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Hpez[noer Ioaxon, OCHOBAHHBIA HA MNpAMOM YUCJICHHOM PCIICHUN KMHECTUYCCKOI'O YPAaBHCHUA boinb-
IIMaHa, TO3BOJISTIOLIMIA YUUTBIBATb BJIMAHUC IIpOLCCCa TOMOTE€HHOM HYKJI€alM HAa THTCHCUBHOCTD II€-
p€HOCa MaCChl B 3aaa4€ O MIEPEKOHACHCAallN. Ha 6a3e CpaBHCHUSA MacitaboB BPpEMECHUN 06paBOBaHI/IH
KaIlJyIi KpUTUICCKOTI'O pa3MeE€pa, a TaKXKE BPEMCHMU paCIIpOCTPpaHECHUNA MEPECHIIICHMA ITOKa3aHa BO3MOXK-
HOCTb OCYHIECTBJIATDb OITMCAHHE paCCManI/IBaeMOﬁ 3aJauM B ABa 3Tana — 6e3 yuyc€Ta BJINAHUA KalleJb Ha
IICPpBOM M C YYETOM Ha BTOPOM. PCSy.HLTaTLI pacyc€ToOB ITOKa3ajJn, 4YTO B CiIyda€ HCIMOABM>KHBIX KaIllC/Ib
HabJII01aeTCsl CUJIbHOE BIMSIHUME 00BbeMHOM KOHIEHCAllMU Ha UHTEHCUBHOCTh IIponecca I/ICHapeHI/IH/

KOHACHCAIIUU.

Karouesvie croea: roMoreHHasi HykJiealysl, MCIapeHue,

DOI: 10.31857/50023291224020061, EDN: DGSMET

BBEAEHUE

Hecmotpst Ha To, 4TO Mpoliecchl UCTIAPEHUS U KOH -
JeHCAllMU pa3IMYHON CTeNeHU MHTEHCUBHOCTU MC-
CJIENYIOTCSI TOCTATOYHO TMPOAOJIKUTEIbHOE BpeMs
(cMm., Hanpumep, [1]), Momenu, yduThIBalolIue Bce
OCOOEHHOCTH 3THUX MPOIIECCOB, A0 HACTOSIIETO Bpe-
MEHU OTCYTCTBYIOT. Tak, HalpuMmep, oopasyroluics
BOJIM3U TTOBEPXHOCTU MCHApEeHUs map sIBJIsIeTCs Te-
PECBILIEHHBIM, TIPU 3TOM CTeIeHb TMepechilleHus (S)
pacTerT ¢ yBeJIMdeHeM MHTEHCUBHOCTH TIpoIlecca 1c-
napeHus [2]. U3BecTHO, YTO B YCIOBUSIX, ITPU KOTOPBIX
S > 1, BO3MOXEH Mpoliecc TOMOTEHHON HyKJealuu,
T.e. oOpa3oBaHMe 3apoIbIlleil HOBOU (ha3bl B UCXO/I-
Hoii [3]. B To ke BpeMsI Cyl1eCTBYIOT YCIOBUSI, TIPU KO-
TOPBIX MPOIEeCC HYKJIEAITM MOXET OKa3bIBaTh BIIMSI-
HMe Ha MHTEHCUBHOCTB UcniapeHud [4, 5].

Huxe Oyaet moka3zaHoO, YTO COCTOSIHHE Mapa co
CTETICHBIO ITepeChIleHNs 00JIblie 1 MOXeT BO3HUKATh
He TOJIBKO IIPY UCHAPEHUHU B ITOJyOECKOHEYHOE TIPO-
CTPaHCTBO, KakK B [2], HO 1 pH peaiM3alny mpoliecca
nepeKoHaAeHcaluu. B aToM ciayyae mpouCcXoouT ucma-
peHue BellecTBa ¢ OAHOI MTOBEPXHOCTH U €Tro TMoc/eny-
IoIIast KOHAEeHCcalus Ha APYroii MoBepXHOCTU. Takoro
pola ABJIeHUSI UMEIOT MECTO BO BPEMSI CYIIKHU Pa3Ind-
HBIX TeJ, TIpU (OPMUPOBAHUM 3AITUTHBIX HOKPHITUI
3JIEMEHTOB 9HEPIeTUYECKOro 000pya0BaHUs, IPU Te-
peroHke BEIIEeCTB B YCIOBUSX TOHUXKEHHOTO JaBJe-
Hus (vacuum distillation, chemical vapor deposition).

KOHACHCaL A, Karljin

Crenyer OTMETUTD, YTO TPU 3TOM B UCCIIEAYEMOM 00-
JIACTU MOTYT PeaIn30BbIBATLCS TAKME PEXKUMBI JBIKE-
HUS T1apa, IIpY KOTOPHIX IPUMEHEHNE METOIOB MeXa-
HUKU CIUIOIIHOM Cpelbl CTAHOBUTCS HEKOPPEKTHBIM
[6]. B 3T0i1 cBSI3M CTAHOBUTCH BaXXHBIM MPEIIOKUTH
METO/I, MO3BOJISIOIIUNA, C OOHOI CTOPOHBI, MOIEIIM -
poBaTh U3MEHEHHUE MaKpoIllapaMeTpOB B MCCIIelye-
MOi1 06JIaCTH € YUYETOM CTOJKHOBEHMI MOJIEKYI Tapa,
a ¢ Ipyroii CTOPOHBI, YIUTHIBATh BIMSIHUE HYKJIeallun
Ha MHTEHCUBHOCTB IIpoIlecca.

OrcyrcTBUe MHGOPMALIMKM O BIIMSIHUM OObEMHOM
KOHAeHCAlUM Ha MHTEHCUBHOCTb MaccolepeHoca
OOBSICHSIETCSI, BEPOSITHO, TPYAHOCTSIMM, BO3HUKAIO-
UMY TIPU OOHOBPEMEHHOM MPUMEHEHUU METOI0B
KWHETUYECKOI TEOPUHU Ta30B IJIsI OITMCAHUS IPOIeC-
COB C MCTTapeH1EeM/KOHIeH cale, a TAKXKe IMOAXOI0B,
MO3BOJISIIOIINX Y4eCTh 00pa3oBaHUE, POCT U BIUSIHUE
00pa3syoIIMXCs Karelb Ha TapaMeTphl MoToka. OmHUM
13 OCHOBHBIX YPaBHEHU KUHETUYECKOM TEOPUHU Ia30B
SABJISIETCS ypaBHeHMe bonbliMaHa mist yHKIMU pac-
MpeaeIeHUsI MOJIEKYJI TI0 CKOPOCTSIM. B3anmoneiicTere
0o0pasyonuxcs B 00JIaCTH TEYEHUST KaIleJIb C OKpyXa-
IOIIUM TTAPOM JOJIKHO OBITh OMKMCAHO C Y4eTOM 3BOJIIO-
UM 3TOM (DYHKIIUM B pacCMaTpUBAEMBIX IIPOLIECCaX.

B Hacrosmeit paboTe paccMaTpuBaeTCsl MTOAXOI,
OCHOBAHHBII Ha MMPIMOM YUCJIIEHHOM PEIIEHUN KU-
HETMYECKOTO YpaBHEHMS bosbliMaHa, yYUTHIBAIOIINIA
KaK B3aMMOJIEMCTBHE ITapa ¢ LEHTpaM1 KOHIEHC AN,
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TaK ¥ MEXMOJIEKYJISIpHBIE CTOJKHOBeHus [7, 8]. I1pu
5TOM CUMTAIOTCS BO3MOXHBIMU POCT U YMEHbIIIEHNE
pa3Mepa 3apojbillia HOBO# (a3bl B pe3yabrare npo-
11eccoB KOHAeHcaluu U ucnapenus. [Ipouenypa, no-
3BOJISIOIIAS YYUTHIBATh UBMEHEHUE (DYHKIIUU pacTipe-
JIeJIeHusI, a clieloBaTeIbHO, 1 MaKpoIiapaMeTpoB Iapa,
B pe3yJibTaTe B3aUMOIEHCTBUI ¢ KAIUISIMU ITOAPOOHO
omnucaHa B [9]. C moMoLIbIO MPEAIOKEHHOTO MOAX01a
HCCleayeTcs 3agada o MepeKoHIeHcallii U, B YaCTHO-
CTH, aHAJIM3UPYETCS BOMPOC O BIUSHUU LIEHTPOB KOH-
JIEHCAlluu Ha TTapaMeTpbl lapa B 3ToM npouecce. Llenb
JIAaHHOTO UCCJIEIOBAHUSI COCTOUT B BBISCHEHUM TOTO,
MpU KaKUX YCIOBUSIX, TOMYIIEHUIX U TTapaMeTpax 3a-
Jla4u, Karay OynyT BJAUATh Ha TeYEHWE BOJASHOTO Mapa.

ITOCTAHOBKA 3AJAYN
N MATEMATUYECKOE OITMCAHUE

PaccmaTpuBaercs 3agaua 06 MCITapeHUU U KOH-
JeHCAUWU BOJABI B IPUCYTCTBUM LIEHTPOB KOHAEHCA-
uu (Karejb), pacrpeneeHHbIX B 00beme. Cxema 3a-
Jadu npencrasieHa Ha puc. 1. Mccnemyemas ob6aacThb
orpaHuYeHa cjieBa U cripaBa MexX(a3HbIMU TTIOBEPXHO-
CTSIMH, UMEIOLIMIMU U3BECTHBIE TeMIepaTyphl 1, u T,
cooTBeTcTBeHHO. [Ipennonaraercd, uro Ty, > Tg,. 3a-
JAHHBIMU TaKXe CYMTAIOTCS PABHOBECHBIE YHUCIOBBIE
IJIOTHOCTH Tapa Ag, U Ag,, COOTBETCTBYIOILNE I10 JIK-
HUM HACBIIIEHUST TeMIIepaTypaM JIEBOI U MPaBoOii TI0-
BEPXHOCTEH, a TAKXKe pacCTOSTHUE MexXay HUMU. Bomsi-
HOI TIap MOCTyMaeT B UccieayeMyto 00JacTb C orpa-
HUYMBAIOIIVX IpaHull pa3aena ¢das. [Ipenmonaraercs,
YTO B HaYaJbHBIII MOMEHT BPEMEHHM pacueTHasi 00-
JIaCTh 3aMoJIHEHA BOASIHBIM MapoM, KOHLIEHTpalusl
U TeMIiepaTypa KOTOpOro paBHHI ig, U Tg,. Uepes He-
KOTOpO€ BpeMsl B HCClieayeMoii obsacTu oOpa3yroTcs
KUIKWE KaIliv, pa3Mepbl KOTOPHIX OMPEeIsIoTCs CTe-
MEHBIO TIePECHIIIEHNS Iapa.

Hanee Be3ne Bce BeIMUYMHBI IPUBOASITCS B 6e3pas-
MepHOM Bune. B KauecTBe 6a30BBIX MIPUHSITHI CJIE-
IOyIOIIMe IMapaMeTphl: KOHIIEHTpAIIMsI MOJICKYJT Tlapa
ny = 1.015-10%* m~3, remnieparypa T, = 303.0 K, nas-
neHue p, = 4242.563 Ila, nuaMeTp MOJEKYJbl BOABI
dy=4.6-10"'" M, cpenHsist IIMHA CBOGOIHOTO Mpobera
npu nyu Ty — A, = 1.048-107¢ M, MaciuTab BpemeHwu,
XapaKTepHBIH IS TIPOIIECCOB, OMMCHIBAEMBIX YpaBHE -
Huem Bonbimana — 7, = 2.803-10~° ¢. Beenenue 6e3-
pa3MepHOif CKOPOCTU OCYILECTBIISIETCS AeJIEHUEeM Ha
senuuuHy u, = (R, 7))/, rne R, — razoBas mocrosH-
Has Ijig BOASHOTO mapa. bazoBas BenmnumHa IS 110-
TOKA YaCTULL — j, = Ayld.

B Hacrogmeit pabote n3ydeHre TPOIECCOB TeUe-
HUs T1apa B MPUCYTCTBUM LIEHTPOB KOHAEHCAIIUU Oa-
3UpyeTcs Ha KUHETUYECKOM ypaBHeHHHM boybiiMaHa
(KVYB), koTopoe B 0mHOMEPHOI1 HECTalIMOHAPHOM I10-
craHoBKe numeeT Bu [10]:

0 0
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T, BOJIA: map + ueHTpsl HyKiIeawuu [ 1s2

L=502,
Puc. 1. Cxema 3amaun.

r1e f, — GYHKUMS pacTipene/ieHnst MOJIeKyYJI rasa (Tapa)
MO CKOPOCTSIM, J,, — MHTErpaj CTOJKHOBCHUM, OMK-
CHIBAIOIIMIA B3aMMOJIEICTBYIE MOJIEKYJI ra3a MeXIy CO-
ooii, Jgp — UHTErpaa CTOJKHOBEHUM, ONMCHIBAIOIINIA
B3auMMOJEMCTBME MOJIEKYJ Ta3a C KaruIsiMHU.

B xauecTBe rpaHUYHBIX YCIOBUI IJISI 3TOTO YpaB-
HEHUsI Ha OrpaHUYMBAIOIIMX UCCIEAYEeEMYIO 001acThb
TMOBEPXHOCTAX 3amaercsd (GYHKIUSL paclpenejeHus
IUISL MOJIEKYJT, MOKUAIOUIMX IpaHullbl pa3aena das.
B kayecTBe TaKOBBIX UCITOJb30BAIOCH MOJyMaKCBEN -
JIOBCKOE€ pacIpenesieHUe ¢ HyJIeBO TIEPEHOCHOM CKO-
POCTBIO, KOHLIEHTPALMEN U TeMIepaTypOu 11 JIeBOM
(ng; m Tg,) n npaBoit (ng, n Tg,) MOBEPXHOCTEN COOT-
BETCTBEHHO.

be3pa3smepHble 3HaUeHUST TeMIIepaTyp 1 TJIOTHO-
CTEl Ha JIEBO M MpPaBOil MOBEPXHOCTU UMEIOT CJie-
IyIollle 3Ha4YeHUs: JeBasi (ropsidasi) MOBEPXHOCTh:
ng, = 4.298, Ty, = 1.099; npasas (xononHas) MOBEpX-
HOCTB: g, = 1, Tg, =

ITockoabKy 10 MOCTaHOBKE 3a/1a4yl B paccMaTpyrBa-
€MOIi 00JIaCTU MOTYT 00Pa30BLIBATHCS KAILIM KUIKO-
CTH, pa3Mepbl KOTOPBIX CYIIIECTBEHHO OOJIbIlIe pa3Me-
POB MOJIEKYJT BOASIHOIO mapa, T.€. CMeCb COCTOUT U3
YaCTHIL Pa3JIMIHBIX MaCIITA0OB, HAXOXAeHME J,, CO-
MIPSIKEHO ¢ OOJNIBUIMMU TPYAHOCTAMU. YTOOBI MX U3-
0exaTb, B HaCTOsI1Iel padboTe MCIOb3yeTCs TTOAXO/,
TMO3BOJISIIOLIUI PAaCCMOTPETh CTOJIKHOBEHMST MOJIEKYIT
C LIEHTpaMUu KOHAEHCAIIMU KaK B3auMOJEWCTBUE MO-
JIEKYJl C T€JIOM OTHOCUTEIbHO OOJIBIIUX Pa3MepoB,
B YaCTHOCTHU C €ro MOBEPXHOCTbIO, UCIIOJIb3Ys pa3-
JINYHbIE MOAEIN OTpaxKeHUsT MoJieKys raza [9]. B pe-
gynbrate pemieHus KYb HaxonuTest ¢hpyHKIMS pacnpe-
JIeJIeHUsI MOJIEKYJ TI0 CKOpPOCTSIM. MakporapamMeTphbl:
TUIOTHOCTb, TEMIIEPATYpPA, NaBJIEHUE, TOTOKU MACCHI,
BHEPTUM U APYTHEe MOMEHTbI (DYHKIIMY pacripeaeeHUs
OIPENENSIOTCS UHTETPUPOBAHUEM T10 TPEXMEPHOMY
CKOPOCTHOMY TTPOCTPAHCTBY.

IIpu pemennu KYB uncnonbs3yercs ymciaeHHas
Mpolieaypa, KoTopasi BKIoJaeT KOHCEpPBAaTUBHYIO KO-
HEYHO-Pa3HOCTHYIO anIpoKcUManuio auddepeHim-
AJTPHOM YacTH YpaBHEHMS U CITeIMAIbHBIE KyOaTypHBIE
¢ opmynsl KopoboBa mJist BEIYMCIEHUS IISITUKPATHOTO
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WHTerpaja CTOJKHOBEHUIA Map-map ¢ YAOBJIETBOPU-
TEJIbHOW TOYHOCThIO. B paMKax TUCKpeTHOI Moaenn
MpenmnojaraeTcs, YTo MoJIeKyJibl MOT'YT UMETh 3Have-
HUSI CKOpPOCTei, ornpesesieHHble (PUKCUPOBAaHHON CKO-
pocTHoO# ceTkoi. OCHOBHOE ypaBHEHUE 3aMEHSIETCS
CUCTEMOI 00JbIIOrO yuciaa (Mmopsjaka HECKOJIbKUX
COTEH WJIU ThICSAY) KOHEYHO-Pa3HOCTHBIX YPAaBHEHU N
C HeJIMHEeITHOM ITpaBoii yacThio. boiee mogpo0OHO Me-
ton pemreHust KYb nipencrasneH B [11].

Briuucienue naMeHeHus1 QyHKIUMU paclpene-
JIEHUS IJISI TTapa B pe3yjibraTe €ro B3auMOACHCTBUS
C XKUAKUMHU YaCTULIAMU SIBJISIETCS LIEHTPAJbHBIM Me-
CTOM TIpeaIaraeMoro Imoaxoaa.

B pamkax IMCKpEeTHOI Momeslu TpenmnojaraeTcs,
4TO MOJIEKYJIBI MOTYT MMETb 3HaYEHUs CKopocTei &, ,
orpenesieHHbIe (DPUKCUPOBAHHOI CKOPOCTHOI CETKOM.
3a KOHEYHBI TPOMEXYTOK BpeMeHU Af ¢ XKMIKOI Yya-
CTHLEN CTOJIKHETCS TOJIBKO YacThb A, OT BCEX MOJIEKYIT
raza n. Takum o0pa3zoM, PYHKIIMS pacIipeaeaeHust Mo-
JIEKYJI TIO CKOPOCTSIM f}, OYIeT CKIanbIBaThCd U3 ABYX
yacTeil: mepBas — HEM3MEHHasI 4acThb f,” — COOTBET-
CTBYET TEM MOJIEKYJIaM, KOTOPHIE He YCIIEIOT IIPOB3au-
MOJIEICTBOBATh C LIECHTpaMM KOHIEHCALIUM, BTOpast —
Ji — 4acTb pyHKUMHU pacripenesneHusi, TpaHchopmu-
pymoomiasicss B pe3yibraTe cToakHOBeHMs. UHoekc k
O3HayaeT k-TyI0 TOYKY CKOPOCTHOM CETKMU.

fe =K+ (2

KonunuecTBo MoJjiekys raza B equHUIE oObeMa,
CTOJIKHYBIIIMXCS C KaIleJIbKaMW B T€YEHNE BpEeMEHU
At, oTipeensieTcs BbIpaXkeHUEM:

n, = %ankangAt, 3)

sgecy D. =D, + d, D, — nuameTp KUAKOi YaCTHLIbI,
d — nuameTp MOJIEKYJIbI T1apa, § — MOIYJIb OTHOCH -
TeJIbHOW CKOPOCTU ABUXEHUS LIEHTPOB KOHAEHCA-
UMK U MOJIEKYJT Napa, N, — KOHUEHTpALUs Karlellb,
n, = f,AE® — KOHIEHTpAIINST MOJIEKYJT Tapa, 001aaa-
LIMX CKOPOCTHIO &, .

W3 BoipaxeHus (3) mjisi KoaudecTBa MOJEKYJ,
CTOJIKHYBIIIMXCS C KalleJbKaMU B TeYeHUE BpeMEeHU
At, MOXXHO ompenenTh GYHKLUMIO pacipeneyneHus f,".

IIpu B3auMopeiicTBUM € KMAKOI ITOBEPXHOCTHIO
IeHTpa KOHIEHCAllMU IIPOUCXOMAUT pacCeMBaHUE
MOJIEKYJ, COIVIACHO IIPUHSITOI MOAEIM, HAIIpUMEp,
nuddy3Hoit. MoJieKynbl, UMEBIINE A0 B3auMOoAeii-
CTBUSI OIMHAKOBYIO CKOPOCThb &, , MOCIE CTOIKHO-
BEHMUS IIPUOOPETYT pa3InyHbie CKOPOCTU B COOTBET-
CTBUM C MAKCBEJUIOBCKMM paciipeneieHuemM. I1mot-
HOCTb OTPAaXEHHBIX MOJIEKYJI Ta3a n* onpenensiercs
M3 YCJIOBUS HeNpoTeKaHus (paBeHCTBA MaJalollero
U1 OTPaxk€HHOT'O MOTOKOB), KOTOPOE JIsI IIPOU3BOJIb-
HOTO K03((dulimeHTa KOHACHCALIMU 3 UMEET CIIedy-
IO BUI:

JIEBAIIOB u np.

n(pr = (1 - B)nf

-, 4)
2m

rie T, — Temmnepatypa XUIKO# YacTUIbl. AHATOTHY-
Hasl POLIEypa T0KHA OBITH BBITTOIHEHA TSI KaXI0M
TOUKU &, CKOPOCTHOM CETKH.

DyHKIUS pacnpeneIeHUs 0 CKOPOCTSIM IUTIST MO-
JIEKyJl mapa nocjie CTOJKHOBEHMS C XKUIKUMU YaCTH-
1amMu f;”" HaXOmUTCs B pe3yJbTaTe CyMMUDPOBAHHUSI 11O
BCEM 3HAUEHUSIM OTpaxXeHHbIX GyHKUUH f*(E,) st
BCEX CKOPOCTHBIX TOYEK &,

=2 ), (5)

rme K — o0lee 9Y1MCiIo TOYeK CKOPOCTHOM ceTK. BbI-
paxeHue (5) moKa3bIBaeT, YTO Kaxkaas rpyrmnma MoJjie-
KyJI, UMEIOLINX Tiepe]] CTOIKHOBEHUEM CKOPOCTh &,
JlaeT CBOI BKJIAJ B oIlpenesieHre (PyHKIIUM pacIipee-
JeHus f;”" mociie CTOJKHOBEHMSI.

Onpenensst Mo MPUBEACHHOMY BEIIIE aJTOPUTMY
77, MOXHO HallTH (DYHKIMIO pAaCTIPENETEHUS MOJIEKYIT
mapa Mo CKOPOCTSIM TOCJIe CTOIKHOBEHUM ¢ IIEHTpaMU
KOHJIEHCAIlUM:

Lr= R+ 5 (6)

B pesynbrarte ocyiecTBICHUS 3TOi MPOLEAYPHI TSI
BCEX CKOPOCTHBIX TOYEK OMpenessieTcst (PyHKIINS pac-
npeaeaecHus Bo BceM (ha30BOM IMPOCTPAHCTBE.

IIpennoxeHHBIN ITOAX0OH MOXET OBITH 0000IIeH
Ha cjIy4aii, Korga pasMephl Kallejlb MeHSIOTCS, TIpu-
YeM 3TO M3MEHEHME 3aBUCUT OT KOJIUYECTBA MOJIEKYJI
napa, IoIaBIIIMX Ha KaIleJIbKy, KOTOPOE OIpeaeiIsieTCs
B XOJIe pelleHus.

Ecnu koaddunmenT konaeHcauuu  # 0, To yBenu-
YeHUe pa3MepoB KUJIKHUX YaCTHUL U3-32 KOHAEHCAIIUU
MOJIeKyJ ra3a (Imapa) MOXeT 0Ka3aTbCs CyIIeCTBEH-
HBIM, YTO JOJKHO OBITh YYTEHO MPU OMUCAHUU B3au-
MojeiicTBUs ap-Karisi. OGHOBPEMEHHO ¢ MTPOLIeECCOM
KOHJEHCALIUU pa3Mep MOXET U3MEHSIThCS B pe3yJIbTaTe
npouecca ucnapenus. Onucanue 3TOoro mpoiecca
MPOBOAUTCSI aHAJIOTUYHO UCHAPEHMIO ¢ MexK(a3HbIX
TpaHMUlI, T.€. IpEAIIoJaracTcs, YTo (yHKIIMS pacipe-
JeJIeHUs MOJIEKYIT TTapa, MOKUIAIOIIUX IIOBEPXHOCTh
Karuiu, peacTaBsieT co0O0i MOJyMaKCBEIMAH C TEM-
nepaTypoit Kariu 7, i TIOTHOCTBIO, COOTBETCTBYIO-
weii 7, mo nuHuu HackimeHus. [Ipu aTom nuameTp
LIEHTpa KOHJEHCALIUX 3aBUCUT OT BpeMEHU U Orpee-
JISIETCS CIEAYIOLINM 00pa3oMm:

1
3

D, (1) = Z{H(V . V,,,)}3, )

Vi = Vionn = Views T8€ Viguns Vien — 00BEM, CKOHIEH-

CHUPOBAaBIIMNXCA N UCIIAPUBIIMNXCA MOJICEKYJT 3a BpEMA
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Puc. 2. 3aMeHeHUe cTeneHN NEPEChIIICHUA B pa3/IMYHbIC MOMECHTBI BDEMCHU. (a) — MHTEpBaJl BDEMCHU MEXAY JIMHUAMU

10¢,, (6) — uHTepBa) BpeMeHU Mexay JuHusaMu 100z,

At COOTBETCTBEHHO, V' — 00beM KamnesjabKu Ha Ipe-
IbIOYIIEM Ilare, T.e. Ipu BpeMeHU ¢t — At. Takum
oOpa3oM, B BeIpaxeHHe (3) JOJKHO MOACTABISITHCS
D* = D,(#) + d Ha KaxIOM BpeMEHHOM 1iare, riae d —
TOJIIIIMHA C(PpeprUUIECKOTro CJIosI, 00bEeM KOTOPOIo paBeH
V., BaXHO OTMETUTD, UTO BeJMYMHA V), MOXET ObIThH
KaK TMOJOXUTENIbHOM, TaK U OTpULIaTeIbHOK. DTO Ha-
KJIaIbIBa€T 1OCTATOYHO CTPOroe yCJIOBUE Ha BHIOOD
mrara no BpemeHu npu pemenun KYb, uyto nobdasiser
CJIO)KHOCTU K YMCJIEHHOMY PELIEHUIO KUHETUYECKOTO
ypaBHeHUs1 BoJjibliMaHa, CyllleCTBEHHO yBeJIMYMBasi
BpeMsI BBIYMCIEHUIA.

PE3VJIBTATBI PEIHEHUA

Caauasia paccMaTpuBajach 3afgada o0 UCIapeHUN
1 KOHJIEHCAllMU BOABI O3 LIEHTPOB KOHAEHCALUU.
Pesynbrathl U1 U3BMEHEHUS CTENEHU MEPECHILICHUS
B Pa3JIMYHble MOMEHTBI BPEMEHU IIPEACTABIEHbI Ha
puc. 2. Ha puc. 2a npuBeneHbI pacyeTHbIE JaHHBIE O
PacIIpeNesIEHUIO MIEPECHIIIEHNS B UCCIIeNyeMoi 001a-
CTH B pa3JIn4Hble MOMEHTHI BpeMeHU oT 07, no 3007,
¢ uHrepBasioM BpemeHu 107,. Ha puc. 26 npencras-
JIEHbl aHAJIOTUYHbBIE JAHHbBIE, HO C 060Jiee KPYITHBIM
BpeMeHHBIM 11aroM (100%,).

W3 puc. 2a BugHO, uTo yepe3 BpeMs 107, mocie Ha-
yajia mpoiiecca BOJIU3U «ropsdeil» IMOBEpXHOCTU 00-
pasyeTcsi 06J1acTh MPOTSIKEHHOCTbIO MPUMEPHO 5S4,
C MaKCHMMaJIbHbIM 3HaueHueM TepechiiieHus 8. I1pu-
YyeM 3TOT MaKCHUMYM pacIiojlaraeTcsl Ha pacCTOSHUMN
Ay OT UCTIAPUTEIBHOI MOBEpXHOCTU. MIHTEpecHO OT-
METUTB, YTO Yepe3 MHTepBasl BpeMeHn 107, MakcumMym
CTENIEHM NepechlllieHust yeauuusaercs (S,,,, =14),
CABUTAETCS OT MOBEPXHOCTU MCIApeHUs BIIPaBoO,
a caMa 00J1acTh MepeChIeHUs pacipseTcs. Takoro
Ne2 2024
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poza mpoliecc nponoixkaercst npuMepHo 60z, nocie
Havasia ucnapeHus. K aTomy MOMeHTY BpeMeHU Mak-
cUMaJibHasl BeJIMYMHA TMepechileHus: coctapisieT 20
1 HaxonuTcst Ha koopauHare 102, [anee HabmonaeTcst
YMEHbIIIEHUE CTeTIEHU MePEChILIEHUsT BOJU3U ropsiueit
TIOBEPXHOCTH U €€ YBeJIMUYEeHNE BOJIU3HU XOJIOJHOM TTo-
BepxHocTH. Kak BugHO u3 puc. 2, ko BpemeHu 3007,
B pacyeTHOM 00J1acTU yCTaHAaBAUBAETCS CTallMOHAp-
HBI mpodunb nepeckiieHus1. [Ipu 3ToM, HauUMHAas
¢ MoMmeHTa BpeMeHH 10f, 1 o MoMeHTa BpemeHu 1107,
B TMOJIOBUHE UCCenyeMoii 00J1acTu HaXOAUTCS Map co
cTeleHbo nepeckimenus S > 10. Takum obpasom, pe-
3yJbTaThl pellieHus 3a1a4n 00 UCImapeHUun,/KOHICH-
calliy MOATBEPXAAIOT HAJIMYKE TIePECHIIIEHUS Y MO~
BEPXHOCTH HUCITAPEHUS, aHAJIOTUYHO AaHHBIM [2, 12].

JaHHbIe 110 BpeMEHHBIM 3BOJIIOLIMSIM MaKpoTapa-
METpOB (ILIOTHOCTHU Y TeMIIepaTyphl) B UCCIIEAYyEeMOi1
obsacTu mpeacTaBiieHbl Ha puc. 3. I3 cpaBHeHMS Bpe-
MEHHOTIO IIOBeIeHUS MepechilieHus (puc. 2a) U Ma-
KpoIlapaMeTpOB BUIHO, YTO “DPOHT” mepeCHIIeHUs
pacmpocTpaHseTcs B UCCIeayeMOoil 00J1acTU MeLJIeH -
Hee, YeM BOJTHA TeMIIepaTypsl U TUIOTHOCTH. Tak, Ha-
MIPUMED, U3 pUC. 3 BUTHO, YTO K MOMEHTY BpeMeHH 304,
BO3MYIIIEHHE TTIOTHOCTY M TEMITePATYPhI TOCTUIIIO XO-
JIONMHOI TIOBEPXHOCTH, @ MaKCMMaJIbHOE 3HaYeHUE TIe-
PECBILIEHNUST HAXOIUTCsl Ha KoopauHate ~4A,. Koopnu-
HaTa Xe IOJOBMHBI 3TOI BeUYMHBI paBHa ~ 102,,.

ITpu pelieHuy 3aga4v O BIMSHUU Kareiab HA UH-
TEHCUBHOCTh MaccollepeHoca HeoOXOaMMO 3HATh
BpeMsI 00pa30BaHMs KilacTepa KpUTHIECKOTO pa3Mepa,
TaK KakK CTAaHOBUTCSI BaXXHBIM BOIIPOC — YCIIEeT Ju
copMUPOBATHCS KJIacTep B UCCIEAYeMOIi 00JIacTy 3a
BpeMsI CyIIeCTBOBaHUsI NiepechilieHus mapa? OueHuM
XapakTepHOe BpeMs 00pa3oBaHMs KilacTepa KpUTHYe-
CKOTO pa3Mepa, TOUHee BpeMsI pocTa Iapooopa3Hoi
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Puc. 3. BpeMeHHBIe 3BOMIOLIMY MaKpoIlapaMeTpOB B UcciienyeMoii 001acTu: (a) — MIOTHOCTD, (0) — TeMmepaTypa.

KaITd OT OJIM3KOTO K HYJIIO pagnyca 10 KpUTHIECKOTO
panuyca R,,. Ecau paccmarpuBarh TOJIBKO MTOTOK Yac-
TUII Ha TTIOBEPXHOCTH KJIacTepa U He YUYUTHIBATH ITOTOK
C MOBEPXHOCTH KJIacTepa, TO MOXKHO 3aIucaTh CIeay-
folliee COOTHOUIEHUE JISI U3MEHEHMST pafuyca Kariu

BO BpEMEHU:
L),
dt Piig \ N 4

rae t — Bpems, M — MosspHada macca, N, — IMOCTOSIH-
Hast ABOTaipo, P, — IJIOTHOCTb KXUIKOCTH, T — TeM-
rnepaTypa rasa.

R,T
2’

®)

Penrenne 3Toro ypaBHeHUsI ¢ HaYaJIbHBIM YCJIO-
BueMm: rmpu ¢ = 0, R = 0 umeeT BU:

1 M
R=—|—|n
pliq(NAj

Ilput=tu R=R

R,T

o t. )

u3 (2) cmemyer:

cro

N
v= Pulta Ry (10)
RT n
M. =5
21

CootHoureHue (10) mo3BoisieT JUIIb OLIEHUTh T10-
psiIoK BpeMeHu ¢opMUpoBaHUs KilacTepa. s onpe-
NeJIEHYSI 3TOM BEJIMUMHBI MOTYT OBITh TaKKe MCITOJb-
30BaHbI U Apyrue nonxonabl. Hanpumep, B [12] orme-
YaeTcsI, 9TO I 00pa30BaHUsI KOMIUIEKCA XOTSI ObI 13
IBYX YaCTHUII TpeOyeTCsT BpeMs, He MeHbIIIee BpeMeHU

MEXIy TPOMHBIMU CTONKHOBeHUsIMU. B [13, 14] Bpems
00pa3oBaHMs KiIacTepa 00paTHO TPOIOPIMOHAIBEHO
MOTOKY YaCTUIL Ha eIWHUILY TOBEPXHOCTH, ITPUYEM 3Ta
BeJIMYMHA U3 CTaThU [14] ¢ TOUHOCTHIO 10 KO3 Ppuiiu-
€HTa COBITIaJlaeT C BbIpaxkeHreM, UCTIOJIb3yeMbIM TTpU
nonyderun (10).

J1st olleHOK OymeM CUYMTAaTh, YTO Ha IIPOTSKEHUU
BpeMeHU 607, cyliecTByeT 001aCTh CO CTENEHBIO Mepe-
coimenust S = 10. B aToM citydae KpUTUYECKU paguyc
MOXeT OBITh ompezeneH no gpopmyne TomcoHa [3].

20(T)
R = s 11
= o (1) RTIn(S) (1)
30€Ch O — KO:—)(i)(bI/IL[I/IeHT HOBerHOCTHOFO HaTAaAXEC-
HU4A.

Heob6xonumMo oTMeTUTb, UTO UCITOJIb30BaHME Ma-
KPOCKOTIMYECKUX TEPMOIMHAMUYECKUX BEJIUUYMH,
a Kak cieacTBue, u BbipaxeHus (11), aasa kmactepos
MaJIbIX pa3MepOB He SBIISIETCS KOppeKTHBIM [13, 15].
OnHUM U3 BOBMOXHBIX MyTel KOPPEKTHOTO OMUCAHMS
npoiecca 00pa3oBaHUS MaJIbIX KJIACTEPOB SIBIISTIOTCS
METOIBI MOJIEKYISIpHOM auHamMuku [16, 17]. Pesynb-
TaTbhl MIPUMEHEHUS MOJEKYJISIPHO-ITUHAMUYECKOTO
noaxona K MOAEIUPOBAHUIO Mpollecca TOMOTEHHOM
HyKJIeallMy TePECHIIIEHHOTO Mapa MoKa3blBaloT, YTO
nepBOHAYaJbHO B UCCIEAYEeMOI 001aCTU MOXKET 00-
pa3oBbIBATbCS 0O0JIbIIOE YUCIO MajblX KJIACTEPOB,
pa3Mephbl KOTOPBIX MeHbIIe Kputudeckoro [18]. B to
>Ke BpeMsl, MOCKOJIbKY caM Tpoliecc (opMUPOBaAHUS
KJIaCTEPOB HE SIBJISIETCS 1Iebl0 HACTOSIIEH paboThl,
BeIpaxeHue (11) maeT BO3MOXHOCTh OLIEHUTh pa3Mep

KOJIJIOUIHBIM )KYPHAL  Ttom 86 Ne2 2024



BJIIMAHUE TOMOTEHHOU HYKJIEALIUM HA MUHTEHCHUBHOCTD ITPOLIECCOB

KJIAaCTEPOB, IIPUCYTCTBYIOIINX B paCIETHOM 001aCTH Ha
HayaJbHOM 3Tarle.

IIpenmnonoxum, 4To TEMIIEpaTypa BOASIHOTO Iapa
paBHa CpeaHel TeMIepaType MEeXIy ropsyeit 1 X001 -
HoIt moBepxHOCTAMU, T.¢. 318 K. JlaBneHue, cooTBeT-
CTBYIOIIIEE DTOI TeMIlepaType 10 JUHUHU HACBIILIEHMS,
cocTasiiger nmpuMmepHo 9549 Ila. Tak kak § = 10, To
yucIoBas MIOTHOCTh 71 = 2.18 - 10%* Mm~3. Kpurnueckuii
paguyc B 3TUX ycioBuax paseH 4.2+ 10710 m.

Cornacho (10), Bpems1 o0pa3zoBaHuUs KiacTepa JaH-
Horo panuyca cocrasiusier T, = 4.2- 10~ ¢. I[Tpu sTOM
BpeMs CYIIeCTBOBAHUS 30HLI MEPECHIIIEHUS C Be-
muyuHoil S = 10 cocrasisger npuMepHo 60 eTUHMNIL,
T.€. Tg = 607, YTO COOTBETCTBYET Pa3MEPHOMY Bpe-
menu 1.7-1077 ¢. CinenoBarenbHO, TOCKOJIBKY Tg > T,
3a Bpemst 607, ycrieBaioT 00pa30BbIBATHCS KJIacTePhl
Kputuueckoro pasMmepa. [IpuBeneHHbIe OLEHKU JAIOT
OCHOBAHUSI B TIEPBOM IPUOIMKEHUN CUUTATh, UYTO
K MoMeHTY BpemeHu 3007, uccienyemas obaacTh 3a-
MOJIHEHA KJIacTepaMu, pa3Mep KOTOPBIX OMpPeaeasieTcst
M0 CTallMOHAPHOM CTENIEHU TIepeChIIeHus (KpacHas
JIMHUS Ha puc. 20).

OueBUIHO, UYTO B peaJibHOW CUTyalluU TPOLiecC
00pa30BaHNs KJIACTEPOB MOXET HAYMHATHLCS B JTIOOOI
MOMEHT BpeMEHHU Cpasy Xe, KaK TOJIbKO CTEIeHb Iepe-
chileHus1 oynet 6oabiue 1. Tak, HarpruMep, KaK BUTHO
13 puc. 2a, yepes BpeMs 107, (B pa3MepHBIX BETMYNHAX
t =2.803-107% ¢) mocyie Hauasa mpolecca UCIapeHus
BOIM3M Mexk(a3HOi1 TOBEPXHOCTH 00pa3yeTcsl 001acThb
C MaKCUMAaJIbHOM CTEIeHBIO TepechIeHnsT S = 8.
Ecnu ucnons3oBats BeipaxkeHue (10) 1151 oLieHKU Bpe-
MeHU 00pa3oBaHUsI 3apoblllia KPpUTUYECKOTO paguyca
IIPU TaHHOM CTeTIEHU TIePECHIIIEHUS, TO MOXHO TTOJTY -
YUTh, YTO IJI1 00pa30BaHMS 3apONbIIia KpUTUIECKOTO
pasMepa Heobxonumo Bpems 1.08-10~7 c. OueBugHO,
YTO TIPY YBEIMYECHUHN CTETICHH TIEPECHIIICHNS pa3Mep
KPUTHUYECKOTO 3apOJBIIIA, a CIEAOBATEIbHO, U BPEMSI
ero hopMHUpPOBaHUS YMEHBIIAIOTCS, T.€. IIPU CTETIEHU
nepecwieHus: S = 20 MOryT OBICTPO TOSIBISITHCS
KJIacTepbl MAJIOTO pa3Mepa, OMHAKO MpPencTaBIeHUE
TaKoro KjacTepa B BUIE MaKPOCKOTIMYECKON Kariu
W WCIIOJIb30BaHUeE JJIs1 HEr0 MaKpOCKOIMMYECKUX Tep-
MOIWHAMWYECKUX BEIIMYMH HellpaBoMepHO. B aToii
CBSI3U B HACTosIIIei paboTe MpeaIoXKeH yIIPOIEeHHbBII
MOJXO, MO3BOJISIIOIIMI YIUTHIBATh BIUSIHUE MPUCYT-
CTBYIOIIIUX B 0OJITACTH pacyera Kareilb Ha MHTEHCUB-
HOCTBb MepeHOCca MacChl.

Takum o6pa3om, Ha CJIEOyIONIeM 3Tare MPearno-
JaraeTcs, 4To K MoMeHTy BpemeHu 3007, B obiactu
TedyeHUsI 00pa30BaMCh KJIacTephl, pa3Mephbl KOTO-
pBIX ompenensitorcs mo BeipaxkeHnuto (11). s pacyera
Juciia TaKUX KJIACTePOB B €AMHUIE 00BeMa MOXKHO
BOCIOJIBb30BaThcs (popMynoit PpeHkenss—3eapaoBruya
JIJISI CKOPOCTU HyKJjeauu [19]:

A
I =A4exp| ——|, (12)
4 T3(InSY
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Puc. 4. HavanbHast yiicoBast INIOTHOCTD LIEHTPOB HY-
KJIeallud B MOMEHT BpeMeHu 1 = 3007,

rac
A =B/ pig(D)lp / (RD)] 2M(T)N / ;3

A=167N,(o(T) / RY (M / pyy (D)) / 3;

[IpY peLIeHUH JAHHON 3aJa4y MPENIOJarajaoch, 4YTo
Ko3db dueHT KoHaeHcauuu = 1.

BripaxxeHnue (12) 1Mo3BoJSIET ONPENECIUTh YUCIIO
KJIacTepOB KPUTUUYECKOTO paauyca, 0opas3yloIixcs
B eIUHUIIE 00beMa B SMMHUILY BPEMEHU IIPU U3BECT-
HOIt cTenieHN mepechieHns. Ha 6a3e mpoBemeHHBIX
BBIIIIE OIIEHOK MOXHO CUMTATh, YTO BPEMs, B TeUe-
HHUE KOTOPOTO B MCCICIYyeMOM 00JIaCTH MIET MPOIece
0o0pa3oBaHUs KJIacTepoB KPUTUYECKOrO paauyca,
cocrasisteT ¢ = 300 7, = 8.409- 1077 c. 3a a10 Bpewms,
Kak ToKa3aHo Ha puc. 2 U 3, B UcclienyeMoil obyactu
yCTaHaBIMBAIOTCS HE TOJBKO CTAlIMOHAPHBIN MPODUIIb
CTETIEHU TepeChIIeHsI, HO U CTallMOHApHBIE MPO-
(punm MmakpomnapamMeTpoB — TUIOTHOCTH, TEMIIEPATYPHI
¥ TUIOTHOCTH TTOTOKA Macchl. HaganmbHOe pacmipene-
JIeHWe KJIaCTepPOB, BblUMCIeHHOoe 1o (12) st crauu-
OHapHOTO MpOoGWIs CTeNIeHU NepechillieHus (puc. 2
npu ¢ = 300¢,), mpencTaBiaeHo Ha puc. 4.

Hanee BbIYMCICHUS MPOAOJKAIOTCI C YUeTOM
pacnpeneyeHHBIX B 00beMe YacTHUll, IIPU 3TOM IIpeji-
rmoJjaraeTcsi, YTo TeMIlepaTypa Karlejb MOCTOSIHHA
1 paBHa 1, a Ha UX TTIOBEPXHOCTSIX IIPOUCXOISIT UCIIa-
peHure U KoHaeHcanus. CuuTaercs, YTO BCe MOJIEKYJIbI
napa, norajgaloliye Ha MOBEPXHOCTH Karmejek, mpu-
JINTIAIOT K HUM. OTHOBPEMEHHO LIEHTPhI MOTYT TEPSTh
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Puc. 5. Pacnipenenenus koHueHtpauuu napa (N) —
CIUIOLIHbBIE JIMHUU, TeMIiepatypbl (1) — MyHKTUPHbBIE
JIMHUM [UTS Pa3IMYHBIX MOMEHTOB BPEMEHM.

YacTh MOJIEKYJ 3a CUET UCIapEeHUsI, UHTEHCUBHOCTh
KOTOPOT'O COOTBETCTBYET TEMIIEpaAType Kareib. [1o-
CKOJIbKY 3a eIMHUILY TIPUHSITA MEHBIIIAsI TEMIIEpaTypa,
TO MHTEHCUBHOCTH UCITAPEHUS CYIIECTBEHHO HITXKE,
yeM KOHJEHCAUUU. DTO MPUBOIUT K MOCTEIIEHHOMY
YBEJIMYEHUIO Pa3MEePOB Karlelb U BO3pACTAHUIO BJIU-
SHUS Ha TeUeHUe mapa. Pe3yabTaThl pelieHus Ipe-
CTaBJICHBI Ha puc. 5—8.

YToOBI KOPPEKTHO MHTEPIIPETHPOBATD MOJIYICH-
HBIE pe3yJIBTaThl, PACCMOTPUM XapaKTEPHBIC STAIThI
mpoliecca U BpeMeHa, KOTOPhIE UM COOTBETCTBYIOT.
Hauynem ¢ MoMeHTa 00pa3oBaHUs IIEHTPOB KOHACH-
canuu. Eciu mocmoTpeTh Ha puc. 3 U1 5, TO MOXHO
3aMETHUTh, YTO CHavaja JIMHUU IJIOTHOCTH, TeMIIepa-
TYpBI ¥ TIOTOKA MacChl UAYT OYeHb OJIM3KO K CTAINO-
HapHOMY pellleHuIo 6e3 IIeHTPOB KoHAeHcanu. J1is
OIIPENCICHHOCTH BO3bMEM TOUKY B CepeanHe pac-
4yeTHO# obnactu x = 25),. CtaunoHapHbIit Tpoduib
IUIOTHOCTH N, TIpefcTaBIeHHBIN Ha puc. 3a, UMeeT
XapaKTepPHYIO TTOJIKY, CBOMCTBEHHYIO BCEM 3agadaM
MepeKoHIeHCAalnM. 3HaYeHWe TJIOTHOCTA Ha 3TOMU
«TTOJTIKE» TIPH 3aJaHHBIX YCIIOBUSX 3a0a9y paBHO 2.49.
Yepes Bpems f; = 2007, T.€. K MOMEHTY BPEMEHU
5007, yncioBas MIOTHOCTh yMeHbLIuIach Ha 0.4%.
Ha 5% moTHOCTh YMEHBIIUTCS K MOMEHTY Bpe-
menu 10007,. DTo 03HaYaeT, YTO MHTEPBAJ BPEMEHU
1o t, = 800¢, mocie Hayaia npolecca KOHAEHCAUnU
Ha 9acTHUIIaX HeOOXOMUM IIJIsI TOTO, YTOOBI KaIleIbKU
YBETUUIIINCh B pa3Mepax JOCTaTOYHO CUJILHO U Ha-
YaJim 0Ka3bIBaTh CYIIeCTBEHHOE BIMSHUE Ha TTapa-
MeTpBI TeueHUs napa. Ecau B MOMeHT 06pa3oBaHUs
eHTpoB nuamertp kiaactepa D, = 9.8-1071% m, 1o

X/

Puc. 6. I3meHeHe MaccOBOTO MOTOKA BIOJb Koopau-
HaThbl 1)1 pa3IMYHbIX MOMEHTOB BPEMCHU.

npu t, auamerp Karau D, = 1.51-10% m, npu ¢, —
D, =4.8-10"%m.

W3 cpaBHeHUs pacpeneeHUud CTENEHN TIePEChI-
LIEHNS U BEJWYUHBI IUIOTHOCTU MTOTOKA MAacChl JJIsI
MoMeHTOB BpemeHu 3007, u 5001, (puc. 7 u 6) BUaHO,
4TO Ha npoTskeHnu 2007, ¢ MOMEHTa MOSABJICHUS Ka-
IeJb B 00/1aCTU pacyeTa BeJIMYMHa IUIOTHOCTU ITOTOKA
MacChl BEHIECTBA U CTEIIEHb MEPECHIIEHUs 3a 3TO
BpeMsI IPAaKTUYECKU HE U3MEHSIOTCSI. DTO 00CTOsI-
TEJbCTBO TAKXKE MO3BOJIAET B IEPBOM NPUOIMKEHNUN
HE YYMTBIBaTh OOpasyloluecs Majble KJIacTephl 10
MOMEHTA YCTaHOBJIEHUSI CTALLMOHAPHOI'O pacIpenese-
Hus nepeceliienus. Ha puc. 6—8 pacnpenenenus na-
paMeTPOB J0 Havalla MOSIBJIEHUS KJIACTEPOB yKa3aHbI
JINHUSIMU C CUMBOJIaMU “KPYXOK”.

JIJ1s1 OLIeHKM BIMSIHUS Kareb Ha U3y4yaeMblii Mpo-
LIECC BBIYMCIIMM BPEMs, 32 KOTOPOE BO3MYILLEHHE 10M-
JIeT OT rops4eii MOBEepXHOCTHU A0 xononHoii. IToToky
Macchl, TOKa3aHHOMY JIMHUEN ¢ KPaCHBIMU MapKe-
paMu Ha puc. 6, COOTBETCTBYET Oe3pa3MepHasi CKO-
poctb u = 0.5u, PaccTrosHue Mexay MmiacTUHaAMU
paBHo L = 502,. Torna Bpems t; = 501,/0.5u, = 100¢,,
T.€. t; < f,. BaXXHO OTMETUTB, YTO B JAaHHON MOIEIU
LIEHTPBI KOHIEHCALIMU SIBJISIOTCS HEMOLBUXHBIMMU,
a TakXe MX KOJN4YecTBO He MeHdeTcd. Ho ecnu Ovl
YaCTHUILIBl MOIJIM ABUTATbCS BMECTE C MOTOKOM ITapa,
Hcye3aTh Ha XOJIOAHON MOBEPXHOCTU U BHOBb 00Opa-
30BBIBATbCS B 00bEME, OHU HE YCTIENIN Obl YBEIUYUTD
CBOM pa3Mephl B TOCTAaTOYHOM cTereHu. TakuM 00-
pa3oM, MOJY4YEeHHBIE PE3YIbTaThl 11 HETTONBUXKHBIX
Karejab MOTYT OBITb MCTIOJIb30BaHbI JI1 BBISICHEHUS
Ne2 2024
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Puc. 7. U3MeHeHuUe cTeneHU NepechIlleHUs BIOJIb KO-
OPIUHATHI JIsSI Pa3IMIHBIX MOMEHTOB BPEMEHM.

CTeMeHU BIIMSTHUS Mpoliecca TOMOTEHHON HyKjlealun
Ha MHTEHCUBHOCTh MCIAPEHUsT/KOHAEHCALINU B CITy-
yae IBVXYIIUXCS IEHTPOB KoHaeHcauuu. Kak moka-
3BIBAIOT OLIEHKM XapaKTEPHBIX BpEMEH, a UMEHHO Bpe-
MEHH #;, B TeUeHNe KOTOPOTo 00pa30BaBIIMeECs KaTulu
He BJIMSTIOT Ha MakporapaMeTphl B KCCIIeAyeMOii 00J1a-
CTHU, U BPEMEHM #; — ABMKEHHUS Mapa OT OBEPXHOCTHU
HUCMapeHus K MTOBEPXHOCTU KOHAEHCALIUU, BIUSHIE
LIEHTPOB KOHJEHCAIlUM Ha TeYeHMe Iapa B cliydae Ux
IBUXKEHUSI CO CKOPOCTBIO TIOTOKA NPH £, < ¢, He HaOJII0-
TTaJIOCh OBI.

[TonyyeHHbIe pe3yabTaThl MTOKA3bIBAIOT, UTO MIPU
BBIOpAaHHBIX ITapaMeTpax 3amadyud IMPUCYTCTBUE He-
MOJIBUXXHBIX 1IEHTPOB KOHAEHCAIIUM OKa3bIBaeT 3Ha-
YUTEILHOE BIMSHUE Ha TeUYeHUE Mapa B McClenye-
MOt obJyiacTu. BaxkHO OTMETUTB, UTO JJI51 TTOJyUEeHMUS
penieHus: ObIIM CAeNaHbl Clenyloliue TOmyIlieHus:
1) HETIOABMXKHOCTD KaIlelb; 2) X HEU3MEHHOE KOJIM -
4yecTBO (B KaUeCTBe MepBOro NpudmxkeHus) u 3) 1mo-
CTOSIHCTBO TeMmmnepaTypsl yactull. [Ipoieccol koary-
JIIUMU KarleJb U HaJluuue NOKPUTUYECKUX Kalleslb
B paboTe He paccMaTpuBanuch. Kak ormeudanoch
BBIIIIE, TIEPBOE M BTOPOE YCIOBUS SIBJISTIOTCST TIPUHIIY -
MUAJTBHBIMU JJIS TIPENJIOKEHHON pacueTHON Moneaun
C TOYKU 3pEHUS BIMSHUS IIEHTPOB KOHAEHCAIIMU Ha
TeuyeHue napa. OTKas oT ycjioBusi 3), O4eBUAHO, MPU-
BeleT K CHUKEHHUIO BO3ACHCTBUS Kareab Ha MOTOK.
Korma Moexyisl Tmapa ocaXkmarmTcs Ha TOBEPXHOCTH
Karuiu, ee TeMiepaTrypa pacTeT, BMECTE C 3TUM YBe-
JNYMBAeTCS UCIapeHue, U, COOTBETCTBEHHO, MpPO-
UCXOIUT yMEHbIlIeHUe pa3MepoB. Takum obpazom,
Ne2 2024
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Puc. 8. MiaMeHeHUe TuaMeTpOB KJIaCTEPOB BIOJIb KOOP-
IWHATHI IJI1 PA3TUYHBIX MOMEHTOB BPEMEHU.

pasMEpbl IEHTPOB HE 6YIIYT YBEJINYMUBATLCA TakK
CUJIbHO, KaK IMIpn MOCTOSIHHOM TEMIIEPATYpPEC, BIIUA-
HHNEC Ha HpO(i)I/U'[I/I IINIOTHOCTH, TEMIIEPATYPHI U ITOTOKA
MacCChl CTAaHET CYIIECTBEHHO HMXKE.

BbIBObI

B pabGote mpencTaBieH IMOAXOM, ITO3BOJSIONINIA
YUYUTBIBATh BIMSIHUE TIPUCYTCTBYIOIIMX B MCCIIEIye-
MO 00JIACTY paCTYILIUX Karledb XUIKOCTU HA UHTEH-
CUBHOCTb MaccoIlepeHoca B IMpolecce MepeKOHAEH-
caluu.

Ha 6a3e o1ieHOK BpeMeHU 0O0pa3oBaHUs KaIllv
KpUTHYecKoro pasmepa (nmpumepno 4.2-107° ¢),
a TaKXXe BpEMEHU PacIlpoCTpaHEHUs TepeChIleHUS
(mpumepHo 1.7-1077 ¢), mokasaHo, 4TO B MEPBOM
MPUOJUKEHUN BO3MOXHO OCYILIECTBJISITH ONMCAHUE
B JIBa 3Tamfa: Ha MepBOM M3 HUX paccMaTpUBaTh Mpo-
IIECC YCTAaHOBJIEHUS CTallMOHAPHBIX MapaMeTPOB 6e3
y4yeTa MPUCYTCTBUS Kallelb, a HA BTOPOM y4eCTh MX
HaJu4ue.

[TonyyeHHbIe pe3yabTaThl MOKAa3aJlu, YTO B CIydae
HEMOABUXHBIX Kallejlb HabJoaaeTcsl CUIbHOE BIM-
sSIHUEe mpoliecca 00beMHOI KOHIeHCAllMU HA UHTEH-
CUBHOCTb TIpoliecca. DTo 00YCIOBIEHO CIEAYIOIINUM
(bakToM. Uepes3 OTHOCUTENBbHO MaJjiblii TPOMEXY-
TOK BpeMEHM MocJie TOSIBJIEHUS KarleJib B UCCenye-
Moii o6nactu (=2.2-107° ¢) nMameTpsl Kamnesb 3a CYeT
npoliecca KOHAEHCAllUY YBEIUYMBAIOTCS TPUMEPHO
B 50 pa3, 4To MPUBOAUT K CYIIECTBEHHOMY U3MEHEHUIO
rnapaMeTpoB TeUeHus Tapa.
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OMHAHCHPOBAHUME PABOThHI

Pabora BeimonHeHa Mpu (HUHAHCOBOW MOMIIEPKKE
Poccuiickoro HayyHoro ¢oHnaa (rpant Ne 22-19-00044)

COBJIOAEHUE OTUYECKHMX CTAHIAPTOB

B naHHOI1 paboTe OTCYTCTBYIOT MCCJIEIOBAaHUSI YEIO-
BeKa MJIU KUBOTHEIX.

KOH®JIMKT MHTEPECOB

ABTOpPHI TaHHOIW pabOTHI 3agBIISIOT, YTO Y HUX HET
KOH(DIMKTAa MHTEPECOB.
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