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>ILTHMH3amiH TexHQJiorHvecKMx npoueccoB xoJioflHJibHofi ogpatfoTKH UHCa 

H.r. ,.M£HEB1W B.H., OHHUÍEHKO B.II.

f̂leccKHñ TexHOJiorHuecKMH HHCTHTyT xonoflHJitHofi npouunifleHHOCTH, Oaecca, CCCP

0 HocjieflHHe roflH ocoöoe BHHMaHwe yflejmeTCH ueponpHHTHHM, cnocotfcTByxmiHu uaKCHuajibHouy 
c°ïpaHeHHM KaqecTBa unca h MHConpoayKTOB, coKpameHH» ecTecTBemnix noTept npM ero xojio*- 

oÖpaßoTKe, nepexoay Ha BunycK npoayKUHH b Bime nojiy$aÖpHicaTOB jihöo öjiokob, hb- 
Ï0*»aTH3auHH h uexaHH3auHH npoueccoB xojioahjií>hoh oÖpaöoTKH, yHH$HKaunn TennooöueHHoro 
°c°PyflOBaHHH, UHHMMHsauHH pacxoflOB 3HepropecypcoB.
P̂h Bceii paaHonjiaHOBOCTH nepeuHCJieHHux TpeÖOBaHHß ohh recHo B3aHuocBH3aHH h JierKO oÖHa— 
Ĵxhtb Ty ocHOBy, Ha 6a3e KOTopofi ohh uoryT (Shtb yflOBJieTBopeHH, a HiieHHO, coaaaHHe eflH- 
ti°Ä TexHOJiornn npouecca hht6hchbhoh xojioahjibhoh oÖpaöoTKH, coBuemeHHoii bo BpeiieHH c 
^Pö-HcnopTHHMH onepauHHMH MHConpoflyKTOB b Kauepe h c jiHKBHflamieH nocjieACTBHK "nocT~MopTeM" 
^Toflou 3jieKTpocTHuyjiHpoBaHMH MJiH «pyrHHH. ÜHTeHCH$HKauHH npoueccoB COnpHXeHa C Heoöxo- 
^Hoctbio ycTpaHeHMH HexejiaTenbHux HBJieHHÖ b KHHeTHKe oÖpasoBaHHH npHCTajinoB ni>aa npn xo- 
il°flHjibHoii oÖpaöoTKe, yueHBmeHHeu ecTecTBeHHHx noTepB Bnarn unconpoAyicTOU, KOTopue b cbow 
0’iePeflB onpeaejiHBT ero KauecTBO«
t»
C«H paccMaTpHBaTB b 3TOH CBH3H, Hanpnuep, npouecc oxjiaxjneHHH usea b Boaayxe, to Bce 

®SaJiH3yeuHe h B03uoxHhie TexHOJiorHHecKne pexHMhi hoxho onncaTb eflHHoñ uaTeuaTHvecKOÎi uo -
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T C
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” 3T0M UHconpoAyKT MOfleHHpyeTCH ÖecKOHeuHOH noHyorpaHMHeHHOH nnacTHHoii tojiiuhhoh 
1)70 b flanbHeömeu BJieveT k HeoÖxouHMocTH BBeaeHHH b pacueTHoe TeMnepaTypHoe none 

|$$MHHeHTa rouoxpoHHOCTH, onpeflejmeMoro 3KcnepHMeHTajiBHUM nyTeu ( äjih tobhxbhx nonyTyui 
® * 0,2 u ko3$$hum6ht rouoxpoHHOCTH paBeH 0 ,5 6 ). HanaabHoe TeunepaTypHoe none mhco —

^°flyKTa -  K03$$MUHeHT TenjionpoBOflHocTH, Cl -  ko3$$huh6ht TeMnepaTyponpoBoa -
°c*h UHconpoflyKTa, oi ( f t )  -  nepeMeHHuii bo BpeueHH ko3$$huh6ht TennooTaauH, T c ( t )  -  leM- 
*'«Typa oxjiaxflaiomero B03Ayxa.

tîoj,„ T"1CK onTHuajiBHoro pexHua oxnaxueHHH ocyuecTBJiHeTCH nyTew onpeaejieHHH SHaneHHH >c H
^bBc h u o c t h  , oÖecneuHBaiomHX BunojiHeHne c$opMy/iHpoBaHHHx Bume Tpe(5oBaHHÜ, KOTopiis
^^UKax uaTeMaTHqecKOH uoRenvi uoryT Öhtb 3anHcaHH b BH«e :

0.ÍS  ( T ’ ( R 1-c)  + 1 . S * c ) á  £ , £ > 0 , C2)

(3)

w

a £ - M t « w , * » ) ■ * * •  «
B°Bne (2 ) HajiaraeT orpaHHueHHe Ha flocTHxeHHe noBepxHOCTbio npoayKTa I ^i^TeMnepaTypa 
lePaaHHH, ycJiOBHe (3 ) onpeflenneT ajimtojibhoctb npouecca Tnp  , KEK BpeMH ÄOCTHXeHMH 3a- 
li°^ cpeflHeoÓT>eiiHOÍ! TeiinepaTypH ycjiOBHH (3i^) m h h m m m 3HpyioT BpeMH

a g s  (  T V  (t )  -  V c  )  i  £  ,
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h  BejimiMHy 6 C T 6 C T B 6 H H U X  noTepb B a arn LO- aa Becb nponecc. lÍHHHMyM &Ç- HO C T H r a e T C H  
npn UHHHuajibHbix cpeflHeHHTerpajibHbix b o  Bpe u e H H  3 H a a e H H a x  T e u n e p a T y p u  noBepxHOCTH, a u h h h - 
uajibHoe Bpeua npouecca~CYvp npa T e x H m i e c K H  p e a a H 3 y e u u x  C K o p o c T H x  ä b h j c g h h h  Bosayxa oTBeHa»**
mux MaKCHMaJIbHHU 3Ha<jeHHHM KpHTepMB = — H 3HaaeHHHX Te. > KOTOpue, C OflHOH CTOpOHH» 
npHBOflHT k ÖucTpoMy flocTHJceHH» noBepxHOCTbio TeunepaTypu 3auGp3aHMH -I,5°C, h c apyroií 
CTopoHH, sa 3TO xe BpeMH flocTaTOUHo noHH3HTb cpeaHeoöbeuHyw TeMnepaTypy npoayKTa. 3to 
fliiKTyeT HeoÖxoflMuocTb npoBeaeHHH aByxcTaanHHoro nponecca oxaaxaeHHa c nocToaHHUMH 3Haae" 
HHHMH TeunepaTyp B03ayxa Tti m Tci a Kaxaoß CTaaHH.
Toraa = ?» ( T t,  ̂ BC* , T cl > ) > 1

, K, ,Tetl J <6>
CuHTaa HaaanbHoe TeunepaTypHoe none b nepBOH ciaana paBHOuepHUM r ( x f ) . t . . J8° C noíiy-
íihm ana TeunepaTypHoro nona b KOHue nepBOH CTaann ( T  -"Cf ) : ^

T  ( * , * , )  -  T0 -  (T „ -  T .) £  B« • CosJM. f  • ^  (- í g i  t )  ,

KOTopoe aBaaeTca HaaanbHUM pacnpeaeaeHHeu TeMnepaTypu -£(x) flan BTopoß CTaaHH.

HaxoxasHue TeMnepaTypHoro noaa bo btopoh CTaana aerao noayvHTb, ecjin noaHoe BpeMH npo ** 
necea pa3ÖHTb Ha KOHeaHoe hhcho paBHUx npouexyTKOB, T.e. nonoxHTb 't = kK- » rae k  “
mar no BpeueHH, K  - 0,1,2,3,...
io„. , a pemeHHe 3aaaaH (I) HMeeT

T U * )  = A c l i | x  +  C7)

, t . l  6iK -Ttl + p.
i ak ' R ^

nonbsyacb (7) naxoanu H C00TBeTCTB8HH0 H C nOCJieaywmHM nOHCKOV
UHHHuyua 3THX BejiHHHH aaa pasaMaHiix 3HaaeHHÉ Tci , » Tct » B íiW  • PeaaH3auHa STK*
BUUHcaeHHH Ha 3BM aaa roBaxbHx noayTym c Î  - 0,2 u npHBena k pe3yabTaTaM :Tt) — 20°C{ Be,- io i T| - 0,48 a. i Tcx - —6°G ;
D . (T \ . J 10 * V  T  £ 5,0 a. t ,

'  ( 9,973 -  1,3331 (T-y) + 0,I02(t -S )-  0,0004(t-Sr) , I0<TT £ 15,5 a-
lipa 3TOU b Könne nepsoií C T a a H H  c p e a H e o Ö i e u H a a  T e u n e p a T y p a  n o H K x a e T c a  ao 32°C, a TeMnepa" 
Typa n o B e p x H O C T H  n p H Ö a H x a e T c a  ao -I,5°C. 3tot p e x H u  n o n y a m i  H a 3 B a H u e  n p e a s a p H T e a b H o r o  
ox a a x a e H H a  h HrpaeT cymecTBeHHyio p o n a  b uhhhuh3a úna m  • B° btopoh CTa a n n  Te«ne
p a T y p a  n o B e p x H O C T H  n o a a e p * H B a e T c a  6jih3koíí k Te u n e p a ï y p e  3auep3aHHa, a ecTecT B e H H u e  noxeP11 
kG- co c T a B n a » T  ~  1,1%. T a a o ß  p e x H U  Ha3Baji n p o r p a u u H u u  o x n a x a e H H e M  h a B a a e T c a  onTHuaaB 

hum c TOH K H  3pe H H a  y a o B a e T B o p e H H a  n e p e H H c a e H H u x  Bume TpeßoBaHHß. C y a e T O M  K 0 3 $$HUHeHTa 
r o u o x p o H H O C T M  cy M M a p H o e  BpeMH o x a a x a e H H a  c o c T a B a a e T  ~  9 a.

AHanorHUHHH noaxoa npaueaeH npH noHCKe HaHÔoaee hhtchchbhux pexMUOB 3auopaxHBaHHa c oflTíl 
MHsauHeß $yHKUMOHajia, onHCUBawmero aaieciBO uaconpoayKTa, noayaeHHoro nocae ero ae$P°cTa 
UHH B KOHue opona xpaHeHHa. OaHano, khkhu 6a hh 6ua BUÖpaHHuß pexHM xonoaaabHoii oöpa^°Tit 
uaconpoayKTa BaxHUMH aBaaioToa TexHHaecKHe pemeHHa, Kan uoxho peaaH3yiomHe stot pexHM fifííI 
aucKpeTHoro noTona npoayKTa. ü o to hhuK ueroa, T.e. coBuemeHHe TpaHcnopTHUx onepauaK 0 T 
HonomnecKHMH, onpeaeaaeT nauepu xoaoaaabHofi oöpaÖOTKH nan cacTeuy npoTaxeHHUx Tynaea®®
Baoab KOTopux nepeuemaioTca eamHHUu npoayKTa. IIpoeKTHpoBaHHe Tanax nauep TpetíyeT 3HaHH3 
TenaoBux Harpyson h cooTBeTCTByjomero pa3MemeHHa TenaooÖueHHoro oÖopyaoBaHHa Baoab TyHlí 
onpeaeaeHHe reoueTpuuecKHx pa3uepoB TyHHeaa h xapaKTepMCTHK KOHBeßepa, ocîecne'iHBa»»01'0 
TpaHcnopTHue onepauMM b Heu. J^acnpeTHOCTb nocTynaeHHa npoayKUHH onpeaeaaeT nomaroBoe 
xeHMe KOHBeßepa Kan 3K0H0UHuecKH ueaecoo6pa3Hoe.

152



onpeaejieHHH TenaoBoft narpyaKa ot noxoKa npoflynxa 6yfleu caaxaxb H3bocthhuh caeayiemae 
ejiHUHHa: - fljiHTejibHOCTi» npoqecca xoaoflaaBHoft oöpatfoxKa canoa eflHHMyu npoayKxa;

^ I Z 7 ° : 4 T { ^  Ä ' Ä ' à?* ”e p ” '1 n o “ r o *otofe0 n w .0. 0 H  ^  ;" " A  “V x  “ naOTHOCTB TennoBoro noTona c noBepxHocTH
Poflyxraj ¡i - «h c m  aarpyaoK TyHHeaa aa npoaaBonbHuft ñapaos ape vei», sa a KOToporo on- 
^S bjihbtch T e M O M H  HarpysKaj T 0 , T 4 , T 2 - «aaTeabHocTb cooTBeTCTByroiuax
arpyaoK ( Co - O); y o , , Q Z ,...,9e - saaTeabHOCTB nepepuBOB uexsy sarpyaicaMH.
®eT cuaca 0^ » * T  , npa ycaoBHH 0¿ <Tuj» ( 0 O - 0« -0);

B̂efleu b paccuoTpeHHe caeayjomae BeaaaaHit: KoaaaecTBO nocTynaeHafi Hi: , aarpyxaiomax TyH- 
*** Ha 100%î H0Mep "ocTynaeaaa b uoueaT BpeueHa T } aacao noaaaafi Kl , saHaxux
«Haaaua npoayKiiaa b ( lîlj + I) nocTynaeHaa b nepaoa j, -oil aarpyaaa. npa axou

M̂ EigTiER(ÎL') ■ rij = 1 + EXtIer ~ & * 9;-') ̂ J Kj = EMTiER i
°^eTau, uto b aio<5oii paccuaxpaBaeuna u o u o h t BpeueHa T  >, (Tu, 4  0;.,) B xyHHeae MoryT
C ° flMßL.ca 601111111,1,1 HP0«*“ » »  «aKCauyu «Byx nocTynaeaaß ( £  -1,2) nepaosa i -oa aarpyaaa. 
e«a Haaaaa tlĵ . -ro nocxynaeHHH onpefleanexca cooxHomeHaeu ®----- - - V/UUinuUICnWcM

+  s  ” "C H f*Cjib c  "  v*i / ' ft / 7  > 4' J
r - noBepxHocxb esaHHHH a p o m p a ,  xo cyuuapHuii xenaoBoa noxoa ox npoayauaa I -oft

r P y3 KH e y f le x  paB eH  *  ,  v _  ¿  n  (  Ä  . . \  ®

f W ^
^  yMMHp0BaHMe n0 7  03HatiaeT cjioaceHwe TenjioBHx dotokob ot ejuiHim npoAyKUMM ÄByx pas« 

nocTynneHMÜ, HaxoflamuxcH b KaMepe b momôht BpeweHH > a cyMMupoBaHH© no »•
^ ^apoBaHHe no esHHayau nposynnaa b naxsou a3 axax nocxynaeHaü. OnpeseaeHae Sx aerao 
^ecxBaxb aaaaaaapya aHaueHKH M  : K̂ j , ,T a cooxHomeaan ueafly aaua. B ite »
^ Heoexoflauocxi, BuuacaeHHH b npoaaBoabHuií uoueax .speuena T  onpeaeaaexcH yc -

^ ^  0  I ecaa ^  ( ^ C - l  +  0 £ - t )  ¿  T  +  ̂  (*^i + ©i-l) ^
0>f- O  . ec*| "t + î £  ( T í  4  0 í _ () ,

y (T”í 4 0 í_| ) HBaaexcH BpeueHeu Burpy3Ka i
•  u  * "  *V »-OH SarDVaKM. ü£5innCT Tfirninsno uo7î TTn,in _ ____

®ifos
»0,

'i6BlIflHO p a B H a

C|i°ni>Ky aa xyHHeaa nocae^Hefi e^aHauu npo—
Mlili ¡T **0ÎÎ 3a‘rP y 3KiI* ° Ö “<a* Te n a o s a a  H a r p y a a a  Ha xyHHeai, b aKKSoii uouenx speueHa 

> p a B H a  s \ , JL r\ / y

û t t )  =  .S. Q ;
A'

V CyHKe npeflcxasaeHO a3ueHeHae xenaoBoa Harpyana bo BpeueHa xyHHeaa npeflBapaxeatHoro 
^^fleHMH c wacaou noaauaß na Haxne KOHBeßepa A/ - 64. Pexau nocxynaenaa roBHxtax noay- 
 ̂ aaflaH BeaavHHaua :

^  - 5,862.IO"2 a., ^ 4  - 6,281.IO“2 a., 0, - - O 3 - 4,I88.I0“ 3 a.
^®P®P^® 0¿ b 3TOU cayaae npaBOAax k o a h o ü HeaanoaHBHHoft noaaiiaa h & h hx kô koh —
B uoueHX BpeueHa - 0,254 b xyHHeae Haxoflaxca 61 noayxyma a oueHKa (^‘(c) , 

Î^j^^»2,3,4 (Ha pac. cooiBexciBeHHO KpaBiie 1,2,3 ,4) flaex BeaaaaHH xenaoBUx iioxokob ot
nojivTvm. HaYOUHinMYCfi Ha naanHUHMY aTanav nnnne^oo T™- __________  _____ ___

1 ' \  -* I* - 1 ̂  y - r j MttOl UüJIlûHidHbi TenJlOBUX nOTOKOB OT
^  n°ByTyiii, HaxoflHmaxcH Ha pa3aaaHux STanax npoijecca ax oxaajcfleHHH (b paaaaaHux ao— 

^^yHHeaH). KpaBaH 5 coOTBeTCTByeT cyMMapHoa TenaoBoii Harpy3Ke Q(c) TyHHeaa. Ha pa -
V a*0^ BiIflH0, aTO TenaoBue HarpysKH Ha npaôopu oxaaxjReHaa, pacnoaoxeHHue b paaaaanux 
\  TyHHeaa no ero ¿jnaHe npa T  ■ 0,254 a., cooTBeTCTBywmeMy uaKcauaabHouy aanoaHe—
5 n„îyaHe,la noByTyuiaua, cymecT B e H H O  OTaaaaiOTCH -  Ten a o B a a  H a r p y a a a  ot nep B o a  3ohh n o aTH 
S h P aaa nP eBu m a e T  H & rpy 3 K y  aeTBepToii 3ohh TyHHeaH. 3tot p e s y a b T a T  y n a s u B a e T  Ha HeoCS- 

m°c t b  H e p a B H O u e p H o r o  p a 3 uem e H H H  n o B e p x H O C T e ß  n paÔopoB oxaaxfleHHH Bfloat TyHHeaH b
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COOTBeTCTBMH C 3 a BMC HMO CT HMM ^(x) h Q(?) , a TaKie uenaeT HecocTOHTentHHU npoeKTHpoBaHHe 
c  yweTOM cpe«HMX sHaueHMH TenjiOBoii HarpysKH aa Becb npouecc xojioumjibhom oÖpaÖoTKH.

ftnHHa TyHHeHH L Tanxe HenocpeflCTBeH**
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ho CBHsaHa c TexHOJiorHuecKHMH xapaKTe ** 

pHCTMKaMH n p o iie c c a , B HaCTHOCTH, ecHM 

& -  paccTOHHHe Mexfly coceuHHMH eunHH-

urmm npoflyKUMH na KOHBeiiepe, to

L * aí-b  = -Q  & •
lllupHHa KaMepH hjim uhcjio TyHHejieií B
HeM o n p eu ea a eT ca  ycnoBHeM coraacoBaHHH

MomHOCTeS P uexa-nocTaBmHKa eflHHHU
nponyKTa m caMoii KaMepu

P '
rue »  - cpeflHHH Macea euMHHnu npoflyK" 
Ta. B HTore npoH3 BeaeHMe J V M  BUCTy ** 
naeT b pojiH "naouauM" KaMepu xojiouKHfc" 
h ö h  oÖpaÖoTKH. HanpMMep, peanM3auHH 
npoueeea oxjiaxueHMH MaconpouyKTOB C 
MeHeHHeM pexHMOB npeuBapHTenbHoro c n°° 
jieuyioiuHM nporpaMMHUM ero oxnaacueHHeM E

flByx KaMepax TpeÖyeT cjieuyiouHX 3 HaweHHH reoueTpHuecKHX xapaKTepMCTHK b t m x  naiiep Li

U - M i  , L 2 =  ̂ - B  = ̂
T i )

r«e P - MaKCMMaJiBHaH uacoBaa npoH3 BOflHTeJibHOCTb uexa nepBMUHOM nepepaöoTKH CKOTa, ^ 
h T ^ T j - BpeMena npoueeea, a bX¡ m « j. - nepHOflu speMenn nomarosoro UBHxeHHH
pa b cooTBeTCTByiomux KaMepax. G t o h k h  speHna yaoBJieTBopeHMH nocjieuHHx cooTHomeHHeM ®ap^  ̂
pOBaHHeM BejIHHHH H 6 T Z MOXHO OÖecneHHTb npMHHTyiO TeXHOJIOrHIO XOJIOÄHJIbHOH OÖpaÖOTK ̂
TyHHeJIHX np0 H3 B0HBH0 K flJIHHU. C APyrO» CTOpOHU THÖKOCTB BUÖOpa 3 HaH6 HHM L, , Li . W < ' 
noBBonaeT oÖecneaHTb HauexHOCTb c h c t 6m m  b ueaoM, yuoBJieTBopHTb cipoHTejibHUM Hopuau » *
PeaabHHtt pacöpoc euMHHU npouyKUHH no Macee, KaTeropnaM npeuonpeuenaeT KOJiwuecTBO Heo 
UH m u x  TyHHeaeíí b KaMepe.

TaKHM oCpaaoM, xojioflMJibHaa o6pa<5oTKa b noTOKe nosBOJiaeT ysaaaib b e«HHoe ueaoe TexH 
rnuecKHe, TexHHaecKHe h npoeKTHue pemeaua, a npeanoxeHHue aaropuTMu hbjihiotch ochoboB ^ 
THManbHoro npoeKTHpoBaHHH npeunpHHTHfi c aBTOMaTHaecKHU ynpaBJieHueu TexHonornaecKHM n 

H3BOUCTBeHHUM npOUOCCOM.
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