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í*Í.KOITÍAKOB
~GecoK)3Hija HayHHo-accjiê oBaTejrbCKaa aHCTaTyT mhchoä npoMHiujieHHocte, r.MocKBa,CCCP
¡•H.MW3EPEUKHM
“ÖCKOBCKaa TeXHOJIOrjmeCKHH HHCMTyT MHCBOH a MOXOaHOß npOMHIUJieHHOCTH,T.MoCKBa,CCCP
h
( nocjieflHae rosa npoÖJieMa saoHOMaoro pacxoÄOBaann sHepreTaqecKax pecypcoB b mhchoö npo- 
îJieHHOcTa CTajia aKTyajiaaoß. JUh ynoócTBa paccMOTpeHaa DTflexBatix BonpocoB sHeproeMKOc Ta 

î XHojioraqecKHx nponeccoB a cooTBeTCTBy»mero otíopŷ OBaHan npeflxaraeTCH acnojiB30BaTi> aji- 
ĤTHo-JieKcaKorpa$aqecKoe pacnojroaeaae nocjieAHax.npê CTaBJieHHoe b Taöa.I.

a®oöxoflaMO OTMeTaTB.HTO pacnpeÄejieHHe noTpeÖJKreMoä 3Hepraa no bhäsjkjhhhm b TaöJi.I Tex- 
ojioranecKaM noscacTeMaM OTpacjia HBJiaeTca KpaaHe HepaBHOMepa™. Jijin npaMepa b Taóx.2 
B̂efl,eHH MBHaMaJiBHHe (min ) a MaacaMajiLHue {nmx) 3Hepr03aTpara (-%-) Ha ocymgCTBJieHne

feoqecca "a3iiejrbqeHae" npa BHnojmeHaa pa3JiaqHHx onepanaä KOJiöacHoro npoa3BoncTBa (no 
^hhhm (|apM ABCTpaa.rjiP, rojuiamuia,ClilA,$Pr, lllBeänapaa).
PiJ-3Koe,óojiee qeai IOO-apaTHoe, ysejiaaeHae 3Hepro3aTpaT npa nepexo^e ot onepaiyia chhtbh 
^ ypKa co mnaaa  ̂ _Â _ _ q 21 ” —  ------  — "

10  ̂ kBt .h

Tn —3 K B T . q -> k  o nepapaa ÄOOÖBajnca k o c t b  n p e c c o B a H a e M  K r  )

— ) MoaceT ÓUTB oÖBHCHeHO c no3ariaa npoTeaammax npa stbx onepananx
'93o b h x  n p e B p a m e H K M . Kr
g
n Gjlyqae cHHTan maypaa co rnnana MOflejib npopecca a3Mejn>qeHnH (b KaqecTBe rpanany B3aaM0-  
hg^CTBan padoqero opraHa a MaTepaaxa npaanTa jihhbh) 0a3apyeTcn Ha HBJieHaa cf>a30Boro ne- 
Uŝ °fla Tana "njiaBJieHae". B cjiyqae sooÓBajiKa kocth npeccoBaHaeM b ocHOBy Mosejia npopecca 
^ej&TjeHHH (b KanecTBe rpaHaim B3aaM0ÄeßcTBas npaHHTL oóteM) nojioaceHo HBJieHae $a30Boro 
^ sp a ^ n a H  Tana "jiaBBHHoe pa3pymeHae cTpyKTypa MaTepaaxa b oóxacTa Hanpaxenaa, npeBH- 
^max npe^ejiLHoe HanpnaceHae c^Bara".
S ^ o .h t o  jyis pa3pyuieHaH C B H 3 e a  no -ramaa T p e d y e T c n  3 H a q a T e x b H o  MeHBniae 3aepro3aTpaTti,qeM 
1)1 a x  pa3pymeHBfl no B c e M y  odteMy M a T e p a a x a  ( npa MexaHaqecjcax c n o c o ó a x  pa s p y m e w i a  CBH3eß).

n nn n n n ft •• ft. .  _  w f  \ • | i T A/SMemeaae ero no oicpyacaocTH (BP- I , = I .IÛ -4 kBt . h h  
KT

PaccMOTpeaaa saepreTaqecKax acneKTOs $a30Btix nepexo^OB Heoóxo^auo acxOftaTt b 3 ochob-  
(j0̂  noflOKeaaä Teopaa TepMO^aHaMaqecKoro nporpawMapoBaHaa TexaoaoraaecKax noacacTew mhc-  
Cw; apoMuiujieHHOcTa. CoBpetaeaaoe ee cocTonaae n03B0jw:eT yTBepaaaTB. hto ace  TepuoaaaaMaqe- 
(O® BeJiaaaau aajiaiorcH cTeneaauMa, a noaasaTejia cTeneaa othx aejiaaaa b oójiacTa KpaTaae- 

cocTüaaaß (apaTaaecaae aaAeKca) BupaatajOTca ÄPyr qepe3 «pyra:

a )

S ' £  — Jk +  ^  , (2)

(3)

n->+ (4)

i - j i — =  r  ( j -  z, - t \  ) . (5)
4,3
L  * naTamaacKaM a B.JI.noKpoBCKHM (1975) noaasaHO, hto b paMaax MaKpocKonanecKOfi reopaa 
( c ubhx nepexo^OB apaTaaecaae aamenen 5 a b npocTpaacTBe pa3MepaocTa oU =4 - & 

a 0,1, 2 ) MoryT ÓuTi Buaacjaeau c noMomtia tokäsctb yop^a MeToaOM £ - pasaoaeaaa:

^  (6)

$ y
3aTeaa CTeneHa JiescaT b npê ejiax: 0 , 0 7 ^ 0,14;•.so^ßaTaqecKOß tohkh "xajtKO ctb—nap " n 0 Käß aT cjua 0 1  on c m  jico.au. n uih^ w w ai w,wi —

Tù̂  ^  ^ °.36; 1,2 ^ 1,5; 4 ~  4 — 4,8; 0 ^  \ ±  0,07; 0,57 £■ 0,63.
''í^^iocTiü äo 3KcnepaMeHTaÄBHBix ocuiöok 3th aaaqeaaa KpaTanecKax aaneacoB nô TBepaAaiOTCH

S  nuüacaaan <pa30Boro nepexô a Tana "Koaryaauaa" A.A.IyuiHaKOBUii (1978) aa ocHOBaüaa rano-
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ToraaecKae caaryjiapHHe seTBH peweaaa MOflatjpaaapoBaHaoro ypaBaeaafl CMOJiyxOBCKoro. CaMO pe- 
meaae B cooTBeTCTBaa c MeTOflOM Ójib3íüix cflCTeit M.T .TypôOBaaa (1954, 1961) acicajiocB B bb-Ä6 pâ3̂ 0KeHHfl HCKOMO0 BeJLHUHHH B DHfl HO SpOÔHUM CT6X16HHM HepeMeHHOrO. BüttO n0Ka3aH0, 110
ÄJiH öaaapaux CMecea KOMno3HiyaoHHua cneKTp nepBOHaaaiiBHO MOHOMepaax aacTaa npe«CTaB.MteTCfl 
óaflOMaajiBHUM pacape^ejieHaeM, a KpaTaaecicaö aaneicc caeTHOfi KoaueaTpaqaa naaraa ôjui3ûk k 
3üaaeHaK> y  = 1,2.

AflaaaTaaecKOe oaacaHae $a30Boro nepexoaa Tana "KpacTajuasauaa" (Ha ocHOBaHaa accaemosa- 
Haa KBaapynoabHoro aaaaora MÔ eaa B3aara) c acnoju,30BaaaeM MeTÔ OB Teopaa BeTBaeaaa pe- 
uieaaa HeaaaeËHax aHTerpaaBHHx ypaBHeaaa (b nacTHOCTH, ueTO^a AanyaoBa-fllMaaTa) b 1979 r .  
apesaoseHO E . E .  TapeeBOffl.

E hjio y c T a a o B a e H O , h t o  b  cacTeMe, npeacTaBaaxiueä o o ö o a  n p a B H a t H y c  aepaoaaaeCKjno p e m e r ay, 
Kaaaoiiy a3 y 3 aoB K O T o p o a  conocraBjaeaa T p e x a a a a H a a  c n a a o B a a  a e p e M e a a a a  6'¿,’ , B 3 a a M O ^ e a c T -  
Byiomaa c ö-naaafiuiHM c o c e ^ O M  S  j a o  3aK0ay:

HaöjuctuaeTCH cKaaKOoöpa3Hua aepexoa a3 cocroaaaa H30TponHoa ehäkocth ó e ca opa.no hho Bpama»- 
maxca Moaeayji b opaeHTaaaoHHO a npocTpaHCTBeaao ynopanoneaHafi apacrajui.

HcnojL£30Baaa a npyrae KOHTypu ( _
ä b j i h d t c h  Taaace sot 20ö50» = s^22°20» = sou eßü = 0,38. ywuBaa Baxayio poju, KOHTypHHX 
$yaKuaa b  Teopaa <pa30BHX nepexonoa, HOKaaeu ocoöeHaocTB ax paaJioaceaaa b  paa T eäaopa no 
MeTô y TypöoBaaa.
ByaeM nonaraTB, nro HejuJHeñaoe aojianepTBO ÄBaateHaa K  =  M  cboöoäho KOjieÖJiiomeäcH Ö63

(8)

3 a a a e H a e  n a p a M e T p a  n o p a ^ a a  
jiaeTca K o p H e M  ypaBaeaaa:

, cooTBercTByBiuee MaHHMyMy CBOdojmoft sHepraa cHCTeMa.aB-

¿  =
-Q- — i

3to 3aaaeHae coBnaaaer c JK'

TpeHHfl ( f i t = O ) CO ÛKDDOCTBD TJ"=.

rne < 5 6 - , -  cooTBeTCTBeaao noica3aTejia cTeaeHa a BpeMeaa.
T r___ « ______________________ _ . . .  Mrr » A M M n X  n r , ^ A r ,n ,>  n, A n x f t r r  riM A , , n n  A A , , A  A  r \  n/\m A l i n  / l ?  T?rr nm  J . P t f U Q ^  .

(15)

(16)
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f  l, *  • l, Ttfr) = K /%  , to npa tu = 1 , 3 . 5 , . . .  a  ^ - 2 , 4 , 6 , . . .
jë cooTBercTBeaHO aoaynaM: aaa t-u^oë apO' 

/I7)

=
w  e , * Cjl

- i  ' - y  ’ (18)

x . . ^  = C i X -x-t( —  C l /  ■ A  *-(■€, aj X  y , . , ^ (19)

- T u  -f / 7 (20)

CjL, — 'Tl— Z

C  ^  —  ^ n . ~  lv  -+  £ - ,

C  V '  ''*£ —  ö2, -f / (23 )

jjĵ  B asóle cooTHomeflaö (10) -  (23) dtiaa acaoaBSOBaan yica3aaaH odmeË Teopaa ypaaaeHaa 
(¡¿̂ eHa-$ûyjiepa. B cooTBeTCTBaa c btoë TeopaeË $a30Bue aepexoaa b TexaoaoraaecKax a o a - 
i,^TeMax mhchoë apOMumaeHaocTa (KOHaeHcaaaa, icaaeaae, KpacTaaaasaaaa, aaaBaeHae a t . ä . )  
^«flo aHTepnpeTapoBaTB aan CTOxacTanecKae npoyeccu aoTepa ycTOË*ia£OCTa pemeaaM Âaçfâepea- 
^ m a u x  aaa aHTerpajitaux ypaBHeaaË, oaactiBaioinax 3tb cacTeMu.
Hr
WÎ!0<W e H a e  KOHTpecca bhhocbtch BepoaTHOCTHaa MoaeaB $a30Boro aepexoaa. OycTt b a3 - 
Oop H0M °ôï>0Me HaxoflaTca oaaopoaaue aaeMeaTH 3aaaaaoË apapoaa, aacao kotophx oapeaeaaeT 
fc??0aHae 3toë cacTeMH. 3a  eaaaaaHaË apoMexyroK BpeMeaa KaxaHË aaeMSHT (ae3aBacaMo ot 
* on x '  NioaceT BuËTa a3 oöteMa c BepoaTaocTBD e-vw.S'f. 3 a  stot xe apOMexyron BpeMeaa 

°BeM MOaeT BûËTa tm.- aaeMeHTOB (y*-= O, I ,  2 , . . . )  c BepoflTaocTBD p ^  , oapeaeaae-

**°& aacKpeTHHM saaOHOM pacnpeaeaeaaa BepoaTHOcreË ^  /  -»u/.
£

apeanoaaraiB ,
fi“*6Ma BHXOJ
*2*. hto coc 
^MeHa) aepexoaaax 
JfeMca odpuBaioaeËca apa

(26)

- j  cyMMOË:

„ P^= P̂ /-K)Pf J>0+ P(»J-HP^.)+-
a°aB3yH daaoMaaaBHHË 3aaoa pacapeaeaeaaa BepoaTHOcreË, noayaaM:

, fV“ 4'V V- f̂ hc^ Y ^ V "- f °I +•••
ßtl aupaxeaae (25) opaaaMaeT Baa:

s = f ' * 10) + chpr ' ^ + ■
1 aaxoaaeaaa pj*: apa |C>j dyneM aüeTB:

{to®̂ flHa $opMyaa (25), (26) a (27), noayaaM Bupaaeaae aaa oapeaeaeHaa ¡Piki B Baae od- 
““tueËca apa ^ > k cyMMu :  I u

{ , h ' K =  <28)
ÿopMyaH (28) MOxer daTB aocTpoeaa MaTpaaa aepexoaa ( 5T ) paccMarpaBaeMOË cacTe- 

« cocToaaaa Ef b cocToaaae Ek a aaËaeau iaHaaBHue BeponTHOCTa pK ee coctohhhë. 
^ thoctb, apa JF('»*)=• ^  f y > 0) Bce <$aaaaBHue BepoaraocTa chctqmh pacapeaeaeau
3aaoay =i - ÍL. _ • B pafcucax aocTpoeaaoË MaTeMaTaaecKOË Moaeaa $a30Boro ae-

cooTHomeHae Ai apeaaaraeTca paccMaTpaBaTB aaa ÆBaeaae aapoodpa30Baaaa,
^aooeaae ßC ^  aaa cocToaaae aaaaiiaaecKOro paBHOBecaa a cooTHomeHae J ï  ■> Z *

Ĵieaae Kouaeacauaa b odaacTa apocTpaacTBa 3aaauaeMoro cbct6moë.

(27)
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ÄJiß onpejieaeHaa BepoaTHOCTa Haaaaaa b ssäshhom oóteMe k MOMeHTy Bpeüeüa
HOBpeMeüHO -TL 3J16U6HT0B Opa ¿V -  ocA<-J-t ^  P »v — -  P ~ C <i''* 17 t P ° J
nyreM paccysÄ eaaa, aflajioraHHHX npoBeaeHHUM Bume, mokho nojiyqaTB 3aBHCHM0CTa:

¿ V f  1 -  E J

/>:t Ê

ff — e /

?I+/

? ( 2 9 )

11 0 ( 3 0 )

( 3 1 )

OÄ-

B ójoaaaíiineft nepcneKTaBe Bascayo poju> b SHepreTH^ecKOM öaaaace TexHoaoraaecicax noflcacxeM 
ôyneT arpara TenaoTa KOHjieHcaaan paóoqax BemecTB xojiojyiJiBHux warnaH mhchoh npOManjieHHO- 
cTa. TeMnepaTypHua Hanop, co3flaBaeuufi b TenaooóueHHOM annapaïe npa ee acno./ii>30Baana,£0- 
CTaTOHHû bucük:

~  M a c -  ^ 2 )
ó

3 t o  oôcTOHTejitcTBO .naer ocHOBanae caaTarb, ’ito aHepraa çta30Bux nepexo^OB (b aacTHOcra» 
xenjioTa KOH^eHcauaa) c ycnexOM mojest öhtb yrajiH3HpoBaHa npa ocymecTBaeflaa pajia xexno- 
jioraHecKax nponeccOB» cbh3Bühux c 3aTpaT0ñ Tenaa (Bapica, BunapaBaHae, Koaryaanaa, oôe3- 
BOsaBaaae, cynuca, sKCTpaicuaa a T .n . ) .  J a a  aHaaaTaaecKoro onacaHaa xenjio-MaccoooMeHHHX 
ocoóeHHOcTeñ 3Tax npoueccoB npejyiaraeTca ypaBHSHae:

( 3 3 )

Mfo, ïiJ^^O+l) ? ( 3 4 )
rae F  -  K p a T e p a ü  i y p t e  aaa $aaa.
B3aaM0CBH3i> Niezmy a3BecTHUM a b  a a cT o a m e e  B pew fl BepoaTHOCTHHMH M O ^ejiaM a $ a 3 0 B u x  n e p e x o # 0-8 
n p e ^ c T a B J ie H a  H a p a c . 2 .  K a u  b h â h o  a 3  p a c . 2  o p a  n e p e x o ^ e  o t  o jy io r o  c e u e ä c T B a  T e x H o a o ra -  
n e c ic a x  noÄ cacT eM  m h c h o S npoManuieHHOCTa k  Ä p y ro M y  ( b  ropa30H Taai>H O M  a  BepTaaaaBHOM  H a -  
n p a B a e H a a x  )  o ä h h  a j ia  HecKOJOBKO n a p a M e T p o B , xa p a a T e p a s y io m a x  3Ta ceM eaciBa, npaaaM aioT bb 
He KOHKpeTHae K p a T a n e c K a e  3H aH eH aa. H a n p a M e p , n p a  o C  =  -  I  ceueâcTB O  M n e p e x o ^ a T  b  c e -
M6ËCTBO IT.

1 6 6



Taönana I

Aöcopönaa
ArsoMepanaa

E aKT epa o$yrap ob ana e Bapaa
BHnapaBaaae
Baneaaa

HooSBaaaa
AHU00ópa30Baaae

3auopaxaBaaae MaueataeHae Koaryaaqaa
KoHneHTpapOBaaae

Motea

HarpeB 00e3BO£HBaHH6
00e3EBaEHBaflae
00e3xapaBaflae
OTCTaaBaHHe
OxaaaweHae
OaacTKa

HepeMemaBaaae
Ilocoa

PacTBopeHae
PereHepaqaa
PesaHae

CymKa iaatTpanaa IleHTpaiyrapoBaHae
UaaaoHapoBaaae

3acTpaanaa

Taöaaqa 2

Onepanaa

CüfiTüe rnHypaa co mnaaa 
MaMeataeHae saMopozeHHax mhchhx ójxokob 
Hape3aaae irnma a noayfaöpaaaTDB 
H3MentaeHae capta Ha Boauae h KyTTepe 
.HooÖBaaaa booth npeccOBaaaeM

n

KT
tv in I

_ L m a x

0.21 0,34
0,79 6,34
2,70 8,60
3,00 11,20
13,70 25,00

PaccMOTpeHHue npaiiepu nosHepaaBaBT Ba&aocTt aeTaatHOro H3yaeHHa BHepreTHaecaax ocoóeímo- cTeä $a30BHX nepexosoB npa TexHoaoraaecaoii oöpaöOTae Maca. He Meatmee Baaaaae aa 3kohomh-  Ky uaconepepadaTHBaioinero npoa3BOscTBa oaasHBaeT a CTeneHt cootb6TCtbhh Baópaaaoro cnoco- öa SHepronoEBOEa b paóoayí) 30Hy oöopyEOBaaaa wexanaae cj?a30Boro nepexoEa. HoaaoTa acnoat- 
30Baaaa noaBeaeHHOft npa stom Tenao- aaa aaeraposHepraa MOaeT ôutb yBeaaaeaa 3a caeT npa- taeaeHaa ( Ha ochobb npaanana aKTHBH3anaa rpaaau B3aaM0seâcTBaa# = u* ) pa3aaaaoro posa aKTaBaTopoB (sHeproaKTHBHHx MaKpoopraaa3MOB, noBepxaocTHO—aKTHBaax a raEpoEanaMaaecKa- aKTHBflHx BemecTB a T.n.).
BTada. 3 apHBescaa npauepa aKTHBH3apoBaaHux TexaoaoraaecKax npoqeccoB MacHOñ npoMHoiaeH- 
HocTH a ax MaieMaTHaecKHe Moseaa. IIpaHaan EeËcTBaa annapaTOB n0Ka3aa Ha pac.I, rae I - 
QiaeKOBHü 00e3B0BHBaTeEB MBC-300 saa Bapna, 06e3B0saBaHaa a TpaHcnopiapOBKH capta npa npo- 
B3B0ECTBe aaBepHHX Koaôac; 2 - pOTaqaoHHHâ óokc BP-I saa orayuieHaa apynaoro poraïoro cko- 
Ta; 3 - peaKTaBHO-cTpyáHHfi naaBHTent PCII-I saa oöe3aapaBaHaa MarKoro capta; 4 - ycTa- 
HOBKa BBO-I saa oxaaaweHaa Bapeaux KoaôacHux a3seaafi.
MHTepecHO otmcthtb , hto 3Hepro3aTpaTH Ha nepeniemeHae OHpta b npoqecce TexHOaoranecKOfi oó- 
paöOTKa no bhhtobdA aaHaa (HBC-300, H  ̂ 2.I0-3 ) cymecTBeHHO Bume, HeM Ha

Taöaaqa 3

Oponecc

0öe3BOsHBaHae uarKoro capta 

0öe3BOxaBanae K.p.c.

0öe3ampHBaHae Maraoro capta

Î Annapai ! AaTHBaTop

HBC-300 UlHea

BC - I Pot op

PCH-I /̂aCOg

r
!
L

MaTeuaTaaecKaa
Moseat

€  F
W  \N/ ( Ê  rvt>G-

240 kA
n -----------* • MI ,66+I/Vl-

<xc p T
\\1= W,(i - eT~~ü~J7

OxjiaxmeHae KoaÓacHHX H3-Eeaag BBO - I B03Eyx
■fc = C , (  Itcj-H)*
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