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YCTOMYMBOCTE IIOYB B COBpeMEHHOM (pM31Ke ITOYB paclagaeTcsl Ha ABa HaIIpaBJICHUS: BOOOYCTOMIMBOCTD
U YCTOMYMBOCTh K MEXaHUYECKUM BO3IEUCTBUSIM: CIaBiMBaHue, packinHuBaHue. Ob6a cBoiicTBa B HAChI-
IIIEHHOI BOMIOI1 ITOYBE OCHOBAHBI Ha pa3phiBe BHYTPpUATPETaTHBIX MEXKUYACTUIHBIX CBA3eiil. OMHaKO HOpMa-
TUBHBIX (PU3UYECKU 0OOCHOBAHHBIX BEJIUYMH 11 XapaKTepPUCTUKN YCTOMYMBOCTU arperatoB He Mpeaio-
xeHo. Lleap craTby — 060CHOBATh (U3UIECKOE MOHATHUE “YCTOMYMBOCTH IIOUBEHHBIX arperaToB” 1 Mpe-
JIOKUTb €IUHBIA METOIUYECKUN IPUEM KOJIUYECTBEHHOM OLIEHKW YCTOMYMBOCTU KaK HOPMATHBHOM
MOYBEHHOI XapaKTepUCTUKHU. Pa3paboTaH BEICOKOIIPOM3BOAUTEILHEIN METON, OCHOBAaHHEIN Ha paccede-
HUU JUHEHO pacHoI0KeHHBIX, HAChIIIIEHHbBIX BOAOI arperaToB Mpy MOMOIIM JIE3BUM, HAXOISIIIIMXCS IO,
KOHTPOJIMPYyeMOIi Harpy3Koii. OCHOBHBIMHU 3TaIlaM1 METOOUKU SIBJISIIOTCSI BAKYYMUPOBAHME arperaToB IJIst
yCTpaHEHUsI HEKOHTPOJIMPYEMOTIO BIMSHUS 3a1lIeMJICHHOIO BO3TyXa, HAChIIIIEHUE arperaToB B BaKyyMe BO-
IIOI 1 mocJIemylollee oIpencaeHNe YCTOMYMBOCTH arperatoB K IIPOHMKHOBEHUIO JIC3BUM. DKCIIepUMEH-
TaJlbHbIC 3HAYEHMS YCTOMYMBOCTHU TTOAYy4YEeHBI 1J1s1 17 TTouB. DTO MO3BOJIMNIO0 C(hOPpMUPOBATH HOPMATUBHBIE
JIMAIIa30HbI IJIsI TOPU30HTA A MAXOTHBIX CYIIMHUCTBIX II0YB: AEPHOBO-TIOA30JUCTHIX — 17—19, cephIx J1ec-
HbIX —27—29, yepHO3eMOB — 34—37 MH/arp u ap. ¥ NO3BOJISIET IPUMEHSITh MOJIYYaeMYIO0 BEIUYMHY KaK
MOYBEHHYIO XapaKTEPUCTUKY YCTOMUIMBOCTHU arperatoB. O0OCyKoaeTcss BO3MOXHOCTh UCITOJIb30BAHUS Be-
JIMYMH YCTOMYMBOCTU KaK METOAMYECKONH OCHOBBI MOHUTOPMHTA YCTOMYMBOCTU U erpagalliy MOYB, KO-
JIMYECTBEHHBIX HAIpPaBJICHUI OLIEHKUW COCTOSIHMSI (DU3NMYECKUX XapaKTePUCTUK ITOUYBEHHBIX arperaTros,
MpeXIe BCero, X OCHOBHOIO MMapaMeTpa — YCTOMUMBOCTU. YUUTHIBAsI BLICOKO KOPPEJSIIUOHHYIO 3aBUCU -
MOCTb IpeIiaraéMoi XapakKTepUCTUKHN YCTOMYMBOCTY OT BEJIMYMH BOIOYCTOMIMBOCTHU, MOTYYSHHBIX ME-
tomoM CaBBuHOBa (>85%), 1 BBICOKYIO IIPOU3BOAUTEILHOCTh METO/IA OIIPEACICHHS YCTOMYMBOCTH (MpeI-
JaraeMblii MeTon ImpuMepHo B 20 pa3 mpousBoauTenbHee MeToga CaBBMHOBA) 00CYyKIaeTCsI BO3MOXHOCTh
€ro UCII0JIb30BaHUS U MOJyJYaeMbIX BEJIUYMH YCTOMUMBOCTU arperatoB Kak o011eu3nIYecKoil XapaKTepu-
CTUKM, TaK 1 OTACIBHOI BEIMIMNHBI IJIsI KOJIMYECTBEHHOI OLIEHKH BOJIOYCTOMYNBOCTH.

Kniouegvie cro6a: IOUBEHHBIN arperaT, BOAOYCTOMYMBOCTb, CONPOTUBIEHUE PACKIMHUBAHUIO
DOI: 10.31857/50032180X22600834, EDN: BJXOGS

BBEIAEHUE

OIHMM 13 KIIIOYEBBIX TpeOOBaHUIA IIPY BO3IE/IbI-
BaHUU CEJIbCKOXO3SIMCTBEHHbIX PACTEHUI SIBISICTCS
CTPYKTYpPHOE COCTOsIHME mo4yB. Halnuue arpoHOMU -
YeCKU LEHHOM CTPYKTYpPhl IPpUAAET IOYBE PSI LIEH-
HBIX ITPOU3BOACTBEHHBIX CBOMCTB: PHIXJIOCTh, O0JIET-
Yalollyo IIpOopacTaHre CEMSIH U pa3BUTUE PACTCHUI,
OJTaTOIIPUSTHBIN TSI paCTEHU BOTHO-BO3MYIITHBIN 1
TEIUIOBOW PEXUMBI, IIPOTUBO3PO3UOHHAS YCTONYU-
BOCTb. BEIMOJIHEHME MOYBOM 3TUX (DYHKIMA BO3-
MOXHO TOJIBKO, €CJIM €€ arperaThbl CIIOCOOHBI IPOTHU-

! OHnaiiH-Bepcys CONEPXKUT NOTOTHUTENbHBIC MATepUabl, 10~
crynHble 1o aapecy https://doi.org/10.31857/S0032180X22600834.
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BOCTOSITH pa3pyllaollieMy IeHUCTBUIO BOABI U arpo-
TEXHOJIOTUUYECKUM MEXaHUYECKUM BO3JICUCTBUSIM,
TO €CTh 00J1a0aTh BOJIOYCTOMUYMBOCTEIO [4] 1 yCTOMYM -
BOCTBIO K MEXaHMYEeCKUM BoaaeiicTBusimM [6, 19, 25].
Cnenyetr OTMETUTD, YTO U BOJIOYCTOMYMBOCTD, U MeXa-
HUYeCKasl yCTOMYMBOCTD ONPEACISIOTCSI KOJTMYECTBOM
U MPOYHOCTBIO MEKYACTUUYHBIX CBsI3Ei, obecrieunBa-
IOIIMX B OMPEAeICHHOM Jrana3oHe BJIaXKHOCTH Cyliie-
CTBOBaHHE TIOYBEHHBIX arperartoB B HepaslelbHOM,
eINHOM cocTosTHMM. Ilo-BummMoMy, oba ciydas
YCTOMUYMBOCTU TTOYBEHHBIX arperaTtoB OIMpPEaesioT-
csl, MpeXIe BCEero, CylleCTBOBaHMEM HEKOTOPBIX
MMOYBEHHBIX “KJIeeB” — BEIeCTB OPraHU4YeCKOI IIpur-
pOJibl, MO3BOJISIONIUX COXPAHSATh YCTOMUYUBOCTD ar-
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peraTtoB Mpy BOAHBIX U MEXaHUUYECKUX BO3IEUCTBUSIX.
JeicTBUTENbHO, CYILIECTBYIOT pa3iMYHbIe TMIOTE-
3Bl O IIPUPOIE MOUYBEHHEIX KJieeB [2, 13], B KOTOpBIX
[JIABHYIO POJIb OTBOJSIT T'yMycoBbIM BeliectBaM (I'B)
[23, 28], comepxxaHuiO TyMyca, C KOTOPBIM IJIsSI CO-
JIep>KaHUsl BOAOYCTOMYMBBIX arperaToB oOHapyxXeHa
JIMHEeiiHasI KoppelsinMoHHasl cBsI3b [10, 22], a Takke
CO CTPYKTypooOpa3ywoiumu katuonamu (Ca, Al, Fe)
[24, 26]. OmHakO MeXaHU3MBI BOSHUKHOBEHUS U TIPH-
poa BOJOYCTOMUYMBBIX CBSI3€i OKOHYATETbHO HE yCTa-
HoBJIeHbl. M3 nmuTeparypHbIX JaHHBIX ciemyeT [27],
YTO BOJIOYCTOMYMBOCTH MOYB CBsI3aHa ¢ UX TUAPOGdO0-
HOCTBIO, TO €CTh KOJIMUYE€CTBOM (IIJIOTHOCTHIO) TUAPO-
¢do0OHBIX cBa3eii. ComtacHo MpeaIoKeHHOMY B pabo-
Tax [5, 13] Mexann3my, ruapoduiabHbie ydacTku ['B
B3aMMOAENUCTBYIOT C NIMHUCTBIMM MMHEpajiamMu, a
ruapodOoOHBIE YJaCTKM B3aMMOJIEMCTBYIOT IPYT C
JIpyTOM, CBSI3bIBasi IOUBEHHbBIE YaCTUIIbI B arperare u
o0ecrieunBasi Kak BOJOYCTOMYNBOCTD, TaK U MEXaHU -
YECKYI0 YCTOMYMBOCTh ITOYBEHHOI CTPYyKTYyphl. Clie-
JIyeT OTMETUTh, YTO Y 3TOM r'MITOTE3bl ECTh HEAOCTAT-
Ku. B Heli roBopuTcs 06 abctpakTHbIX I'B, KoTOphie
He UMeloT padMepoB U (opMbl. OHU JOJKHBI BXO-
JIINTh B COCTaB MOYBEHHLIX TeJjieii, HO B KAKOM BUIIE
OHU HaxoasATcs, Kakue (puandeckue MeXaHU3MBbl
OTpEeAesIIOT UX MOJIOXKEHUE B TeJisIX, KaK MpaBUIo,
He paccMaTpuBaeTcs. DTOT HEAOCTaTOK B ompele-
JICHHOM CTeTeHU YCTpaHSIETCS MPU PacCMOTPEHUU
TOYBEHHBIX T'eJieid Kak 00pa30BaHUli, BOZHUKAIOIINX
(CyIIECTBYIOIIMX) B TOYBAaX HA OCHOBE (DpaKTaJbHBIX
KiactepoB pazMepoM 100—200 HM 13 TIEpBUYHBIX Ya-
crunp I'B pasmepom 2—10 uMm [9]. OnHako 4yeTKoi
KOHIIETILIMU O MPUPOJIE YCTOMUYMBOCTU TMOUYBEHHBIX
arperaToB, JOKa3aHHOM 2KCIIepMMEHTaMU, B HACTO-
SIIIUI MOMEHT B TTOYBOBeleHUU HeT. COOTBETCTBEH-
HO OTCYTCTBYIOT U OOIIENPUHSTHIE METOIbI OMNpee-
JIeHUsI yCTOHUUBOCTHU. Tak, HEIOCTATOK YEeTKUX hU-
3UYEeCKU 0O0OCHOBAHHBIX MPEACTaBIEHUN O MPUPO/IEe
YCTOMUMBOCTU HallleJl CBOE BbIpaxkeHHWe B MeTojax,
MPUMEHSIEMbIX TSI U3yYEHUSs, B YACTHOCTU CBOMCTBA
BOJIOYCTOMUYMBOCTU MOUYBEHHBIX arperatoB. OHU OT-
JIMYAIOTCS IO CHoco0y BO3ACHCTBUS Ha arperarbl
(KaK BOITHOIO, TaK U MEXaHWYECKOTO) B BUIEe Kaya-
HUSI CUT, Pa3pbIBHOTO JIefICTBUS 3allleMJICHHOTO BO3-
JIyXa u JIp., HATWYUIO WIN OTCYTCTBUIO HEKOHTPOJIM-
pyeMbIX (PaKTOPOB U METOY (PUKCALIMU PE3YIHTATOB.
DTO XapaKTepHO U IJIsI OOIIEM3BECTHBIX METOIOB
npoceuBaHus B cTrosiueit Bome (Meton CaBBHMHOBA),
OLIEHKM CKOPOCTHU pacrajia arperatoB B CTOSIU€El Bojie
(MeTon AHApPMAHOBA), pPa3pyllIeHUs arperatoB IO
yIapHBIMH BO3IEeHCTBUSIMHA Karieab Bodksl [4, 8, 11, 18,
20, 21] w op. Bce ykazaHHBIE METOIBI UMEIOT HEIIO-
CTaTKW B BUJE BO3JEMCTBUS HEYYTEHHBIX (DaKTOPOB
(MHTEHCUBHOCTb MEXaHWUYECKOTO BO3AEWCTBUS CUT,
paspyuiampliiee neficTBUe 3allleMJIeHHOTo BO3IyXa
U Jp.) ¥ HU3KYIO TPOU3BOIUTEIBHOCTh. KpoMme Toro,
OlicHMBaeMble BEJIMYMHBI HE UMEIOT (U3NUYECKOit
pPa3MEpHOCTH (3TO MO0 CTaTUCTUUECKHE MOoKa3aTe-
JIU TUIIa CpelHEB3BEIIEHHOTO AuaMeTpa, Jubo Mmpo-

YIIKOBA u np.

LIEHT BOJOYCTOMYMBEIX arperatoB >0.25 MM, 1100 ux
KOMOMHAILIM), 9TO IeJIaeT HEBO3MOXHBLIM MCIIOJIb-
30BaHUE ATUX NTOKa3aTesei M pe3yJIbTaTOB aHAIU3a B
duznyecKk 000CHOBAHHBIX TPOTHOCTUYECKUX MaTe-
MaTUYECKUX MOJEISIX, OHU HCITOJb3YIOTCS TOJBKO B
BUJE CPaBHUTEIbHO-OLIEHOYHON XapaKTepPUCTUKMU.
OTMeTHUM, 4TO OOsI3aTeNbHBIM JEUCTBYIONIUM (haK-
TOPOM MpU ONpeaeJeHUN BOOOYCTOMYNBOCTHU SIBJISI-
€TCs BO3JIEMICTBUE BOIBI, BBI3BIBAIOIIEE pacHa Ioyd-
BEHHBIX arperatoB Ha OTIEJbHBIE COCTaBJISIOIINE
(MUKpoarperaTbl 1 MOYBEHHBIE YacTUILIBI). B 001b-
IIIMHCTBE OMMCAHHBIX METOOOB OIPEAETICHUS BOIO-
YCTOMYMBOCTH HapsIAy C NIECTBMEM BOIBI Ha arpera-
Tbl OJHOBPEMEHHO IPOUCXOAUT U MEXaHMYECKOe
BO3ICHCTBUE TOM WJIM WHOM Tipuponwl. Ilpm nmeii-
CTBMU TOJIBKO MEXaHWYECKUX CUJT Ha arperaThl TAaKKe
OPOUCXOOUT MX pa3lejeHue Ha OTIOEJIbHbIE YaCTH.
B 060oux ciaygasgx pacKIMHUBAIOIIUMUA JCHCTBUSIMU
BOIBl 1 MEXaHWYECKMX CUJI HEOOXOAMMO pPa3opBaTh
CBSI3M, YIEPKMBAIOIIE BMECTE YaCTH arperaToB. JIo-
TUYHO MNPEAIIOJI0XHUTh, YTO IIPU MEXaHUYECKOM BO3-
NIEAICTBMM Ha BOJOHACHIIIEHHBIE arperarbl HY>XXKHO
pa30opBaTh B HUX T€ XK€ CBI3U MEXAY YaCTULIaMU, KO-
TOPBIE OIPEALTISIIOT UX BOIOYCTOMYMBOCTh. B HackhI-
IIIEHHOM BOJIOM COCTOSTHUM HEPrusi, HeoOXomammasi
TSI pa3pbIiBa CBSI3EM, NOKHA ObITh OJ1M3Ka BHE 3aBU-
CHUMOCTHM OT IPUMEHSIEMOrO METOAA pa3pylleHUs, U
MOXKET SIBJISITbCS XapaKTePUCTUKOM YCTOMYMBOCTHU
no4YB. MOXHO MpeanooXNUTh, YTO CBOMCTBA BOIO-
YCTOMUYMBOCTU U MEXaHUYECKOM YCTOMYMBOCTU BO-
JIOHACHIIIEHHBIX 00pa31L[0B ITOYB MOT'YT OBITH OIIpEe-
JIEHBI OMHUM MeToandecKuM npuemMoM. C 3TUX Mo-
3L MEePCIIEKTUBHOM TIpeacTaBiIsieTcsl 1opadoTKa
METOJa, OCHOBAaHHOTO Ha MCMOJb30BAaHUU IJIAaCTO-
MmeTpa PeOuHaepa, MpUMEHSIEMOro Jisl BbISIBICHMUS
MPOYHOCTH CB3€ii B MOYBEHHBIX arperartax [3]. Bax-
HO TTOMYEPKHYTh, YTO MEXaHUYeCKasl YCTOHUYMBOCTb
(COonpOTUBJICHUE CHABJIMBAHUIO WIA PaCKIMHHBA-
HUIO) CYIIECTBEHHO 3aBUCHUT OT BJIAXKHOCTH ITOUYBEH-
Horo arperara [ 14, 15]. B cBs13u ¢ 3TUM MeToaUYECKAs
npobaeMa onpeaeaeHsI MeXaHU4eCKOM YCTOMYMBOCTU
JIOJDKHA pelIaThCsd, KaK U B CJTydae onpeaeaeHus BOIO-
YCTOWYMBOCTH, B BOAOHACBHIIIEHHOM WX OJIM3KOM K
HACBILIEHUIO COCTOSIHUU. TOIBKO B 3TOM Cilydae BO3-
MOXKHO TIOJydeHHue oOIIei (pu3nmuecku 000CHOBaH-
HOM XapaKTEPUCTUKU arperaTtoB B BUIE UX YCTOMYU-
Boctu. [loaTOMY OmHOIT U3 3amad paboOThl OBLIO CO-
30aHUE ONWHAKOBBIX C TOYKM 3PEHUS COCTOSHUS
BJIAXKHOCTH YCJIOBUM ONPENEICHUSI YCTOMYUBOCTHU.

Ilenp paboThl — 060CHOBaHME (HU3UIECKOTO MO-
HATUS YCTOMYMBOCTUA ITOYBEHHBIX arperatoB IIpU
eIMHOM METOAUYECKOM IIpueMe KOJMYECTBEHHOM
OLICHKM YCTOMUYMBOCTU KaK HOPMATHUBHOI ITOYBEH-
HOI XapaKTepHUCTUKU. 3amauyn padoThI: pa3padoTKa
BBICOKOIIPOM3BOJAMUTEIBHOTO METOAa OINpeae/IeHUs
YCTOMUYMBOCTU BJIaTOHACBIIIEHHBIX ITOYBEHHBIX ar-
peraToB K MEXaHMYECKMM 1 BOOTHBIM BO3IEICTBUSIM;
CO3MaHUE ONMHAKOBBIX C TOYKU 3PEHUSI COCTOSHUS
BJIAXKHOCTU YCJIOBUI ompeaeseHnus] yCTOMUYMBOCTU;
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Ta6mmma 1. J/Inama3oHbl yCTOMYMBOCTH arperaToB TOpM30HTa AnlaXx HeKOTOpbIX TouB PM, MH/arp
Mousa MecTo 0160pa, yrofibe KonuuecTtso YcroitunBoctb
00pas1oB arperatoB, MH/arp

JlepHOBO-II0A30JIMCTas MockoBckas obnactb, CokoioBo, rmosst UL Hem- 5 (17.5-19.3) £ 1.7
YHMHOBKA, 03UMasl TIIeHUTIa

Cepas necHas Brnamumupckast 0611, okpectHocTHr I. Cy31aib, OIS 1 28.1 2.5
Brmamuvupckoro HUMCX, sipoBast mimeHuna

YepHo3eM BhIIIET0YeHHEIN | OpioBcKast 061acTh, CBEpIJIOBCKII paiioH, SIpoBast 1 36.1 £3.6
MIIeHULIA

YepHo3eM TUNUYHBIA Kypck, Kypckuii 3armoBenHuK, HEKOCHMMasl CTeIlb 2 31.2£0.5

KammrranoBas WnosmuHckmii paitoH, Bonrorpanckast 0671acThb, 199+ 1.9
3aJIeXb

Cepo3eM TUITMYHBII ITouBeHHast KosuieKius PaKyabTeTa TOYBOBEACHUS 1 16.2 = 1.1
MIy

KpacHo-kopuuHeBast Maiic Maptesia, Kpeim 3 51.8 £ 1.2

(KpacHOIIBETHA)

T'opHO-1yroBas Kpbv, JlonropyKoBcKast stitia 1 35110

Bypozem KpbiM, JoaropykoBcKasi stitia 1 395+ 1.1

Bypozem KpacHomapckwii kpait, JlaroMblc, 9aitHast IDIaHTaLIMST 1 33.7%+1.3

OllcHKAa TIOYBEHHBIX HOPMATHUBHBIX [IHAIla30HOB
CBOMCTBa YCTOMYMBOCTU HACHILIEHHBIX BOAOI arpe-
raToB JIJISI ITAXOTHBIX TOPU30HTOB pa3IMUYHBIX TUIIOB;
IIpOBepKa KOPPESILUN JaHHBIX, II0JIy4aeMbIX 3TUM
METOJIOM, C BOJOYCTOMYMBOCTBIO arperaToB, OIpeae-
JIIEMBIX KJ1accu4ecKuM MeToaoM CaBBUHOBA.

OBBEKTBI 1 METObI

OOBeKThl UCCIIENOBaHUSI — OOpa3lbl IOYB, OTO-
OpaHHbBIE N3 TYMYCOBBIX TOPU30HTOB C YI4ETOM pa3iv-
YU B BOJOYCTOMYMBOCTU MOYB, KOTOpasi ObLIa Olie-
HeHa B XoAe IpeaBapUTeIbHbBIX SKCIIEPUMEHTOB [7]
(Tabm. 1).

Onucanue MeToAa onpeaesieHusl YCTONYMBOCTH ar-
peraroB. [IpakTrhuecku BO Bcex METoJax ollpeelie-
HUS BOAOYCTOMYMBOCTHU MOYB BBIIOJHSIOTCS 00s13a-
TeJIbHbIE YCIIOBUSI — Ha YBJIAXKHEHHBIE 10 OJIM3KOI K
MOJIHOM BJIATOEMKOCTU arperaTbl OKa3bIBalOTCS Me-
xaHuuyeckue Bo3aeicTtBusg. ONHAKO yIpaBisiTh 3TU-
MU BO3JICHCTBUSIMU B OOJIBIIIMHCTBE MPUMEHSIEMBIX B
COBPEMEHHOM ITOYBOBEJIEHUU METOJOB CJIOXHO. 13
TEOPUU PEeIIEHUS U300peTaTENbCKUX 3aa4 CIeayeT,
YTO B COOTBETCTBUM C 3aKOHAMU PA3BUTUS TEXHUKU
CYyIIECTBYET TEHIEHIIMs Mepexola OT MeHee yIpaB-
JISIEMbIX BO3JIECTBUI1 K OoJjiee yrpasisieMbIM [1].

OIHUM K3 HEOOXOAUMBIX TPeOOBAHUN K METOMY
onpeleseHus] YCTOMYMBOCTU arperaToB SIBJISLIOCH
MIpOBEeHNE BBICOKOIIPOU3BOAUTEILHBIX 3KCIIePU-
MEHTOB MpPU OJHOBPEMEHHOM OIpEACICHUM Ha
OOJIBIIIOM KOJWYECTBE arperatoB. B kKauyecTBe BO3-
JIeMICTBUS Ha TPYIITY arperaToB BEIOpaIn paccedeHue
JIE3BUSIMU  PACMHOJIOXKEHHBIX JWHENHO arperaTos.
CxeMaTU4YHO YCTaHOBKa 15 OIpeAeieHUs YCTOMY M-

ITOYBOBEJEHUE
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BOCTH arperatoB n3oopaxeHa Ha puc. 1 u S1. B nanb-
HeleM, s yaoocTBa OyneM ynoTpeoasTh B OTHO-
IIIEHUM 3TOr0 METOJa ONpele/IcHUSI YCTOMUYMBOCTU
arperatoB cjoBocodeTaHue ‘“Mmeronm jae3Bmii”. Mc-
MOJIb30BaHUE JBYX JIC3BUI1 CHIKAIO BEPOSITHOCTb MX
JIBVDKEHMSI TIOJI YIJIOM OTHOCHUTEIBLHO arperatoB. Pac-
ceueHre OJIM3KUX K BOAOHACKIILEHUIO arperaTos Jie3-
BUSIMM aHAJIOTMYHO MEXaHW3MYy IICHETpalluu, OMU-
ca”HHoMy B iutepatype [12]. OHo nipencrasisieT coooit
BapUaHT OMpeAeeHUsI TPENesIbHOTO HaIPsIKEHUS
cABUTa, TO €CTh IBUKEHUE OCYIIECTBISCTCS 110 J0-
CTVDKEHUM HaIIPSDKEHUS, pa3pylIaloniero CBsI3u.

I1pu monroToBKe 0OpPa31IOB arperaThl IIOYB IT0JIe-
BOIi BJIaXKHOCTU MPOCEUBAJIM Yepe3 CUTO C TUaAMET-
poM s14eeK 4.5—5 MM M BBICYLLIMBAJIM 10 BO3MYIITHO-
CYXOTO COCTOSIHUSI. YCTAHOBJIEHO, UYTO IIOJy4Ye€HUE
arperaToB IIPOCEBOM BBICYIIIEHHBIX MJIM BJIAXKHBIX (C
MOCJICIYIOIINM BBICYLIMBAaHUEM) 00pa310B 3HAYMMO
HE BJIMSIET HA MX yCTOWUYMBOCTDL. OMHOI M3 3a1a4 TaH-
HOU paboThl OBLIO CO3aHWE YIPABISIEMbIX U CTaH-
JapTU3MPOBAHHBIX IO BIAXXHOCTU arperatoB yCJIO-
BUIl ompenesieHusl. DT TUAPOJOTMYECKUE YCIOBUSI
JIOJIKHBI OTBEYaTh YCJIOBUSIM MPOBEASHUS SKCIIEPU-
MeHTa: (1) OBITh OJM3KMMM K HACHIIIEHUIO arperara
BOIOM, (2) CTpOrOo KOHTPOJMPYEMBIMUA U OJMHAKO-
BBIMU C TOYKM 3PEHUSI COCTOSIHUS Biiard, (3) MeHSIThCS
Py HEOOXOIUMOCTA B KOHTPOJMPYEMBIX YCIOBUSIX.
J11s1 ymoBIeTBOpEeHMS YKa3aHHBIX TPEOOBaHMIt OTIpe-
JieJieHWe TIPOBOJAMJIM Ha arperatax, KOTOpble ObLIU
TUIPaBINIECKH CBSI3aHBI CO CBOOOMHOI YHUCTOM BO-
JIOM XJom4aToOyMaxXHbIMU utuiasamMu. Tak, mpu
JUIMHE (GUTWISE 5 CM, B arperare IOIIep>KUBaIOCh
JIaBJICHME TTOYBEHHOM BJIarM, paBHOE —5 CM BOTHOTO
cronda. Ilpy HeoOXOOIMMOCTHM MOXKHO OBLIO JIMOO
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3 5
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Puc. 1. Cxema KacceTsl ¢ (pUTWISIMU U arperaTaMu ISt
orpenesieHNs] yCTOMYMBOCTY TTOYBEHHBIX arperaTos (a) u
o61uiasi cxema onpeneaeHus YCTOMUUBOCTU MOYBEHHBIX
arperatoB (b): / — yroJaku KacceThbl; 2 — XJI0Im4aTooyMaxK-
Hble GUTUIIN; 3 — TOYBEHHBIE arperarthbl; 4 — eMKOCTb C BO-
IIOM; 5 — Bechl; 6 — IUTOIIAAKA C 3aKPEIUICHHBIMU Ha Heil
JIe3BUSIMU; 7 — MEPHBII CTaKaHYMK C TIECKOM; & — 100aB-
JISIEMBII B MEPHBI CTaKaHYMK TMeCcOK; 9 — Jiyd Jia3epa, Ha-
MpaBJIEHHbII HA MEPHYIO LKAy CTaKaHYMKa.

YBEJIMUUTD, TNOO YMEHBIIUTH BEIUINHY 3TOTO “ITOM-
BEIIEHHOTO” maBJICHUs Bjaru. Takoro poma ycTpoi-
CTBO C XJIOITYAaTOOYMaXHBIM (PUTHIIEM JEHCTBYET B
obJyiactu namiieHuit Biaaru oT 0 mo —15 ¢cM BomHOTO
ctoJiba (BIJIOTh A0 JaBJCHMS BXOJa BO3dyxa), KOTO-
poe B CYITIMHMUCTBIX ITOYBaX MOXET BapbUpOBaTh OT
—15 cM BogHOTO €cTO/I0A 1 BHILIE. DTO TTO3BOJISIIIO CO-
3IaBaTh B arperaTax NOCTOSIHHYIO BJIaXKHOCTb, 0J113-
KY10 K BEJIMYMHE HACBIIIEHUSI, WY, UCITOJIb3ys (pop-
MaiibHOe BhIpaxeHne Ban IeHyxTeHa, duzmdyeckm
CTPOTOIi BeJIMUMHBI O, (1aBjieHUE BJIaru B 3TOM CJIy-
yae OydeT paBHO BbICOTE (PUTHIISI, KOTOPHIU OIyILIEeH
B BOJY HWXKHUM KOHIIOM, TO €CTh —5 CM BOIHOTO
cT010a). OHO TTOCTOSTHHO U MOXKET OBITh YCTAHOBJIE-
Ho. KpuBast Bomoynep>XXuBaHUsSI HA 3TOM YJacTKe a-
pajuieJibHa OCHU IaBJICHUSI BJIAaTM U HECYILIECTBEHHO
(10 BeTMUMHBI JABJICHUSI BXO/a BO31yXa B COBPEMEH-
HOM Hu300paxkeHur BaH [eHyxTeHa) MEHSET BiaXK-
HOCTb arperata. BiaxkHocTh paBHa BeinunHe O,. 910
NpUIAeT CTAOMIIBHOCTD YCIOBUSIM OTIpEIeIICHUSI, He-
3aBUCUMOCTh ONpeAeeHUsI OT BEJIMYMHBI BJIAXHO-
CTHM/IaBJIeHUST BJIard M BHICOKYIO CPAaBHUMOCTD IIO-
JIyYEHHBIX pe3yJIbTaTOB IPU (PU3NIECKU CTPOTOii Be-
JInurMHe — O,.

B xome m3MepeHHsT BO3OYILIHO-CYXHE€ arperaThbl
MoMellaIi B KacceTy, MPEeACTaBIISIIONIYI0 CO00M TpU
napbl aTIOMUHUEBBIX YTOJIKOB, 3aKpETUICHHBIX TAKUM
o0pa3oM, YTOOBI yrojl OBII OPMEHTHUPOBAH IO Ha-
MpaBJICHUIO NEUCTBUS CUJIBI TskecTu (puc. la).
B HuXHE yacTuy yrojika ObITH pa3MeleHbl (pUTUIn
n3 xJom4arooymMaxkHoit Tkanu (puc la, 2). B amo-
MUHHEBbIC YIoJKM Ha (UTWIM YKIaablBalUd IO

14 MOYBEHHBIX arperaToB’ TaK, YTOOLI OHU KACATUCh
Ipyr opyra.

IMocpencTBoM BaKyyMUpOBaHMUSI yIaJIsUIU U3 arpera-
TOB BO3IIyX B TeUeHMe 15 MuH 1ipm paspexxeHun 15 kl1a.
YcnoBus mogobpainu B Xo/1e U3y4yeHMs BOJOYCTONYM -
BOCTU arperaToB B IpeIBapUTEIbHBIX KCIIEPUMEH-
Tax. B kauecTBe M3y4yeHHBIX ITapaMeTPOB MPU yaajie-
HUU BO3/yxa M3 arperaToB BHICTYITAJIM BpeMsI BaKyy-
MUPOBaHUsI U BeJWYUHa paspexeHusi. OueBUIHO,
YTO MEXIY 3HAaUEHUEM Pa3pPEXEHUSI U BPEMEHEM CY-
IIECTBYEeT KOppEJSILUs: 4yeM OoJblle pa3pexkeHue,
TeM MeHbllle HEOOXOAWMO BpPEMEHU [Jisl yhnajleHUs
BO3ayxa U3 arperatoB. [IpoBeneHHbIE SKCIIEPUMEH-
Thl MOKAa3aJiM, YTO TMPU BPEMEHU BaKyyMHUPOBaHUS
15 MuH 1 BenuuuHe pa3pexeHus 15 kI1a ynaercsa mu-
HUMM3UPOBATH paspyllaloliiee BIUSHUE 3aleMJIeH-
HOTO BO3yXa, TO €CTb 3HAYEHUSI BOIOYCTOMYMBOCTU
BBIXOJSIT Ha TTIOCTOSIHHBIN YPOBEHb.

Kaccery ¢ arperatamMmu B BAKYyMHPYeMOM KCUKa -
TOpE 3aKperUisuId Ha TPeX Mapax MarHUTOB TaK, YTO-
OBbI MATHUTAMM,, HAXOISILIMMUCS CHAPYXKU 9KCUKATO-
pa, MOXHO ObLIO IIEpeMeIIaTh KaCCeTy BHYTPU SKCH -
Kkatopa BBepx—BHM3. Ilociie ymajgeHuss Bo3myxa U3
arperaToB KacceTy rnepemeliaiym B 3KCUKaTope Tak,
4TOOBI (PUTUIM PUIILIM B KOHTAKT C BOIOM, U arpe-
raTel B BaKyymMe 4epe3 UTUIN KAIMMUISIPHO YBIaX-
HSUTUCH IO 3HAYEeHUI, OJM3KUX K HachllleHuo. 13-
3a HEOIMHAKOBOI CMa4BaeMOCTH arperaToB pa3ind-
HBIX TTOYBEHHBIX TUIIOB, IJISI KaXKIOTO M3 HUX BPEMS
KalWUISPHOTO YBJIAXHEHUSI NMOAOUpaii MHIAUBUIY-
anbHO. Tak, mwist 00pa3LoB YEPHO3EMOB BpeMsI YBJIaXK-
HeHus coctaBuio 30 MUH, a ero yBejndeHue 10 60 MuH
3HAYMMO HE U3MEHSIIO BOIOYCTOMUYMBOCTb.

ITocne yBnaxkHeHMsI arperaToB B BAKyyMe KacceTy
M3BJIEKaJIM U3 9KCUKATOpa Y MOMEIIAId B PacHojIo-
JKEHHYIO Ha BeCax eMKOCTh C BOIOIl TakKM oOpa3oM
(puc. 1b, 4, 5), 4TOOBI (pUTUIIM TTOI arperarTaMu odec-
MEeYMBaJIM COXpPaHEHME HACHILIEHUsI UX BOAO, J0-
CTUTHYTOE Ha 3Tare BaKyyMUPOBaHMUSI.

B cBs13u ¢ Tem, 4TO arperaThl ObUIM KaIMJLISIPHO
HaCBIIIEHBI BOJIOM U HE KOHTAaKTUPOBAJIU CO CBOOOI-
HOIt BOIOI, OHU M3-3a KAIIWJUISIPHOTIO JaBjeHUs 0e3
MEXaHWYECKOIO0 BO3ACUCTBUS JIE3BUIA CaMOIIPOM3-
BOJIBHO HE Pa3pyllaIMCh.

3areM Ha JUHEWHO pACIIOJOXEHHBIE arperarsbl
MTOMEIIAN YCTPOICTBO, ITpeACTaBIIsIIONIee COOO0M TBa

2 Konuuectso arperaToB, YKJIaIbIBAEMbIX B YTOJIKU, JUMUTHAPO-
BaJIOCh pa3MepaMu eMKOCTH, B KOTOPOI MPOBOIMUIIN UX BaKyy-
MUpPOBaHMUE.
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IapaJuIeJIbHO PACIIOIOXKEHHBIX JIE3BUS’, 3aKpEIICH-
HBIX Ha TIo1anke (puc. 1b, 6), Ha KOTOPYIO ycTaHaB-
JIMBaJIM CTaKaHYMK ¢ MEepHoii mkajoit (puc. 1b, 7).
Hcronb3oBaHue OByX JIe3BUiA 00eCcIeYnBajIO YCTOM-
YMBOCTb YCTPOMCTBA NPU BO3AECHCTBUM Ha arperarhl,
a Takke yBEJMYMBAJIO KOJUYECTBO arperaToB, KOTO-
pbie OMHOBPEMEHHO pacceKanu Jie3Busi. [JobGaBiss
MECOK B cTakKaH4uK (puc. 1b, &), MoBbIIIAIN HATPy3-
Ky Ha arperaTbl, KOTOPYIO0 (pUKCUPOBaIU IIPU ITOMO-
1 BecoB. J1J1s1 MICKITIOUeHUST OIIMOOK Ha MEPHYIO IIIKa-
JIy CTaKaHYMKa HapaBJIsuIv Ty4 Jiazepa (puc. 1b, 9), 3a-
KpEIUIEHHbIIA Ha JpyroM IUTAaTUBE. DTO ITO3BOJISIIO
XOPOIIIO KOHTPOJIMPOBATh MPOILECC ITPOXOXKIACHUS

JIC3BUAMU CpC,Z[HCﬁ qacTu arperaT0B4.

C Lenblo CTaHIAPTU3ALMM MOJIy4aeMbIX JaHHBIX
pacCUMTHIBAIU TIpenesIbHOE COMPOTUBIIEHUE pa3py-
IIEHUSI arperatoB. DKCIIEPUMEHTAIbHO OIIpeaesisie-
MYIO Harpy3Ky B rpaMMax BbIpaxkaii B MUUITUHBIOTO-
Hax (MH) Ha arperar.

11 mpoBepKU KOPPEKTHOCTU PE3YyIbTaTOB, IO-
JIyUEHHBIX MpenjiaraeMblM METOAOM, U3MEPSIJIU BO-
JIOYCTOMUYMBOCTD T€X XK€ 00pa3ll0B METOAOM CUTOBO-
IO IMpocerBaHus B cTostueit Bojie 1o CaBBUHOBY (puC. 2).

CraTucTiyecKuii aHaam3. DKCIEPUMEHTBl METO-
JIOM JIE3BUIA IIPOBOAMIIM B IIIECTUKPATHOM ITIOBTOPHO-
CTU C TOCIEAYIONIEN CTaTUCTUUECKOM 00paboTKOM
pe3yJIbTaTOB C MCMOJAb30BaHUEM MPOrPaMMHOIO
obecneuenus OriginPro, B KOTOpoM paccUMTHIBAIA
JOBEPUTEIbHBIA MHTEPBAJI, KOTOPbIA HE MpEBbILIAT
10% tipu 95% ypoBHE 3HAYUMOCTH. DKCIEPUMEHTHI
I10 OTIpENeICHUIO CPETHEB3BEIIEHHOIO JMaMeTpa ar-
peraToB IPOBOAMJIM B TPEXKPaTHOM ITOBTOPHOCTH.

PE3VYJIBTATBI U OBCYXIAEHHUE

Ha Hanr B3misin, 0OCHOBHBIMHY YCJIOBUSIMU TSI pe-
IIEHUsI BOIMPOCAa O BO3MOXHOCTH WCHOJIb30BAHUS
MeToda “JIe3BWit” IJIST OIIpelesIcHUs BOIOYCTONYM-
BOCTH JOJIKHEBI CITYXKUTh KPUTEPUU:

1. Mcnionb3oBaHMeE TTOJTyYaeMbIX BEJTMYMH IIJIs Xa-
PaKTePUCTUKH YCTOMIMBOCTH arperaToB T'YMYCOBBIX
TOPU30HTOB MOYB B KAYeCTBE KPUTEPUATLHOTO HOP-
MaTHUBHOTO ToKa3aTeJs.

2. HWcnonb3oBaHue MOpeajaracMoro MeTonua JJIs
OLIEHKM BOIOYCTOMYMBOCTH, TO €CTb OIIpeiecieHue
COOTBETCTBUA ITOJIYy4Ya€MbIX U3BCCTHBIMU METOAaMU
pe3yabTaTOB MO BogoycToiunBocTH (MeTom CaBBU-
HOBa) C pe3yJibTaTaMU, IOJy4aeMbIMU METOIOM
“1e3BUil”.

3 B kauecTBe JIe3BHil MCIIONB30BAIN KaHUEISIPCKUE HOXU, JUTU -
Ha KOTOPBIX COOTBETCTBOBAJIA UIMHE JIMHEWHO PaCroOOXeH-
HBIX B KACCETe arperaTos.

4 YcTaHOBJIEHO, YTO U3MEHEHUE OCTPOTHI JIE3BUIT HE OKa3bIBAJIO
3HAYMMOTO BJIMSIHMSI Ha TpeIesIbHOEe CONMPOTUBICHUE pa3py-
IIIEHUST arperaToB.
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Puc. 2. 3aBUCUMOCTB YCTOMYMBOCTH arperaTtoB, UCCIIEI0-

BaHHOI MeTonoM “ne3Buii” (MH/arp), or BomoycToituum-

BocTU (cpemHeB3BelleHHBIM nuamerp, CBJ), ucciaeno-
BaHHOI MeTomoM CaBBMHOBA.

3. OmeHka CTaOMJILHOCTU Pe3yJIbTaTOB, UX BOC-
IIPOU3BOAVMMOCTHU U IPOU3BOAUTEILHOCTH IIpejiara-
€MOTI'0 METOIA.

B Tabn. 1 mokasaHBI pe3yabTaThl OIIPEICICHUS
YCTOMYMBOCTU arperaToB TI'YMYCOBBIX TOPU30HTOB
MMaXOTHBIX MIOYB, IJIe YCTOMYMBOCTD IIpUBEACHA B Ka-
YeCcTBe AUalla30Ha MoJydaeMbIX B 3KCIIEPUMEHTE Be-
JIMYMH. YCTOMYMBOCTH arperaroB, OIIpeaesieHHas
METOOOM “JIe3BMUii”, CYIISCTBEHHO pas3iMyajaach B
HCCIIeIOBAaHHBIX 00pa3liax pa3IndHbIX FeHETUYECKUX
TUnoB 1ouB P®. be3ycioBHO, TPYIHO IIPEACTaBUTh
YeTKHE OMAna30Hbl, CBOMCTBEHHbIC pa3HBIM THUIIAM
I0YB, TaK KaK 3Ta BEJIMYMHA 3aBUCUT OT KOJIMIECTBA
rymyca, ero cocraBa, BO3IIEJbIBaeMOil KyJIbTYpPhl U
Mpoyux arpoyciaoBuii. Ho ouyeBuAHBI IBa MOJOXM-
TeJIbHbIX MOMeHTa: (1) moJiydeHHBIE pe3yIbTaThl KO-
JIMYECTBEHHO OTpaxXaloT CIIEHU(PUKY ITOYBEHHBIX
YCJIOBUIA, pa3jiIMuMe arperaToB ITaXOTHBIX TOPU30H-
TOB IIOYB Pa3HOTO reHe3unca U (2) BeCbMa HEBBICOKHE
BEJIMYMHbBI JIOBEPUTEIBLHBIX UHTEPBAJIOB, YTO YKa3bl-
BaeT Ha XOPOIIYIO CTAOMJIILHOCTh METO/Ia M BOCIIPOU3-
BOIMMOCTbD PE3YJIbTATOB OINPEACACHUS YCTOMUYNBOCTU
arperatoB. BTropoit MOMEHT NOHSITEH — MPaKTUYECKU
BCe IeHCTBYIOIINME Ha arperaT CUJIbl KOHTPOJIUPYIOTCS
U KOJUYECTBEHHO oIpenenstorcsa. CrabuiabHa U
BJIAXKHOCTB arperaToB B paMKax OIpeIeIeHUST yCTOM-
YMBOCTH JIJISI OMHOTO TUIIA II0YB. YKa3aHHbIE MOMEH-
ThI TO3BOJISIOT PEKOMEHIOBATh METO, IJISI MOHUTO-
pUWHTa IUIOMOPOAMS TTIOYB, CIEKEHMS 3a X Aerpaua-
LMei, Kacalollelcsl, MpeXae BCEro, IMOYBEHHBIX
arperaTtoB, KaK BaXKHEWIIIEH COCTABJISIIOLLIEIH MOYBEH-
Horo 1monopoaust. CiaeayeT OTMETUTh BBICOKYIO IIPO-
M3BOIUTEIILHOCTD IIPEIIOXKEHHOTO METoIa “JIe3Buii”,
IMO3BOJISTIONIYIO 3aMETHO YBEJIWYUTDH YHMCJIO IIOBTOP-
HOCTEll U CHU3UTD BpeMsI aHaIu3a.
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Puc. 3. ®oTo ycTpoiicTBa Wil ONpeaeeHUs YCTOMYUBO-
CTH ITOYBEHHBIX arperaTtos.

OcTtaHOBMMCS Ha MPOBEPKE COOTBETCTBUS JaH-
HBIX, ITOJy4aeMbIX 3TUM METOJIOM, C BOAOYCTONUM-
BOCTBIO arperatoB, OMNpeIeasieMbIX KJIACCUUYECKUM
MeTonoM CaBBuHOBA. JlaHHBIN MOAXOM, HA TIEPBbIi
B3MJISIIT, KAapAWHAIBHO OTJIMYAETCS M0 (PU3UKe TPo-
lecca OT MeTOA0B MPOCEUBaHUS arperaToB B BOJIE.
OaHako mMpoBeleHHOE MPY MOMOIIU MOAUMDUILIUPO-
BaHHoro Mertoga CaBBMHOBa HW3y4yeHUE BIUSHUS
aMIUTUTYIbl KOJIEOAHUM CUT Ha pacraj arperatoB B
BOJI€ CBUJIETEIBLCTBYET 00 oOpaTHOM [7]. YcTaHOB-
JIEHO, YTO IIJISI IIpoliecca UX pa3pylIeHUSs IIPU Ipoce-
MBAaHMUU B BOJE CYILIECTBYET Ipeae/IbHasl aMIUIUTYIa
BUOpauMy, MpeBbIIIEHNE KOTOPOM PE3KO YCKOpSIET
npoiiecc pacnana arperatoB [7]. To ecTb IpeBHILIe-
HUE HEKOM BEJIMYMHBI YIAPHBIX BO3IEHCTBUIT CUT HA
arperartsl 3acTaBisIeT X pacliagaTtbes [7]. DTo 1mon-
TBEPKIAeT MPEAIIOJI0KEeHME O TOM, UTO pacHaj ar-
peratoB B pa3IUYHBIX METOJAaX CHUTOBOIO aHaau3a
[7, 8, 16, 17] u MeToma “ie3BUil” ONIpPEmENSAETCS
9HEeprueit, HeooXoANMOIi IS pa3pbIBa BHyTpHarpe-
raTHBIX CBsI3eit. IJis1 MpoBepKU KOPPEISILIMU daH-
HBIX MO MEXaHWYECKON YCTOMYMBOCTU BOIAOHACHI-
IIEHHBIX MOYBEHHBIX arperaToB ¢ JaHHBIMU I10 BO-
JIOYCTOMYMBOCTU HWCMONb30BAIM MPUMEHSIEMBIiA
MeTos CaBBUHOBA. YCTAHOBJIEHO, UTO MOJyYEHHbIE
Ha OTHUX U TeX XXe obpasliax MoYB pe3yabTaThbl XO-
po11o KoppeaupyloT Apyr ¢ npyrom. Koaddunuent
KOppEeJSILMU MEXIY OMNpeleJeHHbIM II0 MEeTOody
CaBBUHOBA CpEAHEB3BEIIECHHBIM IMAMETPOM U IIpe-
JeJIbHOW Harpy3Koii pa3pylieHUsl 1o METOLy “ye3-
Buit” mpebiaer 85% (puc. 3). TakuMm obpaszom,
pe3ynbTaThl 110 BOAOYCTOMUYMBOCTH, IIOJIy4YeHHBIE
KJIACCMYECKMM METOAOM pacceBa arperaToB B BOJIE,
XOPOIIIO KOPPEIUPYIOT C JAHHBIMU I10 IIpeaeaIbHbIM
HaIpSDKEHMSIM  pa3pylICHMs] arperaToB METOIOM
“ne3Buii” (YCTOMYMBOCTU arperatoB), UYTO CBUIE-
TEIBCTBYET O BO3MOXHOCTH MCIIOJIb30BaHUS 3TOTO
MeToAa Kak s OLIEHKM MX YCTOMYMBOCTH, TaK U
JIJIST OLIEHKM UX COOCTBEHHO BOJIOYCTOMYMBOCTH.
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HWrak, mpenmyiiectBaMn MeTona “JIie3BUi” TIpH
OTIpeNeJIEHUM YCTOMUYMBOCTU U BOJOYCTOMUYMBOCTU
arperaToB SIBJISIIOTCSI:

— MeToJI (pU3NUECKH OOOCHOBAH, SIBJISIIOT pa3Mep-
HBIM METOJOM IPU CTPOT0 (PU3NIECKOM KOHTPOJIE U
CTaOMIU3aLIMY YCIOBUIA ONIpeeIeHUS

— YCTOMYMBOCTHh U BOJOYCTOMYUBOCTH BbIpaxa-
IOTCSI OIHUM 3KCIEPUMEHTAJIbHO OMNpeaeaseMbIM
YUCJIOM, WUMEIOLIMM SICHBIM (PU3NYECKUil CMbICT —
npenesibHOEe HampsoKeHUe pa3pylleHUs CBsI3eil B ar-
perare, M3MepsieMoe B HRIOTOHAx Ha arperart (MH/arp);

— TIPOU3BOAUTEIBHOCTh METOJA Ha IMOPSI0K
OoJblile (IIpU OMNpeaesIeHUM BOIOYCTOMYMBOCTU ar-
peratoB MeTonoM CaBBUHOBA [3] 3KCIIEPUMEHT B O -
HOM MOBTOPHOCTU 3aHMMAaeT | pabouuii OeHb;, IS
NSITUKPATHOM ITOBTOPHOCTH ITOTpeOyeTcss pabodast
HeJIlens; B TO XK€ BpeMs MeTon “ne3Buii” MO3BOJISIET
OTIpeaeIsITh BOJOYCTOMYUBOCTh 4—5 00pa311oB B 1Ie-
CTUKPATHOI IIOBTOPHOCTU B T€YSHME OTHOIO pabo-
yero mHS mir 20—25 o0pas11oB B IIIECTUKPATHOM MO~
BTOPHOCTHU B HEJEJIIO);

— CTaOMJIBHOCTD OIIpeAe/ICHII, HEBBICOKIE BEJI-
YUHBl BapbUpPOBaHMsS OIIMOKM CpETHEro, 4eTkKas
NPUYPOYSHHOCTH K OIIpeAcIeHHBIM TUIIaM I1ouB P®D
MO3BOJISIOT PEKOMEHIOBATh BEINYMHY YCTOMIMBO-
CTHU arperaToB, OIpeAe/CHHYIO JaHHBIM METOIOM, B
KayecTBe METOJa MOHUTOPMHIA ILIOAOPOAMS TTOYB,
CJIeXXEHUS 3a X Aerpamalmeil, Kacaromencs, Impexie
BCEro, MOYBEHHbBIX arperatoB, Kak BaxKHEWIIE co-
CTaBJISTIONIEN TTOYBEHHOTO TIOAO0POIUSI.

BesyciioBHO, manbHeillline ycwiaus Hall yCOBep-
IIIEHCTBOBAaHUEM METOJa 1 BBEICHMSI e€ro pe3yJibTa-
TOB B MOYBEHHbIE HOPMATUBHbLIE MTapaMeTPhbl, XapaK-
Tepusymolne (PU3NIeCKoe COCTOSTHIE YCTOMUNBOCTU
arperaToB IIOTPeOYIOT HaJbHEMIINX CIIeLMaAIbHBIX
HCCIIeIOBaHU IPU moabope TTOYB C pa3HBIMU Kade-
CTBAMU arperaTtoB, IIOCTAHOBKU CEPUM SKCTIEpUMEH-
TOB IIPY pa3IMYHOI CTEIIEH! AerpaJaliiy II0YB.

SAKJIIOYEHHUE

1. BeIZBMHYTO TIpeANnoioXeHUe, YTO BOAOYCTOM-
YMBOCTb IIOYBEHHBIX BOTOHACHIIIIEHHBIX arperaTtoB 1
MX YCTOMYMBOCTb K MEXaHWYECKHUM BO3IEUCTBUSM
B3aMMOCBSI3aHbI, TaK KaK OTPaxkaloT pa3pbiB BHYTPU-
arperaTHBIX CBSI3€M U MOTYT OBITH OIIpedeIeHbI OI-
HUM METOTUIECKUM ITPUEMOM.

2. PazpaboraHa BBICOKOIIPON3BOAUTEILHAST METO-
IWKa OIpee/IeHNs COIMPOTUBIICHUSI BOMTOHACHITIIEH-
HBIX ITOYBEHHBIX arperatoB pPacKJIMHUBAHUIO METO-
JIoM “JIe3Buii” , MeIonas Pru3ndeckoe 000CHOBaHUE
MPU CTPOTO KOHTPOJIUPYEMBIX YCIOBUSIX M BO3IEHi-
CTBYIOIIMX (haKTOpax, Jarolast KCIepuMeHTalbHbIe
pe3yabTaTHl 110 ycToitunBoCTH arperatoB (MH/arp).

3. KoppekTHOCT, IMpUMEHEHUsI pa3paboTaHHOI
METOIMKHU IJIsl OLIEHKN BOAOYCTOMYMBOCTU BO3MYIII-
HO-CYXMX MOYBEHHBIX arperatoB IIpOBepeHa ITyTeM
CpaBHEHUSI Pe3yJbTaTOB BKCIIEPUMEHTOB C ITaHHbI-
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MM, TIOJIy9eHHBIMHA Ha OTHUX M TeX XKe ITOYBEHHBIX
obpa3ziax Metogom CaBBHHOBa (MOKpOE ITpocenBa-
Hue). KoaddutmeHnt koppensiiuun >85%.

4. IlpennoxeHHass BeJIMUMHA U €€ DKCIIEPUMEH-
TJIbHOE W3Yy4YeHUE TO3BOJISIIOT XapaKTepu3oBaThb
HOpPMAaTHUBHbIE AUAIa30Hbl YCTOMYMBOCTU arperaton
pa3JIMYHBIX TUTIOB IToYB PM, a HeBbICOKasl BEJIMYMHA
BapbUPOBaHUS CPETHUX YKa3bIBaET HA BO3BMOXHOCTb
KCIIOJIb30BaHUS TaHHOU BEJIUYUHBI U METOIUKU €€
ofpeesieH!s B KaueCTBE HOPMAaTUBHOM U TTO3BOJISI-
OIIEH TIPUMEHSITh WX TPU KOHTPOJE NeTrpagaliiu
MOYB U MOHUTOPUHIE (DU3UUYECKOTO COCTOSTHUS Ty-
MYCOBBIX TOPU30HTOB PAa3/IMYHBIX MTOYB.
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Stability of Arable Soil Aggregates: Experimental Determination
and Normative Characteristics

D. A. Ushkova!, U. A. Konkina!, I. V. Gorepekin', D. 1. Potapov',
E. V. Shein', and G. N. Fedotov" *

! Faculty of Soil Science of Lomonosov Moscow State University, Leninskie Gory, Moscow, 119991 Russia
*e-mail: gennadiy.fedotov@gmail.com

Soil stability in modern soil physics is divided into two directions: water stability and resistance to mechanical
influences (compression, wedging). Both soil properties in water-saturated soil are based on the rupture of
intra-aggregate interparticle bonds, however, no standard physically justified values have been proposed to
characterize the stability of aggregates. The purpose of the article is to substantiate the physical concept of
stability of soil aggregates and to propose a single methodological method for quantifying stability as a nor-
mative soil characteristic. A high-performance method has been developed based on the dissection of linearly
arranged water-saturated aggregates using blades under controlled load. The main stages of the technique are
vacuuming of aggregates to eliminate the uncontrolled influence of trapped air, saturation of aggregates in
vacuum with water and subsequent determination of the aggregates stability to penetration of blades. Exper-
imental stability values (mN/aggregate) were obtained for 17 soils, which made it possible to form normative
ranges for mountainous arable heavy loamy soils: sod-podzolic — 17—19, gray forest —27—29, chernozems —
34—37 mN/agr and a number of other soils, which makes it possible to apply the obtained value as a soil char-
acteristic of the stability of aggregates. The possibility of using the stability values as a methodological basis
for monitoring soil stability and degradation, quantitative directions for assessing the state of physical char-
acteristics of soil aggregates (first their main parameter, their stability) is discussed. Taking into account the
highly correlative dependence of the proposed stability characteristic on the water stability values obtained by
the Savvinov method (>85%) and the high performance of the stability determination method (the proposed
method is about 20 times more productive than the Savvinov method), the possibilities of using the method
and the obtained values of the stability of aggregates as a general physical characteristic and a separate well for
quantifying water stability are discussed.

Keywords: soil aggregate, water stability, resistance to wedging
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