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yBaxaeMHe Kojuiern !

HarpeBaHMe HBjiaeTCH mnpoKO acnoiiB3yeiiHîi yHHBepcaxBHUM cnocoöoii oö - 
paÖOTKH a KOHCÖpBBpOBaHBH MHCOIipOHyKTOB.

DoflBepraH iiaconpoflyKT 8TOMy sany oöpaöoTKs, cpa3y aocTaraxra H e- 

ckoxbkhx uejieft iBHaKTBHanaa çepMeHTHHX cacTeia a mbKpoopraaa3mob, 
co3i;aHaH onpefle^eHHux ceHcopmix KaaecTB.

CyiiiecTByeT MHOxecTBO chocoóob a annapaTypH a m  TemiOBoä oöpaöoT- 
'■H, oflaaKo Bce ohh ocHOBUEaioTCH. ajia Ha TpaAauaoHHoii TenaonepeAaae 
a hm Ha MgTonax oöteMHoro HarpeBa, acnoHB3yiomax BHyTpeHHae hctohhb— 
aa Temía, noxyHHBaiae cBoe pa3BHTae 3a nocneflHae AecHTHJieTBH.

Pemeaae Bonpoca o iiejiecooópa3HocTH acnonB30BaHHii tobo axa hho-  
ro MeTOfla TerniOBoä oópadoraa TpeöyeT KOMnaeKCHoro nojrxona, ynara- 
Baiomero jyiHaMHKy b  npoiiecce HarpeBa, naTaTejiBHOä peHHOCTa a BKyco—
Büx flocToaHCTB nponyKTa, BKJUDHan, npesae Bcero,xapaK Tep a cTeneHB 
23MeHeHHH ÓeJIKOBHX BeiUeCTB a COCTaBHJBOIHHX ax aMHHOKaCKOT, a TäKKe 
pana TeXHHKO—3K0H0MHHeCKHX COOÔpaXeHHË. Mo KHO BHAejIHTB ß sa  B3KHHX 
áaKTOpa TemioBoa odpaöoTKa, onpenejiHBiqax b  ochobhom xapaKTep a 
cTeneHB a3MeneHKH öeiiKOB, HesasacaMO ot cnocoöa nonBOna Temía k 
oöteKTy, 3T0 -  npOÄOjiKHTejiBHOOTB TemiOBoro B03neñCTBHH a TeMnepa- 
TypHHK yposeHB, npa Kotopom nponyKT aoboahtch äo 3aaaHHOfi cT ene- 
aa roTOEHOCTa. AaajiaTHHecKa cbh3b  btbx  napaMeTpoB jijia  nacTepa3a- 
CZH XBÄKOCTeS ôm a paHee ycTaHomieHa P.KyKOM.

iocTKieHae mhchhm nponyKTOM KyxaHapHot totobhocth onpesenaeT- 
ca, khk B3BecTHo, coBOKyuHHM pe3yjiBTaTOM H3MeH6HHH äbjx rpyiLD dex- 
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K0BHX BemeCTB -  MHDieHHHX 0 COBJT^HHTeXBHOTKSHHX tíenKOBj np0Heií OCHOB- 
Hyc pona HrpaioT jeHaTypauMOHHue npeBpanieHHH dennoB.

PeaieHHe boupocob onTHM03aii0H npoueccoB TeiuiOBoa oopadoTKH m h co- 
nponyKTOB TpedyeT npoBeneHHH nanBHelmax accnenoBaHat, HanpaBneHHnx 
Ha H3yneH0e xapaftTepa Mon0$0Kana0 oTneniHHX tíennoB npa pa3Hax yc- 
JIOB0HX TeílüOBOrO BOS^eKCTBHfl, 0X BJLHHH0H Ha ÓHOXOrHHeCKyíD peHHOCTB
npo,nyKTOB 0 opraHonenTanecnae nonasaTena c BHHCHeHaeM KonanecTBen- 
HHX 3aB0C0MOCTeñ. üpHXOfl0TCH KOHCTaT0pOB3TB, HTO SHepreTHnecKae ac- 
fleKTti AeHaiypaiiHOHHHX 03MéHeH0il npa TennoBot odpatíoTKe Maca ocTaioT- 
cr  npaKT0HecK0 Hea3yneHHHMH.

B whchoS npoMHiiuieHHOcTH TeruiOBOü oópaóoTKe noflBepraBT mkjuibohh 
TOHH CHPBH, üpH 3TOM IlOTpeÓMiOTCH OrpOMHHe KOMHeCTBa 3Hepr00, 
flOBTOMy CBCTeMHHÉ HOflXOfl K ee 0CnOXB3OBaH0ÍO HBXH6TCH 3anane2 flep- 
BOCTeneHHoñ BasnocTH.

Poct BMHH0H orpaflaneHHOCTH HMemHXCH b nape 3an acoB  TomiHBa Ha 
3HaH0MOCTB OTfleXBHHX B0flOB SHeprOHOCHTeXet 0 0X pOJIB B pa3B0T00 
3HepreT0K0 BH3BaH, C OflHOÜ CTOpOHH, pe3K0M yBeJI0HeH0eM OÓBeMOB HOT- 
pedneHHH y r a n , He$TH 0 r a 3 a  ( c  1 9 4 0  no 1 9 7 5  rr. nodnna y rn a  y B e n a - 
nanacB  b  4 , 2 ; He$T0 -  1 5 ,8 , '  r a 3 a  -  9 0 , 4  p a 3 a ) ,  hto npaBeno k cok-  
pameHBio 3an acoB  no necH fan eT afi n a o  He$Ta 0 r a 3 a  0 no cTonéTHü -  
juie  y m a ,  a c n p y ro S  gtopoh k , otkpíithbm  hobhx bo 3mo¡khhx H anp asne- 
H0fl acnonB3OBaH0H He$T0 0 r a 3 a  b  K anecT se chpbh  s m  XHMHnecKOf n p o - 
MHQUX6HHOCT0 .  B pe3ynBTaTe CTaHOBHTCH B ce doñee HacTOHTenBHHM B c e -  
M0pHoe orpaHHHeaae 0cnonB3OBaHHn He$TH 0 r a 3 a  KaK KOTenBHO—nenH oro 
TonnaBa 0 nepexon Ha n p y ra e  sa n a  T o n n aB a-y ro n B , cnaH ini, T op $, ran- 
p o -  0 aTOMHyio 3H epr0B (P .M . A rn an 3e, 1 9 7 6 ) .

B nocnenHae roña b c b h30 c k p h3hcho»í CHTyanHeñ b oónacTa aaep- 
reT0necK0x pecypcoB Banana npOBonatbch aHTepecHae accnenoBaHHH, 
CTaBHinae CBoefl nenn© paccMOTpeHHe onTHManBHux ycnoaHñ noTpedneHHH 
9Hepr00, b tom H0cne, ecTecTBeHHO, 0 TennoBOñ.

PaceñaTHB3TB Ha nocTaTOHHO otíocHOBaHHae BHBonH npa aH ana3e p a 3 -  
nanHHX MeTonoB odpadoTKH Maca mokho naniB npa cacTeMHOM nonxone k 
H3yneH0B 3 toü npodneMH c yneTOM 3H epro3aTpaT no BceM nena n p o a 3 - 
B oncT B a, xpaHeHHH 0 nonroTOBKH nponyKTOB k- HenocpencTBeHHOMy ac- 
oonB3OBaH0K> b ñame.

B 3T0ü CBH30 HecoMHeHHüñ BHTepec npencTaanmoT pe3ynBTara accne- 
noBaHaííLSndahe G o r a n (l9 7 7 )  no BHHCHeHaK) 3HepreT0necK0x 3aTpaT npa
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xojioaMjiBHUx h TpaztHUMOHHbix MeToaax KOHoepBiipoBSHHH nmueBNx npoayic- 
TOB c yKa3aHiiea npn stom iipeHMymecTB 3aMopaatnBaHHH.

He Bce bnbosh npe^cTaBJiHMCH ÖeccnopHUMH, b 3 htb xoth 6h c T e - 
neHB roTOBHocTH! KOHcepBHpoBaHHHe Tenjiou npoayKTH npaKTHqecKH 
roTOBu k ynoTpeÖaeHiao nau TpeÖysoT n cero  n m  pa3orpeBa, b  to s p e - 
MH, K8K 3aM0p0SteHHUe HyKaaiOTCH B pa3M0paXtHB3H-)H, ÄOBeseHHH 3 0  Ky— 
BHHapHOM rOTOBHOCTH, >ÍT0 CBH3aHO CO 3HaqjiTea£HHM paCXOaOM 3HeprHSÎ. 
'■'ÄH8K0 FI0TO3H0CTB KCCJieaGB3HHiÍ T3K0F0 poyia IipeflCTaBJIHeTCH 3eCBU8 
SHaqmejiBHoii kok cncTeMHoro noaxoaa k Bußopy MeToaa oôpaÔOTKM c 
yqeToia MHiiüiiajiBHbix 3HepreTMMecKHx 3aTpaT.

Ilo—BHflHMOMy b Ôanxaîimee BpeMH ciieayeT pa3 BHBaTB paöom no hc-  
cjieaoBaHHB 0 KopeHHOMy nepecifoipy CTpyKTypa aHepreTnqecmax pecyp- 
COB K DiapOKOliy HCn0JIB30B3HHH) MÖTOJOB pereHepai{HH 3HeprHK B MHCHOS 
n pOMHülJie H H OC T H C rjiyÔOKMM aH3JlH30M KaK TeXHHTOCKBX, TaK H 3K0H0MK-
M6CKHX pecypcOB.

B 3THX ycBOBHfix ocoôym pojiB Ha'iHHaeT HrpaTi ko3$$hiihsht noae3 -  
noro iicnojiB30BaHHH TonjiHBHo—sHepreTM'jecKKx pecypcoB (T3P). IloBMie- 
HHe paUHOHaJIBHOCTK paCXOÄOBaHMH T3P K 3K0H0MHH OÔIHeCTBeHH&X 38T - 
paT, KOTopwe ÆocTaraiOTCH b pe3yjiBTaTe noBuiaeHHs a ïo ro  noKa3aTeaa, 
ocTpo CTaBHT Boiipoc BHÔopa onTKuajiBHOü crpyKTypK noTpeÖJieHaß s a e p - 
roHOCKTefleg. C btoü tôWkh 3peHHH Ha coBpeueHHOM siane pa3 B0 THH 
BHepreTHKK T aa, ra e  3to bo3m o x h o, bmscto aaeKTpoBHepraa Heoôxoaii- 
Mo acnoat30BaT£ HenocpeacTBeHHO TenaoBya aHepruo nau r a 3 , a B iie- 
CTo Tenao3HeprnM -  r a 3 .  Hanpaiiep, b c$epe iipnroTosaeHHH mmm, no 
npnÔJiMKeHHHM pacqeTau, Hcnoa£30BaHne ra s a  a$JeKTHBHee b 1 , 5 - 1 ,6  
pa3a no cpaBHeHnio c aaeKTpoaHepmeä. 0Tc»a3 h neoCxoamíocTB upen- 
MyaecTBeHHoro Hcnoa£30BaHKH b TexHOJiomqecKHx npoaeccax npoHssoa- 
CTBa npesae B cero  r a s a ,  a noTou TenaoBoM 3Heprnn. B Kaatao* kohk-  
peTHOM cayqae pememie Bonpoca, ecTecTBeHHo, aojiKHO 6utb oôocHOBaHo 
TeXHHKO-aKOHOMHqeCKH.

CaeayeT Tarage noaueprayTi nepcneKTHBHOCTB HanpasjieHHH, Biunoqaio- 
«ero b SKcepranecKoe paccMOTpeHüe coÓcTBeHiio iihjkh KaK npoayKTa, 
noayqeHHoro c ncnoa£30BaHHeM 3Heprnn a oainomerocH HocHTeaeu anep- 
vw vi M H  qeaoBeKa. Bo3MoatHo, b ÖyayneM otot u eïoa npHBeaei k pa3-  
paÖOTKe OÓBeKTMBHOií OneHKH paCTHTeaBKHX IIHliieBHX npOayKTOB no HX 
3KceprnqecK0M xapaKTepncTMKaii.

CHHKeHHe iiaTepnaaiHux 3aTpar h noBbiaeHne npoH3BoanTea£HocTn 
Tpyaa b cgpepe npon3BoacTBa MHconpoayœroB npraoaHT k TeHaeHana yse-
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njReHBH reoMeTpaqecKHx pa3MepoB asxemñ. TaKoe nojioserae snojiHe 
onpap-Aano, onaaKO necKOJiBKC npoTHBopenHBO. B ycnoBHHX TpanaimoH- 
hoS TeimonepenaaH rpaflHeHTHocTB HarpeBa HBJweTCH HBHxymeË cano& 
apoi-acca.

OTMeTEB 9TB OÖCTOHTSjliCTBa B yBKTHBaH HpeSBHHaËHO H03K0Ë K03$- 
$HUBeHT TerjionpoHOÄHOCTB Maca, mh BHHysaeHH npESHaTt, hto jhhk 
cxencTBae 9Toro, BosHBKaeT a rpâ aeaTHOCTB KaqecTBa, hbbbhhpobkSI 
KOToporo apu yBenumeraa pasmepon 03itéras Be.neT k CHHseHBio cpeflHHX 
KaBecTBeHHHX aoKasaTejieñ. KpoMe Toro, HenpepuBHaa HHTeHCHtjmKauHH 
HJMT6JIBHHX no BpeMSHB T8HB0BHX npOpeCCOB npBBOHBT K npOTHBOpeHHS) 
HByx TeHÄeHBjafi: HenpepHBHoro ycKopeuM npopeccoB TeanoBoi oópaóoT- 
K0 0 orpaHBBeHBK) cKopocTa npopecca b cbh3B c HenocTaTOHHocTi®, no 
coBpeMeHHHM BO33peH0BM, $030KO-X0MHnecKHx 03MeHeH0Ë b npoflyKTe, 
htoöu np03H3T£ ero totobhm.

Bnojme bo3mokho, hto nocneflHHH TeaneHnaa b pane cayaaeB naeT 
TpaHHpaoHHoe npencTaaneHHe 0 cTeneaa totobhoctb 03flenEH, orpasaa
ne e se TOJiBKO Teruio$030HecK0e 0 ôaoxHMHHecKHe xapaKTepacTHKa, ho 
b HaimoHâJiBHHe ocoóeHHOcTB nponyKTa.

OneBHHHO, HTo cKopocTB HarpeBa TennonepenaqeM orpanaHHBaeTca 
ene h Tenjio$H30HecK0M0 xapaxTepacthKasM caMoro nponyxTa, KOTopue, 
Kax H3BecTH0, hah sííica HocTaTOHHo H03K0, Ha 0 caMa weTOHHKa onpe- 
HejieHHH He npencTaBnseTCH öeccnopHof (B.M. PopöaTOB, B.M.Maoo- 
KOB, r.K. Batíanos, 1960-1373)• Bee 9to naeT ocHOB3H0e yTBepHHaTB, 
HTo cynecTByioT ecTecTB6HHne npeflenu, orpaHaqaBarawe ckopocth Ten- 
HOBHX npopeccoB.

BhXOH 03 3TOË C0Tyaii00 MOXeT duTB HafineH B 0CHOHB3OBâH00 HeTpa- 
ÄHUHOHHHX M6T0H0B OOHBOHa TSIU13 : SJleKTpOKOHTflKTHOrO, 0H$pa.KpaCHO- 
ro, CBepxBHCOKOHacTOTHoro, a b pane cnynaeB 0 napoxoHTaxTHoro,xo-
TH B ÖOHBE0HCTB8 CHŷ aSB OHB TpeóyBT QpHMeHSHBH BHCOKOnOTRHTTHflTiT.- 
hoë 3H2PMK . DoBTOMy Budop Melons Haatíojiee npaBensHee pemaTB Ha 
ocHOBe 3Kcepr0qecHoro noHxona. CynecTByonaa KHaccÊ HKauHH $03aqe- 
OK0X MeTOHOB (H.A. PoroB, A.B. PopöaTOB , 1974) yxa3HBaeT, hto 
3HeprK0 KBaHTOBoro 03HyqeHHH b btom cxynae hbho HenocTaToqHo hhh 
BO3HEKHOBeH0H HÖXejISTejIBHHX DOÖOHHHX X0M0HeCK0X p83KIIHË •

HcnoHB3OBaH0e coBpeMSHHHX T 6XHH a e CK0X cpencTB 0 MeTOHOB narpe- 
Ba E03B0HHeT npa HeO0XOHHMOCT0 COKpaTHTB HO H6CKOJ1BK0X MBHyT HpO- 
HQHSETeHBHOCTB TepMGQÖpaÖOTKH apaKTBHeCKH H33aBBC0MO OT reOM6Tp0- 
HecMtx pa3MapoB H3nenM npa npaeiaaeMOt bkohomhhhocth npoH3BOflCTBa.
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Oflaaico b pane cjiyaaeB npaxoimTCfl y'iHTMBaTB íaicTopu (oóe3- }
BosaBaHHe nepB$epHñHHX cjioeB MHConponyaTOB, He.3aBepmBHHocTB peau- 
naa pBeTooópa30BaHaa a t.h.), KOTopHe orpasanaBajoT upaMeHeHae czam- 
KOM BHCOKHX CKOpOCTeñ Harp6B3 (óOJiee I0°C B MBHyi'y).

CpaBHeHüe aMüHOKHcaoTHoro cocTasa (KaHecTBeHHoe h KojmecTBeH- 
Hoe) MHffleHHoñ TKaaa roBan0HH, cbbhhhh, óapaHHHH, Maca ütbuh noica- 
3aao, 3to cyinecTBBHHHX OTJ1HHH0; yxywHaraiHX aMHHOKHCJiOTHyxi $opMy- 
Jiy Cernía aocne CBepxBucoKoqacTOTHoM (CBH) oópaúoTKa, He HadJucwaeT- | 
ch. Bon.ee Toro, b paite cjiyaaeB 3Ta fopiiyjia dojiEme nojixô HT mía oó- 
pa3poB Maca, npHroTOBJieHHiix b CIW-mKaiJax.

Panou HccjieaoBaiejieíl Pujío BbicKa3aH0 npeanoaoieHae o bo3moxhoií 
" cneuii4iH>iecKOMn B03sefícTBan CBH-oTpadoTKíi Ha tíHo.norH'iecKHe oCteic- 
th (P.lllBaH, A.IlpecMaH, A.fleBHiKOB, 1964-1973) u ero iicnojiB30BaHHH 
c iíen£B nosaBaeHBH MHKpoÓHoaoraHecKHx npopeccoB. OsHaKO nocxeayionae 
accjieflOBaHua noKa3aji« HejcoTopy» bo3moxhoctb 3thx 3$$eicTOB toubko 
b uHauaueipoBOH HHana30He, HOTopuíí He HcnojiB3yeTCH ajih HarpeBa.

PacHeTHue a 3KcnepaMeHTaa£Hne saHHue GBaneTexBGTEymT o BecBMa *
H03KO8 BepoaTHOcra cneiiH$HHecKoro aecTpyKTaBHoro B03ja;eHCTBaa CBÍ 
sjieKTpoMarHaTHoro hojih Ha fiejiKH a cocTaBUHBnwe ax aMHHOKacaoTH. 
3HaaaTeaBHoe HecoBnafleHae aaepraa KBaHTa CB̂ -HSjiyqeHHfl acaoji£3ye- 
mhx b naneBOñ npoMHMJieHHOcTH qacTOT(9I5 a 2400 MTu) a nepBOro no- 
TeHpaaaa aoH03anaH npaKTanecKa HcramaeT bo3moxhoctb pe30HaHCHoro 
norjiomeHHH ero u o n e K jn a m  aMBHOHflCüOT. UocKOjiBKy aHepreTaaecKae 
ypoBaa BpamaTeaBHHX nepexojjOB MOJieaya aeaaT b odaacTa aacroT, b IQ3 | 
pa3 doaee bhcokhx, BepoaTHOGTB KoaedaTeiiBHoro B03tíyaweHaa MOJieayn 
Tarace HCHe3a»me Majia.

DpeaMymecTBa odieMHoro HarpeBa c ero bo3moxhocthmh dnciporo flo- 
CTaseHHH BHCOKHX TCMflepaTyp C OrpaHBMeHHOH UpOflOJlKHTeXBHOCTBB B03- 
ueMcTBHH xopomo peaJW3yioTCH jym mhchhx npojtyKTOB, KynHHapHaa totob-  
hoctb kotophx onpe,neJLHeTCH npemte Bcero AeHaTypapaea óejiKOE MHmei- 
hoíí TKaHa, T.e. ajih uparoTOBJieHflH úama 03 aacTefi Maca c h03kbm co-  
AepKaH0eM coemiHaTejiBHoñ m a m , JiHdo nnn 03.ite.M2 03 03MejiBHeHHoro 
Maca. ^

CoóaiweHae aaHHoro ycaoBaa no3BomaeT b dojiBmahctbb cjiyaaeB no- 
ayaaTB npojtyKT bhcoko2 nameBoíi 0 óaojiorHaecKOñ peHHocTa, o aeM 
cBajieTejiBCTByioT MHoronacjieHHBie aKCüepaMeHTajiBHHe flaHHue nocaemuax 
■ neT, nojiyneHHHe b HameM CTpaHe (M.Ko3BM0Ha, C.HeKpyTMaH, A.MaacTHH, 
B.ArtaMeHKO, A.HapaHOB, B.XaeÓHaKOB, M.JIepHHa , 1965-1977).
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• Gpê cTñBJiHeT óojibmoft HHTepec anea npoBeneaiiH TennoBOfi oöpaöoT-
K0 MaconponyKTOB b 3aMKHyTOM oöieMe npa Ramman KOHTponapyeiuoä 
kök no cocTaBy, Tan h no npyraM napaMeipaM ra30B0M cpena (B. Ifea- 
■sob, A. EpaiKHHKOB, H. HHymKBH. H.ÄypaBCKan, A.PocnoBa , I97I-I977). 
GpüMepoM 3TOMy MOS8T cnyxaTB pa3MopaxHBaH0e Maca b cpene HactcqeH- 
Horo napa b ycnoBHHX pa3paseHHH, ycTaHosneHO, hto b 3thx ycnoBaax 
pe3Ko B03pacTaeT K03<jp$anaeHT TennooTnaaa, B03HHKaDT 3HaKonepeMea- 

l Hae Harpy3KB a, aaa cnencTBae, 3HaHHTenBHO ycKopaeTca nponecc.
npaBHa,3T0i  MeTOfl nona npaMeHHM am  a3nenaä HeÓoaBmoro pa3Mepa.IIo- 
aa^aMOMy, cosíam e annpai^pa no3sonar ocymecTBnaTB nenää pan Ten- 
Jiobhx nponeccoB b am ocfepe bhqpthhx ra30B, hto, ecTecTBeHHO, ynyq- 
“ffli KanecTBO KOHesHoro nponyKTa. yaaKajiBHoe SHaneHae CTpynTypHoro 
coctohhbh boäh am  óaonoranecitax oöteKTOB a nameBnx nponyieroB B3-  
BeCTHO.

XoTenocB <5h npaaneaB BHaMaHae k BHTepecHoä, ho nona HenociaToa- 
I ho B3yaeHH0ä npoöneMe - BaaaHae coctohhbh boäh b nameBOM npoayKTe

ero KaneciBO a ycnoBan npoBejeHMH TennoBiix nponeccoB.
HecoMaeHHO, hto Bojja b cacTeMe asseeT aenocpencTBeiíHoe oTHomeHae 

R pa3BBTax> nsHaTypanaoHHHX a nocTneHaiypanaoHHHX B3M6HeHHä, a ohb 
® Ä ttCTCH raaBHeämaM eneneTBaeM TennoBoro B03neäcTBan Ha mhco.

Mh c b8mb ceronHH Óyaeu paccMaTpaBaTB onaa a3 BaxHeämax Texao- 
noraaecKax npaeiiOB -  TennoByn oöpaöoTKy MaconpoayKTOB -  TecHO co- 
flpHKacaamyiocfl c onaoä a3 Haaöonee octphx npoöneM nenoBeaecTaa -  

I 3HepreTaaecKoä. HecoMHeHHO, hto ycnexa b stoh oönaera 3aKmoaaK)TCfl, 
c onHoä cTopoHH, b nporpecce yneHaa o Tennonepenaae, a c npyroä 
CTOpOHH -  HayKB O MHCe.

OaeBanHO, hto npa noacnax onTHManBHux ycnoBafi HarpeBa He cnenyeT 
orpaHaaaBaTBCH oähhm chocoöom Tennononaona. HeoöxonaMO hohtb am  
Kaanoä rpynnu mhconponyitTob aaäfa cboS, Haaöonee 3kohomhhhh2 Ten- 
^ononBon.

Haaöonee nnonoTBopHHM asnaetch nyTB panaoHanBHoro coneTaHaa Tpa- 
P̂BOHHHX. a HOBHX MeTOÄOB, BMeHHO B 3TBX ycnOBBHX MOSHO ÄOÖBTBCH 

k MBHHManBHHX 33TpaT npa BHCOKOM KaHeCTBe MHCOnpOnyKTOB.
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THERMAL TREATMENT OF MEAT PRODUCTS

Prof. Dr. Tech.. Soi. I.A . Rogov, The Moscow 
Technological Institute of Meat & Dairy In
dustries, Moscow, USSR.

Dear colleagues,
Heating is a widely used universal method of meats process

ing and preservation.
By subjecting a meat product to such a treatment several ends 

are attained: inactivation of enzymic systems and microotganisms, 
ensurance of certain sensoric qualities.

There exist numerous procedures and apparatuses for heat pro
cessing; a l l  of them are, however, based either on the convention
a l heat transfer or on volume heating methods involving internal 
heat sources and developed within the last decades.

To solve the problem of the expediency ox a given heating 
method, a complex approach is  needed, which considers heating dy
namics, food nutritional value and pcJLatability, inoluding, above 
a l l ,  the character and extent of changes in proteins and consti
tuent amino acids, and a number of technico—economic aspects. Two 
important factors of heat treatment can be emphasized which de
termine, basically , the nature and degree of protein changes i r 
respective of the method of heat supply to the object to be 
processed. These are as follows: heating time and the temperature 
at which the processed product is  brought to the desired degree 
of doneness. The relation  of these paramétrés for liqu id  pasteuri
zation was analytically found by G. Cook.

That the product reaches culinary doneness is  known to be 
determined by the combined result of changes in the two groups of 
proteins — muscle and connective tissue ones, the dénaturation 
conversions of the proteins being here of the principal ro le .

The optimization of meats heat treatment requires further 
studies aimed at studying the character of the modification of 
individual proteins under various conditions of heating, as well 
as their influence upon the bio logical value and organoleptioal 
qualities of meat products and the explanation of quantitative re
lationships. One has to state that the energetic aspects of heat- 
denaturation ohanges of meat are not, p ractically , studied.
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In the meat Industry millions of tons of raw materials are sub
jected to heating; the la tte r consumes a lot of energy, therefore, 
the systemic approach to its  u tilization  is  the task of prima
ry importance.

The increasing influence of scantiness of the world avail
able fue l resources upon the significance of Individual kinds of 
energy-carriers and upon their role in energetics development is  
due, on the one hand, to a sharp rise of coal, o i l and gas con
sumption (  the output of ooal grew by 4.2 times, of o il — by 15.8 
times and of gas -  by 90.4 times from 1940 to 1975), this causing 
a reduction in o il and gas reserves down to decades and in coal 
down to centures, and on the other hand, i t  is  due to discoveries 
of new potential trends in o il and gas u tilization  as the raw ma
t e r ia l for the chemical industry. As a resu lt, i t  becomes s t i l l  
more insistent to lim it o i l  and gas u tilization  a l l  over the 
world as a fuel for bo ilers and furnaces and to switch over to 
other kinds of fu e l, such as coal, schists, peat, hydro— and ato
mic energy (E . I .  Agladzé, 1975).

Tn the recent years, due to the energetic c r is is , interest
ing investigations have been in itiated  aimed at studying the op
timum conditions for energy consumption, including, naturally, 
heat energy.

One can reckon upon su ffic iently  substantiated conclusions, 
when analyzing different methods of meat treatment, only in case 
of a systemic approach to this problem with regard for energy con
sumption in the whole chain of meats production, storage and pre
paration for direct eating.

In this connection, of undoubted interest are the results ob
tained by LSndahe Goran (1977) who calculated energy consumption 
with foods refrigeration  and conventional methods of preservation 
and demonstrated the advantages of freeaing.

Not a l l  the conclusions seem indisputable, take, e .g . the 
degree of doneness! heat—preserved food products are, practical
ly , ready-to-eat or need only warming, whereas frozen products 
are to be thawed, brought to culinary doneness, this being con
nected with considerable energy consumption. The usefulness of 
such investigations, however, seem to be quite high as a syste— 
mio approach to ohoosing a processing procedure providing the mi
nimal consumption of energy.
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Obviously, within the nearest future programs aimed, at stu - k
dying and re—considering radically the structure of energy re
sources, as well as at using widely the methods of energy rege
neration in the meat Industry and analyzing deeply both techni
cal sind economic resources should be developed.

Under such conditions, of special importance becomes the e f
ficiency of fuel-energy resources (FEB). More rational FEB expen
diture and saving of public expenses due to a FEB rise make the ^
question of choosing the optimum structure of energy-carriers con
sumption fa ir ly  sharp. From this viewpoint, at the present stage 
of energetios development, wherever i t  is  possible, i t  i s  neces
sary to use directly heat energy or gas rather than eleotrio ener
gy, aid to use gas instead of heat energy. E .g . , according to ap
proximate calculations, in food service systems gas u tilization  
is  more e ffic ien t by I . 5-1.6 times as compared to electric  energy.
From here follows the necessity of predominant u tilization  o f, 
f i r s t ly ,  gas and, secondly, heat energy in  technological processes.
In every ooncrete case the solution of this question must be tech
nic o-economic a lly  substantiated.

I should also stress the prospeotiveness of the trend to 
exergioally consider the food proper as a product which is  pre
pared by using energy and is  a carrier of energy for the man. In 
future this method w i l l ,  probably, lead to the development of the 
objective evaluation of vegetable food products by their exergic 

characteristics.
A reduction of pecuniary expenses and an inorease of labour 

productivity in the meat production result in the tendency toward 
bigger geometrical dimensions of products. This is  quite Justified, 
but somewhat contradictory. At the conventional heat transfer the 
gradiency of heating is  the moving foroe of a process.

Having mentioned these moments and with regard for an ex
tremely low meat heat oonduotin, one has to recognize that, as 
a oonsequence, there also arises quality gradiency, the leve llin g  
of which causes lower average quality indices with growing dimen
sions of a produot. In addition, continuous intensification  of 
time-consuming heat processes result in two contradictory tenden
c ies: oontinuous acceleration of heat processes and restriction  
of the process speed due to insu ffic ient, according to the present
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conceptions, physico-chemical changes in a product which allow to 
recognize the la tte r as ready-to-eat.

It  is  quite possible that the la tter tendency sometimes g i 
ves the traditional impression of the degree of product doneness 
reflecting  both heat-physical and biochemical characteristics and 
national peculatities of a product.

It  is  obvious that the rate of conduction heating is  also 
limited with the heat-physical characteristics of the product pro
per, which are known to be low enough for meat, and the analyti
cal procedure does not seem indisputable (V.M. Gorbatov, V.I.Masyu- 
kov, G.K. Babanov, 1960-1973). A ll this allows to state that there 
are natural lim its restricting the rate of heat processes.

The way out of this situation can be found in the application  
of non-conventfonal method of heat feeding: electrocontact, in fra 
red, super—high frequency heating, and sometimes, steamcontact, 
though in most cases they require high-potential energy. It  would 
be, therefore, more correct to decide on the choice of methods on 
the basis of exergic approach. The existing c lassification  of phy
s ic a l methods (I .A . Rogov, A.V. Gorbatov, 1974) indicates that ra
diation quanta energy in this case is  c learly  insufficient to 
in itia te  undesirable chemical concurrent reactions.

The use of modern technical means and methods of heating per
mit, i f  necessary, to reduce thermal treatment time down to seve
ra l minutes irrespective, p ractically , of product geometrical di
mensions, at reasonable production economy.

In a number of cases one has, however, to account for some 
factors (defatting of circumferrential layers of meat products, 
incomplete colour development, e tc .) which lim it the application  
of too high heating rates (more than I0°C/min.).

Quantitative and qualitative comparisons of the amino acid 
composition of beef, pork, mutton and poultry meat showed that 
there were no significant differences which would worsen the ami
no acid profile of proteins post SHF-treatment. Moreover, in some 
cases this profile is similar to the meat samples cooked in SHF- 
ovens.

A number of researchers suggested a possible "specific11 ef
fect of SHF-heating upon biological objects (R. Schwan, A. Pres- 
®an, A. Devyatkov, 1964-1973) and its potential use to inhibit
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microbiological processes. Subsequent studies indicated, however, 
a certain possib ility  of these effects in the millimeter range 
which is  not used for heating.

Estimated and experimental data evidence a rather lew proba
b i lity  of a specific destruction effect of SHF electromagnetic 
f ie ld  upon proteins and their constituent amino acids. A s ig n if i 
cant convergence between the SHF—radiation quantum energy of the 
frequencies, used in the food industry (915 and 2400 Mes), and 
the f i r s t  potential of ionization eliminates, practically , its  
possible resonance absorption by amino acid molecules. Since the 
energetic levels of molecules rotational transitions l ie  within 
the frequency range which is  hy IO^times higher, the probability  
of the oscillating excitation of molecules is  also in fin ite ly  

small.
The advantages of volume heating, which makes it  possible to 

quickly attain high temperatures and is  characterized with lim it
ed exposition time, suit well meat products, which culinary done
ness is  determined, f i r s t  of a l l ,  with muscle protein dénaturation, 
l . e .  they are favourable for cooking meals from meat outs, con
taining l i t t le  connective tissue, or for comminuted meat products.

The observance of this condition enables one in many oases to 
obtain a product of high food and b io log ical value, this being 
proved with numerous recent experimental data In this country 
(M. Kozmina, S. Neckroutman, A. Malyutin, V. Adamenko, A. Zharinov, 
Y» Khlebnikov, I . Lerina, 1965-1977).

Of great interest is  the idea of heating meat produots in a 
closed volume in the gas medium with controlled composition and 
other paramétrés (V. Ivashov, A. Brazhnikov, N. Yanoushkin,
N. Zhouxavskaya, A. Eoslova, 1971—1977). It  can be exemplified 
with meat vacuum-thawing in a saturated steam atmosphere. It  was 
established that under such conditions the coefficient of heat 
removal jumps sharply, sign-variable loads occur and, as a oon- 
sequenoe, the process is  greatly accelerated. True, this method 
is  now applicable to products o i small dimensions. Evidently, the 
development of apparatuses w ill allow to conduct quite a number 
of heat processes in the atmosphere of inert gases, this improv
ing, naturally, the quality of finished produots. The unique va
lue of water structural state for b io log ical objects and foods 

is  well known.
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I  would like to draw your attention to an intersting tut l i t 
tle  studied problem, v i z . , the influence of water state in a food 
product upon its  quality and on the heat process conditions.

No doubt that water in  a system is  directly related to the 
development of dénaturation and post-denaturation changes, which 
are the basic consequence of heat effect upon meat.

We here are going to discuss one of the most important tech-* 
nological operations -  heat treatment of meat products -  closely  
connected with a most acute problems of the mankind, v iz . , the 
problem of energy. Undoubtedly, successes in this f ie ld  are re
lated to the progress of the theory of heat transfer, on the one 
hand, and of meat science, on the other hand.

It  is  clear that, when looking for heating optimum conditions, 
one should not restric t himself with one method of heat supply on
ly . It  is  necessary -  nearly for each group of meat products -  to 
find it s  own, most economical method of heat ¿upply.

Most effective is  the way of a rational combination of conven
tional and new methods; i t  is  with this combination that one can 
attain the minimal expenditures at a high quality of meat products.

HCCflBEOBAMfl B OMACTO TEIHLOBQfl OEPAEOTKM M3CA 
M MHCOnPOjyKTOB

Æ-p TexH.aayK, npo$, D.O. 3asc 
MQCKOBCKBS KOOüepaTHBHHË KHCTHTyT, 
Mockbs, CCCP

B nocjaeÆHiie roan HadJuonaercH 3Hau0TejiBHoe pacmapeHae naanasoaa 
HccjneftOBaHai b odaacTH coBepmeHCTBOBaHaa weTOflos a pa3pa<5oTKH aay- 
UHO OCOCHOBaHHKX P8X3MOB TeHHOBOg OÓpaÓOTKfl MHCa 0 MHCODpOflyKTOB. 
HeoóxonHMocTB 0HT6HC0$0Kaii0fl a coBepmeHCîBOBaH0H npoijeocoB Teiuio- 
boK odpaûoTKB oCycviOBJiena, b uacTHOCTH, t6m , uto oaa HBJiaeTca y3- 
k bm MecTOM upB npo03Bô cTBe pana MacoaponyKTOB 0 b 3HauHTenBHOt 
CTeceHB npa TermoBoK odpadorae $opmhpjtotch xapaKTepnas aoKasaie- 
aa KauecTBa roTOBoro npoayKTa.

OcHOBHOe BHHMSH0 B np0 03yHeH00 npoueccoB T8I1E0B0H odpadoraa yne- 
SaeTCH nenatypaukohhhm 03m@h8H0hm deaKOBHX BemecTB. CoBpeMeHHHfi 
ypOBBHB 3H8H0H CTpyKTypH tí&BKOBOg MOJieKyJIH H03BOXfleT UpeflC TâB0TB
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