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Ycnexu 6opbbbl ¢ 2padom B Hacmosujee BpeMA Hesenuku. Buoumo,
amo onpedenaemcs HedocmMamoYyHOCMbi0O meopemudeckux uccaedosaHuli npo-
yeccos 2padoobpaszosaHus,xoms B 3moli obnacmu docmuzHymsl 3Ha4umesnb-
Hble ycnexu. B nacmoaweli pabome npednazaemca mamemamuyeckaa moodesnb
pocma 2paduH no OOHOMYy U3 OCHOBHbIX MEXAaHU3MOB pocma - 2emepo-
Koazynayuu.

B Hawem nepBom coobweHuu 6bi10 nokazaHo, Ymo B npoyecce pocma
2paduH Ha Ha4YanbHbLIX CMAadusx KoazynNAYuu MuKpokanesnex BoObl HaG NoBepx-
Hocmu Yyacmuy 3apodbiweli 2padoobpasosaHusn, B omcymcmsue aziaomepayuu
amux 3apoldbiweli OnA BepoamHocmell 4Yuciaa ocedarowjux MuKpokKanesb BoObI
umeem mecmo pacnpedenerue [lyaccoHa.

Ha 6onee no3dHux cmadusx pocma 2paduH KuHemuyYeckKue 3aKoHOMep-
HOCmu ocaxOeHusi MuKpokanenb BoObl HG NOBepXHOCMU Yacmuy 3apoodbiweli
2pada uHble, NOCKO/bKYy NO Mepe 3ano/JHeHUs noBepxXHocmu 3apoodbiweli
cKopocmb npoyecca 6ydem CHUXamMbCA, M.K. yMeHbwaemcsa 00nA cBo600Hol
nosepxHocmu.

JuHamuka 2emepokoazynayuu mMukpokanenb BoObl Ha 3apodbiwax 2pada
Ha cmaoduax 0ocmamoyYyHoO BbICOKO20 3ANOJHEHUS NOBEPXHOCMU Koa2ynAyuu
Mmoxiem 6bimb NPOAHANU3UPOBAHA NpuU y4Yeme cmeneHu nOKpbimua 3moli
nosepxHocmu.

Mamemamuyeckuli ananuz makoii modenu no3sonsem npedcmasumsb
coomHouleHue, no3Bo/isAloujee CBA3aMb YeHbl pacnpedeneHus sepoamHocmeli
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Yucna oceswux Ha 3apodbiuie MUKpoOKanenb C¢ y4iemom moezo ¢pakma, 4mo no
Mepe 3ano/nHeHUs NOBepXHOCMU Yacmuy npomekKaxsue npoyecca 3ameodnsemcs.
B pesynbmame naweii pabombi moxHO ymsepasOamb, Ymo paccmom-
PpeHHble Mmamemamud4eckKuoe modenu OUHaMuKu pocma 2paduH 3a cyem zeme-
poKoazynayuu Mukpokanesb BoObl HG NOBEPXHOCMU 3apodbllueBblX Yacmuy
nosgonAlom onucamb 3Mom npoyecc Ha PasiuyHbIX CMaousx e2o0 npome-
KaHUsA, B MOM 4Yuc/ie C y4emom ompbiBa om NOBEPXHOCMU OCeBWUX Yacmuy.

Knioyesbie cnosa: 2pad, 3apodbiwiu 2paduH, OUHAMUKA pocma.

B Hawem nepsom cooblieHnn Obino MokasaHo, 4TO B Mpolecce pocTa
rPagvH Ha HayanbHbIX CTaguAX KOarynAuMM MUKpOKanenek BOAbl Ha MOBEpPX-
HOCTU YacTuL, 3apofblLleil rpasoobpasoBaHua, B OTCYTCTBME ariomepauum aTux
3apofpllleii gnAa BEPOATHOCTEll YMcCna OcCefalroLnx MUKpoKanenb BOAbl MMeeT
mecTo pacnpegenenue [lyaccoHa.

Ha 6onee mo3pHux cTagmnax pocta rpafuH KUMHETMYECKME 3aKOHOMEPHOCTU
OCMK[EHNA MUKpOKanenb BOAbl Ha MOBEPXHOCTM HacTuL, 3apofbllleil rpapga
MHble, MOCKONbKY MO Mepe 3amnofHEHMA MNOBEPXHOCTU 3apofbllleil CKOpOCTb
npouecca byaeT CHUMaTbCA, T.K. yMEHbLUIAETCA J,0NA CBOOOHOW NOBEPXHOCTY.

[lMHamuKa retepokoarynaLuum MUKpoOKanenb BOAbl Ha 3apofpblllax rpaga Ha
CTaguAX JOCTaTOYHO BbICOKOTO 3amnofiHEHMA MOBEPXHOCTU KOArynAuMM MOMET
6bITb MpoaHanu3npoBaHa MpU YyyeTe CTEMEHW MOKPbITUA 3TOW MOBEPXHOCTU.
MycTb 6 — pona 3aHATOI NOBEPXHOCTU HaCTULbI 3aPOAbILLa.

B obliem cnyvae 6 3aBUCUT OT YmMCna ye OCEBLLMX MUKPOKanenb, NO3TOMY
MOMHO 3anucartb:

0 = i/im (1)
roe: i — YACNno MUKpOKanenb Ha YacTuLie 3apofbllia

im — MaKCUMabHOE YMCNO MUKPOKarenb, KOTOPOE MOMET OCECTb Ha YacTuLe.

C yyetom cTtenenu 3anonHeHua (1) KUHETUYECKME ypaBHEHMA pocTa rpapfviH
Ha CTaguAx JOCTaTOMHO BbICOKOrO 3amnofiHEHWA MOBEPXHOCTU 3apoppllleil MUK-
POKaniIAMM MOKHO 3anucaTb B BUe cucteMbl fuddepeHumanbHbix ypaBHEHWIA:
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Ry QS1ai/iN] )

dt i~0

Mo _ kN, ®
dr

N,k oN, KON, @-17i,) )
T

N, N, -1i,) KON, L-2/i,) (5)
T

dN

d—‘=leNi_l[l—(i—1)/im]—k1QNi(1—i/im) (6)
T

WUHTerpuposaHne ypaBHeHna (2) npu HadanbHOM ycnoBun Qu-o) = Qin 1 C

ysetom i N, =Q,, ZNi = N,,, Np1BOANT K 3aBUCMMOCTM
i

Q = Qin [(Qin/Qum) -1] / {(Qin/Qum) — exp [-kiNin (Qin/ Qum-1) T [} (7)
rae Qum - MakcMManbHOe YKUCNO MUKPOKarnenb, KOTOPOe MOMET OCEeCTb Ha
3apofblleBbIX HacTMLAX B efuHMLLEe obbema.

WUnTerpuposaHuem (3) nocne nopcraHoBkM B Hero (6) U npu HavanbHOM
ycnosum
No (=0) =Nin NonyyaeTca ypaBHeHue:

Qi“ /ka _exp[KlNin (1'Qin /ka)f]}_ka/No

N, _ .
N =exp [lekm (1 Qin /ka)T]{ Qin /ka -1

(8)
U3 ypaBHeHwii (3), (4) BbITeKaeT, yTO:
dNi /dNo=-1+ (1 = 1/im) Ni / No(9)

Wnterpuposanve (9) npu HavanbHom ycnosuu N _ ) = 0 (=1
MPUBOAUT K 3aBUCUMOCTH:
Ni = No [(Nin / No)/m = 1] im (10)
U3 (3) n (5) cnepyer:
dN, . .
N, =—1-1/i, )N, /N, +(@-2/i )N, /N, (1)
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WUnterpupysa (11) nocne noacraHosku (10) npn HavanbHOM ycnoBuu
Niggny =0, 121

MO3KHO MONYYUTb ypaBHeHWE
N2 = No [(Nin / No)™ = 1] im (im = 1) / 2 (12)
AHaJ'IOFVI‘-IHO, MOMHO NOKa3aTb, 4YTO

Ny = N[Ny, /Ng)™ ~21 (TL (i, ~K))/i (13)

Beipaxenue (13) npeactaBnaet coboii COOTHOLLEHWE, MO3BOAAIOLLLEE CBA3ATb
uneHbl pacnpefeneHna BEPOATHOCTel uMcna OCEBLUMX Ha 3apopbllle MUKPO-
Kanenb C y4eTom Toro cpakta, YTO MO Mepe 3anofiHEHWA MOBEPXHOCTU YacTuy,
npoTekaHue npouecca 3ameanAaeTca.

XoTa 3aBucumoctn (7) n (13) nosponAloT onucaTb MPOLECC OCaMAEHUA
MUKpOKa-Menb Ha YacTuuax 3apofpllleid Ha MO3[HMX CTaguAxX NpoLecca, OHW He
YYMTbIBAIOT, YTO C YBEMYEHNEM YMCNa OCEBLUUX MMUKPOKanenb BO3PacTaeT BO3-
MOMHOCTb MX OTpbIBa OT MOBEPXHOCTW Koarynauuu. Mexay Tem, OfHO3Ha4Ho,
4TO TaKoi OTpbIB MMmeeT mecTo [1].

Y4uTbiBaA BO3MOMHOCTb OTpblBA MUKPOKanenb OT MOBEPXHOCTW Koaryna-
LMK, 3anuwem, UCXoaA 13 ypaBHeHUA (2):

(;—Q:—leNin[l—ZiNi/(imNin)]+kzziNi (14)
T i i

roe ka — KOHCTaHTa CKOPOCTU OTpbiBa MUKPOKAMIn oT NOBEPXHOCTU Koarynauuu.
Ecnmn yncno oceBlimnx Ha 3apopblille MUKpOKaneib B eauHuLe obbema cucte-

Mbl 0603HaunTb Kak Q, = Z:iNi , To u3 (14) nonyyaerca ypaBHeHue:
i

92 = QN - Qu 1N T K,Q, (15)

TaKMM 06p330M, paCCMOTpeHHble Mogenn oUHaMnKn pOCTa rpa,l:l,l/IH 3a cyeT
reTepOKoaryﬂﬂLl,MVl MMKpOKaﬂeﬂb BOAbl Ha ﬂOBerHOCTVl 3ap0,ﬂ,b|L|JeBb|X YacTtuy,
MNO3BONAKOT ONMUMNCATb 3TOT I'IpOLI,eCC Ha pa3J1I/IHHbIX cTagunAax ero I'IpOTeKaHVIH, B

TOM 4HUCNE C yHETOM OTpbiBa OT NOBEPXHOCTU OCEBLUUNX HaCTUL,.

77



CnucoK ncnonb3oBaHHOIA nutepartypbl

1. Xopryanu B. I'., Mukpodusmnka 3apomperua n pocta rpaga, M., 'vgpome-
Teonspar, 1984, 188c.

LUrYSULUShYLErh USC <UTYb UNLELNY' LNUSNKL3USU UL
vuutrsdnih3h ocuouwuulu uushsuiue

u34ul3uu arnrqenrn

Quywnp whpwlwh hwdwuwpwi,

phdpwlwt ghippnygynibtilph pGYLwont, FN< nngbitin
Eithnuwin' grikorgjan@gmail.com

<UunP3UUL <U3uUusuu

Lwywuypwbh wqquiht wgpwpught hwdwuwnpuwb,
ipbluthwlywt ghippnieyniutibnp plltiwdnt, <UUL nngbitnn
Eithnuwin' hayastan.hakobyan53@gmail.com

bwplyunh nbd wWwjppwpnd hwennniejniuubipt wju wwhhu phs Gu: Cuwnn
Gpunyehu, nw wwjdwuwynpjwsd £ Yuplywp duwynpdwu gnpdpupwgubph wnb-
uwlwu nwnuwuphpnipniuutiph wupwywpwpnijwdp, LW wiu ninpuind qqw-
(h wnwopupwg L gpwugyt;: Wu hnnjwdénd dbup wnweownynwd Gup Yupluww-
hwuwnhlubph wéh dwpbdwwnhlwlwu dnnb]' pun wéh hhduwlwu defuwuhquub-
nhg dyp* htnbpnynwagniyugdw:

Ubp wnwohtu hwnnpnnuinud gnyg wnybghup, np upyunph wdh dwdwuwy
upw &Lwynpdwtu dhontyubph dwuuplubph dwytpbuhtu oph dhypnlywehiubph
Ynwaniywgdwt uygpuwlwu thnybpnd wyn dhontyubiph wgndbpwghwih pwgw-
Yuinipjw nbwpnud oph dhwinpnn dhlypnlwehjutiph puh hwywuwlw pwpfuni-
dp wbinp £ niubund punn Mnwwuntup:

Ywpyunwhwuwnhyubph wéh hbGnwqw thnybpnd Ywpyunp dhonyubph dwu-
uhyubph dwybpbuhu oph dhypnywehiubph bunbigdwu YhubinhYy ophtwswihni-
pInwuutipp wy U, gnpdpupwgh wpwgnyeniup Yudjwagh, pwuh np dhoniyutinh
wquwuw dwytpbup ujwgnud k:

Ywplwh  dhgnyubinh Ypw oph dhynnlwehiutiph htunbpnlynwgnyjwgdwl
nhuwdhywt pwwlwiuwswih pwpdp dwdlyywodniejwu wunphtwuubipnd Ywnbh
E dbpindt)’ hwodh wnubing wjn wunhéwup:

78


mailto:grikorgjan@gmail.com
mailto:hayastan.hakobyan53@gmail.com

Ldwu dnnbjh dwpbdwnhlywywu epinwdnyeniup eny| b vwhu ubpyujwg-
ub| dp hwpwpbpnyeniu, npp Yuwnd £ dhonyh dwybpbuhtu tunmwd dhypnyw-
prhiubph pwuwyp hwjwiuwwunejwu pwotundp' hwoyh wnubiny wju thwuwnp,
np puwn dwybpbup (gdwu gnpdpupwgp nwunwnnu k:

Ubip wotuwwnwuph wpryntupnd Ywpbih £ wunbl, np uwnduwjhu dwuuhyub-
nph dwybipunyeh Ypw oph dpypnywehiutiph htwmbpnywagniywgdwu htnblwupny
Ywpyunp wéh nhuwdhywih nhnwplywsd Jwptidwnpywlwu dnnbjubpp huwpw-
dnpnipniu Bu wwihu wpwapb wyju gnpdpupwgp hp tniwppbp ginybpnud wn
pYnwW hwoyh wnubiin uunwd dJwuuhlubiph hinwuw|p dhonyh dwybipbupg:

Pwbwh punbp' Yuplynup, Yuplynuph dhonlyulin, wéh nhtwdhlw:
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In our first report, it was shown that during the growth of hailstones at the
initial stages of coagulation of water microdroplets on the surface of particles of hail
formation nuclei, in the absence of agglomeration of these nuclei, distribution for
the probabilities of the number of water microdroplets takes place according to
Poisson.

At the later stages of hailstone growth, the kinetic regularities of the deposition
of water microdroplets on the surface of particles of hail nuclei are different, since
as the surface of the nuclei is filled, the rate of the process will decrease, because
the proportion of free surface decreases.

As a result of our work, it can be argued that the considered mathematical
models of the dynamics of hailstone growth due to heterocoagulation of water
microdroplets on the surface of embryonic particles make it possible to describe this
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process at various stages of its course, including taking into account the separation
of settled particles from the surface.

Key words: hail, hailstone nuclei, growth dynamics.
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