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Annomayusi: Onpedenenue YCIO8HOU POPMYNbL 2A3000PA3H020 Y2le6000POOH020 MONIUBA OCHOBAHO HA MOOETbHBIX
NPeOCmagneHusx 6 COOMEEMCMEUU C 3aKOHAMU COXPAHEHUs. eeujecmed, [lanbmond, XuMUYecko20 pasHO8ecust Nno
napyuansHoim oasienusm. Onpedenerue OUHAMUYECKUX XAPAKMEPUCTUK MENI0IHEPLEMUYECK020 000PYO0B8ANHUSL OCHOBAHO HA
VDAGHEHUSAX MAMEPUATLHO20 U MENN068020 OANAHCO8, 3AKOHO8 KOHBEKMUBHO20 U JLYYUCHIO20 MENI000MeHa U CEOUCME
corcumaemotl 2azo06pasnoil cpeovl. Ilpednodicen memoo obecneuenus 3a0aHHOU MENIOBOU HASPY3KU MENI02eHepupyoujei
VCMAHOBKU OCHOBAMDBIIL HA GbIYUCACHUU YCIOBHOU (DOPMYIbl 2A3000pPA3HO20 Y2ne8000POOHO20 MONIUBA U ONpedeseHUU
OUHAMUYECKUX XAPAKMEPUCUK MENI02EeHePUpYIoueti YCmaHo8KU.

Keywords:  YrieBomopoaHbIi ra3, MOJEAb CKUTAHHWS, METOJ CKUTAHHsS HeCepTH(HUIMPOBAHHOIO  TOILIMBA,
TEIUIOIHEPreTUICCKast yCTAaHOBKA, MAKCHUMAJIbHAS TEMIICPaTypa TOPCHUSI.

Texymme 3Ha4eHHUs! YAEIbHBIX SHEPIeTHUECKUX ITOKa3aTelie COBOKYITHOrO HAIMOHAJIBHOTO JI0X0/Aa YKpauHBI B Pasbl
MIPEBBIIACT aHAJIOTHYHbIE MTOKa3aTeny cTpaH EBpocoroza. [Ipudanna onpenenseTcs He TOJIBKO TEXHOIOTHYECKOW OTCTAIOCTHIO
HallMOHAJILHON SKOHOMHKH, HO U OTCYTCTBHEM B HEH KOHKYPEHIIMH HA SHEPTeTHYEeCKOM pBIHKE. VICIoIb30BaHNEe BTOPUYHBIX
9HEpropecypcoB HedTenepepaboTKu, METaUTyprul  OHOTEXHOJOTHMH, IepepadOTKH TBEpABIX OBITOBBIX OTXOJOB,
Ka4eCTBEHHBIII COCTaB KOTOPBIX MEHSETCS BO BPEMEHHM, IEJAeT HEBO3MOXHBIM WX CXKHTaHHE C pPErjJaMeHTHPOBAHHBIM
nojiep>KaHueM 3a/IlaHHBIX SHEPTreTHUECKUX XapaKTepUCTHK. ObecrieueHue 9HEPTreTUYECKUX YCTaHOBOK
HecepTH(GHUIMPOBAHHBIM YIJIEBOJOPOIHBIM Ta30M JUIsSi CHHIKEHHUsI HEPrOEMKOCTH COBOKYITHOI'O HAIMOHAIBHOTO IIPOJYKTa
YKpauHbl CTpaTerHYecKu 1eecoo0pa3Ho Juisi pa3pabOTKH M BHEAPEHUs] HOBBIX METOJIOB U MOJeJed, KOTOpbIe MO3BOJISIT 3a
CYET BTOPUYHOT'O HCIIOJIB30BAHHUS TAKHX YIJIEBOIOPOAHBIX I'a30B HOBBICHTH 3(P(HEKTHBHOCTh TEXHOJOTHYECKUX IPOLECCOB
CKuranus Toruea [1].

Pa3paboTky Mozeneil 1 MEeTOZ0B HPOLECCOB CKHUIAHUS YIIICBOAOPOJHOTO Ta3a MEPEeMEHHOI0 COCTaBa Ul oOecIeueHHUs
3aJJaHHOH TETJIOBOH HAarpy3KH 3HEPreTHYECKOH yCTAHOBKH U ONIPEENsieT aKTyalbHOCTh JAHHOH CTaThH.

1. AHaau3 TUTEPaTYPHBIX AAHHBIX H MOCTAHOBKA NMPO0IeMH

B pabGortax [2,3] u3y4eHBI 3Tambl TOPEHHUS YIIIEBOJOPOTHOTO Ta3a B BO3IyXe. B OCHOBY Mojenu OBUI TOJOXKCH
KMHETHYECKUH MexaHu3M. [loirydeHbl aHaIMTHYECKHE BBIPAXKEHHS SHTAJBIIMU TOPEHHS M XapakTepHOH Temmneparypsl. s
00eTHEHHOTO TOIUIMBA YWCIICHHBIE W HATypHBIE SKCIIEPUMEHTHI COBHAIH. Pe3ynbTaThl 0 CKOPOCTSM TOPEHMS IOJYYHINCH
3aBBIIIEHHBIMH [T CTEXHOMETPHYECKOTO 1 00raToro IIaMeH!.

[Toka3aHo, YyTO Ha TEPBOM JTame BBIJCICHHE JHEPTUU YMEHBIIACTCS, a 3a/JEpKKa BOCIUIAMEHEHHS YBEIHMYUBACTCS
HEJIMHEWHO C MOBBIIMICHHEM OKTAHOBOTO YHCJIAa M YMEHBIICHHEM Ha4daJbHOTO AaBieHUs. CKOPOCTh BBLACICHUS YHEPTUU
oTIpeIeNsieTCs, Ipeke Bcero, ckopocThio okucinenus CO. [IpenBapurensHbiil ananus [4,6] MOCTpOCHUST MOAETH TIOKa3aJ, 4To
JUI CO3JIaHMS MOJEIH OKHCJICHHS CMECH ra30B HEOOXOJMMO HCHOJIB30BATH MOAXOM, COCTOSIIMHM IOIXOM, OCHOBAaHHBIN Ha
MOJICIMPOBAHUN IEMHOTO MEXaHW3Ma. B OTKpBITON nuTeparype He OOHapy)KEHO HHKAKMX AaHAJUTHYECKUX METOJIOB H
MoJieNiel MO3BOJISIONINX TTOAJEPKUBATh 3a/laHHBIE DHEPreTHUECKHE XapaKTEPHCTHKH YHEPreTHYecKoro 00OpyJOBaHMS NpPHU
HU3MEHEHHE CBOMCTB YIII€BOJOPOJHOTO TOMIHNBA.

2. Heanp n 3a1a4m Hcc1e0BaHUS

Lenpto craTby siBisieTcsl pa3pab0TKa MOAEIH M METO/A CXKUTaHUs YIJIEBOJOPOJHOTO Ta3a MEPEMEHHOr0 COCTaBa 3a CYeT
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U3MEHEHHs OTHOIICHWS TOIUIMBO/BO3AYX M IOJNYYSHHS MAaKCHMajlbHOHW TeMIepaTypsl CropaHHs TOIUIMBAa B
TEIJIODHEPTeTHYECKOH yCTaHOBKE.

3ajgauym, pemiaeMble B JaHHOM craThe. Pa3paboTka MaTreMaTHYecKOil MOJENM CXKHTaHusl YIIEeBOJAOPOJHBIX T'a30B
MEpEeMEHHOI0 COCTaBa B KaMepe CropaHMsi TEIUIOIHEPreTHYecKOoW ycTaHOBKHM. PaspaboTrka wmerona oOecriedeHus
ONTHMAJILHOTO MTOCTOSHCTBA TOIUIMBO/BO3/LYX JUISl TIOJyYEHHUS] MAaKCUMabHON TEMIIEpaTyphbl CrOpaHusl TOILIHMBA.

3. IocTpoenne MojeN CKHTAHHS YIJI€BOIOPO/IHOTO ra3a MepeMeHHOr0 coCTaBa.

Jnst penreHns 3aadd HUCIIOJB30BAHHS TEIUIOTCHEPHPYIOIIMMH YCTAaHOBKAMH HECEPTH()UIMPOBAHHBIX YIIIEBOXOPOIHBIX
ra3oB HEOOXOIUMO pa3paboTaTh MaTeMaTHYECKyI0 MOJENb M METOJ OIpeleleHHs pacxoia NPOAYKTOB cropaHus. IIpuHsaTto
OKHCIIUTENb — KUCIIOPOJ, TOploYee — YIIIeBOAOPOAHBIN ra3. [t onpeneneHus cocTaBa OyaeM HCIIONb30BaTh H3MEPHUTEIbHBIC
JATYNKH, KOTOPHIMH OCHAIACTCA TEIUIOTCHEpHpPYIOMiasg ycTaHOBKa [2]. DTo pacxomoMepsl OKHCIUTENS W TOPIOYEro M
U3MEPUTENFHBIN prOop TeMrepaTypsl wiameHn [3]. B coctaB yriaeBomopomHOro raza BXOIST 3JIEMEHTH «C» — YIieponx u
«H» — BOIOpOA, a €ro KOHKPETHBIH COCTaB M KOA(PPUIHMEHT « o » (Kod(PPUIMEHT M30BITKA OKHCIHUTEINS) HEH3BECTHBI.

o, o . @,
l'oprodee 1 OKHCINTENb HAXOSTCS B ra3000pa3HOM cocTosHHH. Mcxomuble maHHbe: Vox;  Voop; W7 v Voxi Veop,

@r v HciMy 3 Hos Psi 0 , roe Vox — 0OBEMHBIH pacxox okuciuTels; V.., — 0OBEMHBIH pacxox roproyero; 7' —

TeMIIEpAaTypa B KaMEpe IMPU JaHHBIX pacXodaxX TOPrOYCTro U OKUCIHUTCIIA, (l)X, (2)X — BerHI/Iﬁ HHACKC, yKa3LIBaIOIHPII>i Ha

3aMep IapaMeTpoB TIPH COOTBETCTBYIOIINX pacxomax V.op . Vox; fc, My Mo — COOTBETCTBYIOIIME MacChl yriepoja,
BOJOpOJa, Kucinopona, Py — jmaBneHne B kamepe; 0 — Ko3(QHUMEHT HUKHEH penakcalMd HEOOXOAMM [JI YHCIEHHBIX

pacHceToOB.
HpeZ[BapI/ITGJ'ILHO BBIYHCIISAIOTCS .

1 1)/ 1)/ YV 2\ 7 2)\/ 2z . @ ;s Y, Dy . (2 2N/ 2N/ 2N . .
()af = ()VF/( )V0K+( )VF ! ( )aF :( )VF/( )V01<+( )VF ' ()a(m = ( )VOK/( )\/0K+( )VF ' ( )aOK :( )\/OK/( )V01<+( )VF v Heo
Hco, s Hu, s Mo, Hu,0: Hom -

[Ipn 3agaHHBIX TemIepaType M [aBICHUH PAaCCMOTPHM BBIYHCICHHE IApUUAIBHBIX NaBICHUH NPOIYKTOB CrOpaHMs
YTJIEBOJOPOIOB B KHCIOpoAe. M3 urcina BO3MOKHBIX HHINBHAYAIbHBIX BEIIECTB MPOAYKTOB CTOPAHUS PACCMOTPHM OCHOBHBIE
Co, COo,, H,0,0H, H,,0,,H,0,C.

MonekynsipHast Macca yCIOBHOH (hOpMyJIbI TOIUTMBA OTIPEAETISIETCS B BUIIE

_ "y _, () Y
Hm = Hr +V0K/VF'IL10K’ My =86y " Uy +6c " Hc +V0K/VF'a'/uO'
rac VOK , VF — 06”béMHBI€ pacxoabl OKHUCIUTCIA U TOPHOYCTO COOTBETCTBCHHO, /’l()K’ IUF — MOJICKYJISIPHBIC MAacCChbl

OKHCJIIMTEIA M TOPIOYCro COOTBETCTBCHHO, [, — MOJICKYJIsIpHAsA Macca yc.]'[OBHOﬁ Q)OpMyHBI TOILIMWBA.

Jinst oxucnurenst g, =2- 1 =a- 1y,

rae t,= 15,9994 — atomMHas Macca KUCIOPOJa; a = 2 — KONUYECTBO aTOMOB KHCIIOPO/A B OKHCIIHTENE.

Jnst ro =g, . 0,
PIOYCro Up =6y " -Hy t6c " Hes
. - r r
rae ty = 1,00795 — aromuas macca Bojopona; = 12,0108 — aromnas Macca yriiepoaa; 6H( ) , ec( ) _ xommuectso
aTOMOB BOJIOPO/Ia U YIJIEPO/ia B YCIOBHOH (HOpPMYJIe TOPIOYETo.
Ecnu roprouee cOCTOUT M3 OJHOTO BEIIECTBA, TO M COOTBETCTBYIOT KOJIMYECTBY COOTBETCTBYIOIMX AaTOMOB B XUMHUYECKO#

(bopmyite sToro BeuecTsa. M3 cka3aHHOIo CleayeT § H(r ) = eH(T); gc(r ) = @C(T ); V(')K/V.r- a= 60(T) .

T T T o
3,I[CCL BH( ), BC( ), 80( ) — KOJIMYECTBO aTOMOB BOJAOpOJa, yrjiepoaa M KHUCJIOpOJda B YCJIOBHOMU q)OpMyJ'IG TOILIMUBA.

r r o .
Bennauabt 6H( ) u ec( ) _ HeW3BECTHBIE M MOJUIEKAT omnpenenenuto. Torna Habop ypaBHeHHH /st JTr00OW TOYKM 3amepa

00BEMHOr0 PAcX0/1a 3aMUIIETCs B BUJE IIECTH ypaBHEHUH 3aKOHA JeHCTBYIONIUX Macc.
2 2 2
Pc-Pol Peo=w(T),  Pc-Po" I Peo, =15(T), Py -PolPpo=k3(T).  Py-PolPoy =14(T), Py" 1Py, =xs(T),
2 p—
Py 1Py, =4 (T)
Hpe)IBapI/ITeJH)HO PaCCYUTHIBAINCh PEAKIMU JUCCOHAIIUN MEXKAY pacCMaTpuBA€EMbIMHU BEUHICCTBOM ©W COCTaAaBHBIMH

QJICMCHTaMMU.

ypaBHCHI/IH COXpaHCHH BCIIECCTBA
() _ , @ —
MT'GC —GC 'MT_PCO_‘_PCOZ +Pc,
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My 64" =6, My =2-Py 5+2- Py + Py +Py,

My 60" =V, Npa-My = Peg+2-Peg, + Py o +Pop+2-Po, +Po,

3axon lanbrona Peo+ Peo, + Py, + Po, +Py o+ Poy +Py+Pp+ P =Py,

3aMBIKAOIINE YPABHCHHE (I(F)+V(;K/\/r~ L)) M =2 P14
q

YpaBHEHUS 3alIMCAHBI AJIs1 OTHOTO U3 U3MEPEHUN, HAIPUMED Dy oK Dy r ,(l)T.

IIpm »TOM, B KadecTBe HEW3BECTHBIX OYIyT BBICTYIATh (l)Pi,(l)MT,(l)GH(F),(1)3C(F). [ns  BTOporo 3amepa

@V e, OV 1 DT voxer Goits sanncana BTOpas 4acTh YpPaBHEHUH B aHAJOTMYHOM BHJE. B 3ToM ciydae, Kak HEM3BECTHBIE

OyZyT BBICTYHATh (Z)Pl- ,(Z)M T,(Z)SH(F) ,(Z)GC(F).

o r A
Tak MPUHATO, YTO COCTAB TOIUIMBA XOTS W MU3BCCTHBIU, HO HEC MCHATCCA OT 3aM€pa 10 3aMeEpa, BEJINYNHbBL G‘H( ) n 6‘C( )

oJIHaKOBBIe 1ust iepBoii (1-b1it 3amep) 1 BTopoit (2-1if 3aMep) yacTeit 00IIel CHCTEMBI YpaBHECHHUH.

s MOBBIIICHNS. YCTOWYMBOCTH pELICHHs HEOOXOOMMO HaWTH JKECTKYIO CBSI3b MEKAY ONpPEIeTIeMbIMH BEITHYMHAMH,
KOTOpBIE HE M3MEHSIOTCS B MPOLECCe BBIYHMCICHUI cocTaBa MPOAYKTOB cropanus. C 9Toil menpro ObLIa OmpesesicHa CBS3b
MEXKAy KOJIMYECTBOM aTOMOB [C] " [H] B roproyeM npu « =1 (CTEXHOMETPHYECKOM COOTHOIICHHH KOMIIOHEHTOB).

Vor(/V[:a'IO =Xo-
C ):prFOI‘/'I CTOpOH])I, HpI/I CTeXI/IOMeTpI/IquKOM COOTHOULICHHUHU KOJIMYCCTBO MAKCHUMAJBbHBIX BaHeHTHOCTeﬁ OKHCJINTCIIbHBIX
QJICMCHTOB PABHO KOJMYCCTBY MAKCHUMAJIbHBIX BaJIEHTHOCTEH BOCCTAHOBUTEIBHBIX JJIEMEHTOB. H03TOMy MNPUMCHUTCIIBHO K

YIVIEBOOPOAM H KHCIOPOJA MOXHO 3amucath Takoii 6amanc: CpcHpy +V,,/V -0, =be -CO, +by /2-H,0, a u3 mHero

GayaHc 1Mo aToMaM KHCJIOpPO/a: 2-\/0K/\/,:2 ‘be +by /2,

YpaBHEHUS SIBIIAIOTCS OCHOBOM paccMaTpUBAacMON MOJEIH M TaKXKe SBISIOTCS HENMHCHHBIMH. PerreHue ux MOXeT ObITh
MOJIy4eHO MO MeTony HbloTOHa MyTeM JMHeapu3allMd UCXOJHBIX YPAaBHEHHUH W PELUCHUE CUCTEMbI JIMHEWHBIX ypaBHEHUU
OTHOCHUTEJILHO TONPAaBOK HCKOMBIX BEIWYUH . VICKOMBIE BENMUYMHBI ONPEACNSAIOTCA B WTEPALMOHHOM IpOIEcce MyTeM
COCTAaBJICHUSI HAYAIIbHBIX MPHUOIMKEHUH ¢ HallICHHBIMU MOTpaBkamu [4].

Jis mpoBepkH pabOTOCIIOCOOHOCTH TMPEUIOKEHHONH MOJENH W BBIABICHHS OCOOCHHOCTEH, BOZHHKAIOIINX B IpoIiecce
BBIYMCIICHHH, ObLIa UCIOJIBb30BaHa ToIuIMBHAS Napa CH) gse (kepocuH) + O, (kunkuid kucnopon) [5]. s peienus 3anayn B
TECTOBOM BapWaHTe B3ATHI TOUkH, coorBercTByromue o =0.4;0.7;1.0. TIpoBepouHblii pacyeT BBIMOJHSUICS IS JBYX

oTHOWeHHit 06Bemuoro pacxona V Po /V @, =05956 u V©@o /V @, =1.0423, coorsercrayiomux o =04 u «® =0.7,
a TaKke TeMIlepaTypam TO=2125K u T®W =3081K . Orowenue 06bEMHOrO pacxofa TIpH CTEXHOMETPHUYECKOM

coorromennu npusto Vo) N, (") —1 489 cm. tatn 1.

AHanu3 pe3yIbTaTOB paCUETOB MOKA3BIBAET, YTO PELICHHUE MOIYYEHO C BBICOKOM CTENEHbI0 MATEMaTHYECKONH TOYHOCTH, TO
€CTb MOJENb HE JaeT KAKUX-TO MCKaXEHMH, CBA3aHHBIX C JOMNYIIEHUSAMU HIM HETOYHOCTEH UHUCIIEHHBIX PacdeToB.
HesnaunrtenbHple pacxXoXkJIeHUS B pe3yibTaTax (3HaKOBbIE) MOTYT OBITh OOBSCHEHBI TEM, YTO JTAJIOHHBIC NaHHBIC OBUIH
MOJIy4€HBI C TaKOH K€ TOUYHOCTBIO. BhICTpas cXOQMMOCTh pe3yabTaToB pacyeToB 50 UTepaliyii MO3BOJSET, XOTSA U KOCBEHHBIM
00pa3oM, CyIUTh O BHICOKOW YCTOWYMBOCTH YHUCICHHOTO PEIICHHUS.

Ta6anua 1 - Pe3yasTaThl pacyera 1o paciiupeHHo MoeJIH

CocraB
IPOIYKTOB Hau. Toun. pem. Jannbie
cropasms pubi (mpsm.3agada) | no pabore [5]
1 2 3 4
PYeo 1,0 0,4869 0,4432
PYeoy 1,0 0,0181 0,0203
PBiso 1,0 0,0784 0,1011
PO, 0,1 0,0001 0,0001
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[ponomkenue Tabnuis 1

1 2 3 4
Py 0.1 0,4143 0,4332
PYos 01 0,0000 0,0000
PW, 0,1 0,0022 0,0023
PMs 0,1 0,0000 0,0000
PYe 0.1 0,0000 0,0000
M@ 1,0 0,5050 0,4910
PP 1,0 0,3440 0,3172
PPcoy 1,0 0,1131 0,1042
PPi20 1,0 0,2761 0,3043
P@q, 0,1 0,0592 0,0584
P@,, 0,1 0,1094 0,1213
PPy 01 0,0130 0,0117
P@, 0,1 0,0638 0,0641
P@, 0,1 0,0213 0,0191
PP 01 0,0000 0,0000
M@ 1,0 0,4571 0,4464
by 1,0 1,9560 2,1808
be 1,0 1,0000 0,9438
I -12000 -27238 -30527

[onoxxuTenpHBIE PE3yNBTAaTHl MPOBEPKU a/IEKBATHOCTH MOJENH ITOKA3aJH, YTO NPEUIOKCHHAass MaTeMaTHYecKas MOJIENb
BBIYHCIICHHS YCIOBHOM (pOpMyIbI ra3000pa3HOTo YIiIeBOIOPOJHOTO TOIUIMBA, OCHOBAHHAS HA 3aKOHAX COXPAHEHHS BEIECTBa,
JlanpToHa, XMMHUYECKOTO PABHOBECHS IO TApLIUalbHBIM JaBJICHUSIM IO3BOJSIET ONPEACIHTh KOJIMYECTBEHHBIH COCTaB €ro
YCIOBHOH (hOPMYIIBI, SHTAIBIHUIO (TEIUIOTBOPHYIO CIIOCOOHOCTH) M COCTaB MPOIYKTOB CTOPaHMS.

4. MaremaTu4ecKasi MO/ieJIb TeIJIOTeHePUPYIOIIeil yCTAHOBKH.

Hwxe npencraBiena Moaens oOecriedeHns MOCTOSIHCTBA 3aJaHHBIX XapaKTEPHCTHK TCHEPALMH TETUIOTHI IIPU M3MEHEHNHT
BO BPEMEHH KaueCTBEHHOTO COCTaBa yrieBOJOPOTHOTO Ta3a [6]. YpaBHeHHE NMHAMHKH TEIUTOBOrO OalaHca ISl TyYHCTOTO
TeIuI000MeHa:

" dT,
(Q"rG,430) —~Gr-Cr - Tr = kl(Tin4 _To4ut)+ Mg -Cp d_: )

rne Q", — TemnorBopHas cmocoGuocTh, Br; G — pacxoJ yriieBoIOpoaHOro rasa, kr/c; Gg — MaccoBblil pacxon

easa

IBIMOBBIX T'a30B, KI/c; Mgy — Macca IBIMOBBIX ra3oB, kr; Cp — yIenpHas TEIUIOEMKOCTh IBIMOBBIX ra3oB, JUk/(kr*K); Tp —
4,

TEMIIEpaTypa JABIMOBbIX ra3oB, K; K, — mocrosunas senmunna, Br/KY; T, T,,; — TeMmeparypa BEIIECTB, KOTOPbIE OTAAOT U

MoJy4aroT Te1Jio, K.
YPaBHCHI/Ie TEIUIOBOro OajaHca JJI1 KOHBEKTHBHOI'O TemIoo0OMeHa.

dT
Gg -CroTr =Gg -Cry " Tout = szOﬁ(Tin _Tout)+ m; - Cpg d—: ,

rae Gp — MaccoBblil pacxo/ ABIMOBBIX Ta30B, KI/c; M, — Macca JIbIMOBBIX rasoB, kr; Cgr, — yZelbHas TEINIOEMKOCTb
IBIMOBBIX Ta30B 110 nepBoMy yuactky JLk/(kr*K); Ty, T, — TeMmeparypa JbIMOBBIX Ia30B 3a TOHOYHOI KaMepoil U IepBLIM
y4yacTkoM, coorBercrBeHHo, K; T, — Temmeparypa BemiecTB, oraaromux temno, K; T, — cpeansa apudmernueckas
TeMIIepaTypa MexIy TEMIIEPaTypoil IIMOBBIX Ta30B TOIOYHOM KaMepoii u nepBbiM yyacTkoM, K; K, — mocrosiHHas BenmdnHa,
Br/((kr/c)*®*K); G — MaccoBblif pacxo/ HArPeBAEMOro BEMIECTBA, KI/C.
dl dl dl
VpaBHeHHe COXPAHEHNs YHEPIHH pUMeT BuT: —- = —% - —D 1. Q|
dr dr dr
"' U A
rae ly =V o' +Vpp'1"+m,C, T, — dHTanbmusa cymMMapHOro o0beMa BOABL, IIapa U METaTIMYECKUX IIOBEPXHOCTEH TpyO
u camoro 6apabana, Jlx; |, — MaccoBast SHTAJIBIMS [OTOKA MUTAaTEIbHOI BOJbI Ha BXojae B GapabaH, JUx; |p — maccoBas

OHTAJIBIIKUSA 1Tapa HAa BBIXOJC U3 6apa6aHa, I[)K; Q — CyMMapHLIﬁ TEILJIOBOK IIOTOK, nepe[[aBaeMHi/i OT ra30B CTCHKAaM 2KpPaHOB,

24


http://atbp.onaft.edu.ua/

m ABTOMaru3ailis TeXHOJIOT uHEX 1 6i3Hec-nporeciB Volume 9, Issue 2 /2017 m
http://atbp.onaft.edu.ua/

paBHBIN CYyMMAapHOH TeIIoTe, MOJyYCHHOH OT PaAMalMOHHON M KOHBEKTHUBHOII moBepxHocteil, Bt; Vi, Vp — o0ObeMm,

KOTOpBIif 3aHMMaeT BOJAa M map B GapaGaHe u TPyOHOI CHCTeMe, B COOTBETCTBHH, M°, p', p” — IUIOTHOCTh BOIBI W
HACBIIICHHOTO 11apa, COOTBETCTBEHHO, KI/M>; i’ , i” — y/elbHAs SHTATBINS BOABI H HACHIIIEHHOTO I1apa, COOTBETCTBEHHO,
JUK/Kr; M, — Macca MeTaJUIMYecKuX MHoBepXxHocTed TpyO u Oapabana, xr; C, — y@enpHas TEIUIOEMKOCTb MeTalla,
Jx/(xr*K); T,, — remneparypa meramia, K.

O06BeM MmapoBOISTHON CMECH:

d4ap a;—i"-a a
=2 2 AGp, + 2 (AQl +AQ2),
dr g -a,—-a3-a, & -a,—ag-ay,

a ”i” 8 ’i! _ ”i n aT'
(gp )+VW ' (,0 aP,D )+ MnC - —= — nocrosiuuslii kodpdunment, x/Ila; a, = p'— p" — nocTosHHBIH

roe & =V -

\ &% +Viy M — TOCTOSIHHBIN
oP oP

ko3 dunment, kr/lla; AP — n3menenue nasnenus B 6apabane kotna; AGp — W3MEHEHHE MAacCOBOTO Pacxofa IMUTATEIBHON

koshumuent, kr/m’; ag = pli'— p'I" — nocrosHHEIl KO3 UIMECHT, Jox/v®; a, =

BOJIBI, KI/C.

Maremaruueckas MOJEIb MaruCTPaIu.

3anuireM ypaBHCHHs COXPAHEHHUS MacC, YUUTHIBAS TEPMOTUHAMUYCCKUE COCTOSIHUS, MIPOTCKAIIIUX B CPEJie, CBA3aHHBIC C
W3MEHEHUEM [IABJICHHUS.

G.d
Gin _Gout:BTd_r;_!

rae T — mocrosHHas BpeMeHH, C; G;,, G,,; — KOIMYECTBO BEIIECTBA HAa BXOJE U BHIXOJE PACCMAaTPHBAEMOI0 y4acTKa,

Kr/c.
[pu >ToM muddepeHmanbHOe ypaBHEHIE I pacXo/ia mapa B TPyOOIIPOBOAE UMEET BU:
G 1 2-keGou ki Gin d4Goy o - G 2-keGou kiGpy  daA,
ou
p I(RGout"'kLGinAlg dr p AR(kRGout"'kLGinAer) dr
+ kRGout AAR + ET I(LGinAig dApout _
AR(kRGout + kLGinAé) p I(RGout + I(LGinAé dr
Ax Ax
B 2(kRGout + kLGinAI%) ot 2(I(RGout + I(LGinAé) "

rae G — KOJMYECTBO BEIIECTBA HA JIaHHOM y4yacTKe; | — MOCTOsHHAs BpeMmeHd, ¢; Gi,, G

in> — KOJIMYECTBO BELIECTBA HA

out

BXO/JI€ ¥ BBIXOJIE PACCMAaTPUBAEMOTI0 y4acTka, Kr/c; Ky = ZK—R - k03¢ ¢unKeHT, onpeesieMblil o Gpopmyse: &g — KOIPPUIUESHT
Y2,
AL Q2 1 .
CONPOTHBIICHHUS PEryIUpPYIOIIero oprana; K, = D—+ Y& E — k03¢ UIHEHT, onpeaeIsIeMsblii 1o Gopmyse: L — minHa
in i=1

TpyOompoBoaa, M; Dj, — BHyTpeHHU#l nuameTp TpybompoBoaa, M; ¢ — K0I(QPUIMEHT COMPOTUBIICHHS; p — IJIOTHOCTH Ta3a,

3. 2. 2,
KI/M°; S — IIOIaAb HONEPETHOTO CeYeHns TpyOonpoBoaa, M-; Ay — IPOXOAHOE CeUeHHE PeryIupyromero oprana, Mm°; P,

JasieHue B 0apabane kotia, Ila; P,,; — naBneHue B naponposoje, [1a.

5. Meroaa c:kuraHusi yrjieBoOIOPOHOI0 ra3a nepeMeHHoOro cocrapa.

Jiist MILTIOCTpAIMU METO/[a ONPEIeNICHNs] ONTHMAILHOTO OTHOIIEHHST TOIUIMBO/BO3/IyX HPHU CIKUTAHHUHU YTIIEBOJAOPOTHOTO
ra3a cocTaB KOTOPOTO MPOU3BOJIBHO MEHSETCS BO BPEMEHHU, HEOOXOIUMO MOJrOTOBUTH JaHHbIe. VILTIOCTPAIMIO OCYIIECTBUM
Ha IpUMEpEe CIYYallHOTO U3MEHEHHs BO BPEMEHH COCTABE ra3a, KOTOPbIM HAXOIUTCS B Ia30BOM MArMCTPald M MOCTYMAET Ha
C)KUTaHHE B MPOMBIIUICHHBIN 0apabaHHblii koTesd. [Ipearnonokum, 4To B ra30BOM MarucTpalid CIy4aiiHbIM 00pa3oM MOKET
HAXOJMUThCSI METAaH WJIM 9TaH WM STUJICH WU UX CMECh B ciienyloiieM cooTHomnenun: Mmetad 80 % , atan 10 % u stunen 10%.

OGo3HaunM uepes \ \/r - 00BeMHBII pacxo]l OKUCIHUTENA (BO3/yXa) U TOPIOYNX Ta30B COOTBETCTBEHHO. s peanu3aryn
OK

NPE/IOKEHHOTO ITOPUTMa HEoOXOAMMO clielyrollee TeXHH4Yeckoe obecrieueHne. HeoOxoauma BO3MOXKHOCTh M3MEPEHUH
TeMIlepaTypsl TOPEHHsI ra3oB, OOBEMHOI'O pacxojia BO3JyXa M Tropiouymx rasoB. Kpome Toro HeoOxonmma BO3MOKHOCTBH
M3MEHEHHUS Pacxo/a BO3AyXa M TOPIOYMX Ta30B IMOCTYNAIOT B KOTEI.

AJTOPUTM OmpeneNeHns ONTHMAJIbHOTO OTHOUICHHS TOIUTMBO/BO3AYX NPH COKMTAHWU YIIEBOAOPOJHOTO Tra3a COCTaB
KOTOPOTO NMPON3BOJIEHO MEHSIETCSI BO BPEMEHH CJIE YOI,

[ar 1. Ha uaTepBane BpeMeHn Ar u3aMepseTcs TemrmepaTypa T U ycpemnsercs e€ 3HadeHue. Ha puc. 1 rpaduyeckas
WUTIOCTpAlMsl 3TOTO M3MEpEeHWs ToKa3zaHa JMHMeH T =COonst. lI3mepenue TeMmIepaTypbl OCYLIECTBISIETCS MpHU
(PMKCHPOBAHHBIX TEKYIINX i-bIX 3HAYEHHAX V, ; U Vi ;-
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Ilar 2. Tlpu ¢ukcuposanHoM 3HaueHuu V- npoucxoaut usmenenue V,; Ha Benmuuny OV,.. M3mepsercs HoBoe

3HAa4YEHHE TEeMIIEPaTyphl T(VOKi +é\/0K) U OIpeAeTseTcs XapakTep MOHOTOHHOCTH Ha pacCMaTpHBacMOM HHTEpBaie

U3MeHeHHs1 00BEMHOT0 pacxona Bo3ayxa. Ecom T (VOKi )> T(Voxi +0V,, ), TO TemIiepaTypa T yOBIBacT Ha 3TOM MHTEpPBale U B

ciydae T(Va,(i)<T ki +6VUK) — oHa pactér cm. puc 3. Illar 2 ocymecTBisercs 10 Tex MOp, MOKa AanbHehmee | +1

uzMeHenne OV,, He MPUBENET K M3MEHEHHIO XapaKTepa MOHOTOHHOCTH Ha IIPOTHBOTIOJIOKHBIIA.

[llar 3. U3sMensieTcst 3Hak npupamenns OV, Ha IPOTHBOIOJIOKHbIN M IPOMCXOMUT TEPexo 1 K mary 1.
B TakoM HOMCKOBOM peXuMe B OECKOHEYHOM BPEMEHHOM IMKIIE PACCMOTPEH AITOPUTM ONpPEAEIsieT 00JIacTh TEKYILETO

skcTpemyMa. KauecTBeHHOE M3MEHEHHE COCTaBa Ta3a B IIPOLIECCE TOPSHHUS PUBOIUT K IIOUCKY 0OJIACTH HOBOTO SKCTPEMyMa.
Bo-niepBEIX, IPHHIMIHAIBEHO HOBAsI OKPECTHOCTh SKCTPEMyMa 3HAYCHUS TEMIEePaTyphl MOXKET HAXOMUTHCS KaK BBIIIE, TaK

¥l HU3KE TEKyIIEH 30HbI M, BO-BTOPHIX, 110 3HAYEHUIO 00BEMHOT0 pacxosa Bo3ayxa V,, — Kak clieBa, Tak M ClpaBa OT Hee.
PaccMoTpum Ha mpuMepe CKHraHWs METaHa, 3THIeHa U cMecu MetaHa 80%, stana 10 % u stunena 10 % c m3MeHeHNnEM

00J1acTH 3KCTpeMyMa, NMOIYIEHHOH 3a MPEUIOKEHHBIM aITOPUTMOM CM. PHC.3.
[Ipeamnonoxum, 9TO yKa3aHHbBIA MONCKOBBIA aITOPUTM IIPUBEN K OKPECTHOCTH TOYKU A KpHBOii (4) M M3BECTHBIEC TEKYIINE

T(\/UKi) u VOKi . ﬂOHYCTI/IM, CKa‘IKOO6p33HO pou3oI1ia CMCHa Ka4CCTBECHHOT'O COCTaBa TOIUIMBA: Ha MCTAH KpHBasd (1) nim

sTwiieH kpuBas (3). B Takom ciydae npu HemsMeHHOM Vi TNPOH30HIET HM3MEHEHHE TeMIeparypbl I Ha BPEMEHHOM

untepBasiec A7 . Ecnu kaduecTBeHHBIH cOCTaB OyAeT OTBeYaTh ITHICHA, TO TEKYyIlee 3HAaYCHHE Temrmeparypsl (mmar 1) Oymer
HaXOIIUTCS B OKpecTHOCTH Touku Bl Ha pactymiei yactu kpuBoit (3). Ecim kauecTBeHHBIN cocTaB OyAeT OTBEYaTh METaHa, TO
TeKyIlee 3HaUYeHHE TemIeparypsl (mar 1) HaxomuThcs B okpectHOocTH Touku Cl Ha Hucxomsmed yactu kpuBoit (1).

He3aBUCHMO OT TOYKH OCYIIECTBIsETCs mpupanienue OV,, U onpeaensercs XapakTep MOHOTOHHOCTH TeKyueil kpusoil. Ha

1iare 2 MpeuIoKeHHOr0 aJrOpuT™Ma ONpeessieTCsl HOBasi OKPECTHOCTh SKCTpeMyMa Touka C - mist MeTaHa kpuas (1), Touka B
— mys STINeHa KpuBas (3).

[peanoxen MeTO MOAACPIKAHHS 33JAHHON TETUIOBOIM HArpy3KH, OCHOBAHHBIH HA MATEMATHUYECKUX MOJACISX BHIYUCICHHUS
yCIOBHON  (hOpMyNbl  Ta3000pa3HOrO  YrIEBOAOPOJHOTO TOIUIMBA W ONPEACICHUU JUHAMHYECKHX XapaKTEPUCTHK
JHPETeTUYECKON YCTAHOBKH, YTO MO3BOJIMIO MOJJICPKUBATh MAKCUMAJIbHBINA YPOBEHb 3P (PEKTUBHOCTH TeHEpAIUH TeIa MpH
UCIIOJIb30BAaHHUHU YTJIEBOAOPOTHOTO ra3a MepeMEHHOI0 COCTaBa 3a CYEeT MOCTOSHHOTO U3MEHEHHUS! OTHOILIEHHUS TOIUTUBO/ BO3AYX
C TIOMOILBIO U3MEPEHHH TeMIlepaTypsl (akena M pacXol0B ra3o00pa3HOro TOIUIMBA M OKUCIHTEINS B TEIUIOTCHEPHUPYIOMIEH
YCTaHOBKE.

T K
2% I ol
T=const
2000
/
T=const
(v, + oV
1750 '
'
!
1500 :
i
'
1
/ '
1

7 W Mooz 15 a7 19V

Puc. 1 — 3aBucuMocTh H3MeHeHus: Temneparypol ropenus T (Merana (1), aTana (2), 3Tmiiena (3), cmecu merana 80%0,

srana 10% i srusiena 10% (4)) ot o6bémuoropacxona pozayxa V.
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6. BbIBOABI

1. Jlnsa onpeneneHus ycJIOBHOU (OPMYJIBI Ta3000pa3HOTO YIIIEBOAOPOIHOTO TOIIMBA HAlleN JaJbHelIIee pa3BUTHE METO
BBIYHCIICHHS €r0 YCIOBHON (POPMYJIbl, OCHOBaHHBIH Ha MOJICIIBHBIX NPEJICTABICHHUSIX B COOTBETCTBUHU C 3aKOHAMH COXPAaHEHUS
BellecTBa, JlalbTOHAa, XMMHUYECKOTO paBHOBECHs IO NaplUaIbHBIM JAaBICHUAM. Takod MeTox MO3BOJSET OMNpEeAeTHTh
KOJIMYECTBEHHBIH COCTaB yCIOBHOM (OPMYJIbl Ta3000pa3HOTO YrIIEBOAOPOIHOTO TOIJIMBA, €T0 SHTAIBIIHIO, COCTAB MPOIYKTOB
cropanus. [IpeanoxenHas maTemMaTudecKkass MOJENIb OTIMYAECTCS OT M3BECTHOW MOJEIH TEM, YTO B KAaUECTBE 3aMBIKAIOIIETO
COOTHOIICHHS HCIIOIb30BaHbI OaTaHCHl MAKCHMAIbHBIX BAJICHTHOCTEH OKHUCIUTENBHBIX M BOCCTAHOBUTEIHHBIX 3JIEMEHTOB .

2. Inst onpenieNieHnst AMHAMUYIECKUX XapaKTePHCTHK TEIUIOIHEPTETHIECKOro 000pyAOBaHMS HAIIIA JadbHEHIIEE pa3BUTHE
MaTeMaTHYecKas MOJelb, KOTOpasi COCTOMUT M3 YPaBHEHUI MaTepHAIbHOTO U TEIUIOBOTO 0alaHCOB, 3aKOHOB KOHBEKTHBHOTO U
JYYHCTOTO TEIUIOOOMEHa M CBOWCTB CXKMMaeMoOW ra3zoo0pa3HOW cpensl. Monenb OTIHYaeTcsi OT M3BECTHOM TeM, YTO B Hee
BBE/ICHBI 3aBUCUMOCTH U3MEHEHUS TEIUNIOTBOPHON CIIOCOOHOCTH, ¥ MIIOTHOCTH YIJIEBOJOPOAHOTO Ta3a IIEPEMEHHOTO COCTaBa B
3aBHCUMOCTH OT KadeCTBEHHOTO cocTaBa. Takas MoJenb II03BOJIAET HCCIEAOBaTh H3MEHEHHE XapaKTEePUCTHK
MaporeHepUpYIOIIEro 000pyI0BaHUs B YCTAHOBUBILIHMXCSI U TIEPEXOAHBIX PEKUMaX U ONPENEIUTh CBSI3b BEIXOIHBIX M BXOIHBIX
apaMeTpoB.

3. s obecrieueHust 3alaHHOM TEIUIOBOM HArpy3Kd NPEUIOKEH METOJ, Oa3UpYIOUIMHCS Ha MaTeMaTHYeCKUX MOMAEIAX
BBIYHCIICHHS YCIIOBHOW (POPMYIIBI Ta3000pa3HOrO YIIIeBOJOPOAHOTO TOIUIMBA U ONPEENICHUN AMHAMUYECKUX XapaKTEePUCTUK
NaporeHepUpyIoIel yCTAaHOBKH. DTOT METOJ Jajl BO3MOXKHOCTH OOECCIIeUMBATh HAXOXKAECHHE ONTUMAJIBHOTO OTHOLICHHS
TOIUTMBO/BO3LyX NPH HCIIOIb30BAHUU YTIIEBOAOPOJHOTO T'a3a IMEPEMEHHOTO COCTaBa 3a CUET IOCTOSHHOTO M3MEHEHHS 3TOTO
OTHOIIICHHS C TOMOIIBIO M3MEPEHUH TeMIepaTypsl (pakena B KaMepe CropaHus TeIUIOTCHEPUPYIONIEH YCTaHOBKH.
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