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[Tnanupyemsl pe3ynbrarsl 00ydeHust mo OOIT 13.04.03 «DHepreTuveckoe MaITMHOCTPOCHUE >

PesynpraTt 00yueHus

TpebdoBanus OI'OC,

Kon KPUTEPHUEB W/UITH
(BBIIIYCKHUK JIOJKEH OBITH TOTOB)
3aMHTEPECOBAHHBIX CTOPOH
YHuBepcalbHbIE KOMIIETEHIIUU
P1 | CnocoGHOCTh U TOTOBHOCTh CaMOCTOSITENbHO yuuThes u | TpeboBanus ®I'OC BO (OK-
pa3BUBaTh CBOW OOLIEKYIbTYpHBIA U uHTeIekTyansubid | 1,3; [IK-11), Kpurepuii 5 AU-
YpOBEHb, HW3MEHATH CBOW HaydyHbli ®  Hay4dHo- | OP (1. 2.6.), coriiacoBaHHBIN C
IIPOU3BOJICTBEHHBIN NMpo(UiIb B TEYEHUE BCErO MEpHOJa | TPEOOBAHUAMM MEXTyHAPO-
npoeCCHOHATBHON JIeATENILHOCTU C yueToM u3MeHeHus | Hbix ctannaproB EUR-ACE u
COLIMOKYJIbTYPHBIX U COLMANIBHBIX yCIOBUM, BecTH nena- | FEANI
TOTHYECKYIO0 paboTy B 00JacTH NMpodecCHOHATBHOU Jes-
TEIbHOCTH
P2 | CnocoOHOCTh TpOSBIATE M HCMONB30BaTh Ha mpaktuke | Tpebdosanus ®I'OC BO (OK-2;
HaBBIKM U YMEHUS opraHuzaiuu padot mo pemenuto uH- | OIIK-1; IIK-5), Kpurepuii 5
HOBAallMOHHBIX WHXKEHEPHBIX 3a7a4 B kKauecTBe wieHa win | AUOP (m. 2.3., . 2.4., . 2.5.),
PYKOBOJUTENS TPYMIbl, HECTH OTBETCTBEHHOCTb, B TOM | COIVIACOBAHHBIN C TpeOOBa-
Yucie B CUTyallUsX PUCKa, 32 pabOTy KOJUIEKTHBA C MPH- | HUSIMHU MEXTyHAPOIHBIX CTaH-
MEHEHUEM IMPaBOBBIX U ATHUECKUX HOpM nipu oneHke u | naproB EUR-ACE u FEANI
CaMOOLIEHKe MPO(EeCCUOHAIIBHON EATEIbHOCTH, IIPU pas-
pabOTKe U OCYIIECTBIECHUU COLMAIbHO 3HAYMMBIX IPOEK-
TOB, IPOOJIEMHBIX WH)XEHEPHBIX 33124
P3 | CnocoGHOCTh M TOTOBHOCTH mpuoOperaTs U npumeHsTs | Tpedosanus @I'OC BO (OK-
HOBBIC 3HAHHMS U YMEHHUS C UCIojab30BaHueM meropotio- | 1,3; I1K-1), Kpurepuit 5 AUOP
THYECKUX OCHOB HAy4HOI'O TO3HaHUsA W Oubmuorpaduue- | (1. 1.4), cormacoBaHHBIN C Tpe-
CKUil pabOThl C MPUBICUCHHEM COBPEMEHHBIX TEXHOJO- | OOBaHMSIMHU MEKIYHAPOIHBIX
I'Mid, TOHUMAaTh poJib HMH(pOpMAIMKM B pa3BUTHM Haykd, | crangapToB EUR-ACE u
aHaJIM3UPOBATh €€ €CTECTBEHHOHAYYHYIO CYIIHOCTh, CUH- | FEANI
TE€3UpPOBaTh U TBOPYECKU MPUMEHATH IIPH PEILICHUHA HUHHO-
BAalIMOHHBIX MPO(ECCHOHATBHBIX 33/1a4
P4 | CnocoGHOCTh M TOTOBHOCTH MPOSIBIATH B MHHOBAIMOH- | TpedoBanus ®I'OC BO (OK-1;

HOHM JIESITENIbHOCTH TIyOOKHE €CTECTBEHHOHAY4YHBIC, CO-
[IAATTEHO-2KOHOMHYECKHUE U PO eCCHOHANTBHBIC 3HAHUS B

MCKIUCHUIIIIMHAPHOM KOHTCKCTC

OIIK-1), Kputepuit 5 AUOP
(1. 1.1.), coritacoBaHHEIN C

TpeOOBaHUSAMU MEXKITYHAPOI-




PesynpraTr 00yueHus

TpeboBanust ®PI'OC,

Kon KPUTEPHUEB W/UITH
(BBIIIYCKHUK JIOJKEH OBITH TOTOB)
3aMHTEPECOBAHHBIX CTOPOH
HbIx ctannaptoB EUR-ACE u
FEANI
P5 | CnocoGHOCTh ocymiecTBIsATh KOMMYHHUKauu B mpogec- | TpeboBanus ®I'OC BO (OK-
cuoHaJIbHOU cepe W B obmiecTBe B 1eioM, npuHumarh | 2,3;011K-2,3), Kpurepnii 5
HECTaHJApTHBIE pEIICHUs C ucnoib3oBaHueM HOBbIX | AWUOP (. 2.2.), cornacoBaH-
ujael, pa3padbareiBaTh, OQPOPMIISATH, MPEACTABIATh U JOK- | HBIH C TPEOOBAHUSAMHU MEXKY-
JaAplBaTh pe3yibTaTbl WHHOBALMOHHOM WHXKEHEPHOM | HapoIHbIX craHnapTroB EUR-
JEATEIIbHOCTH, B TOM YUCJIE HA MHOCTPAHHOM SI3bIKE ACE u FEANI
[IpodeccuonanpHbie KOMIIETEHIIMN
P6 | CnocoGHOCT, M TOTOBHOCTH BBINONHATH HHKeHepHbIe | TpeboBanus ®PI'OC BO (OIIK-
MPOCKTHI C MCIOJb30BaHUEM COBpeMeHHbIX TexHosoruil | 1,2; [1K-1,2,3), Kpurepuii 5
MPOCKTUPOBAHUS I Pa3pabOTKu KOHKYpeHTHO crocoO- | AMOP (1. 1.3.), cornmacoBaH-
HBIX SHEPreTUYECKHX YCTAHOBOK C MCIIOJIb30BAHUEM 3HA- | HBIM C TPEOOBAaHUAMHU MEXKITY-
HUI TEOPETUYECKUX OCHOB paboydrX MpPOIIECCOB B AHEpre- | HapoAHbIX ctanaapToB EUR-
THUYECKUX MAIlIMHAX W anmnapaTax ACE u FEANI
P7 | CnocoGHOCTh M TOTOBHOCTHh CTaBUTh W pemaTh WHHOBA- | TpeboBanus ®I'OC BO (OIIK-
IIMOHHBIE 3aJauu WHXXEeHepHoro mnpoduis, anammsupo- | 1,2; [1K-1,2,5), Kpurepwuii 5
BaTh, UCKaTh U BbIpabaThIBaTh KoMIpoMuccHele pemienus | AMOP (1. 1.2), cormacoBas-
C UCHOJb30BaHUEM INIyOOKMX (YHIAMEHTAJIBHBIX U CIIe- | HbII ¢ TPeOOBAaHUSAMH MEXIY-
HHAIBHBIX 3HAHUM B YCIIOBHSIX HEONMPEAECICHHOCTH, UC- | HApOoAHbIX cTaHgapToB EUR-
I10JIb30BAaTh METOJIbI pelieHus 3anad ontumusanuu napa- | ACE u FEANI
METPOB B PA3JIMUHBIX CJIOKHBIX CHCTEMAX
P8 | CrnocoGHOCTh M TOTOBHOCTH MPOBOAUTH WHHOBaMOHHBIE | TpedoBanus ®I'OC BO (OIIK-

WH)KEHEPHBIC MCCIEAOBaHUS, TEXHUUECKUE WCIIBITAaHUS U
(M7IH) CTIOXKHBIE YKCTIEPUMEHTHI, (POPMYITUPOBATH BHIBOJIBI
B yCJIOBI/I}IX HCOOHO3HAYHOCTHU C HpI/IMeHeHI/IeM FHyGOKI/IX
TEOPETHYECKUX U IKCIIEPUMEHTAIBHBIX METOJOB HCCIIe-
JIOBaHWM, COBPEMEHHBIX TOCTHKECHHN HAyKU WU TEpeno-
BBIX TGXHOHOI‘Hﬁ, CTpOI/ITb U HCIIOJIB30BATH MOACIU C
HpI/IMeHeHI/IGM CUCTCMHOT'O IIoaxoda Jid OIIMCaHusa U

MPOTHO3UPOBAHUS PA3IMYHBIX SBJICHUH, OCYILECTBIATh

1,2; [1K-4,5,6), Kputepwuii 5
AHNOP (1. 1.4, 1. 1.6.), corna-
COBaHHBIN C TPeOOBAHUSAMU
MEKTYHAPOAHBIX CTaHIapTOB

EUR-ACE u FEANI




PesynpraTr 00yueHus

TpeboBanust ®PI'OC,

Kon KPUTEPHUEB W/UITH
(BBIIIYCKHUK JIOJKEH OBITH TOTOB)
3aWHTEPECOBAHHBIX CTOPOH
UX KQU€CTBEHHBIN M KOJTMYECTBEHHBIN aHaIU3, OMUCHIBATh
pE3yNbTaThl BBHIMOIHEHHOW PabOThI, COCTABISATh MPAKTH-
YeCKUE PeKOMEHAINH 10 UX UCTIOIb30BAHUIO
P9 | CnocoGHOCTE M TOTOBHOCTH OIIEHUBATh TexHHUYecKoe co- | TpeboBanms ®I'OC BO (OIIK-
cTostHue 00BEeKTOB mpodeccrnoHansHol nestensHOoCcTH, C | 1; [1K-7,8,9), Kpurepwuii 5
NPUMEHEHHEM COBpPEeMEHHOro obopyamoBanus u mpubo- | AMOP (1. 1.5), cormacoBan-
POB, aHATM3UPOBATH U Pa3padaThHIBATh PEKOMEHAINH 110 | HBIN ¢ TPEOOBAHUSIMH MEXKIY-
WX HaJSKHOW M O€30MacHOM JKCITyaTalluH, MOHMMAaTh | HapoaHbIX craHaapToB EUR-
npoOseMbl Hay4YHO-TeXHUYecKoro pa3Butus chipbeBoii | ACE n FEANI
0a3bl, COBPEMEHHBIX TEXHOJIOTUW IO YTUIU3ALUU OTXO-
JIOB B QHEPre€THYECKOM MAIIMHOCTPOSHUH U TETLIOIHEpTe-
THKE U HAyYHO-TEXHUUYECKYIO TIOJUTUKY B 3TOM 00s1acTu
P10 | CnocoGHOCTE 1 TOTOBHOCTH K 3 dekTrnBHOMY ydactuio B | TpedoBanus ®I'OC BO (T1K-

IIporpaMMax OCBOEHHUs HOBOM MPOAYKLUU U TEXHOJIOIUH,
HCIIOJIB30BAaHUIO HJIEMEHTOB 3KOHOMMYECKOIO aHalIu3a B
MIPAKTUYECKON IEATENBHOCTH Ha MPEANPUATHAX U B Opra-
HU3ALHAX, TOTOBHOCTH CJIEJOBATH HX KOPIIOPATHBHON

KYJIbTYype

9,10), Kputepuii 5 AUOP
(. 1.6, . 2.1.), corimacoBaH-
HBIA ¢ TPEOOBAHUSAMHU MEKTY-

HapoaHbix ctangapToB EUR-

ACE u FEANI
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TEXHUYECKOE 3AJIAHUE:

Hcxonnbie nanHbIe K padore 1.
2.
3.
4.
5.
6.
C
7.
p
8.
0.

Koren ¢ nupkynupyronmm KUIsSIyM CI0EM.
Niorna = 406 MBT.

Py = 13 MlTa.

tns = 230 °C.

TommBo — aHTpaLHUT.

O0GecneunTh 3axBaT CepPbl C TOMOIIBIO

aC03.

Honst mepBuuHoro Bosnyxa 78% OT BcCero

acxoa Bo3ayxa.

BricoTa HaCcEIITHOTO CIIOS:

B [THEBMO3aTBOPE 2,5 M;

B TOIIOYHOM Kamepe 2,5 M.

[IpuMeHUTHh CTYNEHYATyI0 MOAady BTOPUY-

HOTO BO31lyXa.




IlepeuyeHb MOAJIEKAIIMX HCCIE0BAHNUIO,
NMPOEeKTHPOBAHNIO U Pa3padoTKe BONPO-

COB

1. Beenenue;

2. JlutepatypHbIiii 0030D;

3. Pacuera KoTia ¢ LMPKYJIHUPYIOIIUM KHUIIALUM
CclI0eM;

4. UccnenoBaHue W aHaau3 CIOCOOOB MOJICTUPOBa-
HHUA TIIPOLCCCOB THUAPOTa30OAUMHAMHUKU KOTJIOB C
HKC B mporpammuaom komruiekce ANSYS Fluent;
5. ®UHAHCOBBIN MEHEHKMEHT, pecypcodrdPexTuB-
HOCTh U pecypcocOepexeHIe;

6. ConnanbHas OTBETCTBEHHOCTb;

7. 3aKIO4YCHHE.

Ilepeyennb rpaguyeckoro marepuajia

1. DnekTpoHHas Ipe3eHTaLMsl.

KoHncyabpTaHThI 10 pa3aesnaM BbIIYCKHON KBATH(UKALINOHHOH padoThI

Paznen

KoncynabTant

dunaHCcOBbBIN MEHEKMEHT,
pecypcoddHEKTUBHOCTh U pe-

cypcocOepeKeHue.

I'paxoBa Enena AnekcanapoBHa

Counaanaﬂ OTBETCTBEHHOCTbH

boponun IOpuii Buktoposuu

Ha3Banus pa3aeaoB, KOTOPbI€ TOJKHbBI ObITh HANHCAHBLI HA PYCCKOM U HMHOCTPaAHHOM

A3bIKAX:

4. MiccnenoBanue M aHAIN3 CIOCOOOB MOAEIMPOBAHUS MPOLIECCOB THAPOTra30ANHAMUKN KOTIIOB C
IKC B nporpammuom komiiekce ANSYS Fluent;

JlaTa BpI1a4yu 3aIaHUS HA BHINOJHEHUE BBINYCKHOM KBaJIU(PUKA- 07.02.2017
HHOHHOI padoThI MO JUHeliHOMY Tpaduky o
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3BaHHE
« olle r ADeH K.T.H., JOILIEHT
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Aot P xad. [ICC u 07.02.2017
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1ry
3aiaHue NPUHSJ K MCIIOJJHEHUIO CTYJAEHT:
I'pynna [0 (0] IMoanucek Jlara
SBMS5A Kokmapes Oner MakcumoBuu 07.02.2017




Pedepar

Marucrepckass auccepranus CcocTouT u3 119 crpaHui, Ha KOTOPBIX
pa3meniensl 40 pucyHKoB, 13 Tabmiuil, 2 npuaoxkeHus. B cnucok muteparypbl BXOIUT
40 NUCTOYHUKOB.

KntoueBsie cioBa: Mmaremarndeckoe MoaenupoBanue, ANSYS, Fluent, meton
Dunepa-Ditnepa, meron Oinepa-Jlarpamka, TOIl, TOC, xoren, TemnoodbmeH,
TrOpeHHe, TOIJIMBO, YTOJIb.

OOBEKTOM WCCIIEIOBAHUS SBISAETCS KOTEN C MUPKYJIUPYIOIINM KHUIISIAM
ciioeM, MolHocTeI0 406 MBT.

Merton uccienoBaHUs — YMCICHHOE MOJCIMPOBaHUE B MaKETe MPUKIATHBIX
nporpamm ANSYS Fluent.

[Ipenmer uccnenoBaHUs — METOJbI YHCIECHHOTO MOJCIMPOBAHUS KOTJIa C
HUAPKYJIUPYIOUTUM KHUTIAIIUM CJIIOEM.

[lenpto MAaHHOTO HUCCIEAOBAHUS SIBISICTCS AHAIU3 NMPUMEHEHHS Pa3TUYHBIX
YUCJICHHBIX aJITOPUTMOB JJIsI MOJIeIUpoBaHus npoiieccoB B kotie ¢ [IKC.

3amaun:

—  pacyer TOMOYHOU KaMephl, IIUKIIOHA, THEBMO3aTBOPA;

—  aHaJIM3 YUCJICHHBIX MMOJX0JI0B NMPpU MojieaupoBanuu kKo1yioB ¢ [IKC;

—  MPOBEJICHHE MaTEeMaTUUEeCKOTo MojieupoBanus kotia ¢ [IKC;

— AHaAJIM3 IMMOJYYCHHBIX HAHHBIX B XOJC UCCJICIOBAHWAA.



[IpuHsATHIE COKpAIIEHUS U YCIOBHBIE 0003HAYCHUSI:
HKC — qupKyIupyromui KUIAIUn CI0M;

I'POC — ropoackas palioHHasi 3JEKTPOCTAHILIMS;

KIIJI — ko3 dunmenT moiae3Horo AeiCTBUS;

BTH — Bcepoccuiicknil TEIIIOTEXHUYECKUA UHCTUTYT;

TOL — TermI03IEeKTPOLIEHTPAIb.
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BBenenue

Kak mnonarator skcnepthl, Oyayliee TEIMJIOIHEPreTUKH OyAeT CBSI3aHO C
MPUMEHEHUEM TOMNOK ¢ MupKyaupyomumMm kunsmuMm ciaoeM (IIKC), kotopsie
IpEeIHA3HAYEHBI JUIsl CKUTAHUS BJIAXKHOTO M BBICOKO30JIbHOTO TOIIMBA.

Cxxuranue torumBa B LIKC — 310 cepbe3Hass KOHKYpEHIUS ISl TEXHOJIOTUU
IBUIEBUIHOTO CKUTAHUA yrisl. JlaHHBIN c0c00 OTKPBHIBAET HOBBIE BOSMOXHOCTH IS
chepsl DSHEPreTHKH, pelias TakKhe 3aJadyd  Kak yBenudeHue d3PQPEeKTHBHOCTH
BBITOPaHUSl BBICOKO30JIBHOTO ¥ BIAXHOTO TOIUIMBA, YMEHBILIEHHUE 30JIbHBIX
BbIOPOCOB, CXKUTAHME OKHUCIIOB CEepbl M a30Ta, MOBBIIICHHE YPOBHS YTHIM3ALNH
MUHEpaIbHOW YacTH TOIUIMBA. KOTJIBI ¢ IMUPKYIUPYIOMIMM KHUISIIIUM CIIOEM JIy4llle
MNOAXOMAST IJisi CTYNEHYAaTOro CXKUTaHWsl, KOTOPOE MO3BOJISIET CHHU3UTH BBIOPOCHI
OKCHI0B a3oTa [1].

B nacrosimiee Bpemsi MUpOBOM OmnbIT 3KcIuTyatanuu KoTiaoB ¢ LIKC ouenb
oorar. 3a roasl ucnoias3zoBanusi LIKC B sHepreTHke ynaaoch Cepbe3HO YMEHBIIUTH
METaJUIOEMKOCTh, COBEPILIEHCTBOBATh PAa3JUYHbIE KOHCTPYKTHBHBIE PELICHMS,
MOBBICUTH YPOBEHb HAJCKHOCTU U SKOHOMUYHOCTb.

HecMoTps Ha ycnemHblil onbIT 3Kciuryaranuu KotiaoB ¢ LIKC B MupoBoit
sHepretuke, B Poccun  mpenactaBieH  TOJBKO  €IMHCTBEHHBIM  oOpasell
(Hosouepkacckass I'POC-9), pabGoratommii Ha JaHHOM TeXHONOTMH. Takxke
OTCYTCTBYIOT HOPMATHUBHBIE METOJIMKH pacyeTa U MaJOU3y4YEHbl Ia30IMHAMHYECKHE
npoiieccbl B TonouHbix kamepax ¢ LIKC. DTo HeratuBHO oTpa)kaeTcsi Ha pa3BUTHU
OTEYECTBEHHOT'0 KOTJIOCTPOEHUS U SHEPTETUKH B LIEJIOM.

B cBsi3u ¢ HEXBATKOM OMbITa AKCILTyaTallMM U MPOEKTUPOBAHUS KOTJIOB C
[KC, mnpoBeneHre HaTypHBIX OSKCIEPUMEHTOB HEBO3MOXXHO, a IPOBEACHHE
UCCIIEIOBaHUM Ha 71a00paTOPHBIX YCTAHOBKAX COMPSIKEHO C PANIOM, 34 YacCTyIO HE
MPEOJIOJIUMbIX, TPYIHOCTEH, CBSI3aHHBIX C MaTEpPUAIbHBIMA OTPAaHUYCHUSIMU Ha
OPOEKTUPOBAHWE W  MOHT@X  YCTAaHOBKM, HAJIWYUS  KBATH(PHUIMPOBAHHOTO

71ab60paTOPHOTO NIEPCOHANA, 00ECIIeYeHUs TTOKapHO# 0€30MacHOCTH U T.11.
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[ToaTOMY Ha COBPEMEHHOM 3Tarle Hay4YHbIX MCCIEIOBAHUN BBIYUCIUTEIbHBIN
DKCIIEPUMEHT SIBJISIETCS OJHMM M3 Ba)XKHBIX HANpPaBJICHUI NpH H3YYEHHM 3a]ad
a’pOoANMHAMUKH, TerjioMaccooOMeHa U ropeHus. MHdopmainus, MNodyYyeHHas C
IIOMOILBI0 YUCJIEHHBIX PAaCcye€TOB, MO3BOJSET HE TOJIBKO IPABUJIBHO OCMBICIUTH H
NOHATH (pu3nueckue 3PpQexTsl, HabM0JaeMble, HAPUMEP, Ha IKCIEPUMEHTAIbHBIX
YCTAaHOBKAaX, HO U B HEKOTOPBIX CIIy4asiX 3aMEHUTh (PU3MUECKHUI WM HATypajbHBIMI
HKCIEPUMEHT KOMIBIOTEPHBIM KaK 0oJiee ACIIEBbIM U MEHEE TPYIOEMKHM.

[IpoBeneHne nccneq0BaHNU HAIIPABICHHBIX HA COBEPIIEHCTBOBAHUE METOJIOB
MCCJIEIOBAHMS TOMOYHBIX npoueccoB B koiax ¢ IIKC Ha ocHOBE MareMaTH4ecKoro
MOJICJIMPOBAHUS SIBJSIOTCA BECbMa aKTyalbHbIMH. 1103TOMY L€nbpI0 MCCIEIOBaHUA
ABJISIETCA ~ AQHAllM3 [PUMEHEHUS PA3JIMYHbIX YHUCJIEHHBIX AJTOPUTMOB A
MOJICJIMPOBAHUS TPOLIECCOB B KOTJIE C HUPKYIUpYromuM KuramuM ciaoem (LK C).

B nmpomecce wuccienoBaHusi OpPOBOAMIIACH — anpoOalus  pa3iMYHbIX
MaTeMaTHYECKUX MNOAX0A0B Ha Mojaensx koriaoB ¢ LIKC; mpousBeneH pacuer
BEJIMUYMHBI pacxoja MEPBUYHOIO M BTOPHUYHOTO BO3AyXa, a TaKKe HEOOXOIMMBIHA
pacxo] TOIUIMBA; BBINOJHEH pacyeT reomerpuyeckux pasmepoB kotina ¢ LIKC u
IPOU3BEIAEH aHAIM3 UX BIUSHUA HA a3pOJMHAMUKY YACTHI] U BO3/1yXa; BBIIIOJIHEHA
BapHALIMS PA3JIMYHBIX HAYAJIbHBIX YCIOBUH C LIEJIBIO OLIEHKU U3MEHEHUSI PE3YJIbTATOB
MOJEIUPOBAHUS.

B pesynbTaTe uccienoBaHus cAelaH BbIBOJ IO BO3MOXXHOMY IPHUMEHEHUIO
npu MmonenupoBaHun kotia ¢ [KC kaxpaoro u3 meronoB — OJilnepa-diiepa U
Duinepa-Jlarpanka, Kaxaplii U3 KOTOPBIX MOXET OBITh WCIIOJIB30BAH JJISI TOTO WIIH
MHOTO cilyyas B 3aBHUCHMOCTH OT IOCTaBJIEHHBbIX 3ajad. [losrydeHHbIE KOHTYpHBIE
rpa@uKkd ¥ 3aBUCMMOCTH IIO3BOJIAIOT OLEHMBATH DPA3JIMYHbIE MApaMETPhl MPSIMO,
1100 KOCBEHHO BIUSIONIMX HA pabOTy peaibHOTO 00BEKTa MOJCIMPOBAHMS, a TAKKE
BHOCUTBH HEOOXOIMMbIE MTPABKHU B KOHCTPYKIIMIO IPU HEOOXOAUMOCTH.

B nuccepranuu npecraBiieH ciaeayomui rpaguueckuil MaTepualt:

—  KOHTYpHbIE TpaMKM KOHIEHTpPAlUi YacTHI[ U BO3JyXa IO CEYCHUSIM

TOMOYHOM KaMephl U IIUKJIOHA ¢ IIBETOBOM MHJEKCAIMel 110 00beMy B I0JIAX;
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—  KOHTYpHBIE IpaMKU CTaTUYECKOTO JABJICHUS C IIBETOBOM MHIEKCAIUEH
[0 JABJICHUI0 B BEPTHKAJIbHBIX, TOPU30HTAJIBHBIX W MPOAOJBHBIX IJIOCKOCTSIX
TOIOYHOM KaMepbl U UKIIOHA;

—  KOHTYpHbIE TpaUKu CKOPOCTU C IBETOBOM MHIEKCAIMEH MO CKOPOCTU
B BEPTUKAJbHBIX, TOPU30HTATBHBIX U MPOJOJBHBIX MJIOCKOCTAX TOMOYHON KaMmepbl U
LUKJIOHA;

—  KOHTYpHble TpaduKy TeMmIepaTypbl C 1BETOBOM HWHIEKCAIMEN IO
TEMIIEpAaType B BEPTUKAIBHBIX, TOPU30HTAIBHBIX W MPOAOJBHBIX IUIOCKOCTAX
TOIOYHOM KaMepbl U IUKIIOHA;

—  KOHTYpHBIH TpaduK TEIUIOBOIO MOTOKA C IIBETOBOM MHJIEKCAIMEH IO
TEIJIOOTAA4€ CTEH TOMOYHON KaMephl U LIUKJIOHA;

—  TpaduKu TPACKTOPUU JBWIKECHUS YACTHII;

—  Tpaduku pacnpeneseHusi TeMIlepaTypbl YacTHUIl 1O BBICOTE U TIyOuHE
TOMOYHOM KaMephl;

—  rpaduKu pacnpeesieHns CTaTUYECKOTo JAaBJICHUS 10 BBICOTE U TITyOHHE
TOIIOYHOU KaMephl;

—  MPOU3BEIACHO CPABHECHHE JKCIEPUMEHTAIBHBIX JAHHBIX C PACYETHBIMU,
NOJIYYEHHBIX B XOJI€ UCCIIEIOBAHHUS.

[Iybnmukarmuu mo  pabGote. OCHOBHOE  COJACp)KaHHWE  BBITIOJHEHHBIX
UCCJIeIOBAHUM U3JI0kKEHO B 6 J0KIanax B COOpHUKAX KOH(pepeHUun (Tpe/ICTaBIEHbI
B b/l PUHII, 13 koTOphIX 2 CTaThU HA AaHTTIMUCKOM si3biKe, TuTUpYyeMbie SCOPUS).

AnpoOanust paboTel. OCHOBHBIE peE3yJbTaThl pPadOTHI, H3JIaraeMble B
HACTOSIIIE MarucTepcKkou JuccepTanuu, ObUIM MPEACTaBICHbl HA CIEIYIOIIUX
KOH(pepeHIUIx 1 popyMmax:

— IV MexayHapoauslii  MooJekKHbIH  (popym «HHTeIIEeKTyalbHbIC
DHEPTIOCUCTEMBI»;

— IV-o0if poccuiickoil MOJIOAEKHOM HAyYHOM IIKOJIBI-KOH(EPEHINH
«DJHepreTuka, 53JEKTPOMEXaHHKa U HHEeprod@(eKTUBHbIE TEXHOJOTHUH TJa3aMu

MOJIOJIEKH»;
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— VII Bcepoccuiickoit Hay4yHOW KOH(PEPEHLUH C MEXIYHAPOIHBIM
yuactueM «Temnopu3nueckre OCHOBbI SHEPTeTUUECKUX TEXHOIOTHil»;
— 1 MexnayHapoaHasi HaydyHO IpakTH4ecKas KOH(EpEeHLHs CTYIEHTOB U

ACIIMPAHTOB <<COBpCMCHHBIC TCHACHIUN KOTJIOCTPOCHUA».
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1 JlutepatypHblii 0030p

B nanHoM nuTepatypHOM 0030p€ MpeACTaBICHbIL:

—  OCHOBHBIE€ TEOPETUYECKUE NOHATUA TeXHOIoruu cxxuranus ¢ LHKC;

—  COBpPEMEHHBIE METO/bl MOAEAUpOoBaHuUs mpoieccoB B kotinax ¢ [IKC B
Poccuu u 3apy0ekHBIX cTpaHax;

—  pa3oOpaHbl TNpeuMyIlIecTBA M HEIOCTaTKW JAaHHBIX MOJXOJ0B TMpHU

MAaTeMaTU4CCKOM MOJCIUPOBAHNH KOTJIIOB C HKC

1.1 TexHnouorusi cxuranusi tomiua B kotjax ¢ I[KC. Ocobennocru,

NpenMyIecTBa, HEJOCTATKH

OCHOBHOM XapaKTEpPHOW UEepPTON TEXHOJIOTMU CHKUTAHUS TBEPIBIX TOIUIUB B
KUISILEM CJIO€ SIBJIAETCS] HAJTMYME 3HAUUTEIIBHOTO KOJIMYECTBA MHEPTHOTO MaTepuania
B Tomnke. Hiuke KpaTko omucaHbl MPOLIECCHl THAPOAMHAMUKN U COKUTAHUSI TOIUIUB B
KUISIIIEM CJI0€, a TaK)Ke YCIOBHUsI 00pa30BaHUS M IMOJABJICHHS BPEIHBIX BHIOPOCOB
[1].

IIpuy  ckopocTM  raza, TPEBBINIAIOMIEM  CKOPOCTh  MHUHUMAIBHOTO
MICEBJIOOKMKEHUs (Cuiia JIOOOBOTO COMPOTUBIIEHUSI COOTBETCTBYET CHIIE TSKECTH)
00beM CJIOS  YBEIWYMBACTCS, OOpa3yloTCS TY3BIPbKH Ta3za. OJTOT PEXKHUM
COOTBETCTBYET ITy3bIPbKOBOMY KMITAILLEMY Ci0K0. [Ipy nanpHEnemM pocte CKOpOCTH
rasa Iy3bIpd CIIMBAIOTCS, YaCTHUIbl B HAJCIOEBOM MPOCTPAHCTBE OOBEIMHSIIOTCS B
TPYIIIBI C BBICOKOW KOHIIGHTpAIMeld. DTOT CiIydall COOTBETCTBYET TypOYJICHTHOMY
KUISMEMy clor. Ecinum yacTuubl ylaBiIuMBarOTCS W BO3BpAlIalOTCS B CIIOH,
HUPKYJIUPYST O 3aMKHYTOMY KOHTYpPY, TO TaKOM pEXHUM pabOThl Ha3bIBACTCS
HUPKYJIUPYIOUIMM KUIMSIIUM CJIOEM. B 3TOM cllydae HET YETKUX TPaHUll MEXIy
TypOyJICHTHBIM CJIOEM B HWXKHEH YacTW TONKM M PACHOJIO)KEHHOW BBIIIE
pazbaBneHHO# ¢dazoi. Pacxon MUpKyIHpYIONMEro Marepraia B COTHHA pa3 MPEBHITIACT
pacxoj raza B CUCTEME U B PSAJE CIy4acB 3aBUCHUT OT MACChI CJIOSI IPU HEU3MEHHOU

CKOPOCTH rasa u pazMepax yactuil [2].
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Ocob6ennoctrio pexxnma [[KC momumo coOCTBEHHO OpraHU3alMKi KOHTYpa
HUPKYJSLHUY SIBJISIETCS MPEBBIIIEHUE CKOPOCTH Ta3a HaJl CKOPOCTbIO BUTAHUS MOYTH
BCEX YaCTHI] CJOf, T.€. MPAKTUYECKU BCE YACTHUI[bl MOTYT OBbITh BBIHECEHBI U3 CIIOS.
OpHako B TEPEXOAHOW 30HE TypOYJIEHTHOTO CJOs, a TakKe B HAJCIOCBOM
IPOCTPAHCTBE BOJM3M CTEH CYIIECTBYIOT 3HAYUTENIbHbIE BO3BPATHBIE TOKH,
oOpasyroluecs 3a CYET HEPAaBHOMEPHOCTH CKOPOCTH, COYJIapeHUsl 4acTuil, oOMeHa
sHEepruerd u oOpa3oBaHMs arioMepaToB (MaKeTOB) YacTHIl. VIMEHHO STOT MpHU3HAK
ABIFeTCS pemaroumM s otiauuus  pexkumoB  IIKC  oT  apyrux  pexumosB
MICEBI00KUKEHUS WiIn JIBHKCHUS YacTHIL B MOTOKE rasza
(Hanmpumep, mHEBMOTpaHcHopTa) [2].

Texnonorus LIKC nauana ucnosb3oBaThesl B cpepe SJHEPreTUKU ¢ KoHia 70-x
roJIOB MpONUIOTo Beka. [IpuumnHoi €€ BHEApEHHWsS TOCITY)XHJIO BBEACHHE Oosee
MKECTKHUX HKOJIOTHYECKUX TPeOOBaHUM.

I'naBubie npeumymectra LIKC ato:

—  Oompmasi  dddextuBHOCT (>90%) TOTTOMIEHUS OKCHUIOB  CEPBI
MOCPEJICTBOM TOJIayM M3BECTHsAKA B Tomnky. Ilpu »TOM mpuemsiemas temmeparypa
cios 870 °C;

—  HE3HAYWTEJIHHOE YHUCJIO BHIOPOCOB OKCHIOB a3oTa (<200 mr/am’). Ux
KOJIMYECTBO 3aBUCUT OT TEMIEpPaTypbl B TONKE IMPU CO3JAaHUU IOJBOJA BO3/yXa
CTYNEHYATHIM CIIOCOOOM;

— 3¢ (}EKTUBHOCTh CXXUTAHHUS TOIUIMBA PA3IMYHOTO KAvyecTBa B OJHOM
KOTJIe (C MAJICHBKMM BBIXOJOM JIETY4YMX, BBICOKO30JIbBHOE, HU3KOKAJIOPUHUHOE),
KOTOpasi 3aBUCHUT OT CTaOWUJILHOCTH TEMIIEpPaTyphl B TONKE M KOJIMYECTBA YIiepoja,
cojepkaiierocs B cioe [3];

—  YIpoIIeHHas cXeMa MOATrOTOBKH TOIUIMBA (IpolieHue).

Takke MOXHO BbIIENUTH Takue mpeumyniecta komwioB ¢ [[KC kak
YCTOWYMBOCTH K pab0OTe B YCIOBUAX MAJIEHBKUX HATPY30K C OTCYTCTBHUEM IOJCBETKH
Ma3yTOM, YMEHBILIEHHE KOTEJIbHOM SYEeWKH M3-3a HENOCTaTKa CpPEICTB a30TO- U

CEPOYHUCTKH, OBICTpOE M3MEHEHUE Harpy3ku. OTmedaeTcsi Takke U 0oJiee BBICOKHIA
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YPOBEHb BBIrOpaHus TormauBa (0kosno 99%). Kotael ¢ LKC skcruryaTupyroTcs c
MeHbIUM KoddurmenTom n36sTKa Bo3ayxa (1,10-1,15, a me 1,20-1,25) [3].

Hecmotpss Ha psan npeumymiects, TexHosorus IIKC wumeer u cBou
HenocTaTku. K HUM oTHOCATCS:

—  Haiuuue 00bIIoro oobeMa GyTepOoBaHHBIX JIEMEHTOB,;

—  YCIO>)KHEHHasi KOHCTPYKIIUS KOTJa;

—  JUIMTEIIbHBIHN 3aITyCK U3 «XOJIOJHOT0» COCTOSHUS,

—  WCIOJIb30BAaHUE BBICOKOHAIMIOPHBIX BEHTHWIATOPOB M, KaK CIIEJICTBHE,
POCT U3JIEPAKEK;

—  BBICOKMH ypOBEHb a0pa3MBHOIO M3HOCA, HECTOPEBILEro TOIUIMBA,
YHOCA 30J1bI;

—  MOIIHBIE AYThEBbIC BEHTHIIATOPHI;

—  0OJBITIIOE CeueHNEe TOTIOYHOUM KaMepsl [J].

Cuuranoch, yto kotibl ¢ [IKC He Moryt paboTarh Ha BBICOKHX MapameTpax
u3-32 MaJEHbKOM TeMIeparypbl B TOmKe. B pealbHOCTH, MNPOU30OLIET P
TEXHUYECKUX  HW3MCHEHUH, K  TpuMmepy, 30JbHBIC  TETUIOOOMEHHUKHU.
[TpousBoANTENAMHU KOTJIOB C KHUIIAIIMM CJIOeM sIBJsitoTCS 37 KoMmaHui (U3 HUX 23
npou3BoaiaT kotiel I[KC). B mHactosimee Bpems 3a pyOe)OM HCIOIb3YIOTCS
paznuunbie Moaudukanuu TtexHojgorun LIKC [2]. KntoueBbIMU natamMu B pa3BUTUU
texHosoruu LIKC B MUpOBO# 3HEPreTUKE SABIISAIOTCS:

— 1979 ron — nepBbiit sHepreTudeckuii koten ¢ [IKC B Gunnsuanuy;

— 1985 ron — nepsbiii koten ¢ LIKC ¢ npomMexxyToOUHbIM NIEPErpeBOM Mapa;

— 1996 ron — nepBslif KpynHBIN 0110k MOIHOCTHIO 225 MBT Bo ®panuuu
C TeMIIepaTypoi mneperpesa Boiie 565 °C;

— 2002 rox — BBOJ 6:10Ka 300 MBT ¢ xoTiom LIKC B CIIIA;

— 2009 rom - BBOjm Omoka 460 MBt (TOC «Jlarmka», Ilompma) c
CYNEepKPUTHYECKUMU MapaMeTpaMu Mapa, KOTOpbId 0OecleurBaeT Jy4dliuid B MUpE

KIIJ nnst 6;moxoB ¢ kotinamu ¢ LHKC —43,3% [10];
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— 2013 rog — BBox O110Ka 600 MBT ¢ xotiiom LIKC B Kurae. B [6, 7, 8, 9]
otMmeuaercs, uto B Kutae padotaet 6onee 1000 xotnos ¢ [IKC;
— 2016 rom - 3aBepumieH MOHTax ImepBoro »sHeprodioka c¢ [IKC

morHocTho 330 MBT B Poccun.
1.2 Metoab! moaenupoBanus npoueccos B kotrJjax ¢ IIKC B Poccun

Ceronnst Texnonorus LIKC nokazana cBoro 3p(HeKTUBHOCTh C TEXHUYECKOHN U
HSKOHOMMYECKOM TOUKH 3peHHMs. B Halen cTpane CylmecTByrOT HOPMaTUBHBIE METOIbI
terioBoro [11], ruapaBauMyeckoro M a’pOJAMHAMHYECKOrO pacyeTa KOTEJIbHBIX
arperaros. /[0 HacTOAIEro BpEMEHH B HOPMAaTUBHOM METOJIE TEIUIOBOIO pacyeTa HET
pPEKOMEHJAUUi MO pacyeTy KOTJIOB € KHUISILMM W LUPKYJIUPYIOUIUM KHUIISIIUM
CI0€M. OJTO CBSI3aHO C OTCYTCTBHEM OTEYECTBEHHOI'O OIbITA ASKCIUTyaTalluu
PHEPreTUYECKUX KOTJIOB C KUIIIUM cioeM. MMewmuecss JaHHbIE HOCST
Pa3pO3HEHHBIN XapakTep; M3 IIMPOKO OMYOJMKOBAHHBIX MAaTEPHUANIOB CJEAYET
ormMetuth [12]. Kpome Toro, mmeercsa psa pPEKOMEHAAIMM, MPEICTABICHHBIX B
otuerax u mybmukanusax HITO [IKTU, BTU u B nuccepranmonusix padotax. Cpenu
METOOUK U mporpamMm pacuera KotiaoB ¢ LIKC B Poccun Takxke cienyeT OTMETUTh
pa3pabotannyro B OAO «BTU» maremaTH4ecKyi0 MOJENIb TOMOYHOIO KOHTYpa
kotina ¢ [HKC, kotopas onucana B [13, 14].

BospIIMHCTBO  CHIELIMANKMCTOB  CUMTAKOT, YTO OCHOBOM [UIsl pacyera
KOHBEKTUBHBIX NOBEpXHOCTEl HarpeBa KoriaoB ¢ LKC wmoxer ciyxurhb
HOpMAaTUBHBIA MeTo [12]. OTnuyus 3aKiIoyaroTcs B CIEHUPUIECKUX 0COOEHHOCTSIX
PEXUMOB KHIISILETO CJIOS, CBSI3aHHBIX C MOBBIIIEHHOW KOHUEHTPALMEN YaCTHILI, YTO
OPUBOJUT K OTIMYMSAM B TEIJIOBOM M MAaT€pHAIbHOM OajlaHCe TOMOYHOM Kamephbl.
[TosTomy pacuer rumpoarHaMuku u Teriooomena B tonke ¢ KC u IIKC sBnsercs
Hanbosiee BKHBIM M OTIMYHBIM OT QHAJIOTMYHOTO pacyera Uil TPaJAULUOHHOTO
NBUICYTOJIBHOTO KOTia. [pyrumu crneunduueckumMu 3JIeMEHTaMH pacyeTa SBISIOTCS
pacuer yJIOBUTEIIEH 30JIbl U CUCTEMBI €€ BO3BpaTa B TOIKY, a MPU HAJUYUU 30JIbHBIX
TEIUIOOOMEHHUKOB — pacyeT MX THUIPOJMHAMHKU U TemoodmeHa [2]. Omnako,

CYHICCTBYIOT HOBBIC PCKOMCHAAIWH, KOTOPLIC 3aKJIIOYalOTCA B HAa3HAYCHUU
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nmapamMeTpoB CEeMapaTopoB, CHUCTEME BO3BpaTa W YTWIM3AIMU 30JIbI, BBIOOpE
CKOPOCTHOTO pexuMa B Tomnke. K COBEpIIEHCTBYIOIIUMCS CTOPOHAM Pa3BUTHS
OTHOCUTCS TaKe ONTUMHU3ALMS pekrma paboThl TOMOK, ONTUMM3AUS U pa3paboTka
KoHcTpykuui Tonok ¢ LKC.

HeoOxomnMmo ormetuth, uto B 60-Xx 1tomax B CCCP ObUIM 3a105KEHBI
byHIaMeHTaJIbHbIE OCHOBBI TUAPOJNHAMUKH U TerjaoMacooomMeHa
niceBookmKeHHoro ciost. [llupoko m3BectHsr padoter C. C. 3abpoackoro, O. M.
Toneca, M. O. Asposa, H. 1. lN'ansnepuna, B. I'. Alinireiina, A. I1. backakoBa [15 —
20]. Ux pe3ynpTaThl HUCIOJIB30BAaHBI B pPa3pabOTKe M BHEIPCHUHM amnmapaToB C
kunsimuM - cioeM  (KC) B XMMHUYECKOM MPOMBINUIEHHOCTH U METaJUTypruMu.
HekoTtopble U3 HUX TaK)Ke UCIOJIb30BAIKUCH IPU PEKOHCTPYKIIMU HEOOJIBIINX KOTJIOB
¢ KC. Bonpocsl THIpoAMHAMHUKY [TUPKYIUPYIOMIETO KUIISIIETO CIO0SI B 3TO BPEMS HE
ObUIM JIOCTATOYHO M3YyYE€Hbl B OCOOEHHOCTH K YCJOBHUSIM pPabOThl TOMOYHBIX
YCTPOMCTB.

B 1989 r. B BTU npoBen cucreMaTH4eCKUE SKCIIEPUMEHTAIbHbIE U PACUETHO-
aHAIMTUYECKHE HCCICAOBAaHUS 1O HAydyHOMY OOOCHOBAaHHUIO HCIIOJIb30BAHUSA
texHosmornn I[[KC. B stux paborax npuHumanu ydactue HWHCTUTYT mpobiem
sneprocoepexxennss AH VYkpaunsl (r. Kues), KasHUMDuepretuku (r. Anmatsi),
Vpaneckuii  monuTexHudecku ~ wHCTUTYT (r.  ExarepunOypr), Wucturyt
teropuzuku CoPAH (r. HoBocubupck), MOCKOBCKHI SHEPTeTUUECKUNA UHCTUTYT U
Ipyrue opranuzaunuu. 3a npomeamee Bpems B BTHM  Oeula  co3gana
IKCIIEpUMEHTaIbHAs 0a3a C ABYMS KPYINHBIMH a’pOAMHAMUYECKUMH CTCHIIAMH H
OTHEBOW YCTAaHOBKOW, MyHICHHOW B paboTy B 1999 romy. HambGombiiee BHUMaHUE
YVACISUIOCh HM3YYEHUIO BOIPOCOB THAPOJWHAMHUKHA TOIIOYHOTIO KOHTYpa (KOHTYp
UUPKYJSILMKA: TOIKA, CEMapaTrop, CUCTeMa BO3BpaTa) MU TECHO CBSI3aHHBIX C HEKO
BOIIPOCOB TEIJIOOOMEHA, YJIaBIMBAaHUS M BO3BpAaTa YacTHUIl, a TaKXe CMEIICHUS
BTOPUYHOTO BO3[yXa C CHJIbHO 3aIlbUIEHHBIM IMOTOKOM. OJTH BOMPOCHI SIBISIOTCS
KITFOUEBBIMU JIJIT  OpraHu3aiui d(PPEKTUBHOTO HUZKOTEMIIEPATYPHOTO COKHTAHUS
Pa3IMYHBIX TOTUIMB M YCIOBUN 00pa30BaHMs U MOJIaBJIEHUS BPEIHbIX BBIOpOcoB. [Ipu

9TOM CJICAYCT OTMCTUTL, YTO IHPOHCCCHI THMAPOANHAMHUKHU, 10 IMPHUYIUHC CIIOKHOI'O
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XapakTepa JABIDKEHUS JABYX(a3HOTO TOTOKAa MOJMAUCIEPCHBIX YacTUL, He
ONMCBIBAIOTCA  MPOCTBIMA  MAaTEMAaTHYECKUMHU  3aBUCUMOCTSIMHU. MMeromuecs
KOPPEJSLUA HOCSIT B OCHOBHOM AMIIMPUYECKUN XapaKTep U 3a4acTyro 0a3upyroTcs
Ha JIaHHBIX, TOJYYEHHbIX Ha HEOONbIIMX YycTaHOBKax. [loaTomy KOMIUIEKCHOE
UCCJIeIOBAHNE YKAa3aHHBIX BOIIPOCOB MPEACTABIISIETCS 0€3yCIOBHO aKTyallbHbIM [2].

[IIupoko m3BecTHBI Hay4yHble padoThl CamomaroBa B.B., Ctapuenko A.B. B
[40] roBoputcs O HEOOXOAMMOCTH B KA4€CTBEHHOM IMPOEKTUPOBAHHE MOIIHBIX
sHepreTuueckux mnaporereparopoB ¢ LIKC, 4To upe3BplUaiiHO aKTyaJIbHO MPEKIE
BCErO JJISI POCCHUUCKON SHEPreTUKU. JTO B 3HAYUTENBHON CTENEHU 3aBUCHUT OT
IpECTaBICHUS M aHajin3a ra30JMHAMUYECKHX IMPOLIECCOB, 0COOEHHO, B TOMOYHOM
kamepe. [IpoBoauTCS MaTEMaTHUYECKOE MOJEIMPOBAHUE B IIAKETE MPUKIATHBIX
nporpamm FIRE 3D ¢ omnucaHueM MNOAYYMBIIMXCS BU3YAJIBHBIX pE3yJIbTaTOB
TOMOYHBIX MporeccoB. OTMeUaercs, YTO HAWIYYIIUE PE3YJbTaThl MO TOMOYHBIM
nporeccaMm B LIKC, kak u xapakrepnsie npusHaku LIKC, nocturarorcs torna, koraa
PEXUM CKUTaHUS TOIUIMBA peanu3yercs ¢ 0ojee TOHKUM JIUCIEPCHBIM cocTaBoM. B
JHOOBIX JPYTUX PEKUMAX COKUTAHUS C YH4aCTHEM B MOIUGPPAKIIMOHHOM cocTaBe Ooee
KPYNHBIX ¢pakiuil (apobienka) (GOpMUPYIOTCS YCIOBHS, KOTOPbIE MPEHSTCTBYIOT
YCTOMYMBOMY BOCILUIAMEHEHUIO U JTaJIbHEUIIIEMY TOPEHUIO, BBIHOCY YaCTHULl U3 CIIOS U
UX OKOHYATEIbHOMY BBIFOpaHWi0. Tak, B IIEpBOM BapHaHTE MPOBOJAMMOIO
HKCIIEPUMEHTA JI0JIsI HECTOPEBLIEH FOPIOYE YacTH B YACTHULIAX, TOKUJIAIOIINUX TOIKY,
B 11€JI0M He npeBblana 16 %, a BO BTOpOM HEJAOMYCTUMYIO 10 TEXHOJIOTUU JIOI0 —
10 76 %

B 2016 romy temy Hay4dHOTO OOOCHOBAHHS CXKWUTAHUSI TBEPIBIX TOIUIMB B
HUPKYJIUPYIOLIEM KHUIISIIIEM CJIO€ NPEACTABISET B CBOEH JOKTOPCKOM IHUCCEPTALIUU
Ps6oB "' A. Panee, B 2014 romy, Monrymmn W.A. 3amutun KaHAMIATCKYIO
JIMCCEPTALMIO, B KOTOPOU MoKa3ai, Kak TexXHoJoru [IKC MOXHO HCIOb30BaTh IS
NOBBIIIEHUS 3(PPEKTUBHOCTU U YIIyUILIEHUsI 3KOJOTHYecKuX nokaszarenein TOC.

B Poccun no cux mop He Obuia pa3paboTaHa mporpamma TEIIOBOIO pacueTa
kotioB ¢ LIKC. Hcnonp3oBaHuE W3BECTHBIX IPOTPaMM paCUETa TPAJULMOHHBIX

nbUIeyroyibHbiX  KOTIoB  («TPAKP», «bounep-auzaitHep»), OCHOBAaHHBIX Ha
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pekoMmeHaanusax HopMmaTuBHOro Meroja pacuera MapoBBIX KOTJIOB, MOXET JaBaTh
omuOOYHbIE Pe3ynbTaThl. Pa3paboTka 0OOCHOBAHHOTO METOJIa pacdyeTra TOMOYHOTO
KOHTYpa SIBJIIETCSI HEOOX0AMMOM 17151 co3nanus KoTiaoB ¢ [IKC [2].

Jlo onpeieiecHHOr0 BpEMEHHU TaHHAsi TEXHOJOTHS He puMeHsuiack Ha TOLl B
Poccuu. B 2007 romy 6-i1 I'eHepupyromieii KOMIIAHMEH ONTOBOTO pBhIHKA
AJIEKTPOIHEPTUHM (celyac BXOAMUT B cocTaB 2-i ['eHepupyrolel KOMIAaHWHU) Ha
Hosouepkacckoit I'POC (PoctoBckas o6nacTh) Obul 3aJI0)KEH MEpBbI KaMEHb B
dbynaamenT nepBoro B Poccuu u Broporo B mupe 3Heprodsoka ¢ koriom L[KC na
CBEPXKPUTHYECKME  IapaMeTpbl  3JNEKTpUYeckol  momHocTeo 330  MBT.
[lepBoHA"ANIEHO, ITYCK HEPTOOJIO0KAa B KOMMEPYECKYIO IKCIUTyaTallui0 ObLT Ha3HAYCH
Ha koHer 2012 ropa, ogHaKo 3aTeM HE OJHOKpaTHO oTkiaabiBaici. B 2013 roay
IPOAODKANIOCh COOpYKEHUE 3Heproosioka, a myck Obu1 HameueH Ha 2015 r. Ilo
COCTOSHMIO Ha OKOoH4aHue ¢QeBpans 2016 roma, Ha sHeprodsoke Ne9
Hogouepxkacckoii ' POC momnocThio 330 MBT 3aBepiiieH MoHTax niepBoro B Poccun
KOTJIa C HUPKYJIUPYIOLUIUM KUISIIIUM CJIO€M Ha CBEPXKPUTUUECKUE MapameTphl mapa.
O6opyioBaHHE CHPOEKTUPOBAHO, M3TOTOBJIEHO U TIOCTaBIEHO TaraHpOrcKUM
KOTJIOCTPOUTENIbHBIM 3aBOJIOM «KpacHblii KOTENBIIUMK», BXOASIIUM B COCTaB
komnannu «CHIOBBIE MalIWHBI», a Takke kommnanumen Amec Foster Wheeler
(BenukoOpuTtanus). B HAaCTOSIIIEE BpeMs Ha I'POC BEYTCS

MyCKOHAIaI09HbIe PaboThI [21].

1.3 Metoabpl MojaeaupoBaHusi mnpoueccoB B koraax ¢ IHKC B

3apy0e:KHbIX CTPaHax

CtouT OTMETUTh, YTO HauOOJbIIEH 3(PPEKTUBHOCTHIO, C yYETOM YPOBHS
mporpecca WHHOBAIIMOHHOW  BBIYUCIUTEIHHOM TEXHHWKH, OOJAJAIOT METOBI
YUCIEHHOTO aHanu3a. OHM HUMET psAd NOPEUMYLIECTB B CpPaBHEHUU C
TEOPETUYECKUMHU M SMIHUpUYECKUMH Metojamu [5]. HeoOxonumo moHUMaTh, 4YTO
nporpammbl  pacdeta komioB ¢ I[KC, pa3paboranHbie 3arpaHuieii, OOBIYHO

HCIOCTYIIHBI 110 HHUIINATHUBE KOMHaHHﬁ, 3aHUMAIrOIIMXxCsa IIOCTaBKOM M pa3pa60TK0171
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KoTJ10B. OHM HAXOJATCS B TOCTOSHHOM TIPOIIECCE COBEPIIEHCTBOBAHMS, Onaromaps
HENPEPHIBHBIM TEOPETUYECKUM HUCCIEAO0BAHNUSAM U HATYPHBIM 3KCIIEPUMEHTAM.

Tem He MeHee, Ha CErOAHAIIHUN [1€Hb, MOJCIMPOBAHHE C MPUMEHEHUEM
METO/IOB BBIYMCIUTEIIBHOW Ta30JMHAMUKH OOBIYHO OTPAHUYECHO 2-X MEpPHOU
reOMETpUeH, I KOTOPOM TOTOK 4YaCTUI[ MOJAEIUPYETCA C HCIOJb30BAHUEM
CTaHJIAPTHOTO MHOTOXHJKOCTHOTO TOAXoJa Jiiepa-Ounepa, HO I OOJIBIIETO
MOHUMAHUS MPOIECCOB, mpoucxoasmux B komiax ¢ [[KC, HeoOxonumMo mpuMeHSITh
TpexMepHoe MojenupoBanue [22]. OpHako, HW3-3a BBICOKOW BBIYMCIMTEIBHOU
CJIOKHOCTH, JIUIITh HECKOJIBKO 3apyOeKHBIX MCCIIEIOBAHUN, JOCTYMHBIX B OTKPBITHIX
VMCTOYHHMKAX, TOCBSIIEHBl MOJHOMY LHKIY TPEXMEPHOIO MOJECIUPOBAHUSA
npoMbliIeHHbIX KoTioB ¢ [IKC [23 — 26].

Meronst MopemupoBanuss Tonok ¢ I[KC wmoryr ObITh pasneneHsl Ha
MPAKTUKO-OPUEHTUPOBAHHBIEC U TEOPETUUECKHE MOJIeSId. B TeopeTuyeckux mMoaensx,
MOJICIMPOBAaHUE TUJIPOTa30JIMHAMUKHA TPOU3BOJUTCA HAa OCHOBE JIOCTYIHBIX
TEOPETUUECKUX MPUHITUIIOB, TAKUX KaK MYyJIb(U3NUECKUE MOJIETH Dimepa-ditiepa C
MPUMEHCHUEM  KUHETUYECKOM  TEOopuM  IMOTOKa  YacTul. B mpakTuko-
OPUEHTHUPOBAHHBIX MOJEISAX, WM WHKEHEPHBIX MOJECISIX, TEOPUM YIPOILIAKOTCA U
KOPPEKTUPYIOTCS AMIIMPUUYECKUMU 3aBUCUMOCTSMH JUJISI TOTO, YTOOBI YBEIUYHUTH
CKOPOCTh pacyeTa U anmnpoKCUMUPOBATH PE3YIbTAThl YUCICHHOTO MOJICIIUPOBAHUS C
pe3ysbTaTaMu HaTYPHBIX U3MEPEHUi [27].

CtouT  OTMETHTH, 4YTO  NPABWIBHOE  MPOTHO3UPOBAHHUE  TEILIO-U
MacCOOOMEHHBIX IMPOIIECCOB B TOMKAX C IMUPKYJIUPYIOMIMM KHUIISIUM CIIOEM HMEET
BOXHOE 3HAYCHHUE ISl JIOCTHMIKEHUS HAACKHBIX M A(DPEKTUBHBIX KOHCTPYKIIHHA
TOMOYHBIX KaMEp M OTIEJbHBIX AJIEMEHTOB KOTJIA, & TaKXE MO3BOJISIET CHU3UTH
DKCIUTyaTallMOHHBIE 3aTpaTbl HAa OCHOBE ONTUMAJIBHOM KOMIIOHOBKH TOPEIOYHBIX
YCTPOMCTB M BO3AYIIHBIX COIEN. B MHAMBUIyaTbHOM PAacCMOTPEHUHU (PU3HUECKHE
SBJICHUS, TaKME KaK TEUYCHUE Ta3a C 4YacTUIlaMH, TYpOYJEHTHOCTh, XHMHYECKHE
peakuuu W TEIUIoNepeaaya, CI0XKHO IMOANATCA MPOTHO3aM W aHaiu3y. JlaHHBIN
aHaJu3 CTaHOBUTCA Oojiee CIOXHBIM, €CJIM JaHHbIE (DU3UYECKHE ITPOIIECCHI

B3aMMOCBSA3aHbl B KPYyMHOMAacHITaOHBIX cucTemax, Takux kak kotibl ¢ LIKC. Puc.
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1.3.1 cxemaTHm4yHO IMOKa3bIBACT, KAK PA3HBIC ACIICKTbI MOJICIIMPOBAHUSA CBA3aHbI B

CHUCTEMaxX rOpPEeHMs LUPKYJIUPYIOIIETO KUIIAIEro cios [27].

TemnooOMeH;
Panuanmsi, KOHBEKIHsI, TETIONPOBOIHOCTh, COBOKYITHBIN TETUIOBOW OaTaHC

< < < <
= o Kax pa3ubie =3 (=3
S w > S
E = = COCTaBJIAIOIIHNE = 5
g 3 ) MOJEIUPOBAHUSA ) g
= E E g
o & = CBSI3aHBI B CHCTEMaX = 5
8 3 = ropenwust LIKC = o
o T w
o= s
5 &
v 3
5 =
= 3
=
I'a3zoBas renepanus
I'mppoaunamuka;
HepaspriBHocTh; MHEp1INS; XUMHUYECKUE PEAKIIUU
TypOylIeHTHOCTh

Teuenue raza c
JacTUIIAMU
u Hakorenus

Pucynok 1.3.1 — CBsi3b pa3HbIX COCTABIAIOLINX MOJICIIMPOBAHUS B
cuctemax ropenus LIKC

B [28] ynomuHaeTcss MCHOJb30BAaHUE MHOTOMEPHBIX HECTALMOHAPHBIX
YPaBHEHUN TEOpUU B3aUMOJCHCTBYIOIIMX M B3aWMOIPOHUKAIOIINX KOHTUHYYMOB
npu MaremarnueckoMm MozaenupoBanuu npoueccos ¢ LHKC. Iyo u I'mpacnoBsiM [28]
IIPEUIOKEH JABYMEPHBIM IOAXOJ PELICHHs HECTALMOHAPHOW TMAPOJMHAMMYECKOMN
MOJENN UUPKYJIUPYIOLIEr0 KHUISLIEro cios. B agaHHOM MOJEnu HCHoJb3yeTcs
MOHSITHE BSI3KOCTH AUCTIEPCHOU (Pa3bl, KOTOPOE MPUMEHSETCS I yUeTa TUCCUTIAINH
DHEPIUHU MEXIY TBEPABIMU YACTUIIAMU M3-3a UX MIPOU3BOJIbHBIX COYIapEHHUM.

Ha npumepe kotna ¢ HHKC, ycranonennom Ha TOII Jlarmxka B Ilosbiie
[peIaratoTes J1Ba NOJAX0/a PELIEHUs 3aJa4d MOJEIUPOBAHMS — Diliiepa-Jiiepa u
Oitnepa-Jlanrpaxa (DDPM - Dense Discrete Phase Model), ¢ pacmupeHHbIM

MeToaoM MynbTudaszHoi yactuibl B sueiike (MP-PIC), a Takke ux cpaBHenue [22].
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B ominume oT wucnonib3oBaHMS ToAXoAa Jdilnepa-Oinepa, unepo-JlaHrpaxen
MO/IXO/I MOKET OBITh MPUMEHEH ISl MOJISIMPOBaHUS TOoTOKa yactuil B Ookax [[KC.
B Diinepo-JlaHnrpankeBe IMOAXOAE [BUKECHUE OTACIBHO B3STOM YacCTUIBI HE
paccMaTpUBaEeTCs, HAMPOTUB, OepeTcs BO BHUMAHUE Tpymma dYacTuil. B maHHOM
ciaydae KaxJas suelKa COAEPKUT HECKOJBKO YacTHUI[ C OJMHAKOBBIMH MAaCCaMH,
CKOPOCTSIMH, O3ULUSIMH, TEMIIEPATYPAMU, COCTABAMU U T.J., @ UX KOJIUYECTBO JIETKO
omnpenensiercs mo ¢opmysne (1). BlaumomeicTBue MeXay YacTHIIAMU OIHUCHIBACTCS
MO/IENIIMHU, OCHOBAHHBIMU HAa KMHETUYECKOW T€OPUHU MOTOKA yacTull [27]. JIyuucTtslii
TEMJI000MEH MOJEIUPOBANICSA C TOMOIIBID METOJa JUCKPETHBIX OpJWHAT.
Uznygaromue cBorictBa CO, u H,O Oblmu paccumTaHbl ¢ UCIOJB30BAaHUEM MOJCIH
B3BEIIEHHOW cyMMBbI cepbiX ra3oB (WSGGM — weighted sum of gray gases model) ¢
WCIIOJb30BAaHUEM PA3JIMUYHBIX MOJENBHBIX MOJXO0JI0OB, B TOM YHCIE MOJENH,

npemsioxkenHor bopabdapom B [29].

n = par , (1)

rJe, At — Iiar 1o BpEMEHH TPH PacyeTe HECTAIIMOHAPHON CUCTEMBI, 71, — MACCOBBIM
pacxoi OTAEIbHBIX YYacCTKOB, m, — Macca OTAEIbHO B3ATOM YaCTHUIBI C Y4E€TOM

AWaMCTpa U IJIOTHOCTH.

VpaBHeHHe ABUIKCHUS YaCTHIIBI, KOTOPOC IPCACTABIICHO JIA OHHOﬁ qaCTHUILbI

B sSYCHKE, 3anUChIBacTCs [22]:

du 2(p.—p,) Vp V
» :FD@_@HM__I’_&, )
dr )
rie, MHIEKC p 0003HauaeT vacTuiy, f — rasoBylo (asy, #,,i, — NPEICTABISIOT

BCKTOPbI CKOPOCTH ra3oBOM (I)&?)BI M YacTUllbl, COOTBETCTBEHHO, g — YCKOpPCHHEC
CBO60,Z[HOI‘O naacHusda, p — IIJIOTHOCTb, p — [OABJIICHUC ra3oBOM (1)&351, o, —

IpaHyJIMPOBAHHBIM TEH30p HANPSHKEHUM, KOTOPBIA ONMUCHIBAET B3aMMOJICHCTBUE
YaCTUL[ PACCUYUTAHHBIX KHHETUYECKOM TEOpPUEH TIpaHyJMpPOBAHHOIO IIOTOKA C

HCIIOJIb30BAaHUEM SUIIEPOBOU CETKH.
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Jis  pacuera TeH30pa HampsOKeHWM TBepAod  (as3pl, HEOOXOIUMO
IpeIBapUTEIbHO OIpPENeINuTh HECKOJIbKO TmapaMeTpoB. JlaHHbIE mapaMeTpbl —
I'PaHyJIMPOBAHHOE JABJICHHE, BSI3KOCTb, BI3KOCTh MO OOBEMHOMY CXKATHIO, TPEHHE,

BA3KOCTh CABUTa W TpaHyIUMpOBaHHasd TEeMIIEpaTypbl. F,(u, —u,) ONPENEIIAET
YCKOpEHME 4YacTULbl U3-3a TUAPOJAUHAMUYECKOIO CONPOTUBICHUA. —Vp/p, B

ypaBHEHUHM (2) ONpeAessieT YCKOPEHHE 4YacTUIl 3a CYET I[epernajaa AaBJICHUsS B
PaCIOJI0KEHUHU YaCTHIL.

Meton MynbTU(a3HOM YaCTUIIBI B SUCHKe, WJIM THOPUIHBIA MeToH Diepa-
Jlarpanmxka [30], ucnonszyer Baur B [31] ansa mopenupoBanusi kotia ¢ LKC
MoIHocThio 250 MBT. JlaHHas Mozens npeanonaraeéT MOMEHTAIbHBIE UCTIAPEHUE U
BBIXO/I JIETYYUX TOIUIMBA. B cocTaB peakuuii JaHHON MOJENN BXOJAT razuuKkanus u
ropeave yris (yriepoaa), peakiusi KOHBEPCHM OKHCH YIJIepoJa B JIBYOKHUCH
yraepojia, CKUIaHue HEJIeTYyYuX TUAPOKapOOHATOB M TOPEHUE OKUCU YIIepoja.
Taxke mpeAcTaBieHbl MNPOPUIM  TEeMIEpaTypbl, a MPUMEHSIEMbIE MOJEIH
TeIUIONepeaayr He OMUCAHBI.

B cBoeit pabote [32] JKaHT HEOTHOKPATHO MOKAa3bIBACT MPUMEHEHUE METO]Ia
MYyJIbTUMACIITA0HOTO MHMHMMyMa ToTeHuuaiabHou »sHepruu (EMMS - energy
minimization multi-scale) ans pacuera mporiecca TOpeHUs B OJOKE MOIIHOCTHIO
150 MBT. Cucrema peakiuii Obljla yMpollleHa TOPEHHUEM YIJIepoja, a TeIJIOBOMN
a2 (deKT ucnapeHusi BIard M BBIXOJA JETYYUX CUUTAJICS KaK CPEIHHM TETIOOTBOJI,
YTO MOBJIMSIIO HA HXKHIOKO YaCTh TOMKH.

Bpemst BblumMciieHMid Jis  KPYMHOMACIITaOHBIX TOMOK TMPU  [OMOIIU
TEOPETUUECKUX MOJIEIICH 3aHMMAaeT OOJIBIIIOE KOJIMYECTBO BpeMeHH. TakuM oOpa3om,
OMIIUPUYECKUE U TOJYAIMIHPUUYECKHE MOIEIN HCHOJB3YIOTCS I KOMIUIEKCHBIX
pacyeToB, KOTOPBIC BKIIOYAIOT B ceOSI MOJICTUPOBAHUE PEAKIIUU M TIEPEIaur TEIia B
JOTIOJTHEHUE K MHOTO(Da3HOMY MTOTOKY.

OnyOnuKOBaHbl TOJBKO HECKOJBKO MOITYIMIUPUUYECKUX MOjENEH, KOTOpbIe
no3BoJisaoT pemath LIKC B Tpex uzmepenusax. OfaHa U3 Takux Mojeneit pazpadoTtana
XyImaHeHoM U mo3aHee gopadoraHa MuoxaneHom B [26] (manee moaens CFB3D).

Jpyrue ananornyable KoMIiekcHbie 3D-Monenu ObLIN mpeicTaBieHbl BuineBckum
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B [21], Parcmoy B [22] u Ilammapec B [23]. B 3Tux Momensix, MOAECIUPOBAHUE
TUAPOTa30IMHAMUKHN YIPOIIAETCS, HO OIMCAHUE XUMHM T'OPEHHMS IPEICTABIECHO
JOCTAaTOYHO JETaIbHbIM 00pa3oM, BMECTE€ C pa3JIMYHBIMU HEOAHOPOJHBIMU H
OJTHOPOJHBIMU PEAKIMIMH ra3u(uKauy U ropeHus. Perienrne ypaBHEeHUsI SHEPTHUH,
KaK IPaBUJIO, COCTOUT W3 TMOHSTUH, CBSI3aHHBIX C TEIJIOBBIM 3(P(HEKTOM peakiuu,
KOHBEKI[MEN raza M TBEPJbIX YACTHII, TeIionepenayeil k creHam, u audpQGy3uoHHOe
nepeMennBanue B TypOyneHTHoM notoke [20, 22].

[lanmapec peanu3oBall MPOCTYI0 MOJENb PAJUALMOHHOTO TEMIOOOMEHA B
MOJEIN  MoJys3Mmupuueckoro  mpouecca  [33].  JlyuucTeii  TemnooOMeH
MOJEIUPOBAJICS KaK CEPOE U3IYyYECHHUE, B TO BPEMS KaK MEPEHOC M3IYyUYECHUS MEXKIY
AYEUKaMHU OTPAaHUYMBAJICS TPEMSI OPTOrOHAIBHBIMU HAINPABJICHUSMH TPAHEU SYEUKU
I KaXJIO0M IIECTUTPAHHOM SYEWKH pacuera. BiusHueM U3IIy4aronmx TIa3oB
npeHeOpern. Mogenb Obula NMPUMEHEHA IJii MOACIMPOBAHUS IMPOMBIIIIIEHHOTO
obpasua xotia ¢ LIKC momiHocthio 12 MBT, m1st KOTOPOTro MOAPOOHBIX MCXOJIHBIX
JaHHBIX HE yKa3aHo. Takxe cooOImaercsi, 4To B 00JaCTH C HU3KOM KOHIIEHTpalhe
TBEPBIX YACTHUL, TAKMX KaK BEPXHSS YaCTh TOINKH, KOJIUYECTBO TEILIA, BBIAEIEHHOE B
cpemy, CYIIECTBEHHO 3aBHUCHUT Onusnexammx ooOmacteir [33]. DTo mokaswbiBaeT
NOTPEOHOCTh B 00Jie€ CIOXKHBIX H3IYYarOUUX MOJENSAX, KOTOPbIE YUYHUTHIBAIOT
s dexT nanpHero NeHCTBUS B TAHHBIX BUAAX CUCTEM.

Bo Bcex BbIIE pPAacCMOTPEHHBIX TPEXMEPHBIX MOJENIAX, JIYYUCTBIM
TEMJI000MEH BHYTPU TOMKU HE PELIAETCS OTIEIbHO, OJHAKO OH ObUI BKJIIOYEH B
00IIMii TETJIOBOM MOTOK MEX]Ty B3BEIIICHHBIM BEIIECTBOM U CTeHAMU. B Tomke koTia
¢ HKC, myuncTpiii TemnooOMEH MPOMCXOAUT MEXKIY YacCTUIAMH, H3Iy4arolIMMH
razaMd M TeIUlonepeaarmMu noBepxHocTsaMu [34]. Ilpu mnosHOW Harpyske W,
0COOCHHO, B HIDKHUX YacCTsX, KOHLIEHTPALUS TBEP/IbIX YACTHUI] B TOIKE BHICOKAs, U B
JAHHOM CJIy4ae B3BECh MOKET CUUTATHCS ONTHYECKU TOJICTOM CPEAOM, YTO yIPOIIAET
MOJICUET JIy4yuCTOro temiooOMeHa. OJHAKO, B YCIOBHUSIX HHU3KOHM HarpysKkH,
KOHIIEHTpAIUsl TBEPAbIX YAaCTUI[ B BEPXHEH YACTH TOIKH MOXKET OBITh HEOOJBIIONH:
YCIJIOBUSI MOTYT OBITh CPAaBHHMMBI C HAJICJIOEBBIM MPOCTPAHCTBOM (Tra3oBoi a3kl C
HU3KOM KOHLIEHTPALMEN TBEPABIX YACTUI] B TOIIKE KOTJIA C KUIAIIMM ciioeM). Kpome
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TOTO, MPU TOPEHUU B Cpele Kuciaopoaa, nojsa minydarommx razoB (CO, u H,0)
3HAYUTENBHO BbIlIE (>90%), ueM B ycinoBus ropeHus B Bo3ayxe (<30%), 4to BiusieT
Ha paJUallMOHHBIA Ter1ooOMeH. Bbicokas KOHIEHTpalus MOIJIOIIAOLIEro rasa B
KHUCJIOPOJIHOM Ccpefie OrpaHMYMBAET HCIIONb30BAHUE paHee pa3pabOTaHHBIX MOJEei
CO CBOMCTBaMHM M3JIy4arolIMX ra3oB, KOTOpble ObUIM B OCHOBHOM pPa3palbOTaHbI 1Jis
CHUCTEM ropeHus B Bo3ayxe [29].

B Hacrosmee BpeMs CyIIECTBYET HE3HAUUTEIBHOE YHUCIO MaTepUalioB
OMIMPUYECKUX  HCCIENOBAaHUM M [O3HAHUM  OINpPEAEICHHBIX  aclEKTOB
TEXHOJIOTHYECKOI0 XapakTepa Uil NPUMEHEHHs ICEBJO00KKEHHOTO CJI0SI B LIEISAX
pealn3anyy MpOLECCOB MAacco- M TErooOMeHa. JIJig MOKPBITUSL PAa3IMYHBIX HYX]
HEOOXOOUMBIX AJIsl Pa3paOOTKH TOMOK C KHIIALIUM CJIOEM HYXEH 3HAaYMTEJbHBIN
nporpecc B cdepe MaTeMaTHYeCKOro M YHUCJICHHOTO MOJECIUPOBAHUS XUMHUKO-
(¢u3nyecKuX MpPOLECCOB B KUMsALEeM cioe. OQHaKo JaHHBIE 3a7jaud CMOJEINPOBATH
HE TaK MPOCTO M, KaK CIEACTBHE, HA MyTH CHELMAIUCTOB CTOMT Macca TPYIHOCTEN
[35] Hanpumep, mnpaBwiIbHOE 3aJaHUME HAYAJIbHBIX [apaMETPOB, KOTOpPHIE B
OOJBILIMHCTBE CIy4yaeB OYEHb CJIOXHO OLEHUTh TeopeTndyecku. Yaie Bcero
KOPPEKTHOCTh MOJIENIN MOATBEPKIAECTCA MNPAKTUYECKUMU METOJAMU YHUCIEHHOTO

MOJCIUPOBAHMA, YTO B CBOIO O4YCPCAb 3aHUMACT 00JIBIIIOE KOJUYECTBO BPCMCHHOTO

pecypca.
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_ 3AJAHHE JUIS PA3JIEJIA
«®UHAHCOBBIII MEHEJUKMEHT, PECYPCOD®®EKTUBHOCTD U

PECYPCOCBEPEXEHUE»
Crygnenry:
I'pynna dUO
SBMS5A Kokmapes Oner MakcumoBruY
Hncruryr OHepreTu4yecKkuit Kagenpa ITaporenepaTopocTpoeHuss U
IIapOr€HEPAaTOPHBIX YCTAHOBOK
Yposenb MarHCTpaTypa Hanpagsienne/cnennaabHOCTh BHCPFGTH‘IGCKOC MAaIlIUnHO-
o0pa3oBaHusi
CTpOECHHE

pecypcocoepe:keHne»:

Hcxonnble naHHble K pasgely «@OHHAHCOBBIH MEHEIKMEHT, pecypcodPPeKTHBHOCTL H

1. Cmoumocms pecypcos nayunoeo uccieoosanus (HH): ma-
MepuaIbHO-MeXHUYeCKUX, dHepeemuyeckux, (PUHaAHCOBbIX,
UHPOPMAYUOHHBIX U YeN0BeUeCKUX

—  npumepnbtii 6100xcem HU — 90000 pybeii;
— 6 peanuzayuu HU 3adeticmeosanvl 2 uenogexa:
PYKOBOOUMENb U MASUCTIPAHIM,

2. Hopmul u Hopmamugsl pacxo0osanus pecypcos

—  amopmusayus OCHOBHBIX Gonoos u
HeMamepuaibHuIX aKmugos (15% om
MAMEPUATLHBIX 3aMpam);

3. HCI’!OJZbS’yeM(lﬂ cucmema Ha]l02006ﬂ09fC€Huﬂ, CcmaeKku HAjlo-
2086, omunﬂeHuﬁ, ()MCKOHmupO@aHu}l u erdumoeaHuﬂ

— omuucnenuss no cmpaxogvim 63nocam 30% om
oOT

IlepeyeHb BONPOCOB, MO/JIEKANIMX HCCIET0BAHIIO, TPOEKTHPOBAHUIO U pa3padoTKe:

1. OlleHKa KOMMeEpUEeCKo2o U UHHOB8AYUOHHO20 nomeryuala
HTH

- I/IHuL;uaJlus’auu}l U OYEeHKa UHHOBAYUOHHO20
nomeHyuala Hay4YHozo uCCﬂedO@aHHﬂ,’

— nomeHyuanbHvle nompedumeny pe3yiLmamos
HTH;

2. Pa3pa60mi<a ycmaea Hay4YHO-mMexXHu4ecKkoco npoexkma

— He mpebyemcs

3. IInanuposanue npoyecca ynpasnenus HTU: cmpyxmypa u
epagux nposedenus, 6100xucem, PUCKU U OPSAHU3AYUSL 3AK)-
nox

— nepeuenv pabom (3manog), HeOOXOOUMbBIX OJis
docmudicenusi nocmagieHHvix 3a0aq no HU;

— Mampuya omeemcmeeHHOCmu;

— onpedenums  00WYI0  NPOOOANCUMETLHOCHIL
pabom 8 paboyux OHsX;

Dopmuposanue b100xncema HU, 6 m.u.:

—  OCHOBHbBlEe pAcX00bl HA 060pyOdosanue;

—  pacxoovl Ha CyJiceOHble KOMAHOUPOBKIL,

— OCHO8HAA U OONONHUMENbHAA 3apabomuas
naama;

—  pacxoovl Ha CLyJHceOHble KOMAHOUPOSKIL.

4. Onpeodenenue pecypcHoll, QUHAHCOBOT, IKOHOMUYECKOU ID-
Gexmusrocmu

— ompedeneHue PecypCHoU U IKOHOMUUECKOU
aghgpexmusrocmu uccredosanus

Hepe'{enb rpa(l)n'leCRoro MATEPHUAJIA (c mounvim ykazanuem 06a3amenbHbIX yepmedicell):

1. I'pagux nposedenus nayunozo uccredosanus (Ouazpavma I'anma)

‘ Jara BpIiaum 3aiaHus JJIs1 pa3jeia 1o JHHeHHOMY rpauky | 4.04.2017
3anaHue BbIIaJI KOHCYJIbTAHT:
JonxHOCTh [0)7 (0] Yuenas cTeneHs, Hoanuch JaTa
3BaHHE
I'paxoBa Enena
accucteHt kKadeapst MEH ACCHCTEHT 4.04.2017
AJlekcaHIpoOBHA
3anaHue NPUHSAJ K NCIIOJHEHHUIO CTY/IEHT:
I'pynna DUO Ioanucn Jlara
SBM5A Kokmapes Oner MakcumoBu4 4.04.2017
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4 OuUHAHCOBBIA  MEHEIKMEHT, pecypcod(pPeKTUBHOCTL H

pecypcocoepe:xeHue

Temoli HayyHOro HcclIelOBaHUs SBISETCS «AHAaIU3 NPUMEHUMOCTH
YHUCJIEHHBIX aJIrOPUTMOB [UIsl MOJEIMPOBAHUS IPOLIECCOB B TOINKE KOTJIA C
HUPKYTUPYIOUTUM KUIISIIIUM CIIOEM».

OOBEKTOM HCCIENOBaHUS SBJIAETCA MaTeMaTHdeckas MOJENIb KOoTjia C
nupkymupytonmMm kunsimuM citoeM (LUKC), kotopslii npeaHa3HauyeH i CoOKUTaHUs
pa3auyHOro yrist (B T.4. HU3KOCOPTHOTO, OMOMAacChl CO CMEChI0 HU3KOCOPTHOTO
TOIUIMBA U T.[.) Ul BBIPAOOTKH MEPErpeToro napa.

Lenbto paznena «DUHAHCOBBIM MEHEIKMEHT, pecypcoddPeKTUBHOCTD U
pecypcocbepexxenue»  sBiuserca  ¢gopmyiaupoBka HUM, mpencraBieHue — ero
MHHOBALIMOHHOTO IMOTEHIMAJIA, MOACUYET OCHOBHBIX PAacXO0B, 3apabOTHBIX IUIAT, a
TaKKe MEepeYHs U rpaduka pabor, HEOOXOUMBIX TUISL

JOCTHKCHHUA ITOCTABJICHHBIX 3aJ1a4.

4.1 HNuannuanu3anmus )| OIICHKA HHHOBAIIMOHHOI'O noTreHmuaJgIa

HAYIHOI'0 HCCJIEIOBAHUA

Texnonorus cxuranus TBepabix TormB B LIKC saBisiercss Haykoemkoil. [laxe
ceilyac, korga umeercss Oorateiii onbIT padoThl kotioB ¢ LUKC m ux eguHuuHas
MoiHocTh npeBbimaer 1000 MBT (Ten.), IpoBOASITCA MHTEHCUBHBIE UCCIIEIOBAHUS
CJIOKHBIX MPOIIECCOB, KAK B CTEH/IOBBIX, TAK U B IPOMBIIIJIEHHBIX YCIOBUSIX.

B cooTBeTCTBMM C TOJNOXKEHHSIMU ODHEPreTHYeCKoW crparerun Poccum Ha
nepuox no0 2030 r. [38], sKoIOrMYecKH 4MCTasl YrojbHAs TEHepauusl I0JKHA
pa3BUBATbCA IYTEM BHEIPEHHSI HHEProOJIOKOB HAa CBEPXKPUTHUECKHE MapameTpbl
napa, o00py/1I0BaHHBIE KOTJIaMH C MUPKYIUpYyrouM Kursamum ciioeM (LIKC).

Taxxe pacniopsoxkenusimu [IpaButensctBa PO ot 31 oktsiOps 2014 r. Ne2178-
p u ot 24 nekabpst 2014 1. Ne2674-p yTBEpKIE€HBI MOATANMHBIA Tpaduk co3gaHus
2015-2017 r.r. 46 otpacneBbix cnpaBounukoB HTJl u mepedennr 33 obmacteit mx

npuMeHeHusi, B ToM uuciie crnpaBouHuk HTJ] «Coxkuranume TomiavBa Ha KPYMHBIX
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MPOMBIIUICHHBIX NPEANPUITUSAX B ILEIAX MNPOU3BOACTBA SHEPIUU», IMOJATOTOBKY
KOTOPOTO IIaHupyeTcs 3aBepnthb B 2017 .

BBon kotna ¢ LIKC sBasiercss 3¢(EeKTUBHBIM CpEICTBOM pEIICHMs 3ajad,
MOCTaBJIEHHBIX B CTpaTeruu, KacawlIMXCsl pa3BUTHS YrojabHOM T'€HEpaluu.
Texnonorusa LHKC umeer Oonbiioit nmoreHuuan ajast 3QEGEeKTUBHOTO MCIOIb30BAHMUS
YISl pa3auyHOro0 KayecTBa, a TaKKE€ MECTHBIX TOIUIMB C IIEJIbIO JAUBEPCUPUKALIMU
pPETHOHATBHBIX TOIUTUBHO-IHEPTETUYCCKUX OanaHcoB. Tak jke 3Ta TEXHOJIOTHS
oTBe4aeT TpeOoBaHusiM CTpaTeruu, KacarolUXCs 3KOJIOTMYECKOM Oe30MacHOCTH
yronpHBIX TOC. B Mupe 3Ta TEXHOIOTHS YK€ XOpOIIo 0TpaboTaHa, B TOM YKCIIE U Ha
CBEPXKPUTHYECKUE TMapaMeTphl mapa, a OCOOCHHOCTH pPEaM3aliy MPOTEKAIOITIX
IPOLIECCOB CO3AAI0T YCIOBUS JJIsi BBICOKOA(D(PEKTUBHOTO U IKOJIOTMYHOTO CHOKUTAHUS
IMIUPOKOW TaMMbl TOIUIUB W HMX CMECEH C BO3MOXKHOW TMOCIEAYIONMIECH TITyOOKOM
YTUIM3ALMUEN TEIJIa yXOIAIUX Ta30B KOTJIA.

W3  BbIIECKA3aHHOTO BUJHO, YTO OOJIBIIMHCTBY MPOMBILUICHHBIX U
HEPTreTUYECKUX MPEANPUATANA HEOOXOANUMO MEePEXOIUTh HA TPHUHIIUIBI HAWTYUIITHX
noctynHbix TexHosorut (HT/I), mpeamonararomue KOHTPOJIb M YYET BPEIHOIO
BO3JECHUCTBUS IPOMBIIUICHHBIX TPEANPUATUN HA OKPYKAIOLIYIO CPEy.

LleneBbIM PBIHKOM /JIsi pa3padaThIBAEMOTO MPOEKTA SIBIISIOTCS MPEANpPUITUS
sHepretudeckoro cermenra (TOL, TOC, I'POC, I'DC), a Takxke nr000M apyroi
CEerMEHT TMPOMBINUICHHOCTH (OT HEPTEXUMHYECKOTO [0 THIIEBOr0), KOTOPHIC
IUIAHUPYIOT PEAIN30BaTh JAHHYIO TEXHOJIOTHIO CHKUTAHUSA HEMOCPEACTBEHHO Ha
CBOEM OOBEKTE ISl OOCCIEYCHHS TEXHOJOTHYECKUX HYXKI, a TaKKe HaydHBIC
WHCTUTYTBl W TPOEKTHBIE OPraHU3alllM, MPOBOISIIME HCCIEAOBAaHUS B JaHHOM
o0JacTu.

brnaromapss 3ToMy IS JOCTIDKEHHS TIOCTaBICHHBIX 3a7a4 HEO0OXOAMMO
npoBectn gaHHoe HUM, Kkotopoe sBis€TCS akTyadbHbIM W WHHOBALMOHHBIM,
MIOCKOJIbKY TI03BOJIMT B JaJibHEWIlIeM uW3y4yaThb JaHHbIE KOTJoarperatrbl OoJee
JI€TaJIbHO, UCTIOJIb3Ysl IOJIYYEHHbIE IAaHHBIE B KOHCTPYKTOPCKUX, SKCILUTYaTallMOHHBIX

pa60TaX H UCCIICAOBaAHUAX.
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4.2 IlnanupoBaHue HAY4YHOI'0

TPYAOEMKOCTH padoT

HCCJIeJ0OBaHUA.

Pacuer

B nmamHOM paznene mpencTaBiIeHO IIJIAHUPOBAaHHE pPadOT MO HAYYHOMY

uccnenoBanuio. B Tabnuie 4.2.1 npuBeaeHbI COCTAB U JJIUTEIIBHOCTH padoT.

Tabnuna 4.2.1 — Dransl u conepxkanue HA

[Iponomxurens-
HOCTb
No Oransl paboT paGoTHI Ucnonnurens
tmax tmin to.wc

1 | Pa3pabotka u yrBepxaenue T3 1 1 1 P
N3ydenne TeXHUYECKON JTOKYMEHTAIlMU HAa OOBEKT UC-

2 5 3 4 M
CJIeIOBAHUS

3 | IIpoBeneHre TEOPETUUECKUX PACYETOB U 0OOCHOBAHHI 10 7 8 M

4 | BbIOOp KOHCTPYKLIUHU HCCIIETyeMOro 00BbeKTa 5 2 3 M

5 | Beibop maremMaTudeckoi Moaenu 18 15 16 P, M

6 | MaremaTuueckoe MOJICIIMPOBaHUE MPOLIECCOB 45 20 30 M

7 | IlocTpoeHue rpaMKOB IS UCCIEAYEMBIX JaHHBIX 10 7 8 M
CormocraBieHue pe3ynbTaTOB 3KCIIEPUMEHTOB C TEOpe-

8 3 1 2 P.M
TUYECKUMU HCCIIE0BaHUIMU
OkoHuatenpHass o0paboOTKa pPe3ylbTaTOB U OCHOBHBIC

9 7 5 6 M
BBIBOJIbI, PEKOMEH AU
CocTraBieHrue MOSICHUTENIbHOM 3alMCKUA (IKCILTyaTalu-

10 . 21 14 17 M
OHHO-TEXHUYECKOW JOKYMEHTAI1H)

11 | CornacoBanue akToB c/iauu BbinosiHeHHoro H1 10 7 8 M

HUroro | 135 | 82 103

P — pykoBogutens, M — marucTpant
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Pacuer TPYAOCMKOCTHU OCYHICCTBJIICTCA OIBITHO-CTATUCTHYCCKHUM MCETOIOM,
OCHOBAHHBIM Ha OIPCACIICHNN OXUIAACMOTO BPCMCHU BBIIIOJIHCHHA pa60T B

YeJIOBEKO-HSX 1o (popmyie:

_ (3 ' tMHH"'Z'tMaKc)
tO)K - 5 >

rae, tyyy — MUHUMAJIbHO BO3MOJKHAS TPYJIOEMKOCTh BBITIOJIHEHUSI 3aIaHHONU PabOThI
(omTMHCTHYECKAs OIIEHKA: B MPEIOJIOKEHUN HanOoee OJIaronpusaTHOTO CTCUCHUS
00CTOSATENBCTB), YeN.-TH.; Cyaec — MAKCHUMAJIBHO BO3MOXKHAas TPYJAOEMKOCTh
BBITIOJIHGHUS 3aJaHHOW paloThl (NMIECCUMUCTUYECKAsT OIEHKA: B MPEANOI0KCHUH
HanOoJIee HeOIAroNPUSITHOTO CTEYEHUS 00CTOATENHCTB), YeIL.-/IH..

Omnpenenenre TPYJOEMKOCTH U MPOIOJDKATEILHOCTH PA0OT OCYIIECTBIISETCS
HA OCHOBE OTpPACIEBBIX HOPMATHBOB, THIOBBIX HOPM Ha  pa3pabOTKy
KOHCTPYKTOPCKOW  JIOKYMEHTaluuMd, a s pabor, o0yajaomux  OoJbLIoHf
HEOIPEAEICHHOCTHIO HA OCHOBE BEPOSITHOCTHBIX METOJIOB.

Ha ocHoBe pacuera TpyJOEMKOCTH U MPOJOJIKUTEIIBHOCTH BBITIOTHEHUS BCEX
BKJIFOUEHHBIX pa0OT B MJiaH, OblIa cocTtaBiena quarpamma ['anta (Ilpunoxxenue b).

[TogBoast UTOT MTAHHOTO pasjiesia MOKHO 3aKJIFOYHTh, YTO Ha pa3pabOTKy JaH-

HOTO HAay4HOro uccienoBanus norpedyerca 103 kaneHgapHbIX AHS MpU paboTe IBYX

YEJIOBEK — PYKOBOJUTEIISI U MAarCTPAHTA.
4.3 ®dopmupoBaHHe 0I0KeTa HAYYHOTO UCCIeT0BAHUSA
4.3.1 OcHoBHBIE pacxoabl Ha 000pyA0BaHHE

OnpeneneHue 3arpaT MO 3alUIAHUPOBAHHBIM pabOTaM OCYIIECTBIAECTCS B
dbopMe CMETHOH MIIaHOBOW KaNbKYJISIHMH, I pacuera KOTOPOW JOKHBI HCIIOTh30-
BaThCs JCHCTBYIONINE MPEHCKYpPaHThI OCHOBHBIX I1eH. CMeTa mpejcTaBieHa B Tabu-

ne 4.3.1.1.
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Tabnuna 4.3.1.1 — OcHoBHBIE pacxo/ibl Ha 000PYAOBaHKE

Crartbu 3aTpaT CroumMocTs, pyo.
[lepcoHanbHbIN KOMIBIOTED 28000
JlonOJIHUTENbHBI MOHUTOP 12000

Kommnekryromue [19BM 1000

[IpunTep 6500

Cron 3000

Cryn 1500

Jlamma 1500
Heobxonumoe I1O s pacueTos OecruiaTHas oOpa3oBaTeIbHas JIUIEH3US

Utoro 53500

4.3.2 3apaboTHan nJjara

Jliis pacuera 3apabOTHOM IJIaThl IPUHSTHI JHEBHBIE CTABKU ISl PyKOBOJUTE-
Js1 1 MarucTpanrta B pasMepe 172 u 48 pyOeil B yac COOTBETCTBEHHO (IIPH BOCHMHU-
gacoBoM paboueM qHe). Pacuer 3aprater ipeacTasieH B Tabmure 4.3.2.1.

Ta6muna 4.3.2.1 — Pacuer no crarbe «OCHOBHAs 3apruiaTa»

Tpynoemkoctb, uen/nensp | CymmapHas
OCHOBHasI
Otansl paboThl
M P 3apaOoTHas
mniara, pyo.
Pazpabotka u yrBepxaenne T3 1 1 1760
W3ydenne TeXHUYECKOH IOKYMEHTAIMM Ha OOBEKT 1536
UCCIICTIOBAHMS 4
[IpoBeneHNE TEOPETHUECKUX PACUYETOB U OOOCHOBA- 3072
1505071 s
Bb100p KOHCTPYKLIMU HCCIIETyeMOro 00BeKTa 3 1 2528
Br160op MaTeMaTrnueckoi Moen 16 1 7520
MaremaTnueckoe MOJAEINPOBAaHUE NTPOLIECCOB 30 11520
[TocTpoenue rpaduKoB IS UCCIIEAYEMBIX JaHHBIX 8 3072
ComnocraBieHue pe3yJbTaTOB HKCIEPUMEHTOB C TE€O- 3520
PETUYECKMMHU UCCIIE0BAaHUAMHU ? ?
OxonHuaTenbHast 00paboTKa pe3ylbTaTOB U OCHOB- 6 2304
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Tpynoemkocts, uen/nens | CymmapHast
OCHOBHast
Otansl paboThl
M P 3apaboTHas
mniata, pyo.
HbIE€ BBIBO/JIbI, PEKOMEH 1ALl
CocraBieHrEe MOSICHUTEIbHOW 3alMCKU (dKCILTyaTa- 7 6528
IUOHHO-TEXHUYECKON JOKYMEHTAIUH)
CornacoBanue akToB ciauu BblnosiHeHHOro HU 8 2 5824
Hroro: 103 7 49184

4.3.3 JlonoiHUTEIbHAA 32apa00THAA MJIATA:

3

don

= 0,13, = 0,1-49184 = 4918,4 py6.

4.3.4 OTuncJeHNS HA COHAJLHDBIE eI

Enwunenii conmaneueiii Hanor (ECH) yuutsiBaeT otuncienus B GOHI MEHCH-
OHHOTO CTpaxoBaHMs, (HOHJ| COIMATILHOTO CTpaxoBaHUs U (OHJ 0053aTEIBLHOTO Me-
JTULIMHCKOTO cTpaxoBanus (27 %):

ECH = 0,273

[

= 0,27(3,,+3,,) = 0,27 (49184 + 4918,4) = 14607,65 py6.

4.3.5 Pacxoabl Ha ciyxkeOHbIe KOMAaHANPOBKH

JI1st mony4yeHus AeHCTBUTENbHBIX JAHHBIX MO KOHCTPYKIIMM KOTJIA, MPEICTaB-
JIEHUW HapaOOTOK MO MPOEKTY U TMOJYyYEHUU OOPATHOU CBSI3U OT IKCIEPTOB HEOOXO-
JTUMa ciy>keOHasi KOMaHIUPOBKa, KOTOpas pejcTaBieHa B (hopmaTe KOH(PEpEeHIINH.
Cytounsbie coctaBisitoT 100 pyOieii, cymmapHasi poI0JDKUTEIPHOCTh KOMaH-
JIUPOBOK 2 JTHSL.
K, = 1002 = 200 py6.
[Tpoesn no Mecta npoBeeHust KOHGEPEHIIU U 0OPaTHO COCTaBJISIET:

K, = 3400 pyo.
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4.3.6 AMopTuU3anMs OCHOBHBIX (DOHIOB U HEMAaTepPHAJIbHBIX aKTHUBOB (15

%0 0T MaTepHaJIbHBIX 3aTPAaT)

A = 015K, = 0,1553500 = 8025 py6.,

rne, K

OCH

— CyMMapHas CTOUMMOCTb OCHOBHEIX CPEACTB (TCXHOHOFI/I‘{CCKOC Hn BCIIOMO-

rareabHoe 000pyAOBaHKE, IPOU3BOACTBEHHBIN U X035 ICTBEHHBI NHBEHTAPh).
4.3.7 Pacxoabl Ha IPOBeCHNE HAYYHO-HCCIE0BATENbCKOH padoThl

Cmeta maHHBIX pacxojlioB IpuBeaeHa B Tabsmie 4.3.7.1. PaccuuThiBaemas
CMeTa Pacxo0B BKIIOUYAET 3aTpaThl Ha MPUOOpPETEHHE HEOOXOAMMOTro 00OpyHOBa-
Hus, 1751 ipoBeaenuss HU u Texynme pacxopl.

Tabmuia 4.3.7.1 — Cmera pacxo70B Ha MPOBEJACHUE HAYYHOTO MUCCIICIOBAHUS

Cratbu pacxo10B Pacxompl, py0.
O6opynoBanue 53500
OcHoBHas 3apa0oTHas IaTa 49184
JonomHuTenpHas 3apaboTHAs TU1aTa 4918.,4
OTuucieHre Ha COLUATIbHOE CTPaxOBaHUE 14607,65
Pacxonp! Ha ciry>keOHbIE KOMaHIUPOBKU 3600
AmopTtu3zanus 8025
Hroro 133835,1

Takum oOpazoM cebecTOMMOCTh pPabOT JTaHHOTO HAYYHOTO HCCIEAOBaHUS
coctaBisier 133835,1 pyOneit, HO T.K. BeChb KOMIUIEKC PabOT MPOBOIUTCS Ha 0ase
kadenpsl [1I'C u I[II'Y HU TIIY, To pacxoapl Ha 000pyAOBaHHWE HE YUUTHIBAIOTCS.

Htoro pacxoapl Ha MPOBEJICHUE HAYYHOT'0 HCcCieaoBaHus cocTapisaoT 80335 pyoueil.

4.4 Onpenesienne pecypcHOl W 3IKOHOMHYECKOH 3(P(PeKTHBHOCTH

HCCJIeJ0BaHUA

[Ipu cpaBHUTENBHON OICHKE 3(PPEKTUBHOCTH HCCIEIOBAHUS PACCMOTPUM
MHTETpaJIbHbIN MoKazaTenb 3¢ GeKTUBHOCTH pa3paboTku. Ero HaxoxaeHue cBA3aHo ¢
OTIpe/IeNICHUEM JBYX CPEIHEB3BEUICHHBIX BEIMYUH: (PUHAHCOBOU >PPEKTUBHOCTH U

pecypcoddHEeKTUBHOCTH.
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WNuTerpanbHbiii ((MHAHCOBBIN TTOKA3aTeNb Pa3pabOTKH OMPEACTIICTCS KaK:

@
y 1338351 .

b

1

p — —
@ 1000000

max
p o o .
rae, Id, - HHTCIrpaJIbHbIU q)HHaHCOBBII/I IT10Ka3aTcJib p8,3pa6OTKI/I; d)pi — CTOUMOCTB 1-TO

BapuaHTa HUCHOJHEHUS; D,,,, — MaKCUMaJIbHasi CTOMMOCTH HCIIOJHEHHUSI Hay4dHO-
MCCJIEI0BATENHCKOTO UCCIIEIOBAHUS.
WNurerpanbHbiil mokaszaresb pecypcod(hEeKTUBHOCTH BAPUAHTOB HCIIOTHEHUS

00BEKTA CCIEN0BAHUS MOKHO OIPEIEIUTH CIEAYIOIIUM 00pPa3oM:
n
p_ p.
Im _Zaibi ’
i=1

n
a __ a
I = E ab;.
i=1

rae, I, — WHTErpajbHBIA MOKa3aTelb pecypcod(DPEeKTUBHOCTH BAPUAHTOB; a, —

m
BeCOBOM KO UIIMEHT i-TO TapameTpa; b, b’ — OanbHas OIEHKA i-TO mapaMmeTpa
JUTsL aHajora U pa3paOOTKH, YCTAaHABIMBAETCS JKCIEPTHBIM IyTEM 1O BBIOpAHHOM
IIKaJIe OLICHUBAHUS; 1 — YHCJIO TTAPAMETPOB CPABHEHUS.
Pacuer uHTErpanmpHOro mnokasarensi pecypcodPheKTUBHOCTH MPEACTaBICH B
tabure 4.4.1.
Tabmuma 4.4.1 — CpaBHUTeIbHAs OIICHKA XapaKTEPUCTUK BapHaHTOB

HCIIOJTHCHHUA ITPOCKTA

Cnoco0 Becopoii HarypHiii ANSYS
Kpurepun KO3 PUIHUEHT Fluent
AKCIIEPUMEHT
napamerpa (I10)

1. CrmocoOcTBYET pocTy 0,1 3 5
MPOU3BOUTEIILHOCTH TPYA IMOIh30BaATEIs
2. Y10O6CTBO B OKCILTyaTaIlK 0,15 1 3
3. ToYyHOCTB 0,15 2 4
4. DHeprocOepexeHIe 0,20 1 3
5. HanexxHoCTh 0,25 5 4
6. MaTepuaaoeMKOCTh 0,15 1 5
HUTOI'O 1 2,35 3,9

Kak BHHO IMPOBCACHHBIX PACUYCTOB CaMbIi HU3KHUM HHTCFpaHBHBIﬁ IMOKa3aT€CJIb

pecypcordHEKTUBHOCTH MPU NMPOBEACHUE HATYPHOTO KCIIEPUMEHTA.
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WNuTterpanbHbiii  mokazatenb S()PEKTUBHOCTH HATYPHOTO OKCIEPUMEHTA U
nporpammuoro obecmeuenuss ANSYS Fluent omnpenensiercs Ha OCHOBaHHH
WHTETPAIBHOTO MOKa3aTels pecypcodpHEeKTUBHOCTH U HHTETPAILHOTO (DMHAHCOBOTO

nokasaresns 1mo ¢popmyiie:

P39
rzunp === : = 299 1’
170,134
I 2,35
I, == =17,54.
150,134
CpaBuuTtenbHas 3¢(HEeKTUBHOCTh MPOEKTA!
1’
L B
15, 17,54

rae, 3., — CpaBHUTEIbHAS YPPEKTUBHOCTD IIPOEKTA.

B pesynbrare cpaBHEHUS MHTErpajbHOTO Mokaszareis 3()(eKTHuBHOCTH OBLIO
BBISIBJIEHO, 4YTO mporpammHoe obecrnedyenne ANSYS Fluent, Ha KOTOpOM
POM3BOJIMIIOCH HAYyYHOE HCCIIEJIOBAHUE MPU CPaBHUTEIbHON oreHke B 1,66 pasa
ypdeKTUBHEE HATypHOro HKcmepuMeHTta. OTCrofa MOXHO CJelaTh BBIBOJ 00
2h()EKTUBHOCTH U  IIEIECO00Pa3HOCTH HAYYHOTO UCCIIENOBaHMS, KOTOPOE B

KOHEYHOM CU€Te XapaKTepU3yeTcsl KAk MHHOBAIIMOHHOE U pecypcoddPeKTUBHOE.
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