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OBHIASA XAPAKTEPHCTHKA PABOTBI

AKTyaapHocTh TeMmbl. B  Hacrosdiiee BpeMs uccnenoBaHHe paboumx
npoleccoB Aulenei He npeicraBisercs 6e3 MaTeMaTHYECKOro MOJETHUPOBAHHA.
3auacTylo npH pacyeTe pabouero mpouecca AM3eNd, TeMIEpaTypel MOBEpXHOCTel
Jeraned 3analotcs TH60 B ABHOM BHAE, MO0 pacCUHTBIBAIOTCA YTpoileHHo. Takoft
noaxoa MPUBOAMT K oinbKkaM npu pacyere pabouero mpouecca M, Kak CleACTBHE,
3¢ $EeKTHBHBIX, IKOJIOTHYECKHX H APYrHX nokasatesned. JU1s MoBbILIEHHS KayecTBa
aHanu3a pabodyMX MpOLECCOB, HCKIIOUEHMS TYMHKOBRIX BapHaHTOB Ha 3Tane
NpPOEKTHPOBAHHS, COKPALIEHHS CPOKOB NPOEKTHPOBAHHA M JOBOJKH JABHratene,
HeobxofMMa MaTeMaTHueckas Mozeas (MM) u koMmneke nporpaMM, Mo3BoNSAIOUWHX
NPOU3BOAMTL COBMECTHOE MOJENHpOBaHHe paboyero npouecca K TEMIOBOro
COCTOSHHA COCTaBHBIX AeTanell uuaMHApo-nopiuHeBod rpynnul (L) ¢ yyerom
ocobeHHocTeit kak pabovero npouecca, Tak H peanbHoit koHcTpykuuu LI, Takas
MM u KOMNBIOTEpHas MpOrpaMMa MO3BOJHT COKPaTHTh CPOKH NPOEKTHPOBAHHA
COBPEMEHHBIX M NEPCIIEKTUBHBIX JBHraTeNeH.

Heab paborhl cocTOHT B co3gaHun MM W KoMrmjlekca nporpamm Uif
COBMECTHOr0 pacueta paboyero npouecca H TEIUIOBOFO COCTOSHHA COCTaBHBIX
neraneit LI, a Takke BepHQHKAUMH MX MO 3KCNEPHMEHTANbHBIM AaHHBIM. [l
BHINIOJIHEHHA TIOCTaBJeHHONW LeNH B JAMCCEPTAUMOHHON paboTe pewamuch
clieylollile 3aJa4M. CO3JaHHE METOAa COBMECTHOTO MOAENHpOBaHMs pabouero
npoLiecca H TEMIOBOro COCTOAHHS JeTaneil, o6pasylollux Kamepy CropaHus, Ha
OCHOBE pa3BUTHA CYUIECTBYIOUIHX METOJOB  MOJCIHPOBAHUSA; TMPOBEAECHHE
BepHdukaund MM pa6ouero npouecca, TeriooOMeHa ¥ TEMJIONPOBOAHOCTH NO
ony6IHKOBaHHEIM 3KCNIEPHMEHTAIbHBIM AaHHBIM JUIA Pa3lHYHBIX K1acCOB Au3eneif;
npoeefenue uaeHTudukaiun MM pabouero npouecca, TeroobMeHa H
TEIUIONPOBOJHOCTH.  MIeHTH(HKAUMS TNpPOBOAMTCE C  LENBIO  MMOBBLIIECHHA
OOCTOBEPHOCTH pe3yJIbTaTOB MOMAENMPOBaHHMA INpH pacyete (OPCHPOBAHHBIX
PEXHMOB paboTHI IBMraTeNs H NMpH U3MEHeHHH koHcTpykuuy LI

MeToabl ucciexoBaHus. [1s BLINONHEHHS MOCTABIEHHbIX 334 MPHMEHSIOCH
yycneHHoe MogenvpoBaue. Pacuethl BeinonHsimch Ha OBM ¢ ucnonb3oBaHueM
co3aHHbIX nporpaMM. [To 3KCrepHMEHTa bHBIM [aHHBIM, TNONYYEHHBIX APYTHMMH
HCCIeioBaTeNnAMH, Gblia BBIMONHeHa Bepudukaums U uaeHTHOUKauus MM pabouero
npouecca, Ternnoo6MeHa H TENIONpPOBOAHOCTH.

Hayunas HoBH3Ha paboThl 3aKJ1l04aeTCsA:

e B paspaGotke MM coBMecTHOro pacyera paouyero mporecca M TEIIOBOro
coctosHus JeTanelt kamepsl cropanus (KC), uMenolMX KOHKpeTHYIO
KOHCTPYKLHIO C Y4€TOM B3aHMOCBS3H TEIIOBOTO COCTOSHHA OCHOBHBIX JAeTancit
KC wu pabouyero npouecca, a TaKkKe KHHEMaTHYECKOrO M TEIJIOBOro
B3auMoeHcTBIA Mexay AeTansMu KC;

e B MpOBEJCHMH MCCIEJOBAaHMA H pE3yabTaTaX [0 BBIABIEHHIO BIIMAHHA
TeMnepatypsl noeepxHoctd KC Ha paoumit mpouecc aBvrarens, a Takke
ucciaenoBaHus ocobenHoctelt pabouero npouecca W KoHCTpykuwn KC Ha
TeruioBoe coctosHue KC;



e B 000CHOBaHMH HeOOXOAMMOCTH yueTa: JIOKaNbHLIX TeMnepaTyp Ha pabounii
MpoLiecc; TEMIOBOr0 COCTOSHUA OCHOBHBIX AeTaneit o6pasytomnx KC nsurarens
AN BLICOKOPOPCHPOBAHHBIX AM3ENeil.

HdoctoBepHocTb H  0GOCHOBAHHOCTL HAYYHBIX MOJIOXKEHHH paboThl
06yc/0BNIMBAlOTCA:  HCMOJb30BaHMEM  OOWIMX  ypaBHEHMH  T'MAPOAMHAMHKH,
TernoGU3IMKH W TEPMOAMHAMHKH; COBMAfEHHEM pPacYeTHbIX pe3ynbTaToB C
IKCNEPUMEHTAIbHBIMH JaHHBIMH; cornacoBaHueM NOITy4YEHHBIX YaCTHbBIX
pe3y/IbTaTOB C HU3BECTHBIMHU.

TIpakTHYecKas LEHHOCTb PaboTBI COCTOMT B pa3paboTke KOMIBIOTEPHOMH
nporpamMMsl pacueta TersioBoro coctosuua aeraneit KC mns myxna HHP, OKP,
06yuyeHHs CMEeLMATHCTOB M CTYIEHTOB; B MOJY4YEHHH Pe3yNbTaTOB HCCIeA0BaHMA
paboyMx TpOLECCOB BBIMYCKAIOIUXCA M MEPCMEKTHBHBIX AM3ENeH B HHTEpecax
NPOMBILIIEHHOCTH. Pe3ynpTaThl pacyeTa IpaHHYHBIX YCNOBHH, TeMIeEpaTypHBIX
nofeii neranefi Moryr ObITb MCMONB30BAaHBl NPH pacueTe JeTaneil ABurarens B
TpexMepHo#t moctaHoBke. [losyyaeMble yTOUHEHHBIE TEIUIOBBIE NOTOKHM B CHCTEMY
OXJJAKAEHHA CO3JAOT MpPEeANnoChUIKM JAIA NPOEKTHPOBAHHA BCIIOMOTaTENbHBIX
CHCTEM H arperaros JBHUIaTe/s.

Peannzauus  pesyabTatoB  paGotel uMmena Mecto Ha OAO
«Ilen3apusensmaun (r. Ilensa); Aumet Oy (r. Xenbcunku, ®unnaHaus). IoroBas
nporpaMMa MO pacyeTy TEMUIOBOTO COCTOSHHA COCTaBHBIX JeTajieil CloXxHOR
reoMeTpHyeckoii GOpMBl B 0OCECHMMETPHYHOI ITOCTaHOBKE MCIIOJIB3YETCH B COCTaBE
nporpamMMHoro kommiekca dusens-PK, kak B yue6HoM npouecce kadeapsl, Tak H B
npodecCHOHATBHON NEATENBHOCTH OTEYECTBEHHBIX M 3apyOeXHBIX CIIeLHATHCTOB,
CTYAEHTOB, MarucTpOB B 0OJIaCTH ABHIaTeNeCTPOEHHS.

Anpo6auus pa6oTnl. OCHOBHbIE pe3yNbTaThl paboThl AONOXKEHBl Ha HAyYHBIX
KoHbepeHLMAX M ceMHHapax: Bcepoccuiickas Hay4yHO-TE€XHMYeckas KOHGeEpeHLHs
«HayYHO-TeXHHYeCkHe NpobneMbl COBpeMeHHoro JpuratenectpoeHus». (Ya,
YI'ATY, 2011); MexayHapoaHas Hay4HO-TeXHHYecKas KoHdpepeHUMs «[lBurarens —
2010», nocssiwenHas 180-netuio MI'TY um. H.9. baymana (Mocksa, MI'TY, 2010);
MexnyHapoaHas Hay4YHO-TeXHHYECKas KOH®EpeHLHS «/IBurarens-2007»,
noceawéHHas 100-netmio kadenpst «llopmHeBsie asuratenw» MITY um. H.J.
Baymana (Mocksa, MI'TY, 2007).

IMy6ankaunn. [To pesynsTaTaM AauccepralMoHHOR paboTel omybymkoBaHo 4
Hay4HbIX paboTsl, M3 HUX no nepeunio BAK - 3.

O6bem paGoTsl. /IucceprainoHHas paboTa COCTOMT M3 BBeJEHHSA, NATH TJIaB,
3aKJTIOYEHHA, TMpPHIOXKEHHS M crucka Oubiauorpaduyeckux HcTouHMKkoB. O6BEM
JAuccepTalMHd cocTaBifeT 152 CTpaHMLBI OCHOBHOTO TEKCTa, Biunoyatoweir 88
pucynkoB, 8 Tabnuu, cnucok 6HOAHMOrpadUuUecKHX HCTOYHHKOB coAepHT 161
HaHMeHOBaHHe.

COIEPXAHUE PABOTDI
Bo BBeaeHMH pacKphIBAacTCA aKTYaIbHOCTb TEMBI, NIOCTABJEHBI LEMb H 3alaun

HCCIe0BaHHS.

INepBas riasa noceslleHa aHaM3y paboT Mo MOAENMHPOBAHHIO paboyero LHKIIa
ausenedt, ternnoooMeHy B KC, pacuetaM TeruioBoro cocrosHus L{III" npeurarens.



CpaBHHBasA CYIIECTBYIOLIME COBPEMEHHBIE METOBI pacyeTa pabouero LHKIA, KauecTBo
H obbeM nonyyaeMol HMHQOpMallMM, a TakKe HeoOXOMMMOe BpeMs M MOLUHOCTb
COBpPEMEHHOH BBIUMC/IMTENbHON TEXHHUKM, COENAH BBIBOJA, 4TO HCMONb30BaHHE
«TepMOAHHAMHYECKOTO» Moaxona HauboJee pauyoHaibHO. [IpH 3ToM, Ang nomyueHns
HaJIeXHBIX pPe3yJIbTaTOB pacueTa HeOOXOAMMO NMpHMEHeHHe 30HHBLIX Moaened. M3
cyuiecTBylolero Habopa Mozenelf pacuera cMeceobpa3soBaHHMA M CropaHHs BhiOpaHa
monens H.®D. Pasneiiuesa, koTopas ycmeiuHo Hcrosnb3yetcs M passiBaeTcs A.C.
KynewosnM B nporpamMme dusens-PK 6onee 30 net. ITocne ananusa cyliecTByomHx
MM pacuyera cnoxroro TeroooMera LTI caenad BLIBOA O TOM, YTO CYLUECTBYIOLLMI
YPOBEHb MO3BOJIAET C HOCTATOYHOM U1 MPAKTHKH TOYHOCTH MpPOW3BOAHTH pacueT
TeruioBoro cocrosHus LI ¢ npuBineyeHHeM HeoOX0AMMOIO 3KCIEPHMMEHTANbHOIO
Matepuana ansg uaentuouxaunn MM. M3 npoBenenHoro o63opa Taioke creayer, Yto
[Ba TaKMX B3aUMOCBS3aHHBIX SBJICHUA, Kak pabouuil LMK AW3eNd M TeruoBoe
cocrosanne aetaned ero KC B pacyerHol npakTHke, Kak MpPaBHIO, MOAENHPYIOTCS
OTHENBHO JApYr OT Jpyra. 310 cBf3aHo ¢ 6o/bwiol  pacnpoCTpaHEHHOCTHIO
«TepMOJAHHAMHYECKUX» MoJelielt pabodero npotiecca Au3ens, KOTOpble HEAOCTaTOYHO
NOJNHO YYMTRIBAIOT BIMAHHE TeMnepaTyphi noepxHocteit KC Ha pabounit npouecc. B
TO )€ BpeMs BpeMs cO3/laBacMble HOBBIE WIH pa3BHBacMble H3BECTHblE MOZEIH
pabodero mpoliecca HMEIOT BO3MOXHOCTb ydeTa TeMmnepatypsl noBepxHoctH KC Ha
pabounit npouecc, HO He HCMONB3YIOT JAHHYIO BO3MOXXHOCTb B CBS3H C OTCYTCTBUEM
Pa3sBHTOM MOJieNnH Ter1000MeHa H TEIIONpPOBOJHOCTH peanbHoit koHcTpykuuu LT
Bo BTopoit rnase u3naraercs MM pacyera pabouero umina ausens. Beuay
TOrO, 4YTO OCHOBY COCTaBAfA€T MoJehb mporpamMmbal [usens-PK, ona uinoxena B
pedepaTHBHOM BHJE, C YKa3aHHEM OCHOBHKIX MOJ0XEHHH. OCHOBHas LieNb raBbl —
yKa3aTh Kakie HMEHHO IapaMeTphl OyIyT YTO4HeRBI, U rae B MM ucnone3sytorcs
3HayeHns temmneparypsl KC. Pacyer napameTpos ra3a B LIMJTHHAPE MPOU3BOAHTCA B
NPERNON0XEHHH, YTO LUTHHID ABNAETCS OTKPHITOH TEPMOAHMHAMHYECKON cHCTeMol
¢ mepeMeHHBIM 00beMOM. Bo BceM 06BeMe CyILECTBYET OHO JAaBJICHHE M BE 30HBI:
CBexero 3apsga M cropesiueff cmecd. Jlns onpeneneHHs NapaMeTpoB rasa B
UMIMHAPE pelaeTcs cUCTeMa HelMHeHHBIX anrebpanyeckux ypaBHeHui. Jlns
pacyeTa OWHAMHKH TEIUIOBBIAENEHHS dx/dr Hcnoie3yercs QeHoMeHoorHyecKas
MoJenb cMeceobpa30BaHUs W CrOpaHHsA, B OCHOBE KOTOPOH JIEXHT MHOIO30HHAA
Mojenb cTpyd (puc. 1). OHa MO3BONAET paCCUHTHIBATL cMeceobpa3oBaHHe H
cropaHue ¢ ydyeroM B3aumozeiictBus co creHkamu KC. JlaHHoe 06CTOSATENLCTBO
UMeeT 6onblIOe 3HAau€HHE, TaK KaK M3BECTHO, 4TO 6OJbIUYI0 4acTb BpEMEHH
pa3BUTHA, Ha pexuMax 6oJbluoi MOIIHOCTH M GOJBIIOr0 KpYTALIErO MOMEHTA,
CTpys HAaXOAMTCA B KOHTaKTE CO CTEGHKOM, H pacrnpefefieHHE TOIIWBA B
NPHCTEHOYHBIX 30HAX MrpaeT CYLIECTBEHHYIO Pojb B mpolecce cropaHus. Pacuer
Pa3BHTHS BEPLIMHEI CTPYH BENETCHA NO 3MIMPHYECKHM YypaBHeHHAM JIbllueBckoro
A.C., ucnons3oBannsle PaineifessiM H.®D., U yTOYHEHHBIM U COBPEMEHHBIX
napamerpoB KynemwoBuim A.C. JlaHHas Mopaeib MO3BOJAET YYMThIBaTb HaHyHe
Buxps B KC, npu 3ToM paccuuTsiBaeTcs JAedhopMalus CTPyH B TaHTEHLHATbHOM
HanpaBJieHHH, B npouecce cBoboaHoro passutus B KC W npu pactekaHuu no
nosepxHoctH KC. PacnpeneneHue TonnauBa B 30HAX CTPYM PacCUMTHIBAETCA MO



NOJyIMINPHYECKHM COOTHOIIEHHAM. JleTanbHbifi pacyeT pacnpefefeHHA TOMUIMBA
N0 XapaKTepHLIM 30HaM CO3JaeT MPEANOCHIKH A JNOCTATOYHO TOYHOrO pacyeTa
CKOPOCTH HUCMapeHUs TOIMBA M TEMOBbIAENEHHS B LMIMHIPE Ha MOOLIX pexxumax
pabotsl aBuratens 6e3 nepeHacTpoiiki MM.

Puc. 1. Cxema 30H TOTUIMBHO# CTPYH: 1 — YIUIOTHEHHOE OCEBOE A1po; 2 —
YIUIOTHEHHBIH nepeatuit GpoHT; 3 — paspexkerHan obonouxa; 4 — oceBoe
KOHHYECKOe AP0 NPUCTEHOYHOTO NOTOKA, 5 — YIUIOTHEHHOE AAPO
NPUCTEHOYHOrO NOTOKA HA MOBEPXHOCTH NOPILHA, 6 — YNIOTHEHHBIH
nepefHuit GPOHT MPHCTEHOYHOTO MOTOKA, 7 — paspexkeHHas 06onouka
NPUCTEHOYHOTO MOTOKA

KoHuentyanbHo B OCHOBe pacyeTa CKOPOCTH HCNApeHHs Kaluld JO H focie

BOCIIaMeHeHHs Hcmonb3yercs  ypaBHehne B.M. Cpesnesckoro. YpaBHeHHe

OTHOCHTE/BHOMA CKOPOCTH UCIAPEHHA LIS 30HBI i:

d.
;: =ﬁ_(]"b.47.,)%]:_’; Tu =T, ~Tos b',=YK,/d322,
i

rge: 1, — TeKyllee BpeMf; T, — BpeMs IONaJaHUA TOTUTMBA B 30HY i; 0, —JOJA
TOMMBa B 30He i; K; — KOHCTaHTa McnapeHHus B i-30He (cM. dopmyny 1); ds; —
cpenuit iuameTp Kanens no 3aytepy; Y — GyHKUMA KOPpeKTHPYIOLIas HEyUTeHHbIE
¢akTopb! M MOrpellHOCTH NPUHATBIX AonyuieHuH. OO6mas cKOpOCTh HCTMapeHus
onpejenseTcs Kak CyMMa CKOpOCTeil HCltapeHHs BO BCEX m 30Hax:
m
49, Za’o;,,/dr.
dr i3
KoHcTaHTHI HCnapeHHs TOMmIMBAa B pasHBIX 730HaX ONpENeNATCs U3
ypaBHeHUS:

K, =4x10°Nu, D, ps/p,, D, =D, (1, /T,Xp,/ p), m
rae: Nup — yucno Hyccenbra ans npouecca audpdysuu (2...3 — a1 NPUCTEHOUHOTO
notoka, = 20 — ana mepenxero ¢pouta); D, — koddpduuuent auddysuu mapos
TOMIMBA B YCIOBHAX KaMepbl cropanud; Dp, — ko3dduunent auddysun npu
ycnoBusx: p,=0,1 MIla; T,=293 K; T} — TeMnepaTypa KaIuld; p — TeKyllee JaB/leHUe
B LMJIMHAPE; Py — MJIOTHOCTD XHAKOrO TOILIHBA, KF/M3; ps = 2520 exp(-5220/T) —
AaBlIeHHe HaCHILEHHBIX NapoB TOIUIMBAa. B 30HaX NpHUCTEHOWHOTO MNOTOKA, Ha
CTEHKaX KpBIWIKH LWIHHApPA W HaA 3€pKaie LUWIHHApAa KOHCTAHTBI HCMapeHUs
paccyMThIBalOTCA Mo ypaBHeHHAM (1), a 7T) ecTh JKBHBaIEHTHas TeMIepaTypa,
3aBHCALLlAg OT SKBHBANCHTHOH TeMmnepaTypel COOTBEeTCTBYouleH creHkH T, (cM.
¢dopmyny 9). B cBoux nocneauux paborax Kynewor A.C. npegnaraer popmyny ans



ofnpee/ieHHs BeNH4MHbl T, Ha OCHOBE ONbiTa HAeHTHGHKAUUH Moxenn Husens-PK,
JJ1s pa3HbIX ABMraTened, ¢ ykazaHHeM BXOIALIMX KO3DGHLHEHTOB:

550 if T, <400
T, =<aT) +bT: +cT, +d if 400<T, <700}
700 if  700<T,

rae: a=0,243x10%; b =1,018x107; ¢ = -0,854; d = 709,6.

Tlpu pacuere CKOPOCTH TEIUIOBBIAENCHHS HCMOJIL3YETCH PAcMpoCTpaHeHHOe
JOTyIIeHHe O pa3leNieHuH fpouecca CropaHds Ha 4 OCHOBHBIX CTaHH, KOTOpbIe
OT/IMYAIOTCA  CBOMMH  H3UYECKUMH M XHMHUYECKHMH  0COOEHHOCTAMH,
JUMHUTHPYIOLIMMH CKOPOCTb Mpoliecca:

1. NEpHOa 3aA€PXKKH CAMOBOCITJIAMEHEHHUA,

2. cropaHse TOIUIMBA, HCIAPHBILErocA 3a NEPUO 3alePXKKH, o popmyine (2);
3. cropaHue BIPLICKHBAaEMOTO TOILIMBA, o hopmyne (3);

4. noropaHHe MocJjie BNphICKUBaHUA, 10 Gopmyne (4).

dx/d7=¢opo+¢lpn (2)
dx/dt=¢ P, +4, P, (3)
d/dr = §, 4, K, (1-x)&, a-x), @)

rae: P, =A,(m, 1V Yo, - %, )01 0, +x,); B =do,/dt; P, =A,(m, V. Jo, -xNa-x); x -
JONs BBIIENHBIIErOoCs TeMa WIH NOJS CropeBUIEro TOMNWBA;, Xp — ZHOJS Napos
TOILIMBA, 0OPa30BaBLINXCA 32 MEPHOA 3a€PKKH H CTOPEBIIMX K TEKYLIEMY MOMEHTY
BPEMEHH; 0,y — A0S NAPOB TOIUINBA, 06pa3OBaBLIMXCA 3a NEPHOJ 3aJEPXKH; @y = ¢,
~ ¢, = ¢ — QYHKUMA, OMKCHIBAIOLIANA TOJIHOTY BHLITOpaHUs MapoB TOM/IWBA B 30HE
CropaHHs U pacCYNTBHIBaEMas 10 BhIPAKEHHIO

g=1 o n+y, 300rw,.exp[

- -16000 ) || a .
Sa-x i=l

2500+7,, )|(dr’

TonpoGHblit anropuT™ pacyeTa M ONMCaHHE BCeX NEPEMEHHBIX CONCPXKMTCS B
pabotax Kynewosa A.C. [lns pacyeTra KOlHYeCTBa TEIUIOThI, OTBEJECHHON! B CTEHKH
pabouero obbeMa UMIMHApA, Mcnonb3yeTcs ypaBHeHHe HbloToHa-Puxmana. [lna
onpefieIeHUs NapaMeTpoB TEMOOOMEHa WHCHOMB30BaH DAL METONOB pacuera,
Haubonee IMPOKO HCMONB3YeMBIX B 0ONAacTH ABHraTeNeCTPOEHHS, NMPEUTOKEHHBIX
KaK OTeYeCTBEHHBIMH, TaK H WHOCTPAaHHBIMH YYEHBIMH.

B Tperbeii raaBe uanaraeTcs MaTeMaTHYecKas MoOJICIb pacyeTa TEMIOBOTo
coctosiiusa aetaneit KC. [lna onpenenenus temnepatyp nosepxsocreit KC peaercs
3ajaya TeMJIONpOBOAHOCTH JUIA OCHOBHBIX Jetanedi KC MeTOOOM KOHEUHBIX
aneMenToB (MK3). MHOrouHcsIeHHBIE 3KCTIEPUMEHTHI Ha paboTalOIIMX JBHIaTeNsX
PavIMYHBIX THIOB [IOKa3alH, 4YTO HA YCTaHOBUBLIEMCA pexuMe paboThl
TEMIIEpaTypHHIE NOJS TAKMX JeTaneil, KaK NMOpIllUeHb, BTYNKAa W KPbIlUKa LIHIMHADPA B
TeYeHHe paboyero LHUKIA MEHAIOTCA HE3HAYHTEAbHO W B IEPBOM MNPHOIMXEHHH
MOFYT CUMTAaTbCs CTauMoHapHeIMH. Teruiosoe none LTI u KphlukM uUMAMHApa
PacCUMTHIBAETCA B OCECHMMETPHUYHON mnocTaHoBke. Jlns pacuera TemnioBoro
COCTOSIHHA AeTanci, AeHCTBUTENbHBIE YCAOBHUS HECTALHOHAPHOIO MEPHOAHYECKOTO
TEr1006MeHa 3aMEHAIOT HEKOTOPHIMH CTAllHOHAPHBIMH YCNOBHUAMU. OcpeaHeHHbIe



3a pabounit UMK 3HA4YeHHS JIOKANBHOTO KO3(QOHLHEHTa TEMIOOTAAYH &g H
pe3ynbTHpYoLLeH Temneparypm cpelbt Tpe; onpene.rme’rcx no ¢opmynam:

@ = T35 Ia(¢>d¢, T = — ja(¢> )44 )

rae a — koa(duuneHT TennooTaauH, T — Temneparypa Cpelibl, OMBIBAIOIIEH JaHHYIO
nosepxHocTb. [lepBocTeneHHoe 3HayeHHe NPU MOETHPOBAHUH TeMNEPaTyPHBIX Mo
umetoT napamerpsl TemnoobMena 8 KC JIBC. [lna onpeeneHns TEKYLIETo 3HaUEHUA a,
B JaHHOH paGoTe ucnosbsyerca Gopmyna I'. Bomrnu. HepaBHOMEPHOCTb TEMIOBOTO
MoTOKa, UAyllero B nopiueHs yepes KC, MoaenupyeTcs ¢ oMoLibio 3a1aHHOrO 3aKOHa
M3MEHEHUS @ 10 paauyCy UHIHHApA, XapaKTepHOro A gaHHoro tuna KC.

TernnoobMeH rasoB ¢ TWib30if MOZEIHPYETCA MO METOAMKE, H3NIOKEHHOH B
paborax M.P. IleTpuyeHko: cyMMupyeTCs MOTOK TEIUIOThI, HAYIUMH B OTKPHITYIO B
RaHHBI MOMEHT YacTh rwib3bl. B oTkpeiToif yacT rwms3sl B KC koddduumeHt
TeIUI0OT/auM paccuuThiBaeTcas No ¢dopmyne I'. BolunH, co CTOPOHBI KapTepa
K03DHUMEHT TEMIOOTAa4H NpHHHMaeTcs paBHbM 100 B1/(M* K). B KC Temneparypa
rasoB, OMBIBAIOLIMX T3y, OepeTcs U3 pacyera LMKIA AH3ENA, CO CTOPOHBI KapTepa
3agaercs ABHO — 373K. Bonburyto yacTh TeNnoTh! MOpiieHb OTBOAMUT BO BTYIKY, Yepes
Konsua (1o 60% Ang HeoxnaxaaeMmblx MopuiHeit). Pacyer napametpoB TeruioobMeHa
Konel ¢ MOpIIHEM H BTYNKOH MpoBOoAMTCA Ha ocHoee pabor M.P. ITerpuuenko, B.M.
Ionosa u ap. Ha noBepxHocTH xoHTakTa 2 4 3 (pHc. 2) Ana oueHkH koddpduuueHta
TETJI00TAAYH HCTIONB3YETCA MOJyIMMNUpUYeckas 3aBUCHMOCTD, NIpUBEICHHAs B KHUre
B.M. Tlonosa.

Puc. 2. Cxema nepesayun TEILIOTHI Puc. 3. PacuetHas cxeMa 1,14 onpenencHus
Yepes MOPUIHEBOE KOMBLO napaMeTpoB TernoobMeHa Kolblia co
BTYJKOH

Ko3$pduuneHTs! TemnooTAayu Ha HOBEPXHOCTAX 2 U 3 nepeMeHHb B
3aBHCUMOCTH OT yrjla NOBOPOTa KOJIEHYATOro Baja, YTO CBA3AHHO C MeEpeKsiafKkamH
Koney B kaHaBkax. [lnd onpeaeneHHs B3aMMOACHCTBHMSA KOJbLA C KaHaBKOM
HCIO/b3YeTCs yPaBHEHHE PaBHOBECHA KOJIbLIa B OCEBOM HallpaB/ICHHH:

F,=F +F,+F,,
rae: F; — cuna nuHepumu Koneua, F,,, — CWjla TPEHHA KOJbLa, F, — CHIa OT [aB/IeHHs
razoB. Ecnu cymmapHas cuna F, > 0, To KONBLO NPHXATO K HHXHEMY TOPILYY
NoplIHeBO# KaHaBKH, ecnu F, < 0, To k BepxHeMy Topuy. Ha nosepxHocTtH 4 (puc. 2)
K03 GUUHEHT TEMI00TAAYH ONpeenseTcs BeMMYHHON COOTBETCTBYIOLIETO 3a30pa H
TEMNONPOBOJHOCTBIO 3ANONHAIOLIEH ero cpelbl, HanpHMEp Maclia WM 3MYJIbCHH
Macna M rasa, IpOHHMKalOLIEro ¥3 KaMephbl CropaHus Apuratesis. Temneparypa cpeast



onpeeNseTcs Kak CpeJHEE 3HaYeHHE MEXAY TeMHAepaTypaMH COOTBETCTBYIOLIHX
NOBEPXHOCTEH KOJbUA M KaHaBkW Konbua. s pacuera TennoobmeHa Ha
11o8epxHOCTH 1 (puc. 2) 6mna uenonbzoBaHa MM, BioyYaowas TenaooGMeH npu
T'HIPOJIMHAMHYECKOM, NIEPEXOTHOM H FPAHHYHOM peXHMax TpeHHs. B obieM cayuae
A0S peuleHHs 3aJjauM TernooOMeHa Ha peXuMaX THIPOAMHAMHYECKOW CMa3KH
HeoOXOIMMO pellieHHe CHCTeMBl ypaBHeHuit HaBbe — CTokca. OaHako, NpUHUMAas BO
BHHMAaHHE T€OMETPHIO, YCI0BHS paboTsl H BHIOPAHHYIO pacueTHYIO CXeMy B KHUre
PM. TlerpuueHko npHBeAeHa OLEHKA CJaraeMbiX CHCTEMBl M TpUBeJeHa
ynpolleHHas cHcTeMa ypaBHeHuil. Hcnone3ys pacnpeneneHse cKopoctH B
NnonepeyHoM HanpasleHHH, NonydeHHoe B KHHre H.A. CnéskuHa Ha pexume
FHIPOAMHAMHYECKOrO TPEHHS CPelHSAA TeMreparypa Macia (T ), M koddduuueHT
TEIUI00TAaYH (@z) MOA KAaXABIM Y3NMOM Kojbua (CM. pHC. 3) BRIYHCHSIOTCA IO
BBIPOKEHHAM (BRIBOJ GOPMYN MPUBENEH B TEKCTE AUCCEPTALMH):

] L LQ)’L Te+T, a=_(mﬁ)/(u+3) 6
T"1[|z+y’(m w | T2 - h 2 > ©

2 2
,,=[,,U_I_U(@)m(@) E_]; B=£[91+L(22) h_]
2h x)6 p\ox) 24 Al 12 p*\ax) 240

ap(x)/ax =6 UK (x)+C, /K’ (x), 4, 4 — KOIDOHUMEHTH TEIUIONPOBOAHOCTH M
JVHAMHYECKOH BA3KOCTH Macja, COOTBETCTBEHHO; U — TeKylluas CKOPOCTb MOPILUHS; p
— JaBlicHHE NOA KoJNbUOM; T, T — TeMiiepaTypa MOBEPXHOCTH KOJIbLA U LMIHHAPA,
COOTBETCTBEHHO, C, C; — K03 PULUEHTH, HE 3aBUCALLME OT Xx. I annmpoKCHMalUU
npoduns KonbUa HCIIONB3YETCA KyCOUHO-TIHHEHHAA QYHKUMA (pHC. 3): h(x)=a -x+b,
rae a=(h, -h)/(x,, ~x), b=h -a-x,. 11 pacyeTa pacnpefencHH1s JaBIeHH Macia
NOR KOJNBLUOM H ONpeAeNeHNs TONUMHEI COS CMa3KH pellaeTcs 3afaya JHHAMHKH
IBUXKEHHS KOJbL@ B pafvaJbHOM HanpasneHHu. Vcnonbsyercs MeToauKa,
omucaHHas B paborax P.M. [Ilerpuuenxo, C.A. AHukuHa, A.B. Maiioposa.
IlopmHesoe KkonbLo MOXeT paboTaTh B  pPa3fAHYHBIX pPEXHUMaX TPEHHUA:
TUAPOJMHAMHYECKOM, MEPEXOAHOM, CyxoM. [JIns omnpeneneHus TeKyIIEro pexuma
TPEHHS HCIIOJB3YIOTCA COOTHOLIEHHS: S < Sy ~ cyxoe TpenHe; So < S < §,;, —
NepeXOIHbIA PeXHM TPeHHSs; S > S, — THAPOAUHAMUYECKHI PEXHUM, THE S, = 10,
So = 10°, §=(u-U)/(F,/a), Fx — panMansHas Harpy3ka Ha KOJbLO, d — OCeBas
TOMUKMHA Konbua (puc. 2). Ilpu cyxoM TpeHHH ko3pGMUMEHT TemIOOTAaYH A
KONbLIa M BTYNKH BBIYHCHAETCS MO BbIPAXEHHIO, MpPHBENEHHOMY B KHHUTe B.M.
IonoBa. Ha nepexonHoM pexxume TpeHUs KOIQGUIIHEHT TEMIOOTAAYH BEIYHUCSETCA
KaK cpefiHee apHOMeTHYECKOE MeXIY K03QdHULHEHTaMH TEMNOOTAAYH NPH CYXOM H
THAPOAHHAMHYECKOM peXHMax TpeHus. B ucnonbzyemoit MM yuuteIBaeTcs Temo,
BO3HHKaIOlllee [IPH CYXOM TPEHHMH Kojeli O ruib3y. TemnoBoil MOTOK OT TpeHus
BBIYMCIAETC: g, =f V. -F,, rae f — koabouument Tpenuda. Ilpu sToM
npearnosaraeTcs YTO TEIToBOR MOTOK MEXTY KOJMBLOM M BTYNKOH pacnpepmensercs
paBHOMepHO. [lna pacyeTa Tenyoo6MeHa 1006KH NOPIIHA CO BTYJKOH HCMONB30BAHO
JIOTyIIEHHE, YTO NMOPIUEHb HE COBEPIUAET MONEPEeYHOro KayaHHs, H IBHXETCS CTPOro
no ocH, pacyeT MapaMeTpoB Temnoo6MeHa npoBogutcs no dopmynam (6). Ha



NOBEPXHOCTH JHA MOPLIHS, o6pallieHHOH K KPHBOIUMMHON kamepe, K03(dHULHEHT
TEeNNOOTAaYH 3ajaerci ABHO. [IpM HAIHYMM MONIOCTH OXJIAKAEHHA B MNOPIUHE ANA
pacueta Teruioo6MeHa Ha ee MOBEPXHOCTH HCMOJB3YIOTCA 3KCIIEPUMEHTAbHBIE
naHHble. PacyeT MHTEHCHBHOCTH TEIUIOOTAAYH OT OXJIaXKAAeMBIX NOBEpXHOCTEH B
LaHHO# paboTe MPOBOANTCA Ha OCHOBAHHH KPUTEPHATLHBIX GOpMYA, MpHBEAEHHBIX
B paborax M.P. Iletpuuenko, [.A. JlabyHuoBa, M.A. MuxeeBa. DTH ypaBHeHus, B
3aBUCHMOCTH OT TEMMepaTypsl OXJaxJaeMOH TMOBEPXHOCTH, TeMIEpaTyphl,
CKOPOCTH, JaBNEHHA XHAKOCTH B CHUCTEME OXNaXAEHHA HA OTAENbHBIX y4acTKax
TErIOBOCNIPUHUMAIOILIE  MOBEPXHOCTH, TO3BOJIAIOT  PAacCUUTHIBATH  PEXHUMBI
TennooOMeHa NMpH BbIHYXACHHON KOHBEKUUH U B peXXHME NMOBEPXHOCTHOTO KHIICHHUA.
Pacuet napaMerpoB TeriooOMeHa MeXAy KPbILIKOH LMIHHAPAa W OXJIaxAaloLiel
KHIKOCTHIO MpPOBOAMTCA MO aHanoruyHo#t Meroamke. CpenHsa Temmeparypa
XHAKOCTH B pyballke OXJaxaeHHs LWIMHApPAa M TOJOBKE 3afaloTca ABHO. [Jlns
OCpEIHEHHA MapaMeTPOB TeIIOOOMEHa Ha MOBEPXHOCTAX: MOPUIHA, BTYAKH H
KPBIWKH UMAMHApPA 32 LMK HCMONB3YIOTCA BhipaxeHus (5). Mx pacueT Begmercs c
waroM | rpagyc noBopoTa KoJIieH4aToro Basa.

B 4eTBepTOii I1aBe PacCMOTPEH AITOPUTM COBMECTHOTO pacyera pabouero
npouecca ¥ teruioBoro coctosHus LI, TennoBeie Harpy3kd ABNAIOTCA HCXOAHOH
uHopmaumedt ana pacuera TeruoBoro coctoaHua KC, a momydyeHHoe TeruioBoe
COCTOSIHME HCIIONB3yeTCs KaK MCXOOHad MHQpopMauus A8 YTOYHEHHOro pacyera
pabouero uukia. [lns cornacoBanus paboyero UHKIIA € TENJIOBbLIM COCTOSHHEM €ro
neraneft  BBIMOMHAETCA  HECKOAbKO  MTepaumit. JIns OLEHKM  CXOAMMOCTH
COrJIacOBaHHA TEMIEPATypPHOTrO MOJIA MOPIUIHA M BTYJIKH, HCIIOJNB3YETCA aHAIM3
pa3HULbI TEMIIEPATYP BO BCEX Y3/1aX CETKH Ha ABYX NOCIEAHUX HTEpalLuAX:

T ™ = A/IAXQT}‘“ _Tl<k-|> )’ (8)

rae: T;°%" — Temneparypa i-ro y31a Ha k-o# utepaumu; T;*'” — temneparypa i-
ro yana Ha k-/-oii urepaunu. s JOCTHXKEHHA TOYHOCTH nopsaaka T.,”” < 0,1K
Heobxoaumo ot 10 10 35 urepaumi s ABuratenei ¢ HHTEHCHBHBIM OXJIAXKICHHEM
nopwHeft MacioM M g0 50 wurepauuit (cm. puc. 4) ans pBurateneit Ges
NPUHYOUTENbHOrO oxnaxaeHus mopiuneil. [locne Toro, kak TemnoBoe monme ITHX
netaneil ObuIO cornacoBaHo, TeMmeparyphl nosepxHoctelt KC mnepepatorcs B
nporpamMMy MoAaenMpoBaHua paboyero mnpouecca Agu3ens. Ob6mas cxema pacyera
TeroBoro coctosHusa aetaned LI Beiraaut caenyomuM obpasom. Ilpu 3anycke
pacuera Temneparyp KC 3amaerca opHeHTHpOBOYHA® TeMNepaTypa Becex AeTanei,
okpyxatowux KC (B nporpamMe 3T0 MpOMCXOOMT aBTOMATHYECKH), Ana pacyera ['Y
TeruioobMeHa. PaccunThiBaloTcs K03G(QUUHEHTH! TEIVIOOTAAYH BCEX NMOBEPXHOCTEH.
Ins nepso#l urepauuu napamerpsl Teroo6Mena KC 3agatorcs B 3aBUCHMOCTH OT
CTEeNeHH CXKAaTHUA M JaBNEeHUA HalJLyBa B MpPEONONOXEHHH, YTO ABHratens paboraer
Ha HOMHHAJIbHOM peXHMe. DT NaHHble BHECEHbl B MPOrpaMMmy B BHJE MAaCCHBOB.
3HaueHHs MaccuBa ObUTH NoNydyeHbl Npu pacyere ABHratend tuna YH13/14 na
peXXHMe MaKCHMaIbHOM MOILUHOCTH NPH YacTOTE BPALLEHHA KoneHyaTtoro Bana 2400
1/MuH. 1N YacTHYHBIX PEXHUMOB MPU M3MEHEHHH YIJia ONEepexeHHs BNpbICKa, a3
rasopacrnpe/eneHus, pasMEepHOCTH ABUTaTeNs H T.J., TapaMeTphbl TemIoo6MeHa 6y xyT




IOpYTHMH, OJIHAKO [/ 3anycka MapiieBOr0 ajropuTMa pacyeTa TersoBoro
COCTOSHHUA JTa OIHOKA He HMeeT CYILECTBEHHOrO 3HAUYEHHMS.

T:,nx,K‘ 1-A 2-8 == 1100 /mun

uTepauma
“ 1 pabovero wrepauma o 1300 Vimun

L pabovero =—=— 1500 1/mun
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Puc. 4. Ilpouecc cxogumocTu urepauuit ans asuratens AM3-238 npu pacuere

PEXXHMOB BHEILHEH CKOPOCTHOH XapaKTepHCTUKH

Pewaroliee 3HaueHHe, MpU OLIEHKE MapaMeTpoB TemnmooOMeHa, Ha MNepBoit
HTepaluH, SBAAETCA 3HauyuTeNbHas oluMbka pacuera Temneparyp aetaneid KC,
KoTopas MOXeT cocTaBasath (125 ... 85) °C npu rpy6oit oueHke a, Tpe;. Takas
omubka 3actaBnseT pAenate OGonblie Ha 4-6 uTepaudH IS ABuUrateneit ¢
NPHHYAMTENbHLIM OXJIXKAEeHHeM mnopuiHel, 1 Gosbwe Ha 9-13 wurepaumit mns
npurartesneit 6e3 oXJIaKAEHHs 0 CPaBHEHHIO C TOYHBIM OMpeAe/ieHHEM NapaMeTpoB
TennoobMeHa. Bo BpeMs MapileBoro cyera sHaueHUA kod(GdHUMEHTa TENNOOTAAYH U
TeMnepatypsl B uunuHape nporpamma usens-PK nepenaer B noanporpammy
pacyeta TeruoBoro coctosHua KC. PaccuutaHHble mnapaMeTpsl TeruooOMeHa
nepejaloTCAs B MpOrpaMMy pelieHHs 3ajayM TeronpoBoaHoctTH MKD, rae
ONMpeAeNAOTCA Mois Temneparyp Bcex Jertanedl. Ilocae pacyera Temmeparyp H
flapaMeTpoB Temoo6MeHa Bcex JeTaneii NpHHUMAETCA pelleHHe 0 HeobX0AHMOCTH
OanbHEHIINX MTepalWit YTOUHEHHA MapaMeTpoB TemiooOMeHa M TeIUIOBOTO
COCTOSAHHMA CUCTEMBI, cornacHo (8). [lna yuera nokanbHbIX TEMIEPATYp NPH pacyeTe
pabouero npoiecca HCMoNb3yeTcs IKBUBaNEHTHas Temnepatypa (T,;) NOBEPXHOCTH
KaMepbl CTrOpaHHsA, pacmoyoXeHHOH Noj MATHOM MPUCTEHOYHOro moToka (puc. S5).
Jna pacuera KBMBAIEHTHON TeMIeparypbl MOBEPXHOCTH KaMepbi CropaHus (mpu
MOJENIHPOBAaHHH CcMeceoOpa3oBaHHA H CropaHHa) HCMONB30BANIMCH CIlIEAYIOLHE
JOMYIIEHUsA. JNeMeHT NMOBEPXHOCTH KaMephl CrOPaHHs MOPLUHA MEXIY COCCOHHMH
ysnamu (y31sl 13 u 14 na puc. 5) npeacraBnser coboit anemeHT GokoBoH
NOBEPXHOCTH KOHYCa, TEMIIEPATypa OT y3/1a K y3/1y H3MEHSAETCA JIMHEHHO.




9 5 wWihs @ % ® B
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NPHCTEHOMHOTO NOTOKR

TOMJMBa
BoipaxkeHue 115 pacyeTa S5KBHBAIEHTHOH TEMIEPATYpbl HMEET BHA!

M z2,-2 P kT, b
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i=l "l

wi 2 ’
El Zia T3 (r 2 1)
N 2 PP
T =7,
rae M — Konu4ecTBo Yy3J10B, OITHCBIBAIOLINX KaMEPY CropaHUsA MOPUIHSA, i— HOMeEp

y3na; ¢, =L, [r, — yrioBoii pa3Mep NMATHa Ha NAHHOM pajuyce; JUIA NPHCTEHOYHOTO
MOTOKAa,  pPAacmpoCTPaHSIOIErocs B HalmpaBIeHMH  CTEHOK  LAIHHApa

L =0,5[\/I L1} (Lw, [Lw, | +J1+ L1, (Lw, /Lw, )’]; AN TPUCTEHOYHOro  TIOTOKa,

pacrpoCcTpaHaoEroca B HanpaBJICHHH HEHTpa KaMeEphI CropaHus
L= o,s[Jl + 12 (Lw, [Lw, } +1+ L2} (Lw, [ Lw, ] ]

Ins ynoberBa paboThl ¢ CO3JaHHON MpOrpamMMoii pacuera, a Takke C LEJbIO
aBTOMATH3alLMH co31aHUs daina ceTkH, ObUT CO3RaH MpenpoLeccop H TOCTIPOLECCOP,
TMOJIK/TOYaeMbIE HEMOCpeACTBEHHO K 00osouke nporpammbl uzens-PK. B pazpabotke
1 co3naHuM uHTepdeiica yuacTBoBan urxeHep ®anees J0.M. Ha puc. 6a npuseseH
¢parmedt oxHa nporpamMmnl [uzens-PK ¢ yka3aHHBIMH KHONMKaMM [UIs 3amycka
npenpoueccopa (1) co3ganus pacyeTHoro daiina u nocnpoueccopa (2) ans o6paborku
M BHIBOAA MOJY4YeHHbIX pe3ynbTaroB. Co3maHue KoHcTpykuuud LTI pmBurarens
npeacTasnseT cobol BEIGOp roToBOH KOHCTPYKLMH OTAENBHO MOPUIHA M LMIMHApPA C
KpBILIKOH U3 Habopa roTOBBIX pellieHHit, HAXOAAMXCS B 6a3e JaHHbBIX.

B nsvoii rnaBe mpuBedeHbl pe3ynbTaThl pacyera paboyero mporecca U
CJIOXHOTO TerlooOMeHa Ha BaXKHEHIIMX FOBEpXHOCTAX, o6pasytommx KC.
Wnentndukauus maremaruyeckoif Mopenud pabovero Lukia M Terwoo6MeHa Gbula
NIpoBE/ICHa /1S AM3esell pasIMYHOro Kjlacca: ABWraTeNd Ipy30BbIX aBTOMOOHJeEH
84H12/12; 8413/14; neurarens tennososa 16UH26/26. ITocne uneHtHoukauun MM
OblnM  npoBeAeHbl  PacYETHbIE MCCNENOBAHHMA TEPCNEKTHBHONO JAM3ENf  THMA
12YH26,5/31.
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| Favmraa s pacery

Swin MapawTin A Onmewoswm Pecet Pewmtere HacToown Crosms

& Des  Teepecers

B)
Puc. 6. HUutepdeiic paspaboTaHHoii nporpaMMst (a); okHO mpenpoueccopa (6);
OKHO NocCTnpoleccopa (B): 0TobpaxeHa ceTKa KOHEUHbIX 3IEMEHTOB H
H30JIHHUH TEMAEPATYD
Ilpu wmpentHouxaumy MM guzens 84Y13/14 ucnonb3oBaIMCh MaTepHalbl,
npusefenHsle B Auccepraunu JlomakoBa I1.A. Ha puc. 7 npuBegeHo cpaBHEHHC
TEMIIEpaTyp MOPLIHA B XapaKTEPHBIX 30HaX, MONYUYEHHBIX PaCYETOM MO NPUBEIEHHOMH B
AMCCEpTaLMK METOJMKE U 1o MatepuanaM pabotst Jlowakosa [1.A. ITons TeMneparyp
LI, nomyyeHHbie B pe3yabTaTe COBMECTHOrO pacueta paGoyero rmpouecca M
Terutosoro cocrogHus LI, npuseneHs! Ha puc. 8.

Tyenp. C T, € Wiy, C
0 T 20 b7
Pacuer I J]1 I l
20 280
P:
20 270 SN [l, - Pacyer
. o w1
R -
20 \_3xcnepument 20 )(
190 1
1%
230 g, l \amnoeuum’
180 20 %——4 180 —
1100 1300 1500 1700 1900 2100 1100 1300 1500 1700 1900 2100 1100 1300 1500 1700 1900 2100
Yactora spaujennn konenvaroro Yacrora spaujenna konewvaroro Hacrora spawjenna xonenvaroro
sana, 1/mmn sana, 1/umm sana, 1/

Puc. 7. TemnepaTypsl NOpUIHSA B XaPAKTEPHBIX 30HAX: TW yeyrp — B LIEHTPE KaMepPhI
cropaHHs, TW 4. — Ha KDOMKE KaMephl cropanHs, Tw — B paiioHe | konbua
Owubxu npH pacyere TEMNepaTyp MOPIUHA B XapaxkTepHbIX Toukax (puc. 9)
coctaBisioT He Gonee: SK (2,2%) nna ueHtpa kaMepsl cropanus, 9K (3,6%) ans
KpOMKH Kamepbi cropanus u 12K (6,3%) ans TemnepaTypsl B palioHe mepBoro
nopuHesoro konslia. IIpuunHa noBbILIEHHOH OWMOKK MpH pacyeTe TeMneparyp B
30HE TEpBOro KoJbLA JIeKHT, CKOpee BCero, B HECOBEPLIEHCTBE MOJEIH
tennoobMeHa koneu. B nansHeiiieM Heo6xoaMMO COBEpLIEHCTBOBAHHE YKa3aHHOI
MOJENH Ul BKJIIOYEHHS [HaHHOM TeMnepaTypsl B CIHCOK OrpaHMucHHH;
MHOronapamMeTpoBoit onTuMusauuu nporpammbl [uzens-PK. B uenom moapens



CONpPAXKEHHOro  Terioo6MeHa  TOPIIEHb-KONBLO-BTYJKA  CNEAyeT  MpPH3HATh
JOCTOBEPHOM, T.K. olInbka B pacyeT TeMIepaTyp KaMephbl CropaHus Menee 5%.
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Puc. 8. Tennosoe cocrosuue LT ausens SIM3-238 npu paboTe Ha Tpex pexxuMax

BHEllHeH CKOPOCTHOMN XapaKTepUCTHKH

Ha puc. 9a npuBeneHo cpaBHeHMEe TEIUIOBBIACIEHUS Ha TpeX pexuMax
BHELIHEH CKOpOCTHOH XapakTepucTHkd SAM3-238, paccyuTaHHBIX O CTapoi M
yCOBEpIIEHCTBOBaHHOM MeToxuke. IlpuBefeHHblE TeMMepaTypsl NOBEPXHOCTH
MOPIUHA NOJA NMPHUCTEHOYHBIM IIOTOKOM CTPYH TOIUIHBA (pHC. 9a), pacCUHTaHHHIE C
UCMOJIB30BaHHEM Pa3THYHEIX MeToauK: MK3 U MHOrocnoiHoi CTeHKH NoKa3kIBaKoT,
4TO NPEXKHAA METOAMKA pacueTa cOATaHCHPOBAHA Ha PEXXUM MaKCHMalbHOro Pe, Tak
KaK Ha JIpyrHX peXMMax TeMrnepaTypa TMOBEPXHOCTH TIOPLIHA Oy4aeTcs
3aHIDKEHHOH. D70 mpHBOAMT K ominyHio dx/de Ha pexuMax, OTIHYAlOIMUXCA OT
YKa3aHHOTO. YuMThbIBad HalIHYHe YTOYHEHHOTO pacdera cMeceobpa3oBaHHA U
CropaHus, a Takxe Ternsjoo6MeHa pabouero Tena Co CTEHKaMH KaMephbl CropaHHs
(puc. 96), nmonydyaeMble MHTerpajibHble 3Q¢deKTHBHBIE NOKa3aTeNH AU3eNsd TOYHee
OMHUCHIBAIOT paboTy ABHraTeNs B IUMPOKOM JHaNa3oHe peXHMOB. B kauecTse
NOATBEP)KAEHHA 3THX CIOB MNpHBeaeHa Tabnuua 1, rae NpUBeNEHO CpaBHEHHE
napaMeTpoB JBHrartens Ha BHeLIHE#l CKOPOCTHOH XapaKTEpHCTHKE C TeMH Xe
napaMeTpaMH, Mojy4eHHBIMH B nporpamme Jlusens-PK 6€3 kKOHEUHO-371EMEHTHOrO



pacyeTa TeMmjI0BOro COCTOAHHA OCHOBHBIX AETaleH, H C Y4ETOM JIOKAIBHBIX 3HAUEHHiT
TeMneparyp.
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Puc. 9. PaccuntanHble XapakTepUCTHKH a) TernoBblaeaeHHs (dx/d) u TeMmepatypsl
CTEHKH 1101 NPHCTEHOUHbIM NOTOKOM (Tw ,,¢); 6) ocpeaHerHble
Temrepartypsl nosepxHocreit: T, , — nopuss, T, 4 — BTYyAkH, T, —
ronoskH npu pabore AM3-238 Ha Tpex pexkuMax BHelLIHeH CKOPOCTHO#
XapaKTePUCTUKH

Tabnuua 1.
DKcniepuMeHTAIbHBIE JaHHbIE U PE3YJILTAThl PACYETa MHTErpabHbIX NapaMeTpoB
SAM3-238 (6e3 HagRyBa) N0 BHELIHEH CKOPOCTHOM XapaKTepUCTHKE

Ne, kBT ¢, I/(kBT 4)
n, pacuer
1/Mun | 3xkcnepuMeHT | Ge3 pactiet JKCHEPUMEHT pacer bes | - pacuet ¢
MK | € MK2 MK3 MK3
1100 95,8 97,9 96,6 243.5 2383 2414
1300 1194 120,7 | 119,1 239,5 236,6 240,2
1500 139,1 1403 | 1382 238,8 236,8 2404
1700 155,0 156,1 | 1534 241,2 239,5 241,7
1900 166,9 168,0 [ 1688 2469 2453 246,2
2100 174,9 175,8 176,5 255,8 254,5 253,7
N — YacToTa BpallleHHs KoJleHYaToro Bana; Ne — MOILHOCTb; Pe — cpefHee
s¢pdexTHBHOE aB/eHHE UMKIIA; ge — yAenbHblH 3ddexTuBHBINA pacxo TonaMsa.




Ipu pacuere aeurarens §UH12/12 ucnons3oBanuchk AaHHble Mo AedGoOpMaLHu
nopuHs 43 paborsl B.H.Huxuumnba. CpaBHeHue pesynbratoB pacyera Ne, ge Ha 3
pe/kuMax BHelIHEH CKOPOCTHOM XapaKTePHCTHKH € 3KCNIEPUMEHTAIbHBIMH JaHHBIMH
npusefieHo Ha puc. 10. TeMneparypa nopiHs, BRons obpasytomied 106kH (CM. puC.
11), xopowo cormacyeTcs ¢ pe3ynbTaTaMH OKCIEpHMEHTa M3  paboThI
B.H.Hukuwnna,

Ne, _, 3KCnepuMeHT
kBT
— Pacvert
zw vy
.
150 -
L3
100 A e,
(4 rikBTy
o0 1P ~210
\_,‘,.- Te
0 Q 200
1000 1400 1800 n, mun-1
Puc. 10. BHewHss ckopocTHas Puc. 11. Temnepartypa B1onb
XapaKTEepUCTHKA JH3EA --- — obpasyolneit NopiHs; --- —
paceT; —0— 3KCIIEPHMEHT pacyetr MKD3; —o— 3xcnepuMeHT

Pacuer npoBopuics ans pexuma: n=2200 1/mun, Pe = 0,92 MIla. IMopens
OXJIAXKJAETCAd MacjoM C TIOMOLIBIO OPOIIEHHMA IOHMINA M3 YCTaHOBJICHHON BHH3Y
uuauHapa ¢opeynku. C uenbto anpobauuy MM npHMEHHTENBHO K ABHraTessM ¢
BbICOKHM Pe ObuiM mpoBefeHbl pacyers! ausens 16UH26/26 no BuHTOBOIA
xapaxtepuctuke. [Ipu unenTHuHol HacTpoiike MM pabouero nporecca npUMeHeHHne
YTOYHEHHOH METOAMKM pacueTa TeIUIOBOTO COCTOAHMA [O3BOMET TOYHee
PaccyYHTBIBATh 3)PEKTHBHBIE OKA3ATENH JABHraTENA.

Tabnuna 2.
Pe3ynbTaThl pacyeTa M SKCIepUMEHTANTbHBIE NaHHble au3ensa 16UH26/26
n Ne, kBT ge, r/(xBT 4)
1/mMuH | akcnepuMeHT | pacuer 6e3 MKJ | pacyer ¢ MK3 P ac;;;:gaﬁ ©3 Pi;‘ll:; ¢
1100 4411 4444 4415 2198 221,0
1010 2193 2202 2198 233,3 234,1

Tpn pacuere apuratens 164H26/26 «6azoBas» MeToauka nporpaMMal JJusens-
PK pacuera TennoBoro COCTOSHMA JAaeT 3aBbllEHHbIE 3HayeHHs MouHocTH. [Tocne
NpOBEACHHA HACHTHOHUKALMKH MOAETH TEIJIOBOFO COCTOSHUA (puc. 12), yTOUHEHHas
METOZAMKa foka3sana 6oee BbICOKYIO TOYHOCTb pacyeTa, cM. Tabuiy 2.

Ipemnaraemas ycoeplieHCTBOBaHHAsA METOMKA pacyeTa Obl1a NpUMeHeHa 11
pacuera nepcnexTHeHoro asurarens J500. Unentudukauus MM paboyero npouecca
6bu1a nposesieHa KynerosbiM A.C. TIpOTOTHNOM KOHCTPYKLMH MOCITYXXH ABHraTeNb
10/149 KonoMeHCKOro TernjioBO30CTPOUTEBHOTO 3aBOJIa C KaMepGH CropaHus Tumna
«menkuit [eccensmany. Ha puc. 13 npuBeneHs! paccyuTaHHBIE MPaHHYHbIE YCIIOBUA U
obwas kapthHa TenioBoro coctosHua LI pusend. MakcHMaibHBIE TeMINepaTyphl
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nopuuHs He npesbiwatoT 384 °C. Temnepartypa B paiioHe NepBOro NMOPILHEBOrO KoJlbila
cocrasser 192 °C.

192 215
22

n =1100 1/unn 2} n =1010 V/uun ¥ 17
Ne=4412 xBr s Ne=2193 xBr e 0

Puc. 12. Tennopoe cocrosxue /149 Ha ABYX pexxuMax BUHTOBOM XapaKTePHCTHKH; Ha

BBIHOCHBIX JIHHUAX JaHHBIC TEPMOMETPHPOBAHHA CO CTOPOHBI BITYCKa H

BBIITyCKa
Q =1200

res

Puc. 13. PaccunTaHHble rpaHuyHble YCIOBHA H TemsioBoe coctosHue LTI ¥ kpbitku
uunruapa ausens JA500 Ha pexuMe MakCHManbHOH MOILHOCTH

OCHOBHBIE PE3Y.JIbTATbI AJUCCEPTALIMOHHOM PABOTBI

1. [Hdns yrouHeHHoro pacyera paGoyero mpouecca pazpaboTana
MaTeMaTHYecKas MOAENb CIOXHOro TennoobMeHa Ha BaXHEHIUMX MOBEPXHOCTAX
neraneif, obpasytomux KC, y4uThiBaiolas KOHCTPYKTHBHbIE H PeXUMHBIE $aKTOPbI,
BJIMAIOLIME HA MHHTEHCHBHOCTH Teruloo6MeHa. Konuenuus MM coBMeCTHOro pacyeTa
pabouero mpouecca M TernoBoro coctosHus KC cocTouT B yyere B3aMMOCBA3M
napametpoB pabouero mnpouecca u TteroBoro cocrosuus KC, TtennoBoro u
KHHEMaTH4eCKOro B3aHMOECTBHA MeX Iy OCHOBHBIMH d1eMeHTaMu KC.

2. JIna TOYHOro OMHCaHHA TEM00OMeHa NOPLUHA, BTY/IKH, Koael Heobxoauma
OpraHM3alMs MTEPaUMOHHOro Mpolecca COrnacoBaHUWs X TEIUIOBOro CocTosHus. B
pealn30BaHHOMN Mpolexype pacyera HeoOXOAUMO NpoBeAeHHe A0 35 uTepauui ans
JBHrarenei ¢ HHTEHCHBHBIM OXJIQKAECHHEM IOpLIHEH MacnoM u fo 50 utepaumii ans



asurateneil 6e3 NPHHYAMTENbHOro OXJaxJeHUs MopuiHeH, AnA obecneuerus
nonyctuMoit norpemnocty 0,1 K.

3. Co3naHHas KOMIBIOTEPHAs NMPOrpaMMa [UIA COBMECTHOro pacyeTa pabouero
UMKJIa M TENJIOBOTO COCTOSHHS OCHOBHBIX 3neMmeHTOB KC ausens oGecneyuBaer
6onee obocHOBaHHOE Ha3HaueHHe TPAaHHYHBIX YCJIOBHH MNpH pacyeTax W
NPOEKTHPOBAHUY AeTanell JBUraTeeil.

4. bnarogaps yroyHeHHoit MM cyuiecTByeT BO3MOXHOCTb YYHTHIBATh
MakchManpHylo Temnepatypy KC H TemnepaTypy B paiioHe mepBoro MmopiIHEBOTO
KOJIblla IPH ONTHMK3aUMK pabouero npouecca H GOPCHPOBAHUH ABHIATENS.

5. IMoayyeHO yTOUHEHME pacueTa MOLIHOCTH au3ens 16YH26/26 na 29 kBt
(0,7%). ChuxeHa ownbka pacuera yaeabHOro 3GQexTHBHOro pacxoga TOIUIHBA HA
BHEIIHEH cKOpocTHON xapaktepuctuke Ha (0,9-3,6) r/(xBt u4) Ge3HagmyBHOro
nsurarens IM3-238.

6. IlposenenHas wuaentudukamus MM ans amsenedt 84H12/12, 84Y13/14,
164UH26/26 no3sonser pexoMenaoBaTh MM nns pacuyerHoro asanusa pabouero
npouecca au3eseil pasIMyHOro THIA.

7. Peanuzauusa pa3spaboTaHHBIX NPOrpaMM MPUMEHHUTENBHO K MEPCIeKTHBHOMY
npoekty ausens J[S00 noxasana ocobyio BaXKHOCTb pellleHHs CONMpsDKEHHOM 3ajadu
pabouero npoiecca U TEMJIOBOrO COCTOSHUS I BHICOKOGOPCHPOBAHHREIX u3eieif.
Ha ocHoBaHHY yTOUHEHHOro pacueta paboyero npoiecca, MOMyUYEHHBIX TPaHAYHBIX
YCJIOBMH MpH COIJIaCOBAHMM TEIUIOBBIX MoJieH OCHOBHBIX pAeTaneit pis OAO
«[1en3zaausensmain ObUTH PAaCCYUTAHBI TEIIOBBIE MMOTOKH B CHCTEMY OXJIKACHUA
NePCIEKTHBHOIO JH3ENA.
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