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OOBEKTOM  HCCIENOBAaHUSA  SBISIIOTCA  JUIEH3HOHHble ywyacTku OAO
«TomcknedpTs BHK» pacnonoxennsie Ha 3eMisix jiecHoro ¢gonnaa IlapaGenbckoro
JIECHUYECTBA.

AKTyaabHOCTh BBIOpPAHHON TEMBbI 00YCIIOBJIEHA HAIUYUEM HEPTENPOLYKTOB U
OCTPOIl HEOOXOAMMOCTBIO BO3BPATa UX B XO3AWCTBEHHBI 00OPOT MOCIIE MPOBEACHUS
pexynbtuBauuu. Lleap paGoTsl - ompenenuts Haubosee 3(P(HEKTUBHBIE METOJIbI
PEKyYJIbTHBAIIUH 3eMeNb HeT(hTe3arps3HEHHBIX HEPTETPOTYKTaMHU.

Marucrtepckasi auccepTalus IMOCBsIIeHa 3(QQEKTUBHOCTH MNPUMEHEHUS
Pa3IUYHBIX ~ METOJOB  OHOJOTMYECKON  peKyjbTUBAIMUA  HedTe3arpsa3HEHHBIX
TEPPUTOPUII C YYETOM 3HAUMUTEIBLHOTO KOJMYECTBa KpuTepueB. HcciaemnoBanus
IIPOBEJICHBl B OJIMHAKOBBIX JIECOPACTUTEIBHBIX YCIOBHUAX, YTO IO3BOJIAET CHENATH

BBIBOABI O PCIIPE3CHTATUBHOCTHU ITOJTYYCHHBIX JaHHBIX.
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BBenenue

OnHolt M3 pacOpOCTPAHEHHBIX  MOCIEICTBUH  MPOU3BOJCTBEHHOU
NEATEIbHOCTH  SIBJSIETCSt  3arpsi3HEHHE  MOYBEHHOIO  IOKPOBAa  TEPPUTOPHIA
yIIAEBOMOPOAAMH M TPOAyKTaMH WX Tmepepabotku. Bompoc 60ppObl ¢
YTIEBOJAOPOJAHBIM 3arps3HEHUEM CTAaHOBUTCA Bce 00Jiee aKTyallbHbIM, OCOOCHHO B
Poccuu, rae monrue roapl peuieHUE 3KOJOTUYECKHX MpOoOJieM OTKJIAAbIBAIOCh Ha
Oyaymee. Jlns HedrerazoBoro KOMIUIEKCAa paccMaTpUBaeMble  MPOOIEMBI
BBIPAKAIOTCS: B pOCTE OOMIEH IMJI0IIaay HApyIIEHHBIX TEPPUTOPUI TTPU XPOHUUECKH
HU3KUX TEMIIAX WX BOCCTAHOBJIECHHUS;, OOJBIION 3arps3HEHHOCTH TEPPUTOPUM B
palioHax JeHCTBUSI HE(PTErazoBOro KOMILUIEKCA; BBICOKOW CTEMEHH TEXHOTECHHBIX
Harpy30K Ha OKpYXalollylo cpeay OT HedTeJoObIBAOIMIUX MNPEANPUIATUA U
TpyOONPOBOAHOTO TPAHCIOPTA; HEIOCTATOYHOM Pa3BUTOCTU MPUPOTOOXPAHHOM
UHOPACTPYKTYPHI; CUCTEM MPEAOTBPAIEHUS U CHIKCHUSI HETaTUBHBIX BO3JICHCTBUI
Ha TPUPOJHYIO Cpeay; CPEACTB OOBEKTHBHOTO KOHTPOJIS IMOJHOTHI M KauecTBa
BBITIOJTHEHUS TMPOEKTHBIX PEIICHUHN; COOJIIOACHUS SKOJOTMYECKUX HOPM Ha BCEX
ATanax dKCIUTyaTalluu U peaduIuTaIlii IPUPOTHBIX KOMILIEKCOB [1].

JloObI4a ¥ TPaHCIOPTUPOBKA YIJIEBOJIOPOJHOTO ChIPbS SIBISIETCS OJHUM M3
rJIaBHBIM (DaKTOPOM 3arpsi3HEHUs] TIPUPOJTHON Cpelbl OKpyra HedThIO, TIACTOBBIMU
BOJaMHu, OypOBBIMH pACTBOpAMH ¢ TMPOYMMH TMPOMBIIUICHHBIMU OTXOJAaMH.
DKojlorhyeckasi ~ CUTyalusi  CJIOXKHUBIIAsICS B HACTOSIIIMA ~ MOMEHT B
He(dTerazo00bIBAIOIINX palioHaX OKpyra TpeOyeT peryjJupoBaHUs TEXHOTEHHOIO
BO3JICCTBHSI HA OKPYKAIOIIYIO CpPEAy, YUMUTHIBAIOIIETO HE TOJBKO 3KOHOMUYECKHE
MOTPEOHOCTH, HO U COCTOSIHUE TIPUPOJHBIX pecypcoB. Pemenue mpodiiem
COXpaHEeHUusl CIab0yCTOMYMBOW K aHTPOMOTEHHOMY BO3JEHCTBUIO OKpPYXKaIOIIeh
Cpelbl BO3MOXKHO TOJIbKO Ha OCHOBE BHEAPECHHUS B MPAKTUKY A(HPEKTUBHOTO
XO34MCTBEHHOTO MEXaHU3Ma PAIlMOHAIBHOTO TPUPOIONOIB30BaHUS [2].

B  Hacrosmiee BpeMs — JTUKBUAANMS — TOCIHEACTBUH  HedTepa3IWBOB
MPOU3BOJIUTCS € TNPUMEHEHHEM  CHEHUaNIbHBIX  CpelcTB.  HedTecOOpouHOe

000py0BaHKE, COPOUPYIOIINE MaTepHaibl, Onornpemnapars [3].


http://neftegaz.ru/tech_library/view/4417
http://neftegaz.ru/science/view/189/
http://neftegaz.ru/science/view/636/
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http://neftegaz.ru/dictionary/ctg/ngk/%D0%A1/2
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OCHOBY Takux CHCTEM JOJKHO, O€3yCIOBHO, COCTaBIIATH (heaepanbHOE U
pEernoHaIbHOE MPUPOJAOOXPAHHOE 3aKOHOIATENHCTBO. OCMBICICHHE MTPOUCXOISAIIETO
U HEOoOXOJIUMOCTh BBIPAOOTKH HOBBIX OPHUEHTUPOB, OCHOBAHHBIX Ha KOHLEMIIUU
DKOJIOTUYECKH YCTOWYMBOTO PAa3BUTHSA, TUKTYET HEOOXOAMMOCTHh IOCTECTICHHOTO
BHEJIPEHUSI B JKU3Hb  [OJIHOMACIITAOHOM  SKOJIOTM3AlMU  MPOMBIIUIEHHOTO
MPOU3BOJCTBA 0Oa3zupylONIeicss Ha paldOHAIBLHOM UCIHOJIB30BAHUU TMPUPOJIHBIX
PECYPCOB M HM3HAYAJIBHO MPEIOTBPALIAIONICH MPOLECC 3arpsA3HEHUs OKpYyKarolien
MPUPOIHOM cpenibl [4].

Llenpto paboTHI SIBISAETCA MCCIEAOBAHUE TCOPETHUECKUX W MPAKTUYECKUX
METOJIOB OHMOJOTHYECKOW OYHCTKH  HedTe3arpsi3HEHHBIX  3€Mellb, a TakKke
MPOBEJICHUE CPABHUTEIHLHOTO YKOHOMHUYECKOTO aHAJIN3 UX BHEJPECHHUS.

JIJis TOCTHOKEHUS TTOCTABJICHHOW 1€/ ObUTH C(HOPMYIHPOBAHBI CIEAYIOIINE
3aJlauu:

® 3YYUTh TEOPETUUYECKUE U 3aKOHOJIaTEIbHBIE OCHOBBI OYMCTKU
He(dTe3arpsA3HeHMs;

® PaccMOTPETh COBPEMEHHBIE METOJIbI OUYMCTKU He(dTe3arpsa3sHEHHBIX
TEPPUTOPUN;

® [IPOBECTH CPABHUTEIIbHBIN YKOHOMHUYECKUN aHAJIN3 METOIOB
OMOJOTUYECKON OYMCTKH 3arps3HEHHBIX HE()TEIPOTYKTaAMH ITOYB.

OO0bexT uccnenoBanus — HedTe3arps3HeHHbIE 00bEKTHI pailoHoB KpaitHero
Cesepa.

[Ipenmer wccnemoBaHUs — aHAIW3 BHEAPEHHUS PA3IUYHBIX METOJOB
OMOJOTUYECKON OUMCTKH HePTe3arpsi3HEHHBIX 36MEb.

BrimmyckHas kBamupukamoHHas paboTa COCTOUT U3 BBEJICHUS, YCTHIPEX TJIaB,

3aKJIFOUCHU, CIIMCKA UCIIOJIb30BAHHBIX HCTOYHHUKOB U JIMTCPATYPBI, IIPUTTOKCHHA.



1  Teopernyeckue HW  3aKOHOJAATEJbHbIe  OCHOBbI  OYHMCTKH
He(Te3arpsi3HeHUs

1.1 Bausinue HepTy ¥ HEPTENPOXYKTOB HA OKPYKAIOIYI0O IPUPOIHY IO

cpeny

Hedtp uenHeiimee ceipbe, 0€3 HCMOIB30BAHMUS KOTOPOTO HEBO3MOKHA
coBpeMeHHass IuBwIM3anusa. OIHAKO TPOUECCHl JOOBIYM, TPAHCHOPTHPOBKH,
XpaHeHHs W TepepaboTku HEePTH W HEPTEIPOIYKTOB OUYECHb YAaCTO CTAHOBSTCS
HMCTOYHUKAMU 3arps3HEHUs OKpYKAloUIeH cpefbl, KOTOPOE MOXKET MNpUOOpeTaTh
KaracTpopuyeckue MaciTaosl [S].

VYcaoBHo npunato cuutath Hedrenpoaykramu (HII) rmaBHyro u Hambomee
XapaKkTepHYI0 YacTh He(PTH U MPONYKTOB €€ NepepadOTKU — HEMOJSIPHBIE U
MaJIONOJISIPHBIE YTIEBOAOPOBI, HE COpPOMpYyIOIIMECS Ha OKCUIE aloMuHud. B
Poccun IIJIK (mpenenbHO AomycThMasi KOHLIEHTpalMsi) YIJIEBOAOPOJOB HEPTH B
BO3yXe pabodeli 30HBI NPOMBINUIEHHBIX TIPEINpUaTHii pasaa 10 mr/m3, B Boge 0,3
mr/n (mst mEOTOCepHUCTOW HedpTr — 0,1 mr/im). B mouBe m aTMocdepHOM BO3IyXe
HaceneHHbIX MecT cozepxkanns HII He HopmupoBanbl, HO cymiecTByroT [IJIK mis
HEKOTOPBIX apOMAaTUUYECKUX YTIIEBOJIOPOIOB U OeH3(a)mupeHa B mouse, a Takxke [TJIK
JUIsL YTJIEBOJOPOJIOB PA3IUYHBIX KJIACCOB (M MX MPOU3BOJHBIX) B aTMOC(hepHOM
BO3JIyX€ U BO3JyXe paboueit 30HHI [6].

Jns xkontpons 3a coaepxkanuem HII B Bo3myxe, Bojme u nmouse B Poccun,
CIIA wu crpanax EBpombl pa3zpaboTaHO MHOXKECTBO CTaHIAPTHBIX MeTOAWK. OHU
OCHOBaHbl Ha Xpomarorpapuueckux (razoBas U XUAKOCTHas XpomaTtorpadus) wid
cnektpanbHbix MeTonukax (MK — wm ¢dayopecueHTHass crnekTpockomnus), NpUYeM
ra3oBasi XxpoMaTorpadus mo3BoJIIET HE TOJBKO OIMpPENEATh CyMMapHOE COAEpKaHNE
HII (kax apyrue Merozbl), HO U UACHTUPUIUPOBATH U ONPEILISITh KOTUYECTBEHHO
WHAMBHUIyaJIbHBIE YTIEBOIOPOAbI, BXOAIINE B cocTaB HedrenpoaykToB. [locneanee
OOCTOATENBCTBO JIa€T BO3MOKHOCThH 00Jiee peaibHO OLIEHUTh OMAaCHOCTh HE(PTSIHOTO
3arpsi3HeHHs, OOHAPYKUTh €ro UCTOYHUK (onpenenuts Tun u Mapky HII) u npunsath

MepBbI 0 JTUKBUAAIIMU MOCJIEACTBUM 3arps3HeHus [8].



Cratesimu 77, 78 ®enepanbHoro 3akoHa N 7-O3 mnpemnycMOTpEHbI
OOS3aHHOCTH TOJIHOTO BO3MEUICHMSI Bpeda M TOPSAJOK KOMIIEHCAllMU Bpena
okpyxatoieit cpeae [9]. BMecre ¢ paccMaTpuBaeMbIM HOPMATHBHBIM aKTOM B
HACTOsIIIee BpeMs IPUMEHSIETCS Takke MeTorKa, yTBepkKACHHAs! TOCTAHOBIEHUEM
[IpaButennscTBa Poccuiickoit denepamnuu ot 8 mas 2007 r. N 273 "OO0 ucuucieHuu
pa3Mepa Bpela, MPUUMHEHHOTIO JiecaM BCJEACTBUE HApYIICHUS  JIECHOTO
3aKoHoOAaTeNnbCTBA" (Hanee - Meroauka 2), npeaycMaTpuBaroiias BO3MEIICHUE Bpeaa
32 CaMOBOJIBHOE CHSITHE, YHUUTOXXCHHE WM TTOpYY MOUYB, OTHOCSALIUXCS K KATETOPUU
"necubix". I'paHuIlbl JCHCTBUSI yKa3aHHBIX METOJMK YETKO HE OMNpPEIEICHBI, YTO
IPUBOJUT K OJHOBPEMEHHOMY IMPEIBSABICHUIO MPETEH3U O BO3MEILIECHUWU Bpena
[oYBaM CO CTOPOHBI (eAepaTbHbIX W PETHOHAIBHBIX KOHTPOJIbHO-HAA30PHBIX
OpraHoB MO OJHOMY U TOMY K€ OOBEKTY U OJJHOMY U TOMY XK€ (PaKTy NPUUHMHEHUS
Bpena. CielyeT TakKe OTMETHTBH, YTO CYIIECTBYIOT IPELENECHTHI, KOIZa OJHHUM
OpraHOM KOHTPOJIA U HaA30pa MPEIbABISIIOTCA JBE MPETEH3UU O BO3MEILICHUH Bpeia
110 OJJTHOMY OOBEKTY, PACCUMTAHHOMY C IPUMEHEHHEM pa3HbIX MeToauK [9,10].

CnoxuBiascs cyneOHas MIPaKTHKA, 1o OLICHKE CyOBEKTOB
NPEANPUHUMATENCKOW U MHBECTULIMOHHOM JESITEIbHOCTU, CBUJETENBCTBYET O TOM,
4TO (PAKTUUYECKHM MEXAaHW3M BO3MEILIEHHUS BpeAa OKpYyXKarolled cpelae B KaKIOM
KOHKPETHOM CJIy4a€ 3aBUCUT OT TPAKTOBKH JaHHbIX HOpM cyaoMm. Ilpu »Ttom B
HEKOTOPBIX CJIy4yasX OTBETYMK, BOCCTAHOBUBIIMI MNPUPOIHBII OOBEKT, 00s3aH
BO3MECTUTh MPUYMHEHHBIA BPEN MO TaKcaM M METOJHMKaM, a B JIPYTUX - OTBETUUK,
TOJIBKO MPUCTYNUBIIUN K BOCCTAHOBJIEHUIO MPUPOJHOTO 00BEKTA, OCBOOOKIAAETCS OT
yIuiaThl KOMIIEHCAIIMK 110 METOAUKAM, U CyeOHOE pa3OoupaTesbCTBO MpEeKpaIiaeTcs.
B oTaenbHBIX clydasx 1O OJHOMY M TOMY JK€ COOBITHIO pas3iivBa HEPTH H
3arpsi3HEHUs] MOYBbI HePTEA0OBIBAIONINE MPEANPUITUS BO3MEIIAIOT MPUUNHEHHBIN
Bpe/l 4eThipe pasza: mousaM - 1o Ilpukaszy N 238, necam - mo Metoauke 2, a Takxe
IPOBOJAST PEKYJIbTHUBALIMIO HAa COOCTBEHHBIE cpeicTBa cornacHo denepanpHOMy
3akoHy N 7-®3 u 3emenbHoMy Koaekcy Poccuiickoii denepamum B KayecTBe
BO3MeElIEHUs Bpeaa B HaType [11].

MexaHu3M BO3MEIIECHUs BpeAa OKpYKaroIeh cpesie MOXKET ObITh U3MEHEH B



YacTH MOCJIEJ0BATEIBHOIO U TOYHOI'O M3JIOKEHUS MPOLEayp BO3MEILIEHUs Bpena. B
cllyuae TPUYMHEHHsS Bpela OKpYXKalolled cpele MNPUOPUTETHON QopMoii ero
BO3MEILICHUS JIOJDKHO OBITh TMPOBEICHHE PEKYJIbTHUBAIIMM OpraHu3aluen -
npuuuHUTeNeM Bpena. Eciau mpoBeneHuEe BOCCTAHOBHUTEIBHBIX PAaOOT HEBO3MOXKHO,
TO IPUYMHUTENH Bpea JAOKEH KOMIIEHCUPOBATh €ro B COOTBETCTBUM C TaKCaMHU U
meToaukamu [12].

[Ipy KanuTalbHOM pPEMOHTE HEPTENPOBOAOB  PEKYJbTHBALMUSA  JUIS
CEJIbCKOXO3SIICTBEHHBIX, JIECOXO3SIMCTBEHHBIX M JAPYrHX Ielieid, TpeOyrommx
BOCCTaHOBJICHUS TIJIOJOPOIMS MTOYB, OCYLIECTBIISETCS MMOCIEI0BATEIbHO B JIBA 3TAIA:
TEXHUYECKUH U, IPU HEOOXOAUMOCTH, OMOJTIOTUUECKHIA.

Texnuueckuil sTamn nperycMaTpuBaeT MIIAHUPOBKY, (POPMUPOBAHUE OTKOCOB,
CHSITUE U HAHECEHUE IUIOAOPOJHOIO CJIOS MOYBBI, YCTPOUCTBO TMAPOTEXHUUECKUX U
MEJIMOPATUBHBIX COOPYKEHHMH, a TaKKe MPOBEACHHUE APYruX padoT, CO3JAOLINX
HEOOXOJMMbIC YCJIOBUSl MJIsi JaJbHEUIIEro MCIOJIb30BaHUSI PEKYJIbTUBUPOBAHHBIX
3eMellb 10 LEJEBOMY HA3HAYCHHUIO WM JJs HPOBEICHUS MEPONPUATHNA TIO0
BOCCTAHOBJICHUIO IIOAOPOAUS 1TOYB (Omosorudeckuii atam) [13] .

Hopwmbl CHSTHS TUIOAOPOJHOIO CJOS MOYBBI, MOTEHUUAIBHO IJIOJOPOIHBIX
CJIOEB U MOPOJ (JIECC, IECCOBUIHBIE U TIOKPOBHBIE CYTIIMHKHU U JIp.) YCTaHABINBAIOTCA
IIpU MPOEKTUPOBAHUM B 3aBUCUMOCTH OT YPOBHS IIJIOJOPOAMS HAPYIIAEMBbIX MOYB C
Y4E€TOM 3aBOK M COOTBETCTBYIOIIMX TrapaHTHUl CO CTOPOHBI MOTpeOuTenedl Ha
WCIIOJIb30BaHUE MOTEHIMAIBHO IUIOAOPOAHBIX CJIO€B M mopoA. CHSATHI BepXHUI
IJI0JJOPOAHBINA CJIOM MOYBBI UCMOJIB3YETCS IJIs PEKYJIbTUBALIMN HAPYIIEHHBIX 3€MEllb
WU yIIYYIICHUS MAJIONTPOIYKTUBHBIX YTOUIA.

Cpoku mpoBeNeHUS TEXHUYECKOrO ATana PEeKyJIbTUBALUUUA ONPEAEISIIOTCS
opraHamu, NpeIOCTaBUMBIIMMH 3€MJII0 W JABIIMMHU pa3pelieHHue Ha IPOBEJICHUE
paboT, CBS3aHHBIX C HaApyIIEHHMEM T[OYBEHHOIr0 TIOKpPOBa, Ha OCHOBE
COOTBETCTBYIOIIMX IMPOEKTHBIX MATEPUAJIOB U KaJ€HAAPHBIX IJIAHOB.

buonornyeckuii  3Tam  BKJIIOYAET  KOMIUIEKC  arpOTEXHUYECKUX U
buTOMETHOPATUBHBIX MEPONPUSITUH, HaIpaBJICHHBIX Ha yIIy4lIeHUE

anO(l)I/ISI/IIIeCKI/IX, AIrpOXUMHYCCKUX, OMOXMMHMYECKUX U APYrux CBOMCTB IOYBBI.



buonornveckuii 3Tan BBIMOIHSAETCA MOCIE 3aBEPIICHUS] TEXHUYECKOrO 3Tamna
W 3aKJII0YaeTCs B TIOJATOTOBKE IIOYBBI, BHECEHUHM YIOOpCHMIA, MOA0OpE TpaB u
TpaBOCMECEH, MOCEBE, YXO/I€ 32 TOCEBAMHU.

buonornuecknii 3Tam HampawiI€H HAa 3aKPEIUICHUE IMOBEPXHOCTHOIO CIOS
MOYBbl KOPHEBOM CHCTEMOH pACTEHHMM, CO3/laHHE€ COMKHYTOTO TpaBOCTOS U
MpEeIOoTBpaIleHUE Pa3BUTUS BOJAHOW W BETPOBOM SPO3UM MOYB HA HAPYUIEHHBIX
3eMIISIX.

B memsix KOHKpeTH3aluMud TMPUEMOB PEKYJIbTHBALMA  HAPYIIEHHOCTh
MOYBEHHO-PACTUTEIBLHOIO MMOKPOBA CTPYIIIMPOBAHA B MATh CTEIICHEH:

1-4 - pacTUTEIBHBIN U TOYBEHHBIN MTOKPOBHI YHUYTOXKEHBI ITOJTHOCTHIO;

2-1 - paCTUTEIbHBIM MOKPOB YHMUTOXXEH IMOJTHOCTHIO, a MOYBEHHBIN CIOM
coxpaHneH Ha 50% nomany;

3-s1 - pacTUTENBHOCTh yHHUTOXeHa Ha 50 - 80% muiomanyd, MOYBEHHBIN
MIOKPOB COXPAHEH;

4-5 - pacTUTEIBLHOCTh yHHUTOXXeHa Ha 20 - 50% momaau, MOYBEHHBIN
MIOKPOB COXPAHEH;

O5-s - pacTUTENbHBIA TOKPOB YHUYTOXEH Ha IMomanu wmeHee 20%,
MOYBEHHBIN MOKPOB coxpaHeH [13,14,15].

Ha  pexkynbTUBHpyeMBIX  y4dacTKaXx TpacCc OOBIYHO  MPUCYTCTBYIOT
OJTHOBPEMEHHO 3 - 4 TuIla HApYUIEHHOCTH U 3TO OOCTOSTENHCTBO HEOOXOAMMO
YUUTHIBATH MPHU BEIOOPE CIIOCOOOB BBHIMOIHEHUS TOYBOBOCCTAHOBUTEIBHBIX PaOOT.

Buael TpaB moceBa M MX BO3MOKHOE COUETAHHE JOJKHBI COOTBETCTBOBATh
PEKOMEHJyeMbIM 30HAJIBHOW CHCTEMOM 3emienenus cyO0bekToB Poccuiickoit
®enepanuu. TpaBel MECTHOTO MPOUCXOXKIICHHS 00Jiee MPUCTIOCOOIEHBI K MECTHBIM
MOYBEHHO-KJIUMAaTUYECKUM  YCIIOBUSIM,  IMOATOMY  Oojiee  YCTOWYUBBI K
HeOaronpusiTHeIM Bo3nencTeusm. [11,12,13]

BriceBaeMble TpaBbl JOJDKHBI 00J1aJIaTh CIOCOOHOCTBIO OBICTPO CO3/1aBaTh
COMKHYTBIN TPABOCTOM U MPOYHYIO JIEPHUHY, YCTOMYMBYIO K CMBIBY U BBINIACY CKOTA,
OBICTPO OTpacTaTh Mocie ckamubanus. CeMeHa TpaB, MpeaHa3HAYEHHBIC JJIs TOCEBA,

JOJIDKHBI COOTBETCTBOBATH Tpe6OBaHI/I$IM CTanaapTa M 110 IMIOCCBHBIM Ka4€CTBaM OBITH



He Huke Il kmacca.

CemMeHna 6000BBIX TpaB CleyeT IO BO3MOXKHOCTU ckapuduumpoBats. [lepen
MOCEBOM CeMeHa OO00OBBIX JKEJIAaTeIbHO TMOJBEPTrHYTh HHOKYJALMH, 00paboTKe
OaKTepHaIbHBIMU yIOOPEHUSIMU (HUTPAruH).

CrnexaBiiuecss MUHEpaJibHbIE YI00pEeHUs iepe]] BHECEHUEM B MIOYBY
HE00XO0MMO U3MENBYUTD U MIPOCEATh Yepe3 CUTo. B ciydyae npumnoceBHOro BHECEHHUS
yIOOpEHHUI CMENINBAHUE UX C CEMEHAMHM IPOU3BOJUTCS HEMOCPEICTBEHHO NIEPET
noceBoM. CynbdaT aMMOHHMSI, aMMHAYHYIO CETTUTPY HENb3s CMEIINBATh, PACCEUBATH
¥ 337IeNIbIBaTh B IOYBY OJTHOBPEMEHHO C u3BecThio. Cynepdocdar u kanuitHbie
ya00peHusl 11e1eCO00pa3HO BHOCUTh BMECTE C U3BECTHIO .

[lepen mpoBeneHreM OUMOPEKYIHTUBAIIMKM HAPYIICHHBIX 3€MeEb Ha KUCIBIX
MOYBax MPEIBAPUTEILHO MPOBOJAT MEIUOPATUBHBIE MEPOIPUSATHUSI, B TOM YHCIIEC
M3BECTKOBAaHWE TOYB. J[03bI M3BECTM YCTAHABIMBAIOTCA MO CIPABOYHBIM H
HOPMATUBHBIM  JIOKYMEHTaM, JCHCTBYIOIIMM B  KOHKPETHOM  IOYBEHHO-
KJIIMMAaTUYECKOM 30HE. B 3aBUCUMOCTH OT /03Bl M3BECTH OIPEACIAIOT CIOCO0 ee
3asienkd B mouBy. [Ipy BHECEHHM U3BECTH HEOOXOJMMO PABHOMEPHO pacCIpeaesiuTh
€€ 10 MOJI0, JIyYIlle IEPEMEIIATh CO BCEM MAaXOTHBIM CIOEM MOYBBI. DTO MOXKET ObITh
JOCTUTHYTO MpH 33JEJKE U3BECTU MOJ KyJbTHBaUMIO. /{15 HM3BECTKOBAHUS IOYB
PEKOMEHIyeTCSI IPUMEHSITh MOJIOTHI U3BECTHSK (M3BECTKOBAas MYKa), N3BECTKOBBIM
Ty} (KIIr0oUeBas U3BECTh), TOPDHOTYD.

Ha cunbHO 3arps3HeHHBIX HE(PTHIO Y4YacTKax HJisi YCKOpEHHs Ipoliecca
ouonerpaganuu HeTHU MOTYT BHOCHUTBHCS OHMOJIOTMYECKHE IMperaparhl, UMEIOIINE
paspelieHre TOCyIapCTBEHHBIX CIYyXO K mNpuMeHeHuto. Ha TexHuueckoMm 3tare
MIPOUCXOUT BHIBETPUBAHWE HEPTH, UCIAPEHUE U YACTHYHOE Pa3pPYIICHHE JIETKUX
dbpakiuii, (oTookucieHne HEPTIHbBIX KOMIIOHEHTOB Ha TOBEPXHOCTH TIOYBHI,
BOCCTAaHOBJICHHE MHUKPOOHMOJIOTHYECKUX COOOIIECTB, Pa3BUTHE HEPTCOKUCISIFOITUX
MHUKPOOPTaHU3MOB, YACTUYHOE BOCCTAHOBJICHUE COOOIIECTBA TTOUBEHHBIX JKHBOTHBIX.
YacTe KOMIIOHEHTOB TpEBpallaeTcs B TBEPJbIC MPOAYKTHI, YTO YJy4YIIaeT BOJIHO-
BO3JIYIIHBIA PEKUM TOYBBI. Adpaiusi M yBIAKHEHHE MOYBBI B 3HAYUTEIHHOU MeEpe

CIOCOOCTBYIOT MHTEHCU(PUKALIMK 3TUX MPOLIECCOB, CHKEHHUIO KOHLEHTpauu HedTu



u OoJee paBHOMEpHOMY ee pacceuBanmio [11,12,13].

buonoruueckuii 3tanm BKIIOYAaET 2 CTaAMM - TPOOHBIM TOCEB TpaB M
(bUTOMENHOPATUBHBIII C BHECEHHUEM MHUHEPAIbHBIX YAOOPEHUH U IOCEBOM
YCTOWYMBBIX K 3arpsI3HEHUIO MHOTOJIETHUX TPAaB.

PaboThl 0 peKyIbTUBALIMU 3€MENb JTOJKHBI MPOBOJAUTHCS B COOTBETCTBUU C
TpeboBanusiMu  "llpaBuil KanmuTaldbHOTO PEMOHTA TMOA3EMHBIX TPYOOIPOBOJIOB"
[14,15,16], P/T 39-110-91 "NHCcTpyKIHs 1O JIMKBUIAWN aBapyii ¥ TIOBPEXKICHUN Ha
MarucTpalbHbix  HedTenpoBomax"  [17,18], "IIpaBun  Oe3omacHOCTH  IIpH
IKCIUTyaTaluil  MarucTpanbHeix  HedrenpoBomo" [19], "llpaBun mokapHOi
0€30MacHOCTH MIPH IKCIUTyaTaIllil MarHCTPATbHBIX HedTenpoaykTonporoaos” [20].

Bo Bpems npoBeneHust paboT He0OXOUMO BBIMIOJIHATH TUIIOBBIE MHCTPYKIIUU
1o 0e30MacHOM AKCIUTyaTallMi IPUMEHSEMOT0 000pYA0BaHMs, TEXHUYECKUX CPEJICTB
U MaTepUaJoB.

3arpsi3HEHHBIN HE(PTHIO YUaCTOK 3€MJIM OKOHTYpHUBAaeTCs UH(POPMALIMOHHBIMU
3HAKaMHU, 3allpeliatouMMH BbIIaC CKOTa, pa3BEICHUE KOCTPOB U T.II.

K pabore Ha MammHax M arperarax JJONYCKAalOTCS JIMILA, IPOLIEILINE
MHCTPYKTaX IO TEXHUKE O€30MacHOCTH, CAHUTAPHBIM MpaBHJIaM OOpAaIIeHUs C
yIOOpEHUsIMU U IPYTUMH MaTepHalaMu.

PaGora ¢ MuHepanbHBIMH yHOOpEHUSIMH JOJDKHA MPOBOAUTHCS B
CHEOJIEKE, pECIUPATOpax U PE3MHOBBIX MepyYaTKaXx.

Kareropuuecku 3anperaercst ynoTpeousaTh B MUILEBBIX U KOPMOBBIX IEJIAX
PACTUTENbHYI0 NPOAYKIHUIO, (OPMHUPYIOUIYIOCS Ha 3arpsi3HEHHOM IMO4YBE, [0
OKOHYAHHUS NEPUOJA PEKYIbTUBALIUU.

CenbCKOXO34MCTBEHHAss  TEXHHMKA  TPaHCHOPTHpPYeTcs B  Hepabouem
MOJIOKEHUH; TOCJIE 3aBepUIeHUs] PabOT OYMILNAETCS OT TIpsA3U, OCTATKOB CEMSH,
yoOpeHusi, MPOMBIBAETCS BOJAON M XPAHUTCS MO/ HABECOM.

MunepanbHble YIJOOpEHHsI XpaHATCS B CKIaJaX XUMHUYECKHMX PEaKTUBOB U
peareHToB OTAENIbHO MO BUAAM COIJIACHO MIpaBUjIaM XpaHEHHUS.

CeMeHa BBICEBAEMBIX KYJIBTYpP XPaHSITCS OTACIBHO OT yI0OpEHUH, peakTHBOB

U A10XUMUKATOB [21].



MHorue peruonsl Poccum yke NaBHO CTOJIKHYJIHUCh C HEOOXOJUMOCTBIO
pellieHus OJHOM M3 CaMbIX HACYIIHBIX NPOOJIeM, CBSI3aHHBIX C 3arpsA3HEHHEM
OPUPOJTHON cpenbl HE(PTHIO U COMYTCTBYIOIIMMHU 3arps3HUTEISIMU B PE3yJIbTaTe
HedTenoObun. Pe3ynbTaToM HEraTMBHOTO BO3ACHCTBHS SIBISIETCS HE IPOCTO
Jierpajalys MOYBEHHOTO MOKPOBAa HA y4acTKax pas3iiuBa He(TH, a BO3JCHCTBHUE €€
KOMIIOHEHTOB Ha COIIPENEIbHBIE CPEIbl U, KaK CIEACTBUE, OOHApYKEHHUE MPOAYKTOB
Tpancdopmarmu B 6uochepe [22].

[Ipu 3arps;3HeHUM HE(THIO B MEPBYIO OUYEPENb CYLIECTBEHHO W3MEHSIOTCS
UMEHHO MOP(OJIOTHUECKHE MPU3HAKK TMOYBbl. Takue MOYBBI OTJIMYAKOT IO
HECKOJIbKMM TMpU3HAKaM: OoJblIasi IUIOTHOCTb, LIBET TEMHEE IO CPAaBHEHUIO C
He3arpsA3HEHHBIMU 00pa3liaMy, 10 XapaKTEPHbIM MACIISIHBIM IIJIEHKaM, OTJIMBAIOIIUM
HECKOJBKMMH IIBETAMHU, KOTOpBIE pacHoJiaraloTcsd IO TpaHsM CTPYKTYPHBIX
OTJEJIIBHOCTEN B WIIIOBUAJIBHBIX TOPU30HTAX, a TaKke 0Opa3zoBaHUE CTOJIOUYATON
CTPYKTYpPBbI B HUXKHEN 4acTu npodurs mous [23].

Bcenen 3a uamenenreM MOp(OJOrMYECKUX MPU3HAKOB MOYBBI MPOUCXOAUT U
u3MeHeHue ¢uznyeckux cBoucTB. Crofla MOKHO OTHECTH YBEIMYEHHUE KOJIMYECTBA
BOJOIIPOYHBIX arperaToB, CTPYKTYPHBIX OTIEIbHOCTEN pazMepom Oosbiie 10 MM, a
TaK)K€ arperupoBaHHE MOYBEHHBIX YaCTUL, YTO TMPUBOJUT K POCTY IJIBIOMCTHIX
YacTUL] M CHW)XXEHUI0 arpOHOMHYECKH LEHHBIX CTPYKTYPHBIX OTIEIBHOCTEM.
VYxyamenue (pu3nuecKMX CBOWCTB MOYB O3HAYAET BBITECHEHHE BO3AyXa HE(ThIO,
HapylIEHUE MOCTYIUIEHUS BOJbI, NUTATEJNbHBIX BEIIECTB, a 3TO, B CBOI OYEPENb,
BEJIET K HEM30€KHOMY 3aMEIJICHUIO TEMIIOB Pa3BUTHS PACTEHHM M MX 3JIMMHUHALAA
[24].

W3MeHeHus: B TYMYCHOM COCTOSIHUM MOYB JOJDKHBI YUHUTBHIBATHCA B CIydYae,
KOI'/Ia HEOOXOAMMO IMPOAHAIM3UPOBATH U OLIEHUTh PE3YyJbTaT KOHTAMUHALMU TOYB
HepTrio U HII. B sTomM ciyyae MOXHO OTMETUTHh yYMEHBIIEHHUE OTHOCHUTEIHHOIO
COJEp>KaHUS TYMUHOBBIX KHCJIOT W (yJIbBOKHCIOT, YBEJIMYUMHHUE COJCPKAHUS
HeruapoauzyemMoro ocrarka [25]. I1oCKoJIbKY OCHOBHBIM 3J€EMEHTOM, BXOJSIIUM B

COCTaB HGCI)TI/I, SABJACTCA YIJICPOZd, MACCOBOC COJACPIKAHHUC KOTOPOI'O KoJIeOJIeTCS B



npenenax 83—87 %, TO comep)kaHNe OPTaHMYECKOTO BEIECTBA B pacyeTe Ha OOmui
yIIAEpOJa U TYMYC BO3pPACTaeT 3a CUeT yriepoja HeTu.

OOHOBpPEMEHHO C  POCTOM  COJAEp>KaHUA TMPUBHECEHHOTO  yriepoja
IPOUCXOANUT yBenuueHue oTHomeHusa C:N, mpu KOTOpoM oyl OOIIero as3ora
He3HauuTenbHa. B Hedre3arpssHeHHoi nouse noi00Hoe cooTHouieHrne C:N 3aBUCHUT
B IEPBYIO OYepe/lb OT THUIMA MOYBBI U 00BbEMa MPUBHECEHHOTO YTIEPOJa U MOXKET
BappupoBaThcsi B mpenenax oT 50 mo 420. Hrorom mnomo6GHOro amcOananca
CTAHOBUTCS YXYJIIIIEHWE a30THOTO peXUMa MOYB U HAPYUICHUIO KOPHEBOTO MUTAHUS
pacteHuil [26]. BmecTe ¢ 3TMMH npolieccaMu yXYAIIEHUE a30THOTO pPEXUMa BEAET K
CHIYKEHUIO KOJMYECTBA MOJBIKHBIX (hopM Kayus U ¢pocdopa.

He crour BocnpuHUMAaTh BIIMSHHE HEPTH HA COBOKYIHOCTb IOYBEHHBIX
MUKPOOPTaHU3MOB HCKIIOYUTENIFHO KaK HEraTWBHOE, TOCKOIBbKY MPOUCXOJSAT
OJTHOBPEMEHHO MPOLECCH U CTUMYJISIIMM U UHTHOUpoBaHus. B TakoMm ciyuyae ogHu
BUJIbl MUKPOOPTaHU3MOB YJIBaWBAIOT MOKA3aTEIN pOCTa, a JIPYIHe€ BHJbI CHUKAIOT
aKTUBHOCTh WM BOBce mnorudamT [27]. HekoTophie KOMIUIEKCH TMOYBEHHBIX
MHUKPOOPTraHU3MOB I10CJIE€ BO3AECUCTBUS HEPTHIO MOKA3AJIN YBEIMUEHUE YUCIEHHOCTH
¥ aKTUBHOCTH Cpasy MOcie KPaTKOBPEMEHHOro MHruOupoBaHus. [IpuMepoM Takoro
npouecca MOTYT BBICTYNaTh YIJI€BOJOPOAOKHUCISAIONIME MUKpoopranusmbsl (YOM),
KOJIMYECTBO KOTOPBIX PE3KO BO3pACTA€T OTHOCUTEJIBHO HE3arps3HEHHBIX I10YB.
PasBuBaroTcsl «crenuaIn3upoBaHHbIe» TPYMIbI, YYaCTBYIOIINE HA Pa3HBIX dTamax B
yTHIIM3aIuu yrieroaoponoB (YB) nedru [28].

OmnpeneneHHble 3IeMEHTHl HEDTH CTUMYJIHPYIOT POCT aKTHHOMHUIIETOB U
cyibhaTpeyIUpPYyIOIUX MOYBEHHBIX OakTepuil. K Hambonee 4yBCTBUTEIBHBIMU K
NEUCTBUIO HEPTH Cpead MHUKPOOPraHM3MOB IMKJIa a30Ta MOXKHO OTHECTU
HUTpUpUUUpYOIIHE OakTepuu. B TO ke Bpemsi MPOMCXOAUT M OOpaTHBIN mpolecc,
Opu KOTOPOM BO3MOXKHO YBEJIMUYEHHE YHUCIIA M aKTUBH3ALUs MHUKPOOPIaHU3MOB,
MPUHUMAIONINX y4acTHe B a30TPUKCANHA, aMMOHU(DHUKAIMKA U JEHUTPU(PUKAIIHH.
CrnemyeT OTMETHTH, YTO TPHU J03aX KOHTaMHHANuU cBbime 1 % OT Beca MOYBHI
IPOUCXOAUT YTHETEHHE IIeJITIOI030JIUTUYECKUX MUKpPOOpraHusmMoB. M 3to muib

IIPUMEPBI BCEX TEX CBEACHUM, KOTOPHIE PACCMATPUBAIOTCS B CHELUAIU3UPOBAHHOU



JauTepaType Mo JaHHOW mpobOiieMe. B3anMocBs3b MEXITy 3arps3HeHHEeM He(ThIO U
U3MEHEHUSMH B COCTaB€ I[IOYBEHHOM camoTpo(HON MHKPOOHOTHI IOKa3aHa
HEO/IHO3HAYHO U MPOTUBOPEUMBO B PA3IUYHBIX UCTOUHUKAX.

3arpsi3HeHHE HE(PTHIO HETATUBHO BO3JEHCTBYET HA COBOKYITHOCTb ITOYBEHHBIX
aKTUHOMUIIETOB, CHUAsl UX YMCIIEHHOCTh U 00€/IHsIsI BUI0BOM cocTaB. bosee Toro, B
TaKOW MOYBE YHCIIO (PUTOTOKCUYHBIX U (DUTOMATOTEHHBIX BUJIOB MUKPOCKOITMYECKUX
rpubOB 3HAYUTEIFHO BO3pacTaeT. A 3TO, B CBOIO OYepelb, YCUIMBACT ACTPalalluio
rnousn [29].

[ToxazaHo, yTo 3arpsi3HEHHE HE(PTHIO MPUBOAUT K CYLIECTBEHHOMY (Ha JaBa
NOPSIJIKa) CHIDKEHHIO YMCJIEHHOCTU TeTepOTPOPHON YacTh MHUKPOOHOTO KOMILIEKCA,
OTMEUYEHHOI'O0 Ha HauyaJbHBIX JTamax Bo3aelcTBud Hedtu. Yepes Tpu Mecsua
MPOUCXOJIUT BOCCTAHOBJICHUE YUCIEHHOCTH TeTepoTpodoB [30].

CaMbIMH pacHpOCTPAHCHHBIMU 3arps3HSAONIMMU BelleCTBaMM B MHpPOBOM
okeaHe B Hacrtosiuiee BpeMs octatorcsi HepTh M HII. K OCHOBHBIM HCTOYHHMKaM
TaKOro pOJa 3arpsA3HEHUs OTHOCSTCS pEriIaMeHTHbIE padOThl MpPU OOBIYHBIX
TPAHCIIOPTHBIX MEPEeBO3KaxX HEPTH, aBapUU MPU TPAHCHOPTUPOBKE U JOObIYE HEPTH,
a TaKXe MPOMBIILIEHHBIE X OBITOBBIE.

[TocTosiHHBIE O0JIaCTH 3arpsi3HEHUST MOPCKHUX IyTeH Co3/4aioTcs 3a CYeT
aBapUMHBIX CUTYyallUii, CJIMBa 3a OOPT TaHKEpPaMH MPOMBIBOYHBIX U OaJIJIaCTHBIX BOJL,
OJIHAKO HauOOJIbLIEH YrpOo30i OCTaeTcsl MoTeps HePTHU NpU TPAHCHOPTUPOBKE M3
paiioHoB n00b1un [31].

B He3aBUCMMOCTM OT MCTOYHMKA 3arps3HEHUS] M WHTEHCUBHOCTU €rO,
He(TAHbIE Pa3JUMBbl HEU3MEHHO MPHUBOAAT K PE3KOMY YXYALIEHUIO COCTOSHUSA
OKpYXaroLEel Cpepbl, CIEACTBUEM YETO SIBISAETCS WU NAJeHUE KauyeCcTBa MPUPOIHBIX
PECYPCOB FKOCHUCTEMBI MOPCKOW aKBaTOPUH, UJIM YMEHBIIIEHUE UX KOJIMYECTBA, UIH U
TO W JPYyroe OJHOBPEMEHHO. B nensx ompeneneHuss CTENEHW YyBCTBUTEIBHOCTH
pecypcoB K HE(TSHOMY 3arpsi3HEHHI0, HEOOXOJUMO BBIACIATH Pa3Hble UX BHUJbI U
(GyHKUIHMOHATIBPHOE Ha3HAYEHUE, MO3TOMY MPHUHATO TOBOPUTH O CIEAYIOIIMX BHUAAX:

TEPPUTOPHATBHBIA PECYPC aKBATOPHH, BOJHBIE PECYPCHI, OMOJIOTHUUECKHE PECYPCHI,



PEKpEAIIMOHHBIE PECYPChl, MHUHEPAIbHO-CHIPHEBBIE M TOIUIMBHO-YHEPTETHUUECKUE
pecypcsl qHa [32].

[Tox TeppuTOpHAIBHBIM PECYPCOM aKBATOPUU MOHUMAIOT MPOCTPAHCTBO JIJIS
XO3AMCTBEHHOU JEATEIbHOCTA YEJIOBEKAa, KOTOPOE HCHOJBb3YIOT B TPAHCIOPTHBIX
nensx. B ciydae aBapuiiHOrO pasznuBa HeTH HA MOPCKOM aKBATOPUM HapYIIAETCs
(GYyHKIMOHUPOBAaHUE MOPCKHUX MEPEBO30K, MOCKOJBKY B TAKOM Cilydae 3arpsa3HCHHas
4YacTh AKBAaTOPUU HE MOXKET HUCIIOIb30BAThCS B HABUTAIIMOHHBIX IEJSAX, MOKA HE
3aKOHYATCs PaboThI 10 ouncTke [33].

Bonnble pecypchl MOpsi CiIy’KaT HMCTOYHUKOM OHMOJIOTMYECKON MPOIYKIIHH,
HSHEPIrUHM, XUMUYECKUX BEILECTB, SIBJISIIOTCS CPEACTBAMH TMOJAJCPKaHUS Ta30BOTO
COCTOSIHUA aTMOC(Ephl, Y4aCTBYIOT B KPYroBOpOTE TeIjla, BIard, B oOpa3oBaHUU
CUCTEMBI TEUEHUH, a Tak’Ke B (OpMUpPOBAHUU Norojbl U kiuMara [34]. Kpome toro,
MOpPCKasi BOJa SIBISICTCS LEHHBIM XHUMHUYECKHM CBIPHEBBIM PECYPCOM, IMOCKOJIbKY
COJIEP)KUT B PACTBOPEHHOM COCTOSTHUU Oosiee 60 IIEHHBIX XUMHUYECKUX JIEMEHTOB,
TaKuX Kak HaTpui, Oapuii, 0op, Menb, o, ypad u ap. [35].

C noMomnipIo KUCIopoia, bakTepuil, MUKpOOPTaHU3MOB, TUAPOINHAMUYECKUX
MPOIIECCOB BOJa 00J1alaeT CIOCOOHOCTHIO K CAMOOUYMILCHHUIO. ACCUMUMISIIMOHHBIN
MOTEHITMAJ YKOCUCTEMbBI MOPS ATO JIMMUTUPOBAHHASI CIIOCOOHOCTh HEUTPATH30BATh U
00e3BpEeKUBATh B OMPENEICHHBIX TpeAesiax BpEAHbIE BBHIOPOCHI, MOCTyMHAIolUe B
MOPCKYI0 CpeAy B pe3yJibTaTe€ XO35MCTBCHHOM JEATEIbHOCTA uelioBeka [36].
brnaromapss  TypOyJ€eHTHOMY  MEpEMENIMBAHUIO  CHUXKACTCS  KOHIICHTpaIlus
3arps3HUTENST B BOJIE, IIOCJAE YEro HAYMHAETCS MPOLEecC MHUHEpaIu3aluu
OpraHUYeCKUX BEIIECTB C MOMOIIbIO OaKTepuii, rpuOOB U Bogopociei [37].

Mopckas cpena MOXKET BbIAEPKUBATH ONPEICIECHHYIO CTENEHb 3arPsI3HEHUS —
MOTJIONIaTh MX, AaCCUMUJIMpOBaTh 0Oe3 yimiepOa s SKOJIOTMYECKOW CHUCTEMBI.
Y CTOMYMBOCTh MOPCKHUX DKOCHUCTEM TIO OTHOIICHHWIO K BBIOpOCAM 3arps3HSIONINX
BEILIECTB, TOCTYMAIOUIMX B MOPCKYIO Cpely B pe3yJbTare aHTPOIOre€HHOI
NEATCIIbHOCTH, SBJISIETCS IIEHHBIM CBOMCTBOM JTHX cucTeM. CpoKd KU3HU
OOJBIIMHCTBA TOKCHYECKUX COCAMHEHHUI OrpaHuyeHbl. biaromaps mpoucxoasmmm B

ruapocdepe HU3NKO-XUMHUUECKUM U OMOJIOTMYECKUM IMPOIEccCaM OHU pacnafaroTcs



U BKIIOYAIOTCS B €CTECTBEHHBIM B OHMOr€OXMMHMYECKHNW LHUKI. OTH MPOLECCHI
NPENONPEACIAIOT HAIWYME ACCUMUIISILMOHHOTO NOTEHIMala MOPCKOM Cpenbl —
0cO00ro BHJIa >KECTKO JIMMUTHUPOBAHHBIX MpUPOIHBIX pecypcoB [38]. Ilpu
IPEBBIIICHUA ACCUMWISILMOHHBIX OTrPAaHMYEHU MOPCKOM Cpelbl BO3HHKAIOT
HETAaTUBHBIE 3KOJIOTO-KOHOMHYECKHUE IIOCIEACTBUS, HAPYIIAETCd PaBHOBECHUE
DKOCUCTEMBI, yTpauyMBaeTCsl CIOCOOHOCTh K caMOOuMIleHHto. Yem  Belie
ACCUMWISIUMOHHBIA TMOTEHUMA] NOPUPOAHOW Cpelbl, TEM MEHbIIE TPeOyHOTCS
MIPEBEHTUBHBIX IMPUPOJOOXPAHHBIX 3aTpaT HAa IMPEJOTBPALICHUE 3arpA3HEHUI, 4YTO
NpPUAAET ACCUMWIALMOHHOMY IOTEHUMATy KOHKPETHOM aKBaTOPUU PEATBHYIO
HKOHOMHUYECKYIO IEHHOCTb.

Takum oOpa3oM, XHUMHUYECKHE PECYpChl BOJIbl M ACCUMUIISILIMOHHBIN
NOTEHIMAI AKBATOPUM TOJBEPKEHbl HETaTUBHOMY BO3JEHCTBHIO HE(MTIHOIO
3arpsiI3HEHUS] U OTHOCATCS K paspsily 4pe3BbIYailHO UyBCTBUTEIBHBIX K HEPTIHBIM
pasiBam.

K OunonormueckuM pecypcaM MOpsi OTHOCSIT MHUKPOOPTaHU3MBbI, PACTEHUS U
JKUBOTHBIX. OTH JKUBBIE DPECYPCHI JAHHON 3KOCUCTEMBI BBIITOJHSIIOT MHOXECTBO
(GyHKUMA B pPEryJMpOBAaHUU OMOCHEpPBI: CIyKAaT HMCTOYHUKOM MPOJOBOJIBCTBUS U
OpPTaHUYECKOTO CHIPhsI JJII U3TOTOBJIEHUSI MHOTOOOPAa3HOW KOPMOBOM M TEXHUYECKON
IPOLYKLNH, HCXOIHBIM ChIPbEM JUUII MEIULIIMHCKUX MPENApaToB, a TAKKE BBICTYIAIOT
B Ka4eCTBE €CTECTBEHHOro (UibTpa OKpyXkaroueid cpenasl. Boanble Ouopecypcsl
SBJISIFOTCS BOCIIPOM3BO/SIIMMHU KUBBIMH PECypcaMu, OIPaHUYEHHBIMU MO 00bEMY U
3aBUCSIIIUMH OT COCTOSIHUSI OKPYXKArOUIEH MPUPOIHON cpeasl [39].

MupoBoit okean exerogHo mnpousBoauT ot 400 mo 600 wmupa. T
OpPraHUYECKOro BELIECTBA, B COCTAB KOTOPOI'O BXOAST MPEICTABUTENIN BCEX 3BEHBEB
MUIIEBOM 1EeMM — 300IUIaHKTOHA, PbIO, Miiekonurtaronmx [40]. Bce wmopckue
KUBOTHBIE MPSIMO HJIM KOCBEHHO 3aBUCST OT (PUTOILJIAHKTOHA, JIS)KAILIETO B OCHOBE
NUIIEBOM IenHd, a (PUTOIUIAHKTOH CYIIECTBYET JHIIb B (OTHUECKOM  CIIOE.
3arpsizHenue HeThio 1 HIT Mopckoil cpeapl MpUBOAMT K pa3pbiBy MUIIEBBIX IIEMEH,
K pa3pylleHHH MPUPOAHOrO OajlaHCa, B UTOTE YTO MPOMBICET OHOPECYpCOB MMEET

BO3MOXKHOCTh CYILIECTBOBATh HapylleH. Pa3bsicHseTcss HaBepHOE TeM, OyATO



He(TsAHAS TIUIEHOYKA MEIIaeT BTOPXKEHHIO B MOpE CBETa, KOM HYyXeH s
KU3ZHEJCSITEIbHOCTY MHKPOOPTraHU3MOB, B HWTOT€ YTO MPOHCTEKaeT yOaBleHHUE
HAa4aJIbHOT'O MMILEBOTO 3BEHA B OKEAHE U IIOHWKEHNE NHTECHCUBHOCTH KHCIOPOJHOTO
obOecnieuenuss armocgepsl. CMmepTb MOPCKUX OpPraHU3MOB YCHIIMBAE€T MAaccy
pasnararoleicss MaTepuu, Ha OyITO HAIIPSKEHHO UCIIONB3YETCSsl COJIEpIKaLiiCs B
BOJE BO31yX, OyaTro emie Oosee 000CTpsieT AEPUUUTHOCTH KHUCIOPOAHOIO
paBHOBecHs. A JeUITUT KUCIOPOa, B CBOIO OUEpe/ib, U HEXBATKa MUIIK OTPaKaeTcs
Ha YKU3HEJEATENIbHOCTU BceX Mopckux opranusmoB [41]. Hegrts u HII oka3zpiBator
MEXaHUYECKOE BO3JEHCTBHUE HA JKUBBIE OPraHU3Mbl MOpS — MPEMATCTBYIOT JOCTYILY
KHCIIOpoJa U3 aTtMoc(epsl U, OOBONAKMBAs KaOpbl PbIO, HAPYIIAIOT HOPMAJbHOE
nbixanue [42].

Ha mnocinenHneM MecTte 1O CTENEHW YYBCTBUTEIBHOCTH K HEPTIHOMY
3arpsI3HEHHUIO PACIIONIAral0TCsl MUHEPAIBHO-CHIPHEBBIE U TOIUIMBHO-3HEPTOPECYPCHI
HU3a, KOTOpPbIE BUJATCS OCHOBHBIM 00pa3oM B OOJIMKE JIOKAJIM30BAaHHBIX 3aJIekKel U
TEKCTYp Ha IUIOCKOCTM HHM3a M BKIIOYAIOT: — BOJSHHCTBIE, TIa3000pa3Hble H
pacTBOpUMBIE HYKHbIE HCKomaemble (He(Th, ra3, cepa, CyTh, IOTall) KOTOPHIE
paspenieHo J0CTaBaThb C TMOJIEPKKOI OypeHHs CKBaXXWH; — TBEpJbIE PYJHBIE
OTJIOKEHUS Tepes] MOBEPXHOCThIO HU3a (HEMOABMKHBIN YIroib, CyTh, C€pa, CTaJIbHas
pyla M pa3psAl OCTaJbHBIX METAJUIOB), KOTOPBIE Pa3pelIeHO MOJydYaTh HIaXTHO-
PYIHUYHOM 10OBIUECH U T.1. [43].

MunepanpHble pecypchl OTJIMYAKOTCS COOOpa3HO MECTY HaxOXKICHHUS
KOHTUHEHTAJbHOTO WIeNb(a W OTHOCATCS K TPYNIbl E€CTECTBEHHBIX PECYpPCOB,
HE3aBUCUMBIX OT YHUCTOTBl aKBa Cpebl, IOTOMY HHKaK HE CUHUTAIOTCA
BOCIPUHUMYHMBBIMU K 3aCOPEHHUIO HEPTHIO.

TakoBbIM 00pa3oM, MapaHue HE(PTHIO BO3ACHCTBYET Ha ILENbld aHCaMOJb
MOP(OJIOTUYECKHNX, TEIECHBIX, (U3NKO-XUM © OHO TapamMeTpoB  3eMIIH,
XapaKTepU3yIOIIUX €€ IUIOJOPOAHbIE U OKOJIOTMYECKHe (PYHKIHMH, U TPOCHUT
PEKyJIbTUBALMOHHBIX cOObITHI. Eme Mopckas cpeia cuMTaeTcsi OYEHb YS3BUMOM C
TOUYKH 3peHHs] HePTIHOTO 3acopeHusi. BocnpuuMuuBbiMH K HE(PTIHOMY 3aCOPEHUIO

CUMTAIOTCSl TIOCIEAYIONIME BHUABl PECYPCOB: OHO, ACCUMHWJIATOPCKUNA MOTEHIHAI



aKBaTOPUM U XMM pecypchbl BoAbl. [IpuBeneHHbIE BUIBI PECYPCOB HECYT HEXOPOILHE
KOHQUTYypallMi B CiIy4ae aBapHIHOTO 3aCOpeHUsi HEPThIO aKBATOPUU MOpPS JIMOO
npUOPEKHON 30HBI, KOTOPBIE COUMHSAIOT 0a3y €CTECTBEHHOrO BpeElla, HAHECEHHOI'O

HaxXOJSIIEICs BOKPYT €CTECTBEHHOM cpeie [44].

1.2 CoBpemMeHHBIE METOAbI OYUCTKHU HepTe3arpA3HEHHOM MOYBbI

CymiecTByroniye MeXaHUYeCKHue, TepMUYECKhe ¢  (DU3UKO-XUMHUYECKUE
METO/Ibl OYHUCTKH TMOYB OT HE(QTAHBIX 3arpsA3HEHUN JOPOTOCTOSIIH U 3(PPEKTUBHBI
TOJIBKO MPH OIPEIEIEHHOM YPOBHE 3arpsi3HEHHUS], YACTO CBA3AHBI C JOMOJHUTEIBHBIM
BHECCHUEM 3arpsiI3HCHUS U HE 00ECIIEYMBAIOT MOJIHOTHI OUUCTKU [45].

[IIupokoe HCHOIB30BAHUE MONYYWIH (PU3NYECKHE METO/bl, OCHOBAHHBIE Ha
WCIIOJIb30BAHUU JJIEKTPUYECKOTO TOKA. OTO TEXHOJOTHH 3JIEKTPOXHUMHYECKOU U
ANEKTPOKMHETUYECKON OYMCTKU 3arpsi3HEHHBIX MOYB.

TexHOI0ruM, OCHOBAHHBIE HA AIEKTPOXUMHUYECKUX METONAX HCIOJIB3YIOTCS
JUIS.  OYUCTKM TOYBBl OT XJIOPUPOBAHHBIX  YIJIEBOAOPOJOB, (HEHOJIOB U
He(TEenpoayKTOB W o0e33apakuBaHus TpyHTa H mouBbl. [lpum mnpomyckaHuu
IIEKTPUYECKOT0 TOKAa 4Yepe3 TPYHTHI MPOUCXOIUT 3JIEKTPOJIA3 BOJBI B IOPOBOM
IPOCTPAHCTBE, AJNEKTPO(IIOTALUSA, AIEKTPOKOATYJSALMS M DIEKTPOXHUMHYECKOE
okucienue. ODPPeKTUBHOCTh oOkucienus ¢enona - 70-92%. DddexTuBHOCTDH
obOe33apaxkuBanus - 95-99%.  Pacxonm  9JEKTpOHEPTrMM W CTOMMOCTH
OYKMCTKH COCTABJISIFOT COOTBETCTBEHHO 32-160 kBT u/ky0.M mouBsl 1 86-260 $/ky0.M
nouBsl [45].

OuncTKa MOYB METOJIOM MPOMBIBKM OCYIIECTBIISIETCS C HCHOJIb30BAaHUEM
pa3IMYHBIX PAcTBOPOB. 3arps3HEHHbIE HEPTHIO MOYBHI MPOMBIBAIOT PACTBOpPAMU
[TAB, B xauectBe KOTOpbIX NpuMeHsIOT OII-10 UM OKCUATUIMPOBAHHbBIE KUPHBIC
kucsioTsl (OXKK). IIpu ucnonszoBanuu 0,02% pactopa OII-10 cooTHOIIEHHE TPYHT:
pacTBOp paBHO 1:16, crenens ouuctku - 99.2%. [Ipu ouncTke 1epHOBOKAPOOHATHBIX

nouB oT HedrenpoaykroB pactBopoM OII-10 xonmentpammenr 0.02% npwu



COOTHOIIIEHUH TPyHT: pactBop 1:30 crenens u3zBneueHus cocrasisieT 93.5%. Ilocne
OUHUCTKM TPYHT WJIA TMOYBA BO3BPAIIAIOTCA U MCHOJIB3YIOTCS MJI1 PEKYJbTHUBALUU
3emenb. [IpobGiiemoit sBisieTcst O0MbIIOE KOJWYECTBO TMOJYYEHHOW B IMpoliecce
OYUCTKU BOBI, 3arpsizHeHHOW HedTenpoayktamu u CIIAB, koTopyro MOXHO
OYMCTUTh HA CTAIIMOHAPHBIX OUMCTHBIX COOPYKEHUSX [46].

J1J1st IPOMBIBKM MCTIOIB3YIOTCS TAKXKE PACTBOPHI, C BBICOKUM OKHCITUTEIbHBIM
MOTEHIUAJIOM (aKTUBHBIM KHUCIOPOJ, IIEJI0YHAs CpeAa, AaKTUBHBIM XJOp) C
MOCJIEYIONIMM COOpOM, OYMCTKOM JPEHAXHBIX CTOKOB B 3JIEKTPOXMMUYECKOM
komruiekce. Jljist 00e3BpexxuBaHMsl TPYHTOB TpeOyercs oT 12 mo 48 wmecsies.
HedrenpoaykTel npu 3TOM YaCTUYHO BBITECHSIOTCS U HM3BIICKAIOTCS HA OYUCTHBIX
coopykeHusx [47].

B peanpHoe Bpemsi 0Oojiee MHOTOOOEHIAIONIMM CHOCOOOM [IJiIi YUCTKHU
He(dTe3arps3HEHHBIX OCHOB, KaK B (DMHAHCOBOM, HANpPUMEP U B DKOJOTUYECKOM
MIPOEKTE CUUTAETCS OMOTEXHOJOTUUECKHUM packiiaj, 0a3upyromuics Ha TPUMEHEHUH
BCEBO3MOKHBIX TPYII MHUKPOOOB, OTIWYAIOIIMXCS YBEIMYEHHON BO3MOXKHOCTBIO K
Oowonerpaganu KoMmmnoHeHT Hedter u HedrenpoaykToB [39]. JleecmocoOHOCTH
YTUIM3UPOBATh TPyAHOpA3IaraeMbie IMpenaparbl aHTPONOTEHHOTO MPOUCXOXKICHUS
(kceHOOMOTHKHM) Oana BBHISIBIIGHA Y MHOXKECTBA OpPraHU3MOB. JTO CBOMCTBO
rapaHTUPYETCs] HaJIUYUEM Y MHUKpPOOOB CBOEOOpa3HBIX (PEPMEHTHBIX CHCTEM,
OCYUIECTBJISIIOIIMX KaTaboiM3M JTUX coeauHeHud. [loTomy 4To Menbyaiiiue
OpraHW3Mbl HMMEIOT OTHOCHUTEJIIbHO BO3BBILICHHBIA MMOTEHUHAT Pa3pylICHUS
KCEHOOMOTHUKOB, TMOKa3bIBAIOT JIEECIIOCOOHOCTh K  PE3BOM  METaboJIMYeCcKOi
nepecTpoiike U OOMEHY TeHETHYECKHMM MaTephajioM, UM MpuaacTcs OOJblIyIiee
CMBICII TIPH pa3pabOTKe CTe3ei OnopeMenualuy rpsi3HbIX 00bEKTOB.

ITon TepmuHOM «OHOpeMenualus» MOPUHATO TMOHUMATh MPUMECHEHUE
TEXHOJIOTUIA U YCTPOUCTB, MPETHA3ZHAYCHHBIX JIJIs1 OMOJIOTUYECKON OYUCTKE TIOUB, T.€.
U1 yHOAJdeHus U3 TOYBbl YK€ HaXOJSIIUMXCA B HEW 3arpsisHurtenein [48].

buopemenuarus BKitouaeT B ce0s JBa OCHOBHBIX MOJIX0/1a:



1 OwocTUMyISIIIUST —  aKTUBU3AMS  JCTPAIUpPYIOMEed  CIOCOOHOCTH
a0oOpureHHOW MUKpPOQIOpPhl BHECEHHEM OWOTEHHBIX JJIEMEHTOB, KHCIOPOJa,
pa3IMYHBIX CyOCTpaToOB;

2 OWOAOIONHEHHE — WHTPOAYKIUS TPHPOAHBIX WJIA TCHHOMH)KCHEPHBIX
HITAMMOB-/IECTPYKTOPOB UY>KEPOJIHBIX COCIUHEHUM.

buoctumyssiius insiti (OMOCTUMYJISLIUSI B MECTE 3arpsi3HEHHS ). DTOT MOIAXOT
OCHOBaH Ha CTUMYJIMPOBAHUU POCTA MPUPOJHBIX MUKPOOPTraHU3MOB, OOUTAIOIINX B
3arpsi3HEHHON MOYBE M MOTEHIIMAIBHO CIIOCOOHBIX YTHUIM3UPOBATh 3arps3HUTENb, HO
HE CIOCOOHBIX NelaTh 3TO A(PPEKTUBHO M3-3a HEIOCTAaTKa OCHOBHBIX OMOTEHHBIX
AJIEMEHTOB (coeauHeHul azorta, (ocdopa, Kaius U Jp.) WM HEOIArOMPHUSTHBIX
(bU3UKO-XMMHUYECKHUX yCIIOBUN. B 3TOM citydae B Xojie 1ab0OpaTOpPHBIX HCIBITAHUN C
UCIIOJIb30BaHUEM OOpa3lOB 3arpsA3HEHHOW MOYBBI YCTAHABIMBAIOT, KaKUE HMEHHO
KOMITOHEHThl M B KaKUX KOJMYECTBAX CJEAyeT BHECTH B 3arpsi3HCHHBIH OOBEKT,
YTOOBl CTUMYJIMPOBATH POCT MHKPOOPTAHU3MOB, CIOCOOHBIX YTHJIU3UPOBATH
3arpsi3HUTEND [39].

buoctumysiius invitro. OTiiMure 3TOro MoXo/ia B TOM, 4YTO OMOCTUMYJISIITUS
00pa3LoB €CTeCTBEHHON MUKPO(IOpHI 3arpsA3HEHHON MOYBbI MPOBOAMTCS CHadajaa B
71a00paTOPHBIX U TIPOMBIIIIEHHBIX YCIOBHX (B OMOpeakTopax mwin pepMeHTepax).
[Ipu sTOoM oOecneynBaeTCs NPEUMYIIECTBEHHBIH H W30UpaTeIbHBIA POCT TEX
MUKpPOOPTraHU3MOB, KOTOpbIE€ CHOCOOHBI Haubonee 3PHEKTUBHO YTUIM3UPOBATH
JAHHBIN 3arpsI3HUTEND. « AKTUBU3UPOBAHHYI0» MUKPO(DIOPY BHOCAT B 3arps3HEHHBIH
OOBEKT  OJHOBPEMEHHO C  HEOOXOJUMBIMU  J00aBKaMH,  MOBBIIIAIOIIUMHA
3G (HEKTUBHOCTD YTUIIM3ALMH 3arpsa3HuTens [39].

buopekynpTuBanusg HePTE3arpsi3HEHHBIX IMOYB — O5TO MHOTOCTAANIHBIN
OMOTEXHOJIOTUYECKUI  MpOIeCC, BKIOYAIOMUNA  (PU3HKO-XUMHUYECKHE  METObI
JIETOKCUKAIINH 3arPSI3HUTENIS, MPUMEHEHHE OPTaHUYECKUX U MUHEPAIBHBIX JOOABOK,
HCIIOIb30BaHue OnonpenapaTos [49].

Takum  oOpa3oMm, HMHTPOAYKUMS  MUKPOOPTaHM3MOB  MPUBOJUT K
MOJIOKUTENIbHBIM PE3YJIbTaTaM TOJIBKO MPU CO3JAaHUU COOTBETCTBYIOIIUX YCIOBUMA

JJIIsA Ppa3sBUTHA BHECCHHOM MOITYJIAIHNH, JJIsA q€ro H€O6XO,Z[I/IMO 3HaTh



¢uznonornueckue  OCOOCHHOCTHM  HMHTPOAYLEHTa, a  TakkKe  Y4YUTHIBATh

CKJIaAbIBAOIIUCCA MI/IKpO6HBIe BSaHMOHeﬁCTBHH.

1.3 Ouenka 3¢ peKTUBHOCTH TEXHOJIOTHI OYUCTKH HedTe3arpsa3HEHHbIX

noB

BripaboTka Metomonorun OOprObI C 3arpsi3HEHHEM HaXOJAIIEHCS BOKPYT
cpenbl HeDTHIO M HEPTEMPOIYKTAMHA B BBICIICH CTETICHHW CIIOKHOE Jelo. Peakius
OCHOB Ha 3arpsi3HeHue He(Tbhio, HUX addekrauus K JAaHHBIM 3arpsA3HUTEISAM
BBIICTISIIOTCS. B PA3fMYHBIX IMOYBEHHBIX 30HAX, €II€ B TPAaHUIAX COMPSIKEHHBIX
naHmagdToB.

[IpenenbHO JOMYyCTHMBbIE KOHUEHTpPALMU HEQTSIHBIX 3arpsA3HEHHUI B MOYBaX
3aBUCAT OT Buaa Heprenpoaykros (HII) u coctaBnser mis noussl 0,1 mr/kr. OnHako
[TAK cymmapHOro conepkaHus HE(PTENPOIYKTOB B IOYBE HE CTaHAAPTHU3OBAHO;
ycranoBiensl [1JIK a5 HekoTOphIX BUIOB HedrenpoaykToB: Oenzon — 0,3 Mr/kr,
tonyon — 0,3 mr/kr, keunon — 0,3 mr/kr [50].

Haumenspiiast crenens coiepkaHusi He(pTENpOAYKTOB B OCHOBaX M I'PYHTax,
MOBBIIIIE KOTOPOTO HAUMHAETCS CMEIICHNE B XYIIYIO CTOPOHY CBOMCTBA MPUPOTHON
Cpelbl, paccMaTpUBAaeTCsl KaK BEPXHHUH HEOMACHBI CTENEHb COCPEIOTOUYECHUHU
(BBYK) [51]. BBYK HedTenpoaykToB B OCHOBAaX HAXOJIUTCS B 3aBUCUMOCTH OT
COUYETaHHWSI MHOXXECTBA MOMEHTOB, ITHX KakK THII, COCTaB M KadyecTBa OCHOB M
IPYHTOB, KJIUMaTHYEeCKHE OOCTOSATEIbCTBA, COCTaB HedTenmpoaykToB, o0pa3s
pacTUTEIHHOCTH, 00pa3 3eMJICTIONB30BaHUS W Jp. OTH OOIIENPU3HAHHBIX MEPOK
00si3aHBI OTJIMYAThCSI B 3aBUCHUMOCTH OT TIOTOJHBIX KPHUTEPHUH W  THUIIOB
MOYBOOOPA30OBAHUS.

Bepxnuii HeomacHbiii creneHs cocpegoroueHur HII B ocHoBax BO3MOXKHO
NPUHATH 32 MPUOMM3UTENBHBIM cTeneHb aomyctumont cocpenotouenun (OJIK) B
ocHOBax. [IpuOMM3MUTENBHBIM JOMYCTUMBIM YpoBHeM 3arpsisHeHus 3emun HII

npeaiaracTtcda CunTaTb HIDKHUM I[OSBOJ'ICHHBII\/'I CTCIICHD 3arpsA3HCHM:, IIPU KOTOPOM B



JAHHBIX TMPUPOAHBIX KPUTEPUSIX TPYHT B HalpaBjieHUE 1-ro roga BO30OHOBUT
COOCTBEHHYIO MPOJYKTHUBHOCTb, @ OTPHUIATEIbHBIC PE3YJIbTAThl ISl MOYBEHHOIO
OMOLIEHO3a UMEIOT BCE MIAHCHI OBITh CAMOIIPOU3BOIBHO JTUKBUANPOBAHBI. JTa OLICHKA
OJIK kak oOmiecaHuTapHOTO IOKa3aTesi MMEET BO3MOXKHOCTh OBITh NlaHa IS
BEPXHETO I'yMYCO-aKKyMYJISITHBHOTO TOPU30HTA OCHOB (MpUMEpPHO 10 TiyOunsl 20-
30 cm) [52].

Bnonue oueBnmgno, yto OJIK Hedtn m HII B mouBe HE MOXKET OBITh €IUHBIM
JUTSL BCEX TUIOB MOYB U MPUPOAHBIX 30H. OH 3aBUCHUT OT (haKTOPOB, OMPEAESISIONIUX
BIIMSIHUE BEIIECTBA HA CBOICTBA MOYB U PACTEHUMN, OT MOTEHI[MATIA CAMOOYHUIIECHUS
MOYB, OT JIAaHHOTO BHUJA 3arpsi3HeHus. [aBHble U3 Takux (PaKTOPOB — XUMUUYECKUU
COCTaB  3arpsi3HSIONIETO  BEIIECTBA, CBOWCTBA W  COCTaB MOYB, (PU3HKO-
reorpapuyeckue (rJaBHbIM 00pa3oM, KIMMaTUYECKUE) YCIOBUS JaHHON TEPPUTOPHUH
[53].

[Ipu KOIMYECTBEHHBIX OIICHKAX YPOBHS HEPTSIHBIX 3arps3HEHUN HAuOOJIbIIee
pacrpoCTpaHEeHUE MOJYYWJIM  METOJbl  MH(paKpacHOM  crneKTpodhOTOMETPUH,
yIbTPa(HOIETOBOM JTIOMUHECIICHITNH, TA30BOM U Ta305KUJIKOCTHON XpomMaTorpaduu.

HK-cnektpockonus. Bece oprannyeckue BemiecTBa UMEIOT B HHPPAKpPACHOM
JIMara30He CBOM WHIMBUAYAJIbHbIE CIEKTphl morjiomieHus. llonoxeHnue momuoc
nornomenus B UK-ciekTpax BemecTs xapakTepusyeTcs JUIMHOW BOJHBI 1, HM (MKM)
[54]. Ana UK-ananuza yriaeBoAOpOJOB MCIOJB3YIOT auamna3zoH oT 0,7 go 25 Mkwm,
KOTOPBIM OOBIYHO MOJIpa3aeIsItOT Ha Tpu oOnacTu: ommkHio — 0,7-2,5 MkM, 0061aCcTh
OCHOBHBIX YacTOT — 2,6-6 MKM, JaJILHIOIO — 6-25 MKM.

bmxusss UK-0651acTh )11 aHATUTHYECKUX ONPEETICHUN B TEXHOJIOTMYECKUX
Y DKOJIOTMYECKHUX LENAX B HAlEd CTpaHe B OTJIIMYKME OT MHOTHUX Pa3BUTHIX CTPaH
MPAaKTUYECKU HE OCBanBaETCHl.

Haunbonee mmpoko ucnosb3yercst 001acTh OCHOBHBIX 4acTOT. HopMaTuBHBIE
JOKYMEHTBl 1O aHadu3y CYMMApHOTO 3arps3HEHUs] OKpYXKAIoUEH Cpelibl
Herenpoaykramu ¢ MK-CekTpoCKONMMYECKUM OKOHYAHUEM PErIaMeHTUPYIOT

MPOBEJEHUE U3MEPEHUI B MHTEpBasie MJIMH BOJH 3,3-3,5 MxM. CTaHgapTHas CMECH,



conepxkamas 37,5% wuzookrana, 37,5% mnerana, 25% OeH307a, NMpeaHA3HAYEHA IS
KaTuOpOBKU pUOOPOB B 3TOI obmactu [55].

Hanbusisi MK-o0nacTe uCMONb3yeTcss B OCHOBHOM Ui HMACHTU(PHUKALUU
VCTOYHHKA 3arpsi3HEHHS], a TaKKe JUIsl ONpPEJEICHUs] TUIIOB He(PTEel Mo moka3aTesto
apOMaTHU3UPOBAHHOCTHU U AJI CTPYKTYPHO-TPYNIOBOTO aHanusza [S5].

[IpoGonoaroroka st WMK-nerekTupoBaHusi HE BBI3BIBAET CIIOAKHOCTEH.
Ananu3 TpeOyeT Majoro KOJMYECTBAa BEIIECTBA JIOOOW MOJIEKYJSIPHOM Macchl B
J000M arperaTHOM cocTosHuM. [locne aHanmm3a BEHIECTBO OCTAeTCs HEM3MEHHBIM
[56]. IlpuHUMOHAIBHO HOBBIM IIArOM SIBUJIOCH CO3JaHUE JiabopaTtopHbix HK-
CIIEKTPOMETPOB Ha OCHOBe Pypbe-npeoOpazoBanusi. BOJbIIMHCTBO OTE€YECTBEHHBIX
HE(PTENPOAYKTOB MPOBOAAT U3MEPEHUE KOHLEHTPALUN HEPTSIHBIX 3arps3HEHUN Ha
onHoi jiuHe BoJHbL. Crnemyer Bbigenuth npubop HMKAH-1, B kotopom
IpeyCMOTPEHA BO3MOKHOCTh YCTAaHOBKHU JIFOOOM JUIMHBI BOJIHBI B ana3oxne ot 1,85
no 3,5 MKM ¢ UHAMKalMed ee 3HaueHus Ha wnudpoBoM Tabimo. DTO JAaer
IPUHIIUANIAATBHO HOBYIO BO3MOXXHOCTH MPOBOAMTH AaHAIU3 MHOTOKOMIIOHEHTHBIX
cMecell Ha HECKOJIBKHX JIJIMHAX BOJIH.

CyuiecTByronye JIOMUHECIIEHTHBIE METO/Ibl OLIEHKH HEPTSHOTO 3arps3HEHUS
XapaKTEPU3YIOTCA  BBICOKOM  JKCIIPECCHOCTBIO M YYBCTBHUTEJIBHOCTBIO. OHHU
NO3BOJISIIOT  ONPEAENIATh MHUKPOAJIEMEHTBI, a TaKXe CyYMMapHOE COAEp)KaHHE
3arpsI3HSIONIMX ~OPTaHMYECKUX BEMIECTB W WHAMBUAYAIBHBIX OPTraHUYECKHX
COCIMHEHUM.

[IpubGopsl 175 TOMUHECLEHTHOIO aHajlu3a MOTYT ObITh pa3zielieHbl Ha JBE
rpynnsl: GIyopuMeTpbl U crnekTpodayopuMeTpsl. B diayopumeTpax HCHONb3YHOT
CBETOMUIIBTPHI, @ B CHEKTPOPIIyOpUMETpax — TUPAKIIMOHHBIE PEIIETKH.

B Hameii crpane HauOoOJbIIee pacpoOCTPAHEHUE MOIYYHIT JTIOMHUHECIIEHTHO-
dboTomerpudeckuii ananuzatop «dDmoopar-0,2». B sToM mnpubope HCTOUYHUKOM
BO30YXKICHHS JIIOMUHECICHIIMA CIY>KUT TraszopaspsjaHas jamna (Ayis HU3MEepeHus
HEe(TENPOAYKTOB - KCEHOHOBasi). HecMoTps Ha BBICOKYIO YYBCTBUTEIBHOCTb
JIOMHUHECIICHTHOTO METO/a, MPH HCIOJIb30BaHUK TMPUOOpoB Tuma «dDmroopar-0,2»

JUIs. U3MepeHus: cymMmapHoro cojepxkanus HIT Bo3HukaeT mpoGiema kKainOpoOBKHU



npubopa MO CTaHIAPTHOMY pPacTBOPY, UYTO HEOOXOIUMO [JJsl TOJTYYCHHS
JOCTOBEPHBIX JAaHHbIX. OJHAKO, 10 HACTOSALIEr0 BPEMEHH TAaKOW CTaHIAPTHBIN
pacTBOp i JIIOMUHECIIEHTHBIX METOAOB OTCYTCTBYyeT. CTaHIapTHBIA pacTBOP
U300KTaH — LeTaH - OeH3on, wucnonb3dyeMblii ans  UWK-cnekrpomerpun,
M3TOTaBIMBACTCS HA YETHIPEXXJIOPUCTOM YTIIEpOJie, KOTOPhIN MOTJomaeT B padoyueit
obmactu  ¢uayopuMerpa, IOATOMY KaJUOpPOBKY TMPOBOIAT 110 KaKOMY-JTHOO
m3BectHomy HII, nampumep macimy T-22 [56]. B pesynbrare npu M3MEpEHUSX
«1spxé€npix» HIT (Ma3yT u mpouune) npubop MoKeT JaTh norpemHocts a0 40-50%, a
npu omnpenenennn «iaérkux» HII (OeHsuH u mpouee) pe3ynbTaThl H3MEPEHUU
KOHLIEHTPAlluu MOTYT OBITh 3aHMWEHBI B HECKOJBKO pa3. ClenyeT OTMETUTh, YTO B
EBPOIEUCKUX CTpaHaxX yJabTpadUOJIETOBbIE METO/bl aHaInu3a MPUMEHSIOTCS Majo
[57].

bonee  mHoroobGemaroumMu  JJis  NPOrHo3a  HEPTENPOAYKTOB  C
OJTHOBPEMEHHON uaeHTU(dUKaIMedn u pacmu@pPOBKOM XHM COCTaBa CUYUTAIOTCS
CHOCOOBI Ta30BOM, Ta30KUAKOCTHOW MM € BBICOKOAI()(EKTUBHON KUIAKOCTHOU
xpomarorpaguu. bonee pacnpocTpanéH razoxpomarorpaduyeckuii crnoco0, TeM
oosiee B couetanuu ¢ MK-cnektpoMeTpueid, mO3BOSIONINI MPEAONPECIISITh TUUHBIC
COCTaBJISIFOLIME B KOHCUCTEHIIUU HEPTENPOYKTOB, COOCTBEHHO YTO TOTOBUT JaHHBIN
croco0 aHajan3a HEMPEMEHHBIM MPU YCTAHOBJICHUH MCTOYHUKA 3arpsi3HEHUS] OCHOB,
UACHTU(QUKALIMK  TpEenapaToB  HEPTIHOTO  MPOUCXOXKIEHUS B Ipolecce
ouozaerpananuu, Npu UCCIEAOBAHUN IPOLIECCOB pa3pyllIeHUsI HEPTEHIPOLYKTOB.

OpHako TMpU BBINOJIHEHUM MACCOBBIX aHAJIM30B €ro HCIOJIb30BAHUE
OTPaHUYEHO  HU3KOM  MPOU3BOAMTEIILHOCTBIO U BBICOKOM  CTOMMOCTBIO
aHAJTUTUYECKUX padoT.

B 0a3e Bcex mnpenoXeHHBIX CHOCOOOB JEKUT U3BJICUEHUE HEePTH U
HEe(DTETPOAYKTOB U3 TPOO OPraHMYECKUMHU paACTBOpUTENSIMU. ['pyHT cuurtaercs
JIOBOJIbHO CJIOKHBIM OOBEKTOM aHajiu3a, MOTOMY 4YTO €€ OpraHuyeckas [oJis
JIOCTATOYHO CJIOKHA U MHOT000pa3Ha Mo cocTaBy. B BCSKUI OCHOBE HAXOAMTCS OT
1% o 15% opranndeckux mnpenapaToB B 3aBUCUMOCTH OT Ha Toa00uu 3emin. JlepH

opopmisieT 85-90% OT COBMECTHOTO YHMCJIa OPraHUYECKOro mnpemaparsl 3emin. He



CUMTasi CEro, B OCHOBE HAXOJATCS U HEOOBIYHBIC MpEmapaThl: >KUPBI, YIIEBOJIbI
(memronio3a, TMEKTUHBI, TEHTO3aHbl, MaHHAHBl W T.[.), TPOTEUHBI, OEJKH,
AMUHOKHCIIOTBI, aMH/Ibl, JINTHUHBI, JYOWIbHbIE Mpenaparhbl, TEPIEHbI, CMOJIbI U T.II.
OtuMm 00pa3oM, TpuU BHIOOpPE pPacTBOPUTENS HYKHO TNPUHUMATh BO BHHUMaHUE
TPYAHBI XUM COCTaB, KaK OIPEIEISIEMOro Mpenaparbl — HePTEeNnpoayKTa, HapUMep
U HCCIIeyeMOTo 00beKTa — 3eMin [58].

MHorue aBTOpPBl OTHAIOT MPEAIIOYTEHUE TEKCaHy. XMMHUYECKHME CBOMCTBA
rekcaHa OJaronpuATHbI JJIsl KOJWYECTBEHHOI'O H3BJICUEHUS] HEPTENPOAYKTOB U3
MOYBBI. DTOT PACTBOPUTENH HCIONB3YIOT IJIS pa3pabOTKH YCKOPEHHBIX BapHAHTOB
METO/a OUEHKH CTENEeHU 3arpsA3HeHus noyB HedThro. JlaHHas MeToauka
onpenenenuss Heptu U HII B mouBe ocHOBaHa Ha MX 3KCTPaKLUMU W3 MOYBBI IpHU
KOHJICHCAIlMU KUIISAIIEro rekcana B anmnapare COKCTeK.

Conepxanune He(PTENPOAYKTOB B DKCTPAKTAX OINPEIEIISIIOT
I'PaBUMETPUYECKUM METOJIOM IIOCJE€ OTTOHKH PacTBOPUTEINA. B MOJENBHBIX OIbITaxX
OblJJa M3y4eHAa TMOJHOTA SKCTPAKIMM HEPTH B 3aBUCUMOCTH OT BpPEMEHH
B3aUMOZEHCTBYUS HE(PTU U MOYBBL. YCTAHOBJIEHO, YTO JaX€ B NEPBBIA JEHb MOCIE
no0aBJieHHs reKcaH u3BJiekaer Bcero 60-75% BHecénHoro konuuectsa. Co BpeMEHEM
CTETEHb M3BIICUCHUS UMEET TCHICHIINIO K CHIKEeHHUIO [58].

[To pe3ynbrataM XxpoMaTorpaguuecKoro UCCieI0BaHus aHAIN3a T€KCaHOBOTO
HKCTpaKTa ObLIO MOKA3aHO, YTO TEKCAH HE MU3BJIEKAET T'YMHUHOBBIE KUCIIOTHI U APYTHE
Hecrnenu@uueckre BeliecTBa nouB. B Toxke BpeMst TekcaH pacTBOPSIET BCE TPYIIIBI
YIIEBOAOPOIOB, 32 HMCKIIOYEHUEM ac(allbTeHOB M BBICOKOMOJIEKYJSPHBIX CMOJ,
coJiep>KaHue KOTOPBIX B He(PTenpoayKTax 0ObIYHO He mpeBbimaet 2% [58].

K nomimHHOMY BpEMEHHM COTBOPEHO OOJBIIOE KOJMYECTBO CIOCOOOB U
YCTPOMCTB [JIsl DKOJIOTMYECKOro MporHo3a Hepred u HedTenpoaykToB. Bmpouem
BOIIPOC O pa3paboTke Oosiee MOAXOAAIIMX CIHOCOOOB HMX OINPEACICHUS H
UACHTU(UKAIIMM HEBO3MOXKHO CUUTATh 3aMKHYTHIM, IOTOMY YTO Y BCSKOIO Crocoba
€CTh COOCTBEHHBIE BbIJaroNIMecs KauecTBa M Aedektol. K 4ro ke, caMo moHsTHe

((HG(I)TCHPOI[YKT)) O4YCHb HCYCTKO, TCM Oouee ¢ y‘-IéTOM HCIIOCTOAHCTBA M KOHTPACTa



coctraa HepTell u HedrempoaykToB. HykeH nporHo3 He(TENpoayKTOB C
OJTHOBPEMEHHOU HAeHTU(PHUKALMEH 1 paciii(PpoBKOil €ro XUMUYECKOTO COCTaBa.

buoauarHocTuka AaHTPONOIEHHBIX IEPEMEH OTHOCHUTCA K JKCIPECCHBIM
cnocobaM aHanmu3a M, HE CUYUTas TaKOTO, BBIIEISET BCEOXBATHIBAIOUIYIO OLICHKY
HKOJIOTUYECKOTO COCTOSHUSA 3eMJIM. ECTh 00JbIIIOE KONMMYECTBO OMO XapaKTEPHUCTHUK,
C TMOAJEPKKOM KOMX OLIEHUBAETCS IOJIOKEHHE OCHOB. bojee akTyanbHBIMU
CUMTAIOTCA WHTETPajbHbIC XapaKTEPUCTUKA OWO HHEPTrHUYHOCTH: TOKCHYHOCTb,
«IBIXaHUE», YHUCIECHHOCTh CBOOOJIHBIX AaMHUHOKHCIOT U OenkoB. HampsokeHHOCTH
JBIXaHUSI 3€MJIM CUMTAeTCs camMasi BapuaOeNbHOM BEIMYMHOW M HAXOIUTCS B
3aBUCUMOCTH OT OOJBIIYIIEr0 YKCiia MOMEHTOB (TEMIIEpaTypHOTO pEKMMa, BJard,
COCTOSIHMSI (pUTOLEHO3a M Jip.). [l OLIEHKH 3KOJOTHYEeCKOro BO3JEHCTBUS
3arpsi3HEHU  HY)KHO TIPOBOJUTH COIIOCTABJICHWE JIAaHHBIX, MPUOOPETEHHBIX Ha
pa3IMYHBIX  y4yacTKaX B OYEHb MAaKCUMaJbHO  ONMMWKAMIINX  KPUTEPHUSX.
NH(popMaTUBHBIMM  CUMTAIOTCS W UHBIE  XapaKTEPUCTHKH, K  IPUMEpY,
dbepMeHTaTHBHAS YHEPTUIHOCTD.

[lonananue HedpTH U HEPTENPOAYKTOB B OCHOBY IMPHUBOJIUT K HM3MEHEHHUIO
HSHEPrUYHOCTH BEAYILIMX MOYBEHHBIX (PEPMEHTOB, COOCTBEHHO YTO BO3/ACHCTBYET Ha
3amMeH asora, (ocdopa, yriaepoaa u cepbl [59]. YcroitumBble KOHPUTYpallUM B
HSHEPrUYHOCTH KOE-KAKMX MMOYBEHHBIX (PEPMEHTOB UMEIOT BCE IIaHChI IPUMEHSTHCS B
KAueCTBE MCCIIEIOBATENbCKUX XApAKTEPUCTHK 3arpsi3HEHHS] OCHOB HEQTHIO.
Kom¢poptHa g nanHoi nenu rpymnmna GepMeHTOB, 00bEAUHIEMbIX 110 COBOKYITHBIM
3arjaBUMEM IOYBEHHbIE ypeasbl. JlJisi Hayana, OHM MEHBUIE MOJIBEPKEHbI BIUSHUIO
WHBIX DKOJIOTUYECKMX MOMEHTOB M, BO-2-X, BBICICKHUBACTCA OTYETIIMBAS
MOAHEBOJIBHOCTh UX YHEPTUYHOCTH OT CTENECHH 3arpsi3HeHUs1 OCHOB [60].

Hcnonb3oBanne MUKPOOOB JIJIsl OLEHKH MHTErPaibHOM TOKCUYHOCTH 3EMIIHM U
CO3/1aHHEe Ha MX 0a3e BCEOXBATHIBAIOLICH CHCTEMbl UYBCTBUTEIBHBIX, HAJECKHBIX U
HPKOHOM OMOTECTOB CUMTaeTCsi MHOroooOemiaromei odiaacteio nzydenuil. Iloutu Bce
dbu3nyeckue Trpynnbl MOYBEHHBIX MHUKPOOOB TMOKa3bIBAIOT addekTanus 10

OTHOIIEHUIO K HEPTSIHBIM YTJIEBOIOPOaM.



OO01as KOIUYeCTBO MUKPOOOB, KaK MPaBUIIO, JOBOJIBHO BHSATHO OTOOpa)aert
MUKPOOHOJIOTUYECKYIO SHEPTUYHOCTh 3€MJIM, CKOPOCTh Pa3JIOKEHHS] OPTaHMYECKHUX
npenaparoB M KPyroBopoTa MHUHEPAIbHBIX cocTaBisomux. Ha ocHoBaHuu
MPEIOCTABIEHHOTO TMOKa3aTelsl BO3MOXKHO HE JIMIIb TOJBKO OCYXJaTh O CTENEHU
3arpsiI3HEHHOCTH 3€MJIM  HEPThIO, HO M O €€ BEpPOATHOM BO3MOXHOCTU K
BOCCTAHOBJICHHIO, a €IIe O IpoleccaXx pas3lokeHus HepTH B HATypabHBIX
MIPUPOJHBIX KPUTEPUSX U MIPU PEKYJIbTUBALIUM TPA3HBIX OCHOB [60].

HedtsHoe 3arpsizHeHre UMEET BO3MOKHOCTD €IIIe COJCHCTBOBATH CKOIIJICHHIO
B OCHOBE MHKPOCKONHMYHBIX TpUOOB, BBI3BIBAIOMIMX OOJIE3HU pPACTEHUH U
¢urotokcunsl [61]. Tlocnemnee coObITHE WUrpaeT CYIIECTBEHHYIO pOJib MpHU
pa3paboTKe cCOOBITHIA 10 (PUTOMENHOPAUU HEPTE3arpsI3HEHHBIX TEPPUTOPHUH.

KonkpeTHoe BnusiHHUE HEPTH Ha PACTUTEIbHBIA MOKPOB B TOM, COOCTBEHHO
4YTO 3aMeUIsIeTCd MOABEM pAacTeHUU, HapylalTcs QYHKUMH (OTOCHHTE3a U
JbIXaHUs, OTMEYAIOTCSI BCEBO3MOXKHBIE MOP(OIOTHYECKUE HapYIICHUS, KPEMKO
My4YarOTCsi KOpPHEBas CHUCTEMa, JIMCThs, CTBOJBl W PENPONYKTUBHBIC OpPIaHBI.
OnepaTtuBHyl0 HHQOpMALMIO O (PUTOTOKCHYHOCTH TPSI3HOM 3€MJIM BO3MOXKHO
HOJIyYUTh, MIPUMEHSSI B KAUECTBE TECT-OOBEKTOB CEMEUKU U MPOPOCTKU PACTEHHI.
Jlns ynoOcTBa MOCTAaHOBKHM MCCIIEOBAaHUNA Ha TOKCMYHOCTb CEMEUKH BBIOMPAIOT IO
o0beMaM U CKOPOCTH UX Mpopactanus. Hepeako moias3yloT ceMeuku peauca, Kpecc-
cajata, KyKypy3bl, 3€pHOBbIX. B  KkauecTBe TeCT-pyHKUMH  BBICTYNAIOT
XapaKTEPUCTHUKU BCXOXKECTH CEMSH, JPYKHOCTHU W BpPEMEHHU BO3HUKHOBEHHUS
BCXOJIOB, CKOPOCTU YJUJIMHEHUsI MPOPOCTKOB, KOHEUHBIA M3 KOMX fBIETCS Ooiee
YyBCTBUTEJIbHBIM.

B npuponmHbIX 3KOcHCTEMax IOYBEHHbIE OECIO3BOHOYHBIE IIMPOKO
WCITOJIB3YIOTCS JJI1 MOHUTOPHHIA HA YPOBHE KOMILJIEKCA BUJIOB [62].

KoMmiekT TecT-oO0beKTOB M3 CEeMsIH pPACTeHUH, MHUKpPOOOB, IMOYBEHHBIX
0ECrO3BOHOYHBIX U (PEPMEHTOB BO3MOKHO NPUMEHHUTHh KaK B TMOJHOM pa3Mepe,
HallpuMep M OTYaCTH, B 3aBUCUMOCTH OT MOTHBHPOBAHHOIO IpEAHA3HAYEHUS

M3YyYeHUN U CTeneHu He(TAHOro 3arpsi3HeHus 3emid. B ciaywae ecnu mpoObl ¢



MOYBEHHBIMH HOTOXBOCTKAMH M JHEPIMYHOCTH (DEPMEHTOB BBIACISIOT HETIOXYIO
KOJINYECTBEHHYIO0 XAPAKTEPUCTUKY TOKCHUYHOCTH 3€MJIM IIPU HEBBICOKOM U CpeaHEN
CTEIIEHU €€ 3arpsi3HEHUs, TO MUKPOOMOJIOTMUYECKHUE HCCIEAOBAaHUS OJIarONpUsITHHI

AJIs1 OITUCAHUA COCTOSIHUS CHIIbHO3ATIPA3SHCHHBIX BBICOKOTOKCUYHBIX OCHOB [63]

1.4 D¢ PekTUBHOCTH GHOTOTHIECKOT0 METO/1a OYNCTKH MOYB

B 3apyOekHOI 17§ POCCUICKOMN IIPAKTUKE BOCCTAHOBJICHUE
HedTe3arps3HEHHBIX MOYB TEXHUYECKUE TEXHOJIOTUU PEeKyJIbTUBALIUU
KJIACCU(PHUIIMPOBAHBI IO KATETOPHIM €X Situ U in situ [64].

TexHonorun ex situ HCHONB3yeTCsA sl 0OpaOOTKU 3arpsi3HEHHOW IOYBBI,
MpPEIBAPUTENLHO YJAJICHHOW C TIOBEPXHOCTH BBIIEIEGHHOTO YydyacTKa 3€MJIH.
Wzonsmus n 0o0paboTKa 3arpsi3HEHHBIX MaTepUajioB BHE YYacTKa ITO3BOJISIOT
MPUMEHSATH 0CO00 CIOXKHBIE TNMPUEMbl 00pabOTKH, KOTOpbIE MOTYT OBITH Ooiiee
3G ()EeKTUBHBIMU U OBICTPOACHCTBYIONIMMH, a Takxke Oosee Oe30macHbIMHU ISt
TPYHTOBBIX BOJ, J>KHBOTHOTO W PACTUTEIRHOTO MHpPAa W MECTHBIX JKUTEJCH.
TexHonorus ex situ nmpeaycMaTpuBaeT 00pabOTKy MPUBE3EHHBIX C Yy4acTKa pasiinBa
TPYHTOB Ha CIICNMAILHO OOOPYIOBAaHHBIX IUIOMIAJKaX. BBIBO3Ka 3arpsA3HEHHOTO
IpyHTa TIO3BOJIAT OBICTPO JIMKBUIUPOBATH 3arps3HeHue. [locie cHATHS c1osl TpyHTa
Ha TOP(SHUKAX BHOCSITCS MUHEpaJbHBbIC YAOOpPEHUS, a HA MUHEPAIbHBIX TPyHTaX
BHOCSIT JOIOJHHUTEIIEHO OpraHWYecKue ynoopeHus. ['pyHT, OdMIIEHHBIH OT HedTH,
JUTsl BO3BpATa Ha BOCCTAHOBJICHHBIC YYACTKHU JOJIKEH UMETh OCTATOYHOE COJIEPIKAHHE
Hedptu Hwke ycraHoBiaeHHoro OJIK wedtu. TexHomorumm in situ uUMeEIOT
MPEUMYIIECTBO BCIEACTBUE HEMOCPEACTBEHHOTO TIPUMEHEHUS WX Ha MECTe
3arpsi3HeHus. BpIOOp W TpUMEHEHHWE TEXHOJOTHWH In Situ MOTYT OBITH CIETaHbI
TOJIBKO Ha OCHOBAaHWW TOJYYEHHBIX JaHHBIX O KadecTBe 0OpadaThIBacMOM
MOBEPXHOCTU TOYBBL. Kpome TOoro, MoxkeT moTpeOOBaThCs CIEIHATU3UPOBAHHAS

OUMCTKA 3arps3HEHHOW 30HBL [Ipy HEOIATONMPHUSATHBIX OKPYKAIOIIMX YCIOBUIX



MOTYT TaKX€ BO3HHUKHYTh CIOXHOCTH 110 OTHOUIEHUIO K YCTOMYHMBBIM
3arpsA3HSAIONIMM BelllecTBaM [64].

TexHosnoruu in situ UCTOIB3YIOT OMOJIOTMYECKUE, MEXaHUYECKUE U (HU3UKO-
XuMHUueckue MeToJibl [64]. Hanbomnee nepcrneKTUBHBIMU CUUTAIOTCS OMOIOTUYECKUE
METOJBI.

Jlyymrie  wTOrM  OTMEYAIOTCI  TPU  BCEOXBATHIBAIOIIEM  CIOCOOE
PEKYJIbTUBALMM TPSI3HBIX OCHOB C BHEJIPEHUEM AarpoOTEXHOJOTMH C BHECEHHEM
MUHEpaIbHBIX YAOOPEHHM M BBICEBOM TPaBOK MEIHUOPAHTOB. ITO pa3paboTka
OPUEHTHpPOBaHA HA aKTHBHU3AIUI0 a0OPUTeHHOM HE(PTEOKUCISIONICH MOYBEHHON
MUKpPO(DIIOpPHI ¥ HE HACTATEIBHO MPOCHUT 3HAYUMBIX BELIECTBEHHBIX pacxoaoB. s
GuTO pEeKyJIbTUBALMU He(TE3arps3HEHHBIX TEPPUTOPUI MpUMEHsIOTCA  OoJiee
JIEIIEBbIE CEMEYKM OAHOTOJMYHBIX M JOJTOJETHUX TPABOK, BIAJCIONIMX pPa3BUTOU
KOPHEBOM CHCTEMOM, YBEJIUYEHHOH CTaOMJIBHOCTBIO K HE(PTAHOMY 3arpsi3HEHUIO
3€MJIM, MPUCIOCOOJIEHHBIE K palilOHHBIM YCIOBUSM. bHO pekyiabTHBanus - Nepuon
PEKYJIbTUBALMMA TEPPUTOPUHM, MOAKIIOYAIOIIUNA COOBITHS IO BOCCTAHOBJIEHUIO MX
IUI0OPOAMS, OCYILECTBIISIEMBIN BIOCIEACTBUN TEXHUYECKOW PEKYJIbTUBALMU [65].

[IpunsATo oTnMuYath B OMO pyOexe BOCCTAHOBICHUS TEPPUTOPHM 2
HAIpaBJIEHHOCTU. 1-0€ - 3TO aKTUBU3ALMA pA3NOKEHUs HePTH B OCHOBE
(BOCCTaHOBIIEHHE TOYBHI), 2-0€ - BOCCTAHOBJICHHE PACTUTEIHLHOTO MOKpoBa. Bribop
HAIPaBJICHHOCTH HAXOJUTCA B 3aBUCUMOCTH OT HAuYaJbHOTO COCTOSHUS 3E€MJIU
BIIOCJIEICTBUM TEXHUYECKOM pekynbTHBanuu. Korga mnocneayromiee NpoBEIECHHE
TEXHUYECKON YOOpKM YK€ He BblIeNseT mnonadaromero 3d@exkra U HUMeeT
BO3MOYKHOCTh 3aMEP3HYTh MPEANOCHUIKON JTUKBUANPOBAHMS JIETKOYSI3BUMBIX OCHOB,
32 3TO BpEMsI aKTUBM3AIMsl MUKPOOMOJIOIMYECKOIrO Pa3lioKeHUs HEPTH B OCHOBE
(buopeMenuariusl) OCTaeTCsl €AUHCTBEHHO BEPOSITHON MEpOil 1Jis €€ TOOUUCTKU[66].

[lon TepmuHOM OHOpeMenualysi MPUHATO BOCHPUHUMATH HCIOJIb30BaHHUE
TEXHOJOTHI U MPUOOPOB, CHIEUATU3UPOBAHHBIX AJI1 OMO YUCTKU OCHOB U BOJIOEMOB,
T. €. IS yHaJieHus U3 3e€MJIM U BOJbI Y€ NpeObIBaBIIMX B WX 3arpsa3HUTENCH.
CaMOOuHIlIEHHE U CAMOBOCCTAHOBJICHHE TTOYBEHHBIX SKOCUCTEM, I'PSI3HBIX HE(PTHIO U

HeTenpoyKTamMu, - 3TO CTAIUUHBIA OMOTEOXMMHUYECKUN Mpolecc MOAU(UKAIIUU



3arpsA3HSAIONIMX MPENapaToB, CONPSIKEHHBIM CO CTAUUHBIM XOJIOM BOCCTAHOBJICHHUS
ouorieHo3a. [ paziIMyYHBIX MPUPOAHBIX 30H MPOJOKUTEIBHOCTh OTIAEIBHBIX
CTaJAui NaHHBIX TMPOILECCOB pa3iu4yHa, COOCTBEHHO YTO CBS3aHO B BEAYLIEM C
MOYBEHHO-KJIIMMAaTUYECKUMU KPUTEPUSIMUYCIOBUSIMH. YerpoiicTBo
CaMOBOCCTAHOBJICHHUS SKOCUCTEMBI BITOCJIEICTBUHM HEPTIHOTO 3arpsiI3HEHUS TOBOJIBHO
cinoxeH. C MoaJep>KKOW arpoTEeXHUYECKUX CITOCOOOB BO3MOXKHO YCKOPHUTH MPOIECC
CaMOOYMIIICHUSI He(TE3arpsA3HEHHBIX OCHOB METOJIOM COTBOPEHHUS MOJXOISIINX
KPUTEPU IJIs1 IPOSIBICHUS BEPOATHON SHEPTUYHOCTH MUKPOOOB, BXOISAIIUX B COCTAB
HaTypaJbHOTO MUKpOOHOLIEHO3a [67].

EnuHcTBEHHBIM pealibHBIM B HAcTOsIIIeE BpeMsi CcrocoOoM OOphOBI €
MOCJICJICTBUSIMU  pa3liiBa HEPTH U HEPTEHPOIYKTOB SBISETCS KOMIUIEKC padoT,
BKJIIOYAIOIIMN MEXaHMYEeCKOE WU (DPU3UKO-XMMHUYECKOE YIaJe€HUE Pa3IUThIX
HEe(TEPOIYKTOB ¢ TIOCIEAYIOIMIEH OYHCTKOM OCTalolmeicss B TMo4yBe HedTH
OMOJOTUYECKUMH METOJIaMU TIPH TIOMOIIM OHOJAECTPYKIIMN HE(PTECOKUCISIOMUMU
MHKpOOpraHusmamu [68].

B Taxke Bpemsi, uMeromue Mecto ObITh B peajgbHoe BpeMs B PD BemecTBa
OKa3bIBAIOTCS Majo JICMCTBEHHBIMH B BCEBO3MOXHBIX JKCTPEMaJIbHBIX OYBEHHO-
MOTOJIHBIX KPUTEPUSX BCEBO3MOXKHBIX apeanioB PD, B cBs3U ¢ yeM i JIMKBUALUH
MacIITaOHBIX PE3YJIbTATOB PA3IMBOB HE(DTU B peabHOE BpPEeMsl HYKEH JCSTEIbHBIN
pa3Belka W BBIJCJIICHHE Aa0OPUIE€HHBIX IITAMMOB U pa3pabOTKa CBEKUX BEIIECTB.
Pa3paGoTanbl U JeATEIBLHO BHEAPSIIOTCS OOJIBIIYIEE YHUCICHHOCTh IUIATHBIX
MUKPOOUOJIOTUUECKUX BEIIECTB 3apyOeKHOTO0 M POCCUUCKOTO W3TOTOBJICHUSI, ITHX
kak «Jectpoitimy, «Ilytunonm», «lesopoim» u ap [69].

O¢ddexTBeH ©OMO Ccrnocod UYKUCTKA OCHOB, KOTOPBIM 3aKiiodyaercs B
HaNpaBIeHHON aKTUBU3AIMU TOYBEHHON MUKPOQIOPHI, BHECEHUN MUKPOOHBIX BEIIECTB,
pasjaararommx HG(I)TL, a CIIC (bl/ITOpeMe,[[I/IaI_II/II/I — INOHM)XCHHUHN 3arpsA3HCHUA 3CMIJIU,
OCHOBAHHOTI'O Ha CTUMYJIIIHHU HATYPAJIbHOT'O IIOYBCHHOI'O O6IJ_I€CTBa He(bTeOKI/ICHHIOH_[I/IX
MI/IKp06OB B HUTOI'¢ HUX TCECHOBATOI'O BBaHMOILGﬁCTBHH C TOJICpAHTHBIMHU K He(bTI/I

pactenusamu [70,71].



duTtopeMenualus paspenraeT ACATEIBHO PEKYJIbTUBUPOBATh THUTAHTCKUE
3eMJIA C CPAaBHHUTEIIBHO HEBBICOKOM, MO COTMOCTABIICHUIO C APYTHMH TE€XHOJOTUSIMH,
LEHOM JIe]1 MpU XWJIOM HEXOPOIIEM BO3JEHCTBUM HA HAXOMSIIYIOCS BOKPYT Cpeiy.
BpeMms BoccTaHOBIEHUS TEPPUTOPUIA cokpantaeTcs B 3-4 pasza [72,73].

buonpenapatsl MHULIMHUPYIOT 3ACIIHUA TOYBEHHBIM OHOIIEHO3 W JEeJaroT
NOAXOMASIINE OOCTOATENbCTBA [UJIi Tepexofa HEePTAHBIX YrIEBOAOPOIOB B
TpyAHOOKHUCHsieMoe  moJyokeHue.  OOpa3yloTcsi  OpraHM4ecKhue  COSAMHEHUs
ryMyCOMNOJIOOHOTO0 HpaBa, MO3UTHUBHO JACHCTBYIONIME HA IMOYBEHHOE IUIOJOPOJME.
CoTBOpeH Bech psn OwompenaparoB, Ha 0a3e MEATENBLHO pasjararonmx HePTh
MuUkpoOoB MukpobOoB cemeiictB Rhodococcus, Bacillus, Arthrobacter, Acinetobacter,
Azoto-bacter, Alkaligenes, HMTEBHUIHBIX aKTHHOMHUIIETOB Streptomyces, TrpuOoB
Aspergillus u Penicillium u gp [73].

Paznoxenue HedTH B OCHOBE OOOCHOBAHO HE JIMIIL TOJBKO KOHKPETHBIM
BO3JICUCTBUEM J>KMBBIX MHUKPOOOB, BXOJSAIIMX B COCTaB OHWOIpenapaToB, HO U
BO3MOXXHOCTBIO ~ TIOCJIEIHUX  BO3JICHCTBOBaTh Ha a0OpUTeHHOE MHKPOOHOE
00BbEIMHEHUE 3E€MIIY, MOBBIIIAs €r0 JeeCIOCOOHOCTh YTHIN3UPOBaTh HePTh. K aTuM
BEILECTBAM OTHOCUTCS AJBOUT, UMEIOIIUN HATypaJbHbII €CTECTBEHHBI MUKPOOHBIN
MOJINMEP MOJUOETa-TUIPOKCUMACIISTHYIO KUCIIOTY U3 MOYBEHHBIX MUKPOOOB Bacillus
megaterium u Pseudomonas aureofaciens, KOMIUIEKT Makpo- ¥ MHKPOIJIEMEHTOB,
XBOMHBIN BBITSKKA M MHBIE COCTaBIsroNIMe. OH MHULMUPYET 3ACIIHUNA MOYBEHHBIN
OMOLIEHO3 U JeJlaeT MOAXOJALIME OOCTOSTENbCTBA JUIsl THepexoja He(TAHBIX
YIJIEBOJIOPOOB B TPYIHOOKHCIsieMoe TookeHne. OOpa3yroTcss OpraHHYecKue
COCIMHEHHsI TYMYCOIOJAOOHOTO HpaBa, MO3WTHUBHO JCHCTBYIONIME HA IJIOJOPOIUE
OocHOB. buomnpemapar AnbOUT CrMOCOOEH Ba)XHO CHUXAaTh HE(PTSIHOE 3arpsi3HEHUE
ocHOB. CKOpOCTh pasfioxkeHus HedTH B OCHOBE IOJ BO3JACHCTBHEM AJbOUTA
Bo3pactaeT B cpeaHemM B 1,67-3,15 paza. B nOpou3BOACTBEHHBIX OIbBITAX
OPOAEMOHCTPUPOBAHO, COOCTBEHHO  4TO  AJBOMT BMECTE€ C  BBICEBOM
HE(TETONEPAHTHBIX TPAaBOK 3a pPa3 BEreTAIIMOHHBIA CE30H MOHIKAET HEPTIHOE

3arpsizHeHue 3emun B 1,5-10,0 paza[74,75].



1.5 CoBpeMeHHBIe MeTOAblI PeKYJbTHBANMH MOYB 3arpsi3HEHHbIX

HeQTAHBIMU yrjieBoaopoaaMu. (3apy0esKHbIN ONBIT)

VYTeuka HepTH U HEPTENPOAYKTOB M3 TPYOOIPOBOAOB BCSKHUN pa3 /aBajio
OMAaCHOCTh AKOJOTUYECKOM 3alMIIEHHOCTH MPUPOJHBIX PECYPCOB, CAMOUYYBCTBUIO U
XKU3HU Jrofeil. SICHO, COOCTBEHHO 4YTO Ha COBPEMEHHOM YpPOBHE CTAHOBIICHUS
He(Te00BIBAIOIIEH UHIYCTPUHN HE BUJIETCS BEPOSITHBIM JTUKBUIUPOBATH €€ BIHMSIHHE
Ha HaxXOISIIYIOCS BOKPYT IPUPOJHYIO CpEly, B CBSI3U C JAHHBIM IOSIBIIAETCS
HaJOOHOCTh Pa3pabOTKH CBEXHUX M YIYYIIEHUE UMEIOIIHUX MECTO ObITh TEXHOJOTUN
BOCCTaHOBJICHUS] HE(PTE3arpsI3HEHHBIX M HAPYIIEHHBIX TEPPUTOpUH [76].

Hrxe  npuBoauTCs  ONMCAaHUE  HECKOJIBKMX  HOBBIX  TEXHOJIOTHH,
pa3pabOTaHHBIX B 3apyOECKHBIX J1A0OPATOPHSIX.

B USA nau6oiiee BcepacpoCTpaHECHHBIM CITIOCOOOM YHCTKH TPSI3HBIX OCHOB
U TPYHTOBBIX BOJ cuuTaeTcsi OuoBeHTW IALMA. CyTh €ro 3aKJIIO4aeTcsi TOM,
COOCTBEHHO YTO B I'PS3HYIO 30HY CKBO3b BEPTHUKAJIbHBIC WU KE TOPU30HTAIbHBIC
CKBAKMHBl HArHeTaeTcs BO3AyX B UHCJIE, JOCTaTOYHOM JUIs OOecreueHus
KHCJIOPOJIOM TOYBEHHBIX MHUKPOOOB, pa3iararoliMX OPraHMYECKUE COEAMHEHHS 0
MO2 wu Boabl. Ilom Bo3melcTBUEM CTPyHM BO3AyXa BOJSHHUCTBIE 3arpsA3HEHUS
COBMECTHO C IIOTOKOM BO3JyXa TPAaHCIHOPTHUPYIOTCA CKBO3b OCHOBY. K MOMeEHTY
3aCIyTW UMH IJIOCKOCTH TMTAHTCKAs JTOJISl 3arpA3HEHUMN YCIEBAET Pa3IOKUTHCS MO
BO3JeiicTBEM MUKpOOOB. UTo Hambojee BaKHO MOHMXKAETCS 3arpsi3HEHHOCTb
OTXOAIIMX T'a30B U YMEHBIIAKOTCSA U3IAEP/KKU HA €ro YACTKY [77].

Xumuueckass pazpadotka smnoHckod kommanun «OBASCH» rapantupyer
BBICIIYIO YPOBEHb YHCTKHU OT AJIOBUTBHIX OPraHUYECKUX MPENapaToB 10 25 Ha3BaHUIA.
JInst yucTKM ydyacTka Iiomaneio 15 kB. M moTpedyercs oOpaboTka HEW3MEHHBIM
TokoM HamnpspbkeHueM 50 B ¢ coBOKymHBIM 3aTpaToil snektpuuectBa 5 kBT. [Ins
ynanenus 90% xaamusi, IUAaHUIO0B, CBUHIIA, XpOMa, PTYTH U MBIIIbsIKA TOTpEOyeTCs

3 mecsma [78].



DNIEKTPOKUHETUYECKUE TEXHOJIOTHU HCIIONB3YETCS MJI YHUCTKU TJIWHUCTBHIX W
CYTJIMHUCTBIX ~OCHOB W TPYHTOB TIpH  aOCOJNIOTHOW WJIM K€  HEIMOJHOU
BOJIOHACBHIIIICHHOCTA OT TOMHBIX METAJUIOB, IIMAHUIOB, XJIOPOPTraHUKH, HEPTH W
HedTenpoaykToB. Beaylryro pojb TYT WrparOT MPOIECChl 3JIEKTPOOCMOca U
anekTpodopesa. IInrocomM 3MEeKTPOKUHETUYECKONH TEXHOJOTHU CUYHMTAETCS BBhICOYAMIIAs
YPOBEHb KOHTPOJII W YIPABJICHHWS XOJAOM YHCTKUA. HadaibHble COCpEIOTOYCHHUH
PKOTOKCHKAHTOB MMEIOT BCE IIAHCHI OBITh CHIKEHBI ¢ 10-50 mr/kr mo 1-10 mr/kr,
COOCTBEHHO YTO a0COJIFOTHO YKJIAJILIBAETCS B UMEIOIINE MECTO OBITH OOIIEMPU3HAHHBIX
Mepok [78].

XapakTepUCTUKU DJICKTPOKMHETUYECKOTO TpOoIlecca: YCUIIUE Ha JJIeKTpoaax 4-
200 B, unatencuBHocTh noJist 20-200 B/M, mnotHOocTs TOKa 0.5-5.0 A/KB.M, paccTosiHUE
Mex anekTpogamu 2-10 M, rmyOuHa ux 3anoxenus - 2-5,0 M. DPPEKTUBHOCTD YUCTKH -
80-99%. [octnub BbICOYAMIE YUCTKH O€3 HCIIOJIB30BAHUS XHUMPEAreHTOB WM JKE
cmeceit IIAB Henb3sa. Mcnosib3oBaHHe OCOOBIX XUM areHTOB IOHUKAET H3ACPIKKHU
AJIEKTPUYECTBA U BPEMEHH Ha 4UCTKY. [{eHa unctku rpyHtoB opopmiisieT ot 120 no 170
nomn. USA 3a 1 M3 [79].

OKCTpaKIMs 3€MJIM IapoOM IPH 3aBBIIMICHHBIX TeMIlepaTypax. AHAJIOTUYHO
AKCTPAKIIMU 3€MJIA TTApOM IO TEXHOJIOTHH €X Situ, UCIOIb30BaHUE MPEI0CTABICHHOM
TEXHOJIOTUM  HACTATEIbHO MPOCUT  BCOOMOTATEIBHOTO  HMCTOYHUKA  TeEIula.
BcnomorarenbHplii HarpeB HapaliuBaeT JICTYYeCTh IIpernapaTroB, COOCTBEHHO YTO
cozieicTByeT OoJjblie abCOMIOTHOMY WX yJajeHuio. B kauecTBe MCTOYHUKOB TeIUia
MMEIOT BCE IIAHChl WIPaTh XKAPKAM BO3AYyX WIM K€ 3aKa4MBacMbIM Tap,
AJIEKTPO/PaaNovacTOTHBIA HarpeBarenb. Vet mo cromam Opath Ha ceOsi BO 3a0oTa
BEPOSITHOE B3aMMOJICHCTBUE SINOBUTHIX INPENAPATOB CO cpeaou. B 3aBucumoctn ot
MPUMEHSIEMOTI0 OCHAIICHUS HMEIT BCE IMIAHCHI JOCTUTaThbCS BCEBO3MOXKHBIC
TeMIiepaTypbl HarpeBaHus cyOctparta. IlpemocrtaBieHHass pa3paboTKa UMeEET
BO3MOXXHOCTh OBITh NPUMEHEHA IO OTHOIICHWIO K TECTULMAAM, JIETYYUM
OpPraHMYEeCKUM COEIMHEHUAM WM K€ roprouemy. Bpigarommecs kadectBa: BBunay
TaKoro, COOCTBEHHO, YTO 3arpsA3HSIONINE MpernapaThl MPUCYTCTBYIOT MOl BaKyyMOM,
BO3MOXKHOCTh IONAJAaHUsl KX B HAXOASUIYIOCS BOKpPYr MPHUPOJHYKO Cpeny

noHmwkaercs. Jlepextsr: PazpaboTka nmMeeT BO3MOKHOCTh OKa3aThCs Hed(PPEKTUBHON



BBUJly TPHUCYTCTBUSI Te€TeporeHHoro cyOcrpara. M3nuiiHee yBlaxxHEHHE 3€MIIU
UMEET BO3MOXKHOCTh MEIIATh YAAJEeHUI0 TOKCUKAHTOB. Pa3paboTka TpyauTCs JHILIb
TOJILKO B BaJi03HOM 30HE (30Ha aspanmn)[80].

®oToNn3 MpUMEHSIETCS B MOCIEIHUX CIydasx AN AeGopMaIii IHUPOKOro
psla SIOBUTHIX OPraHWYECKUX IMPENaparoB, COAECPKAIIUXCS B OCHOBE W/WUIM BOJE
MeTOIOM (OTO- KATATUTHUYECKOTO OKUCICHUS WM K€ TEIJIOBOr0 pasiokeHus. B
paccMaTpUBaEMOM MPOLECCE MPUMEHSETCS BaKyyMHas 3KCTpakUus Uil YAAJICHHS
3arpsA3HAIONIMX MPEnapaToB M3 3eMJM. BrocliecTBUM KOHJIEHCAIIUU 3arps3HEHUS
NEPEMEIINBAIOTCA € TMOJYNPOBOAHUKOBBIM CTHUMYJIOM (Hampumep, AHOKCHIAOM
TUTaHa) U MOMEMIAIOTCS B PEAKTOP, OKAa3aBIIMKCA IOJ BO3JECHCTBHEM COJHEYHOIO
ceeta uinu ke Y®D-o0myueHus. CBeT MHHUIMUPYET BOCIHUTAHUE XUMHUYECKU
WHTEHCUBHBIX YaCTHIl - THAPOKCHIBHBIX PAIMKATIOB, KOTOPHIE CYUTAIOTCS CHIIbHBIMU
OKHCIIUTEIIIMU W pPa3jaraloT 3arps3HSIOIME IpEernaparbl HA HAUMEHEE SIIOBUTHIE.
Koe-kakne HaydHO-HCClenOBaTeNbCkue WEHTpl USA mnpuaymanun METOAUKY
npoBeneHusl (GOTOIM3a OPraHUYECKHUX 3arps3HSIOIIMX MPEnapaToB, COJEPKAIIUXCS
KaK B TBEPJBIX, HAIPUMEDP U B BOJASHUCTBIX OTX0JaX. BHeIpeHne npenocTaBiIeHHON
cnocoba paspemaeT yAalATh ATH IpenapaThl, KaK IECTULUIbI, B3pbIBYATHIC
npenaparbl, KpacUTENIH, JIETYYUE OPTraHMYECKUE COCAUHEHHUS, PACTBOPUTENHU, KOe-
KaKue TOMHbIE MeTaiuibl, pypansl, guokcuubl, [1Xb u ap. ¢ Bbicouaiiiei cTeneHbIo
IIPOU3BOAMTENILHOCTU. Bhinaromuecs kadectBa: [Ipennucannas pa3paboTka BCeLEIO
pasnaraeT sJOBUTHIE coequHEHuss B Boje/mouBe. Pazpabotka sddextuBHa 1715
yAAJIEHUsS BCEBO3MOXHBIX KIJIACCOB 3arps3HSIOIIMX MpPEnapaToB A0 HX MAajoro
conepxkanus. Jledektsl: EcTh MamouMciieHHble KpynmHOMacmiTaOHble o00acTu
WCITIOJIb30BAHUS U HEaZleKBaTHAs HH(POPMAIIHS O IIEHbI MPUMEHEHHS TEXHOJIOTHH. bro
U TEJIECHOE 3arps3HEHUE B3BEIICHHBIMU >KECTKUMHM YAaCTUUYKAMU WM K€ OCaTKaMH
orpaHn4uBacT 3PGEKTUBHOCTH MPEJOCTABICHHON TeXHOJIOTHH [79].

Kananckuii cnoco0® peKkyabTUBAllMM TPYHTA, KOTOPBIM HE Kampus3eH K
TeMIiepaType, He TpeOyeT TPaHCHOPTUPOBKM TPyHTa MU MOJMIOHOB OTXOJIOB, HE

Tpe6yeT I/IHBCCTI/IHI/Iﬁ B CICHUAIIBHYHO TCXHHUKY M IIOCTOAHHOI'O TCXHHUYCCKOIO



nepcoHana. Crmoco0 oudeHb THOKUH, TMO3BOJSET MOAU(DULIMPOBATH, HCIOJb3YS
pa3iInyYHbIe MaTepHaIbl, MUKPOOHOIOTUYECKUE TIPEnapaThl, yA00peHuU .

Ha rpyHTOBYIO mNOAYHMIKY IIUPUHOM 3 MeETpa YKIAIbIBAIOTCS 3MEUKOMN
nepoprpoBaHHbIE MJIACTMACCOBBIE TPYOBI, KOTOpBIE BCIEH 3a TEM 3acChIaloTCA
CJIOEM TpaBusl, IIEOHS WIN Ke KepaM3UTa, WIH K€ MaTepuasa Ha MoA00MH «IOPHUT.
Ha naHHyr0 NOpHCTYIO NMOAYIIKY COHABHUYEM YKIIAIBIBAIOTCS YEPEIYOLIUECS CIOU
He(Te3arpsA3HEHHOTO TPYyHTa U ynoOpeHuil. B kadecTBe mocienHero mpuUMEHSeTCs
HaBO3, TOp(, Omui, TpaBa M MHUHEpaJIbHbIE YIOOpEHUs, BO3MOXKHO J100aBIISATH
MUKpPOOHOJIOTUYECKHE BellecTBa. ['psAla CKpbIBaeTCA MOJUITUICHOBOM IJIEHKOHM, B
TpyObl CEpBHUpPYETCS BO3AYX OT KOMIpEccOopa COOTBETCTBEHHOM MOILHOCTH.
KomMripeccop MMeET BO3MOXKHOCTb TPYIAUTHCS WIM K€ Ha TOPIOYEM, WIHA K€ Ha
AIEKTPOIHEPTHUM — B CIIy4a€ €CIM €CThb BKJIKOYEHHE. Bo31yxX pacnbpuisieTcs B
MNOPUCTONW TMOJYIIKE W COJIEHUCTBYET pPE3BOMY OKHUCIEHHMIO. TpyObl BO3MOXKHO
IIPUMEHUTh HEOAHOKpaTHO. [lneHka mpenyTBepKAaeT OXJIAKICHHUE; B CIydae €CIIU
JaBaTh MOJOIPEThIA BO3AYX M JONOJHUTEIBHO YTEIUIUTh TPALY TOPPOM HIIM Ke
«IOPHUTOM», TO METOJ cTaHeT 3¢ dexTrBeH U 3uMoil. HedTh okucisgercs OykBaibHO
BCELIENIO 3a 2 HEAENH, OCTATOK HETOKCHMYEH M Ha HEM BEJIMKOJIENHO BBIPACTAIOT

pacTteHus [80].



2 AHaau3 MeToJa OHOJIOTHYECKOH OYMCTKH Ha HedTe3arpsi3HEHHbIX
Teppuropusix OAO «TomcknedTs» BHK
2.1 Xapakrepuctuka OAO «TomckHedTh» BHK

B nactosiee Bpems OAO «ToMckHe(dTh» SBISETCA aKIIMOHEPOM TOJT ATUIOM
«l"asnpomuedtn», «Pocuedptn». OcHOBHON BuA nedaTenbHOCTH oOmiecTBa: JloObua
He(TH U ra3za Ha Tepputopun Tomckoi U TromeHCcKoit obnacTeil.

Ha tepputopun Tomckoit ob6nactu OAO «Tomckuedpts» BHK sBnsercs
OCHOBHOW KOMITaHWEH, KOTOpOM 3aHuUMaeTcs Ao0bueid HedTtu W Tasza. [lanHas
KOMIMAaHUs SIBISETCS OJIHUM MX KPYHMHEHIIUX HaJOTOIIATEIbITUKOB, Ybsl JOJIS
cocraBisier okojo 30 % or Bcex HaimoroB B oOmactHoi Oromker. OAO
«TomckuedTr» BHK Takke sBiasercss OJHMM U3 BEAyIIMX KommnaHui ToMcKoit
obnacTu no qo0br4e HeTH, u e€ 10 cocTaBiseT 65%.

B coctaB Teppuropun AESTENBHOCTU MPEANPUITHS BXOAUT Oosee 42 Thicay
KB. KM M CBbIIE 26 ThHICAY KB. KM JIMIIEH3MOHHBIX Y4YacTKOB. (OCHOBHOM
OTIMYUTENBHOU 4YepToil reorpaduu padOT SBISIETCS TO, UYTO MECTOPOKICHUS
pa3OpocaHbl, a TaKXke TPYAHOIOCTYIHBI H3-3a HAXOXJECHHUS B TPYIHOIOCTYITHBIX
Bacroranckux 0oyioTax W Ha HEOCBOEHHBIX 3eMisix. JlaHHas kommaHusi umeer 24
JUIEH3UH Ha A00buy HedTH W Ta3a Ha MECTOPOXKIeHUsx Tomckod obnactu, 7
JMLIEH3UI HA MPaBO M0JIb30BaHus Heapamu B XMAOQ, 7 MuueH3uid Ha T€0JIOTHYECKOE
HM3yYeHHE C JalIbHEHIel no0brdeii yrieBojopoaHoro ceipbsi. Kpome Toro, OAO
«Tomcknedts» BHK sBasercs areHTom Ha pa3pabOTKy [BYX JHMIIEH3UMOHHBIX
yuactkoB OAO «HK «PocHedTh». OcTarouHble U3BJIEKAEMbIE 3aN1aChl MPEATPUITHS
coctapisitoT 6os1ee 300 MIIH TOHH.

Axmmonepamu OAO «TomckuedTs» BHK siBisirorcst OAO «HK «PocHedTh»
u OAO «l'azmpom HedTH», KOTOpHIM TpuHAmIEkKaT mo 50% akuwmii OOmIecTBa.
Opranamu ympasieHus: O01ecTBa siBISIOTCS

-Ob11ee coOpaHue aKIMOHEPOB — BBICIINHM opraH ynpasieHus OOI1ecTBa;

-CoBeT AMPEKTOPOB — OCYIIECTBIIEHUE OOINETO PYKOBOJICTBA JESITEIBHOCTH

OOmecTBa;



-EIMHOMMYHBIN WCHOJIHUTENBbHBIM OpraH — ['€HepanbHbId JUPEKTOP —

OCYILECTBIISIET PYKOBOACTBO TEKYIIEH JEATEIbHOCTHIO.

2.2  HccnenoBaHue  BJIUAHMS  He(TAHOr0  3arpsi3HEHUs  Ha
(pepMEHTATHBHYI0 ¥ MHKPOOMOJIOTHYECKYH) AKTHBHOCTH MOYBHI MNpPH ee

CaMOBOCCTAHOBJICHUH

Hedtp u HedTEenpoayKThl CUUTAIOTCS OJHUMU M3 BEAYIIUX 3arpsi3HUTENEH
HaxOJIIENCS BOKPYI Cpelbl M, B INEPBYIO ouepenpb, 3emiu. llomamas B OCHOBY,
HE(PTENPOAYKTHl YCYTyOJIIOT COBMECTHYIO 3KOJOTHUYECKYIO OBIT, 3HAUMMO H3MEHSA
arpou3M4ecKre W arpoXMMHYECKHe KauecTBa OCHOB. OHHM OKa3bIBAIOT SI0BUTOE
BO3JICICTBHE HA PACTEHUS, MPU OOJIBIIMX KOHIIEHTPALUIX Kpax >KUBBIX OPraHU3MOB
3eMiu. B cBsi3u ¢ gaHHbBIM, pa3paboTka METOIMK YMCTKU He(dTe3arpsi3HEHHbIX OCHOB
— | w3 HammaBHEMMX 3a4ad IPU 3aKIIOYEHUM TPYAHOCTH AHTPOIOIE€HHOIO
BIIMSIHUS HA HaXOJSIIYIOCS BOKPYT CpeERy.

Pasnoxxenvne HeQTH U HEPTENPOIYKTOB B OCHOBE B HATYPAJIbHBIX KPUTEPHUSX
— mpouecc onoxumuyeckuil. HampsokeHHOCTh Jierpanauuu HeTH pacnoJiaraeTcsi B
OpsIMON 3aBUCUMOCTH OT OHO ((pepMEHTATUBHOM) SHEPTUYHOCTUAKTUBHOCTH 3E€MIIH,
COBMECTHOTO 4YHCJIa TTOYBEHHOM MHKPOQIIOPHl U ee (HU3UYECKON IHEPTrUYHOCTU. B
peanbHOE€ BpeMs €CTh OOJIbIIOE KOJMWYECTBO TEXHOJOTMH  PpPEeKyJIbTUBALIMH,
OCHOBaHHBIX Ha YTJIEBOJOPOJOKUCISIONIEH 3HEPrUuyHOCTH MUKpoOOB. B 0aze ux
JCKUT ~ CTUMYJSLMS  YTJIEBOJOPOAOKHUCISIONIE  a0OpUreHHOM  MUKPO(DIOpHI
BHECEHHEM  IOBEPXHOCTHO-akTUBHBIX  npemaparoB  (IIAB). DOtu  Mepw
OPUEHTUPOBAHbl HA COBEPIICHCTBOBAHME HEBECOMOIO, aKBA U MHUHEPAJIBHOIO
pexrmMa 3eMJIN.

buonerpagauus Hegrn B mouse. CaMOOUMILIEHHE U CAMOBOCCTAHOBIICHHE
MOYBEHHBIX 3KOCHUCTEM, TPSA3HBIX HEPTHIO M HEPTENPOAYKTaMHU, 3TO CTaIUNHBINA
OMOreOXMMHUYECKH  TpoliecC  MOAM(PUKALMM  3arpsA3HSIONMX  [PEenaparos,

CONPSDKEHHBIN CO CTaJMMHBIM XOJIOM BOCCTAHOBIICHHS OnoIieHo3a. JIJIsi pa3InyHbIX



MPUPOJIHBIX 30H MPOAOJIKUTEIBHOCTh OTJEIBHBIX CTaJAuil JaHHBIX MPOLIECCOB
paznu4yHa, COOCTBEHHO 4YTO CBSI3aHO B BEIYIIEM C TMOYBEHHO KIMMATUYECKUMH
kputepusiMd. CocpeloTOYEeHHE W XUM COCTaB 3arpsi3HAIONIMX IpEnapaTos,
HaIMpsOKEHHOCTh  MEXAHWYECKUX TOBPEXKJACHUN CTaHYT BO3JCHCTBOBaThH Ha TO,
MPUCTIOCOOUTCS JIM IKOCUCTEMA K CBEXHUM YCJIOBHUSIM W HAuYHET BOCCTaHABIUBATH
COOCTBEHHbIC AKTHMBHBIC 3BEHbSI WM K€ OHa TepesieT OT MeTacTabMIILHOTIO
COCTOSIHMSI K aOcCONOTHOM aerpamanuu. HedTsiHOoe opraHmdeckoe BEIIECTBO MpHU
MOCTYIJICHUM B OCHOBY IIOJIBEPraeTcsi pa3HbIM BIUSHUSM, B UTO KOJMUYECTBE H
paznoxenuto. Paznuuaror 3 oOnmka pasznoxeHus HedTu: OHO, XUM, TEJIECHOE.
ConHeyHas paauainus, TEMIEPATYPHBIA PEXKUM M BIAXXHOCTh AKTUBHO BIUSAIOT Ha
HepTh W HePTEnpoayKThl B OCHOBE. [IpoJOIMKHUTENBHOCT, BCEro Ipoliecca
MoudUKauy HeTH B BCEBO3MOXKHBIX MOUYBEHHO—KJIMMATUUECKUX 30HAX pa3IuvHa:
OT HECKOJIbKMX MecsiiieB 10 HeckoJbkuX 10-oB set. CkopocTh Ouoaerpaganuu Hedtu
HaXOJUTCS B 3aBUCUMOCTH OT MHTEHCHUBHOCTH COJHEYHOI'O CBETA, COCPEAOTOUYECHUH
OMOre€HHBIX COCTABJIAIONINX, TEMIEPATyphl, AABICHHUS, COCPEIOTOUYECHHH BO3/AyXa,
T€HETHUYECKUX PErYJISTOPHBIX YCTPOUCTB, MPUCYTCTBUSL OECIIO3BOHOYHBIX JKUBOTHBIX.
Mexanudeckue U pU3HOJIOTUYECKUE CIIOCOOBI, HO U YCKOPSAIOT pa3jioKeHUe HEPTH U
He(TENPOTYKTOB, HE UMEIOT BCE IIAHCHI TAPAHTUPOBATH WX COBEPIIEHHOTO y/IaJICHUS
U3 3€MJIM, a MPOIECC HATYypaJIbHOTO Pa3l0XKEHUs 3arpsA3HECHHl B OCHOBAaX OYECHb
JUTUTEJIEH.

B cormacoBanum ¢ 1mraramu Ouojerpajaii  CiIydaeTcs MOCTEereHHas
pereHepaius OUOIIEHO30B. B cocTtaB HETH BXOMST COTKM BJEMEHTAX KOMIIOHEHT,
KOTOpbIE HMEIOT pa3ju4Hble CBOMCTBA M TOKCHUYHOCTh. B, creactBue 3TOro B
nporiecce Ouoaerpananuu HeTh CUYUTACTCS CYOCTpPaTOM IIEIBHOTO psijia MUKPOOOB.
CknanpiBaercs TpyaHas oco0as SKOCUCTEMA.

OCHOBHBIM ¥ OYEHb BAXXHBIM CBOMCTBOM, MPHUCYIIUM MHKPOOPTaHU3MAaM,
SBJIIETCSI CIOCOOHOCTh YCBaWBaTh YTIJEBOAOPOABI B KAdeCTBE €IMHCTBEHHOTO
HUCTOYHUKA yIJIEpOAHOTO TiuTaHus. Ha BO3MOXHOCTh OKHCIEHUS HEQPTSHBIX
YTIEBOJAOPOIOB MUKpOOpraHu3MaMu ykasbiBal emie B 20-30-X rogax BBIIAOIIMIACS

COBETCKUW MUKpOoOuosior TaycoH.



OxwuciieHne  yraeBOAOPOJOB  HCIONHSIETCS B BEAymeM a’dpOOHBIMHU
MUKpOOaMu C pojibl0 (EPMEHTOB OKCHUIOPEAYKTa3, MPU JAHHOM HM3HAYAIHHOE
OKHUCJICHHE HACTSTEIBHO MPOCHUT MPUCYTCTBUS aTMOC(HEPHOTO BO3yXa B KayeCTBE
aKIETITOPOB dJEKTpOoHOB. Hampumep, kak HEPTh, NPONMUTHIBAS CTPYKTYPHBIC
KOMOYKH, 3aTpYyJHSAET JOCTYI BO3JlyXa B UX U, CMAacKOO HACBIIIEHHOMY Pa3BUTHUIO
a’pOOHBIX YTIEBOAOPOJAOKHUCIISIIONINX MHUKPOOOB, B OCHOBE B OJIHO U TOXE BpeMs
dbopmupyroTcs  a’poOHBIE W aHadpoOHBIE 30HBL.  Bemymmmu — KiaccaMu
YIIEBOAOPOIOB, BXOISIIMMU B COCTaB HE(PTH, CUMUTAIOTCS MapaduHOBEIE,
UKJIONapauHOBBIE W apOMaTUYHBIC YTIEBOAOPOABl. B mTOre paboThl MUKpPOOOB
CIIy4aeTcsl NepeMeHa BBICOKOKAYECTBEHHOI'O M KOJMWYECTBEHHOTO cOCTaBa He(TH.
Bpewms cymiecTBOBaHMSI BCEBO3MOKHBIX OPTaHMYECKUX IMPENapaToOB B OCHOBE MMEET
BO3MOXXHOCTh HCYHUCISATHCS OT HECKOJBKMX YacoB (MHOroaTOMHBIE (DEHOJBI) 0
HECKOJIBKHUX JIET U B TOM YHCIIE U BEKOB. /[03a mpenapaThl HE COJIEPKUT PEIIAIOIIETO
CMbICJIa M HE CUHMTAETC MOMEHTOM, OIPEACISIONINM CKOPOCTh pa3pyLICHUS.
JIOMUHUPYIOIIUMH TPUYMHAMHU CUMTAIOTCS KauecTBa CaMHX [MpEenaparoB, HX
CTPOCHHUE, KOHCTPYKIIHUS.

B koHeuHOM cuYeTe, OKHCIIEHHE YTJEBOJOPOJIOB 3aBEPIIACTCS MPOCTHIM
reTepoTpoHBIM OOMEHOM MPENapaToB, TOBOJIHHO COBOKYIHBIM ISl BCEX MUKPOOOB
U OCHOBHBIM K OHOCHHTE3y OEJIKOB, YTJIEBOJOB, JIMIUJIOB W HWHBIX KOMIIOHEHT
KJIETOK. buorpancopmanuio yrieBoaopodoB o0OycinoBiauBaroT 2  (dakropa:
MPUCYTCTBHE TPYAHBIX (EPMEHTOB — OKCHI€HAa3 — M TPUCYTCTBUE KJIIETOUHBIX
npucrnocoosieHuii, oOecneunBaromux (Qukcanuio  ruApodoOHOro  cydOcTpaTa
YIJIEBOAOPOAHON IPUPOBI.

[Ipotieccsl HaTYypaIbHOTO POPMUPOBAHUS PETEHEPAIIMOHHBIX OMOTEOIEHO30B
Ha TPSI3HBIX 3€MJISIX UIYT MEIUTENBHO, TP ATOM TEMIIbI Pa3BUTHUSI BCEBO3MOMXKHBIX
ApYCOB HKOCHUCTEMBbI pa3ivyuHbl. JlJIsi YCKOpEHMS JaHHBIX MPOLECCOB, BIIOJHE
BEepoATHO, HyxkHO BHeApeHue [IAB. Crumynauus MHKpOOHOJIOTHYECKON
SHEPIUYHOCTH OCHOB, TPsI3HBIX HedThi0 Toja Bo3zaeicTBueM [IAB, mo-BuauMomy,
CBs3aHa ¢ aucneprupoBaHremM HeGTH. [louBeHHBIE OaKTEpUU, KIFOYEBHIM 00pa30M,

MPOXKUBAIOT B akBa (paze M CpadaTHIBAIOT JIMIIh TOJHKO B 30HE KOHTAKTa BOJbLI U



yraeBonopoaoB [IAB, BbI3bIBas JucCHeprupoBaHUE  YIIEBOJOPOAOB  HE(TH,
o0ecneunBalOT caMyro OOJNbLIYI0 IUIOH[aAb IUIOCKOCTH CONPUKOCHOBEHHS Ha
CAUHUILYy MacChl U, B COOTBETCTBUM C 3THUM, OOJBIIE BBICIIYIO JHEPTUYHOCTH
MUKpPOOOB JecTpykTopoB HedTu. He cunras takoro, 06paboTka HeTe3arpsa3HEHHbIX
ocHoB I[IABamm conueicTByeT NOHWXKEHUIO THApodoOHOCTH ocHOB. Bmpouewm,
BHenpeHue [TAB B 11000M OTIEIBHOM Clyyae HaIJIEKUT ObITh CTPOTrO 00YCIOBICHO
c TeM, nabbl Hu camu [IAB, HU MPOIYKTHI MX Pa3OKEHUS HE CTATU JTOOABOYHBIM
HMCTOYHUKOM 3arps3HeHusi Ouocdepbl U HE OKa3bIBAIM SJOBUTOTO BO3JEHCTBUSA HA
MOYBEHHBIA OMOLIEHO3.

MukpoOuoIoru4ecKkoe OKHMCJIeHHe HWHAMBHAYAJIBHBIX YIJIEBOJAOPOA0B
HedTH. bro npouecchl, BO3MOXXHO pacCMaTpUBaTh KAaK Psii TPYIHBIX XUM PEaKLUM,
COBOKYIHBIX JIJIsI ’KUBOTHOTO, U PACTUTEIBHOTO MHUpA, HO HU 1 U3 JaHHBIX peakUuui
HE CUMTAETCs Tak crienupUIHON I )KUBOTO IpenapaTsl, 1a0bl HE ObITh B IPUHIINIIE
3HAKOMOM B OPraHMYECKOW XHWMHUU. bojiee CBOWCTBEHHBI I aKTyaJdbHbIM MAaTEpUU
peakuuii rupaTtaluyi U AeruapaTanuy, 3TepuruKanul 1 TUAPOIN3a, KOHAEHCAUH,
OKHUCJIEHUS] U BOCCTAaHOBJICHH. B )KMBOM OpraHu3Me MOXO0XKHUE PEAKINH YCKOPSFOTCS
O0uo katanuzatopamu — pepmentamu. BoznelictBue GepMEHTOB UIACHTUYHO JICSHUIO
XUM  KaTaJIn3aTOpOB: OHU HE BBI3BIBAIOT pEAKUMM, M HE IPUHUMAIOT
y4acTHEY4YacTBYIOT B HEW, HO BaXHO AKTUBU3UPYIOT €€ NpoTekaHue. DepMeHTHI
IpeAnosaaraloT co0oi BICOKOCIENU(DPUUHBIE KaTaTU3aTOPHI.

Bce 6Mo cuctemsl, B UTO KOJUYECTBE MebUallllie OpraHU3MbI, MOJIYyYatoT
HHEPIHUIO 3a CYET OKUCIUTEIBHBIX MpoueccoB. buo (miu, coOCTBEHHO YTO OJHO U TO
*Ke, OHOXMMHUYECKOE) OKHCIEHHE CJydaeTcss [oyalle BCero B HTOre
JNETUApOreHn3a Oonbllleé WIM JK€ HauMEHee BOCCTAHOBJIEHHOI'O MPOIYKTa.
DHeprus, BblpabaTbiBaeMas OMO CUCTEMaMU, cOeperaercs U NMpUMEHsAeTcsl B 00JUKe
BBICOKOMOJIEKYJISIDHBIX ~CBSI3€d. OTH CBSI3M CKAaIUIMBAIOTCA B OpraHU3ME U
UCIOJIB3YIOTCSL TI0 Mepe HeoOXOAMMOCTH Kak MH(popMaTopsl 3Hepruu. Buenpenue
MUKpOOamMH yTriaeBOAOPOJOB BO3MOXKHO MPEANOJIOKHUTh KaK MPOILEcC, B KOTOPOM
BOCCTAHOBJICHHBIE COEIMHEHMSI OKUCIISIFOTCS B XOJI€ HOPMAJIbHBIX XUM pPEaKIUil npu

y4acTUH KaTanu3aTtopoB (epMeHTOB. B 0coObIX 0030pax MpUBOIATCS TaHHBIE O TOM,



COOCTBEHHO 4YTO OYKBaJbHO BCE YIJIEBOJIOPOABI B TOH, WU XK€ APYroil CTeneHu
UMEIOT BCE IIaHCHI MMOABEPraThCsi MUKPOOUOIOTMYECKOMY OKUCICHHUIO.

HaBpik  uccieoBaHusl ~ 3aKOHOMEPHOCTEH  YCBOGHHMS  MHKpOOaMu
YTJI€BOAOPOAOB JEMOHCTPUPYET, COOCTBEHHO YTO MeNIbYailline OpraHu3Mbl BIaJCIOT
KOHKPETHOW W30MpaTeNbHOM BO3MOXKHOCTBIO K OKHCIEHHIO CyOcTpaTa; UX
(depMeHTHbIE ~ CHCTEMBI  NPUCIOCAONMBAIOTCS K  KOHKPETHBIM  TpyIIam
yrieBoaopoAoB. Tak, Mmenpyaiiiiue opraHusmbl Oosiee MPOBOPHO M JEHCTBEHHO
Pa3BUBAIOTCS Ha JKECTKUX N MapapuHax U HEKOTOPOE KOJIUYECTBO MEMJIUTENbHEEe Ha
BOJSIHUCTBIX W Ta3000pa3HbIX n mapaduHax. M3oankaHel OOJbIIE CTOMKH K
MUKpoOaM, 4eM alKaHbl OOBIYHOTO CTPOCHHS, B KOHIIE KOHIIOB, MEHEE YS3BUMBIMU

OKa3bIBAKOTCA COCAMHCHUA apOMAaTUIHOI'O psaa.

@®epMEHTATHUBHAS AKTHUBHOCTH He@Te3arpsisHeHHbIX m04B. Benowmo,
COOCTBEHHO 4TO c OKHCIIUTEIIbHO-BOCCTAHOBUTEIBHBIMU IIPOLIECCAMHU,
OPOUCXOASAIIMMUA TIPU y4YaCTHM BCEBO3MOXHBIX (EpMEHTOB, CBsA3aH pacnajn
HEe(DTAHBIX YTJIEBOJIOPOJIOB B OCHOBE. Baxupimu 51 OOLIMPHO
BCEPACIPOCTPAHEHHBIMHU Y IOYBEHHBIX MUKPOOOB JI€CTPYKTOPAMH HEPTU CUUTAIOTCS
(epMEeHThl JIEeTHAPOTeHa3bl, XapaKTEPU3YIOUIME COBMECTHYIO METab0IMYECKYIO
SHEPrUYHOCTh IMOYBEHHOW MHUKpPO(MIOpPHI, W Karajasbl, OCYIIECTBISAIONIME pacnaja
BCEBO3MOJKHBIX IIEPEKUCEH, U B KOHKPETHBIX KPUTEPUAX UIPAOLIME 3HAYUTEIBHYIO
poJb B KHUCIOpOAHOM OanaHce 3eMid. CTeneHb HMX SHEPrUYHOCTH B OCHOBE
CUMTAETCA  KOHKPETHBIM  aCIIEKTOM  COCTOSIHMSI  3€MJIM B OTHOLICHHH
CaMOOYHMIIAIOUICHCSI BO3MOXKHOCTH OT HE(TAHBIX HHIPEIUEHTOB: JErHApOreHas3a
BOCIIPUHUMAET KOHKPETHOE POJIb B PA3JI0KEHUH YIIIEBOAOPOJIOB, & BBICOKOAKTUBHBIN
BO3/1YyX, BO3HHUKAIOIIMN MPH y4YaCTUM KaTajla3bl, TApaHTUPYET JIETKOJOCTYITHBIM
KHUCJIOPOZOM MeEJIbYANIINE OPraHU3Mbl, YYACTBYIOIIHME B MPOLECCAX PaA3JIOKEHUS
yrieBonoponoB. He cuurtasg Takoro, IepeMeHa SHEPrUYHOCTH KaTajiasbl B
He(Te3arpsa3HEHHON OCHOBE CBSA3BIBACTCS C MEPEMEHON KOJIUYECTBA MUKPOOOB, TEM

0oJee yriieBo10POIOKUCTSIONINX.



OKHCIUTENFHO BOCCTAHOBUTEIbHBIE (PEPMEHTHI IPU BO3JCHCTBUH HA OCHOBY
BCEBO3MOXKHBIX ~ KOHIIGHTpAIMil  yIJI€BOJOPOJOB PA3HOCTOPOHHE  IMOKA3bIBAIOT
COOCTBEHHYIO SHEPIMYHOCTh. Tak, H mapaduHbl U LUKIONapapuHbl HApaIIUMBAIOT
JETUPOTeHa3HYI0 YHEPTHUYHOCTh BO BCE CPOKH HccienoBanus. Bemomo, coOcTBEHHO
YTO JErHIporeHasa — pa3 u3 GepMeHTOB, YUACTBYIOIIMX B OMOAETpagaliii HeQTIHBIX
yriaeBoaopoaoB. HapammBanue aeruiporeHa3HOW SHEPTUYHOCTH MPU BO3JIECUCTBUU
paccMaTpuBaeMbIX KCEHOOMOTHKOB TOBOPUT O YBEIMUYEHUU IKUZHEICATEIbHOCTU
MUKpOGMIOpEl ¥ MHTEHCUBHOCTH  TIPOLIECCOB  OuopasioxkeHus.  Bhpoudem
PHEPrUYHOCTh  (epMEHTa  JIETHIPOreHa3bl,  OTIMYHO  HUIIOCTPUPYIOIIAs
HANPSHKEHHOCTh OKUCIIUTEIHHO-BOCCTAHOBUTENBHBIX MPOIECCOB, MPOUCXOISIINX B
OCHOBaX, BaXHO MHTUOMpYeTCS IOJ JEHCTBUEM apOMATUYHBIX YIJIEBOJIOPOAOB,
COOCTBEHHO 4YTO TOBOPUT O TOKCHYHOCTU AaHHOW (pakuuu. [lomobHbIM 0Opazom
NOKa3bIBAIOT Ce0s OTAEIbHBbIC YIJIEBOJOPOABI IO OTHOIICHHIO K JIPYyroMy
OKHCIIUTEIbHO  BOCCTAaHOBUTEIbHOMY (epMeHTy — Karanaze. CokpalieHue
KaTaja3HOW DSHEPTUYHOCTH TIPH BO3ACHCTBHM ApOMATUYHBIX YTJIEBOJOPOIOB
000CHOBaHO, OECCIIOPHO, COKpAlllEHWEM KOJIMYeCTBa a’dpOOHONM MHUKPO(DIOpE U
HaMuueM OEH30JIBHOTO Spa B UX MOJIEKYJIax.

OtuM 00pa3oMm, nepeMeHa 3HePTUYHOCTH OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX
(GepMEHTOB JEeruaporeHasbl M KaTajla3bl HaXOAUTCS B 3aBHCHUMOCTH KakK oOT
WHTCHCUBHOCTH W TPOJOJDKUTEIBHOCTH 3arps3HEHHsI, HApUMep U OT XHM COCTaBa
npernapaTbl M KadecTB caMoil 3emud. Bo3BpalleHue B HadajdbHOE IOJIOKEHUE
YHEPTUYHOCTH JETUPOTECHA3BI u KaTanasbl, uMeeT BO3MO>XHOCTb
OXapaKTepU30BbIBATh BEPOSITHYIO JIEECIIOCOOHOCTh 3e€MJIM K OKHCICHHIO U
Jerpaaanuy HeTenpoIyKToB.

Benymumu OKCHJIOpEIyKTa3aMH, KaTaJu3uPYIOIUMHU POIIECC
rymycooOpa3oBaHusi, CUUTAIOTCS MOJIM(PEHOJOKCHIa3a W Tepokcuaasa. Bemomo,
COOCTBEHHO 4YTO MOYBEHHbIE (PEHOJOKCHIA3bl UTPAIOT BECOMYIO POJIb B MPOIECCAX
ryMUQUKaIUd, OKAa3bIBAIOT 3alllUTHOE BO3JCHCTBHE, pasjiaras BCEBO3MOXKHBIC
kceHoOnotnku. Oba (pepMeHTa MPUHUMAIOT Y4acTHE B OKHCICHHH apOMAaTHYHBIX

COCIMHEHUN OKCHUOEH30JI0B JO XWHOHOB W TMOCHEAYyIOUIed WX KOHJICHCAIlUUu B



MOJIEKYJIE TYMYCOBBIX TMpemapatoB. B To ke Bpems BEAOMO, COOCTBEHHO YTO
BO3J/ICIICTBUE MEPOKCHAA3bl HAIEJIEHO Ha OKHUCIEHHWE TYMYCOBBIX MpenapatoB (U
WHBIX (PEHOJIbHBIX COEIMHEHHUM) KaK €IUHCTBEHHBIX HCTOYHHUKOB HSHEPIUU U B
CJIEJICTBHE 3TOIO SIBJISIETCS, COOCTBEHHO YTO OHA BO3ACHCTBYET HAa MUHEPAIU3ALUIO
T'YMYCOBBIX MIpPENapaToB.

[Tonudenonokcuaaspl NMPUHUMAIOT YYaCTHUE B MPEBPALIEHUN OPraHUYECKUX
COCIMHEHU apOMaTUYHOrO psfa B cocTaBisitomue JepHa. OHM KaTalu3HpPYIOT
OKHUCJIEHHE OKCHOEH30JI0B (MOHO-, JIU-, TPU-) JI0 XMHOHOB B MpeObIBAHUU BO3TyXa
BO3/1yxa. XMHOHBI B HAJJICKAIIUX KPUTEPUSIX TTPU KOHACHCAIIMUA C AMUHOKHUCIIOTAMHU
U TIENITUIaMU 00Pa3yIOT NEPBUYHBIE MOJIEKYJIbl TYMUHOBOM KUCIIOTHI.

HeBpicokne cocpeoTOUYECHHH CHayala WHULHUHUPYIOT HEPTHUYHOCTH JTAHHBIX
(dhepMeHTOB, HaBEpHOE, 32 CUET (PEHOIBHBIX COCAMHEHUM, COAEpKAIUXCI B HEDTH.
HagepHoe, nepokcuiaza BpyoaeTcsi B mpoliecc JETOKCUKAIINH, a MOJTH(PEHOIOKCH/ a3
— B MpoIlecC MOAU(PUKAINKA TOBAPOB Jerpajaluu He(TU B COCTABIIAIONIME JIEpHA.
Bnopouem cpennwe u BbicOuaiive 1036l HE(TU OKa3bIBAIOT HHTHOMPYIOIIEE
BOo3nelicTBue. beccropHo, mTipu  OONBIIMX  KOHILEHTpAIUSAX  HMHTUOUpYIOIee

BO3I[GIZCTBH6 CBs3aHO C HAJIMYUEM B He(l)TI/I HWHbIX, OombIIe AJOBUTBHIX KOMITIOHCHT.

2.3 CpaBHHUTeJIbHAsl XapPaKTePUCTHKA peKYJbTHBAIlUM 3eMejlb B

OMOJIOrHYEeCKOM METOo/1e

PaccmoTpum nBa Metona pekynbTHBAIMM 3€MENb Ha He(Te3arpsi3HEHHBIX
TEPPUTOPHUSIX, a UMEHHO I paiioHOB Kpaitnero Cesepa:

1 )MUKpOOMOJIOTMYECKUH, C UCHOJIb30BaHUEM Ouomnpemnapata «MJ[-cyxoii,
JKUIKUI

2)KOMITJICKCHBI METOJ, ¢ HMCIOJh30BAaHUEM BBIICIEHHBIX U3 a0OPUTECHHOM

MUKPO(DIOPHI KyJIBTYPhl MUKPOOOB — JECTPYKTOPOB M TPAB MEITMOPAHTOB.



B kauectBe OOBEKTOB HCCIEAOBaHUS PACCMOTPUM JIBa IMPUMEPHO
OJIMHAKOBOW JTaBHOCTHU 3arpsA3HEHHBIX YYACTKOB, PEKYJIBTUBUPOBAHHBIX PA3INYHBIMU
MeTOaMH OUOJIOTUYECKON OUYUCTKH.

[Ipy mccnenoBaHUM y4YacTKOB COCTABJSUIMCHh NACHOpTa, MPOBOJAUIICS OTOOP
po0 MOYB Ha cojiepKaHue He(PTEPOTYKTOB.

Jiist 6onee nocToBEpHON OLEHKH d(PPEKTUBHOCTU PEKYIHTUBALIMU B KAUECTBE
UCCIIETyeMbIX O0OBEKTOB HCIIOJIb30BAIU M0 JIBA YYaCTKa PEKYJIbTUBHUPOBAHBIX OJHUM
METOJOM B Pa3HbBIX JECOPACTUTENBHBIX YCIOBUSAX.

[lepBbIil yyacToK pacnosiokeH Ha 3anagHo-OCTaHUHCKOE MECTOPOKICHUN Ha
tepputopuu Ilapabenbckoro necHuuectBa Tomckoit obmactu. OOmias 3arpsa3HEHHAS
momaab cocrapisia 0,26 ra. PacTutenbHOCTh npeacTaBieHa. Tri mo4YBbl 00JIOTHO-
NO/30JIMCTasA, poJ HU3MHHAsA. Vcnonb3yeMblil METO PEKYJIbTUBALIMNA: KOMIUIEKCHBIN
METOJI C HCIOJb30BAHUEM BBIIECIECHHBIX M3 a0OPUT€HHONM MHKPOQIIOPHI KYJIbTYpPbI
MUKpPOOOB — AECTPYKTOPOB M TPAB MEITUOPAHTOB.

Bropoii ydacTok wHMeeT MecTOo Ha JIyTMHEIIKOM MECTOpPOXKICHHH,
pacrojio)KeHHOro Takxke Ha Tepputopun IlapabGenbckoro paitona. OOmas
3arpsi3HEHHAs IUI0Imaab coctaBuia 1,2 ra. Tum mouBbl: TOpQsHBIE - OONOTHBIE, PO
BepxoBoi. Mcmonb3yemblii MeTOH  peKyJIbTUBALMH: MUKPOOMOJOTHYECKUN, C
UCITIOJIb30BaHUEM OuorpenapaTta «MJ[-Cyxo, sKuIKuii».

Hamu mpeactaBiieHbl MacnopTa Ha JaHHBIC YYACTKU 3arps3HEHHBIX 3eMeJlb.
PaccmarpuBas mOYBEHHBIE YCJIOBHUS HA OMNBITHBIX YYacTKaX, HAMH OTMEUYAeTCs HX
OTHOTUNHOCTb.  [IOUBBI  JUArHOCTUPYIOTCA  Kak  OOJIOTHO-MOJ30JUCTBIE U
bopmMuUpyroTCS o/ BO3/ICHCTBUEM 00JIOTHOTO u MOJI30JIUCTOTO
MOYBOOOPA30BATENBHOIO MPOLIECCA.

[locne aBapuifHOro pasznuBa HE(PTENPOAYKTOB  PACTUTENBHOCTh Ha
UCCIIEyeMbIX YydacTKax Morubna monHocThio. Ilmomane, MecTomonoxeHue u

KOJIMYECTBO HEPTEIPOAYKTOB B MTOYBE MPEACTaBICHO B TabuIe 1.



Tabmuma 1 — Ilepedenb 0OCIEIOBAHHBIX PEKYJIbTUBUPOBAHHBIX  YYaCTKOB

He(dTe3arps3HEHHBIX 3EMEITb.

KonnuectBo
No Mecronoinoxenne [Tnowmane, ra He(TenpoIyKTOB,
/KT
3anagno-Ocranuackoe M/p. ['KH 2122 m., BHK
2256 M.
1 | (Iapa6enbckuit paiion Tomckoit o6acTh) 0,26 70,23

(60,408564 C.II1., 72,769149 B.J1.)

JIyrenenxoe m/p. 'KH 2222 m., BHK 2244 wm.
2 | (ITapaGenbckuit paiion Tomckoi o6aacTh) 12 71.25

(58° 09.42C.111., 78° 52.22B.J1.)

PexynpTuBanms ywactka | TpoBOAWIACH KOMIUIEKCHBIM METOAOM C
MCIIOJIb30BaHUEM BBIJICJICHHBIX U3 a00OPUTe€HHON MUKPO(DIOPHI KYJIbTYPhl MUKPOOOB-
JECTPYKTOPOB M TpPaB MEIUOPAHTOB. TEXHOJIOrMS pEKyJbTHBALMUM BKIIOYAia:
pBhIXJICHHE MOuBBI myTeM ¢pe3epoBanusi Ha riayouny 20-30 cM ¢ OAHOBpPEMEHHBIM
BHECEHHEM MHHEpaIbHBIX ynoopeHuit ot 300 — 900 xr Ha 1 ra u abopureHHOI
KyJIbTYpbl MHUKpPOOOB-mecTpykTOopoB OT 120 — 200 xr Ha 1 ra ¢ mociemayromum

ITIOCEBOM TpaB-MeNuopaHToB OT 20 — 40 kr Ha ra.

Tabmuma 2 — Tlacmopt yuactka Nel, mapamerpsl oneHkH 3(PheKTUBHOCTU
PEKYJIBTUBALINNA

Cogepxannie He(hTETPOIYKTOB B MOUBE (T/KT) 1,86 £ 0,74

[IpoexTuBHOE MOKPBITHE YKUBBIM 90

HAAMOYBEHHBIM TOKPOBOM (%)

Hanuuue BU3yanbHBIX NPU3HAKOB HeT
He(TAHOTO 3arpsi3HEHUs B PO uIe MOYBBI

(ecTb/HET)

['ycroTa mpouspactanus pacTeHu (1t/m2) 82
Hanuuue nuIeHHbIX pacTUTENbHOCTH ISATEH HeT

nuametpom 6onee 50 cm (ecTh/HET)

JononuutensHas uHGopmanus

3anmagao-Ocrtannnckoe M/p. 'KH 2122 m., BHK

Mecrononoxenue 2256 M.
(ITapaGenbckuii paiton ToMckoit 06macTn)

(60,408564°C 111, 72,769149 B.JL.)




[Tnomans (ra) 0,2632

Crenenb 3arpsa3HEHUs -

WNuBenTapuzanuss 0TX0/0B (METaJUTMYECKUMA

[TpomeInieHHBIE 0TXOBI (OpeBHA, TPOC,
JIOM, cTapbie OypOBBIC IITAHTH H T.]I.)

MTOJIMATUIICH, METAJUTMYECKHUE TPYOBI).

Hanmuuue vHedtn -

CocTosiHME PaCTUTENBHOIO IIOKPOBA VY 10BIETBOPUTENILHOE
VHTEHCUBHOCTh pa3pyLIEeHUs WU

Jerpajialiii UCXOJHBIX PUPOIHBIX Cinabas
KOMILIEKCOB

WHTEHCUBHOCTh BOCCTAHOBIICHUS

pa3pyLIEHHBIX U (W) AETPaIuPOBaHHBIX AKTHBHOE

MMPpUPOAHBIX KOMILJICKCOB

JlanamradT: (60I0TO HM3WHHOE, BEPXOBOE,
Jec, TOWMEHHBIH JIyT, JIYT, TIPOMILIONIA/IKA)

3a00104eHHBII 0epe30B0-COCHOBBIH
KyCTapHUYKOBO-3€JICHOMOIITHBIH JIec

Tun noussl 00JIOTHO - IIOA30JIMCTBIC

XapakTep pacTUTEIbHOCTU (PEAKUI WK
4acThI NOAPOCT Oepe3bl, OCUHBL;
CYXOCTOWHBIN JIEC; OT/IEIbHBIE TPYIIIIbI
JIEPEBBEB 110 KpasiM, B LIEHTPE; CyXOCTON WU
TPaBOCTOM; PEIKMI WIH YaCTbIM KyCTAPHUK;
KeJpay, peAKuH JIeC; EAMHUYHBIE JEPEBbSI

I1o Bceil mnomaau peKyabTUBUPOBAHHOIO
y4acTKa— akTUBHOE (hopMUpOBaHUE
HAJINIOYBEHHOTO PACTUTEIHHOTO MTOKPOBA
(TOJTHOCTBIO 3apOC TPABSHOM PACTUTEIBHOCTHIO —
MPEUMYIIECTBEHHO OCOKaMH, 3JIaKOBBIMH ). [1o

(emp, cocHa, Oepesa, UBa, OCHHA); BHICOTA

Kparo — yactas oepesa, ocuna (8-10m).

[TpuOAMKEHHOCTH K BOJHBIM 00BEKTaM
(HammeHoBaHUE 00BEKTa, PACCTOSTHUE,

Ha ynanenun ot BOZHBIX 00BEKTOB (B 2,5 KM K
CEeBEPO-BOCTOKY - p.Umkarka).

HarpaBJIEHHUE)

OHOJIOTUYECKUM METOIOM C

000

PexynbTuBanMs ydacTka 2 MOpPOBOAMIACH
MCMOJIb30BaHUEM

«KOUJI».

ouonpenapara «MJI- cyxoH, Kuakuit»  pa3zpadboTaH

TexHonorus pekyJIbTUBAIMM  BKJIIOYala: BCHAIIKY, PBIXJIECHUE
He(dTe3arpsA3HEeHHOro ciosi mouBbl Ha rayoumHy 10-15 cm, o0paboTky ywacTka
OMOJIOTMYECKUM TIpenapaToM Hu3 pacuera 3—I15 kr Ha 1 ra myreM HaHECEHHUs
pabodero pactBopa B 103¢ 0,5—1 1 Ha M2 C UCIIOIB30BaHUEM HUMEIOIICIHCS TEXHHUKHU.

Ornucanue JaHHOTO Tpernapara MPUBOIUTHCS B TaOIHIE 4.



Tabmuma 3 — Ilacmopt yuactka Ne2, mapamerpsl OLIEHKH 3(PPEeKTUBHOCTU
PEKYIbTUBALINU

Conepxanrie He()TEITPOYKTOB B TTOUBE (T/KT) 15,21 + 6,12

[TpoekTrBHOE MIOKPBITHE KHBBIM| 9

HAAMOYBEHHBIM TTOKPOBOM (%)

Hanuvne BU3yambHBIX MIPHU3HAKOB ecTh

HEPTSIHOTO 3arpsi3HEHUS B IPOQHIIE TIOUBbI

(ecTb/HET)

['ycroTa npouspacranus pacteHui (1T/m2) 13

Hannvne TUIIEHHBIX paCTUTEIBHOCTH TSTCH ecTh

nuametpoM 6osiee 50 cM (eCTh/HET)

JononnurensHas uHGopManus

MecTormonoxeHue Jlyrenenxoe M/p. 'KH 2222 m., BHK 2244 wm.
(ITapabGenbckuit paiton ToMcko# 001acTH)
(58° 09.42C.111., 78° 52.22B.]1.)
IImomane 0,5ra

CrencHb 3arpA3HCHUA

Cpe)leIH CTCIICHb

NuBeHTapu3anys 0TX010B (MeTaIITYEeCKU

JIOM, cTapble OypOBbIE IITAHTH U T..)

Henuksunnele nopyOoUHbIE OCTATKU.

CocrosiHue PACTUTCIIBHOT'O ITOKPOBa

HeynosnerBopurensHoe

pa3pyLIeHHBIX U (WIN) AETPaIuPOBaHHBIX
IPUPOJIHBIX KOMIUIEKCOB

WHTEHCUBHOCTD pa3pyLIeHUs UITU Cnabas
Jierpajallii UCXOIHBIX MPUPOIHBIX

KOMIIJIEKCOB

WHTEHCUBHOCTh BOCCTAHOBIICHUS Cpennss

Jlanpmagt: (600TO HHU3UMHHOE, BEPXOBOE,

Jiec, MOMMEHHBIH JIYT, JIyT, TPOMIUIONIA/IKa)

EnoBo-6epe30BblIii ¢ MUXTOM U KEIPOM
MEJIKOTPaBHO-OPYCHUYHO-3ETICHOMOIITHBIH
JIec

Twun mouBsl

TopdsiHbIE OOTOTHBIE BEPXOBHIS

XapakTep pacTUTEIBHOCTH (PEIAKUI WK
YacThIi MOAPOCT Oepe3bl, OCUHBI;
CYXOCTOMHBIN JIEC; OT/IETBHBIE TPYIIIIbI

JACPECBLHCB IO KpasiM, B ICHTPC; CYXOCTOﬁ nin

[To HedTe3arpsA3HEHHON TEPPUTOPUN —
MIPEUMYIIIECTBEHHO OCOKa, mymuia. Ha
TEXHOTEHHBIX TPYHTaX — MOAPOCT OepesHl,
KYCTapHUK (70 5 M), pa3HOTpaBbe




[Tpogomxenue TabmuIs! 3

YCBIXAIOIIN)

TPaBOCTOW PEIKUI WJIM YaCThIi KYCTapHUK;
KeJlpad, peAKUi JIec; eAMHUYHBIC JIEPEBhS
(ems, cocHa, Oepe3a, UBa, OCHHA); BBICOTA;
Cocrosinue apeBocTosi (;KMBOM, MEPTBbIH,

(momuHUpYIOT THOHEPHBIE BUBI). [1o Kparo
pasnuBa — 6epesa (1010M), KycTapHHK.

HaIpaBJICHUE)

[TpuGMKEHHOCTh K BOJHBIM 00bEKTaM
(HauMeHOBaHHE 00BEKTa, PACCTOSHUE,

1,9 xM k 3anany ot p. Ekbuibuak

HpI/I6JII/I)K€HHOCTb K HAaCCJICHHBIM ITYHKTaM

B 30 kM k ceBepy ot r. Keapossiii

[Ipumeyanus

Tonmmuua mienku HedTenpoaykTo 10 0,003m
['myOuHa NpOHUKHOBEHMSI 3arPSI3HUTES 110
IpoQIITI0 TOYBEHHOTO MOKpoBa 110 0,1 M.

Tabnuna 4 — Xapakrepuctuka ouonpemnapara «MJ[-cyxoi»

Perunon NMPUMEHECHUSA
TEXHOJOIMHA

Bce pernons! Poccun. TemnepaTypHblil 1Hana3oH akTUBHOCTH
npenapara: 2-45°C, pH nunana3on aktuBHOCTH nipenapara: 4-10.

Jlnst KaKuX TUTIOB
1o4B (I'PYHTOB)
MOKeT NPUMEHSAThCS

['pyHTHI 1 BOJBI, 3aTPS3HEHHBIC HEPTHIO M HEPTEIIPOTyKTaAMH.

CHUIKEHMS CTeleH!
3arpsA3HeHMs TPYHTAa
10 YPOBHS

Mecro In situ

OCYLLeCTBJICHHSA

ouuctku nous (Ex

situ, In situ)

Ha xakoii ypoBeHb [Tpu HU3KOM KOHIIEHTpanuu 3arpsi3HeHus (1o 50 r/kr) mpemnapat

3arpsi3HeHHu sl BHOCHTCSI 0€3 JIOTIOJIHUTENbHBIX MepornpusTiil. [Ipu 3arps3Henun ot

OPHEHTHPOBAHA 50 o 150 r/kr cHavana BHOCUTCSI CTPYKTYPATOP U1l CHHDKEHUS

TEXHOJIOT U koHueHTpauuu. [Ipu 3arpsasnenuu Boie 150 r/kr (1o 500 r/kr)
MPOU3BOIUTCS OTKauKa CBOOOIHBIX HE(TENPOIyKTOB, HedTemam
OTIPABJISIETCS HAa CHEUANIbHYIO TUIOIIAJKY ISl peKYIbTUBALIUH, B
HEro BHOCHUTCS CTPYKTYpaToOp, 3aTeM NpUMeHseTcsl Ouomnpenapar
«MJI-cyxoi».

Bo3mo:xHOCTH O¢dexTuBHOCTH OHONpenapara:

e  Mazyr — 95 %j;
e  Texuunueckue macia — 97 %;

o Dbenszun — 98 %.

Bpewms,
3aTpayMBaeMoe Ha
IOJIHOE
BOCCTAHOBJICHHUE

8-12 MecsreB

TexHuueckoe
00CJTy:KNBaHHME

He tpeGyercs

HUcxoaHble cBeaeHMs,

[Tnomane u rIyOnHA 3arpsi3HEHUS; HCXOAHAS KOHIIEHTPAITUS




[Iponomkenue Tadbmuib 4

Heo0X0oauMBIe JJIsI
IUIAHWPOBAHUS U
OCYIIEeCTBJIECHHSA
MOJIHOT'0
BOCCTAHOBJICHHS

HE(PTENPOIYKTOB B ITOYBE; BUA HEPTEIPOIYKTa; COCTAB IPYyHTA.

Pacxoa Ha eqnmHuIy
IJI0IAaH/00bLeMa

Hopwma pacxona npenapara: 20-100 kr/ra.

CTOMMOCTL OYHMCTKH
1m04B (TPYHTOB)

4200 py06./kr (6e3 yueTa TpaHCIIOPTHBIX PACXO0B)

Be3zonacuoctn
TEXHOJIOTUH

[Ipenapat He TOKCHYEH, HE 00JIaJ]aeT KaHIIEPOTEHHBIM U
KYMYJISITUBHBIM JE€HCTBUEM, HE TI0KAPOONACEH, OTHOCUTCS
K [II — IV knaccy onacHOCTH.

buonpenapar M/[-cyxou, npeuMyIecTBa:

¢ BO3MOXHOCTDb IIPUMCHCHHUS B IIKMPOKOM AUAIIA30HC TCMIICPATYp U pH,

¢ TJIO3BOJIICT CHH3UTHL B MAKCHUMAJIBbHO KOPOTKHC CPOKH YPOBCHb

3arps3HEHUs] MyTeM moabopa crenuduyeckoi accoluanu ITaMMOB-

ACCTPYKTOPOB, ONTUMAIbHOM AJI1 AAHHOTI'O THIIA 3arpsI3HCHUA.

Henocrartku:

¢ [IpH BBICOKOM YPOBHC 3arpsA3HCHUA HCO6XOI[I/IMBI JOITOJIHUTCJIIBHBIC

MEpOIPUATHS;

¢ 3HAYUTCIbHOC YBCINYCHUC LCHEI IIPH 00BEMHBIX pa60Tax.

120

10D

80

1 {veTom 2 (MeTom

1)

2

m FommaecTeo HedTH oo
PeEVIIETHEALTHE

m FomagecTeo HedTH mociae
PeEyVTIETHEALTEE

Pucynok 1 — Conepsxkanne HepTenpoAyKTOB B OYBAX OMbBITHRIX y4acTkoB (OVY) mo u

nocje pekyabTuBanuu, r/kr (*OY - onbITHBIE YYaCTKH)




W3 nmnpemocTaBieHHBIX JAHHBIX BUAHO, YTO KOJMYECTBO HePTH [0
PEKYJIBTUBALMHU MIPEBBIIANIO JOIYCTUMBIE BEIUUMHBI B 3,5 — 4,5 pa3a u BapbHpoBaja
[0 ONBITHBIM y4yacTkam OT 65 nmo 98 r/kr. B npanbHelineM mocyie MPOBEICHUS
PEKYIBTUBAIIMN UX KOJUYECTBO CHU3MWIOCH 10 1,86 r/kr (OY 1) — 21,6 r/kr (OVY 2),
/i€ TOCTUTJIO MPAKTUYECKH IOPOora AOMYCTUMOMN KOHIICHTPAIIUH.

Takum oOpa3zoM, JydlIUM METOJOM OYMUCTKM MOKHO NPHU3HATH TEPBbIN
BapuaHT (OVY-1), KOTOpbI BKIIOYAET KOMIUIEKCHYIO PEKyJIbTHBaLUMIO. B gaHHOM
BapUAHTE HCIIOJIb30BATUCh MUKPOOPTAaHU3MBI — JECTPYKTOPBI, a TaKKe MPOBOIUICS
noceB MHOTOJIeTHUX TpaB. Conepkanue HedTH 110 1,86 T/KT.

[Ipy cpaBHHUTEIBHOM aHalIM3€ MPOEKTHUBHOIO IOKPBITHUS HCCIEIyEMBIX
YYaCTKOB BBISIBICHO 3HAUUTEIBHOE YBEJIMUYCHUE MOKA3aTENs HA ONBITHOM ydacTke 1
PEKYJIbTHBHPOBAHHBIM KOMILJICKCHBIM METOJJOM B CpPaBHEHHWH ¢ MeroaoM 2 (c
npUMEHEHue Orornpenapara) Ha KOTOPhIX BOCCTAaHOBJICHUE PACTUTENBHBIX (hopMaliuii
npoxoauio oueHb MeasieHHo. Ha OY- 1 nmpoektuBHoe nokpeiTHe nocturaet 90%.

B Ttabmume 5 paccMOTpeHbl BHUAOBOM cocTaB U ¢uTOMacca KUBOTO
HAllOYBEHHOTO IIOKPOBAa IOCJE MPOBEICHUS PEKYJIbTHBALIMUM HaMH OTMEYaeTCs
3HAQUMTENbHAS pPa3HHUIA. Tak Jy4ylIuM BapUaHTOM MOXHO cuuTtath OVY-1 ¢
IPOBEIEHHON HAMM PEKYJIbTUBALMEH KOMIUIEKCHBIM METOIoM. B 1aHHOM BapuaHTe
obmas ¢uromacca cocraBmsger 290,2 r1/mM2. B ¢dopmupoBaHHM TJIABHOTO
HAIMMOYBEHHOTO TMOKPOBA YYAaCTBYIOT MHOTOJIETHHE TPaBbl, KOTOPhIE ObUIM BHECEHBI
IpU MPOBEJECHUU OHOJIOTMUECKOr0 3Tana pekyiabTuBauuu. K HUM oOTHOCATCA
oBcsiHMIIA 0ObIKHOBeHHast 84,91/M2 (29,4 %), xoctpent 7,1 /M2 (2,4 %), a Takxke exa
coopuas 10,2 /M2 ( 3,5 %). Ha aGopurennsie Buabl npuxomurcs 64,7 %, a ux
¢utomacca cocraBisger 188r/mM2. B ocTanbHBIX BapuaHTax BHJOBOM COCTaB
3HAUUTENIBHO yMeHbInaeTcss or 4 go 7-9 (OV-2). Hauublii (axT moaTBepxkmaet
HU3KYI0 3P(HEKTUBHOCTH METOJIA 2.

Ha OVY-2 BumoBoii cocTaB pacTeHHil COCTOMT u3 9 BUAOB, a oOImas
dburomacca cocrasuser 75,7 r/m2, Hmwke yem Ha OY-1 B 3,8 pasa. B BumoBoMm
COCTaBE IJIaBHOTO HANOYBEHHOro MokpoBa npuxoautcs Ha [lneypouumym Illpebdepa

nmo 27% mupu ¢uromacce 25,1 1/mM2. Bpicoka mons ydacthuss B HEM OCOKH



oonpmexsoctoit 12,9 r/m2 wm 15,4%, a Taxke xBoma JiecHoro 9,5 r/m2 (11%) u
auHHen ceBepHour g0 13,2 /M2 (17%). Hammenwinee ydactre OTMEYEHO Y
OarynbHHKa 00sI0THOTO 110 2,3% 1 puromaccoit B 1,7 r/M2. bau3zkum 1o BUAOBOMY
coctaBy (7 BuaoB) u puromacce 81,2 /M2 ABISICTCS )KUBOW HAIIOYBEHHBIN TTOKPOB Ha
OVY-2. 3nech ObUT HCMONB30BAH TOT K€ METOJl PEKYJIbTUBAIlMU, OCHOBAHHBIA Ha
IpuMeHeHnu rpenapara «M/[-Cyxou, KUIKAN».

Tabnuma 5 — BUI0BOM cocTaB U (puTOMAacca KUBOTO HAIIOUBEHHOTO TIOKPOBa

Howmep onbITHOTO y4yacTka

No it Buibl pactenuit 1 2

1 BarynbHHK 41/1,4 1,7/2,3
OOJIOTHBIM

(Lédum palustre)

2 bpycHuka - 9,1/12,4
(Vaccinium vitis-
idaéa)

3 Kumnpeii 60m0THBIH 4,7/1,6 5,5/9,1
(Epilobium palustre)
4 JIunHes ceBepHas - 13,2/7
(Linnaea borealis )
5 Yepuuka 0,4/0,1 -
(Vaccinium
myrtillus)
6 Ocoxka 15,0/5,1 12,9/15
OOJBIIIEXBOCTAS
(Carex macroura)
7 CeIMUYHHUK 0,4/0,1 -
€BPONENCKHI
(Trientalis europaéa)
8 XBOI JIECHOH 9,4/3,2 9,5/11
(Equisetum
sylvaticum)
9 Maitauk - 1,7/2,3
JBYJIUCTHBIN
(Maianthemum
bifélium)
10 KyKyLKuH 1€H 10,9/3,7 -
(Polytrichum
commune)
11 [Tneypormym 9,1/23,9 25,1/27
IpeGepa
(Pleurozium
Schreberi)
12 Cdaruym TopdstaOit - 2,7/4,2
(Sphagnum)




OObekTHBHAsE OIEHKAa BOCCTAHOBJIEHHMSI SKOCHUCTEM HE BO3MOXHa 0e€3
MOHHUTOPHUHTA 32 OCHOBHBIMHM KPUTEPUSIMU IMOYBEHHOTO IUIoAopoausi. MiMeHHo mouBa
SBJIIETCSI HE TOJBKO CIIEJICTBUEM XU3HHU Ha 3emJie, HO U 00s3aTeIbHBIM YCIOBHEM
JUTSL CYITIECTBOBAHUS OHOTHI.

OCHOBHBIMM ~ TOKa3aTeIsiMU  IUIOJOPOAMS  SIBJISIOTCS  CTPYKTYpa,
MEXaHUYEeCKUH CcOocTaB, peakuus mouBbl, pH, cogepkaHue rymyca, a TaKxke
00€eCrIeYeHHOCTh OCHOBHBIMU MHUTATEIHHBIMU BEIIECTBAMH.

Ha Bcex aAByx ywacTkax, IOYBBI JMArHOCTUPYIOTCS Kak OOJIOTHO-
MO/I30JIUCTHIE. Omna dopmupyercs noj BIIUSTHUEM MO/A30JIUCTOrO
MOYBOOOPA30BATEILHOIO TMPOIEcCa HAa KOTOPHIM HAKJIAAbIBACTCS  OOJIOTHBIN.
HeoObemiieMbIMU TIpU3HAKaAMU TOCTOSSHHOTO WJIM  JIIMTEIIBHOTO HU30BITOYHOTO
VBIQKHEHHUS SIBISIETCS HAKOIUIEHWE OpPraHMYECKUX OCTATKOB B BHJE Topda u
OrJieeHUs] MUHEpaJibHOM uactu. Hanmume B BepxHed dyactu mnpoduns Topda
OTpEJeIsIET BBICOKAsE CTENEHb HAKOIUICHUS TMOCTynaromeid HepTu B JTaHHOM
T€HETUYECKOM TOpu30HTE. B pe3ynbrare Bo3pacTeT OOBEMHBIM BEC NOYBBI U €€
I0THOCTh. CliefoBaTeNbHO, HA PSIIy C XMMHYECKUM U YXYAIIAIOTCS (U3HUYECKUE,
(U3UKO-MEXaHUYECKHE, BOJHBIE U BO3AYLIHBIE CBOWCTBA.

AHanu3 TPUBENEHHBIX JaHHBIX TIO3BOJISIET CKas3aTh, YTO HauOOJIbIlIee
CHI)KCHHE KOHIIGHTpAIlMu HEePTENnpoayKTOB HaOmromaeTcss Ha ydactke 1 (96,5 %)
pPEKyJIbTUBUPOBaHHBIX MeTogoM 1. Ha yuvactke 2 HaOmogaercs CHHXKEHHE
KOHIIEHTpanuu HedrenpoaykToB Ha 83% (MeTox 2).

Ha yuactke 1 peKkyJIbTUBHPOBAaHHBIM KOMILUIEKCHBIM MeTOAOM (meTton 1)
MOKa3aTelid COOTBETCTBYIOT BCEM NpeabsBiIsieMblM TpeOoBanusM. Ha yuacTtke
2peKyIbTUBUPOBAHHBIX ~ MUKPOOHMOJIOTHYECKHM METOJJOM C  HCIIOJIb30BaHUEM
ouonpenapara «MJl-cyxoi, xunkuit» (Metoa 2), HaOIOIAEeTCsI COOTBETCTBHE IO
HOPMATHUBY COJIepKaHUsI HEPTEIPOAYKTOB B TOUYBE, MO OCTAJIBHBIM MapaMeTpam
YYaCTKU HE COOTBETCTBYIOT TPEOOBaHUSIM.

Takum o0paszom, B pe3ysibTaTe UCCIAEIOBAHUM ClI€JIaHbl CICAYIOIIUE BHIBOIBI:

[ JIyqmm MeTogoM O4YMCTKH siBisieTcss nepBblii Bapuant (OVY-1), on

BKJIIOYAET  KOMIUIEKCHYIO  peKyJbTHMBalMiO. B HeM  HCHOJB30BAIUCH



MUKPOOPTaHU3MBl — JECTPYKTOPHI M TIPOBOJWIICS TIOCEB MHOTOJIETHUX TpaB.
Conepxanue Hetu cHmkaercs 10 1,86 1/kr.

2.Taxke »(¢eKTUBHBIM TPU3HAETCS W BapuUaHT 2, KOTOPHIA OTBEYaeT
tpedoBanusam [1JIK(mo 20 r/m2) ,tam copepkanue HedTu coctaBuseT 15,2 T/kT.

JlydmuMm MoeT OBITh MPU3HAH BapHaHT C UCIOJBb30BAHUEM KOMILJIEKCHOTO
MeToja. 3/1ech HaOmogaeTcs cHukeHnre mokasarens ¢ 1,38 o 1,1 r/cm3. Tlpu atom
MOYBA YK€ OIICHUBACTCS KaK PhIXJIasl.

OtMeueHo cHwkeHue H TuapoluTHYecKOW KHUCIOTHOCTH, JYYIIUA BapUaHT
Ha OY-1 re ona ynana ¢ 3,48 mo 2,94 mr.okB./100r.[lanHbIi TIpOIIeCcC OIICHUBACTCS
MOJIOKHUTENIBHO. B Xyamem BapuwaHTe Tokazatenb H — (TuapoiuTudeckas
KHCJIOTHOCTbB) CHU3WJICS He3HAauuTeabHO ¢ 3,29 1o 3,18 mr.nkB./100r.(mmo 3 Metoxy).

Takum o0Opa3om, B pe3ysbTaTe KOMIUICKCHON OIICHKH, HAMH PEKOMEHTYETCS
MeToJ 1 C MCIOJIB30BaHUEM BBIJICIICHHBIX W3 a0OpPUTeHHOW MHUKPOMIOPHI KYJIbTYPHI
MHUKPOOOB-JIECTPYKTOPOB M TpPaB MEIHOPaHTOB. J[aHHBIM METOJ HECMOTpPS Ha €ro
3aTPaTHOCTH TO3BOJIIET MHTCHCHU(PHUIIMPOBATH KaK MPOIECCHI Pa3IOKeHUS He(TH B

I1o4Bax, TaK U MaJIbIii OMOJIOrHYEeCKUI KpYroBopoT B LICJIOM.



3 CpaBHUTEJIbHBII IKOHOMHYECKUH aHAIN3 OMOJOTHYECKHX METO0B

PeKyJbTHBAIUH

3emiid, B 3aBHCHUMOCTH OT CTENEHU 3arpsA3HEHHOCTH HEePTENpOTyKTaMH,
YCIIOBHO MOKHO Pa3/IeiIUTh Ha TPU TPYIIIIbL:
1. Cnabo 3arps3HeHHbIC (C coAepkaHUEM yTIIeBo10po10B J10 SO I/Kr
2. TIOYBBHI).
3. Cpenne 3arpsi3HEHHBIC (C COZIep )KaHUEM YTIIeB010po10B oT 50 10 150
4. T/KT TIOYBHI).
5. CunbHO 3arps3HEHHbIE (C coliepKaHueM yrieBogopoaoB ot 150 mo 500
/KT TIOYBHI).

B nukBumanmu  cnaObIX — 3arpsi3HEHUN  1€J1I€CO00pa3HO  MPUMEHUTH
TEXHOJOTHH, BKJIIOYAIOIME OYUCTKY MOYB C MCIOIH30BAaHHEM OaKTEPHOIOTHIECKIX
IITAMMOB BMECTE C a’palved, y1o0peHrueM U MoJuBoM nouBbl. OHAKO, MPUMEHEHUE
TaKUX TEXHOJOTUM, PE3KO 3aBUCAT OT KIMMATUYECKHX U DKOJOTMYECKUX YCIOBHM.
CnenoBarenbHO, pa3paOoTaHHBIM  OaKTepHUalbHBIA Tpenapar JOJDKEH ObITh
aJanTUPOBAH K KOHKPETHBIM YCIOBHSIM BHEITHEHN CPEIbI.

Cpennue 3arps;3HEHHsI MOYBBI HEPTEMPOAYKTAMHU II€1€CO00Pa3HO TPOBOAUTD
METOJIOM PEKYJbTHUBAIMH, MPEAYCMAaTPUBAIOIIUM COOp C TOBEPXHOCTH YyYacTKa
paznuTol HEePTH COpOCHTaMH, pBIXJIEHWE 3arpsi3HEHHOrO0 CJIOS TpPyHTa C
OJTHOBPEMEHHBIM BHECEHHEM B HETO O0AKTEPHOJIOTHYCCKUX IITAMMOB, MHHEPATbHBIX
yIOOPEHH 1 MTOCEB CeMsIH palOHUPOBAHHBIX TPaB.

[Ipu cUIBHBIX 3arpsS3HEHUSX TPYHTOB HE(PTHIO PEKYIBTUBAIINS, KaK TIPABUIIO,
OpoBOAMTCA B JBa dTama. Ha mepBOM dTame OCYIIECTBISIOT OKOHTYPHUBAHHE
3arpsi3HEHHBIX apeasioB JPEHAXXHBIMU KaHaBaMU M MPUEMHBIMH Trypdamu, cOpoc B
HUX HedTecoaepkameld >KUIKOCTH, IepeKadyKy €€ B HAKOMHUTEIbHBIE EMKOCTH,
OCYIIICHHUE TIOBEPXHOCTH 3arps3HEHHBIX Yy4YaCTKOB, pa3leJieHHe MW  OYHUCTKY
KOMITOHEHTOB COOpaHHOM JKUIKOCTH, MTOBTOPHOE HCIOJIH30BAHUE BOJBI U SKHIIKHX
yIA€BOMOPOAOB.  Peanmmsamuss  [MaHHOTO  JTama  CYNIECTBEHHO  OCJIOKHEHA

HEOOXOJMMOCTBIO DPA3JEICHHs] 3arps3HEHHBIX JKUAKOCTeH (dMynbcuil) Ha HedTb



(HedrenpoaykThl) ¥ Boay. B xone mpoBeaeHHs BTOPOTO 3Tana peKyIbTUBALIMOHHBIX
paboT, MPOU3BOAAT CPE3KYy C YACTHYHO OOE3BOKEHHBIX YYAaCTKOB 3arps3HEHHBIX
IPYHTOB, TPAHCIIOPTUPOBKY M OYUCTKY HUX OT KUAKUX YTJIEBOJOPOJOB MOIOIIUMU
KHUAKOCTAMU B cMecutensix. O0e3BpekeHHbIE TPYHTHI BO3BPAIAIOT HAa MOBEPXHOCTD
PEKYJIbTUBUPYEMBIX YYACTKOB, a MOIOUIUE >KHJIKOCTU IOCJE€ OYHCTKHA MOBTOPHO
UCIIOJIB3YIOT JJIS OTMBIBKM HOBBIX MapTHil 3arpsi3HEHHOrO rpyHTa. Bo3mokeH
BapHaHT 0e€3 BHIEMKU T'PYHTA: YCTaHABIMBAIOT Nep(opupoBaHHbIE TPYObl B TPYHT U
NoJ JAaBJICHUEM B HHUX 3aKayuBalOT TOpPSYYI0 BOJAY WM  CHEIUAIbHOE
OnopasnaraemMoe Moromiee BemecTBo. [locie coOMparoT KHAKOCTh ¢ HEPTHIO U
paznenstor ee. Ha koHeUHOU cTaguu mpoBOAAT cOOp OCTaBIIMUXCSA HEPTENPOAYKTOB
copOeHTaMu, 100aBIAIOT B TPYHT OAKTEPUOJIOTMYECKHE IITaMMBI, IOCEB CEMSH
MHOTOJIETHUX SHIOMHUYHBIX TpaB (OBCSHHIIBI JIyTOBOM, TAMO(EEBKHU JIyrOBOM, U 1Ip.)
IpU OTHOBPEMEHHOM BHECEHHUH B NOYBY TOp(ha U MUHEPATBHOIO y100peHus. |
CrnenyeT OTMETUTh, YTO HECMOTPS HA NEPCIEKTUBHOCTh IPUMEHEHUS TaHHBIX
IpenapaToB HEAPONOJIb30BATEIM 3a4aCTyH0 OTHOCSATCA K MOJOOHBIM TEXHOJIOTHSM
CKENTUYECKH H3-32 UX OTHOCHUTEIBHO BBICOKOM CTOMMOCTH, Y3KOro Juarna3oHa
NpUMEHEHHUs. J[eHCTBUTENBHO, PEKYIbTUBAIMS MOYB C NMPUMEHEHHEM MHKPOOHBIX
npenapaToB-He(TEeAECTPYKTOPOB SIBJISIETCS BEChbMa CJIOKHBIM M HEOJHO3HAUYHBIM 10
PE3YNBTATUBHOCTH TIpolieccoM, d(PPEKTUBHOCTh KOTOPOTO 3aBUCUT OT OOJIBIIOTO
KoJinyecTBa (PakToOpoB (KIMMAT, COCTaB MOYBHI, a’pamusi U T.1.). OObEKTUBHBIE
CJIOHOCTH, COITyTCTBYIOLIUE IPUMEHEHHUIO MUKPOOHBIX npenapaToB-
OMOJECTPYKTOPOB OOYCIIOBJIEHBI, B TIEPBYI0 OYEpElb, YCIOBUSIMH poOCTa U
KHU3HEACSITSIbHOCTH MHKPOOPTAaHU3MOB, BXOJSIIMX B MX cOCTaB. D(PPeKTUBHOCTD
IJIAaHUPYEMBIX paboT ¢ OromnpenapaTaMu 3aBUCHUT OT CJICTYIONINX (PaKTOpOB:
1. KonuvecTBO BBUIMBIIMXCS HE(PTENPOAYKTOB, IUIOLIAAb, IIyOMHA H
CTETEHb 3arpsi3HEHUs TIOYB U BO/I;
2. Bo3pact 3arps3HeHUs ©, COOTBETCTBEHHO, TEKYIIMM COCTaB
He(TENPOIyKTOB;
3. IIpoaomKUTEeNbHOCTh BEreTallMOHHOTO Mepoaa (C KpYIrJIOCyTOYHO

ITOJIOKUTCIbHBIMUA 3HAa4YCHUAMU TEMIICPATYPhI BO3ayXxa u



MTOBEPXHOCTH MOYBBHI);

4. Twun, Bmarocojep:kanue, KUCIOTHOCTh U JIPyrue (HU3MKO-XUMHUIECCKUE
napaMmeTpbl 3arpsA3HEHHOM TMOYBBI WM HedTeliama, HUX LeJIeBOe
Ha3HAYCHHWE, a TaKXKe OCOOCHHOCTH MECTHOTO MHUKPOOHMOIIEHO3a,
PaCTUTENIBHOCTH;

5. B03MOXHOCTh MPUHYAUTENBHOMN a’palliu 3arpsi3HEHHOTO 0OBHEKTA.

B ToXe Bpems, HU OJMH W3 NMEPEUYUCICHHBIX METOJOB PEKYJIbTUBALIMM HE
SBJIIETCSI TIOJIHOCTHIO ONTUMAJIBHBIM U CaMoOJIOCTaTOYHbIM. Takum oOpazom, uis
JUKBUJANMA HEPTIHBIX 3arpsi3HCHUA W BOCCTAHOBJICHHS He(Te3arps3HECHHBIX
TEPPUTOPUM HEOOXOAUMO COYETAaHUE PA3JIMYHBIX METOJOB BO3JACHCTBUS Ha
3arpsi3HUTEND (MEXaHUYECKUe, PU3NKO- XUMUYECKUE U OMOJIOTUYECKHUE).

CnenyeT OTMETUTh, 4YTO TOJIbKO KOMIUIEKCHBIM MOJIXO0A TMO3BOJISIET C
MaKCUMaJIbHBIM 3()PEeKTOM 00€3BpEKUBATH 3arPsI3HEHHYIO He(DTEPOayTaMU 3EMITIO.

B ctpykType 3arpar cpaBHUBAaEM JIBa METOAA PEKYJIbTUBALIMM U ONPEAECIsIEM
HauMeHee 3arpaTHbld. [lepBbld  METOA  KOMIUIEKCHBIM €  HMCIOJb30BAaHUEM
BBIJICJICHHBIX U3 a00pUTeHHOW MHUKPOQIIOPHI KYJIbTYpbl MUKPOOOB- AECTPYKTOPOB U
TpaB MEJIHOPAHTOB. DTOT METOJ ObLI HUCIOJB30BaH Ha 3arnajJHo-OCTaHKUHCKOM
MectopoxkaeHuu (yuactok Nel). Bropoit MeTos1, OMOJIOTHYECKUI ¢ HCTIOJIb30BAHUEM
npenapara «M/I[-cyxoit» Obu1 mpuMeHeH Ha JIyruHenkoM MecTopoxkaeHuu (Y4acTok
No 2).

PaccmoTpyM Ha JBYX ywacTKax dTamnbl MPOBEICHUS PEKYJIbTUBAIIUU
He(Te3arps3HEHHBIX 3€Melb, PACIOJOKEHHBIX Ha OO0JIOTHO — TOMA30JIUCTHIX H
TOPhSAHBIX OOJIOTHBIX MOYBaX. TE€XHOJOTHS MPOBEACHUS PEKYIbTUBAIIUU 3EMEIh
COCTOUT M3 MOATOTOBUTEIHHOTO, TEXHHYECKOTO U OUoorudyeckoro srama. [lepeuenp
MEpONPUSATUNA BXOSAIINX B MTOATOTOBUTEIIbHBIN JTaIl:

e 00cCe0BaHUE YUaCTKa;

e 0T0Op MPOO MOYBHI;

® YCTAaHOBKA aHIIJIArOB Ha JACHCTBYIOIIMX KOMMYHUKAIUAX, ONPEICIICHHUE
MECT 3ae37la Ha y9acTOK O0J0TOXOTHON TEXHUKH;

e (ororpadupoBanue yyacTka 10 peKyJIbTUBALIMH.



Ha TexHuueckoMm sTame peKyJIbTHBAIMM MHpoucxoauT JloctaBka pabouero
nepcoHaa, MaTepralioB U TEXHUKU K MECTy IpOBeJeHHs padoT (BaXTOBBIM aBTOOYC,
caMocCBall.).

B Ononoruueckuit aTan BXOJUT:

e [loaroroBka u BHECeHHE paboOUero pacTBopa OMOJIECTPYKTOpa METOIOM
JOKJIeBaHUS (MOTOIIOMIIA);

o ®dpesepoBanue Ghpe3oit 60IOTHOM;

e Pyunas gopaboTka He0OpaOOTAHHBIX TEXHUKOW MECT;

e PyuHOI1 moCeB CEMSIH MHOTOJIETHUX TPaB;

e KoHtpoib KauecTBa IIPOBEICHHUS OMOJIOrMYECKOT0 JTana
PEKYJIbTUBALINY;

e (Cnmaua yyacrka;

e ®doTorpagupoBaHUe y4acTKa MOCIE PEKYIbTUBALIUN;

e [loaroroBka makera JOKYMEHTOB JUISl Cla4yl y4acTKa.

bonee noapoOHO paccMOTPETh TEXHOIOTHIO PEKYJIBTUBALIUN 3€METb MOKHO B
[Ipunoxenuu b.

B Tabmune 7 mpencraBieHa CTpyKTypa 3arpaT MO JBYM METOJaM, HYXHO
paccuMTaTh UX CMETHYIO CTOMMOCTb. M1 B KOHEUHOM WTOT€ MOJYYUTCS PE3yJbTaT, B
KOTOPOM MOKHO OYJEeT YBHJIETh KakOil MeToJ| HaumeHee 3aTpaTHblii. CpaBHEHHE
3aTpaT OIPOUCXOJUT IO HOPMATUBAM MPUXOLAIMX Ha | ra.

Tabmuua 7 — CpaBHEHHME 3aTpaT Ha NPOBEICHHE PEKYJIbTUBAIMU IO BHIOPAaHHBIM

MeTOo/IaM Ha, py0./ra

buonornueckuit
[IpoBoammbie pabOTHI KoMIuiekCHBIA | ¢ UCHOJIB30BaHUEM
M/I-cyxou

3atpartsl, pyo.

Obcnedosanue yuacmka

OT60p TOYEUHBIX MPOO IS aHAIM3a Ha 3arPSI3HEHHOCTH
M0 XUMHYECKUM MOKA3aTeNsIM: IOYBO-TPYHTOB Ha 2500,00 2500,00
coJiep)kaHue HePTEPOTYKTOB

Uroro: 2500,00 2500,00




[Tponomxenue TabaUIbI 7

Texuuueckuti sman Peyibmusayuu

Oumncrka nﬂomaz[eﬁ OT KYCTapHHMKa H MCJIKOJIEChA

7448,40 7448,40
BPYUYHYIO IIpU CPEIHEN ITOPOCIU
Coxuranue ¢ nepeTpsIXuBaHUEM BaJOB U3 KyCTAPHHUKOB,
MEJIKOJIEChS] 1 KOPHEH KOpYeBaTeIISIMU-COOMpATEIIIMH Ha

6352,84 6352,84
TpakTope MoiHocThI0 59 (80) kBT (J1.c.), KycTapHUK U
MEJIKOJIEChE CPETHUE
Hroro: - 8 734,82

buonozcuueckuti sman pexynromusayuu

[TpurotoBnenune paboyero pactBopa OMOAECTPYKTOpa | 594,36 594,36
[Iponomkenue Tabnuibl 7
BHecenne pabodero pactBopa METOJIOM J0XKIICBaHUS

170,49 170,49
(MoTomomna)
O0paboTKa MoYBBI BPYIHYIO 15642,00 15642,00
Baecenne ynoOpeHuit BpyuHyro 197 496,00 -
A3zodocka mapku 1:1:1 HachIIBIO 432,36 432,36
Packucnurennb MouBLI - 5 652,64
PrIxiteHye mouBel 3 713,76 3 713,76
O06paboTka npenapatom «MJI-cyxoii» - 318 275,00
[ToceB MHOTOJIETHUX TpaB BPYYHYIO BPYUHYIO 9775,20 9775,20
[Tocanka 4epeHKOB UBbI 11 934,00 11 934,00
AMMMaydHas cenurpa 1945,00 1945,00
HToro mpsiMbie 3aTpaThl IO CMETE B TEKYIIUX IIEHAX 242 135,53 368 567,17
[Ipoune 3arpatel 3% 7 264,00 11 057,01
Haknannsie pacxoast 25% 60 533,88 92 141,79
HAC 18 % 43 584,39 66 342,09
HToro 1o Bcem padboTam: 353 517,80 538 108,06




AHanusupys JaHHYI0 TaOJWIly 1O CpPaBHEHHWIO 3aTpaT Ha MPOBEICHUU
PEKYNbTUBAIMA 1O BBIOPAHHBIM METOAAM, OTIWYUTEIHHOW UYEPTOM B TEPBYIO
ouepeb SIBIsIETCS MpUMeHeHne ouonpunapara «MJ[-cyxoi».

PaccmoTpum CcTpyKTypy 3aTpaT Mg KaXJAOro METoJa B OTAEIbHOCTH. B
KOMILJIEKCHBIA METOJ1 BXOST TaKue padOThl Kak:

e Ot100p TOYEUHBIX MMPOO IS aHANIM3a HA 3aTPA3HEHHOCTH MO0 XUMUYECKUM
MOKa3aTeyisiM: TOYBO-TPYHTOB Ha CoOJepkaHne HePTEIPOIyKTOB
coctaBwin 0,7 % oT o01ieil cyMMBbI 3aTpar, KOTOPbIE HEMOCPEACTBEHHO
BXOJIAT B MOJATOTOBUTEIBHBIN ITAIl.

e B TEXHMYECKOM OJTalne€ OYMCTKA IUIOMIAJEN OT KYyCTapHHKA W
Menkonechs: coctaBmwio 2,1 % ot oOmeilt cymmel 3atpar. CKUranue c
NEPETPSAXUBAHUEM BAJIOB U3 KyCTAPHUKOB cocTaBmiio 1,8 %.

e Ha OwuonormyeckoM 3Tare KOMIUIEKCHOTO METOoAa ObUIM NPUMEHEHbI
Takue  pabotel  kak:  IlpurotoBinenwe  pabodero  pacTBopa
ouonectpykropa, 4yto cocTtaBuiio 0,2% 10 OTHOIICHHIO KO BCEM
pabotam. Baecenune pabouero pactBopa meromoMm aoxaeBanus — 0,04.
OO6padoTka moussl BpyuHyto — 4,4%. BHeceHnue ynoOpeHuii BpydyHyto —
55,6%, 9TO COCTaBJISIET OCHOBHYIO YacTh pabOT MO CTPYKType 3aTpar
KOMIUIEKCHBIM METOJIOM, TaK KaK OCHOBHBIM JaHHOTO METOJIa SIBJISIETCS
UCIIOJIb30BAHUE BBIJICIICHHBIX U3 a00PUTeHHON MUKPOMIOPHI KYJIbTYpPHI
MUKpPOOOB — JIECTPYKTOPOB U TpPaB — MEIMOPAHTOB. A30(ocka Mapku
1:1:1 macemero — 0,12%. Pexiieane moussl — 1,05%. Iloces
MHOTOJIETHUX TpaB Bpy4HYIO BpyuHyto — 2,7%. [locagka 4epeHKOB MBbI
— 3,37. Ammuaunas cemutpa — 0,5%. Ilpoume 3artpatel — 3% B HHUX
BXOJIUT TOIUIMBO HA TEXHUYECKOE OOCITy>KUBaHUE OOOpYAOBaHHUS.
Haxnagueie pacxogst — 25% B HUX BXOAWT OJKCIUTyaTallus
000pyI0BaHUs U MPUOOPETEHUE U TPAHCIIOPTUPOBKA.

[Ipoananu3npoBaB KaKIbli MOKA3aTelb CTPYKTYPHI B OTACIBHOCTD, CIAEAYET
cAenaTh CIEAYIOUIMA BBIBOJ, O TOM, YTO OCHOBHBIM IOKa3aTeIeM W MPOLECCOM

SBJIICTCSI TIPUMEHEHUE YAOOPEHHWI BBIICICHHBIX W3 a0OPUTEHHOW MHUKPO(DIOPHI



KYJIbTYPbl MUKPOOOB — JIECTPYKTOPOB M TPaB — MEIUOPAHTOB U COCTABHJI OT OOIIEiH
cTonMocTH 3arpart 55,6 %. Mtoro mo cymma mo 3atparam coctaBuia 353 517 py6.

Jlanee paccMOTpUM OHMOJOTMYECKUNM METOJ| C HMCIOJIb30BaHUEM IIpernapara
«M/I-cyxoii», B KOTOPBIA BXOAAT TaKUE pabOThI Kak:

o [loaroroButenbHbid 3Tan. OTOOpP TOUEUYHBIX MPOO MJs aHalM3a Ha
3arpsi3HEHHOCTh MO XWMHUYECKHM TIOKa3aTesisiM: TOYBO-TPYHTOB  Ha
comepxkanue HedTenpoaykToB coctaBuiu 0,5 % ot o0med cyMMbl
3arpar.

e Ha Texnuueckom sTame ouMCTKa IUIOMIQJEd OT KyCTapHUKa U
Menkonechs: coctaBmwio 1,4 % ot oOmeilt cymmel 3arpar. Cxuranue c
MEPETPAXUBAHUEM BAJIOB U3 KYCTAPHUKOB COCTAaBWIIO 1,2 %.

e Ha OuonormyeckoMm 3Tane KOMILIEKCHOTO MeEToJa ObLIM IPUMEHEHBI
Takue  pabotel  Kak:  [lpurotoBinenwe  pabodero  pacTBopa
ouonectpykropa, uyto coctaBuiio 0,1% 1O OTHOLIEHHIO KO BCEM
paboram. Baecenune pabouero pactBopa meronoM aoxiaeBanus — 0,04.
OO6paboTka mouBbl BpyuHyio — 4,4%. Packuciaurens mouBsl — 1,05%,
KOTOPBIN HEOOXOAUM JJIs MUTAHUS MOYBEHHBIX MUKPOOPTAaHU3MOB IPU
UCIOJIb30BaHUU OwuomnpenapaTta. Azodocka mapku 1:1:1 Hackimbio —
0,12%. Poixnenue mouBel — 1,05%. O6pabotka mpemaparom «MJI-
cyxoi» — 59%, 4TO ABISAETCS OCHOBHOW COCTAaBJISIONICH B CTPYKTypE
3arpaT B OuosiornyeckoMm Mmetoje. [IoceB MHOTONETHUX TpaB BPYUHYIO
BpyuHyto — 1,8%. [locanka yepenkoB uBsl — 3,37. AMMUa4dHasi CeIUTpa
— 0,5%. I[Ipoune 3arpaTsl — 3% B HUX BXOJUT TOIIMBO HAa TEXHUUYECKOE
oOcimykuBanue oOopyaoBaHus. Hakmamaeie pacxomel — 25% B HEX
BXOJIUT  OKCIUTyaTalus  OOOpYyJOBaHUSI U  NPUOOPETEHHE W
TPaHCHIOPTUPOBKA OHOIpenapara.

OCHOBHBIM TOKa3aTejIeM B CTPYKTYpE 3aTpaT BTOPOTO METOMA, SIBISIETCS
npuUMEHEeHue OuompenapaTa W pPacKWIMTENIb TMO4YBBL. be3 packucinutens mOuB
KOTOPBI HEOOXOAMM /Il MHUTaHUS TMOYBEHHBIX MHKPOOPTaHHU3MOB, HEBO3MOXKHO

UCIIOJIb30BaHUsl Ouormnpenapara. Mtoro cymma mo 3atpartam cocraBmia 538 108 py6.



Hcnonp3yeTcst Guonpenapat Npu HU3KOM KOHIIEHTpaIMK 3arpsi3HeHus (10 50
I/KT) TpernapaT BHOCUTCS 0e3 JAOIMOJHUTENbHBIX MepornpusaTuil. [lpu 3arpssHenun ot
50 mo 150 r/kr cHayana BHOCUTCSI CTPYKTYpATOp JJIsl CHUKEHUSI KOHIeHTpatmu. [Ipu
sarpsisHeHnn Bbiie 150 1/kr (mo 500 1/KT) TPOM3BOAMTCS OTKAadyka CBOOOJIHBIX
He(TENPOAYKTOB, He(TelIaM OTIPaBISAETCS Ha CHEHHAIbHYIO IUIOMIAAKY IS
PEKyJIbTUBALIUU, B HETO BHOCUTCS CTPYKTYpaTop, 3aTe€M MPUMEHsIETCS Ouompenapar
«M/]I-cyxoit». MoOXHO Tak ’K€ CKa3aTh, 4TO yOOpKa 3arps3HEHHOTO TpPyHTa H
COOTBETCTBEHHO 3aChINIKa HOBOT'O HE3apaKEHHOTO CJIOSA MOYBHI B TIOJTHOM 00bEME, TO
€CTh 110 BCEU 3apaKeHHOM IUIOLIAAN HE TpeOyeTcs.

[Ipumenenue ganHoro npemnapata Ha Tepputopun OAO «TomckuegpTs» BHK
HOJIyYMJIO IIUPOKOE PACIIPOCTPAHEHHE, HO LIEI€CO00Pa3HOCTh MPUMEHEHHS OCTAETCS
CIIOPHOM BBHUAY CJIO)KHOCTH €r0 MPUTOTOBJIEHUS U HEAOCTATOUYHOM 3()PEKTUBHOCTH
Ha MEepPEyBIAXKHEHHBIX MTOYBAX.

K dakropam, orpaHMYMBAIONIUM IIUPOKOE NPUMEHEHHE MPOMBIIIIEHHBIX
HE(DTEOKHUCIAIOMIMX  MpenaparoB, CIEIyeT OTHECTH MX JOPOTOBHU3HY U
HEIIPOAOJDKUTEIBHOCTh  IEUCTBUA. YK€ 4Yepe3 HECKOJIBKO HEACIHb MOXKET
HaOJIIOAAThCsl TI0JIaBJIEHUE BHECEHHBIX B MOYBY MHUKPOOPTraHM3MOB aOOpPUT€HHBIMU
MHUKPOOHBIMH COOOITICCTBAMH, Pa3BUBAIOIIMMUCI Ha (hOHE yA0OpEHMI, BHOCUMBIX C
MUKpPOOHBIMU TIperapaTtaMu. B 3Toil cBsi3u Oosiee MPOCTHIM, ACHIEBBIM U JOCTATOYHO
HAJeKHBIM OKa3bIBAECTCS HCIIOJIb30BAHUE HAKOMUTENbHBIX KYJIbTYp a0OpUTE€HHBIX
MUKPOOHBIX COOOIIECTB, KOTOPhIE CIIOHTAHHO PAa3BUBAIOTCA Ha He(Te3arpsa3HEHHBIX
ydacTKax JaHHOro permoHa. OHM aganTHPOBAHbl K MECTHBIM KIMMAaTUYECKUM H
MOYBEHHBIM YCJIOBUSIM, K OCOOCHHOCTSIM MECTHBIX HepTel KaK MUTaTEIbHbIX
CyOCTpaToB, JIETKO MEPE3UMOBBIBAIOT.

KomniekcHass  arpoTexHM4YecKkas pEKyJbTHUBALMSA C  MCIIOJIb30BAHUEM
a0OpPUTEHHOU KYJIbTYPhl MUKPOOOB - JECTPYKTOPOB U TPaB — MEIHOPAHTOB. JlaHHBIN
METOJI OCHOBAaH Ha CTUMYJHPOBAHHMM Tpollecca Jerpagaluu HePTH C MOMOUIbIO
a0OpPUTEHHOU KYJIbTYpbl MHUKPOOOB-IECTPYKTOPOB M YCTOMUMBBIX K 3arpsi3HUTEITIO

PaCTEHUN-MEITUOPAHTOB.



Hcnonp30BaHne TpaB-MEIMOPAHTOB TaK € CIOCOOCTBYET K YIYYIICHHIO
CTPYKTYpbl TIOYBBI, YBEJIMYMBAECT €€ BO3AyXONPOHMULAEMOCTh. OHHM MOIVIOUIAIOT
MyTareHHbl€, KaHIIEPOTE€HHBIE U JIpyrue OMOJOTUYECKH ONacHbIE MPOAYKTHI pacmaja
He(TH, MPEMATCTBYIOT BBIMBIBAHUIO U3 PEKYJIBTUBUPYEMOTO CJIOS ITOYBBI 3JIEMEHTOB
MUHEpaJIbHOrO NUTaHWsA. KOpHEBBIE BBIIEICHUS W INPOAYKTHI PA3JIOKEHUS TpaB
CHOCOOCTBYIOT ~Pa3BUTHUIO MHOTOBHUJIOBOW IOYBEHHOM OHOTBHI, 0Opasyrouei
BBICOKOAKTHBHBIN CaMOPETYIUPYIOLIUNCA «KOHBEUEP» IECTPYKTOPOB,
00eCreunBaIOIINX OKOHYATEIbHOE OUNIIIEHNE U BOCCTAHOBJICHHE IIJI0JJOPOIUs IIOYB.

Takum 00pa3oM, UCIOJIB30BAHUE COBMECTHO a0OPUTE€HHOM KYJIBTYpbI
MUKpPOOOB-IECTPYKTOPOB M TPAB-MEJIMOPAHTOB MPUBOJAUT K CHUMOHOTHYECKOMY
addekTy, CTUMyNIHpYOIIeMy Haubojiee OBICTpOe pa3iIoKeHHE HEePTEIPOTYKTOB.
JIOCTOMHCTBA TEXHOJIOTHH 3aKJII0YAIOTCS B CIETYIOIIEM:

® TEXHOJIOTHS MO3BOJISIET CHU3UThH COJEpKaHUE HE(PTU U HEPTENPOTyKTOB
B BoJie 1 nouBe B 10 — 60 pa3 3a ce30H;

® [IPUMEHEHHUE MHKPOOOB-AECTPYKTOPOB, BBIJIEIECHHBIX U3 €CTECTBEHHOIO
MUKpPOOMOILIEHO3a, HUCKIIOYaeT HEMNpeICKa3yeMble  HKOJIOTMYECKUE
NOCJIEICTBUSI, BO3MOXKHBIE IIPM HMCIOJIb30BAaHUM NOCTOPOHHUX BUJOB
MUKPOOPraHU3MOB (eBapoiiia, myTuaouIa u ap.);

® [pUMEHEHHWE TpaB — MEJIMOPAHTOB, MPUBOAUT K  OBICTPOMY
BOCCTAaHOBJICHUIO PACTUTEIBHOIO MOKPOBA U CTUMYJIHUPYET NOYBEHHYIO
ouory;

® HH3Kasi ce0€CTOMMOCTD KYJIbTYPbl MUKPOOOB-JE€CTPYKTOPOB.

Ha ocHOBe aHHBIX NOKa3aresed B CTPYKTYpE 3aTpar, 10 BOCCTAHOBJIEHUIO
3eMellb, MOXHO CJI€JIaTh BBIBOJ, YTO 3aTPaThl HA BHIIIOJHEHWE KOMIUIEKCHOTO METO/1a
MEHBIIIE, YEM Ha METOJ PEKYJIBTUBALMHU C HUCIOJb30BaHUEM npenapaTa «M/[-cyxomn».
OxoHomust coctaBuia 184 590 pyO./ra. Pe3ynbraTel ucciieoBaHMs MOKa3aid, YTO
KOMILJIEKCHBIH ~ METOJl C MKCIOJb30BAHMEM  BBIJICJIICHHBIX U3  a0OpUTeHHOU
MUKPOQIIOPBI KYJIBTYpPhl MHUKPOOOB — JECTPYKTOPOB M TpaB — MEIHOPAHTOB
HKOHOMHUYECKH 00JIee BHITOJIEH B YCIOBUSIX €1a00 U CpeHE 3arpsA3HEHHBIX y4acTKax

C coaepx)aHuem yriaeBoaopooB oT 0 10 150 r/Kr moyBHI.



4 CounanbHasi oTBeTcTBeHHOCTHh HA npuMepe OAO «TomckHedTs» BHK



3akiioueHue

OCHOBHOIl U3 TJaBHBIX DKOJIOTMYECKHX MpOOJEeM MPOU3BOJCTBEHHOMN
teppuropun OAO «Tomckue@Tts» BHK, sBnsercs Bbicokas aBapuWHOCTh Ha
oOBekTax HedTerazoBoro mnpomsicia (B cpeaHeM 1-3 mpopblBOB HE(TENPOBOJIOB B
JI€Hb), COIPOBOXKJAIOLIAsi BBIOpOCAMH B  OKpPYXKAWOIIYI0 cpeay Heptu u
HEe(TENpPOAYKTOB. 3HAUMTENbHAs YacThb MPOAYKIHMH JOOBIBa€TCA Ha CTapbIX
MECTOPOKACHUAX, HAXOMSIIMXCA HAa MO3IHEW CTaluu pa3padOTKH, HEAOCTATOYHO
IPUCIIOCOOTIEHHON K COBPEMEHHBIM TpPEOOBAHUAM OXpaHbl OKPYXKAIOLIEH Cpelbl
TEXHUKON M TexHosorumerd. OqHa U3 OCHOBHBIX INPUYMH BBICOKOW aBAPUWHOCTH —
COCTOSIHME TpyOONpPOBOAOB M OOOpYNOBaHUS, KOTOpPOE YCTapesio, (U3NYECKU
W3HOLIEHO, OTpaOOTaBIIEro OINPEACIIEHHBII CPOK HMMEET HU3KYI0 CTEIEHb
HAJEKHOCTH, HO MPOJOJDKAET HAaXOIWThCi B AKciulyatanuu. Hambonee Bcero ot
aBapUMHBIX PA3JIMBOB HEPTH CTPaJaeT 3€MHas MOBEPXHOCTh: Jieca, 00JI0Ta,
BOJIOEMBI.

[lo HapacTaHUIO 53KOJIOTMYECKOW OMACHOCTU MPOMBIIIJIEHHBIE OOBEKTHI
MO’KHO pa3JeIUTh Ha JINHEHHbIE OOBEKTHI, MJIOIAAHbIE OOBEKTHI.

Haunbonee Bcero oT aBapuilHBIX pa3iMBOB He(TH CTpajaeT 3eMHas
MMOBEPXHOCTh: PACTUTEIbHBIA W TOYBEHHBIA TMOKPOB. 3arpsi3HEHUE JIECHBIX
¢buTOIIEHO30B HE(DTHIO BHI3BIBACT CHIKEHNE YMCIICHHOCTH M BUIOBOTO pa3HOOOpa3us
MEJIKUX MJIEKOTTUTAIOUIUX.

[locne pexkynbTUBaLMK He(TE3arps3HEHHBIX YYACTKOB  KOMILJIEKCHBIM
METOJIOM OHMOJOTHYECKOW OYUCTKM TMOYBBI MPOU3O0LLIO 3HAYUTEIBHOE CHUKEHHE

KOHLIEHTpauu HeQpTenpoaykToB Ha 97% u BoccTaHoBleHue ¢uToreHo3a Ha 87,5%,



OpU 3TOM TYCTOTa PAcCTUTEIBHOTO TMOKpoBa cocTaBisiia 74,5 mt/m2. Hamuuwue
HE(PTAHBIX MATEH quameTpom Oosiee 50 cM He Ha0III01aJI0Ch.

Ha yuacTtkax peKyJbTUBUPOBAHHBIX MHMKPOOUMOJIOTHYECKUM  METOI0OM
OMOJOTUYECKON OYMCTKHU MPOU3OILINA CHIDKCHUE KOHIICHTPAIMKA HEPTEPOTYKTOB Ha
83%, (uToneHo03 BOCCTAHOBUJICS HE MOJHOCTBIO. [IpOEKTUBHOE MOKPHITUE KUBHIM
pacTUTENbHBIM TOKPOBOM cocTaBuiio 9,5%, rycrora pacTUTENBHOTO MOKPOBa
Haxoamnack B mpeaenax 10 mr/mM2. B ueHTpanpHOM YacTH HaAOIIOJaNMCh
He(TA3arpsA3HEHbIC MATHA quaMeTpom Oosiee S0 cMm.

B 3aBucuMocTH OT pa3auvHbBIX (DAKTOPOB TAKUX KAK: aBAPUMHOCTH, MACIITA0
3arps3HEHUs] HEPTHIO TEPPUTOPHM, KIMMATUYECKUE YCIOBUA. PaccMoTpeHHbIE
METOJbl MOTYT UCIOJIb30BATHCS KaK B KOMIUJIEKCE, TaK U OTAEIBHO IPYT OT ApYyra.

ITo cpaBHeHHIO 3aTpaT Ha MPOBEACHUU PEKYJIbTUBAIMU IO BHIOPAaHHBIM
METOJaM, OTJIMYMUTEIIbHOW 4YepTOil B TNEPBYIO OYEPEAb SBISAECTCS IPUMEHEHHE
ouornpunapara «MJI-cyxoit». CToumMocTh naHHOTO mnpemnapata konebnercs ot 3000-
4200 py6. 3a 1 kr (0e3 yuera HIIC), B oO1ieil CIOXKHOCTH Ha lra MPUXOAUTHCS
npuMepHo 20 K M3 4Yero M CKIAJbIBAETCS CyMMa 3aTpaT Ha NPUOOpETeHHE U
TPAHCIIOPTUPOBKY. Tak K€ SIBISETCS, PACKUCIUTEIb IMOYBBI PACXOJOB, KOTOpbHIC
NPUXOIUTEC 5 652,64 py0., KOTOPBIM HEOOXOAUM IS TUTAaHUS ITOYBEHHBIX
MUKpPOOPTaHU3MOB IPH UCIIOJIb30BAaHUH OHUOIIpenapara.

3arpaThl Ha BHECEHHE yaoOpeHui Bpy4dHyro coctaBmio 197 496,00 py6., B
cpenHeM Ha | ra mpuxomutbesa oT 10-15 wenm., U3 4ero W MCUUCIACTCS CPEAHUE
3aTpaThl Ha padoTy.

B npouune 3aTpaThl paccMaTpuBaeMbIX METOAOB BXOAUT HEMOCPEIACTBEHHO
TOTUIMBO HAa TEXHUYECKOE OOCHTyXKuBaHUE oOopynoBanus. W3 maHHOW TaOIUIIBI
BUJIHO, YTO pa3Hulla coctaBuwia B 3 793 pyO., 4TO rOBOPUT HaM O MUHHUMU3ALMHU
3aTpar B KOMILJIEKCHOM METOJE, B CBSA3M HUCKIIOYEHHMEM TaKUX TOKa3aTelel, Kak
BHECEHHE PACKHUCIIUTENS U 00paboTka OnompemnapaTrom.

Pa3nuila B HakmagHbIX pacxonax cocraBuia 22 757, 70 py0., B HUX BXOJUT

AKCIUTyaTamus 000pyA0OBaHUS U MPUOOPETEHNUE U TPAHCTIOPTUPOBKA OHOIIpenapara.



OcHOBHBIE  TMpeUMyIIeCTBAa  OMOTEXHOJOTHYECKOTO  BOCCTAHOBJICHHUS
He(Te3arpA3HEHHbBIX 3eMellb 3aKIII0Ual0TCA B CIEIYIOIIEM:

® MUKPOOPTaHU3MBI-JECTPYKTOPHI, BBIICJIECHHbIE W3 €CTECTBEHHOIO
MUKpPOOMOLIEHO3a, MCKJIIOYAIOT HEMNpeCKa3yeMble 3KOJIOTHYECKUE
MOCIICACTBHSI, BO3MOXKHBIE TMPH HCIOJB30BAaHUU TOCTOPOHHUX BHUIOB
MHUKpPOOPraHU3MOB;

® HU3Kas ce0ECTOUMOCTh KYJIbTYPhl MUKPOOOB-AECTPYKTOPOB;

® BO3MOXXHO MPUMEHEHHE AJIsi JTUKBHUJIAIMU 3aMa3yuyeHHOCTH HE(PTHIO U
Herenpoaykramu (O€H3WH, KEPOCHUH, IU3TOILNIMBO W Jp.) BO BCEX
pernoHax 3eMHOro Iiapa.

Takum o0pa3oM, aHaIM3UpPys HCCIEAOBAHHBIM MaTepual MOXKHO CJIenaTh
BBIBOJI, YTO Haubosuee >PPEKTUBHBIM U IKOHOMUYHBIM METOAOM B OMOJIOTMYECKOM
OUYUCTKU SBIIETCS KOMIUIEKCHBI METOJ] PEKyJIbTHUBAIlMU, C HCIOJIb30BaHUEM
BBIICTICHHBIX W3 a0OPUTEHHON MUKPOGIOPHI KyJIbTyphl MUKPOOOB-IECTPYKTOPOB H
TpaB MEJIMOPAHTOB, YTO MO3BOJIIET PEKOMEH0BATh €ro Kak OCHOBHOI'O METOJia IpHU
pexynbTUBalMU HedTe3arpsasHeHHbIX 3eMenb Ha Tepputopun OAO «TomMckHEPTHY

BHK.



Cancok nyoaukanuii

. EnudanoBa U.A. «AHanu3 cUCTEMBI 3KOJIOTHYECKOro MeHemkMenTta B OAO
«Tomckuedts» BHK», IlepBas Bcepoccuiickas Hay4YHO-TIPaKTHYECKON
KOH(epeHIun C MEXIYHAPOJHBIM  Y4aCTHEM «HHOBaIIMOHHBIE
pecypcocOeperarone TEXHOJOTMH M TEXHOJOTHMU 3allUThl OKPYKaroIIeH
CpeabD».

. EmudanoBa M.A. OpranuzalinoOHHO-dKOHOMUYECKHE MPOOJIEMBbI B OCBOCHUU
nanamadtoB  Apktuku, Ileppas Bcepoccuiickas HaydyHO-TIPaKTHUECKOM
KOH(epeHIun C MEXIYHAPOIHBIM y4acTHEM «CoxpaHeHue
OropazHoo0pazus».

. EnudanoBa N.A. OpranuzaninoHHO-?KOHOMHUYECKUE MPOOJIEMBl B OCBOCHUHU
nanamadroB  Apktuku, IlepBas Bcepoccuiickass Hay4YHO-TIPaKTUYECKON
KOH(epeHIuu C MEXIYHapOIHBIM y4acTHEM «CoxpaHeHue
OoropazHooOpazusi».

. Ennganoa M.A. OuncTka CTOYHBIX BOJI MUKPOOHMOJIOTMYECKUM METOJIOM Ha
HII3 OO0 «Tomckuedrenepepabotka» / A. W. JleamoBa // Bsicokue
TEXHOJIOTUH B COBPEMEHHOW Hayke U TexHuke. - Tomck, 2013. - T. 2. - C. 56-
59.

. Emudanoa MN.A., Tleueno E.E., Ounctka HedTepa3amioB OHOJOTHUYECKUM
metonom / A. W. JlepamoBa //TexHonorus U MOJEIUPOBAHUE MPOIECCOB
MOATOTOBKU U TMEepepabOTKU MPUPOIHBIX dHEproHocutenei. - Tomck, 2014. -
T.2.-C.78-79.

. Emuganosa UM.A, Onrtumwuszanus 3arpaT OHUOJOTMYECKON CTaauUd OYUCTKH
HedTesarps3HeHHbIXx 3eMenb /  M.P.  IlpiOynpHukKOBa // DKOHOMHKA

MUHEPATBFHOTO U YTIEBOJOPOIHOTO ChIphs. — Tomck, 2015- C. 647-648.



Chnucok HCII0JIb3YEMbBIX HCTOYHUKOB



Ipuioxkenue A

1. Theoretical and legislative framework oil-polluted

1.1 Impact of oil and oil products on the environment

Oil is the most valuable raw material, which is impossible without the use of
modern civilization. However, the processes of production, transportation, storage
and processing of crude oil and petroleum products are often the sources of
environmental pollution, which can acquire catastrophic proportions [5].
Conditionally assumed oil (NP) main and most characteristic of the oil and its
derivatives - non-polar and slightly polar hydrocarbons are not adsorbed on alumina.
In Russia, the MPC (maximum permissible concentration) of petroleum
hydrocarbons in the working area of the industrial enterprises is 10 mg / m3 in water
0.3 mg / | (for mnogosernistoy oil - 0.1 mg /). In the soil and air of populated places
of the NP are not normalized, but there MPC for some aromatic hydrocarbons and
benzo (a) pyrene in the soil, as well as the MAC for hydrocarbons of various classes
(and their derivatives) in the ambient air and workplace air [6] . To monitor the
content of NP in air, water and soil in Russia, the USA and Europe developed a
number of standard techniques. They are based on chromatographic (gas and liquid
chromatography) or spectral techniques (IR - and fluorescence spectroscopy) and gas
chromatography makes it possible not only to determine the total content of the NP
(as are other methods), but also to identify and quantify individual hydrocarbons
included in the oil . The latter circumstance makes it possible to more realistically
assess the risk of oil pollution, discover its source (define type and brand NP) and
take to eliminate the consequences of pollution measures [8]. Articles 77 and 78 of
the Federal Law N 7-FZ provides the obligation of full compensation for damage and
the procedure for compensation of environmental harm to the environment [9]. Along
with the considered piece of legislation is currently used as the method, approved by
the Government of the Russian Federation dated May 8, 2007 N 273 "On the

Calculation of the damages caused to forests due to forest offenses™ (hereinafter -



Methodology 2), providing for redress for unauthorized removal, destruction or
deterioration of soils classified as "forest". The boundaries of the mentioned methods
are not clearly defined, which leads to the simultaneous presentation of a claim for
damages soils from the federal and regional regulatory bodies on one and the same
object and the same fact of the injury. It should also be noted that there are
precedents, when one control and supervisory authority imposed two claims for
damages for the same object, calculated using different methods [9,10].

The current judicial practice, according to subjects of entrepreneurial and
investment activity shows that in fact the mechanism of compensation for
environmental damage in a particular case depends on the interpretation of these rules
by the court. At the same time, in some cases the defendant, to restore the natural
object, is obliged to compensate the damage caused by a taxi and techniques, and in
others - the defendant, only begin to restore the natural object is exempt from
compensation by the techniques and the trial is terminated. In some cases, one and
the same event of oil spills and soil contamination by oil producing companies
compensate damage caused four times: soils - on the Order N 238, forests - by
Method 2, and conduct reclamation at their own expense in accordance with the
Federal Law N 7-FZ and land Code of the Russian Federation as compensation for
the harm in kind [11].

The mechanism of compensation for environmental damage can be changed in
terms of consistent and accurate presentation of redress procedures. In the case of
harm to the environment a priority form of its compensation should be carrying out
reclamation of the organization - tortfeasor. If reconstruction work is not possible, the
tortfeasor shall compensate him in accordance with the rates and methods [12].

When overhaul oil reclamation for agriculture, forestry and other purposes,
requiring the recovery of soil fertility, carried out consecutively in two phases:
technical and, if necessary, a biological.

Technical stage involves planning, formation of slopes, removal and deposition

of topsoil, the device of hydraulic and drainage structures, as well as other works,



creating the necessary conditions for further use of the reclaimed land for the
intended purpose, or for measures to restore soil fertility (the biological stage) [13] .

Standards removal of topsoil, potentially fertile layers and rocks (loess, loess
and loam coating, etc..) Are set for the design, depending on the level of fertility of
disturbed soil, taking into account application and related guarantees from the
consumer for the use of potentially fertile layers and rocks. Remove the top layer of
fertile soil is used for land reclamation or improvement of unproductive land. Dates
of the technical phase of reclamation determined by the authority which granted the
land and who gave permission for construction works related to the violation of the
soil cover, on the basis of the relevant project materials, and schedules.

Biological stage includes a set of agronomic and phyto measures aimed at
improving agro, agro-chemical, biochemical and other properties of the soil.
The biological stage is done after the technical stage of completion and is soil
preparation, fertilization, selection of grasses and grass mixtures, sowing, care for the
crops.

The biological stage is aimed at consolidating the surface soil of the root
system of plants, creating closeness grass and avoidance of water and wind erosion
on disturbed areas.

In order to concretize receptions reclamation of disturbed land cover is grouped
into five classes: 1st - vegetation and soil cover is completely destroyed; 2nd -
vegetation completely destroyed and topsoil saved 50% of the area; 3rd - the
vegetation destroyed by 50 - 80% of the area, the soil cover is maintained; 4th -
vegetation destroyed by 20 - 50% of the area, the soil cover is maintained; 5th -
vegetation destroyed in an area of less than 20%, the soil cover is maintained
[13,14,15].

On rekultiviruemyh trails sections are usually present at the same time 3 - 4
types of disturbance, and this fact must be considered when choosing the ways of
doing pochvovosstanovitelnyh work.

Types of grass seeding and their possible combination must comply with

recommended zonal system of agriculture of the Russian Federation. Herbs of local



origin are more adapted to local soil and climatic conditions, so it is more resistant to
the adverse effects. [11, 12, 13].

Seeded grasses must be able to quickly build a solid and steep-sided sward turf
resistant to erosion and livestock grazing, grow quickly after cutting. Grass seeds
intended for sowing must comply with requirements of the standard and seed quality
to be not lower than class II.

Seeds of legumes should scarify possible. Before sowing the seeds of legumes
Is desirable to inoculate, treatment bacterial fertilizers (nitragin).

Compacted mineral fertilizers before being incorporated into the soil is
necessary to crush and sift through a sieve. In the case of pre-sowing fertilizer
application mixing them with the seeds is performed immediately before sowing.
Ammonium sulfate, ammonium nitrate should not be confused, scattered and buried
in the soil at the same time with lime. Superphosphate and potash fertilizers are
advisable to make together with lime.

previously carried out reclamation activities, including liming soil Before the
bioremediation of disturbed lands on acid soils. Doses of lime are set by reference
and regulations in force in the particular soil and climatic zone. Depending on the
dose of lime method of determining soil incorporation. When making lime necessary
to evenly distribute it across the field, it is better to mix with all the arable soil layer.
This can be achieved when terminating lime under cultivation. For liming is
recommended to use ground limestone (limestone flour), tufa (Key lime), torfotuf.

For heavily soiled areas with oil to accelerate the biodegradation of oil is
subject to biological agents who are authorized to use government services. At the
technical stage, the weathering of the oil, evaporation and partial destruction of the
light fractions, photo-oxidation of oil components on the surface of the soil, restoring
microbial communities, the development of oil-oxidizing microorganisms, partial
restoration of the community of soil animals. Part Component converted into solid
products that improve soil water-air mode. Aeration and soil moisture greatly
contribute to the intensification of these processes, reduction of oil concentration and

a more uniform dispersion of its [11, 12, 13].



Biological stage includes two stages - a trial planting of herbs and
phytoreclamation with application of mineral fertilizers and planting resistant to
contamination of perennial grasses.

Works on land reclamation should be carried out in accordance with the "Rules
of major repairs of underground pipelines” [14,15,16], RD 39-110-91 “Instructions
for liquidation of accidents and damage to the main oil pipelines” [17.18],
"Regulation safety in the operation of main oil pipelines "[19]" Rules of fire safety in
the operation of main oil pipelines "[20].

During the work it is necessary to perform standard instructions for the safe
operation of the equipment used, technical equipment and materials.

Oil pollution of land is outlined informational signs prohibiting grazing, fires
and breeding etc.

To work on the machines and units allowed persons who have been oriented on
safety, sanitary rules dealing with fertilizers and other materials.
Working with the mineral fertilizers should be carried out in overalls, respirators and
rubber gloves.

It is strictly forbidden to use in food and feed to the plant products, are formed
on the contaminated soil before the end of the period of remediation.

Agricultural machinery is transported to the idle position; after completion of
the work is cleaned of dirt, residues of seeds, fertilizers, washed with water and kept
under cover. Mineral fertilizers are stored in the warehouses of chemicals and
reagents separately by type in accordance with the rules of storage.

Seeds sown crops stored separately from fertilizers, chemicals and pesticides
[21]. Many Russian regions have long been faced with the need to address one of the
most pressing problems related to environmental pollution by oil and associated
pollutants from oil production. The result of the negative impact is not only the
degradation of soil cover in the areas of oil spill and its impact on neighboring
components of the environment and, as a consequence, the detection of

transformation products in the biosphere. [22] (Burmistrov T. et al., 2003).



When oil pollution in the first place it is significantly changed morphological
characteristics of the soil. These soils are distinguished on several grounds: the high
density, the color is darker compared to the non-contaminated samples, the
characteristic of the oil film, cast in several colors, which are located along the edges
of the structural units in the illuvial horizons, as well as the formation of the
columnar structure in the bottom of the soil profile [23] .

Following the change in the morphological characters of the soil takes place
and change in physical properties. This could include increasing the number of water-
stable aggregates, structural units larger than 10 mm, as well as the aggregation of
soil particles, which leads to the growth of blocky particles and reduce agronomically
valuable structural units. The deterioration of the physical properties of the soil
means the displacement of the air by oil, the violation of water flow, nutrients, and
this, in turn, leads to the inevitable slowdown of development of plants and their
elimination [24].

Changes in the humus state of soils must be considered in the case when it is
necessary to analyze and evaluate the result of contamination of soil by oil and NP. In
this case it is possible to note a decrease in the relative content of humic and fulvic
acids, uvelichina nonhydrolyzable residue content [25]. As the basic element forming
part of the oil is carbon, the weight content of which ranges from 83-87%, the content
of organic matter based on the total carbon and humus increases due to the carbon oil.

Along with the growth of carbon for introduced an increase ratio C: N, in
which the proportion of the total nitrogen is negligible. In the oil-polluted soil like C:
N ratio depends primarily on the type of soil and the amount of carbon for introduced
and can range from 50 to 420. The result of this imbalance becomes aggravation of
soil nitrogen regime and disruption of plant root nutrition [26]. With these processes
nitrogen deterioration mode reduces the quantity of mobile forms of potassium and
phosphorus. Do not take the impact of oil on the set of soil microorganisms
exclusively as negative because the processes occur simultaneously and stimulation
and inhibition. In this case, some types of microorganisms dual growth rates, and

reduce the activity of other types or even die [27]. Some complexes of soil



microorganisms after exposure to oil showed an increase in the number and activity
immediately after a brief inhibition. An example of such a process can act
hydrocarbon-oxidizing microorganisms (LCS), the number of which increases
dramatically with respect to non-contaminated soils. Develop "specialized" groups
involved in the different stages in the recovery of hydrocarbons (HC) of oil. [28]

Certain elements of the oil stimulates the growth of actinomycetes and sulfate-
reducing soil bacteria. Among the most sensitive to the action of the oil from nitrogen
cycle microorganisms include nitrifying bacteria. At the same time there is a reverse
process, in which is possible to increase the number and activation of microorganisms
participating in nitrogen fixation, ammonification and denitrification. It should be
noted that the contamination at doses in excess of 1% by weight of the soil occurs
inhibition of cellulolytic microorganisms. And this is just the examples of all the
information that is discussed in the specialized literature on the subject. The
relationship between the oil pollution and changes in the composition of the soil
microbiota sapotrofnoy shows the ambiguous and contradictory in various sources.

Oil pollution has a negative impact on collection of soil actinomycetes,
reducing their abundance and species composition of impoverishing. Moreover, the
number and phytotoxic phytopathogenic species of microscopic fungi increases
significantly in such soil. And this, in turn, enhances soil degradation [29].

It is shown that oil pollution leads to a significant (two orders of magnitude)
reduction of the number of heterotrophic microbial complex, marked the initial stages
of the impact of oil. Three months later, there is the number of heterotrophic recovery
[30].

The most rasprostranéennymi pollutants in the oceans now are oil and NP. The
main sources of such contamination include maintenance work during normal
transportation of oil, accidents during transportation and oil production, as well as
industrial and domestic.

Constant control of pollution of sea routes are created by emergency situations,
drain overboard tankers flushing and ballast water, but the greatest threat is the loss

of oil during transport from the production areas. [31]



Regardless of the source of pollution and its intensity, oil spills invariably lead
to a sharp deterioration of the environment, resulting in a drop in quality or natural
resources of sea area ecosystem, or a decrease in their number, or both
simultaneously. In order to determine the degree of sensitivity of the resource to oil
pollution, it is necessary to allocate different their types and functionality, so to speak
of the following forms: territorial resource waters, water resources, biological
resources, recreational resources, mineral raw materials and fuel and energy
resources of the bottom [32 ].

Under the territorial waters of a resource to understand the space of human
activities, which is used for transport purposes. In the case of oil spills disrupted the
operation of maritime transport in the sea area, as in this case zagryazneénnaya of the
waters can not be used for navigational purposes until the end of the work to clean up
[33].

Water resources of the sea are a source of biological products, energy,
chemicals, maintenance of gas facilities are state of the atmosphere, are involved in
the cycle of heat, moisture, trends in education systems, as well as in the formation of
weather and climate [34]. In addition, sea water is a valuable chemical raw materials,
since it contains more than 60 of the chemical elements in solution, such as sodium,
barium, boron, stranded, iodine, uranium, and others. [35].

With oxygen, bacteria, microorganisms, hydrodynamic processes water has the
ability to self-cleaning. The carrying capacity of the marine ecosystem is limited
ability to neutralize and disarm within certain limits emissions entering the marine
environment resulting from human activities. [36] Due to the turbulent mixing is
reduced contaminant concentration in the water, after which begins the process of
mineralization of organic substances by means of bacteria, fungi and algae [37].

The marine environment can withstand a certain degree of pollution - to absorb
them, assimilate, without prejudice to the ecological system. Sustainability of marine
ecosystems in relation to the emissions of pollutants released into the marine
environment resulting from human activities, is a valuable feature of these systems.

Terms of life of the majority of toxic compounds are limited. Due to what is



happening in the hydrosphere physico-chemical and biological processes, they
disintegrate and are included in a natural in the biogeochemical cycle. These
processes determine the presence of the carrying capacity of the marine environment
- a special kind of rigidly limited natural resources [38]. If you exceed the limits of
assimilation of the marine environment there are negative environmental and
economic consequences, the balance is disturbed ecosystems, lost the ability to
cleanse itself. The higher the carrying capacity of the environment, the less need
preventive environmental costs of pollution prevention, which makes the assimilation
potential of a particular water area of the real economic value.

Thus, the chemical water resources and the carrying capacity of the waters
subject to the adverse effects of oil pollution, and are classified as extremely sensitive
to oil spills. The biological resources of the sea include microorganisms, plants and
animals. These living resources of the ecosystems perform many functions in the
regulation of the biosphere: serve as a source of food and organic raw materials for
the manufacture of diverse fodder and technical production, the raw material for
medicines, and also act as a natural filter of environmental protection. Water
bioresources are reproducing living resources, limited in scope and depend on the
state of the environment [39].

Oceans annually produces from 400 to 600 billion tons of organic matter,
which is composed of representatives of all parts of the food chain -. Zooplankton,
fish, mammals [40]. All marine animals are directly or indirectly dependent on
phytoplankton, which is the basis of the food chain, phytoplankton and exists only in
the photic zone. oil and NP Marine Pollution leads to rupture of the food chain, to the
destruction of the ecological balance, resulting in biological resources fishing can be
broken. This is explained by the fact that the oil film prevents the penetration of light
into the sea, which is necessary for the microorganisms, resulting in a decrease in the
initial link in the ocean food and reducing the intensity of atmospheric oxygen
supply. The death of marine organisms increases the mass of decaying matter what
intensively consumed oxygen contained in water, which further exacerbates the

scarcity of oxygen balance. A lack of oxygen, in turn, and the lack of food affects the



livelihoods of marine organisms [41]. Oil and NP have a mechanical effect on the
living organisms of the sea - prevent the access of oxygen from the atmosphere and,
enveloping the gills of fish, disrupt normal breathing [42].

At the last place in the degree of sensitivity to oil pollution are located mineral
raw materials and fuel and energy resources of the bottom, which are found mainly in
the form of localized deposits and structures on the bottom surface and includes: -
liquid, gaseous and soluble minerals (oil, gas, sulfur , salt, potash) which can be
extracted by drilling wells; - Solid ore deposits under the bottom surface (coal, salt,
sulfur, iron ore and some other metals), which can be extracted shahtno- mine
production, etc. [43].

Soil vapor extraction at elevated temperatures. Like soil vapor extraction by ex
situ technology, application of this technology requires an additional heat source.
Additional heat increases the volatility of substances that promotes more complete
their removal. As a heat source can serve hot air or steam injected, Electrical / radio
frequency heater. It is necessary to take into account the possible interactions of toxic
substances to the environment. In various substrate heating temperature may be
achieved, depending on the equipment used. This technology can be used in relation
to pesticides, volatile organic compounds, or fuel. Advantages: Since the
contaminants under vacuum, the probability of their contact with the environment is
reduced. Disadvantages: The technology may not be effective in view of the
heterogeneous substrate. Excessive soil moisture can prevent the removal of toxins.
The technology works only in the vadose zone (the unsaturated zone). Soil vapor
extraction at elevated temperatures. Like soil vapor extraction by ex situ technology,
application of this technology requires an additional heat source. Additional heat
increases the volatility of substances that promotes more complete their removal. As
a heat source can serve hot air or steam injected, Electrical / radio frequency heater. It
IS necessary to take into account the possible interactions of toxic substances to the
environment. In various substrate heating temperature may be achieved, depending
on the equipment used. This technology can be used in relation to pesticides, volatile

organic compounds, or fuel. Advantages: Since the contaminants under vacuum, the



probability of their contact with the environment is reduced. Disadvantages: The
technology may not be effective in view of the heterogeneous substrate. Excessive
soil moisture can prevent the removal of toxins. The technology works only in the
vadose zone (the unsaturated zone).

Mineral resources differ in the location of the continental shelf and natural
resources belong to the category, independent of the purity of the water environment,
therefore, are not sensitive to oil pollution.

Thus, oil pollution affects the whole range of morphological, physical,
physico-chemical and biological properties of the soil, determining its fertile and
ecological functions and require remediation activities. Also, the marine environment
is very vulnerable to oil pollution. Sensitivity to oil pollution are the following types
of resources: the biological, the waters of the assimilation capacity of the water and
chemical resources. These types of resources are adverse changes in the event of an
accidental oil pollution of the sea waters or coastal zones, which are the basis of

natural damage to the environment [44].

1.2 Modern methods of purification of oil-polluted soil

Modern methods of purification of oil-polluted soil Existing mechanical,
thermal, physical and chemical methods of cleaning soil from oil pollution costly and
effective only when a certain level of contamination, often associated with the
additional introduction of dirt and ensure the completeness of treatment [45]. The
widespread use of received physical methods based on the use of electric current.
This technology of electrochemical and electrokinetic treatment of contaminated
soils.

Technologies based on electrochemical methods are used to clean the soil from
chlorinated hydrocarbons, phenols and oil products and soil decontamination and
soil. By passing an electric current through the electrolysis of water occurs primers in
the pore space, electroflotation, electrocoagulation and electrochemical oxidation.

The effectiveness of the oxidation of phenol - 70-92%. The effectiveness of



decontamination - 95-99%. Consumption of electricity and cleaning costs are
respectively 32-160 kW « h / m® of soil and 86-260 $ / cubic meter of soil [45].

Purification is carried out by washing the soil with different solutions. Oil-
contaminated soil is washed surfactant solutions, which are used as OP-10 or
ethoxylated fatty acids (OZHK). By using 0.02% OP-10 solution ratio soil: solution
1:16 equal, Purity - 99.2%. When cleaning soil from oil dernovokarbonatnyh solution
OP-10 concentration of 0.02% with a ratio of soil: 1:30 degree of extraction of the
solution is 93.5%. After cleaning the soil or soil back and used for land reclamation.
The problem is the large amount obtained in the process of water treatment, polluted
by oil products and detergents, which can be cleaned in stationary treatment plants
[46].

Also used for washing solutions, with a high oxidation potential (active
oxygen, alkaline, active chlorine) followed by collection, cleaning drains in the
electrochemical complex. For the neutralization of soil is required from 12 to 48
months. Petroleum products in this part are displaced and recovered at the treatment
plants [47].

Currently, the most promising method for the purification of oil-contaminated
soil, both in economic and in environmental terms, is a biotechnological approach
based on the use of different groups of microorganisms, characterized by an increased
ability for biodegradation of petroleum and petroleum components [39]. The ability
to dispose of the hardly decomposable substances of human origin (xenobiotics)
found in many organisms. This feature is provided by the presence of specific
enzyme systems of microorganisms, carrying the catabolism of these compounds.
Since microorganisms have a relatively high potential for destruction of xenobiotics,
showing the ability to quickly metabolic adjustment and exchange of genetic
material, they attached great importance to the development of bioremediation of
contaminated sites tract.

The term "bioremediation™ is commonly understood as the use of technologies
and devices for biological treatment of soils, ie, Removal of soil already present

therein contaminants [48]. Bioremediation involves two main approaches:



1 biostimulation - activation of the degrading ability of indigenous microflora
introduction of nutrients, oxygen, and a variety of substrates;

2 biodopolnenie - the introduction of natural or genetically engineered strains-
destructors of foreign compounds.

Biostimulation insiti (biostimulation in place of pollution). This approach is
based on stimulating the natural growth of microorganisms living in the contaminated
soil and potentially capable of utilizing the polluter, but not able to do this effectively
because of the lack of basic nutrients (nitrogen compounds, phosphorus, potassium,
etc.) Or adverse physical and chemical conditions. In this case, in laboratory tests
using samples of contaminated soil establish which components and how much
should be made to the contaminated object to stimulate the growth of microorganisms
capable of utilizing the polluter [39].

Biostimulation invitro. The difference in this approach is that the natural
microflora biostimulation samples of contaminated soil is first carried out in
laboratory or industrial conditions (in bioreactors or fermentors). This provides
preferential and selective growth of the microorganisms, which are able to most
effectively dispose of the contaminant. "Intensify” microflora contribute to the
contaminated object simultaneously with the necessary additives that increase the
efficiency of utilization of pollutant [39].

Bioremediation of oil-contaminated soil - a multi-stage biotechnological
process, including physical and chemical methods for detoxification of pollutants, the

use of organic and mineral supplements, the use of biological products. [49]

1.3 Assessment of the effectiveness of oil-contaminated soil purification
technologies

Thus, the introduction of micro-organisms leads to positive results only when
you create the appropriate conditions for the development of introduced populations,
which need to know the physiological features of the introduced species, as well as to

consider folding microbial interactions.



Assessment of the effectiveness of oil-contaminated soil purification
technologies Developing a methodology to combat pollution by oil and oil products
is extremely difficult. Soil reaction to oil pollution, and their sensitivity to these
pollutants are different in different soil zones, and within the conjugate landscapes.

Maximum allowable concentrations of oil pollution in the soil depends on the
type of oil (NP) and is for soil of 0.1 mg / kg. However, MPC total content of
petroleum products in the soil is not standardized; exposure limits for certain types of
oil products: benzene - 0.3 mg / kg, toluene - 0.3 mg / kg, xylene - 0.3 mg / kg [50].

The minimum level of oil content in soils, above which comes the deterioration
of environmental quality is regarded as a safe upper level of concentration (VBUK)
[51]. VBUK of petroleum products in the soil depends on a combination of many
factors such as the type of composition and properties of soils, climate, the
composition of petroleum products, the type of vegetation, land use and others. These
rules should vary depending on the climatic conditions and soil types.

Upper safe levels of concentration of NP in the soils can be taken as an
indicative level of permissible concentration (APC) in the soil. Tentative permissible
levels of NP soil contamination is offered to consider the lower the allowable level of
pollution at which restore its productivity, and negative impacts on soil ecological
community can be spontaneously eliminated under natural conditions the soil data for
one year. This assessment JDC as a general sanitary indicator can be given for the top
soil humus-accumulative horizon (up to a depth of 20-30 cm) [52].

Obviously, ODC oil and oil products in the soil can not be the same for all
types of soils and natural zones. It depends on the factors that determine the effect of
the substance on the properties of the soil and plants from soil self-purification
capacity of this type of pollution. The most important of these factors - the chemical
composition of the pollutant, the properties and composition of the soil, physical-
geographical (mainly climatic) conditions that territory [53].

In quantitative assessments of the level of oil pollution in the most widely used
methods of infrared spectrophotometry, ultraviolet luminescence, gas and gas-liquid

chromatography.



IR spectroscopy. All the organic substances are in their infrared absorption
spectra of the individual. The position of the absorption bands in the infrared
spectrum of the material is characterized by a wavelength I, nm (m) [54]. For
hydrocarbon-IR analysis using a range of 0.7 to 25 microns, which is usually divided
into three regions: the near - 0.7-2.5 m, the area of main frequencies - 2,6-6 microns
distant - 6-25 microns .

NIR for analytical determinations in the technological and environmental order
in our country, unlike many developed countries is practically not mastered.

The most widely used area of the fundamental frequencies. Normative
documents on the analysis of the total pollution by oil products with IR spectroscopy
the end regulate measurements in the wavelength range 3.3-3.5 microns. The
standard mixture containing 37.5% isooctane, 37.5% cetane and 25% of benzene, is
intended to calibrate the devices in this field [55].

The far infrared region is used primarily to identify the source of
contamination, as well as to determine the type of oil in terms of aromatizing and
structural-group analysis [55].

Sample preparation for Infrared detection is straightforward. The analysis
requires a small amount of any molecular weight substance in any aggregate state.
After analyzing the substance remains the same. [56] In principle, a new step was the
creation of the laboratory infrared spectrometry based on the Fourier transform. The
majority of domestic oil products is carried out measurement of oil pollution
concentration at one wavelength. It is necessary to highlight the ICAN-1 device,
which provides the ability to install any wavelength in the range of 1.85 to 3.5
microns with an indication of its value on the digital display. This gives an entirely
new opportunity to carry out an analysis of multicomponent mixtures at several
wavelengths.

Existing fluorescent methods for evaluating oil contamination characterized by
high sensitivity and rapidity. They allow determining trace elements as well as the

total content of polluting organic substances and individual organic compounds.



for fluorescence analysis devices can be divided into two groups: fluorometers
and fluorescence spectrometers. The fluorimeter used filters, and fluorescence
spectrometers - diffraction gratings.

Soil vapor extraction at elevated temperatures. Like soil vapor extraction by ex
situ technology, application of this technology requires an additional heat source.
Additional heat increases the volatility of substances that promotes more complete
their removal. As a heat source can serve hot air or steam injected, Electrical / radio
frequency heater. It is necessary to take into account the possible interactions of toxic
substances to the environment. In various substrate heating temperature may be
achieved, depending on the equipment used. This technology can be used in relation
to pesticides, volatile organic compounds, or fuel. Advantages: Since the
contaminants under vacuum, the probability of their contact with the environment is
reduced. Disadvantages: The technology may not be effective in view of the
heterogeneous substrate. Excessive soil moisture can prevent the removal of toxins.
The technology works only in the vadose zone (the unsaturated zone).

the most widely-luminescent photometric analyzer "Fluorat-0.2" in our
country. In this device, the luminescence excitation source is a gas discharge lamp
(for petroleum measurement - xenon). Despite the high sensitivity of the luminescent
method, using instruments such as "Fluorat-0.2" to measure the total content of the
NP problem instrument calibration standard solution, it is necessary to obtain reliable
data. However, until now such a standard solution for fluorescent techniques
available. Isooctane solution Standard - cetane - benzene, used for infrared
spectrometry for manufactured carbon tetrachloride, which absorbs in the workspace
fluorometer so calibration is carried out by any known NP, eg oil T-22 [56]. As a
result, measurements of "heavy" NP (oil, etc.) device can provide accuracy up to 40-
50%, and in the determination of "light" NP (gasoline, etc.) concentration
measurements may be underestimated by several times. It is noted that in European
countries ultraviolet few methods of analysis used [57].

The most promising for the monitoring of petroleum with simultaneous

identification and interpretation of the chemical composition are the methods of gas,



gas-liquid or high performance liquid chromatography. The most widespread method
of gas chromatography, especially in combination with IR-spectrometry allows to
identify the individual components in the mixture of oil, which makes this method of
analysis in determining indispensable soil pollution source identification petroleum
biodegradation of substances in the process, in studies oil destruction processes.

However, when performing mass analysis of its use is restricted to low
productivity and high cost of analytical work.

At the heart of all the proposed methods are based on the extraction of oil and
oil products from the sample with organic solvents. Soil is a very difficult subject to
analyze, as an organic part of it is quite complex and diverse in composition. Any soil
contains from 1% to 15% of organic substances, depending on soil type. Humus is
85-90% of the total soil organic matter. Besides, soil and nonspecific substances
contained: fats, carbohydrates (cellulose, pectin, pentosans, mannans, etc.), proteins,
proteins, amino acids, amides, lignins, tannins, terpenes, resins, etc. Thus, when
choosing the solvent must be considered complex chemical composition as defined
substances - oil, and of the object - the soil [58].

Soil vapor extraction at elevated temperatures. Like soil vapor extraction by ex
situ technology, application of this technology requires an additional heat source.
Additional heat increases the volatility of substances that promotes more complete
their removal. As a heat source can serve hot air or steam injected, Electrical / radio
frequency heater. It is necessary to take into account the possible interactions of toxic
substances to the environment. In various substrate heating temperature may be
achieved, depending on the equipment used. This technology can be used in relation
to pesticides, volatile organic compounds, or fuel. Advantages: Since the
contaminants under vacuum, the probability of their contact with the environment is
reduced. Disadvantages: The technology may not be effective in view of the
heterogeneous substrate. Excessive soil moisture can prevent the removal of toxins.
The technology works only in the vadose zone (the unsaturated zone).

Many authors prefer hexane. The chemical properties of hexane are favorable

for the quantitative extraction of oil from the soil. This solvent is used for the



development of the accelerated options method for assessing the degree of soil
contamination by oil. This method of determination of oil and oil products in the soil
based on its extraction from the soil by the condensation of boiling hexane Sokstek
apparatus.

Ehe oil content in the extracts is determined gravimetrically after distilling off
the solvent. In model experiments completeness oil extraction was studied as a
function of reaction time and oil soil. It is found that even on the first day after the
addition of hexane to remove the entire amount of 60-75% without saving. Over time,
the recovery rate tends to decrease [58].

According to the study results of the chromatographic analysis of the hexane
extract it was shown that not hexane extracts humic acid substances and other non-
specific soils. Meanwhile hexane dissolves all hydrocarbon groups, except for the
asphaltenes and high molecular resin content in petroleum typically less than 2%
[58].

To date, created a lot of techniques and instruments for environmental
monitoring of oil and petroleum products. However, the question of the development
of the most appropriate methods for their detection and identification can not be
considered closed, because each method has its advantages and disadvantages. In
addition, the concept of "petroleum" is very vague, especially given the variability
and diversity of the composition of petroleum and petroleum products. Requires
petroleum with simultaneous monitoring of the identification and decoding of its
chemical composition.

Extraction of contaminated soil will quickly eliminate pollution. After
removing the layer of soil mineral fertilizers are peat bogs, and make further organic
fertilizer on mineral soils. The soil, cleaned of oil to return to the restored areas
should have a residual oil content below the JDC oil. in situ technologies have an
advantage due to their direct application to the site of contamination. Selection and
application of technology in situ can be made only on the basis of the data about the
quality of the treated surface of the soil. In addition, specialized cleaning of polluted

areas may be required. Under unfavorable environmental conditions may also face



difficulties in relation to sustainable pollutants [64]. in situ technology uses
biological, mechanical and physical-chemical methods [64]. biological methods are
considered the most promising. The best results were observed in the complex
method of remediation of contaminated soil using agricultural technologies with the
application of mineral fertilizers and sowing grass meliorantov. This technology is
aimed at enhancing indigenous oil-oxidizing soil microflora and does not require
significant material costs. For phyto remediation of contaminated lands used most
affordable seeds of annual and perennial herbs that have developed root systems,
increased resistance to oil pollution of soil, adapted to local conditions. Biological
remediation - remediation phase, which includes measures to restore their fertility,
carried out after technical reclamation

Biodiagnostics anthropogenic changes relates to the rapid method of analysis
and, in addition, provides a comprehensive assessment of the ecological status of the
soil. There are many biological indices by which the estimated state of soils. The
most important are integral indicators of biological activity: toxicity, "breathing", the
amount of free amino acids and proteins. Soil respiration rate is extremely variable
and depends on many factors (temperature, humidity, and other state phytocenosis.).
To evaluate the environmental impact of contaminants is necessary to compare the
data obtained at different sites in the most similar conditions. It is informative and
other indicators, such as the enzymatic activity.

Contact with oil and petroleum products in the soil leads to a change in the
main activity of soil enzymes that affect the exchange of nitrogen, phosphorus,
carbon and sulfur. [59] Stable changes in the activity of certain enzymes, soil can be
used as diagnostic indicators of soil contamination by oil. It is convenient for this
purpose, a group of enzymes, known together as the soil urease. Firstly, they are less
affected by other environmental factors, and, secondly, there is a clear dependence of
their activity on the degree of contamination of soil [60].

The use of microorganisms for the integrated assessment of the toxicity of the

soil and the creation of an integrated system based on sensitive, reliable and cost-



effective bioassay is a promising area of research. Many physiological groups of soil
microorganisms are sensitive with respect to petroleum hydrocarbons.

The total number of microorganisms, as a rule, quite clearly reflect the
microbial activity of the soil, the rate of decomposition of organic matter and the
cycle of mineral elements. On the basis of this indicator, you can not only judge the
extent of soil contamination by oil, but also about its potential ability to recover, as
well as the processes of oil decomposition in natural conditions and remediation of
contaminated soils [60].

Oil pollution can also contribute to the accumulation in soil microscopic fungi
that cause plant diseases and phytotoxins [61]. The latter circumstance plays an
important role in the development of measures to phytomelioration contaminated
lands.

The immediate impact of oil on the vegetation that slows the growth of plants,
violated photosynthesis and respiration, observed various morphological disorders
suffer root system, leaves, stems and reproductive organs. Operational information
phytotoxicity contaminated soil can be obtained using as a test object seeds and plant
seedlings. For ease of formulation toxicity tests on seeds are selected by size and
speed of germination. Often used the seeds of radish, watercress, corn, grain. As a
test function are the indicators of seed germination, and the time druzhnosti
germination, seedling elongation rate, the latter of which is considered to be the most
sensitive. In natural ecosystems, soil invertebrates are widely used for monitoring at
the species level, the complex [62].

A set of test objects from plant seeds, microorganisms, soil invertebrates and
enzymes can be used in full or in part, depending on the purpose of research and oil
soil pollution degree. If the samples of soil springtails and enzyme activity give good
quantitative characteristics of soil toxicity at low and moderate pollution, the
microbiological tests are useful for describing the state of heavily highly toxic soil
[63].

1.4 The effectiveness of biological soil cleaning method.



In foreign and Russian practice the restoration of oil-contaminated soil
remediation technology specifications are classified by categories of ex situ and in
situ [64].

ex situ technology is used for the treatment of contaminated soil, previously
removed from the surface of the selected piece of land. Isolation and treatment of
contaminated materials off-site allow you to apply very sophisticated processing
techniques that may be more efficient and fast, as well as safer for groundwater, flora
and fauna and the local people. ex situ technology provides processing with imported
soil spill site in specially equipped areas. Extraction of contaminated soil will quickly
eliminate pollution. After removing the layer of soil mineral fertilizers are peat bogs,
and make further organic fertilizer on mineral soils. The soil, cleaned of oil to return
to the restored areas should have a residual oil content below the JDC oil. in situ
technologies have an advantage due to their direct application to the site of
contamination. Selection and application of technology in situ can be made only on
the basis of the data about the quality of the treated surface of the soil. In addition,
specialized cleaning of polluted areas may be required. Under unfavorable
environmental conditions may also face difficulties in relation to sustainable
pollutants [64]. in situ technology uses biological, mechanical and physical-chemical
methods [64]. biological methods are considered the most promising. The best results
were observed in the complex method of remediation of contaminated soil using
agricultural technologies with the application of mineral fertilizers and sowing grass
meliorantov. This technology is aimed at enhancing indigenous oil-oxidizing soil
microflora and does not require significant material costs. For phyto remediation of
contaminated lands used most affordable seeds of annual and perennial herbs that
have developed root systems, increased resistance to oil pollution of soil, adapted to
local conditions. Biological remediation - remediation phase, which includes
measures to restore their fertility, carried out after technical reclamation [65].

To distinguish in the biological stage of rehabilitation of land two directions.
First - this is the activation of oil decomposition in the soil (soil remediation), the

second - revegetation. The direction depends on the initial state of the soil after



technical reclamation. When the continuation of the technical cleaning is not giving
the desired effect, and may cause the destruction of already fragile soils, whereas
activation of microbial degradation of oil in soils (bioremediation) is the only
possible measure for its after-treatment [66].

The term is commonly understood as the use of bioremediation technologies
and devices for biological treatment of soil and water, t. E. To remove from the soil
and water are already in these pollutants. Self-cleaning and self-healing soil
ecosystems polluted by oil and oil products, - a stepwise process of biochemical
transformation of pollutants, coupled with step process biocenosis recovery. Different
natural areas duration of individual stages of these processes is different, which is
mainly due to the soil and climatic conditions. self-healing mechanism of the
ecosystem after the oil pollution is rather complicated. With the help of agricultural
practices can speed up the process of self-purification of oil-contaminated soil by
creating optimal conditions for the manifestation of the potential activity of micro-
organisms that make up natural microbiocenosis [67].

The only real way is now dealing with the consequences of oil spills and oil
products is a range of activities, including a mechanical or physico-chemical removal
of spilled oil with subsequent purification of the remaining oil in the soil biological
methods using biodegradation oxidizing microorganisms [68].

At the same time, the existing now in Russia preparations are not sufficiently
effective in a variety of extreme soil and climatic conditions of different regions of
Russia, in this connection for the elimination of large-scale oil spills now requires an
active search and selection of native strains and the development of new drugs.
Developed and actively implemented a large number of commercial microbiological
preparations foreign and domestic production, such as "Destroyl”, "Putidoyl",
"Devoroil", etc. [69].

Effective biological method for cleaning soils, which is directed activation of
soil microflora, the introduction of microbial preparations decomposing oil and

phytoremediation - reducing the contamination of soil, based on the stimulation of



natural soil community oxidizing microorganisms as a result of their close
collaboration with tolerant of oil plants [70, 71].

Phytoremediation can actively reclaim large areas of relatively low compared
with other technologies, the cost of works in low negative impact on the environment.
The recovery time of the land is reduced by 3-4 times [72,73].

Biologies stimulate local soil biocenosis and create favorable conditions for the
transfer of petroleum hydrocarbons in difficult-state. Formed organic compounds
gumusopodobnogo nature, positively affecting soil fertility. Created a number of
biological products on the basis of active oil-degrading microbial genera of bacteria
Rhodococcus, Bacillus, Arthrobacter, Acinetobacter, Azoto-bacter, Alkaligenes,
filamentous actinomycetes Streptomyces, Aspergillus and Penicillium fungi, etc.
[73].

ex situ technology is used for the treatment of contaminated soil, previously
removed from the surface of the selected piece of land. Isolation and treatment of
contaminated materials off-site allow you to apply very sophisticated processing
techniques that may be more efficient and fast, as well as safer for groundwater, flora
and fauna and the local people. ex situ technology provides processing with imported
soil spill site in specially equipped areas. Extraction of contaminated soil will quickly
eliminate pollution. After removing the layer of soil mineral fertilizers are peat bogs,
and make further organic fertilizer on mineral soils. The soil, cleaned of oil to return
to the restored areas should have a residual oil content below the JDC oil. in situ
technologies have an advantage due to their direct application to the site of
contamination. Selection and application of technology in situ can be made only on
the basis of the data about the quality of the treated surface of the soil. In addition,
specialized cleaning of polluted areas may be required. Under unfavorable
environmental conditions may also face difficulties in relation to sustainable
pollutants [64]. in situ technology uses biological, mechanical and physical-chemical
methods [64]. biological methods are considered the most promising. The best results
were observed in the complex method of remediation of contaminated soil using

agricultural technologies with the application of mineral fertilizers and sowing grass



meliorantov. This technology is aimed at enhancing indigenous oil-oxidizing soil
microflora and does not require significant material costs. For phyto remediation of
contaminated lands used most affordable seeds of annual and perennial herbs that
have developed root systems, increased resistance to oil pollution of soil, adapted to
local conditions. Biological remediation - remediation phase, which includes
measures to restore their fertility, carried out after technical reclamation.

Soil vapor extraction at elevated temperatures. Like soil vapor extraction by ex
situ technology, application of this technology requires an additional heat source.
Additional heat increases the volatility of substances that promotes more complete
their removal. As a heat source can serve hot air or steam injected, Electrical / radio
frequency heater. It is necessary to take into account the possible interactions of toxic
substances to the environment. In various substrate heating temperature may be
achieved, depending on the equipment used. This technology can be used in relation
to pesticides, volatile organic compounds, or fuel. Advantages: Since the
contaminants under vacuum, the probability of their contact with the environment is
reduced. Disadvantages: The technology may not be effective in view of the
heterogeneous substrate. Excessive soil moisture can prevent the removal of toxins.
The technology works only in the vadose zone (the unsaturated zone).

The expansion of the oil in the soil caused not only by the direct action of live
microorganisms that are part of biological products, but also the ability to influence
the last aboriginal microbial community of soil, increasing its ability to dispose of the
oil. These drugs include the album containing natural natural microbial polymer
polibeta-hydroxybutyric acid from the soil bacteria Bacillus megaterium and
Pseudomonas aureofaciens, a set of macro-and micronutrients, pine extract and other
components. It stimulates the local soil biocenosis and creates favorable conditions
for the transfer of petroleum hydrocarbons in difficult-state. Formed organic
compounds gumusopodobnogo nature, positively affecting soil fertility. Biopreparat
album is able to significantly reduce oil pollution of soil. The rate of decomposition
of oil in the soil under the effect of increases in Albit average 1,67-3,15 times. In

industrial experiments demonstrated that Albit together with sowing neftetolerantnyh



herbs for one growing season reduces oil contamination of soil in 1,5-10,0 times
[74,75].

1.5. Modern methods of remediation of soils contaminated with petroleum
hydrocarbons. (Foreign experience)

Leaking oil and petroleum products from pipelines has always posed a threat to
the environmental safety of natural resources, human health and life. It is clear that at
the present level of development of the oil industry is not possible to eliminate its
impact on the environment, in this regard, there is a need to develop new and improve
existing technologies recovery of oil-polluted and damaged land. [76] Below is a
description of several new technologies developed in laboratories abroad.

In the US, the most common method of cleaning contaminated soil and
groundwater is bioventilyatsiya. Its essence is that the contaminated zone through
vertical or horizontal wells injected air in an amount sufficient to supply oxygen soil
bacteria, organic compounds decompose to NO2 and water. Under the action of air
stream together with the liquid contaminants are transported by air flow through the
soil. By the time they reach the surface most of the time to decompose contaminants
under the action of bacteria. This considerably reduces the contamination of waste
gases and decrease its cleaning costs [77]. Electrochemical Technology "OBAYASI"
Japanese firm provides a high degree of purification of toxic organic substances up to
25 names. To clean the area of 15 sg. m required voltage DC 50 V with a total
processing power consumption of 5 kW. To remove 90% of cadmium, cyanide, lead,
chromium, mercury and arsenic takes three months [78].

Electrokinetic technologies used to clean clay and loamy soils and soils with
full or partial water saturation from heavy metals, cyanides, organic chlorine, oil and
oil products. The main role is played by the processes of electroosmosis and
electrophoresis. Electrokinetic technology advantage is the high degree of control and
management of the cleaning process. Initial concentrations of toxicants can be

reduced to 10-50 mg / kg to 1.10 mg / kg, which is well within the existing rules [78].



Electrokinetic process parameters: electrode voltage 4-200 V, the field strength
of 20-200 V / m, current density of 0.5-5.0 A / m, the distance between the electrodes
of 2-10 m, the depth of their laying - 2-5,0 m . cleaning efficiency - 80-99%. To
achieve high purity without the use of chemicals or surfactant solutions impossible.
The use of special chemical agents reduces power costs and time for cleaning. The
cost of cleaning the soil ranges from 120 to 170 US dollars. Per 1 m3 [79].

Soil vapor extraction at elevated temperatures. Like soil vapor extraction by ex
situ technology, application of this technology requires an additional heat source.
Additional heat increases the volatility of substances that promotes more complete
their removal. As a heat source can serve hot air or steam injected, Electrical / radio
frequency heater. It is necessary to take into account the possible interactions of toxic
substances to the environment. In various substrate heating temperature may be
achieved, depending on the equipment used. This technology can be used in relation
to pesticides, volatile organic compounds, or fuel. Advantages: Since the
contaminants under vacuum, the probability of their contact with the environment is
reduced. Disadvantages: The technology may not be effective in view of the
heterogeneous substrate. Excessive soil moisture can prevent the removal of toxins.
The technology works only in the vadose zone (the unsaturated zone) [80].

ex situ technology is used for the treatment of contaminated soil, previously
removed from the surface of the selected piece of land. Isolation and treatment of
contaminated materials off-site allow you to apply very sophisticated processing
techniques that may be more efficient and fast, as well as safer for groundwater, flora
and fauna and the local people. ex situ technology provides processing with imported
soil spill site in specially equipped areas. Extraction of contaminated soil will quickly
eliminate pollution. After removing the layer of soil mineral fertilizers are peat bogs,
and make further organic fertilizer on mineral soils. The soil, cleaned of oil to return
to the restored areas should have a residual oil content below the JDC oil. in situ
technologies have an advantage due to their direct application to the site of
contamination. Selection and application of technology in situ can be made only on

the basis of the data about the quality of the treated surface of the soil. In addition,



specialized cleaning of polluted areas may be required. Under unfavorable
environmental conditions may also face difficulties in relation to sustainable
pollutants [64]. in situ technology uses biological, mechanical and physical-chemical
methods [64]. biological methods are considered the most promising. The best results
were observed in the complex method of remediation of contaminated soil using
agricultural technologies with the application of mineral fertilizers and sowing grass
meliorantov. This technology is aimed at enhancing indigenous oil-oxidizing soil
microflora and does not require significant material costs. For phyto remediation of
contaminated lands used most affordable seeds of annual and perennial herbs that
have developed root systems, increased resistance to oil pollution of soil, adapted to
local conditions. Biological remediation - remediation phase, which includes
measures to restore their fertility, carried out after technical reclamation.

Photolysis used in extreme cases of degradation for a wide variety of toxic
organic compounds contained in soil and / or by photo catalytic water oxidation or
thermal decomposition. In this process of vacuum extraction is used to remove
contaminants from the soil. After contamination condensation catalyst are mixed with
a semiconductor (e.g. titanium dioxide) and placed in the reactor, which is under the
action of sunlight or UV irradiation. Light activates the formation of chemically
active species - the hydroxyl radicals, which are strong oxidizing agents and
decompose pollutants to less toxic. Some research centers in the US have developed a
method of photolysis of organic pollutants contained in the solid, and liquid waste.
Using this method allows to remove substances such as pesticides, explosives,
colorants, volatile organic compounds, solvents, some heavy metals, furans, dioxins,
PCBs and others. With high efficiency. Advantages: This technology completely
breaks down toxic substances in the water / soil. Technology is effective for
removing various contaminants classes to their minimum content. Disadvantages:
There are a few large-scale applications, and inadequate information on the cost of
the use of technology. Biological and physical contamination of suspended solids or
sediment limits the effectiveness of this technology [79]. Canadian method of soil

remediation, which is not whimsical to temperature, does not require transportation of



soil and landfills, requires no investments in special equipment and permanent
technical staff. The process is very flexible, allows you to modify, using a variety of
materials, microbiological preparations, fertilizers. On a dirt pad width of 3 meters
snake stacked perforated plastic tubes, which are then backfilled with a layer of
gravel, crushed stone or expanded clay, or a material such as "Dorn". On this porous
pad sandwich stacked alternating layers of oil-contaminated soil and fertilizers. As
the last used manure, peat, sawdust, straw and fertilizer, can be added to
microbiological agents. Ridge takes cover with plastic wrap, in the pipe supplied with
air from a compressor of suitable capacity. Compressor can work or fuel or electricity
- if there is a connection. The air cushion is sprayed into the porous and promotes
rapid oxidation. Pipes can be used repeatedly. The film prevents the cooling; If the
heated air is fed and additionally insulate ridge peat or "dornitom", the method is
effective and winter. Oil is oxidized almost completely for 2 weeks, and the residue is

non-toxic and it is perfectly grow plants [80].
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Tabnuna 6 — TexHonorus MPoBeIeHUs PEKYIbTUBALIUU

Tlepeuens MeponpusTHit

OTBETCTBEHHBIN

HCIIOJTHUTECIIb

Cpoxu

HUCIIOJTHCHUA

[loaroTOBUTEIILHBINA dTall

OOcieoBaHKue y4acTKa

- 0TOOp P00 TOYBHI HA COAEPKaHKUe HePTENPOIYKTOB 1
pH; NPK; S04; CL

1.1.

- YCTaHOBKa aHIUIaroB  Ha JEHCTBYIONIHX
KOMMYHHUKAIUSIX, OTIPEICICHAE MECT 3a€3/1a Ha Y4aCTOK
00J10TO-

XOILHOﬁ TCXHHUKH, COCTABJICHUC CXCMbI

OIIMCaHus 110 PE3yJibTaTaM O6CJ'ICI[OB3HI/IH

y4acTKa U ero|

- (hoTorpadupoBaHue y4acTKa 0 PEKyIbTHBAIIMU

Nuxenep-

TEXHOJIOT

Macrep y4yacTka

Maii

[1o pe3ysnbTataM 00CIIeJOBaHUS

- OIpENeNIEHUE HOPMBI
MIHEPAJIbHBIX YI00peHUI

N TCXHOJIOTMHM BHCCCHHA

1.2.

- pacueT HeOOXOOMMOI0 KOJMYECTBA MAaTEpUANIOB IS
MpOBEJICHNS] KOMIUIEKCHON PEKYJIbTUBALIMN:YJ00pEHHH,
CEMSIH

Wuxenep-

TEXHOJIOT

Macrep yyacTka

1.3.

Odopmienne HEOOXOTUMBIX pa3penIuTeNbHBIX
TOKyMEHTOB Ha MpOM3BOACTBO pabot. Ilposenenue
HCTpyKTaxedd mo TH B mpowmsBoasmmx paboOThI
Opurazax, 03HaKOMJICHHE MEXaHN3aTOPOB U OpUTagupoB
C IPOXOAIIMMH MO YYaCTKy KOMMYHUKALUAMHA

Macrep yyacTka

TexHm4eckuil FTan PCKYJIbTHUBAIIUU

2.1.

HOCTaBKa pa6oqero IepCcoHaia, MaTCprUaJIOB U TCXHUKN

K MECTY TIpOBEJIeHHsI paboT (BaXTOBBIH aBTOOYC, camMo
CBaT)

Macrep yyacTka

Mai-urosn

bronornueckuii 3Tan

3.1

[TonroroBkan BHEceHHE pabodero  pacTBopal

oroecTpykTOopa (10000 1M3) METOmOM HOXKIEBAHMUS

MOTOIIOMIIA)

3.2.

(DpesepoBanune Ppesoit 6omotHot ®BH-2 Ha 20-30 cm B

arperare ¢ BIII-3A (8000 m?) o pa3paGoTaHHOMN cxeMe

Macrep yuacTka,
Wnxenep-

TEXHOJIOT

Uronn

JIBIUKCHUA C OOAHOBPCMCHHBIM BHCCCHHEM PACUCTHBIX
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HOpPM ynoOpeHuit (a3odocka 58 Kr, aMMuaYHas CEMUTPa
48 KT)

3.3.

Pyuynast nopaboTka He0OpPaOOTAHHBIX TEXHUKOW MECT
2000 m?) (kpast y4acTKa, OXPaHHBIE 30HbI JEHCTBYIOMIUX
Tpy0OTIpOBOI0B, Oepera kaHaB, 03€p, MEKTPYOHBIE PO
CTPAaHCTBA) - PHIXJICHHE TOYBBI, BHECCHUE YIOOpEHMUIA
azoocka 14,5 xr, ammuagnas ceautpa 12 kr)

3.4.

PyuHO#M oceB ceMsiH MHOTOJIETHUX TpaB (40 Kr) u oBca
100 kr) ¢ BHeceHue ymoOpenuit (azodocka 72,5 kr,
aMMHuadHas cenuTpa 60 Kr)

ABrycr

3.5.

KoHTpOIh KadecTBa MPOBEACHUST OMOIOTUYECKOTO dTara
PeKYJIbTUBALINN

4.2

4.3

Craga ygacTka

Mactep y4acrka,

Hxenep-

4.1.

(OT60p 00pa3IOB MOYBHI HA KOJTWYECTBEHHO-XUMUYECKUI
ananu3 (KXA)

TCXHOJIOT

4.2.

DoTorpadupoBanue ydacTka Iociie peKyIbTHBALIH

4.3.

HOIIFOTOBKa Make€Ta JOKYMCHTOB IJId CJa4r y4aCTKa

ABrycr-

CEHTIOPh




