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PaccMmarpuBaeTcss yacTMUHO MepuoauvecKasl 3amada YrpaBieHUs, Te YIPaBIsSIONIMi mapamMmeTp
BXOIMT B HauajibHOe ycioBue. M3yyaercs hopmanuzanusi, KOTopasi OTHOCUTCSI K BapUallMOHHOMY
UCUYMCIICHUIO. BhINMchIBalOTCs He0OXoaMBbIe YCIOBUSI B BUAE ypaBHeHUU Ditnepa—JlarpaHxa, c
ITOMOIIBIO KOTOPBIX pa3padaThiBaeTCsl AJITOPUTM HAXOXICHUS ONITUMAIBLHBIX ITPOTPAMMHBIX TpaeK-
TOpuii. Pe3yabTaThl MUTIOCTPUPYIOTCS TIPUMEPOM, KOTAa NBUKEHME OMUCBHIBAETCS OCPEIHEHHBIM
110 BpeMEHU TUTIepPOOJIMYECKUM YPaBHEHUEM TTPU TOCTATOYHO OOJIBIIION NIyOMHE CKBaXKMHBI B TIPO-
1ecce ra3imgTUHrA.
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BBenenue. BapuanimoHHoe ncumrciieHue (CM., Harpumep, [1]) BOBHUKIIO U3 KJTACCUYECKUX ITOCTAHO-
BOK 9KCTpeMaJIbHbIX 3a7a4. OMHaKO COOTBETCTBYIOIIMI MaTeMaTUUYECKU arirapaT UMeeT MMpUMeHeHUe
B COBPEMEHHBIX MofieisIX. Tak, 111 HaX0XIeHUSI ONITUMAJIbHOTO PelleHUs MPU ra3nnuTHON 3KCITya-
Tauuu He(TSIHBIX CKBaXKUH B [2, 3] MocTpoeHa MateMaTuiecKasi MoJieJib ra3inTHOTO Mpoliecca, OIu-
cbIBaeMasi CUCTEeMOM JIMHENHBIX TUdepeHIIMAIbHBIX YPABHEHW I B UaCTHBIX MPOM3BOAHBIX. [1J1s1 ynpo-
LLIEHUS] YPaBHEHNME B YACTHBIX MPOM3BOIHBIX C TOMOIIIBIO YCPEIHEH S 110 BpeMeHU f [4] uinu 1o niyorHe
CKBaXXMHBI X [S] CBOAUTCS K cUCTeMe OOBIKHOBEHHBIX UG hepeHIMaTbHBIX ypaBHEHUT, HA OCHOBE KO-
TOPBIX CTABUTCH 3aaya onTuMusauuu. OTMETHUM, UTO B paboTe [4] moayyeHHoe HelrHeiHoe audde-
PEHLUAIBHOE YypaBHEHUE UCIIONb3YETCS IS pa3pabOTKU aJirOPUTMa BBIYUCIIEHUS THIPABIUYECKOTO
COMPOTUBJIEHUSI HACOCHO-KOMITPECCOPHBIX TPYO.

B [6] HA ocHOBe ycpemHEHHBIX YpaBHEHUI paccMaTpUBaeTCs 3adadya ONTUMU3ALNU C IIEPUOINIe-
CKMM KpaeBBIM YCIOBHEM W TPaHUYHBIM YIIpaBJICHHEM B TasIMMTHBIX CKBaXWHax. B 3Toit 3amade
yIpaBJieHUE BXOAUT B rpaHUYHbIC HAYaJIbHBIC YCIIOBUSI. YCIIOBUE IMTEPUOINYHOCTHU CBSI3bIBACT PELLICHUS
He Ha KOHIIax OTpe3Ka, a B CpelHel 1 KOHeuHot Toukax. [ToaToMy paccMaTpuBaeTCsl Tak Ha3bIBacMasi
3amava ¢ YaCTUYHO MEPUOINIECKIM KPaeBbIM YCIIOBUEM.

B HacTos111eit padboTe ucciaenyeTcs 3agadya ONTUMU3ALMU, TOe IBUXKEHE 00beKTa Ha OTPE3Ke [O, 2[]
OMKCBIBACTCSI Pa3IMYHBIMU A depeHaTbHBIMY ypaBHeHUsIMU Ha nHTepBaax [0,/) u (/,2/] cootBeT-
CTBEHHO, a B TOYKE / pellieHue YIOBICTBOPSIET KOHEUHO-Pa3HOCTHBIM ypaBHeHUsIM. KpoMe Toro, cpen-
Hsist (/) ¥ KoHevHast (2/) TOYKY CBSI3aHbI IIEPUOANYECKIM YCTIOBHEM.

M3yyaeTcsa nmojiydeHHasl BapuallMOHHAas 3ajada M Ipeajaraetcs alropuTMm ee peuieHus. Ha KoH-
KPETHOM IIpUMepe ONITUMU3ALUY ra3Inu(TUHTa WUTIOCTPUPYESTCS JAHHBII ITOIXO]I.

1. ITocranoBka 3agauu. [1pu MmogenmupoBaHuM ra3an@TUHIa BOZHUKAIOT 3a1a4uu [2, 3], roe nuHaMu-
yecKasi MoJIeJib ra3nudTa OIMChIBAETCSI CUCTEMOM TUHEMHBIX TUddepeHInanbHBIX YPABHEHUM B YacT-
HBIX TIpOU3BOAHBIX. M3BECTHO, YTO moce MpeKpalieHus QOHTAaHUPOBAHMUSI IIPOUCXOAUT TIepexo Ha
ra3audT — MexaHU3MPOBaHHEIN CITOCO0 SKCIUTyaTallii CKBaXKWH, IIPY KOTOPOM BBOJIST JOITOJIHUTEIIb-
HYIO DHEPrUIO B BUIE CKATOTO rasda. DTOT cocob UCIIONIb3yeTcs MOce MpeKpalleHus QOHTAaHUPOBa-
HUSI M3-3a HeXBaTKu Iu1acToBoii sHepruu. Ilo KojioHHe TpyO ras ¢ moBepxHocTu (y(x) mpu

0 < x <1-0)) 3emnu mofaeTcst K GaIIMaKky CKBaXUHbI, IIE CMEIIUBACTCS € KUAKOCTBIO Y, (/-0) Ha
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IIHE CKBaXUHBI, 00pa3ysi ra3oxuakocTHyo cmech (I2KC), kotopast ((y (x) mpu (/ + 0 < x < 2/)) nonHu-
MaeTcsl Ha TOBEPXHOCTb I10 MOIbeMHBIM Tpy6am. Kak nmokasaHo B [4], mociie ocpenHeHUs ypaBHEHUS B
YACTHBIX TPOM3BOIHBIX CBOISATCH K CUCTEME OOBIKHOBEHHBIX UM (M ePEHIIMATbHBIX YPABHEHWIA:

Y= A (r(x),x), y(0)=u, 0<x<l, (.1
y(I+0)=Fy(l-0)+Ty,(I-0)+V, x=I, (1.2)
V(x)=f(y(x),x), [<x<2, (1.3)

IJe y — n-MepHbIi (ha30BbIii BEKTOP, ¥4 — n-MEPHBIU MTOCTOSIHHBIN BEKTOP, UTPAIOIINIA POJIb yIIpaBJIsi-
IOILLIETO BO3AEHCTBUS, F5 U I — MOCTOSIHHBIE MAaTPULIBl PA3MEPHOCTU # X 1, V' — MOCTOSIHHBII BEKTOP

pPa3MEpPHOCTU #, a f;, f, — BEKTOP-(PYHKIIUU PA3MEPHOCTH 7, SIBJISIIOLLMECS KYCOUHO-HENPEPBIBHBIMU
GyHKUIUSIMU, X — apryMeHT. OTMeTUM, 4To 31ecCh (1.1) COOTBETCTBYET ABUKEHMIO ra3a B KOJIOHHE TPYyO,
a (1.3) — nBmxenuto I'2KC 1o mogbemMHEBIM TpyOoaM. CooTHomieHue (1.2) oTBeYaeT cMelInBaHUIO ra3a ¢
XKHUIKOCThIO, B pe3ynbraTe kKoTtoporo obopasyercsa I'2KC. IlapameTp u, uUCIOIb3yeMblii B Ha4aJIbHOM
YCJIOBUM, COOTBETCTBYET ITogaBaecMoMy rasy. TpeOyeTcs HalTH u TaKUM 00pa30M, YTOOBI CICIYIOLIUA
¢dyHKIIOHAN

2/
J=u"Ruty" (1=0)0y(I=0)+ [L(»(x),x)dx, (1.4)
0

MOJTy4Y 1T Ob MUHAMAJILHOE 3HaYeHKE TIPU YCJIOBUM YACTUYHOM IEPUOAUYHOCTH 110 ()a30BOMY BEKTOPY:
y([+0)=y(2), (1.5)

me R=R">0,0=0" >0 aBIs10TCS 1 X N-MEPHBIMH TOCTOSIHHBIMU MaTPULIAMH, L(y(x),x) —3a-
nmaHHasl GyHKOus, T — TpaHcnoHupoBaHue. MuHuMmr3anus pyHkuoHana (1.4) o3HayaeT MUHMMM3a-
IO TTOJJaBaeéMOro Ta3a B Ta3iu@THYIO CKBaxXUHY. OCOOEHHO XO04eTCSI OTMETUTDh (PU3NYECKUIT CMBICT
ycioBus (1.5) YacTUYHOM ITIEpUOAUIHOCTU. DTO yciaoBue TpedyeT nonHstre Beeil [ 2KC, obpasytomieiics
Ha JTHE CKBaXXWHbBI, Ha IOBEPXHOCTh. ECIM 3TO HEBO3MOXHO, TO BhIpaxkeHue (1.5) ciemyeT 3aMeHUTh

yenosueM Q (2/) = aQ(/-0),0 <o < 1.

s pemenus 3agaun (1.1)—(1.5) ucnonb3zyem Meton Diliepa—Jlarparxka U3 BaprallMOHHOIO MC-
YUCJIEHUS, MOAPOOHBIE TTpeoOpa3oBaHUs MPUBOASITCS B ClIeAYIOIIEM pasaee.

2. Meton Diinepa—Jlarpanxka. CocTaBUM pacliMpeHHbIN (yHKIIMOHAJ ISl 3alauu ONTUMU3ALUU
(1)—(5) cnenyrolero Buaa, UCoab3ys [7]:

T=J +£>J (x)(y'(x)—fl(y,x))dx+.!.7uT (x) (' (x) = £ (3 x))dx + AT (1 +0) x o

X(y(I+0)= Fy(I=0)=Ty,(I-=0)=V)+u(y(l+0)=y(20))+ 1" (0)(»(0) - u),

rie BeKTop-(YHKIMS A (X) ¥ MOCTOSIHHBINM BEKTOP |l Pa3MEPHOCTH A CYTh JIATPAHXEBbIE MHOXUTEIN
[8]. CornacHo pe3yabraTam [7, 8], IIpy BEIYKUCICHUN BapHallii paclIMpeHHOro hyHKioHana (2.1) mo
¥(X), a TakKe NMPOM3BOIHBIX COOTBETCTBEHHO Ha uHTepBanax (0,/ —0) u (/ + 0,2/) OT TepMUHAIBHBIX

byHK1Mit 3TOTO pyHKUMOHANA 110 U, ¥ (/ — 0),y(/ + 0) ¥ IPpUPaBHUBAHUU UX K HYJTIO MOXHO ITOJIyYUTb
ypaBHeHMe Ditnepa—Jlarpanxka. s 3Toro cHadana 0003HaAINM

H((x).x) = L(y(x),x) = 1" (x) £ (»(x). ),
Hy (y(x),) = L(y(x),x) = A" (x) /5 (» (%), ).

Jlamee, MHTETpUpPyeM I10 YaCTIM:

ij dx_ij Yy (x) = XT(Z—O)y(l—O)—XT(O)y(O)—J.dx;x(x)y(x)dx,
ij dx—IkT )dy (x) = xT(zz)y(zz)—xT(z+0)y(1+0)-j%y(x)dx.

/
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YuynTeiBasg 3T0, pacCIIUPEeHHBIN (PYHKIIMOHAI UMEET BUT,

d\’ d\ (x)

!
T =u"Ru+y"(I-0)0pl-0)+ j{Hl( y(x),x) — y(x)} dx +
0

2/ dkT
+f {H2<y<x>, ) = 2230 e+ AT = 0000 = 0) = AT (0)3(0) + 27Dy (2D) -
!

AT+ 0)y( +0) + AT (L + 0)(p( + 0) — Fyy(I —0) — Iy, d-0)-V)+

HI((! + 0) = y(21)) + L' (0)(3(0) — u).
Borurciaum Bapuanuio (Kak B popmynax (2.3.1)—(2.3.15) uz [7]) aToro dyHKIIMOHAaNA 10 y(x), a TaKKe
IPOU3BOIHBIC COOTBETCTBEHHO Ha MHTepBanax (0,/ — 0) u (/ + 0,2/) oT TepMUHAIBHBIX (DYHKIIMIT 3TOTO

dyHkumoHana no u, y (/ — 0),y(/ + 0) ¥ IpUpaBHsIEM UX K HYJIIO:

5y7=i{[a§1 ()} }dx+j{[a”2 l'(x)}&y}dx=0,

aJ_
» 2Ru—A(0) =
_of  _ OV A(l—0)— FT -
3 (=0) 20y(1-0)—-A(I-0)— FsA(/+0)=0.
C yuetom (1.5)
oJ oJ
AI+0)-A(2)=

w(2l) oy(l+0)
W3 31X cooTHOIIEHU T IIOJIy4YUM

9 _ 3Ry -2 (0) =0, (2.2)
u
A0 9L arg@%iog 0<x<(1-0), (2.3)
dy dy
AL 3T @sg 40)<x<2, 2.4)
dy dy
A(1—0) =—20y(I - 0) - F A (I +0), 2.5)
y(I+0)=Fy(l—-0)+Ty,(I-0)+V, '
Ml +0) = A (21). (2.6)

OTMeTHUM, 4TO 3TU ypaBHEHUS MOXHO HaiiTu 13 MoHorpaduu [8]. Ha camoMm mene, mepBas opmyiia
(2.5) monyyaercs kak ¢popmyia (3.5.15) nz monorpaduu [8, c. 296], a bopmyia (2.6)—Kak YaCTHBIH CIy-
yait popmyn (3.1.18a) u (3.1.18B) u3 [8, c. 233]. Takum obpaszoM, pemiu ypaBHeHus (1.1)—(1.3), (2.3)—
(2.4) c kpaeBbiMU ycaoBusiMu (1.5), (2.2), (2.5) u (2.6), onpeneanM sKCTpeMajbHOE pellleHUe NCXOTHOM
3aJa4uM.

3. Haxo:xkeHne onTuMaJibHbIX MPOrPaMMHBIX TpaekTopuii. 113 (2.2) HaxonuMm yrnpaBJjieHUEe B BUIE

u =%R%(0), G.1)
noncrasisisa ero B (1.1), (1.3) u (2.3), (2.4), moiy4uMm ciienyloliue CUCTEMEBI 2n-nuddepeHIInaTbHBIX
ypaBHeHUi1 B uHTepBaie (0,/):

Y(x)= £ (r(x).x). y(0) = RA(0),

A (x) :g—L—xT?,
y Y

(3.2)
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us(,20):
y'(x) = /£ (r(x),x),
A(x) =L T (3.3)
dy dy

3aech B TOUuKe / UMeeM pa3phbiB B BULY COOTHOLIEHMS (2.5) M TpaHUYHOTO ycJIoBUs (2.6).

TakuMm obpaszoM, 1y pemieHust ucxogHoii 3anayu (1.1)—(1.5) nmeeM cucteMsl AuddepeHnanbHbIX
1 KOHEYHO-Pa3HOCTHBIX ypaBHeHUi (2.5), (3.2), (3.3) ¢ Hepa3geJleHHBIMHU KpaeBbIMU yCIOBUSIMU
(1.5), (2.6), (3.1), rae, pelIMB UX, MbI IIOJYYUM ONTUMAJILHYIO TIPOTPAMMHYIO TPAEKTOPHIO Y, 1
YIIPABJICHUE U,

OIHUM U3 U3BECTHBIX METOAOB PEIICHMS BBIIIIEIPUBEASHHOM 3a1a4l SIBISIETCS METOM KBa3UIMHea-
puzauuu [7, 9]. I1o cyTu oH npeacTasisieT codoii UTepaTUBHBIN MpoIeCcC U MPU pa3yMHOM BbIOOpE Ha-

YaJIbHBIX TPUOIMKEHUI CXOOUTCSI K UCXOOHOMY pellleHnIo. [lajiee pacCMOTpUM JIMHEHO-KBaapaTUd-
Hyto (JIK) 3amauy Kak 4acTHBIH CTydaii.

4. JIK-3apava. ITycts cuctema (1.1)—(1.3) onuceiBaeTcs TMHEMHBIMU YpaBHEHUSIMUA

y = FE(x)y(x)+V(x), y0)=u, 0<x<I, (4.
y(I+0)=Fy(l-0)+Ty,(I-0)+V,, (4.2)
yY = B(x)y(x)+Vi(x), I<x<2, (4.3)

rae matpulel F, F, u Bextopsl V|, V; niony4atorcs B pe3ysbrare JuHeapusaluuu cootHoueHui (1.1),

(1.3) 1 umMeloT coracoBaHHble pasmepHocTd. Eciu B (1.4) B3ath L(y(x),x) =y (x)Q (x)y(x), T0
KBaapaTU4dHbIN pyHKIMoHam (1.4) OymeT uMeTh BUI,

J=u"Ru+y"(I-0)0y(I-0 jy )0, (x) y(x)dx, (4.4)

e O, (x) = Q,T (x) = 0, a ycnoBue yacTuuHOMU neprogyHoctH (1.5) ocraeTcst HeM3MEHHBIM.

Torma, cornmacHo [7, 8], anamornyHo (3.2), (3.3) ypaBHeHus Dityiepa-Jlarpanxa n3-3a KBaapaTUIHO-
ctu ¢pyHkumoHana (1.4) B Bune (4.4) UMEIOT CAeayIONINIA BUI:

() _ Ny
y —E(X)y(X)+I/1(X), y(o)_zR 7\'(0)’ O<X<l_0, (45)

N (x) =0 (x)y(x) = ' (x)A(x),

Y (x) = F(x)y(x)+ Vi (x),
N (x) =0 (x)y(x) = B (x)A(x),

C Pa3sHOCTHBIM ypaBHeHUeM (2.5) 1 KpaeBbIMU yciIoBUsAMHU (2.6). 31ech TakKKe OTMETHUM, YTO BTOPHIE
dopmynsl u3 (4.5) u (4.6) TakuM ke 06pa3oM noaydarTcs, Kak ¢dopmyia (3.1.17) us [8, c. 233].

} I+0<x<2l, (4.6)

Terepb 0OCTaHOBUMCS Ha peLIEeHNU HaYaJIbHO-KpaeBoii 3amgaun (2.6), (4.5), (4.6).

5. HaxoxneHue onTUMAJbHbIX MporpaMmHbix Tpaektopuii B JIK-3amade. IlpencrtaBum ypaBHEHUS
(4.5), (4.6) B MAaTpUUYHOM BUJIE:

Bgﬂ ) {Ql fECEX)—FIT(ZxJ Bﬁiﬂ " [Vl ((ﬂ’ O<x<i-l (5.1)

B 8} = { nggxi BT(ZX)}BE;CH + [%(()x)}, [+0<x <2 (5.2)
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ITycte W, u W, — dyHnameHTanbHble MAaTPULIbl cucTeM nUddepeHunanbHbIX ypaBHeHuUi (5.1) u (5.2)
COOTBETCTBEHHO. Torma nx pemeHnss MOXHO TIPEICTABUTD B CIICIYIOIIEM BUIE:

Bgﬂ W, (x,xo)uzoﬂ K (xx), 0<x<I—-0, (5.3)
Bgﬂ W, (x, xo){ Ei‘;)}Kz(x,xo), [+0<x <2, (5.4)
e

K (x.x) = IWI (x,7) [V‘é’ )}dt, (5.5)
K (ox) = fwz (x.1) F@ 0(’ )} at. (5.6)

U3 (5.3) 1t (5.4) nonyum XO
BE :gﬂ = Wl(l—O,O)BEgﬂ+K1 (1-0,0), (5.7)
Bgﬂ =W, (2,1 + O)BZ I gﬂ + K, (20, +0). (5.8)

Hob6asnsis k (5.7), (5.8) ypaBuenwue (1.5), mepBoe ypaBHeHme (2.5), a Takxke (2.6) 1 (4.2), MOIXyInM
cucteMy 9n ypaBHeHwuii ¢ 9n HeuspecTHbIMU Y (0), A (0), y(/ =0), y,(/ =0),A(/=0), y(/+0),A(/ +0),
v(21), A(2/). Ucnionb3yeM 0603HaUCHUS

1 1

w\W, WW,
I’I/](Z_0,0)=|: 111 12:|’ %(2Z,l+0)=|: 11 12:|’

Wy Wiy WiWs,

k|l kl
K, (I —0,0) = . K, (2L1+0)= .
1 ( ) LJ 1 ( ) Lzz

I/l, 00BbenuHsIsI BCce BhlllIEHa3BaHHBIE YpaBHCHUA, UMCEM

(5.9)

2Ry (0) - 1(0) =0,
y(I+0)-y(2)=0,
A(1-0) = —2Qy<z— 0)— FA(I+0) =0,
A(L+0)—A(2) =
y(+0)-Fy(l- 0) Ty, (1-0)=V,, (5.10)
y(1=0) =Wy (0) Wik (0) = K,
M1 = 0) =Wy (0) = Wik (0) = K,
y(2) = Wiy (1 +0) - Wih(I+0) = K7,
M (20) = Wiy (I +0) = Wik (I +0) =

Orciona TOJNY4MM CUCTeMY JIMHEWHBIX alrebpandeckux ypaBHeHuii msi onpenenenust y(0), A(0),

P(1=0), y,(1=0), A(I=0), y(I +0), A(I +0), y(21), M (21):
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(2R ~E 0 00 0 0 0 07 0 0
00 0 00 E 0 —E 0| 30 0
0 0 -Q0E 0 F 0 0|, o 0
0.0 000 0 E 0-E||,, g 0
0 0 -K-T0 E 0 0 0\i—0|=|w]| (5.11)
W\ Wi, E 00 0 0 0 0| yi+0) X!
W, W5 0 0E 0 0 0 0 AM+0) K
0 0 0 0 0-W:-W2E 0] »2) K
0 0 0 0 0-w2-wio E| MDD K2

Ecnu mi1aBHBIIH OIIpeIeTuTeNIb 3TO CUCTEMBI OTIIMYEH OT HYJIS, TO IS HEM3BECTHBIX BEJTUYMH ITOJIyIUM
eIMHCTBEHHbIe 3HaYeHMst. TakuM o6pasom, HaiineM y(0) u A(0). Torna u3 (3.1) cienyer ynpasieHue,
KOTOpoe OyneM cunTaTh IporpaMMHbIM. Jlasee, pemast ypaBHeHue (3.2) ¢ HadanbHBIMU TaHHBIMU y (0)
u A (0), momyunm 3HaueHst dyHKuMn y (x) u A(x) Ha uHTepBaie (0, / — 0), 3aTeM, UCIOJIB3YsI COOTHO-
mweHus (2.5), Haiinem y (/ +0) u A (/ + 0). [IpuMeHsIst 5T 3HaYeHUSI B KAYeCTBE HAUaIbHBIX TaHHBIX U3
ypaBHeHust (3.3), nmoxyuynm 3HadeHust yHKmn y (x) 1 A (x) yxe Ha untepsaie (/ + 0, 2/).

TakuM o6pa3oM, pelnasi MOCTaBIEHHYIO 3a1a4y, OIpenesseM MPOorpaMMHBIE TPAEKTOPUN U YIIPAB-
nenue y,, (x) uu,,.

6. ITpumep. ITycTb 3anaHo ypaBHeHue [4, 10, 11] monenu raznudruHra

2
. 2apFQ
O(x) =555 3=/, (6.1)
p’Fu-0
rae L — Maielit mapametp. 3nech Q = pM,F — MaccoBBIif pacXo 3aKaYuBaeMOTO Ta3a B KOJIbLIEBOM TTPO-
crpaHcTBe U [ 2KC B nogbeMHUKE, ¢ — cKOpOCTh 3ByKa B raze u B [ 2ZKC, p — muiotHocTs raza u I'KC co-
OTBETCTBEHHO, F — IIOIab MOIEPEYHOTO CeYeHUs] HACOCHO-KOMITPECCOPHBIX TPYO, SIBIISIONIASICS
IMOCTOSIHHOM 110 OCSIM,

2a:£+£,
o, 2D

g — YCKOpeHHe CBOOOMHOIO MajeHusi, A — ruapaBindeckoe cornporupieHue B raze u B [KC; m, —
yCpemHeHHAas IO CEYEHUIO CKOPOCTD IBVIKEHUSI CMECH M Ta3a B KOJIBILIEBOM IIPOCTPAHCTBE U B ITOIBEM-
HUKe, D — BHyTpeHHUE 3PHeKTUBHbIE AUAMETPhI TIOIbEMHMKA U KOJIbIIEBOrO MpocTpaHcTBa. Paszio-
xuMm f (W) B psaa Makinopena. Torna umeem

S W) =70)+u0)+..., (6.2)
e
B 2ac2p3F ’

—.
0

YunTtsiBas B (6.1) BMecTo f (L) Hy;1eBoe npubmkenue f (0) 1 o6o3Havast y(x) = Q(x) 3anauy (1.1)—
(1.5) MOXHO TPEACTaBUTH B CIASAYIOILIEM BUJIE:

f(0)==2apF, f'(0)=

V(x)=-2apF, y0)=u, 0<x</-0, (6.3)
y(I1+0) = Fy(I-0)+Ty,(I-0)+V, (6.4)
y'™ = 22ap,F, 1+0<x<2, (6.5)
oy(I+0)=y(2), 0<a<l. (6.6)

3neck BMecTo (pyHknmoHana (1.4) Bo3zbMeM PyHKIIMOHAI
2
J =i+ (1= 0)+ [y (x)dx, (6.7)
0
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KOTOPBII HY:KHO MUHUMU3UpOoBaTh. HeTpymHo BuneTs, yto Ha mHTepBajie 0 < x < / — 0 pelreHue ypas-
HeHwus (6.3) UMeeT CIeayIOIINi BUA:

y(x)=y(0)-2apFx =u—-2apFx, 0<x<I[-0. (6.8)
AHaJIOTMYHO
y(x)=y([+0)-2a,p,Fx, [+0<x<2lL

C npyroii cTopoHbl, 110g00HO (2.1) unu (4.4) pacimpeHHbIH (PyHKLIMOHAT 11 3Toi 3amaun (6.3)—(6.7)
3aITUIIEeM CIIeAYIOIINM 00pa3oM:

2/

T = J+j7f(y +2alp1F)dx+jx '™ + 2a,p, F)dx + L(I + 0) x

X(y(1+0)- Fay(l—O) Ty, (1-0) - ) m(y(7+0)=y(21)) + 1 (0)(»(0) —u).

Ortcroaa, UCIoib3yst MeTONUKY [7, 8], momyuum mis pyHKmoHana (5.20) cieayoliyo CUCTEMY YpaBHe-
HUi Ditnepa—Jlarpanxa aHanornyHo (2.2)—(2.6):

2y(0)=2(0) =0,

V(x)=-2apF, 0<x<I[-0,
y(+0)=Fy(l-0)+Ty,(I-0)+V,
y™ = 2ap,F, 1+0<x<2l,
(I = 0) = =2y (I — 0) + FA (I +0), (6.10)
oy (1+0)=y(2),

(I +0) = ah(21),
AM(x)=y(x), 0<x<I[-0,
AN =y(x), [+0<x<2L

Torga, pemasg cucremy (6.10), nmeem

(6.9)

»(0) = 22(0).

y(x)=y(0)-2ap,Fx, 0<x<I-0,
y(x) =y (I +0)=2a,p,F (x 1), [+0<x<2l, .
A(x)=A(0)+y(0)x — a,p,Fx 0<x<I-0, (6.11)

AMx)=A([+0)+y ([ +0)(x =1)—ap,F(x =1)’, [+0<x<2L

Hcnonbays pemenue (6.11), a Takke ypaBHeHUs Ditntepa—Jlarpanxa (6.10), mojryduM cucremMy JUHe -
HBIX aITe6panyeCcKNX ypaBHEHUIT OTHOCUTENNbHO HensBecTHBIX y (0), A (0), y (/- 0), y,(/ = 0),A(/ - 0),

y(1+0), A1 +0), y(21), A (21):

2y (0) = A(0) = 0,
oy (l+0)—y(2)=0,
)+2y(1—o)— WA (1+0) =0,
) — o (21) =

) - Fsy(l—O)—l"yp (1-0)=V, (6.12)
—0) - y(0) = —2ap, il
—0)—A(0)-y(0)/ = _alplFllza

20) = y(I+0) = =2ap, Bl

AL =A(I+0) = y(I+0) = —ap, B,

Cucrema ypaBHeHM (6.12) B MATpUYHO-BEKTOPHOM (hopMe OYAyT UMETh CIAEAYIOLINIA BUI;

A1 -

A(+0
y(+0
y(l
A1
y(
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[2-10 000 0 0 O] »0) 0

00 0 00a 0 -10 MO0) 0

00 2 010<-=F0 0/ »-0) 0

00 0 000 1 0 —-afy,(-0) 0

0 0-F-T0OL1L 0 0 O0}AM-0)|= 4 . (6.13)
-10 1 000 0 0 O »+0) —2ap, Kl

/-1 0 010 0 0 0| AM+0) —ap,Fl’

00 0 00-10 10 y(2I) —2a,p,F)l
1000 0 00~ -10 1| M2 | _—azszzlz_

Pemas nuHeitHo anre6pandeckyto cucteMy (6.13), MOXXHO HATH KOPHU 3TOTO YpaBHEHUS.

3akmouenne. Takum O6p330M, 3aJadya OIITUMaJbHOIO yIIpaBJICHNA Ha4YaJIbHbBIM YCIIOBMEM B 3a1a4€

razmugtunra (1.1)—(1.5) cBomurcsa K cucreme auddepeHInaIbHbIX 1 KOHEYHO-PA3HOCTHHIX ypaBHE-
Huii (2.5), (3.2), (3.3) ¢ HepasmesieHHBIMU KpaeBbIMU yestoBusMu (1.5), (2.6), (3.1). Perrast ux, mojay4um
ONTUMAJIbHYIO MPOrPAMMHYIO TPACKTOPHIO y,,, ¥ YTIpaBieHue u,,. B ciayyae JIK-3anauu ontumManbHOro
ynpasieHusi (4.1)—(4.4) peuieHue 3a1a4u CBOAUTCS K PELIEHUIO CUCTEMbI IMHEHHBIX aJire0pandeckux
ypaBHeHwuit (5.10). IIpennoxkeHHBI cIOCO0 MPOMJUIIOCTPUPOBAH Ha IIPOCTOM OTHOMEPHOM IIpUMEpE.

B nanpHeiimem MHTCPCCHO paCIlIMPUTDb IMOJIYYCHHBIC PE3YJIbTAThI IJIA CIydasd, Koraa UMCIOTCA orpa-

HUYEHUS Ha YIPaBISIOUIMI MapaMeTp U TPaeKTOPUU CUCTEeMBbI. 31eCh BMECTO YpaBHEHUI Ditnepa—
Jlarpan:ka 13 BapMallMOHHOTO UCYUCIICHUS CJIeAyeT MpUMeHsITh MeToabl [loHTpsitnHa, bennmmana v T.1.
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