = —22/2 + c. I3 rparm4nbIX ycnosuit BuaHO, uto ¢ = 1/2. [losromy

.’L’3

(1) =—Z+5+c
YT T T

re ¢; — NPOU3BOJIbHASI KOHCTAHTA, T.€. 337a49a UMeeT OECKOHEYHO MHOTO PEIeHU.

O603naunm Dy, smHEHHOE TPOCTPAHCTBO (DYHKIWI, qBaXK B HENPEPHIBHO muddepermmpyembrx Ha [, 8] n ydosae-
MEOPAIOUUT NOCTNABAEHHHIM KPLEGHIM YCA08UAM. 3amaaum Ha, Dy, nuneiinsiii (nposepbTe 310!) onepaTop

Lp=—(p-¢) +q-¢. (4.2.3)
Torma ncxonnast KpaeBast 33a4a, 3aTUIIETCST B BUIE
Ly=f; ye€Dr. (4.2.4)

Sameuanune. HanmomMuuM, 9T0 B OIpeieieHre Oneparopa BXOIUT He TOIbKO 'dopmysia', mo Koropoit oH aeiicrByer, HO
u ero obaacmov onpedeaenus Dr. TlosTomy omepaTopsl ¢ ogauM u Tem ke " muddepennmanbabM Bbipazkennem ' (4.2.3)
" C PA3HBIMU I'DAHUYHBIMU YCJIOBUAMU — DA3HBIC onepaTopr!

Mozkno nokasarb, uro 3azada (4.2.4) "ycrpoena'rtak ke, kak ypasuenue ®pearosbma BToporo poga. Vmenno,
CIPABEJINBA, TEOPEMA, B TOYHOCTH MOBTOPSIOMIAs Teopemy Ppearonbma.

Teopema. Ecin odnopoduasa xpaeBasi 3amada st ypaBHenusi (4.2.1) umeer moavko Hysnesoe pemenue (y(z) = 0),
TO COOTBETCTBYIOLIAsI HEONHOPOLHAS 330348 UMEET eduncmeenHoe peleHre Ipu A06om cBobomHoM unere. Ecnu ke
OIHOPOZAHAS 334348 UMEET HEeHY.Ae60€ PELIeHNe, TO COOTBETCTBYIOMIAs HEOAHOPOLHAS 33,348 00 HEPa3PeIInMa., 100
nMeeT GECKOHEYHOE MHOYKECTBO DEIeHMI.

3ameuanus. 1. B npusenennom Bemme mpumepe omHOpommas 3amada —y” = 0, y'(—1) = ¢'(1) = 0, ouesunno,
umeer pemenwe y(z) = const.

2.Tak ke, kKak B 3a1a4e Komn, MokHO paccmarpusaTh ypasHeHus Buaa (4.2.1) ¢ xycouno nenpepuienvmu Ko3b-
dunuenTaMu u npaBoil 4acThio. Takue ypaBHEHUs] €CTECTBEHHO BO3HUKAIOT B PA3JIMYHBIX NMPUJIOKeHusix. Hanpumep,
ecv B 3371a4€ u3 1m.4.1 TPOBOJHUK COCTABJIEH U3 HECKOJIBKUX MATEPUAJIOB C PA3HBIMU TEIIOMPOBOIHOCTSIME, TO KO-
dunpment A 6yzmer Kycouno nenpepbiBHbIM. [Tockonbky A - T momxkHa 66ITH MepBoO6Pa3HOit OT (—7), T.€. HENPEPLIBHO
dyukumeii, permenve 7' HOIKHO UMETh KYCOYHO HEMPEPBIBHYIO MPOU3BOIHYIO, PA3PhIBBI KOTOPOI COrJIACOBAHBI C Pa3-
pbiBamMu \. AHAJIOrMYHO MOHMMAETCs pemerue u B obmeM ciydae. ChHopMympoBaHHAST TEOPEMa, TPU ITOM OCTAETCST
BEPHOIA.

4.3. 3amaua Illrypma — JInyBuiaasa

Paccmorpum kpaeByro 3agady
Lo=v-9; ¢€Dy, (4.3.1)

rIe V — KOMILIEKCHOE 9hCJIO.
OueBuzHO, 9TO 3TA 334348 BCerga umeer pemenue p(z) = 0.
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Omnpenenenve. Ecnu 3amaga (4.3.1) umeer nenyaesoe perierne ¢ € Dr,, TO YUCIO V HA3BIBACTCS COOCTNEEHHDBILM HWUC-
A0M, & QYHKIWS (0 — COOTBETCTBYOMIEH (3TOMY Ynciy) cobemeennoti gynwyued ("cobeTBenubiM BekTOpoM ') onepaTopa,
L.

3amaua 06 OTBICKaHUM COBCTBEHHBIX (byHKIMIT omepaTopa L masbiBaercst 3amaqeit [Itypmal — JInysumasaZ.

Iokaxxem, uro mys 00X dyuKIUMI Yy, 2 € D cupaBesInBO PABEHCTBO
(Ly,z) = (y, Lz), (4.3.2)

rae (-,-) — OObIYHOE CKAJISIPHOE TIPOW3BENeHNe Ha [, (], onpenenennoe paBercTsoM (2.2.1).
7151 onpeieNIeHHOCTY TIPEITOIOKIM, YTO Ha 000X KOHIIAX CerMeHTa [a, (] 3a/1aH0 KpaeBoe yCIOBHeE EPBOTO POJIA.
Pacrviiem crassipHOE IpoM3BeeHNe B JeBoit vactu (4.3.2):

B B

<Ly’z>:/Ly'fz/(—(p-y')'-i-q-y)-E.

a a

Murerpupyst neproe cjaraeMoe mo 4acTsiM, MOJIy UM

(Ly,z) = —p(B) - y'(B) - 2(B) + p(a) - y' (@) - Z(a)+
B
+/(p-y’-?+q-y-§).

HOCKO.HI)Ky Z YAOBJIETBOPAECT 'PAHUYIHBIM YCJIOBUAM, BHCUHTEI'DAJIBHBIC 9JICHBI 06pa,111a10Tc51 B HYJIb. OKOHYATEIBHO

nMeeM
B

<Ly,z)=/(p-y’-?+q-y-2)- (4.3.3)

Mponenas rakue e npeobpa3oBaHust C MPABON 4aCThIO (4.3.2) U BOCIOIB30BABIIUCH TEM, YTO Y TAKKE yI0BJIETBO-
PSIeT TPAHUYHBIM yCJIOBHUSIM, Mbl BHOBb mpujeM K (4.3.3).
V6enurecs B TOM, 9TO paBeHCTBO (4.3.2) BEPHO U sl KPAEBBIX yCJIOBHIl BTOPOrO U TPETHErO POJA.

Caoiictio (4.3.2) oneparopa L aHaJOrMYHO CaMOCONPSKEHHOCTH KBAAPATHONH Marpulbl. Kak U3BECTHO U3 Kypca
JIMHEIHOHN aJreOpbl, BCSAKAsi SPMUTOBA MATPHIA MMEET OPTOrOHAJIbHBIN COOCTBEHHBIN 0a3uc, a Bce ee CODCTBEHHBIE
gucsia BemecTsendbl. Oka3biBaeTcs, ais 3agaqn (4.3.1) cupasemiusa,

Teopewma. 1. Bce cobcrennnie uucia oneparopa L semecrsennbl. OHu 00pa3yH0T HEOrPAHMYEHHO BO3PACTAIOLILY IO

+oo
II0CJI€ 10BATEJIbHOCTD (I/k) k1" Ka)K,HOMy CO6CTB€HHOMy qUuCIy COOTBETCTBYET POBHO OJHA (C TOYHOCTBIO OO YHCJIOBOI'O

MHOXKUTEJIs1) cobcTBenHast GyHkuus @y. Bosee Toro, Bce cobcTBeHHbIE (DYHKIUYM MOT'YT ObITH BHIOPAHBI BEIECTBEHHbI-
MU.
2. CobcrBennble (GyHKIMYU oneparopa L momapHo OproroHaibHbL HA [a, (], T.e. mpu k # m

B

/@k'¢m=0-

a

~+o0 i
3. TlocnenosarenbuocTs (@, ) 4 3AMKHYTa B IPOCTPAHCTBE KYCOYHO HenpepbiBHbIX HA [, f] dymkimit co ckansp-
HBIM Tpou3Benenuem (2.2.1).

3ameuanue. Bmecro (4.3.1) moxkHO paccmorpers 6osee obiyio 3a1a4dy
Lpop=v-r-¢; ¢€Dg, (4.3.4)

rJe r — MOJIOXKUTENbHAs!, HepepbIBHAs Ha [a, (] dyHKUMs, umenyemasi gecom. Henynesbie pemenns 3amaqn (4.3.4)
HA3BIBAIOTCS COOCTBEHHbIMU (DyHKIUsIMU oneparopa L ¢ Becom r.

13Kaxk Illapns ®pancya IIITYPM (1803-1855) — dbpanmysckuit MaTeMaTuk, wien Ilapmxckoit AH, HHOCTDAHHBIH MOYETHHIH <IeH
ITerepbyprckoit AH. Ero ocHOBHBIE paGOThI IOCBSAIIEHE KPAEBBIM 33439aM MATEMATHIEeCKON (pU3UKHU.

27Kozed JIMYBUJIJID (1809-1882) — dpannysckut MmaTemarnk, unen Ilapuxckoit AH, mrocTpanmsi# nmogernsiit wiren Ilerep6yprekoit
AH. Paborsl mo o0meit Teopur aHAJIUTUYIECKHX (DYHKIHUIl, TEOPHUH UHCEJI, CTATHCTHIECKON MexaHuKe. [IOCTPOMJI TEOPHIO SJIMNTHYECKHX

dyHKIHH.
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st 3anaun (4.3.4) ocraeTcs cupaBeyInBbIM TIEPBOE YTBEPIKIEHHE TeOPEMBI. BO BTOPOM 1 TpeTheM yTBEPKICHUIX
cIleIyer 3aMeHUTh OOBIYHOE CKaJIsIpHOe Mpom3BezieHne (2.2.1) Ha cKaJsipHOe Mpou3BesieHue ¢ BecoM (2.2.3).

Teopema. Ecin ¢(z) > 0, z € [o, ] (B ciry4ae, eciim Ha 060X KOHLIAX CErMeHTA [, 5] 3aJaHBl KPAeBble yCIOBUS
BTOPOI'O POJIA, CJIEAYET JAOMOJHUTEIBHO IOTPE6OBATH, 4T00bl (DyHKIUS ¢ HE ObLIA HYJIEBOI), TO BCe COOCTBEHHBIE YUC/IA,
oneparopa L monoKuTeIbHBI.

Hoxkazarenbcrso. IIpeanonoxum st ONpesesieHHOCTH, 9TO HAa 000MX KOHIAX CErMEHTA 33/aHbl yCJIOBUsI EPBOrO
poza. YmuOoxkuB ypasHenue (4.3.1) cKaqgapHO Ha ©, TOLyIuM
_ 2
) = .
(Lo, o) = v - [l
ITpeo6pasyem jeByto dactb ¢ yderom (4.3.3):

B
/ (o192 +q- [92) = - llgll”

[e%

IMockombky p(z) > 0, g(x) > 0, To 0ba ciaraeMbIX IOJ MHTErPAJIOM HEOTPHUIATEIbHBI. Bojee Toro, eciu p(x) -
l¢'(@)]> = 0, To ¢'(z) = 0, orkyna B cury rpammuneix ycnosuit (p(a) = ¢(8) = 0) monyuaem ¢(z) = 0, 4ro
HEeBO3MOKHO. II03TOMYy Bech mHTErpas monaoxureneH, u v > 0.

[TonpobyiiTe m0KA3aTH TEOPEMY AJIsi APYTUX KPAEBBIX yCJIOBHIA.

Sameuanus. 1. B ycinoBusix nocnenueil reopembl onHOpoaHas 334344, (4.2.4) umeer TonbKO Hysesoe pemenue. Co-
[JIACHO Teopeme u3 1.4.2, 3T0 03HAYAeT, 4TO Kpaesas 3a7a49a (4.2.4) OMHO3HAYHO pa3pernuMa, mpu Jr00M CBOOOIHOM
qJIeHe.

2. Teopema 6e3 u3MEHEHMIT IEPEHOCUTCS Ha CIydail 3agaqn ¢ Becom (4.3.4).

4.4. TIpoeknmmoHHBIE METOABI PEIIEeHNs KPAaeBoii 3aa4mn.
I. Meron @®ypne

Byzsem uckarp pemenue Kpaesoil 3amauu B ¢dopme psaa Pypbe 1m0 6a3ucy, COCTOSIIEMY U3 8EULeCEEHHBLT COD-
crBennbix Gyukmmit 3agaau [rypma — Jnysmwurs (4.3.1):

+oo
Y= U Pr- (4.4.1)
k=1
Moncrasus (4.4.1) B (4.2.4), momyamm mosicdecmeo
+oo
LY k-ex| =1
k=1
YMHOKast 9TO TOXKIECTBO CKAJISIPHO HA 6ce Da3uCHbIE DYHKINU Py, TIONYUUM DECKOHEYHYI CUCTEMY yPABHEHWH
+oo
<L Z@\k'ﬂpk JSOm>=<f7Q0m>J m € N.
k=1

IMpumenum roxaectso (4.3.2) u yurem, uro Ly, = vy, - @, [lonyanm

+oo

> Gk Pk Vm - om) = (FrPm)-

k=1

B cuy momapHOii OpTOroHAJBHOCTH COOCTBEHHBIX (DYHKIWII B JIEBOU YACTH OCTAETCS TOJIBKO OIHO CJIAraeMoe —
OECKOHEYHAST CUCTEMA YPABHEHUIA OKA3BIBALTCS JUa20HAAbHOU:

Vmﬂm ) ||me||2 = <f7 ‘Pm): m € N.

Ecsin mpeanosiokuh, 9To BCE Vj, OTJIMYHBL OT HYJIs (BCIOMHUTE Teopemy u3 m.4.2!), To pemenue Kpaesoil 3a1a9u
nMeeT BUT,

y=S1 o (4.4.2)

Vi
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rae

/fSOk

N f;SDk a
fr= =
ok I? a

[1enf
«

Sameyanue. AHATOTUYHO MOXKHO MOKa3aTh, YTO €C/IH U3BECTHBI COOCTBeHHbIe hyHKIMHU oneparopa L ¢ Becom 7, TO
K03(dhULreHTh fk B (4.4.2) BerUuCIAIOTCA 10 (hopMyie

(4.4.3)

Mpuwmepst. 1. y" +y = —exp(2z), y(1) =y(2) =0.
Ipusenem ypasuenwe x Bugy (4.2.1):

—y" —y = exp(2z).
Bnecb a =1, f =2, p(z) =1, ¢(z) = -1, f(z) = exp(2z).

Banaua lrypma — JIuyBusisi, onpenessomnasi cCOOCTBEHHbIE YUC/Ia, U COOCTBEHHBbIE (DYHKIUHU OMEPATOPA, UMEET
BH/I

- —p=v-p, ¢(1)=¢p(2)=0.

Iepenummem nuddepennuanipHoe ypaBHeHUE it COOCTBEHHON (DYHKIIMM TaK:
" =p-p, p=v+1

W3 Teopempl, TOKA3aHHOM B KOHIE MPEIBIAYIIErO IyHKTA, Cexyer, ato y > 0. Ybemurecs (Hampumep, ¢ IOMOIIBLIO
npeobpazoBanus Jlamnaca), 9T0 JByMEPHOE IIPOCTPAHCTBO BCEX PENICHUI 3TOr0 yPABHEHUS UMEET BHL

p(r) = Acos(yz) + BM

(31ec8 7 = V).
IToncraBiisisi 3T0 AByXIIapaMeTpUIeCKOe CEMEHCTBO B KPAEBbIe YCJIOBUSI, [TOJIYIMM OZHOPOIHYIO CUCTEMY YDAaBHEHU
st onpenesienuss A u B:

cos(v)-A + sinv('y) -B = 0
(4.4.4)
cos(27)- A + w -B = 0.

Henyaesoe pemenne 3ra CUCTEMA UMEET, €CIM €€ onpeaenuTesb paseH Hyso. CiemnoBarenbHO, Y JIO0JKHO ObITh
KODHEM yPaBHEHUS

sin(v)
~y

=0.
Orcronma
Y = k7w (l/k:kQﬂ'Q—l), k e N.

Moacrasus naiinenusie v B (4.4.4), BoIOEpeM Kakoe-HUOYIb HEHYJIEBOE PEIEHUE ITON CUCTEMbI, HAPUMED,
Ay = —sin(v) =0, By = yrcos(y) = (1) - k.

Torma

2

. 1
oula) = sinlkn(e = 1) llpelP = (puson) = [ sin® (b = 1)) da = 3.

1
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Berunciue koadbdunnents: B (4.4.3):

2

/emp(Z:U) -sin(kr(x — 1)) dz
Fi = (f,¢r) _1 _ 2(—1)’“62((52 -1)
7 el L P4
2

Haliiem permenue Kpaesoit 3anaau no dhopmyse (4.4.2):

400 k
2.2 (-1) .
(z) = 2e*(e* — 1) - sin(kn(z — 1)).
Y ; B 1)+ 4

I'paduxk perrenus: nmpencrasieH Ha puc.4.3.
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Puc. 3:

2y + gy +y=1, y(1)=y(2) =0.
HpI/IBe,rLeM ypaBuenue K suzy (4.2.1):
vy —ry=-w

3,&6(2]) a = 1) ﬂ = 27 p(.’E) =z, Q(x) =, f(.Z’) = -
Paccemorpum 3ana4dy o cobersennbix pynkuusx oneparopa Ly = —(z -y')' — x -y ¢ Becom  :

—(z-¢) —z-p=v-z-p, (1) =p(2)=0.
Huddepennnranbaoe ypaBHeHue s COOCTBEHHBIX (DYHKIUN MOMXKET OBITH MEPENMCAHO TaK:
—(@-¢) =w+1)-z-p

Useecrro (Cwm., Hanpumep, Crnpasoynuk no cnenuanbubiv byaxkimusm. [log pex. M. A6pamosuna u Y. Cruran. —
M.: Hayka, 1979), 4ro nByXMEpHOE MPOCTPAHCTBO BCEX PEMICHUH ITOrO0 yPABHEHWs] UMEET BUJ

p(x) = Ado(vz) + BYo(vz),

rne v = Vv+1; Jy, Yo — dynkuum Beccens (mummaapuaeckue GbyHKIuM) HyJI€BOTO TOPSKA, MEPBOTO U BTOPOTO
POIa COOTBETCTBEHHO.
KpaeBble yCi10BHs O3BOJISIOT HAATH COOCTBEHHBIE YKC/Ia OIIEPATOPA: 00HOPOOHASA CUCTEMa, JUHEMHBIX yPaBHEHUM

(1) = Jo(-A + Yo(v)-B = 0
02 = Jo2y)-A + Y(2y):B = 0

“MeeT HETPUBUAJIBHOE PEMIeHNEe TOJIBKO NTPU PAaBEHCTBE HYJIIO OINPpEeJINTEeNsA €€ MAaTPUIIHI. C.TIQ,Z[OB&TGJIBHO, COOCTBEH-
HbI€ YUCJIa ABJIAKTCA PEIMEeHNAMU TPAHCHEHIACHTHOTO YPDABHEHUA

Jo(7y) - Yo(27) — Jo(27) - Yo(v) = 0.

Ha puc.4.4 npeacrasiien ¢pparmenT rpaduka JeBOi 9aCTU STOrO YPABHEHUS, & B TAOJIUIE — 3HAYEHN S IEPBBIX IIIECTH
€ro KOpHe#.
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T Y2 73 Y4 V5 Y6

Puc. 4:

Yk
3.123030920E+-00
6.273435714E+00
9.418207542E+00
1.256142319E+01
1.570399789E+01
1.884624804E+01

SO W NS

OTMmeTnM, 9TO aJITOPUTM peIeHrsl yPABHEHUH TAKOTO THIA PEATN30BaH B BUAE (DOPTPAHOBCKONH MPOTPAMMEBI, BO3-
BPAIIAIOIIEH 3aJaHHOE KOJTWYECTBO COOCTBEHHBIX YHCEIL.
B kauecrse k03 unmentos Ay u By MOXHO B3sTh, Hampumep, uucia Ay = Yo(vk), Br = —Jo(7x)- UTax,

or(z) = Yo(vk) - Jo(vex) — Jo(v) - Yo ().

Brrancnenne koadduimentoB Pypne

/ Yo(rk) - Jo(ye) — Jo(we) - Yo(yse)) - (~2) d

ﬁ“_ 2
/Yo ) - Jo(yee) — Jo(w) - Yo(ua))” -z do
1

CBOAMTCS K BBIUUCJIECHUIO ABYX MHTErpaJioB. IIpuBeneM pe3ysibTaTel, NOAYHEHHDIE C NOMOWDIO CPEdbl KOHENHO20 NOAD-
sosameas MAPLE: unterpas B 3HaMeHaTeNe pABEH

2_2((3/0(%) - Jo(mex) = Jo(k) - Yo(mew))*+

2

?

+ (Yo () - J1(vew) — Jo(vk) '1/1(%:6))2)

WHTErpaJj B 9UCIUTE]E —
1 2
— (Jo(w) - Yi(3e) = Yo(u) - i (ea)) |
2
3necw J1, V1 — dysxnun Beccens: (mamaapuaeckue GhyHKIME) NEPBOTO MOPSIAKA, IEPBOrO W BTOPOTO POAA COOT-
BETCTBEHHO.
Pemenvie kpaeBoil 331991 UMEET BUT

+oo

y(@) = 3 2 (Vo) - Tolmer) — Jo(e) - Yo(ear)-
=1 Tk — 1

Ero rpadwuk npencranen Ha puc.4.5.

Sameuanune. Kak gacTto ObIBaeT, TPOCTON HA MEPBBIA B3IV AJTOPUTM MPUBOIUT IIPU MONBITKE UM BOCIIOJIbH30-
BATHCS K BECHbMA CJIOXKHON GHAAUMUYECKOT 33a0a9e — HyKHO MMOCTPOUTH 0a3uc m3 COOCTBEHHBIX (DYHKIWI JIMHEHHOTO
oneparopa. B mepBoMm Hamem npumMepe 3TO ObLTIO HECTI0XKHO CAeIaTh, TAK KAK 33/]a49a CBeJIaCh K PEIIeHUI0 JIMHEHHOro
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Puc. 5:

nuddepeHIIaIbHOrO ypaBHEHUS C NOCTMOAHH MY KOIGDGDUINEHTAME U K PEIIeHuI0 "IIKOJIBHOrO" TPAHCIIEH IEHTHOTO

sin(v7) _ 0

OnHako yke BO BTOPOM IIPHMEPE MPHUILIOCH OOPATUTHCS K CIPABOYHUKY, K CPele KOHEYHOIO IOJIb30BATENS U K
doprpan-nporpamme! Beab cobcTBeHHbIe DYHKIMM TOTOMY ¥ HA3BIBAIOTCS COGCMEBEHHbLMU, 9TO JJisi KAXKJIOr0 BHOBb
BCTPETHBIIETOCs JITHEHHOTO OMEPATOPa HEOOXOAMMO MOCTPOUTH HOBYIO CHCTEMY COOCTBEHHBIX JIEMEHTOB, T.€. HANTH
pemernst HOBO# 3ana4un lrypma — JInysusiis.

MareMaTnKn JOKOMIBIOTEPHON 3MOXM MPOAEIAIA TUTAHTCKY0 PaboTy: MOCTPOEHBI, M3yvIeHbl n mabyasuposats (1)
MHOTOYNCIEHHBIE (DYHKIWH, KOTOPBIE B OTJIMYne OT "3memMenTapHbix (IKOIBHBIX) HOCAT TOPJAOe Ha3BaHue "crennasts-
ubie Gynkuun". Takosbl dbyskuuu Beccens (munmunnpuyeckue), dbyukuuu Jlexanapa (mmaposbie), Gyakmuu Ixobu
(3mmunruaeckue)... Cum., nHanpumep, "CupaBodHUK MO CHEUMAIbLHBIM QyHKIuIM".

B mamme Bpemsi HeT HeobxoAMMOCTH OGpaIaThcsa K TabaunaM (1, Kak MPaBUIIO, Ja¥Ke K CIPABOYHUKAM), TAK KaK
6ubmorekn PopTpaHa PACHOTATAOT CTAHAAPTHBIMUA MTPOrPAMMAMU BBIYUCIEHUST BCEX PACIPOCTPAHEHHBIX CIEIUAIE-
HBIX (DYHKIHUH, & TaKue Cpeabl KOHEYHOro mojb3oBaress, Kak MAPLE u MATHEMATICA, #e TOIBKO BBIYUCISIIOT
3HAYEHUs STUX (DYHKUIUI C MPOU3BOIHHO 33, JAHHBIM KOJIMYECTBOM 3HAYAINNX (DD, HO U BBINOJHSIOT HAJ HAMU aHA-
JINTUYECKUE ONEPAIWN.

Pemenve kpaeBoil 3a7a4n BCEraa CTOUT HAYATH C M3YUEHUs] CIPABOYHWKOB, U €CJIM BHOBb BO3HHUKIIAS 337393 —
BApUAHT y3Ke PEIIEHHON, TO ycrnex obecrneveH.

A BOT ecsM HAIM BEJIUKWE TIPEINIECTBEHHUKN He CYMeJM MOCTPOUTEH COOCTBEHHBbIE (DYHKIMM WHTEPECYIOIEro HAC
omeparopa, To 310 u Bam Bpsig s ymacres. IlosTtomy B ciienyromem nyHKTe OyAyT KOHCIEKTUBHO M3JI02KEHBI OCHOBBI
COBPEMEHHOH TEeXHOJIOTHH DEIIEeHNs] KPAEBBIX 33/1a4.

yPaBHEHUS

4.5. ITpoeknuoHHbIEe MEeTOABI pPEeNIeHns KpaeBoii 3aJa4n.
II. CoBpeMeHHBIE TEXHOJIOTUN

Ipeanonoxwnm, 9To HA 060X KOHIAX CErMEHTA. [, 3] 381aHBI KPAEBBIE yCJIOBUSI TPETHETO POAA. Y MHOKUB CKAJISIPHO
ypasuenue (4.2.1) Ha NPOM3BOJILHYIO KYCOYHO IJIQIKYIO, HENPEPHIBHYIO (DYHKIUIO @), TIOJyYUM PABEHCTBO

8 B
/(—(p-y’)’+q-y)-¢=/f-¢>- (4.5.1)

(64
ITpeoGpasyem (4.5.1), npuMeHsisi MHTErPUPOBAHKE 110 YACTAM (C yUETOM IPDAHUYHBIX YCJIOBHUI)

8 8
/(—(p-y')'+q-y)-<i>=—(py')¢|i+/(p-y'-¢'+q-y-¢) =

a

8 8
= p(@)pay(a)p(a) + p(B)usy(B)p(B) +/(p-y’-¢’+q-y-¢) = /f-¢- (4.5.2)

O61mmast maest MPOEKIIMOHHBIX METOLOB 3aKJIIYAETCS B TOM, YTO IMPHOJIMKEHHOE DElIeHne KPAEBON 33/1a49u UILYT B
BUJIE JIMHERHON KOMOMHAIMN HEKOTOPOTO KOHEYHOrO HAB0pa JIMHENHO He3aBUCUMBIX GyHKIWmi {Py}, k =1,..., N, mpn-
geM K03 HUIMEHTHI 3TOH JTUHEHHOM KOMOWHAIINY HAXO/ ST U3 CUCTEMBI YPABHEHUI, KOTOPAst TOTYYaeTCsI TO0ICTAHOBKOM
B (4.5.2) ¢ =¢,, n=1,...,N.

Eciu B xagecrBe {¢y} B3siTb mepBbie N cobcrBenHbix byHKumii 3ama4dn (4.3.1), T0, aHAJOIMYHO HPEIBIIYIIEMY
[YHKTY, JIETKO IIOJIy YUTh, 9YTO KAXKJ10€ u3 ypasHenwuii (4.5.2) Oyaer comep:Karh TOIBKO OJUH HEU3BECTHBIH KO3 duimenT
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MCKOMO# JINHEHHON KOMOWHAIMN; TMOJIy4YeHHble K03(hduuneHTs! coBnafaoT ¢ nepsbivu N koadduimenramu DPypne
dbyHKIM Yy, T.e. IPUOIUKEHHOE DEIIeHre B 3TOM CIydae — MPOCTO YacTHast cymMma psia Pypbe TOUHOrO pelleHus.
OHako, Kak y»Ke yKa3bIBaJIOCh, COOCTBEHHbIE (DYHKIMY M3BECTHBI JIAIIE JJIsI CYUTAHHOIO YHCIa 3a7a4.

HOSTOMy 3aMaHYMBOMA BbIIVIAJIUT WUAedA UCIIO0JIb30BATh BO 6CeT KpaeBbIX 3aJa49axX KaKI/Ie-HI/I6y,Z[b HECJIO2KHbIE CTMaH-
dapmmuoie Habopbl. Hanpumep, B3sTh B KayecTBe TakOro Habopa nepsbie N 3jIeMEHTOB MOCJIE0BATEIbHOCTH TPUTOHO-
MeTpudecKux (GpyHKIui

sin (1)

ok (x) = Agcos(yrz) + Bg , keN.

Teoperrdecku 3TO BO3MOXKHO: 33 CYET BbIOOpA mapamerpa 7y, u koddhdunuentoB Ap u By MOXHO aHAJIOTUYHO
npumepy 1 m.4.4 ynoBIeTBOPUTH KPAEBBIM YCJOBUSM M 3aT€M pemuTh cucreMy ypasrenuit (4.5.2). K coxasnenuro,
[IOJTy JaloIasics cucreMa OyzeT B OoOIIEM CIydae UMeTh 3aIOJHEHHYIO MATPUILY, T.. KayKJ0€ YPABHEHUE COIEPIKUT BCe
HUCKOMbI€ KO3(DDUIMEHTDI.

B nanbueiiimem OyneM cautaTh it mpocToThl, uto o = 0, f = 1.
3anaaum HarypasbHoe uncino N u nocrpouM Ha [0, 1] pasnomepryro cerky

Tp=nh; n=0,... N+1;, h=——. (4.5.3)

IMocrpoum dyukumu (ux umenyior "namarkavu", cM. puc.4.6)

1-Z mpu 0<z<h
Ho(x):{ Oh P N

upu z > h.
0 npu r<(n—1)-h
%—(n—l) npu (n=1)-h<xz<n-h
,(z) = (n+1)—% npu n-h<z<(n+1)-h
0 npu z>Mm+1)-h
n=1,...,N.
I (z) = 0 mpu < N-h
N1t = %—N npu N -h<zx<(N+1)-h.

AANYS

Puc. 6: I'padurn dysxupmii-"nasarok"

=1

Bynem nckare mpuOnmKkeHHOE pellleHne HaIeil KPaeBoil 33134 B BUJE JUHEHHON KoMOuHAanmu 3Tux "majgarok",
T.€. B BUJIE HENPEPHIBHOTO CILIAliHa BTOPOro NOpPsiZika Ha, ceTke (4.5.3):

N+1

=3 i (a). (4.5.4)
k=0

3ameruM, uto o onpexesnernio "nanarok"(x,) = 0nk, u mOTOMY C) = Y(TK)-
Moncrasnsisa (4.5.4) B (4.5.2) u nonaras ¢ = II,,, monyanm

N+1
Zank-ck:bn, n=0,...,N+1, (4.5.5)
k=0

rae

1
0
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1

aok = aro = p(0)o - dox + /(p Mo - I + g - Tho - T )5 (4.5.7)
0
1
aniti1,k = ak,N+1 = p(1)p1 - Ony1,k + /(P Mygy - O+ - My - I); (4.5.8)
0
1
bn:/f-l'[n, n=0,...,N+1. (4.5.9)
0
OueBngno, uto (N + 2) x (N + 2)-marpuna A spmuTosa. Jlanee, IO IOCTPOCHUIO
N+1
Z ankCrCn = {LY, 7). (4.5.10)
k,n=0

Eciu ¢ — veorpunarenbuas GyHKIMsI, TO AHAJOTMYHO JOKA3ATEIbCTBY TEOPEMbI B KOHIE 1M.4.3 MOXKHO NOKa3aTh,
4T0 mpaBas acTh (4.5.10) nonoxkurenbHa, eciu TONBKO ¢ # §. Takum 06pa3oM, B 3TOM ciiydae A — NoA0HCUMEADHO
onpedeaennas marpuna. [losromy cucrema (4.5.5) npu kaxaom N uMeeT eIMHCTBEHHOE DEICHYE.

OnHaKo 9TO CHpaBeIMBO U it APYTuX HAGOPOB { @y . OcroBHOE mocromucTBO "MamaTok"cocTONT B APYrOM: mpw
|n — k| > 1 mpomexyTKu, Ha KOTOPBIX OHU OTJIMYHBI OT HyJIs, He IepecekanTcs, u u3 (4.5.6) — (4.5.8) oueBmano, 9TO
an, = 0. Mampuya A cucmemws (4.5.5) oxasweaemces mpexduazonasvhot! CoueTanne MOMOKATENBHOM OIPEIeTIeHHO-
CTH U TPEXAMArOHAJIHLHOCTH 00ECIIeYU/IO BO3MOXKHOCTD CO3AaHUs ObICTPBIX U 3(M(PEKTUBHBIX CTAHIAPTHBIX ITPOrPAMM
JIJTsI PEIIIEHUs] CUCTEMBIL.

MOKHO TOKa3aTh, YTO CIPABEIINBA

Teopema. Ilycts p — Kycouno riankas, menpeposHas Ha [0,1] dyskuus, ¢, f kycouno mempepwsabl Ha [0, 1],
npuuem ¢ > 0. Eqm y — TounOe pemenwe KpaeBoil 3a1a4uu, a J — NPUOJMIKEHHOE DeleHne, 3a1aBaeMoe (hbopMyJIoi
(4.5.4), To ana Beex z € [0, 1] BbIIONHEHA OLEHKA

[y(z) —y(x)| < C-h, (4.5.11)

rae C — HEKOTOpAasi MOJIOXKATEIbHAS KOHCTAHTA.
B wacrHocru, mpu k =0,1,...,N+1 |cp —y(z)| < C-h.

3amveuanus. 1. Omua U3 BO3MOXKHBIX CHOCOGOB NPUOIMIKEHHOTO BBIYMCIEHUsI UHTErPajioB B ¢dpopmynax (4.5.6) —
(4.5.9) cocrout B crenyromeM. @yukuuu p, ¢, f aANITPOKCUMUPYIOTCS HENPEPHIBHBIMU CILIAKHAMY BTOPOTO MOPSIIKA HA
cerke (4.5.3), moc/ie YEro UHTErpPaJIbl JIEFKO BBIPAYKAKTCS 4Yepe3 JMHEHHble KOMOMHALWMY 3HaYeHud 3Tux (GyHKumit
B y3iax cerku. CymecTBeHHO, 9YTO KO3 MDUIMEHTH! JINHEHHBIX KOMOMHAIMN CTAHJAPTHBI U MOTYT OBITH BBIYUCJIEHBI
3apaHee.

2. B mpakTuueckux BuIuucIeHusix Koucranta C' B onenke (4.5.11) 06brano nHewssecTHa. [109TOMY CTaHAAPTHBIE TPO-
IPaAMMBbI YUCJIEHHOTO PEINIeHusT KPAeBhIX 33729 HCMOIb3YIOT PA3IUYHbIE KOCBEHHBIE TPOIEAYPHI KOHTPOJS TOYHOCTH.
IIpocreiimuit cmocod, Kak v mpu pernernn 33349 Ko, COCTOUT B MOCI€A0BATEbHOM APpOo0ieHnn 1mrara, h: BBIYUCIe-
HUsI IPOBOJSITCSL IO T€X IIOP, IOKA OTHOCUTEIHHOE M3MEHEHHe NMPUOJINKEHHOrO PeIleHus He CTaHeT MeHbIlle Halepe
3aaHHOro €. IloBTOPUM, YTO KOCBEHHBIE METOMBI, y/I00HbBIE B CHJIy CBOEH IPOCTOTHI, HE JAIOT IIOJIHOM rapaHTUU [10-
CTOBEPHOCTH PE3yJIbTaTa.

3. Obparure BHUMAHUE HA TO, YTO HU OJHO HPHUOJIUKEHHOE DEILIEHWe He MMEeT BTOPBIX Mpou3BOAHbIX. OIHAKO
TeopeMa MOKA3BIBAET, YTO 3HAUEHUsI IPUOJINKEHHOIO PEelIeHNs] HA CeTKe IIPY U3MEeJIbYEHHUH 11ara CXOAATC K 3HAYEHUSIM
TOYHOIO PEIIEHNsI Ha TON 2Ke CeTKe, & OOJIbIlle HIYEro Ha MPAKTUKE U He Tpedyercs!

Taxum 06pazom, 3amena ypasaernus (4.2.1) Ha "urrerpanbroe ToxmecTso" (4.5.2) 1a€T BO3MOKHOCTD HCTIONB30BAT
MIPU TOCTPOEHNN TIPUOIMKEHHOTO PEIIeHUsT HeJOCTATOYHO TJIaIKMe, HO MPOCThie U yaobuble GyHKumn I1j.

4. Ecnn B ucxonHO#M 3371ate Ha KOHIAX MPOMEXKYTKa ObLIM 33JaHbI YCJIOBHSI BTOPOTO POJA, BCE TOyYeHHbIE (hOp-
MYJIBI COXPAHSIIOTCS, CIGIYET JIMIIb TIONOXKUTE o = w1 = 0 1 norpeboBaTh, 4robbl GDyHKIMS ¢ He ObLIa HyJIEBOi (CM.
TeopeMy B KOHUE 11.4.3).

Ecsin ke Ha KOHIAX MPOMEXKYTKA 33JaHbl YCIOBUs IIEPBOrO pozaa, To B (4.5.1) ciexyer 6parh ¢ TakKe PABHBIMU
HYJII0 HA, KOHIAX IPOMEXKYTKA. Takum 00pa30oM, npubJnKEHHOE PEIIeHNE UINETCS B BUIE

N
J(z) =) ek - Ti(x). (4.5.4")
k=1

TMopsinok cucrembr (4.5.5) okasbiBaercs paBubiM HE N + 2, a N; k03 GUIMEHTBI CUCTEMBI 330a10TCs (DOPMYJIaMU
(4.5.6). Teopema OCTAETCST BEPHON M B 3TOM CIIydag.



