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ConpoTtuBieHHE pa3pbIBy 00pa3IoB IOYBHI HA TPU MOPSIKA OOJBIIE,
YeM KacaTeJbHbIe HAIpsDKEHHs Ha JHE CKJIOHOBBIX MOTOKOB, KOTOpBIE
MPOU3BOAAT pabOTy MO OTPBIBY M TPAHCHOPTY MOYBEHHBIX YaCTHII.
II.E. MuprixynaBa mojaraj, 9TO OTPBIB YaCTHI] TIOYBBI TOTOKOM ITPO-
HUCXOJUT B PE3YyNbTATE YCTAJOCTHOIO HAPYILLEHUS CBS3EH MEXIy 4a-
ctunamMu 1ouBbl. C y4eToM 3TOTO CONPOTHBIIEHHE IOYBHI Pa3pbIBY
yMeHbIIIaeTcs Ha Ba nopsiaka. M.A. HeapuHr monarai, 4yTo OTpHIB 4a-
CTHII TTOYBBI COBEPIIACTCS B TOUKAX CPHIBA BUXPEH CO IHA MOTOKA, A€
KacaTeJIbHOE HalpsDKEHHE Ha JiBa MOpsiKa OOJIbIIE, YeM ero CpeaHss
BETHYMHA. ODTU TOAXOJBI HEe OOBSICHAIOT MPEOOJICHHUS CHIIBI CIIETUIe-
HUSI MEXKJYy YacTHUI[aMU TOYBHI CKJIOHOBBIMH ITOTOKaMu. Pe3ynbTars
HCCJICAOBAHU BIIMAHUA TEMIICPATYPbl BOAbI HA CKOPOCTH pa3sMbiBa MO-
JETBHBIX 00pa3IoB IMOYBBI MOKA3AJIM CHIIbHYIO 3aBUCHMOCTH 3PO3HH OT
TEMIIepaTyphl BOJIbI, KOTopast Oim3ka K npasuity Bant-T'odda. Dxcre-
PUMEHTAIBHO TOKa3aHO, YTO Pa3pyLICHHE CBA3EH MEXIy JacTHLIAMH
MOYBBl B 00pa3siie YepHO3eMHOH MOHO3EPHUCTON MOYBBHI IPOUCXOIHUT
TI0J] CJIOEM HETOABIXHON BoAbL Ilocne mycka moToka BOAbI B NEPBbIC
K€ MI'HOBEHHS CPBIBAIOTCS BCE YACTHIBI, JIMIIMBINHECS CBS3CH C
OCTaJIbHOM MOYBEHHON Maccoil. C yBenmu4eHHEM NMPOJOKUTEIBHOCTH
IpeObIBaHuUs 00pa3iia Mo/ CJI0eM HETIOJBIDKHOM BOIBI KOJIMYECTBO Ua-
CTUIl C HAPYHICHHBIMU CBA3AMH PACTCT C HEKOTOPBLIM 3aMCIJICHUCM.
OKCIEPUMEHTHI MOATBEPKAAIOT CIPABEUIMBOCTh THIIOTE3bl O HETH -
pPaBIMYECKOM XapakTepe CHJI, MPUBOJAIIMX K HapYIIEHUIO Mexarpe-
raTHBIX CBSI3€M B Mpoliecce BOJHOM 3po3uu. B peanbHbIX yCIOBHUSIX,
OYEBHJIHO, Pa0OTAIOT BCE TPU OTMEUYECHHBIX BBIIIE MEXaHU3MA.

Kntouegvie cnoea: MexaHU3M dPO3HUU, MEXKarperaTHble CBSI3H, COIPO-
TUBJICHHE TIOYBBl pa3peiBy, mpaBwio Banrt-I'odda, paspymenne
MEXKarperaTHblixX CBS3EH.
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ConpoTHBIIEHHE YaCTHUI] MOYBBI OTPHIBY IMOTOKOM BOJIBI, Kak
MPaBWJIO, HAMHOTO OOJIbIIE TE€X CHJI THIPABIMYECKOTO MPOHCXOXKIe-
HUs1, KOTOPBIE HCIBITBIBAET JIOXKE MOTOKA B IEJIOM, a TAKXKE U CJIAraro-
me ero yactuuel rpyHra. MmenHo nosromy II.E. Mupuxynasa B
MpeIoKeHHOM uM eme B 1970 r. ypaBHEHHH 3pO3MH HCHOIB30Ball
npeacTaBiIeHHe 00 YCTaJOCTHOM pa3pyLICHUH CBsI3€H MEXIy MOYBEH-
HBIMHM YaCTULAMH, & TAKXXE M 4aCTULAMHU TPyHTa IIOJA BO3JECUCTBHEM
JUHAMUYECKUX HATrpy30K, UCIBITBIBAEMBIX JIOXKEM IIOTOKA BCIIEICTBUE
MECTHBIX ITyJbCalliii CKOPOCTH IBMXKEHHs Boabl. MccnenosaHus 1o
YCTaJIOCTHOM IMPOYHOCTH I'PYHTOB M CKOPOCTH HMX Pa3MbIBa IOKA3aJIU
CXOJICTBO 3THUX IPOLECCOB, IO3TOMY II0 aHAJIOTHH C YPABHEHUEM, OIU-
CBIBAIOIIUM KPHUBYIO YCTAJIOCTHOH NMPOYHOCTH, YHCJIO LHKJIOB HaIps-
*eHHs (N) 10 MOMEHTa OTpPbIBA YaCTHLIBI MOXKHO NPEACTAaBUTH B BUIIE:
188000

N=—
Vi,

-1
Vioon (1)
)
T/I€ Vay M Vpgon COOTBETCTBEHHO MPHUIOHHAs CKOPOCTh Ha BHICOTE BHI-
CTYIIOB ILIEPOXOBATOCTH HA PACCTOSIHUU X OT Hayaja pydyeilka u Jomy-
cTuMasi (Hepa3MmbIBaromas) ckopocTb. COOTHOLIEHHE KBaApaToOB 3THX
CKOPOCTEeH SKBHBAJIECHTHO COOTBETCTBEHHO HAINPSDKEHUIO pa3phiBa B
HayvaJbHBI MOMEHT BO3JEHCTBHUS HArpy3kd Ha YacTHIly IMOYBHI U B
MOMEHT €€ OTphIBa MOTOKOM BOJAbl. M3 ypaBHeHus (1), 3Hast 4yactoTy
MyJBCAIMi CKOPOCTH B TOTOKE, HETPYIHO OIMPEAEIUTh YHCIO YaCTHIL
CPBIBaEMBIX [TOTOKOM B €IMHUIY BPEMEHH U, paclpoCTpaHUB 3TO YHUC-
JIO Ha €IMHUILY IUIOIIAH, OJy4YUTh YPABHEHHE CMbIBA B BUJE:
q = 0.0000064 ywd? (;i— 1), 2)

Anon

IZle ¢ — CMbIB IIOYBBI C €OUHULBI IUIOIAAN; d — JTUAMETP OTPBIBAEMbIX
YacTHUIl; Y — INIOTHOCTh YacTHUIIBl; 0 — YACTOTA IMyJIbCAIIl CKOPOCTH B
nortoke. [Tozxe LI.E. Mupuxynasa (1970) wacToTy mynbcauuii B CKJIO-
HOBBIX INOTOKAaX NPHUHSAI KaK KOHCTaHTy. JlomycTumas ckopocTh, co-
[JIACHO €r0 IPEICTABICHUAM, SABIAETCS (GYHKLIUEH KOPHA KBaIPaTHOIO
W3 Beca YacTHIIbI MOYBHI B BOJIE U YCTAJIOCTHOM MPOYHOCTH MOYBHI HA
paspeiB (C,). Ilocnennsas onpenensercs Mo 3aBUCHMOCTH:

C,=0.035C, 3)
rae C — CUeIUIeHHe, OIpeeNsieMOe BIABIMBAHUEM CHEPHIECKOrO
LITAMIIa B TI0YBY.
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M.A. Heapunr c coastopamu (Nearing et al., 1991) ynensnn
MHOTO BHUMAaHHA 3TOMY Bompocy. MccnenoBanus conpoTHBIEHUS pas-
pbiBy 33 paznuunbix nouB CHIA mokazanu, 4TO MO 3TOH XapakTepu-
CTHKE BCE TIOYBHI yKIaasiBatoTcs B nuamnazoH ot 0.9 mo 3.2 klla. Ana-
JU3 pe3yJbTAaTOB €ro HCCIEAOBAaHMH Ha MOHOArperaTHbix oOpasuax
MOYB TMOKAa3aJl, YTO WX CONPOTHUBIIEHHE PA3PbIBY YKIIAIABIBAETCS B MPH-
BEACHHBII AMANa30H U Ha TPHU MOpsAAKa OOblIe, YeM KacaTesbHbIe
HampsDKeHHs] Ha JTHE CKJIOHOBBIX MEJIKOBOJHBIX TMOTOKOB. TeM He Me-
Hee, 00pa3lLpl MOYB YCHELIHO Pa3MbIBAIMCh. JlJ1si 0OBSCHEHHUS! 3TOrO
napanokca M.A. Heapunr (Nearing, 1991) ucnonb3oBail pe3ysibTaThl
nccaenoBanuit I'pacca (Grass, 1970), cormacHO KOTOPBIM KacaTelbHbIC
HaNpsDKEHHUsI B TOYKaX MPUIOHHOW OOJIACTH, TAE MPOUCXOAMT OTPHIB
BHUXPEBBIX BO3MyIeHHH (burst event), Ha IBa MOPSAIKa MPEBOCXOMAT
CPEIHIOI0 BEIMYMHY KacaTeJIbHBIX HaIllpsDKEHUH Ha JIHE MOTOKa, IoJia-
rasg, 4T0O MMEHHO B 3TUX TOYKax MPOUCXOIUT OTPHIB YACTHUI] HOYBHI.
[TockonpKy OTpBIB BUXpEH CO JAHA MOTOKAa HOCUT CTOXACTUYECKHH Xa-
paKkTep, TO M YpPAaBHEHHE OTphIBA YACTHUI] MOYBBl BKIIOYAET BEPOAT-
HOCTHBIM Osok. OJHAKO Takoe pelIeHHE MPEACTaBIIETCS HE BIIOJHE
KOPPEKTHBIM, TaK KaK KacaTeJIbHOEe HANpPSIKEHHE B TOUYKE OTPHIBA BUX-
psi, XOTS M Ha JiBa MOPsIZIKA BBILIE, YEM CpEJHEE 3HAUEHNE KacaTelbHO-
TO HaNpsHKEHHS, U BCE K€ OHO Ha MOPSAIAOK HM)KE COTPOTHBIICHHS 00-
pasla Mo4Bsl pa3phIBY.

Bmecte ¢ Tem pemieHre 3TOH TNPOOJIEMBI, TPEIOKEHHOE
LI.E. MupuxynaBod, Take HeNb3s NpHU3HATH Oe3ynpeuHbiM. Ecmm
MPHUHATH, YTO CIETJICHHE MOYBBI, ONPEAETIEeMOE METOAOM BJ/IaBIIHBA-
HUsI cheprIecKOro LITamma B TPYHT IPH [IOJHOM HACBHIIEHUH BOJOU
(luroBuu, 1963), 3KBUBAJIEHTHO CONPOTUBJICHUIO MOPOJIBI HA Pa3phIB,
kak 310 monaraer L[.E. Mupixynasa (1966), To ycramoctHas mpod-
HOCTb Ha pa3pbIB, TOTO K€ TOpPs/IKa, YTO U KacaTeJbHOE HalpsKeHHE B
MecTax OTpbIBa BUXped. TakuM oOpa3oM, pelieHue npoOieMbl OTPhIBa
YacTHUI[ CBA3HOT'O TPYHTa CKIOHOBBIMU BOJAHBIMH MOTOKaMH C TO3ULIUU
YCTaJIOCTHOTO pPa3pyLICHUs CBSI3M MEXIy YacTULAMU TPYHTa IIpel-
CTaBJIIETCS HE BIIOJIHE KOPPEKTHBIM.

Nmerotes n apyrue GakTel, IpOTUBOPEUALINE [IPEICTABICHUIO O
TUIPaBINYECKON IPUPOJIE CHJI, OTBETCTBEHHBIX 3a pa3pylLIeHHE CBA3EH
MEXIy uvacTunamMu 1ouBbl. COINIaCHO MHOTMM MOJEISIM 3PO3HH
(Foster, 1982; Rose, 1985 u ap.) HHTEHCUBHOCTb CMBIBA HAXOJUTCS B
JTIUHEHHOW 3aBHCHUMOCTH OT BEIMYMHBI aKTUBHOTO (pakTopa 3po3uu. B
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rugpodusnueckoil Mozenu spo3un (Jlapuonos, Kpacnos, 2000) wun-
TEHCHUBHOCTh CMBIBa MPONOPIFIOHAIEHA Ky0y CKOPOCTH MOTOKa B 00-
JIACTH CKOPOCTEH NPEBBIMIAIOLINX MOPOTrOBbIe 3HaYeHus B 1.5-2 pasa.
JIn1st moaTBEpKAEHUS 3TOTO TIOJIOXKEHNUS TPOBEAEHBI OIBITHI MO Pa3MbI-
By MOJEIBHBIX 0OpPa3LOB MOYBBI IUIOTHOCTHIO 1.2 I/cM’ B MIMPOKOM
JMarma3oHe CKOpOCTed. DKCIePUMEHTHI Talll MOJIOKUTENbHbBIE Pe3yiIb-
Tathl (puc. 1), KpoMe 00JIaCTH MaJIbIX CKOpOCTeH ObLIa ToJTydeHa JIn-
HEWHas 3aBUCUMOCTh MEXITy CMBIBOM M KyOOM CKOPOCTH TIOTOKA.

OpHako mpH uccnenoBaHuy 00pa3noB 0osiee BBHICOKOW IUIOTHO-
CTH OOHApY>KEHO, YTO 3aBUCUMOCTh MEXKIY CKOPOCTHIO pa3MbIBa 00pas-
IIOB ¥ KyOOM CKOPOCTH TIOTOKA UMEET OTUETIIMBHIH ITeperioM (puc. 2).

Oxkazanock, 4YTO HHTEHCHBHOCTh OTphIBA YacTHI[ MIOYBHI HE MPO-
MOPLMOHANbHA Ky0y CpefHed CKOPOCTH IOTOKa BO BCEM HCCIIEIOBAH-
HOM JIMamna3oHe CKopocTel. HaumHas ¢ HEKOTOpOH CKOpOCTH, HAOJFO-
JIAETCS] PE3KOE BBIIONIAXKUBAHUE JIMHUM TPEHA Ha rpaduKe 3aBUCUMO-
CTH UHTEHCHBHOCTH CMBIBa OT Ky0a CKOPOCTH IOTOKA.

IlepBasi momeiTKa OOBSICHUTH 3TO SABJIECHUE OCHOBBIBAJACh HA
YCTaJOCTHOM MOJXOJE K HAPYLICHHUIO CBSI3eH MEXIy YacTHLAMH I0Y-
Bbl. Kak M3BecTHO, B Mpoliecce YCTAJIOCTHOTO HApPYIIECHHS IMKIAYe-
CKHE TPOTHBOINOJIOXKHO HAIPABJICHHBIE HATPY3KU NMPHUBOJAT K JIBHXKE-
HUIO OTHOCUTENBHO JpYyr Apyra Marepuana B TOUYKax C JeQeKTOM
CTPYKTYpBI, TJI€ CO BPEMEHEM BO3HMKAIOT TPELIUHBI, & TOTOM M pa3-
pylieHne Marepuaia. B ciiydyae OJHOHAIPaBIEHHBIX ITUKIMYECKUX
Harpy3okK, 4TO XapaKTE€pHO Ul YaCTHL, BHICTHJIAIOLINX JIOXKE MOTOKA,
BO3BpATHO MOCTYNATeIbHOE IBIKCHUE B MaTEpHae MOXKET UMETh Me-
CTO JIMIIb NPH HAJIMYUW B MaTepualie ynpyrux cBoicTB. Ecim nmomy-
CTHTB, YTO TIOYBEHHBIE YaCTUIBI 00JIaal0T CBOWCTBOM YIPYT'OCTH, TO
MOKHO MPUHATH, YTO OTPBIB YaCTHIl ITOTOKOM BOJABI INPOUCXOIUT
BCJIE/ICTBME MHOT'OKpPATHBIX IIMKJIOB BO3BPATHO MOCTYMATENbHBIX JBH-
KEHHUI, KOTOPbIE BO3MO>KHBI JIUIIb B TOM Clly4yae, KOrJa MUHUMalbHbIE
3Ha4YeHMs Harpy3oK TMIPaBIMYECKONl MpUpPOJbl OyAyT MEHBIIE CHI
ynpyrocta yactunbl. C pocTOM MUHHUMAaJIbHBIX HArpy30K aMIUINTYIa
BO3BPAaTHO TNOCTYNATEIbHBIX ABMW)KEHUU OyJeT YMEHBLIATHCS, UYTO
MOJKET CIY)KUThb HNPUYMHONH OTHOCHUTEIHHOTO 3aMEIJIEHUs] MHTEHCHB-
HOCTHU OTpbIBa YacTHUI] C YBEIMUYEHHEM CKOpOCTH moToka. Ilpu Heorpa-
HUYEHHOM POCTE€ CKOPOCTM IIOTOKa MHMHHUMAJbHBIE IIyJIbCALlUOHHBIE
Harpy3Kku, O4eBHJIHO, MIPEBBICAT CHUJIbI YIPYTOCTH MOYBEHHBIX YaCTHII,
BCJIEZICTBUE YETO BO3BPATHO MOCTyHATENbHbIE KOJeOaHNs YaCTHLL IIpe-
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Puc. 2. 3aBHCHUMOCTh MHTEHCUBHOCTH Pa3MbIBa MOJIEIBLHOIO 00pasiia Mmo4YBbI
IIOTHOCTBIO 1.5 I/cM® OT Ky6a CKOPOCTH MOTOKA.
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KpaTATcsi, 1 COOTBETCTBEHHO MPEKPAaTUTCS MX OTphIB. OTHAKO pa3MbIB
MOJIENTFHBIX 00pa3loB MOYBHI HE MPEKPAINAICS U IPH CKOPOCTH Oolee
7 m/c. Takum 00pa3om, uzess YCTaIOCTHOTO HApYIICHUS CBA3EH MEXTY
MOYBEHHBIMHU YaCTHIIaMH B MPOIIECCE pa3MbIBa U B 3TOM Cllydae He pa-
OoTaer.

Cny4ali mozickasai, B KaKOM HalpaBICHUM CIieyeT UCKaTh pe-
IIeHne MPOOJIEMBbI HapYIIIEHHs CBSI3€H MEXIy YacTHUI[AMH B TpoIlecce
9PO3UH CKJIOHOBBIMHU IOTOKaMH, KacaTelbHbIC HANpPsDKEHUs, Ha JIHE
KOTOPBIX Ha TPU MOPS/IKA MEHBIIE, YeM COIPOTHUBIICHHUE TTOYBHI Pa3phI-
By. OJHaXIIBI TIPH MPOBEJCHUU CEPUH SKCIIEPUMEHTOB TIPH TOCTOSH-
HOW CKOpPOCTH TIOTOKa TEMIIepaTypa BOABI YBEININBAIACh B PE3yIbTa-
Te paboThl Hacoca ¢ 13 mo 25°C, mpu 3TOM CKOPOCTh pa3MbiBa 00pa3s-
IIOB TIOYBBI YBEJIWYHBANIACh. B CBS3M ¢ 3TUM OBLI MIPOBEICH SKCIIEPH-
MEHT JAJIsl Mi3Y4€HUsI BIMSIHUSL TEMIIEpaTyphl BOJa Ha CKOPOCTh pa3MbIBa
o06paztos B nuamnazone ot 0 go 25°C ¢ marom 5°C (puc. 3).

Oxkazanoch, 4TO IpU YBEIMYEHUM Temneparypsl Bojsl Ha 10°C
CKOpPOCTh pa3MbIBa (3pPOIMPYEMOCTh) yBenmdmBaeTcs B 1.5—1.6 pa3sa,
YTO MPAKTUYECKU YKIAABIBAETCs B paMku npaBwia Baut-I'odda, xo-
TOpPOE OTPAXKAET BIUSIHAE CKOPOCTHU JIBHKCHUST MOJIEKYII, pearupyro-
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Puc. 3. BiusiHne TemnepaTypsl BOJbI Ha CKOPOCTh pa3MbIBa 00pa3iia MOYBEIL.
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HIMX BEIIECTB, YACTOTHI U CHJIBI UX COYJAPEHUIA, HA CKOPOCTh PEaKIUH.
W3 storo criemyer, 4yTO pa3pylieHHE CBS3€H MEXIy YacTHLAMH IOY-
BBl — 3TO pe3y/bTaT ACHCTBHUS HE TMAPABINYECKUX CHJI, a KMHETHUe-
CKOW SHEPrUu MOJIEKYJ BOJIBI.

B cBs3u ¢ 3TUM NpoBeneHB! MOUCKOBBIE HCCIEAOBAaHUS, LEIbIO
KOTOPBIX SIBJSUIMCH: 1) pa3paboTka METOAMKH ONpeNesIeHHs] CKOPOCTH
paspylleHnst CBsI3ei MEXy YacTHIIaMH IOYBBI, 2) TIOUCK (AaKTOPOB,
OTIPENIENISIOMINX CKOPOCTh Pa3pyLICHUs] MEXKarperaTHbIX CBS3€H B MO-
JIeNIbHBIX IOYBEHHBIX 00pa3max.

Paspyriennie cBsizeil Mexay 4acTHUIIAMU IOYBHI BU3yajbHO HE
oTpeeNsieTcs, MEXaHHYECKH OTIENUTh YaCTHIIBI, JTHINUBIINECS CBS3H
C MOYBEHHOI Maccoif, Takke HeBO3MOxHO. Hanbonee onTumansHbIM
NPEACTAaBIISETCS HCIIOIb30BAHUE ITOTOKA BOMABI U YAAICHUS YaCTHILI,
JIUIITUBIIUXCS. CBS3M C HWKEJIEKAIIMMH YaCTHIAMH, C MOBEPXHOCTH
oOpasua. B cBs3u ¢ 3THUM 1711 OLEHKH POJIM BOJBI KaK BELIECTBA, BbI-
3BIBAIOLLETO HAPYIICHUH CBA3EH MEXIy YaCTULAMM IIOYBBI, ObLIa MpH-
HATa ciefyrolas MeToJuka. Boja monaBanack B JIOTOK € Tay3aMH, B
MPOJOJDKEHUH KOTOPBIX IOTOK BOJBI OTCYTCTBOBAJ, HO MOYBEHHBIN
oOpasewn HaXOAWIICS MMOJ BOAOH cioeM 1 cM. DKCIIepUMEHT HaYMHAJICS
c may3sl. Ha 1-2 cm Hmxe oOpasnia moMemanu TIyXylo MepPeMBIUKY
BBICOTOI HECKONbKO Oojiee 1 CM M HalMBalmud BOAY, B KOJIMYECTBE,
oOecnieunBatomieM riryouny Boasl B 1 cM. Ilocie mays3sl cinenoBana ak-
TUBHas (aza dKCIepHMEHTa — IMEePEeMbIYKa CHHUMAJach, M BKIFOYAICS
Hacoc. Boja momaBanoch B JOTOK 3aaHHOE BpeMsl. 3aTeM HAacoc OT-
KJIIOYalICsl, BHOBb YCTaHABJIMBAJIACh IEpEMblUKa, a 0Opa3zoBaBILIAsCS
eMKOCTh 3aloJIHsIach BOAOM. 3a IepBble e CEKyHIbl CMBIBAIUCH C
MOBEPXHOCTH 00pasna BCe MOTEPSBIIME CBA3h C 00pa3loM YacTHIBL.
BusyanbHo MOXHO HaONIOAATH 3TOT MPOLECC — MO JOTKY IBIKETCS
Macca 4acTHL OBkl (pucC. 4), B TO BpeMs KaK MpU TPaAULUOHHOU Me-
TOJIMKE UCTIBITAHUS 00pa3IoB 0OBIYHO M3pENKa HAOIIOMAIOTCS OTACIb-
HBI€ YaCTHLBI WM pynIibsl yacTull. C yBeIn4eHHEM MPOAOJIKUTEIBEHO-
CTH Tay3 KOJMYECTBO YaCTHIl, JIUIIUBIIUXCS CBS3H, YBEIUUMUBACTCS C
HEKOTOPBIM 3aMeJICHHEM (pHC. 5). DTO MOXET OBITh OOBSICHEHO IBY-
Msi MOMeHTaMu. [1o Mepe HaKOIUIeHHsT YacTHIl JIMIIEHHBIX CBS3eH OHU
BCE CHJIbHEE NPUAABIMBAIOT (MPUTHETAIOT) HIDKENEKAIIUE YaCTULIBI,
9TO 3aTPyAHSAET WM BOBCE IPEKpallaeT pacIpOCTPaHEHHE IIpolecca
paspylieHus cBsizell BriayOb oOpasua (Beuiectsa). J[pyroe oObscHeHue
MOJKET 3aKJII0UaThCsl B TOM, YTO MOJICKYJSIPHOE IBM>KEHHE BOJBI MEXK-
Iy HIOYBEHHBIMH YaCTUIIAMU 3aMEIIETCS [0 Mepe OIyCKaHus (GpoHTa
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Puc. 4. Bug Ha noTtok Hike oOpasua. TeMHbIE MSTHA — YAaCTHUIBI U TPYIIITBI
YaCTHII MOYBBI, COPBAHHBIE TOTOKOM.
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paspylIeHUs] CBS3eH MEXIy YacTHIAMHU BLUIyOb, YTO W TNPHBOJAUT K

CHIDKEHUIO TEMIIOB HapyILIEHUS CBA3EH MEXKIY YaCTULAMHU.
MakcuMalIbHbIE 3HaYEHUSI CMbIBA YMEHBIIAIOTCS C YBEJINYEHUEM

IIPOIOJKUATENBHOCTH I1ay3bl, YTO TAKXKE CBUIECTEIBLCTBYET O 3aMelle-
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HUM TEMIIOB pa3pyIICHUS CBA3CH MO0 Mepe 3ariayOJieHUs aKTHBHOTO
¢dbponTa.

Takoii xapakTep CMbIBa, 10 HAlleMy MHEHHIO, MOKHO OOBsC-
HUTH TOJILKO TE€M, YTO BEAYIIYIO POJIb B HAPYIICHUH CBS3EH MEXKITY
YacTULIAMHU HUIPAlOT CHUJIbI HETHIPaBIMYECKOTO T'€HE3UCa, 4 MMEHHO
CHJIBI MEXKMOJICKYJISIPHOTO B3amMoelcTBusA. [IpuHMMas BO BHUMaHHUE
3TO OOCTOSATENHCTBO, PE3KUH IepesioM Ha rpaduke 3aBHCHUMOCTH HMH-
TEHCHBHOCTH CMBIBa OT Ky0a CKOpOCTH (pHC. 2) MOXHO OOBSICHUTBH
crenyromuM obpazom. Ha mepBoMm kpyToMm OTpe3Kke JHHWU Tpaduka
CKOPOCTh pa3pyIlICHUs CBSI3CH MEXKIY YaCTUIIAMH, TIPOUCXOIAIIAS IO
JIefiCTBHEM JMIIONBHBIX MOJIEKYJ BOJBI, MPOTEKaeT ObICTpee, 4eM 3a-
XBaT MOTOKOM BOJbI CBOOOJHO JIeXKAIIUX HAa TMOBEPXHOCTH 0OOpasia
yacTul, noyBbl. [lo Mepe yBennyeHUs CKOPOCTH MOTOKA MHTEHCHB-
HOCTh 3aXBaTa YacCTHUI[ PACTET, & BMECTE C ITUM YCKOPSETCS IKCIIOHU-
pOBaHHE BO3JEHCTBUIO BOABI KaK XMMHYECKOTO BEIIECTBA CIIOEB 00-
paslia MOYBHI C €IIe HCHApYIICHHBIMU CBSI3SIMH MEXAY YacTULAMU
mouBbl. VHaue TroBops, ¢ YCKOpPEHHEM 3axBaTa CBOOOJHBIX YaCTHII,
YBEJIMUMBACTCA CKOPOCTh Pa3pyILICHUS CBSA3CH €Ile MEXIy KOHCOJIHU-
IUPOBaHHBIMU YacTUamMu. Ho Korma crmocoOHOCTH MOTOKA 3aXBaThI-
BaTh HEKOHCOJUAUPOBAHHBIC YACTHIIBI, IPEBLICUTH CKOPOCTh JAEKOHCO-
JTUAAIMA 9acTHIl BOJIOH, TUHMS Tpaduka Ha (pHUC. 2) PE3KO BEITIONAKH-
Baercd. [Ipu ganpHeleM yBeITUYEHUH CKOPOCTU MOTOKA THIIpaBiIHye-
CKH€ CHJIBI HAUWHAIOT IPUHUMATh Y9acTHE B HAPYIICHUU CBS3EH MEXK-
Iy YacTUI[aMH TOYBHI B TOBEPXHOCTHOM CJIO€ 00pa3a MOYBEI, U, BEpPO-
SITHO, BKJIQJ TUAPABINICCKUX CHJI MPU JATHHEUIIIEM YBEITHICHUH CKO-
poctu OyneT Bo3pactaTh. [IpoBepHTh U 1aTh KOJMYECTBEHHYIO OIICHKY
ATOMY SBIICHUIO MOHO TOJIBKO 3KCIIEPUMEHTATHHBIM ITyTEM.

W3 BeimenpuBeeHHBIX (HDaKTOB CIeMyeT, 9TO, BEPOSTHO, THAPO-
CTaTUYECKOE JaBIICHHE OKa3bIBACT BIMUSHHUE HA CKOPOCThH Pa3pyIICHHS
CBsI3€H MEXIY YaCTHIIAMU MOJ BO3JECUCTBUEM BOJBI. DTO MOXKET UMETh
MECTO, €CITU JOMyCTUTh, YTO TUAPOCTATHUECKOE JABJICHHUE HE Pacilpo-
CTpaHsieTCsl BIUIyOb IMOYBEHHOTO oOpasia. JTa rumoreza ObuTa TOJ-
TBEPKJIeHA KCIICPUMEHTAIIBHO B YE€ThIPEX OMBITAX 10 Pa3MbIBy 00pa3-
IIOB B THIPABINIECKOH TpyOe, B KOTOPOU TMAPOCTATHUECKOE IaBJICHHE
MOAJICP>KUBAJIOCH B OJJHOM cliydae okojo 0, a B Ipyrom — okojo 1 atm.
Bo BTOpOoM ciydyae ckopocTh pa3MbIBa 00pas3IoB MOYBHI, H, CIEIOBA-
TEIBHO, CKOPOCTh Pa3pyIICHUS CBA3EH MEXAY YacTUIAMU TOYBHI BO-
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JIOW KaK XUMHUYECKHUM BEIIECTBOM ObLiIa Ha MOPSIOK HUXKE, YeM B TIep-
BOM city4ae (TIpH HyJI€BOM T'HAPOCTaTHIECKOM JIaBIICHHH).

HakoHerr MOXHO MPeNIooKUTh, YTO CIEIUIEHHE MEXKIy YacTH-
[laMy TOYBEI OOecreunBaeTCcsl He TOJNbKO cuiamu Ban-Jlep-Baansca,
HO W, HallpuMep, MOJUMEPHBIMU COSAMHEHUSAMU. {7151 TOTBEpKICHUS
9TOU TUNOTE3HI HECKOIBKO 06pa3u013 BBICYHINJIN, 3aTEM YBJIQXXHUIIN 10
WCXOJHOTO COCTOSIHHS W TIOCJIE€ TOTO IOABEPIIIM UCIBITAHUIO HA Pa3-
MbIB. M 3TO mpezmnonoxenue onpasiaaiock. [locie BhICyIIMBaHUS 00-
paslbl MPaKTUYECKH HE Pa3MBIBANHCH. [1OCKONBKY B €CTECTBEHHBIX
YCIIOBUAX ITOYBA BCE K€ CMBIBACTCs, MMPEATIOIOXKNIN, YTO CBA3U MCKIY
YacTUI[AaMH MOTYT pa3pymiaTbCcsi W TOJ BO3ACUCTBUEM IHKINIECKOTO
HAMOKaHHs M BBICYIIMBAHMSI, a TAKXKE U IPYTUX (aKTopax BHIBETpUBaA-
HUSL.

Takum 00pa3oMm, pe3ysbTaThl HCCIACIOBAHHWIA IMO3BOJIMIA BbI-
SIBUTh MEXaHWM3M Pa3pyIICHUS CBA3EH MEXAY MOYBEHHBIMH YaCTHIIAMHU
B IPOIIECCE BOJHOW 3PO3MHU, YTO MOCITYXKHUT OCHOBOH ISl Pa3pabOTKH
(hm3udecky 000CHOBAHHBIX MOJCIICH PO3HH.
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DESTRUCTION OF BONDS BETWEEN SOIL
PARTICLES IN THE PROCESS OF WATER EROSION

O. G. Bushueva, A. V. Gorobets, N. G. Dobrovol’skaya,
Z. P. Kiryukhina, S. F. Krasnov, G. A. Larionov, L. F. Litvin

Lomonosov Moscow State University Faculty of Geography, Russia,
119991, Moscow, I Leninskiye Gory

It is known that tensile strength of soil samples is by three orders of
magnitude greater than the shear stresses on the bottom of slope
streams responsible for the detachment and transport of soil particles
by water current. C.E. Mirtskhulava believed that detachment of soil
particles by water current occurs due to the fatigue destruction of bonds
between soil particles.Taking this fact into account, tensile strength is
lower by two orders of magnitude. M.A. Nearing had an opinion that
detachment of soil particles occurs in the points of separation of vorti-
ces from the bottom of the stream, where the shear stress is by two or-
ders of magnitude higher than the average. These approaches did not
explain overcoming by slope streams of the cohesion forces between
soil particles. Studies of the influence of water temperature on the
washout rate of model samples have shown that the soil erosion is
highly dependent on the water temperature, which is close to the Van’t
Hoff’s rule. This means that destruction of bonds between soil particles
is probably the result of interaction between the soil solid phase and
water molecules. Experiments have also shown that destruction of
bonds between soil particles in the sample of chernozem monoaggre-
gate soil occurs under a layer of still water. Upon the start of the water
flow, particles that lost bond with the rest of the soil body immediately
break away. The number of particles with disrupted bonds grows with
the duration of the sample exposure to still water, although with some
flattening. Experiments confirm the validity of the hypothesis of non-
hydraulic nature of forces that disrupt inter-aggregate bonds during wa-
ter erosion.

Keywords: mechanism of erosion; inter-aggregate bonds; soil tensile
strength; Van’t Hoff’s rule; disruption of inter-aggregate bonds.
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