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METOINKA COJIAPNC YNCJIEHHOI'O MOJAEJINPOBAHINA
HA MHOTI'OIIPOIIECCOPHBIX 9BM IIEPEHOCA N3JIVHEHNA
B MHOI'OMEPHBIX KOHCTPVYKIINAX C BAKYYMHBIMU ITOJIOCTAMUN

C YUHETOM I'ABOZIMHAMNNYECKOI'O IBN>KEHN A
n Apyrmx oM3NYECKUX ITPOLIECCOB

O. A. A6pamosa, |A. A. Basun|, T. B. JToaronésa, T. B. Kopoabkosa,

C. H. Kpynuna, B. M. Menbpaukos, B. ®. Muponosa, E. A. HoBukoBsa,
[1. U. IleBnag, E. . Paobos, 1. H. Canosa, b. I1. Tuxomupos,
FO. A. Ilubepena, P. M. [llaramues, b. H. [Ilampaen
(POAL-BHUNDD)

Omuceiaerca merognka COJIAPUC, mpegnasuHadenHas IJisT 9UCICHHONO MOJICINPOBAHMUS
Ha MHOrompoueccopubix 9BM mnepeHoca u3jydeHus B CJIO2KHBIX MHOI'OMEPHBIX KOHCTPYKIIU-
SIX, COJEPKAIIMX OINTHYECKH [LJIOTHBIE U ONTHYECKHU [IPO3padHble 00JIaCTU, C yIeTOM ra30/1u-
HAMHUYECKOTO JIBUXKEHUS U CIEKTPAJIHHOTO MIEPEHOCa, U3JIyYeHns B BelecTBe B KBasuauddy-
3MOHHOM TIPUOINKEHUN B OJHOMEPHOM MMOCTAHOBKE.

CdopmynmupoBanbl HU3NKO-MATEMATHIECKUE MOIEN, W3JI0XKEHBI TPUHITUIBI TOCTPOSHS
METOIUKH, MOAEJUPYOMEH pasHOpPOAHble (PU3UIECKUE [IPOIECCHI, OMUCHLIBAIOTCA OCHOBHBIE
aJIrOPUTMBL METOIMKHU ¥ [OAXO/bI K PaCIapalIe/IMBAHNI0, IIPUBOAATC pe3yibTaThl 3¢ dek-
THBHOCTH PacClapaJlie/INBaHUA.

Karouesoie cao6a: 9uCIeHHOE MOIETNPOBAHIE, CIIEKTPAJILHBIN MTEPEHOC N3JIYYeHHsT B BAKY-
yMe, TeIIoIPOBOAHOCTD, KBa3uaudHy3uoHHOEe TPUOINKEHNE, OTHOMEPHOE MPUOINKEHNE,
razoBasl IWHAMEKA, CIeKTpanbHasa auddy3us, HepaBHoBecHad nuddy3usd, KoadpuipmeHTh
BUIUMOCTH, KHHETUKA, TEPMOSIIEPHOIO MOPEHHUSs, TOMIOIIEHHE U MEPEHOC JTA3ePHOM SHEPTHH,
KHHETHUKY, PA3JIOYKEHVs W TOPEHUS B3PLIBUYATOrO BEIECTBA, BCIYYUBAHUE MOJTUMEPHOTO MO~

KPBITHA, IIJIaBJEHUE, MapaJjIeIbHbIE BLIYUCIICHUA.

Opauv u3 3 PEKTUBHBIX TPUOJIUKEHHBIX Me-
TOJOB YHUCJIEHHOTO PEIeHWsT MEPEeHOCa W3JIy YeHUs
B CJIOXKHBIX KOHCTPYKIUSX, COMEPIKAIIAX MPO3PaAd-
HBIE 1714 CBETa IMOJIOCTHU, ABJIAETCA METO/, ITPU KOTO-
POM B ONTUYECKH ITJIOTHBIX O6J'Ia.CT${X UCIOJIb3yeT-
ca nudy3noHHOE TPUDINKEHUE, & B TPO3PATHBIX
TTOJTOCTSIX PEITAeTCsT YPABHEHUE TEPEHOCA MBIy e~
HUs B BakyyMme. [Ipu 3TOM ra3onHaMUYIeCKOe JBHU-
JKeHIEe BEINeCTBA B ONTUYECKW IIJIOTHBIX O0JIACTIX
VUUTBHIBAETCSA B OJHOMEPHOM CEKTOPHOM TIpUO./InZKe-
HOU. B KaXKIOM CEKTOpe PEIaloTCa OJTHOMEpPHBIE
YPaBHEHWS Ta30BON AWHAMWUKYN W TIEPEHOCA W3JIyde-
HUA, & B COOTBETCTBYIOIUX CEKTOPY MHOTOMEPHBIX
dparMenTax yUIHTHIBAIOTCA IOMPABKH K O00bHEMAaM,
TTOBEPXHOCTAM, TJIOTHOCTSIM BEIIECTB U T. .

Takoit MOAXOJ JOCTATOYHO JJABHO PA3BUBAELT-
ca B POAIL-BHUUD®. B [1,2] paccmorpe-

Hbl TPUOJMKEHHBIE MATEMATHIECKUE MEeTOIUKH,
cozgantabie B POAI-BHUUI® mns uwnciaerHo-
O peIleHnsd [IBYMEPHBIX M TPEXMEpPHBIX HecTa-
LIMOHAPHBIX 33J/a4 TErJIOMPOBOJHOCTH ¥ IE€PEHO-
ca HEpruy wn3jy4YeHrneM B MHOIOCBS3HBIX 00Ja-
CTIX C (PUKCHPOBAHHBIMU U W3MEHSIEMBIMHU T'Da-
HUYHBIMUA  TIOBEPXHOCTSIMU. B srux  wmoge-
JIIX JBHUKEHHEe Cpefbl JudO 3aJaeTcsd TabImd-
HO, JuDO OMUCHIBAETCS OJHOMEPHBIMU ypaBHe-
HUSIMA TA30BOW JTUHAMUKHU. Ilepenoc wu3syue-
HUsI B ONTUYECKM TPO3PAYHON CpeJie OMUCHIBA-
eTCsT WHTErPaJbHBIM ypaBHEHWEM, KOTOPOE pe-
aeTcd € TMOMOIIBI0 KO3 DUIIMEHTOB BUINMO-
CTH.

Metommka COJIAPUC 6a3upyercst Ha OCHOBHBIX
uaesaX U SIBISIETCS TajbHENIINM DPa3BUTHEM IIPH-
OamKeHHBIX MeToquK |1, 2.
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OcHOBHbIE TTPUHIIUIILI OPTraHU3ALNN
meronuku COJIAPUC

Meroaguka COJIAPNC upesnasnadena st 4mc-
JIEHHOTO MojepoBanus Ha DBM ¢ mMaccoBbIM ma-
pasLIeIu3MOM TIEPEHOCA W3JIy9YeHUs B MHOTOMEp-
HBIX BaKyyYMHBIX O0JIACTSX ¥ psija (HU3HIECKUX
nportieccoB B ciutorHoit cpene. COJIAPUC asnser-
Ce OTKPBITOI METOAMKON U APY2KEeCTBEHHO HACTPO-
eHa Ha paboTy C JAPYTUMU METOJUKAMU, JIJisi KOTO-
PBIX OHA, MOXKET TPEJOCTABUTH IIPEXKJie BCEr0 pac-
JeT MepeHoca U3JIyUYeHUsT B MPO3PAYHBIX /I CBETA,
obacTsX.

B nacrosimee Bpemst B meronuke COJIAPUC Bo3-
MOXKHO YHCIEHHOE MOJIEIUPOBAHUE CIeAYIONHUX Du-
3UYECKUX IMPOLECCOB B JIBYMEPHOI W TPEXMEpPHOK
TOCTAHOBKAX:

— MEPEHOC W3JIyUeHUs] B MMPO3PAYHBIX ISl CBETA

cpeiax;
— HeJUHEeHasT U JIydnCTasi TEIIONMPOBOIHOCT;
— XUMUYECKast KHHETUKA PA3JIOKEHUsT U TOPEHUST
B3pbIBYATHIX BemecTs (BB);

— ILJIABJIEHUE BEIIEeCTBA;

— BCIYYHBAHUE CIEMUAIbHBIX TMOJUMEPHBIX 3a-
[IUTHBIX TTOKPBITHIL;

— KOHBEKTHUBHBIN mepeHoc reria B auddy3noH-
HOM MpUOIMKEHNN

1 MOJEIUPOBAHME B OJHOMEPHOI ITIOCTAHOBKE METO-
mukn CHJT [3] cieayronmx dpusnaecknx mpoieccos:

— Ta30/IMHAMUKW;

— TIEPeHoca Telia MOHAMU 1 JIEKTPOHAMMT;

— TIEPEeHOCa MBJIYYeHUsT U B3anuMOJIENCTBUSA €ro C
BEIIECTBOM;

— KUHETUKHU TepMOAIEPHOIO TOPEHUsT;

— TIOTJIOIIEHUS U MEepPeHoca Ja3epHOoil SHepruiu.

CoBOKYIHOCTH MOJIe/Ieil BCeX YKa3aHHBIX MPOIeC-
COB TIO3BOJISIET MPOBOAUTH INCIEHHOE MOJEINPOBaA-
HUe:

— MPOIECCOB JIyIUCTOTO TEIJIOOOMEHA B CI0XK-
HBIX MHOTOMEPHBIX KOHCTPYKIMSAX, COIEPIKa-
[IAX ONTUYECKW TIJIOTHBIE W OINTUYECKU IIPO-
3pavHble 00/1ACTH, C YIETOM ra30{HHAMIIECKO-
IO JBUXKEHWS W CIEKTPAILHOIO MEPEHOCa, U3-
JIyIeHUsI B BellecTBe B KBasuaud@y3unoHHOM
Opub/IMZKEHNH B OTHOMEDHOIi TOCTAHOBKE (CeK-
TOPHOM NPUO/IUIKEHWN );

— IMPOIECCOB JJINTEILHOIO HAIPEBAHUS U BOCILIA-
menenus BB B C/TI0KHBIX KOHCTPYKITUSIX B JIBY-
MEPHOI U TPEeXMEPHOH II0OCTaHOBKaX C y4eTOM

HEJIMHEIHON TEemIONPOBOJHOCTHA, XUMUYECKON
KWHETUKN pa3joxkeHnd u ropenng BB, miasme-
HUA BEIECTB, BCIYINBAHUSA CHEIUATHHBIX TI0-
JINMEPHBIX 3aIUTHBIX MOKPBHITHI, KOHBEKTUB-
HOTO TIepeHoca Tera B audy3uoHHOM Tpu-
OJIMKeHWH, TIePeHOCa W3JIydYeHUsl B IIPO3Pad-
HBIX JIJIsi CBETA CPEax;

— CIIEKTPAJTBHOTO TEPEHOCa M3IYyUYeHUs B pPeHT-
TeHOBCKUX MUIIEHAX B JIBYMEPHOUN U Tpexmep-
HOI MOCTAHOBKAX C yYETOM ra30INHAMUIECKO-
IO IBUXKEHWS W CIEKTPAIBLHOTO TEPEHOCa M3-
JIydeHus B BemecTBe B KBas3uaudOy3noHHOM
npubIMZKEHUH B OJIHOMEPHOT MOCTAHOBKE (CeK-
TOPHOM TPUDTUZKEHIN ).

Kpome toro, peanmsoBana ces3p COJIAPUC
c  MHO2OMEPHOT  20300UHAMUNECKOT, METOIUKOI
MUMOBA (MeTonuka perieHnss MHOTOMEPHBIX 3a-
Jlad Ta30IMHAMUKH, CIEKTPAJbHOTO IEepeHoca m3-
gydenus B AudpDy3uoHHOM TPUOINKEHUN, Ter-
JIOIIPOBOJTHOCTH, YIPYTOILIACTUKU U JAPYruxX u-
sudeckux npoieccos [4]).  Pacuersr momesnbHBIX
zagay MUMOSA—COJIAPUC nogresepauan mpa-
BUJIbHOCTH PA3pPabOTAHHBIX AJTOPUTMOB, TO3BOJIU-
Jit 0TpaboTaTh OCHOBHBIE MPUHIIAITHAIBHBIE BOIPO-
col ceazu COJIAPUC ¢ MmHOrOMEpHBIMU ra30uHa-
MUYECKUMU METOTUKAMU U TMOJONUTH K PEITeHIO 3a-
Jlad MMEPEeHOCa M3JIYUYEHUsl B JIOCTATOTHO TPOU3BOIb-
HBIX JBYMEPHBIX W TPEXMEPHBIX BaKyyMHBIX 00/1a-
CTSAX C U3MEHSIIOIIENCs B MPOITecce CUeTa TeOMETPH-
eff ¢ y4eToM Ta30INHAMUIECKOTO JBUXKEHUS U TIepe-
HOCca m3tyueHus B qudy3noHHOM TPUOINKEHUN B
BEIIECTBE B MHOTOMEPHOI TOCTAHOBKE.

Opranuszanus meroguku COJIAPUC ocuoBbiBa-
€TCs Ha CJIeIYIONINX OCHOBHBIX MOJIOYKEHUSIX:

— B Pa3IUYHBIX (pparMeHTax 00/IACTU PEIIeHust
3aa9  MOT'YyT DPaCCIUTBIBATHCA PaA3JIUIHBIC
du3mIeCKne IPOoIecChl;

— MOJEJMPOBAHWE COBOKYIHOCTH (DU3MUECKUX
IPOIECCOB OCYIIECTB/ISETC HA, OCHOBE METOJIa
paciiernienusi mo (PU3NIECKUM TPOIECCAM;

— 06JIaCTH PeIeHns 3aa9n ABJIAETCI MHOTOMEP-
HOIl (IBYMEpHON WM TpexXMepHOii), MHOTO-
CBSIBHOM M COCTOMT M3 06JACTell TPEX THUIIOB:
1) MHOrOMEpHBIE 00JTACTH, 3O THEHHBIE OIITH-
YECKM TJIOTHBIM BemecTBoM (anddysnonnbe
obacTm); 2) MHOrOMEpHBIE 00JIACTH C NpPEeHe-
OpeKUMO MaJIbIM MOTJIOMIEHUEM W PACCesTHUeM
usmyuenus (BakyyMmHble 00acTh); 3) obracru,
B KOTOPBIX (PU3MUECKHUE TIPOIECCHI MOJETUpPY-
IOTCSI B OJJHOMEPHOM (CEeKTOPHOM) TpUbIIKe-

HUN;
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— muddy3uonnas 06/1aCTh MOXKET Pa3dUBATHCHA
Ha 101001acTH (CUeTHbIe 00/IACTH), B KazKIO0M
M3 KOTOPBIX 33JAETCS CBOS CHCTEMa KOOPJIU-
HAT U CBOsI Pery/asipHas (CTPyKTYDPUPOBAHHAS )
MPOCTPAHCTBEHHAST PACUETHAS CETKA,;

— BakyyMHAast 00JIaCTh TOKPBIBAETCA HEPETYJIAP-
HOT (HECTPYKTYDPUPOBAHHOI) CETKON TrpaHwd-
HBIX 9JIEMEHTOB;

— B TIPOIECCE CYETa MOXKET U3MEHATHhCH KOH(WU-
rypanuss 00JacTM M €e COCTaB, a I BaKy-
YMHBIX 00/TacTeli BO3MOXKHO H3MEHEHUe UHnCIa,
FPAHUYHBIX 3IEMEHTOB, 00pPa3yIomMX WX MO-
BEPXHOCTH, W YHUCIA CAMUX OOJIACTEl;

— METOJMKA YIOBJIETBOPSET CBONCTBY KOMMY-
HUKAOEALHOCTNYU, — MaKCUMAJIBHON JIOCTYITHO-
CTH JPYIUM MeTofuKaM. JIpyrumu caoBamm,
MIPU OPTaHW3AIWK CBIA3W C IPYTUMU METOJIH-
KaMu TPeOYIOTCA MUHUMAJIbLHBIE W3MEHEHUs B
COJIAPUC u 3tux Meroaukax (B ugease HeOH-
XOAMMO pa3paboraTh TONBKO uHTEpdQEHcHbIe
NPOrpaMMBbl CBSI3M);

— METOJUKA YAOBIETBOPSIET CBOWCTBY MOOMIHHO-
CTU — MAaKCHUMaJIbHOW NEPEHOCMMOCTH Ha pa3-
mmaaeie 9BM,;

— pacyeTsl IO METOJMKE MOTYT MPOBOJUTHCS HA
JIOO0M  9YMCIIE TPOIECCOPOB € TPUEMJIEMBIM
obecneuennemM MacmTabupPyeMOCTH  BBIYUCIIE-
HUIA;

— MeToaWKa peaan30BaHa Ha s3bike Fortran-90;

— /I PeaJn3aluu MEXKITPOLECCOPHBIX O0OMEHOR
ucmojib3yercs: cucrema coobmrenuit MPIL.

HucseHHOE MOOEJIMPOBaHUE MEPEHOCcA
W3JIyU€eHHUsI B BaKyyMe

ITocranoBKa 3agaun. B BakyywmHBIX 00/1aCTAX
perraeTcs MHTEerpaJbHOe YpaBHEHHE IIEPEHOCA H3-
JIydeHUsl 9epe3 ONTHYECKH [IPO3PAYHYIO CPeLy

J, (P,t) =

e L

S(P)

S 1
WP%DQ Q ()

C TPAHUYHBIM YCJIOBUEM
J, = Jj + qu, (2)

rme J,b w J; — chmekrpajbHbIE OJHOCTOPOHHHE
TTOTOKW WU3JIYyYCHUA B HAIIPABJJIECHUAX BHyTpeHHeﬁ
U BHEIIHell HOpMaJieli K MOBEPXHOCTH S COOTBET-
ctBeHHo; P u () — TOYKHU, NPUHAIJIEHKAIINE TIO-
Bepxuoctu S; S(P) — Bugumast u3 Toukn P wacts

HOBEPXHOCTH S; ppQ — PACCTOAHIE MEXKy TOUKa-
mu P u @; ip — BHYTPeHHsIS HOPMAJIb K TIOBEPXHO-
ctu S B Touke P; g, — mpoekius pe3yIbTUPYIOIIero
CIIEKTPAJILHOTO ITOTOKA U3JIy4YeHUs Ha HallpaBaeHue
BHEIITHE HOPpMauIll K IIOBEPXHOCTH.

VYpasuenne (1) anmpokcuMupyercst CUCTEMON J1u-
HEWHBIX aJredpandeckuX ypPaBHEHUN OTHOCUTEIHLHO
OCPEHEHHDBIX II0 I'DAHUYHBLIM 3JIeMeHTaM IIOTOKOB
A3y 9CHAA:

N
J; = Zai]’J; (
j=1

I
=

_@>
c 9’

rIe

i PZ—Q])) CoS (ﬁ},éﬁ)

1 cos (ni,
!
5;S;

dS;dsS;,
7sz2j J

— Tak Ha3bBaeMble KOI(PDUIMEHTH BUINMOCTH
(puc. 1) [5].

Ipanwunbie ycioBust (2) peanusyrorca 1o 6e3-
YCJIOBHO YCTOM4YUBO# cxeme, MPEJJIO’KCHHOH B pa-

bore [6].

Puc. 1. Onpenenenne ko3hdUINEHTa, BUIAMOCTH MEXK-
Jly TPOU3BOJBHBIMHU MOBEPXHOCTIMEI KOHEUHBIX Pa3Me-
poB

®opmMupoBaHUe BakKyyMHBbIX obJsiacreii. [lo-
BEDXHOCTHASI CETKA BaKyyMHOW OOJIACTH SIBJISIETCS
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HEPErydpHOl U MOXKET COCTOATH U3 IJIOCKUX T'Da-
HUYHBIX 3JIEMEHTOB TTPOU3BOJILHON KOH(DUTYDAIUH.
B meromuxke COJIAPUC moxker o6pabaTbiBATHCS
J11000€ 9HC/I0 MHOTOCBSI3HBIX BaKyyMHBIX 00j1acTeit
MPAKTUIECKN MPOU3BOIbHOM KoHurypamuu. Ilpu
9TOM B IIPOIIECCE CUETa, y KAXK/ION BAKyyMHOI 00/1a-
CTU MOYKET U3MEHSIThCSI TeOMETPUST U YUCI0 TPAHUY-
HBIX 9JIEMEHTOB, 00Pa3yIOIINX ee MIOBEPXHOCTh. Bo-
Jiee TOrO, B IIPOIECCE CUETA BOBMOXKHO M3MEHEHUE
YUCTa BAKyYMHBIX 0bJiacTeil.

Bakyywmubie obsactu (hopMUDPYIOTCST aBTOMATH-
YeCKU U3 4YacTeil IOBEePXHOCTEH, KOTOPbIE MOI'YT
PaCCUNTBIBATHCA HA Pas3HBIX Mporeccopax.  Ux
dbopMupoBaHTe TPOU3IBOINUTCS HA BCEX ITPOIECCO-
pax, MOCKOJBKY i pacdera KO3pOUIMeHToB Bu-
JIIUMOCTH HEOOXOJMMa TIOTHAsT T€OMETPUsT BAKYYM-
woit obiactu. @DopuumpoBanme BaKyyMHBIX 00/~
CTell OCYIIECTBJIAETCSA B HECKOJIBKO JTATIOB.

Ha nmepBowm 3Tarme, mocse mosyueHus Bcex dacreit
ITOBEPXHOCTEN BCEX BAKyyMHBIX 00J/IaCTeil, mpoms-
BOJHUTCS MPOCTOE OObEeIMHEHNE STUX YacTell B CBs-
3anHbie moBepxHoCTH. OObe uHeHre TPOU3BOIUTCS
M0 OJIMB0CTH TOYEK TPAHUIIHI YACTEH TTOBEPXHOCTEIA.

Ha BTOpoM 3Tame moBepXHOCTU MPOBEPSIOTCA HA
BJIOXKEHHOCTH JPYT B JApyra W u3 HUX (GopMUpyer-
Cs IEPEBO, COCTOSIIEE U3 YIIOPSITOIEHHBIX IEITOTEK
BJOKEHHBIX MOBepxHocTeit: S1 D S11 D St .,
S1 D S D Stk ooy Sp D Snj D Snjr---
(puc. 2).

o -
-

Puc. 2. JlepeBo BIIOKEHHBIX MOBEPXHOCTER

Ha Tperpem sTame anaau3upyercs IepeBO BJIO-
JKEHHBIX TIOBEPXHOCTeN u (DOPMUPYETCS CIUCOK Ba-
KyyMHBIX objiacteit. QPopMupoBaHUE BaKyyMHOI
00/1aCcTH HAYMHAETCS C MOBEPXHOCTH, KOTOpas HE
HAXOJUTCS BHYTPU JPYIUX MOBEPXHOCTEH. IJTa
TOBEPXHOCTH OOBABISIETCS BAaKyyMHON 00/1aCTBHIO.
Jlasee mpocMaTpuBaeTCd IE€PEBO ITOBEPXHOCTEH u
K BBIOpDAHHOW MOBEPXHOCTU TPUCOETUHSIOTCS BJIO-
JKEHHBIE B HEe MMOBEPXHOCTH, PACIOIATAIONINECT B
cyIeyromeM 1o jepeBy pany. CHHCOK BBIOPAHHBIX
IO COCEJICTBY IMOBEPXHOCTEl 00pa3yeT BaKyyMHYIO
obsracte. HoBag Bakyymuas 006/1acThb IIPUCOETUHS-
eTcs K CIUCKY BaKyyMHBIX objiacteit. /lanuas mpo-
Ielypa MpOJOIYKAETCS 10 TeX IMOP, MOKa, He OymayT
BBIOPAHBI BCE TTOBEPXHOCTH JIepeBa.

[Ipu pacuere mepeHoca H3IyUeHUs HA KAXKJIOM
CYETHOM IIIare 10 BPEMEHW Ha, KAXKOM IIPOIECCOPe
OCYIIIECTBJISIETCST TTPUEM CO BCEX IIPOIECCOPOB HO-
BBIX 3HAUEHUI TOJIeil W3/IyUeHus /IJis BCeX IPaHUd-
HBIX 3JIEMEHTOB BaKyyMHBIX 00J1acTedl, oIy YeHHbIX
MIpU pacyere MPeabIIyIuX (PU3NIECKUX TPOIECCOB.
[Ipu sTOM mepesava JAHHBIX MEXKJIy MPOIECCopa-
MU OCYIIECTBJIIETCH C IOMOIIBIO KOJIJIEKTUBHBIX 00-
MenoB MPI. Paccuntannbie HOBBIe 3HaUYeHNS TTOTei
nepegarTCd KaK 'PDaHUYHbIC BEJIMYWHBI IJId pacde-
Ta CJIEAYIONIEro (Pu3MIeCcKOro MpoIecca 1, Kak mpa-
BUJIO, OCTAIOTCS Ha TeX K€ MPOIeccopax, Ha KOTO-
PBIX OPOUCXOIUJI UX PaCUeT.

Pacuer K03(d PuimeHTOB BUIUMOCTU.
OcHOBHOE BpeMsi B pacdere MepeHoCa W3/TydeHUs
BaHUMAET MPOIECC BBIYUCTEHUS KOI(DDUITUEHTOB
BUAMMOCTA. B 3aBucuMocTé OT 3a7a4u pacder
MTOJTHOW MATPUIbl KOIMADUIMEHTOB MOXKET 3aHU-
MaTbhb OT HECKOJbKUX MUHYT 70 HECKOJBKUX YaCOB.
[TosTomy mepecuer K0I(MOUIMEHTOB HA KAXKIOM
Ta30AMHAMHUYICCKOM CYETHOM IIIare MITpPaKTUYEeCKN
neBo3MoxkeHn. K Towmy ke myia xpanenus Koahdu-
1enToB Tpebyercs 6oMIbIIoi 0bbeM mamaTn (R n?
JUIst 7 TPAHUYHBIX 3JIEMEHTOB), W ONEePATUBHOM
maMsaT DBM MoXKeT 0Ka3aThCs HEIOCTATOUHO.

Jlns noBeiienns 3pOEKTUBHOCTA PACIeTa, KO-
s durmenTos Buaumoctn B Meronuke COJIAPUC
peayin30BaHbl KaK pa3judHble Oa30BbIe AJITOPUTMbI
pacuera K03 DUIMEHTOB, TaK W JOTIOJHUTEIHLHBIE
AJITCOPUTMBI, ONTUMU3UPYIONINE CIIOCOOBI U YUCIO
BBI30BOB MPOrpamMM pacyera K03DOUINEHTOB.

B meromuke COJIAPUC peannzosano rpu 6a3o-
BBIX JITOPUTMA pacdeTa K03 UIMEHTOB BUIUMO-
CTHU:

1) meron nmomosuuHOrO Kyba (hemicube) [7] — on
MPOCT B peaju3aluu U JOCTATOYHO 3D deKTH-
BEH, eC/IM He TPeOYeTCss BBICOKOW TOYHOCTH,
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2) SVBSP (Shadow Volume, Binary Space
Partitioning) [8] — ocHOBaH Ha AHATUTHIECKOM
nozgcuere KO3 DUIMEHTa BUINMOCTH MEXKTY
TOYE€YHBIM HUCTOYHUKOM U TIPAMOYTOJTBHUKOM,
MOTOMY JTA€T HAWIYUIIYIO TOTHOCTE;

3) amroput™m BbIYHCTEHUS KOI(DMUIMEHTOB BH-
AUMOCTH JJIsA OCECUMMETPUYHBIX BaKyYMHBIX
obacreit [9].

st omrTuMm3anuy pacieTa Ko3hGuImenToB Bu-
IUMOCTH PEAJTU30BaHbI CIEIYIONINAE aJrOPUTMBI.

Pasbuernue npocmpancmsa Had UCTMOYHUKOM.
Ecnau momympocTpaHCTBO HAJT MCTOYHUKOM pas3fie-
JINTh HA HEKOTOPbIE KOHMYECKUE CEeTMEHTBI, TO BbI-
qucienre K03 MUIUEHTOB BUINMOCTH B KayKIOM
U3 3TUX CETMEHTOB MOXKHO BBITIOJTHSATH HE3ABUCUMO
(puc. 3) [10].

KOJ’II/ILIGCTBO MJIOCKUX MHOT'OYT'OJIbHUKOB, TIPEI-
CTABJIIONINX TE€OMETPUIO CEerMeHTa, KaK MPaBUJIO,
CyImeCTBEHHO MEHbBINNE KOJINYeCTBa MHOT'OYT'OJIbHU-
KOB, OTMCHIBAIOIINX TeoMeTpuio Bcei 3amgaqun. [lo-
9TOMY TIOC/IEIOBATEILHBIE PACUYEThl KO3 duImen-
TOB BUIUMOCTH B KaXXJOM CEIrMEHTe U TOCIeIyIo-
mee uxX 00beJMHEHne MOTYT OKa3aThCsa Y deKTuB-
Hee TPOMO3IKOr0 pacdeTa K03 HUIINEHTOB BO BCEM
MOJIyIIPOCTPaHCTBe.  Paz0uenHne MOXKHO MPOBECTH
HEPABHOMEPHO, B KAXK/IOM CErMeHTe IPUMEHUB CBOit
6a30BBIil AJITOPUTM.

Jlns objsractu, orpaHudeHHoit aByms cdepa-
MU € ODIMM IEHTPOM, aNIPOKCUMUPOBAHHON
~ 6000 TpeyronbHUKaMU, pa3jieieHne Ha JIBA Cer-
MEHTa TP UCIo/Ib30BaHuu ajropurma SVBSP naer
sroHOMHIIO Bpemenu ~ 30%. IIpumepno Tak xke 06-
CTOWT JIEJIO W TIPY KaXKJOM MOCJIELYIOEM JeIeH I,
MTOKA YHUCI0 TPEYTOTHbHUKOB B CEMMEHTE MIPEBBINIAET
~ 1500; mocse sToro nmopora 3pHEKTUBHOCTH TEPSI-
eTCH.

Puc. 3. Pa3buenune mpocrpaHcTBa HAJ UCTOYHUKOM HA
CerMeHTBI

Yuem ocesoti cummempuu. s moBepxHOCTEId,
0018 AKX CHMMeTpueil 6€CKOHEUIHOI'O MOPIAIKA
OTHOCUTE/THHO HEKOTOPOil OCH, JOCTATOYHO PACCUU-
TaTh JIWIIH CTPOKU MaTPUIbl KO3(pDUIMEHTOB BU-
JIUMOCTH, COOTBETCTBYIOIINE TPAHUYHBIM 3JIeMEH-
TaM C IeHTPaMHU, JIC?KAIIUMHU B OJHON U3 ILJIOCKO-
creil, TPOXOJANINX Uepe3 och. pyrue cTpoku ma-
TpUIlbl KO3(MDUIUEHTOB BUUMOCTH [TOJIYYAIOTCS U3
PACCUNTAHHBIX CTPOK MUKINIECKUM CABATOM. B Ka-
YeCcTBe WIIIOCTPAIUU IPUBOIUTCS puUc. 4, a, rie mo-
Ka3aHO, UTO JIEMEHT ¢ "BuAuT' 37IeMEeHT j TakK 2Ke,
KaK DJIEMEHT % + k BuauT djeMenT j + k.

Takum obpa3om, BpeMst cUeTa COKPAIIAETCS MPO-
MOPIMOHAJIBHO YHUCJTYy pa30MeHuil CerKu Mo yriry
BpallleHNd.

B caywae cuMmMeTpum  KOHEYHOTO — IMOPSIIKA
(puc. 4,6) BO3MOXKHO BBIIOJHEHNE pacyera CTPOK
KO3 DUIMEHTOB TOJBKO [JIA TEPBOM TOUYKHW U3
KayKJ0if TpyMNbl CAMMETPUHU, T. €.  JJIs Tep-
BOTO OJIOKA. Kosdbdummentsr gast  a1eMeHTOB
U3 OCTAJbHBIX OJIOKOB TMOJyYaTCd W3 3HAYEHUIT
K03 DUIUEHTOB [IJisT  COOTBETCTBYIONINX CTPOK
npenbiIymero OJi0Ka IUKJIWIeCKUM CIABUTOM Ha,
YUCTI0 TPAHUYIHBIX 3JIEMEHTOB B OJIOKE.

Takum oOpazom, B CIydae CUMMETPUN KOHEUHO-
10 TIOPSIIKA BPEMs CUYeTa, COKPAIIAETCS MPOTIOPIIHO-
HAJIbHO YUCITY MOBTOPSIIONIUXCS OJIOKOB.

R
TRERE T
% /N/\/L‘—

o

Puc. 4. Yder oceBoii cuMmMmeTpur OECKOHEYHOTO M KO-

HEYIHOI'O IMOPAAKOB: G — BHAUMOCTb OJHHUX I'PaHUYIHBIX
JIEMEHTOB JIDYTUMMA; 6— c.nyqai/’l CUMMETPUU KOHETHOI'O

1IOp4A/IKa
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Ouenka Heobxodumocmu nepecwema KoapPuLu-
enmos eudumocmu. B pacderax mepenoca uziy-
YeHUs B BaKyyMHOI 00/aCTU C MOABUKHBIMEU T'Da-
HUIIaAMU XapPaKTEPHOE BPpeMd N3MEHEHUA TeOMeTPpUN
BaKyyMHOI 00/1aCTH Topa3io OOJIbIe XapaKTepPHO-
o BpeMeHu TedeHust pus3ndeckoro mnporecca. s
ydera 3Toro 06CTodTe/IbCTBA PAa3paboTaH aJropuTMm
ONTUMUBAINN UUC/IA BBI30BOB IIPOTPAMMbBI pacUe-
ta Koaduruentor sugumoctu. CyTh ajaropurMa,
COCTOUT B OTCJIEKUBAHUY W3MEHEHUs TLIOIIAIN 0~
BEPXHOCTH BaKyyMHOU 00JIaCTU U ee KPUBU3HEI.

Wcnosib30Bafme JaHHOTO arOpUTMa B 3aja9ax C
U3MEHSIOIIelics TeoMeTpueil BaKyyMHBIX obJiacTeit
MTO3BOJIMJIO COKPATUTH BpeMsi pacuera Kodhdurm-
enroB Bugumoctu B 10 m Gosiee pa3 mpakTHUecKn
6e3 ToTepy TOYHOCTH BBIYUCTEHUH KODDUITHEHTOB
 OCHOBHBIX PaCCYNUTBIBACMBIX T10J1eit N3JIyICHUA.

Pacuem xosppuyuenmos sudumocmu 6 napas-
Aeavhom pesicume. Boraumciaenue xodddurimenta
BUIUMOCTH 19 KaXKJIOTO TPAHUIHOTO 3JIEMEHTA
TpebyeT MoHOM WHMOPMAIUN 0 TEOMETPUN TOBEPX-
voctu. [losToMy JaHHBIE O TEOMETPUN PACCHLIAIOT-
Cd Ha KazKJBIl IIPOLECCop.

KosddurmenTsl BUANMOCTH I KayKI0TO T'pa-
HUYIHOTO dJIEMEHTa BBIYHUCIAIOTCA HE3aBUCHUMO, II10-
9TOMY pacdeT MATPHUILI KO3(MDMUIUEHTOB, T/Ie CTPO-
Ka COOTBETCTBYET SJIEMEHTY MOBEPXHOCTH, DPaCTa-
PAJLIIESTMTBAETCS IO CTPOKAM.

Pacuer k03 puiiieHTOB BUAUMOCTH [I/1sT PA3HBIX
QJIEMEHTOB Tpe6yeT Pa3HBIX BBIYUC/JINUTE/JIBHBIX 3a-
Tpat. g chanaHCupoBAHHON 3arpy3KHU MPOIECCO-
pOB TIpIMeHsieTcst paccenBamnue (scatter) [10] crpox
MaTPHIIBI 110 MPOIEeccopaM. B JaHHOM ajroputrme
CTPOKHU PACIPENEISIOTCS TOCTETOBATEHHO IO TIPO-
IeccopaM: mepBasi CTPOKa — Ha, TIePBBIH MPOIECCop,
BTOpas — Ha BTOpoit u T. 1. Ilocie mepedbopa Bcex
MIPOITECCOPOB PACIIPEIESIEHIE CTPOK MTPOTOTAKACTCS
C TepBOTO TIPOIECCopa MO TOoi ke cxeme. Takum
0o0pa3oM, MPOW3BOBHAS i-9 CTPOKA MaTPHUIIBI KO-
9 PUIMEHTOB BUAUMOCTH OYIeT pPacCINTHIBATHCS
Ha nporeccope ¢ HomepoMm n = {i/N} — ocrarok
oT genenud i Ha N, rme N — obImmee 4nCI0 IpOIec-
COpPOB.

HucieHHOE MO/IeJIMPOBAHNUE MPOIECCOB
B audPy3noHHBIX 00/1aCTAX

TemyionpoBoaHOoCTh. B objactsax, 3amosHeH-
HBIX ONITUYCCKU TIJIOTHBIM BEIIEeCTBOM, MOZKET pPacC-
CUNTBHIBATHCS HECKOJIBKO ITPOIECCOB.

[Ipexxe Bcero pemraeTcd ypaBHEHWe TeILIONPO-
BOJHOCTH

OE

E:—deJrf, (3)

e B = pcT + aT* — mioTHOCTH SHEprum Beme-
CTBa W U3JIyYECHUAD; S — IIOTOK TeIlJjIa,

lc
——VaT* — JIy4YUCTad TEeIIOIPOBOJHOCTE;
3 Y
S=4q-A\VT — uenuneiinas TEIJIONPOBOIHOCTD,

A= XT);

f — ucrouHuk Tema.

VpaBHeHHE TEIIONPOBOSHOCTH AIMITPOKCUMUPY-
eTcd Ha HEeOPTOrOHAJIbHOU MPOCTPAHCTBEHHON CeT-
K€ CXeMOW pacClLIeIl/IeHUd 10 IIPOCTPAHCTBEHHBbIM IIe-
PEMEHHBIM U COACPZKUT CMEIlaHHbIEe IMPOU3BOJHBIC.
AnmporcnMannst CMeaHHbIX TPOU3BOTHBIX Oeper-
Cd C IPEeIBIAYIIEro CJIod.

Kunerunka ropenusi BB. B pazauunbix ¢dpar-
MeHTax 00/IaCTH pacydera MOIyT DPelaThCcs CHUCTe-
MBI YpaBHEHUI MHOTOKOMIIOHEHTHOI MHOT'OCTUIi-
HOM XNMHWYECKOIl KWHETUKH Pa3JI0KeHNsI U TOPEeHU

BB

yrai Yo (Tywi+ Y Bik (T) wiuwy,
j=1 j=1k=1
1=1,...,n

C ICTOYHUKaAMM THUIIA

f= Z gio; (T) w;+ Z Z i Bij (T) W;wj
i=1

i=1 j=1

st ypaBHerus (3), e w; — KOHIEHTPAIUS 1-T0
kommonenTa BB; aj, Bjr — xoaddurmenTr knume-
TUKH; ¢, ¢;jj — TeIIoBble 3(pdeKThl peaxnuii.

YpaBHEHUS XUMUHYECKONH KMHETUKHU aTPOKCUMHE-
PYIOTCA HEABHOW Pa3HOCTHOM CXEeMOIl IIepBOro Io-
pAIKA.

B momonmenme K yKazaHHBIM MTPOIECCAM BO3MOK-
HO MOJeTUpOBaHme (ha30BBIX MEPEXOTOB B BEIIECT-
Bax [11], BeryunBaHust CHeMUAIBHBIX TOIMMEPHBIX
3alUTHBIX TTOKPbITHil [12—14]| u yuer KOHBEKTHB-
HOTO MTEPEHOCa TETTa B OCECUMMETPUYIHBIX BO3IYII-
HBIX pocioiikax [15].

®a3oBbie mepexonbl. lIpm MomemmpoBanmm
¢a30BBIX 11€PEXO/IOB 338 OCHOBY B3ST METOJ, [PE/I-
noxkennelii B pabore [11].  Cyrp meroma cBo-
IUTCSI K TOMY, YTO YydYeT OCHOBHOI'O COOTHO-
MMeHUsT IS SHTAJIBNUU TpH (Ha30BOM IMepexoe
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epBOTO  POJIa OCYIIECTBJISETCS HENOCPeICTBEHHO
B HEJIMHEHHOM YDABHEHUW TeILIOTPOBOAHOCTH (3)
3amenoii ko durmenta temmoemkoctn ¢ (1) Ha
06001menubIit K03 dunment rennoemkocru ¢ (1) =
= ¢(T) + Aho (T —T%), tne Ah = hy — hy —
TEerIoTa Tepexoaa eIWHUIBl MacChl, hi m ho —
yIeIbHbIE SHTAJIBINNA MEPBOI U BTOpPOil das, h; =

T
= [¢ (T) dT + hg; T* — remneparypa (a3oBoro
0

nepexoza; d () — menbra-ynknus Jupaxa.

BcernyuyuBaHue OrHE3allMTHOTO TOKPBITUS.
MogenupoBanue 3TOro Mporecca OCHOBBIBAETCS Ha
OPEeANTONOKEeHN, YTO 3alllUTHOE MOKPLITHE HNMeeT
B HAYAJbHBIA MOMEHT MAaJylo TOJIIUHY IO CpaB-
HEHUIO C JINHEHHBIMU pa3MepaMu ILIOMIAIN TOKPhI-
THS W yBeIUIeHne ero o0beMa MPOUCXOIUT TOIBKO
B HAIPaBJIEHUN HOPMAJU K MMOBEPXHOCTH, HA KOTO-
pyIo oHO HaHeceHO [12—14]. D10 mpuBOIUT K TOMY,
YTO NPpU BCIIyYUBAHUU BEHIECTBA ITOJIOZKEHUE BEP-
[IIMH TPOCTPAHCTBEHHBIX AYEEK MOYKHO OIPeIeUTh
U3 ypaBHEHUsSI COXPAHEHUS MaCC

[ prmav =

V(t1)

[ eav.

V(t2)

TIe p — TIJIOTHOCTDH BEIIECTBA.

B mporiecce BeyunBaHus MTOKPHITAS TPOUCXOIUT
U3MeHEeHNe MOBEPXHOCTU BaKyyMHOI 00jacTu, rpa-
Huvameit ¢ mokpeiTueMm. Ilpum 3ToM mepecuer Ko-
5 PUIMEHTOB BUAMMOCTHU MIPOU3BOIUTCI IO MEPE
HEOOXOIMMOCTH B COOTBETCTBUM C OTMCAHHBIM BbI-
1€ AJITOPUTMOM.

Yder KOHBEKTHMBHOrO II€pPEeHOCa TelJia.
Ocy1mecTBagercs TOMBLKO TSI BO3MYIIHBIX OCECHM-
METPUYHBIX TOPU3OHTAIBHBIX CJIOEB B 1uddy3noH-
HoM mpubsmkenun [15|. B ypasmenum (3) mose-
KyJIsipHast TerionpoBogHocTb A = A (1) 3ameHsier-
Csl Ha 9KBUBAJIEHTHYIO TEIJIONPOBOAHOCTD Asyp =
= &N (T), vae 6e3pasmepnblit Koaddurpent & yuau-
THIBAET BJIMSIHUE KOHBEKIMU W 3ABUCHT OT TOJIIIIU-
HBI BO3JYIIHOTO CJIOS U OT PA3HOCTH TEMIIEPATyP
Ha I'PpaHUIaX BO3LYIIHON IIPOCIOUKH.

HAuddy3unonnas obsacts pacuera. [eomer-
pust mupdy3uoHHON 06/1aCTH pacdera MOXKET ObITh
JIOCTATOYHO MPOoM3BOALHON. O6JiacTh MOXKET ObITh
MHOTOCBSI3HON ¥ BKJIIOYATH MPAKTUYECKU TTPOU3-
BOJTBHOE YHCJIO PA3JUIHBIX BEIECTB, 00pa3yOMINX
HEOAHOPOJAHBIEC BKJIIOYECHUA HpOI/IBBOJIbHOﬁ reoMer-
puu. [lpu HEOOXOAUMOCTH 00/1ACTH pACUYeTa MOXKHO

pa3buTh HA MPOM3BOJIBLHOE UHUC/IO MATEMATHIECKUX
momobIacTeil, B KayK/I0i M3 KOTOPBIX 3aIa€TCsI CBOSI
CHCTeMa KOODJAWHAT U CBOA pacuyeTHasd CEeTKa.

Pacuer B TpexmepHoii obsiacTu BeIeTCsl B CHUCTE-
Me KOODJAMHAT C BbIJAEJEeHHOI KOOPAWHATHON JINHU-
eil, OpPTOroHa/JILHOM ABYM APYIUM KOOPJAUHATHBIM
quauAM. JIByMepHas mpOCTpPaHCTBEHHAS PA3HOCT-
Hag ceTKa ([P PEIeHNH TPEXMEPHBIX 3aJad TO
CeTKa /T4 MJIOCKOCTEN, HOPMAJIbHBIX K BBIJICJICHHON
KOOpAMHATHO# Jinaun) B auddy3uoHHoi obmacTu
MOKET OBITh MPOU3BOIBHON HEOPTOTOHAJBLHOM, HO
peryJisipHoit derThipexyroyibHoii. CerTka MOXKeT u3-
MEHATLCHA B IIPOIlECce CUeTa.

JIOKa/IbHBIE HEOIHOPOIHOCTH B IIPOIECCE CUeTa
TaK2Ke€ MOT'yT UBMEHATH TapaMeTPbl COCTABJIATOINX
UX BEIIECTB W CBOIO TeoMerpuio. [lpm sTom Beme-
CTBa MOTYT IIEPEXOJUTH B APyrue BElleCTBa 3a CYEeT
dazoBbIX Mepexoa0oB. leoMerpusi HEOIHOPOIHOCTH
MOXKET WM3MEHSAThCHA BCIEACTBUE (DABOBBIX TEPEXO-
JO0B, BCIYYNBAHUA CIEINAJIbHBIX TTOJITMMEPOB.

MoaenupoBauue pu3duvecKnx mpoieccos
B OJHOMEPHOI1 MOCTaHOBKE

s HEKOTOPBIX KJIACCOB 3aJ1ad BIIOJIHE TOXO0-
JISITITAM SIBJTSIETCST TPUOJINYKEeHre, TP KOTOPOM MO-
JeJIMPOBAHNE HEKOTOPHIX MPOIECCOB OCYIIECTBIIsA-
erca B ofgHOMepHOil moctanoBke |1, 2|. Ilpu srom
muddy3uonnast 00aCTh MOYKET BXOIWTH B PaC-
YEeTHbIE O6J'Ia.CTI/I OZHOMEPHBIX 3a/Jav, a BaKYyM-
Hast 00J1aCTh — MPEJICTABIATHCA PA3PEKEHHBIM BO3-
AYyXOM. HpI/I COBMECTHBIX MHOTOMEPHBIX W OJHO-
MEPHBIX pacdyeTaX B An(OY3NOHHBIX U BAKYYMHBIX
obmacrax 8 COJIAPUC, kak u B meroaukax |1, 2],
YYUTBIBACTCA Ta30AMHAMHUYIECKOE ABU2KEHNE Belie-
CTBa C TIOMOIIBIO MOMPABOK K 00bEMAM ¥ MOBEPX-
HOCTAM dAYe€eK, IIJIOTHOCTAM BeEIleCTBa, IMOBEPXHO-
CTSIM TPAHUYHBIX /IEMEHTOB BAKyyMHBIX 00jacTeit
U IPYTEM MTapaMeTpaM 3aadmn.

B owmume or wmeroguk [1,2] B Meromuke
COJIAPNC masa onucamnst OJHOMEPHBIX IPOIECCOB
HCTIOTB3YEeTCsT He TOJBKO METOINKA Pacdera OJHO-
MEPHBIX ra30MHAMUIECKUX TTPOIIECCOB C TEILIONPO-
BogHOCTRIO, HO n Meromuka CHJI [3], B koropoii
MOJZIESIUPYeTCs OOJIbIToe YUCTI0 (PUINIECKUX TTPO-
mneccoB. Ormerum, uro cBsizb CH/[ — sakyymuas
obaacmy peann3oBana takxke B meroguke CHJI—
JIPA [16].

B wmeroguke CHJ B omHOMEpHOH IOCTAHOBKE
PACCUUTBIBAETCS CIIEIYIONAsS CUCTEMA YPABHEHUHN B
YaCTHBIX TTPOM3BOAHBIX [3]:

— CHCTeMa YpaBHEHUI ra30BOl IUHAMUKU;
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— yPaBHEHUHA [I€PEHOCA TeIL1a NOHAMU U IJICKTPO-
HaMU;

— ypaBHEHUE [epeHO0Ca U3JIyUYeHUs U B3auMO/Ieii-
CTBUSA €ro C BEIIEeCTBOM;

— CHCTeMa yPaBHEHUN KMHETUKU TEePMOLIEePHOI0
TOpPEeHNd;

— yYpaBHEHUd, OIMCLIBAIOIINE IIOIVIOIEHNEe U IIe-
peHocC Ja3epHol SHEPIrUn.

CBsi3b  OJJHOMEPHBIX METOAWK B  METOIUKE
COJIAPUC ocymiecTBisiercst uepe3 TpaHUYHBIE
yeiaoeus u BHyTpenuue ucrounuku. B COJIAPUC
OCYIIECTBJISIETCS ~ PAaCIeT HAYAJbHBIX  JAHHBIX,
pacrpe/iesieHre OJHOMEDPHBIX CEKTOPOB IO 00/1acT
peIlieHns 3a1a9u U Mo mporieccopaMm, (hpOpMUpPOBaA-
Hue omHOMepHBIX cekTopos u cesaseit COJIAPUC
C 9TUMU CEKTOPAMU.

[TporpaMMHBIX OrpaHWYEHU Ha YUCIO CEKTOPOB
met. Bosee Toro, BO3MOXKHO 3aJaHme JJIsT KayKI0T0
TPAHUYHOTO JIEMEHTA TOBEPXHOCTU CBOEro CEKTO-
pa. st peanm3ainm Tako# BO3MOXKHOCTH BBEJIEHO
nougTue 1absioHa cekropa. llpu pacnpenenenun
TPAHUYHBIX YCIOBU UCIOJHUTEIEM 3a/Ta€TCS CChLI-
Ka Ha m1abJI0H TPYIIILI CEKTOPOB. B mporpamvme s
KayKJIOTO TPAHUYHOTO 3jieMeHTa u3 mabdiona ¢op-
MUDPYETCsl PeaIbHBIN CEKTODP W CChLIKA Ha Mab/IoH
3aMEHHAETCHA CCbLIKON Ha peaJlbHbIA CEeKTOP.

Bpewms cuera pa3indHbIX CEKTOPOB MOXKET CUJIb-
HO pasziuuarbcs. [losTomMy mpu pacrnpeneieHun
CEeKTOPOB IO MPOTECCOPAM YUUTHIBAIOTCS TUIIBI CEK-
TOPOB, YKA3aHHBIX B HAYAJBHBIX JAHHBIX, U UHUC-
JIO PA3HOPOIHBIX CEKTOPOB. Pacmpemenenne cexto-
POB TIO TIPOIECCOPAM OCYIIECTB/ISIETCS TAKUM 00pa-
30M, YTOOBI Ha KaXKIOM IIPOIECCOPE PACIIOIATaI0Ch
10 BO3MOXKHOCTH OJMHAKOBOE UUCIO PA3HOPOIHBIX
cekTopoB. Takoe pacmpejejieHre TO3BOJIAET CIJa-
INTh HEPABHOMEDPHOCTH 3arpy3KU IPOIECCOPOB B
pacderax ¢ pa3sHOPOJHBIMU CEKTOPAMHU.

CBs3b ¢ METOAUKOII pacyera MHOTOMEPHBIX
ra3ognHaAMHUYeCKUX 3aJa4

O6pamenne k meroauke COJIAPUC u3 2asodu-
HOMUNECKOT METOIVKN TTPOU3BOANTCS TOCTIE OKOH-
JaHHs CYera rasogumHammdeckoro mara. CBga3b
COJIAPHUC c¢ razogmnaMudecKkoil METOIUKONR OCy-
IIIECTBJISIETCS C MTOMOIIBI0 WHTEPMEHCHBIX DYyHKIIIT
1 He 3aTPAruBaeT BHYTPEHHIO CTPYKTYPY 3TOi Me-
Toguku. B wmuTepdeiicabix QyHKIMAX 0TOOP I'pa-
HUYHBIX 3JIEMEHTOB YacTeil TTOBEPXHOCTEH W COOT-
BETCTBYIOINX MM TPAHMYHBIX BEJIUYIHH IIPOU3BO-
JIATCA Ha OCHOBE MH(MOPMAIUMU O THUIIE 'PAHUYHO-

IO YCJIOBUSI CBA3U C BAKYyMOM U 3HAHUSI CTPYKTY-
PBI TPAHUYHBIX BEINYNH U IPOCTPAHCTBEHHBIX Ce-
TOK ra30InHAMIYECKOil MeToanku. Bce ocTaibHbIE
necTBrust — OOMEH JaHHBIMHU, (POPMUPOBAHWUE Ba-
KYYMHBIX 00J/IaCTei, pacdeT MMEepeHOCa M3JIydIeHHs],
00paboTKy TPAHUIHBIX YCIOBUM — IIPOU3BOIUT
COJIAPUC. Pacuer no meroguke COJIAPUC mo-
JKeT MPOM3BOAUTHCS HA JIODOM UHCIE OTBEIEHHBIX
MTPOIIECCOPOB.

PesyabTaThl pacueTron

BosmoxkHOCTE HCIOJIBL30BAHUS METOIUKH
COJISAPUC 1pu  YKUCIEHHOM  MOJEIUPOBAHUU
SKCIEPUMEHTOB M0  WHEPIUOHHOMY  CHHTE3Y

OIIEHMBAJIACh HAa 3aJlade O CIEeKTPAJbHOM Tepe-
HOCE W3JIy4YeHUsl BHYTPHU TWOJOCTUA CHEPUIecKoro
HoKCca-KOHBEpTOpA PEHTTEHOBCKOM MWIIEHU. DKC-
MIEPUMEHTHI C TAKUMU MUIIEHSIMHU YK€ IUTETHHOE
Bpemst nipoBoasitcss B POAIL-BHUUDD na ycra-
woBke "Uckpa-5", B KOTOpOii J1a3epHOE M3/TyUeHUe
BBOIWTCA BHYTPHb OOKca 12 J1a3epHBIMU ITy9KaAMU
ugepe3 6 orsepcruit. Iloromienne jrazepHoro ussy-
YeHUs] HA BHYTPEHHEH MOBEpXHOCTH C(hEepUIecKoro
OOKCa-KOHBEPTOPA MPUBOJAT K HACPEBY CTEHOK
OOKCa ¥ TeHepalnh PEHTTEHOBCKOTO W3JIyIeHUs
(pmc. 5).

[Ipu 4guciieHHOM MOIEIUPOBAHUN BHYTPEHHSISI
MTOBEPXHOCTH OOKCA-KOHBEPTOPA AMTPOKCHMUPOBA-
JIACH PA3JIMYHBIM YUCIOM T'DAHUYHBIX SJEMEHTOB,
KaXKJIOMy ©3 KOTOPBIX COOTBETCTBOBAJ CBOW OJI-

3

Puc. 5. Cxema pacrosokeHus CEKTOPOB B pacdere Te-

PEHOCA PEHTTeHOBCKOIO M3/IyYEeHHs B MOJOCTH Cepu-
qeckoro 60kca: 1 — oTBepcTHsa; 2 — CEKTOpa, OCBEIAe-
MbI€ JIA3€PHBIM U3JIy9YeHUEM; 3 — HEeOCBellleHHas JaCThb
IOBEPXHOCTHU
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HOMEPHBIN CeKTOP. DBBIJI0 WCMOIB30BAHO IBa TH-
a, CEKTOPOB (CEKTOPOB-IIAbJIOHOB), COOTBETCTBYIO-
X OCBEUIEHHON M HEOCBEIEHHON Y9acTdIM MOBEepX-
HOCTH DOKCa-KOHBEpTOpa. Bpemena cuera 3THX CeK-
TOPOB CYIIIECTBEHHO PA3/INYAUCH.

[IpoBeeHHbBIE pacUYeThl TOKA3AJIU BBICOKYIO (-
bEKTUBHOCTE paclapaJlIe/IuBaHUsT IIPOrPAMM, pea-
nuaytorux Meroauky COJIAPUC, na 3amagax pac-
JeTa JIa3epHBIX Muieneit. Tak, HampuMep, B 3a-
madge ¢ 256 cekTopaMu OBYX THIOB, PaCCUYUTHI-

BaembiMu 1o Meroguke CHJI, kosadpdunuent 3¢-

tin
dexktuBHOCTH [ = tl—l .

212
He 95—98 % mnpm pacderax Ha YHCIE TPOIECCOPOB

10 64 u nagau 1o 82 % upu pacuere na 256 npouec-
copax, KOT/J[a Ha MPOIecCCOpe HAXOMUICS BCEro OmH
CEKTOp.

B wmmoromepnoit 3amade Bocmamenenuss BB ¢
5 BaKyyMHBIMI 00JIACTSIMU, ODIIIUM UUCTIOM TPAHUY-
HBIX J/JIEMEHTOB MOBEPXHOCTEH BAaKYyMHBIX 00/~
creit, paBabiM 41000, u uucioMm K03 DUITHEHTOB
BugmMocTu Goee 360 - 108 sbdexrusHOCTL pacma-
pajLTenBaHus pacuera KodMOOUINEHTOB BUIAMO-
CTH HAXOMIACEH Ha ypoBHe 99 % Ha pasaudHoM duc-
JIe TIPOIECCOPOB. DPMEKTUBHOCTD Ke pacdera, cob-
CTBEHHO MepeHOca W3/IydeHusl PaBHsIach 77 % Ha
32 mpormeccopax.

100% ObL1 Ha ypoB-
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