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BBEJAEHHUE

XKuzneobecrieueHne  YemoBEUECKOro  cooOliecTBa B Halle  BpeMs
B 3HAUUTEJILHON CTETEHU 3aBUCUT OT TIOCTABOK B MECTa YEJIOBEYECKOT0 OOUTAHUS
TOIUIMBA M 3JEKTposHepruu. W ecim yuyecTb (axkT B3aMMO3aBUCUMOCTH AITHX
MIOCTaBOK, TO MacCOBbIE€ 00ECTOYMBAHHSA MO CBOUM IOCJIEICTBUSM MOTYT OBITH
OpUBS3aHbl K TPUPOAHBIM  KaTakiIU3MaM, YIPOXKAIOIIMM  HAaMOHAJIbHBIM
HPKOHOMHUKAM U CYIECTBOBAHUIO MUJIJIMOHOB JIFOJIEH.

Takum o00pa3oMm, (GaKTOp HAAESKHOCTH DJIEKTPOIHEPIETUKH, TO €CTh
HE3aBUCHUMBIX CYOBEKTOB pPBIHKA 3JIEKTPOIHEPIMH M MOIIHOCTH, NPUOOpETaeT
IMPUOPUTETHOE 3HAYEHHE, OCOOEHHO B COBPEMEHHBIX POCCHUMCKUX YCIOBUAX
VCKYCCTBEHHOI'O Pa3[Eei€HUsl Ha YacTU €QUHOIO0 TEXHOJIOTMYECKOTrO W €IUHOTO
BPEMEHHOI'O Tpoliecca IeHepaluu, Nepeayd U MOTPeOJeHUs SICKTPUUECKON
HHEPrUU.

Yrpo3sl LITATHOMY (GyHKIIMOHUPOBAHUIO HEProoOBEKTA,
paccMaTpUBaEMOT0, KaK pacnpeieJIeHHasi SpraTuyeckasl CUCTEMa, MOTYT UCXOJIUTh
OT CIEAYIOIIUX AeCTAOUITU3UPYIOIINX (PAKTOPOB:

TexHOreHHBIX  (MCKYCCTBEHHBIX)  JECTaOMIM3UPYIOUIMX  (aKTOPOB,
a MMEHHO: OTKa3bl apMaTypbl, OTKa3bl MEXaHWU3MOB, pa3pbIBbl TPYyOOIPOBOJIOB,
pe3epByapoB  BOABI, Mas3yTa, Ta30lNpOBOJIOB, B3PBIBBI  WJIH  MOXKaphbl
Ha TEXHOJOTUYECKOM 00OPYJOBAHUHU U T.1. U T.I1.;

[IpupoaHbIX (€CTECTBEHHBIX) AECTAOMIM3UPYIOMUX (PAKTOPOB, @ UMEHHO:
M3MEHEHHE BO3JCUCTBUI BHEIIHEW Cpeabl (KayecTBa TOIUIMBA, TEMIEPaTyphl:
HapY>KHOTO BO3/lyXa, OXJIAXAAIOUIEH BOJbI, KaYe€CTBO HMCXOJHOW BOIbBI M T.IL.),
NPUPOIHBIX KaTakiu3MoB (TOJIOJIE, yparaH, HAaBOJAHCHHUE, TOXKAp, 3eMIICTPSICECHUE,
U T.IL.);

AHTPOINOTEHHBIX  JIeCTA0OMIM3UPYOMUX (AKTOpOB (T.H. YEIOBEUECKUM
dakTop), a HWMEHHO: Henpo(EeCCHOHANBHBIX  JICHCTBUH  CICIMATUCTOB

0 MPOCKTUPOBAHHIO, H3TOTOBJICHHUIO, MOHTAXY, O6CJ'IY)I<I/IBaHI/IIO H PCMOHTY



TEXHOJOTH4YECKOI0 o0opynoBaHUs, ACVYTII, TPEHAXKEPHBIX CHCTEM;
TEPPOPUCTUICCKUX JlecTabmm3upyronmx dpakropos [1].

[To cnoBam Ilpesmpenta PO Ilyruna B.B.: «ExeromHo Ha JIMKBUIAIWIO
MOCIIEACTBUI Pa3IMYHOTO poja aBapuil U kaTacTpod pacxoayercsa B Poccum ot 1,5
10 3% BBII, a MupoBo#i exxerofHsiii ymep0 coctaBiseT okono 150 mupa. mos.
Jlosi TEeXHOTEHHBIX KaTacTpod B CyMME 4Ype3BBbIYAWHBIX cuTyanuid B P®
yxke npesbimaet 70%. [Ipuuem s mpenoTBpanieHust yrpo3 aBapuii U Katactpod
HEOOXOJMMO paccMaTpuBaTh HE TOJBKO TEXHOJOTHYECKUUA M yIpaBICHUYECKUU
aCIeKThl, HO U 4eyioBeueckuil (paktop. Ku3Hb MOKA3bIBAET, UYTO OOJIBIIIMHCTBO
aBapHii TPOUCXOIUT 10 BUHE YeIoBeKay [2].

[To nmanabIM  PoctexHam3opa [3] npuyMHBI aBapuM Ha  ONACHBIX
MPOU3BOJICTBEHHBIX 00bekTax (masnee — OIIO) (mpoieHT OT 00IIero KOoJIM4ecTBa
aBapuil) cleayroIne:

— HEeCOBEepIIeHCTBO TexHoorui — 13%;

— HM3KUH ypoBeHb 3HaHui — 11%;

— YMBIIUICHHOE OTKJIIOYCHHUE 3anTuThl — 2%0;

— HapyIICHUE IPOU3BOJICTBEHHON TUCIUILIMHBI — 15%);

— Hed(DPEKTUBHOCTH MPOU3BOICTBEHHOT0 KOHTPOJIs — 13%;

— HeMpaBWIbHAs opranusaius padbot — 13%;

— HapylieHue TexHonoruii — 17%;

— HEYJOBJICTBOPUTEIIHLHOE COCTOSIHUE 00opynoBaHus, 3MaHu

U coopyxeHuii — 16%.

Takum oOpa3om, aBapUiTHOCTh Ha OIMACHBIX MPOW3BOJICTBEHHBIX O00BEKTaX
(B TOM 4HCIIe Ha DJIEKTPOCTAHIUAX U CETEBBIX MPEANpuaTUsax) B 6osiee uem 70%
CJIy4aeB OMPEEISAETCS TaK Ha3bIBAEMBIM «UEJIOBEYECKUM (DAKTOPOMY.

YKkazaHHOE€ COCTOSIHHE aBapUMHOCTH OOYCIOBJIEHO POCTOM CIIOKHOCTHU
yOpaBieHUsT W HaIpsHKEHHOCTH pPaboThl MEpCOHANIa, 3HAYUTENIbHBIM O00beMaM
(bU3MYEeCKH W MOpPAIbHO YCTapeBIIEro O0OpYJOBaHUS, MOCTYIUICHHUEM TOILINBA,

IIOHMXKCHHOI'O NI CHJIBHO MCHAOIECTOCA Ka4€CTB, HC,HOCTaTOqHOfI



KBaM(UKalMel MmepcoHaga W HapylIeHHEM MpPaBUJI MPOU3BOJCTBA OMEPATUBHBIX
nepeKiroueHui [1].

Hapsany ¢ yxe cymecTBYIOIIMMU U CTaBUIMMH NPUBBIYHBIMHU IPOBEPKaAMU
3HAHUM  TNpaBWJl  TEXHUYECKOM  OKCIUTyaTallud,  NOpPaBWI  YCTPOWMCTBA
AIEKTPOYCTAHOBOK, MPABUJI TEXHUKH O€30MaCHOCTH, U MPABWI TPOTUBOIIOKAPHON
0e30MacHOCTH, BO3MOXXHBIM PEIICHUEM CHIDKEHHUS aBapUUHOCTH M0 MPUYUHE
«YEJIOBEYECKOro (paKTopay MpeacTaBiseTcsl 00ydeHHe ONEpaTHBHOTO MepcoHala
CTaHI[MM, HAa HWMUTALHUOHHBIX KOMIIBIOTEPHBIX TpPEHAXepax Mg OTpabOTKH
OMEpPAaTUBHBIX  3a/Jay  YIOpaBJI€HUS  OCHOBHBIM M  BCIIOMOIaTEJIbHBIM
000pyZOBaHUEM, C LIETBIO PAa3BUTUSA Y SKCIUIyaTallUOHHOTO MEPCOHAIa HaBBIKOB
IUTAHUPOBAHUST M3MEHEHMS IITAaTHBIX PEKUMOB M yMeHUH (OBICTPOM peaxium)
B HECTAHJAPTHBIX CUTYyalUAX MIPU OTKa3ax 000pyAOBaHHUS.

Llemro, a Takke mpenanoraraeMod Hay4YHOM HOBU3HOM JaHHOW pabOTHI
ABIIIETCS  pa3pabOTKa HMMUTAIMOHHOTO  KOMIIBIOTEPHOTO  TpEHaxepa, ¢
YOPOILIEHHOW MAaTEMaTUYEeCKOM MOJENBI0, MO3BOJSIONIEM B TIOJHOW Mepe
oTpabaThIBaTh HEOOXOUMBIE ONIEPATUBHBIC 337]a4H YIIPABICHUS YHEPTOOIOKOM.

Ob0bekToM wccnenoBanus BbicTymaeT sHeprodmoxk KT  135/150-130
Hazaposckoii 'POC.

[IpeameToM  HMCCIIENOBAaHUS  SABJSIIOTCA  MPOLECCHI,  MPOUCXOISIINE
IIPU DKCILTyaTalMK YHEProO0Ka CTaHLIMU, OKA3bIBAIOLIUE CYIIECTBEHHOE BIMSHUE
Ha €€ JKOHOMHUKY M IPUHHMAEMbIE B IPOLECCE SKCIUIyaTalud TEXHUYECKUE

peLIEHHs.



1 TpeHaxepocTpoeHHE B COBPEMEHHOI YJIEKTPOIHEPTreTHKE

O PexTHBHOCTh W HAAEKHOCTH PabOTHl HPHEPrETHUECKOTO O0OpYyIOBaHUS
BO MHOI'OM OMNPEIENSAETCS YPOBHEM 3KCIUTyaTallMd TEXHOJIOTMYECKUX YCTPOMCTB.
OfHMM M3 PAllMOHAIBHBIX CIIOCOOOB MOJTOTOBKH, TPEHHUHIA, IPOBEPKU KayecTBa
3HAHWI ¥ HABBIKOB Y ONEPATHUBHOIO NEPCOHAJA CTAHIMU SIBJIAETCS UCIOJIb30BaHHUE
IPOrpaMMHO-METOAUYECKUX KOMILJIEKCOB, HMMMTUPYIOIIUX COCTaB M PEXUM

pa6OTI>I OCHOBHOI'O K BCIIOMOI'aTCIILHOTI'O 060py,Z[OBaHI/ISI.

1.1 HopmaTuBHble [T0KYMEHTbI, perjJaMeHTHUPYIOIHe TpPeOOBaAHUS

K TEXHUYICCKHUM CpeacTBamM oﬁyquml nmepcoHaljia JJICKTPOIHECPIrEeTHKNA

OpHMM U3 NEpBBIX HOPMATUBHBIX JOKYMEHTOB 3nekTposHepreruku CCCP,
peraaMeHTHpYIoMMUX TpeboBaHUsl K TexHudeckuM cpeactBam obyuenus (TCO)
CTal «YKa3aHHus IO IOCTPOCHUIO KOMILIEKCAa OOYyYaromIMX W TPEHAKEPHBIX
CUCTEM JJIi TOJArOTOBKM 3KCIUIyaTallMOHHOTO NepcoHana 3Heprodsnoko TOC,
ADC, npeanpusTHid dIEKTPOCeTel, IJHEprocucTeM u oobeauHeHui» [13] (nanee —
VYkazaHus) yTBepKJIeHHbIe 3aMmecTuTerneM Mmunuctpa suepretuku CCCP.

B «VYxazanusx» ObU1 00O0OIIEH OMBIT CO3JaHUS IIEHTPOB TPECHAKEPHOU
MOJITOTOBKH, IYHKTOB, TPEHAXEPOB, OOYYAIOMIUX BBIYUCIUTEIBHBIX CHCTEM
U y4eOHBIX MaTepuanoB HakorieHHbII B Munsnepro CCCP B mepuox ¢ 1972
no 1986 rr. [14-18].

CrnemyromMm 3TaroM B Pa3BUTHM HOPMATHBHOM 0a3bl POCCHIICKOTO
(COBETCKOr0) TpEeHAXKEPOCTPOCHUs cTajia pa3padboTka «OCHOBHBIX TEXHHYECKHUX
TpeOOBaHUI K KOMIUIEKCHBIM TPEHa)XXepaM ISl TIOJATOTOBKH SKCILTyaTallMOHHOTO
NepCOHaja JHEProOJOKOB TEIUIOBBIX JJIeKTpocTaHmui» [18], yTBepkIeHHBIX

Munsnaepro CCCP 21.05.1988r.
1.2 AHaau3 NpuYMH TEXHOreHHOH aBapuiiHocTH B PD

CDaKTOp HaZIC)KHOCTH IJICKTPOIHCPICTUKH, TO €CTh HC3aBUCHUMBbIX CY6’beKTOB
PBIHKa J3JICKTPOSHECPIruku MW MOIIHOCTH, ano6peTaeT IIPUOPHUTCTHOC 3HAUCHUC,
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OCOOEHHO B COBPEMEHHBIX POCCHUUCKHX YCIOBUSX HCKYCCTBEHHOTO pa3fCIICHHUS
HAa YaCcTU €IUHOIO0 TEXHOJOTHMYECKOr0 M €JWHOT0 BPEMEHHOTO MpoIecca
reHepalnu, epeadn U NoTpeOIeHHs IIEKTPUUECKON IHEPTUH.

Yrpo3sl HITaTHOMY (G YHKIIMOHUPOBAHUIO IHEPTOOOBHEKTA,
paccMaTpuBaeMOro, Kak pacrpeieieHHas 3praTuyeckasl CHCTEMa, MOTYT UCXOJIUTh
OT CIEAYIOIIUX JAECTAOUTUZUPYIONINX (PAKTOPOB:

TexHOTeHHBIX  (MCKYCCTBEHHBIX)  JACCTAOMIM3HPYIOMUX  (PaKTOpOB,
a MMEHHO: OTKa3bl apMaTypbl, OTKa3bl MEXaHW3MOB, Pa3pbIBbl TPYOOIPOBOIOB,
pe3epBYapoOB BOJABI, Ma3yTa, ra30MPOBOIOB, B3PBIBbI HIIM MOKaPhI

Ha TEXHOJIOTUYECKOM O000PY/IOBAaHHUH U T.JI. U T.II.;

[IpupoaHbIX (€CTECTBEHHBIX) AECTAOMIM3UPYIOMIUX (PAKTOPOB, & WUMEHHO:
W3MEHEHHUE BO3JICUCTBUI BHEIIHEW cCpeabl (KayecTBa TOIUIMBA, TEMIEpaTyphl:
HApY>KHOTO BO3/lyXa, OXJIAXJAIONIEH BOJbI, KaYe€CTBO HCXOJHOW BOIBI M T.IL.),
IPUPOIHBIX KAaTaKIM3MOB (TOJIONEl, yparaH, HaBOJHEHHUE, TIOKap, 3eMIIETPSICEHUE,
U T.IL);

AHTPOMOTEHHBIX JeCTAOMIM3UPYIOMUX (PAKTOpOB (T.H. YEIOBEUECKHI
dbakTop), a HUMEHHO: HeNnpopeCCHOHAIBHBIX  JEUCTBUU  CHEIHATNCTOB
M0 TMPOEKTUPOBAHUIO, H3TOTOBJICHHUIO, MOHTaXY, OOCITY>KUBAHUIO W PEMOHTY
TEXHOJOTHYECKOIO obopy1oBaHMS, ACVYTII, TPEHAXKEPHBIX CHCTEM;
TEPPOPUCTUUECKUX JACCTAOMIN3UPYIOMUX (HakTopos [1].

ITo cnoBam Ilpesmpenta PO Ilytuna B.B.: «ExeromHo Ha JHMKBUIAIUIO
MOCJIEICTBUN Pa3IMYHOr0 pojia aBapuil U karactpod pacxoxyerca B Poccun ot 1,5
10 3% BBII, a MupoBo#i exxerogHsiii ymep0 cocrapiseT okosno 150 mupa. mos.
Jlois TeXHOTEHHBIX KaTacTpod B CyMMe Ype3BbIUalHbIX cuTyaluii B PO

yxke mnpesbimaetr 70%. Ilpuuem miis npenoTBpalleHUs yrpo3 aBapui U
Karactpod HEOOXOAUMO paccMaTpuBaTh HE TOJBKO TEXHOJOTHYECKUN U
YIPaBJICHUYECKUI aCNEeKThl, HO U 4yejoBedeckuil (akTop. JKu3Hb MOKa3bIBAET, YTO

OOJIBIIMHCTBO aBapUi MPOUCXOIUT 11O BUHE UesIoBeKa» [2].



I[To pmanmneim  PoctrexHam3opa [3] mnOpuuMHBI aBapuM Ha  OMACHBIX
MIPOU3BOACTBEHHBIX 00BekTax (maiee — OIIO) (mporeHT OT 00Iero KoJIW4ecTBa
aBapuil) cleayrolme:

— HECOBEPIIEHCTBO TexHOorui — 13%;

— HU3KUH ypoBeHb 3HaHM — 11%;

— YMBIIUICHHOE OTKJII0YEHHUE 3auThl — 2%0;

— HapyIICHUE IPOU3BOJICTBEHHON NUCIUILIMHBI — 15%);

— HeA(DPEKTUBHOCTH MPOU3BOJICTBEHHOT0 KOHTPOJIs — 13%;

— HeTpaBWIbHas opraHu3aius padot — 13%;

— HapylieHue TexHonoruii — 17%;

— HEY/IOBJIETBOPUTEIILHOE COCTOSIHUE 000pYA0BaHNUs, 3aHUHI

— ¥ coopyxeHuit — 16%.

Takum o0Gpa3om, aBapUiTHOCTh Ha OIMACHBIX MPOU3BOJACTBEHHBIX OOBEKTAX
(B TOM 4HCIIe Ha 3IEKTPOCTAHLHUIX U CETEBBIX MpeanpusaTusax) B 6osee yeM 70%
CJIy4aeB OMPEEISIETCS TaK Ha3bIBAEMBIM «UEJIOBEYECKUM (DAKTOPOMY.

VYka3aHHOE COCTOSIHUE aBapUHOCTH OOYCIIOBJICHO POCTOM CIIOXKHOCTH
yIOpaBICHUS W HANpPsHKEHHOCTH pPAa0OTHI TMEpcoHana, 3HAYUTEIbHBIM OO0beMaM
bu3MYeCKH W MOpPAIbHO YCTapeBIIEro O0OpYAOBaHUS, MOCTYIUICHHMEM TOILIUBA,
NOHIDKEHHOTO WM  CHJIBHO  MEHSIONIErOCs ~ KadecTB,  HEIOCTaTOYHOMN
KBAIM(PUKALMEH TIepcoHaIa W HAPYIICHUEM TMPaBUJI TPOU3BOJCTBA OMEPATUBHBIX

nepexaoueHun [1].

1.3 Anaam3 cymecrBywomux B P@® TpeHakepHbIX cucTeM 00y4eHMs

MmepcoHaJa JJICKTPUICCKHUX CTAHLUMA

TpeHaxxepHbIC TEXHOJOTHH BO3HHUKIHM M TOJYYMIIN HAHUOOJIBINEE Pa3BUTHE
TaM, TJe OMMOKH TpH OOYYEHHH Ha peaTbHBIX OOBEKTAX MOTYT TMPUBECTU K
YpE3BBIYAHBIM TOCICACTBUSIM, & UX YCTPAHCHHE — K OOJBIIUM (DPHUHAHCOBBIM
3aTpaTaM: B BOCHHOM JeJlie, MEIUIIMHE, JIMKBUIAIIUN TOCICACTBUNA CTUXHHHBIX

OelCTBUI, B AaTOMHOM SHEPreTUKE, aBUALIMU U KOCMOCE.

9



B o6miem cirydae TpeHakep MpeAcTaBisieT cCo00M MpOorpaMMHO-anapaTHbINA

KOMIUIEKC, UMEIOIMI CTPYKTYPY, ITPEACTABICHHYIO HA PUCYHKE 1.

JlononHuTensHOE nepudepuitnoe
obopyoBaHue

N
Y

Moaenupyrommii KOMIBIOTED

Wnrepdeiic UnTepdeiic
omepatopa  [¢ VMuTaniMoHHas MOJIENb <> yncTpykTOpa

Y

Pucynok 1 — Ctpykrypa TpeHaxepa

[TonmHoMacmTaOHBIN (IIUTOBOM) TPEHAXKEP - 3TO KOMIUIEKCHBIM TpEeHaXKeED,
B KOTOPOM C BBICOKOW CTENEHBIO MOJ00MS BOCIPOU3BOIATCS peajibHble padbouune
MecCTa rpynHibl TPEHUPYEMBIX CIEHHUAIUCTOB.

KomruiekcHblli  TpeHaxkep - 3TO  TpEHaxep, IMpeIHA3HAYECHHBIN
JUISL COBMECTHOM TMOATOTOBKH TPYHIbl CHEUAIMCTOB B IOJHOM OOBEME
ITOPUTMOB UX JIESITENBHOCTH WIM OJHOTO CHEUUANUCTA, NEATEIbHOCTh KOTOPOTO
OCYUIECTBJISIETCS IO HECKOJIBKUM CIEUATIBLHOCTSIM.

KoMmriekcHble  TpeHakepbl NPEACTaBIAIOT CcO00M  MOJHOMAcIITaOHYIO
UMUTAIMIO PEahbHBIX MIUTOB YIPABJICHHS BCErO YHEPrOOOBEKTA, MO3BOJISIONIYIO
peanr30oBaTh MOJYYCHHBIC Ha MPEABIAYIINX YPOBHSIX 3HAHUS, HABBIKU U YMEHUSI,
OCYILECTBIISATh Mpolecc 00yUeHus!, UCIONIb3Ysl MPAKTUUECKU JII000e HE0OX0auMoe
KOJIMYECTBO MapaMeTPOB MpHU aJeKBATHOW UMUTALIUU MTOBEJIEHUS SHEPTOYCTAHOBKHU
B PEXXHME PEabHOTO, YCKOPEHHOTO U 3aMEJIJIEHHOTO BPEMEHHU.

Tpenaxep ¢ JAMHAMUYECKUMH KOMIIBIOTEPHBIMH MHEMOCXEMaMu -
TO TPEHAXKep, B COCTaBE KOTOPOTO Kak MoOjeNb OOBEKTa YINpaBJICHUSA, Tak
u paboume Mecta OOy4aeMbIX U HMHCTPYKTOpa peaau3yloTcs Ha 0Oasze

KOMIIBIOTEPHBIX CPE/ICTB.
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KoMriekcHble  TpeHakepbl € JAUHAMUYECKUMH  KOMIBIOTEPHBIMHU
MHEMOCXEMaMU HUMUTUPYIOT C TIOMOIIbI0 KOMIIBIOTEPA 3HEPrOyCTAHOBKY
LEJTMKOM, OCHAIIIEHBI MEepCcOHaNbHbIMU OBM C agekBaTHBIMU MaTeMaTUYECKUMU
MOJEJIIMH ~ 3HEPrOYCTAaHOBKM M  MO3BOJIIIOT  PEan30BaTh  IOJyYECHHbIE
Ha MPEIbIAYIINX YPOBHAX 3HAHMS, HABbIKM U YMEHHUS B YCJIOBHUSIX PEAJIbHOIO
¥ MacuITabHOrO0 BPEMEHU U KOMIBIOTEPHOM UMHTALIMK PEaJTbHOTO 000pyAOBaHUS
YHEProoOBEKTA-MPOTOTUIIA KAK MHAUBUAYAJbHO, TAK U B COCTAaBE ONEPATUBHOMU
CMCHBI.

OCHOBHBIMH KPYIIHBIMH Pa3pa0OTUYUKAMHU TPEHAXKEPHBIX CUCTEM SIBIISIIOTCS
cnenyromue komnanun: 3A0 «TpeHaxepsl dJIEKTPUYECKUX CTAHIMN U CETEW»
(«T2CTy»), OO0 «TpeHaxepbl ISl ANEKTPOCTAHLIUN» U DKCHEPUMEHTAIbHBIN

Hay4YHO-HCCJIEIOBATEIBCKUM U METONUYECKUN LEHTP « MOAENUPYIOIHUE CUCTEMBD)

(QHUMLI MC).
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2 Pacuer MaTeMaTH4eCKOi MO1e/IM IHEProHI0Ka

OCHOBHBIM Ha3HAYECHHUEM UCITOJIb30BaHUS, pa3zpabaThIBAEMOTO
KOMITBIOTEPHOIO MMHUTALIMOHHOTO TpEHa)Xepa OO0OpYyIOBaHUS HSHEPreTUYECKOIro
OJloKa SBISIETCS NPUOOPETEHUE U Pa3BUTHE NUJAKTUYECKUX M HHKEHEPHO-
NICUXOJIOTUYECKNX  HABBIKOB  OINEPAaTOPCKUX  cHeuuaigbHocTe.  Pemenue
IIOCTABJICHHOW 3a/Jayl  BO3MOKHO Ha OCHOBE Pa3BUTUS KOTHUTHBHOM,
PEryIATOPHOM M KOMMYHMKATHUBHBIX (PYHKIMH SKCIUTyaTalMOHHOTO IE€pCOHaa,
YTO, B CBOIO OYEpE/lb, TOCTUTAETCS MYyTEM KOHCTPYHPOBAHUSA Ipoliecca 00yyeHus
U TpoBepKH Oa3bl 3HAHUU C HCIIOJIB30BAHUEM KOMIIBIOTEPHOIO TpEHaXepa,
a TaKKe MPaBUIBHOTO Habopa M coyeTaHusi NpoOJeMHbIX 3anad. [lpu 3Tom
TpPEHAXKEP TOJKEH 00ecreunBaTh COBMECTHYIO WJIM MHAUBUAYAIBbHYIO TOJATOTOBKY
ONEpaTOpOB  HHEPreTHMUECKOro  O0OpyNOBaHUS B MOJHOM  OOBbeEMe
ux  (QYHKIUOHAJIBHBIX  OOSI3aHHOCTEM W COAEpXKaTh  BCEPEKUMHYIO
(YHKIMOHUPYIOLYI0O B pEAJbHOM BPEMEHHM MOJENb AaBTOMAaTU3WPOBAHHOIO
TEXHOJIOTUYECKOTO0 KOMIUIEKCa, a TakKKe CpEJACTBAa KOHTPOJA M YIpaBIEHUS
IpPOLIECCOM TPEHHPOBKHU. 3ajada, pemaeMas € MOMOIIBIO KOMIIBIOTEPHOTO
TpeHaXkepa, JOJDKHA MOpOXKIaTh CHUTYallMI0 BBIOOpa, XapaKTEpPHU3YIOLLYOCS
OINpEJEICHHBIM COCTAaBOM JEHCTBUU MpU padoTe, KaKk Ha HOPMAJIbHOM PEXUME,
TaK U pEeXHUME C HapylleHHeM paboTel obopynoBanus. K umciay Takux 3amau
OTHOCATCA: IIyCK M3 XOJOJHOTO M TOpSYEro COCTOSIHHSA, OCTaHOB, U3MEHEHHE
Harpy3KH, MEpPEeKIIOYEeHNUE YCTPOUCTB, HEUCIPABHOCTh MEXAHU3MOB, HapyIICHUS
peXrMa SKCIUTyaTalliu, aBapuitHOoe cpadaThIBaHUE 3AIUTHI U T.1I.

B 0CHOBY KOMIIBIOTEPHOTO TpeHaXkepa MoyiokeH 3Heproomok KT-135/150-
130 paborarommii ¢ aByms kotiaamu [1K-38 u maposoii Typounoi KT-135/150-
130.

@OyHKIMOHAIbHASL CTPYKTYpa Maremaruueckoil monenu sHeprodioka KT
135/150-130 Haszaposckoit 'POC oxBarhiBaeT CIEIyIOIIEe TEXHOIOTUYECKOE
obopynoBanue: Koren A (mapoBoAsHOW TpakT, Ta30BO3AYIIHBIA TpPaKT,

NnbIJICCUCTEMA KOTJIa, TEMIICpaTypa NOAMMIIHMKOB BpallalOMIUXCA MCEXAHHU3MOB,
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TEXHUKO-IKOHOMHYECKHE ToKaszarenu padboTel kotTia, Koren b (mapoBomsHOMU
TPAKT, Ta30BO3AYIIHBIN TPAKT, MbUIECUCTEMA KOTJIA, TEMIIEpATypa MOIIINUITHUKOB
BpAIAIOIINXCS MEXaHU3MOB, TEXHUKO-J)KOHOMHYECKHUE IIOKa3aTeau paboThl
koTia); IlapoBas TypOmHa (TeruioBas cxeMa, CXeMa TMHTATEeIbHOH, CXeMa
OCHOBHOIO KOHJEHCaTa, cCXeMma IIoJJayd M[apa Ha YIUIOTHEHHUs, CXeMa
MaclioCHa0KeHUsI TypOWHBI, CXeMa VIUIOTHEHHH TeHepaTropa; TEXHUKO-

9KOHOMHYECKHUE TIOKa3aTeNId PabOThl TYpOOYCTAaHOBKH).
2.1 Pacuer TMHAMHUYECKHX XapaKTePUCTUK IHEProdI0Ka

[enbro pacueTa JTAHAMAYECKUX XapaKTEPUCTHUK OCHOBHOT'O
1 BCIIOMOTATEIbHOTO 000PYI0BAHMS YHEPTOOI0KA MTPU PA3TUYHBIX BO3MYIIAIOIINX
BO3JICHCTBUSX SABJSCTCS OLIEHKA CBOWCTB 0J10Ka KaK MMUTAIIMOHHOTO 00beKTa [4].

[Mpu paspabotke mmuTanuoHHOW Moxenu 3Heprobioka KT 135/150-130
Hazaposckoii 'POC pemanuce crneayromue 3a1auu:

OOGecrnieueHre  KAa4eCTBEHHOTO  PETYJMPOBAHUS  peakiuil  oObeKTa
Ha JICUCTBUS oOIeparopa, TO €CTh NPU BKIOYEHUH WIM OTKIKOYEHUH
BCIIOMOTaTEIbHBIX MEXaHU3MOB, U3MEHEHHUU MOJIOKEHUS 3a/IBUKEK
U PEryJUpYIOIIMX OPraHoB, MU3MEHEHUU BXOJHBIX MMAapaMeTpOB pabodYuX cpen
0JI0Ka, JOJKHBI aJIEKBATHO U3MEHSATHCS KOHTPOJIMPYEMBIE XapaKTEPUCTHKU;

OObecnieyeHre CTaTUYECKOW TOYHOCTH MOJIETH M MPABHIBHBIX JTHANa30HOB
YIPABJICHUS U PETYJIUPOBAHUS KOHTPOIUPYEMBIX IMAPAMETPOB, T.€. MapPaMETPhI
UMUTAIMOHHOW MOJIENH U PEAThHOTO 00BEKTa JOJIKHBI UMETh OJTM3KHE 3HAYCHHUS;

JlocTmkeHne NMHAMUYECKOM TOYHOCTM MUMHUTAUMOHHOW MOJECIHA B PEKUME
pealbHOrO0 BpEeMEHH, oOeclieurBaeMoe MPUMEPHBIM COBMAJACHUEM IOCTOSHHBIX
BPEMEHH HWHEPLMOHHBIX MOpoueccoB. [lpu W3MEHEHMH CKOPOCTH peKUMa
MOJICIUPOBAHUS BCE€ TMOCTOSIHHBIE BPEMEHU MPOILIECCOB B MOJCIH JOJLKHBI
MU3MEHSTHCS COOTBETCTBEHHO;

JlocTrmxkeHnrne OBICTPOACHCTBHS MOJICIH, OOSCIICUHBAIONICe HEOOXOIUMBIN
BPEMEHHOM Iar pacuera, 4To TpeOyeT HCKIIOYEHHUS HUTEPAIMOHHBIX IOIX0JI0B

IIPY MOZAEIUPOBAHUU PACYETHOU CXEMBI.
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Pa3paboTka pacyeTHOM CXe€Mbl MPSAMOTOYHOTO KOTJa HPOU3BOAMUTCS
HAa OCHOBAaHMM TOW pa30MBKU Ha KOHCTPYKTHUBHBIE Y4YacTKU (SKOHOMaii3ep,
TONOYHBIE HKpaHbl, MapONEpPErpeBaTeib, Y3Jbl BIPHICKOB U T.1.), KOTOpas
NPOM3BEICHA MTPH MPOEKTUpOBaHNH KoTia [5]. KoTen mpencTaBnsieTcst coCTOsAIMM
U3 KOHEYHOIO0 4YHCIA B3aUMOCBA3aHHBIX YYAaCTKOB, KAXKIbIM U3 KOTOPBIX
paccMaTpuBaeTcs Kak 3BEHO C COCPENOTOYECHHBIMU Iapamerpamu. lIpu sTom
IIPUHAMAETCA BO BHUMAHHME PACIOJIOKEHHE TIIOBEPXHOCTEW HarpeBa KOTia
B BOJIOIIAPOBOM M I'a30—BO3YIIHOM TPAKTaXx.

JIns KakKIOro pacyeTHOTO y4acTKa COCTABJISAIOTCS YPaBHEHMS TEILIOBOIO
U MaTepuajibHOro OaJlaHCOB B BHJIE€ CHCTEMbl JIMHEHMHBIX allreOpanyecKux
ypaBHEHUH Ui  pacxoioB pabodeil cpeapl. BenuunHa — akKyMyssnuu
MAaTepUAIbBHOM M TEIUIOBOM JSHEPrMM B PACUETHBIX YYacTKaxX OIPEAEISIETCS
no (u3MUecKUM CBOIICTBaM pabo4yMxX cCpel Ha BXOJE€ M Ha BBIXOJE
U3 pacCMaTpUBAaEMOI0 y4acTKa.

JI71s1 OCHOBHBIX IOBEPXHOCTEW HArpeBa pacuyE€THOM CXEMBI I'a30-BO3AYIIHOIO
TpaKTa COCTaBIIIIOTCS YpaBHEHUS TEIJIOBOro OajaHca MO MPOAYKTaM CrOpaHus
TOIUIMBA W YpPAaBHEHUE TEILIONEPEAAYM OT TMPOAYKTOB CrOpaHus TOIUIABA
K paboueit cpene.

Ucxonnoit wubopmarmein s MMHUTAIMOHHBIX — PacyeToOB  CIyXKat
KOHCTPYKTHBHBIE TaHHbIE, TEIMJIOBbIE U THAPABIMYECKUE MPOEKTHBIE PACUETHI.

BHemHNMHY BO3MYIIEHUSMH, HE 3aBHCSIIMMHM OT BHYTPEHHUX KOOPAMHAT
CUCTEMBI, MPUHATHI CIECIYIOIINE NapaMeTphl: PacX0oJl MUTATEIBHON BOJBI; PACXO.
TOIUIMBA; PAcXo]l OOIIEro BO3AyXa; pacxo] KOHAeHcaTa Ha KaXKblii U3 BIPHICKOB;
WU3MEHEHHUE TEMIEPATYPbI MUTATEIBHOW BOJBI.

Jlist onHO(a3HBIX y4acTKOB (TPakTOB) KOTJA BBIXOJHBIMU KOOPAMHATAMU
SBIISIIOTCA JaBJICHHME, TemIeparypa U pacxon pabouedt cpensl. M3meHeHus
BBIXOJHBIX KOOPAMHAT TIIpU PEIIEHUU CHCTEMBl YpPAaBHEHHMH  SIBIIFOTCS

JUMHAMHYCCKUMU XapaKTCPUCTUKAMH Ipu 3aJaHHBbIX BO3MYUICHHAX.
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2.2  OcHOBHbIE JONYIIEHUSs

IIpu cocTaBieHMM YpaBHEHWI HCIHOJIB3YEeTCS METOJ JIMHEApU3aLHH,
T.€. paCCMaTPUBAIOTCS MaJlble OTKJIIOHEHHS OT UCXOJJHOTO CTALlMOHAPHOTO peXHUMa.

VY4acTky, Ha KOTOpBIE AEIUTCA BOAOMAPOBOM TPAKT KOTJIA, MPUHUMAIOTCS
HEU3MEHHBIMH B FEOMETPUUECKOM OTHOILIECHUHU.

I[lo  xapaktepy  TeIUIOOOMEHa  Y4YaCTKM  KOTJIa  pa3Aeisiorcs
Ha paJIMallMIOHHbBIE U KOHBEKTUBHBIE. JlJI1 MOBEPXHOCTEN HarpeBa UCIapuTEIbHOTO
KOHTypa IPHUHATO, 4YTO TEIUIOBOW IOTOK, BOCHPUHUMAEMBIM 3THM KOHTYpPOM,
3aBUCHUT OT TEMIIEpaTyphl pabouei cpenibl, MPOXOAUIEi 0 3TOMY KOHTYpPY.

MarepuanbHas W TEIUIOBas aKKyMYJSI{Usi B Ta30-BO3AYLIHOM TpAaKTe
HE YUUTHIBACTCS.

Koaddummentsl Temioornayu OT MPOJYKTOB CrOpaHUsl K CTEHKaM Tpyo
U OT CTEHOK TpyO Kk paboueill cpeie NMPUHATHI NPONOPLUUOHATIBHBIMUA U3MEHEHUIO
CKOPOCTEH COOTBETCTBYIOIIMX CPEL.

Tomka koTma paccMaTpuBaeTcsi KaKk OOUH  y4yacTOK. [I3mMeHeHue
TEIJIOBBIJICJIEHUSI 1O BBICOTE TONKM B pacueT He mnpuHuMarotcs. [Iporeccsl
rOpEeHUs TOTUIMBA HE MOJEIUPYIOTCA.

[TpunsTO, 4TO KOA(PGUIMEHTH TEIUIOOTAAYU U TEIUIONEperiadyl MEHSIOTCS
KBa3UCTaLlHOHAPHO.

Temneparypa mapa Ha BBIXOJE M3 PEKYNEPATUBHBIX TEMIOOOMEHHUKOB
IIPUHUMAETCSI PAaBHOM TeMIEpaType HACBIIIEHUS 10 JABJICHUIO TPEOLIEro mnapa.
TemnepaTypa HarpeBaeMoil cpelbl Ha BBIXOJE U3 TAKUX TEMIOOOMEHHHKOB
MPUHUMAETCS MEHBIIE TeMIEepaTypbl HACBIIEHUS MO JABJIEHUIO TPEIOIIEro Mnapa

Ha BCJIMYMHY HCIOTI'PCBA.
2.3 MaTtemMaTH4YeCcKHe 3J1€MEeHThI I/IMI/ITaIIl/IOHHOﬁ MOJA€EJH KOTJIa

OyHKIIMOHABHAS ~ CXE€Ma WMUTAIMOHHOTO TpPEHa)Xkepa dHEproosioka

BKJIKOYACT B cels OIMNCAaHUC HCXOAHBIX JaHHBIX, paCCManI/IBaeMOﬁ
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dbyHkmoHanpHOU Tpynmnbl obopynoBanus (PI'O) u anropuT™Mbl MOAETHUPOBAHUS
(pucyHok 2) [6].

B cocTaB HCXOIHBIX JaHHBIX BXOJSIT:

Onucanue B3aumocBszeld napameTpoB @DI'O, mnpeacTraBieHHOE B BHUAE
MaTEeMaTU4YECKON MOJIEIIN;

XapakTepUCTUKA  MapaMeTpoB  00beKTa  (HAa3BaHUE, HOMMHAJIbHBIC
W TpelesibHble 3HAa4Y€HUs, THUIl JJIEMEHTa, WHAMKAUUsi U BO3MOYKHOCTh
UCIIOJIb30BaHUs B KAYECTBE YIPABIISAIOLIEIO BO3AECHCTBYS);

Onrcanue aBTOMaTHYECKUX YCTPOKCTB.

Omeparop ﬁ

Muannuanuzanus 3amnpoc
I/ICL)I(O HBI?(LI Bemo a1 noxo gupx BO3 miHm“IH Ananu3s
naHfmx 1 pacuCTHEX HM;]BHSI}OHH/IX BO3MYIICHHH | |
N na"dHbpX Ha PI'O ynup . N My
((paiin * zdn) BO3/1€CTBU I
A
3HaueHune Pacuermo Ananus
OTKIOHEHUH U MaTeMATUYECKO 1 1 pacderHoro M-
aBTO MAaTH KA MO 1€1H pexIMa
N Omnpenenenne
3anuch 3Ha4 eH Ui BoBo 11
OKoOHYaHHUE ITUKIA (haKTHY eCKU X
T BOa3y JaHHBIX ¢ HHGPOPMAIUK HA -
(cpaitn *.db) oro
rap aMeTp o B

Pucynok 2 — @yHKIMOHaIbHASI CXeMa UMUTALlMOHHON MOJIEIH SHEProOIoKa

PaGora wuMHUTAIIMOHHOTO TpEeHaKepa HAYMHAETCS C BBOJIAa HCXOJHBIX
JaHHBIX. B MHTEpPaKkTUBHOM pEeXUME OCYIIECTBIACTCS BBOJ BO3MYIIEHUH, JTHOO
BO3JEHCTBUM, MOCJI€ YEr0 UMUTATOP MPOBOJUT AHAIU3 BHECEHHBIX BO3MYIICHUM
M Ha OCHOBAaHWU YCTAHOBJICHHOTO COCTOSIHHUSI 3JIEMEHTOB BBIMOIHSAECTCA pPacyeT
0 MaTEMaTUYECKON Mojenu corjiacHo Tekyuiemy cocrosHuto ®I'O. Cucrema

ypaBHCHI/Iﬁ MaTCpUAJIbHBIX W TCIIJIOBBIX OajaHcoB pemacTCa COOTBCTCTBYIOIIMMHA
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YUCIIEHHBIMU ~ MeTonaMu. HaiiieHHble  OTKJIOHEHHUS  MapaMeTpoB  3aTeM
aHAIIM3UPYIOTCS, OMNpPEACNAIOTCA TpeOyeMble BO3JCHCTBHS aBTOMATHYECKHX
YCTPOMCTB, MOCIE Yero BHOBb OCYyIIECTBsIeTCs perieHue. [1o okonyaHuio paboTsl
aBTOMATUYECKUX YCTPOMCTB OMPENEISIOTCS (PAKTHUECKHE 3HAYEHUS PEKUMHBIX
napamMeTpoOB U OCYIIECTBIISIETCS BBIBOJ MH(POPMALIUKA C OJJHOBPEMEHHOU 3aIMChIO
ux B 0a3y JaHHBIX.

CrpykTypa COOCTBEHHO MaTE€MaTHUYE€CKOW MOJENH, MOJIOKEHHONH B OCHOBY
MMUTALMOHHOTO TpeHaxepa naposoro kotia [1K-38 npencrapnena Ha pucyHke 2.
XapakTep MOJETH OMPENENsIeTcs CTPYKTypOl PEXKHMMHBIX M aBapUUHBIX 3ajad,
BBITIOJHSIONINX KOTHUTUBHYIO M MPAaKTUYECKYI0 (pyHKIHMKU OOydeHHus MepcoHasa.
OTmeTuM cienyromre 0COOEHHOCTH MaTeMaTUYECKON MOJEIH:

OmnepupoBanne OOMMMH 3aKOHOMEPHOCTSMU B3aWMOJCUCTBUS TOTOKOB
(9HEPreTUYeCcKNX, MaTepHabHBIX U HH(MOPMAIMOHHBIX), AJIEMEHTOB U TIpyHI
000opy10BaHUS;

Onucanue KoTiOarperata, Kak COBOKYNMHOCTH (PYHKIMOHAJIBbHBIX TPYIIII
o0Opy/oOBaHUs, KOTOpblE MOTYT paccMaTpUBaThbCsi, KaKk  H30JMPOBAHO,
TaK U BO B3aUMOCBSI3H;

OnHOBpEeMEHHOE OTpaXeHHE B CTPYKType 3aJaud  XapaKTePUCTHK
000OpyZIOBaHUS U CIIOKUBIIEHCS OTIEPATUBHON CUTYAIUH;

CooTBeTcTBUE MoOAenU crocodaM 00paboTku HHGOPMALMHU, KOTOpPbIE

AKCILTYyaTaIllMOHHBIN TIEPCOHAT PeaTbHO HCIOIB3YET B CBOEH JCSATEIHHOCTH.
2.1 MoaeaupoBanue padoThI TATOAYThEBBIX MeXaHU3MOB
KkoTeabHOro arperara INK-38

K TarogyteeBbiM Mexanuzmam kotenbHOro arperara [IK-38 oTHocsTCA
neiMococsl (IC, mapka [[-21,5x2) u nytheBble BeHTHIsITOpHI (B, mapka BJIH-
24).
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TpeHnaxep
KT -135/150-130

NU PSYS BTOPL
HavanbHble Pacuet Pacuet pacxopa
ycrnosust MnbINecUcTeMbl TOnnMBa Ha KoTen
KOTEL GAzZVOZD TEPLMEL
Pacuer N
Tennornapasnuye ra30BO3AYLUHOTO Tennosown pacyeT
CKWI pacyeT koTna TpakTa koTna MbINecUcTeMbl
ZASHIT SIGNAL GIDRAVL AERMEL
3awuTsl 1 'vapasnuyeckunin AspoaviH. pacyet
GNOKMPOBKK KOTNA CurHanusauus pacyeT koTna MbINecUcTeMbl
WIW_OSN OSTANOV TEMP PODSH
. Pacuet Pacuet
BblBOA OCHOBHBIX ABapuitHbIi TemnepaTyp no Temneparypbi
napameTpoB OCTaHOB KoTna TpakTam NOALINMHMKOB
WIW_FGO TEP TVODPAR
Pacuer Tex.- Pacuer
Boioa 3KOHOM. TeMmnepaTyp Bofbl
MHEMOCxem rnokasaTenei ¥ napa
WIW_TREND STATIST TGAZ
N Pacuet
BbiBOA TpeHaoB CraTucTnyeckun TeMneparTypsi
(AuH. rpadmkoB) aHanms rasoB
PROTOKOL EXPERT TVOZD
Pacuer
BeiBog OkcnepTHas TemnepaTypbi
pe3ynbTaToB oLeHKa Bo3ayxa

OKOHYaHue

Pucynoxk 3 — CtpykTypa MaTeMaTu4ecKoi MOJIeNId UMUATATOPa MapoBOT0 KOTJIA

Ha ocHOBe craTucTMYecKOro aHanmu3a pado4MX  XapaKTePUCTHUK

TATONYTHEBBIX MEXAaHM3MOB (B BHUIE CEMEHCTBAa TIpaUUYECKUX 3aBUCHUMOCTEN
Haropa OT pacxoza ra3oB IIPY Pa3JIMYHBIX MOJIOKEHUAX PEryJIUPYIOIINUX OPraHOB —
HaIpaBJISIOIMX allapaToB) B KA4eCTBE AlMPOKCUMUPYIOMIEH (QYyHKIMKM TPUHSATA

CIICAYIONIas TMHEWHas paboyvas XapakTepucThka [7]:

_av

P=2Y1p
up (1)
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rae P - pacuerHbli Hamop; V- oObeMHBIM pacxon razos; UP - MojoxeHue
pETYIHUpYIOMEro opraHa; a ¥ b - Ko3hUIMEHTH anmpoKCHMAaIuu padouei
XapaKTEPUCTUKH (11 JBYX CKOPOCTHBIX MEXAaHU3MOB, HAIpUMEp, I TyThEBBIX
BeHTWIITOpOB J[B, coOOTBeTCTBEHHO, 3HAueHUA KOIPPUIMEHTOB a ©u b
OTIPENEISAIOTCA AJIs KaXKI0W CKOPOCTH MEXaHU3MA).

C napyroil CTOpOHBI, BEIMYKMHA OOBEMHOTO PAacxXxoJa BBIPAKAETCS uepe3
CJIEIYIOLIEE COOTHOIICHHE:

V =kVJP, (2)
riae k - npuBeaeHHbIN KOAPPUIUEHT pacxoaa.

[Ipu coBmecTHOM penieHuun ypaBHenuit (1) u (2) noxyyaem:

p_2K /P _p=0 3)
UP

ak
Ecau o6o3HauuTh 4yepes A:—@, a B=Db, TO 3HaueHue Hamopa MOXKHO

MNpCaACTaBUTL B BUAC CJIICAYIOIICTIO COOTHOIICHMA:

2

p=|2- |5 B (4)

PaCCMOTpI/IM IMPpHUMEP HUCIIOJIb30BaAHUA JAHHOTO MOAXO0Aa JJIA BapHaHTa ABYX

napajiesIbHO pabOTAONIMX Ha KOTJIE TATOAYThEBBIX MAIIIMH (PUCYHOK 4):

— UP,., gl v, T
P
—>
UPdcb 'D':C-E Vdcb

PucyHok 4 — PacueTHasi cxema TATOIyThEeBbIX MEXaHHU3MOB KOTJIOAarperara

Pelienue cucteMbl JIMHEMHBIX aJIreOpanyecKux ypaBHeHUH (5) onuchIBaeTCs

TEM ke ypaBHeHHEM (4), HO K03 duimeHTsl U  omnpeaenstorcs mo popmysaam (6)

u (7).
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P= a‘dcanca + bdca
UPdca
a..V,
P: dcb ™ dcb +b
Updcb dcb (5)
V =kJ/P
\% :Vdca +Vdcb
A= adcaadcbk
UchaUchb( adca + adCb )
dca UPdcb ’ (6)

a,.. (b, —b
B — dca (adcb d;a) _ deb (7)
UPdca( dca + dch J
UPdca UPdcb

I[lo wu3BECTHOM BEIMUYMHE Hallopa TAT'OAYTBCBLIX MalllMH P , MOXHO

ONpCACINUTL OCTAJIIbHBIC 3HAYCHUA IICPCMCHHBIX !

V=kJP_ (8)

V., = UPiea (P —byea) , (9)
a‘dca

Vdcb =V _Vdca (10)

[To HailgeHHBIM 3HAYEHUAM HANOpa W pPacxoda Ta30B ONPEACISAIOTCSA
MOIIIHOCTh M TOTPEONIIeMbIA TOK MPUBOJA DJICKTPOJBUTATENS TATOMYTHEBOMN
MAIIIUHBIL:

l .o =0.00011V,

dca

+30,

dca

| =0.00011(V —V,.,)+30 (11)

Takum oOpaszoMm, njsi pacdeTa MapaMeTPOB TATOMYTHEBBIX MEXaHHU3MOB
110 BBIpaXXeHHIO (4) HEOOXOAMMO 3HAThH MOJIOKEHUE PEryIupyronmx opranos (UP)
U KO3(PGUIMEHT a’dpPOJIMHAMUYECKOTO COMPOTUBIICHUSI HArpy3KH, ONpeeseMbli
Ha OCHOBE JaHHBIX a’pOJAMHAMUYECKOTO pacyeTa TpakTa HAa HOMUHAIBHOU

Harpys3ke, 1aHHbIX PCKUMHBIX KapT U TCIIJIOBBIX HCIIbITAHUIN KOoTJ10arperara.

2.2 MoaeaupoBaHnue a3poAUHAMMKH CHCTEMbI NbLIENPUTOTOBJICHUS

Korenbubiit arperar I1K-38 Hazaposckoit I'POC ob6opynoBan ueTsipbMs

HWHAUBUYAJIbHBIMU CUCTCMAMM IIBUICTIPUTOTOBJICHUA OCHAIIICHHBIX MOJIOTKOBBIMHU
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menpHUaMu (M, mapka [IIMA-1500/1910/735) ¢ maxTHBIMU TPaBUTAIIMOHHBIMU
cenaparopamu. Cyllka TOIUIMBAa  OCYIIECTBIIIETCS  TOPSAYUM  BO3IYXOM,
MO/JaBacMbli C  BbIXOJA BO3JYXOIOJOrpeBaTesisi BTOpoM  crymeHu  P,.
PerynupoBanue Temmneparypbl Tra3oB Iepe] MEJIbHHUIECH BBINOJIHACTCS IyTeM
IPUCAJKU XOJOJHOTO BO3AyXa. PacueTHas cxemMa a’pOJUHAMUYECKOIO TpPAKTa

NBUICCUCTCMBI IIPUBCACHA HAd PUCYHKC 5.

[opsumnin BO3ayx
Mpucapka xonopHoro

BO3MyXa MbINeBO3MYLIHAsA CMECh
Aspocmech B ropernkm

TpakT nogayn HanopHbi
CyLUINNBbHOro LWaxTHbIn se 4acToK A0 MbineyronbHble
Y MenbHuua P y A V! Pgur
areHTa Ha cenapaTop ropenoYHbIX ropenku
MenbHULY YCTPOWCTB

AP AP, AP, AP

ca tr

P

6

A 4

Y
y

PI/IC}’HOK 5 — PacueTHas cxema AOPOAMHAMUKHN CUCTCMBI IIBUICIIPUTIOTOBJICHHA

HaI[GHI/Ie JaBJICHHUA B Ta30BbIX Kopo6ax TpaKTa CYHIWJIBHOIO arcHTa

JI0 MEJIbHMIIBI COCTaBJIsIeT BeIMYMHY AP,. OOBbeM MbLIETa30BOM CMECH TOCIe

MCJIbHUIBI YBCIIMYHUBACTCA TAKXKC Ha BCIMYHHY I/ICHapeHHOﬁ BJIaru u3 TOIIJIMBA.

Pabouast cpena coiep>XUT B MEJbHUIIE YTOJIBHYIO TBUIb C KOHIIGHTpaIluen i,

(c yderoM pabOTBI CeMapallMOHHOTO YCTPOWCTBA, PACIOJOKEHHOTO Haj
MEJIbHUIIEH), BIUSHUE KOTOPOW Ha a’pOAMHAMUKY NBUIECUCTEMbI YUUTHIBACTCS

Kod(puumeHrom k., B COOTBETCTBUU C HOPMATHBHBIMHU METOJMKAMH pacyeTa
3aIbUICHHBIX TOTOKOB. [la/leHre naBiIeHUs B MENBHULIE COCTABIIIET AP, .

[Tocne MeNbHUYHOTO YCTPOWCTBA HAa YYacTKE /10 TOPEIOYHBIX aMOpasyp
BIIUSIHUC HAJIMYUS YTOJIHHOW MBI B @9POCMECH Ha MaJICHUE aBIICHUS HAa y4acTKe

IIaXTHOTO cenaparopa AP, y4UTBIBAETCA KOdDPUIHEHTOM K .

Hanop cymmisHOrOo arenra 3a cemaparopoM P HEO0OXOTMMBIN

sep ?
Ul TPEOAOJIEHUS COIPOTHUBIICHUSA OCTABILIETOCSA adpOJAMHAMHYECKOr0 TpakKTa
CHUCTEMBI NIBUICIPUTOTOBIICHU. []0CiIeqHrI y4acTOK — y4acTOK MOJaYy adPOCMECH

B TIOPCIOYHEIC aM6pa3prI KOTJIa, Haxoajgamueca 104 AdaBJICHUEM P

gor !
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XapaKTepU3yeTcs MaJeHUEM JaBIE€HUs AP, U KO3((QHULUEHTOM BIMSHUS YTOJIbHON
IbUIN K, .

MGTOI[I’IK& pacucTta adpOaArMHAMUKU IIBIICCHUCTCMbI, HCCKOJBbKO OTIMYACTCsA
oT HpHBCI[GHHOfI BbIIC MCTOAHUKH MOACIIMPOBAHUA aA9POJNMHAMUKHN TATOAYTHCBBIX
MCXaHHN3MOB.

HpI/I COCTaBJICHUH ypaBHeHI/Iﬁ AOPOANHAMUKHU IBIIICCUCTEMBI HCIIOJIB3YCTCA

HN3BCCTHOC YPABHCHHUC IJIA HAXOKACHUA BCIIMIUHBI IIOTCPU JTABJICHUA:

2
ap=gY” (12)
yo,
rac AP - maacHuc JaBJICHUSA, é: - KO3(I)(1)I/IHI/IGHT aapOI[I/IHaMI/ILIeCKOFO

COIMPOTHUBJICHUA CYHIHJIBHOI'O arcHra, HpPIBGII@HHBIﬁ K O6’[)CMHOMy pacxony, V -

OOBEMHBIM pPacxoJi CYHIMJIBHOIO areHTa; p- IUIOTHOCTh TPAHCIOPTUPYIOIIETO
CYIIWJIBHOTO areHTa.

I[JI?I BBIBOJAa PACUCTHBIX 3aBUCHUMOCTEHU BBCACM BCIIMUYHHY VO- 00BEMHBIHN

pacxoji CyIIMJIBHOTO areHTa (TOpsS4ero BO3/ayXa) NpH HAYaJIbHBIX YCIOBHSIX.

Torna:

V =V, (13)
riae k, = o273 MOTPABOYHBIN TeMrepaTypHbIi KOG OUITHEHT.

+
O0603HaunM Yepes MepeMeHHy0 K COOTHOIIEHHE 982 . Torna u3 ypaBHeHUs
t

(12) momyuyum crienyroliee COOTHOIICHHE:

AP =KV (14)

Cucrema JHMHEWHBIX  anreOpauvyecKux  ypaBHEHUH,  OMHUCHIBAIOUIUX
adpPOJAMHAMMUKY IIBUIECUCTEMBI C MOJIOTKOBBIMHA MEJBHHULIAMH M IIAXTHBIM

cCrapaTtopoM, BhITIAAUT CIICAYIOIIUM O6p330MI

22



PB - Apca _Apmel _Apsep - APtr + Pgor = 0
Pg — a6VOac + b@
UP,
AI:)mel = kmeIVOZack,umel (15)
AI:)Iwwsm = kwwsmvozac kywwsm
AI:)sbr = ksbrVOZack,usbr
APca = kca (VOac _AVOac)Z

rae a,, b,- COOTBETCTBEHHO KOX(GOUIMEHTHl aNnmpoKCUMAIMK padboueit

6

XapaKTEePUCTUKHU TyTheBOro BeHTU siTOpa ([IB); UP - mososkeHue peryiupyromniero
oprana (HampapJistomero amnmnapara) JIB; V,,.- 00beMHBIN pacxoll a’pocMecH,
MPUBEIACHHBIN 110 TeMIIepaType K HyJIEBbIM YCIOBUAM; AV,, - BEIMYMHA HebalaHca

pacxosoB a’pOCMECH U CYUIMJIBHOTO areHTa (B MOJEIH MPUHUMAETCS paBHBIM
00BEMHOMY pacxojly UCIIAPEHHOH BJIard U3 TOIUIMBA).
Pemas nosydyeHHyro cucteMy ypaBHEHUH (15) OTHOCHUTEIBHO NEPEMEHHOM

Vv IMIOJYyYHUM HCIIPUBCACHHOC KBaAPATHOC YPABHCHHC, PCIICHUC KOTOPOI'O

Oac
CBOIMUTCA K CJ'IGILYIOHICﬁ 3aBUCUMOCTH:

2
vV :—b—\/b —4ac’ (16)

Oac 2 a

rjae a, b, ¢ - pacyeTHbIC KOAPHUITUSHTHI, ONpeIeIIIeMbIC CIICIYIOIIUM 00Pa30M:

a= kmel k,umel - ksepkpsep - ktr kytr - kca )

a@

b= +2AV
P

Oca !
6

c=b —k_ AV

Oca

+ Ps - Pgor *
TokoBass 3arpy3ka JOYTbEBBIX BEHTWIATOPOB C YYETOM BO3MOXKHOM
WX MapajuiebHON pabOThl OMPEESeTCs IO PErPECCUOHHOMY YPABHEHUIO:

=0.00014V,,. +10 (17)

dva Oac

I

I 4 =0.00014(V,,. —V4.)+10

JUis  a’poJMHAMHUYECKOr0  pacyeTa  MbUICCHUCTEMbI,  HEOOXOIUMbIE
KOA(PGUIIUEHTHl CONPOTUBJICHUS TOIYYEHBl IO pe3yJbTaTaM IJIaHUPOBAHUS

CTaTUCTHUYCCKOI'0 OKCIICpUMCHTA Ha HOMMHAJIbHOM Harpy3ke pCXKHMHBIX KapT
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U TEIUIOBBIX UCTBITaHUN. Temneparypa pabounx cpell 1Mo TPAKTy OMpPEesieTCs U3
TEIJIOBOTO pacyeTa CUCTEMBbI MbLICIPUTrOTOBICHH. [lonpaBku Ha KOHUEHTpALUIO
YrOJIbHOM MBUIM 110 Yy4aCTKaM IbIJIECUCTEMBI ONPEIEIIAIOTCS U3 €€ MaTepUaIbHOrO

OasaHca.
2.3 TenoBoii pacuer cuCTEMbI NbLJIENPUTOTOBIEHUS

B ocHOBYy TemioBoro pacuera CHUCTEMbl MbUICTIPUTOTOBICHUSI MOJIOXKEH
HopmatuBHBI MeTO pacyeTa mbliecUcTeM [8] ¢ HEKOTOPBHIMU JOMYIICHUSIMHU.

PacuetHas cxema cucTeMBbl IBUICTIPUTOTOBJICHUA ITPCACTABJICHA HA PHUCYHKE 6.

opsumn Bo3gyx

V

t o th thv

o e Mpucagka XonoaHoro
BO3ayxa

y

OuHamnyeckoe
3B€EHO 1
Vca
tea MenbHW4HOe InHamuyeckoe tac
» . > ——» Aspocmecb
> YCTPOWCTBO 3BEHO 2 Ha ropenkn
Mopayva TonnuBa B

sum

n3 rcy

Pucynox 6 — [IpuHIunuansHas cxema TeIUIOBOTO pacueTa MbUICCUCTEMbI

OTnUYuTeNbHOM OCOOEHHOCTHIO MAaTEMaTHUECKOH MOJENN MbIIECHCTEMBI
korna [IK-38 Hazaposckoit I'POC sgBusercs TO, 4YTO MCHOJB3YIOTCSA JBa
JUHAMUYECKHUX 3BEHA JUISl PEAIMCTUYHOrO OMUCAHUS MHEPLUUOHHOCTH W3MEHEHUS

TEMIICPATYPbl CYHIMJIBHOI'O arcHTa t., 410 MCJIbHHIBI U TCMIICPATYPBI A9POCMCCHU
tae IIoCJa€ MCJIbHUIBI. AHanoruyHble 3BEHBS BKIIOYEHBI B mapaMcCTpPhbl

MOJCJIUPOBAHNA BCCX HWHCPHMUOHHBLIX YYAaCTKOB KOTIJIA. I[I/IHaMI/I‘-IGCKOG 3BCHO

NpeacTaBisgeTr coOOM anepuoanYecKoe 3BEHO MEepBOro mopsjaka (MHEPLHOHHOE
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3BE€HO) M YUYUTHIBAETCSI B MATEMAaTUYECKON MOJENH MOCPEICTBOM CIEAYIOIIETO

BEIpaKeHU [9]:

XT = X‘r—l + (X - Xrl)% ’ (18)

I7I€ X, - 3HAYCHHE MapaMeTpa B pPacUETHBIH MOMEHT; X_,- 3HAUEHHE HapameTpa

Ha MPEAbIIyIIEM BPEMEHHOM pACUYETHOM IIAre; X- PAacCYUTAHHOE 3HAYCHHUE
napamMeTpa B CTallMOHApPHOM peXuMe (MO0 OKOHYAHUIO  IEePEXOHOTO
JWHAMUYECKOr0 mpoliecca); Ar - pacueTHbId BpPEMEHHOM mar Mojaenu; T -
MOCTOSIHHA BPEMEHU JIMHAMHYECKOTO JJEMEHTA, XapaKTEePU3YIOIIAs CTENECHb
VHEPLIMOHHOCTH MapaMeTpa.

TennoBoil 60amaHC CUCTEMbI MBUICTIPUTOTOBJICHUS OMMCHIBAETCS CIEAYIONICH
CUCTEMOM JMHEWHBIX alreOpanvyeckux ypaBHEHUW NPUXOAHBIX MU PACXOIHBIX
crareii [8]:

Oca + qprs F Qipen — qisp 0y —0; -0, = 0
Voo 6 \Von

v 0gv

“ VOgv +V0hv

qca = Cgvtca (\/Ogv +V0hv)

q prs = Cgvt prsVO prs (19)
qmeh = knt Nt

Oy = AW (595 + 0,47, )10008B,,,

_ p pl
qtl = 100 W tl + W | tac]'OOOBsum
100 100-W?*

qac = Cgvtac (\/Ogv +VOhv +VO prs)

rac q.,, - TCIIJIO, BHOCMMOC B MCJIbHUIY C CYIIHJIbHBIM arcHTOM; qprs - TCILIO,

INPUBHCCCHHOC TIIPHUCOCAHHBIM BO3JAYyXOM, [JId TMBUICCUCTCM C [MaXTHBIMHA

MEJIbHUIIAMU  MOKET TPUHMMATbCd paBHbIM Hymwo [9]; Q.. - Temwlo,
BBIICISIFOIICECS] B MPOIECCE MEXAaHWYCCKOrO pasMojia TOIUIMBA; (, - TEIUIO,
3aTpa4yeHHOE Ha MCIApPEHME BJIArM U3 YIUIA; (; - MOTEPHU TEIUIa B OKPYXKAIOLLYIO
cpeny (TIpUHMMAEeTCs B pacueTax NP HOMHUHAJIBHOM pEXKUME); (, - TEIUIO
YHOCHMOE a3pOCMECBI0 M3 MEJBbHUIIBI, t,- TeMIlepaTypa CYIIHUIBHOTO areHTra

ca

- 00bEMHBIE PacX0/ibl, COOTBETCTBEHHO TOPSYETO
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BO3/yXa, IPUCAJIKK XOJIO/IHBIX Ta30B, IPUBEICHHBIC K HYJIEBOW TEMIIEPATYPE; C,, -
00beMHas TEIIOEMKOCTb TOPAYEro BO3AyXa; t, - TEMIEpAaTypa IPUCOCAHHOTO
BO31lyXa; N, - MOIIIHOCTh, 3aTpayrMBaeMas Ha pa3MoJI TOIUINBA; k,, - KO3 UIUEeHT

HpCO6p&30BaHI/I5{ JOJIHW MOIIHOCTH B TEIUIO; t - TCMIICPATypa adpoCMCCH 3a

ac

MebHuLEeH; AW - 10J1s BJIard UCapeHHOW U3 TOTUIMBA; B, - pacUeTHBIA pacxojl
TOIUIMBA Ha TbUIECUCTEMY; WP - BIQXXHOCTh TOIUIMBA Ha pabouyio Maccy; c,

TEIJIOEMKOCTh TOIIMBA; W - BIaKHOCTH MBLIH 332 MEJIbHHUIICH.
Pemast cucremy ypaBHeHuil (19) OTHOCHUTENBHO TEMIIEpATYphl a3pOCMECH
3a MEJIBHULEH MOJTYYUM:

+ + —100B,,,595AW —
tac _ qca qprs qmeh S{J/T\T} . q5 (20)
470 BsumAW +10 Bsum (100 -W p)(ctl + W) + Cgv (VOgv +V0hv +V0 prs)

PabGoTa pactomouynsix Ma3yTHbIX (popcyHOk (A u B) xoTna ommcwiBaeTcs
B MaTEeMaTHYCCKOH MOJEIH TIOCPEJICTBOM pacdyeTa MPOU3BOIUTEIHHOCTH

(opcynok (B, ) U JaBlIeHUs BO3/lyXa MOJABAEMOrO HA PACTONOYHBIE (HOPCYHKH
(Pa):

Byyin = (0.5PP,)/8,

B,ie = (0.15PR,)/8,

rae PP, PR, - cocrosaue Gopcynok (M®D-1, MO-2, M®-3, M®-4) (BKJI./BBIKIL.).

P, =0.6PHV, +0.56PB

ppitA al
Pos =055PHV, +0.5PB, . ,HV,,

rae HV,, HVY, - coctosHue mmOepoB Mojauu ropsiuero Bo3ayxa Ha pacTOMOYHbBIE

dopcynku (BOA-1, BOA-2, BOA-3, BOA-4).
2.4  Mojeab OLeHKH Pacxo/ia TOMJIUBA HA KOTeJ

HpI/I OILCHKE pacxoJa TOILIMBA HAa KOTCJ YUUTBIBACTCA 3arpy3Ka nuTaTeneu

ceiporo yrist (ITICY) mo TormmmBy ¥ BEHTHIIALUSA MeIbHUIL [9].

Bsum = Z Bmeli ' (21)

4
i=1
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4
rae Y B, - CyMMapHbIil pacXoJ TOILUINBA HA MEJIbHHUIIBIL.
i=1

Pacxon TomnmBa Ha -0 MENBHHULY ONPEEISETCS IO CIEIYIOUIEMY
BBIPAKECHUIO:

_ C-:'mel +Vac

B =l 22
mel 1000+Vef ( )

rae G, - NPUBEIEHHBIA pacxox Tommea; V, =V, +V, +V, - 00beMHBIA pacxon

aspocmecH; V., - 3P PEeKTUBHBIN KOHCTPYKTUBHBIN 00b€M METbHUIIBI.
[IpuBeneHHBIM pPaAcXoJ] TOIUIMBA HA MEJBHHUILY ONPEACISACTCS II0 CIEIYIOIIUM
3aBUCUMOCTSIM:

_—b—/d

Gmel - 2—
a (23)

rae d =b*—4ac;
a= 5Okmel(vper +1)\/ I:)vzp ]

b=—§§§g51—34oome@ﬂVE§;,

c= %moc,
e B,,- IaBJI€HUE BO3/yXa 32 BO3IyXOMOAOrpeBaresem; vV, - 00beM MepBUIHOTO
BO3AyXa B adpocMmecH (MPUHMMAETCS B pacueTax paBHbIM - 03V..); K,.-

anMpPOKCUMUPYIOMUNA KOd()PUITUEHT; B, =33UR,,—6,4 - pacxol TOILIMBA 4epe3

MUATATEIb CHIPOTO YTJIs.

2.5 Aj’poauHaMu4ecKasi MoJeb BO3YLIHOIO TPAKTa KOTJIa

Bo3aymneiii Tpakt kotia I1K-38 Bkimrowaer aytbeBoit Bentwisitop (UB),

OCHAIIEHHBIN HampapislOIUM  anmaparoM (UP, ) W JABE MOCIEI0BATEIBHO

BKJIIOUEHHbIE cTyneHu Bozayxononaorpesatens (B3II). Ilocne B3Il mnepsoi
CTYNEHU MOTOK BTOPUYHOTO BO3/yXa MOAACTCS K TOPEJIKaM KOTJja, PEryJupyemMblil
8 mmbepamMy BEpXHUX W HIDKHMX IUIMIL, a Tocie BTopou ctymeHu B3Il mortok

IIEPBUYHOI0 BO3JyXa MOJAETCSA HA CYLIKY M TPAHCHOPTUPOBKY YIOJIBHOM IIBUIM B
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MCJIbHUITY. PacuetHas cxema aBPOI[I/IHaMH‘leCKOﬁ MOJCJIM BO3AYIONHOI'O TpAKTa

kotina [1IK-38 npexncraBiena Ha pucyHke 7.

dv | Boapyxonogorpe- vep BTOT‘I)/IaLIKJOFO >
BaTenb > Bop3 nyxa
Kugp Ky

Pucynoxk 7 — PacueTHast cxema Bo3aymHoro TpakTa kotia [TK-38

[Ipu pacuere a’poaMHAMHKUA BO3IYIIHOTO TPaKTa MCMOJB3YETCS TOT K€
MOJX0/, YTO W IPU MOJCIMPOBAHUM TATOAYThEBBIX MexaHu3MoB [10]. Cucrtema
YpaBHEHUH, OMUCHIBAIOIIAS a’pOAMHAMUKY BO3AYIIHOIO TpPaKTa, BBIJISIAUT

CJICTYIOIIUM 00pa3oM:

a
P,=—% 1D
dv UPdV dv
Vdv = kvz py Pdv - I:)vzp (24)
Vvt = kvt Iszp

Harpy3ka  myteeBoro  Bentwisitopa ([B)  mpeacraBmsier  coOoit

conporuBieHue Bosayxononorpesarens (B3II) ¢ koadduunentom pacxoma kK,
Y COIPOTUBJICHHUE TPAKTa BTOPUUYHOTO Bo3ayXxa K, .

Omnyckas MpOMEXYTOUYHBIE BBIKJIAJKH, MOJYYHUM CIIECIYIOIIEE BBIPAKCHUE
JUISL  OTIpENIeTICHUs] 3HAYEHUsS TMPUBEACHHOTO KO3 UIIMEHTa pacxoaa BCEro

BO3AYHIHOT'O TPAKTA KOTJIA:

1
1 1

7_*_7
k2~ k&

vzp

k (25)

vozd

3aTeM, WuCHONB3YysSd ypaBHEHHE (4) HJaHHOM MaTeMaTUYECKOW MOJEIu
OTIPENICNIAIOTCA BCE HEOOXOJAMMBIE PACUETHBIC IMapaMeTpbl adpPOJIUHAMUKH
BO3IYILIHOIO TPaKTa KOTJI0arperara.

KoaddurmenT n36n1TKa BO31yXa BEIYUCISIETCS 10 BHIPAKECHUIO:
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o= Vdv
 450@B,,, +0J) (26)

ITo BenuuuHe & OIIPpCACIIACTCA COACPIKAHUC KUCIIOPOJa B YXOJAINNUX Ira3ax:
o, = 2 a-1)
« (27)

2.6 Mone.m, IT'MAPaBIHYECCKOIo TpaKkTa KOTEJIbHOI'O arperara

[TapoBoit TpakT kotna IIK-38 BkmtouaeT B cebsi cUCTEMY SKpaHHBIX
noBepxHocteit HarpeBa (HPY, CPY, BPY), nByxcTyneH4aTslii maporeperpeBaress,
JBYXCTYIIEHYATyI) CUCTEMY BIPBICKOB IS PETYIUPOBAHUS TEMIIEPATYPBI OCTPOTO
mapa, CHCTEMY MapolpOBOJOB  KOTJa, a TaKXke MapoIeperpeBarein
IIPOMEXYTOYHOI'O  meperpeBa Imapa. B pacceuky  nepBoMl  CTyleHHU
MIPOMITAPOTIEPETPEBATENI  OCYILIECTBISCTCS ABAPUMHBIA BIOPBICK IMHUTATEIBHOU
BOoJbl. PacueTHas cxema MMHUTAllMOHHOM MOJENH THAPABIUKHA MApPOBOTO TPAKTa
KOTEJIbHOTO arperara npejcTaBjieHa Ha pUCyHKe 8.

OCOOEHHOCTBPIO MOJENU SIBISIIOTCSL BKJIIOYEHHBIE B MECTa CMELICHUS
U pasfereHus II0TOKOB Iapa YCIOBHBIX €MKOCTEM V, TMO3BOJSAIOIIMX
CMOJENUPOBATh TUHAMUYECKUE NIEPEXOHBIE IPOLIECCHl TUAPABINYECKOTO TPAKTA,
a TaK)K€ YIPOCTUTh PACUETHYIO CXEMY M M30€KaTh MHOTOKPATHBIX UTEPALIMOHHBIX
BBIYHCIICHU .

PacueTHas mocTaHOBKa 3aJaud MPEACTABISIET COOOM CUCTEMY JMHEHHBIX
alreOpanvyeckux YpaBHEHHM, COCTOSAIIYI0 U3 MAaTepUANbHBIX M  TEIJIOBBIX
OaJlaHCOB 3JIEMEHTOB THJIPABJIMYECKON YacCTH KOTEJIbHOro arperara. bamaHcoBbie
YPAaBHEHMS BBIPAXKAIOT TEPMOAMHAMHYECKYIO CBA3b 3aKOHOB COXPAaHEHHUs Mace
W DHEPruM, a HUX KOJWYECTBO 3aBHUCHUT OT YHUCJIA YYHUTHIBAEMBIX 3JIEMEHTOB

B T'UJIPABINYECKON CXEME.
OGo3navyenns Ha cxeme: G, — pacxon HACBILIEHHOTO napa,

oOpasoBaBmierocs B nepexonHoit 3one (I13) xorma; Vi, PV BpiVig B

ipk’Vpe’ Ppe'
YCJIOBHBIE EMKOCTH U JABJICHUE Napa COOTBETCTBEHHO:

B HCHApPUTEIbHBIX TOBEPXHOCTIX KOTJA, MaporeperpeBarens, ys3ia
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nepembriakn UIIK, y3na naponpoBonos kotia; k,,G,, - KoapduiueHt pacxona u

pacxoj mapa Ha maponeperpeBareib; K,.,G, - KO3GPUIHMEHT pacxona U pacxos

pr

uepes BIPBICK; k., G, - Koouiment pacxoaa u pacxon napa nepembruku UIK;

per?

k.

oG~ KOO uImenT pacxoma W pacxol mHapa 4epe3 MNpelOXPaHUTENbHbIE

knanana (UIK); k.G, - Ko3hpuimeHT pacxo/a u pacxoj mapa B napornpoBoax

KOTNa; K .0,G, . - KOOQOHUIHMEHT pacxojia U pacXoj Iapa B MapoBOi MarkCTpaiu,

mag’

K, aso Grase~ KOIPPHUIIMEHT pacxojia U pacxoj mapa B pacTOMOYHOM JMHUHU (Tap Ha

rast? r

pacronoudHoe bPOY).

Bnpbick-1 Bnipbick-2
Vv \Y

purl pvr2

OuHamuueckoe | BoasHoi | HPY | na || cPy BPY | wnn «an Ha LB
3BEHO 3KOHOMam3ep )

op

pv 1sp ABapuitHbIi
BMpPbICK

Vv,

avpr

w3 LUBA Ha UHAO
[vnamuyeckoe | | nn-1 nn-2

3BEHO ’ Ppmm

Pucynoxk 8 — PacueTHas cxema HIMUTAIITMOHHON MOJIEIN THAPABINYECKOTO TPAKTA

naposoro kotia [1K-38

[Tepen HavajgoOM OYEpPETHOTO IIara pacueTa CUUTAIOTCS 3HAYCHUS JTaBJICHHUMA
BO BCceX pacyeTHhIX eMKocTsX [10]. 3nauenus kodhPuIMeHToB pacxoja, ¢ y4eToM
TIOJIOKCHUS 3alIOPHOM apMaTyphl, M3BECTHBI TIepe]l HadajaoM pacuyeta. Ha ocHoBe
W3BECTHBIX JTAHHBIX JUIA KaXJIOW YCIOBHOM €MKOCTH TOJICYUTHIBAIOTCS 3HAYCHUS
pPacxoJI0oB BCEX BXOJMANIMX M BHIXOASIIMX IMOTOKOB. bajgaHC pacxoJ0B yCIOBHOU
EMKOCTH JacT HOBOE 3HAYCHHE JIaBJICHUS CPEIbl B eMKOCTH. Tak, Hampumep, IS
UCMIAPUTEPHOTO KOHTYpa KOTJa BXOJHBIM IapaMETPOM SIBJISIETCS PacXoJy
MTUTATEIFHOW BOBI, BBIXOJHBIMU — PAcXOJIbl ITapa B MaporeperpeBaTeb U pacxol
KOHJIEHCATa Tapa Ha BIPBICK MO TPAKTY MApPOBOTO KOTJIA.

I[JIH OLCHKHU PacCXO/Jia HACBIIMICHHOI'O I1apa B HCIIAPHUTCIIbHOM KOHTYPC KOTJIA
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(HPY, I13) nosiyyeHa 3aBUCUMOCTb OT TEMIIEPATyphbl I'a30B Ha BBIXOJE U3 TOIKH,

JTABJICHHS ¥ TEMIIEPATYPBI IUTATEIBHOU BOABI:

T -100)’( 156-P t —210
G, =230[t°p—J (1+ pV](u il J (28)

846 300 600

C OCJIbI0 MOACIHUPOBAHUA HMHCPIHUOHHOCTHU IIPOLCCCA TI'CHCpAIMM IIapa

HKpaHaMU TOIIKH, B CTPYKTYpy aJropuTMa pacuera G, BKIIOUYEHO JTUHAMHYECKOE

S
3BEHO, paboTa KOTOPOro OMHUChIBaeTCs ypaBHeHHEM (18).
Brixoasiue moToku mapa U3 UCHAPUTEIBLHOTO KOHTYpa PacCUUTHIBAIOTCS

10 CIICAYIOIIUM COOTHOIICHHUAM:

Gop = Ko /va -P, (29)

G,,, =K, /P, —P (30)

vpr vpr pv op
HoBoe 3nHaueHue naBieHMsA napa B KOTie P ompenensercs mo OamaHcy

IIOTOKOB CPCAbl M 3HAYCHHUIO OJAaBJICHHA MUTATECIbHOM BOJbI Ha IIPCAbIAYIICM

1.
BPEMEHHOM Imare P, ™!

AT
T -1 -1
Pop = Fi)p + va (Gnas +var _Gop )_ (31)
isp
rA€ Ar- pacyeTHBIM 1Iar MO BPEMEHH.
AHaJIOFI/ItIHLIM CHOCO60M COCTAaBJIAKOTCA 6aHaHCBI JJIA OCTAJIBHBIX

YCJIOBHBIX 00BEMOB Vop, V V., " BBIYUCIAIOTCI pPacxoJbl BCEX BXOIHBIX

ipk ? pe
Y BBIXOJHBIX IIOTOKOB M HOBBIE 3HAUYECHUSI JABJICHUS T1apa.

[IpennoxxeHHbI TOAXOJ TMO3BOJISIET CBECTH HEOOXOJMMOCTh pacyeTa
CJIOHBIX Pa3BETBIEHHBIX THIPABIMYECKUX CUCTEM K pacueTy OayaHca BXOISIINX

U BBIXOOAIIHNX IIOTOKOB pa60qel71 Cp€abl YCIOBHO BBCACHHLIX B TCIINIOBYIO CXCMY

KOTJIa EMKOCTEH.

2.7  OcobeHHocTH pacyera KOHBEKTHBHOI0 TeI1000MeHa

B MMHUTAIMOHHOM MOJIeJIH KOTJIa

3anauen pacueTa TEMI000MEHHBIX MOBEPXHOCTEN KOTJIa

(mapormeperpesareiis, 3KOHOMai3epa, BO3AYXOMNOJAOrpeBaTeiss W T.JA.) SIBIAETCS
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OIPCACIICHHUC 3HAYCHUMN TCMIICPATYP TEIUIOHOCHUTEJICH Ha BBIXOAC U3 MOBCPXHOCTU
Ha U3BCCTHBIC €C ICOMCTPUUICCKUC PA3MCPHLI. HpI/I HMHUTAIUOHHOM MOACIMPOBAHUN

JUISL OTHX IIEJICH UCIIOIh30BAHO U3BECTHOE ypaBHEHHE TerioooMeHa [11]:

Q= k:At ’ (32)

sum

rae Q- Temwio OTJAHHOE OT rperollel cpenbl (MPOAYKTOB CropaHuUsi TOILJIMBA)
K paboueii cpene (map, Boma); k- koddduiment teronepenaun; H - miomianb
TEIJI000OMEHHON TOBEPXHOCTH: At- cpeaHenorapuMUYECKUil TeMrepaTypHbIN

Hamop; B,,,- pacxoj TOIJIuBa Ha KOTEN.

C pmenbr0  ympowleHMs — MpOLECC  KOHBEKTHBHOIO  TEIUIOOOMEHa
B IIOBEPXHOCTAX Harpesa KOTJja IPUHATO JOMYIIEHUE, YTO TEMIIEPATYPHBIN HAIOP
paBEeH pa3HOCTH CpelHeapu(PMETHUECKUX 3HAYEHUN TeMIeparyp TIperolien
Y HarpeBaeMou Cpen:

At = T ;Tz b ;tz (33)

rae T, U T,- TeMnepaTypa IPEroLEi cpeasl (ra3oB), COOTBETCTBEHHO Ha BXOJE
U Ha BBIXOJIE U3 TCIUIOOOMEHHUKA; t, U t, - TEMIIEpaTypa HarpeBaeMou (paboueil)
Cpe/bl Ha BXOJIE U Ha BBIXO/JIC.

KonnuecTBo TEMIOTHI, OTIAHHOE TPErOLIEr cpeor (IPOIyKTaMu CrOpaHus)

IMOBCPXHOCTHU HArpeBa KOTJjia MOKHO OIPCACIINUTL 110 BBIPAKCHUIO!

Q:lOOQ:gaz (Tl _TZ) (34)

rac Cgaz - TCINIOCMKOCTD I'a30oB.

kH

—_— CIIOJIb3 aBHE 32) - (34
2008,,8... ¥ UCTIONB3ys ypaBHeHUs (32) — (34)

Beenem obo3naueHue: k, =

IIOJIyYUM COOTHOLIEHWE [UJI ONPEACIICHUS TEMIIEpATyphl TPEIOIIEr Cpeabl
Ha BBIXOJIE U3 TEIII0O0OMEHHOM MOBEPXHOCTH:

1-k, Kk
+
1+k,  1+k;

Tz :T12 (tl +t2) (35)

3Ha4YeHUsI TEMIIEPATyp HArpeBaeMoW cpeasl t, W t, IPUHUMAIOTCA

U3 TpEeAbIAyIIero BpeMeHHOoro Imara. TakuMm oOpa3oM, Tepel pacueToMm
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MOBEPXHOCTH HArpeBa HEOOXOIWMO 3HATh TOJBKO 3HAYCHHE TEMIIEPATypPhI
rperouiel cpeasl Ha Bxoxe T,. PaccunTas o ypasHenuro (35) Temmeparypy ra3os
Ha BBIXOJI€ U3 MMOBEPXHOCTU Harpesa T,, MO ypaBHEHUIO (34) BBITIOJIHSIETCS pacyeT
KOJIMYeCTBa TeIJia, IepefJaHHoe MoBepxHocTu HarpeBa Q. IlociemoBaTenbHO
IIPOBO/ISL pacyET BCEX MOBEPXHOCTEN HArpeBa Mo XOAy JIBHXKEHHS Ta30B 110 TPAKTY
(mpyHUMaeM TeMIIepaTypy ra30B Ha BXOJI€ B CJICAYIOIIYIO MTOBEPXHOCTh HarpeBa
paBHOM TemmepaTrype Ta30B Ha BBIXOJE W3 TMPEAbIIyIIeH MOBEPXHOCTH),
ONPENENAIOTCd 3HAYEHUs KOJIMYECTBA TEIUIOTHI, IMEPEJaHHbIX OT Ta3oB
MOBEPXHOCTSIM Harpena.

I/ICHOHBBYH IIOJIYUYCHHBIC 3HAYCHUA Q mociaenoBaTeIbHO OIIpCACIIAIOTCA

OHTAJIBIIMHU U TCMIICPATYPBbI HAI'PCBACMBIX CPCI 110 CIICAYIOICMY BBIPAKCHUIO!

he Q
h2_hl+B (36)

sum

rae h = f(p,t,) - PHTaIbIKA pabodeil cpelbl Ha BXOE.

t,=f(p,,h,) (37)
rIe p,=p,—Ap - JAaBleHHE pabouedl cpeibl Ha BBIXOAE U3 TEILUIOOOMEHHOU
IIOBEPXHOCTH; Ap- MOTEPS AABJIECHUS IIPU TPAHCIIOPTUPOBKE TEIUIOHOCUTENS BIOJIb

TEIMJI000MEHHOM MOBEPXHOCTH (THAPABINYECKOE COMPOTUBIICHUE).

2.8 Pacyer Temjioo0MeHa B TONKe KOTJa (pacyeT paadamidOHHbIX

NOBEPXHOCTEM)

3ajgadya MOBEPOYHOIO TEIUIOBOIO pacueTa TOMOYHOM KaMepbl 3aKIFOYAETCS
B OIpEACNICHUH TEeMIIepaTyphl Ta3000pa3HbIX MPOJYKTOB CTOPAaHHS Ha BBIXOJE

u3 tonku (9, °C) [11]. VcxonHpIMU HaHHBIMHU JJIsI TAKOTO pacueTa SBISIOTCS

XapaKTEPUCTHKA M PACXO0Jl CHKUIAeMOro TOIUIMBA, OCHOBHBIE KOHCTPYKTHBHbBIE
(Iomiazb CTEH TOMOYHOM KaMepbl, 00bEM TOINKH) U PEXKUMHBIE (3arpsi3HEHHE
HKpPAHOB, CTENEHb BBITOPAHUS U T.Jl.) MApaMeTPBHI.

Takas 3amaya MpU HMMHUTALMOHHOM MOJEIMPOBAHUU TOIOYHBIX Kamep

pelaeTcss METOJOM TIOCJeN0OBaTeIbHbIX MPHUOMMKEHUH Ha OCHOBE 0a30BOM
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HOpMaTUBHOW MeToauku [11], mo3BOMsIONIEN BBIMOJHATH OLEHKY OCHOBHBIX
nokasaresieid Terooomena. CorinacHO 3TOM METOAMKE Ha IEPBOM PACUETOM IlIare
MpEeIBApUTENLHO 3aJal0T BEJIMYUHY HAUYAJIBHOTO NPUOIMKEHUS — TEeMIEpaTypy

razoB Ha BbIXoJe u3 Tonku (%,, °C) B amamazone 900-1200 °C. BriOpannoe

3HAUYCHUE TEMIIEPATYPhI MO3BOJISET BBIMOIHUTH PACUYET MOJTHOTO TEIJIOBBIICICHUS
B TOIIKE U TEOPETUUYCCKON TEMIIEPATyPhl TOPEHUSI.
[TepBoHaYaJIbHO paccyuThIBacTCS S(PQPEKTUBHASA TONIIMHA HW3TyYarOIIero
cios (Mm):
V
S=36—-"- (38)

cm
rae V,, F.,— COOTBEICTBEHHO 00beM (M°) M IUIOmAxb CTEH (M°) TOIMOYHOI
KaMephl.
Ha BennuuHy TemmepaTypbl Ta30B Ha BBIXOAE U3 TONKHU CHJIBHOE BIIASIHUE

OKa3bIBA€T CTEMEHb YEPHOTHI TOMOYHOU KaMephl (a,, ). IIpu cxuranum TBEpABIX
TOIUIUB CTETIEHb YEPHOTHI TOMKH PACCUUTHIBACTCS MO (hopMmyIie

a,, =1- e S (39)
rie k — kxodpduuueHT ocnabieHus aydedl TomouHou cpemoi, 1/(m-Mlla);
p — JaBJICHHE Ta30B B Tomo4yHou kamepe, MIla (mpuHuMaercs B pacyeTax paBHBIM
0,1 MIla); S—»sddexTuBHAS TONMKUHA U3TYHAIOIIETO CIIOA, M.

Koadpduument wu3nyueHuss TOMOYHOM  cpedo  k  ompeaensieTcs

koddduieHToM ocnabieHust Jy4ded TpexXxaTOMHbIMU ra3amu (k,), 30JIOBBIMHU
qacTuamH (&, ) ¥ TOPSAIIMMHI KOKCOBBIMH YacTUIAMH (&, ):
k=k,r, +kypy, +k, (40)
Kosddumment ocmabnenuss ydeil Ta30BOM  cpeoll  OmpeaesieTcs
IO COCTOSTHUIO Ta30B Ha BBIXOJIE U3 TOTIOYHOM KaMepsl 110 hopMyIie

7.8+1 6]’[_]20

@:-———————1@—mwiﬁj (41)

7S 1000

rne T, =9, +273 — abcoyroTHas TeMIlepaTypa ra3oB Ha BbIXOJAE U3 TOIKH, K;
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n =TRo, +7H,0 — OOBEMHAS JIOJS TPEXAaTOMHBIX Ta30B HPU H30BITKE BO3IyXa

B TOTKE (&, ).

Vro, . V.o
T THO =T (42)

14 =
RO V. V.

e Vgo,» Vi,0, V. — 00BEMBI TPEXaTOMHBIX Ta30B, BOAAHBIX MAPOB M IOJIHbIH

3
00BEM ra3oB, M /KT.

Viro=Vp o +0.0161a, — )V (43)
V. =V° +1,016(c;, —)V/° (44)
rae Vlgz o Vro, yO = Vro, +V](\),2 +V132 o V) — COOTBETCTBEHHO TeOpETUYECKHIA

00BEM BOJSHBIX MApPOB, TPEXaTOMHBIX Ta30B, TEOPETUUYECKHE OOBEMBI Ta30B
u Bo3ayxa, mY/kr [11].

Koaddumuent ocnabnenuss iydeil B3BEUIEHHBIMH B TOINOYHOM cpene
YaCTULIAMU JIETYy4Yel 30JIbI OIpenesieTcs o popmyie

43p,

kg =—2—,
(T 5 )™°7

(45)

31

) 3\.
r1e p,— IVIOTHOCTh JBIMOBBIX ra30B (MpUHUMAETCs B pacdyerax paBHoi 1300 r/m°);

d,;— 3(dEeKTUBHBIA JUaMETp 30J0BBIX YACTHUI], MKM (B pacueTax NMpUHUMAETCs

16-24 mxm).
Kosdpdument ocmabraenuss nyded  yacTULUAMU  TOPSIIETO  KOKca

k,, IPUHUMAIOT B 3aBUCHUMOCTHU OT BHUJA CXXMraeMoro Torumsa. st OypbIx yriaen
— k,=0,5.

KoHmieHTparust 3010BbIX YacTHUI[ (4, B TOTOKE Ta30B, KI/KT OMPEACIICTCS
o popmyiie:

APa,,

=—" 4
100G, (46)

Hszn

rae A” — 301nbHOCTB TOILIMBA HA pabodyro Maccy, %o; a,, — 0 301kl YHOCUMOH

N3 TOIIKM IIOTOKOM Ia3a (I[J'I?I KOTJIOB C TBCPAbIM HIJIAKOYAAJICHUCM IMPHUHUMACTCA
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0,96); G.— macca IBIMOBBIX Ta30B (KI' ra3oB/ KI' COXOKCHHOTO TOILIMBA), IPH
CO)KHTaHUH TBEPJIOTO TOILTUBA COCTABIISCT:

G, =1-0,0147 +1306z,,V"0 (47)

[lepenaya TEIUIOTHI JKpaHaM TOIOYHOM KaMephbl IPOMCXOJMT TIJIaBHBIM
o0pa3oM 3a CYEeT H3JIyYCHHs BBICOKOTEMIICPATypHOTO sjpa Qakena, a TaKxke
pacKajJCHHBIX 30JIOBBIX YACTHI[ U TPEXATOMHBIX Ta30B, 3aMOJHSIONINX TOIMOYHBIH
00BEM.

OOmiee KOJIMYECTBO TNEPENaHHOM TEIUIOThI B TOINKE OMNpenesseTcs
Pa3HOCTBIO MEKY ITOJIC3HBIM TCILIOBBIICCHUEM B 30HE TOPCHHS W DHTAJIBITHCH
ra3oB Ha BBIXOJIE€ U3 TOIIKH.

[Toyre3HOE TEIUIOBBIICICHUE B TOIMOYHOM Kamepe (B pacdyere Ha | kr

TOHJIHBEI) Qm CKJIaAbIBACTCsA M3 pacnonaraeMoﬁ TCIJIOTBI TOIIJIMBA 3a BBIYCTOM

TOIIOYHBIX IIOTCPb U TCIJIOTHI I'OPpAYCTO BO34yXa, IIOCTYIIAIOIICTO B TOIIKY:

100-¢g3 — g4 —q¢ +0,, (48)

—OP
Om =0 100

riae QF — Hu3mas TeIuioTa CropaHus Ha pabodyro Maccy ToIuiuBa, KJDK/KT;
g3— TOTeps C XUMHYECKUM  HEJOXKOTOM  TOIUIMBAa  (PacCUUTHIBACTCS
no 3aBucuMoctd (63)); g4— MOTEps C MEXAHMYECKMM HEI0XKOIOM TOILIMBA
(cMm. dbopmyny (64)); gg— moTeps ¢ PU3HMYECKUM TEIUIOM IIUIaKa, OMPEACIISICTCS
10 BBIPAXKEHUIO:

~(=ay,)ety A7
0f

rae ct,, — DHTalplus HUIaka. /{1 TONMOK ¢ TBEPABIM IUIAKOYIAJEHUEM ct,,

d6 (49)

npUHUMAaETCst paBHOUM 560 KIK/KT.
Temnora Bo3ayxa, MOAABAEMOIrO B TONKY COCTOUT M3 TEIUIOTHI TOPSYEro

BO3/1yXa U HEOOJIBIION JTOJM MPUCOCAHHOTO BO3/1yXa U3 BHE:
0 0
0, =(a,, —Aa,, —Aa,,)H ., +(Aa,, +Aa,,)H (50)

rae Aca,,, Aq,, — COOTBETCTBEHHO MPHUCOCHI BO3AyXa B TONKE (MPUHUMAETCA
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B pacuerax 0,04) u B cucreme mpuienpuroToBieHus (nmpunumaercs: pasuou 0,04);
HY, HY — SHTamemuMM TOpAYEr0 W XOJNOJHOTO BO3/yXa, OIpejelseMble
COOTBETCTBEHHO TI0 TeMIIEpaType Topsyero Bo3Ayxa (¢, M TeMIepaTrype
XOJIOTHOTO BO31lyXa ¢, MO moAnporpaMMaM-(QpyHkiusam u3 Cu-oudamoTexu.
AnuabaTHas (TeopeTuyeckas) Temneparypa ropeaus 4,, °C, COOTBETCTBYET
YCIIOBHIO, KOTJ]a BCE IOJIE3HOE TEIJIOBBIJCICHUE BOCIPUHUMAETCA MPOIYyKTaMU
cropanusi. OHa COOTBETCTBYET MaKCHMAJIbLHOW pacYeTHOW TEeMIEpaType Ta3oB,
HEJIOCTIDKMUMOM B peajbHBIX YyCIOBUAX. MakKCMMaibHOE TEIIOBBIICICHUE
XapakTepusyercss 3HaueHuem (,,, a TeopeTHUecKass Temreparypa TOpeHus
HAXOJIUTCS 0 MOAIporpaMmmMaM-GyHKIUSIM NPy yCIIOoBUH, 4yTo H, =0, .
OddekTUBHOCTh BOCHPUATUS TEIUIAa HKpPaHAMU TOTMOYHOM  KaMephl
xapaktepusyercs Kod(h(QHIIMEHTOM TeIIoBOH 3(PQGEKTUBHOCTH SKpaHOB (v ),
KOTOPBIN OmnpeenseTcss Npou3BeIeHUEM yrioBOro kodgduiimenta skpana (x ) Ha

YCJIOBHBIN KO3 GUITMEHT 3arpsa3HeHus (& ):

y=x-& (51)
VYrioBo# k03 (HULMEHT 3KpaHa x ompenesnsercs no Gopmye:
A
=1-02 = -1 52
r=1-042 1) (52

r7i€ s/d — OTHOCUTENIbHBIN IIar TpyO HAaCTEHHOrO dKpaHa.
VYcaoublid  kKOA(UIMEHT  3arpsi3HEHHs]  MOBEPXHOCTEH  Harpena
¢ XapakTepu3yeT BOCIPHUHATYIO JOJI0 TEIUIOTHl pabouei cpenoil 1Mo CpaBHEHUIO

C TeroToM, magamomeid Ha pabouyio mnoBepxHocTh. C  yBeIMUEHHUEM

3arpsiI3HEHHOCTU JKpaHHBIX TpyO KoadduimeHT ¢ ymeHblaercs. B manHom
pacyeTe 3HaueHue Kor(huIMeHTa 3arpsi3HeHUs I Pa3HbIX TOMOK U BCEX BHUJIOB
TOIUJIMB MPUHUMAETCA OPUEHTUPOBOYHO U3 Auanazona ¢ = 0,45+0,5.

[Io pe3ynpTaTaM OIIEHKHM OCHOBHBIX XapaKTEPUCTUK TEIIooOMeHa

BBITIOJIHAETCS pacyeT TeMneparypbl ra3oB (9, , °C) Ha BBIXOJIE U3 TONKHU:
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9y, = T4 -273 (53)

3 0,6
5,6 TYF Ty
10" pB Ve,

M +1

ric ¢ — KO3(1)(I)I/IHI/I€HT COXpaHCHHA TCILIA, IIPUHHUMACTCA B PACUCTAX PABHBIM

0,995; T,=49,+273 - abcomoTHas anuabaTHUeCKas TEMIIEpATypa TOPEHus; Ve ,—

CpelHsas CyMMapHas TEIUIOEMKOCTh IIPOJYKTOB CrOpaHMs, olpeneisiemas 1o
annabaTHOM M NpeNBapUTEIbHO MPUHATON TEMIIEpaType Ta30B Ha BBIXOJE W3

tonku, kKJx/(kr°C),

Veep = Qm_—Hm (54)
‘9a - '9m

rae Hp,— DSHTanpnus Tra3oB Ha BbIXOJAE W3 TOINKH, ONpeAensemMas 1o
noJIporpaMMaM-(QyHKIUSAM IpU TeMIepaType Jy, .

ITapameTp M y4YUTBIBAET OTHOCUTEIBHYIO BBICOTY PACIOJIOKEHUS TOPEIIOK,
a CIENOBaTEeIbHO M TIOJIOKEHUE sapa (Qakena Ha TeMIepaTypy MpOAYyKTOB
CrOpaHHsT B  BEpXHEHM YacTH TONOYHOM Kamepbel. Ilpm  cokuranum
BBICOKOPEAKIIUOHHBIX TOIUIMB (KaMEHHbIE M Oypble YIJIM C BBIXOJOM JETY4YHX
BemecTB Ooiee 25%)

M =0,59-0,5X,, (55)
rae X, — BEJIMYMHA, XapaKTEPU3YIOIlas OTHOCHUTENIBHYIO BBICOTY PAaCIIONOKECHUS

30HBl MaKCHMMyMa TEMIIEpaTyp B TONKE (3aJaeTcsi B MCXOJHBIX JaHHBIX).
Jl71st G0IBITMHCTBA BUIOB TOTUTMB MAaKCUMYM TEMIIEPATYP IO BBICOTE MTPAKTUUECKU

COBIA/IAET C YPOBHEM PACIIOJIOKEHHS TOPENIOK, UTO COOTBETCTBYET Xy = hay, [y

rae h,,,— BbICOTa pa3MEIICHUsI TOPENIOK; h,— pacyeTHas BbICOTA 3AMOJHSIOUIETO

2eop
TOTIKY (hakesia OT HIPKHEW YaCTH TOTIKH JI0 CEPEIUHBI BEIXOJHOTO Ta30BOTO OKHA.
Ecnu monmydennas B pesynbTaTe pacuera mo Qopmyse (53) temmeparypa

ra3oB Ha BBIXOJE M3 TONKU & OTJIMYAETCS OT NMpeIBapUTEIbHO MPUHITON OoJiee

yeM Ha 2 °C, TO HEOOXOJAMMO BBIMOJHUTH BTOPOE MPUOIMKEHUE

10 BBIMICHU3JIOKCHHOMY aJITOPUTMY, IIPH 3TOM Ha CJICAYIOHICM UTCPATHBHOM HIArc
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BBIYHCIICHUI HEOOXOAMMO HCIIOIh30BaTh TEMIIEPATypPy T'a30B Ha BHIXOJE U3 TOIKH,
NOJIYYEHHYIO Ha MpeAblIylleM pacdeTHOM Mare. Pacder mnocienoBaTeabHbIX
NPUOJIMKEHUN BBITIONHAETCS 0 T€X MOp, MOKa Pa3HOCTh 3HAYEHUN TeMIeparyp
ra3oB Ha BBIXOJIE U3 TOIKH IO pe3yJbTaTaM JIByX COCEHUX UTEepAIUil MPEBHIIIACT
2 °C. B 3akiodeHwe pacyeTa TOMOYHOM KaMephl OMNpENeNsieTcs yAelbHOe
TEIJIOBOCTIPUATHE TOMKHU, KJ[&/KT:

Oy = (O —Hp) (56)

2.
TEIJIOBOE HAIMPSHKEHNE TOTIOYHBIX CTEH, KBT/M”:

_BQ,
0 =—2 (57)

cm

3.
" TCIIJIOBOC HAIIPSAKCHHUC TOIIOYHOI'O O6’b€Ma, kB1/Mm”:

_B)XQ,
&=~ (58)

m

2.9 Onpeneﬂeﬂne CBOMCTB TEIJIOHOCUTEJIeH B MOJ€eJIM KOTJIA

C noctaTouHOM IJI1 MAaTEMATHYECKOM MOJIeNIM UMUTAlMOHHOTO TpPEHaxepa
KOTEJIBHOIO arperara TOYHOCTBIO B3aMMOCBS3b IIapaMETPOB BOABI U BOJSHOI'O
napa OIKCHIBACTCS MHTEPIOJSIIMOHHBIMUA TOJUHOMAMHU [6], 0OpPMIICHHBIMU B
BU/JIC TTOATIPOTPaMM (DYHKITHI:

tx(p,h)- Wit onpeneneHust TeMnepaTypel Cpeapl 0 U3BECTHOMY TABJICHUIO
P M DHTAJIbLOUU h ;

hpt(p,t)- 1t onpeneeHus SHTAJIIBIINY CPEABI 110 U3BECTHOMY HABJICHUIO p U

TEMIICPATYype t;

Oyukuun tx() 1 hpt) ompenensroT CBOWCTBA BOABLI M BOASHOTO Iapa C

YUETOM HX arp€raTHoro COCTOAHHA.

ts(p)- Mg ONpENesieHUs TEMIIEPATyphl HACHIIIEHUS IO W3BECTHOMY
JIaBJICHUIO CPEJIbI p |
ps(t)- IS ompeiesieHus TaBJICHUsT HACHIIIIEHUS 110 U3BECTHOM TeMIleparype

HaCBIICHUS CPEAbI t,
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hi(t), h1i(t) - COOTBETCTBEHHO, ISl ONPEICIICHUS SHTAIBIINU HACBIIICHHON
BO/JIBI U [Apa MO U3BECTHOW TEMIIEPATYPE HACHIICHHS CPEBI t.
Pacuer Temmneparypsl IBIMOBBIX Ta30B II0 HM3BECTHOM WX DHTAJIBIIUU

OCYIIECTBIIACTCS 1O BhIpaykeHHo [11]:

hg
_ az ’ 59
Cyar (L+T) (59)

TZI€ I - I0JIs Fa30B PELUPKYIISAIUN.
Pacdyer oHTanbnmuu JOBIMOBBIX Ta30B IO HW3BECTHOM TeMmmepaTrype
BBITIOJIHSAETCS 110 (hOpMyJIE:
h=Tc,, @+r) (60)
B ypaBnenusix (59) u (60) 3HaUeHHE TEIUIOEMKOCTH T'a30B OMpPEAEIsIeTcs Mo
noamporpammam Cg(t) u Cg(h) .
Pacdet TemniepaTypbl BO3ayXa M0 U3BECTHOM SHTAIBIIUM h, OCYIIECTBISETCS

1o cootHorreHuto [11]:

t,=—" (61)
rJie C,- TEIIOEMKOCTh BO3/yXa, OnpeaesieMas 1o rnmoamnporpaMme-GyHKknun Cwv(t) .

2.10 Pacuer TeXHMKO-IKOHOMHYECKHX MOKa3aTesieil padoThbl KOTJIa

Pacuer TeXHUKO-PKOHOMUYECKUX MOKa3zaresel paboTa KOTEIbHOrO arperara
OCYIIECTBJISIETCS. C IEJBI0 OMpEAeNieHUs TEeIJIOBBIX MOTEph, Kod(duimenrta
MOJIC3HOTO JICMCTBUSI, a TAKXKE 3aTpaT SHEPrUU Ha COOCTBEHHBIE HYXIbl. [Ipu aTOM
BBITIOJTHSCTCSI pacdeT BBIOPOCOB BPEIAHBIX BEIIECTB, K OCHOBHOMY YHCITY KOTOPBIX
OTHOCSATCS BBIOPOCHI OKCHUJIOB a30Ta, OKCHJIOB CEPhI, OKCHIA YTIIEpOoia U 30JI0BBIX
YacTHII.

[Tpu onenke kK03 GUIIUEHTA TTOJIE3HOTO TEUCTBUS UCIOJIB3YETCS U3BECTHOE
ypaBHEHUE OOpaTHOTO TEIioBOro OanaHca [11], coryiiacHO KOTOpOMYy BeJIMYMHA

K.IL.JI. OTlpefensercs no Gopmyre:

e =100-0,-0;—0, —0s — (62)
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re (,- MOTeps TEeIUla ¢ YXOISIIMMH Ta3aMu; (- MOTeps TeIa ¢ XUMUYECKUM
HEJI0’)KOTOM; (, - TTIOTEPS TeIIa ¢ MEXaHUYECKUM HEJ0KOTOM; (- TIOTEeps TEeIuIia B
OKPYXAIOIIyI0 Cpeay depe3 oOMYypOBKY KOTHA; (- MOTEps TeIuia ¢ (HU3UIECKUM

TCIIJIOM IIIJIaKa.

3HaueHHs OTEPh TeIlIa B OKPYKAIOUIYIO CPeay s U C GU3NUECKUM TEILIOM

oiaKka (g B IPAaKTHYCCKHUX pacueTaxX MOXXHO IIPHUHATH COOTBECTCTBCHHO pPaBHBIMU
0,5% u 0,2%.

HOTepI/I TCIIa ¢ XHUMHYCCKHMM H MCXaHHMYCCKHMM HCOOXOI'OM B MOJICIHN
HaxoasATCA 11O alllIPOKCUMAIIMOHHBIM BBIPAKCHUAM B 3aBUCUMOCTH OT COACPIKAHUS
KHCJIOpOJa O2 , COCTaBJICHHBIM IIO PpC3YyJIbTaTaM TCILJIOBBIX HCIIBITAHUHN KOTJIA:

9,028

q, =-1518+ (63)

2
g, =—0572+33570, —1,4070% +0,2030% —0,0094 D’ (64)
HOTepH TCIIa C yXOOJgIIMMHU Ta3daMu B MOACIM OIPCACIIACTCA 110

BBIPAKEHUIO:

q, = (CgazHug _aqul_rI hv)(loo_ q4) (65)

rae H,, - SHTaJIbIHs YXOISIIHMX Ta30B, OMPEICISCTCS MO TEMIIEPATYPE YXOISAIINX

pris

ra3oB;, o . =a+ ko3(pdunreHT u30bITKa BO3AyXa YXOJIAIIUX Ta30B;

ug
gaz

H,, - SHTalbIKs XOJOJHOTO BO3AYyXa, 3aBUCIIIAs OT TEMIIEPATYpPbl XOJIOIHOTO

BO31yxa; QF - TEemIoTa CropaHus TOIUIMBA, B pacyeTax NPUHUMAETCS PaBHOU

13576 xJIx/xkr.
3aTpaThl HSHEPrMU Ha COOCTBEHHBIE HYXKIbl KOTJa OIpPEACsioTCsS B
3aBUCUMOCTH OT COCTaBa pabOTalomIero BCIIOMOTATEILHOTO OOOPYJOBaHUS C

Y4ETOM €r0 TOKOBOM 3arpy3ku | u HanpspkeHus npusoga U :
n n n n
Esn = Zumel Imel +ZU psu I psu +ZUdc|dc +Zudv|dv (66)
i=1 i=1 i=1 i=1

Pacuer BI)I6POCOB BPCAHBIX BCHICCTB OCYIICCTBIIACTCA IIO HOPMATUBHBIM
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METOJIMKaM, COTJIACHO KOTOPBIM KOHIICHTPAIIMH BPEIHBIX BHIOPOCOB B MPOAYKTAX

CropaHus ONPEAENSIIOTCA 10 ypaBHEeHHIO [11]:

C =t (67)

sum

rae M, - Komu4ecTBO 00pa30BABIIUXCS BBIOPOCOB | -X BEILIECTB.

KonuuecTBO OKCHIOB a30Ta OMpCACIIICTCA 110 BBIPAKCHUIO:

Mo, =0,34-10"kB,,,Q; (1—1%)}(1—51052 BB B (68)
12G,, y
rae k=——2- K0>pOUUMCHT, YHHTHBAIOMMIL (AKTHICCKYIO HArPY3Ky KOTIA;
0,6G, y
£ =0,02 70" +0,4-  mompaBouHblii  KodpduuHMEeHT;, &, =1-0028a-1) -

KO3((PUIIMEHT, YUUTHIBAIOUIUI N30BITOK BO3AyXa P C)KUTAHUU TOIUIMBA; I - JOJIS
ra3oB PeUMPKYIAIUN; [, 5,, f;- YTOUHSONME KOd(PPUIIMEHTHI, XapaKTepU3yIOIINe
3 PEeKTUBHOCTH paboThI BCIIOMOTaTeJIbHOIO 000pyI0BaHUS KOTJIa,
COOTBETCTBEHHO B MOJIeJIM NMpuHUMaroTcsi paBHbimu 0,3, 0,5, 0,2.

KonndecTBo 00pa3yronmumxcs Ipu CKUTaHWW TBEPJOTO TOIUIMBA OKCHIIOB
CephI B MOJICIIH OIpeeseTcs mo popmyne:

p
Mo, =2000°B..(1- 75 (69)

rae SP- copeprkaHue cephl B TOIUIMBE Ha pabodyro Maccy (B MOJIETN TPUHUMACTCS
paBubiM 0,2%); 77, - NOJIS OKCHIOB CEPbI, a1coOpOMpOBaHHAs Ha IMOBEPXHOCTH
30JI0BOM YaCTHIIBI, TPUHSATA PABHOM JIJIs1 30JIb KAHCKO-aunHCKUX yrien 0,2.

KomuuecTBo O6p8,3yIOH_II/IXC$I P C’KUT'aHUKW TBCPAbIX TOILIIMB 30JIOBBIX BBI6pOCOB

OMpeIeIIeTCs 0 YPABHEHUIO:

a, AP
M, =1 —u B (1- 7
z 00{100+Q4Qr:j sum( nzu) ( 0)

rae a, =08 - mons 305bl yHOca; A"- 30JbHOCTH TOIUIMBA Ha paboOdyr0 Maccy,
OpUHUMaeTcs B Mozaenu paBHOH 8%; 7,,- KO3(G(UIMEHT MOJE3HOTO AEUCTBUS

30HOYJIOBI/ITGJ'I€I\/'I, IIPUHUMACTCA B pPacdCTax COIJIaCHO PCKOMCHAAIUAM IJIA

OaTapeiHbIX UKJIOB paBHBIM 0,92.
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2.11 AJropuT™M HMHUTAIMOHHOH MOJeJH TYpPOUHBI

CtpykTypa COOCTBEHHO MaTeMaTH4E€CKOW MOJEIH, MOJOKEHHOH B OCHOBY
UMUTAIIMOHHOTO TpeHaxkepa mapoBoii TypOunbl KT 135/150-130 mnpencraBieHa
Ha puUcyHKe 8.

XapakTep MOJIETU OIpeeNseTcs Tak e, Kak U MOJIeNIb KOTJa, CTPYKTYpOi
PEXKUMHBIX M aBapUUHBIX 337a4, BBHIMOIHSIONMX KOTHUTUBHYIO M MPAKTUYECKYIO
bynkun  oOydeHus  mepcoHana. OTMETUM  CIEAyIOIIHE  OCOOCHHOCTH
MaTeMaTHUYECKON MOJENN TypOOYyCTaHOBKH:

OnepupoBanue OOIMMHU 3aKOHOMEPHOCTSIMU B3aMMOJCHCTBUS TOTOKOB
(SHEPreTUYeCcKNX, MaTepHATbHBIX W HHPOPMAIIMOHHBIX), DJIEMEHTOB W TPy
000py1I0BaHUS;

Onucanue napoTypOUHHOU YCTaHOBKH, KaK COBOKYITHOCTH
GyHKIHMOHAIBHBIX TPynm o0OpYyIOBaHUS, KOTOpPBIE MOTYT paccMaTpUBaThCH,
KaK M30JIMPOBAaHO, TaK U BO B3aUMOCBSI3H;

OnHOBpEMEHHOE OTpaXeHHE B CTPYKType 3aJaud  XapaKTEpPUCTHUK
000pyZIOBaHUS U CIIOKUBIIEHCS OTIEPATUBHON CUTYAIUH;

CooTBeTcTBUE MoOAeNM crnocodaM 00paboTku MHGOPMALMK, KOTOpPbIE

DKCIUTyaTallMOHHBIN IIEPCOHAN PEAJIBHO UCITOJIb3YET B CBOEH AEATEIBHOCTH.

2.12 MaremaTuyeckoe  MOJEJHPOBAHME  THUNOBBIX  JJIEMEHTOB

TEeMJIOBOM CXEMBbI

PacueTtHas TeruoBas cxema mapotypOunHO# yctanoBku KT 135/150-130
(pucyHOK 8) BKIIIOYAET 3HAYMTEIBHOE YUCIIO arperaToB U yCTPOUCTB, K OCHOBHOMY
YHCITy KOTOPBIX OTHOCSITCSI TETJIOOOMEHHHUKH TTOBEPXHOCTHOTO M CMEIIMBAIOIIETO
TUIIOB, 3KEKTOPHI, TOUYKH CMEIIECHUS WU PA3BETBICHUS, U LEIbIA pA JPYyroro
obopynoBaHus. 3agaveil pacueTa TEMJI00OMEHHBIX alapaToB, BXOISIIMX B COCTAB
TEIUIOBOM CXeMbI TypOOYCTaHOBKH SIBJIIETCS HAXO0XACHHUE PACcX0I0B IPErolel Win
o0orpeBaeMoil cpell, KOTOpbIE ONPEACNAIOTCS B paMKax €IWHOTO MOoJaXoJa —

Ha OCHOBC ypaBHCHI/Iﬁ 0aJaHCOB. Ilocnennue ecTth HE 4YTO HMHOC, KaK YpaBHCHUA
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3aKOHOB COXpPAHEHUS MAcChl, SHEPTHH (B TEPMOJIMHAMUYICCKOM BHUJIC) U UMITYJIbCA
[8]. YpaBHEeHHs TEMIOBOTO M MaTepUAILHOTO OATAHCOB COCTABISIOTCS C YY€TOM
NPUHITUIIOB JCHCTBUS U OCOOCHHOCTEH MPOIIECCOB, MPOTEKAIONIMX B TOW WM UHON
YCTaHOBKE TEIJIOBOHM cxeMbl [9)].

Omcex mypounvl. OTCEKOM TypOWHBI TPU pa3pabOTKEe MaTeMaTHYECKOU
MOJICJIA CYMTACTCS YYaCTOK MPOTOYHOM YacTH TypOOYCTaHOBKH C BXOJa OCTPOIO

napa B TypOuHY A0 oTOOpa, oT oTbopa U 10 OTOOpa, OT OTOOpa A0 BHIXJIONA

Typ60y0TaHOBKI/I.
HU
HaYaneHble
YCNOEMA
TURBIHA
Tennongpaenuae
CKMIA pacqeT
TENNOBOIN CXENBI
PTS_HOM PVD
ZASHIT PacuyeT Tennosoit
PacyeT pynrel
ZAUATOI Cxenbl TR HbI nea
BNOKMPOBKM ot t Slob ol
TR KHbI |
SIGNAL _PER PHD ELE
Pac4eT Tennoeoi B nuoTeka
WIW_OSH CUMaNM3aLMA CXEMBI Ha MEPEn. Pao-n[e_IT PYNrel ™ | noanp. Gasossix
BblB0g OCHOBHBIX peRIE HA ANEMEHTOE CXENBI
napameTpoe ]-NL
0STANOV GIDRAVL EGECT MA TOD
E MapaBAMYECKId PaceeT Bu nuoTeka
WIW_FGO ABARUMHEI pacYeT TENNOEOi 3HEKTOPOE M KOHY, . noarpo manm
Brieog OCTSHOB TypGMHE! CXENbI YCTAHOBKM BbIY. METD 0B
WHEMDCXEM
PROT PUPL SVOISTVA
PROTOKOL Paceer PacqeTcucrenel | | PacqeTTennod.
MPOTOYHOM YacTi NoAaYM Napa Ha CEOWMCTE
Brieog TypOMHBI YTINOTHEHWA TENnoHOCUTENEH
pesyneTaToE
| STATIST TEP MASLO
PacyeTTex.-
WIW_TRE HD CTaTMCTUECKMiA RSP PaceT o=
Boibos, TEHA OB ansanms nokasaTenel MACNOCMCTENE
(AWH. maduKos)
| EXPERT
3KcnepTHaa
( OKOHYaHWe ) OLiEHKS

Pucynok 8 — CtpykTypa MaremMaTH4eCKOM MOJIESI UMHUTATOpa MapoBON TypOUHBI
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3amayeil pacueTa MPOU3BOJIBLHOTO OTCEKA TYpOHMHBI SIBISIETCSA OINpEAeTeHHE
JaBJICHUS Tapa Ha BXOJE B OTCEK HAa MEPEMEHHOM pEeXHUME PaOOThl TYpOWHBI.

HpI/I 9TOM HCKOMOC OAaBJICHUC OIIPCACIIACTCA 110 cneny}omeﬁ 3aBUCHUMOCTHU:

2
D T,
R= (Eo] (Fi(Z)—Pz%)ﬁJFPzZ (71)

rie D,, D — COOTBETCTBEHHO pacxoAbl Mapa dYepe3 OTceK B 0a30BOM
U NEPEMEHHOM pexumax; P, P, — COOTBETCTBEHHO JIaBJICHHWE Iapa Ha BBIXOJE
U3 OTCeKa B 0a30BOM U IEPEMEHHOM pEXHMax; T, T, — COOTBETCTBEHHO

TeMIepaTypbl Mapa Ha BXOJE€ B OTCEK B 0a30BOM U TMEPEMEHHOM pPEXUMAaX;

P, — JaBJIeHHE MMapa Ha BXOJI€ B OTCEK B 0a30BOM PEXHUME.

Iloooepesamenv nosepxnocmnoeo muna. llpenHasHadyeH ajisi MoAOrpeBa
OCHOBHOT'O KOHJICHCATa WJIA MUTATEIbHON BOJIBI 32 CUET TeIljla mapa oTOMpaemMoro,
U3 MPOTOYHOM YacTH MapoBOM TypOuHBI. B yacTHOCTH, B TEIUIOBOM cXxeMme
typounbsl KT-135/150-130 ucmonb3yroTcs aBa MoI0rpeBaTessi BBICOKOTO AaBICHHS
(ITBJI Ne6, 8 wmapkm IIB-550-230-36-25/50), Tpm momorpeBateNss HHU3KOTO
nasnenuss (ITHJ] No2-4 mapku [TH-250-4), OoCHOBHOW CETEBBIC IOJOTPEBATEIb
mapku BO-500 u mukosbiii 6oitniep BII-500. Ilenpto pacuera momorpeBaTeneit
MOBEPXHOCTHOTO THIIA SIBISIETCS OMPEEICHNEe pacxoaa rperomiero mapa — D, . s
3TOTO HCIIONB3YIOTCS YpaBHEHHUS TEIUIOBOTO OanaHca, 3akIovaronifecs B
pPaBEHCTBE TEIUJIOTHI OTJAaBAEMOI0 TPEIOIIUM TapoM C y4deToMm Kod(duimenrta
MOJIE3HOTO IEUCTBUS TETUIOOOMEHHUKA U TEIJIOTHI BOCIPUHIUMAEMOU HarpeBaeMom
CpEIION.

D, (h, —t,)n, =G,({; —1,) (72)

rne G, — pacxoj HarpeBaeMoM cpenbl, Kr/c; f,, {, — DHTaJIbIIUU HArpeBaeMOU

8
Cpebl COOTBETCTBEHHO Ha BXOJI€ M Ha BBIXOJE U3 TEIII00OMEHHUKA, KJ[K/KT; &, —
SHTAJBIIUS TPEroUIero napa, KJx/Kr; 7, — sHTaNbNMs JpeHa)ka TPErollero mapa,

kJx/KT; 1, — KOOPPUITUEHT MOTE3HOTO ACHCTBUS TEIJIO0OMEHHUKA.

OHTanblus TPerolIero mapa SBIsSeTcs  (YHKIHMEH ero  JaBJCHHs
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v Ttemmeparypel: A, =h(P,t,)). DuHramenus IpeHaka TIPEIOIIETO Iapa paBHA
SHTAJIBIMK HACKHIIIEHHOW BOJBI, ONPENENIEMONM II0 JAaBJIECHHMIO TPEIOIIErO Iapa
Zo :h”(})n)-

DHTanbllus ~ HAarpeBaeMoM  BOABI HAa  BHIXOAE U3  IOAOrpEBaTes

MOBEPXHOCTHOTO THUIIA 3aBUCHUT OT JABJICHUS U TEeMIEpaTrypbl BOAblL: . =h(P,,t.),
rie t, — TeMmIeparypa HarpeBaeMod BOJbl Ha BBIXOJE HU3 MOJOTpEBaTEIS,

ompenessiemMasl B CBOIO OYepelb, KaK Pa3HOCTh TEMIIEPATYPHI IPEHAXKA TPEIOIIETO
rapa v BEJIMYUHBI HEAOTpEBA: ¢, =t (P,)—6 . 3HaueHne ¢ B MHKCHEPHBIX pACUETaX,
B YACTHOCTH JUIsl TAaHHOW MMUTAIIMOHHOW MOJENH JJis MOAOTPEBATENIe BHICOKOTO
nasnennst (IIBJI) mpuamMaercs 2+4 °C, a mist mogorpeBateneil HU3KOrO IaBICHHS
(ITH[I) u 6oitnepos — 3+6 °C. Bennumna SHTAIBIINN HACPEBACMOIT CPE/IBI HA BXOJIE
B TEIUIOOOMEHHUK /, OMPEACIISETCS TUIIOM 3JIEMEHTA TEIJIOBOM CXEMBbI CTOSIIIETO
nepesi pacCYMTHIBAEMbBIM 3JIEMEHTOM MPOTUB XO/J1a JIBM)KEHUSI HATPEBAEMO CPEIbl.
[To BbIIEU3TOKEHHOM MeETOAMKE pacuera coOcTBeHHbIX Tojaorpenarenein (CII)
B JIaHHOM MATEMaTU4YE€CKOW MOJEIM  BBINNOJHSIETCA  TEIUIOBOM  pacyer
MOAOTpEBATENIE  HU3KOrO  JaBJeHUsA, OOWJIEepoB U  oOxJaAguTesledl  mapa
TypooyctanoBku KT 135/150-130.

TerioBol pacuer moaorpeBaTesied BBICOKOTO JABJIEHUS OCYLIECTBISETCS
C Y4E€TOM MX MHOTO30HHOCTH C TOYKH 3PECHHS HAJIMYMS Pa3IMUUi B YCIOBHUSAX
TerioooOMeHa. B oOmiem ciayyae KOJMYECTBO 30H COCTaBISIET TPH, a HX
KJIacCUUKaIMsS OCYIIECTBISCTCS IO NPUHIMITY TerjIooOMeHa Ha OXJIaJUTEelb
napa (OII), codcTBeHHO TonorpeBarenb U oxjaautens ApeHaxka (OJl) (pucyHok
11). B oxnaguTene mapa Y4YUTHIBAE€TCS OXJIaXKACHUE Mapa 0 TEMIIepaTypbl Ha
10+15 °C Goblue TeMmepaTypbl HACKIMICHHUS TPEIOIIEro mapa: ¢, =1, (P,)+(10+15)
°C. B oxmamuTene OpeHaka HAarpeBaeMasi cpeia IOJOTPEBACTCS 33 CUET TeIlia,
BBIJICJISIIOIIECTOCS TIPU MEPEOXTIAKICHUN APEeHaXka TPEIOIIEro mapa ¢ TeMIepaTypbl
HACBILICHHS 10 TemrepaTypbl Ha  6+10 °C Gouble TemmepaTypsl HarpeBaeMoii

BOJIBI Ha BXOJI€ B TEINIOOOMEHHUK ¢, =f, + (6 +10) OC.
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Pucynok 9 — PacuerHas teruioBas cxema napotypounHoi yctanoBku K(T)-160/120-130 Hazaposckoii 'POC
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Pucynok 10 — IIpuniunuanbHas pacueTHas cxema (a) 1 TeMIepaTypHbli Tpaduk

(6) paboTHI MOJOTPEBATENICH TOBEPXHOCTHOTO THIIA
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tcn \
tod\ t(,)
tG
—
on cn o4 [

Pucynox 11 — PacyeTtHas cxema TernaooOMeHHUKOB ¢ oxJaauTenem napa (OIT),

cooctBerno nojaorpesareneM (CII) u oxmagurenem npenaxa (O/)

3az:aqel71 pacducra HO,Z[OFpCB&TCJI@ﬁ BBICOKOI'O  JaBJICHUA  ABJISACTCA

OIIpEJIeNICHUuE pacxoja rpewmero napa D

48

DHTAJIBIIMA HarpeBaeMoW cpeasl Ha

no



BBIXOJIE W3 OXJIAMUTENs mapa f,, W OoxjJaautens apeHaxa f,,. C 1emnbio

on

ONpCACICHNA HCU3BCCTHBIX BCIMYWH COCTABJIAIOT YPABHCHHA TCIIJIOBOI'O OaaHca

JUTSL KQXKJIOM 30HBI OJIOTPEBATENS:

JUISL OXJIAUTEN Mapa: D,(h,—h)n, =G, —t.,),
JIJIs COOCTBEHHO TTOJI0TPEBATEIIS: D (h —t)n, =G, —1,),
JUISL OXJIAAUTEIIs IpeHaXka: D (t,-t))n, =G, (@, —t,),

rae h, =h(P,,t)) — SHTaJIbIMS TPEIOLIEro Mapa Ha BBIXOJE M3 OXJAAUTEINs Mapa;
t)=h(P,,t)) — SHTaNpIMs JApPEHaka TPEIONIETO TMapa Ha BBIXOJE M3 OXJIAIUTEINS

JIpEeHaXA.

Eciu B 0anaHCOBBIX YypaBHEHHMSIX BCE CIIaraéMble C HEU3BECTHBIMU
BEJIMYMHAMU IIEPEHECTH B JIEBYIO 4YacTb, a C H3BECTHBIMH B IIPaBYIo,
TO B peE3yJbTare II0JIy4aeM COBMECTHYIO CHCTEMY Tpe€X JIMHEHHBIX
anreOpanyeckux ypaBHEHUHM C TpeMsl HEU3BECTHBIMH, PEIIEHHE KOTOPOM
OCYLIECTBIISIETCS OJTHUM W3 U3BECTHBIX YHCIECHHBIX METOJIOB.

Heaspayuonnas ycmanosexa. Jleaspatop noseiiennoro pasicaus (II1-500)
Ha JIaBJIcHHE 5,4 aTa WCIOJIb3YeTCs B TEIIOBOM cxeMbl, Typounbl KT-135/150-130
JUISL JIera3allid TEXHOJOTMYECKOM BOJBI OT PAaCTBOPEHHBIX B HEM arpecCUBHBIX
razoB (CO,, O,), TIPUBOIANIMNX K XUMHUYCCKOH KOPPO3WH METayla CTAHIIMOHHOI'O
00opy10BaHUsl. OnHOBpEMEHHO  Jl€a’pallMOHHAs  YCTAHOBKA  CIIY)KHT
[OJIOTpEBATEeNIEM CMEIIMBAIOIIET0 THIMA, COCTOSIIAas U3 0Oaka akKyMmyJsiTopa
U JIea’pallMOHHOM KOJIOHKH, B KOTOPOMl COOCTBEHHO M TMPOUCXOAMUT Jlea’parius
(nerazammsi) Bozbl. [Iyisi opraHW3alvy BBIIICHA3BAaHHBIX MPOIECCOB B Jiea’paTop
nojaercs rperoimui nap u3 4-ro orbopa TypOuHbl (pUCyHOK 12) U nmpuHUMaeTcs,

4YTO HaBJICHHUC IIapa Pa 0 BCCMY 061>eMy dallliapaTa O0CTACTCA HCU3MCHHBLIM, CaM

MpoIIecC TEII000MEeHa MPOUCXOIUT B 00JIACTH HACHIIIICHUS, IPUYEM T'PEIOIIH Tap
MOJHOCTBIO KOHAEeHcupyeTcs. Llenbro pacuera Jea’palliOHHOM YCTaHOBKHU
SBJISIETCS OMPENIeSICHHE pacxoja oTOOpHOTO mapa D, W pacxojia TEIJIOHOCHUTES,
MOCTYTAOIIETo Ha Jeaspanuio G, .

I[J'ISI OomnpcAcICHNA HECU3BCCTHBIX BCIWYHWH HCO6XOI[I/IMO COBMCCTHO PCIIUTDH
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YPaBHEHUS MAaTEPUAIIBHOIO U TEIJIOBOTO OajJaHCOB:
Dl’l + GOK = Gns
Dhn +G i =G i

nn OK = OK ne - ne

rae ¢, =h'(P)) — HTAJIBIH MUTATSIBHON BOJBI (HACHIIIICHHAS CPe/la) Ha BBIXOJIC

U3 Jica’pallioOHHON YCTaHOBKH; P, — TaBJICHHE B JicadpaTope.

G

OK torc > tmc

D, ,P.t h

n’>"n?’

G,.t,,t

ne?“ne?’ " ne

Pucynok 12 — PacueTHas npuHIIMTIHANBHASA CXeMa JIeadpallMOHHON YCTaHOBKHU

Konoencamop. JIByxxonoBasi leJIbHOCBapHAsi KOH/ICHCAI[MOHHAsl YCTaHOBKA
Mapku K-9115 ¢ nmoBepxHOCTBIO OXJIaxkaeHus 9115 Ve UCIIOJIb3YETCS B TEINIOBOM
cxeme KT-135/150-130 a1 koHmeHcanuyu oTpabOTaBIIEToO B TypOMHE Mapa 3a cUeT
OXJIAKJAIOIIEH TEXHUYECKOW (UMPKYJISIMUOHHOW) BoAbl. Ilpu 53TOM Takxke
[I0JIaraeM, 4TO BCE MPOLIECCHI MPOMCXOMAT HA JMHUU HACBIIIEHUSA, a JIABJICHHE
B KOHJEHcarope P, 3aBUCUT OT pacxoja Iapa B KOHACHCATOP U OIpEHEsaeTCs
pacyeTHbIM MYTEM B 3aBUCUMOCTH OT IMOJIOXKEHUS PEryUpyrommx auadparm Ha
oTOOpax mapa M3 TYpOMHBI W CTENEHU 3arpy3Kd HKEKIMOHHBIX YCTPOMCTB.
[TapameTpbl OXJIaXIAIOMIEH TEXHUYECKOW BOJIBI ONMPEHECSIIOTCA TaK K€, Kak JJis
COOTBETCTBYIOIIMX IMOTOKOB Yy MOJOTPEBATENS MOBEPXHOCTHOTO Tuma. [Ipu stom

pacxo/i OCHOBHOTO KOHJIEHCaTa Ha BBIXOJIe M3 KOHAeHcaTtopa G, paBEH pacxoay
napa B koHzmeHcatop D, (pucynok 13). 3amaya pacyera KOHICHCAIMOHHOM
YCTAHOBKH CBOJUTCS K OINpPEJEICHUIO SHTAIBIIMU OCHOBHOTO KOHJIEHCATa Mapa Ha

BBIXOJC, KOTOpass B CBOIO OYCPCAb BBIYMCISACTCA KaK OHTAJBITHA HaCBIH_ICHHOI\/’I

KUAKOCTHU B 3aBUCHMMOCTH OT HOABJICHUA IIapa B KOHI[GHC&HHOHHOﬁ YCTaHOBKC:

50



t,,=h(P).

u6 > " ys

G,,t,,t

oK 2" 0K 2 " oKk

PI/IC}/HOK 13- HpI/IHHI/IHI/IaHBHaﬂ pacucTHas CXeMa KOHIIGHC&HHOHHOﬁ YCTaHOBKH

Touxu cmewenus u pazgemsneHus. SIBIAIOTCS SJIEMEHTAMU TEIUIOBOI CXEMBI
K(T)-160/120-130 u mnpeaHa3HadeHbl S CMCIICHWS WM Pa3BETBICHHUS

Pa3IMYHBIX MAaTEPUATBLHBIX MIOTOKOB (PUCYHOK 14).

GL’M > t(,‘}l/l > t()}ll G t

6276%"¢

=~

g} 0 —al}

G,,t,,t,

Pucynok 14 — IlpunnunuaibHasi pacdeTHasi CXemMa TOYKUA CMEIIeHUs

[lenbto pacuera JIFOOOM TOUKU CMEIICHUS SIBISETCS OMpPEACICHUE OIHOTO

U3 pacxoJi0B TEIJIOHOCHUTENS, MOAXOASIIEro K Touke (G, nimu G,), U TEMIEPATYPbI
TETUTOHOCHUTENS, TOJyYarolieicss B pe3yjibTaTe CMEIICHHs TOTOKOB (7).

Jlnst pernieHust TOCTABIIGHHOW 3ajjadyd, KaK M B ClIydae pacuera IoJorpeBaTesis
CMEIIMBAIOIIECTO0 THMA W JICadpPallMOHHOW YCTAaHOBKH, HEOOXOJWMO COCTaBHTH
CHUCTEMY YpPaBHCHHH, COCTOSIIYIO W3 YPaBHCHHH MaTEpUALHOTO W TEILIOBOTO
OaJIaHCOB:
G, +G,=G,,
Gt,+G,t, =G, 1

CM~CM

o1



Hacoc. B TtemnoBoit cxeme typomnabl KT-135/150-130 wucnons3yrorcs
nuTaTtenbHbie Hacockl Mapku [19-580-185 u konnencarusie Hacocs KCB-500-150.
JlaHHBIE HACOCHI MMEIOT OJHO3HAYHYIO PACXOJIHYIO XapaKTEPUCTUKY, MOITOMY
3ajjaya WX pacueTa CBOJIUTCS K OICHKE BEJIWYHMHBI MPHUPOCTA SHTAIBIUU B

PEIYILTATC CXKATHUA TCIUIOHOCHUTCIII C OABJICHHUSA HaA BXOIC PB J0 HJaBJICHUA

c

HarHeTanus P, (cM. puc. 15).

G,,P,t G,,P,.t

no‘e ST e6cd76

-

PI/IC}/HOK 15— HpI/IH]_II/IHI/IaJIBHaH pacucCTHasg CXeMa HACOCHOM YCTaHOBKH

Torma waremarnyeckass MOJIENb Hacoca MOXKET OBITh 3amHcaHa B
CIICAYIOIIEM BUJIE:
t)=t,+At

(B, =L

At_ — 6C 102 ’
m.

rJie v,,— yIeIbHBIH 00bEeM TEIUIOHOCHUTEIS Ha BXOJE B HAcoC; 77,— K.IL.J. Hacoca,

npuHUMaeTcsi B Mozenu paBubim 0,7-0,8.

Booo-600annoit. mennooomennuxk. llenpo pacuera TEIOOOMEHHUKOB,
B KOTOPBIX I'PEIONIMM TEIUIOHOCUTENEM SIBISIETCS BOJa (IPEHaXX TPErOLIEero napa,
MPOyBOYHASI BOJA U JP.), SABJISETCS SHTAIBIHUS U COOTBETCTBEHHO TeMIIepaTypa
HarpeBaeMOU Cpelbl Ha BBIXOJE U3 anmapara. [IpuHiumn pacyera Takol yCTaHOBKHU
COBIAJa€T C NPUHIMUIIOM pacdeTa oxiaautens apeHaxka (OJ]) momorpesaTens
MOBEPXHOCTHOTO THIIA.

Peaynupyrowuii  knanan. 3amadeil pacuera peryJMpyrolIdX —KIIANaHOB
MapoBOW TYpOWHBI SIBJISETCS OMpeAeNieHHe TeMIepaTryphl mapa Ha BBIXOJE C
Y4ETOM JIPOCCEIIMPOBAHUSA NIapa, a TaKkKe ONpe/IeJICHUE BEJIMUYMHBI pacxoja Cpeibl
yepe3 KJanaH ¢ YYETOM CTENEHU OTKPBITUS (3aKPBITHSI) PErYJIUPYIOLIETO OpraHa.

Jlns 3TOM Henu B MaTeMaTUYECKOM MOJICNIA UCIIOIb3YETCsl ypaBHEHHE benaemana

[8]:
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D=FB |1,
Vl

rae F= /,lFmaX — IN10Iaab JKUBOT'O CCUCHU PECTYINPYIOIICTO KilallaHa, y — CTCIICHb
OTKPBITHA KJIaIlaHa, Fmax— momaab IIpoxXoagHOro CCYCHUA IMOJTHOCTBIO OTKPBITOI'O

KJamana; B — koaddunmuent bennemana

2
B =4,683784,|-0,09+1, OQ%—(EJ ,

1 1
rae P, U P, — JaBlI€HHE 10 M IIOCIIE PEryIUPYIOLIETO KiIamaHa; V, — YACIbHbIN
00bEM cpeJibl Tiepe] KJIaraHoM.
TemnepaTypa cpenbl 3a peryJupyrouM KIalaHoOM C Y4€TOM Harpy3Ku TypOHUHBI

OIIPEIEIISCTCS CISAYIOINM 00pa3oM:

Pl_PZ
PlO _on

T,=T, _(Tlo _Tzo)
Tpybonposoo  ombopnoco napa. llenpio pacueta TpyOOIpOBOIA
pEreHEepaTUBHOTO OTOOpa Tapa SBJSETCS ONpEACICHUE BEIMYHHBI IOTEPU

JaBJIEHUS TIapa B oToope:
DY T
— 1
AP —(Plo - on)(EJ T_

0 10

Omnpenenenre pacxoioB TPEIOMIETO TMapa Ha pereHEpaTHBHBIA MOJOTPEB B
MOJIY9aeMbIX CHUCTEMaX JIMHEWHBIX alreOpandecKuX YpPaBHCHHH MPOU3BOIUTCS C
WCIIOJIb30BAHUEM YHUCJICHHBIX METOJOB PEIICHUs] MOJO0OHBIX cucteM. J[ms aToro

ypaBHEHUS OaJTaHCOB MPUBOISAT K CIICIYIOIIEMY BUY:

a,x, +a,x, +a;x; +...+a,x, =b,
Ay X, +ayyX, +AyXy +...4a, x, =D,
Ay X, + A3 Xy +a3X; +...+ay,x, =b,

a,x, +a,x,+a x,+..+a,x, =b

7’

1

rA€ a; — 3Ha4YCHUs KOIPOHUIMEHTOB MPU HEU3BECTHBIX; X, — HUCKOMbIE KOPHU

cucTeMbl (HEM3BECTHAS BEJIMUMHA); b, — 3HAUEHUS MIPABBIX YaCTEH ypaBHEHUS.
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Jlng peimieHust CUCTeM JNUHEHHBIX anreOpanueckux ypaBHeHH (CJIAY)
OTKCHIBAIONINX KOH(PUTYypalMI0 TEIUIOBOW CXEMbl MapOTYpOMHHON YCTaHOBKH

B I[aHHOI‘/Il MOJICIIN ITPUMCHACTCA I/ITepaHI/IOHHHﬁ MCTOI pacdcTa.

2.13 AJropurM M CTPYKTYpa pacyera NPUHUUNUAIBHOW TeNJIOBO

CXE€MbI

Tak kak 3ajada pacyeTa TEIJIOBOW CXEMbl NMapoTypOMHHOM YCTaHOBKHU
COCTOUT B ONpPENEIIEHUU PACXOJOB TEIUIOHOCUTENEH M MX MapaMeTpOB Ha BXOJE
B TEIUIOOOMEHHBIC amnmaparbl M Ha BBIXOAE W3 HHUX M CBOJUTCS OOBIUHO
K pAacCMOTPEHHUIO HEJIMHEWHBIX CHCTEM 4YacTHOTO, HO HauboJjiee YacTo
BCTPEYAIOUIETOCS B PAa3HbIX TEIUIOAHEPTreTUYECKUX 3a/ladaX «KBA3ZUIMHEHHOT 0
BUia. Takhe CUCTEMBl 3alUCHIBAIOTCA AHAJIOTMYHO CHUCTEMaM JIMHEWHBIX

anreOpanyeckux ypaBHEHHMId, HO TPU ITOM COCTOAT M3 KOIP(DUIMEHTOB a,
3aBHCAIMX OT HCKOMBIX BEJIUYMH {X, }: a; =a;(x,,%,,X;,...,x,). JJIA perieHns Takux

HEJMHEHHBIX CUCTEM OOBIYHO MPUMEHSIIOT UTEPAIIMOHHBIE METOIbI, B KOTOPHIX Ha
KQKJI0M UTepalliy pelaeTcs JIMHEeapu30BaHHAs CUCTEMA, T.€. HEKOTopas JIMHEeHas
CUCTEMa, TIOJIyYeHHass W3 HMCXOJHOW HenuHeWHoW 3amgaun. Hawubonee
pacrpoCTpaHEHHbIM  MOJXOJOM K  JIMHEAapu3alluu  SIBISETCS  METOJ
MOCJeAOBaTEIbHBIX MNPUOIMKEHUN (METOA TPOCTOM WTEpallu ISl PEIICHUs
KBa3WIMHENHBIX cUCTEM) [7], peaqn30BaHHbIM B JaHHOW MaTEMAaTUYECKOM MOJIENN
typounsr KT-135/150-130.

CyTh MeTONa TMOCEeNOBATEIBHBIX MPUOIMKEHUNH COCTOUT B TOM, YTO Ha
KOKJIOM k -M IIIare UTeparmoHHOro mpoiecca KodhOUIMEHTH THHEeapU30BaHHON

k

CUCTCMBI  a; BBIYHUC/AIOT IIO0 3HA4YCHHMAM  HCHM3BCCTHBLIX, HaﬁHeHHBIM Ha

npenplaymeit (k—1)-ii urepamum: a; =a;(x/",xy ,xy ,...x, '), a 3aTeM IyTeM

ooy,

pCIICHUS IIOMYYCHHOH JIMHEHHOH CHCTEMBI C W3BECTHBIMU «a,; HAXOAAT HOBOE
npubmmKeHue {x'}, rae i=1..n.

Meroauka TemnoBoro pacyeta I[ITC typOboycranoBku (pUCYHOK 9) cBOAUTCS

K cnenywoomemy. IlepBoHadyaqbHO 1O HayajdbHBIM MapaMeTpaM IMapa mepen
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TypOuHot (P, u t,), a TaKk >X€ 1O JABICHUIO Tapa B KoHaeHcaTope (P, ) u
JIaBJICHUIO Mapa B 0TOOpax ( P,) CTpOUTCA MPOIECC paclIUPEHUs] Tapa B MPOTOYHOM
yacTu TypOuHsl (puc. 16). [Ipu 3ToM Ha 4 —s AuMarpamme rnapaMmeTphl apa B TOUKE
0 ompenmemstoress no P, wm t,. Jlanee u3 TOYkM 0 TMPOBOJUTCS JIMHUSA,
NepHeHANKYIIApHas ocu adcnuce (S=const), M0 TepecedeHus: ¢ m3obapout P, .
[TonyyaroT 3HaY€HUE HIICAIBHOTO TEIUIoNepenaga Ha IepBblid orcek H . g
OLICHKU JIEUCTBUTEIHLHOTO TEIJIONepenaga Ha OTCEK, HEOoOXOIMMO 3HauyeHHE
TEOPETUYECKOTO TEIUIONEpenaaa YMHOXKUTh HA OTHOCUTEIbHO BHYTPEHHUH K.I1.1I.
orceka H, = Hn,. 3HaueHHE SHTAIbIIUU [1apa B IEPBOM PEreHEPATUBHOM OTOOpE
ornpenensercsa Kak h, =h, — H,.

JUist omnpezaeneHUs] SHTANbIIMKA [apa BO BTOPOM OTOOPE OTKIIAJBIBAIOT
M309HTPOITY W3 TOYKHM 1 70 mepeceueHus ¢ uzodapor P,. [lo aHamorum Haxomsr
3HAUEHUSA OHHTAIBIMI BO BCEX HIDKECHEAymUX otoopax. Jluaua 0-K
COOTBETCTBYET JCHCTBUTEIBHOMY TMPOLIECCY pPACHIMPEHHUs MMapa B MPOTOYHOU
YacTH TYpOUHBI.

ITocne ompeneneHuss mapaMeTpoB TMapa B pereHepaTUBHBIX OTOOpax
MPUCTYIAIOT K pacueTy pacxojia rnapa Ha TypOuHy.

W,
DO = kpee (n—J+ ym Dm) )
H i773M
=1

rne  k,,— xodpdunuent perenepauuu, ais pacdera IITC, npuHumaercs
OpPUEHTHUPOBOYHO B auamnazone 1,15+1,3; W, — sjaekTpuueckas MOIIHOCTh, KBT;
n,, — dIAEKTPOMEXaHUYECKUN K.I1.J., IpUHUMaeTcs B pacuerax paBHbM 0,98+0,99;
Y, — KO3pGUIIMEHT HEJOBLIPAOOTKH MapoM TeIIOo(PUKAIMOHHOTO OTOOpa.

3Ha4YeHUs ITUX KOIPPUIIMEHTOB ONMPENIEISIOTCS M0 CAeAYIoNUM hopMynam:

hm _hk
Ym =7
ho _hk

rae h, — SHTaJIbIUU B TeIUIOGUKAIIMOHHOM 0TOOpE, KJ[K/KT; D, — pacxoj mapa Ha

CETEBYIO YCTAHOBKY, KI/C.
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Pucynox 16 — [Ipunmmn noctpoeHus mnporecca pacuiapeHus napa B mpoOTOYHOMN

YacTH TYpOUHBI

Pacxon mapa Ha Temnodukanmmioo D, OnpeAenseTcs IMOTPEOHOCTHIO

noTpeOuTeNs B TETUIOBOM dHEpruu O, .

D — Qﬂl
m T ]
(hm _tz))nm
rae 7, — KJILI. TEIJI0OOOMEHHUMKa (CEeTeBOM YCTAHOBKH), f, — DOHTaJbIUA

KOHJICHCaTa napa TeropukaimoHHoro otoopa, k[ x/kr.

Pacxon nutatenbHOM BOABI 11 OapabaHHOTO KOTJIA OMNpPEACNISIeTCS IO

dbopmye:
G.=b,+D,,+D,,

rae D, — BHYTpeHHHE NOTepU napa u Kouaencara D, =(1-2)%D,; D, — pacxon
napa Ha COOCTBEHHBIC HYX /bl cTaHIuu, D,, =(1-5)%D,.
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Pacyer IITC TypOOyCTaHOBKM BBIMOJHSETCS B CIEIYIOIIEM MOPSIKE.
B Havane pacCUMTBIBAIOTCS TEIUIOOOMEHHUKH, HE BXOJSALIME B PET€HEPATHBHYIO
cXeMy (Hallpumep, CETEBOW MOJI0TpEBaTEINlb, TAPONPEOOpa30BaTENbHAsSl YCTAHOBKA
U T.1.). 3aTE€M PaCCUUTHIBAIOTCS TEINIOOOMEHHHUKHM pereHepatuBHou cxemsbl (ITB/],
[THJI, nea»’patopbl, Hacochl W T. A.). Ilpu 3TOM pacyeT BBIIOJHICTCS
OT KOTEJIBHOIO arperara NpPOTUB XOJa IMUTATEJIBHOM BOABI M OCHOBHOIO
KOHJIEHCATa. YpaBHEHUs MAaTEpPHATILHOIO M TEIJIOBOrO OajlaHca OOBEAMHSIOTCA B
CUCTEMY JIMHEHHBIX anreOpandecKux YpaBHEHUH, J[UId PpELICHUs KOTOpPOM
ucnoan3ytoTcss Metoy ['aycca-Kopaana. Jljist aToro OanaHcoBbIe ypaBHEHUS IS
HEOOXOJMMBIX TPYII TEMIOOOMEHHUKOB B 3aBUCUMOCTH OT KOH(pUTYypauuu
TEILIOBOM CXEMBI IIPUBOAATCSA K COOTBETCTBYIOIIEMY BUIY:

a, X, +a,x, +asx; +...+a,x, =b,
Ay X, +ayyX, +ArX; +...4a,,x, =D,
Ay X, +A3pX, +a3X; +...+ay,x, =b,

a,x, +a,x, +a, x,+..+a,x, =b,
[locne omnpeneneHuss pacxoloB Tapa B  PEreHEpaTUBHBIE  OTOOPHI
OTNPENENAI0T PACYETHYIO MOILHOCTH OTCEKOB MapoOBOW TYpPOMHBI M OOIIYIO

CYMMAapHYIO 3JI€KTPUYECKYIO HArpy3KYy.

W) = in = ilDiHoﬁoﬁaM = iDiHina,w ,
i- i= P
rae W — pacuerHass MOUIHOCTb i-TO OTceka TypOuHbl, KBT; D, — pacxox mapa
yepe3 i-il oTcek TypOuHbl, H, =Hn, — NEUCTBUTEIbHBINA TEIUIONEpenaa Ha i-i
OTCEK.

[lytem cpaBHEeHHsI DBJIEKTpUYeCcKO MomiHocTh (W)) BbIpabaThIBaeMOM
TypOMHHOHN B 3aBUCHMOCTH OT pacxoja OCTPOro napa u MojokeHus auadparm Ha
perynupyeMoM otbope (ompenesisieTcss B MOJENU 1Mo (popMyJie COOTBETCTBYIOIIEH
nuarpamme  pexxumoB  TypOunel  KT-135/150-130) w  pacuernoit (W)
00OCHOBBIBA€TCSI BBIBOJ, O HEOOXOAMMOCTH YTOYHEHHMs pacdeta. [Ipu sTom

ONpEAETsIeTCs TOTPEIIHOCTh pacyera (), KOoTopas 3aTeM CpaBHHBACTCS C
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JOMYCTUMOM TOrPEIIHOCThIO (B HMHYKEHEPHBIX pacueTrax NPUHUMAETCS pPaBHOU
£=0,5%).

_ p
5:M 100%
w

9
Ecmu 6<¢&, To pacuer 3akanunBaercs. Eciu 6 > &, TO pacuetr noBTOpsETCS C

/4

]

pez p .
W,

YTOUHEHHMEM 3HaueHUs Kod(duenta perenepamuu: £, =k

CrpykrypHas cxema pacuera IITC mnpeacraBiena Ha pucynke 17.

DnekTpuyeckas MOIIHOCTH ()) BbIpaOaTbiBaeMas TypOMHHON B 3aBUCHMOCTH
oT pacxoja octporo mapa (D,) u monoxeHus auadparM Ha PETyIUPYEMbBIX

0T60an HaXOOUTCs B MOJCIIN I10 CJICAYIOIICMY PECTPCCCUOHHOMY YPABHCHHUIO!

W, = Generator(~5008, 97 +277,85D, —206,87D,, —98,88(D,,, —D,),

rae  Generator — IICPCMCHHAsA, OTCICKHUBAIOIIAA ITOAKIOYCHHUC J3JI. I'CHCpATOpa

B ceTh; D,

o — PACXOI mapa Ha Temnodukanuio; D, — pacxol mapa B UMIMHID

HHM3KOTO JaBJIE€HUS TypOUHBL; D — pacxol napa B KOHIEHCATOpP.

Hayall

/ BBox ncxoaHbIx /
|

IlocTpoenue npornecca

Omnpenenenne pacxoioB

OCTNOTO TANA U TUTATETRHOUT

|
Pacuet IITC.
|

YTouHeHue Onenka pac4eTHOU

VYcnosue

/ BriBog /

Pucynok 17 — CrtpykTypa pacuera NpUHIIMIUATIBHON TEIJIOBON CXEMBI

TypOOYCTaHOBKH
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3HaueHMe BaKyymMa B KOHJEHCAaTOpe Ha HOMHUHAJIBHOM  pEXKHME
OpUHUMAeTcs B MoOJend paBHbIM 760 MM pr.cT. Benuuumna paspsokeHHS
B KOHJICHCATOpPE M3MEHSETCS B 3aBUCUMOCTH OT BEJIMYHMHBI YKa3aTelsl MOJ0KEHUS
myckoBoro (UP,

.) B OCHOBHOro (UP_,) 2KEKTOpOB, a TaKKe OT 3HAYCHU

usl gel

JIaBJICHHS T1apa Ha YIUIOTHEHUS TYpOUHBI ( P ).

Ecmu  3%KeKkTopel  OTKJIIOYEHBI, TO JUHAMUKA W3MEHEHHS BaKyyma
B KOHJIEHCATOPE OMHUCHIBACTCSA CIEAYIOIIEM YPABHECHUEM

V, =V, —4DelTime,
rae DelTime— mepeMeHHas, OTBEUYarollas 3a CKOPOCTbh M3MEHEHUsS IapaMeTpPOB
MO/JIeNH (3a7aeTCs B UCXOIHBIX JJAHHBIX K MOJICTIH).

Ecimm  3XKeKTopbl BKIIOYEHBI, TO IOABEM BaKyyMa ITOJUYUHSACTCA
3aBUCHUMOCTH:

Vi =V, +0,010elTime-UR,, -UR, .

[Ipu »TOoM TemmepaTypa BbIXJONa TYpPOUHBI OINUCHIBACTCS CJIECAYIOIIUM
PETPECCUOHHBIM  YPAaBHEHUEM B  3aBUCUMOCTH OT BEJIMYMHBI BaKyyMma
B KOHJIEHCATOPE:

Ty =393 |
2

Uucno o60poTOB poTOopa TYpOMHBI ONpENEseTCsl B MOJEIN MO BEJIUYUHE
4acTOThI TOKa B ceTH ( f,):

N =60f,.

Temneparypa Macna B cucteMme oxjiaxaeHus Typounsl (°C) onpeaensieTcs B
3aBUCUMOCTH OT MOJa4d TEXHUYECKOW BOJBI Ha Maciooxjaaurenu (OhlM) mo

PErpECCUOHHOMY YPaBHEHUIO:

T..q =(@00—-OhIM)*2,2+20
Hasnenne wmacna mepen (PB,,,) #u 3a (P,) MacloOXIaauTEIbHON

YCTaHOBKOﬁ OIIpCACIIAIOTCS KaK:
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0,005P,,UR,

_ reg

leOU T A MDD 1
0,1UP,, +1

recm

PZmou :O’l7F?Lmou 1
rae P, — JaBleHME Macjia B CUCTEME DETYyJIUpoBaHus; UR, — yKasaresb
MOJIOKEHUST 3aJIBMKKM HAa HamopHoW muHuuM; UP,, — yKa3arenb MOJIO0KEHUS

3aJIBJKKHU Ha JIMHHUW PCOUPKYJALNN Macjia.

JlaBneHne mnapa co3laBaeMoe OCHOBHBIM (P ) M MIycKOBBIMH (P )

9KEKTOPAMH ONPENEIAETCA MO QYHKIUAM:

Py =0,9UP,, +0,5,

P

s = 0,9UR, ¢ +0,5.
Pacxon mapa B WJIMHIIP HU3KOTO JABJICHHS ONPENEISAETCS MO CIEeIYIOUIEMY
PErpeCCUOHHOMY YPAaBHEHUIO:

D

cnd

=12,80123+0, 705995D, —0,96844D,

epl !

rae D,— pacxon octporo napa Ha TypOuHy; D,,— pacxon napa Ha Terio(uKaiuro.

epl
DOnekTpudeckas Harpys3ka, BbIpabaTbiBaemasi TYpOMHOM, OIpeaenseTcs
o ¢opmyiie:
W, =Generator (-5008, 97 +277,85D, —206,87D, ,, —98,83(D,,, — D),
rne Generator — TiepeMeHHas, OTCIS)KHMBAIOIIAsi TOIKIIOYCHHE OJJI. TeHepaTopa

B CeTh; D, — pacxoj mapa B LMJIMHIP HU3KOTO NaBJIEHUs TypOMHBI; D, — pacxon

rapa B KOHJICHCATOP.
Pacxom mapa B KOHIEHCATOp OMpENEIsSeTCs y3 YypaBHEHHS OOpaTHOTO
OanaHca:
Dk = DO_ZDii
rae Y D,— CyMMapHbIii pacXoi Iapa B pereHepaTHBHbIE OTOOPHI TypOHMHBI

C YY4ETOM Pacxo/iOB Mapa Ha MPOU3BOACTBEHHBIC U TETUIO(DUKAIIMOHHBIC HYKIbI.
Cucrema aBTOMATHYECKOTO PETYJIHPOBAHUS TYpPOWHBI CMOJEIHPOBaHA
B 3aBUCHUMOCTH OT COCTOsIHMSI cuHXpoHu3aTopa (MY Ta — Sinhr), ycTaHOBIEHHOTO

Ha TypOuWHe, yKa3aTesel MOJ0KEHUS PEryISITOPOB JaBIEHUS TEIIOPUKAIIMOHHOTO
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obopa (UP4), a Takke OT CTENEeHU OTKPBHITUS PETyJIUPYIOIUX OpraHoB
TerodukanuonHoro (UR,, ) oTO0pa. YKa3aTellb MOJI0KEHUs CTOIOPHOTO KilanaHa

C  COCTOSHMEM CHHXPOHM3aToOpa CBfI3aH  CIEAYIOIUIMM  PErpeCCUOHHBIM
YPaBHEHUEM:

UP, =25Sinhr —50.

VYka3aresp KJIalaHoB HAJIUHAPA BEICOKOTO JABJICHUS:
UP,, =(35Sinhr —336) +2UP,,; —0,3(100-UR,,)
VYKkazarenb KJIanaHOB HWJIAH/IPA CPEIHETO TaBICHUS:

UP,, = (47Sinhr —372) +1, 7TUP,,

VYkazartenp KjIanaHOB IWJIUHIPA HU3KOTO JABICHUS:

UP,,, = (46Sinhr —382) +2,1UP,, —0,3(100—UR,,)

JlaBienue Tmapa B KaMepe peryjaupyeMoro orbopa oOmnpeaensercs
CJIEAYIOIINM 00pa3oMm:

P, =0,0011P, -UP,, —0,015UP,

tepl ?

rae P, — maBieHue napa B peryjJupyrouieid CTyleH! TypOUuHBI.

2.14 MopeaupoBanue padorsl KH, 3:xexTopos, CII u II1

MopenupoBanue paboTel KoHAeHcaTHbIX HacocoB (KH), ocHoBHOrO
U IYCKOBOTO KEKTOPOB, CAJbHUKOBOTO W KEKTHPYIOIIETO TIOI0TpeBaTelei
(pucyHok 18) B maHHOW MaTeMaTUYECKOW MOJENU JOCTUTAETCS TOCPEICTBOM
pEIICHUs] CUCTEMBI JIMHEWHBIX alreOpandecKuX YpaBHEHUH, XapaKTepU3YIOIIHX
TEIJIOBBIC W MaTepHalibHble OajlaHChl MOTOKOB Mapa W BoAbl. JaHHas cucrema
BBITJISAIUT CIICAYIONUM 00pa3oM:

Pacxon ocHoBHOrO KoHeHcara 10 u rnocie KH:

G =G, *KN_AL*KN_A*KN_ A2

G =G, *KN_BL*KN_B*KN_B2

P..=P. *KN_AL+KN_A

P..=P.,*KN_BL*KN_B
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DHTAJIBIINI OCHOBHOTO KOHJIEHcaTa Ha Bbixojie n3 KH-1 u KH-2:

(Pea — Po) *v, *10

TknA :Tk +
77knA
P.—P)*xy, *10
T . =T, +( knB ) Ve
nknB

Pacxon u Temmieparypa oCHOBHOTO KOHJIeHcara nepen rpynmnou [TH/:
Gy =G +Gyg
Ecmu G, He paBeH HYIIIO, TO

T — (TknA * GknA + TknB * GknB)
K Gokl

[o]

Pacxon OCHOBHOI'O KOHJACHCATa Ha OXJIAXKACHUC OCHOBHLIX 37KCKTOPOB!
D,z =Gy *EU _ AB3

D,,, =G, *OE_Al*(2—OE_Bl)*(1—UE_AB3)

D, =G,, *OE_Bl*(2—OE_ Al)*(1—UE _ AB3)

D

oea * U gen _Tokl) = DpeoA * (Tpe _TdeoA)
DoeB *(oes _Tokl) = DpeoB * (Tpe _TdeoB)
G

= DeuAB3 + D + DoeB

oe 0eA

Ecmu G,, He paBeH HyI10, TO

TOe = (DGUABS >kTOkl + DOeA >kTotaA * OE_ A2 + DoeB >l<ToeB * OE_ BZ)G
o

e
Pacxon ocHoBHOTO KOHAeHcaTa HA [TH]L 1 DY:

Ecnu otkpeIThl 3a0BrKKN DY -1 1 DY -3, TO

Gy =G, 0.1

G, =G, *0.9

MHaye

G, =G, *EU_1

G =G, *EU _3
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Pucynox 18 — Pacuetnas cxema BitoueHus KH, 2:xekTopoB 1 oxyaguTeneil mapa ¢ yrioTHEHHH U CO IITOKOB
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TemnoBoit 6ataHC IEBOTO U TIPABOTO KEKTOPOB:
Dueu * (Tueu _Tdeu) = Geul * (Teu _Toe)
Gok2 = Geul *EU — 2 + Geu3

Ecmu G, HE paBHO HYJIIO, TO

T — (Teu * Geul * EU _2 +Toe * Geusy
ok2 —

ok2
Pacxon ocHOBHOTO KOHIeHcaTa mociie DY mo ITHJI-1:

Gokl = G

okesp3

Goklt_okl = Gokesp3t_0kesp3 + GlgktZ t_okespl .

Pacxon Imapa Ha 3KCKTOPHI:

+G19,,,

D, =D89,, +D7

ppl’

D89, = D8, + D9

ppl ppl !

D8, = pp8- D8,

D7 . =pp7-D7

ppl’

D9,,, = pp9-D9

ppl’

D,. =D9,, +D32,,,

ple

D9, 1 +D32,,t, =D, t

ple Lo
D32,,, = po32-D32,,,
D1 =Dyy + Dsoy + Dyos
D,,, =04-D,,,,
D.,, =05-D.,,
Dy, =09- Dy, ,

D =D7 ,+D

pe2atm pp2 902 !
Dige, = del- DLy ,
D2de2 =de2- Dldel '

Dde = Dlde2 + D2de2 '

Ddet_de = DldeZ Edel + D2dez t_2de1 .
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2.15 MopeaupoBanue padorsl rpynnbsi ITH/I

3agadeil pacyera rpynmnbl mnojorpeBareneit Huszkoro pgasienust (ITH]I)
ABJISIETCA ONPEACIICHUE pPACXOJOB IMapa Ha MOJIOrPEeBaTEIM M TeEMIEpaTyp
OCHOBHOT'O KOHJICHCATA C yYETOM PeabHOI CXeMbI HX BKIIOUYEHUS (prcyHOK 19).
Pacxonm ocHOBHOTO KOHIeHcaTa Ha Bxozae B ITH/I-1:
Pacnpenenenne norokoB npu BkJI. [THJ] 1 oTKpeITHIX Oaiinacax:

eciu oTKphITHI 3aaBMAKKN [TH/[-4 u ITH/I-6, To

Gok4b =0.9% Gok4
Gok4p = 01* Gok4

HnHa4dc

Guw =PND_6%G,,,
Guap =PND_4%G,,,

Ecmu otxpertel 3aaBrkku [TH/I-1 u ITH/I-3, To

Goksb =09 Gok3
GokBp = 01* Gok3

HnHa4dc

Goap = PND_3%G,;
Gok3p =PND_1*G_,

Temnosoit 6amanc [TH/I-4:
Dpn4 * (TS _Tdn4) :Gok4p *(lokna _Tokn3)
Tennosoit 6amanc I[TH/I-3:

Dpn3 * (TG _TdnS) + Dpn4 *PN D_ZO* (Tdn4 _Tdn3) :Gok4p * (Tokn3 _T0k4)

Dynzps =Dy *PND_15+G,
Ecmn D,,,, HE paBHO HYJIO, TO

T _ (Dgp, *PND_15%T,,, +G, *pry
dn2 pd

dn2pd

Gas =Cokap + Gorap ¥ PND_5
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Ecmu G, HE paBHO HYJIIO, TO

T _ (Gok4b >l<Tok4 + Gok4p * PND_5 *Toknzl%
ok5
ok5

Pa6ora [TH/I-2 onuceIBaeTcs ClieayroIme CucCTeMol ypaBHEHHM:
Ecnu otkpeitel 3an8ukku [THJ[-11 u [TH/[-12, To nons kackannoro ciusa ¢ [TH/I-
3 B IIH/I-2

Xgnax =0.5

HHa4c

Xgaxk = PND_11
Dpn2 (T7 pu _Tdn2 ) + an3 (PN D21 Xk (TdnS _Tdnz )) = Gok3ps (Toknz _Toknls )
Dgnar = DansPNDy (1 ~ Xn3k )PN D,

Pacuer mogorpeBatenss Huszkoro pgasieHuss (ITHJI-1) BeimonHsieTcs
CJIEYIOIUM 00pa3oM:
Ecmu Bemonasercs ycnosue PND,+PND, =2 u SNP =1, TO X4y, =05 B

MPOTUBHOM CIIy4ae Xy, = PND;.
Eciu Beimonnserca ycnosue PND, =11 SNP =0, TO
Doy (Ts oo~ Ve ) + Dinzpa (Tanpd — T ) =Gyap (Toknl _Tok3)
Diair = (Dpnl + Dz pd )PN D
B IIPOTUBHOM CJI1y4ae Dpnl(Tspu —Tdnl):Gokgp(TOknl —Toks), a Dy = Do Xk
PabGoTa cmuBHBIX HACOCOB OMUCHIBACTCS CICAYIONIMMHU YPABHEHUSIMU:
Pacxon koHzeHcara nmapa yepes CJIMBHOM HACOC:
Gy = (Dyuzps + Dy (L~ Xguie PND,, JSNRSNRSN, SNR

OHTAILITNS KOHACHCATa 11apa nepca CJIMBHbBIM HACOCOM:

(anZ pdenZ pd +D pandnl (1 ~ Xan1k )PN D14 )

Ty =
g (anz pd + Dpnl (1 - anlk )PN D14)
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Pucynok 19 — Pacuetnas cxema rpymibl nogorpesareneii Hu3koro nasiuenus (ITH/)
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OHTAIBIUA KOHACHCATA MOCJIC CIIMBHOI'O HACOCaA:
P,,—P,)%10
Tsl2 :Tsll +( = 8)98
775nn

Touka cmemenuss mexnay [IH/-1 u IIHJ/I-2 onuceiBaeTcs cieayromuMu

YpaBHECHUSAMMU:
Gok3ps = C;ok3p +Gs| '

T _ (Gok3pTokn1 + GsITsIZ)

oknls G !

ok3ps

C-:'ok — “~ok3b +Gok3ps ND2 !

(Gok?)bTokS + Gok?; psToan PN D )

Tok4 = G
ok4

2.16 MopaeaupoBanue padorsl rpynnbl [IBJl u jaeaspanuonHoii

YCTAHOBKH

MonenupoBanue  paboTbl  mojOTpeBaTesied  BBICOKOTO  JIaBJICHUS,
JI€adpallMOHHON YCTAHOBKM M IHTATEJILHBIX HACOCOB CBOJIUTCS K ONIPENEIICHUIO
pacxo/ia MUTaTETbHON BOABI M pacxoaoB rperomero mapa Ha [IBJ[-1 u [IB/I-2

C YUETOM CXeMbI UX BKIItoueHHs (pucyHok 20).

D
DpdA = Dde = 2pd ’
G
GokSA _GOKSB = ;kS )
(D,;PPU,PPU, + D,,PVD,DPV,)

DddA = DddB = 2

. _ (D,PPU,PPU T, +D,,sPVD,DPV,T,,)
“  (D,PPU,PPU, + D,,,PVD,DPV,

Toa =(ts(R,))
JIIB-A:

MarepuanbHblii 6aaHc:
D pdA +Gok5A + D ddA +GrecpnA ENA3 = GpvdA’

TemoBoi Oajtanc:
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DpdATpd +Gok5ATok5 + DddATdd +GrecpnAPEN A3Tp A = G .T

pvdA " pvd *
JIIB-b:
MartepuanbHblii OaaHc:

Dyss +Guss + Das +6 PENg; =G\

recpnB
TensoBoi Oatanc:

Dpss Tt +GuseToks + DugTag 6 PENg,T,

recpnB pnB

= CapvdBTpvd '
Pacxoz[ MUTATEJILHOMN BOJLBI C ICAPAINOHHBIX YCTAHOBOK!
G

pvd = GpvdA + GpvdB '

Ecmu DPV,, +DPV,, =2, TO X, =0.5, muHa4e x ., =DPV,,.

Gopa = CpvaXoma

Capvpnl = C;pvd (1_ vapd ) DPVlO .

Jlosist muTaTenbHOM BOABI Ha peuupKysinuio [I1OH-A:
X ecpna = 0-3PEN 5.

Jlosist muTaTenbHOM BoAbl HAa peunpKysinuto [19H-b:
X econs = 0-3PEN; .

Onucanue pa6otsl [I9Hos.

Ecnu B paboTe HaxoauTcst XOTs Obl OJUH MUTATENIbHBIM HACOC, TOTAa PacXo/]

MUTATEIbHOM BOJABI COCTaBHT.

G pvpnl

G,om = ,
PP (PEN g + PENG, ) PEN

G pvpnl

G =
PP (PEN, + PENg, ) PENg,

Ecnn Hacockl OTKITIOUCHBL, TO G =G =0-

IIpu sToM, ecnu pacxon G, MUMEET HE HyJEeBOE€ 3HAYEHUE, TO JaBJICHUE

pvpnl
HI/ITaTCHBHOﬁ BOAbBI Ha Hanope HaAaCoOCOB OHpC}]CHHGTCH 110 BBIpa)KCHI/ISIMZ

Pooa = PoPEN,PEN,,

pnO

P

pnB

=P

pn0

PEN,,PEN,

nHave P, =P, =0.
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TeMnepaTypa MMATATEILHOUN BOAbl HaA JIMHWUKU HArd€TaHUA MNUTATCIbHBIX
HACOCOB ONPEAEIACTCS U3 CIEAYIOIINX BBIPAKEHUM:
(Pyoa =Py )V410
npnA

Ta=T

pnA

pvd

(Pys — Py ) V410
77pnB

TpnB =Tpvd +

Pacxoz[ BOJbBI HA pCHUPKYILIIUIO IINTATCIIbHBIX HACOCOB COCTABUT!
GrecpnA = GpvpnAerecpnA
G pvpnA2 = G pvpnAl (1_ XrecpnA) PEN A2

G

recpnB

G X

pvpnB1/ recpnB

GpvpnBZ = GpvpnBl (1_ XrecpnB ) PEN B2

Pacxon murarensHOl Bombl Ha IIBJl ¢ yd4eTomM COCTOSIHMS NMHTATENBHBIX

HaCOCOB OIIPCACIIACTCA 110 YPABHCHUIO!

Gpvpnz = GpvpnAZ +Gpvpn82 )

Ecimu G, UpUHAMAET HE HyJIE€BOE 3HAUCHHE, TO TEMIEPaTypa

MUTATEIbHOM BOJABI MOXKCT OBITH HEU?I,Z[GH& I10 BBIPAKCHHUIO!

_ (TpnAG pvpnA2 + T

G
Tpvpn2 - G

pnB ~ pvpnB2 )

pvpn2

unade T,,,=0.

Ecmu PVD, +PVD, =2, TO

Gz =0.9G 0
Gopnzp =0-1G 0.
HnHa4yec

Goprioy = PVD,Giono
Goprizo = PVDGions
Gt = Gonpnzp PVDs -

Pa6oTa I1B/I-8 onuckiBaeTCs CiienyonuM ypaBHEHHEM TETUIOBOTO OalaHca:
Dpv8 (Tl _Tdv8) = Gpvpl (TpWB _pr6)
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Pucynok 20 — PacueTHast cxema rpynibl nojgorpesaresneit Boicokoro aasiaeHus (I1BJI)
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Pa6ota [1B/]-6 onuceiBaeTcs crieayromuM 0anaHCOBBIM ypaBHEHUEM:

D (T 3 _Tdv6 ) + Dpv8 (Tdv8 _TdVG ) PVD8 PVD7 =G pvpl (TPWG _Tprnz ) )

pv6
Dis = Do + DysPVD,PVD,

Toms = TowsPVDs + T, (1- PVD)

pvp2 pw8 pvpn2 (

Temmneparypa mnurtarenbHoM Bojbl 3a rpynmoi I[IBJ] (mepexn koTiaamu)

OIpCACIIACTCA:

(Govpnzs Toupnz + Cpupnzp T

T _ pvpn2b ' pvpn2 pvpn2p pvp2)

pv G

pvpn2

2.17 MopenupoBanue padoTbl CHUCTeMbl MOABOAA H OTBOJAa MAapa

C YIUIOTHCHHU U

Llenpro pacyeTa CUCTEMBI IOJBOAA U OTBOJA 1apa CO IITOKOB U YIIJIOTHEHHM
TypOuHbI (pucyHOK 21) sBI€TCS OINpeAesieHHE IMapaMeTpoB paboueil cpemsl,

B 4aCTHOCTH:
Duv3 = Duv4 = Muws = PYwes T Mua T Duc2 = Dunll = Dun2| = Dunlp = DU”2p - 52%6 *.004
Dusht = Dop *008

D

ueu

=D

un2p =

D

usht

= Dqu + Duc2 + D

un2l

D,, =D,s +D, +D,

uin unll

*PU_12+D,

unlp

*PU 13
PEICXOI[ mapa 10 CTOIIOPHOI'O KJIalaHa:

D,=D,+D

uplsk ?

D

uplsk1

+D

uplsk2

D

uplsk1

rae D, =D78,, +D77ul.

plsk =
Pacxon mapa Ha KOHLEBbIE VYIUIOTHEHUS TYpOUHBI ONKMCHIBACTCS
CIICAYHOIMMU 3aBUCUMOCTIMU:

D,.,=D

upl2 = “upl3

+D2,,
D2,=mv2-D2,,
DupIS = D3u1 + D5u1 !
D3, =u3-D3,,

D5,, =u5-D5,,,
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rae D

rae D

U

Dkrdupl = /’4<rdupl D3u2 !

D4u2 =U4' Iq(rdupl !

D

upl4

=D4,+D5,,,

Dupl4 = Duplcvdl + Dupltsdl !

uplovdl — Duplcvdll + Duplcvd 217

plevd11 = Duplcvdlz + Dshtwdl + Duplwda + D23p08a1 ! Duplcvd 21— Dshtcvd2 + Duplwd22 !

Duplcsdl = Duplcsdz + Dshtcsd 1

D2,,=D

uplend !
Duplcvd13 = Duplsk2 + Duplcvd12 !

Duplwdl3tLJpIcvd13 = Duplsk2tck + Duplcvdlztupl4 !

D23 =mp23a- D23

po8a2 po8al’

D23p01 =Dl1+ D23posa1 ,
D23p01t_23p01 = Dﬂfl + D23p08a11;—.1pl4’

D23, = po23- D23

pol?

D3, =D3+ D003
D3at_3a = D3t_3 + Duplcvd3prI4 !

D

uplevd 2

=D,

uplcvd13 + Duplcvd 227

D pivaztipiadz = Dptovaastipioss T Poptovazabpra o

D plcsnd = Duplcsdz +D

uj uplend !

Duplcsnd thIcsnd = Duplcsd 2tupl4 + Duplcnd tuplcnd !

D

upl 2ep = DuplcvdZ +D,

uplesnd !

Dupl 2eptupl 2ep = uplcevd 2thde2 + Duplcsnd 1:uplcsnd )

Marepuanbhblii 6ananc pacxoja napa co mrokos LB/l TypOuHst:
Dshtcvd = Mantevd1 + Dshtcvdz '

Dshtl = Yshtewd + Dshtcsd .
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Pucynok 21 — PacyeTHas cxema rojauu rnapa Ha YIJOTHEHHs TYpOUHbI

75



2.18 MopeaupoBanue padorsl orcexkoB Typounsl, CK, KH u Ob

VYpasuenus g ['T13 u Oaiinaca ['TI3:

D13,,, = fhys - D123,

DS, = s - DS,

pL*

VYpaBHeHUs MaTepuUadbHBIX paCcXOJIOB ISl PEreHEpaTUBHBIX OTOOPOB
TypOUHBI (PUCYHOK 22):

D,, =D

prom

+D34,, ,

rne D34, =03, +D4,, .
D4, =po4-D4,,,
D4, =D32,;,+Dyq»

D12po = Hioro D

prom !

rae D — pacxo[ mapa B IPOMIIEPErpes.

prom

D6 =Dy, +D7y

Dlto =My - Dtepl )

rae D, — pacxoA napa B TeIIO(pUKALMOHHBIN peryaupyeMslii oTOop mapa.

epl
Pabora mapompeoOpa3oBaTeabHONM  yCTAaHOBKM  OJIOKA  OMKMCBIBACTCS
CJHEYIOIIEN CUCTEMOM YPaBHEHUI:

D,,PPU5=D_ +D

pppu dppu

D, PPU,T, + D, PPU;T,

=D, PPU, T + Dy T oo Bapu T

ovi Pppu "~ pppu dppu " dppu

YPaBHeHI/IH MAaTCpUAJIbHOI'O H TCILIOBOI'O OajaHca I OCHOBHBIX H

MUKOBBIX OOMIEPOB TYpOUHBI:

ch (t_snob6a - t_sn) = Dlto (t_6 - t_dobGa) '
D1, = D103, + D106, , ,

D103, = kb103- D103,,,,

D106,,, = kb106- D106, .
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Tennosas cxema

Koten A Q%A I'II'g%—A
Koten b 1@%‘5 rrgé'E
Koten A Tg“‘dA FI'@%—A l
Koten b ';”{g-é}-B rrg%—s
usa uca UHA i
A
BEBK-B BEBK-A M
p
[K-B LIK-A ~— P
LA
BPQY-1 BPOY-1 B
M0X-2-A M0X-1-A Ha b MB-B }I‘IE-H:?
Koten A -2-, -1- _
- <D< _ $
Koten b Mnx-2-6 nrx-1-b I
- <D< 0B-1 X I —
— Ha My } 1 NB-1A
B KONEeKT-p 32 aT--—— I
BPOY-2 1 | é
[K2  OK-2 ol | NEA
I I
I A,
- | 3 i
B KOHA-P | - _xpo dJ 1|
HOK
OK-2  [K-2 : | Tos
BPOY-2 | 11
- < I BOY
= = |
g g nBO-4 I
MR > | LKkoH
Iy \
w0 <
3 5 I ) B nny-1
L = nBo-3 - - i l
D> ‘! | 0T|-6Mop nny-11 an MY (kon. BTOP.
nBO-2 ' NHO-4_ YNHA-3 'MHa-1 ©3 D>nap (MY 154 13 ara)
ne | nBa-1 Le{><}— X0B
4 L ¢ @ ¢ ¢ & nny-5
nny-3
¢ T 11 Iy 1 mny-15
nBa-8 ! AnBL-6 Lt __pe__1 i
_____ B

Puc. 22. Pacuetnas temioBas cxema Typounsl K(T)-160/120-130 Hazaposckoii 'PDOC

77



PaboTa KOHIEHCALIMOHHON YCTAaHOBKY ONMCHIBAETCS YPABHEHUSIMU:

chv3 = chvz + D22cv2 '

Dlustios = Dlistion + D220, Eao;

D, + G +Dyz + Dugp + P12y, + Dy =G, + Dy -

Marepuanbblii O0anaHc JUisl OTCEKOB W LWIMHAPOB IPOTOYHOW YacTH
TypOWHBI:

D, =Dcsd + D1+ D2+ D3+ D4,

D =D5+D6+D7+D8+D, .

2.19 MopaeaunpoBanue padboTbl MacJI0CHUCTEMbI

3agadeil MOACIMPOBAHUS PAOOTHI MACIOCUCTEMBbI SIBJISIETCS aHAIUTUYECKUN
pacyeT mapaMmeTpoB €€ paboThl, B YACTHOCTH: MAacCIOOXJIAIUTENIEeH, IMyCKOBOTO,
PE3EPBHOTO W aBAPUHOTO MACIOHACOCOB, JIMHUM MOJa4YM Macja Ha MOIIHITHIKA
TypOuHbI (CM. puc. 23) U cucTeMy YIUIOTHEHHs Bajia reHepatopa (pucyHoOk 24)
u T.1. Pabora AMH MOY onmceiBaeTcs CaeayrONUM YPaBHCHUEM:

(Pamou — Pmb)Vmb 100.

1:_amou = f‘nb +

amou

AHanornyHoe ypaBHeHue st PMOY:

ﬁmOUI _ tnb + (Prmoul — I:)mb)vmb 100.

rmoul

Pacxon wmacma 4epe3 Hacocel MOY  onuceBaeTcs  ClEAYIOIIMMU
3aBUCUMOCTSIMHU:

D26,, =m26-D26,,,
D27, =m27-D27,,
raoe D

D27,,=D29,,+D - D64,,+D28,,

rmoul rmoul

D29, , =m29-D29,,,
D28, =m28-D28,,
D64, , =m64- D64, ,

D31, =m31-D29, ,,
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D30, =m30- D28, ,,
D63, =m63- D64, ,,

D,.,=D30_,+D63_,,

rmou2

t t

rmou2 ~— “rmoul*

Pa6ora nmyckoBoro (IIMH), pesepsnoro (PMH) u aBapuiinoro (AMH)

MacJOHACOCOB OMKCHIBAECTCS CIECAYIOIIMMHU YPABHEHHUSIMMU:

Dt = DLy + Dia »
rne D,,,=D6,,+D7,,.
D1,, =ml-D1,,,
D6,,, =m6-D6,,,
D7,.,=m7-D7_,,

(P mn Pmb)Vm

Ty =T+ 100, D2, =m2-Dl,,,

pmn

£, =G, +m = FmwlVm 100 D4, —ma-Ds,,,
nrmn

€, =T, + e Pl 100 D5 —ms.D7,,,
namn

PaGora waciooxiiaauTesie OIUCHIBAETCS
MaTepUaJIbHOTO M TETUIOBOTO OAIAaHCOB:

Dmohl = ngl + Dmoh2 ]

rae D,,,=D10_, +DI1 .
D9, =m9-D9_,
D11, =mi1-D11
D10_, =mi0- D10,
D11 ,=D12_ +D_.,

rue D, ., =D17,, +D13_,.
D12, =mil2-D12,,

D17, =ml7-D17,,,
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D13, =mi3- D13,

Div = hvoniar - Divmo-

D13, (tron4z — Erons) = Dhmonas (bumonaz = tumo) » D18, =mi8-D13,,,
D12, (Gronsz — Fons) = Dhmonas (bumonzz — fumonaz) » D16, =ml6-D12,,,
D10;,, (Faon2z — Tnont) = Drumonat (umonzz = fumonz2) » D15y, =mi5- D10, ,

D9m2 (fmoh12 _tnohl) = thmoh41 (t_hvmoh12 _t_hvmoh22) ’ D14m2 =ml4- D9m2 '

D1415, = D14, ,+D15,,, D1415, t,,;,, = D14 ,t .., + D15 .1 2 »
D1618, = D16,,, + D18,,, D1618, {5, = D16, ,1 5 + D185t s s
D19,, =D1415, + D1618,,, D19, t,,, = D1415 1., + D1618, ts;.,,
D19,, =m19-D19,,,

D, =D19,,+ D17 ,,

Dmoh4fnoh4 = D19m2 t_19m1 + D17m2 fmohl '

2.20 Omnpenenenue TemiopU3NUYECKHX CBOWCTB  TeNJIOHOCHTEJIei

B MO/IeJIM MAPOTYPOMHHOM YCTAHOBKHU

C nmocTatoyHOM 11 MaTeMaTUYeCKONW MOJEIM MMHUTAIMOHHOTO TPEeHaXepa
MapoTypOMHHONM YCTAHOBKM TOYHOCTBHIO B3aMMOCBSI3b MapaMeTpPOB BOABI U
BOJISHOTO  Mapa OIUCHIBACTCS  HUHTEPHOJSIUOHHBIMUA  MOJMHOMaMH  [6],
o OpPMJICHHBIMH B BUIE MOAPOrpamMm (yHKITUHI:

tx(p.h) . IUIsL OMPEAEIIEHUS] TEMIIEPATyPhl CPEbl IO U3BECTHOMY JABICHUIO
p U DHTAJIbIIUU h;

hpt(p,t)- o9 ompeneneHus JHTAIbIIMK CPEObl IO M3BECTHOMY JABJICHUIO
p ¥ TeMIIepaType t,;

Oyukuun tx() ¥ hpt) ompenensaroT CBOMCTBA BOABI M BOJSHOIO Mapa
C YYETOM HX arperaTHOro COCTOSIHUSIL.

ts(p)- A ONpEAECJCHHs TEMIIEPATYpPbl HACBILICHUS 10 W3BECTHOMY

JTaBJICHUIO CPEIBI P ;
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Pucynoxk 23 — PacyeTHas cxema mojauu mMaciia K MOAIIUITHUKAM TypOUHBI
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ps(t)- I ONMpeneNeHHs] NABJICHHUS HACBIIICHUS MO W3BECTHOM TEMIIEPATYpE
HACBIIIEHUS CPEBI t;
hi(t), h1l(t) - COOTBETCTBEHHO, IS ONPEIACIICHUS] DHTAIBIIMU HACHIICHHON

BOJIBI U I1apa 110 U3BECTHOM TEMIIEpaType HACBIILEHUS CPEIBI t .

2.21 PacyeT TEXHHKO-IKOHOMHYECKHUX NMoOKa3aTesieii padoThl TYPOMHBI

Pacuer TEXHUKO-PKOHOMHMYECKMX TMOKa3arened padboTbl mNapoTypOMHHON
YCTaHOBKHM OCYIIECTBIISIETCS C LEJIbI0 ONpeAeseHuss KOod(pQPUIUEHTa I0JIE3HOrO
NENCTBHUS, YACIbHBIX PACXOAO0B TOIUIMBA, & TAKXKE 3aTpaT YHEPruU HA COOCTBEHHBIE
HYK/IBL.

Pacxon ycnoBHOoro TtomimBa (Kr/c) B paMKax MAaTeMaTH4YEeCKOW MOJENH

TCIIOBOM CXEMBI OIIPCACIIACTCS 110 CICAYIOIMICMY BBIPAKCHUIO!:

B= DO (hO B fne)
MeaQir

rne Dy— pacxon ocrtporo mapa Ha TypOuny, kr/c; h,, {,,— COOTBETCTBEHHO

SHTAIBIIMU OCTPOrO IIapa M MNHUTATENbHOM BOAbIL, KJLK/kr; 77, — KoddduumeHt
MOJIE3HOTO JEUCTBUSl KOTEIBLHOIO arperara (MpuHUMaeTcsl B Mojiesii paBHbIM 91 %);
Q) — Termora cropanus yCIOBHOTO TOIuMBa (mpuHuUMaeTcs paBHor 29330 k/x/kr).

B TemnoBbIX cxeMax ¢ KOMOMHUPOBAHHBIM OTIYCKOM TEIUIOBOM M 3JIEKTPUYECKOU
sHepruu, B uacTHocTH s TypOounbl K(T)-160/120-130 Hazaposckoit I'POC,
TEXHUKO-3KOHOMHUYECKHE MOKA3ATENN PACCUUTHIBAIOTCS 110 KaXKAOMY ITOKAa3aTelo:

pacxo]i TOIUIMBA Ha BEIPAOOTKY TEIIOBOM 3HEPruu (Kr/c):

B™ = B&
Q.

rae Q, =D, (h, —t,)— pacxon Temia ¢ TypOMHBI Ha TEIUIO(PHUKAITMOHHBIC HYXbI, KBT;

H

D,, h,, t,,— cooTBeTcTBEeHHO pacxoj (KI/C), SHTalbIMsi Iapa M KOHAEHcaTa
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(xIx/kr) TemnodukannonHoro otbopos, kr/c; Q, =Dy(hy —t,.)— monesnoe Temo,
IIOJIy4YEHHOE B KOTEIBbHOM YCTAHOBKE, KBT.

Pacxon TorumBa Ha BEIpaOOTKY AJIEKTPUYECKON SIHEPTHH (KI/C):

B” =B-B",

KoaddunmenT nosne3noro aedcTBUs OPYTTO MO BHIPAOOTKE ICKTPOIHEPTHH:
6p — W3

29
BDJQHP

KoaddumumenT nonesnoro aeiictBus OpyTTO MO BEIpAaOOTKE TEIIa:

775;7 _ Qm
m T pmyp !
B H

VY nenbHBINA pacxo]] yciaoBHOTO ToruBa (Kr/(kBT-4)) Ha BeipaboTKy 1 KBT-u:

10,0342

op
7733

b39 ,
VY nenbHbBIN pacxo yciaoBHoro ToruBa (kr/MJIx) Ha BeipaboTky 1 M/Ix:
0,0342

op
77}1’!3

bma
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3 Pa3zpaborka UMHUTAIHOHHOTO KOMINBITEPHOTO TpeHaskepa

IHEProdJIoKa CpeACTBAMH MPOTrPAMMHUPOBAHMS

Jlst pa3paboTKH KOMITBIOTEPHOTO TpeHakepa dHEprobiioka, ObLI BRIOpaH
A3bIK  TporpamMmmupoBanus C++. BplOpaHHBIA $3bIK NPOTPAMMUPOBAHUS -
KOMIWJIMPYEMBIA CTPOTO TUIU3UPOBAHHBIM SI3bIK MPOTPAMMHUPOBAHUSL OOIIETO
HazHaueHud. [loanepkuBaeT  pasHble  MapaJUurMbl  MPOTPaAMMHUPOBAHUS:
nporeaypHyto, 0000mEHHY0, (YHKIMOHAIBHYIO; HauOoJblIee BHUMaHUE
Y/AEJIEHO NOAJEPKKE OOBEKTHO-OPUEHTUPOBAHHOTO IPOrPAMMHUPOBAHHUS.

B 1990-x romax si3bIK cTajll OJHUM M3 HamOoJiee HMIMPOKO MPUMEHSIEMBIX
A3BIKOB IPOIPAMMHUPOBAHHUSI 00IIET0 HA3HAYEHUSI.

[Ipu cozmanum Cu++ CTpEMUIIUCH COXPAHUTh COBMECTHUMOCTH C SI3BIKOM
Cu. bonpmuacTBO mnporpamm  Ha Cu Oyayr ucnpaBHO — paboTaTh
u ¢ koMmwrATopom Cut+. Cut+ MMeeT CUHTAaKCUC, OCHOBAHHBIM HA CHHTAKCHCE
Cu, xpome toro C++ pa3paboTaH Kak YHHUBEPCAJIbHBIM S3BIK CO CTATUYECKUMU

TUTIAMU JaHHBIX.
3.1 IIpumepsl padoThl HMHTAIIHOHHOTO KOMIBIOTEPHOI0 TPEHAaKepa

ITocne 3allyCKa TPCHAXXCpa IICPCH IIOJIB30BATCIICM IIOABJIACTCSA OKHO BBI60pa

3a/1a4u «peKUMHAs MO0 «aBapuitHash (PUCYHOK 25).

BriGop sagaum n

Odyyaerelid: |Bofko EBrequi AHaToNEEEHY

Sanava HacTtpoiikn pesuiria
[™ CoxpaHeHue npoTokona

[~ PaspelieHie Ha OCTEHOB MATEM. MOLEM
" Apapuiinan r

Bazoeeili peskur [Harpyzka 120 MBT]

Myck Bnoka Ms KONOAHOMD COCTOAHKA

Hatpark MaKCHMANEHYI0 3 NEKTRHYECKYID HArpYsKY

MNoaHare Terneparypy ceTesoil okl 40 125 C npu s nekrpuveckoil Harpyske 120 MBT

BriBecTH B pemoHT MensHWus M-3 Ha kotne A W M-1 Ha kotne B Ges noTepu 3 nekTprMeckoi HAarpysKkH
MO0HATE 3 NEKTPHYECK YD Harpysky go 130 MBT

Pasrpysute 6ok ¢ BeIBOLOM KOTAE B B peroHT

Brisecti 034 & peronT, nepeimi Ha 03-6

OTpery MpoEaTE PadoTy KOTN0E[DBECNEYMTE MaK.CHMAanEHEIR KM 683 W3tMEHEHWA HArpYSkK Goka
Beisectu MHO-1 1 -2 B peMoHT 83 USMEHEHUA HArPY3KK Bnoka

Havate ‘ OTmeHa

Pucynox 25 — Be16op 3agaun
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[Tocne BbIOOpa 3amauuM 3ammycKaeTcsi OCHOBHOW HMHTep(deiic M HauMHaeTCs
MIOJTHOIIEHHAsI pab0Ta C UMHUTAIIMOHHBIM TpeHaxkepoM sHeproomoka KT 135/150-130.

YacTh OCHOBHBIX pabOUYMX MHEMOCXEM IMPUBEJICHA HA pUCYHKaX 25-27.
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Pucynox 25 — [punnunuanbHas TerioBas cxema 6yioka KT 135/150-130
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Pucynok 26 — IIpuHuunuanbHas cxema Kotiaa A
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3AK/IIOYEHUE

O} PeKTUBHOCTD U HAJEKHOCTh PabOTHI PHEPIETUUYECKOTO O0O0pYyIOBaHUS
BO MHOI'OM OMNPEIENSIETCS YPOBHEM OHKCILTyaTAllMM TEXHOJOTMYECKHX YCTPOWCTB.
OnHMM U3 palMOHANbHBIX CIIOCOOOB IMOATOTOBKH, TPEHHMHIa, MPOBEPKH KauecTBa
3HAHWI W HABBIKOB Yy OINEPATHBHOIO MEPCOHANA CTAHLIMM SBIISIETCS UCIIOJIb30BAHUE
POrPaMMHO-METOJUUYECKUX KOMILIEKCOB, HMUTHUPYIOIIUX COCTaB M PEXHUM PabOTHI
OCHOBHOI'O U BCTIOMOT'aTe€JIbHOT'O 000PY/I0BaHUS.

B nepBoii yacTu paOOThI IPUBEEH aHATIU3 IPUYMH TEXHOTC€HHON aBApUHHOCTH
B P®. Ha3BaHbl OCHOBHBIE «BHYTPEHHUE» M «BHEIIHUE» IPUUYMHBI aBapUMHOCTH
Ha  OINACHBIX  IPOU3BOJACTBEHHBIX  O0BEKTax. PaccMoTpeHbl  TpeOOBaHHS
K O0OECIEYeHHIO HAJIeKHBIX, SKOHOMHUYHBIX M O€30IacCHBIX pEXKHUMOB pabOTHI
obopynoBanusi. [IpuBeneHbl HaAyYHO — TEXHUYECKHUE TPEOOBAHUS U PEKOMEHAALNU
IpU MOJEIMPOBAHUU TPEHAKEPOB SHEPreTHUECKOr0 00OPYIOBaHUS ISl OTPAOOTKU
ONEPAaTUBHBIX 33/a4 JKCIUIyaTallAOHHOTO IepcoHana. PaccMOTpeHbl IHepBbIE
HOPMATHUBHBIE JTIOKYMEHTBI 3JIEKTPOIHEPreTUKH, PErIAMEHTUPYIOIINE TpeOOBaHUs
K 00yYarollUM U TPEHAXKEPHBIM CUCTEMAaM.

B ocHOBHOI uyacTu paboThl paccuMTaHa M MpeJCTaBiIeHa MaTeMaTHyecKas
mozenb sHeproosioka KT 135/150-130 Hazaposckoit ['POC Ha ocHOBE KOTOpO ObLI
pazpaboTaH  UMUTALMOHHBIA  KOMIIBIOTEPHBI  TpeHaxkep Uil  OTPabOTKU
OIEPaTUBHBIX 3a7a4 yIPABJICHHUS.

OCHOBHBIM Ha3HAYECHUEM UCITIOJIb30BaHUA, pa3pabaTbhIBa€MOro
KOMIBIOTEPHOTO HMMUTALMOHHOTO TpeHakepa OOOpYyIOBaHUS SHEPreTUYEeCKOro
OJloka ABISETCS NPUOOPETEeHHE U Pa3BUTHE JAUJAKTHYECKMX W HHXKEHEPHO-
NICUXOJIOTUYECKUX  HABBIKOB  ONEpPaTOPCKUX  chnenuanbHocTed.  Peiienue
ITOCTABJIEHHOW 33J1a4d BO3MOKHO Ha OCHOBE Pa3BUTHUSI KOTHUTUBHOM, PETYIATOPHOU
U KOMMYHUKATHUBHBIX (YHKIUH OHKCILUTyaTallAOHHOTO IE€pCOHaNa, 4YTO, B CBOIO

ouepesib, JOCTUTACTCS MyTeM KOHCTPYHPOBAHMsI Tporiecca OOy4YeHUs U MPOBEPKU
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0a3bl 3HAHUI C UCIIOJIB30BAHUEM KOMIIBIOTEPHOTO TPEHAXKEPA, a TAKKE MPABUIBHOTO
Habopa U coueTaHus MpoOIEMHBIX 3a/1a4.

B 3aBepiienun paboThl, BbIpaOOTaHbl MPEJIOKEHUS IO MCIOIb30BAHUIO
TpeHaXepa B KayecTBE OOYy4YaIOIIEro MHCTPYMEHTA JUJIsl ONEPAaTUBHOIO MepcoHaia
CTaHIMM, C 1eJbl0 OTPAaOOTKM OINEpPAaTUBHBIX 3a7a4 YIPaBICHUS OCHOBHBIM
u BCIIOMOTATENbHBIM  00OpYJOBaHMEM  JHEProOioKa, UL pa3BUTHS
y SKCIUIyaTalMOHHOTO IMEPCOHAJIa HAaBBIKOB IIJIAHUPOBAHMS W3MEHEHUsS IITATHBIX
pEeXKUMOB W yMEHUH B Cclydyae BO3HUKHOBEHHS HECTAHJIAPTHBIX CHUTYaIlUi
IIpU OTKa3ax 000pyI0BaHMUS.

Tpenaxep BHenpeH Ha Hazaposckoi ['POC u B maHHBI MOMEHT HaXOAUTCA

Ha dTare ONbITHOMU OKCILTyaTalluu.
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