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H3ydeHo BAMsHME KOHTaKTa C BOAOI MOYBEHHBIX arperaTtoB 4YepHo3eMa, JepHOBO-TIOA30MCTON U cepoit
JIECHOI1 MTOYB Ha VX BOJOYCTOMYMBOCTb. YCTAHOBJICHO, YTO YBEJIMUYCHUE BDEMEHU KOHTAKTa ITOYBEHHBIX ar-
peraToB ¢ BOJOI MPUBOIUT K IUIABHOMY CHUIKEHUIO UX BOAOYCTOMYMBOCTU. [IpoBeneHHasi mpoBepKa Biu-
STHWSI pACTBOPOB COJIeit Ha BOIOYCTOMUYMBOCTD MOUYBEHHBIX arperaToB MoKa3ajia, YTo MoTepsi BOAOYCTOMYM -
BOCTU arperaToB MPU KOHTaKTe C BOIOI He CBsI3aHa MPSIMO MPOMOPIMOHATBLHO C PACKJIMHUBAIOIINM J1aB-
JICHUEM. YCTaHOBJICHO, YTO TIpU KOHTAKTE ITOYBEHHBIX arperatoB C BOAOW W3 HUX BBIIACISIOTCS
dpakTanbHbIe KJIACTEPHI U3 YaCTUL] TYMYCOBBIX BelecTB (D-kimactepbl). BoIIBUHYTO MPEANOIOXEHUE O
TOM, 4TO D-KITacTepHhl, ABIISIONINECS OCHOBO ITOYBEHHBIX Tejieii, 00YCIOBIMBAIOT (pU3MYeCcKUit 6a3uc BO-

JNOYCTOMYMBOCTHU T1OYB.

Kntouesule cnrosa: arperaThl 10YB, BOJOYCTOMYNBOCTh, PACKJIMHUBAIOILLIECE TaBJICHUE, KOJUJIOUIHO-XUMUYEC-
cKasi MOIIeJIb TIOYB, (hpaKTaJIbHbIE KJIACTEPhl U3 YaCTUIL TYMYCOBBIX BelllecTB (P-KiracTepsb)
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BiaronpusTHoe arperaTHO€ COCTOSIHME ITOYBBI —
BaxKHelilllee ycioBre odecnedyeHus €10 MI0A0POI.
braropapss cTaGMIBHOCTHM COCTOSTHUSI TTOYBEHHBIX
arperaToB OHa IIPOSBISCT CBOMCTBO YCTOMYMBOCTU K
SPO3UOHHBIM U MEXAaHMYECKMM BO3IAEUCTBUSAM, II€-
PEYIJIOTHEHUIO U JPYTMM HEOJaromnpusTHBIM MpU-
POIHBIM U aHTPOIIOTCHHEIM SIBJICHUSIM.

Hexkcrtep [1] oTmMedan, 94To IJIsT CENBCKOTO XO3SIii-
CTBa MOYBa JOJIXKHA UMETh HE TOJILKO XOPOIIYI0, HO U
CTaOMJIBHYIO CTPYKTYpPY IO OTHOIIEHUIO K JBYM OC-
HOBHBIM BO3JIEMCTBUSIM: (a) CIIOCOOHOCTH IIOYBBI CO-
XpaHUTb CBOIO CTPYKTYpYy MON NEUCTBMEM BOIbI; U
(0) cOCOOHOCTU BJIAXKHOI IMOYBEI COXPAHSITH CBOIO
CTPYKTYpY TOJ IefiCTBUEM BHEIIHUX MEeXaHUYECKUX
HanpstkeHui. [Tpy 9ToM NIpearnosoxXeHue o IByX BU-
Jlax BO3IEeHCTBUI — BOIBI U MEXaHUYECKUX CUJ Ha
BOJIOYCTOMYMBOCTb arperaToB OJHO3HAYHO JOKa3aHO
He ObLIO [2].

B 60ab1110M KOTMYECTBE padoT [2, 3] ykazaHo, 4TO
arperaTHBI COCTaB M BOIOYCTOMYMBOCTh arperaton
CBSI3aHbI C OPTaHWYECKUM BELIECTBOM ITOUB, €r0 KO-
JIMYECTBOM M KauyeCTBOM, HO A0 CHUX ITOp HE UMEeTCsI
YIOBIIETBOPUTEIHLHOMN TUIIOTE3bI, OOBSICHSIOIIEH Me-
XaHW3MBI OTOM B3aMMOCBI3U. [IpW 3TOM ITOITBITOK
WCIIOIBb30BaHUSl MPEACTABICHUN O HAAMOJEKYISIp-
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HOM CTpyKType rymycoBhix BeiecTB (I'B) [4] mus
00BbSICHEHUSI BOAOYCTOMYMBOCTU IMOUYBEHHBIX arpera-
TOB HAMU B JIUTepaType 0OHAPYKEHO He ObLIO.

Llenpio paboTHI SBISIACH TTPOBEpPKa BO3MOXKHO-
CTH CYIIECTBOBAHUS Pa3/IeJIbHOTO BIMSTHUS Ha BOJO-
YCTOMYMBOCTh MOYBEHHBIX arperaTtoB BOIbl U MeXa-
HUYECKUX BO3NEUCTBUI, a TakKxKe NPUMEHEHUE IS
OOBSICHEHUSI BOJOYCTOMYMBOCTU TIOYB IIpEACTaBIIe-
HUI 0 HaAMOJIEKYIIpHOi cTpyKType I'B.

B pabGote ncnonb3oBasivi 00paslibl, OTOOpaHHbBIE
W3 BEepXHMX (ITAXOTHBIX) TOPU3OHTOB IePHOBO-ITON-
3oiucToit mouBwl (YamrHukoBo, MockKoBckass 00-
JIacThb), cepoii jecHoi nmouBkl (Cy3nanb, Biagumup-
cKasl 006jacTh) U yepHo3eMa TUMM4YHoro (CKOMUH-
cKuii paiioH, Psg3aHckast 00J1acTh).

Ipu moaroToBKe 0OpPa3lOB MTOYBLI BHICYIIMBATN
IO BO3IYIITHO-CYXOTO COCTOSTHUSI U TIPOCECUBAIHN Ye-
pe3 cuTa, oTOUpasi arperaTbl IMaMeTpoM 4.5—5 MMm.

B xone usMepeHus BO3AYIIHO-CyXW€ arperarbl
MOMEILIaJIM B KacCeTy, IIPeNcTaBisIolylo co0oi
2 aJIOMUHUEBBIX YrOJKa, 3aKperyIeHHbIX TaKUM 00-
pa3oM, YTOOBI YyroJl ObLJT OPUEHTUPOBAH IO HaIMpaB-
JICHUIO NeMCTBUS CUIbI TsKecTU (puc. 1 a, 1). B Huk-
Hell YyacTu yrojika ObUIM pa3MellleHbl (pUTUIU U3
xjomyaTooyMaxkHoi TkaHu (puc. 1. a, 2). B amromu-
HUEBbIE YTOJIKM Ha UTWIU YKIaAbIBaIU Mo 14 mou-

BEHHBIX arperatoB' Tak, 4ToObl OHU KacalucCh APYT

' Konnuecrso arperaToB, YKJIaIbIBAEMbIX B YTOJIKU, JUMUTHAPO-
BaJIOCh pa3MepaMu eMKOCTH, B KOTOPOI MPOBOIMUIIN UX BaKyy-
MUpPOBaHMUE.
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Puc. 1. a — Cxema KacceThl 1T OTIpeieIEHUSI BOOOYCTO-
YMBOCTU TMOYBEHHBIX arperaToB. I — AJIIOMUHMEBbIC
YTOJIKM, COeAMHEHHBIE MEXIy COo00Ii; 2 — XJI0ImIaTooy-
MaskHble GUTUIN; 3 — MOYBEHHBIE arperaThl. 6 — O61as
cxeMa YCTaHOBKH JUISI OTpeNeSIeHUs] BOJOYCTOMYMBOCTHU
MOYBEHHBIX arperatoB: / — aJlOMUHMEBBIE YTOJIKU, CO-
eIMHEHHbBIE MEXIYy CO00I1; 2 — XJI0ImIaToOyMaxkKHbIe (hu-
TWIN; 3 — TTOYBEHHbBIC arperaThbl; 4 — eMKOCTb C BOJIOIA;
5 — Bechl; 6 — IJIOIIAKa C 3aKPEIUIEHHBIMU Ha Heit Jie3-
BUSIMU; 7 — MEPHBIN CTAKAaHYUK C TIECKOM; § — m100aBIsI-
eMbIif B MEpHBII CTaKaHYUK MecoK; 9 — JIyd jla3epa, Ha-
MnpaBJIeHHbIM Ha MEPHYIO 1IKaJly CTaKaHYMKa.

npyra. ITocpeacTBoM BaKyyMUPOBaHUS YOI U3
arperaToB BO3AyX B TeUeHME 15 MUH TIpU pa3peXeHUN
15 xITa. YcnoBus ObIIH ITOTOOpaHBI B XOJ€ N3yYeHUS
BOIOYCTOMYMBOCTU BO3AYIIHO-CYXUX arperatoB B
npeaBapuTelIbHbIX 9KcnepuMeHTax. Iloce aToro ar-
peratel B BakKyyme uepe3d GUTWIA KalWUISIPHO
YBJIAXKHSUIA 1O 3HAYEHMI, OJIM3KUX K HACHILLIEHUIO.
Bpems yBiaaxXHeHUsI MEHSIJIM, HO OIITUMaIbHOE Bpe-
Ms JJIs JI€PHOBO-IIOA30JIMCTBIX IIOYB COCTaBJISLIO
15 muH.

IMocne yBiaxxHeHMS arperaToB B BAKyyMe KacCeTy
M3BJIEKAJIM 13 9KCHUKATOpa U MOMENIaIn B paciiojio-
KEHHYIO Ha Becax €MKOCTb C BOIOM TaKUM 00pa3oM
(puc. 10,4, 5), 9ToObI GUTUIN arperaToB obecIeur-
BaJIM COXpaHEeHME HACHIILICHUSI arperaToB Bouoit, 10-
CTUTHYTOE Ha 3Talle BaKyymupoBaHus. Mcroib3oBa-
JI1 Bomay 1 pacTBopkhl xinopuaa Kanus (0.1 u 1 H). 3a-
TeM Ha JIMHEMHO pacIlOJIOXXEHHBIE arperatrbl
MOoMeIaIi yCTPOMCTBO, IIpeAcTaBIsoliee CoO00ii 1Ba
napaJjuieJIbHO PacIIOIOXEHHEBIX JIE3BUS, 3aKpEIUICH-
HBIE Ha Tutolanke (puc. 1 6, 6), Ha KOTOPYIO yCTaHaB-
JIMBaJId CTaKaHYMK C MEpHOM Ikajyout (puc 1. 06, 7).
Ucnonp3oBaHue IByX JIe3BUIA 00SCIIEYNBAIIO YCTOM-
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YUBOCTh YCTPOIMCTBA MPU BO3IEICTBUM Ha arperaThl,
a TakKe yBEJIMYMBAJIO KOJUYECTBO arperatoB, KOTO-
pbie OMHOBPEMEHHO pacceKanau Jie3Bus. JloGaBiss
MEeCOK B cTakKaH4YMK (puc. 1 0, 8), MOBBIIIAIN HArPy3-
Ky Ha arperaTbl, KOTOpyo (MKCUPOBAJIU IIPU TTOMO-
1 BecoB. Jyu ma3epa (puc. 1 6, 9), 3aKpeIUIeHHBI
Ha JIpyroM INTaTUBE, HAMpPABICHHBII HAa MEPHYIO
LIKaJTy CTAKAaHYMKA, TTO3BOJISIJT XOPOIIIO KOHTPOJUPO-
BaTh MPOLIECC Pa3pYILLIEHUS arperaTos.

C uenblo cTaHAAPTU3ALMU TTOJTYyYaeMbIX TaHHBIX
paccUUTBhIBaIM TIPENEIbHOE COMPOTUBIIEHUE pPa3py-
IIEHUs arperatoB. DKCMEPUMEHTAILHO OIpeaesie-
MYIO Harpy3Ky B I'paMMax BbIpaKaiid B MUJUTUHBIOTO-
Hax (MH). JI151 mony4yeHus yaenbHO XapaKTepUCTH-
KM Harpy3ky J[AeJduad Ha oOllee KOJIUYeCTBO
arperaToB B IIOBTOPHOCTU — 28 IITYK.

DKCNEePUMEHTbI TPOBOAMIIU B IIIECTUKPATHOM TO-
BTOPHOCTU C TOCJIEAYIONIEi CTaTUCTUYECKON obpa-
OOTKOI pe3ybTaTOB C UCIOJIb30BAHNEM MTPOTPAMM-
Horo obecrieueHus1 OriginPro, B KOoTOpoM pacCYUTHI-
BaJIM JOBEPUTEIbHBI HWHTEpBal, KOTOPBIA HE
npesbimai 10% npu 95%-HoM ypoBHE 3HAYNMOCTH.

DNEeKTPOHHO-MUKPOCKOINYECKOE UCCASAOBAHMSI
MPOBOIVIIN ITPU IIOMOIIH PACTPOBOTO 3JIEKTPOHHOTO
mukpockona JEOL-6060A nabopaTopuu 3KOJIOTU-
yeckoro noysoseacHus (bupmel “JEOL”, Amonus)
¢ BOIb(ppaMOBBIM KaTOIOM IIPM YCKOPSIOIIEM Ha-
npsckennu 2—5 kB. Cycnensuu pasoasisum B 10 pa3s,
5 MKJI HAaHOCHUJIM Ha aTOMHO-IVIAAKYIO TTOBEPXHOCTh
cIronbl 1 BeicymmBanu. Ha oOpa3sibl nepen ucciaeno-
BaHMEM HaIBUISLIM 30JI0TO, MCIIONB3Yysd YCTaHOBKY
JFC-1600 (pupmsr “JEOL”, Snonwust).

s TIpoBEepKU BO3MOXKHOCTH CYILIECTBOBAHUS
pa3aeabHOro BIMSIHUS Ha BOJOYCTOMYMBOCTDL MOY-
BEHHBIX arperaToB BOAbLI U MEXaHUUECKUX BO3MEii-
CTBUIT MBI PEIIMJIM MCIOJIb30BaTh METOH “JIe3BUi1”,
MEHSISI BpeMsl KOHTaKTa arperatoB C BOOOM Iepen

ompeleIeHueEM BOLOYCTOMUMBOCTU?. BbIIO M3ydeHO
BIWSTHME BPEMEHU B3aMOJIEIICTBUS arperaTtoB MOYB
pPa3IMYHBIX TUIIOB C BOOOM HA BEJIMYMHY UX BOIO-
YCTOMYMBOCTU. Pe3ysbTarhl IpencTaBieHbl Ha rpa-
duxke (puc. 1).

M3 mostydeHHBIX JaHHBIX XOPOIIIO BUAHO, YTO MTPU
YBEJIMYEHUN BPEMEHM KOHTAKTa arperatoB BCEX U3Y-
YEHHBIX TOYB C BOIOW MX BOIOYCTOMYMBOCTBH IKCIO-
HEHIUAJIBHO CHIKAETCS, YTO MOATBEPXKIAET MPEIro-
noxenue Jlexcrepa [1]. CienoBarenbHO, Boma 03 Me-
XaHWYECKOTO  BO3MEMCTBUSI  OKa3bIBae€T  BJIMSIHUE
(CHIZKaeT) BOOOYCTOMYUBOCTh TIOYBEHHOI CTPYKTYPHI.

OOBICHATHh TTONOOHOE CHIKEHHE BOMOYCTONUM-
BOCTHU IIPUHSITO BJIUSIHUEM PacCKJIMHUBAIOILIETO JaB-
JeHus [5—7]. MexaHuU3M pas3pyllIeHUs BHyTpuarpe-
raTHBIX CBSI3€ OOYC/IOBJIEH pPacKJIMHUBAIOIIUMU
CBOMCTBAMM BOJHOM MJIEHKHU, 3aKJIIOUYEHHON MEXIy

2 B 0GBIYHBIX YCJIOBUSIX 9TO BpeMsI Mepe]] orpeaesieHueM Mpeieib-
HOIi Harpy3Ku pacceueHusl arperaTroB COCTABJISIET AJIsl IEPHOBO-
TMoA30IMCTOM MOYBHI 15 1 30 MUH [T YepHO3eMa.
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yacTuliamu 1mouBbl. CornacHo GU3NKO-XMMUUECKOM
Teopurd 3GhGEKTUBHBIX HaNpSDKEHUWM B TIpyHTaX,
YCTOMYMBOCTh M HEYCTOMYMBOCTh TUCIIEPCHBIX CH-
CTeM, K KOTOPbIM OTHOCSITCSI U TIOUBBI, OTIpeNeJIsieTCs
COOTHOIIEHUEM CUJI TIPUTSXKEHUS U OTTAJKUBaHUS
Mexnay yactuuamu [7]. Cuibl IpUTSKEHUsI 00yCI0B-
JIEHbI MEXKMOJIEKYJISIPHBIM B3aUMOJIeCTBHEM (CcUia-
mu Ban-nep-Baanbca), copbuueii, runpodoOHbIMU
B3aumoAeicTBusMu. Tak, ruapodoOHbIE KOMIO-
HEHTbl TYMYCOBBIX BEIIIECTB, OOpallleHHbIE B MEX-
IUIACTUHHOE MPOCTPAHCTBO YACTUI] NIMHUCTBIX MU-
HepaJioB, CIIOCOOCTBYIOT COEIMHEHUIO YacTUll U
YMEHbIIEHUIO PACKJIMHUBAIOLIETO NaBJCHUS TOY-
BEHHOI1 BJlaru, pa3pyllalolero NoYBeHHbIe arpera-
ThI B OTCYTCTBUE r'uapo¢oOHOI ToBepxHOCTH [8, 9].

McTouHUKOM CWJIbl OTTAJIKWUBAHUS SBJSIETCS
9JIEKTpOCTaTUYECKOEe B3auMoaeucTBue nubdy3HbIX
yacTeid DBOWHBIX 3JEKTPUUYECKUX CJIOEB COCETHUX
YacTUll. YBeJIMUYE€HUE KOHIIEHTPAllUU NOHOB B 3a30pe
MEXIy YaCTULIAMU MPU MEePEKPbITUM UOHHBIX aTMO-
cdep coszmaeT JOKabHOE OCMOTHYECKOE JaBjeHue,
MOJl BJIMSSHUEM KOTOPOro XKuiakas daza cTpeMuTcs
BOIWTU B MPOCJIONKY MEXIy HUMU U Pa3ABUHYTh HX.
Tak BO3HMKaeT sJieKTpocTaTuyeckass KOMITOHEHTa
pacKJIMHUBAIOINIETO JaBieHus [7].

JlaHHbBIE TeopeTUYeCKHe OOOCHOBAHUSI IIOTEPU
BOIOYCTOMYMBOCTU ITOYBEHHBIX arperaToB IIPU UX
KOHTAKTE C BOOOH, IIEPEHECEHHbIE C TPYHTOB Ha MMOY-
BBI, HYXIAJIMCh B 3KCIEPUMEHTAIBLHOM IIPOBEPKE.
J171s1 aTOTO HA YepHO3EeMeE, CEPOM JISCHOM 1 IEPHOBO-
MOJ30JIMCTOM TTOYBaxX ObLIO IIPOBEACHO ONpeaeIeHUE
BonoycroiunBoctd B 0.1 m 1 H pacTBOpax xjopuaa
Kausl.

Ilpu cymecTBoBaHUM 3HAUMMOTO BJIMSIHUSI pac-
KJIMHUBAIOIIETO JaBJ€HUS BOAOYCTOMYMBOCTH 0O0-
pa3lioB MPU TAaKOM OIpeJeSICHUU TOJIXKHA Obljia mpe-
BBIIIATh BOAOYCTOMYMBOCTb, U3MEPEHHYIO B BOJE.
OnmHako pa3nn4Inii BOZOYCTOMIMBOCTE MBI HE OOHA-
pyxwiu (taba. 1). DTo CBUIETEIBCTBOBAJIO O TOM,
YTO, HECMOTPSI Ha MPUBBIYHOCTb MPEACTAaBICHUMN O
3HAYMMOM BJIMSSHUU PACKJIMHUBAIOLIETO TaBJICHUS
Ha BOJIOYCTOMYUBOCTb, 3TO HE COOTBETCTBYET [IEWi-
CTBUTEJIBHOCTH.

Jas1 oOBSICHEHUSI MOJIYyYeHHBIX pE3yJIbTaTOB €ellle
pa3 nepeyuciauM GaKThl: paCKJIMHUBAIOIIIECE TaBJie-
HUE B IIOYBAX CYILIECTBYET M OKAa3bIBACT BIMSHUE HA
TTOYBBI 1 MHOTHE MX CBOMCTBAa, HO OHO HE OKAa3bIBAET
BJIMSIHUSI HA BOOOYCTOMYMBOCTD IOYBEHHBIX arpEraToB.

BonoycroitunBocts, MH/arp
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Puc. 2. M3MeHeHMe BOIOYCTOMYMBOCTU ITOYBEHHBIX ar-
peraToB Npy yBeJIMUEHUU BpeMEHU KOHTAKTa arperaToB ¢
BOIIOW Tiepen oIlpenejeHMeM BOXOYCTOWYMBOCTU. [ —
JIEPHOBO-TIO30JIMCTAs MOYBA; 2 — cepasi JIeCHas MoYBa;
3 — yepHO3€eM.

MounenbHble MPENCcTaBleHUsI O BOAOYCTOMYUBO-
CTU 0a3upylOTCsl HA TOM, YTO B €r0 OCHOBE Jexkar
ruapogoOHbIe B3aUMOIEHCTBUS MeXAy Tuapodo0-
HBbIMM y4acTKaMu aM@UOUIbHBIX MOJIEKY TYMYCO-
BBIX BellecTB [4, 9] ¢ MO3aMYHON MOBEPXHOCTHIO.
IuopodpunbHbEle 1 rTMAPOGOOHBIE YYAaCTKM Ha IO-
BepXHOCTH 4vacTull I'B uyepenyrorcss, HO onmMcaHHOE
BBIIIE YBEJIUUYEHUE pa3Mepa MOHHBIX aTMochep OKO-
JIO TUAPOGWIBHBIX YYACTKOB HE BIMSIET HA B3aUMO-
nericteue yactull I'B uepes ruapodobHbIe y4acTKU.

Tak kKak NPOCTPAaHCTBEHHO TUAPOGUIbHBIE U
ruapochoOHbIe YYaCTKU B MOJIEKyJIaX T'YMYCOBBIX Be-
ILIECTB HE Pa3beAMHEHBI, TO OOBICHUTH OTCYTCTBUE
BJIUSTHUSI yBEJUYEHUsI pa3Mepa MOHHBIX aTMochep
Ha BOJOYCTOWYMBOCTb MOXHO TOJIBKO JaJbHOMEH-
ctBreM ruapodo6Hbx cria [10]. Pacuersr B.B. eps-
ruHa u H.B. Yypaesa [5] moka3bIBalOT, 4TO JJISI Ya-
ctun pazmepoM 100 HM aelicTBrE paCKJIIMHUBAIOIIETO
IaBiaeHUS TpocTtupaeTcd Ha 15—20 HM, a B paboTte
O.M. Bunorpanosoii [ 10] mpuBoasiTCS faHHbIE O pac-
MPOCTPaHEeHUU AEHUCTBUS TUAPOGOOHBIX CUJT 10
100 HM.

DT0 00BSICHEHUE XOPOIIIO pa3pelaeT BO3ZHUKIIIEE
MPOTHUBOpEeUne MEXIy HaluuueM B TTOYBaX PacKIv-

Ta6muna 1. OnpeneneHre BOOOYCTOMYMBOCTY IIOYBEHHBIX arperaToB MeTomoM “ne3Buii” B Boge 1 0.1 1 1 H BOTHBIX pac-

TBOpax xjiopuaa Kaius, MH/arp

Housa Bona 0.1 1 pacTBOp 1 1 pacTBOp
XJIOpUIA KaJTsT XJIOpYIA KaJIHsT
JlepHOBO-ITON30IMCTAsI MOYBa (3aJICKb) 23.75+0.86 23.71 £1.32 23.87 £ 1.55
Cepast 1ecHast mouBa (MocJje MIIEeHUIIbI) 28.12+2.49 27.67 £0.93 27.31 £0.77
YepHo3eM TUNNYHBINA 34.73 £ 0.88 34.32 £ 1.37 34.10 £ 1.33
JOKJIAIBI POCCUNCKON AKAJEMUU HAYK. HAYKU O 3EMJIE  Tom 508 Ne 1 2023
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Puc. 3. @-xiacTepsl, epelieaime B BOLy Npyu KOHTaKTe
arperaToB YyepHO3eMa C BOION 4epe3 XJIOMm4aToOyMaxk-
HYIO TKaHb B TeyeHue 19 u.

HMBAIOIIETO MTaBJICHUSI M OTCYTCTBHEM €I0 BIIMSIHUS
Ha BOIOYCTOMYMBOCTb ITOYBEHHBIX arperaTroB, HO
OHO HE OTBeYaeT Ha BOIIPOC O MEXaAaHU3ME CHUKEHUS
BOIOYCTOMYMBOCTH arperaTtoB IIpyM MX KOHTAaKTE C
BOJOM.

J17151 TOTO YTOOBI OOBSICHUTH MEXaHU3M CHIKCHUS
BOIOYCTOMYMBOCTH, Mbl PEIIMIN MCIOJIb30BaTh
MOpeACTaBIEHUS O HAaAMOJIEKYJISIPHON OpraHu3anuu
I'B. MeTtogoM ManoyrioBOro paccessHusI MOKa3aHO
[11—13], yTto yactuusl I'B B pacTtBopax o0OpasyioT
dpakTanbHble KiacTepbl (P-KiacTephbl) pasMepoM
100—200 HM. DTUM K€ METOAOM 3KCIIEpPUMEHTAIbHO
ycTaHOBJIeHa ¢hpaKTajbHasl OpraHU3alvs TOYB pa3-
JIMYHBIX TUTIOB Y MIPY MOMOIIU TYHHEJIbHO! MUKPO-
CKONUM MOKa3aHo, 4To M-KiracTepbl U3 TYMYCOBBIX
BEILIECTB SIBJISIIOTCSI CTPYKTYPHBIMU BJIeMEHTaMU, Jie-
JKallMMU B OCHOBE MOYBEHHBIX Teeit [4]. DTu renau
CBSI3BIBAIOT MTOYBEHHBIEC YACTHUILILI B arperare Mexmy
co0o0ii. OTMeueHO [4], YTO MpU NOMEILIEHUN YMCThIX
MOBEPXHOCTEN B MOYBY HA HUX HAUMHAIOT MEPEXOAUTD
®-xitacrepbl, KOTOpPbIE, TIO-BUANMOMY, 00J1aAaloT 10~
CTaTOYHOM MOABMKHOCTBIO. [T0o3TOMY CHIUXKEHUE BO-
JIOYCTOMUYMBOCTU arperaToB MPpU UX KOHTaKTe C BOJIOK
MOXET TIPOUCXOIUTh, ecian Md-KiaacTepbl CHOCOOHBI
MPU KOHTAKTE C BOJOI MOYBEHHBIX arperaToB Mepexo-
JIIUTb B HEE, CHUXKasl KOJIMYECTBO CBSI3€i BHYTPU arpe-
raTos.

[ TpoBepKU STOTO MPENTOJIOXEHUS TTOYBEH-
HBbIE arperatsl MPUBEJIM B KOHTAaKT C BOIOW depe3
XJIOMTYATOOYMAaXKHYIO TKaHb U BBIACPXKUBAJIU B Teue-
Hue 19 4. 3aTeM Bomay, KOTOpasi MOTJjia coaepXaThb
®-xnacrepsl, pa3doaBWIM, HAHECTW Ha TIOBEPXHOCTD
CJIIONIbI, BBICYIIVIIM U M3YYUJIU TOJyYeHHBbIE 00pas-
I TIPH TIOMOIITY pACTPOBOTO JIEKTPOHHOTO MUKPO-
ckorma (POM).

Ha mukpodotorpadumn, rmpencraBieHHO B Kade-
ctBe mpumMepa (puc. 3), xopolno BunHbl @-KiacTepsl,
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BBIICTUBIIMECS M3 YepHO3eMa. AHAJJOTUYHBIC MUK-
podororpadun monydeHs! 1jisg M-K1acTepoB, BhIe-
JIUBIIUXCI U3 NEPHOBO-MOA30JUCTOM U CEPOU Jiec-
HOI1 TT0YB.

M3 monydyeHHBIX JaHHBIX cienyeT, uto d-knacre-
PBI, COCTABIISIONINE TOYBEHHBIE TEJIN, CITTIOCOOHBI TIe-
pPEXOAUTh B KOHTAKTUPYIOIILYIO C HUMU BOJY, a BOJIO-
YCTOMYMBOCTh ITOYBEHHBIX arperaToB B OMNpeaeieH-
HOM  creneHU  oOyciobieHa  d-kilacTepamu,
SIBJISTFOLLIMMUCST OCHOBOU MOYBEeHHBIX Teiieit. Coro-
CTaBJIsIsI 3Ty MH(pOPMALIMIO CO CBEASHUSIMU U3 JIUTE-
paTypHBIX UCTOYHUKOB I10 JaOMIbHOMY (pacTBOPU-
MOMY B Bojge) rymycy [14, 15], MoxHO mpenrosio-
KUTb, YTO JaOWIbHBLIA Trymyc, oOecredyuBalolImii
BOIOYCTOMYMBOCTh MOYB, MOXET MPEACTABISATh CO-
6011 P-KnacTephl.

NCTOYHUK OPMHAHCUPOBAHUA

PaboTa BbINTONHEHA B paMKax TeMbl TOCYJapCTBEHHOTO
sananust MI'Y Ne122011800459-3.

CITMCOK JIMTEPATYPbI

1. Dexter A.R. Advances in characterisation of soil structure.
Soil Tillage Res., 2: 199—239. Dexter A.R., Horn R. and
Kemper W. Two mechanisms of age hardening // J. Soil
Sci. 1988. V. 39. P. 163—175.

2. Hukonaesa E.H. YcTOUNBOCTb MOUBEHHBIX arperaToB
K BOIHBIM M MEXaHWYECKHWM BO3AeUcTBUSIM. [lucc.
KaHa. 6uos. Hayk. M.: 2016. 104 c.

3. Verchot L.V., Dutaur L., Shepherd K.D., Albrecht A. Or-
ganic matter stabilization in soil aggregates: Under-
standing the biogeochemical mechanisms that deter-

mine the fate of carbon inputs in soils // Geoderma.
2011. 161 (3—4). P. 182—193.

4. Dedomos I H., Jobposoavckuii I'B. BO3MOXHBIE TTyTH
(OpMUPOBAHKSI HAHOCTPYKTYPbI B [IOYBEHHBIX TeIsIX //
IMousoBenenwme. 2012. Ne 8. C. 908—920.

5. Jepseun B.B., Yypaes H.B. CmauyuBawlliue TJICHKU.
M.: Hayka, 1984. 159 c.

6. Jlapuonoe I'A., bywyesa O.I., Iopobey A.B., /lo6po-
seonvckas H.I., Kuproxuna 3.11., Kpacnoe 3.11., Jlum-
eun JI.®., Maxcumosa H.A., Cyonuyvin H. H. Dxcniepu-
MEHTaJIbHOE rcciefjoBaHre (DAaKTOPOB, BIUSIONINX Ha

aponupyemMocThb TTouB // IlouBoBeneHue. 2018. Ne 3.
C. 347-356.

7. Ocunogé B.U. ®uszuko-xumuyeckass Teopust 3pdek-
TUBHBIX HampsoKeHW B rpyHTax // [pyHTOBemeHUe.
2013. Ne 2. C. 3—34.

8. Munanoeckuii E.1O. I'ymycoBble BelllecTBa Kak IIpU-
porHbie TUAPODOOHO-TUAPOGMUIBHBIE COENUHEHUS.
M.: TEOC. 2009. 186 c.

9. Illeun E. B., Muaanosckuii E. FO. Ponb 1 3HaueHue op-
raHMYeCcKoro BelllecTBa B 00pa30BaHUU U YCTOMYMBO-
CTU TIOYBeHHBbIX arperatoB // IlouBoBemenue. 2003.
Ne 1. C. 53-61.

10. Buwoepadosa O.H. OcoOGEHHOCTH TUAPOIVMHAMUYE-
CKOTO M PaBHOBECHOTO B3aMMOIEHCTBUS TUAPOGDOO-
HBIX MOBepxHocTeit. Jlucc. mokT. ¢pus.-mat. Hayk. M.:
2000. 175 c.

Tom 508 Nel 2023



11.

12.

13.

®U3UKO-XUMHNUYECKUE ACTTEKTBI BOIOYCTOMYKMBOCTU TTOYB

Osterberg R., Mortensen K. Fractal dimension of humic
acids. A small angle neutron scattering study // Euro-
pean Biophysics J. 1992. V. 21 (3). P. 163—167.

Senesi N., Rizzi FR., Dellino P., Acquafredda P. Fractal
humic acids in aqueous suspensions at various concen-
trations, ionic strengths, and pH values. Colloids and
Surfaces A. // Physicochemical and Engineering As-
pects. 1997. V. 127. Iss. 1-3. P. 57—68.

Senesi N., Rizzi ER., Dellino P., Acquafredda P. Fractal
dimension of humic acids in aqueous suspension as a

14.

15.

143

function of pH and time // Soil Science Society of Am.
J. 1996. V. 60. Ne 6. P. 1613—1678.

Koeym b.M. IlpyuHUIMIIBI U METONBI OLIEHKU COepKa-
HUSI TpaHC(HOPMUPYEMOTO OPTaHUYECKOTO BEIIeCTBa
B naxoTHbIx nouBax // IlouBoBenenue, 2003. Ne 3.
C. 308-316.

Hlunkapes A.A., Ilepeneakuna E.b. ConepxxaHue U CO-
CTaB TYMYCOBBIX BEIIIECTB B BOJOMPOYHBIX arperarax
TeMHO-cepoii ecHoit mouskl // [TouBoBeneHue, 1997.
Ne 2. C. 165—172.

PHYSICO-CHEMICAL ASPECTS OF SOIL WATER STABILITY

Corresponding Member of the RAS S. A. Shoba“, E. V. Shein“, D. A. Ushkova?,
T. A. Gracheva?, O. A. Salimgareeva®, and G. N. Fedotov*#
4Lomonosov Moscow State University, Moscow, Russian Federation
# E-mail: gennadiy fedotov@gmail.com

The influence of contact with water of soil aggregates of chernozem, sod-podzolic and gray forest soils on
their water stability has been studied. It is established that an increase in the contact time of soil aggregates
with water leads to a gradual decrease in their water stability. The conducted verification of the effect of salt
solutions on the water stability of soil aggregates showed that the loss of water stability of aggregates in contact
with water is not directly proportional to the disjoining pressure. It was found that when soil aggregates come
into contact with water, fractal clusters of humus particles (F-clusters) are isolated from them. It is suggested
that F-clusters, which are the basis of soil gels, determine the physical basis of soil waterproofness.

Keywords: soil aggregates, water stability, disjoining pressure, colloidal chemical model of soils, fractal clus-

ters of humus particles (F-clusters)
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