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MYCAEB B.I
AzepbaiimxaHckuit TexHudeckuit Y HUBEpCUTeT, T. baky

PA3PABOTKA PACUETHBIX MOJIEJIEM MEPEXO/HBIX ITPOIIECCOB B CUCTEMAX C
PACHIPEJEJTEHHBIMU NAPAMETPAMM C PEI'YJIUPYIOIIUMU OB BEKTAMHMW CUCTEMBI

AwnnoTanis. Ha npukmani MarictpaisHOro HaTOrOHY pO3B’s3aHO 3amadi ijeHTH]IKamii Ta KepyBaHHS CKJIAJHOIO CHCTEMOIO 3 PO3IOJILIH-
HUMH TTapaMeTpaMy sSIK €IMHOI0 CHCTEMOIO, 3 YpaxyBaHHSIM B3a€MO3B’SI3KiB 1i CKIaJOBHX 00’€KTiB, 30KpeMa, PO3POOJICHO PO3PAXyHKOBY
MOJIEITh P AUCKPETHOMY PEryIIOBaHHI MPOIYKTUBHOCTI HAQTOTOHHUX CTAHIIiHL.

Kurouosi ciioBa: marictpaibHuii HadTOroH, po3noaiieHuii napaMmeTp, IMCKPeTHHI MeTO, HAQYTOrOHHI cTaHuii, NOYaTKOBi YMOBH i
KpaiioBi yMoBH.

AnHoTtanus: Ha npumepe MaructpansHoro HedrenpoBoza pelieHa 3a1a4a MACHTU(GUKALUMKE U YIPABICHUS CI0KHOM CUCTEMOM ¢ pacrpesie-
JICHHBIMH IIapaMeTPaMH KaK eMHOH CHCTEMOM, C y4eTOM B3aHMOCBS3HU €€ COCTABIIONINX OOBEKTOB, B YACTHOCTH, pa3paboTaHa pacyeTHas
MOJIEJIb P AUCKPETHOM PEryJIMPOBAHIH IIPOU3BOJUTEIEHOCTH He(TelepeKauiBaONINX CTAHIUH.

KuroueBble ¢10Ba: MarucTpajbHblii He()TENPOBOA, pacmpele/IeHHbI NapamMeTp, AUCKPETHBIH MeToA, HedTenepexkaynBarolue
CTaHINH, HAYAJIbHBIE U KPaeBble YCIOBUS.

Abstract: On the example of the main oil pipeline the problem of identification and management of difficult system with the distributed
parameters as uniform system, taking into account interrelation of its components of objects is solved, in particular, the settlement model is
developed at discrete regulation of productivity of oil pumping stations.

Key words: the main oil pipeline, the distributed parameter, discrete method, oil pumping stations. entry and regional conditions.

BBenenmne.

MaFI/ICTpaJ'ILHI:Ie He(bTerOBO,Z[HI:Ie CUCTEMbBI B CHJIY CBOUX CHCHI/I(bI/I‘IeCKI/IX TEXHOJOTHYCCKUX
0COOEHHOCTEH SIBJISIOTCS OJTHUM M3 SIPKUM IIPUMEPOB CUCTEM C pacrpeeEHHBIMH apaMeTpaMu, padoTalomux
B IUHAMHYECKHX pPEXKUMax. J[MHAMHYECKHE NPOLECCHl IMPOUCXOMIAIINE B JTHX CHCTEMaX, OIHCBHIBAIOTCS
CHUCTEMaMH YPaBHCHHUH B YACTHBIX POU3BOHBIX.

HccrenoBanust moka3and, 9To MarucTpaibHble HedrenpoBoasl (MHII) oTHOCATCS K CIIOKHBIM CHCTEMaM C
pactmipeneieHHBIME TlapameTpaMi. OHH HFMEIOT [IOCTAaTOYHYIO [UIMHY C IPOMEKYTOYHBIMH HCTOYHHKAMH
BO3MYIICHUH, SBISIOTCS Pa3BETBICHHBIMU, HEOTHOPOIHBIMH CHCTEMaMH. TakK KaK HCTOYHUKH IEPBHYHON
WHQOPMALINH B 3TUX CHCTEMaX HaXOIATCA Ha 3HAYUTEIHHBIX PACCTOSHUAX APYT OT IPYTa, TO OHHU IPEACTABISIOT
c00O0¥ CITIOKHYIO CUCTEMY C pachpeIeJICHHBIMU TapaMeTpaMHu ¢ paclpeieieHHbIMU O0a3aMu naHHbIX [1].

CI105KHOCTD pacCMaTpuBAECMBIX CUCTEM BbBI3BIBACT OINPECACICHHLBIC TPYAHOCTH KaK IIpU PpacucTe,
MMPOCKTUPOBAHUHN, UCCICAOBAHUHN, CO3MaHUU (I)I/I3I/I‘I€CKI/IX, JIOKAJIbHBIX 633 JaHHBIX, TaK W IIPpU ONEPATUBHO-
JAUCIICTYCPCKOM YIIPABJICHUU. PeSyHI)TaTI)I HCCJICAOBAHNA NUHAMHUYCCKUX MPOLCCCOB ABJIAOTCA MCTOYHUKAMU
TMECPBUYHBIX JAHHBIX O COCTOSIHUUN TEXHOJIOTHUICCKOI'O 00BEKTa YyIipaBJICHU, KOTOPBIC B CBOIO OUCPEAb ABJIAIOTCA
HUCXONHBIMH JAaHHBIMH U1 JIOKAJTbHBIX 0a3 MaHHBIX, HEOOXOAMMBIX MJIS PEHICHHS MHOTOYHMCICHHBIX
TEXHOJIOTHYECKUX 3a7ad Ha pPa3MUYHBIX YPOBHIX. 3AeCh TaKKe HEOOXOOMMO IPHHATH K CBEICHHIO, UYTO
W3MEHCHUS TEXHOJOTHYECKIX YCIOBUH PEKUMOB pabOTHI pAaCCMATPUBAEMBIX CHCTEM ONPEACIIIOT MPOTCKAHHE
MPOIIECCOB B HECTAI[MOHAPHBIX YCIOBHSIX. ECTECTBEHHO MO YKa3aHHBIM M MHOTHM JpPYTUM IPHYUHAM B
MarucTpalbHOM TPYOONPOBOJAE OJHOBPEMEHHO C IaBIICHHEM MEHSIOTCS M PacXOXbl, KOTOPHIC SBISIOTCS
OCHOBHBIMH COCTaBJIIOIIMMH 3JEMEHTaMH 0a3bl IaHHBIX Ha MecTa cOopa WH(POpPMAIMH O COCTOSHHA
TEXHOJIOTHUECKOT0 00BEKTa yIpaBICHHUS.

3Hanne OCO6CHHOCT6§I HCYCTAHOBUBLICTOCA ABMIKCHUA NPHU JUHAMHUYCCKUX IPOIECcCax HCOGXOZ[I/IMO JIIsL
pelieHuss BOMpoca O KOMIUIEKCHOM aBTOMAaTH3allMd MarucTpajbHBIX HedTenpoBoaoB. Mupopmauus o
JAMHAMHUYCCKUX MPpOoNeccCax Npu pasinvyHbIX BO3MYIIAOIIUX BO3ﬂCﬁCTBHHX TO3BOJIACT NPEAYNIPEAUTDH aBapHﬁHLIe
CUTYyallH, OIPEAEIUTh OBICTPOJECHCTBHE CHCTEMBI TEJIEMEXaHWKU sl cOopa uHpopManuu, BHIOPaTH
pallMOHATIBHYI0  CHCTEMY aBTOMATHYECKOro  peryiaupoBanus. [lomHas uH(OpMAnMs O  COCTOSHHH
TEXHOJIOTHYECKOTO OOBEKTa YIpPaBICHUS TIO3BOJIACT CO3JaTh IIOJNHOLEHHYIO COBOKYITHOCTH (haifiiioB,
HEOOXOIUMBIX JJISI CO3MaHUs 0a3bl NAHHBIX, a TAKKE HACHTU(UKAIIUHA U YIIPABICHUS, KaK 10 BEPTHKAIH, TaK U
10 TOPU30HTAIH HEPAPXUIECKON CUCTEMBI yIIPABIICHHUS .

AKTYyaJIbHOCTb.

W3BecTHO, 9TO ynpaBieHHE MarucTpaIbHBIMU HE(TETIPOBOAAMH OCYIIECTBISIETCS IO CUCTEME, COCTOSIIEH
U3 BBICIIETO M CPEIHEr0 3BEHHCB M HENOCPEJACTBEHHO MAarucTpalbHBIX He(TEenpoBoAoB U HedTeOas.
[lepBUYHBIM 3BEHOM B TPEX3BEHEBOM CHCTEME YIPaBIICHMs SBILSISIOTCS MarucTpajibHble He(TenpoBOJIb,
yIOpaBIEHUSI KOTOPBIMH OCYIIECTBISIOTCS HE TOJBKO BBIMIECTOSIIUM CPEIHUM 3BE€HOM YIPaBIEHUS, HO U
yIpaBIAONed nojacucTeMoit caMux TpyoorpoBo1oB. IlepBudHas cucteMa sIBiIseTCs] HE TOJIBKO HCIIOJIHUTEIEM,
HO ¥ BaXXHbIM 3BEHOM B YIIPaBJICHUU TPYOOIPOBOJaMH, IPUHUMAs aKTUBHOE y4acTHE B YCTAHOBJICHHHU IJIAHOB
NepeKayKy U peaan3auy Hed ..
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I. Ha ocHOBaHMM aHammM3a METOAOB pacdeTa MEepPEeXOTHBIX IMPOIECCOB B CHCTEMaxX C PacHpelelICHHBIMH
mapamMeTpaMu C IMPOMEXYTOUYHBIMH He(renepekaunBatomumu crannmsimMu (HIIC), crmemyer oTmeTwts, 9TO
CYIICCTBYIOIIME KaK aHAINTHYECKHE, TaK W YHCJICHHBIE METONBI pacdyera IEePEeXOJHBIX MPOIECCOB IS
WCCIICIOBaHMS IUHAMHUKHU B CHCTEMaX C pacIpe/IeiICHHBIMU ITapaMeTpaMy HEeJOCTATOYHO aJeKBATHO OTPaXkatoT
TUHAMUKY TPOIIECCOB B CHCTEMAaX C PaclpeelICHHBIME ITapaMeTpaMi ¢ PETYIHPYIOMIIMA OOBEKTAMHA CHCTEMEL,
000pyIOBaHHBIMU LIEHTPOOCKHBIMA HACOCHBIMHU arperaTamu, paOOTAIOMINX IO CXEME «HM3 Hacoca B HACOC» C
YYETOM CHUCTEMBI PEryJMpOBaHUsA JABJICHUS, a TAKXKE XapaKTEPUCTUK PETYIUPYIOIINX YCTPONCTB U apamMeTpoB
ux HaCT’pOﬁKH. HpI/I 3TOM, HeOGXOI{I/IMO YUYUThIBAaTh, KaK MOBCACHUEC CUCTCMbI B MECPCXOJHOM PCKHUME, TaK U
M3MEHEHHE NapaMeTpoB B 00bEKTe perynupoBanus - camom MHIL

Hcxons W3 BBIMICU3TIOKCHHBIX pa3pabOTKa OOOOMICHHOM HACONOTHH pacyeTa M aHajiu3a IOBEICHHUS
CHCTEM C paclpeleieHHBIMH MapaMeTpamMH, HICHTH(UIHMPYS CHCTEMBl C paclpeieiIeHHBIMU TapaMeTpaMu C
pacripenieieHHBIMI  0a3aMU JaHHBIX K HMITYJECHBIM CHCTEMaM, C MPUMEHEHHEM JAHUCKPETHOTO METOJa,
BEIpa0OTKA TEXHOJOTWH AaJaNTallid pacueTHBIX MOJENed K pealnbHBIM YCIOBHSM  SKCIDIyaTalldd
paccMaTpUBaeMbBIX CHCTEM OE30THOCHTENBHO K TEOMETPHYSCKOW ¥ JUHAMUYECKOH TOIIOIIOTHUH SBISCTCS
aKTyaJbHOM TMpoOIIeMON M WCClIeJOBaHWE W aHAM3a JAWHAMHYECKHX IIPOIIECCOB B MAarHCTPalbHBIX
TpYOOTIPOBOIHBIX CUCTEMAX.

IIocTanoBka 3agaumn.

B 31011 CcBSI3U B JaHHOM CTaThE PacCMOTPEHO NPUMEHEHHE JUCKPETHOIO METOJA IJI PEIICHUs OJHOH U3
3a/a4 Ipu pa3paboTKe TEXHOJIOTMYECKHX OCHOB YIIPABICHMS CIIOKHBIMH MarucTpajbHBIMHU TPYOOIPOBOIHBIMU
cucTteMaMH, pa3pabOTKa pacueTHOW MOJENH TMpPH JUCKPETHOM pEryJlHUpOBaHHM IPOHM3BOAUTEIBHOCTH
He(TenepeKayNBarOIUX CTAHIIUH.

Kak wm3BectHo, B MHII, paboTaromux B pexume «M3 Hacoca B HACOC», M3MEHEHHUE YCIIOBUI IepeKayKH
HeTH MM ero GpU3NKO-XMMHUYECKUX CBOWCTB MOJKET NPUBECTH K HapYIICHHUI0 HOPMAJIBHOTO PEeKMMa pabOoThI
cucteMsl HacocHO# ctannmu (HC) - marmctpanpHEI TpyOomposoa. IIpexoTBpamieHne mogoOHBIX SBICHUH U
BEIOOp HAWIy4yInX peXuMoB pabotel HacocHbix arperatoB (HA) (HC) - cucrembl pocturarorcs
perymupoBanneM pesxxuMma padotsl HA wa HC [2]..

Cpenu 3THX METOAOB AMCKPETHBIH METOJ PeTyIMPOBAaHMS MPOU3BOIUTEIBHOCTH, KaK OJUH U3 CIIOCOOO0B
perynupoBaHus pexxuMa padotel Ha HC, Hamen npuMeHEeHHe B CYIIECTBYIONIMX MarucTpaibHBIX HeTe - U
npoayKTompoBoaax [3,4].

MeTtoasl pemieHue.

B nanHOl paboTe B KauecTBE MAaTEMATUYECKOIO ammapaTa HCIOIb3YIOTCS BYKPAaTHOC M JAUCKPETHOE
npeobpasoBanue Jlammaca. [lpu mepexome OT H300paKeHUsT K OpUTHMHANY (YHKIMH NPUMEHSIOTCS
PEKyppeHTHbIE COOTHOIIEHUS [5].

W3BecTHO, YTO HCCIEAOBAaHUC IMHAMUUYCCKUX IPOIIECCOB B MAarkMCTPaIbHOM HE(TEIPOBOAE, CBOAUTCS K
pCIICHUI0 YpaBHEHUS ABIDKEHHS M HEPAa3pHIBHOCTH, MPH COOTBETCTBYIOIINX HAYANBHBIX M KPAEBBIX YCIOBUSIX
[1].

Hcxons w3 BBHIIIEH3NIOKEHHOTO, /IS aHajW3a HEYyCTAHOBUBIIHMXCS PEXKHMOB B MAarduCTPaIbHBIX
TpyOOIIpOBOIax, CYIIECTBEHHO WCCIEIOBAaHNE TIEPEXOMHBIX TPOIECCOB, BO3HUKAIONIMX B PpE3yNbTaTe
BKITIOUEHHUS Win oTkiIroueHus HA. Benencrterue msmenenus npomsBoautenbHocTd HC npu ee BKIIIOYCHHUN WA
JKe BBIKJIFOUCHHUH OTAEIBHBIX arperaToB MEHsCTCS AaBlieHWe B TpyOompoBone no u mocie HIIC. U3menenue
JTABJICHU TI0CJIC UCTOYHNKA BO3MYIICHUS OyAeT BIUATH Ha MPOoW3BOAUTENbHOCTE cienytomeit HIIC. [Tpu Takoit
MOCTAaHOBKE 3a/ladyll HEOOXOJAMMO YUYUTHIBATh JMHAMUYECKHE XapaKTepUCTUKH NBYX mpuierarommx k HIIC
y4acTKOB TpyOOTIpoBOJaa, KpOME TOT0, B Hayaje W B KOHIIE y4aCTKOB TPYyOONpoBOJa BETUYHUHY W3MEHEHUS
JIaBJICHUS] HEOOXOAUMO COTacoBaTh ¢ Xapakrepuctukamu cMexkHsrx HIIC [1].

Kaxk u3BecTHO, MaTeMaTHYECKH 3aJlaya CBOAMUTCS K PEUICHUIO YPaBHEHUH HEYCTAHOBUBIIETOCS JBIKEHUS
skuakoctu a0 HIIC u nocne wee [6,7]:

_oy(u,t) _ - 0i(u,t) Ky, 1),

ou ‘8‘[ (1)
B oy(u,t) =ky; 0j(u, t) npu 0<u<l,
ot ou
OB(E, t 0J(&,t
_% — klz%'szzJ(E_pt)a
P(E, 1) dI(ED) N
ot 0§
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PRy . Q-0
r;[euzx/fl; &:X/fz; W:J; j= 1 01;
1)lHOM QlHOM
P, — P _
o= 202 ; J :M — COOTBETCTBEHHO OTHOCHTEIbHBIE KOOPIMHATHI, aBJie-
PZHOM QZHOM

Hue u pacxoy xkuaxocru npuireraromux yuactkoB k HC; Pyp, Por,Qo15Q02s Pruons Qumons Prron s Q2mom -

COOTBCTCTBCHHO JaBJICHHA, 00BEMHBIH pacxod, HOMHUHAJIbHBIC 3HAUCHUA NAaBJICHUA U 00BEMHOTO pacxoga Ha
yJyacTKax;

. et QZHOM
s 12 — s
2D, F-P

' 2
k“:pgl Qlrom -k _(}"lmlj 'pgl'QlHOM.T.k?’l:& Q1uou gl'kZI .
cp HOM K PIHOM T PZHOM ‘BT

5 e =

' 2
_ 7“2(02 p£2'Q2H0M'T. _pc Q2HOM 62.
k22 - ' k32 -
FZ : PZHOM FZ PZHOM T
Fi (i=1;2) - miomaas MOMEpevHOro CeUeH s yJacTKOB Tpy6onposonaa; i (i=1;2) - nnuHa yyacTKoB TpyOoIpo-

Boga; A" (i=1;2) - k03 ULMEHT THAPaBINYECKUX CONPOTHBICHUI yuacTkoB; Di (i=1;2) - iuamMeTpsl y4acTKOB;
i (i=1;2) - CKOPOCTh TEUCHUS KUIKOCTH.

Jnst pereHuns 3Toi 3a1auy MpeaIoaraeM, 4To H3BECTHO 3aKOH PacIpe/Ie/ICHUs] JaBJICHHs BIIOJIb Y4aCTKOB
TpyOOIpoBoa, TO €CTh

w(x,1),-0 =¥ (x,0) =y (x), p(x,1),.y = @(x,0) = p(x),

rae Y(X) u ((X) - u3BeCTHBIC (YHKIINH, ONPEACIIIIOINE HaYalbHBIE YCIIOBHSL.
Pemenus cuctemsl ypaBHeHui (1), (2) moslydum IpH CISAYIOIIMX T'PAaHUYHBIX YCIOBHUSAX, BBITEKAIOIIUX
HEIOCPECTBEHHO U3 YCIIOBUM IIOCTaBICHHON 3aa4u

npu u=0, w(x,t) =2,j(0,7) ;

mpu u=1, &=0, j(1,t)=J(0,t) - wu3 ycnoBus HempepbIBHOCTH pacxoia B TOUKE 3)
conpsixenus aByx yuactkos, J(1,t)=kay(1,t)- kso(0,t)+d;

mpu  &=1, o(1,o= ¢ (1,t )=2,J0,1),
rac X 1s X 2 - XapaKTCpI/ICTI/IKI/I CMCIKHBIX HC 10 AAaBJICHHUIO HAa BBIXOIC npezlbmymeﬁ W Ha BXOIEC HOCJ'IGI[yIO—
LIEH.

Heobxonumo onpenenuTh uaMeHenue pacxona xuakoctu uepe3d HIIC u naBneHust BIois TpyOompoBoa

IpY U3MEHEHUH KoJu4yecTBa pabdoraromux arperatos Ha HIIC.
Jlns penieHns MOCTaBICHHOM 3a/1a4y TpaHWYHBIE YCIIOBHS (3) IEpeBOIIM B oriepaTopHyto hopmy [5]:

mpu u=0, ¥/(s) =2, /(s),

npu u=1, =0, ;( 1,s )=]_'(0,S) 4)
) 1
J(Ls) =k4y(l,5) —ksd(0,s) +gd

mpu E=1, (1,5)=2,J(0,s).
Ilpn yKa3aHHBIX HAYalbHBIX M TPaHHYHBIX YCJIOBHMAX BUAa (4), pENICHWE CHCTEMBI YPaBHEHMI B

orepaTopHO# (opme, Tocie IBYKpaTHOTO Ipeodpa3zoBaHus Jlammaca OTHOCHTENHO NCKOMBIX (DYHKIIMH UMEeT
BUJI:
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w(u,s) = (@J(O,S)Ch?’“ Skt ky j(O,s)shw,J,
(mpm 0<u<l) (5)
jaus)=——7 j(o,s{aelshyu- sk ks chw}
sk, +k, 4
+k,
(&,s)=9(0, S)Chﬂf— ShJ/eEJ(O s),
4 , (mpr 0<E<1), (6)
J(&,5)=— »(0, S)Shﬂf— b J(0,5)chyé
sk, k ¥
0003HauYNB
bs =& chyu — sky +hy shyu,
b, = & shy — sky +hy chyu,

CHUCTEMY ypaBHEHMH (5) MmepenuieM B BUe

w(u,s)= bsj(o s),

i(u,s) =— bgj(0,5)” 2

ka

rae Q(u,s), _j(u,s), d_)(ﬁ,s), j(&,s) - Jlannacoas wm3oOpaxkenus ¢yHkmmi y(u,t), jut), oEt), JEL),
Y(s) = +/sks (k3 +sk;) - koadpdpuument pacnpocrpanenus BoHbL

B cucremy ypaBuenuii (5) u (6) BXOmAT HEW3BECTHBIC (YHKIHU j(O,S), E)(O,S), OTIpEeNeIICHUs] MX

OCYILECTBIISIIOTCSL U3 CHCTEMBl ypaBHEeHHIl (7) IpH yCIOBHM U=I], COBMECTHO C TPaHHMYHBIM ycloBHeM (4).

OTKy,Z[a TIOCJIC HEKOTOPBIX IMPOMEKYTOYHBIX MAaTECMATUICCKUX BBIKJIAAOK JIA (I)yHKI_II/II/I J(O, S) nojrygyacm:

= koy O,S d 1
J((),S) = SW( ) - > 3
ky+t—"— b, S kyby+——— b,
Sk1+k2 Sk1+k2
e b, =&,chy -——— sk, +k, 2 shy,
Y
b, =e,shy - sk, chy .
4

Hewussectnas §(0,8) .onpenensiercs u3 ypapuenue (6) npu yciosuu E=1, ¢ y4eTOM IpaHUYHOTO YCIOBHUS:

30,5 =51b g lal ©)

49



ISSN 1999-9941, “IHOGOPMALIIAHI TEXHOJIOT'Ti TA KOMIT'FOTEPHA THXXEHEPISI”, 2013, Ne 2

rac

_ sk, +k

b, 2 shy +a,¢chy;

774
sk, +k,

a, =chy +(sk, +k2)ﬁsh}/+ shy + e,k chy.
4

VYuuteiBas (9) B (8) u moiydeHHoe BeIpakeHHE B (7) MOIydum
E(u)s) _ ( k5b5k4b1 \II(I,S) +g blbsks —azks (10)

Y S Y
kb, + by |- kgby +————-by |-
402 sk, +k, 4] az [ 402 sk, + K, 4} a

ITosnoras B (10) u=1 u mocne HEKOTOPHIX MPOMEKYTOUHBIX MATEMAaTHYECKUX BBIKIAJI0K MOTydaeM:
— d b (bk,—a,)
— 5 \%is 2
w(s)=—- (11)

S
(k4b2 + Sklikz : b4j -a, —k,kbb,

VYpasuenus (11) B pa3BepHyTO#i hopMe UMEET BHU:

g kaezk wy ko +k
(/7(S) = —— S 1 + 2 (&lchw _w.sth s (12)
s A 4

rac

A==k, —1-2,k, )ch2y+{ Y (e, +mymm, — @, + & @,®, )~
sk, +k,
sk, +k,

2
(k4+k5) +shychy +| &.ks -k, + —r ®®, |-sh’y,
% sk, +k,

A- XapaKTepUCTHYCCKOE YpaBHEHUE.
[omoras B (10) u=1 u yautsiBas ero B (9) moryanm:

Y pb,
— d k
(0.5) =" : (13)
[/sz + ﬁ : @j ‘a, —kkbb,
1 2
yuautsiBas (13) B (8) momydanm:
}(O,S)zg%;% (14)

AHaJTOTUIHBIM 06p330M nojxydacm:

50



MDKHAPOJIHHUA HAYKOBO-TEXHIUHWI XXYPHAJI “THO@OPMAILIIIMHI TEXHOJIOT'Ti TA KOMIT'FOTEPHA THXKEHEPIS”

! (az —biks )b6

- d sk;+k
i(u,8) =—-—1—2 (15)
S A
WJIN B pa3BCPHYTOM BUAC
chy+iysh7/
j(u s)zi- — 7 & shwu—chm sky + Ky (16)
S s sk, +k, ° A ’
— bbb, —a,b,sh
10,05 —a,byshyS
_ d sk, +k,
P&, s)=—" : (17)
N A
rac
b; =chyg +Mshyé.
C yuetoM 3HaueHwii bl, b3, b4, a2 ypasaenus (17) umeeT BUI:
_ d 1| &y
,8 )=——| ——shy —chy |x
¢(§ ) s A(slirkz 4 7/]
(18)
{Mshy(l—gp &,chy (1-& )}
4
¥ aHAJIOTHYHO JJIA j(ﬁ,s) TIOJTYYHM:
- d 1 &
J&E,s )=——| —L—why —chy |x
(5 ) s A(skl+k27/sy 7/]
(19)

&, B
X[CW(I—GC )+m%¥h7(1 g )}

W3BecTHO, YTO OmpezeiicHHe OPUTHHAIOB (DYHKIUN B MOJY4YeHHBIX BhipaxeHusx (12), (16), (18), (19) mo
TeopeMe pa3JoKEHHUs] CBA3aHO C OMpEJENIEHHEM TIOJNIOCOB, YTO MPH BBICOKMX TIOKA3aTeNsiX CTENEeHH
MPECTaBISIeT 3HAYUTEIFHYI0 TPYAHOCTh. [103TOMY B HaHHOW paboTe I OTpeNeNIeHUs] OPUTHHATIOB (yHKIIHI
OBLT IPUMEHEH APYTOW METOJI, OCHOBAHHBIN Ha COOTHOIIICHUSX, BRIBEICHHBIX B [1].

Jns mepeBoma TIONYYEHHBIX BEIPQKCHHH B IUCKPETHYIO (OpMY, HCIIONB3YIOTCS — Pa3IOKEHUS
rUrepOoTMIecKuX (O YHKITHIHA Shy , Sh}/H C YYeTOM JTHX BBIPAKXCHHU IIOCIE HEKOTOPBIX IMpeoOpa3oBaHUit

HOJIyYUM:

7 ,5) = cle+21?1(s>+1€2(s))+czﬁ[l%@—la(s) |- ek [Fy(s) =, () ]+

+ c{l — 2k (s)—k, (s)] + 5% (1 = 2y () - l&(s)]} =
S kk, \ s

173
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=L {e (K (5)+ k(5 o (5)+ o) =Ty (By(9) = Foa(5) + () — oy () +
S

x (20)

+M(kls(S)+k16(S)_k17(5)_k18(5))_292(k7(5)_kg(s)_kf)(s)"'klo(s))

j(u,s>={cl[§+2l€l(s>+l€2(s>j+c2ﬁ(@(@—l&)—a@ (ks ()~ Ky () +

273

+C3(§—];4(S)—];2(S)j+ 8222 X((%__20(3)_E21(S)jj}:%d{a31 _:;llksx - @D

1— &,&,

x(/%5<s)—/€16<s)+E7<s>—l%8<s))—( j—(/%(s)—!?8<s)+l€9<s>—1%o<s) )}

13

¢(§7S):{cl(];60(s)+2];63 (S)"'l;so (S))+ G ﬁx(lgﬁs (S)"'Eso(s))_

173

~Cahiks (];86 (s)+ ];87 (S))+ G (EGO (s) - 21;63 (s)- Eso (S))+%x

X (’?81 (8) — 2Ky, () — Ky (S))}_ i {A\/ kiks - E94 (s) + ByJk Ky x
S
X (l;64 (s)— ];71 (s)+ En (S))_ Ellgslgs (E% (s)+ 1;73 (s)— 21275 (s)+
+ 1;76 (s)+ ];73 (s)) + (C (lj + ];63 (5)) +cy (lgeo (s)+ E7o (S))+
S

+ 22‘312@2]% (1;1;61 (s)+ ];62 (S))_ 2\kk, (1;68 (s)- ];69 (S))+
&,

1o o
+22€1262W(k76(s)+k77(s))+m-(;—kés(s)—kk79(s)—k66(s))—

173

_bzo(l_lgéo(s) - 21;61(5) - 21;62 (s)— l€70 (s) _];63(S)) +b21\/k1k3 :
S

1 - ! l 7 A _ I _
'[;+k64(5))_331 m(s"'kss(s) kes () k67(S))

(22)

- 2];1 (];68 (s)— Ew (S))_ by, (E_W(S) B E‘ﬁ (S))}

j(f, s)= {Cl (];60 (s)+ 2];63 (s)+ ];80 (S))+Cz ﬁ(’%s (s) +l€20 (S))_
_64\/ﬁ(1;86(*9)4_1;137(S))+63(];60(S)_2];63(S)_ESO(S))+ ?;2 X

13

X(l;m(s)_zzsz _2];83 (S)): %{{k{%f ﬁXGJFEm(S)”;g(S)”;@ (S)+2]€77 (s)-l—l;%(s))—
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—J@G+1€64(s)—@(s)—2%69(s>+l%1(s>+1€72(s)ﬂ+i-aef(;i—l%o(s)—l%ms)—l%z(s)j

2k ik, {i +(s)+l€64<s>+1%9(s>+/€66<s>]+/q/g(§ +l€73<s>—1%3(s)—1%4(s>jﬂ—

[ 5) ) 5) o) e )~ 9+ 3hs9)—(5)) 9
a2l i (5) = 3Ky (5) + K)o ik (5)— Kg() () + Ko () +
e, (5) s (5) () ~ () + s (54 s )+ (5 hi5))-
— e e ()~ () o)+ K5t T, s+ (5~ Kon(5)—Rn(5)]
/e ¢, =k,o, —kso, —1;
c, =® —&, +ke®,+kex,;
¢, = ke, —k,; (24)

c, =k, +k;.

k; (s) - Jannacosble n306paeHns COOTBETCTBYIOINX (DYHKIMIA.

Monaras S=A'q/ T, rue-\’ - mo6oe nenoe uncno (A'=1,2,3...), S -Jlanmacosslii onepaTop, HoMyUeHHbIE

ypasuenus (12), (16), (18), (19) nepeBoauM B TUCKPETHYIO GOPMY.
Tak HampuMmep, MOCIC HEKOTOPHIX MATEMAaTHUCCKUX BBIKIANOK ypaBHeHHs (20) B AUCKpPETHOW (opme
UMEeT BUJI:

v (6.9)= { +21q(q)+k2(q>q —-ﬁ-[kg(q)—k;@]—i@[k;‘@—kz@h

T, <4
Gk G (25)
(e, +K(9) +h5 @)+ (@) + @)~k (6 (@)~ (@) +K ()~ () +

+% (k@) +h( @)~ (@) D)~ (@)K (@)~ (@)K (@)

+_(F‘2"'1 (61)+kz(q)j

G\ €

(ki) ~2K(9)—F, <q>)} -

Tocrie yero, MpUMeHsis TEOPEMY CBEPTKH, MOJNydaeM BhIpaxkeHue s ompenenenns Y[O,n], j[d,n],

0[0,n], J[0,n] B ob6nactu opurnnanos.

W[&,n]:—i{(ael—aez) Zn:k7[m]+(ael+aez) Zn:kg[m]+(ael+a32) Zn:kg[m]+

13 m=0,5A(1-u) m=0,5A(1+u) m=0,5A(3—u)

Zklo[m] NLS ( Zkll[m] Zn:klz[m]"' Zn:kls[m]_ Zn:km[m]}"‘

m=0,54(3+u) m=0,5A(1-u) m=0,54(1+u) m=0,54(3-u) m=0,54(3+u)
&1&2 n n n n ¢, — ¢,
T Z kys[m]+ Z ky[m]— Zk”[m]— ZkIS[m])}_ x
k1k3 m=0,5A(1-u) m=0,5A(1+u) m=0,54(3—u) m=0,54(3+u) C]3
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m=24 m=24

e (’ik [n—mly[m Zk [my[n— m]] %x (26)
€13 €13

m=22

X(ngkl[m]'//[n—m]—Zn:kz[m]l//[n—WI]]—cn W(Zk ]~ S k[l - m]]

(nzkw[n mly{m] 22/{20 mlyln—m]— szI mlyln— m])__zl//

m=21 cl3 m=0
rae

S, 831832
— 22 0] - ey ke, e [0]+ 52
(klk3 3 4 17375 k1k3

k;[n] - opurunaner gpynxumii X;(s), rak Hanpumep:

Ci3 = ¢ +C3+

19[0]

0,mpu m < A0
ki[n]=

aTm I (O;\'T\/ 2 —(7»9)2)
—0LT9
+ 0o z e
m=1.0 Jm? —(10)?

mpuuem, ipu 1=1, O=1, ampu 1=2, 0=2,

_onT T
ky[n]=e * I, (%j npu n>0, ut.n

,m >0\

Zkls[m] - Zklﬁ[m] +
5.n] _i 1 (a:: e m=0.5(1-u) m=0.5A(1+1) _(aelaez _1]
e | Jkk n Z k k
a e + an[m]_ Zkls[m] s
m=0,51(3-u) m=0,51(3+u)
n n n 201 03
x| kml— Y klml+ D k[m]- ka St R
m=0,51(1-u) m=0,5A(1+u) m=0,51(3—u) m=0,51(3+u) C]}

m=24

X Zk [m]jln—m]+ Zk [m]jln— m]j WX 27)

x Zk n—m)jlm]~ > k,[m)jln— m]j & ‘3x("2k5[n—m]j[m]— ikﬁ[m]j[n—m]j—

m=21 1 m=21

—%[Zmn m)jlm]— 22!«20 mljln—ml— Y ey [mljin - m]j——zj

k1k3 13 \m=0 m=21 13m0

p[o,n]= — (0){ [,/kk(AZk%[m 1-1-[n— m]+BZk64[m ]-1-[n— m]——ZBZkGS[m]
1

m=&A m=§A

Lln-m]+2 Y kglml-1fn-ml-B > kylm]+ ikn[m]—zm(ikég[m]— ikw[m])}

m=(1+E) m=2&A m=(2+&) A m=A1) m=(1+£2)
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—k,kjk (Zk% m]+2k73[m] 2Zk74[m]++22k75 m]+2k76 m]+2k78 [m]+

m=0 m=0 m=A m=0

+C (%t*r Zkéa[m]J+C1o(zkeo[m]+ Zk70[m]'1'[”_m]}+2261m2265 x

m=(2+&)A m=2) m=2)

X y kg [m]-1-[n—m]+ y ko[m]-1-[n—m] |+2®,@, —= ) k,[m]-1:-[n—m]+
D e e

y Z® [T Tl S A1
+m_§ﬁ77[m]-1-[n—m]]+ 0 { 7 %kﬁs[m] 1[n m]+m§k79[m] [ —m]

ik%[m]'l[n—m]]—bz{“—f— S k[l n-m]+2Y ko lml-2 Y kel =Y k]

m=(2-&)A m=EA m=A m=(1+&)A m=21
sts[m]+b21\/k ks ka [m]— a3‘1 (Zkloo[m]"'zkss sts[m]_ ka[m]]"‘
m=(2+&)A 1/ kl 3 \un=0 m=EA m=(2-&)A m=(2+&)A
+b22( ka Zk(ﬁ [m] } Kzl/f[m] keoln— m]—I-ZZ(p[m] kg [n—m]+
m=21 m=(2+&)A

+nz_l:¢[m]'kso[n—m]) Qre (Z(ﬂ[m] ksln— m]+Z¢[m] koL~ m]j

13m0

+C2

(Z ¢[m]-kgs[n—m]+ Z ¢[m]-kgo[n - m]J

mO

—c 4 kik; ( > ¢[m]-kgg[n—m]+ Z ¢[m]-k87[n—m]J+
m=0 m=0

k ks

03(2 plm]-keyln —m]-2 i o[m]-kgyln—m]-

m=(2+&)A

—n2¢[m] k[n—m]j kk (i(p[m] kg [n—m]- (28)

_2’12_: plm]-ky[n—m]- nz_: ¢[m]'k83[n_m]j:|}

rae ;[0 = kgo[0]+ 2k, [0+ kgo[0] + ¢ (o [ 0] — K5 [ 0] — K [0]) + alilek(::2 (&

173

[0]— 2k, [0] — K, [0])

CornacHO OpUTHHAIOM (YHKITHIL:
a

kgo[0]=¢€ 2& ; kes[0]= exp[—%(Z + @)T}

kso[o]zexp[—%(4+i)f} k81[0]=exp(—§0,5ﬂj;
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ke, [0] = exp[—%O,S(Z + @T} kg3 [0] = exp[—%0,5(4 + &)T}

J(E, s) - B 00JIacTH OPUTHHAIIOB UMEET BUJI:

J[S,n]= ——{Z k| [m]-1n—m]—- nz_lJ[m]kij[n - m]} . (29)

m=0 m=0

[MonyyeHHBIC BBIPAKCHHS OMPEACIAIOT (HYHKIMH W(X,t) ,j(X,t) ,¢(X,t) ,J(X,t) JUISL TI000M TOUKHU
HCCIIEyeMOU CUCTEMBI.

I[Ipu t—oo mepexoAHBI Tporecc, BHI3BAHHBIM 1O TOM WIM WHOW mNpuYuHE, OymeT 3aTyxaTtb H
OKOHYATENIbHOE pacIpeiesicHue NaBieHUs OyJeT COOTBETCTBOBATh YCTAaHOBUBIIEMY PEXHMY nepekaduku. Ilpu
t—oo cormacHo (10), 16), (18), (19), B maructpaau YCTaHOBHUTCS CIEAYIOIIEE paclpeneleHne HCKOMBIX
apaMeTpoB:

d(—=, +k,u)
&k, —1-e,ks -k, (k, +k5) ’

y(n) = (30)

) d
jm)=- : 31)
&k, — .k, —1-k,(k, +k)

&,
dk,(1-& + IT)

__ 2 , 32
P =k Ik, Kok, + k) ¢

(= d . 3
ek, — -k, —k,(k, + k)

B wactHOM ciydae, mpu IpeHeOpE)KEHUN HHEPIIMOHHBIM YICHOM B HCXOJHBIX ypaBHEHMAX (1, 2) perreHue
MOCTAaBJICHHOM 3aJ1ayy UMEET BU/I:

chy + 2 yshy,

v (u,s)=——-+ = (aelchylu —ﬁshylu] , (34)
S A, .
x
B d(r Ch71+72715h71
j(u,s):? (kl & shyu—chyu j AZ , (35)
2 1
- d 1 171
(p(ﬁ,s):; Z ” shy,u—chy, —Sh71(1 O +ae,chy,(1-8) |, (36)
1 2
d 1(k x
JE(s)=—— _Ylshyl chy, Chyl(l_é)"‘_leShYl(l_‘:) ) (37)
s Ak, k,

rae
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A = ( &k, —1-a,k, )Chzyl + [kl( ®, e @)k, —&, +2€1832k5)—
2
K 2
Y
_y_z(k4 +k; )Jshy,chy, +| 2k, -2k, J{k—lj ‘@z, |-sh’y,,
1 2

)
Y= k_S K03 PHUIUEHT pacIipoOCTpaHCHHUS BOTHEIL.
3

IIpu sTOM, B OONACTH OPHIMHAJIOB B BBEIPAXKCHHAX ONPEICIIOMNX HCKOMBIX (YHKLIMH Y4YacTBYIOT
¢yaxuun ommbok [Maycca.

Pacuerneie QopMyibl MO cBoeMy BHELIHEMY BHIY, 32 HCKIIOUYCHHEM HEKOTOPBIX OTIMYHH, CXO0XH C
BIpXeHUSIMH (20-23), TONYy4EeHHBIMHE IIPH Y4€Te HHEPLUOHHOTO CIIaraeMOro B HCXOJHBIX YPaBHEHHSX.

Tax, nanpumep, Boipaxenns it Y[O,n], umeer un:

y[on]= _i {(&1 - &, )ik'7 [m} (ael T, )(ik'g [m]"'ik'9 [m]j + (ael - &, ) X

sz'lo [m}-yk,k (Zk'u[m]_ Zk'lz[m]'i' Zk'ls[m]_ Zk'm[m])"'ﬁ;ikz sz'ls [mh Zk'lﬁ
_:Z]-Ok'w[m]_mi:ok'ls[m]%_ (Zik' [my[n—m]- ik' [n— m}V]\V[j CB\/E
x(ik; [n—m]\y[m]—HZk;[n—m]\y[m] —] G “k K, [Zk [n mw[m] Zk [n mtp[mj

L B® [22190[11 mjy{m] +zkzl[“ m"’[m e, zl\l’[m]

Cl3k k Ci3 m=0

X (38)
13

e k{ [n] - opurvHabl QYHKIUH Ei(u,s), onpenensemoe o [8]. Tak Hanpumep,

1 2 k 1
k'/[n]=erfc—; k's[n]=erfc——; k==2:k'3[n]=——;
1[n] T 2[n] o K, 3[n] T
Ak Ak A
o us
k'y[n]= e 4T, g =2Jk;k's[n]=2 A
£ T
A
o x
il = 24| exp| — 2K nT |.
k's[n]=2 . exp T 4/kerfe]| 2 Ll
A

Jk(-u). A+uk ovk

k';[n] =erfc ; k'g[n]= k".[n]=erfc

erfc———; = —_—
, [iT , [iT , [iT
A A A

rae 1=9,10, npu 6=3-u, 3+u;
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o nT (0,)°k 1 [0k |
k i[n]=2 - exp| — 4n7T —x/E(Gl)erfc > [T |
A A
il =11, 12, 13, 14 v npu s1om cootsercteenno 0;=1-u; 1+u; 3-u; 3+u;
2
k' [n] :Lexp —M ,1=15, 16, 17, 18, - cootserctBenno 6,=1-u; 1+u; 3-u; 3+u.
: mnT 4ﬁ
A A
2 kA 2 4K\
k'yo[n]=—=exp| —— |; k'5[n]=——Fexp| —— |;
20[n] 7 P( nT) 21[n] 7 P( e ]
X
rae erfcx =1—erfx; erfx :TJ-G_XQdX - ®yukuus ommubok Faycca. OtmeTum, 4to (QyHKIUs erfx
T
0

OBICTPO YMEHBIIAETCS C YBEIMUCHNEM apryMEHTA.

PaccMoTpuM pemieHne 3a1ad JUHAMHUKY Ha KOHKPETHBIX IPHIMEPOB O IPEIUIOKEHHOW METOIHKH.

1. PaccMoTpuM mepexonHble HPOLECCH B MarrucTpajibHOM TpyOOINPOBOAE NpPH HYJEBBIX HAYaIbHBIX
YCIOBUSIX M CIICIYIOUINX I'PaHUYHBIX YCIOBUX (B ONepaTopHOii hopme):

mpuu =0, \V(O,S) =0;
mpru=1,&0, j(1,8) = J(0,5) =ky w(1,8)-ks 0(0.5); (39)

mpu &=1, J(1,s) zlJ,
S

TO €CTh, PACCMOTPHM IIEPEXOHBIC TPOLECCHI IPU CKAYKOOOPa3HOM (SAMHHYHOM) H3MEHEHUH PacXola B KOHILE
maructpanu (E=1).

CornacHo pa3pabOTaHHOMY AITOPUTMY IPH HYJICBBIX HayalbHBIX M TPAaHUYHBIX yCIoBHAX Buaa (39)
pelieHne cucTeMbl ypaBHeHuH (1, 2) B o0macTu n300paKeHUH MIMEeT BHI;

E(u,s):—l.JSkl-'_kz ks . shyu ’ 40)
S v ksh?y +———chy - shy + k<ch?
4 ysk1+k2Y Y+ KsChy
j(u,s)zl.Jks . chyu ’ @D
ksh?y +———chy -shy + kch?
4 Ysk1+k2y Y+ KsChy
Y
———— —hy +kyshy |chy& + kschy - shy&
- 1 sk, +k, KSkﬁkz * j ’
¢(&,s)=—;J : 5 ” ; , (42)
k,sh“y + —————chy-shy + k<ch
4 Ysk1+k2Y Y+ Ksehy
3(&,5) ==L 3| | K yshy ——L—chy | shyE + kechy chyE | 43)
S Sk1+k2
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ot

YpaBHEHHSX, MOJyUIeHHbIE BBIpaXeHHUS U3 (40+43) MOIHOCTHIO COBMANAIOT C BBIPAXKCHUSIMH, OJyYCHHBIMH B
pabore [6]. Bepaxenue s Y(U,S) B 061aCTH OPUTHHAIIOB HMEET BUJT

9 J(x,1)
B uyactHOoM ciydae, korma mpeHeOperaeTcs HWHEPIMOHHBIM —ClIaracMbIM (— B MCXOJHBIX

y[d,n] =-2Jks/k,k; { i ks[m]-1[n—m]- i k6[m]-l[n—m]]x - 1 - +2(k4 -ks) y
m= 0 4T Ks

o k4 +ks
L 1
Ks k X
Z:] {[mJy[n - m]+k s mZk o[my[n—m]- \/k2k3 TR (44)
n— n-1
{ [n—mym]- > ky[m]-y[n— m]} Zw[m]
m=0
rac
0 , mpu m<A

ki[n]= oTm Il(O;TVmZ—KZj

e +akZe \/mZ_xz , m> A,

i=1,2, mpuyem korma i=2, o=2a

ks[n]= exp(—%Tj Iy (ar;lTj, pu m=>0
0 npu 0<m<0,25\

_onT
ky[n] = e 20 ] (Z}:\/@]’ npu  n=>0,250

0, mpu 0<m<Al1Fu)
_anT T
ksg[n]=1qe 2 klo(a—\/nz—[k(liu)]z]+

amT

+2 i_ e 2t (‘;—;\/m%[miu)]zj mpr  m2A(1Fu)

m=A(1Fu)

3HaK «» otHocutest k Ks[n], a «t» -x kg[n]

U3 (40+43) mpu t—00, TO ecTh B HOBOM YCTaHOBHUBIIEMCS PEXUME IMOIydaeM CIEeIYIOIINE BBIPAKEHUS
OIIpeIeIIONINe COOTBETCTBEHHO JIaBlIeHHE U pacxoibl Ha ydacTkax 1o (0<u<l) u mocne (0<E<1) HC

VYyem = _szu

b

Jk, (k4 + kl + kSQ]

2 . —
. ; Jyem =7

Jyem =7 (45)

¢ycm -
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U3 (45) caemyert, 9TO €CIIU MPEIIOTIO0KHTE, ITO k2 MOCTOSIHHBIM, TOr1a HOBBIM YCTAHOBUBILUMICS PEXUM
Oy/eT OTIIMYATHCS OT CTAPOro TONBKO B 3aBUCUMOCTH OT HepaseHcTBa K4 > K, To ects Gyner Tem Gonbiie, gem

CTPOKE BBIMIOJHACTCA YCIOBUC k4> k5 . AHaJ'IOFI/I‘IHOMy BBIBOAY MNPHUXOANM (TO CCThb B YCTAaHOBHBIICMCS PE-

Oj(x,t
KHUMe ojydaeM (45)) u npu npeHeOpPeIKSHUH WHEPIIMOHHOTO CIIAragMoro M B MCXOJIHBIX YPaBHCHUSIX.
t

DT0 MOKa3bIBACT, YTO JMHAMHUKY TPYOOIPOBOIOB TOJILKO W TOJBKO HEOOXOIMMO HCCIICAOBATh MPHU Yy4eTe
HWHEPUMUOHHOTO YJICHA B UCXOJAHBIX YPaBHCHUAX.

2. PaccMOoTpUM JAMHaMHUYECKHE PEXUMBI B TPYyOONpOBOAE IPHU HYJIEBBIX HAYAJIBHBIX U TPaHUIHBIX
yCIOBUSIX (B onepatopHoii hopme) Buaa:

npuu=0 j(S)ZlJ,
S

npu u =1 ) (S) 0,
riae J - eAMHUYHBIA CKAYOK 10 PacXoay B Hauaje TpyOOIpoBo/Ia.
Pemenue cucremsl ypaBHeHuil (1) oTHocuTenbHO (u, t) MpU YKa3aHHBIX HAYaJbHBIX U TPAHUYHBIX

YCIIOBUSIX COTJIACHO pa3pabOTaHHOW METOJHMKE B 00JaCTH OPUTHHAIOB UMEET BU:

yin]= §jkﬂm}un—nu—§jkﬂmmun—ml-mzj;—

m=A m=0 (46)

n-1 n-1
= > k[n-mly[m]- > y[m].

m=0 m=0

ITpn npeneOpexeHNN HHEPLIOHHOTO YJICHA:

Ak

u
1 [nT. P [nT. _ 1-u
ki[n]=erfc—; k,[n]=2,|—ierfc—~=; ks[n] =2, |—ierfc—;
1[ ] 0T 2[ ] A \/ﬁ 3[ ] 2z \/ﬁ
Ak Ak

. 1 2o £
rae, lerfcx =—e Xomxertex OBICTPO YMEHBIIIACTCS YBEINICHUEM apTyMEHTA.

T
W3 mpuBeeHHBIX PUMEPOB U U3 BeIpakeHUs (46) BUIHO, 4yTO pa3paboTaHHAs METOJIUKA M MOTyYCHHbIE
IPU 3TOM pacueTHbIe (GOPMYIbI IPUTOJHBI U yIOOHBI AJIsl ONIPEEICHUs YUCICHHBIX 3HAU€HUH KaK IPU MalbIX

nT

}\'_k , TaKk U IIpA OOJIBLINX 3HAYCHUIX U HE Tpe6yeT Ipu peuIcHNU HO,I[O6HBIX 3a4a4 OrpaHu4MuBaHUsA TOJIBKO

MEPBBIMU WIEHAMHU CYMM.

PaccMoTpuM mepexojHbIe MPOIECChl B MArMCTPAILHOM TPYOOIPOBOJIC, BBI3BAHHBIC pPErYIHPOBAHHUEM
npousBogutensHocT HIIC Briarouennem u otkimoueHueM HA. Ilpu Takodl MOCTaHOBKE 3ajadyd B KayecTBE
TPaHUYHOTO YCJIOBHUS, COOTBETCTBYIOIIETO pPEryaHpoBaHHi0 TpomsBogutenbHocTH HIIC BKIIOYCHHWEM W
OTKITIOYCHHEM OTHENBHBIX arperaTtoB, UCTIOIb3YETCS 3aBUCUMOCTh BHIA:

j=C+Dexp(-t /0), (47)

rae 0, C, D - mocTostHHBIE BETUYHHBL.

MareMaTH4YeCKH 3ajada CBOAWUTCS K pEHmICHHIO cucTeMbl ypaBHeHHH (1) mms ydactka (0<u<l) mpm
MOJJIEP)KaHUU TIOCTOSIHHOTO JIABJICHMSI Ha BBIXOJE MpEeAbIaylied, Tak Kak B (47) yduuThIBaeTCS BIMSHUE
n3MeHeHus nasiaeHus Ha Beixoae HIIC.

[Ipu 3TOM rpaHUYHBIC YCIOBUS B ONIEPATOPHOH hopme:
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mpuu=0 j(0,s) :S+ll’ (48)
5 54—
0

npuu=1 W(I,S)=O

CoriacHO BBINIEH3IIOKEHHON METOIUKE pElIeHHE CHCTEMBI ypaBHeHHH (1) B omeparopHOW (dopme mpH
YKa3aHHBIX HAYaJIBHBIX U TPAHUYHBIX YCIOBUAX UMEET BUI:

— sk; +k, c. D |shy(1-u)

,8) = 49
y(u,s) R (49)
0
- ¢c D |chy(l1-u
J(U,S) = -+ 1 Y(h ) > (50)
S st ey
0
VYpaBrenus (49) u (50) B 06acT OpUTHHATIOB UMEIOT BU:
n n
y[8,n] = —c fkk; ( > ky[m]-1[n—m]- Z k,[m]-1[n— m]] + Dk k; *

(Zk [m]-ky[n—m]— 3 K m]k’{n— m]} > ky[mly(n—m]- > ylm]

m=0 m=0 m=A m=0

i[8,n] =c[ > ky[m]-Iln—m]- ) ks[m]-l[n—m]}r

m=0 m=0

n n n n-1
+D( D ky[m]-k'[n-m]+ >’ k5[m]k'1[n—m]]— D k3[n—m]jln—m]- Y jim] (52)
m=0

m=0 m=A m=0

0, mpu m<A;

_onT T
rie ki [n]=qe 2 XI()(OC— n2—(7»i)2j+

2\
n _onT
ra e 2 7»[0((;;1: n? + (% )2) mpu  m > Au,
m=A;

i=u , i=2-u coorBetcTBenno np u Ki[m]uk,[m].
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0, npu m<A
ks[n]= _oT o & omT (OLT mz_xzj
e 2 +—-1) e mpu  m>A,
2 m=\ \/n’lz—;\,2
T
B 1
kl[n]ze » ) B=6 P
0 , npm m < 6,
or o (ST
kys[n]=<e 2 +0,501 > e 2* 1
or Jm? = (0,5%(2 - u))?
npu m >0,5A(2-u),

0, =0,5\u; 0, =0,5M2—1u) coorsercteenno as ky[n] u ks[n].
B 4acTHOM Cilydae, eCJlM He y4HTHIBATH MHEPIMOHHOE CaraeMoe B MCXOMIHOH chcteMe ypasaenwmit (1),
OpHrHHAIK BYHKIHMT BXOASIIHNE B ypaBHerus (51) nMeroT Bu:

nT —ku? u | k
ki[n]=2 Hexp 4117]" —Jkuerfc 5 E ,

A A

e ku? = k(2—u)2, Jku =x/E(2—u); TUTS k,[n],

T

_ 2

ks[n]= erch; ky[n]= erfcﬁ; ks[n]= erfcm; k')=e *
nT nT nT
= Y Y
Ak A A

Kak BumHO W3 monmydeHHBIX BhIpaxeHuid (26)-(29), (38), (44), (46), (51), (52) ux peammzanusi Ha
KOMITBIOTEPAX HE MPEACTABISIOT 0COOBIX TPYIHOCTEH.

BrIBOADI.

1. Ha npumepe marucTpaibHOTO He()TEIIPOBOAA pellieHa 3ajada HACHTU(DUKALIMK U YIIPABICHUS CIOKHOI
CHCTEMOM C pacrpelesIiCHHBIMU MapaMeTpaMy KaK eIMHOH CUCTEMOIl, C y4ETOM B3aUMOCBSI3H €€ COCTaBIISIOINX
00BEKTOB, B YaCTHOCTH, pa3paboTaHa pacyeTHasi MOJEIb [PU TUCKPETHOM PEryJUpPOBaHHU IPOU3BOJUTEIHHO-
CTH He(TenepeKkaunBaroIMX cTaHiui. Kak BUIHO W3 MONYyYSHHBIX BBIPAKCHUI UX pealn3alus Ha KOMIbIOTe-
pax He NPEACTABISIOT OCOOBIX TPYIHOCTEH.

2. Pa3paboraHHas pacyeTHas MOZAENb NEPEXOJHBIX MPOLECCOB B CHCTEMaX C PACIpPEIeICHHBIMH MapaMeT-
pamu Ha npumepe MHII sBisercs quckpeTHO#. OnyicaHHass METOANKA HUCKIIIOYaeT ONEPAlHIo MPUBEICHUS CH-
CTEMBI C PacIpeAC/ICHHBIMU MapaMeTPaMH K 3aMKHYTOH MMITYJIbCHOH CHCTEMeE, CYIECTBEHHO YIPOLIaeT MaTe-
MaTH4YeCKHUe BBIKJIAIKH MO ONPEICICHHIO ePeIaTOYHBIX (QYHKIUIA U COKpaLaeT 00beM BHIYUCIICHHUI.

3. [IpemtoxeHHast METOIMKA TTO3BOJISIET CBECTH PELICHHE CIIOKHOU 33a4d MO MEPEXOIHBIM IpoLeccaM K
JIOCTaTOYHO IPOCTHIM anropuTMam. [loirydeHHble BBIpaXXECHUs ellle yJOOHbBI TeM, YTO TPH pacdeTe Ha KOMIIbIO-
Tepe MO3BOJISIOT MCIOJIb30BaTh CTAHAAPTHBIE MPOTrPAaMMBbI, KOTOPBIE B CBOIO OYepE/lb IIPUBOIAT K COKPALICHUIO
BPEMEHH BBIUMCIICHUI HA MaIlIUHE.
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