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EPO3IA IPYHTIB SIK CKJIAJHOCTPYKTYPOBAHA
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Anomauia — B poOOTi NMpoBedeHe MOCJIIKEHHSI PO3BUTKY epo3ii
IPYHTIB fIK CKJIQAHOI CHCTEMH, BHUSIBJICHI 1i eJleMEeHTH Ta 3B’A3KHM MIiK
nuMu. HaseneHi cTpykTypHi ¢opmysim BTPaTH IPYHTY Ta OCHOBHHX
(¢akTopiB BIIIKBY.

Knrwuogi cnosea — epo3isi IpyHTIB, epo3iiHMil npouec, pyiiHyBaHHS
arpoaanamadry, nporueposiiiHi 3axoau, paxkrop peabedy.

Ilocmanoeéxka npobnemu. Epo3is TpyHTIB - mpoliec pyHHYBaHHA
IPYHTOBOTO MOKPUBY Ta 3HECEHHS MOT0 YacCTOK MOTOKaMH Boau abo BiTpy. B
MPUPOTHUX YMOBAX €po3is IPYHTIB BIOYBAETHCS MOCTIMHO, alie, sIK MPaBUIIo,
HE MpUIMAaE 3arpo3IUBUX po3MipiB. B pe3ynpraTi rocnogapchKoi MisTbHOCTI
€po3isi TPYHTIB MOXKE PI3KO TOCHUIUTHUCS ¥ TPHU3BECTH 10 3HAYHOTO
MOHIKEHHST POJIOYOCTI TPYHTIB Ta MPOJYKTUBHOCTI MACOBHIL. 3HECEHHS 1
PO3MUB TIPYHTY TPU3BOAWTH O BHHUKHEHHS Ha CUIBCHKOT'OCIIOJAPCHKUX
VIaagX BHUMOIH Ta spiB, IO pPOOUTH BaXXKUM OOpOOKYy 3eMellb Ta
BUKOPUCTAHHA TEXHIKM, MPHU3BOJUTH 1O BTPATH 3HAYHO! IUIOMIl MAIIHI.
Hacnigku  epo3sii IpyHTIB - 3aMyJIeHHS PIYOK Ta BOJOWMHUIL, MOTIpIICHHS
CTaHy 3aIUIaBHUX 3E€METIb.

Ananiz odocniodxcenv i nybnixayiu. IcHy0dl MOIEIl TOBEPXHEBOI
CXHJIOBOi €po3ii 3 TOYKM 30py aHami3y 1 OIIHKH CYYaCHHX ITIIXOAIB 10
MOJICITIOBAHHSI CXUJIOBOTO €PO3IMHOTO MPOIECY AOLUUIBHO PO3AUIMTH Ha ABI
OCHOBHI TPYIIU: eMIIpUYHI Ta TeopeTuyHl. HenomikamMu eMmnipuaHuUX Mojienen
€ Te, 110 3aCTOCYBaHHA TAKUX Mojiefieli 0OMeKeHEe yMOBAMHU, JJis IKUX BOHU
nmoOynoBadi. Jlo Toro »x HeoOXigHA JOCTATHS KUTBKICTh OJHOPITHUX JaHUX
CTAI[lOHAPHUX CIOCTEPEIKEHb, BIICYTHICTh SKOI CTBOPIOE MpPOOIEeMH 3
EKCTPaMNoJIAIIIEI0 OTPUMAHUX 3aJICKHOCTEW Ha peayibHl ymoBH. HaiiGimbin
BiJOMa B CBIT1 eMIIipUYHa MOJENb — YHIBEpCajdbHE PIBHSHHS BTPAT IPYHTY
(p03p06neHa TUIS TepI/ITOpll CIIIA) Ta i#oro momudikamii [2]. Teopemqm
MoOieNli OUTBII THYYKIIIl, HE MalTh MPOCTOPOBUX OOMEKEHB 1 MOTEHIIMHO
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MarOTh OLIBIIT MOXJIHMBOCTI, SIK IHCTPYMEHT ONTHUMI3allii epo31iHOI CUCTEMU
arponanamadTy. OgHak, ICHYI0UY1 TCOPETUYHI MOJENI ICTOTHO BIAPI3HAIOTHCS
3a CTYNECHEM JCTaabHOCTI, 0OTpyHTOBaHOCTI W moBHOTH [1]. Tlpuknamom
CYYacHUX CKJIQJHUX TUHAMIYHUX MojIesei e epo3iiina moaens WEPP (CIIIA),
LISEM (Higepnaunu), EUROSEM (cninka eBponeichKux KpaiH).

Ilocmanoséka 3a60anmns. 3  HaAmIOi CTOPOHM TOCTaE  3agada
3aMpONOHYBATH y3arajJbHEHY T€OMETPUYHY MOJIEb, 3a JIOMOMOTOI0 SKOI MU
3MOXKEMO MPOTHO3YBaTH JHWHAMIKY PO3BHUTKY MPOIECIB €po3ii, MOomepeauTn
HeOe3meKy Ta 3almponoHyBaTH HEOOXTHI MpOTHEpO3iiiH1 3axomu. MeToro
CTaTTl € JOCHIIKEHHS PO3BUTKY €po3ii IPYHTIB SK CKJIAAHOI CHUCTEMH,
BUSIBJICHHS i €IEMEHTIB Ta 3B’s3KiB Mix HuMHU [4], [5].

Ocnoeéna uacmuna. Epo3iiiHui mporec — 1€ €IHICTh MPOIECiB
pyliHyBaHHS (YTBOPEHHSI MaTepialy MepeHOCY), MEPEHECEHHS Ta aKyMYJISIii
(BiaKnageHHs MaTepiany), sIKi 3MIHIOIOTh OJMH OJHOTO B Yaci 1 mpocTtopi. Ha
puc. 1 BimoOpakeHO TO€THAHHS TPOIECIB Ta BIUIUB (PAKTOPIB PI3ZHOTO
xapakTepy. HeoOXimHO TakoX  BpaxoByBaTH BIUIMB (DaKTOPIB TPYHTY,
arpodoHa, penbedy, Kl B OJJHOMY BUMAJKY CIIPUATUMYTh PO3BUTKY €po3ii, B
IHIIIOMY HaBITAKA BUKOHYBAaTUMYTh POJIb CTPUMYIOUOTO0 Oap’epy.
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Puc. 1. Cxema mpotiecy epo3ii IpyHTy
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OpnuMm 13 HaWBaromimux (akTopiB, SKHM BIUIUBAaE Ha MPOIIEC
pYWHYBaHHSI TIOBEPXHEBOTO IIapy IPYHTY € KUIBKICTh COHSIYHOI €HEprii, Ky
OTpUMY€E TIEBHA MUISHKAa MICIIEBOCTI 3a JACSKUM NPOMDKOK Yacy. 3 IUM
MOKAa3HUKOM TIOB’SI3aHUM TEpIOJ] CHIFTOTAHEHHS, BHUCUXAaHHS TPYHTIB,
BETCTAaTHBHUM Tepio] pociuH Tomio. MakTop AISTLHOCTI JIOAWHU (3a0ygoBa
TEPUTOPINA, OKYIbTYPIOBAaHHS 3€Melb, CUIbCHKOTOCMOJapCchka 00poOKa
IPYHTIB, TPOTUEPO31iHI 3aX0, BUMAC CKOTA, BUPOLIYBAHHSA PI3HOMaHITHUX
KyJbTYp POCJHH Ta 1HIIE) HaWOUIbIl HEOE3MEYHUN 3 TOYKU 30PYy PO3BUTKY
MPOIIECIB €po3ii, TOMy HOro KOHTPOJh Ta TOHWKEHHS HOTO CTyNEHA €
BOXKJIMBOIO 33/1a4€I0.

Epo3zito 1pyHTIB MOAUISIOTH HAa BOJHY Ta BITpoBY. Bomna eposis
CKJIAJIAEThCS 3 JBOX CKJIQJIOBHX: 3MHBY BiJl CTOKY JIOIIOBUX BOJ (puC. 2) Ta
3MHBY BHACIJIOK CTOKY TajmuXx BoJ (puc. 3). JlOIIOBI MPOIECH BiApi3HIIOTHCS
IHTE€HCUBHICTIO OMAaJIB Ta YacOM BHMAJaHHS. 3 MOKA3HHUKOM IHTEHCHUBHOCTI
OTaJliB TOB’SI3aHI MapaMeTpH Kparelb, BiJ SKUX Oyae 3aiexaTH epoayroda
3miOHicTh momry. [lamaroua kparuist XapakTepuU3yEThCS PO3MIpoM, (HOPMOIO,
IIBUJIKICTIO TAJIHHS, €HEpriero. B Toi ke 9yac Ha Kparurio JiI0Th 30BHIIIHI
cwiM (cuja TSOKIHHS 3emill, Omip TMOBITPS, HAmpsiM Ta cuja BITPY), fAKI
3MIHIOIOTH Il mapametpu. [lpu ymapi momoBoi kparuti o 3emiro 2/3 eHeprii
BUTPAYAEThCS HAa YTBOPEHHS yIapHOTO KpaTepa Ta BIIOKPEMJICHHS YacTOK
IPYHTY, a 3aJIUIIOK SHEPrii - Ha pO30pHU3KyBaHHS IPYHTY [2].

VY aap kparuti 0 TOBEpXHIO 3eMJIi

[MaminHs kpanenb YTBOPEHHS yAapHOr0 PO306pU3KyBaHHS
Kpatepa, IpYHTY
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MikpopycioBuii cTik
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Puc. 2. Cxema mporiecy epo3ii IpyHTY JOINTOBUMH BOJAMHU
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B 3anexHOCTi BiJ BEpXHBOTO IIapy TIPYHTY, IMIUIBHOCTI Ta THUIY
POCIMHHOCTI, @ TaKOX IMapaMeTpiB Kparuil mpolec po30pu3KyBaHHS IPYHTY
Oynme BimOyBaTHCS MO pi3HOMY ab0 MOXXE 30BCIM HE BHHHUKHYTH. Hisgkux
rJI00aNbHUX TEPEepo3MOAUIIB TIPYHTY HE BiAOYyBaeTbcs, aje Ieil mpolec
3a0e3mnedye HasBHICTh MaTepiany, SKUN 3aXOIUTIOETHCSA Ta MEPEHOCUTHCS MPHU
MOBEPXHEBOMY CTOIll, 11O B CBOIO YEPry € pe3yJbTaTOM CHOBIIBHEHHS
npouecy iHGUIbTpalii (BCMOKTYBaHHS BOJU TPYHTOM). YAapHa Mis Kparuii
VIIUIBHIOE TOBEPXHEBUM Iap TIPyHTY, a YaCTUHKUA TIPYHTYy, AKi
PO30OPU3KYIOThCS TIPU yAapi, 3aKyMOPIOIOTh MOPH, TAaKUM YUHOM TIPOIIEC
1HUIBTpAIli CIOBUIBHIOETHCS, TP HACHYEHHI IPYHTY MOYHUHAETHCA MPOIEC
MOBEPXHEBOTO CTOKY. BimokpemMieHI YacTHMHKH TPYHTY 3aXOIUTIOIOTHCS
MOTOKaMHU BOJIM Ta TPAHCIOPTYIOTHCS B HAMPSAMKY PYXy MOTOKY, JO TOTO XK
PO3Mip IIMX YACTUHOK 3aJICKHUTh BIJ MBHAKOCTI MOTOKIB. [loBepxHEeBHUH CTiK
HEe Mae (PIKCOBAHMX pyced 1 HE BOJOIIE €PO3IMHWMHU BIIACTHBOCTIMHU TIPH
HE3HAYHIA I1HTEHCHWBHI JOIIYy W HEBEIMKMX HaxXmiax cxmry. Ane B pasi
YTBOPEHHSI YITKUX MEX pPYyCel IMOTOKIB BOJM Ta IMABHINCHHS IBUIKOCTI
notoky Buie 30 m/c [2], BUHHUKAE MPOIEC YTBOPEHHS BUMOIH Ta MPOMOiH,
MIPU I[bOMY TIOTIK CTa€ TYpOYJICHTHUM, IO B CBOIO YEPTry MIABHINYE €PO31iTHI
BJIACTUBOCTI MTOTOKY BO/JIH.

HakonwgeHnst cHIroBoi Macu TaHeHHS CcHITY
| [IEPEHOC CHIrOBOi Macu | > | COJIIPHUM TUII |
| YUIUIBHEHHS CHIrOBOT Macu | | QIBEHTUBHUM THIT |
A 4
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A 4
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Puc. 3. Cxema mporiecy epo3ii IpyHTy TaIMMU BOJIaMH
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B 3umoBuii mepiox mepemaaw  TEMIEpaTyp IPU3BOAWTL 0
PO3TPICKYBaHHS TPYHTY Ta BIJAUICHHS HOTO YaCTOK BHACIIIOK 3aMEp3aHHS
BOJM B MOT0 MOpax, TAKUM YHHOM YTBOPIOETHCS JTOJATKOBUM Matepiai, sIKUn
BUMMBAETHCS a00 BUBITPIOETHCA. HasBHICTH IIapy CHITy 3MEHIIY€ BIUIUB A1i
HU3BKUX TeMmriepatyp [3], ajge 3 MOYaTKOM BECHU TAHEHHSI CHITY BUKIIMKA€E
mpoliec 3MUBY IPYyHTY Tanumu Boaamu (puc. 3). Ilpomec 3anexuth Bin
KUTBKOCT1 OTPUMAHOT COHSIYHOI €HEeprii 3¢eMHOI0 MOBEPXHEI0 (CONAPHUM THUII
CHITOTAHEHHsI) Ta TPOTrpiBy MOBITpsA (aaBeHTHUBHUM Tum), Ha BimMmiHy Big
3MUBY JOIIOBUMH BOJAaMH TPH CHITOTAHEHHI1 3 SBJSIOTHCA JIOJATKOBI
(dakTOopu BIUIMBY, Taki SIK: 3alacy BOJU B CHITY, PO3MOJAUI CHITOBOi Macw,
CTYIIHb MPOMEP3aHHS IPYHTIB, arpo(OH, IHTEHCUBHICTH 1 YaC TAHEHHS TOIIIO.
ITix yac cHIrOTaHEHHS MOXKJIMBI JOJATKOBI OMaaH, 1[0 BEAE N0 30UILIICHHS
CTOKY BOJY 1 MIABHINECHHS €pO31HHOI i1 MOTOKY. Bimomi BUmaaku mosiBM BOIU
3BOPOTHOTO BHYTPIIIHBO IPYHTOBOTO CTOKY [3].

[Ipomiec BiTpoBOi epo3ii (puc.4) BIAOYyBae€ThbCsS TiA €0 TIOTOKIB
MOBITPS, SIKI MIXOILIIOIOTH BIJOKPEMIICHI YaCTUHKH IPYHTY Ta MEPEHOCATH iX.

[epemirnenus
MTOTOKY MOBITPS

Hananus iMmynscy
4acTKaM IPYHTY

[Tepekar yacTox
IpyHTY

'

-

3axBaT 4acTOK VY napHa mist 9acTok Axymymamnis
IPYHTY IIOTOKOM IpYHTY YaCTOK IPYHTY
4 A
v
Ilepenecenns q OnyckaHHS
9acTOK IPYHTY 9acTOK IPYHTY

Puc. 4. Cxema mpoliecy BITpoBOi €po3ii IPYHTY

[TopuB BiTpYy MiAXOILIIOE YACTUHKU IPYHTY 1 3HOBY omyckae ix. [1ig gac
yAapy YaCTMHKU TPYHTY O 3€MIIIO, IMITYJIbC CHJIM MOXKE PO3CIFOBATHUCS TIO
JEKIIbKOX HampsiMkam. [lo-mepiie dyacTuHka Moke OyTH 3HOBY MiIXOIJICHA
MOTOKOM MOBITPSI, MO-APYTe MPHU yapl BOHA BIUIMBAE HA 1HITY YACTUHKY, sIKa
0 He morna OyTH MIpUBENICHA B PyX IiJ AI€I0 JUIIE MMOTOKY MOBITPSI, O-TPETE
MIpH yAapi MOKe BIOYBaTHCS pO3PUB MOBEPXHI, HAPUKIIA] PO3MAaJl arperaTis
(KOMOYKIB TPYHTY), B TaKMX YMOBaX YacCTKHU MiAIITOBXYIOTh OJHA OJHY 1
MOXYTb MEPECYBATUCS, A0 TOTO K JIIaMETP YACTOK, SIK1 ePEeCYBAIOTHCA TAKUM
YHHOM, MOYKE IMEPEBUIIYBATH JiaMeTp MaJalduXx YaCTHHOK y 6 pa3sis [2].

Jlst BU3HAUeHHS HEOEe3MeKU epo3ii IPYHTIB BUKOPUCTOBYETHCS TTOHITTS
BTpatu IpyHTy (W). IlincymMoByroun BUIIE HaBEICHI MIPKyBaHHS Ta
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MPOAHANI3yBaBIIN P JITEPaTypHUX JDKEpeN, OTPUMAHO CTPYKTYpPHY
dbopmyny cepeIHbO1 BTpaTH IPYHTY:
W = (@K/Z ’CDep ’cppeﬂ ’cpaep ’cpﬂ.c).)’ 1)

ne @, - bakTop KIiMaTHYHUX (TiAPOMETEOPONOTIYHNX) YMOB, CDZp_ dakTop

IpyHTOBUX yMOB, @ . - daktop penbehrux ymoB, @D . - daxkTop

pen azp
arpoTexHiynux ymoB, @ ,- dakTop JHisuIBHOCTI JIFOAMHHM  Ta/abo
MPOTHUEPO31KHI 3aX0/TH.
B 3anexxHOCTI Bl mepioy pOKy YMOBH MPOTIKaHHS MPOIECIB €po3ii
OyayTh pi3HUMHU. OCHOBHUMH YUHHUKAMU T1IPOMETEOPOJIOTTYHUX YMOB @

@KJZ = (FOOW J ch'e J Feimep J Fcon.) (2)

€ Fyoy, - baxtop epomyrouoi snibuocti gomy (3), ;.- daxrop eponyrouoi

3piorocTi Tanmux Box (4), F - ¢akTop epoayrUoi 3mMiIOHOCTI BITPOBUX

gimep

notokis (5), F.,, - bakrop epoxyrouoi 3ai0HOCTI corstanOI eHepril (6).

Fdou; = (pran J 1:iHm J fAt) 3)

ne f nmapaMeTpu maaardoi kparmii (Maca, po3mip, ¢opma, IIBHIKICTH

Kpan~

MajiHHSA, KyT Yyaapy O TIOBEPXHIO), fiHm' IHTEHCUBHICTh  OMAaJiB,

f At - TPMBAIIICTh ONAIiB.

ch’e = (fAH J f@od J fAT) (4)

ne f,,- posmoain cCHIroBoi macu, f_,- 3amacu BOJU B CHITY Ta MOXJIHUBI

600

J0JIaTKOB1 BonH, f,, - MepioJl Ta IHTEHCUBHICTh CHITOTAHCHHS.
Feimep = (f—> J fu J fAU) 5)
ne f_, - mepesaxnuit Hanmpsimok noroky nositps, f, - mBEaKicTs moTokis

nositps, f Ay - HOPUBYACTICTH BITPY.

FCOH. = (fnwz J fdama J fB J fxxwap) (6)

JICHb POKY,

ne f, .- mpocropose nomoxenns rtouok cxmry, f,. -

noj

f p- reorpadivna mupota ta f - XMapHICTbh Ta/ab0 3aTIHCHHS.

xmap
®dakTop IPyHTOBUX YMOB 200 (aKTOp CXUIBHOCTI IPYHTY €po3ii
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@, =(F

ep mex.! FA J anoqb. J F@ozz. J F—t. ) (7)

3aJIeKUTh BIJ] MEXAaHIYHOTO CKJIaAy IPYHTY, IPYHTOBUX arperariB (po3MipiB
4acToK IpyHry) F,, ToBuIMHH InapiB rpyHTY (Ipodiiro) anogb.’ BOJIOTOCTI

ipyury F, ., , posnoniny cesonnoi mepsmorn F_; .

B ¢akropy penbedy (8) HezamepeuHuil Tak, SK BiI HBOTO
3aJIeKUTh HaMpsSM €pOAYIYOro TMOTOKY, IIBHAKICTh TOTOKY, KUIBKICTb
30MpaHoi BOAM 31 CXWJy, PO3IMOALI CHITOBOI MacH, a CKCIO3HWIIl CXWIIB
(po3moALT COHSAYHOI €Heprii) BIUIMBAIOTh HA MPOTPIB TMOBEPXHI 3eMIl 1
PO3BUTOK pociuHHOCTI. CTpykTypHa hopmyna ¢pakTopy penbedy Mae BUTIISA

D pen — (Fyxwz J Fc)oeofc. J ngopm J Fekcn ) ’ (8)

e Fyxu ;- DO3IOALT KpyTH3HU cXxuy, Fj,, . - ZOBKUHE CXWITY Bix BOZOALLY,

excn~ TPOCTOPOBE MOJIOXKEHHS CXHUIIB BIIHOCHO

FqbopM' popma cxuny, F
HaMpPsIMKY CBITY (€KCTO3HIIS CXUITY).

dakrop arporexHiuHux ymoB @ (9) moemnye B cobi (akropy

azp

PO3BUTKY POCIMHHOCTI Fpoch (BeretaTBHUN TIepioa) Ta (aKTOpy C/T

00pOOKH IPYHTY F06p :

@aep = (Fpocvz J F06p) )

B 3anexxHocTi Big TUMY POCIMHHOCTI, 1i BHUCOTH, IUIOHII TMOKPHUTTS
(rycTMHUM), THUMY KOPEHEBOi CHCTEMH 1 dYacy Ta Tumy c/IT o0poOku
(boponyBaHHsI, KyJAbTHUBAIllsl, TIOJMB, TMPOIOJKA)  3MIHIOBATUMYTHCS
MOKa3HUKH CUJIM yAapy JOLIOBOT Kparuli 0 3eMJII0, IIBUIKICTh 1H(UIbTpaLii,
MIBUJIKICTH IMMOTOKY Ta HOTO (hUTbTpAaIIis.

Bucnosku. Tlpomec eposii B mpupoai BimOyBa€eTbCS TMOCTIHHO 1 €
CKJIAJHOK0  0araTOKOMIIOHEGHTHOKO  CHCTEMOIO, sSKa €  CTIHKOI 1
30aJ1aHCOBAHOIO, OJIHAK [ISJBHICTh JIIOAMHU TIOPYIIYyE 3B A3KH MIK
€JIEMEHTaMHU I11€1 CUCTEMH, 10 MPUBOAUTH JO PI3KUX 3MIH, MPUCKOPEHHS
pyWHYBaHHS arpojasHAmadTy Ta 3MEHIIEHHS €pO31WHOI CTIMKOCTI TPYHTIB.
Bukonane moCHiKEHHS €pO3IMHUX TPOILECIB AK CKIAJHOI CHCTEMH Ta
BUSBJICHHS CTPYKTYPHUX 3B’ SI3KIB MIXK ii €IEMEHTaMH € KPOKOM 0 MOJATBIIOL
PO3pOOKH HOBUX Ta ONTUMI3AIli ICHYIOUUX MOJIeNIeH epO31HUX MPOIIECIB.
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IPO3UA T'PYHTOB - KAK CJIOKHOCTPYKTYPUPOBAHHASA
IF'EOMETPHYECKASA MOJEJIb

Koxeny6 C. A.,
Annomayusn

B paGoTte mpoBeeHo ucciae10BaHNE PA3BUTHSI IPO3UU IT'PYHTOB, KaK

CJIOKHOI CHCTEMBbI, BBIIBJIEHbI €€ JJIeMEHTbl U CBA3M MEXKIAY HUMHU.
IlpuBeneHbl CTPYKTYpHble (POPMYJbI NOTEPH TPYHTA M OCHOBHBIX
¢daxkTOpOB BJIUSAHUS.

EROSION I'PYHTOB - AS COMPLEX STRUCTURE
GEOMETRICAL MODEL

S. Kozhedub
Summary

In work research of development of erosion grounds as complex

system, its elements and communications between them are revealed is
lead. Structural formulas of loss of a ground and major factors of
influence are resulted.



