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nPE)l,HCJIOBHE 

B nocnatt1111, npe311,neHTa Pecny6n11K11 Ka3axcrnH H.A. Ha3ap6aesa K ttapony. 

«CTpaTerm1 2050» yKa3aHO, 'ITO O.UH11M 113 rnaBHb!X 3a,na4, KOTOpble Heo6xon11MO 

peWl1Tb, 3TO C03.UaH11e HOBblX 11HcppacTpyKryp He<jlTllHOH H fa30BOH 

npOMblWJieHHOCTl1, TIOBbIWal-Owee COUHaJibH0-3KOHOMl14eCKOe COCTOllHlle CTpaHbl. 

Pewett11e 3TOH BIDKHOH 3a,na411 CBll3aHo c rpaMOTHbIM npose.nett11eM npouecca 

pa3pa60TKl1 11 3KcnnyaTaum1 HecpTllHbIX 11 fa30BblX MeCTOpO)l(,UeHHH, TI03BOJ!lll-O!llee 

BO BpeMll np11MeHl1Tb pa3Jil14Hble MeTO.Ubl peryn11poBaHl1ll .UJill CTaforn1naUHll 

o6'beMa .no6hrnaeMol1 HecpTll 11 ysen114eH11ll TeKywero 11 KOHe4Horo npouecca 

HecpTel13BJie4eHl1ll. ,[(.rill 3TOro Heo6xonHMO B npOMblCJIOBbIX ycJIOB11llX TIOCTOllHHO 

pyKOBO.UCTBOBaTbCll TeopeTl14eCK11Ml1 MeTO.UaMl1, OCHOBaHHble Ha 11ccne.noBaH11e 

MexaHHK11 HecpTera30HOCHOro nnacTa 11 nposeneHHll npOMblCJIOBblX 11 na6opaTOpHblX 

3KcnepHMeHTOB, C03,Ua1-0w11e HOBble MeTO.Ubl H MeTO,U11Kl1 H MeTO.U114eCKl1e np11eMbl, 

yny4wa1-0w11e cocTOllHl1ll npouecca 3Kcnnyarnu1111 ttecprnHhIX 11 ra30BbIX 11 

He<jlTefa30BblX MeCTOpO)l(,UeHl1H. 

HacTOll!llee y4e6ttoe noco611e TIOCBll!lleHO H3JIO)l(eHl11-0 3TOH MHOronnaHOBOH 11 

TPY.UHOH 3ana'm 11 cocTOHT 111 nsyx pa3.nenos 11 nlln1 mas. 

B nepBOM pa3.nene H3JIO)l(eHbl OCHOBHble TIOHllTHll 11 ypaBHeHl1ll, a TaKjf(e 

06w11e MeTO,Ubl peweH11ll 3a,Ua'I cpHJibTpaUml HecpTH, ra3a H BO.Ubl. np1rneneHbl 

pe3yJihTaTbl na6opaTOpHblX 3Kcnep11MeHTOB no ycTaHOBJieHl11-0 H o60CHOBaHl11-0 

BeJIH4HH <jl11JibTpau110HHblX napaMeTpOB nnacTa 11 3aJie)l(H, Ha OCHOBe peweHHll 

.n11cpcpepeHUHaJibHbIX ypaBHeHHH 11 ypaBHeHHll Hepa3pb1BHOCTH. 

BTopol1 pa3,UeJI TIOCBll!lleH 11ccnenosam11-0 MexaHl1Kl1 BbITeCHeHl1ll HecpT11 

BO.UOH H .upyrHMl1 areHTaMl1 npu pa3JIH4HblX TepMor11.npon11HaM114eCKl1X YCJIOBHllX, B 

MHoronnacTOBOM MecTopojf(nett1111, np11 np11MeHett1111 BHYTPl1Kottrypttoro 

3aBO.UHeH11ll. l13JIO)l(eHbl oco6eHHOCTH Bblpa60TKl1 3anacoB HecpTH, B11.Ubl 

HeO,UHOpO,uHOCTl1 11 MeTO,Ul1Ka 11X HCCJie,UOBaHl1ll, a TaK)l(e ocseweHbl MeTO,Ul1KH 

oueHKH OXBaTa nJiaCTOB B03,UeHCTBl1eM 11 HecpTeOT.Ua411. 

l13JIO)l(eHbl OCHOBHble MeTO,Ubl l1HTeHcmp11Kau1m ,uo6bl411 HecpT11 113 

MHOfOTIJlaCTOBOH 3aJie)l(l1 H CJia6ocueMeHTHpOBaHHblX KOJIJieKTopoB. 
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PaJ.uen I 
OCHOBHhlE IlOHHTIUI, YPABHEHIUI M Olilll,ME METO)J,hl 
PElllEHMn 3A)J,A11 <I>MJihTPALl,MM 

lnaBa I 
<l>H3H'leCKHe OCHOBbl TeOpHH !J>ttJibTpaUHH HelJ>TH, ra3a, BO.Ubl "HX CMeceu 

1. 0 COCTOHHHH HelJ>TH, raJa " BO.Ubl B npHpOJlHbIX KOJIJieKTopax 

Hecj>Th, ra.3 11 BO.Ila HaChlll.lalO!llHe nop11cry10 cpe.uy Hecj>TeraJOHOCHhIX 

nJTaCTOB, npe.ucTaBJTlllOT co6oi1 MHOfOKOMnOHeHTHhie CMeCH yrneBOJlOPOJlOB 11 

HeyrneBOJlOpOJlOB (HanpHMep BO.Ila}. CTpH pa3pa60TKe HecjJTJ!HblX H 

Hecj>TeraJOKOH)leHCaTHblX 3aJTe)[(eH B pe3yJThTaTe H3MeHeHHll nJTaCTOBblX ycJTOBl1H 

(llaBJTeHl1H 11 TeMneparypbl) B nop11CTOH cpene '-laCTO B03HHKaeT CJTO)[(HOe JlBl1)[(eH11e 

MHOrocjlaJHOH CMec11, np11 KOTOpOM COCTaB 11 cjll1311'-leCKl1e CBOHCTBa (Bll3KOCTb, 

nJTOTHOCTb 11 .up.), a TaK)[(e CKOpOCTl1 llBH)[(eHHll OT)leJTbHblX cjla.3 MeHlllOTCll BO 

BpeMeHl1 11 B npOCTPaHCTBe, T.e. no 06beMy 3aJTe)[(l1. 3TO JlBl1)[(eH11e 

xapaKTep113yeTCll nepexO)lOM OT)leJThHbIX cjla.3 (KOMOOHeHTOB, T.e. OT)leJThHO Hecj>Tl1, 

BO)lbl 11 ra3a) 113 O)lHOro COCTOllHl1ll B .upyroe, T.e. 113MeHlleTCll COCTaB cjla.3, c 

ll3MeHeH11eM cjla30BblX CKOpOCTei1, n11cjlcjly311ei1 KOMnOHeHTOB (COCTaBJTlllOlll11X) B 

HanpaBJTeH1111 11x noToKa, llBJTeHl1llMl1 a.ucop6u1111 Ha noBepxHOCTllX pa.3.uena cjlaJ 11 

npyrnMH cjlaKTopaMH. TaKoi1 xapaKTep cjl11nbTpau110HHhIX Te'-leH11i1 B03Hl1KaeT B 

nopHCTOH cpe.ue np11 JlBl1)[(eHHH fa3HpOBaHHOH )[(111IKOCTl1 11 ee BblTeCHeHl111 113 

nJTaCTa BO)lOH 11J111 fa30M, np11 cjl11JTbTPau1111 fa30KOH)leHCaTHOH CMeCH, np11 

BhITecHemm Hecj>T11 113 rrnacTa raJoM BhlCOKoro .uaBJTeH11ll 11 o6orameHHhlM raJoM, 

BOJlOH, o6pa6oTaHHOH CTAB, yrneK11cJT0Toi1 11n11 npyr11M11 areHTaMH, np11 

Hel130TepM11'-leCKOH, T.e. He nOCTOllHHOH nJTaCTOBOH TeMneparypoi1 cjl11JTbTpau1111 

Hecj>Tei1 c co.uep)[(aH11eM napacjl11Ho-cMoJTo-accjlanbTeH0Bh1x Bemecrn 11 B pll.ue .upyr11x 

npoueccoB pa3pa60TKl1 Hecj>TllHhlX 11 fa30Bb!X MeCTopmK)leHl1H. 0'-leBl1)lHO, '-ITO 

llCCJTe)lOBaH11e YKa3aHHblX npoueccoB )lOJT)[(HO OCHOBb!BaTbCll Ha 3aKOHax 

XHMH'-leCKOH TepM01IHHaMl1Kl1. 

CTOJTOMY nepe.u 113JTO)[(eH11eM o6mei1 Teop1111 

MHOrQKOMnOHeHTHblX, yrneBOJlOPOllHblX CMecei1, T.e. CMecei1 COCTOlllUl1X 113 MHOrHX 

XHMl1'-leCKHX BeIUeCTB, Heo6XO)ll1MO np11BeCTH HeKOTOpble OCHOBHble CBe)leHl1ll 113 

TepMO)ll1HaMl1Kl1. 

B TepMo.1111HaM11'-lecK11x 11ccne.110BaH11llx '-!acTo nonh3YIOTCll nOHllTHllMl1 

OllHOpO.UHOH 11 HeO)lHOpOllHOH Cl1CTeM, cjla.3, KOMnOHeHTOB, COCTaBa 11 T.Jl. ,Ll,a.1111M HM 

KpaTK11e onpeneneH11ll [92; 93]. 
CT0.11 Cl1CTeMOH B TepMOlll1HaM11Ke nOHHMaeTCll HeKOTOpall COBOKYOHOCTb TeJT, 

B1a11Mo.11ei1crny10mall c 0Kpy)[(a10IUHM11 ee TeJTaMH. CornacHo 3TOMY onpe.ueneH1110 

B Hecj>TllHOH 11 Hecj>Tera30BOH 3aJTe)[(aX no.u Cl1CTeMOH Ha)lo nOHl1MaTb B3al1MHOe 

nei1CTBl1e )[(HJlKOro 11J111 ra30)[(11JlKOCTHOfO (Hecj>Th, BO)la, ra.3) TeJTa co CKeJTeTOM 

ropHOH nopOJlhl, T.e. c TBepllblM TeJTOM, KOTOpoe OKpy)[(aeT Hecj>Th, ra3 11 BO.Uy. 
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C11cTeMa xapaKTep111yeTcll np111HaKaM11, T.e. napaMeTpaMH. 6b1Ba10T 

3KCTeHCl1BHble 11 11HTeHCllBHble napaMeTpb!. 3KCTeHCl1BHblM11 napaMeTpal\rn 

Ha3blBa!OTCll napaMeTpbI, KOTOpb!e He O)J,11HaKOBbl )J,1151 BCeti Cl1CTeMbl HJill )J,1151 ee 

OTJJ.e11bHblX tiacTeti. VIHTeHC11BHb1M11 napaMeTpaM11 Ha3b!Ba!OTCll napaMeTpbl, 

KOTOpble 0)J,11HaKOBble )J,1151 BCeti Cl1CTeMbl 111111 )J,Jlll ee OT)J,e11bHblX 4aCTeti. K HHM 

OTHOCl1TCll n110THOCTb, TeMneparypa, )J,aB11eH11e, Xl1M114eCKl1H COCTaB. 

C11cTeMa Ha3bIBaeTcll OJrnopoirnoti, ec1111 Ka)f()J,biti 111 llHTeHCl1BHbIX 

napaMeTpOB O)J,11HaKOB BO Bcex ee 4aCTJIX 11 He 3aBHC11T OT pacno11ojj{eHl1ll cjlopM II 

pa3MepOB 3THX 4aCTeti. Ec1111 XOTb O)J,HH 113 11HTeHCHBHblX napaMeTpOB He 

OKa3b!BaeTCll O)J,11HaKOBbIM BO Bcex 4aCTllX Cl1CTeMbl, TO TaKall CHCTeMa Ha3b!BaeTCll 

HeOnHoponHOH. B HecpTl!HblX 11 HecjlTera30BblX 3aJiejj{aX 4aCTO BCTpe4a!OTCll 

HeonHoponHble Cl1CTeMbl, T.e. TaK11e napaMeTpb! n110THOCTb, TeMneparypa, )J,aB11eH11e, 

Xl1Ml14eCKHH COCTaB, Bll3KOCTb ra30lKl1nKOCTHOH CMeCH OlfeHb 4aCTO 6b!Ba!OT, no 

CBOl1M a6C011IOTHbIM Be11H411HaM, He Olll1HaKOBblMH KaK no n110llialll1, TaK 11 no 

T011llil1He 3aJiejj{l1, T.e. no o6beMy. 4aCTO B TepMon11HaMI!Ke paccMaTPl1Ba!OT TaKHe 

HeonHopoJJ.Hble Cl1CTeMbl, KOTOpble MOlKHO C411TaTb COCTOllllil1Ml1 113 Bno11He 

onHoponHblX 4acTeti. Ka)f()J,all onHoponHall 4aCTb CHCTeMbl Ha3blBaeTCll cpa30H. 

CHCTeMa 11 COCTaB11ll!Oll(l1e ee cpa3bl MOryT COCTOllTb 113 OllHOro 111111 

HeCK011bKHX XHMl14eCKHX Bell(eCTB. KOTOpble Ha3b!Ba!OTCll KOMllOHeHTaMl1. 411c110 

KOMnOHeHTOB, T.e. XHMl14eCKHX Bell(eCTB onpeJJ.e11lleTCll Ha OCHOBe Hal1MeHbWero 

411C11a He3aBHCHMO 113MeHl!IOllierocll 0T)J,e11bHOro X11Mll4eCKOrO Bell(eCTBa, T.e. 

H3MeHeHl1ll Mace OTne11bHblX Bell(eCTB He no11lKeH 3aBl1CeTb OT npyrnx KOMllOHeHTOB. 

3TO Tpe6oBaHHe 03Ha4aeT, lffO 0)],HH KOMnOHeHT He MO)!(eT o6pa30BaTbCll 113 

npyrHX KOMnOHeHTOB, T.e. 113 llpyrttX Xl1MH4eCK11X Bell(eCTB, HaXOnllweroCll B 

c11cTeMe. Ko11114ecTBO BeLUeCTBa (KoMnoHeHTa) MOlKeT 111MeHllTbCll (yMeHbWaTbCll 

111111 yse1111411BaTbCll) T011bKO B OTKpblTOH Cl1CTeMe. KoMnOHeHTHblH COCTaB Cl1CTeMbl 

11 ee OTne11bHble cpa3bl MoryT npencTaB11l!TbCll BeCOBblMl1, MaCCOBblMl1, o6beMHblMll 

111111 M011bHblM11 ll011llMl1, KOTOpb!e onpe)J,e11lllOTCll OTHowem1eM seca, MaCCbl, OObeMa 

111111 411C11a M011eti naHHOro KOMllOHeHTa B )J,aHHOH cjla1e 111111 B Cl1CTeMe B ue110M 

COOTBeTCTBeHHO K secy, Macce, o6beMy 111111 lll1C11Y BCeti cpa3bl 111111 CHCTeMbl B 

ue110M. <l>a3bl xapaKTep111y10TCll CBOHCTBaMl1, KOTOpble onpene11ll!OTCll napaMeTpaMH 

COCTOllHl1ll, B Ka4eCTBe KOTOpblX 11Cl1011b3yeTCll JJ.aB11eH11e, o6beM, TeMneparypa II 

MaCCbl KOMllOHeHTOB B cjlroax. Bee 3TH napaMeTpbl H3MeHll!OTCll BO speMeHH, H OHl1 B 

6011bWHHCTBe CBOeM 3aBHCllT JJ.pyr OT npyra. K011114eCTBO He3aBllCl1MblX 

nepeMeHHblX, KOTOpoe ycTaHaBJ111BaeT COCTOllHl1e Cl1CTeMbl, Ha3b!BaeTCll 

sap11aHTHOCTb!O Cl1CTeMbl [93; 127]. 
CocTOllH11e c11cTeMbl MO)!(eT 111MeHllTbCll: 

I) npu s1a11Mo.ueticTBHH c 0Kpy)!(a10meti cpenoti non neticrn11eM BHeWHHX 

npH4HH; 
2) 6e3 s1a11MoneticTBW1 c OKPY)Ka!Oll(eti cpeJJ.oti non JJ.eticrn11eM 

BHyTpeHH11X np11411H. 

B nepBOM c11y4ae, H3MeHeH11e COCTOllHHll Cl1CTeMbl conpoBolKnaeTCll 

HenpepblBHblM 113MeHeHHeM BHyTpeHHeti 3Hepr1111, a BO BTOpOM MO)l<eT np11BO)J,l1Tb 

T011bKO K ｮ･ｰ･ｰ｡｣ｮｰ･ｮ･ｮ･ｾｮＱＱＰ＠ 3Hepr1111 l\1e;1;ny •1aCTHM11 c11cTel\1b1. 
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cPa30Bbie npeBpameHHll npH H3MeHeHHH COCTOlIHHll CHCTeMbl xapaK-

Teptt3yI-OTCll nepepacnpe)leJieHHeM MaCCbl Me)(()ly pa3JIH'-!HbIMH '-laCTlIMH CHCTeMbI, 

II OHH MOryT 6bITb paBHOBeCHOfO H HepaBHOBeCHOfO XapaKTepa. nptt HCKJII-O'-!eHHH 

BHeWHHX B3aHMO)leHCTBHH, B nepBOM CJiy'-lae npouecc HeMe)lJleHHO npeKpamaeTCll, a 

so BTopoM - npoueccbI nepepacnpe)leJieHHll MaccbI npo!lOJI'.iKaI-OTCll. 

nptt HCCJie)lOBaHHH QlHJibTPaUHH !lByxcpa3HOH (HecpTb H BO)la, HecpTb H ra3) 

MHOrQKOMnOHeHTHOH CMeCH (T.e. Ka'.iK)lall cpa3a COCTOHT H3 pa3JIH'-!HbIX XHMH'-!eCKHX 

coe)lHHeHHH) B O)lHOpO)lHOH nopHCTOH cpe)le npHMeHlleTCll npHHUHn MexaHHKH 

cnJIOWHOH cpe)lbl, KOTOpblH npe)lnonaraeT, '-!TO B Ka)(()lblH MOMeHT BpeMeHH B 

Ka)(()lOH TO'-!Ke nopHCTOH cpe)lbl npttcyTCTBYI-OT o6e Qla3bl. nptt 3TOM B Ka'-!eCTBe 

xapaKTepHCTHK cpa3 6epyTCll BeJIH'-IHHbl, ocpe)lHeHHbie B npe)leJiax ('-laCTH) 

JJieMeHTapHoro o6beMa, 3aHlITOro paccMaTpttsaeMoii cpa3oti. 3TH ocpe)lHeHHbie 

xapaKTepHCTHKH MOryT MeHlITbCll BO BpeMeHH B pe3yJibTaTe o6MeHa Mace 

pa3JIH'-!HblX cpa3, KaK B caMOM 3JieMeHTapHOM o6beMe, TaK H B caMOH BHewHeH 

cpe)le. <Da30Bble npeBpameHHll, T.e. H3MeHeHHll xapaKTepHCTHK cpa3 ( COCTaBa, 

o6beMa, TeMneparypbI, nnoTHOCTH, )laBneHHll, Bll3KOCTH H Jlp.) B Ka'.iK)lOM 

3JieMeHTapHOM 06beMe B Ka)(()lblH MOMeHT BpeMeHH MOryT paccMaTPHBaTbCll KaK 

1130JIHpOBaHHbie npouecCbl, XOTll ycJIOBHll H3MeHlIIOTCll B pe3yJibTaTe BHeWHero 

B03)leHCTBHll. 

2. OcuoBHble onpe)leJieHHH u JaKOHbl TepMorH!lPOilHHaMHKH 

He«tiTeraJOHOCHOro nJiaCTa. 

06beKTaMH TepMOrH)lpOilHHaMH'-!eCKOro HCCJie)lOBaHHll B HecpTera30)l06bI'-le 

llBJllIIOTCll pa3JIH'-!Hble yrneBO)lOpO)lHbie CMeCH ( CHCTeMbl) KOTOpbie B npttpO)lHblX 

ycJIOBHlIX cymecTByeT B BH)le HecpTH ('.iKH)lKOCTH), raJa, TBep)loro Tena HJIH B BH)le 

IIX CMecetl. 

B TepMo)l1rnaM11Ke 6hrnaIOT roMoreHHbie H reTeporeHHbie cucTeMbI (cMectt) 

[140, 141]. 
Ecn11 CHCTeMa COCTOHT JIHWb H3 O)lHOH Qla3bl, T.e. H3 HecpTH HJIH raJa, TO OHa 

roMoreHHall . .[J.Jill 3TOH CHCTeMbl XHMH'-!eCKHH COCTaB H QlH3H'-!eCKHe CBOHCTBa BO 

scex ee '-!aCTlIX O)lHHaKOBbl HJIH H3MeHlIIOTCll HenpepbIBHO OT O)lHOH TO'-IKH CHCTeMbl 

K Jlpyrot\. 

feTeporeHHOH Ha3bIBaeTCll CHCTeMa, COCTOllll.lall H3 ilBYX H 6onee pa3JIH'-!HbIX 

roMoreHHbIX '-laCTeH, OT)leJieHHbIX Jlpyr OT )lpyra noBepXHOCTlIMH pa3)leJia. 

fOMOreHHbie o6JiaCTH B reTeporeHHOH CHCTeMe, Ha3bIBalOTCll TaK'.iKe cpa3aMH. nptt 

nepexo)le qepe3 noBepxHOCTH pa3)lena cpa3 B reTeporeHHOH cttcTeMe, XHMH'-leCKHH 

COCTaB H Ql113H'-leCKHe CBOHCTBa BemecTB (HecpTH H ra3a) H3MeHlIIOTCll 

CKa'IK006pa3HO . 

.[l.Jill HarJill)lHOCTH CMOTpH pHCYHKH I H 2. 
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ra3ottacb11J.1eHHb1M nnacT 

Pttc. 1. CxeMa 3a.JJe:llrn HaCbI!lleHHall 

HecjJTblO c pacTBopeHHhlM ra30M 

(roMoreHHal! CHCTeMa): 

Pttc.2.CxeMa 3a.JJe:ilm HaCbl!lleHHall 

ra30M H HecjJThlO OT)leJJeHHall 

L1pyr OT L1pyra c nOMO!llblO 

nosepxHOCThlO pa3L1eJ1a (rHK) 

( reTeporeHHal! cttcTeMa). 

foMoreHHal! CHCTeMa H Ka)K)lal! cjla3a reTeporeHHOH CHCTeMbl MoryT COCTOl!Tb 

H3 O)lHOro HJIH HeCKOJlhKHX LfHCTblX se111eCTB. 3To 03HaLiaeT, 4TO eeJJH HecjJTl!Hal! 

3a.JJe)Kb HMeeT BMeCTe c HecjJTblO H paCTBOpeHHblH ra3, TO 3Ta CHCTeMa llBJJl!eTel! 

roMoreHHOH CHCTeMOH COCTOll!llall H3 LIBYX se111eeTB HecjJTH H ra3a. A ecm1 3a.JJe)Kb 

llBJJlleTCll ra30HecjJTllHOH, T.e. OHa HMeeT OT)leJlbHO ra30BYIO H HecjJTllHYIO 4aeTH, TO 

Ka)K)lal! HecjJTllHal! H ra30Bal! cjia3bl }TOH reTeporeHHOH eHCTeMbl eOCTOllT H3 

HeCKOJlbKHX se111ecTB. 

EcJJH ettcTeMa nOJJHOCTblO H30JJHpOBaHa OT oeTa.JJbHOro MaKpOMttpa 

OKpy)Kal0111ei1 cpe)lOH, T.e. He MO)!\eT o6MeHttBaTbCll c HHM HH se111ecTBOM, HH 

3Heprttei1, TO TaKal! CHCTeMa l!BJll!eTel! H30JJHpoBaHHOH (3aKpblTOH). 

B HecjJTllHOH npoMbIWJJeHHOeTtt Bb1wecKa3aHHoe cJ1eL1yeT noHttMaTb TaK. 

f1pe)lnOJJQ)KHM, 4TO npoueec pa3pa60TKH «C6a.JJaHCttpoBaH», T.e. KOJIH4eeTBO 

OT06paHHOH )KH)lKOCTH (HecjJTH, BO)lbl) HJIH ra3Q)KH)lKOeTHOH CMeCH (HecjJTH, BO)lbl H 

nonyTHOro ra3a) H3 npOLIYKTHBHOro nJJaeTa 4epe3 L106b1Ba1011111e CKBa)KHHbl, 

3aMe111aeTCll TaKHM )Ke KOJJtt4eeTBOM )KHJlKOCTH (BOLlbI) ttJJtt LIPYrHM areHTOM (ra3oM, 

nosepxHOCTHO-aKTHBHhIM se111eeTBOM H Lip.), nocTyna10111ei1 B nJJaeT 4epe3 

HarHeTaTeJJbHbie ･ｋｂｾｈｈ｢ｬＮ＠ Tor)la nJJaCTOBYIO CHCTeMy B ueJJOM MO)KHO 

paecMaTpttBaTb KaK «TepMOrttL1pOL1HHaM114eeKH 3aKpbITYIO». 

f1o)l TepMOrHLIPOLIHHaMH4eeKHM npoueccoM nOHHMaeTell eOBOKynHOCTb, T.e. 

cyMMapHal! noeJJe)lOBaTeJJbHall COCTOl!HHll HecjJTera30BOH CMeCH ( CHCTeMbl) no)l 

BJIHllHHeM BHeWHHX B03)lei1eTBHH, nptt KOTOpotl H3MeHl!IOTel! Bee (HJJH HeKOTOpbie) 

napaMeTphl (L1aBJ1eHHe, nJJOTHOCTb H TeMneparypa) CHCTeMbl. 

TepMorttL1pOL1ttHaMtt4eCKtte npoueecbI 6bIBalOT pasHosecHbIMH 11 

HepaBHOBeCHblMH [141, 149, 177, 178, 179, 180, 192]. 

PaBHOBeCHblMH llBJllllOTCll npouecebI, eOCTOlllllHe 113 HenpepbIBHOH 

noeJJe)lOBaTeJJbHOeTH paBHOBeCHbIX eOCTOl!HHH CHCTeMbl. PaBHOBeCHbie npouecebI 

llBJllllOTCll MO)leJlbHblMH HJIH TeopeTtt4eCKHMH npoueceaMH. Bee OHH llBJllllOTell 

o6paTHMblMH. 3TO 03HaLiaeT, 4TO eeJJH H3MeHHTb HanpaBJJeHtte, B03)leHCTBHll Ha 

CHCTeMy Ha npOTHBOnOJJO)KHOe, TO OHa nOJIHOCTblO B03BpaTHTCll B HCXOLIHOe 
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COCT051HHe, npott)lil o6paTHbIH nyTb, flOBTOp5151 BCe npoMe»<yTOlJHbie COCT051HH51 

KOTOpbie 6bIJlH B np51MOM npouecce. 

Bee pea!lbHbie npouecCbl, T.e. npouecCbl KOTOpbie npoTeKaJOT Ha KOHKpeTHbIX 

OObeKTax 3KCnJlyaTaUHH (npouecCbl no6bl'IH HecjJTH, ra3a H HX CMeCH H3 3aJle)((H) 

llBJlillOTCil HepaeHoeecHbIMH H MoryT ClJHTaTbCil paBHOBeCHbIMH JlHWb B TOH HJlH 

HHOH Mepe, T.e. OTHOCHTeJlbHO K TeopeTH'leCKHM npoueccaM. D03TOMY )lJlil 

llCCJle)lOBaHH51 pea!lbHbIX npouecCOB npOBO)l51TC51 cjJyHJlaMeHTaJlbHbie HJlH 

npHKJlaJlHbie TeopeTHlJeCKHe COOTHOWemrn napaMeTpOB CHCTeMbl Ha OCHOBe MO)leJlH 

paBHOBeCHOro npouecca, HCflOJlb30BaHHeM 3aKOHOB TepMOrHJlPOJlHHaMHKH. 

npouecc, CB513aHHbIH C nepeXOJlOM CHCTeMbl (CMeCH) H3 HepaBHOBeCHOrO 

COCT051HH51 B paBHOBeCHOe, Ha3bIBaeTC51 peJlaKcauHeH, a COOTBeTCTBYIOil\ee epeM51 -

BpeMeHeM peJlaKCaUHH. 

,[{Jlil paBHOBeCHOro npouecca He06XOJlHMO, lJT06bI BHewHee B03)leHCTBHe, 

KOTOpoe nettCTByeT Ha CHCTeMy, H3MeH51JlOCb )l0CTaT04HO Me)lJleHHO. HanpHMep, 

11aBJleHHe HarHeTaHHil, c flOMOil\blO KOTOporo BHe)lp5110TC51 B 3aJle)((b pa3JlHlJHbie 

CMeCH (areHTbl, T.e. BO)la c no6aBKOH XHMH4eCKHX peareHTOB, ra3 c pa3JlHlJHblM 

OOOrameHHblM COCTaBOM H T.Jl.), JlJlil pa3!1HlJHblX y'laCTKOB npOJlYKTHBHOfO flJlaCTa 

113MeH51eTC51 Me)lJleHHO H npaKTHlJeCKHH HaxO)lHTC51 Ha OJlHHaKOBOM ypoBHe. 

PaBHOBeCHbie COCT051HH51 3aJle)((H ( CHCTeMbl) 6bIBalOT o6paTHMbIMH H 

Heo6paTHMblMH. noHilTHe 06paTHMblX H Heo6paTHMblX npOUeCCOB 51BJl51eTC51 

OCHOBHbIM JlJlil TepMOJlHHaMHKH. 06paTHMbIMH Ha3bIBalOT npoueCCbl, 

npOHCXOJlilll\He c 6eCKOHelJHO MaJlOH CKOpOCTblO, KOTOpbie npe)lCTaBJlillOT co6oi1 

nOCTOilHHbie H HenpepbIBHbie CMeHbl paBHOBeCHblX COCT051HHH. 

J1106b1e pea!lbHbie npoueCCbl (JlBH)KeHHe, T.e. cjJHJlbTpaUHil HecjJTH, ra3a, BO)lbl 

II HX CMeCH no nopOBblM KaHaJlaM K 3a6051M no6b1Ba10ll(HX H OT 3a6051 

HarHeTaTeJlbHblX CKBa)((HH, npouecCbl Jl06bI4H )((HJlKOCTH H fa30)((HJlKOCTHbIX 

CMeCeH) 51BJ15llOTC51 Heo6paTHMblMH. 

nocKOJlbKY pa3pa6oTKa HecpT51HbIX H HecjJTera30BbIX MeCTOpO)((JleHHH 

OCHOBaHa Ha 3aKOHax TepMO- H rHJlpOJlHHaMHKH HH)((e naIOTCil OCHOBHbie HX 

3aKOHbl. 

TepMOJlHHaMHKa 6a3ttpyeTC51 Ha OCHOBHbIX 3aKOHax, KOTOpbie Ha3bIBalOTC51 

HalJaJlOM TepMOJlHHaMHKH. 

nepBOe HalJaJlO TepMOJlHHaMHKH npe)lCTaBJlileT C060H npHJlO)((eHHe K 

TeflJlOBblM 51BJleHH51M BCeo6mero 3aKOHa npHpOJlbl - 3aKOHa npeepameHH51 H 

coxpaHeHHil 3HeprttH. 

AHaJlHTH'leCKoe Bbipa)((eHHe nepeoro Ha'lana TepMOJlHHaMHKH JlJlil 

oopaTHMbIX npouecCOB HMeeT BHJl (87,92) 

dQ=du+Pdv, 

rne dQ- KOJlH4eCTBO TenJlOTbI; du - H3MeHeHHe BttyTpeHHeH 3HeprttH; 

P-dv - pa6orn. 
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3To ypasttem1e noKa3hrnaeT :rneprmo, KOTOpIDI cosepwaeTcl! np11 113MeHeHHH 

Tennosoro pe)f(HMa c11cTeMbI. Cornactto npuseneHHOMy cooTHowemuo, pa6oTa, 

cosepwaeMal! CHCTeMOH, COCTOHT 113 pa3HOCTH nsyx cnaraeMbIX, T.e. 

Pdv=dQ-du 

BTopoe HaLJano TepMOAHHaMHKH Ml! 06paT11MbIX npoueccos 3an11chrnaeTCll s 

cnenyioweM sune 

dQ=T·ds, (2) 

rne s - 3HTPOnl1ll (TenJIOBIDI KOOpAHHaTa), T.e. cj>H3Hl.JeCKall BeJil1l.JHHa, KOTOpID! 

cnoco6crnyeT 113MeHeH1110 TeMneparypb1 np11 Tennoo6MeHHOM npouecce; T 
- TeMneparypa. 

BTopoe Ha'laJIO TepMO,!lHHaMHKH MO)f(HO HCnOJib30BaTb K Heo6panIMblM 

npoueccaM. EcJIH paCCMOTPeTb npoCTeHWHH cnyqaj;j, KOrna OTKJIOHeH11e OT 

paBHOBeCHOfO COCTOllHHll CHCTeMbl MO)f(HO Bblpa3HTb 4epe3 H3MeHeHHe TOJlbKO 

OAHOro BHeWHero napaMeTpa x non nettCTBHeM o6o6weHHOH Cl1Jlbl F , TO 

dQ=du+P·dv +F·dx, (3) 

CTptt 3TOM napaMeTP X H CBll3aHHall C HHM o6o6weHHIDI Cl1Jla F MoryT 

HMeTb pa3JIHl.JHblH cj>l13114eCKHH CMblCJI, H npOH3BeneHHe x . dF xapaKTep113yeT 

cTeneHb OTKJIOHeHirn paccMaTpusaeMoro peanbttoro npouecca OT pasHosecHoro. 

Tenepb np11cryn11M K pa3bl!CHeHHIO cj>H3H4eCKoro CMb1cna Ka)f(noro H3 

napaMeTpOB np11seneHHOfO B 3aBHCHMOCTl!X (I), (2) H (3), eCJIH npHMeHl!Tb HX B 

Hecj>TllHOH npOMbIWJieHHOCTH, T.e. npH pa3pa6oTKe H 3KcnnyaTaUHH Hecj>TllHblX H 

Hecj>Tera30BblX MeCTOpO)f(,!leHHH. Yl3BeCTHO, '!TO pa3pa6oTKa H 3KCnnyaTaUHll 

Hecj>TllHblX 11 Hecj>Tefa30BblX MeCTOpO)f(,!leHHH ocyweCTBJilleTCll c nOMOU(blO 

no6b1Ba10wHX H HarHeTaTeJibHblX CKBa)f(HH npo6ypeHHbie no scei1 nponyKTHBHOH 

nnowa.uH. CT03TOMY nJiaCTOBal! CHCTeMa COCT011T 113 nsyx nonc11cTeM 

[127,90,83,84,85,86,88,89,91 ]. 
CKBa)f(l1HHIDI nonc11cTeMa - see no6hrnaiow11e 11 HarHeTaTeJihHhie CKBa)f(HHhI c 

Ha3eMHbIM 06opynosatt11eM. 

nnaCTOBall no,!l,CHCTeMa - Hecj>Tl!HOH 11JIH Hecj>Tera30BbIH nnacT, KOTOpbIH 

OKpy)f(aeT CKBa)f(HHY. CTpH3a6oi1Hal! 30Ha nnacrn l!BJilleTCll nepexO,!l,HOH o6JiaCTblO 

Me)f(ny CKBa)f(HHOH 11 nnacTosoi1 nonc11cTeMaM11. Ka)f(,!l,al! nonc11cTeMa llBJilleTCll 

OTKpbITOH, noTOMY 4TO seweCTBO MO)f(eT nepeXO,!l,11Tb 113 OAHOH noncHCTeMbl B 

npyryio. napaMeTpaMl1 nnacTOBOH CHCTeMbl l!BJil!eTCll, B OCHOBHOM, nasneH11e H 

TeMneparypa. EcJrn pa3pa6oTKa nponyKTHBHoro nnacrn ocywecrnnlleTcl! 6e3 

np11MeHeHl1ll TenJIOBbIX MeTOAOB B03,!l,eHCTBl1ll, TO BO MHOrHX cny4allx MO)f(HO 

np11Hl!Tb [79,80,81,82). 
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M = Pn ＭｾＮ＠ ::::::l· 
Pn Pn ' 

r!le f::.P = Pn -fc. ; f::.T = Tn -fc. - pmttocrn .na8JieHHtt 11 TeMneparyp Me)K,!l)' 

nJiaCT080tt H CK8IDKl1HHOH no.nc11cTeMaM11; P"' Pc, H T"' Tc - .na8JieHHi1 H 

TeMneparypbl COOT8eTCT8eHHO 8 rny611He nJiacTa H Ha 3a6oe CK8IDKHH. 

8 ycJI0811llX pmpa60TKl1 c npHMeHeHHeM MeTOJJ,08 TenJI080f0 803)],ettCTBHll, 

np118eJJ,eHHbie COOTHOWeHHll HMelOT 811.U 

13.P ""I· 
P. ' n 

3TO C811.UeTeJibCT8YeT 0 TOM, 4TO 8HYTPH nJiaCT080H Cl1CTeMbl 8 ueJIOM, T.e. 8 

o6meM CJiy4ae MOryT npOll8HTbCll Heo6paTl1Mbie npoueCCbl. 8 TO )Ke 8peMll 

npoueccbI, npo11cxo!llllllHe 8HYTPH KIDK.UOtt 113 no.ncttcTeM ( CK8a)((HHHoi1 11 

nJiaCT080H), O.UH03Ha4HO, nptt6Jil13HTeJibHO, MO)((HO paccMaTPl1BaTb KaK o6paTHMbie. 

8 C8ll3H c 3THM, .nanee 6y !leM C4HTaTb, 4TO napaMeTpb1 cocTOllHHll 8HYTPH 

Ka)(()J,blH no.ncHCTeMbl HMelOT O)J,HHaK080e 3HalfeHHe, OJJ,HaKO pa3JIH4alOTCll Me)K,!l)' 

co6ol1. 113MeHeHHe 3Ha4eHl1H napaMeTP08 Me)(()J,y nO!lCHCTeMaMH npOHCXO.UHT 

HenpepbIBHO 8 npma6oi1ttoi1 30He nJiacrn. TaKHM o6pmoM, Me)(()J,y no.ncttcTeMaMH 

MO)((eT 6bITb pa3HHUa TeMneparyp !'i.T. JJ,a8JieHl1H !'i.P' Maccoco.nep)((aHHH !'i.U H 

KOHUeHTpauttti pa3JIH4HbIX KOMnOHeHT08 B eJJ,HHHUe o6beMa (.9) no.ncHCTeMbl. 

nmTOMY )],Jill nJiaCT080H no.ncHCTeMbl, co.nep)((aHHe MaCCbl HeqJTH H rma 

IIMeeT CJie.nyiom11i1 8HJJ,: 

Mm=9n·m·/Jr·Pr6 (4) 

11, aHaJIOrHlfHO )],Jill CK8a)((HHHOH nOJJ,CHCTeMbl 11MeeM 

M 11c = 9 ,. · /3 HC • P He · M re = [} c · /3 re · P re • (5) 

r!le 9 n . 9 ('- 06beM nJiaCTa H CKBa)((HHbl, M3
; m - nopHCTOCTb, .UOJIH eJJ,HHHU; 

/3 H. /3 H (' - COOT8eTCT8eHHO HaCblflleHHOCTb nJiaCTa 11 CK8a)((HHbl He<jlTblO, )J,OJIH 

e,flHHHU; /3 r. /3 re - COOTBeTCT8eHHO HaCblflleHHOCTb nJiaCTa H CK8IDKHHbl fa30M; 

p H" p H('- nJIOTHOCTb He<jJTH 8 nJiacTe 11 CK8a)((HHe, Kr/M3
; 

p ,.pre- nJIOTHOCTb rma 8 nJiaCTe H CKBIDKHHe, Kr/M'; 

3aKOH coxpaHeHHll MaCCbI, eCJIH 8Cll CHCTeMa ll8JilleTCll 3aKpbITOH, HMeeT 

CJle!lylOillllif BIUI 
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mm nocne HeKoToporo npeo6pa:mBaH11ll, 11MeeM 

9 n ·m ·(/J H ·pH +/Jr ·p r)+9 c ·(/3 He· P He +/3 re ·p rc)=O, (6) 

3aKOH coxpaHeH11l! :rneprm1. PaccMaTP11BaeTcl! Hecj>TllHOH nnacT. C O.UHOH 

CTOpOHbl npottCXO.U11T HarHeTaHl1e pa6o4ero areHTa, a c .upyrott OT6op )1(11,UKOCTl1 

HJIH fa30)1(11,UKOCTHOH CMec11. B HarHeTaTeJibHYIO CKB(l)l(11Hy, pa60411H areHT c 

o6beMOM Q3aK c noBepxHOCTl1, c .uaBJieH11eM Ha ycTbe P Har nocrynaeT Ha 3a6oi1 

CKB(l)l(l1Hbl. ITp11 3TOM .uaBJieH11e Ha 3a6oe HarHeTaTeJibHOH CKB(l)l(l1Hbl paBHO p ｾＨＯＨ［＠ 11 

o6beM HarneraeMoro areHTa (BO.Ubl, ra3a 11n11 .up. cMecei1) BHe.up11sw11i1 B nnaCT 

COCTaBJilleT Q ｾＢＮ＠ KoJI11'-leCTBO )1(11,UKOCTl1 ( Hecj>Tl1, 11Jll1 Hecjn11 11 BO.Ubl c 

pacrnopeHHbIM ra3oM) Kornpoe .UB11)1(eTcll 11 np11TeKaeT K 3a6010 .uo6b1Ba10wei1 

CKBa)l(l1Hbl, paBHO Q ｾ｣Ｎ＠ 3a60HHOe .uaBJieHHe B .uo6bIBa!Oll\eH CKBa)l(l1He pOBHO p c ｾ＠

KOJil14eCTBO .uo6bITOH )1(11,UKOCTl1 4epe3 .uo6b1Ba10ll\YIO CKB(l)l(l1HY COCTaBJil!eT Q ｾ＠ ' c 

.uaBneH11eM Ha ycTbe CKBa)l(l1HbI Py· 

)J,.nll paccMaTp11saeMOH 3aKpblTOH Cl1CTeMbl, T.e. HarHeTaTeJibHal! CKB(l)l(l1Ha -

HecjnllHOH nnacT - .uo6b1Ba10wall CKBa)l(11Ha, 3aKoH coxpaHeH11ll 3Hepr1111 11MeeT 

cne.uy10ll\l1H B11.U: 

Ecn11 Y4HTbIBaTb, '-ITO .uaBJieHHe )1(11,UKOCTH B nnaCTe pOBHO p nn, TO 

npHBe,UeHHOe ypaBHeHHe 3Hepr1111 11MeeT cne.uy10ll\l1H BH.U: 

ITocne HeKOToporo npeo6pa30BaH11l! OKOH'-laTeJibHO nony'-l11M: 

Bb1wenpttse.ueHHbIH npouecc Harnll.UHO noKa3aH Ha pttcyHKe 3. 

11 



PHc. 3. CxeMa JJleMeHTa Hecjinrnoro rrJlacrn c HarnernTeJlhHOH H .uo6brnaJOmei1 

CKB3)!(HH3MH. 

3. <l>HlH'ICCKHe OCHOBbl nopHCTOH cpe11:bl, JIHHCHHblH 33KOH 

4JHJibTpauuu ralOJKHLl:KOCTHOH CMCCH" 4Ja30Bble npouuuaeMOCTH. 

Teopm1 cjiHJlhTP3UHH H3Y'JaeT .UBHiKeHHe fa30B, )!(ll,UKOCTei1 11 HX CMecei1 B 

rropHCThlX cpe.uax, T.e. B TBep.UbIX TeJlaX, rrpOHH33HHhlX CHCTeMOH coo6maJOll(HXCll 

Me)!(Jly co6oi1 rrycTOT (rrop), 4TO neJlaeT HX rrpOHHU3eMbIMH ,UJlll fa30)!(H.UKOCTHhIX 

CMecei1. 8 rrpHpo.ue, T.e. B rrpo.nyKTHBHhIX 33Jle)!(3X, COBMeCTHO c coo6mmomttMHCll 

rropaMH BCTpe11aJOTCll H H30JlHpOB3HHhie (ryrrHKOBbie) rropbl (rrycTOTbl). 

Ll,BH)!(ettHe )!(HJlKOCTei1 H raJOB B rropHcToi1 cpe.ue HMeeT pll.U oco6eHHOCTei1. 

JTO CBll33HO c TeM, '!TO rropttCT3ll cpe.ua, JlJ06oro HecjJTllHOro, fa30Boro HJlH 

ttecjJTeraJOBOro 33Jle)!(ett ( 11Jl3CTOB ), COCTOHT H3 orpOMHOro 'IHCJla CJlY43HHO 

pacrrOJlO)!(eHHhIX 3epeH ropHOH rropO.Uhl, pa3llH'IHOH cjlopMbl H BeJlH'IHHhl. nmTOMY 

rrpocTpaHCTBO, B KOTOpOM .UBH)!(eTCll )!(ll)lKOCTh, rrpe)lCT3BJllleT co6oi1 CHCTeMy rrop, 

HerrpepbIBHO rrepeXO)lllll(HX O)lHa B .upyryJO. Ll,m1 rropttCTOH cpe,Ubl xapaKTepHO 

CBOHCTBO coo6maeMOCTH rrop, ee HeJlh3ll rrpe.ucTaBJlllTh ce6e B BH.Ue COBOKYI1HOCTH 

K311HJlJlllpOB, pacrrOJlO)!(eHHhlX o6oco6JleHHO O.UHH OT .upyroro. 

HeKoTopoe rrpeACTaBJleHtte o rropttcToi1 cpe.ue rrpttse.neHhI Ha pttcyHKe 4, r.ue 

110Ka33Hhl pa3llH'!Hbie cjJopMbl TBep.uoi1 '13CTHUhl (3epHa) ropHOH rropO)lhl H rropOBbie 

rrpOCTP3HCTB3 c COOTBeTCTBYJOll\HMH Y3KHMH K3H3Jl3MH, KOTOpbie coe.nttHll!OT HX. 
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1 
... -2 

P11c. 4. CxeMa Hecjnera.JoHocHoro nJJacrn. 

1. TBepJWH cjla.Ja ropHoi1 nopo.UbI (3epHa); 

2. HecjlTera3oHaCbI!lleHHoe nopoBoe npocTPaHCTBO. 

KaK Bl1LIHO 113 p11cyHKa CTPYKTYpa nopoBoro npocTPaHCTBa HMeeT 

Heperym1pHbIH xapaKTep, KOTOpblH He n03BOJJlleT 113yqaTb LIBl1)1(eH11e )1(11)lKOCTH 11 

ra.JOB 11 11X CMecei1 B HeM c npHMeHeHHeM npllMbIX. 06bJqHbIX MeTOLIOB 

r11.upOL1HHaMHKH, T.e. nyTeM peweHl1ll ypaBHeHl1H LIBl1)1(eHHll Bll3KOH )l(H11KOCTl1 .um1 

06JJacT11, npe.ucrnBJJmowei1 co6oi1 coBOKYnHoCTb Bcex nop. TaKoe peweH11e CBH3aHo 

c Henpeo.uoJJHMbIMl1 TPYL1HocrnM11. 0.uHaKo B TaKoM pewemm 11 HeT 

Heo6XOLIHMOCTl1, nOTOMY qTO, c yBeJJ11qeH11eM q11cJJa OT)leJJbHblX MHKPOLIBH)l(eHHH, 

Haq11Ha10T npOllBJ!llTbCll cyMMapHble CTaT11qecKHe 3aKOHOMepHOCTl1, KOTOpble 

xapaKTepHbl LIJ!ll LIBl1)1(eHl1ll B ueJJOM, H He cnpaBeLIJIHBbie LIJ!ll OLIHOro nopOBOro 

KaHana 11JJl1 HeCKOJ!bKl1X KaHaJJOB. LJ:aHHall Cl1TYaU11ll xapaKTepHa LIJ!ll CHCTeM c 

6oJJbWHM q11cJJoM :lJ!eMeHTOB [ 163], cJJa6o CBH3aHHbIX Me)l(.uy co6oi1. TaKtte 

CHCTeMbl MOryT 6bITb onttcaHbl KaK HeKOTOpbie cnJJOWHbie cpe.Ubl. CBOHCTBa 

KOTOpblX He Bbipa)l(alOTCll Henocpe.UCTBeHHO qepe3 CBOHCTBa OT)leJJbHbIX JJJeMeHTOB. 

a llBJJlleTCll ocpe.uHeHHblMH xapaKTepHCTHKaMH llOCTaTOqHo 60JJbWHX o6beMOB 

cpe.ub1. 

CornacHo BbIWe H3JJO)l(eHHOMY B rn.upommaM11Ke, llBH)l(eHHe OT.UeJJbHbIX 

MOJJeKyJJ He paccMaTpHBaeTCll. a LIJ!ll pacqeTa HCnOJJb3YIOTCll HeKOTOpble cpe.uHHe 

LIHHaM11qeCKHe xapaKTepHCTHKH )l(H)lKOCTH KaK cnJJOWHOH cpe.Ubl. Y!cnOJJb3Yll TaKotl 

no.uxo.u B rn.upo.UHHaMHKe paccMaTpHBalOTCll TOJJbKO o6beMbl )l(H)lKOCTetl. pa3Mepbl 

KOTOpbIX LIOCTaTO'IHO BemIKH no cpaBHeHHIO c paccTOllHHllMH Me)l(LIY MOJleKyJJaMH, H 

npH KOTOpOM. B qTo6bI B JJI060M 06beMe HaXOLIHJIOCb LIOCTaToqHo OOJ!bWOe qucno 

MOJJeKyJJ H 6bIJJO YCJJOBHe, KOTOpOe n03BOm!nO 6bI B03MO)l(H0e OCpe.uHeHHe. Vf3 
TeopHH BepOHTHOCTetl H3BeCTHO, 'ITO eCJJH 113yqaeMblH napaMeTP COCTOHT 113 

3Ha'JHTeJJbHOro Kom1qeCTBa CJJyqatlHbIX BeJJHqHH, TO ero cpeiIHee 3Ha'leHHe MaJJO 

6y .ueT OTJ!HqaTbCll OT HaH6oJJee BepOHTHOCTHOH BeJlH'IHHbl [161.211.159, 160]. 
AHanOrn'IHO. TeopHH cjlttJJbTpau1111 06pa3yeT npe.ucrnBJJem1e o TOM. '!TO 

nopHCTall cpe11a II iKllllKOCTb. KOTOpa51 HaXOllllTC51 B HeM. CTJJOllT cnnow11y10 cpe-'ly. 
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3TO 03Ha4aeT, 4TO ¢113114eCKH 6eCKOHe4HO MaJlbie 3JleMeHTbl CHCTeMbl )f(H,UKOCTb -

nop11cTall cpe.ua see )Ke .uocTaTotrno seJJHKH no cpasHeHHI-O c pa3MepaM11 nop H 

3epeH nop11cToi1 cpe.Ubl. Cne.uyeT nptt 3TOM OTMeTHTb, 4TO ecm1 B paccMaTp1-1BaeMoM 

o6beMe 6y.ueT 3aKJJI-OLieHo 6oJJblllOe 411cno nop 11 3epeH, TO ocpenHeHHb1e napaMeTpb1 

6y LlYT ,llOCTOBepHO npenCTaBl1TeJJbHblMl1. 

c TOLIKl1 3peHHll Teoptt11 tjJHJJbTpaUHH 3Ha4eHtte rnepnoro CKeJJeTa nopHCTOH 

cpenbI, npe)f(.ue scero reoMeTµtt4ecKoe: OH orpaHtttrnsaeT TY 0611aCTb npocTµaHCTBa, 

B KOTOpoi1 ,llBmKeTCll )f(H,llKOCTb. MHOrQ4HCJleHHblMH npOMblCJlOBblMH H 

JJa6opaTOpHblMH 3KCnepHMeHTaMH [ 165, 164, 162] ,llOKa3aHO, LJTO nptt oco6b!X, 

cneuHaJJbHbIX B03HHKaeT Heo6xonttMOCTb Y4HTbIBaTb CHJlOBOe 

B3aHMO,lleHCTBHe Me)f(ny CKeJJeTOM ropHOH nopO.Ubl H npilJle)Kall(HMH K HeMy CJJOl!MH 

)f(H,llKOCTH. nmTOMY CBOHCTBa nopHCTOH Cpe,llbl B TeOpHH tjJHJJbTpaUHH 

onttCbIBaI-OTCll HeKOTOpblM Ha6opoM reoMe-rp114eCKHX xapaKTepHCTHK. l13-3a 

Hepery11HpHOCT11 CTpoeHHll noposoro npocTpaHCTBa ero HeJJb3ll noJJHOCTbJO onttcaTb 

HHKaKHM KOHe4HblM Ha6opoM napaMeTpos, a ,llJlll ue11ei1 TeOpHH ¢1111bTpa11HH, 

,llOCTaT04HO HeOOJlblllOrO 4HCJJa ocpenHeHHblX xapaKTepHCTHK. 

Ba)f(Hei1lllei1 xapaKTep11cT11Koi1 nopncrni1 cpenb1 llBJJlleTCll ee nop11cTocTb, 

paBHall OTHOllleHHIO o6beMa, 3aHllTOro, B paccMaTpHBaeMOM 3JleMeHTe nopaMH, K 

o6ll\eMy o6beMy 3JJeMeHTa: 

m (9) 

rne m - nop11CTOCTb nJJaCTa, B ,ll0Jl51X OT e,llllHHUbl. 

npttBe.UeHHOe COOTHOllleHHe (9) ycTaHaBJJHBaeT Cpe,llHIOIO nopttCTOCTh, 

naHHOro 3JleMeHTa n11acTa. 

nptt Onpe,lleJJeHl111 nopttCTOCTH 00bl4HO pa3JJH4aJOT nOJJHYJO nopHCTOCTb, B 

KOTopoi1 Y4HTbIBaJOTCll see nopb1, 11 aKTHBHYJO 111111 LlHHaMH4HYJO nopttCTOCTh, nptt 

onpeneJJeHHH KOTOpOH Y4HTbIBaJOTCll JlHlllb Te nopbl, KOTOpble BXO,ll51T B e,llHHYJO 

CHCTeMy coe,llttHeHHblX Me)f(ny co6ol:'! nop H, CJJe,llOBaTeJJbHO, MOryT 6b!Tb 

JanoJJHeHhl )!(11,llKOCTblO H3BHe, T.e. HarHeTaeMblM areHTOM. ,U.1ut HalllHX 

llCCJJe,llOBaHtti:'I Ba)f(HblM llBJJlleTCll, HMeHHO aKTHBHall nopHCTOCTb. no3TOMY B 

,llaJlbHettllleM non nopHCTOCTblO nOHHMaeTC51 HMeHHO aKTHBHhle nopOBbie 

npocTpaHcrna. 

Hap»LlY C nopHCTOCTblO m HHOr,lla HCnOJJb3yeTCll nOHllTHe «npOCBeTHOCTb» n, 

onpe.ue11J1eMb1i1 LlJJll KmKnoro ce4eHttll, npoxonllll\ero 4epe3 naHHYJO T04Ky, KaK 

OTHOWeHHe OJlOU(a,llH nop B Ce4eHHH KO BCeti nJJOU\MH ce<1eH1Ill. V!ccJJe,llOBaHHl!MH, 

npose.ueHHbIMH B.M. EHTOBbIM LlOKa3aHO, 'ITO npocseTHOCTb B nattttoti T04Ke He 

3aBHCHT OT BblOOpa HanpaBJJeHJ.lll Ce4eHl1JI H paBHa nopHCTOCTl1 m ( 167, 166]. 
nopHCTOCTb xapaKTepH3yeT tjJOpMy 11 B3aHMHOe pacnOJJQ)KeHHe nop 11 

O,llHHaKOBO ,llJlll reoMeTpHtieCKH nono6HblX cpen . .[Lnll om1caHHll nopHCTOH cpe,llbl, 

Heo6xom1Mo onpenemtTb TaK)Ke HeK0Topb1i1 xapaKTepHbii:'I pa3Mep noposoro 

npocTpa11cTsa d.,. B HacTollwee sp<=Mll cywec·rnyeT ｾｴｈｯ［ｋ･｣ｔｂｏ＠ cnocooos 

onpcL1ene1111ll noro ー｡ＳｾＱ｣ｰ｡Ｎ＠ 3a xapaKTep11b1f1 ｰ｡ＱｾＱ･ｰ＠ d0 ｮｰＱＱＱｲｮｾＱ｡･ｔｃｈ＠ B ｏｃｈｏｂｈｏｾｉ＠
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HeKOTOphtM cpe)lHHM )lHaMeTp nopoBoro KaHa.na d HJIH OT)leJihHOro JepHa nopttCTOro 

CKeJieTa I. .[(mt nO)lClJeTa 3THX paJMepoB B Ka)l()lOM KOHKpeTHOM cny4ae HCCJie)lyeTCSI 

MHKpOCTpyKrypa nopttCTOM cpe)lhl B He60JihWOM, HO .llOCTaTOlJHO 

npe)lCTaBttTeJihHOM 06beMe, 3JieMeHTa nponyKTHBHOro nJiaCTa. 8 HalJa.ne TeM HJIH 

ttHhIM cnoco6oM onpe)leJISIIOT paJMep oT.nenhHOH nophr ttJIH JepHa. Ho 3TOT paJMep 

MeHSleTC51 nptt nepexone OT O)lHOH nophl K npyroi1 HJ111 OT O)lHOro JepHa K npyroMy. 

T.e. OH no pa3JIH4Hh!M HanpaBJleHHSIM H no 06beMy nnacTa HJMeH51eTCSI cnyYaHHO. 

no3TOMY peJyJlhTaThl H3Mepemrn npe.nCTaBJISllOTCSI B BH.Ue KpHBOH pacnpeneneHHSI 

Bh16paHHoro cnyYai1Horo paJMepa, a ero cpe,UHee 3Ha4eH11e nonyYaeTCSI c noMOll\hIO 

ocpe)lHeHH51 KpHBOM pacnpe,!leJieHHSI. no.ao6Hble CBe,!leHH51 06 HCnOJlbJOBaHHH 

Teoptm Bep051THOCTl1 no 3TOMY Bonpocy MO)l(HO HaHTl1 B pa6ornx 

[148, 155, 158, 166, 149, 150,151, 152, 153, 154, 156, 157]. 
<l>HJihTPaUH51 npe,!lCTaBJI51eT co6oi1 ,!lBH)l(eHtte )1(11)lKOCTH B nopHCTOH cpene 

no)l )letiCTBHeM nepena,Ua ,UaBJieHtt51. OcHOBHOH xapaKTepttcTttKOH ｾｈｊｩ｢ｔｰ｡ｵＱＱＰｈＭ

Horo ,!lBH)l(eHH51 51BJI51eTC51 BeKTOp CKOpOCTH ｾｈｊｩ｢ｔｰ｡ｵＱＱＱＱ＠ .9 , onpe,UeJISleMbIH 

cne,UyIOll\HM o6pa3oM. 8bt6epeM TOYKY M nop11cToti cpe.!lbt 11 npoBe,UeM 'tepeJ Hee 

:ineMeHTaPHYIO nnomanKy tis. 
l!epe3 BbI,!leJJeHHYIO nJIOll(a,!lKY Ja 0.!lHY CeKYH.lly, T.e. 3a e,UHHHUY BpeMeHH 

npoTeKaeT )l(H)lKOCTb !'i.Q c o6beMoM I M
3
. Toma npoeKUHSI BeKTopa cKopocTH 8, 

KOTOpa51 COBna,UaeT c HOpMa.JihlO, T.e. nepneH,!lHKYJJ51pHO K BbI)leJleHHOH nJIOll(a)lKe 

tis, paBHa 

- ｾｑ＠.9=Lim--
Ll.s__,o ｾｓ＠ , (10) 

CneAyeT OTMeTHTb, YTo o6beM )l(H,!lKOCTH )leJIHTC51 Ha nonttyIO nnomanb !!. S. a 

He Ha ee nopOBYIO lJaCTh. no:3TOMY O'leBH)lHO, 4TO CKOpOCTh ｾｈｊｩｨｔｐ｡ｕｈｈ＠ He 

51BJI51eTC51 )leMCTBHTeJihHOM cpe)lHeti CKOpOCTblO )lBH)l(eHH51 B nopoBOM 06beMe 

nnacTa. 

no3TOMY ycTaHOBHM CB513b Me)l()ly CKOpOCTblO ｾｈｊｩｨｔｐ｡ｕｈｈ＠ (} H 

)leMCTBHTeJihHOH cpe)lHeM CKOpOCTblO ,<} cp )lBH)l(eHH51. L(eMCTBHTeJlbHOe 

Ｈｾｈｊｈｬｊ･ｃｋｯ･Ｉ＠ Te'leHtte ｾｊｉｉｏｈＩｬ｡＠ B Ka)l(,!lOM )l(HBOM, T.e. nopoBOM CelJeHHH nnacrn 

ocymeCTBJI51eTC51 lJepe3 cyMMapHyIO nJIOll(a,!lh aKTHBHhlX nop /'J.S n. no3TOMY HMeeM 

.9qi=Lim tJ.Q, 
tis 11->0 /J. S n 

( 11) 

CpaBHHBaSI ( 11) c ( 10) , a TaK)l\e yYHTbIBM, 4TO /J.S n = 111·/J.S' HaXO,!lHM 

.9 = /11 • .9 "' . (12) 
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nocKOJJbKY nop11cTOCTb nJJacTa 113MeHl1eTCll s npe,UeJJax OT 0 AO 1, T.e. O<m< 1, 
113 ( 12) CJJe,UyeT, 4TO CKOpOCTb c)i11J1bTpau1111 .9 scer,Ua MeHbWe ,UeHCTBl1TeJlbHOH 

cpe,UHett CKOpOCTH f} ,,, Te4eHl1ll c)imDl1,Ua ()1(11,llKOCT11). 

TaKHM o6pa3oM, np11 sse,UeH1111 cKopocT11 c)i11J1bTpaum1 paccMaTp11saeTCll 

HeKOTOpblH c)i11KTl1BHblH c)i11J1bTpau110HHblH flOTOK, B KOTOpOM pacxO,Ubl 4epe3 Jll{)60e 

Ce'!eH11e paBHbl peaJJbHOMY paCXO,Uy c)JJJl{)H,Ua. np11 }TOM C4HTaeTCll, 4TO flOJlll 

,UaBJJeHl1H c)iHKTHBHOro 11 peaJJbHOro flOTOKOB 11,UeHTH'IHbl, T.e. O,UHHaKOBbl, a CHJla 

conpOTHBJleHHll c)iHKTHBHOfO flOTOKa paBHa peaJJbHOH CHJle conpOTHBJleHHll, H 

npHHl1MaeTCll, 4TO CKOpOCTb c)iHJ1bTpau1111 Henpepb!BHO pacnpe,UeJJeHa no 06beMy 11 

CBl!3aHa co cpe,UHett CKOpOCTbl{) ,UeHCTBHTeJJbHOrO ,UBH)l(eHHll, paseHCTBOM ( 12). 
0CHOBHbIM COOTHOWeHHeM Teop1111 c)i11J1bTpau1111 l!BJllleTCll 3aKOH 

c)i11J1bTpau1111, KOTOpblH ycTaHaBJ111BaeT CBll3b Me)l(ny BeKTOpOM CKOpOCTH 

c)iHJ1bTpau1111 11 flOJleM ,UaBJJeHHll, c flOMOW,bl{) KOTOporo npOHCXO,UHT ,UBmKeHHe 

)1(11,llKOCTH 11 ra3a 11JIH HX CMecen. HeKOTOpble CBe,UeHlll! 0 3aKOHe c)iHJJbTpauHH 

MOJKHO flOJJY411Tb, HCXO,llll H3 caMblX 06m11x npe,UCTaBJJeHl1H. 

0Kpy)l(l1M TO'lKY nop11CTOH cpellbl HeKOTOpon MaJJOH OKpeCTHOCTbl{), npH 

1TOM MO)l(HO C411TaTb, 4TO flOJle CKOpOCTdl c)iHJibTpau1111 Henpepb!BHOe, a see 

napaMeTpbl nopHCTOH cpe,Ubl H HaCbllll,al{)W,ett ee )1(11,UKOCTH flOCTOl!HHblMl1. 

npe,UflOJJaraeTCll, 4TO flp0HCXO,Ul1T 113MeHeH11e ,UaBJJeHl1ll, B ,UaHHOM npOCTpaHCTBe, 

KOTopoe l!BJll!eTCll O.UHl1M 113 OCHOBHblX c)iaKTOpOB ,UBH)l(eHHll )l(l11lKOCTH. nocKOJlbKY 

H3MeHeHHe .uasJJeHlrn B OKpeCTHOCTH naHHOH TO'!KH onpe,UeJJl!eTCll rpam1eHTOM 

nasJJeHHll, OCHOBHOe npe,UflOJIQ)KeH11e npH ycTaHOBJJeHHH BH.Ua 3aKOHa c)iHJ1bTpau1111 

COCTOHT B TOM, 4TO seKTop (HanpasJ1em1e) CKOpOCTH c)i11J1bTpau1111 B naHHOH TO'!Ke 

nopHCTOtI cpe,!1.bl onpe.ueJJl!eTCll CBOi1CTBaMH )1(11,!1.KOCTH H nopHCTOH cpe,!1.bl H 

rpa.uHeHTOM ,UaBJJemrn, T.e. H3MeHeH11eM .uasJJeHHll Ha e,UHHHUY ,UJIHHbl :meMeHTa 

nJJaCTa (grad P). nopHCTall cpe.ua xapaKTep113yeTCll reoMeTpH4eCKHMl1 napaMeTpaMH 

- xapaKTepHblM pa3MepoM d 11 HeKOTOpblMH 6e3pa3MepHblMH xapaKTepHCTl1KaMH: 

nopHCTOCTbl{) m, 6e3pa3MepHblMl1 napaMeTpaMH KpHBOH pacnpe,UeJJeHlll! H ,Up. 

3aKOH qi11J1bTpau1111 .UOJl)KeH l!BJll!TbCll CJle,UCTBHeM ypasHeHl1H KOJIH'leCTBa 

.UB11JKeHllll )1(11,!1.KOCTH B nopOBOM npocTpaHCTBe, fl03TOMY B CHCTeMy onpe,UeJJl!l{)lll,HX 

BeJIH411H CJJe.D.yeT BKJll{)4HTb TaKJKe Te xapaKTepHCTHKH )KH,!l.KOCTH, KOTOpbie BX0,!1.l!T 

B 3TH ypasHeHHll, T.e. flJIOTHOCTb p 11 Bll3KOCTb µ . 
TaKHM o6pa30M, npe.unoJJaraeTcll, 4TO cyw,ecTsyeT 3as11cHMOCTb rpa,UHeHTa 

.uasJieHHll OT BeKTOpa CKOpOCTl1 c)iHJ1bTpaum1, reoMeTpH'leCKHX xapaKTepHCTHK 

nopHCTOH cpe.D.bl m, d, 11 T . .!J.. 11 xapaKTep11cT11K )KH.UKOCTH PH µ. Cpe,Ubl seJJH'lHH, 

OT KOTOpblX 3aBHCHT grad P. TOJlbKO CKOpOCTb qlHJlbTpaum1 9 l!BJll!eTCll seKTOpOM. 

EcnH CBOHCTBa nopHCTOi1 cpe.Ubl He 33BHCHT OT spaw,eHl1H 11 OTpa)l(eHl1H CHCTeMbl 

OTC'leTa, T.e. nopHCTall cpe,Ua l!BJllleTCll 1130TpOflHOH, TO 3aBHCHMOCTb rpa,UHeHTa 

.uasJJeHllll grad p OT .9 .uomirna 6b!Tb HHBapHaHTHOH OTHOCHTeJlbHO spaw,eHHll 

BOKpyr HanpasJJemrn seKTOpa .9 ' T.e. HeH3MeHHOH, np11 H3MeHeHHH HanpasJJeHHH 

llBHil\eHHll )l(HllKOCTll. 
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no3TOMY BeKTOp grad P .UOJl;KeH 6b1Tb HanpaBJleH no O.UHOH npllMOH C 

BeKTOpOM .9 . 
Haqano Teoptttt cjittJJbTpau11tt 6b1no nono;KeHo JKcnepttMeHTaJJbHblMM 

pa6oTaM11, KOTOpble 6blJlH npoBe.ueHbl cjipaHUY3CKl1M11 11H;KeHepaM11, B 1848-1863 
ro.uax, )J,apc11 11 )J,10mo11, Ha6nIO.uaBurne BnepBb1e, 3a .UBH;KeH11eM BO.Ubl B Tpy6ax, 

3anonHeHHblX neCKOM. I1MeHeM )J,apc11 Ha3BaH Jll1HettHblH 3aKOH cjiHJlbTpau11H, 

KOTOpblH OH ycTaHOBHJl, C03.UaBall nepBylO COBepweHHYIO CHCTeMY BO.UOCHa6;KeHl1ll 

B EBpone. AHp11 )J,apc11 11ccne.u0Ban Te4eH11e BO.Ubl qepe3 BepT11KanbHb1e necqaHble 

cjiHJlbTpbl, KOTOpble 6b1Jll1 He06XO.U11Mbl .UJlll BO.UOCHa6;KeH11ll ropo.ua )J,H;KOHa 

(Pttc.5.). B pe3yJJbTaTe nuaTeJlbHO npoBe.ueHHblX JKcnepttMeHTOB OH ycrnHOBHJl 

CBOIO )KCnepttMeHTaJlbHYIO cjiopMyny, nony411BlllYIO w11pOKYIO H3BeCTHOCTb: 

( 13) 

r.ue Q - 06beMHblH pacxo.u ;KH.UKOCTH qepe3 necqaHblH cjiHJlbTP, .UJlHHa 

H 1 KOToporo paBHa L, c nnollla.Ub!O nonepe4HOro ceqeHHll F; "'H = H, - H, -

pa3HOCTb ttanopoB BO.Ubl Ha.u cjiHJJbTPOM 11 y ero ocHoBaHHll; Kr - K03cpcp11u11eHT 

nponopUHOHaJJbHOCTl1, KOTOpblH Ha3blBaeTCll K03cpcpHUHeHTOM cji11JJbTPau1111, 

3aBHClllllHi1 KaK OT cTpyKrypbr nopttcToi1 cpe.Ubl, TaK 11 OT CBOHCTB cjiHJJbTPYIOlllei1cll 

;KH.UKOCTl1. 

KOJcjicji11u11eHT Kq, 11MeeT pa3MepHOCTb cKopocTH H xapaKTep111yeT pacxo.u 

noToKa qepe1 e.uttHHUy nnollla.uH ceqeHHll, nepnett.UHKYJJllpttoro K noTOKY, no.u 

.uei1CTBHeM e.UHHH4HOro rpa.uueHTa Hanopa ( l'>LH} H HCnOJlb3yeTCll 06bl4HO B 

rn.upoTextttt4eCKHX pacqeTax, r.ue .UBH;KeTcll TOJlbKO Bona. A np11 11ccne.uoBaHHH 

cjiHJlbTpaUHH HecjiTH, ra3a H HX CMecei1 Heo6XO.UHMO pa3.UeJlHTb BJlHllHHe CBOHCTB 

nop11cToi1 cpe.UbI 11 )l{H.UKOCTH. CToJTOMY cpopMYna (13), 3an11cbrnaeTcll B tteCKOJlbKO 

HHOM BH.Ue, a HMeHHO 

(14) 

HJIH CKOpOCTb cpHJiblpauHH 

Q K .iH 
8=-=-·p·g·-

F µ L 
(15) 
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Puc. 5. CxeMa ycrnHOBKH A. ):lapcH JJ,m1 uccJJeJJ,oBaHHll Te4eHHll BO.Ubl 'Iepe3 

BepTHKaJJbHblM nec4aHblH QlHJlbTp. 

r.ue g - ycKopeHHe CHJlbl TmKeCTH; p· g·..'iH = !'iP - pa3HOCTb .uaBJJeHHM B Ha4aJJe H B 

KoHue 06pa3ua ttecjJTllHoro HJJH HecjJTeraJoBoro nJJacrn; K - K03cpcjluu11ettT 

npOHHUaeMOCHI, KOTOpblM He 3aBHCHT OT CBOMCTB )l(H,UKOCTH H llBJJlleTCll 

.!lHH3MH4eCKOM xapaKTepHCTHKOM TOJlbKO nopHCTOM cpe.Ubl. 

Vf3 cpOpMyJJbl ( 14) 11JJH ( 15) CJle.!lyeT, '!TO K03cpcp11UHeHT npOHHUaeMOCTH 

11MeeT pa3MepttoCTb nJJowa.uu, TaK 'ITO B CV! [K] = M
2
. Ilpott11uaeMOCTb 

6oJJbWHHCTBa ropHbIX nopoJJ, Bb1pmKaeTCll BecbMa MaJJbIMH 411cJJaM11. TaK Hanp11Mep, 

npOHHUaeMOCTb KpynH03epHHCTblX neC'IaHHKOB COCTaBJJlleT I 0·12 
- I 0·13 

M
2
. a 

11pOHllUaeMOCTb nJIOTHbJ:\ nec'laHMl\OB OKOJJO I 0·1
·
1 

M
2
. BBllllY )TOro B 
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tteq>TenpOMbICJIOBOH npaKTHKe nony4HJia pacnpoCTpaHem1e emrn11ua 

npoH11uaeMOCTH I .llapcu = 1,02· 10-12 
M

2
. 

<l>HJibTPau110HHOe Te4eHHe, Ha OCHOBe 3aKOHa ,Uapc11 A., llBJilleTCll 'laCTHblM 

cny4aeM non3y!llero Te4ett11ll, KOTopoe xapaKTep113yeTcll npeo6na.llatt11eM Bll3K11x 

c11JI HM 11ttepu110HHbrM11, T.e. 04eHb MaJibIMH 411cnaM11 PellHOJlb.llCa (Re <<I). 
3aKoH A. )J,apcu BeCbMa wupoKo np11MettlleTCll B TeopeT114ecK11x 

11CCJie.llOBaHHllX npoueccoe cjJ11JibTpau1111 )!(11.llKOCTH HJ111 fa3Q)K11.UKOCTHOH CMeCH B 

ttecjJT51HblX 11n11 ttecjJTera30BbrX 3aJie)!(aX. Cy!llecrnyeT, o.uHaKo, cny4a11, Koma 

J111HeHHblH 3aKOH cjJ11JibTpau1111 He np11MeHl1M [142, 143, 144], np11 npoBe.lleHl111 

attan1na COCTOllHl1ll Bblpa60TKl1 3anacoe HecjJT11, ra3a H 11X CMecell, HeKOTOpblX 

MeCTOpO)!(JleHHH. TeM He Mettee, .llJlll KOJJl14eCTBeHHOH oueHKl1 11 onncaHl1ll Te<reHHll 

HeO.llHOpO.UHblX )!(11.UKOCTeH He06XO.llHMO, nocTOllHHO pacnonaraTb 

cjJ11JibTpau110HHbrM11 xapaKTep11cTHKaM11 nop11cToll cpe.uhr. TaKoll xapaKTep11cn1Koi1 

llBJilleTCll npOHHuaeMOCTb nopHCTOH cpe.llbl .llJlll Ka)!(.UOH cpa3 - TaK Ha3bJBaeMble 

cpa30Bble npOHHuaeMOCTH. 

,UeTaJibHOe 11ccne.uoeaH11e COBMeCTHOro .UB11)!(eHHll B nop11CTOH cpe.ue HecjJTl1 H 

ra3a, HecjJTH 11 BO.llbl, a TaK)!(e CMecH HecjJT11, ra3a H BO.llbl, nOKa3aJIO B03M0)!(H0CTb 

pacnpocTpaHemrn 0.llHOpO.UHOH )!(H.UKOCTH, Ha MHOrocpa3HOe Te4eHHe. nyTeM 

o6o6!lleHHll nOHllTl151 npoH11uaeMOCTl1. 

Dp11 .llBH)!(eHl111 MHOrOcpa3HOH CMeCl1 C411TaeTCll, 4TO Cy!lleCTBYIOT cpa30Bble 

npOHHuaeMOCTH. no 06!lleH npOHHuaeMOCTH nopHCTOH cpe.Ubl .llJlll O.UHOpO.UHOH 

)!(11.llKOCTH HeJJb3ll npe.UCKa3aTb npoHHuaeMOCTb .UJlll HecjJTH, ra3a II BO.Ubl, T.e . .llJlll 

Ka)!(JlOH 113 cpa3. K HacTmnueMy epeMeH11 cpaeH11TeJibHO 11y4we H3y4eHbr cpa30Bbre 

npoH11uaeMOCTl1 .UByxcpa3HOro Te4eHHll BO.UO-HecjJT51HblX 11 fa30·HecjlniHblX CllCTeM. 

<l>a30Ball npoHHuaeMOCTb 3TO 3KCnep11MeHTaJibHal1 xapaKTep11cT11Ka 11 OHa 

onpe.uenlleTCll Ha OCHOBe pe3yJibTaTa OflblTOB, B KOTOpblX O.UHa )!(11.llKOCTb 

BblTeCHlleTCll .upyroi1 HJlll ocy!lleCTBmreTCll COBMeCTHOe CTaUHOHapHoe .UBH)!(eH11e. 

<l>a30Ball npOHHUaeMOCTb, .llJlll .UaHHOH nop11CTOH cpe.Ubl 11 cjJ11JibTPYIOllll1XCll 

)!(11.UKOCTeH, BeJIH'll1Ha He noCTOllHHall 11 3ae11CHT He TOJibKO OT TaKHX JlOKaJibHblX 

napaMeTpOB, KaK HaCblllleHHOCTb nnacTa cpa30H, CKOpOCTb 11 .llaBJJeH11e, KOTOpble B 

06II1eM cnyqae MeHlllOTCll OT TO'IKH K T04Ke nop11CTOH cpe.llbl 11 BO BpeMeHH. HO l1 OT 

HCTOp1111 C03.UaHHll HaCblllleHHOCTH. TaK, cpa30Bble npOHHuaeMOCTll BO.UO-HecjJTllHOH 

CMeCH 6y.uyT pa3Jlll4Hb1Ml1 B 3aBl1CHMOCTH OT Toro. C03.llaeTCll .uaHHall 

HaCbl!lleHHOCTb B pe3yJibTaTe CTaUHOHapHOlt cp11JibTPaU11H 11JIH nyTeM BblTeCHeH11ll 

o.uHoll )!(H.llKOCTl1 .upyroi1. TaKoe )!(e llBJJeH11e Ha6n10.uaeTcll c ra1o)!(M.UKOCTHbJM11 

CMeCllMH np11 C03.UaHl111 ra30HaCblllleHHOCTH nyTeM BHe.llpeHl1ll ra3a II Bbl.UeJJeHHll 

ra3a H3 paCTBOpeHHOfO COCTOllHl151 [138,139). no3TOMy. Y'IHTblBall, 4TO 

HaCbl!lleHHOCTb llBJllleTCll O.UHHM 113 onpe.ueJJlllOlllHX napaMeTpOB • .llJlll 11H)!(eHepHblX 

HCCJie.UOBaH11lt, cpa30BYIO npoHHUaeMOCTb o6bl4HO np11H11Ma10T KaK cjlyHKUlllO 

TOJibKO O.UHOH HaCbl!lleHHOCTH. KaK noKa3aJia npaKTllKa pa3pa60TK11 11 3KcnnyaTau1111 

HecjJTllHblX II ra30Bb1X MeCTOp0)!(JleHl1H. 'ITO Teopllll. OCHOBaHHall Ha nOHllTHl1 

cpa30BblX npOH11UaeMOCTeH, 3aBHCllllll1X Jll1Wb OT HaCbl!lleHHOCTH, 1103BOJIS!eT 

06bllCHHTb OCHOBHble llBJieHHll. np011CXO.llll!lll1e B HecjJTllHblX nJJaCTax. 11 np11 
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BblTIOJJHeHl111 npOMblCJlOBblX pac11eTOB .uaeT pe3yJJbTaTbl, 6JJl13Kl1e no BeJJl1411He K 

npaKTl14CCK11M .uaHHblM. 

Ha 113MeHcm1e cjla30BbIX npoH11u.acMOCTei1 TaK)Ke BJJWllOT CTPYKTypa 11 

xapaKTep11cT11Ka cMa'111saeMocT11 nop11cToi1 cpC.Ubl. CMa1111sa10m11e 11 

HCCMa'll1BalOIU11C cjla3bl, npH O.U11HaKOBO'.VI HaCbllUCHl111 11X B nop11CTOH cpe.ue, 11MCIOT 

pa3JJl14Hb!C 3Ha'leHl1ll npom1U,aeMOCTl1. np11 11CCJJe,UOBaHl111 cjll1JlbTpaU,1111 

fa30)Kl1,UKOCTHblX CMecci1 6b1Jl0 BbH!BJJeHO, 'ITO npOHl1U,aeMOCTb .um• HCcjJTl1 pe3KO 

na.uaeT, .ua)Ke np11 HaJJl141111 He60JJbWOro KOJ1114eCTBa CB060.UHOro raJa, BCJJe,UCTBl1e 

Toro, 'ITO CB060.UHblH ra3 CTpeMl1TCll 3aHllTb 60JJCC W11pOKl1C 11acn1 nop 11 TaKl1M 

o6pa30M 3aKynop11sacT 60JJbWl1HCTBO xopow11x KaHaJJOB, no KOTOpblM Morna 6b! 

.UBHraTbCll )Kl1!lKOCTb (HCcjlTb HJ111 so.ua). noKa HaCbllUCHHOCTb nopHCTOH cpeAbl 

cso60AHblM ra30M He B03pacTeT .uo HCKOTOpoi1 seJJH'IHHbl, npoHHU,aeMOCTb cpeAbl 

Mll ra3a pasHa HYJJIO 11 ra3 ocrncTcll 3anepTbIM BHYTPH nop, T.c. OH He AB11raeTcll. 

3TO BeJJH'IHHa HaCbIIUeHHOCTH Ha3bIBaeTCll paBHOBeCHOH HaCbIIUeHHOCTblO Mll raJa, 

a COOTBeTCTBylOIUall npOHl1U,aeMOCTb AJlll HecjJTl1 - paBHOBeCHOH npOHl1U,aeMOCTblO 

(136,137,138). 

PaBHOBecHall HaCbIIUeHHOCTb ra30M npeACTaBJJlleT MHHHMaJJbHYIO BeJJl14HHy, 

nptt KOTOpOH soo6me B03MO)KH0 )'CTaHOBHBweecll TC'leHHe CMeCH. Kor):la 

HaCbIIUeHHOCTb ra30M CTaHOBHTCll 6oJJbWe ero paBHOBeCHOro 3Ha'leHHll, nopttcTall 

cpena CTaHOBHTCll npOHHU,aeMOH AJlll ra3a H seJJH'IHHa npom1uaCMOCTH Mll Hero 

pacTeT, no Mepe yMCHbWeHl1ll HaCbIIUeHHOCTl1 nJJaCTa HecjJTblO. HaKOHeu., Kor.ua 

nocJJe,UHllll AOCTHrHeT BCJJH'IHHbl 10-25%, npOHHU,aCMOCTb noposoro npOCTµaHCTBa 

.UJJll ra3a CTaHOBl1TCll cjlaKT!1lleCKl1 paBHOH npoH11U,aCMOCTl1 nJJacTa, CB060.UHOH OT 

HCcjJTl1. 3TOT cjlaKT 06bllCHlleTCll TCM, 'ITO OCTaBWallCll HecjJTb, KOTopall HaXO.UHTCll B 

HC60JJbWl1X no o6beMy nopax 11 y 1130JJ11posaHHbIX 30Hax (y<iaCTKax), no11T11 He 

MewaeT .UB11)KeHHIO ra3a. 3Tl1 )KC oco6eHHOCTl1 coxpaHlllOT CBOIO Cl1JJY 11 AJlll JJI060H 

napb! He CMew11sa10IUl1XCll Me)K.UY co6oi1 )1(11,UKOCTCH, KaK Hanp11Mcp, HCcjJTb 11 BOAa. 

B rn.upocjJHJJbHOH nop11CTOH cpc.ue BOAa, KOTOpall JJY'IWe CMa'IHBaeT necoK 

'ICM HecjJTb, 11rpaeT pOJJb HecjJTl1 B paCCMOTpeHHOM HaM11 CJJy11ae fa30HecjJTllHOH 

CMec11, a HecjJTb - poJJb raJa. TaKHM 06pa10M, H3MeHeH11e npoH111.iacMOCTH .UJJll 

OT,UeJJbHblX cjla3 B CJJy11ae BO.UO-HCcjJTllHOH CMec11 MmKHO 06bllCHl1Tb no.uo6HblM )f(e 

o6pa30M, KaK 11 AJlll HeqJTe-ra30BOH CMeCH. 

<Pa30Bble npOHHuaeMOCTH onpeACJllllOTCll 113 3KCnep11MeHTOB, KOTOpble 

npOBOAHCll B JJa6opaTOpHblX ycJJOBl1llX H B HCcjJTcraJonpOMblCJlOBblX y11aCTKax, 

OTACJlbHblX 30Hax A06b!'IH HecjJTl1. 

,aJJll noJJy11eH11» cjla1osb1x npoH11uacMocTei1 nyTeM JJa6opaTopHblX 

"3KCnep11MeHTOB, Ha o6pa3U,ax nopHCTOH cpC.Ubl (T.e. B KepHax) npOBO.UllT cepHIO 

OnblTOB no CTam10HapHOMY Te4CHHIO .usyx 11JJH Tpex cjla3. OnblTbl OTJJH'lalOTCll 

Me)K.Qy co6otl OTHOWCHl1eM pacxo.uos cjla3, B 3aBl1CHMOCTH OT KOTOporo B o6pa3UC 

ycTaHaBJJl1BaeTCll Ta 11Jll1 HHall cjla30Ball HaCbllUCHHOCTb, paBHOMepHO 

pacnpCACJJeHHail B!lOJlb o6pa3ua. npu 3TOM BJ111llHHeM KOHUCBblX :icjlcjleKTOB 

npeHe6pera10T. 8 onb1Tax H3Mep»IOT pacxOAbl cjla1, ncpena.u nasJJeH11ll 11 
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HaCblllleHHOCTb. Ha OCHOBaHlflf nonyqeHHblX .uaHHblX paccqITTblBfilOT no <j>opMyJJe 

A.LJ:apc11 <j>a30Bbie npom1uaeMocrn: 

K _ q H ·µH ·L 
.um1 He<j>rn H-

F·D.P ( 16) 

K _qa·µa·L 
.!lJlll BO.Ubl B-

F·D.P (17) 

Kr 
_qr·µr·L 

(18) .!lJlll ra3a F·!!l.P 

r.ue qH, q. If qr - COOTBeTCTBeHHO 06beMHble pacXO.Ubl ue<j>Tlf, BO.Ubl If ra.33, M3 /ceK; 

µ H , µ Bu µ r - COOTBeTCTBeHHO Bll3KOCTl1 ne<j>Tl1, BO.Ubl 11 ra3a, na·c; 

CTp11Be.uennb1e <j>opMyJJbI s o6meM B11.ue MO)l(HO nan11caTb TaK 

q ·µ ·L K .= .I ; 

.1 F·!1P (19) 

r.ue rpeqecKall 6yKeaj xapaKTep113yeT np11pony <j>a3bI (ne<j>Tb, eona 11 ra.3). 

06b1qno B pacqernx UOJJb3YIOTCll OTHOCl1TeJJbHblMl1 <j>a30BblMl1 

npon11uaeMOCTllMl1 Kii , KB, Ki-, npeJJ:CTaBJJlllOIUl1Ml1 OTHOIIIen11e <j>a30BblX 

npon11uaeMocTett Kn, K 8, If Kr K npon11uaeMOCT11 cpeJJ:bI .!lJlll onnoponnofi 

)1(11.UKOCTl1; 

Jllcxonnbie naHHbie .!lJlll pac•1eTOB K, KH, K 8 11 nacb1mennocn1 JlJlll BOJlbI 

S8 nonyqa10Tcll na 3Kcnep11MeHTaJJbHOM ycTaHOBKe, KOTopall 06ecneY11saeT 

CTaUl10Hapny10 nonaqy B o6pa3eU nop11CTOM cpe)lbl OJlHOBpeMeHHO neyx <j>aJ 

(nanp11Mep BO)lbl 11 ne<jlT11) c 3aJJ:aHHblM COOTHOll!eH11eM 11X pacxo.uoe, B03MO)l(HOCTb 

113MeHl!Tb COOTHOll!em1e pacxonos <jla.3, B03M0)1(HOCTb 113Mepi1Tb c neo6xon11MOM 

ToqnocTblO pacxon, nepenaJJ: naenemrn 11 nacb11UeHHOCTb, If npoeeJJ:en11e 

3Kcnep11MeHTa np11 3anannb1x crn611JJbHb1x 3naqen11nx TeMneparypbt 11 naenen11n. 

21 



TaK KaK Ha cpa30Bbie npOH11UaeMOCTl1 OKa3b!BaIOT BJ111l!Hl1e CBOHCTBa 

)1(11JlKOCTeti 11 nop11CTOH cpetlbl, TO 11X Heo6XO.lll1MO onpeneJJl!Tb Ha ecTeCTBeHHbIX 

KepHax 11 /KeJJaTeJlbHO c nnaCTOBOH HecpTblO. 

3Kcnep11MeHTaJJbHal! ycTaHOBKa COCT011T 113 Tpex OCHOBHblX 4acTeti: 

n11Ta10ll(eti CHCTeMbl, o6pa3ua nopHCTOH cpe.llbl 11 np11eMHOH Cl1CTeMbl. 0).lHa 113 

B03MO/KHblX cxeM ycTaHOBKl1 npe)lCTaBJJeHa Ha p11c. 6. 

1 

P11c. 6. np11Hu11n11anbHal! cxeMa ycrnHOBKH )lJlll onpeneneHl1ll cpa30BbtX 

npOHttuaeMOCTeti BeCOBblM MeTO)lOM. 

I - ycrnHOBKH YV!nK HJJH YKH; 2 - cMecmenh; 3 - Kep11o)lep1KaTeJJh; 4-

Jl11cpcpepeHu11anbHb1ti MaHOMeTP, KOMneHcau110HHbiti; 5 - MepHall 610peTKa; 6 -

ra30MeTp; 7 - BeHTHJlH. 

B KatieCTBe n11Ta10ll(eti Cl1CTeMbl uenecoo6pa3HO HCOOJ1b30BaTb .[lBe 

ycrnHOBKH YV!nK 11n11 nse ycrnHOBKH YKH ( l ), TaK KaK 0H11 no3sonll10T 

0.llHOBpeMeHHO no)laBaTb B o6pa3eu nop11CTOH cpe.llbl o6e /KH)lKOCTH c nOCTOl!HHOH 

CKOpOCTblO, a TaK/Ke MeHl!Tb COOTHOWem1e paCXO)lOB /((11).lKOCTeti B WHpOI<OM 

nuana3011e, a TaK1I<e H3Mepl!Tb pacxo)lbI nonasaeMbIX B o6pa3eu JKl1JlI<OcTeti c 

.llOCTaT04HOH T04HOCTblO H pa60TaTb np11 Bb!COKl1X .[laBJJeHlll!X [133, 134, 135]. 

)\{11).lI<OCTH nepen nocrynneHtteM B 06pa3eu nopttcTOH cpe.llbI cMewnsalOTCll B 

CMeCHTeJle (2). B I<at1ecrne CMeCHTeJll! MOIKeT 6bITb HCOOJ1b30BaHa KOpoTKal! Tpy6Ka, 

3aOOJ1HeHHall KpynHmepHHCTblM HeueMeHn1posaHHblM neCKOM. 

06pa3eu nop11cTOi1 cpe.llbI (I<epH} 3aI<pennl!eTcl! B KepHo)lep11rnTene (3). ,[(nll 

H3Mepemrn nepenana )lasneHHll Ha KepHe ucnOJ1b3yeTcl! n11cjlcjlepeHuuanbHbiti 

MaHOMeTp (4) KOMneHcauHOHHOro THna (HanpHMep ,[(MK-6 11J111 ,[(MnK-100 )lJlll 

onbITOB np11 )lasneHHllx cooTBeTCTBeHHO no 35 11 10 Mna). 

np11et1.rna1t CHCTeMa ycTaHOBKH npe.llHa3HalfeHa .llJlll COOpa 11 H3MepeHlrn 

Bh1wenw11x 113 o6pa3a nop11cTOti cpe.llbI ( I<epHa) o6beMOB 11rnnKoCTeti H ra3a, 

KOTOpbie HCOOJlb3YIOTCll )lJlll onpeneneHHll HaCbI!l(eHHOCTH. 31a CHCTeMa o6bILIHO 

COCTOHT 113 3aI<pbITOH MepHOH 610peTKH (5) H ra3oMeTpa (6). 

Hacb1ll(eHHOCTb o6pa3ua nop11cToi1 cpeJ.lbI 113Mepl!eTCll pa3JJWIHbIMH MeTOnaM11 

[ 129, 130, 13 l]. HeKOTOpbie 113 HHX OCHOBaHbl Ha CBll3H MeiI<JlY cpH3H4eCI<HMH 

CBOHCTBaMH nop11CTOH cpe)lbl, HaCblll(eHHOH /((H)lKOCTblO H OTHOCHTeJlbHblM 

conepiKa!IlleM iKllL\KOCTll B nopax. K ｈｬｬｾｉ＠ OTHOCHCll ｾｬ･ｔｏｌｬ｢ｬ＠ OCllOBa1111b1e Ha 
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