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HJIEMEHTOB, 00Pa30BAHHBIX U3 WJIMCTLIX U KOJIOUHBIX YACTHIL, B KATICysIax, cOOPMUPOBAHHBIX N3 TIBIIEBATHIX U ECUAHBIX
YacTHI] MOUBHI. [[M3aiiH MOUYBEHHEIX arperatoB onpejessercss MophoMeTpnIecKIMI TTOKA3aTeIAMI BEICOKOAMCTIEPCHEBIX
OpraHoOMUHEePAJNbHBIX YaCTHUI], BeJNYNHAMN CUJ CIEIJIeHNA, BOSHUKAIONINMI MEKIY 4acTUIaMu, 0COOEHHOCTAMI
(opmupoBanus B arperarax rekCaroHaJbHbLIX CTPYKTYPHBIX sS9€eK MHOTOCTYIIEHYATOTO CJIOKEHIIS, OTPE/essIONIMI
(opmupoBaHue nprupoHOro 00JaNKa, 0Opasa arperara.

Kaiouegsie croga: 11ousa, arperar, ryMmyc, DHEprusi.

Design of soil aggregates: the principles
of creation and their environmental sustainability

B. K. Son', K. Yu. Khan?,

! Institute of Basic Biological Problems RAS,

2 Institutskaya St., Pushchino, Moscow region, Russia, 142290,
2 Ecological Foundation of the Oka region,

2 Institutskaya St., Pushchino, Moscow region, Russia, 142290,
e-mail: vson06@rambler.ru, khan@itaec.ru

The design of soil aggregates was first created, it characterizes the patterns of distribution of structural elements
formed from silty and colloidal particles in the compartments, formed from silty and sandy soil particles. Design of soil
aggregales is determined by the morphometric parameters of finely dispersed organic particles, by the values of the
adhesion forces between particles, by formation of aggregates of hexagonal structural units of the multistage addition,
which determine the formation of the natural appearance of the image of the unit.

Formation of structural connections in soil aggregates is determined by excess of free energy on the surface of contact
between soil particles and water. Contacts between soil particles decrease the surface between solid and liquid phases.
Resultant decrease of surface energy corresponds to the energy of bonds between the particles. When micro-dispersed
soil particles react with humus through exchange cations and ionized molecules of humus acids, the micro-heterogeneous
crystals of calcium and magnesium humate set on the particle surface and form hydrophobic areas. The higher the free
energy on the contact between solid and liquid soil phases is, the stronger the bond forming between the soil particles is.
The sum of the forces in the contacts between soil particles determines the stability of soil aggregate structure.

Therefore, the bulk density of solid particles decreases and porosity of aggregates increases. The bonds are formed
on contacts and hydrophobic areas on the surface of colloidal particles. Such bonds stretch during wetting and contract
during drying. Volume of aggregates includes anisotropic pores which form micro-zones with different water content. To
form such aggregates a high local concentration of highly disperse particles and humus is necessary; thus each colloid
particle connects with 12 similar colloid particles. Such processes naturally are active in soil and all conditions to form
hexagonal structures with highly dispersed particles are met. The process of aggregate formation is driven by decrease
of free energy due to forming energy bonds between colloid particles.

Design of soil aggregates could be a basis for modeling new materials: by modifying their building blocks (highly
disperse organo-mineral particles) artificial materials analogues to the natural structures can be created.

Keywords: soil, aggregate, humus, energy.
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Cosnanme HayuHBIX OCHOB MTOJIYUEH ST HOBOTO
IMOKOJIEHN S AKOJIOTUYHBIX TJIaCTUYeCKUX Marte-
pUaJioB HA OCHOBE MCCJEIOBAHUS CTPOEHUSI TIPH-
POAHDBIX BLICOROIUCIIEPCHBIX OPraHO-TINHUCTBIX
NUCIEePCHBIX CTPYKTYP SIBJSIETCS OJHUM U3
MPUOPUTETHBIX HAlpaBJeHNii KaKk B objaacTu
paspaboTKN HOBBIX MaTepHUaJioB, TAK U OXPaHbI
OKpYsKaloIeil cpefibl o1 3arpsisHenust. Kopaum u3s
TAKUX TPUPOILHBIX 00Pa30BAHMIA, BHITTOJHSIONIX
(pyrpaMenranbuyio posb B 6nocdepe, OTHOCATCS
BOJIOYCTOMUYMBBIC arperatbl 4epHO3EMOB.

[Tpn B3anmopelicTBUN MOUBEHHBIX YACTUIL
B KOHTAKTaxX 00pas3yloTcss CTPYKTYPHbBIE CBSI3MH,
ornpesiefsiolne MPpaKTUIeCKN Bce PU3UKO-
MexaHuuecKue cBoiicTa moun. OrpejiesieHnio pas-
MEepOB CTPYKTYPHBIX 5JIEMEHTOB, XapaKTepUCTHKe
ux PUanUeCKUX U XUMUUYECKUX CBOIICTB, OIEHKE
CTT CTICTITICH TS MEFKITY YaCTHIAMIT, 0CODCHHOCTIM
(popmupoBanusi B rIMHUCTON OpraHOMIHEPATh-
HOIl MaTpuile reKcaroHaJbHbIX CTPYKTYPHBIX
SYEEK MHOTOCTYIIEHYATOTO CJOYKEeHUSI, Orpejie-
JNAIOMNX TPOYHOCTHBIE U JleDoOpMaTMOHHbBIE
CBOTICTBA BOJIOYCTOMYMBOTO arperaTa, mocBsIeHo
HACTOSITIee NCCIeIOBAHTE.

Marepuasibl 1 MeTO/IbI

Jlnst uccsepoBaHust CTPOEHUST BOAOYCTON -
YUBBIX SA7IEP, B MEPBYIO 0UePesb, HEOOXOIMMO MX
WU3BJIEUD 13 TOUBHI, OCHOBBIBASICH HA KOJTMYECTBEH-
HBLIX TIpU3HAaKaX, MO3BOJIATONTNX HAJEKHO WIeH-

Do
(=]

>3

_— =
Do W
L

.
(=)
B,
S

Copepsranue gpaximii, %

DN o~ O 0

M

0051152 253 354 45 95 556 65

(=)

Paszmep dparmuii (d), mm

Yepuosém Tunmunblii Tsreaocyraunnuctsiil (1[U3,
Rypcrast 06i1., abcoIioTHO 3a110BeHas CTEIT )

TUHUIIPOBATH BOJIOYCTOMUNBOE SIJIPO OT JIPYTUX
CTPYKRTYPHBIX oOpaszoBanuii. OOycJI0BIeHO 3TO
TeM, YTO B II0YBAX OJ{THOBPEMEHHO MOTYT ITPHUCYT-
CTBOBAThH HE TOJBLKRO BOJIOYCTOIUNBLIE arperaThbl,
COCTOSIIIIIE 13 BOJOYCTOMUMBLIX SI/IEP, CBA3AHHbBIX
IPYT C IPYTOM, HO 1 BOIOYCTOTUNBBIE arperaThl, He
cofiepsRale BofoycroiunBuix sjep. [ocnenmmne
00pasyloTcs 13 MUKPOATPETaToB 1 DJIeMEHTaPHbIX
MOYBEHHBIX YACTHTI, He BOBJICYEHHBIX B ITPOTIECC
(bopmupoBaHUA BOJOYCTOWUNBLIX sjtep. B mou-
Be TaK;Ke WMeeTcst OnpeeéHHOe ROTNYeCTBO
WHIWBUYAJIbLHBIX BOJIOYCTOWUNBHIX siflep, He
CBSIBAHHBIX WU CJIAO0CBAZAHHBIX JIPYT C JIPYTOM
cuJIaMu crietiennsi. AHaJIM3 KpUBBIX pacrpese-
JIeHU s BOJIOYCTOIYNBBLIX arperaToB 1o hpariusm,
OCHOBAHHBINI HA KOHIEMIIUN BOJOYCTOUUYUBOTO
A/IPA, MMO3BOJIAJI BLISIBUTH HA KPUBOIL CJIELYIONT e
xapakrepubie obsacru. [IpaBas BeTBb (a) KpuBoit
pacripefieieHus XapakTepuayer arperatsl, odopa-
30BaHHbBIE MCKIIOUUTETHLHO W3 BOJOYCTONUNBLIX
Afep, CBABAHHBIX APYT ¢ AipyroMm. JleBas BeTBb
(0) KpUBOIT XapaKkTepU3yeT arperaThl, KOTOPbIe He
COJIepsKaT B CBOEM cOCTaBE BOJIOYCTOMUNBLIX SITIEP,
XOTSI OHU U BOJIOYCTONYNBHI (PUC.).

Marcumym Ha KpUBOI XapaKkTepuayer MaKCu-
MaJTbHOE COJiepsRaHIe OTIeTbHbIX, He CBS3aHHBIX
IPYT € IPYTOM BOJIOYCTOMUYMBHIX sijlep, a pas-
Mep sgueeKr cuTa, Ha KOTOPOM aKKyMYJHUPYeTcs
MaKCUMaJIbHOE KOJNYECTBO MHIAUBUYAIbHBIX
BOJIOYCTOMUYNBBIX $/I€P, COOTBETCTBYIOT IUAMETPY
BOJIOYCTOMUYMBOTO sijipa (puc.).
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Pasmep dparmuii (d), mm

Cepast ecHast TSAIKEIOCYIVIMHUCTAS 10YBA
(emenranublii ec, MockoBckas 06.1.)

Puc. Pacnpenesienue BojloycTOMUNBLIX sifiep B arperatax 4epHO3EMHBIX U CEPBIX JIECHBIX ITOYB:

a — obaacTh, XapakrepHas JIJisi arperatos, 00pas3yoniuXcs 13 BOJOYCTONUUBLIX sijiep; 6 — obaacTb,
XaparTepHas /I BOJIOYCTOMYNBBIX arperatoB, He COlePsKAIX BOLOYCTONUNBBIE SI/[Pa; MAKCUMYMbBI Ha
KPUBBIX paclipefie/ieHus COOTBETCTBYIOT COlePKAaHNIO B TOUBAX MHMBUYaJAbHBIX BOIOYCTOMYUBBIX sjep,
KOTOPbIE CBODOJIHDBI, HE CBS3AHbI MEK/Y C000ii U He 00pasyioT accoruanii
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Tadoauna 1
SaKOHOMEPHOCTH paciIpe/iesieHnsI BOJOYCTOMUNBLIX sjiep U WINCTBIX YaCTUI] B arperartax nous
TopusonT u raybuna Arperatnbl 6e3 sijiep ArperatThbl ¢ siipaMu
| Tymye, %
cM KRosmaectso, % | wacruinpt < 1 MrM | koamaectBo, % ‘ gacTurpl < 1 MEM
YepHosém THIIMYHBIIT MOIIHEI, abcomtoTHo 3anoBefubiii gec (L[Y3, Rypekas odr.)
An 2-10 9,1 43,8 13,6 96,2 21,1
A110-20 6,3 63,1 19,6 36,9 13,9
A120-40 4,2 75,9 23,5 24,1 9,0
A140-60 3,9 81,3 25,2 18,7 7,0
AB 60-80 2,6 82,1 25,4 17,9 6,7
Br 110-120 1,7 89,2 27,6 10,8 4,1

OrmeTnm, 94TO0 KpuBasi, XapakTepusyorast
pacrpejesierne BOJOYyCTONYMBHIX arperaTos 1o
dparmusam, orpaykaer 0COGEHHOCTN CTPOCHUS
BOJIOYCTOMUYMBBIX arperatos. AHAIN3 KPUBBIX Pac-
TpejiesieHust TT03BOJIsIeT 0DOCHOBAHHO Pa3JIeIsATh
BOIOYCTOMUMBHIE arperaThl, COCTOATIE TOJHKO
3 BOMOYCTOMUMBHIX Aep (acCOTMMPOBAHHBIX 1
WHUBULYQJIBHBIX), OT arperatoB BOJOYCTONYM -
BBIX, HO He COMePsKAIINX BOMOYCTOMUNBLIC SPa.
PaccvaTpnBaeMbIil acieKT BajKer B MeTOMIeCKOM
OTHOTIICHU N, TAK KaK OH CBSI3aH ¢ TIPOIIE/LY POl TTOJI-
TOTOBKI BOJIOYCTOMUYMBBIX sIIeP JI/IST MCCIIe/IOBAH NS

B rabmuiie 1 npepcraBieHnl famibe, XapaK-
TePUBYIOIIe 3aKOHOMEPHOCTI PAaCIpele/eH s
B 4epHO3EMax THHHYHBIX MOIIHBIX arperaros,
00pa3yIoNUXCsA U3 BOAOYCTONUMBLHIX sjep, 1
arperaTton, o0pasyionuxcs 6e3 BOOYCTONUNBLIX
ssiep. [lepBbie MpakTHUeCKN He pa3pyiaoTes mpn
B3AMMOJIEHCTBIUN ¢ BOMIOM, & BTOPHIE — PA3MOKAIOT,
paspymanTcsa m pacuagaiorcsa. ITH pasandns
OTIPEMIeNTATOTCS 0CODCHHOCTAMN WX CTPYKTYPHI,
3aBUCATIIIMI OT COIEPIRAIS B arperatax ryMmyca
" WJIACTBIX YaCTHUII.

Jliist onipefiesie st SHEPreTHYeCKIX XapaKre-
PUCTUK HAMU pa3padoTaibl YHIKAIbLHBIE METOIB,
KOTOpBIe alipoOUpPOBAHbI PN KCCICOBAHNIT
pasJImYHbIX TUIOB MouB. VIX onumcanue mano B
nyoaurarnumax [1-3].

B pesynbrare teopernueckux mecienoBaHmil
HaMU TIOJTYYeHA 3aBUCUMOCTD JIJIS OTIPEIe/IeHIs
DHEPTUN arperaTHoil CTPYKTYphI TouB. OHa paBHa
pabore, KOTOPYIO HEOOXOANMO COBEPIIUTD I
Pa3PYIeHNs BCeX CTPYKTYPHBIX CBA3QIT arperara.
Ona nmeer ciaeyomuii BIL;
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rne U.R — dHeprud cuelieHnd 4acTull B eJ{n-
HMYHOM KOHTaKTe, I[H(/ROHT&KT; 7 - ROOpanHa-

HUOHHOE YUCJI0, TP IIJIOTHOR MreKcaroHajbHol
yIIaKOBKe 4acTull B arperatax ono pasuo 12; r —
pajiityc WIMCTBIX YaCTHIL, MM; p, — IJIOTHOCTD
CJI0KeHHA BOOYCTOIUMBOTO sAfipa, T/eM’; p, —
MJIOTHOCTH TBEPFO# (ha3hl MINCTHIX YACTHUI] [TOYB,
r/em?; k — MaccoBas MoJIst CTPYKTYPHBIX 9IeMeH-
TOB, COflePRATINXCA B 1 T BOOYCTOMUMBHIX ATEP;
D — pmamerp BomoycroiiumBBIX sifep, popmu-
PYIOTHATICS B TOPU30HTAX TIOUB € OTIPEeIEHHBIM
cojiepskanueM B HUX rymyca, Mm; D — nuamerp
BOJIOYCTOMUYMBBIX sifiep, 00pasyoiiuXxcs B ropu-
30HTaX IMOUYBbLI ¢ MAKCUMAJIbHBIM COJePs;KAHIEeM
B HUX I'yMYyca, MM; ow Macca BOJOYCTOMYIBLIX
siep, copepskamuxes B 100 r BosayiHo cyxoit
MOYBBHI, T.

Pesyabrarel n o0cy:knenne

[Tpu B3ammopeiicTBUM MOYBEHHBIX YACTHUI]
B KOHTAKTaxX 00pasyoTcsi CTPYKTYpPHbBIE CBS3MH,
ompeiesisioline MPpakTHIecKn Bce PU3NKO-
Mexanmdeckmne cBoticrsa moun. Hamm ycramosn-
JIEHO, YTO BHICOKOIMCIIEPCHBIC YACTHIIbI, (POPMU-
pytorie ppaximio u umeioniue pazmep 0,34 MrM,
00pasyIoT reKcaroHaabHYIo TYCIKY, XapaKTepHyio
IS TIePBOII cTyTieHn yiakosku. B rabure 2 mpu-
BeJIeHbI [TapaMeTphl, XapaKkTe puayoiie mIoTHY 0
reKCaroHaJbHYI0 YIAKOBRY CTPYKTYPHBIX dJIe-
MEHTOB B BOJIOYCTOIUMBBIX sI/[PaX arperaTtos moys.
ITH JJaHHBIE SBJISIOTCS 6A30BBIMU JIJIsI CO3JIAHUS
00 BEMHOTO JI3aiiHa TOYBEHHbIX arperaTos.

B rabmmie 3 mpencraBiens 6a3oBhie JaHHbIC,
XapaKkTepu3yoliie rekcaroHaIbHYI0 YIIaKOBKY
BBICOKOJIMCIIEPCHBIX YACTHUI] B BOOYCTOMYNBBIX
arperarax mous. OHU O3BOJIAT ONTHMHU3IPOBATH
TeXHOJOTMYECKIE TTPOTECChl TIPU CO3MAHNN MC-
KYCCTBEHHBIX arperatoB 13 BHICOKOMMCITIEPCHBIX
YACTHI], U3BJICUEHHBIX 13 MATEPUHCKON TTOPOJIBI
MOYB, MPAKTHYECKH He COlepPsRAINX B MCXOHOM
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Tadauna 2

HapaMeprI, XapaKkTrepusymolnue IJa0THYIO re KCaroHaJdbHYI0 YHAKOBRY CTPYKTYPHbBIX 9JIeMEHTOB
B BO,[[OYCTOfI‘II/IBLIX sSpax arperaton

) Ilnamerp cTPYKTYPHOIT sTUeTKHM,
Ronnuecrso ) Obém . Pazmep (bopmupyionieiics n3 arperupoBaHHOTO
rymyca, n - 10" rymyca, n 10°% | rymycoBbIx wacruiy, KOMTILTEKCA KOJTOMHBIX YaCTUI], MKM
I/KOHTaKT cM? /KOHTaKT n-10%cm
X1 XZ X3 X/l
1,39 8,68 4,82 0,34 1,02 3,06 10,8
Tadauna 3
[Tapamerpsi, XapakTepusyoriie MIOTHYIO TéRCATOHATLHYIO YITAKOBRY YacTHIL B arperatax movyB
| O0bEém yacTuig Yuesao KoHTaKTOB
Cryrnenn Jlnamerp I'pannunoe 3 N .
. B 1 eM? RaskmON B CEUEHNN KayRIOT
YHAROBKH CTPYKTYPHOTT KOOPIMHATMOHHOE
b CTYNEHU YITAKOBKU, | CTYHEHU YITaKOBKH,
vyacru (X) | Aueiikn (d.), MKM uucno (Z/4) . 9
: (p/p) =T x- 10
1 0,34 3 0,74 3,67
2 1,02 3 0,55 2,71
3 3,06 3 0,40 2,01
4 10,8 3 0,30 1,49

COCTOSAHWMY BOJIOYCTONYNBBIX arperatoB. Kcan B
oOpas3oBaHuu arperaToB yuyacTBYIOT I'yMYyCOBbIe
BeIeCTBA 1 BBICOKONCIIEPCHbIE TJIMHUCThIe va-
CTHUITbI, TO 00PABYIOTCS arperaThl BOJOYCTOUYNBLIE,
XapaKkTepu3yoIuecs MHOTOCTYITeHYATBIM CJI0Ke-
HIIEeM TeKCArOHATLHBIX STYeeK B s/[paxX BOIOYCTOT-
YUBBIX arperaroB. OTMeTnM, 4To0 HAMH BIIEPBLIE
YCTAHOBJIEHBl 3AKOHOMEPHOCTH M3MEHEHUsI
MPOYHOCTH TeKCATOHANBHBIX siueek. OHa MOKReT
n3MeHAThes o1 00 Kre/cM? B BO3LYIITHO CYXOM CO-
crostanm 10 15 Kre/em? — BO BIaroHachIIeHHOM.

Jlis obpazoBanms TakMX arperatoB HE0OXO-
[IMMa JIOKAJIbHAsI KOHIIEHTPAINS BBICOROJIICIIEPC -
HBIX YaCTHI] U TYMYCca JIJIsi TOTO, YTOObI KasK/Iblil
arpernpoBaHHbI KOMIIJIEKC KOJTOU/IHBIX YaCTHI]
MOT COTTPUKAcAThCA ¢ 12 TOOOHBIMI YaCTHTIAMII,
ITH TIPOIECCH IIPOTEKATIOT B TIOYBAX, U B HEll CO3-
IATOTCS BCe YCJIOBUS 17151 POPMUPOBAHIST PACCMO-
TPEHHBIX CTPYKTYP ¢ TeKCATOHATHHON YITaKOBKOM
BBICOKOJIMCIIEPCHBIX YacThTL mouBbl. Camoe rian-
HOE — BTOT TTPOTIECC MPOTEKALT CaMOTTPOU3BOTLHO,
ABIGRYIIEH CUJION eT0 SIBJISeTCsS 3aKOHOMEepPHOoe
YMEHbIIIEHE CBODOIHON DHEPTUH, CBABAHHOE C
oOpa3oBaHIeM dHEPreTHYeCKNX CBsI3ell MesRILy
KOJITOU/THBIMY YaCTUIIAME MTOYB.

3araoueHne

Takum oOpasom, BliepBbie CO3/IaH AN3aITH
ITOYBEHHBIX arperaTosn. CTpOQHT/Te ITOYBEHHBIX
arperaToB orpejessiercss MopdoOMeTpIIecKIMI
MOKRA3aTEJAMI BBICOKOMCIIEPCHBIX OPTaHOMMU-
HepaThbHBIX YaCTUI, BeJIMUMHAMY CHJT CTIETIICHTS,
BO3HUKAIOTIUMI MEK/Y YacTUIIAMU, 0CODEHHO-

ctsaMn (QOPMUPOBAHIA B arperarax rekcaroHash-
HBIX CTPYRTYPHBIX AYEeK MHOTOCTYIIEHYATOTO
CJIOREHUSI, ONpee/sonnM (popMupoBaHme
npupojHoro obyinka, obpasa arperara. Jlusaiin
MOYBEHHBIX arperatoB — HTO MPOEKT, Ha OCHOBA-
HIT KOTOPOTO MOJKHO CO3/[aBaTh aHAJIOTHYHbBIE
eCTeCTBEHHBIM CTPYKTYPHBIM 00pa3zoBaHmsaM
HOBBIE MaTepHUaJIbl MYTEM MOAUMUITITPOBAHIS
UX CTPOUTEJIHHBIX OJIOKOB — BBICOKOMCTIEPCHBIX
OpraHoOMUHEPATbHBIX YACTHII,
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