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O MPUMEHUMOCTH
MEXAHOXUMHWYECKOTO TTOIXOJIA

K OIMMACAHMIO MPOLECCA
TETEPOKOAT VJISILIUY NBLIEBBIX
ADBPO3O0JIEl IMCITEPTUPOBAHHBIMH
FKUIKOCTSAMM

B cTtaThe paccMOTpeHBbI CyHIeCTBYIOLIHE TEOPUU ONMUCAHUS
MPOLECCOB reTePOKOAryJIsIIHM a3Po30Jieil TUCTeprupoBaHHBIMH KU/~
KOCTSIMU U TIpeAJiaraeMblii aBTOpaMH CTATbH MeXaHOXHMHYECKHid

moaxoa K ONMUCAHUK BbIIIE€ HAa3BAHHOI'O mpouecca.

HaunGonee 3heKTUBHBIM MyTeM pa3pyLIeHUs
TMBUIEBBIX a3p030Jieii B aTMocdepe SBISEeTCs UCTIONb-
30BaHHE U MHTeHCU(UKALIUS TPUPOTHBIX POLIECCOB,
OCHOBAHHBIX Ha B3aMMOAEHCTBUH BOABI C MbUTBIO, TO
ecTh ruzipoodecnbUrBanue. Muoroodpasue crocoboB
ruapoobdectbUTBaHMS (OpOLLeHHe, YBIaKHEeH e, 00pb-
0a C MbUIbIO TIEHAMK W TIAPOM) TOBOPHT O €TI0 IUPO-
KOM NpyMeHeHUH B npakTuke. Ho ceituac HeT yeTkux
TEOPEeTUUECKUX NMPEICTABIIEHUH O IpoLieccax, Mpowrc-
XOIALIMX MPH B3aUMOAEHCTBUM MbUTH W KUIKOCTH B
ra3oBoii cpezie (reTepoKoaryssiys), 4To 3aTPyaHSIET
KOJIM4eCTBEHHbIE pacyeThl Mo 3(p(eKTUBHOCTH cIo-
co0OB B MpaKkTHKE.

B HacTosiliee Bpemsi mpoiiecc retepokoary-
JISIUWU TIBUIA TUCTIEPTUPOBAHHBIMU JKUJKOCTAMHU
onuchiBaeTcs JAU0O0 ruapoanHamMuueckumu [1],
b0 TepMoAHAMHYeCKUMU 3akoHamu [2]. On-
HaKO reTepoKoaryisilius AUCHEPCHBIX CUCTEM
BO MHOTHX ClIyuasx ujier Oojee clIoKHO U Mo-
JkeT ObITh OMMCaHa JHIIb Yepe3 3aKOHbl (Qu3u-
koxumum [3,4].

Jns o6ocHoBaHUS (HUBMKO-XUMHUYECKOTO MOJ-
X0/la K OMHMCaHMIO TMpolecca reTepoKoaryisiuu
MbUIEBbIX a3p030Jiel JUCTIEPruPOBaHHBIMM KM~
KOCTSIMU CJIeAyeT pacCMOTPETh HEAOCTaTKH Cy-
LIECTBYIOLMX MOAXOJ0B K OMUCAHUIO KOaryJs-
MU JMCTIEPCHBIX CHCTEM B JBIIKYUIMXCS Ta30BbIX
cpenax. [ns sToro paccMoTpuM psn TEOpHid, KO-
JINYECTBEHHO OIMMCHIBAIOMIMX ATOT TMPOIECC: Teo-
PHMM MHEPLUMOHHOTO OCaXIEHHsI adpo30Jieil Ha mpe-
NATCTBUAX pasnuuHoi popmel (JIaurmiopa), ku-
HETHYECKYl0 TEOpHI0 OBICTPOH Koarysisiuuu
(CMOIyXOBCKOr0); TEOpHUsl YCTOMYMBOCTH THAPO-
(ho6HbIX KoTouaoB [epsruna - Jlanpay - ®ep-
Bess — OepOeka ([JIDO) u kuHeTHYECKyIO0 Teo-
puto MensieHHo# koarynsuuu ®@ykca H.A.

1. ®@uznueckas teopus JIrurmropa paccmar-
pHUBaeT MbUIEBOH a’p030Jib M MOTOK Kamelb Kak
COBOKYIMHOCTh MEXaHUYEeCKH JBHKYUIUXCS (U-
3udeckux Tena [5]. DT Tena npoB3auMOAEHCTBY-
10T (BSI3KO€ COyAapeHHe), eCliu UX TPaeKTOpUHU
MepeceKkyTcss B OMpeleIeHHON TOouKe MpOoCTpaH-
CTBA, HO aKT B3aMMOJAEWCTBUS B TeopuH JIHr-
MIOpa HE OLIEHWBaeTCs, OH MOJApa3yMeBaeTCs Kak,

0e3yCIIOBHO, UMEIOIIIN I MeCTO. YUUTBIBAS, YTO OMHU-
caTb BCTPEUM MHOTHX THICSY TeJl MaTeMaTU4eCKH
HEBO3MOXXHO, BEPOSITHOCTh Ipoliecca ONKCaHa B
BUZE SMIHUPHUECKON 3aBUCUMOCTH C MO3ULMKA TEO-
pyr o100 usl, TO eCTh uepe3 Pu3ndeckre KpUuTepuu
(Crokca, Pelinonbaca, @pyna u 1.4.) [5]. OaHako B
TEOPUM MHEPLIMOHHOTO OCAKIECHHUS HET MecTa MpH-
porne B3auMOJEHCTBYIOLIMX YacTHL, KOTOpast 10JK-
Ha MPOSIBJISTHCS Yepe3 MOBEPXHOCTHBIE SBJICHHUS.

2. Kunetunueckas teopusi CMOJIyXOBCKOTO
HCXOIUT U3 MPEICTaBIEHUH O KOaryJasiluu Kak o
nudPy3noHHOM B3auMOJIeHCTBUM (CONMKEHUU
yacTull noj AeiicTBueM cui nuddys3un) [6]. [Tpu
9TOM CKOPOCTb KOAryJsiquH 000l IHUCIepCcHOM
CHUCTEMBbI JOJIKHA 3aBHUCETh OT KOJIMYECTBa yac-
THLl B IPOCTPAHCTBE (CJIEACTBUE U3 MOJIEKYJISp-
HO-KMHeTH4eckoi Teopun). Ho 310 ycimoBue BbI-
MOJIHMMO JIMUIb Il Ciyvasi, Korja npolecc Koa-
TYJSILMU JIMMUTUPYETCS CTaAMeH BCTPEUH YacTHLl,
a He B3aMMOJeHCTBUEM Ha IpaHMLe paznena ¢as.
[loaTOMYy KMHeTHUYecKasl TEOPHs XOPOLIO OMUCHI-
BaeT ciyuyail ObICTPO#l Koarynsauuu, KoTopas He
OCJIOKHEHa NeHCTBUEM CTaOUIIN3aTOpPOB.

3. Teopusa JJI®O paccMmaTpuBaeT mpouecc
KOaryJsilMM 4acTHLl C YUYETOM MX MeEXMOJIEeKY-
JsspHOro B3auMojeiictBus B cpede [2]. OaHako
¢u3MYecKni MOAXO0M K pPacCMOTPEHHIO CaMOTo
B3aMMOJICHCTBUS (YUeT U3MEHEHHUS! CHUJI MO pac-
CTOSIHMIO) OCJIOXKHHJI KOJIMYECTBEHHOE OIMCaHHUe
mpoiecca Koaryjasiliud U He MO3BOJIMJI OLEHUTh
ero yepe3 M3BECTHbIE TePMOAMHAMHUYECKHE (yH-
KLMHU, XapaKTepu3ylolnue MoBepXHOCTh. ABTO-
pam Teopun JJID®O mpumiocs BBECTH HOBOE
MOHATHE - PACKIMHHUBAIOLIEe AaBJIeHUE, - Xapak-
TEPUCTHUUYECKYIO (DYHKIHIO TOHKOTO «HEruo-
O6coBckoro» cinos cpeabl. Ho ¢opmupoBanue
XUMHYECKUX CBA3E€H MEXIAy B3aUMOAEHCTBYIO-
UIMMHU MOBEPXHOCTSIMHU OCTaOCh BHE PaccMOT-
peHus, 4TO HE MO3BOJIMJIO MPEACTaBUTh CiUMNa-
HUe (3aXBaT) YaCTUL KaK KOHKYypHUpylollee B3a-
HMOJlefiCTBHME MOBEPXHOCTH 4YacTULbI (MBUIMH-
kM) co crabunusaropom (cioem [TAB) wnu ¢ mo-
BEPXHOCTBIO PYTOil YacTULIbI (Karuin).

4. Teopus koarynsumu asposzoneid @ykca U.A.
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paccmarpuBaeT ciydyaid MeIJIEHHOH Koaryssiuu
rupooOHbIX komutonos [ 7]. Ilpu a3ToM oHa konu-
YECTBEHHO YYMTHIBA€T B3aMMOJIEHCTBHE YaCTHI]
yepes BBeJeHHE B KWHETUUECKOE ypaBHEHHE napa-
MeTpa, XapaKTepHU3YIOLLEero SHepreTuieckuii 6apn-
ep. Ousnueckuii cMbICT 3TOro MapaMeTpa 3aKJto-
YyaeTcsl B TOM, YTO KOHLIEHTpaLUs MOTOKa, MPOXO-
JsILIero uepes s3HepreTuyeckuii Oapnep, onpeaens-
eTCsl KPYTHU3HON Oapbepa WIH «SIMbD) U TIOITOMY
YMEHbIIAETCS WM YBETUUYUBAETCS MO CPABHEHUIO
C KOHLIEHTpalMel MoToka B OTCyTcTBUE nosisi. Dyke
Ob1T HanboMee OJIM30K K OMHUCAHUIO KOaryssiLuy ru-
pohoOHBIX KOJUTOUIOB Kak pe3ysbrara GU3nKO-XH-
MHUUECKOTO MPeBpalleHus Ha TpaHuLe pazaena das.

Kaxxnas u3 BoIlIenepeunciIeHHbIX TEOPHH OMH-
CbIBAeT YaCTHBIHM ciyvaid mpolecca reTepokoaryJis-
WU MBIIA TUCTIEPTUPOBAHHBIMU XKUAKOCTAMU. Teo-
pust JIaHrMiopa onuceIBaeT ciyyaid 3axBara Karelib-
HBIM ITOTOKOM TpyOoancnepcHoit bt (d > 10 mxm)
C BBICOKODHEPreTHYeCKOl MOBEPXHOCTBIO, AJISl KOTO-
poii He MOKeT OBITh OrpaHUYEHHH O CIUMTAEMOCTH
M CMayMBaeMOCTH (XMMHYECKOMY B3aWMOJeii-
cTBui0). [lpryeM KOHUEHTpalMs YacTUIl B MOTOKE
JOJKHA OBITh Takoil HEOONBLIOH, YTO AJS TOTOKA
BBITIOJTHSETCS YCIIOBHE «OECKOHEYHOCTH CPEJIbl», a
TpeOoBaHUE K MUK OBITH FPyOOUCTIEPCHOM TTO3BO-
JIsSieT peHeOpeyb ra30BbIM MOrPaHUYHBIM ciioeM. B
paMKax 3THX OrpaHUYEHHUH cpea BOKPYT YacTULbI
NPUHUMAETCS HETIPEPBIBHOM, HEC)KUMAEMOW W BSI3-
KOM; B HEl OTCYTCTBYET TaK)Ke TEerio- U Maccoo0-
MeH MeXIly TBepJoi (a3oii U ra3oBol cpenoit, 4ro
MO3BOJISIET MOJIB30BATHLCS B pacueTax ruIpoaArHaMu-
yeckuMH ypaBHeHusiMu HaBbe-CTokca.

OpHako nbuUlb, MOMYYeHHas U3 OONbIIMHCTBA
MPUPOAHBIX MaTepuasoB, ABJISETCS HecMauuBae-
MO (HU3KOHEPreTUYecKoil) U K TOMY K€ TOHKO-
avcrepcHoi [4], To ecTh mpouecc rerepokoary-
JISILMHY 3TOM MbUIM KareJbHbIM MOTOKOM HE MOXKET
ObITh onMcaH Teopueit JIsnrMiopa. OToT hakT ObLt
YCTaHOBJIEH Ha MPAaKTHKE: FTUIPO(OOHBIE a3PO30Jib-
Hble YacCTHULbl BBIMBIBAIOTCS U3 BO3JyXa J0XKAEM
B 17 pa3 xyxe, yeMm rugpoduibHbie [8].

Teopust CMOITyXOBCKOTI'O JTy4llle ONUCHIBAET CITy-
Yaii roMO- ¥ reTepOKOaryssiiy oToKa ¢ TOHKOAMC-
NEPCHBIMU YaCTHLIAMHU, B KOTOPOM XapakTep IIBU-
JKEHUS ATUX YacTHI] B cpejie - OpoyHOBcKas quddy-
3us. [Ipy 5TOM BOJIM3M LIEHTPAJIbHON YaCTHIIBI 10JI-
’kHa OBITH BhIJEJeHa cdepa, BXOKIEGHHUE OPYTrHX
YacTHLl B KOTOPYIO CTAaHOBUTCSl PAaBHOCHJIBHO CJIU-
naxuio (3axsaty). CrnenoBareiabHo, B Teopun CMo-
JIyXOBCKOIO paccMarpHBaeTcs ciydaid Koaryssiuuu
TOHKOJUCTIEPCHBIX YaCTHUL] C BbIPAKEHHBIM CPOJ-
CTBOM MEXIy MOBEPXHOCTSMH (BBICOKODHEpIeTH-
YyecKue MOBEepXHOCTH), a MPOLieCC KoaryssLuy JIMMHU-
Tupyercs nuddy3uei.

Teoputo DO MoxkHO paccMaTpUBaATh
Kak paszButue teopuu Cmomyxosckoro. B Hei
OCHOBHO€ BHHMaHHE YJEJIEHO PaccMOTPEHHIO
npolecca 3axBaTa Ha CTalWM B3aUMOJEHCTBU
yacTull Npu ux Berpede. Ho B konnyecTBEHHBIX
pacuerax teopus, [JIDO onupaercs He Ha U3-
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MEHEHHE SHEPTHH B IMCTIEPCHON CHUCTEMe, a Ha CH-
JIOBOE B3aUMOJICHCTBHE, UTO HE MTO3BOJIIIO €€ aBTO-
pam ornucarth MpoLecc ¢ MO3ULUNA TEPMOTUHAMHUKH B
KaueCTBe MOBEPXHOCTHOTO XUMHUUECKOTO MpeBpaliie-
HUS.

Hamwu npeacrapieHuss o reTepokoaryisiiuu
MBUIEBBIX a3p030JIe AUCTIEPTUPOBAHHBIMU KU~
KOCTSMHU ONMUPAIOTCS Ha MbIJIEBOM a’po30jb U
€ro B3aWMOJIEMCTBUE C IUCHEPrUPOBAHHOMN KU[I-
KOCThIO [9].

[TeineBoil aspo3oab paccMaTpUBAETCS B
KayecTBe NHCIIEPCHOU cucTeMbl (He (opMaib-
HO), B KOTOPOH 3a 4YacTUIy MPUHUMAETCs TBEp-
Joe PO M ABWXKYIIUNCS C HUM 00BEeM ra30BOM
cpenbl (aacOpOLUMOHHBIM M OTPAHUYHBINA CIIOH)
[3]. B Takom moaxone oO0beM YacCTHIIbI YBEJIH-
YHMBaeTCs MO CPABHEHUIO C 0OBEMOM TBEpPJOW
YaCTHIIbI, TPUHATON B (QU3UUECKOM MOAXOJE, B
10° — 10° pa3, a mpu MacCOBON KOHIEHTPALUH
10-30 mr/mM Bech BO3AyX B 3alblIGHHOM OO0BbeMe
NepexoauT B CBs3aHHOE cocTosiHue. [Ipu aToMm
TBepJble sapa W ra3 BeAyT ceOs Kak eauHas CH-
cTeMa, K KOTOpPOM He MPUMEHUMO TMOHATHE «Oec-
KOHe4Has cpena». Hanmwuue amcopOuuoHHOTO U
NOrPaHMYHOrO CJA0EB Ha TBEPAOW 4dacTuie 000-
CHOBAHO MPH OMOpe Ha SKCIEepPUMEHTAbHbIE
JIaHHBIE TI0 XapaKTepy TepeHoca cpeasl. B rum-
pOAMHAMUYECKOM MOTPaHUYHOM clioe HabJroaa-
eTcsl ee MEeXaHMYeCKoe TMepeMelleHne U BO3HM-
KaeT rpajueHT CKOPOCTU, B aACOPOILMOHHOM
cnoe - quddy3uoHHBINA MEePEeHOC cpefibl, KOTOPOM
XapaKTepu3yeTcsl TpaJlueHTOM KOHLEHTpalui
ee MoJjekys. [lpuuem oOMeH MoJieKyjlaMH cpe-
Jbl MEXJAY MOTPAaHWUYHBIM U aJCOPOUMOHHBIM
CJIOSIMU MJET 3a cueT cui aacopbuuu [2], koTo-
pBIMM Takke omnpenensercs 3ppekTuBHbIN (YUu-
THIBAIOUIMI TOJIIUHY aJCOPOILMOHHOTO M TOorpa-
HUYHOTO CJIOEB) paJuyC OCelarolleil 4acTHUIIbL.
[TosToMy nBHIKEHME TOHKOIAUCIEPCHBIX a’po-
30JILHBIX YacTHUIl B Ta30BO# cpeje MOXKHO pac-
CMaTpHUBaTh KaK pe3yJbTaT aJCcOpPOLMOHHOTO
B3aUMOJIeICTBUS MOBEPXHOCTH ¢ raszom. llpu
9TOM JBWXXEHHE YacTHI] B cpeie AOJIKHO MOJ-
YUHATHCS YCJIOBHUIO: YeM OoJibllie U TOJIIpHee Io-
BEPXHOCTb, OTHECEHHAs K euHHIle oObema (a3,
TeM BBIpa)K€HHEe ee CPOJICTBO K cpeJlie W TeM
MeHee BBIpaXKeHO [JIs Hee MeXaHWYecKoe repe-
MelleHue (ocenaHue).

PaccMoTpum cenumeHTannoHHO-IU(PY3H-
OHHOE paBHOBECHE B KAayeCTBE MeXaHOXHUMHUEC-
KOT0, B KOTOpPOM TiepeMelIeHue SBJIsSeTCS pe-
3yJbTaTOM MOBEPXHOCTHOTO B3aUMOJACHCTBUS
YaCTULbI CO CPeOr U JEHCTBUS CUJT FPaBUTALUU U
WHepLUH Ha yacTuily. U300pa3um IBrKeHHe YacTHIL
B ra30BOM cpeie ¢ TMOMOIIBI0 CXeM HamoJgo0ue Xu-
MU4eckux peakuuid. [Ipu 3ToM yuTem, 4To JBUXKET-
Cs 4yacTuLa, a B3aUMOAECHCTBYET MOBEPXHOCTh. XHU-
MHUYECKOM «peakLMeiny IMMUTUPYIOLIEN MEXaHOXU-
MHUYECKMH MPOLIECC OCEJaHUS YACTHULL B Fa30BOM Cpe-
nie, Oy/ieM cuuTarh ajcopOIMOHHO-AeCOPOIIMOHHOE
paBHOBecue. Hanmuo npouecc, BKIIOYAOLIMK 3i1e-
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MEHTBI MOJIEKYJISIPHO - KWHHETUYECKOTO 1 MOBEPXHO-
CTHOT'O ABJIEHHUH, a MAcChl, KaK €IMHOTO CBOMCTBA,
HEe U3MEHSIONIETrocs B MpPEeBpallleHuH, HeI0CTaTOu-
HO 131 ero onrcanus. HeoGxonum eie oquH mnapa-
METp - yaeldbHas MOBEPXHOCTb, KOTOPBIA OMUINET
TTOBEPXHOCTHOE B3aMMO/ICHCTBHE KaK MpeBpalieHue.
B 3THX ycnoBHIX ocejlaHue MOXKET ObITh 3arrcaHo
B BUJE ABYX PABHOBECHBIX «peakuuid» [4]:

A+B<% 54 ancopbums (1)

87154 s"/as4

A, B2 5C
ST/4S

riae A v B- gacTHIBI MBUTH U MOJIEKYJTBI Ta3a
(pearenter); 4., 4B noeepxHocTsh, ancopbupo-
BaBIllasi MOJIEKYJBI Ta30BOU cpeabl (MpOMexKy-
TOYHBIA TIPOAYKT), KOTOPBIA OCSAAET W3 MOTOKa
u craner ocesiueit meibto (C); S u S™- nosepx-
HOCTb MBUTMHKU U MOJIEKYJIbI rasa.

B ypaBHenuu peakuuu (1) crexuomerpus
BbIOpaHa TakuM oOpa3om, 4To ¢ | Moiem raso-
BOW cpeabl B3aUMOJIEUCTBYET Takoe KoJu4de-
CTBO YacTHI, KOTOPOe ¢InocoOHO aacopOupo-
BaTh CBOEW MOBEPXHOCTHID ATOT MOJIb Tasa.
Kpome Toro, k ra3oBoii cpeie ¥ K OCEBIICH MBUTH
MOXHO TIPUMEHUTH MPEJICTABJICHUS O OecKoHeu-
HO OOJIBIIOM pe3epByape BelllecTBa M MX aKTHB-
HOCTh MIPUHATH PABHOW eqUHHIIC.

Kaxxymascs KoHcTaHTa paBHOBECHS CyM-
MapHOro mpoiecca, Bkjatoyvatouero craauu (1)
u (2), 6yner paBHa:

ocenanue (2)

r

InQ, =InQ, +InQ, :—jg—Alnaj =—Ina’ =In(l-n)

3)
rae of M o) - TepMOAMHAMHMYECKHE aKTHB-

HOCTH TBIJIEBOTO a3p030Jisl, BBIPAXKEHHbIE depes
YaCTUYHYIO U TOBEPXHOCTHBIC KOHICHTPALUH;
N - 3 PeKTUBHOCTD OcedaHUs TBLIH.
B03MOXHOCTh YCTAHOBJIEHUST MEXaHOXHUMHU-
YeCKOTO paBHOBECHS OMpeNesieTcs BEJIMYNHOM

cBOOOJHON 3HEPTUM CHCTEMBI MBIIb-ra3 (AG ),

MpUYeM B OCEJaHWUU CIEeNYeT YUYUTHIBATH OJIHO-
BPEMEHHO HHEPTrUI0 MEXaHWYECKOTO M TeIIOBO-
ro JIBUXKECHHUs YacTHIl [6], a KOJMYECTBO TBIJIA B
CeIMMEHTAIIMOHHO-T1( (PY3NOHHOM paBHOBECHU
JIOJDKHO 3aBUCETh OT MAacChl M CKOPOCTH IBUKE-
HUS JUCTIEpCHON (a3bl, a Takke OT TeMmIepaTy-
pbl AUCNIEPCUOHHOMN Cpejibl.

PaccMoTpuM M3MeHeHHe cBOOOIHOM 3HEpPrUM

MEXaHMYECKH NEPEMEILAFOIIENCS CUCTEMBI IMbLIb-Ta3,
OTHECeHHbIe K | MoJTro moBepxHOCTH ( AGH)

[Tpu 3TOM (AGf”j )OyaeT onpeAeaaTbCs de-
pe3 CyMMy SHEpPrui KOHTaKTHpYHOUIUX ¢as:
AGYS = AGYS —(AGYS +AG,)  (4)

q+r ur

rae AGY - n3MeHeHue CBOOOIHON SHEPrvu
TBepOM (has3bl, OTHECEHHOH U IMoIIO ee TmoBep-

XHOCTH, JI5K/MOJIB; AG, - '3MEHEHUE 3HEPTUH OJTHO-
ro mons rasa, JLx/mMonbe; AGY - u3MeHeHHe CBO-
GomHO# sHepruv | MoJIs TBepIOi MOBEPXHOCTH B MPO-
necce agcopoumu, J/mMoIb.

Bennunna AGY onpenensercs aacopOuu-
el M 3aBUCUT JIUIIb OT YJIeJIbHOH MOBEPXHOCT-
HOM SHEPruM TBEPJOro Teja B ra3oBoi cpele
(8,,), U ONMHCBHIBAETCS BBIPAKSHHUEM:

ur

rae S’ - NOBEPXHOCTb, 3aHUMAaeMas OIHHMM
MOJIEM Ta30BOM cpelibl, MI/MOJIb.

B cnyuvae, korga yacTHUbl HAYMHAIOT Ie-
pemMemaTrbcs B MPOCTPAHCTBE, U3MEHEHHE CBO-
OonmHOM sHeprun a3kl onpesensieTcs W3MEHEHH-
€M CYMMbI €€ KHHETUYECKOW M MOTEHLMaJIbHOM
SHeprui, pacnpenenenue Makcpena-bonbuma-
Ha, OTHECEHHOM K MOJIIO MOBEPXHOCTH ¢ oOpar-
HBIM 3HAaKOM, TO €CTh

AGY =—Sf,[0,16p,7 -rH(Zghiuz)] (6)
rae P, nu r

. - IJIOTHOCTh W CPEJHUH paauyc
MBUTMHOK; L - CKOPOCTb JIBMIXKEHUS TbliIeraso-
BOTO MOTOKa; & - YCKOpeHHe cBOOOIHOro mna-
JIeHUs; j - paccTOSHHE MO BHICOTE.

3HaK «IJIIOC)» Mepea napameTpoM CKOpoc-
THU BW)KEHHS B BbIpakeHUH (6) CTaBUTCS B CIIy-
yae, KOrJa HamnpaBjeHUE BHELIHE# CWiIbl COBMa-
JlaeT ¢ HampaBJe€HUEM CHJIBI TSXKECTH, a 3HAK
«MHUHYC» - MPHU MPOTUBOMOJOKHOM Hampaslie-
HUW IEeMCTBYIOLIMX CHII.

Jns razoBoi cpenbl, UMeIOLLEH MOCTOSHHYO
Temnepatypy u napieHue (P = const u T =
const), U3BMeHeHHe CBOOOAHOW 3HEpPrvu He Mpo-
HCXOOUT TO €CThb BBIMOJHAETCS YCJOBHUE
AG, =0 . Pe3ynbTupylolllee 3HAYEHUE BEIUYUHBI
AGY | nis cMCTeMBl MbUTb-Ta3 ¢ y4eTOM BbIpa-
skenue (5) u (6) OyaeT paBHO:

AGYS =875, ~0.16p, -1,(2gh v )| (D)

a MeXJy B&JIMYHMHOHN

AGS :S,(,Tsm(,v—o.zép” 1, (2gh+v?)] u Kaxy-
uieiicss KOHCTAHTON paBHOBECHS] YCTaHOBHUTCS
CBSI3b:

InQ, =-AG / RT

q+r
Pacuer 3¢)(pekTUBHOCTH OCeqaHUs TbUIH U3
ra3oBoro noroka (M) ¢ HampaBJICHHBIM JIBHXKe-
HUEM HaBCTpeuyy I'pPaBUTALMOHHOMY MOJIO Oy-
JIeT TIPOBOJUTHCS Mo (popmyie
In(1-n)=5"[5,. ~0.16p, -r,(2gh+v? |/ RT (9)
[Ipryem ocenaHue B cUCTeMe MbLIb-ra3 Oymer
HaOMonaThes MpH yCIOBUU
S,.—0.16p, . 2ghiu“’)<0, eciu  Ke
S,.—0.16p, -rnnghJ_ro2 >0, TO HabmomaeTcs
NOJbEM YacTHIl B ra30Boi cpeje. [ paHHUUYHBIM
ciy4dyaeM, KOorja KOHLUEHTpauusd NblId B raso-
BOIl cpede ocTaeTcs HemsMeHHo# (/-n) Gyner
BBITTOJIHEHHUE paBE€HCTBa
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8, —0.16p,-r, (2 th_rU2):0 (10) crnenyrolye pe3yasrarsl (Tabm. 1).
KOTOPOE MO3BOJIIET PACCUNTATH CKOPOCTh BOC-
p P p Tabnuua 1.

XOJSIEero ra3zoBOoro MOTOKa, He MO3BOJII-
IOIIero BbIMaJaTh MBUIMHKAM CO CPeJHHUM pa-
OUYCOM 7, .

U3 ypaBHenus (11) ciaemgyeT, 4TO CKOpPOCTh
ocelaHMs 4acTHUL (paBHas CKOPOCTH BOCXOAS-
LIero MOTOKa ¢ OOpaTHBIM 3HAKOM) 3aBUCHUT OT
Pa3HOCTHU BBICOT, Ha KOTOPBIX (UKCHpYyeTCs
W3MEHEHUEe KOHLIEHTPALUH MOBEPXHOCTH MbIIH,
4YTO corjacyercs ¢ GU3MYECKUM TOAXOAO0M K
ONpeAeIeHHUIO CKOPOCTH ocenanus yactul. On-
Hako BTOpoH uneH BeipaxxeHus (II) wepes ynemns-
HYIO TIOBEPXHOCTHYIO aHepruio HeceT MHGopma-
MO O MPHUPOJIe MOBEPXHOCTH IUCHIEpCHON (a3bl
M cOCTaBe ra3oBOW cpeibl, a yepe3 paauyc yac-
THL, COCTABJSIOMINX JHCIEepCHYIO0 a3y - WUH-
dhopmMaLMIO O KOMMYECTBE 3TOM MOBEPXHOCTH.

Pacuetsl, npoBeaeHHble o ypaBHenuto (1I)
MOKa3bIBAlOT, YTO TOHKOJAMCHEpPCHas MbUIb
(r, <1 MKM) JOJIKHA UMETb MOYTH MOCTOSHHYIO
KOHIIEHTpALMIO B HEMOJABMKHOW ra3oBOW cpene
3HAYUTEIbHON TONHMHBLI. Tak, OJs BOJTHOTO
aspo30is (ero MOBEpPXHOCTHOE HATSKEHUE SB-
JISeTCS U3BECTHOU M MOCTOSHHOM B HOPMAaJIBHBIX
YCIOBUSX BEJIMYMHON) 3TOT CJIOW JOJKEH OBITh
paBen 10-20 metpam. [[nsg asposoneii paamycom
6onee 10 MKM TOJIIMHA CIOS C MOCTOSHHOM KOH-
LeHTpaluHeil MOBepPXHOCTH JOJKHA YMEHbIIATh-
Cs M Il KanejabHOTO MOTOKa A0JIKHA ObITh He
6onee 1-5m. U3 Beipaxenus (II) Takke crnenyer,
C YTO B HEMOJBH)KHOM ra3oBoM norteke (v =0),
JacTHIbl OTNpe/leIEHHOr0 pa3Mepa JOJKHBI 3a-
BHCHYTh Ha 3a/laHHOH BBICOTE, MPUYEM 3Ta BbI-
coTa J0JKHA OMpeaeNsiTbCcsl MHTEHCUBHOCTBIO
JBYX ypPaBHOBEIIMBAOIIHUX APYr Apyra B3au-
MOJICHCTBUIN: aACOPOLIMOHHOTO MOBEPXHOCTH
YacTHUIbl CO CPelOi M rpaBUTALMOHHOIO 4ac-
THLIBI C 36MHOW MOBEPXHOCTHIO M PACCUMUTHIBATH-
cq MO ypaBHEHMIO:

HCE

“032p, gk, (12

CrnenoBatesibHO, B CEIMMEHTALIMOHHO-TU]-
(by3MOHHOM paBHOBECHUHM MOTYT HAXOIAHUTHCSH
nuimb ToHkoaucnepcHbie (R < 10 MxM) a’poso-
11, o0ajarolyie pa3BUTOM rpaHulied paziena a3
M aKTUBHO B3auMMoOjeicTBRytolre co cpenaou. [Ipo-
BEPKY HaIIMX MIPEJICTABIICHHIA O TIpoIiecce OceTaHus
a3pO30JIbHBIX YACTHIL U3 T'a30BOM Cpe/ibl MPOBOAMIIH
Ha CHUCTEeMe MbUIb-Map, koTopas npu dddekTrBHeH
KOHJICHCAIIUK crocoOHa /1aBaTh MOHOJUCIIEPCHBIH
a’p0o30J1b C U3BECTHOM YNeIbHON MOBEPXHOCTHIO U
yAeTbHON TOBEPXHOCTHOM aHeprueii [3].

AHanu3 sKcriepruMeHTATLHBIX IAaHHBIX XapaKTe-
PUBYIOIIMX MPOLecC OCeAaHMs YACTHLL B Kamepe Aall
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BnusiHue nTUHEWHOW CKOPOCTH JABHIKEHUS
NMOTOKAa HAa OCHOBHBIE XapaKTEPUCTHUKH OceJa-
foueit neii. O0beMHas CKOPOCTh MOJauu
napa paBHa 1,40x10 m/c. Cpennuii paauyc
MbITMHOK - (3,5 = 1) MKM

Jorapudy sdpdexTusnocrn
[In(1-n)] — uncaurens,
(K THBIIOCTL OCENalnA
(M) - 3snavenarens

Obvemnas
CKOPOCTL
NLUH,
M3¥e 100

Obvevnas
CKOPOCTL
BO3YXA,

M3/e 102

Panuyc
Kanenb,
M 106

Junetinas
CKOPOCTL
noroxa, M/c

Pacuer no
YPaBIENH
9).
-2,4/0,91

IKCIEPUMENT

0,5 0,9 1.9 114 -1,1/0,68

-1,9/0,85 -1,7/0,82

12 23 1.6 104 ~1,5/0,80 ~1,2/0,69

15 2,9 58 101 -1,2/0,68 -0,9/0,58

2.1 4.0 8,0 % 0,3/0,26 -0,3/0,26

24 4.6 92 66 0,7/- 0,4/-

PacuetHast 3p¢heKTUBHOCTh OCEIaHUs MbLIX
M3 MOTOKa BhILIE, YeM MOJyuYeHHas B dKCIEepH-
meHTe. To ecTh, pazdpoc 3HauUeHUW TeMrepary-
pot cpensl B 10°C cka3biBaeTcs Ha pazmepe Qop-
MUpYIOIIHUXCS Kanedb. Hanbonbiee oTKIOHEHHE
3(deKTUBHOCTH OCeNaHHsI MEXAY pacueToM U
9KCTMEPUMEHTOM Habi01aeTcs Mpu CKOPOCTH
naporasoBoro noroka go 0,5 m/c, xorga npo-
Hecc KOHAEeHCAllMU MPOTeKaeT HeJO0CTaTOYHO
3¢ ¢dexkTuBHO, TaKk Kak cucTeMma MblJb-Tap Co-
XpaHsAeT MOBBINIEHHYIO Temrepatypy (t=40°C).

VBenuueHue JUHEHHOW CKOPOCTH MbLIEBO3-
ayurHoro nortoka ¢ 1,0 go 2,4 M/c MpUBOAMT K
pocTy 00BEMHON CKOPOCTH MOJA4YW BO3JAyXa W
NBIJIM B KaMepy mpolieccoB Ao 2,4 pasa, Mpo-
NOPLUMOHAJTbHOMY CHHMXEHHIO KOHLEHTpaluu
napa Ha eJUHUIy 00bemMa 3ambUICHHOTO BO3-
nyxa. I[lostomy paguycsl kameiab, oOpa3yro-
MUXCS B pe3yJibTaTe KOHAEHCAalUWHW TMapoB
BOJAbI, YMEHbIIAIOTCSA, U TeM OoJblle, 4YeM
MeHbllle 00beMHas CKOPOCTh MOJaydu mapa B
neieBoil notok. Tak, paguycsl kanenb, ¢op-
MHUPYIOIIMXCS B Mpolecce KOHIeHCalWu,
yMmeHblawTca oT 104 1o 66 MKM, 4YTO NpPUBO-
JUT K POCTY BEJIMYHUHBI MOBEPXHOCTH B CHCTE-
Me mbuib-nap B 1,6 pa3a, U CHUKEHUIO €€ CKJIOH-
HOCTH K OCEHAHHUIO 10 HYJs. DKCIepUMeHTalb-
Hble U pacyeTHble 3Ha4eHUs dP(PEeKTUBHOCTH
OocCeJlaHMs Kareyib B BO3QYIIHOHW cpene MoKasbl-
BalOT, YTO €CJM MpHU JUHEHHOH CKOPOCTH MoO-
TOKa, paBHOM 1,0 M/C, YaCTHILIBI CKJIIOHHBI K OceJia-
Huto (3¢ dexruBHoCcTh ocenanus 80-85%), To npu
CKOpOCTH 2,4 M/C BCSI IbLIb BBIHOCHUTCS U3 KaMephbl
npoueccoB. CrefoBaresbHO, yBeJIMYEHHUE KOTUye-
CTBa YacCTHII, HA KOTOPBIX JOJKHO KOHAEHCHUPOBATh-
Csl OIHO W TO K€ KOJIMYECTBO Mapa, MPUBOIUT K
YMEHbBIIEHHIO pazMepa GOPMUPYIOLIUXCS Karesb U
CHWKEHMIO MX JINHEHHOM CKOPOCTH OCeaHUsl.

Taxum 06pa3om, TEOPETUUECKH U SKCTIEPUMEH-
TaJIbHO OKA3aHO, YTO MOBEACHME YACTHLL B Fa30BOM
cpezie onpe/esisieTcsi THTEHCUBHOCTBIO B3aUMOZEH-
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CTBUSI UX MOBEPXHOCTH CO Cpelioll U MacCOBBIMH
XapaKTepUCTHKaMHU CaMHX YacTHl.

K pacrnpenesnenuo yacTvil B peajqbHbIX TOH-
KOJOUCIMEPCHBIX MbUIEBBIX MOTOKaX HE MOTYT
OBITh MPUMEHEHBI 3aKOHBI THIPOJIMHAMUKH, HUX
nepepacnpeneseHue B MpOCTPaHCTBE MPOUCXO-
JIMT 3a cueT ocenaHus u nuddysuu. [lpu stom
COBEPLUEHHO MHOM MOAXO0X AOJKEH ObITb MpH-
MEHEH K OIMMCAaHUIO TMpollecca pa3pyUIeHUs MbUTH
KanejbHbIM MNOTOKOM (retepokoaryssuus) [4].
DTOoT mpouecc AOJKEH paccMaTpUBAThCS Kak
3ajaya (pU3MUECKOW XMMMM, B KOTOpOH ompene-
JSAIOIUMHA CTaAusAMU sBIstoTCS quddy3us uac-
THLl WIK CMayuBaHHe (TOBEPXHOCTHOE B3aWMO-
JlelcTBUE) HA T'PAaHUIE MbUIb-)KHIKOCTb.

IIpu paccMoTpeHUH TEOpPEeTUUYECKHUX M DKC-
NEePUMEHTANIBHBIX JIAHHBIX MO aJcOPOIMU BhIsIC-
HSETCS, YTO HEeMOCPENCTBEHHbII KOHTAKT MeX-
Jy TBEPIbIM TEJIOM W KAIJISAMH KUIAKOCTH J10JI-
JKeH OBbITh JIMUIb YAaCTHBIM CJIy4aeM BO B3aMMO-
JIeICTBUM Kanelb U MbUTMHOK, KOrJa KOHTAKT
JOJKEH CYLIEeCTBOBATh MEXAY MOTrPaHUYHBIMHU
(ancopbuuonnbiMu) cnosmu [10, 11].

OcHOBHBIE TOJOXKEHUs (PU3UKO-XUMHUYEC-
KOTO MOJXOJa K pPelleHUI0 3aJlauld reTepoKo-
aryJjsluuy MbUIM )KUIKOCTBIO CBOASATCS K clle-
nywomemy [4]:

1. Ilpouecc rerepokoaryisiuuu cjieayet
npu3HaTh 3a7avyeld QU3MKOXMMHUH, B KOTOPOM
BCTpeYa TBEPAbIX U KUAKHMX YacTHL OMHUCHIBA-
eTCsl 3aKOHAMHW KOHBEKTHUBHOW nauddy3uu, a me-
pexod TBEpAOW YaCTHLBI Yepe3 KUIAKYIO MOBep-
XHOCTh MPHU3HAETCS HE MEXaHWYECKUM Mepeme-
LIEHHEeM, a MEXaHOXMMHUYECKUM MpeBpalleHHueM.

2. I'erepokoarynsuus, kak no0oi reTepo-
FeHHOW Mpouecc, NPOTeKaeT Kak MUHUMYM B
TPU CTaJlUM, BKIIOYAIOIME AOCTABKY MbUIA Ha
JKUJKYIO TIOBEPXHOCTh, XMMHUYECKOE MpeBpalle-
Hue (ancopOLMOHHO-a/ITe3UOHHBIN TIepexo ve-
pe3 rpaHuuy paszgena ¢as) U OTBOJ MbUIMHKU B
06bem xkuakoctu. [Ipudem B MHOrocTaauitHOM
mpolecce MOXKeT ObITh OJJHa WM HECKOJIbKO CKO-
pocThONpENENIOIUX CTaAUMN.

3. B cinydae eciau ckopocThOmNpeaensito-
med craavei sBAseTCsS BTopas cTaaus (3ax-
BaT rugpodoOHON MbIIKW BOAOI), TO €CTh mpe-
BpallleHHe, CUCTeMa MblJIb-KMIKOCTh Xapak-
TepU3yeTcsl HaJIMYUEM MEPEeXOAHOr0 COCTOs-
HUS, IPU KOTOPOM MEXAY TBEPIbIMU U KHUA-
KUMHM YaCTULAMH HET HU €IMHOM TOUKH COMPHUKOC-
HOBEHHS M, B TO )K€ BpeMs, 3Ta CUCTeMa BEAET
ce0s Kak eIMHOE LIeJIoe.

4. K KMHeTHKe TreTepoKoaryasuuyd MNbIIx
JKUIKOCTBIO MPUMEHUMBI MPEACTABIEHUS XUMHU-
YECKOH KMHETHKH, a KOHLEHTpPALMs MbUTM U KU
KOCTH OINHUCHIBAETCS MHTErpajbHbIM YpaBHEHH-
eM HyJieBoro (mpouecc JUMUTHPYETCS NpeBpa-
LIeHHeM), MepBoro (mpouecc JUMUTHPYETCS KOH-
LeHTpalUMueil NbUIM WM KUIKOCTH) WJIM BTOPO-
ro (mpouecc JUMUTUPYETCS KOHLEHTpaLuHe
MbUIA U JKUJAKOCTH) MOPSAIKOB.

YcoBHUs, B KOTOPBIX FeTEPOKOAryJIsiLiis MOXKET
paccmarpuBaTbes Kak pU3MKO-XMMHUYECKas 3a/1a4a,
CBOJATCA K ClIeAyIOLLEMY.

1. JIBukeHue (MaccomepeHoc) MbUIMHOK Ha
JKUJKYIO MOBEPXHOCTh ONMCHIBAETCS 3aKOHAMM
nuddy3un (KOHBEKTUBHOM, TypOyJlIeHTHON WU
MOJIEKYJISIPHOM) WM MHEPLUUOHHBIMHU 3ddekTa-
MHU. DTO yCJIOBHE OTPULAET MPUMEHUMOCTD
MpeICcTaBICHUH 0 0€CKOHEYHOCTH Cpellbl K Mbl-
neBoMy (akTopy (Io TOKy).

2. OCHOBHOE COMPOTHBIIEHHE MAaCCOIMEpPEeHO-
Cy COCpPEIOTOYEHO B MOTPaHUYHOM clioe, KakK CO
CTOpPOHBI raza, Tak U CO CTOPOHBI KHIKOCTH,
YTO HE MPUEMJIET YCJIOBHUH HENPEPBIBHOCTH U
HEC)KMMAaeMOCTH CpPeJbl.

3. Ecnu Ha rpaHuue pasgeina ¢a3 uger
npespaineHue (agcopOUus UM cMauWBaHUeE),
TO MHTEHCUBHOCTbh MaccolepeHoca MOJXKET Ofl-
penessTbesi CKOPOCThIO MpEeBpalleHUs, YTO OT-
pHLlaeT BO3MOXKHOCTh OMHUCAaHHUS TaKoro Mpo-
Lecca ¢ MOMOIIbIO KMHETUYECKOrO0 ypaBHEHHUS
CMOJyXOBCKOTO.

VYcnoBue nepBoe MOXKHO CUMTATh BbIMOJIHEH-
HBIM JJIs1 MBUIEBOTO a’po3ouis, eciau yucna Ilpan-
Iu1st ropa3fo 6onbine envHUlB (P >1) [12]. Ecnu
CpedHUH panuyc MNBUIMHOK B MOTOKE MPHUHSAT
paBHbIM | =3 MM, To uucna [lpanans OyayT
paBHbl 10%+10°, TO ecTh MBUIMHKA HA KUIKYIO
MOBEPXHOCTh OyJeT NOoCTaBiAThCA AUDPy3Hei.
[IpaBOoMepHOCTE BTOPOro yciioBMs Oblia Moka-
3aHa paHee Ha MpuUMepe MblUIeBOro noroka. Tpe-
Thbe yCIIOBHE MOApPa3yMeBaeT, YTO Mepexoi TBep-
ol ¢aszel U3 ra3oBOi cpelbl B KHUIKYIO 3aBH-
CHUT OT MHTEHCHBHOCTH MOBEPXHOCTHOIO B3aHu-
MOJelcTBHS (CMauMBaHMs) U OMHUCHIBAETCS 4e-
pe3 TepMOoIMHAMHUUYEeCKHE XapaKTEepUCTHKH IMO-
BEPXHOCTHOTO cj10sl (yAesbHbIe MOBEPXHOCTHBIE
SHEpruM Ha rpaHule pasgena as), a He oTOelb-
Hble Qasbl. [Ipu3HaHue BAUSHUS CMavyMBaHUs Ha
3¢ peKTUBHOCTD reTepoKoarysiiuu SBaseTC
KOCBEHHBIM MPU3HAHUEM BTOPOTO U TPEThEro
yYCI0BUM (PU3UKO-XMMHUYECKOTO MOAX0JAa K KO-
JIMYECTBEHHOMY OTHCaHHUIO Tpollecca.

Tak kak 3axBaT MbIJIM KUAKOCTbIO MPHU3HA-
eTcs HaMHM B KayecTBE I'eTepOreHHOTo Mpoluec-
ca (cMeHa TBepaoi ¢a3bl ra3oBoill cpelbl Ha
JKUAKYI0), OH JOJDKEH paccMaTpuBaTbCs B Ka-
yecTBe MHOrocrajguiiHoil peakuuu. Ecnu cko-
pocTh Tpouecca JUMHUTUPYETCS HOCTaBKOH
MBIIM Ha >KUAKYIO TOBEPXHOCTh WIIM €€ OTBOJIOM C
MOBEPXHOCTH, TO MPOLIECC JOKEH OMHUCHIBATHCS
ypaBHeHUsIMHU 11 dYy3MOHHOM KuHeTHKU. Ecnn men-
JIEHHOH cTafuel SBJseTcs CTaans XMMHUYeCKOTO W
(u3MyUeckoro npeBpaLieHus, TO CKOpOCTh MpoLecca
omnpenenseTcs KMHETHUKON Mpouecca. 3aaada aoc-
TaBKH MbLTH HA )KUAKYIO IOBEPXHOCTB SIBJISIETCS pe-
HIEHHOM KakK 1151 pa30aBlIeHHOT0, TaK W JJ1s1 KOHIICH-
TPUPOBAHHOTO MBUIEBBIX MOTOKOB /12/. PaccmoTpum
peleHue 3TOi 3a1a4u IS ciiydasi, KOrga CKOPOCTh
BCEro npouecca JUMUTHpYeTcs cMadrBaHueM. J{is
3TOro HEOOXOIMMO YTOUHHUTH NIPE/ICTABIICHUS O CO-
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CTOSIHUM MTOBEPXHOCTH Pa3HbIX BUIOB IMbLTH.

IloBepxHOCTHBIE CBOMCTBA MBIJIM BO MHOT'OM
onpesesiitoTcad €€ yJeJibHOW MOBEPXHOCTHOM
SHeprueil Ha rpaHuile ¢ razoBoil cpegoi (5,, ) Ilo
BEJIMYMHE &, TOBEPXHOCTH MOXHO Pa3leNUTh Ha
HU3KOIHEPreTUYeCKHUe M BBICOKOIHEPreTHYecKHue
[13]. [Ipuvem moa HU3KOIHEPreTUUYECKUMH TMOJ-
pazyMeBarOT MOBEPXHOCTH, KOTOPbIE HE MOJIHO-
CThIO CMauMBaeTcs BOJOM, UX MOBEPXHOCTHOE
HaTsDKeHWe HaxoauTces B mpenenax 15-70 mH/wm.
BricokosHepreTuieckue MOBEPXHOCTH MOJIHOC-
ThIO CMauMBAalOTCSl BOJOH M MMEIOT MOBEPXHOC-
THOe HaTsbkenue 100-500 mH/m. [lns stux mosep-
XHOCTEH BBIMOJHIETCS YCJIOBUE J,. >> 9§,
HuskosHepreTnyeckre MOBEPXHOCTH YCIOBHO
paszzaesnenbl Ha ruapodoOHbIe @ose <0) w ruzgpo-
dunbuble (cosd >0), HO Bce TBLTH, TOMyYEHHbIE
M3 TaKuX BellecTB, obyiajaeT OrpaHUYEHHOM
cMaunBaeMocThlo. ClieoBaTelbHO, CMaulBaHUe
MOJKET JUMHUTHPOBATh 3aXBaT TOJbKO HHU3KO-
sHepreTudeckol (ruapoduibHON 1 ruapodoOHOI)
MbIJIM KanejabHbIM MOTOKOM [4].

B npakTuke rerepokoaryiasud MM Ka-
nejabHbIM MOTOKOM AJis yBeiaudeHus 3¢ddex-
TUBHOCTHM 3aXBaTa MbUIM XUAKOCTHIO HAaCTO
MOBBILIAIOT JaBJI€HUE XUAKOCTH Ha BBIXOJE
M3 opocuTess (BHICOKOHAMOPHOE OPOIIEHUE),
NpU 3TOM MpecienyeTcs OAHa Ledb - yBeJH-
YeHHe KMHEeTHYECKOW JHEePruu JNeTAIUuX Ka-
nejib, a 3HAYUT, YCUJIEHHE HHEPLUOHHOTO
OCaXKJAEHUS MbUJIM Ha JKUAKYIO MOBEPXHOCTH [5].
C BBILIEU3TOKEHHBIX MO3ULUMHA MOXKHO ompeze-
JUTbCA OTHOCHUTENbHO POJIM MHEPLUUOHHBIX
3¢ dekToB B 3aXBaTe HU3KOIHEPreTHUECKOM
NBUTK KUJIKOCTHIO. BOo-niepBBIX, MHEPIIMOHHBIE
3¢ deKTs yCUIMBAIOT MaccoMepeHoc Ha rpa-
HULy pasnena ¢a3. Bo-BTopbIx, MexaHWYec-
Koe MepeMelleHne B3auMOAeHCTBYIOIUX Ka-
nejib ¥ YacTHIl MbIIX MOXET JIMOO OCHIUTH
npolecc cMauMBaHus (P BCTPEUYHOM JIBHKe-
HUHK), MO0 ero 3aTOpMO3UTh (NPU MOJTATUBA-
HUM yJalsgioleics 4acTULbl), TaK Kak B CHC-
TeMe TNbUIb-XKUJKOCTh HabIo1aeTcs auccumna-
UM SHEPrMM MEXaHMYECKOro MepeMelleHUs B
SHEePrui0 TEMJIOBOTO B3aWmojaeicTBua (cMa-
yuBaHusa). To ecTb, Mpouecc reTepokoarys-
UMM TBUTK KUJKOCTh ClieyeT OTHECTH K pas-
pAAy MeXaHO-XMUMHUUYECKUX mpeBpalneHuil [14].

B 0CHOBY MEXaHOXMMHUYECKUX NPEACTABICHUI
0 reTepoKoaryisLvH MbUTK KarjisIMM BOJbI 3aJ105Ke-
HBI MOJIOXKEHU S, COTJIACHO KOTOPBIM IeTepOoKoarys-
LM TPUHSTA B KAYECTBE BEPOSTHOCTHOI'O MHOTOCTAa-
JUIAHOTO Mpoliecca J1s HU3KOSHEPreTUIeCKUX MOoBep-
XHOCTEH, JMMUTHPYEMOro aare3ueid 1 cMauuBaHU-
eM. boree BeposATHBIM CHMTAETCSl COCTOSIHHE, B KO-
TOPOE CUCTEMA MbUTb-KUIKOCTh UMeeT OoJIblLee M0
a0CONIOTHOM BEMYMHE U OTPULIATENBHOE 110 3HAKY
3Ha4YeHue cBOOOAHOM 3Hepruu [ nO6ca, mpudem cBo-
GoaHast SHeprus BKIIOYaeT B ce0s KaKk MeXaHH4ec-
KYy10, TaK U XMMHUYECKYI0 COcTaBistomue. Pacuetsl
SHEepPreTUUecKUX MokazaTesiei BelyTcsl U3 NMpeamno-
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JIO’KeHUS, YTO B3aUMOJIEHCTBHE MBIIH U )KUAKOCTH
Ha CTaJMM BCTPEYH HOCHT YaCTHBI XapakTep, a Ha
CTaJIUM «TIpeBpalleHus» - TOBepxXHOCTHBIN [ 15]. [1pu
9TOM 3(p(heKTHUBHOCTE 3aXBaTa 1 B PaBHOBECHBIX yC-
JIOBUSIX OTIpeIeIIeTCs 10 YPABHEHHIO:

S'(aas +w,) 03)
RT

rne aA45 U W, - NU3MEHEHHEe MEXaHUYECKON U TO-
BEPXHOCTHOM SHEpPruu, OTHECEHHOE K eIMHHLIE
MOBEPXHOCTH TBepaol vactuubl (Jx/m?);

S! - muomanp MOBEPXHOCTH, 3aHUMAaeMOM
OJTHUM MOJIEM Ta30BO# cpeabl M*/MOJIb);

T - temnepatypa cuctemsl (K); R - yHuBep-
canbHas rasosas nocrosiHHas ([ ¢ momp” © K.

Jns HecTaTMYEeCKHUX YCJIOBUH 3a OCHOBY
NPUHATO BpeMsl B3aUMOAEHCTBUS MbUIM U XKHUI-
KOCTH t, KOTOpoe ompenensercs U3 MOAUPULH-
pPOBaAHHOrO ypaBHeHMs AppeHHuyca, OTHECEHHO-
ro K MeXaHOXMMHUUYECKOMY MpoLeccy:

ln(] —n): -

L Sy (a4® +w )

1, RT (14)

rae t, - BpeMs CMayMBaHUs TMOBEPXHOCTH IbI-
JUHKH KUJKOCTHIO 3a CUET MOBEPXHOCTHBIX
cui (C).

DddexTuBHOCTL paspylIeHHs MbUTH Kareib-
HBIM TOTOKOM (TIpOLECC TUMHUTHPYETCS CMadH-
BAHHWEM) B HECTATHMYECKHX YCJIOBHIX OMMIIETCS
CIeYIOIUM ypaBHEHUEM:

t
n=l-— (15
0

CnenoBaTtedabHO, 3¢ PEKTUBHOCTHIO pas-
pYLIEHHS THIJIEBOTO a’po30Jis KaneJbHbIM IO-
TOKOM B PaBHOBECHBIX U HEPABHOBECHBIX ycC-
JIOBUSX MOXXHO YIpaBJsTh yepe3 dHepreThyec-
KHEe MapaMeTpbl CUCTEMBl A MbLIb-)XUAKOCTD
(agq8 m W,). Ilpudyem, ko3pduuneHT pacreka-
HUS KUAKOCTH W, 3aBUCUT OT MPUPOABI KOH-
TakTUpYOIWKUX (a3, a UBMEHEeHHEe KHUHEeTHYec-
KOW PHEPruM BCTPEUU A4S AJI1 OOJIBIIMHCTBA
CHCTEM 3aBUCHUT OT CKOPOCTH IBWKEHHUS Ka-
nejab, KOTOPOE€ BO MHOTHX ClyudasX, MOXHO
onucaTh ypaBHEHUSIMH MPSIMOJIMHEHHOTO HEpaBHO-
MEpPHOTro JBUKEHHMs YacTHL] B ra3oBoi cpene [15,
16]. Mexay KHHETHYEeCKOM IHEPTUeH Kariu, BbI-
JeTaloleld U3 opocUTeNsl, U JaBJIeHUEM KHUIKO-
ctu (P) Ha BbIXOZIE M3 OpOCHUTElIS CYIECTBYET Mpsi-
MOMpPOMOpLUUOHAIbHAS CBsI3b (ALY ~ Pj.

DKcreprMeHTallbHas MPoBepKa MOKa3aHHBIX
MoJIOXKeHH Oblla ocyiecTBiieHa B padote [15].
[Tpu 3TOM onpeaensinuck: 3¢ HEKTUBHOCTD pas3py-
LIEHUS TIBUTH KUJIKOCTBIO, PACXO/ U IaBJICHUE KU -
KOCTH Ha BBIXOJ/I€ U3 OPOCHUTEIIsl, CPETHUI pa3Mmep
Karesb, a Takxke Ko3(pPULUMEHT pacTeKaHUs KUA-
KOCTH TIO MOBEPXHOCTH TBEPJOTO TeJa.

Paboty npoBoaunu Ha obpa3uax Meliv pa3me-
pom 0-20 MKM pazIn4HOM rUIPOPUITLHOCTH.
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Tabnuua 1.
BnusHMe npUpoabl NMbUIM Ha TUAPO(HIB-
HOCTh €€ MOBEPXHOCTH

I'pacur IMecox Xaopun

HATpHs

Koadduruent
pacrekanus (mH/m)

-0,057 -0,028 -0,007

I'eTepokoarynsuuio oCylecTBIASIA B adpo-
JNMHaMH4ecKol TpyOe, B KOTOPOW 3amblJIeHHBIH
BO3/1yX CO CKOPOCTBIO 2M/C MPOXOOUI yepes
KanejbHbIA noTok. Makesl opouleHUsl co3/aBa-
nu opocuteneMm K¢-5,0-75 (tabn.2).

Tabnuna 2.
OcHOBHbBIE XapaKTepuCTUKH (akena
opomenus ¢opcynku Kg-5,0-75

JlaBieHHE KUAKOCTH Pacxo (M¥/c 104) Cpennuii panuyc
(MJIa) Kanemb, (MKM)
0,25 0 3200
0,25 1,58 190
0,50 2,04 208
0,75 2,44 196
1.0 2,78 150

CpenHeMenMaHHbBIA paguyc Karmejib C yBe-
JMYEeHUEeM AaBJIEHUs KUIKOCTH Ha BBIXOJE U3
opocHUTeNsl YMEHbIIAJICA MO 3KCMOHEHIHAlb-
HOMY 3aKOHY, HO B WHTepBaje aaBiaeHuid 0,25-
1,0 MIla n3meHsancs HesHauuTenabHo. OBO-
HEHHOCTh (pakesa OpolIEeHHUS, MpPeacTaBIsIO-
mias coboil OTHOWIEHWE BO3AYIIHOTO MpPO-
CTpaHCTBa, Yepe3 KOTOpoe MPOLUJIM KamiH, K
o0uieMy o0beMy BO3ayxa, ocTaBajach Ha
ypoBHe 0,9-0,99.

B pesynbTare npoBeleHHBIX UCCIIeAOBaHUH
yctaHoBJieHO (Tab6a.3), uTo 3¢ deKTUuBHOCTH
reTepoKoaryiIsiiy 3aBUCUT OT BEJIWYUHBI KH-
HETHUYECKOI DHEPruu JeTsIUX Kamelb U OT Mo-
BEPXHOCTH B3aUMOJEHCTBUS.

Tabmuma 3.
BurivsiHvie mpUpoIbI MbITH U JABJISHUS KHIKO-
CTH Ha opocuTene Ha 3pPEeKTUBHOCTb TeTepoKoa-
YIS

Jag1eHue
(Mmna)

IMpupoct
YAEIBHOH
MOBECPXHOCTH

3HaueHHe HPhHEKTHBHOCTH reTePOKOAry.IALHH
(%) IKCTIEPHUMEHTA TbHBIE (YHCIHTETh )
M pacueTHBIE N0 ypaBHeHHw0 (15)
(3HaMeHATeIb) A1 PasHBIX BUI0B MBLIH

rpadut IMecok NaCl

0,25 1,0 27/90,3 80/94,1 90/94,6

0,50 1,21 38/96,2 91/98,4 96/98,7

0,75 1,58 38/99,6 91/99,6 99/99,7

45/99,9 92/99,9 99/99,9

Kpome toro, addexTuBHOCTD TeTepokoary-
JIAUMM AJIS pa3HbIX BUJOB MbUIM pasznuuHa. [lpu

MOCTOSTHHOM JIaBJICHUH JKUJIKOCTH 3(D(HEKTUBHOCTD
reTepoKoaryJIsiLH orpeAensieTcs rTHAPO(UIBLHOCTBIO
TBEP/IOH MOBEPXHOCTH: YeM OHa BBIIIIE, TEM JIyYllle
MBIJIEBOM a3p0O30JIb pa3pyluaeTcs KarnejabHbIM MOTO-
KOM.

Tak, a3phekTUBHOCTD reTepoKoarysiuuu
rpadyTOBOM MbLIA B 2-3 pa3e HHUXKE, YeM MbLIU
XJopuaa HaTpusl.

Jns yBenuueHust 3QpHEeKTUBHOCTH 3axBaTa
MBUTMHOK KaIUISIMM JKUAKOCTH YBEJIMYUBAJIOCH €&
JlaBlieHWe Ha BbIXojae u3 opocutens ot 0 mo 1,0
MITa. ITpu 3TOM HauyanabHas CKOPOCTb JABUXKE-
HUs Kanenb Bo3pactaia o 40 m/c, a addexTus-
HOCTb retepokoaryasuuu - a0 45-99%. Poct
s PexkTUBHOCTH HabJIOAANCs Kak 3a cueT yBe-
JIMYeHHUs yAenbHOU M oOlueil MOBEpPXHOCTH Ka-
nejbHOro notoka (tads. 2), Tak U 3a CUeT MOo-
BBILICHUs] CUJI MHEPLMH B KUIKOCTHOM MOTOKE.
[Ipuuem Gonee BbIpakeHHBIH MPUPOCT dPdek-
THUBHOCTH Te€TepOKoaryJisuuu Habmrogaics as
ruapo¢oOHoit rpadutoBoit nbeun (10 1,7 pasa).
OTo moATBepkKAAET MPEANoJIoKEeHHEe O TOM, UTO
ecau s 3¢p(HEeKTUBHOrO 3axBara ruapoduib-
HOW MbIIM HEOOXOAMMO YBEJIMYMBATH BEpPOST-
HOCTh BCTPEYM YacTHI] C KarUIAMH, TO JAJis THUJ-
podoOHOIi MbLIK ele clieqyeT MOBbIATh KUHe-
THYECKYIO DHEPTrHI0 COYIapSIOMUXCS YaCTHII.

IIpu oueHke retepokoaryiasiuMu MbUTH Kar-
JIAIMM KUAKOCTH YUUTHIBAJIM, YTO 3aXBaT IMbUTH
JKUJIKOCTBIO MOJKET MPOUCXOIUTH B KBa3ucTa-
THYECKMX M HecTaThueckux ycioBusx. [losro-
MYy AJs MpPaBUJILHOTO BbIOOpa MYyTH ympaBiie-
HUS 3 (PEKTUBHOCTBIO reTepOKOAryJIsslMHU Bax-
HO yMETb OLIEHUTbH 3TH YCJIOBHS.

VYuuteiBas, 4TO BeCh IKCMIEPUMEHT MO 3aXBa-
Ty TBUIM KUIKOCTBIO MPOBOJMIICS Ha OJIHOM yc-
TaHOBKE TMPHU OJIMHAKOBOW JJIMHE 30HBI «IpeBpa-
LIEHUS» M CKOPOCTH ABMIKEHHS MOTOKA Karedb,
MOXKHO OXHJaTh, YTO 3axBaT Oyner Gojee BbIpa-
JKeH TOr[a, KOrja CKOpPOCTb «IpPEeBpaLICHHUsS» B
CHCTEME MbUIb-)KUJAKOCTh OyaeT Haubomblueil.
VBeauueHue OaBieHUs )KMAKOCTH MPUBOIUT OJI-
HOBPEMEHHO K yBEJIMYEHHE KUHETHUYECKOH 3Hep-
MU BCTPEYAIOLIMXCS MBUTMHOK M Kareb, 3HAYUT, K
YMEHbLLIEHUE BPEMEHH «IIPEBPALLEHUS» U BPEMEHU
KoHTakTa. OIHAKO €c/y XapakTep U3MEHEHHs BCTped
MPY NOCTOSIHHOM JIaBJIEHUH YKUAKOCTH OJMHAKOB, TO
W3MEHEHHE BPEMEHH «TPEBPALLEHHsD) 3aBUCHT OT NPH-
POZbI MUK U XKUAKOCTH.

ComnocTaBineHue SKCIEepUMEHTAIbHbIX J1aH-
HBIX ¢ pacyeTHbIMU (Tabi. 2) ajid MeXaHOXHWMHU-
yeckoro paBHoBecus (ypaBHeHue 13) mokasbiBa-
€T, YTO MEeXAY HHMHU He Bcerja ycTaHaBJ/IMBaeT-
cs KoppensiuMoHHas cBsA3b. HaubGonee cumnbHO
BbIPa)KEHHOE OTKJOHEHHE OT YCJIOBUH paBHOBe-
cusl TIpY JaBJICHUM >KUAKOCTH Ha BBIXOJE U3 Opo-
cutens, paeHoMm 1,0 MIla, nabntogaercst nist rpa-
¢utoBoii mbui. HaumeHblnee - 1Js MbUIM XJIO-
puna Hatpus. CinenoBaTesibHO, BbINOJIHAETCS
ycioBHe: 4eM TuapodoOHee Mbuib, TeM OOJbLIe
OTKJIOHEHHE OT COCTOsIHUS paBHOBecHs. OObsc-
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HUTb TaKoe SBJIEHHE MOYKHO JIMIIb PA3IMYHON CKOPO-
CTBIO CMAaYMBAHUS TOBEPXHOCTH MbLIH.

Ananu3 3aBucumocTeit M =f(p), moysydeH-
HBIX 3KCIIEPUMEHTAIbHBIM M PACUETHBIM IyTeM
MOKa3bIBaeT, YTO MPHU IeTepPOKOAryJsLUU MbUIH
XJIopuaa HaTpus (B YCIOBHUAX CTEHJA) BpPEeMEH-
HBIX OFpaHUYEHUH He CYILIeCTBYeT, Mpolecc
NPOTEKaeT B PAaBHOBECHBIX YCIOBHUAX M ycIie-
BaeT 3aKOHYUTHCS B aKTUBHOM uyacTu Qakesna
OpOLLEHMS, I7Ie SHEePreTHKa BCTpey JOCTAaTOuHA JUIst
pa3BepThIBAHMS MOBEPXHOCTH KUAKOCTH U AJIs CMa-
YUBaHMS MOBEPXHOCTH MbUTH. [Tonasnenue rpaduro-
BOH MbUTH KarIsMH BO/IbI HOCUT SIBHO BBIPayKEHHbIH
KUHETHYeCKHI XapaKTep 1 Hy)KJaeTcsl B yCKOPEHUH
npouecca cMadMBaHUsS Ha MOJIEKYJISIpPHOM YpOBHE
(BBeZleHMEM CMavMBaTeseil pa3IMuHON NPUPObI).

Takum 06pa3oM, B OCHOBY (PU3MKO-XMMHYECKHX
NPEACTaBIEHUI O FeTepOKOAryILMH MbLTHA BOJHBIM
KareJIbHbIM MOTOKOM JI0JKHBI OBITh MOJI0XKEHbI PHH-
MBI, COMIACHO KOTOPBIM 3aXBaT TBEPIOM YACTHLIbI
AKMIKOCTBIO CIIEAyeT MPUHSATh B KadeCTBE BEPOST-
HOCTHOTO MHOTOCTAAUITHOTO MOBEPXHOCTHOTO Mpe-
BpalLEeHHs, TMIMUTHPYEMOTO [Tl HU3KO3HepreThyec-
KHUX MIOBEPXHOCTEH a/ire3ueii U cMauBaHUEM, a JUist
BBICOKOOHEPreTHUECKHX - UG dy3reii iiu HHepLu-
eil. [ToaTomMy rerepokoaryssiis BbICOKOIHEPreTH-
YeCKOH MbITH )KUAKOCTHIO MOXKET OMUCHIBATHCS KH-

C6.crareit. - M.-J1.: OHTH, 1936.

HeTrnueckol (quddy3ronHoi) Teopureii CMomyxoBc-
KOT0, @ HU3KO3HEPTreTUYECKOM - IOJKHA OMTUCHIBATh-
CA C MEXaHOXNMMHNUYCCKUX HOSI/IHVIﬁ, TO €CTb B paBHO-
BECHBIX YCJIOBHUSX uYepe3 TepMOJUHAMHUYECKHe Xa-
PAaKTEPUCTUKU MMOBEPXHOCTH, a B HECTATHYCCKUX - C
TIOMOLLBIO YPaBHEHUI XUMUYECKOW KHHETHKH.
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