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ra rrp 6oproBoi 3oH Ka'{aHiBcbrio-TpoclrHeqL(o-Ko3ii8cr,Koi ainrHx po6ir (AA3) urrtxoM no6yaoBu kaprx

i3orinc nMoBipxoT noBepxHi nporepo3orcExoro $yuaavexry. Ha po3pj3ax 3Hatrunr Biao6paxeHuq KpnBopi3rxo-

KpeMeHqFbKrifi (KoMaprubxrfi) ra Bopcuxtscrftxfi(Knun+riBcbxlifi rpancKoH,nHeHranbH,rfi ,liHeaMeHr),
ynbrHiBcLKo-EoroayxiBcLno-flerponaBniBcbxull riHeaM€Hr, pxoroBxii ni3Hroa€BoHcbk i rnu6{HHxt c(t{A

EapaHosrqbKo-AcrpaxaHcLKoro Inr6nrr oro po3noMy, ulo o6Mcxye AHinpoBcL|(o-AoHeubrtn naieopxor ra
no(a"16tsi nopyueHHr (naHrpariBcb'{nfi, XrixH'KiBcrKftf,'m iH.). Te(ToHi,rHi nopyureHH' yrRoprororb cxcreMy

xnaBiu a6o aMOicxoruHox- IIa niacraBi nopenruii po3yrllirrBeHnx koMnneKciB 3 ocaaoBin mBuri i B xpHcrarlicHoMy

dlhraMeHri Bu0ire i nvoBipHi HadroraronepcrRK-rr.{BHi 'rorrH. npnc}"rHi }urinb,reHi noholiurr'tr: B

ocaaoBifi roBuri (KaqaHiBcB(a, qepHe,{qrHcbxo-XyxpuHcbKa, TpocrtHeuhxo-PxqlrHcbtra, KyaptBcbKa, niBH.-

Byrpyeariecrra, niBA.-Ka,{aHisc6xa, Px6anbcbl{a. [IiBA. ByrpyBariBcbKa, EyrpyRariBcbKa. 3arop!HcrKa. BiJr6clm,
yxpa"fHc6x4 Ko3iiBcr,ra, foHqapiBcbKa, Eor.qaHiBcbxa i n rprcra"nivHouy OyHAaM€u-ti (XyxpuHcbxo-
qcpHe,rq'rHcbKa)

3acroc)BaHHr veroA, KEKO riara. 1pd(rxqH) vox,l BicrL aKIxBHoio r(ovnne(\)BaHHt per).rbmri3

iHrepnperauii laHux rpaBiMerpxqEoi 'm MarHirHoi 3fioMoK 3 onoporo lra aaHi mu6oKoro 6ypiHHt(KepHy),

rco6i3lcni aociliaxeHHr cBep!,roBnH(fAC) 3 iHUrr.{Mx reoioro.eooi3tlttH Mt{ MeroaaM,{ Ha piBHi MoaenbHoro

3;craB,rer{Hr m aonoBHeHHr, ao3Borre xapryBaot fiMoBjptsi crpyKrypx ocaaoBoro qoxna I (pucraitqHoro

OyH,raMeHry, pi3Ho3iKoBi rlx6 sHi po3jloMu, a mxox Braijlrrh B I D BapiaHri y'rijrbH€Hi ra poryuinbrreHi

(HaMarHiqeHi jpo3Ma|Hi.'eHi) rco,loriqHi o6'€L'rr i Ha ujn niAcraBi Bs,uinr.rl{ nMoBipHi HaororasonepcneKr{BHi

3oHx. Meroa K3KO voxe 3ac, ocoByBarxcl llera,lexHo Bin reHelhc) poloBnu Kop cnHx Konan H. OcxoBHa yMoBa

3a€rocyBaHHr MeToay: KoHTacr[icrr, oi3r,rHUx BnacruBocreii s BxcoKaroqHicrh sxjaHtlx aaHrx.
OcHoBHi po36ixHocri Mix aaHuMu MKEKO m ccicMopo3Bilxn, ua nyMkf aBropiB, MoxHa notcHloBaru

pi3HxMx npfi.ruHaMu, cepe{ rxxx ocHoBHoro €Ta, qo MKEKo npaulo€ 3 iHTerpanhfixMu eoemalafi Bi)r 6ararbox

roH(trx rlacriB i SiKcye, ra(rM ,rr.{HoM, noryxHi 'racruHtr aHovit bHrlx rcoioriTHu\ }'rBopeHg. tKi Maorb

xoHTDacrHi B:lacrnBocri TatKi cr!1aaa$r6ct r roHcori.DoBaHoi, He AeixHrerpoBaHoi qalrnB o6'eKriB- 38u'{atHo,

l\4KEKo BxMarae ro.tHnx xapr rpaBiraldfirnro ra MarHiTHoro no,liB, iHarule 3o6paxeHHt 6yae cflorBope{lM. Ilc
cKnanae ocHoBy Ilerpa!r(iiHoro niaxolJ ao BtpiueHHt HafiBaxnflBiur.jx 3aaaq p03BiayBa,lbHoi r€oOi3nKn.
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npedtoace n opuztrqLrb$at ame tmuqecxat oiei6 sepmuftartbttoi '1lu2paquu 
paduo lt ',tudoe 3 noqse

u nory\eHo peueqae odeJru dts onpelarcHH,Lx JJclosuiL x\paxmep sepmuxtulbqoa fiazpa\uu padaovlutuloe

uu@cmpapl,emct a octoee aat{htx 4utbpoco?o npu$epa.

The o ginal mathemlrtical model oJ vetticul migrution of rudknuclUes in soil is offere.l and a model

sotation for determine conditions is obtained On the bltsi' oJ datus of a nutnerical exaftrple the chatucler of
verlicdl misntion rudiottaclides b ilfustrute.L

ABaDir Ha qoprro6nnbcbxifi aroMxin erexrpocraHlii! uro cr?racr 26 ItBirHt 1986 poxy, nps3Bena /ro

paaioaxruBHoro 3a6py.uHeHxt Be;Inxux repxropiii, txi Bilpi3Htlo,Lct 3HatrHoro pi3HovaHirHicno rrniB rp)HriB,

laliMarx,jHr{Mu inaHluad}rHuMr.{ oco6nrBocTrMfi, ulo crBoploe HafiBH,{aiHo sHcoxy Bapia6clr6tsic'.! paAiaqifiHoi

orryauiira lirrHaMiKU.

BHacnilox panioaKMBHoro 3a6pynHeHHt BIrBeaeHi 3 pex My HopMarrbHofo t(opHcryDaHlr, mnBaxnltBiuri

KoMnoHeHrn npupoaHxx pecypciB rocrpaxlanux pedoHiB YqaiHu - cittchlrorocnoaapcbd yfirut i ,ricr, tuo

np!3Bcro ao pi3Koi rpaHcoop^,aqii yMoB 3Bl{qroi ro€flonapchKoi ritnBsocri i rpa.qxuiilHo.o xHrrcBofo yxnaay

Jl|o^en B 3oHi BIrrrBy aBapiiHa IIAEC.
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B yMoBax, uo cx,rantct, oco6nxBy

3axricry, rxa cnpfllloBaHa sa 3MeHUIeHHt

qiHHocri 3a6pyafl erux repuropiii.

feoa*iq, rapnoepaqie i aepopomBHiMaHHe, Ne 63,2A03

3HaquMicrb Ha6yBa€ npo6neMa BAocKoHa,IeHHt cncr€M14 paAiaqiiiHoro

nor onpoviqeHlr rakox da siDHoB:reHHq f' crcnapcbhoi

OcKirhxH cnemp paAioaxuiBHux sunataHb Bffircqa€ 3HaqHy qacrKy aoBroxlrBy'tllx paaioi3oronis (ue3ilo,

crpoHuirc, nnyroHiro), MsrDAororit ooruMi3aqii clrcreMu paaiauiiiHoro 3axucry floBurrsa rpyHryBaryct Ha aaHl{x,
qo xapaKrcprcyroTb rx noroqEnii cmH paAiauiiiHoi curlaqii B 3a6pyABerrxx periorrax, rax i nepcneKrHBHi ou'HNr lI
po3Brlrxy. B 3B'r3xy 3 uxM aKTyarbHoo e 3aaaqa MaTeMaTHHo o6rpyHToBaHoro arBlcHHt 3a(oHoMlpxocrei

AnHaNiI{u p.uiauifisoi, crryauii ra ll nporHo3yBaHHt. UhoMy nxraHHrc i npvcBx,ty€rLct AHa crar-rt-
Ee3flocepeaHifi Rnr{B Ha Mirpaqirc palioHyrfliaiB (PH) no DyHroBoMy npoointi) ra ix 3HrKHeHHt 3 rpyHry

Mapr6 npoqecu BrMrjBaHHr xiNnrHrix peqoB!{H 3i oror{oNr Boao. B po6o,ax ptAv aBTopiB [7, 8] pmutaa]o'fhc,
npouech 0xO)1ii i ho'r0el{1 BHoi.rxcnep\il. ve\aHjjv Br'xcHerrHr. nprBo.0rrbct vdrrvar qHi piueHqq piBHtHr,

r;apoaxHaru i,i Hol lucnepcii; npx uboMy oco6ruBa yBam nph!int€Tbc, MoaenoBaHHo virpauii PH 13,61.

IHrepnpe,"qir npoueciB floBe.d;Hxti xiMi,rHnx cnony( y rpyHri orpllMata lrafi6irLury pea,rbaqilo B

MaTeMaTxqHrx Moaemx rvaconepeHocy io6NriHy, uro Bxiroqalorl' r{oHBem,rBHUn ianoFifiH ii riepeHoc PH, a

raKox lx cop6qirc, po3qBHeHHr i po3KrlaA nplj OirLTpauii po3.rtrHy B apyHri. OaHa 3 Halt6hlUi npocrHx pea.ri3auiii

BBHalaerbcr piBHrHHrMri (BepryAosal.M., fafiayxO.B.,,4yueiko n.f.,2002):

$tt"l. rt' Oi = 3loj{ec)- *ecJ -r'(ec)+ t1(o(cg c)) ; (t)

= Ets, c), (2)

zlL, B MoveHr lacy r(/,. wAe c:C(r t - xonrrel,-parri' PH B plxovouy noposoMy po3,{r'oi (rtlrt) nu -no*i
- urBvar{rcrs nepecyBaggt nopoBoro po3IrHHy (lr l.) 

" 
*"p"".r-.t;t" z, D eOemIiBB'n xoe4iuieHr aoQy3ii PH

" ,py*i (L?r t) o=nq*o", ae ro - xoe{iqicHr Morexyn'ploi au$Fii PH B rpyHri (rlr '); o,

(oe4jqieH, fi,4poan HaMiq noi aucnepcii (lr-l);
p - o6'€MHa orirLHicrr, rpyHroooro noirrlaro'{oro *""**y lvt- 

3);

0 o6'€MHHn BMicrpyxon{oi ao:rorocri r rpyxri (dr- 3);

S = S(2, t) nmoua cop6uir PFI pyxoMrM noruIeHarcqn^ toMlrneKcoit (MM') Ha rru6uHi z B MoMeH'..racy

r; l(ec) fr(ec) i kr(o(cH -c)) 'OyHKqii, uro Brrsuaqart'rl
/ . ,\ i , r\

BirnosiaHo uBrlar(ocri po:nraay (vt--rr rJ cop6uii IMM-'T 'j ipolruveulr \Mr '7-',|PH avHToBxM

norrrnHa'olrnN, KoMrurexcoM; CH- xoHqexrpaujt Hac*** (ur3 
J.

OrpuMaflHr piBHrB! (1)-(2) 6a3y€rbc' Ira HacryflHl':x reoper''jq HYx nprnyureBHtx:
. lpyfir rBnrc co6orc rereporeHHe flop[cre cepeAoBuue? tKe cKnaaaerbct 3 fpyHroBoro cKenery i nopoBoro

o6'eJ'ry, uo Micfl.jrb rpyHroBy Bo.roricrL (plxoMy li eacrxHy i HepyxoMy, 3Bt3aHy 3i c{ereroM tpyHry).

lpyHroBun cKeneT 3i3B't3aHoIo Bonoricro Bn3Haqa€ rpyH'roBxn KoMrlnexc (cop6yp'Ia Oa3a).

' nepeMiureHHfl PH B rpyHri 3aificdrcerLct nepei,ioreHHtM pyxoMoi Bonofocri (si,1hna +a3a) i Ba3Ha'raerbct

dlpooi3nqHnMu i q)hHKo-xiM;qHnr,n xapamep{c,rkaMU rpyHry i caMux PH, m(uMu, tK p)t(oMYfi nopoBlrn

o6'cM, o6'eMHa uri,lLHicrb, drj,rbrpauinHa i cop6uiii,{a 3AarHicrr, rpyHry, 3AarHicrr PH ao po3b'iaay

. KoHBer$nBHrin ianopinHxt nepeHoct{ PH BmHaqalorLct BiAnoBirHnMU norokaMu PH

I(o,,8 = woc; ,-* - oY
Tlr 1-.". i 1-{ rrpcacmBlrrrcrb Nractt PH, nro npoxotrtrb a HaflptMliy z eepe3 oauHuuro nnoui rpyHry 3a

o4r.rnflqro '{acy npH (oHBeKruBHoily i auoFifiHolay nepeHoci PH. qep$ q"I.reBy rpyaHicrb po3a;teHHt uxx aBox

noroKiB Ha.4aii pm.nrAaerLct cyMapHlrii eoerr Bi,q -ux+F;iHoro i KoHBeKTHBHoIo nepeHocy, uro aa3Harlae,Lct

edex'ruBHrM l(oeOiuieHroM aroFii.

6S

a
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Ilo.ai5xHn nj.ixirr rran6ijrbu 
^ocrynHni 

npx po3po6ui voaenei, lro onxcylorh BeprxxaltbHy Mirpauiro PH s

rpyrrri. tlpore o5vexy€ BHKopacraHnt nponoHosaHux ruoaexei Aeo6xinrlicrb onepxatsBt ocrtoBHhx napaverpiB y

piBHrHnrx evflipuqrrIrM lnntxoM. ToMy flo-Ipi6HHli crpoueH,rii po3B't30n

nprnyc'rvMo, qo 3a,raqa (l )-(2) Mae Brrrta:

R€=D4.,*€.er az' Az

AU=0,0<2<L,0< s2tr

uG.r, +2r)= u(',.. )

!Yq,=^=o uoo u,=q:u6(2. )

(r)

^c 
c,z,t,w.D,p - rix, roiypiBH'HHi (r): n=r+pFnTcN rfl r. *=t*pt , 

I 0)
0 

' 

'(oc$rur'Hr'

uro xapanrepr3ye raflbl€HHt y lrepeMiureHHi ra po3no. ni PH y apyBli. tKe Bn3Haqa€rbct cop6uiiHuMl'.

BnacruBocrrvu lpyH'ty, P,N i kd nocrinHi, trd po3p-axoByrorbct cMflip,r'rtro Ha ocHoBj 
^aHnx 

na6oparopHoro

eKcn€puMeury no BrseeHHm cop6ui-r Pfl B runoRoMy QyHri [3]

PiBHTHH' (3) ,{epe3 HeiiHiiiHicrb BiaHocHo C HeMoxilxBo po3B'e3arx aHatirr'{HrM un'xov ToMy Heo6xilHo

o{opr4crarrcr Ha6ruxeHuv veroaoM po3R'r3xy aHaloriqHux piBHtH6, tK{M e Meron npotoHxn ta, 5l i tKHfi HaMu

Bn.ainxMo B pyxoMoMy cyuinbHoMy HecrlrcnrBoMy cepeloBuqi o6MexeHy 3B't3Hy oonacrB o roqo(

eBxriAoBoro npocropy R' i npunycrrr'ro, uro pyx PH tK qacrox yc6oro cepeaoBuura onrc)€rbct Biro{asM

BekropoM rxssntocri W={w1(z,t)}.ae t 3MiHHa\acy 0<r<'I <+-.
IlpunycrriMo raxox, uo Heo6xiaHo po3B'trarH 3a4aqy Aipixte &qt rprBnMipHoro piBHtHHt Jlannaca B

uuniHApneHin o6jrac, i:

3 rpaH'rqHuMa yvosavu

Ocmtstsr yMoBa 3arrucye,bc, y BxrlaaKy ,liHinHoi arrpokct{Mauii i Moxc 6yru 3aMiHeHayMoBoK)

dur
- rr=R =o (6)

Po3s'r3or 3a aci Aipixjre npoBoaurbct MeroaoM BcmnoBrreHNt, ) si.0noBiaHocri r t(nM po6rrr,ct nepexia Bi!

crauio!apqoro piBts'Htse r piBHqHHq JIarLlacJ) ao Hecrat or'.1pHoro

9!l = au, ''uAt

i3 3araHuM no,rar(oBuM Ha6nxkcHHtv

ul'=o-nG',.o)

llcporF rhy I oc au reHoi'ana'ri iarrncy'rbct He'8ed pi'HvLeRa\\evd

(n u)= 
,ru .

.re r > 0 irepauiilHxfi napauerp. iJ - U(t +t,z,r, ), u = U(t,z,r, ):

A pi3Hn(eB'n aHaror oneparopa lannaca l4l,3anncauti:i na HepiBsoMipHin cirui

o, = {ri =(+o.s)h,, i=0+N,, h, = R/(N, +0.t},
a.={zp=21-1+h', t=t"N'}'
a ={q= 1-1+l . l= l+N }

(7)

PisBrHHr (9) po3B'r3ycrlct MeroroM cyMapHoi anpokcnMauii. B t(loriy snnanx] 3aMicrh (9) oryxMy€Mo raxi

(4)

( r0)

(8)

(e)
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u = v(t+"1t,.,',

(l1)

(t3)

o
" = "(")> 

f = f(z,t) m

-u)ir =.n,u.
- u/r = 

^zU,
u)fI=^u

{n

(v

), (t =u(tt zr1t.,,t, ), 0=u(+.,",., )

(12)

Ar.Az,A pi3Hq(eBi aHano.u oaeparopa J]aruaca 3a BianoBi.qHoo (oopa{Harorc' /Int

npoucc) napdverp r Bu6npa'rbct la HacrlnHolyvoBx:

r s 0.5 min Fi. h'. r'i J.

r6ixHocri irepaqinHoro

Bx3HaqeHHt orHon ipHux oflepampiB 3aificHlo€rbct MeroaoM lrporoHxx

Llxlcli,{Hoi nporoH(! Ant Koopar.{Hart V.

Heo6xiaHi Ant otpriMaHHt qxcen6Hrx p$y,'rbranB KotrKperHl 3HaqeHHt Koe{DiqieB, a

6ioxiMiqHoro po3naay PH; Koeo;qieEra s3aeMoaiT 3 l(oHralrryoqHM cepeaou"uret o = o(t)> 0;

y =,y(r,t) irt"n"".rocren Axepen PH, po3noAi,leflnx B o6lacri o ra Ha Me'Ki aQ BilnoBirr'ro:

po3noain PH s o6nacri C) B no'{arKoBtt MoMeH racv HaMo 6vnr BlaKop[craHi3 po6oru [2]

Orpr{MaHrt po3B't3oK Mac HacrynHl'{i Brrnta

anr Koop!fi ar z,r
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