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Annomayusn. Ha 1ore Poccun mMeroTcst ropHbIC MacCHBBI HE 3aCETICHHBIC U B OOJNBIIMHCTBE CBOEM HE MOTYIIHE OBITh BOBIEUCHHEIE
B aKTUBHBIH CEIILCKOXO3SHCTBEHHBIH 000POT, NCKIIOYast OTTOHHOE CKOTOBOJACTBO. A BOT Kak IUIOIIAAN BojxocOopa, rae hopMupyercs
CTOK aTMOC(EPHBIX 0CAAKOB TOPHBIE CKJIOHBI HCIIOIb3YIOTCS CaMO NMPUPOJOi, @ HAMH JIMILb [IPEUIAraeTCs COMIACHO HOBOM TEXHOIO-
THH, TIEPEHECTH aKKyMYJIHUPOBAaHHE aTMOC(EPHBIX 0CAAKOB B TOPHBIE YIIENbs, CAMOH MPUPOJOI CO3AaHHBIE MECTA, MPeAHA3HAYECHHbIE
JUIS PELICHUS TaKUX 3a/1a4. AKKYMYJIHPOBAaTh CTOK aTMOC(EPHBIX 0CaJIKOB NpeuIaraeTcs Kak B IOJ3eMHBIX, TaK U B HaJI3¢MHBIX BOJOX-
paHmINIIAX, 9TO JeslaeT QYHKIMOHUPOBAHHUE TAKUX CHCTEM HaMMEHee BIMSIOIMMH Ha HKOJOTHI0 MECTHOCTH, a B OOJBIIMHCTBE CITy-
4yaeB Jake o0JIaropakuBasi MEeCTa UX pacIoiOKeHUsI. PeKoMeHIyeMble K MCIOIb30BAHUIO IIPH CO3MAHHU HAJ3EMHBIX BOJXOXPAHMIIHII
B TOPHOH MECTHOCTH KOHTP(OPCHBIEC TNIOTHHEI, PACIIOIOKEHHBIC B CIOKHBIX TE€OJIOTHUECKUX W THUIPOTCONOTHIECKUX YCIOBUSX, Oe3-
YCIIOBHO TpeOyIOT IOMOTHUTENbHBIX HccaeqoBaHui. Llenbio nceaenoBanuil SBUIIOCH H3yUeHHE NTePEeMELICHUs] OCHOBAHHS THAPOMEITHO-
paTUBHOM MJIOTUHBI IPU pabOTE B TOPHBIX YCIOBUSX, BHIIOJIHEHHOE TIPH UCTIOIB30BaHUU IH(POBOrO MOENUpOBaHus u aHanu3a. [Ipu-
MEHEHHbBIE METO/IbI HCCIIE0BAHUN 0a3UPOBAIUCE Ha CHIELUAIU3UPOBAHHBIX IH(POBBIX PACYETHBIX KOMILICKCAX, IPEIHA3HAYEHHBIX JUIs
pemeHns mogoOHBIX 3a/1ad, a UMEHHO JUIs pacdera cocTosHHS rpyHTOB. [Ipnmenen nporpammusii kommmieke Midas GTX NX, a s
pa3paboTKy MaTeMaTHYeCcKoil Mofenn U ee NH(POBOTO HCCIENOBaHUS IPUMEHEH KOMIUIEKC wxMaxima, 94To MO3BOJIMIIO, BO-TIEPBEIX,
paccuuTars IepeMeLICHUs B OCHOBAaHUY INIOTUHBL S, IPYU 3TOM pacueThl IPOU3BEICHBI B BUJE YUCICHHOTO KCIIEPUMEHTA, TO €CTh C Ha-
60poM 00IbIIOTO 1M POBOro MACCHBA JAaHHBIX, CBA3BIBAIOLIMX NIEPEMEIICHNE B OCHOBAHUH IUIOTHHBI OT HAIIOPOB B BEPXHEM M HHKHEM
Obedax. B cBoro ouepens 06paboTKa MaccHBa JaHHBIX MO3BOJIMIIA MOJYYUTh MATEMAaTHYECKYI0 MOJICIIb, 3aTE€M BH3YaIM3UPOBAHHYIO,
HaJl KOTOPOHl BBITOTHEHBI TaKUe AEUCTBHUS, KaK TOCTPOEHHE JIMHUN yPOBHS U MOIYYEHHE JIOKATbHBIX MaTeMaTHYECKUX ypaBHEHHH C
IIpeACTaBICHNEM UX rpaduyeckoil mHTepHpeTanun. [IpuMeHeHHBIH aHaIN3a IT03BOINI BEIIBUTH CTENIEHb BIMSHUS MPUHSATHIX K HCCIIe-
JIOBaHMIO ()aKTOPOB HA IEPEMEINCHHS B OCHOBAHUH IUIOTUHBI, OTMeUas, YTO MPAKTHIECKH JII000 HAIIOp CO CTOPOHBI BEpXHEro Obeda
B aHAIM3MPYEMOM JHMana3oHe 3HaYMMO BIHSIET Ha NepeMelleHre, TOraa KaK 3Ha4eHUs! MOZOOHOro ke (akTopa co CTOPOHBI HUKHETO
Obeda, KaKk MUHUMYM, Ha MOPSJIOK MEHBbIIIE.
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Digital modeling and analysis of the movement of the foundation of a hydro-reclamation dam
in a promising technology for the formation of water resources
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Abstract. In the south of Russia there are mountain ranges that are not inhabited and for the most part cannot be involved in active
agricultural turnover, excluding cattle breeding. But how are the catchment areas where precipitation runoff is formed, the mountain slopes
are used by nature itself. We propose, according to the new technology, to transfer the accumulation of atmospheric precipitation into
mountain gorges, places created by nature itself, designed to solve such problems. It is proposed to accumulate precipitation runoff both
in underground and above-ground reservoirs, which makes the functioning of such systems the least affecting the ecology of the area, and
in most cases even ennobling their locations. Buttress dams recommended for use when creating aboveground reservoirs in mountainous
areas, located in difficult geological and hydrogeological conditions, certainly require additional research and are the subject of research.
The purpose of the research was to study the movement of the base of a hydro-reclamation dam, when working in mountainous conditions,
performed using digital modeling and analysis. The applied research methods were based on specialized digital calculation complexes
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designed to solve such problems, namely, to calculate the condition of soils. The Midas GTX NX software package was used, and the
wxMaxima complex was used to develop a mathematical model and its digital study, which allowed, firstly, to calculate the displacements
at the base of the dam S, while the calculations were made in the form of a numerical experiment, that is, with a set of a large digital array
of data linking the displacement at the base of the dam from the pressures in the upper and the lower reaches. In turn, processing of the data
array made it possible to obtain a mathematical model, then visualized, on which such actions as constructing level lines and obtaining local
mathematical equations with a representation of their graphical interpretation were performed. The applied analysis revealed the degree of
influence of the factors accepted for the study on the movements at the base of the dam, noting that almost any pressure from the upstream
side, in the analyzed range, significantly affects the movement, while the values of the same factor from the downstream side are at least
an order of magnitude less.

Keywords: freshwater resources; reservoirs in mountainous areas; moving the dam base.

For citation: Abdrazakov F.X., Degtyarev V.G., Degtyarev G.V. Digital modeling and analysis of the movement of the foundation of a
hydro-reclamation dam in a promising technology for the formation of water resources / Agrarnyy nauchnyy zhurnal = Agrarian Scientific
Journal. 2022;(6):82—87. (In Russ.). http://dx.doi.org/10.28983/asj.y2022i6pp82-87.

Begeoenue. IlocrymarensHOE pa3BUTHE JIIOOOTO PETHOHA CTPAHBI 3aBHCHUT, MPEXKIE BCEro, OT HAIMYMSA JOCTYIHBIX K
HCIIONF30BaHMIO PECYPCOB, KOTOPHIE B KOHEYHOM HTOTE SIBILIIOTCS OCHOBOH. HOrkHBIE pernoHsl Poccrnu Bece ocTpee OIyIaroT
nedurmt npecHoi Bozp! [ 1-4]. BombIIIHCTBO 3MeNTHIX peK MOIOIUTN K TpeeiTy UCTIONB30BaHMS X CTOKA, 32 KOTOPBIM HEMHHY-
€MO HayHeTCsl HeoOpaTumast Ierpajaliis UCTOUHMKA [5, 6]. BMecte ¢ Tem B GonbimHCTBE MecT B FOXKHBIX pernoHax BBITIAIAET
3HAYUTENTLHOE KONMMUYecTBO arMoc(epHbIX ocankoB oT 1000 mo 1500 MM u Gosee, KOTOpBIE, COOCTBEHHO, U (POPMHUPYIOT PEKH.
CTOK peK akKyMYJHPYIOT B PYCJIOBBIX BOIOXpaHIHINAX [ 1, 2]. OxHaKo MecTa, TIIe 3TO MOXKHO OBLIO JIeTIaTh XOTs ObI C OTpaHUYCH-
HOW 3KOHOMHYECKOH IeTIeCO00pa3HOCThIO, TAaBHO HCIIONIL30BaHbl, & BOMHBIN Ae(UIUT Bo3pacTaeT. PycioBble BOMOXpaHWITUINE,
TI03BOJISIS AKKYMYJIMPOBATh 3HAYNTEIBbHBIE 00BEMBI BOJIBI, BMECTE C TEM BBIBOAMIIHN U3 000pOTa 3HAUNTEIBHBIE IIJIOIIA N HanOoIee
TLUTOJJOPOJHBIX 3€MeITh CETTbCKOXO3SHCTBEHHOTO Ha3HAYCHUS, 1a U CTPOUTEIBCTBO TAKUX THAPOTEXHUUECKUX THTaHTOB TPEeOOBAIIO
3HAYNTENFHBIX €IMHOBPEMEHHBIX KalMTAIBHBIX pecypcoB. IIpm 3TOM MMEHHO mpemsiaraeMas TEeXHOJIOTHS (OPMHPOBAHU
BOJHBIX PECYpPCOB 0azupyercsl Ha pacCpeOTOYCHUN 00BEKTOB aKKYMYJISIUH IO TOPHBIM YIIENbBSIM, TI0 CETECKOX03HCTBEHHBIM
HEYI005M, MaKCUMAJIBHO BITMCHIBASICH B TOPHBIN perbed [7-9]. Ho mMeHnHo pacrionokeHe BOIOXPaHIITHIL, BIIMCAHHBIX B TOPHBIH
perbed, 0003HaIMITO HE W3YUIEHHOCTH BOTIPOCA HAMIPSHKEHHO-1E(POPMHUPOBAHHOTO COCTOSIHUS OCHOBAHWIS IUTOTHHBI, B YaCTHOCTH B
3aBICHMOCTH OT yPOBHEH BOZIBI B BEpXHEM M HIKHEM Obedax coopyxenus [9, 10].

Memoouka uccnedosanuii. B cBSI31 co 3HAUUTEITHHBIM KOJIMIECTBOM (PaKTOPOB, KOTOPHIMH MOXET OBITH TIPECTABICHO
HaPsHKEHHO-Ie(OPMHUPOBAHHOE COCTOSHIE OCHOBAHUS IIOTHHBI, OCTAHOBHMCS Ha aHajHM3e Hamboliee CyIIECTBEHHOTO, a
MMEHHO Ha BEJTMYMHE BEPTUKAIBHBIX IepeMenieHnii ocHoBanwus [11]. [l ucciiejoBaHnit BOCITOJIB30BaTUCh MOJIETbI0 Mopa-
Kymona, koTopast JOImycKaeT HEKOTOPYIO MIeaNn3anrio paboTsl TpyHTa, OTOOpakas MpUHUMAaeMbIe e OpMaIiy HOCTOSH-
HBIMH Ha BCEM NPOTSHKEHUH YIPYTOW paOOTHI TPYHTA, BIUIOTH O 30HHI paszpymeHus [12, 13].

Hcnonp3ys TpenCcTaBICHHYIO MOJENb TPYHTa, Ul pPEaNH3aldyl ITOCTABICHHOW IIENM BBIOIHEHBI PACUETHl MPH
COBMECTHOH paboTe TpyHTa OCHOBaHHA U caMoit TioTuHBI ¢ mpuMeHenneM 110 Midas GTX NX, rae yBs3aHbl ypOBHH BOIBI
B BEpXHEM U HIDKHEM Obeax IIIOTHHHI U nepeMerieHne ocHoBaHu TY, M. Takum 00pa3oM OCyIIECTBIEH YNCICHHBIN JK-
CIICPUMEHT, T/I¢ B KaY€CTBE apryMEHTOB MIPHUHATH YPOBHHU BOABI B BEPXHEM U HIDKHEM Obe(]ax IIOTHHEIL, a 32 HCCIEIyeMYIo
(YHKIHIO IPHHATHI IEPEMEIIeHUs B OCHOBaHNH IUTOTHHEI TY, M. [lpn 3TOM ypoBeHb BOABI B BepXHEM Obede IMIOTHHEI Ba-
prupoBain ot 1 1010 M, Torma Kak mo HIKHEMY 0bedy m3meHneHus 6sum ot 0,80 1o 2,55 m.

[TnoTnHa, Kak pacdeTHast MOJIENb C TEOJIOTHYECKIMH AIIEMEHTAaMHU, IIPECTaBIcHa Ha pHcC. 1.
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Puc. 1. Pacuemnas mooenv nnomunvt

®dparMeHT 110 pe3yJsbTaTtaM pacuera HalpspKeHHO-1e(hOPMUPOBAHHOTO COCTOSIHHSI OCHOBAHHS IUIOTHHEI ITPU IIOCTOSTHHOM
yPOBHE BOJIbI B HI)KHEM Obede, paBHOM 1,05 M, pencrasieH B Tabiuie.
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PacyeTHblii parMeHT HANPAKEHHO-1¢()OPMUPOBAHHOI0 COCTOSHHUA MJIOTHHBI IIPH MOCTOSTHHOM YPOBHE BO/bI
B HU:KHEM Obede, paBHoM 1,05 m

YpoBeHs BobI
Howmep omnbiTa Ilepememenue ocuoBanus TY, m
BepxHHH Obed HIDKHUH Obed
1 1 1,05 —0,034
2 2 1,05 —0,037
3 3 1,05 —0,039
4 4 1,05 —0,041
5 5 1,05 —-0,044
6 6 1,05 —-0,047
7 7 1,05 —0,049
8 8 1,05 —0,051
9 9 1,05 —-0,054

Ha puc. 2 npeacrasieH BU3yaln3upoOBaHHbIH B pacdyeTa 110 HepeMEIeHHI0 OCHOBaHUs IUIOTHHBI TY, M, IpH ypoBHE
BOJIbI B BepXHeM Obede 5 M u B HikHeM Obede 1,05 m.
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Puc. 2. Buzyanusuposannoe npedcmasienue nepemeuwienus ocnosanus nnomunst TY, m, npu ypoene 600ut
6 6epxHem Oveghe 5 M, Huxcnem oveghe 1,05 m

Pesynemamul uccnedoganuii. AHanu3 pe3ydbTaTOB HMHUTAIIMOHHOTO MOJEIHPOBAHHUS [0 HCCISIOBAHHUIO
HaNPSKEHHO-1e()OPMHPOBAHHOTO COCTOSHHS OCHOBAaHHS IUIOTHMHBI OCYIIECTBJICH IIPH IMOMOIIM IPOTPaMMHOIO
KoMILuIekca wxMaxima. B mpouecce peannsanum HccieloBaHWHM SKCIEpUMEHTAJIbHBIE TaHHbIE M3 TAOIUI ObUIH
IepeBeZieHbl B MAaTPUYHBIA BUJ, (pparMeHT nedcTBUsA mpencTaBiser ciuexyroomee: M:matrix ([2.0,1.05,—0.037],
[3.0,1.05,-0.039], [4.0,1.05,-0.041], [5.0,1.05,-0.044], [6.0,1.05,-0.047], [7.0,1.05,-0.049], [8.0,1.05,-0.051],
[9.0,1.05,-0.054].

Hcnone3ys anpuopryto nHopmarmio [8, 9, 11, 14], BeIOpaHO npeacTaBIeHNEe MaTEMaTHYECKOW MOJEIH HCCIIEAYEMOTO
npolecca B BUE OJIMHOMA BTOPOH CTEIICHH, IJIsL 4Yero UCHOoNB30BaNH (ailin:squares_estimates

(M, [x,y,z],z=a+bx +cx+ dxy +ex’ + /? [a, b, c, d, e, f]).

ArPAPHbIA HAYYHbIX XXYPHAN

Pe3ynbpraTom BeMMHCICHUH (DalIOB SIBUINCH MOIyIEeHHbBIE KO3 OUINEHTHI:
a=-258487739462069/5672598922550000;
b=-20727504929/428120673400;
¢ =4155408673513/283629946127500;
d =34293710351/56725989225500;
e=-2106451741/9261385996000;
=-12517598467/2025928186625.
BrImoTHeHHBIH TIepeBO/] HATYPAIBHBIX APOOCH B IECATUYHBIE C MOCIeAyIomeii 00pabOTKON MOTYYCHHBIX 3HAYCHUH Ha
6 aIeKBaTHOCTH TTO3BOJIMII MOTYYUTh MAaTEMAaTHUECKYIO MOJIEIb CICAYIOIIETO BUAA!

Z(x, y) = —0,04557 — 4,84151 - 10*x + 0,01465y + 6,04550 - 10*xy +
2022 +(-2,274445468431807) - 10*x> + (~0,006178698015872471) - )7 (1)

MaremaTrueckasi MOJIeTb OBLTa BU3yaTU3NpoOBaHa mocpencTBoM daiina wxplot 3d (puc. 3).
Jlnst aHanm3a 1o MpeCTaBICHHON MOBEPXHOCTH OTKJIMKA BBIIIOJHEHO ITOCTPOCHNE JIMHUH YpOBHS (pHC. 4).
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Function

-0.035
-0.04
-0.045
-0.05
-0.055
-0.06

-0.065
.M

24 —

'-"""--Fun.-c"ticr] B

22 0,038

noanop M

Hanop, M

Puc. 4. /lunuu ypoensa no no6epxHocmu omKIuKa

Amnanu3 rpaduKOB JTMHUNA YPOBHSI IO MOBEPXHOCTH OTKJIMKA MTO3BOJIICT KOHCTATUPOBATH, YTO (DYHKIIHS OTKIIMKA, TO €CTh
MepeMeIIeHUe OCHOBaHMSA TIOTHHBIL, porucXoauT oT —0,038 M o —0,056 M. IIpu 3TOM H3MEHEHHE HAamopa B BEpXHEM Obede
MJIOTUHBI OTPAXKAETCsl Ha IIepeMeleHre OCHOBAHUS IUIOTHHBI HE IMHEHHO BO BCEM IUana3oHe u3MeHeHus aprymenTa ot 1,0
u 10 10,0 M, 1 yem Oorbliie Harop B BepxHeM Obede, TeM OoIbIIe epeMeIleHIHe OCHOBAHUS IIOTHHEIL. Mi3MeHeHue moamnopa
CO CTOPOHBI HIDKHETO Obe(a Ha IJIOTHHY, B Mana3oHe u3MeHeHus aprymenTa ot 0,8 10 2,55 M IMHEHHO 1 He3HAYUTEIBHO.

KanoHuyeckuii BHJ MCCIICJOBAHUS MAaTEMATHYCCKHX YPABHEHUH MPEIIOaracT BBIBEJCHHE OJHOTO U3 apryMEHTOB
Ha MOCTOSIHHBIA YPOBEHb MPU BAPHHPOBAHUM APYTrHMM. PaccMoTpuM moBeneHUe (QYHKIMHU MPU MMOCTOSHHBIX MapaMeTpax
MTOJIIIOpa CO CTOPOHBI HIKHETO Obe(ha TIIOTHHBL, TO ecTh 1pu F1 (x, 0.6); F2 (x, 1.8); F3 (x, 2.8). UmeeMm crnenyrolue ypas-
HEHUS, TpadUUSCKUN BIII KOTOPHIX TPUBEICH HA PUC. 5:

-0.025 T T T T T T T T T
(-2.274445e-4*x"2)-1.2124e-4*x-0.03900184 ——
0.3 B (-2.274445e-4%x"2)+5.4382e-4x-0.03851860990099999 —— |
(-2.274445e-4*x"2)+0.00120888%x-0.0529858559993999499

-0.035 | b
-0.04
-0.045
-0.05

-0.055

nepeMelleH1e OCHOBaHKMA, M

-0.06

-0.065

—0.07 I 1 1 I 1 I 1 I 1
1 2 3 4 5 6 7 8 9 10

Hanop B BepxHeM Beede, M

Puc. 5. Ilepemenjenue 0CHOBAHUA NIOMUHDL 8 3A6UCUMOCINU O HANOPA 6 6epPXHeM Obedhe
U NOCMOAHHBIX 3HAYEHUAX NOOROPA CO CMOPOHBL HUNICHe20 Oved — 0,6; 1,8 u 2,8 m
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F1 (x) = -2,274445 - 10> — 1,2124 - 10x — 0,03900184; ©)
F2 (x) = -2,274445 - 1032 + 5,4382 - 10-x — 0,03851861; 3)
F3 (x) = -2,274445 - 10-x2 + 0,00120888x — 0,05988558. 4)

PaccmoTpuM (yHKIHIO IPH TIOCTOSHHBIX ITapaMeTpax Haropa CO CTOPOHBI BEpXHEro Obeda MIOTHHEI, TO ecTh mpH F/
(1.0, y); F2 (5.0, y); F3 (10.0, y). ImeeM ciienyiomue ypaBHEHU, TpadUuecKuii BH KOTOPHIX IPUBEIEH HA puC. 6:

F1(x)=-0,00618x>—0,01525455x — 0,044858405; %)
F2 (x) =-0,00618x2 + 0,01767275x — 0,037463125; (6)
F3 (x) =-0,00618x + 0,0206955x + 0,017984. @)
T T T T T T ]
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noanop ¢ HwxHero fbeda, M

Puc. 6. Ilepemewenue 0cnosanus NIOMURBL 6 3A6UCUMOCHIU O HOOROPA CO CHOPOHBL HUNCHEZO0 Obedh
U ROCMOAHHBIX 3HAYEHUAX HAnOpa 6 eepxHem ovehe — 1,0; 5,0 u 10,0 m

3akniouenue. AHaNU3 IPECTABICHHBIX YPaBHEHUH U Ipa()MKOB ITO3BOJISIET C/IENATh BBIBO, YTO IIPU MOCTOSTHHBIX
napameTpax IoJInopa co CTOPOHBI HIKHETO Obeda IoTHHBI, HanboJIblIee epeMen|eHue OCHOBAaHHUS IUIOTHHEL Oy 1eT
IIpY HanOOJIBbIIEM MOAIIOPE N0 HIKHEMY Obedy paBHOM 2,8 M, HAUMEHBIINE IIEPEMELCHNE OCHOBAHUS IUIOTUHBI OY-
JIeT TIpU 3HAYEHHWH IOJIOpa CO CTOPOHBI HMXKHEro Obeda paBHOTO 1,8 M, IPOMEXYTOUHBIE 3HAUCHHS NIEPEMEIICHUH
OCHOBAHUS IUIOTHHBI MEXJY YK€ NPHUBEACHHBIMU 3HAYCHHMSIMH, OyleT IpH MOJIOpPE CO CTOPOHBI HIDKHEro Oneda
paBaom 0,6 M. IIpu 5TOM C yBenuueHHEeM Hamopa B BepXHEeM Obede mepeMenieHue OCHOBAHUS IUIOTUHBI OyIET B
OCHOBHOM yBeau4HuBaThcs. [Ipy MOCTOSHHBIX apaMeTpax Hanopa B BepxHeM Obede MIOTHHBI, aHAIH3a OJyYeHHON
MaTEeMaTH4YeCKON MOJIEIH, IOTIOJHUTEIbHBIX YPAaBHEHUH U rpa)MKOB IPH U3MEHEHUH IOII0Pa CO CTOPOHBI HUXKHETO
Obeda MIOTUHBI B UCCIIEAYEMOM JlHana3oHe MOKa3blBaeT, YTO, BO-NEPBBIX, B YKa3aHHOM JMana3oHe HccleJOBaHUM
apryMeHTa rnoarnopa ¢ HuwxHero 0beda ot 0,6 10 2,55 M npakTHUECKN HUKAKOTrO BIMSHHUS Ha NEepeMeIleHne OCHOBa-
HUS IUIOTUHBI HET; BO-BTOPHIX I'pado-aHaTUTHUCCKHUI MTONCK 3HAYCHUHN BIMSHUS IOAIIOPA C HUXKHETo Obeda Ha repe-
MeEIIeHNE OCHOBAaHHUS IUIOTUHBI TO3BOJIMII BBISIBUTH 3HAUECHUS JaHHOTO apryMeHTa, HaunHao1erocs ¢ 4 M u 6ojnee, HO
9TU 3HAYEHUsI BHE JMana30Ha 3KCIIEPUMEHTA, B BULY OTCYTCTBHS UX CBSI3H C pealbHOCThI0. [Ipu 3TOM aHanmuTHueckue
pacueTsl MOKa3bIBAIOT, YTO 3HAUYEHUS NEPEMEIICHUN OCHOBaHUS INIOTUHBI MUHUMAIbHBI U cocTaBisioT ot 0,0005 no
0,005 m.
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