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Microbiology and Environmental Biogeochemistry. II — Polymer Chip Prototyping
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Abstract

In the second part of the article cycle «“MALDI-FLIP-on-a-chip” and “MALDI-FRAP-on-a-
flap”: Novel Techniques for Soil Microbiology and Environmental Biogeochemistry» the polymer
chip prototyping techniques are described. In particular, the compatibility problems are discussed.
The problem of the biocompatibility of polymer chip surface is eliminated using GIM-surfaced chip
exposition in the high-humidity experimental media, which may be interpreted as a model of soils.
The problem of compatibilities of fluorescence techniques and polymer chips is resolved (as a part
of the general chip optics problem) using microscopic investigations of polymer chip transparency
in some different textural variances and microfluorimetric measurements of fluorescent dyes in the
chip geometry. The problem of the soil chip prototyping is solved using 3D-printing based on some
biocompatible and, so possible, biodegradable polymers. The basic complexity of experimental data
is provided in the tables placed in the general article text. Is it possible to create multiparametric
analytical technique for synchronous biocompatible soil microbiome analysis and monitoring? It is
a general question for the real time environmental control. We can say “Yes”, but only if we have a
minimal prerequisite case, which we have a good polymer, real “real time” analyzer, biocompatible
and biodegradable coatings etc. In other cases the general problem of soil chip design is not a
problem of engineering, but it is a problem of soil-chip interface chemical physics and physical
chemistry. Such problem may be interpreted only as a principal physical, but not as a technical
problem. This part of our article cycle is very simple and sensible, because such problems are not
very strong and complexible, consequently, we can take only illustration of principle, but not a full
verification and validation of fine and thin mechanisms of soil microbiome interactions with
adhesive chip etc. Cureent opinions in soil biology are good compartible with our results, therefor
we must not take full theoretical considerations in frames of the current concept paradigm in soil
biology. De facto, it is a brief methodical and technical note before the closing of our projects in
Russian Federation. It is not a normal research article, because all normal articles may be writed
only in normal material and technical conditions.

* Corresponding author
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Keywords: FRAP (Fluorescence Recovery After Photobleaching), FLIP (Fluorescence Loss
in Photobleaching), MALDI (Matrix-Assisted Laser Desorption/Ionization), “BIOTYPER”, CLSM
(Confocal Laser Scanning Microscopy), LoC (Lab-on-a-Chip).

1. BBeaeHnue

IIpoG1eMHBIN TOAXO/

B mpenmiecTByomel cratbe JAHHOTO IUKJIA OBLIM PACCMOTPEHBI BO3MOKHOCTU CO3JaHUSA
QHATTUTUYECKOTO yuma TS IMOYBEHHO-OMOJIOTHIECKUX 3a71a4u KakK KOHIIENTa
(pUHrepIpUHTUPYEMOTO YCTPOKUCTBA € T.H. «HECYPPOTAaTHBIM KJIIOUOM», TO €CTh JIOKAJIbHO-
TeJIEMEeTPUPYEMOTO  IPOTPAMMHO-ANMapaTHOTO  KOMIJIEKCA  I[OYBEHHOTO  3aJI0JKEeHUs,
neHTUGUKAIMA B KOTOPOM IIPOM3BOAUTCA HA OCHOBE COOCTBEHHBIX (DUBUKO-XUMHUYECKUX
IIapaMeTPOB UJIEHTU(DUITUPYEMBIX 00beKTOB. Ha TaHHBIA MOMEHT NPENATCTBUAMHU K MacCOBOMY
BHEJIDEHUIO JAHHOTO IIOAXO/a SIBJISIIOTCA MaTepUayioBelueckue mpobseMbl — IPOOJIEMBI
OMOCOBMECTHUMOCTH, OHOKOPPO3UHU U OMOPA3JI0KEHUS TEX 3JIEMEHTOB KOHCTPYKIIUH, KOTOPbIE TIPU
MAaCCOBOH 3aKJIaJIKe CIIOCOOHBI HE TOJIBKO MCKA3UTh CBOUM BBOJIOM Pe3yJIbTAThl SKCIIEPHMEHTA Ha
JIOKIBHBIX AU(PPY3UOHHBIX TPOMEKYTKAX, HO U CMECTUTh JECKPHUIITOPhI OMOTE€OXUMHUUECKOTO U
5KOJIOTUYECKOTO paBHOBecus. [IoaToMy BTOpas 4acTh CTAaThbU IIOCBSAIIAETCS, B CYIIECTBEHHOM
YacTh, UMEHHO IpobsieMaM BbIOOpA MaTepHaJIOB /I U3TOTOBJIEHUS YHIA U UX IMPAKTUYECKOH
arpobaruu. Kpome TOro, B CHIy TeJIeMETPUUYECKOTO XapakTepa cOopa [aHHBIX U BIIOJIHE
dbopmMasibHO MaTeMaTHU3UPYEMOTO crocoba UAEHTUDUKANUU Ha «(PEHOTHUIUYECKHX» U
OMOTEOXUMHUYECKUX «00MEHHO-MEeTab0INUeCKUX» YHIIaX JAHHOTO THIIA, HEOOXOAHUMO, B IIEPBYIO
ouepe/ib, MPOWJUTIOCTPUPOBATH TJIABHOE ITPEUMYIIECTBO YHIIOB pa3pabaThIBA€MOro HaMH THUIIA —
BO3MOXKHOCTh CHHXPOHHOTO aHAJIN3a B PEAJbHOM BpPEMEHH, HEJOCTYIHYIO JIDYTUM YHUIaM C
BO3MOXKHOCTBIO 00PabOTKH ITOC/IEI0BATEIFHOCTEN U HAEHTU(PHUKAIIN OPTAHU3MOB, B TOM YHCJIE —
C MAaTPHUYHO-OIIOCPEIOBAHHON  JlecopOIMel-UOHU3aIMed TIPU  MacC-CIIEKTPOMETPUYECKOM
CEKBEHUPOBAHUH, a8 UMEHHO — FreHeTUUECKHUM UHIIaM JJIs aHAJIM3a IIOYBEHHOW MUKPOOMOTHI. Eciin
Halll YWl He o00JaZjlaeT TMpPeuMyIlecTBaMU JAaHHOTO THIIA, a COBPEMEHHbIE AKTHUBHO
pacrpocTpaHseMbIe U HCIIOJIb3yeMble IIOUYBEHHbIE TeHeTHUecKue YuIibl Tuia « GeoChip» crmocoOHbI
JleJIaTh TOKe caMoe, TO CMbICJIa B pa3paboTKe, OUeBUIHO, HeT. Ec/ii HaIllM YUIIBI MOTYT BBI/IaBaTh
JIYYIITAA METPOJIOTUYECKUHN pe3yJsIbTaT, HO TOKCUYHBI JJIA CPEAbl — 5TO TOXKe He BbIXoJ. Eciu
IIpUMeHsIEMbIe TOJIUMEPHI U JPYTHE CPelbl HEUTPaJIbHbI JIsl MOYBBI U MHKPOOUOTHI, HO HE
BBIZIAIOT (DJIyOPECIIEHTHOTO U MAaTPUYHO-OIIOCPEOBAHHOTO MaCC-CIIEKTPOMETPUUECKOTO CUTHAJIA —
QHAJIOTUYHO, MPUKJIAHON W OTPACJIEBON CMBICI B paboTe OTCYTCTBYIOT, HOO OHA HEe BBIHZET 3a
TIpeJieJTbl JTabOpaTOPHH.

Htoro, kaoueBbIMH MpobJieMaMu I pellleHus 3ajauu KomiuiekcupoBanuss MALDI (uto
y’Ke aHHOTHPOBAJIOChH BBIIIE — MAaTPUYHO-OIIOCPEIOBAHHAS /IeCOPOIHA M NMOHUBAIUA TPH PA3HBIX
BHU/IaX MAacC-CIEKTPOMETPHUH, HayWHas OT BPEMSANPOJIETHON, B3aKaHUYWBasg OpPOUTAIHHBIMU
JIOBYIIKAMHU» M JIOBYIIKAMH € JUHAMUYECKON rapMOHH3allhel, Macc-ClIeKTPOMeTpaMU MOHHOTO
IIUKJIOTPOHHOTO pe30HaHca U T.1.), FRAP (Meto ucciiefjoBaHUA KUHETUKU (IIyopecIieHIINY TI0CIe
dortoobecriBeunBanusa / GOTOBBDKUTAHUA — CM. Ipeablaymnyio cratbio) u FLIP (ycraHoBieHue
YPOBHA 3aTyxaHus © 1NOTEPh dJiyopecieHnuu B mpouecce ¢oroobecueunBanus [/
(oTOBBIKUTAHUS) HA YHUIIE, TOTPYKAEMOM JJI SKCIIOHUPOBAHUS B IIOYBEHHYIO CPEJTY, SABJISIOTCS B
KOMILIEKCE:

1) Hasmuwue/oTCcyTCcTBUE CHEUATN3UPOBAHHBIX YHWIIOB /I MOYBEHHO-OMOJIOTMYECKUX
3a71a4 (heHOTHITNUECKOTO U OMOTeOXUMIYECKOTO IUIaHA) PEaIbHOTO BPEMEHH.

2) Ecim Her — BO3MOXHOCTH OBICTPOTO 3D-NIPOTOTHIHUPOBAHUSA YWUIIOB JAHHOTO
Ha3HAUYEHUS HA TEX MaTEPHUAJIaX, KOTOPbIE ONITUMAJIbHBI )1 JAHHBIX 33/1a4 (CM. II. 3, TI. 4 HUKE).

3) CoBMeCTUMOCTH MOJIMMEPHBIX MTO/JIOMKEK MU MTOKPHITUH YUIIOB C IOUBEHHON OHOTOM.

4) Hanuune HOJMMEPHBIX TMOJJIOKEK, KpacuTeJeld in vivo W MaTpHUIl, COBMECTHMBIX C
MALDI.

5) BO03MOXHOCTH HCC/IEIOBAHUA UHUIOB C JIAHHBIMU TeKCTypaMu (IIyopecieHTHbIM
MEeTO/IOM.

PaccmoTpum 5T po6JieMbI HECKOJIBKO MTOAPOOHEE HIKE.

Crenuain3dupoBaHHBIE YHUIIBI /IJIA TOUBEHHO-0MOJIOTHUYECKUX 3a4aY
Haubosiee pacnpocTpaHeHHBIM THIIOM YHUIOB [ T'eOOMOJIOTUYECKUX M OMOJIOTr0-TIOUBEHHBIX
3agay sBisercsa T.H. GeoChip — pazpaborka YHuBepcurera Oxsiaxomsl (University of Oklahoma)
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B CIIIA. GeoChip mnpexacraBisier coboil «reHouumn», T.e. JHK-Omoumm, coaepskamui
OJINTOHYKJIEOTH/IHBIE 30HZBI Uil JIeTEKTUPOBAHHA TE€HOB, yYaCTBYIOIIUX B OHOTeOXMMUYECKIX
nmukiaax (yraepoga, asora, ¢docdopa, ceppl W Pa3IUYHBIX METALIOB), OIPENEJISIONINX
YCTOMYHMBOCTh K QHTUOMOTUKAM U 0AKTEpUAJIBHYIO JIETPAJIallui0 OPTaHUYECKUX 3arpsA3HUTENeH,
BHUPYCOJIOTHYECKHE JIECKPUIITOPHI, PEAKIINH CTpecca, MeMOPaHHO-OHO HEPTeTHYECKHE TTPOIIECCHI,
a Takke QuioreHetnueckre eckpuntopbl (Mapkeps). GeoChip crmocobeH crnenuduuecku
JIeTEKTUPOBAaTh COTHU THICAY (PYHKIMOHAIBHBIX T€HOB/TPYNI MHKPOOOB, BaXKHBIX JIJIS
OMOTEOXHMHUYECKHX, DKOJOTUYECKHX U  JKOJoTHueckux mpoiieccoB. GeoChip  siBisiercs
YHUBEPCAIHHBIM HHCTPYMEHTOM B aCIEKTe CIIOCOOHOCTH aHAIM3UPOBATh MUKPOOHBIE 00PA3IIHI U3
J1I000T0 MCTOYHHKA OKpy:kamwiei cpenbl. GeoChip MoxkeT aHaAIM3UPOBATh MUKPOOHBIE 0OPA3IBI
6e3 Kakoro-anbo KyJIbTUBUPOBAHUA U 0e3 MpeABAPUTETHLHOTO 3HAHUS MUKPOOHOU KOMIIO3UIUU
obpas1a (3To BaXKHO, Tak Kak 0oJiee QO IPOLIEHTOB MUKPOOPTAaHNU3MOB IMOYBHI He KyJIbTHBHUPYEMBI
KaKk u4mcTas KyJbTypa Ha WCKyCCTBeHHBIX cpeziax). GeoChip sBiseTcsa OecripelieZileHTHBIM
WHCTPYMEHTOM B €T0 CIIOCOOHOCTH OBICTPO M BCECTOPOHHE UJIeHTU(PUIIUPOBATh (PYHKIINOHATHHYIO
CTPYKTYPY, aKTUBHOCTb U AUHAMHUKY MUKPOOHOTO coobIrecTBa, ncnosb3ys obpasnsl JTHK u PHK
coobmiectBa. GeoChip obecrieunBaeT KOMIapaTUBHBIA AHAIN3 IAHHBIX MUKPOYHUIIOB B PA3JIMYHBIX
ycnoBUAX (9KCIepUMeHTaX, JiabopaTopusax, BPEMEHHBIX I€pHUO/IaX) C HCIIOJIb30BaHUEM
YHUBEPCTBHBIX cTaHAApTOB. GeoChips MMILIEMeHTHpYyeTCs HA CTEKJIAHHOM cialje. B manHOM
pasziesie TPUBOJUTCA TEPEBOJL BJIEMEHTAPHBIX CBEJAEHUH O T€OUUIle, YTO IMO3BOJISIET HE OTChUIATH
YUTaTesI K MOJIEKY/ISIPHO-OMOJIOTHUECKON M OMOTEXHOJIOTHYECKOH JINTEPATYPE AJIA AJIUTETHHOTO
omnpesiesieHUs: COOCTBEHHOTO MHEHHUSA O MpeIMeTe, TaK KaK FeOUHIl, 110 CYyTH, MPEJCTaBIIsIeT cOO0M
OOBIUHBI TEHETHYEeCKUH YHUIl, TO3BOJIAIONIUN OIpeAesaTh TeHbl, O0OIMue JIA pas3HbIX
MHUKPOOPTAaHU3MOB, O0€CIIeUHBAOIIE Pa3JIMUYHbIE ACHEKThl MX AKTUBHOCTH B €CTECTBEHHOU
IIOYBEHHOH / T€OXUMUYECKOH / TUIPOXUMUYECKOU cpefie (YCTOMIHUBOCTh K XUMHYECKOMY CTPECCY,
BO3MOKHOCTH SKCIIPECCHH XeMOTPOMHBIX CBOUCTB B JAHHOM coobirecTtBe u T.A.). GeoChip — sTo
(GYHKIMOHAIBHBIA TE€HHBIM MHKDOYHI, IpeJHA3HAYEHHBIH [UIA OOHApY:KEHUA  ThICTY
(GYHKIMOHAIBHBIX TE€HOB-MHUKPOOOB 3a oaumH pas. OH [pousBOAUTCA  COOCTBEHHBIMHU
cuwnamu. OJIUTOHYKJIEOTU/IHBIE 30HJBI (cozep:kamiuecsi B 384-JIyHOUHBIX IUIAHIIETaX CIIPaBa)
MeYaTAIOTCSA Ha CIEIHMAIbHO MOKPBITHIX CJIai/[aX, KOTOPbIE MO3BOJIAIOT XUMUUECKUM CBS3BIBAHUIO
30H/I0B co ciaiiioM. Ileuatapie mTUDTH (B 30JI0TOM IM€YATHOHM TOJIOBKE CIIPAaBa) OKYHAIOTCS B
JIYHKH, COJIep2Kall[ie pacTBOP 30H/1a, ¥ 3aTeM IOMAJaloT B Maccus (Puc. 1).

Puc. 1. GeoChip (¢oto Pobepra Teitnopa c caitita Odrica BULle-TIPE3UAEHTA 110 UCCIeIOBAHUAM
Oxsaxomckoro YHuBepcuteta B Hopman-Kammyce; https://vpr-norman.ou.edu/geochip-printing)
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[Toce monyuenusi obpasnoB JJHK wim PHK mMHOrouwcieHHble 00pa3Ibl M3 OJXHOHW WJIN
HECKOJIPKMX KOHKDPETHBIX CpeJl MOTYT OBITh IPOAaHAJTU3UPOBAHBI CTOJIBKO, CKOJIBKO HYKHO.
[Ipu ucnonp3oBanuu GeoChip-koHBeliepa Bce pe3ysIbTaThl MOTYT OBITH 0OpabOTaHbI cpasdy IOCIIE
rubpuau3anuu. Takoe ObICTpOe OOHApy)KeHUe II03BOJIAET OTCIEKUBATh (QYHKIIMOHAJIbHBIE
IIPOIIECCHI 32 KOPOTKUU MMPOMEKYTOK BpeMeHU (XOTS M He B peaIbHOM BPEMEHH), Uero paHbllle He
ObLJI0O BO3MOXKHO. AsbTepHaTHBOUM cxeMe GeoChip ABIAIOTCA TPyAOEMKHE TEXHUKH, TaKUe, KaK
METO/Ibl KJIOHUPOBAHUSA HAa OCHOBE reHOB Ha ocHOBe 16S pPHK, nenarypupyromnuii ssiekrpodopes
B rpaaueHTHOM Tene (DGGE), anasmTtuka 10 mnoauMopdusMy JJIMHBI  KOHIIEBOTO
pecrpukiuonHoro ¢pparmenta (T-RFLP), kosmmuectBennas 1P 1 rubpuamsanus in situ. MeToasr
¢ ucriostb3oBanueM GeoChip-a Upe3BbIYaliHO MPOCTHI U 3/IEKBATHHI UCIIOJIL30BABIINMCS PaHee JIJIs
appumerprueckux usmepenuii. KomruiekcHwiii mMukpouur, HasbiBaemblii GeoChip, comep:kut
24 243 OJIMTOHYKJIEOTHU/IHOTO 30HJA U IMOKPBIBAET > 10 000 TeHOB B > 150 (GYHKIIMOHAJIbHBIX
IPYIIIax, YYaCTBYIOIINX B OMOTE€OXMMUYECKUX ITUKJIAX (CM. BBIIIE). ITO 0COOEHHO ITOJIE3HO IS
HICCJIEIOBAHUS MIPSIMBIX CBSI3€d MUKPOOHBIX T€HOB / MOIMYJISIUHI C 9KOCHCTEMHBIMH ITPOIIECCAMU U
dyakmuamu. Ilo TtepmomuHamuke ad@uHHBIE 30HJBI BechbMa CIHENUPUUHO OTIHNYAIOTCH:
20 OCHOBaHUU — cBOOOJHAsI SHEPTUS 35 KKaJ / MOJIb; 35 OCHOBAaHUM — 60 KKaJ / MOJIb U T.J.
Pazpabortanuble 301,161 BaugupoBaHbl ProbeChecker u cunresupoBanbt MWG Biotech Inc. (High
Point, NC, USA). KoHrneHTpanus BceX OJIMTOHYKJIEOTH/IOB JOXOIUT JI0 100 mMoJsieid / mu. Bee
OJINTOHYKJIEOTUZHBIE 30HJBI M KOHTPOJIbHBIE 00pasIpl pasmemnianTca Ha ciaigax Corning
UltraGAPS (Corning, NY, USA) ¢ ucnosibzoBanuem Microgrid IT Arrayer (Genomic Solutions, Ann
Arbor, MI, USA). IIpomecc HaHeceHHs TMOKazaH Ha Puc. 1. OJIMTOHYKJIEOTH/bI, KOTOpbIE
KOMILJIEMEHTapHbI 30HAaM, 00OHAPY>KEeHHBIM Ha MaTpPHIlE, CHHTE3UPYIOTCS U METATCS HA 5'-KOHIIE
C TIOMOIIBIO KpacuTesJs BO BpeMs cuHTe3a. lleseBble (parMeHThl reHa aMILUTHQUIUPYIOT C
moMotpio ITIP. OGBIYHO 50 IT KaXKJAOTO CHHTE3UPOBAHHOTO OJIUTOHYKJeoTwaa wiau IIIIP-
aMIUTUKOHA HCIOJIB3YIOTCS ~ OTAEeAbHO (OAHOIEJIEBbIE DKCIIEDUMEHTHI) WJIH B  CMECH
(MHOTOILIEJIEBBIE  DKCIEPUMEHTHI) Heckobkux wmuineHed. JHK coobmiectBa (s 3amau
MeTareHOMHKH) U3BJIEKAIOT U3 00pa3IoB, Kak omucaHo B pabore (Zhou et al., 1996). MapKHUpOBKY,
ruOpUU3alui0 U CKaHUPOBaHWE MAaCcCHBOB IIPOBOJAT, Kak omucaHo B pabore (He et al,
2005). OTCKAaHUPOBaHHbIE  HM300paKeHHsA  KOJUYECTBEHHO  ONIPENEJSIOT ¢ IIOMOIIBIO
nporpaMMHOro obecriedenuss tumna ImaGene 6.0 (Biodiscovery Inc., El Segundo, CA, USA) c
HCIIOJIb30BaHUEM afanTUBHOTO Perl-crienapus (ckpunta). Kak MOKHO BHETh, HECMOTPs Ha
MMO3UITMOHUPOBaHUE Kak MeTona MoHutopuHra (Van Nostrand et al., 2011), reoYUnIuHT HEe MOXKET
OBITH paccMOTpEH Kak true real time meros1. Pazpaborunku yumna (Puc. 2) 1 He pacCMaTpUBAIOT €T0
KaK MeTO/i KOHTPOJIA in Situ, eCJIi He CYUTATh MACIITA0OB re0JIOTHYECKOTO BPEMEHH U DBOJIIOIUN
MHUKPOOHBIX Oy ISIIHT.

Puc. 2. Komania paspabotunkoB «GeoChip»: Zhili He, Liyou Wu, Ye Deng, Joy Van Nostrand,
Jizhong Zhou (Photo by Jaconna Aguirre, THE OKLAHOMAN)
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CymiecTBeHHBIM  mpeumylnectBoM  cucreMbl  «GenoChip», ¢ TOukMm  3peHUs
ouoreocucremorexuuky (Kalinichenko, 2014, 2015; Kalinichenko and Starcev, 2015;
Kalinitchenko, 2016), sBJIsieTcsI BO3MOKHOCTH IApAJUIEJIBHOTO aHAIN3a OMOT€OXUMHUYECKUX U
9KOJIOTUYECKHX IIPOIECCOB B  KOHTEKCTE CTPYKTYPHO-GYHKIIMOHAJIBHBIX JIECKPUIITOPOB
aKTUBHOCTU MHUKpOOHOTO coobiectBa (He et al., 2007, 2010; Van Nostrand et al., 2010; Wawrik et
al., 2010). BuoreoxuMuuecKkre BO3MOKHOCTH UHWIIA OMIPEAE/IAIOTCS aHAJIM30M T'€HETHYECKOMH
nHbOpMaIUY, OTOOpaKaloIlled CBA3M MeXIy MeTab0oJIM3MOM MHKPOOHBIX KJIETOK U
TeOXHUMUYECKOU CPEIOH WJIM, YTO TOYHEEe, OIPENEIAIONIEd IMOTOKH 3JIEMEHTOB T'€OXHMUUYECKOH
cpenbl B MUKPOOHOM COOOIIeCTBe KaK yacTh MeTabosimama aToro coobirecta (Wang et al., 20009;
Xie et al.,, 2011; Bai et al, 2013). C mOMOIIbI0O TE€OUHUIIMHTA HCCIEIOBAHBI CJIEAYIOIITE
OMOTEOXHMHUYECKHE TPOIECChl: PEOKCHAAIUSA OHOBOCCTAHABIMBAEMBIX  YPaH-COZEPIKAIIMX
BOZIOHOCHBIX TOPHU30HTOB (akBU(GEPOB) — OCAMOYHBIX IOPOJA C OJJHUM WJIH HECKOJbKUMHU
IepecjauBalOIUMUCA ITOA3EMHBIMH  CJIOSIMH TOPHBIX IIOPOJ, € PA3JUYHOH CTElNeHbIo
Bogonponunaemoctd (Van Nostrand et al, 2009); cucreMbl MTOATIOBEPXHOCTHOTO
OWOBBIIETaYNBAHUS TSIKEJIBIX META/UIOB U OMOpeMeInaIliy 1ocie arpOXUMHUYECKONH HUTPATHOU
KOHTaMHUHanuu (cM., Hallpumep, mnocrep or HamwoHanbHOU Jjabopatopur uMmeHH JloypeHca B
Bepxsim — Lawrence Berkeley National Laboratory (Waldron et al., 2008)); mapasienbHas
JleHuTpuUKanusa 1 Aecyab@ypusanus, ornocpeoBaHHas MUKPOOHBIM coobiectBoM (Yu et al.,
2014); JecUInKanus Kak ¢opMa BbIBETPUBAHUS ¢ 00pa3oBaHHEM OHOTEHHBIX 0CAIOYHBIX ITOPO/T
(Song et al., 2015); akKTUBHOCTP MUKPOOHOTO COOOINECTBA B YCJIOBHUSX OTTOKA KHUCJIBIX BOJT U3
META/UIOTEHHBIX PYAHUKOB M YTOJBHBIX IIIAXT, TO €CTh B YCJOBHAX HEOOPATHMOTO ApeHaka
KHCJIOTHBIX Py, / KUCJIOTHOTO METAJUIOHOCHOTO ApeHaxka [AMD] / npenaxka kucibix mopoz [ARD]
(Xie et al., 2011; Tan et al., 2017); aKTUBHOCTb MOJIEKYJIIPHBIX CHCTEM MHUKDPOOPTaHU3MOB,
oTBeyaromux 3a 5G(EeKTUBHOCT, [HMKJIa a30Ta, B YCJIOBUSX W3MEHEHHs KjIuMara U
arpokKyJIbTypHOU MozepHusanuu (Xue et al., 2014); MUKpOOHO-OMOTEOXUMHUYECKHUE TPEH/IBI IIPU
HUTPpUDUKAIIUN U aHAdPOOHOM OKHucaeHHH amMMoHusA (Zhao et al., 2014). V3yueHbl pa3jiuuHbIE
MHUKpOoOHBIe coobiectBa (Van Nostrand et al., 2007; Zhou, 2009; Zhou et al., 2010; Tu et al.,
2014), 4TO OBLIIO OTpa’keHO TakyKe B omepatuBHOU mHpopMmaruu «Lawrence Berkeley National
Laboratory» (GeoChip 3.0 as a high-thoughput tool for analyzing microbial community
composition, structure [2010]). [ToMuMO OGHOTEOXUMHUYECKUX OTIMYMHA U BapHanuil (BIUIOTH 10
SKCTPEeMaJIbHbBIX, OTPAKEHHBIX BBIIIIE), TEOUUITMHT MUKPOOHBIX COOOIIECTB MOKET 0TOOpakaTh Ha
KapTy CTPYKTypHO-(PYHKIMOHAJIbHBIX CBA3€H «(PUHIEPIPUHTHI» WACHTUDUKALNHA Pas3JIMYHbBIX
MOIYJISAIIIAM, I[ITAMMOB, reorpadUUecKUX TaKCOHOMHYECKMX BapUallii MHKPOOPTaHHU3MOB U
O6uomarepraia eCTeCTBEHHOTO MMPOUCX0XKAeHU BoobIie. Ha JaHHBIN MOMeEHT 6uoreorpadudecKkoe
TECTHPOBAHHE TEOUMIIOB YK€ MPOBEIEHO B YCJIOBUAX OHMOMAa BJIAYKHBIX TPOIMUYECKUX OKIEBBIX
snecoB / rwien (Cong et al., 2015) U MaHTPOBBIX JIECOB, ¢ AHAJIM30M MOYBEHHBIX MHKPOOHBIX
coobmectB (Van Nostrand et al., 2012; Bai et al., 2013), 6uoreHHBIX pr0OOOPABYIONIUX CTPYKTYP B
MOPCKHX / OKEaHMYECKHX YCJIOBHUAX COJIEHOCTH / YAEJbHOHN 3JIEKTPOIIPOBOAHOCTH cpe/ibl (Bayer et
al., 2014), a Tak)ke pPa3JUYHBIX THUIIOB IOYB — OT AaJbIIUCKOTO THIIA JIYTOBBIX CHCTEM
(BcTpeuaronuxcsi Kak THI He TOJBKO B AJIbIIaX, HO M B UHBIX, B YACTHOCTH, a3UATCKUX TOPHBIX
CTPYKTypax, Takux, kak Tuber (Zhang et al., 2013)) [0 J1aBOBBIX / JIAaBONOJHBIX II0YB
rotbsiBasibckoro Jieca B Jkemky (Kim et al, 2012), rme mpeumylecTBeHHOU (3adacTyro —
TeHOTHITNYECKU-3HIEMUYHOM) MUKpoOHoTOl sBsA0Tcs apxen (Kim et al., 2014). IIpukiagHbie
MIPUMEHEHUsI XUMHUYECKU-PEAKTUBHON MeTabOoJIMYecKON UAeHTU(GUKAIUA MHKPOOPTaHU3MOB B
OMOTe0CHUCTEMOTEXHUKE HA YHITE MOIYT OBITh MPOU/IIOCTPUPOBAHBI BHE[PEHHEM B HKOJIOTHUECKHU-
YHUCTYI0 OMOSHEPTETHKY U OMOpeMearanuio 3arps3HeHHbIX cpesl. B kauecTBe MPHUMEPOB MEPBOTO
HaIpaBJIeHHUs IeJ1eco00pa3HO aHHOTHPOBATh, ¢ 2008 roaa (Zhou, 2008) dbukcupyembie pabOTHI C
HCIIOJIb30BAHUEM T€0UYUIIOB B 00J1aCTH KOHTPOJIA KMJIM MOHUTOPHHTA IPOIECCOB MUKPOOHOM
depmeHTaII1 OTXOOB C MOJIyYeHHEM BOJOPO/IA /IS 1lejIe BOJAOPOAHON SHEPTETHKHU OYAYIIETrO B
OMOBJIEKTPOXUMHUYECKUX MUKPOOHBIX peakTopax (Wang et al., 2008), BILIOTh 0 T€HETUUECKOTO
aHaJIN3a «aHOAO(UWIBHBIX COOOIIECTB» B MUKPOOHBIX SUelKax JiIsi OMO3JIEKTPOJIN3a MHUKPOOHO-
oboramenubix cpex (Liu et al., 2010). B kauecTBe mnpuMeEpOB BTOPOrO HAIpaBJIEHUS
11eJ1eco00pa3Ho yKazaTh Ha paboThI 10 aHAIU3Y C MCIIOJIb30BaHUEM TeOYHUIIOB (PYHKIIMOHAIBHOM
CTPYKTYPbl MUKPOOHBIX COOOIIECTB M PACTUTEILHOCTH 3arpsi3sHeHHbIX Box (Wang et al., 2014),
IIOYB M MHBIX Te0CpPe/l, B TOM 4ucie — B Iessax ouopemenuaruu (Van Nostrand and Zhou, 2014).
AreHTOM 3arpsi3HEHUs MOTYT OBITh Kak opranuyeckue (Hampumep — penantpes (Ding et al., 2012)
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Wi MacasHo-HedTsHble 3arpss3HeHus (Zhong et al, 2010; Liang et al., 2014)), Tak u
HeopraHuyeckue (HaIpuMep — IPOJYKTHI BBINIEAUMBAHUs, B TOM UKCJIE U B OCOOEHHOCTH —
muHepasbHoro (Lu et al., 2012)) 3arpsasHeHus. B 2016 rojy mpoBeieHBI HCCIEAOBAHHA II0
PE3UCTEHTHOCTH OaKTepUAJIbHBIX COOOIIECTB K AaHTUOMOTHKAM B paMKaxX aHajau3a T.H.
«pesucroMa» ropoackux Boz (Low et al., 2016)".

TOYHOCTh aHaIM3a MPUIOBEPXHOCTHBIX U IIOJIIOBEPXHOCTHBIX PEAKTUBHBIX IOIMYJIAINN
OakTepuii M WHBIX MHUKPOOPTAHHU3MOB MOKET ObITh BepU(UIPOBAHA U BAJIHAHUPOBAHA ITyTEM
COTIOCTaBJIEHHUs JaHHBIX reHouunuHra (¢ cucrem tumna GeoChip) u pumounnunra (¢ cucreM THIa
PhyloChip, ucnosnb3yembix i (GHUIOT€HETUYECKOTO aHAIN3Aa U MOJIEKYJISIPHOW CHCTEMATHKH).
KoMIutekcHOCTh aHa/In3a JIOCTUTaeTes 3/iech IMyTeM MeTareHoMHoro reounnuira (Van Nostrand et
al., 2011, 2016; Xue et al., 2014; Gao et al., 2014; Tu et al., 2014; He et al., 2015). Hago ckazatb, 4To
CMBbIYKa TPUHIIUIIOB U METOJIOJIOTUHM IPUKJIAHOTO TEeOUYHIIMHTAa W (PUIOYUITUHTA SIBJISIETCS
OYEBHUIHBIM CJIEACTBHEM €IHUHCTBA 00BEKTA M TEXHUKH MCCIE0BAaHUS — FeHEeTHYEeCKOIro aHalInsa,
BIUIOTH JI0 ITUPOCEKBEHUPOBAHUS U T.II. TEXHUK. PUIJIOUUIIBI TaK}Ke MCIOJIB3YIOTCS JIJIsI aHAIU3a
MHUKpOOHBIX coobiecTs (Nelson et al., 2009; Hamady et al., 2010; Schatz et al., 2010; DeAngelis et
al., 2011; Krebs et al., 2014) u 6akTepuanbHOro pazHoobpasus (Sagaram et al., 2009; Weinert et
al., 2011), BwIO4asg OakTepUaJbHOE pa3zHOOOpa3uWe Y3KUX IIPOCIOEK IOYBBI PpHU30ChEPHI,
CoJIeprKaIme CUMOHMOTHYECKHE a30TGUKCUPYIOIIHE BU/JIBI co CTPUTOJIAKTOHHOM
yyBcTBUTENbHOCTRIO (Weinert et al., 2010, 2011; Reich, 2009), u Tak:ke MOTyT XapaKTepHU30BaTh
XUMUYECKYI0 peakTUBHOCTh MuKpoopranusmoB (Handley et al., 2012; Ding et al., 2012) u
HCITOJIb30BAThCsA C XEMOMETPUUECKUMH MeTofaMu (pemokcmerpusi, pecnupomerpus (Hery et al.,
2010), HUTpoMeTpus A azotdukcaropoB (Zhang, 2005; Zhang et al., 2005)). Takke, Kak u
reouuIsl (CM. aHAIU3 MUKPOGIIOPHI BOJIOHOCHBIX TOpu30HTOB / akBudepoB (Van Nostrand et al.,
2009)), dwiounnbl MOTYT OBITh WCIOJIB30BAHBI JUIS AaHAJIN3a MHUKPOQIOPHl IOYB
cyOmoBepxXHOCTHOTO cjiosi U moazeMHbIX Boji (Handley et al., 2012). Takike, Kak ¥ T€OYHUIIbI
(cp. aHaym3 ry60K U prd006pa3yIIIUX MOCTPOEK KUIIIEUHOIIOJIOCTHBIX Ha reouuriax (Bayer et al.,
2014) u ¢pwiounnax (Kellog et al., 2012)), ¢mwioununsl MOTyT GBITH UCIIOJIB30BAHBI JIJISI aHATU3A
OuoMUHepaIU3auy U OHOPEIMKINHTa MUHEPAJILHOTO BEIlECTBA U COJIEN, AKX CEJIEKTUBHBIHA
WIN CYTIepa/I/ITUTUBHBIA BKJIA/] B Y/IEJIBHYIO 3JIEKTPOIPOBOIHOCTD CPENbl U, KaK CJIEJCTBHE 3TOTO,
XUMH3M OHOJIOTHYeCcKUx cpen (0cob60 yduThiBass KaHajoMHble 3(QGEKThl U 3JIEKTPOTeHHYIO
MIPUPOY aKTUBHOCTU OHMOJIOTHUYECKUX MEMOPaHHO-OTTPAHUYEHHBIX CTPYKTYP). B ¢Bsi3u ¢ aTMU 1
MHOTHMH JPYTHMH Iapa/IeJIIMH, Ha KOTOPBIX OCTAaHABJIHUBATHCA HE HMEET CMbICJIA, B CHIIY
OUYEBU/ITHOCTH KPUTEPHUEB UAeHTUGUKAIMYA W MPUHIUIIA UIEHTUYHOCTH JIJIsI TAHHOTO MHO’KECTBA
METO/IOB, MOKHO PE3IOMUPOBaTh, YTO, HE CUMUTAsI CIENU(PUKN MHOKECTBEHHBIX MEIUIIMHCKHUX
(Nelson et al., 2011; Kellog et al., 2013; Baudart et al., 2017) u conuajpbHO-3HAYUMBIX (PAKTOB
MIPUMEHUMOCTH B HPUKJIaAHBIX 3amavax (Lynch et al., 2007; Huang et al., 2009; Korves et al.,
2013) AaHHBIX (PUIOYUIIOB ¥ OCHOBAHHBIX HA HUX TEXHOJIOTHMH MHTEPIPETAIUH JaHHBIX (BILIOTH
JIO ceTeBbIX 6a3 TaHHBIX ¢ BeO-uHTepdelicom — Takux, kKak «Datensystem qChip-Entwicklung und
Implementierung einer Phylochip Microarray Datenbasis und der zugehorigen Webapplikation»
(Badnjevic, 2011)), ypOBHU IPUMEHHMOCTH (MOJIEKYJISIDHBIE, B O0IIEM CJIydae, He CUUTAS OTIINIUS
B akIeHTax Ha 16S PHK B ¢pmrouunax (Brodie et al., 2007; Metfies and Medlin, 2008; Sagaram et
al.,, 2009; Huang et al., 2009; Slusher, 2010)) y reouunoB u ¢GpUIOYUIIOB HAEHTUYHBI, XOTA U
Ka4ecTBO MyJIbTHIUIEKCHpoBaHUs U data mining-a / KDD y reouumnoB Ha nopsiaku Bbimie. OHaKo,
IIPU BCEM 5TOM, IIOCJIEJTHHE TAK)KE OCTAIOTCSI YHCTO T€HOMHBIMH, a He (PEHOTHUIINYECKUMHU HJIU
OPSAMBIMH ~ XEeMOMETPUYECKMMHU CHCTeMaMH. YWIIOB [iid THOPUAHOTO (PEHOTHIINYECKOTO
XEeMOMETPHUUECKOro (KOJIOKaIH3allMOHHOT0) aHaIu3a B PeajlbHOM BPEMEHH He CyIIeCTBYeT.
Bup nannbix, nomydaeMsbix ¢ 'eoYurna, mpeacrasiieH Ha Puc. 3.

* ONOpPHBIMHU JIJAHHBIMU O HOPME MOTYT ABJIAThCA JAUHAMHUYECKHE JAHHbIe 0 MUKPOOHBIX COOOIIECTBaxX B
ecrecTBeHHBIX ycnoBuax (Van Nostrand et al, 2011; #{#F, 2011); B uHTepecHOM Jig HaIIEro

paccMOTpeHHs caydae — mouBHl (Xue et al., 2014; Zhao et al., 2014; 23S A, ZCH 4l & T AE, 2012).
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Puc. 3. launabie ¢ 'eoYumna

CTpOKH TPENCTaBJIAIOT BUJOBOM COCTaB TAKCOHOMHUYECKU CElapUpOBAaHHOU (OakTepuu, apxew,
SYKapUOTHI) MOYBEHHONH MHUKpOOHOTHI. 1o cTonbmam oTyiokeHa OuOreoXxummudeckas (QyHKIIHA,
COOTHECEHHAs ¢ UASHTU(OUIIMPOBAHHBIMHY P YHII-aHAJIM3€e TeHAMU: yYacTHe B IIMKJIAX YTIEPOoJa
U a30Ta, CTPeCC-PEAKIUH U T.JI.

2. MeToanbl

BbicTpoe nmporoTUNIMPOBaHUE YUIIOB U 3D-ipuaTHHT. Teopusa u npaxkTuka

JlocTaTOuHO OYEBHHO, UTO ]I IOJHOLIEHHOTO OCYIIECTBJIEHUS (YHKIIMH MOHHTOPHHTA
(insitu / B pealbHOM BpEMEHH) CHCTeMa JOJDKHA IIPEJICTABJATH cOOON He ITAaCCHUBHBIN UHII-
MaTpHILy, a CHCTEMY, 00eCIIeUrBaIoIIy0 cOOp U Mepeaavy JaHHbBIX C HEITOCPEACTBEHHOTO KOHTAKTa
CO cpeJior, 00ecreurnBaeMoOro KanmuUIIPHBIME / WHTEPdEHCHBIMU IpolleccaMi. To ecTh, MHBIMU
CJI0BaMU, BO-TIEPBBIX, CHCTEMA JI0JIKHA MPEICTABIISATh COO0M aKTUBHYIO «J1a00PaTOPHIO Ha YUIIE» C
HIMYMEM B Hed ¢urongHoro Mmukpopenbeda (M MUKpoperbeda MTOBEPXHOCTHO-AKTUBHBIX
CEHCOPOB), obecreunBaroIero OINITUMAaJIbHBIE OHoa/iIre3uBHbIE, COpOITMOHHBIE u
ououHTEp(ENCHBIE ITPOIlECChl, a, BO-BTOPHIX, OBITH OMOCOBMECTHMOM, YTO, B JAaHHOM CJIyd4ae,
SIBJISIETCSI SKBUBAJIEGHTHBIM OTCYTCTBHIO B HEM HCTOYHUKOB apTedakTOB, MOCKOJIBKY JIIOOBIE He-
OMOCOBMECTHMbIE MAaTEPUAIBI W TEXHOJOTHMU B CJaydae OHOJOTHYECKOTO MOHHUTOPHHTA B
€CTECTBEHHBIX YCJIOBHAX OyAyT BIIOJIHE OYEBUJHBIM 00pa3oM BJIMATh Ha HCTOYHUK
QHAJIUTHYECKOTO CUTHaJIa, cMelas ero («HeraTUBHAs PEAaKTUBHOCTb» BCJIEACTBUE JEHCTBUS
KCEeHOOMOTUKOB U (U3NIECKUX (PAKTOPOB, CBA3AHHBIX C TUAPOPOOHOCTHIO / TUAPOPUIBHOCTHIO,
UMIIEJIAHCOM U T.II. XapaKTEPUCTUKAMU, KOTOPbIE JIOJI?KHBI TOAOUPATHCS JJI KOMILJIEKCA « CEHCOP-
obOpasell-cpezia-ceHCop», HMCXOASA W3 IPEeABAPUTEIBHOTO aHa/M3a JIMTEPATyPhl U MOJEIbHBIX
MyJIbTU(UUUECKUX BBIUYUCIEHU). VIcX0ad U3 TeXHOJIOTH, 00eCIeunBaIoINX KaK BO3MOXKHOCTD
MOJIM(UIIMPOBAHUS ITOBEPXHOCTH, TaK U OBICTPOE MPOTOTHIIMPOBAaHUE PeIbedHBIX CTPYKTYP Ha
Hel, MPeANoJIOKUTEHFHO, He TTOBPEXKIAIOIINX KJIETKH, ObLJIO MMPUHITO «TAKTUYECKOE PEIIEHUE»
00 ucnosb30BaHUM 3D-TPUHTUPOBAHHBIX YUIIOB Ha 0a3e MOJUMEPOB, ABJISIONIUXCS, IO TaHHBIM
JINTEPATYPHI, OOJIOTHYECKHU-COBMECTUMBIMH M HEITUTOTOKCUYHBIMH.
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Hamu 6b11 ucmiosb3oBad 3D-IPUHTHHT HA CHCTEME CTAaH/IAPTHOTO THUIIA C TOJIOTPEBAaEMbIM
crosioM (nHkeHep 1o 3D-mmeuatu ®.A. Hacupos), mokazanHou Ha Puc. 4.

Puc. 4. Co6panubiii 3D-TIpuHTEp 71 eYaTH MPOTOTUIIOB YUIIOB Ha OOJIBIIINX ITOBEPXHOCTX

K coskasieHuio, corvia CTaHAAPTHBIX IMPOMBIIIEHHBIX 3D-IIPUHTEPOB BBIXOAWIIU U3 CTPOS
mpu pabore ¢ GYHKIIMOHAJIBHBIMU KOMIIO3UTAaMH, KOTOPBIMU MBI IBITAJIUCh JJIA TPHUAAHUSI
CIEIMAIN3UPOBAHHBIX CBOMCTB IOBEPXHOCTH IleUaTaTh yKa3aHHbIE CTPYKTypbl. OpHAKO Ha
cTaHAapTHBIX IacTukax (ABS, PL u ap.) mporecc 1es gocraTouHo 3pdekTuBHO. Bugeo meuaTtu
CTPYKTYp-TIDOTOTHUIIOB, Ha KOTOPBIX, C Y4ETOM KPHUTEPHUEB IMOA00OUs, HCCIIEJOBAIUCH ITOTOKH,
cOpOIIMOHHBIE ¥ OMOAITe3NBHBIE CBOMCTBA B TOIIOJIOTUH KaHAJIOB, IPUBEIEHO HA Pecypcax:

> https://vimeo.com/273508210 (Puc. 5a);

> https://vimeo.com/273508513 (Puc. 50);

> https://www.youtube.com/watch?v=tlb2jtryWqo (Puc. 5a);

> https://www.youtube.com/watch?v=HapB970MiGc (Puc. 56);

a TaK’Ke paclpocTpaHeHOo IMyTeM MUKPOOJIOTHHTa Ha pecypce JJabopaTOpPUU:

> https://twitter.com/Laboo5/status/954308076315783168 (Puc. 5a);

> https://twitter.com/Laboos/status/979402936580296704 (Puc. 50);

®OoTO yCTAaHOBKHM /I UX IedYaTd NpuBeJieHO Ha Puc. 50. POTO /IBYX CTPYKTYP-IPOTOTHUIIOB
lab-on-a-dish mpuBemenbt Ha Puc. 6. IIpOTOTHIIBI YHIIOB [IJISI OINTHYECKHUX HCIIBITAHUH,
HaHeCeHHble Ha JIEHTy W3 THYIIErocsi W JIOCTaTOYHO >KECTKOTO CIEeIUAJIbHO T0I00paHHOTO
rmosiuMepa mpuBefieHsl Ha Puc. 7. VMcnosib3oBaHME MPOTOTUIIOB YUIIOB HA BBICOKOIIOJIMIMEPHBIX
JIEHTaX B IIPOTOTUIIE KOHBeHepHO! poToMeTpHUUeCcKOH WiIu JeHCUTOMETPUYECKOU KaTMOPOBOYHOM
CcXeMbl CUYUTHIBAHHs, ITOKAa3aHHOW HMKe Ha Puc. 8, MO3BOJMIO IpOaHAJIU3UPOBATH T'PAHUIIBI
MIPUMEHUMOCTH (POTOMETPUUECKOTO IIOJIX0JIa B MAacCCOBOM KOHBEHEpPHON aHAJIMTUKE Ha
OTHOPA30BbIX IIACCUBHBIX YHUIIAX, IPeAJIaraBIINXCS paHee Kak aJbTepHAaTHBa MHOTOPa30BOH
crcTeMe Ha YHIIe, a TAaKKe YCTAHOBUTHh UCTOYHUKU OIITHOOK.
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Lab-on-a-chip (3D printing) :

() Odeg V. Gradiov

Microfluidic Lab-on-a-dish (3D printing). Retated Widess

D Avwplay et vites

o

2 omvsnoe D ! K

Puc. 5. ITeuats cTpykTypbl-ipoToTHna lab-on-a-chip (a) u lab-on-a-dish (6)

6
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6

Puc. 6. ®oT0 /1ByX TONOJIOTUN CTPYKTYP-IPOTOTUIIOB lab-on-a-dish
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Vcriosb30BaHME JOCTYIHBIX aJTUTUBHBIX TEXHOJIOTUH /11 GOPMUPOBAHUS YUIIA BO3MOXKHO
000CHOBaTh CJIEAYIONIUM 00pa3oM. AJIJIUTHBHBIE TEXHOJIOTHU (POPMUPOBAHUS aHATUTHYECKHUX
qumnoB (MPUHTHUHT C HUCIIOJI30BAHHEM Pa30rpeBaeMbIX (POPCYHOK), MACCHBHBIX J1TAOOpAaTOPUH Ha
YHIle UHTEHCHBHO UCIIOJIB3YIOTCA B MUKPO(IIOUINKE U MepcreKTHBHOU HaHopurronauke (Comina
et al., 2014; Wang et al., 2015; Walczak et al., 2016; Yazdi et al., 2016; Lee et al., 2016; van den
Driesche et al., 2018). [Isis 3TOro IpUMEHSIIOTCA METO/bI, obecreunBaionire (GOPMHPOBAHUE
KOH(UTYPUPYEMBIX YCTPOHUCTB XEMOMETPUKU U OMOTEXHOJIOTUH, 00ECTIEYNBAIOIINE PEAKIUOHHYIO
WHXKeHepHIo cyIoxkHBIX cucteM (Kitson et al., 2012) ¢ UHTErpUPOBAaHHBIMU 3JIEMEHTAMHU ITOBOJIA U
BbIBOjIa po6 (Comina et al., 2015; Gong et al., 2018); B ToM 4ucje, METOAbI MUPOIPUHTUHTA U
BakyymHoro npuntuHra (Okkuno et al., 2002; Coppola et al., 2016). TeXHOJIOTUH XMMUYECKOTO
JIeTEKTUPOBAHUSA HA MOA00HBIX YCIOBUAX MPELyCMaTPUBAIOT: Vis- n Y®-cnekrpockonuio (Prince et
al., 2015), cnexkrpodayopumerpuro (Zitka et al., 2015), dporomerputo (Comina, 2017), GyMaKHYIO
cenapanuio (Yafia et al., 2015), anektpodopes, Briwouas reab-aimekrpodopes (Adamski et al.,
2016; Walczak et al., 2017, 2018), a Tak:ke IpoYHe SJIEKTPOXUMHYECKHE METObI, BKJIFOUAst aHAIN3
C UCIIOJIb30BaHMEM KBaHTOBBIX Touek (Krejcova et al., 2014).

Puc. 7. MezodJoniHble MHOTOSUEUCThIe IOJIMMEepPHbBIE YHIIbI-IIPOTOTUIIBI HA «KOHBEHEepHO!
JIeHTe» U3 aKPHJIOBOU CMOJIbI — IIOJIMMETHIMeTaKpuiIaTa. [HyIascs mieKc-JeHTa MOXKeT ObITh
HU3TOTOBJIEHA U3 JAHHOTO COCTaBa JIF000H Tpela-Mapku (JIMMaKPWJI, IUTA3KPUJI, aKPUJIEKC,
AKPIJIANT, aKPUILIACT, METAIIEKC, JIFOIIUT, AKPUJIUT, IIEPCIEKC, HOBATTPO, IUIEKCHUMA U T.7.)

I 6MoJIOTHYeCKUX MPUMEHEHUH — TaKUX, KaK MUKPOBACKYJ/IIPHbIE MUKPOAHATOMUYECKHE
paboTel — B 3D-IIPUHTHPOBAHHBIX YMIIAX YACTO HCIIOJIB3YIOT ruzporeseBble ciou (Yang et al.,
2016), mesnas akieHT Ha GuocoBmectumocTh unioB (Takenaga et al., 2015; Credi et al., 2018).
BHOCTPYKTYphl Ha 4YHIIE ITOJJEPKUBAIOTCS PA3HOTO YPOBHSA CJIOXKHOCTH — OT BpPEMEHHOH
dukcarun (uTpaTHBIi Oydep, TremapuH WM aJbTePHATHBHBIE — B 3aBUCHMOCTH OT
notpebHOcTel) kiaeTok KpoBu (Plevniak et al., 2016), cocyaucThIx 3/IEMEHTOB U IPOIIECCOB
BacKyJApu3anuu B ruzporessax (Yang et al., 2016) 1160 aHaIM3a reMaToJIOTHYECKUX OapbhepoB Ha
yune (Harding et al., 2017), 4TO C/IOKHO, HO NMPUHITUITHAIBFHO OYEBHUIHO, /0 KYJIBTYP KJIETOK U
opranoB Ha yure (Knowlton et al., 2016; Podwin et al., 2018; Miller, 2013): HanmpuMep, OT MOYEK
(Sochol et al., 2016) no HepBHOIi cucteMbl (Johnson et al., 2016), Bkitouasi eBUHATHBIE (POPMBI U
CTPYKTYpbI, B yacTHOCTH — oHKosiorudeckue (Yi et al., 2017). OnHOM U3 3asa4 JAaHHBIX paboT
SIBJISIETCS KJIETOYHBIM M TKAHEBBIH CKPUHUHT JJI (apMaKOJIOTUH U TOKcUKoyioruu (Zhan-ying et
al., 2014; Tourlomousis et al., 2014). Mukpodiopa, kKak IpaBUIO, HE UCCIIEAYETCA B AaBTOHOMHBIX
YCJIOBHSIX, OJTHAKO OHA M3y4yaeTcs B JIaOOPATOPHBIX YCTAHOBKAX IO OT/IEJIBHBIM JIECKPUIITOPAM:
OrosHepreTUKe WK OGHOXUMHUUECKUM KAacKa/laM MUKpoopraHnu3MoB npu ¢epmenrtanuu (Podwin et
al., 2016; Podwin and Dziuban, 2017), BO3MOXHOCTH J€TEKTUPOBAHHSA HATOT€HOB C IOMOIIIBIO
accoIMUPOBAHHBIX ¢ HaHOoUacTunamu areHToB etc. (Chudobova et al., 2015).
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6

Puc. 8. IIporoTun koHBeliepHOTO (HOTO-//IEHCUTOMETPHUECKOTO KAJTHOPOBOYHOTO YCTPOKCTBA
JUISI CYIUTHIBAHUS TJIEKC-JIEHT YUIIOB: a — OOIIUY BU/; O — y3eJ1 BpallleHUsl KapeTKU / HOCUTEJIs
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TakcOHOMHYECKHE BO3MOXKHOCTH TaKHX PabOT He OTPpAaHWYEHbl TEXHUKOU OIpeeseHUs
cOOCTBEHHO OaKTepHil, TaK KaK JETEKTHPYIOTCA U IMPOCTeiInue (Kak MpuMep MOKHO IIPHUBECTU
MayIpuiHbIH w1aszmoaui (Bauer and Kulinsky, 2018), BUpychl 1 ropu30HTaIbHBIN ITIEPEHOC TE€HOB
(Krejcova et al.,, 2014; Brennan, 2017) u 1.1. COOCTBEHHO MHUKPOOPTaHU3MBI MOTYT OBITH OT
HanboJiee KPYMHBIX, YACTh U3 KOTOPHIX BO3MOKHO aHAJM3UPOBATh M HA YUIAX — OE3JTMH30BBIX
MHKPOCKOIIaX, JI0 MaJIblX, KAK MUKpPOIIa3Ma, JeTeKTUpyeMbIX Mo UV-Vis-xapakTepucTukamM, HO
0e3 mo3unuOHHON uyBcTBHUTENbHOCTH (Devathasan et al., 2013). ITomuMo 35TOro, Ha YHIIax
MOZIO0OHOTO THIIA MOKHO M3ydaTh KPHUCTAJIM3AIUI0 U TPaJIMeHThle TUIIhI KOHIEHTPAIIHOHHBIX
SIBJIEHUH, B TOM YHCJIe — PeaKIIMOHHO-Iu(pdy3noHHbIX 10 pupoze (Liang et al., 2017; Chen et al.,
2016). MBamkaTopaMu ¥ CUTHUIBHBIMH IpeoOpa30oBaTessIMH IIepeMEHHBIX MOTYT OBITH
pas/INuHble «OHUKCHBIE» CXEMBI, TaKHe, KaK OCHOBaHHbIe Ha I1a3MoHuke (Law et al., 2016),
Ha"HogotoHuke (Koos et al., 2017), njaHapHO-aHTEHHOH PaJUO3JIEKTPOHUKE U T.JI. [I03TOMY OHHU
COBMECTUMBI M C Halllel WJIe0JIOTHEH MHOTOYPOBHEBOTO ITpeoOpa30BaHUs Ha IMOBEPXHOCTH UHIIA
(Gradov, Jablokow, 2016). OnHako: /is obecriedeHusI MUKPOOHUOJIOTHYECKON U TAKCOHOMHYECKOMH
3¢ PEKTUBHOCTH JAHHOTO THIIA MYJIbTUILUIEKCHPOBAHHUA Ha YWIle HEOOXOAUMO 00OecreyuTh He
TOJIBKO COBMECTHMOCTD UHIIa C IIpeobpa3oBaTesisiMu, 00eCIIeTnBaIOIIUMI MYJIbTHILIEKCHPOBAHHE,
HO U COBMECTHMOCTD YHIIa KaK KCEHOTE€HHOTO 00BEKTA CO CPE/ION U IeJIEBBIM aHAJIUTOM — IIOYBOU
U e€ MUKPOQJIOPOH, TO €CTh, B IEHOTATe, €Er0 OMOCOBMECTUMOCTD M «9KOCOBMECTUMOCTh» (B T.4. —
«TIeI0COBMECTUMOCTb»). DTOT acHeKT MpoOJIEMbl pacCMaTPUBAETCSI B pasfieyie 5 HacCTOsIel
CTaThbH, TAK KaK €ro pas3peliuMOCTh B II€JIOM SBJSAETCA CJAEACTBHEM (PUBUKO-XUMHUUYECKUX U
CTPYKTYPHBIX 0COOEHHOCTEM, paCCMOTPEHNE KOTOPHIX BXOUT B IIPEAEbI TP00JIeMbI, OCBEIaeMOM
IIPEIBAPUTEIHLHO B CIEAYIOIIEM Pa3elie.

3. Pe3ysabTaThl M 00CyxKAEHUE

IToBepXHOCTH UYMIIOB U X CTPYKTypa. MukporpaduueckKkue uccjaiei0BaHusA

Kak ObLUIO IIO3UIIMOHUPOBAHO BBIIIE, KJIOYEBBIM IPUHIHIIOM IS HU3TOTOBJIEHUS
OIIHMCHIBA€MBIX UHIIOB — IMPOTOTUIIOB SBJISIETCS COBMECTUMOCTD ITOBEPXHOCTH M CYOTIOBEPXHOCTHOM
CTPYKTYpPbl UHIIOB C €CTECTBEHHOU cpezoi. IloaToMy 1OC/j€ HW3TOTOBJIEHUS UHIIOB
BBINIIEOTIMCAHHBIM ~ METOZIOM  BO3HHUKJIA  OYeBHJHasg  mpobsieMa  MUKPOCKOIHUYECKOH
XapaKTepU3alliid KaK IIOBEPDXHOCTH, TaK U CyOIOBEPXHOCTHOH CTPYKTYpPbl YHIIOB. bBbLIH
KCCJIEIOBAHDI IBA THUIIA YUIIOB:

> Yun ¢ syelKkaMu, II0 TeOMETPHHU MOAO0OHBIM CTaHAapTHOMY «reHouumy» (Puc. 9).
HccnemoBaHue MOKa3aa0 HEONTHMAJIbHOCTh JAHHOW KOHQUIYpallMU JJIA H3MepeHHd (B CHIy
IUIOXOU aare3uu, GOpMUPOBaHUs IApPallMH ¥ MUKPOTpPEINHH, ¢Garui-cBUIeld U MPOHUKHOBEHUS
BO3/YIIHBIX MMy3bIped HA TPAHMUILY MOJIOKKH U MOJUMEPA 32 CYET HAJTUYHS PA3BUTOU CUCTEMHOMN
nepdopanuu (ssueek), HOHNUKAIOIIEH HAZEXKHOCTB).

> OH ke, HO TIOCJIe BBeJIeHUs (DJIyOPECIIEHTHBIX BU3YATU3UPYIOMINX BellleCTB (0OBIIHO
— TeTPANUPPOJILHBIX KpacuTesien), GhJIyopecupyOIIUX MO/ IEHCTBUEM JIa3epOB, TaK KaK B paboTe
IpejIaraeTcs «rubpuausamnus» JasepHo-duyopeciieHTHOTO Tmoaxona (FRAP) c JazepHoi
MaTPUYHO-OIIOCPEIOBAaHHOM JiecopOrneii-nonusarueit (MALDI). ®iyopeciieHTHASA BU3yaTU3aIus
JIVHOK / siYeeK 4YHIla TPU Ppa3JUYHBIX JIMHAX BOJIH, yIJIaX WUIIOMAHAIIUA W TOYKAX
MIPOCTPAHCTBEHHOTO IMO3UIIMOHUPOBAHUS JIa3€PHOTO Iy4YKa (IIPHU WCIIOJIb30BaHUU IielTpadepHOi
OIITOBOJIOKOHHOI CIIEKTPOCKOIINHM CyOHAaHOMETPOBOTO pa3pelleHus, JaHHbIe KOTOPOH MPUBEIEHbI
B Tabsure 1) B paiiOHe JIYHOK, C HCIIOJIb30OBAaHHUEM IIOJIUMEPHONM MATPHUIBI (YAaCTUYHO — KaK
BOJIHOBO/IA WJIH HOJIYIIJIAHAPHOTO ONITHYECKOTO CBETOBO/IA) IMOKa3aHa Ha Puc. 10.

> Yur ¢ noaysuerikaMmu, chopMUPOBAHHLIME ITyTeM 3D-IIpUHTHUHTA B TeKCType (Kiacca
BOJIOKHHCTO-TKAHBIX MAaTEPHAJIOB) U3 CTaHAApPTHOTO cybmpo3pauHoro ABS-mractuka (Puc. 11).
Yun 3TOro THIIA JI0 KCCJIENOBAaHUU IMOPUCTOCTH CTPYKTYPbl U copOumu (€ HMCIOJIb30BAaHUEM
KpacuTesell Tuma poflaMuH-6G) moKasaa ujeajabHble CBOUCTBA: KaK IO KPUTEPUIO yAep:KaHUSA
MHKPOOPTaHU3MOB, TaK U 110 Pa3BUTOCTH MTOBEPXHOCTH.

> OH ke, HO TT0CJIe BBeIeHUA (hJIyOpECIEeHTHBIX BU3YATU3UPYIOIIUX BEIEeCTB (3/1eCh 3TO
ponaMuH-6G), GpIyopeciupyIomuX Mo/ IEHCTBUEM JIa3€POB, TaK KAK HAMU B paboTe IpeJiyiaraeTcs
«TuOpuau3anusa» JgasepHo-diyopeciieHTHOTO moaxona (FRAP, FLIP) ¢ jazepHOW MaTpUYHO-
omocpenioBaHHOI JiecopOrueii-uonusanueii (MALDI u apyrumu LDI). HecmoTpss Ha TO, 4TO
JIAHHBIM THIT YUIIOB IIOKa3aJl BBICOKHE METPOJIOTHYECKHE U CTPYKTYPHBIE XapaKTEPUCTHKU Ha
Mpe/IBApUTEILHOM ~ JTalle, TPWU BBEAEHUM B HETO KpacuTessl, WHAUIUPYIOIIETO BCe

15




Biogeosystem Technique, 2018, 5(1)

HEOJTHOPO/THOCTH  TIOBEPXHOCTH M  MHUKDPOCTPYKTYPBl ~BHYTPEHHETO IIOJIMMEPHOTO  CJIOS,
ABJIAIONINECS MPOJYKTOM MEXaHUKU U aaropuTMoB 3D-mpuHTHHTA (0OECTevYnBaoIUX «IICEeBJIO0-
TKaHYI0» CTPYKTYDPY), OOHAPYKIT IeJIbIH PsZl CTPYKTYPHBIX edekToB. KpacuTesnp nmomazian B HUX
Kak ¢ y3nOHHBIM IyTEM, TaK U Yepe3 IIeIN U TOIOJOTUYECKHE OTBEPCTHUs, BCIIEZCTBHE UETO
HCIIOJIb30BaHNE HA IPAKTHKE TAKOTO THUIIA YHIIOB IPUBEJO OBl K IIOJIHOMY 3aceJIeHUI0 ero
MHUKPOQJIIOPOH, a He TOIBKO duKcanuu e€ B 1iesieBbix obsactsax ROI (Puc. 12).
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Puc. 0. MI/IKpOCKOHI/I‘-IeCKOC Hucciaea0oBaHue yuIia ¢ AYeHKaMHU.
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BuoJsioro-nouBeHHass COBMECTUMOCTH YHUIIOB

OTBeuasi Ha BOIIPOC O BO3MOKHOCTH HCIIOJIb30BAHUS OJTUMEPHBIX YUIIOB JIJISI KYJIbTUBAIH
MHKPOOPTAaHU3MOB U 3KOJIOTHYECKH-COBMECTUMOTO MoHUTOpHHTa (environmental-friendly)
MMOYBEHHOW MUKpPOQJIOPHI, HEOOXOIMMO PACCMOTPETh KaK IPUTOJAHOCTb JAHHBIX IOJIMMEPHBIX
cpen s TOJIEPKAHUA KU3HENEesITETbHOCTH MHKPOOPTaHU3MOB, TaK U OHUOIErpaIupPyeMOCTb,
Omope30pOoupyeMoCTh YKa3aHHBIX cyOcTaHIuid. OTBET HA BOIPOC O COBMECTUMOCTH OTHOCUTCS K
OMOMUMETHYECKON XUMUU U TEOPUU BHEKJIETOUHOU mosimMepusanuu. «4To ectb OakTepuaabHas
cpeJla BHEKJIETOUHOU ITOJIMMEPU3AIUU?» — TAKOW BOIPOC 3aJIaI0T Hoct Bunrenzep, Tom Heio u
Xanc-Kypr ®siemunr (HpiHe — u3 IieHTpa OuorieHok Universitidt Duisburg-Essen, Fakultat fiir
Chemie, Biofilm Centre) B 1IaBe KJIacCMYECKOH KOJUIEKTUBHOM MoOHoOrpadguu  II0o
AKCTpPaleJUTIOJISIPHBIM MToJIMMepHbIM cybctaniusaM (Wingender et al., 1999). OTBeT Ha Hero He Tak
MIPOCT, KaK XOTeJIOCh Obl, IIOCKOJIbKY IIOJIUMEPBI, Te€HEpUpPYEMbIE KUBbBIM K OHOKOCHBIM
BEIIlECTBOM, HE OCTAIOTCSA WHTAKTHBIMHU, HO BCTYMAIOT BO B3aUMOJENCTBUE C T€HEPUPYIOIUMH UX
CTPYKTypamMH, (QOpMHDPYs, B pe3yJbTaTe, CJIOKHbIE KOMIIO3UTHBIE CTPYKTYPhI OHOILIEHKH.
XeMOCOpOIIMOHHBIE U aJIF€3MOHHbIe IIPOLeCChl  YCYTYOJIAIT HecrnenudUUecKuil XapakTep
MIPOIECCOB UM MPOAYKTOB UX (GopMHpoBaHUsA. MHOroha3HBIN XapaKTEP OMKUCHIBAEMBIX CTPYKTYP
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00yCJIOBIIUBAETCSA COBMeIleHHeM HUHTepQeNCHBIX ABIEeHUN (Ha rPaHUIAX BO3yX — IOYBA, BO3/YX
— BOJIa, BOZja — IIOYBA, [T0OYBA — JIUIIH/IBI )KMUBOTO BeIecTBa / BOJa — JIMIHU/IBI JKUBOTO BEIECTBA),
JIEVICTBUSA KaTUOHOB (M3MeHAIUX (a3oBBIA MOPTPeT OMOTeHHOTO M OGHOKOCHOTO BeIEeCTBA),
dbopMUpoOBaHUA KOJUIOUAHBIX CTPYKTYP Ha MPUHIUIIAX CAMOOPTaHU3AIUU B CTOJIh KOMILJIEKCHBIX
IPaINEHTHBIX YCJIOBHAX, HE JOMyCKaoIux (OpMHUPOBAHHA TOMOTeHHOU (a3bl Ha OOJIBIINX
IIPOCTPAHCTBAaX M CTAOWJIBHBIX BPEMEHHBIX HWHTEPBAJAX, a TaKiKe BKJIIOUEHHEM B IIPOIECC
OTJINYHBIX 10 OMOXMMHUYECKOW TAaKCOHOMHHU W, COOTBETCTBEHHO, OMOT€OXUMHYECKUM ITUKJIAM
MHUKPOOPTaHU3MOB (DaKTepUU, apxer, MHUKPOBOAOPOCIH, TPUOKH), BO3IEUCTBYIONIUX HA OajyiaHC
EPS (Extracellular Polymer Substances), sBissich HpAMBIMEH MAaTpULlAMH |/ TeMILIATAMHU
BHEKJIETOYHON OMOT€HHO-WHIYyIIMPYEeMOU IIOJIMMEpPU3AINH, a TAKXKe HPSMBIMH T'€HepaToOpaMu
MIOJIUMEPOB, 5/DKEKTUPYEMBIX KJIETKAMU B OKpYXKawoIlyi cpexy. COOTBETCTBEHHO, HYKHO
paccMaTpuBaTh He IOJMMEpPU3alHI0 KaK TaKOBYID B OTpPbIBE OT TeTEPOTEHHOH CTPYKTYPHI
IPa/IUEHTHO-CTPYKTYPU3yeMO TIOYBEHHON cpefipl, HO GOpPMHUPOBaHUE KOMIIO3UTHOH /
OMOKOMIIO3UTHOH CTPYKTYPHI B IIOYBE B Ipoliecce eé dopmupoBaHus. Vcxo/isa U3 3TOro MoAxo/a,
CJIeZlyeT pelraTh BOIIPOC O COBMECTHUMOCTH IOJIMMEPHBIX YHIIOB.

TN '
‘ ” . 3 ‘h,

DPSS-s1a3ep 405 HM. DPSS-1azep 405 HM.
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B T

DPSS-s1azep 405 HM. DPSS-azep 405 HM.

A

DPSS-nazep 405 HM.
DPSS-i1azep 405 HM.

DPSS-1azep 405 HM. 3

DPSS-nasep 405 HM.
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DPSS-i1azep 405 HM.
DPSS-nazep 405 HM.
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DPSS-s1a3ep 405 HM. DPSS-nazep 532 HM.
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DPSS-nazep 532 HM.
DPSS-s1a3zep 532 HM.

p
DPSS-s1a3ep 532 HM.

DPSS-nazep 532 HM.
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(¥ T

DPSS-s1azep 532 HM. DPSS-nazep 532 HM.

Puc. 10. OiyopecrieHTHAs BU3yaIU3aIus JIYHOK / AU€eeK YUIIa IIPU Pa3JINYHBIX JIJTUHAX BOJIH,
yTJIaxX WUTIOMHUHAIIAYA U TOYKAX IPOCTPAHCTBEHHOTO TO3UIIMOHUPOBAHNS JIa3€PHOTO ITyYKa

Baktepuocnenuduutble AerpagupyeMble MOJIUMEPHI, UCXOsd W3 O03HAYEHHOTO MPHUHIIMIIA,
MOTYT OBITh HM3YYE€HBbI, UCXOAA K3 CIEeNUPUUYHOCTH CUHTETHUYECKUX WIH IIOJyCUHTETUYECKHUX
IIOJIUMEPOB 10 KPUTEPUSIM OHMOMHMETHMYECKOTO CHHTe3a Jinb0 SKBU(DUHAIBHOCTH C
O6mosiormueckuM ImporeccoM. Tak, i moudpupoB M3BECTHHI (HAKTHI OMOCOBMECTHMOCTH U
OuoerpagupyeMocTi, 00yCIOBJIEHHON UX CHHTE30M C HCIOJIb30BaHUEM MeTa0OJTHYECKUX ITyTeH
MUKpooOpranuamoB; mpuHnun “plastics from bacteria and for bacteria” sBiserca oguum us
HanboJiee SMeP/KEHTHBIX, T.e. DKOJIOTHYECKHU-IIPOTPECCUBHBIX IIOJX0/I0B, HECMOTPsI Ha TO, UTO
XPOHOJIOTUYECKH OH BO3HHUK JocTaTouyHo mgaBHO (Brandl et al, 1990). 9Ttor mnpuHIUI
BOCIIPOM3BO/ISIT BO MHOTHX paboTax 1o Hactosimee Bpems (Lenz, 2007). [Ipocredmmium npuMepoM B
obsilact  GMOCOBMECTHMOCTH OaKTEPUOTEHHBIX IIOJIMMEDPOB SBJISAETCS IEJUII0JI03a — TOUHEE,
O6aktepuanbHas 1esutonosa (Keshk, El-Kott, 2017). BuomeaunuHcKkue MOJTUMEDPSI, SABJISIOIIAECS
Ouo/ierpalupyeMbIMU, TaKyKe 4YacTO SABJAIOTCI II0 IyTSAM HX CHHTe3a OaKTEPUOTeHHBIMU
(Sevastianov et al., 2001; Basnett et al., 2017), kak 1 aHaJIOTUYHBIE OWO/IETPATPYEMBIE TIOJTUMEPHI
obmero HazHadeHusa (Ojumu et al., 2004). 3ayacTy AJI1 3TOTO HCIOJIB3YIOTCSA OaKTepuabHbIE
usosiatel (El-Kady, 2014). Bo3mokHa mnoTouHas OakTepuasibHAs KOHBEPCHUS TOKCHYHBIX U
XMHUYECKHU-KOHTAMUHHUPOBAHHBIX CTOKOB B Psiji OrozerpaaupyeMsix moumMepoB (Holowach et al.,
2014).

IIpu sTOM GakTepHabHbIE PEAKIIUU SBJISIOTCS OMPEAEAOIIMMU KaK B acleKkTe cocraBa /
XUMH3MA, TaK U B acleKTe (PU3NUKO-XUMUUECKUX CBOMCTB, B TOM UHCJIE — PEOJIOTHU, TPUOOJIOTHH U
MeXaHOXHMUU IOJIUMEPHOTro BemecTBa B mouBe (Kang et al., 2017).

Crienyer OoTMETUTH, YTO KOMIIO3UTHI B OAKTEPUOJIOTUM U MHUKDPOOHOJIOTHH, HE HCKJIYast
ITOYBEHHYI0 MHUKPOOHOJIOTHIO, UMEIT JOCTAaTOYHO OOJIBIINYI0 HMCTOPHI0 BHEJApEHHA. IlepBbIM
«HAHO-KOMIIO3UTHBIM» TIOJIMMEPHBIM METOZIOM B YKa3aHHBIX 00JIACTSX SIBJISJICA, MO-BUIANMOMY,
ayieKTpodope3 B arapo3HO-aKpWIAMHIHOM Tejie KOMIIO3UTHOTO CTPOEHUs JJISI KCCIIeOBAaHUSA
O6aktepuanbHbix pubocom (Dahlberg et al., 1969). B acmekTe CHHEPreTHYECKOTO COBMEIIEHUS
3¢pPEKTOB KOMIIO3UTHOM MATPHUIBI / cpefbl U OaKTEPHUATbHBIX CTPYKTYP, BEPOSITHO, IIEPBOM
paboToii B 3TOM HAaIlpaBJeHUM fABJsAeTcsa pabora CTioapTa ¢ COaBTOPaMH, YTBEPIKIAMOIIAsA, UTO
dbakT QopmMupoBaHHA MHIMEHTHBIX JKEIYHBIX KaMHEH O0O0yC/JIOB/IeH «OMOKOMIIO3UTHBIM»
B3aMMO/IEHCTBIEM OaKTepHUaIbHBIX MUKPOKOJOHHU M TBEDJbIX BEIECTB IHUTMEHTa B COCTaBe
TeTEePOTeHHOTo 1 MyJIbTH(ha30BOT0 KoMILIeKca (Stewart et al., 1987).
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Puc. 11. MUKpOCKOIIMYECKOE UCCIIeJ0BAHNE YHIIA C MTOJIysTUeKaMu, cOPMUPOBAHHBIMUITYTEM
3D-nmpuHTHHTA B TeKCType (K1acca BOJIOKHUCTO-TKAHBIX MATEPUAJIOB) M3 CTAHAAPTHOTO
cybmpo3paunoro ABS-mactuka

Ha fgaHHBI MOMEHT HCCJIEIOBAHUSA II0 CHHTE3y MATPHUI[ ¢ MHKPOOPTraHH3MaMHU BeJyT B
HECKOJIBKUX JIeCATKAX I[EHTPOB, B TOM YHCJIEe — CHEIUATHU3UPYIONIUXCA Ha (a30BOH CTPYKType
OUOIJIEHOK, HO KOMITIO3UTHBIMHU CTPYKTYPAMH HAa3bIBAIOT OMOCTPYKTYPY B IIOUBE CPAaBHHUTEIHHO
PEAKO, YeM OIIPeJIENIAEeTC OTHOCUTEIBHO MaJIble « MH/IEKCHI PEJIEBAHTHOCTU» JAHHOTO COYETaHMUS
B CeTeBbIX 3ampocax (HO B HEMEIKOM U psJie HHBIX S3BIKOB, CKJIOHHBIX K PAaCIHIUPEHHOMY
€J10BOOOPA30BAHUIO, AHAJIOTH JIAHHOTO TEPMHHOJIOTHUECKOTO PsJia BCTPEYAIOTCS 00Jiee Jacro).
Tem He MeHee, TEPMUHBI C JAHHBIM COJIEPKAHUEM YaCTO NPUMEHSIOTCA IO OTHOIIEHUIO K
HaJIMOJIEKYJIIPHBIM KOMILUIEKCAM OMOTEHHBIX IIOJIMMEDPOB WU OHWONOJMMEPOB C BHEIIHUMU
areHTaMu / MaTpUIAMH; HAIPUMEP, TOJIBKO I OAKTEPHAIBHOU IIEJUTI0JIO3bI OIUCAaHA COTHS C
JIMIITHUM BapHUaHTOB KOMIIO3UTOB — cHcTeMa OakTepuasbHas mesutosiosa / xuto3an (Ciechanska,
2004; Kim et al., 2011), 6akrtepuasbHas mnewtoso3a / d¢ocdarer (Barud et al., 2007),
OaktepuanbHas nesutioo3a / II9T (Cai and Kim, 2010); 6akTepuaabHasl 1eJUTI0JI03a / HKCTPAKT
Aloe sp. (Saibuatong and Phisalaphong, 2010), 6akrepuanpHas INeyT0I03a / HAHOYACTHUIIBI
cepebpa (Barud et al., 2011; Yang et al., 2012), 6akTepuasibHas 1eJUTI0JI03a / KOJUIareH (B TOT ke
KJ1acC MOTYT ObITh WHTpOAyHupoBaHbl GIM — MaTpPUKChl WIM KOMIUIEKCHI C KEJIaTUHOBOM
uMmmobminzanuein) (Zhijiang and Guang, 2011), etc.
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Busya.ausauwl Me30(ﬁ./l10uaﬂblx KaHa.1068 npomomunos nO48eHHbLIX HUnoe

€ ucnoav3oeaHuem Kkpacumens pooamuH-6G.
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IIpoHukxHOBEeHUEe Kpacumeasn 8 MUKPOCMPYKmMypy 1wunda.

o

B
Bsanmopericreue ¢ puOpn/IAPHON TEKCTYPOU BzaumoneiictBre ¢ puOPUIIIAPHON TEKCTYPOH
ICEeBAO-TKAHOrO 3D-IPUHTHPOBAHHOIO YHIIA. IICEB0-TKAaHOr0 3D-IIPUHTHPOBAHHOIO YHIIA.

-

BzaumogeiictBue ¢ GUOPULISPHOM TEKCTYPOIL

BzaumoyieticTBue ¢ GUOPUIISAPHON TEKCTYPOH
ICEeBA0-TKAaHOTO 3D-NIPUHTHPOBAHHOIO YHIIA.

IICEBAO-TKAaHOI'O 3D-1'I PHUHTHPOBAHHOTI'O YHIIA.
L

-

© K
ITOMHMO IPOHMKHOBEHUA KPACHTE/IA MOKHO IToMrMO NPOHUKHOBEHUA KPACUTEJIA MOKHO
. Habmo1aTh 5P PEKTh! B3auMOAeHCTBUA YnIa ¢
Ha6m0aaTh 3P eKThI B3aNMOAeHCTBUA YUIIa C Iy3bIPbKAMHE BO3/yXa.

IMy3bIPbKAaMH BO3yXa.
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IToMHUMO MPOHUKHOBEHUS KPACUTEIA MOKHO
Ha00AaTh 3P EKTHI B3AUMOAEHUCTBUA YUIIA C
My3bIpbKaMH BO3yXa.

IToMHUMO MPOHUKHOBEHHUA KPACUTELA MOYKHO
Ha0I0AaTh 3P EeKTHI B3AUMOJAEUCTBUSA YUIIA C
Iy3bIpbKaMH BO3ayXa.

28
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IToMHUMO IPOHUKHOBEHUS KPACUTES MOKHO
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Puc. 12. HAuKanusA CTPyKTYPHI IICeBA0-TKAHOTO YUIIA ¢ TOMOIIBI0 KpacuTtensa u DPSSL
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B TO e Bpems, WHCHOJH30BAaHUE KOMIIO3UTHBIX MaTEPUAIIOB I MOHHTOPHHTA
MHKPOOPTAaHU3MOB U UX KYJIbTHBAIIMU — CPABHUTEJIBHO pacIpocTpaHeHHas (popMa IpUMeEHEHHUS
KOMIIO3UTOB B KJIETOUHOHM, MHUKPO-TIOMYJ/IAIAOHHON ¥ HKOJIOTHYECKONH MUKPOOHWOJIOTHHU: BH/IBI
KJIOCTPUZUHA YCIEINTHO KYJIbTUBUPYIOTCA Ha KOMIO3UTHBIX PDMS-mem6panax (Van Hecke et al.,
2012), 6uduaobaKTEPUU MOTYT paboTaTh Ha KOMIIO3UTHBIX (PHUIIBTPAX, KaK BTO JieJlaeTcs Ha
MHOTHUX MPOMIIPEANPUATHAX, U T.J. B IpUHIUIE, ¢ TOYKHA 3peHUsT OHODUBUKHU, 9TO MaJIO0 YEM
OTJIMYAETCS OT METOJIOB / TEXHOJIOTUH KyJIbTUBAIIUM KJeToK pactenuii (Ikezawa et al., 1998) mim
JKMBOTHBIX Ha KOMITO3UTaX / KOMIIO3UTHBIX ckadosiax u ruzporensx (Bhowmick et al., 2016;
Vikhrov et al., 1998; Popriadukhin et al., 2011; Xioxia et al., 2008; Li et al., 2009; Kremer et al.,
2000). 3HaYUTEeJIbHO 0o0Jiee pacIpocTpaHeHbI, BIIPOYEM, CTAHZIAPTHI KyJIbTUBAIIUU KJIETOK Ha
OOBIYHBIX MOJIMMEPHBIX (He KOMIIO3UTHBIX) HOCUTEJIAX C IPOTPpaMMUPyeMBbIMU cBoucTBamMu. Kak
MIPaBUJIO, PeUb UJIET O KUBOTHBIX KjeTKax (Slavnaia et al., 1974; Arnold et al., 2002; Sternberg et
al., 2004; Pierkes et al., 2004; Giselbrecht et al., 2005; Sudha et al., 2006; Shved et al., 2006, 2011;
Haraguchi et al., 2006; Sitalakshmi et al., 2006, 2008; Vacik et al., 2008; Ivanov et al., 2010;
Yasuda et al., 2011; Dolgikh et al., 2011; Matsunaga et al., 2012; Bauermeister et al., 2014;
Imagawa, 2018), HO U3BECTHBI NPEIEIeHThI pabOTHI ¢ TOJIMMEPAMU /IS KyJIbTUBAIIUH BOJIOPOCTIEN
(Kibok et al., 2013; Kerrison et al., 2017), pacrennii (Hooker and Lee, 1990; Ilieva et al., 1995),
npocreimux (Goto and Nakajima, 2015), rpuboB (Hayashi et al., 1976) U MUKpPOOpPraHHU3MOB
(Dissing and Mattiasson, 1994; Khanna and Srivastava, 2010). IToaTomy cama ImocTaHOBKa
Ipo6JIeMbl UMILIAHTUPYEMBIX B MOYBY ITOJTUMEPHBIX UUIIOB JIJIsI KOHTPOJIHUPYEMOH KyJIbTHBAIUU
WIA TICEBIOVMHBUTPAIBHOTO MOHHUTOPHHTA MHKPO(QJIOpPHI, OUEBUIHO, UMEET CMBICJI. YUUTHIBAA,
uTo U J1abOPaTOPHBIX YCJIOBHH HCHOJIB3YIOTCSA YHUIBI ¢ MHUKPOQIIIOUIHON KOH(QUTrypanuei
(Funfak et al.,, 2009) mma xourtposns pH. Eh, pX wu psaa [apyrux pesieBaHTHBIX
6moanexkTpoxuMmumyecknx nokasaresneit (Chagas et al., 2014), panroHaJIPHO KOHTPOJHMPOBATh HA
BBOJIUMBIX B IIOYBY ITOJIUMEPHBIX JIKOO KOMIIO3UTHBIX / OHWOKOMIIOBUTHBIX YHIIAX U 3Ty
IapaMeTPUKy. ATO apXHUBAXKHO, B TOM YHCJIe, C TOUKU 3PEHUs] aHAIN3a MPOAYKIMOHHBIX CBOKCTB
OMOKOCHOTO, a He TOJILKO JKUBOTO BellecTBa. He 3aTparuBasi COTHH pab0T, IMEIOIIHUXCS 110 TaHHOH
TEMaTHKe Ha 3apyOesKHBIX A3bIKAaX, OTMETHUM, UTO B Poccuu 5TO HampaBiieHHe y:ke 6ojiee 40 JieT
pasuBaercs B.1. CaBuuem u 3atem — mkosiod B.M. CaBuua — HbiHe npodeccopa TCXA (Capuy,
1974; KaypuueB u Jip., 1975; Savich et al., 2004; CaBuu u 1p., 1979, 1993). [lomumMo pemoxc-
XapaKTEPUCTHK MMOYBBI MU U3yUeHbI POJIb KOMILIeKcooOpazoBanus (CaBuy, HUKUTOUKHH, 2012;
Cenpix u Jp., 2012) B IUIOJIOPOJHOM CJIO€, MPOM3BE/IEHA OIEHKA COCTOSHUSA CHUCTEMBI IOYBa-
pacTeHue II0 COAEPKAHUIO W COOTHOIIEHHIO IIOJIOKUTEJHPHO W OTPUIATEIPHO 3apsKEeHHBIX
coenunenudi (CaBuu, TpyburunHa, 1987; CaBuu u 7p., 1990a). B pamMkax mocTpoeHUH JaHHOU
IIIKOJIBI OOBEKTHUBHO CYIIECTBYIOIIHE BJIEKTPOXUMUUYECKHE U KOHIIEHTPAIMOHHBIE IOJISI B IOYBE
SABJIAIOTCA (paKTOpPaMH IUIOIOPOAHS TOYB M IMouBooOpasoBauusa (CaBuy u jip., 1989; CaBuy u jp.,
19900; CaBu4 u 2p., 2009). Paznuuns 3pHeKToB MOTOKUTETHHO M OTPUIIATEILHO 3aPsyKEHHBIX
areHTOB IPH 3TOM J0CTaTOYHO oueBUAHBI (CaBuu u aAp., 1990a). Takum oOpa3oM, ITOMHUMO
JIOKAJIbHOTO KOJIODUMETPUYECKOTO HJIH CIIEKTPOKOJOPHUMETPUUYECKOro aHaim3a moyB W ROI
KoJIoHHeoOpazytonux exunul (CaBuy u 7p., 2004; baiibekoB u ap., 2007), cUCTeMe Ha YUIIE
MOZKHO JIeJIETUPOBATh peoKcMeTpruueckue QyHKITUHU.

Hamu 6bL1 OCyIllecTB/IEH aHAIN3 ITOBEPXHOCTH OJHOTO M3 TUIIOB YHUIIOB, HUCIIOJIb30BABIITUXCS
HaMU — C JKeJIATUHOBOU MOJJI0KKOU U3 HOTO3MYIIbCUU (PacCMOTPEHUE 3TOTO TUIIA YUIIOB OyZieT B
O/THOY M3 CJIEAYIOIINX YaCcTeH CTaThbU) SA/IEPHOTO HAa3HAYEHUS — HA MPEAMET HAJTUYUS B MOJIJIOMKKE
/ Ha TIOJUIO’KKE MHKPOOPTaHHU3MOB IIOCJie THOPHAHOTO  BMYJIbCHOHHO->KHIKOCTHOTO
SKCIIOHUPOBAaHUsA 0e3 Imocieayoieid 00paboTKU. DTOT TUII YUIIOB SABJISIETCA ONTUMAIBHBIM JIJIS
3a/1a4 TEMHOBOU PabOThI HA OOJIBIIIUX TJTyOMHAX ITOYB, I7Ie aTeHTaMU SKCIIOHUPOBAHUS CJI0S MOTYT
SABJIATBCA JIMIIh XUMHYecKHe ¢akTopsl (kak B xemoaBTOorpaduu) H aBTOMIyOpECIeHITHs
MHUKpoQIopbl. Pe3ynbTaT ucciaenoBanus i ogHoro u3 ROI Ha maccMBHOM 4uIle MPUBEAEH Ha
Puc. 13.
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Puc. 13. CTpyKTyphsI ecTecTBEHHOU MUKPO(I0phI Ha TouBeHHOM GIM-6mounie

Hawmwu, kpome Toro, 6bLIIN UCCIIEIOBAHBI OKOJIO 40 COMILIOB, OHAKO UX MOIPOOHBIN (PU3UKO-
OMOXMMHYECKHH  aHAIW3  SABJSAETCA  IPEAMETOM  OTAeJdbHbIX  paboTr. I[IpuBeneHHbIE
MuKpodoTorpapuu MOKa3bIBAIOT, YTO HA IUIAHADHOW TMOJUIOKKe (POPMHUDPYIOTCS  APKO
BBIDQ)KEHHBIE CTPYKTYPbl KOHTaMHUHAINUH. [l0 JAaHHBIM KOHCYJIPTAIlUU C MUKDPOOHMOJIOTAMU U3
PHUIMY, mnpeamnonokeHo Hajauuue rerepoMopdHbix dopm Acromobacter sp. — OHH CTPOTO
adpoOHBIE M COZepIKaTCA B BOZE W T0YBAX; WAEHTHU(MUIIUPOBATh HX KaK KYyJIbTypaJIbHbBIE
KOHTAMHUHAHTHI TaK)Ke BO3MOXKHO. l13-3a OTCYTCTBHSA BO3MOKHOCTH OKPAacKH B IIOYBE in VIVO
CTaHZAPTHBIMH METOJAMHU, OIPENETUTh OKCU(PIWIBHOCTh WU 0a30QWIBHOCTh UX B PEXKUME
pPEeaTbHOTO BPEMEHU HE IPECTABJISAETCS BO3MOKHBIM. OJTHAKO COOTBETCTBYIOIIHE METOABI OYAyT
paccMOTpPEHBI B OTHOM U3 CJIeAYIONINX YacTel HaCcTOAIIero IUKJIa.

4. 3axaoueHue

Takum 006pa3oM, IO KJIIOYEBBIM MPOOJIeMaM JIf PelleHus 3a7a4 KOMIUIEKCUPOBAHUSA psifia
meTto10B MALDI, FRAP u FLIP Ha yune, norpy:xaemMoM /ij1 9KCIIOHUPOBAHNA B IOYBEHHYIO Cpe/ly,
TIOJIyY€HBI CJIEyIOIINe PelIeHNA:

1)  Hanuume/OoTCyTCTBHE CHENUAJN3UDOBAHHBIX YHUIOB JUIA IOYBEHHO-OMOJIOTMYECKUX
3a7a4 (peHOTHIMYUECKOTO M OHOTeOXHMIYECKOT0 IUIaHA) PEeaIbHOTO BpeMeHH. — Haymyue 4umnos

AJIA HO‘{BeHHO-6I/IOJIOI‘I/I‘-IeCKI/IX U OHOTreoXMMHUYECKUX 3aJa4, OCHOBAHHBIX Ha IIPHUMEHEHHHU
TEHETUYECKUX MApKEPOB H CTAHAAPTHBIX T€HETHYECKHX METOAO0B, OYEBHUJHO, HE€ MOXKET KakK
TUNWYHAsA CEKBEHOMHAs TEXHHKA CUHUTATHCS CPEACTBOM HCCIIEZIOBaHUA in situ / B peasbHOM
BpEMEHU; II03TOMY, HECMOTpPsI Ha HaJIMYHE BBICOKOKAueCTBeHHBbIX ummoB THHA “GeoChip” m
AQHAJIOTUYHBIX UM (WIOUMIIOB, NMOTPEOHOCTh B CO3JJaHUU YHIIOB /I OWOIOYBEHHBIX 3a/1a4

COXpaHsAETCs.
2)  B03MOXKHOCTH __ OBICTPOrO MPOTOTUIUPOBAHUSA ___ YHIOB. - Bo3MoxHOCTH
MPOTOTUIIUPOBAHUA, B TOM 4YHCJIE — OBICTPOTO TPOTOTHUIIMPOBAHUS, TIOYBEHHBIX YHUIIOB

KaCTOMHU3UPOBAHHOTO (C I[€JIbI0 HMICIOJIb30BAHUS /I KOHKPETHOUW 3a/laui) YPOBHS B YCJIOBHUSX
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J1abopaToOpuil MOKET OBITH JOCTUTHYTA C ITOMOIIBIO OO/KETHBIX 3D-IpUHTEPOB, U3TOTOBJIEHUE
KOTOPBIX MOKET OBITh BBITIOJTHEHO 32 HECKOJIBKO JHEM IPH 3aTpaTax B HECKOJIBKO COTEH V.e. JINOO
3aKa3aHO 3a CyMMBbI B HECKOJIbKO ThICSY y.e. IIpOTOTUIIMpPOBAaHHE MOKET OCYIIECTBJIATHCA HA
OCHOBe OMOCOBMECTHUMBIX WJIM OMOpa3iaraeMbIX IOJIMMEPOB (CM HUIKe), KOTOPbIE MOTYT SIBJISAATHCS,
B YACTHOCTH, YACTHIO MOJJIOKKH MaTPHUIIBL.

3) CoBMECTHMOCTH IOJUMEPHBIX MMOAI0KEK WX TOKPBITUH YKIIOB C ITIOYBEHHONW OMOTOM.
— B ciiygae GIM-uumnoB ujieaibHasi COBMECTUMOCTD JIOKa3aHa MaTepHhajaMu paszesa 4, 0cobo —
tabyuierr 6. TeopeTwdeckw, BO3MOXKHOCTH OHOCOBMECTUMBIX ITOJIUMEDPOB 00OeCIedrnBaloT
IIUPOKUN CHEKTP XapaKTEPUCTHUK M Trpajanuii OMOBOCMECTHMOCTH, BIUIOTh JI0 YACTHUYHOHN /
TPaHyJIAIMOHHONW OMOpa3jiaraeMoCTH, pacCMaTPUBAEMON B OJHOUW U3 CJIEAYIOIIUX 4YacTed B
HACTOSIIEM ITUKJIEe PaboT.

4) Hajmuue mosMMepHBIX MOJUIOKEK, KPACHUTEJIEH in vivo W MATDPHIL, COBMECTHMBIX C
MALDI. — [IpuHIMNuaIbHAsA BO3MOKHOCTb UCIOJIb30BAHUS Kpacuresiel, coBMecTuMbix ¢ MALDI,
MIPOIEMOHCTHPOBAHA B Tabs1. 3 ¥ 5. [I[puHIMIHAIbHAsT BO3MOKHOCTh HUCIIOJIB30BAHUSA JIJIsI 3TOTO
psa MOJIMMEPHBIX MOJIOKEK — TaM JKe, a Takke B Tabiumax 1, 4. AHaiau3 mnpobsembr MALDI-
COBMECTUMOCTH MaTepHajia ITOYBEHHBIX YHUIIOB SIBJISIETCSA OT/AEJbHBIM IIPEJIMETOM OJHOH W3
CJIETYIOIIUX YacTel HACTOSIIETO ITUKJIa PaboT.

5) Bo3MOXKHOCTH WCCIIeJIOBAaHHSA YUIIOB C JIAHHBIMH _TeKCTypamMu (hJIyOpeclieHTHBIM
MeTosioM. — IIpuHIOUMIIKAIPHASS BO3MOKHOCTH HCIIOJIb30BAHUSA KpacUTeseHd, COBMECTHMBIX C
texHukoi FRAP (Fluorescence Recovery After Photobleaching), a takke FLIP (Fluorescence Loss
in Photobleaching) u ananormuHbIMU (JIyOpeCIeHTHO-KUHETUYECKUMU TEXHUKAMHU YaCTUYHO
MIPOZIEMOHCTHPOBaHa B Tabi. 3 u 5. Kak ciencTBre 5TOro, BO3MOKHO IMPEAIOJaraTh, YTO WX
HCIIOJIb30BaHUeE Oy/ieT paroHaabHbIM 11 tubpuausanuu MALDI u FRAP, MALDI u FLIP u T.1.
(yauThIBast mpuMeHUMOCTh X U B MALDI-maTpunax). TekcTypa MOJIMMEPHOTO YHIIA JTOCTATOYHO
IIpo3payHa U He MPENATCTBYeT NMPOHMKHOBEHUIO CHUTHaJIa Ha JETEKTOP, KaK 3TO IOKa3aHO B
MIPUBE/IEHHBIX BhIIIIE TaOIHUIIAX.

B 6imskadiux BBIMYCKAX JKypHAJIa BOIPOCHI, O3HAUEHHBIE B IIYHKTaX 4 U 5, OY/IyT OCBEIIeHbI
60oJtee mOIPOOHO.

5. baiarogapHocru
Pabora BeimonHeHa B pamkax loczamanua ®AHO 1.0047-2018- 0012, mojjep:kaHa TPAaHTOM
POOU 16-32-00914 (2016-2017 IT.).
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JIOKaJIbHO-TEeJIEMeTPUPYEMOT0 IMPOrPAMMHO-ANIIAPATHOTO KOMILJIEKCA IIOYBEHHOTO 3aJI0KeHUf,
ufeHTUUKANMA B KOTOPOM IIPOM3BOJUTCA HA OCHOBE COOCTBEHHBIX (PUBUKO-XUMUUIECKUX
apaMeTpoB UAeHTUDUIUPYEeMbIX 00beKTOB. Ha /JaHHBI MOMEHT IPENATCTBUAMHU K MacCOBOMY
BHEJI[DEHUIO JIAHHOTO IIOJIXO/AS SABJIAIOTCSA MaTepHaJoBeldecKhe MpoOJeMbl — TPOOJIEeMBI
OHOCOBMECTUMOCTH, OMOKOPPO3UHU U OMOPA3JIOKEHNUA TeX SJIEMEHTOB KOHCTPYKIIUH, KOTOPBIE IIPU
MAaCCOBOH 3aKJIaJIKe CIIOCOOHBI HE TOJIBKO MCKA3UTh CBOUM BBOJIOM Pe3yJIbTAThl HKCIIEPUMEHTA Ha
JIOKAJIbHBIX IU(MGY3UOHHBIX ITPOMEXKYTKAX, HO U CMECTUTD JIECKPUIITOPHl OMOT€OXUMUYECKOTO U
HKOJIOTUYECKOTO paBHOBecus. [IoaToMy BTOpas 4acTh CTaThbU IOCBSAIIAETCHA, B CYIECTBEHHOM
YacTU, UMEHHO Ipo0JieMaM BbIOOpA MAaTEPHUAJIOB /JII M3TOTOBJIEHUS UHIA M UX MPAKTUUECKOH
armpobarun. Kpome TOro, B CHIy TejleMETPUUYECKOTO XapakTepa cOopa JIaHHBIX U BIIOJIHE
dbopmanbHO MaTeMaTU3UpyeMoro crnocoba wuAeHTU(HUKANUU Ha «QEHOTUIMUYECKUX» U
OMOTEOXUMHUYECKUX «00MEHHO-MeTab0IMUYeCKUX» YUIaX JaHHOTO THIIA, HeOOXOAMMO, B IEPBYIO
ouepeib, MPOMJUIIOCTPUPOBATH IJIABHOE MMPEHUMYIIECTBO YUIIOB pa3pabaThlBaeMOro HaMU THIA —
BO3MOXXHOCTh CHHXPDOHHOTO aHajIn3a B DeaJbHOM BpeMEHH, HEOCTYIIHYI0 APYTUM YHUIIaM C
BO3MOKHOCTHIO 00pabOTKH MOCJIe0BaTeIbHOCTEN U HAEHTU(DUKAIINY OPTaHU3MOB, B TOM YHCJIE —
C MaATPUYHO-OIOCPENOBAHHOU JlecopOumei-uoHn3anued IpU  Macc-CIEKTPOMETPUUECKOM
CEeKBEHHPOBAHUH, 4 UMEHHO — T€HeTUYECKUM YUIIaM JJIS aHAIN3a [I0OYBEHHOU MUKPOOHOTHI. Ecn
Ham 9un He o0JaZaeT IPeuMyIecTBaMU JJAHHOTO THIIA, a COBPEMEHHbIE AaKTHUBHO
pacIpocTpaHseMble U HCIIOIb3yeMble IOYBEHHbIE reHeTHYecKre Yuibl THIA « GeoChip» cmoco6HBI
JleJIaTh TO YK€ caMOe, TO CMbICJIa B pa3paboTKe, 0U4EeBUIHO, HEeT. Ec/ii HaIw YUIIbl MOTYT BBIZIaBaTh
JIyJIINH METPOJIOTUYECKUH Pe3yJsIbTaT, HO TOKCHYHBI I CPeJbl — 3TO TOXe He BBIXoA. Ecim
IIpUMeEHseMbIe TIOJIUMEPHI U JPYTHE CPeIbl HEUTPaJIbHBI I MOYBBI M MHKPOOMOTHI, HO HE
BBIZIAIOT (DJIyOPECIIEHTHOTO U MAaTPUYIHO-OIIOCPEIOBAHHOTO MaCC-CIIEKTPOMETPUUECKOTO CUTHAJIA —
QHAJIOTUYHO, MPUKJIATHON M OTPACJIEBOM CMBICI B paboTe OTCYTCTBYIOT, HOO OHA HE BBIHJIET 3a
npenenbl  slaboparopuu.  VToro, KJIIOUEBHIMH — IpoOseMaMH I pelleHus  3a7avu
koMIutekcupoBanusas MALDI (uTto yXe aHHOTHPOBAJIOCH BBIIIE — MATPUYHO-OIIOCPEIOBAHHAS
ZlecopOIusA ¥ MOHU3AIUA IIPU PAa3HbIX BUAX MacC-CIEKTPOMETPHH, HAUMHASA OT BPEMSAIIPOJIETHOH,
3aKaHYMBAs OpOUTATIFHBIMH JIOBYIIIKAMHU» U JIOBYIIIKAMH C JUHAMUYECKOH rapMOHU3aINelN, Macc-
CIIEKTPOMETPAMH HOHHOTO ITMKJIOTPOHHOTO pe3oHaHca W T.A.), FRAP (merom wuccnemoBaHus
KHUHETUKH GJryopeciieHnuu mnocyie ¢oroodecuBeurBaHus / GOTOBBLKUTAHUS — CM. IIPEIBbIIYIIYIO
cratbio) u FLIP (ycraHOBiieHUMe YpOBHS 3aTyxaHUsA U NOTeph (QIIyopecleHIIMKd B IIpoIiecce
doroobecrieunBanus / GHOTOBBDKUTAHUA) HA YHUIlE, IOTPYKAEMOM /IS HKCIIOHHPOBAHUSA B
MIOYBEHHYIO CPEZLY, ABJIAIOTCA B KOMIUIEKce: a) Haymnure/oTCyTCTBHE CIEUATN3UPOBAHHBIX YUIIOB
JUIST TIOYBEHHO-OMOJIOTHYecKuX 3a7ad  ((heHOTUIIMYECKOTO W OHOreOXMMHYECKOTo ILIaHA)
peasipHOTO BpemeHHu; 6) Ecau HET — BO3MOXKHOCTH OBICTPOTO 3D-IPOTOTUIMPOBAHUA UYHUIIOB
JIAHHOTO Ha3HAYEeHUs Ha TeX MaTepHUaIaX, KOTOPbIe ONTHMAJIBHBI JIJIs JAHHBIX 33714 (CM. 1. 3, II. 4
Hioke); B) COBMECTUMOCTD TTOJTUMEPHBIX MOJIJIOXKEK WJIM MOKPBITUHA YUIIOB C TIOUBEHHON OHOTOM;
r) Hasimyre mosMMepHBIX TMOJJIONKEK, KpacuTesed in vivo U MarTpull, coBMecTuMbIx ¢ MALDI;
1) BO3MOXKHOCTD WCCIIEZIOBAaHUSA YUIIOB C JAHHBIMU TEKCTypaMu (IIyOPECIEHTHBIM METOJIOM.
ATU BOIIPOCHI IOJIPOOHO pacCMaTPUBAIOTCA B HACTOAIIEH CTaThe.
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Abstract

Many prominent ecological characteristics of Yellowstone derive from its hotspot-induced
uplift, including the moderate- to high-elevation terrain, the cool climate and deep snowfall. Heat
from the hotspot rises upward and drives Yellowstone’s famed geysers, hot springs and mud pots.
The major soil-forming factors in the area are volcanic parent rocks — rhyolite and andesite — and
lake sediments overlying rhyolite, cold temperatures, and deep snow in winter and low
precipitation in summer. The purpose of the work was to study the effect of hydrothermal activity —
geysers, hot springs and mud pots on the Yellowstone Plateau post-volcanic soils, developed on
rhyolite, lake sediments and andesite. The sampling sites were chosen in areas both affected by
hydrothermal activity — by mud pots, active geysers and the field of thermal waters and off the
direct hydrothermal effect — Hayden Valley and the Lamar River Valley. Chemical weathering was
a major feature of the affected soils. Near active mud pots, at pH 5.1-5.6, active rhyolite weathering
resulted in abundant amorphous silica production and sequential thriving of diverse diatom algae.
In soils on the lake sediments and close to the geysers, at low pH values (< 4), weathering was
moderate and biogenic silica was presented mostly by shells of testate amoebae. The content of
diatoms in these soils corresponded with that in the parent lake sediments. Similar conditions were
observed for the soils on andesite in the Lamar River Valley. Biogenic silica was also found in the
form of phytoliths, well-preserved in the productive grassland of the Hayden Valley, but
significantly affected in the soils near active hydrotherms. Hydrothermal activity was a driving
force of silicate mineral weathering and resulted in the thriving of diatoms on the plateau.

Keywords: soils, hydrothermal weathering, opal-A, diatoms, testate amoebae, phytoliths,
Yellowstone.
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1. Introduction

Investigations of relatively simple natural systems may contribute significantly to our
understanding of more complex phenomena. In soil science, an example of such systems can be a
soil developed in extreme environments such as cold ultra-arid oases of Antarctica, hot ultra-arid
deserts — Atacama, soils on recent volcanic rocks — Hawaii, Kamchatka (Karpachevskiy, 1965;
Amundson et al., 2008; Mergelov et al., 2012; Targulian et al., 2017) and specific post-volcanic
soils of the Yellowstone Plateau, affected by hydrothermal activity (Pierce et al., 2007).

At an elevation of about 2,500 m, the Yellowstone Plateau forms the core area of the
Yellowstone National Park. The area is one of the last remaining large, nearly intact ecosystems in
the northern temperate zone of the Earth and one of the world's foremost natural laboratories in
landscape ecology and Holocene geology (Schullery, 2004; Hansen, 2006; Pierce et al., 2007).

The plateau was built up by extrusion of volcanic rocks — siliceous rhyolitic lavas and caldera-
forming rhyolite tuffs produced by hotspot volcanism (Fournier, 1989; Christiansen, 2001).
In contrast to the rhyolite plateau, which extends over much of Yellowstone, the northeastern part
and the Absaroka Range are characterised by steep topography and high relief, primarily on friable
Eocene volcanic clastic andesitic rocks (Prostka et al., 1975; Meyer, 2001).

Heat from the hotspot rises upward and drives Yellowstone’s famed geysers, hot springs and
mud pots. The thermal waters are specialised, primitive ecosystems, rich in algae and bacteria
(Pierce et al., 2007). Neutral to alkaline, the thermal waters are mostly chloride- and silica-rich
(300-500 and 230—676 mg L, correspondingly). Acid-sulphate (-Fe-rich) boiling pools and mud
pots occur in some of the geyser basins.

Many prominent ecological characteristics of Yellowstone derive from its hotspot-induced
uplift, including the moderate- to high-elevation terrain and the associated cool climate and deep
snowfall. The rhyolite plateau is remarkably gently sloping.

Climate

The region is characterised by cold continental climate, although influenced by elevation,
latitude and broad-scale air masses. The two main features of the weather in Yellowstone are low
temperatures and heavy snowfall. The nearest reporting station is at West Yellowstone, and this is
usually the coldest place in the USA for several days every month of the year. Spatial extrapolations
from meteorological stations indicate annual average temperatures from 6 to 7°C, a growing season
longer than 5 months and average annual precipitation from 240 to 480 mm. Solar radiation is
relatively high due to lower cloud cover, while the vapour pressure deficit is high due to low
humidity and high temperatures. In the summer days, daytime temperatures range between +21
and +27°C, while night-time temperatures often fall below +4°C. Spring and autumn are
transitional seasons between the long, cold winter and the short, mild summer. Winter air masses
from the northern Pacific Ocean traverse the topographic low of the Snake River Plain to where
orographic rise onto the Yellowstone Plateau and adjacent mountains produce deep snow (Hansen,
2006; Pierce et al., 2007).

Soils

The major soil-forming factors in the area are volcanic parent rocks — rhyolite and andesite —
and lake sediments overlying rhyolite, cold temperatures, deep snow in winter and low
precipitation in summer. Rhyolite is rich in silica (typically > 69%) and poor in plant nutrients and
forms sandy, well-drained soils that support the monotonous, fire-adapted lodgepole pine (Pinus
contorta) forests of the Yellowstone Plateau. As the summer progresses, the upland rhyolite areas
and their lodgepole forests generally become dry earlier than the adjacent areas on non-rhyolite
substrates. During the Pleistocene, glaciers sculpted the bedrock and produced glacial moraines
that are both forested and woodless, sand and gravel of ice-marginal streams that are commonly
covered with sagebrush-grassland as well as silty lake sediments that are commonly covered by
lush, highly productive grassland, such as the Hayden Valley in the northwest (Marcus et al., 2012).

Most of the plateau soils fall into three orders, of which we sampled two: (1) Inceptisols
(Cryepts, the cold Inceptisols of high mountains or high latitudes, corresponding approximately to
Entisols) and (2) Mollisols (Cryols). Inceptisols are the most common soil order in Yellowstone and
dominate the central and southwestern parts of the National Park. They have a poorly developed soil
profile. Cryepts, representing the most common suborder, are formed under extremely cold
conditions. Mollisols have relatively thick, dark surface horizons rich in organic matter and are
usually associated with grassland in Yellowstone. The suborder Cryols is the most common type here.
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One can presume that the soils in Yellowstone are subject to impacts from salt aerosols
generated by hot geysers, geothermal springs and basins as well as mud pots. Hot-water systems
are characterised by the dominance of a liquid-phase flow and carry solutes that stay in solution
during boiling, such as Cl', SiO. and major cations (Caz+, Mg+, Na* and K+*), sometimes enriched
with Fe. Vapour-dominated systems may contain H.S (Nordstrom et al., 2005; Lowenstern and
Hurwitz, 2008). Klages and Hsieh (1975) found that in the suspended matter of streams draining
the area, quartz gave the dominant diffraction peak in the silt fraction.

The purpose of the present work was to study the effect of hydrothermal activity — geysers,
hot springs and mud pots on the development of the post-volcanic soils of the Yellowstone Plateau.

2. Materials and Methods

Study area and soils

The study was focused on soils of the Yellowstone Plateau within the Yellowstone National
Park. The soil samples were taken from the soil surface (0-10 cm layer) in August 2017. Sampling
sites no. 1—5 were located on Inceptisols, the most common soils on the Yellowstone Plateau.
Sampling sites no. 6, 7 were on grassland Mollisols with a relatively thick, dark surface horizon rich
in organic matter. The sampling sites are briefly characterised in Table 1 and are shown on a
schematic chart (Fig. 1).

Table 1. Brief characteristics of the sampled sites in Yellowstone National Park

Soil, parent

No. Site Description

rocks
Near sites of active hydrothermal activity
1 g;ss(;mt Basin Several tens of m from bubbling thermal springs
2 Ibid About 50 m from site 1 ECE%?:OI on
Fountain Flat 100-200 m from thermal waters, Celestine Pool, Y
3 Drive and about 400 m from an erupting geyser

A forested spot, about 1 km from Old Faithfull
geyser and acid-sulphate (-Fe) boiling pools and
mud pots

Far from sites of hydrothermal activity
A grassland enclave on fine-grained lake
5 Haiden Valley  sediments surrounded by lodgepole pine forests
on rhyolite

High bank of the Lamar River

By Old
Faithfull geyser

Inceptisol on
lake sediments

Inceptisol on
lake sediments

Lamar, dry
spot Mollisol on
Low bank of the Lamar River, about 30 m to site andesite

no. 6, grassland

7 Ibid, meadow
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Fig. 1. A schematic map showing sample site locations

The sampling sites were chosen in areas both (1) affected by hydrothermal activity — by mud
pots, active geysers and the field of thermal waters and (2) off the direct hydrothermal effect —
Hayden Valley and the Lamar River Valley (Fig. 2).

60




Biogeosystem Technique, 2018, 5(1)

Fig. 2. Typical landscapes of the sampling site: a — Biscuit Basin East, mud pots, b — field of
thermal water, Celestine Pool; ¢ — forested spot near the large Old Faithfull geyser, d — grassland
area next to the Lamar River. (Field picture b is from Pierce et al., 2007)

A brief description of selected physical and chemical properties of the soils is given in Table 2.

61




Biogeosystem Technique, 2018, 5(1)

Table 2. Selected physical and chemical properties of surface soils (0—10 cm)

EC Granulqmetrl()c Gross composition of fine earth, %
> | composition, %
No. | pH /mScm >

1 <2 j.,lm 50“.1’1’1 SlOQ Aleg Fego:g CaO MgO Nago KQO

Soils on rhyolite
1 5.08 0.214 2.2 55.5 01.8 4.4 1.5 06 04 05 0.5
2 5.35 0.056 o 83.5 06.4 1.7 06 02 03 03 04
3 5.62 0.267 3.2 57.3 92.6 3.3 1.1 0.7 04 0.6 0.8

Soils on lake sediments

4 3.86 0.170 1.0 56.4 74.3 12.2 4.6 1.1 1.0 2.4 2.9
5 5.19 0.274 1.1 56.0 74.1 11.9 3.7 1.8 1.0 3.1 3.2

Soils on andesite
6 7.33 0.227 1.0 56.4 60.3 13.9 0.2 6.1 3.4 3.0 2.1
7 9.56 0.301 0.7 61.7 59.0 12.8 8.9 7.6 4.4 3.3 2.1

Methodology

The major methods were granulometric and gross analyses and scanning electron microscopy
(SEM). The SEM analysis was carried out using VEGA 3 LMH (TESCAN, Czech Republic). For the
analysis, the samples, after grinding and sieving through a 2-mm sieve, were prepared via pouring,
Pt-spraying and magnification of up to 20,000. A backscattered electron detector (BSE detector)
was used for the analysis of phases with a high atomic number. When images are acquired using a
BSE detector, phases with a high average atomic number are reflected in contrast more vividly than
those with a lower atomic number. The X-max 80 energy-dispersive spectrometer (Oxford
Instruments, UK) was used to analyse the elemental composition of the most representative
regions. The capture area of the microanalysis was about 1 um in diameter. If a smaller object was
scanned, the result was distorted due to the influence of the surrounding matrix or the carbon table
of the device. The granulometric composition determined a particle size distribution from 0.01 to
2,000 um with the laser diffraction method on a particle size analyser SALD-2300 (SHIMADZU,
Japan) (Rawle, 2017; Wolform, 2011). The contents of selected chemical elements were determined
via the X-ray fluorescence method (XRF) (Pioneer S4, Bruker AXS, Germany), using the silicate
technique. The SEM and XRF analyses were carried out in the Analytical Centre at the Institute for
Tectonics and Geophysics, Khabarovsk, Far East Branch of the Russian Academy of Sciences.

3. Results and Discussion

The results of the chemical analysis (Table 2) showed that the soil composition was inherited
from the parent rocks. The soils on rhyolite (no. 1—3) were characterised by a high concentration of
SiO. (92—97 %) and a weak acid reaction at pH 5.1 to 5.6. The soils on andesite (no. 6, 7) were
neutral to alkaline at pH 7.3 to 9.6 due to the high content of alkali and alkaline-earth metals and
the relatively low content of SiO. (59—60 %). The soils on lake sediments (no. 4, 5) had
intermediate characteristics. Site no. 4, however, showed an acid reaction at pH 3.9, the lowest
value among all the studied soils, most likely due to the impact from the waters influenced by Old
Faithfull geyser. All soils had low electroconductivity, ranging from 0.056 to 0.391 mV c¢m™?, most
likely due to effective drainage patterns and intensive leaching during spring snowmelt; no salt
accumulations could be detected with SEM.

Despite the difference in chemical composition, the soils, however, were similar in
granulometric characteristics and all showed a medium silt-loam texture. This is a rather
paradoxical fact because usually particle sizes are closely related to the chemical composition (van
Genuchten et al., 1999; Buurman et al, 2001; Eshel et al., 2004; Pachepsky, Rawls, 2004). This
phenomenon could be explained by similar physical weathering conditions in the soils. The main
granulometric fraction ranged from 20 to 200 um. The maximum peaks of differential curves of
particle-size distribution (PSD) (Fig. 3) corresponded to the low limit of physical weathering of
quartz (~100 um). In site no. 2, the high sand content (> 80 %) could be explained by eructation of
the mud pots.
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Fig. 3. Particle-size distribution in soils, differential curves: thick line — site 1(a, b), thin line — site
5(a), site 6(a), AI — peak intensity difference

Being similar in terms of granulometry, the soils, however, varied in particle size distribution.
Mineral particles of soils on lake sediments and andesite were sorted more evenly compared to the
soils on rhyolite. The former had differential PSD curves with intensive, narrow symmetrical peaks
of the basic fraction compared to the soils on rhyolite. The latter had a left peak asymmetry with
along tale in the area of fine particles < 20 um. Considering the 'more quartzite' composition of
rhyolite soils, the effect of mud pots on their chemical weathering can be presumed.

According to SEM analysis, the effect of mud pots on chemical weathering of the rhyolite
soils resulted in the formation of amorphous silica (Fig. 4). For example, in site no. 1, both clastic
quartz (Fig. 4a) and 'acicular quartz' of varying degrees of amorphisation (Fig. 4b—d) were
determined as, most probably, the result of hydrothermal weathering of feldspars. Similar acicular
crystals of Na-feldspars have been found in sand granular soils in Mongolia (Shein et al., 2017).
Semi-quantitative EDS-analysis of the elemental composition of 'acicular quartz' evidenced its
mono-silica composition. This allows hypothesising the formation of both kinds of quartz,
i.e. amorphous and acicular from clastic quartz. In site no. 2, the formation of amorphous silica
(Fig. 4e—f) from rhyolitic tuff (together with silicified plant litter) (Fig. 4h) could be observed.
Silicification of plant litter (Fig. 4h) and anomalously high concentrations of biogenic silica in the
form of diatoms (Fig. 5) in the soils indicate the effective dissolution of amorphous silica.
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100 pm |
m—

Fig. 4. Micrographs of SiO.-formations in sampling sites no. 1 (a—d) and 2 (e—h): a — clastic
quartz; b, ¢ — 'acicular quartz'; d — bordered area in Fig. 4c is amorphous silica; e — new formations
of amorphous silica, f — bordered area in Fig 4e; g — weathered rhyolitic tuff; h — silicified detritus
(SEM, BSE-detector)
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Biogenic opal (opal-A) in the form of diatoms can be found in small quantities in some soils
(Lynn et al.,, 2008). Whilst aquatic diatoms have been studied extensively (Soininen, 2007),
investigations of terrestrial diatom communities and diatom assemblages that can be found on the
soil surface are scarce (Antonelli et al., 2017). However, special methods of maceration have been
developed (Gol'yeva, 2008), and standards on diatom content have been established (European
Committee for Standardization, 2003). However, for this preliminary work, we did not use special
methods of diatom concentrating, mainly because the direct detection of diatoms in bulk soil
samples is evidence of abnormal high contents in the soil. The commonly found diatoms
(Bacillariophyta) are presented in Fig. 5. We found all three classes: Fragilariophyceae (Fig. 5a—
d), Bacillariophyceae (Fig. 5e—g) and Coscinophyceae (Fig. 5h), showing high species variety in the
soils from the mud pots, site no. 1. Diatoms were not identified to the genus and species levels.

Fig. 5. Micrographs of the most representative species of diatoms, site no. 1: a—d — Class
Fragilariophyceae; e—g — Class Bacillariophyceae; h — Class Coscinophyceae; SEM, BSE-detector
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In site no. 3, near the field of the thermal waters and about 400 m from an erupting geyser
(Fig. 6), chemical weathering was more moderate compared to site no. 1. 'Acicular silica' could not
be found, and amorphous silica was only observed in small quantities of cemented and covered
microaggregates of primary clastic grains (Fig. 6a—b). Diatoms were represented by closely related
species, albeit in smaller quantities than in site no. 1 (Fig. 6¢—g). In both cases (sites no. 1 and 3),
diatoms formed microaggregates in the soils (Fig. 6h). Such aggregation occurs mainly through the
production of muco- and polysaccharide gels (Zimmermann-Timm, 2002; Keil and Mayer, 2014).
It is likely that in hydrothermally affected soils, organic matter produced by diatoms can contribute
significantly to the primary soil organic matter. According to Brzezinski (2008), diatoms account
for about 20 % of the carbon fixed through photosynthesis, whilst the contribution of other
microbiota species is significantly lower.

Fig. 6. Micrographs of diatoms, site no. 3: a — microaggregate with amorphous silica;
b — bordered is the area (a) with amorphous silica; c—g — most representative diatom species;
h — microaggregate with diatoms (SEM, BSE-detector)
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In sites on lake sediments, sites no. 4 and 5, no weathered amorphous silica could be
determined. Quartz was significantly less abundant than in the rhyolite sites, represented in the
forms of both clastic and rounded grains; the latter can be related to glaciation. According to bulk
chemical analysis, feldspar minerals dominated here. The content of diatoms was similar to that in
the lake sediments (Fig. 7). It should be noted that in the acid soils of site no. 4, near Old Faithfull
geyser, testate amoebae dominated over silica microbiophorms (Fig. 7a, b). Testate amoebae
inhabit raw humus litter and promote the decomposition of organic matter. Their presence
indicates a low rate of bioprocesses and an acid milieu (Corbet, 1973). These organisms use
dissolved silica for their shell plates, fastened with protein, which disintegrate rapidly after the
death of the organisms. The preservation of testate amoebae shells is lower compared to that of
diatom shells, about tens and millions years, respectively (Gol'yeva, 2008). Therefore, the high
amount of shells found on the sites indicates recent formation.

In the soil of site no. 5, Fe-Mn concretions were a product of diagenesis in lake sediments
(Fig. 7e). In addition, frustules of centric diatoms were found in this site (Fig. 7f), presumably from
Stephanodiscus yellowstonensis, an endemic species of Yellowstone Lake.

In the soils on andesite of the Lamar River Valley, no formation of amorphous silica could be
determined, with low diatom contents.

Fig. 7. Micrographs of testate amoebae (a, b), diatoms (c, d, f) and Fe-Mn concretions (e):
a—c —site no. 4; d—f, site no. 5; SEM, BSE-detector
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In addition to diatoms and testate amoebae, another of biogenic silica, phytoliths, could be
detected (Fig. 8). They are formed during intracellular silica precipitation and follow the shape of
the cell. Phytoliths are indicative of phytocenosis, a major soil formation factor (Gol'yeva, 2008).
An abundance of well-preserved phytoliths was determined in the Hayden Valley (site no. 5),
a highly productive grassland ecosystem (Fig. 8a, b). In the soils of the Lamar River Valley,
phytoliths are represented by close associations. In less productive forest ecosystems on rhyolite,
next to the field of the thermal waters of Fountain Flat Drive and about 400 m from an erupting
geyser (site no. 3), grass and pine-tree phytoliths were found (Fig. 8c, d), although less abundant
and of average preservation. Least preserved phytoliths were determined in site no. 1, Biscuit Basin
East, several tens of m from the field of bubbling thermal springs (Fig. 8e, f), probably as a result of
effective weathering. Similar processes have been observed, for example, in highly weathered
podbel (whitened) horizons of meadow podbel soils of the middle Amur River Valley (Kharitonova
et al., 2013). According to a previous study, the weathering of grass phytoliths resulted in the
formation of fine spherical particles of opal silica of about 150-300 nm (Chizhikova, 2013).
No evidence of chemical weathering of the two other forms of biogenic silica, i.e. diatomic and
testate amoebae skeletons, could be found in this active hydrothermal spot due to their high
resistance, but we found evidence of mechanical destruction.

Fig. 8. Micrographs of phytoliths: a, b — site no. 5; ¢, d — site no. 3; e, f — site no. 1;
SEM, BSE-detector
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4. Conclusion

Soils of the Yellowstone volcanic plateau, developed on rhyolite, lake sediments and andesite,
were investigated. The soils near and beyond hydrothermal phenomena varied significantly in their
chemical, biotic and mineral patterns. In the area of mud pots, at pH values from 5.1 to 5.6,
effective chemical weathering of rhyolite resulted in the formation of abundant amorphous silica
and the sequential thriving of diatoms of high species diversity. In the soils on lake sediments near
the active geysers and with low pH values (< 4), chemical weathering was moderate and biogenic
silica was mostly represented by shells of testate amoebae. Similar contents of diatoms were found
in the soils and parent lake sediments of the Lamar River Valley, not directly influenced by
hydrothermal effects. Additionally, soil biogenic silica in the form of phytoliths was abundant in
lake sediments of the productive grassland of the Hayden Valley. These phytoliths were more
susceptible to hydrothermal weathering compared to the more stable shells and frustules of
diatoms and testate amoebae.
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Abstract

Ancient extended microforms of the relief are widely represented in a number of regions of
the Crimea, where post-agricultural landscapes are found. These microforms are analogues of
ground hydraulic engineering structures on arable land, which are used for the purposes of
regulating surface runoff of water and controlling the intensity of erosion processes in erosion
hazardous agro landscapes. The results of comprehensive studies of ancient land management and
land use near the archaeological sites (settlements of farmers and pastoralists) of ancient times in
the North-Western Crimea are presented in the article. Relict elements of land use in the form of
trees and ditches, which were found in the ancient agricultural regions of the Crimea, are formed as
a result of agrotechnical features of soil treatment within the allotments and by creating external
borders of land plots to secure the rights of land users. The infrastructural elements of the antique
land surveying systems were identified using remote sensing data and field methods. Features of
soil cultivation in land allotments for perennial plantations and crops have been established.
The physicochemical features of the soils showed that the marginal ridges in the post-ancient
landscapes were uncultivated. Using the results of a detailed geodetic survey, the universal
morphometric parameters of earth structures of various types were first obtained. With the help of
remote sensing data and field methods was determined the topological structure of antique land
surveying systems, and also were identified features of soil cultivation in land allotments for
perennial plantations and grain crops. The classification of surveying rampart by their
morphometric parameters has established three main types, which determines the prospects for
further reconstruction of the technologies for their creation. According to the results of soil-
chronological assessments, it was determined that surveying systems relate to the period of ancient
land management (IV century BC — I century AD). Adaptive decisions in land use, which to some
extent implement the principles of “geonics”, have a similarity both in creating regulatory
boundaries (groundwater hydraulic structures on arable land) in modern land management
projects, and in ancient agricultural practices.

Keywords: ancient land management, land use relics, surveying system, geomorphology,
soil age, Crimea.

1. BBegeHnue

XapakTepusysi cCOBpeMeHHbIe pobJieMbl B 3emiienosib3oBannu, otMeuaroT (Kalinitchenko,
2016), 4TO BMECTO TapMOHUM IPHUPOJBI U TEXHOJIOTUU JUATHOCTHPOBAH WX IT€pMaHEHTHBIN
KOH(JIMKT, I TIPEOJI0JIEHUs] IIOCJIEICTBHH KOTOPOTO HEOOXOAWUMO JOJITOE BpeMs IS
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BOCIIDOU3BO/ICTBA PECYPCHBIX U  BKOJOTHUYECKUX (PYHKIUU MOPUPOAHO-TEPPUTOPHUAIBHBIX
KOMILIEKCOB IIOCJIE AaHTPOTIOTEHHBIX BO3AelcTBUU. [Ipyu 3HAUNTEIPHOM /10J1e CKJIOHOBBIX 3€M€eJIb B
arposiagama@Tax MpOTUBOSPO3UOHHASA TO/ICUCTEMA DKOJIOTO-JIAHAIIA(MTHBIX CUCTEM 3eMJIeleTns
JIOJDKHA BKJIIOUATh MHAMPACTPYKTYPHbBIE BJIEMEHTHI ITOCTOSIHHOTO AelcTBuA. JlaXke NpU HAJIUIUU
arpoTeXHUYECKUX MEpPONPHUATUNA Ha maimHe A Oosiee 3(GQPEKTHBHOTO PeryJIupOBAHUSA
OCTAaTOYHOTO ITOBEPXHOCTHOTO CTOKA HEOOXOAWMBI ITPOTHBOIPO3HOHHBIE THUIPOTEXHUUECKHE
coopy:keHus. [Ipy 5TOM NPUHIUIHAIGHO Ba)KHO pEaJN30BaTh KOMIUIEKCHBIA IIOAX0J K
OpraHM3allid BCEH TEPPUTOPUHM BOAOCOOpa, HAaUMHAsA OT BOOpa3jiejia M 3aKaHUYUBas PYCJIOM
MaJION peKu, TajbBeroM Oasku (JIucenkuil u Ap., 2015), YTO MO3BOJISIET YUECTh CJIOKHUBIIHECS
TOPU30OHTAILHBIE CBS3W JIAHAMIA(QTHONU CTPYKTYPbI, TPAEKTOPHUHU ITOTOKOB BEIECTBA U SHEPTHUU.
Il TIOYBOBOJIOOXPAHHOTO M DKOJIOTUYECKOTO  oOycTpoiicTBa  arposammadTroB B
3eMJIefleJIbuecKOo  30He Poccmu  Haubosiee  JIEMCTBEHHBIM  IIarOM  MOJKHO — CUMTATh
OCYIIECTBJISIEMBIA B IIOCJIEAHUE 25 JIeT IEePeX0Ji OT BHEAPEHUA OT/IEJbHBIX ITOUYBO3ANTUTHBIX
MIPUEMOB K KOHCTPYUPOBAHUIO MOYBO3AIUTHBIX CUCTEM KOHTYPHO-MEJIHMOPATUBHOTO 3eMJleleTus
Ha JsaaHamadTHOW ocHoBe. Ha mamiHe K IPOTUBOSPO3MOHHON HHQPPACTPYKTYpe OTHOCATCA
pPa3HOOOpa3Hble THUAPOTEXHUYECKHE COOPY)KEHUs, KOTOpble HalpaBJieHbl Ha BBINOJIHEHUE
BOZI033/IEPKUBAOIINX (PYHKIIUH (BaJibl-KaHABBI, BaJIbI-JIMMaHbI, BAJIbI-TEPPACHI, BaJIbI-I0POTH) U
BOJIOHATIPABJ/IAIOIINX (QYHKIUH (HaIAIIHbIe BaJIbl, BaJIbI-KaHABBI, BaJIbI-TEPPACHI, BAJIbI-IOPOTH,
BaJIbI-PACIIBUIUTENN, 3aJTy’KEHHBIE BOJIOcOpochl). OHH  CTAHOBATCS HWHQPACTPYKTYPHBIMHU
3JIeMEeHTaMHU arpoJiaH/madTa CTOKOPETYITUPYIOIIETO U ITPOTHBOIPO3UOHHOTO JEUCTBHSI.

B  1peBHe3semie/iesIbUECKUX ~ pallOHAX  OOHAPYKUBAIOTCA  PEJIUKTOBBIE  DJIEMEHTHI
3eMJIETI0JIb30BAaHUs B BUJIE 3€MJITHBIX BaJIOB U PBOB, BOBHUKHOBEHHE KOTOPBIX 00YCJIOBJIEHO KaK
0COOEHHOCTSIMU O00pabOTKHM IOYBHI (HereaeBble B IIOYBO3AIMUTHOM OTHOIIEHHU 3DJIEMEHTHI
UHQPaACTPYKTYPhI), TAK U HEOOXOIMIMOCTHIO 3aKPEIJIEHUS YJaCTKa pa3MeKeBAaHHOTO 3eMeJIbHOTO
MaccHhBa BHEITHUMU TPaHUIIAMHU JIJIS 3aKpeIUIeHUs IIpaB 3emuiernosb3oBaress (JIucenkuit u ap.,
2017). B otsinuwme ot npyrux paiioHoB CeBepHoro [IpuyepHomopbs B CeBepo-3anaguom Kpeimy 10
CUX TIOP COXPAHWIHCH OOIIUPHBIE TEPPUTOPUU, HETPOHYThIE COBPEMEHHOW pACIAIlIKOH, IJe Ha
MIOBEPXHOCTH XOPOIIIO 3aMEeTHBI CJeAbl JPEBHEr0 3eMJIEYCTPONCTBA U 3€MJIENOJIb30BAHUS
(CmexasoBa, 2010). PesysbraTsl uccienoBanuii B Cepepo-3amnagaom Kpeimy (CMmekasnoBa, 2011;
CwmekasnoBa, YyauH, 2012; CMekasoBa W JIp., 2015) MOKa3ak, YTO TPAHUIIAMH IIOJIEH SBIIOXU
1103/1HeN OPOH3bI OBLIN TOJIBKO BJIMKH, a CYIeCTBEHHAsA 0COOEHHOCTD IT0JIel PaHHero KeJIe3HOT0
BEeKa 3aK/II0YaeTcs B HAJIMYWM HapaUIEIbHBIX BAJIMKOB C POBHKAMH IIOCEPEIUHE. ITO OTIUYHE
OoOBsICHSIETCSI TPUMEHEHWEM Pas3HbIX OpyAuil 00pabOTKH IIOYBBI 10 MepPe DBOJIIOIUU
3eMJIefleJIbUeCKX  TMPAKTUK. B IocTarporeHHbIX  JiaHAMadTaX  BBIABJSIOTCS  TaKiKe
MHUKpoTOonorpadpudeckue U3MeHeHHs, BhI3BaHHBIE HCIIOJIb30BaHUEM B JipeBHOCTU jopor (Plue et
al., 2009).

B coBpeMeHHOM 3eMJIEJIEINU TTOCTEIHUX JIECATUIETUN aKTUBHO pa3BHBAETCS aJallTHBHBIN
MO/IXO0JI, KOTOPHIH B 3€MJIEYyCTPOUTEIHHOM IPOEKTUPOBAHUU IIPEAIIOJaraeT MaKCHMAaJIbHYIO
COTJIACOBAaHHOCTDH IPOCTPAHCTBEHHOU OpraHU3aIlUM arposaHjmadTa ¢ MPUPOIHBIMU YCIOBUSIMH,
4TOOBI 00ECIIeYUTh arpo3KOJIOTHYECKYI0 OJHOPOIHOCTH IOJIed ceBoobopoTta. IIpu Hapeske mosei
MpsAMOYTOJIbHOW ~ ¢GOopMBbI Ha  CKJIOHAX cyOmapauiesbHass — (KOHTypHas)  OpraHHW3aIlus
3eMJIETIOJIb30BAHUI IPEIIOJIaraeT pa3MellleHre JJIMHHBIX CTOPOH B HAIpaBJIeHWH, OJU3KOM K
HaIPaBJIEHUIO TOPU30HTAIEN (M30THIIC), YTO aeT BO3MOXKHOCTh OCYIIECTBIIATH 00PAOOTKY ITOYBBI U
JIDYyTHE TEXHOJIOTUYECKHE OIEepalli TOMEPEK CKJIOHA, TO €CTh IEPIEeHJAUKY/ISAPHO JIMHHUAM TOKa
Bozbl. Takast opraHu3anusa 3eMJIe0Ib30BaHusA 3(PHEKTUBHA B MPOTUBO3PO3MOHHOM OTHOIIIEHUH, U
B AHTHYHOM 3eMJIeJIeJIN OHa ITPAKTUKOBAIACH IMPHU CO3JAaHUH CHCTEM 3€MJIEYCTPOMCTBA IIOJ
ceBOOOOPOTHI C TOJIEBBIMU KYJIBTypaMU, TI/ie H3YYEeHHbIE 3eMJId C pa3MeKeBaHHEM ObLIH
MIPEUMYIIIECTBEHHO pa3MellleHbl Ha CKJIOHAX CeBepo-3allaJlHoU skcrno3uruu (JIucenkui, 2015).
BycmoBusix OKHOH M CyXOM CTemud 5TO Hawbojiee YBJIaKHEHHbIE CKJIOHBI, TJe, IIpHU
cyOmapasiieJIbHOH OpHUEHTAIUH JJIMHHBIX CTOPOH MPSMOYTOJIbHUKOB 3eMEJIbHBIX HAZEI0B, YAeTCs
IIepeXBaTUTh IOBEPXHOCTHBIN CTOK, OCYIIECTBIIAA “cyXyto” Menuopanuio (JIucerkuii, 2015).

HabGmogenusa B mpupojie 3a 3G GEKTUBHOCTBIO Mperpaja npu (GOPMHUPOBAHUM ITPOIECCOB
MTOBEPXHOCTHOTO CTEKAHUsI BOJIHBIX MAacC M TPAHCIOPTa HAHOCOB MOIJIM OBITh IE€PEHECEHBI B
MMPAKTHUKY MEJIUOPATHBHON TpaHCcHOpMaIMU TeOCHCTEM, B YACTHOCTH IyTEM MpeoOpa3oBaHUs
Hanbojiee KOHCEPBATUBHOTO WX KOMIIOHEHTA — peabeda, UYTO JIOMYCKAeT BO3MOKHOCTD
paccMaTpUBaTh IMOIOOHBIE PEIIEHH KaK UCIIOJIb30BaHUE TI0/IX0/1a, HA3bIBAEMOTO TEOHUKOM.
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B ycioBUSX CKJIOHOBOTO 3eMJIeiesus, TI/ie 3aKOHOMEPHO CKJIAJAbIBAETCA AeDUIUT
MIPOAYKTUBHON BJIATHU, HWCIIOJIb30BAaHHE OOBAJIOBAHUS NAIIHH JUUIS 3aKpeIUIEeHUs TPAHUI[ YXKe
SIBJISIETCSI arpoOTEXHUYECKUM IPHEMOM. B 0CO3HAaHHOM TpUMEHEHWM STOTO IPHUHIUINA IS
MEeJIMOPATUBHBIX IIeJIeH UMeeTcsl U cBos mpeabicTopusa. B konie XIX B. 1A pelieHus mMpobieMbl
peryJIMpoBaHusl WHTEHCHUBHOCTH CTOKA TaJIbIX BOJ ObLya ycraHoBjeHa 3¢G@EeKTUBHOCTb TaKUX
MIPOCTEUIINX THUAPOTEXHUUYECKUX COOPYKEHHH, CO3/I[aBaeMbIX IO TOPU3OHTAIAM peibeda, Kak
3eMJISTHbIe BaJIMKU BBICOTOH 15—30 cM. B 1891 r. II. fIHKOBCKMU yCTaHOBWJI, YTO “pPa3OHUBKOIO
OacceliHa OBpara Ha y4acTKU, OTPaHUYEHHbIE€ 3eMJISTHBIMH BaJTUKaMu (1aMbamMu), TpoBeleHHBIMHU
110 TOPUB3OHTAJISIM MECTHOCTH, BIIOJIHE ITPEKPAIlaeTCs TOBEPXHOCTHHIA cOer BOZbI, BHITAAA0IIEH
Ha mIomaab OaccertHa™ (AAHKOBCKHI, 1902: 348-349). Kpome perysmpoBaHUsl ITOBEPXHOCTHOTO
CTOKA BOIbI, & COOTBETCTBEHHO M CMbBIBA IOYBHI, IIPU CO3JaHUN 00OBAJIOBAHHBIX PAOOUYUX YIACTKOB
OCYIIIECTBJISITA, BEPOSITHO, HEOCO3HAHHO, “CyXyldw MeJIMOpAIuio. AHaJIU3UDYys Ppe3yJIbTaThl
arpOHOMHYECKHX OIBITOB AjjlamoBa 1893 T., SIHKOBCKHI BBITIOJIHUJI PacUeThl, KOTOpbIe MOKa3aJIH,
YTO CTENEHb YBJIAXKHEHHUSA CJI0SI TIOUBBI 0—100 CM MEXKIY BAJIMKAMU (IIPU PACCTOSHUM MEXKIY HUMHU
19,2—42,7 M U BbIcOTe 16 cM) OOJIbIIIE HA 23 OTHOCUTEJIbHBIX %, UeM BHE BaJIUKOB (fHKOBCKUI,
1902: 349).

[TepBoHAYaIbHBIA OOJIHK IOJIOKUTEIBHBIX (DOPM MHKpOpesibeda (BaTUKOB), (GPUKCUPYIOIIHX
TPaHUITBI HAJIEJIOB JAPEBHETO 3€MJIEYCTPOMCTBA U 3€MJIETIOIH30BAHUSI, IIPETEPIIEST 32 THICAYH JIET
reoMopdoI0THIECKyI0 TpaHCHOPMAIIHIO IO/ IeHCTBUEM JIEHYAIINOHHBIX ITPOIIECCOB: TTOUBEHHBIN
MaTepHas OCeJ U IePEMECTUIICA MO OOIEMY YKJIOHY MECTHOCTH, KOHTYDPHI BaJIMKOB CIJIIHJINCh,
YMEHBIIIWINCh WX OTHOCUTEJIbHBIE BBICOTHI. HecMOTpss Ha TO, YTO CO BpeMEHEM ITPOXOHjIa
IUTAHAIAS BAJIMKOB, HO OJHOBPEMEHHO 3a CUeT WX 3apacTaHUs CTEIMHON pacCTHUTEIbHOCTHIO
MIPOXOZIMJI TIPOIECC TYMYCOHAKOIUIEHHs ¥, COOTBETCTBEHHO, BOCIIPOHM3BOJCTBO T'YMYCOBOTO
npodmwisa. [lpuyeM aNIUIMKAaTHBHOE pa3BUTHE TyMyCOBOTO TpPOMWIS Ha MPOTIKEHUH
JUIUTEJIPHOTO BPEMEHH WMEJI0O pasIMdHble CKOpocTH. Ha Bocxojisiieli BeTBH H3MEHEHUs
COJIHEYHOU aKTHMBHOCTH (OT IpeyecKkoro MUHUMyMa (2350 JIeT Ha3aJr) K pyOesky BEKOB) CIIOKUJIUCH
Oosiee OJiarompusTHbIE KJIMMATHYECKUE YCIOBUsS, YeM B IPEAIIECTBYIOIIYI0 3IO0Xy, YTO
CII0cOOCTBOBAJIO YCKOPEHHOMY BOCIIPOU3BO/ICTBY CTeNHbIX T0UB (VIBaHOB, JIncenkuii, 1994).

B Hacrosiiiee BpeMs MPUILIO MOHUMAaHHE TOTO, HACKOJIBKO OOJIBIIUM WHGOPMAIIHOHHBIM
MTOTEHITHAIOM 00JIaZJal0T IIOYBBI aPXEOJIOTHYECKUX TaMATHUKOB (YeH/ieB, 2013), OZTHAKO MIPU 3TOM
OCTaTCS MaJI0 M3YYeHHBIMHU JpeBHHE 3eMJISIHble Hachlld W Hamamu (popTuduKaiuoHHbIE,
MeKeBble BaJIbl M T.II.), OCOOEHHO U3-3a TPYAHOCTH JaTUPOBAHUSA IIPU OTCYTCTBUHM B HHX
apredakToB. MekeBble BAJIMKH 3TO dYalle ‘HeMble® B apXeOJIOTUYECKOM OTHOIIEHHUU OOBEKTHI
(be3 apTedakTOB, CHUHXPOHHBIX COOPYKEHHIO), OJTHAKO OHHU MOTYT OBITh JATUPOBAHBI IIOCTIE
MIPOBE/IEHUST TTOYBEHHO-TEHETHYECKUX HCCJIEIOBAaHUN U HMCIOJb30BAHUSA I1€I0XPOHOJIOTHUYECKOTO
MeTozila AaTtupoBku (JIumcenkuii w Ap., 2016). BcecTopoHHee H3y4YeHHE PETUKTOBOU
UHQPaACTPYKTYpPhl 3eMJIeyCTPOMCTBA U 3eMJIENIOJIb30BAaHUs U IIOCIeAyolnas ee JaTUPOBKa
MO3BOJIAT IOHSATH, KaK SBOJIIOIMOHUPOBAIA CHUCTEMBI 3€MJIENIEJINS B JIDEBHOCTU U ObLIA JIU
OPTraHU3aIMOHHO-TIPOU3BOJICTBEHHAs] CTPYKTYpA 3€MJIENOJIb30BAaHUs, OTPAXKEHHAsI B JIOCTYITHBIX
JULS UBYYEHUS MeXKeBbIX CHCTeMaX, IPUPOA0CO00Pa3HOM.

2. O0BEKTHI 1 METOABI

Ha TapxaHKyTCKOM II0JIyOCTPOBE, B 5 KM K IOTO-BOCTOKY OT ropojiuina Kapamka pacrosioxkeH
YHUKQIbHBIN 110 COXPAaHHOCTH 3€METbHBIN MACCUB C SICHBIMU CJIEAMH OPTraHU30BAHHOU CHCTEMBI
3eMJIENIOJIb30BAHUA B BHJE TaK Ha3bIBAE€MbIX “UIMHHBIX MHOJIell” U HECKOJbKHUMH II0CEJIeHUSIMH,
OJTHO U3 KOTOPBIX — “BapBapckoe” mocesieHue NO 502 s3/UTHHUCTUYECKOTO BpeMeHH (CMekasioBa,
2010). Hcnonbp3yss reoapxXeoJIOTHYECKHUU IIOAXO0M, ObLIM H3ydeHbl B 3TOM paloHe HauboJiee
TUIIUYHbIE BAJIUKU B MEKEBOH CHCTeMe: IIPU MX HyMepalluu C ceBepa Ha 0T — TPETHH IO CUETy
(R2), ero mpososkeHue K 3amaay (Ha ocradiie) — R3 u mareii Bamvuk (R10) (Puc. 1).

" B nuraTe coxpanena opdorpadus aBropa.
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Puc. 1. MecromnosokeHue mmonepevyHbix TpaHirei (R2, R3, R10) B cuctemM MeKeBbIX BAJTUKOB
(YkazaHBbI cTpesikaMH) B OKpyTe ropoauina Kapamka

Jlpyras MexkeBasl cucTeMa pacIojiokKeHa K ceBepo-BOCTOKYy oT EBmaTtopuu, Ha Bomocbope
TromeHbCKOU Oanky, BOJIM3U IIOCEJIEHUS PAHHEro >KeJIe3HOro Beka TIOMEeHb 2. Y4YacToK
Tpe/icTaBisieT cOO0M TMOCTAHTHUYHYI0O M COBPEMEHHYIO 3aJI€eKb C XOPOIIO BUJUMBIMH U cerdJac
MEXKEBBIMH BaJIMKaMH (C OTHOCHUTEJIBLHON BBICOTOH IO 19 €M), YEPEAYIOUUMUCA Yepe3 41—42 M
(Puc. 2) (CmekasnoBa u ap., 2015). Tpu crpaTturpaduueckue TpaHien ObUTH 3aJ7103KEHBI TOTIEPEK
OCHOBHBIX M€KEBBIX BaJIMKOB.

Puc. 2. MecTomnoio:keHue MOYBEHHOTO pa3pesa B 3eMeJIbHOM Hajiese (13-5) U MOYBEHHBIX
TpaHien (13-6, 13-15, I11) Monepek MekeBbIX BaIukoB (R6, R13-15, R5); mocesnerus TiomeHs 2 u
Tiomensb 3 (T2 u T3 COOTBETCTBEHHO)

Oco0bIii 0OBEKT pacmoJioKeH Ha Tepputopuu nocenenuss Kenpmreiix 1 (R11, R12). 9to aBa
BaJia B Mpejiesiax ceTUTeOHOM 30HbI, IT0 CBOEMY Ha3HAUEHHIO 3TO, BUANMO, BaJIbI-OTPAIbI.
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ITepBeiii 11 TaMaHCKOrO IOJIyOCTPOBA OIBIT MEXAUCIUILIMHAPDHOIO MCCII€OBAHUA
IpeBHell MexeBou cucreMbl (I'apOy30B u Jip., 2004) OTIHYaICA JOTOJHEHHEM II0JIEBOU
neHTUUKAIMY NPU3HAKOB 3€MJIEYCTPOMNCTBA, BBIABJIEHHBIX /AUCTAHIIMOHHO, HW3yYeHHEeM
IIOYBEHHO-TEHETUUEeCKUMH MeTOoZlaMH  CcTpaTUrpadudecKoll TpaHIIeHW, 3aJI0KEHHOH uepe3
MeKeBOU BaJl.

[TouBeHHO-reHETUUECKUT MeTof, HCCIeJI0OBAaHUA MIpeIoaaraeT U3ydeHue
MOP(]OJIOTHYECKOTO CTPOEHUS IMOYBHI KaK IMOCJIEOBATEIbHOCTH Te€HETUYECKHUX TOPU30HTOB CO
CBOMMH XapaKTEPHBIMH BpeMeHaMH pa3BUTH:A. [I0UuBeHHbIE TOPHU30HTHI OMUMO Te€HETHYECKOU
COTIOYMHEHHOCTH B MpOduUIe MMEIT BpeMEHHYI0 00yCJIOBJIEHHOCTh M 3aBHUCHUMBIE OT BpPeMEHU
MIOYBEeHHBIE CBOMcTBA. Hanbosiee mosiHOe mpesicTaBieHre O Pa3BUTHU IOYB BO BPEMEHH MOJKET
obecrieuyuTh CUHTE3 MHGOPMANUU 0 MOPGOCTPYKTYPHOU OpraHU3alys MOYBEHHOTO MPOPUIA U
TAKUX XapaKTepUCTUK IIPOIeCCOB ITOYBOOOpa30BaHUsA, KOTOpble HauboJsiee UyBCTBUTEIBHBI K
BpEMEHHBIM H3MeHEeHUAM (HampuMep, TYMyCOHAKOIUJIEHUE, BBIIIeJauuBaHUE OT KapOOHATOB,
reoXUMHYECKHEe XapaKTePUCTHKH U T. I1.).

Vcniosip3ysi pe3ysibTaThl PErMOHATIBHBIX I'e0apXeoJIOTUUeCKUX HCCIIe0BAHUMN, KATHOPOBKHU
II0 TIOYBEHHO-XPOHOJIOTUYECKUM JAHHBIM XPOHOMYHKIUN II0YB IOABJAETCS BO3MOKHOCTD
IDUMEHEHUsA MeTO/la II0YBEHHO-TEHETUYECKOH XPOHOJIOTUU (IIOYBEHHO-XPOHOJIOTHYECKOTO
MeTo/1a). ATOT MeToA AaTupoBaHus (JIucenkuii u Ap., 2016) OBLI YCIIEITHO anpoOWpPOBaH Ha
HECKOJIBKUX “BapBapckux’ moceneHusx B CeBepo-3amazuom Kpeimy: Kesbimedx 1, mocesieHUU
Ne 502, /I>xauryssb 1, TiomeHb 2.

[Ipu 3eMmuieyCTpOIICTBE B aHTUYHOE BpeMs OOBIYHO CO37[aBAIH JIBA THIIA POBUKOB: 1) POBUK
rocepeiHe 3eMeJIbHBIX HaZleJIOB B CHCTEME TaK Ha3bIBa€MbBIX “/IIMHHBIX IIOJIEH”; 2) POBUK,
MIPUMBIKAIONIUA K BaJUKy U C(POPMHUPOBAHHBIN MPHU €r0 CO3JAaHUU (C MOMOIIBIO HATMAIIH, YTO
HanboJiee BEPOSITHO, WK Hachinu). Ceifyac BaJIMKM, KaK MPABUJIO, UMEIOT BBICOTY 10—20 CM W,
COIJIACHO TeoMOpP(dOJIOTHYecKOl KilaccuprKanuy, OTHOCATCA K MesbuaiiuM ¢opmam pesbeda,
win tonorpadudeckoir mepoxosatoctu (IInoTpoBckuii, 1977). I'paduueckn oToOpa3uTh Takue
dopmbl pesnbeda mo3BoOJIAET JeTalbHAA Teo/le3udecKkas cheMKa. KpoMme TOro, TOIOJIOTMYECKYIO
CTPYKTYpy 3€MJIeyCTpOMCTBa 10 MUKpopesnbedy MOXKHO BBIABUTH, HCIOJIB3YA JIaHHbBIE
JIMCTAaHIIUOHHOTO 30HAMpoBaHuA (/I/I3) BBICOKOTO pa3pelleHHs MIN Pe3yabTaThl MArHUTHOU
cbeMku. Ilo permcrporpamMmaM MOPGOJIOTHYECKOTO CTPOEHHS MOYB B MexeBOH 30He (Puc. 3)
MO>KHO U3YYUTh 0COOEHHOCTH 00pabOTKY IOYBBI B 3€MeJIbHBIX HaJleslax, YTO APYTUMHU MeTOoAaMU
BOCCO3/1aTh MPAKTHYECKA HEBO3MOKHO.
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Puc. 3. IlouBeHHO-reoMopdoIoruyeckoe CTpoeHe HEKOTOPBIX BAJINKOB U POBUKOB
(CeBepo-3anannsiii Kpeim). CootHomeHue oceit X:Y — 1:63

Ecru monepeyHbIi TPO(MIb KaXKJOTO BaJMKA IIPEJICTABUTH C IOMOIINBIO YIIPOIIEHHOHN
mozenu (Puc. 4), TO MOKHO OIpENESUTh YHUBEpPCAJIbHbIE MOPGOMETPHYECKUE I1apaMeTPhI
3eMJISIHBIX COOPY>KEeHUH /ISl UX ITOCJIeTyIOIIEero CpaBHEHUA.

. oce eana
280MOpGhoSI02UYECKUL Npoghuns 8ana

sepxHull omkoc

Puc. 4. Cxema norepeyHoro ceueHus BaJIUKa JIJIs OIydeHUsI MOpGOMETPUUECKIX IAPAMETPOB

[Ipu u3yyeHUM NOYB OKpacka CyxXOW IIOYBBI YCTaHOBJIEHA IO aTJyiacy LBeTOB MaHcesuia
(Munsell Soil Color Charts). Yryiiepog opranudeckoro BellecTBa, TPYIIIOBOM cocTaB rymyca, pH
BOJHBIN OMpeZieIeHbl CTAaHAAPTHBIMH METOJaMH, MOABIKHBIE GopMbl dochopa U Kaaus — IO
Metoay Mauuruaa (I'OCT 26205-91).

KoHneHTpanuo Makpo- U MUKPO3JIEMEHTOB OIPEAEISIJIM B MTOPOIIKOBBIX MMPOOax MOYBBI HA
PeHTreHOBCKOM criekTpoMeTpe “Criektpockad Makc-GV” 1o MeTo/inKke U3MepeHU MacCOBOU JIOJIH
XUMHUYECKHUX 3J1eMeHTOB. [lo pesysibTraTaM pacueTa OCHOBHBIX M€OXHMHYECKHX COOTHOIIEHUH U
ko3ddunmeHToB ObUT OTOOpaHbl (M0 BenuumHe Ko3(dduimeHnTa Bapuanuu) Haubosee
nHbopMmatuBHble 13 HuUX. Koadbdumuent asmoBunpoBanusa (Ks) paccuurtan 1o
moaudunpoBanHoi ¢popmyite Liu et al. (2009): Ks = Al,O3/(MnO+Ca0+K.0+MgO+Na.0).

FeoxuMmueckoe C€X0/CTBO OOBEKTOB ONIpEAEsSJN IIyTeM HHTepIpeTaliud pe3yJ/bTaToOB
KiactepHoro aHanusda (Meron Yopna, EBkiampoBa AucTaHNNsA, 3HAYEHHS] HOPMHUPOBAHBI II0
CpeHEKBa[paTHUeCKOMY OTKJIOHEHUIO) B mporpamMme Statistica 10.
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3. Pe3ysbTaThl HICCIIEA0OBAHUA U X O0CYyKAeHUE

BOsin3u ceMHu apxeoJIOTHUECKUX IMaMATHUKOB, TJle ObLIM OOHApy:KEHbI MejKeBble BaJIUKU
(KyraticoB, CmekasioBa, 2013), HaMH BBIIIOJIHEHA HUBEJIUPOBKA OTHOCUTEIBHBIX BBICOT U
IIOCTPOEHBI THUIICOMETPUYECKHE MPOUIn. DTO TPU BaJIMKA y TocesieHUus Kapapka, Ba BaJiMKa y
noc. Kesplieiix 1 1 mo ogHOMY 00BeKTy y moceneHuil TromeHb 2 u J>kaHrynap 1. Kpome Toro,
paccMOTpeHbI 0COOEHHOCTH MOPGOMETPUYECKOTO CTPOEHHUS IIOYB B POBUKAX.

JI71s KakIoro BaJIMKa IOJIydeHbl OCHOBHBIE MopdoMeTpuueckue mapaMmeTpsl (Taburma 1):
B — oOImuii yKJI0H MecTHOCTH, rpaf.; O(S) — skcmo3unusa ckiaoHa; O(L) — opueHTanusa JIJTMHHBIX
CTOPOH 3eMeJIbHBIX Y4acTKOB 110 JI/13.

Taosmmma 1. [TapameTpbl TEPPUTOPUATILHON OPraHU3AIMN AHTUYHBIX CHCTEM 3€MJIEYCTPOHCTBA B
CeBepo-3anagunom Kpeimy

NoNo Mecromnonoxenue | ITamMATHHUK HatupoBka |PacrurenpHocts| B |O(S)| O(L)
IL.II. 00BHEKTOB MaMSITHHKA
HCCJIeTOBAHUA
R2 TapxaHKyTCKUH TI- Kapamxa | moci. wers. IV — | PasHotpaBHO- |0,4|CC3| BCB-
R3 OB, 3allaJHas 4aCTh neps. Tpeth III B.| KOBBLIBHAA, |1,0 3103
R10 JI0 H. 3. OIIII 70 % 0,2
R4 Tam ke Jxkanrynp 1 | IVB. 10 H. 5. — To xe 0,4|CC3| BCB-
nepB. Tpets 111 B. 3103
JIO H. 3.
Rj5 OxpecTHOCTH Tiomensb 2 |IVB. 7o H. 3. — Il | PaznoTpaBHo- |1,0|3C3 | CB-103
EsnaTtopun, B. IO H. 3. 3JIaKOBas,
nobepesxbe 03. OIIII 60 %
CachIk
Ri1 TapxaHKyTCKHH II- Kenpmietix 1 | IV-III B. 1o H. 5. | PazHoTpaBHO- |2,4| CB C-10
Ri2 OB, OTBEPIIIEK 0. 3JIaKOBas, 2,6 3-B
Kenp-lleiix OIIIT 30 %
16-24 |besioropckuii p-H, bopyr-Xane | III B. 1o H. 3. — I | PagHoTpaBHo- |2,3| C3 | CB-I03
16-12 |Opearopse B. H. 3. KOBBLIIbHAA, |2,6
16-26 | KpbIMCKUX rop OIlll 90—95 % | 1,7

B pesyspraTe MO KaXKJIOMY BaJIUKy TOJYYMJIM HAOOp YHUKAJIBHBIX XapaKTEPHUCTUK,
coueTaHHe KOTOPBIX MOJKET ObITh KpUTepHeM OObeIMHEHUS OOBEKTOB B OJIHOPOHBIE TPYIIIIHI.
'pynmupoBKy METOAOM KJIACTEPHOTO aHa/IKM3a MPOBOJMJIN /IS BAJUKOB, UMEIIIUX arporeHHOoe
npoucxoxkaenue (T. e. Kpome BaaukoB-orpaz Ri1 u Ri12) (Puc. 5). KiactepHblii aHanmm3 ObLI
BBITIOJTHEH, HCIIOJIB3Ys cyeAyoe MophoOMeTPUUYECKHE TTapaMeTPbl aHTPOTIOTEHHBIX MUKPOGOPM
pesnbeda: S — IUIOIIAb CEUeHHs BaJIuKa, M2; h — BbIcoTa Basika, cM; D — o0I1iasi IyiHA BaJIMKa, M;
dsepx — JUTHHA BEPXHETO OTKOCA BATUKA, M; duys — JJTMHA HUKHETO OTKOCA BAJIUKA, M; Clgepx — YKJIOH
BEPXHET0 OTKOCA BAJIMKA, TPaJ.; Cluns — YKJIOH HHKHETO OTKOCA BAJIUKA, TPAI.; Osepx/ Qius U Asepx/ duus
— COOTHOIIEHHS YKJIOHOB U JJIMH BEPXHETO W HIDKHETO OTKOCOB, OTPaKAIOIHE XapaKTep
IVIAaHAIIMY BaJIAKa.
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Puc. 5. JleH/iporpaMma KJIacTepHOTO aHAJIN3a MeKEBBIX BAJIMKOB IO UX MOP(POMeTpUIECKIM
ocobeHHOCTAM (puMcKUMHU I pamMu 0603HaAYEHBI BbIJIEJIEHHBIE THIIHI)

Kiacrepuplii a"Hanus 1mo MOpQOJOTUYECKHMM IlapaMeTpaM MeEXKEBBIX BaJIMKOB I1OKa3aJl
HaJINYUEe TpeX THIOB. Pa3iuuus B ImapameTpax 3eMJISHBIX Hamamied (HeBbICOKHX HaChIIEeH,
BBITIOJIHEHHBIX HECKOJIbKUMH II0CJIEZIOBATEIbHBIMU IIPOXOJIAMU OTBAJIBHOTO ILIyra) MOKHO
00BACHUTh MX (PYHKIIMOHAJIBbHBIM Ha3HaueHHeM (OTpaciieBasi creludpuKka PacTeHUEBOJCTBA, THUII
pybOerka B cucTeMe MeKeBaHWs), PA3HOBPEMEHHOCTHIO HX CO3/IaHUS, JJIUTETbHOCTHIO IPSMOTO
HCIIOJIb30BAHUS, CTEIEHbI0 COXPAHHOCTH H3-3a PA3JIMUYUNA B HCTOPUM 3€MJIENOJIb30BAHUSA HaA
MPOTS?KEHUU HOBOTO BPEMEHU U, BO3MOKHO, PA3JIUUUAMU B TEXHOJIOTHHU UX CO3aHUA.

Basnk B MekeBOU cucTeMe “IUIMHHBIX ITOJIel” y noceseHusa TiomeHb 2 (R5) B HauboIbIIeH
CTEIIeH! OTJIMYAETCS OT OCTAJBbHBIX: STOT BAJIUK CAMBIA OOJIBIIOW O BHICOTE, MPOTSKEHHOCTU U
IUIOIIAIN ceueHus. Ero Takyke oTyindaeTr xapakTep IIaHAIINY, BIPA’KEHHBIN Uyepe3 COOTHOIIIEHHE
JUIMH W YKJIOHOB BepXHEW W HIIKHEH dYacTell BajiMKa: B JIJAaHHOM CJIyyae BepIIMHA BaJiMKa He
IUIaBHO CABHUTAJIACh BHU3 MO CKJIOHY, a CO BpEMEHEM CMECTHJIACh BHU3 110 CKJIOHY, YTO OIPEETNIIO
CMeIlleHYe BEPIITUHBI BAJIMKA OTHOCUTEILHO IIEPBOHAYAIBHOTO MOJIOKEHUS.

B ormume ot Bammka R5 0O6BEKTHI B ABYX APYruX Kiacrepax 6osiee 6IU3KH Mexay coOoi,
OJTHAKO MEXJy STUMH TUIIAMU HMeIoTcs pasyiuuus. Bamuku kiacrepa II Gosiee o6beMHBIE U
MPOTsXKEeHHbIEe, ueM B kiacrtepe II1: mromanas cedenua y tuna II 0.30—-0.47 m2, y Tuna III — 0.13—
0.20 M2,

Ha nocrantuuHO# 3asyexu y mocenenusi TiomeHb 2 (k CB or Basimka R5) BBINOJIHEHO
KOMIUIEKCHOE ITOYBEHHO-TEHETHYECKOE WCCIeJOBAaHUE BHYTPHUHAJEJBbHOTO pOBUKA B IIypde
JUIMHOM 10 M ¥ COCEJHEro ¢ HUM BaiImka B Inypde aIuHON 6.5 M. PeKOHCTpyKIUs IO
MOP(dOJOTHYECKOMY CTPOEHHIO TYMyCOBOTO IIpOGUWJISI IIOYB IIOKa3ajia, YTO IlepBOHAYaIbHas
BBICOTA MEKEBBIX BAJIMKOB COCTaBJsjIa 15 CM, a OTHOCUTE/JIbHasA IJIyOMHA pOBUKa — He OoJiee
5—6 cMm. OceBas 30HAa POBHKA JI0 CHX IIOp BHU3yaJbHO IIPOCMATPHUBAETCS OOJIBIIYI0 YacCTh
BETETAIIMOHHOTO IIEPUOZia 110 3€JIEHBIM MHOTOJIETHHUM PACTEHHSAM H3-3a JIYUIIETO YBJIAXKHEHUS
ITOYBHI B JIOKAJILHOMU JIeNIpeccuu pesbeda.

Me:xeBasa cucreMa B OKpecTHOCTAX ropoaunia Kapamxa

Tpu Basinka y nocejeHus N2 502, HeCMOTpPs Ha pa3inyuus MOpHOMeTpUUECKUX ITapaMeTPOB
(cm. Tabnuna 1), B obmieit Mopgosioruy npoduis UMeIT CXO0XKHUe YepPThbl, UTO IPOABJIAETCA IPHU
COBMeII[eHUY UX TUIICOMeTpuYecKux npodueit (Puc. 6).

78




Biogeosystem Technique, 2018, 5(1)

E,eM 9 2 Ce—10
6
3
0
-3
-6
-9
-12
0 2 4 6 8 10 12 14 16 18 20

L,m
—=—R2 ----- R10 e R3 e 101HHOMHAIbHBIN TPEH

Puc. 6. CoBMelleHrEe THIICOMETPUYECKUX TPOGUIIEN TPEX MEKEBBIX BAJIMKOB B OKPYTe TOPO/IUIIA
Kapayka (E — oTHOCUTEIbHOE TIpeBBITIeHue 110 JutnHe (L) mypda)

PesynpTupylomuii TUIICOMETPUYECKUN TpeH[ JJIs TpeX BaJMKOB B MEKEBOU CHCTEME
BBIABJIAET CJIEYIONIYIO TTOCTEN0BATETLHOCTD MUKPOGOpPM pesibeda BHU3 10 MPUPOHOMY CKJIOHY
KapaxuHckoit 6anku (cMm. Puc. 6): 1) pOBHUK ITUPUHOH OKOJIO 2 M; 2) COOCTBEHHO BaJIMK BBICOTOU
9—12 cM, UMeIONTUH 60Jiee JTMHHBIN HIDKHUE OTKOC; 3) TIyOOKas 3amajiiHa 3a HIKHUM OTKOCOM
BaJTHKA.

I'ymycoBbIii MaTepuasl JJIsI CO37IJaHUSA BAJIUKOB OBLI 33/IEHICTBOBAH C IOKHOW CTOPOHBI B
1oJIoce IIUPUHOHA 4.6 M, BEPOSTHO, IyTeM 00OpoTa IUIacTa B ABa mpoxona. Ilepen Basmkom
(akTHUeCKH TOYYIUJICA CTOKOPETYJUPYIOIIUI W MPOTUBOIPO3WOHHBIA POBUK (COBpeMeHHAas
IyOrHaA — 15 €M), KOTOPBIA IepeXBaThIBaJ CTOK BOIBLI M HAHOCOB C BHIMIEJIEKAIINX DJIEMEHTOB
penbeda, TO ecTh BBIMOJHSAI CTOKODETYJIMPYIOIINEe W IPOTHBO3PO3UOHHBIE (GyHKIMU. TpymHO
CKazaTb, OBLI JIM 3TOT 3aMbICel OCO3HAHHBIM, HO C TIO3UIIUHA COBPEMEHHOH ITPAKTUKU
OpraHU3alMU MTOYBOBOJIOOXPAHHOTO 3eMJIEZIEINS B pallOHaX HEIOCTATOYHOTO YBJIAXKHEHHS 5TOT
BapHaHT 3eMJIEYCTPOKCTBA CJIEZyeT pacCMaTPUBATh KaK IMMPUMeEP IPUPOI0CO0OPA3HOTO PEIIEHHUS.

Tak kak B crpaTurpaduuecKkux TpaHIIessX ObI0 0OHAPY?KEHO, UYTO IO/ BEPIIHHON BaJTHUKOB C
IyOMHBI 56—63 CM 3ajleraid IUTUTKH WM3BECTHAKA, MOXKHO IPEJIOJIOKUTh, UTO IIpU
IepBOHAYAJIbHOM pa3MeXeBaHWU 3€MEJbHOr0 MacchuBa Ha HAJIeJbl HJTHMH  IUIUTKAMH
MapKUPOBAJIA OCHU OYyZyIINX MEKEBBIX BAJIMKOB, YTOOBI 0OECHEYUTHh PaBHOBEJIMKHUE ILIOMIAIU
HaJIEJIOB.

Ha oxgHo# me3odopme penbeda HaxoasaTes coceaurie Bamuku (R2 u R10), uto otinuaer ux
oT R3, KOTOpBIN pacmnosioxkeH Ha MexkbasouHoMm “ocraHiie”. ITo 3aMbICy KaflaCTPOBOW CHCTEMBI
BUINK R3 — JlorMuHOE MpojjoJKeHre BaTuKa R2, paciosioKeHHOro Ha IOJIOTOM CKJIOHE JPEBHETO
cyxozosna. B apeBHOCTH (Yepe3 HECKOJIBKO JIECATHJIETUU TOCJI€ PACIAIIKK IETUHHBIX CKJIOHOB
KapamxuHckoit 6aiku) crayum (GOpMHUPOBAThCA OBpPAarW, KOTOPHIE OTpe3ajid OT BaJuka R2 ero
okoHeuHOCTh (R3). OH 3ameTHO (Ha 2,0—2,5 M) KOpOoUe JPYIHUX BAJIMKOB U HIKe. Ho y Hero Jiyurire
BH/IHA KOHQUTypanusa poBuka. I1o ycioBusaM pesbeda y:ke allprHOPHO MOKHO OBLJIO CKa3aTh, YTO
BaIMK R3 HUKaK He MOT OBITh cO3/1aH B 3emuiesiesibueckuii mepuoy (XVIII-XX BB.), a umeet GoJiee
paHHUU BO3pACT, OTHECEHHBIM KO BpEMEHHU IIEPBUYHOTO pa3MekeBaHHsA 3emesb. JIpyrue
n3yyennole Bauku (R2, R10) m ux ananorm Ha ckioHe KapamkuHCKON Oasiku B Iporecce
3eMJIe/IeJIbUECKOU HKCIUTyaTallil yYacTKAa MOIJIM TIOHOBJIATHCA IPU HCIIOJIb30BAHUU HAZEJIOB.
¥ Banuka R3 syuriie coxpaHuscs HMepBOHAYAIBHBIA MPOMWIb — YKJIOH HH)KHETO OTKOCA B 1,2—
1,5 pas 6outnbliie (cM. Puc. 6).

MeskeBble BAJIMKU ObLIH COPMHUPOBAHBI Ha IIEJIMHHBIX ITOYBaX. MICK/IIOUeHHEM CTayl BaJIUK
R3, uTO /menaer HEOOXOAMMBIM JaTh OoJiee MOAPOOHYIO0 XapaKTEPUCTUKY cTpaTurpaduu mrypda.
B oceBoil 30He BasiMKa BbIJIeJIEHBI TPH KOHTPACTHBIX TOPHU30HTA: 1) HOBOOOpa3oBaHHas moysa (0—
33 cM); 2) TYMyCUpPUpPOBaHHasI TOJIIA HACHITH (WX, BO3MOKHO, HamalM) Baiuka (0T 33 710 48—
52 cM); 3) CJIOH, IEePEKPBIBAIIUN XO3AHCTBeHHYIO fAMy (¢ 53—58 cM). BmepBble Kepamuka
BCTpETHJIach C IJIyOMHBI 67 cM, Ha TJIyODMHE Q9 cM OOHapy:KeHa pydka aMdopbl ¢ KeJT00KOM
nocepenuHe (cuHorickas, IV-III BB. 10 H. 3. — onpenenenusa B.A. KyraiicoBa), co 106 c¢M cranu
TIOSBJIATHCS. KOCTU KUBOTHBIX. TakuM 0O6pa3oM, BO BpeMs 3eMJIeyCTPOMCTBA HA 3TOM MeCTe Y OCH
BAJINKA yKe ObLIa KaMeHHas HabpoCKa ¢ KEPAaMUKON — IMepeKphITHE XO3ANUCTBEHHOUN MBI A IpU
CO3/TAaHUM MEJKEBBIX BAJIMKOB sIMa OblJla IIEPEKPHITA CJIOEM CYTJIMHKA W TYMYyCHPOBAaHHBIM
MaTepuasoM, MO0 3TO OBLIO C/IeIaHO B MOMEHT 3eMJIEyCTPOMCTBA.
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ITo pesyspTaTaM MUKPOHUBEIUPOBAHUSA pybexkell 3eMiIenob30Banud y ropoauma Kapamku
(o Tabs. 1 — R2) ycraHOBJIEHO, YTO OOIIasi MIMPUHA COOPY:KeHUsI (BaTUK-POBUK) Ha MPUPOTHOM
penbede cocrasisgeT 9,6 M. CoBpeMeHHas MIMPHUHA BAJIUKA Y OCHOBAHUA — 3,7 M, OTHOCUTEIbHAA
BbICOTA — 16—17 cM. Mcnosp3ys MOYBEHHO-MOP(QOJIOTUUECKUI MeTOM, YIaloch IIPOBECTH
PEKOHCTPYKIIMIO IEPBOHAYAIBHBIX IMapAaMETPOB 3eMJISHBIX BaJIMKOB. [losoca aHTPOIOTEHHBIX
3eMJISTHBIX HApPYIIEHUH COCTABJIAET 4,5—4,9 M. I[lupuHa BajJiMKa COCTAaBJISAET Y OCHOBAHUS 4,1—
4,7 M. B IpuBepITMHHON YacTU IEPBOHAYAIbHAS BHICOTA BAJTUKOB ObLJIA OKOJIO 20 CM.

[TpuposHas AeHyAalus BaJIUKOB Kak MHUKpodopM pesnbeda MPOUCXOAUIA HE CTOJBKO 3a
CUeT JIEUCTBUS JUIMHBI U KPYTHU3HBI MHUKPOCKJIOHOB, COBMECTHOE JIEHCTBHE KOTOPBIX BBIPAXKAETCS
penbedHoU dyHkmuen (JIucerkuii, [10;10BUHKO, 2012), a CKOJIBKO TI0JT IEHCTBHEM YAPHOU CHJIBI
Kareib. XOTs 9PO3UOHHO-aKKYMYJIATHBHBIN IPOIECC MPOSIBJISIETCS HA MEPBUYHOM MaCHITAOHOM
YPOBHE, HO H3-3a TOTO, YTO 3pO3Us HAOJIO/aeTcsA Ha BEPIINHE U MUKPOCKJIOHAX, 4 aKKYMYJIAIHA
HAaHOCOB B POBUKAX, BCE 3TO reoMopdoJiorHueckoe compsikenue, Besen 3a (Ollier, 1976), MokHO
Ha3BaTh SPO3MOHHON MUKPOKATEHOH. Pe3ysibTaThl EHCTBUSA STUX MIPOIECCOB XOPOIIO OTPAMKAIOT
pEerucTporpaMMEbI IOYBEHHOTO ITOKPOBA, MOJIydyaeMble IIPU 3aKJIaJiKe JUIMHHBIX TPAHIIEH MoIepex
Me?KeBbIX TPaHUII.

B TabGnuie 2 mpencraBieHbl pe3yJIbTaThl XUMHUKO-aHATUTUYECKUX HCCIIEOBAHUHN IIOYB B
MeKeBOH cucreMe y ropoauiia Kapamku.

Tao6auna 2. XuMuJecKre CBOMCTBA IIOYB B MeKeBO cucreMe y ropoauina Kapamku

Ne | Cioit, cm |  IIBer pH [CaCOs,, OGOMeHHbIE P.O; | KO | Pgan, | C/N | Cr/
(cyx.)mo [(H.O| % OCHOBAHUA % Cox
Mascesty| ) Cat* ‘Mng+ ‘ Na+
MMOJIb/IM3 B 100 T MT/KT

JlepHOBO-KapOOHATHAS ITOYBA Ha AJII0OBUM U3BECTHAKOB (11eJTMHA)
15 0—24 |[10YR7/3| 8,3 | 59,5 | 10,2 2,2 0,8 | 117 [(458,4| 0,24 | 9,4 | 0,6
24-32 |10YR6/6| 8,6 | 60,9 5,9 2.0 20| 62 |6156]| 0,26 | 7,8 | 0,6
IlouBa Ha BE€PIHINHE MEXKEBOT'O BAJIMKA Ro2
0—20.5 |10YR6/3| 8,5 | 31,0 | 17,0 1,4 0,6 | 140 |423,6| 0,16 | 12,9 -
1 | 30—33 |[10YR5/3| 8,4 | 20,8 | 22,1 3,6 09| 47 |182,5]| 0,13 | 8,7 | 0,2
33-36 |10YR5/4| 8,4 | 19,1 | 21,3 4,0 0,9| 37 |164,1| 0,12 | 6,7 | 0,3
ITouBa Ha BepIIIMHE MEKEBOTO BaJInKa R3
0-13 [10YR5/3| 8,3 3,2 | 23,6 3,0 0,9| 16 |228,4| 0,12 | 9,6 | 1,0
2 13—33 |10YR5/2| 84 0,7 25,2 2,8 0,9 8 184,5 | 0,12 7,4 | 1,3
33—48 |[10YR5/4| 8,6 8,6 | 20,8 3,9 08| 19 |140,5| 0,13 | 3,8 | 0,5

CormocraByieHE HOBOOOPa30BaHHOU MOYBHI (0—21 ¢M) U MOTPeOEHHOTO TYMYCHPOBAHHOTO
cnos (33—36 cM) Ha BepUIMHE MEKEBOTO BaJIMKA R2 MOKazajo WX CYyIIECTBEHHOE pa3Inyue:
BEPXHASA YacTh MpoduIs MO0 BCeM IOKA3ATEesIM XapaKTepusyeT 0oJiee IUIOIOPOJHYIO IIOYBY.
Hcxonsa w3 3TOro, MOXKHO C/AeIaTh MPEANOJIOXKEHHE, YTO BAIMKU B AHTUYHOE BpeMs ObLIH
HeoOpabaThIBa€MbIMH.

C noMOIIbI0 IIOYBEHHO-XPOHOJIOTUYECKOTO MeTOZa [IaTUPOBAHUA OIIpe/ieIeHO BpeMs
IIpeKpalleHus KU3HeeATeJIbHOCTU Ha nocesieHuu NO 502 — 0KoJIo 270 T. 70 H. 3. HaxoxzaeHue
5TOTO IOCeJIEHUsI Ha pa3MesKeBaHHOU TEPPUTOPUH, MO-BUUMOMY, CBUIETEILCTBYET O €ro Oojee
paHHEM BO3HUKHOBEHHM, YeM U3YyYEeHHOM cHCTeMbl 3emiieycTpoiicTBa. I[Io COBOKymHOCTH
MMeIIUXCA JaHHBIX, IoJIaraeM, 4To B 5,25 KM K IOr0-BOCTOKY OT KapaJiKMHCKOro ropojauiia
3eMeJIbHBI MaCCHUB IIONMIAAbI0 73,7 ThIC. M2 OBLJI pa3MeKeBaH IO CTPOTO PETY/ISAPHON CETKe Ha
11 3eMeJIbHBIX HA/IeJIOB IIIMPUHOU 23,5 M B TpeTbel ueTBepTH IV B. 10 H. 5. Wi Ha pybexe IV-III
BB. JI0 H. 3. 3eMJIENOJIb30BaHUE JIMJIOCh He 0oJiee TOyBeKa U OOJIbIlle 3Ta TEPPUTOPHUS B
00pabOoTKy He BOBJIEKAJIACh, TAK KaK II0 COBOKYITHOCTH ITOYBEHHO-TEHETHYECKUX JITAHHBIX YBEPEHHO
MO>KHO TOBOPHUTb O COXPAHHOCTH 371€Ch TOCTAHTUUHOM 3aJI€3KMU.

[Tocenenue J[>kaHTy/ib HAaXOAUTCS Ha CEBepO-3alaJHOM YaCTU IOJIyOCTpOBa TapxaHKYT,
B 3,5 KM K ceBepy oT m. OsieHeBKa (CmekasioBa, KyraiicoB, 2013). M3yuenune mousB B mrypde,
3aJI0’KEHHOM TIOTIEPEK BaJIMKA, OTPAHWYUBAIONIETO OJHO W3 “/UTMHHBIX TIOJIEH , Y IOCEJIEHUS
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Jxanrysib 1 (R4), Mokasano, 4YTo IEPBOHAYAIBLHO OH MPU IIMPUHE 1,6 M UMEJ BBICOTY 20—21 CM.
Ha rpebHe Bannka 3aUKCHpOBaHA MOIIHOCTH TyMYyCOBOTO TOPH30HTA MOYBHI (A+AB) 385 mmM.
ITo pesysibTaTaM 3aMepoB Ha apxeosjiornueckod OpoBke moctpoiiku (B3) (packomnku
T.H. CMekayioBOI) ompe/iesieHa cpefHsis MOITHOCTh A+AB, KoTopasi cocraBwia 384,5 MM, UTO IO
pe3ysibTaTaM pacueTra IeJI0XPOHOJIOTUUYECKUM METOJIOM COOTBETCTBYET BO3PACTy IIOUBBI,
chopmupoBaBiierica mocie IV B. mo H. 3. (Jluceukwit, 2015) (cM. HoMmorpammy, Puc. 7).
9TO IIO3BOJIAET CHHXPOHH3UPOBATb BpEMA XHU3HEAECATC/IbHOCTH Ha IIOCEJIECHHUH I[)KaHI‘y.TIb 1cC
(GYHKIIMOHIUPOBAaHUEM IPUMBIKAOIIEH K HEMY MeKeBOI CHCTEMBIL.

A+AB, MM
450
400 - = Crennoit Kpbim
L Cegepo-3anaanbiii Kpbim
300
¥ snemenor JIOBCPUTCIILHDIH HUITCPBAI
250 ‘I ; i 4 E o
2500 230( 2100 1900 1700 1500 BO3pacT MouBs (t), et
TR AE e R R g , T
J0 H.D. -540 2270 0 270 i

XPOHOIIOTHYECKaA 1IKaia

Puc. 7. IlpuMep mcnosp30BaHNA HOMOTPaMMBI [T OIIpeiesieHus Bo3pacTa 1nous Kpeima no
MOIITHOCTH T'YMYCHPOBAaHHOU YacTu ux npodmwist (A+AB)

Me:keBasa cHcTeMa IIOJ[ IOJIeBbIe KyJbTYypbl (BOM3M ycane6é TroMeHbCKOM
0aJIKN)

3emenbHBIN Hazien y mnoceneHus Tiomenb 2 (CMmekasioBa M Jip., 2015) paCIOJIOKEH B
npeziesiax CcJIabOHAKJIOHEHHOTO B3aTs)KHOTO CKJIOHA FOJKHOW SKCIO3UIHMH. JTHU YCJIOBUA IIPU
pacraiike 3eMesb CIOCOOCTBOBAJIM PAa3BUTHUIO IOBEPXHOCTHOTO CMbIBA IIOYBBL. YYacTOK B
HACTOSIIlee BpeMs HaXO/IUTCSA B IIOCTarPOTEHHOM PeKHME.

BepxHuii cjIOM TIOYBBI Ha BepIIWHE Bajnka R-6 TOABEpPKEH JeHyJaluu, O YeM
CBHJIETEILCTBYET OoJsiee BBICOKOe copep:kanHue Si0., Ti, Mn, As (Tabs. 3). Marepuan HachIu
BaJIMKA MOXKET B OIPe/IeJIEHHON Mepe XapaKTepU30BaTh MaJIeOKIMMATHYECKHE YCJIOBHSI, KOTOPBIE
MIPEJIIIECTBOBAIM aHTHYHOCTH. OHAKO TOJIPKO KaK TEHJEHIIUI0 MOYKHO OTMETUTH OCOOEHHOCTH
OMOTeOXMMHUYECKOH OOCTaHOBKM B NPEJAHTUYHBIA IEPUOJ, KOTOPbIE CIIOCOOCTBOBAIH
akkymyssinuu Mn, Fe, Al. TlouBbl B apeajyie JpeBHEro 3eMJIEENIHs, COXPAHIJIM OCTATOUYHbBIE
CBUJIETEIbCTBA arporeHesa: bosiee HU3Koe cozaep:kanue Ca u Sr (JIucenkuii, Bopobresa, 2016).

PesysipTaThl aHasm3a MOpGOJOTUYECKOTO CTPOEHUsS MOYB Ha Baiuke R5 (Ha moceneHUH
mo3aHel OpoH3bl TiOMeHb 3) ITO3BOJIMIN OIPEAEUTh IePBOHAYAIBHYI) IIHPHUHY BaJUKa Yy
ocHoBaHus — 2,8 M. [lo pesysbTaramM HUBEJIUPOBAHHSA COBPEMEHHAs OTHOCHUTEJIbHas BBICOTA
HATAIIHOTO BaJIMKa 10 OTHOIIIEHHIO K 30HE OTBaJIa COCTaBJISET OKOJIO 30 cM. MexeBoil Bauk R5
aCUMMETPHUYEH, C I0TO-BOCTOYHOTO Kpasi XOPOIIIO BhIpakeHa 30Ha MMUPUHOU 3 M, OTKY/la BEpXHUH
CJIOH TTOYBBI OBLII IIEPEMEIIEH K OCH CO37/aBaeMOT0 HAITAIlTHOTO BaJIMKa. DTO 00YCJIOBJIEHO TEM, UTO
B Hauvajsle 60-x IT. XX B. paccMaTpuBaeMass TEPPUTOPHsA ObLJla KpaTKOBPEMEHHO BOBJIEUEHA B
manrHp. MOIMHOCTh TOPHU30HTa A YBEJIUYHBAETCA OT BEPIIMHBI BaJIMKa K CEBepO-3allajy,
COCTaBJIsIsA B CpPeIHEM 343137 MM. MakcuMasibHas MOIIHOCTh TyMycOBOTO ropu3oHTa (A+AB)
OTMeueHa B IPHUOPOBOYHON YaCTH COBPEMEHHOW OCH BaJIMKa, I7ie OHA NPEBBINIAET Ha 14,7 CM
cpeHee 3HAUEHHE B IIPeesiax TPAaHIIeH, 3a/I03KEHHOH TOoIePeK BaIMKa.

81




Biogeosystem Technique, 2018, 5(1)

Taﬁnnua 3. XUMHUYECKHE U TeOXUMUYECKHE MOKa3aTeJau B TIOYBEHHBIX pa3pesax
Ha MEXXEBbIX BaAJIMKaAX

Xumnueckre |Pasmepn| Bauk R6, pa3spes 13-6 k BocToky or |Basuk R5, paspes “mr” Ha moc.
3JIEMEHTHI 1 OCTb noc. TiomeHb 2 TromeHb 3
re0XNMUYECKHU mIyOuHA, CM

e TIoKa3aTeJin 0—20 [20—31| 31—-49.5 |49.5—-60| 78 0—21 | 21-39 39—54
Si0. % 42,4 |38,91| 40,75 | 40,32 | 44,73 | 38,31 | 47,91 39,95
CaO % 6,26 | 6,53 6,78 8,37 | 14,51 | 17,66 | 18,56 23,09
Al,O4 % 10,20 | 9,59 | 10,03 9,30 | 9,84 | 8,66 10,16 9,22
Fe.O, % 3,11 | 3,08 3,12 3,04 2,71 2,69 2,68 2,40
MgO % 1,13 1,12 1,16 1,20 1,70 2,23 2,51 2,72
TiO. % 0,80 | 0,77 0,77 0,72 0,60 | 0,59 0,58 0,51
P.O; % 0,11 | 0,12 0,12 0,12 0,10 0,21 0,24 0,22
\ MI/KT | 94,58 | 93,38 | 94,29 | 94,32 |82,52| 74,94 | 75,03 68,6
Cr Mr/kr | 92,00 | 87,41 | 85,69 86,92 | 80,63 | 82,54 | 80,09 75,36
MnO MT/KT 0,13 | 0,12 0,12 0,12 0,08 0,11 0,10 0,08
Co Mr/kr | 19,08 | 15,22 | 14,69 16,36 | 11,06 | 14,12 9,95 8,06
Ni Mr/kr | 51,61 | 51,03 | 53,44 | 51,82 |43,48| 40,57 | 40,37 | 39,89
Cu MI/Kr | 52,44 | 56,6 | 57,73 51,3 |37,81] 33,62 | 324 26,9
Zn Mr/kr | 74,2 | 73,58 | 73,89 | 72,36 |74,29| 65,66 | 75,56 74,88
As MIr/Kr | 42,08 | 34,13 | 37,28 34,82 | 27,77 | 9,02 10,41 8,25
Sr Mr/kr | 117,5 | 113,5 | 114,1 127,9 | 168,2 | 225,3 | 184,0 182,9
Pb Mr/Kr | 22,61 | 21,46 | 18,68 20,36 | 13,19 | 17,75 | 13,33 13,47
Si/(Al+Mn+Fe)| 6e3pa3sm.| 3,16 | 3,04 3,07 3,24 3,54 | 3,34 3,70 3,41
Ca/Ti Oes3pasm.| 7,83 | 8,48 8,81 11,63 | 24,18 | 29,93 | 32,00 45,27
(Ca+Mg)/Al 6e3pasm.| 0,72 | 0,80 0,79 1,03 1,65 | 2,30 2,07 2,80
> (Ni, As, Cr, |0OespasMm.| 355,3 | 344,0 | 347,1 339,5 | 285,4| 258,4 | 251,6 232,5
Cu, Pb, V)

Ka O6e3pasM.| 4,70 | 4,22 4,26 3,62 2,53 1,79 2,11 1,47

[IpennosaraTh, 4TO B PEBHOCTH MPUMEHSIJIH MEJIKYI0 00pabOTKy ITOUYBBI, MOKHO YBEPEHHO,
ITOCKOJIBKY Aa’ke B KoHIle XIX B. B cTermHOU 30He YKpauHnbl (ITocTHUKOB, 1891) TyiyOMHA OCHOBHOU
00paboTKK OOBIYHO He MpeBbIaga 12—15 cM. OpUeHTHPOBOYHBIE PACUETHI ITOKA3bIBAIOT, UTO JIJIS
(opMupoOBaHUS OTHOTO IIOTOHHOTO METPa MEKEBOTO BaJIMKA OBLIIO HEOOXOIMMO 0,68 T MMOYBHI, UTO
COOTBETCTBYET 6,4 M2 06pab0TaHHOU IUTYyTOM IIOBEPXHOCTH (IIpU IIyOrHE 06pabOTKH 12 CM).

4. 3axaoueHue

C mnoMoIIpl0 Ie0XPOHOJIOTUYECKOTO0 MeTo/Ja JIATUPOBKM IIOKa3aHO, YTO CHUCTeMa
3eMJIeyCTPOMCTBA B OKpyre ropojuina Kapajpka oTHOocHTCA K aHTUYHOMY BpeMeHHU (Basimk R2
JatTupoBaH mepBoil mosioBuHo# III B. 10 H. 3., Bauk R3 — IV B. /10 H. 3.). 3eMJIsSHbIE BaJIUKHU
MeKeBOM CHCTEMBI IO/ TOJIEBBIE KyJIbTYPBl y MHo3/iHeckudckoro mnoceneHus Tiomens 2 (R5)
OKA3aJIMCh CUHXPOHHBI (QUHAIBHOMY 3Tamy (QOPMHUPOBAHHUA KyJBTYPHOTO CJIOS HA 3TOM
MOCeJIEeHUU U AaTupoBaHbl 11 B. 710 H. 3. [1o MoImIHOCTH HOBOOOPA30BaHHOM ITOYBBI 3€MJISTHON BaJI-
orpaza Ha mocesneHuu Kespmreiix 1 (R11), KOTOPBIA IO KOHCTPYKTHBHBIM OCOOEHHOCTSAM U
Ha3HAYEHWIO OTHECEH HaMU K IPOTHBOIABOJOYHOMY THILY, JaTHPOBaH IepBoi mosmoBuHOoH III B.
70 H. 3. K Gosee mo3mHEMYy BpeMEHH OTHOCHUTCS OOIIMpHAas MexkeBas cucreMma B IIpearopHom
Kpsimy, y moc. Bopyr-Xane (III B. 10 H. 3. — I B. H. 3.). Takum 06pa3oM, BO3MOKHbIE COMHEHUS O
HEAaHTUYHOM IIPOUCXOXKJEHUN MexkeBbIX cucreM B CeBepo-3amagnom u I[lpearopuom Kpeimy c
TOIIOJIOTHYECKUMU OCOOEHHOCTSMH 3eMiieycTpolicTBa U MopdoMeTpuell TpaHUI] HAEsOB,
KOTOPble ObIN YCTAHOBJIEHBI HA U3YYEHHBIX 00bEKTaX, MOTYT OBITh OTBEPTHYTHI.

Ha ocHOBe BBINOJIHEHHON KJIacCU(UKAIIMU MeXKeBBIX BAJIUKOB 10 MOPGOMeTpUYECKUM
IapamMeTpaM yCTAaHOBJIEHBI UX TPU OCHOBHBIX THUIIA, YTO OIpe7iesisfeT IMePCIEeKTUBBI JaabHEeNIINX
PEKOHCTPYKIMH TEXHOJIOTUH CO3J]aHUSA 3€eMJIEyCTPOUTEIbHOU WHQMPACTPYKTYPhl AHTHYHOTO
BpEMEHU.
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YcTaHOBJIEHHBIE OTJIMYUSA [TapaMeTpPOB 3eMJIAHBIX Hachlled (Hamameil) MOXKHO OOBACHUTD
BO3MOXKHBIMHM pAa3jIMUYUSAMU B TEXHOJOTMM U BPEMEHH UX CO3JaHUs, OCOOEHHOCTAMH
byHKIMOHAIBPHOTO Ha3HaueHUs (B 3aBUCUMOCTH OT OTPAcjI{ PACTEHHEBOJCTBA, POJU pybexka B
CHCTeMe MeXEeBaHW), JJIUTEIbHOCTHIO IMPSAMOTO HCIIOJIb30BAHUSA, CTEIIEHBI0 COXPAHHOCTH H3-3a
pa3INYUN B UICTOPUU 3€MJIETIOIb30BAHNUA HA IPOTKEHNH HOBOTO BPEMEHM.

I[Ipu ¢opMuUpOBaHMU ITPOTHBOSPO3UOHHOMN IOJACUCTEMBI arpoJIAaHAIIA(TOB CO3/IaHUEM
pyOexell peryJupoOBaHUA PA3HBIX MOPSAKOB B COBPEMEHHBIX IMPOEKTaX 3eMJIEYCTPOMCTBA U, IO
Bced BHUIMMOCTH, HEOCO3HAaHHO B 3€MJIENIOJIb30BAHUU JIPEBHOCTH, B OIPENEJIEHHON CTeleH!
peayn30BaHbl IPUHIUIIBI “TEOHUKH . A MPUPOAOCOOOPa3HbIe PElIeHUs B 3€MJIENOJIB30BAHUM U
aZJaliTUBHOM 3€MJIEYCTPOMCTBE MOTYT PacCMaTpUBAThCA KaK COCTaBHAs 4YacTh Oosiee 0OIIero
moAxo/la — OHMOreoCHCTEMOTEXHHUKH, IIPEAIoJaraiolieldl BHEAPEHHE TPAaHCIEeH/IEHTATbHBIX
TEXHUYECKUX DeIIeHUN U TeXHOJOTWUH yIpaBjieHus OHOreOXMMHYECKUM IHMKJIOM BeIecTBa B
razoo0pa3HoM, KUIKON, TBepAoH (ase /1A 3K0JI0orHIecKu 6e30IaCHOTO PENUKIINHTA BEIIECTBA B
IIOYBaX, IPUPOCTA  PECYPCOB UM  IPOJOBOJICTBUSA,  HEINPOTUBOPEUHBOTO  peHIEHUS
IIPOU3BOJICTBEHHBIX M DKOJIOTHUECKUX IPo0sieM HOOocePhl B €JUHOM TEXHOJIOTUYECKOM ITUKIIE
(KasimHU4eHKo, 2012).

5. baarogaprocTu

ABTOpPBI BBIpaXKalOT 0JIarOTAPHOCTD 3a MOAMIEPIKKY B OPTaHU3AIIMU U IIPOBEIEHUH TOJIEBBIX
HCCJIEOBAHUN UCCIE0BATEIFCKOM TpyIIne 1o/, pykoBozictBoM T.H. CmekaioBoii.
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NudpacTpyKkTypa 3¢ MJIEyCTPOMCTBA B MOCTAHTUYHBIX arposanamadgrax Kpsiva
®émop Hukonaepuu Jlucerkuii 2 °, JKanna ApkazpeBHa Bypsik 2, EBrenus fIkoBieBHa 3eieHcKast 2

a BeJIrOpOJICKUH roCyZJapCTBEHHBIN HAITMOHAIbHBINA UCC/IE0BATEIHCKUN YHUBEPCUTET,
Poccutickas ®eneparus

AnHOTanuA. /[peBHUe NPOTAKeHHble MUKPOMOPMBI pesibeda IIHPOKO IIPE/CTaBJIeHbl B
psne paiioHoB KpbeiMa, rie oOHapy»KeHbI MOCTAHTHYHBIE arposaHAmadThl. OTH MHUKPOGOPMBI
ABJIAIOTCA aHAJOTaMHM 3eMJIAHBIX THUJIPOTEXHUUYECKUX COOPYKEHHN Ha MallHe, KOTOpble
WCIIONB3YIOTCA JUIA  IleJled PperyJIMpoBaHUA IIOBEPXHOCTHOTO CTOKA BOJABI U KOHTPOJIA
VHTEHCUBHOCTA 3PO3UOHHBIX IIPOLIECCOB B 3PO3MOHHO-OIIACHBIX arposagamadrax. B crarTbe
IIpe/ICTaBJIeHbl Ppe3yJIbTaThl KOMILIEKCHBIX HCCJIeZJOBAHUN JIpEBHETO 3eMJIeyCTpOMcTBA U
3€MJIENIOJIb30BAHNUSA BOJIM3U apXEOJIOTHUYECKUX MAaMATHUKOB (IIOCEJIEHHH 3eMJIEZIEbIEB U
CKOTOBOJIOB) aHTHYHOTO BpeMmeHu B CeBepo-3amagHom Kpbeimy. PesuKTOBBIE 3J1€MEHTHI
3€MJIETIOIH30BAHUS B BUJIE BAJIOB M PBOB, KOTOPBIE ObLITN OOHAPYKEHBI B IPEBHE3EMJIE/IETBUECKUX
paiionax Kppima, chOpMHUPOBaHbI B pe3yJsIbTaTe arpOTEXHUYECKUX 0COOEHHOCTEH 00pabOTKU TOUB
BHYTPU HAJIeJIOB W IIyTeM CO3/IaHUA BHEIIHUX T'PAHUI] 3€MeJbHBIX YYaCTKOB JJIfl 3aKpeIUIeHUs
IpaB 3emuienosb3oBaTesied. C MOMOIBI0O JAHHBIX JUCTAHIIMOHHOTO 30HJUPOBAHUA 3eMJd U
MIOJIEBBIX METOJIOB BBIABJIIEHbl WUH(PACTPYKTYpHBIE 3JIEMEHTHl AHTUYHBIX MEXKEBBIX CHUCTEM,
a TaKKe YCTAHOBJIEHBI 0COOEHHOCTH 0OpabOTKYU MOYBHI B 3€MEJIbHBIX HaJleIaX IO/ MHOTOJIETHHE
HACAXK/EHUSA U 3€PHOBbIE KYJIbTYPhL. PU3HNKO-XUMUYECKHE OCOOEHHOCTH IIOYB IIOKA3ajd, YTO
Me’KeBble BAJIMKH B IIOCTAHTHUYHBIX JaHAmadTax Obwtn HeoOpabarbiBaemble. Ilcrmosbays
pe3yJsbTaThl  JIeTaTbHOW TeoJle3UYecKO CheMKH, BIIepBble IIOJIydeHbl yHUBepCAJIbHbIE
MopdoMeTpuUecKre MapaMeTpbl 3eMJIAHBIX COOPYKEHUH pasMuHbIX TUIOB. Kitaccudukarueit
MeKeBbIX BUIMKOB 110 MOP(OMETPHUUYECKUM IlapaMeTpaM YCTaHOBJIEHBI TPU OCHOBHBIX THUIIA, YTO
ompesiesisieT  MEPCIEKTUBbl  JTAJIbHEWUIINX PEKOHCTPYKIMH  TEeXHOJIOTMH WX  CO3JaHUA.
ITo pe3yspTaTaM MOYBEHHO-XPOHOJIOTMUECKUX OIIEHOK OBLIO OIpeJieJIEHO, UTO BCe HCCIeyeMble
Me’KeBbIE CHCTEMbBI OTHOCATCS KO BpEMEHU aHTHYHOTO 3emiieyctporicta (IV B. 10 H. 3. — I B. H. 3.).
YcTaHOBJIEHO, UYTO NPUPOAOCOOOpasHble pelleHHs B  3eMJIENOJIb30BaHUM, KOTOPbIE B
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Abstract

In this paper I reflect on plant breeding in the context of agriculture, agriculture in the
context of society and society in the context of culture. Altogether a whole, created by interacting
and interdependent humans, on a precious and limited globe. In order to rationally reflect on this
whole, I use not only natural science [beta] notions, but refer to socio-economic [gamma] and
cultural [alpha] science notions as well, in their mutual interactions. This to emphasise their
interweavennes in all appliances of (agro and other) disciplinary sciences. Clarity on this
interweavennes helps to understand the considerable problems that nature, environment, human
health, animal welfare, crops and soil-ecosystems, labour conditions etc. are faced with by today’s
industrial, chemotechnical agriculture.

Keywords: agriculture, environment, human health, animal welfare, crops and soil-
ecosystems.

Introduction

In this paper I try to see plant breeding in the framework of agricultural production, and
agriculture in its social context. Society somehow always has the agriculture it demands. Only when
groups in society shift their demands towards products from a socially fair and ecologically sound
way of production, can producers changes their production accordingly. But at the same time: only
when some producers start to take the risk of introducing products on the market that are
produced in a way that complies with sustainable development worldwide, can consumers support
that way of production by buying those products.

Today, looking back at 50 years of MOVIR research, it is clear how society’s changing
demands have changed the position and the strategies of plant breeding, compliant to the changes
in demand form agriculture. Among the changing demands, the need for a more clearly elaborated
focus on sustainable development — in Bruntland’s sense — is paramount.

In plant breeding, this shifts the focus of high external input agriculture towards low external
input; from soluble mineral fertilisers toward carbon-rich organic manures, from growth only to
full ripening, from full single disease resistant lines to multiple diseases resilient lines and last but
not least, from lines that do reasonably well in many places to lines that produce very well in their
specific region (optimal soil/climate adaptation) (Brundtland, 1987).

In my opinion, over the last decades MOVIR has done very well to live up to the sustainable
development demands. And so under the sub-optimal research conditions — to say the least — as
they have emerged over those last decades. Great sacrifices have been made by the researchers and
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their staff allowing continuation of the work started in the earlier decades of MOVIR, when
agricultural research was still prominent on the national research agenda and budget. I herewith
like to express my sincere appreciation and even admiration for that performance. Therein, I guess,
the directorship of Dr. Sulukhan Temirbekova will be remembered as a crucial contribution of
MOVIR’s survival in the early 215t century. Let me finish these words by congratulating the Vavilov
Institute of Plant Industry with the 50t anniversary of its younger sister, its Moscow branch:
MOVIR. As a foreign member of the Russian Academy of Agricultural Science, I feel honoured to
be invited to participate in this 50 years of MOVIR symposium.

Summary. Guidline for the reader

In this paper I invite you to look at plant breeding in the wider context of science in our
today’s society, wherein the latter always figure within a more or less explicit perception of man
and nature: a world view, episteme or paradigm. Within those paradigms, social and economic
perceptions are decisive, particularly where political decisions are at stake. And: science, including
plant breeding, thrives and flowers or suffers and vanishes according to political decisions:
governmental as well as institutional.

I will start with my view on two bipolar perceptions: conservative versus progressive and
reductionism versus holism.

I then proceed to some steps between facts and targets, criteria and parameters, exploring
their degree of objectivity versus subjectivity. It elaborates the reductionism — holism opposition.

Then the question arises how to position the various scientific disciplines, with their often
conflicting interests, in a way that facilitates their cooperation in favour of sustainable
development.

Some words on the People, Planet, Profit approach are followed by the presentation of an
adapted Maslow model, which from thereon is elaborated in the rest of the paper throughout
various realms of sciences: environment, ecology, economy, sociology and alpha sciences.
By consciously reflecting on this hierarchy, planning partners can clarify their own position as well
as that of their partners, to facilitate fruitful cooperation amongst them. Such reflections will also
help to find ways on how to position conflicting interests of the different disciplines

The relevance of that approach for Russian Agriculture in general and MOVIR’s plant
breeding in particular is provisionally specified, stepwise, per item.

Finally some words are dedicated to the work of Herman Daly (1989, 1996) and to an option
I can see within the broad range of perspectives for MOVIR’s development in the next half century.

Two bipolar perspectives in science and society

Whatever plans for landscape and or agricultural projects are tabled by whatever actor, two
opposite tendencies can be found, both in looking backward and in looking forward.

First of all there is a certain balance between an innovative, entrepreneurial, daring and
modern-times approach with a firm base in science, and a conservative, history oriented, respectful
and classical-times approach, with a good portion of scepticism toward modern, technocratic
solutions. In the scheme below the two horizontal arrows between conservatism and progressivism
represent those two tendencies. Now in each of these two, two other tendencies can be found. One
more and one less aware, conscious and motivated to think of long-time effects. Obviously, long-
term effects regard all people affected by the new projects, plans or policies. In Scheme 1 I marked
the tendencies with a + that are compliant with sustainable development, including social justice
and cultural multiplicity. On the other hand, those tendencies that are primarily focused on
people’s own group’s short time interest, competing with all others, are given a — in this scheme.
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Holism

Perceiving all partsin their full
spatial and temporal contexts

'S
Respectand Visions on developments of
understanding for the yet unknown potentials of
evolutionary and nature and culture.
historical developments Contributions to our commaon
of the recentand further future's sustainable
past + development
Conservative -« » Progressive
Fixation on past memories, Fixation on future (enterprise)
important for certain profit, favouring certain
individuals or groups; individuals or groups;
blocking further exhausting limited resources
development for all meantfor all

L 4

Focus on single, isolated parts of
the system as a whole

Reductionism
Fig. 1. Reduction and Holism in context

Figure 1 as presented here offers a nice tool for discussions on — for example — plant
breeding, (agro-) landscape planning, food quality and the evaluation of their developments. It will
be often noticed how easily people, in their presentations of plans or reports based on their
particular expertises, tend to focus mainly on the + aspects of their own plans and on the — aspects
of the opponent’s. Each of those will do the same for their respective positions.

In the so-called SWAT analysis (Mind tools, 2018), this controversy can be nicely transferred,
as therein, Strengths, Weaknesses, Opportunities and Threats of all expertises and options are
made explicit and discussed. In my opinion, the above scheme nicely fits the SWAT approach.

Therein, by combining the strong points they have in common, and avoid their negative ones,
they can altogether manage so called win-win strategies, wherein they focus on their common
opportunities and take care to prevent the threats. Whereas the so called SWAT analysis is
developed for business and personal consultancy, it works out fine for agricultural enterprises as
well.

On Facts and Targets, Criteria and Parameters

In all discussions on agro-landscape design and management there is much to do about facts
and targets, criteria and parameters, values, facts, intentions and so on. Quiet often arguments
based on one of these get mixed up with such based on others, troubling clear and transparent
decision making.

For example hard scientists, as specialists in their discipline, often focus on facts and figures,
regarding everything else a waste of time. On the other hand, politically and sociologically aware
generalists tend to stress goals and targets, values and opinions, leaving out thorough elaboration
of relevant facts. In this often conflicting process, the specialists have implicit objectives and value
systems, which are intrinsic in their discipline’s way of thinking, observing and acting. On the other
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hand, the philosophers tend to presume that the implementation of their wonderful ideas will
somehow bring about all relevant and needed facts and figures.

The scheme below offers my view on how I see the mentioned positions inevitably linked.
By consciously reflecting on this hierarchy, planning partners can clarify their own position as well
as that of their partners, to facilitate fruitful cooperation amongst them.

This scheme is based on the notion that people taking initiatives often start with a holistic
notion of their objectives (see the upper left). These objectives are as such invisible for the outer
eye, yet clearly visual as an idea or concept in peoples’ minds. On the other hand, starting from the
lower right with the empirical data, they are clearly visible, touchable, concrete, measurable,
countable and thus experienced as ultimately reliable.

However, the relevance of the data is not intrinsic in those data themselves. Their relevance
depends on what they mean to each of those involved in their application, in the objectives set by
those who apply these facts and figures to reach their goals.

Interestingly, a critical screening of leading people involved in management, land-use and
agriculture can nicely show how both sides and their intermediates have their roles in linking
theory to practice and vice versa. On Figure 2 it looks like this:

HOLISM: In need of interdisciplinary approaches t

- which can rely on reductionism’s hard facts -

1. Concepts and ideas are small in numbers, but high in meaning
To apply any concept or idea several targets, goals or objectives can be derived vs
chosen as ways for their implementation

2. Targets, goals or objectives are derived from concepts or ideas
1 To apply any target, goal or objective many critena can be denved vz chosen for its

implementation t

3. Criteria or values are derived from targets, goals or objectives
To apply as well as from applying any cnterion several parameters can be derived vz
chosen to checkif vz in how far it is reached .t

4. Parameters are derived from criteria and values,
From applying any parameter a wide range of empirical data can be derived, and
relevant parameter values must be decided upon vz must be chosen

5. Empirical data are high in numbers, but low in meaning
Empinical data are basically time, space and situation specific; by creating averages
we make abstractions that —stnctly speaking- fit never, no-where in a living reality

‘l‘ REDUCTIONISM: leads to disciplinary approaches '

which function in more or less explicit concepts / mind-sets

Fig. 2. Steps relating reductionism and holism

Starting with 5: when empirical data are presented in any discussion or publication, it is
important to be quite clear: 4. what parameter they refer to, and then which criteria (3.) are chosen
to be represented by that parameter (what does that parameter stand for), and 2. what values are
represented by the criteria used and, finally, 1. what objectives are to be served by the criteria as
chosen.

If you talk about hard facts such as inhabitants per surface unit, about production per labour
unit or per large cattle unit, or about crop varieties’ production or pests’ resistance, you
immediately can see the point of the crucial importance of figures. At the same time you are aware
of their relative prediction value, as they are average figures, derived from various locations and
times. The figures as such can be hard, but their meaning for the future of your investment (time,
money) is less hard, or even useless. Seeing facts in their relevant — broader — context c.q. on a
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meta-level, is crucial for understanding of the object under research, and fruitful for the
applications of that knowledge, minimising failures.

If you talk about nitrate per cubic meter of soil or water, about ammonia per cubic meter of
air: the circumstantial conditions, including the actors’ objectives on the one hand and the
sampling-method on the other hand, make or brake the meaning of the figure. For figures on
varieties’ productivity or on bio-diversity it is the same story: where and how did you measure what
type of crop, on what soil, in what season? The figure is of no real meaning for any specific location
without sufficient knowledge of the places’ past and future: its history and its perspectives in the
eye of the researcher viz. the manager who ordered the research.

This is not to say that any of them would be basically misleading! Just being professionally
biased, as any expert almost inevitably is, gives all fact-findings its particular colour, trend,
perspective or how you name it.

Regarding perspectives of Russian Agriculture and Plant Breeding for the next decades, the
contribution of various specialists is needed to cover its different dimensions and aspects: in
depths as well as width, regionally as well as national, in international perspective. Here policy
and science should discuss with industry, based on a common vision of agriculture’s position in
society at large, with respect for consumer’s and the agro-landscape’s health as a reference.

As for plant breeding in particular: contributing to consumers’ and ecosystems’ health
seems of utmost importance: today as well as for the next decades.

In such a mixed group of planning experts it is important that the chair person makes sure
those present do move full consciously from one down to five as a start and then from five up to
one (see the above scheme). In my opinion, over and again going down-and-up, up-and-down in
the above scheme, is an itinerary process that should be organised to go on during all research and
evaluation in agriculture and land management. In this process that meets the demands of the
initiative do stepwise, per round, become more and more clear as do the possible contributions that
the experts can deliver.

How to position the conflicting interests of the different disciplines

In discussions as advocated here, regarding for example agricultural research, planning and
management, quite often the problem is how to position economic interests compared with those
of environment, or how to place nature conservation relative to regional development, or how to
appreciate aesthetics with ethics and both related to the company’s efficiency.

More or less metaphorically we can compare that question with this one: how to balance the
key wants & needs for human survival in ourselves: the needs for physical survival, for socio-
economical survival and for ethical survival (somewhat like food, money, status and religion).

A 27 millennium industry management instrument to set a balance is the well know triplet:
People, Planet and Profit (Elkington, 1999). This instrument is based on the idea that three key
issues: > human well-being, > sustainable management of nature and > profitability of the
industry, should all be taken into account and then well balanced. When all three give in a bit of
their one-sided expert ideals, then everyone can be happy. Thus says a simplified version of the
PPP policy.

Critics of the PPP say that, first of all, each of the three P’s has a wide range of meanings,
which should be clarified in sessions such as for example those recommended in the five-step-
scheme mentioned above. Imagine that you see a) the environment as sufficiently served when
sticking to today’s national rulings of you country, versus b) the perception of the environment as
being the producer of healthy air for breathing and water ready for human daily consumption
(quantity & quality). And going for b): what do you mean with healthy air and water? What
diseased do you want to take into account? How long should people be healthy? And: which
susceptible groups of consumers are included in - or excluded from - the sample? Is the sample
representing the average inhabitant of that area or city, or is the sample’s health-level adapted to
society’s vulnerable groups in particular? I guess you can make a similar exercise thinking on what
is meant with Profit. So for example: who’s profit, in what percentage of the turnover, and on what
time scale do you think about? And then, regarding People, it makes a huge difference in planning
and management if you see people in a Darwinian way, genetically programmed to fight each other
to make the fittest survive and thus improve the human race over many centuries of time, 6r that
you see yourself as a basically social being, living to serve and enjoy the presence of the other
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people. But if so, then the question still is: how to serve one another, and how to enjoy. How to
handle (un)equality? What are your perceptions of education’s potentiality and people’s career
perspectives?

In my opinion the 3P’s are a way to make people in industry start to consider the balance
between man, environment and society. They are a simplified and distorted version of Maslow’s
20t century model (Maslow, 1943).

Maslow developed an earlier, more challenging and humane view on the balance between
human needs. He refers to human motivation, in a still quit valid and useful concept, which I will
present here in a somewhat adapted version. He argued that humans’ acts are driven by their
motivations. His second idea was not to limit himself to the average human (a mathematical
construct) but to include such people in his study society really appreciates, people that set a role
model for their culture. Because such models are that what most people say and show to strive for
during their lives. So he measured people not on what they lived for in the average, but on what
they strived for to do as humans.

From that research Maslow found out that we as humans have roughly three levels of
motivation: physical survival, social survival and psychological development. He differentiated the
physical survival into water for drinking and food to eat as the most basic motivation. In times of
disaster all people’s energy is dedicated to staying alive as a living body. Vice versa, when people
hate to live, a known policy is that they start starving themselves to death.

The second sub-motivation for physical survival is having shelter of some kind against cold,
rain, heat, sun and other dangerous exposure to the environment. The moment the hungry person
finds some food, he or she returns to the shelter, to eat and/or feed those dependent on their food
finding.

On the level of social survival Maslow differentiates between having a position in society and
getting appreciation for your contribution to society from the position you are in. ‘Being seen’ is a
most basic form of appreciation. Having a family fits in here as well. Decoration with awards, being
mentioned in papers, climbing the ladder in the firm and/or increase in salary: these are additional
ways to express and experience appreciation of your social setting.

But then Maslow noticed that neither salary, position, political appreciation, housing, and the
like, make humans completely happy on the long run. Only the feeling that they do realise their
true inner being, that they manage to develop their inner potential, makes people really feel good
on the long run. It is this potential inner-being that wakes people up, in the night, on a long walk or
on an unforeseen moment, asking them: was this the life you were born for? Irrational as it may
sound, when such a call for the essential had been implemented by a compatible change of job,
position or way of life, people report to feel reborn, finally happy on their track to ongoing
development. Learning as a way of life, realising their unknown self.

Now Maslow points to an interesting feature of human motivation. He points out that quite
easily a failure to reach a next step in a way that meets the person’s own ambition, is to compensate
that failure by satisfying one of the more primary levels of motivation. Eating and or drinking away
any failure in society is not an unknown phenomenon. But also job-addiction (working harder and
harder), a car addiction (more and more expensive cars), a house addiction (more and larger
houses in richer neighbourhoods), and social status addiction (number of employees, financial
turnover and profit): on all levels the status quo blocks the ongoing development. And, at the same
time, a hampering inner growth, transitions included, feeds the tendency to have more of the
known instead of some of the unknown.

To make all this relevant for management in plant breeding, agriculture, landscape planning
and research, I propose the hypothesis that not only plants and animals, but also farm fields, farms
and landscapes can be seen as complex vital systems. Somewhat like living organisms. Each on
their particular scale and stage of development.

On all such levels, they have a physical base, a developmental history (a kind of biography,
relevant to the scale), a social structure and a position in the surrounding next larger system, up to
the regional landscape. They also have an identity that makes them unique on their particular
scale, yet they always also figure in some kind of socio-ecological setting on the next scale.

In that structured system of the landscape organism, humans as well as nature play their
role, figuring as the material base and the changing agent respectively. Or, in other words, as the
sculptor and as the material which that artist is using to express his or her ideas and thus, at the
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same time, expressing him or herself. Farms have an identity, rivers and mountains have an
identity, estates, forests, meadows, bays and lakes: they all have their physical features, their
history, their ecosystem and character as expressions of that identity.

Regarding Maslow’s human triangle, it can ‘mutatis mutandis’ also be translated to groups of
humans, teams, firms, societies and nations (Figure 3).

Cultural development

demanding
Identity, _ Freedom Identity,
Uniqueness, Et’;“ ... Liberalism? ... Uniqueness,
Histo Self development
v Aesthe- Socio-economic P
s tics survival demanding
&rarus Equality Employment
R Sociology ... Socialism? ... Status &
ecog- and Recognition
nition Economy Physical & biological
survival
Biodiver- demanding Food
sity & Ecology and Brotherhood &

Body

Health Environment Shelter

... Communism? ,,,

Landscape entity Human being
Species, Crop, Field, Farm Individual, Group

Fig. 3. Maslow adapted by the author.
Links between People’s and (Farm) Landscape’s organisms

As you will see, I have added three well known value-systems — Freedom, Equality and
Brotherhood — in this scheme. Each fitting the most appropriate position in the hierarchy, referring
to the different qualities relevant in each of them. These key values stem from the French
Revolution and elaborated during the past century in the so-called movement for Social Three-
folding.

To illustrate the relevance of presenting the three value systems in their optimal syntheses,
I add a few words on their tendencies when separated from one another and/ or put in rigorous
competition.

As for crop species and varieties, they also function on each of those levels with their
anatomy, physiology and ecology on the body level, their socio-economic value on the market on
the psychological level but also on the level of unique identity.

How different disciplines’ subgroup-interests may trigger conflict and biases

When the hard facts-and-figures are believed to be the world’s one and only essence, a radical
materialism emerges. Some call the extreme of this position autistic: no serious communication is
possible as man’s egocentric genes and nerve systems decide all. In this worldview individual
responsibility is a chimera. The natural sciences’ paradigm tends to support this position.
Unlimited measuring and calculating absorb people’s energy for ever. Everyone has to fight
everyone else in order to survive (Hobbes, 1620; Darwin, 1872; Huxley, 1932; Dawkins, 1976).

When on the other hand people choose to believe that spiritual goals and value systems are
the ultimate essence of life on earth, the question is who has access to what man’s goals and
ultimate values really are. Here cultural sects and dictatorship lie on wait. Some would call this
tendency hysteric, in contrast to the before mentioned autism. The knower with access to the
unknown, invisible essence he and nobody else is aware of will inevitably be made into a kind of
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higher being by those admiring him or her. Here the cultural sciences’ paradigm tends to paralyse
people’s individual responsibility by subordinating them.

When economy is perceived as internalising profits by externalising costs, the opportunism of
social and political power is luring. References to facts and ideas are made instrumental to
increasing wealth and power for few, disregarding their intrinsic values for all. Here Orwell’s
‘Animal Farm’s line “all animals are equal but some animals are more equal then other animals”
nicely fits. Leadership on all scales can be reviewed along this line of consideration.

A conscious awareness of how the natural, social and cultural sciences are basically
complementary, having their roots in the human being as a whole, allows for optimal cooperation
of the three in favour of a fair & sustainable development worldwide.

Within each of the larger science realms also the sub disciplines may be used to compete for
recognition, influence, money, jobs etc. In plant production for example, soil science, fertilisation
science, pest management, hydrology, plant breeding and mechanisation may fight for the ‘most
important’ effect on the harvest: quantity and or quality. As said before, making one’s expertise
instrumental to cooperation for a commonly recognised goal facilitates optimal teamwork.

Applying Mansvelt’s adapted Maslow triangle to land management

From hereon I'll elaborate what the Maslow (Maslow 1943) approach, when applied to land
management (agriculture and environment in their socio-cultural settings) could mean in practice.
This chapter more directly leans on van Mansvelt & van der Lubbe’s (1999) book ‘Checklist for
sustainable landscape management’. For this MOVIR conference, I try to specify the relevance for
its plant breeding strategies in the context of Russian Agriculture.

The Natural Science’s Realm

I therein start with the respect for the site specific natural qualities, conditions and
potentials. Environmental pollution and ecological degradation are here the main concerns.
Improvement of the lively hood and the soil’s production capacity is here the challenge.

1. Regarding the Environment the main criterion is its cleanness, meaning its long time
availability for man and nature. They should be kept in or be returned to their status of being the
clean basic material for life on earth.

Regarding Russian agriculture, the challenge is to revitalise the degraded (polluted,
desertified and mineralised) lands all over the country, aiming at the restoration of lost soil
fertility.

For plant breeding this could mean that — besides breeding for highest production under
optimal conditions - also lines should be (re)developed that do well under poor conditions. Here
such features as deep rooting, minimal nutrients requirement, drought resistance and the like are
crucial, especially for grains and beans.

Generally speaking soils are the products of life processes in the recent or far-away past (flora
and fauna in ecosystems of all dimensions interacting with weather/climate conditions and human
management). Sustainable agriculture in general (organic/biodynamic agriculture in particular)
relies on building the land (Land-bau, in German language). But also catching rains and buffering
water, braking winds and making shadow are environmental functions of land management. As
well the catching and storage of chemicals such as nitrogen (nitrates), carbon dioxide, and various
minerals.

Thus land management in general, including forestry, wetlands and dry-lands, can be
perceived and handled as a tool for a sustainable development. Making sure that next generations
have water, food and shelter as needed.

In the same way (unpolluted) bio-topes inside the eco-topes should be managed in ways that
allows for sustainable development.

The main target of a clean environment (a-biotic) can be defined as: the long term
availability of resources, allowing for human and rural well being in a sustainable managed
biosphere. In our view the ongoing development is an intrinsic part of well being.

1.1. For a fertile and resilient soil the target may be: prevention of soil degradation
(pollution and loss of structure) and soil erosion; incentives for long term soil fertility improvement
in rural or agro-sylvi-pastural production regions. Soil structure and fertility are the key issues of
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sustainable land-use. However, a minimal amount of natural erosion of the mineral soil is an
intrinsic and appreciable aspect of the nutrient recycling within the biosphere. The natural erosion
of the mineral underground, caused by natural weathering together with plant-root and edaphic
activities, underlies the biosphere development per se.

Some parameters for a fertile and resilient soil are:

- Minimal soil pollution (heavy metals, pesticides etc.);

- Manure quality (C/N ratio);

- Stocking rate (SR) matching the soil and the carrying capacity of the system;

- Anti-erosive belts and contour tillage;

- Soil cover (winter or off-season);

- Crop rotation and crop mixture;

Soil structure and organic matter content.

For Russia’s degraded lands the challenge is to (re)build a fertlle soil starting from the more
or less degraded situation. In nature conservation areas at first a pioneer vegetation (ecosystem)
should get established which then gradually should develop a humus’ soil with its increasing
resilience and fertility. Here the soil building policy must find a balance between focussing on a
kind of sandy hydro cultures and the focus on long term soil building strategies.

The establishment of minimum external input systems of mixed (crops & husbandry)
production seems quite sustainable, as many reports on organic agriculture clearly show.
The exact implementation demands expertise on the regional potentials for specific plant and
animal species (varieties), stocking rates and crop rotations. The regional species’
appropriateness to be elaborated and improved with the expertise of MOVIR and the overall
Vavilov Institute of Plant Industry.

1.2. For a clean and healthy fresh water (groundwater and surface water) the target
may be: prevention of water pollution and water depletion, incentives for the long-time
conservation of drinking water quality and water reserve volumes in the relevant rural or agro-
sylvi-pastural regions. However, most water pollution has its source in flow emissions from
polluted soils. In addition, wastewater effluents must be carefully considered.

Some parameters for clean and healthy water are:

- Cattle units per hectare (enough to fertilise the soil; minimal competition with human
food production);

- Level and time of manuring (quantity per hectare per year);

- Waste water treatment;

- Bookkeeping of minerals and additives;

- Bookkeeping of other potential pollutants;

- Water use and management.

For Russia’s degraded lands good stewardship is crucial. The production of healthy
drinking water, good for fish, crawfish etc., should be set as a firm condition for agricultural
production. Regional species’ appropriateness to be elaborated and improved with the expertise
of MOVIR and the overall Vavilov Institute of Plant Industry.

Most probably drought resistance and salinity resilience are crucial selection features for
agriculture’s future.

1.3. For a clean, fresh and healthy air in the countryside the target may be: prevention
of bad smell emissions and volatile emissions of pesticides and residues, which affect human
beings and the ecosystem. But also wind-control to prevent damage to soils, crops and livestock
must be considered. However, much air pollution is generated from soil-emissions, manure or
slurry, and surface water emissions like volatilisation. But also direct emissions from pesticide
sprayings and husbandry housing are sources of air pollution. However, a certain intrinsic
emission from animals like breathing and flatulency and also their excretions of urine and manure
should not be regarded as unnatural, but appreciated in the context of ecological nutrient recycling.
By limiting the number of cattle units per — well sheltered — surface unit, a natural ecosystem buff
can be warranted. See also for the stocking rate matching the soil and carrying capacity of the
system, the anti-erosive belts and contour tillage.
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Some parameters for air quality are:

- Ammonia and other emissions;

- Wind-shelter belts’s presence;

- Presence of lichens and other vulnerable species (bees, butterflies).

For Russia’s degraded lands minimising wind erosion, creating shadow for livestock and
warranting cover crops for soil protection seem to be key issues. Optimal use of straw and other
natural sources of celluloses prevents NH3, N20 & CH4 losses (air pollution) from liqguid manure.
Optimal use of roughage in feed minimises N losses from livestock.

As you all are aware, Yeltsin signed in 1991 Russia's first comprehensive environmental
law, On Environmental Protection. Modelled after a similar Soviet law, it made many general
statements about the environmental rights of citizens without setting any specific goals. The law
also defined numerous environmental functions for every level of government as well as for
citizens and nongovernmental organizations, and it specified environmental regulation of every
aspect of society, from health resorts to electromagnetic radiation. The sheer inclusiveness of such
provisions made practical enforcement impossible.

The Commission on Ecological Security went into operation in 1993 under the Security
Council: with great fanfare but little funding. Its assigniment was assessing the most serious
environmental problems as they endanger national security.

It seems an interesting option to show regional and national policy how

the expertise of MOVIR et. al. can contribute to environmental protection by breeding
specific lines for ecologically sound / organic and soil recovery purposes.

2. Regarding the ecosystem management, three main targets can be distinguished:
Bio-diversity 2.1.

Ecological coherence 2.2.

Animal welfare 2.3.

2.1. As for bio-diversity the main target may be to safeguard a sustainable development of
the regional landscape biosphere diversity, within the context of a well-structured and well-cultivated
regional and supra-regional network of ecosystems. Therein, the biosphere network of ecosystems
has a number of functions towards the a-biotic environment, which it supports and depends on, like
soil, water and air. It has also has a number of functions towards the human society, which it
supports and depends on, like the socio-economic and cultural environment.

Species’ diversity, bio-tope diversity, ecosystems diversity are aspects of bio-diversity. They
cover plant as well as animal species: macro, meso and micro.

Some parameters to be used here are:

- Species diversity per bio-type and bio-tope;

- Targeted Plant Species Diversity (TPSD), Target Trees Index (TTI) and Target Shrubs
Index (TSI);

- Plant Species Diversity (PSD) and Plant Species Distributions (PSDN);

- Minimum standards for bio-topes per farm type;

- Minimum standards for types, numbers and size of ecosystems per landscape and region;

- Multifunctional landscape management;

- Regional specifications on presence (quality) and abundance (quantity).

For Russia’s degraded lands situation of today is diverse. There is a East — West gradient as
well as the N-S gradient, with mountainous and lowland areas therein.

Regionally appropriate biotope variation in time and space is important, on scales relevant
for optimal biodiversity, to balance seasonal climate effects and pest occurrence in the crop as
well as in the herb, fruit and livestock production. Organic agriculture and Biodynamic
agriculture are established all over the world as applied — food productive! - biodiversity. Thus
soil life, aquatic life and airborne life are to be included here in the objectives of agriculture.
Worms, ants and bees (wax & honey), for example, included.

For MOVIR et al this could mean the establishment of cooperation with honey bee
conservation and breeding institutes, national as well as regional, as their common interest is so
obvious.
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2.2, As for Ecological coherence, it should be seen as complementary to the mentioned
diversity of species, bio-topes and landscapes, as it implies that diversity is found within a unifying
context. If not, unnatural sites like zoos, botanical gardens and mega cities would be the ultimate
examples of successful bio-diversity management. However, diversity as a criterion for sustainability
of landscapes, refers to an ecologically coherent diversity. Compliant to the before mentioned targets,
the idea is that each species can only figure and function within an eco-system of other flora and
fauna species. Such a system relies on and also contributes to the common environment of different
species. Now it should be noted that technically, crops and animals can be kept or produced in “hors
sol” and “off-season” conditions by supplying them with an artificial environment including nutrients
and waste-management. However, such an artificial environment does not produce a sustainable
ecosystem nor the appreciated landscape that our urbanising society increasingly demands. In order
to warrant the sustainable management of the (agro-) landscape, a keen awareness of the various
connections and links of species and bio-topes with one another and their environments must be
generated or at least encouraged.

Some parameters to be used here are:

- Site specific indicator species;

- Site specific habitats and ecosystems;

- Species coherence;

- Habitat and eco-system coherence;

- Full lifecycles of species and systems;

- Seasons compliant management: availability of nectar for ‘flower-insects’;

- Seasons compliant management: timely differentiated hedge and woodland management;

- Seasons compliant management: timely management of water-bodies;

- Seasons compliant management, timely optimised management of permanent pastures;

- specifications on presence (quality) and abundance (quantity).

For Russia’s degraded lands situation of today is diverse. There is a East — West gradient as
well as the N-S gradient, with mountainous and lowland areas therein.

Regionally appropriate biotope variation in time and space is important, on scales relevant
for optimal biodiversity, to balance seasonal climate effects and pest occurrence in the crop as
well as in the herb, fruit and livestock production. Organic agriculture and Biodynamic
agriculture are established all over the world as applied — food productive! - biodiversity. Thus
soil life, aquatic life and airborne life are to be included here in the objectives of agriculture.
Worms, ants and bees (wax & honey), for example, included.

For MOVIR et al this could mean the establishment of cooperation with honey bee
conservation and breeding institutes, national as well as regional, as their common interest is so
obvious.

2.3. As for animal welfare conditions, the target is to respect their species’ intrinsic
behaviour’s demands. In view of sustainable landscape management, or in other words, the
landscape’s welfare, the most important aspects for husbandry are:

- Cattle and husbandry should fit and respect the carrying capacity of the regional ecosystem
(see environment);

- Cattle and husbandry should be instrumental to the landscape management. Intensive,
‘hors-sol’ and outdoor livestock production systems do not fit into this concept.

However, at the moment, society may largely prefer other concepts and priorities, such as
cheap meat and high returns on investments. Examples of landscape management with livestock
are dairy farms in the mountains of Switzerland, Austria, and Norway and nature conservation
areas with sheep and ‘wild’ horses or ruminants. Obviously, these parameters are to be specified, per
species and per region, with local experts.

Some parameters for animal welfare conditions are:

- Space for natural behaviour (that is: living in a sufficiently species specific merger of free-
range & appropriate housing);

- Shelter against adverse weather in the free-range conditions;

- Preventive health care (to come away from sickening livestock conditions covered by cyclical
or even permanent medication).
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For Russia’s degraded lands the challenge is to make crop production and animal
husbandry in their widest sense instrumental to the creation of locally adapted, coherent and bio-
diverse agro productive ecosystems. They are to provide for a fertile soil (manure) as well as
grains, greens, meat and dairy products for human consumption. The use of roughage and crop
residues not fit for human consumption is included in this function. Relaxed lives for animals —
free range husbandry - surely makes the food they produce less stressful for the consumer than
meat, eggs and dairy from intensive animal production systems (battery breeding).

Here it becomes clear that for MOVIR et al, not only the requirements for human nutrition
are at stake, but also those of the performance of specie’s breeding lines performance as roughage
for animal production and manure.

3. The social sciences realm: economy and sociology

In the development of sustainable agro-sylvi-pastural (rural) landscapes, norms, attitudes
and processes of the socio-economic sphere are crucial. All decisions made by whoever are based
on some kind of prioritising: in whatever group(s) in charge for whatever part of the landscape: its
people and industries. Although the agro-landscape is usually seen as an object of either natural
(‘hard’/quantifiable) or anthropological (‘soft’/arguing) sciences, underlying all decisions that
earlier or later sort visible effects, deliberations on values, feasibility, profits, and interests have
been weighed and traded out in some sort of transparency (see scheme 2). People take decisions on
all kind of aspects with all kinds of arguments and these decisions take place within social structures.

In the end, these decisions are reflected in the biosphere, agricultural production and quality of
the people’s nutrition. Decisions within and on plant breeding fully fit within the before said.

Here, the social realm, representing the qualities of the social environment, has been
subdivided into economy (goods, money and services) and sociology (power and access to
responsibility for decision-making) see schemes 2 and 3. The argument to start here with economy
is that it focuses more on quantifiable issues/parameters than sociology.

The economic and social criteria represent the trade-out area between the human (and
society’s) physical survival and its ethical survival (individual development). That trade out area
can also referred to as between the human and the humane.

Here way people and societies decide to spend their money and to participate in socio-
political activities is at stake. It reflects their empathic coherence with the sources of the purchased
product or service and or the ideals pursued in the political or other social actions they support.

From this point of view, buying (all purchases) and political decision-making are both
phenomena of implemented sympathy or antipathy, or in other words phenomena of
implemented engagement or alienation. This can be found clearly reflected in the original market
status, where the acts of meeting (socialising) were at least as important as those of the trading
(economising), with the bargaining as an expression of the quality of that personal meeting.

Although it is now widely perceived that these days most decisions are made on economic
grounds, the identity of actual beneficiaries of those economic considerations may not be always
very clear to the public. For example, few actors are fully aware that economic “laws” are the
reflections of historical and regional habits, attitudes and the appreciation of societies.
Theoretically they are open for modification by societies: if they want to.

For example, perceiving the farmer’s income as necessarily based on the sales of their food,
feed and fibre production, and the landscape as an issue of public services, is a socio-political
choice with considerable impact. On the other hand, perceiving farmers as the major managers of
landscape’s ecosystems and the environment, with the food and fibre production as main products
but landscape as an inseparable side product to be fairly remunerated, is another one view.
Moreover. calculations on the economic effects of such decisions fully depend on the factors
included in the calculations as well as on the number of factors which are kept fixed (“business as
usual”) versus factors allowed to be changed in compliance with the new policy to be proposed.
The political dilemma on all relevant levels — firms’ management policy as well as political policy —
is to generate sufficient changes to reach the targets as they have been set without, however,
changing too much of vested interests’ positions and prospective. Opting for win-win solutions, to
be reached within an acceptable time-span, seems the only way-out. This means here that the
challenge is to make ecosystems as well as cultural systems gain a benefit from all socio-economic
actions (Daly, 1996; Daly, Cobb, 1994; Appendix).
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The importance of parameters as presented below, soft or hard as they may be, is that they
facilitate more a clear and conscious decision making. Here we presume that the more trade-offs
are known, the less surprises or unforeseen side effects will occur on the medium or long run.

In this study, equity in the sharing of the earth’s limited resources and inter-human equality
in the participation to decision-making — with compliant sharing of the responsibility — are seen as
the leading objectives in the social science realm at large.

For society as a whole, the process of specialisation and spatial concentration has led to an
enormous increase of production and consumption volumes, together with increased flows of
goods (transport), services and finances. In the rich countries this led to overproduction and over-
consumption, in particular of energy and animal proteins. It also went along with increasing power
and wealth for less and less leading (upper class) people, and increasing dependency of increasing
numbers of others: middle class people and poor.

In the biosphere realm it led to an increased waste of resources and an increased production
of refuse. It also led to the removal of wildlife habitat, ecosystems degradation, decreasing species
diversity and landscape features. All these changes led to a painfully perceived reduction in
environmental quality and the loss of rural area’s multiple values for other than industrial, urban
or traffic uses.

To overcome the negative (side) effects of this development, a well-balanced coherence
between society’s vested and future interests seems an objective worth striving for. This statement
holds for society’s industry as a whole, as well as for agriculture (food production and landscape
management) as one of industry’s specific sectors. At the moment, agribusiness has a lot of power
in the whole chain of food, feed and fibre production, ranging from farm (primary production) to
household (final consumption). Global agribusiness at large still tends to demand for uniform
standards: same units, same quality, and same product types (homogenisation and mono-
cultures). Such a specialised economy tends to lose the benefits of diversity and so does a
specialised agricultural sector wherein farmers get fully dependant on the demands of agribusiness
(not necessarily consumers’). They restrict their farming to the production of large quantities of a
limited number of products (raw materials for industrial upgrading). The contrast between fast
food and slow food symbolically shows today’s choice.

If private producers of valuable rural landscape do not receive any contribution to their costs
of soil and landscape production, they will be reluctant or unwilling to invest in agro-landscape
production or ecosystem’s maintenance. The same holds for the challenge to make new wetlands or
deserts productive for agriculture in an ecologically sustainable way.

Societies that tend to consume their soils, spoiling them, will sooner or later face bankruptcy
as they will be unable to feed their people. Paying for their food with money earned from whatever
mineral mining (oil, metals etc.) is on the long run not compliant with sustainable development’s
demands, as those minerals are fundamentally limited. Soil building societies will live as long as
photosynthesis is cultivated in an ecologically sound and safe way. For economists and sociologists
an crucial notion to apply their expertises in a responsible, ethically sound way.

Here another aspect of Russia’s identity, its political history as well as its perspectives for
the future generations, is at stake. The challenge as I see it is to elaborate a strategy to include
ecology in the economy or, in other words, root the economy back into the regional, national and
ultimately into the global ecology. Therefore, leadership explicitly dedicated to sustainable
development is badly needed on all levels. This includes leadership with a proven capacity to
formulate, coach and implement appropriate policies for all relevant ministries, to make them
cooperate instead of compete. Cooperation with NGO’s for fair sharing or the earth’s limited
resources seems efficient.

As for MOVIR et. al.in the context of sustainable development, the challenge as I see it is to
find and establish new socio-economic partners along the food, feed and fibre chain as well as
along the chain of landscape management and biosphere production. Thereby, tuning in into the
various Russian regions’ particular opportunities and demands, seems to open new doors that ad
to those of centralised institutions. Breeding lines that perform excellent in specific regions may
be much more promising than such that perform medium well in many. However, the latter are
more interesting for centralised breeders, as they can sell larger volumes. The more
environmental & biodiversity performance is included in the profit calculations, the more a shift
to regional production will be recognised as a sustainable development.
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3.1. Regarding the management of the agro-landscape’s economic system, three
main issues can be distinguished:

- Good farming should pay-off: 3.1.1.

- Greening the economy: 3.1.2.

- Regional autonomy: 3.1.3.

3.1.1. Good farming paying-off means that farmers’ subsistence and thus farming
systems’ subsistence should be warranted. Therefore, good farming should pay-off, to make sure
that the good farmers remain in or move to the rural areas in need of good agro-landscape
management. As said before: farming is good for the food and landscape quality only when soil and
landscape are included as such in farming’s objectives. This obviously makes all farming multi-
functional. Chapters 1. and 2. provide for the criteria of good farming as meant in this paper!

Some parameters to be used her are for example:

- Total net farm income;

- Total farm family income;

- Return on labour;

- Farm’s market orientation;

- Financial autonomy.

For Russia’s agricultural future, key issues are regional self sufficiency for food and fibres
on a level of human basic needs for a healthy development. As energy prices boom, transport and
processing together with exports and imports get increasingly expensive. When transport,
storage and processing prices (waste product management included), are fully internalised in the
food prices, a sustainable balance between exotic and rural food consumption will get established
before too long. Moreover, regional production gives incentives to capacity building
(appreciation, recognition), which again contribute to social welfare in the regions.

Accordingly, MOVIR et al would be encouraged to follow a regionalising policy.

Examples of on-farm multi-activities that increase the added value and farm income are:

Production of high quality products such as regional products, ecological and bio-dynamic
products.

For Russia’s wide range of particular regions - river basins, mountainous areas, plains — as
well as historic ones, product diversification is definitely an option.

Creation of appropriate jobs and living conditions in the rural area.

For Russia’s degraded lands this seems an option worth considering. Over urbanisation de-
roots society. Land-flight leads to slums for jobless people with all the related problems such as
increased criminality. Nowadays, with electronic connectivity spreading the country, (part-time)
working in the urban fringe may well be an option for a reappraisal of the countryside life’s
Dascha culture.

Decentralising part of MOVIR as mentioned contributes to regional job creation.

Management and production of nature and landscape.

For Russia, in view of its enormous low populated areas, not so much the landscape’s
aesthetics as the landscape’s environmental production seems an issue here. Fresh air and clean
water for drinking, together with non-eroding soils (humus building) can be recognised as
important for the urban population’s food, fibre and climate production.

Agro-tourism, health farming, recreation.

Together with the before said, this will become increasingly important as a by-product of
(agricultural and forestry) land management. Far away from urban stress and the presence of
well cultivated biotopes (dry, semi wet and wet) can be cultivated compliant to each regions’
particular character in various degrees of management intensity.

Farms facilitating care-tasks for people who need professional care (mentally handicapped,
psychologically disturbed, burnt-outs, rehabilitation of criminals etc.).

For Russia this is a serious option for upgrading life on the land indeed. Training people to
work with the mentioned client groups (agriculture and crafts) could be an additional goal for
the people living on the land. In addition to the traditional ‘Kurorts’, Sanatoria and the like. Here
good contacts with Russia’s health & care organisations (governmental as well as non-
governmental) is needed. In many European countries successful mergers between respectful (!)
care for mentally disabled people and medium scale agricultural production have been
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developed. Fair recognition for their reliable craftsmanship and serious motivation contributes to
their social self acceptance which again stimulates their performances. This is especially the case
in communities with mixed clientele (different diagnoses).

3.1.2. ‘Greening’ the economy means an approach focusing on fysiocracy or in other
words: including the ecosystem into the economy. This means that costs which today are largely
not calculated, because they are regarded as external costs, are to be internalised in the calculation
of the benefits. That is: they are incorporated in the production costs and thus in decision making
of producers and consumers. This then is instrumental in adjusting society’s behaviour away from
today’s ‘eating the earth out’ policy towards a sustainable mix of production and consumption.
Thereto economic calculations at farm level and at regional level should include environmental costs
and benefits. Although our society is nowadays perceived as highly economised, not all external
benefits from multiple land use are yet included into the neo-classical, mercantilist, (semi-)
capitalist economy prevalent in “western” society. As this approach to economy is oriented toward
externalisation of production costs for the private entrepreneur as well as for each government,
internalisation of environmental and social costs does not come easy. Studies like Herman Daly’s
‘Limits to growth’ (Daly 1986) and ‘Beyond growth’ (Daly 1996) treated the issue already quite
clearly in the '90’s, focusing on the concepts of economy. Key notion is to distinguish physical
growth from technological and cultural development. Growth relying on the earth’s limited
resources, development relying on the unlimited possibilities of intellectual and spiritual
capacities.

More recently Nicky Chambers, Craig Simmons and Mathis Wackernagel (2000) published
‘Sharing Nature’s Interest: Ecological Footprints as an Indicator for Sustainability”. And somewhat
parallel William McDonough en Michael Braungart (2007) developed the so called ‘cradle to
cradle’ policy (C2C) which fully complies to greening the economy. They phrased their policy for
industrial development ‘Design for Reincarnation’, meaning that all materials used should be re-
usable after their primary use (remnants ready for reuse). They argue that what we call ‘waste’ is
basically a lack of thinking seriously.

Parameters to be used here are for example:

- Dependency on non-renewable inputs;

- Share of non-renewable inputs in total costs;

- Share of re-used on-farm production value in total costs;

- Costs-benefits ratio of investments in agro-landscape, environment and nature.

For Russia — large and resource-rich country as it is — there is a wide range of
opportunities to contribute to a truly sustainable development of its agriculture for now and
future generations. Re-cultivation of deserted lands will decrease future costs for society as a
whole, though, in the non-sustainable way we calculate today, it means higher costs for
agricultural production for the short time. As long as agriculture’s costs of human health,
nature’s resources and environmental disasters are not calculated as costs, there will be no way
to stop such abuses of the global ecosystem earth’s life depends on.

3.1.3. Regional autonomy means that the region’s own agriculture, fishery, and/or forestry
provide for the rural region’s subsistence. Obviously, wherever possible, the region’s food and fibre
surpluses can and should be used to serve neighbouring urban areas. Regional (rural) development
policies can play an important role in favour of this regional autonomy. Today’s on-farm
specialisation and the excessive urbanisation (to macro and mega-poles) have led to considerable
alienation between the rural area’s farmers and the consumers. The latter expecting the farmers to
produce fine landscapes and a clean & healthy environment, but only willing to pay for the
cheapest foods as produced by agro-production systems that degrade precisely those much wanted
‘by’ products of their food’s production. Re-linking consumer’s awareness to the region’s farming
units theyre eating from, which goes together with farmer’s awareness of the consumers that
appreciate their products, definitely contributes to an increase of product quality: directly and
indirectly.

Parameters for regional autonomy are for example:

- Transport distance per food unit;

- Resource efficiency and regional labour possibilities;
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- Swaps from single commodity support to management system’s support;

- Translation of the good farming and greening of the economy to the regional level;

- Market access for regional speciality produce (Slow Food policy).

For Russia the challenge is finding a balance between the income production based on
export to the urban area’s and the world’s wealthy consumers on the one hand, and the own
regions’ relatively poor people on the other. As you all know, Russia holds the world's largest
natural gas reserves, the second largest coal reserves, and the eighth largest oil reserves. Russia
is also the world's largest exporter of natural gas, the second largest oil exporter and the third
largest energy consumer. Energy export makes about 60 % of Russia’s export revenues. But its
energy production accounts for over 98 % of its CO2 production is related to precisely that
production because of outdated technology.

3.2. Regarding the socio-systems’ management four main targets can be distinguished:
- Well-being in the area: 3.2.1.

- Permanent education of the rural community: 3.2.2.

- Access to participation: 3.2.3.

- Accessibility of the landscape: 3.2.4.

3.2.1. Well-being in the area focuses on the conditions allowing for ongoing acceptable life
in the rural landscape: a pre-requisite for social reproduction of sustainable (agro-) landscape
management. It is not only the farmer him/herself who is looking for sufficient well-being, but the
farm family. Improvement of the well being counteracts rural degradation by increasing the social
viability of the agro-landscapes. Serious perspectives for farmer’s succession, warranting sufficient
farm income and welfare services in the area are necessary social conditions. Here also land property
and land-management structures from farm to regional level are crucial.

Some parameters to be used here are:

- Options for farmers’ succession;

- Financial income for the rural community (tourism, local crafts, support services);

- Welfare services in the region (health, education, culture).

For Russia’s non-urban regions both the regional people’s nutrition and also their labour
opportunity can be envisaged as an objective. The more people will be able to flourish in a region,
the more such facilities as mentioned will pay off. Appropriate decentralisation is a wonderful tool
to diminish the eco-terrorism of today’s over-urbanised society. This is particularly the case as
Russia still has more than half of its bio-capacity as yet as its eco-reserve (where The USA and the
EU are more than 50 % in eco-deficit).

Short notice, history will look back at the kolkhoz and sovkhoz period as a failed opportunity
to establish a sustainable and socially fair land-use policy. We would now perhaps prefer to call
them sustainable, land-based food and landscape production societies (cultures). With good
electronic communication and fair public transport connections countrywide, many people will
prefer life on the land over the stressful urban life (as they prefer slow food over fast food). At least
so for a considerable period of their lives.

3.2.2. Permanent education of the community is a must to warrant sustainable agro
production, land use and landscape management. Farmers and other community members should
have several possibilities to start and go on developing their knowledge about issues such as
ecological and bio-dynamic agriculture, landscape management, etc. On farm processing of
regional products, in village development of rural crafts (Slow Food etc) are parts of that
development. Here the people’s opportunities for self-realisation, as mentioned by Maslow’s
theory, is at stake (Maslow, 1943).

Some parameters for permanent education of the rural community are:

- Available levels of education in the area (up ‘til pre-high school; then high school and
university in subsequently wider circles);

- Participation in study circles, training and courses relevant for sustainable landscape
development, forestry and all crafts related to food and wood production.

For Russia’s degraded lands this complies with the plea for de-urbanisation.
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3.2.3. Access to participation. The aforementioned global landscape degradation in
general is often seen as a result of alienation between the various rural stakeholders and the values of
rural landscape. Only an increased awareness of the mutual interests and interdependence of
farmers, the rural community, urban people, and government will facilitate possibilities to co-operate
(empathic coherence). At the moment there seems to be a lack of information, knowledge,
understanding, and awareness among those actors regarding their common interest. That common
interest of farmers and local community can merge in win-win solutions: farmers are paid for
landscape production, which is appreciated by the local community, including consumers (empathic
coherence). Here is a possibility of the before mentioned cross-compliance. Access to participate in
local community and in farm activities will increase responsibility among farmers as well as among
local community for sustainable landscape management. There are various ways how these two way
participation and involvement can take place, e.g. through the membership of in regional councils,
farmers’ organisations, co-operation with NGOs and consumer groups, professional and lay
excursions, etc.

This main criterion is subdivided into the following sub-criteria:

- Farmers’ involvement in activities outside their farms: 3.2.3.1

- Outsiders’ involvement in farm activities: 3.2.3.2.

3.2.3.1. Farmers’ involvement in activities outside their farms can take place at
various levels, from colleagues to governmental level, and will increase farmers’ and other members
of the rural communities’ awareness of sustainable landscape management. The question here is
where and how farmers and other rural people have access to participate in activities that will
increase their awareness and willingness to contribute to the landscape development?

Some Parameters for farmers’ involvement in activities outside their farms are:

- Membership to farmer organisations and farmer groups;

- Working part-time in the region;

- Involvement in organising outlets for their particular products;

- Co-operation with NGOs involved in landscape development;

- Membership of regional councils;

- Access to professional expertise and support programmes;

- Access to participate in dissemination programs.

For Russia’s degraded lands this complies with the earlier plea for de-urbanisation.

3.2.3.2. Outsiders’ involvement in farm activities can take place at various levels, from
colleagues to municipal or regional level, and will increase farmers’ awareness and willingness on
sustainable landscape management.

Some parameters for outsiders’ involvement in farm activities:

- Access to participate in landscape management in co-operation with the farmer;

- Professional and layman excursions to the farm;

- Community supported/shared agriculture (CSA);

- Financial commitment to landscape programmes;

- Access given to farmers to buy/rent and manage lands owned by landscape and nature
institutions in a commonly agreed sustainable, ecologically and socially sound way.

For Russia’s degraded lands this complies with the before said plea for de-urbanisation.
All relevant activities can be developed in dialogue with the regional workers, their family’s and
local leadership. Here a renaissance of dacha’s and dacha farming could be at stake. For dacha’s
surrounding large farms, situated in their fringes, would allow a closer contact between both:
farmers, villagers and urban people.

3.2.4. Public accessibility of the (agro-) landscape, this is crucial to let the rural
community experience and appreciate the landscape as such. If farmers do participate in the decision
making process and responsibility of the local community, then this local community wants to
‘consume’ what they are paying for. Accessibility of the landscape facilitates commitment of
consumers to farming practices and landscape management. Farmers, like other professionals of any
job, want and need appreciation for their products. But farmers are not always enthusiastic about
public accessibility, because they feel as disturbance of their privacy or damage to fields and animals.
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In former days, public access to “church-paths” (School paths) and “rights of way” were general
accepted by farmers and the local community. Farmers that become initiative in participating trough
excursions of consumers, NGO, etc. to their farms may reduce the threshold of resistance towards
accessibility and will facilitate commitment of consumers to their farm practices and land use and
landscape management.

Some parameters for the accessibility of the landscape may be:

- Excursions to and on the farm;

- Rights of way;

- Tracking roads crossing the countryside.

For Russia’s degraded lands this complies with my earlier plea for de-urbanisation. All is to
be considered in the balance between over — exclusive fencing-out of all ‘others’ (not part of the
party) and loss of identity by failing limitation of the socio-ecosystem’s use.

4. Human sciences and the (agro-) landscape: landscape psychology,
physiognomy and identity

Here we come to the agro-landscape’s cultural sphere of history, architecture, anthropology,
aesthetics and ethics. Therein we meet the land in its least material phenomena, in its most non-
excludable and non-depleting use. Here it is the perceivable appearances of the earth’s surface,
which result from the interaction between man and nature. At large, its colours, smells, structures
and its picturesque qualities are open for public consumption with little threat of being worn down
from that sensorial consumption.

All peoples’ histories are embedded in (combinations of) landscapes: the sea, the mountains,
the desert, the steppe, the forest, the delta, the riverside, the small or the large towns cities and
mega-poles. Landscape as seen as characteristic spatial arrangements of land-units. Therein the
characteristic arrangement of the units (species, bio-topes, infrastructure, buildings) refer to an
artistic, aesthetic notion, addressing the vision of the whole. It is that perception of the pictorial
quality that makes the landscape into a landscape. The landscape as a whole delivers the context
wherein the mentioned elements of the nature, which can be analysed by natural sciences and used
for design by technical sciences, do figure. Those landscape elements of nature and culture must be
discerned within and reduced from the landscape as a whole, before they can be analysed in one
way or another. Therefore, it makes no sense to consider landscape as a static phenomenon that
should definitely be conserved in a certain fixed state, and thus landscape and sustainable
development fit nicely together.

In broad circles of European society and authority, restoration of the ecological quality of the
landscape is seen as a step further in the cultural development. Organic, Biodynamic and
Permaculture types of agriculture do play an important role in this restoration process, as they
represent a feasible style of farming based in a concept of respect for and an attitude of co-
operation with nature and the environment. Thus quite contrary to a large trend of modern agro-
production’s eco-terrorism indeed. In general, the three before mentioned styles already provide a
clearly richer type of landscape with more naturalness than non-organic (conventional) farming.

Amongst the landscape problems at stake, the following major categories of detrimental
effects can be indicated:

1. Desertification or standardisation of the landscape, as its regional diversity decreases
together with the vanishing of many natural landscape elements from the rural area (bio-topes of
various sizes);

2. Fragmentation of the landscapes, especially in the neighbourhood of urban areas, took
place as new infrastructure lines were recklessly forced upon the existing ones;

3. Simplification of the landscape, as too many extensive and abrupt changes have too often
been taken place, disturbing the appropriate development of landscape elements, making mature
landscapes that show the full potential of their features and qualities rather rare;

4. 0ngoing and alarming decrease of bio-diversity, along with the before mentioned trends.

For Russia these trends are quite recognisable, and need appropriate policy to change
toward sustainable development.

For MOVIR et al, such policies as recommended before, do fully fit here as well.

In addition, here the issue of species’ collection and conservation is at stake (Gene banks).
This holds for edible and pharmaceutical species as well as for aesthetic ones, odorous and
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painting pigment producing ones. Thereby it has become clear that the localisation of such banks
influences the genes stored therein, particularly through the need for reseeding to keep the seeds
alive. The rationalisation of plant breeding as argued before, nicely fits the demand for
rationalised gene banking.

4.1. The (agro-) landscape’s psychological features, as spontaneously experienced
and appreciation by all participants, are important for the landscape’s sustainable development.
If the land is experienced as worthless no-ones-land, people tend to contribute to its degradation.
On the other hand, the more people appreciate its features the more they will effectuate social
control to warrant its quality.

For all the various demands of its farmers, inhabitants, tourists and people who need to
recover from stress, mental or physical diseases, the landscape should offer appropriately fitting
niches. Places and possibilities in the landscape to feel comfortable, at home, secure, inspired and
empowered to recreate, relax, recover, or, on the other hand, be efficiently engaged in professional
production activities. Therefore, landscape’s multitude and ranges of qualities should provide
sufficient interesting information and artistic pleasure.

Features to check are for example:

- Compliance to the natural environment, understood as the clear presence and cultivation
(conservation) of the region’s special natural features like water-bodies of all sorts;

- slopes, peaks, marshes, forests, river basins, dunes and cliffs;

- Good use of the landscape’s potential utility, understood as:

¢ Rationality of the sustainable land-use and the way it looks like. The good used of the land
should be visible;

¢ Percentage of sustainable areas in proportion to the whole landscape and those managed in
unsustainable ways;

e Possibilities for activities other than food and fibre production, their feasible locations and
their appropriate intensity of actual use;

Presence of naturalness:

e Presence of natural, non-productive sites/areas;

¢ Balance of natural elements, lines, patterns, materials, as compared to artificial ones;

- A rich and fair offer of regional specific sensory qualities, such as forms, colours, smells and
sounds;

- Experiences of unity as for example in: completeness, wholeness and spaciousness;
- Experienced historicity, in elements of art and crafts and in historic landscapes patterns;

- Presence of cyclical developments, for example growth cycles and seasons.

Nearly half of urban Russian households grow food on their dacha plots. In her study, the
American anthropologist Jane R. Zavisca (2003) investigates the meaning of this activity for
both those who embrace it and those who reject it. Existing scholarship frames the post-Soviet
dacha as a survival strategy and debates its efficiency. Ethnographic evidence reveals that the
dacha provides not simply a source of food but a discursive arena for debating the rationality
and morality of the transition to a market economy. Due to their rich history, dachas may be
interpreted as sites of production or of consumption, as economic necessities or status signifiers.
This ambiguity makes dachas particularly salient in disputes over the proper relationship
between economic power and social esteem in the shifting stratification order.

This obviously is far from today’s dacha’s of several Russia's oligarchs and successful
entrepreneurs, athletes, pop musicians and mafia bosses now choose dacha as their primary
residence. Their estates, often surrounded by solid fences equipped with barbed wire, surveillance
cameras, and/or motion detectors, and are sometimes even protected by heavily armed guards,
are quite contrary to the culturally, socially and ecologically integrated land-use advocated here.

4.2. The (agro-) landscape’s physiognomy and cultural geography

They are objective features showing the regional landscape identity and can be studied in:
- Diversity of landscape components:

e Diversity of landscape types per country;
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o Diversity of landscape units (bio-topes) per landscape type;

e Diversity of elements (crops and planting) per landscape unit;
e Diversity of species per bio-tope.

- Coherence among landscape elements:

Hydrologys;

Infrastructure;

Farming;

Ecology.

- Continuity of land-use and spatial arrangement:

e Cultural history;

¢ Duration and continuity of land use and spatial arrangement;

¢ Presumed future sustainability.

For Russia, Christopher Ely wrote the study ‘This Meager Nature. Landscape and National
Identity in Imperial Russia (2002). Two poems cited therein:

1. Fedor Tiutchev’s poem of 1859, 'These Poor Villages':
These poor villages,

This meager nature:

Long-suffering native land,

Land of the Russian people!

Proud foreign eyes

Will not notice nor grasp

The light that shines through

Your humble barrenness.

Worn by the weight of the cross,

The Heavenly King in the guise of a slave
Has passed through all of you,

Native land, blessing you.

2. Nekrasov’s, 1867, 'Who can be Happy ?
You are wretched

You are abundant

You are downtrodden

You are all-powerful

Mother Russia

5. On agro landscape planning an management

From the paper as presented it will be clear that in the authors’ view agro-landscape planning
and management are tasks for interdisciplinary teams. The term interdisciplinary meaning here
that the team members are aware of the way in which their expertise’s strong and weak points can
be beneficial to as well as compensated by those of the team members and their disciplines.
Therein the awareness of the mutual dependence of holism and reductionism, as equally important
steps in research, helps to see facts in context and define concrete steps in sustainable
developments over long periods of time.

Therewith we presume to contribute some tools to Russia’s agro-landscape planning debate.

5.1. Integration of the diversity

Now, after proposing such a long range of themes and parameters for (agro-) landscape
research, it seems wise to propose as well a scheme on the interrelationships of the mentioned
issues.

In the scheme below, referring to the scheme on links between People and Landscape
organisms earlier in this paper, I elaborate on the Maslow triangle, placing to Scheme 4 the various
scientific disciplines mentioned above in a consistent context (Fig. 4) (Maslow, 1943).
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Fig. 4. Maslow’s triangle adapted to the agro landscape management by the author

Human, social and natural sciences are mentioned again, but each in their own realm, and
each realm now including its particular type of coherence: intentional (goal oriented), empathic
(appreciation oriented) and spatial-temporal (ecologically oriented) successively.

It also shows how all three together they are instrumental to balance the fundamental
opposition between ideal developments on the one hand and physical survival on the other, or in
other words ‘the world or agro landscape as it is’ versus ‘the world or agro landscape as it should be’.

Supportive ideas for MOVIR and the Vavilov Institute of Plant Industry

We all know that plant breeding is meant to serve agricultural crop production (forestry
included), which again is to serve people’s use of plants for human and animal nutrition, fibres and
flowers, as well as pharmacy. We'’re also aware that, at the same time, agriculture is to warrant the
agro-ecosystems autonomous production capacity, landscape quality and environmental health.

Thus I here list some demands from society on plant breeding for the future, which are to
make sure there are lines available that suit for more then only quantitative food, feed and fibre
production. But subsequently, I add a list of compliant demands from breeders on society, which
must be fulfilled by society in order to empower plant breeders appropriately.

Demand on breeders

- regional adaptation

- food (etc.) quality
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- roughage production for livestock

- deep rooting for soil upgrading

- economic use of water in dry areas

- optimal nitrogen fixation

- weed suppression

- pest tolerance

- salt tolerance

- drought tolerance

Demand from breeders:

- integration in the food (industry) chain

- integration in the regional society

- participation in farmers / agronomists education

- participation from farmers / agronomists education
- cooperation with plant and animal production research
- cooperation with human nutrition research

- cooperation with soil research
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Whereas growth should be limited in face of the earth’s limited resources and ecosystems (the
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for sub national units like regions, micro projects and individual households. They can not,
however, be left to the latter alone.

- Settle fair prices on depletion and pollution of the earth’s limited resources as they are no
free assets.

- Set socio-political limits to resource throughput on a sustainable scale.

- Total consumption (population x per capita consumption) should be stabilised to warrant
sustainable development worldwide.

- Reduced levels of consumption are badly needed; reducing throughput (growth) is a tool to
induce progress (development).

- Greater sharing, more population control (education!) and true development are badly
needed.

- Costs of depletion and pollution to be internalised in the product’s prices.

- Tax throughput instead of income & tax high incomes instead of lowest incomes.

- More growth for all without any sacrifice is a misleading illusion: definitely unsustainable!

- After scale and distribution have thus been settled: let the individualistic market rule
allocation.

- The world’s nations are key instruments to start implementing this policy.

- Irreducible uncertainty about new technologies’ environmental effects are real costs, to be
included in the price of the commodity that imposed the costs. To be paid as assurance bond and
returned over time as experience reduces the uncertainty.

- Thus liability of industry should be strengthened and the general public not be burdened by
industrial development efforts.

- The fair demand for free institutions regards market’s freedom from monopoly as well as
collective social freedom to democratically enact rules for the common good.

- GATT, WTO and Codex Alimentarius do not at all comply to this fair requirement. They are
by and large tools for trans-national industry to increase their monopolising position.

- Free trade among regimes of different degrees of cost internalisation will result in a spiral of
standards lowering competition worldwide. Trans-national corporations will take over standard
setting from democratic governments; see GATT. WTO and Codex Alimentarius.

- Self sufficient countries are less likely to go to war then countries depending on other
countries for their welfare.

- Advances in science and technology are beneficial, increasing both our understanding and
range of choices about how humanity and the environment relate. This holds when technologies for
new sustainable developments are meant. It does not hold when only unlimited up-scaling and
growth of existing technology are concerned.
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Conceptual and Mathematical Statement of the Process of Heavy Metals Migration in
the System «Soil — Agricultural Plant»
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Abstract

The mathematical modeling was used to describe the functioning and organization of natural
ecosystems as well as various approaches to the classification of environmental models to describe
both the individual processes and their interactions on the base of the real system patterns.

Using the system analysis, the components of the system «soil — agricultural plant» are
identified and analyzed separately interconnected by bilateral cause — effect relationships. It was
shown that the origin of the studied system is artificial, while specific of the components is
material. By the nature of interaction with the environment it is an open system, the sequence of
events in which is not deterministic and is probabilistic. In developing the conceptual model of
heavy metal migration in the system «soil — agricultural plant», a number of assumptions were
made: the main mechanism of heavy metals input into crops is the root one; the process of
chemical element transfer between the components of the system can occur in forward and reverse
directions; in the processes of migration between the components of ecosystems, the transit of
heavy metals can take place; the foliar flow of heavy metals is taken into account, mediated, in the
transfer constants from the soil to the above-ground phytomass of crops; it is assumed that the
investigated chemical element is isolated from the parts of plants into the soil.

The accepted limitation in the development of the conceptual model of the TM migration
process in the system «soil — agricultural plant» is the formalization of the initial information to
quantifiable indicators. Based on the results of the system analysis, adopted approaches and
assumptions, a conceptual model of TM migration in the system of «soil — agricultural plants» is
developed, with the allocation of the main blocks (compartment): arable soil layer (0-30 cm), aerial
phytomass of plants, the root system of plants (root and tuber fields), the subsurface layer of the
soil. Mathematical description of the dynamics of migration of chemical elements between the
individual components of the studied system «soil — agricultural plant» is presented by a system of
linear differential equations of 15t order. The process of migration between the compartments are
determined by the constants of transfer of a chemical elements, based on literature data and
average values of coefficients of accumulation of Zn, cu, Pb, Cd in the most common crops.

Keywords: heavy metals, chemical elements, accumulation coefficient, conceptual model,
algorithm, factor.

1. BBegenue
Hcnonp3oBaHne MeTONOB M IIO/AXOJIOB CHUCTEMHOIO aHAIW3a C IIPUMEHEHHEM METO0B
MaTeMaTUYeCKOTO MOJIEJIMPOBAHUA  IIPEJICTaBisAeT COOOM KOHIENTYaJbHBI HUHCTPYMEHT,
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OPUEHTHUPOBAHHBI Ha AaHaJW3 W I[POTHO3UPOBAHHE MPOIECCOB (QYHKIIMOHUPOBAHUS U
OpraHu3alWy  MPHUPOAHBIX  DKOCUCTEM, UTO  IIO3BOJISIET  3HAYUTEJHHO  PACIIUPUTH
JKCIepUMeHTaIbHble uccaenoBanus (JlsmyHoB, BarpuHoBckas, 1975; KpacHomiexos, Ilerpos,
1983; Ilennunr ge ®pus, Bau Jlaap (pex.), 1986; KapmaueBckuii (pen.), 1987; Mapuyk, 1982;
Kpemep, Mopo3os, 1988; Dube et al., 2001; CypmuH, 2003; HoBocesb1ieB (pex.), 2006; Guala et al.
2010; Guala et al., 2013; Franklin et al., 2014; Campbell, Paustian, 2015; Lurgi et al., 2015;
Endovitsky et al., 2015; Endovitsky, Kalinichenko, Minkina, 2015; Batukaev et al., 2016; Field et
al., 2016; Naskova, 2017; Antle et al., 2017; Chuine, Régniére, 2017; Donatelli et al., 2017; Bourhis
et al., 2017; Janssen et al., 2017; Okamato et al., 2018; Amuti et al., 2018). B 3aBucumocTu ot
dopmbl peanuzanuy MaTeMaTHYECKHE MOJEJIH MOKHO pas/leIuTh Ha WMUTAIIUOHHBIE W
aHasutuyeckue (CeslbCKOXO3AHCTBEHHAsA PaguOdKoIoTHsA, 1992; HoBoxkwioB, CeMeHOBa,
ITerpoBa, 1999; CemeHoBa u 1p., 2003; Boulangeat et al., 2014; Jones et al., 2017; Sandor et
al., 2017; Ehrhardt et al., 2017; Cammarano et al., 2017; Donatelli et al., 2017; Van Oijen et
al., 2018). [Tox UMHUTAITMOHHBIMU MOJIEJIIMHA OOBIYHO TOHUMAIOT «(POPMaTU30BAaHHOE OITHCAHHUE C
ITOMOII[BI0 COBPEMEHHBIX KOMITHIOTEPHBIX TEXHOJIOTHH M3y4aeMOTro sIBJIEHUsI BO BCEH €ro IOJIHOTE
Ha TpaHU Hailero noHuMmanusi» (Heitop, 1975, IllenHoH, 1978, /I:xeddepe, 1981). 3HaueHUe
QHAJIUTUYECKUX MOJIEJIEN OIpPeesIsieTCsl TeEM, YTO OHH JIAalI0T JOCTATOYHO MPOCThie GOPMYJIbI JJIs
MPUOJIMIKEHHBIX MMPAKTUYECKUX PACYETOB M YACTO CJIYKAT METOJAHUYECKON OCHOBOM I CO3JJaHUSA
OOJIPIIMX UMHTAIMOHHBIX MOjiejield. B 3aBUCHMMOCTH OT CTEIEHH OIPEAEIEHHOCTH ITOIyYaeMbIX
pe3yJIbTaTOB KaK UMUTAIIMOHHBIE, TAK U aHAITUTHYECKHUE MOJIEH Je/IAT Ha JeTEPMUHUPOBAHHBIE U
croxactrueckue (CebCKOX03SIHCTBEHHAS PAU0dKOJIOTHA, 1992; Bai1 et al., 2007; Porporato et al.,
2015). IIpu 3TOM, €c/iv B JETEDMUHHUPOBAHHBIX MOZEAX 3HAUEHHSA ITEPEMEHHBIX OMPE/IEIISIOTCS
TOYHO, TO CTOXaCTUYECKHE MOJIEIN OMEPUPYIOT C PacIpeiesIeHUsIMH mapaMeTpoB. B aTom cityuae
OHH pacCMaTPUBAIOTCA KakK CIydaliHble BEJIHYMHBI W XapPaKTEPU3YIOTCSA BEPOSATHOCTHBIMU
IMOKa3aTesIAMU, TAKUMHU, KAK MaTeEMaTHYECKHe OJKUIAHWsA, TUCIEPCUSA U T.II. B 3aBUCMMOCTH OT
TOTO, OIHUCBHIBAIOT JIK MOJIeJIU BPEMEHHYI JAWHAMHUKY IIPOIIECCOB WJIM HET, HX MOKHO
KJIacCU(UIUPOBATh Ha cTaTHYeckue U auHamudeckwe (Ppuza, 1987; ProkoBa, 1987; BaHOBa,
1989; IlomyskroB, 1991, IlpoxopoBa, ®puza, 1993; XoMmsAkoB, 1994; IlomyskTOoB U Jip., 2002;
Komenesa, 2009; IToyakToB u 2p., 2012; Snell et al., 2014; Yu et al., 2014; Guillem et al., 2015;
Bagenko u mp., 2015; Medvedev et. al., 2015; Harding, Twine, 2015: Sun et al., 2016; Tan et
al., 2016; Ozturk et al., 2017; Jones et al., 2017; Winter et al., 2017; Renzi et al., 2018).

[MIupokui AUAIa30H MOJAETUPYEMBIX MPOIEcCcOoB (0T I106aJTbHON HKOJIOTHH 70 OTHAETbHBIX
KOMIIOHEHTOB arpoOsKOCUCTEM) O0YCIOBHJI Pa3IUUYHbIE TMOAX0bI KIaCCUPHUKAIINN DKOJIOTUUECKUX
mozesent ([I>xedbdepc, 1981; bougapenko, XKykoBckuii, MymikuH, 1982; JImutpues, 1995; ®paHc,
Topuiu, 1987; Pobeprte, 1986; Poluektov, Topaj, 2001; Tipping et ai., 2012; Duru et al., 2015;
Bellocchi et al.,, 2015; Campbell, Paustian, 2015; C Rowe et al.,, 2015; Antle et al., 2017;
Holzkamper, 2017). Haubosiee yacro, A1 OMHCAHUs CJIOKHBIX ITPOIECCOB, ITPOUCXOISAIINX B
arposKOCHCTeMaX, MPUMEHSIOT CTaTUCTUYECKUe MOJiesid, OaJlaHCOBbIE, BEPOSATHOCTHBIE MOJIEU
(PeoxoBa, 1987; BpoBkuH, 1988; IIpoxoposa, 1993; Komenesa, 2002, 2004; Keller et al., 2001;
MocksuH, 2011; Hou et al., 2014; Porporato et al., 2015; Demkova et al., 2017; Lazaro et al., 2017;
Hu et al, 2018). IlocTpoeHue CTAaTHCTHYECKUX MOJIeJIEH arpO3KOCHCTEM OCHOBBIBAeTCs Ha
JIOTYIIIEHUH O CIyY4aWHOCTU UCCIEAYEMOTO IIPOIECCA U MOKET OBITh U3YUEHO C IIOMOIIBI0 METO/IOB
MaTeMaTUYeCKOH CTaTUCTUKU, YTO OTPAsKEHO B IiesioM psizie pabot (MBaHOBa, 1989; PrikoBa, 1987;
O6pastos, 1990; JIuTBak, 1990; YiaaHoBa, 3abenuH, 1990; Laflen, Jane, 1991; ITpoxopoBa, ®pwu,
1993; Porporato et al.,, 2015; Demkova et al., 2017; Lazaro et al.,, 2017; Hu et al., 2018).
MoieTMpOBaHUIO IIOTOKOB BEIIECTBA ¥ SHEPTUM B OTHOCHUTEIBHO OHOPO/IHBIX CPEaX MOCBAIIEHBI
pabotsl (JImutpues, 1991; kkoneH, Toscrory3os, 1996; ®enpaman, 1999; Tipping et al., 2012 u
Zip.), GasaHCOBBIE MOJEINM HAa OCHOBe AUMDEpEeHIUTBbHBIX W WHTErpo-auddepeHInaIbHbIX
ypaBHEHUH, OMUCHIBAIOIINX JUHAMUKY Pa3BUTHS CUCTEM KaK COBOKYITHOCTH ITPOIIECCOB II€peHoca
BelllecTBa M HSHEPIHH, IpUMeHeHbl B paborax Ilauernckuii, 1992; BorartbipeB, PbIKOBa, 1994;
KomeneBa, 2009; Bergez et al.,, 2013. OnTUMHU3aMOHHBIE MOJEIbHBIE Pa3pabOTKU BeJlEHUS
CeJIbCKOTO XO3SIMCTBA B perJIaMEeHTHPOBAaHHBIX YCJIOBHAX HAIUIM OTpakeHHe B paborax
(Cenbckox03sTUCTBEHHAsT PAJIO3KOJIOTHs, 1992; ®ecenko, fAnmano, CimpumoHoB, 1994; Porporato
et al., 2015; Amuti et al., 2018 u ap.).

BHe 3aBHCHMOCTH OT TUIIA MOJIEJIell MaTeMaTH4YeCKOe MOJIeJITUPOBaHUE PEICTABIISIET COO0H
CJIOJKHBIH TIPOIleCC M BKJIOYaeT B cebsA TIOCTAaHOBKY 3aJlaul HCCJIEJIOBAHUS, CO3/aHUE
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KOHIIENTYyaJIbHOU Mojiesin, ¢hopMaIbHOe OMHCaHUEe 00bEeKTa MOJETUPOBAHUs, aJITOPUTMUUECKOE
oIHcaHue MOJIETH, Bepu(pHUKAIHIO, OIEHKY a/IEKBATHOCTH MO/IEJIH.

OCHOBY /ISl CO3/IaHUs KOHIIENTYyaJIbHOM MOJENN MUTpPAIuu TsoKeablx MetawioB (TM) B
CHCTEME «IIOUYBA — CEJIbCKOXO3SHCTBEHHOE PACTeHHE», OIpPeesIAIoNlel Mmepexos OT peaabHOMN
CHCTEMBI K JIOTHYECKOH cxeMe ee (PyHKIMOHHUPOBAHUS, IMOCPEICTBOM JIOTHKO-MATeMaTHIECKOTO
OmHcaHUA 00'bEKTa COCTABJISIET IEJIb UCCIEIOBAHUSA C YUETOM BCeX JOMYIIEHUH, HEOOXOAUMBIX IS
ITOCTPOEHUS JAHHON MOJIEITH.

2. O0BEKTBI 1 METOABI

MeToAMYEeCcKyI0 OCHOBY KOHIIENITyaJIbHOH M MaTeMaTH4YeCKOH ITOCTAaHOBKH ITpoIlecca
MHUTPal TSOKEJIBIX METAJUIOB B CHCTEME «IIOYBA — CEJIbCKOXO3SIHUCTBEHHOE pacTeHue»
COCTaBJISIIOT METOAbl TEOPUM CHUCTEM U CHCTEMHOTO aHAJIW3a, CHUCTEMHOIO IIO/XO/IA,
AHAJIUTHYECKU-UUCIEHHBIH.

MeTtoKka TPOBEAEHUs] HWCCIIEOBAaHUA BKJIIOYAeT B cebs cOop, oOpaboTKy U 0000IeHre
uHdopmaIuu o mnpoiecce murpanur TM B cucTeMe «IIOYBA — CEJIbCKOXO3SIHCTBEHHOE PACTEHHE».
B kauectBe wWHMOpPMAIMOHHOW 0a3bl HCCIEIOBAHUsA OBUIM IIPUMEHEHbl HaKOIUIEHHbIE U
CHUCTEMATU3UPOBAaHHBbIE  JINTepaTypHble aaHHble (CBUIETEIBCTBO O  TOCYJAPCTBEHHOU
perucTpaiui..., 2016), MoHorpapuu U MyOJIHUKAIUK OTEUECTBEHHBIX M 3apyOeKHBIX YUEHBIX,
OTpa’kalolye pe3yIbTaThl UCCIeOBAHUI COTJIACHO IeJIsIM U 33/1adaM HaCTOSIIETO UCCIe0BaHUS.

[IpuHATHIE THIIOTE3bl, OTPAHUYEHUS] U JIOMYIEeHUs KOHIENTYyaJbHON M MaTeMaTH4eCcKOH
ITOCTAHOBKH IIPOIIECCa MUTPAIUHU TSXKEIbIX METAJIJIOB B CUCTEME «II0YBA — CEJILCKOXO03SIHCTBEHHOE
pacreHue»:

WcxomgHple TUIIOTE3HI:

— 00'BEKTOM /TSI pa3pabOTKH KOHIENTYaJIbHOM CXeMbI MOJIEU SIBJISAETCS IMPOIECC MUTPAITAH
TM B cucTeme «I0OUYBa — CEJIbCKOXO3SHCTBEHHOE PaCTEHHE;

— mporecc murparuu TM B cHcCTeMe «II0YBa — CeJIbCKOXO3SHCTBEHHOE pPacTeHHe» MOIKET
OBITH OTIHICaH cUCTEMOH TuddepeHITnaTbHBIX ypaBHeHUH [ mopsaka.

[IpuHATO OrpaHUYEHUE:

— paspaboTaHHasl KOHIIENTyaJbHAas CXeMa MoJieJiu Iporecca murpanuud TM B cucreme
«TI0YBA — CEJIbCKOXO3SIICTBEHHOE pacTeHue» JIOJI’KHA ITO3BOJIATh (OPMAaM30BaTh HCXOTHYIO
MH(GOPMAITHIO 10 KOJTMUECTBEHHO U3MEPSIEMBIX IIOKa3aTeJIei.

[IpuHATHI AOMYIIEHUS:

— TM Cu, Zn, Pb, Cd oTHOCATCS K YHC/Iy IPUOPUTETHBIX KaK i1 (POHOBOTO MOHHTOPHUHTA
OKPY’KaroIIel Cpebl, TAK U SKOJIOTUYECKUX OIIEHOK TEPPUTOPUH;

— paccmotpensl  koadduruentsr HakomneHus (KH) Cu, Zn, Pb, Cd B wnHaubosee
pacmpocTpaHeHHBIX CEeJIbCKOX03SHCTBEHHBIX KyJIbTypax (mIneHuIa (3epHo), suMeHb (3epHO0), cos
(3epHO), Kamycra, cBekja (KOPHEIUIOABI), cayiaT, Kaprodesnb (KIyOHEIUIOAbI), MOPKOBb
(kopHeIUIOobI));

— OCHOBHOU MexaHu3M IocTyiuieHus TM B ceJTbCKOX03AUCTBEHHbIE KYJIbTYPhl — KOPHEBOI;

— B Ipoliecce B3aUMOEHCTBUS KOMIIOHEHTOB CHCTEMbI IPYT C PYTOM IPOUCXOIUT ITepEeHOC
MaTepuHu W SHEPTUHU, KaK B IPSAMOM, TaK U B 00paTHOM HalpaBJieHHH (B YaCTHOCTH, YUUTHIBAETCS
BbIHOC TM € IpOAYKTaMU aCCUMUJISIINY B TIOUBY C KODHEBBIMU BbIJIEJIEHUSIMH);

— MeXAy KOMIIOHEHTaMU CHCTEMBI CyIecTByeT OOMeH XHUMHYECKHUMHU dJIeEMEHTaMu
Pa3JIMYHON HWHTEHCUBHOCTH, 4UTO ompeenserca (PU3UKO-XUMUYECKMMH CBOWCTBAMU U
OMOJIOTUYECKOU POJIbIO TIOC/IETHUX;

— JIOTycKaeTcsl TPaH3UTHBIN nepeHoc TM MeXXay KOMIIOHEHTaMH CHUCTeMbI (HalpuMmep, U3
IIOYBHl B ACCUMWJIHPYIOIIWE WJINM TeHepaTUBHbIE OpraHbl 0e3 ydera coaep:kaHuss TM
B IIPOBOJIsAIIEH (cTeOsn) crucTeMe);

— BHEKOpHeBOe TocTyiuieHue TM yuTeHO, OIocpeoBaHO, B KOHCTAHTAaX ITIEPEH0Ca OT ITOYBBI
K HaJI3eMHOU (prTOMAacce CeJIbCKOX03HCTBEHHBIX KYJIbTYP;

— MPEATOJIarajioch BbIZIEJIEHUE WCCIIElyeEMOTO0 XUMHYECKOTO 3JIEMEHTa W3 HAA3EMHOU
¢duTomaccel B mouBy (3a cueT MmoTeph ¢ Haj3eMHOU (GUTOMACCOM B BHJE OIA/a, ¢ KOPHEBBIMU
BBIJIEJIEHUSIMU U JPYTUMU IIPOLIECCAMU);

— B TeUYEHHE BETeTAlMOHHOTO TMEPUOJa MPOUCXOJUT MOCTENEHHOE CHHUKEHUE KOPHEBOTO
MOCTYIUIEHUSI XUMHUYECKOTO BJIEMEHTa 3a CUeT MHUTrPaluyd IIOCJEAHEr0 3a  IPEAesbl
KOPHEOOUTAaeMOTO CJIOS;

112




Biogeosystem Technique, 2018, 5(1)

— B HAYaJIbHBIH MOMEHT BpeMeHH (IlepBble CYTKH BereTallMiOHHOTO Iepuoja, t=0)
HAYMHAETCA  IOCTYIUIEHWE  MCCIeAyeMOro  XHMUYECKOro  BJIeMeHTa U3  IIOYBBI B
CeJIbCKOXO03sICTBEHHOE pacrenue. [Ipezmnosiaraaock, 4YTo BO BceX KOMIIAaPTMEHTAaX 9KOCHCTEMBI, Ha
JTAHHBI MOMEHT BPEMEHH, CO/IEPKAHUE HIeMEHTa PABHO O;

— JIOTIOJTHUTE/IbHBIE arPOTEXHUYECKUE U arPOMEIHOPATHBHbIE MEPOIPUATHA Ha KOPMOBBIX
YTOBSIX HE IPOBOIATCS;

— comep:xkanre TM BO BceX KOMITADTMEHTAX CHCTEMBI MPHUHSITO B MT Ha 1 M2 IOBEPXHOCTH
IIOYBBI JJIsI CJIOS IIOYBBI 0—30 CM;

—Ipu pacyeTe KoOHIeHTpanud TM B HMEWIIUX XO3SIHUCTBEHHYI0 IIEHHOCTh YacCTAX
CEeJTbCKOXO3STMCTBEHHBIX PACcTeHUH MX (puTOMacca MPHUHATA MaKCHMAaJIbHOH, UTO COOTBETCTBYET
nepuoay cbopa yposkas (3epHoO 0,3 Kr/m2 (30 1/Ta), kKapTodes 2,50 Kr/M2 (250 11/Ta), CBEKJIA 5,0
kr/m2 (500 11/Ta), KamycTa 7,5 Kr/m2 (7700 11/Ta), canar 1,8 kr/m?2 (200 11/Ta), MOPKOBB 6 KI/M2 (700
11/Ta), cos (3epHO) 1 kr/m2 (18,3 11/ra) (PomaHOB, 1993).

3. Pe3ysbTaThl M X O0CYyXKAEHUE

KonnenrtyanpHass IOCTaHOBKA 3a7jadyd — OJIMH W3 BAKHEUINHUX IIIarOB OIEPAIlHOHHOTO
HCCJIeIOBAHUS, Ppe3yJIbTaTOM BBIIOJHEHUS KOTOPOTO SBJISAETCA KOHIENTyaJibHAsE MOJIEJIb
HCCIIEyEMOTO OOBEKTA C COJIEPIKATEIbHBIM OITMCAHHEM COCTaBa CHCTEMbBI, €e KOMIIOHEHTOB U
B3aHMOCBS3€el MeKIy HUMHU Ha OCHOBE ITPUHSTHIX ITOAX0A0B U JIOIYIIEHUH.

Ha mnpenBapuTesbHOM 3Tame IIpUMEHEHHE METO/IOB CHCTEMHOTO aHaJn3a II03BOJIHIIO
BBIJIEJIUTH OT/EJIbHbIE, B3AaUMOCBS3aHHBIE JBYCTOPOHHUMU MPUYNHHO-CJIE/ICTBEHHBIMU CBSI3AMU,
KOMIIOHEHTBl CHCTEMBI «IIOYBA — CEJIbCKOXO3SIMCTBEHHOE pPaCTeHHe», CYIIEeCTBEHHBIE II0
OTHOINIEHHUIO K IeJIM HCC/IeJOBAaHMA: IMaXOTHBIH ¢JI0M HOYBBI (0—30 €M), MOAIIAXOTHBIH CJIOH
IIOYBBI, HA/I3eMHasl MPOAYKTUBHAA (1) U BerertaTuBHasA (2) ¢uTOMACCa CETHCKOXO3SIUCTBEHHBIX
pacreHui, KOpHEBas crcreMa (KOpHe- M KIyOHEITIOAbl) pacTeHu# (puc. 1).

[Io DpOUCXOXKIEHWI0 aHaJIU3UpyeMas CHCTeMa HCKYyCCTBEHHas, II0 crHeluduke
COCTaBJISIIOIINX KOMIIOHEHTOB — MaTepuayibHas. [lo XapakTepy B3aWMMOJEHCTBUS CO CpeIOH
IpeCTaBJIsieT COOOM OTKPBITYI0 CHCTEMY, IIOC/IEN0BATEIbHOCTh COOBITHH B KOTOPOH, He
JleTEPMUHUPOBAHA U HOCUT BEPOSATHOCTHBINA XapaKTep.

CHUCTEMS "MOYES- CENBCKOXASANCT BEHHOR PacTEHKE"

KORMNOHEHTEI

nNognazoTHEIA Max0THEIR HasemMHa A BeTeTATHEHAT KOpHEESA
CNoK NO4EkI CroKM NOYELI PUTOMACCS puTOMaCCE CHCTEMS
r3-30 cral 1 2 pacTERk

CE Fib MEHLY KOMOOHEHTAMM. 4EYCTOROHHAA TRMHHMHHO-CNEACTEEFHGA A

Puc. 1. CTpyKTypa cucTeMBI «II0UBA — CEJIbCKOXO3ANUCTBEHHOE PACTEHHE»

PesysbTaThl CHCTEMHOTO aHaiu3a OOBEKTa HCCAENOBAHUN OBLIM TPUHATHI B KaudecTBe
OCHOBBI KOHIIENTYaJIbHONH MOjiesqii Murpanuu TM B cucTeMe «II0YBa —CeJIbCKOXO03SIHCTBEHHOE
pacreHue». PazpaboTaHHasi MOJIeJib BKJIIOUAET B ce0s1 5 OCHOBHBIX OJIOKOB: A; — MaXOTHBIA CJIOU
mouBsI (0—30 cM), A. — Haj3eMHas puTroMacca pacTeHud (1 — MPOAYKTUBHAA), A; — Ha/l3eMHAsA
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¢duromacca pacreHuit (2 — BereraTuBHas), A, — KOpHeBasg CcHCTEMa pacTeHUH (KopHe-
U KJIyOHEI10/1bl), A5 — ITOATIaXOTHBIN CJIOH IMOYBHI (PHC. 2).

[Ipu 5TOM CJIEe/TyeT OTMETHTD, UTO KOHIIENTyaIbHAsI MO/iesIb MUTparuu TM B cucreme «modBa
—  CeJIbCKOXO3SIUCTBEHHOE pacTeHHe», OCHOBY KOTOPOH  COCTaB/IsIeT  CHCTEMATH3aIlHs
WH(GOPMAITUOHHBIX JIAHHBIX HCCJIElyeMOTro Mpoliecca MUTPAIUK, HE OTPAKAET, IIPOUCXO/ISAIINE B
HEeM, cepbe3Hble u3MeHeHHsA. [T Toro, 4ToObl pEIINTh [JaHHYK 3ajady, HeoOXoauma
bopmanmzamnus KOHIENTYaJIbHOU (COZEep KaTeTbHOM) MOZEIU C yJYeTOM IPHUHSTHIX TUIIOTE3 U
yCTaHOBJIEHHBIX OTPAHUYEHUH Ha OCHOBE BhIOOPA a/IeKBaTHOTO MAaTEMAaTHYECKOTO OTOOpasKeHUs.

Jlna  ucciaemoBaHWS — IPOIECCOB  MUTPAllMU  2JIEMEHTOB B CHCTEME  «IOYBa  —
CEeJTbCKOXO3SIMCTBEHHOE pacTeHre» HanboJsiee MUPOKO PacIpoCcTpaHeH KOMIIADTMEHTHBIN OIXO/I,
B OCHOBY KOTOpDOTO TIOJIOKEH MeTOoJ cucreMHoro aHaimza (CebCKOXO3sSHCTBEHHAs
paziosKoJIorus, 1992). Moiesimpyemasi 3KocucTeMa pa3douBaercs Ha 6JI0KH, KOTOPbIe Ha3bIBAIOTCSA
KOMIIapTMEHTaMH, a caMa MOJIeJIb — KOMIIapTMeHTaIbHOU. CJIO?KHOCTh JAHHBIX MOJIEJIEH CBsA3aHa
IJIaBHBIM 00pa3oM ¢ HEOJHO3HAYHOCTBHIO BBIJIEJIEHUS KOMIIAPTMEHTOB, IIPEUMYIIECTBO
3aKJII0YAETCs B UX OTHOCUTEIBHOU TOYHOCTH U IMIPOCTOTE, OMFCAHUH ITPOIIECCOB IIEPEHOCA BEIECTB
B IIOTOKOBOU (hopMe B BUIE KOHCTAHT IepeHoca k.

Hagzenman puromacca
pacTeHmil
(1 —mpogvETHEHAA)

Hagzemman puTomacca
A pacTenmii
T | (2- EeTeTATHEHAE)
k12 k21 A
k11 - } k
KopHeBas clcTeMa MaxoTHedi caoii | 13
pacTenmit *| mousmr (0—30 cm)
(ropHE- 1
.d— -‘_
KIvOHeImogeD) Ax ka1
k14
As -kl:::

¥

HMoamaxoTHBOL a0l
MOYBEL

A=

Puc. 2. KonnenryasipHada mozesns murpanuu TM B cucreme
«IIOYBA — CEJIbCKOX03SIUCTBEHHOE pACTEHHE»

KoncranTs! kjj (1/¢) cBsi3aHbBI ¢ IEPEHOCOM XUMUUYECKOTO BJIEMEHTAa MEXK/Ty KOMIIapTMEeHTaMU
CHCTEeMBI BCJIEZICTBHE CJIEAYIONIUX INPOIECCOB: ki» U ki3 — TMOCTyIUIEHUS 3a CYeT KOPHEBOTO
yCBOeHHUs (TPaH3UTHBIN IepeHocC); ko, U kg — TPAH3UTHOTO IIepeHoca U3 HaJ3eMHON (pUTOMACCHI
pacTeHWH ¢ WPOAYKTAMH ACCUMUJIAIUA B IIOYBY, ki, — MOCTYIUIEHUS B KOPHEBYIO CHCTEMY
pacrenudi, k,;— dopMasbHas KOHCTAaHTA IEPEHOCa, 00eCIeYMBAIIAs ITPOIOPIUOHAIBHOCTD
COZIEp>KAHUS DJIEMEHTA B KOMIIAPTHEHTAaX 1 U 4, ki,5; — CTOK 3a Ipeiesibl KOPHEOOUTAEMOTO CJIOS
MOYBHI (pHUC. 2).

B ofOmem Buze auHaMuKa oOOMeHa XHUMHUUYECKHUX 3JIEMEHTOB MEXAY OT/IeJIbHBIMU
KOMIIAPTMEHTaMU HCCJIElyeMOU CHCTEMBI «II0YBA — CEJIbCKOXO3AHWCTBEHHOE pacreHHe» (puc. 2)
MO2KeT OBITh OIHcaHa cucteMo quddepeHnnaabHbIX ypaBHeHnH I mopsaaka:
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d n m
d_'?:'aﬁo+zkij'An_iji'Am, (1)
i=1 j=1

e A;, Am, An — COZIEp)KaHUE XUMUYECKOTO 3JIEMEeHTa B KOMIIAPTMEHTAaX CUCTEMBI, MT Ha 1 M2
MMOBEPXHOCTHU TOYBHI; Af— MOCTYIUIEHHE XUMHUYECKOTO 3JIeMeHTa U3BHE, MT/C; kij — KOHCTAHTBI

IlepeHoca XMMHYECKOr0 3JIeMeHTa W3 KOMIIApTMEHTBHl 1 B KOMIIAPTMEHTY j, XapaKTepHU3YIollHe
IIeEpeHOC XUMHYECKOTO 3JIEMEHTAa B COOTBETCTBYIOI[ME KOMIIADTMEHTHI U3 IOYBBI 1/c; kji —
KOHCTAHTBl IlepeHOca XUMUUYeCKOro 3JieMeHTa W3 KOMIApTMeHTbl j B KOMIAPTMEHTY 1,
XapaKTepusyloll[ie IepeHOC XMMUUYECKOT0 BEeIeCTBa B I0YBY U3 COOTBETCTBYIOIIUX KOMIIADTMEHT,
1/c.

Cucrema pauddepeHuaabHbIX ypaBHeHHH | mopsaka, OMUCHIBAIOIAs MUTPAIIUIO
HCC/IEyEMOTO XUMHUYECKOTO 3JIEMEHTAa MEXKAY OT[EeIbHBIMU KOMIAPTMEHTaMH CHUCTEeMBI (puc. 2),
UMeeT CJIEAYIONTUHN BU/I;

d
C]A'::k21'A2+k31'A3+k41'A4_(k12+k13+k14+k15)'A1
d
(ﬁzzklz'pﬁ_kzl’Al
d
(ﬁszkla‘ﬂ_ksl'As
(2)
dA
di'[‘l:k14’A1_k41'A4
d
(;A: :kls’A1

S

ITepBoe ypaBHEHUE ONpPe/IeIISIET IMHAMUKY CO/IEPKaHUS XUMHUYECKOTO 3JIEMEHTA B MTAXOTHOM
cy1oe ToYBbl (0—30 €M), a IATOE ypaBHEHHE — B IOJANAXOTHOM CJIO€ MOYBHI. BTOpoe m TpeTbhe
yPaBHEHUE XapaKTepHU3YIOT WHTEHCUBHOCTh H3MEHEHUs COJIEPXKAHUSA BJIEMEHTa B HaJI3€MHOU
MPOAYKTUBHON (1) U BereTtaTUBHOU (2) ¢uroMacce pacTeHUH, COOTBETCTBEHHO. YeTBepToe
ypaBHEHUE OIMCHIBAET H3MEHEHUE COJEPIKAHUsA 3JIeMEHTa B KODHEBOH cucreMe (KOpHe- H
KwIyOHerU1o1pl)  pacTteHUU. IloJIOKUTENbHBIE  WIEHBI YPaBHEHHS  OIPENEISAIOT  coboi
MHTEHCUBHOCTh BXOJAIIEr0 IIOTOKA 3JIEMEHTa B KOMIIAPTMEHTY CHUCTEMBI, OTpUIlaTeJIbHble —
HCXOJIAUHN OTOK U3 JaHHON KOMITADTMEHTHI.

Jns pemeHus cucteMbl AuddepeHIHaTIbHBIX YPAaBHEHUHN HCIIOIB30BAJICA METO/] KOHEUHBIX

pasHoCTeN:
d_Ai = lim AAi ~ Ai,t+At o Al,t
dt a0 At At

npuAt=1 — Ai,t+1 - Ai,t (3)

ITocsie moOJiCTAaHOBKM KOHEYHO-PA3HOCTHOTO aHasiora (3) B IepBOoe ypaBHeHue (2) u
COOTBETCTBYIOIIUX IMPe00pa30BaHMIl CHCTEMAa KOHEUHO-PA3HOCTHBIX YPaBHEHU NMeeT BU/I:
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A =Ko - Apy Ky - Ay Ky A+ ALKy, — Ky — Ky —Kys)
Agrn = Ky, - Ay + (1_ k21)' Ay

A3,t+1 =Ky - Al,t + (1_ k31)' A3,t (4)
A = Ky - Ay + (1_ k41)' Ay

A5,t+1 =Ky - Al,t

Ilna  pacyera mapaMeTpoB Mojeaw Mmurparmuu  TM B cucTteMe  «IodYBa —
CEeJTbCKOXO3STMCTBEHHbIE PACTEHHSI» MPUMEHEHBI JINTePATypHbIE TaHHbIE O KOHCTAaHTaX IepeHoca
xumudeckux syeMeHTOB (I'yceB, BessieB, 1991) u cpenHue 3HaYeHHUsA BEJIMYUH KO3 PUIHEHTOB
HakorwteHusa Zn, Cu, Pb, Cd B Hanbosiee pacmpocTpaHEHHBIX CEIbCKOXO3SIHCTBEHHBIX KYJIbTYpax
(CBUIETEBCTBO O TOCY/IAPCTBEHHOM PETHCTPAIUU..., 2016). YTOUHEHHE KOHCTAHT IepeHoca /JId
KaKJI0TO BU/IA CEJIbCKOXO3ANUCTBEHHOU KYJIBTYPhl U THUIIA IMOYBBI MOTYT OBITHh BBINIOJIHEHBI IIyTEM
pellleHusI CHCTEMbl JIMHEWHBIX ypaBHEHUU IIPU HU3BECTHHIX BeJIMUYMHAX cojep:kaHus TM B
COOTBETCTBYIOIINX KOMIIAPTMEHTAX CUCTEMBI.

Pacuer koHnenTpaiuu TM B X03AHCTBEHHO IEHHBIX YACTAX PACTE€HUH BBITIOJIHAETCS IIyTEM
JIeJIEHUSI COZIEPIKaHUs XUMHYECKOTO 3JIeMEHTa B COOTBETCTBYIOIENW KOMIIapTMeHTe (Mr/M2) Ha
BEJINYUHY €€ Macchl (KI/M?2), COOTHECEHHOH K €JIMHUIIE TLIOIIAH TOBEPXHOCTH TIOUBBI.

[Ipumep pe3ysIbTaTOB pacyeTa CoJiepKaHUs Zn B MOJEJTUPYEMOHM CHCTEME «IIOYBA —
CEeJTbCKOXO3SIMCTBEHHOE pacTeHue» IS KallyCThl, IPOM3PAcTAloIell Ha JIepHOBO-IIO/30JIUCTOH
nouse (IT4), mpuBezseH Ha puc. 3.

1 9000000000000000000000000000000000000000000000000000 0666606500666 006060066

o
N

0,01

0,001 -

0,0001 ~

CopepXaHne XMMUYeCKoro afieMeHTa, Mg

0,00001 T T T T T T T 1
0 10 20 30 40 50 60 70 80

Bpewms, cyTku

A, — aXOTHBIU CJIOU MOYBHI, A, — Ha/i3eMHas (IIPOJIyKTHUBHAA) ¢pUTOMacca pacTeHUH,
A4 — KOpHeBas CUCTeMa PaCTeHUH, A; — MMOANAXOTHBIN CJIOU ITOYBBI

Puc. 3. Coxep:kanuve Zn B KOMIIADTMEHTaxX HCCIEAYEMOM CHCTEMBI HA IMPUMEPE KaITyCThl,
MIPOU3PAacTaloIel Ha J€PHOBO-TIO/I30JICTOH ITOYBE, 1/CyT
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4. 3akJaoueHue

71 omucaHusA IPOIECCOB, MPOUCXOAAININX, B YACTHOCTU, B arPOSKOCUCTEMAX, IPUMEHSIOT
CTaTUCTHYECKHE MOJIeJd, OaslaHCOBbIE, BEPOSTHOCTHBIE MOJIeJd. BhimosiHEH 0630p MpobiieM,
BO3HUKAIONIUX MPU MaTEMATUUYECKOM MOJIEJIMPOBAHUM IIPOLECCOB (PYHKIMOHUPOBAHUA U
OpraHU3allUM MPHUPOJHBIX SKOCHUCTEM, OTPKEHBI pa3JIMYHblEe MOAXOABl K KiaaccupUKaIUU
SKOJIOTUYECKUX Mofeseii. IlokazaHo, 4YTO MaTeMaTUYeCcKOe MOZEe/JIUPOBaHUE, OCHOBHBIM
MHCTPYMEHTOM KOTOPOIO BBICTYIIAET CUCTEMHBIN aHAIN3, IIO3BOJISET aJleKBAaTHO OIMCHIBATH KaK
OT/EJIbHBIE IIPOLECCHl CHCTEMBI, TAK W B3aMMOIEHCTBHE IIPOILIECCOB HA OCHOBE YCTAHOBJIEHHBIX
3aKOHOMEPHOCTEH MOBEIEHHA PEeaIbHOM CUCTEMBI. DTO OIPEAEsIeT IePCIEeKTUBY HCIIOIb30BAHMUSI
PaCCMOTPEHHBIX MOJIeJIEN I U3YYEHUS U MPEICKa3aHUs CJIOKHBIX arPOIKOCHUCTEM.

I[IpumMeHeHEe METOAOB CHCTEMHOTO aHa/M3a IMO3BOJIMJIO MPOBECTHU aHAJIU3 U BBIJEJIUTH
OT/IeJIbHBIE  B3aWMOCBSI3aHHBIE  JIBYCTODOHHUMHU  IPUYUHHO-CIEJACTBEHHBIMU  CBABAMU
KOMIIOHEHTBI CHCTEMbBI «IIOYBA — CEJIbCKOXO3SANCTBEHHBIE PACTEHUs», CYIIeCTBEHHbIE II0
OTHOIIIEHHIO K IIeJIN ucciieioBaHui. [lokazaHo, YTO IO MPOUCXOXK/IEHUIO aHATU3UpyeMas cucrTeMa
HMCKYCCTBEHHAs, IO crelnuduKe COCTABJIAIIIUX KOMIIOHEHTOB — MaTepuajibHas, IO XapakTepy
B3aHMMOJIEHCTBUA CO CpeNON IIpeJiCTaBJsieT COOOM OTKPBITYI0 CHCTEMY, IOCIEN0BATEIBHOCTD
cOOBITUH B KOTOPOH He IETEPMUHUPOBAHA ¥ HOCUT BEPOATHOCTHBIN XapaKTep.

Ha ocHoBe pe3ysibTaTOB CHCTEMHOIO AaHa/IN3a, MPUHATHIX IIOAXOAOB U JOIYIIEHUH
paspaboTaHa  KOHIENTyaJibHAsA  MoOjJeJb Murpanmuu TM B cucTeMe — «IOYBa  —
CEJTbCKOXO03SIMCTBEHHbBIE PACTEHUSI», C BhIZIEJIEHUEM OCHOBHBIX OJIOKOB (KOMIIADTMEHT): ITaXOTHBIN
cy101 1MouBbI (0—30 €M), Hai3eMHasA puToMacca pacTeHUi, KOpHEBAs CHUCTeEMa pacTeHUH (KOpHe- U
KJIyOHEIIO/IbI), MOATIAXOTHBIA CJIOW IMOYBBI. MaTeMaTHUYeCKOe OIMHMCAaHWE JWHAMUKHA MUTPaIUy
XUMHUYECKUX 3JIEMEHTOB MEXKy OT/AEIbHBIMUA KOMIIADTMEHTAMM HCCIIETyEMOM CHUCTEMBI «II0UBA —
CEeJIbCKOXO3AANCTBEHHOE pAacTeHUe» IIpeJ/ICTaBJIeHO CHCTEMOU JIMHEWHBIX JuddepeHInaabHbIX
ypaBHeHud 1 mopsaka. Ilpomecchl MUrpanmud MeXJIy KOMIAPTMEHTAMU OIPEAEAI0TCSA
KOHCTAaHTAaMH IlepeHOCa XUMUYECKOTO 3JIEMEHTA, OCHOBAHHBIMU HA JIMTEPATYPHBIX MAHHBIX U
CpPeIHUX B3HAUYEeHUsAX BeJUYWH KoaddunuentoB HakomieHus Zn, Cu, Pb, Cd B nHaubGosee
pacIpoCcTpaHEeHHBIX CETbCKOX03ANCTBEHHBIX KYJIbTypaXx.

[IpencrasienHas moxaenb murpanmuu TM B cUCTEME «II0YBA — CEJIbCKOXO3SHCTBEHHOE
pacTeHue» I03BOJISIET OIEHUTDH COJZEPKAHUE TAMKEJIBIX META/UIOB B UMEIOIIUX X035 UCTBEHHYIO
IIEHHOCTD YaCTAX CEIbCKOXO3SIUCTBEHHBIX PACTEHUH C YUYETOM ITOYBEHHO-9KOJIOTHYECKUX YCIIOBUU.
Ona MozkeT OBITh UCITOJIb30BaHA B CHCTEMaX MOJIEPIKKU MPUHATHSA PEIIeHUN IPU BO3/AETbIBAHUH
CeJIbCKOXO03SMCTBEHHBIX Ky/IbTYP Ha IMOYBaX, 3arpsA3HeHHbIX TM.
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KOHIIeHTyaJII)HaH H MaTeéMaTH4YeCCKada IIOCTAHOBKA IIpoIecCa MUIDAIIUHU THIKEJIbIX
METAJJIOB B CHCTEME «IIOYBA — CEJbCKOXO03ANCTBEHHOE pacreHue»

Tarpsina Butannesua Ilepesostonkas 2 °, Bsuecsap CepreeBud AHHCHMOB 2

2 Bcepoccuiickuii HAyYHO-UCCIIe0BATEIbCKUNA NHCTUTYT PaIU0JIOTUU
U arposkoJioruu, Poccuiickas ®@eneparnus

AnHOoTanuA. BemosHeH 0630p 1po6seM, BO3HHUKAIIUX IPH MAaTeMAaTHYECKOM
MOJIEJTUPOBAHUN TIPOLleCCOB (YHKIIMOHUPOBAHUA U OpraHU3aIlUU IPUPOAHBIX BSKOCHUCTEM,
OTpa)KeHbI pa3INYHble MOJAXOJbI K KjaacCUUKAIUU 5KOJ0oTUYecKux Mozesnei. ITokazaHo, 4uTo
MaTeMaTUUeCKOe MOJIEJTMPOBAaHKE, OCHOBHBIM HHCTPYMEHTOM KOTOPOTO BBICTYIIA€T CHCTEMHBIN
aHaIM3, TO3BOJIAET aJIEKBAaTHO OIKUCHIBATh KAaK OT/JEeJIbHBIE IIPOIECChl CUCTEMBI, TaK U
B3aUMOJIENCTBHE IIPOLIECCOB HAa OCHOBE YCTAHOBJIEHHBIX 3aKOHOMEPHOCTE! MOBE/IeHN PeaTbHON
CUCTEMBI.

C mpuMeHEeHHEM CHCTEMHOTO AaHIN3a BBIIEJIEHB W IPOAHAJIU3UPOBAHBI OT/EJIbHBIE
B3aMMOCBSI3aHHbBIE JIBYCTODOHHUMU MPUYUHHO-CJIEJICTBEHHBIMU CBA3SIMH KOMIIOHEHTHI CHCTEMBI
«II0YBA — CeJIbCKOX03AHCTBeHHOe pacTeHue». I[TokazaHo, YTO MO NMPOUCXOKAEHUIO HccileayeMas
CHUCTEMA HCKyCCTBEHHasg, IO cHeludUKe COCTABJIAKIUX KOMIOHEHTOB — MaTepUasibHas.
ITo xapakTepy B3auUMOJEHCTBUA CO Cpefoll IpeACTaBisseT CcO0OM OTKPBITYI0O CHUCTEMY,
IIOCJIE/IOBATEIFHOCTh COOBITUH B KOTOPOM, HE JETEPMUHUPOBAHA U HOCUT BEPOATHOCTHBIM

* KoppectoHAUpYIOUi aBTOp
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xapakTep. IIpu pa3paboTke KOHIENTYaJbHOU MOJIEJIU MUTPALMU TSKEJIbIX METAJUIOB B CHCTEME
«TI0YBA — CEJIbCKOXO3SANCTBEHHOE pACTeHUE» MPUHAT PAJ AOIYIeHUNA: OCHOBHBIM MeXaHU3MOM
MOCTYIUIEHUSI TSDKEJIBIX METAJIOB B CEJIbCKOXO3ANUCTBEHHbIE KYJIbTYpPbl fABJISETCA KOPHEBOM;
Ipoliecc epeHoca XMMUYECKOT0 3JIeMeHTa MeX/Ty KOMIIOHEHTAMU CUCTEMbI MOKET IIPOUCXOIUTD
B IpPAMOM H B OOpaTHOM HaIpaBJIEHHsAX; B IMpOIleccaX MUTPAH MEXKAY KOMIIOHEHTaMU
DKOCHCTEM  MOXKET IIPOUCXOJUTh TPAH3UTHBIA IIE€PEHOC TSKEJIBIX MEeTaJVIOB; BHEKOPHEBOE
MIOCTYIUIEHUE TSKEJIbIX METAJJIOB YYTEeHO, OIOCPENOBAaHO, B KOHCTAHTax IepeHoca OT IIOYBBI K
Ha/I3eMHON  (duTOoMacce CeIbCKOXO3ANUCTBEHHBIX KYyJbTYP; IPEANOJaraeTcsd BbIIeJIeHUE
HCC/IEyEMOTO XUMHUYECKOTO 3JIEMEHTA M3 YacTed pacTeHui B MOYBY. [I[pUHATHIM OrpaHUYEHHEM
mpu pas3paboTKe KOHIENTYaJIbHON Mofeau Iporecca murpanuu TM B cucreMe «Io4Ba —
CEJIbCKOXO3SIMCTBEHHOE pacTeHue» sBjsieTcA (GopManusanus HCXOJHOW uHQOpMauu 10
KOJIMUECTBEHHO H3MepseMbIX IoKazaTesiell. Ha ocHOBe pe3ysbTaTOB CHCTEMHOTO AaHAIN3a,
MPUHATHIX TIOJIXOZI0OB U JOMyIeHHH pa3paboTaHa KOHIENTyaJbHas Mozenb murpanuud TM B
CHUCTEME «IIOYBA — CEJIbCKOXO3sHUCTBEHHBbIE PACTEHUs», C BBIJIEJIEHUEM OCHOBHBIX OJIOKOB
(koMImapTMeHT): MMaXOTHBIM CJION MOYBHI (0—30 cM), Haji3eMHas UTOMacca pacTeHWH, KOpHEeBas
cucTeMa pacTteHHH (KOpHe- ¥ KJIyOHEIUIOAbI), IOAIAXOTHBIH CJIOH TMOYBBI. MaTeMaTHYecKoe
ONHMCAHUE IMHAMUKH MUTPAIUU XUMUYECKUX DJIEMEHTOB MEXKIY OT/IeJIbHBIMU KOMIIapTMEHTaMU
HCCIIElyeMON CHCTEMBI «IIOUBA — CEJIbCKOXO3SAMUCTBEHHOE pacTeHHE» IIPEJCTaBJIEHO CHCTEMOU
JuHeNHbIX JuddepeHIANIbHBIX ypaBHeHUN | mnopszka. Ilpomeccsl Murpanmum — Mexay
KOMIIapTMEHTaMU OIIpeIesIAI0TCA KOHCTAaHTAMU IIepeHOca XMMUY€eCKOTO dJIeMeHTa, OCHOBAHHBIMU
Ha JIUTePaTYPHBIX JAHHBIX U CPEAHUX 3HAUEHUAX BeJIMYMH K03 UINEeHTOB HakomieHus Zn, Cu,
Pb, Cd B HanboJiee pacipocTpaHEHHBIX CETbCKOX03AHUCTBEHHBIX KYIbTYpax

KiroueBble cJjioBa: TsKeJIble META/UIbI, 3J€MeHThbl, KO03(D(PUIIMEeHT HAKOIJIEHUS,
KOHLIeNTyaJIbHAsA MOZEJIb, &JITOPUTM, (DAKTOP.
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Abstract

As for most megacities, the problem of soil pollution with oil products is acute for the capital
of Mongolia. In Ulaanbaatar, it is provided (aggravated) with dust pollution from the burning of
brown coal, containing heavy metals and As, used in fuel and industrial complex and yurt part of
the city. In this paper soil contamination of Mongolian capital Ulaanbaatar with oil products was
investigated. In addition, the state of soils in the zone of influence of gas stations was studied to
reveal the patterns of accumulation of oil products and heavy metals (and arsenic), which fall into
the soil due to atmospheric dust. Such surveys for Ulaanbaatar have not been conducted
previously. Based on soil-geochemical survey, a map of soil contamination of the city with oil
products was constructed. According to the obtained data, the content of oil products in the
presence of local anomalies with medium and heavy soil contamination of Ulaanbaatar are
classified as slightly contaminated. Elevated (above the maximum allowable concentration of
100 mg/kg) content of oil products in soils was found along the city's main highway, industrial
zone, CHPP and yurt zone, high value were found in oil tank farms and filling stations (up to 1000
mg/kg soil and more). The visualization of the obtained data (the content of oil, heavy metals and
As in soils) by GIS methods showed cumulative effect of As accumulation with petroleum products
most likely due to atmospheric dust from the burning of brown coal.

Keywords: soil, pollution, oil products, coal.

1. Introduction

At present, due to the rapid growth of the urban population and the formation of large
agglomerations, the assessment of pollution of urban soils acquires a special relevance (Davies,
Wixson, 1987; Li et al., 2001; Lu et al., 2003; Lado et al., 2008; Andersson et al., 2010; Chen et al.,
2010; Dao et al., 2010; Wei, Yang, 2010; Kasimov et al., 2011; Xia et al., 2011; T6th et al., 2016).
The growth of the urban population occurs around the world and Mongolia is no exception. Almost
half of the country's population lives in the capital of Mongolia, Ulaanbaatar. Over the past
25 years, the population of Ulaanbaatar has increased from 600 thousand to 1.4 million people.
In Mongolia, migration processes have a historical tradition and are closely related to economic
management and living conditions. Securing on the legislative level the rights of citizens to free
movement and choice of residence led to uncontrolled settlement of the capital by nomads, chaotic
placement of yurts and cottages in the territory of Ulaanbaatar. The active construction of yurts
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began after 2003, when each family was allowed to occupy 0.07 hectares of land. This led to a
negative impact on urban areas, and primarily on soils and atmospheric air. The process of
migration is intensifying, and its consequences acquire a social character. The influx of people and
the growth of the capital's territory causes an exacerbation of environmental problems related not
only to large—scale construction, development of the industrial sector and the yurt sector of the
city, but also to the fleet and network of filling stations (Cogbadrahyn, 2003; Bajarsajhan , 2009a,
2009b; Sambuu, 2016).

The most common contaminants in urban soils are oil products and heavy metals (and As).
According to recent studies, the content of heavy metals and As in the presence of local anomalies
with moderate and severe soil contamination, Ulaanbaatar are classified as slightly contaminated
(Bathishig, 1999; Dorzhgotov, Bathishig, 2008; Batjargal et al., 2010; Kosheleva et al., 2010;
Kasimov et al., 2011). Regarding the regional background, urban soils are enriched with Pb, Zn, Cu,
As, Cr and Mo. Excess of MPC is revealed for As, Pb and Zn. The strongest tendency to the
accumulation of pollutants is manifested in the central part of the city, which includes blocks of
multi-story buildings, industrial zone and the largest thoroughfares.

In the urban environment, pollution of soils with oil and oil products is the most dangerous,
as it leads to prolonged multicomponent pollution with toxic substances (Galitskaya, Pozdnyakova,
2011; Zektser, 2001; Banwart, Thornton, 2010; Bauer et al.,, 2009; Vela et al.,, 2012).
The composition of oil and oil products includes a large number of various toxic substances,
differing in both the degree of solubility and the degree of resistance to biodegradation.
The hydrophobic component of o0il products remains in soils for a long time, in the aeration zone,
and in aquifers, is gradually microbiologically transformed and is a source of secondary pollution of
the components of the natural environment. At the same time, water—soluble constituents of oil
products migrate at different rates in the soil system — groundwater (Luckner, Schestakow, 1991;
Widdel et al., 2010; Stempvoort Van, Biggar, 2008). It should be noted that for Ulaanbaatar
studies of soil contamination with oil products are few, and the level of study of polycomponent
pollution of soils (oil products and heavy metals) remains extremely weak.

The purpose of this work is to assess the pollution of the city's soil with oil products, its
degree and spatial structure. The work is a continuation of geoecological studies of the authors of
the Ulaanbaatar soils (Sambuu, 2016). A feature of this work is the visualization of polycomponent
pollution of the most representative sites using GIS technologies.

Environmental conditions

The area of Ulaanbaatar at present is 4704.4 kmz2, the population according to data for 2017
is 1405 thousand people. The city includes areas with urban buildings (multi-story apartment
houses, buildings of various institutions and organizations, industrial, transport enterprises, etc.)
and areas of private yurt housing, most of which were formed on the outskirts of the city after 2003
(Boldyn, 2004; Bajarsajhan , 2009a, 2009b).

The city is located in an intermountain basin, drained by the Tuul River, stretching from west
to east for 30—35 km and from north to south for 6-10 km. The slopes of the surface in the bottoms
of the intermontane depressions make the first degrees, towards the mountain framing they
increase to 20—25°, sometimes steeper slopes are noted (Zaitsev et al., 1982). The valley of the Tuul
River has a width of 5—10 km with absolute elevations of 1230—1240 m. Within the city the river
accepts a number of small tributaries (Salbe, Uliastai, Gachuurt, etc.).

The Urginian Basin refers to the Khangai soil-bioclimatic provincia, the Prehentei district
with chestnut and dark chestnut soils under eluvial and trans-eluvial conditions and alluvial stony-
pebble soils in the accumulative landscapes of the Tuul River valley and its tributaries (Nogina,
1984). The main soil-forming rocks in the city are quaternary deposits of light granulometric
composition with a low content of most trace elements. In intermontane depressions they are
represented by alluvial-proluvial deposits of loamy and sandy loam composition with inclusions of
crushed stone, gravel and pebbles. In some places there are outcrops of Paleogene—Neogene
sediments enriched with Fe, Mn and Co. The indigenous rocks are represented by Archean
granites, coal metamorphic clay shales and Neogene variegated clays. Slates and clays are enriched
in Fe, Mn, Cr, Co, Pb, Ni, Ti, while granites, sandy sediments and river alluvium are impoverished
by them (Bathishig, 1999).
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The region is characterized by a sharply continental climate with large annual and daily
fluctuations in air temperature. Winter is long and severe, summer is cool. Precipitation is low all
in the summer, in winter there is almost no precipitation. The high altitude also greatly reduces the
temperature in the city, the average annual temperature is —0.4 °© C. Among all the capitals of
states, Ulaanbaatar has the lowest average annual temperature and the coldest winters (colder than
in Moscow, Astana and Helsinki). The average annual rainfall in Ulaanbaatar is 240—260 mm, of
which 60—90 % falls on July and August, and they have a stormy character (Beresneva, 2006).
In winter, due to the prevalence of a windless anticyclone weather regime, stable temperature
inversions are formed in the city.

Soil formation in the region under study proceeds in extracontinental conditions
characterized by a slowed down rate of chemical weathering, biological cycling, short—term periods
of biologically active temperatures and the activity of living matter, the duration of the cold period
with strong supercooling of the upper horizons of the soil and their deep freezing (Nogina, 1989).
Soils of sandy loamy and light loamy granulometric composition with high water permeability, low
humus content (0.5-1.5 %), medium to neutral reaction (pH 7.5—9.0) and CaCOj; content from 0.7
to 5.0 % predominate. On the slopes of the Bogdo-Ula Mountains, soils (mountain sod—taiga and
mountain meadow—forest soils) are formed with humus content higher than 7.0 %.

Within Ulaanbaatar, soils are subject to a strong anthropogenic transformation, the extent of
which is decreasing in the direction from the central part of the city to the areas of yurt housing.
In the central part of the city, in connection with the construction of modern multi—stored
buildings, the paving of asphalt roads, the soil cover undergoes a radical transformation — from
mixing and "sealing" until its complete destruction and formation of man-made surface
formations. In the areas of yurt housing there are no profound changes in the soil cover.
The negative impact of urbanization in these areas is manifested in the elimination of natural
vegetation and the reduction of the sludge of soils, which accelerate the processes of water and
wind erosion and increase the dustiness of the atmosphere.

Sources of pollution

Ulaanbaatar is a megapolis with a diversified industry (machinery construction, metal-
working, woodworking, homebuilding, food and other industries). The main part of industrial
enterprises and all the CHPPs are located in the western part of the city. The districts of the yurt
housing surround the central districts of the city, rising to the south, south-west and south-east
spurs of the Baga-Hentay Range. The predominance of winds of western and north-western
bearings creates increased pollution in the eastern and south-eastern part of the city.

The fuel and energy complex is one of the main sources of pollution of the environment of
Ulaanbaatar. It includes three operating CHP plants, inter-district boiler houses and boiler houses
of industrial enterprises. The main type of fuel is the brown coals of the deposits of Baga-Nura,
Nalaiha and Chulut, which are enriched with Pb, As and Mo by a factor of ten, compared with clark
values. Elevated values are also noted for Cu, Sr, Cd, and Ni (Kosheleva et al., 2010). The maximum
emissions fall on the heating season, which lasts in Ulaanbaatar from October to May (Gunin et al.,
2003).

Half of the volume of pollutants entering the city’s atmosphere is emissions from the
combustion of brown coal in the yurt part of the city. In Ulaanbaatar there are about 134 thousand
yurts and they occupy more than half of the territory of the capital (Fig. 1A). In the yurts there are
more than 600 thousand inhabitants. For heating and household needs in the yurt zone
443 thousand tons of coal are used per year (Report, 2010). With the heating of yurts is associated
with the emergence of smog, which affects half the city of Ulaanbaatar. In winter, the windless
anticyclone weather regime and stable temperature inversions create an ecologically unfavourable
environment in the city, associated with an increased content of many toxic substances in the air,
which are gradually deposited in the snow cover and in the upper horizons of the soils. Due to
winter smog, Ulaanbaatar has turned into one of the most environmentally unfriendly cities in the
world (Arguchintsev et al., 2009; Sambuu, 2016).
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Fig. 1. Sketch of yurt sources of pollution (A) and gas stations (B) in the territory of Ulaanbaatar:
1 — the main part of the city, 2 — yurts (Arguchintsev et al., 2009), 3 — gas stations

The influx of people and the growth of the capital's territory caused an exacerbation of
environmental problems related not only to the development of the industrial sector and the yurt
part of the city, but also to the vehicle fleet and, accordingly, the gas station network. According to
the information agency REGNUM for 2016, more than 458 thousand cars were registered in the
capital. The sphere of oil products supply is developing rapidly and chaotically, which contributes
to contamination and degradation of soil ecosystems (Sarapulova et al., 2007). In Mongolia, there
are more than 130 fuel depots and oil depots, about 1200 gas stations, of which 186 are in
Ulaanbaatar. The location and density of the gas station network in the territory of Ulaanbaatar are
presented in Fig. 1B. At modern gas stations with sealed equipment, the probability of fuel leaks is
minimized. However, an analysis of the operation of the gas station network by a company alone
revealed that the number of straits in the fuel dispensers and on the fuel discharge site remains
high: up to 100 g per 1 ton of gasoline and 50 g per 1 ton of diesel fuel. Surface water run—up
contains oil products up to 28.7; lead to 0.005, copper to 0.05, zinc to 0.08 mg /L (Sambuu et al.,
2010). The concentration of the gas stations network of increases the negative impact of oil
products on the city's soils and can lead to the formation of geochemical abnormal pollution fields.
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The absence of a system of environmental control of soils creates a risk of both primary and
secondary pollution of the environment by oil products. In conditions of multifactorial impact on
urbanized soils, the ecological danger of pollution of the territory increases.

2. Materials and methods

To identify areas and assess the pollution with oil products in the city's soil, the sites and
districts of the city that are subject to negative impact of man—made facilities and oil products
facilities were chosen as research objects. Such areas were the districts in the center of the city, the
territory along the main highway, the areas of CHPP—3 and CHPP—4, the central market area and
others. According to disparate surveys (Bajarsajhan, 2009a, B; Boldyn, 2004; Gonchigzhav, 2005;
Sarapulova et al., 2007, 2009, 2010; Sambuu et al., 2010; Sorokina, Enkh—Amgalan, 2012), soils of
these areas are polluted with oil products.

On the selected sections of the city with a single topographic grid samples of soils were taken
with account the "packing" of the territory. The coordinates of the points were determined with
GPS. Sampling was carried out from a depth of 0—30 cm (the boundary of the root—habitat zone)
during 2009—2014 in spring and autumn. In total, more than 200 samples were selected (in each
region from 10 to 30 samples). To assess the content and identification of soil contamination with
oil products, an express method of IR spectroscopy and a standard gravimetric method for
determining the mass fraction (GOST, 2011) were used. In addition, the content of organic carbon
in soils was determined (GOST, 2008). To build a map—scheme for the distribution of oil products
in the city soils, the GIS MaplInfo Professional (version 5.0) was used. The map-scheme is a
continuous raster surface obtained by interpolating point data.

Of particular interest was the study of the state of soils in the zone of influence of gas stations
in order to reveal the patterns of distribution of oil products and heavy metals (and arsenic) falling
into the soil due to atmospheric dust. These territories are a kind of polygon for studying
geochemical features of polycomponent soil pollution. These studies are carried out for the first
time for Ulaanbaatar. According to the environmental standards of Mongolia, only the content of
oil products in the ambient air is monitored at the gas station. The monitoring of the state of the
territory adjacent to the gas station is not carried out. Analysis of soils in the city is carried out
singly during engineering and geological surveys. The main tasks of the study were (1) to identify
zones of accumulation and areas of soil contamination with pollutants (oil products and heavy
metals), (2) to obtain thematic landscape maps of their (pollutants) distribution.

The studies were carried out at the gas stations N214 and N2go OOO MT (Magnai Trade).
Both are located in the eastern part of the city, which, due to the prevalence of winds in the west
and north—west of the city, is experiencing an increased impact of dust pollution from the
emissions of thermal power plants and stoves in the yurt part of the city. The first of them was built
in 1992, the total number of oil products (gas and diesel fuel) released on it is 23,000 L / day.
The second more modern one was launched in 2011; the quantity of oil products released is
significantly less — 3,500 L / day. Sampling for dust pollution was taken from a depth of 0—5 cm in
the spring and autumn of 2015. In total, more than 200 samples were taken, determination of the
content of oil products was performed (GOST, 2011). The Pb, Zn, Hg, Cu, and As contents were
determined by atomic absorption spectroscopy using a Perkin Elmer—5000 instrument in
accordance with the ISO / TC190 / SC3 / WG1 method. The choice and list of identified chemical
elements is determined by the specificity of contamination of the territory under study: lead,
mercury, zinc, arsenic and copper. The measurements were carried out at the Institute of Physics
and Technology Mongolian Academy of Sciences.

3. Results and discussion

According to the obtained data, the content of oil products in the presence of local anomalies
with medium and severe soil contamination of Ulaanbaatar are classified as slightly contaminated
(Fig 2). Increased content of oil products in soils (above the MPC of 100 mg/kg) was found along
the main highway of the city, industrial zone, CHPPs and yurt zone, high — in the territories of oil
depots and gas stations (up to 1000 mg/kg soil and more). So, in the territory of the gas station
Ne 8 "Zhast-Oil" (the city center, from the Burd market to the northwest), where oil spills often
occur, their content is more than 1000-1200 mg/kg. The content of oil products on the territory
and in the area of the Tolgoit tank farm, where leakages (filling equipment) are also often fixed, is
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800 to 1200-1500 mg/kg (multiples of MPC). The size of the distribution zone of oil products is
about 200x1200 m? with the thickness of a highly contaminated layer of 10—15 cm. There are
practically no plants on this area. And the pollution spreads up to 3 km from the source.
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The quantitative approaches adopted in various countries to standardize the content of oil
products in soils are determined by the nature of regional pollution, the degree of its
industrialization, environmental policy, and the physic geographical conditions on which self—
purification of the environment depends. In many countries, the oil content level of about
1000 mg/kg is increased pollution, which requires observation, analysis and elimination of the
cause of pollution (VROM, 1988; Pikovskii et al., 2003).

A comparative analysis of soil contamination with oil products for the gas station AZS—14 MT
and the adjacent territory indicates their significant accumulation in the station itself and lateral
removal along the slope towards the Tuul River (Fig. 3a). The direction of their migration is subject
to the landscape slope of the surface (the catenary principle for geochemical components). At a
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distance of about 100 m from the source of pollution, the content of oil products is 800 mg/kg.
And at a distance of 250 m from the source, the content of oil products in the soil at 500 mg/kg
does not comply with generally accepted standards (minimum content is 100 to 300 mg/kg soil).
This creates a risk of contamination of the territory in general and surface water: the gas station is
1.6 km away from the Tuul River.

Fig. 3. Distribution of pollutants at gas station N°14 MT and the surrounding area: a — oil
products, b — Pb, ¢ — Zn, d — Hg, e — Cu and f — As (mg/kg). Other explanations see in the text

An analysis of the spatial distribution of Pb, Hg, Cu and Zn in the territory under
consideration indicates their higher concentrations in the oil leakage zone compared to the
surrounding area (Fig. 3 b—e). For Zn, there is an increased migration activity compared to Pb, Hg
and Cu, the solubility of compounds of which is much less. However, the content of Pb, Hg, Cu and
Zn in the territory under consideration, with the exception of the latter, does not exceed the
maximum permissible concentration — 32, 2.1, 33 and 55 mg/kg, respectively. For Zn excess is less
than 20 %. But it is noteworthy that soil contamination with As exceeds the MPC by more than
2.5 times (Figure 3f). Excess of MPC for As content was also noted in the city soils before
(Kosheleva et al., 2010; Kasimov et al., 2011), but in our case it is important that the area of its
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accumulation practically coincides with that of oil products. The latter allows assuming the affinity
of As to oil products and the joint accumulation of pollutants with a cumulative effect as a result.

For the new gas station Nego MT, lower pollution levels were detected as oil products
(90—190 mg/kg), Pb, Hg, Cu and Zn content does not exceed the MPC (Fig. 4). With a low variance
(difference) of the obtained analytical data, the tendency of migration of these pollutants beyond
the territory of the gas station is clearly recorded. As for As, the joint accumulation of it with oil
products both at gas station N214 MT is not even observed as a trend. Its (As) content on the entire
gas station and the adjacent territory is high (4.2—4.4 mg/kg). The result is somewhat unexpected,
even taking into account the fact that the gas station Nego MT is relatively new, launched in 2011.
But if we turn to the data of organic carbon content in soils (Fig. 1C), the picture becomes clear.
Soils of the region under consideration are much more humus than in the area of gas station N214
MT. The latter is located in the mouth of the valley of the mountain river Uliastai, alluvial and
proluvial deposits of which are mainly represented by cobble and gravel. Accordingly, the organic
matter in the soils of this region is less and the absolute values of sorption by them (organic
matter) of arsenic are also smaller (Vodyanitskii, 2009).
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Fig. 4. Distribution of pollutants at gas station N29o MT and the surrounding area: a — oil
products, b — Pb, ¢ — Zn, d — Hg, e — Cu and f — As (mg/kg). Other explanations see in the text
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The main source of arsenic in the city's soils is the dust from the combustion of used brown
coal (fuel and industrial complex and yurt). The problem of soil contamination with arsenic is a
problem not only for Ulaanbaatar, where emissions from burning solid fuels in the yurt part are
half of the volume of pollutants entering the atmosphere of the city. Arsenic is found widely in
nature. Annual global emissions from natural sources have been estimated to be approximately
8,000 tons per year (Becher, Wahrendorf, 1992; WHO, 1987) whilst emissions from anthropogenic
sources have been estimated to be approximately three times higher, in the region of 23,600 tons
per year (WHO, 1987). The main source of arsenic emissions has been the combustion of fossil fuel
(notably coal), other sources being small in comparison. The arsenic contamination exists in UK,
Slovakia, Turkey, and the Guizhou Province of China. This occurs primarily as a result of the
concentration of arsenic in coal which is known to vary from trace to 1—2 % (Yudovich, Ketris,
2005; Garelick et al., 2008).

Consider, for example, England. In the 70s of the last century a big problem of air and soil
pollution with arsenic arose. The UK National Air Emissions Inventory (NAEI) indicate that
combustion of fossil fuels such as lignite (brown coal), hard coal and heating oil account for the
largest proportion of total UK emissions of arsenic (Maggs, 2000). At the government level, the
solution to the problem was initiated with the organization of pollution monitoring, followed by a
decrease in the use of fossil fuel and the introduction of new technologies. The reduction of arsenic
emissions in United Kingdom over the past decades has resulted as a consequence of a decline in
coal use, in favour of natural gas use as a cheaper alternative. NAEI results show that emissions
have declined by 78 % since 1970.

Currently, the Government of Mongolia is extremely concerned about the problems of
environmental pollution and is doing a great job to improve life in the city. So in the yurt part of the
city, to replace the dust emissions, a significant part of the furnaces was replaced by new ones,
regular measures were taken for landscape gardening. But the problem of soil and air pollution in
the capital is still far from the solution. At this stage in Mongolia, it is important and realistic to
organize the monitoring of pollution. As our studies have shown, the main attention should be paid
to monitoring soil contamination with oil products (areas of the city with levels of about
1000 mg/kg) and arsenic, analysis and eliminating the causes of pollution.

4. Conclusions

The soil contamination of Mongolia's capital Ulaanbaatar with oil products was investigated.
To identify areas and assess the pollution of the city's soil with oil products, the sites and districts
of the city that are subject to negative impact of man-made facilities and oil products facilities were
chosen as research objects. Based on soil-geochemical survey, a map of city pollution was built.
According to the obtained data, soils of Ulaanbaatar on the content of the oil products are classified
as slightly contaminated. However, there are local anomalies with medium and strong pollution.
Elevated (above the maximum allowable concentration of 100 mg/kg) values for oil products were
found along the city's main highway, CHPPs, industrial and yurt zones, high in oil tank farms and
gas stations (up to 1000 mg/kg soil and more).

Of particular interest was the study of the soils state in the zone of influence of gas stations in
order to reveal the patterns of distribution of oil products and heavy metals (and arsenic) falling
into the soil with atmospheric dust from burning brown coal (fuel and industrial complex and yurt
part of the city).

These territories are a kind of polygon for studying geochemical features of polycomponent
(oil products, heavy metals and As) soil contamination. Such studies for Ulaanbaatar have not been
carried out previously. Visualization of obtained data by GIS methods made it possible to establish
that at high oil content (of the order of 1000 mg/kg), there is a symbate accumulation of As, which
exceeds the MPC at times. Areas of accumulation of arsenic practically coincide with those of oil
products. The latter allows assuming the affinity of As for oil products and the joint accumulation
of pollutants with a cumulative effect as a result. With less contamination of soils with oil products
(up to 200 mg/kg), As content corresponds to the content of humus (organic matter) in them —
more humus soils contain more As.

Currently, the Government of Mongolia is extremely concerned about the problems of
environmental pollution and is doing a great job to improve life in the city. So in the yurt part of the
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city, to replace the dust emissions, a significant part of the furnaces was replaced by new ones,
regular measures were taken for landscape gardening. But the problem of soil and air pollution in
the capital is still far from the solution. At this stage in Mongolia, it is important and realistic to
organize the monitoring of pollution. As our studies have shown, the main attention should be paid
to monitoring soil contamination with oil products (areas and areas of the city with levels of about
1000 mg/kg) and arsenic, analysis and eliminating the causes of pollution.
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Abstract

The article presents the results of analysis of organic carbon (OC) and total nitrogen (TN) in
the soils at the 6 different types of tropical forest: Mixed forest between broad-leaved trees and
conifers (Lagerstroemia calyculata + Pinus kesiya); Bamboo forest (Bambusa); Three-needled
pine (Pinus kesiya); Primary broad-leaf evergreen forest has dominated by Fagaceae; Primary
broad-leaf evergreen forest, dominated by Fagaceae, near the streams, can be flooded in the rainy
season and Mixed forest between broad-leaved trees and conmifers (Fagaceae + Dacrycarpus
imbricatus, Dacrydium elatum) of Kon Ka Kinh National Park in Central Vietnam. OC
concentrations ranged from 1.1 % in the Primary broad-leaf evergreen forest to 3.5 % in the Mixed
forest between broad-leaved trees and conifers (Fagaceae + Dacrycarpus imbricatus, Dacrydium
elatum). TN concentrations varied from 0.33 % in the Three-needled pine to 0.04 % in the Bamboo
forest. In the Primary broad-leaf evergreen forest has dominated by Fagaceae, OC decreases while
TN increases according to the depth of soil. In the Primary broad-leaf evergreen forest, dominated
by Fagaceae, near the streams, OC does not change, and TN decreases with soil horizon.

Keywords: organic carbon, total nitrogen, soils, tropical forest, Kon Ka Kinh National Park,
Vietnam.

1. Introduction

Organic compounds are very important for the formation of the tropical forest soils
(Fridland, 1964; Thai, Nguyen, 2002). The number and the nature of their strong impact to the
process of land formation are decided in many branches of Natural Sciences: Physics, Chemistry,
Biology and Fertility of soil. Currently, scientists are convinced that one of the main causes of forest
degradation, reducing fertility and overall produce of soil biological product is reduced organic
matter and decreased humus reserves in soil (Nguyen, 1996; Do, Nguyen, 2001). The soil OC and
TN determining is urgent to individualize the location of ecological regions because OC and TN
concentrations have a significant influence on the chemical reactions in the soil or sediment
(Schumacher, 2002; Okolelova, 2006).

In natural forest, the primary source of organic matter contained in soil includes dead plants,
animals and micro-organisms. This supply capacity depends on each status of different forest and
species featured plants, domination plants distributed in habitat. This is also not the exception to
the Vietnam natural forest ecosystems. In a survey by Vietnam-Russia tropical center held in Gia
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Lai province (Central Vietnam), we have conducted research, identified the OC content and TN in
the soils to find out the relationship between them and the habitats which is characterized by
different plant species of the Kon Ka Kinh National Park.

2. Study Area

Kon Ka Kinh National Park is located on the Central Highlands of province Gia Lai
(Vietnam). Kon Ka Kinh National Park covers an area 41,780 ha. This is the only place in Vietnam
that owns mixed forest between broad-leaved trees and conifers (2,000 ha) (Nguyen, Bui, 2018).

In terms of our expedition, conducted research on pedology and some ecological
characteristics at the 6 different types of tropical forest in the southwestern part of the Park.
Location of research points in Fig. 1.
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Fig. 1. Location of research points

K1-Mixed forest between broad-leaved trees and conifers (Lagerstroemia calyculata + Pinus
kesiya);

K2-Bamboo forest (Bambusa);

K3-Three-needled pine (Pinus kesiya);

K4-Primary broad-leaf evergreen forest has dominated by Fagaceae;

K5-Primary broad-leaf evergreen forest, dominated by Fagaceae, near the streams, can be
flooded in the rainy season;

K6-Mixed forest between broad-leaved trees and conifers (Fagaceae + Dacrycarpus
imbricatus, Dacrydium elatum).

3. Materials and methods

The sampling areas: based on the distribution characteristics of plant in the habitat (primary
forest, mixed forest, regrowing forest) according to the classification of Thai Van Trung (1978);
Anichkin (2011); Kuznetsov, Kuznetsova (2011); Nguyen, Okolelova (2014).

Soil sampling: sample collection, profiles in the ground floor according to Vietnam standard
TCVN 7538-2:2005, process templates according to Vietnam standard TCVN 6647:2007. In some
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cases, does not determine the ground floor then sampling under the depths of 0—20, 20—40 and
40—60 cm.

The determination of OC to Vietnam standard TCVN 4050-85 is based on the method of
Walkley-Black (1934). Oxidisable matter in the soil is oxidised by K.Cr.O; solution. The reaction is
assisted by the heat generated when two volumes of H.SO, are mixed with one volume of the
dichromate. The remaining dichromate is titrated with ferrous sulphate. The titre is inversely
related to the amount of C present in the soil sample (Walkley, Black, 1934; Carter, Gregorich,
2007).

The determination of TN to Vietnam standard TCVN 6498: 1999 is based on the Kjeldahl
method: Denitrification of the sample by Dewarda in sulphuric acid is converted to ammonia.
Distillation of ammonia released from ammonium sulphate with sulphuric acid and catalyst.
The end of the condenser is dipped into a solution of boric acid. The ammonia reacts with the acid
and the remainder of the acid is then titrated with a sodium carbonate solution by way of a methyl
orange pH indicator (Carter, Gregorich, 2007).

Data processing on software Microsoft Excel 2010.

Preparation of soil samples and analysis were performed in the laboratory of Vietnam-—
Russia tropical Centre, Ho Chi Minh City, Vietnam.

4. Results and discussion

Characteristics of study areas

K1: Mixed forest between broad-leaved trees and conifers (Lagerstroemia calyculata + Pinus
kesiya). The brown soil, soft, mixing with gravel from 1—3 cm. Stratification not visibly. Litter layer
of pine leaf. Position 14°11'12" N, 108°18'10" E, at elevations of 880 m a.s.l.

K2: Bamboo forest (Bambusa). The brown land, many bamboo roots. Difficult to distinguish
the soil layers. Plants mostly bamboo (Bambusa). Litter layer of bamboo leaves. Position 14°12'42"
N, 108°18'55" E, at elevations of 902 m a.s.l.

K3: Three-needled pine forest (Pinus kesiya), 5—7 m high, steep hills, ferralsol. Layer A1 (0—
30 cm) of humus soil, the soil is black and soft. Layer A2 (30—54 cm) the color of soil is back and
brown then change to red- yellow in layer B1 (55—70 cm).In A2 and B1, the attributes of soil are
flexible and wet. Litter layer of pine leaf. Position 14°11'47" N, 108°18'10" E, at elevations of 897 m
a.s.l.

K4: Primary broad-leaf evergreen forest has dominated by Fagaceae. The soil mix with rocks,
3—5 cm diameter. The first layer is humus covers the sandy soil layer below which has pale yellow
color. The layer A1 (0—18 c¢m): humus, black and soft. The layer A2 (18—32 cm), B1 (32—54 cm):
sandy soil mixes with a huge gravel and stone, less roots. Position 14°15'13" N, 108°19'01" E, at
elevations of 965 m a.s.l.

Ks5: Primary broad-leaf evergreen forest, dominated by Fagaceae, near the streams, can be
flooded in the rainy season. The sandy soil, possible inundated in the rainy season, litter layer of
leaves. The layer A1 (0—20 cm), sandy soil, soft. The layer A2 (20—40 cm), B1 (40-60 cm) are
golden sand. At elevations of 965 m a.s.], position 14°13'39" N, 108°18'58" E.

K6: Mixed forest between broad-leaved trees and conifers (Fagaceae + Dacrycarpus
imbricatus, Dacrydium elatum). The layer A1 (0—40 cm), the soil is wet, the color of soil is brown-
red. Field texture: medium clay. The layer A2 (40—63 cm), the soil is reddish brown, slightly moist,
medium clay, mixes with large tree roots. The layer B1 (63—120 cm) the soil is red, coarse clay,
moisture, mixes with large tree roots. Position 14°13'03" N, 108°19'26" E, at elevations of 1,172 m
a.s.l.

Content of OC and TN at study areas

The results analyzed at Table 1 indicate the OC content in study areas varies from 1.1 % in the
Primary broad-leaf evergreen forest (K5) to 3.5 % in the mixed-leaved forests (K6). The result can
be explained as: Although in the K5 is the primary forest, but stay in coastal position which has
sandy soils, gravel, litter layer often gets washed by rain and streams so the land should not be
sufficiently for biodegradable, additional organic substances for soils. The K6 with high humidity
by 1,127 m height, increases decomposition of leaves and plant-body which makes clay in field
texture so the ability to accumulate organic matter is better than sandy soils. Consequently, this is
the highest level of OC in comparison to other areas, including the depth of the soil horizons.
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Table 1. Organic carbon and total nitrogen in soils research

Habitats — Soil types Soil layer (cm) 0C (%) TN (%)

K1 0-20 3.0 0.26
Ferralic Acrisols 20—-40 2.8 0.18
40-60 2.7 0.17
K2 0-20 3.2 0.22
Ferralic Acrisols 20-40 1.3 0.17
40-60 1.2 0.04
K3 0-30 2.9 0.33
Xanthic Ferralsols 30794 1.7 0.23
54—70 1.8 0.17
0-18 3.0 0.06

K
Fluviiols 18-32 1.6 0.06
32—54 1.3 0.10
0—-20 1.1 0.24
Fluléiiols 20—40 1.1 0.18
40-60 1.1 0.14
6 0-40 3.5 0.27
Rhodic Ferralsols 40-63 3:4 0.18
63—120 3.3 0.12

As shown in Table 1, OC content tended to decrease in depth in 5 habitats (K1, K2, K3, K4,
K6) and fluctuated from 3.5 % (K6 habitat) to 2.9 % (K3 habitat). In deeper soil layers, OC change
from 3.4 % (K6) to 1.2 % (K2). This is a common feature, due to the surface layer, under the
influence of micro-organisms, temperature and humidity, the resolution of organic matter is
stronger, the resolution speed of organic matter occurred more powerful, while the lower soil
layers, humus formation is quite stable so the resolution speed is slower, resulting in lower OC
content. In habitat K5, OC content virtually does not depend on the depth of horizon. This may be
due to the place of sampling, the soil component is sand and loamy sand, along with the flow
effects of the streams, the organic matter has been washed away, with the lowest content
determined, including on the upper ground and forward layers.

Besides the nature of the soil, the types and composition of vegetation in that habitat will be a
determining factor for the OC content of the soil. On ferralsols land, the studies of several authors
suggest that OC content in the habitats dominated by Afzelia xylocarpa reached 2.9 % (Nguyen, 1996);
in the rubber forest of Dak Nong Province (Central Vietnam) is about 1.75-3.81 % (Nguyen et al.,
2009). While in the Pleiku area, 50 km to the east of study areas, Nguyen V.D. (2013) analyzed the OC
content in the ground surface of low-shrub land that is about 2.8%, and in grasslands is 3.2 %.

In Cat Tien National Park and Dong Nai Nature Reserve, OC in the topsoil achieve from
1.71 % in the habitats dominated by Dipterocarpus alatus to 5.34 % in the habitats dominated by
Lagerstroemia calyculata, Afzelia xylocarpa, Tetrameles nudiflora, while in the habitats
dominated by Ficus, the OC ranges from 2.15 to 4.75 %, while the bamboo forest (Bambusa) is 1.14
to 1.93 % (Okolelova et al., 2014). Thus, as in our analysis, in organic bamboo habitats, OC content
is generally lower than in other habitats. In the Evergreen Broad-Leaved forest (Cat Tien National
Park, Dong Nai Nature Reserve, South Vietnam) the OC content was higher than our analysis.
As for the remaining habitat, the OC content in the soil is equivalent to our analysis.

Analysis of TN content shows that, basically in the topsoil, this value is highest compared to
the next layers of the soil profile. This was recorded in 5/6 study areas (except areas K4). In these
areas, the TN content was from average or higher than variation in surface layer from 0.22 % (K2
habitat) to 0.33 % (K3) and from 0.04 % (K2) to 0.23 % (K3) in subsequent layers. For the K4, in
the upper soil layer, the TN content was 0.06 % but in the down soil layer this number increased
0.1 %.

An analysis of soil properties in some habitats at Cat Tien National Park shows that TN has a
large variation, from 0.09 % in Dipterocarpus alatus. D. turbinatus; Bambusa and Dipterocarpus
alatus to 4.8 % in Lagerstroemia calyculata, Bambusa sp., Calamus sp. (Okolelova et al., 2014).
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In the Bambusa (K2) habitat of the study, our analysis also determined that TN was the smallest
(0.04 %) compared to all study habitats.

5. Conclusion

The OC content of the soils in the study areas is highest in the topsoil (3.5 % in K6 — Mixed
forest (Fagaceae + Dacrycarpus imbricatus, Dacrydium elatum)) and tends to decrease in depth
of the soil layer (1.1 % in K5 — Primary forest, Evergreen Broad-Leaved forest near the stream).
Except for K5 — there is almost no change in depth of profile (1.1 %).

TN content was highest in the topsoil (0.33 % in K3 — Pinus kesiya forest) and gradually
decreased in the soil profile (0.04 % in K2 — Bambusa forest). In Bambusa areas (K2), TN
determination was lowest.

Although research land have the same nature as sandy soil and gravel in K4 and K5 areas -
Fagaceae) and the same type of evergreen forest, but the OC and TN content recorded are not
similar. The OC content of the soil in K4 is higher than K5, while the TN content is opposite.
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