BAHT, cep. Maremarndeckoe MoneanpoBanue ¢pusndeckux nporecco. 2008. Bri. 3

VIK 519.6

PACYHET MHOTOI'PVIIIIOBBIX POCCEJIAH/IOBBIX 1 ITJIAHKOBBIX
ITPOBEI'OB ®OTOHOB IIO CTUJITBECY

[. M. Enucees, B. I. Enucees, H. H. 2Kunsuukosa, I1. I'. Ky3uemnos, A. B. Tuxonos
(POAL-BHUNDD)

Jlaercst onmucaHWe MEeTOa BBIYMCIEHUS KBAIPATYP MPOU3BEIEHUS IBYX (DYHKIUI C WHTE-
rpupoBanneMm o Crunrhecy. @yHKIHMsS nHTErpupoBanusi mo CTUITHECY MPEICTABISETCS B
BHUE PUMAHOBA WHTErPAJIA OTHON 13 (DYHKIWI C TEPpEMEHHBIM BepXHUM mipeaeaom. OHa ar-
MIPOKCUMUPYETCsT MOJTHHOMUAATBHBIM 3PMUTOBBIM HHTEPIOISIIMOHHBIM B CPETHEM JTOKATBHBIM
CILTATHOM YeTBEPTOrO MOPSIIKA.

IIpumenenme MeToma st pacdeTa MHOTOIPYIIIOBBIX TPOOEroB (POTOHOB B BEIIECTBE C Be-
copbivm yrkmuamu Poccenanma n Tlnanka cokpamaer spems pacdera mpumepro Ha 30 %.
[Mpusonsitcss TekcThr mporpamm Ha, PopTpaHe [JisT BEIYUCIEHNUS 3HAYEHUN WHTErPAJIOB 3TUX
BECOBRIX (DYHKITHIA.

BBenenune

Ha npaxTrke 9acTo npuxomAWTCs BBIYUCISITH WHTETPAJI TPOU3BEIEHUS ABYX (DYyHKITHI

b
A= [g@) @ (1)

Ob6a um ouH mpene/l HHTErPUPOBAHUS MOTYT OBITH KOHEUHBIME win OGeckoHeuwHbiMEu. Oauy u3 QyHKIHi
B (1) cuwrator Becopoit dynkumeit (6ecom). Becoras dyHKuns obecrednBaer CXoAnMOCTh WHTErpaja u
M03BOJISIET TIOCTPOUTH BBICOKOTOUYHbIE KBaAparyphl [1]. Becoras dbyHKIMs MOXKeT nMeTh HEKOTOPHIN 0CO-
ObIil (bu3mIecKuil WM MaTeMaTudeckuii cMbicyi. Hampumep, B Teopun BEpOSITHOCTEl, eCIn & — CIyJdaiiHas
sesqmunna, 10 f(z) — muddepenianbHblii 3aKOH ee pacrpejesenns Ha nHTepraJe [a, b].

Pumanos waTerpan (1) MoxkHO mepenucarh B Bujge uaTerpana Cruarheca

b

A= [g@)ar @), )

rorpa dyuknusa F(x) Oyaer nHTerpagbHbIM 3aKOHOM PaCIPEIeIeHunst

F (z) :7f(z)d:p.

JanbHeiiniee paccMOTpeHne MMeeTcst, Hanmpumep, B yaebruke [2] (ra. 3).

Ecnm BecoBast bynkuus f(2) mMOCTOSHHO MCIIOMB3YETCST M UMEET CIOKHOE B BBHIYUCIUTETHLHOM OTHOIIIE-
HUM BBIPAYKEHNE, TO MOYKET OKa3aThCsl MOME3HOM ee almmpoKCHMAaIisa. B HACTOsIel cTaThe MoCTaBIeHa 1
perena 3a1ava 0 Bbhrauciaennn uaTerpanos (1) ¢ menonszosanmem crutaiin-anmpokcumanun F'(z). Tloka-
3aHO, UTO TPUMEHeHue anmpokcuMalmu F () skoHoMudnee 10 BpeMenn cueta, uem f(x). [penmyimectso
TAKOTO MOJXOA TIOKA3aHO Ha MPUMEpe IBYX BECOBBIX (DYHKIIN, KOTOPHIE UCHIONB3YIOTCS TPH 3aaHINA Ma-
Tpui] mpoberos GOTOHOB [ B BEIIECTBE MPU YNCICHHOM PEIIEHUN YPABHEHUS TEPEHOCA JIYIUCTON SHEPTUN.
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[TpoGer doToHOB | 3aBUCUT OT YACTOTHI X, TeMIepaTypsl 1, TJIOTHOCTH BeIIeCTBa, p. ByaeM mHTEpeco-
BATBHCA TOJBHKO 3aBUCUMOCTHIO OT JacTOTHI. [lycTh 3amamna HEKOTOpas CeTKa MO JacTOTe

T 2o <x1 <23 < ...< Ty, (3)

B muOTOTPYTIIOBOM MPUO/IMIKEHNY TUCIEHHOTO PEIeHNs yPABHEHUS TIEPEHOCA HEOOXOIMMO 33 aTh TPEX-
MepHBIe TabmIBl (MaTpuip) Mpoberos (hOTOHOB B BemecTBe — Tabauipl MHTErpaios Puvana Buma

T

li(T,p):/l(T,p,w)f($)d:E//f(:E)dm, i=1,2,...,n. (4)

Ti—1 Ti—

Konkpern3npoBarh CEeTKHU IO TEMTIEPATYPe U TLJIOTHOCTH, HA KOTOPBIX 33IaHbI MATPHUIIHI [;, HE TPeOyeTCs.
DTu nepemMeHHble gasee ykasbBaTh He Oygem. B kagectse Beca B (4) ncnonnsyem dbyuxium [Lianka wim
Poccenanma (3]

ztexp (—1) ‘
(1 — exp (—x))*

[Ipober doTOHOB ¢ pOCTOM WACTOTHI BO3PACTAET MPOMOPIIUOHAIBLHO KyOy uyacToThl. [losTomy BEcoBbIe
(l)yHK]_[I/H/I 3a CUHET 3KCIIOHEHTHI B YUC/IIUTEJIE O6eCHe‘{I/IBa}OT CXOANMOCTH MHTETPAJIOB TTO 9aCTOTE OT HYJIA
1o 6eckoneunoctu. (COOTBETCTBYIONINE 3HAUEHWS HA3BIBAIOT cpeaunMu mpoberamu mo Poccemanmay wuim
ITlnanky.

Boipaskenne (4) my1st MHOTOrpyHNmoBbIxX mpo6eros (hoTOHOB ZZR ¢ ocpennenureMm 1o PoccenaHmy MOXKHO
mepenncarb, uenoib3ys uarerpan Cruarbeca (2):

23 exp (—1x)

fp(z) =

= Tp(—m); fr(z) =

(5)

T

1= [ t@)ar @) / [ ar@ = [1@dr@ [ (R@) - R@-)). (6)

Ti—1 T;—

T

Ti—1

C Becooit dyukrumeit [Lnanka ycpenusitor obpatubie mpoberu. [To Ctuntbecy

PPy Pay | [ AP
1P = (P () P(H»// - (7

Ti—

B [4] Tabawier ZZP , IZR mazBanbl rucrocrnekTpamu [lnanka m Poccenanmga coorBercrBenno. B macrosieit
crarhbe MPUBOAATCS F-Tabanibll armmmpoKCHMAI C TIOMOIILIO0 MOJIMHOMUAIBHEIX CIIIANHOB WHTErPaJIoRs,

KOTOpbIe ABJSIOTCS (DyHKIuAMU uHTerpupoBanus B (6), (7):

T

[ tPexp(—t)dt 2 = y t*exp (—t) dt
P(m)_ll—exp(—t)’ B )_[(1—exp(—t))2' ®)

[Tpenvymecrsa pacuera rucrocnekTpos B (opme (6), (7) no cpasuenwio ¢ knaccnaecknm (4) uwepes
uarerpan Pumana takosbl. [IpoGern [(z) sBASIOTCS Pa3pbIBHBIME, OBICTPO OCHULIMPYIOMMAMYA (DYHKIIN-
savu [3, 4], mosromy [(x) Bcerma 3aar0T HA CETKE T MO YaCTOTEe C MIATOM, CYIIECTBEHHO MEHBIINM, YeM
MWHUMAJIbHBIN mrar ceTku 7. Bce wHTerpaasl Pumana BBYUCIAIOTCA C MOMOIIBI0 (DOPMYJIBI Tpamernii
Ha cetke 7, HO B (6), (7) mcmonb3yercs Ha OJHY KBaJApaTypy MeHbine. Ecam mocTpoeHa, Hampumep, mo-
JIMHOMHUAJIbHAST CTLTAlH-anmpokcuManus (GyHkimii (8), To BBIYNCIEHNE HHTErpaioB [(x) MO KBajpaType
Cruarbeca 3KOHOMUYHEe, YeM 10 PuUMaHy, MOCKOIBKY pacyder Mo MOJUHOMUAIRHOMY CILIaiiHy ObicTpee,
geMm 1o hopmyam (5).

! P-ra6muneit HazpBaercs: moguporpamma sa Ooprpane, B CHMCKax omeparopos DATA KoTopoii 3agaeTcst TafyiupyeMast
undopmanus [5]. B meii ke MoryT GBITH 3amicaHbl HeobxoanMble (hbOPTPAHHBIE OMEPATOphI (CM. Tak¥xke [6]).
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Unest annpokcnmvaryn dbyrkimit (8) mpocra [6]. Haxoxnm acumnrornkn dyukiyn (8) npu Gonbmmx un
MaJTbIX 3HAMEHUSIX apryMeHTa, a B MPOMEXKYTOUHOM 00JIACTH UCIOIb3yeM CILIaliH-annpokcuMarmio. Panee
B rexuoorun MIXER |7] pacuer MHOTOrpyIIIOBBIX TIPOGETOB BHITIOIHSIICSA C HHTErPpUpOBaHueM mo Pumany.
Tereps peanmzoBaHa BO3MOXKHOCTEH MCHOAB30BaHusT F-1abui] ¢ naterpuposanneM mo CTHaTheCy.

NHTepnionanmoHHbie B CPEJTHEM 3PMUTOBBI CILIANHBI

Ucnonn30Banme HOMOMHUTEIBHOM TabInaHON wHMOPMAINT 0 TPUOINKAEMO (DYHKIINY TOBBIIIAET TOY-
HOCTH ANmpPOKCUMaHTa. [locTaBuM 3a/Ja4y anmpokcuMalmn Tak. Ilycts Ha cerke (3) 3a1anbl TabauIb!

yfk) =.f(k)($z)’ 1=0,1,...,n, k=0,1 (9)

U TUCTOIr'paMMa

Siz/f(t)dt, i=1.2.... .n (10)
1

Ti_

Ha kakj0M 9acTWYHOM WHTEpBaie T; = [I;_1,%;] UMeeM MaTh YCAOBHWiE ammpokcuMmarmu. [lo takum
JAHHBIM MOKHO IIOCTPOUTH SPMUTOB UHTEPHOJIAIIMOHHBIA B CPEJHEM CILJIAH 4eTBEPTOH CTeleHn [6] Taxoit
CTLJIAMH JIOKAJTBHBIN, MOCKOIBKY JIJIsT OTIpe iesie st KO MUITMEHTOB ero 3BeHA Ha HEKOTOPOM WHTEPBAJIE T;
He Tpebyercs nHGOPMAIINHT ¢ COCEJHUX MHTEPBAIOB. B crarhbe [6| omucana mporeypa mocTpoeH st CILIaiHa
B NPEICmasienul 3a00HHUT BEAUNUN;

Sy (:L‘) =y 1P (:L‘) + y; Po; (:L‘) + y;,ngi (m) + y;P4i (:L‘) + S; Ps; (m) . (11)

3nech Pj; — nonuHoMBI deTBepToii crenenn. Ha xazkmoM 7; sBHO BeIZenenb Bemmdanssl (9), (10), mosTomy
HOIMHOMBI Pj; IMEIOT HEeKOTOPRIit CTaHIapTHBII BH/I, HUKAK He 3aBUCAIIN OT BUa MpHOIMKaeMoit (pyHk-
mun. Kosdduunentsr smnx moanHoMoB Oblin HaileHbl u npuBejeHbl B [6], mosTOMy 3/1€Ch BBIMUCHIBATH
ux He OyeM.

AcCUMIITOTUKYN WHTErPaJIOB BECOBBIX (PYHKITUI

AcnMITOTHKY TIpH MAJIBIX 3HAUEHUSX apryMeHTa TOJyYnM, WHTErpupys pasjioxenue ¢yukimit (5) B
pan Tatinopa. YUuThIBasg mepBble YeThIPE CIaraeMble, moIydaeM
1 1 1 1 1 1
Pz)~-a®——a'+ —2°— —2"; R(z)= — 1’ + — z.
(@) 3 8 60 5040’ () 3 60 1680 54432
JI11 IOy 9eHnst aCUMIITOTHK WHTETPAJIOB (8) mpu GOMBIINX 3HAYEHUSAX apryMeHTa HAJI0 MePEnncaTh UX
B BUJIE

1 1

Fow) = [1wa- [ 1@ (12)
0 T

TTepBolit MHTErPAT SIBISETCS THCIOM, PABHBIM 7 /15 nns marerpasa Ilnanka u auciom 47t /15 anist waTe-
rpasa Poccenanga. Bo sropom maTerpase (12) pasmoxknM B MOABIHTErPATbHBIX (hyHKIHIX (5) ApoOH MO
CTETIEHsIM 3KCTIOHEHTRI W IPOWHTErpupyeM. [1omydnmM, yauThiBas CaaraeMble ¢ KBaIPAaTOM 3KCIIOHEHTHI,

3 3 3 1
P(7) = (—6— 61— 32" — 1) e™" + (_§ aViae 1:132 - 5:133> e 22, (13)

=
&
2

3
(=24 — 247 — 122 — 42 —z') e " + <—§ — 3z — 327 — 22° — :;;4) e 2. (14)
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Ob6stacT onpeieIennst ACHMIITOTHK ABTOPBI OMPEIEUIN CIELYIOMNM 06pa3oM. Beuim cocauTansl BOCh-
MU3HAUHBIE TAOJUIBI WHTErpaioB (8) wHa orpeske mo Gespasmepnoii wacrore ot 0,5 10 30 ¢ marom 0,05.
Awnamorununbie TaOIUIBI OBLIH COCIMTAHBI IO ACUMOTOTHKAM. Tabiudnbie 3Hauenus pyHkuuii (8) u acum-
NTOTUK COBMAJAIOT C TOYHOCTHIO B MsATh 3Havammx udp Ha warepsanax [0;1,0] n [4,6; +00) masa P(z);
[0;1,2] m [4,7; +00) mnsa R(z).

Ipu z > 7,80 mas P(z) n z > 8,15 ana R(z) roasiTcs acCHMITOTHKA C OJHUM CJIaraeMbIM.

Ha orpeskax

[1,0;4,6], [1,2;4,7] wm [1,0;7,8] n [1,2;8,15] (15)

HaJI0 IIOCTPOUTDH CILTAMHBI.

IIaru3uaunbie F-tabsuiibl mHTerpasioB ¢pyukimii [lnanka nu Poccenanga

[MocTpoenwne crtaitH-anmpoKCuManuii B MpeACTABIEHIN 33/IJaHHBIX BeInanH 00enx hbyHKImii (paccranos-
Ka y3JI0B cIutaitna) B marepBasiax [1,0;4,6] u [1,2;4,7] Beimosreno ¢ momombio nporpamyvel OPT  SP1 - Loc
(cm. [6], Toe comep:KUTCA KpaTKoe OMMCAHKE MPOTPAMMBI M aJilOPUTMa MoA060pa y3/a0B). TouHOCTH arm-
npokcuManun 000MX WHTErPAIOB B MATH 3HAKOB OBLIA JOCTUTHYTA HA CICAYIOIINX CETKAX T C 9eThIPhMS
yamamm: 1,0;1,8:3,0;4,6 mua P(z); 1,2;2,2;3,5;4,7 nna R(x).

C Toukm 3perns 00eCTeYennst TOYHOCTH aNMPOKCUMAIINN 331298, PETIEHa. 3JeCh HE TPUBOAATCA TEKCTHI
COOTBETCTRYIOIMX F'-Tabnir, MOCKOIBKY, KaK MOKA3AJIN TECThI, BPEMS PACUeTa, SHAYEHWH (DyHKIWIT 110 HUM
HEe MEeHBIIe, YeM 10 (POPMYJIaM C WHTErPUPOBAHNEM TI0 PuMamy.

VMeubmuTh BpeMs caera o F-tabauiam MOXKHO IByMst criocobamvu. B mpecraBiennn 3a1aHHBIX BEJIN-
YWH JIJI9 BBIYUCTEHNsT 3HAUeHnil byHKIWi (8) TPUXOAUTCS BBIYUCISATE 3HAYEHNS] WHTErPAJIOB MOJNHOMOB
Pj; w3 (11), T. e. 3HAUeHNs TATH TOJIUHOMOB HATON cremenn. CIUIAH MOXKHO IEPENHCATb B KYCOUHO-
NOAUHOMUGALHOM NPEICNABACHUY, T. €. B BUJIE OJHOTO TTOMMHOMA NsToi crenenu, ecim B (11) packpwiTh
CKOOKY ¥ TIPUBECTH MOJ0OHbBIE UsleHbl. BpeMst cuera TOrIa COKPATUTCS TPUMEPHO BIISITEPO.

B dopmymax (5) n (13), (14) mpuxoanTcs BEIMUCIATH OJHO 3HAUEHNE SKCIOHEHTH. Ho Bpems cuera mo
ACUMTITOTUKAM C JBYMs claraeMbiMu B 1,5—2 pasa 6onbme, wem 1o dopmyram (5). TTo acumnrornkam ¢
OJTHVIM CJIATAEMBIM BPEMsI CUeTa HECKOJIBKO MeHbIe, ¥eM 1o (5) 3a cuer orcyrcrsus B (13), (14) oneparnnm
nenerns. [103TOMy aBTOPBI MOCTPOWJIN CILIAMH-anmpokcuManuio byrknuii (8) B maTepsanax (15), BioTs
IO 9aCTOT TPUMEHUMOCTH ACUMTITOTHK C OJHUM CIATaeMbIM.

Kax mokazajm TecToBbIe pacueThl BO BCEX TPEX CMEKTPATBLHBIX MHTEPBAIAX BPEMS CUeTa C KBAIPATYPOii
Crunrheca MeHbIIE, 9eM ¢ mHTerpupoBannem no Puvany. A mvenno, Bpems B 1,5—2 pasa Menbine B 0b61a-
CTH ACHMIITOTHKYM MAJIBIX YACTOT, TPUMEPHO BTPOE MEHBINE B O0JACTH YaCTOT CILIARH-AMITPOKCUMAIINH,
npuMepHo Ha 25 % MeHbIe B 00JaCTH aCUMITOTHKN GObImuX 9acToT. OOImee BpeMms pacueTa MaTpHIL
npoberos B pamkax rexronornn MIXER [7] Toxe ymenniaercs npumepro wa 30 %. Beawuanna ymenbiie-
HUS 3aBUCUT OT TOTO, KAK MHOTO TPYII MOMA aeT B 00/1aCTh pacueTa 1Mo ACHMITOTHKE OOTBINNX YaCTOT W
KaKOBa, WX JJIWHA.

B o6enx F-tabaunax rpaHunsl acumMnToTuk 7,8 n 8,2 3amenensr Ha 8,1 n 8,7 (cM. yC/I0BHBIE ONEpATOPHI
nepexoga Ha MeTKy 502), Tak KaK B MHTEPBAJIE CABUKKHU SKCTPATOJISINS M0 CIUIANHY 9yTh TOUHEe, YeM
pacuer no (13), (14).

Tekct F-tabiuner naterpata [Lianka:

function F_T_Plank_S4 (X)

dimension x_s(6),A(5),B(5),C(5),D(5),E(5),F(5)

data x_s/1.0E0, 1.7E0, 2.8E0, 4.2E0, 5.9E0, 7.8E0 /
data A / 0.10412229D-1, 0.40811875D-2, -0.53895450D-3,

, -0.91787871D-3,-0.16680075D-3/

data B /-0.46375964D-1,-0.78840099D-2, 0.13270175D-1,

s 0.77881101D-2, 0.13211071D-3/

data C /-0.70700592D-2,-0.87722518D-1, -0.75174150D-1,

s -0.11698491D-1, 0.15458581D-1/

data D / 0.41262826D+0, 0.29714975D+0, 0.47481209D-2,

, -0.16971496D+0,-0.13942681D+0/
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data E / 0.58197671D+0, 0.10981354D+1, 0.14213339D+1,

s 0.11279058D+1, 0.56416994D+0/
data F / 0.22480519D+0, 0.82256681D+0, 0.22683379D+1,

s 0.41093140D+1, 0.55308175D+1/
if (X.1t.x_s(1)) go to 501
if (X.gt.8.1) go to 502
i=lim3ab(x_s,X,6,13)
i=i-1
u=X-x_s(i)
F_T_Plank_S4=((((A(i)*u+B(1i))*u+C(i))*u+D(1i))*u+E(1i))*u+F (i)
return

501 X2=Xx*X

F_T_Plank_S4=(((-1.98412698 e-4 *X2+0.0166666667e¢+0)*X-0.125e+0) *X

+ +0.333333333e+0) *X2*X
return

502 X2=Xx*X

EX=EXP (-X)
F_T_Plank_S4=6.493939405e+0 - (((X+3.E+0)*X+6.E+0) *X+6.E+0) *EX
return
end

Tekcr F-tabannsl naTerpaia Poccenamma:

function F_T_Ros_S4 (X)
dimension x_s(6),A(5),B(5),C(5),D(5),E(5),F(5)
data x_s/1.2E0, 2.2E0, 3.5E0, 4.7E0, 6.5E0, 8.2E0/
data A / 0.46574300D-2, 0.93832693D-2, 0.22786071D-2,
s -0.20816267D-2, -0.11542564D-2/
data B /-0.76184110D-1, -0.46162055D-1, 0.15525162D-1,
s 0.27250902D-1, 0.70387387D-2/
data C / 0.13451770D+0, -0.12252315D+0, -0.20714585D+0,
s -0.10221848D+0, 0.27027020D-1/
data D / 0.94087553D+0, 0.93389827D+0, 0.19412519D+0,
s -0.37808821D+0, -0.52171093D+0/
data E / 1.27896488D+0, 3.28281975D+0, 4.81808853D+0,
.45200534D+1, 0.26918209D+1/
.53656983D+0, 2.81940126D+0, 8.29916763D+0,
.14040329D+2, 0.20602016D+2/
if (X.1t.x_s(1)) go to 501
if (X.gt.8.7) go to 502
i=lim3ab(x_s,X,6,13)
i=i-1
u=X-x_s (1)
F_T_Ros_S4=((((A(1)*u+B(i))*u+C(i))*u+tD(i))*u+E(i))*u+F (i)
return
501 X2=Xx*X
F_T_Ros_S4=(((-1.83715461E-5 *X2+5.95238095E-4)*X2-0.0166666667E+0) *X2
+ +0.333333333E0) *X2*X
return
502 X2=Xx*X
EX =EXP(-X)
F_T_Ros_S4=25.97575762E0 -((((X+4.0EQ)*X+12.E0)*X+24.E0) *X+24 .E0) *EX
return
end

b

data F /

b

o O O
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3akJiroueHue

B pabore onmcan MeTOJ BHIYUCIEHWS KBAJApaTyp ¢ mHTerpupoBannem mo Cruarbecy. Insg sToro mpu-
MEHAIOTCA TTOJIMHOMMAJIBHBIEC SPMUTOBBI MHTEPTIOJTATMOHHBIE B CPEJHEM JIOKAJIHHBIE CILJIAHBI. MeTO,D; Tpe-
OyeT 3aMeTHOH TPeIBAPUTENHHON pabOTHI IO TIOCTPOESHUIO CILIANH-ATPOKCUMAITIN (DYHKIINH WHTETPUPO-
Bauus mo Cruarkecy. IlosTomy Takoit mogaxom 6yaeT, mo-BuauMomy, 3 QpEeKTUBEH, ecii TPUMEHSITH €ro
JJISA BBITUCTIEHNA TTOCTOAHHO UCHOJIB3YEMBIX (l)yHK]_[I/Iﬁ

Pa6ora Beimosaena npu moziep:kke MHTIL (kox mpoexTta 2264).

- b=
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