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K PACUETY THIPOJJUHAMUYECKHNX XAPAKTEPUCTHUK
BBICOKOHAIIOPHOM OBPATUMOM T'HJIPOMAIIINHBI B
TYPBUHHOM PEJXUME PABOTHI HA OCHOBE MATEMATHUYECKOI'O
OIIMCAHUS EE PABOYEI'O ITPOIIECCA

IIpencraBneH moaxoj K HCCIEAOBAHHUIO MPOTOYHON 4YacTU pajvanbHO-OCEBBIX T'MIPOMAIINH HAa OCHOBaHHUU
MaTeMaTHYeCKOr0 MOJISIIMPOBaHHs paboyero mnpoiecca oOpaTUMBIX MAIlMH Pa3IMYHOrO ypoBHs. OnpeeneHsl
MperMyIIecTBa OJIOYHO-HEPAPXUIECKOTO MOAX0a Ha CHCTEME MHOTOYPOBHEIO OIMCaHMs pabouero mpouecca.
[IpencraBnena obmas CTpyKTypa MaTeMaTHYECKOTO OMMCaHUs pabodero mnporecca, KoTopasi yCTaHaBIMBACTCS C
MIOMOIIBI0 OCHOBHOTO YPAaBHEHHS THAPOMAIIMH M YpaBHEHHUs OajlaHca 3HEprHU. A Tarke NpHBeIcHa OIoK-
CXeMa MaTeMaTHYECKOT0 ONMCAHUs pabodero npoecca r’iApOMAaIINHbL A1l TYpOMHHOTO peXUMa PabOTBhI.

KnroueBble c0Ba: TuApOaKKyMyJHPYHOIIAs CTaHLOWS, MPOTOYHAs dYacTb, TYypOUHHBIA pEXuMm,
MaTeMaTH4ecKas MOJENb, KHHEMAaTHIeCKas MOAENb, OallaHC 3HEPTHHl.

BBenenue

[IpoGnema TMOKPHITUS THKOB M TPOBAJOB HArPpy3KH B SHEPrOCHCTEMAaX SIBISETCS
OIHON W3 OCHOBHBIX, CTOSIIMX NEpPE] MHUPOBOM HHEpPreTUKoil. B Hacrosiiee Bpems oOHa
pemiaeTcss  MyTeM  CO3JaHUsl  BBICOKOMAHEBPEHHBIX  MOIIHOCTEH,  MO3BOJISIOIINX
AKCIUTyaTUPOBaTh AHEPrOCUCTEMbl C MHUHUMAaJIbHBIMU 3Hepropecypcamu [1]. OmHum wu3
3¢ (GEKTUBHBIX CIOCOOOB aKKYMYJIHUPOBAHHUS SHEPTUU SIBISIOTCA THAPOAKKYMYIHPYIOIIUE
craniuu (ITADC), obopyaoBaHHBIE ABYXMAIIMHHBIMHA OOpaTUMBIMH THApoarperatamu [2].
Pa3paboTka mPOTOYHBIX dYacTel OOpPAaTHUMBIX THAPOMAINWH MPEACTABISET CIOXKHYIO
TUAPOIMHAMUYECKYIO 3ajJjauy, HalpaBlICHHYIO Ha TOJy4YeHUE MPUEMJIEMBIX PEKUMHBIX
napaMeTpoB IpH padoTe B HACOCHOM U TYpPOMHHBIX pekuMax padboTsl [3].

OcHoBHast 4acTh

N3 npoBenenHoro ananu3a paboT Mo MccaeAoBaHUIO pabodero mpoiecca 00paTUMbIX
TUAPOMAIIIMH CJIEYET, YTO B HACTOSIIEE BPEMs BOIPOCAM MO CO3/IaHUIO MPOTOUYHBIX YacTen
(IT4Y) paananbHO-OCEBBIX BBICOKOHANOPHBIX OOPATUMBIX MAalIMH HE YAENSETCS AOKHOTO
BHUMaHHUSI.

Jst TADC onpenensiommmM, Ipy BEIOOPE MapaMeTpPOB, SBIIETCS HACOCHBIN PEXHM,
T.K. oOpaTumasi THIpOMAlINHA JOJDKHA OOecredynBaTh HEOOXOAMMBIA Hamop U TpeOyembie
KaBUTALIMOHHBIE XapaKTEPUCTUKU B HACOCHOM PEXHUM padOThl MPU YCIOBHM JOCTHKEHUS B
TypOMHHOM peXHME NpPU PACUCTHOM Hamope TpeOyemol YCTaHOBIEHHOW MOITHOCTH C
MakcuManbHbIM KITJI.

HecoBnasenue onNTuMaipbHOTO pEXHUMa C pPACYETHBIM TpedyeT TIIATEIhbHOTO
UCCJIEIOBaHMsI TPOTOYHOM YacTu OOpaTUMOW THUAPOMAIIMHBI HpU TYpOMHHOM pEKUME C
[ENbI0  OOOCHOBAaHHOTO OMNPEACNICHUS PACYCTHONH MOIIHOCTH, PE3EPBOB IMOBBIIICHUS
ruapaBianueckoro  KIIJIT v yMeHbUleHMsT  MHTEHCHBHOCTH  THJIPOJUHAMHYECKHX
HECTALMOHAPHOCTEM.

CoBpeMEHHBIA MOJAXO0J K MCCIEAOBAHUIO NPOTOYHOM YacTH pPaguaibHO-OCEBBIX
THUAPOMAIIIMH TIpeIycMaTpUBaeT IMPOBEICHWE MHOTOBAPHAHTHOTO aHalm3a, B IpoIecce
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KOTOPOTO MCCIEAYETCS BIMSHUE TEOMETPUYECKUX M PEKHMMHBIX I1apaMETpOB Ha
JHEPreTUYECKHE MOKA3aTeIn THAPOMAIINHEI.

Takoil moaxoa mpeamnonaraeT Halu4yhMe B HEM MareMmarudeckux mozened (MM)
pabouero mporecca THAPOMAIIMH pa3nuyHoro ypoBHs [4]. Ilpu sTtom BBIOOp Hamboiee
3 PEKTUBHON MOJENN 3aBUCUT KaK OT CTaIUH NPOEKTUPOBAHHS MPOTOYHOW YaCTH, TaK U
XapakTepa MOCTaBJICHHbIX 3a/1ay.

Pa3paboTka cucTeMbl B3aMMOCBSI3aHHBIX MOJEIICH, OMUCHIBAIOIINX PabOUYUil MpoIiecc
Ha pa3HbIX MEPApXUYECKUX YPOBHSX, SABJIACTCA BaKHEHIIMM HAIPABICHUEM B DPAa3BUTUHU
COBPEMEHHBIX METOJOB HCCIENOBaHUs IMPOTOYHOM yacTu. IloCcTpoeHHas Ha IpUHUUIIAX
0JI0YHO-UEepapXUUECKOro MOoAX0Ja CUCTEMa MHOIOYPOBHEBOI'O ONUCaHMsI pabovero mnporecca
3G (GEKTUBHO HCHOIB3YETCS HAa Pa3HBIX CTAIMSIX MPOCKTHPOBAHUS MPOTOYHON YACTH IS
YHUCJIEHHOTO MOJEJINPOBAHUS €€ DHEPTETUUECKUX XapAKTEPUCTHK.

JlocToMHCTBa MHOTOYPOBHEBOIO ONUCaHUs pabodero mporecca TI'MIPOTYypOUHBI
IIPOSIBIISIIOTCS. B BO3MOYKHOCTH:

— ABTOHOMHOI'O HCCJIEJOBAHMS THUIAPOJUHAMHUYECKMX XAPAKTEPUCTHK IPOTOYHOMN
4acTH;

— CHCTEMAaTU4YEeCKOIro, MO MeEpEe HAKOIUIEHWS OIBITHBIX M pAaCyYETHBIX JIAHHBIX,
COBEPILEHCTBOBAHUS ONHUCAHUS OTIENIBHBIX 3JEMEHTOB IMPOTOYHOM 4YacTH Oe3 Mepenenku
BCEl MaTeMaTU4YeCKOi Mozenn pabouero nporecca B LIEJI0M;

— 1epexoJa OT OJHOTO YPOBHs ONMCAHUA K JPYrOMy B 3aBUCUMOCTH OT LIEJIEH U 3a1ad4,
CTOALIMX TMepeA  pa3padOTUMKOM TMPOTOYHOM YAacTH HA PA3IMYHBIX CTaauaX ee
IIPOEKTUPOBAHHUS.

[Ipumenenne GIOYHO-HEPAPXUIECKOTO MOIXO0/A IS COCTABICHHS MATEMaTHYECKOTO
onucaHus pabodero mpoiecca NPOTOYHOM YacTH HpeaycMaTpuBaeT pa3paboTKy KOMIUIEKCa
B3aMMOCBS3aHHBIX MEXIy co0oi Mopened pasHoro ypoBHs. Kaxnplii uepapxuyeckuit
YPOBEHb XapaKTEPU3yeTCs Pa3IMYHOM CTENEHBIO JETAIN3ALMA MaTEMAaTHUYECKOIO ONIMCAHUS U
CBOMM IIOIXOJIOM TIPH pEUIeHWW 3amaud. Vcxoas u3 oOmmieil CTpyKTyphl MaTeMaTHYECKOU
MOJIEIH, TNpeayiaracTcs IOATAHbIA IOAXO0J HCIOJIb30BaHUS MaTEMaTHYECKUX MOAEIeH
Pa3HOro YpOBHSI.

OOw1ast cTpyKTypa MaTeMaTH4YECKOT0 ONMUCaHMs paboyero Mmporecca yCTaHaBIMBAETCS
C TIOMOIIbIO OCHOBHOTO YpaBHEHMsI THUAPOMAIIMH W YpaBHEHUs OajlaHCa DSHEPIUH,
3aMMcaHHbIX B 6e3pa3mepHoit popme [4, 5]:
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0 0 — 6e3pazMepHble K03()PULMEHTHI OCpeTHEHHOHN LIUPKYIIALUH, XapaKTepU3YIOLHe
HalpaBJIeHUE MOTOKAa COOTBETCTBEHHO B CEYCHHUSX 3a U Tepesl pabourM KOJIECOM;
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SHEPreTUYECKUX XapaKTepPUCTHK TUAPOMAIIMHBI B TYpOMHHOM pexume paboTsl. Jlns
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— ko3 purreHTa CONPOTURICHUN pab0YNX OPraHOB:
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notoka ITY, moctpoeHHoe MO OJOYHO-HEpApXHUECKOMY MPHUHIMIY. B pamkax Takoro
OIMMCAaHUsA U3MCHCHHEC CTPYKTYPBI IIOTOKA ¢ UBMCHCHUEM PCIKUMA YYUTHIBACTCA C IMMOMOLIBIO
KOMIUIEKCa B3aMMOCBS3aHHBIX MojeJeil pazHoro ypoBHs. Bribop nHambonee 3¢dexkTuBHOM
MOJCIHN 3aBUCUT KaK OT CTaguu HCCICOAOBAaHHUA Hq, TaK W OT XapaKTepa MOCTaBICHHOMN
3a/a4i.

OmnbIT pacueTHBIX HUCCIIEOBAHUI TOKA3hIBACT LEIeCO00Pa3HOCTh HAMYHUS B COCTABE
KMHEMAaTU4YeCKOT0 OMHUCAHUS CIEAYIOUINX MOIETCH:

— YIPOUICHHOW MOJENH OCPEIHEHHOTO OCECUMMETPHYHOTO JIBUKEHUS, TPUOINKEHHO
YUHUTBHIBAIOICH CMeleHIe MOBEPXHOCTE ToKa B mojoctu PK;

— MOZACJIM TCUCHUA B PCHICTKAX Ha IMOBCPXHOCTAX TOKa oe3 ydu€Ta UX CMCHICHUA C
U3MEHEHUEM PeKUMa;

— OIKCaHUs OTOKA C MOMOILBIO O0e3pa3MepHBIX OCPEIHEHHBIX TapaMeTPOB.

B kommiekce 3T MoJeIM JAIOT KWHEMATHYECKOE OINHCAHUE B OCECUMMETPUYHOU
obmactu 114, xotopoe siBisieTcst OCHOBOH st moctpoernss MM pabouero mporecca B IEIOM.
Omnpenenenue mapaMeTpoB MOTOKAa HAa OCHOBE IMpEAaraéMoro KMHEMaTHYeCKOTO OMUCaHUS
He TpeOyeT MpoBeIeHUs pacyeTa OOTEKaHHUSI.

brnok-cxema MareMaTH4ecKoro OMHMCaHUs paboyero mpoiecca TUAPOMAIIUHBI B
TypOMHHOM pexrMe padoThl MpeCTaBlIeHa Ha puc. 1.

JInsi KUHEMATUYECKOrO OINHCAHMS B3aUMOJACHCTBUS DJIEMEHTOB MPOTOYHOW YaCTH C
IMOTOKOM IMPUMCHSACTCA KOMIIJICKC B3aUMOCBA3aHHBIX KUHCMATHYCCKUX MOI[GHGI\/'IZ

C2m = A2(Z)a)_BZ(l)Q:
Com =B, (D0
C m = B2Q .

Ha ocHoBaHMM TpeIOKEHHOTO KOMIUJIEKCAa MOJEIEH KUHEMAaTHYECKOro OIMMCAHMS
crpourcas MM comporusienus snemeHToB [IY, koropas ucmosnb3yercss Uil 4YUCICHHOIO
WCCJICOBAHUS THAPOAMHAMUYCCKUX XaPAKTEPUCTHUK THUIPOMAIIUHBI B TYPOMHHOM PEXHME
paboThI.

BoIBOaBI

1) IlpemnokeHa cucTeMa B3aMMOCBSI3aHHBIX MOJIEIEH, OMUCHIBAIOIIUX pabounii
MPOIECC HA PA3HBIX HEPAPXUUECKUX YPOBHSIX.

2) Bwibop Hambonee >PPEKTUBHON MOJENH 3aBUCUT KaK OT CTaJAHH HMCCIEIOBaHUS
MPOTOYHOW YaCTH, TAK U OT XapaKTepa MOCTABICHHOMN 3a/1auH.
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3) Ha ocHoBaHWU TIPEAJIOKEHHOTO KOMITJIEKCA MOJIEICH KHHEMAaTUYeCKOTO OMUCAHUS
BO3MOXXHO TIOCTPOUTH MAaTEMaTHUECKYI0 MOJETb COMPOTUBICHHUS 3JIEMEHTOB IPOTOYHOMN
qacTHu, KOTOpafl I/ICHOJ'H)SyeTCﬂ JIs1 YUCJIICHHOI'O HCCJICAOBAHUA FHI[pOI[I/IHaMI/I‘-IGCKI/IX
XapaKTePUCTUK THIPOMAIINHBI B TYPOMHHOM PeXUME paOOTHI.

MaTtemaTH4yecKre MoAeIH pabouero npouecca rupoMalliHbl
(TYpOMHHBIH pexKUM)

MM pabouero MM pabouero
rpouecca npouecca
MM pabouero P
THAPOMAIIUHBI, THAPOMAIIUHBI,
OCHOBaHHas Ha fiporecca OonucaHHas ¢
TUaApOMAaIllHBI HA
MOAETH OCGCII)/IMMCT HYHBIX TTOMOLIBIO
OCPEIHEHHOTO p 6e3pa3sMepHBIX
OCeCI/IMMeTpI/I‘IHOFO HOBerHOCTXX OCpeL[HeHHLIX
JBIDKCHHUS c,-5Q ImapaMeTpoB
C, = Ao~ 8()w c,~50Q

KunemaTtuyeckoe omicanue pabodyero mporecca i IpoMari iHbI

Maremaruyeckue Mojienu conpotusiieHus [1Y runpoma e

YuciieHHbIE UCCIIeIOBAaHUS TUAPOAHUHAMHNYCCKUX XapaKTCPUCTUK I'MAPO MallInHbI

Puc. 1 — Brok-cxema MaTeMaTHIECKOTO OMHCAHUS pabodero mporecca THAPOMAITHHEI (TYpOWHHBIN PEXUM)
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