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Fpadobumus HaHocam 3HayumenvHbili yujepb cenbckomy xossiicmsy. Ycnexu 60pbbbi ¢
2padom B Hacmosuwee Bpemsa Hesenuku. Budumo, amo onpedensemca HeOOCMAMOYHOCMbIO
meopemudeckux uccnedosaHuii npoyeccos epadoobpaszosaHus, xoma B 3moli obnacmu
docmuzHymbl 3HayumesbHble ycnexu. B Hacmoaweli pabome npednazaemca mamemamdyeckas
modenb pocma 2paduH no OOHOMY U3 OCHOBHbIX MEXGHU3MOB pocma - 2emepokoazynayuu.
dusuyeckuli MexaHu3m amozo nocnedHez0 AB/IEHUA O4YeHb C/IOXEH U 00 cux nop euje He ACEH.
Lienbio Hacmosujeli pabombi omHi00b He sABAAemcA obcyxOeHue NPesaiuPOBAHUA MO20 UU
UHO20 MexaHu3ma pocma epaduH. Paboma asnsemcsa nonbimekoii npedcmasneHua KUHemuYyeckol
cXeMbl 2emepoKoazynAyuu MuKpokanenex BoObl B 06/1aKe HAG NOBEPXHOCMU ecmecmBeHHO
3apodusuwelica unu uckyccmseHHo co30aHHoli msep0doli ¢hasbi (3apodbiweii 2pada).

B Hacmosaweii pabome, Ha ocHose npednazaemoli mamemamuyeckoii Moodenu,
NOKA3aHO,YMO HA HAYWIbHbIX CMAOUAX 2emepoKoa2yiayuu, B omcymcmsue azjaomepayuu
3apoOdblweli 0na BepoAmHocmeil Yucna oceswux Ha 3apodbiuie MUKpokanesnb BOObI umeem
mecmo pacnpedeneHue [lyaccona. Ha 6onee no3oHux cmaduax pocma 2paduH KuHemu4eckue
3aKOHOMepHOCMU OCaXO0eHUs MUKpokanesnb BoObl HA NoBepxHOCMu Yyacmuy 3apodbiweli 2pada
UHble, NOCKO/IbKY NO Mepe 3anojHeHUs nosepxHocmu 3apodsiuweli ckopocms npoyecca 6ydem
CHUXambCA, m.K. ymeHbuiaemca 0ona ceo600Hol nosepxHocmu.

Knroyesbie cnosa: 2pad, 3apoobiwiu 2paduH, OUHaMuKa pocma.

[pamobutna Ha cerogHALWHNIA leHb NPUHOCAT OrPOMHble YObITKN CENbCKOMY XO3AICTBY BO BCEM
Mupe, HECMOTpA Ha pa3paboTaHHble U aKTUBHO MPUMEHAEMble Camble pasfiMyHble NPOTUBOrpajoBble
meponpuatna [1]. OgHoii M3 NpUYMH NoKa elle HepocTaTtoyHol 3dpcpekTMBHOCTM Bopbbbl € rpafom
ABNAETCA HELOCTaTOYHOCTb (PyHAAMEHTaNbHbIX MPefCcTaBNeHuii 0 npoueccax 3apoMAeHuA M pocTa
rpafyH 1 3TO HECMOTPA Ha TO, YTO TeopeTuyeckne pa3paboTkn B 06nacTu, Hanpumep, KoarynauuoHHbIX
npoueccos B obnakax, paspabatbiBanuch ele CMONyXxoBCKMM B Hayane NpoLUoro Beka [2].

B HacTosLLee BpemA MOXHO CUMTaTb YCTAHOBMEHHbIM, YTO peluaromum gakTopom obpasoBaHuA
0CafiKoB (B TOM uyucCne rpaja) ABNAETCA Hanmune TBepAbIX YacTuy, B obnake [3]. DTu TBepable YacTULbl
MOTYT ObITb Kak eCTEeCTBEHHOr 0, Tak M UCKYCCTBEHHOro npoucxoxaeruna [4]. imeHHo Ha HMX npoucxogut
pocT rpaguH. CornacHo obLenpuUHATLIM NPeacTaBneHnam [5], 3TOT poCT NPOUCXOAMT NO CefyHoLLIUM
Tpem MexaHu3mam:
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1. U3 okpyxatoweit cpepbl (obbema obnaka) Ha NOBEPXHOCTWU TBEPAOI 4acTULbl NPOUCXOAUT
apcopbuma Monekyn BOAbl, MMeeT MeCTO HernoCpefCcTBeHHbI nepexon “nap-neg”, T.H. cybnumaums
BOAAHOrO Napa, He UCKNIoYaeTCA TakKe nepexoq, “nap-#uaKoctb-neq”

2. Teeppada u4acTMua BbI3bIBAaET MOABNEHME NefAHON asbl MyTemM KpucTaiim3aumm
nepeoxnasAeHHOIN Kannu, BHyTPU KOTOPOI OHa HaXOAUTCA.

3. Poct rpaguHbl ABNAeTCA pe3ynbTaToM CTONKHOBEHWA TBEPAON YacTUlbl C NepeoxnamieHHoM
MUKpoOKanneii BOAbl, T.e. MPOUCXOAWUT KOHTAKTHasA HyKneauua (B TePMUHaX KOMMOUAHOW XUMUKU —
retepokoarynauusa, retepoagarynauus). [llocne retepokoarynaumm MmKpokanenek Bojbl UMEET MECTO UX
Kpuctanimsauma. DTum u obycnoBneHo Hanuuue T.H. “pbixabix” cnoeB rpaguH nnotHoctbto 0.4 — 0.86
r/cm3[5].

PU3NYECKNII MEXAHU3M 3TOrO MOCNEAHEro ABMNEHNA OYEeHb CIOMEH U JO CUX MOP eLle He ACEH.
OpHako, hakT, 4TO, Hanpumep, HEKOTOpble TBEPAble YacTuLbl (FKHbI [S]) NPU KOHTaKTe BbI3blBaKOT
Kpuctannimsauuto npu bonee BbICOKOW TemnepaType, Yem Mpu OCTalbHbIX [BYX MeXaHW3max pocTa
rpaguH.

Llenbto HacToALeit paboTbl OTHIOAb He ABNAETCA OOCyMAeHWe NpeBaNnpoBaHMA TOro UAN UHOMO
MexaHuW3mMa pocTa rpaguH. Pabota ABnAetcA NOMbITKOW NPEACTaBNEHNA KUHETUYECKOW CXembl
reTepokoarynauum MUKpoKarnenek Bofbl B obnake Ha MOBEPXHOCTU eCTeCTBEHHO 3apoaMBLueiica unu
MCKYCCTBEHHO CO3[,aHHOW TBepLoi dhasbl (3apofbllueil rpasa).

Wtak, Mbl paccmaTpuBaem reTepoKoarynAuMio (KOHTaKTHYHO HyKNeauuto) MUKpoKanenb
nepeoxnamfeHHol BOfAbl Ha MOBEPXHOCTU YacTul, TBepaoi dasbl (3apofabllleil) BHE 3aBUCUMOCTU OT
NPUPOAbI NOCNENHUX U BHE 3aBUCUMOCTM OT MPOLLECCOB KPUCTaNIM3auun B NepeoxnamAeHHbIX Kannax,
KOoaryNMpoBaHHbIX Ha 3apofblllax rpaja, — arnpuopu WX CKOPOCTb CYLLECTBEHHO BbilL€ CKOPOCTM
KoarynALOHHbIX MPOL,ECCOB.

Beepem 0603HauyeHuUA:

Q - yncno muKkpokanens B efuMHULE obbema,

ki — KOHCTaHTa B3aMMOpeliCTBMA MUKPOKANM € 3apofbilleM (Ha30BEM €€ KOHCTaHTOW HyKneauum),

T - Bpems,

Ni — yncno 3apoppilieil, Ha NOBEPXHOCTU KOTOPbIX COAEPMUTCA | MU-KpOKanenb, B efuHuLLe

obbema.

Ha HayanbHoli cTagum npouecca fona “noKpbIToin” NOBEPXHOCTU YacTUL, 3apoablLLeil Koarynauum
OTHOCUTENbHO HeBenuKka. Ecnv npu 3Tom arperauma cammx 3apofbllleil HECYLLLECTBEHHA, TO KUHETUKA

B3aMMOAENCTBUIA  «MMKpOKanau BOAbl — 3apofblliv»  MOMeT OblTb  onucaHa  CUCTEMOI
AndpdpepeHLManbHbIX ypaBHEHWIA:
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Tak Kak 4MCcno CTONKHOBEHWIA MMKpOKanenb C 3apofbllaMii NPOMOPLMOHANBHO NPOU3BEAEHNIO
YMCNEHHbIX KOHLEHTPaLKil 3TUX YacTul,
Ecnu nHTerpuposatb ypaBHeHue (1) Npu Ha4yanbHOM yCnoBuK

Q(r:O) = Qin (5)

TO nony4aerca 3aBUCUMOCTb:

in?

n
W C y4ETOM TOrO, YTO Z N, =N
i

Q = Qi exp (-kiNint) (6)
roe  Qn ¥ Nijy - HayanbHoe 4MCNO MMKpoKanenb M 3apofbllleil B efuHuue obbema
COOTBETCTBEHHO.
CpenHee 4ncno MMKpoKanenb, KoarynmpoBaHHbIX K MOMEHTY BPEMEHU T Ha OfHOI YacTuue

Q =(Qi, —Q)/N;, (7)
WNHTerpupoBaHvem ypaBHeHUA (2) nocne nopcraHoBKu B Hero (6) Npu HavanbHOM yCnoBUM
No (c=0) =Nin (8)
U C y4eTom (8) MOMHO NOoNy4nTb BblpaeHue:
No = N, exp(—Qy) (9)
WNHTerpupoBaHunem uenu guddepeHumanbHbix ypaBHeHWi (2) — (4) npu Ha4anbHOM YCNoBUK:
Nin,-n,) =0, i>1  (10)
nonyyeHa 3aBUCUMOCTb:
Ni= (No /i!) [In (Nin/No)] | (11)
N3 (11) c yyetom (9)

— =i
N; = N;, exp((-Q , )Q)i! (12)
[ina oTpenbHbIX 3HaYeHWn OUCKPETHOW CnyvyaiiHOW BENWYMHbI, - YMcna KoarynMpoBaHHbIX Ha
YacTuLe MUKpOKanenb i, - BEPOATHOCTb MOMET ObITb ONMcaHa BblpaXeHUeMm:

P(i,Q,)=N,/N,, i=012,.

0TKyZa, ¢ yyetom (12), cnepyer:

- - —i
P(ink):eXp(_Qk)Qk/i! (13)

BoipaxeHue (13) cooTBetcTBYeT pacnpepeneHuto lNyaccoHa [6].

Takum ob6pa3om, Ha HayanbHbIX CTafuAX reTepokoarynAuuMn, B OTCYTCTBME ariomepauuun
3apofbllleil AnA BEpPOATHOCTEN 4YMCna OCEBLUMX Ha 3apofbllle MUKpOKanenb BOAbl, UMEET MeCTo
pacnpepenexue [NyaccoHa.

Ha Oonee no3gHMXx cTaguax pocTa rpaguH KUHETUYECKME 3aKOHOMEPHOCTM OcCaMieHusA
MUKpOKanenb BOAbl Ha MOBEPXHOCTU YacTUL, 3apofbllleil rpaja UHble, MOCKONbKY MO Mepe 3anojiHeHUA
MOBEPXHOCTN 3apofbllleil CKOPOCTb npouecca OyfeT CHMMKATbCA, T.K. yMeHbLuaeTca AonA cBoOOfHOM
MOBEPXHOCTMU.
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Hailstorms cause significant damage to agriculture. Success in the fight against hail are currently
small. Apparently, this is determined by the insufficiency of theoretical studies of the processes in city
formation, although significant progress has been achieved in this area.

In this paper, we propose a mathematical model for the growth of hailstones according to one of
the main growth mechanisms, heterocoagulation. The physical mechanism of the latter phenomenon is
very complex and still not clear. The purpose of this work is by no means to discuss the prevalence of
one or another hailstone growth mechanism. The work is an attempt to present a kinetic scheme of
heterocoagulation of water microdroplets in a cloud on the surface of a naturally generated or artificially
created solid phase (hail germs).

In this work, based on the proposed mathematical model, it is shown that at the initial stages of
heterocoagulation, in the absence of agglomeration of nuclei, the Poisson distribution takes place for
the probabilities of the number of water microdroplets deposited on the embryo. 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.

Key words: hail, hailstone nuclei, growth dynamics.
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