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NHOOPMAIIMOHHO-UHCTPYMEHTAJIBHASA CUCTEMA JJIAA
PEHIEHUA 3AJAY OITUMU3ALIUA U UAEHTUOUKAIIUU 1TPU
MHNPOEKTUPOBAHUU U JOBOAKE DOHEPTETUYECKHUX YCTAHOBOK

IIpencraBneHa HOBas Bepchs HHMDOPMAIIMOHHO-HHCTPYMEHTAFHONW CHCTEMBI, KOTOpas peajn30BaHA B BUJC
MoJiesbHO-TiporpaMMHoro  kKomimiekca (MIIK), uro oOecneumBaeT perieHue 3aad  ONTUMH3AIMKA  Ta
UACHTU(HUKAIIMK TAapaMETPOB Ta XaPAKTEPUCTUK JHEPreTHYCCKHX YCTAHOBOK INPH WX IMPOCKTUPOBAHHUU Ta
JIOBOJIKE, KOTOpasi WHBAPHMAHTHA OTHOCHUTEIHHO MATEMATHYECKHUX MOjeNedl Ta (PU3MYECKUX HCCIEAYEMbIX
nporeccoB. PaccMOTpeH MOAXO/, MOCTAHOBKA U METOJIbI PeAU3alMU 33/1a4i UACHTU(UKAINN MaTEMaTHYSCKOM
mogenu (MM) aBHAIMOHHBIX Ta30TypOMHHBIX JBurarencii. [IpuUBeNeHbI pe3ynbTaThl UACHTU(UKALUU
nmeurarens, J[-436 I'Tl «Buenko-IIporpeccy, momyuennsie ¢ momonipio MITK.

[Togano HOBY Bepcito iH(POPMaliHHO-IHCTPYMEHTAILHOI CHCTEMH, SIKYy peajli30BaHO y BHIVISAI MOJENBHO-
nporpamuoro komiuiekcy (MIIK), mo 3a0e3neuye pimeHHs 3aau ontuMizauii Ta ineHTudikauii mapaMeTpis ta
XapaKTEPUCTUK EHEPreTUYHMX YCTAaHOBOK INpPH iX MPOEKTyBaHHI Ta JOBOALI, SKa iHBapiaHTHA BiJHOCHO
MaTeMaTUYHUX MoOJeNed Ta (PI3UYHUX MPOIECIB, MO JOCTIKYIOThCSI. PO3MIISHYTO MiIXil, TMOCTAHOBKY Ta
METOAM peaiizamii 3amaui igeHTudikamii MareMaTrnaHoi monxemi (MM) aBiallifHUX Ta30TypOIHHHUX JBHTYHIB.
HaBeneno pesynbrati ineHtudikauii asuryna, J-436 JII1 «IBuenko-IIporpecy, mo orpuMani 3a JONOMOTOIO
MIIK.

We can represent new version of information and instrumental system which was realized in model and
programmed complex view (MPC), providing the solving of optimization and identification problems and
characteristic of the energy setting, and their projecting and operation developing, which is invariant attending
searching mathematical models and physical process. The problem and the methods of the problems of
identification of mathematical models (MM) of air gas turbine engine (GTE) including the experiment data were
solved and examined with all their ways. The results of identification MM engines D-436 GP «lvchenko-
Progress» were represented here which were obtained owing MPC.

Beenenne

Co3nanne COBPEMEHHBIX YHEPreTUYECKUX YCTAHOBOK SIBIISIETCS BEChbMa CJIOXKHOU U
TPYZIOEMKOW 3aJaueid, KOTOpas XapaKTepU3yeTcs KakK MCIOJb30BaHUEM JOCTHIKEHHM B
0o0JacT  TepMOTa30JAMHAMHUKHA, TPOYHOCTH, TEXHOJOTMH  TPOU3BOJICTBA, TaK H
Kau€CTBEHHBIMU U3MEHEHUAMU UX TPOCKTUPOBAHUS U JTOBOJKH.

OaHuM W3 BaXXHEHIIMX BOMPOCOB TNOBBIMIEHUS A((EKTUBHOCTH  CO3/aHUs
SHEPreTUYECKUX YCTAHOBOK SBIISIETCS CHCTEMHOE U COTJIACOBAHHOE MCIOJIb30BaHUE
TEOPETHUUECKHUX OCHOB, METOJIOB MAaTeMAaTHUYE€CKOTO MOJICIUPOBAHUSA, SKCIEPUMEHTAIBHBIX
CPEIICTB HCCIENOBaHUS M METOJOB HIECHTU(UKALUKM MaTeMaTH4eckux Mozaeneit (MM)
(GU3HYECKUX TIPOIECCOB, MPOUCXOASAIIMX B MCCIEIYEMBIX OOBEKTaX, B COUYETAHUH C
BBICOKOA()(DeKTUBHBIMU METOJIJAMHU ONITUMHU3ALINH.

Takoil KOMIUIEKCHBIM MOAXOJ M CO3/IaHHE COOTBETCTBYIOIIMX CHUCTEM MO3BOJIUT BO
MHOTO pa3 ObICTpee, ¢ MCMOIB30BaHNEM 3HAYUTENHHO OOJNbIIero oobemMa HHPOpPMAIHH, YeEM
9TO JIOCTYMHO MPOEKTUPOBIIUKY B OOBIYHON MPAKTHUKE, PACCMOTPETh MHOXKECTBO BapUAHTOB
KOHCTPYKIUH, OIIEHUTh UX JOCTOBEPHBIE XapaKTEPUCTUKH M HA OCHOBE KAYECTBEHHO HOBOM
TEXHOJIOTHH MPOEKTUPOBAHUS MIPUHATH ONTUMAIBHOE (PAIlMOHAIIBHOE) PEIICHUE.
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IMocTanoBKa 3a7a4H CO3IaHUS MOJEJIbHO-IPOTPAMMHOI0 KOMILJIEKCA

[IpencraBnsieTcss akTyalbHBIM CO3JaHUE WHTETPUPOBAHHON Cpelbl (CHUCTEMBI),
pearu30BaHHONW B BHJIE MoJelbHO-TIporpammHoro komiuiekca (MIIK), mo3Bosnsromieit B
eAMHOM HMH(OPMAIIMOHHOM MPOCTPAHCTBE PEIIATh 33/1a4U MHOTOIIENIEBOM 1 MHOTOYPOBHEBOI
ONTUMU3AIMK TMapaMETPOB M XapaKTEPUCTHK, a TakkKe WX HJAeHTU(DUKAIUU (TIOTyIECHHS
aJICKBaTHBIX MaTEMaTHUYECKUX MOJENEH) M0 pe3yiabTaTaM 3KCIIEPUMEHTOB C UCTIOJIb30BAHUEM
COBPEMEHHBIX MaTEMaTUYECKUX METOJOB IMOMCKAa ONTHUMalbHBIX pemeHui [1, 2]. 3mech
MaTeMaTUYECKHEe MOJENH, METOJbl M BBIYMCIIMTENIbHASI TEXHHKA BBICTYIAIOT KaK CpEACTBa
CHUCTEMaTH3allMi  TpOoIecca CO3JaHMs H  JOBOJKM DJHEPrOyCTAaHOBOK Ha  OO0mIeH
METOJIONIOTUYECKOU, MH(OPMALIMOHHON U TEXHUYECKOW OCHOBE.

K paspabareiBacMoMy MOJIETBHO-TTPOrPAMMHOMY KOMITICKCY ObUTH C(HOPMYITHPOBAHBI
CJIeTyIOIINe OCHOBHBIE TEXHHUUECKHE TPEOOBaHMUS:

— KOMIUJIEKC JIOJDKEH OBITh MOJYJBHBIM W Pa3BUBAIOIIMUMCS, 00€CIeunBaTh
BO3MOXXHOCTh BBEJICHUSI HOBBIX MOJYJIECH, MOJIEPHHU3AINIO UMEIOIIUXCS, U3MEHEHUsT Habopa
BXOJHBIX M BBIXOJAHBIX JaHHBIX, Pa3BUTHS CHUCTEMbI TOJJCPKKH TPHUHATHSA pEIICHUH,
JIOTIOJTHEHUS U U3MEHEHUS €€ alrOpuTMa;

— obecrieueHrne BO3MOXXHOCTH MCTIOIB30BAHUS UMEIOIINXCS TPOTPAMMHBIX MPOJTYKTOB
(IpeAMETHBIX MOYJIEH) C MUHUMATbHBIMU JOPaObOTKaMU;

— IPOTrPAMMHBIM  KOMIUJIEKC JIOJDKEH OBITh MHOTOYPOBHEBBIM C  BO3MOKHOCTBIO
nepexoja OT Oojiee MPOCTHIX pacyeToB K Oo0jee CIO0XKHBIM B aBTOMAaTH3UPOBAHHOM U
JTUAJIOTOBOM PEXHMMaX; JOHKHO OBITh 00ECTICUeHO MPEPhIBAHUE PACUCTOB Ha JIFOOOM YPOBHE C
BBIBOJIOM PE3YJIbTAaTOB (B TEKCTOBOM, IpauecKoM WK TAOIUIHOM BUJE);

—Ha BCEX YPOBHAX CIEIyEeT MPEeIyCMOTPETh ONTHUMHU3ANMI (B TOM YHCIE U
MHOTOKPHUTEPUAIbHYIO) PACCUUTHIBAEMBIX MapaMeTPOB C BO3MOXKHOCTBIO BHU3YaJbHOTO
KOHTPOJIS TTOJTyYaeMBbIX PE3YIbTaTOB;

— KOMILJIEKC JOJIKEH OOecleuuBaTh pelIeHHe 3a/1ad MACHTU(UKAIMKA TapaMeTpOB U
XapaKTEPUCTHUK MaTeMaTHYECKON MOJENN HCCIeayeMoro oOBeKTa M €ro 3JEeMEHTOB 10
JKCIIEPUMEHTAIbHBIM JaHHBIM, TMPEACTABIEHHBIM B NPOrpaMMHOM, TaOIUYHOM WU
rpadu4ecKoM BHIE;

— IporpaMMHOe 00ecredeHne MOJKHO OBITh TEXHOJIOTHYHBIM B JKCIUTyaTalud H
JIOCTYITHBIM WHXEHEPY 0€3 CrelraibHON MOATOTOBKY MTPOTPaMMHUCTA.

XapakTepucTHKA MO/JeJIbHO-NIPOrpaMMHOI0 KOMILJIEKCa

C yuerom Bcex mpuBeldeHHbIX Bbimie TpeboBanuit B MIIMam HAH VYkpaunst
paspaboran MIIK Optimum. OH peasin3oBaH B cpeje pa3padotku Delphi  opopmIIeH B BUJIC
MOJTyJIbHOTO, MHOTOOKOHHOTO MHTEP(EHCHOTO MPUIOKEHHSI, pa3pab0TaHHOTO MO CHCTEMBI
Windows 98, Windows XP. ]Jlns HOpMallbHOW €ro paboThl HEOOXOAMMBI CIEIYIOIINE
CUCTeMHbIE pecypchl: mpouecop Intel wau AMD c uactoroit 1,5 I'Tu u Beime; 512 Mb
oneparuHoi mamsaTH; S00 Mb cBOGOHOTO TMCKOBOTO MPOCTPAHCTBA.

B ero cTpykTypy BXOIAT: MaTeMmMaTHueckue Mojenu (TpoOieMHbIe 3aaayu),
oTpaxaromue (U3NYECKUE MPOILECChl, MPOUCXOSAIINE B MPOEKTUPYEMOM OOBEKTE, METO/IbI
pacuera U MASHTHU(PUKAIMU UX MAPAMETPOB, XaPaKTEPUCTUK M KPUTEPUEB HIICHTU(DUKAILINU;
SKCIIEPUMEHTAJIbHbIE JaHHbIE, MPEACTAaBIECHHbIE B MPOrPaMMHOM, YUCIOBOM (TaOJIMYHOM)
Wi TpaduyecKoM BHJIE; IUAJOrOBasi CUCTEMa ONTHMH3AIMH; apXUB MPOEKTHBIX PEIICHU;
POrpaMMHO-UH(POPMAIIMOHHBIT uHTepdeic, o0ecreunBaroni CBSI3b MEKTY
KOMIIOHEHTaMHU CUCTEMBI.

MonynbHocTh Optimum o0ecneuynBaeT palloHalIbHOE MCIIOJIIb30BAHUE CHCTEMHBIX
PECYPCOB,  BBICOKYIO IPOU3BOJUTENBHOCTH W  BO3MOXHOCTH PACIIUPEHHs] HOBBIMU
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NPUJIOKEHUSIMU 0€3 BHECEHHUSl CYIIEeCTBEHHBIX H3MeHeHUH. CTpyKTypa HHTErpUPOBAHHOMN
Cpellbl IPUBEACHA Ha pHUC. 1.

Juanorosas cucrema ITpoOnemuble MOgYIH .|  basa sHaHuii
ONTUMM3ALMU < < ApXUB JaHHBIX
T al
CxansipHast BexropHast Onrummzanus Wnentudu- P DxcnepumeHTaNb-
ONTUMU3ALUA ONTHMH3ALUA KaLus T HbIE JJaHHbIE

l A

HOI’IOJ’[HI/ITEJ'II)H])IC TNPUIIOKCHUA

Puc. 1. Ctpykrypa Optimum

[Tpu pa3paboTke 3TOro MPOrpaMMHOTO KOMIUIEKCA, B COOTBETCTBHH C U3JI0KEHHBIMU
Bblllle TpeOOBaHUSIMHU, 0C000€ BHUMAHUE YJEISUIOCh €ro YHHUBEPCAIbHOCTH, T.€.
BO3MOXXHOCTH ONEPATUBHOM aganTalMd K PEIICHUIO0 PAa3IMYHBIX 3a7ad ONTUMHU3AIUUA U
uaeHtudukamuu. s 3TOro  MeToAbl  ONTUMHU3ALMK, NpoOJEeMHBIE  3aJadyd U
«IOTIOMHUTEIbHBIC TPHIOKCHHS BBIIONHEHBI B BHAE IMHAMUYECKH KOMIIOHYEMBIX
oubnmotex (dynamic link libraries) n GainoB JaHHBIX, KOTOPHIE TOJIKIIOYAIOTCS K Cpele 1o
Mepe HeoOxoaumocTu. [Ipu ATOM METOBI ONTHUMH3AINH U TIPOOJIEMHBIC 3a/1a4Ml CBSI3aHBI HE
TOJIBKO ¢ 0a30BOM MPOrpaMMON Cpellbl, HO M HEMOCPEACTBEHHO MEXIy COO0OH, dYTO
3HAYUTENIBHO YBEIUYHBACT CKOPOCTh PELICHUS MTOCTAaBICHHOH 3aa4u.

Meton mnoAkIrOYeHHsT MPOOJEMHBIX 3aJad  KaK JUHAMUYECKH KOMITOHYEMBIX
OMONMMOTEK TO3BOJIIET JIOCTATOYHO NPOCTO aJalTHPOBAaTh MaTeMaTHYECKHUE MOJEIH,
HaIMCaHHbIE HA Pa3JIMYHBIX SI3bIKaX MPOTrpaMMHUpOBaHus, Kk Optimum. DTO *e OTHOCUTCS U K
MPUBIICYCHHIO IPYTUX METOJIOB TIOUCKA ONTHMAILHBIX PEIICHHH.

Coznan unTepderic 0OMeHa JaHHBIMH JIJIs1 BCET0 KOMILIEKCA MPEAMETHBIX MOIYJICH ¢
UX €IMHON OpraHM3aluel, a TakkKe MPOCTHIM CIOCO00OM (HOPMHUPOBAHHS BXOJOB — BBIXOJIOB
HOJMPOrpaMM U BBIJECJIIEHUS U3 HMX YHCIA ONTUMHU3UPYEMBIX M HUICHTHUPHUIHPYEMBIX
MapaMeTpoB, COCTAB KOTOPHIX MOXKET IMIMPOKO U3MEHSTHCS PU HCCIEAOBAHUSIX.

Optimum wWMeeT OKOHHBIM uHTepdehc, KOTOphIH 00ecTeunBacT IOJb30BATEIIO
OPOCTOTY M yAO0OCTBO jnocTyna K ee (yHKIMAM. IIpu 3TOM BHOBH BbI3bIBaeMble (YHKIIMU
BBIMIOJHSIOTCS. B HOBBIX OKHAaxX, 4YTO IIO3BOJISIET OCYIIECTBISTh pa3IHYHbIE OMepaluu
OJTHOBPEMEHHO U OTCJIEKUBATh paboTy mporpaMMel. B mporiecce paboThl B HHTETPUPOBAHHON
cpelie MpeIyCMOTPEHa BO3MOXKHOCTh AKCIIOPTUPOBATH U UMIOPTUPOBATH UCXOHBIC JaHHbBIE
U (W1IM) pe3ysbTaThl pacueToB B MS Excel, 1100 B TEKCTOBBIN (aii.

Heob6xomumo  otrmetuth, uro Optimum WMEET BCTPOCHHBIH  00pabOTUYMK
UCKITIOYUTEIBHBIX CUTYallud, MO3BOJIIOMIUNA OOXOAUTH Psifl OMIMOOK, BO3HHUKAIOUIMX IPHU
pabote mpoOJIeMHBIX 3amad Oe3 BMeIIaTeNnbCTBa TOJb3oBaTens. Hampumep, mpu BBOJE
JAHHBIX TPOMCXOIUT MOCTOSHHBIA KOHTPOJIh HA HaJTMYKE JIOTHYECKHX OIIMOOK, a B CITy4yae ux
oOHapy»XeHHs TOJb30BATEN0 MpeajaraloTcs BapUaHThl UX HCIpPABIEHUS, a B Ipoliecce

! HepequL JOIIOJTHUTCIIBHBIX HpI/IJ'IO)KeHI/Iﬁ n ux (byHKIII/IOHaJ'IBHBIC BO3MOXHOCTHU IPUBCJACHBI HUXKC.
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IIOMCKAa ONTHMAJIBHOTO PEIICHUS HAa KaXKIOM IIare XapakTEPUCTUKH, BBIXOIALIUE 32 PAMKH
OTpaHUYEHUH, BU3yaJIbHO BBIIEISAIOTCS ITyTEM IOACBETKH.

JuanoroBass mojcHCTEMa ONTHMU3ALNMU, sBIstomasca ¢parmMeHnToM Optimum,
UCIIOJb3yEMBIE B HEW UHUCIICHHBIE METOBlI IOMCKA ONTHMAJbHBIX PELICHHM, a TaKXKe €€
(GYHKIIMOHAJIbHBIE BO3MOXHOCTH MpPH pealu3aluy 3aJady ONTUMHU3ALUU U UIACHTUPUKAIUN
apaMeTPOB M XapaKTEPUCTUK IHEPreTUUECKUX YCTAHOBOK JJOCTATOUYHO MOAPOOHO M3JI0KEHBI
B [2-4]. OTnnunTensHON 0COOCHHOCTHIO HOBOM BEPCHUH MOACUCTEMBI SBIISICTCS: PACIIUPEHHE
BEKTOPOB BapbUPYEMBIX MAPAaMETPOB M OIPaHUYECHHUM Ha pAacueTHBIE XapakTepucTuku ¢ 40
3leMeHToB 10 512, Hamuyue anropuTMa pelieHus 3aJad  MHOTOKpUTEpUaIbHON
ueHTUQUKAIMK 0€3 CBEPTKH B aJ/TUTUBHBIN KpUTEPUil, JOMOTHUTEIbHbIE TPUIIOKEHHUS.

Heckonbko noJpoOHEE  paccMOTPUM «JIOTIOJTHUTEIIbHBIE MIPUIIOKEHUS»,
IPEJICTABISIIOIIME MOIIHBI HHCTPYMEHT, PAaCIIUPSIOIIMA BO3MOXHOCTU CHUCTEMBI. OJTH
HOJIPOrpaMMbl 0(hOPMIIEHBI TaK ke KaK JUHAMUYECKH KOMIIOHyeMble OMOITMOTEKH.

«/lomomHUTEIBHBIE TPUIIOKEHHSD BKIIIOYAIOT B CeOs:

— IlognporpamMmmy npocMoTpa TEKCTOBBIX (ailyioB.

— @aiipl HKCIIEPUMEHTAIbHBIX TaHHBIX.

—Ilognporpammy 11sl 3arpy3KH SKCIIEPUMEHTAJIbHBIX JaHHBIX, MPEICTABICHHBIX B
YHCJIOBOM U (MJH) rpauuecKoM BH/IE.

— Iloxcucremy moctpoeHHs TpaduKOB, KOTOpas TMPEACTaBISACT COOOH CIeIUaTbHO
pa3paboTaHHyl0 (YHKIMIO Ha OCHOBE MapaOOJUYECKUX HHTEPHOSILMOHHBIX CIIJIaiHOB,
MO3BOJIAIOILYIO TPOEKTHPOBIIMKY OLIEHUBAaTh pe3yJbTaThl, IMOJIYYEHHbIE B IPOLECCE
ONTUMM3ALMU U UICHTU()UKALIUHI TapaMETPOB M XapaKTEPUCTHK CO37]aBA€MOr0 OOBEKTa.

— IlognporpamMmmy oOMeHa MCXOIHOM M MONMy4YeHHOM MH(popManuu ¢ 6a30i 3HaAHUM U
apXMBaMHU JAaHHBIX.

— Ilognporpammy BeIOOpa HaUITy4lIEeH alPOKCUMHUPYIOIIEH 3aBUCUMOCTH.

Pemenne KOHKpeTHBIX 3a7a4 ¢ ucnouabs3osannem MIIK

B xauectBe mpumepa ucnonb3oBaHus Optimum, paccMOTpUM HJeHTH(uKanuo MM
onHOM w3 Momudpukanmii aBuanuoHHoro nsurarens J1-436 T'Tl «MBuenko-IIporpecc» B
HIMPOKOM JIMAINa30HE PEKUMOB €0 HKCILTyaTaliu.

OTnUuyuTEeNbHOM OCOOEHHOCTBHIO pELIEHUs 3ajJad HMACHTU(UKALIUA B paMKax
KOMIUIEKCA  SIBISIETCS ~ OTCYTCTBHE  HEOOXOJUMOCTH  Kakux-1ub0  mpeoOpa3zoBaHUit
MaTeMaTUYeCKOW MojeNu O0BeKTa, T.€. pacyeT KpUTEPUEB HIACHTU(DUKAIIUHU, TAPaMETPOB U
XapaKTEPUCTUK JBUraTessl BEIETCA MO TEM K€ ajJrOpuTMaM, YTO U MPU MPOEKTUPOBAHUMU.
[Ipyu »TOM oOOecmeunBaeTcss COTJACOBAHME JIAHHBIX SKCIIEPUMEHTa C PACUYETHBIMU
XapaKTEPUCTUKAMHM HCIBITHIBAEMOIO0 M3IENHs B 3aJaHHOM JIMANla30HE JIOMYCTHUMBIX
OTKJIOHEHHI.

IIpn pemenun 3amaun wuaeHtudukanuu MM asurarens J[-436 wucnonb3yercs
N0y3JI0Basi MaTeMaTHYecKas MOJIENIb TEPMOra30iMHAMUYECKOT0 pacueTa BTOPOro ypoBHs [5],
B CTPYKTYpYy KOTOpPOM BKJIIOYEHBI XapaKTEPUCTUKH Y3JIOB ABUTATENsl, CHCTEMA BTOPUYHBIX
NOTOKOB (OTOOPOB W TMOABOJOB BO3AyXa Uil OXJIQXKACHUS «TOPSYMX» Y3JI0B U JUIS
pEryJIupoBaHUs JABJICHUNA B MOJIOCTSX JIBUTATENs), OTOOPHI BO3AyXa U MOIHOCTH JUISl HYK]
JIETATEJIBHOTO aIIapara.

3aaua uACHTUPHUKAIMY, B JAHHOM Clly4ae, peJCTaBIseT cOO0H MUHUMHU3ALUIO psijia
1eneBbIX (QyHKUIUHN (CBEEHNE K MUHUMYMY PacXOXJICHUNH MEXIy pe3yJbTaTaMH UCIBITAHUN
u3fienuss u pacdera mo MM g KaXIOro U3 KpUTEpPHEB HACHTU(DUKAIMH) C y4ETOM
OTpaHUYEHUH, T.€. IO CYTH 3TO 337a4a MHOTOKPUTEPHUAIIEHON YCIIOBHOM ONTHUMU3ALIAH.
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Jlssl KOPPEKTHOIO pelIeHus 3aJa4i UICHTU(UKAUK HEO0X0AUMO B NIEPBYIO OYepeib
chopMHpOBATH BEKTOP BapbUPYEMBIX MapaMeTpoB (KOppUTHpYrOIUX Ko3(dduimeHTon) s
noysnoBoii MM niBuratens, a Takke BEKTOP KpUTEPUEB UIEHTU(DUKALINH.

B kauecTBe KOppuUrHpyromux ko3¢ (UIMEeHTOB B paccMaTpuBaeMoii MM BbIOpaHbI
k03¢ ¢unmeHTsl MoaenupoBanus (kvoy) XapakTepucTHK y3i0B asrrarens mo KIIIA — 4y,
oboporam — k;,, cTeneHn CxaTus — ky, pacxony — kg, a TaKKe TIJIOMIATU COTIENT HAPY)KHOTO U
BHYTPEHHEI0 KOHTYPOB, KO3(PPHULIUEHTHI MOTEPh SHEPTUH B HUX (BCEro 32 BEIUYHHBI).

pacu

Koaddurnment monenmpoBanus — kMOII :H—, rae Ilp.s — 3HaYeHHMe mapamerpa,
xap
3a/IaHHOE B UCXOAHBIX AaHHBIX; [ly,, — 3HaUEHME apaMeTpa, UCHOJIb3yeMOE B pacueTax.

B kauyecTBe KOHTPONHMPYEMBIX MapaMeTPOB M XapaKTEPUCTHK BBIOPAHBI: PACXO]l
TOIIJIMBA, MJICAIbHAS TATA JIBUTATENsl, JaBICHUE U TEMIepaTypa 3a KOMIIPECCOPOM BBICOKOTO
JIaBJICHUs,, CyMMapHBI pacxoJ BO3JIyXa M pacxoJ] BO3JyXa BO BHYTPEHHEM KOHTYpE,
TeMIIepaTypa ra3oB repej TYpOMHOM, 4aCTOTHI BpaIleHUsI POTOPOB (Bcero 15 BeauvnH).

Lenesie ¢ynkuuu (KpuTepuu UACHTU(DUKAIMK) TPEACTABICHBl BETUYHMHAMU
MIEPEYHCIICHHBIX BHINIE KOHTPOJIMPYEMBIX MapaMeTpoB, ompenensieMblx 1o MM, nuana3oH
U3MEHEHHUsI KOTOPBIX YCTAaHABIMBACTCS IO pPe3yJabTaTaM MPSMBIX WU3MEPEHHH MapamMeTpoB
MOTOKA TIO TPAKTy JBHTATENsl, TONYYCHHBIX MPU CTEHJOBBIX WM JIETHBIX HCIIBITAHUSX.
3amaHHbli TUANa30H OTKIOHEHUW pPe3yJIbTaTOB pacdyera OT JKCIEPUMEHTAIBHBIX JTAaHHBIX
cocraBiseT * (0,5-1) %.

DKCTepUMEHTAILHBIMY JaHHBIMU IS WACHTH(DHUKAIMN TapaMeTpoB MM sBISIOTCS
CTCHIOBBIC 3€MHBIC JPOCCEIbHBIC XapaKTEPUCTHKH JBHTATENS, a TaKKE XapaKTePUCTUKU
JIBUTATENsl B YCJIOBUSX IOJIeTa, onpeaencHuble B Tepmodapokamepe (TBK) u na neraromieit
n1abopaTopuH.

[TapameTpoMm perynupoBaHusi [UIsl TOJYYEHHUS JPOCCENBHON XapaKTepUCTUKUA B
IPOBEJICHHBIX HCIBITAaHUAX ObLIa BBIOpaHa CyMMapHas CTENEeHb CKaTHA Ty, OJHAKO, B

cilyqyae HeOOXOIUMMOCTH, BO3MOKEH II€peXoi K APYTMM IapaMeTpaM peryJIMpOBaHMs,
HarpuMep — IPUBEACHHOMY YUCIy 000POTOB.

Ha nepBom 3tane, no mareMaTH4eCKON MOJENIN ABUTATells, 110 3aJaHHBIM HCXOJHBIM
JAaHHBIM (B COOTBETCTBMM C BBIOPAHHBIM PEXHUMOM paOOThl) U HA4YaJbHOMY 3HAYEHHUIO
BEKTOpa BapbUPYEMBIX I1APAMETPOB OINPEACIUINCH 3HAYECHHsS] KOHTPOJIHMPYEMBIX BEIUYUH
(kputepueB uneHTH(UKanuu). B cBOIO odepenb, M3 3KCIEPUMEHTAIBHBIX XapaKTEPUCTUK
OBLIM BHIOpaHbI 3HAUEHUSI aHAJIOTMYHBIX TapaMETPOB HA TOM XKeE PEKHUME.

Jlanee, B COOTBETCTBMM C 3aJaHHBIM B IIPOLIEHTHOM OTHOLIEHWM JOIIyCTHUMBIM
OTKJIOHEHMEM  pe3yJIbTaTOB  pacdyera  OT  DKCIEPUMEHTAJIbHBIX  JIAHHBIX, B
aBTOMAaTU3MPOBAHHOM PEXUME YCTAaHABIUBAJICS IMAINIa30H PEAIbHBIX OTKIIOHEHUN KPUTEPUEB
uaeHTU(UKaIMKM, a Takke ObLI 3a/JaH [AMana3oH W3MEHEHHs /s TPYIIbl BapbHUPyEMbIX
[apaMeTpOB.

B xaxnoil BbIOpaHHON TOuke 0a30BOM JIPOCCENbHON XapaKTEPUCTUKU JIBUraTelsd,
Bapualyeil NMepevyrcIeHHBIX BbIIIE KOPPUTHPYIOMUX KO3()PUIMEHTOB, ¢ HCIOJIb30BaHHEM
METOJ0B MHOTOKPUTEPHAIBHOM ONTHMMHU3AallMA  ONPENCISJINCh 3HAYEHHUsS KPUTEPUEB
UICHTU(QHUKAIMK, W TOJy4YeHHble pe3ynabTarbl 3aHocwinch B apxuBel MIIK. Cruenyer
MNOJYEPKHYTh, YTO MOMCK HAWIYYIIEro BapuaHTa MPOBOJWICS O€3 CBEPTKU B aJAUTHBHBIN
KpUTEpUIL.

[Tockonpky wumeHTU(UKAIMA TMOY3JI0OBOM MaTEeMaTUYeCKOW MOJENH JABUTATEIs
OPOBOJAWIIACH JAJS KaXJOM SKCIEPUMEHTAJIbHOM TOYKH, B pe3ysbTaTe ObLI MOIY4YeH psil
anexBaTHbIX MM /U1l KOHKPETHBIX TOYEK IPOCCEIBHON XapaKTEPUCTHKH.
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3aBUCUMOCTH KOPPHUTUPYIOIIHUX KO3()PULIMEHTOB OT mapameTpa peryjJupoBaHHUsA B
ynciioBoM BuJe 3anucbiBanuch B apxusbl MIIK. C ucnonps3zoBaHue moacucTEMbl IOCTPOEHUS
rpadukoB, 3Ta UHGOpManMs Obljla BU3yaIU3UPOBaHA U TAK)KE COXPAHSIIACh B apXUBaxX.

VY4uThIBasg, 4YTO OCHOBHOM MLENbI0 MAECHTH(PHKALUU SBISETCS CO3/1aHUE aJleKBaTHOU
MaTeMaTHUYeCKON MOJeNM, MO3BOJSIONIEH Moly4yaTh HWH(OPMALMIO BO BCEM JIMAIla30HE
pPEKUMOB PabOTHl ABHUraTens, Jajnee HeoOXOAMMO CKOppekTHpoBaTb MM, nomosHuB ee
AQHAIUTUYECKUMH 3aBUCUMOCTSIMU ISl BCEX BapbUPYEMbIX I1apaMETPOB.

Jlist 3TOro MOJTyYEeHHBIE B YHCIOBOM M IpaMuecKoOM BUAE U3MEHEHHUs KaXJIOro U3
KOPPUTHPYIOIIUX KO3(DPUIIMEHTOB OT TMapameTpa peryjaupoBaHusi (IO JpOCCEIbHOMN
XapaKkTepUCTHMKE Ha 3eMJle M B pa3IMYHbIX YCIOBHUAX TI0JIeTa) MOTYT  OBITh
anMpOKCUMHUPOBAHBI ¢ TOMOIIbI0, uMmeromeiics B MIIK, mporpamMMbl BeiOOpa HawmTydmien
aNNpOKCUMUPYIOIIEH 3aBUCHUMOCTHM W3 36 TPHUHATBIX K PpAacCMOTPEHHUIO YpPaBHEHUM.
Koaddurmentsr perpeccuu 3THX 3aBUCUMOCTEH OMPENETSIOTCS METOJIOM HAWMEHbBIIINX
KBaJpaToB. Bce 36 ypaBHeHUl annmpoKCUMAaLlUU paHKUPYIOTCS M0 BelnU4yMHe Ko3dduimenra
JETEPMHUHAINH, SBIISIONMIETOCS OJTHUM U3 KPUTEPUEB KayeCTBa allllpoOKCUMaIuu [2].

JUis KaXI0ro U3 peXMMOB pabOThl JABHUIaTeslsl pacCMOTPEHbI HECKOJIBKO BapUaHTOB
pelIeHns 3a/1a4 UISHTU(PUKALUU U3 Pa3HbIX HAYaJIbHBIX TOUEK.

AHanu3 pe3ysbTaToB MJICHTU(UKALUU IMO3BOJWI YTOYHHUTH JMANa30Hbl U3MEHEHUs
BapbUPYEMBIX MapaMETPOB M B UTEPATHBHOM IIPOLIECCE MOIyUYUTh HAOOPHI KOPPUTHPYIOIINX
K03(PULIMEHTOB ¢ IUIaBHBIM HMX  pacnpeieseHHeM, IO3BOJSIONIMM  BBIIOJHHUTH
aNMpPOKCHMAIIO AHAIMTHYECKUMH 3aBUCHUMOCTSIMH C 0oJiee BBICOKUM KOX(PPHUIHEHTOM
JeTepMHUHAIIMM, a, CIIeOBaTeNbHO, O0ecreunTs Oojiee JOCTOBEpPHYI HH(pOpMAIMIiO B
IIPOMEXKYTOUHBIX TOUKAX.

Jlanee BbIOpaHHBIE 3aBUCUMOCTH MO Ka)XKIOMY M3 KOPPUTHUPYIOIIHUX KO03(duLmeHToB
(BapbUpy€eMbIX TapaMeTpoB) 3aHoCATCS B MM.

Hwmwxe, B kadecTBe mnpuMmepa, NpUBEAEHBl TpapUKd H3MEHEHHs Ko3(duuueHToB
MOJIEJIMPOBAHUSl XapaKTEPUCTHUK OTAENbHBIX Y3JIOB JBUTATeNsl MO Tgs, OTBEYaAIOLIUe
pe3yiapTataM HAeHTH(UKauuu napamerpoB MM u3 1ByX HadajibHBIX TOYEK M IOCIE
annpokcuMaluu (puc. 2—3), a TakKe COOTBETCTBYIOLUE UM aHAJIUTHUECKNUE 3aBUCUMOCTH.

093
ky =kg = 1/(1_7’683‘_12 'eXP(TCKz))Q ky, =k, =—1’31 Trx l.
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Ky
Puc. 2. U3menenue ko3 duIienTa MOACIMPOBAHUS XapaKTCPUCTHKU KOMIIPECCOpa HU3KOTO JaBJICHUs kg
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Puc. 3. U3menenune ko duimenTa MoAETMPOBAHHS XapaKTEPUCTHKU TyPOUHEI BEHTUIIATOPA Kk,

JInst  OUEHKM aJIeKBaTHOCTH CKOPpPEKTHpoBaHHOM MM ¢ KOppuUTrHpyOIUMHU
kod(puimentaMu ObUTM TIPOBENIEHBI PACUEThl TEPMOTA30IMHAMHYECKUX XapaKTEPUCTUK
nsuratenst J1-436 1 HECKOJIBKUX JKCIEPUMEHTAIbHBIX TOYEK HA3€MHON JpOCCeIbHOM
XapaKTEPUCTUKU, TIPU TOM, KOIPPHUIIMEHTH MOJEIUPOBAHMS HE SBIBUIUCH BapbUPYEMBIMHU
rnapaMeTpamu, a OJJHO3HAYHO OMNPEACISUIMCH M0 aHAJTUTUYECKUM 3aBUCUMOCTSM, BBEICHHBIM
B MOJICIIb.

ComnocrapieHue HEKOTOPBIX XapaKTePUCTUK JIBUTATEIIS, MOJTYYE€HHBIX
OKCHEPUMEHTAIBHBIM IyTE€M, C pe3yJibTaTaMd pacueTa Mo HWACHTHPHIHpOBaHHOH MM
MPEJCTaBICHO HA puUcC. 4-35.

N3 ananuza npuBEACHHBIX 3aBUCUMOCTEH CIIEyeT, UYTO MapaMmeTpbl JABUTATENs,
HaliJICHHBIC 110 YTOYHEHHOM MOY3JIOBOM MAaTeMaTUYECKON MOJIENIM TEPMOTra30IMHAMUYECKOTO
pacyera BTOPOTO YpPOBHSI NMPAKTHUYECKH COBHAAAIOT C IKCIEPUMEHTAIbHBIMH JaHHBIMU, U
OJIHO3HAYHO HE BBIXOJIAT 3a 33JIaHHBIN JUana3oH OTKIOHEHHWH * 1 % 4TO CBHAETETLCTBYET 00
aJICKBaTHOCTH pa3paO0TaHHON MOJIEIIH.

CnenoBatenbHO, nonydeHHast anekBaTHass MM pasuratens [1-436 [6], moxeT ObITh
MIPUMEHEHA I pacueTa XapaKTePUCTUK M aHalin3a pabOThl OCHOBHBIX y3JI0B U AJIEMEHTOB B
CHUCTEME JIBUTATEJIS.

C nomoursto Optimum coBmectHo ¢ [Tl «MBuenko-Ilporpecc» mo pesynpraTam
uaeHtudukanuu Obiia paspaborana MM neuratens AW-25TJI [4], omuckiBaromias ero
XapaKTePUCTHKU BO BCEM JHMAINA30HE PEKUMOB PabOTHI U YCIOBHIA AKCIUTyaTaIllMl CaMOJIeTa.
[IpoBeneHHble MO HEW YHUCICHHBIE MCCIEAOBAaHUA IMOKA3JIM BO3MOXXHOCTh YBEJIMYCHUS
pecypca 6e3 mpeBbIIIeHNs MAKCUMAaTbHO-OMYCTUMBIX 3HAUCHUN TEMIIEPATyphl Ta3a U 4aCTOT
BpaIIeHUsI POTOPOB.

[locnenyromie CTEHAOBBIE U JIETHBIE HWCHBITAHUS TOJHOCTBIO TMOJATBEPAMIN
pacyeTHbIE XapaKTEPUCTUKH IBUTATENS, a, CJICIOBATEIbHO, M AJCKBATHOCTh IMOJYyYCHHON
MM. B ycnoBusx Beicotel /=0 M u Mn=0 tdara ysenuueHa Ha 7,5 %; npu H=0 wm;
Mn = 0,6; tu =+30 °C tara yBenuuena Ha 13,6 %.
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Puc. 5. Pacxon TorinBa

C nomomwpto Optimum 1O pe3ylpTaTaM SKCIEpUMEHTa ObUIa TakXke MpoBeJeHa
uAeHTU(UKAIMS TapaMeTpoB MaTeMaTHMYeCKOH MOJEeNHM HCTEYEeHHs BIAXHOIO Mapa IpHU
HEPAaBHOBECHOM KOHJICHCALINH.

VYHHUBEpCAIbHOCT  CHCTEMBI ~ OOecnedmina  yCIemHOe e TNPUMEHEHHEe TpH
ONTHMH3ALMM  NApPAaMETPUYECKMX U JIPOCCEIBbHBIX  XapaKTEPUCTUK  CO34ABACMBIX
NEPCIEKTUBHBIX JIBUraTeNled C IeNIbI0 TOCTUKEHUS! MAaKCUMaJIbHON TATH NMPU MUHUMAJIbHOM
BECE CaMoOJIETa M PACXOJ€ TOIUIMBA; IPHU BBINOJIHEHWH WCCIEAOBAaHUN 10 ONTUMHU3ALUU
XapaKTepUCTHK MOCIeAHEN cTyneHu HuinHapa Hu3koro aasnenus (L{HJ) ¢ yuerom noreps B
BBIXJIONHOM naTpyOke, MonepHuzauuu L[HJ[ mapoBeix Typ6oun K-200-130, K-300-240 c
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[EJIBI0 TOBBIMICHHUS MX 3()PEKTUBHOCTH, B YCIOBHIX MEPEMEHHOTO PEXUMa IKCILTyaTariu
Typboarperara [7] u ap.

Tak, Hanpumep, aHaIu3 pe3yJIbTaTOB YMCICHHOTO JKCIIEPUMEHTA C UCIOJIb30BAHUEM
MIIK mo3BoimI MPEeaoKUTh HECKOJbKO BapuaHToB mojaepHuzamuu [[HJ[ K-200-130 u
K-300-240, nns KOTOphIX IPUPOCT MOUTHOCTH, B 3aBUCUMOCTH OT BapHaHTa PEKOHCTPYKIIHH,
coctaBirsteT oT 700 mo 3600 kBt Ha OaWH BBIXJIOIN.

3akio4enue

Pazpabotana HoBas Bepcus noacucremsl MIIK Optimum, oGecriednBaromas peneHue
3a7jad ONTMMHU3ALMU U MJICHTH()UKALMU MapaMeTpoB M XapaKTepUCTUK IPU CO3JaHHUU
HHEPrOyCTAaHOBOK.

Hannune anexkBaTHOM MaTeMaTHYECKOW MOJENH, MOJYYEHHOH C HCMOJIb30BAHHEM
MIIK, mno3BOJSET COKPAaTUTh CPOKU JIOBOJKH, WCKIIOUHUTH psAJ OSKCIEPUMEHTAIBHBIX
UCCIIEIOBAaHUN M TOJIYYUTh JOCTOBEPHYIO MH(OPMAIMIO O MapaMeTpax U XapaKTEepUCTHKaX
KaK HCCIenyeMoro oOBeKTa B 1E€JIOM BO BCEM JIMAla30HE €ro SKCIUTyaTallud, TaK W
OTJIENBHBIX €ro 371eMeHTOB. KpoMe Toro, Mozienb MOXKET ObITh UCIIOJIb30BaHAa /IS OJTY4YEeHUs
JMAarHOCTHYECKOW HWH(POPMALIMU, HOCHUTENISAMU KOTOPOW OyAyT H3MepsieMble MapaMeTpsl
paccMaTpHUBaeMoro oObeKTa.

MIIK Optimum BHenpeH Ha ['ocyaapCTBEHHOM MpPEANPUATHH 3alOpPOXKCKOE
MAaIlMHOCTPOUTEIbHOE  KOHCTpYKTOpckoe  Oropo  «IIporpecc» umeHum — akageMuka
A.T'. VIBU€HKO M HUCIOJB3YETCS B PEaIbHOM MPOECKTUPOBAHMH aBUAIIMOHHBIX Ta30TYpPOMHHBIX
JIBUTATEJIEH.

VYHHUBepcanbHOCTh U 3PPEKTUBHOCTh CUCTeMBbI Optimum, TOATBEPKIEHA PELICHHEM
pealpHBIX 3aJad 10 CO3[JaHMI0, MOJEpPHHU3alMM U JOBOAKE IIMPOKOIO CIEKTpa
HHEPreTUUECKUX YCTAHOBOK, YTO J1a€T OCHOBAHME PacCMaTPUBATh €€ KaK KaUECTBEHHO HOBOE
MH(QOPMALMOHHO-UHCTPYMEHTAJILHOE CPEACTBO MHKEHEPA-IIPOEKTUPOBILHUKA.
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