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AHHOTALUA

Tema OakanaBpckoil paboTsel «MoaenupoBaHnue padOThl OJOKa U3 JBYX
dopcynok B /IBC na 6aze SimInTech»

bakanaBpckas paboTa mocBflleHa CO3/IaHUI0 MAaTEMaTHUYECKON MOJENHU Ha
6aze Sim in Tech, koTopas umuTHpyeT padboTy 6110Ka U3 IBYX POPCYHOK.

KiroueBrle ciioBa: MoJielb, IBUTATENb, MOJICTUPOBaHUE, (OPCYHKA, TOILIHBO,
BIIPBICK, MaTeMaTHUECKasi MOJECIb.

[lenp GakamaBpckoi pabOTBHl — cO3/aHUE MPOrpaMMHON MojenH OJioKa u3
IBYX (DOPCYHOK B JIBUraTeNIe BHYyTPEHHETO CTOPaHUsI.

OOBEKT uccaeaoBaHusl — 3TO Mpouecc padoThl 0JI0Ka U3 IBYX (POPCYHOK B
JIBUTATEJIE BHYTPEHHETO CrOpaHMUsL.

[IpenMer ucciaenoBaHusi — peain3anusg MaTeMaTUYECKON Mojenu OJoka u3
nByx (opcynok JIBC.

Hacrosimass paborta uccieqyer IUIaBHbIE MPHUHILMIBI IpolLecca BIPBICKA
TOTIMBa OJI0Ka M3 IBYX (DOPCYHOK B JBUTATENIC BHYTPEHHETO CTOPAHUs, a TaKkKe
BBIUMCJICHHSI T€UEHUSI )KUJIKOCTH B Ipolieccax (pOpCyHOK.

Jlis  mporpaMMHOTO  MOJENUpOBaHHA  (HYHKIMOHHPOBAHUS  (QOPCYHOK
UCTIONB3YEeTCSl MaTeMaTHU4ecKass MOJENb, KOTOopas YYUTBhIBaeT paboTy OJIOKOB
CUCTEMBbI BIPHICKA TOIJINBA.

B xoxe gaHHOTO MPOTPaMMHOTO MCCIEAOBAaHUS MPONU3BOAMINCH YHUCICHHBIC
pacueTsl M aHAJIM3 MOJIYYEHHBIX pe3yJIbTaTOB UMUTHPOBAHHUS, C YIIOPOM Ha IPOIECC
paboThl JIBYX TOIUIMBHBIX (OpCYHOK. IlodydeHHBbIE HUTOTM CpaBHUBAIUCH C
OKCMEPUMEHTAIBHBIMU TOKA3aTeNsIMU W aHATU3UPOBAIUCH JUIS  BBISIBICHUSA
BO3JIEHCTBHSI pa3HBIX (hakTOPOB Ha IP(HEKTUBHOCTH M TMHAMUKY BIIPHICKA TOTLJINBA
B JIBUTATEJISIX BHYTPEHHETO CTOPAHMUS.

bakanaBpckas paboTa BKiIOUaeT B ceOsi MOSCHUTENbHYIO 3allMCKy Ha 42
CTpPaHUIbl, B KOTOPOH MPUCYTCTBYIOT 16 pUCYHKOB, CIUCOK U3 33 HCTOUHUKA, CPEU

KOTOPBIX 6 Ha HHOCTPAHHOM A3BIKC U OAHO IIPHUIIOKCHUC.



Abstract

The title of the graduation work is Simulation of the operation of a two
injectors block in an internal combustion engine on the basis of SimInTech.

The senior paper consists of an explanatory note on 42 pages, introduction,
including 16 figures, the list of 33 references, including 6 foreign sources and an
appendix.

The key issue of the thesis is devoted to creating a mathematical model on the
basis of SimInTech, which simulates the work of the two injectors block.

The aim of the work is to create a software model of the two injectors block
in the internal combustion engine.

The object of the graduation work is the process of the operation of the two
injectors block in the internal combustion engine.

The subject of the graduation work is the implementation of the mathematical
model of the two injectors block in the internal combustion engine.

The graduation project describes in detail the main principles of the fuel
injection process of the two injectors block in the internal combustion engine, as
well as the calculation of fluid flow in certain sections of the injectors.

The special part of the project gives details about a mathematical model used
for the software modelling of injector operation, which takes into account the
operation of the blocks of the fuel injection system.

In conclusion, we’d like to stress that this software study performed numerical
calculations and analyzed the simulation results obtained, focusing on the operation
process of two fuel injectors. The obtained results were compared with experimental
values and analyzed to identify the effects of different factors on the efficiency and

dynamics of fuel injection in internal combustion engines.
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BBenenue

AKTyaJqbHOCTh  HCCII€IOBaHUA. [JIaBHBIM HCTOYHMKOM SHEPIHUM B
COBPEMEHHOM MHpE SIBIISIETCS JBUTATENhb BHYTPEHHErO CropaHus, AJI pa3HbIX
TPaHCHOPTHBIX CPEJCTB, TAKUX KaK aBTOMOOMIIM, MOTOIMKJIIbI U KOpadmau. [Tomumo
ATOT0, JABUTATENM BHYTPEHHEIO CTOPAaHMs HUCIOJIB3YIOTCS B DHEPreTUYECKUX U
MPOMBITIUICHHBIX CHCTeMaX. BaXHO yCOBEpIIEHCTBOBATH MPHUHIIUIIBEI PaOOTHI
JBUTATENCH, 4TOOBl MOBBICUTH KOHOMHUYECKYIO 3(()EKTUBHOCTL U 00€30MaCUTh
OKPYXAIOILYIO Cpeay.

OnHuM W3  BaXHEUIIMX AacleKToB paboThl (POPCYHOK B JBUrarelie
BHYTPEHHETO CTOPaHUs CIIY>KHUT IPOIECC BOPhICKA TOIIMBA. OH OKa3bIBAET BIUSHUE
Ha TPOM3BOAMTENBHOCTh JBUTATENs, dA(PPEKTUBHOCTH pacxofa TOIUIMBA.
CnoXXHOCTBIO B OIMCAHWU TIPOIlecca BIIPHICKA TOIUIMBA, SBISECTCS pa3IHyuMe
KOJIMYECTBA BIPBICKUBAEMOW JKMJIKOCTMU M JUIMTEIBHOCTh BIIPHICKA HA
MUKPOCKOIIMYECKOM ypoBHE. TpaauIlMoOHHBIE MaTeMaTUYECKUE MOJAENH, KOTOPHIC
UCIIOJIB3YIOT YCPEJHEHHBIE YpaBHEHUsS, YacTO HE B COCTOSIHUM OXBaTUTh ATY
CIIO)KHOCTh. B ciencTBuM 4ero mporpaMMHOE MOJAEITUpOBaHWE OJI0OKa U3 JBYX
(GOpCYHOK, KOTOpPOE IMO3BOJISIET MPOBOAMTH TOUHBIE PAcU€Thl, UMEET HAYUHYIO U
PAKTUYECKYIO IEHHOCTb.

[lenb OGakanaBpCcKOM pabOThl — CO3aHME MPOTrPaMMHON MOJEIu OJioKa U3
IBYX (pOpCYHOK B JABHrartesne BHYTpPEHHEro cropanus. OOBEKTOM HCCIEI0BaHUS
SBIISIETCSL TIpoIiecC paboThl Oyoka U3 ABYX (OPCYHOK B JBUTATEJIC BHYTPEHHETO
cropanus. JJlanHoe uccieqoBanne CoCpeIoTOYEHO Ha TOCTPOSHNH MaTeMaTHIECKOM
MOJIEJIM U OINHCAaHUU paboThl ero e€ OyokoB. OmucaHue MOJKHO COJEPXKaTh
npoiiecca padboThl 0J0Ka U3 ABYX (POPCYHOK, KOTOPOE YUUTHIBAET KOPPEKTHUPOBKY
KOJIMYECTBO TOIUIMBA, JABJICHUS KUIKOCTH, a TAKKE B3aMMOJICHCTBUS IJICMEHTOB
BceX cuctemsl Brpricka B J[BC.

[Ipenmerom mccnenoBaHuUs SBISETCS peann3alus MaTeMaTHIeCKON MOIen
omoka m3 nByx dopcynok JIBC, xoTopas y4uuThiBaeT 0COOCHHOCTH (DOPCYHOK U

npouecc pacrnblJICHUA TOILIIMBA. Taxkxe JaHHOE MCCIICJOBAaHHE HaIlpaBJICHO Ha
5



U3y4YeHHE B3aUMOACHCTBHI MEXAYy pa3IUYHBIMH KOMIIOHEHTAMH CHCTEMBI
BIIpbICKa. ['0TOBasi mporpaMMHasi MOJENb IMOMOKET JydYllle MOHSTh, Kak padoTta
(bOpCyHOK BIIUSIET HA ABUTATENIb BHYTPEHHETO CTOPAHUSI.

I'unore3a: [IpumeHeHne MaTeMaTHYECKOW MOJENH, COCTOsmIer u3 OJoka
JIBYX (POPCYHOK, JUIsl M3y4eHHs Bhpbicka TorumBa B JIBC moOMOXeT yBEIUYHUTH
TOYHOCTh OIMCAHMS B3aUMOJEHCTBUS (POPCYHOK, MpUHUMAs B pacu€r padboTy
KOMIIOHEHTOB M pa3Hble CBONCTBA ()OPCYHOK.

3a/1auu UCCIeI0BaHNUSA:

— pa3paboTaTh IPOTPAaMMHYIO MOJIENIb pa0OThI OJI0KA U3 ABYX (POPCYHOK;

— TMPOTECTUPOBATH CO3JaHHYIO MOJENb, HCIOJIb3Ysl SKCIEPUMEHTAIBHBIN

JTAaHHBIE;

— MPOaHAIM3UPOBATh BIUSHUE PAa3HBIX MapaMeTPOB Ha MPOIECC BIPHICKA

TOIJIMBA HA OCHOBE pa3pabOTaHHOW MOJIENH;

— HCCIIeI0BaTh OCOOEHHOCTH Ipoliecca BIpbicka Tomusa B JIBC.

Pe3ynbrathl, mogydeHHbIE MOCIE MCCIECAOBAHUH, MOTYT OBITh MPUMEHEHBI
JUIs  MOJEpHM3allMM  Ipolecca  BIOPbICKA  TOIUIMBA, M IOBBILICHHUE
MPOU3BOIUTEIILHOCTH paboThl popcyHok B JIBC.

OCHOBHBIE METObI UCCIICJOBAHMUSL:

Marematuueckoe  MOJEIMPOBAHUE.  CO3JaHUSI U HCIOJIb30BAHMS
MaTEeMaTHYECKUX MOJeNeH, KOTOpble MMUTHPYIOT TMPOIECC BIPHICKA TOIUIMBA C
NOMOMIbIO 0JI0Ka ABYX (opcyHOK. C MOMOIIBI0 MaTEMaTUHYECKOTO0 MOIETMPOBAHUS
BO3MOXXHO BBITIOJHATh TEOPETHUYECKHUE PACUETHI, BBISBIATH 3aBUCUMOCTb MEXKIY
pasHBIMH TIapaMeTpPaMU M TPOTHO3WPOBATH MOBEACHHUE >KHIKOCTH B Pa3TUYHBIX
YCIIOBUSIX.

AHanUTUYECKUE METOJBI. HCIONB3YIOT [IJIS aHalli3a TEOPEeTUYECKUX U
HKCIEPUMEHTAIbHBl JAHHBIX, TAKXKE 3TOT METOIbl COJEPKUT CTAaTHCTUYECKUN
aHallu3 pe3ylbTaTOB HCCJIECJAOBAHUS U CPABHUTENIBHYIO OLEHKY pa3iIMYHBIX
acriekToB padoTs! popcyHok B [IBC. C mOMOIIBIO 3TOTO METOa BOSMOXKHO M3BJICYb
HEOOXOUMYI0 MH(OPMAIIHMIO, TAKKE€ BO3MOXHO OMNPEAENIUTh 3aKOHOMEPHOCTH U

cacaTb YMO3aKIIOYCHUC Ha OCHOBC UTOI'OB UCCIICAOBAHMA.
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KoMmneioTepHoe MoenupoBaHue HEOOXOAMMO JJs  pa3paboTKu U
UCIIONb30BAaHUSl MPOTPaMMHOTO OOeCreYeHHeM Jisi MMHUTALMOHHBIX MOJETEH,
KOTOpBIE€ JIENAal0T BO3MOKHBIM YHMCIEHHOE MOJEIMPOBAHUE IIpoliecca padoTh
(GOopCcyHOK B JBUTATENSX BHYTPEHHETO CTOPAaHUA C YYETOM HEOJAHOPOIHOCTHU
KHUJKOCTU M MHUKPOCKONMYECKMX B3aMMOJCHCTBUM MEXIy €€ KOMIIOHEHTaMH.
Takoil NOIXOJ TMO3BOJISIET BBINOJHATH CIOXHBIE pacdyeTbl UM MOJAEIUPOBATH
pealibHbIe YCIOBUS HKCIUTyaTal[iH IBUTATEIs.

Hayunas HOBU3Ha:

Pazpabotka Mmoaenu 6s10ka u3 1Byx dopcynok B JIBC nis ananuza nporecca
BIPBICKA  TOIUIMBA  MO3BOJSIET  YIYYIIUTh  TOYHOCTH  MOJACIMPOBAHUSA
B3aMMOJCHCTBUSL MEXIy JBYX (OpPCYHOK M uX BiausHue Ha padoty JBC.
Hcnonp30BaHne JaHHON MOJIENH MO3BOJSIET 00Jiee JOCKOHAIBHO yUYECTh BIHMSIHHUE
JlaBJICHHUE, TEMIIEPATyphl U CKOPOCTh MOTOKA paboyell CMECH.

[TpakTHyeckast 3HAUUMOCTbD:

Mopens 6yoka U3 ABYX (OPCYHOK B JBUTATEIE BHYTPEHHETO CrOpaHMS
MOJKET OBITh UCIOJIb30BaHA C IEJIbIO MOBBIMIEHUS d3()PEKTUBHOCTU U ONTUMHU3ALNN
paboTHI ABUTATENsI BHYTPEHHETO CTOPAHMSL.

AHanu3 mporecca BIPbICKAa TOIUIMBA C UCIOJB30BaHUEM MOJENTU 0JIoKa U3
IBYX (POPCYHOK MOXKET CIIOCOOCTBOBATH BBISIBIICHUIO ONITUMAIIBHBIX XapaKTEPUCTUK
JBUTATENs, TaKMX KaK Yrojd pachbUIeHUS TOIUIMBA, JAaBJICHHE BIIPHICKA,
TEMIEPATypy TOIUIMBA, YTOOBI YIy4yIIUTh 3(PPEKTUBHOCTh CrOpPaHHUs U CHU3UTH
pacxoj TOTUTUBA.

W3yyeHnue mnpoiecca BIPBICKA TOIUIMBA C MOMOUIBIO (POPCYHOK MOXKET
IPUBECTU K pa3paboTKe HOBBIX MOAXOAOB yNpaBieHUs padoroil nuratens. Llensb
OTHX HOBBIX TOJXOJOB - CHU3HUTHh BBIOPOCHI BPEIHBIX BEIIECTB U IOBBICUTH
9KOJIOTUYHOCTh CUCTEMBI.

CrtpykTypa padoThl. bakanaBpckas paboTa BKIIIOYAET B C€0sl MOSCHUTETHLHYIO
3aMKuCcKy Ha 46 CTpaHulbl, B KOTOPOM MPUCYTCTBYIOT 16 pUCYHKOB, CIUCOK U3 33

HCTOYHHKA, CPCAU KOTOPBIX 6 Ha HHOCTPAHHOM A3BIKC U OJHO IIPUJIOKCHHUC.



I'naBa 1 Teopernyeckuii aHAJIN3 POLECCOB MPOUCXOAAIIUX B ABUraTe e

BHYTPECHHEI0 CropaHus

1.1 IlocTanoBKAa 3aaa4u

3anmava: MojienupoBaHue paboTel O61o0ka u3 AByx (opcyHok B JIBC Ha 0Oaze
SimInTech.

Llenp 3amaum: co3maTh MpoOrpaMMHYI0O Mojelb Ha 0Oasze SimInTech s
OMMCAHMS MPOUCXOIAIIUX MPOLECCOB B 0sI0Ke U3 IBYX (opcyHOoK B [IBC.

Onucanue 3agaud: pa3paboTaTh TOUHYIO MPOTPAMMHYIO MOJIETIb PadOTHhI
omoka u3 1ByX (opcyHok B JIBC, B mensix yBenuueHUs NpOU3BOAMTEIBLHOCTH
pabotsl [IBC.

MaremaTtuueckas MOJI€sb, JOJIKHA ONMUCHIBAIOIINE CIIETYIOIINE TPOLIECCHI:

— IWHAMUKY JBM>KCHUS TIOPIITHS BO BPEeMsl BIIPHICKA,

— B3aMMOJCHCTBHSI KOMIIOHEHTOB CHCTEMBI BIIPHICKA TOIUIMBA (TIOACHCTEMA

BIIPBICKMBAIOIIETO HACOCA, MHKEKTOPHYIO MOJACUCTEMA);

— BIMSIHAE XapaKTEPUCTHK JIBUTATEIS, TAKMX KaK CKOPOCTh BpallleHHUs

KOJICHYATOTO BaJia, TapaMeTphbl MOPIITHS.

HeoOxoaumo co3aath TporpaMMHYIO MOJEIb JJIsl BU3yallM3alliy M aHaIu3a
npoiiecca padoThl 0J10Ka U3 IBYX POPCYHOK.

[IpuMeHsiemble MOAEH:

— MOJIENTb PacTpeeIMTEHHOTO Baja;

— MOJIeNb TPO(UIIA KyJIauKa,;

— MOJIeJIb BIIPBICKUBAIOIIETO HACOCA;

— MOJIENTh HHKEKTOpA.

Pesyinbrar:

[TporpamMMHasi Mozesnb, onuchIBaroLas padoTy Gyoka U3 ABYX (OPCYHOK B

JIBC.



1.2 OcHOBHBbIe NPUHIMIBI PA0OTHI ABUTATEJIS

Jlji Hayana ucciaeioBaHus IPUHIIMIIOB pabOThl JBUTATENS CIEAYET U3YUYUTh
OTIpe/IeNICHUs] 1 OCHOBHBIE TEPMUHBI, oOmenpunsTeie B padote [IBC. «Ilonoxenus
KPUBOILINITHO-IIATYHHOTO ME€XaHU3Ma (CM. PUCYHOK 1), IpH KOTOPBIX OCh IIaTyHA

JIC’)KUT B INIOCKOCTHU KPHUBOIINIIA, HA3BIBAOTCS MCPTBBIMHU TO“IK&MI/I»[].

A A A

HMT

Pucynok 1 - Cxema nonepedHoro (a) u npoaoibHOro (0) pa3pe3oB ABUTATENS

«/lBurarens BHYTpEHHETO cropaHus (QYHKIIMOHHPYET 3a CUET CIAKCHHOMY
B3aMMOJICHCTBHIO KOMITOHEHTOB, & MMCHHO KOJICHYATBIH BaJl, CUCTEMa BIIPBICKA,
IIWIMHPBI, CBEUU 3a)KUTaHUs, MOPITHU, CUCTEMa OXJIaXKICHUS U CUCTEMa CMa3KH.
Kaxaplii U3 3THX KOMIIOHCHTOB BBINOJIHSET CBOIO POJb B IPOIECCE TOPEHUS
TOTIMBA U JIBFOKCHUS TOPIIHS»[6].

«KpaifHre TOJOKEHUsI TIOPIIHS, TPH KOTOPOM pACCTOSHHE JO OCH
KOJICHYATOr0 Bajia JIOCTHUTaeT MaKCHMyMa W MHHHMYMa, Ha3bIBAIOTCS BEPXHEH U
HIOKHEH MEPTBBIMH TOYKAMHU COOTBETCTBEHHO. XOJ TIOPIIHS OMNpPEaCIsIeTCs
pa3rurueM PaCCTOSTHHA MEXJTy MEPTBBHIMH TOYKAMH M COOTBETCTBYET IOJIOBUHE
00opoTa KoJIeHUaToro Bayia»[12].

«O0BbeM BHYTPEHHEH MOJOCTH IWJIMHApPA SBJSCTCS MapaMeTpOM, KOTOPBIH
U3MEHseTCsS B Tmporecce paboTel aurarens. OObeM HaJa TMOPIIHEM TIPH €ro
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MOJIOKEHUW B BEPXHEW MEPTBOM TOYKE HA3BIBACTCS OOBEMOM CXKATHA, a O0BEM,
OCBOOOK/1a€MblIi TOPIITHEM MTPU MEPEMEIICHUN OT TOYKU MUHUMAJILHOTO 00BheMa J10
TOYKM MaKCHUMaJIbHOIO 00beMa, Ha3bIBaeTCs pado4YuM OO0BEMOM IMJIMHIPA.
PabGounii 00beM MWIMHIpa paBeH TMPOU3BEACHHUIO XOJa TIOPIIHS Ha €ro
wiomaab»[ 5]

«I"eomeTpuueckas CTeneHb CKaThsi — OTHOUIEHHUE MOJTHOT0 00beMa IIWJIMHpa
K 00beMy cxKaTus»|[7].

«Pabouuit UK IBUTaTENs — 3TO MOCIEA0BATEIILHOCTD MPOIIECCOB, KOTOPHIE
MEPUOANYECKHA TMOBTOPSIOTCA B KaXJAOM pabo4yeM IUIUMHAPE U OOYCIaBIMBAIOT
paboty nsurarensin[l4]. «OTu mpormecchl COAEpKaT CKATHE W BOCILUIAMCHCHHE
TOILJIMBA, PACIIMPEHKE T'a30B U BBIXJIOMHBIC MpoIiecchin[12].

«Takt — »3TO wacTth pabouero MLMKJIA, KOTOpas MPOUCXOJIUT BO BpeMs
JIBIDKEHUS TIOPIIHSA MEXIY IBYMSI MEPTBbIMU Toukamu. OJMH TOJHBIN pabouunii
IIUKJT COCTOMT U3 JIBYX TAaKTOB, BITyCKHOT'O M BBIMTyCKHOTO»[25].

TerutoBast 3HEPTUS B JBUTaTEIM BHYTPEHHETO CIOPAHUS MCIOJB3YETCS IS
U3MEHEHUsI €€ B MEXAHUYECKYI0 SHEPIHUI0, C IOMOIIBI0 KOTOPOW CO3HAETCs
JBIDKEHUE padouero BemiecTBa. YacTo MCHOIb3yeMble BUABI paO0Yero BEIIeCTBa:
BO3/yX, ra3, TOIUIMBO, a TaKK€ CMECh TOIJIMBA U Bo3Ayxa. Hampumep, mapoBbie
aBTOMOOWIIM B KadecTBe paboyero BeIIeCTBAa HCMOJB3yeTCs Bojaa. Pabouee
BEILIECTBO MPOXOJIUT HECKOIBKO (DU3NUECKUX U3MEHEHUHN B IUJIMHJIPE ABUTATENS: B
XO[E€ JTOro Ipolecca OHO CXKHUMAETCs, HarpeBaeTCs, YBEIWYMBACTCS U
oxjaxnaaerca. Kaxaplil u3 3TUX 3TanoB BaXKeH, TaK KakK Il HOPMaJbHON padOThI
JIBUTATEIISI KAXKbIN U3 HUX JOJKEH MPOXOIUTh 3(PGHEKTUBHO.

«IIporecc padbotsr [IBC HaunHaeTcs ¢ moiauy TOMJIMBA U BO3yXa B IUITUHAD
nBuraresnis. Bo3ayx mpoxoauT depes3 Bo3ayX03a00pHUK U PUIIBTP, T/I€ OUUIIASTCS
OT TBUIM U APYTUX 3arpsA3HEHUN. 3aTeM OH MONaJaeT B UWJIMHIAP JBUTATEIs, T]e
CMEIIMBAETCA C TOIUIMBOM M 3aTE€M CKUMaeTcs mnopimHeM. [Ipu goctukeHuun
ONPEAECICHHON CTENEHU CXATUSI, B LHWJIMHAPE CO3JAETCS BHICOKOE HABIICHUE, UTO
NPUBOAUT K BOCIUTAMEHEHHMIO ToruBa»[9]. DToT mporecc co3aaéT B3pbIB, OH

ABHWIKCT IMMOPIICHD U PACIIMPACT a3, 4TO IIPUBOJUT K BPpAIlICHUIO KOJICHYATOI'O BaJja.
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KpyTsmuii MOMEHT c031a€Tcsi ¢ MOMOIIBIO KOJEHYATOro Bajld, KOTOPBI
MIEPEXOAUT Ha MPUBOIHBIC MEXaHU3MBI: (P EepeHITHATBI, TPAHCMHICCHS, U KOPOOKa
nepeaad. [locie yero npuBoASTCS B ABMXKEHUS KOJIECA aBTOMOOMIIS.

«B mporecce padotsl JIBC mpoucxoauT MHOXKECTBO MPOIECCOB, TAKUX KaK:

Bropeick TOmIMBa: TOIUIMBO BIPBICKUBAETCA B LWJIMHAP C TOMOIIBIO
WHXEKTOpa, TI€ OHO cMemuBaercs ¢ Bo3ayxoM. CoBpemenHbie JIBC ncnosb3yror
ANIEKTPOHHYIO CUCTEMY BHOPBICKA, KOTOPAsk KOHTPOJIUPYET KOJUUYECTBO TOIUIMBA U
MOMEHT €ro BIIpbICKa»[15].

«Cucrema oxnaxnaenus: [BC npou3BoasST MHOro Terwia, MO3TOMY UM
HeoOxonuma cuctema OXJIaXJIEHUs, KOTOpasi MOMOTaeT CHU3UTh TEMIIepaTypy
neuratensi. OOBIYHO CHCTEMa OXJIaXKJIEHUS COCTOUT M3 pajuaTopa, BEHTHIATOPA,
Hacoca, TepMOCTaTa U APYruX KOMIIOHEHTOB»[26]. B cucteme oxmaxaenus: gepes
JIBUTATENb UPKYJIUPYET KUJIKOCTh (BOa, aHTH(PHU3), a Jajiee OHA MOMaaaeT B
paguarop, TaMm Mepel TeM, KaK BEPHYTbCS B JIBUTaTElIb OHA OXJAXIACTCS U
MPOJOJKAET HUPKYJIALMIO.

«PerynmupoBanue knananoB: B JIBC ecTb KianaHbl, KOTOPbIE OTKPBIBAOTCS U
3aKPBIBAIOTCSI, YTOOBI KOHTPOJUPOBATH BO3AYLIHBIM TOTOK B M W3 MWIMHApA.
PerynupoBanue KiaraHoB OO0ECHEYMBACT ONTHUMAIBHYIO MPOU3BOJAUTEILHOCTh
aBuratessi»[17].

Cwmazka: B pgBurarene ucnonb3yercs CUCTEMa CMa3K, HaIlpaBJICHHAs Ha
CHUKEHHE TpeHHs U u3Hoca. OHa MOAIEpKUBAET OXJIAXKIECHUE U CMAa3Ky TPYLIUXCS
Jerajen, a Takke GUIBTPYET MacJio OT JIFOOBIX 3arpsi3HEHUHN, LIUPKYIUPYS IO BCEMY
JIBUTATEIIIO.

Komnpeccusi: korma mopuieHb ABUXKETCS BBEPX B LHWIMHJIPE, OH CHKUMAET
BO3/IYX, U JIaBJICHNE YBEINYHUBACTCSI BMECTE C HUM.

3akuranue: Korja Bo3yX CKUMAETCs JO ONPEACICHHOr0 Nopora, TOIJIMBO B
UUJMHIPE BOCIUIAMEHSIETCS, 4YTO MPUBOJIUT K B3PBIBY, KOTOPBIM NEpeMeiaet
MOPIIICHb BHU3.

Brixyon: mocne cropanusi BHIXJIOMHBIE Ta3bl BHIBOJATCS YEPE3 BHIXJIOMHYIO

CUCTEMY, I'’IC U3 HUX YAAJIAIOTCA BCC BPECAHBIC BCIICCTBA, IIPCIKAC UYEM OHU IIOINAAyT
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B OKPY’KaIOIIYIO CpELy.

Nneanbublii  1muki  BHyTpeHHero cropanus (JBC) cootBeTcTByeT
YIOPOILIEHHOW TEOPETHYECKOM MOJENIU, KOTOPYIO MCIOJB3YIOT JJIsI OMUCAHUSA
paboThI TEIUIOBBIX MPOLIECCOB BHYTPH JBUTATENS. DTa MOJENb HEOOXOAUMA s
MPOBEICHUS aHAIM3a PaOOThI ABUTATEISA, ONIPEIEIICHUS €T0 OIICHKU 3PPEKTUBHOCTH
Y IIPOU3BOJIUTEIIBHOCTH.

«MneanpHpIl LUK MPEANOJIaraeT, YTO BCE IMPOLIECCHl BHYTPU JBUTATEIS
poxoasT 0€3 MOTephb U UICAIBHO COTJIACYIOTCS C TEPMOAMHAMUYECKUMU 3aKOHAMMU.
B uieanbHOM LIMKJIE HE YUUTHIBAIOTCS TAKUE peaibHbIE (DAKTOPHI, KaK TEIUIOMOTEPH,
TPEHUE, HECOBEPLIEHCTBA CMECEBOr0 IMPOIECCa, TEPMUYECKHE U MEXAaHUYECKHE
IIOTEPU U IPYTHE HE UICATBHOCTH, KOTOPBIE IPUCYTCTBYIOT B PEAJIBHBIX JBUTATEISIX
»[24]. «CymecTByeT HECKOIBKO pa3MYHBIX WACAIBHBIX IHUKIOB, KOTOPBIC
UCIOJIB3YIOTCS. B TE€XHUUYECKOM JHUTEpaType Uil ONMucaHus paboThl pa3iMyYHBIX
THUIIOB JIBUTATENEH, TaKuX Kak UK Otro, nukia Ju3zens, nuki bpae, nukn Panknna
u npyrue»[20].

YeTbIpeXTaKkTHBIN ABUTAaTEIb ObLT BEIOpAH JUIsl JaHHOTO MCCIIEA0BaHUS.

«YeThIpexTakTHBIN ABUTaTENb BHyTpeHHEro cropanus (JIBC) paboTaet uepes
IIOCJIEOBATEIBHOCTh TEIUIOBBIX M MEXAHMYECKUX IPOLECCOB B LHJIUHIAPE
neurarensi. Pabora aurarens BKIIOYAaeT B ceOs YEThIPE OCHOBHBIE TAKTa: TaKT
BIIYCKa, TAKT CXKAaTHUs, TAKT CrOpaHus (WJIM PAaCUIMPEHMs) U TaKT BBIXJOMNA (CM.
PHCYHOK 2).

[y paboThI ABUTATENSE HAUMHAETCSD) C TaKTa BITyCKa, KOTOPBIM MMOKa3aH Ha
(C). Teneps mopuieHs Bpaiiaercs Bo BMT. Ilpu ero onyckaHuu A0 MOJOXKCHHS
NMT coznmaercs paspexeHue. OTOT BaKyyM 3acTaBIISIET BIIYCKHOM KiamnaH
OTKpPBIBATHCS, TaK YTO LWJIMHIP 3alOJIHAETCS OYHUIICHHBIM BO3IYXOM Yepe3
BO3MIYIIHBIA (PUIIBTP BMECTE C HEOOJBIION MOpIMEN BBIXJIOMHBIX Ta30B. 3a ATO
BpEMs B pe3yJIbTaTe CrOPaHHs MOPLIEHb BIABIMBACTCS B LUJIUHAP, B pE3yJbTaTe
yero gaeiieHue nocturaet 8-9 klla, a Temneparypa kosnebnercs B mpeaenax 50-
80°C.

3aTeM clieyeT TakT ckaTus (Korja mopiieHb nepemerniaetcs or NMT k
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BMT), u BHOyCKHOH M BBINYCKHOM KjamaHbl 3aKpbIBAlOTCA. DTO NPHUBOIUT K
YMEHBILICHUI0O 00bEeMa, 3a KOTOPBHIM CJEAYIOT TMOBBIICHUE JaBICHUS U
temnepatypbel. K koHIy cxkaTusi Temreparypa cocrasisieT okoso 600-700°C, a
nasienue B mpobke gocruraet 400-500 lla. «/Ins HamexHON pabOTHI ABUTATENS
TeMIlepaTypa BO3JlyXa IMOCJe CKaTus JOJHKHA ObITh HAMHOTO BBIIIE TEMIEPATYPHI
caMOBOCIIJIaMEeHEeHHs ToruTuBay|18].

BTtopoii BakHBIN TakT — 3TO TakT pacuiMpeHus: win padbounii xoa. Ha stom
sTane o0a KiamaHa ocTaroTcs 3akpbIThiMU. Korma mopmiens nocturaer BMT, ¢
JIPYroil CTOPOHBI, CBEpXTOHKas cTpys Tomusa (1,3 — 1,85 MIla) BeipeiBaeTcs u3
COIUIa M CMEIIMBAETCS C TOPSIYMM CKaTbIM BO3AyXOM. TOIUIMBO HarpeBaerc,
UCIIApSIeTC M BOCIUIAMEHSIETCS; OHO IIPOJOJDKAET YacTUYHO CropaTrh, KOTrJa
nopueHsb pocturaeT BMT, m momHOCTBIO cropaer, Korga MHOpPIIEHb HAYWHAET
OIlyCKaThCsl, co3daBas pabouuii XoA. DTO CropaHHe 3HAUUTEIbHO IOBBIIIAET
nasienue B nuuHape ¢ 600-800 kI1a no remmneparypsl 1800-2000°C, uTo npUBOAUT
K IepeMenIeHnIo nopmHs u3 nonoxennss BMT B nomoxenne NMT.

[locnenHuii stanm - TakT BblIycKa. llopmeHp cHOBa mnepeMemiaercs u3
nonoxxeHust NMT B nosoxkenne TDC, BeITankuBasi TOpSIIUE ra3bl 4EPE3 OTKPHITOE
BBIITYCKHOE OTBEpPCTHE. B 3TOT MOMEHT TemMmepaTypa HaxoAUTCst Ha oTMeTKe oT 600

1o 700°C, a naBnenue maaaet npumepHo o 11-12 xl1a.

Pucynox 2 — PaGounii npoiiecc 4eThIpeXTaKTHOTO JBUTATEIs
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[Ipu ¢uHane TakTa BBIXJIONA ITMKJI JABUTaTelIs] BO30OHOBISETCS C TaKTa
BITyCKa, MHUIIUUPYS OYSPEIHON UK pabOThI YeTHIPEXTAKTHOTO ABUTaTeNs. B xone
3TOTO0 MpoLecca IPOUCXOIUT CrOPAHUS TOIUIMBHO-BO3YIITHOM CMECH, B PE3yJIbTaTe
Yero TETJIOBasi SHEPTHsI IEPEXOIUT B MeXaHu4eckyto. Jlanee aTa mpeoOpa3oBaHHas
MeXaHU4YecKasi SHEeprusi IMepenaeTcsl 4Yepe3 KapJaHHBIH Bal Ui BBITOJHEHUS
pa3nuuHbIX (QYHKUMH, BKIOYas JBMDKCHHE aBTOMOOWIS HIIM  BBIPAOOTKY

QJICKTPOOHCPIHUHU.

1.3 Hponeccu, MPOUCXOISAAIINE B CUCTEME BIIPbICKA TOIIJIMBA

Ilepen aHaM30M MPOLECCOB, MPOUCXOAAIINX B CUCTEME BIPBICKA TOILIMBA
CIEAYET U3YUUTh YCTPOMUCTBO TOIUIMBHOW CUCTEMBI, TEPMUHBI U OIIPEICIICHUS.

OcHoOBHast 3ajadya CHCTEMbI MOJAYM TOIUIMBA - PACIPENENATh TOILIMBO,
HEOOXOJIMMOE JIBUTATENII0, BO BCEX pEXKHUMaxX €ro paboThl, a HMMEHHO: MpH
HOPMAJIbHOM, MEIJIEHHOM, YCTOMYMBOM, OBICTPOH, JIETKOM Harpys3ke, XOJIOJHOM
JIBUTATEJIC M XOJIOJHOM 3amycke. MCTOYHMKHM TOIUIMBA MOTYT HaXOJMUTHCS Ha
0e30MacHOM PacCTOSHUU OT BIYCKHOTO TPyOONpOBOJAa M, CJIENOBATEIBHO, JINOO
BIIPBICKMBATHCS U3  HEro, JmbOO TOAaBaThC K  COOTBETCTBYIOIIEMY
TOIUJIMBOITOKAYHNBAIOIIEMY HACOCY.

Ha pucyHke 3 npeacraBiieHa cucTeMa MoJayu TOIUIMBA.

Pucynok 3 — CucrtemMa rnojayu TOmjinBa
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«Moaynb 371eKTpUUecKoro OeH30Hacoca, pa3pabOTaHHBIN JIJIs1 aBTOMOOMIIEH
BA3, o0beanHeH ¢ TOIUIMBHBIM OakoM. Mojynb BKIIOYAaeT B CeOsl TOIIMBHBIN
HAcoC, TaTYMK YPOBHS TOIUIMBA, QUIIBTP U 3aBUXPUTEIb, CITYKALUHN I OTCICHUS
My3bIPPKOB MMapa. Mojyllb TOTPYKHOTO THIIA OMBIBAETCS OKPYKAIOIIUM €ro
OCH3MHOM, I[O3TOMY OH JOCTaTOYHO OXJaXIAeTcs, YToObl OE30MacHO
(GyHKIIMOHUpPOBaTh 0O€3 pucka 00pa30BaHUs B3PHIBOOIIACHOM CMECH B KOpIIyCe
Hacoca M3-3a OTCYTCTBUS KHCJIOpOJa. DJIEKTPOHACOC HEMPEPHIBHO HArHETaeT
TOIUIMBO W3 0aka B TOIUIMBOMPOBOM»|13], mommepkuBas COOTBETCTBYIOIICE
JaBJICHHE OKOJIO 6 atMocdep, 9TO HAMHOTO BBIIIE, YeM JaBJICHHE, HEOOX0IUMOe
s pabotel aBurarens. Hacoc mmeeT cmemumanbHOEe penie, KOTOPOE MOMOTaeT
yIpaBJATh €ro paboTOM C NOMOIIbI0 KOHTpoJUIepa cucTembl. biaromaps srtoit
CHUCTeME IoJladya TOIUIMBA TMPEKpaIlaeTcss NpHU BKIIOUEHHOM 3aXKUTaHUH, W
BBIKJIIOYEHHOM JIBUTATeNle, YTO TOBbIMIAeT Oe30macHocTh U 3((HEKTUBHOCTH
CUCTEMBI.

TonnuBHeIA (GUABTP: BaXXHO MOAAaBaTh B JIBUTaTellb aBTOMOOWJIS TOYHOE
KOJIMYECTBO TOIIMBA, TOIUIMBHASI CHCTEMa aBTOMOOMJISL pacCUMTaHa Ha TO, YTOOBI
TOTTUBO OBLIO YUCTHIM. TBepible YaCcTHUIIbI, TAKNE KAK YACTUIIBI MTOYBBI, YACTHUIIHI
u3 atMocdepsl U JApyrue, MOTyT HE MpouTH Oe3 Bpeaa, momaB B (OPCYHKH U
peryyaTop AaBJIECHUS, YTO BIOCIEACTBUU YBEIMUMBAET U3HOC. J{s perenus sTon
poOJIeMbI B CHCTEMY BKIJIFOUAETCS TOITUBHBINA GUIbTp. «/laHHBINA GUIBTP COCTOUT
U3 dJIEMEHTa C MOPUCTOCTHhIO OKOJIO 10 MKM M METaJJIMYECKHMM BOJIOKHOM B
OTJEIBHOM METAJUTUYECKOM KOpIyce. DTOT AJIEMEHT (PUKCUPYETCS C MOMOUIBIO
¢dmanma, KOTOpHI ero mojaepxkuBaeT. YacTora 3ameHbl (QHIBTpPa 3aBHCUT OT
o0beMa U ypOBHS 3arpsisHeHus TortrBay|13].

«TonauBOMPOBOABL: BHIESAIOT MPSAMON U 0OpATHBIM TOIIIMBONPOBOABL. J{7st
TOIIMBA, MOCTYIAONIEr0 U3 MOJYJS 3JEKTpOOEH30Hacoca B TOIUIMBHYIO PaMILy,
UCIOJB3YIOT MPSAMOM TOIUIMBOMPOBOJA. Jlisi OCTaBKM M30BITKA TOIUIMBA MOCIE
perynsTopa aaBieHHus oOpaTHO B 0aK HCIONB3YIOT OOpAaTHBIA TOIIMBOMPOBOI
[13].

«TonnmBHAs paMIia: TOTUIMBO MOCTYIAET B TOTUTUBHYIO paMITy ¥ paBHOMEPHO
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pacmpezensercs Ha Kaxayo (GopcyHKy. Perynarop naBieHus TOIUIMBA U HITYLED
KOHTpOJS naBieHus» [13] pacmonoskeHsl BHYTpH TPYOKH TOTUTUBHOW PaMITbI, KaK
nokazaHo Ha (Pucynke 4). Pasmepbl u ¢opma TOIUIMBHOM paMIIbl CO3JaHbI IS
YCTPAaHEHHsI YACTHBIX ITyJIbCAUI JaBJIEHUS, KOTOPbIE MOT'YT BO3HUKHYTh BO BpEMS

pe30oHaHca pu paboTe UHKEKTOPa.

BUHTb KPeNNeHns pamna

—

wryuep

perynarop

T AaBnexnn

Pucynok 4 — TorunBHas pamia

«Perymarop paBneHus TtommmBa: KoignuecTBo 1MogaBaeMoro  TOIUIMBA
perynupyercs 0€3 ydera JaBleHUS TOIUIMBA WJIM HPOAOKUTEIBHOCTH BIPHICKA,
MIOCKOJIBKY OHO IMOJHOCTBIO 3aBHCHUT OT BPEMEHHU OTKPBITOTO COCTOSIHUS (POPCYHOK.
UYroObl rapaHTUpPOBAaTh TOYHOE MCIIOJIHEHUE, JABJICHHE TOIUIMBA B TOIIMBHOU
paMIie ¥ BIIyCKHOM KOJIJIEKTOPE, KOTOPOE SIBJISIETCS MEPEIATIOM JIaBJICHNS BO BCEX
TpyOKax BOPHICKA, TOJKHO OCTaBaThCA MOCTOSTHHBIM. B 3TOM UM 3akitoyaeTcst posib
perynsTopa aaBieHus TormBa»[13].

«Hmwxe mnokazaHa KOHCTPYKIMS peryistopa (pUCyHOK 5). BHyTpu
pe3uHOTKaHeBass MeMOpaHa pas3fesisieT PeryjsTop Ha JBE KaMmepbl: OAHY IS
TOIIMBA U OJIHY JJIs1 IpYXUHbI. Takum oOpa3oM, KOrja JaBjeHHE BbIIIE, YEM CHIIA
NPYXKUHBI, KJIAlaH OTKPBIBAETCS, TEM CaMbIM MPOIyCKas B UUJIMHAP AOCTATOYHOE
KOJIMYECTBO TOIUIMBA, YTOOBI JIaBlICHUE Yepe3 MeMOpaHy ObuIo cOamaHCHPOBAHO.
Ora KaMepa COEIMHEHAa BO3AYIIHOM TMpPYKMHOM C BIYCKHOM KaMepou 3a
JIPOCCEIIBHOM 3aCIIOHKOM, YTO JEJIAeT €€ TAaKXe BOCIPUUMYMBON K BaKyymy
BITYCKHOU Kamepbl. B pe3ynbrare 6anaHc naBieHus B MeMOpaHe TOBTOpsIET OaiaHc
JABJICHUSI B UHXKEKTOPAaX, PaBHBIA YCUIIUIO TIPYKUHBI, YMHOKEHHOMY Ha TUIOUIA/1b

nauadparMel Uit COXpaHEHHUS TOJIIIMHBI TEPEX0HON 30HBIN[1].
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PucyHok 5 — Perynstop naBieHust TOIUIMBA

«9nexkrpoMaruutHas ¢GopcyHka: OCHOBHOE YCTPONCTBO JO3UPOBAHUS
TOIUIMBA. DJIEKTPOMAarHuTHas (popcyHka (pUCYHOK 6) MMEET KIIAaHHYI0 WUIITY C
3aKpEeIJICHHBIM Ha HEW MAarHUTHbIM cepAcYHUKOM. (OHa OYeHb TOYHO
OTPETYJIMPOBaHa B KOPIYCE PACHbUIMTENS. B CIIOKOWMHOM COCTOSIHMM CIIMpAJIbHAsS
NpyKMHA TMPWKAMAET WIJy KIiamnaHa K YIDIOTHUTEIbHOMY CEIJly KOopIryca
pacmbUIMTENsl W 3aKpbIBaeT OTBEpPCTUE ISl BhIXOJa TomuBa. Ilpu momaue
AIIEKTPUUECKOTO TOKA CEpJICYHHK C UTIION KianaHa noguuMaercs (Ha 60-100 Mxm),
U TOIJIMBO BIPBICKUBAETCS uepe3 KAIMOpOBAHHOE OTBEpCcTHE. B 3aBUCMMOCTU OT
crioco0a BIpbICKa, YaCTOThI BpaIllEHUsI U HATPY3KHU ABUTATENS BpeMs cpabaThiBaHUs
cocraBisier 1,5-18 mc mpu wactore cpabarbiBanus 3-125 TI'm. 3aBucumocTh
KOJIMYECTBA TOILJIMBA, MPOXOIAIIETO Yepe3 UHKEKTOP, OT BPEMEHH OTKPBITUS MPHU
MOCTOSIHHOW pAa3HUIIE JIaBJICHUN SIBIISICTCS Ba)XHEWIIUM TIOKazareleM padoThl
MHXXEKTOpa». 13 BBILIEYTOMSIHYTOI'O Mbl TOHUMAEM TO, YTO UHXKEKTOP - JOBOJIBHO
BOKHBIA DJIEMEHT B CHUCTEME BIphICKA. I3-3a 3TOro OH TpeOyeT MOBBIIIEHHOIO

BHUMaHU K cede. Kak mpoucxoauT BOPHICK TOTIJINBA

b

wa w N

A

L4

Pucynox 6 — DnekrpomarautHasi popcyHKa
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s abdexTuBHOM paboThl KaMmepbl cropanus paboyee BEIIeCTBO JOHKHO
o0nasaTh MpaBUIBLHBIM COCTABOM BO3/lyXa M TOIUIMBA MPU CrOPAHUU. DTOT COCTAB
oOpa3yeTcsi B BITYCKHOH TpyOe, KOTOpas BTSATHBAeT BO3AyX B JBUTATEIb U
CMEIIMBAET €ro C KalUIiMU TOIUIMBA, MPOU3BOAUMBIMH HHXKEKTOPOM. 3aTeM
WHXEKTOP TOTy4aeT KOMAaHAY «OT KOHTPOJUIEpa M OTKPHIBACT CBOHM 3aKPBITHINA
KJIallaH, 4YTOOBI PAcCHbUINTh TOIUTMBO, KOTOPOE TIOCTYNAaeT BO BITYCKHOU
TpyOOmnpoBO/ nepet KiananoM. [lockoibKy nepenaj AaBieHus TOIIMBA CTaOWIIEH,
00BeM TMOAABAEMOTO TOTUIMBA MPOMOPIHUOHATICH KOJIMYECTBY CEKYHI, B TCUCHUE
KOTOPBIX KJiamaH (OPCYHKH OCTACTCsI OTKPBIThIM»| 13].

«KoHTpomiep OCyIIECTBISET PETYJIUPOBKY COOTHOIICHHUS TOIUIMBHO-
BO3MIYITHOW CMECH ITyTeM HW3MEHEHUS JIUTEIHPHOCTH HMITYJbca HWHXXEKTOpA.
VY nuHeHue BpeMeHH BIPbICKA TOIUIMBA MPUBOJIUT K YBEIMUYECHUIO 00heMa TOTTMBA
¥, COOTBETCTBEHHO, K OOOTAIICHUIO TOIJIMBOBO3AYIIIHON CMECH, a COKpaIlEHHUE - K
YMEHBIIICHHIO 00beMa TOILIMBA M OOCAHCHHIO TOIUIMBOBO3AYIIHOW cMmecu»|13].
TouHOE KOJIMYECTBO BIPHICKMBAEMOTO TOIIMBA, a TAKKE MOMEHT BIIPBICKA — BCE
9TO BaXHBIC (AKTOphl pPaOOTBI JBHUTATENs BHYTPEHHETO cropaHus. Jlis
oOecrieueHus HauIy4IIeldl MOIIHOCTH JBUTATENsl KOJMYECTBO (POPCYHOK JOIHKHO
OBITh pPaBHBIM KOJHMYECTBY IWJIMHIPOB B JBUTATEIC BHYTPEHHETO CrOpPaHUS.
KonTponnep obecnieunBaeT nojgavy U CICTUT 3a JJIUTEIBHOCTHIO BIPHICKA, YTOOBI
KOHTPOJMPOBaTh 00pa30BaHUE TOTUIMBHOM TUICHKH HA CTEHKAX BIIYCKHOTO TPAaKTa.
DTOT AedeKT Yalie BCETO BO3HHUKACT MPHU HEMOJHOM CTOpaHWUU TOIUIMBA, KOTOPOE
oOecrieunBaeT 6oJiee 6OraTyr0 TOILTUBHO-BO3IYIIHYIO CMECH.

[Ipu 3amycke pABUTATENs MPOJMODKUTEIBLHOCTh  BIPBICKA  TOTUIMBA
aBTOMATHYECCKH PACCUMTHIBACTCS CHCTEMOW, YTO IPOMCXOAHWT O€3 OKHUIaHUs
CUTHaJla JaT4hKa MAacCOBOTO pacxoaa Bosayxa. [Ipm 3TOM y4HTHIBArOTCS
CHeIUaibHble  WHCTPYMEHTBI, KOTOPBIC  HCIOJB3YIOTCS I YTOYHCHHS
MIEPEMEHHBIX, ONPEACIICHHBIX JIJIS CTICITUANBHBIX IICJICH, HAaPUMEp, 11T KOPPEKITUH
pa3TUYHBIX YCIOBUH. B aBTOMOOMIN MpU CHUKEHUU HANPSOKEHUS] OOPTOBOM ceTH

MNPpOUCXOAUT YBCIMYCHUC OIUTCIbHOCTH BPCMCHHW OTKPLITUA MIJIBI KilallaHa
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WHXEKTOPA, YTO, COOTBETCTBEHHO, YMEHBIIAET KaK BPEMsI OTKPBITUS MHXKEKTOpA,
TaK M INIOTHOCTb [MOAABAEMOTI0 TOILIMBA.

YToOBl IPOTUBOCTOSATH U3MEHEHUSM HANPSKEHUs, KO3PPUIMEHT U3MEHSIET
TOJIBKO BpEMs YNPABIAIONIMX CUTHAJIOB, MOCHUIAEMBIX HAa HWHXEKTOP, YTOOBI
(dakTUyecKkoe CoJep)KaHWE TOIUIMBAa ObulO MpaBWIbHBIM. OJHAKoO 3TH
KOA(Q(UIUEHTBHl PETYJIUPOBKU OCTAIOTCSA HEOTHEMJIEMOM YacThlO MPOLEAYPHI,
UCTIONB3yeMOM Ui pacuera (aKTUYECKON JIUTETbHOCTH HEOOXOJUMOTO CHTHaa
ylpaBiaeHUs! POPCYHKOM.

BreiBojx o rnase

B nepBoil r1iaBe cdopmyaupoBaHa IOCTAHOBKAa 3aJa4d BBITYCKHOMN
KBaJIM(UKAIIMOHHOW pabOThl, PAacCMOTPEHbl OCHOBHBIE MPHUHLMIBI PaOOTHI
JIBUTATENs] BHYTPEHHETO CrOpPaHUs, TAKKE OMHMCAHbI MPOLECCHI, MPOUCXOSALINE B

CUCTCMC BIIPBICKA TOILJIMBA.
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I'maBa 2 MeToa0/10rnyecKue OCHOBBI OMUCAHNS PA60THI (POPCYHOK

2.1 IlpuHUOMIIBI MO/IEJINPOBAHUS NIPOLIECCOB B ABUTaTeJIe

MatemaTndeckoe MOICTUPOBAHKIE — ATO MOIITHAS METOJIOJIOTHS, C TIOMOIIIBIO
KOTOpPOH MOXXHO KOJMYECTBEHHO IIPOTHO3UPOBATh MW  IPOAHAIM3HPOBATH
XapaKTEPUCTUKH OOBEKTOB M CHUCTEM PEaIbHOI0 MHUpa. ITa METOO0JIOTHS IIIHPOKO
WCITOJIB3YETCSI I M3yYCHUsI HAYKH, YKOJIOTHH, TEXHOJIOTUN, SKOHOMUKH U JAPYTHUX
o0IacTen.

OCHOBHOH TIEPI0 MATEMATHYECKOTO MOJCIUPOBAHUS SBISACTCS CO3JIAHHC
MaTeMaTUYECKUX MOJeJIeH, OIMCHIBAIOIIMX CBOMCTBA M OCOOCHHOCTH OOBEKTA,
KOTOPBIM SIBISICTCS MPEIMETOM HCCienoBaHus. JIJIsl BBIpaKEHHUS ATHUX Mojeleh
YaCTO HUCIIOIB3YIOTCS YpaBHEHUS, DYHKIIMH, aJITOPUTMBI WU TpahUIECKHE CXEMBI.

MaremaTudeckoe MOJCTUPOBAHNE COCTOUT U3 HECKOJIbKHUX 3TAIOB:

— OTIpeJICJICHHEe MaTeMaTHIECKOM 3a/1auu;

— GhOpMYITMPOBKA IETH UCCIICOBAHUS;

— pa3paboTKa MaTeMaTUYeCKOW MOJIEIIH;

— ACCJIEI0BAHUE MOJIEIH;

— pelIeHrue MaTeMaTHICCKUX 3a/1ad,

— aHaJIu3 pe3yJIbTaToB,

— MHTEPIIPETAIUS PE3YIbTATOB.

JIOCTOMHCTBO MaTeMaTHYECKOr0 MOJICIIMPOBAHHE KPOETCS B TOM, UYTO OHO
oOecrieuynBaeT NpEICKa3aHUE TOBEJACHUS CHUCTEM B Pa3IMYHBIX YCIOBUAX WA
UCCICAYEMbIX  OOBEKTOB, TaKXKe TO3BOJSICT  TMPOBOJWTH  BHPTyaIbHBIC
AKCIICPUMEHTHI, ONTHMHU3UPOBATh IlapaMeTpbl W IPUHUMATh OOOCHOBAHHBIC
pemenus. Co3laHHBIE MOJIEITA TTOMOTAIOT SKOHOMHTH BPEMsI M PECYPCHI, a KpOME
TOr0, MUHUMHU3UPOBATh PUCKH, CBS3aHHBIC C (PU3UICCKUMHU IKCIICPUMEHTAMH.

CoBepIlIeHCTBOBAHNE KOMITBIOTEPHBIX TEXHOJIOTHI MOBJICKIIO K YBEIIUUEHUIO
BOXHOCTH MAaTEMAaTHYECKOTO MOJCIUpOBaHUsS B HameMm Mupe. CoBpeMEHHBIC
BBIYUCIUTEIbHBIE TEXHOJOTHH TIO3BOJSIOT 3(G(PEKTHUBHO peIiaTh CI0KHBIC

MaTeMaTHYECKHE 3aJaud U 00padaThiBaTh OOJBIINE MAaCCUBBI JTaHHBIX. TaKuM
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o0pa3oM CIenuaaTu3upoOBaHHOE MPOTrPAMMHOE OOECIEYeHHE CTAI0 BAKHEUIIMMU
MHCTPYMEHTOM JUISl YYEHBIX M CETOAHS SBISIFOTCS OCHOBHBIM CPEIACTBOM
HCCIICIOBAHUS M TIPOCKTUPOBAHHUS B HAYUYHBIX U MHKEHEPHBIX 00JIaCTSX.

Bo Bpemsi pa3paboTku MareMaTHYeCKOW MOJIETU «BBIIOTHSIOTCS YEThIPE
JTamna:

1. mpuHSATHE TUMOTE3bl U Ha UX OCHOBE (HOPMYJIMPOBAHHUE «3AKOHOB» IS
OMMUCaHUs SIBIICHUM B OOBEKTaX, KOTOpPbIC 3alMCHIBAIOTCS B MAaTEMATHYECKUX
TEpPMHHAX KaK 3aMKHYTasl CHCTEMa YPaBHEHUN MOJIEIIH;

2. IOCTAaHOBKA U MCCIIEIOBAHUE MATEMATUYECKUX 3a4a4 JJIsl PEIICHUS UX T10
YPaBHEHUSIM MAaTEMATUYECKON MOJEIH;

3. HaxOXJEHUE PpEIICHUM 10 YCJIOBUAM 3ajad WM psja 3aaad, C
MCIIOJIb30BaHUEM AHAJTUTUYECKUX WJIM YHUCICHHBIX METOJIOB, KOTOPHIE MOTYT OBIThH
pean3oBaHbl HAa DBM;

4. BBISICHEHHE TOIO, YAOBJETBOPSET JM MPUHATAS MOJAEIHb KPUTEPUIO
MPAKTUKHU, TO €CTh COTJIACYIOTCA JIU PEIIEHUs 3a7ay, CICICTBUS TUIOTE3 B OCHOBE
MOJIC/IH, C JIaHHBIMH HaOJroaeHuil. Ecau Monenb He yAOBICTBOPSET KPUTEPHIO
MPaKTUKU, TpeOyeTCs BEPHYTHCA K 3Tany | U mepecMOTpeTh TUIIOTE3bI, 3aJI05KCHHBIC
B OCHOBY Mojenn»[21].

«MaremaTH4eCKOE MOJICJIMPOBAHUE COOTBETCTBYET HAyYHOMY METOIHY,
KOTOPBIM BKJIIOYaeT (OPMYJIMPOBAHUE MCXOIHBIX THIOTE3, BBIBOJ M3 HHUX BCEX
CIICJCTBUM, COINMOCTABJICHHUE CIICICTBUN C JaHHBIMU HAOMIOJACHUM WU TPUHITHE
TEOPUM WM €€ OTKJIOHEHHE B 3aBUCUMOCTH OT TOTO, COOTBETCTBYIOT JIM €€
pe3yabTarthl HaOmogaeMbiM daktaM. llenpio wuccnenoBaHus, BBINOJIHEHHOTO
HAyYHBIM METOJIOM, SIBJIIETCSI TEOpHsl, KOTOpas MPEACTaBISICT COOOH CcHCTEMY
OCHOBHBIX HJIEM B TOW WJIM HHOM O0OJACTH 3HAHUH, MAIOUIYI0 I1IEJTOCTHOE
MPEJICTABJICHUE O 3aKOHOMEPHOCTSX U CYIIECTBEHHBIX CBS3SIX AEHUCTBUTEIIBHOCTH.
KputeprieM HCTHHHOCTH M OCHOBOM Pa3BUTHsI TEOPUH SBJISCTCS MpakTuka»[17].

«ITpu coznannym MaTeMaTUYECKON MOJEIIN CHAaYajaa MPUHUMAIOTCS TUIIOTES3bI,
KOTOpBIE ONPEAEISAIOT YIPOLICHHS, CIEACTBUEM KOTOPBIX SIBJISIETCS KOHKPETHAs

3aMKHyTasi MaTeMaTHdecKas MOJelb NpoLeccoB B Kiacce oO0bekToB. llpn
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IIOCTAHOBKE M PELICHWH KOHKPETHOM 3aJa4d BHECEHHME M3MEHEHUN B MOJEIb HE
JOMyCKaeTcs.  ODKCHEpUMEHTAJIbHAsE ~ IPOBEpKa  MOJEIM  NPEArnosaraer
OTIPEJICIICHHYI0 TOYHOCTh U MOJHOTY JaHHBIX U3MEpPEHUN Ha (PU3NYECKON MOJeu
00BbEeKTa, aJCKBAaTHOM MOCTAHOBKE 3agaud. lIpyW BBINONHEHHWH HSTUX YCIOBUH
DKCIEPUMEHTAIIBHYIO TPOBEPKY MPOXOAAT 3aJI0KEHHBIE B OCHOBY MOJEIHU
runote3bin[16].

Bospemst MozenupoBaHus MPOLECCOB B IBUTATENSIX BHYTPEHHETO CrOpPaHUs
WCIIOJIB3YIOTCS CIAEAYIOLINE MPUHIIUIIBI:

— BBIOOp MaTEMaTHYECKOHM MOJENH: BbIOOp TMPABWIBHOW  MOJIETHU
OCYILECTBIISIETCS B PE3YJbTATE TIIATEIBHOTO U3YYEHHUsI COBOKYITHOCTH YCJIOBUU, B
COOTBETCTBUM € (U3NYECKUMHU 3aKOHAMH, ONMCHIBAIOIIME IEPEUUCICHHBIC
IIPOLIECCHI,;

— 3aJ]JaHU€ TPAaHUYHBIX YCIOBUMN: HEOOXOAMMO 33aJaTh I'PAaHUYHBIE YCIIOBUS,
KOTOPBIE YUYTYT CHUCTEMBI, T.€. JBUIaTellb, CUCTEMA IOJAYU TOIUIMBA, BBIXJION U
JIPYTHE DJIEMEHTHI,

— BbIOOpP YHMCIIEHHBIX METOJIOB: BBIOOP MOJXOASILUX YHUCICHHBIX METOOB
JIOJKEH YYUTBHIBATh OCOOCHHOCTH MPOLIECCOB, M YUUTHIBATh 3aJaHHbIE TPAHUYHBIE
ycnoBusi. Yacto mpu monenupoBanur B JIBC mpuMeHSIOTCS Takue METOJbI:
KOHEYHO-3JIEMEHTHasI CeTKa, 00bEMHAas CeTKa U METO/Ibl KOHEUHBIX Pa3HOCTEH;

— OLEHKa TOYHOCTH MOJAEIUPOBAHUA: NPOBEPKA TOYHOCTH MOJIEIH
OCYILECTBISIETCA IIyTEM CPAaBHEHUSA IOJYYEHHBIX peE3yJbTaTOB C paHee
ITOJTYYEHHBIMH SKCIIEPUMEHTAIBHBIMY JaHHBIMHA. DTOT MPUHLMI B MOJIECIIUPOBAHUH
ITO3BOJIAET BBIABUTH aJ€KBATHOCTh U TOYHOCTh MOJIEIH, OIPENEIUB ITPABUIIBHOCTD
Y IIPUTOTHOCTD IOJyYEHHBIX PE3YJIbTaTOB;

— BajguJauys MOJEIM: 3TOT MPOLECC BKIIOYAET IMPOBEPKY MOJEIM Ha
TOYHOCTb ITPOTHO3UPOBAHUS PE3YyJbTATOB B PEAIBHBIX YCIOBHUAX JKCILTyaTallUH.
VYenemnas  Banuaanus — CBUIACTEIBCTBYET O  HAACKHOCTH  MOJEIH  JUIA
MOJEIUPOBAHUS PEATBHBIX MPOLIECCOB;

— MCIIOJB30BaHUE MOJEIU JUIsl ONTUMHU3ALMU: II0CIE BAIUAALUU MOJIEIb

MOXET ONTHUMHU3UpOBaTh pabory jgBuratens. C TOMOIIBIO  pPE3yJIbTaTOB
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UMUTHUPOBAHUS MOXKHO HKCIIEPUMEHTHUPOBATh C HW3MEHEHHEM XapaKTEPUCTHK
JBUTaTelid BHYTPEHHErO0 Cropanusi, 4ro mno3Boiser mnoseicuth KIIJ n
ONTUMHU3UPOBATh PalboTy.

JUist  cOOTBETCTBUSA MpUHUMIAM MojaenupoBaHus mnpoueccoB B JIBC,
IPOrpaMMHO€E 00eCTIEYEHHNE JTOJKHO UMETh clleAyronue GyHKIUU:

— (YHKIUS TOCTPOEHUS MaTEeMaTHYECKOM MOJIENH, KOTopas OTpa)kaeT
buznyecKkre mpoIecchl, MPOUCXOAAIIUE B IBUTATENIAX BHYTPEHHETO CTOPAHUS;

— TIOJJEpXKKa MOoAeNel TedyeHUs KUAKOCTHU. [IporpammHoe obecrieueHue
JOJKHO TO/JIEPKUBATh Pa3JINYHbIEe MOJENI TEUECHUS KUAKOCTH, BKIIIOUas MOJIEIb
BIIPHICKA TOILINBA;

— HOJJepXKa pabOThl C APYyruMu nporpamMmmamu. Hampumep, mHTerpanus
MAKETOB MOJEIMPOBAHUS CUCTEMBI OXJIaX]ICHUS, CHCTEMBI YIIPABJIEHUS U APYTHE;

— CPaBHMTEJIBHBIN aHAJIW3 Pa3HbIX KOHCTPYKLIMM JBUTATEIEH BHYTPEHHEIO
CrOpaHus Ui BbIBICHUS 3P PEKTUBHON KOH(PUTypau;

— MOAJIEPKKA MOJIB30BATEIBCKUX MNOAMPOrpamMM, B KOTOPBIX MPEeTyCMOTpPEHA
BO3MOXXHOCTh HCIOJIb30BaHMsI IOJh30BATEILCKUX ITaKeToB Ha Oaze SiminTech.
Hanpumep, makeT A MOACIUPOBAHUS CUCTEMBI BBIXJIOINOB;

— BBICOKasi TOUHOCTb U CKOPOCTb PacdeToB JJisi 00eCreueHus: JOCTaTOUHO
OJIM3KOTO YMCIIEHHOTO PEIICHUs K TOUHOMY;

— M0JIb30BATEIBCKUIM MHTEPPEIC TOJIKEH 001a1aTh XOPOIIO TPOPaOOTaHHBIM
MOJIb30BATEILCKUM ~ MHTEpdercoM, o0ecrneynBammuM ya00CcTBO paboThl U
3 PeKTUBHYIO BU3YyaTU3aIUIO PE3yJIbTaTOB.

JIJist yCOBEpIIEHCTBOBAHUS ITApaMETPOB JIBUTaTeell BHYTPEHHETO CropaHus,
HaM HEOOXOJAMMO HCIONb30BaTh IMPOU3BOAUTEIbHBIE METOAbl ONTHMHU3AIINY,
KOTOpbIE MOAPAa3yMEBAET UCIOJIb30BAHUE TOUYHBIX MAaTEMAaTUYECKUX MOJENEH AJis
pELIeHMs CIOXKHBIX 3a7a4 CHCTEM BIpbICKa TorumBa. OnTumusanus Ipolecca
BIIPHICKA TOILJIMBA BKJIIOYAET B ce0s: ONTUMHU3ALMSA KOJWYECTBA PaCHbLISIEMOTO
TOIUIMBA; PETYJIIUPOBAHUE MTPOIOJKUTEILHOCTH BIIPBICKA TOIJIMBA; PErYJIUPOBAHHE
JABJICHUS BIIPBICKA; YIPABICHUE TEMIIEPATYPOUl TOIJIMBA U TOIINBHOW CHCTEMBI,

«MaremaTudeckue MOJC/IH, HUCIIOJIB3YEMBIC B IIPOIrpaMMHOM O6€CH€‘IGHI/II/I,
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JOJKHBI  OBITh yYHMBEpPCAJbHBIMH M JOCTATOYHO TOYHBIMHU, YTO IO3BOJIUT
UCIIONIb30BaTh pa3pabOoTaHHBIA MHCTPYMEHT Ui pa3HbIX 00BEKTOB. OHU Takke
JOJKHBI 00J1a/1aTh BBICOKUM OBICTPOJCHCTBHEM, TaK KaK pPEUICHHE MPUKIIAJIHBIX
3aj1a4 JIOJDKHO YKJIQJIBIBATHCS B pa3yMHbIe BpeMeHHbIe paMku»[10].

Paspabotka makera Ha 6a3ze SimInTech mms monmenupoBaHus paboOThI OJI0Ka
U3 IBYX (hOPCYHOK, BKJITFOYAET B Ce0s CIICAYIOMINE BOMPOCHI: TEXHOJIOTHIO BIIPHICKA
TOIIMBA (DOPCYHOK M BIIMSHUE PA3TMYHBIA 3JI€MEHTOB TOIJTUBHOW CHCTEMBI JPYT
Ha gApyra. [ms Mcmonp30BaTh BCEX NPEUMYIIECTB JaHHOTO TAKeTa, CIEIyeT
HACTPOHUTH TMOJIb30BAaTEIbCKUN HWHTEpPQEC ¢ BBHIBOAOM BCEX HEOOXOAUMBIX
rpaukoB

[Ipu cozmaHnK METO0B U HOBBIX MOJEJEH, ONTUMHU3UPYIOLIUX PabOThI
JIBUTATENS, CIEAYET YUYUTHIBATh peanucanus K 3pGEeKTUBHOCTH U
sKoJIorHyecKkoil OezomacHoctd. OnHa W3 THaBHBIM 3amad 3TO pa3paboTka
KOMIBIOTEPHOH ~ MOJIEIM €  OBICTPOACUCTBYIOUIMMH  YHUBEPCAIbHBIMU
MaTEeMaTHYECKUMU aJITOPUTMaMH, KOTOpbIE MOKa3bIBAlOT pPAa0OTy TOIUIMBHOU
CUCTEMBI.

Tounocte makera OyAeT TmpoBepseTCs MyTeM CpaBHEHHUS JIaHHBIX
MOJICJIMPOBAHUS C PEaJbHBIMU SKCIIEPUMEHTAIBHBIMU JIaHHBIMH, YTO SIBJISETCS
BaYXHBIM 3TaIoM HccienoBanus. Lleab cocTouT B TOM, 4TOOBI MPOBECTU Pa3padOTKyY
nenoro Habopa TMPOTPaMMHBIX TAKeTOB C TPOCTHIMA B HWCIOJIB30BaHUU
uHTep(dericaMu W BCIIOMOTATENIbHBIMM ~ CHCTEMaMU  yIOpaBlIeHUs s
MOJCIMPOBAHUS W ONTHMH3AIMK JABHUratens. Takke JdaHHas MporpaMma
o0ecreunBaOT aHadu3 MHOTOMEPHON ONTUMHU3ALMK, KOTOpas TOBBIIIACT

3 PEKTHBHOCTH U MMPOU3BOIUTEIIBHOCTD JIBUTATEIICH.

2.2 MopenupoBaHue Mpolecca BIPBICKA € JJIEKTPOruIpPaBIUYecKO
dopcynkoit

B nmanHoM paszmene paccmaTpuBaeTcsi pa3paboTka NpOrpaMMHONW MOJEIH
TOTUTMBHOM CHUCTEMBI C DJIEKTPOTHIApaBINYecKoil (opcynkoit. C mOMOIIBIO

YpPaBHCHHH JBUKXCHHUA MAJIOBA3KUX COPTOB TOILJIMBA OCHOBLIBACTCS MCTOJUKA
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['maBHBIE aKKyMyJATOpPHBIE TOIUIMBHBIE CUCTEMbI, KOTOpoe CyIIecTBYIOT
okojmo  25-27  7er, «MOCTOSIHHO ~ TOJBEPraloTcs  KOHCTPYKTUBHBIM
YCOBEPILIEHCTBOBAHUSIM, 0COOEHHO AIIEMEHTBI bopcyHOK. Otu
YCOBEPIICHCTBOBAHUSI HAIPABJICHbl HA JKOJOTUYHOCTH TOIUIMBHBIX CHUCTEM H
YIIyYIICHUS SKOHOMUIHOCTH» | 13].

«/lms1 ocymiecTBiIeHUsT ONTUMU3AIMU TPOIECCOB B TOIUIMBHOM ammaparype
(TA) nuzenss ¢ UENbIO YAYYIICHUS €r0 JIKOHOMUYECKUX U HKOJOTHYECKUU
XapaKTepUCTUK GOPCYHKU JTOJKHBI YIOBIETBOPATDH CIACAYIOIMIUM ITapaMeTpam:

— YCTOMYMBOCThH CUCTEMBI IIPU Pab0TE C BBICOKUM JIABJICHUEM;

— BBICOKasi CKOPOCTh padOThI;

— OCYIIECTBUMOCTh (PMKCHUPOBAHUS BEJIMYUHBI IIMKIOBOU MOIAYY;

— HU3KHE 3aTpaThl SHEPTHH U TOIUIUBa»[25].

B coBpeMeHHOM MHUpE CYIIECTBYET TEHIACHLMS K YMEHBUICHUS
TPAHCIIOPTHOTO CIIEAA, YTO BEAET K YKECTOUECHUIO SKOJIOTHUYECKUX HOPM, B CBSI3H C
STUM TIPOU3BOJUTENN 00s3aHbI COBEPILICHCTBOBATH HE TOJBKO TOTUIMBHBINA HACOCHI
BBICOKOTO JIaBJICHHS, IIOBBICHB TEM CAaMbIM JIaBJICHUS BIIPHICKA, HO U
XapaKTEPUCTUKHU (POPCYHOK.

«IIpemnaraemas MaTeMaTHYEeCKOU MOJEJIb MPEACTABIISIET co0oit
KoMOuHaiuoo kianaHa Busch u anexkTporuapaBinyeckoit (HOpPCYHKH, KOTOpas
MOMOTaeT YMEHBIITUTD MPOJAOIKUTEILHOCTD U LIEHY MPOU3BOICTBA DJIEMEHTOB.

Ha pucynke 7 mpencrtaBieHa pacdeTHas cxema (GOPCYHKH  C

SJICKTPOMAriuTHBIM YIIPAaBJICHUCM.
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Pucynok 7 — PacueTHas cxema (pOpCYHKHU € AIEKTPOMATHUTHBIM
YIPABICHUEM

«MareMatnueckass MOJEIb CUCTEMBI IOJA4Yd TOILIMBA C HUCIIOJIb30BAHUEM
ANEKTPOTUAPABINYECKON (OPCYHKM BKIIOYAET HECKOJBKO JONYIICHWN s
onucaHusi GU3NYECKUX MPOLIECCOB:

— IUIOTHOCTb IIOTOKA M CKOPOCTb 3BYKOBBIX BOJH OIPEACIICHBI Kak
ITOCTOSTHHBIE;

— IIpU IPOEKTUPOBAHMM TOIUIMBONIPOBOJA HCIIOIB3YETCS OJHOMEPHBIN
XapakTep JABUKEHUS TOIUINBA;

— HAYAJIbHOE JABJIEHUE B AKKyMYJSTOPE Ha KaXJOM PacuETOM pEKHUME
IIPOCKTUPOBAHMS CUATACTCS HEU3MEHHBIM U IIPUHUMAETCS 32 OCTATOYHOE IABJICHUE
B CUCTEME;

— UCIOJIB3YETCd WACAIM3UPOBAHHAS MMUTALMOHHASA MOJENb, B KOTOPOU
UTHOPUPYIOTCS YTEUKU B NPELU3UOHHBIN COCIMHEHUAX, & TAK)KE CHUJIa TPEHUE B
3a30pax MPEeUU3NOHHBIX KHHEMATUYECKUX T1ap;

— COyJapeHus TMOABIXKHBIX JeTajel C yNnopamu SBISIFOTCS aOCOJIIOTHO
HEYNPYrUMH U iepopmanuu aetajieid BCIeICTBUE COYJapeHU OTCYTCTBYIOT;

— J1aBJICHUE B aKyCTHMYECKU KOPOTKHX 00beMax B TEKYIIHI MOMEHT BpPEMEHU
OJIMHAKOBO BO BCEX TOYKAX.

B ocHOBy pacuera TONIMBHOW anmaparypbl TOJIOKEH IPUHLMII
ruapasiandeckoro yaapa H.E. XKykoBckoro u ypaBHeHus: rpaHUYHBIX YCIOBUN Ha
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TOIUTMBHOM (opcyHke, paspaboranubie mnpodeccopom M.B. ActaxoBeiM»[23].
JlocTrokeHus Takux POCCHMCKUX y4deHbIX, kak M.B. Acrtaxos, JI.B. I'pexos, JI.H.
['ony6koB u 0.5, @omuH, crnocoOCTBYIOT COBEPIIEHCTBOBAHUIO TOJXOJIOB K
TUAPOAMHAMUYIECKOMY PACUETy TOTUTMBHBIX (hOPCYHOK.

B naHHOW MeTONMKe, «IBUKEHUE TOIUIMBA B CHCTEME TPYOOIPOBOJOB C
Y4E€TOM THJIPABIUYECKOTO COMPOTHUBICHUS MOAPOOHO OMUCHIBACTCS YpPaBHEHUEM,
MOJTYYHMBIITNM Ha3BaHUE «TeJerpadHBIi», KOTOPOE MPEICTABICHO B BIIE KOHCUHBIX

ypaBHEHUHN U POpMYII:

o W E @ )

rae X u t — JuIMHa TOIIMBOIPOBO/IA,;

V — CKOPOCTh TOILINBA,;

K — dakTop ruapaBINUYeCcKOro COMPOTHBIICHUS;

a — CKOPOCTh 3ByKa B TOILIHBE.

[Mpu moGaBnenun ¢yukuuu v(x,t) = p(x,t), AOMyCKacTCs pEIICHHE B

CICAYIOIICM BUAC:

(2)

rae p u V — JaBjeHUE TOIUIMBa y (OPCYHKH U CKOPOCTh TOIJIMBA B
MarucTpau;

Po ¥ Vo — HAaYaJIbHBIC 3HAYCHUS JABJICHUS U CKOPOCTh TOITUIMBA B MAarHCTPAIIH;
L L
F(t— Z) u Wi(+ Z) — mpsMas ¥ oOpaTHasi BOJHBI JABIICHUS; 3aTyXaHUE

KOJICOaHMIA.

B posn rpaHMYHBIX YCIOBUM MJII TEPBOTO BBIPAKEHUS MCIOJIB3YIOTCS
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ypaBHeHHUs OanaHca TOIJIMBA B TIOJIOCTSIX, KOTOPOE 3alMChIBACTCS AJIs ONPeIeICHHS
TPaHUYHBIX YCIOBUU B 3ajaue O TPyOOMpOBOJE, B HAIlIEM Ciydyae MPUMEHSETCS
ypaBHeHUE OOBEMHBIX OajaHCOB. [l Kaka0il KaMepbl ypaBHEHHUsS OOBEMHOIO

OaJjiaHca B TEUEHUS TOILIMBA:

wegplle T T o

rae Q;_p = ul-fl-\/Z(Pi — P,)/p — nepetreuku B (u3) K — 10 mosocts, rae P
u Py _ nmaBneHue 10 UM TOCHE CEYEHUs, P — IUIOTHOCTh TOIUIMBA B
XapaKTEPHOM CCUCHUU;

Vi— 00beM | — 0¥ KaMephl;

Br?® — ko> duIMEnT, XapaKTEPU3YIOWIMI CKATUS TOIUIMBA M Ae(pOpMalUy
MOJIOCTH;

Ui,j — ckopocTh BTeKaHHs TOIUIMBA K3 (B) |-TO KaHAa;

dVj.n— m3mMeHeHne o0beMa Mo IeHCTBUEM IIepeMEenIeHuUs N-TO AJIEMEHTa.

['paHuuHbIe YCIOBHS ISl DIEKTPOTUIPABINIECKON (POPCYHKHM OCHOBAHBI HA
paHee YIOMSIHYTBIX YPAaBHEHUAX OOBEMHBIX 0allaHCOB, a TaKKE YUUTHIBAIOT CUJIBI,
OOYCJIOBJIEHHBIE  CKHUMAEMOCTBIO JKHUIKOCTH W  YIOPYTOCTHIO  JBUKYIIMXCS
DIIEMEHTOB:

IrPaHUYHBIC YCJIOBUS i1 BXOJHOM TOJIOCTU (OPCYHKH CO IITYIEPOM U

buabTpOM:

1
3o [UTpf:l‘p - UKaHfKaH]' (4)

IPAaHUYHBIN YCIOBUS B TIOJIOCTU MYJIBTUILIUKATOPA (POPCYHKHU:
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MfM _l M CJII/IBl
p

QyT ’

I'PaHUYIHBIC YCIIOBHA B PACIIBUIMTCIIC IICPCO COINIOBBIM OTBCPCTHUSAMMU !

pacn

V(bﬂsqxb uKaHfKaH — Nyr T upacnfi)acn E(Ppacn - PL[I/IJI)

pacxo/; TOIJIMBA Ha yIpaBJieHUe:

pacx

dB
yop
dt - quM

Ol TOIINIMBA 4€PEC3 PaCIblIIMBAIOIINC OTBEPCTHUA:

dt pacnfi)acr[\/ ( pacn - ),

rjae a — Ko3pGUIHMEHT C)KMMaeMOCTH TOTLIINBA;

Py -

Ppacn -

P, —
P, —

PCHMB -

U KaH

JlaBJIeHHE B M0OJIOCTH GOPCYHKH;

JaBJieHUE B 001aCTH paCIbLIUTEIIS,

JaBJIEHHUE B MOJIOCTU MYJIbTUILUIMKATOPA;

JIaBJICHUE B IIWIMHAPE IBUTATEIIS,

JaBIICHUE 32 MYJbTUILTUKATOPOM B CIIMBHOM TIOJIOCTH;

— CKOpPOCTBb TCUCHHA TOILJIMBA B KaHAJIC (bOpCYHKI/I;

U, — CKOPOCTB TEUEHHUS TOIIMBA B TPYOOIIPOBOJE;

fKaH -

IIomaap IOICpCUYHOIro CCYCHUA KaHalla,

f.p — TToIIa R MOTIEpeYHOTO CeueHus TPyOONpoBO/Ia;

ern -

IJIOLIAb TIOTIEPEYHOr0 CEUEeHUS UTJIbl (DOPCYHKHU;
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QP — yTeukH TOIJIMBA Yepe3 PACIbLUINTEb;

Qy:"' — YyTEUKH TOIIMBA Yepe3 MYJIbTUILTUKATOD;

Upfp— 2 dexTrBHAS TTOmans MPOXOAHOTO CeUCHUST POPCYHKH;

Upacnfpacn — 9P PEKTHBHAS MIIOIIAAb TPOXOTHOTO CEYCHUS PACTIBITHTEIIS;

Uxfx — addekTrBHAs T1UIOMAAP MPOXOAHOTO CEUYCHHS IKHKJIEepa Iepe.

MYJIbTUILTIUKATOPOM;

Uyfy — 9 dexTrBHAS TUTOAAE TPOXOAHOTO CEYCHUS MYIbTHILTHKATOPA;

P — IJIOTHOCTH TOILIWBA;

dh,/dt — ckopocTh MO bEMa UTIIHI,

Bynp— pacxon TomnMBa Ha ynpaBJIcHHUE;

B.— pacxoj TormBa yepes pacnbUIMBaIoIe oTBepcTus»[23].

Takum o0pa3oMm B JaHHON MaTeMAaTHYECKONW MOJEIM TOIUIMBHOM CHCTEMBI
MOKHO CMOJIEJTUPOBATh 3JEKTPOrUAPABINUECKYIO0 (OPCYHKY, KOTOpasi IPUHUMAET
B pacy€T BIUSHUE KOHCTPYKTUBHBIX (DaKTOPOB Ha MPOLIECC BIPHICKA TOIUIMBA, a C
IIOMOIIBI0 JAHHOM MOJEIM MOXKHO TMPOBECTH PACYETHYIO  aJaNTalUIo,
MO3BOJIAOILYI0 HACTPOUTh CUCTEMY B COOTBETCTBUU C TPEOOBAHUSMU JABUTATEIS.

BreiBox o rinase

Bo BropoM TriaBe OIMCaHbl MPUHLMIBI MOJEJIUPOBAHHUE IIPOLIECCOB,
IIPOUCXOJAIINX B JABUraTele BHYTPEHHEro cropanus. PaccMorpena mureparypa,
KOTOpast NOHaA00UTCs sl pa3padOTKH MPOrpaMMHOI MOZENH TOTUTMBHOM CUCTEMBbI
C 3JIeKTporuapaBinyeckoil popcynku. Taxxe onmucaHa MaTeMaTHYecKas MOJEIb
JNBWKEHUSA TOIUIMBA B CHUCTEME TpPYOONpPOBOAOB C YYETOM THAPABIAYECKOTO

COIIPOTHUBIICHUS.
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I'naBa 3 MoaenupoBanue padoTbl 6,10Ka U3 ABYX GOPCYHOK

3.1 MeToabl HCCJIeI0BAHNSA

Bri6pannas Cpena pa3paboTku:

«SimInTech (Simulation In Technic) — cpena pa3paboTku MaTeMaTHYECKUX
MoJieJIeH, aNrOpUTMOB YIIPaBJICHUs, UHTEP(PEHCOB yIpaBIeHUs U aBTOMAaTHIECKON
reHepalnu KoJia JAJisi KOHTPOJIJIEPOB YIIPaBICHUS U rpaduueCcKux AUCILIEEB.
SimInTech npennHazHaueH Ui JETaNbHOTO  HCCIAEAOBAaHUS M aHAIW3a
HECTAIIMOHAPHBIX MTPOIIECCOB B PA3JIMUHBIX O0OBEKTaX yIpaBiIeHUsI»[27].

Boruucnenus OblM BBITIOJNIHEHBI Ha 64 OuTHOM cucteme mporeccopa AMD
Ryzen 5 3500U with Radeon Vega Gfx 2.10 I'urarepir, 8 I'b O3V, B onepaiimoHHO#M
cucreme Windows 10, B cpene pa3paboTku MaTemMatndeckux Moxesei SiminTech
Bepcun 2.14.1.26. Jlna co3maHus MaTeMaTHYKOM MOJACIH  HEOOXOIUMBI
NIepeYHCIICHHbIC OMOIHOTEKH cpenbl pa3padotku SimInTech:

Mexanuka: OJI0KU TaHHOM OMOIMOTEKH ITPeTHa3HAYCHBI JIJIs1 MOJICTUPOBAHMUS
IJIOCKOTO (TUIOCKOMApaIEIbHOr0) MEXaHUYECKOTO JABUKEHUS CBSI3AHHBIX APYT C
apyroMm Ten. Buabl Mopenupyembix IBWIKEHUW pasfeieHbl HAa JIBE KaTEeropuu:
MOCTYIAaTeNbHbIE W BpallaTelbHbIC NABIKEHHE. [Ipu 3TOM Kaxkaoe JBHKEHUE
KOKIOW Macchl (Bpallarolierocs Teja, poTopa) XapaKTepu3yercss CBOeH
KOOPJIMHATON (JTMHEHWHON WM YIJIOBOM), CKOPOCTBIO JBWIXKEHUS (CKOPOCTH
MPSMOJIMHEHHOTO JBVIKEHUS WM YIJIOBas CKOPOCTh) M YCKOpeHHEM (JIMHCHHBIM
WM YTJIOBBIM).

ABTomaTuka. OJIOKM  JaHHOM  OMOIMOTEKH,  «coJepkaT  Habop
B3aMMOCBSI3aHHBIX AJITOPUTMOB YIIPABJICHUS OTICIBHBIX TIOJCHCTEM OOBEKTA
yrnpaBieHus. MOXET TakKe CoJepKaTh MaTeMaTUYeCKhe MOJENU OOBEKTOB
yIPABJICHHUS, pEATM30BAHHBIE B BUJIE CXEM THUIIA «BXOJI-BBIXO/1» WJIM HAOpaHHBIC HA
BCTPOEHHOM SI3bIKE IIPOrPAMMHUPOBAHUSN[27].

Tennmoruapasnuka: B 6ubnuoreke «remtorunpasinuku HS (ot anrn. Hydro

Solver) pematorcst ypaBHEHHS COXpPAaHEHMsI MAacChl, UMITYJbCa W JHEPTUM IS
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KUAKOCTH (B OJAHOMEPHOM OJHOCKOPOCTHOM MNpPHOJIKEHHH), a TaKKe
HECTAIIMOHAPHBIC YPABHEHUS TEILIONPOBOJIHOCTH JJISl TEMJIOBBIX CTPYKTYP (CTEHOK
KaHAJIOB), B TOM YHUCJIE C YYETOM TEILIOBOTO U3ITyUYECHUSI MEXY [WIMHIPUIECKUMU
cteHkaMu. OCHOBOM SIBJISIETCSI OJTHOMEpPHAsi HECTAllMOHAPHAsS TOMOTEHHAsi MOJIEIb
TEUYEHUSI HECKUMAEMOM HIIA CKUMAEMOM >KUIKOCTU»[27].

['unpaBnuyeckue U THEBMAaTUYECKUE CHUCTEMBI. «OUOIMOTEKa HaXOIUT
LIAPOKOE NIPUMEHEHNUE B PAKETHOKOCMHUYECKOM, aBUALlMOHHOM,
CTaHKOCTPOUTEIBHOM, CyTOCTPOUTEIBHOMN U IPYTUX OTpacisix MammHocTpoeHus. K
NOAOOHBIM CHUCTEMAaM MOXHO OTHECTH THAPO- U ITHEBMONPHUBOABI CTaHKOB,
MOOMJIBHBIX MAalllMH W CYJOB, CUCTEMbl T'a30CHA0XEHUSI PaAKETHO-KOCMHUYECKHUX
KOMIUIEKCOB, THAPO- M THEBMOCHCTEMBI PAKET-HOCUTENEH M camoJieToB. B
OOJIBIIIMHCTBE CJIy4aeB MPOEKTUPOBAHUE M OTPA0OTKAa THAPO- U MHEBMOCHUCTEM
CONPOBOK/JIAIOTCS YMCIIEHHBIM JKCIEPUMEHTOM Ha OCHOBE MaTE€MAaTHYECKOU
1P pOBOI MOJIETTH C COCPETOTOYECHHBIMU TTapaMeTpaMu»[27].

Otcrona ciaeayer, 4TO Mbl OMUCANIA YCJIOBUS UCCIIEA0BaHUs, a TAKXKE CIHCOK
UCToNb3yeMbIx  OuOanoTek  SimInTech, HeoOXoauMbIX UIs  pa3pabOTKH

MaTEMAaTUUYECKUX MOJEJIEN.

3.2 MoaeaupoBaHue pacnpeieuTe/IbHOT0 Bajaa

PacnipenenurenbHblii Bala COCTOMT M3 2 OTACIBHBIX MOJENel KyJIadKoB,
KOTOpBIE BKJIIOHAIOT B ce0si ABa mapabosmueckux mnpoduis. Kaxmas kamepa
COJICPKUT TOACUCTEMY, CO3JAIONIYI0 TMPaBWIbHBIM TpPOGUIb ABMKECHUS U
OTMMCHIBAIOIITYIO MMPOPUITH KaMEpHI.

[Tpodunb nBuxkeHus 3anaérca GyHKUMEW yria moBopoTa Baja. Jns storo
UCIIOJIb3yeTCsl OJIOKM JaTYMKOB yria w3 Oubmuoreku [wapaBnuueckue u
MMHEBMATUYECKUE CUCTEMBI, KOTOPBIE U3MEPSET YIJIbl TOBOPOTA. J{anee ¢ moMOoNIbIo
0JIOKa sI3bIKa MPOTPAaMMUPOBAHUS MU3MEPEHHBIA yroj mpeoldpasyeTcs 3HaueHUE B
nuanazone ot 0 g0 27. 3aTeM ompenereHHBIM yrila MEePeXOaUuT MOJICUCTEME IS

pacuéra npoduis. Kynadok, KOTopblil 3a1a€T NBUKEHUE TUTYHXKEp Hacoca, 00s13aH
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oOnanaTe mapaboIu4YecKuM mpo¢uaeM, BOBpEMs KOTOPOTO TOJKATENb JelaeT

NNepEMCIICHUC BIICPCA-HA3aA, YIUThIBAA IIOCTOSAHHOC YCKOPCHUC, B TAKOM BU/IC:

+ Oe 9

N L

0-0,\°
X=ZS-< ),ECJII/IOGSOS

0-0, a
X=s(1—2-(1—T> ,Ecmn = + 0e < 0 < a + Oe (10)

2
R’ B
X=s(1—2-( ),ECJII/IOR<OSE+0R (11)
0 - Og\? a
X=2s- (1_T) ,Ecmm Oe < 0 < §+ Oe (12)

rae X — IMOJIOXKEHHE NOCIIe10BaTeNs;

S — X0JI TIOCIIeI0BATENS;

O — yrnoBoe nojioxkeHune Kyjadka (¢ yueTom ($a3oBOro yria);

Oe — €roJ HaYaNbHOTO BBIIBIKEHUS;

a — yroJ1 BBIJIBI)KCHUS,

Or — yrous Hauaja BTSTHUBAHUS;

B — yroxa BraruBanus.

B utore mpu HanMuMM CTapTOBOTO yTiia BBIJIBMIKEHUS TOJIKATEIb HAUUHACT
MIPOM3BOJUTH IBIYKEHUE B BBEPX JJISl TOCTHKEHHUSI BEPXHETO MOJIOKEHHUS 3aTEM Ball
IPOKPYYMBAETCSl HA JOMOJHUTEIBHBIN yrosl BEIBIKEHUs. [locne yero ToikaTenb
MPUHUMAET OOPATHBIN XOJ C MOMOIIBI0 HAYAJIBHOTO yrila BTSITUBAHUS, JJISI TOTO
9TOOBI 3aBEPIINIIOCH ABI)KCHUE TPEOYeTCsl pacCUMTATh yroJl BTATHBaHUS. PazHoCTh
MEXy HadyaJIbHBIM YTOJI BBIIBIDKCHHS M, CYMMOM YTJIa BBIJIBIDKCHUS U HAYaTbHBIM
YIJIOM BTATUBAHMS TPeOyeTCs sl YCTAHOBJICHUS yria OKOHYAHHS B TMOJHOCTHIO

BBIIBUHYTOM ITOJIOKCHUMH.

HpeanonaraeTCﬂ , qTo IHoCJIACA0BAaTCIbHOCTD cp a0aThIBaHUSA 1A
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MOJICTIMPYEMOro JBUTATENs paBHA 1-2. YTIIbl BBIABUKEHHS U YTOJI BO3BpaTa pOBHBI

7/4. YTO1 OCTAaHOBKH PaBHBIM 3 pi/2 paj Mpu 10 KOHIIA BEIABUHYTOM TOJIKATEE.

Ha pucynke 8 npencrapiena mporpaMmmMHasi MoJielb 0J10Kka Mpopuilst KyJlayka

Ha 0aze SimInTech.

AN
ul
oiazaag O ———
0,785 " P L AN
5497
s —r
589 "
6,28 u? out
Fic)

Pucynox 8 — [IporpammHuas mMozenb 010ka mpodusis Kyjgauka Ha 6aze

SimInTech.

Ha pucynke 9 mpencraBiieH rpa@uk pacCUUTaHHOTO yria C HJI€aTbHOTO

JaTdYrKa BpalaTCJIbHOIO ABUKCHUS.

Mpaduk

55

45

35

3HaveHne yll)

25

15

05

4 5 6 7 8 9 10
Bpemat.c

Pucynox 9 — I'paduk paccunTaHHOTO yria ¢ U1€ajJbHOTO JaTYhKa BpallaTeIbHOTO

ABHUXKXCHUA

Ha pucynxke 10 npencraBieH rpaguk — paccuyuTaHHOM — pabOThI

napaboIMuecKoil KaMepBhl.
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Mpaduk

we yit)

Bpemat.c

Pucynox 10 — I'paduk paccuutanHoi paboThl mapabOIMUECKOM KaMephl

Ha pucynke 11 mnpencraBieH mnporpaMmHas MOJAEIb OJOKa HMCTOYHHKA
MO3UITMOHNPOBaHUS Ha 0a3e SimInTech.

Pucynox 11 — IlporpammHasi Moziesb 0JI0Ka UCTOYHUKA TTO3UIIMOHUPOBAHUS Ha
0aze SimInTech

Ha pucynke 12 npencraBieH rpauk pacCUMTaHHOW MOCTyHaTeNbHOU
CKOPOCTH.
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OTHocUTensHaR ckopocTs, pag/c (W)

Han cropocTh, panfc (W)

Pucynok 12 — I'paduik paccyuTaHHOI MOCTYNATEIHHON CKOPOCTH

Takum obpazom Obla  peaau3oBaH porpaMMHasi MOJEJb
pacnpenenuTeIbHOIO Bajla, KOTOPBIA BKIIOYAET B cE€O0sl 2 OTAEIBHBIX MOJEIU
KyJaukoB M MOJEIU JABYX Napaboiaudeckux Mpoduieii, KOTOpbie TeHEpUpYyeT

HpO(l)I/IJ'IB JABHMOKCHUSA IJIA 0J10Ka HCTOYHUK IOJI0KCHHUS

3.3 MojaeanpoBaHye BIPbICKUBAKOIIET0 HACOCA

B manHOM pasznene onmcaHoO MOJAEIMPOBAHHUE BIPBHICKUBAIOIIETO HACOCA.
Psaub1ii TOIUIMBHBIA HACOC BBICOKOTO JABJEHHUS — 3TO JABYXKOMIIOHECHTHBIN
HACOCHOE€ YCTpOMCTBO. KaXkbIil A7IeMEHT KOTOPOTO MOJAET KUIAKOCTH (TOILIIUBO) B
CBOM LUJIMHAP. JIBa KOMIIOHEHTA OJIMHAKOBBI 10 KOHCTPYKIIMHU U XapaKTEPUCTUKAM,
Y UIMUTHPYETCA C MOMOIIBIO OJMHAKOBBIX MoJiesiel. Kaxknas moacucrema sneMenTa
TOIUIMBHOTO HACOCA BBICOKOT'O JABJICHUSI COAEPHKHUT JBE MOACUCTEMBI, KOTOPHIMHU
ABJISIIOTCS] Hacoc U ¢popcyHka. Hacoc cocTouT 3 MexaHu3Ma yrnpaBjieHUs HACOCOM
W TIUIyHXEp Hacoca, B TO K€ BpeMs, Mojelb (DOPCYHKH pacroyioKeHa
HEMOCPEACTBEHHO HA LIWIMHAPE JIBUTaTENsl BHYTPEHHETO CrOPAaHUs KaK MOKAa3aHO

Ha pucyHke 13.
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Pucynok 13 — Cxema cucTemsbl BIpbICKa

[Tnynxxep Hacoca co3fa€T KojiebaHUs BHYTPU HACOCA, KOTOPbIE HAYUHAIOT
JIBIDKCHUE C MOMOIIBI0 KyJauka. [myH®kep cOCTOUT U3 OJOKOB THIIPABIMYECKUX
HWIMHAPOB OJHOCTOPOHHETO IEUCTBHUS. «bBIIOKHM MOCTYyNaTEIbHOr0 )KECTKOTO yIiopa
Y Macchbl NPEJCTAaBISIIOT COOOKM KOHTAaKT MEXAY POJHMKOM IUTyH)XKepa M Maccou
IUTYHXKEPa COOTBETCTBEHHO. KOHTAKT MOAAEPKUBACTCS PYKUHHBIMU 3KUMaMU. »

Bo Bpems TOro kak 1miyHXep NMPOWU3BOJIUT ABUKEHUE B HUXKHIOIO CTOPOHY,
YKUJIKOCThH (TOIUIMBO) MO/ JABJICHUEM HaIoiHsAeTCs. TOMIMBO HAMOIHSIET KaMepy C
IIOMOIIBIO JIBYX OTBEPCTHMH, HA3bIBAEMbBIC BITYCKHBIM OTBEPCTUEM M CIMBHBIM

OTBEPCTHEM, KOTOPBIE TTOKa3aHbl Ha pUCYHKe 14.

Control / Control
0d am
/ @ Filling b Cuteoft point
troi {beginning of injection)

Con
fork

Pucynok 14 — BzauMoeicTBiE NOPIIHS C YIPABISIOIMMUA OTBEPCTUSIMU B
HWIMHAPE
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Korzaa nopiieHp 3aKOHYNT IBU>KEHHUE B BEPXHEE ITOJI0KEHUE TAK BBICOKO, IS
TOTO YTOOBI 3aKPHITh 1Ba OTBEPCTHSI BITyCKHOM KaMepbl, HAYHET pacTy AaBJICHUE HA
BBIXO/I€. BOBPEMSI OIPENEICHHOIO BO3BBILICHMSI 1aBlIeHUsI (OPCYHKA B LMIIMHIPE
JBUTATENs] HAUMHAET padoTy, U HWIMHJP HAMIOJIHAETCS TOILIIMBOM.

Bopeick TOrumMBa 3aKkaHUMBAETCsA, II0CIE TOTO CIHpAJbHAs KaHABKa,
CO3/1aHHasl Ha OOKOBOM MOBEPXHOCTHU IUTYH)KEPA, TOXOIAUT IO CIMBHOTO OTBEPCTHS,
KOTOPOE COEOUHSAECT BEPXHIOID KaMEPy C KaMepOW HU3KOIO MJAaBICHHUS 4Yepes
OTBEPCTHE, KOTOPHIE HAXOINUTCSI BHYTPH IUTyHKEpa. MBI MOKETe KOHTPOJIUPOBATH
IIOJIO)KEHUEM BUHTOBOM KAaHABKU OTHOCUTEIBHO CIMBHOIO OTBEPCTHSA, Bpauias
MOPILIEHb C MOMOUIBIO BUJIKH YIPABJICHUS, KOHTPOIHPYST 0OBEM BIPHICKUBAEMOIO
TOIUIMBA B LIWJIMHJP.

IIporpammHas Mozenb MEXaHU3Ma KOHTPOJA IUIYH)KEPOM CO3JaHa IIpU
YCJIOBUU CIEAYIOIIUX JOIMYIIEHUSIX:

1. B nenu ynpaBiIeHHs UMEETCS TPHU PEryJUPYEMBIX OTBEPCTHSA: CIMBHOE
OTBEPCTHE, BIYCKHOE OTBEPCTHE U OTBEPCTHE, 00PA30BAHHOE CIMBHBIM OTBEPCTUEM
M BHHTOBOM KaHaBKOH. OTBEpPCTHS CIMBHOTO M BIIYCKHOI'O MEHSIOTCS H3-3a
JBW)KCHUS IUIYH)KEpa, KOIZla OTKPBIBAECTCS CIIMBHAs KaHAaBKa, KOTOpas 3aBUCHUT O
3aBUCUT OT JBW)KECHHUS IUTYHXK€pa W BpauleHus IiyHxkepa. g oOneryeHus
CMEILECHNE, IPUBEICHHOE BpAILCHUEM IUIYH)KEpPA, II0KA3aHO KAaK MCTOYHMK
JMHEHHOTO ABMKEHUS, KOMOMHUPYEMBII MpU MOMOILY CMELIEHUS ITyHKepa.

2. Ilpu Ha3HAYeHMHM HAYaIBHBIX OTBEPCTHI W OpHEHTalUWu auadparm 3a
MCXOIHOE ITOJIOKEHHE IPUHUMAETCSI BEPXHEE MTOJI0KEHUE IUTYHXKEPA, a IBUKECHUE B
HalpaBJICHUM BBEPX I[IOKA3bIBAECTCS JABWKEHHE BBEPX II0  HAIPaBICHHUU
Ocp X. CornacHO 3TUM JONYILIEHUSM, HANpaBICHUS CIWBHOIO OTBEPCTUS U
BIIYCKHOT'O OTBEpPCTHs YCTAaHOBJICHBI HA OTKPBITHUE B OTPULIATEILHOM HaIIPABJICHNH,
TaKKe€ KaK OTBEPCTUE CIMBHOIO OTBEPCTUS C KAHABKOW CIIENyeT YCTAaHOBUTH
Ha OTKPBITUE B IOJOKUTEILHOM HAIPABJICHUH, TaK KaK OHO OTKPBIBACTCS IPH
JBUKEHUHU TIOPIIHS BBEpX. B Tabiuiie HUke NpHUBEACHbI 3HAUYEHHUS, TPUCBOCHHbBIE
Ha4yaJbHBIM OTBEPCTHSAM U AUAMETPaM OTBEPCTHI.
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3. D dexTuBHBIN X0/ MOPIIHS PaBeH
BnyckHoe oTBepcTHE OOBIYHO PACHOJIOKEHO BHIIIE BBIMTYCKHOTO OTBepcTus. B
NPUBEJICHHOM IPUMEpPE 3TO PACCTOSIHME YCTAaHOBJIEHO paBHBIM 1 MM. Bpamas
NOpIIeHb, BBl  HU3MEHSETE  HauyajJbHOE  OTBEPCTHE  KAHABKU-CIMBHOTO
otBepctus. [lockonpKky HadalbHOE OTBEPCTHUE SIBISIETCA DJIIEMEHTOM M HE MOXKET
U3MEHATHCS JUHAMUYHO, CMEIICHHWE Ha4yallbHOTO OTBEPCTUS HUMHUTHUPYETCS
N00aBICHHUEM pPABHOTO JIMHEHHOTO CMEIICHHS KOMIIOHEHTOB  YIPaBJICHHUS
orBepctueM. [Ipu  GonbIIOM pPaBHOIIGHHOM CHUTHaie, OBICTpee MPOUCXOIUT
OTKPBITHE CIUBHOTO OTBEPCTHS, TOCIE 3TOrO YMEHbBINAETCs O0BEM TOIUIMBA,
KOTOPBIN MOMaéTcs B MIIMHAP. MakcuManbHOE 3HAYCHHE PaBHOLIEHHOTO CHTHANA
paBHO wuaealibHOMY TakTy.llpu »TOM CclIMBHOE OTBEpCcTHE BCErjga OCTaeTCs
OTKPBITBIM Ha MPOJIOIKUTEILHOCTA BCETO BPEMEHH.,

Takum oOpa3zom Oblla peanu30BaH MOJIENb BIPBICKUBAIOIIEIO HACOCA,

KOTOprﬁ, KOTOpBIP'I mogacT TOIIJIMBO B CBOM MUJIXMHIP.

3.4 MoaeaupoBanue GpopcyHKH
B ocHOBe Mojenu MHXXEKTOpa JICKUT OJOK UTOoJIhbYaThIX KIJIAMaHOB U OJIOK
TUJIPOLMIIMHIPOB OJTHOCTOPOHHETO ACUCTBUSA. MronpyaThiil KilamaH MpEeKpamiaet
BBIITYCKATh KUJKOCTh B HMCXOJHOM IIOJIO)KCHUH YCHUJIHMEM, KOTOpOE€ CO31aéTcs
M3HAYaJILHO HATSHYTOUN NpyKUHOU. DOPCYHKA MO3BOJISIET BIPHICKUBATH TOILJIMBO B
HWIMHAP U OTKpbIBaeTcA. [locie mpeogoieHus ycuius, Co3JaHHbIM [TUIUHIpoM, B
JaHHOM NpuMepe (opcyHKa napaMmeTp OTKpbITUs HacTpoeH Ha 1000 Oap.

Ha pucynke 15 mpexacraBieHa nporpammHas Mojelib (OpPCYHKH Ha 0Oasze

SiminTech.
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Pucynok 15 — IIporpamMmMHuas Mojens ¢popcyHku Ha 6aze SiminTech

Ha pucynke 16 I'paduk paccuuTaHHON CKOPOCTH MOTOKa OJiOKa U3 JIBYX

(hOpCyHOK.

Ipachuk

eHue y(t)
o

\m_ \Mﬁ \M HRNE

3
= o N
i

el

Pucynox 16 — I'paduk paccunTaHHO CKOPOCTH TIOTOKA OJI0Ka U3 ABYX
bopcyHOK

Takum 006pazom ObLIa peanr30BaH MporpaMmmMHas MOAeNb (POPCYHKHU.

BriBoa mo riaBe

TpeTbss TiIaBa MOCBsAIICHA pa3pabOTKE IPOTPAMMHOM MOJEIN CHCTEMBI
BIpPbICKA ToImumMBa Ha 0Oaze SimInTech, a wWMeHHO MoJeIMpPOBaHME
pacnpenenuTeIbHOTO Bajia, BIPBICKUBAIONIETO Hacoca, (GOPCYHKH, TaKxKe

pacCMOTPCHBI MCTOAbI HCCIICAOBAHMA.
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3akJIroueHue

B nannoii 6akanaBpckoit padote Ha TeMy «MojenupoBaHue paboThl OJ0Ka
u3 AByx ¢opcyHok B JIBC na 6aze SimInTech» Oblina pazpaboTtana mporpaMMHas
Mozenb 6i1oka u3 AByx ¢opcyHok B [IBC.

BeimonHeH ¢pu3nyecKkuii aHaIu3 MPOIECCOB, OCYIICCTBIIIOMINXCS B CHCTEME
BIIPHICKA TOIUTMBA JIBUTaTeNii BHYTPEHHETO CrOpaHusi, paccMOTpeHa paboTra u
YCTPOMCTBO CHCTEMBI BIIPHICKA TOIUTMBA JBUTATEIs] BHYTPEHHETO CrOpaHWs.

Pa3pabotana mporpamMmHas mojeiib Ojoka U3 JIByX (OpCcyHOK Ha 0aze
nporpammbl - SimInTech Ha oOcCHOBE, KOTOpPOW MOXHO TIPOBOAWTH TOYHBIC
MaTEeMaTUYECKUE BBIYMCIICHUSI JII1 MOJIEPHU3AIIMH TpoIlecca BOPHICKA TOTUIMBA, U
MOBBIIIICHUE MPOU3BOIUTENBHOCTH PaboOThl (DOPCYHOK B JBHUTATENIe BHYTPEHHETO
CrOpaHwusl.

B nannHoli pabote uccienoBaHue ObLIO MPOBEIECHO Ha 0a3ze POCCUICKOM
cpennl pa3pabOTKU MaTemaTthdeckux mozenerr SiminTech, uro B cBoio ouepenb
3HAYUTEIHHO MOBBIIIAET HAYYHBIH HHTEPEC CPEIU POCCUNCKUX Pa3pabOTIYMKOB, TaK
KaK MpOorpaMMHAasi MOJEIb TIOKAa3bIBAET HOBBIA MOJIXOJ] K pa3pab0TKe MporpaMm B
HAIIAX peausX.

B pesynbTaTe BhINOMHEHHON OakagaBpCKOW paOOThI Mbl MOJIYYHIIA IICHHBIC
JAHHBIN, KOTOPHIE UTPAOT BAXKHYIO POJIb B OMPEACIICHUNA TOYHBIX XapaKTEPUCTHUK,
BIIUSIIOIIUX Ha MPOIECC BIpPbICKA TOIUIMBA. KOHKpEeTHO B Mojenu O0Ka U3 JBYX
¢dbopcyHOK B IBUTATENC BHYTPEHHETO CTOPAHUS

bakanaBpckas pabota wuccieoBalia TPOIECCHl, MPOUCXOASIINAE MPH
GYyHKIIMOHUPOBAHUM  JBUTATENsl BHYTpEeHHEro cropanus. [logpoOHo Obuin
PaccMOTpPEH MPOIIECCHI, MPOUCXOIAIINE B CUCTEME BIPHICKA TOIINBA. Takke Oblia
pa3zpaboTaHa U HUCCIeA0BaHa MaTeMaTH4YeCcKasi MOJIENb OJIOKa U3 IBYX (DOPCYHOK B
JIBUTATEJIC BHYTpPEHHETO cropaHus. McciemoBaHa cucTema BIpBICKA TOIUIMBA U
CO3/1aHa TIporpaMMHasi Mojeib Ha 0a3e SiminTech, Bxirowarornas B ceOs Bce
OCHOBHBIC DJJIEMEHTHI CHCTEMBl BIIPHICKA TOIJIMBA JBUTATENII BHYTPEHHETO

CTOpaHHSI.
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