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The 150th anniversary of D.N. Pryanishnikov

The Value of Scientific and Agronomic Heritage of D.N. Pryanishnikov
in the Development of Agriculture in Russia

Vladimir G. Loshakov

Institute of Agricultural Chemistry named after D.N. Pryanishnikov, Russian Federation
Dr (Agriculture) Professor, Chief Scientist employee
E-mail: LVG36@yandex.ru

Abstract. The article highlights the role of D.N. Pryanishnikov in the development of
agronomic research in our country, a great contribution to the development of the theory and
practice of agriculture and crop production. Are considered the philosophical significance of
scientific and educational, journalistic and public activities of D.N. Pryanishnikov as a scientist-
agronomist, the scientist-thinker of a global scale, fighter for scientific and technological progress
in agriculture, against anti-scientific views and template approach in solving scientific and
agronomic problems.

His role is demonstrated in solving the challenges of practical agriculture of national
economic importance in the scale of the country and the world. It is the development and
promotion of advanced agricultural technologies, crop rotation theory, implementations in practice
of domestic agriculture; scientifically substantiated criticism of Malthusianism and the
development of prospects for domestic agriculture through comprehensive application of
chemicals. He’s struggled against the formulaic widespread planting of grassland farming systems
as a "panacea"; scientific justification of the crop rotation theory; solution to the problem of
nitrogen nutrition of plants, biological and chemical sources of nitrogen; prognostic decisions and
plans of biologization and chemicalization of agriculture. With the name and activity of
D.N. Pryanishnikov is associated a creation of agrochemical service in the country; development of
the domestic nitrogen fertilizer industry; development and rational use of domestic deposits of
phosphate, potash, lime materials, peat, ash and other both industrial and local fertilizer.

The results are presented of years of research of scientists — students and followers of
D.N. Pryanishnikov, dedicated to the study and introduction of crop rotation and farm agriculture
systems, green manuring, grain specialization and biologization of farming of Nonchernozem zone,
the implementation of many ideas of the outstanding teacher. An example of Nonchernozem zone
shows the scale of D.N. Pryanishnikov thinking, his talent of researchers and scientists — the
organizer, able to successfully solve scientific problems of agronomy and economic problems in the
regions and across the country. Are described the citizen and patriotic qualities of the person, the
courage of D.N. Pryanishnikov, he will to protect the scientific truth, colleagues — scientists who
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have been unjustified in repression of 30-40 years of the XX century. The close connection is
shown of D.N. Pryanishnikov ideas to modernity, the significance of his great heritage for the
further development of promising areas of science.

Keywords: agronomy, agricultural chemistry, crop production, biological nitrogen, clover,
lupine, perennial grasses, green manuring, fertilization, catch crops, crop rotation, farming system,
soil fertility, crop.

BBeneHue

B nipeaziBepun 150-y1eTuA €O AHA poxkaeHud akagemuka J[.H. [IpgaHuImHEUKOBA MBI BHOBD U
BHOBb oOOparaeMcss K OorareillieMy HAayqJHOMY HACJIEAWUI0 STOTO BBIJAIOIIETOCS YYEHOTO —
arpoHOMa, OCHOBOIIOJIOJKHHKA OTE€YEeCTBEHHOW arpoXHMUM, OWOXMMHKa © (usmosora
pacrenwuii [31].

Ha dopmupoBanue HayuyHoro mupoBo33peHus [[.H. IIpsHuNIHUKOBa OKazaiu OOJIBIIIOE
BJIMSHHE BBIAIOIINECA IIPE/ICTABUTENN POCCUUCKONM Hayku, mpodeccopa MOCKOBCKOTO
yHuBepcuTeTta u IleTpoBckoil 3emuenenpbueckoil u JiecHou akazemun: A.I.  CroseTos,
K.A. Tumupszes, B.B. MapkoBuukoB, MN.H. Topoxkankwun, W.A. Crebyr, I'.I. TycraBcoHs,
A.®. ®opryHatoB u gpyrue. Ero BblllycKHOe counHeHHe B MIY ObUIO MOCBAIIEHO TpyAam
OCHOBOIIOJIO>)KHUKOB OTedecTBeHHOTO mouBoBeieHns B.B. Jlokyuaesa u I1.A. Kocteiuesa.

Puc. 1. I.H. IIpAHUIITHNAKOB
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J.H. I[IpAHUIIHUKOB CTajJl JOCTOUHBIM IIPOJIOJIPKATEIEM JieJla CBOMX MMEHUTBIX YUUTeseH.
Ero HayyHOe Hacie[lcTBO OTPOMHO M He IMOTEPSJI0 CBOEro 3HAUYEHHs B HACTOsAIIee BpeMs.
WM omy6IMKOBAHO CBBIIIE 550 HAYYHBIX Pa0b0T, Cpe/Ii KOTOPBIX — JECATKH HAyUHBIX MOHOTpad Ui,
y4eOHHMKOB YW COTHH HAY4YHBIX CTaTeHd, CJIy;KEOHBIX 3alHCOK, HAYyYHO-TIOMYJISIPHBIX U JPYTHX
myOIMKAIMH 110 HAyYHOH arpOHOMUH.

J.H. IIpgaHumHuKOB OBLUI HATPHUOTOM CBOel PoawHBI, W BCS €ro MHOTOJIETHSA U
IUIOZIOTBOPHAS HAyYHO-TIEaroTuIecKas v oOIecTBEHHAs IeATEIbHOCTD Oblyla IIPOHU3aHa UJIesIMHU
CIY?KEHUsI CBOEMY Hapojly, O0pbObI 3a HAayYHO-TEXHUYECKUH IPOTpPecc B 3eMJIEeIUH, ITPOTHB
AHTUHAYYHBIX BO33DEHUU B PeEIIeHWU KaK HayYHO-arPOHOMHUYECKHX IPOOJIeM, Tak W 3a7ad
MMPAKTHYECKOTO 3eMJIE/IeJINH, UMEIOIINX HAPOTHO-X035IUCTBEHHOE 3HAUEHHE.

Tpyauno mnepeonenuts ponb [I.H. IlpAHUIIHMKOBA B pasBUTUU MHOTUX HAIpaBJIeHUU
OTEYECTBEHHON arpOHOMHU, €r0 OTPOMHOE IOJIOXKUTEIbHOE BJIUSHUE B IPOIIJIOM CTOJIETUM Ha
pa3BUTHE MHOTHX OTpacjiell HapOJAHOTO XO3SWCTBA, CBA3AHHBIX C arapHbIM CEKTOPOM Haleu
cTtpaHbl. Benuko m MmexayHapogHoe 3HadeHue [[.H. IIpAHUIIHUKOBA KaK Y4€HOTO C MUPOBBIM
MMeHeM, MBICTUBIIIETO IUIAaHETaPHBIMU KaTETOPUsAMU Ha YPOBHE 6rocdepsl.

B Hamel crpaHe HayuHbIi u TpymoBoi mozsur [[.H. IIpAHUIIHHMKOBA — Y4YE€HOrO H
TpaKJaHUHA TOJYy4YWJ IIMPOKOe HAapOJHOe INpU3HAHME U BBICOKYIO oOIreHKy CoBeTCKOro
MIPaBUTEIBCTBA. B 1926 rojiy eMy B UmcJie MEPBBIX COBETCKUX YUEHBIX ObLIa IPHUCYK/EHA ITPEMHUs
umenu B. U. JleHuHa, a B 1941 T 0H ObLT yzocToeH ['ocymapCcTBEHHON ITPEMUM IIEPBOM CTEIeHU.
B 1929 r. JI.H. IIpsauntaukoB ObL1 n30paH akagemukoMm Axagemuu Hayk CCCP, a B 1935 T.
VTBEPIKJIEH AaKaJeMHUKOM BCECOI03HOU aKaJIEeMHU  CeJIbCKOXO3SMCTBEHHBIX HayK WMEHH
B.A. Jlenuna.

JO.H. IlpasumHuKoB OBbLI HarpakAeH AByMs opjeHamu JleHWHa, Tpems OpAeHaMu
Tpynosoro KpacrHoro 3Hamenu u opjieHoM OTeuecTBEHHOU BOWHBI IIEPBOM CTelleHU. B 1945 T. emy
OBLI0 PUCBOEHO BhICOKOE 3BaHUe ['epost Conmanucruyeckoro Tpyza.

Brimaromasicsi HaygHasi JeATEeIbHOCTb, MEKAYHAPOJTHOE COTPYAHUYECTBO C 3apyOesKHBIMU
yuersivMu [J[.H. [IpsSAHUITHUKOBA MOJIyYrJia IITUPOKOE MPU3HAHUE 3a PyOeKoM — OH ObLI U30paH
MMOYETHBIM WiIeHOM ['epMaHCKOH aKaJeMUHM eCcTeCTBOHUCIbITaTeNel «JleomospauHa» (1927),
[IIBecKONl KOPOJIEBCKOM aKaJieMUU CEJIhCKOTO M JIECHOTO Xo3sifictBa (1913), YexocoBallkou
CeJIbCKOXO3SIUCTBEHHON akazeMuu (1927), wieHOM-KoppecmonzeHToM Ilapukckoit AH (1946),
wieHoM Hupnepaauackoro (1935) u Hemenkoro (1933) 60TaHUYeCKUX 00IIECTB

J.H. IIpAHUITHUKOB — BBIIAIONININCA YUEHBIH-arPOXUMUK

J.H. IIpAHUIIHWUKOB BHEpBble YCTAHOBWI 3aKOHOMEDHOCTH IIPOLIECCOB YCBOEHHUS a30Ta
pacTeHUsAMU, OLIEHWJI pOJIb COEIMHEHHWU BJTOT0 «3JIEMEeHTa >KU3HU», HAIpPaBJIEHHOCTh HUX
IpeBpalleHus U YCJI0BUsA, IPU KOTOPHIX NPOUCXOAUT HopMUpOBaHUe yporkasa. K HUM oTHocsTcA,
MIpEeXJle BCErO, TEOPETHYECKHE OTKPBITHSA B O0JACTH W3yYeHUs OCOOEHHOCTEW YCBOEHUSA
pacTeHHsMH aMMOHHS U HHUTPATOB, pellleHre MPpoOJIeMbl a30THOTO IMUTAHUS PACTEHUH, KOTOpPbIE
HAIIUTU [IPAKTHYECKOE ITPIMEHEHNE — IPU MPOU3BO/ICTBE a30THBIX YI0OPEHUH MPeAIOUTEHIE OTAA0T
aMMUAYHOU CeJIUTPe, Kak Hanbosee 3¢ deKTHBHOMY yA0OpeHHIo [5]. 3a CBOU KIacCUYeCKHUH TPYH —
MoHOrpaduio «A30T B KU3HU pacreHuu u B 3emsenenuu CCCP» Ilpesuamym AxazeMuu Hayk
CCCP npucyzun B 1946 roay JI.H. [IpaaumaukoBy nipemuto uMesu K.A. Tumupssesa.

O6mmpHble wucciefoBaHuA 107 pykoBogcrBoM JI.H. IIpAHUINHMKOBA THPOBENEHBI 110
poccuiickuM MectopoxkaeHusAM ¢ocdaToB U Kaius. B pesysibraTe ObUIH NPeJI0KeHBI HOBbIE (DOPMBbI
IIPOCTHIX U CJIOKHBIX YAOOPEHUH U JJaHa UX arPOHOMHYECKAsS OLEHKA, YTO MOCIIY>KIJIO CTUMYJIOM K
CO3/TAaHUIO OTEYECTBEHHON TYKOBOH IIPOMBIIIIEHHOCTH M pa3paboTKe IUIAHOB XMMUBAIIN 3eMIIEEITHS
crpasbl. /[.H. [IpAHUIIHUKOB OIpeAei IJIaBHYIO 33/1a4y arPOHOMHYECKOU XUMUU KaK «U3ydeHUe
KPYTOBOPOTA 3JIEMEHTOB B 3eMJIEZIE/INU U BBIIBJIEHUE TEX MeP BO3/IENCTBUA HA XMMUUYECKHE ITPOIIECCHI,
MIPOTEKAIOII1e B PACTEHUH, KOTOPBIE MOTYT ITOBBIIIATh YPO3Kal I U3MEHATD €TI0 COCTaB» [5].

Nmenno Ttak /Imurpuit HwukosaeBuu paccMarpuBajl IpUMeHEHHE MHWHEPAJIbHBIX U
OpraHMYecKUX yAOoOpeHU#, a Takke BO3/eJblBaHHE O00O0BBIX U CHUEPAIBHBIX KYJBTYD,
HCIIOJIb30BaHUA TOpda, OMOJOTUUECKUX OTXOJO0B, M3BECTKOBBIX MAaTepUasIOB, 30JbI U JIPYTHUX
MEeCTHBIX YZIOOpEeHUH KaK UCTOYHUKOB 3JIEMEHTOB MUHEPAIBHOTO MUTAHUS PACTEHUN.

AxtuBHb Tonck J[.H. I[IpAHUITHUKOBBIM HCTOUHUKOB OHMOJIOTUYECKOTO U XUMHUUYECKOTO
a30Ta; IPOTHOCTUYECKUE pelleHUs U IUIaHbI 10 OMOJIOTU3AIlUM U XUMHU3AUUU 3eMJIefieius, 10
Pa3BUTHUIO OT€YECTBEHHOU a30THO-TYKOBOUM IIPOMBIIIJIEHHOCTH; 110 Pa3paboTKe MECTOPOK/IEHUH U
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panMoOHAJIBHOMY HCIIOJIb30BAHUIO OT€YeCTBEHHBIX (HOChHOPHUTOB, KATUHUHBIX COJIEH, 110 CO3AAHUIO
Teorpaduueckoii ceTH OMBITOB C YAOOPEHUAMU U arPOXUMUYECKOHN CIIY>KOBI SABJIAIOTCA KPYIHBIM
Biaazom JI.H. TIpAHUIIHMKOBA B AarpoOXMMHUUYECKyI0 HAYKy H CHITPIM OOJBIIYI0 pOJb B
XUMU3aIUN 3eMJIe/le/Iis Hallell CTpaHbl, B MOBBIIIEHNN YPOXKAHHOCTU CeJIbCKOXO3SIUCTBEHHBIX

KyJaeTyp [5, 7, 9, 11, 19, 27, 33, 39].

YueHBbIN arTPOHOM M TAJJTAHTJIUBBIU ITE€Aaror

J.H. IIpaHUIIHUKOB OBLT HE TOJIBKO OCHOBATEJIEM OTEUYECTBEHHON arpoXUMUM, KPYIHBIM
O6moxuMuKOM, (HUBMOJIOTOM  PACTEHUH, HO W  OCHOBOIIOJIOXKHUKOM  OT€YECTBEHHOU
arpOHOMHYECKOM HAyKH B CaMOM IIHPOKOM CMBbICJIe 3TOTO cjioBa. COTHHM HAyYHBIX TPYZAOB
J.H. IIpaaumIiHuKoBa OBUTM IOCBAIIEHBI CAMBIM PA3JIMYHBIM BOIIpOCaM OOIIEro M YacCTHOTO
3eMJIeZiesivsA, MHOTHE U3 HUX He YTPaTWIN CBOEH aKTyaJIbHOCTU U B Haile BpeMms [8, 9, 11, 15, 24,
26, 27].

K coxanenuro, 06 5ToM nHOTAA 3a6b1Ba0T U yacto nuuryt o JI.H. IIpaHUITHUKOBE JINIIH KaK
O BBLIAIOIIEMCS arpoxXuMUKe, HE pacKpblBasg ero OOJIbIION U MHOTOTPAHHOU HayJHOU
JIeATEJIbHOCTH B 00JIACTH APYTUX arPOHOMUYECKUX HayK. TeM caMbIM HEBOJIbHO YMAJIsAeTCsA POJIb U
3HAUYeHUe 3TOT0 BBIIAIOIIETOCA YYeHOrO0 — arpOHOMA B Pa3BUTUU JPYTUX HalpaBJIeHUN HAay4HOU
arpOHOMMU U IIPAKTUYECKOTO 3eMJIeeIIHA.

PaznocToponHsa u HeOOBIYANTHO IUIOAOTBOPHASA JeATENbHOCTD akaJieMuKa
J.H. IIpAauimHuKOBaA — Y4YEHOTO C JSHIUKJIOIENYECKUMH 3HAHUAMHU — OKa3aja OTPOMHOE
BJIMSHUE HA Pa3BUTHE He TOJIBKO arpOXUMHUYECKOU HAyKH, HO U APYTUX arPOHOMUYECKUX HAyK, U,
MIPEeXK/Ie BCETO, 3eMJIEIENIHNA — KaK OOIIEero, TaK M YaCTHOTO (pacTeHHUEBO/ICTBA)

Hocratouno BcrioMHUTH, 4TO /JI.H. IIpAHMITHMKOB B TeueHMe 33 JieT BO3IVIABJIAJI B
MOCKOBCKOM CEJIbCKOXO3SMCTBEHHOM HWHCTUTYTE — MOTOM THMHUDA3€BCKON akazeMuu - Kadeapy
YyacTHOTO 3eMuiefienus (pacTeHneBo/icTBA). Kak yueHBI-arpOHOM | IO JIOJITY CBOEU CIIyKOBbI, U I10
IIPU3BAHUIO, OH IIOCTOSHHO 3aHUMAJICA Pa3pabOTKOM HAYIHO-TEOPETUYECKHX OCHOB HAyYHOU
arpOHOMUU U BHE/IPEHHUEM UX B YUeOHBIN ITPOIIECC, B IIPAKTUKY 3€MJIIEIEIIHA.

VYike c NepBBIX JIET CBOEU HAy4yHO-IIeJIarOTUYeCcKOH /eATeIbHOCTH B cTeHaX MOCKOBCKOTO
cesibckoxo3siicTBeHHOro nHetutyTa [ H. IIpAHUITHUKOB yensas 60IbII0e BHUMaHNe U3YIEHUI0 1
pa3paboTKe arpOTEXHUKH BO3/EJIBIBAHUSA IIOJIEBBIX KyJIBTYp. bosiee 30 JIeT OH YWTajl OCHOBHOU
KypC YaCTHOTO 3eMJIE/IeJIHsI, KOTOPBIA OH ITOCTOSIHHO COBEPIIIEHCTBOBAJI M 000TaIaJT BCE HOBBIMU U
HOBBIMH 3HAHUSIMH 110 TEOPUH U MMPAKTUKE KaK YACTHOTO, TAK U OOIIETO 3€MJIE/IEITHA.

TBopuecku pasBuUBasi HaydHOe Hacjeaue cBoero yuwmtesnas mnpodeccopa HM.A. Crebyra,
J.H. IIpaaumHuKOB Hanmucay U B 1898 rozay BBIMyCTUJI TEPBOE U3J/IJaHHE CBOET0 ydeOHHKA
«YacTtHoe 3emiteziesiie». TOT YYeOHUK BbIJIep:Kajl BOCEMb U3JaHUI (II0C/IeHEee BBINLIO B 1931
rojly), TepeBe/IeH Ha WHOCTPAHHbBIE S3BIKH, W CHITPajJ OOJIBIIYI0 POJIb B IOATOTOBKE MHOTHX
ITOKOJIEHUH arpPOHOMOB KaK B HallleHd CTpaHe, TaK U 32 PyOeKOM.

Vuebnuk /I.H. [IpsaaumnankoBa «HacTHoe 3eMyeesine» coJiepa OOIIMPHBIN CIIPABOYHBIN
Marepuas Mo OHOJIOTUM W TEXHOJIOTMHM BO3/IEJIBIBAHUS IIOJIEBBIX KYJIBTYDP. B 3TOM yueOHUKe
J.H. IIpAHUIIHUKOB pa3paboTay U Jiajl HOBYIO, OoJjiee COBEPIIEHHYI0 KJIACCHU(UKAIUIO I0JIEBBIX
KYJIbTYD, OCHOBHbBIE 3JIEMEHTHl KOTOPOM COXpaHWINCh U He YTPaTUJIU CBOEro 3HaueHWsd U I
COBPEMEHHOI'0 PACTeHNEeBO/ICTBA.

Kaxkyioe ouepenHoe n3naHue yuyeOHHMKA «YacTHOe 3eMuliefiesie» BBIXOAWIO OOOTalleHHOe
HOBBIM HAY4YHBIM U IPOU3BOACTBEHHBIM (DAKTOJIOTMUYECKUM MAaTepHUasioM II0 BCeM II0JIeBbIM
KYyJIbTypaM.

910 OBUIM HE TOJIBKO Pe3yJIbTaThbl OPUTUHAIBHBIX HcciaenoBanuil /[ .H. IIpsHUITHUKOBA B
MIOJIEBBIX M BEreTAllMOHHBIX ONBITAX C 3€PHOBBIMHU, TEXHUYECKUMHU, KOPMOBBIMU U APYTUMU
MOJIEBBIMHU KyJIBTYPaMH, HO U OOTraThIi SKCIEPUMEHTAJIbHBIA MaTEPUA] OTEYECTBEHHBIX W
3apy0eKHBIX HAYIHBIX YUPEKIEHUH, TEPEJOBOH MPOU3BOICTBEHHBIH OIBIT B 00JIACTH arpPOHOMUH.

C nenpi0 m3ydeHHMs HOBOTO U MPOTPECCMBHOTO B TEOPUU U IIPAKTUKe 3eMJIeflesIns
J.H. IIpAHUIITHUKOB COBEPIINJI 32 CBOIO JKU3Hb O0JjIee 50 M0e3/I0K, TOOBIBAB BO MHOTUX PETMOHAX
CBOEU CTpaHbI U 32 pyOeKoM.

XapaxkrtepHoit ueptout /[.H. [IpssHUIIENKOBA OBLJIO TO, YTO, ObIBasi 3a TPAHUIIEN B TOU WU
MHOU CTpaHe, OH Bcerjia OOCTOATEIbHO U KPUTHYECKH OIEHUBAJI COCTOSHUE ee 3KOHOMUKH,
CEJIbCKOTO XO3AMCTBA — CKOJIBKO MPUXOJUTCA 3€MJIM HA 1 JKUTeJsA, KaKOBa YPO:KAaWHOCTh, KAaKOB
YPOBEHb KU3HU HaA cejie U B TOPOJie, XapakKTep MUTPallU CeJIbCKOIO HAacesJeHUsd, I7/ie JielleBie
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IleHbl Ha y/oOpeHUs Wik Ha x1ed u T.7.. Ha mpumepe 'epMaHuM OH XOPOIIO MOHUMAJI, YTO
YPOBEHb IPOU3BOJICTBA a30THBIX M (HOChHOPHBIX YAOOPEHUI OIpe/iesisieT BOEHHBIH IOTEHITHAI
cTpaHsbI [31].

Yke B npexsioHHble To/bl — B 67 jsier [I.H. IIpAHUIIHUKOB MHpOJiesia KeJIe3HOA0POKHOE
MyTelIeCTBUE TMPOTSIKEHHOCThIO 17 ThIC. KM, IOObIBaB Ha KOJIBCKOM IIOJIyOCTPOBE, B
CsepyutoBckoi, HoBocubupckoit obsactsax, Ha Cunuinu 1 B Ta/pKuKUCTaHe, U Be3Jle IBITINBO
3HAKOMSICH C COCTOSTHUEM U MePCIIeKTUBAMHU PA3BUTHA MECTHOTO 3eMJiefieus [11].

Ho cambIM r71aBHBIM JJOCTOMHCTBOM yueOHUKA «YacTHOe 3emeziesne» ObLIO TEOPETUIECKOE
000CHOBaHME TIPHUEMOB BO3/IEJIBIBAHUSA CEJIBCKOXO3SIMCTBEHHBIX KYJIBTYDP, HCXOAA U3 UX
O6mosiormyecknx 0oco0eHHOCTeH. ATy OCHOBY mocTtpoeHusa yuyeOHuka cam JI.H. IIpAHUIIHUKOB
OTMeTWJ B TMPEJAUCIOBUM K HEMy, yKas3aB, UYTO «33Jladya YacTHOTO 3eMJIeJIeIUS COCTOUT
MIPEUMYIIIECTBEHHO B COIJIACOBAHHHU IIPUEMOB KYJIBTYPHI C OCOOEHHOCTSMH B TpeOOBaHHAX
OT/IeJIbHBIX paCTeHUM» [26].

3HaKOMSICh C cOJiep:KaHueM TocIeTHUX u3/ilanuii yuebnuka J[.H. IIpsaaumaukoBa «HacTHoe
3eMJiefieJiie», MOpa)kaellbCcsi COBPEMEHHOMY 3BYYaHUIO U aKTyaJbHOCTU TEX BOIPOCOB, KOTOpbIE
M3J1araeT aBTop B yueOHUKe 80-JIeTHEN TaBHOCTH.

MoO3KHO ¢ YBEPEHHOCTBHIO CKa3aTh, YTO MPH HEKOTOPOM OOHOBJIEHUUM H JI00ABJIEHHU €r0
COJIEP’KAHUs C YUETOM IOCTETHUX JIOCTHKEHWH HAyKU W TEXHUKU B 00JIaCTH pPacTEHHUEBOJICTBA
yueObHUK /I.H. IIpgHUITHIKOBA MOKHO OBLIO OBI M ceiyac HCIIOJIb30BaTh KaK OCHOBHOUM IIpH
W3yYEeHUHU 3TOU JUCIHUIUINHBI B CETbCKOX03HCTBEHHBIX YUeOHBIX 3aBeJIEHUAX HAIlleH CTPaHBbL.

Hpyroti yuebHUK akanemuka [I.H. IIpaaumHukoBa «YdeHue o0 y/IoOpeHUU» B TeUeHUE
MHOTHX JIeT (DAKTHYECKH SIBJISIJICA OCHOBHBIM YUYeOHBIM PYKOBOACTBOM IO arpoOXHMHHU U JJIA
CTYZEHTOB U JJIsl MMPaKTUUYECKUX PAaOOTHUKOB CEJILCKOTO Xo3sicTBa [23]. Tperbe usmaHue 3TOTO
y4ueOHHKA 1107 Ha3BaHUEM «ATPOXUMUS» B 1940 roay 0110 yaocToeHo ['ocy/1apcTBeHHOM TpeMUM.

Ob6syazlasg  3HIUKJIONEINYECKHMH 3HAHUAMH, OCTPHIM YMOM M XOpOIled maMAThIO,
J.H. IIpAHUITHUKOB OBLI NPEKPAaCHbIM JIEKTOPOM M IONyJIAPU3aTOPOM HAay4HBIX 3HaHUN. OH
XOPOIIIO BJIaJIeJI CJIOBOM U IIEPOM, W, cjaeays 3aBeTy cBoero yuuresns K.A. TumupsseBa «Paboratb
JUIsI HAYKH U TTHCATh JIJIS1 HApO/ia», TIIATeIbHO TOTOBHJICS K CBOUM ITyOJIMYHBIM BBICTYILIEHHSM.

B Tperbem TomMe wuszbpaHHbiXx counHeHuii [[.H. IlpsauauimaukoBa (1965) OIyOJIHKOBAaHBI
CTEHOTpaMMBbl 21 JIeKIIUU 10 Kypcy «BBesieHue B arpoHOMHIO», KoTopble JImutpuii Hukonaepuu
YUTaJI NEPBOKYPCHUKAM BcexX (pakysnbTeToB THUMUPA3EBKU B BOEHHOM 1943-1944 y4yeOHOM Trojy,
KOrZla OH TOJIbKO BepHysca u3 CpegHeil Asum, I7le BMecTe CO BceM IpodeccopcKo-
MIPEIo/IaBaTEILCKIM KOJUIEKTUBOM aKaJIEMHUH ObLT B 9BAKyaIHH.

Ha BBOAHBIX JIeKIMAX B TeudeHUe AByX ceMecTpoB /I.H. IIpAHUIIHUKOB 3aHUMATEJIBHO
W3JIaTajl CTyIeHTaM HCTOPHWIO Pa3BUTHUA arpOHOMHUU CO BpeMeH japeBHux I['peruu m Puma gm0
cepenuHbl XX Beka. CTeHOTpaMMBI 3TUX JIEKITUH, BbimpaBaeHHble caMuM J[.H. IIpssHUITHUKOBBIM,
SIBJISIIOTCST 00Pa3I[oM IOy ITPU3AINU aTPOHOMUYECKUX 3HAaHUH. [IoHUMas, UTO B ay/TUTOPUU CH/ISIT
BuepamHue MmKoJAbHUKY, [[.H. IIpAHUIIHUKOB HAa BBOJHBIX JIEKI[UAX IIPOCTHIM U OOpa3HBIM
A3BIKOM YBJIEKaJI CBOUX CJIyIIaTesiell B MUP arPOHOMUYECKUX 3HAHUH.

C TakuM ’Ke MacTepcTBOM OH B 3THUX JIeKIUAX OIHKCHIBAeT WCTOPUI0 Pa3BUTUA
CEeJIbCKOXO3AMCTBEHHOTO 00pa30BaHusA, B TOM YHucje U UCTOpHI0 I1eTpoBCKOM 3eMiiefiesibuecKou U
secHoi axagemuu. 3pech ke J[.H. IIpAHUIIHUKOB [gaeT fApKUM o0pa3 CBOEro y4yuTess
K.A. TumupsseBa Kak y4eHOro, uejioBeka U rpaxkzaHuHa.llpocroil, HO ocTponoseMUuecKun
XapaKTep IOBEeCTBOBaHMUA — Oecelbl 3aXBaThbIBaeT YUTATeJIs, U TPYJAHO OTOPBATbCA OT TEKCTA,
YTeHHEe KOTOPOTO JOCTaBJISIET OOJIBIIIOE YAOBOJBCTBHE. Tak MHCATH KJIACCUKH OTEUYEeCTBEHHOU
arpoHOMUM.

MHorouuciaeHHble TpyAbl u  nyOonuusable  BeicTymieHus J.H. I[IpsHumrHuAKOBa
CBUJIETEBCTBYIOT O TOM, UTO €r0 HayYHbIE€ MHTEPECHI KaK yUeHOT0-arpOHOMA BBIXOJIUJIN JAJIEKO 3a
PaMKU BOIIPOCOB YAaCTHOTO 3eMJIeIeTUS.

3a xuMHu3anuIo 3eMJie/le/IvA, IPOTUB TPAaBOIIOJIbA

B 1925 r. [I.H. IIpAHUIIHUKOB BBICTYNIMJI C peublo «Manbryc U Poccua». Ananusupys
IIepCIeKTUBBI ITPOJIOBOJILCTBEHHOTO OasaHca Poccuu, OH TOBOPWI, YTO C IMOMOIIBIO BBEJEHUS
IIPOMAIIHBIX KYJIBTYD, KJIEBEpA U MUHEpanbHblX YydobpeHuil (KypcuUB HAml — ABT.) MBI MOXKEM
MIO/THATH MPOU3BOZCTBO xJyieba (1 kaprodess B mepecuere Ha xjeb), UAyIIEro B IMUILY JIIOJAM, B
8 pa3, 1 «..3TO O3HAuaeT, 4TO ellle Ha 150 JieT Brnepes Poccus MoKeT He AyMaTh O HEJOCTATKe
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CPEJICTB IIPOJIOBOJIBCTBUS, €CJIM OHA Jake OyJleT yZBauBaTh HaceJleHHe 4epe3 KaKJble 50 JIeT»
[27, . 111, c. 214].

OcraHaBiuBasCh Ha TEOPHUU IOJHOTO Bo3Bpara JImbuxa, /I.H. [IpAHUIIHUKOB MHCAJI, YTO
KOIJla Mbl JieJlaeM MOZCUeT BBIHOCA IIUTATEIBHBIX BeEIIECTB OyAyIIUMH YpOXKasMHU U
COOTBETCTBYIOIIMX Pa3MePOB BO3MeIeHUs ero, TO 3TO OTHIO/Ib He 3HAUUT, YTO MBI JIOJPKHBI CJIEII0
cenoBaTh Te3ucy Jlmbuxa O TOJIHOM BO3Bpare BCErO B3SATOTO Yy IOYBBI. Telepb HU3BECTHO
HECKOJIBKO 0oJibIlle, yeM ObLIO u3BecTHO JIMOMXy 100 JieT Hasad, W HaM He JUI Yero
PYKOBO/ICTBOBAThCS alIPUOPHBIME cooOpakeHuAMU 1840 1. K HammmM ycsyram Bech IMOC/IeAY IO
onbIT 3anmagHON EBpoIbI, MOKa3aBIINM, YTO MOAHATHE YPOXKAEB J0 BBICOTHI 20-25 I C TeKTapa
BIIOJTHE COBMECTHMO C U3BECTHBIM JIe(UITUTOM a30Ta U Kaytus [27].

IIponaranupysa KJIeBEpOCesIHUE u IUIOAOCMEHHYIO cucTeMy 3eMiefiesusd,
J.H. [IpAHUITHUKOB B TO K€ BpeMs pEIIUTEJBbHO BBICTYNIJ MPOTUB MIAGJIOHHOTO U
IIOBCEMECTHOTO HCIIOJIb30BaHUS I0JIEBOTO TPABOCESHUSA KaK «IIaHAIEU OT BeexX Oen» [24]. B cBoux
HAyYHBIX TPyZlaX U MyOJIUIUCTUYECKUX BBICTYIUIEHHUAX OH OOpOJICA C MONBITKAMU CTOPOHHHUKOB
TPaBOINIOJIBHOM CHCTEMBl 3eMJie/leJIusd IOAMEHUTh €0 peasjibHble IPOrpaMMBbl I1OBBIIIEHUA
ILJIOJIOPOAVSA TIOYBBI C IIOMOINBIO YZIOOPEHUH, 1 HA 3TOH OCHOBE OTKA3aThCs OT IUIAHOB PA3BUTHUA
TYKOBOM IPOMBINIIJIEHHOCTHU, OT XUMU3aLNHU 3eMJIefie/Ius B Halllel cTpaHe.

OH MyXeCcTBEHHO 0OOpoJic C HEJOOIEHKON 3HAUYeHHs IIPOU3BOJCTBA U IIHPOKOTO
IIPUMEHEHUs MUHEPAIbHBIX y/IOOpEHUU B 3eMJIe/IEJINN HAIlEH CTPAaHbI, BEJI OCTPYIO IOJIEMUKY C
B.P. BuwibsiMCOM U €r0 CTOPOHHUKAMU, CUUTABIINMU, YTO HEAOCTATOK MUHEPAJIbHBIX y/I00peHUN
MO>KHO BOCHOJIHUTH YJIy4IlIeHHMEM CTPYKTYpPbl IIOUBBI C IIOMOIIBI0 MHOTOJIETHUX TPaB B pPaMKax
TPaBOIIOJILHOU CUCTEMBI 3eMuieienus [3, 12, 27].

Ero cratesa «TpaBomosibe 1 arpoOXuMusi» ABJAETCS 00pa3ioM OOphOBI 32 HAYYHYIO UCTUHY B
CJIOKHOM TIOJIEMHKE C MMEHUTBIMH ommnoHeHTaMH. OmyOJMKOBaHHas B JKypHasle «XHUMU3AIUA
COIUAJIMNCTUIECKOTO 3eMiefieina», N9, 1937 T., OHa HauuHaeTcs cjioBaMu: «HeBeposTHO, HO
daxkT: UMeroTCA aBTOPBI, CIOCOOHBIE ITPOTHUBOIIOJIATATh BOIIPOCHI TIOYBEHHOM CTPYKTYPBI BOIIPOCAM
MUHEPIHHOTO MMUTAHUSA, TPABOIIOJIbE — XUMHU3AIUU U JIa’ke OMOXUMHUIO — arpoxumun» [27, T. 111,
c. 192].

I'nyboko ybOexZieHHBIN B CBOEU IMPAaBOTE, OCHOBAHHOM HAa HAYYHBIX 3HAHUAX U (DAKTAX,
rcropudyeckoM onbiTe 3emuenenusd, [[.H. [IpAHUIIHUKOB IOABEPraeT yYHUUYTOXKAIOIIEH KPUTHUKE
CBOUX OIIIIOHEHTOB, He JIOMyCKasd Jake MBICJA O TOM, YTO BOIIPEKH 3/IpaBOMY CMBICIY YTO-TO
MO2KeT OBITh HHAYE.

OH kKaMHA Ha KaMHe He OCTaBjfeT OT W/IE0JIOTUYEeCKOM OCHOBBI TpaBomosibsa: «Ho B
TPABOIIOJIBHOU CHCTEME HEKOTOPbIe BUAT KaKyI0-TO IMaHAIEI0 OT BCeX 30JI, HE3aMEHUMYIO «BO BCe
BpeMeHa U [ BCEX HApPOJOB», 3a0bIBas, MO He MOXdcem Cyujecmeosambs OOHOIL CUCMmeMbl,
00uHaKo080 npu200HOll nogcrody, Kak A MaJIOHACEJIEHHBIX, TaK W I TyCTOHACEJIEHHBIX
palioHOB, HAaNpUMep, U JJi >KUBOTHOBOJAUYECKUX XO3AUCTB 3aBosnkbsA U Kazaxcrana, u id
CBEKJIOCAXapHBIX XO3fAMCTB CeBepHOM YKpauWHBI: €CJIM B IEPBOM CJIydae YMeCTHO SKCTEHCHUBHOE
TPaBOIIOJIbE, TO BO BTOPOM CJIy4ae HYKHbI MHTEHCHBHBIE IIOJIOCMEHHBIE ceBOOOOpOThI. Cienyer
TOBOPUTH O TeorpaduveckoM pasMeIeHUN PA3HbLX CLCMeM U CBA3aHHBIX ¢ HIMU CEBOOOOPOTOB, B
COOTBETCTBUU c o0I1erocy/1apCcTBEHHBIMU HHTepecamMu u y4eToM MECTHBIX
€CTeCTBEHHOUCTOPUUECKUX U XO3AHCTBEHHBIX YCJIOBUM U OCTaBUTh MeEUYTY O KaKOM-TO
«(punocoPCcKOM KaMHe» YHUBEPCAJIbHOIO 3HAYEHHUA, O KAKUX-TO Nnymsax pedopMuposaHus
cenbcKo20 xo3aiicmaea 8He 8pemeHU u npocmpaHemsa» [27, T. 111, C. 193-194].

[IpuHIUIHATIBPHOCTD, MYKECTBO B O0pPBHOE 3a HAYUHYI0O MCTHUHY, HACTOMUMBOCTh U KHUITydast
sHeprus JI.H. IIpAHUITHUKOBA MMO3BOJIMJIA MIPEO0JIETh OIMIMOOYHOCTH JIETKUX U COMHUTETHHBIX
pellleHui B MOBBIIIEHUU IJIOIOPOAYS MOYBBI U YPOXKAWHOCTU CEIbCKOXO3SANCTBEHHBIX KYJIBTYD,
yOequTh MpaBUTEIbCTBEHHBIE OPTaHbl B HEOOXOAWMOCTH CO3/IaHUS B CTpaHE MOIIHOU TYKOBOM
MIPOMBIIIIJIEHHOCTH Y HAUaTh XUMU3AIUIO 3eMJIeZleJUA MUPOKUM (PPOHTOM.

JO.H.  IIpAHUOIHUKOB 00J1a71aJT BBICOKOH JOOPOTOPSAOYHOCTHIO M MPUHITUITHATHLHOCTHIO,
MY>KECTBEHHO OTCTAaWBaJI HAayYHbIE UCTUHBI U CBOU YOEXKIEHUS B OCTPHIX JUCKYCCHUAX CO CBOUMU
ONIIOHEHTAaMU, CMeJIO BCTaBaJI HA 3alUTy CBOUX Kojuler. CaM HaXo/sACh MO/, MTOCTOSSHHOU YyTPO30U
HEOIIPaB/JIAHHBIX peIpeccuil, OH MYKeCTBEHHO BBICTYIIIJI Ha 3alUTy pPelpecCHPOBAHHOTO
H.J. BaBusioBa, BCTYynIUB B HepaBHYI0 00pr0Oy ¢ camuM Bepus. Tak >ke pelIuTesbHO U CMeJIO OH
3aIuInaa HeoOOCHOBAaHHO pemnpeccupoBaHHBIX cBoux Kosuter A.I. Jlospenko, H.M. Tysaiikosa,
II.P. IuHna3e U APYTUX U3BECTHBIX YUEHBIX, 00BABJIEHHBIX «BparaMu Hapoza». O06 3ToM SpKO
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CBUACTECJIbCTBYIOT €ro IINCbMd, KOTOPbIE COXpaHWJIMNCb B JIMYHOM (bOHILe aKaZeMHuKa
J.H. Hp}IHI/IIHHI/IKOBa, 1 OJHO U3 KOTOPBIX IIPUBOAUTCA HUXKE!:

«IIpencenaremnto IINK Coroza ToB. KaimHuHy

MuoroyBaskaemblii Muxann MBanosuu!

B cBoe Bpems Bbl ipu stmuHOU Oecesie CIpaInBaIid MEHs, YTO TOPMO3UT Pa3BUTHE HAYIHO-
rccsenoBaTebckux pabot B Coro3e B 00J1aCTH arpOXUMUH, a TAKXKe YeM 3aMeljIfAeTcs BHeIpeHue
HAyKU B IIMPOKYI0 IPAKTUKY COLMAIIMCTUYECKOTO 3emiezieniusa. OJHUM U3 OCHOBHBIX TOPMO3OB,
Ha MOU B3IJIS/, SIBJISETCS OTCYTCTBHE KaJIpOB, BJIAZIEIONINX BCEH CyMMOM HEOOXOJHUMBIX METOIUK
HayYHO-HCCJIEZI0BATEIHCKOTO MBIIILJIEHHUS, & TAK)KE CIIOCOOHBIX CTABUTh HAa pa3pelieHne mpo0ieMbl
IIPUMEHUTEJIBHO K KPYNHOMY COIMajJuCTUYecKoMy 3emuiefieninio. Cpelu MOUX YYEHUKOB,
BBIMYIIIEHHBIX HAa arpoOHOMMYECKYI0 M HAyJHO-HCCJIEOBATENbCKYI0 paboTy 3a 45 JIeT Moel
IIPENO/IABATENIbCKON  JIEATEIbHOCTH, OCOOEHHO BBIJIaBAJICSI CBOUMH 3HAHUAMU U YMEHHEM
IIPETBOPATH JOCTUKeHUsA Hayku B IpakTuky C.C. I'epkeH.

Arponom C.C. I'epkeH 1ocjie OKOHYaHUSA C.-X. THCTUTYTA B 1913 T. B TeueHUe 8 JjieT 3aBe/I0BaJI
BoJsiokoslaMCKUM JIBHAHBIM OIBITHBIM II0JIEM, 3aTeM B TeYeHUe 7 JIET COCTOSJ 3aBelyIoIIuM
OTZEJIOM I10JIEBO/ICTBA MOCKOBCKOM 00JIaCTHOM OMBITHOHM craHIuuU. B 1927 1 1928 rr. paboran B
HAyYHOM WHCTHUTYTE YAOOpPEeHUH M B 1929 T. ObLI BHIOpPaH JIEKAHOM CEJIbCKOXO3SHCTBEHHOTO
dakynpreTa Huxkeropozickoro yHuBepcureTa.

T'ox Tomy Haszam, B Hoss0pe mecsie 1930 roma C.C. I'epken ObL1 apectoBaH B HinkHem
Hosropoae u B Hactosinee BpeMms kosuteruein OI'TIY ocykieH K 5 rojgaM KOHIIEHTPAITMOHHOTO
Jlarepsl U HAXOAUTCA B AKMOJIMHCKOM paiioHe.

Eme Oyayun crymentom, C.C. I'epkeH TpPOSBHI HEAIOKUHHBIE CIOCOOHOCTH KakK
HCCIIeZIOBaTeNb, paboTasl y MeHs B Jiabopartopuu U caaan Ha Kadenpe u3ydeHUs yA0OpeHHI
JIUIUIOMHYI0 paboTy. Bo Bpems cBoeil 15-yieTHel pabOThI IEPBOHAYAIBHO B KavyecTBe AUPEKTOPA
BoJiokos1aMCKOTO ONBITHOTO MOJIA, a 3aTeM 3aBeaytomiero otgenom mnosesojactBa C.C. I'epken
IPOSIBIJI 0COOYI0 CITOCOOHOCTH CTAaBUTh HA pa3pelleHre CIIOKHEHIIE BOIPOCHl U pasperiaTh UX
npocredimuMu U jgoctynHbiMu Meronamu. C umenem C.C. T'epkeHa cBsi3aHa BCA MeETOJUKA
II0JIEBOTO OIIBITA JIBHAHOTO Jlesia.

A He 3Har BuHOBHOCTH U npecryiieHus C.C. T'epkena. A mpeamnosiararo BO3MOXKHOCTb
HINYUSA 3/1eCh OIMMUOKH WJIM OrOBOpa KeM-JU0O0 W3 JAEHCTBUTENIBHBIX IMPECTYIHUKOB IIPOTHUB
CoBeTckoil BjaCTH.

Ouensp npoury Bac, Muxaun VBaHoBu4, pacnopaautbes nepecMmotpets gesio C.C. I'epkeHa,
100 MHE XOPOIIIO U3BECTHA €T0 UCKJIIOUNTEIbHAS MPETAHHOCTh CTPOUTETLCTBY JI€JIa COMUAIN3MA B
HaIlled CTpaHe, ero KHUIly4yasl SHEPTUsA U UCKJIIOUUTEIbHbIE CIIOCOOHOCTH, KOTOPBIE JIOJI?KHBI OBITH
0COOEHHO WCIIOJIb30BAHBI B HAIIM JHH, KOTZIA BOJIEW MMPABUTEIbCTBA U MAPTUH KaK IO BOIPOCAM
XUMU3AIUY, TAK U CKOpeUIleMy Pa3BUTHUIO JIBHOBOJCTBA IIPU/IA€TCA 3aKOHHOE U UCKIJIIOUUTETIbHOE
3HaueHue. B atux Bompocax C.C. I'epkeH pacrioyiaraet COMUAHBIM H6araxom u, 6€3ycI0BHO, MOT ObI
IIPUHECTH ITOCUJIBHYIO IOMOIIIb.

A1 mpoury Bac nepecmotpets nocraHoBieHue kosterun OI'TIY u cuuraro, uto C.C. I'epkeH
JIOJDKEH OBITh HCIIOJIb30BAaH IPHU Pa3BePTHIBAHUU pabOT TOJIBKO YTO OpraHu3oBaHHOro HaydHo-
HCCJIe/I0BATEIbCKOTO MHCTUTYTA MO YAOOpPeHUsAM B cocTaBe Bcecoro3HOU cebCKOX03ANCTBEHHOU
Axkanemuu numeHu JleHuHa.

Ecsim BO3MOXKHO, TIPOIILy COOOIIUTH MHE, UTO BBl HaiifieTe BO3MOKHOCTD CZI€JIaTh YTO-TO B
otHomeHuu cyasopl C.C. 'epkeHa u nmpu3HaeTe JIM BO3MOXKHBIM IIEPECMOTPETH €r0 COBPEMEHHOE
moJiozkeHue» [32].

ITo Beipaskenuro M.X. YainaxsaHa «IIpaHUIIHUKOB OBLI COBECTHIO HayKu». OH OT/IMYasICA
OOJIBIIION OT3BIBYMBOCTHIO M1 BHUMAHHUEM K CBOUM MHOTOUYHCJIEHHBIM KOJUIETAM U YYEHUKAM, ObLI
JUISL HUX IIEHTPOM IPUTSKEHU, ICTOYHUKOM HAyYHBIX 3HAHUH U HAPOJIHOU MY/IPOCTH.

B O6aucratenpHom odepke o /JI.H. IIpAHUIITHUKOBE W3BECTHBIM arpoOXMMUK aKa/eMUK
B.I'. MuneeB, 00001mass OOJIBIIION MaTepuayl O €ro JKU3HU W JeATETbHOCTH, OTMEYAeT, YTO
Omvutpuii HwukosiaeBuu OB IPUMEPOM COYETAHUS BEJIMKOTO YYEHOTO M TIpakJIaHUHA.
«BJaroposiHoe ciy>keHue HayKe OH COeUHS ¢ JIF0O0BBIO K JIOJAM U OJIULETBOPsI o000 00pa3
rpaKJ@aHUHA, C HWCKJIIOYNUTEIBHOM YYTKOCTBIO OT3BIBAIOIIETOCA HA OKPYXKAIOIIYI0 >KU3Hb.
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OH BOIUIOLIAJ JIYYIIIHE AYIIEBHBbIE CBOMCTBA — TEPIMMOCTh K Uy:KOMY MHEHHIO M CTOHMKOCTH B
CBOMX yOeXkIeHusax» [11, c. 316; 16].

Hayunbie uneu /I.H. IIpgaHUITHUKOBA B IPaKTUKe 3eMmuieaeansa HeuepHo3eMHOU
30HBI

B cBoux Tpyzmax JI.H. IIpAHNITHUKOB aKTUBHO IIpONaraHupoOBaj IPOTPECCUBHBIE CUCTEMBI
3eMJIefiesiusA, paloOHAJIbHbIE CEBOOOOPOTHI U CTPYKTYPY IIOCEBHBIX IUIOIIQJIEH, II0JIEBOE
TpaBoCessHUE, 3aHATHIE Mapbl, HOBbIE IEPCIIEKTUBHBIE BUABI U COPTA CEIbCKOXO3AHCTBEHHBIX
KYyJIbTYP, HPOTPECCUBHBIE TEXHOJOTMHW UX BO3JEJIbIBAHUA U IIPHEeMBbl yXOoJa 3a HUMHU
NIPUMEHUTEJIbHO K KOHKPETHBIM II0YBEHHO-KJINMATHYECKUM YCJIOBUAM.

HarnssmHoe  mpepacraBieHre O OOJIBIIOM — pa3HOOOpasW  HAYYHBIX ~ WHTEPECOB
J.H. IIpAHUIIHNKOBA KaK y4€HOro-arpoOHOMa JIaeT TO BHUMAaHNe, KOTOPOe OH Y/eJIAJ pa3IndyHbIM
BOIIpOCAaM pasBUTUA 3emyenenuss HedepHo3eMHON 30HBL. B 5Toil objylacTu HaydHOU U
npaktuueckol gedAresnpHoctd /J.H. IIpAHUIIHUKOBA MOKHO BBIJIEJIUTh PsAJi HalpaBJIeHUH,
KOTOpBIE CTaIN OeCIeHHBIM €ro HayYHBIM HacJIeZueM, IOy Pa3BUTHE B TPY/AAX HECKOJIBKHIX
IIOKOJIEHUH YYEHBIX — €r0 YYeHHKOB, U OKazajau OOJIbIIOe BJIUSHUE HA Pa3BUTHE TEOPUU U
IIPAKTUKYU 3eMJIe/IeINA B 3TOM PeruoHe.

K HuM oTHOCATCA:

1. Knegepocesitie u naodocmeHHas cucmema 3emneoenus.

2. YueHue o cesoobopomax

3. JIronunudayusa 3emnedeaus u poas 6uoa02uUeCK020 a3oma.

4. 3epHosas cneyuaausayus 3emaedenus.

Knaesep — 6s1arogesanue g HeuepHo3eMbs

Pa3ButHe BOIIPOCOB K/ae8epocesHus U NA00OCMEHHOU cucmemvl 3emaedenus B TpyAax
J.H. [IpsgaummHuKoBa ObUIO  IPENONpENEIEHO TeM, YTO, Oyaydd BEPHBIM YYEHUKOM
KA. TumupszeBa, /I.H. [IpAHUIIHUKOB B3sUI Ha BOOPYKEHUE €ro Y4YeHUe O BeJylleH,
KOCMUYECKON pOJIM JKUBBIX PACTEHUU B KDPYTrOBOPOTE BEIIECTB M DHEPrUU B IpHUpPOZE, 00 HX
BJIUSTHUM Ha 6uocdepy U MOYBY KaK BRXKHEUIIIYIO €€ COCTaBJISIONIYIO.

YBA3bIBasA 3TH BOIIPOCHI ¢ MpakTUKOUN 3emiiesienus, K.A. TumupsaseB B cBoeM 3HaMEHUTOM
Tpyzie «3emeziesiie U GU3UOJIOTHS PAaCTEHUN», B YACTHOCTH, JA€T BBICOKYIO OIIEHKY 3HAYEHMUS
KJIEBEpPOCesHUs B PA3BUTUU 3eMJIEJIEJIUA: «...eIBA JIU B HUCTOPHUM HAWJIETC MHOTO OTKPBITHH,
KOTOpble ObLTM OBl TaKMM OJIarofiesTHUEM /I 4YeJIOBEUEeCTBA, KaK 3TO BKJIIOUEHHE KJeBepa U
B0OO0OIIIE O0OOBBIX PACTEHUH B CEBOOOOPOT, TaK MOPA3UTEIHHO YBEJIMUUBIIIEE IPOU3BOAUTETLHOCTD
Tpy/Zia 3emieznesnbia» [34, T. I, c. 148].

KiieBepocesaHue U IJIOJIOCMEHHAsA CHUCTeMa 3eMJle/lesins — JBa TECHO B3aMMHO CBA3aHHBIX
AIBJICHUA B UCTOPHUM MHUPOBOTO M OTeuecTBeHHOro 3emiienenusa. B XVIII-XIX BB. kyeBepocessHUE
CTaJI0 OCHOBOH ILJIOZIOCMEHHOMN CUCTEMBI 3eMJlelesInsA, KOTopas, MPU/is Ha CMeHY 3epHOIIapOBOM
TPEXIIOJIKe, ChITPajia PEBOJIIOIIMOHHYIO POJIb B Pa3BUTUU 3eMJIe/IesTus 3alaJHOEBPOIIeUCKUX CTPaH
1 OKa3asia 0oJIbIIIOe BIIUAHNE HAa pa3BUTee 3eMJlefiesus B Halllel cTpaHe.

J.H. IIpAHUIIIHUKOB ellle BO BpeMs# IepPBOH cBoel HayYHON KOMaHIUPOBKU 110 €BPOIEHCKUM
CTpaHaM B KOHIIE 1890-X I'0/I0B 3aMHTEPECOBAJICA U U3YUYNJI OIBIT UCIIOJIBb30BAaHUSA KI€BEPOCEAHMSA
B IJIO/IOCMEHHBIX cucTeMax 3emyezenus 'epmannu, @paniuu u Apyrux crpad EBporsl.

[To3dHaB uX mOpeuMyllecTBa Ilepef] TPAJUIMOHHON TPEXIIOJIKOM, OH C TeX IOp CTajl
IpUBEpP:KEHIIEM  KJIeBEpPOCesIHUs U  IUIOJIOCMEHHOM CHUCTeMBbl 3eMJIeJiesiis, IOCTOSHHO
MPOIAaraHAUPOBaJl U MHOTOKPATHO MCIOJb30BaJ UX B CBOMX TPYy/laX U BBICTYIUIEHUAX IPEXKAE
BCEro KaK APKUH mpuMep 3(pHEKTUBHOTO UCII0IH30BAHUS OMOJIOTHYECKOTO IMOTEHITHAIA KJIeBepa —
IIEeHHOU KOPMOBOU KYJIBTYPHI.

OnHaKO IEHHOCTh 3TOTO PACTEHUs, KaK U APYTHuX O0O0BBIX KYJIbTYp, 3aK/II0YAIacCh TAK)KE B
TOM, YTO OHU, CUHTE3UPYs U HaKaIUIMBas B IIOUBE a30T aTMOc(epbl, OKA3bIBAIOT MOJIOKUTETHBHOE
BJIUSIHUE HA IJI0JIOPOJINE ITOYBHI.

fABnAsACH BaXXHBIM HCTOYHHUKOM OHOJIOTHUYECKOTO a30Ta B 3eMJIeZIeJIUU, KJIEBEDP U JIpyTrue
6000BBIE KYyJIBTYPHl Take 00OOTallaeT MOYBy OPraHUYECKUM BeIeCTBOM KaK NPSIMO — CBOMMH
MIOYKOCHBIMH M KOPDHEBBIMU OCTaTKaMU, OOTaTBIMU a30TOM U IPYTUMHU TUTATEIbHBIMU BeIleCTBaM,
TaK U OIIOCPEJIOBAHHO — Uepe3 HaBO3 C BHICOKUMU Y/I00PUTEIbHBIMU CBOMCTBAMH.

K saToMy ciiezryeT 106aBUTH TaKKe MOJIOKUTETbHOE BIAUSHIE MHOTOJIETHUX 6000BBIX KYJIBTYP
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Ha BOJHO-(U3NUYeCKHe CBOMCTBA IOYBBI — KJIE€Bep, JIIOLlEpHA U JIpyTHe KyJIbTYPbl 5TON TPYIIbI
OCTaBJIAIOT TOCJie ce0s XOPOIIO OCTPYKTYPEHHYIO IOYBY C BBICOKOU BJIAarOEMKOCTBIO, BOJO- U
BO3/[yXOIIPOHUIIA€MOCTBIO.

Bce aT0 menaer kieBep U pyrue 600OBBIE KYJIBTYPBI CTEPKHEM ILIOAOCMEHHON CHCTEMBI
3eMJie/iesivA, KOTOPBIU JOIOJIHUTEJIBHO YKpeIUIAeTCsA ellle U IIOJI0KUTEJIbHBIM BJIMAHUEM Ha
IUTOIOPO/INiE TIOUBBI MPOMAIIHBIX KyJAbTYp. VX TMOJA ABJAIOTCA 0053aTEJIbHBIM 3JIEMEHTOM
IUTOZIOCMEHHBIX CEBOOOOPOTOB, U Yepe3 BHECEHNE HAaBO3a M MHTEHCUBHYIO 00pabOTKy IMOYBHI MO/
IpONAIHbIe KyJbTYPhl OHU YCHJIMBAIOT 5(@eKT dYeperoBaHUS 3€pHOBBIX € 0OOOOBBIMU U
MIPOMNAIIHBIMU KyJIBTYPAMHU B 3TUX CEBOOOOPOTAX.

AHanM3upys OMBIT 3aIaJiHOEBpoIieiickoro 3emuienenus, /. H. [IpAHUITHUKOB OTMeYaJsI, YTO
6saromapsa 1iomocMeHny AHrnsA, I'epmanusa, @pannusa u apyrue crpanbl EBponbl B XIX Beke
YBEJIMUIUIH yPOXKaHHOCTb 3€PHOBBIX KYJIBTYpP ¢ 7 A0 15 1n/ra. IIpumeHeHue Ha 5ToM ¢oHe
MUHEPIBHBIX YAOOpEeHUH IMO3BOJIMJIO 3TUM CTpPaHaM K 30 IT. MPOIUIOTO CTOJIETHSA IOBBICUTH
yPO:KalHOCTh 36PHOBBIX KYJIBTYD B CpeJIHEM /10 30 II/Ta 3epHa.

PackppiBas npuauHbI 3G (PEKTUBHOCTH IJIOJIOCMEHHBIX ceB00O0poToB, I.H. [IpaHUITHUKOB
IIOIUEPKUBAJI, YTO UX PpOJUWHA — 3ala/IHOEBPOIIEIiCKUe CTPaHbl C BBICOKOH CTeNeHbIo
obecrieueHHocTH aTMochepHBIMU ocazkamu. Hampumep, B Anmimu, l'osmanauu, [laHuu, B
npuMopckux obsactsax 'epmannu, @paHIU U APYTHUX CTPAH CPEAHETO/I0BOE KOJIMYECTBO OCA/TKOB
JflocturaetT 800-1000 MM IPU MOJIOKUTETBHBIX CPE/IHETOZOBBIX TeMIIepaTypax SsHBaps.

Takoll KJIMMAT WCKJIIOYUTEIBHO OJIArONPUATEH U1 BETreTalliy KJIEBepa M JIPYTUX
MHOTOJIETHUX TpPaB, IMOTPEOJIAIONUX OO0JIBIIIOE KOJHMYECTBO BJIATH — WX TPAHCIHUPAIMOHHBIA
k03¢ UIIEHT B JIBa pa3a BbIIIEe, YeM y PYTUX MOJIEBBIX KyJbTYp [1, 6]. BiaronpusreH iy HUX U
KJIMMAT OOJIBIITMHCTBA PAHOHOB eBpONENCKOM yacTu HeuyepHO3eMHON 30HbI, KOTOPbIE OTHOCATCS K
paiioHam JocTaToyHOro yBiaaxkHeHusa. W pana Hux [I.H. IIpgHUITHUKOB peKOMeH0Ba
IIPOCTEUIIINE IUIOZJOCMEHHbIE YEPEIOBAHUA IO TUIYy HOPQOJIBKCKOTO CeBOOOOpOTa: 1. KJIEBEP,
2. 03UMble 3epHOBbIe (POXKb, IIIIEHUIA, TI03Ke — TPUTUKAJIE, paric), 3. IpomnalrHble (kapTodesb,
KODMOBBIE KODHEIUIONBI, IO3Ke KYKypy3a Ha CWJIOC), 4. SIDOBbIe 3epHOBbIe (OBec, SUMEHB) C
IIO/ICEBOM KJIeBepa.

B Hauvasie IPONLIOTO CTOJIETUA STU YepeNOBaHUs ObLIN IMPHUHATH B OTAEJIBHBIX X03SHCTBAX
HeuepHo3eMHOU 30HBI, KaK B BHJl€ YHCTOTO IUIOJIOCMEHa, TaK W B KOMOWHAIUU €ro ¢
3€PHOIIAPOBHIM 3BEHOM — IePeXOJHBIM BAPUAHT: 1. KJIeBep, 2. 03UMble 3eDHOBbIE, 3. IPOIAIIHbIE,
4. ApOBbIe 3€PHOBBIE, 5. YHUCTHIM mIap, 6. 03UMble 3€pHOBbIE, 7. IPOBble 3€PHOBBIE C IO/ICEBOM
KJIeBepa.

JlasipHeliee pa3BUTHE HAYYHO-TEXHUUECKOTO IIpOrpecca M03BOINIO OKOHUATEIBHO PEIIUTD
BOIIpOC O 3aMeHe B HeuepHO3eMHOI 30He YHUCTHIX NApPOB 3aHATHIMHU, 3D (HEKTUBHOCTh KOTOPBIX B
ATUX yCJIOBUSAX ObLIa mokazaHa paboramu JI.H. ITpsaaumankoBa, A.I'. JIoSIpeHKO U IPYTHUX YUEHBIX.
U B 30-e roApl B IpaKkTUKe 3eMJIe/ieIisA 30HbI CTAJIM BBOJAUTHCA IIHPOKO PACIPOCTPAHEHHBbIE B
JlayibHelIIIeM MHOTOINOJIbHBbIE YEPEOBAHUA C PA3IMYHBIMU BapUallUsAMU TUMA: 1-2. MHOTOJIETHUE
TpaBbl (KJIeBep B UMCTOM BHJle, HO Yallle B CMecH C THUMOQeeBKOI), 3. 03UMble 3€DHOBBHIE,
4. IpOTAIIHbIE, 5. SPOBBIE 3€PHOBBIE, 6. 3aHATHIA Map (BHKa-OBeC HAa KOPM, 3epHOOOOOBBIE),
7. O3UMBble 3epHOBBIE, 8. APOBbIe 3€PHOBbIE € I10/ICEBOM MHOT'OJIETHUX TPAaB.

ITo pekomenpanusam /I.H. [IpgHUIIHUKOBA yBeJIMUeHUE B CTPYKTYpe IIOCEBHBIX ILIOIIAJIeN
YZIeJIBHOTO Beca MHOTOJIETHUX M OJHOJIETHUX KOPMOBBIX TPaB TaKue 3€PHOTPABAHOIIPOIAIIHBIE
1ojieBble ceBOOOOPOTHI B ycjIoBUsAX HeuepHO3eMHOI 30HBI IpeBpaIajio0 B TPaBAHO3EPHOBbBIE
(bostee 50 % TpaB) KOPMOBBIE HJIM TPABOMOJIbHBIE (100 % TpaB) 7-10-TIOJIbHBIE JIyTOIIACTOUIIHBIE
KOPMOBBIE CEBOOOOPOTHI.

B nmpudepmckux TpaBAHO-IPOMAITHBIX KOPMOBBIX CE€BOOOOPOTAaX 3TOH 30HBI CTPYKTypa
MIOCEBHBIX IJIONIAJIEN OIpeJiesisijla UCIHOJIb30BAaHUE 4-6-TIOJIBHBIX YepelOBAaHUN C IIPUMEPHO
PaBHOH IUIOIIA/IBI0 MMOCEBA KOPMOBBIX TPaB M IPOIAIIHBIX KYJbTYp (KOPMOBBIE KOPHEILIOZHI,
kapTodesb, KyKypy3a Ha CHJIOC U JIp.): 1. OJHOJIETHHE TPaBbl Ha 3€JIEHBIA KOPM C ITO/ICEBOM
MHOTOJIETHUX TPaB, 2-3. MHOTOJIETHHE TPaBhI, 4. KapTodesb, 5. KyKypy3a Ha CUJIOC, 6. KODMOBbIE
KOPHEIUIOJBI [24].

ILrogocMeH — KpaeyroJibHbIH KaMeHb YYeHHA O CeBO00opoTe
PasButuio HayuHo-npakmuueckux OCHO8 ce8oobopoma KaK OCHOBOIIOJArarolleil uacTu
IUIOZIOCMEHHON U JIpyTHUX IporpeccuBHBIX cucteM 3emutezenus J[.H. [IpAHUITHUKOB HpUAaBa
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6ospIIOe 3HAUEHNE, U BHeC OOJIBIION BKJIAJ, B Pa3BUTHE TEOPHU ILJIOJIOCMEHA B CAMOM IIHPOKOM
cMmblcsie 3Toro ciosa. KpynmueiM Briazom /I H. IIpgHUIIHMKOBA B TEOPUI0 U IIPAKTHKY
ceBO0OOPOTA ABJAIOTCA €ro TPYZABI 0 HAYYHOMY 0OOCHOBAHUIO IPUYKH YePeIOBAHUS KyJIbTyp HA
IIOJIAX U UX KJIaccu(UKaLUU.

Eme B gpeBHOCTH ObL1a n3BecTHA 3G@EKTUBHOCTH CMEHBI KyJIbTYp Ha IOJIAX, HO HU B TE
BpeMmeHa, HU B CpefiHUe BeKa HUKTO He CMOT OOBACHUTh ee NpUUYMUH. JIUIIb ¢ pa3BUTHEM
ecTecTBO3HAHUA B Havajle XIX Beka NOSABWINCH II€PBble IONBITKM HAYYHO OOBSACHUTH
93¢ PEeKTUBHOCTD IUIOOCMEHA HA MOJIsAX. ITO Obutu Teopuu mouBoyroMiieHus O. JlekaHAoss U
ryMycOBOTO nHWTaHUA pacreHuil A. Tsepa, kotopble cMeHmwauch ydeHusmu 0. Jlmbuxa o
MHUHEPaJIbHOM NUTaHUU pacteHUd u I'. ['esbpuresnsa o6 azorodukcanuu 6060BHIMH PACTEHUSMU.
Hx B cBoto ouepens cmenmna teopud I1.A. KocterueBa u B.P.BusibAMca 0 CTPYKTYpPOYIIydHIIAOIINX
U  CTPYKTYPOYXyJLIAKOIIMX KyJbTypaX, Teopuu KopHecmMeHa B.I. PormucrpoBa wu
A.M. MogecroBa [3].

Ho Bce 3TH Teopuu cTpajiajii OJHOCTOPOHHOCTHIO U HE /IaBaId OOBEKTHUBHOHN OLIEHKU U
IIOJIHOTO OOBbSICHEHUS CJIOKHBIM IIpolieccaM, KOTOpbIe MMPOUCXOAVIN Ha MOJIAX IPH YepeT0OBaHIN
KyJIBTyp WIN IPU UX OeCCMEHHOM BO3/e/IBIBAHUU. BriepBble 3TUM fBJIEHHSAM BCECTOPOHHIOIO
HayuyHylo oueHKy aan J.H. IIpAaaumHukoB. Byayun akTHBHBIM IIPONATaHAXCTOM IPUHIIUIIOB
II0l0cMeHa, oH Besef] 3a M.A. CtebyToM IpU3HABaJ MHOKECTBEHHOCTh NIPUYUH UYepe/lOBaHUA
kyapTyp. U 3acimyra [I.H. IIpAHUIIHIKOBA 3aKJIIOYAETCS B TOM, YTO OH BIIEPBbIE HAYYHO OOOCHOBAT
U OIpeZeSTJI UX KaK KOMIUIEKC B3aMMOCBS3aHHBIX IPUUYMH, Hambosee 3¢p(PEeKTUBHBIX MPU UX
COBOKYITHOM JieficTBuH. ONMUpasch Ha 3aKOHBI HAYYHOTO 3eMJIEZIENs, OH OOBEANHIII UX B YETHIPE
TPYIIBIL:

1. Aepoxumuueckue, c8s13aHHble ¢ 0COOEHHOCMAMU NUMAHUSA PACMeHUlL.

2. Aepogusuueckue, cesizaHHble ¢ delicmeuem pacmeHull HA CMPYKMYpPY U 8AAHCHOCMDL
nouswl.

3. Buosoeuueckue, c8a3aHHble C PA3AUYHBIM OMHOWeEHUeM pacmeHuil k 001e3HAM,
e8pedumensim U COPHAKAM, K 81eHUAM NOUBOYMOMAEHUS.

4. dKoHOMUUecKUe, onpedeasioujlie NpeuMyw,ecmsda npasuaAbHO20 4epedo8aHus KYyabmyp
cesoobopoma c no3uyuil opeaHusayuu npousgodcmsa [9].

Atu nosoxenuda [I.H. IIpaHuIiHuKoBa BblJiep:Kaji UCIBITAHUE BpeMeHeM, U B HacCToAllee
BpeMs SABJIAIOTCA OCHOBOIOJIATAIOIIMMM M Ba)KHOM COCTAaBHOM YAaCThI0 TEOPUM M IPAKTUKU
ceBOOOOpOTa B COBpeMeHHOM 3eMuieziesnd. OCOOEHHO MTPOPOYECKUMHE OKa3aJIUCh €T0 OIIEHKH POJIU
OT/IeJIbHBIX IPUYUH YePETOBAHUA KyJIBTYP B OYAYIINX CEBOOOOPOTAX.

Hampuwmep, /[.H. [IpgHUIIHUKOB mpuAaBas 0cob0e 3HaUEHHE MPUYNHAM OHOJIOTHYECKOTO
XapakTepa, KOTOPblE OH CUYUTAJI «...CAMBIMH HENPEeOJOJHMBIMU NPU MOMBITKAX OTKJIOHEHHSA OT
IUT0I0CMeHa (B IIMPOKOM CMBICJIE 3TOTO CJIOBA), IOTOMY YTO C MCTOIIEHHWEM ITOYBBI MBI MOXKEM
OOpOTHCSI BHECEHHEM YIOOpEHU, C MOTEPEN JIO/DKHOTO CTPOEHUS — BHECEHHEM OPraHUYECKOTO
BeI[ECTBA, U3BECTH U MPABIJIBHON 00pabOTKOM, HO C pa3MHOKEHHEM [MAPA3UTOB OUEHb YaCTO MBI
He MOYKEM CIIPaBJISAThCA 0e3 JOJIKHOTO ceBoobopoTax [27, T. I1, c. 17].

[Tpouwro 6osee 80 JIeT ¢ TOTO BpeMEHHU, KaK ObLIM HAITMCAHBI 3TH CJI0BA, HO M HA CETO/IHS 3TO
OJIHO M3 IOJIOKEHUU Teopuu ceBoobopoTa, pazpaboranHoit /[.H. [IpAHUITHUKOBBIM, OCTaeTCA B
cuie. HecMoTpsA Ha IIMPOKOe IpUMeHEHHe MEeCTULHO0B, OTeUYeCTBEHHOe 3eMile/iesiie eXKeroHO
TepseT JIeCATKU MIJLIMOHOB TOHH PAa3IMYHOHN CeJIbCKOX03AHCTBEHHON IPOYKIIUY U3-3a TOTO, UTO
MIONUPAIOTCA HAay4YHble 3aKOHBI 3eMuiefiesivusd (3aKOH BO3Bpara, IUIOZOCMEHa U Jp.), Tpydo
HapYyIIAIOTCA TPUHIIUIBI YepeIoBaHUA KYJIbTYp Ha IOJIAX, YpE3MEPHO 3apa’KeHHBIX U3-3a ITOTO
00JIe3HSMU, BPEJIUTEJISIMH, 3aCOPEHHBIX 3JIOCTHBIMU COPHIKAMHU.

«/IronmuH — 6/1arocJiIoBeHue MeCKOB»

Ipyroii BaxkHOU cdepoil HayuHbix uHTepecoB /[.H. IIpaHumIHMKOBa ObLIA AMONUHU3AYUSA
3emnedeaust u npobaema buono2u1ecko2o0 asoma.

YCn0BHBIM Ha3BaHUEM «JIONUHWU3anua 3emegenusa» J.H. IIpaHUIIHUKOB onpenesian
KOMILJIEKC MEPOIIPUATHH 10 MOBBIIIEHUIO IJIOAOPOAMSA ITOYBBI C IIOMOIIBIO 3€JIEHOTO y/I0OpeHus.
U He TOJIBKO JIIONUHOBOTO, U HE TOJIBKO MTeCYaHbIX [TI0YB, 1, HAKOHEII, He TOJIbKO B HeuepHo3eMHOM
30He.

Eme npu nozroroBke kK mpodeccopckoMy 3BaHHUIO BO BpeMs CBOeN HayYHOU CTa>KUPOBKHU B
Fepmanuu B 1892 roay J.H. IIparaumnankoB nocetusn xo3ancrso Hlynbna B Jlronuile u J1eTaJbHO
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W3yYUJI OIBIT OKYJIbTYPUBAHUSA MIECYAHBIX ITOYB B 3TOM X03AHCTBE € TOMOIIbIO IIOCEBOB JIIOIMHA Ha
3ejieHoe yZo0peHre B coueTaHUH C (HOChHOPHO-KATUUHBIMU yaoOpeHussMu. OH ObLI BOCXHUIIEH
OTNBITOM HEMEIKOro (depMepa-ONbITHUKA, Ha3bIBABIIETO JIIOIUH «0JIarOCJIOBEHUEM IIECKOBY,
BBICOKO OILIEHUJI OTIBIT OKYJIbTYPHUBAHUS TePMaHCKUX ITyCTOIEeN — O6eCIIOAHBIX ITeCYaHbIX II0YB — C
IIOMOIIIBIO JIIONIMHA W HEOJHOKPATHO obOpalnayicss K HeMy, IpomaraHAupys HAeH JIIOMUHU3AMIN
3eMJIeIeTis B Halllel cTpaHe [12, 27].

Hauunas c¢ 1897 roma, /I.H. IIpaHumHukKoB B MOCKOBCKOM CEJIbCKOXO3SICTBEHHOM
uHctutyTe (HbiHE PTAY — MCXA wumenu KA. TumwupsseBa) IPOBOAUT HCCIIEIOBAHUA II0
M3yYeHUI0 pacTeHui JonuHa. Ha OmbITHOM 1moJie, B BEreTallMOHHBIX JIOMHKAX HHCTUTYTa OH
YCTAaHABJIMBAET BBICOKYIO CIIOCOOHOCTh PAaCTEeHUU JIIONMHUHA K OWOJIOTMYECKON (UKCANU
aTMocdepHOTO a30Ta, K YCBOEHUIO TPYAHO PACTBOPUMBIX (pocdaToB, UX YCTOMIMBOCTH K BBICOKOU
KHUCJIOTHOCTHU TIOYBBI, CITIOCOOHOCTh OBICTPO (POPMHPOBATh MOIIHYI0 KOPHEBYIO CHUCTEMY, IJIyOOKO
MIPOHUKATh B IOANAXOTHBIE CJIOW TOYBBI M HAXOJAUTh TaM HEOOXOJUMble €My ITUTaTebHbIE
BelllecTBa U BoAy [11, 13].

IMeHHO 3TH CBOMCTBA IMO3BOJISJIM PAaCTEHUAM JIIOMMHA XOPOIIO PACTH M Pa3BUBATHCS HaA
OecIUTOAHBIX TEeCYaHBIX U CyNecYaHbIX II0YBAX, HAKAIUIMBasA OOJIBIIYI0 BETeTAaTHBHYIO Maccy
BBICOKOH yI00PUTETbHON IIEHHOCTH.

ITo naumnuatuse /I.H. IlpsauntaukoBa B koHIe XIX-ro — Hauase XX BB. HA ONIBITHOM I10JIE
MockoBckoro CXI O6pUta mpoBeZieHA CepUsl IOJIEBBIX OIBITOB IO H3YYEHUIO AarpOTEXHUKU U
CII0COOOB HCIIOJIb30BAHHA JIIOMMMHA B KauecTBe 3eJIeHOTO yaoOpeHus. X pesynbTaThl ObLIH
U3JIOKEHbI B pabore 3aBexayiomero OmbITHBIM TosleM MCXU A.JL. fkoByieBa, ITOCBSIIEHHOM
3ejieHOMYy yaoOpeHuro [8], u HeomHOKpaTHO wucHob3oBatuch JI.H. IIpsSHUITHUKOBHIM B
IpomaraHZie YW BHEJAPEHUU UJed JIIONUHU3AIUM  3eMiefiefiusd, IpeXJe Bcero, Ha
MaJIOILJIOOPO/THBIX 3eMJIsIX HeuepHo3eMHOM 30HEI [12].

3esieHoe ynobpenue /I.H. [IpAHUITHUKOB paccMaTpUBaJI, IIPEXKIE BCEro, Kak OpraHuYecKoe
y/ioOpeHue, criocoOHOe 3aMeHUTh HeJOCTAINN HaBo3 [13, 21, 27]. Ilo 3TOMy ITOBOAY OH ITHCAJ:
«/ Tam, TOe AJ1d yAydlleHUs IO0YB OCOOEHHO HeoO0XOAuMO oborareHHe WX OpraHuYecKUM
BeIlleCTBOM, a HaBO3a 110 TOW WJIM WHOHW IPUYMHE He XBaTaeT, 3eJieHOoe yZAoOpeHHe mpruobperaer
0coOeHHO 060JIbIIIOE 3HAUEHHE. B coueTaHNU ¢ HABO30M U JAPYTHMU OPTAHUYECKUMH y/I0OpEHUAMU,
a Takke ¢ yAoOpeHUs MU MUHEPAJIHbHBIMU 3€JIeHOe yZ0OpeHre B KauecTBE OJIHOTO U3 3JIEMEHTOB
CHUCTEMBI yAOOpPEHUH [OJI?KHO CTaTh BeChbMa MOIIHBIM CPEACTBOM IOJHSATHS YPOXKAEB U
MOBBIIIIEHUSA TUIO0OPOANSA TOUB» [27, T. I, . 335].

B TO e BpeMsa wujen JIONUHU3ALNU 3eMJeZieJiud KPACHOM HUTBIO IPOXOAAT 4epe3
MHOTO4YHuc/IeHHbIe TpyAb! 1. H. IIpsHUITHUKOBA, TOCBAIIEHHBIM Npobaemam azoma 8 3emaedenuul
Hawell cmpaHbt [12, 20, 21]. IlocrossHHass 3ab0oTa 00 a30THOM ITMTAHWUU PACTEHHI IPHUBEJA
J.H. IIpAHUITHUKOBA K H/iee IMINPOKOTO UCIIOJIb30BAHUA B 3eMJIE/IEJTUH OMOJIOTHYECKOTO a30Ta, T.
€. a30Ta, HAKAIJINBA€MOTO B TIOYBE IPH IIOMOIIU KUBBIX OpraHu3mMoB. Oco60e BHUMAaHUE B 3TOM
CMBICJIE TIpUBJIEKATU 00OOBBIE KyJBTYpbl Kak ¢ukcaTopbl atMocdepHoro aszora. Otrmeuas
JIEIIEBU3HY U JIOCTYITHOCTh Ouosiormyeckoro aszota, [.H. I[IpAHUITHUKOB BeJ HACTOHYUBYIO
MpOTIaraHly BHEAPEHUS B CEJILCKOE XO3HUCTBO OCHOBHBIX METO/IOB IMOJIYYEHUSA U UCIIOJIb30BaAHUA
aToro azota. OH MOCTOSHHO JIOKa3bIBaJl, YTO CEJTHCKOE XO3SIUCTBO IIPU ITOMOIIY BO3/I€JIHIBAEMBIX
0000BBIX KYJIBTYP Y?K€ B T€ TOJ[bl MOTJIO HAKOIIUTH B IIOYBE CTOJIBKO a30Ta, CKOJIBKO XUMHUUYECKAs
MPOMBIIIJIEHHOCTh CyMeJia Obl IMPOU3BECTU TOJIBKO IIPU JIOCTAaTOYHO MOIIHOM €€ Pa3BUTHU.
B pesysipTaTte 3TOM mpomaraHzbl IUIONIIQ/Ih IIOCEBOB MHOTOJIETHUX 0OOOBBIX TpPaB K 40-M rojam
MPOIIJIOTO CTOJIETUS B HAallleld CTpaHe BO3POCJa IO CPABHEHMIO C JIOPEBOJIIOIIMOHHBIM YPOBHEM B
5-6 pas [12].

Wnes 6uosorundeckoro a3ora B Tpyzax J.H. I[IpAHUITHUKOBA HEPA3PBIBHO CBSI3aHA C UJIEAMU
MIOBBIIIIEHUS TIJIOJIOPOJIUS TIOUBBI C TTOMOIIBIO 3eJIeHOro yAoOpeHus. OCHOBHBIM pPacTeHUEM IS
3€JIEHOTO y/IOOpeHUsl OH CYHWTaJ JIIONUH KAaK OJWH M3 JIyYIIUX cpeaud OO0OOBBIX pacTeHHH
¢dukcaTopoB armochepHOr0 a30Ta U MPUTOM CIIOCOOHOTO MPOU3PACTATh HA MAJIOILIOAOPOAHBIX
IecyaHbIX moyBax [21].

B moceBax somuHA U ApYyrux OOOOBBIX KYJIBTYp OH BUJEJN BAaXKHEUIINH HCTOUHUK
O6MOJIOTHYECKOT0 a30Ta /IS TOKPBITUSA PACXOAHOM YacTH OasaHca B 3eMJIe/ieJINU CTPaHbl. B craThe
«JIronmH, docdoput u 301a», OMyOJIUKOBAaHHOU B 1919 roay, J.H. IIpaaumraukoB nucan: «MTak,
He OyzeM Oe3/eficTBOBaTh B OXKUJIAHUU TOTO BPEMEHHU, KOI/IA Yy HAC IOCTPOATCA 3aBOABI JJIA
CBA3BIBAHUA a30Ta BO3/yxa U Korza cynepdocdaTbl U IpeNUIUTATh CTAaHYT OOIEeA0CTYIIHBIMU;
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OyZleM KyCTapHBIM IIyTEM YJIaBJIMBATh a30T U3 BO3/yxa, He 3a0bIBas TOro akTa, YTO KaKIBIA
KycT JonuHa (1 gpyroro 6060BOro) ectb B CYIIHOCTH MUHHATIODHBIN 3aBOJ IO YTHJIN3AI[UU
aTMocdepHOro a30Ta, paboTaIUHI JAPOM 3a CUEeT COJTHEUHOH sHeprum» [21, 1. I11. c. 591].

J.H. IIpAHUIIHUKOB IIOCTOSIHHO B3aHUMAaJICsl U3y4eHHEeM BOIIPOCOB JIIONMHU3AIUU
3eMJIeieNiusd M pas3paboTajl MHOTO IMPAaKTUYECKUX IPHEMOB II0 HCIOJIB30BAHUIO JIIOIMKMHA HA
3eJIeHOe y/I00peHue.

OnauM w3 HUX OBUIO TPEAJIOKEHHE OPTaHU30BaTh yAoOpeHHe IIoJIed B Oe3HaBO3HBIX
xo3siicTBax HeuepHO3eMHOU 30HBI IyTEM COYETAHHsS IIOCEBOB JIIONIMHA C BHECEHHUEM B IIOUBY
dbochopuTHOM MyKH U 30J1bl. [[J1 IPOABUIKEHUS JIIOITMHOBOTO 3€JIEHOTO y/I0OpEHUs] B CEBEPHbBIE
paiionsl HeuepHO3eMHOU 30HBI OBLI PEKOMEHOBAH 00Jiee CKOPOCHEJBIN OHOJIETHUH Yy3KO-
JIMCTHBIN JIIONUH. J[JIsl caMbIX CEBEpHBIX PAaiOHOB MM ObLI BbIlMcaH u3 KaHaapl U BHEIDEH B
IIPOU3BOJICTBO MHOTOJIETHUI JIIONMUH, O0JIaIAl0MINI MEeJIKUMU ceMeHaMH U CIIOCOOHBIM /1aBaTh,
HaYMHAsA CO BTOPOTO T'0/1a, 3peJIble ceMeHa Y CaMbIX CeBEPHBIX TPaHUI 3eMyeienus [13, 21].

OH cuuTas, YTO eC/TM Ha YHCTBHIX IMapax Ma/Iaiomas Ha HUX COJTHeYHAas SHEPTUs MPOIajjaeT
OeccyieTHO, TO HA 3aHATHIX Iapax U HA MOJAX C MOKHUBHBIMU U JPYTUMH IIPOMEXKYTOUHBIMHU
KyJbTypaMu HedyepHO3eMHON B30HBI 3Ta /JapoBas DYHEPrus [IOJDKHA HCIIOJIb30BAThCS LIS
IIPOU3BOICTBA KOPMOB IJTH 3€JIEHOTO YAOOPEeHU.

B Takolli oOIeHKe 3HAYEHUsA 3€JIEHOTO PACTEHHS IPOCIEKHUBAETCS  PA3BUTHE
J.H. [IpaaumankoBbIM uzen cBoero yuntens K.A. TumupsaseBa o miaHeTapHOU POJIM pacTeHUU
IIPUMEHUTEJIPHO K OIpENeJIEHUI0 3HAUEHUs JIIONMHA U IPYTUX CHAEPATOB B 3eMJIE/IeJIUY Halllel
CTPaHbI, B TOM YHCJIE U B BUJIE TPOMEXKYTOUHBIX HX ITOCEBOB.

Pe3epBHBIN MIwLIHapj myaoB 3epHa B HeuepHo3embe.

3eprogan cneyuaauzayus 3emaedenuss HeuepHO3eMHOU 30HbL SIBJISIETCS e€Ille OTHUM
Ba)KHBIM HAIlpaBJIeHMEM arpoHOMUUYeCcKOU feaTeabHocTH . H. I[IpAHUITHUKOBA, KOTOPOE ChITPaJio
OOJIBIITYIO POJIb B Pa3BUTUH 3eMJle/iesin HeuepHO3eMHOM 30HBI.

Eme B 20-e rofpl MpPOILIOTO CTOJIETHsI, 03a00UYEHHBIH HEYCTOMUYMBOCTBIO ITPOU3BOJICTBA
3epHa B 3aCylIMBBIX I0JKHBIX palioHaxX Halel crpanbl, [[.H. [IpAHUIIHUKOB MeUTaI O HAJIEKHOM
pe3epBHOM MIJUIHAp/le IyOB 3€pHAa, KOTOPBhIH Morsia Obl JlaBaTh crpaHe HeuepHozeMHast
30Ha [25].

16 utoHA 1929 1. B razere «M3Bectusa [IUK CCCP» N2136 /Imutpuit HukosiaeBu4 BBICTYITHIT
co ctathbel «PeszepBHBIN MULIHAp/l». B Hell OH mucai: «..HeoTsoxkHasa 3aj1aya CTPaxOBaHUSA OT
HeypoxkaeB Ha IOro-BocToke u IJITaHOMEPHBIM IOAXOJ K IIPAaBUJIBHOM OpraHu3amyuyl TpyAa
3eMJIE/IEJIbUECKOTO HACEJIEHHS 3aCTaBJIsAeT HaC 0OpaTUTh ropas/io OOJIbIlle BHUMAHUSA, YEM /IO CUX
IIOp 9TO JAeJajoch, Ha 3eMJiefieiie B HeuepHO3eMHOM IoJioce... Torja He TOJIBKO MOJHUMETCHA
6J1aTrOCOCTOSTHIE CAaMOTO KPECThIHCTBA, HO 3eMJIE/IeJINE CTaHET OOWIBHBIM HCTOUHUKOM CPE/ICTB
JUIst OBICTPOTO Pa3BUTHSA MPOMBINIJIEHHOCTHA B Halled crpaHe. YToObI OBITh 3aCTPaXOBAHHBIM OT
TSOKKHUX MTOCJIEICTBUH TTO00HOM 3acCyXy, HEOOXOIMMO CO3/1aBaTh JIMIITHUA MUJLJTUAP/, Iy0B 3epHa
(oK0J10 17 MJIH. TOHH) B TI0JIOCE, HE 3HAIOIIEN 3aCyXH, T.€. B HEUEPHO3EMHOU oj1oce» [25].

U B 80-e roger mponuioro croyetus meura /[.H. IIpsaumbukoBa cObutach — Osiaromaps
WHTEeHCU(DUKAIINY 3eMJIeIeTUs Ha OCHOBE €ro XMMH3aINK, HOBBIM BBICOKOIIPOTyKTUBHBIM COPTaM,
BO3poOCIIeld KyJIbType 3eMJie/leJius TOJIBKO B eBpoleickoil uvactu HeuepHO3eMHOUl 30HBI B
1985 rojty 6bLJIO MPOU3BENEHO 17105 THIC. T. 3epHa [29].

910 U OBUI TOT caMbli MIWLIHAP/, MyZIOB 3epHA, 0 KoTopoM Meutan [murpuii HukosaeBud.

U Gospiliasg 4yacTh 3TOro Mmwumapga — 60 % Obuta mpousBesieHa B lleHTpasibHOM parioHe
HeuepHozemHoOl 30HBI. MHOTHE X0O35MCTBA 3TOTO paliOHA IMOJIyYaJId B Te TOZBI HA KPYT IO 4-5 T/ra
3epHa.

Onnako pedopmupoBanue AITK B yCI0BHAX 3aTSKHOTO S9KOHOMHUYECKOTO KPHU3HCca IIPUBEJIO K
TOMY, UTO ILIOIIA/Ib ITOCEBOB 3€PHOBBIX KYJILTYP B LleHTpasibHOM paiione HeuepHo3eMbsl COKpaTHIACh
¢ 6314,0 TBIC. Ta B 1990 TOJIy JI0 2542,7 THIC. Ta B 2010 TO/Ty, a IIPOU3BOJICTBO 3€PHA 32 TOT K€ IEPHO/I
371ECh YMEHBIIIUIJIOCH C 9913 ThIC. TOHH /10 4151,3 THIC. T, TO €CTh OOJIBITIE, YEM B/IBOE [29].

3a 3TO BpeMsA B CTPYKTYpe IOCEBHBIX IUIOIIAZIEd TaKKe IPOU3OILIN CyIIEeCTBEHHbIE
W3MEHEHUs, KOTOpble BBI3BAJIM 3aTPyJHEHUs B OpPraHU3aIMM HAyIHO OOOCHOBAHHOTO
JepeoBaHUs CeJIbCKOX03HCTBEHHBIX KYJIBTYP Ha MOJIsAX [4, 10, 12].
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N3BecTHO, UTO HayYHO OOOCHOBAaHHOE Uepe/IoBaHUE KYJIBTYp B CeBOOOOpPOTaX HA OCHOBE
MPUHIIUIIOB IUIOZIOCMEHA CYII[eCTBEHHO — B CpeAHeM B 1,5-1,7 pa3a IOBBIIIAET ypPOKaWHOCTb
OCHOBHBIX 3DHOBBIX KYJIBTYP 110 CDaBHEHUIO C UX O€CCMEHHBIM BO3/eIbIBAHUEM [2, 4, 10, 12, 30].

Ho peanmzanusa ONpUHIMIIOB IUIOJIOCMEHA B HACTOSAIee BpeMs 3aTpyJHEHA TeM, UTO U3
CTPYKTYpPBI IIOCEBHBIX IUIomaAel IlenTpaspHoro HeuepHO3eMbs BBINAJIN IMOCEBBI MPOMAIIHBIX
KYJIBTYD, COCTABJIABIINE PaHbIIE OJUH W3 OCHOBHBIX JJIEMEHTOB IUIo/locMeHa. Hampumep, 3a
MIOCJIE/THUE 20 JIeT IO/ MOCAZIOK KapTO(dessa B CeTbCKOX03IMCTBEHHBIX TPEAIPUATUAX 30HbI
YMEHBIITIIach B 10 pa3, CUJIOCHOH KyKypy3bl B 5 pas [10, 12, 29].

B HeckosIbKO pa3 COKpaTUJIHUCh 3/eCh IUIOMIAZN TOCEBOB 3€PHODOOOOBBIX KYJIBTYD, U KaK
9JIEMEHTHI IUIOZIOCMEHA BMeECTe C IPOMAIIHBIMHU KyJIbTypaMU OHH yTPAaTWIN CBOe 3HAYEHHE B
IIOCTPOEHUH IIOJIEBBIX CEBOOOOPOTOB. COKpaTHIach TaKiKe IUIONIAAb IIOCEBOB OJHOJIETHUX TPaB
KaK Iapo-3aHUMAIOIIUX KyJIbTYp. VI B CTPYKType MOCEBHBIX IUIOMIA/ied MPeobsIajalouMU CTaIH
IOCEBBl 3€PHOBBIX KYJBTYpP, OIpEJEIUBIINE 3€PHOBYIO CHENHATU3ALMI0  3eMJIeeTUs
HeuepHo3embs.

B coBpeMeHHBIX YCIOBUAX 3€PHOBAsI CHEIUATH3ANHSA 3eMJIe/IeNTNs OObEeKTUBHO OIpaBJaHa 1
SIBJISIETCSL TIEPCIIEKTUBHOM, TaK KaK IPOU3BOJCTBO 3€pHA 37eCh HUMEET PsAJI SKOHOMHYECKUX,
TEXHOJIOTUYECKUX M  arpodKOJIOTUUECKUX MPEUMYIIECTB, O KOTOPBIX VIIOMHHAJ ellle
J.H. [IpAHUIIHUKOB [4, 9, 10].

Bo-nepevlx, B KauecTBe 3ePHOBBIX KYJIBTYDP 371€Ch BO3JIEJIBIBAIOTCA PA3HO0OPAa3Hble 8UObL
KY/1bmyp, KOTOPBIE CYIIECTBEHHO OTJIUYAIOTCS MO0 OMOJIOTHMH U TEXHOJIOTHMHU BO3ZEIbIBAHUA — IO
03UMOCTH U SPOBOCTH, 10 CPOKAM II0CEBA B YOOPKH, II0 YCTOMYHUBOCTHU K OOJIE3HAM U BPEIUTEIISM,
10 KOHKYPEHTHOH CIIOCOOHOCTH K COPHAKAM U IO APYTUM MPU3HAKAM.

ATO MO3BOJIAET B IpeZiesiaX 3€PHOBOM I'PyIIbl 3(PPEKTUBHO OPTraHU30BaTh CMEHY KYJBTYP,
OTJIMYAIOIUXCSA PAa3JINYHBIM MOTPEOIEHNEM BO/IbI, ITUTATEIbHBIX BEIIECTB U3 ITOYBHI, CTEIIEHBIO X
BO3/IEHCTBUS Ha (pU3UUECKUEe, XUMHUYECKHE U OMOJIOTMYECKHE CBOMCTBA IMOYBBI, YCTOHYUBOCTBHIO K
Pa3JIMYHBIM BHIAM B5PO3HH, CTEIEHBIO MOPa’KEHUsA MX CIEIUATTU3UPOBAHHBIMU OO0JIE3HAMU U
BpEIUTEIISIMH, 3aCOPEHHOCTHIO UX CIIEITUATU3UPOBAHHBIMYU COPHAKAMH U T. .

Bo-emopblx, TEXHOJIOTUS BO3/I€JIBIBAHUS 3€PHOBBIX KYJIBTYP ITOJTHOCTBIO MEXaHU3UPOBAHA, U
ce0ecTOMMOCTh TMPOU3BOJCTBA 3€pHA 3HAUYUTEJIBHO HUXKE, 4YeM IIPOU3BOJICTBO JIpYyToOH
pacTeHUEeBOTYECKOU MTPOAYKINH [4, 10].

B-mpembux, 3epHO KaK [IEHHBIA PHIHOYHBIA TOBAP MEHBIIIE BCETO IMOBEPIKEHO KOJIEOaHUAM
PBIHOYHON KOHBIOHKTYPBI, TAK KaK OHO MOJKET XPAHUTHCH AECATKH JIET U BBICTABJIATHCA HA
MIPO/IAXKY TOT/IA, KOT/Ia CKJIAJABIBAIOTCA OJIarONPUATHBIE JJI HETO PHIHOYHBIE YCJIOBHSA.

B-uemeepmulx, oce yOOPKU 3€pHOBBIX KYJIBTYP OCTAeTCs 2-2,5 MeCsIa TEIJIOTO BpeMeHU,
B TeYEHHEe KOTOPOTO BO3MOJKHO BO3/IeJIBIBAHME PA3JIMYHBIX BUJIOB IOKHUBHBIX U JPYTHX
MIPOMEKYTOYHBIX KOPMOBBIX U CHAEPATIbHBIX KYJIbTYp [9, 12].

B-nambulx, Ipu 3¢pHOBOM CHEIUATN3AINY 3eMJIEJIENTHUS IPOU3BOAUTCA OOJIBIIIOE KOJIMIECTBO
COJIOMBI, KOTOpas NpHu «6e3HAaBO3HOM» THUIIE XO3AHCTBA MaJIO UCIIOJIb3YeTCs, HO AABJIAETCA BaXKHOU
dopmoii oprannueckoro ynobpenus [1, 2, 4, 12].

B-wecmbix, BO3J/leJIbIBAHNE 3€PHOBBIX KYJBTYD HMeeT PAA  arpo3dKOJOTUYeCKUX
npeumyiiecTB. OHU BO3JEIBIBAIOTCA CIJIOIIHBIM CIIOCOOOM M CBOUM IIOKPOBOM HAJIE3KHO
YVKPBIBAIOT IOYBY OT paszpyuieHus. OcobeHHO 3T0 3(PdEKTUBHO IMpPU BO3ZETBIBAHUU O3UMBIX
3€PHOBBIX KYJIBTYD, KOTOpble, HanpuMep, B llenTpasibHOM HeuepHo3eMbe 3aHHUMAIOT MOJIOBUHY
IIOIIA/TN TIOCEBA 3€PHOBBIX KYJIBTYP [10, 29].

Kpome Toro, 3epHOBBIE KYJIBTYPbI OCTABJISIIOT Ha IOJIAX CMeEpHI0, KOTOpas 3a7eprKUBaeT
CHET, HAaKaIUTUBAET BJIATy B IIOYBE, U 3AIUIIAET €€ OT 3PO3UH [3, 12].

Cedbmoe — BaXKHO TaKiKe U TO, UTO NMPABWIHBHO OPTAaHM30BAaHHOE UYepeZiOBaHUE KYJIbTYD B
3€PHOBBIX CEBOOOOPOTAX MOBBIIIAET X (PUTOCAHUTAPHBIE U IOYBO3AIUTHBIE (DYHKITUH.

Hampumep, ogec B TakuxX 4epeOBAaHUAX BBINOJHAET POJIb «CAHUMAPHOU» KYAbMYpbl, TaK
KaK OH He mopakaeTcsi 00JIE3HSIMH KOPHEBBIX THUJIEH W MPEpPHIBAET UepeOBAHHUE TMIIEHUIIbI U
SAYMEeHs, pacTeHUs KOTOPBIX IOpaKalTcAd OJHUMHU U TEeMH Ke B030yAuTessiMu OoJie3Hel
KOPHEBBIX THWJIEH [3, 4, 12, 30].

IToceBbI 03UMOIA MIIIEHUIIBI B O3UMOU P3KU NOOABAAIOM PACNPOCMPAHEHUE POBHIX COPHBLX
pacmeHuil, a cMeHa 03UMBIX 3€PHOBBIX KYJIBTYD APOBBIMU 3€PHOBBIMH OUUIIIAET HOJIS OT O3UMDBLX,
3umyrowux u 08Y/a1emHUX COPHbIX pacmeHuil. XopouieMy OYHIEHUI0 IIOJIEd OT COPHSKOB
CIIOCOOCTBYIOT 3aHATHIE TAPbI, 0COOEHHO CU/IEpATbHBIE [4, 9, 10, 12].
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MHoOroJ/JIeTHHE TpaBbl — CIIYTHHUK 3€PHOBOH CHENHATHU3ANNN M OHOJIOTU3AI[HH
3emuienenansa B HeuepHozembe

3epHOBOH crienpanu3anuu 3emuienenusa lleaTpanbHoro HeuepHo3eMbsi 6J1arONpUsITCTBYET
HJINYUE B CTPYKTYPE IMOCEBHBIX ILIOIIAZEN OOJIBITUX IUIONIA/IEH IOCEBOB MHO201eMHUX MPaAs —
BOKHOTO ITOYBOYJIYUIIAIONIETO0 3JIEMEHTA IUIOZOCMEHA B YCJIOBUAX JOCTATOYHOTO YBJIAXKHEHUS.
Bo MHOTMX X03fIlicTBaX 3TOU 30HBI MHOTOJIETHHE TPaBbl B HACTOsAIIEe BpeMsA 3aHUMAIOT 0
TIOJIOBUHBI TTOCEBHOM TLIOIIA/IU, U CIY>KaT OCHOBOU 3€pHOTPAaBSIHBIX CEBOOOOPOTOB [10, 12, 14, 29].

BmecTe ¢ Tem mpefiesibHOe HAChIIIEHUE CEBOOOOPOTOB 3€PHOBBIMH KYJIbTYPaMHU — A0 75-
80 %, paxke mpu caMOM paIMOHAJIBHOM HX 4YepefoBaHWM B YCI0oBUAX LleHTpasibHOTO
HeuepHO3eMbsi MPUBOAUT K CHIPKEHHUIO YPOXKAWMHOCTH 3€PHOBBIX KYJIBTYD, OCODEHHO KOTJIa HX
TEXHOJIOTHS BO3/IeJIbIBAaHUsA He obeclieueHa HEOOXOAWMBIM KOJIMYECTBOM YIOOpEHUU, CPeCTB
3aIUTHI PAaCTEHUH, PETYJIATOPOB POCTA U APYTUMU CPEJICTBAMU ITPOU3BOJICTBA [2, 10, 12].

U ¢ 3TM cBs3aHa MpobsieMa BOCIPOU3BO/ICTBA IUIOAOPOAHS MOUBBI, KOTOPOE B MOCJIEAHUE
JIBa JecATIIeTHs Ha 3eMuisix lleHTpasibHOTO HeuepHo3eMbsi MMeeT TeHIEHITUIO K CHIDKEHHUIO [12].
IT0 OOBSICHSETCS, NPEXKAEe BCEro, OOJBIIUM €KErOJAHBIM BBIHOCOM ITHTATEJIbHBIX BEIECTB C
yPO?KaeM 3€epHOBBIX U JPYTUX CEeJIbCKOXO3ANCTBEHHBIX KYyJIbTYD, KOTOPBIM U3 rojila B TOJ| He
BOCIIOJTHSIETCSI HEOOXOIUMBIM KOJIMYECTBOM Y/I0OpEHUH.

PacueTs! 1MOKa3bIBAIOT, YTO HPHU CPeAHEN YPOXKAMHOCTH 3€PHOBBIX KYJIBTYD B 3 T/ra 3€pHA
CYMMapHOe KOJINYEeCTBO IHUTATEJbHBIX BEIIECTB, KOTOPOE€ HEOOXOAMMO BHECTH B IIOYBY C
yIOOpEeHUAMH /IJIs1 KOMITEHCAIINH UX BBIHOCA C TAKUM YPOXKaeM 3€pHA COCTABUT B 3aBUCUMOCTU OT
BH/Ia 3€PHOBOM KYJIBTYPHI OT 207 A0 297 KI/ra, TOTAA KaK €KeroJHOoe BHECEHNE MUHEPATbHBIX
yI0OpeHUH 10;T 3€PHOBBIE KYJIBTYPHI 371eCh He MPEBBINIAET 40 KI/Ta AeHCTBYIOIIEro BelecTBa [12],
a HABO3 MO/ 3€PHOBBIE KYJIBTYDPHI IPAKTUUYECKH HE BHOCUTCA. I B CBA3SH C IOCTOSHHBIM
HapyllleHHeM 3aKOHa BO3BpaTa B 3eMJIEZIEJTUH 3TOTO PErHOHA CJIOXKUJICS PE3KO OTPHUIIATETbHBIN
OaslaHC TUTaTEIbHBIX BEIIECTB, BEIYIIUH K UCTOIEHHIO TIJI0JIOPO/IUS TIOUBHI.

B cooTBercTBUM € 3aKOHOM BO3BpaTa TaKHWe IIOTEPHU ITUTATEJIbHBIX BEIIECTB TPEOYIOT
IIOCTOSTHHOM HMX KOMIIEHCAI[UX IIyTeM BHECEHHsA OOJIBIIOr0 KOJIHMYECTBAMHUHEPAIbHBIX U
opraHuYecKux yaoopenuii. Ho pe3akoe cokpaiiieHue morojIoBbs ;JKUBOTHOBO/ICTBA B ITOCJIETHHUE /IBA
JleCATUJIETUS TIOPOJWIIO OCTPBIN eUIIUT HaBO3a — €ero IpUMeHeHHe B 3TOM palioHe COKPaTUIOCh
B CpeJIHEM B UeThIpe pasa [12, 29]. 3a 3T0 BpeMs pe3KO COKPATHJIOCh U MPAKTUYECKU CBEJEHO K
HYJII0O UCIIOJIb30BAaHHE B KAUeCTBE OPTraHUYECKOro yAoOpeHusa Topda. 113-3a BHICOKON IEHBI 1A
MHOTHX CeJIbCKOXO3SHCTBEHHBIX TOBAPOIPOU3BOAUTENIE CTAJM HEAOCTYIIHHI MHUHEPAJIbHBIE U
M3BECTKOBBIE YI0OpEHUsI, TPUMEHEHHE KOTOPHIX 32 BpeMs pedopmupoBanusa AIIK cokpaTtuiocs B
HECKOJIBKO pas.

ITosToMy /11 BOCIIPOM3BOJICTBA ILJIOJIOPOJIUSI TOYBBI AKTyaJIbHBIM CTAHOBUTCA IIOUCK H
HCIIOJIb30BAHUE JIDYTUX HCTOYHHUKOB yZOOpEeHWH. DTH MCTOYHHUKH I0/ICKAa3bIBAET CJIOKUBIIASICA
371eCh CTPYKTYypa MOCEBHBIX IIotazen. C Mo3uIuu BOCIIPOMU3BO/JICTBA IJIOJIOPOAHS TIOYBBI 0c0b0e
3HAYEHHE UMeeT TO OOCTOATEIBCTBO, UTO HAPSAY € MOCEBAMH 3€PHOBBIX KYJIBTYP 37€Ch OOJIbIIOE
pacIpocTpaHeHNe UMEIOT N0ce8bl MHO201EMHUX MPas.

Hx neHHocTh B ceBoobopoTax HeuepHO3eMHOI 30HBI OIPENEIAETCS IPEXK/IE BCETO TEM, UTO
KJIEBED, JIIOLIEPHA U Apyrue 6000Bble MHOTOJIETHHE TPaBbl 000TAAIOT ITOYBY a30TOM — B TOJl OHU
CIIoCOOHBI yCBauBaTh U3 aTMocdephbl U HAKAIUIMBATh 10 150-200 KI/ra 6MOJIOTUYECKOro a30Ta Ha
1Ta MaIIHy, YTO PABHOIIEHHO 4-6 I IOPOTOCTOSIIEH aMMHUAYHON CEJTUTPHI [2, 4, 12]. VI aTOT a3oT
HaXOJIUTCS B COCTaBe OPTaHUYECKOTO BEIeCTBA M He BHIMBIBAETCS M3 MTOYBBI, YTO UMeEET OOJIBIIIOE
arpo3Ko0JIOTHYECKOe 3HAUEHHE.

MHoroseTHHEe TpaBbl, OCOOEHHO UX 0000BO-37ITaKOBBIE CMECH SBJISIOTCA BaKHBIM
MCTOYHHUKOM OPraHUYECKOTO BeIlecTBa Ui MAaJIOIUIOZIOPOAHBIX MOuYB HeuepHO3eMbs.
Ha nepHOBO-TIO/I30/TMCTBIX  TTOYBaX MOCKOBCKOM 00J1acTH  KJeBepo-TUModeeyHass CMeCh
JIBYXJIETHETO WCIIOJIb30BAHUSA OCTABJISAET B IAXOTHOM CJIOE J0 7 T/ra abCOJIOTHO CyXOH
OpraHNYecKON Macchl, UTO PABHOIIEHHO BHECEHUIO B IOYBY 25-30 T/ra HaBO3a ¢ ONTUMAJIbHBIM
COOTHOIIIEHHEM yTJieposia K a3ory [12]. [losToMy MHOrOJIeTHHE TPaBBI CTOAT B PAAY JIyUIINX
IIpeIIIECTBEHHUKOB, IIPEBOCX0/IS UNCThIEe U 3aHATHIE MTaphl U 1aBasd Mo 5-6 T/ra 3epHa [2, 4, 12].

YcraHOB/IEHO, YTO HAChIIleHUE II0JIEBBIX CEBOOOOPOTOB IOCEBAMU MHOTOJIETHUX TPaB /0
33 % miomaau mamHu obecreyrnBaer 6e37eUINTHBIN OaylaHC TymMyca B JIEPHOBO-IIO/I30JIUCTOU
IIOYBe, a C yBeJWUYEHHEM UX Y/IeJIbHOTO Beca B ceBOOOOpOTe 70 50 U 0oJie MpOIeHTOB OayiaHc
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ryMyca B TaKHX IIOYBaX CTAHOBUTCS IIOJIOXKUTEJIBHBIM [17]. JlepHUHA M MOIIHBIA HX TPaBIHOU
MTOKPOB HAJIE?KHO MPEIOXPAHSIOT IIOUBY OT 3p0O3UH [12].

IIpomMekyTOUHBIE CHAEPATbHbIE KYJIbTYPbI Y IVIOZOPOAHE MOYBbI

Jpyrum 3dGEKTUBHBIM  CPEJICTBOM  IOBBIIIIEHUS] IUIOJIOPOJIUSI TIOUBBI B 3€PHOBBIX
ceBOOOOPOTaX, HKOJIOTU3AUMU U Ouosorusanuu 3emienenus HeuepHo3zeMmbs fABJAETCA 3e1€HOe
ydobpeHue, KOTOPOE 0 CBOEH yAoOpPUTEbHOHM IIEHHOCTU HE yCTyIaeT HaBO3y, HO 3HAYHTETHHO
JlellleBJie HaBo3a, Topda u APYrux OpraHUUECKHUX y/I00peHui, 0COOEHHO, KOT/Ia OHO TP UMEHSIETCs
B BUJIE NPOMENHCYMOUHBIX KYAbMYP — NOHCHUBHBIX, NOYKOCHBLX, NOOCEBHBIX, 03UMbLX [12, 30].

[IpumeHeHME TPOMEKYTOUHBIX KYJIbTYP B KauyecTBe CHAEPATOB SBJISETCA JaJIbHEHIINM
paszsutuem wunaert [I.H. IIpgaHUIIHUKOBA O IIUPOKOM BHEJPEHUM 3€JIEeHOro y00peHus B
3emsteniesinl HeuepHo3eMHOM 30HBI. IMeHHO Takas popMa cuepaliii SJKOHOMUYECKH HauboJiee
BBITOJIHAsI, TaK KaK IIPOMEXKYyTOUHbBIE CHJEepaThl II03BOJISIET, HEe CHIIKAsA BBIXOZA OCHOBHOU
MPOAYKIIMA CeBOOOOPOTa, IMOBBINIATh IUIOJOPOJME TIIOYBHI U  OOIIYI0 IPOAYKTUBHOCTD
ceBoobopoToB  HeuepHozembss [12]. Kpome Toro, mpoMeKyTOUHBIE CHJIEpAThl  Kak
JIOTIOJTHUTEJIBHBIN AJIEMEHT IUIOZIOCMEHA U OpraHudeckas ¢opma yoOpeHUs SBJISIOTCA BaXKHBIM
dbakTOpOM OGHOJIOTH3AIIMH H SKOJIOTU3AIUY 3eMJIE/IENIUS B COBPEMEHHBIX arposian/madrax [14, 17,
18, 38].

B kauecTBe cuiepasIbHBIX POMEKYTOUHBIX KYJIBTYP 3/I€Ch XOPOIIO ce0s 3apeKOMEH/I0BAIHI
CPaBHUTEJILHO HOBBIE KYJIBTYPhl W3 CEMEHCTBAa KaIlyCTOBBIX — panc, eopuuya Oenasn, pedvka
MmacauvHas, cypenuya, a Takxke dayeaus, amapaHm u HEKOTOPBIE JIPYTHE.

W3 Bcex KyJIBTYp CEMENCTBA KaIlyCTOBBIX OeJias ropunIla OKa3ajsach HanboJiee YCTOMUYUBOU K
HeOJIaTONPUATHBIM YCJIOBUAM, KOTOPBIE OBIBAIOT B OT/EJIbHBIE TOABI B IEHTPAIBHBIX 00JIACTSX
Heueprosemps. IIpu moceBe B Havasie aBrycra B yCJIOBUAX [10/IMOCKOBBSI OHA OBICTPO pacTeT U K
Havaly OKTSOpsi, BbIZIEPKUBasi OCEHHUE HOUHBIE 3aMOPO3KHU 10 -6°C, crmocoOHa HapaluBaTh 10
25-30 T/Ta 3eJIEHOH Macchl, KOTOpas MO yAOOPUTETLHON IIEHHOCTH PAaBHA TAKOMY K€ KOJTHUYECTBY
HaBo3a [12].

Eciim BHeceHHe 20 T/ra HaBo3a Ha JIEPHOBO-IIO/I30JIUCTHIX CPETHECYTJIMHUCTBIX ITOYBAX
MIOBBIIIIAET YPOKAMHOCTh KapTodensa Ha 48%, a paBHOIIEHHOE €My KOJIMYECTBO MUHEPAJIbHbBIX
yrobpenuit — Ha 36%, TO 3amalika 3eJIeHOU Macchl IOKHUBHOUN ropuuiisl (18-20 T/ra) B YUCTOM
BUJle TIOBBIIIAeT cOoOp KiIyOHeH kaprodesns Ha 49,8%, a B coueTaHUH C yAOOpPEHUEM COJIOMOM
03UMBIX KyJbTyp (5-6 T/ra) — Ha 58,6%. Ilpu 3TOM MOBBIIIAETCS TOBAPHOCTh KJIYOHEH U
coJiep;KaHue Kpaxmasia B HuX [12, 39].

Ha cymecuaHbIX /IepHOBO-TIOA30JIMCTHIX TOYBAaX BpAHCKOW 00J1acTH TOCE MOXKHUBHOTO
cujiepata yposKalHOCTh KapTodess IOBbIMaiack Ha 86%, Iocie BHECEHUs] PaBHO3HAYHOTO
KOJINYECTBA MUHEPAJIBHBIX y/IOOpeHU — Ha 46%, MIUHEpPAIBHBIX YA0OPEHUH ¢ HABO30M — Ha 84 %
[12,13].

JluTenbHOE WCIONIb30BaHHE (B TedyeHUWE 4 IIECTHWIETHUX CEBOOOOPOTHBIX PpOTAIIHiA)
MO’KHUBHOTO CHJIeEpaTa B COYETAHUH C y/I0OpEeHEeM COJIOMOU Ha (pOHEe MUHEPAIBHBIX YAOOpeHUI
obecrieynBajio B 3epHOBOM ceBoobopoTe ¢ 83% 3€pHOBBIX KYJIBTYD TaKOH K€ YPOBEHbD COJIEPKAHUS
rymyca ¥ oOIIero a3ora B IAXOTHOM CJIO€ MOYBBI, KAK M B IJIOJIOCMEHHOM CEBOOOOPOTE C JIByMs
MIOJIIMU MHOTOJIETHUX TPaB [10, 12]. IIpu 3TOM MHOTOJIETHEE IPUMEHEHHE TTO;KHUBHOTO 3€JIEHOTO
yIoOpeHus KaK B YUCTOM BHUJIE, TAK U B COYETAHUHU C YI0OpEeHHUEeM COJIOMOU Ha (DOHE MUHEPATbHBIX
yI0OpeHU B 3ePHOBOM CEBOOOOPOTE CHHIKAJIO IIJIOTHOCTH TMOYBBHI B IMMAXOTHOM CJIO€, ITOBBIIIAJIO
coJlepKaHue CTPYKTYPHBIX arperaToB M YBEJIUYHBAIACH BOJOIPOHUIIAEMOCTH TOYBBI, KOTOpPAas
TECHO CBA3aHA CO CTPYKTYPOH, IUIOTHOCTHIO U JIPYTUMH ITOKA3aTEeAMU (PUSHIECKOTO COCTOSHUS
TTOYBHI.

Kpome ynmobpuresnbHOW (GYHKIIUU, IMOKHUBHBIE CHEPAJIbHBIE KYJIBTYPHI BBINOJIHAIOT B
3€PHOBBIX CEBOOOOPOTAX BAXKHYIO (UMOCAHUMAPHYIO POAb — CHIDKAIOT 3aCOPEHHOCTH ITOCEBOB U
UX MOpa’KeHue Pa3IUnYHbIMU 00Jie3HsIMH. OHHM CTAHOBATCA BaKHBIM (haKTOPOM OMOJIOTHU3AINU U
SKOJIOTU3ALNU 3eMJIe/Iesus, 3alUIIAI0T I0YBY OT 5PO3UH, CHOCOOCTBYIOT OXpaHe OKpY:Kalollen
cpenpbl, 00ecreunBalOT yCTOMYMBOE 5KOJIOTHYECKOe PaBHOBECHE U IIOJyYeHHe 3KOJIOTHYECKU
YHUCTOUN MPOAYKIUH [10, 12, 14].

[TonoxkuTenpHOE BAUAHUE MOXKHUBHOTO CcHJlepaTa KaK B UYMCTOM BUJIe, TAK U B COUETAHUH C
COJIOMOH Ha IUIOZIOPO/IYe JIEPHOBO-TIO/30JIUCTOM MTOUBBI, HA PUTOCAHUTAPHOE COCTOSHUE IIOCEBOB
ompezieisieT XOPOIIUH POCT, Pa3BUTHE, BBICOKUHM YpOKAH CETbCKOXO3SHUCTBEHHBIX KYJIBTYP,
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BBICOKYIO IIDOZyKTHUBHOCTH CeBOOOODOTA M XOpolllee KauecTBe 3epHa [9, 10]. DTo mo3BojisAeT B
3HAYUTEJIbHON Mepe CHATh OTPUIIATEJIbHBIE TOCJIE/ICTBUSA 3€PHOBOU CIIENMATN3AIUN 3eMJIeIeITHs
Y TIOBBICUTH arpO3KOJIOTUYecKHe (PYyHKITNU 36PHOBBIX CEBOOOOPOTOB.

[TpuBesieHHblE 371eCh JAHHbBIE SBJIAIOTCSA pe3yJabTaTaMU MHOTOJIETHUX HCCJIeIOBAaHUM,
IIPDOBEJIEHHBIX B  pa3IWYHbIX oOsacTax HeuyepHo3eMHON 30HBI B  pa3BUTHE  U7eH
J.H. IIpAHUIIHUKOBa, U peajn3aledl Ha NpPaKTHKe 0Oraroro HAyyHOTO HacCJeAus, KOTOpOe
OCTaBWJI HaIllell CTpaHe BBIJIAIOIIUNCA YIE€HBIH — arpoOHOM, arpOXUMHUK, OMOXUMHUK U (HU3HOJIOT
pacrenuii [8, 11].

3axsoueHue

buoreocucremorexaudyeckoe 3HaueHue HayyHoro Haciaeauda /ILH. IIpaauimHaukosa

HesrenpHOCT U KU3HeHHass mosunusa J[.H. IIpgHUITHUKOBA Kak HeJb3si OoJiee
BOCTpeOOBaHbI cefiuac B CBSA3U 33JlauaMu pas3BUTHS B PO mpupo1ono00HBIX TEXHOJIOTHH IS
oOycTpo¥icTBa HOBOTO CTAaOWJIBHOTO MHOTOTpaHHOTO Mupa [28]. Beigep:kuBas JIMHUIO
J.H. IIpAHUIIHIKOBA Ha ONTHMAaJbHOE COUYeTaHHe OMOJIOTHYECKHX W TEeXHOTEHHBIX (haKTOPOB
3eMJIefieJIUsA, W ONHUPAsCh Ha IOCJeIHUE JIOCTHIKEHHSA B 00JIacTH arpoJiaHiiadToBeneHus,
BBICOKOTOUHBIX arpOTEXHOJIOTUH C IIHPOKONW KOMIIbIOTEpPU3AIMell W MOHUTOPUHIOM B
arpoOHoCHCTEMaX, MOKHO IIPEOJIOJIETh IPOTHBOPEUHS MEKAY PpPa3BUTHEM COBPEMEHHBIX
arposkocucTeM U Omocdepol, KOTOpble BO3HUKIU B IIOCIIEIHUE AECATHJIETUS U IPpHOOpesn
IUIaHeTapHOE 3HaUeHue.

AJTbTEDHATUBBI PEIIEHUI0 3TUX TPoOseM HeT [40], u Oorareliniee arpo3KOJIOTHUUECKOE
HayuHoe Hacaeaue JI.H. IIpgaHWIIHUKOBA ¥ HECKOJIBKUX IIOKOJIEHWUH €ro YYeHHKOB WU
IIOCJIe/IOBATEJIEH, alpOOMPOBAHHOE B PA3JIMYHBIX ArpOKJIMMATUYECKUX YCJIOBUAX B Macirtabax
Hallled CTpaHbl, IO3BOJISIET CEeJaTh B3BEIIEHHBIA BBHIOOP BEKTOpA JAJIBHEHUIIEr0 Pa3BUTHA
ONTHUMH3AIMN B3aUMOOTHOIIIEHUH MEXKAY 3THMH CHCTEMaMH, YCUJINB OHOTEXHOJIOTHYECKYI) U
SKOJIOTUYECKYIO HAIpaBJIEHHOCTh MCCJIENOBAaHUUA IO OSTUM BompocaM [35]. OpHoit wu3
COCTABJISIONIEN B3TOTO Pa3BUTHUs SBJISETCA OTEUYECTBEHHOE HAYYHO-TEXHHUYECKOE HallpaBJIeHUE
«buoreocucreMoTeXHuKa» [6, 36, 37].
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AnHoTtamusa. B cratee ocBemjaerca posib I.H. [IpsAHUIIHMKOBA B Pa3BUTUM HAyIHOU
arpOHOMHU B Hallled cTpaHe, OOJIBIION BKJAaJ B Pa3BUTHE TEOPUHM M MPAKTHUKU 3eMJIENEUS U
pacreHueBo/icTBa. PaccMaTpuBaeTcsi MHPOBO33peHUYECKOe 3HaueHHe HayuyHO-IIe[aroruyecKoi,
MyOJTUIIMCTHYECKOH ©  o0IectBeHHON JeAatenbHOCTH /JI.H. IIpsSHUIIHWKOBA Kak YydYeHOro-
arpoHOMa, y4eHOTO-MbICJIUTEJIS TJI00aJIbHOTO MaciTaba, 60p1ia 3a HAyYHO-TEXHUUECKHUH ITPOTrpece
B 3eMJIeJIeJTUH, IPOTUB aHTHHAYYHBIX BO33DEHHUI M MIAOJIOHHOTO IMOJAXO0Za B PEIIeHUH HAYIHO-
arpOHOMHYECKUX IIPOOJIEM.

ITokazaHa ero poJib B pellleHUU 337a4 NPAKTUUECKOTO 3eMJIefiesins, UMeIUX HapOJHO-
XO3STUCTBEHHbIE 3HA4YeHHEe B MacinTabe CTpaHbl M MHpa. DTo: pa3paboTKa UM IIpoIaraHza
IIPOTPECCUBHBIX arPOTEXHOJIOTUHM, TEOPUU IUIOAOCMEHa, €ero BHEJAPEHWe B MPAKTUKY
OTEeUeCTBEHHOTO 3eMJIe/IeJINA; HaydYHO OOOCHOBAaHHAs KPHUTHKA MaJIbTy3HMAaHCTBA U pa3paboTKa
MEPCIIEKTUB Pa3BUTHUSA OTEUECTBEHHOTO 3eMJIeieIisA IyTeEM €ero KOMIUIEKCHOM XUMH3aIlluu.
ATo pemuTeabHasA 60pbba ¢ MabIOHHBIM U IIOBCEMECTHBIM HaCAKJEHUEM TPABOIIOJIbHON CHCTEMBI
3eMJIeIeNTUsS KaK «IMaHalled OT BceX Oef»; HaydHoe 000CHOBaHHME TEOPHU CEBOOOOPOTA M IMPUYUH
yepeIOBaHUs KyJIbTYp; pellleHre mNpo0JeMbl a30THOTO IHTAaHUS PACTEHWH, HWCTOYHHUKOB
OMOJIOTUYECKOTO M XUMHUYECKOTO a30Ta; IIPOTHOCTHYECKHE PEelIeHHs U IUIaHbl OWOJIOTH3AIUH U
xumuzanum 3emuefieniusa. C numeHeM u AedatesnbHOcThiO [[.H. [IpAHUIIIHUKOBA CBA3aHO CO3JaHUE
arpOXMMHUYECKON  Cay:kObl B CTpaHe;  Pa3BUTHE  OTEYECTBEHHOM  Aa30THO-TYKOBOM
MIPOMBINIJIEHHOCTH;  pa3paboTka ©W  pallMOHAIBHOE  HCIOJIb30BAHUE  MECTOPOXKAEHUM
O0Te4YeCTBEHHBIX (OCHOPUTOB, KATUUHBIX COJIEN, N3BECTKOBBIX MAaTEPHUAJIOB, TOP(dA, 30JIbI U APYTUX
KaK IMPOMBIIIJIEHHBIX, TAK ¥ MECTHBIX y/IOOpPEHUN.

[IpuBogATCA pe3ynbTaTbl MHOTOJIETHUX HCCIEJOBAHUN yYeHbIX — YYEHUKOB U
nocsiepoBaresnei /[ .H. [IpaHUITHUKOBA, ITOCBAIMIEHHBIX N3yYEHUI0 U BHEAPEHUIO B ITPOU3BOCTBO
IJIOZIOCMEHHBIX CEBOOOOPOTOB U CUCTEM 3eMJIEENIUs, CUAEPAlli, 3eDHOBOM CIIENHATU3aIuud U
ouosornzanuu 3emienenus HedepHO3eMHOU 30HbBI, peajiM3alliid MHOTHUX WJIEN BBIJIAIONIEr0Cs
yuutensi. Ha mnpumepe HedyepHo3eMHON 30HBI ITOKa3aHa MAacCIITaOHOCTh  MBIIIEHUS
J.H. IIpAHUIIHUKOBa, €ro TaJIaHT HCCJIeZoBaTelss U YYEHOTO — OpraHH3aTopa, CII0COOHOTO
YCIIEIIIHO pellaTh HaydyHble NPOOJEMBl arpOHOMHH ¥ HAapOJAHO-XO3SUCTBEHHbIE 3a/layd B
peruoHax, 1 B Maciitabe crpaHbl. OmHCaHbl BBICOKHE TPAKIAHCKO-TIATPUOTUYECKHE KadecTBa
sugHOocTU U My»kecTBo JI.H. IIpAHUITHUKOBA, CTpeMJIeHNe K 3alllUTe HayYHON UCTUHBI, KOJUJIET —
YUEHBIX, TOJBEPTIINXCSI HEOOOCHOBAaHHBIM PeNpeccUsiM B 30-40-€ TO/bl IPOIIIOTO CTOJIETHUS.
ITokasana tecHad cBa3b yueHusd /1. H. [IpAHUIITHIKOBA ¢ COBPEMEHHOCTBIO, 3HAUEHHE €T0 BEJIMKOTO
HacJIeus JUIA AajIbHEUIIero pa3BUTUA NTePCIEKTUBHBIX HAIPABJIeHNN HAYKU.

KiioueBbie cJjIOBa: arpOHOMHS, arpOXHUMMs, PACTEHUEBOJICTBO, a30T OHMOJIOTHYECKHH,
3€pHOBAs CIIEIUAJIN3alus, KJIeBep, JIIONWH, MHOTOJIETHHE TpaBbl, CHAeparus, yaoOpeHHe,
IJTOZIOCMEH, ITPOMEKYTOUHAsA KYJIbTYpa, CEBOOOOPOT, IJIOOPOANE MMOYBBI, CUCTEMA 3eMJIEETHA,
ypO3Kau.

231




Biogeosystem Technique, 2015, Vol.(5), Is. 3

Copyright © 2015 by Academic Publishing House Researcher R S
P % Published in the Russian Federation Biogeosystem
* . . Technique
* »  Biogeosystem Technique
% * Has been issued since 2014.

ISSN: 2409-3386
E-ISSN: 2413-7316
Vol. 5, Is. 3, pp. 232-242, 2015

DOI: 10.13187/bgt.2015.5.232 = Tl
www.ejournall9.com

The Science and the Problems of Development
UDC 55
Soil Structural Stability and Erosion in a Semi-arid Agro-ecosystem

* A.I. Mamedov
2G.J. Levy
3C. Huang

Institute of Soil Science & Agrochemistry, Institute of Botany, ANAS, Baku, Azerbaijan

E-mail: amrakho3@yahoo.com

2 Institute of Soil, Water and Environmental Sciences, ARO, The Volcani Center, Bet Dagan, Israel

3 USDA-ARS, National Soil Erosion Research Laboratory, Purdue University, West Lafayette, IN,
USA

Abstract

Soil erosion and subsequent pollution by water from agricultural lands or watersheds is still
in need for evaluating of the impacts of various spatio-temporal processes involved. We have
summarized the contribution of soil inherent properties (predominant clay mineralogy, soil
texture, and organic matter content), and extrinsic conditions (rain kinetic energy [KE], wetting
rates [WR], water quality, antecedent moisture contents, tillage intensity, soil sodicity [ESP],
amendments) on soil structure deterioration and erosion (runoff and soil loss) from numerous
cultivated semi-arid soils. Soil loss from predominant smectitic soils was up to several times higher
than from kaolinitic soils. Soil erosion seems to increase exponentially with the increase in rain KE,
WR and ESP and decrease in clay content and organic matter. Rain KE and water quality (sealing,
physicochemical clay dispersion) prevailed in determining erosion in medium- and coarse-textured
soils, and WR (prevention of aggregate slaking) played a predominate role in fine-textured soils.
Effects of minimum-tillage were soil texture and irrigation water quality dependent: erosion was
notably lower under no-tillage than under conventional one, being more affective in clayey soils
with stable structure, for both fresh and effluent water quality. Soils, having moisture content in
the range between wilting point and field capacity were less susceptible to runoff generation and
erosion. Application of a small amount of polymer in combination with gypsum may effectively
decreased soil erosion. Whereas inherent soil properties cannot be changed, conditions prevailing
in the soil (WR, moisture content, impact of rain KE) can be manipulated by management practices
to arrive at conditions that decrease soil susceptibility to soil erosion and subsequent water quality
problems. Results may assist in improving our understanding of the changes in the degree of
erosion in semi-arid zone soils, and can be employed in modeling efforts aimed at the prediction of
soil erodibility.

Keywords: permanent properties and extrinsic conditions, soil system, infiltration, runoff,
erosion, modeling
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Introduction

Soil loss by overland flow in agricultural watersheds is a severe problem worldwide because
(i) a non-renewable productive soil resource is being lost, and (ii) runoff and eroded sediments are
a potential source of both point and non-point pollution that could degrade water quality in river
systems and contaminate downstream areas (Sharpley et al., 2006). In many semi-arid lands
runoff is initiated or enhanced by seal formation at the soil surface. Soil structure deterioration and
seal formation in soils exposed to rain or overhead irrigations systems results from two
complementary mechanisms: (i) physical disintegration of surface aggregates and their compaction
by the impact of the waterdrops, and (ii) a physico-chemical dispersion and movement of clay and
other fine-sized particles down the profile to 0.1—0.5 mm depth, where they may accumulate and
clog water conducting pores (Agassi et al., 1981). However in soils which considerable protected
with plant residue material, in stable clay or kaolnitic soils, runoff generation and sediment
transport could results from saturation of soils (Lado and Ben-Hur, 2004). Such problems are
expected to become more severe with climate change (e.g. runoff generation and sediment and
pollutant transport under rain with high intensity). Generally, soil interrill erosion by water
involves also two main processes: (i) detachment of soil material from the soil mass by waterdrops
(commonly raindrops) impact and/or runoff shear, and (ii) transport of the resulting sediment by
water drops splash and/or flowing runoff water. Raindrop detachment is greater than flow shear
detachment because the kinetic energy of raindrops is much higher than that of surface flow.
However, movement of detached soil down slope by rain splash is minimal, and most of the
sediments are removed from the interrill area by runoff flow. Meanwhile, under certain
management, soil or topographic conditions (disturbed soils, hill slope, soil with high dispersion
potential, etc.), runoff flow may be sufficient for soil detachment and transport (Levy et al., 1994;
Mamedov et al., 2002; van Oudenhoven et al., 2015).

Results from a large body of research on soil erosion suggests that runoff generation,
sediment detachment and transport (i.e. when irrigation water and precipitation rate exceeds the
infiltration capacity of the soil, Hortonian runoff sediment transport) may be quiet substantial
during high rain-intensity events. Usually, only a portion of the agricultural field or watershed that
are susceptible to becoming saturated, generates runoff and erosion and contributes sediments to
the streams. Agricultural fields usually exhibit a complex spatial and temporal variability related to
soil and management characteristics, and hence serves as variable sources of sediment and
pollutant, and hydrologically sensitive areas with a high tendency for generating overland flow,
where runoff provides quick transport mechanism for potential pollutants between the landscape
and surface water bodies (Walter at al., 2000; Garcia Ruiz, 2010). Therefore watershed-scale
erosion and water quality efforts are considered to be focused on those areas that potentially
contribute erosion and pollutants after sealing and/or saturation or combination of both (Gburek
et al., 2002). Moreover, agricultural management practices also affect soil properties and off-site
impacts of agriculture by influencing soil hydraulic characteristic, and sensitivity to runoff, and
erosion (Tomer et al., 2006; Rhoton et al., 2002; Canton et al., 2011). Thus, the contribution of
these runoff generating sources may increase and decrease depending on spatio-temporal
variability, which is associated with agricultural management, soil intrinsic properties and
condition (clay type, texture, organic matter, tillage, plant residue, drainage, crop rotation,
amendments, antecedent moisture, rain intensity, etc.) (Walter et al., 2000; Sharpley et al. 2006;
Norton et al., 2006; Garcia Ruiz, 2010).

The processes that control sediment and dissolved pollutants transport could differ, but are
however linked; pollutants are susceptible to transport whenever runoff water flows through or
from an area loaded with pollutants (Qui et al., 2007). Most of the currently used risk assessment
models, cannot adequately handle the complexity of the conditions prevailing in the field, probably
at least in part due to lack of understanding of how soil properties and conditions prevailing in the
field affect soil structure decline, runoff generation in a watershed, and the subsequent transport of
sediments and chemicals (Gburek et al., 2002; Sharply et al., 2006; Mamedov et al., 2006).
Our objective was to evaluate in a systematic manner the combined effects of semi-arid soils
permanent properties and conditions on runoff generation and erosion, so that to gain a better
insight into this complex topic and develop suitable management practices to minimize loss of
sediments and/or transport of nutrients having a significant pollution potential.
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Materials and Methods

The contribution of soil inherent properties and extrinsic conditions (Israel and USA) on soil
erosion was studied systematically in many cases using rainfall simulators. A detailed description
of the experimental setup can be found in various studies (Mamedov et al, 2000). Soil inherent
properties that were studied include: (1) predominant clay mineralogy (kaolinitic, illitic and
smectitic); (2) soil texture (4-6 typical textural classes from sandy to heavy clay); and (3) organic
matter content (e.g. tillage and or management contribution). Extrinsic conditions that were
evaluated include: (1) 4-5 levels of rain kinetic energy (KE, 0-22 kJ/m3); (2) 3-4 wetting rates
(WR) of dry soil by rainfall and irrigation water; (3) water quality (rain, fresh, waste or saline
water); (4) 4-8 antecedent moisture contents (from dry to full saturation) combined with different
aging (timing) durations between consecutive wettings; (5) tillage intensity (conventional and
minimum-tillage); and (6) soil sodicity, and use of soil amendments (polymer, gypsum).
A multifactor analysis of variance (ANOVA) procedure was performed (SAS Institute 1995) to
compare the effect of treatments or factors and their interactions on runoff and erosion. Treatment
mean comparisons were made by employing the Tukey-Kramer HSD test using a significance level
of 0.05 (SAS Institute 1995).

Results and Discussion

Predominant clay mineraolgy

The main cause for the decrease in soil infiltration under rainfall conditions in arid and semi-
arid regions is seal formation at the soil surface. Clay mineralogy was recognized as a dominant
factor in controlling soil structure stability, hydraulic properties, and hence formation of seal,
runoff generation and erosion (Stern et al., 1991; Lado and Ben Hur, 2004, Reichert et al., 2009;
Mamedov et al., 2010). Studies using South African and Israeli soils showed that loss of sediments
from predominant smectitic soils was up to ten times higher than from predominant kaolinitinc
soils, not containing smectite (Fig. 1). Soil clay mineralogy affects the physicochemical dispersion
of the clay and the physical disintegration of soil aggregates, which is greater in soils with a
smectitic clay mineralogy with a greater sensitivity to dispersion and aggregate breakdown during
wetting. Kaolinitic and illitic soils which do not contain smectite are stable soils, and their
structural stability is controlled mainly by stabilizing agents such as organic matter or oxides
(Fig. 2). However, results of the susceptibility of numerous phyllosilicate soils to runoff and
interrill erosion showed that kaolinitic and illitic soils that contain some smectitic impurities could
be more susceptible to seal formation, but still more stable than smectitic soils (Lado and Ben-Hur,
2004; Norton et al., 2006). Based on clay mineralogy, soil ranking with respect to their sensitivity
to runoff generation and erosion is in the following order: smectitic > illitic> kaolinitic soils (Figs. 1
and 2).

Soil texture and wetting condition

The combined effects of soil texture and the rate of wetting (WR, 2 -64 mm h) of the soil
prior to exposing it to rainfall on soil erosion from five typical Israeli semi-arid smectitic soils
exhibiting a wide range of clay content (8-60%) is presented in Figure 3. Soil loss and total runoff
seem to depend on soil clay content and wetting conditions (Levy et al., 1997; Mamedov et al.,
2001; Levy and Mamedov, 2002). The soils with intermediate clay content (20-40% clay) were the
most susceptible to soil loss (Fig. 3). The WR had a marked effect on runoff and soil loss, showing
that the use of slow WR (e.g. simulation of drip irrigation, residue cover) prevents aggregate slaking
and decreases runoff and erosion considerable in soils exposed to high KE rain. The effect of WR on
runoff and soil loss increased noticeably with the increase in clay (>40%) content (Figs. 3 and 4).
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interval at P<0.05

The relationship between soil loss and runoff could be described by the linear function, which
indicates that most of the eroded soil was generated and transported by runoff water (Fig. 4).
The observed enrichment of the eroded material by clay-size particles relative to the parent soil
material and its dependence on WR and hence on the degree of aggregate slaking under rainfall
(Warrington et al., 2009), emphasizes the importance of protecting surface soil aggregates from
breaking down during rainstorms (minimum tillage, residue material, etc.), as well as stresses the
hazard of eroded sediments serving as a potential source of pollution, degrading water quality in
river systems and contaminating downstream areas (Levy et al., 1997; Mamedov et al., 2001;
Shainberg et al, 2003; Smith et al., 2005). It should however be noted that, unlike smectitic soils,
for predominantly kaolinitic soils the effects of soil texture and wetting condition on soil structure
and hence soil loss were not consistent (Norton et al., 2006; Mamedov et al., 2010).

Rain kinetic energy

The effects of rain kinetic energy (KE) on runoff and interrill erosion from four cultivated
Israeli soils are presented in Figures 5 and 6. For all the soils, runoff and interrill erosion increased
with an increase in rain KE (Mamedov et al., 2000), however the shape of runoff (logarithmic) and
soil loss (exponential) curves were different (Figs. 5 and 6). Changes in rain KE led to changes in
runoff mainly in the low to moderate rain KE range (< 8 kJ m-3), whereas for interrill erosion this
change took place in the medium to high rain KE range (>12 kJ m=3). This phenomena highlights
the intricate relationship between runoff and soil loss, and suggests that seal formation was already
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completed at medium rain KE and therefore the contribution of runoff in facilitating transport for
the entrained material is only secondary to the role of soil detachment in determining soil loss
(Mamedov et al., 2000). The contribution of rain KE and WR on runoff and soil loss depended on
clay content. In the coarse textured soils (e.g. loam) the effect of rain KE was significant, and the
effect of WR was small. Conversely, in the fine textured soils (e.g. clay) the effect of WR on was
significant and the effect of rain KE was negligible (Figs. 3-6).
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level (from Mandal et al., 2008).

Water quality

Effects of irrigation water quality on silty clay soil loss (Fig. 7) were tested on a irrigated with
either treated waste water (TWW), saline—sodic Jordan River water (JRW), or moderately saline—
sodic spring water (SPW). Irrigation with TWW had a consistently more favorable effect on runoff
and soil loss than irrigation with the saline—sodic JRW and SPW water (Fig. 7). The results suggest
that replacing saline—sodic irrigation water by TWW, with significantly lower salinity and sodicity
levels, may prove beneficial in improving soil structural stability and could also mitigate problems
associated with high levels of runoff and soil erosion, particularly in regions of low to moderate
rainfall intensities (Mandal et al., 2008). For fast wetted samples, the linear relation between
erosion and runoff, suggests that erosion is most likely limited by the carrying capacity of the
runoff water (Mamedov et al., 2002). Conversely when slow wetting is used and little or no
aggregate slaking occurs, the amount of available smaller sized erodible soil material is limited, soil
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susceptibility to detachment by raindrop impact and runoff flow becomes greater in an exponential
manner with the increase in irrigation water SAR or soil sodicity (Fig.8).

Tillage (organic matter)

Effects of tillage intensity on soil loss (conventional tillage [CT] in field crop and no-till [NT]
in field crop or minimum tillage [NT] in orchards irrigated with fresh and treated effluent) are
presented in Figures 9 and 10. Organic matter content was notable higher in the NT soils than the
CT soils. Infiltration rate always were higher under NT than CT soil and the effect was more
substantial in soils with high cay content (Fig. 11). Consequently, runoff and soil loss levels under
NT were significantly lower than those under CT irrespective of irrigation water quality (Figs. 9 and
10). Moreover soil loss was similar for soils irrigated with fresh water and treated effluent in the NT
samples taken from the orchard, thus suggesting that reduced tillage improves the structure of soils
irrigated with treated effluent too, and enhances soils aggregate resistance to raindrop impact.
Conversely for the intensely tilled field crop section (CT), soil loss was greater in the effluent
irrigated soil than in the fresh water irrigated one, signifying that tilled soils have greater sensitivity
to erosion, particularly under effluent water quality, due to elevated sodicity and dispersity levels in
the effluent irrigated soils (Fig. 10).
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The relationship between soil loss and runoff for both types of tillage were exponential with
considerable higher range of runoff and soil loss in CT soils (Fig. 12), showing that under our
experimental conditions where mostly stable clay soils were used (i) a similar mechanism but with
different intensity (exponent) was operating for both tillage, and (ii) aggregate breakdown by
irrigation water, detachment and transport by the rain impact is diminished, but carrying capacity
of the runoff was not the limiting factor for soil loss, particularly under NT condition for both
water quality and cropping. For course textured soils effect of NT was a less evident. Soil structure
stability and thus erosion do not only depend on soil texture and organic matter content, but also
on the conditions that prevail in the field. Intensive cultivation escalated runoff and soil loss
(Figs. 9-12) because it causes a periodical mechanical disruption of soil aggregates, a deterioration
in soil structure an increase in the rate of soil organic matter decomposition and affects microbial
activity (Norton et al., 2006) all of which result in greater amounts of dispersed clay, i.e. making
the soil more susceptible to raindrop impact and erosion.

Antecedent moisture content and aging

The combined effects of two different surface conditions, i.e., antecedent moisture content
(AMC) and aging duration, on runoff and erosion from 4 smectitc Israeli soils are presented in
Figures 13 and 14. The results reveal the existence of an optimal range of AMC (matric potential, pF
=2.4-4.2, between wilting point and field capacity) at which runoff and erosion levels are lower by
up to 30%, than those obtained at AMC levels above or below the optimal range. Increasing aging
(e.g. time between wetting the soil) duration (from o day to 77 ay) resulted in a 15-30% decrease in
runoff and soil loss at this optimal AMC range in comparison to no aging; effects of aging at
optimal AMC on runoff and soil loss were of greater magnitude in clay soils (Figs. 13 and 14).
A similar manner at which runoff and soil loss decreased with the increase in aging duration at the
optimal AMC range was noted, thus indicating that, for the given experimental conditions, runoff
was the main precursor for soil loss (Levy et al., 1997; Mamedov et al., 2006). The combined
favorable impact of AMC and aging on improving soil stability was associated with water-filled
pores that were of the size range belonging to the clay fabric. Clay movement and reorientation
have, therefore, been considered as key factors in the development of cohesive forces between and
within soil particles during aging at optimal AMC levels (Mamedov et al., 2006).

Sodicity

The combined effects of sodicity (ESP 2-20) and soil texture (loamy sand to heavy clay) on
erosion of 24 cultivated Israeli soils are presented in Figure 15. Soil loss increased with the
increase in sodicity (ESP) with the magnitude of the effects depending on clay content (Fig.15).
An exponential type relation between erosion and runoff was observed (Fig.16), whereas for non
sodic soils (ESP<2) this relationship was linear (Fig. 4). Increase of sodicity (from ESP 2 to ESP
20) increased the physico-chemical clay dispersion and weakens aggregates and therefore increases
runoff and soil loss by more than 2-4 times. Under high KE rain and fast wetting the surface
aggregates are exposed to both types of force (i.e., slaking by wetting and detachment by high
raindrop impact and by the subsequently formed runoff). Thus, the noted exponential relationship
(Fig. 16) was ascribed in the sodic soils to high volume and velocity of runoff water that can initiate
rill erosion which supplements detachment by raindrops in markedly increasing erosion (Levy et
al., 1994; Mamedov et al., 2002).
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interval.

Amendments

The effects of surface application of two anionic polyacrylamides (PAMs), varying in their
molecular weight (MW, moderate-M and high-H), in combination with posphogypsum (PG), on
seal formation, runoff, and soil erosion in 5 Israeli smectitic soils varying in texture was studied by
Mamedov et al. (2009). The two PAMs maintained runoff and soil loss levels that were lower, than
those obtained in either the control or PG alone treatments (Figs. 17 and 18). Both PAMs, mixed
with PG, increased soil structure stability and hence final IR by 3 to 5 times (data not presented)
and reduced runoff and erosion by 2 to 4 times relative to the control (Fig. 17). However, PAM (M)
treatments yielded lower levels of runoff and soil erosion compared with the PAM (H) one, that
were ascribed to its lower viscosity when in solution. Effect of soil amendments on soil erosion
were more notable in course texture soils (Fig.17), whereas an effect of wetting condition were
considerable higher in fine textured soils (Fig.3), showing that in soils with <40% clay, prevention
of physicochemical clay dispersion (e.g., by gypsum application) is preferable for controlling soil
erosion, whereas in clay soils, prevention of aggregate slaking during the wetting process of the soil
emerged as a more beneficial management (Figs.3 and 17).
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Conclusion

Cultivated fields exhibit usually a complex spatio-temporal variability of soil characteristics,
i.e. soil properties and conditions (affected by management, irrigation and rain water regime or
characteristics, etc.). Our review of published literature suggests that factors and mechanisms
controlling upslope soil erosion are complex and depend on various processes. Generally, runoff
generation and soil erosion increased exponentially with the increase in rain KE and soil WR. Rain
KE and water quality played a predominate role in determining soil loss in medium- and coarse-
textured soils (2-40% clay), while WR played a predominate role in fine-textured soils (40-70%
clay). Soils from semi-arid regions, particularly clay soils, having moisture content in the range
between wilting point and field capacity (pF 2.7-4.2), generate low levels of runoff and sediments.
In soils with <20-40% clay, prevention of physicochemical clay dispersion (e.g., by gypsum and
PAM application) is preferable for controlling soil erosion, whereas in clay soils, prevention of
aggregate slaking during the wetting process of the soil could be more beneficial. Application of a
small amount of polymer in combination with gypsum may effectively decrease soil loss by to 2-4
times relative to the control, mostly in smectitic soils.

The reviewed results indicate that effects of WR on soil loss depended on soil clay content
and mineralogy, thus making the task of predicting soil susceptibility to erosion even more
complicated. Most erosion models consider only soil inherent properties (mainly texture) in the
computation process of soil erosion. To improve the prediction capabilities of models (such us
WEPP), soil type and conditions before erosive rainstorms such as clay mineralogy, AMC, wetting
should be considered and incorporated in process-based erosion models. Though inherent soil
properties cannot be changed, conditions prevailing in the soil can be manipulated by changing
management practices (e.g., tillage intensity, irrigation water quality, use of amendments and plant
residue materials, manipulation of soil moisture level, etc.,) to reach at conditions that decrease
soil susceptibility to soil erosion. Our results can assist in understanding the changes in the degree
of erosion, sediment and chemical transport, and thus potential water quality concerns in soils and
could be useful for modeling efforts aimed at the prediction of soil erodibility.
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Abstract

A multi-locus genotyping of one beef cattle breed (the Kalmyk breed) and two factory breeds
of dairy cattle (the Ayrshire breed and the holsteinizated Black-and-White cattle) was conducted.
We used as primers in a polymerase chain reaction the consensus sequence of 3'-flank of Heligloria
family helitrons, in combination with trinucleotide microsatellites (AGC) ¢«G and (GAG) «C,
respectively. The obtained data shows that the most "rich" spectra of amplification products is
specific to the representatives of the local Kalmyk breed and the holsteinizated Black-and-White
cattle; the least amount of amplicons has been revealed in the representatives of the Ayrshire
breed. The nucleotide sequences homologous to helitron regions and (AGC) G microsatellite are
found more often in the genome of the holsteinizated cattle than the DNA sequences of the
transposon helitron that are localized in alternate DNA strands. This indicates at some association
between genomic localization of helitrons and the (AGC) ¢G microsatellite in this group of animals.
The findings suggest the possibility of using the consensus sequence of the 3 'flank of Heligloria
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helitrons together with the trinucleotide microsatellites (AGC)sG and (GAG)sC, respectively, for
multi-locus genotyping and detection of genetic differentiation of the three breeds of cattle.
Keywords: genome, genome scanning, cattle, transposons, helitron, microsatellites.

BBenenue

B mocnegHue rofibl, B CBSI3H C U3BECTHBIMH HU3MEHEHHAMM TIJIO0ATBHBIX KJIUMATHUECKUX U
SKOJIOTHYECKUX YCJIOBUM pa3BeZeHUsl KUBOTHBIX CEJIbCKOXO3SHCTBEHHBIX BUOB, YBEIUUHNBAETCS
HEOOXOUMOCTh Pa3pabOTKU HOBBIX T'€HOMHBIX TE€XHOJIOTUH MOJIMJIOKYCHOTO TE€HOTUIIUPOBAHMUS
JKUBOTHBIX (T€HOMHOTO CKAHUPOBAHUS), IIO3BOJIAIOIIUX CPABHUBATh U BBISABJIATH MHOKECTBEHHbBIE
TEHOTUIIBI M TaIUIOTHIIBI 110 OOJIBIIIOMY KOJIMYECTBY T€HOMHBIX 3JIEMEHTOB B IEJISIX Pa3spabOTKU
reHeTHYeCKH OOOCHOBAaHHBIX IIPOTPAMM UX COXpaHEHUs U yBeJudeHus 3ddeKTuBHOCTH
HCIIOIb30BaHuA [8, 22]. OueBUAHO, UTO /ISl PEleHUs 3a7jau MMOJIUIOKYCHOTO TeHOTHUITHMPOBAHMUS
HEeOOXO/IUM TIOJ00p TEeHOMHBIX 3JIEMEHTOB, IIPE/ICTABJIEHHBIX B Te€HOME MHOKEeCTBEHHBIMU
KONUAMU U OTJIMYAIOITUXCSA OTHOCUTEIHHO IMOBBIIIIEHHBIM ITOJIMMOP(PU3MOM.

Ocobo¥l nHTEpeC MPUBJIEKAIOT MapKePhI MOJIUMOpGU3Ma TeHOMHBIX YYaCTKOB, CBI3aHHBIX C
MHKPOCATE/UTUTHBIMU JIOKyCAMU, HO IPEJICTABJIAIONINE UX OMIPEAEIeHHYI0 YacTh ¢ U3BECTHBIMH
CTPYKTYPHBIMHU OCOOEHHOCTSIMU — MHUKPOCATEJLIUTHI, UMEIOIIE B OJTHOH 1€l NHBEPTHPOBAHHbBIE
IIOBTOPBI, PpACIOJIO)KEHHBIE HA OTHOCHUTEJIBHO KOPOTKOM paccTosHuM (150-2000 Tmap
HYKJIEOTH/IOB) APYT OT Apyra. ATOT MeToj ObL1 pa3paboTaH IOCTATOYHO JABHO [24], IOJIydHI
Has3Banue Merona reHoMmHbix ISSR — PCR mapkepoB (ISSR — inter-simple sequence repeat)
KOTOpOE€ Ha PYCCKOM SfA3BbIKE IIEPEBOAUTCA KaK MEeKMUKDPOCATEJUTUTHBIH MOJUMOP(HU3M.
ATo Ha3BaHWE HE COBCEM TOYHO OTPAKaeT OCOOEHHOCTH MapKEPOB, MOCKOJIBKY 0COOYI0 BaKHOCTD
uMeeT TOT (HaKT, YTO B MOJTUMEPA3HOU IIEMTHOUN peakIiui UAeT aMILUTH(UKAIIAA KOPOTKUX YIaCTKOB
JTHK, B3akJIOYeHHBIX MEXJAYy WHBEPTHPOBAHHBIM IIOBTOPOM TOTO MHKPOCATEJ/IUTA, KOTOPBIH
HCIIOJIb3YeTCA B KauecTBe IpaiiMepa. Haysmuue WHBEpTHPOBAHHOTO MOBTOpa Ha ¢JaHrax Ha
OTHOCUTEJIbHO KOPOTKHUX PACCTOSHHAX CBUJETEJILCTBYET O TOM, 4UYTO O3TH (QparMeHThbI
Mpe/IpacioyoKeHbl K (OPMHUPOBAHUIO TaKUX HeKkaHOHHYeckux cTpykTtyp [HK, kak mnetw,
KOTOPBIE JIOCTATOYHO JIABHO OOCYKJAIOTCA KaK OJIMH U3 PETYJIATOPHBIX 3JIEMEHTOB, YUaCTBYIOIIHIX
B PEryJIAIUN TPAHCKPUIIIINY, PEIUIMKAIIMY U peKOMOUHAIUH [19].

Panee Hamu 6bpLTO IOKa3aHO, 4To Takue ISSR — PCR mMapkepsl, oyiydeHHbIE C IPUMEHEHUEM
B nosimMepa3Hod mnemnHou peaknuu (IILP wiu PCR) B kadecTBe mNpaiiMepoB Yy4acTKOB
MHKPOCATEJUTUTHBIX JIOKycoB, B yacTHOCTH, (AGC)sG u (GAG)sC, okasbiBatoTcs 3¢ ¢GEeKTUBHBIMU
JUIST BBISIBJIEHUSI MEXKIIOPOJHBIX Pa3IUYNN y MECTHBIX M 3aBOJICKUX ITOPOJ] KPYITHOTO POTAaTOTO
ckoTa [5-7].

JIpyTuM BBICOKO MOOWJIBHBIM T€HETUUYECKHM 3JIEMEHTOM, MPUHUMAIOIINM Y4YacTHE JIasKe B
TOPU30HTAJILHOM OOMeHe TeHeTHYeCKHM MarepuayioMm, spisercsa JIHK TpaHCIIO30H XeJTUTpOH.
CymiepceMelCTBO XeJTUTPOHOB mpezcTasiisier rpyimny JJHK TpaHCIIO30HOB, PEITUITUPYIOITUXCSA 10
MEeXaHU3MY «KaTAIIEerocsa KOJIblia» MOX0XKEeMy Ha pelIuKanuio ofgHouenoudeunsix JJHK-Bupycos
[15, 16]. XenMuTpoHBI AKTUBHO YYacTBYIOT B TOPHU30HTAJIbHOM IIEPEHOCE TEHOB MEXIY
OTHAJIEHHBIMH TakcoHaMu [9, 11, 21, 23]. Panee HamMu ObLa IIOKa3aH [AOCTATOYHO BBICOKMH
YPOBEHB MOJIUMOpP(HU3Ma reHOMHBIX YYACTKOB, (OJIAaHKUPOBAHHBIX WHBEPTHPOBAHHBIM ITOBTOPOM
UIeHTUUKAITMOHHON HYKJIEOTHU/IHOM  IIOCTE0OBATEILHOCTA  XEJUTPOHOB, TIE€PCIIEKTUBHOCTD
TAKOTO TIOAXOAAa ISl TIOJMJIOKYCHOTO TEHOTHIIMPOBAHUS B IOMYJAIMOHHO-TEHETHYECKUX
HCCJIEJIOBAHUAX TeHOMOH/IOB JPEBHUX M COBPEMEHHBIX OBIIEOBIKOB [1], a TakKe JUIsI OIEHKHU
KOHCOJIUIUPOBAHHOCTH Ppas3HbIX IOPOJ, KPYITHOTO pOraTtoro ckora [2, 3]. B To ke BpewmH,
npumeHenue B IIIIP Toimbko omHoro mpaiimepa (B ISSR-PCR — dparmMeHTa MUKpOCATEJUIHNTA,
XEeJIUTPOHA — €T0 WAEHTU(MUKAIIMOHHON MOCJIeIOBATEILHOCTH), MOKET YBEJTUUNBATH BEPOSATHOCTD
OIIMOOK OTKUTA U CJIOKHOCTh aHAJIM3a CIEKTPOB MPOAYKTOB aMILTH(UKAIUU. B 3TOH cBsA3HU, B
HacTOsIIIe paboTe BBHIOJHEH CPAaBHUTEJbHBIH aHAJIN3 PE3YJbTaTOB  IOJHJIOKYCHOTO
TeHOTUITMPOBAHUA TPEX MOPOJI KPYIHOTO PoraTroro ckora ¢ mpuMeHenweM B IIIIP B kauecTBe
mpaiiMepa KOHCEHCYCHOU ITOC/IeI0BaTeIbHOCTH 3'-KOHIIA XeJIUTPOHOB ceMeiictBa Heligloria [21] B
KOMOWHaANWHU ¢ TpUHYKIeOoTUAHIMU MuKpocaTemutaMu (AGC)sG u (GAG)sC, COOTBETCTBEHHO, U
obcysk/1eHa BO3MOKHOCTD UX ITPAKTHYECKOTO MUCIIOJIb30BAaHUA B KQUECTBE MAapKEPOB JJIs OTTMCAHUS
reHeTH4YeCcKuX MpoduIed TPy KUBOTHBIX HCCJIEAYEMBIX IIOPOJl. BBITIOJIHEH Tak»kKe
CPaBHUTEbHBIN aHAIN3 CBA3U YaCTOTHI BCTPEUAEMOCTH JIOKATU3AIUN HA KOPOTKUX PACCTOSTHUAX
(100 — 2000 map HYKJIEOTUJIOB) HEHTU(DUKAITMOHHON IOCJIEIOBATEIBHOCTH XEJIMTPOHOB B
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anpTepHaTUBHBIX nHemsx JIHK ¥ uUX KOJOKaIu3aluh C COOTBETCTBYIOIIMMH (parMeHTaMu
MukpocaTesuTuToB (AGC)sG u (GAG)eC.

MarepuaJjbl 1 METOAbBI

BrinosiHEHO MOJTHIIOKYCcHOe reHoTUNpoBaHre KPC MeCTHOHM KaJIMBIIIKOU ITOPOBI MSACHOTO
HampaBJIeHus NPOAYKTUBHOCTU (30 kopoB, OO0 «Arpodupma Ypanan», Kaampeikusa) u AByX
3aBOJICKUX MOPOJ, MOJIOUHOTO HANpPaBJIEHUs MPOAYKTHBHOCTU: aWpPIIMPCKON MOpoAb! (15 KOPOB,
3A0 «MOCKOBCKMU KOHHBIM 3aBoZi NO 1») U YEPHO-IECTPOrO TOJIITHHU3NPOBAHHOTO CKOTA
(4 xopoBbl, 3AO «Moskatickuii»; 10 kopoB, OAO «Imenn KyiibbimeBa»). CpefHU BO3pact
HCCIIeyEMBIX 3KUBOTHBIX COCTABUJI 5-7 JIET.

JTHK BbIzesisiiv U3 00pasIoB IeJbHOW KPOBU ¢ IMoMoIIbio Habopa BioSilica (Poccus). s
npurotoByieHus [I1[P-o6pasioB ucnosb3oBaiack cmecb qPCRmix-HS (5x) (EBporen, Poccus) u
CJIeyIONIUA HaOOp IpalMepoB: KOHCEHCYCHAs IIOC/IeI0BATEIbHOCTh 3'-KOHIIA XEeJTUTPOHOB
cemerictBa Heligloria Hel-1 5-GCAACGCGTGGCCGG-3' [21], ¥ TpPUHYKJIEOTHU/IHBIE
MHKPOCATELTUTHI (AGC)sG 5'- AGCAGCAGCAGCAGCAGCG-3' u (GAG)sC 5'-
GAGGAGGAGGAGGAGGAGC-3', B cimenyromux kombunHanusax: Hel-1 + (AGC)¢G u Hel-1 +
(GAG)6C. KosmuectBo renomHou JIHK, B3ATOMU /1A aHA/IM3a, COCTAaBHJIO 10 HT. AMILUTA(DUKAIIUA
npoBoawiaack o Meroguke ISSR-PCR B ontumusupoBaHHBIX yeiaoBusx (95 °C, 2 muH.; 94 °C,
15 ceK., 56 °C, 15 cek., 72 °C, 2 MHH., 40 IIUKJIOB; 72 °C, 2 MHH.).

PasjiesieHrie MPOYKTOB aMILUTM(MHUKAIIUMKU BBITIOJHSJIOCh B Te€UeHHE 120 MHH. B arapo3HOM
resie (1.2%) OKpameHHbIM OpOMUCTBIM 3TUAUEM (0.5 MKT/MJI). JIJTHHBI MOJyYeHHBIX aMIUTUKOHOB
onpeaessiiu ¢ momoiibio JIHK-mapkepa giaun O’GeneRuler DNA Ladder mix (100 — 10 000 11.0.).
BbunapHass wMartpuiia Oblla COCTaBJIeHa Ha OCHOBAaHHUM OIEHKH IPUCYTCTBHUsA/OTCYTCTBHUSA
WHAUBUAYIbHBIX (parMeHToB JIHK omnpeneneHHON [JIMHBI Yy KOKAOTO M3 HUCCIELyEeMBIX
JKUBOTHBIX. JlJIT MaTeMaTH4ecKOW OOpabOTKM [JaHHBIX MCIOJIb30BAJICA QJITOPUTM METO/IA
HeB3BelleHHOTo nonapHoro cpennero UPGMA (unweighted pair-group method using arithmetic
averages) cepBepa DendroUPGMA [12] u koadduruent mnomobus mo /lavicy (Dice) (Nei & Li,
1979). [lanee reHeTHmuyeckoe apeBo B ¢opmare Newick HCHOJIB30BAJIOCh ISl ITOCTPOEHWUS
JleHporpaMMbl B mporpamMme TreeView [17]. Cratuctuueckas o00paboTKa JJaHHBIX
ocyIiecTBiIsIIach B mporpamme GenAlEx 6.5. [18].

Pe3ysbTaThl U X OOCYKAEHHE

AHanu3 ocobeHHocmell cnekmpoe8 NPoOOYKMo8 amMnAu@uKayuu, NOAYUEHHbIX C
ucnonv3oeanuem 8 III[P 8 kauecmge 08yx npaiimMepo8  udeHMuPUKAYUOHHOIL
noc.edosamenbHOCMU XeAumpoHos u 00Hol u3 nocaedosamenvrocmell (AGC)sG u (GAG)sC.

CpaBHUTEILHBIA aHAJIN3 CIEKTPOB MPOAYKTOB aMILTU(PUKAIINH (aMIUTUKOHOB), TIOJIyIeHHBIX
Ha reHoMHO# /[HK Tpex mopoj KpymHOTo poraToro CKoTa (MeCTHOUN KaJIMBIIIKOH W 3aBOJACKUMU
MOJIOUHBIMU TIOPOZAMH aWPIIUPCKON U YepHO-IeCTPOr0 TOJMITUHU3UPOBAHHOTO CKOTa), C
WCIIOJIb30BAHHEM B KAayecTBe IPAiiMepOB KOHCEHCYCHOH IIOCJIeZIOBAaTENIbHOCTH  3'-¢iaHra
xenutpoHOoB Heligloria, B xoMOMHAIUKU ¢ TPUHYKJIEOTUAHbIMU MuKpocareutaMu (AGC)sG u
(GAG)sC, T103BOJIMII  BBISIBUTH  OIpeNeJIeHHbIE  MEKIOPOJHbIE OTJIMYUS IO  OOIIHUM
XapaKTEPUCTHKAM CIIeKTpoB. Tak, mpu wucnosb3oBanuu napsl npaiimepoB Hel-1 u (AGC)sG
OKasasioch, 4To amiummpunupyemole ¢gparmentsl JHK, B mesom, HaxoaaTca B mpefesax 130 —
1650 1.0., HO Pa3INYyaTCAd y KaKA0W U3 MOPOJT KOJIMUYEeCTBOM aMILIMKOHOB U JUANa30HOM JUIMH
dparmenTos (Puc. 1 a, B, 11; TabJI. 1).
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Puc. 1. IIpumMep crieKTpoB MPOAYKTOB anvuingukanuu renomHoi [IHK nccneayemMbrx mopog
KPC, mosrydeHHBIX ¢ UCITOJIb30BaHHEM KOMOWHANMU (pparMeHTa XeJIUNTPOHa U
TPUHYKJIEOTUTHOTO MUKPOCATEJUTUTA B KAUECTBE IIPAiiMepPOB

A, B, /1 - Hel-1 + (AGC)¢G; B, I', 2K - Hel-1 + (GAG)sC

Y 4epHO-IIECTPOTO TOJINITUHU3UPOBAaHHOTO ckota (parmentsl JTHK, drankupoBaHHBIE
IIOCJIe/IOBATeIBHOCTAMU  XenuTpoHa ©u  moBTopa (AGC)sG BeTpedaloTcsi B TeHOME yYallle
(17 JIOKyCOB), YeM y TIpe/ICTaBUTEIEH KAJIMBIIIKOH (11 JIOKYCOB) U alUPIITUPCKOU MOpoJ, (5 JIOKyCOB)
(Puc. 1, tabn. 1). HaGmiomaercst cienymoolias TeHJIEHIUs: MUHUMAaJIbHOE PACCTOSTHUE MEXKITY
XeJIUTPOHOM M JIaHHBIM MHUKPOCATEJUINTOM, YKa3bIBAaIoOIlee HA COCEJCTBO JIAHHBIX 3JIEMEHTOB B
reHome, OJIN3KO y BCEX JKUBOTHBIX (130 — 150 Iap OCHOBAHUH - I1.0.), HE3aBUCHUMO OT ITOPOJTHOU
MPUHAJIEXKHOCTH. B TO ke BpeMsi, MaKCcHMaJIbHAs YIaJIEeHHOCTh Mexkay 3’ (pJIaHrOM XeJTUTPOHA U
noBTopa (AGC)sG cocrapysieT 870 — 890 11.0. y 3aBOJICKON MOJIOYHOU IMOPOABI aHPIINPOB, 990 —
1000 1.0. y a0OpUTeHHON KaJIMBIIIKOM IOpOAbI U 1600 — 1650 I1.0. Yy YEePHO-IIECTPOTO
TOJIIIITHHU3UPOBAHHOTO cKoTa (Puc. 1 a, B, 1; Tab1. 1).

Tabauua 1
CpaBHUTeJIbHBIE MOKA3aTeJIHU MOJYyUEeHHBIX aMILTH(PUIUPYEeMBbIX
JHK-¢dparmenTosB B ucciaegyemsbix nomyaamnuax KPC

Kombunanua  Kanmbiikasa —A#pmmpckas YepHO-TIeCTPhIT

ITokazarenu . TOJIIIITUHU3UPOBAHHBIN
paMepoB nopoaa nopoza CKOT

K Hel- 11 1

0JINYECTBO 1+(AGC)sG 5 7
aMILIUPUIIPyEeMBbIX Hel-
JTHK-dparmeHTOB 1+(GAG)eC 16 9 11
JnanazoH e Hel- » . B B B 5
AMILTHCHITADYEMbIX 1+(AGC)sG 130...~1000 130...~890 130...~1650
JHK-dparmeHnToB Hel-
(1.0.) 1+(GAG)C ~90...~1300  ~290...~890 290...~1200

246



Biogeosystem Technique, 2015, Vol.(5), Is. 3

Pe3ysibTaThl TEHOMHOTO CKAHHMPOBAHMUS C UCIIOJIb30BAHHUEM B KaUeCTBe MpaiiMepoB 3'-¢diraHra
xesmuTpoHOB Heligloria n mukpocareiuiuta (GAG)sC mokaszanu, 4To aMIUTH(GUITIPYEMbIE CIIEKTPbI
TaK’Ke SBJIAIOTCS MOJUMOPMOHBIMHA U OTIMYAIOTCA Y UCCIIEAYEMBIX TTOPO. Y KaJIMBIIIKON HOPOIBI
koJsimaecTBo yuyacTkoB /ITHK, ¢dpJraHKHpPOBaHHBIX ITOCJIEIOBATEIHHOCTMHE (PParMeHTOB XEJTUTPOHOB
1 TpuHyKJIeoTuaHoro mnotopa (GAG)¢C c¢ mmuHamMu B auama3oHe 90 — 1300 I1.0. OKa3ajocCh
HauBBICITUM (16 JIOKYCOB), 10 CPaBHEHUIO C YEPHO-IIECTPHIM TOJIITHUHU3UPOBAHHBIM CKOTOM
(11 ;1oKycoB) u alpIIUPCKO¥ mopoaou (9 sokycos) (Puc. 1 0, r, x; Tabs. 1). [IpuMevaTeTIbHO, UTO Y
MOJIOYHOTO CKOTa (alpITUPCKOTO M YEPHO-IIECTPOTO TOJIITHHU3UPOBAHHOTO) MHHHMAJIBHOE
paccrossaue mexay ¢parmentamu JIHK-tpancnoszona xemurpoHa u (GAG)«C cxomHoe (290 —
300 11.0.), a MaKCUMaJIbHbIE JUIMHBI PA3JIUYAIOTCA MEKIY CIIEUATU3UPOBAHHBIMU MOJIOYHBIMU
IIOPOJIaMH M KAJIMBIITKUM cKoToM (Tabur. 1).

[To pesysnbraTaM CEKBEHUPOBAHUs TeHOMAa KPYITHOTO POTaTOTO CKOTa HW3BECTHO, YTO
mukpocaTestut AGC Berpeuaercst MHoro yaine, 4eM GAG [20]. Bosee Toro, B 39 % ciydaeB 3TOT
MHKPOCATEJUTUT KO-JIOKAJIU30BaH C BHAOCHENUGUYHBIM JJI KPYIHOTO pOraTOro CKOTa
perporpadcno3oHoM Bov-A2 SINE [20]. Tem He MeHee, cy/isi 1O HOJyYEeHHBIM HAMU JaHHBIM
(Tabs.1), wunmeHTudUKANUMOHHAA mHocaenoBaTenbHOCTh JIHK-TpaHcmo3oHa XeJuTpoHA U
MukpocaTesuTuToB AGC 1 GAG BCTpedaroTes: Ha KOPOTKHUX PACCTOSTHUAX ¢ OJTU3KOHM YaCTOTOMH.

B smmTeparype HaKOIUIEHO OOJIBIIIOE KOJHUYECTBO OKCIEPUMEHTAJbHBIX JaHHBIX,
CBHJIETEJILCTBYIOIIUX O TOM, YTO PaCIpPOCTpaHEHHWEe MHKPOCATEJINTOB U, B YAaCTHOCTH, WX
MHBEPTUPOBAHHBIX ITOBTOPOB, TECHO CBSI3aHBI C TPAHCIO3UIIUSAMH PETPOTPAHCIIO30HOB [4, 10, 13,
14]. Cyas mo TOMy, YTO y YEPHO-TIECTPOTO TOJIITHHU3UPOBAHHOTO CKOTA KOJIMYECTBO KOPOTKUX
dparmentoB JIHK, ¢raHKHPOBaHHBIX HWHBEPTHPOBAHHBIM IIOBTOPOM H/IEHTH(HUKAITMOHHOU
nocsiesioBaresibHOocTH JIHK-TpaHCcIio30Ha XeJUTpOHA 3aMETHO MeHbIlle, YeM KOJIUYECTBO TaKUX
JJHK ¢parmeHToB Mekay 3' IOCIIE€OBATETbHOCTHIO XEJMTPOHAa W Mukpocaremuramu AGC
(Puc. 1) [2, 3], MOXXHO OXHJaTh, YTO PaCIPOCTPAHEHUE XEeJTUTPOHA TaK)Ke TECHO CBSI3aHO C
JIOKaTM3aIred B reHoMe KPYITHOTO POTaTOro CKOTa TaHeMHBIX IIOBTOPOB.

TI'enemuueckoe pazHoobpasue u 2eHemuueckue NPOPUAU HCUBOTNHBLX

CpaBHUTEILHBIN aHAJIN3 OCHOBHBIX IMMOKa3aTesell TeHETHYEeCKOTO pa3zHooOpasus B TPyIMIIax
JKUBOTHBIX HCCJIEAYEMBIX MOPOJI, PACCYUTAHHBIX 10 JAHHBIM ITOJUJIOKYCHOTO T€HOTUITHPOBAHHUS
Ha OcHOBe 3'-yuactka xenuTpoHOB Heligloria u wmuxkpocareummta (AGC)¢G, mokasan, dYTo
HauOOJIbIIIEH KOHCOJIUAUPOBAHHOCTBIO OTJIMYAETCS KaJIMBIIKasg II0POJia, C HaWMEHbIIUMU
3HaueHUsAMH 3dderTuBHOTO umnciaa ameneid (Ne), nHaekca IllenHoHna (I) ¥ reTepO3UTOTHOCTH
(He, uHe) (Tabn. 2). Y sT0o¥i mopoabl BIsABIEH oAuH mnopoxaoctenududecknii THK dparmenT B
HU3KOMOJIEKYJIIPHOU 30HE B Iana3oHe 390 — 400 11.0. (Puc. 2).
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Jokyc {n.o} Ka::;;::ﬂ Aﬁ:ou:op;m rmr;mr::;:;;uﬁ Jokyc {n.o.} Ka"":p:;":m Aﬁs::pv:):m mn:l‘::nr:im:uﬁ
CKOT CKOT
11 1600-1650 — 11 1250-1200 —
12 1300-1350 — 12 1190-1200 — —
13 12101220 — 13 1130-1150 —
14 11301150 — 14 990-1010 — —
L5 990-1000 S—. L5 500520 S—,
L6 270-890 — — — L6 270890 —
L7 200-810 — L7 230-850
12 700-710 — — F:3 730-750 — —
L} 630-650 — — 19 630-650 — —
10  590-600 — c— 1o 550570 —_— — —
1 550-570 Com— — 1 490-500 — — —
112 490-500 — — 12 420-450 — — —
113 420-450 — — 13 340350 — — —
114 390-400 — 114 310320
115 340-350 — s 290-300 — —
16 300-320 S— — 16 200220 C—
1z 200-210 nuz 130150 —
s 130-150 nsa 90-100 —
(A) (B)

— 2 CTOTA BCTPEYaemoctn = 0.5
YacroTta Bctpevaemoctn <0.5

Puc. 2. T'enetnueckre mpodrin (COBOKYITHOCTh YEPHBIX U CEPHIX 09H/OB) U
nopozocnenuduyeckre NaTTepHbI (YepHble 63H/BI) UCCIIEA0BAHHBIX IOPOJ], KPYITHOTO POTaTOro
CKOTa, OJIy4YeHHbIE C IOMOIIHI0 KOMOUHAIIUN TPAaiMepPOB:

(A) Hel-1 u (AGC)sG
(B) Hel-1 u (GAG)sC

HecmoTpss Ha OJMHAKOBOE 3HAUEHHE JIOJIM IMOJUMOPOHBIX JIOKYCOB (P) ¢ KaJIMBIIKOU
nopoznou (11.11 %) (Tabxn. 2), adpmupckas mopojia SBJISETCS MeHee KOHCOJIUAMPOBAHHOM II0
CIEKTpaM aMIUIMKOHOB, MOJIydeHHBIX ¢ mpaiimepamu Hel-1 u (AGC)sG u He xapakTepusyercs
HaJIMYMEM YHUKAJIbHBIX aMIUIMKOHOB (Puc. 2a). MHcciemyemass rpylma 4YepHO-IIECTPOTO
TOJIITUHU3UPOBAHHOTO CKOTa OKa3ajiach HamboJiee TeTEPOTeHHOW IO BCEM CTAaTHCTUYECKUM
mapamerpaMm (Tabs. 2). Bosiee Toro, cpaBHUTE/NBPHBIA aHAJIU3 CIEKTPOB ITO3BOJIMJI BBISBUTH
6 YHUKAJIbHBIX aMIUIMKOHOB, PACIIOJIOKEHHBIX B 3 MOJIEKYJISIPHBIX 30HaX (300 — 350 1.0., 800 —
810 m.o., 1130 — 1650 1m.0.) (Puc. 2a). IIpy coBMeCTHOM aHa/iM3e TeHETHYECKUX Ipoduieit
’)KUBOTHBIX TPEX IOPOJ, IOJIyUeHHBIX B pe3yJibTaTe MeHOTUIHPOBAHUSA C IMOMOIIbIO IIpaiiMepoB
Hel-1 u (AGC)sG, Bwimensiorcas  rpynnbl  dparmentoB  JHK,  o6begunsioniue
CHEeIUATN3UPOBAHHBIA MOJIOYHBIM aWpIIMPCKUM U YepHO-NeCTPBIN TOJIITUHU3UPOBAHHBIM CKOT
(200 — 210 1.0.), a Tak»Ke MECTHBIM KAJIMBIIKUN U YEPHO-NECTPHIM TOJIITUHU3UPOBAHHBIM CKOT
(420 — 650 11.0. 1 990 — 1000 11.0.) (Puc. 2a).

Pacuer mokazaTesell TreHeTHYeCKOro pazHooOpasusa wuccienyembix mnomyssanuii KPC,
OCHOBAHHBIM Ha JJAaHHBIX T€HOTUITUPOBaHUsA ¢ moMolibio npaiimepoB Hel-1 u (GAG)+C, mokasaui,
YTO Haunbosee KOHCOJIU/TUPOBAaHHOU SIBJISIETCSA TIOTTYJIATHS YepHO-IIECTPOTO
TOJIIITUHU3UPOBAHHOTO CKOTAQ, TaK KaK XapakTepusyercs HU3KUM 3HAYEeHUEeM JIOJIU
moTUMOP(MHBIX JIOKycoB (P = 5.56 %) W WHBIX IapaMeTPOB T'€HETHYECKOTO0 Pas3HooOpasus
(Tabx. 2), a TakKe He COJIEPKUT B CHEKTpe amIuuduiupyembix dparmentoB JJHK yHUKaIbHBIX
amruinkoHoB (Puc. 26).

248




Biogeosystem Technique, 2015, Vol.(5), Is. 3

Tabauua 2
OCOGeHHOCTI/I noxasaTeJIef/i TCHECTUYCCKOro pa3H006pa31/m
B Ipyniiax KOpos HCCIE€A0OBAHHBIX ITIOPOJX

KombuHarig
us ITopona N Na Ne I He uHe P (%)
paiiMepoB

Kanmpblinkast 30 1.222  1.122 0.141 0.087 0.088 33.33
Hel-1 Autpmimpckas 15 0.889 1.211 0.195 0.129 0.134 38.89

+ (GAG)sC YepHO-TIeCTpbIN )
TOJIMITUHU3UPOBAHHBIN 14 0.667  1.051 0.037 0.027 0.028 5.56

CKOT
KasnmMbinkas 30 0.722 1.029 0.033 0.020 0.020 11.11
Hel-1 Astpmimpckas 15 0.3890 1.079 0.065 0.044 0.046 11.11

+ (AGC)G YepHO-TIECTPBIHT §
TOJIITUHU3UPOBAHHBIN 14 1.111 1.154 0.112 0.080 0.083 16.67
CKOT

N — KOJIMYEeCTBO MCCIE0OBAHHBIX dKUBOTHBIX

Na - KOJIM4eCcTBO aylyIeiel Ha JIOKYC

Ne - abdexruBHOe uncio avtenei (Ve = 1/((p'2 +4'2) ))

I - wundopmanuonubii wuHAekc IllenHona (Shannon's Information Index,

_1 . _
;‘r@ XxInp+gxingil)
He - oxxujjaemMas rereposuroTocts (He = 2XpXq )

aNy
uHe {ram ¥ He
uHe — HecMeleHHAsA OKulaeMast T€TEePO3UTrOTHOCTDb ( fI2N - 1)

(rme A71s AUTUIOUTHBIX GMHAPHBIX JAHHBIX U € yJeTOM paBHOBecHs Xapau-Baitn6epra:
g = 3/1-=acTota moxyca pp =1 - g );
s b

P (%) - nonsa nonuMop@HBIX JIOKYCOB.

JlocTaTOYHO KOHCOJIMIMPOBAHHOM B HTOM CJIy4yae OKasajach KaJMBINKAs IMOPOJia, KOTopas,
HECMOTpSI HAa HaJIW4YWe 6-THM YHUKIbHBIX aMIUIMKOHOB (B Jiama3oHax 90 — 220 1.0., 830 —
850 1.0., 900 — 920 11.0., 1250 — 1300 11.0) (Puc. 26), ycTymaeT HOMy/IAIUNA aUPITUPCKOA TTOPOJIBI.
ITocnenusas, XOTb U XapaKTepU3yeTCs HAJUYHEM BCETO OJHOTO YHHUKAJIBHOTO IPOJYKTA
aMIUITMUKAIIIK, TI0 pacueraM 3HAYeHUH WHAEKCOB rereposurotHoctu (I, He, uHe) (Tabn. 2),
ABJsAeTCsT Hanbosiee pa3zHOOOpa3HOW, C TeHETHYeCKOW TOYKH 3peHus. COrjlacHO MHOJIyYeHHBIM
reHeTU4YeCKUM MpoduiasaM BeiAenseTcsa nopopaocnenudmyeckuii ¢pparment JHK, xapakrtepHbIi
JUIS TIPEJICTaBUTEJIEN CIEINATU3UPOBAHHOTO MOJIOYHOTO cKOTa (290 — 300 1m.0.) (Puc. 206).

Kaacmepnultil ananus

CorylacHO pe3ysibTaTaM KjacTepu3anuyl OWHAPDHBIX JIAHHBIX, C yYETOM TeHETHYECKHUX
paccToAHUM, pacCYUTAHHBIX IO YacCTOTaM BCTpeYaeMOCTU TeHOMHBIX ydacTkoB JIHK pasnoii
JUTUHBI,  (JIAaHKUPOBAHHBIX  IOCJIEZIOBAaTEIbHOCTAMH  3'-duytanra  xenmutpoHa Hel-1  u
mukpocaTtesuta (AGC)sG, mokazaHo, 4TO MOA00HAs KOMOWHAIHMA MTPpAaiMeEPOB MPUMEHUMA JJIs
MOMYJIAIMOHHOTO aHAJIN3a B IeJIAX BBIABJIEHUA MexxnopoaHol auddepennuanuu KPC, Tak kak
Ha MOCTPOEHHOU JIeH/IporpaMMe KakK/las M3 TPeX HCCJIelyeMbIX Mopof, GOPMUDPYET OTAETbHBIN
wiacrep (Puc. 3). IIpumeuaresbHO, UTO MPEACTABUTENHN KAJIMBIIKON IOPO/BI U YEPHO-IIECTPOTO
TOJIIITHHU3UPOBAHHOTO CKOTa 00pas3yIioT Ha JieHaporpaMmMe obui moakstactep (Puc. 3).
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Puc. 3. leniporpamMma, IOCTPOEHHAS C y4€TOM I'eHeTUUECKUM PACCTOSIHUHN, pACCUUTAHHBIX T10
YacTOTaM BCTpeYaeMOCTH reHOMHBIX yuacTkoB JIHK, ¢iankupoBaHHBIX MTHBEPTUPOBAHHBIMU
noBTopamu 3'-duranra xesutpona Hel-1 u mukpocaresumnra (AGC)sG.

K - Kasimbinikas nopoaa; A1, A2 - Aiipipckas nopojia;

H1, H2 - YepHo-11eCTpHhIii TOJIITUHU3UPOBAHHBIN CKOT

Pe3ysibTaThl KJIACTEPHOTO aHA/IM3a IO CIIEKTPAM IPOJAYKTOB aMIUTA(DHUKAINN YJaCTKOB
reromHo JIHK, ¢aHKupoBaHHBIX IOCI€I0BATENbHOCTRIO 3’-¢dutanra xenutpona Hel-1 u
mukpocateuta (GAG)sC, mokaszanm, 4TO B I[€JIOM, C IIOMOIIBIO JIAHHBIX ITPAMEPOB TaKIKe
BO3MOJKHO JIOCTOBEpPHO auddepeHnupoBaTh wuccieayemble moponbl (Puc. 4). HckiaoueHuem
ABJIAIOTCA HEKOTOpble IIpe/ICTaBUTENN alpmupckoid mopoasl (01A1, 01A2, 02A2, 03A2),
obpasymomue OOmMMA  KjIacTep W TPYNIUPYIOIIHECT BMECTE C  IIPEJCTaBUTEISIMU
TOJIIIITUHU3UPOBAHHOTO cKoTa (Puc. 4).
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Puc. 4. leaaporpaMmma, OCTPOEHHA C yUeTOM I'eHETHUECKUM PacCTOSAHUN, PACCUUTAHHBIX 110
YacToTaM BCTpeuaeMOoCTH reHOMHBIX yuacTkoB JIHK, dbyiaHKupOoBaHHBIX HHBEPTUPOBAHHBIMU
noBTopamu 3'-¢ianra xenutrpona Hel-1 u mukpocaresutnta (GAG)qC.

K — Kanwmbinikas nopoza; A1, A2 — AUpIirpckas opoJia;

H1, H2 — YepHO-IIeCTPHIi FOJIITUHU3UPOBAHHBIN CKOT.

ITomoOHOE pacmpeneneHre, KaKk M B CJIydae KaJIMBIIIKOH IIOPOJIbI, MOYKHO OOBSCHUTH
IITUPOKHUM HCITOJIb30BAHUEM BBOJIHBIX CKPEIUBAHUH C YJIyUIIAIOIIEd MOJOYHYIO ITPOAYKTUBHOCTD
TOJIIIITUHCKOU MOPOJIOH.

3akjro4eHue
[TonmyuyeHHbIE aHHBIE CBUETEJBCTBYIOT O BO3MOXKHOCTH HCIIOJIB30BAaHUSA KOHCEHCYCHOU
nocsiefioBatesibHOCTH 3'-(psranra xenutpoHoB Heligloria, B KOMOWMHAIIUKM C TPUHYKJIEOTUIHBIMU
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mukpocatesututaMu (AGC)sG u (GAG)sC, 1 MOTMIOKYCHOTO T€HOTHITUPOBAHUSA U BBISABJIEHHUS
reHeTUYecKou auddepeHnuanui Tpex MOpoJA KPYITHOIO poraTroro ckora. B memom, Haumbosiee
«borarple» CIEKTPHI MTPOAYKTOB aMIuTHuKanyu o koymdectBy JJTHK ¢dpparmeHTOB pazHOU JIHMHBI
cuenupUUHBl Ul TPeACTaBUTEed MECTHOM KaJIMBIIIKOM IIOPOABI U I UYEPHO-IIECTPOTO
TOJIIITUHU3UPOBAHHOTO CKOTAa; HAaMMEHbIIlEe KOJIUUYECTBO aMILIMKOHOB BBISIBJIEHO Y 3aBOJICKOM
MIOPOABLI AaUPIIUPOB. B reHOMe UYepHO-TEeCTPOTo TOJIMTHHU3UPOBAHHOTO CKOTA HYKJIEOTHIHBIE
MOCJIEI0BATEIPHOCTA,  TOMOJIOTUYHBIE  y4acTKaM  XEeJIUTPOHOB HW  TPUHYKJIEOTHUIHOTO
MHKpPOCATEJLTUTA (AGC)qG, 00HaApYKUBAIOTCS qaile, yeMm UIeHTU(HUKAIINOHHBIE
nocsenosarenbHocty JJHK TpaHCIO30HA XeJIUTPOHA, JIOKAJIN30BaHHbBIE B AJIbTEPHATHUBHBIX IEMAX
JTHK. 910 1103B0OJISIET ITPEAIIOIIaTaTh ONPeIeIEHHbIE ACCOIUAIIUN MEXK/Ty TeHOMHOU JIOKaTN3aIuen
xenuTpoHoB u  Mwukpocaresututa (AGC)sG y MmaHHOW Tpynmbl >KHUBOTHBIX. [loJHIOKycHOE
reHOTHIIMPOBaHWE C IIPpUMEHEHHEM B KadecTBe IpaliMepOB YYacTKOB JBYX HauOoJiee
O TUMOP(HBIX TeHOMHBIX 371eMeHTOB (JIHK TpaHCII030H XeTUTPOH, MHUKPOCATE/UTUTHBIE JIOKYCHI)
M03BOJIAET IOJyYaTh WHAUBUAYaJIbHbIE TeHETUUecKhe MPOGUIN KUBOTHBIX, BBIABIATh UX
nopojiocnenudpuieckie OCOOEHHOCTH, HEeOOXO[UMble I PpelleHUus TPagUulMOHHBIX 3a/1a4
«CeJIEKITUH ¢ TIOMOoIIbIo MapkepoB» (Marker Assisted Selection — MAS).
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AHHOTanMA. BBINIOJHEHO NOJWIOKYCHOE TeHOTHUIIMPOBAaHUE KPYIHOI'O pOraToro CKOTa
MEeCTHON KaJIMBIIIKON MOPOJbI MSACHOTO HAlpaBJIeHUA MPOAYKTUBHOCTHU U JIBYX 3aBOJICKUX IOPO/I
MOJIOUHOTO HAIpaBJeHUs MPOJAYKTUBHOCTU: AUPIIMPCKOU TMOPOJABI U  YEPHO-IIECTPOTO
TOJIITUHU3UPOBAHHOTO CKOTa. B KauecTBe mpaliMepoB B IOJMMEPA3HOU IEMHON peakIuu
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HCIIOJIP30BAJINCh KOHCEHCYCHAas IIOCJIEeI0BaTeNbHOCTh 3'-laHra XeJUTPOHOB —ceMelcTBa
Heligloria B xoMOuHanum c TpUHYKJIeOTUAHbIMH MuKpocaTesututaMu (AGC)sG u (GAG)6C,
COOTBETCTBEHHO. BbIsABIEHO, UTO HamboJiee «OoraTble» CIHEKTPHI MPOAYKTOB aMILTH(MUKAIAN
cuenqudUYHbl JJIA Tpe/cTaBUTeJ el MEeCTHOM KaJMBIIKON IOpPOJbI U /I UYepHO-IIeCTPOro
TOJIIITUHU3UPOBAHHOTO CKOTA; HauMeHbIllee KOJIMYECTBO AMILIMKOHOB BBIABJIEHO Yy 3aBOJICKOU
MIOPO/Ib aUpIIPOB. B reHOMe 4YepHO-HECTPOro TOJIITHHU3UPOBAHHOTO CKOTA HYKJIEOTHIHBIE
[IOCJIE/IOBATEIPHOCTA,  TOMOJIOTUYHBIE  y4acTKaM  XeJUTPOHOB U TPUHYKJIEOTUJIHOTO
MHKpPOCATEJLTUTA (AGC)6G, 00HaApYKUBAIOTCS qaile, yeMm UIeHTU(UKAINOHHBIE
nocsenosarenbHocty JJHK TpaHCIO30HA XeJIUTPOHA, JIOKAJIN30BaHHbBIE B AJIbTEPHATHUBHBIX IEMAX
JTHK. 910 1103BOJISIET IIPEIIOJIaraTh OpeAeIeHHbIEe aCCOIUAIIMN MeK/Iy TeHOMHOHU JIOKaTH3aIuen
xesmuTpoHOB U MuKpocaTesuuta (AGC)sG y maHHOU TpyIIbl >KUBOTHBIX. [loIyueHHBIE JTaHHBIE
CBUJIETEJICTBYIOT O BO3MOKHOCTH HCIIOJIb30BaHUA KOHCEHCYCHOU MOCIe/I0OBaTeIbHOCTH 3'-(diaHra
xestuTpoHOB Heligloria, B KoMOWHAIIMK ¢ TPUHYKJIEOTUIHBIMU MuKpocaremuramu (AGC)sG u
(GAG)6C, 151 TOJIMIOKYCHOTO TEHOTHITUPOBAHUS U BBISABJIEHUS reHeTHUecKol nuddepeHnuanum
TpeX IOPOJ] KPYITHOTO POraToro CKOTA.

KirroueBbie cjioBa: reHOM, F€eHOMHOE CKaHUpOBaHUe, KpymHBIH poratbii ckoT (KPC),
TPAHCIIO30HBI, XeJINTPOH, MUKPOCATEJLJIUTHL.
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Abstract

The co-evolutionary concept of tri-modal stable evolutionary strategy (SESH) of Homo
sapiens is developed. The concept based on the principle of evolutionary complementarity of
anthropogenesis: value of evolutionary risk and evolutionary path of human evolution are defined
by descriptive (evolutionary efficiency) and creative-teleological (evolutionary correctness)
parameters simultaneously, that cannot be instrumental reduced to others ones. Resulting volume
of both parameters define the vectors of human evolution by two gear mechanism - genetic and
cultural co-evolution and techno-humanitarian balance. Explanatory model and methodology of
evaluation of creatively teleological evolutionary risk component of NBIC technological complex is
proposed. The mechanism of influence of each module on the evolution of the two remaining
modules of SESH a priori can be twofold: (1) informational co-evolution (direct selective pressure);
(2) semantic co-evolution (time-varying semantic code, the compliance of the biological, socio-
cultural and techno-rationalist adaptive modules of human stable evolutionary strategy). More
rapidly evolving autonomous element of the co-evolutionary pair becomes making sense factor for
the partner. Semantic co-evolution is the discrete acquisition of adaptive significance of individual
alleles by changing socio-cultural types, manifested as an increase in the genetic variability of
populations of Homo sapiens, and domesticated species parallel to socio-culturogenesis. The socio-
cultural landscape leads to drastically difference of direction in biological evolution of Atlantic and
East-Slavic ethnicities/civilizations.

Keywords: evolutionary semantics, nbic-technologies, co-evolutionary concept.
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Introduction

In our previous publications [6-8] it was argued that a stable adaptive strategy of Homo
sapiens (SESH) is a superposition of three different adaptive informational areas (modules):
biological, socio-cultural and technological, which are based on three autonomous processes of
generation, replication and implementation of adaptive information — genetic, socio-cultural and
symbolic. In this case the third part of SESH is focused equally on an adaptive transformation of
the habitat and the bearer of SESH. This concept comes from the ideas of the theory of niche
construction. According to the theory epigenetic changes in the genetic information initiate the
adaptive change of the conditions of its implementation, and therefore evolutionary landscape
selective processes. With regard to the type of modular organization of modular organization of
biological adaptations, the set of experimental data on the simultaneous genesis of autonomous
adaptive features complexes are obtained [1, 13, 35]. Near concept to our views presented in the
monograph of the British sociologist Walter Runciman [31].

Discussion

Informational and semantic components of the organization of the stable evolutionary
strategy of Homo sapiens

The mechanism of the effect of each module on the evolution of the two remaining modules
of SESH a priori can be ambivalent:

1. Direct selective pressure, i.e. the change of the adaptive values of the individual
features/innovations that are controlled or supported genetically, technologically or through
training;

2. Semantic coevolution, i.e. the change in the qualitative or quantitative expression of a
particular trait during its implementation as a result of contact with the factors that are the
adaptive elements of other SESH modules.

With regard to the gene-cultural coevolution the examples of selective pressure, which
consists in changing of gene frequencies in populations with changing socio-cultural environment,
were given in this study more than once. Semantic coevolution in this case involves epigenetic
modification of the process of realization of genetic information under the influence of
sociocultural factors (ethical imperatives, rituals, beliefs, behavioral acts, etc.). All similar factors
have the potential to cause psychosomatic response and, over time, to become self-sustaining
cycles. In some sense, the mechanisms of interaction of genes and culture of this kind is similar to
the placebo effect. The latter, as it is known, is a certain psychosomatic therapeutic action or acts of
communication, rituals, physical acts that have no direct pharmaceutical value. According to the
recent, though still hypothetical builds, the placebo effect may be due to the changes in the activity
of the nerve centers of the brain and activation of the synthesis of various neurotransmitters.
Under the action of the latter, the synthesis of specific information molecules (RNA, proteins)
either is activated or inhibited [19]. As a result, the functional relationship between behavioral act
and physiological response, which is based on the initial psychological pre disposition, is
established. Introduced by the authors of the cited work, the concept of "placebo" (placebome), in
our opinion, can be a particular description of more general phenomenon -— the existence of a
common epigenetic intermediate mechanism through which adaptive interaction between
sociocultural and biological SESH module is installed. It is important to note that in this way not
only co-evolutionary links between genes and elements of culture are formed, but to each of them a
certain adaptive value is assigned.

Separation of the category “adaptivity” on two parameters (introduced by us) -— objectively-
spontaneous (evolutionary efficiency) and subjective-teleological (evolutionary correctness) allows,
in our view, to transfer the semantic concept of co-evolution into the sphere of empirical
verification. According to the views of its author (S. D. Cousins) the integrity of the co-evolutionary
binary opposition of genes—culture is supported by the informational correlations as well as
semantic correspondences [11, p. 160-191]. If in the first (informational) aspect the co-evolutionary
connection between two areas (modules in our terminology) of adaptive information is provided by
the correspondences between informational modules (adaptations) that are supported by biological
and socio-cultural inheritance, in the second (semantic) aspect we are talking about rules of such
conformity.
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In our view, culture is transformed to the selective factor of human evolution and
determinate the fixation or elimination of specific fragments of genetic information according to
their adaptability or maladaptive in the socio-cultural environment. Its (culture) evolutionary
importance is much higher the powerful selective incentives by the proper environmental
landscape. In fact, it gives the impression of "decay" of biological form of adaptation in human
evolution [28].

However, the set of possible mechanisms of gene-culture coevolution is not exhausted.
Selective pressure on the gene pool of a man having two effects [28, p. 406], that diagnosed and
quantified with great methodological difficulties:

(1) Transformation of existing functional significance of genetic variation in accordance to
the new adaptive socio-cultural landscape. The essence of this phenomenon is determined by the
evolution of the change of function and sometimes is called “exaptation” (to distinguishing from
classical adaptation). Exaptation (genetic substrate of evolutionary correctness on our terminology)
has an adaptive significance only in the gene-cultural adaptive complex. Potential selective
advantage of the genetic and cultural co-adaptations, which then is converted to elemental
biological adaptation as part of the integrated genetic and cultural complex (Balduin effect).
Phenomenologically the effect creates the impression of a direct genetic pressure on the general
vector of cultural evolution and its elementary components, i.e. provide empirical material for
genetic and reductionist interpretations of anthropological and ethnogenesis;

(2) The next mechanism of evolutionary cultural and biological interfaces (obviously,
humanitarian and technological as well) components of SESH is associated with the cultural
inhibition of adaptive modular differentiation of human genome. More rapid cultural and
technological adaptive response to problems of survival makes it unnecessary develop a similar
adaptive response of elements within genomic clusters, potentially capable of solving the same
problem. As a result, firstly, stochastic processes (genetic drift) replace adaptive evolution genetic
genome and, secondly, there is a gradual erosion of the components of the adaptive SESH (increase
in genetic load).

Therefore, the original co-evolutionary relationship of the culture and genome can be
reduced to coadaptation (Darwinian adaptation and exaptation) and disintegration. Since a priori
the same types of co-evolutionary relationship applicable to a pair of culture and technology, we
can say that the organization of SESH allows two possible scenarios for the future evolution - the
growth of system complexity and disintegration. The last scenario involves loss of individual
elements of co-evolutionary triad SESH. The ratio of the probability of actualization of both
evolutionary scenario is changing with the emergence of each particular genetic, cultural and
technological innovation. The magnitude of the resulting effect for the total amount of adaptability
SESH determined by the configuration and ranges from zero to one, and therefore requires
constant monitoring.

In the framework of the three-module model of SESH the co-evolutionary semantics is
interpreted as analysis of the informational code that is being changed in the course of human
evolution and providing inter-modular interaction within a coherent system of SESH. Therefore,
we are talking about the evolution of the double mutual connotations between elements of
biological and socio-cultural, socio-cultural and techno-rationalistic modules. Because of such
interactions, that are changing in the course of evolution, a peculiar picture of substantial relations
is set: the elements of biological module serve as the substrate basis, providing the substrate
foundation for the available pool of socio-cultural adaptations; the elements socio-cultural module
serve as a selective filter that quickens or hinders the development of technological innovation.

This transmissional mechanism by which the system of adaptations of one module pre-forms
selective topos of another one, S. D. Cousins (as in the center of his attention there is culture as a
set of psychological intentions and pre-dispostions) names the intendant [12]. From our point of
view, more adequate and lexically neutral in different linguistic context will be used such term as
“operator”. But in any case the content of this term is revealed through ideal image, that which
emerged spontaneously or rationally, of the totality of objective targets that pre-determines self-
replicating (in future) structure of relationships of adaptability/disadaptability of separate
elements of each module. This structure further indicates the direction of SESH evolution in whole
and its individual elements in particular.
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Another aspect of the realization of functions SESH (co-evolutionary semantics) is a time-
varying code of corresponding between members of pairwise co-evolutionary ligaments. (Ssome
researchers have used to refer to this phenomenon, the term “semiotic cooptation” or “eco-
semiotics” [21, 22]. Those terms are equivalent to (co)evolutionary semantics in our research.
Accordingly, we consider as equivalent terms co-evolutionary informatics and semiotic selection,
because in the latter case, biological and socio-cultural integration of modules is achieved by
mutual selective pressure.

More rapidly evolving autonomous element of the co-evolutionary pair becomes sense-
created factor for the partner. Semantic co-evolution is the discrete act of acquisition of adaptive
significance of individual allele’s becoause changing of socio-cultural types and manifested as an
increase in the genetic variability of populations of Homo sapiens, and domesticated species
parallel to socio-culturogenesis.

Indeed, the examples fixation or elimination of certain structural genes in the population
under the influence of socio-cultural factors are relatively few. At present, well-founded and
reasoned examples of induction by culture- and technogenesis fixing in the human gene pool of the
genetic determinants of monogenic or oligogene phenotypic traits are: constant lactase and
amylase activity in human ontogenesis [16], sickle-cell anemia m other pathologies, lack of alcohol
addiction [14], gay male behavioral activity [3], intention to reduce the emotional tension in
interpersonal conflicts [32, 10], the development of the speech center and so on. A priori we can
assume only two evolutionary mechanisms through which socio-cultural module SESH involves
genetic inadaptability spread in human populations: the acquisition of pathological features of the
group as a result of the adaptive value of the induced culture lifestyle changes (sickle-cell anemia
and other tropical gematopaties in irrigated agriculture areas - as a result of increased morbidity
from malaria), and the transformation of highly adaptive to abnormal biological characteristics, for
the same reasons (Crohn's disease, psoriasis, resulting giper-reactivity immune system) for the
same reasons [15].

However, the correlation between the levels and patterns of genetic polymorphism and
epysociocultural type overlap no doubt parallel to the change of socio-cultural types [4]. Moreover,
pattern of the impact of culture on the organization of the genome is distributed from actual
human genome to the genomes of "cultivated" (domesticated) species, whose existence and now
depend on the evolution of man. The genome of these species formed sub-genome providing
communication with biological evolution as an evolving system of social and cultural
predisposition [17, p. 30].

According to paleogenetic data, induced by culture change genetic frequencies become
noticeable during the so-called Neolithic revolution - the transition to agriculture and animal
husbandry [30]. As a result of the Neolithic revolution in evolutionary mechanisms of
anthropogenesis prevailed two new fundamental attribute - "conscious" (techno-rationalist)
adaptatiogenesis components and adaptively significant increase in the size of social communities
at the expense of not only population growth but the intergroup integration processes too [18,
p. 65-67].

So, a specified model of the three-module model of organization of SESH includes (1) three
informational modules (bio-, cultural - and techno-rationalistic), each one with its own system of
generating, encoding and inheritance of adaptive information and (2) three semantic operator
(transmission mechanism) that connect the modules to each other, and semantic connotations of
the members of the co-evolutionary bundle vary in time.

In socio-humanitarian and natural-science conceptual and categorical framework of
evolutionary theory, meta-semantic compliance of the categories of paradigmatic significance in
which the system of objective interests and evolutionary correctness — systems of values -
corresponds to the evolutionary efficiency is established. Thus two pairs of categories provide the
intersection of socio-prescriptive and descriptive parts of the transdisciplinary theory of
anthropogenesis (due to overlapping of their content). Configuration of semantic code is
determined by the system of value priorities and the system of rationally justified interests (techno-
rationalistic module). A priori we can assume that the semantic code of inter-module interaction is
going through periods of relative stability followed by periods of uneven rearrangement initiated by
the reconstruction of the value system (socio-cultural module) or objective knowledge and its
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practical application (techno-rationalist module. (Change of the semantic code that defines the
correspondence between the statuses of the individual modules, by definition, is initiated by the
module, the rate of evolution of which is greater.) Such restructuring of the semantic connotations
is fraught with sharp adaptive intensification of conflicts by increasing the size of the evolutionary
load and evolutionary risk. The size of the risk reaches an existential level, when the vectors of
evolutionary efficiency and evolutionary correctness are incompatible (antiparallel).

Therefore, semantic analysis can be applied equally to all co-evolutionary cycles (operators)
inside SESH — to gene-cultural co-evolution, and the techno-humanitarian balance, and to the
forming cycle of techno-biological transformations. The study of the semantic differences between
the elements of binary techno-cultural and genetic cultural bunches serves as the basis for defining
the current vector of the evolution and size of the current evolutionary risk of Homo sapiens.

Rational and technogenesis as the form and the mechanism of adaptation supposes
availability of a cognitive (semantic) code. Its unique feature is the hegemony of random system of
correlative correspondences between thoughts (interpretants), serving as promoters for the
adaptively important behavioral acts, and as appropriate symbols. The availability of interpretants
joins the mechanisms of functioning of the socio-cultural and rationalistic part of SESH.
The difference between them consists in random coding system of adaptive behavioral acts that is
capable to change physical, social or mental reality by increasing or reducing individual and/or
group adaptability of their carriers. This idea is not something fundamentally new. In 1987, for
example, in one of the articles it was claimed that the basis for the evolutionary uniqueness of man
is the ability to conceptually abstracted from the situations modeling of the actions necessary to
achieve the objectives that correlate with adaptation. The ability, speaking the language of the
theory of cognition, to create the idealistic rationalistic models of objective reality, is called the
"cognitive niche" [36, p. 209]. Given argumentation of the specific (not to say uniqueness) of SESH
can be formulated as a postulate about rationalization of the process of adaptogenesis of Homo
sapiens and other hominids. Metaphysical statement about teleological anthropogenesis with the
emergence of the technologies of controlled evolution (NBIC-technological complex, convergent
technologies, High Hume technology in a broad metaphorical meaning which doesn’t change the
essence) became quite compatible with the concept of the objective nature of the evolutionary
process. Moreover, the observation of the simultaneous existence of several conjugate evolving
systems of generation and inheritance of adaptive traits, on the assumption of the inequality of the
speeds of adaptaciogenesis in each of them, makes teleologicy quite "natural".

Co-evolutionary semantics of evolutionary risk

As a result, the second aspect of the implementation of the SESH functions is constituted — it
is semantic aspect. Co-evolutionary semantics is a time-varying code of correspondence between
members of pairwise co-evolutional bunches.

The role of the operator that sets the rules of the biological and socio-cultural, socio-cultural
and rational-technological, rational-technological and biological informational areas performs
either the system of objectified interests (praxeologically oriented knowledge), or the system of
subjective values (psychological pre-dispositions). Replication of the interests is carried out in the
framework of the rational-technological module based on the mechanisms of symbolic inheritance,
value priorities — within the framework of socio-cultural module and, accordingly, socio-cultural
inheritance (cultural tradition). If the main "purpose" of interests is material survival of the
carriers of SESH (evolutionary efficiency), then the content of the same parameter (evolutionary
correctness) of values is determined by their ability to ensure self-identity preservation.

Such organization is able to spontaneous increase of system complexity, and at different
stages of socio-anthropological genesis the role of the leader is taken by some of its components.
Approximately 350-400 years ago as a result of transmutation of the socio-cultural component of
the SAS the technogenic civilization emerged, the main feature of which is a permanent extension
of the "socio-ecological niches" (sphere of control) of Homo sapiens and parallel escalation of risks
of the anthropo-technological impact

Accordingly, to Bernard Crespi [13], share associated with hereditary diseases structural
genes or certain haplotypes demonstrated positive selection pressure during last 10 thousand years
of human evolution for 17-21 % for neurological disorders and 15-21 % for other diseases etiology.
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In the control group, (pool of genes in that positive selection during the relevant period was not
observed) analogous index fluctuated between 21-25 %.

Postponed effects of genetic conflicts within biological module of SESH and between
biological module on the one hand, and technological and socio-cultural modules on the other
stretched out on millenniums. For example, changing a habitual way of eating (diet), that was
peculiar to man until the Neolithic revolution, caused a modification in the metabolism of lipids,
proteins, carbohydrates that emerged in late - and post reproductive age. These effects, therefore,
are closed for the effect of the biological forms of natural selection. As it is supposed now, the
increase of frequency of cardiovascular (stroke, heart attack, atherosclerosis), oncological
pathology, diabetes of type II, etc. are linked exactly to them. In addition to this, there is imbalance
in the development of the sexual sphere, manifested in the discrepancy between the timing of the
start of the menstrual cycle and other components of puberty of women. All this is a clear trend of
size of the evolutionary risks inherent in a Western type of technological civilization. (The details of
these problems are outlined in a recent book by the Swedish nutritionist, adept of the evolutionary
medicine Stefan Lindeberg [25]; the coupled evolution of the human genome and culture, causing
to the genesis of the "diseases of civilization" are also examined in the book by Daniel Lieberman
[24]. Both researchers consider the transition to a non fruit diet, twhhat was determined by socio-
cultural heredity, as a systemic factor that reformatted the structure and meaning of the
relationship between biological and behavioral, and then non-genetical adaptations. Later, using
the arguments of these researchers we will try to justify the semantic concept of co-evolution as an
explanatory model of the transmission mechanism between SESH modules.)

The rating of reduction of adaptability according to this indicator on reaching a certain
threshold zone of values or as a result of the same threshold of changes of ecological and cultural
environment is cable of fast growth, twhat demands the immediate adaptive response (solving of
the problem of survival). Such leap, in fact, is the actualization of evolutionary risk. One of the
symptoms of this updating is a systemic effect — distribution beyond the bounds of the initial
module to the other components of SESH. So the above-mentioned diseases of Western civilization
during the past twentieth century was transformed from a purely medical (i.e. directly related to
the biological module) problems on the areas that guide the evolution of socio-cultural module
(including the economy).

The evolutionary risk reaches the maximum size in case of antiparallelly of dynamics of
changes in evolutionary efficiency and evolutionary correctness, when the characteristic size of risk
very quickly crosses the boundaries of "physical" sense (Rint> 1). Reaching this point means
irreversible semantic destruction (destruction of the system of value priorities, the central core of
which is the concept of humanity and human nature).

It seems logical to make two clarifications. The periods of abrupt increasing of the size of
evolutionary risk, obviously, are coherent to the periods of "scientific-technological revolution" and
to the periods of radical reconstructions of value systems prevailing in the society. Exactly then the
structure of the co-evolution connections between the elementary adaptations of different modules
of SESH and actually adaptive value of each element is destabilized and prone to unpredictable
stochastic fluctuations.

The system of value priorities dominant in society has several-level structure — the individual
(unconditional) interests, group (conventional) requirements, an abstract (universal) values [18;
22]. Here, primarily in the field of group norms and predispostions regarding specific attributes of
humanization/dehumanization, relatively rapid reconstructions radically changing the semantic of
relations between cultural module and biological and techno-national ones are possible [9]. As a
result, the adaptive landscape, in which evolution of, for example, biological module (adaptive
significance of individual elements) takes place, is quickly reformatted. As an example we can take
a radical revision of value priorities on group and individual level towards traditional and non-
traditional sexual orientation in the Western mentality in 1970s-2015s. Universal values are
practically not involved in this, not-yet-finished process of transformation of socio-cultural and
psychological predispostion.

Thus, we can assume that out of three levels of values priority (and their corresponding socio-
cultural predispostions) individual interests, group norms and universal values, the most
susceptible to evolutionary transformations are the group norms.
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More stable are the individual interests (as most closely associated with the vital needs,
determined by biological module) and universal values (as the most abstract, distant from objective
reality and close to the rationalistic module). However, the effect of perturbations of group norms -
— attributes of humanization/dehumanization -— diffuses by the means of evolutionary semantic
transmission mechanism on the biological module, destroying, in its turn, the rules, of semantic
matching of this module with two remaining. Because of this secondary effect the elements of the
biological module of SESH are distributed first to the system of objective "interests" and then to
other levels of the socio-cultural module. The fixation of a particular set of group norms and then
the review of universal values, as the latter are projective reflection of the group norms and
individual interests, are taking place.

So, a certain part of the biological adaptation in a new socio-cultural context becomes the
elements of genetic load (inadaptive or selectively neutral), and, conversely, a part of harmful or
selectively neutral components of the genome are acquire adaptive value. With regard to the
technological innovation, together they are definitely aimed at the fragmentation of the biological
adaptive complex.

If the value of scientific and technological revolutions (shifts of paradigms) has been
investigated (suffice its to recall the classical monograph of Thomas Kuhn of 1962), the
evolutionary significance of social and cultural transformation begins to clear up only now.
Meanwhile, the socio-cultural inheritance is also able to radical rearrangements of its structure and
composition. It takes only to mention the radical change of predispostion regarding sexuality that
has occurred in the Western mentality over the past half century. Relative independence of each
module is an additional complicating circumstance, as the result of this independence, for example,
"macromutation” of the system of cultural and psychological predispostions aimed primarily at
preserving the structural distribution of subcultures within a given civilization type, and only then,
at the selection of relevant biological elements of SESH module.

However, in the conditions of the relative balance of genetic-cultural ("Gene-culture co-
evolution".) and techno-cultural ("Techno humanitarian balance".) co-evolutional semantics and
the lack of direct preformative impact of techno-rationalist SESH module on the two left (biological
and sociocultural), the configuration of the entire system also did not allow an uncontrolled jump
of risk to the existential level.

In our previous works we have already formulated the terms of such semantic stability in
terms of socio-humanitarian knowledge: the core of the mentality of the West is the desire of a
person to a certain maximum ideal ("Per aspera ad astra — through the thorns to the stars"). It is
complemented by the second pivotal construction, paralyzing and, simultaneously, challenging the
limits of this ideal ("Ad imaginem suam ad imaginem Dei — In the image and likeness of God") and
focuses on the chosen-ness, the absolute priority of the uniqueness of the human person ("Unus ex
nobis — One of us" as God says about Adam). Thus the actualization of the desire to bring together
the world as it is and the world as it should be gains the character of the movement towards the
absolute, the ultimate goal ("the omega point", as named by Teilhard de Chardin) [7, c. 11, 506].

In objectified, dismissed from the metaphors form the same argument boils down to the
statement that one of the basic predispostion of mentality of industrial civilization in its Western
form, is a trend to release the social roles and social status of an individual from the preformation
by conditions of his biological substrate (the genome) as a criterion of social (and evolutionary)
progress. This trend, in turn, is balanced by the irrational fear of a possible intervention in the
human psyche from the outside that violate the free will of the individual and forcing him to act
against his "human nature". This trend can be traced back at least to biblical times and legends
about werewolves and vampires, through the Gothic novels of the eighteenth century to modern
thrillers and science fiction of the most recent years.

The sociocultural system of counterweights, ensuring the self-identity of Homo sapiens,
turned out to be very stable, but only until the birth of the technologies of driven evolution, when
ontological antinomy Evolution versus Intelligent Design was finally overcome. As a result, the
restrictions arising from the limited technological means for reality transformation turned to be
overcome, at least in potentio. The only built-in inside SESH stabilizer of the current of global
evolutionary process remains the semantic code of humanization/dehumanization, which in itself
allows significant stochastic fluctuations, and is open to technological interventions and therefore
needs continuous monitoring.
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With the emergence of High-Hume technologies the level of risk is reached the existential
level of significance. At this existential level of technological risk means by definition evolutionary
risk, because it leads to the genesis of the possibility of the extinction of mankind as a species (but
not necessarily intelligent life and the noosphere).

Conclusion

It seems inevitable that, because of the modular-hierarchical organization SESH in conjunction
with multiple autonomous systems and the generation of adaptive replication of information with
respect to the formation of long-term evolutionary trends reduce the adaptability of such a module by
increasing adaptability of another module. This conclusion is supported by the arguments of the theory
of programming and computer science [2; 23]. This trend in the present study, as mentioned above,
will be called the evolutionary risk.

In the era when evolution itself becomes a subject of rational control and/or manipulation, it is
necessary to calculate when making a projection and determining the amount of innovative risk those
features of social response to scientific and technological development, which stems from the
substantial foundations of human consciousness and culture and are the result of the previous biosocial
evolution.

Modification of techno-cultural balance, which is an adaptive response of the SESH sociocultural
component to the processes described above, led to the transformation of classical science to its
postacademic form. In the framework of the same global-evolutionary transformation we have to
consider the emergence of bioethics as one of the varieties of contemporary (trans-disciplinary)
scientific concept, which combines the features of the Humanities, classical scientific theory and social
utopia. Not so long ago E. Kunin, was very observant when diagnosed a curious feature of the
explanatory models of modern evolutionary biology: all of them are narratives with more or less, but
always available portion of teleology. Consciously or not they have, in explicit or implicit form, logical
constructs such as "arise for...", the language of these narratives (though it contradicts the methodology
of classical not modern, transdisciplinary science) best suits to the describe evolutionary processes and
phenomena, and the creation of hypotheses which can be verified by experience [21].

Especially it is true for the modern phase of the evolution of SESH, which is characterized by a
universal process of rationalization and technologization of the course of evolution. The introduced
concept of evolutionary risk, in which objective and scientific (evolutionary efficiency) and subjective
and humanitarian (evolutionary correctness) criteria of the value of this parameter combines, in
accordance with the principle of subsidiarity serves as the example of such an explanatory model.

The problem of evolutionary risk and its components is coming within the conceptual field of
anthropic principle, since one of the parameters of the equation of the doomsday simultaneously
becomes not only a global constant that is crucial to the human genesis in the Universe, but also a
derivative from the characteristics of sociocultural and biological evolution. It did not fail to specify One
of the pioneers of the anthropic principle Brandon Carter didn'’t fail to point at this fact [5].

In 1960 Heinz von Foerster has formulated the law of hyperbolic growth in the number of Homo
sapiens, also known under the non-academic title "Doomsday Equation" [34]. In accordance with the
Foerster’s equation, the population growth for approximately the last 10 thousand years, obeys an
equation of the hyperbola, i.e. increases with increasing acceleration and about up to 2025 will be
infinite, i.e. loses physical meaning. It will mean the end of the evolutionary history of Homo sapiens,
although not necessarily imply the death of intelligent life at all. Rather, it means the passage of a
certain point of the evolutionary singularity, the achievement of the value of evolutionary risk close to
unit.

In the Foerster’s equation there is the parameter T*, which had been empirically calculated by the
authors and according to them was about 2.1011. Brandon Carter in the work cited above [5] considers
this option as a member of the pool of world constants that determined the emergence of human and
the formation of the laws of nature of civilization that are able to reflect. In his understanding this value
is a function of the amount of information (1010 bits) contained in the human genome and the duration
of existence of one generation (20 years). By reducing this parameter below the threshold value, the
transition from biological to sociocultural, and then technological phases of anthropogenesis (phases
II-IIT in our periodization of the evolution of SESH) becomes impossible.
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And phenomenological interpretation and explanatory model of the Foerster’s Doomsday
Equation quite consistent with the notion about the organization of SESH and the mechanisms of
formation of evolutionary risk, advocated in the present study.

On the one hand, the population growth increases the frequency of techno-rationalist and socio-
cultural innovations/adaptations and the speed of their distribution in the population, which in
accordance with Lamarck’s module flows through contagious mechanism. Thereby the ecological
niches available for the development of Homo sapiens are expanded, and the conditions for further
acceleration of population growth are created [22].

On the other hand, the integrity of the structure three-module SESH means the availability of
some inter-module communicational correspondences between the elements of biological and socio-
cultural modules of the co-evolutional semantics. Even under the condition of the ambiguity of
semantic connections between modules with exceeding of a certain threshold in the number of adaptive
socio-cultural elements in comparison with the pool of biologically determined signs, that are
comparable to them, the efficiency of genesis of adaptation decreeases sharply. Externally it is
manifested in the accumulation of genetic and cultural imbalances, inconsistencies between the
demands of the sociocultural environment and psycho-physiological capabilities of the organism
(evolutional load). In the first approximation, the threshold, beyond which the area of the fracture of
the curve of population growth begins, will be attainment of the volume of adaptive information that is
replicated with the help of socio-cultural inheritance, the value comparable with the volume of
information accumulated in the genome. This situation has two fundamental but alternative
evolutionary solutions.

The first ("hard") decision means the technologization of biological evolution of human, i.e. the
improvement (enhancement) of Homo sapiens through genetic engineering, etc. technologies,
resulting, as already mentioned, in the completion of the evolutionary history of humanity (the loss of
self-identity of generations of intellect carrier).

"Soft" solution involves the creation of a radically transformed version of the evolutionary
semantics for regulating the flow of gene-cultural co-evolution and techno-humanitarian balance.
The newly established co-evolutionary semantics should provide the best match of the biological and
techno-rationalistic modules to the so-called universal value priorities, preserving the self-identity of
the carriers of the mind.

This final observation, in turn, determines civilizational and evolutionary function of bioethics.
Bioethics is largely methodological one. In other words, it is a metatheory, which, we hope, can serve as
a stabilizer for the system of attributes-identifiers of human self-identity, as well as for the system of
cultural-mental predispostions formed on their basis. This system maintains the existence of the
current version of evolutionary semantics NBIC-technological complex within the "universal values",
ensuring the preservation of humanity in the process of permanent development of technologies,
directed to the subject of the evolutionary process.

References:

1. Applied Evolutionary Anthropology. Darwinian Approaches to Contemporary World
Issues. N.Y.; Heidelberg; Dordrecht; L.: Springer, 2014. P. 299.

2. Banzhaf W. Genetic Programming and Emergence // Genet Program Evolvable Mach.
2014. Vol. 15, No 1. P.63-73

3. Barthes J., Godelle B., Raymond M. Human social stratification and hypergyny: toward
an understanding of male homosexual preference // Evolution and Human Behavior. 2013.
Vol. 34. P. 155-163.

4. Borinskaya S. A., Yankovsky N. K. Combination genetic and humanitarian (cross-
cultural) methods for identifying human genes involved in the process of adaptation to the
evolutionary new environmental factors//Genetics. 2015. Vol. 51, No. 4. P. 479-490. (In Russian)

5. Carter B. Hominid evolution: genetics versus memetics // Intern. Journ. Astrobiol. 2012.
Vol. 11, No 1. P. 3—13.

6. Cheshko V.T., Ivanitskaya L. V., Kosova Y. V. Configuration of Stable Evolutionary
Strategy of Homo Sapiens and Evolutionary Risks of Technological Civilization (the Conceptual
Model Essay) // Biogeosyst. Tech., 2014, Vol.1, Ne 1. P. 58-69.

7. Cheshko V.T. Stable adaptive strategy of Homo sapiens: Monograph. Kharkov:
Publ.House "INZHEK", 2012. 596 p. (In Russian)

264




Biogeosystem Technique, 2015, Vol.(5), Is. 3

8. Cheshko V.T., Ivanitskaya L.V., Glazko V.I. Evolutionary Risk of HIGH HUME
technologies. Article 1, 2 // Integrat. Anthropology. 2014. N2 2. P. 4-14; 2015. N@ 1. P. 4-15. (In
Russian)

9. Cheshko V.T., Peredyadenko A.S. Descriptive and socio-cultural (ethical) components of
the structure of evolutionary risks of genetic engineering technological complex // Ecology Herald,
2015. N2 1. P. 64-72. (In Russian)

10. Chiao Joan Y., Blizinsky Katherine D. Culture—gene coevolution of individualism—
collectivism and the serotonin transporter gene // Proc. Royal. Soc. 2010. Ser.B. Vol. 277. P. 529-537.

11. Cousins S.D. A semiotic approach to mind and culture // Culture & Psychology. 2012.
Vol.18, No 2. P. 149—-166.

12. Cousins S.D. The semiotic coevolution of mind and culture // Culture & Psychology.
2014. Vol. 20, No 2. P. 160-191.

13. Crespi B. J. The origins and evolution of genetic disease risk in modern humans // Ann.
N.Y. Acad. Sci. 2010. Vol. 1206. P.80-109

14. Dudley R. The drunken monkey: why we drink and abuse alcohol / R. Dudley. Berkeley;
Los Angeles; L.: University of California Press, 2014. 179 p.

15. The Evolution and Functional Impact of Human Deletion Variants Shared with Archaic
Hominin Genomes / Yen-LungLin, P.Pavlidis, E. Karakoc, J.Ajay, O. Gokcumen
http://mbe.oxfordjournals.org/content/early/2015/01/22/molbev.msu405 - aff-1 // MolBiolEvol
2015. doi:10.1093/molbev/msu405

16. The evolution of lactase persistence in Europe. A synthesis of archaeological and genetic
evidence / M. Leonardi, P. Gerbault, M. G. T., J. Burger // International Dairy Journal. 2012.
Vol. 22. P. 88-97.

17. Glazko V.I. Shaping and microevolution: livestock formation, metabolomics,
SubGenome // Farm animals. 2014. N° 1. P. 20-32

18. Grinin LE The state and the historical process. The era of state formation: the overall
context of social evolution in the formation of the state. M.: Book Kom, 2007. 272 p. (In Russian)

19. Hall K.T., Loscalzo J., Kaptchuk T.J. Genetics and the placebo effect: the placebome //
Trends in Molecular Medicine. 2015. P. 1—10 http://dx.doi.org/10.1016/j.molmed.2015.02.009

20. Kohlberg L. Stage and sequence: The cognitive-developmental approach to socialization.
// Handbook of Socialization Theory and Research. Chicago: Ran McNally. 1969. P. 347—480.

21. Koonin E.V. The Logic of Chance: The Nature and Origin of Biological Evolution Nrw
Jesey: Person Edcation, 2011. 528 p.

22, Kapitza S.P. Global population blowup and after the demographic revolution and
information society. Hamburg: Global Marshall Plan Initiative, 2006. 272 p.

23. Leier A. Emergence in simulated evolution // Genet Program Evolvable Mach. 2014.
Vol.15. No 1. P. 79—-81

24. Lieberman D. The story of the human body: evolution, health, and disease. N.Y.:
Pantheon.2013. 480 p

25. Lindeberg S. Food and Western Disease: Health and nutrition from an evolutionary
perspective. Oxford: Wiley-Blackwell, 2010. 370 p.

26. Maran T., Kleisner K. Towards an Evolutionary Biosemiotics: Semiotic Selection and
Semiotic Co-option // Biosemiotics. 2010, Vol. 3, No 2. P 189-200

27. Maran, T., Kull, K. Ecosemiotics: main principles and current developments //
Geografiska Annaler: Series B, Human Geography 2014. Vol. 96. No 1. P. 41-50

28. Milbrath C. Socio-cultural selection and the sculpting of the human genome:
Cultures’directional forces on evolution and development, New Ideas in Psychology. 2013. Vol.31,
No 3. P. 390-406.

29. Neural Correlates of Post-Conventional Moral Reasoning: A Voxel-Based Morphometry
Study / K. Prehn, M. Korczykowski, H. Rao, Zhuo Fang, J.A. Detre, D.C. Robertson // PLoS One.
2015. Vol. 3, No 10(6). Publ.e0122914. DOI: 10.1371/journal.pone.0122914.

30. O’Brien M. J., Laland K. N. Genes, Culture, and Agriculture: An Example of Human
Niche Construction // Current Anthropology. 2012. Vol. 53, No. 4. P. 434-470.

31. Runciman W. G. The Theory of Cultural and Social Selection- Cambridge: Cambridge
University Press. 2009. P. 257.

265




Biogeosystem Technique, 2015, Vol.(5), Is. 3

32. Schinka J.A., Letsch E.A., Crawford F.C. DRD4 and Novelty Seeking: Results of Meta-
Analyses // Amer. Journ. of Med. Genet. 2002. Vol. 114. P. 643—-648.

33. Tooby J., De Vore I. The reconstruction of hominid behavioral evolution through
strategic modelling // The evolution of human behavior: primate models. Ed. W. G. Kinzey, N.Y.:
SUNY Press. 1987. P. 183—227.

34. Von Foerster H., Mora P. M., Lawrence L.W.Doomsday: Friday, 13 November, A.D. 2026
// Science 1960. Vol. 132, No. 3436. P. 1291-1295.

35. Wells J.C.K. Ecological Volatility and Human Evolution: A Novel Perspective on Life
History and Reproductive Strategy // Evolutionary Anthropology. 2012. Vol. 21. P. 277—288.

36. Whiten A., Erdal D. The human socio-cognitive niche and its evolutionary origins // Phil.
Trans. Roy. Soc. 2012. Ser. B. Vol. 367. P. 2119-2129.

YIIK 616:572.1/.4:504.03(8)
IBOJIIOIITUOHHAA CEMAaHTUKA AHTPOIIOreHe3a ¥ 0M03THKA nbic-TexXHOoI0THIT

1BasientuH ®enoposuu Yeniko
2}0sua BukroposHa Kocosa
3 Banepuii iBanosuy I'1azko

1 XapbKOBCKUI HaIlMOHAIbHBIN YHUBepcuTeT uM. B.H. Kapa3zuna, Ykpanna

1. CBOOO/IBI, 4, XapbKOB 61022

JlokTop ¢miocodckux HayK, KaHAUAAT OMOJIOJIOTUYECKUX HAYK, ITpodecop, BeAyIINN HayJYHBIN
COTPY/IHUK, akaja. PAEH

E-mail: cheshko@karazin.ua

2 XappKOBCKUH HaIlUOHAIBHBINA 3KOHOMHUYecKkul yHuBepcuretT uM. C. Ky3Herna, YkpausHa
npoc. JlennHa, 9A, XapbkoB 61166

IIpenogaBarens

E-mail: yulia.kosova@gmail.com

3 Poccuiickas akazieMus Hayk, Poccutickas @enepamus

JIOKTOP CebCKOXO3ANCTBEHHBIX HAYK, Tpodeccop, akageMuk PAH (nHOCTp. uieH)

AnHoTanus. Pa3pabaTbIiBaeTcsi KOIBOJIIOIMOHHAA KOHIIEMITUSA TPEXMOJYJIbHON CTaOMILHOM
SBOJIIOIIMOHHON cTpaTernri Homo sapiens, KoTopass OCHOBaHAa Ha IIPUHITUIIE SBOJIIOIMOHHON
JIOTTOJTHUTEILHOCTH: BEJIMYMHA SBOJIIOIMOHHOTO PHUCKA U SBOJIIOIMOHHAS TPAEKTOPUS aHTPOIIOTeHEe3a
OTIpeJIesIsieTCsl OTHOBPEMEHHO JIBYMs IapaMeTpPaMU - CIIOHTAHHO-JECKPUIITUBHBIM (3BOJIIOIIMOHHAS
3¢ @dEKTUBHOCT) U KPEAaTHUBHO-TEJIEOJIOTHYECKUM  (SBOJIIOITMOHHAS KOPPEKTHOCTh), KOTOpHIE
HEBO3MOXKHO WHCTPYMEHTAJILHO PEIyIHPOBaTh JIPyT K Zpyry. COOTHOCHUTEIbHbIE 3HAYEHHS 000UX
TIapaMeTPOB OIPEAEIISIOT BEKTOPHI OMOJIOTUYECKOMH, COITUOKYIBTYPHOM U TEXHO PAIIMOHATCTUYECKOH
SBOJIIOITUM YeJIOBEKa 4epe3 JiBa MePEeNaTOUYHBbIX MeXaHU3Ma - T'eHHO-KYJIBTYPHYIO KOSBOJIIOIIAI0 U
TEXHO TyMaHUTApHBIA OamaHc. IIpesyiaraercsa oOBSCHUTENbBHAS MOJIEJIb W METOZOJIOTHS pacyeTa
KPEaTUBHO-TEJICOJIOTUIECKOTO KOMIOHEHTA JBOJIONMOHHOTO pucka NBIC TexHOIOTHMYECKOTO
KOMIUIEKca. MexaHu3M BJIMSHUSA KaXKJ0TO MOYJIs Ha SBOJIIOIHIO JIBYX ocTaBiuxcs moayseir CACH
a priori MokeT OBITH JBOUMCTBEHHBIM: (1) MHGOPMaNKMOHHAsA Ko3Bosonusa (IIpsmoe ceseKTUBHOE
JlaBjieHne) U (2) ceMaHTHYecKas KO3BOJIONUA (M3MEHSIONIUNCA BO BPEMEHH CEMAaHTHYECKUU KO,
o0ecrieunBaoIUn COOTBETCTBUE OHMOJIOTUYECKOTO, COIIMOKYJIbTYPHOTO u TEXHO-
PalMOHAINCTUYECKOTO aJIaITUBHBIX MOAyJel). CeMaHTHUYECKAs: KOIBOJIIOIHA SBJISIETCS IUCKPETHHIM
proOpeTeHeM aJIalITUBHOTO 3HAYEHUS OTAETbHBIMU aJUIEIIMU IIPU CMEHE COIMOKY/IbTYPHOTO THIIA
U TIPOSIBJISIETCS] KAaK BO3PAacTaHHE TeHEeTUYECKON BapyuadeJbHOCTH TIOMYJIAIUA YeJIOBEKA U
OJIOMAITHEHHBIX BHJIOB IMapasUIeJIbHO COIMO-KYJIBTyporeHe3y. IIpearosiaraercsi CylecTBOBaHUE
PAIMKAIBHBIX PA3JUYUN B COIMO-KYJIBTYPHOM SBOJIIONMOHHOM JIaHAIadTe ATIAHTHYECKOTO U
BocTOYHO-C1aBIHCKOTO STHOCOB/ IIMBUTU3AITHUH.

KiaoueBble cJjIOBa: SBOJIOIMOHHAS CEMaHTHKA, nbic-TEXHOJIOTHH, KOSBOJIIOIMOHHAA
KOHIIEIIITHA.
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Abstract

Biogeosystem change is linked to ion’s association in soil solution. The concern of carbon
sequestration problem is a soil as carbon sink drain. The carbonate calcium equilibrium (CCE) in soil
solutions is important to characterize the degree soil solutions saturation with CaCO, as a factor of
terrestrial system carbonate geochemical cycle. CCE depends on the state of the chemical composition,
pH, Eh, buffering properties of soil liquid phase, dissolution, migration, precipitation of carbonates in
the soil profile and landscape, ion exchange processes at the interface of solid and liquid phases. At high
ionic force in soil solution are formed electrically neutral ion pairs CaCO5°; CaSO,°, MgCO;°, MgSO,°,
charged ion pairs CaHCO4*, MgHCO;*, NaCOs-, NaSO,-, CaOH*, MgOH*.

The object of research — Southern Russia; saline chestnut soil, dry steppe zone; non-saline
chernozem, steppe zone. The soil solution was extracted from soil layers 0-150 cm. Composition of soil
solution was determined using standard analytical methods. The soil system is the object of
mathematical thermodynamic modeling, because it is impossible to remove the solution from dry soil,
on the other hand, the extraction of solution change the chemical equilibrium in solution. The approach
to soil disperse system model is proposed as a discreet partially insulated form one another micro-
water-basins on the internal surfaces of soil. This approach gives a new understanding of water-salt
transfer, geochemical barrier functions and ecological properties of soil.

On the basis of CCE algorithm, the computer programs were developed to calculate the real
equilibrium ion forms and determine the nature of carbonate-calcium balance in the soil solution.
The mathematical model shows the real state of associated ions at different ionic strength of low
saline and saline soil solution. The concentration of free and associated macro-ion forms were
calculated in iteration procedure according analytical ion concentration considering ion material
balance, linear interpolation of equilibrium constants, method of ionic pairs, laws of: initial
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concentration preservation, operating masses of equilibrium system. Concentration constants of
ion pairs dissociation were calculated following the law of operating masses. Were determined the
quantity of ion free form and coefficient of ion association y. as a ratio of ions free form to its
analytical contents y, =C_ /C,, . The association of ions is higher in saline soil layers. Depending on

composition and ionic force c of soil solution in the form of ionic pairs are: 11-52% Caz2*; 22.2-
54.6% Mg2*; 1.1-10.5% Na~*; 3.7-23.8 HCO;, 23.3-61.6% SO,2-, up to 85.7% CO42.

To interpret a behavior of heavy metal in soil solution an additional equation for
microelements is proposed for the mathematical model of macro-ions.

The proposed thermodynamic calculation method for the real ion forms quantitative
assessment in soil solution shows that in salted soils a chemical equilibrium in the soil solution
causes a dissolved carbonate forms at high concentration of soil solution. It determines a high
mobility of carbonates. Carbonate system of the soil solution is most important because on its state
depends the nature of basic processes affecting formation and development of a certain type of soil.
The nature of the calcium carbonate equilibrium soil is a cause why using an analytical
concentration of ions only is observed the high calculated saturation degree of soil solutions with
CaCO;. The association of ions in soil solutions is one of the geochemical drivers promoting
transformation of solution, salt and heavy metal migration and accumulation in disperse system,
soil genesis, excessive fluxes of carbon into soil, carbon sink from soil and biosphere to lithosphere
and other geospheres.

Keywords: soil solution, carbonate calcium equilibrium, ion’s association, mathematical
thermodynamic model, carbon sink.

Introduction

Biogeosystem change is linked to regularities of soil solution’s formation, metamorphism, as
well as its dissolution, saturation and precipitation in soil and lithosphere. The formation of
chemical composition of soil solution is very complex process. One factor is a chemical equilibrium
in soil solution — carbonate calcium equilibrium (CCE). CCE depend on the state of the chemical
composition, pH, Eh, buffering properties of liquid phase, dissolution, migration, precipitation of
carbonates in the soil profile and landscape, ion exchange processes at the interface of solid and
liquid phases. On the contrary, to the great extend the CCE in its turn influence the soil pH, Eh and
buffering properties.

The knowledge of CCE is a base for calculation of solubility CaCO; and other ingredients of
soil solution [12, 28, 68, 70].

The uncertainties are found of aquatic and terrestrial systems physical and biogeochemical
models, the need to improve these models is declared [91].

The carbon sequestration and climate engineering are to be based on assessment of the role
of soil and soil solution as a carbon sink drain. Biosphere uncertainties, climate extremes are linked
to geochemical cycles in the terrestrial biosphere soil [8], water systems [58]. It has a profound
implication for society, biosphere and climate system [89, 93]. The heterogeneity in carbon stream
is caused by landscape. The boreal landscape is known as an important source of dissolved organic
carbon [2]. In the semiarid and arid catchments the soil solution equilibrium causes the carbon
mobility into the soil. In these circumstances, the probability of uncontrolled carbon stream out of
the soil and biosphere is high.

The data are obtained on increasing anthropogenic influence on the carbon cycle [9].
The biogeosystems are sensitive to change of carbon stocks [77]. The sinking of carbon is one of the
leading components of the carbon cycle and global climate system [44]. The excessive saturation of
water with CaCOj; gives on adverse biogeochemical effect [30]. It is important to quantify the
carbon source/sink nature, determine its drivers [105].

Soil solution equilibrium helps to represent properly the function of soil and vegetation [66].
CCE of water and terrestrial systems influences the growth of leading agents of biosphere — water
and soil organisms [103]. Soil solution varies on temporal and spatial scales [677]. The meaning of
qualified management of biosphere is great concerning dangerous anthropogenic influence on
soils. The problem of carbon cycle is linked to release of entrapped methane when the soil is
disturbed [78]. CCE provides understanding of key biogeochemical element cycles. The sinks and
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sources of carbon are the key point for the proper assessment of terrestrial and aquatic ecosystem’s
drivers of atmospheric CO. concentration, biosphere functioning and climate models [84].

The problem of global climate changing drivers is discussed mainly in a framework of human
activities, in particular anthropogenic emissions of CO. [96]. Nevertheless, the problem is not
simple. For example, from the point of view of life conditions the sequestration of CO. on the
Venus is urgent. But if the carbon sequester on the Earth will be endless, the life conditions will be
lost because of carbon deficit. This deficit will appear locally and even commonly without measures
to control the carbon and other elements migration, transformation, accumulation and loss form
biosphere. This is a reason why there are significant uncertainties in understanding the role of soil
mineral and organic carbon deposits in the global C cycle [108].

Unfortunately, there are real prospects to aggravate anthropogenic dangers by awkward
efforts to “correct” the Nature. An opinion to mitigate the large-scale climate effects of human CO,
using the Ocean as a large sink for anthropogenic CO. [44] is to bee discussed carefully and
specially because due to this kind of artificial sink the carbon will be back into Biosphere only
millions years later on.

Phenology is discussed as the way to understand the biogeochemical cycles and the climate
system [15]. Unfortunately, there is obvious desire of scientific society part only to collect and
analyze data, and do not take any action to maintain the biosphere situation properly.

The soil is an important part of terrestrial system. The water solution is an agent of soil
properties. In every special case the soil solution as a carrier of soluble matter has a different structure,
mineralization according to biogeosystem’s properties. The soil solution is the most mobile, volatile and
active part of the Pedosphere. Soil solution composition varies. In soil solution are observed the
destruction and synthesis of organic substances, secondary minerals, organomineral compounds [5, 41,
107]. CCE of the soil solution is important for understanding the origin of soil and biogeosystems.

The mineralization of soil solution varies because of geological and biological composition of the
local biogeosystem, regional and local water-mass-transfer, wetting and drying circles of the soil,
biological process in the soil. CCE is important for proper modeling of heavy metals state and
transfer in soil and landscape [6, 25, 29, 85].

Important world problem is the soil anthropogenic heavy metal contamination and transfer
[14, 186]19’ 33, 34, 37, 39, 40, 42, 43, 47, 54, 57, 59, 60, 63, 65, 75, 76, 80, 81, 88, 94, 101, 106, 112,
113, 116].

The properties and structure of water solution are the function of its chemical equilibrium
[11, 13, 20, 21, 31]. The higher is ionic strength of solution, the more ions pass to the form of ions
associates (1, 56, 82, 99]. The fact is known for the waters of ocean and low mineralized waters of
storage reservoirs [55]. Ion’s association in water calcium carbonate system helps to explain the
natural water oversaturation with carbonates, migration and accumulation of carbonates [68].
The reason of excess saturation of water with CaCOj; is the ions association to ionic mineral and
organic complexes [69]. Carbonate system of water solution is under the influence of biological
process, soil-atmosphere gas exchange, partial pressure and seasonal cycles of CO..

It should be noted that under natural conditions not content of HCO4, CO52 and H.COj3 in
soil solution depends on pH, but namely the ratio of forms of CCE determines the pH value,
buffering and redox properties of the soil solution, nature of ion exchange in the system “solid
phase — solution”, solubility of many mineral and organic compounds.

The precipitation or dissolution of CaCQys is linked to removal or reception of Ca2*, HCO5;" and
COs2. The ionic composition of the soil solution reflects the carbonate equilibrium, determines a
type of migration and accumulation of various forms of carbonate formations in the soil profile.

An important characteristic of CCE is the degree of saturation of the soil solutions with
CaCOs. However, it does not give a clear answer to the question about the formation of CaCO,.
The studies of carbonate equilibrium in surface waters shows that saturation or supersaturation of
natural waters with CaCOj; reflects only the possibility to form a precipitate, but the CaCO; not
always precipitates from supersaturated water solutions. The relationship between degree of
saturation of solutions with CaCO; and its precipitation depends on physicochemical and
biochemical processes, which controls CaCO; precipitation.

A cause of supersaturated CaCO; solution’s sustainability varies relating the properties of
calcium hydrocarbonate solution. The first is formation of a solid phase which chemical
composition differs from the solution. The second — at extremely low concentration of CO42 ions in
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solution the spatial orientation of ion is required for onset of crystallization, which is probably
hampered by the huge number of surrounding ions HCO;. One more reason which determines the
high degree of calculated saturation of soil solution with CaCO; is a complexation of Ca2* with
organic matter.

The soil solution determines the dynamics of its material composition, migration and
accumulation of salts into the disperse system of soil continuum and landscape. The soil solution
equilibrium plays important role in the genesis and evolution of soil. In the soil solution are formed
electrically neutral ion pairs CaCO;’; CaSO,, MgCO;’, MgSO,’, charged ion pairs CaHCO;",
MgHCO,*, NaCO;5", NaSO,, CaOH*, MgOH*. Communications between the associated ions in soil
solution are much more diverse comparing to water systems [41, 55, 82, 87, 102, 104, 115].

Another important property of soil solution is the strong dependence on soil moisture,
interaction between soil solution and soil disperse system. The sampling of soil solution leads to
destruction of its links to disperse system of soil. So the solution extracted from soil does not
completely correspond to the properties of native soil solution. On this reason the modeling of soil
solution composition at different stage of water, salt and organic matter content in the soil to the
some extend is more important than direct analyzing of extracted soil solution itself.

Ionic strength of the soil solution varies form 0.05 (almost ideal chemical solution after rain
in upper horizon of non-saline soil) to 0.5 and more (dry saline soil). Every variant can be observed
in rather short time period in the same discrete part of soil continuum. In special cases the ionic
strength of soil solution can be so high as it will be even better to use the lows of quasicrystalline
water structure, supercritical water [46, 86] to describe the system properly. In recent years, the
modern nonthermodynamic techniques are used for modeling the associated ion pairs in
nanotubes [45, 62], ion pair association in supercritical water and other conditions [17, 86, 92], to
develop the methods of computer modeling of ion pair formation in electrolyte, ion pair as a
simulation of hybrid excitations in solution [53, 61, 64, 86, 87]. In recent years the improved
methods of direct ion pair study are used [10, 109, 110). Of great importance are the possibilities of
carbon nanotubes as a factor of soil minerals and soil solutions interaction, cation exchange on
montmorillonite, nutrition, soil colloids stability, biodiversity concern, soil monitoring research
[92, 104, 111, 115].

The mentioned data and models confirm the basic tenets of the theory of ion association
solution and thermodynamic model of macro-processes of saturation in soil solution, transfer,
metamofization and accumulation of salts in the three-dimensional soil continuum [74]. For the
most cases of real soil solution it is enough to use the lows of thermodynamics.

The thermodynamics mathematical models of soil solution equilibrium is proposed. The
models were tested on experimental empirical data.

Materials and methods

Study Area. The South-East of the Russian Federation.

Objects of research. The dry steppe chestnut saline solonetzic soil and chernozem of Southern
Russia. The climate is semi-arid, arid. annual precipitation of 350-500 mm, the parent rocks are
Carbonate and Carbonate-sulfate loess-like loam and clay. The solonetz soil is moderately thick,
medium solonized, humus 2.6%, physical clay 47.7%, clay 29.5%, CaCO3; 0.15% (up to 3-10% at
the depth of 0,8-1,5 m), pH = 7.8, exchangeable cations: Ca** — 182 mmol/kg, Mg®* — 65 mmol/kg,
Na" — 34 mmol/kg . The chernozem common is thick, not solonized, humus 4.2%, physical clay
49.3%, clay 31.3%, CaCO3 0.14% (up to 3-6% at the depth of 1,3-1,6 m), pH = 7.8, exchangeable
cations: Ca®* — 342 mmol/ kg, Mg** — 27 mmol kg™, Na*— 6 mmol/kg" .

The applied methods of field, analytical research and statistical methods are standard [7, 16,
36, 74, 107, Microsoft Excel 2010].

Modeling. The basic processes of soil formation and development depend on the CCE. CCE
includes a number of dynamic equilibriums (Fig. 1).
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Fig. 1. Calcium carbonate equilibrium system of soil solution

CCE system of soil solution is an adsorption-hydration balance between solid, solution, gas
and bioorganic phases. This balance includes step dissociation of carbonic acid; calcium carbonate-
equilibrium between solution, soil absorbing complex, sediments of CaCO; and solid phase, the ion
equilibrium of water, a degree of solution’s saturation with CaCO,. The deposition or dissolution of
CaCO; caused by receipt or removal of Ca2*, HCO;- and CO42> from solution, as well as carbonate
equilibrium shift, influence the ionic composition of the soil solution and determine the type of
migration and accumulation of various forms of carbonate forms through the soil profile, thus — a
certain soil type formation and development [3].

The dry residual of saline soil solution is rather high, the analytical composition is typical for
dry steppe chestnut saline solonetzic soil of Southern Russia. The state of ions in such solution is
influenced with high ionic strength and ion’s association in soil solution.

The chernozem soil of Southern Russia is of rather high humidifying, so to its characteristic
the water extract (1:5) was used.

The analytical composition of solution rather adequately characterizes the chemical system at
a low concentration of the main ions in diluted solution. The measure of real participation of salts
and separate ions in soil chemical reactions is their activity.

Was determined a real state of the main ions in soil solutions on the basis of ionic strength
and ion’s association. The models of soil solution equilibrium was proposed [23, 26, 27, 68, 72, 73].
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On the basis of CCE algorithm the computer programs were developed to calculate the real
equilibrium forms of ions and determine the nature of carbonate-calcium balance in the soil
solutions.

Using analytical data the forms of main ions in soil solution are calculated, the Method of
Ionic Pairs (MIP) [1].The components of algorithm are: the law of initial concentration
preservation, the law of the operating masses of chemical equilibrium system.

The mathematical model includes the concentration of free and associated forms of ions
calculation according to the sum of ion’s analytical concentration. To carryout the calculation are
applied: iteration to solve the system of algebraic equations of the material balance of ions; linear
interpolation to calculate the values of tabulated equilibrium constants according calculated data.

The equations of main ions material balance are as follows. Equations (1-6):

YCa* =[Ca* |+[ CaCO, |+[CaHCO," |+[CasO, | (1)
TMg* =[Mg** ]+ MgCO; |+[ MgHCO," |+[MgsO, | (2)
¥Na"= [Na"] + [NaCO, | + [NasO, | 3)
¥CO;” =[C0o, |+[Ccaco, |+[ MgCO, |+[NaCO, |  (4)
¥ HCO, =[ HCO,™ |+[CaHCO," |+| MgHCO;" | (5)
¥80,” =[S0,” |+[Cas0,” |+[MgsO,” |+[Naso, ]  (6)

where, [Ca2*], [Mg2*] — the equilibrium concentration of the free form of ion, [CaCO4°],
[MgCO;°], — equilibrium concentration of ion in associated form (ion pair).

For groups of cation the concentration constants of ionic pair dissociation follow the law of
operating masses. Equations (7-9):

[Ca*][coi ] [Ca* ][ HCO, |

Kewco, = [caco?] + Keasco, = [CaHCo; |
e )
” [ca*][sor ]
1 hces0, T [ casoy |
_[Mg Jleor ], _[Mg* [ Hcos |
MoCOs [Mgcog] MoHCO, [Mcho;]
, . (8)
_[Mg*][sof |
Mos0, [ MgsO |
o Defeot] o [est]

[Naco,| Kruso, = [Naso; |

The equilibrium concentration of ionic pair was replaced in equations 1-6 with its value
according to relevant dissociation constant from equations (7-9). The system of equations of
material balance of ions was transformed as follows. Equations (10-15):

an2+ :[Ca2+:| 1+ [Cogi] + ['::gco3:| + [EO‘Z‘J (10)

CaCo;, CaHCO, Caso,
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According to Davies equation for constant the concentration constant of dissociation in
equations (10-15) was recalculated. Equation (16):

pK:pKOAAzz[lfﬁo,u] (16)

where in K — concentration constant of dissociation of ionic couple; K° — the corresponding
thermodynamic constant; A — Debye-Huckel constant 0,5042 at 20°C; Az2? — the algebraic sum
of squares of a charge of the particles (ion or associate) in the equation of dissociation constant;
I — ionic strength of solution.

The calculated with equation (16) value of pK corresponds to [11, 21, 31, 99, 100].

Thermodynamic constants of dissociation are as follows [11. 38. 100]:

ngaco3 =32 pKOCcho3 =1,26; ngaSQ, =231

ng\)/IgCOS =3,4, pK;’AgHCOS =1,16; pKﬁﬂgSOA =2,36.
PKaco, =127, PKuso, =0,72.

The thermodynamic equilibrium constants were converted to the corresponding
concentration constants using the activity coefficients (y) of free ions and associates. The activity
coefficients were determined by Davis equation [20, 98]:

S

—lgy=4z°| ——=-02u

1+ \/?
(17)

where u* is the effective ionic strength of the solution.

*

The formal ionic strength of soil solution was calculated on the data of analytical ion
concentration. Equation (18):
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| =0,5[2%(Ca*") + 2*(Mg*") + (Na")
+2%(COS) + (HCO;) +

(18)
+2%(SO%7) + (CI7)],mol / |

The equilibrium concentrations of ion’s free forms were designated as unknown values of the
equations system. The analytical concentration of all ion forms was used as a total value of every
chemical element. The system was obtained of six equations with six unknown.

The iteration was used to find out the value of the equilibrium concentrations of free ions.
The equilibrium concentrations of ion pairs were determined according equations for dissociation
constants (7-9).

The effective ionic force of solution was calculated taking according the values of equilibrium
concentration of all ion forms. Equation (19):

2°[Ca’ |+2°[ Mg™ | +[Na" ]

+2°[ CO%™ |+[ HCO; |+2°[SO% |+
+[ CaHCO; |+ MgHCO; |+[ NaCO; |

+[ NasO, |+[CI')}, mol /|

(19)

As a result of the first step of iteration procedure were calculated the concentration constants
of dissociation (16). The new system was obtained of equations of material balance. On the new set
of the system ingredients made the next iteration of (10-15).

By the iteration sequence were calculated the ion forms in soil solution.

The coefficient of ion association y. proposed as a ratio of ion free form to its analytical
content. Equation (20):

Ve =Cu 1 Cy (20)

where, C,s — calculated ion content in solution taking into account its association with
another ions, C,n — analytical concentration of an ion.

The content of microelements in soil is many times less than contents of macro-ions, so there
is no need to include the equation for Cd into the system of equations (10)-(15) for macro-ions —
the quantity of microelement is insignificant as a contribution to total ionic force of soil solution.
The obtained equilibrium concentrations of free anions [CO52], [HCO5], [SO42 ], [Cl-], and [OH"]
can be used for the calculation of soluble microelements forms contents in water extracts from the
mass balance equations [25]. The equation (21) is an example for Cd2+:

Cdz+ = [CA>1{1+[CO5>1(K(CACO,))+[HCO51(K(CAHCO))+
+[S0,21(K(CASO,))+ [CF(K(CACL))+[OH-](K(CAOH))1}. (21)

For calculation were used own software products [4, 23, 26].

Result and discussion

The procedures specified by equations 7-21 are proposed to calculate the quantity of
associated ions in the soil solution in different soil horizons at the given soil moisture and soil
solution analytical composition.

The calculation results are published [24, 27, 29, 68-70, 72, 73] and show that the association
of ions varies in individual layers of soil. The real equilibrium concentration of ion forms in soil
solution depends on concentration and composition of soil solution. The higher salinity of the soil
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solution, the more ions are associated. In the form of ionic pairs in saline horizons of soil are: 11-
52% Caz*; 22.2-54.6% Mg?*; 1.1-10.5% Na*; 3.7-23.8 HCO4, 23.3-61.6% SO,2, up to 85.7% CO5>.

On the other hand, in the non-saline horizon 0-5 cm of the soil at the soil humidity of 22.4%
the most of ions are in free form. This fact has good interpretation on example of water extract
from chernozem soil [25]. In this case the quantity of bound to associates heavy metal Cd2* is
significant, influences the properties of the soil continuum, but is much less than in former
mentioned case of saline horizon of soil.

A large amount of associated ions in the soil solution confirms the well-known similarity of
soil and water systems of the biosphere. For the sea water system, water reservoirs with low salted
water, groundwater the association of ions is known as an important factor in the carbonate
system [55].

The principal difference of the soil from the water system is as follows:

v" Continuum variety of properties of solid, liquid, gaseous phases of soil elements of the
continuum as a drain or source of the material composition of the soil solution.

v" Contact of the soil disperse continuum and disperse continuum of the soil water at the
nanoscale.

v' The inflow of water into the gravitational (preference downdrafts water flow respectively
anisotropic properties of the soil continuum), capillary, vapor form.

v Selective drain of the soil solution within the continuum — the drain of the root system of
plants, evaporation.

v' Dynamics of the soil moisture and, accordingly, the dynamics of the soil solution
concentration.

v Soil water steam flow.

v' Transfer of the soil solution between the elements of the soil continuum according to
gradient of the thermodynamic potential.

There is another aspect of the high mobility of ions in the soil solution linked to ions
association.

The soil as a dispersed system is not simple crossing of the continuum of soil and water
continuum. This simplified thermodynamic picture is useful only as a step of approximation.
In fact these two continuums cross as a continuous only at high humidity of soil. Once the soil
moisture content is decreasing, the soil solution is divided into the micro-basins within the soil
continuum. Each of micro-basins is attached by capillary forces to the local film element(s) of soil
structure. Micro-basin is stable in the space of the soil. When soil structure is disturbed during the
passage of a growing root, resulting of soil swelling or any other causes, a separate micro-basin may
move for some distance, but the overall picture of the distribution in the continuum soil micro-
basins stable. From micro-basins there is water consumption for transfer and transpiration.
In each micro-basin the process in soil solution goes in accordance to the laws of the spatial
distribution of water. It's obvious that even at the small average soil water content there are local
areas of soil continuum in which the soil solution has potentially movable ingredients. As soon as a
stage of soil moisture comes, the micro-basins are linked, and their material migrates in
accordance with the hydraulic flow lines, formed in the soil. The microbasins are an additional
circumstance of the high intensity change of the soil material composition.

At the stage of soil formation it is favorable circumstance, ensuring the rapid evolution of soil
to the quasi-stationary state of balance, or the same — reaching the stage of the genesis of which the
soil corresponds to the regional conditions of soil formation. When the quasi-steady state is
reached, then by the set of circumstances, the soil degradation is probable, loss of soil fertility, as a
reflection of repeated cycles of wetting-drying which lead to the hydrolysis, destruction of the
crystal lattice. The situation is complicated by excessive transport of material through the soil, as
well as the aggressiveness of contained in a transferred soil solution material. Every micro-basin
contains solution, which is sufficiently aggressive to mineral and organic phases of soil. It provides
a process of soil transformation, even at relatively low humidity. In addition, it causes intensive
migration of soil material, as in the initial phase of the soil wetting the micro-basins has the ready
to migrate reserve of substances — the soil solution, which involves free and associated ions.

Due to ion association the mobility of dry steppe chestnut saline solonetzic soil solution
components is higher compared to previous estimates, especially for carbonates. In such
circumstances the preference descending water fluxes in the soil are extremely dangerous because
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lead to the loss of soil mineral phase to deep soil horizons and lateral redistribution of salts.
There is a danger of excessive carbonates loss from soil which influences the mechanical structure
of soil, the calcium-carbon source for soil organisms and plants. Moreover, the migration ability of
organic matter and mineral nutrients, which closely linked to soil carbonates, can be assumed
significantly higher than it was previously thought because the association of ions and in soil the
formation of complexes of carbonates with organic and inorganic matter are universal process for
various chemicals.

In experiments, the soil solution removed from upper slightly saline soil horizon has been in
diluted state. But sufficiently high soil moisture in the experiment is not always common in situ.
[TpocTo MCHoIb30BaHHASI HAMU METOAUKA BHITECHEHUS MO3BOJISET MOJYYUTh U3 3TOTO TOPU30HTA
MIOYBBI TOJIBKO TAaKOU IOYBEHHBIH pacTBOpP. IIpm HU3KON BIAKHOCTHU MOYBBI JiI00as W3BECTHASA
MeTOJMKa W3BJIEUeHUs] ITOYBEHHOTO pacTBopa HepabotocrmocobOHa. But only this technique of
displacement can be applied to obtain the soil solution. At lower soil moisture any known
technique of extraction of the soil solution is unusable.

On the contrary, for the soils of southern dry regions the low soil moisture is typical. At this
moisture the concentration of soil solution in the upper low saline soil horizons can be high.
This means that the material composition of the soil solution of the upper layer of soil may be
significantly influenced by association of ions in the way as it has been shown experimentally and
by mathematical modeling for deep layers of soil. The soil system of upper layer is possible to
describe in the model only, because there is no way to remove the solution from dry soil.

The microelemets at higher soil humidity are sufficiently bounded to ion pairs, this reduces
their mobility [24, 25, 29].

Considering increase of soil solution concentration at low soil moisture, we have not touched
upon the process of adsorption and precipitation of salts. The first process in soils of mainly
mineral composition plays a subordinate role, the second stage occurs after the association
becomes the subject of research. Obviously, at the used level of consideration, simplification of the
processes in soil solution and the precipitation of the salts sorption evident even without direct
accounting in model. Moreover, the procedure of the soil solution extraction alter the system "soil
— salt — water" and affects its properties not less than assumptions, adopted in the model, as
solution displacing is associated to significant impairment of the phenomena of dissolution and
desorption. The destruction of the soil system distorts its properties, thus the method of
mathematical simulation in the case discussed can be assumed as less distorting the regularities of
the soil system.

The used simplified mathematical model system "soil — salt — water" allows the more wide
range of possible states of pedosphere than it can be obtained in the model experiment. This basic
feature of mathematical modeling is that the soil solution system is undisturbed.

The high mobility of the soil solution components is a prerequisite for the lateral
redistribution of material within the soil continuum in the soil continuum at uneven moisture of
soil areas. Is probable the depletion of the mineral composition of a donor soil and concentration in
the acceptor soil. Both processes are unfavorable from the viewpoint of soil properties stability.

On the basis of calculations fulfilled it can be assumed that the low soil moisture to a certain
limit is not an obstacle to the nutrient’s transfer to the plant’s roots. High soil moisture, which
seeks, for example, at irrigation is not necessary from the point of view of plant nutrition. In this
regard, we ought to note that in our experiments in the dry steppe chestnut soils without irrigation
was obtained yields of winter barley 11.5 t/ha. This case reflects a large agronomic fortune. The soil
moisture regime formed so that the humidity of plant’s organogenesis in the spring-summer period
from the conventional viewpoint has been relatively low, the soil moisture was not easy enough fro
plants. But it appears to be the best for transfer nutrition ions and their associates to the to plant’s
roots. On the contrary, excessive soil humidity gives no advantage in plant nutrition. Although
most of ions of soil solution time are in a free state, but at the same time the electrical conductivity
of soil solution, which determines the intensity of the ion’s flux in electric field to rhizosphere, is
low. The ions are located far from each other and to extract them from soil the plant is forced to
spend a lot of energy for transpiration, pumping large amounts of water. At the same time the
negative role plays the diffusion of ions in solution. In conditions of high soil moisture diffusion
rate is large, because the diffusion of ions essential nutrient can go opposite to the flow of the
aqueous solution to the root hairs. The plant forces the rate of water flow, forms the excessive
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transpiration. Water is a global deficit. The natural soil hydrology is difficult to control. But when
the irrigation, from the viewpoint of soil solution’s properties, to simulate natural alternation of
high water content of the soil after precipitation and subsequent reduction of moisture during
desiccation is wasteful in a view of discussed terms of excess water consumption. In addition, an
excess of soil humidity results in flotation of soil units, their subsequent re-packaging and sealing
in a phase of soil desiccation.

Association of ions promotes innovative solutions in the field of soil water regime, water
saving, reduce the loss of nutrients, eliminate soil degradation. It is consistent in a view of the
recent data on drawbacks of soil moisture sensors system, which correspond to the problem of true
soil solution content determining [22[]. The soil moisture in artificial soil system and at the
irrigation is too high from the point of view of ions association and soil solution migration [29, 48,
50, 71, 83, 95].

The models proposed are applicable at I <1,0. At this ionic strength of soil solution the
models outlines the nature of the studied object on the qualitative and quantitative level. In saline
soil it is possible to have the conditions of significantly greater ionic strength of the soil solution in
which the need to involve other instruments to describe the structure of concentrated solution will
appear [79, 90]. Exotic models of this kind are very original, and in special circumstances, for
which they are designed, remain the exceptional way of research because are the only method to
describe the process. But for all their originality, for the object of our studies those models are
redundant.

Yes, for part of the micro-basins of soil solution, linked to the ultra-thin nanotubes
(capillaries) at very low soil moisture and, accordingly, a high concentration of the soil solution of
sodium chloride structure, the model n*NaCl¢ quite efficient in terms of correct representing of
NaCl migration. But at high ionic strength, which takes place in this case, no possibility for plants
the use the nutrients exists, and in consequence, the absence of plant’s roots gives no prerequisites
for the soil biota development, which life is possible or preferable only in rhizosphere. The soil
hydraulic conductivity low, mass transfer process almost stopped.

So to describe the leading transport phenomena of matter in the soil are necessary and
sufficient the thermodynamic models operating at I <1.0.

The nature of CCE in soil is a cause why using an analytical concentration of ions only leads
to the high calculated saturation degree of soil solutions with CaCOs.

Accounting processes of ion association help to reduce the caculated supersaturation of soil
solutions with CaCOj; in 10 ... 50 times. Roughly, the same effect on soil solution has its ionic
strength. In a view of complexation of Ca2* with soluble organic substance the degree of calculated
soil solution saturation with CaCO; reduces up to 1,5 ... 2,0 times [69].

The regularities of ion association process can help to explain the observed excess of ions
concentration in the soil solution in comparison to ion thermodynamic solubility product.

The theoretical generalizations of thermodynamics of the soil solution and calculations give a
new glance on the phenomena of ion association in water solution. Accounting association and
activity of ions and calculating degree of soil solution saturation with chemicals provides the new
understanding of migration and accumulation of chemical compounds in soils and landscapes
concerning CaCO3.

Conclusion

Thus, the study of most important chemical equilibria and ionic structure of soil solution help
to determine the formation and nature of chemical composition of saline soil. The approach
proposed permits to consider the processes of migration and accumulation of salts, to predict the
genesis, evolution and different methods of reclamation of soil and landscape systems.

The various experiment and mathematical modeling fulfilled show the calcium carbonate
system in soil solution taking into account the ion association and without account of this
phenomenon (). The association of ions helps to state that the thermodynamic preconditions of
CaCO; oversaturation in saline soils occur at much higher concentration of Ca2* and COs2 ions in
soil solution than considered previously.

At high ionic force in soil solution are formed electrically neutral ion pairs CaCO;°; CaSO,°,
MgCO4°, MgS0,°, charged ion pairs CaHCO;*, MgHCO4*, NaCO4", NaSO,-, CaOH*, MgOH*.

Therefore, there is a significant probability of high mobility of CaCOs; in soil and landscape.
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The completed research has significance not only from the point of view of theoretical
foundation or accuracy of calculation procedures compliance to the details of natural phenomenon.
The basic conclusion — the calculation suits the nature of the phenomenon of migration and
accumulation of salts in soil. Thus, the association of ions in soil solution is important for
knowledge of modern evolution of salted soils, use of the soils in a rain agriculture, irrigational
agriculture, plant’s nutrition.

The proposed scheme of soil solution system modeling is not highly instrumentally based, but
nevertheless has more of high scientific and practical prospect than even compared up-to-date
direct methods of soil solution research because the soil solution probing leads to the new state of
soil solution after its extraction from the soil, this artificial system does not completely reflect the
real soil solution system.

The shortcoming of research is the operation under the individual soil solutions from the
layers of soil section. But soil continuum consists of series of vertical sections — one-dimension
profiles. The layers of section and individual sections are interacting. The key problem of future
research is not only to describe the state of soil solution system in individual part of soil volume at
a particular moment of time but to explain the origin of metamorphisation of soil solution in time
and through the soil continuum in accord to water-salt-mass transfer. On this foundation the
prediction of soil evolution will be proper, soil management will be better and stable.

Next problem is modeling not only the soil solution macrosystem but taking into account
disperse origin of the soil and soil solution. It is because the state of water in soil is not a continuous
water amount crossed by solid soil phase continuum. It is a system of discreet insulated form one
another micro-water-basins on the internal surfaces of soil. This approach gives the new
understanding of water-salt transfer, geochemical barrier functions and ecological properties of soil.

The results of research are useable for plant nutrition, agriculture management of the soil,
improving standard regional rain agriculture and irrigational agriculture.

The quantitative solving of soil solution thermodynamic model shows that mobility of matter,
especially carbon, in terrestrial system is much higher than in was known before. On this reason the
danger of carbon loss from the soil and biosphere is great. The task of carbon sequestration from
biosphere by the way of transformation into deposits in aqueous or terrestrial system is false in
conditions of transpiration reduction and shrinking of biosphere. The management of soil for growing
plants needs to be focused on reducing soil moisture and reducing soil solution migration through the
soil continuum and at the same moment increase the rate of biosphere production. It is necessary to
ensure the delivery of nutrients directly to the roots of plants, in any case, delivery in closed compact
zone of the soil continuum minimizing transit transport of substances through the soil.

Soil management can not be reduced to standard soil mechanical treatment in order to
simulate natural weathering regime. Management of soil needs to be focused on preservation of the
structure and composition of soil, reducing the destruction of the soil mechanical structure. Should
be reduced an excessive soil mass transfer and migration of the soil solution within soil continuum
to ensure the delivery of nutrients to the roots of plants without transport of these elements
through the soil. On these principals the biogeosystem will lose some temporal and spatial
uncertainty, become more stable and predictable. The heterogeneity in carbon and other material
streams caused by landscape will be reduced. The excessive carbon and nutrients fluxes between
terrestrial systems and to aquatic system will be excluded.

The idea of ions association in the soil solution helps to obtain a new glance on the processes
in soil solution, soil and landscape, to consider quantitatively the equilibria model and its options
for soil in vivo, undisturbed by procedures of physical modeling. The research fulfilled on example
of dry steppe chestnut saline solonetzic soil of Southern Russia shows dangerous for biosphere
uncertainty of terrestrial carbon sink from soil to the great extend is linked to high mobility of
carbon in form of carbonates in the soil solution. Concerning preferable water flows [47, 94], the
soil geochemical barriers for carbonates are probably less stable than in was known before.

The association of ions in soil solutions is one of the geochemical drivers promoting
transformation of solution, salt and heavy metal migration and accumulation in disperse system,
soil genesis, excessive fluxes of carbon into soil, carbon sink from soil and biosphere to lithosphere
and other geospheres [28, 49-52]. According to the mathematical model of thermodynamic state
of soil solution the excessive carbon sink from the soil to other parts of biosphere and geospheres is
of high probability. On the base of research fulfilled it is obvious that correction of phases and
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stages of carbon in soil is a challenging task to stabilize the soil, landscape, climate of the Earth [32,
35, 49-52, 97, 114].
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Abstract

The problems of oil contaminated soils remediation are relevant due to the rapid
development of the oil and gas industry. The common and most effective method of soils
detoxification is sorption. We first studied a possibility of applying natural biopolymer chitosan for
soils detoxification. In the scientific literature there is evidence of its use only for treatment of
surface and wastewaters.

Chitosan is a natural biopolymer degrading to its typical components (glucosamine,
N-acetylglucosamine) under action of ferments; it has a high sorption activity towards heavy
metals. The sorbentis made of shellfish chitin. Economic efficiency of using chitosan is conditioned
by the presence of a localfeedstock: wastes generated during cleaning turbines of Volzhsky
Hydroelectric Power Station. Utilization of chitin containing wastes solves the environmental
problem, decreases the sorbent price.

High sorption efficiency of finely milled chitosan in light-chestnut clay soils is conditioned by
the following: pores in the finely milled chitosan are one order less than in the soil, which allows
the chitosan for mechanical holding down pollutants; the surface tension of the sorbent is less than
in the clay structure; chemisorption of oil products from soils with chitosan occurs at the expense
of solvation effects coming up through the formation of macromolecular complexes. High sorption
efficiency of oil productswith chitosan solution in light-chestnut sandy soils is caused by the next
reasons: more reactive functional groups in the chitosan solution; the solid sorbent being in contact
with the contaminated sand forms a lower contact surface than the solution which envelops each
contaminated sand particle increasing the contact surface. Chitosan solution forms a film on the
surface of the soil, which, if necessary, can be easily removed by mechanical means, or wakes
utilized by soil microorganisms after 2-3 months.

In order to prevent oil spills and their subsequent migration in the soil during the
construction of petrol stations, we offer to create a sorption barrier. The barrier is a consecutive
alternation of layers of large quartz sand (capacity up to 5 cm), chitosan (1 cm), river sand (5 cm),
chitosan (1 c¢m), fine sand (5 cm), and chitosan. During the construction of small oil storage
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facilities, it is worthwhile to use an additional barrier formedof 2-3 consecutively alternating layers
of fine sand and chitosan (all sorption barriers are placed beneath the foundation for temporary oil
storage tanks). Layers 7, 9, 11 represent fine sand with the particle diameter equal to 0,5-1,0 mm
(to 5 cm), 8, 10, 12 - finely milled chitosan (to 1 cm), and 13 — an insulating material.

Almost complete sorption of oil products out of the light-chestnut clay soil with finely milled
chitosan and out of the light-chestnut sandy soil with 0,1% chitosan solution was shown; in both
cases it is equal to 99,96%. The effectiveness of 2 days oil sorption with finely milled chitosan is
about twice as high in the clay soil as compared to the sandy soil. For more complete oil extraction
is 2-4 days. Optimal oil sorption is achieved at 0,1% concentration of chitosan solution compared to
0,05% concentration. To eliminate and prevent accidental oil spills on the light-chestnut clay soil,
we propose to equidistributethe finely milledsorbent on the soil surface; forthe light-chestnut
sandy soil, it is more efficient to use for this purpose 0,1% chitosan solution.

Keywords: oilproducts, a natural sorbent, a sorption mechanism, a sorptionbarrier.

BBeaenue

PazyiinBbl He(PTEMPOAYKTOB BHI3BIBAIOT CHJIBHBIE 1 BO MHOTOM HeOOpaTHUMBbIe ITOBPEK/IEHUS
MIPUPOIHBIX KOMILIEKCOB, U3MEHEHUsA MOPGOJIOTHYECKUX, GUBUUECKUX U XUMUUYECKUX CBOMCTB.
B opraHoreHHbBIX TOYBEHHBIX TOPU30HTAX IPOUCXOAUT AKKYMYJIAIHS BBICOKOMOJIEKYJIAPHBIX
KOMIIOHEHTOB HedTenpoaykToB. Hambosiee mo/iBiKHBIE JleTKue (pakIuu MOTYT IMPOHUKATH Ha
IyOUHY OT 10-20 710 120 cM U 60Jiee B 3aBUCHUMOCTH OT TPaHYJIOMETPUUYECKOTO COCTaBa ITOUBHI.
3HaumnTeIbHAS UX YaCTh pasjiaraeTcs U UCIapseTcs B TeueHue rojia. CaMbIM pacipocTpaHEHHBIM U
Hanbosiee 3PPEKTUBHBIM METOAOM OBICTPOTO cOopa HepTENPOAYKTOB SBJISETCA HX COPOIHA.
B mupe Ha TaHHBIE MOMEHT HACYUTBHIBAIOT OKOJIO JIBYXCOT BHUOB Pa3JIMUHBIX cOpOeHTOB. Hamm
BIEPBblE U3ydyeHA BO3MOXKHOCTh IIPUMEHEHHsA JJjIA JAETOKCHUKAIIMU II0YB IPUPOJIHOTO
OuomnoJsimMepa XuTo3aHa. B HayuYHOU JiMTepaType MMeEKTCs JaHHBbIE 00 €ro MpUMEHEHUU TOJIBKO
JUIST OUMCTKY ITOBEPXHOCTHBIX U CTOUHBIX BOJ| OT He(pTU U HEDTUIIPOIYKTOB [1-14].

Bompocsl pemenuarnuu HedTe3arps3HEHHBIX II0YB, U, OCOOEHHO, MPEAYIPERIEHUS HX
TOKCHUKAllMd, B HACTOsINEee BpeMsA AaKTyaJIbHbI B CBA3M C OYpHBIM  Pa3BUTHEM
HedTera3o00bIBAIOIIEN ITPOMBIIIIJIEHHOCTH M HHMPACTPYKTYPHI [15-17].

XuTo3aH — TPUPOAHBIA OHOIIOIUMED, HETOKCHYEH, OWOJIerpajiupyeT IIOJ JAeHCTBHEM
(epMeHTOB /10 OOBIYHBIX €r0 KOMIIOHEHTOB OpraHu3Ma (TJIloKo3aMuH, N-alleTHITIIOKO3aMUH),
HETOKCUYEH [5, 9, 11, 12, 18, 19, 20, 21-25, 26]. ObafaeT BHICOKOI COPOIIMOHHOMN CITIOCOOHOCTHIO K
IepexoHbIM U, TOKCUYHBIM TskesibiM MeTasuiam (Cu, Zn, Ni, Co, Mo, V, Ti, Sb, Pb, St, Cd, Hg)
[2, 16, 18, 27, 28]. O6HapPY:KEHO OTCYTCTBHE BHIPAXKEHHON CyOCTPATHOH CcrIer(pUIHOCTH XUTO3AHA,
YTO O3HAYaeT IPUMEPHO OJAWHAKOBYI) €r0 CIIOCOOHOCTh CBSI3BIBATh KaK THAPOQUIbHBIE, TaK U
rupo¢oOHbIe COeTUHEHUSI. Y XUTO3aHa ObLIA BHISBJIEHBI HOHOOOMEHHBIE, Xe1aTo00pas3yoIue u
KOMIUIEKcOOOpasymomue CcBoWcTBa [5, 24-25, 29, 30, 31, 32]. M3yuaemblii copOeHT
MPUTOTABJIUBAIOT U3 XUTHHA MAaHIUPeNd pakooOpas3HbIX [25, 29, 30, 31]. XUTO3aH MOJIy4YalOT U3
JIEKATBIIMTHUPOBAHHOTO XUTHHA PAKOOOPa3HBIX MPU yAAJE€HUU alleTWILHOHU TPYIIBI B KECTKUX
YCJIOBUSIX PACTBOPOM IIEJIOUH [1, 2, 16, 18, 21, 27, 33].

IKOHOMHYHOCTb HCITOJIb30BaHHUs XHTO3aHA OOYC/JIOBJIEHA HAJIMYUEM MECTHOH CHIPhEBOU
0a3bl: OTXO/IOB, IIOJly4aeMbIX TMpPU ouucTKe TypOuH Bospkckorr I'9C. Yrwiusarnus
XUTUHCO/IEPKAIIUX OTXOJIOB PeIllaeT BOIIPOC OXPaHbl OKPYIKAIOIIEH Cpeabl, CHUKAeT CTOMMOCTD
copberTa [16]. Ero ¢usumko-xuMHUUecKHe IOKa3aTeJud IIpeJICTaBJeHbl B TabJ. 1, M3 aHa/JIM3a
KOTOPOH BHUIHO, YTO ITOJIyY€HHBIH aBTOPAMH XHUTO3aH COOTBETCTBYET TEXHUUECKUM TPEOOBAHUAM,
MIPEIHbSABISEMBIM K CODOEHTY I €ro WCIIOJIb30BAaHHSA B IHINEBON ITPOMBIIIEHHOCTH [34].
Jns njocTrkeHUs 3aJaHHOM MOJIEKYJIAPHOM Macchl, paBHOUM 1200k/la, 32 OCHOBY Oblyia MpUHATA
texHosiorusa C.U. lluma u I'.B. BunokypoBa, 3amnuineHHas maTeHTom [35].
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Tabauua 1
PUBUKO-XHMHUYECKHE CBOMCTBA IMMOJIYUYE€HHOT0 aBTOPAMH MEJIKOU3MEJIbU€HHOTO
XHUTO3aHA U3 PEYHOTO paKa

HaunmeHoBaHue nokasaress Hopma o TV, ne Pesynbrarst
Oostee HUCTIBITAHUT

MonekyagapHas Macca, k/la - 120,000
CreneHb JiealleTUJINPOBAHUA, % - 87,000
MaccoBas 10714 Bjary, % 10,000 9,400
MaccoBas 10711 MUHEePJIbHBIX BEllleCTB, % 0,700 0,330
pH 1 % pacTBopa xuTo3aHa B 2 % YKCYCHON KHCJIOTE 7,500 3,850
MaccoBas /10J151 HepaCTBOPUMBIX BeIlleCTB B 3 % 0.200 0.180
pacTBOpe YKCYCHOM KHUCJIOTHI, % ’ ’

XWTO3aH PaCTBOPSETCA TOJIBKO B OPraHUUECKUX KHCJIOTAX, TaKe B pa30aBIeHHbIX, B BOJTHOM
pacTBOpe YKCYCHOH, JIMMOHHOH, SHTapHOW KucJOT. IIpu HabyxaHMM OH CHOCOOEH IIPOYHO
yIEPKUBATh B CBOEH CTPYKType OpraHMYEecKHWe KHUCJIOThI, a TaK K€ pPACTBOPEHHbIE B HUX
B3BellleHHbIe BelecTBa [36]. /[JiA 3THX pacTBOPOB XapaKTepHa CYIIECTBEHHAs 3aBHCHMOCTH
BAI3KOCTH OT KOHIIEHTPALIMU YKCYCHOU KHUCJIOTHI [27, 37].

Ero BbIcOKass cOpOLIMOHHAs CIIOCOOHOCTh BBI3BAaHA HE TOJIBKO (PUBUKO-XUMUYECKUMU
CBOMCTBAMU, HO M Pa3BUTOU IMOBEPXHOCTHOM CTPYKTYpPOH (MHUKPOIIOpAaMH M MUKPOTPEIIMHAMM).
ITO TO3BOJISIET MPEJIOJIOKUTh BO3MOXKHOCTh usmuyeckoro morsiomenus HII u gomyctuth
BO3MOXKHOCTH OZTHOBPEMEHHO ITPOTEKAIOIINX ABYX BU/IOB COPOIIUY — XUMHYECKON U (HDUBUIECKOU.

XuTo3aH cmocoOeH 00pa3oBBHIBATh OOJIBIIIOE KOJHMYECTBO BOJIOPOJHBIX CBS3€H, MOMKET
CBA3aTh OpPTaHWYECKHE BOJOPACTBOPUMBIE BelllecTBA (OakTepHabHbIE TOKCUHBI U TOKCHHBI,
oOpasyromuecss B TPOIECCE IUINEBAPEHUA), a TaK¥Ke IIpeJleJIbHbIe YTJIEBOJOPOAbI, KHUPBHI U
JKHPOPACTBOPUMBIE COEAMHEHUA 32 cueT THAPOGOOHBIX B3aUMOJIEUCTBUN U CETIATON CTPYKTYPBI
[36, 387 39'40]

Xuto3aH 007a7aeT BBICOKOU OHOJIOTUYECKOH CTOMKOCTBIO, XOpOIIHH  (PJIOKYJIAHT,
BSMyJbraTop, 3arycruresnb [28,38]. OH oOpasyeT npouyHble cCOeUHEHUs ¢ OesKaMH, aHUOHHBIMU
moJivcaxapuiamMu, obpasyeT XeJjlaTHblE KOMIUIEKCHI ¢ MeTayuilaMu [5, 23-25, 29, 30, 31, 32].
XUTO3aH MOKHO CYUTATh YHUBEPCAIHHBIM COPOEHTOM, CITIOCOOHBIM CBSI3bIBATH OTPOMHBIN CIIEKTP
MIOJUTIOTAHTOB OPTaHNYECKON ¥ HEOPTaHUYEeCKON IPUPO/IBL.

OO0BEKTHI U METOABI

OOBeKTaMu HCCITeIOBAHUSA MTOCTYKUJIN CBETJIO-KAIIITAHOBBIE TJIMHUCTBIE U TIECUaHbIE TIOYBbI
A3C N¢ 1 u 3 r. Bommkckoro. OT6op mpo0, moAroToBKy mouB K aHaynu3sy mnpoBoawau mo 'OCTy
17.4.4.02-84. Conep:kaHue yrjaepojia B IMouBe omnpeneadanu Ha «®mawopare 02-3M JIFOMIKC» B
cootBerctBuu ¢ ITH/ ® 14.1: 2.5-95. P/l 52.2 4.476-95. IlorpemHoctb 00Opy/IOBaHUSA Ha
ucciaenoBanme A + 0,03. CTpykTypy xurto3aHa wucciaefoBanu ¢ mnomolnbio MKC-®ypre Ha
cektpodoromerpe BRUKER ¢ mporpammubiMm obecieuernem OPUS u mukpockomnom Altami Polar
312. MccienoBana copbuus HeTEMPOAYKTOB U3 IMOYBHI U ITeCKa XUTO3aHOM. HaBecKy U aIuKBOTY
copbeHTa TOAOMPAIN TaK, UTOOBI BO BCEX BApHUAHTAaX OBbLIIO OJMHAKOBOE €T0 KOJIMYECTBO[16]. OTbIT
BeJIM ¢ 700aBJIEHUEM MEJIKO H3MEJIbYEeHHOTO XHTO3aHa, 0,1 % W 0,05 % pacTBOPOB XUTO3aHA.
Omnpenenensin ToIyOMHY TPOHUKHOBEHUS He(TENPOJYKTOB MW pacTBOpa XWUTO3aHA B IIOYBY B
II0JIEBOM W MOJIEJIbHOM OIIbITaX. [IJ1s MOJTydeHnsI HAKOMMUTETbHOU KyJIBTYPhI UCIIOJIB30BAJIA ITOCEB
Ha MUHEPAJIHHYIO TUTATEIbHYIO CPEJTy, CO/IepsKaIyio mapaduH U HeQTETPOAYKTHI.

OO0cy:k1eHue pe3yIbTaTOB

AddekTUBHOCTh cOpOIMKM  HE(PTENMPOAYKTOB MPOBEPSUTH B JIAOOPATOPHBIX  YCJIOBHSX.
I[.TIH IIOCTAHOBKH MOJEJIBHOT'O OIIbITa 6pa)11/1 HaBECKY IIOYBbI Maccou 50 r. B OJHOM BapHaHTE B
K0JI0y moMemniaaud 0,1 T MeJIKOU3MEeJbUeHHOTO XUTO3aHa, B IPyTOM — 0,1 % pacTBop copbeHTa B
YKCYCHOU KHCJIOTe. B mecuaHoli moUYBe JIOTMOJIHUTEIFHO MPOBOAIN COPOIUI0 0,05 % pacTBOpOM
XUTO3aHa. BbI60p YKcyCHOﬁ KHCJIOTBI B Ka4€CTBE PACTBOPHUTEJIA o6ycn013J1eH €€ XUMUYECKUMU
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CBOHCTBaMU. B OT/IMUMe OT APYTUX OPTAHUYECKHUX KHUCJIOT, IIPOIECC PACTBOPEHUs XUTO3aHA B HEH
IIPOUCXO/IUT BJBOE WHTEHCUBHee [6, 16, 33, 41-42]. [Iyid YHUCTOTHI OIBITA Maccy MEJIKO
U3MeJTbYEHHOTO XUTO3aHa MOI0UPAIM TaKUM 00pa3oM, YTOOBI KOHIIEHTpAIUs yIyiepoZia B 060uX
BapHaHTax Obl1a ouHaKOBa [16]. [TosryueHHbIE JaHHbBIE TPE/CTABJIEHBI B TAOJIHIIE 2.

Tabauua 2
ITokazaresu 3¢pPeKTUBHOCTH COPOIIUU XUTO3aHOM He(PTENNPOIYKTOB
U3 CBETJIO-KAIITAHOBBIX IIOYB

CopOupoBaHHBIN XUTO3aHOM YIJIEPOA, %
ArperatHoe COCTOSTHHE XUTO3aHa Bpewms skcnio3unuu
2 CyTOK | 4 CYTOK

I'sinHunCcTas mousa

Trepaptii 94,37 99,96

0,1 % pacTBop 90,18 96,02
Ilecuanas mouBa

TBepapIi 46,22 77,85

0,1 % pacTBop 99,60 99,96

0,05 % pacTtBop 12,84 70,91

Pe3yabTaThl HCCIE€TOBAHUA

Copbuusgs HedTENmPOAYKTOB U3 CBETJIO-KAIITAHOBOM IJIMHHCTOM IIOYBBI  BBIABHJIA
HauOobIIyI0 5GGEKTUBHOCTh IPHU HCIOJIB30BAHUM MEJIKO HU3MEJIbYEHHOTO XUTO3aHA He
3aBHCHUMO OT CPOKAa SKCIIO3WIMU. B 000uMX BapuaHTax OIbITa (TBEPABIH M JKUAKUNA XUTO3aH)
copO1isa Bo3pacTaeT Ha YeTBEPThIE CYTKU SKCIIO3UIIUU, COOTBETCTBEHHO C 94,37 10 99,06 % U C
90,18 710 96,02.

AddexTrBHOCTH cOpOIMK HEPTENMPOAYKTOB U3 CBETIO-KAIIITAHOBOM IMEeCUaHOU MOYBHI 0,1 %
pPacTBOPOM XHTO3aHA BBIIIIE, YEM IIPHU €ro pazbaBjeHUH 0 0,05 %. [Ipyu SKCIIO3UIMH B TEUEHUE
JIBYX CYTOK COPOITUSI COCTaBJISIET COOTBETCTBEHHO 99,60 W 12,84 %, B TeueHUE YEThIPEX CYTOK —
99,96 1 70,91 %. Pa3zbaBieHHBIN pacTBOp cOpoupyeT 60oJibIille HEPTETPOIYKTOB MIPU YBEJIUUEHUU
CpOKa KOHTaKTa ¢ 3arpsA3HeHHOW mnouBod. CopOmus pa30aBJeHHBIM PpPAcTBOPOM XHTO3aHA
5¢deKTUBHEE B TeUeHUE YeThIpeX CYTOK U BO3PACTAeT COOTBETCTBEHHO € 12,84 10 70,91 %, a
MIOIJIOIIEHHE HePTETPOAYKTOB 0,1 % pacTBOPOM — ¢ 99,60 110 99,96 % (Tabu. 2).

JlefiCTBEHHOCTh  JIByXCYTOUHOM COpOIUHM  He(PTENPOAYKTOB MEJIKO H3MeJbUeHHbIM
XATO3aHOM MPUMEPHO BBOE BBIIIE B TJIMHUCTOU ITOYBE MO CPABHEHUIO C ITECYAHON M COCTABJISET,
COOTBETCTBEHHO, 94,37 U 46,22 %. B IecuaHoi mouBe 0Jis COPOUPYEMBIX HEDTENPOIYKTOB B
3aBHUCUMOCTH OT CPOKA SKCIIO3UIUH U3MeHsIeTCs ele 60JIbIle — ¢ 46,22 110 77,85 %

CopOIoHHasA CIIOCOOHOCTh XWTO3aHa OOyCJIOBJIEHA HAJUYMEM B €ro MaKpOMOJIEKYJIE
CBOOOIHBIX aMHHOTPYII, C IOMOIIBI KOTOPHIX OOpa3yIOTCs HAAMOJIEKYJISIPDHbIE KOMILIEKCHI
COEIMHEHUH C OpraHNYeCKUMU COEUHEHUAMU [2, 4, 18, 24, 28, 33, 34, 45]. B xo/1e uccienoBanus
CTPYKTYPbl XHTO3aHA C IOMOIIBIO IMOJIAPU3ANHNOHHOIO MHUKpockomna «Altami Polar 312» 6bL10
BBISBJIEHO HAJIMYKME B HEM MUKPOIIOP. DTO MO3BOJISET MPEAIIOIOKUATH BO3MOKHOCTh (DU3NUECKOTO
MIOTJIOIIEHHsI He(PTEMPOAYKTOB U JIOIMYCTUTh BEPOSTHOCTh OJHOBPEMEHHOTO IIPOTEKAHUS JBYX
BHUIOB COPOITMH: XUMHUYECKON U (PU3UUECKOI.

W3 ananmza mpejcTaBJIeHHOTO Marepuasiia (Tabi. 2) BUAHO, 4TO 3¢ deKTUBHAsA cOpOIus
HeTEMPOAYKTOB B TJIMHUCTON IIOYBE IIPOUCXOAUT C MPHUMEHEHUEM MEJIKO H3MeJTbUeHHOTO
XUTO3aHA, 0OCOOEHHO Ha YeTBEPThle CyTKU. B CBET/IO-KAIITAHOBOM MECYaHOW IOYBEe OOpaTHAas
3aBUCUMOCTb — PAaCTBOP XHTO3aHa MPaKTU4YecK! BABoe 3(h¢deKTUBHEH, YeEM MeJIKOU3MeTbUYeHHBIN
COpOEHT IIPU SKCHO3UIUU B Te€UEHHUeE JByX CYTOK U B IIOJITOpPA pa3a — B Te€UeHUE YeThIpeX CYTOK.
PazbaBseHue pacTBOpa XWTO3aHA CHUXKAeT IPOJAYKTUBHOCTH cOpOIMK mouTu B 8 pa3 mpu
SKCIIO3UITAH, PABHOU JIBYM CyTKaM, U B 1,4 pa3a — IIPU SKCIIO3UITUH B TEUEHUE YETHIPEX CYTOK.

CorjlacHO TPOBEZIEHHBIM HAMU TIOJIEBBIM ONBITAM JIJIUTEBHOCTh (PEPMEHTHOU JAECTPYKITUH
caMoro copbeHTa B CBETJIO-KAIITAHOBBIX IOYBAX COCTAaBJIAET OT 4 (IJIMHHUCTasA) A0 6 MecsAIleB
(necuanas). ITocse copbuyu HedTENPOAYKTOB JECTPYKIIMS XUTO3aHA B IIOUBE, HE3ABUCUMO OT ee
IrPaHyJIOMETPUYECKOTO COCTaBA MMPOUCXOIUT 3a 8 MecsAIlEeB.
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[IpencrasiisieT HHTEpeC PacCMOTPETh MexaHu3M 6osiee 3(pHEeKTUBHON COPOIIUU B TJIMHUCTOHN
ITOYBE MEJIKO U3MeJTbYeHHBIM COPOEHTOM, B IIECUAHON — PACTBOPOM XHUTO3aHA.

W3BecTHO, UTO arperarhl y/Iep:KUBAIOTCS B CIEIJIEHHOM BHE B pe3yJbTaTe KOoaryJAIluu
KOJUIOUZIOB, CKJIeUBaHWs, CJIUNAHUSA, II0J[ JelcTBueM cui BaH-znep-Baasibca, oOCTaTOUHBIX
BQJIEHTHOCTEH M BOJIOPO/IHBIX CBS3€H, a/ICOPOIIMOHHBIX U KAMWJUIAPHBIX SBJIEHUH B XKUIKOH (dase,
KOPHEBBIMHU TsKaMU, rudamMu TPUOOB U CJIM3U MHUKPOOPraHU3MOB [10, 16, 43, 45]. B mouBax
TSPKEJIOTO TPaHYyJIOMETPUYECKOTO COCTaBa MPOIECChl CKJIEUBAHHUSA U CIAUINAHUA C TBEPJIBIM
copbeHTOM HamboJiee BEPOSTHBI, MpeobJIaflaHue MOYBEHHONW OWOTHI YCHJIMBA€T BO3MOXKHOCTD
B3auMozeiicTeus [44].

YuacTre nmepBUYHBIX MUHEPAJIOB B DOPMUPOBAaHUH MUHEPAJIPHOTO COCTABA ITOYB 3aBHCHUT OT
UX TPaHYyJIOMETPHUYECKOTO COCTaBa, B II€CUAHBIX IIOUBAX HWX JIOJSA COCTaBJisieT 90-98 % ot
MeJIKO3eMa IIeCKOB, B CYIVIMHHCTBIX — 50-80, B IVIMHHUCTBIX MOYBaX — 10-12 [10, 16, 43-44].
[lepBuuHble MUHEpAJbl TOYTH ILEJIUKOM COCPEAOTOUYEHBI B TPAHYJIOMETPUUECKUX (PpaKIHAX
pazmepoMm 6osiee 0,001 MM. MOKHO IPEANOJIOKUTD, UTO MTOYBBI JIETKOTO I'PaHYJIOMETPHUUECKOTO
coCTaBa UMEIOT MEHbIIIE TOTEHITUATLHBIX BO3MOKHOCTEH KOHTAKTa C TBEPABIM COPOEHTOM.

[uHUCTBIE MHHepaIbl 00J1aJJal0T OOIMMU CBOWCTBAMH: CJIOMCTOE KPHCTAJIMUECKOE
CTPOEHHE, BBICOKHE JUCIEPCHOCTh M IIOTJIOTHTEJbHAsI CIOCOOHOCTh, B IIEPBYI0 OYEpPENb Yy
MHHEPAJIOB TPYIIbl MOHTMOPUWIJIOHUTA [44]. ¥ HUX BbICOKas MOTJIOTUTEIbHASA CIIOCOOHOCTh. DTO
TaK)Ke SABJISAETCA OTHOU M3 MPUYUH Oosiee 3PpHeKTUBHOU copOITUM He(PTEMPOAYKTOB C MOMOIIBIO
M3MeJIbUEHHOTO XUTO3aHa [16, 44, 45].

N3yyad TUIBI MEXYaCTUUHBIX KOHTAaKTOB B TiouBe E. B. IllenH BbIZe W TpU:
KOATyJIAITMOHHBINA (obpazoBaHbI ITOBEPXHOCTHBIMU CHJIaMu MEXMOJIEKYJITPHOTO
B3aHMOJIENCTBHSA), KPUCTAJUIM3AIUOHHBINA (JACTUUKH OKPYKEHbI IUIEHKOW BOZbI, C 3aMETHOM
IUIOIIA/IBI0 KOHTAKTa MEXK/Iy YaCTHIIAMU) U CMEIIaHHbIN [44].

E. B. Illeun, paccMaTpuBasi IOTOKHU BJIard B IOYBaX, OOBSACHIET MeXaHU3M (POPMHUPOBAHUSA
rupo¢d0oOHOH IUIEHKHU Ha OTJEIbHBIX YaCTUUKAX B ITeCYaHBIX I0YBAX, 0COOEHHO IIPHU YepeI0BAHUU
CJI0EB PA3JIUYHOTO TPaHyJIOMETPUYECKOTO cocTaBa [44]. HedrenmpoaykTbl, aHaJIOTUYHO MOTYT
00pa3oBBIBATh IJIEHKY Ha IECYNHKAX.

Bricokass copOIMOHHAs CIIOCOOHOCTh MEJKO W3MEJIbYEeHHOTO0 XHTO3aHa Ha CBETJIO-
KaIlITAHOBBIX TJIMHUCTBIX IIOYBaX 00YCIOBJIEHA CIIETYIOIIM:

- IOPBI B MEJIKO U3MeJTbUeHHOM XUTO3aHE Ha MOPSI0K MEHBIIIE, YeM B ITIOYBE, YTO MO3BOJISET
eMy MeXaHUYECKH YIEPKUBATh IMOJIIOTAHTHI;

- 3a cYeT MEHBIIIET0 MOBEPXHOCTHOTO HATSKEHHUS Y COPOEHTA, YeM B TJIMHUCTOM CTPYKTYPE;

- XeMOCOPOITHA XUTO3aHOM He(TEIPOAYKTOB U3 ITOYB IIPOUCXOIUT 3a CUET COJIHBATAIIHOHOTO
addexra mocpencTeamMm o6pa3zoBaHUA MAKPOMOJIEKYJISIPHBIX KOMILJIEKCOB [16, 17, 45].

Bospmiasi apdexTruBHOCTS cOpOIMK HePTENPOAYKTOB PACTBOPOM XHTO3aHA B CBETJIO-
KaIlITAHOBBIX ITECUaHbIX ITOYBAX BbI3BAHA CJIEAYIONMMH TPUUYNHAMU:

- OOJIBIIIEN PEAKIIMOHHOHN CIIOCOOHOCTHIO (DYHKIIMOHAIBHBIX IPYIINT B PACTBOPE XUTO3aHA [4,
16, 17, 33, 451;

- TBepAbId COpOEHT IPW KOHTAKTe C 3arpsi3HEHHBIM IIECKOM 00pa3ylT MEHBIIYI0
TIOBEPXHOCTh KOHTAKTa, YEM PACTBOP, KOTOPBHIA OOBOJIAKMBAET KAXKAYIO 3arpsA3HEHHYI0 YACTUILY
TeCKa, YBEJTMUHNBAs IOBEPXHOCTh KOHTAKTA.

B xo/1e MO/IeJIBHOTO OIbITa HAMU BBISABJIEHO, UTO PACTBOP XWTO3aHa 00pasyeT IUIEHKY Ha
MTOBEPXHOCTU TIOYBBI, KOTOPYIO ITPU HEOOXOAMMOCTH JIETKO MEXaHWYECKH yAaIuTh. [Ipu Harpese
IUIEHKU 10 40 °C copOupoBaHHbIe He(TEIMPOIYKThI OCTAIOTCA B CBA3aHHOM cocTosiHuU. C Apyrou
CTOPOHBI, YIAJIAThH IUIEHKY He 0053aTeJIbHO, TaK MMOYBEHHAsI MUKpPOdJIopa B TeueHHe 2-3 MeCAIEB
pasjiaraeT IPUPOAHBIA OHOCOPOEHT. DTO ITO3BOJISIET €r0 HCIOJIb30BaTh JJIA MPEAYIPEKIEHUS
3arpsi3HEHUS IT0YB He(PTENPOAYKTaMH [16, 45];

I TUKBUZAIIUYA U TPEIYNPEXIEHUs aBapUHHOTO pasjiBa He(TENPOAYKTOB Ha CBETJIO-
KaIlITAHOBOM IVIMHUCTOH IIOYBE IpejJjlaraeM PaBHOMEPHO pacHpeesisiTh MEJIKO U3MebUeHHBIH
cOpOEHT 10 ee IIOBEPXHOCTH, B CBETJIO-KAIITAHOBBIX IECYAHBIX IIOYBAX JJIA OTUX LeJier
3¢ deKTUBHEe UCII0Ib30BaHUE 0,1 % PacTBOp XUTO3aHaA.

I mipeynpesk/ieHrsl pa3inBOB He(TEMPOIYKTOB M UX MOCJIEAYIONENd MUTPAll B TTOYBE
ripu crpouTenberBe A3C mpesiaraeM co3zaBaTh COPOIIMOHHBIN Oaphep, cxeMa KOTOPOTO ITOKa3aHa
Ha pucyHke. OH W Tpe/CTaBJIsIeT COOOU IOCIeN0BATEIbHOE YepeIOBAHUE CJIOEB: KPYITHOTO
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KBapIIEBOTO IecKa (MOIIHOCTHIO JI0 5 €M), XUTO3aHa (/10 1 cM), ITecka peyHoro (10 5 cM), XUTO3aHa
(mo 1 cm), Mmestkoro Iecka (710 5 ¢cM), XUTO3aHa.

Puc. 1. Cxema 0OCHOBHOTO COPOITMOHHOTO Oapbepa
1 — KBapIIeBBIH IIECOK, 2, 4, 6 — XUTO3aH, 3 — [IECOK PEYHOM, 5 — MEJIKUH ITECOK

OcHOBHBIE IIOKa3aTeJu pacxoaa COp6€HTa JIA TIpeaynpexacHud TOKCHUKAIUKU II04YB
IIOKa3aHbI B Ta0JI. 3.

Tabauua 3
IToka3aresiu pacxoaa copoeHTa
ITnoTHOCTD Macca copbeHTa, KT, Heo0X0ouMast Ha
Auamerp HACbIIIHAA, 1Lnomane JIAHHYIO IIOIIAAb C YIETOM
CoIppe 3epeH > 3arpsA3HeHUs Ha MOIITHOCTH CJIOS, CM
dd,em | py— A3C, S, M2
CM 0’3 0’5
0,1-0,2 0,572 15-20 13,05-17,40 21,75-29,00
p 0,2-0,4 0,371 15-20 8,55-11,40 14,25-19,00
aK
0,5-1,0 07385 15-20 9745_12760 15,75-21,00
1,0-2,0 0,413 15-20 10,80-14,40 18,00-24,00
0,1-0,2 0,1282 15-20 4,35-5,80 7,20-9,60
erBe- 0,2-0,4 070655 15-20 2,25-3,00 3,75-5,00
TKa 0,5-1,0 0,0797 15-20 1,80-2,40 3,15-4,20
1,0 - 2,0 0,0940 15-20 2,61-3,48 4,35-5,80

HpI/IMe‘-IaHI/IeZ IINIOTHOCTDH HACbIITHAA — O6’I)€M, 3aHHMAEMBIH 1 T cop6eHTa.

HpI/I CTPOUTEJILCTBE He6OJIbIHI/IX He(1)Te6a3 HaH6OJIee OIIpaBAaHO IIpDUMEHEHHNE OCHOBHOI'O U
AOIIOJIHUTEJIIBHOTO 6apbepa. Z[OHOJIHI/ITeJII:HHﬁ 6apbep CO34a1I0T nu3 II0CJI€e0BATEJIBHO
Yepeayrmmnuxcsa AByX — TPEX CJIOEB MEJIKOT'O IIECKAa U XUTO3aHa.

,Z[OHOJIHI/ITeJIbHHﬁ 6apbep pacroJiaraeTcad HUXKE IIOCJI€ OCHOBHOTIO C0p6III/IOHHOI‘O 6apbepa
[16, 45];

Bce copbiroHHbBIE O6apbhepbl TUIPOU30JIUPYIOTCA U YKJIQ/IBIBAIOT BHU3Y 107 GyHAAMEHTOM
JUUTs 6AaKOB BPEMEHHOTO XpaHeHUs He(PTEPOIyKTOB, PUC. 2.
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Puc. 2. CxeMa I0IIOJTHUTEIPHOTO COPOIIMOHHOTO Oapbhepa
[Ipumeuanwue: 7, 9, 11 — MeJIKHH niecok dy=0,5-1,0 MM (10 5 cM),
8, 10, 12 — XUTO3aH MEJIKO U3MeJIbUEeHHBIH (710 1 ¢M), 13 — U3O0JIAIUOHHBIN MaTepra (MOJIUITUIEH
WJTH JTIOO0H THAPOU30IAIMOHHBIA MaTepHas)

3axkjo4yeHue

1. TlokazaHa moOYTH MOJIHAsA cOpPONHA HEPTENMPOAYKTOB M3 CBETJIO-KAIITAHOBOU TJIMHUCTOU
IIOYBBI MeJIKOM3MeJIbUEHHBIM XUTO3aHOM, M3 CBeTJIO-KAaIITaHOBOM IecYaHOW NHO4YBBI — 0,1 %
PacTBOPOM XHTO3aHa, B 000UX cIIyyasx paBHasA 99,96 %.

2. 9PPEKTUBHOCTD ABYXCYTOUHON cOpOIUH HE(PTEIPOIYKTOB MEJIKOU3METbYEHHBIM
XUTO3aHOM IIPUMEPHO BJ/IBO€ BBIIIIE B IJIMHUCTOM MOYBE 10 CPAaBHEHMUIO ¢ IlecyaHou. B rimHuCTOM
IIOYBE OCHOBHAs 4YacTh HEPTENPOJYKTOB COPOUpYyeTcsi B TeUeHHe IEPBBIX U BTOPHIX CYTOK, B
IlecCYaHOU ITOYBe TAaKOM 3aBUCUMOCTH He BBIABJIEHO.

3. /s HamboJsiee TOJTHOTO W3BJieUeHUs He(DTENMPOAYKTOB M3 IOYBHI JIOCTATOYHOE BpPEMSA
9KCIO3UIIUN COCTABJIAET 2-4 CYTOK.

4. OntuManpHass copbuusa HeTEmPOAYKTOB AOCTUTAETCS NPH KOHIEHTpamuu 0,1 %
PacTBOPOM XMTO3aHAa 10 CPAaBHEHUIO € 0,05 %.

5. 1719 TUKBUAALVU PA3JIUBOB He(TENPOIYKTOB B CBET/IO-KAIITAHOBON IVIMHUCTOU IOYBE
MPUMEHATh MeJIKOM3MeJbUeHHBIN XUT03aH, 0,1 % pacTBOp XWUTO3aHA — B CBETJIO-KAIITAaHOBOU
nmecyaHod nouBe. A mOpeaynpexeHUs pas3juBOB HedTENPOAYKTOB M UX MOCIeAyIoIen
MUTpaIUU B IOUBe Ipu crpouteabeTBe A3C mpeiaraeM co3aaBaTh COpOIMOHHBIN 6apbep.
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AnHoTamuAa. Bompocel pemesuanuu HedTe3arpsA3HEHHBIX IOYB aKTyaJbHBl B CBA3U C
OypHBIM  pa3BUTHEM HedTerazoZ00bIBAIOIIENl  MPOMBIIUIEHHOCTH U HUHQPACTPYKTYPHI.
PacnipoctpaneHHbIM 1 Hanbos1ee 3 PEKTUBHBIM METOIOM JIETOKCUKAIIUY [T0YB ABJISAETCH COPOIIHA.
Ha pgaHHBIE MOMEHT M3BECTHO OKOJIO JIBYXCOT BHJIOB Pa3jIMUHBIX copbeHTOB. Hamu BmepBbie
M3ydyeHa BO3MOXKHOCTb INPUMEHEHUS IS JIETOKCHKAIMU II0YB IPUPOJHOrO OHOMOJIIMepa
XUTO3aHAa. B HaydyHOU JjiUTepaType MMEIOTCA JaHHbIE 00 ero MPUMEHEHUU TOJIBKO JIJISI OYUCTKH
MIOBEPXHOCTHBIX ¥ CTOYHBIX BO/JI.

XuTo3aH - MPUPOAHBIA OUOMOJMMEDP, HETOKCUYEH, OHOAETrpafiupyeT IIOf, JIEeHCTBHEM
(bepMeHTOB /10 OOBIYHBIX €ro KOMIIOHEHTOB (IIIoko3aMuH, N - aneTwirmioko3amus). O6iamaer
BBICOKOU COpPOITMOHHOM CIIOCOOHOCTHIO K IEPEXOAHBIM U, TOKCHYHBIM TSKEJIBIM MeTaJUIaM.
V3ygyaeMpli CcOpOEHT IPHUTOTABAMBAIOT W3 XUTHHA PAaKOOOpPa3HBIX. ODKOHOMUYHOCTH
WCIIOJIb30BAHUA XHUTO3aHA OOYC/IOBJIEHA HAJIWYWeM MEeCTHOU ChIpbeBOM 0asbl: OTXOIOB,
IIOJIyJ4aeMbIX IpU ouyucTke TypOuH Boipkckoit I'DC. YTwiamsanus XUTHHCOJEPIKAIIUX OTXO/I0B
pelllaeT BOIPOC OXpaHbl OKpY:Kalollled Ccpesbl, CHUXKaeT CTOMMOCTb copbeHTa. Bbicokas
COpOLIMIOHHAA CIIOCOOHOCTh MEJIKO M3MEJIbYEHHOTO XUTO3aHa Ha CBETJIO-KAIITAHOBBIX IVIMHUCTBIX
IIOYBax O0YC/IOBJIEHA CIIEAYIONUM: IIOPhI B MEJIKO U3MeIbUYEHHOM XUTO3aHe Ha MOPAZI0K MEHBIIIE,
YeM B IIOYBE, YTO IO3BOJISIET €My MEXaHHYECKU Y/IEPKUBATh IOJUTIOTAHTHI; 32 CYET MEHBIIIETO
MTOBEPXHOCTHOTO HATsKEHUs Y COPOEHTa, YeM B IVIMHHUCTOH CTPYKTYpe; XeMOCOPOIHA XUTO3aHOM
HeTENPOAYKTOB W3 IIOYB IPOUCXOAUT 34 CYET COJIBBATAIMOHOTO 3¢deKTa MmocpeAcTBaM
o0pa3oBaHUsA MaKPOMOJIEKYJIIPDHBIX  KOMIUIEKCOB. bBospmias  3¢d¢eKTUBHOCTh  copOmuu
HeTEPOAYKTOB PAcCTBOPOM XWUTO3aHA B CBETJIO-KAIITAHOBBIX IIECYAHBIX II0YBAX BBI3BAHA
CJIEZYIOIUMY TIPUYUHAMU: OOJIbIIEH PEAKIHOHHOU CIIOCOOHOCTHIO (DYHKIMIOHAIBHBIX TPYIII B
pacTBOpe XHUTO3aHA. TBEPABIH COPOEHT IPH KOHTAKTE C 3arpsA3HEHHBIM IIECKOM O00pa3yioT
MEHBIIYI0 TOBEPXHOCTh KOHTAKTA, YEM PACTBOP, KOTOPBIN 0OBOJIAKUBAET KAXK/IYIO 3aTPA3HEHHYIO
YacTUIly IIeCKa, YBeJIWYUBas IMOBEPXHOCTh KOHTAKTa. PacTBop xuTo3aHa oOpasyeT IUIEHKY Ha
IIOBEPXHOCTH TIOYBHI, KOTOPYIO IIPH HEOOXOIUMOCTH JIETKO MEXaHUYECKU YAINTh. [Ipu ee Harpese
IIEHKH 710 40 °C copOrupoBaHHbIE HEDTEMPOAYKTHI OCTAIOTCA B CBA3aHHOM COCTOSTHUU. C JIpyrou
CTOPOHBI, YAAJIATh IUIEHKY He 00A3aTeJIbHO, TAK IIOYBEHHAsI MUKPO(QIIOpa B TeUeHHE 2-3 MeCSIEB
pasJyiaraeT IpUPOJIHBIN OMOCOPOEHT.

ITokazaHa mouTH TMOJHAs COpPOIUSA HePTEMPOAYKTOB M3 CBETJIO-KAIITAHOBON TJIMHUCTOU
MIOYBBI MEJIKOU3MEJIbUEHHBIM XHUTO3aHOM, U3 CBETJIO-KAIITAaHOBOM IECYaHOW MOYBBI — 0,1 %
PacTBOPOM XHUTO3aHA, B 000UX CIIydasx paBHAsA 99,96 %. APPEKTUBHOCTH ABYXCYTOUHOHN COPOIUH
HeTEMPOAYKTOB MEJTKOU3MeETbYEHHBIM XUTO3aHOM IIPUMEDHO B/IBO€ BBINIE B TVIMHHUCTOHN ITOYBE
10 CPAaBHEHUIO C TIECUaHOU. B IMHUCTOM MOUYBe OCHOBHAsA YacTh HEPTEMPOAYKTOB COPOUPYETCS B
TeueHUe MEePBbIX U BTOPBIX CYTOK, B IeCUaHON IOYBE TAaKOW 3aBUCUMOCTHU He BbIABJIEHO. [lid
HauboJIee MOJTHOTO U3BJIeYeHUsA HedTENPOAYKTOB IOCTATOUHOE BPeMsI HKCIIO3UIIUU COCTABJISAET 2-
4 cyrok. OntumasipHasg copOiusa HedTEnpoJyKTOB JOCTUTaeTcs IIPU KOHIEHTpanuu 0,1 %
pPacTBOPOM XHTO3aHa IO CPaBHEHUIO C 0,05 %. [l JUKBUAAIUU PA3JIMBOB HETENPOYKTOB B
CBETJIO-KAIITAHOBOU IJIMHUCTOM IIOUBE MeJIKOM3MeJIbUeHHbIH XUTO3aH, 0,1 % pacTBOp XUTO3aHA —
B CBETJIO-KAIITAHOBOUM IecuaHOU IouBe. /[y mpeaynpexeHus pa3jiuBoB He(pPTEIPOIyKTOB U UX
TIOCJIEAYIONIEN MUTPAIIUH B TTOYBE IIpU cTpouTeabecTBe A3C ImpemiaraeM co3/1aBaTh COPOITMOHHBIHN
Oapbep.

KiaioueBble cJyoBa: HePTENPOAYKThbI, IPHUPOJIHBIA COPOEHT, MeXaHHu3M CcOpOIHH,
COpOIIMOHHBIN Oapbep.
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Abstract

The paper discusses the features and benefits of monodisperse aerosols of pesticides and
hydrocarbon fuels used in plant protection and internal combustion engines as a result of long-
term research. A new line of development of science, engineering, industrial and agricultural
technologies — the authors’ project “Monodisperse Anthropogenic Aerosols” is proposed.
The specific measures for its implementation are presented.

The method of mechanics and gas-hydrodynamic effects on the torch of the fluid spray
process with disk working body for drops separation. Device mode: using herbicides — droplet size
in the range 250-350 microns, using insecticides — 160-250 microns, fungicides — 60-160 microns.
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The authors’ patent Method of Estimation of Spray Parameters of Dispersion-Capable
Process Fluid and Unit for its Implementation. RU N2.2516581, 02.05.2014 actually begins a new
resource-saving scientific and technical branch — “Monodisperse Anthropogenic Aerosols”
(MAA)*.

A method for estimating the parameters of the fluid spray dispersion-capable process by
means of a pulsed laser, the photographic, computer, allowing to sort drops on standard size
classes.

The most important condition for the MAA project implementation is creation of
experimental base. Its task: a) design and technological assessment of prototypes of monodisperse
and polydisperse spray devices and mechanisms; b) design and development engineering of special
test stands. These stands will provide standard conditions for testing of operation conditions of
various nozzles and sprayers used in different fields of science, engineering and production. It is
planned to equip experimental base with the latest optical and electronic and laser systems for
measurement, control and regulation of dispersion degree of the estimated dispersion-fluid
systems. For the first time, a tester will be able “to see, measure, create, standardize and
reproduce” substance of aerosol droplets spray generated by a sprayer.

Another, no less important priority, scientific and technical task of the MAA Project is
creation of modern engineering base or experimental and serial production of monodisperse small
and micro-volume chamber and field sprayers. The long-term research carried out in All-Russia
Research Institute of Phytopatology showed that monodisperse small and micro-volume spraying
was bas on the use of conventional or even more cheaper preparative forms of pesticides.
The weight of sprayer is significantly reduced due significant reduction of working fluid application
rates (and thus, soil compaction is reduced in the process of its work). Productivity is increased and
at least 25 % reduction in dose is provided due to elimination of losses of the working fluid in the
form of inefficient small and large drops. At the same time it is important that the testers registered
substantial increase of profitability indicators as a result of protective measures. Thus, decrease in
spraying rate of the working fluid flow from 200 to 10 1/ha doubles the productivity. Due to this,
direct costs only for treatment of a crop unit (without regard to pesticides consumption reduction)
are reduced by 3 times. Sprayers with adjustable dispersion, enabling to control spraying
parameters of the working fluid directly in the field fully comply with international standards of
environmental safety — controlled drop application (CDA). However so far, polydisperse fluid
spraying causes environmental and economic damage everywhere. And all this — at gigantic scales!
We can cope with this problem if we make spraying of working fluids monodisperse and controlled.

Keywords: monodisperse aerosol, pesticide, hydrocarbon fuel, drops separation, pulsed
laser, project “Monodisperse Anthropogenic Aerosols”.

B npupode ob6sexmusHo «cyuiecmsyem
AUUL MO, YINO MOXCHO UBMEPUMb»
Makc [Tinank, Hemernkuii pusuk (1858-1947)

Beeagenue

IIposor. Ilo mosr0  JABWXKETCA  ONPBICKMBATEIb W paclblIdeT  IECTULWJDBL.
Ero texnonormueckuit KI1/] 3auactyio He npeBsIiiaeT 25 %. [IpuunHa: MOJIUAUCIIEPCHBIA PACIBLI
U, CJIeZIOBATEIBHO, HEN30EKHBIE TIOTEPH PaclbLIsEMbIX Kareb pabouero pacrsopa. Pesysbrar:
KPYIIHbIE KaIlJIU CTEKAIOT C JIUCTHEB, TEPAIOTCA U, M10I13/1as1 Ha ITI0YBY, OTPABJIAIOT €€ OHOTY, MeJIKHe
— UCMAPSAIOTCA U/ WU YAETYIUBAIOTCH, 3aTPA3HAA CMEXKHbIE YTObA.

ABTOMOOWIIb, KPOME TIOJIE3HOU pabOTHI, TPOU3BOAUT BBIXJIONHBIE Ta3bl, COAEpIKaIle He
TOJBKO Tapbl BOJABI U YyIVIEKHCABIA Ta3, HO Takke CO, CH, zapyrue BpeaHble OCTaTKU
HeCropeBIllero TOIUIMBA. lIpuumHa Ta K€ — TMOJUAUCIEPCHBIA COCTaB Kallejb TOIUIUBA,
BIPBICKMBaeMOro (opcyHKaMu B JBUTaTesIb: KPYIHbIe KAIUIM HEe YCIeBaeT MOJHOCTBIO CTOPETh.
Besnmka stm pazHUIAa MEXAY KAIUIAMU 1,0 MKM U 3,0 MKM? Kazasioch Ob1 HeBesIHKa, HO UX 00HEM U

* (MAA)* is the author’s interpretation of a new tendency of development of science, engineering, industrial
and agricultural technologies.
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Macca pazynyuaroTes B 27 pas! U croparb onu 6yayT ¢ pazubiMm KI1/[. AHasiornyHble MPOGJIEMbI — U
MIPYU CXKUTAaHUH KUJIKUX TOTUIUB B aBUAIIMOHHBIX M PAKETHBIX JIBUTATENIAX, a TakKe B Tonkax TAC.

TexHosiornueckass aKTUBHOCTb, €CJIM OHA BBIMOJHAETCA HAa HU3KOM TEXHUUYECKOM YPOBHE,
JlaeT He HCKOMBIA pe3yJ/IbTAaT IIOBBIIIEHUSA KadyecTBA >KU3HU, a 3KOHOMHYECKHE TOTEPU H
HEHCUHC/IMMBIA SKOJIOTHYECKHH BpeJ] B CaMbIX pa3HbIX cdepax naesaTeabHOCTH [1-3]. I Bcé
MIPOSIBJIAETCS B II00AJIBHOM MacIiTabe.

CropaBuThCSI C BTOH NPoOJIEMON MOKHO, €CJId pacHbLIEeHHUE KHJIKOCTEH CAeJsiaTh
PeryJiupyeMbIM U, B OIIpeeIEHHBIX 3a/Jauel Ipollecca y3KUX MpeJieiax, MOHOOUCTIEPCHBIM.

B Mupe — COTHM MWUIMOHOB (POPCYHOK U PaCIbLINTENIEH KPYIJIOCYTOUHO pPabOTaloT B
pasIMUHBIX chepax HApOAHOTO X03srcTBa. OHAKO YEIOBEK IOKA TaK U He HAyJIUJICS KOPPEKTHO
U3MePATh pa3mepvl (00bEMBI) Kameab PACHbUIAEMBIX KUJIKOCTEH, CKOPOCMU U MPAeKmopuu ux
JIBIDKEHUSI W, TeM 0oJjiee, ONTUMU3UPOBATh UX JIUCIEPCHOCTb. A 0€3 TOUHOTO OIpesesIeHUs] U
pPEryJIMpOBaHUSI  YTHUX  XapaKTEPUCTUK  HEBO3MOJKHO  OINTHUMHU3UPOBATHh  KOHCTPYKIIHHU
PACHbUIUTENBHBIX  YCTPOUCTB, OO0ECIIEUNTh 3aJ[aHHBI  MOHOIUCIIEPCHBIA  pACHbLI  JJIA
PaINKaJIbHOTO COKpAIIleH!sI TEXHOJIOTHYECKUX MOTEPh MaTePUAIBHBIX PeCcypcoB [4-10].

K npumepy, KayecTBO pacHbLIEHHsS TEXHOJOTUUYECKUX IKUJIKOCTEH IO COBPEMEHHOMY
aMepUKAHCKOMY CTaHAapTy [11, 12], kKak u B 60-e roasl XX BeKa, OIEHMBAETCA MUCKIIOUUTEIHHO
MpUWIaraTeJIbHbIMU, HalpUMep: KaIllsd «O4YeHb MeJIKas, MeJIKas, CpeJHsisA, KpyIHas, OYeHb
KpPYITHAas1, Ype3BbIYAHO KPYITHAsI». Y Iep>KHUBAeMOCTb KalleJib paCTEHUEM B CTaHAapTe IPe/JIaraioT
XapaKTepPU30BaTh OT «OTJIMYHOU» JI0 «OUeHb IUI0X0l». be3 komMeHTapueB!

OOBEKTUBHON XapaKTEPUCTUKON COBPEMEHHOU HAYKU IO JIMCIEPTUPOBAHUIO KUIKOCTEU, B
YACTHOCTH, pPabOYUX PacTBOPOB IECTUIIUZOB M JKUAKUX VIVIEBOAOPOJIOB (IIpU CIKUTAHUU
MOCJIETHUX B JIBUTATEJISIX M TOIIKaX) MOTYT IOCIYKUTh CJIOBA HAIIETO BEJIMKOTO XWUMHUKA —
.. MenneneeBa: «Hayka HauWHaeTcsA... C TeX MOP, KAK HAUYMHAIOT WU3MEPATh; TOUHAS HayKa
HeMbIC/IIMa 6e3 MephI».

HepeanuzoBanHaa wHHoBanmusa. B Osmem CCCP B 1961-1990 IT. Ha
MAIITUHOUCIIBITATEIbHBIX CTAHIUAX ITPOBOJWJINCH €XKEerofHble IIAHOBBIE TOCYyAapCTBEHHbIE
HCITBITAHUS PA3JIMIHBIX KOHCTPYKITUH ONPHICKUBAIOIIEN TEXHUKH (BKJIFOUAs UMIIOPTHYIO) C I1€JIbIO
CHIDKEHHsI HENPOAYKTUBHBIX IIOTEPh NeCTUIUA0B. Ilo pe3ysbTaTaM WCHBITAHUA OBLIH
CIIDOEKTHUPOBAHbI, BBIMOJHEHHI B MeTa/Ule W OIleHEHBI IIepBble 00pasIlbl PaCIbLINTEIbHBIX
YCTPOKCTB «C NOBbIUEHHOU MOHOOUCNEPCHOCMbIO», B TOM YHCJIE€ 1 OCHOBAHHBIE HA OPUTHHATLHOM
crmocobe — cemapanus TOJHAUCIEPCHBIX Kareab [13]. HoBag MasmooO0bEMHAs TeXHHUKA
(omprickuBaTessb OCK—200) yke Torzia obeciieunia cyiiectBeHHoe nmoBbienue KIIJ[ mectuniuaos
U COKpAaIlleHre HOPM HX Pacxojila MUHUMYM Ha 25 %.

OaHUM U3 HAYYHO-TEXHUUYECKHX Pe3yJIbTaTOB ATHUX WCIBITAHWUU CTajla yCTaHOBJIeHHas (Ha
Pa3JIMYHBIX  CEJIbCKOXO3SIMCTBEHHBIX  KYJIBTypax) TEXHOJIOTUYECKAs 3aKOHOMEPHOCTh
pacripeziesieHrsi pabodyero pactBopa: 4yeM OoJsiblile OJM3KUX 110 pa3Mepy Kallejib 3aJaHHOU
KOHIIEHTPAIIUU CUCTEMHOTO IECTHIIH/IA OCAKIaeTCs Ha efuHUIEe 00pabaThiBaeMOH IJIOIIA/IA, TEM
(mo u3BecTHOTrO TIpefiesia) MeHbIlle TpeOyeTcs Impemapara Jis JOCTHKEHHsS HeoOXOIUMOTO
X03s1cTBeHHOTO 3¢ dexra. IMEHHO MO3TOMYy «OJIM3KOE K MOHOJUCIIEPCHOMY» MaJO000BEMHOE
pacrpUIeHHe IeCTULHMAOB I obOecrieueHuss TpeOyeMOro arpoTeXHUYecKOro pesyJibTaTa
MMO3BOJISIJIO  COKpAaIlaTh HOPMBI HMX pacxofa, Kak MUHUMYM, Ha 25%. ToJbKO Ha SKOHOMUH
MIECTUITU/IOB B CTpaHe (Ha IUIOMIAAW 70 MJIH. Ta) 3TO MOIVIO OBl JaTh CETOJHS €KEerOHbBIN
SKOHOMUYEeCKUH 3 deKT mopsaka 7,5 Muip. pyod. (B meHax 2015 r.).

B 1990 rT. B 1. [Togonbscke (MockoBckast 00J1.) OblIa co3jaHa MAIIMHOCTPOUTEIbHASA Oasa
CEPUITHOTO MPOU3BOCTBA MOHOIUCIIEPCHOHN PaCIbLINTEIbHON TEXHUKU JJIsl CEJTHCKOTO XO3SHCTBA.
3a cosaHve HOBOM TEXHUKH W COBPEMEHHOM, IO TOMY BPEMEHH, MAIllHHOCTPOUTEJIHLHOU 0a3bl
TPYIINIEe YYEHBIX U CHEINAJIUCTOB OblIa MPUCYK/eHa npemus IIpaBurenscrBa PP B ob6s1acTy HayKu
U TeXHUKHU (IOCTAaHOBJIEHHWE OT 17.03. 1999 T. N2306). OIpbICKUBATENHN «C TIOBBIIIEHHON
MOHO/VCIIEPCHOCTBIO» U CEerOJ[HAA MOTJIU Obl KOHKYPHUPOBATH C 3apYyOEKHBIMU YCTPOUCTBAMU IO
HOpMaM  pacxojla  IEeCTUIU/IOB, KAadyecTBYy  JUCIEPrUpOBaHus  paboyeld  KUJKOCTH,
IIPOU3BOAUTEIBHOCTH, JIPYTrUM MapamerpaMm. Moryn 6b1, ecsiu 661 mocsie pacnaza CCCP B Poccun
COXpaHWJIACh OTJIAKEHHAsi TOCYJJapCTBEHHAs CHUCTeEMa BHEAPEHHs HAYYHO-TEXHUYECKUX
JIOCTIDKEHUH: «HaAyKa— HOBaA TEXHUKa— POU3BOACTBO». Ho, ocBoeHHe U CepUHHOE

300




Biogeosystem Technique, 2015, Vol.(5), Is. 3

BHeJ[peHNE HAyYHO-TEXHUYECKUX JOCTHKEHUM Y)Ke JIaBHO NPEBPaTWINCh B HEPA3PENINMYIO
pobJiieMy...

Co3maHne Ha COBPEMEHHOM HAyYHOM YpOBHE OIIPbICKHUBATeNIel ¢ peryjiupyeMoi
JIUCIIEPCHOCTHIO pabouel JKUAKOCTH U X BHEIPEHUE B CUCTEMY 3aIl[UThl PACTEHUH ITO3BOJIHIIO ObI
YCIIEIITHO PEeIINTh CJIeIyIolIe }KU3HEHHO BayKHbIE COIIMATIbHO-3KOJIOTUUECKUEe 3a7jaul:

e Tlosbeicuth KIIJI 1cosib30BaHUsA HECTUIIUA0B B CEJIBCKOM U JIECHOM XO3SHMCTBE;

e lCKIIOUNATH 3arpA3HEHHE MOCEBOB U OTKPBITHIX BOJAOUCTOYHUKOB, IOBPEXIECHUE
u/vau TUOeIb IOCEBOB W HACAXKJIEHUH UYyBCTBUTEIBHBIX KYJIbTYD BCJIEJICTBHE CHOCA BETPOM
repOUIN0B HA CMEKHbIE TEPPUTOPUH;

o (CyIecTBEHHO YMEHBIITUThL SKOTOKCMKAHTHYIO Harpy3Ky Ha arpoIieHO3bl, YCKOPUTh HX
CaMOOYHIIEHUE;

e (CO6epeub pa3zHOOOpPa3He OUOJIOTHYECKUX U TEHETUYECKUX PECYPCOB aTrPOIKOCUCTEM;

e IIpou3BOAUT, HOPMATHUBHO YUCTYIO arpOMPOAYKIIHIO.

Ileas ucciexoBaHUil — YJIydIlIeHHE ITapaMeTPOB DPaCIbUIEHUS TEXHOJIOTHUECKOH
JKUIKOCTH U OOBEKTUBHBIN KOJIMUECTBEHHBI KOHTPOJIb ITapaMeTPOB T'a30-THUAPOJHMHAMHUYECKON
CHCTEMBI.

O0BEKTBI 1 METOAbI
OOBexT ucciieloBaHui — (haKes ra30-THAPOAUHAMUYECKOH CUCTEMEI.

Metosi — MeXaHHKO-Ta30-THUPOJIMHAMUYECKOE BO3/AelcTBHE Ha QdaKesl paclbLIAeMOUN
TEXHOJIOTHYECKOU KUIKOCTH.
[Ipubopsl ¥ TEeXHWKA OKCIIEpUMEHTAa — PpaCHbUISIOMNNA pabouyuid opraH,  ONTHKO-

DJIEKTPOHHAs JIByXJla3epHasi YCTaHOBKA C IU(PPOBBIM YCTPOHCTBOM OOpPabOTKH CHUTHAJIOB
U300pasKeHUsI IJIs1 KOHTPOJIA ITapaMeTPOB JIUCIIEPCHOM CPEIbI.

Pe3ysibTaThl U 00Cy:KAEHHUE

MeTon MeXaHUKO-Ta30-TUAPOJIMHAMUYECKOTO BO3/IEUCTBUA Ha (akesq pacrpUisieMon
TEXHOJIOTHYECKOH JKHIKOCTH Peain30BaH B criocobe 06paboTku pacreHuit [14]. Ciocob BKIIOUaeT
nozauy pabouel »KUAKOCTU Ha paboume OpraHbl yCTPOMCTBA, KOHTPOJIb MOCTYIUIEHUS KUAKOCTH
Ha paboure OpraHbl, pacibUieHNe pabodyel JKUAKOCTU TUCKOBBIMHU PAa0OUYNMU OpPraHAMU C IEJIbI0
cemapanuy Kamesyb. PexxuM paboThl yCTPOMCTBA BHIOUPAIOT: IIPU HMCIOJIH30BAHUU T€POULIHIOB —
pasMep Karlejib B AUAMa30He 250-350 MKM, IIPU HCIOJI30BAHUH HHCEKTUITUAOB — 160-250 MKM,
pyHrumumoB — 60-160 MkM. ['eHepaTop aspo30Jisi UMeeT IITAHTY C 3aKpelJIEeHHBIMH Ha HeH
PacCIbUIAIONUMA paOOYNMU OpraHaAMU.

Pabouwnii opran cHaOKeHHBIM 3JIEKTpOBUTaTesieM. ViMeercss Hacoc-/103aTop, CHAOKEHHBIN
OJIOKOM yIIpaBJIEeHHWs] HOPMOHM pacxojia »KUAKOCTH COIJIaCHO J103€ IIpenapaTta Ha eIUuHUILY
IUIOIIA/IN, ITUPUHE 3axXBaTa M CKOPOCTU JIBIMIKEHUS YCTPOMCTBA B IIPOIIECCE BBIMTOJTHEHUS
00paboTKH.

[IpenmoskeHHBIH c€ocoO6 00pabOTKM pacTeHWuU PpacHbUIAIIIMM paboyuM OpTraHOM
obecrieurBaeT paBHOMePHOe (110 MUPHHE 3aXBaTa) ONPbICKUBAHUE PACTEHUH, HAZIE?KHOCTh pabOThI
IIO3BOJISIET TIPOBOJUTh 0OPAa0OTKY CHCTEMHBIM IIperapaToM ¢ Majioil HOpMOW pacxojia pabouei
KUAKOCTH. KOHCTPYKTHBHOE BBINIOJTHEHUE YCTPOMCTBA IT03BOJISIET YMEHBIIUTH HKOJIOTHUUYECKYIO
Harpy3Ky Ha arpolleHO3 U JIaHAIma(T B pe3ysbTaTe YMEHBIIEHHsA pacxoja Mpenapara, CHU3UTD
YIUIOTHEHUE TTOYBBI 32 CUET YMEHBIIIEHHA 00beMa pe3epByapa BBUAY CHIDKeHUs He3(hPEKTUBHOTO
pacxoza >KUAKOCTH.

Ina obecnieyeHusi OOBEKTUBHOTO KOJUUYECTBEHHOTO KOHTPOJISI IapaMeTpOB a3pO030Jid,
BBIPA0ATHIBAEMOTO PACHBUIAIIINM pabOYMM OpraHOM, IIPEJIOKEHA ONTHKO-3JIEKTPOHHAS
JIByXJIa3epHasi yCTaHOBKA € ITU(MPOBBIM YCTPOHCTBOM OOPAOOTKH CHUTHAJIOB H300paKEHUS JIA
KOHTPOJIA TapaMeTPOB UCIIEPCHOU cpesibl [13].
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Pemena 3azjaua m3MepeHusi CKOpocTei Kamesb B (¢akese pacnplIsseMOd TEXHOJIOTUYECKOMN
JKUIKOCTU TIOCPEZCTBOM aHAJIM3a BEJIWYUH IPUBEJIEHHBIX WHTErPaJIbHBIX OOBEMOB Kamesab Ha
eIVHULy IUIOIIAJIU C IIOCJIEZIOBATEIHPHOM COPTHPOBKON IO [AMana30HaM pa3MepOB Karlesib.
Jl1sl pellieHus 33/1auy IPEIJIOKEH CIIOCOO OLIEHKU IapaMeTpoB (pakesia pacrblia AUCIEPCUOHHO-
CIOCOOHOM TEXHOJIOTUYECKOH KUAKOCTH. IloyyaeMblil U3 pacHbUIMTENIBHOTO YCTpOiicTBa dakesn
JKUIKOCTH B 3a/[aHHOM MECTe€ M HaIMPaBJIEHHH «PAaCCEKAlT» JIa3ePHOU CBETOBOM ILJIOCKOCTHIO,
chOpMHUPOBAaHHOU M3 UMITYJIbCHOTO JIyda UMITYJIbCHOTO JIa3epa ¢ IOMOIIBIO ONTUYECKOU CHCTEMBI
B BHJle IUIOCKOTO CBETOBOTO IIydyKa C PAaBHOMEDHBIM pacIipeieJIEeHHeM €ero WHTEHCUBHOCTH.
UsnyuyeHnue sazepa pPerUCTPUPYIOT (OTOPETUCTPATOPOM U IEepe/laloT HAa KOMIIBIOTED JJIA
JlUTbHEHIIIel 00pabOTKM HMITyJIbCHOE CBETOBOE H300pa’keHHWe pacceueHHOW dacTu akeria.
OmnpenensAOT MapamMeTphl AUCIEPCHOHHOTO paciiblia Kameilb B JaHHOU yacTu dakesna. [Ipu sTom
JIOTIOJTHUTEJIBHO TIPOU3BOJIAT OIIpeZie/ieHNe CKOPOCTEH JBIDKEHMA Kameib ¢dakeaa ¢ IIOMOIIBIO
yazep-znoriepoBckoro  addekra. I 3TOr0  HCHOJIB3YIOT H3JIyUYeHHE JIOMOJTHUTETHHOTO
HEIIPEPBIBHOTO JIa3epa, KOTOPOE C MOMOIIBI0 ONTUYECKON CXeMBbI JIeJIAT Ha /IBa IepeceKaroIIIXCs
syda. B obmactu ux mepeceueHus HGOPMUPYIOT U3MEPUTENBHBIA OOBEM € IIPOCTPAHCTBEHHO-
MIEPUOAUYECKUM pacIpeieJIeHHeM WHTEHCUBHOCTH CBETA, IPU 3TOM YACTOTa CBETA, PACCESTHHOTO
JIBIDKYIIEMCS Karvled, OTJIMYaeTcsl OT YacTOThl MAJAoIIero CBeTa Jia3epa Ha BEJIUYHHY,
3aBUCAIILYI0 OT CKOPOCTH JIBIIKEHHSA KAIUTM M OAHO3HAYHO C HEH CBA3AHHYIO. DTO HU3JIyYeHUE
coOHpaT B OOJIBIIIOM TEJIECHOM YIJIE C MOMOINBI0 OOBEKTHBA W 4epe3 AuadparMy MOJAl0T B
doTonpueMHUK, T7ie C TOMOIIHI0 AHATNU3ATOPA CIIEKTPA MTPOU3BOJAT 3JIEKTPOHHBIN CIEKTPAIbHBIN
AHAJIN3 YaCTOT PACCESTHHOTO CBETAa W OIPENEAIT IEHTPAJIBHYI0 YaCTOTy CIIEKTPA, TaKKe
dbuKCcUpYIOT 3HayeHUe JUIMHBI BOJIHBI H3JIydyeHUs Jazepa. OmpenesisioT pacyeToM CKOPOCTh
JBIDKEHUs KaIUId, II0 3aperucTPUPOBAHHOMY HWMIIYJIbCHOMY CBETOBOMY H300paKEHUIO
pacceuyeHHON IUIOCKOUW € MayIOW TOJII[UHON dYacTu (pakeyia pacmbia OIPENEJISAIOT MapaMeTph
pacIplyia Kamneyib B IAHHOUM YacTy ¢akesa ¢ IIOMOIIbI0 CHCTEMBI €/IMHUIL IUCIIEPCHOCTH HA OCHOBE
dbopmysnsr ob6bema chepbl (kKammu aspososist). 3atem corsacHo OCT 10.6.1-2000 ITPOU3BOAAT
COPTUPOBKY ¥ TIO/ICYET KOJIMYECTBA KalleJib CTAHJAPTHBIX KJIAaCCOB IO JIMala30HaM
MHKPOCKOITMYECKUX Pa3MePOB.

[TosryueHHasA ¢ TOMOIIBIO MPEAJIOKEHHON ONTHUKO-3JIEKTPOHHOU JBYXJIa3epHON YCTaHOBKH
nHGOPMAIUA O CKOPOCTSX JABMKEHHUS KalleJb PACIbUIAEMON JKUIKOCTH U MOJISIX CKOPOCTEH BCEro
(pakesra — BakHasd XapaKTepUCTUKA OLeHKU 3(P@PEKTUBHOCTU KOHKPETHOTO PAacCIbLIAIIIErO
yCTPOMCTBA, OOBEKTUBHASA BO3MOXKHOCTh COBEPIIEHCTBOBAHUSA €r0 KOHCTPYKIIUU. DTO OTKPHIBAET
BO3MOKHOCTh Pa3pabOTKU MPUHIIMIHUAIBHO HOBBIX PACHBUIAIONIUX YCTPOUCTB 1A 06paboTKH
pacTeHWi TECTHIU/IaMU, a TaKXKe APYrux obsactell mpuMeHeHusa. Tak, Harmpumep, npu pabore
TOIUTUBHBIX (POPCYHOK pa3iMyre CKOPOCTEH JIBUKEHHS Kalleyib OJJUHAKOBOTO pa3Mepa B Pa3HbBIX
yacTax ¢akesa B ABa u 0Oosee pa3 MOXKET IPUBECTH K HX HENOJHOMY CrOpaHUIO, T.K.
O/THOBPEMEHHO HYT IIPOIECCHl MHTEHCHUBHOTO HCHApeHHs W ropeHus. HoBble pacmpLIsIONIUe
YCTPOHCTBA JOJDKHBI pa3padaThIBAThCs HE TOJIBKO C IEIBI0 JOCTHKEHUS MOHOAMCIEPCHOTO
pacmplLia, HO U ¢ TAKUMHU CKOPOCTSIMH JIBHKEHUs Kalesb, KOTOpble o0ecrnevaT uX MaKCUMaJIbHO
IIOJTHOE CTOpPaHHe, YUYUThIBasA 00beM U KOHCTPYKIIMIO KaMephl cropanus. Takod moaxos crnocobeH
o0ecreuynTh HAauBBICHIYIO 9HEPTo3(PPEKTUBHOCTD U CHU3UTH PACXOJ] JKUIKOTO TOILINBA.

Ha puc. 1 mokazaHa cxeMa JBIKEHUS BO3JyXa U JKUJKOCTU B pacCHbUIAIOINEM paboueM
oprase 10 [14].
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Puc. 1. Cxema TeueHUs B CTPYye ¢ BHyTPEHHEN 30HON pa3peKeHus
B PaCIbUIAIOINIEM paboueM opraHe

Kak mokazasmu wWcciaefoBaHUs, NIPH HEKOTOPOH CTeNeHW IIPOJI0JIbHO-TOIIEPEYHON
[IUPKYJISAIUH BO3/YITHOTO MOTOKA (1) BOJIM3U cpe3a JKUIKOCTHOTO COILIa (2) B OKPECTHOCTU CTPYH
BO3HUKaeT o6siacTh nmoHmkeHHOro nasieHus (I) ¢ nupkynasanuonasiMu 30HaMu (II) — o6sacth
oOpaTHBIX TOKOB. IIOHM)KEHHOe JlaBjieHWe B Hell HUCKPUBJISAET TPAeKTOPUI0 CTPYyH, KOTopad,
BCJIEZICTBHE DTOTO, OBICTPO MPUMBIKAET K Ocu cuMMeTpuu. [loaTomy pa3mep obJiactu 0GpaTHBIX
TOKOB He IIPEBBIIIAET 6 KATHOPOB JKUIKOCTHOTO COILIA.

Ha puc. 2 mokazaHa peanu3zaiusi criocoba OIeHKH IapamMeTpoB ¢akesia IUCIePCHOHHO-
CIIOCOOHOHM TEXHOJIOTHYECKON JKUAKOCTH IIyTeM CEYEHUS Ta30-THAPOJUHAMHUYECKOTO II0TOKA
JIa3epHOU CBETOBOM IIJIOCKOCTHIO.
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Puc. 2. ®akesn GOpCyHKH NIPU NPOJ0JIHHO-TIONIEPEUHON HUPKYIALNY Ia30-THAPOJUHAMUYIECKOTO
IIOTOKA. YBeJIMUEHME B 40 pas.

AnpoGanua 1 BO3MOKHOCTH peain3anuy npoekra «MoHoaucnepcHbie
TexHoreHHoie A3p030/I1»

B BeK 5KCIIOHEHITMAJIBPHOTO POCTAa MHPOBOTO PECYPCOIHEPTONOTPEOIEHUS MPAKTHIECKOE
OCBOEHHUE IIPeJJIaraeMoro HOBOTO HAIpaBjeHUsA — MOHOAVCIIEPCHOTO PacCIbLIEHUs KUJAKOCTEN —
KPOMeE CEJIbCKOTO U JIECHOTO XO3AHCTBA 00eCIeUNT HAyIHO-TEXHUUECKUH IIPOPHIB U B IIEJIOM PsIJie
JpyTux oTpacieid. B mx umcie: aBTO-, aBUa- M PAKETOCTPOEHHE, XUMUYecKasd, NUIEeBasd U
MHKPOOMOJIOTHYECKAS TPOMBIIIIEHHOCTH, BOEHHO-IIPOMBIIIIEHHBI KOMILIEKC.

B 1essix MpakTUYeCcKOTO peleHus Mpo0IeMbl CO3JaHHA MOHOAUCIIEPCHBIX PACIIBLIUTETHHBIX
ycTpoiicTB B Poccum wuMeIOTCA WHUINMATABHO pa3pabOTaHHBIE TeOpeTUYecKHe, HaydHO-
TeXHU4YeCKHe u 9KOHOMUYECKUe 000CHOBaHUSA 3TOTO HOBOTO HaIlpaBJIeHN ],
BBICOKOKBAJIM(UIIMPOBAHHbIE HAay4YHble U HHXKEHEpHble KaJIpbl, CIOCOOHBIE peIllaTh 3Ty
MEeXIUCIUIUIMHAPHYIO 33/1a4y. B mepuos 2008-2014 IT. yUéHble U CIENUAIUCTHI (Telephb yiKe
oniBIIeN Poccenbxo3akamemuu) coBmectHo ¢ MITY um. H.9. Baymana, crnermuanucramMud u3
JIDYTUX HAYYHBIX YUpeXX/JeHUU B HWHHUIMATUBHOM IIOPAJZIKE CO37aMd U OOOCHOBAJIM HOBOE
(dyHamMeHTasIbHOE HAIpaBjeHWEe Pa3BUTUA HAyKW, TEeXHUKH, IPOMBIILIEHHBIX U arpapHbIX
TexHosoruil — «MoHoaucnepcHble TexHorenHbsie Aspo3onu» (IIpoekt MTA) [13-31]. IIpoekt
HalreJleH Ha pelleHHe aKTYaJbHEHITUX 5KOHOMUYECKUX, DHEPTreTUYECKUX, OMOJIOTUYECKUX U
SKOJIOTUYECKUX TMMPOOJIEM COBPEMEHHOCTH. OJTO HAalpaBJeHHe, Nepe8oomkpbleamenem
Komopozo seasemcsi Poccus, — WTOT MHOTOJIETHUX HAYYHO-HUCCJIEIOBATENbCKUX pabOT U
pe3yJIbTaTOB MCHBITAHUU aBTOpOB IIpoekTa mpu MeETOHOJIOTUUYECKOM U OpPTraHU3aIMOHHOU
noaaep:kke wieHoB PAH (B.U. loymkenko, F0.®. Jlauyra, C.C. CanuH, B.®. ®egopeHko u 1ip.).

B oxta6pe 2011 r. Poccenpxozakazmemus u MI'TY um. H.D. Baymana HampaBwin Ha
3akmouenne B OAO «Poccuiickas BeHuypHas kommnauus» (PBK) coBmecTHBII MeMOpaHIyM,
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COJIep KaIINi UCUYEPIBIBAOIILYIO XapakTepucTuKy [Ipoekta MTA. B cBoux oTBeTax (0T 21.11.2011 T.,
NeNe 908, 909) OAO «PBK» mnpusHasa MHPOBYI0 3HAYMMOCTB 3TOIO «Ba)XHOTO
WHHOBAI[UOHHOTO HAIIPABJIEHUsA» U PEKOMEHJ0Bajla aBTOpPaM CO37IlaTh MEXKBEJOMCTBEHHYIO
srabopaTopuio Ha 6a3e MHHOBAITMOHHOTO ITeHTpa « CKOJIKOBO».

25.11.2013 Tr. u 29.01.14 Tr1. IIpoekt MTA (mpeuMyIeCTBEHHO B YacTH €ro
CEJTbCKOXO3SIMICTBEHHOTO HAaIpaBJIEHUWSA) paccMoTpesia U ojobpmia Poccuiickas accoruarius
conmerictBusa Hayke mipu Ilpesmpente P® mox mpencenmarensctBoM akagemuka E.IT. Beruxosa.
Opnnaxko nocsie imkBuaanuu Poccenbxo3akanaemuu [Ipoekt MTA crast, 1o cyTH, 6€CXO3HBIM...

IIpoextT MTA u nepBooUepeaHbIe 3a/1auu B cepe 3auuThl pAaCTEeHUH

ITockonbky 00pasmpl TOJEBOM TEXHUKU JJIA  MOHOIUCIEPCHOTO  OIPBICKUBAHUA
IeCTUIIAaMU TpuobpecTn 3a pybexxoM B Osmkaiilliee BpeMs HepeaJbHO (TaM ee HHUKTO He
IpoU3BOAUT!), aKTyaJlIbHO (OPCUPOBATh OTEYECTBEHHOE KOHCTPYHPOBAHHUE U MPOU3BOJCTBO 3THUX
MHHOBAIIMOHHBIX ~ MamuH.  Pa3paboOTKy  ONBITHBIX  KOHCTPYKIMH  MOHOJMCIIEPCHBIX
OTIPBICKHUBATEJIEN Ileecoobpa3Ho opraHuzoBaTh Ha 6aze HUY PAH (®AHO), wucnosbsys
nMemoIrecs 3azepl. Hamnune MOHOIUCIIEPCHOTO MUKPOOOBEMHOTO ONPBICKUBATENA MO3BOJIUT
creruaInucTaM YCIIEIITHO pelInuTh aKTyaJIbHeUIIyIo arposK0JIOTUYECKYIO 3a7iauy:
«Onmumu3uposams MmexHo102u1ecKUue Napamempbl ONPbICKUBAHUS C Ueabl0 MUHUMU3IAUUU
necmuyudHoll HAa2py3KU U IKOA02U3AYUU XUMUHECKOlUl 3aujumsl om 6peoHblX Op2aHU3MO8
noceso8 IKOHOMUUECKU 3HAUUMDBLX CeAbCKOXO03ATCMBEHHbIX KYAbmyp». BOT TOJIBKO HECKOJIBKO
MIPAKTUYECKU 3HAYNMBIX 0KU/Ia€MbIX PE3YJIbTATOB 10 UTOTaM e€ perreHus [28].

1) OnrumasibHblE MapaMeTphl AWCHEPCHOCTH pabouyeld KUJAKOCTH TPU MHUKPO- H/WIN
Mas1000b€MHOM BHECEHHU TepOuIu0B U (QYHTUIUI0B, oOecleYruBaloiue MaKCHMaIbHOe
y/lep>KaHue Kamejab I[eJIeBBIMU OOBEeKTaMH ¥ HCKJIIOYAION[de WX CHOC 3a IIpefesbl
0bpabaThIBaEMOU TEPPUTOPUH.

2) IloxTBep:k/leHHass B IIOJIEBBIX YCJIOBHAX W30HMpaTEIbHOCTh pabOYUX PpPacTBOPOB
IIeCTULIN/IOB, ONTHUMU3UPOBAHHBIX IO /03aM, IlapaMeTpaM JMUCIEPCHOCTH, pacxoay paboueit
*KUJIKOCTH.

3) Pexomenpmanum Ui UcHbITaTeNell  HA3eMHBIX — IOJIEBBIX  MOHOJMCIIEPCHBIX
ONIPBICKMBATEJIE W  pa3pabOTYMKOB  (UTOCAHUTAPHBIX ArpOTEXHOJIOTHH, BKJIOYAIOIINE
ONTUMHU3UPOBAHHBbIE TEXHOJIOTUUECKHE XapaKTEPUCTUKU OINPBICKUBAHUA U CHUKEHHble HOPMBI
pacxoza arpoXMMUKaTa, obecreunBamInye 33a7aHyl0 3¢G@EKTHBHOCTh IPHEMa, CYyIeCTBEHHOE
MOBBIIIIEHHE SKOJIOTUYHOCTH, IPOU3BOJUTEIBHOCTH U PEHTA0ETbHOCTH XUM3aIUTHBIX paboT.

HoBbIil pOCCUIICKUH MTATEHT — UYTO JAET €ro peajanusanusa?

«Omkpbimue — 2mo mo, YMo cywecmsosano 6 npupoode, HO He 0ObL10 U38eCMHO, A
usobpemeHue — 3mMo UCKYCCMeEo co30asams mo, umo 8006we He cywecmeosano» (MIMMaHywa
Kanrt, 1724—-1804). Benukue oTkpbiTHA U u300pereHHnss XX Beka OOOILIM CTOPOHOU >KU3HEHHO
Ba)KHbIE TMPOOJIEMBI MOHOJUCIIEPCHOTO CXKUTAHUS KUJKUX YIJIEBOJIOPOJAOB U BHECEHHUS
IIECTUIIN/IOB. B TEXHUYECKUX XapaKTEePUCTHUKAX COBpPEMEHHBIX OTIPBICKUBATEJIEH,
TEXHOJIOTUYECKUM ITPOAYKTOM KOTOPBIX SIBJISIOTCS a3PO30JIHM MECTUITU/IOB, Kak B Poccuu, Tak u 3a
py0OekoM, OTCYTCTBYIOT KakHhe-JIU0O CTaTUCTHUYECKH JOCTOBEPHBIE II0KA3aTeINd AHCIEPCHOCTU
(akesa pacnpLia — pa3MepoB reHepUPYyeMbIX Kareab. HeT Takux XapaKTepUCTHK HU B MUPOBBIX
Karajorax IMeCcTUIIUJIOB, HU B MEXAYHApPOJHBIX CTaHAApTaX, TEXHUYECKUX perjiaMeHTax U
WHCTPYKIIUAX. AHAJIOTUYHO, OTCYTCTBYIOT XapaKTEPHUCTUKH JAUCIIEPCHOCTH BIIPHICKHMBAEMOTI'O
JKUJIKOTO TOIUIHBA U /IS IBUTATes el BHYTPEHHEro Cropanus [13, 14].

C MoMeHTa IIOSIBJIEHUSI IIEPBBIX B MHpE aBTOMOOWJIEH W OIpBICKMBarTesel (cepeauHa —
koHerr XIX Beka) paccmarpuBaeMoe H300peTeHHe — TIeEpBOe U II0Ka €JIMHCTBEHHOE,
IpelHa3HAaUEeHHOe I OOBEKTUBHOW OIEHKH CTEIeHW JIMCIEPTUPOBAHUA JKUIKOCTEH U
UIeHTH(UKAIUKU AUCHePCHON ¢a3hbl ¢ IMIOMOIIBI0 JIa3ePOB B 3aBUCHUMOCTH OT TEXHOJIOTHYECKHX
IapaMeTpPOB JUCIIEPCUOHHO-CIIOCOOHBIX KUKOCTHBIX cucteM ([IXKC). OHo y3akonusaem HOBOE,
MEXJUCUUIUIMHADHOE  HampaBjeHWe  pa3BUTUA HAYKU W TeXHUKH —  [IpoekT
«MonoaucnepcHsbie TexHoreHHbIe A3p0O30aH».

Ha ocHoBe sTOro msobpereHusi OyayT pa3paboTaHbl W CO3/IaHbl IPUHIMIINAJIBHO HOBBIE
HCIIBITATEJIbHbIE CTEH/bI, KOHCTPYKIIMH PACIbLINTEIbHBIX YCTPOHUCTB U MEXaHHU3MOB IS
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peryJiupyeMoro,  MOHOAMCIIEpCHOTO  pacmbuienus — paznauuablx  JDKC,  peanm3oBaHbl
pecypcoaHeprocbeperaiomue NpuéMbl U TexHosoruu. [losaraem, 4To JjiA 5TOTO HEOOXOAUMO
co3/aTh MMOAOOAIONIYyI0 3aABJIEHHOM IpobyieMe HayYHO-BHEAPEHYECKYID CTPYKTYpYy —
TocynmapcTBeHHOE  CHEIUAJIM3UPOBAHHOE KOHCTPYKTOPCKO-TexHosormdeckoe Owopo (I'CKTB)

«PocpacnbLiuTesib».
MoHoaucIIepCHBIE CIIOCOOBI CXKUTAHUS JKUAKUX YIJIEBOJOPOZOB, PACIbUIEHUS PACTBOPOB
MECTUITUJIOB W JPYTUX TeXHOJoTHmYecKux ImpoaykTtoB c KIIJ[ Oosee 50 % — 3TO HOBas

DHEPreTUYeCKH, HKOHOMHYECKH M 3HKOJIOTUYEeCKH OOOCHOBAaHHAA COIUAIBHO-IKOJIOTHYECKAs
IapajiirMa, KpaifHe aKTyaJbHas B YCJIOBUAX MPOOJLKAIONIErocs TI00aJIbHOTO POCTa MUPOBOTO
pecypcosHepronoTpedIeHus U OITACHOCTH Jierpaanuu orocdepsl [1, 32-34].

3akjo4yeHue

ABTOpCKUe TaTeHThI [13, 14] OTKpPHIBAIOT HOBOE, pecypco3aHeprocOeperaroiiee HayIHO-
TeXHUUYecKkoe HampaBieHue — «MoHoaucnepcHbsle TexHorenHsie Aspo3zosam» (MTA)™.
BakHeiimmee ycinoBue peanuzdanuu [Ipoekt MTA — codganue skcnepuMeHTanbHou 6a3pl I'CKTH
«Pocpacnputurens». E€ 3amaun: a) KOHCTPYHPOBAaHUE M TEXHOJIOTMUECKAs OIEHKA OIBITHBIX
00pas310B MOHOJUCIIEPCHBIX U IOJIUJUCIEPCHBIX PACHbLINTENIBHBIX YCTPOUCTB U MEXaHU3MOB,
0) IPOEKTHUPOBAHNE U KOHCTPYUPOBAHHE CIIEIIMATBHBIX UCIIBITATEIbHBIX CTEH/IOB. ITH YCTPOHCTBA
obecrieyar cTaHAapPTHHIE YCJIOBUA JJIA TECTUPOBAHUSA PEKUMOB pabOThI pa3HOOOPA3HBIX (OPCYHOK
U paCIbUINTENIed, TMPUMEHSIEeMbIX B Pa3JIMYHBIX cdepax HAyKHd, TEXHUKH U IIPOU3BOJCTBA.
OnpITHYI0 0a3y IUIAHUPYETCSA OCHACTUTh HOBEUIIMMHU ONTHKO-3JIEKTPOHHBIMU W JIA3€PHBIMU
CHUCTEMaMU HM3MEPEHUs, KOHTPOJISI U PETYJIMPOBAHUS CTENEHH JAUCIEPTHPOBAHUA HCIBITYEMBIX
JIUCIIEPCUOHHO->KU/IKOCTHBIX CUCTEM. VcIpITaTeslb BIIEPBBIE MOJIyYUT BO3MOXKHOCTh «YBHU/AETh,
HU3MEePUTh, CO3/1aTh, CTAHJAPTU3UPOBATh U BOCIIPOU3BECTHU» CYOCTAHIIHIO (aKesa Kareyib
asp030Ji, FTeHeEPUPYEMOT0 PACIIBLIUTEIEM.

Ilpyras, He MeHee BaKHas NPHUOPUTETHAs HaydyHO-TexHHUUeckasd 3amada IIpoekra MTA —
CO3/IaHUE COBPEMEHHOHM MAIIIMHOCTPOUTENIbHON 0a3bl JJI1 OIBITHO-CEPUIHOTO IPOU3BO/ICTBA
MOHOJIUCIIEPCHBIX MaJIo- M MHKPOOOBEMHBIX KaMepPHBIX U TIIOJIEBBIX OIpbICKHBaTesed. Kaxk
IIOKa3aJayu MHoroJieTHHe wucciaenoBanua BHUW ¢uronaTosoruyu, MOHOAUCIIEpCHOE Majo- U
MHUKPOOOBEMHOE OIPBICKMBaHUE 0a3upyeTcsi HAa HCIOJIB30BAHUU OOBIYHBIX, JIHOO Aake Oosee
JlellIeBbIX IpenapaTUBHBIX (GopM mnecTUIUAoB. biaromaps CyIiecTBEHHOMY CHHXKEHUIO HOPM
pacxozaa paboden »KUAKOCTH 3HAYUTETHFHO YMEHBIIIAETCA Macca OMPBICKUBAIOIIETO0 arperaTa (1 TeM
caMpIM, B Tpolecce €ero pabOTbl CHIDKAETCsl YIUIOTHEHWE  IIOYBBI),  IOBBIIIAETCS
MIPOU3BOAUTEILHOCTD TPYZA M, KAK MUHUMYM, 00ecIieunBaeTcs 25% CHIKEHHE JI03bI ITperapara 3a
CUeT WCKJIIOYEHUs] MOTeph pabodel >KUAKOCTH B (popme HedhDEKTUBHBIX MEJIKUX U KPYIHBIX
Kamesab. HeMmasoBaKHO, 4YTO TPH 3TOM OTMeYEH CYIECTBEHHBIH POCT IOKaszaTesen
peHTabeJIbHOCTH 3aIUTHBIX MepOonpuATUi. Tak, CHUXKeHNe IIPU ONPHICKUBAHUHM HOPMBI Pacxo/a
pabouelt JKUAKOCTH ¢ 200 JI0 10 JI/Ta MOBBIIIAET MPOU3BOIUTEILHOCTD TPYZIA B 2 pa3a. 3a CUET
STOr0 MpsAMBbIE 3aTpPaThl TOJBKO Ha 0OOpabOTKy emuHUIbI moceBa (6e3 ydyeTa 5KOHOMHH Ha
CHIKEHHUHU pacxo/ia MeCcTUIN/a) COKpAIaloTCeA B 3 pasa.

OnpeIcKUBaTENIU C PErYJIUPYEMOU IUCIEPCHOCTHIO, TO3BOJIAIOIINE YIIPABIATh IapaMeTpaMu
pacupuleHUs paboueldl KUAKOCTH HEMOCPEACTBEHHO B IIOJIEBBIX YCJIOBUAX, B IIOJIHOM Mepe
COOTBETCTBYeT TpeOOBAHUAM MEXKAYHAPOJAHOTO KPUTEpUs SKOJIOTHYeCKOH Oe3omacHOCTU
pacubputeHuss pabounx skuakocreir — controlled drop application (CDA). OgHako moka 4TO HX
TTOJTUAVCIIEPCHOE PACIIBUIEHHE IOBCEMECTHO MTPUUMHSET SKOJIOTHUUECKUN BpPeJ U DKOHOMUYECKUN
ymep6. U Bc€ 3T0 — B ruranTckux Macmrabax! CIpaBUTBCA C 3TOU MPOOJIEMON MOXKHO, €CIU
c/leJIaTh pacibUieHre pabounx KUJIKOCTENH MOHOOUCNEPCHBIM T YNPABASLEMbIM.
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YK 631.348

Monoancnepcnble TEXHOTCHHBIC a9P030/JIH — HOBOC pecypcoaﬂeprocﬁeperalomee
HAYIYHO-TCXHNYECCKOEC HAIIpAB/JI€CHHUEC

1t Muxauni CepreeBud COKOJIOB
2 Opuit MuxaiioBua BepeTeHHIKOB
3 Banepuii I'puropreBudy OCTpOBCKUI
4 HWrops fApociaBoBuy [Tapemckuil
5 I0puit fAxoBieBuy CIMPUIOHOB
6 Jleonu; AHaTOTbeBUY MapueHKo
7 Anna BacuibeBHa OBCAHKUHA
8 BukTop I'puroppreBuu CesTuBaHOB

157 BHUU duronaromoruu ®PAHO, Poccuiickasa Penepanus

28 PI'BHY «Pocundopmarporex» MCX P®, Poccuiickas ®eneparus

30AO [JHKB, Poccutickas ®enepanms

4MTI'TY um. H.9.baymana, Poccuiickas ®eneparus

6 BcepoccuUCKUY HHCTUTYT MexaHuzanuu, Kimmackui ounman, Poccuiickaa @enepanus
7®AHO, Poccutickasa ®eneparus

1 JlTokTOp OMOJIOTHYECKUX HayK, akajieMuk PAH, HayuHbiil koHCyibTaHT BHUU duronarosoruu
®AHO

2 Jlaypeat IIpemuu I[IpaButensctBa PO

3 KanguaaT XuMHU4YeCKUX HayK, 3aM. pykoBoautensa OAO HHKD

4Cr. npenosaBatesib MI'TY um. H.9.baymana

5 JIOKTOp OMOJIOTHUECKHX HAyK, akafeMuk PAH, 3aB. otaesiom BHUU duronaronorun PAHO
6 KanuaT TeXHUYECKHUX HayK, 3aM. PyKOBOJUTEJSA TPEAPUATUI

7 KauiuaT OMOJIOTHUECKUX HAYK, 3aM. pyKoBoauTesis otaesna ®PAHO

8 KanaujaT TeXHUYECKUX HayK, HaYaJabHUK lleHTpa ucnbiTanuii cebxo3rexuuku ®I'BHY

AnHOoTamuAa. B cratee Ha OCHOBE MHOTOJIETHUX HCCJIeNOBAaHUM  006Cy>Kar0Tcsa
0COOEHHOCTH ¥ MPENMYIIeCTBA MOHOIUCIIEPCHBIX a39P030JIeH MECTUITUAOB I 3AIUTHI PACTEHUH,
a TakKe MOHOJMCIIEPCHBIX a’3p030Jied YIJIEBOAOPOJAHBIX TOIUIMB /JI JBUTaTeJed BHYTPEHHETO
cropanus. Ilpezjio’keHO HOBOe HaIpaBjeHHEe Pa3BUTHUA HAyKH, TEXHUKH, IIPOMBIIJIEHHBIX U
CEeJIbCKOXO3SIMCTBEHHBIX TEXHOJIOTUM — aBTOPCKUU MpoeKT «MoHopucnepcHble TexHOTeHHbIe
Aspozonm». O0Cy:K/IeHbI KOHKPETHBIE MEPbI PeaTn3aIuy IPOEKTA.

[IpenyioxkeH  MeTOA ~ MEXaHUKO-Ta30-TUAPOAMHAMHYECKOTO  BO3AelcTBUA Ha  daken
pacnpLisgseMol TEXHOJIOTUYECKOH KUIKOCTH IUCKOBBIMH pabOYMMU OpraHaMU C LIeJIbI0 celaparuu
Kanenb. PexxuM paboThl yCTPOMCTBA: IPU HCIIOJIB30BAHUU TepOUINIOB — pa3Mep Kameib B
JnanasoHe 250-350 MKM, IIPU UCIIOJIb30BAHUU UHCEKTUIIN/IOB — 160-250 MKM, (PyHTUITU/IOB — 60-
160 MKM.

Astopckuit mareHT RU N02516581 Ci. Cnoco6 omeHKu mapaMeTpoB dakeaa pacrbLia
JIMCTIEPCHOHHO-CIIOCOOHOM TEXHOJIOTUYECKOH KUJIKOCTU U YCTAHOBKA /IS €r0 OCYIIECTBJIEHUA.
MIIK7 GoiN 21/53 (2006.01) GOiN 15/02 (2006.01), 20.05.2014 OTKPBIBAaET HOBOE,
pecypcoaHeprocheperaroriee HAY4YHO-TEXHUUECKOE HaIlpaBJIeHUE «MoHoaucepcHble
TexHorenuble Aspososu» (MTA)*".

[TpenyoskeH cmocoO OIEHKH mapaMeTpoB (dakesa pacmbLia JUCIEPCHOHHO-CIIOCOOHOM
TEXHOJIOTUYECKOU  KUIKOCTU MOCPEAICTBOM  HMITYJIbCHOTO Jia3depa, (poToperucrparopa,
KOMIIBIOTEPA, YTO TO3BOJIAET IMPOU3BOAUTH COPTUPOBKY Kamesb II0 CTaHJApPTHBIM KJjlaccam
pa3MepoB.

BaxHeimuMm yciioBueM peanusanuu npoekta MAA aBiiseTcs co3/laHue SKCIEPUMEHTATbHOU
6a3pl. Ero 3azjaua: a) KOHCTPYUpOBaHHE U TEXHOJIOTHYECKas OIleHKa OIBITHBIX 00pasIoB
MOHOJVCIEPCHbIX U  TMOJHUAUCIEPCHBIX  PACHBUIUTENBHBIX YCTPOMCTB U MEXaHU3MOB,

**(MTA)* — aBTOpCKAasi HHTEPIPETAIUA HOBOTO HATIPABJIEHUS Pa3BUTHUS HAYKH, TEXHUKH, TPOMBIIIJIEHHBIX U
CeJIbCKOXO3AUCTBEHHBIX TEXHOJIOTHH.
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6) IPOeKTHUPOBaHNE 1 KOHCTPYUPOBAHHE CIIENIMATBHBIX UCIIBITATEIbHBIX CTEH/IOB. ITH YCTPOHCTBA
obecrieyar cTaH/IapTHHIE YCIOBUSA JJI TECTUPOBAHUSA PEKUMOB PabOThI Pa3HOOOPA3HBIX (HOPCYHOK
U pachnpUInTesIel, NMPUMEHsSEMBIX B Pa3IUYHbIX cdepax HAyKU, TEXHUKH U IIPOU3BOICTBA.
OnbITHYI0 0a3y IUIAHUPYETCS OCHACTUTH HOBEUIIMMH OITHKO-3JIEKTPOHHBIMU U JIa3€PHBIMU
CHCTeMaMU WU3MepeHUs, KOHTPOJIS U PEeryJIMpOBaHUA CTENEHU IUCIEPTUPOBAHUSA UCIIBITYEMBIX
JIMCIIEPCHOHHO-KUKOCTHBIX CHUCTeM. VICIbITaTeslb BIIEPBBIE MOJIYYUT BO3MOXKHOCTh «YBUAETH,
U3MEPHUTH, CO34aTh, CTAHAAPTU3UPOBATh U BOCIPOU3BECTHU» CYOCTAHINIO (aKesia Kareib
a’p030J1A1, TeHEPUPYEMOTO PACIBLIUTETIEM.

Ilpyroii, He MeHee BaKHBI NIPUOPUTET IpoekTa MAA — co3zaHHe COBPEMEHHOM
MAIIUHOCTPOUTETHHON 0a3bl JIsl ONMBITHO-CEPUHHOTO MPOU3BOJICTBA MOHOJMCIIEPCHBIX MaJio- U
MUKPOOOBEMHBIX KaMEpPHBIX M IIOJIEBBIX OIpBICKUBaTesned. Kak mokasaju MHOTOJIETHHE
ucciaenoBanuss BHUUW  dwutomarosnoruy, MOHOAWCIEPCHOE Majlo- W MHUKPOOOBEMHOE
ONphICKMBAHUE Oa3upyeTcsi HA WCIOJIH30BAHUU OOBIUHBIX, JHMOO Jaxke OoJiee JleIIEBBIX
IIpenapaTUBHBIX (OpM IecTUIUIOB. bBiaromaps cyliecTBEHHOMY CHIDKEHHUI0O HOPM pacxoza
pabouei KUAKOCTH 3HAUUTEIFHO YMEHBIIIAeTCsl Macca OMPBICKUBAIOIIIEro arperaTa (M TeM caMbIM,
B IIpOIiecce ero paboThI CHIXKAETCS YIUIOTHEHHE [TOYBBI), OBBIIIAETCS TPOU3BOAUTETHHOCTD TPYAQ
¥, Kak MUHUMYM, o0ecrieunBaeTcs 25 % CHIDKEHUE JI03bI MpelapaTta 3a CYeT UCKIIYEHUs I0TePh
paboueii cxuakoctu B (QopMe HedIDDEKTHBHBIX MEJIKHUX M KPYHNHbIX Kamenb. OTMeueH
CYIIIECTBEHHBI POCT IOKa3aTesieldl peHTa0eIbHOCTU 3allUTHBIX MEPOIPHUATHI: CHIDKEHUE IPU
ONIPHICKMBAaHUKM HOPMBI pacxoia pabouyedl JKUAKOCTH € 200 0 10 Ji/ra TOBBINIAET
IIPOU3BOJUTEHFHOCTh TPYAA B 2 pasa, 3a CUET ITOTO MpsMbIE 3aTPAThl TOJIBKO Ha 00pabOTKY
eIMHUIIBI TToceBa (6e3 yueTa 5JKOHOMUHM Ha CHIKEHUU PACcX0/ia MIECTHIIN/Ia) COKPAIAIOTCSA B 3 pasa.

OnpbICKUBATEH C PETYJIUPYEMOU TUCIIEPCHOCTHIO, TIO3BOJIAIONINE YIIPABJISTH TapAMETPAMU
pacubuieHUss paboueld KUAKOCTH HEMOCPEJACTBEHHO B IIOJIEBBIX VCJIOBUSAX, B IIOJIHOH Mepe
COOTBETCTBYET TpPEOOBAHUAM MEXK/IYHAPOJAHOTO KPUTEPUsS DKOJIOTHUECKOH 06e30macHOCTH
pacuputeHusa pabounx xuakocreid — controlled drop application (CDA). OgHako moka 4To HX
MIOJIN/IUCIIEPCHOE PACIbLIEHNE TIOBCEMECTHO MTPUYUHSIET SKOJIOTHUECKUH BPeJl M D9KOHOMHYECKUH
yiep6. 11 Bcé 370 — B rurantckux macmrrabax! CrpaBuUThCA ¢ 3TOH MPOOJIEMOI MOKHO, €CiIH
C/leJIaTh pacIbUIeHne pabourX KUIKOCTEH MOHOOUCNEPCHBIM T YNPABASLEMbIM.

KirroueBbie cj10Ba: MOHOANCIIEDCHBIE a3pO30JIH, IECTHUIU], YIJIEBOJIOPOJAHOE TOILIHBO,
JIVCTIEPTUPOBAHNE Kalesib, WUMITYyJIbCHBIN Jiazep, MPOeKT "MOHOANCIIEpCHBIE AHTPOIOTEHHBIE
aspososu’.
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