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)1,nflc n nx e n ne o neo r o n o t o e ti ne n n e npM npOM3BO,aCTBe mMH03eM8 TeXHOnOrM4eCK8f1 CXeM8,aOn)/( ­

H8 6blTb OnrMMM3MpOB8H 8 nn« toro, 4T06bl vucenerec osn» TepMO,aMH8MM4eCKMM M reXHOnOrM4eCKMM 

Tpe 6oB8HMflM. B K84e CTBe OTHOCMTenbHOM X8p8 KTep MCTMKM Tep MO,aMH8MM 4e c Koro COBepWeHCTB8 

npouecce eucryneet 3 KCepre TM4eCKII1M Kn/l,. Onoenenenne 3KCe preTM4eCKMX Kn/l, tennoucnons­

3ylOl1.(MX 3n eMe HTOB CMCTeM B mMH03eMHOM npOM3BO,aCTBe n03BOnll1nO BblflBMTb nooueccu, X8P8K­

TepM3ylOl1.(MeCfI 60nbWOM Heo6p8TMMOCTblO, H8MeTMTb nYTM YMeHbWeHMfI MnM nMKBM,a8U,MM 3 TOM 

Heo6p8TMMOCTM. M8KCMM8nbHb/M 3c/Jc/JeKT 06eCne4MB8eTCfI CXeM8MM C BblCOKOMctenenuo pereHe­

P8 U,MMB38MMO,ae MCTBYIOl1.(MX tennoeux nOTOKOB. 

KmO'IeBble CnOBa : mIl1H03eM, e neo ron o t p e ti n e nn e , Te nn OBOM nOTOK, K03c/Jc/JMu,MeHT nonesn oro 

ueacten«, notepa 3HeprMM, TepMO,aMH8MMK8 . 

OlIHOMl13 Ba:>KHeMWJ1X 331IaT.I XVlMwlecKot'I TeXHOJlO­

run , B TOM T.II1CJle 11 rJTl1H0 3eMHOrO np0I13BOlICTBa, 

HBJlHeTCH 3KOJlOMl1H 3HepreTWIeCKl1X pecypcos . 

Il poueccu , CBH3aHHbie C BbICOKOTer-m ep aTYp HbIMI1 n ep e­

.ueJIaMI1 - BbIlUeJIacII1BaHl1eM, BbrnapKOMI1 HeKOTOpblMH 

n p y r l1MI1, 5lBJlHIOTCH Hal160JIee 3HCp r OeMlOIMl1 B TeXHO­

J10 r l1H nepepa60TKH 3JIIOMI1H11l:'tcO.uep)f(alUerO CbIpbH n a 

rJIl1 H 03eM rro nl.up OXHM I1T.I eCK I1M TeXHOJIOrI1HM . TaK, 

sar p ar u 3 Hep rrm na n epenene BbIlUeJIaT.IHBaHI1 51 na HeK O­

ropux rrpe.unpHHTI151X, nepepatiarsraaioum x 60KCHTbl no 

crroco6y Batiepa, .uOCTHraIOT 70-80 % OT cetiecr oua ocr a . 
B CBH311 C 3THM B HaCTOHlUee BpeM5IyueJIHeTCH rrpHCT3JIb ­

Hoe BHHMaHHe COBep w eHCTBOBaHI1IO CYlU eCTByro lU HX H 

C0 3.uaH I1IO HOBbIX arm apary pao-rexuonorn-recxux cxext 
3Tl1X nepenenos Hd OCHOBe scecropounero aH3JI1133, B TOM 

crl1CJIe TepMo.uI1HaMHlJeCKoro. 

B HaCTOHlUee Bpe ~HI aH3JIH3 TenJlOBbIX cxev TeXH OJIO­

rHT.IeCKl1X npoueccos rJIl1H03eMHoro rrp0I13Bo.uCTBa npo­

BO.uI1TCH C yserost JIYlWb n ep aoro 3aKOHa TepMo.uI1HaMHKH 

Ii R xa-recrse a6COJIIOTH0J1 Mepbl crenenn TepMOlII1HaMH­

'leCKOr O COBep w eHCTBa TeXHOJIOrWlecKo l:'t cucrevsr ITpH ­

HI1MaeTC51 BeJIWll1Ha nonsona sneprurr OTnxeumero I1CTOlJ­

HI1Ka. I1 PI1 TaKOM nonxone no YMOJIclaHHIO rrpHHHMaeTC5I , 

-rro see asixoronune 1-13 cucrexu; rennoasre nOTOKI1 OTBO­

.uHTCH B OKp~a IOlUYIO cpeny, T. e . He y-racr s yior B npo­

uecce rerrnonepena-m 11 He MoryT conepurars nOJIe3H)TJO 

paoory I1 PI1 ouenxe 3<PcPeKTI1BHOCTI1 n on son a an ep r n u 

OT BHCWHero HCTOcIHI1Ka HCrrOJIb3yeTcH TeIlJlOBOJ1 K I1)l 

)laHHbl t't n on x on B 60JIbW HHCTBe cny-raes He rr 0 3BO­

rr srer anexnarno Ou eH I1BaTb rennonue cxeMbl 11 onpene­

Jl5fTb nyTI1 I1X COBepweHCTBOBaHI15I, pe3YJIbTaTOM -rero 

HBJI51IOTC51 HI13Ka513<PcPeKTHBHOCTb I1CnOJIb30BaHl15I TeIlJlO­

HOCI1TeJI5I 11 n eonpa aa an no BblCOKl1e 3aTp3TbI 3H epfl111 

, B. r. KaJaKOB, np oqi ., Ka¢ . npOMbTWJleHHo ti renn o an eprera­

KH; B. A. Jl unan, nporp. , epaxynsrer TeXHOJlOfHH HCCJlenOBaHHlI MaTe­
pHaJ1 0B, e- mail: vadim.lipin@km.ru. Canxr -Il ereptiyprc xm i rocy­
llapCTBeHHblH nOJJ>l1exHH4ecKHH yuucepc u r er paCHITeJTbHbl X 
norn oaepon . 

na nepepatiorxy csrpsa , nocrnra ouiae llJIH HeKOTOpblX 

TeIlJlOBblX cxeu BbllUeJlaclI 'lBaH HH 60KCl1Ta 5,0-5,8 f)l)f(/T 

rJTHH0 3eMa. 

)lJIH CHH)f(eHI1H 3H ep reTWleCKl1X sarpar B npo n sson­

CTBe rJTl1H03eMa ueooxonnwo npn ouenxe TenJlOBbLX cxev 
HOBblX 3aBOn OB H peKOHCTpYKUHH cyinecrnyrouiax HCrrOJIb­

30BaTb MeTOD:HIOI, OCHOBaHHble KaK na rrepao v, TaK H na 

BTOp OM 3aKOHe TepMo.uHHaMHKl1. 

COrJTaCHO BTOpOMy aaxony TepMOlIl1HaMHKH JlI060M 

rerrnoson rrpouecc x ap a x re p n ayer c n pOCTOM 3HTPOnYIl1 

CHCTeMbI. Ilpnpauiea ne 3HTponHH CHCTeMbI B 3TOM CJIy­

lJae MO)f(eT 5IBHTbCH a6 COJIIOTHbIM xpurepnex, r epv ozm­
HaMl1 lJeCKo ro COBepweHCTBa aaanasnpyeaoro TerrJIOBO­

ro rtpouecca . CYMMa npnpauiennti 3HTp o rr HH no Bc eM 

TerrJIOvlCrrOJIb3YlOlUl1M 3JIeM eHTaM 6yneT onpenenrrrs non­

BO.u 3He p rYI l1 OT sneumero I1CTOT.IH I1Ka, aanproaep T3 U. 

T epMo.uI1H aMWIe CK l1t 't aHaJIH3 CHCTeM bI MO)f(eT 6bIT b 

asmonaen na ocaone TaK naasrsaevoro akceprer u-re­
cxoro MeTOna [1, 2J. 

T ep M H H «3KCepntH» or pax aer paoo r o c n o cotiao cn, 

3H eprHH. 3Kc eprHH - 3TO CBOHCTB O TepMonHHaMHcre­

CKOH CH CTeMbI HJlI1 nOTOKa a n e p r n n , onpenenaesroe 
(xapaxrepuayexioe) KOJIWleCTBOM paooru, xoropoe 

MO)f(eT 6bITb nony-reao BHemHI1M n p l1eMHI1KOM 3H ep r l1YI 

nprr o6paTHMoM HX B3a HMo.ueikTBI1H C OKp)0KaIOlUet'r 

cpenoii n o yCTaHOBJleHl15I rrOJlHOrO paBHOlleCYl5I . 

B npouecce sneprernuecxoro 1l3aHMo.ueHCTBI1H n OTO­

KOB ztpyr Cnpyron 11 C ox pyxaroureri cpenoa npoucxoznrr 

nepen ax a 3Hepfl111 MaTep HaJIbHbIX rrOTOK OB C HaJ160JIee 

HH3KOH r estneparypori B CHCTeM e B oxpyxarouryio cpeny 

)leHcTBHTeJlbHO, COr JlaCHO BTOpOMy saxony repvonuna­
MI1KH 3Ta 3 Hep fl1 5I He MO)f(eT 6 blTb nepenana OCTaJIbHbIM 

pa60'-lI1M TeJIaM C 60JIbW eM reun epar y poa. 

P aCCMOTpH M CTaUl10HapHyIO aaxpsrryio TepMHT.Ie CKI1 

Yl30Jl HpOBaHHyro cucrevy,OT.uaIOlUYIO snepnuo Q 2 CTeM­

neparypoti Ts (HaH6oJIee HH3Ka5I resmeparypa B CI1CTeMe) 

B OKp)0K aIOlUYIO cpeny (c r exm e p arypo ri T ) ' a r axxex 
rroTpe6Jl5IIOlUYIO mBHe 3Heprl1IO Q I 11 3H ep r l11O oxpy­

)f(aIOlUet'r cpeau Qo (puc. I ) . 
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O,(TeJ 

Of 

Puc. I. T epMWleCKH J130JI HpO BaHHail CHCTeMa 

ITo nepsosry aax ony TepMO,UHH a MHKH HMeeM 

(I) 

Ilpnpaureira e 3 HT P0 l1HH CI1CTeMbI 65 paBHO 

65 = SBbDi - SBX= Q;-. - 0J , (2) 
T r, 

rn e rr - cpernrerepxioznmaj-notec xaa rexmeparypa, 
ol1pe,aeJI51CMa51 B 06lUeM CJTYyae r exmepary pasur l10TOKOB 

B nasane H KOHUC Tel1 JlOBOrO npouecca, a HMCHHO 

(3) 

3,aCCb Snx' SOb'X- 3HTP0l1H H MaT epHaJlbHbIX l10TOKOB Ha 

nx ozre B cncrexiy 11 BbIXO,aC H3 n ee . 

113 paBeHCTBa (l ) C yLIeToM (2) 

(4) 

3,UCCb t:0 - B03paCTaHHe arrrporurn CHCTCMbf. c 
ITPH 06paTH Mo M s rrep rer u-recx ca 0 6MeHe B Tel1JlO­

BOM l1pO UCCc e C oxpyx aiotn ea cpenoa, T. c . npu TT = T ' x 
n OTp c6Jl5leMa51 I13BH e 3 HCp rH5I MI1HI1MaJl bHa (Q I = Qmin) 
H K OMl1 CH c H p yeT TOJl bKO n orepu (IT ) OT BH y T p c H HeH 

Hc0 6paTHMocTH TCn Jl OBbIX n poueccos B CH CTe Me: 

(5) 

YpaBH eHHC (5) ss rpaxaer 3aKOH [IOH-CTO,UOJlbf. 

IToTepH OT BH YTp e HHcH He06paTHMocTH TenJlOBbIX 

npoueccos IT HOC5IT H a3B aHHC «BHyTpeHHHe a x cep rer n­

' IeCKl1e n orepn» , a BeJlY!' I I1I-la Q 2(1 - T) TT) onpezrenaer 

norepn sxcep r u n OT BHe W HCH Hc06paTI1MOCTI1. 

Buseneuaue COOTHOWCHH5I Ll)I 51 0 6lUI1X sa r par 3 HCp ­

rHH B cncrevy (4) H MHHI1MaJlbH b lX sa r par (5) n03BOJl5llOT 

a6 COJllOTH O OUCHHTb ('ICpC3 l10,UBO,Us n ep r u n OT BHeWHC­

ro H CTO Y HHKa ) TCpMO,Ul1HaMHYCCKO C COBCpWCHCTBO 

CHCTCMbl. 

TepMo,UHHaMl1'l e CKH fI a u anua TCXHOJlOrl1 YC CKHX 

CI1CTCM m U<Tye T Hc06 x o,UI1MOCTb OTHO CHTCJlbHO H OUCHKH 

CTen eH H TepMO,UI1HaMI1QeCKOrO COBe p lUeHCTBa CHCTe Mbf. 

Oueaxa MO)f(CT 6 blTb o cyurecrnn ena C HCnOJlb30BaHHeM 

nOH5ITH5I 3 KCep fl1 H TenJlOBOfO n OTOKa TepMo.uI1H aM I1YC­

CK Oi1 CHCTeM bl. 

3 KCCp fl151 TCn JlOBOrO nOTOKa (ex) npn o n pen en en n o a 

r euneparype (T) onpe,UCJl5leTC5I KOJl l1'leCTBOM paboru, 
x orop oe MO)f(CT 6 blTb nonvneao wm 'uOJ])f(H O 6 bITb sarpa­

' leHO B 0 6paTH MoM npouec c e n epenoca 3 HTpO n l1l1, x apax­

TCpJ13YlOwei1 .uaHHbII:I r ennosoa nOTOK, n a y p OBCHb TCM­

neparypsr OKP J0KalOlUe(1 cpensr. 

3 Ta TepMo,UI1Ha MHyeCKa 51 ¢YHKUH5I xapaxrep nayer H e 

3HeprHIO TCnJlOBOra n OTOKa, a e r o MaKCH MaJlbHO B03­

MO)f(HyrO pa60TY, KOTOpylO 3TOT n OTOK MO)f(CT COBCpW HT b 

BH e p aCCMaTpl1 Ba eMOI1 CHCTCMbf. Cnenyer non-repxu yrr., 
LIT O B0 3M O)f( HaH paoo ra TCnJlOBOfO nOTOKa He HBJlHeTCH 

M aTepl1 aJlbliOH BeJll1'IH HoI:l, n03TOMY ,UJlSl uee 3aK OH 

coxpa ue uns s uepru u H e c npa aennna. O ,UHa KO y-rer 
noreps snepnur OT He06panIMOCTH npouecco n (sxcep­
reTWleCKHX ncreps ) n03BOJl5leT COCTaBHTb sxceprern -re­
CKHH 6 anaHC CHCT eM bf. 

M aT eMaTl1'leCKOe nu pax emre M 5I sxceprun r enno­
Bo ra nOTOKa B YCJlOBH5IX H306 apWIeCKora npouecca I1Mee T 

BH,U 

(6) 

r,Ue H I - y,aeJlbHaiI 3HTaJlbnHSl ; 5\ - 3HTpOnH5I nOTOKa 

npu 3a,aaHHbIX napaverpax; H ' 5 ' ex - COOTB eTCTBeH H O 

ynensna» 3 HTaJl b l1H 5I, 3 HTp On H5I H 3 KCe p r l151 J10TOK a npn 
na pav erpax oxpyx aiouteit cpea sr. 

E CJHI asrpanrrs npnp ameaue 3HTp o n HH -repea cpen ­

x x 

HeTepMO,UI1HaMHyecKYIO revneparypy nOTOKa no rpop­
MyJle 

(7) 

TO 

(8) 

TepMO,UI1HaMHyeCK aSl CI1CTeM a l1POH3B o,aCTBa rJlHHO­

sexra MO)f(eT 6 blTb npencrannena cH cTervr'O I1 6JlOKOB , CBH­

3a HH bl X Me)f(Lly c060I:1 MaTepl1 aJl bHbIMI1 H TenJlO BbIMH 

nOTOK aMH . ,IlM l aaann aa 6 JlOKOB Te p M o,UI1HaM W ICCK OI1 

Cl1CTeM bI y 'u06HO nOJlb30BaTbC5I npllpalueHl1eM sxcepr n n , 

l10Jl ytIeHHbI M rtpn TepMW·l eC KOM B3al1Mo,aeilcTBHH xrare ­
Pl1 aJlbHbIX nOTOKO B: 

(9) 

HJlH 

(1 0) 

rne H I' 5\ , H2, 52 - 3HTaJlbnHSl H 3 HT p On l1H rt o rrs ona H 

OTBo,Ua s nep r m: OT MaTepHaJlbHbIX 110TOKOB B aHaJlH3H­

pyeMoM 6 JlOK e cucrerasr; G - Ma CCOBbl11 p acx ozr J10TOKa ; 

T,;, - cpe,UHcTe p M o,UI1HaM W leCKa51 -resmeparypa nOTOKa 

(orsona) TenJlOBOrO nOTOKa B II1-M 6JlOKe TCp Mo ,aHHaM l'l ­

yeCKOH CHCTe M bl. 

A6coJl IOTHa51 OUCHK a r epuonanasnor ecsoro c ose p ­

WCHCTBa usrpaxaerc s YCpe3 s x ce p reruu ec x a e n orep u . 

3 KCep reTl1Y CCKHe norepn (IT) MO)f(HO nOJTYYl1Tb Bb ILIHTa ­

HHeM sce x BXO,U5IUll1X l1 BbIx O,U5I lUHX B cHCTCMy s xcep­

rHI:c 

m= N m= {. 

IT = L (6ex ) ", - L (6cx ) m' (11 ) 
m = ] m= l 

3,UCCb L , N - Y HCJlO MaTepHaJlbHblX l10 TOK OB na s uxone 

H axone B cncr er-ry COOTBeTCTBeHHO. 

3 Kcep reUF leCKl1e nor epn 51 BJl5lIOTC51 a6COJlIOTHO (1 

MepoH He06paTI1MOCTI1 npouecca . 

C OBe p w e H cTBOBaH l1e c y ure c r n y iotua x 11 C03,UaH l1e 

HOBbIX Te XHOJlOfl1yeCKI1 X cxesr C HJ13KI1MI1 y ,UeJlb Hbl M I1 
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::mepreTI1LfeCKv!MI1 aarparavn OT aneinaero I1CTOLfHI1Ka 

BKJ!lOLfaIOT CJleJJYlOWl1e sranu: 
- 3KCepreTl1LfCCKHH a HaJJI13 113BeCTHOH I1J1 11 BbI6paH­

HOH TepMOllI1HaW'!LfeCKOH CI1CTeMbI TeXHOJlOrWleCKOrO 

npouecca; 
- COCTaBJleHl1e MaTeMaTI14eCKOH MOlleJlI1 HOBOH 

CTPYKTypbl ; 

- p eaJlH3aUH5I TepMOlll1HaMWleCKH OnTHMaJlbHOH 

annapaTYPHO-TeXHOJlOrI14eCKOH CXeM bL 

3KCepreTWIeCKHH aHaJIl13 npouecca 11 e r o crannr; 
BKJlIOt.IaeT pac-ier noreps sxcepran aa p a3J1H4Hb1X CTa­

llH5IX, 1l0JlH BH ellIHI1X noreps 3KCeprHI1 , 3KccpreTHLfeCKO­

ro KlUX, T, e. a HaJJH3 BeJlWII1HbI H xa-recrua BTOpWIHbIX 

3HepreTH4eCKHX pecypcoB H ueJleC006pa3HOCTl1 I1X 

I1CnOJlb30BaHI15I , 

3KCepreTI1LfeCKI1 H Kflfl 5IBJl51eTC5I OTHOCHTeJlbHOH 

xapaKTepl1CTI1KOH TepMOllHHaMH4eCKoro COBepllIeHCTIla 

rrpouecca. 3KCepreTl14eCKHH Kflll COCTaBJleHHbIH aa 
OCHOBe nepsoro 11 sroporo 3aKOHOB TepMOllI1HaMHKI1, 

xapaxrepu ayer crerrem, H e06paTI1MOCTl1 npoueccos. 
Onpenenenae 3 KCep r eTI1t.IeCKOr O Krl,ll Tenn0I1CnOJlb3YIO­

1lII1X 3J1eMeHTOB CI1CTeMbl Il03BOJUIeT Bbl51BHTb npoueccu, 
xapaKTepH3yK)WHeC5I 60JlbllIOti neccparavocruo, HaMe­

TI1Tb rryrn yMeHbllIeH5I HJlH JlI1KBHllaUHH 3TOt'1 He06paTI1­

MOCTH . 

JlI060H TenJlo06MeHHbIH annapar, BKJl I0 4 eH H bIH B 

CI1CTeMY, npeanasnaven llJl5I rrOBbIllIeHI15I (nOHl1)J(eHI151) 

3KCeprl111 pafio-tero r ena. ITOJly<-l acMbIH 3cPepeKT - 3TO 

npHpOCT sxceprau uarpeeaesu.ot nOTOKOM. )],Jl5I 1l0CTH­

)f{eHH5I xenaeaoro 3cPepeKTa He06xOlll1MO aar par ur s 4aCTb 

sxceprun , 66J1bllIyK) B cpaBHeHl111 C npnoopereanon na 
I3eJlWIHHY, BbI3BaHHYIO He06paTI1MOCTblO npouecca. Torna 
3KCepreTI1LfeCKHH KIT)], r ennootia eu a oro anrrapara 
MO)f{HO nsrpaanrr, 

T 6.ex H (12)11 =-;-0 
zxex 

l1JIl1 

T_ l-T)TT 
(13)11 - 1- T, ITT' , 

rne 6.exm, 6.exo - npaparuenae 3KCeprHH narpeeaevorc 
H oxnaxnaevoro rrO TOKa npn HX 3HepreTI1""'leCKOM B3al1­

MOlleHCTBHI1; TT, TT'- cpemrerepaonanavn-recxaa TeM­

rteparypa aarpesaeuoro H oxnaxnaesroro IlOTOKa. 

TaKHM 06pa30M , sxcepreru-recxun Kflfl onpenena­

eTC5I KaK OTHOllI eHl1e BOCrrpHH51TOH B TenJlOBOM npouec­

ce npnronnos nna nansneaiuero TeXHI14 eCKOr o HCIlOJlb­

3 0 I3a H H 5I 3Heprl1H K IlOllBOllHMOH , npl1rOllHOH llJl5I 

TeXHH4eCKoro I1CIlOJlb30BaHI15I 3HeprHH, T. e. KaK OTHO­

ureaue npupaurenaa 3KCeprHH. 

170-250 'C 

B IlP0l13BOllCTBe rJll1H03eMa rrpn a x amrae repuonn­

HaMI1LfeCKOH CI1CTeMbI npHXOllI1TC5I CTaJlKl1BaTbC51 C peure­
Hl1eM sanax onpenenenna TepMOllHHaMI1t.IeCKOrO COI3ep­

llIeHCTBa KaK ornem.noro 6J10Ka (nanpnaep, TeIlJlOBOH 

npouecc B Tenno 0 6 MeHH o M annapare), TaK H paaa B3aH­

MOCB513aHHbIX 6J10KOB. Ilony-reuire B3aHMOCI35I311 sxcep­
reru-rec xoro KIT)], CHCTeMbl C Kn)], ornem.nsix ee 6J10KOB 

5lBn51eTC5I OllHOH H3 saaa-r, peruenne KOTOpblX rr03BOJl51 eT 

ycneumo nposomrn- TepMollHHaMwlecKHl1 ananns rex­
HOJlOrl14eCKOro npouecca. 

3KCepreTH4eCKI1H Kn)], CnO)f{HOH CHCTeMbI MO)f{HO 

onpenemrn, KaK 

L,6.ex 
(14)

11 = L,6.ex' 

!iJlH 

l-T I T 
11= l -r' IT" 

.v 

me 6.ex, Aex? - cyvsrapaoe npnpauiexne 3KCeprl1H COOT­

BeTCTBe HH O scex narpesaesnrx 11 oxnaxzraesnox rrOTOKOI3 

npn HX 3 Hep reTI14 eCKOM B3aHMolleHCTBHI1; T, T' - 0606­

weHHa5I cpenxerepvoznurava-recxaa resmeparypa COOT­

BeTCTBeHHO uarpeaaexu.rx 11 oxnaxaaevux IlOTOKOB. 

B TeXHOJlOrWleCKOM npouecce norryienna rJII1H03eMa 

no crrocofiy Banepa nap OT saeunrero HCT04Hl1Ka nonno­
11I1TC5I a nsyx onepaunax: aa aB TOKJIaI3HOM nsnuena-maa­
HHH 60KCl1Ta H na ssm apxe MaT04Horo pacrsopa. 

C nououneo 3KCepreTl1""'leCKOrO aaannaa 6bma BblIlOJl­

nena TepMOllI1HaMH4eCKa 51 ouenxa xersrpex pa3nl1LfHbiX 

rennonux cxesr BblweJla4I1BaHI15I 11l1aCrrOpOBbD( 60KCI1TOB 

(pHc.2-5). 

Cxeva 1 C ozmocrvneir-raru« cauoacnapennesi (CM. 

PI1C , 2) BKJlIOt.IaeT narpes CblpOH nym.nu rtapoxr CaMOI1C­

napeHI15I B KO)f{YXOTpy6'IaTblX Tenno06MeHHI1Kax. )],orpeB 

rrynsnu 110 peaKlll10HHOH reuneparypu ocyurecrsnnerca 
OCTpblM napov T3U B rpeiounix aBTOKJIaBax. Harperyio 
110 peaKUHoHHoti revneparypu rrynsny nocne I3bIllep)f(Kl.l 

nonsepraror casioacnapeumo. nap casroncnapeuan 
HanpaBJl5IlOT Ha nonorpes CblPOH nyrn.nu . 

Cxeva 2 C ceMHCTYneH4aTbIM CaMOI1CrrapeHHeM (CM . 

PI1C. 3) 13 OTJlI1t.IHe OT cxexis; 1 HMeeT ceMb crynexen cavo­
I1cIlapeHH5I 11ceMb cryneiren xarpesa OT pereaepauuon­
HOH r euneparypu 110 peaxuaonnon B pexyneparunusrx 
TeIlJl006MeHHHKax. 

B cxexre 3 nym.nonynsnosoro rennoooveua (CM . 

pnc. 4) 13 OTJlI1Lfl1e OT cxexrsr 1BblweJlO'IeHHa5I nynsna npn 

peaKUHoHHoH resrneparype HanpaBJl5IeTC5I Ha nonorpes 

csrpoii nyrn.nsi . 
B cxexte 4 KOM6HHHpoBaHHoH perenepaunn r ennorsi 

(CM . PI1C . 5) B OTJlH411e OT cxesu; 1 rrynsna nocne nepson 

nap H"3KOro 
AaBneH"~ 

(Ha Harpes SOAbl) 
Termo­

2 
HOC"Tenb 
(nap) 3 3 

4 4 100-115'C 

Ha crvuieuae 

Pac, 2. Cxexra I a DTOKJ1a DHOr O DbllueJ1a'll-lBaHIfSl C onaocryrreavaruxr cavoucnapennexc 
1- rtapo-nynsnonun nonorpenarens : 2 - rp erouiati aIlTOKJlaB ; 3 - p e a KUI10 HHbl e J IlTOKJ1aB bI (BblllleJ1a 'IHBJHl1 e) ; 4 - CaMOI1C­

napn rens 
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I 1 

3 3 
I 
4 

240 'C 

PHc.3.	 Cxcva 2 aBTOKJIaOHOr O m.nuena-m uaurer H3 ocnone MJ-IOr oCTynewlaTo r o cavoucn a penns : 
J - napo- rtynsnonua non o r penar en r.; 2 napo-nym.nousra TenJloo6MeHH lIK; J - peaxu aou usre <lBTOKJI3BbI ; 4 - C3MOIf CIl3p I1Te­-v 

JlI1 

170- 250 'C 

110-11 5 'C 

Ha cry ll.1eH>1 e 

3 380- 95 'C 

\I1 cxoAHafl
 
nyJlbna
 

PHc.4. C xeM 3 3 aBTOKJ1aBHOrO Oblw,eJl3'I lIa3H1U1 H3 OCHOlle uynsn o- rrynsnonoro TeIl JlOo6MeH3 :
 
J - nvn sno-rryrn.nonu n Tenn oo6M eHHJ1J<; 2 - napo-ny nsnosur! TerulOo6MeHHI1 K; J - peaxunonn ue 3BTOKJI3Bbl
 

105'C 

95 'C 

....
- ._ . 
TenJlo­
HOC >1TeJlb 

2 (n ap ) 3 

165 ' C 
1"- ·· ... 
, nap 
: (Ha asmap sv) 
I 

3 
4 

240 'C 

PItC. 5.	 C xeM3 4 3BTOKJI3BHOr O Bblw,eJla'HlBaHI151 C J<oM6HHI1POB3HHoi'i peren ep aua en TeIUlOTbI: 
J - 1l3PO-IlYJlbIl OBbIl1 TeIUloo6M eHHI1K; 2 - rpeiouuni aOTOKJI3a; J - peaxunoauue anroxnan u : 4 - ca v o ncna p nren s 

CTYneHIi CaMOl1CnapeHl1HHanpa13JUIeTCH ua a arpes CbTpOH - HarpeB nynsnsr B nOAorpeBaTeJTHX pereHepan lBHO­


rrynsri u , a BTOpWfHbIM n ap l1CnOJTb3Y){)T a a ssm apxe, ro KOHTYpa;
 
3aMewa 51 rpeioumi; n ap CT 3U B 3KBliBaJTeHTHOM KOJT l1­ - n arpes nYJTbnbT B rp eiounrx aBTOKJ1a BaX;
 

tIe CTBe. - BHYTpeHHHH 3Hep roo6MeH npH aLlHa6aTw i eCKOM
 

Pe3YJIbTaTbi 3KCep reTli'-1eCKOrO aa an nsa n peACTaBJTe ­ npoccerurposaa un rryrn.rru B casioucnapar ens x. 
HbI B Ta6JTl1L\e. rIpOL\eCCbI B cxesre 1 n porexaior C HeBblCOKHM CYM­

vb Ta6JIl1L\bl CJIeAyeT, ' ITO ecn n CJIeAOBaTb MeTOAliKe MapHbIM axce prertrvecxaxr KrILJ: , a liMeHHO82 %, a 'raxxe 

OL\eHI(Y[ Ten JIOBOH 3cpepeKTliBHOCTl1, OCHOBaHHOH n a C llbICOKliM pa CXOLlOM napa C T3U. Ilonsnuen ae s k cep­

nep aoxr3aKOHe Tep MOAli HaMl1KIi , TO nony-raevue n o x a­ r ern -iec xoro KrI)]. 3TliX Y3nOBcxeMbl MO)KeT cyurecreen ­

3aTeJT l1 He MOrYT cnysorn, KpHTepHeM TepMOAHHaMl1ye­ HO ynvaunrn, npouecc. Ilpaxra-r ecxa 3TO MO)KHOpe ann­

cxo r o COBepweHCTBa TeXHOJTOrl1tIeC KOr O npcu ecca , 30 13aTb TpeMH n YTHMI-I: 

n OCKon bKY YAeJT bHbIH p acxon nap a aa al3TOKJT aBHOe - Yl3 eJT HtI eHHe YliCJTa cTyneHeH caMOHc nap eHH51 

Bblw eJIacIl1BaHl1e 60KcHTa rreonnosn av n o xapaxrepa syer H nozt or pesa nynsnsr (CM. pHC. 3); 
pacxon TOnJ1l1Ba C T 3U. TaK, nonson n ap a B cxevax 3 Ii - uarpes CblPOH rryrn-rn-r nYJTbn OH nOCJTe BbIweJTaCIH ­

4 B npO L\eCC aBTOKJ1aBHOrO BbIWeJTa l TliBaH l15I 60KCl1Ta BaHl15l (CM. pnc. 4); 
COCTaBJTHeT 0,60 Ii 3,33 Kr/c COOTBeTCTl3eHHO. rIPl1 3TOM - a arpen CbIPOH nynsrrsr n YJIbn OH nocn e 01lHOCry ­

B cxeve 4 LlOnOJTHHTeJTbHO r ene p n pyercs 3,05 xrIc n apa. neaxaroro CaMOl1CnapeHH5l1i l1CnOJTb30BaHl1e n apa n OCJTe 

TaKHM o6 pa30M, cp aan eu u e TenJIOBbIX cxev no YLleJT bHO­ CaMOl1Cn apeHl1H rrpn asmapa aaiunr BMeCTO napa C T 3U 

My p acxony n apa He 5lBJTH eTC5IKoppeKTH bIM. (CM. Pl1C. 5). 
3 KcepreTWleCKliH KrILJ: , onpenenennua no n pnpa ­ Torna npO L\eCC MO)KeT 6bIT b ocyuiecranen C ov ens 

ureruno axceprnn 13 rennossr x n poueccax, 5IBMJeTCH BbICOKI1M CYMMapHbIM 3KCepreTHtIe CKHM KrILJ: (>91 %). 
eLlHHCTBeHHbIM H LlOCTaTocIHbIM xpurepnev 3epepeKTHB­ B CJT YClae MHorOKpaTHoro CaM0l1Cn apeH11 H au uien o ­

HOCTIi TertJIOBblX cxe« no aar par asr ronnasa. CleHHOH nvn sns: l1 COOTBeTCTBeHHO MHorOK paT Ho r o 

3KcepreTlitIeCKliH aHaJJH3 Ten JT OBbIX cx en BbIWeJTa ­ n aporiyn snosoro noziorpeaa CbIPOH n ym.nsi , COr JIaCHO 

tj HBaHliH 60KCliTOB n o xaasi saer , tITOn OLlBeLleHHaH sx cep ­ cxeue 2, MO)KeT 6 blTb n on yu en BbTCOKliH 3KCepr eTH'Ie ­

r HH B OCHOBHOM 3aTpaYHBaeTCH B CJTeLlY){)WliX TenJTOBbTX CKI1H KrILJ: 11 cYw ecTBeHHO 60JIee HI13KI1}1 p acxozi n apa 
rtpoueccax: C T 3U. Y eM 60JIbllle cryn eir eti CaM0l1Cnap eH11H , TeM 
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CpaBHI1TellbHaSl OI..\eHKa TepMOAI1HaMl1'lecKoi:1 

3<!><!>eKTI1BHOCTI1 rennoeerx cxeM aBTOK1laBHOrO 

Bblll.\ella'lI1BaHI1Sl 60KCI1Ta 

3K cep r e- PacxOA 
Tennoaoa annapar L'11lL'1 

TL'1'leCKL'1 j;j napa C 
YCTaHo sKa 

Kn A T3L.1, Kr/ c 

CxeMa 1 

napon Yllbno sbl j;j nonorpesarens 0,718 ­

r pe lOll.\L'1j;j aaro xnas 0,842 -

Cawoncnaparens 0,859 -

VlTorosble p ea yns r ar u 0,820 4,4 8 

CxeMa 2 

nap on ynbnosble nonorp eaarena pere aeparneuor o KOHTyp a : 

nepsbl j;j 0 ,89 -

STOpOj;j 0 ,9 1 ­

Tp eTL'1j;j 0,93 ­

~ eTs e pTblj;j 0,9 4 ­

nsn blj;j 0,94 ­

uiec roa 0,95 ­

ceAbMo j;j 0 ,96 -

CaM OL'1 CnapL'1TenL'1 : 

nepsblj;j 0 ,93 -

STOpOj;j 0 ,92 ­

TpeTL'1j;j 0,91 ­

~ eTs epTblj;j 0 ,90 ­

nSlTblj;j 0 ,88 ­

uiecr oa 0,86 -

ceAbMoj;j 0 ,84 ­

naponynbnosbl j;j nonorpcaarens 
0,92 ­

aKTVl SHoro KOHTyp a 

VlTorosble peavnsraru 0,917 1,67 

CxeMa 3 

n yn bn on yn bnOSbl j;j re nnoofiraeu ­
0,94 ­

HL'1K 

napon ynbnoBblj;j Ten no o6MeHHL'1K 0 ,96 -

VlTorOBbie p eavnsrars, 0 ,942 0,6 0 

CxeMa4 

nynbnonynbnoB~j;jTennoo6­
0,93 ­

MeHHHL'1 K 

r pe lOll.\Vl j;j asr ox naa 0 ,9 1 -

CaMO L'1CnapL'1Tenb 0 ,83 -

VlTorOSbie peav nsra r er 0,91 3,33/3, 05 

npl1Me4aHl1e. B ~ L'1 Cn L'1Te n e YKa3a H pacxo n napa , 3aTpa ~ e H ­

HOro S npouecce Sblll.\ en a ~L'1 B aHL'1 Sl 60K CL'1Ta C T3L.1; 6 3HaMe­

HaTen e - na pa, oraeneuuoro Vl3 npouecca B blll.\en a~ Vl BaHL'1 Sl 

60Kc Vl Ta Ha asrn ap xv ( Te X HOn O rL'1 ~eCKL'1j;j na p 3aM ell.\eHL'1 Sl napa 

C T3L.1Ha asm apxv). 

J'vIeHbllJe He06 xo,llJ1 MbIM TenJlOBOM n OTOK OT nae unrero 
HCTOYHHKa. 

TIPH aarpese CblPOM n ym.nu n yrn.noa nocne ssnne­
JIaYJ1 BaHH5I , KaK B cx exre 3, or nanaer u eooxo zuoaocn, B 

crvneauarov caMOHCnapeHJ1J1, a CJle,lIOBaTeJlbHO, HCye­

3alOT sxceprern-recxire nOTepJ1, CB5I3aHHbIe Capoccenn­

pOBaHJ1eM aJIlOMHHaTHoro pacrsopa B 3TOM rrpouecce. 

Cnenyer orsierwn., LITO npn nynsnonym.noaov Ten JlO­

06MeHe BBO,UI1TCH MeHb llle BO,llbl Ha n pOMbIBKY xpaca oro 
umasra (H a 06b eM BOL\bI , BbIL\em fB WeMC5I rtpu caMOHC­

napeHJ1J1). B CBOIO ox epem, YMeHbWeH J1e 06beMa BOL\bI 

npasener K B03paCTaHI1lO n oreps llIeJlOYH 11 fJlI1H03eMa 

B CJ1CTeMe n pOMbIBKH xpacnoro urnaraa, 3 TOT He,llOCTaTOK 
MO)l(eT 6blTb ycr paae n rtyr exr paCllJl.1peH J1 51 CI1CTeMbl npo­

MbIBKI1 x pacnor o umaxi a u a O,llHY-L\Be CTyneH I1 [3] . B 
cJIY'Iae, xorn a KOHueHTpaUJ1H pacrnopa I3 BbIllIeJlO' leHHoM 
n yrn.ne 11 n epen L\eKOMn03I1Ul1eH COBn3,llaIOT, pasoa an e­

Hl1e aJIlOMHHaTHo ro pacr sopa or cyr cr syer . Torna BBO,ll 

BOL\bI B npOMbIBHYIO CI1 CTe.MY n epecraer 3aBJ1 CeTb OT 
pa 3HHUbI KOHueHTpa UI1M. pa crsopa n o cn e asrurena-m ­

I3aHJ1 51 60KcHTa J1 n epen L\eKOMn03J1 Ul1eM. Ero KOJlJ1ll e­

CTBO o n penenaercs c0 6CTBeHHo YCJl OBJ1HMJ1 n pOMblI3KJ1 

xpacno ro urn ana. DOJlj"leHH YIO «y x penn en n y ro» BOL\Y 
3cP<!)eKTI1BHO KOHu eHTpl1pyJOT B Cn eUl1aJIbHOl1: au na p­
HOM 6aTa pee , JlI160 ,llpyr l1MI1 cOBpeMeHHbIMI1 cnocotia­

MH (narrpuve p , 3KCTpaK Ul10HHbl MI1 11J1 11 L\l1acPparMe H­
HbI M I1), JlI16 0 no KOM6J1HJ1pOBaH HbIM c x e. u a sr . 

D OBbIllJ eHHe xa nnran sn ux sar par na yCTaHOBKYcneun ­

aJlbHOM I3bInapHOM fi arape n B 3HaYI1TeJll.>HOM. Mepe OKy­

na eTC5I BCJle,llCTBl1e OTCyTCTBI151 cav oa cna p nrenea aBTO­

KJlaBHOrO Bbl llleJla' II1BaHI151 60KCI1Ta H coxpauieaaa 
3H epreTJ1yeCKI1X KOTJlOB 113-3a n OBbIllIeHHOM CTeneHI1 

per exepa u an r errn a BbIllleJlO'leHHOM rryrtsn st n a OCHOBe 
nyn sn o - nyn s n oaoro r erinoofiv ea a. Dpel1MyureCTBOM 

TaKOM. cxew sr 51BmreTCH B03MO)l(HOCTbyCTaHOBKJ1 BbICOKO­

I1HTeHCI1I3HbIX TenJlo06l\.IeHHI1KOB, n anpnxrep cn n pan s­

aoro r n rra, n03BOJlHlOllll1X (c ysero« OTCYTCTBI15I caxio­
I1CnapJ1TeJleM) J1 X pa3MeCTJ1Tb Ha Or p aHJ1yeHHWX 

np0I13BO,llCTBeHHblx nnouiansx J1 cYllleCTBeHHO yn po ­

CTJ1Tb 3KcnJlyaTaUJ1JO 06 0pY,llOBaHI151. 
ECJlJ1 n pn perexepaux n r enna n a OCH OBe rrvn snorryn s­

nosoro rennooo xrea a BTOpl1YHOe r errno 6Y,DeT n onseneao 

BL\Ba Y3J1a - na BbIllleJla' I J1BaHJ1e 60KCJ1Ta 11 n a asm apxy, 

KaK B cxexte 4, rn e reHepHpyeMbl M nap HanpaBJl5IeTCH na 
nsm apxy BMecTO n apa C T 3U. T aKJ1M 06p a30M MO)l(eT 

6blT b co xpauieu pacxon ronnnaa B 06111eM. CI1CTeMe. 
MaKCI1MaJlbHot'r TepMO,llI1HaMI1'1eCKOM 3cPcPeKTHBHo ­

CTI1 nprt Bbl llleJla'lJ1BaHI111 60KCI1Ta MO>KHO ,llOCTHYb, eCJlI1 

CbIpyJO rryn sny a arpenar s nynsnoii nocne nsnuena-nma­
HI151. 3TOT npouecc OCYllleCTBJl5IeTC5I npu BblCOKYlX sxce p­
r eTl1'1eCKJ1X KDn (>94 %). Ilpn 3TOM OTTI3,llaeT neooxo­

,llHMOCTb B cryrreuax ca MOHCn apeHl15I . Ilony-raeuaa B 

peaynsr are r axor o rrp ouec ca BbICOKa51 per eu eparunxas 

r exmeparypa CbIPOM. n ynsriu n03BOJl5IeT 3Hil'lJ1TeJlbHO 

CHH3J1Tb n OL\Be,lleHHYIO sxcep rrno B rperouiev aBTOKJIaBe, 
a raioxe BOTJlH'lHe OTnpyrux paCCMOTpeHHblX cxen cyuie­

CTBeHHO CHH3J1Tb 3HepreT WleCKHe pacxonu a a OCYllleCT­

aneu ne rrpou ecca Bariepa B uenora. 
TenJlOBaH cxeva aa OCHOBe nvnr.norryn snosorc TeTIJlO­

06MeHa 51 BJl5IeTC5I HaH60Jlee COBepllJe HHOM. KaK no 3KC­

eprem-recxoxry KDn, TaK H no pacxony n apa. 
AHaJlJ13 Bbrp a)l(eH HM. )J:Jl5I 3KCepreTJ1lIeCKHX KDn 

orn em.nux r en n oncnomcyiournx 3J1eMeHTOB TepMO,lU1 ­

HaMH'leCKOH CJ1CTeMbI aBTOKJIaBHOr O BblllleJlaYHBaHJ151 

60KcHTa 1l03BOJl5leT He TOJlbKO pasp atiorars TepMOL\J1 Ha­

MJ1'leCKJ1 MaKCJ1MaJIbHO co eepuiemrsre r ennoasre cxeu u , 

HO J1 yconepurerrcraosan, L\eM.CTBY\OLUHe ann aparypno­
TeXHOJlOrH'I eCKHe CXeMbI. TaK, nanpioa ep , p exoucr pyx­

UH5I TenJIOBO M c xeMbI u a OCHOBe nym.n onyrn.n osor o 

rennoobxren a rnJ1H03eMHoro npOH3BO,llCTBa EOrOCJlOB­
CKOro aJIIOMJ1 HJ1eBOrO aason a rr0 3BOnJ1J1a 6bI He MeHee 
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THEENERGY-DISPERSIVEANALYSIS OF HEAT SCHEMESOFALUMINA INDUSTRY 

V. G. Kazakov, V. A. Lipin 

For power consumption decrease for alumina production the technological scheme should be optimized to satisfy thermodynamic and to 
technology requirements. The energy effervescive is relative characteristic of thermodynamic perfection of process. Determination of energy 
effe rvesc ives of heat- consuming system elements in alumina production has allowed to reveal the process es characterizing by the high 
inconvertibility, to plan ways on reduct ion or liquidation of this inconvert ibility. The maximum effect is provided by schemes with high degree 
of regeneration of reacting heat flows. 

Key words: alumina, power consumption, heat flow, energy eflerve scive, energy loss, thermodynamics. 

~3y... e.H~e CTpyKTypbl r~66c~Ta 

C pa3n~"'HO~ creneusso 
A~CnepCHOCT~ 

YAK 541 .1 © A. B. TOJl'leB, E. JI. K33aHueBa,,U.,U. JIapHH* 

3KCnep"1MeHTanbHO vcte noenene KOppenfl lJ, "1f1 nepeueroe C 3neMeHTapH0t1 Kp"1CTannWieCKOt1 
flYet1K"1, a texxe nonYW"1p"1Hbl /1,"1eppaKlJ,"10HHbIXMaKC"1MyMoB Ha penrrenoroeuuex co Cp e/1,H"1M 
pesueoot« Kp"1CTannOBr"166cma BnOnepeYH"1Ke. C/1,enaHO noeiutonox enne, YTO 3TaKOppenfl lJ,"1f1 
ooycnoenene YBen"1yeH"1eM epopMepaKTOpa nnectnnueru« Kp"1CTann"1KOB r"1 66c"1Ta no u epe B03­
paCTaH"1f1 "1Xcoennero pa3Mepa. np"1Y"1HOt1 yW"1peH"1f1 MaKC"1MyMoB ne peHTreHorp aMMax KpynHo­
Kp"1C Tann"1YeCK"1X 06pa3lJ,OB r "166cma nense tcs; nO-B"1/1,"1MOMY, Han"1Y"1e M"1KpOHanpfl )/(eH"1t1 B 
Kp"1CTann"1YeCKOt1 peuietre y-A/(OH)3' Op"1eHmpOBaHHblx B/1,Onb Kp"1Crannorpaep"1yeCKOt1 OC"1 c. 

KmO'ieBb/e cnoee: r"166 c"1T, r"1/1,pOKC"1/1, amOM"1H"1f1, Kp"1Crann"1 yeCKafi peiue tse, peutreuotpev ­
Ma, /1,"1eppaKlJ,"10HHblt1 MaKC"1MyM, «pncrenn. 

C I1HTeTHtleCKI1H nUI.pOKCHLI aJlIO MI1H I1H y - MO.DJ1cPI1­ U eJlb IO LIaHHOM p a 60TbI 5IBJIHJIOCb HCCJlenOBaHHe 

KaUI1l1 , npupomrsn« a HaJlOr OM KOTOp Oro MO)l(}lO BJlH 5lHH5l LU1c n epcHOcTH 06pa 3UOB n a cr pyxrypy floI6 6 cH­

C'i I1TaTb MHHepaJl, I13Be CTHbl t'I B nnreparype Ka K r a H rtap asi er pu ero 3JTeMeHTapHOH KpH CTaJIJIHtleCKOlI 

rH66cHT, KpI1CTaJlJl I13yeTcH B MOHOKJIHHHOiC't CH H roH HH 5IlJeH KI1 . 

(rrpOCTpaHCTBeHHa H rpyrma cHMMeTpl1H P2J/n ; z = 6). 0 6beKTOM H CCJlenOBaHH5I 5lBJl5lJl C5l Te XHM lJeC KH H 

Cr pyx'rypa er o nocrpoena H3 aJl IOM On1LIPOKCHJl b HbI X nrnpOKCI1)1aJl IOMHHH5I Y PaJIbCKO ro aJIIOMHHHeBoro 3a BO­

CJTOeB, rnnpoxciorsaue r pynnu KOTOpbIX 0 6pa3YIOT HCKa­ na. V1. c xonHbIH o opaseu nr6 6 cHTa (ofipaseu A ) xapa x re­

)j( eHHyIO nJlOTHYIO yrra xosxy K a)I(LI blM H OH aJl IOMH HH H p H3yeTC5I BbfC OK OH c r e rre u sio rrO JlH,UHcrrepCHOCTH . 

BHyTp H CJlOH OK pY'A<eH urecrsio Orl- rpvnrrasi» , 0 6 p a3YIO­ Kpncrannu nr6 6 c I1Ta H Me IOT Bbl p mKe HHYJO Ta6J1MTLlaryIO 

W HMH HC Ka)j(eHHbfM OKT a3np . Oxr asnpu CO'IJleH e H bI (rrJIaCTHH'iaTYIO) cP0P MY, pa sv ep KOTOp b lX H3MeH 5IeTCH OT 

M e)I(LIy co60M 0 6 W:H Ml1 petipavn, 0 6pa3yH rexcaronans­ H eCKOJlbKl1X en I1HHU HJIl1 n eC5ITKOB LIO COTeH Ml1 KpOMe­

HYIO ceTKY. AnIOMOn1npOKCHJIbHble CJlOH CB5I3aHbi Me)l(lI)' TpOB B n orrepe-ma x e ( pac . J, a). C OrJlaC HO ,llaHH bI M 

C0 60H Bo,Uo p onHbl MH CBH35IMH [1- 5]. nasep x o ro c en HMe HTa U 110 H H OrO a a annaa (JI a3epHbIVr 

LU1cPpaKTOMeTp «Analizette-Z?»), c p ernutii pasxrep l IaCTH U 

oopaaua A COCT3 BJl5IeT - 100 M KM ( p HC. 2) . 
* A. B. Ton-ren, np odi., 3aB. xarb. OTI\; E. JI. Ka 3aHL\CBa, Obpas eu A rron u ep r arrn KJl aCc H cjmKa UHH Ha CHTa x C 

aCCI1CTeHT Ka¢ . XIIM H H 11 Mn X. e- ma i l : ssc_ ket@m ai l. ru ; 
n H aMeTpOM WJeeK 150, 100 H 50 M KM. 3 TO rr03BOJlHJIO 

)(. ,n. Jlapau, Ha CJ. 0 8 11 K,n B YI1T,Y:cJUI6I1 HCKHi1 rocyaapcrac nuu n 
BbJLIeJl HTb xersrpe cPp a KlI.HH rH66 0na C p a 3M epaMHnej\arOrWJeCKI1H YHffBepCI1TeT. 
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