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TEXHO/IOI'Hs1 KOHCEPBALIHH
ITPOMBILI/IEHHBIX OTXO/A10B

a obbla M TepepaboTKa MHHe-
pPafbHBIX pecypcoB — OGe3arib-
TepHaTHBHasi OCHOBa CYIIECTBOBAHUS M
PasBUTHSA LIMBU/IM3ALIMHM Ha COBPEMeH-
HOM YpPOBHE W OAHOBPEMEHHO WCTOUHHK
ee 3KO/IOTMYEeCKUX MpobreM, Tak Kak
TO/IBKO Mar/iasi 4acTb A10OBIBAEMOrO Chi-
pbsl MpeBpalllaeTcss B TI0/IE3HYIO TIPO-
OYKLIMIO, a OCTa/lbHas CKAaAWpyeTcs B
Buzae otxoaoB. Ocoboe MecTo cpeau OT-
XOZIOB 3aHUMAIOT OTBA/Ibl OTXOAOB PY-
nooboralleHusi, B KOTOPhIe CK/IaanpyeT-
csl Me/IKOAMCIIEPCHBINM Matepuan. B pe-
3yrbTaTe BeTPOBOM M BOAHOM 3PO3WU
OTB&/IOB 3arpsA3HEHUIO MOABEPKEHbl Tep-
PUTOPHUM, MHOTOKPATHO IIPEBbIILAONIVe
I/IOIAAN 3eMe/IbHOTO OTBOAa TpeArIpy-
ATHIM, UTO OKAasblBaeT CYIIECTBEHHOE
BAMSAHWE Ha COCTOSHME [IPUPOAHOM
cpeabl. K mpobrieMe  3HAUMTE/TbHOTO
yiiep6a, HaHOCHMOIO TPUPOIHON Ccpe-
ne, npubasasercs mpobreMa 6e3B03-
BPaTHO TepsieMbIX B pe3y/bTaTe BeTPOBOM
M BOHOM 3PO3HMM MMHEpa/IbHBIX Pecyp-
COB, CK/IaAMPYeMbIX IMPU HEKOMIVIEKCHOM
repepaboTKU Py B XBOCTOXPAHW/IHIIIA.

B ycnoBusiX MHTEHCHMBHOIO IIPHUPO-
[IOTIO/b30BaHMsA, MNPUBEAIIero K paspy-
IIEHWIO [/ITaBHOTO KOMIIOHEHTa /IaH/-
madta — MOYBEHHO-PACTUTE/IBHOTO I10-
KpOBa M K MCTOIIEHUIO ChIPbeBOM Gasbl
TMIPeATNPUATHS, TTPOoG/IeMbl BOCCTaHOB/IE-
HUSl HApYIIEHHBIX 3eMe/b Y COXPaHeHMs
TEXHOTEHHOIO  MMHEPa/IbHOTO  ChIPbS,
CK/IAIMPYeMOro B OTBa/lbl OTXOZIOB PY-
[ooborallleHusi, SABASIOTCS BecbMa aKTy-
a/TbHBIMMU.
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MUpoOBOI OMBIT MOKAa3bIBAEeT, YTO
HaW/IYUIIMM ~ CIIOCOBOM  peKpalleHust
9POBUOHHBIX MPOLIECCOB Ha OTBa/lax OT-
XOMOB pyaooborallleHyst SBASETCs CO3-
JaHWe [epHMHbl. DBuornorvueckas pe-
KY/IbTHBALIMS, B ee TPaAHLMOHHOM IIO-
HUMaHWM, TpeariosaraeT HaHeceHHe Ha
MMHEepa/IbHBIN CYGCTPaT MI0A0POAHOTO
cros (3eMrieBaHKe) C TMOC/ICAYIONIUM T10-
ceBoM MHoroseTHux TpaB. OaHako, ro-
MHWMO TOrO, YTO 3aTpaThl Ha PEKY/IbTH-
BallMio cocTaBasioT A0 15 % crouMocTtu
peanuzaly  MUHEpa/bHOTO  ChIpba (B
mupe — 4,5 % peanuzanmy MHUHeEpasb-
HOTO ChIpbsl), H3bATHE I/IOAOPOAHOrO
C7I081 C APYrUX TePPUTOPHM IePeBOANT
MX B KaTeropuio HapyuieHHbsix [1]. Tlo-
STOMY aKTya/IbHOM SB/IAETCH pa3paboTka
Bor1ee 3KOMOTMUeCKHU 11e/1eco0bpa3HbIX U
SKOHOMMUECKH TIPUEM/IeMBIX CITIOCOGOB
CO3aHWA [AepHKHHblI Ha MHWHepPa/IbHbIX
cybeTparax.

OrbIT, HaKOIVIeHHBIA [OpHBIM HH-
CTUTYTOM TII0 BOCCTAHOB/ICHHIO TeXHO-
FeHHO HapyIIeHHBbIX 3eMe/b U H3yueHue
Mpo6/ieMbl  KOHCEPBALMU  [TPOMBIII/ICH-
HBIX OTXOZOB OIpeaenuin audpdepeH-
LIMPOBaHHBIM MOAXO/ K ee PellleHHIO:

—  co3maHve TOIVMEPHOTO IOKPhI-
THA A7 3aKpervieHHWd TIb/IAIINX  T10-
BEPXHOCTEM XBOCTOXPAHW/IUIL, HAXOs-
IIMXCA B SKCIVIYATaLIUY;

—  coamaHve AepHUHbl 6e3 HaHece-
HUS TZIOZIOPOAHOTO C/I0S TIOA MOMUMep-
HBIM TIOKPBITHEM A48 [peKpalleHus
BEeTPOBOM M BOAHOM 3po3uu OTpabo-
TAHHBIX XBOCTOXPAHW/IMII, a TaKKe OT-



KOCOB ¥ GepM orpaxkaaloumx aamb aew-
CTBVIOIIMX XBOCTOXPAHMW/TUIIL.

TexHonmorusi cosnaHvsl AepPHUHBI Ha
TeXHOTeHHBIX CYOCcTpaTax MOCEBOM MHO-
rOfleTHUX TpaB 6e3 HaHeCeHWs II/I0I0-
POAHOTO €710l TIOA TIO/IMMEPHBIM  T10-
KPBbITEM OCHOBaHa Ha KOHLCTIMK ec-
TeCTBEHHOTO TMOYBOOOPa30BaHusA, B CO-
OTBETCTBUM C KOTOPOM TOYBA SB/ISETCH
MIPOAYKTOM B3aUMOCHCTBUS MaTepHH-
CKOM TOpo/bl, BUOTHI, KIWMMaTa, peribe-
da u Bpemenu [2].

Tak Kak XBOCTOXpaHW/MIA 3aHUMa-
10T Oorblve IVIoWaaN, CO3ZaHHe Aep-
HUHBI Ha OTBA/IaX OTXO/IOB OBOralleHHs
6e3 HaHeCeHUs TIOAOPOAHOTO C/Os SB-
nseTcss Havboriee 3KOMOTHUeCKH  Liere-
cooBpa3HbiIM U IKOHOMHUECKH TpUeM-
/IeMbIM pellleHHeM.

OnpeaensiioniyM pakToOpoM /11 CO3-
[aHWs JepHUHbI 6e3 HaHeCeHWs T1/1040-
POAHOTO C/I0S1 Ha OTBa/laX OTXOIOB PY-
pooboraieHus  sBIgeTcss  BUOMPOAYK-
THBHOCTb cesiHOro dpuroueHosa [3]. Pac-
TUTeNbHBIE OCTaTKU, obecreurBas I10-
CTYI/IeHHe OPraHUYecKoro MaTepuasna B
cybCeTpaT, MpY Pa3ioXeHUN TOMOMHIIOT
3arachl MUHEPA/IbHOTO TMTAHMUST pacTe-
HUI, OMpenessiioT PeakUMio Cpeabl 1
6I/IOXI/IMI/I'~{€CKyIO AKTHMBHOCTb, OTBETCT-
BeHHYIO 3a (QOPMHMPOBaHHE OpraHuye-
CKOTO BellleCTBa, a TaKXe HWHTEeHCHUB-
HOCTb BCeX OOMEHHBIX [TPOLICCCOB. DBO-
MOLIMOHHO 3aKpervieHHOe CBOMCTBO pac-
TEHWi, TIOBTOPSEMOE KamK/IbiM HOBBIM
MOKO/IeHUeM — U3OUpaTe/IbHO  IIOT/I0-
[aTh XUMHUYECKHE 3/IeMeHThl B ollpe/e-
MeHHOM KO/IMYeCTBe, a TaKXke CIocoD-
HOCTh MHHEpa/ibHOTO CybCTpaTa, Ha KO-
TOPOM TIPOU3PACTAeT PaCTUTE/IBHOCTb,
3a/epXkuBaTh WX TPU pas/IoKeHHUH pac-
TUTeNbHBIX OCTAaTKOB — HAUa/IbHBINA U KO-
HeUHBIM MNYHKTE GHOTEHHOM aKKyMy/Is-
LMK, MPUBOAfAIIEH B rpoLecce 6Uono-
TMUeCKOM OpraHu3aluu cybcTpata K
06pasoBaHUIO  CrelUYecKoro opra-
HUUECKOTO BelllecTBa — r'yMyca, KOTOPBIH
[IeTIOHUPYeT OCHOBHBbIC 3/IEMEHTHI TUTa-

HYS PACTeHWM IMPY Pas3ioXeHUr PacTh-
TeNbHBIX OCTATKOB. [Ipu MuHepanuza-
UMM T[YyMyca 3/IeMEHTHl IIMTaHWS U3
TPYAHOAOCTYITHBIX (POPM TIpeBpallaloT-
Cf B /IeTKOAOCTYIHbBIE U HCIIOb3YIOTCS
pactenvaMu. B pesynsraTte ocyiuecTnis-
ercsi OUOreOXHMMHYECKHIM KPYroBOPOT
3/1eMEeHTOB, SAB/AIOLIMICH [7IaBHBIM Me-
XaHM3MOM CaMOOPTaHMU3aLMK  TIPUPOI-
HBIX MaHamadToB [4].

Takum o6pasoM, yeM Oosblle B CUC-
TeMe TMpeacTaB/leH GUOKOMIIOHEHT, TeM
SHepruyHee  TIPOMCXOAAT  MPOLICCCH
PA3IOKEHUsT TIOCTYMAIOIMX PaCTUTe/b-
HBIX OCTAaTKOB, MHOrooOpasHee CBf3H,
orpeziensollie HMHTEHCHBHOCTb  MPO-
LIeCCOB  OMO/IOTMYECKOM  OpraHv3aLyy
cybeTpara.

YcnemHocTh co3aaHus AepHUHBI Ha
MHUHepa/IbHEIX cyOcTpaTax ©e3 HaHece-
HUS TVIOZOPOAHOTO C/IOSi B COOTBETCTBUM
C 3BO/MOLIMOHHO C/IOKMBLICHCH TTPOrpaM-
MOM OOpasoBaHMs TOYB obecrieyrBaert-
Cf CO37aHVeM TIOMMEPHOrO MOKPITHS,
KOTOpOE pelllaeT KOMIVICKC 3a1ad IIo
YMYUIIEHUIO SKO/IOTMUYECKOrO COCTOSHUS
cybcTpata U ob6ecreyeHHIo CTabUIbHO
BBICOKOM ITPOAYKTUBHOCTH TPABOCTOS:
MpekpalllaeT BeTPOBYIO U BOAHYIO 3PO-
3uM, YyaydliaeT TMAPOTePMHYECKU pe-
KHM U (PH3HMKO-MeXaHUYeCKHe CBOMCTBa
cyOCcTpaTa, TOBhIIAeT OHUOXHUMHUUECKYIO
AaKTMBHOCTb CYOCTpara, 3allMiiaeT OT
TeXHOTeHHBIX 3arps3HeHuH [5).

[TonuMepHoe TMOKpBITHE, 0Opasyio-
1eecst 1py 06pabOTKe MOBEPXHOCTH TeX-
HOTEHHOTO  MHHepaslbHOro  cybcTpara
BOAHOM TO/IMMEPHOM 3MY/IbCUEH, AB/IAeT-
Csl CMIOXKHOM TOTUANCIIEPCHOM CUCTEeMOM.
B cocraB sTOM CHUCTeMbl BXOAST MHHe-
paribHasi, MO/IMMEpHasi, BOAHAA Y ra3oBas
MOACUCTeMBbl. MuHepasibHast ToACHCTeMa
SIB/ISICTCS TPEXMEPHBIM KAapKaCOM TTOKPbI-
THsl, obecrieyrBaiollMM ero MexaHuue-
CKYIO MTPOYHOCTh K cxKatHio. | lommMepHast
(ycnoBHO)  oaHodbasHas — ToACHCTeMa
MpeACTaB/ieHa T/IeHOUHBIMU TTOKPBITUSAMU
MUHEPa/IbHBIX YaCTULl M MEXKUACTHUHBIMU
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Puc. 1. Iloporpamma noau-
MEepHOH I/IeHKH

TeMIlepaTypPHbBIM BO3ACHCT-

BUSAM, paarallMOHHYIO
CTOMKOCTb, MeXaHUYeCKVIO
m MMPOYHOCTb, CITOCOBHOCTD

MIOKa/IN30BaTh 3arpsa3HeHus,
npeaoTBpalliasg MX pacrpo-
CTpaHeHHe B KOpHeoOu-
TaeMoM c/1oe.
XapakTepUCTUKU IO/~
MEpHOTrO TOKPBITHS 0BYC/I0B-
fIeHbl, MpexKae Bcero, ampdy-

OTHOCHTENLHLIA 06 LemM Nop, %

TO/IMMEPHBIMUA "MOCTHMKAaMU' U CBA3bIBACT
MUHepa/ibHble YacTHMLIbI Mexkay CcoOoM,
0ByCc/1aBIvBas TMPOUYHOCTb TTOKPHITUS K
pa3peiBy. BomHas moacrcrema, cocros-
[asi U3 KalW/IISPHONM B/Iarkd U TMIPOCKO-
[MMUYECKOM BOabl, 0bOpasyer e/IMHYIO
TPAHCTIOPTHYIO CUCTEMY B TIOKPHITUH, CBS-
3aHHYIO C BOAHOM CHMCTEMOM cybcTpaTa.
[asoBass rmoacuCTeMa XapaKTepHsyercs
COCTABOM TIePEXOAHbIM MeXKay COCTAaBOM
atMocepHOro BO3Ayxa U rasoBOr (hasbl
cyberparta. MuHepanibHasi UM TIO/TMMepHast
IIO/ICUCTEeMbI  BBIMIO/IHAIOT B TTOKPBITUU
CTpYKTYpooOpasyionyio dyHKIMo. [a3o-
Bas Y BOAHAs Cpe/ibl B 3HAUNTENBHOM CTe-
TIeHW ONpeae/sioT TerrioPU3NUeCKUe Xa-
PAKTEPUCTHKU [TOKPHITHS.

OCoBeHHOCTH CBOMCTB U CTPYKTYPHI
IIOZCUCTEM OIpeIe/IAloT OCHOBHBIE 3KC-
I/IyaTallMOHHbIE XaPaKTEePUCTHKU T10/IH-
MEPHOrO IIOKPBITUS, CO34AaHHOTO Ha
TEeXHOIeHHOM MHHepa/IbHOM cyGcTpare:
IMPOTHUBOSPO3UOHHYIO CTOMKOCTb, BO3Y-
XOIMPOHULIAEMOCTb, BOZOIPOHULIAEMOCTb,
YCTOMUMBOCTb K BO3ACHCTBUIO aTMO-
cdepHBIX OCaKOB, YCTOMYMBOCTD K

Tabmuua 1
VYcpeanenHble pacuerHble 3HaYeHHSA
rasornpoHHIIaeMOCTH NOTHMEPHOH N/ICHKH

3WOHHBIMH U aICOPOLIOHHBI-
MK CBOWCTBaMH TIOMMMeEpPa,
KOTOpbIE OMpeessoTcs CTPYKTYPOH TIo-
MUMEpHOH TieHKU. [ lomMepHas r7ieHKka
obMaaeT pa3BUTOM CHCTEMOM Me30rop B
IIMPOKOM [Maria3oHe paauycoB (0T 7 o
100 HM), TIPU 5TOM MTOPUCTOCTh AOCTHUTAET
10% (puc. 1).

Hannuve cBoboaHoro ob6wema Io-
PUCTOM CTPYKTYPhl OOYC/IaB/IMBAET BhI-
COKMe TpaHCIMPALHMOHHBIE CBOMCTBA
MO/TMMEPHOTO TIOKPBITHA B OTHOILIGHHH
rasoB. B tabn. 1 npuseneHa rasorpo-
HUILIaeMOCTb l'IOIII/IMepHOfI I/IeHKH, pac-
CUrTaHHadA B COOTBETCTBHHM C IIO/1YIM-
MMPUYECKUMU MeTO/laM{ TepMaxopa U
Teopyr TEePKOMALMU B TIPUOIKEHHUH
s3ddeKTHBHOM cpeabl [6].

YcTaHOBIEHO, UTO TI7IeHKU 06/1a1a10T
U30HpaTenbHOM MPOHULIAEMOCTRIO, TO
eCTb TIIprU OAWMHAKOBBIX ITapLMa/IbHBIX
[IaB/IeHUSAX HCC/Ie/IOBAHHBIX Ta30B IIpe-
MMYIIECTBEHHO TMPOMCXOAUT MHIpaLMs
MapoB BOAB M AMOKCHAA YI7Ieposa, BO-
[OPOA W KHCIOPOA HMEIOT CPeaHIOI0
MMPOHULIAEMOCTb.

Bricokre 3HaueHys POHHLIAEMOCTH
MapoB BObl MOIYT OBITb
CBfI3aHbl C OCOBEHHOCTAMMU
3ario/IHeHUs MIOPOBOrO

Tasonponuuaemocts Px10™ cm? ¢! [Ta!

MPOCTPAHCTBA II7ICHKH. Yc-

O, CO, H,O Ny

H TaHOB/ICHO, 4YTO B/laroeM-
2

54 26,6 106,7 14

142 KOCTb I1O/IMMepa COCTaB/IA-
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Puc. 2. CKopocTb KanHAAAPHOIro noabe-
Ma Boabl B MHHepa/lbHOM cybcTparte noa
MoAHMepHBbIM NOKPbITHEM H 6e3 Hero

et niopsaka 10%, uro ¢ yyeroMm 6M30-
CTU TIOTHOCTHM BOABI M IO/IMMEpa Xo-
POIIO COBMagaeT C Iepee/leHHbIM 3Ha-
YeHWeM IIOPHCTOCTU. TakuM o6pasoM,
MOPOBOE MPOCTPAHCTBO  TTO/IMMEPHOMN
[/IGHKH 3allO/IHeHO KallW//IAPHOM BO-
[IOM, U TIePEHOC Tas0B MPOMCXOIUT ue-
Pe3 BOAHbBIM pacTBOP.

Ornipenenervie  BOAONPOHUIIAEMOCTH
cybCcTpaTta C CO3AaHHBIM Ha HeM I0/1U-
MEpHBIM TIOKPLITUEM U 6e3 MOKPLITUS Ha
XBOCTOXPAHU/MUIIE B TMO/IeBbIX YC/TOBUAX
MOKa3a/lo, UTO  BOAOIPOHUIIAEMOCTb
cyberpara uepes 10 axent nocne obpa-
30BaHUA TOKPHITHA TIPU THApPaBINYe-
ckoM Harope 10 cM Huxe, yeM Ha KOH-
Tporne (cybeTpaT 6e3 MOKPLITHSA), HO TI0
abCcoMmoTHBIM 3HadyeHusaM (247 MM B
TMepBbIF Yac) NoraaaeT B MHTepBasl Hau-
nyumert Boaorponutiaemoctu (500-100
MM B [IepPBbIM YacC BIIMTHIBAHMSA) [0 IlKa-
ne H.A. Kauunckoro [7].

MerkoKarielbHoe HaHeCceH!e BOAHOM
TMO/TMMEPHOM 3MY/IbCUM Ha [MOBEPXHOCTh
OTBa/IOB OTXOZIOB OBeCreurBaeT PaBHO-
MEPHOCTb CMauWBaHMs MHHepa/bHbIX
YyacTHLl ¢ 0OpasoBaHUeM MHOrodasHOM
nonvancriepcHoi crcteMel. C vcrnape-
HUeM [MCIIePCUOHHOM cpeabl  (BOb)
MIPOMCXOANT PSAA MEPex0I0B 30/1b-Telb U

CaMOITPOU3BO/BHOE YIZIOTHEHHWE Te/lst 10
06pa3oBaHUs  CIVIOMIHOTO  TOKPBITHS.
VYrioTHeHre BepxHero criost cybcrpara
3a CueT CBsA3bIBAaHUS MHHEpa/bHBIX Yac-
TULL TIO/IMMEPHOM T7/IeHKOW TPUBOAUT K
YMEHBIIIGHHIO TTOPHUCTOCTH MMOBEPXHOCTH
cybeTpaTta, a, cr1eaoBaTeslbHO, K CHHXKe-
HUIO WCMapeHuss C TIOBePXHOCTHOTO
cnosi, B pe3y/ibTaTte 4ero COXpaHseTcs
MPOAYKTUBHAs B/ara, 4YTo BaxHO /s
dOPMUPOBAHKMS PACTHUTE/BHOTO TTOKPO-
Ba BBICOKOM OHO/OTHMUYECKOM TMPOAYK-
THUBHOCTH.

MayueHrve BAMUAHUS TTOIMMEPHOTO
MOKPBITUA Ha CKOPOCTb KarlW/AspPHOrO
rombeMa BO/Ibl I0KA3a/10, YTO MOUMeEp-
HOe TOKpbITHe obecrieyrBaeT yBenye-
HUe comepxaHus Braarkd B cybcrpare,
MOBBIIAA ~ CKOPOCTb  KalW//IAPHOTO
roaseMa BoAbl (puc. 2).

YCTaHOBMEHO, UTO MOMMMEpPHOEe [10-
KpbITUE TMPUBOAUT K YBEMMYEHUIO 3H-
Ta/lblIUA  TEXHOTeHHOTro cybCTpaTa I1o
CPaBHEHMIO C KOHTPO/IeM TPy OIMHAKO-
BbIX METEOPO/IOTHUECKUX  YC/IOBUSX.
YBenuyeHWe 3HTa/bIMKU CcybcTpara siB-
AsieTCA  [OTIO/IHWUTE/bHBIM  CTOUHHMKOM
SHEPryM 71sl TIOBBINIEHHS GHOMPOAYK-
TUBHOCTU (MMOTeHIMasibHOe —YBennyeHre
6uonpoayktuBHocTh 10 70%) npu cos-
[aHUU JepPHUHBI Ha TeXHOT@HHOM MHHe-
pasibHOM cyOcTpate 6e3  HaHeCeHus
[/I0ZIOPOIHOTO €710 TIOA TIO/TMMEPHBIM
MOKpbITHEM.  KarmisipHo-CopOLIMOHHBIE
MOTeHLMa/T B/Iarkd O/ TMOKPHITUEM He
onyckaetcss Huxke BenuurHbl (—100
MGap) U He MMMUTHPYeT BOAHBINA TOTOK
B KOPHU pacTeHUH.

[pyrumy crioBamu, Mo/vMepHoe To-
KpbiTHe obecriedrBaeT O6/1aronprATHBIN
TUAPOTEPMHUECKUIM PEeXRUM 171 (POPMU-
pOBaHMs [EpHUHBl Ha TeXHOT@HHOM
cybcTpaTe 3a cueT AyYIIero Mporpesa-
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HHSl TeXHOTeHHOro cybcTparta U Aydllieit
oBecreyeHHOCTU B/Iaro.

[lpoBenenHsle naGopaTopHble U TO-
fieBble UCCIeIOBaHUs MOKas3a/Iu, YTo To-
IMMEepHOe TIOKPbITHE XapaKTepH3yeTcs
BBICOKOW ITPOTUBOIPO3MOHHON CTOMKO-
CTbIO BO BpeMeHHU, XOPOollei BO3AyX0o- U
BO/IOTIPOHHIIAEMOCTHIO,  YCTOMUYUBOCTBIO
K aTtMOoc(epHBIM OcaZKaM M TeMriepa-
TYPHBIM KO71e6aHHAM, 3KO/TOTHUUeCKOM
YUCTOTOM, CIIOCOOHOCTBIO C TedeHUeM
BpeMeHU K OUOPa3IoXKeHUIO, MOKaIU3Y-
eT 3arpsisHeHus, IpeAOoTBpallas UX pac-
MPOCTPaHeHUe B CollpefenbHble Cpebl
U Mo TpOodHUECKHM LieraM. YnydiineHue
3Ko/ornyeckoro ¢oHa cybcTpata 3a
CueT TIOBBILIEHUA BOAOYAEPKKBaOLIeH
CMTOCOBOHOCTH, YMEeHBIIeHUST aMIVTUTY/IbI
KonebaHWil CYTOUHBIX TeMIlepaTyp, CHU-
JKeHHsl TeXHOTeHHOI Harpysku obecrie-
YyMBaeT TOBbIlIIeHHe OGUOXUMUYECKON aK-
THBHOCTU cyOCTpaTa M, Kak C/eacTBue,
CTabW/IbHO  BBICOKYIO  GHOIMPOAYKTHB-
HOCTb CesHOTO (PHTOLIEHO3a U ero BOC-
MPOM3BO/CTBO.

MayueHre cocTosiHUA CesiHbIX (PUTO-
1IGHO30B ITPOBONTCH Ha XBOCTOXPaHH-
mvmax npeanpusatuit Konsckoro ITIK
(OAO «Amarum, OAO «Onkorwr, OAO
Koaopckuit 'OK», 3A0 «loBosep-
crast ['OK») B cooTBercTBUM C paspabo-
TaHHOM CHCTeMOW MOHUTOPUHIA, Ipeay-
CMaTpHBalOIllell KOMITVIGKCHOE U OIHO-
BpeMeHHOe H3yyeHre TeHeTUYEeCKUX Ia-
PaMeTpOB  (XMMHUECKHI, TPaHy/IOMeTpH-
UeCKWH, MUHepPaZIoTUYeCKHl COCTaBbI,
BOMHO-(pH3MUeCKe CBOWCTBA) U (PYHK-
LIMOHa/TbHBIX TOKazartenet (pH cpeabl,
OKHC/TUTe/TbHO-BOCCTAHOBUTE/TbHBIA  T10-
TeHLMa/1, CoAepKaHHe TMOABMKHBIX popM
XUMUUECKHX 371IeMEHTOB) cybcTparta Ipv
ero GUOIOrMYeCKO OpraHU3aLlHU.

[lpy mocTaTouHO TMpeacTaBUTE/LHOM
Habope KOHTPO/UPYEeMBIX IapaMeTpoB
MOHHUTOPUHI CHCTEMaTH3HpPOBaH B paM-
Kax:

—  TOCTOSIHHOTO (eXKeromHo ocyiie-
CTB/IeTC MOP(POIOTMYECKHIM aHa/u3 U
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deHonornuecroe orvcaH1e CO3IaHHOTO
TPaBOCTOsA, Ollpeaensiercs OHUOIPOaYK-
TUBHOCTb CeSIHOTO (PUTOLIGHO3a, KOH-
TPOMUPYIOTCA  BOAHO-(PU3UUECKHE  Xa-
PAKTepPUCTUKU CyOCTpaTa);

—  CHUCTeMaTHuYecKoro (HauuHas co
2-ro roga uepes 2 roga KOHTPOAUPYIOT-
cs obecrieuyeHHOCTh TMHTaTeNbHbBIMU Be-
mectBaMu U POPMUPOBAHHUE 3arlacoB
OPraHU4ecKoro BelllecTBa);

—  monrocpouHoro (1 pa3 B 5-6 ner
KOHTPO/MPYIOTC 6o/iee  KOHCepBaTHB-
Hble TIOKasaTe/d TpaHCopMalvM rpa-
HYZIOMETPUUYECKOTO UM MHHepa/ioruue-
CKOT'O COCTaBOB).

[MonvMepHoe TMOKpPHITHE, CO3daBae-
MOe HaHeCeHHWeM BOMHBIX TMO/TMMEePHBIX
3MY/IbCHIM Ha TIOBEPXHOCTU CyOCTpaTa
roc7ie ToCeBa, Cpasy e IIpeKpallaer
BETPOBYIO W BOAHYIO 3po3un (puc. 3). [o
pe3ynbTaTaM MOHHUTOPHHIA YCTAHOB/ICHO,
YTO YKe Ha Hayda/IbHOM 3Tarle CYILIeCTBO-
BaHUs CesTHOro (pUTOlIeHO3a HabmoaaeT-
€ aKKYMY/ISLIMA OPraHU4YecKoro BellecT-
Ba B cybCcTpare B pesyribTaTe TMOCTyIvIe-
HUS B MEPBbIN roa GO/BIIOrO KO/TMYeCTBa
PaCTUTE/IbHBIX ~ OCTATKOB  [TOKPOBHOM
RyabTypel (puc. 4). Takum obpasoM, Ha-
pYIIeHHbIe 3eM/IM YKe C TepBOro rosa
BOB/ICKAIOTCSI B GHOT@OXMMHUCCKHH KPY-
FOBOPOT 3/IEMEHTOB.

Kak mnokasanu pesynbraTthl MHOTO-
NIeTHero MOHWTOPHWHra I[P CO3AaHHUH
[epHYHbI 6e3 HaHeCeHUs TI7I0A0POAHOTO
C710s1 TIOA TIO/TMMEPHBIM TIOKPhITHEM Ha
OTBa/lax  OTXOAOB  PYyA0OBOralleHust
OAO «AmnaTtu, BHIGPaHHOTO B KauecTBe
TeCTOBOTO OOBeKTa, I/le CHUcTeMaThue-
CKye HabmoaeHus Beayrcsa Oornee 27
neT, TMpeKpalleHre 3PO3SHUOHHBIX TPO-
LIeCCOB, YyullleHHe MMAPOTEePMHUUeCKOro
pexnMa cybcTpata, CTabUAbHO BbICOKas
MPOAYKTUBHOCTh TPABOCTOS, U, Kak
cleficTBUE,  BBICOKasg OHOXHMMUYECKast
AaKTMBHOCTb cybOcTpaTa 00ecreunBaioT
GricTpoe B ycrnoBusix CeBepa Hakorvie-
HHe OpraHhyeckoro BelllecTBa B MHHe-
panbHOM cybeTpare (puc. 5).



Puc. 3. Co3aaHne MoO/HMEpHOro MOKPBITHA NMPEKPaTH/IAO BeTPOBYIO 3PO3HI0 (XBOCTO-
xpanunuwe OAO «Kosaopckur I'OK»; nepeauunii nnaH, A0 0CBeTHTEAbHOH Ma4ThI)



Puc. 4. O6muit Bua xsocroxpanuauma OAO «Kosaopckuit TOK».
1-# roa co3aaHHusa cessHOro (hbHTOLIEHO3a
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Puc. 5. PesyasTaTrbl MHOTO/IeTHEro MOHHTOPHHIa GHO/IOTHYEeCKOH opraHH3allHH MHHe-
paabHOrO cy6CcTpaTa NpH CO34aHHH AepHHHbI 6e3 HaHeCeHHs M/I0AOPOAHOrO C/I0A MOoa
Mo/IMMepPHBIM NMOKPbITHeM Ha xBocroxpauuauile OAO «Anartur»

CpenHsis MHOTO/ICTHASL [IPOAYKTHB-
HOCTb TPaBOCTOsl COCTaBwiaa ~ 12 1/ra,
BK/IOYEHNe B TPaBOCMeCh OHO/ETHeH
MOKPOBHOM KY/IBTYPHl UKe B TIePBbIN
roa obecreunsio TMOCTYIVIeHUe B CYO-
cTpaT OGO/bIIOrO  KO/MMYeCTBa PacTH-
TenbHbIX octatkoB (20 T/ra). Pnykrya-
LS GUOMPOAYKTHBHOCTU B XOZE MOHU-
TOPHHTa CBsi3aHa C METEOYC/IOBUSMU Be-
reTallMOHHBIX MepPUOAOB (PHUCYHOK ).

Haunbonee 6ricTpoe HakorzieHue op-
raHWUYEeCKOro BelllecTBa (rymyca) oTMeua-
ercsl B IepBble 1ecATh /1eT CYLIeCTBOBa-
HUfl CesHOTO (PUTOLIeHO3a. Brironaxu-
BaHMe KPWBOM HAKOIVIEHUS TyMyca B
Mocenyiolie oAbl CBUACTENLCTBYET O
[OCTVIKEHHM OOpa3yiolieiicss Ha TexHO-
reHHOM cyOCTpaTe TOYBEHHOM CHUCTEeMbl
HEKOTOPOM CTabW/IbHOCTH (puc. 5).

DyYHKILIMOHHNPOBaHUE CEeAHOTO (PUTO-
LIeHO3a B [IepBble [Ba ACCATU/ICTHS, KaK

OKA3a/1M Pe3ynbTaThl MOHUTOPYHTA TIpH
CO3/IaHMU AePHMHBI Ha OTBA/laX OTXOIOB
pyaooboraiuienns OAO «Amatum, xa-
PaKkTepr3yeTcs BLICOKOM BGHOMPOAYK-
TUBHOCTBIO, GHOXWUMHUYECKOM aKTUBHO-
CTbIO, OBICTPBIM HAKOIVIEHHE TI'yMyca M
YCTOMUMBBEIM BU/IOBBIM pasHOOBpasueM
(puc. 5, 6).

O6pasyiomecsi Ha  TeXHOMEHHOM
MMHEpasIbHOM CyOCTpaTe MOuBbl YKe B
repBoe /1eCATH/ICTHE BBINO/MHAIOT I71aB-
Hble 3KOCUCTeMHble (DYHKLIMM: CHUHTe3 U
pa3noxkeHrue OpPraHMYecKoro BelleCTBa,
MIeTIOHUPOBAHME 3/IeMEHTOB-OHOTeHOB B
rymyce M T.A.

[lnvtensHoe BpeMsi CYLIeCTBOBaHMS
cesiHoro cpuroriero3za npu  100%-Hot
IIO/THOTE TIPOEKTHMBHOIO TOKPHITHA Tpa-
BOCTOSl M ero BLICOKOM ITPOAYKTUBHOCTH
cBUzeTebCTBYyeT 06  06ecredyeHHOCTH
PacTeHul1 3/1eMeHTaMU TIMTaHus, a Clle-
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CTBMEM CBOEBPEMEHHOTO [MMPOXOKACHHUS
Bcex (peHohas pPocTa U PasBUTUS pacTe-
HUM, BK/IOYAs PerpoOaAYKTUBHYIO a3y,
SIB/ISIETCST BOCITPOW3BOACTBO PaCTHUTE/Ib-
HBIX COOOIIIEeCTB.

Tpetbe mecsTHIETHE CYIIIECTBOBAHUS
cesiHOrO (PUTOLICHO3a XapaKTepU3yeTCs
MoZACe/leHUeM MECTHBIX BUIOB, B TOM
yKce AepeBbeB U KYCTapHUKOB.

CdopMupoBaHHble Ha 3acesHHbIX
OTBas1ax OUOreOoXMMHYECKUe TIOTOKH T10-
CTErNeHHO «CPacTaloTCs» C eCTECTBEHHbI-
MU  OUOTEOXMMHYECKUMH  TTOTOKaMH.
[Noacenenvie apesechbix BHaoB (> 3000
e/IHHLI Ha TeKTap) B CessHbIM (PUTOLICHO3
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Puc. 6. BHewHHIi BHA OTKOCa oOrpaixk-
aarowen aam6b1 xBocroxpauuauma OAO
«AnaTHT»: a — 10 CO34aHus CesiHOTro (hUTOLIe-
HO3a; 6 — 1 roa cyuiecTBOBaHHsA CesiHOro Ou-
TolleHo3a; B — 10 roa cyimecTBoBaHUsl CEsIHOTO
duToLIeHO3a

— MOCnea0BaTe/IbHbINA 3Tall BOCCTAHOBH-
Te/IbHOM CYKLIECCHUM, KOHEUHOM LIe/blo
KOTOPOM ABAsieTcsl hOpMUPOBaHKe pac-
TUTe/bHBIX COOOIIECTB CO CTPYKTYPOL,
COOTBETCTBYIOLICH OKPYKAIOLeMy TpH-
poaHoMy maHawadTy (puc. 7).

Tarkum 06pa3oM, Ha MEepPBOM 3Talle
co3naercs cesiHblM (PUTOLICHO3 U aZeK-
BaTHble eMy IouBa U MHKpodiopa.
Tepputopusi, 3aHHMMaeMas [IPOMBbIII-
NIeHHBIMM OTXOZAaMH, Yme C TepPBOro
roga BOB/ICKAaeTCS B 6GHOreoXvMuue-
CKMH KPYroBOPOT 3/IEMEHTOB, KOTO-
pblif SIBASETCA [/IaBHBIM MEXaHU3MOM
CaMOOPraHU3aly MPUPOAHBIX /aHA-

madgToB. Habaomaerca ycroiunsoe
BOCIIPOU3BOACTBO o6pasoBaBlIeics
3KOCHCTEMBI.

Bropott stan xapakrepusyetcs dop-
MHUPOBaHHEeM (PUTOLIHO3a CO CTPYKTY-
POM, COOTBETCTBYIOLIEN OKpPYXKaloLeMy
MPUPOAHOMY  /aHAIAMTY,  KOTOPLIN
MPUXOAUT Ha CMeHY CesHOMY (oUTOLle-
HO3y B pesy/bTare I0/ICe/IeHrs BHIOB
MeCTHOM (P/IOPBI.

HccnenoBaHve COCTOSIHMSI A@PHUHBI,
CO3aHHOM Ha OTBa/lax OTXOAOB OOOTa-
MIeHUs PasNyHbIX MpearpuaTui Komb-
ckoro ITIK, mokasazno, uto, HecMOTps
Ha pasInuus KAMMaTUYeCKUX YCAOBHH,
MMWHEpasIorM4eckoro cocTaBa CcybcTpa-
TOB U YPOBHS TEXHOT@HHOM Harpy3KH,
OCHOBHBIe  TeHAEHLIMH OOpa3oBaHUs
[epHUHBI 6e3 HaHeCeHUs TI/I0A0POAHOTO
CNosl TIOCEBOM MHOTO/IETHUX TpaB IO
MO/TMMEPHBIM MOKPLITHEM WACHTHUHBI.

B pesynsrare cosgaHus MoMvMepHO-
ro TOKPhITHA 0Opasyercss TPaBOCTOM,
XapaKTePU3VIOIIHHICS ObICTPBIM POCTOM
U CTabWABHO BBICOKOM IMPOAYKTHUBHO-
CThIO, CBOEBpPEMeHHBIM [MPOXOXKIeHUEeM



Bcex peHoda3 pocTa U pasBUTHS pac-
TeHHi1, BK/IOUasg PerpOAYKTUBHYIO B VC-
IOBUSIX KOPOTKOIO BereTallMOHHOTO T1e-
pyoda, eXerolHbIM CaMOBO30OHOBIIE-
HMEeM paCcTUTe/IbHOTO MOKPOBa MpU OT-
CYTCTBHH YXO/Ia.

O6pasyioltasicdi Ha  TeXHOTeHHOM
cybCcTpaTe AepHUHA SB/SETCH  /TYYIINM
CPeaCTBOM TpeKpallleHUsi BEeTPOBOM U
BO/IHOM 3p03uH, 06eCrieurBaloIM

Puc. 7. BHemlHHH BHA OTKOCa OIpaK-
aaomei gam6s1 AHO®D 2 OAO «Anatut»:
r — 20 roa cyimecTBOBaHUs CeSHOro OUTOLIe-
HO3a; I, € — TPeTbe AeCATH/IeTHE CYIIeCTBOBa-
HHUSI CesiHOro (pUTOLICHO3a; MacCoBOe ro/acene-
HHe BUIOB MEeCTHOM (p/1Iophl

yrydIieHre COCTOsIHHE TIPUPOIHOM Ccpe-
MBI, COXPaHeHWe MHHEparbHOTO ChIphs,
TMOBBIIIIeHHe 6e30MacHOCTU 3KCII/TYaTall|y
XBOCTOXPaHW/MIIA, Y/IYUIlIeHUe  YC/IOBUM
Tpyaa pPabBOTHHKOB MPeANPHATHS.

Tak Kak XBOCTOXpaHW/MINA 3aHWUMa-
10T Goblve TVIOWAaAW, CO3JaHve Aep-
HUHBI B COOTBETCTBUM C 3BO/MOLIMOHHO
CMIOXKUBILEHCS TTPOrpamMMmort o6pas3oBa-
HUs TIOYB Ha OTBa/Zlax OTXOAOB Obora-
meHusi 6e3 HaHecCeHWs T/I00POAHOTO
C1os1 T10/1 TIO/IMMEPHBIM TTOKPITUEM IB-
nsieTcss Hauboriee 3KOOTHUeCKH  1ierie-
coo6pa3HbIM U 3KOHOMHUYECKH TpHeM-
IeMbIMU  pellieHreM KOHCepPBaLlMK XBO-
CTOXpaHW/HMII, ObecreurBaeT BOCCTa-
HOB/IGHHME  3KO/IOTUYECKOM  eMKOCTH
maHamadpTa, BOCCTAHOBIEHUE 3KOCH-
CTeMHBbIX (PYHKIMI Tepputopun. Kpome
TOro, CO37aHue AepHHHBI pelliaeT Mpo-
6rieMy COXpaHeHUs] TeXHOTeHHbIX Me-
CTOPOXKAEHUN U ObecrieyrBaeT BO3MOXK-
HOCTb MX OCBOGHHUS B OyayIlIeM.

[lpennaraemasi TexHO/MOrHs KOHCep-
BallMK [MPOMBIIZIEHHBIX OTXOZIOB CO3/a-
HHEM T[IOYBEHHO-PACTUTe/IBHOIO TMOKPO-
Ba (mepHuHb) 6e3 HaHeCeHWs IVI0I0-
POIHOTO C/OST AB/ISETCA:

— yHHMBepcarbHOM  (3chdpekTrBHa
Ha pasMWUHBIX CcyGCTpatax, B Pas3HbIX
KAMMaTHUeCKHX 30HaX, Ha /1IoOOM perib-
ecbe, 6e3 IpeaBapUTENBHOIO YKpervie-
HUs);

—  TexHoOMoruyHou (obBecrieurBaeTt
OBICTPYIO peann3aliMio TeXHO/IOTHH  C
WCTIO/Ib30BAHUEM CepUMHO  BhIMyCKae-
MO TeXHUKH);

—  BBICOKOIIPOU3BOAUTE/NBHOM (0Gec-
reyriBaeT 3akperiieHne OO/bIIMX T1710-
maze B KOPOTKUE CPOKH);
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—  SKOHOMHMUYECKM BBIFOAHOM  (MC-
K/IIOYaeT OPOrOCTOSIIME U TPYAOEMKHe
orepalMy 1Mo HaHeCeHHIO M/I0I0POAHOTO
cros TIPU CO3AAHMM PACTUTE/IBHOTO TO-
KpOBa Ha OTPabOTaHHBIX XBOCTOXPAHH-
NWINAX, a TaKKe OTKOCax U BepMax orpa-
KOQAIOIMX AaMO  ACHCTBYIOIIMX XBOCTO-
XPaHW/MII, He TpeGyeT exKeroaHoM obpa-
OGOTKM paHee 3aKperieHHbIX T7Iomanel U
yXO/Ia 3a CesIHbIM (PUTOLICHO30M);

—  TexXHHYeCKU HaAexkHOH (HeoO-
PaTUMOCTb AOCTURKEHHI 3a4aHHBIX Xa-

PaKTepHCTHUK Ha BeCh IIepHOa  3KC-
T/1yaTaLluy);

- 3KO/IOTHUECKH 11e/1ecoobpasHoM (pas-
paboTaHHasi TEeXHO/OTUS CO3IaHUS ep-
HUHBI Ha OTBazlaXx OTXOZOB pyaooboratiie-
HUSI OTBEUAET SBO/MOLIMOHHO C/IOKUBILCH-
cs TIporpamMme (pOpPMHPOBaHUs TIOUB Ha
MUHepasibHBIX cyOcTpaTtax, obecrieurBaet
BOCCTAHOB/ICHHE 3KO/IOTHUECKUX  (PYHK-
LM TepPPUTOPHM; UCTIONb3YeMble Mate-
puasibl ¢ TeYeHreM BpeMeHH TT0BepraioT-
cs1 BUOICCTPYKLIVH).
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