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Hayuonanvnstii ynueepcumem Kopaodiecmpoenusn um. aomupaia Maxapoea, Ykpauna

MOJAEJIUPOBAHMUE BJIUAHUA TEXHOJIOI'NYECKUX TAPAMETPOB
HA D9OPEKTUBHOCTD I'A3OTYPBUHHBIX SJHEPTETUYECKUX YCTAHOBOK
C IKC AJiAA CHEHUAJIM3UPOBAHHBIX TEXHOJIOTUYECKUX CYJ10B

I'azoTypOuHHas >HEpreTUUYecKasl YCTAHOBKA CIENUAIM3UPOBAHHOIO TEXHOJIOTMYECKOIO CYAHA, COCTOUT U3
TEXHOJIOTUYECKON M dHepreTHyeckoil mojcucreM. [locTpoeHne perpeccCHOHHON MOJIENTH BIMSHUS TEXHOJIOTH-
YECKUX MapaMeTPOB BBHIMOJIHEHO Ha OCHOBE MPUMEHEHUS TPEXYPOBHEBBIX pOTaTalbeNbHbIX Iu1aHoB. [Ipumenu-
TENFHO K, UCIIONB30BAaHHIO B KaYeCTBE aJbTEPHATHBHOIO TOIUIMBA OTXOJOB TEPMOILIACTHYHBIX ITOJIMMEPOB,
MOKa3aHO BJIMSHUE 3aTpaT TeIlla Ha TEXHOJOIMYECKUH MPOIIECcC, adpOJMHAMHYECKOTO COIPOTHBIICHUS U TEM-
MepaTypHOro Haropa Ha BBIXOJIe TexHoorndeckoro ooopynosanus Ha KII/1 u mouiaocts COY.

MOJICJIUPOBAHHUC, Sq)q)eKTl/IBHOCT]), AIBTCPHATUBHOC TOILVIUBO, CYy10BbIC JHEPI€¢THYCCKHUE YCTAHOBKH, I[KC

BBenenue
[IpuMeHeHne anbTEPHATUBHBIX TOIUIMB SBJISETCA
OJTHUM M3 NEPCIEKTUBHBIX MyTel CHIKEHUS TOIUIMBHOM
COCTaBIIAIOINIEH 3aTpaT CYJOB. AKTYalbHOCTh JaHHOU
npoOJieMbl oTpaxkeHa B 3akoHe YkpauHsl "[Ipo anbrep-
najgusa'

HATUBHI

(Ne 1391-XIV ot 14.01.2000 r.) u B mpoekTe 3akoHa

BUAW PIAKOTO Ta  Tra3oBOro
VYxpaunsl «I[Ipo anpTepHaTHBHI JpKepena eHeprii» (pe-
ectp. Ne 6145).

0030p myOuKanuii U BbiejieHHe HepelleHHbIX
npodaem. Crienuaau3upoBaHHbIE TEXHOJIOTMYECKUE
Ccyla TPUMEHSIOTCS TpH pa3paboTke He(PTera3oBbIX
MECTOPOXKJICHUH, OOECIeYeHHN JJIEKTPOIHEpTue u
TEIJIOM, YTO JaeT PsiJ CYIIECTBEHHBIX IIPEUMYIIECTB 110
CPaBHEHHUIO CO CTAlMOHAPHBIM pa3MEUIeHHEM aHajo-
THUYHBIX MTPOU3BOJCTB [1].

[lepcrieKTHBHBIM BHOM aJIbTEPHATUBHBIX TOILIHB
SIBIISIFOTCSL OTXO/bI TEPMOIUIACTUYHBIX MTOJIMMEpPOB. BrI-
TIOJIHEHHBIE B TMOCIEIHUE oAbl PadoThl, OKA3aIH Iie-
J1eCO00Pa3HOCTh UCIIONB30BaHKS TAKUX TOILIMB B CYyJO-
BBIX ycnoBusx [2, 3]. IlpumeHeHHe AONMOIHUTENBHOU
kamepsl cropanus (JIKC) obecrieurBaeT CylecTBeHHOE
noBeilienue 3¢ ¢exruBHocTH COY crienuann3upoBaH-

Horo cynHa.[1]. MaremaTudyeckass MOJENIb Ta30TypOUH-

HOW CyHOBOW 3HepreTmdyeckod yctaHoBku (COY) ¢
JIKC pa3paboTana Ha OCHOBE IEPBOrO Hauaiga TEPMO-
IMHAMHUKH M Teopuu cucteM. Ha 0asze paccMorpeHus
MOTOKOB SHEPTMU M MAacChl ITOJNyYEHBI 3aBHCHMOCTH,
TMIO3BOJISIFOIIME ONPENENIUTh 3HAYSHUsI TEMIIEpaTyp, JaB-
JICHUH U pacxoloB pabouux Tel (TEerIOHOCUTENEeH), YTO
MO3BOJIJIO  ONPE/ICNIUTh TOKa3zaTean 3()(HEeKTHBHOCTH
COY — KIIJI u mourHOCTS [1].

Henr wucciaenoBanmii. BrriBieHne 3aKOHOMEpPHO-
CTel BIIMSIHUSI TEXHOJIOTMYECKUX MapaMerpoB Ha MOKa3a-
Tenu 3 EeKTUBHOCTH Ta30TYpOMHHBIX YHEPreTUUECKUX
ycranoBok ¢ JIKC Ha 0a3e aibTepHATUBHBIX TOIUIUB VIS

CTIICHUATTM3UPOBAHHBIX TEXHOJIOT'MUICCKUX CYI0B.

Pe3yabTaThl ucciieqoBaHuii

CrpykTypa sHepretuueckoil mnoacucremsl CDOY

CHELUATM3UPOBAaHHOTO  TEXHOJOTHYECKOr0  CYJHa,
BKIIIOUaeT B ceOsi B O0IIEM Cilydae TJIaBHbIE U BCIIOMO-
raTeyibHbIe IBUTaTeNH U 000pYyJOBaHHE MO YTHIH3AIUH
teria. CTpPyKTypa TEXHOJIOTMYECKOH —IOJICHCTEMBI
BKJIIOYAeT B ce0s TPYIITBI 000PYIOBaHUS NIEPBOH U BTO-
poit crymenell TexHomormdeckoro mporecca (TII). B
JTAHHOM HCCcienoBaHuu paccMorpena COY Ha Oase ra-

3orypounnoro asurarens (I'T/]) mpocroii cxemsl ¢ a0-

© M.P. Tkau
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112

ﬂsuzameﬂu AIPOKOCMUuUecKux iemameslibHblX annapamos

MTOJTHUTENIbHOM Kamepol cropanus (puc. 1). ITokasare-
11 3¢ GEKTUBHOCTU CYIOBON ra30TypOMHHON SHEPTeTHU-
YECKOM YCTaHOBKH C JOMOJHUTENHLHOM KaMepoil cropa-
Hus — mourHocTs U KIIJ] ¢ onpezaeneHsl mo 3aBUCUMO-

ctsaM [1] u popmanuzoBaHbl B BUjE:
N = N(QKP . Q}’Ul . ATK . AT}” . NFTﬂISO ,),

n= n(QKp’QnJZ’ATK ’AT}’UZ’ NFTﬂ[SO a"')s

()

rae N — moutsocts COV; Oy, 0y, — YACTBHBIC 3aTpa-

Thl TCIJIa Ha BTOPYIO U IICPBYIO CTYIICHU TCXHOJIOTH-

YECKOro Mpolecca; ATKp,

AT,, — TemmepaTypHbIe Ha-
IOpsl Ha BBIXOZAE€ BTOpod M mepBoi crymened TII;

Nrryg,e0 — MOIIHOCTH I'TA B ycmosusix ISO 2314;

n — KT COY.

: T5xp, Gean

- ,
Gop G / T

P mep /

AT

T s T

2
v

Puc. 1. CtpykTypHast cxema ra3oTypOMHHOI SHEPreTHIecKOl YCTAHOBKH CIIEIMAIN3UPOBAHHOrO Cy/IHA!
1 — nepBas crynens TII, 2 — BTopas crynens TII, 3 — TexHOIOrHYECKas MOACUCTEMA,
4 —3HepreTHYECKas MOJCUCTEMA, S5 — ra30TypOUHHBIN NBUTATENb, 6 — AnnekTporenepaTop, 7 — JIKC

B kavecTBe aqbTEPHATHBHOI'O TOILUIHBA PACcCMOTpE-
HBI OTXOIBI TEPMOIUIACTHIHBIX MOJTHMMEPOB.

HccnenoBanue BIMAHUS NApaMETPOB TEXHOIOTHYE-
CKOro mporecca Ha mokazarenu COY BBIIOTHEHO Ha
0a3ze perpeccuoHHOro MojenupoBanus. OIeHKa 3HAYHU-
MOCTH TEXHOJIOIMYSCKHX IapaMEeTpOB IO3BOJIMIA pac-
CMaTpUBaTh CJICAYIONIME MapaMeTPhl TEXHOIOTHIESCKO-
ro Mmporecca: yAelbHbIC 3aTpaTe TeIla Ha BTOPYIO H

NEPBYIO CTYNECHU TEXHOIOrHYECKOro npouecca — Oy, U
0,,; COOTBETCTBEHHO; KO3((OULIHEHT BOCCTAHOBICHUS
nojHoro AapieHus Ha Beixoge [T/l — Vg,y; Temmepa-
TYPHBII HAIOp Ha BBIXOZE BTOpOi crynenn TII— AT, .

HCCJ’IC}IyeMHe 3aBUCUMOCTHU TMPCACTaBJICHBI B BHUIC
KBaApaTUIHbIX (l)yHKHI/Iﬁ OT MMapaME€TpoOB TEXHOJIOTHUYC-

CKOr'o Iporecca:

4 4
N = bo +Z(bl'Xl' +Zbl/XlX/) No,

i=l1 J=i

4 4
i=I j=i

rae X; , X;— oTHocuTenbHBIE 3HaUeHus napamerpos TII;
b; ,b; — perpeccHoHHbIe KO3(GOUIUEHTH IS KaxKA0H
3aBUCUMOCTH.

Onpenenenne kodpPUIUEHTOB ypaBHeHHs (2) BbI-
TIOJIHEHO METOJOM IUIAaHMPOBAHUS YUCICHHOTO DKCIIe-
puMeHTa Ha 0Oa3e KBaJpaTUYHBIX POTATaOEIbHBIX ILIA-
HOB [4]. PaccMaTpuBaroTcst Tpu YpOBHS BapbUpOBaHUSA
napamerpoB. MakCUMaabHOE 1 MUHUMAJIbHOE 3HAYECHHS
BapbUpYEMbIX MapaMeTpoB IpuBejaeHbl B Tadn. 1. Tpe-
TUI YpOBEHb BapbUPOBAHUS SBISIETCSl CPEIHUM 3HaUe-

HUEM B paCcCMAaTprUBACMOM JUAIIa30HC U3MCHCHU.
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Tab6muna 1
Jlnana3oHbl BAPHUPOBAHMUS TAPAMETPOB
TEXHOJIOTHYECKOT0 MpoIiecca

[Tapametp 3HaueHue

Mus. | Make.

VYaenbHble 3aTpaThl Tesia Ha

BTOpyto crymenb TII é Kp ? 800 1000

Bru/kr

VYaenbHble 3aTpaThl Tesia Ha

nepyto  crymeHs TII énﬂ, 200 400

Bru/kr

KoaddumueHr BoccTaHOBICHUS

[IOJIHOT'O JIaBJIEHWS HA BBIXONE 0,94 0,98

I'TH Vepx

TemneparypHbIil Harmop Ha BBIXO-

ae Bropoi crynenn TII AT, , K 30 80

CyIllecTBeHHbIE PAa3IUuUsi B 3HAUEHUSX 3HAYEHUM
TEXHOJIOTHYCCKUX TMapaMeTPOB MOTPeOOBaIN IPUBE/IC-
HUE UX K quana3ony —1...+1. MuHuMansHoe, cpeiHee U
MaKCHUMaJIbHOE 3HaUY€HUS HOPMUPOBAHHBIX MapaMeTpOB
coctaBiT —1, 0 u 1 COOTBETCTBEHHO.

[laH 4KCIEHHOro 3KCIIEpUMEHTa TPUBEACH B Ta0-

nune 2 1o JaHHeIM [4].

Tabmura 2
Martpwuiia miaHApOBaHUS
YHCJICHHOTO SKCIICPUMEHTA
[TapameTpsl
- — IIpumeuanus
Qk'p Qn/l VGblx ATKP p
X X, X, X, OTtHOCHTEIB-
HOE 3HAYEHHE
41 41 0 0 Yucno  ombl-
TOB — 4
0 0 41 41 Yucno  ombl-
TOB — 4
41 0 0 41 Yucno  ombl-
TOB — 4
0 41 41 0 Yucno  ombl-
TOB — 4
41 0 41 0 Yucno  ombl-
TOB — 4
0 41 0 41 Yucno  ombl-
TOB — 4
0 0 0 0 Yucno  ombl-
TOB — 3

IIpuMevaHue: ycIoBHOE 0003HAUYCHHE 1 yKa3bIBaeT HA
HEOOXOIMMOCTb COCTaBHTH BCE BO3MOXKHBIC COUETAHMS KaXK-
JIOH M3 BYX HEHYJICBHIX IEPEMEHHBIX Ha BEPXHEM U HIDKHEM
YPOBHSIX BapbUPOBAHUSL.

OmnpezeneHne perpecCHOHHBIX K03((HUIIUCHTOB BhI-
MOJIHEHO B COOTBETCTBUU C [4]:

27
by =Yy; b; =0,0833) X, Y, ;

u=l

27 4 27 v
by =1/8) X, * ¥, -0,0208)" > X, * “_70;
=1 i=lu=1
27
by =025 X, X, Y - 3

u=l
rne Yy, Y, —3Hadenus ¢pynkuun (MomHocTr mim KI1JT)
B HYJIEBOH M TEKyIllel TOUYKaxX IUJIaHa; # — MOPSAKOBBIN
HOMED OIIBITA.

[TorpemHocTs MOCTPOEHUS PErPECCUOHHON MOJEIU
olpesieNieHa KaK CpelHssl KBaJgpaTHYHas pPa3HOCTh 3Ha-
YeHUH (YHKIMUA — UCXOMHBIX U PACCUNUTAHHBIX 10 Per-
PECCHOHHOM MOJENH.

B kauectBe 0azoBoro I'T/ paccmorpen GT76000
npousBoacTBa HIIKT «3opsa»-«Mammpoekt» npu Tem-
neparype HapyxHoro Bozayxa 288 K.

HCO6XOZ[I/IMI>IC JJIA peajin3aliii MOAECIN XapaKTEpu-

cruku I'TJ B yenoBusax mo [SO2314 (T; = 288 K,

Vgr =0,0, v, =0,0) nans1 B [5, 6].

[lpuBeneHHBIE HWXKE PE3YyNIbTATHl IMOMYYEHBI NPHU
CIIeIYIOIIMX UCXOIHBIX JaHHBIX.

MuHuManeHeIM TeMIepaTypHBIA HaIop Iocie mep-
Boii crynenn TII AT, cocraBnger 55K; ynenbHbIi
pacxo]| AIEKTPOIHEPTUN HA COOCTBEHHBIE HYXbI TEX-
HOJIOTHYECKOTO 000pyIOBaHUS NCH =200 Bt u/kr
[3]; k03 PHUIHEHT BOCCTAHOBJICHHS IOJHOTO JaBiie-
nua Ha Bxoge I'TH v, =0985; KIIJ reneparopa
MNoen, = 0,962

CpenHss KBaJpaTU4YHAs MOTPEIIHOCTH PErpeccHoH-
Horo mojenupoBanust 3apucumocteit KITJI u momHocTr
cocrasiser 0,27 1 0,32 % coOTBETCTBEHHO.

AHanu3 BETMYMH PETPECCHOHHBIX KOA(PHUINEHTOB

CBUACTCIILCTBYECT O BECbMa c1a00ii 3aBHCUMOCTH TTOKa-

3areneit COVY OT BeIMYHMHBI 3aTpaT 3JEKTPOSHEPTHH HA
nepeyto crynens TIT Q, . (tabm. 3). Dtor pesynsrar

ABJIACTCA CJICACTBUCM HCIIOJIB30BaHUA TCIJIa OTXOAA-
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nmwmx ra3op ['T/I mis oborpeBa TeXHOIOIMYSCKUX arliia-
paToB BTOPOH CTYIEHH.

I/ICCJ'ICZ[OBaHI/Ie BJIMAHUA OTHOCUTCIBHBIX 3aTpar

ANEKTPO’HEPTUN Ha BTOpYIO cTyneHb 111 é K03 -

Kp >

q)HHI/IeHTa BOCCTAHOBJICHUA ITIOJIHOI'O AAaBJICHHS Ha BBI-

XOZie V,,,, ¥ TEMIIEpaTypHOrO Halopa Ha BBIXOIE BTO-
poit crynenu TII — ATKp Ha nokazatenu COVY BbIon-

HCHO INYTEM CCYCHUA THUIICPIOBEPXHOCTH COOTBETCT-

ByIOH.lefI 3aBUCUMOCTH IIPpU IMOCTOAHHBIX 3HAYCHUAX

VY gix > ATKp .
Tab6mura 3
Koaddumuentsr ypapueHuii (2)
PerpeccroHHbIe ITokazarens COY
KO3 PHUIUCHTBI KI1J1 MolHoCTs
by 0.2169 0.9998
Yy 0.1824 5461
i 1 2 3 4 1 2 3 4
by -10° -4,475 0 1,242 -17.18 -1.384 0 22,03 -5,241
=1 0.0458 0 0 0,00382 | 0,003815 0 -0,0137 0,0458
j=2 — -0,04167 0 0 — 0,00610 0 0
by 100 | =3 — — -0,0792 0 — — 0,0473 -0,1144
J= — — — 0 — — — 0,3059

Kak cnemyer u3 pe3yabTaTOB pacueToB, MPHBEICH-
HBIX Ha puc. 2, BeamyuHa MomHoctH COY Ha 0Oaze
GT6000 ¢ AKC u3mensiercss B 1OCTaTOYHO y3KOM JHa-
ma3one — 5,30...5,62 MBrT.

D710 sBisiercs cinenactBuem npumeHeHus JKC st
00eCIIeUeHHsT TEMIIEPATYPHBIX PEKUMOB TEXHOJIOTHYE-
ckoro npouecca. IIpu usmenenuu napamerpos TII mpo-
HCXOIUT aJIeKBaTHOE M3MCHEHHUE pacxola TOIUIMBA Ha
JIKC u cBsizZaHHOE ¢ HUM H3MEHEHUE 3aTpaT ChIpbi U
BEJIMYUHBI MOIIIHOCTH, 3aTPaYyUBacMOil Ha COOCTBEHHBIC
HYX5I [1].

MakcumanbHoe 3HadeHue momuoctd COVY moctu-

raercs NpU MUHUMAIbHOM 3HaueHuu O, u AT, u

MaKCHMaJbHOM 3HAYE€HUH V. (Tabm. 1). IIpu Takom

COYETAaHWH 3HAYCHHH TEXHOJOIMYECKUX I1apaMeTpoB
00ecreunBarOTCsl 1 HaUMEHbBIUE 3aTpaThl YHEPIHH Ha
TEXHOJIOTUUECKUH MPOIIECC U MaKCUMaJIbHasi MOIIHOCTb
I'TA.

Pe3yibraThl McclieOBaHUS BIMSHHS TEXHOJIOTHYE-
ckux napamerpoB Ha KII/I razorypounnoit COY ¢ JIKC
nmpuBeZeHb Ha puc.26. Kak ciemyer W3 pe3yiabTaTos,

pacuetoB KIIJI CBY nHa 6a3ze GT6000 ¢ IKC B pac-

CMaTpUBaeMOM JIMana3oHe BapbUPOBAHUS MapaMeTpOB
m3mensercs ot 0,20 mo 0,24 .
Makcumanshoe 3HaueHue KIIJ gocturaercs mnpu

MHHUMAIIbHOM 3HaueHUH O, u AT, U MakCHMalb-

HOM 3HaU€HHU V. (Tabm. 1), Tak kKaKk MpH TaKoM CO-

YeTaHWW 3HAYCHUH TEXHOJOIMYECKUX IapaMeTpoB
00ecreunBarOTCsl 1 HaUMEHbBIINE 3aTpaThl TOIUIMBA Ha
JKC u naunbonpmee 3nayenne KITJ] I'T/I.

Hawubonee cunpHoe BiusHue Ha Beamuuny KI1J]
COYVY B paccMOTpEHHOM JHana3oHe MapaMeTpoB OKa3bl-
BaeT TeMIEPaTypHBIH HAMIOP Ha BHIXOJE BTOPOH CTyIIe-

HH TeXHOIoru4yeckoro npouecca — AT, . Tak, npu yBe-
mudennn ATy, or 30 10 80 K npoucXomuT CHIKeHHE

KIIJI COVY na 3 ... 4% B 3aBUCUMOCTH OT BEJTUUHHBI

V@blx °

Mamenenne KIII COY npu yBenndeHuu chp oT

800 no 1000 Bt u/kr oka3anoch IpaKTUYECKH TOCTOSTH-
HbIM U paBHbIM 0,7 ... 1,0% ams paccMOTpeHHBIX aua-

TNa30HOB M3MEHEHUA ATy, U V.

HpI/IBeI[eHHI)Ie PEIYIBbTATBI TAKXKE MMOKAa3bIBAIOT, YTO

BIIUSIHUE V Ha m3Mmenenue KIIJ] COY na 6aze ['T/]

B8blX
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¢ JKC cymecrBenno ciabee. Tak, npu yBelnW4eHUH
Veux 0T 0,94 1o 0,98 npoucxoaut noseimenne KITJ

Ha 0,3%...0,4%.

N, MBt ATKp=|3OK
5,6 A
/ \ 55K
R 2
O VOO o / ........ L
54— -

024 [

0.22

---------

0.2 SAAY DPre —

6 Oxp,

800 900 Rru/kr

Puc.2. BriiusiHue TEXHOTOTHUECKUX MMapaMETPOB HA
MorrHocTh (a) u KITJT (6) COY
CHeNMaIU3UPOBAHHOIO CYAHA:

— Vpux —0,98;

— Vpux =0,96;

Voux —0,94.

BrIBOABI

1. ITocTpoeHa perpeccoHHasi MOJIEIb 3aBUCUMOCTH
MotrHoct ¥ KIIJ] COY cnenuanu3upoBaHHOIO TEXHO-
noruyeckoro cynna Ha 6aze I'T/I ¢ JIKC ot TexHonoru-

YCCKUX IMapaMETpoOB.

2. Tloxazano, uyro usmenenue ATs; B nuamasone

30 ... 80 K npuBoaut x cHmwxkeHUt0 MommHocTy COY Ha

6aze GT6000 na 0,25...0,32 MBT U CHM)XEHHIO BEJIH-

upHel KI1JT Ha 3%...4%. 3. U3menenne (Jgy B auama-

3oe 800 Br-w/kr...1000 BT'u/Kr mpuBOAMT K CHIDKeE-

auro KIIJ[ COVY na 0,7%...1,0%. 4. Bnusaue TexHO0-

THYCCKUX IIapaMETpOB Vjing U Qle Ha 3Ha4YCHUA

auo

momrHocTH U KITJI cymectBeHHo crnabee.
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