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MJ1AH OOKJ1AOA

Llenu 1 3apgaum npoeKkra

MeToauka aHanmsa n NPorHo3UpPoBaHUA TEXHUYECKOro COCTOAHUA mopcKoro T[] Ha ocHoBe
undpposoro 4BOMHUKA

Peanunsauuna meroguku B MO MOHUTOPUHra U NPOrHO3MPOBaHUA TeXHUYecKoro coctoaHua (MO
MITC)

Anpob6auyusa NO MNTC gna MIITA M90PP

HanpasneHuna copepLieHCTBOBAaHNA METOAUKHU



TPAHCOOPMALIAG NMOAOXOO0B K TOUP

- PeMoOHT
PeMOHT B MOMEHT 3annaHUpoBaHHbIN
no aKTUYeCKoOMy
BO3HMKHOBEHUNA OTKa30B PEeMOHT
COCTOAHUIO

* Jlepext MOXKET MPUBECTHU K * OCHOBBIBA€TCS HA CTaTUCTUKE * OcHOBBIBaeTCs Ha UPPOBOM

CEpPbE3HBIM MOTEPSIM nedexTon JTBOMHUKE 000PYT0OBaHUS
* Jleext MOXKET OBITH * Bo3MOXxHBIN TIEpEpPACXO] e TOwuP npousBoauTcs Tam, rae Haja0 u

HE YCTPAHEH BOBPEMSI pecypcoB Ha TOuP TOI/IA, KOTJIa HAJl0
*  HeBO3MOXHO CIUIAHUPOBATH « Heyuer noTeHIMAIBHBIX 3a CHCT HPOTHOSKD S

pecypchl Ha TOuP OTKA30B, HE YYTCHHOM B B

CTATHCTHUKE * ['mOkoe MmIaHUpPOBAHUE PECYPCOB HA

TOuP




® cHWKEHME PACXOO0OB HA TOWP

. COKPALLEHUE YACJIA BHETTJTAHOBbIX OCTAHOBOB

SAOA4HN:

(y Pa3paboraTh METOIMKY aHaIN3a U MPOTHO3a TEXHUYECKOTO
cocrosiHusl MI T]] Ha ocHOBE IU(PPOBOTO TBOMHUKA

.\ PeannzoBarh MeTonuky B Bujie npukiagnoro 110 MIITC

O IIposectu anpooOaruio [10 MIITC B yacTu BBISIBICHUS
nedexToB otaeabHbIX nojacucteM MI'TJI Moo®P

.\ BpIpaboTaTh peKOMEHIaIUU 10 YBEIUYEHUIO 3D (PEKTUBHOCTH
nuarHoctukd MI'T/] o pe3ynbraram amnpoOauu
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APXUTEKTYPA MO O/19 NPEONKTUBHOU AHAJTUTUKN
—

JaHHbIC

MOAC/IMPOBAHUSA

JIaHHBbIe HCTIBITAHUN
/MU IKCIIyaTAllU U

( 11O MIITC

Kongurypuposanue
Kjaaccupuraropa
nedexTon

ITocTpoenue undpposoro
JABOVMHHKA

KonnexkTop kK

CoobLieHus
o pedekKTax

i\

Knaccudukatop
D,ed()eKTOB

Uundpposon
JBOMHUK

CoobLueHua o
NPOrHO3nMpyemMom
3HayeHuu UTC

Pacuet UTC
MporHos UTC
4
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UTC

MporHos
/J\ <]

~

_J

Bpemsa

mns3pnennd

AAHHBIM

JaHHble 3KcnnyaTauum B peXxxmme
peanbHOro BpeMeHu

MHoromMepHas
pa3naaka
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MO MINTC

Co3pnaHume anneMeHToB LU poBoro ABoMHUKa cuctem MIFTL
Co3nanue 1 yrouneHue mozeinei cucreM MI'T]]

TectupoBanue TouHocTy Moaeien cuctem MIT/]

KoHduUurypauuma knaccudpmkatopa gpedeKros
Ha ocHOBe (pakTHYECKHUX ITOKa3aTeae 1e(eKTHBIX COCTOSHUN

Ha ocHoBe MojenupoBaHus Ae(PEKTHBIX COCTOSIHUI

MoOH NMTOPUHTI B pexXxnmMe peaJibHOIro spemMeHu
CI/IFHaJII/IBI/IpOBaHI/Ie O BBIABJISIEMBIX I[e(l)eKTaX

PacueT n mporno3 Uuuaekca trexanaeckoro cocrosiaug (MTC)



e Cucrema ra3oBo3aymHoOro Tpakra: LI/l Ha ocHOBE rHOpUaHON (PU3UKO-
MATEeMATHYeCKOU MOJIE/IU

e Cucrema CMa3Ky MOAUIAITHUKOB HeiipocereBpie

e CucTeMa 1moJiadyu TOTLINBA MOJ€eJIn




MOHUTOPWUHI MO MITC




MOHUTOPUHI (HAJTUYNE OEDPEKTOB B CUCTEME)




CO30AHUE KAPT NMPON3BOOUTESIbHOCTU OJ14 MOLOEJIUN BT

Ha rnasHyo OBUTATENb ~ HACTPOMKA ~ MOHWUTOPUHI ~ NCTOPUA ~

[@30B030YWHLIA TpakT
CO30AHWE KAPT ONTUMW3ALNA BLIBOP MPHU3HAKA PACHET NOOCWCTEMb

TonnueHaa cuctema

MacnsHas cuctema
. Ipc.csv .| hpc.csv 3 | lIptcsv

Bubpatun CKOpoCTe 0OydYeHNA

TemnepatypHan

HepaBHOMEPHOCTE
NOCTPOWNTb KAPTLI

* Ouudposka xapakrepuctuk y3i108 MI'T/: KH/I, KB/I, CT, TB/, TH/]
* Anmpokcumanus Npyu NOMOIIA HEUPOCETEBOX MOJIEIIH

CTeneHb C¥aTMA
+
KO,
[
]

Pacxon Pacxon
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YTOYHEHUE NAPAMETPOB MOLEJIN BT

Ha rmasHyo

[a30B030YWHLIA TPAKT
TonnueHaA cucTema

MacnaHan cuctema

OBUFATENb W

(O Napametpsl

HACTPOWKA

MOHWTOPWHI ~

WMCTOPUA ~

CO30AHWE KAPT ONTUMW3ALINSA

& LUENEBLIE JAHHLIE

BblBOP MPU3HAKA

PACHET NOOCWNCTEMb!

ApxuB nanabix pabotsl ['BT,

Bubpauyuu
| @ Kaprw BOCIIPOU3BECTU MOJIEIIb
TemnepartypHan
Hucne 3 CropocTe o0y4eHns LTpad Ha pasHuLy Mexdy napam...
HEpPABHOMEDHOCTh
100 { 0.001 > 1e-7
. [oobyyaTs TONLKC NOCNEAHWA CNO!
Tonkas HacTpoiika (GOpMBI S
Kapta LPC -
XapaKTCPUCTUK
par min max current pi n_c mf_c
gum—
Ipc-leak 0 0,2 0,012 1,035 2 000 14,475
Koaddummentsr
CMCIICHUA PaACXOd- Ipc-c_leak 0 1 0.1 1,082 2 000 14,027
HaMmopHBIX
g Ipc-a_mfr 0.8 1,2 1 1,114 2 000 13,47
XapaKTEPUCTHUK U
MOJEJIbHBIE KOHCTAHTHI Ipc-a_kpd 0.8 1,2 1 1,139 2 000 12,903
Ipc-a_Pi 0.8 1.2 1 1,156 2 000 12,313
=

1-50f 36

kpd

0,314

0,651

0,769

0,826

0,843

1-5of 252

mi_c_res

14,233

14,055

13,719

13,113

12,434
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MOCTPOEHUE HEMPOCETEBOU MOOEIN

IInaHnpoBaHUE SKCIIEPUMEHTA (PA3HbIC
paboure peKUMBI) JlaHHBIE MOJEIIMPOBAHUS

->

HeiipocereBas
(CypporaTrHasi) MoaeJIb

& Moaens n3neans B CAE CUCTEME 12




KOHDOUINYPALUA CYPPOITATHOU MOOENN

Ha rﬂaBHyﬂ OBUTATENE ~ HACTPOWKA w MOHWUTOPWHE ~ MCTOPHMA
fas R E OBYYEHWE NOACKMCTEMb JAO0BYYEHWE NOOCHUCTEME BBISOF MPM3IHAKA FACHET NOACKCTEME
Ten anA
) JlaHHBIE 17151 OOy4EeHHS U
Moad 2 | (8
Buopay ® ter [ TecTupOBaHMs CyppOraTHOIi
TemnepaTypHas O Pyson MOHGHI/I
HepaBHOME PHOCTE
MapameTpel 0b6yyeHnA MapameTpel Mogenu —
;T;[pj;?;;1_paranwetric - :_f;;:l__:p_llt_ .:
/ 30 ;:—:5'\'5-: S —
JIBa TuIIa HEUPOCETEBBIX e
MOJIEJIEN:
" o 0,01 [TapameTpbl HEMpOCETEBOM
e  MHOTOCIOHHBIH | MOEGHH PRl HEHP
MEPLENTPOH o2
* PekyppeHTHas HEWPOHHAS o
CCThH
8
2000




YTOYHEHUE CYPPOrATHOU MOENWN

Ha rnaeHyio OBWrATENE HACTPOWKA MOHUTOPMHI VCTOPUA

[a30B030YWHEIA TPAKT

CEYYEHWE NOACHUCTEME AO00BYYEHWE MNOJCHUCTEMEI LIEOP MPHU3HAKA PACHET NOACHUCTEMEI

TonnueHas cucTema

MacnaHan cuctema swMM goofyuenna ¢ . o T :
Pesxui f000yueHus i asutp_all_nswdat... [

B . S |
Bubpauwmm O Beca
(® Napamerpe
Temnepatypuan
HepaBHOMEPHOCTL o EEEpe—

@ [oobyuars Tonsko nocneaHuMil cnod

par min max current
k@constant 093 1 0,992
ki@gain_5 0,8 1 0,9
ki@gain_g 0,8 1 0,9
ki@gain_7 0,8 1 0,9
kigxconstant_6 0,8 1 0,9
1-50f6 >




HAIMNOJIHEHUE BA3bl KITACCUDOUKATOPA OEDEKTOB

Ha rﬂaBHYI{) OBUTATENb w HACTPOWMKA MOHWUTOPWHI v WNCTOPUA ~

[a30B030YWHLIA TPAKT

CO30AHWME KAPT ONTUMH3ALKMA BLIBOP NMPU3HAKA FACHET NOOCKWCTEMEI
TonnveHaa cucTema
MacnaHas cucTema Tun npuaHaka BeimepTe R
[ O sreww ) dakTuueckue
(® CunTeTnueckui CO3[ATb
nokaszamesnu N30eius

HepaBHOMEPHOCTb
C He(peKToM

BXOEI:I

H ap aM em p bl MOJ—I eHI/I P_lpc_in humidity mir_fuel T_fuel P_wst_out n_wsr W_wst

I/IBI[GJII/I}I C He(l)eKTOM 1001738 0,316 0,952 300 105 173.8 2 826,203 -395 020

99 108,3 0.542 0.937 300 104 108,3 2 802,647 -387 002
99 166,666 0,292 0.934 300 104 166,666 280016 -385 719
D 281,499 100 312,667 0.299 0.923 300 105 312,667 2781667 -381 505
D 286,257 99 882.8 0.308 1.168 300 104 882,8 3100,093 -477 032
4
1-50f13 >
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HAMNOJIHEHUE KITACCUDOUKATOPA OEDEKTOB

3pesiocTn Cnoco0 HanoJiHeHus Kiaaccupuraropa aedpexkTon
m3esua mo 2K11 . JlaHnHbIe OKCIEPTHBIE
MonenupoBanue JIaHHBIE UCTIBITAHUI
AKCILTyaTaluu nmpaBuia
HoBoe uznenue + +
N3nenue Ha + +
BHEIPECHUU
Cepuiinoe + +
€31 (SNN5(S
4
3penocThb
173 (S0

OmnbITHAs 0TpabOTKa

N3CIUA

Bpewms
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TECTUPOBAHWE HA NCTOPUYHECKMNX OAHHDbIX

Ha rmasHyto

[a30B03AYLWUHLIA TpakT
TonnueHasA cuctemMa
MacnaHaa cuctema
Bubpayun

TemnepatypHan
HepaBHOMEPHOCTL

OBUTATENE HACTPOWKA ~ MOHWUTOPUHI WMCTOPHUA ~

VICTOUHNK A8HHBIX
@® csv

(O Baza paHHbix

CO3[AHWE KAPT

ONTHUMN3ALMA

[@ @AAn C OAHHBIMKN

3apaiTe guana3oH

BbIBOP MPU3HAKA PACHET NOOCHUCTEMbI

PeTpocnekTuBHbIE
JTAaHHBIC TECTUPOBAHUSI

oT | BriGepuTe gaty | no |B=|69pATe aary
BblMUCNUTE
(i
MapameTp Ouwubka AKTUBEH
n_hpr_by_n_lpr 0,046
n_wsr_by_n_lpr 0,034 Vv
&
<
n_wsr_by_n_hpr 0,007 v
mfr_fuel_by_pi K 0,023
mfr_fuel_by_T_Ipt 0,007

IBH60p rpad)uKoB

8-12 07 12

<
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TPAOUNKUN < OATHYHUNK-MOAES1b» N OTKITOHEHUVE MOEJTA

Ha rmasHyto

[@30B030YLWIHELIA TpaKT
TonnueHaa cuctema
MacnaHan cuctema
Bubpauuu

TemnepaTypHan
HEepaBHOMEPHOCTE

OBWUTATEND

v HACTPOWMKA ~ MOHWTOPWUHE ~ WNCTOPUA ~

n_hpr_by n_lpr
2.2

OaTtumk
Mogens
2
1.8 \j ’

1.6 1 |
1.4 x— IIJ'

14:35 14:40 14:45 14:50 14:55 15:00 15:05
May 6, 2022

‘Fpaq)mc JIATIUK U MOJEIIb» ‘

a

n_hpr_by n_lpr

0.5
0.4
0.2
0.2

0.1

OTKnoHeHWe

—0.1

14:35 14:40 14:45 14:50 14:55
May 6, 2022

15:00 15:05

‘ OTKIJIIOHEHUE MOJIEIHU
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TECTUPOBAHWE HA NCTOPUYHECKMNX OAHHDbIX

Ha rnasHyo OBWMATEND v HACTPOMKA v MOHUTOPWHI ~ WCTOPUA v

HaubOosiee

[a30Bo30YLWHLIA TpaKT 8-100f 10 <

TonnueHana cucTema Bep OHTHBIﬁ
Macnanana cuctema I[eq)eKT HaKu

Bubpauuu
1 = flowpath_sign_comb_crit
TemnepaTypHaﬂ ——— flowpath_sign_hpc_leak_crit
HEpPABHOMEPHOCTL —— flowpath_sign_hpt_gap_crit
0.5 —— flowpath_sign_lpc_close_crit

—— flowpath_sign_lpc_gap_crit
——— flowpath_sign_lpc_leak_crit
0 d___ flowpath_sign_lpc_open_crit

——— flowpath_sign_lpt_gap_crit
flowpath_sign_nomalf_crit
——— flowpath_sign_wst_gap_crit

-0.5

14:35 14:40 14:45 14:50 14:55 15:00 15:05
May 6, 2022
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cyberphysics

Anpobauua NO B yacTu:
* Cucrema IBT

* Cucrtema cMasKku

* JonanBHAA cUCTema

20



BT °¢ APXHTEKTYpPa MOJEeJIH

HaumeHoBaHMe mapamerpa Tun
napamMerpa
Temmneparypa Ha Bxoae B KH/I

JlaBnenue Ha Bxoae B KH/J
Braxuocts Ha Bxoge B KH/J

TemnepaTtypa
NaBneHue Bxon B
BraMHocTb KC

OaBneHwve

Bbixon
m3 T

v

Kamepa
cropaHua

Ban TKBL,

Ban TKHL,

Bxopg,
Bl TO

Bxon YacrtoTa
Ban CT | ppaweHunsa

* Bcrpoena B [10 MIITC
* OpHOMEpHast MOAETb

*  VY3IIBI ONPEIEIEHBI PACXOI-HAOPHBIMH XAPAKTEPUCTUKAMHA
u xapakrepuctukamu KII1/]

° XapaKTepI/ICTI/IKI/I IMPpOYHUX Y3JIOB — KOHCTAHTLI

*  MoaenupoBaHue 1e(PEKTOB

Ne
n/n
Pacxon Tonsnsa Bxon




MOLOEJTIMPOBAHUE
AEDOEKTOB

Ha ocHoBe mogenupoBaHua B CAE

cnctemMax
* IIpumep: yBenmmuennslie 3a30pbl KH/I BCneacreue

3PO3UMHOTO U3HOCA
e (CwMelIeHMs XapaKTEPUCTUK OMPEACIISIOTCS
HEMOCPEICTBEHHO MO Pe3yJibTaTaM pacyera

JledbekT xapakTepu3yeTcss BEKTOPOM MapaMeTpPOB
dbu3Mar Mmojaenu

CMeleHIe XapaKTePUCTHK M3MeHEeHNEe MOJICTIBbHBIX
Y3J0B CUCTCMEI I10 OCH Q, T, KOHCTaAHT

n

Ha ocHoOBe peTpoCneKTUBHbIX OaHHbIX
UCMbITaHUMN, MMUTUNPYIOLLUNX D,ed)eKTHble

COCTOAHUNA
e Ilpumep: HemTanbli yroi noBopora BHA
ApxuB Pacuer mapamerpoB cuctemsl I'BT * Pemaercs ob6parHas 3a1a4a: HO00PaTh CMENIECHHUS

JaHHBIX IIpY MOMOIIHY (PU3-MaT MOAEIIHU C XapaKTEPUCTHK
paborst I'T/L Je(EeKTHBIMU» TapaMeTPaMH




CAE » NMPUSHAK JEDEKTA

MOJCTUPOBAHMS
VBeJInueHHBIN crD pacuetr KH/I ¢ O1ieHKa U3MEHEHUSA
3asop KHJI 6, nedexToM u 0e3 XapaKTEPUCTHK

|
|
|
|
|
|
|
|
|
|
. IIpusnak nedexra u3
|
|
|
|
|
|
|
|
|

——— — — — — — — — — — — — — — — — — — — — — — — — —— — —— — — — — — — — — — — — — —

TeMnepaTtypa

| |
} NkH | I
o OaeneHue Bxop B

Zl I/ICHpaBHBII/I | BRaHOCT KC :
_/\/\/\——_\ | OaeneHue

| Bxon Bbixon :
W —~ | s ITO w3 ITA,

I

nedext | |

> | Ban TKHL, I Bxon | YacToTa [

g | M FB T Ban CT | ppalieHUsa |

Bpewms | ()i (1 |

[IpusHak nedekra
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NPEOAMNOMMAXHOE COCTOAHUE (MMUTALINA YEPE3
YIromn BHA -5TPAOYCOB)

3 * Tskeanlil 1eeKT
= e PasHas BBIABIIEMOCTD B
(O Harl HEC M HOCTH
Io\Dz JIMara30He MOIIHOC
5 C
o X
o 3
X m
> (@©
5> ]
% o e —

[ — — —

Pren  WaAn Wer NTkno NTeeg
BbixogHble napamMeTpbl
A 24




YBEJIMMEHHbIV PAOUAJIbHBIUN 3A30P KHJ, (+0,3 MM)

HopMKMpoOBaHHaYA
pasnagka, %
I
O O O
N O N

I
O
N

]

==

* Ciaaboe nposiBIICHUE
* TsxKeso ycTpaHuTh
* IlocreneHHoE pa3BUTHE

 PasHas BBIABIIEMOCTD B
JINara30He MOIMHOCTH

.

BblX
KB,

BbIX

LA

Wer NTkHO NTKBO

BbixogHble MnapaMeTpbl
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CHMXEHUE KN KAMEPDbI CTOPAHUA HA 2%

HopMUpOBaHHAaYA
pasnanka, %

|
—

I
N)

[]
—

o —

—

BbIX  {+BbIX
KBL,

BbixogHble MapaMeTpbl

YeTKuH IIpU3HaK
Tsoxeno ycrpanurh
IlocTenenHoe pa3BuTue

Pa3Hadg BeIIBIIEMOCTE B
auara3oHe MOIIHOCTH

26




YTEYHKA B KBL4

HopMUpoOBaHHasA
pasnagka, %

N

@)

]

BblX

KB

BblX

ttan Wer NtkHao NTRBLO
BbixooHble NapamMeTpbl

YeTKuH IIpU3HaAK
CpenHe TSAXKENO YCTPAHUTD
Tsxeno JjoKkaaIu30Barh

Pa3Hadg BBIIBIIEMOCTE B
Uara3oHe MOIITHOCTH

27




cyberphysics

Anpobauua NO B yacTu:
* Cucrema IBT

e Cucrema cmaskKu

* JonanBHAA cUCTEMA

28



CNCTEMA CMA3KHA Qa ApXHTEKTypa MOAe/IH

HaumeHoBaHMe mapamerpa Tun
* Moaenap TeUeHHUs Macia 1 TEIUIOOOMEHA C napaMeTpa
IMOAJIIIMUITHUKAMU Yacrora Bpamenus KH/|
* OpHOMepHas MOAEIb

Temneparypa macia Ha Bxoae B ['T/] Bxon

* MopenupoBaHue Ae(PEKTOB

Temneparypa maciia Ha BbIXOJE U3 Boixon
MIEPEXOJHUKA

Temneparypa maciia Ha BBIXOJE U3 OIIOPBI Boixoa
KB/{

Temmneparypa mMaciia Ha BBIXOJIE U3 OTIOPHI
THJ

Temneparypa maciia Ha BBIXOJ€ U3 OHOPBI Boixoa
CT

JlaBneHne Maciia Ha JWHUH OTKAYKH BbIxona

JaBnenue macna 10 ¢punsTpa 1 Boixoa

JlaBnenue macia 3a uiabTpom D1 Buixon




MOLEJ1b B SIMCENTER AMESIM

BM1

Fazoxon

oK

Pl

CM1

Monocrs H1

DPE

Ycnosua paboTel

M1 M2
M3 i

HuakocTv

T1K1
3m AL
DBopoTal NrHg

A

B1

®1

ni

n2

K10K

o2

n3 n4
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3AMPA3HEHUE ©OUTbTPA ®©8 NEPE ONOPOU CT

 Henocrarounoe )
OXJIaXKJEHUE TMOAIINITHUKA

e Jlerxko BBISIBUTH C

—8— nNyHp = 6125 06/MUH,tey = 21 rp.LL,
NkHp = 6125 06/MUH tey = 31 rp.LL,
Nknp = 7125 06/MUH,te = 21 rp.LL,

/

AOIOJHUTEIbHbIM ~
TATYUKOM 2
/ o
* Jlerko yCcTpaHATh ;
g O
=
s
3 -2
I
4

——
I —8— nNynp = 7125 06/MUH,te = 31 rp.LL,

BupryanbHblie I

JTATYUKHU I

|
S P & v ko H H L o A fN e o
&20 S $2+x€<> < \@& 3% 92 &/\99%‘@"’%* 0% O'%?%_O%‘
Q QL Q ,&,«\QQGI\Q ‘I‘Q = @ Q®¢Q®¢Q®¢Q®¢Q®¢QQ’¢

BbixooHble NapaMeTpbl
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AEMPAOAUNA HATHETAIOLLEIO HACOCA

Ileperpes Bcex MOAUIMITHUKOB A
[loHMKEHHOE 1aBIICHUE
dunsTpa O1

JIerko BBIABUTH

CpenHe TSDKENO yCTpaHUTh

Eﬁ i >
L ) l<
29 30 31 32 . l
28 ~
—-\\ > | A 4
-y gy |
27 v = —
[ — ‘Ul v |

77 o

e A= ,‘/

HopManmnsoBaHHada pa3snagka, %

Nipa = 5625 06/MUH,tex = 21 rp.LL,
NiHp = 5625 06/MUH, tey = 31 Tp.L,
Nin = 6125 06/MUH,tex = 21 rp.LL,,
NiHp, = 6125 06/MUH tey = 31 rp.Ld,,
NiR = 6623 06/MUH,tex = 21 rp.LL,
N = 6623 06/MUH,tax =31 rp.LL,
N = 6625 06/MUH, tey = 21 rp.LL,
NiR = 6625 06/MUH,tex = 31 rp.LL,
Nin = 7125 06/MUH,tey = 21 rp.L.,

;

—8— Nynp = 7125 06/MUH,tey = 31 rp.L,,

P N I R

2 S0 & @'Q‘ O & 2 RO & fo-(;‘ O L 2
Q")Q\]\QQ% Q Q”DQ;\]\ Q%\I\Q Q@Q\I\QQ%‘I\Q Q”)e\[s Q @‘I\Q Q”DQ\I\QQ o

I
BbIXxogHble MapaMeTpbl
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MEPEIPEB OlNOPbl KOMITPECCOPA

. 2
* M3o1MpoBaHHBIH JC(PEKT

—8— Nk = 6125 06/MUH,tex = 21 rp.LL,,
NkHp = 6125 06/MUH, tey = 31 rp.LL,
NkHp = 7125 06/MUH,tey = 21 rp.L,,
NkHp = 7125 06/MUH,tey = 31 rp.LL,
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cyberphysics

Anpobauua NO B yacTu:
* Cucrema IBT

* Cucrema cmaskKu

* JonauBHaA cucrema
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TOIMNJIMBHAA CUCTEMA
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e Mojaeins nmojgauM TorjinBa
* lneanbHBIN TOIUIMBHBIM HACOC

* MogenupoBaHue 1e(HEKTOB

°¢ APXHTEKTYpPa MOJEeJIH

No
/1

4

5

7

HaumenoBanue napamerpa Tun
napamerpa
v

Yacrora Bpauienus KH/|
e 57
Pacxox TOILINBA Yepe3 103aTop

JlaBieHrE TOILIMBA B 1 KaHAJIE Boixon
dbopcyHOK

JlaBiieHME TOIUIMBA BO 2 KaHAJE Boixon
(dbopcyHOK

JlaBieHue ToIiMBa nepes Boixoa
TOTUITUBHBIM (DUITETPOM

JlaBlieHME TOIUIMBA TTOCJTIE Boixon
TOIUIMBHOTO (hUIIBTpa




SAINPA3HEHUE 2 KAHAJIA OOPCYHOK

* JlaBiieHUE BHILIE HOPMBI

e Jlerpagamus
XaAPaKTePUCTHUK
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HEMNOJTIHOE OTKPbITUE OO3ATOPA

* HexBaTka TOILIUBA

e Jlerko BBISBIISTH

* Jlerpapanus
XapaAKTEePUCTHK

* Jlerko yCcTtpaHsaTh

HopMMpoBaHHaga pa3nagkKa, %

. aAﬂ=43.16
N QAJ],=51-29
[ aAﬂ=59.81

pd)'nTp p3a. $bnTp QTbnn

[NapaMeTpbl

noA[ noBPK pnocneA
p,qon p,qon p,u,on
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TOYHHOCTDb BbI4ABJIEHUH U TOUP

JIerko BBISIBJISAATH

HHKECHHE

KIA Ileperpes onopbi
KaMepbl KoMIpeccopa
cropaHus

OTKpbITHE
no3aropa

YTeuka B
KB

Tsaxeao
YCTPAHATD

Jlerko
YCTPAHATH

3arpsizHeHue puabTpa Heo0Oxomxmnmo
s
JIOOCHAIIIEHUE [T
JICTKOT'O
BBISIBJICHUA

Tsaxke10 BHIABJIATH

Cpennuit
nedext
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BbIBO[bl

Heob6xoauma uHterpauymsa ¢ CAE cuctemamm

Heobxogmnmo 6optoBoe ucnoaHexHme MO ana paboTbl Ha n3genun B
3KCMAyaTaumm

O MOKeT nogCcKasaTb ONTUMA/ZIbHOE AO0OCHALLeHMe AnA BoabLuen
BbIAB/IAEMOCTU AePEKTOB

BO3MOXHOCTb BblAB/1€HUA AedeKTOB pas/IM4aeTcA B 3aBUCMMOCTU OT
pPabounx pexxmMmMoB U CTEeNEHU OCHALEHHOCTM AaTYMKAMMU

Heobxoguma nuterpauyua c TOuP cuctemamu v BHeApeHUe B NPOLEeCChbl
TOuP

39






YTOYHEHUE (MOEHTUDOUKALIAE) MOOESIA BT
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OnTummnsnpyemble mapaMeTphl:

* Koaddunuentsr MmacmrabupoBaHus
XapaKTePUCTHK KOMIIPECCOPOB/TypOUH

* KondduureHTs! yreuek/BbITyCKOB
* TloTepu naBneHHs B IEPEXOAHUKAX

* KIIJI kamepsl cropanus, poTopoB

new

Onrtumuzarop

OHTI/IMI/I3aHI/IH C OrpaHUYCHUSAMU
P ,P

min’ ~ max

Ha BBIOpPAHHBIE MTApaAMETPhI

Pype = P | min (R(P))

P = (Pmiﬂrpmaxj
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BEPUWOUKALUNE MOOEJIN BT

AOCOJIIOTHASI CPETHSAS MOrPENIHOCTh MOAEJN B % OT JHana3oHa Momnocts CT> MBT
Hasnenwne 3a | Temneparypa |Momuocte CT|  Yactora Yacrora @3:30111(S o
KB/I 3a TH/I BpAILICHUS BpAaILICHUs
poropa TKH/I | poropa TKB/I
0.6 1.2 0.5 0.4 0.4 0 0.2
0.6 0.5 0.5 0.5 0.5 0.2 0.4
0.4 0.1 0.6 1 0.3 04 0.6
0.5 0.1 0.7 1.2 0.2 0.6 0.8
0.3 0.1 0.3 0.7 0.1 0.8 1
0.5 0.2 1 0.3 0.3 1 1.2
0.5 0.2 1.1 0.3 0.3 1.2 1.4
0.4 0.2 1.3 0.2 0.1 1.4 1.6
0.3 0.4 0.7 0.5 0.2 1.8 2
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BEPUNDOUKALIUEG TOMJIMBHOU CUCTEMDI

AOCOJIIOTHASI CPEIHSA MOTPENIHOCThL MOJEJH B % 0T Iuana3oHa Yacrora spamenus KH/I
00/MuH
JlaBnenue B ! | JlaBiienue Bo 2| JlaBneHue JlaBieHue Pacxon (@3:38111(S J1o
KaHaJje KaHaje TOIUIMBA 32 |TOIUIMBA MEPEJ|  TOIUIMBA
dbopcyHOK dbopcyHOK (buabsTpomM buasTpomM
9.35 22.5 1.55 0.76 8.05 0 4500
0.95 3.71 1.03 0.99 3.51 4500 5000
1.29 1.76 0.77 0.84 1.17 5000 5500
1.27 2.81 1.29 1.31 3.55 5500 6000
1.28 4.28 1.13 0.97 4.07 6000 6500
0.81 1.31 4.09 3.22 0.91 6500 7000
0.4 1.01 2.99 2.4 1.08 7000 8000
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CrnocCob NMPEOCTABJIEHUA PE3YJIbTATOB MOOETMPOBAHUNA C
OEDOEKTAMU

Paznuunble paboumne
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MOOEJTMPYEMbDIE OEDOEKTbI BT

Cmelienre XapakTepuCTUKH

HaumenoBanue nedexra CMeIIeHH e 0 Cmenenye mo Cmerenne
OCH pacxoja OCH Tk DKL) QXN 1 Koad¢. yreukn
Hemrarnoe nmonoxxkenne BHA KH/I
(OTKJIOHEHUE OT HOMUHAJIBHOTO -0,02 0,006 0,005 -

IIOJIOKCHHUSA MUHYC 5 T'PaayCoOB)

Hemrarnoe nmonoxxenne BHA . KH/I

(OTKJIOHEHHE OT HOMHUHAJIBHOTO 0,005 -0,006 -
MOJIOYKEHHUS TUTFOC 5 TPAIyCOB

Yeenunuennsie 3a30pbl KH/I -0.0036 - -0.0075 - KH/
Yreuka B KH/J - - - 0,02 KH/]
Yreuka B KB/ - - - 0,02 KB/],
YBenunueHHble 3a30pbl TB/] - - -0,016 - TB/]
YBennueHHbie 3a30pbl TH/I - - -0.013 - TH/
YBennuennsie 3a30pbl CT - - -0.014 - CT
Cuamxkenne KITJ KC Cuamxkenune KIIJI Ha 2%
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Mopaenb MacngaHOM CUCTEMbI: NepexXoaHUK

OK p1 ne TBA THA B
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Mopenb MacnsgaHou cuctembl: TB/1
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Mopaenb MacnsaHou cuctembl: THA
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BEPUWOUNKALUNH CUCTEMbI CMA3KHA

Temneparypa Macia Ha BBIXOJE H3

nepexonnuka, °C

— Pacwér [degC] —_

— dakTiy [degC]

x10

¥: Time [s]

TemnepaTtypa Maciia Ha BBIXOJIE OTIOPbI

THJL, °C

80 —
— PacuéT [degC] _
7| — dakriy [degC]
70—
60 -
50 —
x10°
40 T T T T T T T T T ]
1.0 1.2 14 1.6 1.8 20

¥: Time [s]

Temmneparypa macia Ha BBIXOZIE U3

onopsl KB/, °C

E = Pac4ér [degC]

70 | = ®akTuy [degC]
65 o
60 -
55 4
50 -
45 -
40 T T T T ‘xm’
1.0 1.2 14 16 18 20
X: Time [g]
Temmeparypa Maciia Ha BBIXOJIE U3
onopsl CT, °C
65 4
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]| — ®arria [degC]
60
55 J
50 {
45 —:
40 T T T T |xm!
1.0 1.2 1.4 1.6 1.8 2.0

¥: Time [s]

HaBnenue o ¢punsrpa O1

0.8
0.7
0.6
0.5
0.4 —
0.3
0.2 -
0.1 = PacueTHoe aasneHue [MPa]
= DaKTUYeCKoe aaBneHHe [MMal] 3
x10
0.0 T T T T 1
1.0 1.2 14 1.6 1.8 2.0
¥: Time [s]
Hasnenue 3a punsrpom D1
0.7 —
N A P N -

0.6 4

0.5 —

0.4 —

0.3 4

0.2 4

0.1 4 — PacueTHoe aasnenre [MPa]

= QaKTHUYECKOE NaBneHne [MPa] E]
x10
0.0 T T T 1
1.0 1.2 1.4 16 1.8 2.0

X2 Time [g]
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MOAEJTMPOBAHUWE OEDPEKTOB CUCTEMbI CMA3KHA

YTeuka 3acopenue Jlerpaxanus
XapPaKTEePUCTUK

N

OTBeTBICHUE
TpyOOmpoBOaa IS

Yo 4 ‘ ‘ M3MeHeHrnEe MOIEIIBbHBIX
| '] [ ] KOHCTAHT ~ CTEIICHD
nedeKTa
\§ _J
Y
D, POCCEIIS ~ CTEIICHb
nedeKra 5




