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SECTION B 11

B.M. rOPEATOB, n .C . THOEBOa, B .H . MACBKOB

2cecOK)3HHM HayTIHO-HCCJiejOBaTeJIBCKHii HHCTHTyT 
MHCHOa npOMUIUJieHHOCTH

3KCriEPK!,!EHTAJIBHOE OIlPEflEJIEHHE TEPHJWECKHX 

flAPAMETPOB $APIA 3APSHUX KOJIEAC

npsBMBBHOii oueHKH paöom arperaTOB TenJiosOii oöpa-

°TiftI KojiöacHbix n3SeJinü k TenjiOBfcjx pacueTOB 3thx arperaTOB

0 ®HHKlDle 6buia npo3eaeHa paöoia no SKcnepHMeHTa JiBHOMy on-

^ejieanK) TenJioeuKocTH h K03?$HmieHT0B TeiinepaTyponpoBoa-

°CT« k TenjionpoBoaHocTH paaa coptob BapeHhix HOJiÖac.

0̂3(5$HUneHTbi TewnepaTyponpoBoaHocTH onpeaenjuw ueToaoy

er'yjiapHoro TenjiOBoro peaniaa npo$. r .L i.  KoHflpaTBeBa, Ten- 
AoeUHo
Po

ctb KOBÖacHoro iTiapma - ripn noMomn cnepnaJiBHOro yci-

ftOj,
40TBa, pa3pa(5oTaHHoro BHMMIIom, npn HarpcBaHHH $apma to-

Aa

Âe

nPOMbIBlieHHOa UaCTOTU.

^oa^fumjeHT TenJionpoBOAHOcTn naxoanaH pacaeTHuu nyTeM 

A  = a • CP .jr,
a - K03g$HiiHeHT TeunepaTyponpoBOSHOCTB;
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Cp - TeiuioeMKOCTB;
Y  - yaejiBHuñ Bec 'Lapuia.

Heoöxosiiuo oTweTHTB, hto onpeaeJiHTL K03^nuneHT Ten- 
jionpoBOÆHOCTti 'apina npn nouoiaii 6tîKaJiopnueTpa, kbk 3to 
oöuhho h aejiaeTCH, HeB03M0SH0.

iejio b  t o u , u t o , BCJieacTBiîe nnaBJieuHH KyTTepoaaHHoro 
)Knpa, TenjionpoBOÆHocTB KOJiÖociioro .apina 3 o b h c h t  o t  Teune 

paTypH, a , cJiesoBaTeJiBHO, o t  pa3HocTn leunepaTyp aa ciñep3x 

ÓHKaJiopnueTpa, T .e. o t  ycJiOBiiii onuTa, u t o  coBepmeHHO He 2° 

nycmiuo.
OcoöeHHO iienpiiroaeH ônKSJiopnuerp npw onpe,aeJieHKH Teune 

poTyponpOBOÂHOcTi; ueTOSou npoi.. F... aOHÆpaTBOBa.
npH onpeAejieHHH T e u n e p e i y p o n p o B o a H o c T H  ueTo a o u  peryJWP 

noro TeruioBoro pesuna iioa .h u h c h t  rennonepeuauii o t  iictoii 

aa Tenjia k c t o h k ö  aaaJiopHi-iexpa u o j i x o h  ö u t b  aecBi.u. Ponton* 

3 t o  o Ô u m h o  a o c T K r a e T c n  noueiueHiieu s K a ^ o p u u e T p s  b  B o a nny® 

BB H H y  Tepu o c T O T O  ripa HHTeHCHBiio un pu yJinpyioue Á BOUe.

3 ôHKajiopHueTpe HarpeB ocymecTBJiHeTca uepe3 B03UyXi 
y KOToporo aosiiiiKUHeHT TenjionepeuauH oueHB mojí.

TaKHM oôpa30u, ueTOTUiKa onpeaejieHHH TepuHuecaiix nap3' 

ueTpoB KOJiöacHoro Aspina, n p r a e H e H H a a  F. B o Ö o h o b u m , He w° 

HST C U H T 3 T B C H  npjB HJIBHO!, /"’.'.aCH3H HHUyCTpHfl C C C P " , *+,

1965/.
3 aaHHOil paöoTe uh onpeuejiHJiH KOMiuieacHue aaBUCHMOCT1*

• ’¡̂ QTeunoB HarpeBaHHH papnia b 3obhchuocth ot Bpeuean, a Tan- 
TennoeuKocTii h K03'J::;imnenTii TeunepoTyponpoBOUHOCTH h TeI1
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^POBOflHOCTH 3  33BHCHM0CTH OT T ew n ep S T yp b l .

^HavHTejiBHoe noBtiuiemie TenaoeuKocTii b Hanaae HarpeBa- 

Hl,a iapma, no nameuy MHeHMO, aBJineTCH pe3yJiBTaT0M bhuhhua 

îenjiOTtI njiasJieHHH KyTTepoBaHHoro Hupa.

^apSKTep KpHBOii, BUpaH3K)lHe“l 33B nCHMOCTB K03 :VpHUHeHTa 

TeiinonpoBoaHOCTii ot TeMnepaTypti, onaxornneH xapsKTepy Kpn— 

°a TenjioeMK0CTH.
^To HBJlHßTCH pe3yJIBT3TOM TOrO, nTO B HCCJieayeMOM HH-Ig

PBaa e  T e u n e p a i y p  K o a j j  ;nuneHT T e u n e p a T y p o n p o B o a H O C T n  o c -

ac:PcH nocTOHHHUM ot 25 ao 5 0 ° C * n  ot 5 0  ao 7 0 ° C ,  a y a e J i B -  
Hyi:

aec la p in a  He3iiannTCJiBHo 33B k c k t  o t T e i t n e p a T y p u .

"'SüTeaBcHaH

CT£yKTypHHe_Kon6acu

K o a ß a c a

‘,;c n o a B 3 y a  BoanH Oä T e p a o c T O T  n a K a a o p n u e T p ,  -Tíapm asön-

Hq

,Clf0ü K o a ö a c u  H a r p e B a a n  o t  25 a o  7 0 °C , ä H K c n p y a  npn 

1 B P e u n  e r o  H a r p e B a n n n .  Onpeaeaire npn n o u o a n  T ep w on op  

r a : i t>BaHotjeTpoB H36biTonHs:e T e u n e p o T y p t i ^ 0 ,  c o o T a e T C T B e H — 

CJIy n p o a e a e u H t ix  onbiTOB, no cT poeH O  a e c H T B  n o x y j i o r a p n ó -

° cRb x  rpaibHKOB n p o p e c c o B  H a r p e B a n n a  '¡apuia b  K o o p a n -  

aTax & 0 ;  %  ̂ r a e  % g p e n a  n p o p e c c a  HarpeBOHWH b  mh-  

ax* ilo 3THM rpar¡)KKau Öbian HoitaeHH BeannHHbi T e u n o B  nar-
laHi¡a *[>apma no ^ o p w y a e :

4a 
rPa..

t z - t *  ' «*■/
Híían $op¿jyaa oÖocao3tiB3eTCH Te:<¡, uto H3 nocïpoeHnux 

*'1í k ° b  n p  1 1 * 4 - * ° " ° ,  T.e. npn öo aBm oi;  3HaaeHnn k o o  piimäneH-
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.ra Tenaonepeaa«in or boähhoU bshhu Tepuocrara k crenne 
aaaJiopHMerpa (q ro  aocTHrasrca npn ÖojiBiaon unpKyjiHiiHn B°' 
au), Teunu HarpeBamiH $apü¡a b HHrepsaaax reuneparyp oT 
25 ao 50°C n or 50 ao 70°C noayqaanct nocTOHHHbiuH. no3' 
Touy b OTueaeHHux HHTepBaaax TeunepsTyp pesHMu HarpeBafl̂  
iiapma hbjihíotcji peryanpHuuH, nro h coomercrByeT (noaŷ efi 
Hoi-i Ha rpaíHKax) anHenHOn 33bhcwmocth:

- / f t )

Heoöxoanuo OTueTHTB, nro Teunu Harp 33 3 h n h $apws IiC" 

cjieayenux Koaöac, b WHTepaaaax reunepaTyp or 25 40 50°^ 

HMeior HecKoaBKO Li©HBiiiy 10 BeaHHHHy, Henean Teunu, noay^ef1'  

Hue b Hiirep3aaax reuneparyp or 50 40 70°C. 3ro , no na®0'  

My MHeHHK), oÖbhchhctch reu, nro 40 reunepaTypu 50°C b °c 
hobhom 3aBepmaercH naoBaeHne nyTrepoBaHHoro Hupa n aeH8" 

rypnpoB3HHe öeaKOB rñapuia Kccaeayeuux Koaöac.

Ha 0CH0B3HHH noayveHHux BeannnH reunoB HarpeBaHHfl 
\aa npoBeaeHHux aecarn onuroB c aioÖHrexBCHon Koaöacoiî ' 
n yniiTUBaa He3HannTejiBHoe H3ueHeHi;e reunoB b OTaeaB®1* 
onuTax, onpeaeneHH cpeaHHe 3HaneHHH TeunoB 3 a Bce aecS1* 
onuTOB, KaK cpeaHHe apnáueriínecKne.

CpeaHHe 3HaneHHH reunoB noaynHaacB paBHuun: 
aaa HHTepBaaa TeunepaTypu ot 25 ao 50°C 
6,00, H OT 50 ao 70°c  6,20,

ŷ HTbiBaa, mo pesKiiu HarpeBaHna 'äapcia Koaóacu 
ch peryanpHUMH, uh onpeaeanan KoajyjHimeKTu reuneparyP0" 
npoBoaHOCTH no Qopuyae npo.feccopa T.L:. KoHapaTBeBa*
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Bejw qH Hii K03iI$HuneHT0B TewnepaTyponpoBOSHOCTM n o a y n n -  

pasHUMH b  M^/aac:

° T 2 5  s o  5 0 ° C  at =  0 , 7 2 4 6  • I 0 ~4 • ó  =  4 , 3  .  I O - 4

° T 5 0  s o  7 0 ° C  a3 =  0 , 7 2 4 6  • I 0 ~4  • 6 , 2  =  4 , 5  • I O - 4

Ha 0 C H 0 B 3 H H K  n o s y a e H H u x  3 H a a e n n i l  k  o a t r â M iK  6  h t  o b  T e ia n e -  

P a i y p o n p o B O S H O C T H  n o c ip o e H  r p a ñ n i<  n 3 ; . ie H e H H H  B e s w a i iH u  " a "

° T  T e u n e p a s y p u  / p u e . I / .

n e p e i i s e u  k  o n p e s e s e H H io  T e n s o e u K o c x e t i .

Ü3 3K c n e p n u e H T 3 SBHo H a ä s e i in o i i  33BHCMK0.CTH x e u n e p a T y p u  

'^p iaa  o x  BpeiieKH e r o  ¡ iarpeBaHH H tiu hgxoshm MHTepBasbi Bpe- 
t ,e HH sT , cootieTCTByKJinne oshhskobhiI  H H T epBasau T e M n e p a iy p u  

/4Í= 5°C/.
3 t o  c s s s s h o  n o  s a s s o i i y  113 n e c H x n  o n u T O B  H a rp e B 3 H M H  $ a p -  

III
r o s o «  n p o : . ib iu is e H H O . i a a c T o m .

3 n a n  3 e s n a t iH u  s T h  c o o T B e T C T B y f o m n e  m  B e s t im m «  H a n p n -

'i Gh h h  h  c l i s t i  T o n a ,  o n p e s e s n e u  K o s n a e c T B O  T e n s a ,  B u s e s n e u o -  

I'd
3 j ie K T p i iq e c K ; ™  t o k o m  3 a  n m e p i a s  B p e n e H W  s T  n o  ^ o p w y s e :

aQ = 0,24 . Q -¿tp-iT
1000

AnasoruHHO n o syn eH O  /asn n e p a o r o  o n u T a /  3 k k b s . 

AÄ' = 2,82 a O( = 2,7
¿Oí = 3,08 
*Qi = 3,08 
a OI = 2,73 
àOi = 2,90

àOf = 2,92 
aQí = 2,96 
tQ'í = 2,89 
àQio = 2,57
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TaKHM se oÖpa3ou öujii: noacnHTahu KonnnecTBa Tenaa 
no BceM aecHTH onuiaw c aioÖHTeaBCKOii Koaöacoa.

Ha ocHOBaniiH noaynehnux aannux cpeanHe 3 iianeHHH ien'
a a  3a o n a T  B u p a s n a n c B  b KKaa. :

A  Q i = 2,94 a Q { = 2,84
A Oi = 3,25 a Q? = 2,84
A Qt - 2,93 A Oi = 2,89
A Qu = 3,98 ¿Oi = 2,93
*0/ = 2,90 ¿Q/i>= 3,01

no amu aaHHbiM nocTpoeH pe3yaBT3THBHbiii rpa^HK: Q/> . f r i

, no K o r o p o u y  onpeaeaena TenaoeMKOcm Rapina araóH"
T e a tC K O ä  K o a ö s c u  b  iyHKUHH TÆMnepaTypH b KK3JI.

Kr • rpaa.

rae: fr - cpeann.i see ¡papuia; 0 = 620 r.
h - KOOtäiliiTUHeHT, yn n t u b  aioin n ft n o T e p n  T e n a a  

^  3 K c n e p n u e H T a a B H 0 ft  ycTaHOBKOft b  o K p y x a -  

»iuyfo c p e .a y .

i I c n o a B 3 y f l  Bt!uieyKa3aHHyio i io p M y a y ,  n o a y n n u  / npn 
K K a a ._________  .

Kr • rpaa.
t = 2 0 °C; rt _ 0.5 •.„P.,95 .. = 0,765P I • 0,62

0,7 . 0.95
4 = 25°C; C. = - = 1,07P I • 0,62
•f = 30°C; CL = . M l 0,95 - = 0,92P i • 0,62
t = 35 °C; o = 0 . 6  • 0,95 - = 0,92p I • 0,62

à
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t = 40°C; Cp 

t = 45°C; Cp 

2 = 50°C; Cp 

t = 55°C; CF 

t = 60°C; Cp 

£ = 65°C; Cp 

t = 70°C; Cp

0.6 • 0.95 = 0 92I • 0,62
0.6 • 0.95 - 0 9?I * 0,62'
0 . 5 5  • °.95 - o 34I • 0,62
0.55 • 0,95 - o 84I • 0,62
0.56 • 0,95 - 0 8 6I * 0,62
0,57 • 0,95 = 0,873I • 0,62
0.57 * 0,95 - 0 873I ’ 0,62

no 3THM aaHHUM nOCTpoeii rpogHK 33BI1CHU0CTH TenJioeu- 

if°cni ot TeunepaTyp /c m. pnc. I/.
Cpoamie 3H3U3HHH TSnJIOCMKOCTH 33 BöCB OntIT, T.e. 33 

tIHTePB3Ji TeunepaTyp = 50°C cocTOBJineT b ^r^v-fpoä :

P -
29,5 • 0,95
50 0,62 = 0,9

OnpeaeJMM Tenept BeJinnnHy K03'ö'iHunenT3 TennonpoBoa- 
b 38BHCHU0CTH ot TeunepaTypu.

OpeaHHH BeJiHMHHa yaentHoro Beco »apuis .TKJÖiiTo.iBCKOn 
•̂ Oflöacti Bnpa'JacTCH b kT / u 3 :

v> 1°°°- &
n  1 0,?!S-7)3 H ’

Ql - cpeaHii;! sec ’ia pui a b  GBa.nopHueTpe b r;
D  - BHyTpeHHH.i 3H3MeTp aKaJiopuueTpa B cu;
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r
H  -  cpsÄHHH BbicQTa napina b aKaJiopHiieipe. 

«o b kF/m3:
1000 • 100,2

CJieaoBaTejiBHO b kF/m 3

= 1012
0,735 • 4,4^ • 6,5

BeJimiHHa Koaùi^HUHefiïa TeruionpoaosHOCTH onpeaeJiseTCfi 

no gopMyae b KK3JI.
nac • i rpaa.

nojiynni.i b
n o a c T ü B J i H H  H a i i n e n i i o i e  3 H a H e m : a  a e J i t m u H  

KH3JI.

X ^ a - C r f

h & ; Cp H í '

Mae • m • r p a z u

¿¿PC = 4,3 • IO- 4  • 0,765 • 1 0 1 2 = 0,333

CO-3*II • I0 ~ 4 . 1,07 • 1 0 1 2 = 0,455
¿ i i ‘t - 4,3 • IO- 4  . 0,52 * 1 0 1 2 0,4
¿3PC -  4,3 .  IO" 4 . 0,52 • 1 0 1 2 = 0,4
¿l/t*C = 4,3 • IO- 4  . 0,92 • 1 0 1 2 = 0,4
XtPC= 4,3 . IO- 4  • 0,52 * 1 0 1 2 = 0,4
XsPC - 4,3 • IO- 4  • 0,34 • 1 0 1 2 = 0,365
Xan- 4,5 • I0 ~ 4 . 0,34 • 1 0 1 2 0,382
XsFt =  4 *5 • I0 - 4  • 0,84 • 1 0 1 2 _ 0,382
%UK= 4,5 • I0 ~ 4 • 0 , 8 6 • 1 0 1 2 t 0,392
¿.Sf* -  4,5 • IO- 4  • 0,873 • 1 0 1 2 0,394
4 * * - =  4,5 • IO- 4  • 0,373 • 1 0 1 2 = 0,394

CaaaeJBKH 1-ro  copTa

3 pe3yjii,TOTe narpsBaiuiH -¡apina cap^eJieK b aKaJiopuMe1̂ 8 

npH nouoiuH BO,,iiHoro TepuocTSTO nocrpoeHO secHTB rpa ómkobt
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c °OîBeTCTByioinHX S e c htm o r iu T a u .

K3 3THX rpaipKKOB cp esH w e a p H à u e T im e c K H e  T e u n u  n a r p e -  

5aHl*a  (Japma nOJiyaanHCB paBHbiun: ot  2 5  a o  5 0 ° C  

*>1 =  6,56,¿  H o t  5 0  a o  7 0 ° C  / t f j  =  7 , 0 7 , ^  .

yaHTfcraaH p e r y a a p n o c T B  pexw u a H a r p e B a m iH  ïiaprna, n o j i y -  

'iviw K03(p(nniineHTu T e M n ep aT y p o.n p oB o a h o c t k  b  u2 / w a c  : ot  25 
50°c Cft= 0,7246 • IO“4 .  6 , 5 6  =  4 , 7 6  • IO"4 h ot  50 

40 7o°C Oi = 0,7246 • IO-4 • 7 , 0 7  = 5 , 1 3  • IO-4.
Ha OCHOBOHHK ÜOJiyqeHHLlX aaiîHUX IIOCTpoeHa 33BHCMU0CTB 

Iioa$$ n u n e H T b  T e u n ep aT y p on p oB O Â H o cT H  ot  T e u n e p a T y p t i  / p u e . 2 / .

SsBHClU’ OCTB a -  m  n 3 o 6 p a i e H a  Ha t o u  K o u n a e K c -  

ii0M rparpHKe / e u .  p u e . 2 / .

3H8H BeJIHHMHH Cl î (f H ¡ f  , OHpeSCJlHeU K03(5(OHUHeHT 

Ten ao n p o B o a H o cT H  T»apnia u o ji o h h u x  c o c k c o k  3  pyHKUHH T e u n e p a -

Typu B KHaa.
M 3 C • M •

l i r e  -  

l i r e  -  

hov = 
h s * c  -  

l i v e  =
%vpc =

A sK -H t

r p a a .

4 , 7 6  • I O " 4  • 0 , 8 1  • 1 0 3 0 = 0 , 3 9 6

4 , 7 6  • I O " 4  • 0 , 9 7  • 1 0 3 0 = 0 , 4 7 5

4 , 7 6  • I O - 4  . 1 , 1 3  • 1 0 3 0 = 0 , 5 5 4

4 , 7 6  • i o " 4  . 1 , 0 5  * 1 0 3 0 — 0 , 5 1 5

4 , 7 6  • I O " 4  • 0 , 9 2  • 1 0 3 0 = 0 , 4 5

4 , 7 6  • I O " 4  • 0 , 8 9  • 1 0 3 0 = 0 , 4 3 6

4 , 7 6  • I O " 4  . 0 , 8 9  • 1 0 3 0 = 0 , 4 3 6

5 , 1 3  • I O - 4  • 0 , 8 9  * 1 0 3 0 = 0 , 4 7 0
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B bl B 0 li hl

1 . TenjioeuKOCTi uacHoro öapiua b HHiepBaJie Teunepa- 

Typ ot 20 ao VO°C He hbjih6Tch kohctshtom.

3ro noÄTBepaaaeiCH bcomh rpapuauH, nocTpoeHHuuii 

Ha ocHOBe UHoroHHCJieHHux 3KcnepnuenT0B.

2. ii3MeHfleuocTi> TeiuioeunocrH b  yKa3aHH0M HHTepBaJie 
reMneparyp, no Haiueuy uHeHHio, HBJineTCH pe3yji£TaroM b j i h h -  

h h h  njiaBJieHHH KyTTeposaHHoro xctipa n fleHaTypnpoBaHHH tfeJi- 

k o b  UHciioro Rapina.

3. B pe3yji£Tare H 3 u e H e H H H  r e m i o e M K O c T H  mhchoto ¿apina 

r e u n  ero H a r p e B a H H H  hjih oxjiascueHHH b itojiom MHnpoKaJiopH" 

ueTpe, OKpyaenHOM B03ayciH0ii cpenott (cnoHofjHUM B 03nyxoM.)* 

TaKxe JiojmeH öuTB BejiHHHHoa nepeMeHHoa. BcjiescTBHe H3JI0- 

xeHHoro, p e s H i m  Har p e B a H H H  hjih oxjiasfleHHH u n c H o r o  Rapina» 

noueineHiioro b UHKpoKajiopHuerp, He u o r y T  Öutb peryjinpHfaiVM 

npH oxjiasaeHHH hjih H a r p e B a H H H  UHKpoKejiopuueTpa b aTMOC$6" 

pe cnoKOflHoro B03flyxa.

OnpaBesjiHBOcTB aaHHoro BbCBô a mohho aoKa3aTB corJisc- 

ho 0ÖqeH3BecTH0uy cooTHomeHHK):

h o npH oxjias^eHHH MHKponaJiopHMeTpa c ^apuieu b ciiokohbom 
B 03ayxe m u  öyneis h m c t b :

/ »fuf. •

cieftq. • si /nin r
Il03T0My
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0 npii nepeMeHHOii TenjioetaKocTW aejnannHa Tewna oxjiaxseHHH 
Mjih HarpeBaHHH öysei Tarae BeJiirewHOii nepeueHHOK.

SKcnepHNieHTajiBHO nojiyneHHaa perynapHOCTB pésima 

liarpeBaHHH UHCHoro ipapina b 3KaJiopntaeTpe, nouemeHHOu b 

b°Shhoíí TepuocTaT c hhtshchbho UHpKyanpyionew bosom, npn~ 

b°Sht Hae k BHBOsy, mo b SKcnepHtaeHTaJiBHOM HHTepsane 

Teunepaiyp / ot 20 so VO°C/, ooiukh K03i|xpnuneHT TenjiooTsa- 

110 «¿tiu/. nojiyaaeTca npaMonponopunoHaJiBHUM tsitjiosmkoctm

aKajiopHueTpa c (papraeii.

3to cjiesyer M3 Toro ;se cooTHonieHna

•̂ encÿpnTejiBHO, ecjin npw OKcnep H u e H T e  Tetan HB-

ï>. acs e s c T B H e  nocTO H H C T a a  K o a ^ m w e H T a  TeianepaTypo-

'aP®a. 3 t o  cses y e T  ti3 o6qeii3BecTHoro cooTHomeHHn:

6 . Pa3SKSHuii Teun Harpesaims a pui a b  aKasopmaeTpe,

■’’aeicH BesunnHOii nocTOHHHOil, to BesiinwHa aojik-
tta ohtb npfliaonponopuHOHOJiBHa TenaioeiaKOCTH aHasopnueTpa, 

HanojiHeHHuro i j h c h u u  iiapmeM.

1 - a - C p '  f
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