
B.H.CaMofuioB*, B.K.<l>en~HHH 

TIOilMMOilEKYlliIPHAfl <l>MJMqECKAfl 
A.UCOPEI.Uffi UEOilMT AMM. 
AHAilM3 COCTABA M QqMCTKA rA3A 
B rA30TIPOBO.IlE 

HanpasneHO B )l(ypHan «faJOBasl npOMbIWneHHOCTb» 

*HaY'JHbIH uettTp npHIUiaJlHbIX Hccne.uosam111 0115111 

Pl?-98-360 



K oqHCTKe H aaane3y cocTasa ra3a 

L 
IlpRpO,IlH:W:I fa.3 npe,llcTaBJI..IIeT co6ol: no COCTaBJ CJIOJKHYJO CMec:L IIH3IDIIX yr.rre­

BO.llOpOJJ;OB (a.JlKalloB C,.H2n+2 1 n S 4): w:eraaa CHt, ::nana C2H6, npona11a C3Hs, 
n-6yTaaa c.Hw. B OOhi~HOli HOMeHKJ!aType C,(70 - 9or=%, C,(10- 2o)m=%, 
C,( ~ 5)m••% H c.(~ 3)m=%; c, + (•wcmae aJIKa.llli: n ?: 5) (2- 10)m=%. II<>­
MIIMO ororo • aea npacyTcTBYlOT c,H, (llOJ!ll %), N, (0 - 3)%, co, (llO 10%), 
He, Ar, O, (llOJIB %) a, • aeKOTopwx Mecropolll.lleHHJIX, H,S (o6wuo llO 2%). KaK 
II BCe opraHHlleCKBC coe,ltHBeBHJI, yrJICBOJJ;OpQltlrl JCTOiliBBIIl IIpH cpaBHBTeJThHO HH3KRX 
reMnepaTypax. Tips uarpeBaHHH JI.O 400 - 600°C a.JIKaml c n ::; 1 paaJiaratoTCH 11a 
HH3WHe. Ta.K, B llaCTHOCTB, C3Hs--+ CH4 + C2H4: aJIKaH c n = 1 11 aJIKaH CnH'2n· 
PasJiomeaHe n-6yTa.Ha (C4H1o) npB 600°C u aTMoc<PepaoM .l{aliJieHHH 11~ no Tp€:M 
KaHaJHl!l: 

{ 

CH•+ CH, = CH + CH3 
CH3CH2CH2CH3 =? CH3 - CH3 - CH2 = CH, 

CH,- CH = CH + CH3 + CH3 +H. 

{ 

48% no (1) 
100 Monell c.H,o =? 36% no (2) 

16% no (3). 

TaKHM o6pa3o:t.t:, H .IVIJI C3Hs H )l;JlJI c .. Hto OCHOBHOA pea.HJUel JIBJIHeTCJI OTplllB c H ... 
TI pouecc ycKOp.ReTCJI II pH HaJIIIliHH KaTa.JIH3aTopa. J.f.o;eHTB.$HIU1pOBaTb IIpQ!zyKTLI 
pa3JIO}f{eHHJI npocTHX yrneBQZ{opo,z:t;oB n $. 4 6onee HJIH Meaee y.lla~TCJI. TepMHllecxoe 
pa3nomenHe H3yqaiOT JIK6o B sa.KpllTOM cocy;a;e, HarpeBaa: yrJreBQZ{OPo.ztH .no orrpe.o;en~H­
Hol TeMIIepazypH C JI.an::LHellliBM aHaJIH30M 1IpOJIYKTOB1 Jlll60 .llHHaMH'IICCKBW MeTOJI.OM1 
nponycKaJI yr.rreBO,ll;opo.o; qepe3 aarperyro 11.0 onpe.n;en~mo:lt TeMnepazyp:r:.z Tpy6y 11 BLI­
so.na IIOTOK H3 H~. B IIOCJie.D;HeM CJIYllae, a HlleHHO OH H 6y,n;eT HHTepeCOBaTh uac 
HHlKe, na Tep:w:HllecKoe paanom:eHHe BJlHJieT re:w:nepaTypa, npo,ll;oJDKHTeJibHOCT:& npony­
CKa.HHJI1 .o;a.BJieaHe B nOTOKe. Cym;ecTBeHHO T810Ke BaJIB.liHe Ka.Ta.JIH3aTopa. YcKOp.lleT 
pa3JIO>KeHHe1 HaiipHMep1 JReJle30 I! HHKeJib; Y:OlRBO IIo,n;6HpaTb B KaKOI:-JIH6o .o;pyrol 
KaTaJIH3aTOp IIQZ{ H3yllaeMHI yrJies~pO)J.. Ha Ham B3f1111.ll, cymecTBeHHo JliHTHBaTb 
IIpOD;eCC:W: cop6D;HH ( a.n,cop6D;HIO H ,I{eCop6~IO) 1 B OC06eHHOCTH <tJH3HlleCKOA cop6IUIH 1 

IIpH KOTOpoit He pBJTCl:l XHMHlleCKBe CBJI3H. 
KaR a:aBeCTHo, aa arollllo-MoJieKyJIJipHoN ypos11e MoHUio ycnoano KJiaccH¢'HUHpo­

Ban KaK xew.e:cop6~10, TaR B ¢'lii3HlleCKYIO cop6JUIIO. B nepaow: cnyqae Ha..n::HUo XHMH­
llecxas pea.KIUIJI n-aTOJIBOit 11 MOJieKyn::w:n(A1A2 ..• An) c IIO.BepXHOCThiO. llpH 3TOM ,llJUl 
MHoroaroMHWX MoneKyn psYTCB JCBlrl!'lecKHe csaaH KOJteKynw (A1A, ... A,.) =? [A1][A2] ... 
[A.,j, ORa a.KTHBHpOBaaa, H XellHCOp6HpOBaJIHLie aroKu (Ai] JIH6o OT,AaiOT 3n:eKTpOinl 
(npe1DfYIJleCTBeHHo B s- H d-30Hli IIQZtJIOlllKB, ec.nH pellb HJJ;€:T, aanpHwep, o nepexo­
JlHI.lX Meramra.x), JIB6o 3a6Hpa10T HX 113 IIO,llJIOlKRH. KoHeliH01 JJ.]IJI IIpOCT.W:X o,ItHOa­
TO)(JnlX nMOJieKYJin A, .. , JUieeM npocro A :;. [A]. PeaKIUI.JI H,ll;~ Dpll BliCOKHX Tell­
nepaTypax, xe101cop6:a:posaaH:w:e aroMH [A;;) aaxQ!JJITCR &a cpaliBHTeJibHO ae6om.mHx 
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pacCTOJIHHBx or noaepxnocra (0,1A-0,5 A),1 xapaxrepuo 6oJILUioe rennoBbl)leJieHHe 

!J..Q = 15 - 150 KKaJI/MOJIL H 3a.KaB1JHBaercJI IIpH MOHOCJI01tHOM DOKphiTHH (3 = 1. 

KnaccHlieCKHM npHMepoM HBJIJUOTCJI xeMHcop6UHOHHw:e npouecci.I H
2 

=> 2(HJ, 0
2 

=> 
2[0], C02 => [CJ[Oj, N, => 2[Nj H TaiUKe rrpoqse. 3.l{ecb OCHOBHYIO pom, srpae-r 

3JICKTpoHBaJI DQllCHCTCMa B CHCTCMC ap;cop6aT-a,llCOp6eBT
1 

KOTOpaa H o6ycJiaBJIHBaeT 

6oJibmae 3BeprHH CBJI3H ~o (Ami BOJlPPOAa na nepexo.zwwx KeTaJIJiax t:
0 
~ 4 )B). 2 

8$$eKTHBHoe B3a.HMO.l{e1kTBHe MeJBJIY a.ztaTOKMIB f ~ 0, 1 - 0, 2 3B Bcer.n:a HOCHT xa­

paKTep OTTaJIKHBaBBJI, rennora a)lcop6UBa scer.zta Da,llaer [2). XeMHcop6rr;rur .IIBJIJietcR 

onPe,ZJ;e1IJIIOIIUIM 3TaiiOM IIpOMIIlillJienaoro KaTaJTB3a. IJpa c:l>H3HlleCK01t cop6UHH MO­

lleKyna (A1A2 ... An) He repaer CBOe! HH,llHBH.nyaJibHOCTH, HaXO,llHTCJI Ha paccTOJIHHJIX 

~ 3 - 4 A or no:sepxnocTH; TeDJIOTH a.a;cop6UBH MoryT KaK na.n:aTD c 3anonnenaeM, 

B03pacTaTL (JIH6o He MeHJIThCH) !J..Q ~ 0- 5 RKaJijMOJib, 3q,q,eKTHBHOe B3aHMO,lle1t­

CTBHe B 3aBHCHMOCTH OT DepeKpW:BaHIIJf COOTBeTCTBYIOII.lHX MOJieKyJIJipHhiX OpfiHTaJietf 

MOiKet HOCHTb xapaxrep llH6o npHTHHieHHJI, JIH6o OTTaJIKHBaHHH I c: 1~ 0 + 0, 05 :}B H 

o6ycnoanenuo Ban ,1lep BaaJibCOBJ.IMH CHJiaMH. 

Bana.n 3JJeKTpounoa: IIOJJ;CHCTeM.&I B 9Heprato CBJI3H uecymecraeu. llpH HBTepnpe­

ran:aa MO>KHO IIOJib30BaTbCJI KapTHHO:I IlpRIIOBepXHOCTBOl'O crym;eHH.H H paapJIJRCHHJI. 

IIpRTHffi.eHae MeJKJzy a)laTOMaMB t > 0 BeJJ;fu' K rrosepxuoCTuoa KOHJJ;encan;HH. Ha 

nosepxaocTa o6paayiOTCJI Kamm. 

3.lleCb B03MOJRHO o6pa30Banae HeCKOJILKHX CJIOeB - 3allOJIHeBHblit MOHOCJI01t CJIY}KHT 

"IIO.llJIO>KKoit" cne.nyiOm;eMy. HMenHo 3TOT THn cop6qaa yrneBoJJ;opo.noa, KaK npaBHno, 

HMeeT MeCTO Ha IJ;eOJJHTax, qro II 6y,1leT DpOHJIJIJOCTpHpOBaHO HB>Ke (eM. TafiJI. 1). 

3aMeTHM, y11et )la]Ke Mam.tX B3aHMQlleltcTBHA cylllecrseu. 0HH o6ycnaBJIBBaiOt 

raa aasw:saeMLie KoppeJIRn;BonnHe a<P¢:eKthi. Haw:B 6wna paasara npocTa.a nony­

cpenoMeaoJiorHqecK.aJI KBaHTOBQ-CTaTHlJeCKaJI teOpH.II a.llebp6n;HB
1 

OIIHCbiBaiOlUaJI KaK 

xeMHcop6n;ato, TaR H <Pn:3H1JecKyiO cop6rr;HIO (1]. B ae.a noKaaauo, liTO napaMeTp B3a­

HMO.l{eAcTBHn I< I znNA = Q(e = 0)- Q(e =I) MomeT 6b1Tb orrpe.l{eJies H3 rroJIHoro 

nepena.n;a H30CTepHllecKHx rennOT a.ncop6D;HH [2). B t: JlJIH xeMacop61I,HB Bxo.zr;:ar BKJia,n; 

31TCKTpOHB01t DO,llCHCTeMhi. B ypaBHeHHe COCTOHHRH BXO,li;HT KOMfiHBanHJ( 

fJz I < I= fJ t.Q 
nNA' fJ = (ksTtl, 

kB - nocroJIHHa.H Bomrr;Mana, 

T - TeMnepaTypa a rpa.nycax UemcHJI, 

n - IIOKaaaTeJib ,llHCCOD;HaD;.HH; ,llJIJI q,H3H1JCCKO! copfirr;IIH n = 1, 
NA - liHCJio Aaara,n;po. 

(I) 

To ecn .llJIJI cooTBeTCTBYIOIJUIX TeMIIeparypHllx HHTepaanoa 3TOT Ba.JKHhllt rrapaMerp 

MOJReT 6hi:Tb orrpe.n;eneu. 3ro 6y;n;er npoanmocrpRpOBa.Bo HHJKe. 
II. 

1. 06cyzwM 1 CJie.nyH pa6ore [3] 1 HBJieHHe a..zlCOpfiUHH .lleTaJibHee. flpB 3TON BalCH 

6yJJ;er npoanaJJB3HpOBaHa B nepayro ollepe.zu, noJIHMoneKyJIHpBaJI $n3HllecKaJI a.ncop6uHB 

1 1 A= 10-8 cll = 1&11 
2 1 3B ::::::= 24 uufw:OJI1. 

2 

npH y-q~ B3aHMQUelcrBHJI a a.IlCOp6are. 06cyHUJ;eHBe 6y.z:ter npoBO)lHThC.S na 6a3e 

npe;J;craanesua o .n:&Ba.MB-qecxox xapa.Krepe a.ncop61lHH [3). 
Kor.na xaorBqecKB HJIB sanpaanesno .o;sam.ym;aJICB xoneKyna cramu!Baerc.s c no­

aepxnocnJO, TO B o6m;e11 cnyqae BOOMOJKBH ,llBe caryan;Bz: JIB6o oaa ynpyro OTpaaHTCJI, 

JIH60 MOJleKyna OCTa.BeTCJI Ha UO&epXHOCTB HeKOTOpoe BpeM.II T ( a.D.COp6HpyeTc.a:), II pH 

3TOY: sanpaaneuue ee ,llBWKellllH yme BHR.a.K Be CBJ13a.BO c npe,nlilcropael: nepaosa· 

-qanbHlilll aanpaaJieuBeM .llBJDKeiiBJI. CKaJKeM, ecn:H BLICOKQZtHcnepcsoe raep.noe reno 

noMeru,aiOT B 3aKpLITOe npocrpa.acrao, aanoJIHessoe fa30Y: npH oexoropmt JlaJmeHBB p, 

oso saqBoaer a.ncop6apoaan. ras, qro npBBQIUIT K y:w:enhmeBHIO ,llaBneau B soapac­

ranlno waccLI rena. llo BCre'll.eHHB neKOTOporo apeMeBB ycraHaBJIBBaeTCJl )la&nesee p, 

a Macca rena nepecraer yaeJIBlfBBaThCJI. KoJIBlJ:ecrBO a.n.cop6apoaa.BHOro raaa wom.er 

6h1.T:& pacc"tJHTaHO DO na.n:eHHIO .lf.aBJieHHJI IIO fa30BilM lRKOHa.M1 HJIH ORO MO)f{eT fiYTh 

onpe,lleneuo no B03pacta.HHIO Macchi rena. 

T 3a.BHCHT OT MBOfHX $aRTOpOB: OT MeCTa Ha IIOBepXHOCTB, IIpBpo.zu.l IIOBepXHQ­

CTH, CDCllll4lHlleCRBX CBO:ICTB Ca!!IOI. MOJICKYJihi B ra30BOI $a3e, KBHeTHl{CC:KO:I 3HeprHH 

MOJieKYJIY, re:w:nepatyp raaa H noaepxnoctH, B3aHM~elcTBHB B a.a;cop6ate. Ilonaa na 

noaepxnocth B a,Acop6at a nnpoae~" na nel: speMJI T, MOJieKyna npzo6peraer noswe 

Kallecraa, liTO w:apupyeTCJI TepllRBOY "~to:u". 

Bee sTO nepeaocatc.a H na a.n:cop6D;BIO 113 .lKJI,AKOCTH HJIB pacraopa, r.ne poJIJJ )la­

BJieHHJI arpaer xoan.eBTpa.IlBJI a.)lcop6HpyeMoro &ellleCTBa n c". 

A.ncop6UHJI o6ycJia.BJIHBaerc.a CHJIOBYM IIOJiew: y noaepxnoCTa (3..llcop6eata), acne.n­

CTBHH KOTOporo H BOOHBKReT a,llCOp6aT. IJpa 9TOM llaCTHI(H MOfYT Be repJITb CBoeA 

HB,!lHBHJlYaJlhHOCTH - y DOBCpXBOCTH BOOBHKRIOT o6J:I&CTB crym;eHHJI, - 3)lech a:rpaiOT 

pom. BaH .nep Baan:&coaw cHJIJ.t - aTOT cny11al: naa:w:saerCII cpaaalJecKol a,llcop6uael:. 

l.JaCTHJl,H Y:oryt BCTyDaTh B XHYBlJCCKYIO CBJI3b C RTOMa.MH IIQll110lRKB: XCMHCOpfiH­

pyacb. 

Pacnpocrpaa~no:B JIBJI.fletc.a a cHTyauu, aor,l¥\ a,Acop6apoaann:w:e lJaCTHD.Y npo­

HHKaiOT B o6'heM ( KJiaCCBlJecKBU 3)lCCla .H:Bn.JieTCJI BO,li,Opo,n Ha DRJIJia,llBH B IIJiaTBHe) 1 

repMBHOJIOrlllJecKB oaa Bli,lleJIJierc.a K.aK a6cop6nHa. BCJJ coBoKynnocr:& aanenHI: cpa-

3HlJecKa.Jl (BaH .n:ep BaaJIItCOBa) a.a;cop6I(H.II, xeu&cop6UBJI B a6cop6UBJI orrpe.n:eJI.IIercx 

KaK cop6uBJI. 

B xeKacop6~ ocnoany10 pom. arpaer sn:exrpoanu no,ncHCTeMa: a..o;aro~~:w or­

JJ;aiOr 3JleKTp0HK IIO,llJIOBale ( o6:LitiHO B S- BJDI d- 30BIIl). IlpR 3TOU npo:acx~ paapl.tB 

XHMHtiecKol CBJ13B n-aro:u:aol MOJieKyJIIil: ~ --+ n[A). A.narou:w: JIOB.aJIII3YIOTC.H aa 

paccTOJIBII.IiX OT noaepxuocTH ""' 0, 5 A. JVm xe~~:acop6IUIH xapaxrepnw: 

1) MOBOCJIOIHiile IIOKpiiTIIR 8 = !:f.t; 0 :5 9 :5 } j 
2) OTTaJIKBBa&He Meat,D;y atoMalUI; 

3) 6om.DI.Be 3BeprHB CB83H ~ 4 + 5 38; 

4) na,n;eBlile C IIOKp:Y.Tlilell 8 TeiiJIOT aJlCOp6IUIB; CaJIB TeiiJIOTIIl ap;cop6IUIB Q BeJiliiK.lil: 

Q ~ 25 + 150 KKaJI/YOJD.. 

PaapilB XBIIBllecKOI CIUI3B B npBC}'TCTBBB. CUlCOp6eRTa o6ycJiaBJIBBaer B03HBKHo­

BeHHe aa no:aepxnoCTB O'r,AeJibllliX atoiiOB a paJlBKaJIOB, liTO no3BOJl8et npoBQlliiTD 

XHU:Bllec.KHC peaJUlBB CJIH'l'esa. 
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Knaccu:trecKHM npBMepoM 3.llCCb JIBJIHerCR CHHTe:J aww.aaKa, MexaRH3M KoToporo 
fihlJJ Brrepaue ycTanosneu B CCCP upo<Peccopoa:r Te:w.KHHilN:. I1Qllo6nue a.Qcop6enTw, 
HaK npaau:no, rrepexoJtBwe Meramm, Ha:JhlBaiOTCJI Ka.TaJIH3aTOpawu: . 

.lJ.1I1f ~H3H'tleCKO:I a.l{Cop6tr:BB XapaKTepH:W: 1) IIOJIHilOJJeKyJIHpHI.le IIOKpYTHJI, TO 
eCTb nep&Yf W:OHOCJIO:&I JIBJ!HeTCJI IIQZI;JIOHU<OI: BTOporo, i., (i-l)-1 i-ro, B T.II.j 2) a.n;aTOMLl 
rrepsoro MOBocnoa JJOKaJU13YIOTCR na paccTOHBKJIX ~ 3 A ar IIOBepxuocT.Hj 3) KaM 
rrpaBBJI01 HMeeT MeCTO IIpHT.IUKeHHe MeJKJJ,y a.ztaTOMaw:H; 4) He6oJibmaJI BeJIHlfBHa TeiiJIOT 
aJtcop6IUDI 0 $ Q $ 3 7 5 KKaJI/Yom,. 

B 3TOM CJIYtrae H3-sa npHTHJKeHJIR B03MOHlHa Koa.n;encao:HR. «'DB3Htrecxas a.llcop6nHH 
JllJJIJieTCJI IIQllOCHOBOJi pacTa KpHCTaJIJIOB 1 o6pa:JoBaHHJI sapQlUimeA KpHCTaJIJJH3ai{BH

1 rrpoueccoB O'IHCTK.H. flocKOJihKY Ha UeoJIBTax, a ORR H DpC.lUIOJJarafOTCH KaK COp6eHTLI 
B IIpe.llJIOJKeHHOM HaMH MeTQil;e O'IHCTKH raJa, HMeeT MCCTO <j}H3BlJeCKaJi a.zt;cop61{RH~ TO 
oaa a 6J.lleT HH>Ke KpaTKo onacaaa. 

A.llcop6JlB.a Ra n:eo.r.uuax o6cy>K.ZJ;aerCJI B f4J. KpaTKO HocneMcH ocnoaa~a~x nono­
}KeHal: OIIHCaHHH ¢H3H'IfeCKOA a.ncop6:[\HB UpH Ylli!Te B3B.HMQlle.ikTBHJi B a.n;cop6are. 
3.n;ecL IIpe.IJ;JimlteHO MHOro IIQ.ZUCQli:OB K ee 01IHCaHHI0

1 
TeOpeTHlJCCKHX MQZJ;eJiel, HO HaM 

npe,l(CTaB.JIReTCI.l 7 lfTO HaH6onee JICBHM 1 He JTpaTllBWHM CBOero 3Ha'IeHHJI B Teiiepb, 
H8.1IJiercH .z:tHHaMH'IecKHD: DQZC<o.zt, BOCXOM.m;HJt M JlerM10py. Pe3ym.TaTil ero w:to6H:LI u 
rrpH pacqe-rax Ha 3BM. E>ry IIOCBHmeua wouorp<lljli<H R. Jte Bypa [3). 

Cymuocn. a.l(cop6o:uH cocTo.a:T B npe6LI8a.JIH.H Ha DoBepxaocTH B Te'IeHu:e BpeMeHH 
T, nona.n;aiOJtr:HX H H.ztYIUHX Ha Bee, 3B.JlepJKBBd.IOIUHXCJI Ha He1i n 'IdCTIUJ;. 

B TaKoM CJIY'Ifae Ha e,nu:aaue nnoma.n;.a rroBepxnocTa ( c:w:2) aa e.ztHnHuy BpeMeHB r 
MoryT a.ncop6apo8an.CH cr 'IaCTHUirl. 

(T = n · T. 
(2) 

llOCHOJJbKJ fl HMeeT pa:JMepHOCTL CM-2c-I, a T - c, TO a BMeeT pa3Mepaocn, ( CM-2) 
H ,llaeT liBCJIO MoJieKyn, a.n;cop6apoBasayx aa I cM2 rroBepxaocru:. 

llpoCTel:maa BapnanT KBHeTH'Ifecxot TeOpu.a: .llJIJI 'IRena llacTu:n:, nona.n;aroiD:HX aa 
cM

2 
noBepxaocTH sa e.llHHHUy 8peMeHB (c), .n;aet- cne;zyrolll.YJO cpop:uyny: 

n = 
N-p 

V27rMRT' (3) 

me N - qacno ABorOJtpo - 6, 023 · 1023 , R = 8, 31 · 107 3pr / K', M = N · m - Yo­
JieKyliJipHiil: Bee (3.n;ecb ll:LI II0Jib3JeMCH e~IIBilallH CfC). llO}lCTaBHB 3TH 'IJBCJieHHhle 
3Hal:feHJIJI, npHXOJlHH K cneeyiOII{HN:, Y.ll06nuw: N1J1 on;eaox cpopMyna.H: 

n = 2 62 · 1019-p-, -./M'f' 

p 3)leCL .n:acrCH B C.n;JIHHI{aX, DpBHJITbiX B RHHeTJI'IecKoA: TeOpHJJ: .ltRHa/cM2. 
.lla.BJieHHe 6paTb B Mil pT.CT., TO HMee.M 

22 p n = 3, 52 · 10 -./M'f 

4 

(3') 

EcnH 

(3") 

,lJ;JLII ~JimocTpan;a.a: B {3") BI.lDHmeM n AJIJI T = 20°C .a: .n;aaneHHH 760 MM p-r.cT. ,n;JLII 
ueKoToplrlx ra:1oB (a Monexynax/cM2c): 11, 0· 1023 ~ H2; 2, 94·1023 .IlJlJI N2 ; 2, 75·1023 

JVIR 0 2. To ecTL n BMeeT nopHJJ;oK 'IHCJia Aaora.n;po, 'ITO aaMHoro 6om.me roro, liTO 
HJ}KH0 7 l:fTOfihl DOHp:LITI> II08epXHOCTL MOHOCJIOell. 3TBM o6'1>JICH.ReTCB IIOl!TH MrHOBeH­
HOe OKBCJieHHe DOBepXHOCTeJt MHOI'BX MeTdJIJI08 IIpll CODpHKOCHOBeHBB C BOOJzyXOil BJIH 
KBcnopo.n;o:w:. 

2. Cnomaee o6cTOBT JJ;eJIO c T. &ro H ecrecraemm: oao saaBCBT OT c8olcTB 
a.ncop6enTa (mepoxoaarocTH noaepxaocTH, wecTa na noaepxnocTH, a.ztcop6u:pyrolllero 
-qacrauy, re:unepaTyp noaepxnocTH T2 B BnemneA: cpe.llli T, .IJ;aBJieHHJI 80 BHemae1t 
cpe.ne, :mepru:a CB.A3H a,naro:ua, B3aHMo.n;eitcTBHeM Me}l{,)fj' HHMH R T . .n;.). Bcer.n;a ectL 

OOaCHOCTb BbiJieTa 'tlaC'I'1fn C DO&epXBOCTR IIO,ll; OpOH3BOJII>HI:lMH yrJiaMH 1 'ITO KOlKHO TipH 
nacaTh 34JtPei<TaM 3a.JJ;epHU<H. Ho 3To MO>KeT 6YTh C8H3aHo c no6oqa!JlHB aq,cpeKTa.MH, a 
ne c aJJ;cop6u:e:eA:. Be~ owmecKaaaunoe aecLw:a cym;ecTBeano :e::w:enno .lVIJI ct>BSnecKo1t 
a.n;cop6nua. 

He K.aca.a:cL Mo.u;eJihHhiX ouenoK r, KpaTKO ocTaH08HMCJI na 3KcnepHMeHTa.JihHhiX cuo­
co6ax ero onpe.u;eJieHRH~ KaK cnaa.ano 8Hme, l:facran;a IIpB conpHKOcnoBeBHH c no­
oepxaocrblo Mo>Ker nH6o ynpyro oTpa3HThC.A, JIH6o aa.n;epJKaTLCJI na net na BpeMH T. 

Ka3anoCL 6H, qro 3Kcnepu:u.eHTaJII>no aTH upouecc:LI paa..n;e.JiliTL ne CJIO>KBO. Ho .9TO ae 
raK. EcJIH B uepaoM cnyl:fae .neA:CTByer 3aKoB Kay.n;cena (yro.n na.n;e&HJI paBen yrny 
OTpaJKCHHJI) 1 TO BO BTOpOM - BliiJieT 'tldCTIIIJ; 'lepe9 Bpe:UH T npOBCXO,IUIT DO.lt DpOH3-
BOJibHirlMB yrna1u1. EcJIH y'tleCTh, "'TT peaJihnlrle noaepxnocTH ne JIBJI.HIOTCB H.n;eamno 
fJla.l{KHMB 1 B IIOJiara.a: liTO cpe.ztRH.a: BW:COTa BlllCTJDOB palma "/" 1 TO .ll11H l:fCTKOI ll.n;en­
TBcJlHRa.IUIB orpa.meHHJI Da,Ila.IOID;el'O DO,l( yrnoM e DY'tfKa, KaK Jl38eCTH07 neo6XO,q~INO 
8HIIOnBeHHe ycJIOBHR 

21cose <X, 
- h 
A=-_, 

mu 
h = 6,62 -I0-27(3pr/c). 

.D,JIH on:enKH X :uoHlHo socnom.3oaan.ca ¢mp.uynoA: .n;e BpoitJIJI, r.ne 
mU - cpe,ll;HBA: avrrym.c qacTBUH :uacclll m, 

(4) 

U - cpe)I.II.JUI CKOpOCTb ttaCTHil:LI B raae, KOTOpa.a: B DpOCrelmeM BapHaHTe KBHeTH­
l:feCKO:It reopBB .na~ :a:aaecrnol cpopMynoA:: 

f!J f!fkT ~ u = = - = 145,5 - (~t/c), 
.-m M (5) 

r11e M- JtOJieKyJIJ!pHHII Bec.3 ,lim!: O, rrpH 20'C (293'K) ii = 440, AJIJ! H 20 ii = 581, 

T.e. it DpeBw:maer CKopocn. 3BYJ<d (330 K/c). floCKOJThKY mfi = ~~TO .ztJ1H 6om.­

mHHCTRa :uonexyn: X '"V 10-8 c:w: (- 1 A), qro orpaHH'tf~Baer cpu:KcapyeMwe yrJILl ~pa­
>K.enu .li;OBOJILHO Y3.KDI BHTepBa.JIOM, paCIIOJIOlKeHHiilM B6Jm3H HOpMa.JIH K DOBepXHOCTH. 
EcJIB OTpa.mene OT .n;ocraTO'IBO rna.n;Kol. noaepxnocTB 8 paapemeanoM HHTepBa.Jie ne 
Ha6JifOllaeTC.A 1 a BlrlJieT OB.,llaiOll(BX IIJ"'K08 MOJieKYJI DpOHCXO)J;HT DO BCeM nanpaoneBUM 

3MOJieB.yJUr:paYe BeCa 6epyTCJI no OTBOmeBKIO B. BQAOpo.ny (M=l). 
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-qepea BpeMJI 3a.n:ep.mKH T HJIB B006m;e ae ua6mo.n:aeTCJI, TO MoHmo c}l;enan aaKJIIOlie­
HRe o Ha.JIKqBe a,a;cop6n;n. TaR, ua noaepxuocr.Hx CKOJia NaGI,LiF JI'0.1I OTpaJKenuH 
K.Hcnopo.a;a (~ ~ 0, 28 · 10-s eM) .n;oJDKen uaxo.n;a:n.CJI 8 .n;e:ana30ae 6om.meM 74°. Ho 
orpa>KeHBe B006m;e ne na6mo.n:anocL. TaKaa: >K.e cBTyaD;B.H RMena Mecro B .lVlR aTOM­
nwx ny1IK.OB JIHTH11, Ba.Tpu .H D;e:JJi!JI. Hs (4) CJie)JJ'eT, 'ITO q,HaHttecKyJO a.n:cop6UHIO 
,ll.TIJI MOJieKyJI C 6oJn.mHM MOJleKymq>HWM BecOM Ha.,.a;O :HaytiaTb npH OTpaJKeHHH ITO}:{ llOliTH 
HOpMaJILHHM yrJIOY. na,a;eHH.H Ba IIOBepXHOCTlt. 

• CBe.n:enu o npe611l.Ba.BB1il xonexyn na noBepxnocrH MOJKHO nonyqHTL, paccMatpH­
BaJI o6Men aneprd w:em.n;y MOJieKynoA: B nosepxuocTblO. Bonee HJIH w:eaee nOJIHocr~oro 
rennoo611eB npo.HCXO)l;BT B TOM cnyttae, Kor.n:a Bpe.M.R npe6wBaRHJI MoJieKym.:r ua noBep­
xHocrH T :r.,moro 6o.n:&me nep.HQZJ;a xone6a.HIIA vo.nexyn no:sepxnocTH. 9TO apeMJill;oJUKHo 
6Hr:& 6o.nee qey B 100 pas 6oJILme nepHQZla Kone6aaH!. (ll,a<j)pa 100 npocro 3MDHpH­
tieCKa.J:I BeJIB'IHHa) . .l{JIJI 3MIIHpH'iecKHX on;enoK KHy.n:ceno:w 6Hn B8e,n;~u Ko3cpcfJHUHeHT 
aKKOMQllailHB "a" 

T~-Tt a---
- T2 -Tt' (6) 

a.n;ech T1 - re:w:nepaTypa raaa, T:J - rewnepaTypa no8epxHocrH, T~ - reMnepa­
Typa ,necop6HpJ10lU,BXCJI MOJieKyJI. Ecn:H o6.MeB 3Beprd Be npoHCXO~T ( otpaJKCBHe 
no saKony KHmceaa), TO T~ = T1 H a = 0. II pH noJIBoA TepMa.JJHSa.ti,IIB 8 a.ncop6are r; = T2 H a = 1. EcrecrBeHBo, RMeet MeCTO II rrpoMeJKYTOl:IHlll cnyqaD: T2 > r; > Tt 
(,nliJI Ollpe,nenCBBOCTB MY IIOJiaraeM, 'ITO llOBepXBOCTL HlleeT TeMDepatypy BH1Ke TeM­
rrepatyp:LI raaa), 0 < a < 1. 3axerHM , ttro B peaJILHo:l CHrya~B IIOTOK raaa B.Meer 
6onee 8LICOKJIO TeMIIeparypy, HeJKenH CTeBKII tpy6oiipOBQlla1 H Ha IIHJIOTHO:lt yctaHOBKe 
(eM. BHJRe) MO.i.KHO Hay'iaTL Oco6eHHOCTH !pH3H'IleCKOit a,ncop6D;HH 8 ,llHnaa,niqecKO.M pe­
}KHMe. Pa8H08ecHe 8 OTKPhiTOit cHcreMe a.n:cop6ar-a.ncop6eHT MO.i.KHO HayttaTb, Ta.KH<.e 
nQllllep.lKHBa.R nocTOHHHYMH rev:neparypy T1 H T2, H3MepJIJI T~. 3JJ;en B03MOJKHJ.I 3KC­
nepHMeHTLI npH .nocraroqno Me.ztJieaao v:eR.HlOID;.HXCJI T1, T2. BecL ,llBanaaon aHa'ienHA 
a (a = 0, 1; 0 < a < 1) Ha6JIIO,n:aJICB ,n:JIJI pa3JIH"!IHYX CHCTeM 1 DpHlieM pe3JJibTaTLI 
I\oppemtposaJIB c .n:aaablMH no otpa>KeHHto: aapymenne 3aKona Kuy.n;cena - r .n.ocra­
roquo 3a.MeTH.ble - o6ycJiasJIH8aJJo auaqeaue a < 1. 

CroHr OTMetHTL, tiTO "a" aaMeTHO BoapacraeT c yseJIH'IenHeM mepoxo8arocrH 
a.n;cop6ar-noaepxaocrH. Ocno&HaJI rrpH'IHHa s.n:en trHCTO w:exaHBttecKa.R: MOJiexynLI 
rMa, nepepacceHBaJICL aa MexanHtieeKBx Heo.ztHopQZ{HOCTJIX nouepxaocrH (rpem;BHhl., 
paK08HHY B T . .n:.), npOBONIT aa nel onpe.ll;enenaoe upeMJI. K toMy me 3¢$eKTY npH­
BO,ZUIT H HaJIHttBe Ha DOBCpXHOCTH .Lt:OCTaTOttHO IIpOtiHO CBH3aHHLIX C ael llpHMecelt: 
,llJI.R reJIH.H Ha 80JIL$pa.we, llOKplliiTOro KHCJIOpQZlOM (02 -+ 2[0)w), a ~ 0,3. KaK 
OTMeqaJIOCL BHIIIe, 8C~ 3TO H IIOJICHJleT TO o6CTO.flren&CTB01 'ITO tiJ.H3H'ieCKa.JI a,a;cop6IJ,H.fl 
"MaCRHpye-rCR" rro60tiHYUB npo.neCca.MH. 

HaB6onee aaq,op:u:aTBBHHM, aa aam aai'JJJI)J;, JIBJIHeTCJI onpe,llenenBe T no H3Mepe­
HHfO 8peMeHH IIpOXOJK,lle111!R MOJleKyn '1epe3 J3KB€ KaiiHJIJIHpbi ,llJIHHLI { H .l(HaMerpa d 
HJJH MellfipaHLI c yaKBMH nopaMH c reMB 1Ke rrapaw:erpaM.H l, d H l. To ecn neo6-
xo.l{BMa oueuxa pacnpe.neneHHJI nop no .l{BaMerpau: "d" B ,llHaronana "l". BHna.n; a l 
.n:atoT rpu npouecca. 
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1. Ilpoxo,lll:l qepe3 KaTIHJIJUip MOJieKyJIIil, CTaJIKHBa.RCb co cTeHKaMH
1 

orpa.m.arorc.a no 
aaKony KHy:ucena H npQZloJDKaror .l{BB.iKeHRe !!.!!:Om. Hero. 9ror rrpouecc ne cBJi3an - . p C T 1 H BKJia}l 8 i OTipe.llCJIIIIOT ~OpMJJIOft: ldV.' fi- cpeJJ;H.HJI CKOpOCTb MOJieKynH. 

2. BKJia.n: a f, yaenHqBsa.R ero, .n:aet' raiUH.e H spew:a 3a,llepJKKB T. On onHcLiuaercH ,,, 
cpop:wyno.A 2,p . 

3. BeCLMa cymeCTeennwM JIBJI.ReTca B yqCr nosepxnocrHoA .llB$$Y3H.H s a.ncop6aTe 
(no&epXOCTHa.Jl llO)lB.H.iKHOCT.b). )b$$y3H.R1 K.aK 83BeCTH0

1 
MO.iKeT npO.HBJlHThC.H

1 npOHCXQ.[{HTb KaK Jl.ByMepHaJI .QH4J<PJ3HJI 1 JIH60 IIO aaKOHJ CJIJ'faAHLIX 6ny>K,na­
HH1t C''nphl.lKKaMe"), xor,lla paccroJIHHe,npoxOJJ,HMoe aJJ;aTOMOM,.n:ae-t-cR <iJopMynoA 
rnna 3Anmre!Ha: ,ll)IHHa "nphlmKa" r Bhlpa.m.aerC.H qepes D1 H t1 cne.n:yton.t:HM 
o6paaoM: r2 = 4D1 t 1 i D1 = ;;

1
. D1 aaBHCHT or BJa.BMOJl.eltcTBHJI Me>K.n:y 'laCTH­

uaMH: D(e:). B nepaoM cJiyqae D1 = ~Lm.U, U- cpeJJ;HHJI cKopocrL MoneKyJI, 
Lm - cpe,llHJl.JI .lVIHHa cso6o;:{noro npo6era na nosepxuocru. 

B 3TOM cJiyqae .Mo.n:eKyna, cranKHBMCL co creHKaMH, orpa.m.aerc..11 no aa.KoHy Kay,ll­
cena H, ne ctaJIKHsancL c .n.pyrHMH MonexynaMH, npo.n:o.JDKaeT JlBBlKeBHe s.n:onb xa­
rrHJIJIJipa. 3TOT THII .Lt:8HH<eHHJI Ha3LIBaetcJI xny.a.ceno8CKOA .llH<P4JyaHe.il. Cy.MMHPYH 
onHcannhl.e sLime tpH npouecca, H.MeeM cneeyromee 8hlpa.m.enHe .n:n.n l 8 nepBoM cny-
qae: 

t-- u - l'(r+~) 
- 2d2 [ + 3;jil ' Dt = Lmu. (7) 

BropLIM MCXaHH3MOM .IJ.H$4>yaHH1 KaK OTMeqeno Bhl.me, JIBJIHeTC.fl "nphllKKOBaJI.llH$­
cpysHH". Oua aaBHCRT or .n:JIHH.hl npLIJHK.a r H 8peMeHB aa.zx:ep>HKH T 1• B raKOM cny-qae ' ~ D2 = ~' r,lle T

1 = exp RT - cpe,ll.Hee BpeMR npe6LI8aHH11 MoJieKynw Ha a.n.cop6n;u-
OHHO.M n;eurpe, fl.Qs - pasHOCTb TeUJIOT a,n:cop6D,HH Ha COCC,llHHX a.n:copfiUHOHH:blX 
uenrpax. IIo crpyHrype T

1 
cxo.nao c TOliHLIM Bhlpam:eHHeM ,llJIJl T (eM. HHJKe), a T~ 

6JIH3Ka K T0 ( CM. HHlllC) H CBJI3aBa C nepHO.Lt:OM KOJie6aaH! atOMOB UQllJIOH<.Rlf, 
B KaDHJIJI.Rpax MoryT peaJIH30BaTLCJI o6a TBna M4J$yaHH. Ecna .zwcpc:pyaa.H 8To­

poro THna npoHcxon,HT 8 reqenHe onpeJJ;eJI~aaoro 8peMeHH T, a .n.a$¢yau nepsoro 
nma ocym.ecTBJIJietCJI B npouemyrKe, ro o6m;HI: H03!p¢'Hn;Bear .lUI!pc:pyaHH .n:aEITCJI cpop­
Mynoit 

d' (' + ~ .!_ "') 1 4 ,.. rP 

D = 3 • . (8) r+ii 
Cpe,llHee spe~u npoxoH<,UeaiiJI MoJreKYJIIil 'lepea KaJJBnJIJip .llJIRBol [ :a )lHaMcrpoM d 
llaffl'cll c~JopMynol 31nwrelua 

H1 HCDOJIL30BaB (8), HMeeM 

- I' 
t =-

6D ' 

_ [2 r+ii . 
( 

d ) -- "' t- 2tfl I+ ~;:;;p 
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TionpaBKa Ha nosepxuocmyto DQllBJIJKHOCTh Becb:u:a CYIIlCCTBeBua.EcnH ue YlJHThlBaTh 
UOBepXBOCTHJIO H np:W>KKOBYIO IIOJlBIUKHOCTb, TO CCTb C"tiiiTaTb, liTO )lBIDKeHHe qepe3 Ka­
UH.1IID1p onpe,lleJLIIet'CJI JlBYIVI IIepBiiMH IIpOI(eCC<UU 1 OIIHCa.IIB:LIMH Bhlme, 3BaMeBaTeJIL 
B ( 10) paBB.IIet'CJI e,ItHHHI(e 1 H MJ:l IlpHXQllHM R ynpond!BBOft 4>opMyne, OIIHCLIBaiOUleft 
npoXoJK,lleuRe ..:repea Ka.IIHliJUipw. O.llHaxo 3TO cosepmeuoo ue.nonycraw:o JlJIJI HaiiHJI­
JIRpos Manoro ,llHawerpa. II pOHJIJIIQCTpHpyeM 3TO ua npBMepe 4>H3H"tfecHol: a)lcop6n:HH 
opraHH"tfeCKBX aemecTB. ,ll,JIJI BBX T ~ w-.f c, fi ~ 104 CM/c, Lrn = soA. Bw6upaa 
I= w-3 eM, d = w-• CM (100 A), noeyqaew f ~ 5000 c, ecJIH DOHh3080ThCJ! ynpOiueH~ 
HOI! <j>opMynoll, H f = 1/150 c (!), CCJIH DOnh30BOThCR <j>opwynolt (10). ,liJIR I= w-3cM, 
d = 10 A (arrOJIB:e peaJILHLle ,li,BaKerpw JlJIJI rrpoMHruneuooro ueonBTa-cHJIBIIOpHTa 
10 A- cHJIHKO-aJIIOMBHaTa Na- xopomero cop6euTa ~Top- a30TO- 3aMeCTBTeJiel: 
yrneBOJlOpQIIOB C n 2: 5) [4) noeyqaeM BMCCTO t = 5000 C BCJIHHBy JfJ5000 C (!) JlJIR 

npw>KKosol: )J.H¢4>Y3HH, stiDupa.R T
1 = 3 · 10-8 c, a 9Hepnuo aHTHBaUHH JlByMepuoro 

.!lBH)f{eHHJI ~Qo. pa.BH01t IIOJIOBHBe TeiiJIOTJ,l a,llcop6UHB H T- Me>KaTOMBhle paCCTOJIHH11, 
nony-qaeM JliDI I= l0-2 CM, d = 10-6 CM BMecTO i = 5000 c, '[ = 1540 c; )tJUI I= w-3, 
a= w-7

, i = 22 c (!). 
Peno:uHpyR, 3aMeTHM1 "tfTO Ka.HOB 6w HH 6wn Y.eXaHR3M nosepxocTooit npoJlBIDR.Ho­

cTH, )lJlJI yJKHX rrop ( d ~ 100°) on BecLMa cyll{eCTBeneH H orrpe.neJIHeT epelUI rrpoxo­
}KJleHH.H -qepe3 KaiiHJI1l.llp. 

B 3aKJIJO"tfeHHe 3aJ.t:eTHM1 "tfTO 11BCJIO MoneKyJI n, yJlapH10lllHXC11 o noaepxuocTb ( q,op· 
YYJihl (31) 1 (3

11
) ), JlOCTaTO"tfiiO BCJIHKO. 9TO II03BOJIJieT CKOMIIeHCHpOBaTb MaJible 3Ha"tfe· 

HHJI T H noJIBoe -q:acno a.n;cop6uposaHHIIIX -qacTHI(, a = nr a pJI,lle cny-qaes vuoro 
fion:ome MOBOCJIO!HLIX llOKpHTR!. 

On~:eraM TaiOKe, "tfTO r BeCb:w:a CHJILHO saBHCHT OT reu:nepaTyp:y: npocTLie Teope· 
TlJl!eCKHe coo6paJB.eHH.R1 BJ:lCKa.3aRHLie ct-penKeneM B 1924 f., IIpHBO,lliiT K €f>opMyne 

r = r,xp( Q / RT), (11) 

T 0 - nepHOJl KOJie6aHH:I a,l(aTOMa B HanpaBJieHHH,nepneH.AHKJ.111IpHOM IIOBepXHOCTH. 
.li,JIR OI{CHOK OH Blrl6HpaeTCR "" 10-12 - 10-l4 C. Q HBOr/.la OllpC,lleJlJieTCJI KaK TellJIOTa 
ucop6IIHB ( BO BCJ!KOM cny~ae Q c Hell KOppeJIHpyeT). HeKOTOpiU! paclliB<j>poBKa ( 11), 
6y.neT .naua BB>Ke B paa..nene, r,lle 6y_u;eT paccMOTpeno B3aHM<>.ZJ.el:cTBHe a ancop6aTe. 
li,JIJl 'T0 HMCIOTCR TeopeTH"tfeCKHe OI(eHKH, 80 Ha DpaKTHKe XOpomHe pe3yJibTaTH ,llaEIT 

cJ>opMyna JIHII,ll;eMaHa 

r. = 4, 75. JO-''V "v* Ts c, (12) 

fJ - w:oneKy.JlJipawl. aec, V - u:onexym~pmdl o61oeK (u cM3), .ne.neaawe aa "tfHCJIO 
aTow:oa a MOJieKyJie, Ts - -re:w.rrepaTYpa nnaBneaa.a. ,ll,JlJI cop6eaToB c BLICOKHMH 
TeMrrepaTypaMH IIJiaBJICHilJI H IIJIOTHOI yiiaKOBKOI: {K HIIK OTHOCJITCJ1 1 B "tfaCTHOCTH 1 

liCOJIHThl) To - (57 10) • J0-!4 C. 

3. flpH JCTa.BOBJieBBH a,zJ;cop6Il;HOHHOI'O pa.BBOBeCHJI B OTKpYTO:It CHCTeMe raa -
T8Cp.noe TeJio, HUI)J;KOCT:& - TRp.noe TeJio, raa - HtHJtKOCTh, lKIIJlKOCTD - >KHJlKOCTb, liHCJio 
MOJieKYJI, na,naiOUlHX Ha llQllJIOlKKY n, .D;OJDRBO paBHHTLCR "t!HCJIY MOJICKYJI 1 IIOKII,IlalODlHX 
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a)lcop6ai n V, ll pH 9TOM 1 TipH JJ;OCTaTO"tfBO ,ll.llHTeJU,HhlX BpeMeHax 3a.D;ep.H<KH T 1 ,li,CCOp-
6HpJCTCR qacTHila, HaXO,llHBWaJICJI B TepMH'lCCHOM paBHOBeCHH C aTOllaMB IIOJlJIOHUUI, 
IIOJiy'laeT oeo6XQ.lUil(JIO 9HeprHIO JIHfio H3BHC 1 1IH6o 3a cqf:!T q,rryKTyan,HA: TCIIJIOBOit 
:~meprHH noaepxuocTH. 9Ta ::.neprHH ,llOJDKBa npeaLIDlaT:o onpe.zteneHB.w.A npe.aen: ,l(e­
cop6I(BH acer.na a.KTHBHpoaauow:ll npol(ecc. 3neprHR Jlecop6upyeamA: MOJieKYJIIII JlOJI­
>KIIa rrpeaumaTL 3HeprHIO CBR3H B 9BeprHIO B3aHY:OJleitcTBH.R B a..n;cop6a-re. _£_To ecn 
qHcno woneKyn, DOKHJl>IOIIUlX ucop6aT, ~ ( --£,) Hmi [n.) = V<1 exp (- RT). IIo­
CROJibKY [uJ = MOJICKY11/cM2

1 lJ- HMeeT paaw.epHOCTb c.- .-l H [n11 ] = M.OJieKyrrajc:u:2c• 
([ ] - o6o3oa-qenHe ,llJIJI paaMepnocTB Q1H3HlleCHo:ll BeJDPIHHial). B TaKOM cJiy'lae u :::;;:: 
nT0 exp (-£. ), T0 = v-1. A.ncop6IU1R 8 co-qeraHHH c OTpam.eHHeM rrpH80)J.BT K yMeHL­

nreHHIO T 8 (J- n) pas; 0 < n < J. 
3TH peayJibTaTIIl H BHpaJKeHHJI )lJIJI 

71 D11 H3 IIYJIRTa (2) ,ll,a.IOT 

"= Np r exp ( Q ) 
.,J2M RT ' RT . 

(13) 

Ilpo llOCTOJIBHOI: TCMIIepaType BY.eeM 

a = K1p, K, 
Nr, Q 

J2M liT exp (liT), ( 14) 

3TO rrpocre:ltmaJI ~OpMyJia )lJIJI H30TepMJ.I a.n;cop6I(HH BOCliT Ha:JBaHHC 3aKOHa feHpH. 
f1 pH MaJibiX llOKpYTIIRX 83aHM~:IlCTBHeM B a.n;copfiaTe MOHlHO rrpeHe6pe"tll:o H 3HeprHJI 
CBJI3H 1 KOppeJIHpyiOIUaJI C TeiiJIOTO:I a:.,n:cop6I(HH IIOCTOHHBa. IJocJieJlHee He BHUOJIBR­
eTCJI .llJIR xeM:Bcop6D;BB H JlJIJI 6onLmHHCTBa npoueccos <IJH3H"tfecxo:l cop6IJ;HB. Bonee 
TOr01 34>4>eKT:&I 83aJUlQZ{ei:CTBWI llpHBO]J.IIT K KOppeJIJliJ;BOBB:&IM 9q>q,eRTaY. ,lla>Ke IlpH 
MaJIHX noxp:w:THBX [2]. Tax cHaJKeM uepoRTHOCTL naxolK.ZleHBJI ABYX arow:oB na coce­
JliiHX I(eBTpax npB MOHocno:llnol a.n;cop6I(11B < n1n9 > .n;a~TCJI q>opu.yno:l [2]. 

< nfnll >=< nf >< ng > e{JZ€8 = €)2e,8Z€9 , (15) 

a He 8 2, e =< fi1 > IIOKpLITHe (eM. HH>Ke), Z- "tfHCJIO 6JIIDKal:mHX COCe.l(e:l . 
Bee BYmecKa.saHHoe nepeuocBTCJI na a.n;cop6IUtiO H3 pacTBopos npH 3aMeae p aa c-

KOHllCHTpaUHIO a,n,copfiHpye»ol KOMllOHeHTY: (7 = k1 C1 - C TeM OTJIH"tfBeM, liTO 
11 

,llQ­
CTaBKa" MOJiexyn a.n.cop6:e:pyeu.oro semecraa rrpoacxoro~T 6onee Me.l(neauo H B03HHKaeT 
ROHKypeHU11.11 MeJR.Zzy MOJieKyJia.MB a:,z:{Cop6Hpye:uot KOMDOHeHTJ:l H. paCTBOpHTeJIR [1, 2]. 
.LJ;JIH IIOJIHO'TI:II OIIHCaHli.JI 1Ip11Be,ll@M BHpaJB.eHBe )VIJI H30'I'epMl!l a,llCOp6IUIH ( U = const) : 
p = k3 .,JTexp( --£,) H 11306apH ucop6IIHH (p =canst) : <1 = k,'f.r exp( --£,). Bhl~ 
paJKemtH 3TH MOHUIO II011JliBTL B pa.MKaX MOJlenhHiil~ pacliEh'OBj CTPy-HTypa Bl!lpaHieHH:I 
CXQZI;Ha, HO MOJKeT 6YTb OTJIHliHe B npe.ll9KCllOHIUiaJibBOlll MHOlK.BTeJie. Y'lfuy B3a.HMo­
JJ;e1tCTBHJI 8 3a.zla"tlax IIOJIHMOJieKYJIRPBOI ucop6~ nocBJIIUeHa oama pa60Ta [ 14]. 
Ill. . 

Ilose.nenHe Meraoa (CH4 ) pesKO OTJ[][qaeTCJI OT noBeneuu.n:pyrux yrrreBO,IlOpQJloB, 
rrorryllaeMYX npB pasJIOJKeRBB neqrr&:. Ero ycroitlJBBOCTb BiillDe ycro:CttuiBocTH JlPyrHX 
yrrreBQZlOpo.llOB (3a BCJUDO-.reaHeM an;eTHJieua C2H2). B OTCYTCTBHe RaTaJIH3aropoB 
MeTaH ycrolqiiB BDJIOTL ,llO 9}0°C. 

9 



Ueatpam.B1lM MoMeatoM B uameM npe.zvio.m.eHHH HBJIJieTCJI aKtHBHoe ncnoJib30Ba­
HHe a.ncop6nHB npH Ol!HCtKe H aua.JIH3e cocTa.Ba raaa B ra30npoBOJ(e. TiputteM pema­
toDzylO pom.. arpaeT nponecc cop6UHH ($H3H11ecKoit cop61U1H) "aKTHBHO:it noaepxao­
CTbi077 - nouepxaom10 a.ncop6upytollle1t H .necop6upyiOIIleA 83 raaa nepeaocHMLle 
HMH KOMIIoHeHTJil (2-4). OnBWeM IIQ!q)o6uee aame npe,lVIOJKeHHe. 

AKTBBHOA noaepxuocr~oro JIBJIJieTCJI BHytpeHRJU[ noaepxnocTb KOHTeitnepa-cop6enta 
B ra30npoBQlle. B onpe,lleneJIHilX u:ecrax raaonposo.u;a BCta.BJlJier<:H cop6ep B B8.lle yc­
tpo:ICTB, O,llBa 83 B03MOlKHiiX KOHCTpYKIUII: KOTOpLIX 6y;n;er OII8CaHa HHlKe ( CY.. pH C. 11 

r)le 

L ..:.__ J(J111Ha neqrrenposo.rta; 
la- )lJIBHa Kmrreluepa-cop6enta c a,ncop6enroM (Ia << L); 
D - )lllaMerp Tpy6LI He<jrrenpoiiO}la; 

V - CKOpOCTio IIOTOKa rUaj 

~ ' V- = = c=•2 (Bcn)). 

/L0 1 

L 

Puc. 1 

/ L 0 2 

~ 

il piJ 9TOM Cpaay JRe BCTalOT BODpOCiol 06 a)J;Copfieure B MeXaHB~Me ero HCDOJTh30Ba­
HBJI. 

1. BLI6op a,ncop6enta - KAK qacn pemeou sa,natiH no oT6opy sa.nanuHX KOMnoueuT 
R3 rasa. 

2. KoucrpyKUIDI KOHre:luepa-cop6epa. 
3. IIpocTpaucTBe&Boe pacnon:oJReaBe Kmrre:l:uepa-cop6epa B raaonpoBQile. 
4. Coo.nauae IIBJIOTBO:I: ycTanOBKB B npoae,zJ;eBHe peam.uoro axcnep:e:Meata. 

Pacc:uo-rpBM aec1o Kpyr 3THX sonpocoa: ll,llea.JlltHiiM a,ncop6eHTOM 3.D;eCL .SBJIJIJOTCJI, 
ua uam Bsrmu:~;, rteomrrli - aJIIOMBBo-coJIIIKaTBHe coe,D;HaeHHJI ( npB~He B CBIITe­
TB'tieCKBe), KOTOpLie OUBCH:BaiOTCJI 3MDBpHl!eCKO:It cpopMyJiol: 

M,,.[(AIO,),(SiO,),]· (w · H,O), 

M - KaTBOH BJIH ero saMecTBTeJib B ocnoBBOM I B II rpynn c san:eumocrhiO n, aawe­
CTBTeJTh MOHleT 6J.ITb, uanpxwep, H-:Jal(ecTHrem. (eM. Ta6mmy .llHcJupepeHUBam.HLlx 
TeDJIOT a,ncop6llllB)i W ~ 'IIHCnO MOJleKyn: BQ!llij yfx- 3TO OTBOIDeBHe Y.OlReT npBBII.­
Man. 3BatteBBJI OT 1 JJ.O 5 B 3a.BHCHMOCTB OT CTpyKTypY. 

10 

B KBa.n;paTHhle cKo6xa noMemen KapKac o;eoJIB.Ta, xoropwA: npeJlctaBJLIIeT co6oit 
pa3BeTBJICnnoe coqneneaHe qepea o6mHe aepmHnw: TeTpa3JlPOB A/04 a SiOt. OnH 
C006IUalOTCJI MCHUzy co6ol: 'tlepea DOJIOCTII1 8 KOTOpWX Baxo,zutTCJJ KaTHOHii B lfOJieKyJI&I 
BO,llLI. KatHOHhl IIQllBIIJKHhl II MOfYT B TOI 8JIH HHOI CTeiiCBB ofiMeHBBaTbCI:l ua JJ;pyrBe 
KaTHOHLL UeoJIHTU "MapKBpJIOTCJI" no THDY KaTHOHa M : Na(A), K(A), Ca(A), 
XOTH 3a HeKOTOphlMH COXpaHJIIOTCJI HMeBa, ,AaBBiie II)( DpB BX OTKpLITBB - CTBJio6BT, 
wa6a3HT 1 MOp~BBT 8 t.D. [4]. 

CymecTseuuo, 'ITO BByTpBKpHcTaJIJDilqecxyJO BO.llY a OJtRHX ~eoJIRTax NOJKHo no­
cTeneHHO H o6paT&Mo Y.ll:aJIJITb 6e:J H3MeaenB.R Bx cTpyxtypli, B .npyriiX npu 3TOM npo­
HCXQMT Heo6paTBM:&ile CTpyKTJpBLie B3W:eBeBB.R. HMeBHO nepB:&ile oac B BBTepecyiOt 
KaK cop6enTw. 

,l.lerR_npaT.Hpoaaauw.A cop6eoT npe.ncTaans.er co6ol T&ep):{oe KpactaJIJIBqecxoe teno 
crporo nepaQ!UitiecKHx nop .ztBaMerpoM OT 3 JlO 10 A B rny6auo:B nop nop.a,llKa 100 A. 

h 

100 

t: A A" X 

3 4 5 10 

I v v 
I o 

8 

20 30 
Puc.2a 

v 

50 100 

0 
I rv"do 

I 0 /'J 
----~~--' 

0 

Puc.26 
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TioiDITHe "'won:eKyJIHpai:aie ca:ra" oouaqaer cnoco6uocrt. ocyiUecTBJUITh "npoceHsaaHe'' 
aa MOJieKyupaoM ypoBHe. Mo.neKy11HpHwe ca:ra cymecr8eaao OTJIHllaiOTc.R or .ll.pyrHx 
cop6eHT08 1 TaJ<BX Ka.K KpeMR~)( B aB:TBBHpOBaHml:lt rJJBHO:JeM ( CM. pac. 2a, r,lle 

A' - UeoJIHT CHJIHllOpHT 3 A; 
A - :qeoJIDT CKJIHnopar 4 A; 
A" n.eour c:a:Jlllnoper 5 A.; 
X - ueoor cammoper 10 A; 
B - a.KTIIBHSBpOBa.BBllll: rJJHH03eM; 

C - ·CHJIBKareJlb), 

CHJI&oopar 4 A .RBJIJieTCII6a.30BY:M Monekyn.apa:&IM CBTOM, rronyqaeMhiM npH CHHTe3e 
neoJIHra Tlma A. qacrB1fHo 3aMeiiJIII KaTHOHI:ai aarpa11 cara 4 A. KarouaMH KaJIHII, no­
nyqaror CHJIBITOpBT 3 A. Ecn:a:-3aMelllaiOIU,BA Ka.TBOB 1181111eTCJI KaJILI{HeM, a ae KanaeM, 
ro noeyqaror CHJillnopar 5 A. CHnHnopHT 10 A JlBJUieTCJI 6a30BLIM MoJieKyJIJipHI:aiM 
CHTOM, nOJiylleHHW:M CHBTe30M neonara rana X (eM. pac. 26. CxeMaTll'IHoe H3o6pa­
meRHe noaepxaocra ueoiiHra, BhiXO.lUal nop-KOJIOMeB, rey6Hnoit h ==: 100 A; .zr:Hau:erpoM 
do ~3-JO A). 

ITpo;zyKT 
M OJieKyJIJipBI:aie cHra CHJIHITOpHr 3 A 
MoneKyruq>BHe cHra caJIBnopar 4 A 
Mone«ymrpuwe cBra c:o:JIBnopar 5 A 
MoneKyruq>nLie CHTa CBJIBnopar 10 A 

XHMBtJecKa.Jl 4JopMyna 

CHJIRKo-aJIIOMHBat N a - K 
CaJIBKO-a..JJIOMHHar· Na 
CHJIHKo-a.JIIOMHBar N a - C a 
CBJIHKD-aJIIOYHBar 

DocJie aRTHBaUHH-.lJ.eCOp6n;BB BO,ll,hi1 Haxo,zvnu;eACJI B nopax, IIOJiy;t~aeM HCKJIIO-qa:teJILHO 
aRTHBHhlA a.n;cop6enr. ColJetaHBe nepHo.zurtraocra pacrronomeHB.H nap (pHc. 26) a 
BhiCOKOA a,n;cop6D;HOHHOD: CIIOC06HOCTH1 II03BOJIJlet C€JI€~{TIIBBO cop6BpOBaTb yrJieBO,llQ­
pOJtLl B 3aBHCHMOCTH OT HX pa3MepoB d. ,.lJ;aHBHe 0 pa3MepaX OKO:e: d0 no.rryqeH.bl. 8 OCHQ­
BHOM OpH npoBe)leHHH pe&TreBOCTpyKtypHOro aRilJIB3a rH.Zq>OTHpOBa.HHblX KpBCTaJI­
!lOB. KaR yrroMnaa.noch paH:&llle, pa3Mep R ~opMa oKoH Moryr MeHJITbCJI B JJpo~ecce 
.n.erH.npataUIJH1 BCJie,llCT8HH .ll.e4>opMa.Il,HH RapKaCa HJIH JKe H3MeHeHHJI MeeT JI0Ka.JIH3a­
UHH KaTnonoB. OKRa Mor}"'' HMetL ipopMy Kpyra (n:eoJIHThi A), 3JIJIHrrca (.ll.erH.n.pa­
THposaaaN.A IIIa6a3HT)1 qro 06'hJICHJiet pa.3JIH'l1He B a.zr:cop6UHB BeKOTOpblX MOJieKyJI: 
a.ncop6UHH _u:omer 3aBHcer:& or q,opMH MoneKyn. HIDHe Mlil npase~M mKany pa3Mepon 
MOJieKyJI H npocne.zury: HX KOppeJIJIUHB C paaMepa.MB OKOH. 9ro npe.lJ.CTaBJIJleT B03MOlR­
HOCTb II0){6Hpatb TOT HJIH HHOI: cop6eHT-I{eoJIBT IIQ,D; KOHKpetHiale MOJieRyJI.hl.. Bonpoc 
0 paaMepax MOJieKyJI RallO pemaTh1IIpOBQllJI RBaHTOBG-MexaBBlJecKHe paclJfu'lal 1 B RQ­
TOpHX .li.OJUKBH 3aK1Ia.,IJ;Iil8aThCJI BHyTpeHBHe IIapa.MeTJll.t MD.neKyJI.hl. - ,llJIHHN CBJI3eJ:t, 
yrJihi Me.HUJY HBMB, IlpOCTpaHCTBeHHOe pacii01IOHI:.eBHe aTOIIOB 8 ReA, pacnpe.ll.eJieBlUI 
3JieRrpoaaol nnoraocrH, Baa ,llep Baam.cOBLI pa,llBycy arou.on H r.n. Ocuoaaol ae­
JIHllHHol, IIOJIY'lleHHOJt 3,llech1 JIBJUleTCJI paBBOBeCHiil, COOTBOCHMLIA C paaMepau:B JtH­

aMerp (cw:. HHme). 9KcnepHlleBTam.n~a~e .l(aBBW:e no a.n:cop61{BH D0380JIH.iiH C.lJ.eJJar:& 
BbiBOJl1 qro 3a pa3Mep:w: a,n;cop6apyeMUX MOJieKYJI1 KaR npaBHJI01 na,u;o DpHHHMaTb e€ 
KHBeTB'lleCKHI J(Halletp ( CM. BIDKe). EcJlB paclJCTI.I paaMepoB MOJieRyJI H Ca.MO IIOBJI­
TBe ,pa3Mep" .li.OCTaroqao ycJI0880 1 80. MliOf.oM 3a.BHCBT OT MQ,lleJie1t MOJieKyJihl B B3a.H-

12 

) 

) 

MOMOJieKyJIJipHhiX B3aHMQlleiCTBHA, TO IIOCJie ycTaH08JieHHJI paaMepOB OROH ORB MoryT 
6wn nposepeHhl no ucop6IlHH roro BJIH Haoro yrneao,llopo.na aa KOHKpeTHOM UeoJIHTe. 
TaK, aanpBMep, ueoJIHT NaA(do ~ 4 A) npa reMneparypax: --183, -196°C nerKo 
a,llcopfiHpyer KHCJIOpO.ll. 02 ~ (Q2)No.A 1 MOT me Be CL.lJ.COp6HpyerCJI. 06:w:qao npO!leCC 
xel.mcop6IlHH oa RpHcrannax: :w:.apKHpyeTCJI CJie)zyiOII{HM o6pasoM: A :::::? [Ah - [A]J; 
8 HBCL.lJ.patHLIX CK.OfiRaX - XeM.HCOp6BpJIOD(HeCB: MOJieKyJILI 1 8 HH,ll;eRce JRa3:LlBaeTCB: 
rpaRL HpHCTaJIJia. 3)l;ecb H BlOKe 4>H3JiqecRyiO COp6D;BIO MH 6y..11ei.: MapKHpOBaTL Ta.K: 
A ::::::> (A)No.A· Pa3Mepltl Monexyn 6epyrCJI B3 pa~lJi!TOB BX B3a.Jll4o,I{e:lcrsHA, :u:o.n;Bq>Bn;H­
PYJI HX reM HJIH HH:LlM. sv6opow HBTepBana B3aHMOJlelcTBBJI ,Pfr. Hu6onee H38eCTHirlM. 
RBJIRetCJt noreon;aa.JI JleaHa(m- ,nmouca (c:w:. pac. 3): 

,P(r) = 4<[(~) 12 - (~)"]; 
r r 

Tmin = 21/6q, 

flepaoe CJiaraeMoe MOH<BO o6'hJICBHTL Ba OCHOBe RBa:HTOBO:I MeXa:HHKII B KaptBBe 
MaRCHMaJThHOf'O DpoHHKHOBeBHH 3JieRtpOBBllX llJIOTHOCTel JJ;BYX MOJieKJ111 KOr,lla Ba­
'-IHHaeT IIpeo6Jia.ll.aTb OTTaJIRBBaBHe1 8topoe - OIIBCLIBaeT ,ll;HDOJIL-,ll;HIIOJILHOe 83aH­
MO,lleitCTBHe (oRo, cofjcraeuuo, H onpeJJ:eJIJieTCJI Ka.K Baa .1l,ep BaaJILcoao B3aHMO.ll;elt­
cTBHe). Kooeqiio, 3TO He e)UIBCT8eHoo 803MomB:w-a Bbl6op t;b{r), no oH yJJ:o6eH, mH­
poKo HCIIOJIL3YeTCH 8 repMHHaX rJ'1 { B HHteprrpetBpyerCJI BecLMa IDHpOKHM KpyroM 
4'H3HKD-XHMHqecKHX"JIBJJeHHI 8 rasax, HUI.li.KOCTJIX, raep,ll;hiX Tenax; T0'1JRH Tm.in H U 

onpe.n;eJIJilOTCH H3 tpe6oBaBHA 

f;¢(i-) l Tmin = 0 - ~paauoaecaoe paccTOIIHHe"; 

,P(r)llu=O "MHHHMa.JILBOe cfummeHHe" , 

,li;JIJI TaKHX ,llJIHHHhiX MOJieKyn, KaK yrneBOJlOpO,lJ;Ial KpHTJAeCKHI ,n;HaMetp DpHHli:UaerCJI 
paBHI:aiM naa:w:ea11me:w:y nonepeqaoMy .n;aa.Merpy. Pacqf!Toi:aie BeJIBlJHB:Ll-cr, r no [5] 
npHBe,lleHH a TaM. l. KoppeJ!J!~ Meli<J1.Y paaMepaMH nop do npH 77° < T < 420°. 
ToliKH * a # .HJIJIIOCTp:BpyiDTCJI na puc. 4 (c:w:. pRe. 4). B ra611. 1 8 cnpaBOlJHblX 
ueJIRX npHBe,lleHH rmin ll u B A, u paCCliHTaHa IIO Tmin : a~ 2_1, 6 rmin [5] . 

Ta6miiJ;a 1. Pa:nt:ep:w: pa3JIHqHLJX MOJieKyn:, noJiylJenu:w:e Ha ocnose [5]. 

A,llCOpbaT ~ HOMeHKJia'typa) .LJ.1IHHa, A Illapaua, A Tmin 1 A u,A 
co 4,2 3,7 4,25 3,76 
co, 5,1 3,7 3,3 
H,O 3,9 • 3,15 2,65 
NH, 4,1 3,8 2,6 
so, 5,28 4,0 3,6 
CH4 4,2 4,25 3,8 
C2H 2 5,7 3,7 3,7 3,3 
C,H, 5,0 4,4 3,9 
C3H8 6,5 4,9 4,3 
nC4H1o 4,9 4,3 
H2S 4,36 4,0 3,6 
UaRJIOreKCaH 6,7 6,0 
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KaaeTaqecKHI .n:naMerp paccqnaa no Tmin· Ha:u npeJtCTaBJIJieTCJI noyliHTenLHWM 
n pHBecTH TafinHUY KpHTa:qecKB.X paaMepoB RCKOTOpliX MOJieKYJ1 1 koppenapyiOII(RX C u, 
8 3Tol Ta6nuue. 

)leru,npaTHpOBaHHJ.ll: cop6eBT MOH(eT cop6apo&aTL -qaCTHillil1 ,llHaMerpLI KOTOpWX 
pacnonoHI:eBH TOJILKO B 31'0111 HHTepaane. Ueo11HTY - a.neaJlhHWe 1136aparem.uwe cop-
6eHTbl. Cop6:u;aiO :uomao npe.l(cTaBIITh Kax "npoBaJIBBaBHe" a BlilXOJI H3 BHX. 

OrpoMHhll M:arepaan no ueoJlHTaM cQ!lepmHT woaorpa4>HJ1 [4). B nett onacanw 
KJiaCCH$HKaiUIII H BOIICHKnaTypa, crpytrrypa opHpQllllliiX H CHBTeTHllecKBX UeoJil!TOB, 
HX ~H3HqecKHe B XHMB'IeCKBe CBOI:CTBa, HOBHldl o6KeH, DonytJ:eHBe B CBOICTBa Dpo­
Mhi.IDJieHHhiX MOJieKyJIJipHIIlX CHT. ,lJ;oCTaT01JBO MBO('O BBHU:aJIBJI }'JleJieHO II a.zJ;COp6t{HH 
ua aux. 3.nech Bec:LMa 6om.moe Mecro 3aBRMatoT H:JOTepMY a.ncop6UBB. OBH BOCJIT B 
ocHOBHOM neurw:topoacKBI xapaJ(rep. Oco6yto pOJI& npaeT, QllBaxo, BsocrepBllecKa.H 
(.nn!pcf>epeuiUJaJihHa.Ji) TennOTa a.ncop6nxa. llpu !JTOM BCUKBO noae,neaHe ~ BO aceM 
norepsane y.nem.awx (":u:ouocno:lawx") noKpwTa:A S.4 9xcnepBMeBTaJJ&oo aa~r~.epJieMhle 
3HatJ:eBII.R cop6UHH B cv:3 / r MOJKHO nepec1JBTaTb B ycJioaa:w.e MOBocnoi:Hwe noKpLITBJI e = Na/N (5,6), r.ne Na- lJBCJIO a,ncop6HpoaaBBYX 1JaCTBil, N- 'IBCJIO aKTBBHW.X 
UCHTpOB. · 

Ta6JIBIJ,a 2. KpHTKlJecKBe pa3Mepw neKOTOpl:lx MOJieKyJI 

Mo.neKyna Kpa.T.atJ:ecKBe pasM:epw, A. 
fenaA 2.0 
Bo.n;opQZJ;, aiJ,erBneB 2,4 
Bo.n;a, KHCJIOpQZJ;, oKBcb yrnep~, yrJieuc.rmA ra:J 2,8 
A30T 3,0 
AM.MRax, cepOBQllopo.n 3,6 
AproH 3,8 
Meraa (CH4) 4,0 
9TBJieB, ORHCb 3THJICHa 4,2 
9TaH, Merano.n, .:rranon 4,4 
MeranMep&.anTaa 4,5 
flponan, n - c4, JJ.O n- Cn 4,9 
llponHneu 5,0 

llonmd rrepena.n; rennorw a.o;cop6o;aa .na~CJI q,opuynol 

!!.q = <~-(9 =>I)- q-(9 => 0) = ((-t.H,(9 =>I)- (-t.H,(9 => 0)], 

6.H1 = (H,- HI) ~ nopiUiaJILHlle YOJIJipowe SHTaJIBB aew:ecna Brase B a.o;cop6apo­
BaHHI>IX <j>aaax ( T06n. I). 

Heu:oaOTOuuoe nose.neaBe ee yKa3liBaer ua BaJIB1JBe sq>f)eKTBBBOro B3aBKOJJ.el­
cTBHJI B a.ncop6are t. HoorM ~ cB.Bsw:BatoT c BeoJJ,Hopo.n:&oC1"1.10 DOJJ,JI01IlllB. B pau:xax 

'~l{a., OTlllt'IUOCit BYIDC [6), DOilUJ(It nOUIOI IIOBepXJIOCTJI JlJIJI nopaenDt H oeo6elmo Y3kODOpB~ 
CThiX COp6eHTOB, a QeoJIHTY 31l.CTpaysaODOpHCTYe Jl0(T3'J'O'IfRO Yt.1:0BRO. 
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Hamel: MO,lleJIH 1 I'){e OCHOBHYfO pOJib HfpaiOT B3aJU.tQlleACTBHH Me>K.Jzy fin:HmaitrnHMH coce­

MMH .llJIJI .llHCCBaTHBBoA a.n;cop6llHH n-qactH'tJHoro KOMIIJieKca An:::::> n{A), tl.q .n.aerCJI 

<j>opMynoll (1) !'J.q = nNAZ<, r11e 

N A - lJBCJio Aaara.npo, 

z --- 'IHCJIO 6JunKalmax coce.l(el:; .1l)IJI $BSH'lJe<:KoA. aJJ:cop6naa n = 1, 
t; - 3~q>eHTHBHOe 83aHMQllei:CTBHe 8 a;J;COp6eHTe. 

OrMerHM, <ITO a !iq BXO.ztHT KOM6BHa.I{HA Zf.. TIQ!ltiepKH~M, "'ITO HMenno a 3oKCIIepH­

Menra.m.no aaMepae:w::w:e pasoo&ecH.Ye B ~HaMB'lecKae xapaKrepactBKH a..n:cop6n;Hit 

BXO)lHT TaJUHe Z H Z(. 

KaK JllOY.HBaJIOCh Blilme, MO)leJIB CO 3HalJCHBe.M E < 0 COOTBeTCTBYeT OTTaJilmBaHHe, 

( > 0 coOTBercrayer npBT.RlK.eHBe. 3aaqeuu I f I< 10 K.KaJI/ M01Ib oraeqaJOT $B3Ht~e­
cKoit copfiiJ.BH HJIH CJia60I XCMHCOp6UBB. ).lml BJIJIIOCTpa.I{HB xapaKrepa a)lcopfirtHB 

yrneBQllOpO,llOB D;eoJIBTMlB DpBBC.llCM ta6JIBicy (ta6JI. 3).5 

MLI BBJ(HM, lJTO a.ncop6Uil8 yrneBQD;Opo,llOB na ueoJIBTax aaRmo"'Iaerc.a B cne.ll}'IO­

w.eM: 

1) $H3H'1ecRaJI cop6UllJI RaK C npHTJDH.CHBCM 1 TaK B C 01TaJIKliBa:HHeM; 

2) napaw:erp zt MaJI, nocKOJILKY z > O(z = 3,4,6 ... ), to asaHMOJlelctBBe t:- RpaAHe 

cna6oe. 

Manoe sHalJenze f HMeer cne.JzyiOW.ee BcKmoqeuae: C2H6 ua H -ma6aaHre - cna-

6oe OTTaJIKBBaHBC IIpB $H3B'1ecKOI copfiUHll. 

HanoMBBM, lJTO ,n;Jl8 xeMHcop6UHH acer,lla HMeeM t: < 0, r.n;e I ( I uaxo,n;BTC8 B 

BHTepBane OT 15 JlO 150 KKaJJ./MOJib1 ,IJ;JIJI 4lHSH1JCCKOJt copfiUHH B03MOJKH:Y H ( < 0, H 

t: > 0, XOTJl BTOpoe IIOBC.l(eHHe npe.IUJ01JTBTeJibHee. 

3uaJI f 1 Mlil M:OlK.eM nocrpoBTL ypasueuue cocTO.RHHJI a..n;cop6eura .n;Jl8 cpe.llHero 

"'IHCJia a,n;copfiHpOBaHHhi:X aTOMOB 

N. 
n=N. {16) 

0Ho ,l.J;OJIJKHO 6w:Tb COOTHeceuo c e, nepeclJBTaHB:YM 83 CM3 /r [6,19]. EcTeCTBCHHO, 

.menareJI&HO li!l ua o6patnoe. ,[{JIJI wouocno1tuw:x a,ncop6Illi!ll B npocre:ttmeM cnyqae 

CaMOCOI'JlaCOBaHHOI'O IIOJIJI ORO Blili'JIJ[,li;BT TalC 

e = (1- El)exp[v + z<El]/>, 

V = KET( ,/ ,!~ , 0 ,) = KET(ap.). (17) 

Hanol.t:BHaew, tiro .l\liJI IIOJIBMOJieKyJUipuol: a;r;cop6D;BH H30tepMa B9T, c yqetoM ssa­

HMO)Ie!cTBHH, )laOTCH <j>opJtynoA (17'), nony'leHHOA B (3]. 

V _ Vmkx[1- (r + 1)x' + rx'+l] 
- (1- x)[1 + (k -1)x- kz•H]' ( 17') 

5Hcnwn.ay.& pe3y.llhTaTW no dq, RBKII 6:wnr onpeAeJieHlil u [18], tftO .11,afl: BOOMO&.Rocn, KOAil-
1JHUHPY• cxeKy pacq!fa (10-17], Up08HUJiallpOa&U. Oco6eBHOcrtl DepeRoca B "~OiliiOReRTHOA'' 
raaoBOI cweca; (ell. npawe'laaae aa crp. 13). 
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Ta6JiuQa 3 

,[{H~~epeHQHanbHYe TeOJIOTLI a,n:cop6QHH. 

A1<cop6aT to,C Yrneao- HnTep- q(e, l !'J.q, <, 

AOPO.ll sa.JI e, J.UUVI/ HJ<an/ •B 
c>i'fr yom, MOJTh 

THnA -40 C2H6 0,1 - 0,8 6,6 - 9,5 2,9 ~ 0,0206 
(NaA) 0- 125 C3Hs 0,1 - 0,8 8,2 - 10,5 2,3 3'! 0, 02 
CaA 50 - 225 n- C2H6 0,1 - 0,8 10,2 - 13 0,8 3'! 0, 005 
Illafia3HT CH, 0- 80 4,5- 5 0,5 3'! 0, 003 
IlpHpO,!lllhiJI C2H6 0-80 7,0 - 6,2 -0,8 3'! 0, 005 
ma6aaHT 

H-ma6aaHT C3Hs 0- 80 88- 94 0,6 3'! 0, 003 

A,n;cop6UH11 n:,n;et ua cop6eurax, ue aa.KJIK>'tleoulilx a cKo6KH. 

J.iaMepeHa a,n;cop6I(H.R pa3Hhi:X fa30B 1 BO,ZW:1 a TaiOKe cepHHCTLIX H a30THCTW:X 

coe){HHCHHA (Hz, COz, Nz, jAr, S, ... ). 

EcTh .naBHHe no a,n;cop6I(HH Ha yrneBo,n:opo.n;ax npH e = 0, 1. 

KaTHOH aa.Mem;aer H-rpynnoA H3,35 A/3,3& Sia,es Ou 9, 26 H20. 

8 Ba,LJ;O nepeC"'IHTW:BaTL B "J.t:OHOCJI01f:H:Ye IIOKplilTHJI". 
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3.l{eCIJ, r - 't[Hcno a,n;cop6aposaoHLIX cnoes, 
Vm - MaKCBMaJI.hHoe aanOJIHeaae, 
x = pfq = n/ao = n(a0T~exp[I:>.Q/ RT], 
k = rfr, = rfroexp[-t>.Q,(RT], 
q = a 0 /NJ2,.RMT exp[-I:>.Q,fRT]. 
<llopMyna (171

) HBJIBerc.R ecrecTBeHH.hlM o6o6meuueM pe3yJI.hTaTa B3T, npBBe)leaauM 
B [3]. flpH f. ::::} 0 H r = 1 OBO nepeXQZU!T B B30TepMy Jle&rMropa 

8= exp{Jv 
exp{Jv+l ( 18) 

TioCKOJILKY ,llJIJI BCeX yrneBo,n;OpO,llOB !:::J.q MaJIY (t: ::::} 0), TO KaH HaM Dpe,llCTaBJIH­
eTCJI, 3THM H 06'LJICB.HeTCH "JI€HrloUOpOBCKB.it" xapaxrep H30TepM, DOJIY"lf€HHLIX B 3KC­
nepHM€HTaX IIO a,l{COpfiiJ;l!H. 0TMe'l'HM ,lJ;ODOJIHHTCJlbHO, 't[TO oa I{eoJIHTaX a.zi.COpfiUBJI 
ymeBO,llOpO,li;OB MO}f{.eT HOCHT.b KBa3Ho,n:HOMepm.IJ:t, .llByMepHNA, Tp~xMepHLlA XapaKTep: 
d = 1, 2, 3. 3ro aaaBCBT oT reoMeTpBB Kaaanos, coe,llBH.Rrom;ux nopLI [4]. Heo6xo­
,.!UIMO, KoHe't[uo,. y't[HThiBaTD H TO'lHOCTL H3Mepemnt. B o6hlqRblX ciJHaHKO-XHMHtJecHHX 
H3MepeHH.HX TO't[HOCTb 20% cq.HTaeTCH ,lJ;OCTaTOtffiO XOpome:t!:. 

O.llHaKo, aecMOTp.R na Ma.JJOCT.h t:,3TOT napaMeTp cymecTBea npH paccMoTpeHHH KH­
HeTHKH: IIOJiy'leHHJI anaJIOrHttHhiX BblpaJKeHH:t!: ,lJ;llil CKOpOCTeA a,llCOpfiUHH H ,llecopfin:HH 
(V:...nc• V.nec), onpe.ZJ;eJIJIIOIUHX 3BOJIIOIJ;HIO DOHPI:.ITHJI e HJIH }f{.€ KOJIHqecTBa a.n.cop6HpO­
BaHHOrO KoMnoaeoTa co speMeReM. YpaaaeHHJI xuuennw ,llaroTCJI <PopMyJioJ1 (6-8). 

d I ( ap ) 
d
-e,(x, t) = - -- 6; · F(S;,( ... ), t Tch aPt 

{19) 

p- ,llaBJieuHe B raaoaoit cpaae, Pt - paanoaecuoe .n;aaJieuue B a.ucop6aTe, F(ei, f. .. )­
,llOCTaToqHO CJIO}f{.HaJI ~yHKI{HJI 9, E, •.. ; a - KooclJq»HIJ;H€HT a,ll;Copfil{HH [7). 
B 3TOA cBH3H npe,ncTa.BJIJieTCJI ueo6XOJ.J;HMHM: 

1) yroqHeHHe ym.e npoBe.ZJ;~HHHX .9HCnepHMCHTOB IIO H30TepMaM a.n,cop6I{HH ymeBQli,Q­
p0/108 aa neomnax [4]; 
2) 3KCnepHMCHTaJI.bHOe IIOJiyqeaue H30CTepH't[€CKBX TeDJIOT a,n;cop6n;HH 80 BC~M HHTep­
BaJIC "uoKpblTH.A" 0: OT "nyCTLIX" IIOp ,llO IIOJIHOCT.biO "aa6HTNX"i 
3) ,ll,JIJI OllHCalUi.H nepeHOCa C onpe.n,eJI€:HBhiMH MQ.llHclJHKaUHJIMH HCIIOJib30BaTb pe3yJI.h­
TaTl.I, noJiyqeHHh!e 8 {8-17] (peaymTaThl TIQ!IHTOJKeHh! 8 o63ope [18]). 

Cne.n;yeT OTMeTHT.h, 't[TO n:eoJIHTN cop6upy10T B<>Jzy, cepHHCThle coe.n;aneuu.a M. na­
pacpun, H a30TOcQlleplKa.JllHe coemmeuJIJI: d = 1,2,3. Hw:eiOTCH 3Kcrrei:niM€HTaJII>Hhle 
,llaHHhle no uaocTepu't[eCKHM TeDJIOTaM. CroBT OTMCTBT.h, qTo ,llJIJI y.llaJienHJI H3 raga 
Il2, H20, CO, C02, He, Ar, .llO.IDKHLI 6NTL HCIIOJlb30BaH.hl ueoJIHThl A1

, A (eM. 
Bhliiie), .llJIJI y.n.anenJIJI H2S- A11

• 

,ll,o HOHI{a nporpaMMa JlJlJI .D;BYXKOMDOH€HTHO:I CHCTeM:W: 6LIJia BbliiOJIHeHa 8 l{H­
KJie pa6oT {10-18]/tJIJI cjla3aqecKOII a.ncop61111H B3 ra30aoll cjlashl, 6hiJI noeyqeH pRII 
DpHMC11aTem.HhiX HOBYX peaym.TaTOB. Kax MY BIUleJIB, a,n:cop6]lBII yrJieBO.llOpO,llOB Ha 
ucoJIHTax IIBJIJieTCH HMeHBo cpaaH-..ecKol a.n:cop6I(He:lt. Cne.zcyer nanoMHHT.h, -..To upR 
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cpHaa't[eCKo:lt a,n:cop6IlHH qacTuna "3a.XBaT:W:Bacrc.H" noaepxnocThiO Bau .n:ep Baam.co­
BhlMH CHJia.MB B naxQZlHTCJI aa paccroRBHH 3-5 A, ne rep.aJI csoel: HHJlBBH.Jzya.nboocTH 
( Il = 1 ); TellJIOThl a,acop6UBI: MaJilll (2-7 KKaJijMO.H.b ); 34Jcf>eKThl B3aHMHoro BJIHHHHJI t: 
raHlKe (E ~ 0,01-0,05 3B). CenenTHBHbiA xapaxTep a.n.cop6uun neonuTaMa noa&o­
~'l11eT CMQll€11HpoBaTb ee, o6o6IllaJI CX€MY [10-17], a,n;Cop6UBeA H3 Tp€:XKOMIIOUeHTHOA 
raaosol cweca:. 

!:l.Q onpe,lleJIJieTCH BLime no o6meA rflopMyne, nanucannol Bhlme (15): 

t>.Q = q(9 = o)- q(9 = 1) = zN• I< I. 
HaM npe.o;CTasJIBeTca, liTO H3-3a oco6ennocTeit a,n:cop6n:HH H3 CMecH na ueonuTax 

npoBeCTH )laHHYIO rrporpaHMY OtleHI> CJIOJKH01 80 CMO.l{eJIBpoBaT.b Ta.KYIO CBCTe:Wy B 
paMK.aX OIIHCaHHJI KHHeTHKH B H€:1 Ha OCHOBe (18), BC~ JB.e MOJKHO. 

llepe:l.n;eM K ODHCaHB:IO COp6UBOHROI CHCTeMIII: KOBTeiHepa-cop6eaTa H ycTaHO­
BOH )lJUI )l€COp6l{HH. 
a). KonTeitaep-cop6eHT :womer 61aiTL a OJUIOM B3 IIQllXOJJ;OB pea.JIBaosan a BB.lle UBJIHH­
.llPOB ( paCCTOJIHHe MelK,lQ" 6oKOBLIMH CTeHKaMH MOMI.eT BapbHpoaaT.bCJI), ORB BLIIIOJIH€Hhl 
H3 MaTepHaJia Be$TenpOBQlla, ropiJ;eBhle B 60ROBiie DOBepXHOCTB KOTOpNX IIpOHH3aHhl 
nopaMH ,llHaMerpoM do => 1 - 1, 5 MM. Pa3Mep ahlfiHpaeTCJI H3 coo6pa.JKenuA 3KOHOMH­
qecxo:A B:W:I'O.llHOCTH. lloJIOCTH MelfUlY U:HJIHH.llJHlMH 3aiiOJIBeBhl. cop6eBTOM-UeonHTOM. 
IlocKOJILHy IIpOMLimJieHHI:.l€ I{COJIBTI:.l DOJiytlaiOTC.R 8 BH,lle mapBKOB H.HB rpaByJI, pa3-
M€pOM 0,2- 0,3 MM H 0,3 - 0,6 MM COOTBeTCTBeHHO, TO Ta.Ka.JI ROHCTPYKUHJI HCHJIIO"lfa€T 
IIOIIaJJ;aHBe cop6eHTa 8 IIOTOK B He CJIHDIKOM npeii.RTCTByeT IlpOXOJI(,l(eHHIO IIOTOKa 't[€pe3 
cop6ep npu o6hlqHhiX peJRHMax TJ)ancnopTHpOBKH raaa (V!::::! 1 M/c , 1,2 -s;_ D "5 M, 
SO -:; p ~ 70 aTM, T ~ 273° K). Bommot cnpaao't[Hhll: xarepaaJI no w:ero.n;aM Ta-
6nempoaaaBR H pasMepaM lleomiTOB-cop6eHroB CQZiepHUITCH B {4] {eM. rnaay 9 [4]). 
Cop6ep w:omeT 6NT& nro6o:l JJ;JIHBhl l~, KOTOpa.R onpe.n;eJIJierCH paaMepa.M:a o6.JiacTH cry­
lli,€HIIII, OIJ;eHHBaeMliiMH TeopeTBlleCKB1 a B KOHe-qHOM Cllhe 3RCIICpBM€HTamHo Ha DH­
JIOTHO.A ycTaaoaxe (cw. BB>Re). Cop6ep HpenHTCJI K anyTpeaael: ttaCTH raaonposo.ua, 
H006XQllHMO KOHCTpyKTHBBO pemBTh :Ja,aaliJ' ero 3a.MeJIJ:i IIOCJie TOro, KaK a.D;COpfillHOB­
RLI1t UBKJI aa.ROH'lBTCI£. EcrecTBeHno, aaweay M<mmo ocymecTBJIJITL cpaay RCCROJILK.HX 
cop6euroa na 6omiiiiiX yqacrxax raaonpOBQllai cpox COCTaBJIJier paa B ue.n:e1110, Mecau,. 
3TOT BODpoC MOJKHO KOBHpeTH3HpoBaTh, IIPRBJI€Ka.JI na6opaTOpHiile 3KcnepHMeHTaJI.b­
Hhle ,llaHRile no HIIBeTHKe ,llHRaw:HqecxoA cop6UHH na neonHTax, a TaKlKe npoBQlJJI 3KC­
nepaMeHTJ.I ua nBJIOTHo:l ycraaoaxe. CxeMaTB'IBO Koare:ltuep-cop6ep npe.li.CTaanen ua 
puc. 5. (CM. pac. 5). 

KonTeitnep, yxpenJI~HBLIA a ra30npo~, cqzJ,epmaT ueo6xo.zunudt cop6ep. Cop-
6ep npe.o;cTa.BJIJieT co6o:l coaoxynaoCTh coocBYX I(RJIBHJQ>OB, cxpenneaaw.x u:elKJly co-
6oA, c ,ll;HaY:erpaMH Dj ... ; Di < Doi Do - ,ZtBa.w:erp ra:JOnpoBQlla {~ 1 w); do 
,llHaMCTp nop cop6epa, X- ocL raaonpo&qlla, v- cKOpOCTh IIOTOKa raaa (~ 1 t.r./c ). 

lhax, em@ paa BiiiiiHWeM, $Rrype:pyiOUllle 3,lleeh napaMerpw. 
Do - m<aMeTp 1J>Y6h! rawnpo!IOJIO. {~ I M); 
D1 - .llHaMeTphl cxpeuneHB:wx UBliHB.z:tPOB Di < Doi 
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..... 

Ho pHOnbHble 
napa<I>HHbl 

- KOJI.Hqecrao cop6epoa; 
do - .o;HaYeTp nap na ropo;ax H creHKax cop6eBTa, do ~ 1 + 1, 5 Jill. 3aMeTHM 1 qro peaml3a.IUIJI HOBTei:Hepa-cop6epa B BB..D;e CHCTel!W. COOCHLlX IUI­JIHH.IlpOB O:OOBOJUieT pe3KO yBeJIB1JHTD BCJIB1JHHJ aRTIIBBO.I cop6D;IIOHHOit O:OBepXBO­CT.H. Ona vomer coCTa.BHTJ. MBorae RBa,zq>arn:Lle KHno:uerpM. TaKa.J~ KoBcTpYJUUIH il0380JIHT H3I'OTOBJIJITlt cop6eplll He6oJILDmX paa:wepOB /~CM 1 1JTO He CJUIIURO:W CKaJf<eTCJI na rpaacnoprHpoaKe raaa. Koneqno, KOHKpern.Lie paaMep:w, ROHCTPYKTHBHYIO cne­ItH¢'HHY 1 OllTHJ.taJJLHoe lJHCJJO Cop6epoB 7 paCCTOBH.He Me.HIJU' IIOB€pXHOCTJIMH COOCH.biX llHliUH,llpOB ( ero M01KHO Jl€fKO BapbHpOBaTh), Heo6XO.lQIMO onpe,n:eJIHTh 3KC1IepHM€H­TaJJDHO aa IIHJJOTaoa ycraaoBKe. A.llcop6eaT B BB.ZJ;e nacxu :uo>KeT 6:LlTD aanecea Ra CTeHRH faJOIIpOBO,l(a. 

6). ilocJJe BhleMKH H3 fMOIIpoBO)la cop6ep.b1 (naiiOMHHM, lfTO OHH MOfJT HMeTh He60JI.b­lliH€ pa3M€pL1 10-20 CM) IIOM€D.(aiOTCH B YCTaHOBIC.H ,IJ;JIH ,ll€COpfil{.HH
1 

KOTOpLie :w:oryT 6hlT.b p.uMem;eau qepe3 1-2 KM no .llJIBHe raaonpoBQ.!la. Y.z:tanenne a.ZJ;cop6MpoBaHHhlX yrJieao.aopo.u;oa, He, H a2S H ao.nw. , KaK H3BecTHo, ocymecTBJIJieTCR n.u6o noa:wmenHeM T€MIIepaTypU 1 JIB'6o IIOHIDK€HH€M ,lla.BJI€HHH [4), JIH6o II~M IIpQZzyBaJIBH Hea.zJ;CopfiH­pyiOillBXCI:I: ra30B. flOTOK fa3a HrpaeT Ty Hie p0Jlh1 liTO H IIOHIDB.€Hll€ ,llaBJI€HHH: OR uoHHJKae-r rrapiUiaJihHOe ,Ll;aBJieHHe a,ncop6enTa H cnoco6cxaye-r JJ;ecop6I{ltll (4]. )];JIH upo.nyaaaBJI a.u;cop6enra-cop6epa HCIIOJih3JIOTCJI coe,ZlBH€HJUI, KOTop:we npH nopMa.rn.­HidX ycnoBHJIX woryr 6LIT.b lKll.nKHMH HJI.H ra3006paaH:LlMH. Cxoa,n,eHCHpoBaB noTOR rro­cJie llpo,lcyBKH, JJ;€COp6HpoBaHH.bl€ KOMIIOH€HTLI MQ)J{IIQ OTJJ;eJIHTh pa3fOHKOI H co6paTh B conyTCTBYIOIUHe eMKOcTH. CymecTByeT B03Mom.nocTh O'liHm;aT.b cop6epLI, "BJ..J:Tecna:H, .H3 HHX aJJ;COpfiHpOBaHHJ..l€ B€IIl€CTBa, HO, Ha Bam B3fJIJI)l, 3TOT M€TO.ll M€Hee 3KOHOMHlfCH HeiKCJIH rrepa:Lle xpH. HaH6onee nepcneKTHBHIJM H 3KOHoMH'lfawM naM rrpeJJ;CTaBJIJieTCJI M€XaHH3M OlJHIUeBHH COp6epoB-I<OHT€1:BepOB C IIepeMeHHhlM ,l(aBJI€HHeM H IIpOJlYBKOit. B MeXaHH3M€ Ol.IHU(€HHR H31.f€HCHH€M .Ll;aBJI€HHH H€ HyJRHO MCHJITb T€MIICpaTypy: OR H.n;er H3oTepMHlJecKR. Bnaro.n;apR 3ToMY nponecc O'liHU(eHHH H.ll~ JlOCTaTOl.IHO 6J.IcTpo. HymaH, KoHe'l!Ho, KoMnpeccopalile ycrauoBKBj aaepru pacxo.a:yeTCR rJiaBHlllM o6paaoM na "BaRyyMHpoBaHHe". 9rOT rrpon;ecc M01KBO npOBO.ll;HTh np.e: aurocq,epaoM 11 6onee HRSimX, HeJHeml B rasonpoBOJJ;e, rrapD;Honam.ooM .naaneaHJ:IX. Ynpomenao no MO>KHO ITpe,llCTaBHTb TaR: . CM. pHc. 6\ 
HaMH ncnom.soaaua "rroJioBBHa"' yCTa.HOBKH o6u:1JHoro aJtcop6II,Iloonoro IJ;HIUia; .aropoA "noooBHBo:B'! J:IBJIHeTca fa30IIpDBOJJ; c cop6eHTaMB-HonTe:Baepa.MH. Ol.IHU(eH~ HH€ copfiepli-KOHTeitB('pH MOryT 6i1TL )laJI€e BBOBh IIOM€IQ;€Hli B rasonpOBO)l. 4 . .l{JlJI Toro, lJro6W pacCMOTpeTh BOIIpOC 0 DBJIOTBOA yCTa..B:OBRe, HeofiXOJJ;HMO KaK­TO onHcaTL ware:u:aTHlJecKH IIOTOK raaa B raaonpoao.n.e. Ha.n:ow:aH:u:, lJTO MaTeMaTHlfe· CKH rasonpoB()Jl Aai:!J'CH ypaBHCHII€14 (19), OIIBCWBaiOJil.HII HBJieHIIJI B IIpHIIOBepXOCTHOM CJIOe ( h ~ 3 - 5 A) H CHCTeMoll iJ.H<I><!>epeH!IHaJihllliX yp;umexHliJIJIJ! N-KownoHeBTIJOJI CMCCH B3aHMQllelcTBYIOIIJ;HX HHrpe,ltB€HTOB (N ~ 12);6 

CRaJIIeM, o6o6DJ,eHHe Ky6HlJe­CKHX ypaBB€HHI [19,20], Aa.IOUJ,BX BHpaJilaHlll€ pa3JJOmeBHJl, B KOTOpi.lX JlfHTLI:BaeTCH B3aHMQllel:cTBHe MelK,lly KOMIIOHeBTaKJI cwecx. To ecrL napa.Ye-rpw IIHJIOTHoA ycTaao­.BKB Heo6XQJ:lHMO BIJI6pan. TaxJUl o6pil30M1 lfro6LI IIOTOK raaa qepes H~ 61i1JI ayTeHTH'f€8 6 ~a.B:T•qec&H "Tpexll:ownoHe&THoa" cweca (cw. oplllfetfaRae ua CTp.13) 
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noTaRy B OTpe3Ke ragonpoao.na pa,llByca R H ,n.JIHHIII L. 
B pa60Tax no ue<fJTB 6111JIO ucnOJih30BaBo w.o.neJIBpOBa.HHe no qHCJIY PeitHOJib,ZJ;Ca 

(Re = v"'R). ,ll,u raga npe,ncTaBJIJierCJI ecrecTBeBBHM w:o,nemipoBaTb no "coxpaueHHIO" 

ypaBHeHBJI COCTOJlHH..8. 
IlpoRJIJIIOCTpBpyeM 3TO ua npocretmeM npHMepe RJleam.uoro ra:Ja (;J;BYXKOMnneKTHaJl 

cacreMa): pV = RT. 
By.neM MQ2lemipoBaTb OTpe30R raaonpoao,na c R ~ 0, 6 w, L ~ loJ u:, nRJIOTHOI 

ycTa.BOBROI C pa.z:tHYOOM 3 M B ,llJIRBOit l. llpHqCM., ,llJI..H TOro 'IT06Y: ypaaueHllll (19) 
, c·oxpamvmd.", ueo6XQI(IIMO nBJIOTBYIO ycTaBOBRY c.nenaTb H3 roro me warepuana, 
trro H ra.aonpoBO,Il: npocTo B3.RTb "KyooK" ragonpoBo.na. B Ta.KOM cnyqae WIH Tex me 
,n;aBneHHJI H re:MnepaTyplll (p, T), liTO B B ra.aonpoBQlle 1 RMeeM 

R 2 L=r2 l; 
R'L 

I = - 2- "' 14 "· r 

TaKHM o6paaoM
1 

TIHJIOTBa.JI ycTa..HOBK.a pa,n;;uyca 3 u: H H ,llJIRBIII 14 M nonuocT&IO 
OIIHCbiBaeT TIOTOK B I'a30IIpOBQ2le PaJlHYCOM 0,6 M H ,nJIHHO:IliJ3 M TipB Ja.n,aBHiaiX p, T. 
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noJlHMOJleKymlpHIDI <fJH3HlteCKIDI a.li.COp6UIDI ueOJIHTaMH. 

AHaJlH3 COCTaBa H OlJHCTKa raJa B ra30llpoBOJle 

Pl?-98-360 

fipe.u.no::KeH HOBhlif MeTO.Il aHaJlH3a cocrasa H oqncTKH raJa B raJonpOBOJle. OH 

OCHOBaH Ha <jlumqecKoii a.ucop6UHH ueonHTaMH (cwmnopuT 3 A H cwmnopuT 
4 A). Ilpu 3TOM "' ra3a JllaJiliiOTCB He, Ar, H20, H2S. IlpeMOlKeHa KOHCTpJKUHB 

cop6epoB H mt.I10THOH ycTaHOBKH. nWIOTHIDI yCT3.HOBK3 B csoeii llO.!lOCHOBe HMeeT 

MO.UeiiHpoBaHHe raJa ynp3.R11eHHeM COCTOliHHJI JlByxKOMnOHeHTHOJi ra30BOH CMecH. 
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Composition Analysis and Cleaning of Gases in Gas-Main 
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A new method of analysis of composition and cleaning of gases in gas-main 
is proposed. The method is based on the physical adsorption by zeolites (siliporit 
3 A and siliporit 4 A). In the process of physical adsorption He, Ar, H20 

and H2S are extracted from gas. Two types of sorber constructions and pilot device 

were propo,;.d. The pilot device undertakes the task of gas modelling by ~eans 
of two-component gas mixture state control. 
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