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The article presents the main stages of creating a 3D model of a helical-bevel gear
train using the Autodesk Inventor software package. The 3D model of the gears
transmissions was constructed by calculating the coordinates of a grid of points on the tooth
surface in the MITCalc software module. The results of checking the geometric parameters
and evaluating the engagement of the computer model confirm its high accuracy and good
convergence with the design calculations. The resulting virtual copy can be used to simulate
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3acoseHue CUMTAeTCsi OCHOBHBIM (DaKTOpPOM, KOTOPBIH HETaTUBHO BO3JEHCTBYET
Oosnee yem Ha 1 Mipj ra mMo4yB B MHUpPE U MPOJODKAET yBEIWUMBaThcs Ha 1,5 MiH ra/rof.
[Ipobnema 3acosneHuss B NEpPBYIO OYepeAb CBSi3aHA C CEIbCKOXO3SIMCTBEHHBIMH 3E€MIISIMU
apUIHBIX 30H, OJHAKO TOPHOJOOBIBAIOIINE TPEANPHUATHS TaKXKE CIIOCOOCTBYIOT POCTY
IJIOMIAJEH 3aCOJIEHHBIX IOYB, M3BJIEKAs Paccojibl U BCKPBIIIHBIE MOPOJBI Ha IMOBEPXHOCTD.
[Tporeccel 3aconeHust B apKTHUECKUX pernoHax Poccuu mpoTekaroT 6osiee 0cTpo, MOCKOJIBKY
COJIM CIOCOOCTBYIOT Pa3BUTHIO TEPMOKAPCTA, TEPMOIPO3UU MU CONUDIIOKIINH, BCIEICTBHE
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4yero yrayOnsercs YpOBEHb BEUYHOM MeEp3JOoThI M 00pa3yloTcsi XeMO3eMbl BOJIW3U
IPOMBIIIICHHBIX OOBEKTOB. YUEHbIE PacCMaTPUBAIOT Pa3IM4YHble METOJbl PEKyJbTHUBALUU
3aCOJICHHBIX II0YB, CPEOU KOTOPBIX MOKHO BBIJCIUTh TPHU HAIPABJICHUS: IOBBILICHHUE
COJICYCTOMYMBOCTH PACTEHUH, MOAO0p pacTeHHid (raJopuTOB) U TOBBIIICHHE OMOTEHHOCTH
TEeXHOTpYHTOB. OJHAKO B pEruoHax C CYpPOBBIMHM KIMMATUYECKUMHU YCIOBUSIMM U HH3-
KOl OMOJIOTMYeCKOM NPOJYKTUBHOCTBIO METOJbl BOCCTAHOBJIEHHsI TPEOYIOT TIIATEIbHOI'O
noa00pa, 0cOOEHHO Ha HAPYIICHHBIX IT0YBAaX B TOPHOIO0OBIBaIOIIEH PpOMBIIIITIeHHOCTH. Lenp
JTAHHOM 0030pHOMN CTAaThH 3aKIOYAETCS] B TOM, YTOOBI, UCIOIB3Ys JOCTYIHBIE JINTEPAaTypHbIC
JJAaHHbIE, OCBETHTb OCHOBHBIE METOJbl PEKYJIbTHBALIUU TEPPUTOPUH, MOCTPAJABIIUX OT
3aCOJIeHUs] B TOPHOMOOBIBAIONICH MPOMBIIIICHHOCTH, OCOOEHHO B ycnoBusx KpaitHero
Cesepa.

Knrouegvie cnoea: nerpajanus Moys, 3acCOJ€HUE, BTOpUYHOE 3acosieHue, KpaitHuit
Cesep, COIEYCTONYNBOCTD, TATO(MUTHI, YBEINUCHNE ONOTEHHOCTH.

DOI: 10.46573/2658-5030-2025-3-80-93

BBEJIEHUE
[TouBsl ¢ npeoOnasaHueM B XMMHUECKOM COCTaBE JIEFKOPACTBOPUMBIX MHUHEPaJIbHBIX
coliel, KOHIEHTPAllMM KOTOPbIX TyouTenbHbl ansi pactenuit (>0,25 %), Ha3bIBaroTCs
3aconeHHbiMy. ITO OCHOBHOM (DakTOp JAerpajaluu IOYB, YMEHBIIAIOUIUI KOJIWYECTBO
w1040poAHbIX nouB [ 1]. Kinaccudukanus nous 1o KoJu4ecTBY B HUX COJIEH Mpe/cTaBiceHa Ha

PHCYHKE.

Cnabo3acoeHHble CpennesacoseHHbIE CunpHO3aCcONeHHbBIE Qe
CHITbHO3aCOJICHHBIE
— | 0, | 0 _ 0
(0,25-0,4 %) (0,4-0,7 %) (0,7-1,0 %) (>1 %)

Krnaccudukanus mous mo cTeneHu 3acoaeHus [2]

[Ipy paccMOTPEHUH BOMPOCOB JAETPAJAllH I[MOYB COBPEMEHHBIMH OTCYECTBEHHBIMU
uccieoBatesiMi Bo riaBe ¢ O.H. Mom4aHOBBIM COBMECTHO ¢ MHOCTPAHHBIMH yYEHBIMH,
TaK)Ke PAacCMATPHUBAIONIMMHU [aHHYIO MpoOJieMy, Ha OCHOBE amnpoOHMpPOBAaHHBIX paHee
HO/IXO/IOB K KJIacCU(HKAIMK JeTPaIipPyEMbIX TIOYB BbIICICHBI OCHOBHBIC BHbI JACTPAIAINH,
npejcTaBieHHbie B a0, 1 [3].

Tabnuua 1. OcHOBHBIE BUJIBI J€TPaJalluy OYB, 001Iee KOJINYECTBO
u ux npupoct B nepuof ¢ 2018-2020 rr. [3]

OO011€ee KOJIMYECTBO, 2018 r. 2019 . 2020 r.
Bun nerpananuu
MJTH Ta TBIC. T
Berpoas spo3us 210 1252 1643 1136
Boanas sposus 235 2048 2 467 2 467
3aconenue 172 241 277 235
[lepeyBnaxknenue 197 722 849 830
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JlaHHBIE TIpOIECCHl HETaTMBHOTO HW3MEHEHHs MOYBEHHOTO IIOKpOBa B OoJbIIel
CTEMEHHU CBSI3aHBl C AHTPONOTEHHBIM BMEIIATEILCTBOM 4YeJOBEeKa. B CBSI3M C HMHTEHCHU-
dukanueil npoieccoB aerpagaly MOYBEHHOTO MOKPOBA YBEITUYUBAETCSA KOJIUYECTBO MTOCTOB
MOHHUTOPHHTA JJIs1 HAOIIOACHHUS 32 COCTOSIHUEM TI0YB U MPOTHO3UPOBAHUS MX KaYeCTBEHHOTO
Y KOJIMYECTBEHHOI'0 U3MEHEHUA [ 3, 4].

MoHHUTOpPUHT OOJIBIIMHCTBA MPOLECCOB JETrpajlallid COBEPUICHCTBYETCS C KaKIbIM
roJIOM, OJHAKO BEeCTHM HaONIOJEHHE 3a 3aCOJCHHBIMM MOYBAMH M HMX Y4eT HauOolee
3arpyaHuTeNbHO. CBSA3aHO 3TO C TEM, YTO MPOLIECC 3aCOJICHUS-PACCONICHHS JUHAMIYCH [5, 6].
PaccmarpuBas mpoGnemy 3aconenuss mouB B P®, E.U. [lankoBa (2020) akmeHTHUpYET
BHHUMaHUE HA TOM, YTO YUETHBIE JAHHBIE ycTapeau (MaTepuaibl He OOHOBIISUIUCH C CEPEANHBI
80-x TOMOB MpPONILJIOrO BEKa) M OTCYTCTBYET OOIICTIPHHATAs METOAMKA, YYHUTHIBAOLIAS
KOJIMYECTBO JIETKOPACTBOPUMBIX COJIEH B CIOSX MOYB JUIsl YCTAaHOBJICHHSI KaTEeropuu
3acosnenHoctH [ 1, 7].

C yBennuyeHHEM KOJMYECTBA COJIEH B IOYBE pACTEHUs, MOJdydas NUTATEIbHbIE
BElleCTBa NpPU IMOMOIIM KOpHEH, YrHeTaloTCs: KyTHKYyJa (3alIUTHBIA CIIOM MOBEPXHOCTH
JUCTHEB) CTAHOBUTCA OOJee TOHKOM, Ha JHMCTHSIX MOSIBISIFOTCS 0XKOTM, HACTYHaeT HEKpO3
BHCIITHHUX KpaeB JIMCTheB [8]. M3MeHsieTcss 1 MeMOpaHHBIN TOTSHIMAN, 32 CYET Yero B KICTKU
pacrenuii mocrynaeT non Na', 3amemas nocrymienne nosos K* B kanueBsix kananax [9, 10].

N.K. Cabonpy oTMEYaeT, 4YTO KOJIMYECTBO 3aCOJECHHBIX MOYB cocTaBiseT 950 miH ra
(ecrecTBEHHOE, IMEPBUYHOE 3acoiieHue), I'. MeTTepHUXT NPUBOIUT KOJIUYECTBO BTOPUYHO
3acojieHHbIX 1mo4yB — 77 miH ra. Cormacuo ganHeiM OOH, coxepskamuMmcs B JOKJIaAe O
«CoOCTOSTHUM MHPOBBIX 3€MENBbHBIX U BOJHBIX PECYPCOB JI MIPOU3BOJICTBA MPOJAOBOILCTBUS
U BEACHUS CEIbCKOr0 XO3siicTBay, 00Illee KOJIMYECTBO 3aCOJIEHHBIX IIOYB E€XKETr0JHO
yBenuuunBaeTcs Ha 1,5 mutH ra [11, 12].

CeroHsi KOJMYECTBO TaKWX IOYB cocTaBisgeT Oonee 25 % OT MOBEPXHOCTH CYIIH
3emnu (>20 miaH KMZ). B P® mnporeccy 3aconenusi nmoasep:xkeHo cbie 20 % cenbcko-
X03HCcTBeHHBIX (>40 MuiH ra) yrogauid U cBbime 10 % (>170 muH ra) 3emens OT OOLIETO
KOJIMYECTBA 3€MEb.

Ha Kpaitnem CeBepe KOIMYECTBO 3€MENb, NOABEPKEHHBIX IPOLIECCAM 3aCOJICHMS,
cocraBisieT 34 MuH ra, wim 6,2 % 3emens nanHoW Tepputopuu (550 muH ra). OCHOBHBIMH
LEeHTpaMH 3acoyieHus B npenenax Kpaitnero Cesepa sBISIOTCS:

ApxkTtrueckoe nobepexxbe EBpazun u octpoBa ¢ BapbupoBaHueM cojeHocTH ot 0,05 1o
2 %, IpA 5TOM B HEKOTOPBIX TOPU30HTAX HAOJIIOMAaeTCs 3aCOJIEHHE BILIOTH 110 6 %0;

nonuHa pexu Jlens! (LlentpanbHas SAxkytun), rae 3acojaeHHbIe OUBHI (B cpenHeM 2 %,
B HEKOTOPBIX TOPH30HTaX 3acOJCHHE MOXeT IocTurath 8 %) dQopmupyroTcs 3a cder
NPEBBIIICHUS] HCIAPEHUs] HaJ KOJUYECTBOM OCAJKOB M YBEJIWYEHHS] KOJIMYECTBA COJIEH
KOHTUHEHTaJIbHOTO THMa [13, 14].

[Tnomans yroauii, moABEpKEHHBIX JaHHOM Aerpajaluu, HO MPU 3TOM CHOCOOHBIX
BOMTH B CENbCKOXO3SMCTBEHHBIH 000poT, pocturaer 340 MiIH ra mo BCceMy MHUDY, HOpsijaKa
12 MrETa W3 KOTOpBIX TpuxoauTcs Ha Tepputoputo Kpaiinero CeBepa, rie OCHOBOM
CEJIbCKOTO XO35MCTBA SIBJISIETCS Pa3BEICHHUE U BBINIAC OJICHEH.

3HauMTeNbHOE BIMSHUE Ha paAcIpOCTpPaHEHHE COJIeH B IOYBE OKa3bIBAaeT MX
busndeckuit coctaB. CormacHo JaHHBIM VHIOHE3UHCKOTO areHTCTBa CeIbCKOX03SICTBEHHBIX
UCCIIIOBaHUNM M Pa3pabOTOK, Ha MECUaHBIX MOOEPEeXbSIX IOCIe HX MPOJOIKUTEILHOTO
3aTOIUIEHU. MOPCKOM BOJIOM 3aCOJIEHHE IPOSIBISETCS HE3HAUUTENIBHO B CBSI3U C BBICOKUM
YPOBHEM MPOCAYMBAEMOCTH U CIIA0BIX COETMHUTENBHBIX CBOWCTB MECYaHbIX MOYB, B OTINYHE
OT TJIMHUCTHIX mopo [11].
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JlaHHBIE CYXKICHHUS CIPABEUIMBBI M JUIsI APKTUYECKOTO MOOEpeXbs, /i€ BbIBICHA
npsMasi 3aBUCHUMOCTb KOJIMYECTBA COJIEH B MEp3JbIX TPYHTaxX OT (PU3NYECKOIO COCTaBa
nocienHux. CoaepxaHue JIETKOPaCTBOPUMBIX COJIEHM B IecUaHbIX MOPOJax 10 8 pa3 MEHbLIE
10 CPAaBHEHUIO C TIIMHUCTBIMU. B neckax conenocts Bapbupyercs ot 0,2 1o 0,5 %, B cynecsix,
CYIIIMHKAaX W TJIMHAX u3MeHseTcs B mpeaenax ot 0,4 mo 2,1 % [15, 16].

Ilon BnusHUEM cojiell NPOUCXOIAT H3MEHEHHMs OMOXMMUYECKMX XapaKTEepPUCTUK
pacTeHui 3a cyeT OMOCHMHTE3a COBMECTHUMBIX METa0ONUTOB (Pa3TUYHBIX HHU3KOMOJIEKYISp-
HBIX BEIIECTB — AMHHOKHUCIOT, MOHOCAaXapHIOB, CIHPTOB), TPU ITOM POCT CHHTE3A
OIpENICNIEHHBIX TOPMOHOB OJIaroNpUsTCTBYET IUCOANaHCy MEXAY HX KOHIEHTPALUSAMHU.
B wurore ocymecTBifOTCA TIyOOKHE W3MEHEHHs, CIIOCOOCTBYIOIIME MOAM(UKAIUIM
dorocuntesa [6, 17].

Hakomnnenue coneil Takxke CBA3aHO C I'PaHYJIOMETPUYECKMM COCTaBOM I10YBBI —
COOTHOIIIEHUEM IMOYBEHHBIX YacTUIl pa3HOTo auamerpa [18]. YBenuuenue menkoi ¢paxmuu
MOYBEHHBIX YaCTHI] MPUBOAUT K YBEIMYCHHIO WX 3(P(EKTUBHOrO AMAaMeTpa, a 3HAYUT, K
U3MEHEHHI0 (PU3MYECKMX NapaMeTpoB, U MPO(QUIL YMEHBIIEHHsS MM HAKOIUIEHUS COJeH
OyzeT XapaKTepHu30BaThCs BOAHOM mtockocThio [19, 20].

Bormpoc 3acosnenuss mouB akTyaJeH mpu J100bIYE HE TOJIBKO COJIEH, HO U JPYTrHX
noJje3HbIX uckonaeMbix. Ha teppurtopusx 3anaaHoil SIkytun u ee aiMa30HOCHON MPOBUHIIUU
pacIpOCTpaHEHbl HACBIILEHHbIE PACCOJbl METErepo-MuepCKOro BOJIOHOCHOIO KOMILIEKCa,
3aJieraloniie B TOPHBIX IOPOAAxX IOJ CJIOEM MHOTOJETHEMEp3NbIX mopoxa. Mx cpemsss
MUHEpalM3alusl BapbupyeTcss oT 35 g0 294 wmr/n, mnpuyeM JaHHBIA —TIOKa3aTelb
yBenuuuBaeTcs ¢ riayouHod. B 3amagHoit SIKyTMM MOYBBI M TIPYHTBI XapaKTEpU3YHOTCS
ciaObIM THITOM 3acosieHust [21].

O.B. llagpuHoBa OTMEYAaET, YTO NMEPBUYHOE 3aCOJICHUE UMEET CIabOBBIPAKEHHBIM
xapakrtep (cynbhaTHbIN/CynbhaTHO-XJIOPUIHBIN) ¢ TOCIEAYIOUMM (OPMUPOBAHUEM MTOBEPX-
HOCTHOTO 3acOJIeHHOro ropusonta [22]. IIpu murpamuu coneil mo mpoduiio mpOUCXOAUT
(dbopMHpoBaHKE HAJMEP3IIOTHOTO COJIEBOTO TOPU30HTA, CITY)KALIETO HCTOYHUKOM BTOPUYHOTO
3acojicHus mouB [22, 23].

B Pecniy6nuke Caxa (SIkytusi) oOmiast omia b 3aCOJIEHHBIX 1TOYB COCTaBIseT Ooee
9,5 TBIC KM> [9]. HaubomnbIiast gacth AerpaaupOBaHHBIX 3e€MeEJb PacloyiokeHa B 3amaJHoiu
SIKyTuu, ABISIONIEHCS LIGHTPOM alIMa30100bIYH.

Ha kopeHHOM aiMa3HOM pyAHUKE «YAauHbID» ObUIM OOHAPYXKEHBI IO/J3EMHBIE
paccoisibl, TPOHUKAIONIME B TPEIMHHO-TIOPOBOE IPOCTPAHCTBO B TIIyOOKO3aJIeraeMbIX
TOPM30HTAX W OTIHYAIONIAECS BBICOKOI MuHepammsarmeii (>600 r/nm°) [24]. Bemencrsue
pa3pabOTKH JaHHOTO MECTOPOXKJEHUS MHPOUCXOAUT KAaK OTKayka JaHHBIX PACCOJIOB C
NoCJIeIyIoNell 3aKayKoi MX B TONIIM OTpabOTaHHBIX MIAXT JUOO C MOAHIATHEM HUX Ha
MOBEPXHOCTh, TAaK M M3BJIICYEHHE BCKPBIIIHBIX MMOPOJ HA MOBEPXHOCTH C (hOPMHpOBAHHEM
OTBaJIOB/XBOCTOXPAHMJIUII C BHICOKMM IOKa3aTeleM 3acojieHHocTH. Ha ceropHsamHuil 1eHb
U3 JAaHHOT'O MECTOPOKIAeHHS ObLIO M3BJIeueHO cBbimie 380 MIIH M BCKPBIIIHBIX mTopo [20].

B MupHunckom paiioHe, BkirouaromeMm Oosiee (0,5 ThIC. Ta 3aCOJEHHBIX II0YB,
pacrpoCTpaHeHbl TaKHE€ CBUTBI B TMpelenax KUMOEpIUTOBBIX IOJeH, B KOTOPBIX
coJieHachIIIeHHOCTh cocTaBiseT 60...85 %. Coneconepaxaliye nopoasl IpruoOpeTarT ocoOble
pPEOJIOTUYECKUE CBOMCTBA, 4YTO IMPOSBISAETCS B BHUJAE HWHTEHCUBHOW IIOJI3y4ECTH. OTO
3aTpy/AHAET TMPOLIECCHl M3BJICYEHHUS M CHOCOOCTBYET IPOCAUYMBAHUIO COJEH M3 TOJII
OTBAJIOB/XBOCTOB B IOYBHl C (POPMHUPOBAHMEM HOBBIX IIOYB — XeMo3eMoB [25, 26].
OCHOBHBIMU HOHAMH 3aCOJICHHUS CITYXAaT XJIOPU- U CyibhaT-uons [27, 28].
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CTouT OTMETHUTH, YTO 3aCOJICHHE KaK BEPXHMX, TaK M HWKHHUX NMPOoduiIeld MOYBHI C
MHOI'OJIETHEMEP3IbIMU TIOPOJAMU CHOCOOCTBYET MX TpaHC(hOpMalMM U3 TBEPAOMEP3IOro
COCTOSIHUS B IUTACTUYHO-MEP3JI0e U HeMep3iioe cocTosinue [24, 29].

B naHHOl 0030pHON cTaThe, UCHOJB3YS JOCTYIHBIE WCTOYHHUKH, OCBETUM
UCIIOJIb3YEeMbIE METOJBI PeKyJbTUBaLMK Teppuropuid (mpexnae Bcero Kpaitnero Cesepa),
HOCTPAJaBIIUX OT 3aCOJICHHS B TOPHOA0OBIBAIOIIEH IPOMBIIUIEHHOCTH.

MATEPHUAJIBI U METO/IbI
B kauectBe MarepuanoB UCCIICAOBAaHUS OBUIM MCIOJIH30BAHBI MTYOJMKAIIMH B HAYIHBIX
JKypHajlaX, B TOM WJIM MHOW Mepe 3aTparuBarolIMe TeMY TEXHOI€HHOI'O 3aCOJICHHUs I104YB, B
ToM umnciie B paitonax Kpaiinero Cesepa.

PE3YJIBTATBI U UX OBCYXKJIEHUE
Jyis Toro 4toOBl MPUONH3UTH IIOJOPOJIHBIA IMOTCHIIMAT HAPYIICHHBIX 3eMelb K
MOKa3aTessiM, MPUCYIIMX MM JI0 Hayajga aHTPONOIN€HHOI'O MCIOJIb30BaHUs, B IEPUOL
MPOBEICHUSI BOCCTAHOBHUTENIBHBIX  (PEKYJIbTUBALIMOHHBIX) MEPONPUATHH  HEOOXOIUMO
KOHTPOJMPOBATh U PETyJIUPOBATh XUMHYECKHUM, BOJHBIN, TEIJIOBOM, MUTATEIbHBIA U APYTUe
pexxumsl [30, 31].
B.O. JlannHCcKas BbIIEISET CEMb OCHOBHBIX METOJIOB CHH)KEHHsI 3acojieHus (Tabt. 2).

Tabnuua 2. OCHOBHBIC METO/IbI CHIKEHHS 3acosieHus [32]

No Meron Omurcanue

[Tpumensiercs Ha ydacTkax, IJe HeOOXOAMMO YTITyOHUTh

1 Pacconsromumit qpeHax
YPOBEHb I'PYHTOBBIX BO/JI, B 3aCYIUJIMBBIX PErMOHAX

Y naneHue coneBorl KOPKU
COJIOHYAKOB / CHJIBHO3aCOJIEHHBIX [I0YB
IIPY TTIOMOIM CIIELIUATTU3UPOBAHHON TEXHUKHU

VY naxenue coneu
MEXaHUYECKUM MTyTeM

[TpoBoauTCs Ha c1ab03aCcOIECHHBIX MOYBAX MPU HAJTUYUU
MOIIHOT'O TYMYCOBOT'O TOPU30HTa U NP YCIIOBUH,
3 3amarika comnei 4TO B INIyOMHE MPOdUIIs COJIM HE PACIIPOCTPAHEHBI.

OcymecTBisercs yTeM BCIIAXMBaHUs HAPYILIEHHOTO
ydacTka

[TpoMbIBKa KOPHEOOUTAEMOTO CIIOSI TSKENBIX OYB
ITpombiBKa C HU3KOM BOJOIPOHUIIAEMOCTBIO U BBICOKUM
MOBEPXHOCTHOTO CJIOS COZIEpKAaHUEM COJIEU B TAHHOM CJIO€.

O6bem 3a60pa Boabl 10 30 ThIC. M>/ra

[Ipumensiercs Ha c1a003aCONEHHBIX TOYBAX C TITyOOKHM
YPOBHEM IPyHTOBBIX BoA. [Ipy ’TOM MHOTOJIETHHE
5 BriMbIBaHME coneit pacTeHus JOJKHBI ObITh YCTOMYUBBI, & JJI1 HOBBIX
CaKCHIIEB CO3/1aHbI ONITUMAJIBHBIE YCIOBUS
Ha IIEPBBIX JTalax BEreTauuu
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OxoHxuanue Tadi. 2

Ne MeTton Omnucanue

BbIMBIBaHHE JIETKOPACTBOPUMBIX COJIEH CO BCEU TOJIILH
MIOYBEHHOI'O TOPU30HTA C MOCIEAYIOIIUM HX IIEPEHOCOM

6 CKBO3Has IPOMBIBKA
B IPYHTOBBIE BOJIbI U UX CBOEBPEMEHHOE YIAJIICHHUE
IIPY IOMOIIH JIpeHaxa (MCKYCCTBEHHOT0/€CTECTBEHHOTO)
IIpeanonaraer 3akperieHue MOYBEHHOTO CIIOs
IIPU IOMOIIY KOPHEBOM CHUCTEMBI BBIPAILIUBAEMBIX
7 buonornueckas paCTEeHHMIA JUIsI CHUKEHHSI BETPOBOW/BOTHON SPO3UHU
PEKYIbTUBALIMS C BOCCTaHOBJICHHEM JIaHmadTa (BO3MOKHO

UCTIOJIb30BaHUE TaJIO(UTOB, CIEHUAIBHBIX (PEPMEHTOB,
KIIyOCHBKOBBIX OaKTepHid, pa3IHMYHBIX yIOOpeHUH U T.1.)

B paiionax 3anagHoii Cubupu B CBSI3U € IPOJOHKUTEIBHBIMUA U XOJOIHBIMU 3UMaMU
C M30BITOYHBIM KOJUYECTBOM CHETOBBIX OCAJIKOB IPEIIOJIAracTcs MPUMEHEHHE JIPEHAKHBIX
CHCTEM Hapsily C TMIICOBAaHMEM M UCIIOJIb30BAaHUEM PAaCTCHUN-TANO(pUTOB.

[Inanupyercs 3UMOM HakalIMBaTh BOJY B BHJE CHEra, a C HACTYIJICHUEM BECHBI
MCIIOJIb30BaTh HAKOIJIEHHBIN pecypc Wi npoMbiBkH nouB. M.B. Hocosa npeanoinaraer, 4to B
TEYEeHHUE TEIUIOro Mepuojia roja MocTynawouas I0XKAeBas BOJa U CHCTEMa «PaCCOJISIIOIIUX
JPEHaXHBIX KaHaB» OYyAyT CIIOCOOCTBOBATh FOPU3OHTAIBHOM MUIpPAIMM JIETKOPACTBOPUMBIX
COJICH B BEPXHHUX MPOQHIIAX MOYBBI U CTAOMIN3UPOBATh UX KOHIICHTparuio [33].

3amamika 3acoJ€HHBIX TIPYHTOB He3((eKTHBHAa BCIEACTBUE TOrO, 4YTO COJHU
pacrpoCTpaHeHbl 110 BceMy NMpOodUII0 U yIaJeHHE COJEBBIX KOPOYEK B cilydae UX (hopMu-
poBaHusi OyneT crocoOCTBOBATH BETPOBOM 3PO3HMM, a BHIMBIBAHHE, IPOMBIBAHHE BEAYT K
IPOCAYMBAHUIO JIETKOPACTBOPUMBIX COJIEH B IOBEPXHOCTHBIE T'OPU30HTHI, Ha KOTOPHIX MU
IPOMCXOIUT CKJIAJIMPOBAHNE BCKPBILUIHBIX 1MOpoJ [6]. buonornyeckuii stan pexyibTUBALUN
BKJIIOYaeT B ce0s KOMIUJIEKC arpoTeXHUYECKMX U (UTOMETHOPATUBHBIX MEPONPUATHH,
HAI[EJICHHBIX Ha CHW)KEHUE 3aCOJICHHOCTH U MPHUBEACHNE TEXHOTEHHO HApyIIEHHBIX 3€MeJb B
COCTOsIHHE, OJIM3KOE K ecTecTBeHHOMY [34].

JlanHble KpuUTEepUU crpaBeiMBbI U s perunoHoB Kpaitnero CeBepa, HO ¢
HEKOTOPBIMH OTOBOpKaMH. Tak, NpH TONBITKE NPOMBIBAHUS W BBIMBIBaHUSA coJiell OyIeT
U3MEHATHCS YPOBEHb MHOTOJIETHEMEP3JIBIX MOPOJI, YBEIMUMUBATHCSA KOJNYECTBO IUIACTUYHO-
Mep3JIBIX TI0YB, & COJI MUTPUPYIOT B COCEAHHUE MIOYBBI C 00pa3oBaHueM xemo3eMoB [ 35, 36].

B Xxonme aHanM3a KMCTOYHMKOB YCTaHOBJIEHO, YTO B CBOEHl OCHOBE METObI
PEKYJIBTUBALUN 3aCOJIECHHBIX TEPPUTOPHIM MOYKHO DPA3JEIUTh Ha CIEAYIOIIUE TPU Halpas-
JICHMSL.

1. lloBbIlIeHHE COJIEYCTOHYMBOCTH PACTEHU I

["ano61oMbl — KOMIUIEKC T€HOB Tajl0(UTOB, AKTUBHO M3YUYAIOTCS C LIEIbIO BbIICIEHUS
TEHOB OTBEYAIOIIUX 33 UX YCTOMUMBOCTB K COJIECOIEP)KAHUIO B ITouBe. HekoTophle U3 Taknx
TEHOB CIIOCOOHBI MEPEKOIUPOBaTh (EPMEHTHI, NMPUHUMAIOIIME ydacTue B (OPMUPOBAHUU
OCMOITPOTEKTOPOB M aBKAIIOPUHOB, aHTHOKCHIAHTOB M HECKOJIbKUX BUI0B Oaktepuii [37, 38].

SIpkUM IpUMEPOM TaToOMOMOB CIIY)KaT TaKHe pacTeHUs, KaK €)KOBHHUK COJIOHYAKOBBIN
(S. salsa), mpubpexuwuma (Aeluropus littoralis), monepuna mocesunas (Medicago sativa) [39].
W3ydyeHrne TeHeTHYecKoW ILEeNOuYKHM JaHHBIX PAacTeHUU MO3BOJISIET CO3/aBaTh CBA3M, Oolee
YCTONYMBBIE K BBICOKUM COAEPKAHMIM COJiel B IouBe. Tak, ONBITHBIM IIyTEM JOKa3aHO, YTO
TpaHCIIAHTAIUS TEHOB, OTBEYAIOIIMX 33 PerymupoBKy Tedenus Na* B puc nocesnoii (Oryza
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sativa) u tomar (Solanum esculentum) ¢ nocnenyrommm nodasienuem NaCl cmocobcrByer
YBEJIMYEHHUIO CYXOTr'0 BEIECTBA.

C.A. CemeHeHKo, M3y4as U3MEHEHHUE 3aCOJIEHHOCTU TOYBBI MPH €€ PEKyJIbTHUBALIUU,
NPOBOJMIJI 3KCIIEPUMEHT, CBS3aHHBII C BHECEHMEM B JIETPAJAMPOBAHHBIC TIOYBHI (ep-
meHTatuBHOrO Komiuiekca (HC-Zyme), mnpeacrasisromero coboit cmech (hepMeHTOB,
OTHOCSIIUXCSA K KIACcCy OKCHUTEHa3 M CHHTE3UPYEeMbIX H3 caxapHod cBekisl [39]. B
pe3ysbTare J1adopaTopHOro MCCIe0BaHUsl Oblila YCTAHOBJICHA MOJIOKUTENbHASI TeHCHIINS K
CHIDKEHHIO COJIECOJICP)KaHHMsT B TII0YBE IPHU HCHOJIB30BAHUU (PEPMEHTATUBHOW OHOCTH-
MYJISIUN PACTeHHM, a Tak)Ke OMpeJielieHa MOrpaHuYHasi KOHLIEHTpAlMs JAaHHOTO BEIECTBa,
cocTaBisomas 7,5 mMr/iu.

E.O. CumonoBoii ¢ coaBtopamu [40] paccmarpuBaiach BO3MOKHOCTH IOBBIIICHHUS
YCTOMYMBOCTH PacTEHUM K KiInmaTuyeckuM yciaoBusiM Kpaiinero CeBepa M 3aCOJIEHHOCTH
NOYB C NMPHUMEHEHHUEM acCOLMATUBHBIX MUKpoopranu3moB poxa Achromobaster (rpamotpu-
HaTejabHast, OKCH/Ia30- U KaTala30M0JI0XKHUTEIbHAS AIIOUKOBUAHAsA OakTepus). [Ipu BHeceHnn
010100aBKH C COJIep>KaHWEM JTaHHOTO0 MHKPOOpPraHW3Ma B IOYBBI C XJIOPUIHBIM THUIIOM
3acosieHds HaOJIoJanoch yBenudeHwe mpopactanuss cemsaH Ha 40 %, oauMHA POCTKOB
yBenuumiack Ha 59 %, ux macca cranma BaBoe Oosbiie, Ha 13,5 % yBenmuumiaack KOpHeBas
Macca pacTeHUH.

2. IToadop cTpeccoycToiivyuBBIX pacTeHuii (ranoguroB)

B Apkruueckoit vactu Poccun u Ha Kpaitnem CeBepe, ocobeHHO y 6eperos benoro u
[Tewopckoro Mopei, MHUPOKO pPacIpOCTPAaHEHBI, B YACTHOCTH, CJEIYIOIINE pacTeHUs-
rago¢uTel: 31akoBeie (Poaceae) — 26 BuaoB, ocokoBbie (Cyperaceae) — 17 BUIOB, aCTPOBbIC
(Asteraceae) — 8 BumoB [41]. CpaBHuTeNbHAs XapaKTCPUCTUKA Pa3IMYHBIX PACTCHUM-
ranoduToB npencrasieHa B Tabdm. 3.

Ta6muua 3. [lepcreKTUBHOCTD UCTIONBb30BaHUS PACTCHUI-TATO(PUTOB
B ycnoBusix Kpaitnero CeBepa [cocTaBiIeHO aBTOpaMH |

Y eTon4nBOCTH
HasBanue o
Ne Y CTOMYUBOCTH K 3aCOJIEHUIO K KJIIMMATUYECKUM YCIOBHSIM
pacTeHus .
Kpaiinero Cesepa
Vnmrodepa Y CTONYMBO K XJIOPUIHBIM Hemopo3socroiikoe,
1 (In digoferap) U CyJb(GaTHBIM 3aCOJICHUSM, MIPUMEHSIETCS B TPOITUYECKOM
a30TpuKcaTop 1 yMEPEHHOM TUIaX KJiuMaTa
FoKOBHIK AbGcopbupyeT 1 HaKarIuBaeT Hemopo3zocroiikuii,
. | Bcebe coiM pa3IM4HOIo THMA | PaclpOCTPaHEH B €BPONEIHCKOM
2 | COJOHYaKOBBIH o
(S. salsa) Y YBEJIMYMBAET KOJIMUECTBO | yacTu Poccum, Azepbaiimkane,
' o0miero a3zora Upane u LlentpansHoii A3uu
JIncoxsoct . XapakTepHBIE apeallsl
. Y CTOWYMB K BBICOKUM
JIyTOBOM pacnpoCcTpaHEHHS — 30HBI
3 (Alopecurus MIOKA3aTeNsIM 3aCOJICHHOCTH ecoT I ——
. KOHTHHEHTAJIbHOTO TUTIA YHAP YHAPBL,
pratensis) IIEPEHOCUT CYPOBBIE 3UMBI
MuckanTyc ITpuronHbIil THUII 3aCOJIEHNUS: " ) ;
«COpAHOBCKHiN» COJIOHIIBI MEJIKHE OCTaTOYHBIE, 0pO30yCTOWYUB, CIOCOOEH
4 . HaMHOT0 XYK€ IIPOU3pacTaeT MIEPEHOCUTH TEMIIEPATYPY
(Miscanthus 30 °C
hariflorus) Ha COJIOHLIaX CPEAHMX JI0 —
sacc MaJOHaTPHUEBBIX
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3. YBeqinueHHe OMOTeHHOCTH TEXHOTPYHTOB

VYBenuueHue OMOT€HHOCTH JIeTPaJUpPOBAHHBIX (TOABEPTIIMXCS 3aCOJIEHUIO) IOYB
JOCTHUTAETCS MyTeM IPUPOCTa AKTUBHOCTH MUKPOOHOJIOTHUECKHX MporieccoB [42].

H.H. BorartsipeBa, paccMaTpuBas BO3MOXKHOCTh HPUMEHEHHUsI XBOCTOB (hocopHuToB
JUTSL CHUPKEHUSI 3aCOJICHHOCTH TIOYBBI, pa3padoTaina HaTypaibHbIA U O€30MaCHbI MEIHOPAHT,
B COCTaB KOTOPOTO BOILIM TJIayKOHUTCOJEpPKaIlhe XBOCThI oboramieHus ¢GocGopuTos,
MOJIOTasi cepa M AKTUBUPOBAHHBIM TOp(d C COJAepKAHWEM TyMYCOBBIX KHCJIOT B KOJH-
gectBe 50 r/M°. OCHOBHBIM KOMIIOHEHTOM (hOC(OPHTOB SBISETCS MHHEPAT TIAyKOHHT
(comepkanre q0 70 %), oOmamaroluii Xopolei COpOLMOHHON ¥ MOHOOOMEHHOM CITOCO0-
HOCTBIO U YBEITMUUBAIOIINI MUKPOOUOIOTUYECKYI0 aKTHBHOCTD 1TOYB [41].

[Tpu BHeceHuu B mouBy oT 8 10 10 T/ra Takoro MelnopaHTa yKe uepe3 HeJeNr0 ObLIO0
3apErUCTPUPOBAHO CHIDKEHHE 3acOJieHHOCTU B 4 pa3za. OQHAKO JAaHHBIM METOJ MPUMEHUM
TOJILKO JUISL TOYB C COJIOBBIM (KapOOHATHBIM) TUIIOM 3aCOJICHHS.

[TonoxxurenbHOE BIMSHNUE HAa COKPAIEHUE 3aCOJEHHOCTU OKa3bIBAaeT U MPUMEHEHHE B
KayecTBE MEJMOPAHTOB KOAryJassHTOB — (HOchOruricoB, KapHAUIUTOB M TBEPABIX OCAIKOB
OUYHCTKHU BOJ (apTE€3MAHCKUX U TTOBEPXHOCTHBIX).

DKCIepUMEHTAJIBHBIM IIyTEM YCTaHOBJIEHBl HEOOXOIMMbIE KOHLEHTPALMU MEINOPAH-
TOB:

st gocdorurica HauOousbmas (GUIBTpAIMOHHAS CIHOCOOHOCTH JIOCTUTACTCS IPHU
BHecennu 1,0 r Ha 40 T MOYBBI Ha 3aCOJICHHBIX MOYBAX CyJIb(aTHO-KapOOHATHOTO THIIA,

JUIS  KapHAJUTMTA HawWiydmias (QuIbTpalMoHHAs CIOCOOHOCTh JOCTHUTACTCS Ha
COJIOHIIAX HeUTpanbHOro THMHA pu KoHueHtpamuu 0,6 T Ha 80 mu;

TBEpIbIE OCATKM OYUCTKH AapTe3MAHCKHX BOJ TaKXkKe O00JalaloT HamTydiiei
(GWIBTPAIMOHHONW CIOCOOHOCTHIO HA COJIOHIIAX HEHTPAIBHOTO THIA TPU PaBHBIX 033X
BHECEHHS C KApHAJUTUTaMH, KOJIMUeCTBO (hriibTpaTa coctaBuio 90 mu [43].

B SfImano-HeneukoM aBTOHOMHOM OKpyre paccMaTpUBaId BO3MOXHBIC MPHEMBbI
COBEPILICHCTBOBAHMS OMOJIOTHYECKOTO dTara PeKyIbTUBALNHU JJISl TIOBBIMICHHSI OMOTEHHOCTH
MOYB.

OpraHoreHHslii TOPU30HT BBIIIOJIHAET OCHOBHYIO pOJIb B IPOAYKTHBHOM BOCCTa-
HOBJICHUM JerpaaupoBaHHbix mouB. B SIHAO oH umeeT Manyr0 MOIIHOCTH (HE IOCTHraeT
7 CM) U MOJIHOCTBIO Pa3pylIaeTcs IPH TEXHOTCHHOI Harpy3Ke.

IIpu pekynbTUBaIMM Kapbepa HE(PTEra3oBOro MECTOPOXKIEHUS, IOABEPruIerocs
3aCOJICHUIO BCJIEACTBME OTKAuKM MEXKIUIACTOBBIX BOJ HAa IMOBEPXHOCTh M  BBIHOCA
JIETKOPACTBOPUMBIX COJIEH (XJIOPHIOB) M3 IUIAMOBBIX aMO0apoB OBLI CO3/1aH OPraHOTCHHBIN
cJloif BHeceHueM Topda B komudecTse 1,3 ThIC. M>/ra BMECTE ¢ H3BECTKOBBIMH y10OpEeHUsIMHU
(T0OTOMUTOBOM MYKO#) B KoOJIMYecTBE 7 T/ra I CHW)KEHHS KHCIOTHOCTH Topda u
MOBBILICHUS COAEPKaHUS TOCTYIHBIX AJis pacTeHuit pocdaTos, o0IIETo a30Ta U KaJHusl.

OCHOBHBIM TIOKa3aTE€JIEM IIPU BOCCTAHOBICHUM HApPYUICHHBIX 3€MENb SIBISAETCS
HapalBaHUE KOpPHEBOW Macchl. [Io OKOHYWaHMM OmBITa yAaJloCh AOCTHUYb IOKAa3aTess B
84,7 % B ropuzonTe 0—20 cM o oTHOIIEHHIO K Topu3oHTy 0—30 cm [43, 44].

Ha mectopoxkaenun «Aixam», paclolOXEHHOM B YAAJEHHOM OT TPaHCIOPTHOMN
UHPPACTPYKTYphI paiioHe, B CBSI3U C OTCYTCTBHUEM ILIOJIOPOJHBIX TOYBEHHBIX CJIOEB ObLIa
MPEIIPUHSTA MMOMNBITKA YBEINYEHHS] OMOT€HHOCTH TEXHOT'€HHBIX MTOYB.

Haubonee ycnemHsIMI U3 TPOBOAUMBIX OIBITOB CYMTAIOTCS:

1. Mcnionp3oBaHue cTapuku (MpOLLIOTroAHEH J1yroBoit Tpasbl). CTapuka MmpecTaBiseT
co00¥ YKpBIBHOW MaTepHall, 3allUIIaoNi OoT Ae(smuu, U cnocoOHa HAKaIlJIMBaTh BJary
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IpH MoJauBax U Aoxksax. Korjga HaunHaloTCsl mponecchl THUEHUS, OHA SIBJIIETCS UCTOYHUKOM
nuTarenbHbix BemiectB [18, 23, 31]. JauHblil cioco0 3KOHOMHYECKH BbIrojaeH. ITo uroram
JKCIIepUMEHTa (PUKCUPOBAIOCh npoekTuBHOE MokpbiTue 40 %, BhICOTa TPABOCTOS JOCTHUIIIA
35 cm.

2. Ucnonp30BaHrEe OCAJKOB KaHATU3ALMOHHBIX OYUCTHBIX COOPYXKEHHH C IUIOMIAIKU
kapbepa «lOOuneiHbIii». B WX coCTaB BXOAWT CMECh M3 BOABI, B KOTOPOH OHOJIOTHYECKH
0e3BpeHbIC BEHIECTBA MPOYHO CBS3AHBI C 3arps3HSIONIMMH TOKCUYHBIMA KOMIIOHEHTAMHU
OpraHMYECKON M HeopraHuueckoil npupozsl. IIpoextuBHOEe nokpsiTue nocturio 50 %, a
BbIcOTa TpaBoCTOs — 30 cMm [45].

HeonHO3HAYHBIMU 10 KOHEYHOMY pE3YNbTATy SIBJISIOTCS METOJbl OMOJIOTrMYeCKOn
PEKyJIbTUBALMK HA OTBAJAaX M XBOCTOXPAHWIUIIAX MUPHHHCKOTO TOPHO-0O0TaTUTEIHHOTO
KoMOuHata. PaboThl MPOBOIMINCH C OTCHIIIKON MOBEPX TOKCUYHBIX PYHTOB ILIOJAOPOIHBIX
IIOpOJI, 3aBE3E€HHBIX C MecTopoxaeHUs «Bopopasnenbhuble rameyHuku». Otean Ne 6 kapb-
epa «Mwup» 4YaCTUYHO OTCHIIAICA JAaHHBIMH TIOPOJIaMH C BHECEHHEM aMMO(MOCHBIX
ynoopenuii [45].

OpueHTHpysicb Ha ycnex pekynbTuBauuu otsana, kommnanus AK «AJIPOCA»
MPHUHSUIA PEIICHNE MPUMEHUTh JaHHBIA ONBIT K XBocToXpaHwmmiry Ne 3. [ToBepX TOKCHYHBIX
TPYHTOB MPOU3BEIH OTCHINKY IOJOPOIHBIX MOPOJ C BHECEHHEM aMMO(MOCHBIX YIOOpEHHUIA,
KOTOpBIE OKAa3bIBAIOT ONArompusTHOE BO3JCHCTBHE Ha pPa3BUTHE DPACTEHUN B HAYaIbHBII
MEPHO/I, TOBBIIMIAIOT UX YCTOMUYUBOCTH K KPATKOBPEMEHHBIM 3aMOPO3KaM.

B mnepBbie rofpl BOCCTAHOBJIEHHE IMPOXOJIWJIO IO IJIaHY, OJHAKO COAEpXKaHHE CO-
Jeil B TEXHOTPYHTaX OKAa3aJOCh CIMIIKOM BBICOKMM, B CBSI3U C YE€M JaHHBIE MOPOJbI
TpaHcHOpMUPOBAIUCH B TOKCcU(aOpUKaThl M3 peEIUIaHTO3eMOB. [[Is1 XBOCTOXpaHWIIMIILL
XapaKTepHbl Mayas 3apacTaéMOCTh M HEAOCTATOYHOE KOJIMYECTBO Olaja, OJaroTBOPHO
BIUSIOUIETO Ha YyBeludeHne OuoreHHocTH. OCHOBHBIM CIIOCOOOM pEIIEHUs JIaHHOM
pOo0OJIEMBI SBIISIETCS U30JUPOBAHNE/KOHCEPBUPOBAHHE MOABEPKEHHOTO 3arPS3HEHUIO TEXHO-
rPyHTa MaTEpPHAIOM, MPEMSATCTBYIONIUM KaMWIISPHOM TPAHCHIOPTALMM BIArd U COJAEpIKa-
LIUXCS B HEH COJIEH.

3AK/IIOYEHUE

Beineneno Tpu HampasIeHUS PEKYJIbTHBALUU II0YB, IOABEPTIIMUXCSA 3aCOJCHUIO:
MOBBIIIIEHUE COJIEYyCTOMYMBOCTH PACTEHUH, MOAOOp CTPECCOYCTOWYMBBIX pacTeHuil (rajo-
¢buTOB) U yBENTUUYEHNE OMOTE€HOCTH TEXHOTPYHTOB.

[loBpIlIEHNE COJNEYCTOMYMBOCTH pacTeHH B OonbllIel CTENEHH OCHOBAaHO Ha
U3y4eHHH T€HOB raJlopUTOB, 33J€HCTBOBAHHBIX B CIIOCOOHOCTH pacTeHUI Mpou3pacTaTh Ha
3aCOJICHHBIX IIOYBAX, M HCCIEOBAaHUM MOYBEHHBIX OaKTEpHil HEKOTOPBHIX BUIOB PACTEHUH,
MOBBIIIAOIINX YCTOWYMBOCTh PACTEHUHN K 3aCOJIEHHI0. MOXXHO CIeNaTh BBIBOJ O TOM, YTO
UCCIIENOBATEIIMA NIPEANIPUHUMAIOTCS TONBITKA B IIEPBYIO OYEpENb AaNalTHpPOBaTbCAd K
CJIOKMBLIEHCS CUTyalluM, a HE IbITATbCA YAYYIIUTh XUMHUECKUH M MUKPOOMOIOTHYECKUNA
COCTAaB II0YB.

ITonGop crpeccoycTOWYMBBIX pacTeHUH (raJoUTOB) Tak *Ke, KaK M IOBBILICHHUE
COJICYCTOMYMBOCTH, HAlpaBlieH HA BbIBIEHHUE M CO3/JaHUE BHJIOB PACTEHUH, CIIOCOOHBIX
aJanTUPOBAThCS K 3aCOJIEHUIO TTOYBBl. CTOUT OTMETUTH, YTO JAaHHBIA METOJ TpeOyeT MEHbIIIe
3aTpar, TaKk Kak IOJpa3yMeBaeT IOCaAKy PACTCHUH Ha ACTPAAUPOBAHHOM YYaCTKE U HUX
MOCJIEIYIOLUN MOHUTOPUHT .

[loBbIlIEeHE OMOTE€HHOCTH TEXHOTPYHTOB — KOMIUIEKCHOE U Haubojiee CII0XKHOE
HallpaBJI€HUE W3 BCEX IMpeACTaBICHHBIX. CBA3aHO 3TO C TEM, YTO JaHHBIE METOMbI
PEKYIbTUBALMA HCIIOJB3YIOTCSA Kak JUIi CHUJKEHUs KOJIMYECTBA COJIEM B II0YBE C
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IENIbI0 €€ OOpaTHOTO BBEACHHUS B CEIIbCKOXO3SHCTBCHHBIM 00OpOT, TaKk M MPOCTO IS
BOCCTaHOBJICHHsI TICPBUYHBIX TOYBCHHBIX IOKa3aTenel (Xxumudueckux). MccnemoBarensmu
paccMaTpUBAIOTCS Pa3IMYHBIE CIIOCOOBI MOBBIICHUS! OMOTEHHOCTH: TIPUMEHEHUE YI00pEHUIt
Ha ocHOBe ¢ocdopa Kak MEITHOPaHT-KOAryJsHTa, Topda BMECTe C JOJIOMUTOBOU MYy-
KOU U T.1.

Takum 00pa3om, B CBSI3M C POCTOM KOJHYECTBA 3aCOJICHHBIX 3€MENlb BOIPOC HX
PEKYJIbTUBALMU CTOMT BEChbMa OCTPO. DKCTPAKIUS BOJ M BCKPBIIIHBIX IMOPOJ, B IPO-
¢GuiIe KOTOPHIX NPHUCYTCTBYIOT COJIM, HAa IOBEPXHOCTh C (HOPMHUPOBAHHEM OTBAJIOB U
XBOCTOXPAaHWJIUI arpeCCHBHO BO3JICHCTBYET Ha BEPXHHE TOPH3OHTHI TOYB, CHIDKAs WX
ILUIOJIOPOIHE.

3acosieHHe CIOCOOCTBYET MpolleccaM 00pa30BaHHs TEPMOKApCTa, TEPMOIPO3HH H
COJMQITIOKIINY, 33 CUYET Yero YIiIyOJIseTCsl YPOBEHb BEYHOW MEP3JIOTHI, @ BEPXHHE TOPU3OHTHI
NEPEXOASIT U3 MEp3J0ro (TBEPJOro) COCTOSHHS B IUIACTHYHO-MEpP3JIoe U Hemepsioe. bes
NPOBE/ICHUST PEKY/IbTUBAIMU Ha Tepputopusix KpaitHero CeBepa yriiyOjieHHE BEYHOU
MEP3JIOTHI IPUBEET K Pa3pyIICHUIO CIOKHUBIICHCS IIPUPOTHON CPEIbI.

BJATOJAPHOCTHU
PaGora BbINIOTHEHA B paMKaxX rOCYAapCTBEHHOTO 3aJlaHus MHHHCTEPCTBA HAYKU U
BbICIIEr0 0OpasoBanus Poccuiickoit denepanuu (FSRW-2024-0005).
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TECHNOGENIC SOIL SALINIZATION IN THE FAR NORTH:
A REVIEW ON CHALLENGES AND POTENTIAL SOLUTIONS
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'Empress Catherine Il Saint Petersburg Mining University,
2, 21 liniya V.0., St. Petersburg, 199106, e-mail: Danilov_AS@pers.spmi.ru
*National research university "High school of economics”,
16, Soyuza Pechatnikov st., St. Petersburg, 190121, e-mail: kremcheev@mail.ru

Salinization is considered as a major factor that have negatively affected over
1 billion hectares of soils among the world and persist with a growth rate of 1.5 million
hectares per year. The problem of salinity is primarily associated with agricultural land in
arid zones, however, mining enterpris-es also increase the amount of saline soils by
extracting brines and overburden to the surface. Salinization processes in the Arctic regions
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of Russia are more acute, since salts contribute to the development of thermokarst, thermal
erosion and solilux processes, due to which the level of permafrost deepens and chemozems
are formed near industrial sites. Scientists are considering various methods of recultivation
of saline soils, which can be divided into three areas: increasing the salt tolerance of plants,
selecting stress-resistant plants (halophytes) and increasing the bio-genicity of techno-soils.
However, in the Arctic regions with harsh climatic conditions and low biological
productivity, restoration methods require careful selection, especially on disturbed soils in
the mining industry. In this connection he purpose of this review article is to use available
sources and published literature on soil salinisation in general, and particularly in the Far
North, to highlight available methods for reclamation of areas affected by salinisation in
mining.

Keywords: soil degradation, salinization, secondary salinization, Far North, salt
tolerance, halophytes, biogenicity.
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CraTbst COIEPXKHUT aHAJIU3 TUIOBBIX arperaTtoB JUIsl KiIacCU(UKALUU U U3METbUYEHUS
MmatepuanoB. IIpennokeH KOMIUIEKCHBIM arperarT HOBOI'O THIA, KOTOPBIA MOXET
UCIIOJIb30BAThCS Ul MepepabOTKH ClIadbIX TOPHBIX MOPOJ, OONaJarolUX BbIPAKEHHBIMU
IUTACTUYECKUMHU CBOMCTBaMH, M TO3BOJIUT OCYIIECTBIIATh B paMKax €AMHOIO LHUKJIA Kak
U3MeNbYCHHE, TaK W KJIacCU(UKAIUMIO HCCIEAYeMbIX MaTepualoB, HUCKIIOYass JONOJIHM-
TEIbHYIO TPAHCIOPTUPOBKY U MPOMEXKYTOYHOE XpaHEHHUE MpoJayKTa nepepadoTku. OnucaH
NPUHLIMIT JIEWCTBUS arperaTta, TakXKe IpPeICTaBICHbl HEKOTOPBIE 3JIEMEHThl HHKEHEPHBIX
pacyeToB Ul OmNpeAeNieHHs HauOojiee BaXHBIX TEXHOJOTHMUECKUX MapaMeTpoB MpHU
nepepaboTKe YKa3aHHBIX TOpHBIX Mopof. IIpuBeneHs! pe3ynabTaThl OolieHKH 3(P(eKTUBHOCTH
npolecca NMpyu UCHOIb30BaHUHN U3MENIbYUTEINA-KIIaCCU(PUKATOPA.
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